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Even attempting to write a Foreword for the 11th edition 
of Sleisenger and Fordtran’s Gastrointestinal and Liver Disease: 
Pathophysiology/Diagnosis/Management, a textbook that has served 
for many decades to prepare readers to respond to challenges 
presented by patients with gastrointestinal and liver disease, is 
a daunting task and yet a great pleasure. Just having achieved an 
11th edition of a textbook is, in and of itself, a remarkable accom- 
plishment. Generations of gastroenterologists and hepatologists 
have relied on Sleisenger and Fordtran to provide comprehensive, 
up-to-date, reliable information. 

The 11th edition is a welcome addition to the previous editions, 
which have been widely acclaimed as important go-to sources 
of information regarding the broad array of disorders affecting 
the gastrointestinal tract and the liver. Over the past half cen- 
tury, these volumes have been mainstays in the libraries of those 
engaged in these fields. Since its inception 10 editions ago, this 
now classic textbook has tracked the evolution of thinking in mul- 
tiple areas and has served readers well. These days, there are ever- 
expanding ways for those of us interested in gastroenterology and 
hepatology to be stimulated, informed, educated, and refreshed. 
Lectures, conversations with colleagues, and attendance at local, 
regional, and national meetings have their roles, and we all learn 
from our patients. Perusal of relevant articles in medical journals 
is increasingly difficult in an era in which the number of available 
journals has increased remarkably. The practicing clinician, given 
present-day time constraints, will more than ever find this text- 
book reliable, informative, and useful. In these two volumes are 
overviews of what is known now and glimpses of what the future 
is likely to bring. A blend of skill, knowledge, practical experi- 
ence, and the ability to teach is required of the authors in order 
to achieve these goals. Overall, these efforts have been successful 
in presenting accurate and comprehensive updates in our fields of 
interest and serve us well as a look to our past, provide reflections 
regarding our present, and delineate problems yet to be solved. 

We are fortunate to live in exciting and rapidly changing 
times in gastroenterology and hepatology. The sheer volume 
of new ideas presented in multiple journals is stimulating and 
often overwhelming. Each of us must evaluate and assimilate 
new information while making efforts to appropriately incor- 
porate the new advances into our practices. To stay up to date 
and achieve our goals requires considerable effort and dedica- 
tion (Even COVID-19 is mentioned several times throughout 
the book.). There is comfort in having available a reliable and 
trusted guide to refresh and stimulate us. 

The 11th edition of Sleisenger and Fordtran provides a firm, 
authoritative platform regarding what is established knowledge 
and identifies where progress is being made to prepare us to 
be better armed for the foreseeable future. We all need to be 
informed of the likely validity and usefulness of new observa- 
tions. It is vital that we recognize the degree of certainty of the 
data that led to our conclusions. There have been (and will be) 
definite game-changing advances and also many seemingly good 
ideas and approaches that turn out to be sidesteps. New concepts 
must be recognized, double-checked, processed, and then incor- 
porated into our thinking, subsequently affecting our actions. 

The breadth of subjects covered in depth in these two vol- 
umes is impressive. I had the honor to write the Foreword to the 
9th edition published in 2010. When comparing the expansion of 
knowledge from then to now, one can appreciate where we have 
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been in the recent past and what we hope (and expect) to achieve 
in the future. 

A trusted book provides a helpful guide that is readily available 
at moments of uncertainty. A comparison of an individual chapter 
from a past edition and what we have now further validates the 
conclusion that progress is being made, and the future of our spe- 
cialty is encouraging. The three senior editors and three associate 
editors of the 11th edition are foremost authorities and widely 
recognized for their abilities to identify topics of interest and 
to persuade experts in these areas to share their knowledge. To 
write an updated review of one’s field can be a Herculean task that 
requires not only knowledge but also courage. The editors have 
surely succeeded. The careful selection of authors of individual 
chapters allows each to bring his or her own style regarding what 
to emphasize; to lay out what we know, as well as what we need to 
know, to diagnose and effectively treat specific problems; and to 
provide suggestions and guidance as to how to manage patients 
while integrating new observations into practice. 

With regard to the liver section, the current state of knowl- 
edge about hepatitis-inducing viruses and drug-induced liver dis- 
eases and the tsunami of interest in the many consequences of the 
effects of excessive fat in the liver in the causation of chronic liver 
diseases are breathtaking. These achievements have been well- 
chronicled journeys with opportunities (and hope) for even more 
effective therapeutic agents in the near future. Just one edition 
ago, we were on the threshold of having effective, widely appli- 
cable treatments for the several types of viral hepatitis; much of 
what we hoped for has been achieved. It is now likely that there 
will be discovery of therapeutic approaches that will favorably 
affect the broad array of fat-related liver injuries, including their 
association with cardiovascular disorders. Widely available access 
to advanced endoscopy has changed the approach to the evalua- 
tion and treatment of many disorders of the gastrointestinal tract, 
bile ducts, and pancreas. Furthermore, who could have foreseen 
just a few years ago how advances in biological therapies and 
minimally invasive surgery would so redirect our treatments of 
a broad array of disorders or how important the gut microbiome 
would be in the pathogenesis of many disorders. Once we under- 
stand how to favorably alter the gut microbiome, major leaps for- 
ward can be expected. 

What is next? Gene editing and an understanding of intesti- 
nal microbiota, now in their infancy, will receive much deserved 
attention in the next few years. With each passing year, advances in 
manipulation of the human genome and intestinal microbiota are 
becoming more precise and require constant, thoughtful oversight 
to ensure that we do what we should do and not just what we can 
do. In this edition, we have blueprints and predictions of the future 
for many aspects of our specialty. It is important to discard old 
ideas that have not proved effective while constantly re-examining 
the basis for what we think we know and appropriately altering 
what we do. 

We all marvel when we see what has been (and is) happening 
in medicine and the effects of these advances in gastroenterology 
and hepatology. Surely, the best is yet to come, and we all hope 
that what we are learning and applying now will stimulate us to 
create an even better future. 


Willis C. Maddrey, MD 
Dallas, Texas 
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Nearly a half century ago, in the summer of 1971, Drs. Marvin 
H. Sleisenger in San Francisco and John S. Fordtran in Dallas 
embarked on a new venture: planning, writing, and editing the 
inaugural edition of a new textbook for gastroenterologists. 
The book received widespread praise for incorporating state- 
of-the-art descriptions of the pathophysiology of the disorders 
discussed—a first for a medical textbook. Since the auspicious 
debut of Gastrointestinal Disease: Pathopbysiology/Diagnosis/ 
Management, subsequent editions have been published every 
4 to 5 years, and we are pleased that the 11th edition of this 
venerable textbook continues the tradition and standards set 
by the founding editors. To be sure, innumerable enhance- 
ments have been made since the 1st edition, such as the addi- 
tion of chapters on liver diseases, the availability of the book 
online and on hand-held devices, the introduction of monthly 
updates to bring attention to important new developments 
that occur between editions, the incorporation of videos of 
new diagnostic and therapeutic procedures, and the participa- 
tion of authors from around the world to give the book a truly 
international flavor. 

In the summer of 2017, the current editors met with the 
publisher and reviewed the prior (10th) edition of the book 
in great detail. Most importantly, the core group of 3 senior 
editors invited 3 associate editors (Drs. Raymond T. Chung, 
David T. Rubin, and C. Mel Wilcox) to join them in order to 
facilitate critical review of the chapters, to help select the most 
expert authors, and to provide greater content expertise. Each 
associate editor worked closely with a senior editor. The result, 
we hope, is an easily readable, carefully edited, highly accurate, 
and thorough review of the state of the art of gastrointestinal 
and liver disease. The target audience is primarily practicing 
gastroenterologists and hepatologists (adult and pediatric) and 
trainees in gastroenterology. We hope the book will also be 
useful to general internists, other specialists, and students at 
all levels. 
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As one looks back 50 years, the advances made in our field 
as a result of rigorous basic science and clinical research have 
been truly remarkable, and the future holds even greater prom- 
ise of discovery. Featured advances discussed in the 11th edition 
include improved diagnosis and treatment of chronic hepatitis B 
and C; evolution in the diagnosis and treatment of Helicobacter 
pylori infection and the resulting benefits on the prevention and 
treatment of peptic ulcer disease and gastric neoplasia; improve- 
ments in the prevention of colorectal cancer through screening 
and surveillance; new approaches to the recognition and treat- 
ment of Barrett esophagus and consequent prevention of esopha- 
geal adenocarcinoma; the expanding use of biologic agents and 
novel small molecules to treat and prevent recurrences of IBD; 
recognition of an increasing number of immune and autoimmune 
diseases affecting not only the stomach and hepatobiliary system 
but also the pancreas and intestine; improvements in the ability 
to risk stratify and treat patients with GI bleeding; and continuing 
progress in hepatic, pancreatic, and small bowel transplantation. 
There have been remarkable advances in our understanding the 
gut microbiome, which is becoming the focus of interest in diverse 
fields, such as IBS, IBD, obesity, hepatic encephalopathy, and oth- 
ers, including non-GI disorders. We are particularly pleased to 
have completely redesigned the section on IBD by reorganizing 
and updating the discussions of pathophysiology, clinical presen- 
tation, and management, all of which are evolving rapidly. 

Sadly, the original co-founder of this textbook, Dr. Marvin H. 
Sleisenger, passed away on October 19, 2017, at the age of 93. 
Marvin will be greatly missed, and we trust that this 11th edition 
would have met with his approval and commendation. 


Mark Feldman, MD 
Lawrence S. Friedman, MD 
Lawrence J. Brandt, MD 
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AIDS Acquired immunodeficiency syndrome 
ALF Acute liver failure 

ALT Alanine aminotransferase 

AMA Antimitochondrial antibodies 

ANA Antinuclear antibodies 

ANCA Antineutrophil cytoplasmic antibodies 


APACHE Acute physiology and chronic health 
examination 


APC Argon plasma coagulation 
ASGE American Society for Gastrointestinal Endoscopy 
AST Aspartate aminotransferase 
ATP Adenosine triphosphate 
BICAP Bipolar electrocoagulation 
BMI Body mass index 

BRBPR Bright red blood per rectum 
CBC Complete blood count 

CCK Cholecystokinin 
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CF Cystic fibrosis 


CFTR Cystic fibrosis transmembrane conductance 
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COX Cyclooxygenase 

CT Computed tomography 
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GERD Gastroesophageal reflux disease 
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LT Liver transplantation 
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MEN Multiple endocrine neoplasia 
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Normal cellular proliferation and differentiation are essential to 
tissue homeostasis in all organs, including the digestive tract. The 
neoplastic process involves a fundamental disruption of these mech- 
anisms, which can give rise to cancer development and metastasis 
with the additional acquisition of other hallmarks of cancer. As a 
group, malignancies of the GI tract are the leading cause of cancer- 
associated mortality, and it is therefore essential to understand the 
underlying biology that gives rise to tumor formation. This chapter 
reviews mechanisms of normal cell growth and the fundamental 
cellular and molecular alterations that facilitate malignant transfor- 
mation. The basic concepts discussed in this chapter provide the 
framework for discussion of specific GI neoplasms in later chapters. 


MECHANISMS OF NORMAL TISSUE HOMEOSTASIS 
Cellular Proliferation 


Tissue homeostasis is maintained by the delicate balance of cel- 
lular proliferation and differentiation, which provide new cellular 
elements to replace dying cells as part of normal tissue function 
or during tissue repair. At a fundamental level, neoplasia arises 
when cell proliferation escapes the homeostatic mechanisms 
that maintain this process in balance with senescence and pro- 
grammed cell death. Cell proliferation occurs as cells divide, a 
process that occurs through an orderly set of steps referred to as 
the cell cycle (Fig. 1.1). In preparation for cell division, there is a 
period of biosynthetic activity called the G, phase that is typically 
associated with an increase of cell size. This phase is followed by 
precise duplication of the genome, designated the S phase. After 
an intervening gap period designated as the G, phase, mitosis 
occurs during the M phase. 

The commitment to proceed to DNA replication occurs at 
the G,/S checkpoint or restriction (R) point. Cells may exit this 
cycle of active proliferation before reaching the R point and enter 
a quiescent phase known as Gp. Cells can subsequently reenter 
the cell cycle from the Gp state (see Fig. 1.1). Another checkpoint 
exists at the boundary between the G, and M phases. The G,/M 
checkpoint ensures that mitosis does not proceed prior to the 
repair of any damaged DNA after genome replication. Impaired 
function of these checkpoints is frequently observed in cancers. 

Regulation of cell cycle progression is achieved principally by 
a set of proteins known as cyclins and cyclin-dependent kinases 
(CDKs). These proteins are expressed in specific parts of the cell 
cycle and regulate the G,/S and G;/M checkpoints. During the 
G; phase, cyclins D and E are most active.! Overexpression of 
cyclin D1 in fibroblasts results in more rapid entry of cells into 
the S phase, and, consistent with a role in cancer, cyclin D1 is fre- 
quently overexpressed in a number of GI and non-GI malignan- 
cies.’ During the S phase, cyclin A is predominantly expressed, 
and by the G» phase cyclin B is the main regulator (see Fig. 1.1). 

Each cyclin forms a complex with a CDK and function as cata- 
lysts for CDK activity in a cell cycle-dependent fashion (see Fig. 
1.1). The cyclin-CDK complexes regulate cell cycle progression 
through phosphorylation of key target proteins. For example, 
cyclin D1—dependent progression from G; to S phase is the result 
of cyclin D1/CDK4 phosphorylation of the tumor suppression 
pRb, the product of the retinoblastoma gene, as well as the Rb 
family members p130 and p107.> These proteins sequester E2F 
transcription factors that promote expression of factors required 
for S phase, and their phosphorylation by CDK4 leads to their 
functional inhibition. Thus, loss of Rb expression also accom- 
plishes more rapid progression to S phase and is another genetic 
lesion seen in many tumors. An analogous circuit is found in the 
G,/M transition, where cyclin A/CDK2 mediates the activation 
of another transcriptional regulator, FoxM1, required for the 
expression of factors involved in mitosis.* 
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Fig. 1.1 Regulation of the cell cycle by (cycs), cyclin-dependent kinases (cdks), and cdk inhibitors. In the 
normal cell cycle, DNA synthesis (in which chromosomal DNA is duplicated) occurs in the S phase, whereas 
mitosis (in which nuclei first divide to form a pair of new nuclei, followed by actual cellular division to form a 
pair of daughter cells) takes place in the M phase. The S and M phases are separated by two gap phases: the 
G, phase after mitosis and before DNA synthesis, and the Gp phase following the S phase. During these gap 
phases, the cell is synthesizing proteins and metabolites, increasing its mass, and preparing for the S phase 
and M phase. Cell cycle progression is regulated primarily at two points, the G/M and G,/S checkpoints, 


through the coordinated activities of cyclins and CDKs, which in turn are negatively regulated by CDK inhibitors 


(Ink4 and Cip/Kip families). 


The cell cycle is also regulated by multiple CDK inhibi- 
tors, which are classified into various classes and are referred by 
multiple names.” CDK4 and CDK6 are inhibited by members 
of the Ink4 family of inhibitors known as p16'N&* (encoded 
by the Cdkn2a gene), p15™8* (Cdkn2b), p18!'NK4¢ (Cdkn20), 
and pl19INK4d (Cdkn2d)].° Thus these factors also impinge on 
Cyclin D1/CDK¢4 regulation of pRb, and consequent E2F activ- 
ity and S phase entry. p16!N&*4 loss in cancer results in greater 
activation of CDK4 and is frequently inactivated in GI cancers, a 
finding consistent with its function as a tumor suppressor gene.”* 
Members of the Cip/Kip family of CDK inhibitors are known 
as p21P! (Cdkn 1a), p27?! (Cdkn 1b), and p57? (CdknIc)] and 
are more promiscuous and interfere with multiple cyclin/ CDK 
complexes, including CDK2. 


Apoptosis 


Apoptosis is a form of programmed cell death that is geneti- 
cally programmed and executed by specific proteases known 
as caspases.’ Similar to other protease cascades, such as the 
coagulation system, caspases become active upon cleavage of 
an inactive pro-form, typically through the action of another 
caspase or as a result of focal accumulation of inactive caspases. 
Apoptosis is an important mechanism that counterbalances cell 
proliferation; thus, escape from normal apoptotic mechanisms 
plays a critical role in oncogenesis. Morphologically, apoptosis 
is characterized by distinctive features that include chromatin 
compaction, condensation of the cytoplasm, nuclear fragmenta- 
tion, and marked alterations at the plasma membrane, resulting 
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Fig. 1.2 Apoptosis (programmed cell death) counterbalances cellular proliferation to regulate overall tissue 
growth. A complex interplay of proapoptotic and antiapoptotic molecules results in downstream activation of 
caspases that mediate cell death. Some of these signals are initiated through cellular stress that can desta- 
bilize mitochondrial membranes, and some are initiated through death receptors, including TNFR7 and Fas. 
The mitochondrial step is regulated by the interplay between proapoptotic (Bax, Bak) and antiapoptotic (Bcl-2, 
Bcl-xL) molecules. Upon mitochondrial permeabilization, cytochrome c release promotes the formation of the 
apoptosome complex (APAF7, caspase 9, and cytochrome c). Activation of caspase-8 (downstream of death 
receptor) or of caspase-9 (as a result of apoptosome formation), leads to activation of executioner caspases (3 
and 7) which are responsible for targeting downstream targets that are responsible for cell death. 


in compacted apoptotic bodies that are eventually phagocytosed 
and eliminated. 

Apoptosis may be triggered by internal or external stimuli. 
Internal stimuli of apoptosis may include nutrient deprivation, 
hypoxia, DNA damage, or other stressors, including specific tox- 
ins, chemical signals, and pathogens. Apoptosis routinely occurs 
during normal development to facilitate tissue patterning. Simi- 
larly, a number of stress situations, including tissue inflammation, 
can trigger apoptosis. Apoptosis may also be stimulated by spe- 
cific cell surface receptors belonging to the tumor necrosis factor 
receptor superfamily, including tumor necrosis factor R1 and Fas, 
which are referred to as death receptors (Fig. 1.2). 

At the intracellular level, the last common event in all forms 
of apoptosis is the activation of so-called executioner caspases, 
caspase 3 and 7, which mediate the cleavage of a large number 
of downstream targets that eventually precipitate cell death. 
Proapoptotic signals frequently converge at the level of the 
mitochondria, where they destabilize the mitochondrial mem- 
brane and collapse the electrical gradient required for aerobic 
respiration (see Fig. 1.2). Besides the effects that result in cel- 
lular energetics, this process leads to the release into the cyto- 
sol of proteins normally present in the intermembrane space 
of the mitochondria, including cytochrome c, a component of 
the respiratory chain. In the cytosol, cytochrome c helps in the 
assembly of a multiprotein complex known as the apoptosome, 
which contains Apafl and facilitates the activation of caspase 9, 
which can directly activate caspases 3 and 7. On the other hand, 
death receptors activate executioner caspases through receptor 
initiated intracellular signaling events that result in the upstream 
activation of caspase 8. 

The mitochondrial membrane permeabilization events that 
lead to apoptosome formation are controlled by proteins of the 
Bcl-2 family. On the one hand, Bax and Bak help form the pore, 
whereas Bel-2, Bcl-xL, and Mcl-1 inhibit pore formation. The 
stoichiometric ratio between proapoptotic and antiapoptotic 
members of the Bcl-2 family can determine the balance between 
cell survival and cell death.!° In cancer, alterations in the balance 
of proapoptotic and antiapoptotic factors, including member of 
the Bcl-2 family, are common events. 


Senescence 


Senescence is the process by which cells permanently lose their 
ability to divide. Senescence may occur in response to the stress 
induced by activation of oncogenes or DNA damage or after a fixed 
number of cellular divisions (replicative senescence). Associated 
with the exit from the cell cycle, senescence is associated with a 
secretory phenotype that includes a variety of proinflammatory 
factors. As a physiologic event, senescence limits dysregulated or 
excessive proliferation. However, when dysregulated, senescence 
can also contribute to aging and depletion of stem cells.!! During 
carcinogenesis, senescence is frequently bypassed or lost. 
Replicative senescence is triggered shortening of telomeres, 
repetitive sequences at the end of chromosomes that protect 
genomic integrity. Telomeres shorten with each cell division, 
and when they reach a critically short length, they initiate DNA 
damage signaling and cellular senescence. This phenomenon can 
be routinely seen in vitro when primary cells undergo repeated 
rounds of replication, eventually acquiring critically short telo- 
meres.!* To prevent senescence from being triggered by sus- 
tained replication, cancer cells activate the telomerase enzyme, 
which adds additional telomeres to the end of chromosomes.!? 


Signaling Pathways That Regulate Cellular Growth 


Cellular proliferation is achieved through transition of cells from 
Gp arrest into the active cell cycle (see Fig. 1.1). Although pro- 
gression through the cell cycle is controlled by the regulatory 
mechanisms just described, overall proliferation is also modulated 
by external stimuli. Growth factors that bind to specific trans- 
membrane receptors on the cell surface are especially important. 
Also acting through transmembrane cell surface receptors, extra- 
cellular matrix and cell-cell adhesion molecules (i.e., integrins, 
cadherins, selectins, proteoglycans) can also have a significant 
impact on cell proliferation. Alterations in cell-matrix or cell- 
cell interactions are particularly important in contributing to the 
invasive phenotype of malignant cells. 

After ligand binding, the cytoplasmic tails of these transmem- 
brane receptor proteins activate intracellular signaling cascades 
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that alter gene transcription and protein expression. Based on the 
nature of the intracellular signaling cascades that these recep- 
tors initiate, they can be classified into three major categories: 
(1) tyrosine kinases, (2) serine and threonine kinases, and (3) G 
protein-coupled receptors (GPCRs). 

The receptors for many peptide growth factors contain intrin- 
sic tyrosine kinase activity within their intracellular tail. After 
ligand binding, tyrosine kinase activity is stimulated, leading to 
phosphorylation of tyrosine residues in target proteins within 
the cell. Most receptors also autophosphorylate tyrosine residues 
present in the receptors themselves to magnify signaling, and, in 
some cases, this also causes attenuation of their own activity to 
effect an intramolecular feedback regulatory mechanism. The 
receptors for many peptide growth factors, including the receptor 
for EGF and related growth factors, belong to this receptor class. 

Other receptors on the cell surface possess kinase activity 
directed toward serine or threonine residues rather than tyrosine. 
These receptors also phosphorylate a variety of cellular proteins, 
leading to a cascade of biological responses. Multiple sites of ser- 
ine and threonine phosphorylation are present on many growth 
factor receptors, including the tyrosine kinase receptors, suggest- 
ing the existence of significant interactions among various recep- 
tors present on a single cell.'* The transforming growth factor 
(TGF)-a receptor complex is one important example of a serine- 
threonine kinase-containing transmembrane receptor. 
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Many receptors are members of the so-called 7-membrane— 
spanning receptor family. These receptors are coupled to guanine 
nucleotide binding proteins, also known as G proteins, and thus, 
the receptors are referred to as G protein-coupled receptors. G 
proteins undergo a conformational change that is dependent on 
the presence of guanosine phosphates.!° Activation of G proteins 
can trigger a variety of intracellular signals, including stimula- 
tion of phospholipase C and the generation of phosphoinositides 
(most importantly, inositol 1,4,5-triphosphate) and diacylglycerol 
through hydrolysis of membrane phospholipids, as well as modu- 
lation of the second messengers cyclic adenosine monophosphate 
and guanosine monophosphate.!° Somatostatin receptors exem- 
plify a GPCR prevalent in the GI tract. 

Binding of growth factors and cytokines to cell surface recep- 
tors typically produces alterations in a variety of cellular functions 
that influence growth. These functions include ion transport, 
nutrient uptake, and protein synthesis. However, the ligand- 
receptor interaction must ultimately modify one or more of the 
homeostatic mechanisms discussed to affect cellular proliferation. 

The Wnt pathway is one important example of a signaling 
pathway that regulates a diverse number of homeostatic mecha- 
nisms to control proliferation of intestinal epithelial cells (Fig. 
1.3). Evolutionarily conserved among several species, Wnt sig- 
naling, as a rule, regulates proliferation in the stem cell niche 
and is essential for epithelial homeostasis in the GI tract. From a 
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Fig. 1.3 The Wnt signaling pathway is an important regulator of intestinal epithelial cell proliferation and tumori- 
genesis. In the absence of a Wnt signal (/eft top), cytosolic B-catenin is regulated by the destruction complex, 


consisting of APC, Axin, and glycogen synthase kinase-38 (GSK-3). The destruction complex phosphorylates 
a-catenin and targets it for degradation via the ubiquitin-proteosome pathway. In the presence of an active 
Wnt signal (right top), a-catenin degradation is prevented and the protein is stabilized, leading to excess cyto- 
plasmic a-catenin which is translocated to the nucleus. Nuclear a-catenin interacts with the Tcf-4 transcription 


factor to regulate the expression of many key target genes. APC, Adenomatous polyposis coli; P, phosphate 
group; Ub, ubiquitin; VEGF, vascular endothelial growth factor. 


signaling perspective, its actions are largely the result of the accu- 
mulation of a-catenin in the nucleus, where it binds with the tran- 
scription factor Tcf-4 to activate a set of target genes.!’ In normal 
cells, a-catenin is largely associated with adherens junctions, and 
the cytoplasmic pool of this protein is rapidly degraded through 
a phosphorylation and ubiquitination pathway. This is mediated 
by the so-called destruction complex, which includes the tumor 
suppressor APC. When secreted Wnt ligands bind to cell surface 
receptors of the Frizzled family, the constitutive degradation of 
a-catenin is inhibited (disheveled) which results in the nuclear 
accumulation of this factor, and the subsequent transcriptional 
activation of genes that promote cell proliferation. Inhibition of 
the Wnt signal in mice can be achieved by deletion of Tcf-4 or 
overexpression of the Wnt inhibitor Dickkopf1, which results in 
dramatic hypoproliferation of the intestinal epithelium.!*!? Wnt 
signaling is most active in the base of the crypt, and as differentia- 
tion ensues, tissue homeostasis is maintained by growth-inhibit- 
ing signals that counterbalance proliferative signals and promote 
differentiation, including members of the TGF-a family such as 
BMP4.”° Specific members of this family have unique functions 
is tissue homeostasis, including promoting a differentiated and 
fibrogenic phenotype of mesenchymal cells, induction of specific 
T cell subtypes, and myriad other activities. In broad terms, the 
effects of TGF-a family members are mediated intracellularly 
through the Smad family of proteins, which are transcription fac- 
tors that are activated in response to ligand-receptor binding.’! 
TGE-a induces transcription of the cell cycle inhibitors p15!N48 
and p21CIP1/WAFI and is a potent growth-inhibiting factor that 
mediates arrest of the cell cycle at the G; phase. Furthermore, it 
also enhances the inhibitory activity of p278! on the cyclin E/ 
CDK2 complex.” 


INTESTINAL TUMOR DEVELOPMENT 
Multistep Formation 


Multiple sequential genetic alterations are required for the trans- 
formation of normal intestinal epithelium to neoplasia. This mul- 
tistep nature of tumorigenesis is most directly illustrated by the 
changes that accrue in the development of colonic neoplasia (see 
Chapter 127). The progression from normal epithelium through 
adenomatous polyps to malignant neoplasia is paralleled by the 
accumulation of genetic alterations that change key pathways 
that control proliferation and tissue homeostasis. Studies on the 
molecular pathogenesis of colon cancer have served as a paradigm 
for the elucidation of genetic alterations in other GI cancers, 
including gastric and pancreatic cancer. 

Genomic instability is observed in almost all cancers in the GI 
tract. This genetically unstable environment promotes the accu- 
mulation of the multiple alterations that characterize GI cancers. 
Instability of the genome may result from several mechanisms, 
including changes in the genome DNA sequence or through mod- 
ifications of the nucleotides to alter their functionality, a process 
called epigenetic change. In colon cancer, there are now 3 well- 
recognized forms of genetic/epigenetic instability that promote 
carcinogenesis (Fig. 1.4), and they have been termed chromosomal 
instability, microsatellite instability (MSI), and CpG island methylator 
phenotype (CIMP).?>?* Chromosomal instability refers to altera- 
tions in chromosomal structure resulting in large chromosomal 
deletions, duplications, and translocations, which in aggregate 
result in a state of aneuploidy. In contrast, MSI refers to frequent 
alterations in tracts of repetitive DNA sequences (referred to 
microsatellite DNA) and are often diploid or near-diploid on a 
chromosomal level (see later discussion on DNA repair). CIMP 
refers to the accumulation of an epigenetic modification, meth- 
ylation of guanine residues in so-called CpG-islands, areas rich 
in cytidine and guanine in gene promoter sites. This modifica- 
tion has a potent effect on gene transcription and results in gene 
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silencing. Other forms of epigenetic change involve the chemi- 
cal modification of the histone proteins that are required for the 
assembly of the nucleosome and that control chromatin compac- 
tion and DNA access. Although mutations in histones themselves 
are rare in cancer, mutations in the enzymes that modify histones 
are emerging as an important group of tumor-associated muta- 
tions. It is important to note that involvement by these pathways 
is not mutually exclusive. 


Clonal Expansion 


Clonal expansion is essential to tumor development.’> The acqui- 
sition of a mutation that may provide a growth or survival advan- 
tage to a cell is followed by clonal expansion of these mutated cells. 
As this population grows, and particularly with the acquisition of 
genetic/epigenetic instability, a second round of clonal expansion 
occurs as a cell within this population sustains still another genetic 
alteration that further enhances its growth properties. This itera- 
tive process of selection, with accumulating genetic alterations, 
results in malignancy. Because of the nature of the clonal expan- 
sion process, once frank malignancy has developed, it is often the 
case that multiple clones are present in the same tumor, with a 
different catalog of mutations harbored among various cancer 
cells. Referred to as tumor heterogeneity, this ongoing process may 
give certain cells selection advantages.*° Metastasis may be facili- 
tated by the evolution of a subset of tumor cells that acquire the 
capability of traversing the circulatory system and thriving in a 
new environment. 


Cancer Stem Cells 


Recognition of tumor heterogeneity has led to the cancer stem cell 
(CSC) hypothesis, which asserts that there exists a subset of tumor 
cells that have stem cell-like properties. CSCs are believed to be 
the tumor-initiating cells from which clonal expansion occurs. 
Moreover, it is hypothesized that eradication of these cells is a key 
therapeutic goal because failure to do so may result in relapse of 
disease. Within this CSC hypothesis, there are 2 models.’’ The 
first is a hierarchical model in which CSCs serve as progenitors 
for all cells in in a given tumor, whereas other cells have limited 
long-term reproductive potential. The basic evidence for this 
model is the finding that only cells with specific surface markers 
can repopulate the tumor in xenotransplantation experiments. In 
the GI tract, analysis of putative CSCs demonstrate transcrip- 
tional programs and markers shared with normal intestinal stem 
cells, such as Lgr5 and EphB2, which identify and purify colon 
CSCs.’® The second stochastic model posits that each cancer 
cell has the same potential to be a CSC, but this determination 
is stochastically based on internal factors in addition to external 
environmental cues. 


Epithelial-Mesenchymal Transition 


It has been noted that within tumors of epithelial origin, some 
cells acquire features of mesenchymal cells. A similar process 
occurs during normal embryogenesis, when polarized epithelial 
cells no longer recognize the boundaries imposed by adjacent 
epithelial cells or their basement membrane and adopt features of 
migratory mesenchymal cells. This phenomenon, designated epi- 
thelial-mesenchymal transition (EMT), endows cells with the ability 
to move through tissue planes that normally serve as boundar- 
ies for epithelial cells, such as the basement membrane, a dense 
matrix of collagen, glycoproteins, and proteoglycans. The trans- 
migration of tumor cells through the basement membrane likely 
involves production of key proteolytic activities. Alternatively, 
the tumor cell may produce factors capable of activating pro- 
enzymes present in the extracellular matrix. For example, the 
tumor may produce urokinase, itself a protease, or plasminogen 
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Fig. 1.4 Multistep models of colorectal cancer based on underlying genetic instability. As shown on the left, 
there are 3 major pathways: chromosomal instability (top pathway), microsatellite instability (middle pathway), 
and the CpG island methylation, or C/MP (lower pathway). The progression from normal colonic epithelium to 
carcinoma is associated with the acquisition of several genetic and epigenetic alterations. In the chromosomal 
instability pathway (top pathway), these alterations include the early loss of APC, followed by activation of on- 
cogenes (e.g., KRAS) through a point mutation and inactivation of tumor suppressor genes (e.g., APC, TP53) 
through a point mutation or deletion. An increasing aggregate number of mutations can be correlated with 
progression from early benign adenoma to cancer, as reflected by analysis of polyps by size. In the microsatel- 
lite instability model (middle pathway), mutations in DNA mismatch repair (MMR) genes create a mutator phe- 
notype in which mutations accumulate in specific target genes (see section on DNA mismatch repair). Tumors 
develop much more rapidly through this pathway than through the chromosomal instability pathway (2-3 years 
compared to 7-10 years). Germline mutations in MMR genes account for 5% of all colorectal tumors. In the 
CIMP pathway (lower pathway), the initiating event is hypothesized to be a BRAF or KRAS activating muta- 
tion that somehow triggers extensive CpG island methylation, particularly of gene promoters, resulting in gene 
silencing. Among the potential gene targets is MLH1, a component of the MMR pathway, and when silenced 
as part of the C/MP pathway, the tumor evolves along a similar molecular as microsatellite unstable cancers 
(MSI-H). Sporadic MLH7 methylation and silencing accounts for nearly 10% of sporadic colorectal cancers. 
Alternatively, serrated adenomas arising in the CIMP pathway can undergo a pathway similar to that of chro- 
mosomal instability to become microsatellite stable tumors. 


activator. Having gained access to the interstitial stromal com- 
partment, tumor cells can then enter lymphatic and blood vessels 
and metastasize. 

In addition to these properties, it has been recognized that 
cells that undergo EMT acquire not only invasive features but 
also CSC-like features.”? 

One key feature of EMT is the loss of adherens junctions 
that normally maintain epithelial cell-cell interactions. The 
molecular correlate of this phenomenon is the loss of expression 
of E-cadherin, a critical component of the adherens junction.*” 
Mutations in E-cadherin are common in many GI cancers, par- 
ticularly gastric cancer, where germline mutations in E-cadherin 
are also linked to hereditary diffuse gastric cancer. 


NEOPLASIA-ASSOCIATED GENES 


Genes that become altered during the neoplastic process belong 
to two distinct groups: (1) oncogenes, which actively confer a 
growth-promoting property, or (2) tumor suppressor genes, the 
products of which normally restrain growth or proliferation. 
An important category within tumor suppressor genes includes 


DNA repair genes, which prevent accumulation of new muta- 
tions. Activation of oncogenes or inactivation of tumor suppres- 
sor genes contributes to malignant transformation. Although 
most of these genes encode for proteins, many cancer-promoting 
genes that harbor oncogenic and tumor suppressive functions 
do not encode for proteins but rather for RNAs that modulate 
genomic function, so-called noncoding RNAs. 


Oncogenes 


According to the Catalog of Somatic Mutations in Cancer 
(COSMIC),?! there are close to 80 oncogenes with strong evidence 
of involvement in cancer. Genes that encode a normal cellular pro- 
tein, whose function may promote the neoplastic process (e.g., anti- 
apoptotic function, cell proliferation stimulation, etc.), may function 
as oncogenes when they are expressed at inappropriately high levels. 
A typical mechanism for this phenomenon is gene amplification, 
when tumors acquire multiple copies of a normal gene resulting in a 
dosage effect that leads to increased gene expression. 

In other cases, a variety of mutations may lead to inappropri- 
ately high activity of a normal gene, leading to cancer-promoting 


activities. Point mutations or large gene rearrangements result- 
ing in fusion proteins are examples of mutations that can lead 
to oncogene activation. For example, several genes that encode 
tyrosine kinase-containing growth factor receptors become 
oncogenes after a mutation results in unregulated tyrosine kinase 
activity that is no longer dependent on the presence of the appro- 
priate ligand (e.g., EGF). Because of their tumor-promoting 
activity, these mutations tend to be recurrent among specific can- 
cer classes. The normal cellular genes from which the oncogenes 
derive are designated proto-oncogenes. Most of these genes are 
widely expressed in many different types of tumor cells. 

Finally, another source of oncogenes are virally encoded pro- 
teins that may affect cellular growth or survival.** These factors, 
while evolved to favor the viral cycle, may in some instances favor 
neoplastic development and this is the reason why specific viruses 
are associated with increased cancer risk. In addition, in the case 
of retroviruses, the ability of the viral genome to insert itself in 
the genome of the host can lead to disruptions in the expression 
of genes in the vicinity of insertion sites, which at times, may have 
oncogenic activities. 

The proteins encoded by oncogenes may affect any of the 
hallmarks of cancer, such as stimulate growth factor pathways, 
promote tumor invasion, prevent cell death, or have other tumor- 
promoting actions. With regards to promoting growth factor 
pathways, oncogenes may encode for (1) growth factors or their 
receptors, or for (2) intracellular signal transduction molecules 
downstream of the receptor itself, including transcription factors 
that mediate the actions of the growth factor at the level of the 
nucleus. 


Oncogenic Growth Factors and Growth Factor 
Receptors 


The transforming effects of enhanced expression of a variety of 
growth factors have been demonstrated both in vitro and in vivo. 
Several growth factor—related proteins encoded by oncogenes 
have now been recognized, including the family of Wnt and Sis 
proteins, which encodes the a chain of platelet-derived growth 
factor. Cancer cells may engage in autocrine signaling to promote 
their growth, or coax the adjacent stroma to hypersecrete such 
growth-stimulating factors. More frequently, a variety of recep- 
tors are upregulated in expression or dysregulated leading to con- 
stitutive action. Among them, are receptor tyrosine kinases of the 
EGF receptor family (ERBB1-4), which are frequently upregu- 
lated in a variety of GI cancers. 


Signal Transduction—Related Oncogenes 


Intermediate steps that effectively translate ligand-receptor 
binding to an intracellular signal are essential in mediating func- 
tional responses of the cell. Mutations in genes that encode key 
proteins that participate in signal transduction can also lead to 
cellular transformation (Fig. 1.5). In this regard, the largest fam- 
ily of oncogenes encodes proteins with protein kinase activity. 
Many members of this large oncogene group are expressed by 
neoplasms of the GI tract, and these include the Sre nonrecep- 
tor tyrosine kinase that associates with the inner surface of the 
plasma membrane. 

G proteins regulate signaling of the large family of GPCRs 
through the exchange of guanosine triphosphate with guano- 
sine diphosphate. In this regard, the ras family of genes, which 
encodes a family of proteins related to the G proteins, are among 
the most commonly detected oncogenes in GI tract cancers. The 
ras family contains 3 genes: H-ras, K-ras, and N-ras. These factors 
are essential to transduce signals from various growth receptor 
signaling cascades and point mutations that result in activating 
amino acid substitutions at critical hot spot positions convert the 
normal gene into an oncogene. 
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Fig. 1.5 Signal transduction downstream of growth factor receptors, 
where K-ras plays a major role. Oncogenic K-ras can activate multiple 
signaling pathways. Molecules that are frequently mutated in colorectal 
cancer are noted by a red arrow and include K-ras (40%), B-raf (10%), 
and PISK (15%). AKT, Cellular homolog of v-Akt oncogene; ERK, 
extracellular signal regulated kinase; MEK, MAPK/ERK kinase; mTOR, 
mammalian target of rapamycin; PISK; phosphoinositide-3 kinase. 


To date, almost all ras mutations in GI malignancies occur in 
the K-ras oncogene. The highest mutation frequency is found in 
tumors of the exocrine pancreas (>90%).*? Ras genes activated 
through point mutation have been identified in approximately 
50% of colonic cancers as well as a subset of serrated tumors (see 
Fig. 1.4).34 

Most oncogenic mutations in ras cause biochemical changes 
that maintain it in the active, guanosine triphosphate—bound state 
by reducing guanosine triphosphatase activity or by destabiliz- 
ing the inactive guanosine diphosphate—bound form. However, 
several ras mutants retain significant guanosine triphosphatase 
activity; therefore, other mechanisms that convert ras to a trans- 
forming protein may be involved.*° 

A functional consequence of ras activation is the phosphoryla- 
tion and activation of key downstream serine/threonine kinases. 
One important target of ras is B-raf. In colon cancers without 
an identifiable K-ras mutation, 20% possess an activating B-raf 
mutation,*® consistent with the concept that activation of an 
oncogenic pathway can be achieved through an alteration in any 
of several sequential components of a particular pathway (see 
Fig. 1.5). 


Nuclear Oncogenes 


Many cellular oncogenes encode proteins that localize to the 
nucleus. In essence, these nuclear oncogene products are the final 
mediators of signal transduction pathways that are also affected 
by cytoplasmic and plasma membrane-bound oncoproteins, 
because they act as transcription factors that regulate expression 
of certain genes that enhance cellular proliferation and suppress 
normal differentiation. 
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The role of nuclear oncogenes is illustrated by the myc family. 
The c-Myc protein product is involved in critical cellular func- 
tions like proliferation, differentiation, apoptosis, transformation, 
and transcriptional activation of key genes.*’ Frequently, c-Myc 
is overexpressed or amplified in many GI cancers. c-Myc has been 
found to be a transcriptional target of the a-catenin/TCF-4 com- 
plex in colorectal cancers (see Fig. 1.3), which may explain the 
overexpression of c-Myc observed in this cancer type.** 


Tumor Suppressor Genes 


Mutations of tumor suppressor genes are associated with all GI 
cancers, and a number of these genes and their products have 
been identified and characterized (Table 1.1). Unlike gain-of- 
function mutations, which are characteristic of oncogenes, muta- 
tions in tumor suppressor genes are loss-of-function mutations 
and are therefore biallelic. 

Initial recognition of the existence of tumor suppressor genes 
was derived from genetic analyses of cancer-prone families. In 
the GI tract, hereditary colon cancer, gastric cancer, and pancre- 
atic cancer syndromes are the best described and are discussed 
elsewhere in this text (see Chapters 54, 60, and 127). In these 
syndromes, there is a marked increase in risk for a particular 
tumor in the absence of other predisposing environmental fac- 
tors. Tumors arise typically at a younger age than they do in the 
general population, and multiple primary tumors may develop 
within the target tissue. 

From a genetic standpoint, cancer genetic syndromes most 
often have an autosomal dominant mode of mendelian inheri- 
tance. Based on observations in hereditary retinoblastoma, 
Knudson proposed the “2-hit” hypothesis,*? which explains 
the relationship between sporadic and familial forms of cancer. 
Whereas sporadic tumors are initiated by somatic biallelic inac- 
tivating mutations of a tumor suppressor gene, tumors in familial 
cancer syndromes are accelerated by the inheritance of a monoal- 
lelic mutation of a tumor suppressor gene present in all cells in 
affected family members. When this germline mutation is fol- 
lowed by a somatic mutation in the remaining normal allele of 
the tumor suppressor gene, this gives rise to the development of 
a neoplastic clone that eventually gives rise to a tumor (Fig. 1.6). 
Because of the germline mutation, the likelihood of full inactiva- 
tion of the tumor suppressor is diminished substantially because 


TABLE 1.1 Mutations Associated with Hereditary Gastrointestinal 
Cancer Syndromes 


Disorder 
FAP, AFAP, Gardner syndrome 
Lynch syndrome (HNPCC) 


Gene(s) Mutated 
APC 


MLH1, MSH2, PMS2, MSH6, 
EPCAM (through disruption of the 
neighboring MSH2 gene) 


MAP MUTYH 
Peutz-Jeghers syndrome STK11 

Cowden’s disease PTEN 

Juvenile polyposis SMAD4, BMPR1A 
Hereditary diffuse gastric cancer = CDH1 


Hereditary pancreatic cancer ATM, BRCA1, BRCA2, PALB2, 
PALLD, CDKN2A, PRSS7, 


SPINK1, PRSS2, CTRC, CFTR 


MEN1 Menin 


AFAP, Attenuated FAP; APC, adenomatous polyposis coli; FAP, familial 
adenomatous polyposis; HNPCC, hereditary nonpolyposis colorectal 
cancer; MAP, MUTYH-associated polyposis; MEN1, multiple 
endocrine neoplasia, type 1; MUTYH, mutY homolog. 


only one additional hit is required, leading to the younger age of 
onset and the potential for tumor multiplicity that accompanies 
these syndromes. 

Although this 2-hit model has been generally observed, there 
are exceptions. Some tumor suppressors may function to increase 
cancer risk when only one allele is mutated. Moreover, some 
cancer genetic syndromes display somatic recessive mode of 
inheritance because genetic risk is conferred only when biallelic 
inactivating mutations are present. Another important feature of 
tumor suppressor genes is that they do not function identically 
in every tissue type. Consequently, inactivation of a particular 
tumor suppressor gene is tumorigenic only in certain tissues. For 
example, the tumor suppressor genes RBI and VHL play crucial 
roles in retinoblastomas and renal cell cancer, respectively, but 
are rarely mutated in GI malignancies. Tumor suppressor genes 
shown to have a critical role in the pathogenesis of GI malignan- 
cies, APC, TP53, and SMAD4, are described later. Furthermore, 
we will discuss DNA repair pathways that, when lost, can give rise 
to neoplasia and therefore function as tumor suppressor factors. 


Adenomatous Polyposis Coli Gene 


Genetic linkage analysis revealed markers on chromosome 5q21 
that were tightly linked to polyp development in affected mem- 
bers of kindreds with familial adenomatous polyposis (FAP) and 
Gardner’s syndrome.*? Further work led to identification of the 
gene responsible for FAP, the APC gene.*!-+ The full spectrum 
of adenomatous polyposis syndromes attributable to APC is dis- 
cussed in detail in Chapter 126. Somatic mutations in APC have 
also been found in most sporadic colon polyps and cancers.*++5 
Mutations in APC are characteristically identified in the earliest 
adenomas, indicating that APC plays a critical role as the gate- 
keeper in the multistep progression from normal epithelial cell to 
colon cancer (see Fig. 1.4). 

The APC gene comprises 15 exons and encodes a predicted 
protein of 2843 amino acids, or approximately 310 kDa. Most 
germline and somatic APC gene mutations result in a premature 
stop codon and therefore a truncated APC protein product and 
loss of function. As discussed earlier, APC is a negative regulator 
of the Wnt signaling pathway and its inactivation results in a state 
that resembles constitutive activation of Wnt. Intracellularly, 
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Fig. 1.6 Knudson’s 2-hit hypothesis. In an inherited cancer syndrome, 
one chromosome has an inactive tumor suppressor gene (TSG) locus 
because of a germline mutation. The counterpart TSG on the remaining 
paired chromosome is subsequently inactivated by a somatic mutation, 
leading to tumor formation. In contrast, in a sporadic cancer, the two 
alleles of the TSG need to become inactivated through two indepen- 
dent somatic mutations, an event that is less likely to occur within a 
single cell. 


this is manifested by stabilization of a-catenin, which mediates 
the transcriptional effects of Wnt activation and the subsequent 
oncogenic phenotype (see Fig. 1.3). Interestingly, another mecha- 
nism to achieve this signaling outcome are mutations in o.-catenin 
itself that render the protein impervious to APC-dependent deg- 
radation. 


TP53 Gene 


This is the most commonly mutated gene in human cancer,*° and 
point mutations in 7P53 are found with high frequency in all can- 
cers of the GI tract.” In fact, point mutations in TP53 have been 
identified in as many as 50% to 70% of sporadic colon cancers 
(see Fig. 1.4). Interestingly, these mutations arise relatively late 
in the oncogenic process as the gene is mutated in only a small 
subset of colonic adenomas.** 

Named for a 53-kDa-sized gene product, p53 is a nuclear 
phosphoprotein that plays a key role in cell cycle regulation and 
apoptosis.*’ In the nucleus, p53 functions as a transcription fac- 
tor which can be induced by conditions of cellular stress, such as 
ionizing radiation, growth factor withdrawal, or cytotoxic ther- 
apy. Induction of p53 arrests cells at the G; phase to facilitate 
DNA repair, senescence, or trigger apoptosis. These responses 
are mediated in part by its transcriptional targets such as the 

21CIP1/WAFI inhibitor of the cell cycle or the proapoptotic gene, 
PUMA.’ Interestingly, it is often the case that TP53 mutations 
occur as the combination of a genomic deletion encompassing 
one allele, together with a missense mutation in the second allele 
that targets specific hotspots within the protein. Recent evidence 
indicates that the genomic deletions function not only by remov- 
ing 7P53 but through the loss of adjacent genes with tumor sup- 
pressive activities.°° Furthermore, the second type of mutations, 
resulting in specific missense mutations are thought to contribute 
gain-of-function tumorigenic activities.°! In addition to the TP53 
point mutations in sporadic cancers, germline TP53 mutations 
have been observed in the Li-Fraumeni syndrome, an autosomal 
dominant familial disorder in which breast carcinoma, soft tissue 
sarcoma, osteosarcoma, leukemia, brain tumor, colon cancer, and 
adrenocortical carcinoma can develop in affected persons.** 


SMAD4 Gene 


SMAD4 is a tumor suppressor gene located on chromosome 18q 
and is deleted or mutated in most pancreatic adenocarcinomas 
and a subset of colon cancers. Smad4, the protein encoded by this 
gene is an essential intracellular mediator of factors belonging to 
the TGF-a superfamily. Smad4 functions as a transcription fac- 
tor and is an obligate partner of other members of the Smad pro- 
tein family.” Mutant Smad4 lacks these properties and among 
other effects, leads to loss of TTGF-a inhibition of proliferation. 
Germline mutations in SMAD4 result in the juvenile polyposis 
syndrome (see Chapter 126). 


DNA Repair Genes 


DNA replication itself and various types of DNA damaging agents 
can introduce errors into the genome. These errors include spon- 
taneous mismatching of nucleotides during normal DNA replica- 
tion, oxidative damage of nucleotides, and complete double-strand 
breaks. Therefore, a variety of cellular mechanisms have evolved 
to prevent or correct DNA errors. One type of error that devel- 
ops during replication may occur in repetitive mononucleotide or 
dinucleotide stretches of DNA, so-called microsatellite regions.*+ 
These repetitive regions are prone to DNA mismatches, which if 
not resolved, can result in short insertions or deletions. The cel- 
lular machinery devoted to correct these errors is referred to the 
mismatch repair system. The enzymes bind mismatched DNA, 
cut the DNA strand with the mismatched nucleotide, unwind the 


CHAPTER 1 Cellular Growth and Neoplasia 9 


DNA fragment, fill in the gap with the correct nucleotide, and 
finally reseal the remaining nick. The family of DNA mismatch 
repair genes includes two basic molecular components, a mis- 
match recognition complex composed of MSH2 and MSH6, and 
an excision inducing complex composed of MLH1 and PMS82. 
Mutations in any of these genes result in defective mismatch 
repair, and when inherited due to a germline mutation, they 
give rise to Lynch syndrome, also known as hereditary nonpolypo- 
sis colorectal cancer.>°° Complete loss of a mismatch repair factor 
leads to very high rates of DNA mutations, and mismatch repair 
defective tumors accumulate a high burden of cancer somatic 
mutations, typically over 2000 somatic mutations, resulting in a 
large number of tumor-specific neoantigens.*’ Affected cells are 
called replication error positive, in contrast to the replication error- 
negative phenotype.°®>»’ Because microsatellite DNA sequences 
are primarily affected by this type of genetic instability, the tumor 
cells display insertions or deletions in these stretches of DNA 
when compared to nontumor tissue, a phenomenon referred to 
as microsatellite instability. Mechanistically, the absence of DNA 
repair does not directly cause cancer but creates a milieu that per- 
mits accumulation of mutations in a variety of genes that contain 
repetitive DNA sequences, such as the TGF-a type II receptor, 
IGF type II receptor, BAX, and E2F-4, among others. 

Loss of mismatch repair genes represents an important 
mechanism for the accumulation of mutations within a tumor 
(see Fig. 1.4). While 5% of colon cancer are due to Lynch syn- 
drome, i.e., germline mutations in the mismatch repair system, 
twice as many tumors (10%) display similar molecular charac- 
teristics without a germline mutation in any of the mismatch 
repair genes. These tumors are most often driven by somatic 
loss of function in this system, most often as a result of silencing 
of MLH1 gene expression as a result of an epigenetic change 
in the promoter region of this gene called DNA methylation. 
MLH1 promoter hypermethylation is most often observed in 
lesions that are serrated adenomas by histology and that also 
carry B-Raf mutations (see Fig. 1.4). Finally, it has been recog- 
nized that another mechanism that can lead to a state of high 
mutation burden is the loss of exonuclease proofreading activity 
of the replicative DNA polymerase Pol-e or IloA-8, through a 
variety of missense mutations. 

Another important DNA repair pathway involved in carci- 
nogenesis is mediated by the MUTYH gene. It encodes a DNA 
glycosylase that participates in the repair of oxidized guanine 
nucleotides, such as 8-oxoguanine residues, that may inappropri- 
ately pair with adenines, ultimately leading to somatic G:C>T:A 
mutations if uncorrected. Biallelic mutations in MUTYH results 
in an adenomatous polyposis syndrome that resembles FAP, 
except that its mode of inheritance is autosomal recessive (see 
Chapter 126).°!. Interestingly, G:C~T:A mutations in the APC 
gene were almost universally found in the polyps of patients with 
germline MUTYH mutations, indicating that there are impor- 
tant similarities in the molecular pathogenesis of polyps in the 
MUTYH and FAP syndromes. 


Noncoding RNAs 


Our genomes harbor a variety of genes whose products are RNAs 
that do not encode for a protein. The RNA products, termed non- 
coding RNAs, consist of a broad category of active RNA molecules 
that can mediate a variety of effects. The categories of noncoding 
RNAs are rapidly expanding and include so-called microRNAs 
and long noncoding RNAs, which are frequently dysregulated in 
cancers. The microRNAs play a critical role in silencing of other 
RNA transcripts via RNA degradation or translational inhibition 
and typically regulate dozens of target RNAs at a time. Their 
biogenesis involves conventional gene transcription, followed by 
processing of the resulting RNA by a variety of nuclease cleavage 
events, resulting ultimately in the generation of small interfering 
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RNAs (siRNAs) by the protein Dicer. These siRNAs bind to 
complementary mRNA sequences, and this binding determines 
the specificity for RNA targets. Long noncoding RNAs may per- 
form diverse functions like gene silencing, splicing, and extension 
of telomeres. 


Oncogenic Signaling Pathways 


Individual oncogenes or tumor suppressor genes do not necessar- 
ily induce cellular transformation directly but typically function 
in concert with one another as components of larger oncogenic 
signaling pathways already discussed. Some of the pathways that 
are particularly relevant for GI tumorigenesis include the Wnt 
and Ras signaling pathways. These are pathways that regulate 
normal tissue homeostasis but become oncogenic when the sig- 
nals are transduced in an aberrant or amplified manner. The key 
features of Wnt signaling are illustrated in Fig. 1.3. a-Catenin is 
translocated from the inner plasma membrane to the cytoplasm. 
There, it forms a macromolecular complex with the APC pro- 
tein Axin and glycogen synthase kinase-3a. Phosphorylation of 
a-catenin by glycogen synthase kinase-3a triggers its degradation. 
In the presence of an active Wnt signal, a-catenin is stabilized 
and enters the nucleus, where it interacts with the transcription 
factor Tcf-4 to up-regulate a number of key target genes, includ- 
ing c-Myc, cyclin D1, and vascular endothelial growth factor VEGF). 
As discussed earlier, Wnt signaling is essential for regulating 
proliferation of normal intestinal epithelium, and dysregulated 
Wnt signaling is an almost universal feature of all colorectal can- 
cers. The latter can result from a mutation in the APC, Axin, or 
a-catenin genes, although alterations in the APC tumor suppres- 
sor gene are the most common. An alteration in just one of these 
components is sufficient to activate the entire pathway. Thus, it is 
essential to consider individual genetic alterations in the context 
of the overall signaling pathway in which they function. 

Because pathways are typically not linear, additional levels of 
complexity arise. There is frequent overlap among pathways, and 
the distinction between pathways can be somewhat arbitrary. For 
example, mutations in the K-ras oncogene result in activation of 
multiple distinct signaling pathways, including Raf/ERK/MAPK, 
PI3K/Akt, and nuclear factor-B, all of which play an important 
role in tumorigenesis (see Fig. 1.5). Crosstalk between these 
effector pathways serves to modulate the cellular responses fur- 
ther. For example, Akt, a target of PI3K, can phosphorylate Raf 
and thereby regulate signaling through the MAPK pathway.°? 
Finally, each of these signaling pathways regulates multiple bio- 
logical processes related to tumorigenesis, including cell cycle 
progression, apoptosis, senescence, angiogenesis, and invasion. 

Another pathway that plays a particularly important role 
in GI tumors is the cyclooxygenase-2 (COX-2) pathway. The 
enzyme COX-2 is a key regulator of prostaglandin synthesis that 
is induced in inflammation and neoplasia. Although no mutations 
of COX-2 have been described, overexpression of COX-2 in 
colonic adenomas and cancers is associated with tumor progres- 
sion and angiogenesis (see Fig. 1.4), primarily through induction 
of prostaglandin E, synthesis. Inhibition of COX-2 with a vari- 
ety of agents (aspirin, nonsteroidal anti-inflammatory drugs, or 
COX-2 selective inhibitors such as celecoxib) is associated with a 
reduced risk of colorectal adenomas and cancer.°° 


TUMOR MICROENVIRONMENT 


Cancer is ultimately a complex tissue consisting not only of neo- 
plastic cells harboring a number of genetic lesions, as outlined 
previously, but the composite of a number of cellular components 
that endow the tumor with all of its properties. Indeed, the con- 
tribution of non-neoplastic cells to the behavior and evolution 
of a tumor is increasingly recognized. Cellular elements with 
recognized contributions to the behavior of the tumor include 


its mesenchymal cells, its vasculature, a variety of immune cells 
recruited to the tumor and particularly in tumors of the intes- 
tinal tract, and tumor-associated microbiota which contribute 
significantly to the tumor microenvironment. In addition, these 
elements acting in concert lead to a metabolic environment, such 
as the oxygen and nutrient supply of the tumor, that often plays 
a significant role in the evolution of the tumor at the primary site 
and its potential for distant metastasis. 


TUMOR METABOLISM 


Tumor cells exhibit abnormal metabolic profiles to facilitate their 
growth and anabolic needs. Observations in 1924 from Nobel 
Laureate Otto Heinrich Warburg revealed that tumor cells dis- 
played dramatic increases in aerobic glycolysis and diminished 
mitochondrial respiration. This metabolic state, known as the 
Warburg effect, has been validated and is a hallmark feature of 
most malignancies.® It is becoming increasingly clear that inte- 
gration of the genetic lesions that characterize cancer formation 
is responsible for the changes in cellular metabolism that accom- 
pany cellular transformation. Many of the genes implicated in GI 
cancers (p53, K-Ras, PI3K, mTOR, HIF, Myc) can in fact regulate 
metabolic pathways. Moreover, germline mutations in metabolic 
regulators (e.g., subunits of succinate dehydrogenase) that are not 
classical oncogenes or tumor suppressor genes have been associ- 
ated with a high risk of tumorigenesis (pheochromocytoma and 
paraganglioma).°”»°* The selection advantage of increased glycol- 
ysis in cancer cells may include greater tolerance to hypoxic envi- 
ronments and shunting of metabolic byproducts (e.g., lactate) to 
other biosynthetic pathways. These altered metabolic pathways 
are promising new targets for therapy. 


Inflammation and Cancer 


Immune cells recruited to the tumor microenvironment can result 
in a variety of effects. On the one hand, tumor immune surveil- 
lance is well recognized and immunosuppressed states increase 
the risk of cancer development. On the other hand, a number of 
cellular elements of hematopoietic origin can promote primary 
tumor growth, prevent effective immune surveillance, or pro- 
mote the acquisition of features of neoplastic cells that facilitate 
metastasis. Myeloid cells with immature characteristics, so-called 
myeloid-derived suppressor cells, are an important example of 
this phenomenon. 

In addition, a number of chronic inflammatory conditions 
increase the site-specific risk of cancer; examples of this include 
ulcerative colitis (see Chapter 115), chronic gastritis (see Chap- 
ter 52), chronic pancreatitis (see Chapter 59), Barrett’s esopha- 
gus (see Chapter 47), and chronic viral hepatitis (see Chapters 
79 and 80). The influences of inflammation on the development 
of neoplasia are multifaceted and complex. Cytokines produced 
by inflammatory cells can lead to activation of antiapoptotic and 
pro-proliferative signals in tumor cells mediated by transcrip- 
tion factors such as nuclear factor-KB and STAT3.707! Immune 
cells may also promote remodeling of the vascular network and 
promote angiogenesis (discussed later). Inflammation may also 
induce DNA damage from cytokine-stimulated production of 
reactive oxygen species. 


Microbiome 


The human body possesses over 100 trillion microbes and the 
largest concentration of these organisms are present in the GI 
tract. The interaction between these organisms and the host is 
an area of great interest, particularly for a broad range of autoim- 
mune, metabolic, and neoplastic disorders.’? Interestingly, colonic 
tumors are associated with specific subsets of bacteria, and the 
tumor associated microbial species have the capacity of inducing 


colonic tumors in specified animal models.” Fusobacterium nuclea- 
tum, an organism typically found in the oral cavity, is an exam- 
ple of this behavior as it can be found in association with colon 
tumors and, when introduced into colon cancer models driven by 
germline APC mutations, can drive colon tumorigenesis.’* 


BIOLOGICAL FEATURES OF TUMOR METASTASIS 


The establishment of distant metastases requires multiple pro- 
cesses, many of which involve alterations in interactions between 
tumor cells and normal host cells. To metastasize, a cell or group 
of cells must detach from the primary tumor, gain access to the 
lymphatic or vascular space, adhere to the endothelial surface at 
a distant site, penetrate the vessel wall to invade the second tissue 
site, and finally proliferate as a second tumor focus. Angiogenesis 
is necessary for proliferation of the primary tumor and tumor 
metastases. Tumor cells must also overcome host immune cell 
killing. As a result, few circulating tumor cells (<0.01%) suc- 
cessfully initiate metastatic foci. A “survival of the fittest” view 
of metastasis has been proposed, in which selective competition 
favors metastasis of a subpopulation of cells from the primary 
site.’> In favor of this view is the fact that the mutational land- 
scape of the primary and distant tumor sites are often distinct, 
indicating that only specific tumor clones acquire the ability to 
metastasize. 


Angiogenesis and Lymphangiogenesis 


Angiogenesis is essential to sustain continued growth of the pri- 
mary tumor. If new vessels are not developed as the primary tumor 
expands, cells most distant from available vessels are deprived of 
an adequate source of nutrition and oxygen, and central necrosis 
occurs. Neovascularization is also an important permissive factor 
in facilitating metastatic dissemination of tumors.’° A number of 
protein growth factors produced by malignant tumor cells and 
stromal cells have been found to be potent stimuli of angiogenesis, 
including VEGF-A, basic fibroblast growth factor, and TGF-a. 
VEGF-A is perhaps the most critical factor that is up-regulated in 
most tumor types, including colorectal cancer. Multiple genetic 
pathways implicated in GI carcinogenesis modulate VEGF-A 
expression, including Wnt and mutant ras.’” 

Angiogenesis occurs in an ordered series of events. Endo- 
thelial cells in the parent vessel are stimulated to degrade the 
endothelial basement membrane, migrate into the perivascular 
stroma, and initiate a capillary sprout. The sprout develops into 
a tubular structure that in turn develops into a capillary network. 
In vitro models that recapitulate the early events of angiogenesis 
indicate that this process involves a balance between proteases 
and protease inhibitors in a manner similar to that during tumor 
invasion. Indeed, functional parallels between tumor invasion and 
angiogenesis are evident in their mutual requirement for cellular 
motility, basement membrane proteolysis, and cell growth. 

In addition to angiogenesis, lymphangiogenesis plays an 
important role in tumor metastasis. Some important clues into 
the molecular basis of tumor lymphangiogenesis have been 
obtained. VEGF-C or VEGF-D bind to the VEGF receptor-3 
on lymphatic endothelial cells to stimulate formation of new lym- 
phatic vessels.’* This results in the development of new lymphatic 
channels within the tumor mass and, consequently, enhanced dis- 
semination of tumor cells to regional lymph nodes.’? 


ENVIRONMENTAL INFLUENCES 


Fundamentally, cancer is a genetic disorder and genetic mutation 
is the common denominator of agents or mechanisms that con- 
tribute to the development of neoplasia. Environmental factors 
play an important role in tumorigenesis insofar as they affect the 
progression of the underlying genetic lesions. 
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Chemical Carcinogenesis 


Many compounds that have carcinogenic potential often require 
metabolic modification by host enzymes, a process called meta- 
bolic activation. The initial compound, the procarcinogen, is con- 
verted by host enzymes to an electrophilic derivative, which then 
chemically modifies DNA. Mutations result from errors that occur 
during DNA replication as a result of distorted base pairs. Factors 
that influence the potency of any chemical carcinogen include the 
equilibrium between activation of the procarcinogen and deacti- 
vation or degradation of the carcinogen.® Deactivation typically 
occurs through a conjugation reaction, usually in the liver. 

These principles are exemplified by experimental colonic 
carcinomas that arise in rodents fed cycasin, a glucosylated com- 
pound present in the cycad nut. The glucose residue of cycasin 
is cleaved in the rat liver by a-glucosidase to form methylazoxy- 
methanol, which is subsequently deformylated by enzymes in the 
liver and colon to give rise to methyldiazonium, a carcinogen. 
These same metabolites are formed through hepatic enzymatic 
modification of the compound dimethylhydrazine and result in 
colon cancer in the rat. 

In humans, regular tobacco use is strongly associated with a 
higher risk of multiple GI cancers, including pancreatic and colon 
cancer. Among active smokers with long-term tobacco use, the 
risk for pancreatic cancer can be elevated twofold. Multiple car- 
cinogenic agents including arsenic, benzene, and ethylene oxide 
have been identified in cigarettes, but the chemicals linked spe- 
cifically to the development of pancreatic or colon cancer have 
not yet been defined. 


Dietary Factors 


Chemical mutagenesis may be especially important in the devel- 
opment of cancers within the GI tract and related organs. The 
mucosal surfaces from which most primary cancers in the GI tract 
develop are exposed to a complex mixture of dietary constituents 
that are potential carcinogens or procarcinogens. The ability of 
dietary factors to act as mutagens in humans was demonstrated 
directly in 1995. The frequency of contamination of food with 
aflatoxins, a fungal metabolite, parallels the incidence of hepa- 
tocellular carcinoma in various areas of the world.*! Studies 
demonstrating that aflatoxins cause mutations in the 7P53 gene 
in hepatocellular carcinoma have provided a compelling link 
between genes and the environment.*! 

Nitrates present in many foods appear to be additional dietary 
constituents that may act as procarcinogens in the GI tract. Diet- 
derived nitrates can be converted by bacterial action in a hypo- 
chlorhydric stomach to nitrites and subsequently to mutagenic 
nitrosamines.** These events may underlie the documented cor- 
relation between dietary intake of foods high in nitrates and the 
incidence of gastric cancer in different populations. 

Other dietary factors may modulate the biological potency of 
dietary procarcinogens. Variations in the relative and absolute 
amounts of dietary fats may lead to alterations in the composi- 
tion of the colonic microflora and their metabolic characteristics, 
resulting in modulation of the production of enzymes that con- 
vert dietary constituents into potentially mutagenic compounds. 
Changes in dietary fiber content can alter the transit time of 
luminal contents in the bowel, thereby changing the duration 
of exposure of the mucosa to potential mutagens. Bile salt con- 
tent may be an additional luminal factor that can modulate the 
biological effect of procarcinogens. Deconjugated bile salts may 
promote carcinogenesis through mucosal injury and enhanced 
epithelial proliferation. 

These mechanisms could explain well-documented correla- 
tions between the intake of various dietary constituents and the 
incidence of colorectal cancer in certain populations (see Chap- 
ter 127). Populations that have a high fiber intake and resulting 
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fast colonic transit times generally exhibit a lower incidence of 
colorectal cancer than populations with low fiber intake and 
delayed transit. The incidence of colorectal cancer in Japanese 
immigrants to the United States who consume a Western diet is 
much higher than that of native Japanese who consume a tradi- 
tional Japanese diet.*? 


MOLECULAR MEDICINE: CURRENT AND FUTURE 
APPROACHES IN GASTROINTESTINAL ONCOLOGY 


Next Generation Sequencing 


DNA sequencing relies on polymerase-mediated strand synthesis 
and the detection of the incorporated nucleotides throughout the 
successive steps of the chemical reaction, by a variety of physico- 
chemical methods. The ability to monitor billions of reactions 
simultaneously, so-called massively parallel sequencing, along 
with the ability to computationally assemble short sequence 
reads into a continuous long read, have revolutionized sequenc- 
ing technologies. These new approaches, often referred to as 
next generation sequencing (NGS), are finding their way into 
the clinical care of patients with cancer in a variety of settings.** 
First, sequencing of germline DNA is increasingly used to define 
if a patient may have a cancer genetic syndrome. Secondly, these 
technologies can be applied to determine the mutational land- 
scape of a tumor to guide treatment decisions. 

The extent of DNA sequencing may involve the entire 
genome. Whole genome sequencing uses DNA from a defined 
source without any step of enrichment or selection. Another 
method is to subject the sample to preliminary step of enrich- 
ment, where areas of interest are extracted from the sample, 
using hybridization methods and primer libraries, with the goal 
of decreasing the complexity of the sample and increasing the 
number of reads possible during the sequencing reaction. With 
greater number of reads available, so-called reading depth, the 
accuracy of sequencing increases and the cost is also reduced. The 
most common enrichment method is to focus on the areas of the 
genome known to harbor genes, collectively referred to as the 
exome, which corresponds to about 1% of the entire genome. For 
certain applications, subsets of genes from the entire exome may 
be the only ones enriched for sequencing, and this is the basis for 
NGS-based diagnostic tests that focus on gene panels relevant 
to cancer. Because NGS involves short reads that are computa- 
tionally assembled into predicted long reads, this technology is 
insensitive to gene inversions, large insertions, or generally copy 
number variants that affect one allele. 


Cancer and Tumor Genomics 


As genetic information is obtained from sequencing analy- 
sis, understanding the potential impact of the genetic changes 
observed becomes an important challenge. Single nucleotide vari- 
ants refer to changes in a single base pair of the genetic code 
compared to a reference sequence. Nonsense mutations refer to the 
introduction of a premature stop codon. Single nucleotide vari- 
ants at splice-acceptor or donor sites may result in exon loss or 


misexpression of intronic sequences. These types of changes are 
relatively easy to interpret and adjudicate. Missense changes are 
those that result in a change in the amino acid encoded by the 
codon. Given the normal genetic variation present in the human 
population, understanding whether these changes are deleteri- 
ous can be quite difficult to accomplish. When the effect of such 
variants is not known, these are referred as “variants of unknown 
significance.” Important limitations of exome sequencing at the 
present time include variants of unknown significance adjudi- 
cation, detection of copy number variants and large rearrange- 
ments, and the potential for intronic or promoter mutations not 
detectable by exome capture strategies. 


Molecular Diagnostics 


Genetic testing is a powerful tool to identify high-risk families 
and define the cancer risk for individual family members. Today, 
sequencing panels that assess most of the genes associated with 
familial cancer syndromes are commercially available. Application 
of genetic testing must take into consideration the sensitivity and 
specificity of the assay as well as issues of patient confidentiality 
and potential impact on medical insurability. Because these tests 
rely on target enrichment, it is important to be aware of their 
potential limitations. For these reasons, genetic counseling is an 
essential component of the genetic testing process. 

In addition to genetic germline testing, molecular phenotyping 
of tumors for the purpose of guiding therapeutic decisions is impor- 
tant. To detect tumors due to defects in mismatch repair, testing for 
MSI can be performed on archived colon tumor samples.** In addi- 
tion, loss of immunohistochemical staining for any of the 4 pro- 
teins required for mismatch repair (MLH1, PMS2, MSH2, MSH6) 
may provide similar information. Studies have demonstrated that 
the MSI status of a colon tumor is predictive of the response to 
5-fluorouracil—based chemotherapy.*®*’ More recently, it has been 
shown that mismatch repair—deficient tumors, due to their high 
burden of somatic mutations and tumor neoantigens, are highly 
responsive to immune checkpoint inhibition therapy.** 

Therapies that target specific signaling pathways are likely to 
increase as our molecular understanding of GI cancers increases. 
Antibodies that target EGF receptors and block the EGF recep- 
tor signaling pathway have proved therapeutic benefit in colorec- 
tal cancer. However, their benefit has been shown only in cancers 
lacking activating mutations in K-ras. Testing for K-ras muta- 
tions in colorectal cancers is now standard of care before admin- 
istration of such targeted therapy. In addition, small molecule 
tyrosine kinase inhibitors of the c-KIT oncogene now consti- 
tute routine treatment of GI stromal tumors (see Chapter 33).°? 
Molecular techniques may also find a role in the staging of dis- 
ease. For example, capture of small numbers of circulating tumor 
cells prior to the discovery of metastasis may yield prognostic and 
therapeutic benefits.”° Finally, as more tests for genetic markers 
become available, monitoring for disease recurrence after surgery 
may become another important application. 


Full references for this chapter can be found on www.expertconsult.com. 
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Mucosal immunity refers to immune responses that occur at muco- 
sal sites. The demands on the mucosal immune system are quite 
distinct from their systemic counterparts. At mucosal sites, the 
“outside world” is typically separated from the inner world by a 
single layer of epithelium. The mucosal immune system exists at 
a number of sites, including the intestinal tract, respiratory tract 
(especially the upper respiratory tract), urogenital tract, mam- 
mary glands, eyes, and ears. Each of these sites encounters a dis- 
tinctive array of environmental stimuli and has evolved its own set 
of cell populations. Nevertheless, these different compartments 
can interact and share some cell populations and together form 
a common mucosal immune system. This chapter focuses on the 
intestinal mucosal immune system.! 

The intestinal mucosa forms the largest compartment of the 
mucosal immune system and is unique in several aspects.” Relative 
to other mucosal sites, the intestine contains billions to trillions 
of microorganisms, mainly bacteria. These organisms and their 
products, along with ingested food, represent an enormous anti- 
genic load that must be tolerated to maintain mucosal homeosta- 
sis. This unusual environment and the demands associated with 
it have resulted in the development of a distinct immune system 
composed of inductive lymphoid follicles named gut-associated 
lymphoid tissue (GALT) and effector cells distributed in the epi- 
thelium (intra-epithelial lymphocytes, IELs) and in the lamina 
propria (LP) as mononuclear cells (LPMCs). Collectively, these 
cells comprise the largest number of cells in the immune system. 

The specific characteristics and peculiarities of the mucosal 
immune cells reflect the unique milieu in which the cells function. 
To maintain mucosal homeostasis in the intestinal mucosa, one 
of the most important tasks of the immune system is to differenti- 
ate potentially harmful antigens such as pathogenic bacteria and 


Mucosal Immunology and Inflammation 


toxins from products that may benefit the body such as molecules 
derived from food or commensal bacteria. To achieve homeo- 
stasis, unusual cell types, immunoglobulins (Igs), and secreted 
mediators function in a coordinated fashion. In contrast to the 
systemic immune system, whose focus is to act quickly within 
seconds of encountering a foreign antigen, the mucosal immune 
system is poised to respond but is predominantly tolerant,’* 
rejecting harmful antigens but allowing beneficial/harmless ones 
to persist without evoking harmful immune responses such as 
allergic reactions or inflammation. 

Billions of activated plasma cells, memory T cells, memory B 
cells, macrophages, and dendritic cells reside in the LP, but sig- 
nificant active inflammation is not present. This phenomenon has 
been called controlled or physiologic inflammation (Fig. 2.1). Impor- 
tantly, entry of immune cells into the LP and cell activation is 
antigen driven. Thus germ-free mice have few immune cells in 
their LP, but within hours to days after colonization with nor- 
mal intestinal commensals, a massive influx and activation of cells 
occurs.*-’ A similar process begins in human neonates, whose 
intestine is colonized at birth, initiating the development of the 
mucosal immune system and stimulating innate and adaptive sys- 
temic immunity. The microbiota expands and changes in infancy, 
resulting in trillions of gut bacteria that are in communication 
with host cells in every GI organ and have profound effects on the 
intestinal vascular, nervous, and immune systems. Humans have 
co-evolved with their microbiota and have developed multiple 
mechanisms of response, including intestinal epithelial cells and 
innate, adaptive, and regulatory immune components.* 

An abnormal composition of gut microbiota has been impli- 
cated in multiple metabolic and immune diseases, including IBD. 
Many, if not most, of the gene variants conferring susceptibil- 
ity to IBD are linked to cells and functions involved in each of 
the components that regulate host-microbiota interactions.’ The 
microbiota itself is the subject of the next chapter. Despite the 
persistence of the antigenic drive of the intestinal microbiota, 
intestinal lymphocyte effector cells fail to develop into aggressive 
inflammation-producing cells. Bacteria or their products play a 
role in this persistent state of suspended activation!” contributing 
to the control of inflammation in the intestinal mucosa. 


IMMUNOGLOBULINS OF THE MUCOSAL SURFACE 


Immunoglobulin A, an immunoregulatory antibody. 
Secretory IgA (SIgA) is the hallmark of mucosal immune 
responses (Fig. 2.2). IgG is the most abundant isotype in the sys- 
temic immune system, but IgA is the most abundant antibody in 
mucosal secretions.*:!!!* Given the numbers of IgA* plasma cells 
and the 3-5 grams of IgA produced daily in humans, IgA is the 
most abundant antibody in the body. 

SIgA is a dimeric form of IgA produced by plasma cells in 
the LP and transported into the gut lumen through the intes- 
tinal epithelium by a specialized pathway (Fig. 2.3). Two IgA 
molecules (homodimers) are bound together by J chain (pro- 
duced by plasma cells). Subsequently, the homodimer binds 
to a highly specialized glycoprotein, the polymeric Ig receptor 
(pIgR), previously called secretory component, a 55-kd glyco- 
protein produced by epithelial cells.!! The plgR is expressed on 
the basolateral membrane of the intestinal epithelial cell EC) 
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Fig. 2.1 Mechanisms for damping mucosal immune responses. The intestine uses a number of distinct mech- 
anisms to dampen mucosal immune responses. The major source of antigen in the intestine is the commensal 
bacterial flora, but both innate and adaptive responses control local responses. Physical barriers like mucins 
secreted by goblet cells and tight junctions between epithelial cells prevent invasion by luminal flora (circle 
inset). Defensins like HBD-2, -3, and -4 are thought to maintain sterility of the crypt, whereas secretory im- 
munoglobulin A produced by local plasma cells prevents attachment and invasion by luminal bacteria, thereby 
reducing antigenic load. Even with antigenic challenge, intestinal lymphocytes, macrophages, and dendritic 
cells are programmed to not respond as a consequence of decreased expression of pattern recognition recep- 
tors (e.g., Toll-like receptors) and a decrease in the ability of lymphocytes to be activated through their antigen 
receptor. Egress of circulating lymphocytes from blood vessels such as high endothelial venules is directed by 
the integrin 0487, which recognizes the addressin MAdCAM-1, is also shown. DC, dendritic cell; HBD, human 
B-defensin; IELs, intraepithelial lymphocytes; LPMC, lamina propria mononuclear cells; MAdCAM, mucosal 
addressin cell adhesion molecule; SIgA, secretory immunoglobulin A, a dimer with a connecting J chain; Treg, 
T regulatory cells (formerly known as suppressor T cells). 
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Fig. 2.2 Secretory immunoglobulin (Ig)A complex. Two IgA molecules 
are linked by a J chain and stabilized by polymeric Ig receptor (plgR) to 
form dimeric secretory IgA. 


and binds only to dimeric IgA or IgM (also polymerized with 
J chain). Once bound to the pIgR on the IEC, SIgA is actively 
transported within vesicles to the apical membrane of the IEC. 
The vesicle fuses with the apical membrane, and the plgR/ 
IgA complex is released into the intestinal lumen. Within the 
lumen, pIgR serves to protect the SIgA dimer from degradation 
by luminal proteases and gastric acid.!? 

SIgA binds to mucus, enhancing its ability to bind and trap 
microbial products.!* In addition to its unique form, SIgA is also 
unusual in that it is anti-inflammatory in nature. It does not bind 


classical complement components but rather binds luminal bac- 
terial antigens, preventing their uptake by epithelium and pro- 
moting their agglutination and subsequent removal.!*:!>-!8 This 
process, referred to as “immune exclusion,” includes agglutina- 
tion, entrapment, and clearance of antigen due to specific inter- 
action with the secreted antibody,'+ as opposed to nonspecific 
mechanisms of exclusion exerted by the epithelium (e.g., mucus 
production, proteolytic digestion, defensin secretion). SIgA also 
may exert specific protective immunity against certain pathogens 
via more direct mechanisms such as the suppression of bacterial 
virulence!’, as well as non-antigen specific binding to bacterial 
glycan residues on free or bound pIgR, or the SIgA complex.?°?! 
M cells in Peyer patches (discussed later) selectively bind SIgA 
and SIgA immune complexes,?’??> and uptake of antigen-IgA 
complexes via M cells is a potential mechanism to dampen local 
inflammatory responses.** 

IgM is another antibody capable of binding the pIgR. Like 
IgA, IgM uses J chain produced by plasma cells to form poly- 
mers—in the case of IgM, a pentamer. pIgR binds to the Fc por- 
tion of the antibody formed during polymerization. The ability 
of IgM to bind pIgR may be important in patients with IgA defi- 
ciency, where secretory IgM (SIgM) compensates for the absence 
of IgA in the lumen. 

SIgA is the major antibody isotype produced in the mucosa, 
but IgG is present in the mucosa as well.?>° The neonatal Fc 
receptor (FcRy) expressed by IECs can serve as a bidirectional 
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Fig. 2.3 Assembly and secretion of dimeric immunoglobulin A (IgA). 
IgA and J chain produced by IgA-committed plasma cells (bottom) 
dimerize to form polymeric IgA, which covalently binds to membrane- 
bound polymeric Ig receptor produced by intestinal epithelial cells 
(top). This complex is internalized, transported to the apical surface of 
epithelial cell, and secreted into the lumen. plgR, polymeric immuno- 
globulin receptor. 


transporter of IgG???’ and is important in control of certain 
neonatal infections and IgG metabolism. In patients with IBD, 
marked increases in IgG within the LP and lumen have been 
detected.’? 

IgE production may play an important role in the intestinal 
response to helminths and in food allergy (see Chapter 10). CD23 
(low-affinity IgE Fe receptor) has been reported to be expressed 
by gut epithelial cells, and one model has suggested that it may 
facilitate antigen uptake and resultant mast cell degranulation 
in food allergy. In this condition, IgE transcytosis and mast cell 
degranulation may be associated with fluid and electrolyte loss 
into the lumen, an event intimately associated with an allergic 
reaction in the lung and gut.*®?! 


PHYSIOLOGY OF MUCOSAL IMMUNE CELLS 


The cells, structures, and mediators that separate the intesti- 
nal lumen from the LP function as a physical barrier, which 
constantly interacts with its ever-changing luminal environ- 
ment. The intestinal barrier changes not only on a day-to-day 
basis but also through the years. Many barrier mechanisms are 
not fully developed at birth, and evidence in animal studies 
supports increased antigen transport in neonates compared to 
adults. 
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A mucus coat, produced by goblet cells, lines the intestinal 
tract and is composed of a mixture of glycoproteins (mucins) 
heavily glycosylated with O-linked oligosaccharides and N-glycan 
chains linked to a protein backbone.’ At least 21 different mucin 
genes, encoding secreted and membrane bound mucins, each with 
a distinct carbohydrate and amino acid composition,*’**+ have 
been identified in the human genome. The major colonic mucins 
are MUC1, MUC2, MUC3A, MUC3B, MUC4, MUC13, and 
MUC17. MUC2 is a secreted mucin and serves as the primary 
component of intestinal mucus, whereas the other mucins are 
membrane bound. The membrane-bound mucins participate in 
processes such as cell signaling, adhesion, growth, and immune 
modulation. Mucus protects the intestinal epithelium by several 
mechanisms, including its stickiness and competitive binding of 
its glycoprotein receptors to decrease microorganism penetra- 
tion.* In the colon there are two mucus layers, a loose outer layer 
containing bacteria and a dense inner layer devoid of bacteria.*° 
‘The mucus stream also moves luminal contents away from epi- 
thelial cells. Further, intestinal infection and inflammation are 
associated with disruption or dysfunction of the mucus barrier, 
which may be accompanied by altered innate and adaptive host 
immune responses to the microbiota.*” 

Below the mucus layer, the epithelium acts as a physical bar- 
rier that normally prevents antigen penetration through epithe- 
lial cells (the transcellular route) and through intercellular spaces 
(the paracellular route), the latter regulated by tight junction (TJ) 
complexes (e.g., zona occludens) and the subjunctional space.** 
Tight junctions have the greater role in preventing macromo- 
lecular diffusion across the epithelium, because these junctions 
exclude almost all molecules present in the lumen.*? The barrier 
formed by the TJ is a dynamic structure that may be modified 
by various cytokines and growth factors. The cytokines IFN-y, 
TNF-a, IL-1f, IL-4, IL-6, and IL-13 increase intestinal TJ per- 
meability, whereas IL-10, IL-17, and TGF-f decrease intestinal 
TJ permeability,*° a feature that may limit intestinal inflamma- 
tion such as that in IBD.*! 


FUNCTIONAL ANATOMY OF THE MUCOSAL IMMUNE 
SYSTEM 


Several key features of the mucosal immune system facilitate the 
maintenance of homeostasis and clearance of pathogens. The 
mucosal immune system is comprised of inductive and effec- 
tor compartments. Peyer patches and other lymphoid follicles 
comprise the inductive compartment and are known as GALT. 
Lymphoid cells in the epithelium (IELs) and the LP (LPLs) are 
innate and antigen-experienced memory cells and comprise the 
effector compartment. Cell populations and the immune response 
in the epithelium, subepithelial region, LP, Peyer patches, and 
mesenteric lymph nodes (MLNs) may differ substantially. Cells 
residing in these compartments differ not only topographically 
but also phenotypically and functionally. 


Peyer Patches and M Cells 


The follicle-associated epithelium (FAE) is a specialized epithe- 
lium overlying the Peyer patch and isolated lymphoid follicles. 
The M (microfold) cells in the FAE, in contrast to the adjacent 
absorptive epithelium, have few microvilli, a limited mucin over- 
layer, a thin elongated cytoplasm, and a shape that forms a pocket 
surrounding subepithelial lymphocytes, macrophages, T cells, B 
cells, and dendritic cells (DCs) (Fig. 2.4). M cells are highly spe- 
cialized for phagocytosis and transcytosis and are capable of tak- 
ing up large particulate antigens from the lumen and transporting 
them intact into the subepithelial space.**-*> These cells contain 
few lysosomes, and thus little or no processing of antigen occurs.*° 
The apical surface of M cells expresses several unique lectin-like 
molecules that help promote binding to specific pathogens such 
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as poliovirus.*’ Antigens that bind to the M cell and are trans- 
ported to the underlying Peyer patches generally elicit a positive 
(SIgA) response. Thus M cells appear to be critical for the ini- 
tial positive aspects of mucosal immunity.**+? However, certain 
pathogens or their toxins may exploit M cells and use M cell tran- 
scytosis to penetrate the intestinal mucosa. 


Fig. 2.4 M cell. Transmission electron micrograph from noncolumnar 
region of a Peyer patch epithelium shows a cross-sectional view of a 
microfold (M) cell, as well as associated microvillus-covered intestinal 
epithelial cells and at least 3 lymphoid cells (L). Note the attenuated 
cytoplasm of the M cell (between arrows) that bridges the surface 
between microvillus-covered epithelial cells, forming tight junctions with 
them and producing a barrier between lymphoid cells and the intestinal 
lumen (x9600). B, B cell; E, intestinal epithelial cell. (From Owen RL, 
Jones AL. Epithelial cell specialization within human Peyer's patches: 
an ultrastructural study of intestinal lymphoid follicles. Gastroenterology 
1974; 66:189-203.) 


Intestine 


Villi 
Follicle-associated 
epithelium 
Peyer's patch Coe 
Circulation 
AC 
Qp Mesenteric 
@ © lymph node 
Thoracic 
duct 
Wo Z j | fe 
(O} 
e - A 


The M cell is a conduit to Peyer patches and lymphoid folli- 
cles. Antigens transcytosed across the M cell and into the sub-epi- 
thelial pocket are taken up by macrophages and DCs and carried 
into the Peyer patch. Once antigens enter the Peyer patch, TGF- 
B-secreting T cells promote B cell isotype switching to IgA. 
Induction of M cell differentiation is dependent on direct contact 
between the epithelium and Peyer patch lymphocytes,*>»° medi- 
ated, at least in part, by the expression of NOTCH receptors and 
ligands.*! In the absence of Peyer patch B cells, M cells are not 
present, as M cells have not been identified in B cell—deficient 
animals, which lack Peyer patches. The Peyer patches have T 
cell-dependent areas and B cell-dependent/germinal centers typi- 
cal of lymph nodes, but only efferent lymphatics. 

After activation in the Peyer patch, lymphocytes are induced 
to express specific integrins (487) that provide a homing signal 
for mucosal sites where the endothelial ligand is MadCAM-1.°2/5? 
Lymphocytes exit the Peyer patch, traffic to the MLN and then 
the thoracic duct, into the main intestinal lymphatic drainage 
system, which empties into the circulation (Fig. 2.5). There, 
mucosally activated cells with their mucosal “addressins” circu- 
late in the bloodstream to exit in high endothelial venules in vari- 
ous mucosal sites.°* Cells bearing «487 molecules exit in the LP, 
where they undergo terminal differentiation. Chemokines and 
their receptors (discussed later) as well as adhesion molecules and 
ligands help direct this trafficking pattern. 


Intestinal Epithelial Cells 


Intestinal epithelium is composed of a single layer of columnar 
cells. These IECs (enterocytes) are derived from the stem cell 
zone at the base of crypts, from which they migrate up the vil- 
lus and differentiate into absorptive epithelium or secretory cells, 
including goblet cells, enteroendocrine cells, Paneth cells, and 
tuft cells.*? In addition to their function as a physical barrier, 
IECs contribute to both innate and adaptive immunity in the gut 
mucosa and play a key role in maintaining intestinal homeosta- 
sis.45 

The absorptive epithelial cells maintain a physical barrier 
via their tight junctions, which are comprised of claudins, zonal 
occludens, other occludens, and junctional adhesion molecules. 
Tight junctions seal the space between epithelial cells and dynam- 
ically regulate solute transport. Some DCs can express tight junc- 
tion proteins and can extend processes between epithelial cells 
to sample antigens in the lumen.” As shown in Figure 2.6, IECs 
communicate with immune cells, particularly IELs, and produce 
various chemokines that regulate cell trafficking into the mucosa, 
as discussed below. 
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Fig. 2.6 A normal intestinal epithelial cell (IEC). The IEC is shown to express classic MHC molecules (classes 
| and Il) that have the potential to present conventional antigen to local T cell populations and a broad array of 
nonclassic class | molecules (e.g., CD1d, MICA/MICB, and 82m [shown in the figure] and MR-1, ULBP, and 
HLA-E), which have the potential to present unconventional antigens to unique T cell populations. In addi- 
tion, alternate pathways of activation appear to be functional in the intestine (e.g., activation via a CD58-CD2 
interaction), and classic co-stimulatory molecules are not expressed on IECs, although CD86 may be induced 
in patients with UC. Other members of the B7 family are expressed, such as PO-L1 (CD274) and ICOS-L 
(CD275), and may play a role in local T cell activation. p2 microglobin (82m) associates with MHC class |, 
CD1d, HLA-E, HLA-G, and FcRn. 62m, 62 microglobulin; go180, membrane glycoprotein 180 (a CD8 ligand); 
IEL, intraepithelial lymphocyte; LPL, lamina propria lymphocyte; MHC, major histocompatibility complex; MICA/ 


MICB, MHC class |-related chains A and B; TCR, T cell receptor. 


Paneth calls 


Paneth cells are a secretory population derived from epithelial 
stem cells and reside in the base of the crypts in the small intes- 
tine.*> These cells can be readily identified on stains due to the 
large eosinophilic granules that occupy most of their cytoplasm 
(see Chapter 98). These granules contain high concentrations of 
antimicrobial peptides, including a-defensins, lysozyme, C-type 
lectins, and phospholipase-A2. They secrete these antimicrobial 
peptides into the lumen of the crypt, thus keeping it relatively 
sterile. Defensins are released upon stimulation by various bacte- 
rial ligands, including endotoxin, which induce Paneth cells via 
Toll-like receptors (TLRs) and nuclear oligomerization domain 
2 (NOD2). Paneth cells co-localize with stem cells at the base of 
crypts and have been shown to provide important factors preserv- 
ing stem cell function in addition to the antimicrobial peptides. 
Paneth cell development is regulated by transcription factors 
in the WNT pathway and the NOD signaling cascade such as 
the transcription factor MATH-1. A transcriptional repressor, 


GFI-1, is important in Paneth cell development by suppressing 
a pro-enteroendocrine cell transcription factor, neurogenin-3 
(NEUROG3). Decreased numbers of Paneth cells and of defen- 
sins 5 and 6 are associated with ileal Crohn disease. Because of 
their highly secretory nature with strong synthesis of various 
molecules, Paneth cells are dependent on the unfolded protein 
response to maintain intracellular homeostasis. Interference with 
the unfolded protein response in mice has led to ileitis.°° >” 


Goblet Cells 


Goblet cells are a secretory type of epithelial cell that is special- 
ized in the production of mucins and other molecules. Two types 
of mucin layers are present in the gut. One is an unattached or 
loose layer, which is characteristic of the small intestine. The sec- 
ond mucus layer, which is attached and impenetrable to bacteria, 
is present in the distal colon. In addition to their physical prop- 
erties, mucins interact with antimicrobial peptides to maintain a 
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high concentration of the latter close to the epithelium. A variety 
of cytokines increase Muc-2 expression, including IL-1, IL-4, 
IL-6, IL-13, and TNF-a. Several metalloproteinases, including 
ADAM-10 and ADAM-17, as well as meprin-23, are involved in 
the release of mucin proteins into the intestinal lumen. Goblet 
cells also selectively produce trefoil factor-3 (TFF-3), which can 
influence mucus viscosity and is important in epithelial repair 
after injury. Mice deficient in TFF-3 are highly susceptible to 
dextran sulfate sodium (DSS) colitis due to an inability to heal 
the lesions. Innate immune cells also interact with goblet cells 
increasing their number by stimulating enterocytes to differen- 
tiate into goblet cells. ILC2-derived IL-13 and ILC3-derived 
IL-22 have been implicated in increasing goblet cell hyperplasia 
and mucin production. 

Goblet cells also serve to transmit antigen across the epithelial 
layer through goblet-associated antigen passages (GAPs). Solu- 
ble antigens and bacteria have been shown to cross goblet cells 
and be presented to subjacent CD103+ CX3CRI1- tolerogenic 
DCs. CD103+ DCs then migrate to the mesenteric lymph node 
where they induce antigen-specific T regulatory (Treg) cells. 
‘Thus GAPs appear to contribute to the maintenance of intestinal 
homeostasis.** 


Tuft Cells 


Tuft cells are a type of epithelial cell that is infrequent in the 
normal intestine but are increased in number during parasite 
infection. Tuft cells are identified by a distinct morphology, 
characterized by microvilli projecting from the apical membrane, 
and a distinguishing phenotype, characterized by ATOH1 and 
Neurog 3 expression. Tuft cells express genes associated with 
taste receptors (see Chapter 4) and are able to discern helminths 
in the intestinal lumen via these chemosensors. Tuft cells pro- 
duce the cytokine IL-25, which activates type 2 innate lymphoid 
cells (ILC2) to produce IL-13 that in turn stimulates mucin pro- 
duction and helps clear the parasite. [LC2-produced IL-13 pro- 
vides a positive feedback loop by increasing the number of tuft 
cells. 749 


Recognition of Pathogen-Associated Molecular 
Patterns by Pattern Recognition Receptors 


Classical antigen-presenting cells (APCs) in the systemic immune 
system possess the innate capacity to recognize highly conserved 
pathogen-associated molecular patterns (PAMPs) on bacteria and 
viruses. Receptors for PAMPs are expressed on both the APC 
surface (e.g., TLRs) and intracellularly (e.g., nuclear oligomer- 
ization domain [NOD] receptors). Although IECs are exposed to 
large numbers of luminal bacteria, they retain the ability to recog- 
nize some components of these bacteria. IEC pro-inflammatory 
responses are downregulated in the normal setting. For example, 
IECs do not respond to bacteria lipopolysaccharide (LPS) due to 
the absence of TLR4, the LPS receptor. However, the expression 
of other pattern recognition receptors is maintained, including 
expression of TLRS, which recognizes bacterial flagellin.°! TLR5 
is expressed basolaterally and is positioned to identify organisms 
such as Salmonella species that have invaded the epithelial layer.“ 
After invasion and engagement of TLRS, the intestinal epithe- 
lium is induced to secrete a broad array of cytokines and chemo- 
kines that attract inflammatory cells to the local environment to 
control the spread of infection. 

Intracellular NOD1 and NOD2 have been shown to contribute 
to intestinal inflammation. About 25% of Crohn disease patients 
have mutations in the NOD2/CARD15 gene, interfering with 
their ability to mount an appropriate immune response to bacterial 
stimuli (see Chapter 115).°°- In addition, TLRs that are normally 
weakly expressed by IECs are expressed at higher levels on IECs 
from patients with IBD. Expression of different TLRs by IECs, 


as well as their contribution to innate and adaptive T and B cell 
responses in both intestinal inflammation and homeostasis, has 
been demonstrated in several murine models.”°.7! 

In contrast, some bacteria induce anti-inflammatory cytokine 
production (e.g., IL-10) and increase expression of peroxisome 
proliferator—activated receptor (PPAR)-y by IECs.”?:”? Further- 
more, other bacterial products (e.g., from Bacteriodes thetaiotaomi- 
cron) help promote the barrier and IEC differentiation.’* 


ANTIGEN PRESENTATION IN THE GUT 


Effective immune responses to antigenic proteins require the help 
of T lymphocytes. This in turn depends on the antigen being pre- 
sented by APCs that internalize, digest, and couple a small frag- 
ment of the antigen to a surface major histocompatibility complex 
[MHC] heterodimer that eventually interacts with either CD4* 
T cell receptor (MHC class ID) or CD8* T cell receptor (MHC 
class I). Multiple cells in the intestinal mucosa can act as APCs, 
including DCs, macrophages, and B cells. The ability of these 
cells to present antigen to CD4 T cells depends on the expres- 
sion of class I MHC on their surface. Class II MHC molecules 
are also present on the epithelium of the normal small intestine 
and to a lesser extent colonocytes in both humans and rodents. 
In vitro studies have demonstrated that isolated enterocytes from 
rat and human small intestine can present antigens to previously 
primed T cells,’””\’° raising the possibility that the intestinal IECs 
may present peptides to T cells that are localized below the epi- 
thelium. Thus IECs are capable of both antigen processing and 
presentation in the appropriate context to cells within the LP. 
Interestingly, bidirectional lymphocyte-epithelial crosstalk exists 
in the LP, and LP lymphocytes (LPLs) promote mucosal barrier 
function via Notch-1 signaling and induction of IEC differentia- 
tion, polarization, and barrier function.” Importantly, increased 
expression of MHC class II molecules by IECs has been reported 
in IBD,’*:”? which likely increases the potential of IECs to acti- 
vate lymphocytes.°0.*! 

Interestingly, drugs used to treat IBD (e.g., 5-aminosalicylate 
[5-ASA] preparations) may reduce IEC MHC class II expres- 
sion.** In addition to MHC class II expression, IECs in normal 
subjects and IBD patients express a variety of co-stimulatory 
molecules required for T cell activation (see Fig. 2.6). These 
molecules include intercellular adhesion molecule (ICAM)-1, 
which binds to leukocyte function associated antigen (LFA)-l on 
the T cell and ICOS ligand and PD-L1. CD86 (B7-2), which 
binds to CD28 and CTLA-4,*? is expressed by IECs in ulcerative 
colitis. Interestingly, unique expression of these co-stimulatory 
molecules by IECs may be involved in the distinct regulation of 
mucosal responses. Small intestinal IECs do not express CD80 
(B7-1),°** and thus activation of naive T cells by IECs is improb- 
able, aiding in the downregulation of T cell responses. However, 
increased expression during intestinal inflammation may serve to 
augment T cell stimulation.*° 

MHC class I and non-classical class I molecules are also 
expressed by IECs. Thus antigen presentation to certain T 
cell populations is possible and has been reported by several 
groups.*°*® Specifically, CD1d expressed on human IECs is able 
to present antigen (in a complex with CEACAMS) to CD8* T 
cells.8°-°! CD1d-restricted natural killer T (NKT) cells, effec- 
tor memory cells that share characteristics of innate and adaptive 
lymphocytes, are among the earliest responders in immune reac- 
tions and affect activation of other immune cell lineages such as 
NK cells, T cells, and B cells. NKT cells participate in immune 
responses in infectious, malignant, and immune-mediated dis- 
eases.”? Other non-classical class I molecules are expressed by 
IECs. The role of MICA, a stress-induced MHC-related mol- 
ecule expressed on normal IECs and recognized by the NKG2D- 
activating receptor on CD8* T cells, T cells, and NK cells, may 
be of specific importance, since Crohn disease patients have 


increased numbers of CD4*NKG2D+ T cells with a Th1 cyto- 
kine profile in the intestinal mucosa.” 

In humans, IECs specifically activate CD8* Treg cells, which 
are involved in local tolerance and interaction with CD8* IECs. 
The role of IECs in the regulation of mucosal immunity is best 
demonstrated in studies with IBD tissues. IECs derived from IBD 
patients, in contrast to those derived from normal subjects, stimu- 
late CD4* T cells in vitro rather than regulatory CD8* cells.®081,94 
Furthermore, oral antigen administration does not result in toler- 
ance in IBD patients but causes active immunity.” 


EFFECTOR COMPARTMENTS WITHIN THE GUT 


IMMUNE SYSTEM 


Two lymphocyte populations, IELs and LPLs, reside in the 
intestinal mucosa. The compartmentalization of these two dis- 
tinct cell populations correlates with their ability to respond to 
distinct microenvironmental cues. 


Intraepithelial Lymphocytes 


IELs form one of the main branches of the intestinal immune 
system, balancing protective immunity with support of epithe- 
lial barrier integrity. In the small intestine, IELs are more than 
98% T cells and mostly CD8*,?*°* including CD8*a T cells, 
as well as CD4*CD8* double-positive, and CD4-CD8- double- 
negative cells. Greater numbers of these cells also express the 
yô T cell receptor (TCR), in contrast to the af TCR expressed 
by CD8* T cells in systemic immune system.”? Roughly half 
of murine small bowel IELs express the yò TCR,!°° whereas 
both the murine and human large intestine contain primarily 
aß CD4* or aß CD8* T cells similar to those present in the 
systemic immune system. 

Based on their phenotype, IELs are classified into two sub- 
sets: induced TELs (iJELs), including TCRaß T cells selected in 
the thymus by conventional MHC class I and II, and natural 
IELs, including TCRaß CD8*aa, TCRyé double-positive, and 
TCRyô double-negative cells.!°! Both subpopulations are cyto- 
lytic, killing via granzyme or by engagement of Fas, and secrete 
Th1 cytokines. However, i[ELs can transfer protection against 
a variety of pathogenic organisms, whereas natural IELs are 
unable to transfer immunologic protection and do not possess 
immunologic memory. This difference may be due to natural 
IEL activation by IECs in situ by non-classical MHC mol- 
ecules rather than by the polymorphic MHC-expressed mol- 
ecules on professional APCs that activate i[ELs.!°° Both IEL 
subsets express molecules present on natural killer (NK) cells. 
TELs express a variety of activation markers and are CD45RO+ 
(memory cells). IELs also express the integrin, which is induced 
by TGF-f and E-cadherin on IECs.!°" Isolated, IELs are dif- 
ficult to activate through their TCR and barely proliferate, even 
in response to potent stimuli,” and may be activated by alterna- 
tive pathways (e.g., via CD2). 

ilELs secrete an array of cytokines different from the ones 
secreted by their peripheral blood counterparts.?*:!0>-! A broad 
spectrum of cytokines are produced by IELs, including IFN-y, 
TNF-a, IL-2, IL-4, IL-6, IL-10, TGF-f, keratinocyte growth 
factor (KGF), and IL-17, with important effects on intestinal bar- 
rier function and local immune responses.!°° 

Functionally, IELs may kill epithelial cells that have under- 
gone stress due to infection, transformation, or invasion by 
other cells.!°° Alternatively, IELs have been proposed to sup- 
press local immune cells, although the evidence that they actu- 
ally function in luminal antigen recognition is weak. IELs do 
not traffic in and out of the epithelium. Rather, epithelial cells 
move over the IELs as the epithelial cells move from the crypt 
to the villus surface. Thus IELs likely serve as sentinels for epi- 
thelial integrity. 
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Lamina Propria Lymphocytes and Mononuclear 
Cells 


The LP is the major effector site in gut mucosa, containing an 
abundance of antigen-experienced memory T cells. LPLs are 
more prone to undergo apoptosis than their peripheral counter- 
parts, a potential regulatory mechanism that limits the inflam- 
matory effects of activated lymphocytes. In inflammatory bowel 
diseases such as Crohn disease, LPLs resist apoptosis. 

Clearly the mucosal LP operates under a distinct set of rules 
compared to the systemic immune system, reflected in its func- 
tional anatomy (no organized structure) and its responses and 
regulation. Highly specialized cells mediate these effects, some 
detected only in the LP. 

Lamina propria mononuclear cells (LPMCs) are a heteroge- 
neous group of cells!” (see Fig. 2.1). A prevalent cell type is the 
IgA* plasma cell, but more than 50% of LPMCs are T cells and 
B cells (together comprising the LPL population), in addition to 
macrophages and DCs. In contrast to IELs, LPLs express the 
mucosal addressin, but similar to IELs, LPLs express an acti- 
vated memory phenotype and do not proliferate in response to 
engagement of the TCR. Alternate pathways of LPL activation 
are mainly through CD2 and CD28.!%.108 

In the healthy mucosa, LPMCs are downregulated for the 
ability to respond to antigen stimulation via the TCR and have 
an increased tendency to undergo apoptosis if activated inap- 
propriately, dampening responses to normal luminal contents. 
The mechanism underlying the increased apoptosis may relate 
to engagement of the death receptor Fas and its ligand on acti- 
vated LPLs and the imbalance between the intracellular anti- and 
pro-apoptotic factors, Bcl2 and Bax. Defects in this pro-apoptotic 
balance have been reported in Crohn disease.!0:!!° 

Together, the above-described mechanisms contribute to 
controlled/physiologic inflammation, which characterizes healthy 
intestinal mucosa. When regulatory mechanisms are disrupted, 
uncontrolled inflammation occurs, as in the mucosa of patients with 
IBD. 


T Cell Differentiation 


In GALT (see Fig. 2.5), B and T lymphocytes interact with anti- 
gen sampled via M cells in the overlying FAE. Activation and 
maturation of T lymphocytes from naive Tho cells to distinct Th 
subpopulations is strongly influenced by the microenvironment, 
particularly the microbiota, and by responses to pathogens. Viral 
infections induce CD4 Th! cells, whereas parasitic colonization 
induces the CD4* Th2 subset. CD4* Th17 effector cells respond 
to extracellular bacteria and fungi. The microbiota shapes the 
mucosal T cell response. For example, in mice, the commensal 
known as segmented filamentous bacteria (Candidatus arthromitis) 
selectively induces Th17 CD4 cells.* 

DCs, professional APCs within the GALT and their secreted 
mediators skew T lymphocytes to one of several effector cells. 
Th1 cells secreting IL-2, IFN-y, and TNF-a develop when 
DCs secrete the IL-12/p35-40 heterodimer,'!! which induces 
activation and phosphorylation of the transcription factor 
STAT-4 (signal transducer and activator of transcription factor 
4). STAT-4 in turn induces IFN-y expression and production. 
IFN-y induces activation of STAT-1 and consequently of T box 
expressed in T cells (I-bet), which is the master transcription 
factor that induces Th1 cytokine and IL-12 receptor B2 produc- 
tion, while simultaneously suppressing Th2 cytokine production. 
Thus a cycle promoting Th1 and suppressing Th2 responses is 
created. Activation of T-bet is possibly an essential step for Th1- 
mediated mucosal diseases, such as those seen in some patients 
with Crohn disease. Another important Th1l-promoting cytokine 
is IL-18. IL-18 mediates its effects on T cells through augmenta- 
tion of IL-12R$2 chain expression, AP-1(c-fos/c-jun)-dependent 
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transactivation of the IFN-y promoter, and activation of nuclear 
factor kB (NF-«B.!!! 

In contrast, when IL-4 is secreted by DCs or other mucosal 
cells, Th2 cytokine production (IL-4, IL-5, IL-6, IL-9, IL-10, 
IL-13) occurs by activation of STAT-6 followed by activation 
of the master transcription factor GATA-3. GATA-3 is capable 
of promoting the expression of several Th2 cytokines, including 
IL-4, IL-5, and IL-13. In addition to IL-4, IL-13 also plays an 
important role in Th2 development and IgE synthesis in an IL-4- 
independent fashion. These cytokines appear to contribute to the 
development of food allergies (see Chapter 10). IL-5 induces B 
cells expressing surface IgA to differentiate into IgA-producing 
plasma cells. IL-6 causes a marked increase in IgA secretion, with 
little effect on either IgM or IgG synthesis. 

A third important LP CD4 subset are Th17 cells. The Th1- 
polarizing cytokine IL-12, composed of the p40 and p35 sub- 
units, has similarities with the Th17-polarizing cytokine IL-23, 
composed of p40 and a unique p19 subunit. The possibility that 
some of the inflammatory activity previously attributed to an 
IL-12-driven Th1 pathway might actually be an IL-23-driven 
Th17 pathway was supported by studies showing that intestinal 
inflammation was still possible when IL-12 was inhibited, and 
that inhibition of IL-23, rather than IL12, ameliorated inflam- 
mation.!!?-!!6 In Crohn disease, expression of both IL-12 and 
IL-23 is increased, and inhibition of the common p40 subunit 
of IL-12 and IL-23 was beneficial in clinical studies in Crohn 
disease patients!!7)!!8 Th17 cells express retinoid-related orphan 
receptor-yt (RORyt), which is the master transcription factor for 
these cells. In addition to RORyt, human Th17 cells express IL- 
23R, CCR6, and CD 161, whereas they lack CXCR3, a chemokine 
receptor characteristic of Th1 cells.!1°-122 The main effector cyto- 
kines secreted by Th17 cells are IL-17A, IL-17F, IL-21, IL-22, 
IL-26, TNF-a, and the chemokine CCL20. Human Th17 cells 
differentiate under the influence of IL-18, IL-6, IL-21, IL-23, 
and TGF-f.!?! In humans, not all Th17 cells produce IL-22, and 
a Th22 subset of CD4 helper T cells that produces IL-22 but 
not IL-17 has been identified.!?? IL-17 promotes recruitment 
and activation of neutrophils, whereas IL-22 promotes mucosal 
healing through epithelial proliferation and increased mucus pro- 
duction. !? 

Regulatory T cells (Tregs) are abundant in the intestine and, 
similar to CD4 effector cells, are also comprised of subsets, which 
are distributed unevenly along the length of the bowel, reflect- 
ing the different microenvironments.!** The major Treg subset 
expresses the transcription factor, Foxp3. Foxp3* Tregs are gen- 
erated in the thymus (tT reg) and also are called “natural Tregs.” 
Foxp3* Tregs also can be generated in the periphery from naive 
CD4 T cells and are termed “peripheral Tregs” (pTreg) or 
induced Tregs. A subset of pTregs is present in colonic mucosa 
in humans and mice and express the transcription factor RORyt, 
typical of Th17 cells.!?*Interestingly, the Foxp3+* RORyt* Treg 
cells are induced in suckling mice by the microbiota, which is 
taken up via goblet-associated passages.** Foxp3- T regulatory 1 
cells (Tr1) also are present in gut mucosa in fairly high abundance 
and selectively produce high amounts of IL-10. Foxp3* Tregs 
produce TGF-f only or TGF-f plus IL-10 as their inhibitory 
effector cytokines. 

Certain microbiota or their products can induce the differ- 
ent types of Tregs in mice. For example, the polysaccharide A 
component of B. fragilis selectively induces Foxp3* IL-10* CD4 
T cells.!26!2” An assortment of microbiota Clostridia have been 
shown to induce Foxp3* Tregs in mouse colonic mucosa,!?8 and 
this effect is at least partially due to the production of short-chain 
fatty acids (SCFA; acetate, propionate, butyrate) that these organ- 
isms produce during fermentation. SCFA have genome-encoded 
receptors on innate and adaptive immune cells in mice, which 
tend to dampen immune responses.!?? Humans have the same 
SCFA receptors and presumably have similar Treg responses to 


the SCFA.!9-131 SCFA such as butyrate, rather than glucose, are 
the major nutritional fuel of enterocytes. Thus depletion of bac- 
teria producing SCFA, which has been identified in IBD, could 
have multiple detrimental effects, both on the epithelium and on 
Treg function. In mice, deficiency of the effector cytokines of 
Tregs, such as TGF-6 and IL-10, results in colitis. Deficiency of 
IL-10 and/or its receptor, by inactivating mutations in humans, 
results in early onset IBD." Tregs and their effector cytokines 
are thus crucial for maintaining homeostasis in the intestine by 
potentially controlling pathogenic innate and adaptive responses. 
The biology of T cell lineages in the LP is complex, related in 
part to the plasticity of these cell populations. Under specific cir- 
cumstances, Th17 cells may become Th1 cells. Moreover, regu- 
latory Foxp3* cells expressing Th17 cytokines and having potent 
suppressor activity in vitro were recently identified in humans. !?° 
These findings suggest that a degree of plasticity im vivo exists in 
all known T cell subsets, reflected in their capacity to produce 
specific cytokines depending on the microenvironment. Th17 
cells play a homeostatic role in gut mucosa,!*? which may con- 
tribute to the failure of anti-IL-17A monoclonal antibody ther- 
apy in active Crohn disease.!*+!3> Addressing the complexity of 
the LP milieu with its vast amounts of mediators and effectors, 
including the microbiota, will likely contribute to better designed 
therapeutic strategies to modify intestinal inflammation. 


Innate Lymphoid Cells 


The recently identified innate lymphoid cells (ILCs) produce T 
helper (Th) cell-associated cytokines but do not express a T cell 
receptor or cell-surface markers that are associated with other 
immune cell lineages. Thus ILCs are lineage marker-negative, 
and their immune response is not antigen-specific. ILCs are 
effectors of innate immunity and regulators of tissue modeling. 
ILCs have several subpopulations with distinct cytokine expres- 
sion patterns that resemble the helper T cell subsets Th1, Th2, 
and Th17.!3¢ 

Group 1 ILCs include ILC1 cells and NK cells. ILC1 cells 
express the transcription factor T-bet and respond to IL-12 by 
producing IFN-y. They differ from NK cells in that they do not 
express the NK cell markers CD16 and CD94 and lack perforin 
and granzyme B. ILC1 cells are increased in the inflamed intes- 
tine of Crohn disease patients, suggesting a role for ILC1 cells in 
the pathogenesis of intestinal inflammation. 

Group 2 ILCs include ILC2 cells, which are also termed natu- 
ral helper cells, nuocytes, and innate helper 2. Their transcription fac- 
tors are retinoic acid receptor-related orphan receptor-a (RORa) 
and GATA3, and they have key roles in anthelminthic responses 
and allergic lung inflammation. 

Group 3 ILCs include ILC3 and lymphoid tissue inducer 
(LTi) cells. Some cells of this group express the NK cell-activat- 
ing receptor NKp46, which depends on the transcription factor 
RORyt, and lack the cytotoxic effectors perforin and granzyme. 
Group 3 ILCs express IL-22 but not IFN-y or TNF. A subset of 
ILC3 express MHC class II and serve to regulate adaptive CD4* 
T cell responses to microbiota antigens.!*’ The contribution of 
ILCs to mucosal homeostasis and intestinal inflammation is a 
subject of intensive research. 


Dendritic Cells 


DCs play a central role in tolerance and immunity in the intes- 
tinal mucosa. DCs continuously migrate within lymphoid tissues 
and present self-antigens, likely from dying apoptotic cells to 
maintain self-tolerance, as well as non-self-antigens.!** In the LP 
of the mouse distal small intestine, DCs express the chemokine 
receptor CX3CR1 and form transepithelial dendrites that allow 
direct sampling of luminal antigen.'*? IECs expressing CCL25 
(the ligand for CCR9 and CCR10) may attract DCs to the small 


intestinal mucosa, whereas CCL28 (the ligand for CCR3 and 
CCR10) attracts DCs to colonic mucosa. 140-142 

DCs process internalized antigens more slowly than macro- 
phages,5®!4 possibly contributing to local tolerance.*!:!** Tol- 
erance induction by DCs is associated with (1) their degree of 
maturation at the time of antigen presentation to T cells @Gmma- 
ture DCs activate Tregs), (2) downregulation of co-stimulatory 
molecules CD80 and CD86, (3) production of the suppressive 
cytokines IL-10, TGF-ß, and IFN-a, and (4) interaction with 
the co-stimulatory molecule CD200.!*°-!4° Murine CD103+ DCs 
are able to perform all stages of antigen processing, including 
uptake, transportation, and presentation of bacterial antigens.!*” 
In the mouse LP, CD103+ DCs share the burden of immuno- 
surveillance with CX3CR1* macrophages, and impaired function 
of these subpopulations may contribute to the development of 
IBD.!*8 


Macrophages 


Lamina propria macrophages are part of the innate immune sys- 
tem that orchestrates initial responses to microorganisms and 
their products. Among all body tissues, macrophages are most 
numerous in the gastrointestinal mucosa, residing in high num- 
bers in the LP. In this critical location, macrophages (1) protect 
against pathogens and noxious substances that breach the epi- 
thelium, (2) contribute to tolerance to commensal bacteria and 
food antigens, and (3) maintain tissue homeostasis by scavenging 
apoptotic and dead cells. Intestinal macrophages mediate these 
innate functions through powerful phagocytic and bactericidal 
capabilities. 

Innate cell responses to microbes are initiated within minutes 
and are directed toward PAMPs, the conserved carbohydrate, 
lipid, and nucleic acid molecules present on microbes. Macro- 
phages recognize PAMPs through predetermined repertoires of 
pattern recognition receptors (PRRs) that include the prototypic 
germline-encoded transmembrane TLRs and cytosolic sensors, 
including nucleotide-binding oligomerization domain (NOD)- 
like receptors. The predetermined nature of PRRs facilitates 
rapid innate responses to microbial antigens but limits the diver- 
sity of ligands to which macrophages can respond. 

After infancy, intestinal macrophages are derived from and 
replenished by circulating pro-inflammatory monocytes, which 
recruit to the LP. In the gut LP, however, macrophages display a 
unique innate receptor phenotype with very limited pro-inflamma- 
tory capabilities, termed inflammation anergy, despite the presence 
of potent phagocytic and bacteriocidal activity. Three important 
features contribute to the inflammation anergy. First, intestinal 
macrophages in healthy mucosa do not express the receptors for 
LPS (CD14), IgA (CD89), IgG (CD16, 32, and 64), CR3 (CD11b/ 
CD18), CR4 (CD11c/CD18), growth factor receptors for IL-2 
(CD25) and IL-3 (CD123), the integrin leukocyte function-associ- 
ated antigen-1 (LFA-1) (CD11a), and TREM-1. Intestinal macro- 
phages also express very low levels of chemokine receptors CCR5 
and CXCR4, the co-receptors for R5 and X4 HIV-1. The mecha- 
nism by which the expression of these receptors is suppressed is not 
known, but since monocytes, the source of intestinal macrophages, 
express the receptors, local factors likely contribute to this unique 
phenotype, possibly through the induction of epigenetic regula- 
tion, as newly recruited monocytes take up residence in the lam- 
ina propria. Still, intestinal macrophages express some receptors 
involved in the recognition of, and interaction with, potentially 
harmful microbes, notably TLR1 and TLR3-9, as well as TGF-f 
RI and RII, which mediate recruitment and active Smad signal- 
ing. The unique receptor phenotype of intestinal macrophages 
has profound functional implications. For example, the absence of 
CD14 is consistent with the inability of intestinal macrophages to 
recognize LPS, a feature well suited to macrophages residing in 
a microenvironment potentially rich in immunostimulatory LPS. 
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The second contribution to the inflammation anergy char- 
acteristic of intestinal macrophages is dysregulated NF-«B sig- 
naling. LP stromal cell factors, particularly TGF-f, potently 
downregulate monocyte TRIF, MyD88, and TRAF6 proteins, 
leading to the inability of monocytes newly recruited into the 
lamina propria to phosphorylate NF-KB p65. Intestinal macro- 
phages also express increased levels of mRNA for suppressor of 
cytokine signaling (SOCS1), which promotes the degradation 
of MAL (MyD88 adaptor-like protein), and increased levels of 
sterile Armadillo motif-containing protein (SARM), which inhib- 
its TRIF signaling. MyD88 is a critical element in the NF-KB 
activation pathway for all TLRs, except TLR3, and TRIF medi- 
ates TLR3-induced RANTES and IFN-y production, as well 
as TLR4-mediated MyD88-independent signaling. In addition, 
intestinal macrophages are unable to activate NF-KB through 
mitogen-activated protein kinase (MAPK) pathways involving 
phosphorylated(p) p38, p-ERK, or p-JNK, pathways dependent 
on TRAF6. These dysregulations lead to the marked inability 
of intestinal macrophages to activate NF-«B and thus release of 
NF-KB pathway-dependent pro-inflammatory cytokines. 

The third mechanistic component of inflammation anergy is 
active TGF-ß signaling. Intestinal macrophage TGF-f RI and 
RII are activated by local stromal TGF-f to induce the Smad 
signal cascade. Smad4, a key component of the cascade, associates 
with the phosphorylated heterodimeric Smad2/3 complex and 
then translocates into the nucleus, initiating gene transcription 
for IkBa, which sequesters NF-«B in the cytoplasm. In contrast 
to blood monocytes, intestinal macrophages do not express the 
pathway inhibitor Smad7, causing constitutive expression of IkBa 
and blockade of NF-«B signal transduction, thereby inhibiting 
NF-«B-mediated responses. 

Together, these overlapping mechanisms, induced mainly by 
stromal TGF-f, cause profound inflammation anergy in human 
resident intestinal macrophages. Recent studies also indicate that 
stimulus-exposed intestinal macrophages do not polarize into 
classical and alternatively activated (M1, M2) macrophages char- 
acteristic of mouse tissue macrophages. In the setting of infec- 
tion or a disrupted epithelium, immunostimulatory microbes and 
microbial products that breach the epithelium are rapidly phago- 
cytosed by intestinal macrophages that provide potent, but non- 
inflammatory, host defense. Similarly, intestinal macrophages 
clear apoptotic cells and debris in a non-inflammatory manner. 
‘Thus intestinal macrophages play a fundamental role in promot- 
ing the absence, or near absence, of inflammation that character- 
izes healthy human intestinal mucosa. 


Oral Tolerance 


One of the manifestations of the highly regulated mucosal immune 
system is oral tolerance.!*°:!5° Oral tolerance is the antigen-specific 
non-response to antigens administrated orally.!°°This also occurs 
at other mucosal surfaces, where it is termed mucosal tolerance. 

The immune system regulates the response to the vast array of 
antigens introduced via the oral route, specifically antigens that 
avoid complete digestion. Notably, up to 2% of dietary proteins 
enter the draining enteric vasculature fully intact. Non-response 
to these antigens is achieved by oral tolerance. The intestinal 
mucosal immune system’s ability to discriminate between harm- 
ful and harmless, or even beneficial, antigens and to generate 
a differential immune response toward each type of antigen is 

resent in humans and investigated extensively in animal mod- 
els.?°:51,!52 Disruption of oral tolerance/mucosal tolerance, may 
result in food allergies, celiac disease, and IBDs and has been 
implicated in systemic immune-mediated diseases. 

An important difference between oral tolerance to food anti- 
gens and mucosal tolerance to the microbiota is that the former 
attenuates intestinal and systemic immune responses, whereas 
the latter attenuates only mucosal immune responses.!°° Factors 
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affecting the induction of oral tolerance include the host’s age, 
genetic factors, nature of the antigen, and the tolerogen’s form 
and dose. Part of the explanation for oral tolerance relates to 
digestion itself, where large macromolecules are degraded so that 
potentially immunogenic substances are rendered non-immuno- 
genic or tolerogenic. 

Oral tolerance is difficult to achieve in the neonate, likely 
related to the relatively permeable intestinal barrier in the new- 
born, as well as the immaturity of the mucosal immune system. 
Within 3 months of age, oral tolerance can be induced, and 
many previous antibody responses to food antigens are sup- 
pressed. The limited diet in the newborn may further serve to 
protect the infant from generating a vigorous response to food 
antigens. Interestingly, the intestinal microbiota has been shown 
to affect the development of oral tolerance. Continuous expo- 
sure to microbial molecules such as LPS during pregnancy and 
early infancy was associated with a lower prevalence of atopy and 
asthma in children.'5*,'5+ The effects of the microbiota on oral 
tolerance are probably mediated through modulation of cytokine 
responses,!>> the positive effect on intestinal barrier function and 
restitution of tight junctions,!*° suppression of intestinal inflam- 
mation via downregulation of TLR expression, and secretion of 
metabolites that may inhibit inflammatory cytokine production 
by mononuclear cells. 

The nature and form of the antigen also impact the induction 
of tolerance. Protein antigens are the most tolerogenic compared 
with carbohydrates and lipids.!°° Regarding the form of the anti- 
gen, ovalbumin (OVA) given in soluble form is quite tolerogenic, 
whereas aggregated OVA has reduced capacity to induce toler- 
ance. The site of antigen sampling also may affect tolerance, since 
exposure (prior sensitization) to an antigen through an extraintes- 
tinal route reduces the development of mucosal tolerance. 

The dose of antigen administered is also considered critical 
to the form of oral tolerance generated. In mouse models, high 
doses of antigen are associated with clonal deletion or anergy 
of T cells. In this setting, transfer of T cells from tolerized to 
non-tolerized animals does not lead to transfer of tolerance. Low 
doses of antigen, on the other hand, have been found to acti- 
vate regulatory/suppressor T cells,!°’-!°? but the effect of anti- 
gen dose on oral tolerance remains to be defined. Treg cells of 
both CD4 and CD8 lineages have a role in oral tolerance. CD4* 
Treg cells appear to be activated in the Peyer patch and secrete 
TGE-B, which is a potent suppressor of T and B cell responses, 
while promoting the production of IgA by inducing a genetic 
switch from IgM to IgA in B cells.!°°!°! Production of TGF-ß 
and IL-10 by Treg cells elicited by low-dose antigen administra- 
tion helps explain an associated phenomenon of oral tolerance 
termed bystander suppression. Oral tolerance is antigen-specific, 
but the effector arm is antigen non-specific. When an irrelevant 
(bystander) antigen is co-administered systemically with the 
tolerogen, suppression of T and B cell responses to the irrelevant 
antigen also will occur (hence bystander suppression), because 
secreted TGF-f and IL-10 can suppress the response to the co- 
administered antigen. T regulatory 1 cells, which produce only 
IL-10, a potent immunosuppressive cytokine, may also partici- 
pate in bystander suppression and oral tolerance.!°’-!®* In mice, 
the deletion of CD4* Treg cell activity results in IBD, whereas 
its expansion ameliorates murine colitis.!©>-!°7 In IBD patients, 
the number of Treg cells is generally greater than in controls, 
and a peripheral-to-intestinal shift has been suggested.!°*!7° 
Whether the failure of these cells to protect against IBD is due 
to an intrinsic defect or microenvironmental effects is still being 
investigated.!7! 

Antigen-specific CD8* T cells may play a role in oral tol- 
erance,!/>!173 as well as in the regulation of mucosal immune 
responses. Specifically, ¿n vitro activation of human CD8* periph- 
eral blood T cells by normal IECs results in the expansion of 
CD8+*CD28- T cells with regulatory activity.!”+ Moreover, in the 


LP of patients with IBD, the number of such cells is significantly 
reduced, supporting a role for these epithelial-induced T regula- 
tory cells in the control of intestinal inflammation.!”° 

Lastly, oral tolerance may also be influenced by the cell serv- 
ing as the antigen-presenting cell, as well as by the site of antigen 
uptake. In mice, orally administered reovirus type III is taken up 
by M cells expressing reovirus type III-specific receptors (see Fig. 
2.2).!! This induces an active IgA response. In contrast, reovirus I 
infects IECs and induces tolerance. Thus whether a specific anti- 
gen enters the mucosa through M cells or IECs may dictate the 
type of immune response generated (IgA vs. tolerance). Interest- 
ingly, poliovirus, one of the few oral vaccines effective in man, 
binds to M cells, which may account for its ability to stimulate 
active immunity in the gut.!’° 


Chemokine Role in Homeostasis and Inflammation 


Many of the chemokines secreted in the GALT are produced 
by IECs, evidence for epithelial cell participation in regulating 
intestinal immune responses. Of the chemokines secreted, those 
produced by IECs have the capacity to attract inflammatory cells 
such as lymphocytes, macrophages, and DCs, thus contribut- 
ing to normal mucosal homeostasis (Table 2.1). The production 
of most of these chemokines is increased during infection and 
inflammation. 

The chemokine CCLS5 (regulated on activation, normal T cell 
expressed and secreted [RANTES]) is secreted predominantly 
by macrophages but can also be produced by human IECs.!77 
RANTES may have a role in innate as well as adaptive muco- 
sal immunity,!’® and increased RANTES expression has been 
demonstrated in the mucosa of patients with ulcerative coli- 
tis.!7°-182 The CXC chemokines, including monokine induced by 
interferon-y (MIG, CXCL9), IFN-y-inducible protein 10 (IP-10, 
CXCL10), a chemokine that appears to promote Th1 responses, 
and IFN-y-inducible T cell a-chemoattractant ITAC, CXCL11) 
are constitutively expressed by lymphocytes, endothelial cells, 
and human colonic IECs.!®-184 Their expression and polarized 
basolateral secretion increase after IFN-y stimulation. CXC che- 
mokines attract Th1 cells expressing high levels of CXCR3,!*> 
contribute to NK T cell chemotaxis and increased cytolytic 
responses,!*° and activate subsets of DCs.!°” 

In contrast to the inflammation-related CXCR3 receptor, 
a tissue-specific chemokine receptor, CCR9, is constitutively 
expressed on small intestinal IELs and LPLs.'**-!° Its ligand, 
the chemokine thymus-expressed chemokine (TECK, CCL25) is 
differentially expressed in the jejunal and ileal epithelium, where 
decreasing levels of expression from the crypt up to the villous 
have been reported.!?! CCL25 expression by IECs has been 
shown to be increased in the inflamed small intestine of patients 
with Crohn disease, with increased CCR9 expression by periph- 
eral blood lymphocytes and decreased expression by LPLs.!*? 

Fractalkine (CX3CL1) is a unique chemokine expressed by 
IECs that combines the properties of chemokines and adhe- 
sion molecules. CX3CL1 attracts NK cells, monocytes, CD8* 
T lymphocytes, and to a lesser extent CD4* T lymphocytes, 
which express the specific receptor CX3CR1.!°? Its expression is 
increased in Crohn disease, specifically in the basolateral aspect 
of IECs, 193.194 

Macrophage-derived chemokine (MDC, CCL22) is constitu- 
tively expressed and secreted by colonic IECs and attracts CCR4* 
Th2 cytokine-producing lymphocytes. Polarized basolateral 
secretion of MDC/CCL22 from stimulated colonic IEC lines has 
been reported.!” The specific recruitment of lymphocytes that 
preferentially secrete anti-inflammatory cytokines supports an 
important role for the intestinal epithelium in orchestrating nor- 
mal mucosal homeostasis, and adds to the accumulating evidence 
that these cells possess the ability to regulate mucosal immune 
responses. 


TABLE 2.1 Chemokines, Their Receptors, Cells That Produce Them, and Target Cell(s) 
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Chemokine Receptor Produced by Target Cell References 
CCL5 (RANTES) IEC T cells i 
Mọ Eosinophils 
Leukocytes 
CXCL9 (MIG) CXCR3 Colon IECs Th1 CXCR3* 183,184 
Endothelial cells NK 
Lymphocytes DG 
CXCL10 (IP10) CXCR3 Colon IECs Th1 CXCR3+ 183,184 
Endothelial cells 
Lymphocytes 
CXCL11 (ITAC) CXCR3 Colon IECs Tht XCXR3* 183,184 
Endothelial cells 
Lymphocytes 
CCL25 (TECK) CCR9 IEC CD8* E7 188-191 
CX8CL1 (Fractalkine) CX3CR1 IEC CD8>CD4 monocytes 192-194,200 
NK cells 
CCL28 (MEC) CCR8 Colon IEC CD4 Tm eosinophils 200 
CCR10 
CCL22 (MDC) CCR4 Colon IEC CD4 Th1 195 
CCL20 (MIP3a) CCR6 IEC DCs 196-199 
CD4 Tm 
CXCL12 CXCR4 IEC CD4 Th1 CD45RO+ 201-205 
CXCR7 Plasma cells 
CXCL8 (IL-8) CXCR1>CXCR2 IEC Neutrophils 206 
Mo 
Neutrophils 


DC, Dendritic cell; /EC, intestinal epithelial cell; Me, macrophage; NK, natural killer. 


‘The chemokine macrophage inflammatory protein-30 (MIP3, 
CCL20) is unique in its ability to specifically attract immature 
DCs as well as memory CD4 T lymphocytes.!9!°° CCL20 
is also expressed and produced by human small intestinal ECs 
(mainly in the follicle-associated epithelium) and by colonic 
IECs and may be the mediator of lymphocyte adhesion to the 
a467 ligand MAdCAM-1.!° MIP3«a expression and secretion is 
increased in colonic IECs derived from IBD patients.!°? Muco- 
sal memory T cells, as well as IECs, express CCR6, the cognate 
receptor for MIP3a. 

Mucosal defenses, including microbiota itself, provide protec- 
tion from intestinal pathogens. The microbiota competes with, 
and provides resistance to, colonization by transient bacteria and 
pathogens in food and water. Some enteric pathogens induce 
host inflammation that in turn kills anaerobes in the gut, thus 
opening a niche for the aerotolerant pathogen. Certain bacteria 


are pathogens because they have evolved mechanisms to breach 
the mucosal barrier. In healthy mucosa, resident macrophages 
potently phagocytose and kill such microbes in a non-inflam- 
matory manner, but in disease conditions, the mechanism(s) 
responsible for inflammation anergy are disrupted allowing the 
macrophages to retain the pro-inflammatory profile of their 
monocyte progenitors. However, once IECs are invaded, they 
produce large amounts of chemokines such as IL-8, which attract 
neutrophils and monocytes from the blood into the gut at the 
site of infection. Such phagocytes are inflammatory and produce 
more chemokines, as well as other cytokines, rapidly acquiring a 
critical mass and killing the invading bacteria, thus resolving the 
infection. 


Full references for this chapter can be found on www.expertconsult.com. 
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CHARACTERISTICS OF THE HUMAN INTESTINAL 
MICROBIOME 


The intestinal microbiome is a diverse ecosystem comprising 
microorganisms (bacteria, archaea, fungi, and viruses including bac- 
teriophages), their genomes (i.e., genes), and the surrounding envi- 
ronmental conditions. The population of microorganisms alone in 
a particular niche is referred to as microbiota (Box 3.1) and is often 
used interchangeably with microbiome, which includes the genomes 
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of the microorganisms. Each of these contributes to the stabil- 
ity of the ecosystem and drives specific interactions with the host. 
We are making advances in understanding the role of each of these 
components, although our primary focus has been on bacteria. We 
have made big strides in our ability to characterize the microbiome 
and its impact on the host following the advent of next-generation 
sequencing (NGS) and advanced experimental tools (Box 3.2). 
Composition of the intestinal microbiota varies significantly among 
individuals, and so it is not surprising that it has been difficult to 
identify a universal “healthy” intestinal microbiota in terms of spe- 
cific microbial members. This variation primarily reflects differences 
in the relative abundance of the 4 dominant phyla: Bacteroidetes, 
Firmicutes, Proteobacteria, and Actinobacteria.* ° In contrast to 
composition, a subset of microbial functional properties does appear 
to be conserved among individuals, including central metabolic 
pathways and nutrient metabolism, of, for example, carbohydrates 
and proteins. There are still significant inter-individual differences 
in the microbial functions, however, such as in drug metabolism, 
pathogenicity islands, and nutrient transporters. There are several 
factors that shape the intestinal microbiome (Fig. 3.1), but there is 
no | crucial factor. Diet appears to have the most prominent effects, 
but the membership and functions of the intestine microbiome 
result from complex interplay among the different factors. 


Spatial Variation in the Intestinal Microbiome 


The microbiota composition varies along the gastrointestinal 
(GI) tract, from mouth to anus through both its longitudinal and 
radial axes.° There are several factors that determine the localiza- 
tion of bacteria within different niches in the intestine, including 
oxidation-reduction potential, chemical and nutrient gradients, 
host immune activity, and the mucus layer (Fig. 3.2).7 The high- 
est bacterial density, perhaps due to increased nutrient availabil- 
ity and slower transit, is in the colon (see Fig. 3.1). In contrast, the 
harsh chemical environment and relatively rapid transit through 
the small intestine contribute to lower abundance and diversity of 
microbiota. In addition, contact between bacteria and the surface 
epithelium differs between the colon and small intestine. Colonic 
mucus has 2 layers: the inner layer is devoid of bacteria, whereas 
the looser outer layer is populated by bacteria.’ In contrast, the 
small intestine has a single, incomplete mucus layer. Here, anti- 
microbial factors (e.g., REGIIIy) appear to be more important 
than the mucus in segregating microbes from the epithelium.?:!° 
The radial gradient of oxygen from the mucosa to the lumen 
results in differences in taxonomic membership, genetics, and 
function between mucosa-associated microbes and lumen-asso- 
ciated microbes.!! There is an increased proportion of oxygen- 
tolerant organisms within the Proteobacteria and Actinobacteria 
phyla in the mucosa, highlighting the effect of oxygen availability. 
In addition, groups of bacteria that primarily use amino acids!? 
are associated with the mucus layer, which is a nutrient source 
driving differences across the intestine. 

The majority of studies characterizing the intestinal micro- 
biota analyze stool samples, treating fecal microbes as surrogates 
for those present in the colon. Although this approach is sim- 
pler and more accessible to a wider scientific community, it only 
allows insight into the microbial side of host-microbe interac- 
tions. A more regionally targeted sampling approach is needed to 


BOX 3.1 Glossary of Terms Used to Describe Relationships 
Among Individual Organisms Within the 
Microbiota and Between the Microbiota and Host 


Allochthonous: Organisms found in a place other than their origin. 

Autochthonous: Organisms that are indigenous to their present 
location. 

Commensal: Strictly speaking, the term commensal (derived from 
cum mensa, “to share a table”) describes a relationship between 
2 organisms in which 1 organism benefits and the other is unaf- 

ected. In most instances, however, the term commensal is used 

o describe the in situ microbes colonizing a particular niche 

without doing harm, but may include organisms that provide a 

benefit to each other or to the host. 

Microbiome: The microorganisms, their genomes (i.e., genes), and 

he surrounding environmental conditions. 181 

Microbiota: The population of microorganisms (bacteria, archaea, 

ower and higher eukaryotes, and viruses) organisms in a par- 

icular niche. 18° 

Pathobiont: Usually refers to an organism that is a potential 
pathogen, but only causes disease under a given set of circum- 
stances such as when the microbiome is perturbed. An example 
is Clostridioides difficile, which can be carried in the intestine 
of healthy individuals, but usually only causes a problem after 
antibiotic treatment. 

Pathogen: Any pathologic (disease-causing) organism. 

Pharmabiotic: Any biological entity mined from human microbiota 
and with a proven biological effect. These entities could include 
live or dead microbes, cell wall components, purified proteins or 
lipids, individual metabolites (e.g., neurotransmitters), or active 
enzymes. 

Prebiotic: A nondigestible compound that, through its metaboliza- 
tion by microorganisms in the intestine, modulates functional 
capacity of the microbial community, thus conferring a beneficial 
physiological effect on the host. 182 

Probiotic: Live microorganisms that when administered in adequate 
amounts confer a health benefit on the host. 

Symbiont: Any organism participating in a symbiotic (mutually 
beneficial) relationship. 

Synbiotic: A nondigestible compound that contains both prebiotics 
and probiotics and combines nutrients appropriate to stimulate 
the specific beneficial microbe in the synbiotic. 


understand the microbial effects in regulating host metabolism, 
digestion and absorption, local immune systems, and in causing 
or contributing to diseases such as IBD, IBS, food allergy, celiac 
disease, and colon cancer.!! 


Temporal Changes and Resilience of the Intestinal 
Microbiome 


A healthy stable state is characterized by a diverse intestinal 
microbiota that develops from compositional and functional 
changes in the early years of life. There is such significant inter- 
personal variation, however, that a “healthy” state is difficult to 
define. Perhaps the best approximation for this definition would 
be one that promotes health by providing critical functions essen- 
tial to the host.!? The concept of enterotypes based on metage- 
nomics sequencing that stratifies healthy communities into 3 
groups (Bacteroides, Prevotella, or Ruminococcus) does not hold up 
when expanded to larger “healthy” populations where it becomes 
clear that the range of inter-personal variability is a continuous 
spectrum of stable configurations.!*> The intestinal microbial 
ecosystem is generally stable over time, i.e., intestinal microbiota 
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composition in samples obtained longitudinally from an individ- 
ual is more similar to each other than to those obtained from a 
different individual. Thus although relative abundances of indi- 
vidual microbes can change, the overall community function and 
membership community remain intact. Similarly, an unfavorable 
microbial community can also be stable and contribute to chronic 
disease or states of poor health. Resilience is a key property of 
microbial community states, and is defined as the amount of stress 
or perturbation a microbial community can tolerate before it shifts 
to a different steady state (see Fig. 3.1). A high degree of resilience 
is desirable to maintain healthy states, but not in an unhealthy 
condition. The competition among microbes and positive and 
negative feedback to maintain levels of individual microbes fur- 
ther contributes to stability.!’ Certain perturbations such as with 
short courses of antibiotics can result in a transiently disrupted 
microbial community structure (see Fig. 3.1), which often returns 
to the original state.!* A persistent perturbation such as long-term 
change in diet/antibiotic administration (see Fig. 3.1), or pertur- 
bation during a vulnerable phase such as early childhood or the 
peripartum period,!* '° can result in disordered assembly with a 
shift to a disease-promoting state that is resistant to change. 


FACTORS AFFECTING INTESTINAL MICROBIOME 
VARIABILITY AND RESILIENCE 


Age 


The most dramatic and influential changes in intestinal micro- 
biota composition occur during the first years of life. Although 
there is some evidence suggesting that microbes are acquired 
in utero, most microbial acquisitions start at the time of birth 
when an infant’s intestine is seeded with microbes from mother’s 
vagina.!’ By contrast, the intestines of infants delivered by cesar- 
ean section are colonized by their mothers’ skin bacteria.'’ Mode 
of feeding is also linked to differences in microbiota composi- 
tion, with formula feeding linked to a decreased abundance of 
Bifidobacteria relative to that found in breastfed infants.'* The 
infant continues to acquire microbes both from the environ- 
ment and from different body sites of the mother; interestingly, 
microbes acquired from the mother are more persistent and bet- 
ter adapted to infant intestine.!? 

Early development of the intestinal microbiome is critical in 
educating the mucosal?” *! and systemic immune response.’*-** 
Disturbance of host-microbe interactions when the immune sys- 
tem is maturing, i.e., with antibiotic exposure in infancy, is linked 
to a higher risk of conditions such as asthma, type I diabetes, and 
obesity later in life.!’ 

The intestinal microbiota composition and function contin- 
ues to change throughout life. By 3 years of age, an individual’s 
microbiome more or less resembles that of an adult,?™ 26 although 
the pre-adolescent intestinal microbiome is enriched in func- 
tions such as vitamin synthesis that support development.’’ In 
general, microbial membership and functional diversity increase 
with age,* although older adults living in long-term care facilities 
often harbor intestinal microbiomes that are distinct from and 
less diverse than those of persons living in the community.” 


Sex 


Women display higher levels of microbiota diversity and func- 
tional richness than men," and a decreased abundance of Bacteroides 
and Prevotella species.’? Although the implications of these differ- 
ences remain unclear, animal studies have provided some clues. 
Colonization with commensal bacteria prevents development 
of diabetes in male but not female mice predisposed to develop- 
ing type 1 diabetes.*° *! This protective effect is dependent on 
androgen receptor activity and can be transferred to female mice 
by transplanting intestinal microbes from adult male to immature 
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MICROBIOTA COMPOSITION 
Microbial Culture 


Early studies dissecting the microbiota composition were techno- 
logically limited by culture-based techniques, which in turn relied on 
specialized growth media under varying conditions to identify specific 
microbes. This restricted our ability to identify only a small subset 

of organisms for which established culture conditions had been de- 
scribed and which accounted for 5%-15% of the intestinal bacteria we 
know to constitute the microbiome today.'®°: 184 As a result, locations 
with limited diversity were often considered sterile given the inability 

to culture their resident bacteria. Today, however, nearly all locations 

in the body have been described to have characteristic resident mi- 
crobes'®°"!8’ as a result of culture-independent sequence-based iden- 
tification methodologies. Sequencing-based data have also improved 
our ability to culture bacteria previously considered to be unculturable. 
We are now able to culture a significant proportion of an individual’s 
fecal microbiota, using various culturing conditions, 188: 189 which has 
allowed us to determine the relevance of microbial compositional 
changes and the interactions and impact of individual or groups of 
bacteria on host phenotypes using models such as germ-free mice. 


Microscopy 


Early methods included scanning and transmission electron micros- 
copy of intestinal tissue, which provided estimates of diversity based 
on morphology and high-resolution images of individual bacteria but 
did not allow bacterial identification.'°° 191 The use of general stains 
such as the Gram stain provides resolution beyond morphology, but 
also is insufficient for identification. Fluorescence microscopy provides 
the opportunity to identify bacteria by fluorescence in situ hybridization 
to microbe specific 16s rRNA.'9? The increased availability of sequenc- 
ing data has allowed development of more precise fluorescence in situ 
hybridization probes and carries the advantage of not requiring culture. 
The fixation methods are compatible with preserving mucus and the 
use of multiple probes simultaneously allows detection of several bac- 
teria within a sample. '2°: 194 In addition, it is 1 of the primary tools to 
define the biogeography of microbes within the intestine and the inter- 
action of bacteria with the host at the mucosal surface. The advances 
in fluorophores, imaging, and computational tools have significantly 
improved our ability to visualize microbes both in vivo and in vitro. Con- 
ventional fluorescent probes require oxygen limiting their utility in vivo, 
but new tools using “click” chemistry allow tagging of bacteria with 
oxygen-independent fluorescent tags for in vivo tracking. '9° 


Next-Generation Sequencing 


The early culture-independent compositional tools used denaturing 
gradient gel electrophoresis to separate different-sized bands that 
represented distinct taxonomic groups.’ However, with the advent 

of next-generation sequencing technologies (e.g., Illumina, 454, lon 
Torrent, SOLID, etc.), marker-based (16S rRNA gene) and shot- 

gun sequencing of all genes within a community have superseded 
denaturing gradient gel electrophoresis, especially given the declining 
cost of sequencing. The marker-based approach takes advantage 

of the conservation of DNA sequence in the gene encoding the 

16S rRNA subunit that is found in all microbes. Interceding variable 
regions are targeted for amplification by polymerase chain reac- 

tion, allowing simultaneous identification of different taxa within a 
sample. However, marker-based sequencing is limited in its ability to 
identify taxa beyond the genus level given the small amplicon sizes. 
Third-generation sequencing technologies, such as single-molecule 
real-time sequencing have emerged, which will likely supersede the 
current methodologies, given their potential to generate read lengths 
(continuous sequence from a single piece of DNA) of 10 kilobases. 183 
MICROBIAL FUNCTION 

Compositional data are limited in the ability to provide insight into 
host-microbe interactions; hence it is important to move beyond 
detailing which microorganisms are present to determining their role, 
function, and effects of their metabolic products on the intestinal 
microbial community and the host. This is especially important given 
that core microbial functions appear to be conserved despite compo- 
sitional heterogeneity among human populations. 


Metagenomics 


Often referred to as whole genome sequencing, or shotgun sequenc- 
ing, metagenomics allows characterization of all genes in a microbial 
community and provides the broad functional potential of a com- 
munity. It cannot, however, provide the specific functionality under a 
given set of conditions. 


Metatranscriptomics 


Transcriptomic approaches like RNAseq provide a snapshot of gene- 
expression profiles of microbial communities under a given condi- 
tion. This data can be used to further infer differential expression of 
metabolic pathways using analysis tools like HUMAnN2. 196 


Metaproteomics and Metabolomics 


Metaproteomics provides comprehensive characterization of 
proteins, whereas metabolomics provides comprehensive charac- 
terization of small molecules and metabolites, each from microbial 
communities. Both approaches allow characterization of the overall 
metabolic state of complex communities resulting from differential 
gene expression among communities or the same community under 
different conditions. For proteomics, proteins can either be directly 
separated based on hydrophobicity, charge, or both, using liquid 
chromatography (LC) or digested to peptides via proteases such 

as trypsin prior to chromatographic separation followed by mass 
spectrometry (MS) for the parent peptide and tandem MS-MS for 
fragmentation information. The biggest challenge currently is the 
downstream bioinformatics processing because a predicted protein 
database needs to be constructed from metagenomic information 
to assign the obtained peptide sequence information to the proteins. 
Alternatively, the vast diversity of small molecules, and differences 

in properties and concentrations, require that multiple methods be 
used to cover the vast array of metabolites; these include separation 
using LC, gas chromatography, high-pressure LC, ultra-pressure LC, 
coupled to MS, and proton nuclear magnetic resonance spectros- 
copy (‘H-NMR).'9’ Metabolomics can be done in a targeted or 
non-targeted manner and downstream processing using statistical 
methods allows identification of discriminative features. One of the 
challenges that remains is the accurate identification of metabolites in 
MS spectra, though there has been significant progress with multiple 
spectral databases such as HMDB, METLIN, and ChemSpider, all of 
which are being constantly updated. 


Modeling Microbes In Vitro and In Vivo 


Organoids 

Organoids are derived from tissue stem cells or pluripotent stem cells 
and can be maintained in culture, wherein they maintain their polar- 
ity and recapitulate the composition and organization of cells, thus 
representing an ideal in vitro system to study host-microbe interac- 
tions in the context of specific diseases. There are several methods 
used to study host-microbe dynamics including co-culture; expos- 
ing an organoid-derived monolayer to microbes/microbial products; 
and microinjection, which is especially relevant for studying luminal 
interactions as well as modeling anaerobic microbes. 198 

Germ-Free Mice 

Although humans are the ideal biological system to study microbes, 
animal models are needed to help deconstruct complex interactions 
and delineate mechanisms underlying host-microbiome interac- 
tions. Conventional mouse models provide conceptual knowledge, 
but they are limited in their translatability and ability to study defined 
colonization states. Germ-free and gnotobiotic (previously germ-free 
mice but now colonized with defined microbial associations) animal 
models allow modeling of individual microbes as well as complex 
communities from mice or other species (human; humanized mice) to 
study microbe-microbe and microbe-host interactions. Recapitulating 
phenotypic features of disease states following transfer of microbial 
communities allows for identification of microbe-driven phenotypes. 
They are also ideal for studying the effects of host, environment, and 
dietary factors on the microbiome in a controlled setting. In regard to 
translatability, humanized mice faithfully recapitulate the structure and 
function of human microbial communities'’? and represent a readily 
translatable preclinical model. 
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Fig. 3.1 Characteristics of intestinal microbiota: The figure outlines the modifiable and non-modifiable host 
factors influencing the intestinal microbiota, the reciprocal interactions between intestinal microbiota and host 
physiology, the resilience of the microbiome, as well as the consequence of deleterious shifts in the microbiome 
and the potential mechanisms to manipulate the microbiome. 


female mice. This illustrates one potential effect of sex-dependent 
differences in the intestinal microbiota, in which the distinctions 
influence hormone-dependent regulation of autoimmunity. 


Genetics 


The intestinal microbiota composition in monozygotic twins is 
more similar to one another than those of dizygotic twins, which 
suggests a role for host genes in selecting for certain microbial 
taxa.*” Some of these associations have been uncovered such as 
FUT2 polymorphisms,” variants in immunity-related genes, and 
genes that alter bile acid levels,*+ although not all taxa are influ- 
enced by host genetics; heritability appears to be a factor that drives 
approximately 10% of the microbial taxa,** and, in fact, members 
within the Bacteroidetes phylum appear to be more influenced by 
environmental factors. Interestingly, one highly heritable taxon 
within the family Christensenellaceae, which co-occurs with other 
heritable taxa, is enriched in lean individuals and is associated with 
leanness, suggesting that heritability of certain host traits may be a 
result of the intergenerational transfer of key bacteria.*+ 


Geography and Diet 


Intestinal microbiota composition varies significantly with geog- 
raphy, which represents combined effects of cultural, dietary, and 
environmental factors. For example, the microbiota composition 
of individuals living in the United States and Europe are distinct— 
and less diverse than—those of individuals living in non-West- 
ern, non-urban settings, such as rural Malawi, Tanzania, Burkina 
Faso, or the Amazon.’° 3537 In particular, residents of non-urban 
settings have a greater proportion of the genus Prevotella and a 
lower proportion of Bacteroides.** The intestinal microbiome 
associated with Western cultures expresses more enzymes that 
are capable of degrading the amino acids and simple sugars, 
which are reflective of the high protein and simple carbohydrates 
Western diet, whereas the intestinal microbiome associated with 
traditional cultures expresses more enzymes capable of degrading 
starch given that these diets comprise high-starch staples such as 
corn and cassava.”° Diet plays an important role in shaping the 
intestinal microbiota composition and function within the same 
population’? and may in part contribute to geographical differ- 
ences, but there are additional factors at play when considering 
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Fig. 3.2 Photomicrograph (20x) showing bacteria distributed across the 
mucosa in a specimen of proximal colon from a C57BL/6J mouse. Tissue 
was fixed in Carnoy solution (60% ethanol, 30% chloroform, 10% glacial 
acetic acid), which preserves mucus, and stained with Alcian Blue, which 
highlights mucus. The layer immediately above the colonic mucus is the 
mucosa-associated microbiota—a relatively stable community that likely 
forms a biofilm matrix that confers community stability, even after colonic 
lavage. There is faint stratification of the microbiota, suggesting that the 
organization of this community is not random. The transition zone above 
the mucosa-associated microbiota zone is a mixture of intestinal microbes 
and food particles. (Image courtesy Dr. Lev Lichtenstein, Ashdod, Israel). 


differences across different geographical regions. The significant 
differences in the metabolome of vegans in the United States 
and individuals in other agrarian cultures suggest there are likely 
geography-specific factors that shape microbiota composition 
and function in addition to diet.*° 

The effect of diet is not limited to microbiota composition as 
functional differences may be seen even in the absence of compo- 
sitional changes,*? which highlights the importance of multi-omic 
profiling to assess both microbial composition and function when 
evaluating the effect of diet. The intestinal microbiome is shaped in 
part by long-term dietary habits, but short-term dietary changes can 
also cause rapid but reversible shifts in the intestinal microbiome.*! 
This may help explain intermittent worsening of symptoms seen in 
GI diseases associated with alterations in the intestinal microbiome. 

Among dietary components, microbiota-accessible carbohy- 
drates (MACs) found in fiber are one of the key sources of nutrients 
for intestinal microbes. In fermenting MACs, microbes produce 
short-chain fatty acids (SCFAs), which can help attenuate inflam- 
mation, serve as an energy source for epithelial cells, and improve 
GI transit. The Western diet is low in MACs® and has been 
associated with the risk of inflammatory and metabolic-related 
diseases.” The long-term impact of a low MAC diet is difficult 
to evaluate in humans as it would require study over multiple gen- 
erations. Experiments in the mouse model show that deleterious 
changes in the intestinal microbiota induced by a low-MAC diet 
are largely reversible early on with a high-MAC diet,” although 
feeding mice a low-MAC diet over the span of multiple genera- 
tions results in a progressive loss of microbial diversity; disappear- 
ance of microbial taxa, which cannot be rescued by diet, requires 
transplantation of the missing bacteria. Low dietary fiber results 
in an increased reliance of intestinal microbes on the host epithe- 
lium and mucus, resulting in disruption of the epithelial barrier 
and an increased susceptibility to inflammation. A similar effect 
is also seen with a high-protein diet, which results in increased 
microbial density as well as an increased potential of the microbi- 
ome to cause colitis.** In addition to dietary macronutrients, addi- 
tives such as emulsifiers and substitutes such as artificial sweeteners 


can also have deleterious effects on the intestinal microbiome and 
increase propensity for metabolic and inflammatory disorders.” 

Dietary components serve as substrates for microbial meta- 
bolic pathways and hence can influence the generation of specific 
microbial metabolites, which influence host physiology. Some 
examples include the tryptophan derivatives indole acetic acid 
and indole propionic acid, which are implicated in inflamma- 
tion; SCFAs from dietary carbohydrates, which can influence the 
intestinal serotonergic pathway, thereby altering GI motility; and 
dietary fat-related free fatty acids and lipopolysaccharide, which 
are associated with enteric neurodegeneration, altered GI motil- 
ity, and systemic effects contributing to obesity. In addition to 
direct transformation of dietary components, bacterial urease can 
convert host-derived urea to ammonia, contributing to hyperam- 
monemia-associated encephalopathy in patients with liver dis- 
ease’? and can also result in the altered microbiota composition 
associated with Crohn disease.*” 


Exercise 


To date, little research has been conducted on the direct effect 
of exercise on the intestinal microbiota in humans, because it is 
difficult to isolate the effects of exercise from diet. As an example, 
athletes were found to have a more diverse intestinal microbiota 
and lower levels of inflammatory markers than non-athletic con- 
trols matched for size, age, and gender,# however the athletes’ 
diets also contained more protein, fruit, and vegetables than those 
of the controls, complicating interpretation of the results. The 
effects of exercise can be separated in animal models and exercise- 
related changes in intestinal microbiota composition were found 
to reduce susceptibility to inflammation’? and weight gain.*° 
Exercise-related changes in the intestinal microbiota can be simi- 
lar in magnitude but compositionally different from those seen 
with dietary change;°! this raises the possibility that although 
exercise is commonly used to combat obesity, it may not attenu- 
ate all of the ill effects of a high-fat, Western diet. 


Medications 


Antibiotics significantly reduce microbial diversity’ and appear 
to have their most profound effects during early life by affect- 
ing maturation of the intestinal microbiome; even sub-ther- 
apeutic levels of antibiotics in early life were found to increase 
adiposity later in life.” Similarly, in a swine model, early-life 
antibiotic exposure changed the intestinal microbiome, alter- 
ing glucose regulation and ultimately resulting in long-lasting 
changes to SCFA signaling and pancreatic development.*+ The 
intestinal microbiota composition of young children who have 
received multiple courses of antibiotics is less diverse than that 
of untreated children,” and early antibiotic use is associated with 
delayed maturation of the microbiome and long-lasting changes 
in both microbiota composition and functionality.*° Also, peri- 
partum use of antibiotics can result in persistent shifts in the 
intestinal microbiota and increased susceptibility to inflammation 
in the offspring;!>: 16 these observations also support the observed 
association of early antibiotic use and increased risk for Crohn 
disease.’ 

A diverse array of other types of drugs, including PPIs, laxa- 
tives, metformin, statins, hormones, benzodiazepines, antidepres- 
sants, NSAIDs, and antihistamines among others, are associated 
with changes in the composition of the intestinal microbiota.* **: 
°° Metformin, which is commonly used to treat type 2 diabetes 
and NAFLD, is associated with significant changes in the intesti- 
nal microbiota, and these changes are in part responsible for the 
metformin-related improvement in glucose metabolism. PPIs, 
which are among the 10 most widely used drugs in the world,°! 
are associated with decreased levels of bacterial richness, an 
increased abundance of oral microbes, and the presence of poten- 
tial pathogens in the intestine.°! 


Other Lifestyle Factors 


Habits such as smoking or alcohol consumption, as well as psy- 
chological stress,’ have been associated with changes in the intes- 
tinal microbiota, although it is premature to conclude that these 
changes contribute to the deleterious effects of stress or alcohol. 
The adverse effects of smoking on microbial diversity can be indi- 
rectly inferred from the increase in diversity observed after smok- 
ing cessation.* ©? Household contacts also can have an effect on the 
microbiota composition. Individuals in the same household share 
skin microbiota and, interestingly, household pets significantly 
increase sharing of skin microbiota among household contacts.°* 

It is important to recognize that none of the individual factors 
mentioned above exist in isolation and, in fact, the selection pres- 
sure on microbial structure may be driven by inter-relationships 
between many of them; this is demonstrated by 2 studies in mice 
with either diverse genetic backgrounds or with a single mutation 
in the FUT2 gene, in which the genetic influence on the intesti- 
nal microbiome was overcome by diet.** 65 


Microbe-Microbe Signaling 


There are several mechanisms that determine microbial self- 
selection and contribute to community dynamics and stability 
using quorum-sensing molecules such as auto-inducers (homo- 
serine lactone), bacteriocins, and competence- and sporula- 
tion-stimulating factor.°° ©? These quorum-sensing molecules, 
especially bacteriocins, can be exploited to provide protection 
against infections.°*-/° 


THE EFFECT OF HOST-INTESTINAL MICROBIOME 
INTERACTIONS ON HOST PHYSIOLOGY 


Interactions between humans and their intestinal microbes are bidi- 
rectional: reciprocal signaling occurs between the intestinal micro- 
biota and the immune system, the GI tract, and even the nervous 
system. As a result, it would be unwise to think in terms of cause and 
effect alone as changes in the intestinal microbiome associated with 
a disease state may further perpetuate the disease state. The mecha- 
nisms by which microbial mediators influence host physiology is an 
active area of study. The metabolism of tryptophan by the intestinal 
microbiota yields several bioactive molecules such as indole acetic 
acid and indole propionic acid that act as ligands for aryl hydrocar- 
bon receptor (AhR) and tryptamine, which is a ligand of serotonin 
receptor 4. Microbiota-derived AhR ligands have been found to be 
protective against inflammation, both in the periphery and in the 
CNS, which suggests a role for them in diseases like IBD, multiple 
sclerosis, and neuropsychiatric disorders.’! Intestinal microbes also 
produce N-acyl amides similar to human N-acyl amides that interact 
with G protein-coupled receptors (GPCRs) to regulate GI physiol- 
ogy.”? GPCRs that interact with human N-acyl amides have been 
implicated in diseases such as diabetes, obesity, cancer, and IBD. 
Whether this type of molecular mimicry is common is unknown at 
present, but the field is evolving rapidly. Here we briefly describe 
what is known about the bidirectional interactions present between 
the intestinal microbiome and various host compartments. 


Interactions Between the Intestinal Microbiome 
and Immune System 


The intestinal microbiome shapes the maturation of the immune 
system, and the immune system, in turn, can modulate the com- 
position of the microbiota and its pro-inflammatory potential. 
Epithelial and dendritic cells represent the first line of contact 
with the intestinal microbiota. Host cells use pattern recognition 
receptors, such as Toll-like receptors (TLRs), NOD-like recep- 
tors, and C-type lectins, to recognize microorganism-associated 
molecular patterns on the surface of both commensal microbes 
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and pathogens. Intestinal microbes generate immune tolerance to 
survive in the intestine. As an example, Bacteroides fragilis produces 
“a symbiosis factor” (polysaccharide A) that signals through TLRs 
directly on regulatory T-cells to promote niche-specific mucosal 
immune tolerance.” Microbes also produce a rich array of other 
immunomodulatory molecules, including CpG (cytosine phos- 
phodiesterase guanine) DNA, which acts on TLR9 receptors; 
ATP, which acts on specific sensors (P2X and P2Y) to promote 
the generation of intestinal Th17 cells”* 75; and SCFAs, which act 
on GPCRs to down-regulate inflammatory responses.’° 

The host immune system, in turn, helps contain and shape the 
composition of the intestinal microbiota. Epithelial cells produce 
anti-bacterial proteins, such as a-defensins, which limit contact 
between bacteria and the epithelial cells.!° Disturbances of host- 
microbe signaling have been linked with aberrant expansion of 
some components of the microbiota that may adversely influ- 
ence the inflammatory response and risk of disease.” Defects at 
various levels, including specific TLRs and transcription factors 
involved in innate immunity, can result in the emergence of a 
“colitogenic” microbiota.’* ’? Epithelial cells respond to patho- 
gen invasion by mobilizing the NLRP6 (NOD-like receptor 
family pyrin domain containing 6) inflammasome and a molecu- 
lar cascade that culminates in release of IL-18, which simulates 
y-interferon and a bactericidal immune response.*®: 81 


Interactions Between the Intestinal Microbiome 
and Gastrointestinal Tract 


The key functions of the GI tract that facilitate digestion and 
absorption of nutrients include motility, secretion, and sensation. 
GI transit time varies within and between populations world- 
wide.® However, variation in transit time can be associated with 
diverse disease states, including infections, inflammatory condi- 
tions, and functional disorders such as IBS with constipation or 
diarrhea. GI transit is an example of the bidirectional interac- 
tions between the intestinal microbiome and the GI tract. Thus 
transplanting a complex fecal microbial community froma healthy 
human into a germ-free (GF) mouse stimulates production of the 
neurotransmitter serotonin and significantly shortens GI transit 
time, suggesting a role for intestinal microbes in modulating GI 
transit. Alternatively, increasing or decreasing GI transit time 
using medications such as polyethylene glycol or loperamide in 
humanized mice (ex-GF mice colonized with human bacteria) 
significantly changes the intestinal microbial community,** and 
similar alterations in intestinal microbiota composition and func- 
tion have been reported in patients with diarrhea and constipa- 
tion.*+ 5° Some examples of microbial mediators that affect GI 
transit time include LPS, which can influence enteric neuronal 
survival, and SCFAs, which can stimulate intestinal synthesis of 
serotonin, which, in turn, plays an important role in GI motility, 
secretion, and sensation.*° It is not surprising that the magni- 
tude of impact on GI transit depends considerably on the diet the 
humanized mouse is fed,® given that diet can affect downstream 
mediators such as SCFAs. In addition to transit, the intestinal 
microbiome can also influence sensation in the GI tract as evi- 
denced by the development of visceral hypersensitivity following 
the transfer of microbiota from patients with IBS to GF rats. In 
addition to disruption of the intestinal microbiota in early life,*’ 
a correlation has been described between visceral hypersensitivity 
and expansion of Escherichia coli. The intestinal microbiome plays 
an important role in maintaining the epithelial barrier as well as 
fluid and electrolyte transport. Specific members of the intesti- 
nal microbiota can alter expression of tight junction proteins in 
the epithelium and microbial metabolites like butyrate play an 
important role in maintaining the epithelial barrier. Microbial 
deconjugation and metabolism of bile acids can alter the pool of 
bile acids such as chenodeoxycholic acid and deoxycholic acid, 
which act as secretagogues in the colon. 
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The Microbiome-Gut-Brain Axis 


The influence of our intestinal microbes extends far beyond the 
GI tract. Information can travel in a “top-down” fashion, as our 
experiences—filtered through the brain—help shape our intesti- 
nal microbiome. For example, exposing mice to various forms of 
stress alters the composition of their microbiota.** 8 Conversely, 
there are many avenues by which intestinal microbes can influ- 
ence the nervous system in a “bottom-up” fashion. First, they can 
alter function of the enteric nervous system,” which, in turn, is 
linked to the CNS through the vagus nerve; intestinal microbes 
have been shown to activate stress circuits in the brain by acti- 
vating vagal pathways.*’? Second, microbial metabolites can tar- 
get areas of the CNS that are not protected by the blood-brain 
barrier such as the hypothalamic-pituitary-adrenal axis.?! Animal 
models suggest that certain intestinal microbes can help program 
the hypothalamic-pituitary-adrenal axis early in life, influenc- 
ing stress reactivity across the life course.*? Finally, microbiota- 
derived small molecules such as SCFAs could diffuse across the 
blood-brain barrier.?! 

The intestinal microbiome has an impact on the development 
of the nervous system, affecting everything from the formation 
of the blood-brain barrier to myelination to neurogenesis.”” 
The microbiome has also been shown to influence behavior in 
mice.?”,°’ These findings have spurred interest in the relationship 
between the intestinal microbiome and mental health in humans, 
including links with autism spectrum disorders, anxiety disorders, 
depression, pain sensitivity, learning, and memory.”*: ”* 


THE ROLE OF THE INTESTINAL MICROBIOME IN 
HUMAN DISEASE 


Metabolic Function 


Obesity (see Chapter 7): A number of lines of evidence point to a 
link between the intestinal microbiome and obesity. There is an 
abundance of observational data showing changes in microbiota 
composition at multiple taxonomic levels and decreased micro- 
bial diversity in obesity. The experimental data in support of 
the link between the microbiome and obesity include the lack of 
diet-induced obesity in GF mice and the greater weight gain fol- 
lowing colonization of GF mice with intestinal microbiota from 
an obese human twin than from the lean twin.” Several putative 
mechanisms supporting a role for the intestinal microbiome in 
obesity and diabetes have been proposed such as increased energy 
harvest by microbial glycoside hydrolases, decreased muscle fatty 
acid oxidation mediated by a decrease in activated protein kinase, 
increased hepatic lipogenesis, alteration of satiety hormones, and 
induction of chronic low-grade inflammation. The small intes- 
tinal microbiome plays an important role in lipid digestion and 
absorption and may contribute to obesity.”° Diurnal oscillation 
in biological processes (the circadian rhythm) is a key regulator 
of metabolic processes and exhibits bidirectional communication 
with the intestinal microbiota. The intestinal microbiota exhibit 
diurnal fluctuations in composition as well as function (e.g., 
butyrate production) and signal to the molecular clock, resulting 
in changes in gene expression that can be seen in distant organs, 
such as the liver and brain. The circadian rhythm, in turn, can 
alter intestinal microbiota composition. The circadian clock 
responds to changes in diet and is likely an important mediator of 
microbiota-associated effects in diet-induced obesity.?”-!° 

Type 2 Diabetes (T2D): Similar to obesity, there are observa- 
tional and experimental data supporting a role for the intestinal 
microbiome in T2D. In a pilot human study, IMTs (FMTs) from 
lean donors improved insulin sensitivity and increased microbial 
diversity and butyrate-producing bacteria in obese recipients. 101-102 
The intestinal microbiome is also an important determinant 
of glycemic responses to different dietary nutrients,!°> which 


further supports its role both as a determinant as well as thera- 
peutic target in T2D. 

Cardiovascular disease: In addition to its effect on obesity and 
metabolic syndrome, microbial metabolism of dietary ingredients 
can also influence cardiovascular disease. Metabolism of substrates 
such as choline, phosphatidylcholine, and L-carnitine (found 
in red meat) by various members of the intestinal microbiota 
(Anaerococcus hydrogenalis, Clostridium asparagiforme, C. hathewayi, 
C. sporogenes, Escherichia fergusonii, Proteus penneri, Providencia 
rettgeri, and Edwardsiella tarda) to trimethylamine (TMA) with 
subsequent conversion to trimethylamine oxide (TMAO) by host 
flavin mono-oxygenase3 (FMO3) was found to be a major driver 
of atherosclerotic plaques in mice.!°* Plasma L-carnitine levels 
with concurrently high TMAO levels were found to predict an 
increased risk for cardiovascular disease in human subjects,!°* 
validating the findings from the animal model.!° The small mol- 
ecule, 3,3-dimethyl-1-butanol, which decreases TMAO levels by 
inhibiting a wide range of TMA lyases (including those derived 
from human feces) across a wide array of substrates that can be 
converted to TMA, prevents choline diet-induced atherosclerosis 
in susceptible mice.!°° This provides an important paradigm for 
treating microbiota-related diseases by manipulating host-micro- 
bial co-metabolism. 

NAFLD (see Chapter 87): NAFLD is a manifestation of meta- 
bolic syndrome in the liver and, similar to other metabolic dis- 
orders, is associated with shift in microbiota composition and 
metabolic functions. Animal studies show that NAFLD can be 
induced by manipulating the intestinal microbiome.!"” Although 
the specific mechanisms underlying liver dysfunction in NAFLD 
remain unclear, a role for LPS and for production of ethanol 
by intestinal bacteria has been proposed in addition to those 
described above for obesity and T2D. 


INFLAMMATORY DISEASES 


IBD (see Chapters 115 and 116): The role of the intestinal micro- 
biome in IBD has been extensively studied. Genetic studies link 
IBD with host polymorphisms in genes that function as bacte- 
rial sensors, such as nucleotide-binding oligomerization domain- 
containing protein 2 (NOD2) and TLR4,” suggesting an etiologic 
role for the intestinal microbiome. This relationship is further 
supported by improvement in subsets of IBD patients after anti- 
biotic treatment.!°° The absence of inflammation in susceptible 
GF animals suggests that the intestinal microbiome is an impor- 
tant component of IBD pathogenesis. There is significant het- 
erogeneity among the described intestinal microbiota changes in 
patients with IBD, which is expected, given that IBD is a multi- 
factorial disease and several contributing factors such as genetics, 
early life exposure, and diet are also known to influence the intes- 
tinal microbiota composition. A reduction in alpha diversity is 
seen as a consistent trend, but relative increase in the abundance 
of Enterobacteriaceae, including E. coli and Fusobacterium, have 
also been described in patients with IBD. There has been a sig- 
nificant effort to characterize the mucosa-associated microbiota, 
which is presumed to play a more significant role in pathogen- 
esis. A greater density of mucosa-associated bacteria!” has been 
described in IBD!!° and the mucosa-associated bacteria can vary 
over time with change in severity of disease.!!! Ileal and rectal 
biopsies from newly diagnosed, treatment-naive children with 
Crohn disease were found to have an increased relative abun- 
dance of Enterobacteriaceae, Pasteurellaceae, Veillonellaceae, and 
Fusobacteriaceae and decreased relative abundance of Bacteroidales 
and Chostridia.''? Together, these findings support a potential 
role for mucosa-associated microbiota in IBD, although it is dif- 
ficult to establish causation. A recent meta-analysis found non- 
specific changes in intestinal microbiota composition, which are 
associated with multiple disease states, making it difficult to rely 
on microbiota composition alone.!" 


Animal studies provide evidence for potential mechanisms 
underlying the role of the intestinal microbiome in IBD. Mice 
deficient in antimicrobial defense genes are predisposed to 
develop both dysbiosis and colitis, either spontaneously or in 
response to intestinal damage, reinforcing the importance of 
host-microbe interactions in IBD.!!° Although transplanting the 
intestinal microbiota from IBD patients into GF mice does not 
cause spontaneous colitis, it does increase susceptibility to colitis 
with chemical induction or in genetically predisposed mice.!!° 
The increase in microbial density in response to high levels 
of dietary protein exacerbates colitis, whereas increased fiber 
increases microbial diversity, improves intestinal barrier func- 
tion, and alleviates colitis.** 

Celiac disease (see Chapter 107): Celiac disease is an immune- 
mediated condition triggered by gluten in genetically suscep- 
tible individuals.!'+ Attention has increasingly focused on the 
intestinal microbiome and its potential role in celiac disease, 
based on observed intestinal microbiota compositional and 
functional changes. Similar to IBD, there is significant hetero- 
geneity among studies, although a significant decrease in micro- 
bial alpha diversity and expansion of Proteobacteria appears to 
be most consistent in recent studies using NGS.!!° There is 
likely a role for early life exposures, as infants genetically pre- 
disposed to celiac disease have higher abundance of the phylum 
Firmicutes and lack of bacteria within the order Bacteroidales 
compared with infants without such genetic predisposition. 
An abnormal maturation of the microbiota was also observed: 
unlike nonpredisposed infants, the microbiota does not resem- 
ble that of adults even at 2 years of age. Genetically susceptible 
infants exposed to gluten early developed celiac disease autoim- 
munity more frequently than if gluten exposure were delayed 
until 12 months of age, suggesting an immature microbiome 
may further accelerate the immunologic process.!'° It is difficult 
to establish causation in human studies, but GF mice geneti- 
cally predisposed to develop celiac disease experience more 
severe gluten-induced pathology than identical mice that have 
been colonized by commensal intestine microbes, suggesting a 
healthy microbiome is likely protective.'!* Alternately, GF rats 
colonized with intestinal bacteria from celiac disease patients 
exhibit decreased intestinal permeability when exposed to glia- 
din, which is a hallmark of celiac disease, and suggests a role for 
an unhealthy microbiome in celiac disease pathogenesis.'!’ The 
mechanisms underlying the role of the intestinal microbiome in 
celiac disease are still being investigated. 


CANCER 


Colorectal cancer (CRC; see Chapter 127): The intestinal micro- 
biome may trigger carcinogenesis, either directly (by producing 
carcinogenic molecules) or indirectly (by creating a pro-inflam- 
matory microenvironment).!!* In support of this hypothesis, 
mouse studies show that depleting the microbiota, either in the 
GF state or by the use of antibiotics, reduces the risk of develop- 
ing colon cancer.!!? Individuals with CRC have been found to 
harbor Fusobacterium nucleatum‘! in the tumor; interestingly, 
Fusobacterium, as well as the rest of the associated CRC micro- 
biota, is also found in metastases. Elimination of Fusobacterium 
with a narrow-spectrum antibiotic was found to reduce cancer 
cell proliferation and tumor growth in mice with CRC xeno- 
grafts.'?9 Recently, a collaboration between 2 microbes that 
form a biofilm in the intestine, namely enterotoxigenic B. fra- 
gilis and an E. coli strain, which produces colibactin, has been 
found to trigger the DNA damage leading to CRC. An asso- 
ciation between H. pylori infection and CRC was identified in 
a meta-analysis of published studies, although the incidence of 
colon cancer does not mirror that of gastric cancer, suggesting 
either additional mechanisms or a complex interplay underlying 
this association.!*! Streptococcus gallolyticus (previously known as 
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S. bovis) bacteremia has also been associated with CRC though 
it remains unclear if it is a consequence or a driver of CRC."7! 


FUNCTIONAL GASTROINTESTINAL DISORDERS (SEE 
CHAPTER 122) 


A role for intestinal bacteria in functional GI disorders, such as 
IBS, has been proposed based on compositional changes in the 
microbiota and their role in modulating host physiology, including 
GI transit, epithelial barrier function, intestinal secretion, visceral 
sensation, and modulation of the gut-brain axis. There is no consis- 
tent “IBS-microbiota” pattern, but there appears to be a decrease 
in microbial diversity and alterations at different taxonomic 
levels. !?*,!*?8 Several microbial metabolites such as SCFAs, hydro- 
gen sulfide, methane, tryptamine, and bile acids have demonstrated 
effects on host physiology.!?? Microbiota-targeted therapies are 
widely used in functional GI disorders. The available data suggest 
improvement in global symptoms such as bloating and flatulence 
when considering all probiotics!” but do not provide support for a 
therapeutic action of any specific probiotic, prebiotic, or synbiotic 
(see Chapter 130). IMT (FMT) has also been used to treat patients 
with IBS-D, albeit with varied results.!22> As with other diseases, 
more rigorous trials need to be performed before the role of IMT 
(FMT) for IBS, if any, can be determined. 


THE ROLE OF THE INTESTINAL MICROBIOME IN 
MODULATION OF DRUG RESPONSE 


The intestinal microbiome is an important factor in the observed 
inter-individual differences in therapeutic responses and adverse 
events to medications. Intestinal microbiota-encoded genes not 
only enhance the metabolic capabilities of the host!?* but also 
play a role in the biotransformation of luminal compounds 
including medications.!”° The plasticity of the microbiome makes 
it an even more relevant factor because, in contrast to genes, the 
microbiome is modifiable. The microbiome has been identified as 
having a role in determining response to medications, mediating 
the effect of medications, and metabolism of certain medications, 
thereby affecting their efficacy or adverse effects.!?° Although 
several such interactions have been identified, some are described 
in animal models and hence need to be confirmed in humans 
and validated across different cohorts. Secondary bile acids and 
coprostanol, which are a result of microbial metabolism, may be 
predictive of response to statins;!*’ certain Bacteroides species are 
associated with the success of CTLA-4 antibodies used in can- 
cer immunotherapy;!”° and administration of Bifidobacterium may 
augment response to programmed cell death protein 1 ligand 1 
(PD-L1)—antibody used in melanoma.!’? The intestinal micro- 
biome may also be responsible in part for the anti-diabetic effects 
of metformin.'°° Eggerthella lenta carries the cardiac glycoside 
reductase (cgr) operon and can inactivate digoxin which has a nar- 
row therapeutic window.!*! The intestinal microbiome may also 
explain the inter-individual differences in response to the com- 
mon analgesic acetaminophen,!** given that p-cresol produced by 
certain bacteria (e.g., Clostridium) can compete with acetamino- 
phen as a substrate for Sulfotransferase Family 1A Member 1, 
a human liver enzyme (SULT1A1),!” and lead to a buildup of 
N-acetyl-p-benzoquinone imine, which, in turn, leads to hepato- 
toxicity. The chemotherapeutic agent irinotecan (CPT-11) used 
in treatment of colon and pancreatic cancer is inactivated in the 
liver, but the inactive metabolites can be transformed into active 
drug by bacterial §-glucuronidases, which in turn results in diar- 
rhea, a significant side effect that may necessitate discontinua- 
tion of the drug in some patients.!*> A targeted inhibition of such 
bacterial enzymes can significantly improve compliance with che- 
motherapeutic regimens without affecting efficacy. These exam- 
ples represent just the tip of the iceberg and given the immense 
metabolic potential of the intestinal microbiota,'** it likely plays 
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an important role in the biotransformation and response of most 
therapeutic agents. 


THERAPEUTIC MODULATION OF THE INTESTINAL 
MICROBIOME 


The intestinal microbiome is an important area of study as it 
represents a modifiable factor in pathophysiology of disease and 
response to medications. There are several approaches currently 
used to modulate the microbiome (see Fig. 3.1) ranging from an 
ecosystem approach as in IMT, use of selected bacterial strains 
alone or in combination with probiotics, stimulation of specific 
bacterial community functions through prebiotics, and combina- 
tion approaches as with synbiotics and diet. IMT has had the most 
significant impact in the management of Clostridioides difficile infec- 
tion (CDD, which is now the most common health care-associated 
infection in the US.!° 136 There are several mechanisms that con- 
tribute to the effectiveness of IMT in CDI including an increase 
in secondary bile acid production; restoration of microbial diver- 
sity and filling of open nutritional niches; and changes in micro- 
bial community structure with an increase in butyrate producers. 
Overall, the response rate of IMT in RCDI ranges from 80% to 
95%|37 and in a meta-analysis (observational studies), the primary 
cure rate was 91.2% and the overall recurrence rate was 5.5%.!°° 
Pilot studies in patients colonized with vancomycin-resistant 
enterococcus (VRE) show IMT may be beneficial in decontamina- 
tion of VRE.!*?: 140 Stool substitutes are currently being studied 
and may replace IMT in the near future. A similar approach using 
IMT is also being tested in multiple chronic conditions ranging 
from GI diseases like IBD and IBS to metabolic diseases such as 
obesity and T2D. Early data from autologous IMT post-bone 
marrow transplant appear promising in reducing diarrheal disease 
in the post-transplant period and a few studies also show benefit of 
allogenic IMT in graft vs. host disease. !*! 

An alternative to the ecosystem approach is a single bacterium 
or combination of bacteria as in probiotics to improve disease 
states. Although there are trends that support benefits for certain 
probiotic strains or formulations in diarrheal states, necrotizing 
enterocolitis, IBD, and IBS,!*?: ' there are major shortcom- 
ings in relation to clinical studies of probiotics, making it dif- 
ficult to derive a clinically useful message (see Chapter 130). The 
microbial consortia approach appears to be more promising with 
studies showing that defined consortia of commensal bacteria 
containing the Clostridium cluster XIVa species, Blautia producta 
and Clostridium bolteae can restore colonization resistance against 
VRE'**; consortia of commensal bacteria within the Clostridi- 
ales order can confer resistance to Listeria monocytogenes'*; and 
consortia containing Clostridium scindens can restore coloniza- 
tion resistance against C. difficile.‘*° The identification of specific 
microbial mediators and improved understanding of the mecha- 
nism underlying the effects of intestinal bacteria will help develop 
the next generation of more targeted probiotics, including genet- 
ically engineered commensal/probiotic organisms to deliver vac- 
cines or therapeutic molecules.!* 148 Prebiotics were initially 
designed to boost certain beneficial bacteria such as Lactobacilli 
and Bifidobacteria, however, this approach has since evolved to 
focus on the overall functionality of the microbial community 
and its effect on host function; as a result this group is no longer 
restricted to specific oligosaccharides but includes a wide array 
of dietary ingredients. A synbiotic refers to the combination of a 
prebiotic with a probiotic, which in theory should amplify the 
benefits of the probiotic and this has in fact been seen in a large 
study of infants for the prevention of sepsis.'*? The safety record 
of microbiota-targeted therapies has been good,!°° 15! however, 
the data lack the rigor that one associates with drug safety moni- 
toring.!*’ The intestinal microbiota is also a rich source of a rela- 
tively new class of therapeutics often referred to as pharmabiotics, 
which includes the exopolysaccharide coat!*?: 1°4 and pilit’? of 


certain Bifidobacteria; anti-bacterial molecules, known as bacte- 
riocins; anti-bacterial phages; and even bacterial DNA, which has 
been demonstrated to exert anti-inflammatory activity.” 156-160 


NONBACTERIAL MEMBERS OF THE INTESTINAL 
MICROBIOME 


The collection of fungi referred to as the mycobiome is currently 
believed to represent a minor component of the intestinal micro- 
biota, but this may be a result of underestimation given the lack of 
fully annotated genomic databases, such as those available for bac- 
teria.!°! The diversity of the mycobiome, similar to that of bacteria, 
is estimated using sequencing of marker gene 18S and its internal 
transcribed spacer.!® Fungi are ubiquitous and Candida represents 
the most prevalent genus, containing approximately 160 species, !6°. 
164 with C. albicans, C. tropicalis, C. glabrata, and C. parapsilosis pre- 
dominantly found in humans.'°! The mycobiome is influenced by 
the environment!® and diet. The presence of Candida is associ- 
ated with immunodeficiency states and diets that are high in car- 
bohydrates, but not with animal-based diets high in amino acids, 
protein, and fatty acids.!°° The competitive relationship of bacteria 
and fungi is evident from the overgrowth of fungi following the use 
of antibiotics. 167 The biological effects of fungal overgrowth are 
still under investigation, but the mycobiome has been implicated in 
immune responses both within the GI tract such as in IBD, as well 
as outside the GI tract such as in allergic airway responses. Certain 
components of the innate immune system such as TLRs 2 and 4, 
dectin-1 (a C-type lectin receptor), CD5, CD 36, and SCARF1 
(members of the scavenger receptor family), and components of 
the complement system can be activated by fungal glycoprotein 
cell wall components, f-glucans, chitin, and mannans, resulting 
in immune signaling via molecules such as interleukin 17 (L17), 
1L22, and NE-«B.!°! Anti-Saccharomyces cerevisiae antibodies 
(ASCA) directed against a fungal cell wall epitope with significant 
cross-reactivity to C. albicans is considered a biomarker of Crohn 
disease.!ć8-170 ASCA may also represent an early immune marker 
predictive of developing Crohn disease (see Chapter 115).!7! 

The virome represents one of the most diverse biological sys- 
tems and primarily comprises bacteriophages which are viruses 
that infect bacterial cells; eukaryotic viruses account for only a 
minor fraction of the virome. Bacteriophages have a virulent (lytic) 
cycle and a temperate (lysogenic) cycle. In the lysogenic phase 
they can integrate their genetic material into bacterial genomes 
or reside as extra-chromosomal plasmids, a mechanism underly- 
ing transfer of antibiotic resistance or virulence factors among 
bacteria. Bacteriophages outnumber bacteria and can shape the 
composition of intestinal bacterial communities.!’? Similar to 
bacteria, the virome varies among individuals, but is relatively 
stable within individuals and responds to dietary changes.*” 17> 
174 Bacteriophages can directly affect the immune system by stim- 
ulating macrophage production of interleukin-1b (IL-1b) and 
tumor necrosis factor-a,!’> stimulating interferon production,!”° 
and enhancing DNA vaccine potency.!’’ A role has also been 
proposed for bacteriophages in adhering to GI mucus and pro- 
viding a form of nonhost-derived innate immunity. It was found 
that phage enrichment in mucus results from binding of phage 
capsid proteins with mucin glycoproteins,” and this may pro- 
vide a defense against bacterial infection of mucosal surfaces. The 
effects of bacteriophage on bacteria can be exploited therapeuti- 
cally and may represent a novel and important mode of treatment, 
especially now with the increase in multidrug-resistant bacteria. 

Eukaryotic viruses can also influence the immune system, such 
as norovirus, which has been shown to shape mucosal immunity 
in mice. Commensal microbiota can play an important role in 
determining the outcome of viral infections. Mouse mammary 
tumor virus (MMTV) bound to bacterial lipopolysaccharide 
interacts with the microbiota to induce an immune evasion path- 
way, triggering TLR4 and inducing production of IL-10.17° 


Viruses in turn can influence the host by affecting other members 
of the microbiota, but much work is needed to identify such trans- 
kingdom interactions, including better annotated databases of viral 
DNA sequences and techniques to deeply characterize viruses. 


FUTURE DIRECTIONS 


As we expand our understanding of microbial pathways and the 
interaction of resultant microbial metabolites with host physiol- 
ogy, we will be able to develop more precise interventions using 
an integrated systems biology approach, potentially tailored to an 
individual’s microbiome. There is a need for better understand- 
ing of microbial assembly and the potentially deleterious effects 
of perinatal and early life exposures, given their potential to have 
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lasting effects on the microbiome and our health. Also, we are 
just starting to appreciate the contribution of microorganisms 
other than bacteria such as fungi, bacteriophages, and parasites 
and the inter-kingdom signaling among the microorganisms and 
the host, which will prove to be crucial for effective manipulation 
of the microbiome. In addition to the promise of the microbiome, 
we also face significant challenges in the form of heterogeneity 
in collection, sequencing, and analysis of samples, differences in 
species and strains of bacteria used in interventions, reliance on 
association of specific microbes with disease states, and lack of 
recognition of the microbiome as an important biological vari- 
able in clinical studies and drug trials. 


Full references for this chapter can be found on www.expertconsult.com. 
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The gastrointestinal (GT) tract relies on hormones and neurotrans- 
mitters to integrate signals arising in the lumen with whole-body 
homeostasis. For instance, satiety in the brain is, to a great extent, 
induced by the presence of food in the gut. This process begins 
with ingestion of nutrients that stimulate sensory cells in the 
intestinal epithelium that modulate food intake via the release 
of specific chemical messengers. GI hormones and neurotrans- 
mitters are intimately involved with every aspect of the digestive 
process including ingestion and absorption of nutrients. It is not 
surprising therefore that these transmitters are essential for life.! 
In this chapter, the critical role of the regulatory transmitters in 
GI function is analyzed by covering the following aspects: their 
synthesis and secretion from sensory epithelial cells, how food or 
other GI luminal factors trigger their release, the most represen- 
tative members, and their importance in the context of disease. 


HORMONES AND NEUROTRANSMITTERS 


The sensory cells of the GI epithelium, enteroendocrine cells, as 
well as neurons of the enteric nervous system are the main producers 
of chemical messengers, which are released in the form of hormones 
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or neurotransmitters. Enteroendocrine cells reside in the intestinal 
mucosa as single cells that are scattered among more numerous 
enterocytes—the absorptive cells of the gut. Most enteroendocrine 
cells are oriented with their apical surface open to the lumen where 
they are exposed to food and other contents within the gut lumen. 
Upon stimulation, enteroendocrine cells release from their baso- 
lateral surface hormones, which enter the paracellular space where 
they are taken up into the blood. In contrast to enteroendocrine 
cells, enteric neurons are found below the mucosal epithelium, and 
even though villi and crypts are richly innervated, enteric neurons 
are not believed to be directly exposed to food in the gut. 

Unlike other endocrine organs where endocrine cells are con- 
centrated in a single organ, the function of scattered hormone- 
containing cells of the GI tract has been questioned, and it becomes 
important to distinguish hormonal versus neuronal actions. 


Defining Hormones and Neurotransmitters 


Criteria exist for determining if a candidate transmitter is a true 
hormone or a neurotransmitter. The first hormone to be discov- 
ered was secretin, when it was shown that injection of intestinal 


extracts into the blood stimulated pancreatic secretion.’ Since 
then, the following criteria have been established to prove that 
a substance functions as a hormone. First, the stimulation of one 
organ must cause distant response by acting through the blood. 
Second, the response must be independent of neural stimulation. 
Third, no response should occur in the absence of the secretory 
organ. And fourth, the response should be reproducible by apply- 
ing pure amounts of the candidate hormone onto the target tis- 
sue. There are more than 30 GI hormones that met these criteria, 
and their singularities are discussed in “The Transmitters” sec- 
tion of this chapter. 

Demonstrating that a chemical is a neurotransmitter is per- 
haps more challenging, but the following criteria are agreed to 
define a neurotransmitter. First, the candidate molecule must 
be present within a presynaptic neuron. Second, the transmitter 
must be released in response to presynaptic depolarization. And, 
third, specific candidate-receptors must be present on the post- 
synaptic cell. 

Hormones are commonly thought to reside exclusively in the 
endocrine system and neurotransmitters in the nervous system. 
However, these concepts were proposed when no technologies 
existed to visualize a single cell communicating with its surround- 
ings. Today, it is becoming clearer that both systems are closely 
and synergistically related. Indeed, some cells exert both endocrine 
and neural actions. For example, peripheral sensory cells such as 
taste cells of the tongue and solitary chemosensory olfactory cells 
of the nose are known as paraneurons and can release both hor- 
mones in the bloodstream and neurotransmitters at synaptic con- 
nections.* There is growing evidence that enteroendocrine cells 
have similar dual function.*.° These observations extend the con- 
tinuum between the endocrine and nervous systems. 

Moreover, one transmitter can act both as a hormone or neu- 
rotransmitter depending on its location. For instance, upon the 
ingestion of food, cholecystokinin (CCK) is typically released 
from enteroendocrine cells into the bloodstream to act as a hor- 
mone. However, CCK is also abundant in nerves of the GI tract 
and brain, where it is released at synaptic terminals to act as a 


Endocrine 


Autocrine 
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neurotransmitter. This conservation of transmitters allows the 
same messenger to have different physiologic actions at different 
locations, and is made possible by the manner in which the trans- 
mitter is delivered to its target tissues. 


Modes of Transmitter Release 


Enteroendocrine transmitters can be released onto their targets 
in the following manners: endocrine, paracrine, autocrine, or 
through synaptic neurotransmission (Fig. 4.1). 

Endocrine. This type of communication occurs when trans- 
mitters are secreted into the bloodstream. The most common 
endocrine transmitters are peptides, lipids, and mono amines, and 
are collectively known as hormones. In the GI tract the most pre- 
dominant type of hormone is in the peptide form (e.g., peptide 
YY, gastrin, secretin). Hormones bind to specific receptors on 
the surface of target cells at remote sites and regulate metabolic 
processes.’ 

Paracrine. In contrast to endocrine mechanisms used to reach 
distant targets through the blood, signaling cells of the GI tract 
can also produce transmitters that act on neighboring cells. This 
process is known as paracrine signaling and is typical of enteroendo- 
crine cells that produce somatostatin. Paracrine transmitters are 
secreted locally and cannot diffuse far. They bind to receptors on 
nearby cells to exert their biological actions. Once released, the 
transmitter is rapidly taken up by the target cell, catabolized by 
extracellular enzymes, or becomes adherent to extracellular matrix, 
thus limiting the transmitter’s ability to act at distant sites. Because 
paracrine signals act locally, their onset of action is generally rapid 
and can be terminated abruptly. By comparison, endocrine signal- 
ing takes much longer, and termination of signaling requires clear- 
ance of hormone from the circulation. Paracrine transmitters can 
be peptides (e.g., somatostatin) or monoamines (e.g., histamine). 

Autocrine. Some cells possess cell surface receptors for their 
own messengers. In this way, when a messenger is released, it 
can act on the same secreting cell. This mode of transmission is 
known as autocrine and has been demonstrated for several growth 


Paracrine 


Fig. 4.1 Modes of transmitter release. Transmitters can be secreted from chemosensory cells and neurons 
through endocrine via the blood, paracrine locally in the paracellular space, autocrine to act on the same 


releasing cell, or synaptic to allow neurotransmission. 
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| factors. Autocrine signaling has been implicated in the growth is a complex network of nerve cells that must communicate 


of certain cancers, including colorectal cancer (see Chapter 1).” efficiently to regulate numerous GI functions (Fig. 4.2). When 
Neurotransmission. A fourth form of signaling in the GI neurons of the GI tract are activated, signals in the form of neu- 
tract is neurotransmission. This form of signaling is primarily rotransmitters are released at nerve-to-nerve junctions known as 


used by the enteric nervous system. The enteric nervous system synapses. These structures help neurons deliver neurotransmitters 
at specific locations on the target cell, and influence the function 


Serosa of other neurons, muscle cells, epithelial and secretory cells, and 
other specialized cells of the GI tract such as enteric glia. Neu- 
Circular > Longitudinal rotransmitters are critical for the processes of digestion including 


muscle the coordination of gut motility and secretion. Although the GI 


muscle 
Sübmücošä Myenteric tract secretes a variety of neurotransmitters, the most common 
: are peptides such as vasoactive intestinal polypeptide (VIP), or 
Submucosal x small molecules, such as acetylcholine and norepinephrine. Other 


molecules, such as nitric oxide (NO), can simply diffuse across 
the synaptic cleft to exert an effect on the postsynaptic cell. Some 
nerves actually release peptides or neurotransmitters directly 
into the blood. This process is called newrocrine signaling and may 
be used to cause systemic effects depending on the transmitter 
released. 

The major hormones and neurotransmitters of the GI tract 
are listed in Box 4.1. Their actions depend on specific receptors 
located on target tissues. For instance, the specificity of neu- 
rotransmitter action is dependent on the precise location at which 
the nerve synapses with the target cell. Adjusting their synthesis, 


Muscularis 
mucosa 


Mucosal 


saa catabolism, or secretion regulates the transmitter concentration 

Mucosa within the releasing cell. Once secreted, the concentration of a 

Fig. 4.2 Organization of the enteric nervous system. The enteric transmitter can be quickly modulated by catabolism or, in the 

nervous system is composed of two major plexuses, one submucosal case of neurotransmitters, reuptake into the secretory neuron. 

and one located between the circular and longitudinal smooth muscle Many peptide transmitters have very short half-lives that are gen- 

layers. These neurons receive and coordinate neural transmission from erally within the 2 to 5 minute range. This allows for rapid initia- 
the Gl tract and central nervous system. tion and termination of signaling. 


BOX 4.1 Hormones and Transmitters of the Gl Tract 


PEPTIDES THAT FUNCTION MAINLY AS HORMONES Epidermal growth factor 
Gastrin Fibroblast growth factor 
Glucose-dependent insulinotropic peptide (GIP) Insulin-like factors 


Glucagon and related gene products (GLP-1, GLP-2, glicentin, Nerve growth factor 
oxyntomodulin) Platelet-derived growth factor 


Insulin Transforming growth factor-p 
Motilin Vascular endothelial growth factor 


Pancreatic polypeptide PEPTIDES THAT ACT AS INFLAMMATORY MEDIATORS 
Peptide tyrosine tyrosine (PYY) neien 

Secretin Interleukins 

PEPTIDES THAT MAY FUNCTION AS HORMONES, Lymphokines 

NEUROPEPTIDES, OR PARACRINE AGENTS Monokines 

Cholecystokinin (CCK) Tumor necrosis factor-a 
Corticotropin-releasing factor (CRF) PEPTIDES THAT ACT ON NEURONS 
Eneee Cholecystokinin 

Neurotensin Gaani 

Somatostatin Motilin 

PEPTIDES THAT ACT PRINCIPALLY AS NEUROPEPTIDES Nonpeptide Transmitters Produced in the Gut 
Calcitonin gene-related peptide (CGRP) Acetylcholine 

Dynorphin and related gene products Adenosine triphosphate (ATP) 

Enkephalin and related gene products Dopamine 

Galanin y-Aminobutyric acid (GABA) 

Gastrin-releasing peptide (GRP) Histamine 

Neuromedin U 5-Hydroxytryptamine (5-HT, serotonin) 
Neuropeptide Y Nitric oxide 

Peptide histidine isoleucine (PHI) or peptide histidine methionine (PHM) Norepinephrine 

Pituitary adenylate cyclase-activating peptide (PACAP) Prostaglandins and other eicosanoids 
Substance P and other tachykinins (neurokinin A, neurokinin B) Newly Recognized Hormones or Neuropeptides 
Thyrotropin-releasing hormone (TRH) Amylin 

Vasoactive intestinal peptide (VIP) Ghrelin 


Peptides That Act as Growth Factors Guanylin and uroguanylin 
Leptin 


TRANSDUCING SIGNALS FROM THE GI LUMEN 


The process of nutrient sensing involves the activation of cell- 
surface receptors that trigger the release of transmitters. The 
transmitters then either enter the bloodstream or activate sen- 
sory afferent nerves. Although the cells releasing the transmit- 
ters, enteroendocrine cells, are thought to interact with nerves 
indirectly through paracrine or endocrine signals, a new con- 
cept is emerging, in which enteroendocrine cells and nerves 
actually communicate through synaptic connections.>:° With 
the use of transgenic and advanced optical tools, enteroen- 
docrine cells have been described to have several anatomical 
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features observed in neurons, including dendritic-like spines, 
axon-like processes. These axon-like cytoplasmic processes 
vary in length from crypt to villus and from proximal to distal 
small intestine (Fig. 4.3). Moreover, enteroendocrine cells have 
the molecular components, genes, and proteins of synapses, 
and connect to sensory neurons through synaptic-like connec- 
tions (Fig. 4.4). These connections may have broad applica- 
tions in the biology of gastrointestinal function, including 
the transmission of sensory signals from nutrients and the GI 
microbiota. Some key components involved in the transduction 
of signals from the lumen of the gut to the rest of the body are 
described as follows. 


Proximal small intestine 
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Fig. 4.3 Axon-like processes in enteroendocrine cells. Enteroendocrine cells have cytoplasmic extensions 
that resemble neuronal axons. Some of these serve to act as paracrine modulators, like those in somatostatin- 
secreting cells; however, in other cells these axon-like basal processes serve to connect to neurons innervating 


the gut. 


Efferent 


Afferent 


Fig. 4.4 Enteroendocrine cells as paraneurons. Enteroendocrine cells connect to afferent and efferent neurons 
and appear to be capable of sending and receiving neuronal signals. 
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Recognizing Signals Through Cell Surface 
Receptors 


GI epithelial cells recognize molecules in the lumen using mem- 
brane bound receptors. When activated, receptors transduce sig- 
nals from the outside of the cell into the cytoplasm. Although the 
process is rather complex, there are key checkpoints at which the 
signaling cascade can be regulated. Some of these checkpoints 
occur at the moment of receptor activation, desensitization, 
internalization, and/or resensitization. Because of their regula- 
tory potential, these are attractive targets for therapeutic inter- 
vention. 

Receptors are grouped into major families depending on their 
structures and signaling mechanisms. The major families of cell 
surface receptors include G protein-coupled receptors (GPCRs), 
enzyme-coupled receptors, and ion channels. The following are 
some of the main aspects of each receptor family. 


G Protein—Coupled Receptors 


GPCRs are typified by their seven transmembrane domains. 
They are the most common family of protein receptors and have 
broad physiological applications, ranging from sensing light in 
the retina to allow vision to sensing nutrients in the gastroin- 
testinal tract to regulate food intake. When stimulated by a spe- 
cific ligand, GPCRs undergo conformational changes leading to 
their association with a G protein—hence their name. These G 
proteins are bound to the intracellular surface of the cell mem- 
brane!!! and are composed of three distinct subunits—a, B, and 
y. It is the Ga subunit that confers the name of the G protein 
(Table 4.1). For instance, G proteins that stimulate an effector 
(e.g., adenylate cyclase) are classified as Gs (for stimulatory), 
whereas those that inhibit an effector are called Gi (for inhibi- 
tory).!?-!* When the G protein acts on the effector, this causes a 
rapid increase in the intracellular concentrations of a second mes- 
senger (e.g., cyclic AMP or calcium). The second messenger then 
changes the activity of one or more protein kinases to catalyze 
the phosphorylation of an existing protein and ultimately modify 
the physiological activity. 

In general, the GCPR signaling mechanism involves the fol- 
lowing events. When the ligand or first messenger binds to the 
receptor, the receptor changes its conformation and binds to the 
G protein complex. In the resting state, the G protein com- 
plex does not interact with the receptor. However, once bound, 
there is a molecular substitution in the Ga subunit—a gua- 
nosine diphosphate (GDP) is replaced by a guanosine triphos- 
phate (GTP). This replacement causes the activation of the Ga 
subunit. The active Ga subunit then separates from the B and 
y subunits, and moves laterally in the membrane to activate an 
effector. Working through different Ga subunits, the activity of 
an effector can be up- or downregulated. When the interaction 
is completed, the GTP bound to the Ga subunit is hydrolyzed 
back to GDP and dissociated from Ga. In this way, Ga moves 
back to reunite with the other two subunits. The effector then 
induces an increase in the intracellular concentration of a sec- 
ond messenger. The two most common second messengers 


TABLE 4.1 Classification of G Protein a Subunits and Their Signaling 
Pathways 


Class Signaling 

Gas Adenylate cyclase, calcium channels 

Gai and Gao Adenylate cyclase, cyclic guanosine monophosphate, 
phosphodiesterase, c-Src, STAT 3 

Gaq Phospholipase C-ß 


Ga12 and Gai3 Sodium-hydrogen exchange 


are cyclic adenosine monophosphate (cAMP) and calcium. The 
mechanisms involving each second messenger are briefly outlined 
as follows. 

Signaling through cyclic adenosine monophosphate (CAMP). This 
second messenger is a classic downstream effector of 6 adrenergic 
receptors, a family of GPCRs that have been well characterized. 
These receptors are coupled to Gas and activate adenylyl cyclase, 
which catalyzes the conversion of ATP to cAMP. High concen- 
trations of cAMP then modify the activity of protein kinase A 
(PKA) that ultimately modulates rate-limiting enzymes involved 
in important physiological functions. For instance, modulation 
of glycogen phosphorylase increases the conversion of glycogen 
to glucose-1 phosphate, leading to a rise in blood glucose levels. 

Signaling through calcium (Ca?*). GPCRs associated with Gaq 
subunits use Ca** as a second messenger. An increase in intra- 
cellular concentrations of Ca’* can result from the activation 
of voltage-gated Ca?* channels, ligand gated Ca?* channels, or 
the release of cytosolic Ca% activated by membrane phospho- 
lipids. The latter is triggered by activation of GPCRs associated 
with Gaq. When active, Gaq moves along the cell membrane 
to activate the enzyme phospholipase Cf. Phospholipase Cp 
then cleaves the membrane phospholipid phosphatidyl inositol 
bisphosphate into diacylglycerol and inositol 1,4,5-trisphosphate 
(IP3), generating two potential signaling molecules. Diacylglyc- 
erol in the presence of Ca** activates protein kinase C. In addi- 
tion, a rise in Ca’* levels from internal stores can also activate 
Ca**—calmodulin kinase. In this way, two different kinases are 
activated: Ca-calmodulin kinase by increasing cytosolic Ca?* and 
protein kinase C by the action of diacylglycerol and Ca’*. These 
kinases then catalyze the phosphorylation of target proteins 
within the cell. Following receptor activation, IP; moves from 
the plasma membrane into the cytoplasm to bind IP; receptors 
located on the endoplasmic reticulum and mitochondria. IP; 
receptor binding causes release of Ca** from intracellular organ- 
elles to further increase cytoplasmic Ca** concentrations. Ulti- 
mately, Ca** cytoplasmic concentrations are restored to normal 
by active transport out of the cell or by reuptake into intracel- 
lular Ca*? stores. 

If the cell is overstimulated, a process of adaptation occurs to 
prevent the cell from overresponding. Attenuation of signaling 
occurs through either ligand-induced receptor desensitization or 
receptor internalization. The receptor is desensitized by means 
of phosphorylation. Phosphorylation can also further label the 
receptor for internalization, which is accomplished by activa- 
tion of specific receptor kinases and the recruitment of arrestin- 
like molecules that uncouple the receptor from the G protein.» 
Uncoupling and subsequent receptor internalization ends signal- 
ing and eventually restores cell responsiveness. 


Enzyme-Coupled Receptors 


The most representative of the enzyme-coupled receptors are the 
tyrosine kinase receptor family. These receptors are primarily 
targets of growth factors, such as epidermal growth factor. These 
receptors are unique in that they are both a receptor and a tyro- 
sine kinase. When activated, the receptors catalyze the transfer 
of phosphate from ATP to the target proteins. Enzyme-coupled 
receptors are composed of three domains: a ligand-binding extra- 
cellular domain, a transmembrane domain, and a cytoplasmic 
domain. The cytoplasmic domain contains a protein tyrosine 
kinase region and substrate region for agonist-activated recep- 
tor phosphorylation. In this way, phosphorylation from other 
kinases or autophosphorylation can occur to modulate the activ- 
ity of the tyrosine kinase receptor.!° In general, receptor tyrosine 
kinases exist in the cell membrane as monomers. However, with 
ligand binding, these receptors dimerize, autophosphorylate, 
and initiate other intracellular signal transduction pathways that 
ultimately modulate physiological function.!’ Receptor tyrosine 


kinases are further discussed in Chapter 1 in relation to cellular 
growth and neoplasia.'® 

There are several other types of enzyme-coupled receptors, 
including receptor guanylate cyclases, nonreceptor tyrosine 
kinases, receptor tyrosine phosphatases, and receptor serine/ 
threonine kinases. Although these receptors act through differ- 
ent enzymes, the signaling principles remain similar to those of 
tyrosine kinase receptors. 


lon Channel-Coupled Receptors 


Ion channel-coupled receptors are involved in rapid signaling 
between cells. This type of receptors is important in tissues where 
electrical impulses drive signaling, like nerve cells and muscle. 
For instance, in nerve cells, ion channels open or close in response 
to a relatively small number of neurotransmitters and allow the 
flow of particular ions across the plasma membrane. The kinetics 
of the flow depend on the concentration inside and outside the 
cell. This flow of ions regulates the excitability of the target cell 
to ultimately trigger processes such as neurotransmission, muscle 
contraction, electrolyte and fluid secretion, or hormone release. 

An example of this type of receptor is the transient receptor 
potential cation channel M5, or better known as TRPMS. This 
ion-channel receptor is activated by elevated intracellular Ca?* 
concentrations and is a key component in the transduction of the 
taste signals bitter, sweet, and umami.!? Moreover, it has been 
recently shown to mediate the release of opioids and hormones 
like CCK from enteroendocrine cells.” Thus ion channel-cou- 
pled receptors can be attractive targets to modulate the function 
of sensory cells in the epithelium of the GI tract. 


NUTRIENT CHEMOSENSING 

Lipids 

Lipids in the intestinal lumen are potent inducers of satiety and 
modulators of whole-body metabolism. Although the mechanisms 
are not completely understood, it has been recently demonstrated 
that specific lipids are recognized by cell surface receptors, which 
activate the release of several hormones, including CCK, peptide 
YY, and glucagon-like peptide 1. 

The lipids can be in the form of triglycerides or free fatty acids 
of various chain lengths. Different lipids are recognized by dif- 
ferent receptors. For instance, the Gq coupled GPCRs 40 (i.e., 
FFAR]1) and 120 respond to medium- and long-chain fatty acids; 
whereas the Ga; coupled GPR41 (i.e., FFAR3) and GPR43 (i.e., 
FFAR2) bind to short-chain fatty acids of 2 to 5 carbons.’! It is 
possible that some GPCRs respond to lipids in the lumen of the 
gut. Other non-GPCRs are also involved in lipid sensing, such 
as the immunoglobulin-like domain containing receptor (ILDR). 
ILDR is expressed in CCK cells and is activated by the combina- 
tion of fatty acids and lipoproteins suggesting that fatty acids must 
be absorbed to stimulate CCK secretion. Although the specific 
location of most nutrient receptors has yet to be determined, it 
may be that at least some lipids need to be digested and absorbed 
prior to activating hormone release. This hypothesis is supported 
by studies, in which the infusion of lipid in the intestine triggers 
hormone secretion but only if chylomicrons, lipoprotein particles 
formed from absorbed lipids, are allowed to form.?? 

Some lipid-generated sensory signals appear to travel through 
afferent fibers of the vagus nerve. For instance, infusion lipids 
into the duodenum increases brown fat temperature, and this 
effect is abolished if lipids are infused along with tetracaine— an 
potent local anesthetic used to block vagal afferents activation.?* 
Signals traveling through afferent nerves or the bloodstream ulti- 
mately induce homeostatic changes (e.g., satiety, body tempera- 
ture, GI motility) in response to the presence of nutrients in the 
GI lumen. 
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Proteins and Amino Acids 


Proteins can also be potent stimulants of GI hormone secretion. 
Most proteins stimulate hormone secretion only when digested 
to peptones and amino acids (AAs). Recently, enteroendocrine 
cells have been found to express several classes of amino acid 
receptors that mediate hormone secretion. For instance, the 
calcium sensing receptor (CaSR), which was originally identi- 
fied for its ability to detect and respond to extracellular Ca** and 
regulation of calcium homeostasis in the kidney and parathyroid 
gland,** also recognizes L-amino acids and di- and tri-peptides.° 
A clear role for CaSR has been established in the regulation of 
L-amino acid-stimulated gastrin and gastric acid secretion.?°7/ 
The aromatic AAs phenylalanine and tryptophan are the most 
potent AAs for stimulating CaSR and are also the most potent for 
stimulating CCK secretion. The discovery of CaSR in CCK cells 
and its link to secretion support its physiological importance as a 
nutrient sensor in the GI tract. Besides CCK, CaSR appears to 
also mediate the secretion of GIP, GLP-1, and PYY?8-30. 

Another amino acid sensing receptor closely related to CaSR 
is the G protein-coupled receptor, GPRC6A. GPRC6A responds 
to basic AAs and is expressed in taste cells and enteroendocrine 
cells of the distal small intestine where mediates the secretion of 
GLP-1.3! Genetic deletion of GPRC6A leads to diet-induced 
obesity, implying that this receptor is important for metabolic 
regulation.*” Finally, the taste receptors, T1R1/T1R3, also rec- 
ognize acidic AAs and do not appear to be restricted to taste cells 
of the tongue but instead are distributed in chemosensory cells 
throughout the body. Together, CaSR, GPFC6A, and T1IRI/ 
TIR3 respond to all of the 20 L-AAs and represent a comprehen- 
sive mechanism to sense amino acid nutrient stimuli. 

Partially digested protein in the form of peptones can also 
stimulate hormone secretion. The G protein-coupled receptor 
GPR93 is not only a lysophosphatidic acid receptor but is also 
activated by peptone.*? GPR93 is expressed in enterocytes and 
enteroendocrine cells, where its activation has been coupled to 
CCK secretion.** Thus GPR93 may be the mechanism by which 
peptone stimulates CCK release following a meal. 

Some intact proteins stimulate hormone secretion indirectly 
through a class of endogenous luminally active hormone releas- 
ing factors, including luminal cholecystokinin releasing factor 
(LCRF)*> and diazepam binding inhibitor (DBI).*® The most 
potent proteins are those that compete for trypsin binding and 
allow the endogenous releasing factor to escape proteolytic diges- 
tion within the gut lumen. 


Tastants 


Sensing tastants in various foods is important to regulate plea- 
sure, reward, food intake, and other important metabolic func- 
tions. The GI tract detects chemicals and toxins through specific 
receptors expressed by specialized chemosensory cells. These 
cells are best characterized in the tongue, where they are concen- 
trated in taste buds. Taste receptor cells can detect chemicals that 
give rise to the five different flavors: sweet, salty, sour, bitter, and 
umami—the savory taste of soy sauce. Although this is an active 
area of research, only the sensing mechanisms for sweet, bitter, 
and umami flavors are well understood. These three flavors are 
mediated by the activation of two families of GPCRs: taste-1 
receptors (T1Rs) and taste-2 receptors (T2Rs). In humans, there 
are 30 T2R proteins and three T1Rs, named T1R1, T1R2, and 
TAIRI aS 

Sweet and umami flavors are recognized by T1Rs. In the 
tongue, T1R1 and T1R2 are expressed in separate taste recep- 
tor cells, but always along with T1R3. In this way, the receptors 
form heterodimers that allow the detection of sweet ligands in the 
case of T1R2 + T1R3, and umami in the case of TIR1 + T1R3.*° 
TI1Rs are also expressed in enteroendocrine cells.*! Here, the 
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binding of glucose to T1R2 + T1R3 receptors in enteroendocrine 
cells in the gut lumen leads to secretion of incretin hormones, like 
glucagon-like peptide-1 (GLP-1). GLP-1 ultimately modulates 
a wide variety of functions, including insulin secretion, nutrient 
absorption, and gut motility.#? Consequently, gut-expressed taste 
signaling has become an active area of research to develop thera- 
pies for diet-related disorders like type II diabetes.** 

Bitter perception functions as a warning signal against the 
ingestion of toxic substances through direct taste aversion, induc- 
tion of the pharyngeal gag reflex, and nausea. The wide array of 
T2Rs present in the tongue as well as in the gut are set to rec- 
ognize bitter compounds, such as toxic alkaloids in plants.** It is 
believed that bitter compounds that bypass T2Rs in the tongue 
are recognized by T2Rs in the gut, serving as a backup mecha- 
nism for inducing a protective response such as vomiting.” Acti- 
vation of T2Rs and their associated Ga-gustducin protein result 
in a rapid increase in cytosolic Ca**, which stimulates membrane 
depolarization and hormone release. In the gut, bitter chemicals 
can stimulate the release of CCK from enteroendocrine cells to 
slow gastric emptying and decrease appetite, thus reducing the 
likelihood of toxin absorption. +45:46 


Sensing the Microbiome 


Enteroendocrine cells typically have a small narrow opening to 
the luminal surface. Although it has been long been assumed that 
nutrients stimulate enteroendocrine cells at their apical portion, 
there are some reports that absorbed and not luminal nutrients 
stimulate gut hormone release.”” Thus it is possible that the api- 
cal portion of enteroendocrine cells open to the gut lumen may 
serve to sense bacterial inputs. Evidence supporting this hypoth- 
esis comes from the fact that some bacterial toll-like receptors 
(e.g., TLRs 4, 5, and 9) are exclusively expressed in enteroen- 
docrine cells.*7 When these specific TLRs are stimulated with 
bacterial ligands (e.g., LPS or flagellin), CCK and several che- 
mokines are secreted. Remarkably, cytokines and defensins are 
secreted from an enteroendocrine cell line (i.e., STC-1) only in 
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response to bacterial ligands and not to fatty acids. Moreover, 
silencing MyD88, a central mediator of TLR signaling, reduces 
CCK secretion stimulated by bacterial ligands but not by fatty 
acids.*® This evidence suggests that there may be two different 
sensing pathways in enteroendocrine cells—one for bacteria and 
another for nutrients. 

It has long been assumed that chemosensory receptors on 
enteroendocrine cells reside on the apical surface, which is open 
to the gut lumen. However, this has not yet been demonstrated, 
and recent evidence suggests that some nutrients stimulate 
enteroendocrine cells when exposed to the basal lateral surface. 
Because gut microbiota reside in the lumen of the GI tract, it 
is likely that toll-like receptors are located on microvilli. In the 
future, elucidating the location of receptors on enteroendocrine 
cells may facilitate the design of drugs to target specific recep- 
tors and modulate the secretion of hormones involved in appetite 
regulation and insulin secretion. 


Other Factors Stimulating Transmitter Release 


There is evidence that GI hormones can be released by certain 
non-nutrient factors present in the lumen of the gut (Fig. 4.5). 
CCK was the first hormone shown to be regulated by an intralumi- 
nal releasing factor.t?>° Luminal CCK-releasing factor was puri- 
fied from intestinal washings and shown to stimulate CCK release 
when instilled into the lumen of animals. Other luminal factors 
causing the release of CCK are the diazepam-binding inhibitor 
and the pancreatic monitor peptide.’!»? It has been proposed 
that a secretin-releasing factor regulates secretin secretion in an 
acid-sensitive way.’ The pancreatic secretory trypsin inhibitor, 
better known as monitor peptide, is an endogenous trypsin inhibi- 
tor produced by pancreatic acinar cells.°* When secreted into the 
duodenum, monitor peptide directly stimulates CCK secretion 
from I cells. These proteins act directly on enteroendocrine cells, 
most likely through cell surface receptors. The existence of these 
releasing factors highlights the existence of underappreciated bio- 
active molecules within the lumen of the gut. 
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Fig. 4.5 Regulation of cholecystokinin (CCK) secretion by intraluminal releasing factors. Intestinal epithelial 
cells secrete factors, which are known as CCK-releasing factors because of their ability to stimulate CCK 
release from enteroendocrine cells (green). CCK is released into the bloodstream to stimulate pancreatic 
secretion of monitor peptide and trypsin. Monitor peptide further stimulates the release of CCK and constitutes 
a feed forward mechanism. In turn, trypsin in the intestine digests food and inhibits the actions of monitor 
peptide and CCK releasing factor. Trypsin acts therefore as a feedback regulator. 


THE TRANSMITTERS 


‘The same factors that stimulate transmitter release simultaneously 
modulate the expression of specific transmitter genes through 
specific gene regulatory elements. Gut hormone gene expression 
is generally linked to peptide production, and regulated accord- 
ing to the physiologic needs of the organism. For example, once 
a biological response is elicited, signals may then be sent back to 
the endocrine cell to “turn off’ hormone secretion. This negative 
feedback mechanism is common to many physiologic systems and 
avoids excess production and secretion of hormones. 

All GI peptides are synthesized via transcription of DNA into 
messenger RNA, which is subsequently translated into precursor 
proteins also known as preprohormones. The newly translated 
protein contains a signal sequence that directs to the endoplas- 
mic reticulum to prepare the peptide precursor for structural 
modifications.’ These precursors are transported to the Golgi 
apparatus, where further structure modifications occur before the 
peptide is packaged in secretory granules. Secretory granules may 
be targeted for immediate release or stored in close proximity 
to the plasma membrane ready to be releases. Although many 
hormones are produced from a single gene, there can be multiple 
molecular forms in tissues and blood. The different molecular 
forms result from differences in pretranslational or posttransla- 
tional processing. A common pretranslational processing mecha- 
nism is the alternative splicing of mRNA, which generates unique 
peptides from the same gene. 

Posttranslational modifications can occur by cleavage of pre- 
cursor molecules, where enzymatic cleavage of the signal pep- 
tide produces a prohormone. Other posttranslational features 
that result in mature GI peptides include peptide cleavage to 
smaller forms (e.g., somatostatin), amidation of the carboxyl 
terminus (e.g., gastrin), and sulfation of tyrosine residues (e.g., 
CCK). These processing steps are critical for biological activity 
of the hormone. For example, sulfated CCK is 100-fold more 
potent than its unsulfated form. The vast biochemical complex- 
ity of gastroenteropancreatic hormones is evident in the different 
tissues that secrete these peptides. As GI peptides are secreted 
from endocrine as well as nervous tissue, the distinct tissue 
involved often determines the processing steps for production of 
the peptide. Many hormone genes are capable of manufacturing 
alternatively spliced mRNAs or proteins that undergo different 
posttranslational processing and ultimately produce hormones of 
different sizes. These modifications are important for receptor 
binding, signal transduction, and consequent cellular responses.*° 
As follows, we outline the major characteristics of GI transmit- 
ters, including neuropeptides, neurotransmitters, and other 
transmitters. 


Gut Neuropeptides 


It was previously believed that a single enteroendocrine cell 
(EEC) produced only one hormone. However, with transcrip- 
tomic profiling of purified EECs, it is now known that EECs 
produce multiple types of peptide hormones and neurotransmit- 
ters.°’>° Therefore categorization of EECs by the hormones 
they produce is not as straightforward as the traditional single 
letter nomenclature implied. It is also evident that stimulation of 
a single EEC can cause the release of multiple transmitters and 
thereby exert a variety of physiological responses. We summarize 
the major biological actions of the major transmitters from the 
gut as follows. 


Gastrin 


As discussed in more detail in Chapter 51, gastrin is the major 
hormone that stimulates gastric acid secretion. Subsequently, 
gastrin was found to have growth-promoting effects on the 
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gastric mucosa and possibly some cancers. Human gastrin is the 
product of a single gene located on chromosome 17. The active 
hormone is generated from a precursor peptide called preprogas- 
trin. Human preprogastrin contains 101 AAs, but is processed by 
sequential enzymatic cleavage to the two major forms of gastrin: 
G34 and G,, and some small forms. The common feature of all 
gastrins is an amidated tetrapeptide (Iry-Met-Asp-Phe-NH)) 
carboxyl terminus, which imparts full biological activity. A non- 
amidated form of gastrin known as g/ycine-extended gastrin is pro- 
duced by colonic mucosa. Glycine-extended gastrin has been 
shown in animal models to stimulate proliferation of normal 
colonic mucosa and enhance the development of colorectal can- 
cer. It is not known whether local production of this form of gas- 
trin contributes to human colon carcinogenesis, and the receptor 
for glycine-extended gastrin has not been identified.ć! 

Most gastrin is produced in endocrine cells of the gastric 
antrum.°? Much smaller amounts of gastrin are produced in other 
regions of the GI tract, including the proximal stomach, duode- 
num, jejunum, ileum, colon, and pancreas. Gastrin has also been 
found outside the GI tract, including in the brain, adrenal gland, 
respiratory tract, and reproductive organs, although its biological 
role in these sites is unknown. 

The receptors for gastrin and CCK are related and consti- 
tute the so-called gastrin-CCK receptor family. The CCK-1 and 
CCK-2 (previously known as CCK-A and -B) receptor comple- 
mentary DNAs were cloned from the pancreas and brain, respec- 
tively, after which it was recognized that the CCK-2 receptor is 
identical to the gastrin receptor of the stomach.°? 

The CCK-1 receptor is present in the gallbladder and, in most 
species, in the pancreas. The CCK-1 receptor has a 1000-fold 
higher affinity for CCK than for gastrin. The CCK-1 and CCK-2 
gastrin receptors have greater than 50% sequence homology and 
respond differently to various receptor antagonists and to gastrin. 

Gastrin is released from specialized endocrine cells (G cells) 
into the circulation in response to a meal. The specific compo- 
nents of a meal that stimulate gastrin release include protein, pep- 
tides, and AAs. Gastrin release is profoundly influenced by the 
pH of the stomach. Fasting and increased gastric acidity inhibit 
gastrin release, whereas a high gastric pH is a strong stimulus for 
its secretion. 

Hypergastrinemia occurs in pathologic states associated with 
decreased acid production, such as atrophic gastritis. Serum gas- 
trin levels can also become elevated in patients on prolonged 
acid-suppressive medications, such as histamine receptor antago- 
nists and proton pump inhibitors. Hypergastrinemia in these 
conditions is caused by stimulation of gastrin production by the 
alkaline pH environment. Another important but far less com- 
mon cause of hypergastrinemia is a gastrin-producing tumor, also 
known as Zollinger-Ellison syndrome (see Chapter 34). 


Cholecystokinin 


CCK is a peptide transmitter produced primarily by enteroendo- 
crine cells of the proximal small intestine and is secreted into the 
blood following ingestion of a meal. Circulating CCK binds to 
specific CCK-1 receptors on the gallbladder, pancreas, smooth 
muscle of the stomach, and peripheral nerves to stimulate gall- 
bladder contraction and pancreatic secretion, regulate gastric 
emptying and bowel motility, and induce satiety. These effects 
serve to coordinate the ingestion, digestion, and absorption of 
dietary nutrients. Ingested fat and protein are the major food 
components that stimulate CCK release. 

CCK was originally identified as a 33-amino acid peptide. 
However, since its discovery, larger and smaller forms of CCK 
have been isolated from blood, intestine, and brain. All forms of 
CCK are produced from a single gene by posttranslational pro- 
cessing of a preprohormone. Forms of CCK ranging in size from 
CCK-58 to CCK-8 have similar biological activities. 
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CCK is the major hormonal regulator of gallbladder contrac- 
tion. It also plays an important role in regulating meal-stimu- 
lated pancreatic secretion (see Chapter 56). In many species, this 
latter effect is mediated directly through receptors on pancreatic 
acinar cells, but in humans, in whom pancreatic CCK-1 recep- 
tors are less abundant, CCK appears to stimulate pancreatic 
secretion indirectly through enteropancreatic neurons that pos- 
sess CCK-1 receptors. In some species, CCK has trophic effects 
on the pancreas, although its potential role in human pancreatic 
neoplasia is speculative. CCK also has been shown to delay gas- 
tric emptying.°° This action may be important in coordinating 
the delivery of food from the stomach to the intestine. CCK has 
been proposed as a major mediator of satiety and food intake, an 
effect that is particularly noticeable when food is in the stom- 
ach or intestine. CCK inhibits gastric acid secretion by bind- 
ing to CCK-1 receptors on somatostatin (D) cells in the antrum 
and oxyntic mucosa. Somatostatin acts locally to inhibit gastrin 
release from adjacent G cells and directly inhibits acid secretion 
from parietal cells.°7 

Clinically, CCK has been used together with secretin to stim- 
ulate pancreatic secretion for pancreatic function testing. It is also 
used radiographically or scintigraphically to evaluate gallbladder 
contractility. There are no known diseases of CCK excess. Low 
CCK levels have been reported in individuals with celiac disease 
who have reduced intestinal mucosal surface area and in those 
with bulimia nervosa.°*.°’? Elevated levels of CCK have been 
reported in some patients with chronic pancreatitis (see Chap- 
ter 59), presumably because of reduced pancreatic enzyme secre- 
tion and interruption of negative feedback regulation of CCK 
release.” 


Secretin 


The first hormone, secretin, was discovered when it was observed 
that intestinal extracts, when injected intravenously into dogs, 
caused pancreatic secretion.’! Secretin is released by acid in the 
duodenum and stimulates pancreatic fluid and bicarbonate secre- 
tion, leading to neutralization of acidic chyme in the intestine 
(see Chapter 56). Secretin also inhibits gastric acid secretion (see 
Chapter 51) and intestinal motility. 

Human secretin is a 27—amino acid peptide and, similar to 
many other GI peptides, is amidated at the carboxyl terminus. 
It is the founding member of the secretin-glucagon-VIP family 
of structurally related GI hormones. Secretin is most abundant 
in enteroendocrine cells of the small intestine but appears to be 
expressed in nearly all EECs.” 

The secretin receptor is a member of a large family of G pro- 
tein—coupled receptors (GPCRs) that is structurally similar to 
receptors for glucagon, calcitonin, parathyroid hormone, pitu- 
itary adenylate cyclase—activating peptide (PACAP), and VIP. 

One of the major physiological actions of secretin is stimu- 
lation of pancreatic fluid and bicarbonate secretion (see Chap- 
ter 56). Pancreatic bicarbonate, on reaching the duodenum, 
neutralizes gastric acid and raises the duodenal pH, thereby 
“turning off” secretin release (negative feedback). It has been 
suggested that acid-stimulated secretin release is regulated by an 
endogenous intestinal secretin-releasing factor.” This peptide 
stimulates secretin release until the flow of pancreatic proteases 
is sufficient to degrade the releasing factor and terminate secre- 
tin release. 

Although the primary action of secretin is to produce pancre- 
atic fluid and bicarbonate secretion, it is also an enterogastrone, a 
substance that is released when fat is present in the GI lumen and 
that inhibits gastric acid secretion. In physiologic concentrations, 
secretin inhibits gastrin release, gastric acid secretion, and gas- 
tric motility.’ The most common clinical application of secretin 
is in the diagnosis of gastrin-secreting tumors,’° as discussed in 
Chapter 34. 


Vasoactive Intestinal Polypeptide 


VIP is a neuromodulator that has broad significance in intestinal 
physiology. VIP is a potent vasodilator that increases blood flow 
in the GI tract and causes smooth muscle relaxation and epithelial 
cell secretion.”°”’ As a chemical messenger, VIP is released from 
nerve terminals and acts locally on cells bearing VIP receptors. VIP 
belongs to a family of GI peptides, including secretin and gluca- 
gon, that are structurally related. The VIP receptor is a G protein- 
coupled receptor that stimulates intracellular cAMP generation. 

Like other GI peptides, VIP is synthesized as a precursor 
molecule that is cleaved to an active peptide of 28 AAs. VIP is 
expressed primarily in neurons of the peripheral-enteric and cen- 
tral nervous systems and is released along with other peptides, 
including primarily PHI and/or PHM (see Box 4.1).’® 

VIP is an important neurotransmitter throughout the central 
and peripheral nervous systems.’? Because of its wide distribu- 
tion, VIP has effects on many organ systems; most notably, in 
the GI tract, VIP stimulates fluid and electrolyte secretion from 
intestinal epithelium and bile duct cholangiocytes.*°*! 

VIP, along with NO, is a primary component of nonadrener- 
gic, noncholinergic nerve transmission in the gut.** GI smooth 
muscle exhibits a basal tone, or sustained tension, caused by rhyth- 
mic depolarizations of the smooth muscle membrane potential. 
VIP serves as an inhibitory transmitter of this rhythmic activity, 
causing membrane hyperpolarization and subsequent relaxation 
of GI smooth muscle. Accordingly, VIP is an important neu- 
romodulator of sphincters of the GI tract, including the lower 
esophageal sphincter and sphincter of Oddi. In certain pathologic 
conditions, such as achalasia and Hirschsprung disease, the lack 
of VIP innervation is believed to play a major role in defective 
esophageal relaxation and bowel dysmotility, respectively.**** 

Unlike GI endocrine cells that line the mucosa of the gut, VIP is 
produced and released from neurons and it is likely that most mea- 
surable VIP in serum is of neuronal origin. Normally, serum VIP 
levels are low and do not appreciably change with a meal. However, 
in pancreatic cholera, also known as Verner-Morrison syndrome 
and manifested by watery diarrhea, hypokalemia, and achlorhy- 
dria, VIP levels can be extraordinarily high.*° VIP-secreting 
tumors usually produce a voluminous diarrhea®ć (see Chapter 34). 


Glucagon 


Glucagon is synthesized and released from pancreatic alpha 
cells and from intestinal endocrine cells of the ileum and colon. 
Pancreatic glucagon is a 29-amino acid peptide that regulates 
glucose homeostasis via gluconeogenesis, glycogenolysis, and 
lipolysis, and is counterregulatory to insulin. The gene for glu- 
cagon encodes not only preproglucagon but also glucagon-like 
peptides (GLPs). This precursor peptide consists of a signal pep- 
tide, a glucagon-related polypeptide, glucagon, and GLP-1 and 
GLP-2. Tissue-specific peptide processing occurs through pro- 
hormone convertases that produce glucagon in the pancreas and 
GLP-1 and GLP-2 in the intestine (Fig. 4.6).8788 

Glucagon and GLP-1 regulate glucose homeostasis.°? Glu- 
cagon is released from the endocrine pancreas in response to 
a meal and binds to G protein-coupled receptors on skeletal 
muscle and the liver to exert its glucoregulatory effects. GLP-1 
stimulates insulin secretion and augments the insulin-releasing 
effects of glucose on the pancreatic beta cell (see later, “Entero- 
insular Axis”). GLP-1 analogs have been developed for the treat- 
ment of type II diabetes mellitus. A long-acting human GLP-1 
analog improves beta cell function and can lower body weight in 
patients with type II diabetes.”°.°' GLP-2 is an intestinal growth 
factor that increases villus height, stimulates intestinal crypt 
proliferation, and prevents enterocyte apoptosis. Based on these 
actions, GLP-2 agonists are used for the treatment of short bowel 
syndrome. 
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Fig. 4.6 Posttranslational processing of glucagon. The glucagon gene is transcribed and translated into pro- 
glucagon, a precursor peptide. Proglucagon undergoes enzymatic cleavage (yellow box). The product of the 
cleavage depends on the type of enzyme. For instance, PC2 expressed in the pancreas cleaves proglucagon 
into active glucagon; whereas, PC1/3 expressed in the intestine cleaves proglucagon into a peptide fragment 
that gives rise to glucagon-like peptide-1 (GLP-7) and glucagon-like peptide-2 (GLP-2). In the intestine, GLP-1 
is further processed into smaller fragments with different bioactive functions. Some of the enzymes involved in 
the process are dipeptidyl peptidase-4 (DPP4) and neutral endopeptidase (NEP). 


Glucose-Dependent Insulinotropic Polypeptide 


GIP was discovered because of its ability to inhibit gastric acid 
secretion (enterogastrone effect) and was originally termed 
gastric inhibitory polypeptide. It was subsequently shown that the 
effects on gastric acid secretion occur only at very high concen- 
trations that are above the physiologic range. However, GIP 
has potent effects on insulin release that (like GLP-1) poten- 
tiates glucose-stimulated insulin secretion.”? Based on this 
action, GIP was redefined as glucose-dependent insulinotropic 
polypeptide. 

GIP is a 42-amino acid peptide produced by cells in the 
mucosa of the small intestine. GIP is released into the blood in 
response to ingestion of glucose or fat. In the presence of elevated 
blood glucose levels, GIP binds to its receptor on pancreatic 
beta cells, activating adenylate cyclase and other pathways that 
increase intracellular calcium concentrations, leading to insulin 
secretion. Importantly, however, the effects on insulin secretion 
occur only if hyperglycemia exists; GIP does not stimulate insulin 
release under normoglycemic conditions. 

GIP receptors are also expressed on adipocytes, through 
which GIP augments triglyceride storage, which may contribute 
to fat accumulation. Based on the insulinotropic properties of 
GIP, coupled with its effects on adipocytes, it has been proposed 
that GIP may play a role in obesity and development of insulin 
resistance associated with type II diabetes mellitus.” Consistent 
with this proposal was the experimental finding that mice lacking 
the GIP receptor do not gain weight when placed on a high-fat 
diet.”* It remains to be seen whether GIP antagonists can be used 


to treat obesity. In rare circumstances, receptors for GIP may 
be aberrantly expressed in the adrenal cortex, resulting in food- 
dependent Cushing syndrome.”*:"° 


Pancreatic Polypeptide Family 


Originally isolated during the preparation of insulin, pancreatic 
polypeptide (PP) is the founding member of the PP family.” 
The PP family of peptides includes NPY and peptide tyrosine 
tyrosine (PYY), which were discovered because of the presence 
of a C-terminal tyrosine amide.”* °° PP is stored and secreted 
from specialized pancreatic endocrine cells (PP cells),!°° whereas 
NPY is a principal neurotransmitter found in the central and 
peripheral nervous systems.!°! PYY has been localized to entero- 
endocrine cells throughout the GI tract but is found in greatest 
concentrations in the ileum and colon, where it is produced in the 
same cells that synthesize GLPs.!"" 

‘The PP-PYY-NPY family of peptides functions as endocrine, 
paracrine, and neurocrine transmitters in the regulation of a 
number of actions that result from binding to one of five receptor 
subtypes.!° PP inhibits pancreatic exocrine secretion, gallbladder 
contraction, and gut motility.'°t PYY inhibits vagally stimulated 
gastric acid secretion and other motor and secretory functions.!° 
An abbreviated form of PYY lacking the first two AAs of the nor- 
mally produced 36 amino acid peptide, PYY3_35, has been shown 
to reduce food intake when administered to humans, indicating 
that intestinally released peptide may play a role in regulating 
meal size.!°° Many PYY cells possess neuropods that run along 
the basal surface of adjacent enterocytes, which possess Y1 and 
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Y2 PYY receptor subtypes. It is likely that locally released PYY 
exerts a colonic antisecretory effect.!°” NPY is one of the most 
abundant peptides in the central nervous system and, in contrast 
to PYY3_36, is a potent stimulant of food intake.!°° Peripherally, 
NPY affects vascular and GI smooth muscle function.!” 


Substance P and the Tachykinins 


Substance P belongs to the tachykinin family of peptides, which 
includes neurokinin A and neurokinin B. The tachykinins are 
found throughout the peripheral and central nervous systems 
and are important mediators of neuropathic inflammation.!!° 
Tachykinins, as a group, are encoded by two genes that produce 
preprotachykinin A and preprotachykinin B. Common to both is 
a well-conserved C-terminal pentapeptide. Transcriptional and 
translational processing produce substance P, neurokinin A, and/ 
or neurokinin B, which are regulated in large part by alternative 
splicing. These peptides function primarily as neuropeptides. 
Substance P is a neurotransmitter of primary sensory afferent 
neurons and binds to specific receptors in lamina I of the spinal 
cord.!!! Three receptors for this family of peptides have been 
identified—NK-1, NK-2, and NK-3.! Substance P is the pri- 
mary ligand for the NK-1 receptor, neurokinin A for the NK-2 
receptor, and neurokinin B for the NK-3 receptor. However, 
all these peptides can bind and signal through all three receptor 
subtypes. 

Substance P has been implicated as a primary mediator of 
neurogenic inflammation. In the intestine, Clostridium difficile- 
initiated experimental colitis results from toxin-induced release 
of substance P and consequent activation of the NK-1 recep- 
tor.!!3 These inflammatory sequelae can be blocked by substance 
P receptor antagonists. Substance P receptors are more abun- 
dant in the intestine of patients with ulcerative colitis and Crohn 
disease.!14 


Somatostatin 


This is a 14~amino acid cyclic peptide that was initially identified 
as an inhibitor of growth hormone secretion. Since its discovery, 
it has been found in almost every organ in the body and through- 
out the GI tract. In the gut, somatostatin is produced by D cells 
in the gastric and intestinal mucosa and islets of the pancreas, as 
well as enteric neurons.!!° Somatostatin has a number of pharma- 
cologic effects that are mostly inhibitory. 

In the stomach, somatostatin plays an important role in regu- 
lating gastric acid secretion.'!° In the antrum, D cells are open 
to the lumen, where they are directly exposed to acid. A low 
gastric pH stimulates D cells that lie in close proximity to gas- 
trin-producing cells to secrete somatostatin and inhibit gastrin 
release (see Chapter 51). Reduced gastrin secretion decreases the 
stimulus for acid production and the pH of the stomach contents 
rises. Thus some of the inhibitory effects of gastric acid on gastrin 
release (see earlier, “Gastrin”) are mediated by somatostatin. 

Somatostatin release is also influenced by mechanical stimula- 
tion, dietary components of a meal, including protein, fat, and 
glucose, and other hormones and neurotransmitters.!!’ Musca- 
rinic stimulation appears to be the most important neural stimu- 
lus to somatostatin secretion. 

At least five somatostatin receptors have been identified that 
account for divergent pharmacologic properties.!'* For example, 
receptor subtypes 2 and 3 couple to inhibitory G proteins but 
receptor subtype 1 does not. In addition, only somatostatin recep- 
tor subtype 3 inhibits adenylate cyclase. The inhibitory effects of 
somatostatin are mediated by a decrease in cAMP, Ca? channel 
inhibition, or K* channel opening. 

In the gut, somatostatin has broad inhibitory actions. In addi- 
tion to effects on gastric acid, somatostatin reduces pepsinogen 
secretion. Somatostatin profoundly inhibits pancreatic enzyme, 


fluid, and bicarbonate secretion and reduces bile flow.!!? The 
effects of somatostatin on gut motility are largely inhibitory, 
with the exception that it stimulates the migrating motor com- 
plex (MMC), possibly through effects on motilin. Somatostatin 
also reduces intestinal transport of nutrients and fluid, reduces 
splanchnic blood flow, and has inhibitory effects on tissue growth 
and proliferation.!?°.!7! 

Because of its varied physiologic effects, somatostatin has sev- 
eral clinically important pharmacologic uses. Many endocrine 
cells possess somatostatin receptors and are sensitive to inhibitory 
regulation. Therefore somatostatin and more recently developed 
somatostatin analogs are used to treat conditions of hormone 
excess produced by endocrine tumors, such as acromegaly, car- 
cinoid tumors, and islet cell tumors (including gastrinomas).' 
Its ability to reduce splanchnic blood flow and portal venous 
pressure has led to somatostatin analogs being used in treating 
esophageal variceal bleeding (see Chapter 92).!*? The inhibitory 
effects on secretion have been exploited by using somatostatin 
analogs to treat some forms of diarrhea and reduce fluid output 
from pancreatic fistulas. Many endocrine tumors express abun- 
dant somatostatin receptors, making it possible to use radiola- 
beled somatostatin analogs, such as octreotide, to localize even 
small tumors throughout the body. 


Motilin 

Motilin is a 22—amino acid peptide produced by endocrine cells of 
the duodenal epithelium. !?* Motilin is not released by the stimu- 
lation of food but instead is secreted into the blood in a periodic 
and recurrent pattern that is synchronized with the MMC under 
fasting conditions. Elevations in blood motilin levels regulate the 
phase II contractions that initiate in the antroduodenal region 
and progress toward the distal gut. 

Motilin binds to specific receptors on smooth muscle cells of 
the esophagus, stomach, and small and large intestines through 
which it exerts propulsive activity.!? Agonists to the motilin 
receptor such as erythromycin have pronounced effects on GI 
motility, which occasionally produces undesired side effects of 
abdominal cramping and diarrhea.!*° However, motilin agonists 
may be useful to treat conditions of impaired gastric and intesti- 
nal motility and are being investigated for the treatment of con- 
stipation-predominant irritable bowel syndrome. !?’ 


Leptin 


Leptin is a 167—amino acid protein that is secreted primarily from 
adipocytes. Blood leptin levels reflect total body fat stores.!* Its 
primary action appears to be to reduce food intake. Leptin is a 
member of the cytokine family of signaling molecules. Five dif- 
ferent forms of leptin receptors have been reported.!?? A short 
form of the receptor appears to transport leptin from the blood 
across the blood-brain barrier, where it has access to the hypo- 
thalamus. A long form of the leptin receptor is located in hypo- 
thalamic nuclei, where leptin binds and activates the Janus kinase 
signal transduction and translation system (JAK STAT).!°° Small 
amounts of leptin are produced by the chief cells of the stomach 
and by the placenta, and are present in breast milk. 

Peripheral administration of leptin reduces food intake. 
However, this effect is reduced as animals become obese. Inter- 
estingly, when injected into the central nervous system, obese 
animals respond normally to leptin and reduce food intake, sug- 
gesting that leptin “resistance” in obesity occurs at the level of 
the leptin receptor that transports leptin across the blood-brain 
barrier.!*! Leptin’s ability to reduce food intake occurs within 
the brain by decreasing NPY (a potent stimulant of food intake) 
and by increasing a—melanocyte-stimulating hormone (a-MSH), 
an inhibitor of food intake.!*” Peripherally, leptin acts synergis- 
tically with CCK to reduce meal size.!** In obese rats lacking 


the leptin receptor, the synergistic effects of leptin plus CCK 
to reduce meal size are lost, but could be restored with genetic 
reconstitution of the leptin receptor in the brain.'°+ One might 
expect loss of leptin-CCK synergy on meal size in those rare cases 
of human obesity caused by leptin receptor defects or even with 
leptin resistance. 

Blood levels of leptin increase as obesity develops and leptin 
appears to reflect total fat content.!* At the cellular level, large 
adipocytes produce more leptin than small adipocytes. Because of 
its effects on food intake, it was initially thought that exogenous 
leptin could be used therapeutically to treat obesity. However, 
only a very modest effect on weight loss has been demonstrated 
in clinical trials. Leptin deficiency has been reported as a cause of 
obesity in a few families, but this condition is extremely rare.136-137 
Mutation of the leptin receptor has been described as a cause of 
obesity in at least one family.!** 


Ghrelin 


Ghrelin is a 28-amino acid peptide produced by the stomach and 
is the natural ligand for the growth hormone secretagogue (GHS) 
receptor.!*? When administered centrally or peripherally, ghrelin 
stimulates growth hormone secretion, increases food intake, and 
produces weight gain.'4°.'4! Circulating ghrelin levels increase 
during periods of fasting or under conditions associated with 
negative energy balance, such as starvation or anorexia. In con- 
trast, ghrelin levels are low after eating and in obesity. Ghrelin 
appears to play a central role in the neurohormonal regulation of 
food intake and energy homeostasis. 

The gastric fundus is the most abundant source of ghrelin, 
although lower amounts of ghrelin are found in the intestine, 
pancreas, pituitary, kidney, and placenta. Ghrelin is produced 
by distinctive endocrine cells known as P/D1 cells!#?:'* that are 
of two types, open and closed. The open type is exposed to the 
lumen of the stomach, where it comes into contact with gastric 
contents, whereas the closed type lies in close proximity to the 
capillary network of the lamina propria.!*+ Both cell types secrete 
hormone into the bloodstream. Based on its structure, ghrelin 
is a member of the motilin family of peptides and, like moti- 
lin, ghrelin stimulates gastric contraction and enhances stomach 
emptying. 

The observations that circulating ghrelin levels increase 
sharply before a meal and fall abruptly after a meal suggest that 
it serves as a signal for initiation of feeding. The effects of food 
on plasma ghrelin levels can be reproduced by ingestion of glu- 
cose and appear to be unrelated to the physical effects of a meal 
on gastric distention. Circulating ghrelin levels are low in states 
of positive energy balance such as obesity and are inversely cor- 
related with body mass index.!*5:!#° Conversely, ghrelin levels are 
high in fasting, cachexia, and anorexia. Importantly, weight loss 
increases circulating ghrelin levels.!*” 

Ghrelin released from the stomach acts on the vagus nerve to 
exert its effects on feeding. However, it is also active when deliv- 
ered to the central nervous system, and in this location, ghrelin 
activates NPY and agouti-related protein-producing neurons in 
the arcuate nucleus of the hypothalamus, which are involved in 
the regulation of feeding.!4!:148 

Gastric bypass patients do not demonstrate the premeal 
increase in plasma ghrelin that is seen in normal individuals.'*? 
This lack of ghrelin release may be one of the mechanisms con- 
tributing to the overall effectiveness of gastric bypass surgery for 
inducing weight loss. 

Prader-Willi syndrome is a congenital obesity syndrome char- 
acterized by severe hyperphagia, growth hormone deficiency, and 
hypogonadism. Although obesity is ordinarily associated with low 
ghrelin levels, patients with Prader-Willi syndrome have high 
circulating ghrelin levels that do not decline after a meal.!°°.>! 
The levels of ghrelin in this syndrome are similar to those that 
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can stimulate appetite and increase food intake in individuals 
receiving infusions of exogenous ghrelin, suggesting that abnor- 
mal ghrelin secretion may be responsible for the hyperphagia in 
Prader-Willi syndrome.!*? 


NEUROTRANSMITTERS 


Only limited number of transmitters have been described in 
neurotransmission throughout the GI tract. Even though their 
distribution is widespread, they confer specific and time limited 
actions at precise sites by virtue of their local release and reuptake 
or inactivation. 


Acetylcholine 


Acetylcholine is synthesized in cholinergic neurons and is the 
principal regulator of GI motility and pancreatic secretion. 
Acetylcholine is stored in nerve terminals and released by nerve 
depolarization. Released acetylcholine binds to postsynaptic 
muscarinic and/or nicotinic receptors. Nicotinic acetylcholine 
receptors belong to a family of ligand-gated ion channels and are 
homopentamers or heteropentamers composed of a, B, y, 5, and 
e subunits.!°> The a subunit is believed to be the mediator of 
postsynaptic membrane depolarization following acetylcholine 
receptor binding. Muscarinic receptors belong to the heptaheli- 
cal GPCR family. There are five known muscarinic cholinergic 
receptors (M1 to M5). Muscarinic receptors can be further clas- 
sified based on receptor signal transduction, with M1, M3, and 
MS stimulating adenylate cyclase and M2 and M4 inhibiting this 
enzyme. Acetylcholine is degraded by the enzyme acetylcholin- 
esterase, and the products may be recycled through high-affinity 
transporters on the nerve terminal. 


Catecholamines 


The primary catecholamine neurotransmitters of the enteric 
nervous system include norepinephrine and dopamine. 
Norepinephrine is synthesized from tyrosine and released from 
postganglionic sympathetic nerve terminals that innervate enteric 
ganglia and blood vessels. Tyrosine is converted to dopa by tyro- 
sine hydroxylase. Dopa is initially converted into dopamine 
by dopa decarboxylase and packaged into secretory granules. 
Norepinephrine is formed from dopamine by the action of dopa- 
mine B-hydroxylase in the secretory granule. After an appropri- 
ate stimulus, norepinephrine-containing secretory granules are 
released from nerve terminals and bind to adrenergic receptors. 

Adrenergic receptors are G protein-coupled, have seven typi- 
cal membrane-spanning domains, and are of two basic types, a 
and B. a-Adrenergic receptors are further classified into a1A, «1B, 
a2A, a2B, a2C, and a2D. Similarly, $ receptors include B1, £2, 
and 63. Adrenergic receptors are known to signal through vari- 
ous G proteins, resulting in stimulation or inhibition of adenylate 
cyclase and other effector systems. Norepinephrine signaling is 
terminated by intracellular monoamine oxidase or by rapid reup- 
take by an amine transporter. The actions of adrenergic receptor 
stimulation regulate smooth muscle contraction, intestinal blood 
flow, and GI secretion. 


Dopamine 


Dopamine is an important mediator of GI secretion, absorption, 
and motility and is the predominant catecholamine neurotrans- 
mitter of the central and peripheral nervous systems. In the cen- 
tral nervous system, dopamine regulates food intake, emotions, 
and endocrine responses and, peripherally, controls hormone 
secretion, vascular tone, and GI motility. Characterization of 
dopamine in the GI tract has been challenging for several rea- 
sons. First, dopamine can produce inhibitory and excitatory 
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effects on GI motility.°* In general, the excitatory response, 
which is mediated by presynaptic receptors, occurs at a lower 
agonist concentration than the inhibitory effect, which is medi- 
ated by postsynaptic receptors. Second, localization of dopamine 
receptors has been hampered by identification of dopamine 
receptors in locations that appear to be species specific.!°* Third, 
studies of dopamine in GI tract motility have often used pharma- 
cologic amounts of this agonist. Therefore the interpretation of 
results has been confounded by the ability of dopamine to activate 
adrenergic receptors at high doses. 

Classically, dopamine was thought to act via two distinct 
receptor subtypes, type 1 and type 2. Molecular cloning has 
now demonstrated five dopamine receptor subtypes, each with a 
unique molecular structure and gene locus.!*> Dopamine recep- 
tors are integral membrane GPCRs, and each receptor subtype 
has a specific pharmacologic profile when exposed to agonists and 
antagonists. After release from the nerve terminal, dopamine is 
cleared from the synaptic cleft by a specific dopamine transporter. 


Serotonin 


Serotonin has long been known to play a role in GI neurotrans- 
mission.!°° The GI tract contains more than 95% of the total 
body serotonin, and serotonin is important in various processes, 
including epithelial secretion, bowel motility, nausea, and eme- 
sis.” Serotonin is synthesized from tryptophan, an essential 
amino acid, and is converted to its active form in nerve terminals. 


Secreted serotonin is inactivated in the synaptic cleft by reuptake 
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via a serotonin-specific transporter. Most plasma serotonin is 
derived from the gut, where it is found in mucosal enterochromaf- 
fin cells and the enteric nervous system. Serotonin mediates its 
effects by binding to a specific receptor. There are seven different 
serotonin receptor subtypes found on enteric neurons, entero- 
chromaffin cells, and GI smooth muscle (5-HT1 to 5-HT7). 

The actions of serotonin are complex (Fig. 4.7).!°* It can cause 
smooth muscle contraction through stimulation of cholinergic 
nerves or relaxation by stimulating inhibitory NO-containing 
neurons.!5’ Serotonin released from mucosal cells stimulates 
sensory neurons, initiating a peristaltic reflex and secretion (via 
5-HT4 receptors), and modulates sensation through activation of 
5-HT3 receptors.!°° The myenteric plexus contains serotoniner- 
gic interneurons that project to the submucosal plexus and gan- 
glia extrinsic to the bowel wall. Extrinsic neurons activated by 
serotonin participate in bowel sensation and may be responsible 
for abdominal pain, nausea, and symptoms associated with irri- 
table bowel syndrome. Intrinsic neurons activated by serotonin 
are primary components of the peristaltic and secretory reflexes 
responsible for normal GI function. Serotonin may also acti- 
vate vagal afferent pathways and, in the central nervous system, 
modulates appetite, mood, and sexual function. Because of these 
diverse effects, it is not surprising that selective serotonin reup- 
take inhibitor drugs (SSRIs), commonly used to treat depression 
and anxiety, have prominent GI side effects when compared with 
placebo treatment. 

Serotonin and its receptor have been implicated in the patho- 
genesis of motility disorders of the GI tract.!°? Characterization 
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Fig. 4.7 Serotonin in the enteric nervous system. About 90% of the serotonin’s body is produced by en- 
terochromaffin cells (green) of the intestinal epithelium. Like enteroendocrine cells, enterochromaffin cells are 
sensory cells that release serotonin, also Known as 5- hydroxytryptamine (5-HT), in response to GI luminal 
contents. Released 5-HT stimulates afferent fibers of the vagus nerve, which carry sensory information to the 
brain. The cell bodies of these vagal neurons are clustered in the nodose ganglia. In addition, 5-HT can also 
stimulate nerve fibers from neurons in the submucosal plexus or myenteric plexus. The information integrated 
at these plexus ultimately regulates the excitation or inhibition of both the circular and/or the longitudinal 
smooth muscle. The synchronous contraction of these two layers of smooth muscle ultimately allows churning 


and propelling the chyme (partly digested food). 


of specific serotonin receptor subtypes has led to the develop- 
ment of selective agonists and antagonists for the treatment of 
irritable bowel syndrome and chronic constipation and diarrhea. 
For example, 5-HT3 receptor antagonists, which reduce intes- 
tinal secretion, are used to treat diarrhea-predominant irritable 
bowel syndrome. 5-HT4 receptor agonists elicit prokinetic 
effects and are used to treat constipation-predominant irritable 
bowel syndrome and other motility disorders.!°!°! 

Serotonin can also be enzymatically converted to melatonin 
by serotonin N-acetyltransferase.!©? Other than the pineal gland, 
the GI tract is the major source of the body’s melatonin. Mela- 
tonin is produced in enterochromaffin cells and released into the 
blood after ingestion of a meal. A number of actions on the GI 
tract have been described for melatonin, including reducing gas- 
tric acid and pepsin secretion, inducing smooth muscle relaxation, 
and preventing epithelial injury through an antioxidant effect.!° 
It has been proposed that melatonin released after a meal may 
contribute to postprandial somnolence.!°+ 


Histamine 


In the GI tract, histamine is best known for its central role in 
regulating gastric acid secretion (see Chapter 51) and intestinal 
motility. Histamine is produced by enterochromaffin-like cells of 
the stomach and intestine, as well as enteric nerves. Histamine is 
synthesized from L-histidine by histidine decarboxylase and acti- 
vates three GPCR subtypes. H1 receptors are found on smooth 
muscle and vascular endothelial cells, and are linked to phospho- 
lipase C (PLC) activation. As such, the H1 receptor mediates 
many of the allergic responses induced by histamine. H2 recep- 
tors are present on gastric parietal cells, smooth muscle, and car- 
diac myocytes. H2 receptor binding stimulates Gs (G proteins 
that stimulate adenylate cyclase) and activates adenylate cyclase. 
H3 receptors are present in the central nervous system and GI 
tract enterochromaffin cells. These receptors signal through Gi 
and inhibit adenylate cyclase.!®> Histamine can also interact with 
the N-methyl-D-aspartate (NMDA) receptor and enhance activ- 
ity of NMDA-bearing neurons independently of the three known 
histamine receptor subtypes. 


Nitric Oxide 2% 


——— 
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Unlike other neurotransmitters, there is no known transporter 
responsible for termination of histamine’s action. However, hista- 
mine is metabolized to telemethylhistamine by histamine N-meth- 
yltransferase and is then degraded to telemethylimidazoleacetic 
acid by monoamine oxidase B and an aldehyde dehydrogenase. 


Nitric oxide 


NO is a unique chemical messenger produced from L-arginine by 
the enzyme nitric oxide synthase (NOS).! Three types of NOS 
are known. Types I and III are also known as endothelial NOS and 
neuronal NOS, respectively, and are constitutively active. Small 
changes in NOS activity can occur through elevations in intracel- 
lular calcium. The inducible form of NOS (type ID is apparent 
only when cells become activated by specific inflammatory cyto- 
kines. This form of NOS is capable of producing large amounts 
of NO and is calcium independent. NOS is often colocalized with 
VIP and PACAP in neurons of the enteric nervous system.!°7 
NO, being an unstable gas, has a relatively short half-life. Unlike 
most neurotransmitters and hormones, NO does not act via a 
membrane-bound receptor. Instead, NO readily diffuses into adja- 
cent cells to activate guanylate cyclase directly (Fig. 4.8). NO activ- 
ity is terminated by its oxidation to nitrate and nitrite. Many enteric 
nerves use NO to signal neighboring cells and induce epithelial 
secretion, vasodilation, or muscle relaxation. NO is also produced 
by macrophages and neutrophils to help kill invading organisms. 168 


CANNABINOIDS AND OTHER CHEMICAL 


TRANSMITTERS 

Cannabinoids 

There are three categories of cannabinoids: synthetic, phy- 
tocannabinoids found in plants, and endocannabinoids. 


Endocannabinoids, in particular, have similar functions to neu- 
rotransmitters, in that they participate in synaptic transmis- 
sion.!©? In contrast to typical neurotransmitters, however, the 
flow of endocannabinoid signaling is retrograde to conven- 
tional neurontransmitters.!”° Because of their lipophilic nature, 
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Fig. 4.8 Relaxing smooth muscle tone through nitric oxide (NO). NO, synthesized from arginine by nitric oxide 
synthase, diffuses across the plasma membrane into smooth muscle cells. NO binds to and activates guanylyl 
cyclase, which converts guanosine triphosphate to cGMP. cGMP causes smooth muscle relaxation. (Modified 
from Alberts B, Bray D, Lewis J, et al, eds. Molecular Biology of the Cell. 4th ed. New York: Garland Science; 


2002, p. 831.) 
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endocannabinoids are membrane-bound molecules thought to 
be enriched in postsynaptic neurons. Thus when released, endo- 
cannabinoids move from postsynapses to act on presynaptic can- 
nabinoid receptors and depress presynaptic function.!’! In this 
manner, endocannabinoid signaling helps postsynaptic neurons 
regulate the secretion of transmitters from the sensory cell. 

There are several types of endocannabinoid ligands, includ- 
ing arachidonoylethanolamide (anandamide), 2-arachidonoyl 
(2-AG), 2-arachidonyl glyceryl ether (Noladin ether), N-ara- 
chidonoyl-dopamine (NADA), virodhamine (OAE), and lyso- 
phosphatidylinositol. Endocannabinoids, as well as other 
cannabinoids, modulate metabolism and behavior by acting on 
the GPCR cannabinoid receptors CB1 and CB2. Both receptors 
are distributed throughout the body, although CB1 is primarily 
found in neurons and epithelial chemosensory cells and CB2 is 
mainly present in cells of the immune system. 

In the GI tract, CB1 receptors are also involved in counter- 
acting proinflammatory responses and preventing the develop- 
ment of colitis.!’? In addition to activating classical cannabinoid 
receptors, endocannabinoids can also stimulate GPCRs such as 
GPR119. Importantly, GPR119 is a receptor found in enteroen- 
docrine cells of the small intestine, and its activation by endocan- 
nabinoids triggers the release of satiety-inducing hormones like 
CCK and peptide YY.!”? These findings have made the field of 
GI endocannabinoid research an active area for the development 
of therapeutic treatments. 


Adenosine 


Adenosine is an endogenous nucleoside that acts through any of 
four GPCR subtypes.!” Adenosine causes relaxation of intestinal 
smooth muscle and stimulates intestinal secretion. Adenosine can 
also cause peripheral vasodilation and activation of nociceptors 
that participate in neural pain pathways. 


Cytokines 


Cytokines are a group of polypeptides produced by various immu- 
nomodulatory cells and are involved in cell proliferation, immu- 
nity, and inflammation. Cytokines are induced by specific stimuli, 
such as toxins produced by pathogens, and often elicit a com- 
plex response involving other cellular mediators to eradicate the 
foreign substance. Cytokines may be categorized as interleukins 
(ILs), tumor necrosis factors (TNFs), lymphotoxins, interferons, 
colony-stimulating factors (CSFs), and others.!’* Interleukins 
can be further subtyped into at least 35 separate substances, IL-1 
to IL-35. There are two TNFs, TNF-a and TNF-f, which are 
also known as lymphotoxin-a. Interferons are produced during 
viral or bacterial infection and come in two varieties, interferon-o. 
(also known as leukocyte-derived interferon or interferon-f) and 
interferon-y. Interferon-a is produced by T lymphocytes and is 
used clinically for the treatment of viral hepatitis (see Chapters 79 
and 80). The major CSFs are granulocyte mononuclear phagocyte 
CSF, mononuclear phagocyte CSF, and granulocyte CSF. ‘These 
agents are used for chemotherapy-induced neutropenia and mar- 
row support after bone marrow transplantation. Chemokines ini- 
tiate and propagate inflammation and are of two groups, CXC 
(a chemokines) and CC (B chemokines). Other cytokines, such 
as transforming growth factor-§ (TGF)-ß and platelet-derived 
growth factor (PDGF), have proliferative effects. 


THE IMPORTANCE OF HORMONES AND 
NEUROTRANSMITTERS 


Growth and Abnormal Growth of the Gut 


Growth of GI tissues is a balance between cellular prolifera- 
tion and senescence. Many factors participate in maintenance 


of the GI mucosa. Nutrients and other luminal factors stimu- 
late growth of the intestinal mucosa and are necessary to main- 
tain normal digestive and absorptive functions. Hormones and 
transmitters serve as secondary messengers that are normally 
secreted in response to food ingestion and mediate many of the 
nutrient effects on the GI tract. They play a key role in cellular 
proliferation. Alterations in intestinal proliferation are mani- 
fested by atrophy, hyperplasia, dysplasia, or malignancy (see 
Chapter 1). 

In addition to GLP-2 (described previously), there are several 
growth factors that have important growth promoting effects on 
the GI tract, including peptides of the EGF, TGF-f, IGF, FGF, 
and PDGF families, hepatocyte growth factors, trefoil factors, 
and many cytokines (including ILs).!”° The following are out- 
lined important properties of some of these receptors. 


Growth Factor Receptors 


Growth factors regulate cellular proliferation by interacting with 
specific cell surface receptors. These receptors are membrane 
proteins that possess specific binding sites for the growth fac- 
tor ligand. An unusual form of signaling occurs when the ligand 
interacts with its receptor within the same cell. For example, 
PDGF receptors present on the intracellular surface of fibro- 
blast cell lines are activated by intracellular ligand. This process 
is known as intracrine signaling. Most peptide growth factors, 
however, interact with receptors on different cells to regulate 
proliferation. 

Growth factor receptors can be single polypeptide chains 
containing one membrane-spanning region, such as the recep- 
tor for EGF, or they may be composed of two subunit heterodi- 
mers, with one subunit containing a transmembrane domain 
and the other residing intracellularly but covalently bound to 
the transmembrane subunit. Heterodimers may also dimerize to 
form a receptor composed of four subunits (e.g., IGF receptor). 
Binding of the ligand to its receptor usually causes aggregation 
of two or more receptors and activation of intrinsic tyrosine 
kinase activity. Growth factor receptors also have the abil- 
ity to autophosphorylate when bound to a ligand. In addition, 
receptor tyrosine kinase activity may phosphorylate other intra- 
cellular proteins important in signal transduction. Autophos- 
phorylation attenuates the receptor’s kinase activity and often 
leads to downregulation and internalization of the receptor. 
Mutation of the receptor at its autophosphorylation site may 
lead to constitutive receptor activity and cellular transformation. 
Growth factor receptors may couple to various intracellular sig- 
naling pathways, including adenylate cyclase, phospholipase C, 
calcium-calmodulin protein kinases, MAP kinase, and nuclear 
transcription factors. Thus growth factors play important and 
varied roles in most cells of the GI tract. It is not surprising 
therefore that mutations in growth factor receptors or down- 
stream signaling proteins can lead to unregulated cell growth 
and neoplasia (see Chapter 1). 

An important action of growth factors is their ability to modu- 
late the expression of transacting transcription factors that can 
regulate expression of many other genes.!’° Early response genes 
such as jun and fos are activated rapidly after ligand binding and 
control the expression of many other genes involved in cellular 
proliferation. Other important transcriptional factors include 
c-myc and nuclear factor kB (NF-«B). The latter is found in 
the cytoplasm in an inactive form and, following ligand binding, 
translocates to the nucleus, where it activates other transcription 
factors. NF-«B is a key target for strategies to regulate cellular 
proliferation and inflammation. In its phosphorylated form Rb-1, 
originally identified in retinoblastoma, is an inhibitor of cellular 
proliferation that complexes with the transcription factor p53. 
Dephosphorylation of Rb-1 releases p53, which activates other 
genes leading to cellular proliferation. 


Almost all growth factors of the GI tract exert paracrine 
effects. However, many growth factors also possess autocrine and 
even intracrine actions. It has become apparent that growth fac- 
tors and other signaling molecules secreted into the lumen of the 
gut can have important local biological actions. Distant effects 
of growth factors found in the circulation may be important for 
growth of certain types of cancers, particularly lung and colon 
cancer. 


Epidermal Growth Factor 


EGF was the first growth factor to be discovered. It is the pro- 
totype for a family of growth factors that are structurally related 
and have similarly related receptors. Other members of the family 
include TGF-a, amphiregulin, and heparin-binding EGF. EGF 
is identical to urogastrone (originally isolated from urine), which 
was shown to inhibit gastric acid secretion and promote healing 
of gastric ulcers. EGF is secreted from submaxillary glands and 
Brunner glands of the duodenum. It is likely that EGF interacts 
with luminal cells of the GI tract to regulate proliferation. EGF 
has important trophic effects on gastric mucosa, and the wide 
distribution of EGF receptors suggests that EGF has mitogenic 
actions on various cells throughout the gut. The EGF receptor 
has been reported to be responsible for gastric hyperplasia in 
patients with Munutrier disease.!’7 Moreover, two patients were 
effectively treated with a monoclonal antibody that blocks ligand 
binding to the EGF receptor.!7* 

EGF receptors are considered important targets for the 
experimental treatment of human cancer based on the evidence 
that they play a critical role in the growth and survival of certain 
tumors. Monoclonal antibodies as well as small tyrosine kinase 
inhibitors have been undergoing clinical evaluation for the treat- 
ment of human tumors.!”? 


Transforming Growth Factor-a 


TGF-a is produced by most epithelial cells of the GI tract and 
acts through the EGF receptor. Therefore it shares trophic 
properties with EGF. It is believed to play a key role in gastric 
reconstitution after mucosal injury. Moreover, it appears to be 
important in intestinal neoplasia because most gastric and colon 
cancers produce TGF-a (see Chapters 54 and 127). 


Transforming Growth Factor-p 


A family of TGF-f peptides exerts various biological actions, 
including stimulation of proliferation, differentiation, embryonic 
development, and formation of extracellular matrix.!*° In contrast 
with the TGF-a receptor, there are three distinct TGF-f recep- 
tors.'°! TGF-B modulates cell growth and proliferation in nearly 
all cell types and can enhance its own production from cells. It is 
likely that TGF-f plays a critical role in inflammation and tissue 
repair. TGF-ß augments collagen production by recruitment of 
fibroblasts through its chemoattractant properties. This action 
can have beneficial or deleterious effects, depending on its site of 
deposition and abundance. For example, TGF-f may play a key 
role in the development of adhesions following surgery.!* 


Insulin-Like Growth Factors 


Alternative splicing of the insulin gene produces two structur- 
ally related peptides, IGF I and IGF II.'** IGFs signal through at 
least three different IGF receptors. The IGF I receptor is a tyro- 
sine kinase, and the IGF II receptor is identical to the mannose 
6-phosphate receptor. Although the exact function of IGFs in the 
GI tract is not clearly understood, they have potent mitogenic 
activity in intestinal epithelium. IGF II appears to be critical for 
embryonic development. 
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Fibroblast Growth Factor and Platelet-Derived 
Growth Factor 


At least seven related FGFs have been identified.!** These pep- 
tides have mitogenic effects on various cell types, including mes- 
enchymal cells, and likely play an important role in organogenesis 
and neovascularization.'*? Although not unique to the GI tract, 
PDGF is one of the most thoroughly studied growth factors. It 
is important for fibroblast growth, and its receptor is expressed 
in the liver and throughout the GI tract, where it appears to pro- 
mote wound healing. 


Trefoil Factors 


Trefoil factors (pS2, spasmolysin, and intestinal trefoil factor, 
also known as TTF1, 2, and 3, respectively) are a family of pro- 
teins expressed throughout the GI tract.!*° They share a common 
structure, having six cysteine residues and three disulfide bonds, 
creating a cloverleaf appearance that stabilizes the peptide within 
the gut lumen. The pS2 peptide is produced in the gastric mucosa, 
spasmolysin is found in the antrum and pancreas, and intestinal 
trefoil factor is produced throughout the small and large intes- 
tines. These peptides are produced by mucous neck cells in the 
stomach or goblet cells in the intestine and are secreted onto the 
mucosal surface of the gut. It is likely that trefoil factors act on 
the apical surface of the epithelial cells, where they have growth- 
promoting properties on the GI mucosa. 

Other peptides signaling through GPCRs may also have 
growth-promoting effects. Three important examples include 
gastrin, CCK, and gastrin-releasing peptide (GRP). Gastrin stim- 
ulates the growth of enterochromaffin-like cells of the stomach 
and induces proliferation of the oxyntic mucosa containing pari- 
etal cells.!857 Gastrin binds to CCK-2 receptors of the stomach 
and activates PLC and Ras pathways, which ultimately results in 
activation of protein kinase C and MAP kinase, respectively. MAP 
kinase, which can also be activated by tyrosine kinase receptors 
typical of growth factors, causes the phosphorylation of transcrip- 
tion factors that are involved in cellular proliferation. In some 
cells, cAMP and PKA exert synergistic effects on cellular growth 
through activation of nuclear transcription factors such as cAMP- 
responsive element binding (protein; CREB). However, in other 
cells, cAMP antagonizes proliferation. Therefore depending on 
the cell type, the effects of growth factors such as EGF, IGF, and 
PDGF may be enhanced by hormones that stimulate cAMP pro- 
duction. Certain colon cancer cells possess CCK-2 receptors and 
respond to the proliferative effects of gastrin. Moreover, gastrin 
may be produced by some colon cancers, enabling it to exert an 
autocrine effect to promote cancer growth.!** Whether circulat- 
ing gastrin initiates colon cancer development is unknown. 


DIABETES AND THE GUT 


GI hormones play an important role in the regulation of insulin 
secretion and glucose homeostasis. These hormones control pro- 
cesses that facilitate the digestion and absorption of nutrients, as 
well as disposal of nutrients that have reached the bloodstream. 
In particular, gut peptides control postprandial glucose levels 
through three different mechanisms: (1) stimulation of insulin 
secretion from pancreatic beta cells; (2) inhibition of hepatic 
gluconeogenesis by suppression of glucagon secretion; and (3) 
delaying the delivery of carbohydrates to the small intestine by 
inhibiting gastric emptying.'*? Each of these actions reduces the 
blood glucose excursions that normally occur after eating. 
Approximately 50% of the insulin released after a meal is the 
result of GI hormones that potentiate insulin secretion.!”° This 
interaction is known as the enteroinsular axis and the gut pep- 
tides that stimulate insulin release are known as incretins. The 
major incretins are GLP-1 and GIP. GLP-1 not only stimulates 
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insulin secretion but also increases beta cell mass, inhibits glu- 
cagon secretion, and delays gastric emptying. GIP stimulates 
insulin secretion when glucose levels are elevated and decreases 
glucagon-stimulated hepatic glucose production.!?! Thus on 
ingestion of a meal, glucose, as it is absorbed, stimulates GLP-1 
and GIP secretion. Circulating glucose then stimulates beta cell 
production of insulin, and this effect is substantially augmented 
by incretins acting in conjunction with glucose to increase insu- 
lin levels. 

Postprandial hyperglycemia may also be controlled by delay- 
ing the delivery of food from the stomach to the small intestine, 
allowing the rise in insulin to keep pace with the rate of glucose 
absorption. Several gut hormones that delay gastric empty- 
ing have been shown to reduce postprandial glucose levels (Box 
4.2).!89 Amylin (islet amyloid polypeptide) is a 37—amino acid 
peptide synthesized primarily in the beta cells of the pancreatic 
islets together with insulin. Although it was originally recognized 
for its ability to form amyloid deposits in association with beta 
cell loss, it has more recently been found to suppress glucagon 
secretion, delay gastric emptying, and induce satiety.!”’ Insulin 
resistance in obese patients is associated with increased levels of 
both insulin and amylin. 

Type 2 diabetes mellitus is characterized by high circulating 
insulin levels and insulin resistance. In addition, insulin levels do 
not increase appropriately after a meal and significant hypergly- 
cemia occurs, which is consistent with an impaired incretin effect. 
GIP secretion is preserved in type II diabetes; however, the insu- 
linotropic effect of GIP is reduced.!?’ Although the precise cause 
is unknown, the defect in GIP-stimulated insulin release is most 
pronounced in the late phase of insulin secretion. In contrast to 
GIP, GLP-1 secretion is reduced in insulin-resistant type II dia- 
betics. The lower GLP-1 levels are caused by impaired secre- 
tion rather than increased degradation of the hormone.!** Unlike 
GIP, the insulin response to infusion of GLP-1 is preserved, 
indicating that the beta cell can respond normally to this incretin 
hormone. These observations suggest that GLP-1 administra- 
tion could be a viable treatment for the hyperglycemia associated 
with diabetes.!°° The growing evidence that beta cell failure may 
develop in type II diabetes supports the use of incretin hormones, 
such as GLP-1, or agents that delay GLP-1 degradation by the 
enzyme dipeptidyl peptidase-4 (DPP-4) to enhance beta cell 
function.!%°.!°7 Several incretin analogs are now used clinically 
for the treatment of diabetes.!°° 


BOX 4.2 Gl Peptides That Regulate Postprandial Blood 
Glucose Levels 


STIMULATE INSULIN RELEASE 

Glucagon-like peptide-1 

Glucose-dependent insulinotropic peptide 

Gastrin releasing peptide 

Cholecystokinin (potentiates amino acid-stimulated insulin release) 
Gastrin (in presence of amino acids) 

Vasoactive intestinal peptide (potentiates glucose-stimulated insulin 


release) 

Pituitary adenylate cyclase—activating peptide (potentiates glucose- 
stimulated insulin release) 

Motilin 


DELAY GASTRIC EMPTYING 
Cholecystokinin 

Amylin 

Secretin 

INHIBIT GLUCAGON RELEASE 


Amylin 


GASTROINTESTINAL REGULATION OF APPETITE 


During a meal, ingested nutrients interact with cells of the mouth 
and GI tract. Endocrine cells of the stomach and small intestine 
possess receptors that are linked to the secretion of GI hormones. 
GI peptides (see Chapters 7 and 9) are then released into the sur- 
rounding space, where they exert paracrine actions or are taken 
up into the circulation, where they function as hormones.!?? 
Each of these transmitters facilitates the ingestion, digestion, 
absorption, or distribution of nutrients that are essential for the 
organism. Some GI hormones control the size of an ingested 
meal and are known as satiety signals. Satiety hormones share 
several qualities.” First, they decrease meal size. Second, block- 
ing their endogenous activity leads to increased meal size. Third, 
reduction of food intake is not the result of an aversion to food. 
Fourth, secretion of the hormone is caused by ingestion of food 
that normally causes cessation of eating (Table 4.2). Most satiety 
signals interact with specific receptors on nerves leading from the 
GI tract to the hindbrain. The discovery that enteroendocrine 
cells synapse to nerves raises the possibility that satiety signals are 
initially regulated by neurotransmission signals and subsequently 
reinforced by hormonal signals.°”7°! Other sensory systems, such 
as taste, integrate both mechanisms to accomplish short- and 
long-term sensory signaling. 

CCK is one of the most extensively studied satiety hormones. 
In a time- and dose-dependent manner, CCK reduces food intake 
in animals and humans,”” an effect that is mediated by CCK-1 
receptors residing on vagus nerve endings.’ The effect of CCK 
on food intake is a proven physiologic action because administra- 
tion of a CCK receptor antagonist induces hunger and results in 
larger meal sizes. CCK also delays the rate at which food empties 
from the stomach, which may explain why the satiety actions of 
CCK are most apparent when the stomach is distended. Together 
these findings indicate that CCK provides a signal for terminat- 
ing a meal. 

GLP-1 is produced by enteroendocrine cells in the ileum 
and colon and is released in response to food in the intestine. 
Although the primary action of GLP-1 is to stimulate insulin 
secretion, it also delays gastric emptying. Moreover, infusion of 
GLP-1 increases satiety and produces feelings of fullness, thereby 
reducing food intake without causing aversion.?"* GLP-1 recep- 
tors are found in the periventricular nucleus, dorsal medial hypo- 
thalamus, and arcuate nucleus of the hypothalamus, which are 
important areas in the regulation of hunger. Like CCK, central 
administration of GLP-1 suppresses food intake. 

PYY is also produced by enteroendocrine cells of the ileum 
and colon. Two forms of PYY are released into the circulation, 
PYYj.36 and PYY;3_35. PYY,_36 binds to all subtypes of the neuro- 
peptide Y family of receptors, whereas PYY3_36 has strong affin- 
ity for the Y2 receptor. When administered to animals, PYY3_36 
causes a reduction in food intake, and mice lacking the Y2 recep- 
tor are resistant to the anorexigenic effects of PYY3_36, indicat- 
ing that PYY3_36 signals satiety through this receptor.” PYY3_36 
has been shown in humans to decrease hunger scores and caloric 


TABLE 4.2 Gl Peptides That Regulate Satiety and Food Intake 
Increase Food Intake 
Ghrelin 


Reduce Food Intake 
Cholecystokinin (CCK) 
Glucagon-like peptide-1 


Peptide tyrosine tyrosine (PYY3.36) 
Gastrin-releasing peptide 

Amylin 

Apolipoprotein A-IV 

Somatostatin 


intake. Interestingly, most of the GI peptide receptors involved 
in satiety are also found in the brain, where they mediate similar 
satiety effects. This may represent conservation of peptide signals 
that serve similar purposes. 

Leptin is referred to as an adiposity signal because it is released 
into the blood in proportion to the amount of body fat and is 
considered a long-term regulator of energy balance. Together 
with CCK, leptin reduces food intake and produces a greater 
reduction in body weight than either agent alone.!*> Therefore 
it appears that long-term regulators of energy balance can affect 
short-term regulators through a decrease in meal size, which may 
promote weight reduction. 

Hunger and initiation of a meal are intimately related. Ghrelin 
is intriguing because it is the only known circulating GI hormone 
that has orexigenic effects.!4? Produced by the stomach, ghrelin 
levels increase abruptly before the onset of a meal and decrease 
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rapidly after eating, suggesting that it signals initiation of a meal. 
Consistent with this role are studies demonstrating that adminis- 
tration of antighrelin antibodies or a ghrelin receptor antagonist 
suppresses food intake.?°” It is not known if ghrelin is respon- 
sible for the hunger pains and audible bowel sounds that occur in 
people who are hungry. 

Bariatric surgery, in particular Roux-en-Y gastric bypass, is 
the most effective procedure for long-term weight loss in morbid 
obesity. Although it had been assumed that weight loss accompa- 
nying this procedure was the result of reduced gastric capacity and 
calorie malabsorption, recent evidence of reduced ghrelin release 
and exaggerated PYY release after a meal has suggested that hor- 
monal factors may contribute to reduced calorie intake.* 


Full references for this chapter can be found on www.expertconsult.com. 
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Diligent attention to patients’ nutritional needs can have a major 
positive impact on medical outcomes. This is particularly true in 
GI and liver disease because many of these conditions, in addition 
to altering nutrient metabolism and requirements, are prone to 
interfere with ingestion and assimilation of nutrients. Nutritional 
management, however, often continues to be an inadequately or 
incorrectly addressed component of patient care. 

Inadequate or misdirected attention to nutritional issues is due, in 
part, to failure to distinguish patients who stand to benefit from nutri- 
tional care from those whose outcomes will not respond to nutritional 
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intervention. The fact that many clinical trials have failed to demon- 
strate a benefit of nutritional support in hospitalized patients is often 
because such a distinction has not been made. The major aim of this 
chapter is to provide the scientific principles and practical tools nec- 
essary to recognize patients who will benefit from focused attention 
to their nutritional needs, and to provide the guidance necessary to 
develop a suitable nutritional plan for these individuals. 

Over- or under-feeding a patient can be detrimental to clinical 
outcomes, so developing a nutritional plan most appropriately begins 
by determining the patient’s estimated caloric and protein needs. 


BASIC NUTRITIONAL CONCEPTS 
Energy Stores 


Endogenous energy stores are oxidized continuously for fuel. 
Triglyceride (TG) present in adipose tissue is the body’s major 
fuel reserve and is critical for survival during periods of starvation 
(Table 5.1). The high energy density and hydrophobic nature of 
TGs make them a five-fold better fuel per unit mass than glycogen. 
TGs liberate 9.3 kcal/g when oxidized and are stored compactly as 
oil inside the fat cell. In comparison, glycogen produces only 4.1 
kcal/g on oxidation and is stored intracellularly as a gel, containing 
approximately 2 g of water per gram of glycogen. Adipose tissue 
cannot provide fuel for certain tissues like bone marrow, erythro- 
cytes, leukocytes, renal medulla, eye tissues, and peripheral nerves, 
which cannot oxidize lipids and require glucose for their energy 
supply. During endurance exercise, glycogen and TGs in muscle 
tissue provide an important source of fuel for working muscles. 


Energy Metabolism 


Energy is required continuously for normal organ function, main- 
tenance of metabolic homeostasis, heat production, and perfor- 
mance of mechanical work. Daily total energy expenditure (TEE) 
has three components: resting energy expenditure (REE) (=70% of 
TEE); the energy expenditure of physical activity @20% of TEE); 
and the thermic effect of feeding (©10% of TEE), which is the 
temporary increase in energy expenditure that accompanies enteral 
ingestion or parenteral administration of nutrients. Although the 
latter two components of TEE should be considered when esti- 
mating caloric needs for ambulatory individuals, in acutely ill, 
hospitalized patients, the energy expended in physical activity is 
typically ignored and the energy expended in the thermic effect of 
feeding is built into the predictive equations that follow. 


Resting Energy Expenditure 


REE represents energy expenditure while a person lies quietly awake 
in an interprandial state; under these conditions, about 1 kcal/kg body 
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weight is consumed per hour in healthy adults. Energy requirements 
of specific tissues differ dramatically (Table 5.2). The liver, intestine, 
brain, kidneys, and heart constitute roughly 10% of total body weight 
but account for about 75% of REE. In contrast, skeletal muscle at rest 
consumes some 20% of REE, but represents approximately 40% of 
body weight. Adipose tissue consumes less than 5% of REE but usu- 
ally accounts for greater than 20% of body weight. 

An accurate assessment of REE is best obtained by indirect 
calorimetry, in which in vivo energy expenditure is estimated 
by measuring carbon dioxide production and oxygen consump- 
tion while the subject is at rest. Although indirect calorimetry is 
considered a gold standard for determining REE, obtaining such 
a measurement is not always practical and, in most instances, is 
unnecessary. Instead, one of several empiric equations can be 
used to estimate resting energy requirements (Table 5.3).!+ The 
Harris-Benedict and Mifflin equations are designed for use in 
adults, whereas the WHO formulas includes equations for both 
children and adults. These equations are generally accurate in 
healthy subjects but are inaccurate, for example, in persons who 
are at extremes in weight because of anomalous body composi- 
tion, and it is in these settings where determination by indirect 
calorimetry is useful.’ In the setting of acute illness, the predictive 
equations are usually adequate although it is necessary to insert 
correction factors of one type or another since inflammation and 
metabolic stress greatly influence energy expenditure. Protein- 
energy malnutrition (PEM) and hypocaloric feeding without 
superimposed illness each decrease REE to values 10% to 15% 
below those expected for actual body size, whereas acute illness or 
trauma predictably increases energy expenditure (see later). 


Energy Expenditure of Physical Activity 


The effect of physical activity on energy expenditure depends on 
the intensity and duration of daily activities. Highly trained ath- 
letes can increase their TEE 10- to 20-fold during athletic events. 
The activity factors shown in Table 5.4, each expressed as a 


TABLE 5.1 Endogenous Fuel Stores in a 70-kg Man 


Mass 

Tissue Fuel source Grams Kilocalories 
Adipose triglyceride 13,000 121,000 
Liver Protein 300 1,200 

Glycogen 100 400 

Triglyceride 50 450 
Muscle Protein 6,000 24,000 

Glycogen 400 1,600 

Triglyceride 250 2,250 
Blood Glucose 8} 12 

Triglyceride 4 37 

Free fatty acids 0:5 5 


TABLE 5.2 Resting Energy Requirements of Various Tissues in a 70-kg Man 


Tissue Mass 


multiple of REE, can be used to estimate TEE in active patients. 
The energy expended during a particular physical activity is equal 
to (REE per hour) x (activity factor) x (duration of activity in 
hours). TEE represents the summation of energy expended dur- 
ing all daily activities, including rest periods. 


Thermic Effect of Feeding 


Eating or infusing nutrients increases metabolic rate. Dietary protein 
causes the greatest stimulation of metabolic rate, followed by carbo- 
hydrate and then fat. A meal containing all these nutrients usually 
increases metabolic rate by 5% to 10% of ingested or infused calories. 


Recommended Energy Intake in Hospitalized Patients 


In arriving at a nutritional plan for hospitalized patients, it is 
usually not necessary to obtain actual measurements of energy 
expenditure with a bedside indirect calorimeter. A number of 
simple formulas can be used instead and make up in practical 
value what they lack in accuracy. A few examples follow. 


Methods Incorporating Metabolic Stress Factors 
Metabolic stress (i-e., any injury or illness that incites some degree 
of systemic inflammation) will increase the metabolic rate through 
a variety of mechanisms (see later). The increase in energy expen- 
diture is roughly proportional to the magnitude of the stress.° 
Thus, the total daily energy requirement of an acutely ill patient 
can be estimated by multiplying the predicted REE (as determined 
by the Harris-Benedict or WHO equations) by a stress factor: 


TEE = REE x Stress factor 


Table 5.5 delineates metabolic stress factors that accompany 
some common conditions and clinical scenarios in inpatients. 
Because the Mifflin equation was not designed to be used to esti- 
mate TEE with stress factors, it is not recommended in this con- 
text. In acutely ill hospitalized patients, it is not usually necessary 
to include an activity factor. 

An alternative and simple formula for adult inpatients, 
although accompanied by some further loss in accuracy, is: 


e 20 to 25 kcal/kg of actual body weight (ABW)/day for un- 
stressed or mildly stressed patients 

e 25 to 30 kcal/ABW/day for moderately stressed patients 

e 30 to 35 kcal/ABW/day for severely stressed patients 


In using this formula, adjustments are necessary when the 
ABW is a misleading reflection of lean body mass. An adjusted 
ideal body weight (IBW) should be substituted for ABW in obese 
individuals who are more than 30% heavier than their IBW 
(desirable body weights appear in Table 5.6). Using an adjusted 
IBW helps prevent an overestimation of energy requirements° 
and is calculated as: 


Adjusted IBW = IBW + 0.5 (ABW — IBW) 


Energy Consumed 


Tissue Grams Percentage Body Weight 
Liver 1,550 22 

Gl tract 2,000 3.0 

Brain 1,400 2.0 

Kidneys 300 0.4 

Heart 300 0.4 

Skeletal muscle 28,000 40.0 

Adipose 15,000 21.0 


Keal/Day Keal/g Tissue/Day Percentage REE 
445 0.28 19 

300 OS 13 

420 0.30 18 

360 127 15 

235 0.80 10 

400 0.014 18 

80 0.005 4 


REE, Resting energy expenditure. 
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TABLE 5.3 Commonly Used Formulas for Calculating Resting Energy 
Expenditure 

HARRIS-BENEDICT EQUATION 

Men 66 + (13.7 x W) + (5 x H) - (6.8 x A) 
Women 665 + (9.6 x W) + (1.8 x H) - (4.7 x A) 


MIFFLIN EQUATION 
Men (10 x W) + (6.25 x H)-(6x A) +5 


(10 x W) + (6.25 x H) — (5 x A) - 161 
WORLD HEALTH ORGANIZATION FORMULA 


Women 


Age (yr) Male Female 

0-3 (60.9 x W) — 54 (60.1 x W) - 51 
3-10 (22.7 x W) - 495 (22.5 x W) + 499 
10-18 (17.5 x W) + 651 (12.2 x W) + 746 
18-30 (15.3 x W) + 679 (14.7 x W) + 996 
30-60 (11.2 x W) + 879 (8.7 x W) + 829 
>60 (13.5 x W) + 987 (10.5 x W) + 596 


Calculated as kilocalories per day. 
A, Age in years; H, height in centimeters; W, weight in kilograms. 


TABLE 5.4 Relative Thermic Effect of Various Levels of Physical Activity 


Activity Level Examples Activity Factor 

Resting iJ) 

Very light Standing, driving, typing etl 2400) 

Light Walking 2-3 miles/hr, shopping, 2.1-4.0 
light housekeeping 

Moderate Walking 3-4 miles/hr, biking, 4.1-6.0 
gardening, scrubbing floors 

Heavy Running, swimming, climbing, 6.1-10.0 


basketball 


Adapted from Alpers DA, Stenson WF, Bier DM. Manual of nutritional 
therapeutics. Boston: Little, Brown; 1995. 


In patients with large artifactual increases in weight due to 
extracellular fluid retention (e.g., ascites), the IBW should be 
used to estimate energy requirements rather than the ABW. 


Method Without a Stress Factor 

The most accurate and extensively validated equation for predict- 
ing daily energy expenditure in ill patients is one that does not 
incorporate a stress factor; it does, however, require knowledge 
of the minute ventilation, so its use is restricted to patients on 
mechanical ventilation.t This formula (often referred to as the 
“Penn State Equation”) is: 


‘TEE = (REE calculated by Mifflin equation x 0.96) 
+ (Tnax 167) + (V.x 31) -— 6212 


Tmax is the maximum temperature in Celsius over the past 24 
hours; V, is expired minute ventilation in liters. 

Table 5.7 describes a simple alternative method for estimating 
total daily energy requirements in hospitalized patients; it is based 
on BMI.’ It lacks the extensive validation of the prior algorithm as 
well as some of its accuracy, but it does not require knowledge of 
minute ventilation, is straightforward, and consequently has some 
genuine utilitarian value. Common sense has to be applied when 
using an inexact means such as this to estimate energy expenditure 
in hospitalized individuals, because illness commonly interjects 
artifacts into these calculations (e.g., ascites, anasarca). 


Caloric Delivery and Avoidance of Hyperglycemia 
Over the past 2 decades, the trend has generally been toward 
a more conservative approach to caloric delivery in acutely ill 


TABLE 5.5 Metabolic Stress Factors for Estimating Total Energy 
Expenditure in Hospitalized Patients 


Injury or Illness Relative Stress Factor* 


Second- or third-degree burns, 1.6-2.0 
>40% BSA 

Multiple trauma 1.6=1.7 

Second- or third-degree burns, 1.4-1.5 
20%-40% BSA 

Severe infections 1.3-1.4 

Acute pancreatitis Liae 

Second- or third-degree burns, 1.2-1.4 
10%-20% BSA 

Long bone fracture 12 

Peritonitis 1.2 

Uncomplicated postoperative state i-i 


*A stress factor of 1.0 is assumed for healthy controls. 

BSA, Body surface area. 

From Psota T, Chen KY. Measuring energy expenditure in clinical popula- 
tions: rewards and challenges. Eur J Clin Nutr 2013; 67:436-42. 


patients. One reason for this conservatism is that acute illness 
and its management often exacerbate preexisting diabetes or 
produce de novo glucose intolerance. As a result, hyperglycemia 
is a frequent consequence of enteral, and especially parenteral, 
nutrition. The issue seems to be particularly germane for ICU 
patients, in whom even modest hyperglycemia results in worse 
clinical outcomes, usually of an infectious nature. High-quality 
clinical trials in surgical ICU (SICU)? and medical ICU (MICU)’ 
patients have found that morbidity is substantially and signifi- 
cantly reduced in those randomized to intensive insulin therapy 
who maintained serum glucose levels below 111 mg/dL, com- 
pared with those whose glucose values were maintained below 
215 mg/dL. Mortality was also significantly lower among SICU 
patients randomized to receive tight glucose control, although in 
the MICU study, such reductions in mortality caused by tight 
glucose control were only realized in those who resided in the 
MICU greater than 3 days. Similarly, in a clinical trial of pedi- 
atric ICU patients, secondary infections, length of PICU stay, 
and mortality were all reduced by intensive age-specific glucose 
control.!° These observations are almost certainly the clinical 
expression of the numerous mechanistic impairments that acute 
hyperglycemia produces in the innate immune system.!! 

The clinical benefits of tight glucose control in the ICU, how- 
ever, have not always been reproducible!’ and come at the cost of 
more frequent hypoglycemic episodes,*"!®: 1? so the issue of how 
tight glucose control should be remains controversial. Extremely 
tight control, with a target range of 81 to 108 mg/dL, produced 
a 13-fold greater risk of hypoglycemia and a significantly greater 
mortality in a large multicenter trial of ICU patients," and is, 
therefore, excessive. A panel of experts recently recommended 
instituting protocols to keep blood sugar levels at 150 mg/dL or 
lower in ICU patients, preferably by use of a continuous infusion 
of insulin, with monitoring every 1 to 2 hours so that appropriate 
adjustments can be made and blood sugar values less than 70 mg/ 
dL are avoided.'* The results of a meta-analysis of 29 trials in 
critically ill patients recapitulate the previously observed discrep- 
ancies between SICU and MICU patients.!> Overall, the rela- 
tive risk of septicemia was reduced approximately 25% in those 
randomized to tight glucose control, although this salutary effect 
was largely attributable to the SICU patients, in whom reduction 
in septicemia was almost 50%; no benefit was observed in MICU 
patients, nor were differences in overall mortality evident in any 
of the categories of critically ill patients. 

The question of appropriate caloric delivery to critically ill 
overweight and obese patients who account for a burgeoning 
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TABLE 5.6 Desirable Weight in Relation to Height for Men and Women 25 Years or Older 


Men, Medium Frame 


Women, Medium Frame 


Weight (Ib) Weight (Ib) 
Height (ft/inches) Range Midpoint Height (ft/inches) Range Midpoint 
eae 113-124 TES 4'8” 93-104 98.5 
52r 116-128 122 49” 95-107 101 
535 119-131 125 410” 98-110 104 
54" 122-134 128 411" 101-113 107 
ew 125-138 1315 507 104-116 110 
561 129-142 135.5 Dl? 107-119 113 
Lew Gs 133-147 140 52 110-123 1165 
584 137-151 144 53 113-127 120 
594 141-155 148 54" 117-132 124.5 
oly 145-160 153 55r 121-136 128.5 
Sig 149-165 157 567 125-140 132.5 
607 153-170 TONES: Sits 129-144 136.5 
ioe 157-175 166 58r 133-148 140.5 
024 162-180 171 so” 137-152 144.5 
Dar 167-185 176 5/107 141-156 148.5 


Corrected to nude weights and heights by assuming 1-inch heel for men, 2-inch heel for women, and indoor clothing weight of 5 and 3 Ibs for men and 


women, respectively. 


Data from Metropolitan Life Insurance Company. New height standards for men and women. Statistical Bulletin 1959; 40:1-4. 


TABLE 5.7 Estimated Energy Requirements for Hospitalized Patients 
Based on Body Mass Index 


Energy Requirements (kcal/kg/ 


Body Mass Index (kg/m?) day)* 
215 35-40 
15-19 30-35 
20-29 20-25 
230 15-20 


The lower range within each body mass index (BMI) category should be 
considered in calculating energy requirements for insulin-resistant or 
critically ill patients to decrease the risk of hyperglycemia and infection 
associated with overfeeding. 

*These values are recommended for critically ill patients and all obese 
patients; add 20% of the total calories when estimating energy 
requirements in non-critically ill patients. 


proportion of patients cared for in ICUs is a controversial issue 
at present. A popular nutritional approach to such patients is 
so-called hypocaloric feeding, in which only 60% to 70% of the 
estimated energy requirement (or 11 to 14 kcal/kg of ABW) is 
delivered in conjunction with 2 to 2.5 grams of protein/kg of 
IBW per day, the latter minimizing the risk of producing net 
protein catabolism and loss of lean body mass. The purported 
advantages of hypocaloric feeding include improved glycemic 
control and prevention of metabolic complications like hypercap- 
nia and hypertriglyceridemia. Reduction in fat mass and weight 
is another consequence of hypocaloric feeding, but should never 
be a primary objective in feeding obese ICU patients. System- 
atic reviews that have examined the use of hypocaloric feeding 
in obese ICU patients, and which have examined important end- 
points such as mortality, length of stay, duration of mechanical 
ventilation, and infectious complications have not yet been able 
to arrive at a consistent consensus either supporting net benefits 
or risks of hypocaloric, compared to normocaloric, nutrition sup- 
port.' Thus, the matter remains an unsettled one. 


Proteins 


‘Twenty different amino acids (AAs) are commonly found in human 
proteins. Some AAs (histidine, isoleucine, leucine, lysine, methio- 
nine, phenylalanine, threonine, tryptophan, valine, and possibly 
arginine) are considered essential because their carbon skeletons 
cannot be synthesized by the body. Other AAs (glycine, alanine, 
serine, cysteine, tyrosine, glutamine, glutamic acid, asparagine, 
and aspartic acid) are nonessential in most circumstances because 
they can be made from endogenous precursors or essential AAs. In 
disease states and in pre-term infants, intracellular and/or plasma 
concentrations of certain nonessential AAs are often very low and 
thought of as “conditionally essential” AAs. For many years, sup- 
plemental glutamine was included in TPN to compensate for cellu- 
lar depletion of this AA during critical illness. However, rigorously 
conducted clinical trials have shown no benefit associated with 
administration of supplemental IV glutamine.!7-!? In a randomized 
placebo controlled multi-center, multi-national trial of critically 
ill adults with multiorgan failure, glutamine supplementation was 
associated with an increase in mortality.'* Evidently, repletion of a 
conditionally essential AA during acute illness does not necessarily 
convey a benefit. However, there continues to be interest in defin- 
ing clinical scenarios in critical illness (e.g., premature infants), 
in which supplementation with conditionally essential AAs might 
improve clinical outcomes.’? Arginine, cysteine, glycine, gluta- 
mine, proline, and tyrosine are AAs that fall into this category. 
The body of an average 75-kg man contains about 12 kg of 
protein. In contrast to fat and carbohydrate, there is no storage 
depot for protein, so excess intake is catabolized and the nitro- 
gen component is excreted. Inadequate protein intake causes net 
nitrogen losses, and because no depot form of protein exists, there 
is an obligatory net loss of functioning protein. The U.S. Recom- 
mended Daily Allowance (RDA) of protein has been established 
at 0.8 g/kg/day, which reflects a mean calculated requirement of 
0.6 g/kg/day plus an added factor to take into account the bio- 
logical variance in requirement observed in a healthy population. 
Intravenously administered AAs are as effective in maintaining 
nitrogen balance as oral protein of the same AA composition. 
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TABLE 5.8 Recommended Daily Protein Intake 


Clinical Condition Daily Protein Requirement (g/kg IBW) 


Normal 0.80 

Metabolic stress 1.0-1.6 
Hemodialysis 1.2-1.4 
Peritoneal dialysis 1.3-1.5 


Additional protein requirements are needed to compensate for excess 
protein loss in specific patient populations (e.g., patients with burn 
injuries, open wounds, protein-losing enteropathy, or nephropathy). 
Lower protein intake may be necessary for patients with renal 
insufficiency not treated by dialysis and certain patients with liver 
disease and hepatic encephalopathy. 

IBW, Ideal body weight. 


An individual’s protein requirement is affected by several 
factors, such as the amount of non-protein calories provided, 
overall energy requirements, protein quality, and the patient’s 
nutritional status (Table 5.8). Protein requirements increase 
when calorie intake does not meet energy needs. The magnitude 
of this increase is directly proportional to the deficit in energy 
supply. Therefore, nitrogen balance reflects both protein intake 
and energy balance. Correcting a negative nitrogen balance can 
sometimes be achieved merely by increasing caloric delivery if the 
total amount of calories has been inadequate. 

As metabolic stress (and with it, metabolic rate) increases, 
nitrogen excretion increases proportionately; quantitatively, the 
relationship is approximately 2 mg nitrogen (N)/kcal of REE. In 
part, this increase is explained by the fact that in metabolic stress, a 
larger proportion of the total substrate oxidized for energy is from 
protein. This has two important implications for managing the 
nutritional needs of ill patients. The first is that illness, by increas- 
ing catabolism and metabolic rate, increases the absolute require- 
ment for protein (see Table 5.8), and does so in a manner that is 
roughly proportional to the degree of stress. Second, because a 
greater proportion of energy substrate in acute illness comes from 
protein, nitrogen balance is more readily achieved if a larger pro- 
portion of the total calories are from protein. In healthy adults, as 
little as 10% of total calories have to come from protein to main- 
tain health, whereas in the ill patient, nitrogen balance is achieved 
more easily if 15% to 25% of total calories are delivered as protein. 

Protein requirements are also determined by the adequacy of 
essential AAs in the protein source. Inadequate amounts of an 
essential AA result in inefficient uptake, so proteins of low bio- 
logic quality increase the protein requirement. In normal adults, 
approximately 15% to 20% of total protein requirements should 
be in the form of essential AAs. 

Additional proteins are needed to compensate for excess loss in 
specific patient populations (e.g., patients with burn injuries, open 
wounds, and protein-losing enteropathy or nephropathy). Deliver- 
ing less protein than is needed is often a necessary compromise in 
patients with acute kidney failure who are not adequately dialyzed, 
in this situation the rise in azotemia is directly proportional to pro- 
tein delivery. Once adequate dialysis is available, protein delivery 
should be increased to the actual projected need, including addi- 
tional protein to compensate for losses resulting from dialysis (see 
Table 5.8). Most patients with hepatic encephalopathy respond 
to simple pharmacologic measures and, therefore, do not require 
protein restriction; those who do not respond may benefit from a 
modest protein restriction (0.6 g/kg/day). 


Nitrogen Balance 


Nitrogen (N) balance is commonly used as a proxy measure of 
protein balance (i.e., whether the quantity of protein [or AAs] 
taken in is sufficient to prevent any net loss of protein). N balance 


is calculated as the difference between N intake and N losses in 
urine, stool, skin, and body fluids. In the clinical setting, it can be 
conveniently calculated as follows for adults: 


N balance = (Grams of N administered as nutrition) 
- (Urinary urea N [g] +4) 


Every 6.25 g of administered protein (or AAs) contains approx- 
imately 1 g of N. The additional 4 g of N loss incorporated into 
the equation is intended to account for the insensible losses from 
the other sources listed and because urinary urea N only accounts 
for approximately 80% of total urinary nitrogen. N balance is a 
suitable surrogate for protein balance, because roughly 98% of 
total body N is in protein, regardless of one’s health. 

A positive N balance (i.e., intake > loss) represents anabolism 
and a net increase in total body protein, whereas a negative N bal- 
ance represents net protein catabolism. For example, a negative 
N balance of 1 g/day represents a 6.25 g/day loss of body protein, 
which is equivalent to a 30 g/day loss of hydrated lean tissue. In 
practice, N balance studies tend to be artificially positive because 
of overestimation of dietary N intake and underestimation of 
losses due to incomplete urine collections and unmeasured out- 
puts. It is best to wait at least 4 days after a substantial change in 
protein delivery before N balance is determined, because a labile 
N pool exists and this tends to dampen and retard changes that 
otherwise would be observed as a result of altered protein intake. 


Carbohydrates 


Complete digestion of the principal dietary digestible carbohy- 
drates—starch, sucrose, and lactose—generate monosaccharides 
(glucose, fructose, and galactose). In addition, 5 to 20 g of indi- 
gestible carbohydrates (soluble and insoluble fibers) are typically 
consumed daily. All cells can generate energy (adenosine triphos- 
phate [ATP]) by metabolizing glucose to 3-carbon compounds 
via glycolysis, or to carbon dioxide and water via glycolysis and 
the tricarboxylic acid (TCA) cycle. 

There is no absolute dietary requirement for carbohydrate; glu- 
cose can be synthesized endogenously from either AAs or glycerol. 
Regardless, carbohydrate is an important fuel because of the interac- 
tions between carbohydrate and protein metabolism. Carbohydrate 
intake stimulates insulin secretion, which inhibits muscle protein 
breakdown, stimulates muscle protein synthesis, and decreases 
endogenous glucose production from AAs. In addition, glucose is 
the required or preferred fuel for red and white blood cells, the renal 
medulla, eye tissues, peripheral nerves, and the brain. However, 
once glucose requirements for these tissues are met (~150 g/day), 
the protein-sparing effects of carbohydrate and fat are similar.7! 


Lipids 

Lipids consist of TGs, sterols, and phospholipids. These com- 
pounds serve as sources of energy; precursors for steroid hor- 
mone, prostaglandin, thromboxane, and leukotriene synthesis; 
structural components of cell membranes; and carriers of 
essential nutrients. Dietary lipids are composed mainly of TGs, 
which contain saturated and unsaturated long-chain fatty acids 
(FAs) of 16 to 18 carbons. Use of fat as a fuel requires hydro- 
lysis of endogenous or exogenous TGs and cellular uptake of 
released FAs (see Chapter 102). Long-chain FAs are delivered 
across the outer and inner mitochondrial membranes by a car- 
nitine-dependent transport system. Once inside the mitochon- 
dria, FAs are degraded by beta oxidation to acetyl coenzyme A 
(CoA), which then enters the TCA cycle. Therefore, the ability 
to use fat as a fuel depends on normally functioning mitochon- 
dria. A decrease in the abundance or function of mitochondria 


associated with aging’? or deconditioning favors the use of car- 
bohydrate as fuel.” 
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Essential Fatty Acids 


Humans lack the desaturase enzyme needed to produce the n-3 
(double bond between carbons 3 and 4) and n-6 (double bond 
between carbons 6 and 7) FA series. Linoleic acid (C18:2, n-6) 
and linolenic acid (C18:3, n-3) are essential FAs and, therefore, 
should constitute at least 2% and 0.5%, respectively, of the daily 
caloric intake to prevent a deficiency state. Before the advent of 
parenteral nutrition, essential fatty acid deficiency (EFAD) was 
only recognized in infants and manifested as a scaly rash with 
a specific alteration in the plasma FA profile (see later). Adults 
were thought not to be susceptible to EFAD because of suf- 
ficient essential FA stores in adipose tissue. However, an abnor- 
mal FA profile in conjunction with a clinical syndrome of EFAD 
is now known to sometimes occur in adults with severe short 
bowel syndrome who are on long-term TPN that lacks paren- 
teral lipids.’* Adults who have moderate-to-severe fat malab- 
sorption (fractional fat excretion >20%) from other causes and 
who are not TPN-dependent also frequently display a biochem- 
ical profile of EFAD,” although whether such a biochemical 
state carries adverse clinical consequences is unclear. Moreover, 
TPN lacking any source of fat may lead to EFAD in adults if no 
exogenous source of EFAs is available. The plasma pattern of 
EFAD may be observed as early as 10 days after glucose-based 
TPN is started and before the onset of any clinical features. In 
this situation, EFAD is probably due to the increase in plasma 
insulin concentrations caused by TPN, because insulin inhibits 
lipolysis and, therefore, the release of endogenous essential FAs. 
The biochemical diagnosis of EFAD is defined as an absolute 
and relative deficiency in the 2 EFAs in the plasma FA pro- 
file. The full clinical EFAD syndrome includes alopecia, scaly 
dermatitis, capillary fragility, poor wound healing, increased 
susceptibility to infection, fatty liver, and growth retardation in 
infants and children. 


Major Minerals 


Major minerals are inorganic nutrients that are required in large 
(>100 mg/day) quantities and are important for ionic equilib- 
rium, water balance, and normal cell function. Malnutrition and 
nutritional repletion can have dramatic effects on major mineral 
balance. Evaluation of macromineral deficiency and the RDA of 
minerals for healthy adults are shown in Table 5.9. 


MICRONUTRIENTS 


Micronutrients (vitamins and trace minerals) are a diverse 
array of dietary components that are necessary to sustain 
health. The physiologic roles of micronutrients are as varied 
as their composition. Some are used in enzymes as coenzymes 


TABLE 5.9 Major Mineral Requirements and Assessment of Deficiency 


or prosthetic groups, others as biochemical substrates or hor- 
mones; in some cases, their functions are not well defined. The 
average daily dietary intake for each micronutrient required 
to sustain normal physiologic operations is measured in mil- 
ligrams or smaller quantities. In this way, micronutrients are 
distinguished from macronutrients (carbohydrates, fats, and 
proteins) and macrominerals (calcium, magnesium, and phos- 
phorus). 

An individual’s dietary requirement for any given micronutri- 
ent is determined by many factors, including its bioavailability, 
the amount needed to sustain its normal physiologic functions, a 
person’s sex and age, any diseases or drugs that affect the nutri- 
ent’s metabolism, and certain lifestyle habits like smoking and 
alcohol use. The U.S. National Academy of Sciences Food and 
Nutrition Board regularly updates dietary guidelines that define 
the quantity of each micronutrient that is “adequate to meet the 
known nutrient needs of practically all healthy persons.” These 
RDAs underwent revision between 1998 and 2001, and the values 
for adults appear in Tables 5.10 and 5.11. Formulating an RDA 
takes into account the biologic variability in the population, so 
RDAs are set two SDs above the mean requirement; this allows 
the requirements of 97% of the population to be met. Thus, 
ingestion of quantities that are somewhat less than the RDA are 
often sufficient to meet the needs of a particular individual. A 
“tolerable upper limit (TUL),” which is “the maximal daily level 
of oral intake that is likely to pose no adverse health risks,” has 
been established for most micronutrients (see Tables 5.10 and 
5.11). Present recommendations for how much of each micronu- 
trient is needed in individuals on TPN are based on far less data 
than were available for development of the RDAs. Nevertheless, 
it is important to have guidelines, and Table 5.12 provides such 
recommendations. 


Vitamins 


Vitamins are categorized as fat soluble (A, D, E, K) or water 
soluble (all others) (see Table 5.10). This categorization remains 
physiologically meaningful; none of the fat-soluble vitamins 
appear to serve as coenzymes, whereas almost all of the water- 
soluble vitamins appear to function in that role. Also, the absorp- 
tion of fat-soluble vitamins is primarily through a micellar route, 
whereas the water-soluble vitamins are not absorbed in a lipo- 
philic phase in the intestine (see Chapter 103). 


Trace Minerals 


Compelling evidence exists for the essential nature of 10 trace 
elements in humans: iron, zinc, copper, chromium, selenium, 
iodine, fluorine, manganese, molybdenum, and cobalt (see ‘Table 
5.11). The biochemical functions of trace elements have not been 


Laboratory Evaluation 


Parenteral 
Mineral Enteral (mmol) Symptoms or Signs of Deficiency Test Comment 
Calcium 1000-1200 mg 5-15 Metabolic bone disease, tetany, 24-hr urinary calcium Reflects recent intake 
arrhythmias Dual energy radiation Reflects bone calcium 
absorptiometry content 
Magnesium 800-400 mg 5-15 Weakness, twitching, tetany, Serum magnesium May not reflect body stores 
arrhythmias, hypocalcemia Urinary magnesium May not reflect body stores 
Phosphorus 800-1200 mg 20-60 Weakness, fatigue, leukocyte and platelet Plasma phosphorus May not reflect body stores 
dysfunction, hemolytic anemia, cardiac 
failure, decreased oxygenation 
Potassium 2-59 60-100 Weakness, paresthesias, arrhythmias Serum potassium May not reflect body stores 
Sodium 0.5-5 g 60-150 Hypovolemia, weakness Urinary sodium May not reflect body stores; 


clinical evaluation is best 
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TABLE 5.10 Salient Features of Vitamins 


Deficiency (RDA)* 


Toxicity (TUL)t 


Assessment of Status 


A 


Follicular hyperkeratosis and night blindness 
are early indicators. Conjunctival xerosis, 
degeneration of the cornea (keratomalacia), 
and dedifferentiation of rapidly proliferating 
epithelia are later indications of deficiency. 
Bitot spots (focal areas of the conjunctiva or 
cornea with foamy appearance) are an 
indication of xerosis. Blindness caused by 
corneal destruction and retinal dysfunction 
may ensue. Increased susceptibility to 
infection is also a consequence (1 pg 
of retinol is equivalent to 3.33 IU of 
vitamin A; F, 700 ug; M, 900 yg). 


Deficiency results in decreased mineralization of 
newly formed bone, a condition called rickets in 
childhood and osteomalacia in adults. Deficiency 
also contributes to osteoporosis in later life and 
is common following gastric bypass procedures. 
Expansion of epiphyseal growth plates and 
replacement of normal bone with unmineralized 
bone matrix are the cardinal features of rickets; 
the latter feature also characterizes osteomalacia. 
Deformity of bone and pathologic fractures result. 
Decreased serum concentrations of calcium and 


phosphate may occur (1 pg is equivalent to 40 IU; 


15 wg, ages 19-70; 20 pg, ages > 70). 


Deficiency caused by dietary inadequacy is rare in 
developed countries. Usually seen in premature 
infants, individuals with fat malabsorption, and 
individuals with abetalipoproteinemia. RBC 
fragility occurs and can produce hemolytic 
anemia. Neuronal degeneration produces 
peripheral neuropathies, ophthalmoplegia, and 
destruction of the posterior columns of the 
spinal cord. Neurologic disease is frequently 
irreversible if deficiency is not corrected early 
enough. May contribute to hemolytic anemia 
and retrolental fibroplasia in premature infants. 
Has been reported to suppress cell-mediated 
immunity (15 mg). 


Deficiency syndrome is uncommon except in 
breast-fed newborns (in whom it may cause 
“hemorrhagic disease of the newborn”), adults 
who have fat malabsorption or are taking drugs 
that interfere with vitamin K metabolism (e.g., 
warfarin, phenytoin, broad-spectrum antibiotics), 
and individuals taking large doses of vitamin E 
and anticoagulant drugs. Excessive hemorrhage 
is the usual manifestation (F, 90 ug; M, 120 pg). 


In adults, >150,000 pg may cause 


acute toxicity: fatal intracranial 
hypertension, skin exfoliation, and 
hepatocellular injury. Chronic toxicity 
may occur with habitual daily intake 
of >10,000 pg: alopecia, ataxia, bone 
and muscle pain, dermatitis, cheilitis, 
conjunctivitis, pseudotumor cerebri, 
hepatic fibrosis, hyperlipidemia, and 
hyperostosis are common. Single 
large doses of vitamin A (80,000 

ug) or habitual intake of >4500 pg/ 
day during early pregnancy can 

be teratogenic. Excessive intake 

of carotenoids causes a benign 
condition characterized by yellowish 
discoloration of the skin (8000 po). 


Excess amounts result in abnormally 


high concentrations of calcium and 
phosphate in the serum; metastatic 
calcifications, renal damage, and 
altered mentation may occur (100 ug 
for ages >9). 


Depressed levels of vitamin 


K-dependent procoagulants, 
potentiation of oral anticoagulants, 
and impaired leukocyte function 
have been reported. Doses of 800 
mg/day have been reported to 
increase slightly the incidence of 
hemorrhagic stroke (1000 mg). 


Rapid IV infusion of vitamin K4 has 


been associated with dyspnea, 
flushing, and cardiovascular 
collapse; this is likely related to the 
dispersing agents in the dissolution 
solvent. Supplementation may 
interfere with warfarin-based 
anticoagulation. Pregnant women 
taking large amounts of the 
provitamin menadione may deliver 
infants with hemolytic anemia, 
hyperbilirubinemia, and kernicterus 
(TUL not established). 


Retinol concentration in the 


plasma, as well as vitamin A 
concentrations in milk and tears, 
are reasonably accurate measures 
of status. Toxicity is best assessed 
by elevated levels of retinyl esters 
in plasma. A quantitative measure 
of dark adaptation for night vision 
and electroretinography are useful 
functional tests. 


Serum concentration of the 


major circulating metabolite, 
25-hydroxyvitamin D, is an 
excellent indicator of systemic 
status except in advanced kidney 
disease (stages 4-5), in which 
impairment of renal 1-hydroxylation 
results in dissociation of the 
mono- and dihydroxy vitamin 
concentrations; measuring 

the serum concentration of 
1,25-dihydroxyvitamin D is then 
necessary. 


Plasma or serum concentration of 


alpha-tocopherol is used most 
commonly. Additional accuracy is 
obtained by expressing this value 
per mg of total plasma lipid. The 
RBC peroxide hemolysis test is 
not entirely specific but is a useful 
measure of the susceptibility of cell 
membranes to oxidation. 


Prothrombin time is typically used as 


a measure of functional vitamin K 
status; it is neither sensitive nor 
specific for vitamin K deficiency. 
Determination of fasting plasma 
vitamin K is an accurate indicator. 
Undercarboxylated plasma 
prothrombin is also an accurate 
metric, but only for detecting the 
deficient state, and is less widely 
available. 
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TABLE 5.10 Salient Features of Vitamins—cont’d 


Vitamin 


Deficiency (RDA)* 


Toxicity (TUL)* 


Assessment of Status 


Thiamine (vitamin 


Bi) 


Riboflavin 
(vitamin B2) 


Niacin (vitamin Bs) 


Pantothenic acid 


(vitamin Bs) 


Pyridoxine 
(vitamin Be) 


Biotin (vitamin B7) 


Classic deficiency syndrome (beriberi) remains 


endemic in Asian populations consuming polished 
rice diet. Globally, alcoholism, chronic renal 
dialysis, and persistent nausea and vomiting after 
bariatric surgery are common precipitants. High 
carbohydrate intake increases the need for B4. Mild 
deficiency commonly produces irritability, fatigue, 
and headaches. More pronounced deficiency can 
produce peripheral neuropathy, cardiovascular 
and cerebral dysfunction. Cardiovascular 
involvement (wet beriberi) includes heart failure 
and low peripheral vascular resistance. Cerebral 
disease includes nystagmus, ophthalmoplegia, 
and ataxia (Wernicke encephalopathy), as well as 
hallucinations, impaired short-term memory, and 
confabulation (Korsakoff psychosis). Deficiency 
syndrome responds within 24 hr to parenteral 
thiamine but is partially or wholly irreversible after a 
certain stage (F, 1.1 mg; M, 1.2 mg). 


Deficiency is usually seen in conjunction with 


deficiencies of other B vitamins. Isolated 
deficiency of riboflavin produces hyperemia 

and edema of nasopharyngeal mucosa, 
cheilosis, angular stomatitis, glossitis, seborrheic 
dermatitis, and normochromic, normocytic 
anemia (F, 1.1 mg; M, 1.3 mg). 


Pellagra is the classic deficiency syndrome and is 


often seen in populations in which corn is the major 
source of energy. Still endemic in parts of China, 
Africa, and India. Diarrhea, dementia (or associated 
symptoms of anxiety or insomnia), and a 
pigmented dermatitis that develops in sun-exposed 
areas are typical features. Glossitis, stomatitis, 
vaginitis, vertigo, and burning dysesthesias are 
early signs. Occasionally occurs in carcinoid 
syndrome, because tryptophan is diverted to other 
synthetic pathways (F, 14 mg; M, 16 mg). 


Deficiency is rare; reported only as a result of 


feeding semisynthetic diets or consumption 
of an antagonist such as calcium 
homopantothenate, which has been used to 
treat Alzheimer disease. Experimental isolated 
deficiency in humans produces fatigue, 
abdominal pain and vomiting, insomnia, and 
paresthesias of the extremities (5 mg). 


Deficiency is usually seen in conjunction with other 


water-soluble vitamin deficiencies. Stomatitis, 
angular cheilosis, glossitis, irritability, depression, 
and confusion occur in moderate to severe 
depletion; normochromic, normocytic anemia 
has been reported in severe deficiency. Abnormal 
EEGs and, in infants, convulsions also have been 
reported. Isoniazid, cycloserine, penicillamine, 
ethanol, and theophylline are drugs that can 
inhibit Bg metabolism (ages 19-50, 1.3 mg; 

>50 yr, 1.5 mg for women, 1.7 mg for men). 


Isolated deficiency is rare. Deficiency in humans 


has been produced experimentally by dietary 
inadequacy, prolonged administration of TPN that 
lacks the vitamin, and ingestion of large quantities 
of raw egg white, which contains avidin, a protein 
that binds biotin with such high affinity that it 
renders it bio-unavailable. Alterations in mental 
status, myalgias, hyperesthesias, and anorexia 
occur. Later, seborrheic dermatitis and alopecia 
develop. Biotin deficiency is usually accompanied 
by lactic acidosis and organic aciduria (30 p9). 


Excess intake is largely excreted in the 
urine, although parenteral doses of 


>400 mg/day are reported to cause 
lethargy, ataxia, and reduced tone of 


the Gl tract (TUL not established). 


Toxicity has not been reported in 
humans (TUL not established). 


The most effective measure of vitamin 


B, status is the RBC transketolase 
activity coefficient, which 
measures enzyme activity before 
and after addition of exogenous 
TPP; RBCs from a deficient 
individual express a substantial 
increase in enzyme activity 

with addition of TPP. Thiamine 
concentrations in the blood or 
urine are also measured. 


Most common method of 


assessment is determining the 
activity coefficient of glutathione 
reductase in RBCs (the test is 
invalid for individuals with glucose- 
6-phosphate dehydrogenase 
deficiency). Measurements of blood 
and urine concentrations are less 
desirable methods. 


Human toxicity is known largely through Assessment of status is problematic; 


studies examining hypolipidemic 
effects; includes flushing, 
hyperglycemia, hepatocellular injury, 
and hyperuricemia (85 mg). 


Diarrhea is reported to occur with 
doses exceeding 10 g/day (TUL 
not established). 


Chronic use with doses exceeding 
200 mg/day (in adults) may cause 
peripheral neuropathies and 
photosensitivity (100 mg). 


Toxicity has not been reported in 
humans, with doses as high as 
60 mg/day in children (TUL not 
established). 


blood levels of the vitamin are 

not reliable. Measurement of 
urinary excretion of the niacin 
metabolites V-methylnicotinamide 
and 2-pyridone are thought to 

be the most effective means of 
assessment. 


Whole blood and urine 


concentrations of pantothenic 
acid are indicators of status; 
serum levels are not thought to be 
accurate. 


Many useful laboratory methods 


of assessment exist. Plasma or 
erythrocyte PLP levels are most 
common. Urinary excretion of 
xanthurenic acid after an oral 
tryptophan load or activity indices 
of RBC aminotransferases 

(ALT and AST) all are functional 
measures of Bg-dependent 
enzyme activity. 


Plasma and urine concentrations 


of biotin are diminished in the 
deficient state. Elevated urine 
concentrations of methyl citrate, 
8-methylcrotonylglycine, and 
8-hydroxyisovalerate are also 
observed in deficiency. 
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TABLE 5.10 Salient Features of Vitamins—cont’d 
Deficiency (RDA)* 


Vitamin 


Toxicity (TUL)t 


Assessment of Status 


Folate (Vitamin Bg) Women of childbearing age are the most likely 
to develop deficiency. The classic deficiency 
syndrome is a megaloblastic anemia. 
Hematopoietic cells in the bone marrow become 
enlarged and have immature nuclei, reflecting 
ineffective DNA synthesis. The peripheral blood 
smear demonstrates macro-ovalocytes and 
polymorphonuclear leukocytes with an average 
of more than 3.5 nuclear lobes. Megaloblastic 
changes in other rapidly proliferating epithelia 
(e.g., oral mucosa, Gl tract) produce glossitis 
and diarrhea, respectively. Sulfasalazine and 
diphenytoin inhibit absorption, predisposing to 
deficiency. Habitually low intake may increase 
the risk of colorectal cancer. (400 pg of dietary 
folate equivalent [DFE]; 1 pg folic acid = 1 ug 
DFE; 1 ug food folate = 0.6 pg DFE). 


Dietary inadequacy is a rare cause of deficiency, 
except in strict vegetarians. The vast majority of 
cases of deficiency arise from loss of intestinal 
absorption—a result of pernicious anemia, 
pancreatic insufficiency, atrophic gastritis, SIBO, 
or ileal disease. Megaloblastic anemia and 
megaloblastic changes in other epithelia (see 
“Folate”) are the result of sustained depletion. 
Demyelination of peripheral nerves, the posterior 
and lateral columns of the spinal cord, and 
nerves within the brain may occur. Altered 
mentation, depression, and psychoses occur. 
Hematologic and neurologic complications may 
occur independently. Folate supplementation 
in doses exceeding 1000 pg/day may partly 
correct the anemia, thereby masking (or perhaps 
exacerbating) the neuropathic complications 
(2.4 p9). 


Overt deficiency is uncommonly observed in 
developed countries. The classic deficiency 
syndrome is scurvy, characterized by fatigue, 
depression, and widespread abnormalities in 
connective tissues (e.g., inflamed gingivae, 
petechiae, perifollicular hemorrhages, impaired 
wound healing, coiled hairs, hyperkeratosis, and 
bleeding into body cavities). In infants, defects 
in ossification and bone growth may occur. 
Tobacco smoking lowers plasma and leukocyte 
vitamin C levels (F, 75 mg; M, 90 mg; the 
requirement for cigarette smokers is increased 
by 35 mg/day). 


Cobalamin (vitamin 
B12) 


Ascorbic and 
dehydroascorbic 
acid (vitamin C) 


Daily dosage >1000 pg may partially 
correct the anemia of B42 
deficiency and therefore mask 
(and perhaps exacerbate) the 
associated neuropathy. Large 
doses are reported to lower seizure 
threshold in individuals prone to 
seizures. Parenteral administration 
is rarely reported to cause allergic 
phenomena from dispersion agents 
(1000 pg). 


A few allergic reactions have been 
reported from crystalline B42 
preparations and are probably due 
to impurities, not the vitamin (TUL 
not established). 


Quantities exceeding 500 mg/day (in 
adults) sometimes cause nausea and 
diarrhea. Acidification of the urine 
with vitamin C supplementation, 
and the potential for enhanced 
oxalate synthesis, have raised 
concerns regarding nephrolithiasis, 
but this has yet to be demonstrated. 
Supplementation with vitamin C may 
interfere with laboratory tests based 
on redox potential (e.g., fecal occult 
blood testing, serum cholesterol, 
serum glucose). Withdrawal from 
chronic ingestion of high doses of 
vitamin C supplements should occur 
gradually over 1 month because 
accommodation does seem to 
occur, raising a concern for rebound 
scurvy (2000 mg). 


Serum folate levels reflect short-term 
folate balance, whereas RBC 
folate is a better reflection of tissue 
status. Serum homocysteine 
levels rise early in deficiency but 
are nonspecific because B42 or 
Bg deficiency, renal insufficiency, 
and older age may also cause 
elevations. 


Serum or plasma concentrations 
are generally accurate. Subtle 
deficiency with neurologic 
complications is increasingly 
recognized among those = 60 yr of 
age, and can best be established 
by concurrently measuring the 
concentration of plasma B42 and 
(1) serum methylmalonic acid 
(MMA) or (2) holotranscobalamin 
Il (holoTCll) because the latter 
are sensitive indicators of cellular 
deficiency. A low-normal plasma 
B12 of 200-350 pg/mL (=148-258 
pmol/L) with an elevated MMA 
or decreased holoTCll should be 
considered a state of deficiency. 


Plasma ascorbic acid concentration 
reflects recent dietary intake, 
whereas leukocyte levels more 
closely reflect tissue stores. 
Plasma levels in women are =20% 
higher than in men for any given 
dietary intake. 


*RDA, Recommended daily allowance; established for female (F) and male (M) adults by the U.S. Food and Nutrition Board, 1999-2001 (updated in 2010 
for vitamin D and calcium). In some cases, data are insufficient to establish an RDA, in which case the adequate intake (Al) established by the board is 


listed. 


tTUL, Tolerable upper level; established for adults by the U.S. Food and Nutrition Board, 1999-2001. 
EEG, Electroencephalogram; PLP, pyridoxyl 5-phosphate; RBC, red blood cell; TPP, thiamine pyrophosphate. 
Adapted from Goldman L, Ausiello D, Arend W, et al, editors. Cecil textbook of medicine. 23rd ed. Philadelphia: WB Saunders; 2014. With permission. 
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Mineral Deficiency (RDA)* Toxicity (TUL)* Assessment of Status 

Chromium Deficiency in humans is only described for patients Toxicity after oral ingestion is uncommon Plasma or serum concentration of 
on long-term TPN containing inadequate and seems confined to gastric irritation. chromium is a crude indicator of 
chromium. Hyperglycemia or impaired Airborne exposure may cause contact chromium status; it appears to 
glucose tolerance is uniformly observed. dermatitis, eczema, skin ulcers, and be meaningful when the value is 
Elevated plasma free fatty acid concentrations, bronchogenic carcinoma (No TUL markedly above or below the normal 
neuropathy, encephalopathy, and abnormalities established). range. 
in nitrogen metabolism are also reported. 

Whether supplemental chromium may improve 
glucose tolerance in mildly glucose intolerant 
but otherwise healthy individuals remains 
controversial (F, 25 ug; M, 35 pg). 

Copper Dietary deficiency is rare; it has been observed Acute copper toxicity has been described Practical methods for detecting marginal 
in premature and low-birth-weight infants after excessive oral intake and with deficiency are not available. Marked 
exclusively fed a cow’s milk diet and in absorption of copper salts applied to deficiency is reliably detected by 
individuals on long-term TPN without copper. burned skin. Milder manifestations diminished serum copper and 
Clinical manifestations include depigmentation include nausea, vomiting, epigastric pain, ceruloplasmin concentrations, as 
of skin and hair, neurologic disturbances, and diarrhea; coma and hepatocellular well as low erythrocyte superoxide 
leukopenia and hypochromic, microcytic injury may ensue in severe cases. dismutase activity. 
anemia, skeletal abnormalities, and poor wound Toxicity may be seen with doses as 
healing. The anemia arises from impaired low as 70 ug/kg/day. Chronic toxicity 
uptake of iron and is, therefore, a secondary is also described. Wilson disease is a 
form of iron deficiency anemia. The deficiency rare inherited disease associated with 
syndrome, except the anemia and leukopenia, abnormally low ceruloplasmin levels and 
is also observed in Menkes disease, a rare accumulation of copper particularly in 
inherited condition associated with impaired the liver and brain, eventually leading to 
copper uptake (900 puo). damage of these 2 organs (10 mg). 

Fluoride Intake of <0.1 mg/day in infants and 0.5 mg/ Acute ingestion of >30 mg/kg body weight Estimates of intake or clinical 
day in children is associated with an increased of fluoride is likely to cause death. assessment are used because no 
incidence of dental caries. Optimal intake in Excessive chronic intake (0.1 mg/kg/ reliable laboratory test exists. 
adults is between 1.5 and 4.0 mg/day (F, 3 mg; day) leads to mottling of the teeth (dental 
M, 4.0 mg). fluorosis), calcification of tendons and 

ligaments, and exostoses, and may 
increase brittleness of bones (10 mg). 

lodine In the absence of supplementation, populations Large doses (>2 mg/day in adults) Urinary excretion of iodine is an effective 
relying primarily on food from soils with low may induce hypothyroidism by laboratory means of assessment. 
iodine content have endemic iodine deficiency. blocking thyroid hormone synthesis. The thyroid-stimulating hormone 
Maternal iodine deficiency leads to fetal Supplementation with >100 g/day to (TSH) level in the blood is an 
deficiency, which produces spontaneous an individual who was formerly deficient indirect, not entirely specific means 
abortions, stillbirths, hypothyroidism, cretinism, occasionally induces hyperthyroidism of assessment. lodine status of a 
and dwarfism. Rapid brain development (1.1 mg). population can be estimated by the 
continues through the second year, and prevalence of goiter. 
permanent cognitive deficits may be induced by 
iodine deficiency during that period. In adults, 
compensatory hypertrophy of the thyroid 
(goiter) occurs, along with varying degrees of 
hypothyroidism (150 yg). 

Iron Most common micronutrient deficiency in the Iron overload typically occurs when habitual Negative iron balance initially leads to 
world. Women of childbearing age constitute dietary intake is extremely high, intestinal depletion of iron stores in the bone 
the highest risk group because of menstrual absorption is excessive, repeated marrow; bone marrow biopsy and 
blood losses, pregnancy, and lactation. parenteral administration of iron occurs, the concentration of serum ferritin 
Hookworm infection is the most common or a combination of these factors exists. are accurate and early indicators 
cause worldwide. The classic deficiency Excessive iron stores usually accumulate of such depletion. As deficiency 
syndrome is hypochromic microcytic anemia. in reticuloendothelial tissues and becomes more severe, serum iron 
Glossitis and koilonychia (spoon nails) are also cause little damage (hemosiderosis). If (SI) decreases and total iron binding 
observed. Easy fatigability often develops as an overload continues, iron will eventually capacity (TIBC) increases; an iron 
early symptom before appearance of anemia. begin to accumulate in tissues such saturation (= SI/TIBC) of <16% 

In children, mild deficiency of insufficient as hepatic parenchyma, pancreas, suggests iron deficiency. Microcytosis, 

severity to cause anemia is associated with heart, and synovium, damaging these hypochromia, and anemia ensue in 

behavioral disturbances and poor school tissues (hemochromatosis). Hereditary latter stages of the deficient state. 

performance (postmenopausal F, 8 mg; M, 8 hemochromatosis arises as a result of Elevated levels of serum ferritin or an 

mg; premenopausal F, 18 mg). homozygosity of a common recessive iron saturation >60% raises suspicion 
trait. Excessive intestinal absorption of of iron overload, although systemic 
iron is observed in homozygotes (45 mg). inflammation elevates serum ferritin 

level regardless of iron status. 
Manganese Manganese deficiency has not been conclusively Toxicity by oral ingestion is unknown Until the deficiency syndrome is better 


demonstrated in humans. It is said to cause 
hypocholesterolemia, weight loss, hair and nail 
changes, dermatitis, and impaired synthesis of 
vitamin K-dependent proteins (F, 1.8 mg; M, 
2.3 mg). 


in humans. Toxic inhalation causes 
hallucinations, other alterations 

in mentation, and extrapyramidal 
movement disorders (11 mg). 


defined, an appropriate measure of 
status will be difficult to develop. 
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TABLE 5.11 Salient Features of Trace Minerals—cont’d 


Mineral Deficiency (RDA)* 


Toxicity (TUL)* 


Assessment of Status 


Molybdenum Cases of human deficiency are extremely rare; 


Molybdenum has low toxicity; occupational 


No effective clinically available 


caused by TPN lacking the element or by 
parenteral administration of sulfite. Reported to 
result in hyperoxypurinemia, hypouricemia, low 
urinary sulfate excretion, and CNS disturbances 
(45 yg). 


Selenium Deficiency is rare in North America but has been 
observed in individuals on long-term TPN 
lacking selenium. Such individuals have myalgias 
and/or cardiomyopathy. Populations in some 
regions of the world, most notably some parts 
of China, have marginal intake of selenium. 

It is in these regions of China that Keshan 
disease is endemic, a condition characterized 
by cardiomyopathy. Keshan disease can 

be prevented (but not treated) by selenium 
supplementation (65 p9). 


Zinc Deficiency of zinc has its most profound effect 
on rapidly proliferating tissues. Mild deficiency 
causes growth retardation in children. More 
severe deficiency is associated with growth 
arrest, teratogenicity, hypogonadism and infertility, 
dysgeusia, poor wound healing, diarrhea, 
dermatitis on the extremities and around orifices, 
glossitis, alopecia, corneal clouding, loss of dark 
adaptation, and behavioral changes. Impaired 
cellular immunity also is observed. Excessive loss 
of Gl secretions (e.g., through chronic diarrhea or 
fistulas) may precipitate deficiency. Acrodermatitis 


exposures and high dietary intake are 
linked to hyperuricemia and gout in 
epidemiologic studies (2 mg). 


Toxicity is associated with nausea, diarrhea, 


alterations in mental status, peripheral 
neuropathy, and loss of hair and nails; 


such symptoms were observed in adults 
who inadvertently consumed between 27 


and 2400 mg (400 yg). 


(in adults). It is manifested by epigastric 
pain, nausea, vomiting, and diarrhea. 
Hyperpnea, diaphoresis, and weakness 
may follow inhalation of zinc fumes. 
Copper and zinc compete for intestinal 
absorption: chronic ingestion of >25 mg 
zinc/day may lead to copper deficiency. 
Chronic ingestion of >150 mg/day has 


been reported to cause gastric erosions, 


low high-density lipoprotein cholesterol 


assessment exists. Rare cases 

of deficiency are associated with 
hypouricemia, hypermethionemia, 
and low levels of urinary sulfate with 
elevated excretion of sulfite, xanthine, 
and hypoxanthine. 


Erythrocyte glutathione peroxidase 


activity and plasma, or whole blood, 
selenium concentrations are the 
most commonly used methods of 
assessment. They are moderately 
accurate indicators of status. 


Acute zinc toxicity can usually be induced by There are no accurate indicators of zinc 
ingestion of >200mg of zinc in a single day 


status available for routine clinical 
use. Plasma, erythrocyte, and hair 
zinc concentrations are frequently 
misleading. Acute illness, in particular, 
is known to diminish plasma zinc 
levels, in part by inducing a shift of 
zinc out of the plasma compartment 
and into the liver. Functional tests 
that determine dark adaptation, taste 
acuity, and rate of wound healing lack 
specificity. 


enteropathica is a rare recessively inherited 
disease in which intestinal absorption of zinc is mg). 
impaired (F, 8 mg; M, 11 mg). 


levels, and impaired cellular immunity (40 


*Recommended Daily Allowance (RDA) established for female (F) and male (M) adults by the U.S. Food and Nutrition Board, 1999-2001. In some cases, 
insufficient data exist to establish an RDA, in which case the adequate intake (Al) established by the Board is listed. 

Tolerable upper level (TUL) established for adults by the U.S. Food and Nutrition Board, 1999-2001. 

Adapted from Goldman L, Ausiello D, Arend W, et al, editors. Cecil textbook of medicine. 22nd ed. Philadelphia: WB Saunders; 2004. With permission. 


as well characterized as those of the vitamins, but most of their 
functions appear to be as components of prosthetic groups or as 
cofactors for enzymes. 

Aside from iron, the trace mineral depletion clinicians are 
most likely to encounter is zinc deficiency. Zinc depletion is a 
particularly germane issue to the gastroenterologist, because 
the GI tract is a major site for zinc excretion. Chronically exces- 
sive losses of GI secretions, such as chronic diarrhea in IBD, is a 
known precipitant for zinc deficiency, and, in this setting, zinc 
requirements often increase several-fold.*° Nevertheless, a bio- 
chemical diagnosis of zinc deficiency is problematic (as is true for 
many of the other essential trace minerals) because accurate labo- 
ratory assessment of zinc status is complicated by the very low 
concentrations of zinc in bodily fluids and tissues, a lack of corre- 
lation between serum and red blood cell levels of zinc with levels 
in the target tissues, and the reality that suitable functional tests 
have yet to be devised. Furthermore, it is well recognized that in 
acute illness a shift in zinc occurs from the serum compartment 
into the liver, further obscuring the diagnostic value of serum 
zinc levels.’” Alkaline phosphatase is a zinc-dependent protein, 
and therefore serum activity of the enzyme has sometimes been 
proposed as a functional measure of zinc status. However, its pre- 
dictive value is quite low and therefore is inadequate for assessing 
individuals in a clinical setting. It is often best to simply proceed 
with empiric zinc supplementation in patients whose clinical sce- 
nario puts them at high risk of zinc deficiency. 


Some reports have indicated that TPN solutions that deliver 
several-fold more manganese than what is recommended in 
‘Table 5.12 may lead to deposition of the mineral in the basal gan- 
glia, with resulting extrapyramidal symptoms, seizures, or both.?® 
Because the content of manganese varies widely in the different 
trace element mixtures available for TPN compounding, health 
professionals need to be mindful of this issue as protocols for 
TPN mixtures are developed. 


Physiologic and Pathophysiologic Factors Affecting 
Micronutrient Requirements 


Age 


An evolution of physiology continues throughout the life cycle, 
with an impact on the requirements of certain micronutri- 
ents with aging; specific RDAs for older adults have now been 
developed. The mean vitamin B; status of most populations, 
for example, declines significantly with older age, in large part 
because of the high prevalence of atrophic gastritis and its 
resultant impairment of protein-bound vitamin Bı absorp- 
tion.” Some 10% to 15% of the older ambulatory population 
is thought to have significant vitamin Bız depletion because of 
this phenomenon, and neuropathic degeneration may occur 
in older individuals whose plasma vitamin Bj) levels are in the 
low-normal range (150 to 300 pg/mL), even in the absence of 
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TABLE 5.12 Guidelines for Daily Administration of Parenteral 
Micronutrients in Adults and Children 


Micronutrient Adults Children 
FAT-SOLUBLE VITAMINS 

A 1000 pg (= 3300 IU) 700 ug 

D 5 pg (= 200 IU) 10 ug 

E 10 mg (= 10 IU) 7 mg 

K 1 mg 200 ug 
WATER-SOLUBLE VITAMINS 

© 100 mg 80 mg 

Be 4mg 1 mg 

Bio 5 ug 1 ug 

Biotin 60 ug 20 ug 

Folate 400 ug 140 pg 
Niacin 40 mg 17 mg 
Pantothenic acid 15 mg 5 mg 
Riboflavin 3.6 mg 1.4 mg 
Thiamine 3 mg 1.2mg 
TRACE ELEMENTS 

Chromium 10-15 pg 0.2 pg/kg/day 
Copper 0.5-1.5 mg 20 pg/kg/day 
lodine* — — 

Iron 1-2 mg 1 mg/day 
Manganese 0.1 mg 1 pg/kg/day 
Molybdenum 15 ug 0.25 pg/kg/day 
Selenium 100 pg 2 pg/kg/day 
Zinc 2.5-4.0 mg 50 pg/kg/day 


*Naturally occurring contamination of parenteral nutrition formulas 
appears to provide sufficient quantities of iodine. 
Adult vitamin guidelines adapted from American Society of Parenteral and 
Enteral Nutrition (ASPEN). Board of Directors and the Clinical Guidelines 
Task Force. Guidelines for the use of parenteral and enteral nutrition 
in adult and pediatric patients. J Parenter Enteral Nutr 2002; 26:144. 
Children’s values adapted from Greene HL, Hambidge KM, Schanler R, 
Tsang RC. Guidelines for the use of vitamins, trace elements, calcium, 
magnesium, and phosphorus in infants and children receiving total 
parenteral nutrition: report of the Subcommittee on Pediatric Parenteral 
Nutrient Requirements from the Committee on Clinical Practice Issues of 
the American Society for Clinical Nutrition. Am J Clin Nutr 1988; 48:1324; 
Am J Clin Nutr 1989; 49:1332; and Am J Clin Nutr 1989; 50:560. 


hematologic manifestations. For this reason, the use of sensi- 
tive indicators of cellular depletion of vitamin Bj) (e.g., serum 
methylmalonic acid levels in conjunction with serum levels 
of vitamin B,,) are now recommended for diagnosis.’? Some 
experts also suggest that older adults should consume a portion 
of their vitamin B; requirement in the crystalline form (i.e., as a 
supplement) rather than relying only on the naturally occurring 
protein-bound forms found in food. Compared with younger 
adults, elders require greater quantities of vitamins Bg and D 
and calcium to maintain health, and these requirements are 
reflected in the new RDAs (see Tables 5.10 and 5.11). 


Malabsorption and Maldigestion 


Both fat- and water-soluble micronutrients are absorbed pre- 
dominantly in the proximal small intestine, the only exception 
being vitamin Bj, which is absorbed in the ileum. Diffuse muco- 
sal diseases that affect the proximal portion of the GI tract are, 
therefore, likely to result in multiple deficiencies. Even in the 
absence of proximal small intestinal disease, however, extensive 


ileal disease, SIBO, and chronic cholestasis may interfere with 
the maintenance of adequate intraluminal conjugated bile acid 
concentrations and thereby may impair absorption of fat-soluble 
vitamins. 

Conditions that produce fat malabsorption are frequently 
associated with selective deficiencies of the fat-soluble vitamins. 
The early stages of many vitamin deficiencies are not apparent 
clinically and therefore may go undetected until progression of 
the deficiency has resulted in significant morbidity. This can be 
disastrous in conditions like spinocerebellar degeneration due to 
vitamin E deficiency, which often is irreversible.*! Fat-soluble 
vitamin deficiencies are well-recognized complications of cystic 
fibrosis and congenital biliary atresia, in which fat malabsorp- 
tion often is overt, but monitoring is also necessary in conditions 
associated with more subtle fat malabsorption, such as the latter 
stages of chronic cholestatic liver disease.*! 

Restitution of vitamin deficiencies can sometimes be diffi- 
cult when severe fat malabsorption is present, and initial cor- 
rection may require parenteral administration. In severe fat 
malabsorption, chemically modified forms of vitamins D and E 
that largely bypass the need for the lipophilic phase of intestinal 
absorption are commercially available for oral use and can be 
helpful. The polyethylene glycol succinate form of vitamin E 
(Nutr-E-Sol) is very effective in patients with severe fat malab- 
sorption who cannot absorb conventional alpha-tocopherol.*? 
Similarly, hydroxylated forms of vitamin D (1-hydroxyvitamin 
D [Hectorol] and 1,25-dihydroxyvitamin D [Rocaltrol]) can be 
used in patients resistant to the more conventional forms of 
vitamin D. Monitoring of serum calcium levels is indicated in 
the first few weeks of therapy with hydroxylated forms of vita- 
min D, because they are considerably more potent than vita- 
min D, or D3, and risk of vitamin D toxicity exists. In contrast, 
water-miscible preparations of fat-soluble vitamins, in which a 
conventional form of vitamin A or E is dissolved in polysor- 
bate 80 (e.g., Aquasol-E, Aquasol-A), have not been proved to 
improve overall absorption. 

Maldigestion usually results from chronic pancreatic insuffi- 
ciency, which, if untreated, frequently causes fat malabsorption 
and deficiencies of fat-soluble vitamins. Vitamin B; malabsorp- 
tion also can be demonstrated in this setting, but clinical vitamin 
Bız deficiency is rare unless other conditions known to diminish 
its absorption are also present (e.g., atrophic gastritis or chronic 
administration of PPIs).>> Whether long-term administration 
of PPIs alone warrants occasional checks of vitamin B42 status 
is a matter of debate.*+ Regardless, malabsorption of vitamin B2 
from atrophic gastritis or with PPIs is confined to dietary sources 
of vitamin Bj). Small supplemental doses of crystalline vitamin 
B, are absorbed readily in both cases. Histamine-2 receptor 
antagonists also inhibit protein-bound vitamin Bız absorption, 
although the effect generally is believed to be less potent than 
with the PPIs.*> 

Many medications may adversely affect micronutrient status. 
The manner in which drug-nutrient interaction occurs varies; 
some of the more common mechanisms are described in Table 
5.13. A comprehensive discussion of drug-nutrient interactions 
is beyond the scope of this chapter, and the reader is referred to 
other references for a detailed discourse on this topic.*° 


STARVATION 


During periods of energy or protein deficit or both, an array of 
compensatory mechanisms serves to lessen the pathophysiologic 
impact of these deficiencies. These responses decrease the meta- 
bolic rate, maintain glucose homeostasis, conserve body nitrogen, 
and increase the uptake of adipose tissue TGs to meet energy 
needs. To appreciate how acute illness disrupts this compensa- 
tory scheme, it is first necessary to understand how the body 
adapts to starvation in the absence of underlying disease. 
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TABLE 5.13 Interactions of Drugs on Micronutrient Status 


Drug(s) Nutrient Mechanism(s) 


Cholestyramine Vitamin D, folate Adsorbs nutrient, decreases 


absorption 


Dextroamphetamine, Induces anorexia 


fenfluramine, 


Potentially all 
micronutrients 


levodopa 

Isoniazid Pyridoxine Impairs uptake of vitamin Bg 

NSAIDs lron Gl blood loss 

Penicillamine Zinc Increases renal excretion 

BEIS Vitamin B42 Modest bacterial overgrowth, 
decreases gastric acid/ 
pepsin, impairs absorption 

Sulfasalazine Folate Impairs absorption and 


inhibits folate-dependent 
enzymes 


From Goldman L, Ausiello D, Arend W, et al, editors. Cecil textbook of 
medicine. 22nd ed. Philadelphia: WB Saunders; 2004. With permission. 


During the first 24 hours of fasting, the most readily avail- 
able energy substrates (i.e., circulating glucose, FAs and TGs, 
and liver and muscle glycogen) are used as fuel sources. The 
sum of energy provided by these stores in a 70-kg man, how- 
ever, is only about 5000 kJ (1200 kcal) and therefore is less 
than a full day’s requirements. Hepatic glucose production and 
oxidation decrease, whereas whole-body lipolysis increases, 
the latter providing additional FAs and ketone bodies.*” Oxi- 
dation of FAs released from adipose tissue TGs accounts for 
about 65% of the energy consumed during the first 24 hours 
of fasting. 

During the first several days of starvation, obligate glucose- 
requiring tissues like the brain and blood cells, which collec- 
tively account for about 20% of total energy consumption, can 
use only glycolytic pathways to obtain energy. Because FAs can- 
not be converted to carbohydrate by these glycolytic tissues, 
they must use glucose or substrates that can be converted to 
glucose. Glucogenic AAs derived from skeletal muscle (chiefly 
alanine and glutamine) are a major source of substrate for this 
purpose. Approximately 15% of the REE is provided by oxida- 
tion of protein.*® The relative contribution of gluconeogenesis 
to hepatic glucose production increases as the rate of hepatic 
glycogenolysis declines because the latter process becomes 
redundant; after 24 hours of fasting, only 15% of liver glycogen 
stores remain. 

During short-term starvation (1 to 14 days), several adap- 
tive responses appear that lessen the loss of lean mass. A decline 
in levels of plasma insulin, an increase in plasma epinephrine 
levels, and an increase in lipolytic sensitivity to catechol- 
amines stimulate adipose tissue lipolysis.*” 40 The increase in 
FA delivery to the liver, in conjunction with an increase in the 
ratio of plasma glucagon-to-insulin concentrations, enhances 
the production of ketone bodies by the liver. A maximal rate 
of ketogenesis is reached by 3 days of starvation, and plasma 
ketone body concentration is increased 75-fold by 7 days. In 
contrast to FAs, ketone bodies can cross the blood-brain bar- 
rier and provide most of the brain’s energy needs by 7 days 
of starvation.t! The use of ketone bodies by the brain greatly 
diminishes glucose requirements and thus spares the need for 
muscle protein degradation to provide glucose precursors. If 
early protein breakdown rates were to continue throughout 
starvation, a potentially lethal amount of muscle protein would 
be catabolized in less than 3 weeks. Similarly, the heart, kid- 
ney, and skeletal muscle change their primary fuel substrate to 


FAs and ketone bodies. Other tissues like bone marrow, renal 
medulla, and peripheral nerves switch from full oxidation of 
glucose to anaerobic glycolysis, resulting in increased produc- 
tion of pyruvate and lactate. The latter two compounds can 
be converted back to glucose in the liver using energy derived 
from fat oxidation via the Cori cycle, and the resulting glucose 
is available for systemic consumption. This enables energy 
stored as fat to be used for glucose synthesis. 

Whole-body glucose production decreases by greater than 
50% during the first few days of fasting because of a marked 
reduction in hepatic glucose output. As fasting continues, conver- 
sion of glutamine to glucose in the kidney represents almost 50% 
of total glucose production. Energy is conserved by a decrease in 
physical activity secondary to fatigue and a roughly 10% reduc- 
tion in REE resulting from increased conversion of active thyroid 
hormone to its inactive form and suppressed sympathetic nervous 
system activity. 

During long-term starvation (14 to 60 days), maximal adap- 
tation is reflected by a plateau in lipid, carbohydrate, and pro- 
tein metabolism. The body relies almost entirely on adipose 
tissue for its fuel, providing greater than 90% of daily energy 
requirements.*” Muscle protein breakdown decreases to less 
than 30 g/day, causing a marked decrease in urea nitrogen pro- 
duction and excretion. The decrease in osmotic load diminishes 
urine volume to 200 mL/day, thereby reducing fluid require- 
ments. Total glucose production decreases to approximately 75 
g/day, providing fuel for glycolytic tissues (40 g/day) and the 
brain (35 g/day) while maintaining a constant plasma glucose 
concentration. Energy expenditure decreases by 20% to 25% 
at 30 days of fasting and remains relatively constant thereafter 
despite continued starvation. 

The metabolic response to short- and long-term starvation 
differs somewhat between lean and obese persons. Obesity is 
associated with a blunted increase in lipolysis and decrease in 
glucose production compared with that in lean persons.** *+ In 
addition, protein breakdown and nitrogen losses are less in obese 
persons, thereby helping conserve muscle protein.* 

Events that mark the terminal phase of starvation have been 
studied chiefly in laboratory animals. Body fat mass, muscle pro- 
tein, and the sizes of most organs are markedly decreased. The 
weight and protein content of the brain, however, remain rela- 
tively stable. During the final phase of starvation, body fat stores 
reach a critical level, energy derived from body fat decreases, 
and muscle protein catabolism is accelerated. Death commonly 
occurs when there is a 30% to 50% loss of skeletal muscle pro- 
tein.*¢ In humans, it has been proposed that there are certain 
thresholds beyond which lethality is inevitable: depletion of total 
body protein between 30% and 50% and of fat stores between 
70% and 95%, or reduction of BMI below 13 kg/m? for men and 
11 kg/m? for women.*”: 48 


MALNUTRITION 


In the broadest sense, malnutrition implies a sustained imbal- 
ance between nutrient availability and nutrient requirements. 
This imbalance results in a pathophysiologic state in which 
intermediary metabolism, organ function, and body composi- 
tion are variously altered. Sustained is an important element of 
this definition, because homeostatic mechanisms and nutrient 
reserves are usually adequate to compensate for any short-term 
imbalance. 

Customarily, the term malnutrition is used to describe a state 
of inadequacy in protein, calories, or both and is more precisely 
called protein-energy malnutrition or protein-calorie malnutrition. 
Occasionally it is used to describe a state of excessive availability, 
such as a sustained excess of calories (e.g., obesity) or a vitamin 
(e.g., vitamin toxicity). 
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Protein-Energy Malnutrition (PEM) 


There are different pathways whereby PEM may evolve. Primary 
PEM is caused by inadequate intake of protein, calories, or both, 
or, less commonly, when the protein ingested is of such poor 
quality that one or more essential AAs becomes a limiting fac- 
tor in the maintenance of normal protein metabolism. Secondary 
PEM is caused by illness or injury. 

Acute illnesses and injuries increase bodily requirements for 
protein and energy substrate and impair digestion, absorption, 
and uptake of these nutrients in various ways. Consequently, 
secondary PEM usually arises from multiple factors. Illness and 
injury also commonly induce anorexia (see later for mechanisms), 
so primary and secondary factors often act in concert to create 
PEM in the setting of illness. 

Illness or injury may directly interfere with nutrient assimila- 
tion; for example, extensive ileal disease or resection may directly 
produce fat malabsorption and a caloric deficit. The most com- 
mon causes of secondary PEM, however, are the remarkable 
increases in protein catabolism and energy expenditure that 
occur as a result of a systemic inflammatory response. REE may 
increase as much as 80% above basal levels in a manner roughly 
proportional to the magnitude of the inflammatory response, 
which in turn is roughly proportional to the severity and acuity 
of the illness. Thus, REE in patients with extensive second- and 
third-degree burns (the prototype for maximal physiologic stress) 
may approach twice normal; with sepsis, REE is about 1.5 times 
normal, and with a localized infection or fracture of a long bone, 
REE is 25% above normal.® Such stress factors can be used to 
construct a formula for predicting the caloric needs of ill indi- 
viduals (see ‘Table 5.5). 

Protein catabolism during illness or injury also increases in 
proportion to the severity and acuity of the insult and therefore 
parallels the increase in energy consumption. The magnitude 
of increase in protein catabolism, however, is proportionately 
greater than that observed with energy consumption, such that 
urinary urea N losses, which reflect the degree of protein catab- 
olism in acute illness, are about 2.5 times the basal level with 
maximal stress.° This increase in catabolism results in a net loss 
of protein because the rate of synthesis usually does not rise in 
concert with the rise in catabolism.*? No known storage form of 
protein exists in the body, so any net loss of protein represents a 
loss of functionally active tissue. A healthy adult typically loses 
about 12 g N/day in urine, and excretion may increase to as much 
as 30 g/day during critical illness. Because 1 g of urinary N repre- 
sents the catabolism of approximately 30 g of lean mass, it follows 
that severe illness may produce a daily loss of up to about 0.5 kg 
of lean mass as a result of excess protein catabolism. Most of this 
loss comes from skeletal muscle, where the efflux of AAs increases 
two- to six-fold in critically ill patients.°° 

Mobilization of AAs from skeletal muscle appears to be an 
adaptive response. Once liberated, these AAs, in part, are deami- 
nated and used for gluconeogenesis; they are also taken up by the 
liver and other visceral organs. The proteolysis of muscle under 
stress thus enables the body to shift AAs from skeletal muscle 
(the somatic protein compartment) to the visceral organs (the 
visceral protein compartment), the functions of which are more 
critical for immediate survival during illness. Nevertheless, with 
sustained stress, the limitations of this adaptive response become 
evident, and even the visceral protein compartment sustains a 
contraction in mass.” 


Primary Versus Secondary Protein-Energy Malnutrition: A 
Body Compartment Perspective 
The type of tissue lost as malnutrition evolves is critical in deter- 


mining the pathologic ramifications of weight loss. Over 95% of 
energy expenditure resides in the lean body mass, which, therefore, 


contains the bulk of metabolism that sustains homeostasis. It is 
the maintenance of this body compartment that is most critical for 
health. Lean body mass can be subdivided further into somatic and 
visceral protein compartments, blood and bone cells, and extracel- 
lular lean mass, such as plasma and bone matrix (Fig. 5.1). In total- 
or semi-starvation in otherwise healthy individuals, adipose tissue 
predominates as a primary energy source; thus, fat mass contracts 
to a much greater degree proportional to the loss of lean mass.” 
Alterations in metabolism from injury or illness, however, produce 
a proportionately greater loss of muscle mass such that it matches 
or exceeds the loss in fat mass.*! Although the lean mass lost in ill- 
ness is preferentially from the somatic protein compartment, with 
sustained stress there also will be a significant contraction of the 
visceral protein compartment (Table 5.14). The metabolic forces 
associated with acute illness and injury are potent, and restora- 
tion of muscle mass is unlikely with nutritional support unless the 
underlying inflammatory condition is corrected. There is increas- 
ing interest in attenuating or reversing net catabolism with the 
use of exogenous anabolic agents in conjunction with nutrition, 
although, to date, it remains unclear whether administration of 
B-hydroxymethylbutyrate, growth hormone, oxandrolone, pro- 
pranolol, or other anabolic agents in acute illness, improve clini- 
cal outcomes and outweigh their potential side effects.” Another 
important ramification of the potency of the catabolic state associ- 
ated with acute illness is that most of the weight gained with provi- 
sion of nutritional support is the result of increases in fat mass and 
body water; only minor increases in lean mass are observed until 
the inflammatory focus is resolved.” 


Blood cells, Extracellular lean mass 
bone cells, etc. (plasma, bone mineral, etc.) 
7% 36% 


/ 


Visceral 
mass 
7% 


Muscle 
mass 
22% 
Fat 
mass 
28% 


Fig. 5.1 Body composition analysis by weight in a healthy adult. 
Speckled segments and gray segment collectively represent lean body 
mass. Speckled segments alone represent body cell mass. (Adapted 
from Mason JB. Gastrointestinal cancer: nutritional support. In: Kelsen 
D, Daly J, Kern S, et al., editors. Principles and practice of gastrointesti- 
nal oncology. Philadelphia: Lippincott Williams & Wilkins; 2002.) 


TABLE 5.14 Body Compartment Wasting and Losses in Simple 
Starvation Versus Metabolic Stress 


Skeletal Muscle Visceral Loss of 
Parameter Wasting Wasting Fat Mass 
Starvation + +/—* +++ 
Metabolic stress +++ ++/—* +++ 


*Relatively spared early in the process; can become pronounced with 
extended starvation or metabolic stress. 
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Cytokines are the most important mediators of alterations 
in energy and protein metabolism that accompany illness and 
injury. In a wide spectrum of systemic illnesses, increased secre- 
tion of interleukin (IL)-1f, tumor necrosis factor -a, IL-6, and 
interferon-y has been observed to be associated with increased 
energy expenditure and protein catabolism, as well as the shift of 
AAs into the visceral compartments.°+°° Such observations con- 
cur with in vitro studies in human cells and animal models that 
have shown remarkably potent effects of these cytokines (Table 
5.15). In the wasting syndrome associated with cancer, proteoly- 
sis-inducing factor and zinc-a-2-glycoprotein (‘lipid-mobilizing 
factor’) are humoral mediators that appear to be unique to cancer 
cachexia, contributing to protein catabolism and loss of adipose 
tissue, respectively.’ Promising data in animal models of cancer 
cachexia indicate that specific inhibitors of cancer-mediated pro- 
tein catabolism can be designed that greatly reduce the morbid- 
ity and mortality associated with the cachexia produced by this 
disease.*® 


Protein-Energy Malnutrition in Children 


Undernutrition in children differs from that in adults because 
it affects growth and development. Much of our understanding 
of undernutrition in children comes from observations made in 


TABLE 5.15 Major Cytokines That Mediate Hypercatabolism and 
Hypermetabolism Associated with Metabolic Stress 


Cytokine Cell Sources Metabolic Effects 


IFN-y Lymphocytes, pulmonary ncreased monocyte 
macrophages respiratory burst 

IL-18 Monocytes/macrophages, ncreased ACTH and cortisol 
neutrophils, lymphocytes, levels 


keratinocytes, Kupffer cells Increased acute-phase 
protein synthesis 
ncreased AA release from 


underdeveloped nations where poverty, inadequate food supply, 
and unsanitary conditions lead to a high prevalence of PEM. The 
Waterlow classification of malnutrition (Table 5.16) takes into 
account a child’s weight for height (the inadequacy of which is 
termed “wasting”) and height for age (the inadequacy of which is 
termed “stunting”).°’ The characteristics of the three major clini- 
cal PEM syndromes in children—kwashiorkor, marasmus, and 
nutritional dwarfism—are outlined in Table 5.17.°° Although 
these 3 syndromes are classified separately, in reality, clinical pre- 
sentations in which they overlap often occur. 


Kwashiorkor 

The word kwashiorkor, from the Ga language of West Africa, 
means “disease of the displaced child” because it was commonly 
seen after weaning. The presence of peripheral edema distin- 
guishes children with kwashiorkor from those with marasmus 
and nutritional dwarfism. Children with kwashiorkor also have 
characteristic skin and hair changes (see later). The abdomen is 
protuberant because of weakened abdominal muscles, intesti- 
nal distention, and hepatomegaly, but ascites is rare. The pres- 
ence of ascites, therefore, should prompt the clinician to search 
for liver disease or peritonitis. Children with kwashiorkor are 
typically lethargic and apathetic, but become very irritable 
when held. Kwashiorkor most often occurs when a physiologic 
stress (e.g., infection) is superimposed on an already malnour- 
ished child. Because infection or other acute stress is usually 
present in kwashiorkor, the metabolic aberrations associated 
with secondary PEM are in play, and contractions of the vis- 
ceral protein compartment are evident. A decrease in serum 
proteins like albumin is common, distinguishing it from pure 
marasmus. Kwashiorkor is characterized by leaky cell mem- 
branes that permit movement of potassium and other intracel- 
lular ions into the extracellular space, causing water movement 
and edema. 


muscles TABLE 5.17 Features of Protein-Energy Malnutrition Syndromes in 
Decreased insulin secretion Children 
BENE! Syndrome 
IL-6 Monocytes/macrophages, ncreased acute-phase ; = 
keratinocytes, endothelial protein synthesis Parameter Kwashiorkor Marasmus Nutritional 
cells, fibroblasts, T cells, Fever Dwarfism 
epithelial cells Decreased appetite Appetite Poor Good Good 
TNF-a Monocytes/macrophages, Decreased FFA synthesis Edema Present Absent Absent 
lymphocytes, Kupffer ncreased lipolysis - 
cells, glial cells, endothelial Increased AA release from Mood Irritable when Alert Alert 
cells, natural killer cells, muscles picked up, 
mast cells ncreased hepatic AA uptake apathetic 
Fever when alone 
AA, Amino acid; FFA, free fatty acid; IFN, interferon; IL, interleukin. ee ior ae 60-80 ae <e 
Adapted from Smith M, Lowry S. The hypercatabolic state. In: Shils M, (% expected) 
Olson J, Shike M, Ross AC, editors. Modern nutrition in health and Weight for height Normal or Markedly Normal 
disease. Baltimore: Williams & Wilkins; 1999. p 1555. decreased decreased 
TABLE 5.16 Waterlow Classification of Protein-Energy Malnutrition in Children 
Parameter Normal Mild Moderate Severe 
WEIGHT FOR HEIGHT (WASTING) 
Percentage of median NCHS standard 90-100 80-89 70-79 <70 
Standard deviation from the NCHS median +Z to -Z -1.1 Z to -2 Z -2.1 Z to -3 Z <-3 Z 
HEIGHT FOR AGE (STUNTING) 
Percentage of median NCHS standard 95-105 90-94 85-89 <85 
Standard deviation from NCHS median +Z to -Z -1.1 Z to -2 Z -2.1 Z to -3 Z <-3 Z 


NCHS, National Center for Health Statistics; Z, standard score. 
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Marasmus 

Weight loss and marked depletion of subcutaneous fat and 
muscle mass are characteristic features of children with maras- 
mus. Ribs, joints, and facial bones are prominent, and the skin 
is thin, loose, and lies in folds. In contrast, the visceral protein 
compartment is relatively spared, a fact that often is reflected 
by a normal serum albumin level, which in turn sustains normal 
oncotic pressure in the vascular compartment, thus minimizing 
edema and helping to distinguish these children from those with 
kwashiorkor. 


Nutritional Dwarfism 

The child with failure to thrive may be of normal weight for 
height but have short stature and delayed sexual development. 
Providing appropriate feeding can stimulate catch-up growth and 
sexual maturation. 

The diagnosis of PEM is different in adults than in children, 
because adults do not grow in height. Therefore, undernutri- 
tion in adults causes wasting rather than stunting. In addition, 
although pure forms of kwashiorkor and marasmus can occur 
in adults, contemporary studies of adult PEM in high-income 
societies typically focus on hospitalized patients with secondary 
PEM, coexisting illness or injury, and overlapping features of 
kwashiorkor and marasmus. 


Physiologic Impairments Caused by Protein-Energy 
Malnutrition 


PEM adversely affects almost every organ system, although the 
brain usually is spared. Almost all adverse effects are reversible 
with nutritional restitution. The following discussion is not 
exhaustive; rather, it emphasizes impairments that commonly 
translate into overt morbidity or that are important in the diag- 
nosis of PEM. The effects described reflect what occurs in pri- 
mary PEM; superimposition of acute illness and secondary PEM 
often imposes more complexity. 


System Effects 


Gastrointestinal Tract 

Although PEM alone produces adverse effects on GI structure 
and function, diminished stimulation of the GI tract by a lack 
of ingested nutrients has an independent effect. Thus, sustained 
absence of nutrients passing through the intestine of healthy, 
nutritionally replete, parenterally fed individuals alone results in 
functional atrophy of the small intestinal mucosa, as evidenced by 
a loss of brush border enzymes and diminished integrity of the 
epithelial barrier. Villus atrophy may also be observed with lack 
of intestinal stimulation, but in the absence of PEM, the degree 
of structural atrophy is minor.°! 

The structural and functional deterioration of the intestinal 
tract, pancreas, and liver as a result of PEM is described best in 
children. Marked blunting of the intestinal villi is seen and is usu- 
ally associated with loss of some or all of the brush border hydro- 
lases. Gastric and pancreatic secretions are reduced in volume and 
contain decreased concentrations of acid and digestive enzymes, 
respectively. The volume of bile and the concentrations of conju- 
gated bile acids in bile are reduced. Increased numbers of faculta- 
tive and anaerobic bacteria are found in the upper small intestine, 
probably explaining the increased proportion of free bile acids in 
the intestinal lumen. Malabsorption of carbohydrates, fats, and 
fat- and water-soluble vitamins may occur and the degree of ste- 
atorrhea is proportional to the severity of the PEM, creating a 
vicious cycle of further malnutrition. The abdominal protuber- 
ance sometimes seen in advanced malnutrition is thought to arise 
in part from intestinal hypomotility and gas distention. 


Cardiovascular System 

Moderate to severe PEM produces quantitative and qualitative 
declines in the cardiac muscle. Myocardial mass is diminished, 
although proportionately less than the loss in body weight. 
Myofibrillar atrophy, edema, and (less commonly) patchy necro- 
sis and infiltration with chronic inflammatory cells are seen in 
the myocardium; these structural changes are associated with 
impaired myocardial performance. A decrease in stroke volume, 
cardiac output, and maximal work capacity may be observed and 
are most evident under conditions of increased demand. Such 
functional impairments are sometimes accompanied by bradycar- 
dia and, in conjunction with the factors noted, can lead to low 
blood pressure. 


Immune System 

The immune system is the most vulnerable to PEM, which 
explains why several functions of immunity are used diagnosti- 
cally as indicators of malnutrition (e.g., total lymphocyte count 
and delayed skin hypersensitivity). The functional integrity of 
T lymphocytes, polymorphonuclear leukocytes, and comple- 
ment is uniformly blunted, whereas impaired B lymphocyte 
production of antibodies is variably affected. A moderately to 
severely malnourished patient is an immunocompromised indi- 
vidual. Malnutrition leads to increased susceptibility to infec- 
tion, which in turn promotes development of PEM, so a vicious 
cycle is created. 


Respiratory System 

The diaphragm and other respiratory muscles undergo structural 
and functional atrophy, diminishing inspiratory and expiratory 
pressures and vital capacity. These changes in muscular perfor- 
mance, in conjunction with blunted ventilatory drive, impair the 
ability to sustain ventilation in the severely malnourished indi- 
vidual. In patients with a tracheostomy, adherence of bacteria 
to the tracheal epithelium correlates with the severity of PEM, 
exacerbating other compromises in the immune system described 
earlier. 


Endocrine System 

Although alterations in hormones are common in PEM, many 
of the changes can be perceived as serving adaptive functions. 
The inadequate intake of food leads to a decrease in the avail- 
ability of circulating glucose and AAs, low circulating levels of 
insulin, and increased levels of growth hormone. These altera- 
tions, in conjunction with the decreased levels of somatome- 
dins and increased levels of cortisol in PEM, promote skeletal 
muscle catabolism and at the same time enhance incorpora- 
tion of the liberated AAs into visceral organs. Urea synthesis is 
inhibited, decreasing nitrogen loss and enhancing reutilization 
of AAs. Enhancement of lipolysis and gluconeogenesis provides 
a substrate for energy needs. 

Serum levels of triiodothyronine (T3) and thyroxine (T4) are 
commonly decreased in conjunction with increased concentra- 
tions of reverse T}, resembling the pattern observed in the euthy- 
roid sick syndrome. The decreased concentration of T; may play 
a role in decreasing REE and the protein catabolic rate observed 
in primary PEM. 

Primary gonadal dysfunction is common in adults with 
moderate-to-severe PEM and results in impaired reproductive 
potential. Decreased circulating levels of testosterone in men 
and estrogen in women is evident, and amenorrhea is com- 
mon. Delayed puberty or loss of menstrual periods most often 
occurs when lean body mass drops below a critical threshold. 
These changes can also be considered physiologic adaptations, 
because ensuring immediate survival is more critical than the 
need for sexual maturation in the child or reproduction in the 
adult. 
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Other Effects 


Wound Healing 

Well-nourished individuals lay down more collagen at the site 
of a surgical wound than those with even mild malnutrition. 
Nutritional repletion of the malnourished patient before surgery 
leads to better wound healing than if nutritional needs are only 
addressed postoperatively. 


Skin 

Undernutrition often causes dry, thin, and wrinkled skin, with 
atrophy of the basal layers of the epidermis and hyperkerato- 
sis. Severe malnutrition may cause considerable depletion of 
skin protein and collagen. Patients with kwashiorkor experience 
sequential skin changes in different areas. Hyperpigmentation 
occurs first, followed by cracking and stripping of superficial lay- 
ers, leaving behind hypopigmented, thin, and atrophic epidermis 
that is friable and easily macerated. 


Hair 

Scalp hair becomes thin and sparse and is easily pulled out. In 
contrast, the eyelashes become long and luxuriant, and there may 
be excessive lanugo in children. The hair of children with kwashi- 
orkor develops hypopigmentation, with reddish-brown, gray, or 
blond discoloration. Adults may lose axillary and pubic hair. 


Kidneys 

Renal mass and function are often well preserved during under- 
nutrition. When malnutrition is severe, however, there are 
decreases in kidney weight, glomerular filtration rate, ability to 
excrete acid and sodium, and ability to concentrate urine. Mild 
proteinuria also may occur. 


Bone Marrow 
Severe undernutrition suppresses bone marrow red blood cell 
and white blood cell production, leading to anemia, leukopenia, 


and lymphocytopenia. 


NUTRITIONAL ASSESSMENT TECHNIQUES 


The purpose of nutritional assessment is to identify PEM and 
other nutritional deficits even when they are not readily discern- 
ible. PEM can be subtle, but most cases are detected when a sys- 
tematic nutritional assessment is performed. An example of subtle 
but clinically significant PEM is found in Child-Turcotte-Pugh 
class A patients with alcoholic cirrhosis. These individuals usually 
appear well nourished. Indeed, one criterion to determine class 
A status is a normal serum albumin level, but studies of whole- 
body nitrogen by in vivo neutron activation analysis have demon- 
strated that more than half of these class A individuals have less 
than 80% of expected total body protein,” the threshold level 
below which patients have increased morbidity associated with 
malnutrition.” 

In otherwise healthy people and in those who are chronically 
ill, PEM is usually defined by comparing an anthropometric mea- 
surement (e.g., weight for height) to established normative stan- 
dards (see Table 5.6). In contrast, there is no gold standard to 
define and measure PEM in the acutely ill patient, because most 
parameters used to assess PEM in otherwise healthy persons are 
altered by illness; weight and the concentration of serum proteins 
are prime examples. 

Despite the inaccuracies inherent in assessing PEM in acutely 
ill individuals, the usefulness of nutritional assessment in this set- 
ting has been repeatedly demonstrated. Acutely ill patients who 
are malnourished sustain higher rates of malnutrition-related 
morbidity. Thus, the presence of PEM has a predictive value. 
Even more importantly, identifying malnourished patients and 
then providing appropriate nutritional intervention is likely to 


improve clinical outcome.°*°* Meta-analyses have underscored 
the importance of performing objective nutritional assessments 
to categorize inpatients, because individuals who are well-nour- 
ished or mildly malnourished seem to realize little benefit from 
intensive nutritional support.©-7! 

A comprehensive nutritional assessment requires a history, 
physical examination, evaluation of anthropometrics or func- 
tional measures of nutritional status, and a panel of laboratory 
blood tests. Some of the more commonly used assessment tools 
are weight, height, and other anthropometric measures (e.g., skin- 
fold thickness and mid-arm measurements); functional measures 
(e.g., hand grip strength or skin testing for evidence of anergy); 
serum protein concentrations (e.g., albumin or prealbumin); 
complete blood count, including absolute lymphocyte count; and 
24-hour urinary creatinine and blood urea nitrogen levels. Less 
readily available measures of body composition, such as bioelec- 
trical impedance and total body potassium, can be helpful in the 
appropriate setting. Some of these measures lack a high degree 
of specificity but continue to be useful in clinical care because of 
their prognostic significance. Because no single parameter is suf- 
ficiently sensitive or specific to assess PEM, these tools are most 
effective when used in combination. 

Importantly, if the clinician is undertaking a nutritional assess- 
ment solely to determine whether a patient falls into a category of 
moderate-to-severe PEM (and thus one who would benefit from 
intensive nutritional support), far less than comprehensive assess- 
ment will usually suffice; such simple means of categorization are 
provided in the following sections. 


History 
Weight Loss 


How much weight has been lost and over what time period? 
Unintentional weight loss associated with illness is the single 
most practical predictor of a clinically significant degree of 
PEM. It is useful to quantify such loss by determining whether 
the patient has sustained a mild (<5%), moderate (5% to 10%), 
or severe (>10%) degree of loss over the preceding 6 months. 
Because acute illness incites a disproportionately large loss of 
lean mass, it is not surprising that a greater than 10% uninten- 
tional loss in body weight usually correlates with a 15% to 20% 
decrease in total body protein. This degree of unintentional loss 
is an important threshold because it is associated with impaired 
physiology, a poor clinical outcome, and extended hospitaliza- 
tion’?-”+; it also defines those individuals who will likely benefit 
from intensive nutritional support. The clinician should never- 
theless be mindful that determining the magnitude of weight loss 
by history has limited accuracy. One study found that one-third 
of patients with true weight loss go undetected by history, and 
one-quarter of those who had been weight-stable are miscatego- 
rized as having undergone weight loss.” Furthermore, the nutri- 
tional significance of changes in body weight can be confounded 
by changes in hydration status and extracellular fluid accumula- 
tion. Because weight loss is an imperfect indicator of PEM, it is 
useful to obtain other historical clues that can contribute to the 
identification of these patients (see later). 


Food Intake 


Has there been a change in habitual diet pattern (number, size, 
and contents of meals)? What is the reason for altered food intake 
(e.g., change in appetite, mental status or mood, ability to prepare 
meals, ability to chew or swallow, GI symptoms)? 


Evidence of Malabsorption 


Are there signs, symptoms, or both consistent with malabsorption? 
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Evidence of Specific Nutrient Deficiencies 

Are there signs, symptoms, or both of specific nutrient deficien- 
cies, including macrominerals, micronutrients, and water? (See 
Tables 5.9 to 5.11.) 


Influence of Disease on Nutrient Requirements 
Is the nature of the patient’s underlying illness one that is likely 
to increase nutrient needs or nutrient losses? 


Functional Status 

Has the patient’s ability to perform daily activities that determine 
consumption of wholesome meals changed? Can the patient still 
shop and prepare meals? Have finances interfered with the ability 
of the patient to purchase food? 


Physical Examination 
Hydration Status 


The patient should be evaluated for signs of dehydration (e.g., 
hypotension, tachycardia, postural changes in blood pressure and 
pulse, mucosal xerosis, decreased axillary sweat, dry skin) and 
excess body fluid (e.g., edema or ascites). 


Tissue Depletion 


A general loss of adipose tissue can be assumed if there are well- 
defined bony, muscular, and venous outlines and loose skin folds. 
A fold of skin pinched between the forefinger and thumb can 
reveal the adequacy of subcutaneous fat. The presence of hollow- 
ness in the cheeks, buttocks, and perianal area suggests body fat 
loss. Examination of the temporalis, interosseous, and quadriceps 
muscles should be done to judge muscle wasting. 


Muscle Function 


Strength testing of individual muscle groups can be performed 
to determine if there is generalized or localized muscle weakness. 
Myocardial function can be evaluated, and respiratory muscle 
function can be assessed with spirometry. 


Specific Nutrient Deficiencies 


Rapidly proliferating tissues (e.g., oral mucosa, hair, skin, GI 
epithelium, bone marrow) are often more sensitive to nutrient 
deficiencies than tissues that turn over more slowly (e.g., heart, 
skeletal muscle, brain [see Tables 5.9 to 5.11]). 


Anthropometry 


Anthropometric techniques are those in which a quantitative mea- 
sure of the size, weight, or volume of a body part is used to assess 
protein and calorie status. Historically, one of the most commonly 
used anthropometric parameters has been weight for height. 
This is a useful parameter when neither the patient nor family 
can provide reliable historical information, but it is less desirable 
than a history of unintentional weight loss, because it requires the 
patient’s weight to be judged against a normative standard that 
has been established in a large control population, and inter-indi- 
vidual variability in the population limits this method’s accuracy 
for correctly predicting PEM in one individual. Table 5.6 displays 
the 1959 Metropolitan Life Insurance Company “desirable body 
weights” that were established with prospective mortality data. 
The 1959 table remains preferable to the 1983 tables largely 
because of concerns that the latter did not include an adequate 
sampling of certain segments of the population, and was there- 
fore biased. In the context of the Metropolitan table, desirable 
weight for height is defined as that figure associated with maximal 


TABLE 5.18 Classification of Nutritional Status by Body Mass Index in 
Adults 


Body Mass Index (kg/m?) Nutritional Status 


<16.0 Severely malnourished 
16.0-16.9 Moderately malnourished 
17.0-18.4 Mildly malnourished 
18.5-24.9 Normal 

25.0-29.9 Overweight 

30.0-34.9 Obese (class |) 
35.0-39.9 Obese (class I!) 

>40 Obese (class III) 


longevity. In general, individuals whose weight is less than 85% 
of the standard can be considered to have a clinically significant 
degree of PEM. Of note is that desirable weights in this table are 
substantially less than average weights in North America. 

Body mass index (Table 5.18), defined as weight (in kilograms) 
divided by height (in meters squared), has been supplanting the 
use of weight for height, in part because it precludes the need to 
use normative data tables. BMIs outside the desirable range (18.5 
to 24.9 kg/m’) help identify patients at increased risk of adverse 
clinical outcomes. A BMI modestly above the desirable range has 
been shown to be predictive of adverse outcomes in the surgi- 
cal management of many diseases’*-’* and in the medical man- 
agement of conditions like alcoholic liver disease.’? Similarly, a 
low BMI has been shown to be a robust independent risk factor 
in surgical and medical patients.*” Extremely underweight adult 
patients (BMI <14 kg/m?) are at high risk of death and should 
be strongly considered for admission to the hospital to initiate 
intensive nutritional support. 

The BMI, like weight for height, is a surrogate and imper- 
fect measure of body composition. A low BMI (<18.5 kg/m?) is 
interpreted as an indication of PEM, and a high BMI (>24.9 kg/ 
m?) is interpreted as excessive fat mass (overweight or obesity). 
Although BMI is accurate in this regard for the vast majority of 
adults, it can be just as misleading as other measures that rely 
on body weight without a direct evaluation of body composi- 
tion.*! For example, the individual with excessive fluid accumu- 
lation, where actual fat and body cell mass (BCM) are less than 
that implied by the BMI, and the muscle-bound athlete, where 
a high BMI is indicative of an extraordinarily large lean mass, 
are two examples of how the underlying assumptions inherent in 
the BMI are false. Sex and race are also confounding variables, 
although the differences are clinically irrelevant. More important 
are the remarkable changes in body composition that accompany 
development, making the interpretation of BMI in childhood and 
adolescence very complex.** 

It should be apparent from this discussion that measure- 
ments of relevant body compartments (e.g., fat mass or fat-free 
mass [FFM]) can reveal important information about nutritional 
status that is often obscured by measurement of weight alone. 
Underwater (hydrostatic) weighing, dual energy x-ray absorpti- 
ometry, air impedance plethysmography, total body potassium, 
isotopically labeled water dilution, in vivo neutron activation 
analysis, computed tomography, and magnetic resonance imag- 
ing are accurate noninvasive (or minimally invasive) techniques of 
measuring body compartments.***? All are highly effective, but 
because of their expense, lack of accessibility, and impracticality, 
their use is largely relegated to the sphere of clinical research. A 
detailed understanding of these tools is beyond the scope of this 
chapter, but the primary use of each, with reference to detailed 
reviews, is outlined in Table 5.19. 

In the clinical setting, simple but less accurate techniques are 
used to assess body compartments. An approximate measure of 
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TABLE 5.19 Advanced Techniques for Measurement of Body 
Compartments 


Primary Use in Body 


Technique Compartment Analysis 


Air displacement 
plethysmography?' 


Proportion of body composed 
of FM, proportion of body 
composed of LM 


Cr Regional FM/LM 


Dual energy x-ray Absolute FM and LM; bone density 


alsorptiometry92 

In vivo neutron activation Total body protein, absolute FM, 
analysis?® absolute LM 

lsotopically labeled water and TBW, ICW, ECW 


NaBr dilution® 
MRI?e 
Total body potassium’? 


Regional FM/LM 
Body cell mass 


Underwater (hydrostatic) 
weighing®? 


Proportion of body composed 
of FM, proportion of body 
composed of LM 


ECW, Extracellular water; FM, fat mass; ICW, intracellular water; LM, 
lean mass; NaBr, sodium bromide; TBW, total body water. 


TABLE 5.20 Normative Standards for Upper Arm Muscle Area and Sum 
of Triceps and Subscapular Skinfolds 


Percentile 
Parameter Age 5th 50th 85th 
UPPER ARM MUSCLE AREA (cM?)* 
Men 25-29 38 53 65 
45-49 37 55 66 
65-69 33 48 63 
Women 25-29 20 30 38 
45-49 21 32 45 
65-69 22 35 46 
SUM OF TRICEPS AND SUBSCAPULAR SKINFOLDS (MM) 
Men 25-29 12 24 41 
45-49 13 29 43 
65-69 12 27 42 
Women 25-29 18 37 58 
45-49 2l 46 68 
65-69 22 45 65 


*Mid-upper arm muscle area (cm?) is calculated as follows: 
For men: 


Aeae [arm circumference — {r x triceps skinfold}? 40 


An 


For women: 
[arm circumference — {x x triceps skinfold}? 
4n 


Area = = 6.5 


Adapted with permission from Frisancho AR. Anthropometric standards 
for the assessment of growth and nutritional status. Ann Arbor, Mich: 
University of Michigan Press; 1990. 


whole-body fat mass can be derived from assessing the thickness of 
subcutaneous fat, which in a normally proportioned adult contains 
roughly half of the body’s adipose stores. The triceps and subscap- 
ular sites are used most commonly for this purpose, and it is best 
to use the sum of the triceps and subscapular folds because sizable 
inter-individual differences exist in fat distribution. Furthermore, 


as total body fat changes, the subcutaneous fat at each site responds 
in a different manner. Similarly, mid-arm muscle circumference 
(MAMC) provides a measure of skeletal muscle mass. Table 5.20 
contains guidelines for interpretation of skinfold and mid-arm 
muscle area based on data from the first two National Health and 
Nutrition Examination Surveys (NHANES I and I).?° 

Clinical use of skinfolds and appendicular muscle area has dis- 
tinct weaknesses. As was true for the weight-for-height tables, there 
is considerable inter-individual variation in values, so these mea- 
surements are more useful in population studies than in an indi- 
vidual. Moreover, these measures are highly operator dependent.”! 
Also, although the updated databases defining normative values no 
longer contain the race and age biases of older versions, correction 
factors for hydration and physical activity are still unavailable. 

In practice, we have found the most useful clinical role for the 
measurement of skinfolds and muscle area is in tracking patients 
with serial measurements over time as a means of monitoring their 
recovery from disease or response to a clinical intervention. In 
this manner, the patient is being compared with himself or herself 
rather than with some normative value. In gastroenterology, the 
use of skinfolds and muscle area has been of particular value in the 
assessment and management of cirrhotic patients, because cirrho- 
sis corrupts almost all the other common measures of nutritional 
status. Abnormally low values for triceps skinfold and MAMC 
are independent predictors of mortality in patients with cirrho- 
sis, and their incorporation into a Cox regression model improves 
the prognostic value of the Child-Turcotte Score.?? Also, when 
patients with severe alcoholic hepatitis are treated with anabolic 
steroids, improvements in MAMC and other measures of the 
FFM correlate with a positive response to treatment.” 

Interest continues in bioimpedance analysis as an inexpensive, 
relatively easy, noninvasive, and safe means of assessing FFM, 
BCM, and total body water. BCM is sometimes perceived as a 
more important measure of lean mass than FFM because it does 
not include non-living lean mass (e.g., blood plasma and bone 
minerals [see Fig. 5.1]). Resistance to electrical flow through the 
body is measured, which is proportional to fat and bone mineral 
content because these body components have poor conductiv- 
ity. Because all other components of the body are suffused with 
electrolyte-laden water that readily conducts an electric current, 
calculations of total body water, FFM, and BCM can be made if 
one abides by some general assumptions that define the water 
content of each compartment. Those with expertise in its use 
have found it useful for monitoring the FFM in outpatient stud- 
ies of renal dialysis and HIV-infected patients.” > Acute illness, 
however, produces shifts in the total amount of body water and 
its distribution, rendering the technique largely worthless in the 
inpatient setting.”° Furthermore, the algorithms used to calculate 
body composition contain assumptions about body water that can 
change with age, obesity, and disease, so bioimpedance analysis 
must be revalidated within any population in which it is used. 


Functional Measures of Protein-Calorie Status 


Several techniques have been developed that exploit the fact that 
skeletal muscle function is impaired in PEM, although only 1 has 
acquired wide acceptance: fist-grip dynamometry (FGD). FGD 
uses a hand-held dynamometer to measure the maximal fist-grip 
force that can be elicited. When examined as a surrogate measure 
of total body protein in patients awaiting GI surgery, FGD cor- 
related strongly with in vivo neutron activation analysis and with 
MAMC.” Similarly, FGD is excellent for detecting depleted BCM 
in cirrhotic patients,” a group in which it is notoriously difficult 
to perform nutritional assessment. As noted, valid indicators of 
moderate to severe PEM are strong predictors of clinical out- 
come in acutely ill patients, and FGD is effective in this regard. 
Preoperative patients whose fist-grip strength is less than 85% of 
age- and sex-corrected standards have a two-fold increased risk of 
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perioperative complications compared with those whose FGD is 
normal.” In patients undergoing surgery for GI cancers, FGD had 
superior sensitivity and specificity in predicting perioperative mor- 
bidity and mortality than a widely used discriminant analysis called 
the prognostic nutritional index.'!°° FGD holds considerable promise 
for rapid and convenient assessment of protein-calorie status in 
both inpatients and outpatients, but the technique is limited by its 
requirement for an alert and cooperative patient. 

Respiratory muscle strength, typically measured with a bedside 
spirometer as maximal sustained inspiratory force, maximal sus- 
tained expiratory force, or both, has also been used as a measure of 
protein-calorie status but is generally considered unreliable because 
too many non-nutritional factors may alter its measurement. 

Although PEM adversely affects the physiology of almost all 
organ systems, the immune system is the most sensitive. Delayed 
hypersensitivity skin testing, which assesses the integrity of cell- 
mediated immunity, has been used most often in this regard. In 
critically ill patients, skin testing has value in predicting morbidity 
and mortality, but its interpretation is fraught with confounding 
variables such as older age, systemic infection, and major surgery, 
each of which will independently depress reactivity. Furthermore, 
reactivity improves in an unpredictable manner with nutritional 
restitution, so it is not useful for monitoring patient progress.!°! 
The value of skin testing to assess nutritional status is used best as 
part of an array of parameters that collectively assess nutritional sta- 
tus (see later, “Discriminant Analyses of Protein-Calorie Status”). 


Biochemical Measures of Protein-Calorie Status 
Serum Proteins 


The serum concentrations of several proteins synthesized in the 
liver are used as indicators of protein-calorie status: albumin, pre- 
albumin (transthyretin), transferrin, and retinol-binding protein 
(RBP) (Table 5.21). In the absence of concurrent illness or injury, 
a low concentration of any of these proteins strongly suggests the 
presence of PEM. Because the half-lives of prealbumin, transfer- 
rin, and RBP are considerably shorter than that of albumin, it 
follows that changes in nutritional status will be reflected more 
promptly in levels of these three proteins than in albumin. 


A variety of factors alters the serum concentration of each of these 
proteins. Prealbumin levels are often elevated in chronic kidney dis- 
ease or by glucocorticoid or oral contraceptive administration. The 
degree to which serum levels of all these proteins are decreased in 
cirrhosis increases incrementally with worsening grades of the Child 
classification, although even patients who are Child class A have a 
small decrease in albumin compared with healthy individuals.!° 

All these proteins behave as negative acute-phase reactants, 
i.e., their serum concentrations drop in response to systemic 
inflammation, roughly proportional to the magnitude of the 
inflammatory response. This effect diminishes their reliability as 
indicators of PEM in the acutely ill patient, particularly when 
used as a sole metric of nutritional status. Nonetheless, with 
proper respect for their limited accuracy, they can still be useful. 
For example, prealbumin has been shown to be an efficient rapid 
means of screening inpatients for PEM on hospital admission. 1% 


Creatinine-Height Index 


The amount of creatinine excreted in the urine over a 24-hour 
period, corrected for the patient’s height, is an excellent means 
of assessing total skeletal muscle mass. The relationship holds 
because a relatively constant percentage (=2%) of muscle creatine 
is converted to creatinine each day. Values that are greater than 
20% below sex- and height-adjusted normative values are indica- 
tive of moderate-to-severe PEM (Table 5.22). Updated norma- 
tive creatinine-height index (CHI) values for children of ages 3 
to 18 years are available.!°* In sick persons, the CHI tends to 
correlate with simple measures like unintentional weight loss, 
as well as with highly accurate measures of skeletal muscle like 
dual energy x-ray absorptiometry.!°° In patients receiving pro- 
longed mechanical ventilation, CHI is a strong independent risk 
factor concurring with the likelihood of successful weaning and 
survival.!06 

To avoid misleading results, potential confounders that must 
be considered include incomplete urine collection, abnormal or 
unstable renal function, excessive meat or milk ingestion imme- 
diately preceding or during the collection, and glucocorticoid 
administration, all of which can alter creatinine excretion inde- 
pendently of changes in muscle mass. 


TABLE 5.21 Proteins Synthesized in the Liver and Used to Assess Nutritional Status 


Normal Value 


Serum Protein mean + SD (Range)* Half-life (Days) 


Function 


Commentt 


Maintains plasma oncotic 


Serum levels altered by a variety of non-nutritional factors 


pressure; carrier for 
small molecules 


Albumin 4.5 (3.5-5.0) 14-20 
Transferrin 2.3 (2.0-3.2) 8-9 
marrow 
Transthyretin 0.30 (0.2-0.5) 2-3 
(preallbumin) 
for RBP 
Retinol-binding 0.0372 + 0.0073* 0.5 


protein (RBP) 


Binds Fe?+ in plasma and 
transports it to bone 


Binds T3 and to a lesser 
extent T4; is a Carrier 


Transports vitamin A 
in plasma; binds 
noncovalently to 
prealbumin 


Iron nutriture influences plasma level; increased 
during pregnancy, estrogen therapy, and acute 
hepatitis; reduced in protein-losing enteropathy and 
nephropathy, chronic infections, uremia, and acute 
catabolic states; often is measured indirectly as total 
iron-binding capacity 


Increased by corticosteroid, glucocorticoid, or oral 
contraceptive administration, in those with chronic 
kidney disease on dialysis; reduced in acute catabolic 
states, after surgery, in hyperthyroidism; serum level is 
determined by overall energy and nitrogen balance 


Catabolized in the renal proximal tubular cell; with renal 
disease, RBP increases and its half-life is prolonged; 
low plasma levels in vitamin A deficiency, acute 
catabolic states, after surgery, and in hyperthyroidism 


*Units are g/L. Normal range varies among centers; check local values. 


tAll the listed proteins are influenced by hydration and presence of hepatocellular dysfunction. 


Normal values are age- and sex-dependent. Table value is for pooled subjects. 


SD, Standard deviation; T, triiodothyronine; T4, thyroxine. 


Adapted from Heymsfield S, Tighe A, Wang Z-M. Nutritional assessment by anthropometric and biochemical means. In: Shils M, Olson J, Shike M, editors. 
Modern nutrition in health and disease. 8th ed. Philadelphia: Lea & Febiger; 1994. p 812. 
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Discriminant Analyses of Protein-Calorie Status 


As noted, many parameters used to measure PEM can also pre- 
dict important clinical outcomes, although each parameter has its 
own limitations. Multifactorial indices that incorporate various 
combinations of these parameters have been developed through 
the use of discriminant analyses. By combining the strengths of 
several parameters, the goal has been to arrive at a more accu- 
rate determination of whether a patient has a substantial degree 
of PEM and to optimize the ability to predict which patients 
will have adverse clinical outcomes because of PEM. Over the 
past several decades, various indices have been developed for 
use in acutely hospitalized patients: for instance, the Prognostic 
Nutritional Index (which incorporates serum albumin, transfer- 
rin, delayed skin hypersensitivity, and triceps skinfold) predicts 
the likelihood of postoperative complications and mortality in 
patients undergoing GI surgery”; the Geriatric Nutritional Risk 
Index (which incorporates serum albumin and % IBW) predicts 
the likelihood of infectious complications and mortality among 
elderly inpatients.!°° Since readily available metrics of PEM in 
the acute care setting are so heavily influenced by disease sever- 
ity, these indices should not be considered as accurate measures 
of the degree of malnutrition; more properly, they are best con- 
sidered predictors of morbid and mortal events that are known 
complications of PEM. 

Two more recent additions to this list of indices for the acute 
care setting are the Nutrition Risk Score-2002 and the NUTRIC 
score.!9? As is true of the older indices, their use has been 
designed and validated for a specific type of patient, namely, ICU 
patients. A significant advance accompanying the introduction of 
the NRS-2002 and NUTRIC is the studies that have explored 
whether these indices can discriminate those patients who genu- 
inely benefit from intensive nutritional support from those who 
will not.!10-1 


TABLE 5.22 Normative Values for Daily Creatinine Excretion Based on 


Height 
Men* Women* 

Ideal Ideal 
Height Creatinine Height Creatinine 
(cm) (mg) (cm) (mg) 
LOVES) 1288 147.3 830 
160.0 1325 149.9 851 
162.6 1359 152.4 875 
165.1 1386 154.9 900 
167.6 1426 WSS 925 
170.2 1467 160.0 949 
2m 1513 162.6 977 
175.3 1555 165.1 1006 
177.8 1596 167.6 1044 
180.3 1642 170.2 1076 
182.9 1691 IAK 1109 
185.4 1739 oR 1141 
188.0 1785 177.8 1174 
190.5 1831 180.3 1206 
193.0 1891 182.9 1240 


*Creatinine coefficient (men) = 23 mg/kg of ideal body weight. 

tCreatinine coefficient (women) = 18 mg/kg of ideal body weight. 

From Blackburn GL, Bistrian BR, Maini BS, et al. Nutritional and metabolic 
assessment of the hospitalized patient. J Parenter Enteral Nutr 1977; 
1:11-22. 


Rapid Screening Tools for Assessment of Targeted 
Populations 


Assessing nutritional status with inexpensive, rapid, and conve- 
nient means that are accurate in identifying patients with PEM 
is of great value, particularly when large numbers of people need 
to be evaluated. Two such tools have been developed and exten- 
sively validated: the subjective global assessment (SGA) and the 
Mini-Nutritional Assessment (MNA). 


Subjective Global Assessment 


SGA was initially intended for use in surgical inpatients as a means 
of assessing nutritional status and predicting postoperative infec- 
tions (Box 5.1); for the latter, it was found to be a better predictor 


BOX 5.1 Subjective Global Assessment of Nutritional Status 


HISTORY 


Weight change: 
Loss in past 6 months: amount = kg; 
% loss = 
Change in past 2 weeks: 
No change 
Dietary intake change: 
No change Change 
Duration = weeks 
Dietary status: 
Suboptimal solid diet 
Hypocaloric liquids 
Starvation 
Gastrointestinal symptoms (that have persisted for >2 weeks): 
None Nausea Vomiting 
Diarrhea Anorexia 
Functional capacity: 
No dysfunction 
Dysfunction Duration = 
Type: 


Increase 
Decrease 


Weeks 


Working suboptimally 
Ambulatory but not working 
Bedridden 
Effect of disease on nutritional requirements: 
Primary diagnosis: 
Metabolic demand: Low stress 
Moderate stress High stress 


PHYSICAL EXAMINATION (NORMAL, MODERATE, OR 
SEVERE) 


Loss of subcutaneous fat (triceps, chest) 
Muscle wasting (quadriceps, deltoids) 
Ankle or sacral edema 

Ascites 


SGA RATING* 


A = Well nourished 
B = Mild or moderate malnutrition 
C = Severe malnutrition 


*The ranks of A, B, and C in the SGA are assigned on the basis of subjec- 
tive weighting. A patient with weight loss and muscle wasting who is 
currently eating well and gaining weight is classified as well nourished. 

A patient with moderate weight loss (between 5% and 10%), continued 
compromise in food intake, continued weight loss, progressive functional 
impairment, and moderate stress due to illness is classified as moderately 
malnourished. A patient with severe weight loss (>10%), poor nutrient 
intake, progressive functional impairment, and muscle wasting is usually 
classified as having severe malnutrition. 
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than serum albumin concentration, delayed skin hypersensitivity, 
MAMC, CHI, and the prognostic nutritional index.'!’ A focused 
history and physical examination are used to categorize patients 
as well nourished (category A), having mild or moderate malnu- 
trition (category B), or having severe malnutrition (category C). 
Despite the subjective nature of some of its components, there is 
excellent agreement among independent observers.!!* The SGA 
has been shown to be reliable, even in the hands of first-year 
medical and surgical residents,!!> and has been validated as a pre- 
dictor of clinical outcomes in chronically institutionalized older 
adults and patients with a variety of medical conditions.!!°!!® 


Mini-Nutritional Assessment 


The MNA was developed as a rapidly administered screen to 
detect PEM in geriatric populations. A combination of history, 
limited physical examination, and simple anthropometrics (BMI, 
arm- and calf-circumference) can be obtained in a few min- 
utes. Subjects receive a score that classifies them as being nour- 
ished, malnourished, or at risk of malnutrition. The MNA is a 
valid means of detecting PEM in older adults who are generally 
healthy and ambulatory, as well as those who are frail and institu- 
tionalized!!?-!?°; in the chronically institutionalized, it possesses 
considerable predictive value in projecting future morbidity.'7! 
One disadvantage of the MNA is that it does not screen for over- 
weight or obesity. Other screening tools designed for geriatric 
populations, such as the Nutrition Screening Initiative, have the 
ability to screen for under- and overnutrition but have not been 
as extensively validated as the MNA.!?? 


AGGRESSIVE NUTRITIONAL SUPPORT IN THE 
HOSPITALIZED PATIENT 


The chapter that follows provides detailed descriptions of 
the approaches to nutritional management that are presently 
accepted as appropriate in the setting of specific GI and hepatic 
diseases. As a means of introduction, however, it is first worth 
considering under what circumstances clinical observations 
indicate that “aggressive nutritional support” (defined as using 
whatever means necessary and practical to meet the patient’s 
nutritional needs) truly benefits the acutely ill patient. In prac- 
tice, any acutely ill patient who has moderate-to-severe malnutri- 
tion and is unlikely to be able to meet his or her own nutritional 
needs within 48 hours is a strong candidate for aggressive nutri- 
tional support. Another common indication for aggressive nutri- 
tional support is when a well-nourished or mildly malnourished 
inpatient is judged to be unlikely to meet at least 80% of his or 
her projected calorie or protein goals for the coming 10 days. 
To date, there is insufficient evidence-based science to prove 
efficacy of this latter indication, although common sense would 
suggest it to be true. 

Catabolic forces that accompany acute illness make it difficult to 
correct nutritional deficits. In those with a high degree of sustained 
metabolic stress, nutritional support generally will not lead to an 
increase in the protein compartment of the body. Moreover, a gain 
in weight may not occur, and when it does, much of the initial gain 
is from water and an expanded fat mass.!? Despite these limitations, 
even in the absence of weight gain or increases in serum protein lev- 
els, a course of nutritional support for an appropriate patient can 
improve physiologic functions and clinical outcomes.!*+ 

The following three sections cite some clinical scenarios 
particularly relevant to gastroenterology for which compelling 


clinical research upholds that aggressive nutritional support pro- 
vides benefit to the hospitalized patient. 


Malnourished Patients Undergoing Major Surgery 


Nutritional support can be beneficial for moderately to severely 
malnourished patients who are scheduled to undergo major sur- 
gery. Aggressive nutritional support for 7 or more days before sur- 
gery reduces perioperative complications and sometimes mortality 
in malnourished patients.+7!: 125-127 Tn the Veterans Affairs TPN 
Cooperative Study, which encompassed almost 500 subjects about 
to undergo major abdominal or thoracic surgery, patients who were 
categorized as severely malnourished and randomized to receive pre- 
operative TPN realized an almost 90% decrease in noninfectious 
perioperative complications. No benefits were observed in mildly 
malnourished or well-nourished individuals. In trials of moderately to 
severely malnourished patients, preoperative nutrition support gen- 
erally conveys sizeable benefits: a trial that enrolled 90 patients with 
gastric or colorectal cancers undergoing surgery demonstrated a 35% 
decline in overall complications and a significant reduction in mor- 
tality.!’’ The observation that the benefits of preoperative nutritional 
support are confined to those with a substantial degree of malnutri- 
tion is the same conclusion reached by meta-analyses.” 70? Deferring 
aggressive nutritional support until after surgery does not appear to 
have the same ability to diminish perioperative complications.!7° 

Provision of nutrients via an enteral approach is also benefi- 
cial. There have been fewer trials done of preoperative enteral 
support than of preoperative TPN, but it appears that preopera- 
tive enteral support confers the same nutritional!”? and clinical!*° 
benefits as TPN. As with TPN, postoperative enteral nutrition 
in the absence of aggressive preoperative support is less likely to 
convey benefit to the patient.!*! 


Patients Hospitalized with Decompensated Alcohol- 
Associated Liver Disease 


The prevalence of moderate-to-severe PEM is so high in patients 
admitted for acute alcoholic hepatitis and other forms of decom- 
pensated alcoholic liver disease” that it is best to assume all such 
patients are malnourished. Furthermore, patients with acute 
alcoholic hepatitis usually fall far short of their nutritional needs 
when allowed to eat freely. Clinical trials have demonstrated that 
the rates of morbidity, mortality, and the speed of recovery are 
improved with prompt institution of enteral or parenteral nutri- 
tion in these patients.°°-6” 132 


Patients Undergoing Radiation Therapy 


The usefulness of aggressive nutrition support in patients 
undergoing radiation therapy has been studied most extensively 
in those who have head and neck and esophageal cancers. There 
is now reasonable evidence in these patients that placement of 
a PEG tube and administration of supplemental tube feedings 
during and after the course of radiation therapy prevents fur- 
ther deterioration of nutritional status.!33-134 In patients with 
head and neck cancers, supplemental PEG feedings have also 
been shown to improve quality of life. Although improvements 
in survival or decreased morbidity have not yet been demon- 
strated, improved quality of life alone may warrant its use in 
this setting. 


Full references for this chapter can be found on www.expertconsult.com. 
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NUTRITION IN SPECIFIC DISEASE STATES 


Nutritional assessment and directed nutritional therapy are 
important in the treatment of many GI diseases. Familiarity with 
appropriate nutritional intervention is imperative to obtain good 
clinical outcomes. The preceding chapter reviewed nutritional 
assessment, and this chapter will give an overview of nutritional 
concerns in common GI disorders and treatment of nutritional 
deficiencies by parenteral nutrition (PN) and enteral nutrition 
ŒN). 


Intestinal Failure 


Intestinal failure (IF) describes a state of insufficient intestinal 
capacity to fulfill nutritional demands, resulting in dependency 
on the use of PN,! although the definition of IF has been revised 
by multiple sources. The European Society for Clinical Nutrition 
and Metabolism (ESPEN) is the first scientific society to issue a 
formal definition for intestinal failure. In the ESPEN definition, 
2 criteria must be present: a “decreased absorption of macronu- 
trients and/or water and electrolytes due to a loss of gut function” 
and the “need for parenteral support.” IF is further classified 
into Types I, II, and III. Type I IF is acute, short-term, and due 
to a self-limiting condition such as ileus following abdominal sur- 
gery, which may require a brief period of nutritional support.’ 
Type II IF results from a prolonged acute condition, often in 
metabolically unstable patients who require IV supplementation 
over periods of weeks or months, and may be reversible or irre- 
versible.’ Type II IF patients may recover fully or progress to 
type III intestinal failure, which is a chronic state of IF requir- 
ing long-term nutritional support, typically in the form of home 
PN.* Etiologies include Crohn disease (CD) (see Chapter 115), 
radiation enteritis (see Chapter 41), intestinal obstruction (see 
Chapter 123), dysmotility (see Chapters 99, 100, and 124), intes- 
tinal trauma, congenital disorders (see Chapter 98), intestinal fis- 
tulae (see Chapters 29 and 115), and vascular complications (see 
Chapter 118).! 


74 


Short bowel syndrome (SBS) due to intestinal malabsorption 
associated with a functional small intestine length of less than 
200 cm is a common cause of IF (see Chapter 106). After exten- 
sive intestinal resection, 3 clinical stages have been described. 
The first stage occurs during the first few weeks after resection 
and is characterized by significant fluid and electrolyte shifts 
that require copious amounts of IV fluids to prevent dehydra- 
tion. During the second stage, which may last for up to 2 years, 
there is both structural adaptation (increase in size and absorptive 
surface as a result of cellular hyperplasia) and functional adapta- 
tion (slowing of bowel transit to allow increased time for absorp- 
tion). The third stage is a stable phase during which no further 
improvement or adaptive changes occur.’ Nutritional manage- 
ment of SBS depends on the amount and location of small intes- 
tine removed, because the intestine has the ability to adapt and 
increase its absorptive function over time. Initially, PPIs are used 
to reduce gastric hypersecretion, and anticholinergic agents and 
opioids are used to slow intestinal transit. Patients may require 
larger doses of anticholinergics than are usually recommended, 
because absorption of the oral medication may be limited. PN is 
prescribed during stage 1 to meet nutritional needs. 

During stage 2, oral feedings are gradually started, and the 
volume of PN is reduced as oral feedings are increasingly toler- 
ated. Patients should eat small, frequent meals—avoiding simple 
sugars, fiber, and nutrient-poor foods—and separate the times of 
fluid and solid food ingestion. Lactose is usually well tolerated, 
unless the proximal jejunum is resected. Dietary intake should be 
increased by at least 50% because most stable adult SBS patients 
absorb only half to two thirds as many calories as normal. Such a 
hyperphagic diet is best tolerated when consumed as 5 to 6 meals 
throughout the day.° Diarrhea may result from oral feedings and 
may limit weaning from PN. While percutaneous endoscopic 
gastrostomy (PEG) placement in the management of SBS is con- 
troversial, enteral tube feeding administered continuously over 
12 to 24 hours is usually better tolerated than intermittent bolus 
feeding because of greater nutrient absorption and less osmotic 
diarrhea. EN is usually slowly advanced while PN is isocalorically 
decreased over several months, with frequent monitoring of tol- 
erance as determined by the development of symptoms, amounts 
of food and fluid intake, stool and urine output, body weight, 
hydration status, and micronutrient levels.’ 

Following extensive resection of the small intestine, 3 distinct 
clinical types of SBS can be identified. In type I SBS, patients have 
only jejunum remaining with an end jejunostomy and no colon. 
‘These patients experience massive fluid shifts, show little signs of 
adaptation over time, and are more likely to be PN dependent. In 
type II SBS, patients have variable length of jejunum connected 
in series with some portion of colon. Clinically they show greater 
signs of adaptation but demonstrate slow deterioration of nutri- 
tional status over time without parenteral support. Finally, in type 
MI SBS, intestinal rehabilitation of the remaining small intestine is 
most likely to be successful (meaning the patient can resume intake 
of adequate oral nutrition) because the colon has been preserved 
and is in continuity with the small intestine and the ileocecal valve 
is maintained.’ Production of glucagon-like peptide (GLP)-1 by 
the remnant of terminal ileum has a trophic effect and stimulates 
SB adaptation, as a result of which these patients rarely need EN 
or PN. Clinical factors useful in predicting the success of intesti- 
nal rehabilitation include the presence of residual disease in the 


remnant bowel, bowel length, the degree to which adaptation has 
occurred, and the duration of time on PN. Intestinal autonomy is 
defined by the ability of a SBS patient to live without PN and may 
be expected if a patient has 70 to 90 cm of small bowel and an intact 
colon, or 130 to 150 cm of small bowel with no colon. Through 
the period of adaptation, intestinal autonomy may be achieved 
more readily for calories than for fluid and electrolytes. Citrul- 
line, a non-protein amino acid produced by intestinal mucosa, has 
been proposed as a predictor of permanent versus transient IF.° In 
one study, a plasma citrulline level of below 20 pmol/L identified 
patients destined to have permanent IF, with positive and negative 
predictive values of 95% and 86%, respectively.” 

Patients with severe SBS (<200 cm small bowel remaining) 
usually require a glucose-electrolyte oral rehydration solution 
(ORS). Ingestion of an ORS containing glucose with a sodium 
concentration of at least 90 mmol/L aids in water absorption by 
making use of sodium-glucose co-transporters in the jejunum 
(see Chapter 101). Between 2 and 3 L of an ORS solution should 
be sipped throughout the day. Hypo-osmolar fluids should be 
avoided, as their absorption is dependent mostly on passive dif- 
fusion. Hyperosmolar fluids also should be avoided in patients 
with SBS, because they lead to fluid shifts into the bowel lumen, 
worsening diarrhea.° If a patient has had a partial ileal resection 
(resection of <100 cm) and has an intact colon, the bile-binding 
resin cholestyramine can be used to reduce bile salt-induced diar- 
rhea. In patients with a limited amount of ileum remaining (>100 
cm of ileum resected) and an intact colon, however, cholestyr- 
amine can increase diarrhea by depleting the bile salt pool. In 
general, fat restriction should not be used for SBS type I patients 
who do not have a colon, but it may be beneficial in reducing 
diarrhea for SBS types II and III, in which some length of colon 
remains.!° Even in these latter types, however, fat restriction may 
not change the volume of diarrhea and polyphagia is made more 
difficult without the ingestion of calorically-dense fatty foods. 
Vitamin Bız injections should be administered monthly if more 
than 50 to 60 cm of terminal ileum has been resected. The soma- 
tostatin analog octreotide has been shown to prolong small intes- 
tinal transit time and decrease GI secretions, but its use remains 
controversial because it is also associated with gallstone forma- 
tion and decreased splanchnic protein synthesis, and has not been 
shown to eliminate the need for PN.!1-14 

The use of growth hormone and glutamine to promote small 
intestinal mucosal hypertrophy and improve absorption is con- 
troversial. A single randomized controlled trial (RCT) demon- 
strated decreased PN volume, calories, and number of infusions 
with this approach, although the effects were short-lived, and 
measured parameters returned to baseline after cessation of 
therapy.!>!° Use of a GLP-2 analog has been shown to be a tro- 
phic stimulator of small intestinal mucosa, resulting in improved 
absorption. Teduglutide, a GLP-2 analog, was shown in a RCT 
to significantly reduce the volume and number of days of PN for 
patients with intestinal failure, and resulted in weaning from PN 
dependency in a small percentage of patients (see Chapter 106).!” 


Pancreatitis 


Nutritional therapy in the management of acute pancreatitis (AP) 
has undergone a significant paradigm shift from previous prac- 
tices. Historically, patients with AP were kept NPO to avoid the 
potential risk of further stimulating exocrine pancreatic secretion 
and worsening inflammation. Over the past 2 decades there has 
been a shift toward early EN in AP patients, but also in all criti- 
cally ill patients. Data on early feeding (initiated within 24 to 36 
hours of admission) in AP have demonstrated lower risk of multi- 
organ failure (MOF), operative interventions, systemic infections, 
septic complications, and even mortality compared with what 
had been standard therapy (no EN/PN) or delayed EN.'® The 
PYTHON (Pancreatitis, Very Early Compared with Selective 
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Delayed Start of Enteral Feeding) study, an RCT in which 
patients were allocated to receive EN within 24 hours through 
a nasojejunal (NJ) catheter or be given an on-demand oral diet 
over the first 4 days (and then only start EN if the oral diet were 
not tolerated), seemed to refute these results. Outcomes showed 
that rates of major infection or death were no different between 
groups,!? although only 20% of patients in this study were admit- 
ted to the ICU, and less than 8% had severe AP (defined by per- 
sistent MOF > 48 hours). The key issue in nutritional therapy is 
severity of the systemic inflammatory response syndrome (SIRS). 
If the SIRS response is severe enough to require admission to 
the ICU (especially if the patient is placed on mechanical ventila- 
tion), a NG/NJ tube should be placed and EN initiated within 
24 to 36 hours of admission. If the SIRS response is minimal and 
the patient can be managed on the hospital wards, then oral diet 
should be offered as tolerated and EN considered only when 
there is failure to advance the diet after 4 days. Early initiation 
and advancement of EN should be performed with caution pend- 
ing adequate resuscitation, as hemodynamically unstable patients 
requiring inotropic support may be at an increased risk of non- 
occlusive mesenteric ischemia (see Chapter 118).?° 

‘Two meta-analyses comparing EN with PN in severe AP have 
shown a significant 2-fold reduction in the risk of total and pan- 
creatic infectious complications, and a 2.5-fold reduction in the 
risk of death in patients receiving EN.*!7? In an American Gas- 
troenterological Association (AGA) technical review of 12 RCTs, 
EN reduced the risk of infected peripancreatic necrosis (OR 0.28, 
95% CI0.15 to 0.51), single organ failure (OR 0.25, 95% CI 0.10 
to 0.62), and MOF (OR 0.41, 95% CI 0.27 to 0.63) compared 
with PN. Stratifying patients with severe AP from those with 
mild-to-moderate disease helps triage patients needing admission 
to the ICU, adequate hydration, treatment for early organ fail- 
ure, and provision of early EN.** Moreover, 3 RCTs comparing 
gastric with jejunal feeding in severe AP showed no significant 
difference in the levels of infusion between groups with regard to 
tolerance or clinical outcome.”>”° 

Patients with chronic pancreatitis (CP) often have weight 
loss associated with hypermetabolism, and their nutrient intake 
can be further compromised by abdominal pain, malabsorption, 
and diabetes.?’?° Jejunal feeding in such patients has been used 
to improve weight as well as to reduce abdominal pain, GI side 
effects, and narcotic use.’? Oxidative stress has been implicated in 
the pathophysiology of CP and antioxidant supplementation with 
selenium, ascorbic acid, f-carotene, a-tocopherol, and methio- 
nine has been shown to provide pain relief in patients with CP.*° 

In a randomized, placebo-controlled trial of antioxidants used 
to treat the pain of CP, although therapy significantly raised 
blood levels of antioxidants, it did not have any beneficial effect on 
pain or quality of life of the 92 patients studied.*! These findings 
refute another RCT of 127 patients with CP who were treated 
with antioxidant supplementation that found 32% of patients 
became pain free in the antioxidant group compared with 13% in 
the placebo group.*° There was also a reduction in the number of 
painful days per month as well as the number of analgesic tablets 
used per month.?° It should be noted that in this study, the mean 
patient age was 30 years and only slightly over a quarter had alco- 
hol as the etiology for CP. Taken altogether, it would seem that 
elderly patients with alcohol as the etiology for their CP are less 
likely to benefit from antioxidant therapy than younger patients 
with a non-alcoholic etiology. Patients with CP should consume 
small, frequent meals and avoid foods that are difficult to digest 
(e.g., legumes). Fat restriction is no longer recommended. In 
patients with weight loss, medium-chain triglycerides (MCTs) 
may be useful to provide extra calories without causing steator- 
rhea. MCTs, however, may be poorly tolerated because they are 
foul-tasting and can cause cramps, nausea, and diarrhea.’’*? Fat- 
soluble vitamins, vitamin By), and calcium should be replaced as 
clinically indicated. 
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Crohn Disease (CD) 


CD (see Chapter 115) may be associated with malnutrition sec- 
ondary to anorexia, malabsorption, increased intestinal losses, 
and the catabolic effects of systemic inflammation.*? Deficiencies 
of magnesium, selenium, potassium, zinc, iron, and vitamin 
By are common.** Vitamin D deficiency is seen in about 50% 
of patients with CD. Besides a role in osteoporosis, vitamin D 
has also been implicated in the pathogenesis of CD, as it may 
down-regulate TNF-c-related genes.*>-** Although dietary ther- 
apy in IBD (with such commercial diets as the Colitis 5-Step, 
Atkins, South Beach, Specific Carbohydrate, Elimination, or the 
Maker’s Diet) has been proposed to help reduce symptoms, few 
well designed placebo-controlled studies exist. The use of EN, 
however, is an important component of IBD therapy for patients 
who cannot eat. RCTs in Asia comparing whole-day or half-day 
use of oral enteral formulas versus ad lib oral diets have shown 
significant improvement in IBD symptoms with EN.*? Although 
glucocorticoid therapy has been shown to be more effective than 
EN for inducing clinical remission of CD in adults,*? EN in 
children is just as effective as glucocorticoids in inducing clinical 
remission. An enteral formula with transforming growth factor-B 
is marketed specifically for IBD, but there is no robust evidence 
to recommend its use at this time.*! 

Among hospitalized patients with active CD, no significant 
differences in improvement have been shown in patients random- 
ized to receive EN or PN.*?; Use of PN to achieve remission is 
problematic, as symptoms invariably recur once PN is stopped 
and an oral diet is resumed. The use of PN in IBD should be 
restricted to patients who have not responded to medications or 
in whom EN cannot be delivered. Bowel rest is not necessary to 
achieve remission in CD. Malnutrition is an independent risk fac- 
tor for postoperative complications. The ESPEN 2017 guidelines 
suggest that CD patients who require emergency surgery should 
receive additional nutrition in the form of EN or PN to opti- 
mize postoperative outcomes. There are a paucity of high-quality 
studies, however, that specifically address the issue of nutritional 
support to prevent postoperative complications in CD patients. 
One meta-analysis showed that CD patients who received pre- 
operative EN or PN were 74% less likely to have postoperative 
complications compared with standard of care without EN or 
PN (20.0% vs. 61.3%, respectively).*+ A separate meta-analysis 
showed that in selected patients, preoperative PN resulted in 
improved nutritional status, fewer postoperative complications, 
and reduced disease severity. 


Liver Disease 


Malnutrition is common in advanced liver disease patients, with 
a prevalence of 50% to 90% in those with cirrhosis, depending 
on the methods used for nutritional assessment.*° Malnutrition 
leads to more complications (e.g., ascites, hepatorenal syndrome) 
and has been shown to be an independent predictor of survival. 
Among patients with cirrhosis and portal hypertension who are 
malnourished, the crude in-hospital mortality rate is 14.1%, 
compared with 7.5% in those who are not malnourished.*48 
Nutritional deficiencies among patients with liver disease result 
from many different factors acting in combination: malabsorp- 
tion, altered metabolism, decreased nutrient storage, increased 
nutrient requirements, and decreased dietary intake resulting 
from anorexia, altered taste, and dietary restrictions. The etiology 
of anorexia is multifactorial and includes mechanical compression 
of the stomach by ascites as well as alterations in inflammatory 
and appetite mediators (e.g., increases in TNF-a and leptin).*° 
Patients with cirrhosis have been found to have dysgeusia, which 
can result from magnesium deficiency.*? Restriction of dietary 
sodium and protein to manage ascites and hepatic encephalop- 
athy, respectively, can further lead to reduced food variety and 


poor oral intake. In addition, patients with alcoholic cirrhosis 
often substitute alcohol for nutrient-rich foods. Decreased bile 
salt production results in an intolerance to high-fat foods and the 
development of fat-soluble vitamin malabsorption, especially in 
patients with cholestatic liver disease. Nutrient absorption may 
be further compromised by hypoalbuminemia, which results in 
edema of the small intestine. Also, some patients with alcoholic 
cirrhosis have CP, with resultant maldigestion of protein and fats. 
Portosystemic shunting can cause nutrients to bypass the 
liver, preventing them from being metabolized. Gluconeogen- 
esis and protein catabolism are up-regulated, glycogenolysis is 
down-regulated, and insulin resistance occurs, leading to a deple- 
tion of muscle mass and fat mass because of their use as energy 
sources. Patients with cirrhosis have increased protein needs, and 
limiting their protein intake to prevent hepatic encephalopathy 
will only further accelerate protein-calorie malnutrition.*° It has 
been shown that diets with a normal protein intake are well tol- 
erated and do not worsen hepatic encephalopathy (see Chapter 
94).5° Patients should be fed according to their protein needs, 
and portosystemic encephalopathy treated with medications 
if it develops. Despite the high prevalence of insulin resistance 
among cirrhotic patients, carbohydrate restriction is not recom- 
mended as a method to prevent the hypoglycemia associated with 
impaired glycogen synthesis and hepatic stores. The branched- 
chain amino acids (BCAAs) valine, leucine, and isoleucine are 
used preferentially as a protein source by patients in liver fail- 
ure because they are metabolized by the muscle, kidney, adipose, 
and brain tissue. In contrast, the aromatic amino acids (AAAs) 
tyrosine, phenylalanine, and methionine are metabolized and 
deaminated solely by the liver. Normal serum AA concentrations 
are altered in cirrhosis, with a rise in AAAs and a fall in BCAAs. 
We are not certain at this time whether AA concentrations are 
deranged in cirrhotics with or without portal hypertension, or 
in both. It is postulated that the rise in concentration of AAAs 
precipitates hepatic encephalopathy because they act as false 
neurotransmitters. In the past, BCAA supplementation has been 
shown to reduce hyperammonemia, because the metabolism of 
BCAAs by skeletal muscle supplies carbon skeletons for the for- 
mation of a-ketoglutarate, which combines with 2 ammonia mol- 
ecules to become glutamine.*°>! Newer guidelines suggest that 
use of a formulation enriched in BCAAs should not be expected 
to improve patient outcomes compared with standard whole-pro- 
tein formulations in critically ill patients with liver disease. Out- 
patient RCTs suggest that long-term nutrition supplementation 
with oral BCAA granules may be useful in slowing progression of 
hepatic disease and prolonging event-free survival.°*->+ Patients 
with hepatic encephalopathy already receiving antibiotics and 
lactulose derive no further improvement in outcome (mental sta- 
tus or coma grade) by adding BCAAs to their therapy.°?->+ 
Micronutrient deficiencies can occur in patients with cir- 
rhosis. Water-soluble vitamin (vitamin B complex and C) 
deficiencies can occur in both alcohol-associated and non- 
alcohol-associated liver disease. Thiamine deficiency can lead 
to Wernicke encephalopathy and Korsakoff dementia, not only 
in alcoholics, but also in patients with HCV-related cirrhosis. 
As a result, thiamine supplementation is recommended in all 
patients with cirrhosis.’ Decreased levels of folate and vitamin 
Bg have been reported in HCV infection, and it is noted that 
pegylated interferon and ribavirin therapy further decrease lev- 
els of thiamine, riboflavin, and vitamin B,.*° Fat-soluble vitamin 
deficiencies occur more frequently with cholestatic than paren- 
chymal liver disease. Vitamin A deficiency has been reported 
in cirrhosis and is considered a risk factor for cancer, includ- 
ing HCC.*° Vitamin D levels are low in patients with liver dis- 
ease and fall as liver disease progresses,*®°* as a result of which 
there is a high prevalence of osteoporosis in both cholestatic 
and non-cholestatic liver diseases. Use of immunosuppressives, 
including glucocorticoids, as part of the treatment regimen 


for autoimmune hepatitis and following liver transplantation 
increases the risk for metabolic bone disease. Other risk factors 
for osteoporosis in patients with chronic liver disease include 
advanced age, low BMI, hypogonadism, estrogen deficiency, 
low calcium intake, excessive alcohol use, tobacco use, and 
physical inactivity.’ Vitamin E deficiency has been reported 
in both cholestatic and alcohol-associated liver disease, and low 
levels may facilitate progression of fatty liver to steatohepati- 
tis. Zinc deficiency is also associated with liver disease, espe- 
cially alcohol-associated liver disease, and may lead to anorexia, 
altered taste and smell, immune dysfunction, altered protein 
metabolism,°° hepatic encephalopathy, and impaired glucose 
tolerance. Zinc supplementation improves glucose metabolism, 
but data for improvement in hepatic encephalopathy are con- 
flicting.°> Because copper and manganese are excreted into bile, 
these trace elements should be decreased or omitted from 
PN formulas in patients with cirrhosis or cholestatic liver 
disease.” 

EN is preferred over PN in patients with cirrhosis who 
require nutritional support, because liver function can worsen, 
and patients with ascites may not be able to tolerate the large 
fluid volumes associated with PN.*° Excess dextrose and glu- 
cose can lead to steatosis, and patients receiving long-term 
PN can develop cholestasis, fibrosis, and cirrhosis.°° There 
is an increased risk for catheter sepsis secondary to immune 
dysfunction and increased intestinal permeability.°°? Com- 
pared with cirrhotic patients, those with chronic liver disease 
have better outcome with greater caloric intake. Lack of liver 
glycogen stores and reduced capacity for gluconeogenesis can 
lead to hypoglycemia and reductions in lean body mass during 
prolonged NPO periods. For these reasons, cirrhotic patients 
should not go more than 3 hours without eating, and a bed- 
time snack should be ingested. Patients with liver disease com- 
plicated by severe malnutrition have been shown to have more 
infections, longer ICU stays, and longer hospitalizations after 
liver transplantation, but there currently are no RCTs to show 
that preoperative nutritional support improves clinical out- 
comes of liver transplantation.®.°t Early postoperative EN has 
been shown to reduce the incidence of sepsis, and postoperative 
PN has been shown to reduce the length of ICU stay.®.°° Two 
randomized studies using a symbiotic (prebiotic and probiotic) 
regimen given enterally after liver transplantation have shown a 
reduction in bacterial infections.°7-* 


Diverticular Disease 


Patients with diverticular disease (see Chapter 121) are often 
provided with incorrect nutritional information. Patients are told 
to avoid nuts or foods that contain seeds because of fear that the 
hard, small particles may lodge in a diverticulum and precipitate 
diverticulitis, despite evidence showing no harm.®-’° A number 
of previous retrospective and epidemiologic studies have sug- 
gested benefit from fiber in preventing symptomatic diverticu- 
lar disease, but no well-designed RCTs support this practice.’! 
Fiber intake should be at least 25 g/day and provided as insoluble 
fiber, such as that contained in wheat bran, bran muffins, and 
fiber-based cereals. The use of probiotics has had some success 
in treating and preventing diverticulitis.” The most frequently 
investigated probiotics studied to date have been different strains 
of Lactobacilli. A systematic review of 11 studies on probiotics in 
the treatment of diverticular disease showed regression or reduc- 
tion of symptoms in a majority of the 764 patients evaluated.” 
However, high-quality data on prevention of complications and 
recurrence are scant and currently the AGA guidelines recom- 
mend against the use of probiotics after uncomplicated diver- 
ticulitis.’+ Obesity and physical inactivity have been shown to 
increase risk of symptomatic diverticular disease in both men and 
women. ’>-’7 
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Dumping Syndrome 


Dumping syndrome, which occurs when food passes too rapidly 
into the small intestine, can occur after gastrectomy, vagotomy, 
or esophageal surgery, and is increasingly being seen with the 
growing popularity of bariatric surgery (see Chapter 8). Two 
types of dumping syndrome are recognized. Early dumping syn- 
drome occurs within 30 minutes of a meal and is characterized 
by abdominal pain, diarrhea, borborygmi, bloating, nausea, and 
vasomotor symptoms including flushing, sweating, tachycardia, 
hypotension, and syncope. This syndrome results from shift- 
ing of fluids out of the intravascular space and into the hyper- 
osmolar environment of the duodenal lumen, as well as from 
enhanced release of GI hormones caused by a high carbohydrate 
load entering the small intestine. These hormones, including 
enteroglucagon, pancreatic polypeptide, peptide YY, vasoactive 
intestinal polypeptide, and neurotensin, have been implicated in 
the etiology of the vasomotor symptoms by causing systemic and 
splanchnic vasodilation.’*:’? Late dumping syndrome occurs 1 to 3 
hours after a meal and is characterized by hypoglycemia, sweat- 
ing, hunger, fatigue, and syncope and is thought to be related 
to hypoglycemia from the rapid (earlier) increase in insulin via 
GLP-1 in response to the excessive carbohydrate load in the jeju- 
num. Dumping syndrome is diagnosed by clinical assessment and 
a modified oral glucose tolerance test.’ Nutritional therapy for 
dumping syndrome is described later in this chapter. 


Cancer 


Protein-calorie malnutrition is a common problem for cancer 
patients. At presentation, the frequency of weight loss associated 
with cancer varies based on tumor type: 31% to 40% in patients 
with sarcomas, breast, and hematologic cancers; 54% to 64% in 
patients with colon, prostate, and lung cancers; and over 80% in 
patients with pancreatic and gastric cancers.*” Malnutrition is not 
only affected by the type of cancer, but also by the specific antitu- 
mor therapy regimen and patient characteristics (age, gender, and 
comorbidities such as diabetes and GI disorders).*! Malnutrition 
has been associated with reduced effectiveness of anti-cancer 
therapies, leading to longer duration of treatment and hospital 
stays, increased cost, and increased morbidity and mortality. The 
etiology of malnutrition in cancer patients is multifactorial and 
includes cancer cachexia (which is caused by tumor-induced met- 
abolic abnormalities), impaired caloric intake, maldigestion, mal- 
absorption, and GI toxicity from the cancer therapies themselves. 
Important mediators of cancer cachexia are thought to include 
proteolysis-inducing factor and lipid-mobilizing factor, which 
are produced by tumors, as well as alterations in the balance of 
neurohormones like neuropeptide Y (appetite stimulating) and 
pro-opiomelanocortin (anorexigenic stimulating). Proteolysis- 
inducing factor leads to decreased protein synthesis, increased 
protein degradation, and an increase in pro-inflammatory cyto- 
kines (interleukin-6 and interleukin-8). Lipid-mobilizing factor 
has been shown to increase lipolysis, leading to decreased body 
fat and weight, independent of caloric intake.* 

Most practitioners start a dietary regimen for cancer patients 
by modifying the amount of food and pattern of eating (i.e., 
small, frequent meals), using additional foods or supplements, 
or changing the formulation of the food (liquids, pureed foods, 
etc.). Appetite stimulation with glucocorticoids and megestrol 
acetate has been used successfully in cancer patients with mild 
malnutrition.*? Although both agents lead to improved appetite 
and weight gain, use of megestrol acetate is associated with a 
higher risk of DVT.*+*5 Routine use of nutritional support in 
non-malnourished cancer patients who are undergoing chemo- 
therapy, radiation, or surgery is not recommended unless they are 
unable to ingest or to absorb adequate nutrients for a prolonged 
period of time, in which case studies have shown an improvement 
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in weight and nitrogen balance, but not survival. EN has been 
used successfully in patients with head and neck cancer to prevent 
weight loss, reduce hospitalizations, and reduce interruptions in 
chemotherapy and radiotherapy, although dependence on PEG 
feedings may delay return of swallowing function and PO intake. 
Routine use of PN during chemotherapy has not been shown to 
decrease toxicity, improve tumor response, or decrease mortal- 
ity." PN has been found beneficial in patients who have devel- 
oped severe GI mucositis after bone marrow or hematopoietic 
stem cell transplantation.*’ In hematopoietic stem cell transplant 
patients, EN compared with PN is associated with increased mor- 
bidity, diarrhea, and hyperglycemia and delayed time to engraft- 
ment but less weight and body fat loss.*° Use of PN support in 
the cancer patient should be restricted to those patients with a 
reasonable life expectancy and a sufficient quality of life (Karnof- 
sky Score >50), who are not expected to maintain their nutritional 
needs for a prolonged period (see Chapter 132). 


Obesity 


Obesity is the second leading cause of preventable death, due to 
its association with type 2 diabetes, hypertension, coronary artery 
disease, cerebrovascular disease, obstructive sleep apnea, cancer, 
osteoarthritis, and depression.’ Despite abundant adipose tissue, 
obese critically ill patients should receive early and timely nutri- 
tion therapy. Nutritional assessment of critically ill obese patients 
can be difficult. Current equations to estimate energy expenditure 
are invalid in this population, so indirect calorimetry remains the 
gold standard (see Chapter 5). In an obese patient with glucose 
intolerance or diabetes, the concentrated glucose solution in PN 
can lead to hyperglycemia, which in critically ill patients has been 
shown to increase the risk for nosocomial infection, weaken the 
immune response, delay wound healing, and increase overall 
mortality. During metabolic stress, protein breakdown leads to 
gluconeogenesis. Several studies have suggested that protein-rich 
hypocaloric feeding (2 g protein/kg ideal body weight [[BW]/day 
and 65% to 70% of caloric requirements), also known as permis- 
sive underfeeding, is advantageous over standard nutritional regi- 
mens because oxidation of endogenous lipid stores supplies the 
energy source while protein supplementation is used to promote 
protein anabolism; this approach, however, is still debated. With 
permissive underfeeding, hyperglycemia is seen less often, and 
weight loss may occur with maintenance of lean body mass.** In 
critically ill obese patients, the American Society for Parenteral 
and Enteral Nutrition recommends 11 to 14 kcal/kg actual body 
weight per day for BMI 30 to 50 and 22 to 25 kcal/kg IBW/day 
for BMI greater than 50. The recommended dose of protein is 
2 g/kg IBW for BMI of 30 to 40, and 2.5 g/kg IBW for BMI 240.6! 

The United States Preventive Service Task Force recom- 
mends that all adults be screened for obesity, and those with 
a BMI of 30 kg/m? or higher be offered a referral to intensive 
multicomponent behavioral interventions. Bariatric surgery is 
recommended for individuals with a BMI greater than 40 kg/m? 
and for those with a BMI greater than 35 kg/m? who have obe- 
sity-related comorbidities (see Chapter 8). Micronutrient defi- 
ciencies, particularly iron and vitamin D, are commonly present 
in obese patients and should be corrected preoperatively. After 
bariatric surgery, patients are sequentially advanced from a clear 
liquid diet to a solid diet, and postoperative nutritional guid- 
ance by a dedicated bariatric dietician is highly encouraged. In 
patients with Roux-en-Y gastric bypass, limitation in oral intake 
is necessary because of the small size of the gastric pouch. The 
shorter the length of the common channel in the Roux-en-Y 
gastric bypass, the more likely there will be micronutrient and 
macronutrient deficiencies.’ The laparoscopic adjustable gas- 
tric band, which is least likely to cause nutritional problems, is 
gradually being phased out because of its high rate of complica- 
tions requiring removal in greater than 40% of cases. The vertical 


TABLE 6.1 Sites of Nutrient Absorption in the Stomach and Small 
Intestine 


Site Nutrient 


Stomach Water, ethyl alcohol, copper, iodide, fluoride, 


molybdenum 


Duodenum Calcium, iron, phosphorus, magnesium, copper, 
selenium, thiamin, riboflavin, niacin, biotin, 
folate; vitamins A, D, E, K 


Jejunum Dipeptides, tripeptides, amino acids, calcium, 
phosphorus, magnesium, iron, zinc, chromium, 
manganese, molybdenum, thiamin, riboflavin, 
niacin, pantothenic acid, biotin, folate; vitamins 
Be, C, A, D,E, K 

lleum Folate, magnesium; vitamins B42, C, D 


Data from Kaafarani HM, Shikora SA. Nutritional support of the obese and 
critically ill obese patient. Surg Clin North Am 2011; 91:837-55, viii-ix, 
Ret with permission. 


sleeve gastrectomy is being increasingly utilized because of its 
less disruptive effect on GI physiology and its effective impact 
on weight reduction and decreased risk of diabetes. Not only is 
understanding a patient’s postsurgical anatomy important, but 
also a basic knowledge of the various sites of nutrient absorption 
is essential to prevent and diagnose nutrient deficiencies (Table 
6.1). Post-bariatric surgery nutritional deficiencies can be divided 
into 3 types: protein-calorie malnutrition, vitamin and mineral 
deficiencies, and dehydration. Lifelong vitamin supplementation 
is started shortly after hospital discharge to prevent development 
of nutritional deficiencies, which can develop gradually and may 
take years to manifest.** 

Deterioration of nutritional status can occur post-operatively 
for a variety of reasons, including gastrojejunal anastomotic stric- 
tures and an excessively long segment of bypassed biliopancre- 
atic limb. Micronutrient deficiencies can lead to anemia (iron, 
copper, zinc, folate, vitamins B12, A, E), metabolic bone disease 
(calcium, vitamin D), encephalopathy (thiamine), polyneuropa- 
thy and myopathy (thiamine, copper, vitamins B12 and E), visual 
disturbance (thiamine, vitamins A and E), and rash (zinc, essen- 
tial fatty acids, vitamin A) (see Chapter 103).*? Iron, folate, cal- 
cium, and vitamin B12 deficiencies can occur after Roux-en-Y 
gastric bypass. After biliopancreatic diversion, zinc, sodium, chlo- 
ride, magnesium, and fat-soluble vitamin deficiencies can occur. 
Dehydration is common after bariatric surgery, especially in 
warm weather and after vigorous exercise. The patient’s ability to 
drink large amounts of fluid is restricted because of the reduced 
size of the stomach. Approximately 2 L of fluid intake is usually 
recommended per day, though the amount can vary depending 
on the specific patient and his or her daily activity.*® 

For those not meeting criteria to undergo bariatric surgery, phar- 
macotherapy is an option. According to the 2013 joint guidelines 
from the American College of Cardiology, the American Heart 
Association, and the Obesity Society for the management of over- 
weight and obesity in adults, and the Endocrine Society’s clinical 
practice guidelines on the pharmacologic management of obesity, 
pharmacotherapy for obesity should be considered if patients have 
a BMI of 230 kg/m? or a BMI of 227 kg/m? with weight-related 
comorbidities, such as hypertension, dyslipidemia, type 2 diabetes, 
or obstructive sleep apnea.””.”! There are 6 main anti-obesity medi- 
cations: phentermine, phentermine/topiramate, orlistat, lorcaserin, 
bupropion/naltrexone, and liraglutide (see Chapter 7). 

Phentermine is the most commonly prescribed medication 
for obesity in the USA. It is a schedule IV controlled substance 
and classified as an adrenergic agonist that functions to increase 
resting energy expenditure and suppress appetite. As monother- 
apy, it is indicated for short-term use (3 months), as there are 


no long-term safety trials. When combined with topiramate ER, 
phentermine may be used long term. Orlistat promotes weight 
loss via inhibition of pancreatic and gastric lipases, thus prevent- 
ing the absorption of fat. Orlistat also has the added benefit of 
lowering serum glucose and improving insulin sensitivity.” Lor- 
caserin is a selective serotonin-2C receptor agonist for long-term 
treatment of obesity. The 5-hydroxytryptamine 2C receptor has 
a role in the regulation of the dopamine system, and is postu- 
lated to affect food-related behaviors. Two agents—bupropion 
(a dopamine and norepinephrine re-uptake inhibitor) and nal- 
trexone (an opioid antagonist)—were FDA approved separately 
for the treatment of opioid dependence and alcohol use disorder. 
‘Together, naltrexone/bupropion affects the arcuate nucleus of 
the hypothalamus and the mesolimbic dopamine reward circuit, 
acting to regulate appetite and food cravings. Liraglutide was 
approved by the FDA for chronic weight management and treat- 
ment of type 2 diabetes. It mimics GLP-1, which is released in 
response to food intake, and acts to reduce hunger, decrease food 
intake, and delay gastric emptying.” 


Critical Illness 


Determination of nutritional risk in critically ill patients is impor- 
tant, as it emphasizes the fact that risk from a nutritional stand- 
point is twofold, driven both by deteriorating nutritional status 
and disease severity. While patients with higher nutritional risk 
tend to have greater degrees of GI intolerance resulting in more 
difficulty in complying with the prescribed EN regimen, they are 
more likely to show improved outcomes from nutritional inter- 
ventions than those with lower nutritional risk. American Society 
for Parenteral and Enteral Nutrition guidelines for nutritional 
therapy in the critically ill adult patient recommend that all 
patients admitted to the ICU undergo an initial nutritional risk 
screening. While the concept of nutritional risk is very impor- 
tant, use of the tools to determine such risk (the Nutritional 
Risk Screening 2002 or NRS-2002 and the Nutrition Risk in the 
Critically Il or NUTRIC Score) is problematic. Patients deter- 
mined to be at high nutritional risk (NRS-2002 >5 or NUTRIC 
score 25) should have EN started early within 24 to 36 hours of 
admission to the ICU. Advancement to goal should take 3 to 4 
days in order to minimize the chance for overfeeding, as exog- 
enous feeds are additive to endogenous gluconeogenesis by the 
liver; GI intolerance is monitored; electrolytes are scrutinized for 
evidence of refeeding hypophosphatemia; hypotensive patients on 
vasopressive agents are stabilized; and the process of autophagy is 
supported.”+ Getting to the protein goal sooner (up to 2.0 g/kg/ 
day) is more important than getting to the caloric goal (20 to 25 
kcal/kg/day). Efforts to provide a goal of approximately 80% of 
estimated or calculated goal energy requirements should be made 
in order to achieve the clinical benefit of EN over the first week 
of hospitalization while avoiding risk of overfeeding. Although 
trophic feeds provide the non-nutritional benefit of feeding by 
preventing mucosal atrophy and maintaining intestinal integrity 
in low-to-moderate risk patients, they are insufficient to achieve 
the usual endpoints sought for EN therapy in high-risk patients. 
More than 50% to 60% of goal energy is required to prevent 
increases in intestinal permeability and systemic infection in burn 
and bone-marrow transplant patients,” to promote faster return 
of cognitive function in head injury patients,”° and to reduce mor- 
tality in high-risk hospitalized patients.” Likewise, a prospective 
study of high-risk surgery patients (NRS-2002 25) who received 
sufficient preoperative nutrition therapy (>10 kcal/kg/day for 
7 days) had significant reductions in nosocomial infections and 
overall complications compared with patients who received insuf- 
ficient therapy.”® 

Once EN has commenced, patients should be monitored 
daily for tolerance. Inappropriate interruption of EN should 
be avoided, with NPO orders surrounding the time of tests and 
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procedures kept to a minimum to avoid propagation of ileus 
and prevention of inadequate nutrient delivery. Gastric residual 
volumes (GRVs) should not be used as part of routine care to 
monitor ICU patients on EN, as GRVs do not correlate with the 
incidence of pneumonia, regurgitation, or aspiration, and are a 
poor surrogate marker for gastric emptying. EN protocols should 
be designed and implemented to increase the overall percentage 
of goal calories provided, with consideration for a volume-based 
feeding protocol to clearly define the daily goal volume of EN to 
be infused. Appropriate adjustments to protocol should be made 
in the setting of hemodynamic compromise or instability. In this 
scenario, EN should be withheld if vasopressive therapy is being 
initiated. Initiation or re-initiation of EN may be considered 
with caution once the patient is fully resuscitated and stable for 
24 to 36 hours and pressor support has begun to be withdrawn. 
Critically ill patients are at increased risk for subclinical ischemia/ 
reperfusion injury to the intestine, but data show that ischemic 
bowel is a very rare complication of EN, and that patients on 
stable low doses of vasopressors or even multiple vasopressors 
had lower ICU and hospital mortalities when EN was used than 
when it was withheld.” 

In patients at low nutritional risk, PN should not be used until 
after the first 7 days following ICU admission if the patient can- 
not maintain volitional intake and early EN is not feasible.®! If 
EN is not feasible in patients at high nutritional risk, it is appro- 
priate to initiate PN as soon as possible after hospital admission, 
once resuscitation has been performed.*!:! In any critically ill 
patient, regardless of risk, who is already on EN tube feeding 
but receiving less than 60% of the prescribed goal regimen, addi- 
tion of supplemental PN should be withheld until after 7 to 10 
days from admission. As tolerance to EN improves, the amount 
of PN energy should be reduced and finally discontinued when 
the patient is receiving more than 60% of target energy require- 
ments from EN. 

In all ICU patients who require PN, high protein hypocaloric 
PN should be considered initially over the first week, with pro- 
vision of 80% of energy requirements (20 kcal/kg actual body 
weight/day). Compared with eucaloric PN, permissive under- 
feeding has been shown to reduce the incidence of hyperglyce- 
mia, infections, ICU and hospital lengths of stay, and duration of 
mechanical ventilation.ć!-101,102 

A combination of antioxidant vitamins (including vitamins E 
and C) and trace minerals (including selenium, zinc, and cop- 
per) should be given enterally or parenterally to all critically ill 
patients receiving nutrition support, as these may reduce mortal- 
ity for patients with burns, trauma, and critical illness requiring 
mechanical ventilation.ć!-100 


NUTRITIONAL THERAPY 


Enteral Nutrition 


EN supports both the structural and functional integrity of the 
GI tract. EN sustains structural integrity by maintaining muco- 
sal mass and villus height, stimulating epithelial cell prolifera- 
tion, promoting the production of brush border enzymes, and 
maintaining the secretory immunoglobulin (Ig)A-producing 
immunocytes, which make up the gut-associated lymphoid tissue 
(GALT). EN also maintains the functional integrity of the GI 
tract by maintaining tight junctions between the intraepithelial 
cells, sustaining a thick mucus layer, stimulating blood flow, and 
inducing the production and release of various trophic endog- 
enous agents, including gastrin, CCK, bombesin, and bile salts. 
The provision of EN supports the role of the commensal micro- 
biome and helps prevent the emergence of a virulent pathobiome 
in response to critical illness.!° 

In those patients who will not or cannot eat because of some 
dysfunction of the GI tract, a feeding tube is necessary to provide 
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Drag tube 


Drag wire 


Untethered endoscopy 


Fig. 6.1 Prioritizing techniques for enteral access. Dragging a tube into place increases the chance for proxi- 
mal displacement when the scope is withdrawn. Dragging a wire is better, but torsion on the wire still impedes 
endoscopy. “Untethered” endoscopy technique allows placement of a wire and then delivery of the tube over 
the wire directly into the small intestine without the need to drag either into place using the endoscope. NU, 
Nasojejunal; PEGU, percutaneous endoscopic gastrojejunostomy. (Reprinted with permission from Chan- 
drasekhara V, Kochman M. Techniques in Gastrointestinal Endoscopy, Elsevier.) 


feedings. The radiologist, gastroenterologist, or surgeon usually 
places these enteral access devices. This can be done at the bed- 
side, fluoroscopically, endoscopically, or in the operating room, 
depending on the specific device and the expertise available.!* 


Nasoenteric Tube Access 


The use of small bowel feedings to prevent tube-feeding aspira- 
tion events is a complicated and contentious issue. Small bowel 
feeding is recommended for critically ill patients determined to 
be at high risk of aspiration or those shown to be intolerant to 
gastric feeding.°!!°> Bedside nasoenteric tube (NET) placement 
(Fig. 6.1) is the most common enteral access technique used in the 
hospital and long-term care environments. Use of a commercial 
tube with an electromagnetic GPS imaging system greatly facili- 
tates post-pyloric placement of a NET. Alternatively, the endo- 
scopic over-the-guidewire NET (ENET) technique can be used 
when placement under direct visualization is desired (Fig. 6.2). A 
bridle can be used to secure the ENET once it is placed (Fig. 6.3). 
For bedside NET placement, typically, an 8 to 12 Fr NG tube is 
lubricated and passed into the stomach with the patient’s head 
flexed; the patient ingests sips of water to assist in passage of the 
tube.!°° Bedside auscultation to confirm proper position of the 
NG tube is problematic, and with the exception of those patients 
in whom tube placement was achieved using the electromagnetic 
GPS imaging system, every patient should have a bedside plain 
film to confirm proper positioning of the NG or NJ tube before 
initiating feedings; patient’s mental status does not change this 
recommendation. Surprisingly, the success rate for spontaneous 
small bowel placement is greater for unweighted than weighted 
feeding tubes when placement is at the bedside (92% vs. 56%), 
and, in fact, the weighted tip may actually be an impediment to 
the tube’s spontaneous passage. ! 


NJ feeding tubes can be placed endoscopically at the bed- 
side with the patient moderately sedated. In the “drag-and-pull” 
method, a suture is attached to the end of an NJ tube and used to 
drag the tube into position in the small intestine with a grasping 
forceps. Because it is often difficult to release the suture from 
the grasping forceps, and also to remove the endoscope without 
removing the adjacent NJ tube, a hemoclip can be used to drag 
the tube and then clip it to the small intestine. A second common 
technique, the “over-the-guidewire” technique, requires the use 
of a 5 mm neonatal gastroscope passed through the nares to place 
a guidewire into the small intestine. The endoscope is removed, 
and the guidewire is left in place. A feeding tube is then passed 
over the guidewire and into position in the small intestine, with 
a success rate of 90% to 100%.108-110 A similar version of this 
technique uses a pediatric colonoscope passed through the mouth 
down into the small bowel. A guidewire is passed out into the 
bowel lumen, the scope is withdrawn, and the wire transferred 
out through the nose before final placement of the tube over the 
wire L 

Nasoenteric tubes should be used in patients who will require 
EN via NG or NJ access for less than 1 month. Patients who have 
experienced repeated early failure to keep NETs in place or those 
anticipated to require longer duration of feeding beyond 1 month 
should receive more durable enteral access, such as a PEG, direct 
percutaneous endoscopic jejunostomy (DPEJ), a combination 
percutaneous endoscopic gastrojejunostomy (PEGJ), surgical 
gastrostomy, or surgical jejunostomy. 


Percutaneous Endoscopic Enteral Access 


Insertion of a percutaneous enteral access tube usually requires 
the use of moderate or deep sedation and can be performed in 
the endoscopy suite, in the operating room, or at the bedside. 


CHAPTER 6 Nutritional Management 81 


Fig. 6.2 Over-the-guidewire endoscopic nasoenteric tube technique. A, A pediatric colonoscope is passed down below the ligament of Treitz and the 
wire extended out beyond the end of the scope. B, In the initial wire transfer, the scope is withdrawn out from the mouth at the same rate the guidewire 
is passed down through the operating channel, to prevent displacement of the wire tip from its position in the small intestine. C, The keyhole technique 
is used for withdrawing the endoscope off the guidewire. With the bowel pleated on the end of the endoscope, the endoscope is withdrawn 5 to 6 

cm. By quickly pushing the endoscope back in 2 to 3 cm, the bowel comes off the endoscope 1 to 2 folds at a time. D, With the wire protruding out 
through the mouth, the tip of the wire is then passed through the oronasal transfer tube. E and F The index finger is then used to pin the wire against 
the posterior pharyngeal wall while traction is placed on the wire protruding out through the nose, pulling on the wire until the wire is straight and tension 
is felt against the finger in the posterior pharynx. G, In one technique for the final wire transfer, the feeding tube is passed over the wire down through 
the nares at the exact same rate that the wire is withdrawn out from the distal end of the feeding tube, again to avoid displacing the wire tip. H, In an 
alternative technique for the final wire transfer, an assistant pins the wire to a “point in space” (using a bedside table), and the tube is then slid over the 
fixed wire into final position. (Reprinted with permission from Chandrasekhara V, Kochman M. Techniques in Gastrointestinal Endoscopy, Elsevier.) 
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Fig. 6.3 Bridle technique for securing endoscopic nasoenteric tube. A, Using two 5-Fr neonatal feeding tubes 
or B, acommercial devising using 2 flexible sticks with magnetic ends. (Reprinted with permission from Chan- 
drasekhara V, Kochman M. Techniques in Gastrointestinal Endoscopy, Elsevier.) 


In comparison to nasoenteric access, percutaneous enteral access 
has been shown to be more reliable, allowing patients to receive 
more calories daily because of a reduction in tube dysfunction.!!3 


Indications for Percutaneous Access Devices 
Percutaneous access devices, such as a PEG, are indicated for 
patients who will be unable to maintain sufficient nutritional 
intake for more than 1 month, despite a functional GI tract. 
While certain patient populations such as those patients with 
a stroke may see tremendous benefit from PEG placement as 
a bridge to return of swallowing function and oral intake, in 
other populations such as patients with advanced dementia or 
end-stage malignancy benefit is more limited.!!*"!!° In high-risk 
patients, a high mortality after PEG is usually not a result of the 
procedure itself, but a reflection of the patient’s comorbidities 
and moribund status. In addition to providing access for nutri- 
tion, PEG tubes may be placed for hydration and administra- 
tion of medications as well as for gastric decompression. Some 
of the more common medical indications for PEG placement are 
described below. 

Cancer. Patients with head and neck cancer (HNC) 
are at high risk for malnutrition stemming from dysphagia 
from the tumor itself or from required anti-tumor therapies. 
Approximately 50% of patients with HNC require alternative 
means of nutritional support.'*? EN support via PEG has been 
shown to reduce the number of hospitalizations required from 
dehydration and malnutrition, prevent weight loss, and avoid 
treatment interruptions.!?! Tumor implantation at the ostomy 
site from dragging the PEG tube past the exophytic tumor mass 
is rare. In a retrospective case series of 304 patients receiving 
PEG tubes for HNC, only 2 developed stomal-site metastases 
(0.92%).!*? PEG placement in HNC is controversial only in that 
return of swallowing function and resumption of oral intake may 
be delayed by dependence on the PEG feedings. In patients with 
malignant bowel obstruction, a PEG tube can also be safely and 
effectively used for intestinal decompression. Such a “venting” 
PEG obviates the need for an NG tube, relieves symptoms of 
nausea and vomiting, and can allow end-of-life patients to be 
discharged from the hospital tolerating some degree of an oral 
soft diet.!7 

Use of EN or PN in advanced unresectable cancer is contro- 
versial. The Karnofsky Performance Scale Index can be used to 
assess quality of life in individual patients (see Chapter 132). Use 
of EN or PN may provide improved energy and psychological 
benefit in cases of advanced unresectable malignancies and should 
be considered if the patient has a Karnofsky score greater than 


50 or if the initiation of either route of nutritional therapy allows 
the treatment regimen to be completed.!’* Ultimately, treatment 
strategies should reflect the preferences and values of the patient, 
as patient autonomy is paramount. The final decision to place a 
PEG may be based on cultural, personal, family, spiritual, and 
religious beliefs, and may not always be supported by scientific 
facts. 

Stroke. Data support the use of PEG tubes in patients with 
stroke-related dysphagia, as a bridge to return of swallowing 
function and oral intake. Compared with NG feeding, early PEG 
placement was found to be associated with a lower incidence of 
ventilator-associated pneumonia.!*> In a Cochrane meta-analysis, 
PEG feeding compared with NG tube feeding was associated 
with a reduction in treatment failures, and a higher overall rate 
of delivery of feeds. 

Dementia. Despite widespread use, the benefit gained from 
PEG placement in patients with dementia remains unclear. In 
a prospective cohort study of more than 36,000 nursing home 
residents with recent onset of dysphagia, neither insertion of a 
PEG tube nor the timing of that insertion affected survival.!*° 
‘The most common reasons for PEG placement in patients with 
dementia include reduction in risk of aspiration, maintenance of 
skin integrity with prevention of pressure sores, improvement 
in quality of life, and prolongation of survival. The likelihood 
that these benefits will be achieved by PEG placement is limited. 
When patients with dementia are changed from hand feeding by 
staff or family members to PEG tube feeding, they are deprived 
of taste, touch, nurturing, and social interaction.!?” Over 70% 
of patients with dementia who have feeding tubes need to be 
restrained.!!© Risk of developing pressure ulcers in nursing 
home residents with PEG tube placement may actually increase 
because of decreased mobility and the need to be restrained.!!” 
In a prospective study of 150 patients followed after PEG- 
tube placement, 70% showed no improvement in functional 
status or overall subjective health status.'’* While the patient’s 
quality of life and health status may not directly improve, his/ 
her care becomes more manageable. Family and caregivers often 
experience less frustration and a greater sense of accomplishment 
following PEG placement.!** PEG tube placement may do little 
to reduce aspiration pneumonia, as patients are still capable of 
aspirating oropharyngeal secretions.!*? Multiple professional 
medical organizations, including the Society for Post-Acute and 
Long-Term Care Medicine, the American Academy of Hospice 
and Palliative Medicine, and the American Geriatrics Society, all 
recommend against the insertion of percutaneous feeding tubes, 
and support oral-assisted feedings as the preferred method. 
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Fig. 6.4 Steps to localize percutaneous endoscopic gastrostomy PEG, percutaneous endoscopic gastroje- 
junostomy (PEGu), and direct percutaneous endoscopic jejunostomy (DPEJ) sites. A, The traditional PEG site 
is marked by the x in the left upper quadrant. Better placement is above the umbilicus, close to the midline, 
or slightly to the patient’s right of the midline position (circles). The PEG then is in the gastric antrum, which 

is ideal should conversion to a PEGJ be required later. X with circles show the tremendous variability in the 
site for DPEJ placement, which can occur anywhere from the left costal margin down to the left iliac crest. 

B, CT scan shows that the PEG site slightly above or to the patient’s right of the umbilicus coincides with the 
area with the most direct, perpendicular, and shortest tract in the gastric antrum. Traditional sites in the LUQ 
have a longer, more tangential tract into the midbody or even lower fundus. C, Placing a coin in the umbilicus 
(dark circle) and injecting 500 mL of air through the NG tube before PEG placement helps identify the gastric 
antrum, easing selection of the PEG site. (Reprinted with permission from Chandrasekhara V, Kochman M. 


Techniques in Gastrointestinal Endoscopy, Elsevier.) 


Percutaneous Endoscopic Gastrostomy 

PEG was developed by Ponsky and Gauderer in the early 
1980s.130 The procedure involves placement of a PEG tube after 
endoscopic transillumination of the abdominal wall to choose 
an appropriate gastrostomy site (Fig. 6.4). If there is no trans- 
illumination or discreet indentation of a probing finger seen, 
the procedure should not be performed. The use of prophylac- 
tic IV antibiotics before the procedure is important to prevent 
peristomal infections after the procedure.'*!!*? An antibiotic 
with optimal skin coverage, such as IV cefazolin (1 g), should be 
administered 30 minutes prior to the procedure. 

Placement of a PEG tube can be accomplished by either the 
Ponsky (Pull) or Sachs-Vine (Push) technique, depending on 
physician preference, as both are equally effective.!*? A third 
technique (Russell [Introducer]) may be indicated in cases of an 
exophytic oropharyngeal or esophageal cancer, recent oropha- 
ryngeal incisions from a head and neck surgical procedure, or a 
tight esophageal stricture that impedes passage of the scope or 
PEG tube.!** With the Russell technique, T-fasteners are placed 
percutaneously to attach the wall of the stomach to the ante- 
rior abdominal wall, an incision is made in the abdominal wall, 
and a fistulous tract is created into the stomach and sequentially 
dilated. Ultimately, a PEG tube with a balloon internal bolster 
(similar in design to balloon replacement tubes) is passed through 
the newly created insertion site.!* Relative contraindications for 
PEG placement include the presence of gastric varices, major 
gastric resection, ascites, and coagulopathy. The most common 
PEG tubes for adult patients range in size from 16 to 20 Fr, and 
are made of silicone.!*° A larger diameter PEG tube is associated 
with a greater likelihood of side torsion and enlargement of the 
stomal tract diameter. 

The gastrostomy site should be cleansed with mild soap and 
water, rather than hydrogen peroxide which can irritate the skin 
and lead to stomal leakage. To absorb any moisture and to avoid 
excess tension, a single layer of gauze should be placed under the 
external bumper. Because of the risk of peristomal skin macera- 
tion and breakdown, occlusive dressings should not be used. 

Replacement PEG tubes are broadly divided into 2 catego- 
ries, replacement gastrostomy tubes and low-profile devices. 


Fig. 6.5 Replacement gastrostomy tube. 


Replacement gastrostomy tubes usually have a balloon-type 
internal bolster (Fig. 6.5). These balloon tubes can be inserted 
blindly through the gastrostomy site into the gastric lumen. The 
balloon is inflated to serve as the internal bolster. Because of bal- 
loon breakage, the tube often requires replacement within 3 to 6 
months. There also are replacement PEG tubes with a distensible 
internal bumper. The internal bumper is stretched with a sty- 
let and pushed blindly through the gastrostomy site; the stylet is 
then removed, allowing the internal bolster to assume its previous 
shape. Low-profile gastrostomy devices (Fig. 6.6) provide skin- 
level access to the gastric lumen and may be particularly useful for 
disoriented patients who may habitually tug at their bedclothes 
and pull out their tube connections. The internal bolster of these 
low-profile devices may be an inflatable balloon or a distensible 
internal bolster that requires a stylet for placement. Low-profile 
PEG tubes come in predetermined stem lengths, and the gastros- 
tomy tract length must be measured to choose the correct device. 
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Fig. 6.6 Low-profile percutaneous endoscopic gastrostomy device. 


2g 


Fig. 6.7 Over-the-guidewire percutaneous endoscopic gastrojejunos- 
tomy technique, also known as the Kirby technique. A, A single-strand- 
ed guidewire passed through a valve seated in the PEG is grasped by 
a biopsy forceps passed down through a pediatric endoscope. The 
biopsy forceps is pushed outward through the end of the scope, hold- 
ing the wire in place below the ligament of Treitz. B, The endoscope is 
then withdrawn back into the stomach as the biopsy forceps is pushed 
outward through the end of the scope, holding the wire in place below 
the ligament of Treitz. Once the scope has been withdrawn back into 
the proximal stomach, the jejunal extension tube is passed over the 
wire until the distal end strikes the biopsy forceps at the end of the 
wire. (Reprinted with permission from Chandrasekhara V, Kochman M. 
Techniques in Gastrointestinal Endoscopy, Elsevier.) 


To access the low-profile device for feeding or gastric decom- 
pression, a separate access tube must be used to engage a valve in 
the top of the device. 


Percutaneous Endoscopic Gastrojejunostomy 

For patients for whom small bowel feedings are desired, endo- 
scopic percutaneous access to the small intestine may be obtained 
by 1 of 2 ways. The first way involves a PEGJ, where a PEG 
is placed in the standard fashion, after which various techniques 
may be used to place a jejunal feeding tube through the PEG 
into the small intestine.!°°!373° The second way involves a 
direct PEG (DPEJ), where a small diameter gastrostomy tube is 
placed directly into the proximal jejunum, using a variation of the 
Ponsky Pull technique. 

Three common techniques are used for PEGJ placement. 
With the Kirby technique (Fig. 6.7), a guidewire passed through 
the PEG is grabbed by an extra-long 320 cm biopsy forceps and 
dragged down into the proximal jejunum. The scope is withdrawn 
back to the proximal stomach above the PEG site holding the 
wire in place with the forceps. A 9 or 12 Fr J tube is then passed 
through the existing PEG over the guidewire and into position in 


Fig. 6.8 Gastrojejunostomy (or percutaneous endoscopic gastrojeju- 
nostomy) feeding tube. A suture at the end of the jejunal feeding tube 
aids in its placement and can be secured to the jejunal wall using a 
hemoclip. 


Fig. 6.9 Percutaneous endoscopic gastrojejunostomy showing over- 
the-guidewire placement technique. 


the small intestine (Figs. 6.8 and 6.9). The average longevity of 
this tube system is about 120 days.!3’ With the Johlin technique 
(Fig. 6.10), a wire polypectomy snare is inserted through the gas- 
trostomy tube into the stomach and the endoscope is then passed 
through the open snare and advanced as far as possible down into 
the proximal jejunum. A standard 0.035-in flexible-tip guidewire 
is passed through the endoscopic channel and passed out further 
into the small bowel. The endoscope is then slowly withdrawn 
back to the proximal stomach. The guidewire is withdrawn out 
through the gastrostomy tube forming a wire loop. Pulling on 
the end of the wire exiting the endoscope helps determine the 
proximal end of the wire loop which can then be brought out 


Fig. 6.10 Through-the-snare percutaneous endoscopic gastrojejunostomy technique, also Known as the Joh- 
lin technique. A, After initial placement of the PEG, the PEG tube is cut down short to approximately 10 cm, 
and then a snare placed through a homemade or commercial air valve (Fig. 6.13) is passed into the stomach. 
A pediatric colonoscope is passed into the stomach, through the snare, and then down into the small intestine 
below the ligament of Treitz, after which the wire is extended beyond the end of the scope. B, Using careful 
wire transfer technique, the endoscope is withdrawn back to the proximal stomach, keeping the tip of the wire 
in place below the ligament of Treitz. The air plug may be seated to allow observation of the snare within the 
stomach. C, The snare is then closed on the wire, which is pulled out through the PEG. While the assistant 
holds the wire loop coming out from the PEG, the operator pulls on the wire extruding from the operating 
channel of the scope, to indicate which side of the wire loop represents the proximal end of the wire. The loop 
is then pulled out through the PEG. D, An assistant provides a “point in space” to secure or fix the guidewire 
as the operator passes the jejunal tube down through the PEG. E, The jejunal extension tube is passed down 
into final position, with the tip located well below the ligament of Treitz. (Reprinted with permission from Chan- 
drasekhara V, Kochman M. Techniques in Gastrointestinal Endoscopy, Elsevier.) 
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Fig. 6.11 Direct percutaneous endoscopic jejunostomy sounding- 
needle insertion and snare fixation in the 2-needle stick technique. 


through the PEG. The J-tube is threaded over the wire until its 
proximal end is seated in the gastrostomy tube, and the guidewire 
is then removed. A one-piece PEGJ system is available and gener- 
ally used as a replacement device passed through a mature stomal 
tract. This tube can be passed over a guidewire during endoscopy 
using a variation of the Kirby technique. The internal bolster on 
this system is a balloon. 


Direct Percutaneous Jejunostomy 

DPEJ involves the direct placement of a small diameter 14 to 16 
Fr PEG tube into the small intestine using a modified Ponsky Pull 
technique and a pediatric colonoscope to reach a puncture posi- 
tion beyond the ligament of Treitz (Fig. 6.11). Technical success 
rates vary from 68% to 98%, with success rates higher in patients 
with lower BMI or altered surgical anatomy (such as Billroth I 
and II procedures where the duodenum and proximal jejunum 
are brought out into the peritoneal space).13°-14 Successful place- 
ment is facilitated by having an experienced 2-person team (1 as 
“scope person”, | as “skin person”), avoiding insufflation of the 
stomach, looking for transillumination immediately after passing 
below the ligament of Treitz, and using a 22-gauge spinal needle 
to puncture the small bowel. Snaring the 22-gauge sounding nee- 
dle helps hold the small bowel in place while the trocar can be 
passed at the same angle and site. Once the snare is transferred 
to the trocar, the rest of the procedure is virtually identical to the 
Ponsky Pull technique for PEG placement. The Sachs-Vine Push 
and the Russel Introducer techniques should not be used for this 
procedure. Management of the DPEJ tube is likewise similar to 
that of PEG tubes. 


Complications 

Most post-PEG complications arise from a patient’s comorbidi- 
ties, such as poor wound healing, aspiration, or coagulopathy. 
To reduce the risk of aspiration, caregivers should raise the 
head of the patient’s bed 30 to 45 degrees during feeding and 
for 1 hour afterward.!°° One common complication of PEG 
is peristomal wound infection.'*’ Risk factors for peristomal 
infection include diabetes, obesity, malnutrition, chronic glu- 
cocorticoid use, small incisions at the PEG insertion site, lack 
of antibiotic prophylaxis, and excessive pressure of the external 
bumper on the PEG site.!*+ Excessive tightening of the PEG 
tube external bolster against the abdominal wall can cause bur- 
ied bumper syndrome (BBS) (Fig. 6.12), which in turn can lead 
to mucosal ulceration, bleeding, stomal leakage, peristomal 


Fig. 6.12 Buried bumper syndrome. 


infection, and even necrotizing fasciitis.'4> To minimize the 
chance for BBS, the external bolster of the PEG tube should be 
maintained up against the skin (without indentation) for 4 days 
post-placement, after which it should be carefully moved back 
1 cm from the anterior abdominal wall.'*> Peristomal wound 
infections are often treated for 7 days with an oral antibiotic 
such as cephalexin to cover skin-related microorganisms. The 
infected area should also have daily topical cleansing with mild 
soap and water. 

Yeast colonization of the silicone PEG can lead to degrada- 
tion and loss of tube integrity, requiring timely replacement.!*° 
Clogged PEG tubes may be cleared by flushing with warm water, 
soft drinks, or a slurry of pancreatic enzymes mixed in a bicar- 
bonate solution.!*” Mechanical declogging with a wire, speci- 
men brush, endoscopic cleaning brush, or commercially available 
corkscrew declogging device may be required in some cases. 
Excessive growth of granulation tissue around the PEG tract rep- 
resents an exuberant response to the wound injury. Topical silver 
nitrate can be applied to compress, cauterize, and remove excess 
granulation tissue at the gastrostomy site.!** 

Other common complications include peristomal leakage, 
fever, ileus, cutaneous ulceration, and tube dislodgement.!4°-151 
Leakage around the gastrostomy site is a common and under- 
recognized problem. Risk factors for peristomal leakage include 
the use of glucocorticoids, chemotherapy, excessive cleaning with 
hydrogen peroxide or iodine, excessive tension and side-torsion 
of the tube, and absence of an external bumper. Leakage of gas- 
tric acid or bile around the PEG tube can cause erythema and 
skin breakdown that is often mistaken for infection. Treatment 
includes keeping the site dry with frequent dressing changes, 
topical zinc oxide, maintaining the external bumper 1 cm from 
the skin, stabilizing the gastrostomy tube with a vertical clamp- 
ing device, and the use of PPIs.°’:!** Pneumoperitoneum is com- 
mon after PEG placement and is of no concern in the absence of 
peritoneal signs. Any signs of peritoneal irritation should prompt 
an investigation with a contrast study through the PEG tube to 
determine presence or absence of a leak. Confirmation of a leak 
should lead to surgical exploration. 1°? 

Major complications are rare and include intra-abdominal 
bleeding or hematoma formation, peritonitis, necrotizing fasciitis, 
gastric or colonic perforation, and hepatogastric, gastrocolic, and 
colocutaneous fistula formation. A colocutaneous fistula results 


from inadvertent placement of a percutaneous feeding tube 
through the colon before it enters the stomach. While sometimes 
acute, the usual presentation is more chronic and may be sus- 
pected if stool is seen around the PEG tube or the patient devel- 
ops “diarrhea” immediately upon feeding through the PEG tube. 

Ifa PEG tube becomes dislodged within 7 days of placement, 
the patient should be brought back to the endoscopy suite and a 
new PEG placed through the same site on the anterior abdominal 
wall. It is not necessary (or perhaps even possible) to pass through 
the same exact site in the gastric wall, because if close to the origi- 
nal site, cinching of the new bolsters and the cross configuration 
of the muscular layers of the gastric wall help seal the original 
entry tract. Such patients may benefit from a short course of a 
broad-spectrum antibiotic. If the PEG tube becomes dislodged 
more than 4 weeks after placement, the tract should be mature 
enough to blindly replace the PEG tube at the bedside without 
fluoroscopic or endoscopic monitoring. Proper placement should 
be confirmed with a contrast radiologic study through the PEG 
tube prior to using the tube for feedings. 

With PEGJ tubes, the jejunal tube may migrate in a retro- 
grade direction or become kinked so that it no longer functions. 
More than 50% of PEGJ tubes require reintervention within 6 
months.!°* Tube migration occurs most commonly in patients 
who have persistent vomiting or in cases where the J-tube has 
been placed improperly.!37!°* Other factors for tube migration 
include failure to cut the PEG tube down to a short enough 
length (<10 cm), shortened length of the jejunal tube, and place- 
ment of the PEG tube too high in the body or fundus, causing 
the jejunal tube to loop in the stomach. Placing the PEG tube in 
the antrum, avoidance of looping the jejunal tube in the stomach, 
and securing the distal end of the jejunal tube with a hemoclip can 
prevent proximal migration.!*+ 


Enteral Feeding 


Patients may receive their tube feedings by bolus, intermittent, 
or continuous methods. Bolus feeding delivery allows a relatively 
large volume of tube feeding (200 to 400 mL) to be delivered 
over a short period of time by a syringe. Intermittent feedings 
are delivered over a few hours by pump or by gravity drip using a 
bedside pole. Continuous feedings are usually delivered over 12 
to 24 hours by a mechanical pump. Patients who receive small 
bowel feedings are almost always fed using continuous feedings. 
An intermittent or continuous feeding regimen, rather than the 
rapid bolus method, may be used to limit the risk of tube-feeding 
aspiration. 

Tolerance of enteral feeding should be monitored by assess- 
ing for complaints of abdominal pain or distention, symp- 
toms of nausea and vomiting, passage of flatus and stool, and 
dilated loops of bowel or air/fluid levels on abdominal imaging. 
Gastric residual volume (GRV) does not correlate well with the 
incidence of regurgitation, aspiration, or pneumonia, and are a 
poor measure of gastric emptying. Checking routinely for GRV 
is no longer recommended. Measures to reduce the risk of aspira- 
tion include keeping the head of the bed elevated 30 to 45 degrees 
in intubated ICU patients, changing from bolus to continuous 
infusion, using promotility drugs (e.g., metoclopramide or eryth- 
romycin) or narcotic antagonists (naloxone or alvimopan), and 
converting the level of infusion from gastric to post-pyloric. 


Enteral Formulations 

Standard polymeric formulations are lactose-free and gluten- 
free, and are the basic feeding formulas designed for long-term 
EN use in hospitalized adult patients. These formulations are 
denoted as polymeric because the macronutrient components are 
intact and not predigested. Standard formulations contain 15% 
to 20% calories from proteins, 45% to 60% calories from car- 
bohydrates, and 30% to 40% calories from fats. Generally, these 
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formulations provide 1 kcal/mL, although they may be concen- 
trated to 1.5 to 2.0 kcal/mL. As the calorie content per milliliter 
volume of tube feeding increases, the free water content of the 
formula decreases and the osmolarity increases. Most enteral for- 
mulas contain close to 80% free water. Formulas that are higher 
in protein are designated as high-nitrogen (HN) formulas. 

Elemental formulas contain protein in the form of free 
amino acids and are nearly fat-free (i.e., less than 2% to 3% of 
the caloric content is fat). Semi-elemental formulas contain pro- 
tein in the form of small chain peptides, predominantly of 3 to 
5 amino acids in length. Protein absorption is more efficient, as 
the small peptide chains can be transported across the intestinal 
wall intact by a single active transporter, rather than requiring a 
separate transporter for each amino acid (see Chapter 102). Fat 
is in the form of MCT, which can be absorbed directly into the 
portal vein without lipase, colipase, or bile salt transportation (see 
Chapter 102). The semi-elemental small peptide/MCT oil for- 
mulations have largely supplanted the original elemental formu- 
las, and are designed for patients with limited digestive capacity. 
While physiologic studies support greater absorption of the semi- 
elemental formulas than intact polymeric formulas in situations 
of compromised bowel function, clinical RCTs show little differ- 
ence in outcome parameters. 

Specialty organ-specific or disease-specific formulations are 
designed for patients with certain disease processes, such as dia- 
betes, renal failure, hepatic failure, pulmonary disease, severe 
stress, or trauma. There are little or no data to show that these 
specialty formulations improve survival, or give any advantage 
with regard to clinical outcomes, compared with standard poly- 
meric formulas when used for their intended disease states. Inad- 
vertent use occurs usually for reasons involving their electrolyte 
profile, being low in potassium and phosphorus (renal formulas) 
or sodium (hepatic formulas). Protein should not be restricted in 
patients with either hepatic or renal failure. 

Immune modulating formulas are supplemented with arginine, 
glutamine, omega-3 fatty acids, antioxidants, and nucleotides, 
substances shown to be important in immune modulation. Argi- 
nine is needed for cell growth and proliferation, wound healing, 
nitric oxide production, and lymphocyte differentiation. Arginine 
requirements increase in critical illness, and supplementation may 
facilitate wound healing.'*> Fish oil may help in reducing systemic 
inflammation. Patients most likely to show a benefit from arginine- 
fish oil, immune-enhancing formulas include those undergoing 
elective GI surgery and those post-operative patients in the surgi- 
cal ICU requiring EN therapy. Use of immune modulating for- 
mulas in these patients reduces infectious complications, antibiotic 
needs, duration of mechanical ventilation, multiple organ dysfunc- 
tion, and hospital stay.!°° While use of such formulas in a medical 
ICU patient is safe, current data show lack of efficacy in changing 
clinical outcomes. Similarly, use of a fish oil, antioxidant-contain- 
ing, anti-inflammatory formula in patients with acute lung injury 
or acute respiratory distress syndrome cannot be recommended for 
reasons of safety and lack of efficacy. 


Complications of Enteral Feeding 

GI side effects of tube feedings are reported in 15% to 30% of 
patients, and include nausea, vomiting, abdominal distention, 
abdominal cramping, and diarrhea. Diarrhea is most commonly 
due to medications and less often to Clostridioides difficile entero- 
colitis (see Chapter 112). Medications can be altered from tablet 
to liquid form for easy instillation through the feeding tube, by 
dissolution in a sorbitol base (a known cathartic). Magnesium- 
containing medications, hypertonic medications, and promotility 
agents may also promote diarrhea. High-osmolarity EN formula- 
tions, even with an osmolarity as high as 600 to 700 mOsm/L, are 
rarely a cause of diarrhea. In a patient with new-onset diarrhea who 
was previously tolerant to an enteral formula, the patient should 
be assessed for medication-induced and infectious etiologies prior 


88 PART II Nutrition in Gastroenterology 


to changing the formula. There are no data to support dilution 
of the enteral formulation to improve GI tolerance. For patients 
with compromised bowel function, use of the semi-elemental for- 
mulas may improve absorption and reduce diarrhea. Soluble fiber 
supplementation or use of a commercial mixed soluble/insoluble 
fiber formula may improve diarrhea as well. 157,158 

Metabolic complications are less common with EN than 
with PN feeding. Dehydration and fluid shifts may occur with 
formulas of high concentration, especially if insufficient water is 
supplied. Hyperglycemia may occur with high rates of carbohy- 
drate delivery in patients with glucose intolerance. Medication 
delivery may also be affected by concurrent tube feeding. Phe- 
nytoin administration is affected, because the drug binds to the 
enteral formula and forms a phenytoin-tube feeding complex that 
adheres to the wall of the feeding tube.!*? Ciprofloxacin has also 
been shown to bind with tube feedings, reducing its absorption. 
Vitamin K, present in many enteral formulas, will make a patient 
more resistant to the effects of warfarin. 


Parenteral Nutrition 


For patients with a nonfunctioning GI tract, nutrients can be deliv- 
ered directly into the venous system via PN. PN delivers a solu- 
tion comprising macronutrients (carbohydrates, proteins, lipids), 
micronutrients (vitamins, minerals, trace elements), water, electro- 
lytes, and medications. Carbohydrates are delivered as dextrose, 
proteins as amino acids, and lipids as IV fat emulsions (IVFEs). 
When all 3 macronutrients are combined into a single solution, 
it is referred to as a total nutrient admixture or 3-in-1 solution. 
When IVFEs are given separately, the PN formula is referred to 
as a 2-in-1 solution. Nutrients can be delivered into a central vein 
(central PN) or a peripheral vein (peripheral PN [PPN]). Use of 
PPN is restricted or prohibited in most hospital settings, because 
of the likelihood for abuse of the indications for PPN, and for scle- 
rosing the veins despite keeping the osmolarity below 800 to 900 
mOsm/L (which in turn leads to short-term duration of therapy of 
usually 12 to 36 hours). PN is usually delivered over 12 to 24 hours. 
A PN solution is 6 times more concentrated than blood (1800 to 
2400 mOsm/L) and generally consists of approximately 30 to 50 
g/L of protein and 1000 to 1200 kcal/L. 


Parenteral Nutrition Formulation 


To create a PN formula, one must first determine the caloric and 
protein needs of the patient, which are based on a prior nutri- 
tional assessment (see Chapter 5).!©° Protein and calorie needs 
increase with increasing metabolic stress, except in the critically 
ill. Each component of PN has a defined caloric content, with 
protein = 4 kcal/g, carbohydrate (dextrose) = 3.4 kcal/g, and IVFE 
= 10 kcal/g (9 kcal/g from fat, 1 kcal/g from emulsifier). Protein 
needs vary in the range of 1.2 to 2.0 g/kg/day depending on the 
level of metabolic stress. Protein should not be restricted, even in 
patients with severe hepatic encephalopathy or renal failure with 
azotemia requiring imminent dialysis. Fat is usually provided at 
1 g/kg/day, but may need to be reduced or restricted for patients 
with hypertriglyceridemia (+400 mg/dL). Despite fat restriction, 
a minimal amount of fat is still given, usually 10% of estimated 
fat calories (or 500 mL of 20% Intralipid per week), to prevent 
essential fatty acid deficiency. The remainder of a patient’s daily 
energy requirements is administered in the form of dextrose. 
To prevent hyperglycemia and refeeding syndrome (see later 
under Metabolic Complications), the amount of dextrose should 
initially not exceed 200 g. Dextrose should be titrated over the 
course of several days to the goal amount. Water is added to meet 
the patient’s daily volume needs, with fluid volume restricted in 
patients with fluid overload, cardiopulmonary disease, or renal 
failure. Overall water requirements are estimated at 25 to 35 mL/ 
kg/day. 


BOX 6.1 Stepwise Approach to Writing a Parenteral 
Nutrition Order for a 70-kg Man 


CALORIC CONTENTS OF NUTRIENT SUBSTANCES 
Protein: 4 kcal/g 

Fat: 10 kcal/g 

Carbohydrates: 3.4 kcal/g 

ESTIMATED DAILY NEEDS FOR THIS PATIENT 
Calories: 25 kcal/kg = 1750 kcal 

Protein: 1.2 g/kg = 84g 

Fluids: 30 mL/kg = 2100 mL 

STEPS 


1. Add protein (1.2 g/kg/day) to the PN mixture. 


84 g of protein needed 

1 g of protein = 4 kcal (total, 326 kcal) 

1750 kcal-326 kcal = 1424 kcal still required 
. Add lipids (1-1.5 g/kg/day). 

70 g fat = 700 kcal 

1424 residual calories-700 kcal = 724 kcal still required 
. Add carbohydrates (8-5 g/kg/day). 

724 kcal/3.4 kcal/g carbohydrate = 212.9 g 
. Make total volume. 

30 mL/kg = 2100 mL 


ADDITIONAL ADDITIVES 


Electrolytes, minerals, vitamins 
Drug additives: HaRAs, insulin, heparin 


Once the macronutrient components of a PN formula have 
been defined, electrolytes, trace elements, multivitamins, and 
medications like insulin, heparin, and PPIs or H2Bs can be added. 
Any of the components can be increased or decreased based on 
a patient’s laboratory values and comorbid disease processes. 
For patients in an unmonitored non-ICU setting, potassium in 
the PN formula should not exceed 10 mEg/hr. The amount of 
calcium and phosphorus in the PN solution must also be moni- 
tored, owing to the risk of precipitation of calctum-phosphate 
crystals. In general, the calcium-phosphorus sum ([mEq of cal- 
cium + mmol of phosphorus]/L) should be less than 45 to pre- 
vent precipitation. Vitamins and trace elements are added using 
preset solutions, but additional supplementation can be added 
based on documented needs. Because copper and manganese are 
excreted in bile, these minerals should be withheld in patients 
with cholestasis. Selenium should be decreased in patients with 
renal insufficiency, whereas zinc should be increased in patients 
with diarrhea, high output fistulas, or large wounds.!°! Moderate 
glycemic control is recommended, keeping serum glucose levels 
between 110 and 150 mg/dL by sliding scale coverage or addition 
of insulin to the solution.®! A sample stepwise approach to writ- 
ing a central PN order is shown in Box 6.1. 


Administration 


At initiation, the PN formula should be infused over 24 hours. 
Patients with glucose intolerance or those at risk for refeed- 
ing syndrome (see later discussion of metabolic complications) 
should have their PN infused at 25% of their daily caloric needs 
for the first 24 hours. This ratio may be increased to full caloric 
needs over the following 48 to 72 hours, with monitoring of 
serum levels of glucose, magnesium, potassium, and phosphate, 
as well as fluid tolerance.!6? PN is infused via a large central 
vein. The port or lumen of the catheter utilized for PN must be 
used solely for PN infusion. Use of the PN port or lumen for 
blood drawing or infusion of other solutions increases the risk 
of catheter infection. 


Fig. 6.13 Commercial and homemade air valves. A, The top figure 
shows a commercial air valve passed over the guidewire, which is used 
most often during PEGJ conversion. B, A homemade air valve may be 
created by cutting off the valve plug on a feeding tube, coring the valve 
out with a pair of scissors, and then passing a snare or wire through the 
valve. (Reprinted with permission from Chandrasekhara V, Kochman M. 
Techniques in Gastrointestinal Endoscopy, Elsevier.) 


Laboratory Testing 


Following PN initiation, certain serologic values must be moni- 
tored. In the first few days following initiation of PN infusion, 
serum concentrations of electrolytes, magnesium, phosphorus, 
calcium, potassium, and blood urea nitrogen (BUN) should be 
monitored closely. After stabilization, these values can be checked 
weekly. In the home PN (HPN) patient on long-term infusion, 
checking these routine laboratory tests is decreased in frequency 
to once per month. Complete blood cell counts should be per- 
formed monthly. In other clinically relevant cases, serum zinc, 
selenium, copper, chromium, vitamin B,), and vitamin Bg levels 
may have to be monitored. Because iron is not a standard additive 
for PN solutions, patients who are PN-dependent require moni- 
toring for the development of iron deficiency anemia. 


Metabolic Complications 


Metabolic complications may develop as a consequence of the 
glucose, amino acid, lipid, vitamin, electrolyte, or mineral con- 
tent of the PN solution.!® Hyperglycemia is the most common 
complication and is directly related to PN dextrose content, the 
patient’s insulin sensitivity, and the rate of PN infusion. Critically 
ill patients and those with pre-existing glucose intolerance 
require the most aggressive serum glucose monitoring. Patients 
who develop hyperglycemia should first be maintained on a slid- 
ing scale of regular insulin. Of the total amount of sliding scale 
insulin required over 24 hours, two thirds should be added to 
the next day’s PN formula. Further adjustments in insulin dosing 
may be required on a daily basis, and some patients in the ICU 
may require a separate insulin drip. Failure to control blood glu- 
cose levels results in an increase of infectious complications, such 
as catheter sepsis. In some hospitalized patients, blood glucose 
control may be difficult even with an insulin drip, and permis- 
sive underfeeding can be performed. In these patients, the risk 
of hyperglycemia and its consequences is greater than the risk of 
temporarily underfeeding the patient. 

Refeeding syndrome is a metabolic consequence of nutrition 
support resulting from sudden provision of a large amount of 
glucose calories to a patient who was previously malnourished. 
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With nutrient infusion, the metabolism of these patients rap- 
idly becomes anabolic. Insulin production is increased, pushing 
potassium, phosphorus, magnesium, and thiamine into the intra- 
cellular space, with resultant hypokalemia, hypophosphatemia, 
and hypomagnesemia.'* Sodium retention and large fluid shifts 
can also occur and may place the patient at risk of developing 
heart failure, in addition to neurologic sequelae.'®> Sudden shifts 
in serum electrolytes may precipitate cardiac dysrhythmias. To 
prevent refeeding syndrome, the initial caloric content should 
be limited and the macronutrients gradually titrated (particularly 
dextrose) from 25% up to 80% to 100% of energy goals over 3 to 
4 days, while electrolytes are carefully monitored and corrected 
as needed. While refeeding syndrome may be precipitated by EN 
or PN, risk is greater with provision of EN. 

Abnormal liver enzymes are common after initiation of PN 
and typically feature elevations of serum aminotransferase levels 
up to twice normal. Greater elevations in aminotransferase levels 
and associated hyperbilirubinemia warrant investigation. PN can 
lead to 3 types of PN-associated hepatobiliary disease: steatosis, 
cholestasis, and gallbladder sludge/stones. Other causes of under- 
lying liver disease should be excluded. US of the RUQ helps to 
exclude dilated bile ducts, presence of a liver mass, cholelithiasis, 
or biliary sludge. Lack of enteral stimulation results in decreased 
CCK release, with impaired bile flow and gallbladder contractil- 
ity. Gallbladder stasis can lead to development of gallstones or 
gallbladder sludge, resulting in both calculus and acalculous cho- 
lecystitis. PN-associated steatosis presents as a fatty infiltration 
of the liver that is especially prominent in the periportal areas. 
Patients with PN-associated steatosis have modest elevations of 
serum aminotransferases that usually occur within 2 weeks of 
starting PN and may return to normal with time. Most patients 
with PN-associated steatosis are asymptomatic; the condition 
appears to be secondary to overfeeding and may respond to a 
reduction in the patient’s total daily caloric infusion.!®° PN-asso- 
ciated cholestasis is a condition of impaired bile secretion that 
occurs predominantly in children and presents as an elevation of 
alkaline phosphatase, GGTP, and bilirubin. In a small percent- 
age of patients on HPN, long-term PN-associated cholestasis 
may progress to cirrhosis and liver failure. Repeated episodes of 
catheter sepsis may contribute to the probability of PN-induced 
liver injury. Bacterial and fungal infections are associated with 
cholestasis. SIBO is another risk factor for liver disease, most 
likely caused by the production of alcohol through fermentation 
or hepatotoxins by anaerobic bacteria. 

Choline deficiency may play a role in the development of liver 
disease associated with long-term PN!°’; the lipid source also is 
believed to contribute to this complication. In the USA, the lipid 
content of the PN solution is soy-based and composed mainly 
of long-chain triglycerides (e.g., linoleic acid, an omega-6 fatty 
acid), which are proinflammatory. Phytosterols and stanols in this 
lipid source may be hepatotoxic in some patients. Unlike soy- 
based long-chain triglycerides, MCT oil and olive oil are essen- 
tially devoid of proinflammatory properties. Fish oil, which is rich 
in omega-3 fatty acids, has anti-inflammatory properties. [VFEs 
with medium-chain triglycerides, olive oil, and fish oil are avail- 
able in this country. Fish oils have been shown to be effective in 
reversing PN-induced liver disease in prospective and retrospec- 
tive studies in children.!® In an adult receiving PN who develops 
elevated liver biochemical tests, appropriate management strate- 
gies include cycling the PN regimen over 12 to 18 hours each 
day, performing indirect calorimetry to confirm energy require- 
ments and readjusting to avoid overfeeding, and switching the 
soy-based intralipid IVFE to a mixture of lipids (SMOF contain- 
ing soy, MCTs, olive, and fish oils). 

Patients who develop significant complications with PN use 
may be candidates for small bowel transplantation (see Chap- 
ter 106). These complications include progressive liver failure, 
repeated catheter sepsis, or thrombosis of major venous systems 
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that precludes obtaining central venous access. Current 5-year 
survival rates for patients receiving small bowel transplants are 
close to 50%,!°? but the 5-year survival rate of patients on HPN 
are still better than the 5-year survival rate for patients receiv- 
ing small bowel transplants. Quality-of-life differences between 
HPN and small bowel transplantation are still being explored. 


Vascular Access Devices 


Anatomically, the subclavian and internal jugular veins provide 
the safest and easiest central venous access. Compared with other 
central venous access sites, the subclavian vein is often chosen for 
long-term access, because of reduced catheter-associated com- 
plications. Multi-lumen catheters allow for infusion of a number 
of fluids and medications at the same time, but risk of infection 
increases with an increasing number of lumens.!”°.!7! Single- 
lumen catheters are preferred unless multiple ports are neces- 
sary for patient management. If a multi-lumen catheter is used, 1 
lumen should be designated for only PN use.!” 

There are 3 types of central venous catheters (CVC) available 
for PN infusion: peripherally inserted central catheter (PICC), 
tunneled indwelling CVC (Hickman, Broviac, or Groshong cath- 
eters), and implantable vascular access device or “port.” PICC 
lines have been used for PN infusion both in the hospital and at 
home. The PICC line is generally placed in an upper extremity, 
with the tip of the catheter positioned in a central vein at the 
junction of the superior vena cava and the right atrium. PICC 
lines are associated with a reduction in major insertion compli- 
cations (e.g., pneumothorax) compared with previously standard 
centrally inserted catheters. PICC lines should only be utilized 
for patients with anticipated short-term needs for PN. PICC 
lines are not appropriate for long-term use as they only remain 
patent for a maximum of 1 to 2 months and may promote venous 
sclerosis. 

Tunneled indwelling CVCs are commonly used when a 
catheter is required for longer than 1 to 3 months. Indwelling 
catheters are tunneled subcutaneously, creating a physical bar- 
rier to bacterial infection. They have a Dacron cuff to induce tis- 
sue ingrowth and local fibrosis, thereby anchoring the catheter; 
this prevents accidental dislodgement and is believed to prevent 
bacterial migration up the catheter.!’? The catheter tip should 
be positioned in the distal third of the subclavian vein. Implant- 
able ports are placed subcutaneously, usually on the chest wall, 
and by eliminating the external catheter portion, daily heparin 
flushes are unnecessary. Implantable ports require a specialized 
access needle to allow blood drawing or fluid infusion and have a 
limited lifetime of punctures; they also require a more extensive 
procedure for bedside removal than tunneled catheters. Single- 
lumen PICC lines and implantable ports have a lower incidence 
of catheter-related bloodstream infections ([CRBSI] 0/1000 and 
0.19/1000 catheter-days, respectively) compared with tunneled 
(0.64/1000 catheter-days) and non-tunneled CVCs (0.87/1000 
catheter-days). Single-lumen PICC lines and implantable ports 
also have been shown to have a longer failure-free duration 
because of fewer mechanical complications (13.9% and 9.7%, 
respectively) than non-tunneled catheters (17.8%).!74 


Central Venous Catheter Complications 
CVC complications occur in an incidence range of 1% to 20%.175 
Complications of subclavian vein catheter placement include 
hemothorax, pneumothorax, brachial plexus injury, hematoma, 
and subcutaneous emphysema. Common long-term catheter 
complications include sepsis, thrombosis, and catheter occlusion. 
Catheter breakage, dislodgement, and air emboli also can occur. 
Catheter infection generally occurs from touch contamina- 
tion. The predominant organism isolated is coagulase-nega- 
tive staphylococcus; other organisms include resistant strains 
of Gram-positive cocci (e.g., Staphylococcus aureus, Enterococcus 


species, Streptococcus species), Gram-negative bacilli (e.g., Kleb- 
siella pneumoniae, Escherichia coli, Enterobacter cloacae), and fungi 
(e.g., Candida parapsilosis, Candida albicans, Candida glabrata).\7\"7 
The major mechanism of catheter contamination is tracking of 
organisms from the skin to the subcutaneous tissues and catheter 
tip. In the home setting, the more time spent teaching the patient 
about the care and operation of the central venous access device, 
the less likely the patient is to develop infectious complications. 17 

Diagnosing catheter infections can be difficult because the 
white blood cell count may not be elevated if a patient is immu- 
nocompromised, and peripheral blood cultures can be negative. 
Catheter tip culture is a much more sensitive method of docu- 
menting catheter infections. Generally, bacterial infections of 
catheters can be treated with the catheter in place, whereas fun- 
gal catheter infections and tunnel infections of the catheter tract 
require catheter removal for effective treatment. It is common 
for broad-spectrum antibiotic or antifungal treatment of cathe- 
ter infections to be initiated once the diagnosis is suspected, and 
definitive therapy is introduced when the organism is identified. 
Addition of heparin (1000 units/L) to each bag of PN solution 
can prevent subclinical thrombus formation to which bacteria 
or fungi can attach, thereby potentially reducing the risk of 
catheter sepsis. Routine use of anticoagulant therapy to reduce 
the risk of catheter-related infection, however, is not recom- 
mended.!’? When treating CVC infections, importance is given 
to the actual contact time between the bacteria or fungus in the 
catheter and the antibiotic or antifungal agent. Locking the anti- 
biotic into an infected line (at the end of each infusion) may help 
reduce central line decontamination.'*° Others advocate flush- 
ing the catheter daily with pharmaceutical grade 50% to 70% 
ethanol to sterilize the catheter and reduce infectious events.!*! 
The use of catheter locks has been shown to reduce the risk 
of CRBSI. Antibiotic lock therapy has been shown to decrease 
the incidence of recurrent CRBSI. Ethanol has both bacteri- 
cidal and fungicidal properties, and has a low risk for causing 
antimicrobial resistance. One RCT which sought to assess the 
generalizability of this practice randomized 38 patients newly 
started on HPN to either treatment with ethanol lock therapy 
or to standard of care with heparin locks.!** Four patients in 
the ethanol lock therapy group and 1 patient in the control arm 
developed a CRBSI. Thus, use of prophylactic antimicrobial 
and ethanol lock solutions is usually recommended for those 
who have a history of multiple CRBSIs but has not shown ben- 
efit when applied to all patients newly started on HPN. Of note, 
ethanol locks should only be used in silicone Hickman catheters 
and cannot be used in polyurethane catheters. 

Catheter-induced thrombosis occurs secondary to irritation of 
the blood vessel wall. The thrombus usually is composed of fibrin. 
Precipitation of medication in the catheter occurs less commonly. 
Symptoms of central vein thrombus formation include neck pain, 
neck swelling, anterior chest wall venous distention, and reduced 
catheter function. Flushing the CVC with saline has proved as 
beneficial as flushing with heparin for preventing catheter occlu- 
sion by a thrombus.!*? Treatment of fibrin thrombus formation 
requires a thrombolytic agent like streptokinase, given as a bolus 
or continuous infusion.!*t Medication or precipitate occlusions 
can be treated by instilling small amounts of sodium hydroxide 
or hydrochloric acid, depending on whether the drug is acidic or 
basic, respectively. 185 


Special Diets 


Clear liquid diets supply fluid and energy in a form that cre- 
ates a minimal amount of residue. They are meant to avoid 
the high osmolar delivery of nutrients to the GI tract, which 
would result in fluid shifts and associated nausea and diarrhea. 
Clear liquid diets generally contain an abundance of carbo- 
hydrates but little protein or fat and are thereby nutritionally 


inadequate to meet basic metabolic needs. Little evidence sug- 
gests that a clear liquid diet is better tolerated than any other 
diet in the postoperative period. Where possible, clear liquid 
diets should not be prescribed, as there is no physiologic ratio- 
nale for their use, they tend to be high in sodium content, 
and their provision cannot be justified other than fulfilling a 
patient’s personal wishes. In contrast, early EN feeding after 
abdominal or thoracic surgery may reduce postoperative com- 
plications, hospital length of stay, and mortality (although 
vomiting may be increased). !°%!87 

Full liquid diets are indicated for patients who are unable to 
chew, swallow, or digest solids. They are largely milk-based and 
should not be used for lactose-intolerant patients. They contain 
a large amount of simple carbohydrates and should be used with 
caution in diabetic patients. 

Low-fiber, low-residue diets are used for patients with GI 
strictures as well as those with gastroparesis and are presumed to 
reduce the risk of obstruction while prolonging transit time. Car- 
bohydrate intake is reduced, and well-cooked vegetables, refined 
cereals, and breads are used instead. For gastroparesis, low fat 
intake is also recommended. 

High-fiber diets include soluble and insoluble fibers, which 
have a wide range of metabolic and physiologic effects. They 
are used to reduce intraluminal colon pressures in patients with 
diverticulosis. They may also be useful in diabetes by delay- 
ing glucose absorption, and in cardiovascular disease by lower- 
ing serum cholesterol and serum triglyceride levels. Life-long 
high-fiber diets may help prevent colon cancer. A high-fiber diet 
emphasizes foods such as vegetables, fruits, legumes, and whole- 
grain breads and cereals. 
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A post-gastrectomy or anti-dumping diet involves ingestion of 
small, frequent meals high in protein and fat, to deliver a lower- 
osmolarity solution to the small intestine. Simple sugars are 
avoided to prevent their rapid absorption.!*® Fluid intake should 
be restricted and separated from solid food intake to avoid rapid 
gastric transit. High pectin-containing foods, such as bananas and 
oranges are included in this diet to slow gastric output. 

Low-fat diets are used to minimize diarrhea and steatorrhea 
associated with fat malabsorption, especially in patients with pan- 
creatic or biliary dysfunction. In those patients placed on a low- 
fat diet for a prolonged period of time, fat-soluble vitamins (A, D, 
E, K) must be supplemented. MCT oil may be used to substitute 
for long-chain triglycerides. MCTs have 6- to 12-carbon fatty 
acid chains, high aqueous solubility, and do not require bile salts 
for absorption in the small intestine.!*? MCTs do not require 
chylomicron formation and are absorbed directly into the por- 
tal venous system. Unfortunately, most MCT-based products are 
not very palatable. Many MCT-based products such as regular 
flavored semi-elemental formula with MCT oil and small chain 
peptides can have a medicinal taste. Vanilla flavored versions of 
these formulas with or without flavor packets increase palatability. 

The nature of training for the gastroenterologist provides the 
skillset to perform as a clinical nutritionist. Appropriate knowl- 
edge and clinical applications of nutritional issues are important 
requirements for management of most patients with GI disor- 
ders. Having the skills to achieve enteral access, the ability to 
achieve GI tolerance to enteral feeding, and an understanding 
of metabolic to illness or injury is integral to good patient care. 


Full references for this chapter can be found on www.expertconsult.com. 
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DEFINITIONS AND EPIDEMIOLOGY 


Obesity is a chronic condition defined as an excess of body fat 
or adipose tissue that causes disease. Adiposity per se is difficult 
to measure expediently, so the use of BMI has become common 
as a marker of obesity. BMI is calculated by measuring weight 
in kilograms and dividing it by height in meters’. A normal 
BMI is between 18.5 and 24.9 kg/m’, and a BMI between 25 
and 29.9 kg/m? is defined as overweight. Individuals with a 
BMI of 30 to 34.9 kg/m? have class I obesity. A BMI of 35 to 
39.9 kg/m? is defined as class II obesity, and BMI greater than 
40 kg/m? is categorized as class III obesity.! Using BMI as a 
measure of obesity has limitations, however, and special con- 
sideration must be given to individuals who have higher mus- 
cle mass and, therefore, have higher calculated BMI but may 
be metabolically healthy. The converse must also be consid- 
ered, i.e., certain populations may develop metabolic disease 
at lower BMI levels, such as patients of Asian and South Asian 
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backgrounds.’ The rapid increase in the prevalence of obesity 
as well as its increasing economic impact have led to greater 
awareness of the importance of treating obesity. The American 
Board of Obesity Medicine was established in 2011 to serve as 
a credentialing body for physicians obtaining certification in 
obesity medicine. Obesity medicine is 1 of the fastest growing 
subspecialties, with more than 1500 physicians certified as of 
2017. The coverage of doctors’ visits for obesity care by the 
Centers for Medicare and Medicaid began in 2012,4 and the 
American Medical Association classified obesity as a disease 
state in 2013.° 

Obesity is increasing in prevalence globally. Both the 
World Health Organization and the National Heart, Lung, 
and Blood Institute of the U.S. National Institutes of Health 
have labeled obesity an epidemic.” More than one-third 
(36.5%) of adults in the USA are obese® and if obesity trends 
continue, 22% of people around the world will be overweight 
or obese by 2045.? Complications of obesity include type 2 
diabetes, stroke, heart disease, NAFLD, and several types of 
cancer, all of which are considered obesity-related causes of 
preventable death globally. The estimated annual medical cost 
of obesity in the USA in 2008 was $147 billion and the annual 
medical costs for people who are obese were $1429 higher 
than those of normal weight.!° The total cost to treat all con- 
ditions related to obesity including medical costs plus obesity’s 
impact on work productivity and absenteeism is greater than 
$1.4 trillion annually. This is more than twice the amount the 
USA spends on national defense.!! 


ETIOLOGY OF OBESITY 


Obesity largely results from an imbalance between energy intake 
and energy expenditure. This imbalance may be caused by sev- 
eral factors including diet, physical activity, in-utero influences, 
effects of medications, and other complex interactions between 
genetic and environmental contributors, including the impact of 
the intestinal microbiome. Genetic factors clearly play an impor- 
tant role in the development of obesity, and several genes have 
been implicated in influencing body weight, although the rate 
of rise of the obesity epidemic is more than genetic forces can 
explain (see later). 


Dietary Factors 


The global food supply has changed significantly over the past 
several decades. In addition to an increase in portion size, there 
has been an increase in consumption of refined carbohydrates, 
saturated fats, and salt. Sugar-sweetened beverages and fast food 
service are now easily accessible all over the world, including 
in emerging market countries where overweight- and obesity- 
related complications are rising.!* In the Coronary Artery Risk 
Development in Young Adults study, subjects who entered the 
study reporting higher fast food intake were, on average, 13 
pounds heavier than subjects who consumed lower amounts of 
fast food.'? The Noncommunicable Disease Alliance estimates 
that low intake of fruits and vegetables is estimated to cause 
about 19% of GI cancers, approximately 31% of coronary heart 
disease, and about 11% of strokes.!* There are 2 conflicting 


schools of thought on whether all calories from different macro- 
nutrient classes contribute to obesity equally or whether certain 
eating patterns and dietary macronutrient compositions may 
contribute more to obesity than others. The “calorie is a calorie” 
concept is supported by the law of thermodynamics and by many 
controlled laboratory studies in which altering the percentage 
of calories from fat, protein, and carbohydrate in the diet does 
not impact weight loss or weight gain.!> The conflicting argu- 
ment that macronutrient composition matters is supported by 
studies in which people are allowed to choose their food freely. 
These studies favor a high-protein, low-carbohydrate diet for 
avoidance of excess weight gain. The reasons high-protein diets 
may be favorable are increased satiety, increased thermic effect 
of food, and improved body composition.!®!’ The obesity epi- 
demic has gotten worse because Americans have reduced their 
dietary fat intake and increased their intake of high glycemic 
carbohydrates (rapidly digested carbohydrates, such as white 
potatoes, sugary drinks, processed cereals).!® Carbohydrates 
in the form of whole grains, especially the less processed and 
more slowly digested grains may prevent weight gain. These 
less-refined carbohydrates like barley and brown rice have more 
evidence for a weight control effect than do carbohydrates from 
fruits that are rapidly absorbed.!?7° 


Physical Activity Factors 


Physical activity has gradually decreased at home and in the 
workplace, with a resultant reduction in energy expenditure. 
During the past 50 years, the increasing use of energy-sparing 
devices in the workplace and at home have reduced energy 
expenditure and contributed to weight gain. A decrease in 
physical exertion at work, increased driving in cars, and chil- 
dren rarely walking or biking to school have all been impli- 
cated in the rise of obesity rates in adults and children.*!7? 
In the Nurses’ Health Study, after adjustment for age, smok- 
ing, exercise level, and dietary factors, every 2-hour increment 
spent watching TV was associated with a 23% (95% CI 17% 
to 30%) increase in obesity and a 14% (95% CI 5% to 23 %) 
increase in the risk of diabetes.” The effect of watching TV on 
weight gain is likely a result of an increased caloric intake that 
occurs as people watch TV, rather than just the simple aspect 
of being sedentary. 


In-Utero and Maternal Factors 


The intrauterine milieu and events that take place during gesta- 
tion can influence postnatal weight, body composition, and the 
likelihood of developing obesity. These include pre-gestational 
maternal obesity, maternal smoking, and gestational diabetes, all 
of which increase an individual’s risk for increased body weight 
and diabetes later in life.°* Offspring of mothers who smoke dur- 
ing pregnancy are at increased risk of weight gain in their first 
decades of life, as are infants of mothers with diabetes and small- 
for-gestational-age infants.?>7° 


Medication-Induced Weight Gain 


Several commonly prescribed medicines can contribute to 
abnormal weight gain or interfere with patients’ ability to lose 
weight (Table 7.1). These medications include antipsychotics 
(e.g., olanzapine, clonazapine), antidepressants (e.g., the SSRI, 
paroxetine), antiepileptics (e.g., valproate, gabapentin), insulin 
and insulin secretagogues (e.g., thiazolidinediones), glucocorti- 
coids, progestational hormones and implants, oral contraceptives, 
beta-blockers, and others.”’ If possible, these medications should 
be substituted by other medications that are weight neutral, or 
agents that can treat the underlying condition and cause weight 
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loss at the same time. Use of over-the-counter medications and 
supplements should be reviewed. Medications that could interact 
with antiobesity pharmacotherapy, such as the pseudoephedrine 
in cold remedies, should be discontinued if stimulants are used 
for weight loss. 


Smoking 


Smokers have lower body weights than non-smokers, and cessa- 
tion of smoking is generally associated with weight gain.” Two 
explanations have been offered for the effect of smoking on body 
weight: first, smoking is thermogenic—that is, the metabolic rate 
during the act of smoking is higher than when the subject is not 
smoking; second, smoking reduces hunger and changes taste per- 
ception so smokers tend to eat less.’? 


Microbiome 


The intestinal microbiota consists of trillions of microorganisms 
that can affect obesity, presumably via bacterial metabolism of 
ingested nutrients; through bacterial metabolites, such as short- 
chain fatty acids; or by an immune response to structural com- 
ponents of bacteria (see Chapter 3).°° The importance of the 
microbiome in obesity is suggested by studies of the coprophagic 
transfer of fecal material from congenitally obese (ob/ob) mice 
to germ-free, non-obese mice, in which the recipient mice are 
shown to subsequently gain weight.*! Similar studies have also 
been performed in which stool has been transferred from humans 
to mice. In 1 such study,*” separate groups of germ-free mice 
were colonized with the fecal microbiota from each member of 4 
twin pairs discordant for obesity or with cultures from an obese 
or lean co-twin. Transplantation of feces from the obese co- 
twins resulted in significantly greater increases in body mass and 
adiposity than did those of the lean twins. Differences in body 
composition were correlated with differences in fermentation of 
short-chain fatty acids (increased in lean twins) and metabolism 
of branched-chain amino acids (increased in obese twins), among 
other differences. Co-housing lean and obese mice, thereby 
enabling sharing of intestinal microbiota, prevented develop- 
ment of increased adiposity and body mass. Intestinal microbiota 
populations and murine phenotype were diet-dependent, reveal- 
ing that transmissible and modifiable interactions between diet 
and microbiota influence host biology. 

The fecal microbiome of obese individuals has increased 
numbers of Firmicutes, whereas stools of lean individuals have 
more Bacteroidetes and Akkermansia.*? The proportion of 
these organisms in the feces is affected by genetics (see later) 
as well as diet: Bacteroidetes content increases to a greater 
degree with a high-carbohydrate diet than with a low-fat diet 
(LFD).** Future studies on the human microbiome will need 
to be performed in order to understand how medical interven- 
tion can influence this factor on body weight, insulin resis- 
tance, and risk of obesity. 


Genetics 


Having a family history of obesity substantially increases an 
individual’s likelihood of developing obesity. The biggest risk 
factor for obesity in a child is having a parent or first-degree 
relative with obesity. Having a first- or second-degree rela- 
tive with type 2 diabetes is also an independent risk factor for 
insulin resistance. Although the risk of developing obesity has 
a strong genetic component, single gene defects are respon- 
sible for the obesity phenotype in less than 2% of cases.*> The 
melanocortin-4 receptor (MC4R) gene, leptin gene, pro-opi- 
omelanocortin (POMC) gene, and agouti gene all have signifi- 
cant effects on body fat and fat stores. Genetic abnormalities 
in MC4R may account for up to 6% of cases of early-onset 
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| TABLE 7.1 Drugs That May Promote Weight Gain 


Alternatives Associated with Less Weight Gain, Weight Neutral, 


Drug Class Associated with Weight Gain or Inducing Weight Loss 
Antidepressants Nortriptyline, amitriptyline, paroxetine, citalopram, Fluoxetine (<1 year) 
Mirtazapine, fluoxetine (>1 year), sertraline (>1 year) Sertraline (<1 year) 
Bupropion (can induce weight loss) 
Antipsychotics Clozapine, olanzapine, risperidone, quetiapine, Ziprasidone 
lithium Aripiprazole 


Antiepileptics Gabapentin, pregabalin, valproate, carbamazepine 


Antidiabetic agents Insulin, sulfonylureas, thiazolidinediones 


Antihypertensives Prazosin, doxazosin, terazosin, metoprolol tartrate, 
propranolol 
Contraceptives Depo-medroxyprogesterone acetate, combination 


oral contraceptive pills (older generation) 
OTC cold remedies 
Steroids 


Diphenhydramine 
Glucocorticoids, progestins 


TABLE 7.2 Genetic Syndromes with Obesity 


Topiramate, zonisamide, lamotrigine, levetiracetam, phenytoin 


Metformin, glucagon-like peptide-1 (GLP-1) receptor agonists, DPP-IV 
inhibitors, SGLT-2 inhibitors, pramlintide 


Carvedilol 
Nebivolol 


Copper IUD, low-dose combination oral contraceptive pill 


Use for as short of a duration as needed 


Use lowest dose of glucocorticoids needed to control underlying 
disease 


Syndrome Name Clinical Presentation 


Genetic Mutation/Inheritance 


Albright hereditary osteodystrophy/ 


pseudohypoparathyroidism type la stature 


Alström syndrome 


Bardet-Biedl syndrome/Laurence- 
Moon-Bardet-Biedl syndrome 


Carpenter syndrome/ 
acrocephalopolysyndactyly type II 


Prader-Willi syndrome/Prader- 
Labhart-Willi 


Obesity, mental retardation, brachymetaphalangism, short 


Childhood obesity, insulin resistance and type 2 diabetes 
mellitus, blindness, hearing impairment 


Obesity, retinitis pigmentosa, renal malformation, 
polydactyly, mental retardation, hypogonadism 


Obesity, umbilical hernia, soft tissue syndactyly, congenital 
heart disease, mental retardation, hypogenitalism 


Obesity and hyperphagia, failure to thrive, hypotonia, genital 
hypoplasia, mental retardation, small hands and feet 


Missense, frameshift, nonsense, splice-site, deletions, 
insertions in GNAS1/GNAS. Autosomal dominant 


Frameshift, nonsense, missense in ALMS1. 
Autosomal recessive 


Missense, nonsense, splice-site and frame-shift 
mutations in BBS1, BBS2. Autosomal recessive 


Truncating, missense, nonsense mutations of RAB23. 
Autosomal recessive 


Deletions, mutations, loss of paternal allele MKRN3/ 
ZNF127/MAGEL2. Autosomal dominant, x-linked 


From Kaur Y, de Souza Ru, Gibson WT, Meyre D: A systematic review of genetic syndromes with obesity. Obes Rev 2017; 18(6):603-34. 


severe obesity in children.*° Absence of leptin or an ineffec- 
tive leptin receptor is associated with severe obesity in rodents 
and humans.*’ Leptin has the dual effect of reducing food 
intake and increasing energy expenditure, both of which favor 
loss of body fat. Treatment of leptin-deficient children with 
leptin decreased their body weight and hunger, indicating 
the importance of leptin in normal subjects.** Heterozygotes 
for leptin deficiency have low but detectable serum leptin 
levels and increased adiposity, indicating that low levels of 
leptin are associated with increased hunger and gain in body 
fat.3°0 Although genetics accounts for approximately 10% 
of the intestinal microbial taxa, Christensenellaceae is a highly 
hereditable taxon associated with leanness; genetic obesity- 
associated taxa are an area needing further research. Testing 
for monogenic causes of obesity should be considered in the 
pediatric population when early onset or syndrome obesity is 
noted. Table 7.2 shows other genetic syndromes that can have 
obesity as a component of their clinical presentation.*! 


PROGNOSIS OF OBESITY 


Obesity has a tremendous impact on the physical, mental, and 
psychosocial aspects of the lives of children and adults who are 
suffering from this disease. In a meta-analysis of 97 articles 
reporting on hazard ratios for all-cause mortality in relation 
to BMI categories, people with obesity of all classes relative to 


normal weight individuals have higher all-cause mortality.*? In 
1 study, patients with severe obesity (BMI 40 to 50) had reduced 
life expectancy by about 10 years, which is similar to the effect of 
lifelong cigarette smoking.*’ A study using National Health and 
Nutrition Examination Survey data found that, compared with 
adults of normal weight, adults with class II and II obesity died 
3.7 years earlier (all-cause mortality), and adults with class MI 
obesity had cardiovascular disease (CVD)-related deaths 5 years 
earlier.*+ 

Both primary and secondary prevention of obesity can 
improve life expectancy and comorbidities. Modest weight 
losses of 5% to 10% are associated with significant improve- 
ments in CVD risk factors such as hypertension, hyperlipid- 
emia, and glucose control. In an observational analysis looking 
at participants of the Look Action For Health in Diabetes 
Study, subjects who lost 5% to less than 10% of their body 
weight had increased odds of achieving a 0.5% point reduc- 
tion in Hgb AIC, a 5-mm Hg decrease in diastolic blood pres- 
sure, a 5-mm Hg decrease in systolic blood pressure, a 5 mg/ 
dL increase in HDL cholesterol, and a 40 mg/dL decrease in 
triglycerides.*° 


PATHOPHYSIOLOGY OF OBESITY 


Body weight and fat mass are subject to homeostatic control. In 
the disease of obesity, there is a disruption of this homeostasis 


as a result of impaired neurohormonal signaling. There are 2 
bodies of neurons in the arcuate nucleus of the hypothalamus 
that integrate information from peripheral signals coming from 
the fat cell, intestine, and pancreas in order to regulate appetite 
and energy expenditure through thermogenesis. One body of 
neurons expresses the orexigenic peptides neuropeptide Y and 
agouti-related peptide, each of which function to increase food 
intake and reduce energy expenditure. The other body of neu- 
rons express POMC, and cocaine- and amphetamine-regulated 
transcript, which are anorexigenic peptides that lead to a reduc- 
tion in appetite and increase in energy expenditure by activation 
of downstream pathways, such as activation of MCAR in the para- 
ventricular nucleus of the hypothalamus.*° Damage to POMC 
neurons and concomitant inflammation has been associated with 
diet-induced obesity and resistance to weight-regulating hor- 
mones including leptin and insulin.*” This physiologic disruption 
is but 1 example of how the pathways regulating body weight are 
affected in the disease of obesity. 

Intestinal peptides, including glucagon-like peptide (GLP), 
CCK, pancreatic polypeptide, and polypeptide YY, reduce food 
intake, whereas ghrelin, a small peptide produced in the stom- 
ach, stimulates food intake.** Metabolism of fatty acids in the 
brain may be another important control point. Oxidation of fatty 
acids modulates activity of 5’-adenosine monophosphate kinase, 
an enzyme that is activated or inhibited in relation to the ratio 
of adenosine monophosphate to adenosine triphosphate and is 
thought to be the underlying central point in the control system 
of food intake.*” 


CLINICAL FEATURES AND DIAGNOSIS OF OBESITY 
History and Physical Examination 


‘Taking a history in a patient with obesity is complicated because 
of the multifactorial nature of the disease, which can span an 
entire lifetime from in-utero factors to job-related stressors 
and hormonal changes that occur as people progress through 
life. The elicited history should address age of onset of obe- 
sity, minimum adult weight maintained for a year, and notable 
events associated with weight gain (e.g., cessation of smoking, 
pregnancy, menopause, medication use). A history of psychi- 
atric illness or of eating disorders such as anorexia, bulimia, or 
binge-eating disorder usually requires close follow-up with a 
mental health practitioner in addition to the obesity medicine 
specialist. The care of significant alcohol and substance abuse 
should take precedence over obesity treatment. A detailed his- 
tory of smoking and smoking cessation should be included, 
because smoking cessation can result in weight gain or thwart 
attempts at weight loss. A detailed history of a patient’s cur- 
rent level of physical activity, including lifestyle, and structured 
exercise should be documented prior to initiating an exercise 
program. Finally, an assessment for sleep disorders including 
snoring, sleep apnea, and daytime fatigue or morning headaches 
should be obtained. 

A comprehensive physical examination should be performed 
to evaluate causes of obesity, as well as the complications of this 
disease. Height and weight should be measured, and the BMI 
calculated in order to categorize the class and severity of obe- 
sity. Waist circumference should be measured with the proper 
technique at the level directly above the iliac crests, especially in 
patients with a BMI greater than 25 to 35 kg/m? who will require 
further risk stratification.’ Blood pressure should be measured 
with an appropriately sized cuff to avoid mismeasurement by 
cuffs that are too tight or too loose. Other findings to note 
include the presence of acanthosis nigricans and skin tags indica- 
tive of insulin resistance; violaceous striae and dorsocervical fat 
pads indicative of hypercortisolism; and thyromegaly and delayed 
reflexes as signs of hypothyroidism. Obesity may be part of the 
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clinical presentation of other endocrine disorders such as poly- 
cystic ovarian syndrome, Cushing syndrome, hypothyroidism, 
and acromegaly. Insulin resistance and hyperinsulinemia in the 
months or years before developing overt type 2 diabetes can lead 
to significant findings. Some findings such as fungal skin infec- 
tions, lower extremity edema, and foot deformities may occur in 
patients with longstanding obesity. 

Certain obesity complications may manifest only with labo- 
ratory and investigational testing. A Hgb AIC, fasting blood 
glucose, or 75 g oral glucose tolerance test should be consid- 
ered to screen for type 2 diabetes.*! A full lipid panel including 
fractionated lipoprotein levels is required in order to assess for 
genetic disorders of lipid metabolism such as familial hypercho- 
lesterolemia. Hyperuricemia, hepatic steatosis, and cholesta- 
sis are often only discovered upon further laboratory testing. 
Therefore, a complete laboratory evaluation should include 
blood glucose, uric acid, BUN, creatinine, ALT, AST, total and 
direct bilirubin, alkaline phosphatase, total cholesterol, HDL 
cholesterol and LDL cholesterol, TGs, complete blood count, 
thyroid-stimulating hormone test, and urinalysis. Fasting serum 
insulin and glucose test values can be used to calculate homeo- 
static model assessment levels of insulin resistance by using an 
online calculator based on a well-validated equation to measure 
insulin resistance.” Measurements of body composition utiliz- 
ing rapid, inexpensive methods such as bioelectrical impedance 
or dual-energy X-ray absorptiometry can provide more informa- 
tion on body fat percentage, sarcopenic obesity, and lean body 
mass, and can be tracked longitudinally with a patient’s course of 
treatment.’ 


COMPLICATIONS OF OBESITY 


When overt complications of obesity such as hypertension, type 2 
diabetes, hyperlipidemia, or coronary heart disease are diagnosed, 
these conditions should be treated concomitantly with medically 
supervised weight loss. Certain conditions such as osteoarthritis 
(OA) will usually improve as the patient loses weight, unless the 
severity requires joint replacement. 


Diabetes 


Having a first- or second-degree relative with type 2 diabetes is 
an independent risk factor for insulin resistance (see earlier), but 
the risk of diabetes also rises as BMI increases and is particularly 
steep when the BMI is greater than 30 kg/m?. Weight gain in 
middle age, independent of total attained weight, increases both 
the risk of impaired glucose tolerance and the risk of heart dis- 
ease.** Blood pressure increases linearly with BMI, and hyperten- 
sion is present in approximately half of very obese individuals at 
initial evaluation.*° 


Lipid Derangements 


Dyslipidemia, characterized by low HDL cholesterol and high 
TG levels, is more common in obese than in non-obese individ- 
uals, particularly those with central adiposity.°° When accom- 
panied by hypertension and an elevated serum glucose level, 
these derangements meet the National Cholesterol Education 
Program criteria for metabolic syndrome.” A meta-analysis 
of 21 cohort studies suggested that the adverse effects (AEs) 
of obesity on blood pressure and serum lipid levels account 
for roughly half of the excess risk for coronary heart disease in 
obese individuals.°® 


Cardiovascular Diseases 


Because coronary heart disease accounts for nearly half of all 
deaths in our society, its relationship to obesity is particularly 
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important. In 1 study, an increase in BMI of 1.1 kg/m? increased 
the risk for major CVD by 6%.°? Obesity also increases the risk 
of heart failure and atrial fibrillation.©°°! Much of the increased 
risk of heart disease is associated with central adiposity. The 2004 
INTERHEART case-control study of more than 29,000 patients 
from 52 countries identified abdominal adiposity as 20% of the 
population’s attributable risk for a first myocardial infarction.” 


Hypertension 


Blood pressure is often increased in patients who are overweight 
or who have obesity. Obesity and hypertension interact with car- 
diac function. The combination of being overweight and having 
hypertension leads to thickening of the ventricular wall and a 
larger heart volume, and thus to a greater likelihood of cardiac 
failure.®? In the Swedish Obese Subjects Study, hypertension was 
present at baseline in 44% to 51% of subjects. For each decline 
of 1 mm Hg in diastolic blood pressure, the risk of myocardial 
infarction decreased an estimated 2% to 3%. 


Kidney Disease 


Obesity may affect the kidney in several ways. Obesity-related 
glomerulopathy is defined as having a BMI 230 kg/m? and the 
presence of glomerulomegaly with or without focal segmental 
glomerulosclerosis on kidney biopsy. The incidence of obesity- 
related glomerulopathy has risen significantly, from 0.2% in 
1986 to 1990 to 2.7% in 2001 to 2015.% Overweight patients 
are also at increased risk for uric acid and calcium oxalate kidney 
stones because of altered acid-base metabolism, and increased 
BMI has been associated with the risk of end-stage kidney dis- 
ease. In a study from the Kaiser Permanente Group of Northern 
California, Hsu and colleagues found that a higher BMI is a 
progressively greater risk factor for end-stage kidney disease 
that persists even after correcting for multiple potential con- 
founding factors, including baseline blood pressure or diabetes 
mellitus.®” 


Gallbladder Disease 


Cholelithiasis is the primary hepatobiliary disorder associated 
with being overweight. The increased total cholesterol levels 
seen in patients with obesity are excreted in the bile, where high 
cholesterol concentrations relative to bile acids and phospholip- 
ids may increase the likelihood of precipitation of cholesterol 
gallstones in the gallbladder. During weight loss, the likelihood 
of gallstone formation paradoxically increases because the flux of 
cholesterol mobilized from fat is increased throughout the biliary 
system. Diets with moderate levels of fat prompt gallbladder 
contraction, thereby emptying its cholesterol content and per- 
haps reducing the increased risk of stone formation associated 
with weight loss. Similarly, the use of bile acids (e.g., UDCA) 
may be advisable if the risk of gallstone formation is thought to 
be increased.°? 


Liver Disease 


NAELD is the term given to describe a constellation of liver 
abnormalities associated with being overweight and having obe- 
sity. This includes hepatomegaly, elevated liver biochemical test 
results, and abnormal liver histology, including steatosis, steato- 
hepatitis, fibrosis, and cirrhosis (see Chapter 87). 


Gastroesophageal Reflux Disease (GERD) 


Being overweight and having obesity are contributing factors in 
GERD, as illustrated by a 2014 meta-analysis of 9 studies, which 
showed a statistically significant association of GERD and BMI.’° 


In another meta-analysis, the odds ratio for GERD was 1.43 in 
the overweight group (BMI, 25 to 29.9 kg/m’) compared with 
the normal-weight group, and rose to 1.94 when the BMI was 
higher than 30 kg/m. Erosive esophagitis and esophageal adeno- 
carcinoma were also more common in obesity, with prevalence 
rates of 12.5% for BMI less than 25 kg/m? compared with 26.9% 
for BMI greater than 30 kg/m? for erosive esophagitis, and with 
relative risk ratios ranging from 2.27 to 11.3 in case-control and 
cohort studies of esophageal cancer.”! 


Cancer 


Certain forms of cancer are significantly increased in patients 
who have obesity. Men with obesity have an increased risk for 
colon, rectal, and prostate cancers, whereas women with obe- 
sity experience more cancers of the reproductive system and 
gallbladder than women of normal weight.” One explana- 
tion for the greater risk of endometrial cancer in overweight 
women is the increased production of estrogens by aromatiza- 
tion in adipose tissue, which is related to the degree of excess 
body fat and accounts for a major source of estrogen produc- 
tion in postmenopausal women.’* Breast cancer is not only 
related to total body fat but may also have a more important 
relationship to central body fat, which may help explain why 
breast cancer risk is increased at age 75 in women in the high- 
est quartile BMI. Increased visceral fat as measured by CT 
shows an important relationship to the risk of breast cancer.’”° 
In the Nurses’ Health Study, women who gained 225 kg after 
age 18 were at increased risk of breast cancer (relative risk, 
1.45; P < .001). Women who gained 210 kg after menopause 
also were at increased risk for breast cancer compared with 
women whose weight remained stable.’° 


Obstructive Sleep Apnea 


Increased neck circumference (217 inches in men and 216 in 
women), enlarged floppy uvula, and tonsillar hypertrophy are 
predictors of obstructive sleep apnea (OSA). Associated find- 
ings may include reports of snoring, disturbed sleep, irritability, 
and decreased libido. Laboratory studies may show polycythe- 
mia. Patients with daytime fatigue, sleepiness, and/or morning 
headaches should be screened with a diagnostic sleep study for 
OSA. OSA can be associated with further weight gain, and treat- 
ing sleep apnea can facilitate weight loss, although the data are 
mixed.’* There is evidence that treating OSA does not facilitate 
weight loss because of a reduction in overnight energy expen- 
diture once OSA is treated.’? Randomized control trials con- 
sistently identify that treatment of OSA will facilitate weight 
loss.8° One mechanism in which treatment of OSA is thought to 
improve body weight regulation is through improved regulation 
of cortisol.*! 


Diseases of the Bones, Joints, Muscles, Connective 
Tissue, and Skin 


Osteoarthritis (OA) is significantly increased in individuals with 
obesity. The OA that develops in the knees and ankles may be 
directly related to the trauma associated with the degree of excess 
body weight, but the increased OA in other nonweight-bearing 
joints suggests that some components of the overweight and obe- 
sity, such as intramuscular fat infiltration and systemic inflam- 
mation, can alter cartilage and bone metabolism, independent of 
weight bearing.*? OA accounts for a significant component of the 
health costs of being overweight. Increased body weight also pro- 
duces disability from joint disease. 

Several skin changes are associated with excess weight. Stretch 
marks, or striae, are common and reflect the pressure on the skin 
from expanding lobular deposits of fat. Acanthosis nigricans refers 


to a deepening pigmentation in the folds of the neck, axillae, 
knuckles, and extensor surfaces that occurs in many overweight 
individuals (Fig. 7.1). The mechanism of acanthosis nigricans is 
thought to be due to activation of the insulin-like growth factor 1 
receptor by high levels of circulating insulin.** 


Psychosocial Dysfunction 


Obesity is stigmatized in both children and adults leading to 
psychosocial distress.°+ Overweight children have a negative self- 
image and also a significant decrease in their physical and social 
functioning compared with normal-weight children. Overweight 
women appear to be at greater risk of psychological dysfunction 
compared with overweight men, possibly because of increased 
societal pressures on women to be thin.*? Obesity and comorbid 
depression have a high prevalence.*® 


MEDICAL TREATMENT OF OBESITY 
Dietary Approaches 


In general, no dietary pattern of eating has been proven superior 
in clinical trials. Trials suggest that the diet that any given patient 
likes and finds easiest to comply with will produce the greatest 
weight loss for that patient. 


Low-Fat Diets (LFDs) 


LFDs are a common strategy to help patients lose weight, and 
most dietary guidelines recommend a reduction in the daily 
intake of fat to 30% of energy intake or less. In a meta-analy- 
sis of trials comparing LFDs (typically <25% of total calories 
from fat) with a control group consuming a regular diet (30% 
to 40% of total calories), there was greater weight loss in the 
LFD group compared with the moderate fat group (3 kg dif- 
ference).°” 


Fig. 7.1 Acanthosis nigricans involving the neck of an obese woman. 
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Low-Carbohydrate Diets (LCDs) 


LCDs and very-LCDs are more effective than LFDs for short- 
term weight loss but not for long-term weight loss. A meta- 
analysis of 5 trials showing superiority of LCDs for weight 
loss over LFD was not sustained at 12 months.** LCDs likely 
have other benefits, such as reduction in development of type 2 
diabetes. The Paleo diet is a variation of an LCD as it removes 
grains, in addition to dairy, from the diet. The Paleo diet is not 
discussed further here as it is considered a “fad” diet similar to 
the Atkins diet. 


Meal-Replacement Diets 


A structured way to induce a calorie deficit is through liquid meal 
replacement. Meal replacements can be used in some patients 
to achieve further weight loss. This approach can be used in the 
short term, or as a partial liquid diet in the long term such as 1 
or 2 meals replaced by low-calorie liquid (protein shake) and the 
remaining meals as energy-balanced meals.*? A common use of 
low-calorie liquid is perioperatively around the time of bariat- 
ric surgery but it can be done for longer periods if a patient can 
adhere to it.” A simple approach to induce weight loss can be 
a meal-replacement program with calorie-controlled individu- 
ally packaged foods. Frozen low-calorie meals containing less 
than 400 kcal/package can be a convenient and nutritious way to 
restrict calories. 


Mediterranean Diet (MD) 


For patients in whom cardiovascular health is a paramount con- 
cern, the MD can be suggested. There is no single definition 
of an MD, but these diets are high in fruits, vegetables, whole 
grains, beans, nuts, and seeds and use olive oil as an important 
source of monounsaturated fat. An MD allows moderate wine 
intake. There is low-to-moderate amounts of fish, poultry, and 
dairy products, with little red meat. The MD is associated with 
reductions in overall mortality, cardiovascular mortality, and 
cancer incidence. 

An MD may reduce cardiovascular events. In a randomized 
trial of 7447 adults at high risk for cardiovascular disease, the 2 
groups assigned to the MD supplemented either with extra-virgin 
olive oil or mixed nuts had a lower rate of total cardiovascular 
events (stroke, myocardial infarction, cardiovascular death) com- 
pared with a control group (counseled to eat a LFD); hazard ratio 
0.7 (95% CI 0.5 to 0.9) after 4.8 years. The absolute reduction in 
risk was approximately 3 cardiovascular events per 1000 person- 
years.”! 


Intermittent Fasting 


Long-term energy restriction leads to metabolic changes that 
make continued weight loss difficult.”* Planned periods of nega- 
tive energy balance during long weight loss efforts appear to miti- 
gate metabolic adaptations to weight loss. This theory supports 
intermittent energy restriction (IER) as a way to stimulate weight 
loss or maintain a weight-reduced state. There are several mod- 
els of IER that have been shown to be as effective for long-term 
weight control as a long-term balanced deficit diet. IER includes 
restricting caloric intake for a defined period of time and eat- 
ing ad libitum (i.e., to satiety) during the non-energy restricted 
period. The most common form of IER is “intermittent fasting,” 
where caloric intake is severely restricted for short periods (often 
2 to 4 days per week). The periods of energy balance (i.e., remain- 
der of the week) may or may not have restrictions. Meta-analyses 
on IER conclude that it is an alternative, while not superior, 
approach to chronic energy restriction for inducing weight loss, 
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although some patients may demonstrate greater adherence. The 
data are equivocal on whether IER in fact mitigates the counter 
regulatory mechanisms aimed at weight regain after diet induced 
weight loss.” 


Pharmacotherapy 


The National Heart, Lung, and Blood Institute of the 
National Institutes of Health recommends that for individuals 
who fail to respond to lifestyle interventions after 6 months 
of treatment, have a BMI of greater than 30 kg/m’, or a BMI 
of greater than 27 kg/m? with a weight-induced comorbidity, 
weight-loss medication may be added to their treatment plan.”* 
The Endocrine Society has produced the first guidelines on 
pharmacologic treatment of obesity, including management of 
drug-induced weight gain.” These guidelines review the exist- 
ing evidence for the FDA approved and off label medicines for 
weight management. 

In the setting of bariatric procedures (see Chapter 8), antiobe- 
sity pharmacotherapy could be considered once patients reach a 
weight plateau and additional weight loss is needed to improve 
weight-related comorbidities, or if a patient presents with weight 
regain. In addition, it can be considered as a maintenance strategy 
following the use of a short-term bariatric procedure such as an 
intra-gastric balloon.” 

The goal of pharmacotherapy is not only to reduce weight, 
but, more importantly, to improve the comorbid conditions 
associated with obesity, such as hyperglycemia, hyperlipid- 
emia, and atherosclerotic heart disease. Patients and physi- 
cians should appreciate that obesity is a chronic disease that 
will require long-term treatment. Patients should understand 
further that the efficacy of the current medication options is 
limited to 5% to 10% body weight loss in the majority of suc- 
cessful patients, but that more weight loss can be achieved 
when several approaches are used simultaneously. Physicians 
should know that all antiobesity pharmacotherapy is classified 
as pregnancy category X and should not be used in pregnancy; 
patients should be counseled on this. 


Phentermine/Topiramate 


Low-dose, controlled-release phentermine plus topiramate 
(as 1 capsule) was approved by the FDA in 2012 as a long- 
term treatment for obesity. Phentermine is an adrenergic 
agonist that promotes weight loss by activation of the sym- 
pathetic nervous system with a subsequent decrease in food 
intake and increased resting energy expenditure. The combi- 
nation has been shown to have additive weight loss efficacy.’ 
Phentermine/topiramate is available in 4 doses: 3.75/23 mg 
(starting dose), 7.5/46 mg (lowest treatment dose), 11.25/69 
mg, or 15/92 mg. The majority of patients start on 3.75/23 
mg and progress to 7.5/46 mg, with higher doses used if the 
medication is well-tolerated and maximal efficacy is required; 
the highest dose is 15/92 mg. 

The FDA requires a Risk Evaluation and Mitigation Strat- 
egy to inform prescribers and females of reproductive poten- 
tial about the increased risk of congenital malformation, 
specifically orofacial clefts, in infants exposed to phentermine/ 
topiramate during the first trimester of pregnancy.” The 
most common adverse events (AEs) with phentermine/topira- 
mate ER include: paresthesias, dizziness, dysgeusia, insomnia, 
constipation, and dry mouth. Medication interactions include 
an increased risk of malignant hypertension with MAO 
inhibitors and increased probability of rise in heart rate 
and blood pressure if used with other sympathomimetic 
amines. 

The 52-week controlled-release, phentermine plus topira- 
mate combination on weight and associated comorbidities in 


overweight and obese adults (CONQUER) trial randomized 
2487 patients who were obese with a mean BMI of 36.6 kg/m? 
and comorbidities including hypertension, dyslipidemia, dia- 
betes or prediabetes, or abdominal obesity to either placebo, 
mid-treatment dose (7.5/46 mg), or maximum treatment dose 
(15/92 mg); results showed 6.6% and 8.6% placebo-subtracted 
weight loss in the lower dose and maximum dose arms, respec- 
tively.” Improvement in systolic and diastolic blood pressure, 
TGs, and greater increases in HDL were seen in obese and 
overweight subjects treated with phentermine plus topiramate 
compared with placebo in 2 phase 3 trials, the Controlled- 
Release Phentermine/Topiramate in Severely Obese Adults: 
A Randomized Controlled Trial and CONQUER trials. 
Improvements in fasting glucose and insulin levels were seen 
in the SEQUEL study, the 52-week extension of CONQUER, 
and a 54% and 76% reduction in progression to type 2 diabe- 
tes in the 2 treatment groups was noted in subjects without 
diabetes at baseline. 100-101 


Lorcaserin 


Lorcaserin, a selective serotonin 2C receptor agonist, was 
approved by the FDA in 2012 as a long-term treatment for 
obesity. Lorcaserin selectively activates the central serotonin 
2C receptor over the 2A and 2B receptors and reduces appetite 
by binding to the 5HT-2C receptors on anorexigenic POMC 
neurons in the hypothalamus. Because of its selective agonism of 
the serotonin 2C receptor, lorcaserin reduces appetite and has 
been designed to avoid cardiac valvular effects, such as mitral 
or aortic valve insufficiency previously reported with fenflura- 
mine, mediated through the 5HT-2B receptor. The develop- 
ment program has thus far excluded that possibility over 2 years, 
and long-term data are being collected in a 5-year cardiovascu- 
lar outcome study.'°? The recommended dose of lorcaserin is 
10 mg twice daily with or without food. There is also a new 
20 mg extended release tablet to be taken once daily. The 
medication should be discontinued if 25% weight loss is not 
achieved after 12 weeks. Lorcaserin is listed in Schedule IV 
of the Controlled Substances Act. The most common AEs in 
clinical practice include headache, dizziness, fatigue, nausea, 
dry mouth, and constipation. There is a theoretical interac- 
tion with other serotonergic drugs (co-administration may 
lead to the development of potentially life-threatening sero- 
tonin syndrome or neuroleptic malignant syndrome-like 
reactions, although none were reported in the phase 3 stud- 
ies, Behavioral Modification and Lorcaserin for Overweight 
and Obesity Management (BLOOM) and Behavioral 
Modification and Lorcaserin Second Study for Obesity 
Management. 

The BLOOM trial included 3182 adults who were over- 
weight or obese and who received lorcaserin 10 mg BID or 
placebo for 52 weeks, in conjunction with diet and exercise. At 
week 52, all subjects were re-randomized to either placebo or 
lorcaserin for an additional year. At 1 year, the average placebo 
subtracted weight loss was 3.6%, and 47% of the subjects tak- 
ing lorcaserin lost greater than 5% compared with 20.5% in the 
control group. Subjects who showed a weight loss of greater 
than 5% in the first year and were maintained on lorcaserin 
treatment in the second year were able to maintain their weight 
loss better than those who had been switched to placebo.!° The 
BLOOM-DM study was conducted in obese subjects with type 
2 diabetes. This trial showed that at 52 weeks, 37.5% of patients 
treated with lorcaserin 10 mg twice daily showed a weight loss 
of greater than 5%, which was more than twice the percent- 
age in the placebo group. There was a reduction of HbAIc of 
0.9% in those on lorcaserin compared with 0.4% reduction in 
the placebo group.!"* 


Bupropion/Naltrexone 


Bupropion/naltrexone was FDA approved for weight loss in 
September 2014. Bupropion’s primary mechanism of action 
is as a reuptake inhibitor of dopamine and norepinephrine. 
Inhibiting reuptake of dopamine and/or norepinephrine mod- 
ulates the “reward pathway” that various foods can stimulate. 
Naltrexone is a pure opioid antagonist that blocks an opioid 
pathway that may slow weight loss. The most common AEs of 
naltrexone SR/bupropion SR are nausea/vomiting, constipation, 
headache, dizziness, insomnia, dry mouth, and an increased risk 
for seizure. 

Medication interactions of bupropion/naltrexone include 
MAO inhibitors (used during or within 14 days of adminis- 
tration), opioids, opioid agonists, and opioid partial agonists. 
Abrupt discontinuation of chronic use of alcohol, benzodiaz- 
epines, barbiturates, or antiepileptic drugs may further increase 
the risk for seizure. Bupropion/naltrexone should be avoided in 
patients with uncontrolled hypertension, history of seizures, or 
if there is a recent history of bulimia or anorexia nervosa. A 
recent history of bulimia with excessive vomiting may result in 
electrolyte abnormalities and predispose a person to seizures, 
which would further increase a person’s risk for seizure if on 
bupropion. Weight loss medication should not be given to a 
patient with a recent history of an anorexic eating disorder 
unless done with close coordination with the patient’s psychia- 
trist to monitor for relapse. 

Four 56-week multicenter, double-blind, placebo-controlled 
trials (CONTRAVE Obesity Research, or COR-I,!°° COR- 
IL,!°° COR-BMOD [Behavior Modification],!°’ and COR-Dia- 
betes!°*) were conducted to evaluate the effect of bupropion/ 
naltrexone in conjunction with lifestyle modification in a pla- 
cebo-controlled cohort of 4536 patients. The COR-I, COR-I, 
and COR-BMOD trials enrolled patients with BMI 230 kg/m? or 
overweight (BMI 27 kg/m? or greater) and at least 1 comorbid- 
ity. The COR-Diabetes trial enrolled patients with BMI greater 
than 27 kg/m? with type 2 diabetes with or without hyperten- 
sion and/or dyslipidemia. The primary endpoints were percent 
change from baseline body weight and the proportion of patients 
achieving at least a 5% reduction in body weight. In the 56-week 
COR-I trial, the mean change in body weight was -5.4% in 
patients assigned to bupropion/naltrexone 360/32 mg compared 
with -1.3% in the placebo group. The clinically significant cut- 
off of 5% reduction in body weight from baseline occurred in 
42% of treatment group patients compared with 17% of placebo 
patients in the COR-I trial, 50.5% of the treatment group com- 
pared with 17.1% of the placebo group in the COR-II trial, and 
66.4% of the treatment group compared with 42.5% of the pla- 
cebo group in the COR-BMOD trial. 

In the COR-Diabetes trial, 44.5% of patients receiving 
bupropion/naltrexone lost 25% of their body weight after 56 
weeks compared with 18.9% of patients on placebo (P < .001). 
Patients using bupropion/naltrexone also showed a 0.6% reduc- 
tion in HgbAIC from baseline, compared with a 0.1% reduc- 
tion in placebo. In all of the COR trials, secondary cardiovascular 
endpoints were met, including statistically significant improve- 
ments in waist circumference, visceral fat, HDL cholesterol, and 
triglycerides. 


Liraglutide 


Liraglutide 3.0 mg was approved by the US FDA in December 
2014. Liraglutide is a GLP-1 receptor agonist that has been 
used for type 2 diabetes in doses up to 1.8 mg. In animal stud- 
ies, peripheral administration of liraglutide results in uptake in 
specific brain regions regulating appetite including the hypo- 
thalamus. A study involving obese individuals without diabetes 
demonstrated that liraglutide 3.0 mg/day suppressed acute food 
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intake, reduced subjective hunger, and delayed gastric emptying. 
Conversely, energy expenditure in subjects treated with liraglu- 
tide 3.0 mg/day decreased, even when corrected for weight loss, 
which was probably reflective of metabolic adaptation to weight 
loss. 10° 

The SCALE Obesity and Prediabetes and SCALE Diabetes 
studies evaluated the effect of liraglutide 3.0 mg on overweight 
and obese subjects with prediabetes and diabetes, respectively. 
Both 56-week, randomized, placebo-controlled, double-blind 
clinical trials illustrated significantly greater mean weight loss 
with liraglutide than with placebo (8% vs. 2.6% in SCALE Obe- 
sity and Prediabetes and 5.9% vs. 2% in SCALE Diabetes, P < 
.0001). The efficacy of liraglutide in maintaining weight loss was 
examined in the SCALE Maintain study. 422 overweight and 
obese subjects who lost =5% of their initial body weight on a 
low-calorie diet were randomly assigned to liraglutide 3.0 mg 
daily or placebo for 56 weeks. Mean weight loss on the initial diet 
was 6.0%. By the end of the study, participants in the liraglutide 
group lost an additional 6.2% compared with 0.2% with placebo 
(P < .0001),110111 

GI symptoms, such as nausea, vomiting, and abdominal pain, 
were the most common reason subjects withdrew from the trials. 
11 subjects in the SCALE Obesity and Prediabetes trial developed 
pancreatitis (10 of 2841 [0.4%] in the liraglutide group compared 
with 1 of 1242 [< 0.1%] in the placebo group); none of the patients 
in SCALE Diabetes or SCALE Maintain developed pancreati- 
tis. Increased rates of cholecystitis and cholelithiasis were also 
observed in all of the SCALE phase III studies, but it is unclear 
whether the cases were related to the medication or to weight loss. 
Although liraglutide is associated with improvements in blood 
pressure and lipids, it was found to increase heart rate by 2.0/min 
in SCALE Diabetes. Liraglutide carries a black box warning on the 
association with medullary thyroid cancer in rodents although the 
relevance to humans has not been determined. Therefore, liraglu- 
tide is contraindicated in patients who have had medullary thyroid 
cancer or who have a family history of MEN2.1!? 


Orlistat 


Prior to 2012, the only weight-loss medicine for long-term use 
was orlistat, which was FDA approved in 1999. Orlistat pro- 
motes weight loss by inhibiting GI lipases, thereby decreasing 
the absorption of fat from the GI tract. Orlistat is not com- 
monly used for obesity management due to the unpleasant 
AEs of fecal urgency, oily stool, and fecal incontinence, but it 
may have a role as an additional medicine for a patient who is 
constipated on other antiobesity pharmacotherapy. On aver- 
age, 120 mg of orlistat taken 3 times per day will decrease fat 
absorption by 30%. Mean weight loss after 4 years was signifi- 
cantly greater with orlistat (5.8 kg) than with placebo (3.0 kg; 
P < .001)!3 


Investigational Approaches 


In addition to the 5 FDA-approved antiobesity medicines and 
increasing number of bariatric endoscopic procedures available 
for the treatment of obesity (i.e., endoscopic sleeve and intra-gas- 
tric balloons), there are several new pharmacologic compounds 
in clinical trials. An example of a centrally acting target in clinical 
trials is setmelanotide which is an MC4R agonist being evalu- 
ated for rare genetic obesity syndromes.!'* Another example of 
an investigational therapy includes a GLP-1/glucagon receptor 
antagonist called oxyntomodulin. This combination has been 
shown to have an anorexigenic effect in studies. In addition, a 
device under investigation is the Gelesis hydrogel capsule that 
expands in the stomach, increases satiety, and may improve gly- 
cemic control.!!° 
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The disease of obesity has become a global epidemic and is 
a major cause of other non-communicable diseases including 
diabetes, CVD, and cancer. Causes can be attributed to a com- 
bination of genetic, epigenetic, and environmental and lifestyle 
phenomena. Current treatments range from dietary and behav- 
ioral interventions to pharmacologic and surgical therapies in 
more severe cases. There are several new medical therapies with 
separate mechanisms of action that are in clinical trials as well 


as new devices. Management of obesity is evolving and obesity 
is now viewed as a multi-factorial chronic disease that needs to 
involve a combination of medical therapies and, when appropri- 
ate, interventional procedures. Surgical and endoscopic treat- 
ments of obesity are discussed in Chapter 8. 


Full references for this chapter can be found on www.expertconsult.com. 
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Severe obesity is the leading public health crisis of the indus- 
trialized world (see Chapter 7). The prevalence of obesity in 
the USA continues to rise at an alarming rate, with two thirds 
of adults currently considered overweight, half of whom are 
obese.!? The etiology of obesity is complex and only partially 
understood. Genetic, epigenetic, environmental, and psycho- 
logical factors are all involved to varying degrees, but, con- 
ceptually, obesity is a disorder of energy imbalance wherein 
there is an increase in stored fat such that it compromises the 
patient’s organ function, susceptibility to disease, and general 
health. Obesity has been shown to predispose to many dis- 
eases, including cardiovascular disease, diabetes mellitus, sleep 
apnea, and osteoarthritis (see Chapter 7). 

Overweight is defined by a BMI greater than 25 kg/m’; class 
I obesity, 30 to 34.9 kg/m’; class II obesity 35 to 39.9 kg/m’; 
class III obesity = 40 kg/m?; and super morbid obesity, greater 
than 50 kg/m’. Rising rates of obesity are seen across the USA 
in men and women, and in all major racial, ethnic, and socio- 
economic groups.**+ Severe obesity reduces life expectancy by 5 
to 20 years, and for the first time in history, it is predicted that 
the current generation may have a shorter life expectancy than 
the last.’ 

Energy intake and expenditure are finely regulated by neu- 
ral and hormonal mechanisms. Key players in energy regulation 
include insulin, leptin, ghrelin, and peptide YY. Insulin is a potent 
anabolic hormone with multiple synthetic and growth-promoting 


effects. Adipose cells secrete leptin, which reduces food intake 
and increases energy expenditure. Leptin’s counterpart, ghre- 
lin, is secreted by the fundus of the stomach and induces hunger 
while stimulating anabolism. Endocrine cells in the ileum and 
colon secrete peptide YY postprandially, and it is considered a 
signal of satiety. 

Obesity is a complex disease with an array of root causes that 
vary for each patient. Weight loss may be achieved by behav- 
ioral, medical, endoscopic, and surgical methods. Combined with 
careful screening assessments and counseling, however, bariatric 
surgery is the most efficacious therapeutic option for an appro- 
priate patient population.° Weight loss surgery has changed sig- 
nificantly since its inception in the 1950s. Today, with increased 
efforts by the American College of Surgeons and the American 
Society of Metabolic and Bariatric Surgery’s new Metabolic and 
Bariatric Surgery Accreditation and Quality Improvement Pro- 
gram (MBSAQIP) to develop evidence-based recommendations, 
weight loss surgery has mortality rates comparable to routine 
general surgical procedures such as laparoscopic cholecystectomy 
or fundoplication.”* 

Experience of the surgeon and hospital can mitigate the 
risks associated with weight loss surgery. In the USA, a vol- 
ume outcome effect has been recognized by the MBSAQIP 
and major insurers who require MBSAQIP accreditation.”!° 
Numerous criteria enable Bariatric Surgery Accreditation, but 
the primary current criteria are a surgeon’s volume of greater 
than 25 cases and an annual hospital volume of greater than 
50 stapled cases. The best demonstrated and most protective 
effect against complications is an accredited experienced sur- 
geon and hospital.”:!!-!* 

Roux-en-Y gastric bypass (RYGB) surgery induces sustained 
weight loss by altering metabolic processes through fundamen- 
tal changes in appetite, energy regulation, satiety, and metab- 
olism. Long-term follow-up studies have shown that RYGB 
positively affects patients’ overall health by reversing some of 
the metabolic consequences of morbid obesity. RYGB is capa- 
ble of reducing mortality by improving lipid levels, diabetes, 
hypertension, obstructive sleep apnea, and cardiovascular events 
such as myocardial infarction up to 12 years after the procedure 
and beyond.!° 

It has been shown that bariatric surgery is superior to medi- 
cal therapy for weight loss, survival, and treatment of comorbidi- 
ties.!° The number of weight-loss operations is currently greater 
than 220,000 procedures annually with laparoscopic sleeve gas- 
trectomy being the most commonly performed procedure.!’ The 
following discussion will include indications for surgery, preop- 
erative evaluation, surgical techniques, outcomes, and peri- and 
postoperative complications. 


EVALUATION AND SELECTION OF BARIATRIC 
SURGERY CANDIDATES 


To qualify for bariatric surgery, patients must meet the 1991 
NIH consensus criteria, which include having a BMI of 40 kg/ 
m? or greater or a BMI of 35 kg/m? or greater with obesity- 
related comorbidities and at least 6 months of documented medi- 
cally supervised weight loss attempts.!* Given recent data, there 
are efforts to extend indications to include a BMI 30 to 35 kg/ 
m? for patients with diabetes.!? Obesity-related comorbidities 
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include hypertension, diabetes mellitus, hyperlipidemia, GERD, 
arthritis, IBS, obstructive sleep apnea, and NASH. Substantial 
preoperative evaluation should attempt to discover potential 
occult comorbidities like coronary artery disease, sleep apnea, 
and obesity hypoventilation syndrome (Pickwickian syndrome). 
Because of the complexity of the preoperative evaluation, a mul- 
tidisciplinary approach is necessary. The team should include a 
nutritionist, psychologists, anesthesiologists, bariatric surgeons, 
and other subspecialists that can address any gastroentero- 
logic-, cardiovascular-, pulmonary-, or endocrine-related issues. 
Family and social support should not be underestimated and also 
are an integral part of the team.’? Additionally, patient educa- 
tion is paramount to successful outcomes after bariatric surgery. 
Educational sessions are mandatory with dieticians, specialized 
nurses, and the bariatric surgeon detailing pre- and postoperative 
diet and lifestyle modifications, as well as preparing patients for 
what to expect after surgery. 

Some bariatric surgeons require patients to lose additional 
weight through diet and exercise between the time of the ini- 
tial bariatric surgery consultation and the date of operation, par- 
ticularly for patients with a risk of weight regain.”! Preoperative 
weight loss is a method for “downstaging,” in a fashion analo- 
gous to preoperative chemoradiation therapy for cancer. This 
additional required preoperative weight loss is not correlated 
with comorbidity resolution or complication rates.’!” However, 
it is associated with shorter operative times, a smaller liver, and 
greater weight loss at 1 year after the surgery. Therefore, preop- 
erative weight loss may be encouraged in all patients while bal- 
ancing access to care so there is not a delay in treatment.” ! 

Bariatric surgery candidates, in particular, benefit from pre- 
operative nutrition evaluation and counseling. After surgery, 
patients are instructed to consume a progression of diets that start 
with full liquid, followed by pureed soft foods, and finally include 
regular-textured foods. Patients should also be reminded that 
bariatric surgery is a restrictive procedure, and therefore smaller, 
more frequent meals are most appropriate.”* 

Contraindications to bariatric surgery include psychiatric 
conditions such as schizophrenia, severe bipolar disorder, active 
substance abuse, recent major depression with hospitalization or 
suicide attempts, and developmental delay. Other contraindica- 
tions include severe cardiac disease that would prohibit safe and 
effective anesthesia, severe coagulopathy, or inability to comply 
with rigorous postoperative nutritional requirements including 
lifelong vitamin replacement. Age is not an absolute contraindica- 
tion in patients with severe comorbidities and bariatric surgery is 
performed in patients older than age 65 or younger than age 18.*+ 

Prior to surgery, patients should complete a screening process, 
including consultation with a surgeon, psychological evaluation, 
nutrition consultation, chest roentgenogram, electrocardiogram, 
and EGD. 

A preoperative EGD is recommended by the European Asso- 
ciation for Endoscopic Surgery to detect and treat any upper GI 
lesions that may cause postoperative complications or influence the 
decision of which type of bariatric surgery should be performed.”° 
In a study of 272 gastric bypass patients who underwent preopera- 
tive EGD, 12% of patients had clinically significant preoperative 
findings that included erosive esophagitis (3.7%), Barrett esopha- 
gus (3.7%), gastric ulcer (2.9%), erosive gastritis (1.8%), duodenal 
ulcer (0.7%), and gastric carcinoid (0.3%); 1.1% had more than 
one lesion. Given that 12% of the patients who eventually under- 
went RYGB had clinically significant preoperative findings but that 
two thirds of these patients had UGI symptoms, it is important to 
perform EGD preoperatively because the excluded distal stomach 
cannot be evaluated easily after a RYGB procedure.”° In addition, 
preoperative screening for GERD is critical prior to a laparoscopic 
sleeve gastrectomy given that the greatest risk for postoperative 
GERD is preoperative GERD. Findings of severe reflux may 
guide the surgeon and patient alike in a procedure choice.’ 


Medical evaluations of cardiovascular disease, respiratory ill- 
ness, and diabetes should be completed prior to surgery. Cardio- 
vascular evaluation should include a recent history of chest pain 
and assessment of exercise tolerance. Patients with multiple risk 
factors such as a history of DVT or venous stasis disease may 
require temporary inferior vena cava filter placement prior to 
surgery to prevent venous thromboembolism.’ It is also impor- 
tant to identify occult obstructive sleep apnea so that the anes- 
thesiologist may anticipate periods of hypoxia in the immediate 
postoperative period when it may be compounded by narcotic 
pain medications and postoperative fluid shifts.?? Additionally, 
diabetes must be well-controlled preoperatively to reduce the 
incidence of perioperative morbidity (e.g., wound infection).’? 


SURGICAL TREATMENTS FOR OBESITY 
Gastric Bypass 


After gastric bypass, both restrictive and hormonal mechanisms 
limit food intake and nutrient absorption. First performed by 
Mason and Ito in 1966, gastric bypass has since been modified 
twice: once in 1967 to incorporate a Roux limb rather than a loop 
gastrojejunostomy, and again in 1994 to be a primarily laparo- 
scopic procedure.*? 

The laparoscopic approach is superior to the open approach 
and has considerably lower complication rates. Laparoscopic gas- 
tric bypass has reduced mortality rates and lowered rates of wound 
infection, pulmonary and thromboembolic complications, and 
incisional hernias, and has decreased the average hospitalization 
time to about 2 days.*! There are many variations of laparoscopic 
RYGB techniques, but essential components include construc- 
tion of a gastric pouch, attaching the pouch to the jejunum, and 
re-routing digestive enzymes such that they do not contact food 
until it reaches the jejunojejunostomy (Fig. 8.14).8 

At the time of surgery, care is taken to position the patient 
appropriately so as to facilitate intubation and prevent nerve 
compression and skin breakdown. To prevent postoperative nau- 
sea and vomiting, several strategies are employed, including IV 
hydration and small doses of glucocorticoid and ondansetron. An 
orogastric tube is placed to prevent gastric distension or aspira- 
tion. Prophylactic subcutaneous heparin (5000 units), sequential 
compression devices, and cefoxitin (2 g IV) should be admin- 
istered prior to incision. In the operating room, endoscopes to 
enable evaluation of the stomach and deep intestine should be 
available. 

Surgery is begun by placing an index trocar at 18 cm below 
the xiphoid in the midline after the Veress needle has been intro- 
duced to establish pneumoperitoneum. After remaining trocars 
are placed, laparoscopic exploration of the abdomen is con- 
ducted. The greater omentum is elevated, and the ligament of 
Treitz is identified. The jejunum is divided into biliopancreatic 
and Roux limbs at 20 cm distal to the ligament of Treitz. Next, 
the jejunojejunostomy is performed after a 75 to 150 cm Roux 
limb is passed toward the proximal gastric pouch, either through 
the transverse mesocolon (retrocolic) or in front of the colon 
(antecolic); the retrocolic method may either take a retrogastric 
or antegastric route. Any mesenteric defects between loops of 
bowel are potential hernia sites and, therefore, are closed with 
permanent running suture. The gastric pouch should be between 
15 mL and 30 mL in size and is constructed based on the size 
of the lesser gastric curve. Finally, the gastrojejunostomy is con- 
structed either through circular-stapled, linear-stapled, or hand- 
sewn techniques, and a surgical drain may be placed. 

Potential pitfalls of the procedure include bleeding, inability 
of the Roux limb to reach the gastric pouch without tension, and 
unexpected anatomy such as malrotation, enlarged liver, exces- 
sive omentum, or thick abdominal wall. Though rare, unexpected 
findings during a laparoscopic gastric bypass may influence the 


Fig. 8.1 Types of weight loss opera- 
tions. A, Roux-en-Y gastric bypass. 
B, Gastric sleeve. C, Vertical banded 
gastroplasty. D, Laparoscopic ad- 
justable gastric band. E, Biliopancre- 
atic diversion with duodenal switch. 
(A-C from the American Society 

for Bariatric Surgery. The story of 
surgery for obesity, 2005. Available 
at httos://asmbs.org.) 


operative course. These findings could include tenacious adhesions 
from previous surgery that require lysis, malrotation of the liga- 
ment of Treitz necessitating a mirror image approach to the tech- 
nique, hernia findings that require a change in port placement, or a 
cirrhotic-appearing liver that may require biopsy or even aborting 
the case if varices or ascites is noted. A GIST that may not have 
been revealed with preoperative assessment may be resected in its 
entirety and the surgery completed as originally planned. 


Sleeve Gastrectomy 


The vertical sleeve gastrectomy (SG, see Fig. 8.1) involves 
removing about 80% of the stomach, with a resultant remain- 
ing sleeve that is lesser curve-based and is 28 to 32 French (Fr) 
in diameter. It has been hypothesized that the tighter the sleeve, 
the more likely the possibility of a leak, which is the most com- 
mon major complication after SG; other potential pitfalls may 
include bleeding or strictures. Care should be used while taking 
down the blood supply to the greater curvature of the stomach. 
An advanced bipolar cutting device or ultrasonic scalpel is used 
to seal the blood vessels. At the most proximal portion of the 
stomach, the short gastric vessels can be in close proximity to the 
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spleen, and the surgeon must avoid excessive traction in this area 
to avoid a shear injury. A bougie (32 to 40 Fr) is used to guide 
the staple line along the sleeve. A tight sleeve, especially at the 
incisura, can lead to outflow obstruction and predispose to a more 
proximal leak. Many surgeons perform an intra-operative leak 
test with either air or methylene blue to evaluate the staple line. 
If the leak test is positive, then the staple line can be reinforced or 
oversewn in the areas of concern. 

Patients are placed in the supine or split-leg position. Five 
trocars are used and placed at the surgeon’s preference. The liver 
is then retracted to expose the stomach including the gastro- 
esophageal junction. The gastro-colic ligament is then divided, 
and the vessels of the gastroepiploic arcade are cut using an 
advanced bipolar cutting device or the ultrasonic scalpel. Dissec- 
tion is carried out along the greater curve of the stomach from 
3 to 7 cm proximal to the pylorus up to the angle of His. The 
stomach is then freed from any posterior attachments within the 
lesser sac. Care should be taken to avoid injuring the splenic vein 
and artery during the dissection. A bougie (32 to 40 Fr) or endo- 
scope is then passed into the stomach as a guide for stapling. The 
sleeve is then created with multiple staple loads from just proxi- 
mal to the pylorus to the angle of His. The stomach should not 
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be divided too close to the incisura to avoid stricture at this area. 
Additionally, when stapling, the surgeon should ensure that the 
anterior and posterior edges are the same distance from the lesser 
curve so that the sleeve does not kink or twist. Techniques vary 
in that some surgeons may use buttressing material within their 
staples. Surgeons may also oversew the staple line or reapproxi- 
mate the omentum to the new greater curve with interrupted 
sutures. Drains may be placed at the time of surgery depending 
on surgeon preference. The patient is admitted for 1 to 2 days 
postoperatively and started on a liquid diet. 

An UGI is performed on postoperative day 1 at some institu- 
tions to show free passage of contrast through the sleeve without 
evidence of extravasation. The patient is given a PPI for 6 months 
postoperatively as well as multivitamins to be taken for life. 

Diet is slowly advanced over 8 weeks as an outpatient from full 
liquids to pureed food to soft food and finally to a regular diet. 


Other Operations 


Other operations include gastric banding (GB [see Fig. 8.1B to 
C]). GB has declined precipitously as a result of lack of significant 
treatment effect and need for reoperation.*? The GB technique 
involves a “pars flaccida” or hepatogastric ligament technique 
whereby a soft, inflatable silicone gastric band is placed immedi- 
ately below the lower esophageal sphincter as demarcated by the 
esophageal fat pad. 

Biliopancreatic diversion (BPD) with duodenal switch (DS) 
now accounts for less than 1% of bariatric procedures (see 
Fig. 8.1D). 


Surgical Complications 


The average 30-day mortality rate is 0.2% for gastric bypass, 
0.14% for vertical SG, and 0.02% for GB. Complications can 
be divided into 3 categories: intraoperative, early postoperative 
(within 30 days of surgery), and late postoperative (>30 days after 
surgery). Significant progress has been made to monitor outcomes 
and develop evidence-based guidelines of criteria and benchmarks 
that determine safe practices. As mentioned, complication rates are 
directly related to the experience of the surgeon and hospital. 

Complications of bariatric procedures include anastomotic 
leak or stenosis, pulmonary embolus (PE) and DVT, GI bleed- 
ing, nutritional deficiencies, wound complications, bowel 
obstructions, ulcers, hernias, and respiratory and cardiovascu- 
lar complications. Among the different surgical procedures, the 
complication rates are proportional to the amount of weight 
loss produced by each operation. The odds of serious adverse 
events at 1 year are: SG, odds ratio (OR) = 3.22, 95% confidence 
interval (CI: 2.64 to 3.92; RYGB, OR = 4.92, 95% CI: 4.38 to 
5.54; BPD+DS, OR = 17.47, 95% CI: 14.19 to 21.52.34 

Bowel ischemia may result from a twisted Roux limb or inter- 
nal herniation that occurred during division of the mesentery.*? 
Signs of intestinal ischemia are severe abdominal pain, hemato- 
chezia, and an acute abdomen. 

Early postoperative complications are anastomotic leaks, pul- 
monary and cardiovascular complications including DVT and 
PE, and mortality. Anastomotic, gastric pouch, or duodenal leak- 
age occurs with 2.2% of RYGB, 1.0% of vertical banded gas- 
troplasty (VBG), and 1.8% of BPD.” Anastomotic leak, most 
commonly from the gastrojejunostomy or from the SG staple line, 
usually near the hiatus, is an independent risk factor for mortal- 
ity.°° It has been demonstrated that a surgeon’s experience has 
significant influence on the leakage rate, with a rate of 1% to 
2% in experienced hands and up to 5% for surgeons earlier in 
their careers.*’ Leaks from SG occur infrequently but can be 
troublesome to treat. Drainage of leaks along with IV antibiotic 
therapy is first-line therapy. Additional considerations include 


stent placement and enteral feeding. In complex, chronic leaks, 
definitive therapy may require re-operation, converting an SG to 
a Roux-en-Y esophago-jejunostomy.*® 

PE can account for 50% of deaths in the perioperative period.*! 
Currently, a combination of anticoagulants and sequential com- 
pression devices are used for PE prophylaxis. For patients who are 
at the highest risk for DVT or PE, including those who have a his- 
tory of a venous thrombotic event, venous stasis, poor ambulation, 
pulmonary hypertension, severe sleep apnea, or BMI greater than 
60 kg/m?, an inferior vena cava filter may be temporarily placed 
preoperatively and has been shown to decrease the risk of PE from 
2.94% to 0.63% in a series of 330 patients with such high-risk fac- 
tors.*! Cardiovascular complications such as myocardial infarction 
are also a significant cause of death in the early postoperative period. 
For this reason, it is important to perform a careful preoperative 
cardiac evaluation and involve a cardiologist for high-risk patients. 
Pulmonary complications are more likely in male patients, those 
older than age 50 years, Medicare patients, or those with chronic 
lung disease.!’ Persistent vomiting from stomal stenosis increases 
the risk of aspiration pneumonia or thiamine deficiency. After lapa- 
roscopic bariatric surgery, atelectasis can occur at a rate of 8.4%, 
and, therefore, postoperative early ambulation is essential.*> 

Late postoperative complications include anastomotic stric- 
ture, gallstone formation, nutritional deficiencies, bowel obstruc- 
tion, intussusception, marginal ulcers or ulcers in the remnant 
stomach and duodenum, fistula, dumping syndrome, and hypo- 
glycemia. Stenosis of the gastrojejunostomy has been reported 
in 2% to 14% of patients. Stenosis often manifests 4 to 6 weeks 
postoperatively as vomiting and progressive food intolerance, first 
to solids and subsequently to liquids.*? A high incidence of gall- 
stone formation has been well-documented when morbidly obese 
patients undergo rapid surgically induced weight loss*® and is due 
to increased cholesterol delivery to the gallbladder (NIDDK. 
Dieting and Gallstones 2017. https://www.niddk.nih.gow/health- 
information/digestive-diseases/gallstones/dieting. Accessed April 
4, 2019). Cholelithiasis develops in up to 38% of patients after 
RYGB. If a patient has gallstones preoperatively, the surgeon 
may elect to perform a concomitant cholecystectomy; this is less 
commonly performed with the laparoscopic approach because it 
is easier to do by open technique than laparoscopically.*! Gall- 
stone formation occurs secondary to a combination of vagus nerve 
damage, altered enteric nerve stimulation, decreased gallbladder 
emptying, and changes in calcium concentration and the bile salt/ 
cholesterol ratio.*” It has been shown in a double-blind random- 
ized placebo-controlled trial that ursodiol at a daily dose of 600 
mg for the first 6 months after surgery reduces the incidence of 
gallstones to 2%.# To reduce the incidence of cholelithiasis, a 
6-month course of ursodiol is recommended for patients whose 
gallbladder is not removed prophylactically.” Nutritional defi- 
ciencies can be extensive, related to both the changes in anat- 
omy and postoperative sequelae like persistent vomiting. Bowel 
obstruction occurs in 0.2% to 7% of RYGB patients; the range 
varies depending on the surgical technique. For example, if the 
Roux limb is passed in a retrocolic fashion, there are 3 potential 
hernia sites: mesocolic, jejunal-jejunal, and between the colon and 
Roux limb.?° Most bowel obstructions develop 6 to 24 months 
postoperatively, but they can occur earlier because of techni- 
cal errors related to mesenteric defects. Bowel obstructions that 
occur early usually require bowel resection to prevent retrograde 
distention of the biliopancreatic limb and distal stomach, which 
could result in rupture of the distal gastric staple line and conse- 
quent peritonitis.’ In later bowel obstructions, surgical interven- 
tion is only required after failure of NG decompression, IV fluid 
resuscitation, and NPO status. When intussusception occurs, it is 
usually years after surgery. Patients with the highest risk of devel- 
oping intussusception are those who have lost more than 90% of 
their excess weight.*> 


Marginal ulcers are ulcers located in the jejunum near the 
anastomotic site. They are estimated to occur in 1% to 16% of 
gastric bypass patients.*?++ Perforated marginal ulcers occur in 
1% of RYGB patients. Ulcer perforation is linked to smoking and 
use of NSAIDs or glucocorticoids.*? The use of nonabsorbable 
sutures, as opposed to absorbable sutures, for the inner layer of 
the gastrojejunal anastomosis (GJA) is associated with increased 
ulcer incidence.*° The presence of Hp also increases risk for mar- 
ginal ulcers.*” It is common practice for bariatric surgeons to use 
PPI therapy for 6 months postoperatively. If a marginal ulcer is 
recalcitrant to medical therapy, the possibility of a gastric-gastric 
fistula must be entertained, for which surgical correction is man- 
dated. The remnant stomach maintains a pH of 2 to 3 and still 
responds to vagal and hormonal stimulation; therefore, ulcers 
may also occur in the gastric remnant and duodenum years after 
surgery and independent of Hp status. Endoscopic evaluation 
of the gastric pouch is challenging given the divided stomach; 
thus, unstable patients may require surgical exploration.*> Fistu- 
las occur rarely, and often concurrently with a marginal ulcer.*? 
They form most commonly between the gastric pouch and gastric 
remnant, and are due to a GI leak from the gastric pouch erod- 
ing into the gastric remnant.** Large, undiagnosed gastrogastric 
fistulas may result in weight regain.”° Fistulas leading to weight 
regain require elective endoscopic or surgical repair. 

Dumping syndrome can occur in up to 20% of RYGB 
patients*’; it is classified as early or late depending on how soon 
it develops after a meal. Early dumping ensues 15 to 30 minutes 
after eating and is thought to be due to the rapid entry of hyperos- 
motic foods into the jejunum. It is due to rapid fluid shifts into the 
intestinal lumen with a meal which results in a parasympathetic 
response leading to a reduction in systemic vascular resistance, 
an effect called “splanchnic blood pooling.”!*? Symptoms include 
cramping abdominal pain, voluminous diarrhea, bloating, diz- 
ziness, nausea, flushing, and tachycardia; symptoms result from 
hypovolemia and a subsequent sympathetic response.*> Dumping 
syndrome is triggered by consumption of simple sugars, acidic 
foods, and nutrient-rich drinks such as Gatorade.” Foods high 
in protein and fiber should be consumed to avoid this uncom- 
fortable syndrome; additional behavior modifications include 
smaller, frequent meals, lying down after meals, and avoidance 
of very hot and very cold foods”? to reduce symptoms related to 
decreased systemic vascular resistance. Early dumping is usually 
self-limited and resolves between 7 and 12 weeks after surgery. 
Late dumping syndrome occurs 2 to 3 hours after a meal and is 
secondary to rapid glucose absorption, subsequent hyperglyce- 
mia, and release of glucagon-like peptide-1 and gastric inhibitory 
polypeptide. A relatively exaggerated insulin response ensues, 
leading to hypoglycemia and hypokalemia. Patients present with 
diaphoresis, weakness, fatigue, and dizziness.*? The same modifi- 
cations suggested for early dumping syndrome should also ame- 
liorate the symptoms of late dumping syndrome.**> Treatment 
includes dietary and medical interventions to control serum glu- 
cose levels.’ 

GI bleeding can occur postoperatively in 2.0% of RYGB, 
0.7% of VBG, 0.3% of laparoscopic adjustable gastric banding 
(LAGB) surgery, and 0.2% of BPD. In RYGB patients, post- 
operative dysphagia is not significantly worse than the patient’s 
matched preoperative symptoms and can develop with food indis- 
cretion, stricture formation, or other obstructions.°” 

Beyond the type of procedure, there are identified risk factors 
for complications after bariatric surgery including older age, male 
gender, greater BMI, comorbidities, and Medicare insurance sta- 
tus.°!>3 The increased risk for Medicare patients is beyond age, 
because eligibility for Medicare is disability, which may affect out- 
come. Although patients with the greatest number of risk factors 
carry the highest risk for surgery, they also may derive the most 
benefit from bariatric surgery, given the disease burden they carry.!* 


CHAPTER 8 Surgical and Endoscopic Treatment of Obesity 105 


Of note, complications may not affect long-term weight loss, which 
is the outcome that best predicts long-term mortality risk.?! 


Nutritional Deficiencies 


Nutritional and vitamin deficiencies and electrolyte abnormali- 
ties occur in 16.9% of RYGB patients.** Patients who do not take 
daily vitamins postoperatively or patients who experience fre- 
quent vomiting are at increased risk of developing such deficien- 
cies, most common of which are protein, iron, vitamin B47, folate, 
calcium, and the fat-soluble vitamins A, D, E, and K.*+ 

Prolonged vomiting may result in thiamine (vitamin B,) defi- 
ciency, which can lead to Wernicke encephalopathy, a syndrome 
of confusion, ataxia, ophthalmoplegia, and impaired short-term 
memory (see Chapter 103). This neurologic deficit is prevent- 
able with appropriate administration of thiamine. If thiamine 
deficiency is suspected, the patient should be given IV or intra- 
muscular thiamine immediately to increase the chances of symp- 
tom resolution.” Early treatment is imperative because persistent 
severe symptoms may not be reversible despite delayed adminis- 
tration of thiamine. 

The parietal cells of the stomach produce intrinsic factor 
(IF), which is necessary for vitamin B, absorption in the termi- 
nal ileum (see Chapter 103). Patients who undergo RYGB may 
develop Bız deficiency because RYGB separates the parietal cells 
in the fundus of the stomach from the smaller gastric pouch. 
There is, therefore, no contact between ingested food and IF 
until the intersection of the Roux limb in the jejunum.°*°” In 
addition, the parietal cells of the stomach often cease to produce 
IF after RYGB, presumably because the fundus no longer has any 
contact with food.°® Restrictive bariatric surgery does not cause 
vitamin Bı deficiency because the parietal cells in the fundus of 
the stomach remain in contact with the nutritive stream.°? 

Calcium, iron, and folate deficiency can occur because they 
are absorbed mainly in the duodenum and proximal jejunum. 
‘These segments of the digestive tract are commonly bypassed in 
gastric bypass surgery. Moreover, vitamin D is necessary for cal- 
cium absorption, and vitamin D deficiency further contributes to 
any calcium deficiency.*+ 


Outcomes 


The steep rise in bariatric surgery utilization can be attributed 
to its proved efficacy as a treatment for morbid obesity. Two 
meta-analyses have provided strong validation that bariatric 
surgery leads to successful weight loss and mortality reduc- 
tion.’ A meta-analysis by Buchwald that included 22,094 
patients found the mean percentage of excess weight loss for all 
patients to be 61.2%.° Excess weight loss was highest for BPD 
with DS (70.1%) followed by VBG (68.2%), RYGB (61.6%), 
and lowest for LAGB (47.5%). A meta-analysis by Maggard 
found similar weight loss trends at 3 or more years postopera- 
tively, with the greatest weight loss achieved after the malab- 
sorptive procedures of BPD (53 kg) and RYGB (42 kg), and less 
weight loss after the restrictive LAGB (35 kg) and gastroplasty 
(32 kg). 33 

Such substantial weight loss is associated with a clear reduc- 
tion in long-term mortality. A retrospective cohort study of 9949 
RYGB patients matched to 9628 severely obese controls found 
that having RYGB surgery reduced the adjusted long-term mor- 
tality from any cause of death by 40%.°° Among RYGB patients, 
mortality was decreased from coronary artery disease by 56%, 
from diabetes by 92%, and from cancer by 60%. In another study 
there was a 14% decrease in cancer incidence among patients 
who underwent RYGB. The biggest reductions in cancer inci- 
dence were seen among types of cancers that are considered 
obesity related: esophageal adenocarcinomas (2% reduction), 
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colorectal (30% reduction), postmenopausal breast (4%), uter- 
ine corpus (78%), non-Hodgkin lymphoma (27%), and multiple 
myeloma (54%).°! The lower cancer risk of patients after RYGB 
is presumably due to weight loss, which has been shown in many 
studies to reduce cancer incidence. Furthermore, once obese 
patients lose weight, they may have easier access to needed health 
surveillance like Pap smears and colonoscopy. Finally, given that 
increased BMI leads to worse surgical oncologic outcomes, it may 
be surmised that with weight loss, a better surgical outcome may 
be anticipated. 

Overall, bariatric surgery dramatically improves sur- 
vival and decreases mortality from all disease-related causes 
of death. Only the rate of deaths not caused by disease (e.g., 
deaths resulting from accidents and suicide) increased after 
bariatric surgery and were 58% higher in RYGB patients.°° 
One speculation as to why accidents and suicides were higher 
in the surgical group was the possibility of alcohol abuse. One 
study demonstrated altered alcohol metabolism after gastric 
bypass surgery, perhaps explaining a propensity for alcohol 
abuse.® A recent analysis found that due to increased rate of 
absorption of alcohol after RYGB, there was both an earlier 
and higher blood alcohol concentration. This concentration 
was high enough to be defined as a binge drinking episode, 
which is a risk factor for developing alcohol abuse. One study 
of bariatric surgery candidates found that 9% reported suicide 
attempts and 19% reported alcohol abuse preoperatively.*° 
There is concern that this vulnerable patient population has 
additional difficulty with the psychological adjustments to 
weight loss, which further supports the need for psychologic 
counseling before and after surgery.°+ 

In addition to benefiting from decreased mortality, bariat- 
ric patients benefit from decreased morbidity. Morbidly obese 
patients suffer from more intense GI symptoms such as abdomi- 
nal pain, heartburn, and sleep disturbances than do normal weight 
patients. Beyond the significant improvement in cardiac risk fac- 
tors, weight loss surgery also provides enormous benefit for the 
many medical problems obesity causes. The reduction in GERD 
symptoms leads to significantly decreased medication use postop- 
eratively for both PPIs (44% to 9%) and H2RAs (60% to 10%). 
In fact, GERD resolution rates following RYGB are so robust 
that RYGB is a suggested treatment for recalcitrant GERD in 
morbidly obese patients.*” 

Recently, a number of clinical trials have demonstrated 
a dramatic effect of bariatric surgery on glycemic control in 
patients with type 2 diabetes, such that the need for medical 
therapy was decreased or eliminated. Moreover, ina prospective 
non-randomized case-matched Swedish trial, type 2 diabetes 
was significantly less likely to develop in obese participants 
who underwent a bariatric procedure than in their control 
counterparts.°° Although this is not an indication that bar- 
iatric surgery should be used for the purpose of preventing 


Fig. 8.2 A, Anastomotic ulcer. B, 
Jejunal ulcer. (Images courtesy 
Christopher C. Thompson, MD.) 


development of type 2 diabetes in obese patients, nor serve 
as a replacement for medical therapy, it does suggest that the 
mechanisms by which bariatric surgery prevents progression 
from abnormalities in glucose metabolism to frank diabetes is 
an area that should be explored further. 

The effects of obesity are not merely physiologic. Administra- 
tion of the SF36 survey shows that quality of life improves greatly 
after RYGB surgery. Preoperatively, morbidly obese patients 
score significantly lower than USA population norms in the cat- 
egories of general health, vitality, physical functioning, bodily 
pain, and emotional and social functioning. As early as 3 months 
after RYGB, these same patients score no differently than USA 
norms in these categories.’ 

As bariatric surgery continues to grow, there is increasing rec- 
ognition that obesity is a chronic and complex disease. As such, 
there likely will be variations to current therapy, gastric bypass 
being the most consistent across surgeons.°* With such variation, 
there will be the potential for revision of previous surgeries. In 
fact, revisional surgery now accounts for 15% of total bariatric 
surgery. Current evaluation of revisional bariatric surgery out- 
comes indicates that morbidity is low and weight loss is adequate; 
however, revisional bariatric surgery morbidity is higher and 
weight loss is lower than morbidity with primary bariatric sur- 


gery. 


ENDOSCOPIC MANAGEMENT OF BARIATRIC 
SURGICAL COMPLICATIONS 


Bariatric surgery is an effective means of treating obesity and 
its metabolic comorbidities, but these procedures are associ- 
ated with significant complications that gastroenterologists 
must be able to recognize and address. Endoscopy plays a 
critical role in the diagnosis and management of many of these 
complications. 


Ulceration 


Ulceration at the gastrojejunal anastomosis (GJA) is a com- 
mon late complication of RYGB. Incidence has varied widely 
in the literature, but a recent systematic review and administra- 
tive database study report incidence rates of 4.6% to 6.28% of 
patients (Fig. 8.2).7°7! GJA ulceration often develops in the first 
3 months postoperatively but can occur at any time. Data from 
an administrative database showed an increase in the rate of sur- 
gical intervention for marginal ulceration over time from 6% 
at 1 year to 17% at 8 years, suggesting a higher morbidity from 
marginal ulcerations that occur many years later.’° Patients typi- 
cally present with epigastric pain, nausea, vomiting, food intoler- 
ance, overt or occult bleeding; however, up to 61% of patients 
are asymptomatic.+* Moreover, ulcers can occur at any of the 
anastomoses created during a RYGB. 


Anastomotic ulcers may be due to small amounts of acid 
produced by the gastric pouch, ischemia, bile acid reflux, Hp 
infection, NSAIDs, smoking, alcohol, foreign bodies such as non- 
absorbable sutures or staples, or tension on the Roux limb.**72-”6 
Gastrogastric fistula and staple line disruption also may result in 
ulceration from exposure to acid. 

Evaluation for anastomotic ulceration may be performed 
with water-soluble contrast media (e.g., gastrografin) or careful 
endoscopy any time after surgery. Endoscopic evaluation should 
include the gastric pouch, GJA, and proximal Roux limb. This 
may be accomplished with a pediatric colonoscope, however a 
deep enteroscopy system is often necessary to reach the duode- 
num and excluded stomach. Size, depth, and potential etiologic 
factors should be noted for each ulcer. Hp fecal antigen testing 
may be the easiest and most accurate way to confirm the presence 
of Hp.” 

Treatment of ulceration is multifaceted. In patients with 
RYGB, anastomotic ulcers should be treated with soluble PPI 
or capsules that are broken open, taken twice daily, and tapered 
over 6 months.” Sucralfate solution at 1 g 4 times daily should 
be used concurrently when possible; the tablet form of PPI does 
not appear to be as effective. Bile reflux can be treated with bile 
acid binders such as cholestyramine or colestipol. Smoking cessa- 
tion is critical. Control of diabetes should be optimized. NSAIDs 
should be discontinued, if possible, or combined with PPI or 
PGE1 therapy if needed long term. Hp should be treated if active 
infection is found. Visible sutures or staples within the ulcer 
should be removed. Repeat upper endoscopy to check for heal- 
ing is recommended at 2 to 3 months after initiation of medical 
therapy. If the ulcer fails to heal with maximal medical therapy, 
surgical revision has been the traditional next step in therapy.’°.’”? 
Endoscopic therapy using an endoscopic suturing system to over- 
sew and cover the ulceration has also been reported in a limited 
case series.°° 


Postoperative Gastrointestinal Bleeding 


The incidence and type of GI bleeding after bariatric surgery 
is typically related to the type of surgery. UGI bleeding after 
bariatric surgery occurs more commonly after RYGB (1.5% to 
3.5% of casesë!-®) than after LAGB, SG, and VBG. Bleeding 
can occur at multiple sites, including the pouch, anastomoses, 
staple lines, contiguous small intestine, excluded stomach, or 
bypassed small intestine. Additionally, patients can develop 
esophagitis with subsequent hemorrhage after bariatric surgery 
due to the altered anatomy. Early bleeding usually occurs within 
24 hours postoperatively at the staple lines of the GJA, gastric 
remnant, or jejunojejunal anastomosis.*”*+ A significant pro- 
portion of early bleeding can be extraluminal and this should 
be considered if melena or hematemesis is not apparent; these 
patients may develop hemodynamic instability, oliguria, and 
abdominal distention without overt signs of GI blood loss. Late 
bleeding is often secondary to anastomotic ulceration; however, 
other sites of GI blood loss should also be considered including 
the remnant stomach.*° 

The esophagus, gastric pouch, and GJA are easily accessed 
with a standard upper endoscope. Bleeding in the excluded 
stomach or at the jejunojejunal anastomosis presents a more sig- 
nificant challenge. In these cases, device-assisted enteroscopy 
may be required. In cases of early bleeding, endoscopy carries a 
greater risk of perforation due to the immaturity of anastomoses 
and staple lines. If early endoscopy is performed, air insufflation 
should be minimized, or CO, insufflation should be used. Endo- 
scopic therapy of bleeding is highly effective. As an alternative to 
thermal therapies, endoclips can be used in conjunction with epi- 
nephrine injection to minimize tissue injury at the site of bleeding 
(Fig. 8.3).8°88 Electrocautery should be avoided at fresh staple 
lines. Hemostatic powders are another option, however, there 
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Fig. 8.3 Postoperative hemorrhage with hemostasis using endoscopic 
clips. (Images courtesy Christopher C. Thompson, MD.) 


are limited data on their use after bariatric surgery. Angiographic 
intervention can be considered, but the resulting ischemia is a 
concern in patients with new anastomoses. 


Stenosis 


Stenosis is a common complication after bariatric surgery. 
Patients present with early satiety, nausea, vomiting, and dys- 
phagia. Postprandial retrosternal or abdominal pain may also be 
present. In patients with history of RYGB, stenosis often occurs 
at the GJA, and rates of 1.5% to 7.3%*?-” are reported after lapa- 
roscopic RYGB. Most stenosis at the GJA develops 4 to 10 weeks 
after surgery. In cases of stricture formation incited by ulcer or 
foreign material, presentation may be delayed for months or 
years. Less common sites for stenosis after RYGB include the 
jejunojejunal anastomosis, sites of intestinal adhesions, and sites 
of passage through the mesocolon. 

Endoscopy is an excellent diagnostic tool because the etiol- 
ogy (e.g., foreign body) can often be identified, and therapy 
applied concurrently. By definition, stomal stenosis is present if 
the standard 9.5 mm endoscope cannot traverse the anastomosis. 
‘Treatment of stomal stenosis can be performed with a through- 
the-scope (TTS) balloon, Savary dilator, or electrosurgical inci- 
sion. Balloon dilation is the most commonly used technique and 
is successful in more than 90% of cases.’ !°? Some patients require 
2 or 3 procedures, which can begin postoperatively when symp- 
toms begin and be repeated every 2 to 3 weeks. The balloon cath- 
eter should be advanced beyond the GJA, with care to avoid entry 
into the blind limb; a guidewire and/or fluoroscopic imaging can 
be used when observation of catheter advancement is sub-opti- 
mal, or resistance is encountered. Once the balloon is fully out- 
side the endoscope, it can be inflated so that its midpoint applies 
radial pressure into the stricture for at least 60 seconds, or until 
the balloon “waist” disappears on fluoroscopy. Although 20 mm 
diameter has been reported to be successful, the smallest effective 
dilation is preferred (8 to 12 mm). A gradual approach to dilation 
over several sessions can reduce perforation risk (reported to be 
2.1% to 5%!) and decrease the possibility of over-dilation with 
resultant weight regain. Suture material at the GJA may have to 
be removed to achieve successful dilation.” 

Other types of bariatric surgery also may be complicated by 
stenosis. Patients with a history of LAGB may have obstruction 
as a result of edema or excess tissue at the level of the band. There 
may be a fibrous reaction to the band; in these cases, endoscopic 
dilation can be attempted if stenosis persists despite complete 
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drainage of the band reservoir. Band removal, band replacement, 
or conversion to RYGB also may be considered if conservative 
measures are unsuccessful. Patients with history of SG may have 
stenosis at the gastroesophageal junction or at the incisura angu- 
laris. Serial endoscopic balloon dilation starting with a hydro- 
static TTS balloon dilation can be attempted; pneumatic dilation 
at the site of the stricture has been reported as well.’””> Another 
approach to stenosis is temporary covered metal stent place- 
ment for up to 8 weeks. Ultimately, conversion to RYGB may 
be required.” 


Foreign Body Complications 


Foreign materials (e.g., sutures, staples, bands) are placed dur- 
ing bariatric surgery. The foreign material, with its subsequent 
inflammatory response, may result in pain, ulceration, and 
obstruction. Implanted foreign bodies (e.g., bands, mesh) can also 
erode or migrate (Fig. 8.4). 

Patients with chronic pain after bariatric surgery should 
undergo endoscopic examination with removal of visible retained 
foreign material. Foreign material has been associated with pain 
even when there is no adjacent visible inflammation. Traction 
on sutures or staples often reproduces pain. Ryou and colleagues 
demonstrated immediate symptomatic improvement in 71% of 
patients after foreign body removal.”* 


Leaks and Fistulae 


A leak is caused by discontinuity of tissue apposition in the imme- 
diate postoperative period. The incidence of leak after bariatric 
surgery ranges from 1.7% to 2.6% after open RYGB, to 0.3% to 
4.2% after laparoscopic RYGB, and 0.7% to as high as 5.1% after 
SG.°*+%? A recent review of the MBSAQUIP database revealed 
a leak incidence of 0.3% in 364,000 bariatric surgeries.” After 
RYGB, leaks can occur at several sites: the gastric pouch, GJA, 
jejunal stump, jejunojejunal anastomosis, excluded stomach, 
duodenal stump (in resectional bypass), and blind jejunal limb; 


Fig. 8.5 Gastrogastric fistula. (Images courtesy Christopher C. Thomp- 
son, MD.) 


all of these should be considered when a leak is suspected. The 
most common sites are the gastrojejunal (68%) or jejunojejunal 
(5%) anastomosis, or at gastric pouch staple lines (10%); an addi- 
tional 14% involve multiple sites. Some leaks may be especially 
challenging to localize, such as those from the excluded stom- 
ach, because routine endoscopy and UGI series may be normal. 
Incidence of leak is highest in patients with divided RYGB. The 
risk of chronic gastrogastric fistula is highest when the pouch 
and excluded stomach are contiguous, as with the open surgical 
approach (Fig. 8.5). In patients with SG, most leaks occur in the 
proximal third of the stomach near the gastroesophageal junction 
(85.7%), while the remainder are found in the distal third. 

Leaks are associated with a mortality rate of 3.3% to 14%. 
Other than PE, they are the most serious life-threatening com- 
plication of bariatric surgery. In addition to doubling the risk of 
mortality, leaks result in a 6-fold increase in hospital stay. Patients 
who develop a leak are at increased risk for wound infection, sep- 
sis, respiratory failure, renal failure, thromboembolism, internal 
hernia, and SBO. 

Leaks often present without fever, leukocytosis, or pain. The 
most common reported sign of a leak is tachycardia,” present in 
72% to 92% of patients. Other symptoms and findings include 
nausea and vomiting (81%), fever (62%), and leukocytosis (48%), 
any of which demand a high suspicion for leak in patients after 
bariatric surgery. Objective findings include increased drain out- 
put, as well as elevated CRP greater than 22.9 mg/dL 2 days after 
surgery (sensitivity, 1.00). This differs from chronic gastrogastric 
fistulae, which have a more indolent course and typically mani- 
fest with acid reflux, abdominal discomfort, and weight regain. 
As gastric acid can flow into the pouch via a gastrogastric fistula, 
RYGB patients with heartburn, acid reflux, or anastomotic ulcer 
should be evaluated for fistula formation.”® 

As endoscopic management techniques for the bariatric 
surgery patient gain acceptance, they are being used earlier in 
the postoperative course. Dilation of distal stenoses should be 
performed. Exclusion techniques, such as stent placement, can 
occlude or bypass leaks. Leaks and fistulae also can be closed with 
clips, suturing devices, or sealants. 

Stent placement to exclude the leak from the GI tract is the 
endoscopic technique supported by the most substantial body 
of evidence (Fig. 8.6). Stent placement allows the leak to heal 
while enteral nutrition is resumed, potentially accelerating recov- 
ery and avoiding the need for parenteral nutrition. Peritoneal 


Fig. 8.6 A, Gastro-cutaneous 
leak (arrow). B, Leak treated by 
stent placement. (Images courtesy 
Christopher C. Thompson, MD.) 


contamination is decreased, and improvement in abdominal pain 
may follow. Self-expanding metal stents have been used success- 
fully, employing a forward-viewing endoscope and fluoroscopic 
guidance. A meta-analysis of stent placement for treatment of 
acute leaks after bariatric surgery by Puli and colleagues found 
a pooled proportion for successful leak closure, defined as radio- 
logic evidence of leak closure after stent removal, of 87.8% (95% 
CI, 79.4% to 94.2%).°? Most leaks closed with 1 treatment, but 
re-stenting was reported in 4 of 7 studies; 9% of patients had 
failure to respond and required revisional surgery. Stents were 
extracted between 4 and 8 weeks in the majority of studies. Stent 
migration was reported in 16.9% (95% CI, 9.3% to 26.3%) of 
cases. 

Endoscopic clips also have been used to close fistulae and leaks. 
Clips are used to approximate the tissue surrounding the defect to 
effect closure and, therefore, are best deployed perpendicular to 
the long axis of the defect. Thermal ablation or mechanical scrap- 
ing of the tissue around the edges of the defect before clip deploy- 
ment results in a more resilient seal. The Over-the-Scope Clip, 
Padlock (US Endoscopy) or OTSC (Ovesco Endoscopy AG, 
Tübingen, Germany), is a nitinol clip placed on a cap at the endo- 
scope tip. A tissue anchor and twin grasper instrument are avail- 
able and may be helpful in clip placement. Unlike clips inserted 
through the endoscope, which appose mucosa, the OTSCs can 
perform full-thickness apposition. Case series of GI tract fistula 
closure have shown success rates of 72% to 91%.°* 100-103 Other 
small series have shown fibrin glue and various fistula plugs also 
to be effective.!"* 


Pancreaticobiliary Disease 


Endoscopic management of pancreatic and biliary disease 
with EUS and ERCP presents a unique challenge in patients 
with altered anatomy. Patients with LAGB, SG, and VBG 
are usually able to have successful EUS or ERCP with a side- 
viewing endoscope just as patients with normal anatomy. 
Unfortunately, rapid weight loss may induce a lithogenic 
state: nearly 50% of patients will develop gallstones or sludge 
after RYGB, and over 25% may undergo cholecystectomy. 
Patients with a history of RYGB and BPD+DS often require 
special tools and procedures to complete ERCP. While the 
papilla can be reached with balloon-assisted enteroscopy in 
most cases of RYGB, optimum alignment for cannulation 
and, if desired, placement of a protective pancreatic stent is 
not always possible. This has led to various approaches to 
access the diverted stomach and completion of ERCP with a 
side-viewing duodenoscope.!9:!° Prior to ERCP, prepara- 
tion should include verification of need for ERCP as well as 
characterization of anatomy and pathology via cross-sectional 
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imaging. Some patients have anatomy that is not amenable to 
a purely endoscopic approach, even via device-assisted enter- 
oscopy. Typically, if surgery is planned, ERCP can be per- 
formed concurrently with laparoscopic assistance and access 
to the stomach. If surgery is not planned, then the options for 
accessing the major papilla to perform ERCP include laparo- 
scopic-assisted ERCP, enteroscopy-assisted ERCP, direct bili- 
ary intervention by EUS, and the creation of a fistula between 
the gastric pouch and the bypassed stomach using EUS and 
a lumen-apposing fully covered metallic stent. EUS-directed 
transgastric ERCP is a transluminal approach to the bypassed 
stomach that can be completed in a single setting using a fully 
covered lumen-apposing metallic stent. 107-108 


Weight Regain and Dilated Gastrojejunal 
Anastomosis 


Bariatric surgery is effective in achieving durable weight loss, but 
weight regain postoperatively is a potential problem; it reintro- 
duces the risks of obesity-associated diseases and has significant 
impact on quality of life. Although initial weight loss after bariat- 
ric surgery is often dramatic, a weight plateau is typically achieved 
in 1 to 2 years. A recent analysis from the Veterans Affairs health- 
care system followed 1787 patients after bariatric surgery with 
81.9% follow-up at 10 years. The authors found that at 10 years 
after RYGB, 28.2% of patients had less than 20% total body 
weight loss (% TBWL), and 3.4% were within 5% of their base- 
line weight.!°° Given the large number of patients undergoing 
bariatric surgery, demand for therapy to address weight regain 
will continue to increase. 

Weight regain after bariatric surgery is likely multifactorial. 
In a systematic review, these factors included nutritional non- 
compliance and grazing eating patterns, neuroendocrine-meta- 
bolic regulation, mental health issues (binge eating and substance 
abuse), physical inactivity, and anatomic issues.!!° After RYGB, 
weight regain can be seen with gastrogastric fistula, and it has 
been shown that larger pouch size and GJA diameter are asso- 
ciated with postoperative weight regain.!!!)!!? Similarly, weight 
gain can occur with SG, and in some cases is related to dilation 
of the sleeve.!!’ Surgical revision to address these issues is prob- 
lematic because complication rates are higher than with the pri- 
mary procedures.!!*!!> Medications have also been used to treat 
weight regain, however, in a retrospective analysis only 1 medica- 
tion used off-label (topiramate) demonstrated significant weight 
loss, and only 56% of the entire cohort with inadequate weight 
loss or weight regain achieved 5% or more of their post-surgical 
total weight loss.!!° Endoluminal therapy for RYGB, however, 
has shown promise in effectively addressing weight regain with 


lower morbidity (Video 8.1). 
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Fig. 8.7 Endoscopic suturing for dilated gastrojejunal anastomo- 
sis. Panel A before suturing and Panel B after argon plasma coagu- 
lation and suturing with a purse-string technique. (Images courtesy 
Shelby Sullivan, MD.) 


Transoral outlet reduction (TORe) has been studied on mul- 
tiple platforms (Fig. 8.7). A randomized double-blinded trial 
compared TORe using the Bard EndoCinch with a sham pro- 
cedure in 77 patients with GJA diameter wider than 20 mm.!!’ 
GJA diameter was reduced to less than 10 mm in 89.6%, with 
no perforations and an adverse event rate that was similar to that 
of the sham group; 96% of revised patients had weight loss or 
stabilization in the following 6 months. Mean weight loss in the 
revised group was 3.9% compared with 0.2% in the sham group 
(P = .014) in an intent-to-treat analysis. The Apollo OverStitch 
Device (Apollo Endosurgery, Austin, TX) also has been shown 
to be effective at TORe by placing full-thickness sutures at the 
GJA.!!° A recent meta-analysis of 3 studies in patients who had 
weight regain after RYGB found that 77% to 100% stopped 
gaining weight and that weight loss at 12 months was 5.83 + 11 
kg to 10.5 + 12.5 kg.!!9 


ENDOSCOPIC TREATMENTS FOR OBESITY 


Endoscopic bariatric therapy (EBT) for the primary treatment 
of obesity has rapidly progressed in recent years with multiple 
devices approved by the FDA and many more therapies currently 
undergoing investigation. Although bariatric surgery is effective, 


patients are eligible only if they have obesity class HI (BMI 40 
kg/m?) or obesity class II (BMI 35 to 39.9 kg/m?) with significant 
associated comorbid illness. Not only do many patients not meet 
this criterion, but less than 2% of the population who meets this 
criterion undergoes bariatric surgery per year.!?? The reasons for 
the low surgical rates are likely multifactorial, but highlight the 
need for additional treatment options. Lifestyle therapy should 
be considered the cornerstone for any obesity treatment plan 
but has limited effectiveness and durability on its own. Recent 
advances have also been made in obesity pharmacotherapy, and 
demonstrate modest improvement in weight loss over lifestyle 
therapy alone in randomized controlled trials.!?! Real-world 
clinical outcomes, however, may not demonstrate similar weight 
loss!?? or compliance with medication as seen in randomized con- 
trolled trials.!7° 

EBTs approved to date have demonstrated significant weight 
loss compared with lifestyle therapy alone in multi-center ran- 
domized controlled trials, which will be reviewed in this section. 
Although weight loss is less than is seen with bariatric surgery, 
risk of serious adverse events is also less than seen in bariatric 
surgery. Moreover, many of the devices have been approved for 
use in patients with a BMI between 30 and 40 kg/m’, increasing 
treatment options in patients who would not qualify for bariatric 
surgery. 

EBTs can be divided into gastric therapies and small bowel 
therapies. Gastric therapies are devices or procedures that are 
placed or performed in the stomach. Small bowel therapies 
are devices or procedures that are placed or performed in the 
small bowel. Two distinguishing features of gastric and small 
bowel endoscopic bariatric therapies are their procedure or 
device placement location and weight loss-independent effects. 
Although no small bowel therapies have been approved yet by the 
FDA, data support both weight loss-dependent and weight loss- 
independent effects on metabolic outcomes. At this time, there 
are data to demonstrate weight loss-dependent effects on meta- 
bolic outcomes, but no data to suggest that gastric therapies have 
weight loss-independent effects on metabolic outcomes. As of the 
writing of this chapter, the only EBTs that have been approved 
by the FDA or are currently performed in the USA are gastric 
EBTs and they will be the focus of the remainder of this section. 


Evaluation and Selection of Endoscopic Bariatric 
Therapy Candidates 


In 2015, the ASGE published a position statement regard- 
ing EBTs in clinical practice.'*+ The ASGE position statement 
recognized the clinical practice guidelines for the periopera- 
tive nutritional, metabolic, and nonsurgical support of bariatric 
patients undergoing bariatric surgery (updated in 2013 by the 
American Association of Clinical Endocrinologists, The Obesity 
Society, and the American Society for Metabolic and Bariatric 
Surgery!*’), but acknowledged that these guidelines may not be 
applicable to all EBTs. In contrast to bariatric surgical proce- 
dures, EBTs are minimally invasive procedures, which may be 
short-term, reversible, or with minimal long-term changes to 
anatomy. 

The reversibility, safety profile, and reduced risk of anesthe- 
sia have resulted in reduced pre-operative evaluation criteria for 
device placement. At a minimum, the ASGE position statement 
recommended performing a medical history, physical exam, 
screening for obesity-related diseases, and commitment to life- 
style change, nutrition history, and routine laboratory testing. 

Indications for EBTs vary based on the device and the study 
population used for FDA approval. In some cases, data on safety 
and efficacy are available for people outside of the FDA-labeled 
indications, !?°!2” but any use outside FDA labeling is considered 
off-label use. 


Endoscopic Bariatric Therapies Currently 
Performed in the USA 


Four gastric EBTs have been approved by the FDA for the indica- 
tion of weight loss; these include 3 intragastric balloons (IGBs) and 
1 device for aspiration therapy. IGBs are space-occupying devices 
which are inflated in the stomach with either saline or nitrogen- 
mixed gas and removed endoscopically after 6 months. These 
devices promote weight loss through both taking up space in the 
stomach and, in the case of the fluid-filled balloons, also result in 
slowing of gastric emptying.!’° Other mechanisms may also pro- 
mote satiety, but further research is needed in this area. ‘Table 8.1 
includes all of the currently approved IGB and their FDA indica- 
tions. 

Aspiration therapy is performed with a specialized endoscopi- 
cally placed percutaneous gastrostomy tube with attachable com- 
ponents to facilitate removal of a portion of the gastric contents 
after a meal (Fig. 8.8). Patients not only remove a portion of the 
calories they consumed in the meal, but the device also promotes 
changes in eating behaviors, which result in decreased consump- 
tion of food at mealtime.!?? 

One additional therapy, endoscopic sleeve gastroplasty, in 
which a series of sutures endoscopically placed in the gastric body 
changes the shape of the stomach to resemble a tube, is currently 
being performed in the USA. This therapy decreases gastric vol- 
ume, resulting in satiety, and may also delay gastric emptying, 
although this has only been studied in 4 patients.!*° It is impor- 
tant to note that this procedure is not FDA approved, but is per- 
formed using a device which has 510(k) clearance from the FDA 
for the general purpose of tissue apposition in the GI tract. 


Intragastric Balloons 


Two of the currently FDA-approved IGBs are filled with saline 
and require endoscopic placement under direct visualization. 
The single fluid-filled balloon (Orbera Gastric Balloon, Apollo 
Endosurgery, Austin, TX) is delivered on a catheter, and is placed 
without a guidewire, similar to an orogastric tube. Once in the 
stomach, the balloon is filled with saline under direct visualiza- 
tion to a volume between 400 and 700 mL. After filling is com- 
plete, the catheter is pulled against the gastroesophageal junction 
to detach the balloon, and then removed out through the patient’s 
mouth. After 6 months, a repeat endoscopy is performed during 
which a catheter containing a beveled needle is used to puncture 
the balloon, the needle is then removed, the catheter is advanced 
into the balloon, and the fluid is aspirated. Once the balloon is 
deflated, a 2-prong grasper is used to secure the balloon, and the 
balloon is pulled out through the patient’s mouth. 

The dual saline-filled IGB (ReShape Gastric Balloon, Apollo 
Endosurgery, Austin, TX) has recently been purchased by the 
same manufacturer as the single fluid-filled balloon but will no 
longer be manufactured. It is delivered into the body of the stom- 
ach over a guidewire placed during the initial portion of the endos- 
copy. Once in place, the guidewire is removed and the proximal 
balloon is filled with either 375 mL or 450 mL of saline mixed 
with methylene blue. Once the balloon inflation is complete, the 
balloon is sealed with 6 mL of mineral oil. The process is repeated 
for the distal balloon. Once completed, the catheter is pulled 
against the gastroesophageal junction to detach the balloons from 
the delivery catheter, which is then pulled out through the mouth. 
After 6 months, a repeat endoscopy is performed during which a 
catheter containing a non-beveled needle is used to bore a hole in 
the balloon. The needle is retracted, the catheter is advanced into 
the balloon, and the fluid is aspirated. The process is repeated for 
the second balloon. Once both balloons are deflated, a 15-mm 
rat-tooth alligator forceps is used to rip a hole in each balloon and 
a hexagonal snare is used to secure the proximal tip of the device. 
The device is then pulled out through the patient’s mouth. 
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The swallowable gas-filled IGBs (Obalon Balloon System, 
Obalon Therapeutics, Carlsbad, CA) each are swallowed in a 
capsule that is tethered to a catheter with a hydrophilic coating. 
Capsule transit into the stomach is verified by imaging with fluo- 
roscopy or digital x-ray, and a pressure drop on the gas dispenser 
pressure sensor attached to the catheter outside of the patient’s 
mouth indicates when the balloon is unfolding in the uncon- 
strained space of the stomach. The valve regulating flow from 
the gas canister to the balloon is then opened and gas flows into 
the balloon to a final pressure of 9 to 13 kPa and volume of 250 
mL. The catheter is then ejected off of the balloon with pressure 
from 1.5 mL of water injected into the catheter. This process is 
repeated at 2 weeks and 8 weeks from the first balloon admin- 
istration in order to administer all 3 balloons. Six months after 
the first balloon administration was performed, an endoscopic 
procedure is performed to remove the balloons. Each balloon 
is deflated with an injector needle attached to suction and then 
grasped with a 15-mm rat-tooth alligator forceps for removal out 
the mouth; the process is repeated for the remaining 2 balloons. 


Aspiration Therapy Device 

The implantable component of the aspiration therapy device 
(AspireAssist, Aspire Bariatrics, King of Prussia, PA) is a gas- 
trostomy tube made of medical-grade silicone that is placed with 
standard pull PEG tube placement technique.!*! At the time of 
placement, an external pumper is placed, and the patient returns 
1 to 2 weeks later for conversion of the external portion of the 
gastrostomy tube to a skin-port, which is used for aspirating. As 
with traditional PEG tube placement, patients should receive IV 
antibiotics 30 minutes before the procedure and should also have 
an additional 24 hours of oral antibiotic prophylaxis. 


Endoscopic Sleeve Gastroplasty 

Endoscopic SG is performed using a suturing device fixed to the 
distal tip of the endoscope; currently the only marketed suturing 
device is the Overstitch (Apollo Endosurgery, Austin, TX). A stan- 
dard upper endoscope is first used to evaluate the stomach and then 
place marks on the anterior and posterior walls of the stomach where 
sutures will be placed. The scope with the attached suturing device 
is inserted with or without an overtube into the stomach. Starting 
on the anterior wall in the distal gastric body adjacent to the inci- 
sura, tissue is grabbed with a tissue helix and pulled toward the scope 
to allow for the needle driver to pass the needle through the tissue. 
This process is repeated for 5 to 8 “bites” in a U- or Z-shape pat- 
tern, the needle is released from the needle exchange catheter, and a 
cinch is placed on the opposite end of the suture, bringing the tissue 
together between the needle and the cinch. Once desired tighten- 
ing is achieved, the suture is cut and the process is repeated moving 
proximally in the stomach until the proximal gastric body is reached 
(Fig. 8.9). Some practitioners place a second row of sutures to rein- 
force the first set of sutures placed, but this is variable. Typically, IV 
antibiotics are given at the time of procedure. 


Endoscopic Bariatric Therapy Complications 


Intragastric Balloons 

Adverse events (AEs) are common with IGB, but most non- 
serious AEs are mild to moderate in severity. Table 8.2 shows 
the non-serious AEs reported in the USA multi-center pivotal 
trials used for FDA approval.!3?-!3> The most common AEs for 
the fluid IGBs were nausea and vomiting; vomiting was signifi- 
cantly less in the swallowable gas-filled IGB system. These symp- 
toms are associated with accommodation of the stomach to the 
IGB and generally resolve within the first few days to weeks of 
therapy. Gastric ulceration occurred at a rate of 35% in the dual 
IGB pivotal trial, which was significantly higher than the other 
FDA-approved IGBs at 0% and 0.9% respectively for the single 
fluid-filled IGB and the swallowable gas-filled IGB system; this 


TABLE 8.1 FDA-Approved Intragastric Balloons 


Device 


Device Image 


FDA Status 


ReShape Dual Balloon 
System 

ReShape Medical, San 
Celemente, CA 


Orbera Intragastric Balloon, 
Apollo Endosurgery, 
Austin, TX 


Approved for BMI 
30-40 kg/m? with 
1 obesity related 
comorbidity 


Approved for BMI 
30-40 kg/m? 
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Device Device Image FDA Status 


Obalon Balloon System, Approved for BMI 
Obalon Therapeutics, Carlsbad, 30-40 kg/m? 
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Images from Abu Dayyeh BK, Edmundowicz SA, Jonnalagadda S, et al. Endoscopic bariatric therapies. Gastrointest Endosc. 2015; 81(5):1073-86, with permission; and Sullivan S, Swain J, Woodman et al. 


Randomized sham-cortrolled trial of the 6-months swallowable gas-filled intragastric balloon system for weight loss. Surg Obes Relat Dis 2018; 14(12):1876-89, with permission. 
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Fig. 8.8 Components of the AspireAssist System; panel A: permanent components, panel B: components 
only used during aspiration. (From Sullivan S. Aspiration therapy for obesity. Gastrointestinal Endoscopy Clinics 


of North America. 2017; 27(2):277-88, with permission.) 


Fig. 8.9 Endoscopic sleeve gastroplasty. Panel A, gastric body before 
the procedure, panel B, gastric body after the procedure (Images cour- 
tesy of Shelby Sullivan, MD.) 


difference, however, was attributed to a distal tip design which 
was modified during the trial, resulting in a smaller-sized ulcer 
and a reduction in incidence to 10%.!*° A subsequent publication 
of a retrospective analysis of 202 patients treated clinically at 7 
different centers in the USA found an ulceration rate of 0.9% 


and an erosion rate of 13.8% at the 6-month removal period. 
GERD occurred at a rate of 30% in the single fluid-filled IGB 
pivotal trial, higher than the other 2 IGBs,!*” which was signifi- 
cantly higher than a GERD rate of 6.8% for the dual fluid-filled 
IGB and a composite of 16.9% for both GERD and dyspepsia for 
the swallowable gas-filled IGB system. No retrospective analysis 
of clinically treated patients has been published to date for the 
swallowable IGB system. Early removal rates (symptom-related 
and non-symptom related) of the IGBs in the USA pivotal and 
USA clinical case series were 15%16 and 6.4%17 for the dual 
fluid-filled IGB, 18.8% 1° and 16.6%!%° for the single fluid-filled 
IGB. Early removal rates for the swallowable gas-filled IGB sys- 
tem have not yet been published. 

Serious AEs occurred at a rate of 10.6% in the dual fluid- 
filled IGB (combined randomized and cross-over cohort com- 
bined),!*3:!3° 10% in the single fluid-filled IGB,">18 and 0.3% 
in the swallowable gas-filled IGB system (randomized and cross- 
over cohort combined)!** in the USA pivotal trials, which led to 
FDA approval of these devices (see Table 8.2). The most common 
serious AEs for both the dual and single fluid-filled IGBs were 
due to accommodative symptoms (nausea, vomiting, and abdomi- 
nal pain) with or without dehydration (75% and 71% respectively 
for the dual and single fluid-filled IGBs). Other serious AEs for 
the dual fluid-filled IGB included: contained esophageal perfora- 
tion, esophageal tear, UGI hemorrhage, gastric ulcers, pneumo- 
nia, and muscle pain. Other serious AEs for the single fluid-filled 
IGB included gastric outlet obstruction, gastric perforation with 
sepsis, aspiration pneumonia, and abdominal cramping with an 
IGB containing infected fluid. Only one serious AE occurred in 
the swallowable gas-filled IGB system pivotal trial, which was a 
bleeding ulcer in a patient on high-dose NSAIDs. 

In the subsequent USA retrospective analysis of patients 
treated with the single fluid-filled IGB, non-serious AEs were 
not systematically recorded. However, 7% of patients were noted 
to have esophagitis after balloon removal (3% at baseline), 0.5% 
had an ulcer, and 0.5% had an esophageal tear. Eight percent of 
patients required outpatient IV fluids for dehydration after place- 
ment, 4% required hospitalization after IGB placement, and 
1% required hospitalization after balloon removal.'*’ Early IGB 
removals occurred in 16.6% of patients for nausea (n = 11), vom- 
iting (7 = 19), abdominal pain (7 = 4), reflux (7 = 4), a combination 
of symptoms (7 = 2), and by patient request (7 = 13). Additionally, 
in clinical series of the single fluid-filled IGB, 1 aspiration event 
was noted and 1 IGB deflation occurred, although this balloon 
passed out of the GI tract naturally. The most common non- 
serious AEs reported in the dual fluid-filled IGB were esophageal 
or gastric superficial tear on placement (8.4%) and removal (n 
= 5), nausea (73.8%), vomiting (49%), and post-procedure pain 
(25.2%). Early balloon removal was performed in 6.4% of patients 


TABLE 8.2 Non-Serious Adverse Events in the Intragastric Balloon USA 
Multi-Center Trials 


Adverse Event ReShape (%) Orbera(%) Obalon (%) 
Vomiting 86.7 86.8 17.3 
Nausea 61.0 75.6 56.0 
Abdominal pain 54.5 67.5 72.6 
Gastric ulcer 35.2* (0) 0.9 
Dyspepsia 17.8 21.3 16.97 
Eructation 16.7 24.4 9.2 
Abdominal discomfot 13.3 6.3 0 
Abdominal distension 11.0 17.5 14.6 
Erosive gastritis 9.1 0.6 ele 

GERD 6.8 30.0 (See dyspepsia) 
Erosive esophagitis 0.4 0.6 1.8 
Constipation 53 (0) Dif 

Diarrhea 3.0 13.1 8.3 


*After design modification of the distal tip of the ReShape Balloon, the 
ulcer rate decreased to 10%. 

tComposite of dyspepsia and GERD. 

+Composite of erythema, erosion, inflammation, or polyp. 

From: Sullivan S, Edmundowicz SA, Thompson CC. Endoscopic bariatric 
and metabolic therapies: new and emerging technologies. Gastro 
2017;152:1791-801, with permission. 


for symptoms (7 = 10), and spontaneous deflation occurred in 4 
patients, 2 of whom required surgical removal of the balloon 
because it had migrated into the small intestine. An additional 
deflation was found on removal in a patient with a history of 
motor vehicle accident with blunt force trauma to the abdomen 
1 week prior to removal.!*” One clinical registry of prospectively 
collected data has been published for the swallowable gas-filled 
IGB system including 1343 patients in the safety analysis. Non- 
serious AEs occurred in 14.22% of patients, the most common of 
which was abdominal pain (5.29%), nausea (4.69%), and vomit- 
ing (2.31%). Two serious AEs occurred, including dehydration 
requiring IV fluid administration in 1 patient (0.07%), and 1 gas- 
tric perforation treated with removal of the balloons and surgical 
repair of the perforation (0.07%).!" 

Although not seen in any of the pivotal trials or clinical reg- 
istries, the FDA published an update to a letter to healthcare 
providers on June 4, 2018, which described 12 deaths from fluid- 
filled IGBs since its approval in the USA, with 7 of the 12 deaths 
occurring in the USA. Data on the root cause of these deaths are 
still unclear as of the writing of this chapter. Other events deter- 
mined to be related to the fluid-filled IGBs, but not previously 
reported in the trials, included hyperinsufflation and pancreatitis. 
The rates of these AEs remains low, with a USA mortality rate 
from the dual and single fluid-filled IGB reported by the manu- 
facturers as 0.06%!*! and 0.036%,! respectively. No reports of 
deaths attributable to the swallowable gas-filled IGB system have 
been reported in the USA as of the writing of this chapter. 


Aspiration Therapy 

‘Two randomized controlled trials have been performed in the USA 
comparing aspiration therapy and lifestyle therapy but only included 
one small single-center pilot study and one large multi-center trial. 
A previous version of the device with significant difference in the 
gastrostomy tube from the current gastrostomy tube was used in the 
pilot study and was associated with abdominal discomfort greater 
than 4 weeks after gastrostomy tube placement in all patients in the 
study (treatment group 7 = 10), which prompted a design change in 
the gastrostomy tube.!?? In the multi-center U.S. trial (treatment 
group 7 = 111), peristomal granulation tissue was the most common 
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AE at 40.5%. Other non-serious AEs that occurred in greater than 
5% of patients included: abdominal pain less than 4 weeks after 
gastrostomy tube placement 37.8%; nausea/vomiting 17.1%; peri- 
stomal irritation 17.1%; intermittent abdominal discomfort 16.2%; 
possible or definite peristomal bacterial infection 13.5%; abdominal 
pain greater than 4 weeks after gastrostomy tube placement 8.1%; 
dyspepsia 6.3%; and peristomal inflammation 5.4%. Five serious 
AEs in 4 patients (3.6%) were reported including severe abdominal 
pain (2 admissions in one subject), peritonitis, pre-pyloric ulcer, and 
a gastrostomy tube replacement due to a malfunction. !® 


Endoscopic Sleeve Gastroplasty 

No randomized controlled trials of endoscopic sleeve gastro- 
plasty have been performed. The first-in-man study with 3 study 
phases of procedure development included a total of 22 patients 
in the second phase (sites in the USA and Dominican Republic) 
and 77 patients in the third phase (sites in the USA, Dominican 
Republic, and Spain). AEs included “frequent” nausea, vomiting, 
and transient epigastric pain in the first week after the procedure, 
but no serious AEs were reported in either cohort.'*+ Two large 
retrospective analyses (7 = 248 and n = 112) which included sites 
both in the USA and outside of the USA and reporting AEs have 
been published.'**-'*° Non-serious AEs were not systematically 
recorded in either study, but nausea, vomiting, and abdominal 
pain were described in a “large number of patients” in 1 series.!46 
Five serious AEs (2%) occurred in the larger retrospective analy- 
sis including 2 perigastric inflammatory fluid collections treated 
with percutaneous drainage and antibiotics, extra-gastric hemor- 
rhage due to splenic laceration, pulmonary embolism, and pneu- 
moperitoneum/pneumothorax; the manuscript does not report 
on hospitalizations for accommodative symptoms.!* In the sec- 
ond retrospective series, only 3 serious AEs occurred requiring 
hospitalization including 2 patients with bleeding (in 1 patient 
low molecular weight heparin and warfarin were started on day 
1 after the procedure) that required endoscopic therapy in 1 case. 
One perigastric fluid collection also occurred, managed with oral 
antibiotics as an outpatient.!* 


Nutritional Deficiencies 


Nutritional deficiencies have not been reported as a consequence 
of IGBs or endoscopic sleeve gastroplasty. A pilot study for aspi- 
ration therapy reported on iron and vitamins D and By), with 4 
of 10 subjects requiring iron supplementation, 3 of 10 subjects 
requiring vitamin D supplementation (due to low vitamin D at 
baseline), and 1 of 10 requiring Bız supplementation, which main- 
tained normal concentrations of these micronutrients. Potassium 
supplements and PPI therapy were given to all subjects as part of 
the protocol!”°; this was not continued for the multi-center USA 
randomized controlled trial, and only 4 of 111 participants in the 
aspiration therapy group required supplementation during the 
first 52 weeks of the trial. 1# 


Outcomes 


Intragastric Balloons 

Multicenter randomized controlled trials have been performed 
for all 3 FDA-approved IGBs. All of the studies used a moderate 
intensity lifestyle therapy (between 6 and 13 sessions) for the first 
6 months; however, only 2 of the balloons, the dual fluid-filled 
IGB and the swallowable gas-filled IGB system, had a sham con- 
trol group.°+° The effect of knowledge of group assignment 
in a weight loss device study has been shown to increase weight 
loss by approximately 40%.!*” This is consistent with weight loss 
differences seen in the active groups of the IGBs with random- 
ized sham-controlled trial designs—the open label randomized 
controlled trial of the single fluid-filled IGB demonstrated 35% 
to 40% more weight loss (Table 8.3). Moreover, clinical effec- 
tiveness data from both the dual fluid-filled IGB and single fluid 
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TABLE 8.3 Subject Number, Body Mass Index, Percent Body Weight Loss, and Responder Rate for Modified Intention to Treat Randomized Cohorts (First 


6 Months) of the USA Multi-Center Trials 


Number of Subjects 


Body Mass Index (kg/m?) 


Percent Total Body Weight Loss 


Active Group 
Device Control Group Active Group Control Group Active Group Control Group Active Group Responder Rate* 
Orbera 130 125 35.4 + 2.7 SOA SA 3.3 + 5.0% 10.2 + 6.6% 79.2% 
Reshape 139 187 35.4 + 2.6 5:34 2:8 3.3% 6.8% 48.8% 
Obalon 189 198 35427 SO A 3.4 + 5.0% 6.6 + 5.1% 62.1% 


*Responder rate was defined as 25% total body weight loss for both Orbera and Obalon studies, but 225% excess weight loss for the ReShape study. 
From Sullivan S, Edmundowicz SA, Thompson CC. Endoscopic bariatric and metabolic therapies: new and emerging technologies. Gastro. 2017; 


152:1791-801, with permission. 


IGB registries and the swallowable gas-filled IGB system registry 
demonstrate higher weight loss than was seen in the pivotal tri- 
als. In the dual fluid-filled IGB registry, 202 patients (age 47.8 
+ 10.8 years, female 83.2%, BMI 36.7 + 6.6 kg/m?) underwent 
balloon placement. Weight loss was 11.4 + 6.7% TBW at 6 
months, but data were only available for 101 patients.!*” In the 
single fluid-filled IGB registry, 321 patients (age 48.1 + 11.9 years, 
female 80%, BMI 37.6 + 6.9 kg/m?) underwent balloon place- 
ment. Weight loss was 11.8 + 7.5% TBW at 6 months, but data 
were only available for 199 patients.!*? In the swallowable gas- 
filled IGB registry, 1387 patients initiated therapy, with 3.2% of 
patients excluded from the final analysis (2 = 36 without a final 
weight and 7 = 8 with a starting BMI < 25 kg/m?). 1343 patients 
were included in the intention-to treat-analysis (age 45.7 + 10.8 
years, female 78.6%, BMI 35.4 + 5.4 kg/m?) which was defined as 
having at least 1 balloon for at least 1 day, and 82.1% of patients (” 
= 1103) were included in the completer analysis which was defined 
as a total of exactly 3 balloons administered for at least 20 weeks. 
Weight loss at 6 months was 9.9% + 6.2% TBW in the completer 
analysis and 9.2% + 6.3% TBW in the intention-to-treat analysis. 
An analysis including only the on-label population (BMI 30 to 40 
kg/m? with 3 balloons for at least 20 weeks, n = 787) demonstrated 
weight loss of 10.0 + 6.1% TBWL.!*° 


Aspiration Therapy 

‘Two randomized controlled trials in the USA have demonstrated 
weight loss superiority of aspiration therapy plus lifestyle therapy 
compared with lifestyle therapy alone. In a pilot study, 4 patients 
in the lifestyle therapy only group (age 45.3 + 2.8 standard error 
of the mean [SEM] years, female 100%, BMI 39.3 + 1.1 SEM kg/ 
m?) and 10 patients in the aspiration therapy plus lifestyle therapy 
only group (age 38.7 + 2.3 SEM years, female 100%, BMI 42.0 
+ 1.4 SEM kg/m?) completed 1 year of therapy. The % TBWL 
in the lifestyle therapy only group at 1 year was 5.9 + 5.0% com- 
pared with 18.6 + 2.3% in the aspiration therapy plus lifestyle 
(P = 0.021). Seven subjects in the aspiration therapy plus lifestyle 
therapy arm completed an additional year of therapy with 20.1 + 
3.5% TBWL at the end of year 2.13? 

In the PATHWAY Study, the modified intention-to treat- 
analysis included 60 patients in the lifestyle therapy only group 
(age 46.8 + 11.6 years, female 88.3%, BMI 40.9 + 3.9 kg/m?) and 
111 patients in the aspiration therapy plus lifestyle therapy group 
(age 42.4 + 10.0 years, female 86.5%, BMI 42.0 + 5.1 kg/m). The 
% TBWL in the lifestyle therapy only group compared with the 
aspiration therapy plus lifestyle therapy group was 3.5 + 6.0% 
versus 12.1 + 9.6% respectively, P < 0.001 for the modified inten- 
tion-to-treat analysis; this compares with 4.9 + 7.0% and 14.2 + 
9.8% for the lifestyle therapy only (7 = 31) and aspiration therapy 
plus lifestyle therapy (7 = 82) groups in the subjects that com- 
pleted 1 year of therapy, P < 0.001.'¥ Fifty-five of the subjects 


in the aspiration therapy plus lifestyle therapy group continued 
therapy beyond 1 year with 42 subjects, 22 subjects, and 15 sub- 
jects completing 2, 3, and 4 years of therapy with 15.3 + 8.8%, 
16.6 + 10.5%, and 18.7 + 11.7% TBWL respectively.!** 


Endoscopic Sleeve Gastroplasty 
Weight loss data from the first reported multi-center case series 
included 248 patients (age 44.5 + 10 years, female 73%, BMI 37.8 + 
5.6 kg/m’). Weight loss was 15.2% TBW (95% CI 14.2 to 16.3) at 
6 months with 87% of patient follow-up and 18.6% TBW (95% CI 
15.7 to 21.5) at 24 months with only 62% patient follow-up.'* In 
the series by Sartoretto et al., 112 patients were included (age 45.1 
+ 11.7 years, female 69%, and BMI 37.9 + 6.7 kg/m). Weight loss 
was reported in 61.6% of the patients with 14.9 + 6.1% TBW at 
6 months.!*#° Weight loss was also reported in a multi-phase first- 
in-man series with USA patients included in phase 2 (7 = 22, age 
39.2 + 1.2 years, female 91%, BMI 34.3 + 1.0 kg/m?) and phase 3 (1 
= 77, age 41.3 + 1.1 years, female 77%, BMI 36.1 + 0.6 kg/m?).!# 
Weight loss was reported in 91% of the phase 2 subjects with 17.3 
+ 2.6% TBWL at 12 months and weight loss was reported in 57% 
of the phase 3 subjects with 17.4 + 1.2% TBWL at 12 months. No 
randomized controlled trials of ESG have been performed to date. 
Obesity in the USA is often unfairly stigmatized and attributed 
to careless eating habits or lack of exercise. In reality, causes of 
obesity are multifactorial, with issues that include genetics, physi- 
ology, socioeconomic status, level of education, access to healthful 
foods, and awareness of how food directly impacts health. The 
rapid growth of the obesity epidemic must be addressed in such a 
way as to achieve more immediate outcomes. Surgical treatment 
of morbid obesity is safer and more effective than ever. Bariatric 
surgery has become a routine component of general surgery train- 
ing and currently represents the fastest-growing area in surgical 
training programs. Endoscopic bariatric therapies are new thera- 
pies with proven safety and effectiveness. Although these proce- 
dures, on average, produce less weight loss than bariatric surgery, 
they are also lower risk and provide important treatment options 
for patients with obesity. Moreover, endoscopic management of 
bariatric surgical complications continues to advance with more 
complications managed without the need for additional surgery. 
Healthcare providers must work together to optimally support 
and care for this population, whether patients are working inde- 
pendently to lose weight, considering weight loss endoscopic or 
surgical procedures, or have undergone weight loss endoscopic 
procedures or surgery. Weight loss endoscopic procedures and 
surgery are most effective with proper patient selection and an 
appropriately trained procedural team. While risks exist, weight 
loss surgery and endoscopic bariatric therapies are potentially life- 
saving interventions in the right patients and in the right hands. 


Full references for this chapter can be found on www. expertconsult.com. 
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Eating disorders (EDs) are mental disorders characterized by dis- 
turbances in body image, weight control, and/or dietary patterns. 
In the Diagnostic and Statistical Manual of Mental Disorders, 5th 
edition (DSM-5),! an updated and expanded section summarizes 
feeding and EDs that include: (1) anorexia nervosa (AN); (2) buli- 
mia nervosa (BN); (3) binge-eating disorder (BED); (4) avoidant/ 
restrictive food intake disorder (ARFID); (5) pica; (6) rumination 
disorder; (7) other specified feeding or eating disorder (OSFED); 
and (8) unspecified feeding or eating disorder (USFED). The 
focus of this chapter is on EDs seen in adults: AN, BN, and BED; 


Feeding and Eating Disorders 


other feeding and EDs, including pica, rumination disorder, and 
ARFID, are discussed only briefly. Although feeding and EDs are 
classified as mental disorders, their associated behaviors commonly 
result in and present with medical sequelae, many of which are 
GI. Because associated chronic undernutrition, overweight, and/ 
or purging behaviors often result in medical complications that can 
be serious, chronic, and life threatening, individuals with feeding 
and EDs benefit from the ongoing care of a multidisciplinary treat- 
ment team. Indeed, AN and BN are among the mental disorders 
with the highest mortality.’ Reviews suggest that GI complications 
are among the most prevalent experienced by patients with EDs. 


EPIDEMIOLOGY 


EDs have been described across diverse global settings, although 
epidemiologic data are best established for populations in North 
America and Europe. Most of the published epidemiologic data 
for feeding and EDs predate the revised diagnostic criteria pub- 
lished in the DSM-S. As expected, given the changes in DSM-5 
that aimed to diminish the proportions of patients in residual cat- 
egories, early studies suggest that the prevalence and incidence of 
AN, BN, and BED are higher, while proportional representation 
in the residual categories (previously ED not otherwise specified 
[NOS] and now OSFED and USFED) have decreased.’ Of note, 
few studies to date have investigated incidence and prevalence 
rates of ARFID, pica, or rumination using the DSM-S. 

A recent systematic review drawing upon DSM-5 feeding and 
ED populations suggests that the prevalence rate for AN ranges 
from 1.7% to 3.6%, with a point prevalence of 0.67% to 1.2%.* 
Although BN has traditionally been more common than AN, the 
paucity of studies drawing upon DSM-5 populations has yet to 
establish this conclusively. BN has most commonly been assessed 
using point prevalence. Two separate studies reported near identical 
point prevalence rates for BN of 0.6% in girls and women. A recent 
interview-based study revealed higher lifetime prevalence rates for 
BN compared with AN (2.6% vs. 0.8%, respectively). Point preva- 
lence rates for BED have ranged from 0.62% to 3.6% (female sub- 
jects only and males and female subjects combined, respectively).* 
67 Lifetime prevalence rates for OSFED are reported to be 0.3% 
in male subjects and 0.6% in female subjects,* 8 with a point preva- 
lence rate of 0% in male subjects and 2.4% in a sample of male 
and female subjects.* 8 Lifetime prevalence rates for USFED range 
from 0.2% to 0.9% among male and female subjects.® ° 

Relatively high prevalence rates are also reported for spe- 
cific symptoms associated with disordered eating. In 2017, 6% 
of school-going female adolescents in the US reported vomiting 
or laxative use; 5.9% reported taking diet pills, powders, or liq- 
uids without a doctor’s advice to lose weight or to prevent weight 
gain; and 17.4% reported fasting within the previous month to 
lose weight.!° EDs occur across ethnically and socioeconomically 
diverse populations, but each of the EDs is more common in 
women than in men. Historically, boys and men have accounted 
for less than 10% of individuals with AN, 10% of those with BN, 
and 40% of those with BED.!! 12 

Studies have identified that approximately 14%! '* of chil- 
dren and adolescents admitted to adolescent inpatient ED pro- 
grams and as many as 22.5% of individuals in a pediatric ED day 
treatment program met the DSM-5 diagnosis for ARFID; patients 
were younger, had longer duration of illness, were more likely 
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to be male compared with those who had AN or BN, and were 
commonly diagnosed with comorbid psychiatric and/or medical 
symptoms.!?: !* Prevalence data on pica in the general popula- 
tion are unavailable and may vary widely in certain demographic 
strata. A recent systematic review of prevalence rates of DSM-5 
feeding and EDs failed to identify any study that included pica or 
ARFID.* Whereas pica appears to be uncommon in healthy chil- 
dren in the US, pica eating has been reported to be relatively more 
prevalent among US children treated for sickle cell disease, adults 
with iron deficiency, institutionalized individuals, some school- 
age populations in Africa, and in some populations of pregnant 
women (e.g., in Africa).!° The prevalence of rumination disorder 
is unknown, but it can occur in both children and adults.!> 


CAUSATIVE FACTORS 


Although incompletely understood, the cause of EDs is almost 
certainly multifactorial, with psychodevelopmental,!° sociocul- 
tural,!’ and genetic!’ contributions to risk. Exposure to risk fac- 
tors for dieting appears to elevate risk for AN and BN,!® !? just 
as childhood exposure to negative comments about weight and 
shape elevate risk for BED.” Body dissatisfaction in a social con- 
text in which thinness,”! ? self-efficacy, and control are valued 
may be an important means whereby dieting is initiated and dis- 
ordered eating attitudes and behaviors ensue. Dietary restraint 
may precipitate a cycle of hunger, binge eating, and purging.” 
Among numerous risk correlates, childhood GI complaints have 
been found associated with earlier age of onset and greater sever- 
ity of BN in a retrospective study,”* and picky eating and diges- 
tive problems were found prospectively associated with AN in 
adolescence. !° 

It has been suggested that physiologic vulnerabilities may 
increase risk for an ED. Neurobiological targets have been iden- 
tified as possibly playing a role in the pathogenesis of AN, BN, 
and BED. For decades, researchers have studied the psychobi- 
ology of EDs and the neurophysiologic correlates and determi- 
nants of energy intake, hunger, and satiety. Findings highlight 
the multifactorial and phenotypically diverse nature of eating 
behavior. For example, energy intake is influenced by complex 
interactions among signaling molecules from peripheral systems 
(e.g., GI peptides, vagal stimulation) and CNS neuropeptides and 
neuroamines. As is true of the search for obesity treatments, it is 
unlikely that single mechanisms will become the basis of thera- 
peutic interventions for EDs. However, the greater our under- 
standing of the physiology of ingestive behavior, the more likely 
we are to establish integrated therapy models in the future. There 
is a vast amount of literature on this topic, and what follows is 
simply a brief overview of the more commonly investigated 
mechanisms. 


Satiety 


Serotonin has long been a focus of attention for its possible role 
in disrupted satiety. There is substantial evidence that altered 
5-hydroxytryptamine (5-HT, serotonin) functioning contrib- 
utes to dysregulated appetite, mood, and impulse control in 
EDs and that such alteration persists after recovery from AN 
and BN, possibly reflecting premorbid vulnerability.*> %6 There 
also is evidence that CCK levels are altered in ED populations. 
Findings for AN are inconsistent. Although there is some evi- 
dence that young women with AN have high levels of pre- and 
postprandial CCK that may impede treatment progress by 
contributing to postprandial nausea and vomiting,” 7° other 
reports have shown decreased CCK compared with controls.’? 
In patients with BN, there is consistent evidence for an impaired 
satiety response, characterized by a blunted postprandial CCK 
response as well as delayed gastric emptying.*”*” In contrast, 
individuals with BED and obesity do not differ in postprandial 


CCK responses from those with obesity but no BED.*? The 
relationships between CCK, binge eating, and BMI warrant fur- 
ther clarification. 

Peptide tyrosine (PYY), the intestinally derived anorexigen 
that elicits satiety, appears to be dysregulated in individuals with 
AN and BN, but not in those with BED. Young women with 
AN have higher levels of PYY compared with controls, perhaps 
contributing to reduced food intake.** >° In individuals with BN, 
expected elevations in PYY after meals are blunted,*® 37 possibly 
playing a role in impaired satiety. A recent report found no dif- 
ferences between BED and non-BED groups in fasting levels 
and postprandial changes in PYY.*® Women with BN have been 
found to secrete abnormally low levels of the GI satiety peptides 
glucagon-like peptide 1 and pancreatic polypeptide, which is 
thought to be a consequence of the adaptation to large meals in 
the form of enlarged gastric capacity and reduced muscle tone 
in the gastric wall. Attenuated secretion of these GI satiety poly- 
peptides may play a role in maintaining bulimic behavior.*’ 


Appetite 


The orexigenic peptide ghrelin is of interest in EDs because 
it is the only known GI hormone that stimulates appetite and 
promotes food intake.*? Ghrelin influences secretion of growth 
hormone, induces adiposity, and is implicated in signaling the 
hypothalamic nuclei involved in energy homeostasis. Gastric 
secretion of ghrelin is stimulated by a combination of neural 
(vagus nerve), mechanical (distension), chemical (osmolarity; 
caloric content and macronutrient composition of the meal) and 
hormonal (insulin) factors with unknown priority.*! Consistent 
findings in the literature examining ghrelin in patients with AN 
have shown that (1) circulating basal levels of ghrelin are ele- 
vated, a likely consequence of prolonged starvation*®: + +3; (2) 
growth hormone and appetite responses to ghrelin are blunted, 
suggesting ghrelin resistance or altered ghrelin sensitivity! 4445; 
and (3) ghrelin levels return to normal after partial weight 
recovery, suggesting a physiologic effect to compensate for 
lack of nutritional intake and energy stores.*° 46 More recently, 
a randomized, double-blind, placebo-controlled trial using a 
ghrelin agonist in 22 outpatients with AN revealed that those 
treated with a ghrelin agonist demonstrated significantly 
decreased gastric emptying time, and a trend of greater weight 
gain after 4 weeks.*” 

Plasma levels of ghrelin are normal or elevated in individuals 
with BN, which suggests that abnormal eating behaviors, includ- 
ing binge eating and purging, may influence ghrelin secretion*® 
37; there is a postprandial blunted response (i.e., reduced sup- 
pression of ghrelin) in these patients.** The relationship between 
elevated ghrelin and binge eating in patients with BN requires 
further exploration.*° Investigations of ghrelin functioning in 
individuals with BED have reported lower circulating levels of 
pre- and postprandial ghrelin, possibly reflecting down-regula- 
tion in response to chronic overeating and smaller decreases in 
ghrelin after eating.*® 


Energy Storage 


Leptin and adiponectin are hormonal signals associated with 
longer-term regulation of body fat stores. Leptin is also directly 
implicated in satiety through its binding to the ventral medial 
nucleus of the hypothalamus, an area termed the satiety center. 
Leptin and adiponectin are both altered in patients with EDs. 
A number of studies have found evidence for hyperadiponec- 
tinemia and hypoleptinemia in populations of underweight AN 
with reversal following restoration of weight" °°; increased adi- 
ponectin levels may act protectively to support energy homeo- 
stasis during food deprivation. Individuals with BN also exhibit 
decreased plasma levels of leptin and increased levels of total 


plasma-adiponectin which are inversely correlated with longer 
duration of illness and increased severity of symptoms.*! ° The 
mechanism of altered leptin functioning in BN is unclear because 
blunted postprandial leptin levels are not observed in individuals 
with BED.” 

There are other mechanisms of interest including neuropep- 
tide Y, peptides glucagon-like peptide-2, orexins A and B, the 
endocannabinoids, resistin (adipose tissue-specific secretory fac- 
tor), and brain-derived neurotrophic factor, but more research is 
necessary to elucidate their roles in the pathophysiology of EDs. 
One high priority for research is clarifying whether observed psy- 
chobiological abnormalities are antecedents or consequences of 
disturbed eating behavior that return to normal after recovery; 
this information could shed light on cause and possible treatment 
targets. Patients often report intense discomfort after eating as a 
reason they continue to restrict intake. The discomfort may be 
dismissed as perceptual or psychological in the absence of any 
medical findings to support the symptoms, but there may be dis- 
ruptions in CNS or peripheral signals contributing to this and 
other reported symptoms. 


ONSET AND COURSE 


AN and BN most commonly have their onset in adolescence,” 
and BED usually manifests in the early 20s,°* but EDs can occur 
throughout most of the life span and appear to be increasing 
in frequency in middle-aged and older women.** °° Diagnostic 
migration from one ED category to another is common.” 
ARFID most commonly has its onset in the early years but can 
continue into adulthood.! Pica has been described in both chil- 
dren and adults, but little is known about the courses of pica and 
rumination disorder.!? 

Lifetime comorbidity of AN, BN, and BED with other psy- 
chiatric disorders has been reported as high at 56.2%, 94.5%, 
and 63.6%, respectively.’ Mortality associated with AN and BN 
combined is five times higher than expected and is one of the 
highest mortality rates among mental disorders.’ Some data sup- 
port the chronicity of AN, reporting that slightly less than half 
of survivors with AN make a full recovery, with 60% attaining a 
normal weight and 47% regaining normal eating behavior; 34% 
improve but only achieve partial recovery, whereas 21% fol- 
low a chronic course.” Other data suggest that recovery rates 
for AN may be more favorable than previously believed,** with a 
large twin cohort study reporting a 5-year clinical recovery rate 
of 66.8%. In contrast, after a 5-year follow-up of 216 patients 
with BN and EDNOS, 74% and 78% of patients, respectively, 
were still in recovery.°! In a 6-year longitudinal study of patients 
with BED, 43% of individuals continued to be symptomatic. 
A recently published 22-year longitudinal study of patients with 
AN and BN demonstrated that the presence and persistence of 
binge eating and purging behaviors were poor prognostic indica- 
tors to overall recovery and that comorbidity with depression at 
initial assessment strongly predicted the continuation of AN at 
the 22-year mark.°? 

In summary, despite decades of studies that have investigated 
potential treatment modalities for the EDs, up to 50% of treated 
individuals continue to be symptomatic in follow-up.“ 


EVALUATION 


A substantial percentage of individuals with an ED in the US do 
not receive specific treatment for this problem.°* Despite clear 
diagnostic criteria for EDs, clinical detection is often problematic, 
and up to 50% of cases may go unrecognized in clinical settings. 
Moreover, individuals with EDs are often reluctant to disclose 
their symptoms.° Although individuals with AN are underweight 
by definition, this can be easily missed in clinical settings. Even 
when noted on evaluation, the medical seriousness of low weight 
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frequently is unappreciated.©° When an ED is suspected or con- 
firmed, patients may decline or avoid medical or mental health 
care and a feature of AN can be denial of the medical seriousness 
of symptoms.!! Therefore, ascertainment of concerns about body 
shape, weight, fatness, and weight gain or loss can be especially 
challenging when patients are unable or unwilling to recognize or 
to disclose them.’ Given that many individuals with EDs initially 
present in primary care or medical subspecialty settings, recog- 
nition of clinical signs and symptoms across diverse health care 
settings will facilitate appropriate referrals and make diagnostic 
evaluation and treatment plans more efficient. One study has 
reported that individuals with BN are more likely to seek help 
for their GI complaints before seeking treatment for their ED.°* 
Familiarity with the diagnostic features and GI complications of 
eating disorders will help the clinician identify the most appro- 
priate interventions, including the full spectrum of treatment 
resources available for a comprehensive treatment plan. 

When an ED is suspected, a directed clinical interview about 
restrictive or binge eating and inappropriate compensatory mea- 
sures to control weight (Box 9.1) is essential in determining the 
scope and severity of symptoms that underlie specific GI com- 
plaints and pose medical risk. Accurate and timely diagnosis of 
EDs is challenging for several reasons. First, patients may be 
unreliable reporters of their history, and BN and BED may be 
present without any abnormal physical findings, as may pica and 
rumination disorder. In addition, some dietary modifications 
and exercise behaviors certainly are appropriate, and discerning 
pathologic behavior that is consistent with a clinically significant 
ED can be difficult. There is considerable overlap in symptoms 
among the EDs; diagnostic specificity, however, is critical to 
effective management. 

Given the frequent reluctance of patients to recognize or 
to disclose symptoms of an ED, targeted history taking may be 
essential to making a prompt diagnosis. In some cases, an ED 
may not be suspected or the diagnosis confirmed until physical 
findings suggestive of purging are detected, a suggestive pattern 
is noticed in weight changes, and/or there is difficulty gaining 
weight notwithstanding appropriate nutritional treatment and 
exclusion of other potential causes for low weight. 


DIAGNOSIS OF SPECIFIC DISORDERS 


Anorexia Nervosa 


AN is characterized by a significantly low weight (the weight that 
is less than minimally normal), fear of gaining weight (despite 
being thin), and a disturbance in the way body shape or weight is 
perceived (e.g., a denial of the medical seriousness of being under- 
weight or feeling fat despite emaciation).! It is not uncommon for 


BOX 9.1 Behaviors Used to Compensate for Excessive 
Food Intake or to Prevent Weight Gain 


PURGING BEHAVIORS 

Diuretic abuse 

Laxative and/or enema abuse 

Self-induced vomiting (including syrup of ipecac abuse) 


NON-PURGING BEHAVIORS 

Excessive physical activity 

Fasting, skipping meals, restrictive-eating pattern 

Inappropriate withholding or under-dosing of insulin (among indi- 
viduals with diabetes mellitus) 

Stimulant abuse (e.g., caffeine, ephedra, methylphenidate, 
cocaine) 
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an individual with AN to deny or minimize fear of weight gain 
at initial evaluation (and sometimes an apparent absence of this 
fear persists).°? Even if a patient does not admit or disclose an 
intense fear of weight gain, evidence of continuing behaviors that 
undermine weight gain (e.g., restrictive eating, purging, exces- 
sive exercising) may be used to establish this criterion. Individuals 
with AN typically restrict their food selections and caloric intake, 
but about half of those with AN also routinely binge eat and/or 
engage in inappropriate purging behaviors like self-induced vom- 
iting or laxative use to prevent weight gain (Box. 9.1). AN is fur- 
ther divided into 2 subtypes: restricting type (those who primarily 
control their weight through dieting, fasting, or exercising) and 
binge-eating/purging type (those who routinely purge calories to 
control weight and/or routinely binge eat).! In middle-aged and 
older women new-onset AN may present in conjunction with dif- 
ficulty making life transitions and fear of aging.°° The diagnosis 
of AN may be delayed when patients present to a GI specialty 
practice without disclosing their concerns and behaviors relat- 
ing to weight. Presentation with GI complaints, even if related 
to real symptoms or disease, can sometimes prove to be a “red 
herring,” drawing attention away from and delaying diagnosis of 
an ED. One study of 20 consecutive patients who presented to 
a GI practice and ultimately were diagnosed with an ED found 
the diagnosis of an ED was delayed for an average of 13 months 
after presentation. Notably, all patients stated a desire to gain 
weight and denied attempts to lose weight via exercise, purging, 
or dietary restriction.’° Individuals with AN are not always able 
or willing to frame their difficulty maintaining a healthy weight 
as intentional, so diagnosis may initially be unsuspected and 
delayed. 


Bulimia Nervosa 


The clinical hallmark of BN is recurrent binge eating accompa- 
nied by inappropriate compensatory behaviors to control weight 
or to purge calories consumed during a binge (see Box 9.1). On 
average, these behaviors must occur once each week for at least 
3 months to meet diagnostic criteria.' Also intrinsic to the diag- 
nosis of BN is the excessive influence of weight and/or shape on 
self-image. Individuals with BN have poor self-image that is often 
anchored to their weight. It is not unusual for individuals with 
AN or BN to weigh themselves daily, even several times each day, 
and to experience fluctuations in self-esteem and mood based on 
the result. 

By definition, binge eating is consumption of an unusually 
large amount of food during a “discrete period of time” (i.e., 
not overeating or “grazing” all day), accompanied by the feeling 
that the eating cannot be controlled.! Many patients describe an 
emotional numbing during the period of eating; for some, this 
state appears to motivate the bingeing. Most clinicians are famil- 
iar with self-induced vomiting as the primary purging behavior, 
but individuals with BN may also use alternative or additional 
means to prevent weight gain, including abuse of laxatives and/ 
or enemas, diuretics, stimulants (including methylphenidate, 
cocaine, over-the-counter “natural” supplements, and caffeine), 
under-dosing of insulin (for those with diabetes mellitus), fast- 
ing or restrictive eating, and excessive exercise (see Box 9.1). In 
adolescents with celiac disease, intentional consumption of gluten 
to promote weight loss has also been reported.’! Whereas most 
individuals with BN use compensatory behaviors that include 
purging, those who only use excessive physical activity or fasting 
are more challenging to identify. As with overeating and diet- 
ing, it is frequently difficult to determine the line between cultur- 
ally normative and pathologic behavior with excessive exercise. 
Generally, clinical suspicion should be raised when an individual 
continues to exercise despite an injury or illness, or if he or she is 
exercising routinely in excess of what a coach is advising for the 
team. 


It is recommended that clinicians ask about purging behaviors 
if an ED is suspected. Although it is not certain that a patient 
will respond candidly, individuals are more likely than not to 
eventually disclose information about symptoms when asked. 
Some patients report feeling relieved when clinicians pose such 
questions if they previously had not been able to discuss their 
symptoms. On occasion, however, patients report learning about 
techniques from clinicians’ questions, so it is advisable for clini- 
cians to provide a psychoeducational context for the questions 
(e.g., by conveying serious physical consequences associated with 
the behavior) and to avoid introducing information about a dan- 
gerous behavior (e.g., under-dosing insulin), using appropriate 
discretion based upon the clinical context. Patients also benefit 
from learning that treatment is available and effective, and from 
feeling understood by their clinicians. 

Whereas purging and other behaviors aimed at neutraliz- 
ing or decreasing calorie intake and modifying weight can pose 
medical risks when chronic, some of them pose more immediate 
and potentially lethal consequences. Patients should be educated 
about these acute life-threatening risks, and steps should be taken 
to eradicate such behaviors immediately. For example, because of 
the serious neurotoxicity, cardiotoxicity, and risk of death asso- 
ciated with repeated ingestion of syrup of ipecac,’” its ongoing 
use is a clinical emergency and may require immediate hospital- 
ization. Many patients are unaware of the serious risk associated 
with syrup of ipecac use. Similarly, ephedra, now banned in the 
US, poses risk of stroke or adverse cardiac events even in young 
adults. Some ephedra-free supplements marketed as weight- 
loss agents may also be pro-arrhythmic and pose medical risks.” 
Although patients find it difficult to abstain from purging behav- 
iors, they may be willing to substitute less immediately harmful 
behaviors while treatment is initiated. 


Binge-Eating Disorder 


BED is characterized by recurrent and persistent binge eating. 
To meet diagnostic criteria, binge episodes should occur at least 
weekly, on average, over a duration of 3 or more months. Unlike 
BN, BED is not associated with recurrent inappropriate compen- 
satory behaviors to prevent weight gain. BED is distinguished 
from non-pathologic overeating by several possible associated 
symptoms including rapid eating, eating irrespective of hunger or 
satiety eating alone because of shame, and negative feelings after 
a binge.! Apart from overweight or obesity, which is common in 
BED, BED patients frequently present without any specifically 
associated physical findings. Although in some cases binge eating 
associated with BED may cause or perpetuate weight gain, many 
with BED develop symptoms only after they have become over- 
weight. Individuals with BED are frequently distressed enough 
about their symptoms to seek medical help, although they may 
present seeking a solution to their weight gain rather than their 
binge eating. A substantial percentage of patients who seek weight 
loss treatment will have comorbid BED. Therefore, medical sub- 
specialists are likely to encounter these patients before they have 
been diagnosed with BED. 


OTHER SPECIFIED FEEDING OR EATING DISORDER 
AND UNSPECIFIED FEEDING OR EATING DISORDER 


OSFED and USFED comprise presentations that fall short of 
criteria for one of the major feeding or EDs, but are nonetheless 
clinically important because of distress or impairment, including 
serious medical consequences. OSFED is used when the reason 
for not meeting full syndrome criteria is specified—including 4 
presentations named in the DSM-5—and USFED is used when 
the reason is left unspecified. In addition to a variety of ways a 
patient can present with clinically significant symptoms that still 
do not meet the threshold for one or more diagnostic criteria, 


there are several named symptom presentations with provisional 
descriptions. These include atypical AN, subthreshold BN, sub- 
threshold BED, night-eating syndrome (NES), and purging dis- 
order (PD). 

Three of the OSFED variants are characterized by failure to 
meet full syndrome criteria for AN, BN, or BED in the presence 
of the other criteria, as well as clinically significant distress or 
impairment. Atypical AN is a form of subthreshold AN, char- 
acterized by a fear of fatness and body image disturbance in the 
absence of low weight. For example, some individuals with a his- 
tory of obesity lose a substantial amount of weight (e.g., following 
gastric bypass surgery) and while still in a normal weight range 
also manifest an extreme fear of weight gain and body image dis- 
turbance.! Subthreshold BN and BED are also OSFED variants. 
They are each characterized by meeting all criteria for BN or 
BED, respectively, except for frequency or duration. An indi- 
vidual with recurrent binge eating that occurs monthly but not 
weekly, in the presence of all other diagnostic criteria for either 
BN or BED, would meet criteria for OSFED if clinical impair- 
ment and/or distress were present. 

Two other notable OSFED variants are NES and PD. First 
described in 1955,7% NES is characterized by recurrent bouts of 
evening or nocturnal overeating—but not necessarily bingeing— 
without associated inappropriate compensatory behaviors to 
prevent weight gain. There has been no clear consensus on core 
criteria for NES, although investigators have proposed morning 
anorexia, evening hyperphagia (e.g., consuming a disproportion- 
ately large number of calories in the evening or after dinner), 
and sleep disturbance (operationalized in various ways includ- 
ing difficulty falling or staying asleep). Some have proposed the 
additional criterion of eating in relation to sleep disturbance, 
such as during a nighttime awakening.’° Given the insufficient 
research on operational criteria, prevalence, course, and differ- 
entiation from other EDs, NES still lacks a formal definition.’”’ 
In the DSM-5, NES is described by recurrent evening or night- 
time eating an individual is aware of, and not due to a medical, 
pharmacologic, or social contextual cause. As with other OSFED 
variants, the condition must be associated with clinically signifi- 
cant impairment or distress and cannot be better described by a 
different ED like BED or BN.! In one study, NES in obese study 
participants was associated with an average of 3.6 awakenings/ 
night compared with just 0.3 awakenings/night for matched con- 
trols. Available data suggest that individuals with NES consume 
considerably fewer calories during their nocturnal eating episode 
compared with the usual intake of a binge associated with BN 
or BED.’* NES can also occur in non-obese individuals’? but is 
more common in the obese and may contribute to poor outcome 
in weight-loss treatment programs.’®: 8° 

PD, another OSFED variant, is characterized by recurrent 
purging symptoms in the absence of clinically significant binge- 
pattern eating. Like the other EDs, PD is more common among 
women than men, but peak onset (at age 20) appears to be later 
than for BN.*! Lifetime prevalence of PD has been estimated 
as 1.1% to 5.3% of young adult women. Course, outcome, and 
treatment strategies for PD require further research.*? 


Avoidant/Restrictive Food Intake Disorder 


Previously encompassing “feeding disorder of infancy or early 
childhood” in the DSM-IV,!! ARFID was introduced into the 
nomenclature in the DSM-5 and its former criteria adjusted to 
include a wider variety of presentations.*’ ARFID is a diagno- 
sis that can occur across the life span. The signature feature of 
ARFID is a disturbance in eating or feeding that yields significant 
nutritional or psychosocial compromise and/or requires special 
feeding measures (e.g., dietary supplements to correct a nutri- 
tional deficiency or enteral feeding to supply calories). The food 
intake disturbance often results from sensory-based avoidance, 
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feared consequences of eating associated with aversive experi- 
ences, or lack of interest in eating. The disturbance cannot be 
ascribed to AN or a medical condition unless the nutritional defi- 
cit for the latter is more severe than would normally be expected 
and requires additional clinical measures. ARFID can be comor- 
bid with neurodevelopmental disorders, such as intellectual dis- 
ability and autism spectrum disorder; for the latter comorbidities, 
ARFID is more common among males compared with those who 
have AN or BN. The nutritional deficits associated with ARFID 
may have an adverse impact on growth, development, and learn- 
ing. ®* It is important to note that the diagnosis of ARFID covers 
a range of different clinical presentations. To diagnose ARFID, 
the clinician must elicit a comprehensive history to determine 
food intake with respect to range and amount, and also to estab- 
lish whether the nutritional deficits are associated with weight 
loss, failure to gain weight as expected, or faltering growth; clini- 
cal or laboratory abnormalities; dependency on nutritional sup- 
plements or tube feeding; or interference with the individual’s 
social and emotional functioning.** 


Pica 


Pica is a disorder characterized by recurrent and persistent inges- 
tion of non-food substances like chalk, paper, paint chips, or laun- 
dry starch. Pica eating that is developmentally normal (e.g., an 
infant eating dirt) does not warrant a diagnosis of pica, although 
it may require clinical intervention. When pica eating is socially 
normative or culturally sanctioned, it does not meet criteria for a 
diagnosis of pica. Pica is the only feeding or ED that can co-occur 
with another feeding or ED; each of the other EDs is mutually 
exclusive with other feeding and EDs. 


Rumination Disorder 


The hallmark of rumination disorder is repeated and persistent 
(over at least 1 month) effortless, voluntary regurgitation that is 
not solely attributable to a medical condition. Gastric contents 
that are brought up are sometimes spit out, but alternatively may 
be re-chewed and/or swallowed. Regurgitation is sometimes used 
for self-soothing or self-stimulation. The prevalence of rumina- 
tion disorder is unknown, but it can occur in both children and 
adults.!> Rumination disorder is superseded by a diagnosis of AN 
or BN, although the behavior may be superimposed on other 
symptoms. 


Differential Diagnosis 


Differential diagnosis of the EDs includes evaluation and exclusion 
of medical causes of weight loss, weight gain, anorexia, hyperpha- 
gia, vomiting, and other associated symptoms. These consider- 
ations are especially germane in cases of atypical presentations, or 
early- or late-onset EDs.°° Occasionally, EDs can be mistaken for 
a medical condition, or a medical condition can be misdiagnosed as 
an ED. Individuals with a medical condition that is associated with 
loss of weight or appetite, however, will often express concern over 
their weight loss and changes in their body weight, shape, and size, 
whereas this is not the case in individuals with AN. Individuals with 
ARFID may express concern or distress about their poor appetite 
or nutrition. Medical causes of appetite and/or weight loss include 
hyperthyroidism, Addison disease, diabetes mellitus, malignancy, 
IBD, malabsorption, immunodeficiency, infectious diseases (e.g., 
TB, HIV), collagen vascular disease, substance abuse, mood and 
anxiety disorders, dementia, delirium, and psychosis (see Chapters 
35 and 37). Food allergy or intolerance, as well as other GI dis- 
eases that can cause discomfort with eating should be excluded in 
patients with presentations consistent with ARFID.! Illnesses asso- 
ciated with weight gain include hypothyroidism, Cushing disease, 
and organic brain disease. 
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| TABLE 9.1 Distinguishing Features of Feeding and Eating Disorders 


Purging and Other 


Behaviors to Control 


Feeding Physical Signs Weight or Neutralize Excess Concern 
or Eating Included in Restrictive-Pattern Binge-Pattern Effects of Caloric with Body 
Disorder Diagnostic Criteria Eating Eating Intake Image or Weight 
AN Significantly Typically May occur Purging may occurinupto Yes 
underweight one half of patients 
ARFID. Significantly underweight Typically may include No No No 
or other nutritional not eating enough, 
deficiency avoidance of certain 
kinds of food due 
to sensory features, 
fear of food due to 
a traumatic eating 
experience (e.g., 
gagging, choking), or 
being indifferent to 
food 
BED None (patients are No ust occur an average No Yes 
frequently overweight of once per week 
or obese) for at least 3 mo 
BN None (patients are May occur as behavior to ust occur an average Must occur an average of Yes 
generally normal control weight of once per week once per week to meet 
weight or overweight) for at least 3 mo diagnostic criteria 
Pica No No o No No 
Rumination disorder No No (0) Voluntary regurgitation No 


occurs but is not 
intended to purge calories 


AN, anorexia nervosa; ARFID, avoidant/restrictive food intake disorder; BED, binge eating disorder; BN, bulimia nervosa. 
Data from American Psychiatric Association. Diagnostic and statistical manual of mental disorders. 5th ed. Arlington, VA: American Psychiatric Association; 


2013. 


The differential diagnosis of hyperphagia is broad and 
includes Prader-Willi syndrome, dementia (including Alzheimer 
disease), and intracranial lesions. Hyperphagia has also been asso- 
ciated with the use of certain medications, particularly many of 
the psychotropic agents (e.g., lithium, valproate, tricyclic antide- 
pressants, mirtazapine, conventional and atypical antipsychotic 
agents), pregnancy,® and post-starvation refeeding.®ć The regur- 
gitation associated with BN, rumination disorder, and PD (and 
sometimes AN) is volitional, and is therefore distinctive from 
GERD or vomiting with nausea.!° 

Psychiatric illnesses associated with loss of appetite and 
weight loss include major depression, anxiety, and substance use 
disorders. Moreover, comorbid psychiatric illness is common 
among those with EDs’? and frequently complicates their diag- 
nosis and treatment. Thus, identification of excessive concern 
with weight and food intake, unrealistic or inappropriate weight 
goals, or resistance to attempts to restore normal weight and/ 
or limit excessive exercise can be helpful in distinguishing AN 
from another psychiatric illness or revealing the presence of an 
underlying comorbid ED. Because individuals with BN, BED, 
OSFED, and USFED can have an unremarkable physical exami- 
nation on presentation, the diagnosis may remain obscure until 
the patient discloses his or her symptoms, or until the clinician 
suspects an ED based on other elements of the clinical history or 
course (weight fluctuations, menstrual irregularities). 

Even though a transdiagnostic approach to treatment of EDs has 
been proposed, in which management focuses on common main- 
taining mechanisms across the EDs,*’ there is evidence of differ- 
ential response to treatment across the EDs, and it is desirable to 
establish a clear diagnosis to optimize treatment effectiveness. 
Although there is a great deal of phenomenologic overlap among 
the EDs and individuals do cross over from one diagnostic category 
to another (Table 9.1),°’ categories are mutually exclusive according 


to the DSM-5 diagnostic criteria.! The exception to this rule is pica, 
which can co-occur with another ED. Generally, a diagnosis of AN 
will take precedence over all other feeding and ED diagnoses, and 
BN will supersede all other diagnoses with the exception of AN. 
A low weight criterion distinguishes AN from BN in some cases. 
Individuals who are substantially underweight and otherwise meet 
criteria for AN most likely should be classified as having AN even if 
bingeing, purging, or both are present. AN and ARFID both pres- 
ent with nutritional compromise, although in ARFID this can mani- 
fest as either low weight, not meeting weight expectations, faltering 
growth, or a nutritional deficiency, and individuals with ARFID lack 
body image disturbance and fear of fatness. Individuals with BED or 
BN can also have symptom overlap. BN is distinguished by recur- 
rent purging and other behaviors directed at neutralizing excessive 
calorie intake so as to prevent weight gain, as well as an excessive 
concern with weight. Regurgitation associated with rumination dis- 
order can be difficult to differentiate from purging associated with 
BN. Although the so-called vomiting associated with rumination 
disorder is volitional, it is also effortless in contrast to the purging 
that typifies BN, so is not by definition “vomiting.” Patients and 
occasionally health care providers often mistake the 2 occurrences. 
Unlike AN and BN, rumination disorder is not associated with either 
body image disturbance or excessive weight or shape concerns. 
OSFED and USFED diagnoses are reserved for individuals who 
do not meet full syndrome criteria for one of the major feeding or 
EDs, but nonetheless have associated clinically significant impair- 
ment or distress. For example, a normal or overweight individual 
who has an intense fear of weight gain and body image disturbance 
does not meet criteria for AN but rather for “atypical anorexia.” Indi- 
viduals who are of normal weight and have recurrent purging, but no 
bingeing, would likely be classified as having PD. Normal or over- 
weight individuals with recurrent nighttime overeating but neither 
binge eating nor purging would likely be given a diagnosis of NES. 


Nutritional, Medical, and Laboratory Evaluation 


In addition to excluding medical and psychiatric causes of weight 
and appetite change, medical evaluation for confirmed or sus- 
pected EDs includes obtaining a full history of the patient’s eating 
behaviors and symptoms with attention to the number of calories 
ingested daily, purging behaviors (e.g., vomiting or laxative use, 
diuretics, diet pills, ipecac, complementary and alternative medi- 
cations [see Chapter 131]), and exercise patterns. Often, medical 
evaluation will be guided by an assessment of nutritional status 
that includes determining appropriateness of weight for height, 
age, and gender. 


Nutritional Evaluation 


A detailed dietary history that includes an individual’s 24-hour 
dietary recall can provide insight into caloric intake and quality of 
nutrition. The clinician should also explore the patient’s beliefs 
about (and attitudes and behaviors toward) eating, food, weight, 
and health. The types of foods and beverages consumed to reduce 
hunger (e.g., caffeinated coffee, tea, diet soda), portion sizes, diet 
products used, calorie and fat intake, low-fat or fat-free foods 
consumed, and foods the individual considers forbidden (or bad) 
and safe (or good) should be assessed. Some individuals report 
undiagnosed food allergies, gluten sensitivity, or lactose intoler- 
ance; such concerns should be investigated as clinically indicated. 
The clinician should ask about vegetarianism and the patient’s 
reasons for becoming a vegetarian. 

Individuals with an ED may weigh themselves frequently, 
sometimes several times each day. People with AN may wear 
large, baggy clothing as a consequence of their body image dis- 
tress, or to hide their weight loss from others. For individuals 
who binge, there may be disappearance of large quantities of 
food. For those who purge, they may exhibit frequent trips to the 
bathroom, especially after meals. 

Individuals with EDs may display a number of behaviors and 
food rituals, including cutting food into tiny pieces and moving it 
around their plate, chewing food and spitting it out, taking small 
bites, eating the same foods daily, and taking a long time to com- 
plete meals. It is not uncommon for individuals with EDs to cook 
for others but not eat any of the food prepared. 

A history of ingesting non-food substances is essential in eval- 
uating pica and will often require collateral history from a parent 
or caregiver. Avoidance of eating, as seen in patients with ARFID, 
can be associated with a history or fear of aversive consequences 
of eating (e.g., precipitated by a history of vomiting or a “trau- 
matic” GI or other medical study).! 


Special Considerations in the Determination of Weight 
and Weight Status 


There are several established means for evaluating the nutritional 
status of patients with EDs in the office, central to which is mea- 
suring weight and height and calculating the BMI (see Chapter 
5). Assessment of the appropriateness of weight for height is a key 
factor intrinsic to determining the urgency of medical and psychi- 
atric care. For patients with AN, it is critical to not rely on self- 
reported weight, given the strong possibility of an inaccurate report. 
Individuals with AN may sometimes go to great lengths to conceal 
their low weights; some “water-load” prior to a clinical encoun- 
ter, some attach or hide weights to one’s body, and others layer 
loose and bulky clothing to create the illusion of being of normal 
weight. Assessment of weight, therefore, should factor in the pos- 
sibility that a patient may wish to conceal a low weight or weight 
loss. Clinicians should consider having a scale in a private area (e.g., 
not in a hallway) and a clear and consistent protocol for weighing 
patients with AN. This might include asking patients to void prior 
to being weighed, change into a hospital gown, and remove heavy 
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jewelry. When patients have a history of consuming water prior to 
an appointment to increase their measured weight, it may be help- 
ful to check a urine specific gravity and electrolytes; hyponatremia 
may occur in individuals with excessive water intake or those who 
water-load.**-°0 

Standard means of evaluating the appropriateness of weight 
for height in adults includes the use of BMI, which is calculated 
using the following equation: 

BMI- weight (in kg) 
height (in my 

Although BMI may not be an appropriate standard to deter- 
mine the health of weight status in all individuals (e.g., those who 
have relatively high lean muscle mass, certain ethnic groups),”! 
BMI is generally considered a first-line assessment measure for 
most men and women aged 18 or older. BMI of 18.5 to 24.9 kg/ 
m? for men and women is considered normal; BMI of 17.5 kg/ 
m or less meets the underweight criterion for AN in the ICD- 
10 (International Classification of Diseases 10)!!,°*; BMI of 25 to 
29.9 kg/m? is consistent with overweight; and BMI over 30 kg/ 
m? reflects obesity.” 

Interpreting the severity of a low weight in adults will incor- 
porate both the absolute BMI criterion (e.g., BMI < 15 kg/m? 
is given by the DSM-5 for extreme severity)! and the clinical 
context that includes both weight history and medical compli- 
cations. A number of other methods are routinely used to cal- 
culate percent of expected body weight for adults. One of the 
more widely used equations to calculate expected body weight 
in adults is: 


Expected body weight ( % ) 


z ( patient weight 


expected weight for height and gender ) x 100 % 


Although this is a linear equation (compared with the qua- 
dratic equation for BMI) and may be less useful at extreme 
heights, it is straightforward to calculate. Moreover, this formula 
may be conceptually easier for patients and families to under- 
stand, especially in setting weight goals or limits. A weight within 
the range from 90% to 110% of expected body weight will likely 
be considered normal and is a good place to begin for setting 
weight gain goals for patients with AN. Within this range, the 
goal will be refined by clinical history (including the patient’s 
history of baseline, minimal, and maximal weights), whether and 
when menses return, and medical parameters like reversal of bone 
loss. For patients who are overweight or obese (>110% or >120% 
expected body weight, respectively), it may not always be realistic 
or desirable to set weight goals within the “normal BMI range.” 

Patients who are severely nutritionally compromised may 
require inpatient care for both efficacy and safety of weight 
management. For underweight patients without this degree of 
compromise, the primary goals of nutritional management are 
increasing caloric requirements to regain weight, ensuring ade- 
quate intake and balance of macro- and micronutrients, and rees- 
tablishing a dietary pattern of 3 meals and 1 to 3 snacks daily. 
In such cases, consultation with experienced ED practitioners 
regarding optimal re-feeding and treatment support strategies 
should be strongly considered. Patients may also be supple- 
mented with calcium (if dietary intake is inadequate), vitamin 
D, and/or multivitamins. Some patients may require additional 
dietary guidance, adjustments, and supplementation because 
many restrict not only calories but specific foods or food groups 
as well. For patients with BN, BED, and subthreshold BN and 
BED encompassed by OSFED, dietary intervention includes 
moderating excessive caloric intake and establishing a pattern 
of eating that is less vulnerable to emotional cues and excessive 
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hunger. Many patients with EDs are quite knowledgeable about 
nutrition and commonly wish to avoid meeting with a dietitian, 
but information from a nutritional assessment is invaluable to the 
treatment team. Even well-informed patients are likely to benefit 
from reinforcement of more healthful food choices, meal pat- 
terns, and appropriate intake. 


Medical Evaluation 


The goal of the medical evaluation is to obtain information that 
will be helpful in formulating a diagnosis, evaluating the acute 
and long-term medical and psychiatric consequences of the feed- 
ing or ED, and determining a comprehensive treatment plan. 
Medical evaluation includes a clinical history with special atten- 
tion to weight loss, weight fluctuations, and any bingeing, purg- 
ing, or other inappropriate behaviors that affect or aim to control 
weight (see Box 9.1). Symptoms of medical complications of 
undernutrition, overnutrition, bingeing, purging, and excessive 
exercise, should be assessed, and a complete menstrual history 
should be clarified. 

Physical examination includes a comprehensive assessment 
of potential complications of low, excessive, or unusual dietary 
intake, as well as nutritional deficiencies, underweight, overweight, 
excessive exercise, and purging behaviors. If an ED is suspected, 
physical examination may reveal signs that confirm nutritional 
compromise (e.g., bradycardia, hypotension, hypothermia, lanugo 
hair, breast tissue atrophy, muscle wasting, peripheral neuropa- 
thy) or suggest chronic purging (e.g., Russell sign [excoriation on 
the dorsum of the hand incurred during self-induced vomiting 
from chronic scraping against the central incisors]), hypoactive 
or hyperactive bowel sounds, an attenuated gag reflex,’ tooth 
enamel erosion (perimolysis),”> or parotid hypertrophy.”° 

Medical complications of behaviors associated with all feed- 
ing and EDs are potentially serious and too numerous to review 
in detail here; selected complications are listed in Table 9.2. 
Complications that are common and/or associated with serious 
morbidity should be actively sought on physical examination and 
laboratory studies so that appropriate interventions can be initi- 
ated. Examples of important and common findings include abnor- 
mal vital signs (e.g., hypotension, orthostatic changes in blood 
pressure and/or heart rate, bradycardia, hypothermia), low weight 
or overweight, dental pathology (e.g., perimolysis, dental caries, 
or both),?*° and osteopenia or osteoporosis.”” Cardiac compli- 
cations can be lethal and include prolonged QT interval, QT 
dispersion, ventricular arrhythmias, and cardiac syncope.! 10! 
Neurologic findings in AN include cortical atrophy and increased 
cerebral ventricular size.!°* Endocrinologic abnormalities include 
menstrual disorders, low serum estradiol levels, low serum tes- 
tosterone levels, hypercortisolism, and euthyroid sick syndrome, 
with resultant hypotension and cold intolerance.!°? Heavy metal 
toxicity is a potentially serious complication of pica.’ 104 

Intentional omission of insulin by individuals with type 1 dia- 
betes for the sole purpose of inducing weight loss can also pose 
considerable risk. Similarly, some individuals with type 2 diabetes 
intentionally omit oral hypoglycemic agents, resulting in poor 
glycemic control and weight loss. Clinical signs that should raise 
suspicion include poor glycemic control, recurrent episodes of 
diabetic ketoacidosis, missed clinical appointments, poor self- 
esteem, and dietary manipulation.!° The diagnosis of both an 
ED and diabetes, coupled with intentional omission of insulin 
use, is associated with higher glycosylated hemoglobin levels, 
increased episodes of hypoglycemia and resulting hospitalizations 
for diabetic ketoacidosis, growth retardation and pubertal delay 
in adolescence, and increased microvascular complications. !% 107 

Reported complications of ED during pregnancy include 
miscarriage, inadequate weight gain of the mother, intrauterine 
growth restriction, premature delivery, infants with low birth 
weight and low Apgar scores, and perinatal death.!0°-!!! 


Laboratory Evaluation 


Laboratory evaluation should be done at the time of the initial 
assessment to rule out other medical illnesses and assess for acute 
metabolic derangement. Not uncommonly a malnourished indi- 
vidual with AN will have normal laboratory results, although 
those who actively binge and purge may exhibit a number of 
metabolic abnormalities.!°’ Laboratory investigations should be 
performed during nutritional rehabilitation to monitor for a vari- 
ety of serious and life-threatening metabolic, cardiovascular, and 
neurologic abnormalities that can occur as a result of re-feeding 
(see Chapters 5 and 6).1!? 

The choice of laboratory studies to evaluate medical compli- 
cations of EDs will depend on the clinical history, presentation, 
and degree of malnutrition. For patients with AN, a complete 
blood cell count is recommended during initial assessment to 
assess for anemia, neutropenia, leukopenia, and thrombocyto- 
penia. A retrospective study of 67 patients with AN found that 
27% had anemia, 17% had neutropenia, 36% had leukopenia, 
and 10% had thrombocytopenia.!!° 

It is useful to obtain serum electrolyte levels for individuals 
in whom AN or BN is suspected or confirmed. Hypokalemia 
occurred in 4.6% of a large number of outpatients with EDs 
in one study!+ and in 6.8% of individuals with BN in another 
moderately-sized cohort!!5; in the latter study hypokalemia was 
significantly more common in patients with BN than in those 
without it. Although assessment for hypokalemia may not identify 
occult cases of BN, it will help identify and monitor individuals 
at risk for cardiac arrhythmias secondary to their ED. Hypo- 
chloremia, hypomagnesemia, hyponatremia, hypernatremia, and 
hypophosphatemia are also seen in patients with EDs.!% 107, 
115-117 For patients with AN, a serum glucose determination is 
recommended to identify hypoglycemia, which can be severe in 
this population.!!® Although hyperamylasemia is seen in 25% to 
60% of patients with BN, laboratory analysis of serum amylase 
is generally not clinically useful for detecting BN or gauging the 
severity of bingeing and purging symptoms.!!° An elevated serum 
amylase level in a patient with AN or BN often reflects increased 
salivary isoamylase activity,!!” 120 but pancreatitis should be 
considered when clinically appropriate, given its occurrence in 
this patient population. Renal and liver biochemical testing and 
urinalysis should also be considered. If pica is suspected, testing 
serum for evidence of heavy metal toxicity (e.g., lead, mercury, 
copper, zinc) is appropriate. 

In women with amenorrhea, evaluation of the cause is sug- 
gested, even if it is presumed to be related to decreased pulsatility 
of gonadotropin-releasing hormone secondary to weight loss.!° 
Menstrual irregularities are common among women with EDs, 
but women with symptomatic EDs may continue to menstruate 
at presentation,!*! and women with AN can become pregnant!”’; a 
quantitative -human chorionic gonadotropin and possibly a serum 
prolactin level are therefore recommended. Additional studies such 
as follicle-stimulating hormone to evaluate ovarian function or 
neuroimaging studies to exclude a pituitary lesion may be indicated 
in some clinical scenarios. Bone densitometry using dual-energy 
x-ray absorptiometry scans of the hip and spine are useful in iden- 
tifying bone loss and can be repeated after a year to assess further 
bone loss if disease continues. Osteopenia and osteoporosis may be 
present in as many as 90% and 40%, respectively, of women with 
AN and are associated with risk of fractures and kyphosis.”” 123 

A baseline electrocardiogram is also recommended and can 
identify corrected QT (QTc) prolongation (patients with AN)!?* 
and prolongation of the QTc interval even in the absence of 
hypokalemia (patients with BN and EDNOS).!> Some anti- 
psychotic agents and tricyclic antidepressants can cause QTc 
prolongation, which can lead to torsades de pointes and sudden 
death. As such, careful selection of psychotropic medications and 
identification of a patient’s risk for QTc prolongation should be 
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TABLE 9.2 Selected Clinical Features and Complications of Behaviors in Patients with Eating Disorders* 


Clinical Feature or Complication 


Associated with Weight Loss and Food 
Restriction or Binge Eating in 


Associated with Purging or Re-feeding 
Behaviors in Anorexia Nervosa, Bulimia 


System Affected Anorexia Nervosa or OSFED/USFED Nervosa, or OSFED/USFED 
Cardiovascular Arrhythmia Cardiomyopathy (with ipecac use) 
Bradycardia Chest pain 
Chest pain Edema 
Decreased cardiac size Orthostasis 
Diminished exercise capacity Palpitations 
Dyspnea Prolonged QT interval 
Edema Syncope 
Heart failure Ventricular arrhythmia 
Hypotension 
Mitral valve prolapse 
Orthostasis 
Palpitations 
Prolonged QT interval 
QT dispersion 
Syncope 
Dermatologic Acrocyanosis Russell sign (knuckle lesions from repeated 
Brittle hair and nails scraping against incisors) 
Dry skin 
Hair loss 
Hypercarotenemia 
Lanugo 


Endocrine and metabolic 


Gastrointestinal t 


General 


Genitourinary and reproductive 


Amenorrhea and oligomenorrhea 
Euthyroid sick syndrome 
Hypercholesterolemia 
Hypocalcemia 

Hypoglycemia 
Hypomagnesemia 
Hyponatremia 
Hypophosphatemia 
Hypothermia 

Low serum estradiol, low serum testosterone levels 
Osteopenia, osteoporosis 
Pubertal delay, arrested growth 


Acute gastric dilatation, necrosis, and perforation 
Anorectal dysfunction 

Constipation 

Delayed gastric emptying 

Early satiety 

Elevated liver enzyme levels 

Elevated serum amylase levels 
GERD 

Hepatic injury 

Hepatomegaly 

Pancreatitis 

Prolonged whole-gut transit time 
Rectal prolapse 

Slow colonic transit 

Superior mesenteric artery syndrome 


Irritability/mood changes 


Acute kidney injury 

Amenorrhea 

Atrophic vaginitis 

Breast atrophy 

Infertility 

Pregnancy complications (including low birth weight, 


premature birth, and perinatal death); kidney stones in 


mother 


Amenorrhea and oligomenorrhea 
lypercholesterolemia 
yperphosphatemia 
ypochloremia 

ypoglycemia 

ypokalemia 

lypomagnesemia 
lyponatremia 
ypophosphatemia 

etabolic acidosis 

letabolic alkalosis 

Secondary hyperaldosteronism 


Abdominal pain 
Acute gastric dilatation 
Barrett esophagus 
Bloating 
Constipation 
Delayed gastric emptying 
Diarrhea 
Dysphagia 
Elevated liver enzyme levels 
Elevated serum amylase levels 
Esophageal bleeding 
Esophageal ulcers, erosions, stricture 
Gastric necrosis and perforation 
GERD 

jallory-Weiss tear 
Hematemesis 
Pancreatitis 
Prolonged intestinaltransit time 
Rectal bleeding 
Rectal prolapse 


rritability/mood changes 
Weight fluctuations 


Abnormal menses 

Azotemia 

Pregnancy complications (including low birth 
weight infant) 


Continued 
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TABLE 9.2 Selected Clinical Features and Complications of Behaviors in Patients with Eating Disorders*—cont’d 


Clinical Feature or Complication 


Associated with Weight Loss and Food 


Restriction or Binge Eating in 


Associated with Purging or Re-feeding 
Behaviors in Anorexia Nervosa, Bulimia 


System Affected Anorexia Nervosa or OSFED/USFED Nervosa, or OSFED/USFED 
Hematologic Anemia 

Leukopenia 

Neutropenia 

Thrombocytopenia 
Neurologic Cognitive changes Stroke (associated with ephedra use) 


Cortical atrophy 

Delirium (in re-feeding syndrome) 
Peripheral neuropathy 
Ventricular enlargement 


Cheilosis 
Halitosis 


Oral, pharyngeal 


Neuropathy (with ipecac use) 
Reduced or absent gag reflex 


Angular cheilitis 

Dental enamel erosion and caries 
Parotid gland enlargement 
Perimolysis 

Pharyngeal and soft palatal trauma 
Sialadenosis 

Vocal fold pathology 


*Specific complications of pica, rumination disorder, and ARFID (avoidant/restrictive food intake disorder) not included. 

tGastrointestinal complications associated with binge-pattern eating in any of the eating disorders are not all listed but include weight gain, acute gastric 
dilatation, gastric rupture, GERD, increased gastric capacity, and increased stool volume. 

OSFED, other specified feeding or eating disorder; USFED, unspecified feeding or eating disorder. 


BOX 9.2 Common Gastrointestinal Symptoms in Patients 
with Eating Disorders 


Abdominal pain 
Belching 
Bloating 
Borborygmi 


Changes in appetite 
Constipation 
Diarrhea 

Dyschezia 
Flatulence 

Nausea 


explored and monitored. This population is also at risk of cardiac 
arrhythmias due to hypokalemia from purging. Ipecac abuse may 
result in potentially fatal cardiotoxicity, cardiomyopathy, and 
arrhythmias.!*° 


GASTROINTESTINAL ABNORMALITIES ASSOCIATED 
WITH EATING DISORDERS 


GI signs and symptoms are common in those with EDs 
(Box 9.2; also see Table 9.2). It has been asserted that the most 
dramatic changes in bodily function caused by AN are in the GI 
tract.!?7 There is also evidence that many individuals with EDs 
present with a GI complaint prior to diagnosis of or seeking treat- 
ment for an ED.!?° Cross-sectional studies of hospital inpatients 
with EDs have suggested that 78% to 98% have concurrent GI 
symptoms.!??-!33 In addition, research has suggested that GI 
abnormalities associated with EDs may be related to the duration 
or presence of active ED symptoms.!** 13% GI findings associated 
with EDs are listed in Table 9.2. 


Functional Gastrointestinal Disorders 


GI symptoms have been shown to be more common in dieters 
(specifically, abdominal pain, bloating, and diarrhea)!*° and in 
those with binge eating (nausea, vomiting, and bloating) than in 


normal controls.” A large study of obese individuals with GI 
symptoms found a strong association between BED and abdomi- 
nal pain and bloating after adjusting for BMI. "° One study of 101 
consecutive women admitted to an inpatient EDs program found 
that 98% had functional GI disorders (FGIDs) including IBS 
(52%), functional heartburn (51%), abdominal bloating (31%), 
constipation (24%), functional dysphagia (23%), and anorectal 
pain (22%). Fifty-two percent of these women met criteria for 23 
FGIDs.!*? Another study found that the presence of IBS, but not 
other FGIDs, in ED patients was strongly related to disordered 
eating and psychological feelings.!*? Janssen’s group!” suggested 
that once a FGID is established in a patient with an ED, psycho- 
logical and physiologic factors will strengthen each other such 
that FGIDs and FGID symptoms could persist independent of 
the current status of the ED. 


Esophageal Symptoms 


Esophageal symptoms are commonly reported in patients with 
EDs. Esophageal dysfunction can be obscured by bulimic symp- 
toms”*!+! and can be misdiagnosed as AN.!** In a case-control 
study of 23 patients (11 restricting type and 12 binge eating/purg- 
ing type), 15 patients complained of regurgitation (6 restrictors, 9 
purgers), 14 complained of heartburn (6 restrictors, 8 purgers), and 
4 complained of dysphagia (3 restrictors, 1 purger).!*> Abnormal 
esophageal motor activity has also been reported in patients with 
AN and BN.1# 14 Mild esophagitis is common (e.g., 22% of a 
case series of 37 consecutive patients) in patients with chronic BN, 
but more serious esophageal disease is rare.!*° 147 Barrett esopha- 
gus, Mallory-Weiss tears, and GERD have been reported in asso- 
ciation with the chronic vomiting seen with BN.!*® Esophageal 
rupture is a potentially life-threatening risk that may complicate 
chronic vomiting.!*? Spontaneous perforation of the esophagus 
commonly results from a sudden increase in intra-abdominal 
pressure combined with relatively negative intrathoracic pressure 
caused by straining or vomiting (Boerhaave syndrome). 


Liver Abnormalities 


Elevated serum transaminase levels, hypoglycemia, and impaired 
coagulation (in the absence of other liver pathology) have been 


demonstrated in multiple studies of patients with AN.!°° In one 
study, elevated liver biochemical test results were documented in 
4.1% of 879 patients presenting for treatment of an ED.9! A 
probable cause that was distinct from the ED was identified in 
47% of the study participants. In the remaining 53% of subjects, 
there was no other cause identified for the elevated liver enzymes 
other than the ED. Elevated liver enzymes have been reported 
in underweight and normal-weight study participants. Study 
results suggest that abnormal liver biochemical tests are neither 
a specific nor a common marker for an ED; other possible causes 
should be excluded before attributing these abnormalities to the 
ED.15! Elevated liver biochemical test results and hepatomegaly 
may also be observed with initiation of re-feeding in AN.!*” 151 
In cases where levels of indirect bilirubin are elevated in malnour- 
ished patients, other diagnoses (e.g., Gilbert syndrome) should 
also be considered. There are several case reports of severe liver 
dysfunction or damage in patients with AN attributed to malnu- 
trition and associated hypoperfusion.!°?-!>* Finally, severe steato- 
sis resulting in fatal hepatic failure has been reported in a patient 
with severe AN.!>° 


Pancreas Complications 


Acute pancreatitis has been reported in patients with AN and 
BN1°6-1°8 and can also be associated with re-feeding in AN.'°? 


Superior Mesenteric Artery Syndrome 


Superior mesenteric artery (SMA) syndrome is a rare disorder 
that can complicate AN. It results from severe weight loss with 
resultant collapse of the angle at which the SMA arises from the 
aorta and through which the duodenum passes; reduction of the 
angle results in compression of the third part of the duodenum by 
the SMA (see Chapter 38).!°° Because it manifests with vomiting, 
a concurrent diagnosis can be missed if this symptom is attributed 
to the ED.!°! 


Gastric Motility 


A recent systematic review revealed that controlled studies involv- 
ing patients with AN were more likely to demonstrate delays in 
gastric motility, gastric emptying, and intestinal transit than com- 
parator groups.!°? Similarly, delayed whole-gut transit time and 
delayed gastric emptying have also been reported in patients with 
BN 30, 119, 127, 162, 163 

Numerous studies also have found abnormal gastric func- 
tion in patients with EDs, including delayed gastric empty- 
ing in patients with AN and BN as mentioned earlier,*” 17. 
162-164 but also diminished gastric relaxation (BN),!® brady- 
gastria (AN and BN),!** and higher gastric capacity (BN).!*° 
Physiologic sequelae of disordered eating, such as contracted 
or expanded gastric capacity, altered gastric motility, delayed 
large bowel transit (through reflex pathways),'©° and blunted 
postprandial CCK release, may perpetuate symptoms that 
exacerbate the excessive body image concern driving abnormal 
eating patterns.*? There is evidence that subjective reports of 
GI symptoms do not correlate well with physiologic data in 
patients with EDs.!°’ 


Constipation 


Prominent among GI symptoms in patients with AN and BN is 
constipation. In a study of 28 inpatients with an ED, 100% of 
patients with AN and 67% of patients with BN had constipa- 
tion. 1? Constipation in AN and BN is thought to be the result of 
poor nutrition, decreased gut motility, dehydration, and hypoka- 
lemia due to purging behavior such as vomiting or laxative abuse. 
Nausea, vomiting, gastric fullness, bloating, diarrhea, decreased 
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appetite, and early satiety are commonly seen in patients with 
AN, and bloating, flatulence, decreased appetite, abdominal pain, 
borborygmi, and nausea are commonly reported in patients with 
BN. In one study of 43 inpatients with severe BN, 74% reported 
bloating, 63% reported constipation, and 47% reported nausea; 
borborygmi and abdominal pain were also more frequent than 
in the comparison group of healthy controls.!*° Rectal bleeding 
and rectal prolapse have been reported in patients with AN and 
BN 168, 169 


Medications and Dietary Supplements 


Clinicians should be aware of the many products readily available to 
patients with EDs that are frequently used as a means to control or 
reduce weight and that may also directly or indirectly contribute to 
GI symptoms. These products can result in significant GI symptoms 
and associated toxicities. Laxative abuse remains common among 
patients with EDs, particularly among those with BN. Neims et al. 
found that the lifetime occurrence of laxative use in patients with 
BN was 14.94%.!7° Other reports suggest that the prevalence of 
laxative abuse among patients with BN ranges from 10% to 60%. 
Laxatives are not an effective weight-reducing strategy, because 
they do not act in the small intestine where most absorption occurs; 
caloric absorption is decreased only by about 12% even with 
extreme laxative use. The most frequently abused group of laxatives 
is the stimulant class; side effects and toxicity include constipation, 
cathartic colon, GI bleeding, rectal prolapse, dehydration, and elec- 
trolyte abnormalities. Besides misuse of stimulant-type laxatives, 
patients have also been known to misuse bulk-producing laxatives, 
surfactants, hyperosmotic laxatives, and saline laxatives. 

Ipecac is an emetic that is used to induce vomiting. In a sub- 
urban ED clinic, Greenfeld et al. found that 7.6% of patients 
had reported using ipecac; 4.7% experimented with it briefly; 
3.1% used it chronically; and 1.1% used it regularly.'’! Steffen 
et al. reported that 18% of outpatients being treated for bulimic 
symptoms presented using ipecac at some point in their life.!” 
Although ipecac is used infrequently, it can have lethal conse- 
quences, including cardiomyopathy. 

There are also many complementary and alternative medica- 
tions and dietary supplements marketed for their potential laxa- 
tive and weight-loss properties (see Chapter 131). Patients with 
EDs should be screened for the use of diet pills, laxatives, diuret- 
ics, ipecac, and other substances and educated about the conse- 
quences associated with misuse of these products. 


Other Life-Threatening Gastrointestinal 
Complications 


In rare cases, catastrophic complications have been described in 
case reports of patients with EDs, including acute gastric dila- 
tion, gastric emphysema, gastric necrosis, gastric rupture, duo- 
denal obstruction, necrotizing colitis, and perforation; occult GI 
bleeding (attributed to transient intestinal ischemia in the setting 
of endurance running) has also been reported.!°® 173-182 In such 
cases, both help-seeking and diagnosis may be delayed or compli- 
cated by an undisclosed or unrecognized ED.!°° 173, 183 


Gastrointestinal Complications in Other Feeding 
and Eating Disorders 


GI complications reported in association with pica include 
bezoar, pancreatitis, stercoral perforation, and constipation.!*+ 183 
Esophageal perforation has been reported in rumination disorder.!°° 


MANAGEMENT OF EATING DISORDERS IN THE ADULT 


The primary goal of treatment for all EDs is the normalization of 
eating attitudes and behaviors, cessation of ED symptoms, and, 
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Evaluation 


Education and involvement of patient 
Identification of most appropriate level of care 


Outpatient (inpatient Residential 
and inpatient care 


Outpatient 


Identification of 
interdisciplinary 
team and referrals 


Mental health 
clinician(s) 


Primary care 
clinician(s) 


Medical 
specialty 
care 


Psychotherapist Psychopharmacologist 


Adjunctive psychotherapist(s) 
(e.g., group or family) 


Division of tasks (e.g., weighing, medical parameter 
surveillance, dietary plan, monitoring symptom frequency 
and severity) 

Consensus on whether there will be any weight, symptom 
severity, or symptom frequency parameters that necessitate 
a more intensive level of care, adjunctive treatment, or 
restriction of activities 

Plan for how often and how to communicate 


Obtain permission from the patient for communication among team 
Draft treatment agreement if warranted 
Initiate treatment 

Reevaluate and adjust care as necessary 


Fig. 9.1 Algorithm for team management of adult patients with an eat- 
ing disorder. 


where indicated, rehabilitation (and regulation) of weight. Active 
weight rehabilitation is a cornerstone of treatment for AN. As 
essential as weight gain is to reduce or reverse the medical and 
cognitive sequelae of severe undernutrition, it is one of the great 
challenges to successful treatment of restrictive EDs. 

Optimally, management of patients with EDs includes inte- 
gration of mental health, nutrition, and primary care (see Fig. 
9.1). Occasionally, depending on severity of ED symptoms and 
degree of malnutrition, medical subspecialty consultation and 
care are helpful. Multidisciplinary management is desirable for 
several reasons. First, patients are at risk of medical, psycho- 
logical, and nutritional complications of their disease. Second, 
patients commonly selectively avoid care essential to their ulti- 
mate recovery. For example, a patient may wish to avoid detec- 
tion of an injury so that she or he can continue to participate 
in a team sport; another may find it difficult to undergo the 
psychological work necessary to address antecedents of his or 


her illness; or another may wish to bypass active weight man- 
agement. Conversely, a patient may attempt to pursue relief for 
specific medical complications to the exclusion of appropriate 
psychological or nutritional therapies. 

It is often helpful, if not essential, to establish a treatment 
agreement at the outset of care for a patient with an ED. This 
is particularly relevant in patients for whom the severity of their 
symptoms may compromise medical and psychological health to 
a degree that hospital-level care will be likely necessary during 
the course of treatment. A treatment agreement allows caregivers 
to establish initial treatment goals and criteria for which they may 
wish to adjust the level of intensity of care. This will allow trans- 
parency of expectations for the patient, facilitate a rapid response 
to emerging crises, and help avoid splitting among team members 
during the course of care. A treatment agreement also clarifies for 
patients the contingencies for treatment non-adherence or poor 
health. As part of the initiation of care, patients should be asked 
to give permission for open communication among the members 
of the clinical team. If a patient cannot agree to this, it signals 
potential difficulties in providing coordinated care, and the lack 
of agreement should be reconciled. Depending on the patient’s 
age and circumstances, a plan for how and what information will 
be shared with parents should also be established. 


Psychiatric Treatment 


Clinicians evaluating clinical trial data on the treatment of EDs 
should bear in mind that diagnostic criteria have recently been 
revised, and the diagnostic categories BN and BED now encom- 
pass individuals with lower frequency and shorter duration of 
behavioral symptoms than when these disorders were studied 
previously in clinical trials. Few clinical trial data are available on 
diagnostically heterogeneous groups. Indeed, there are limited 
data to guide treatment decisions for the large proportion of indi- 
viduals with EDs who were formerly diagnosed as EDNOS (now 
OSFED and USFED). Preliminary data, however, suggest that 
CBT-E (enhanced cognitive behavioral therapy) may be effective 
in normal and overweight adults with a broad spectrum of eating 
pathology, including those formerly in the EDNOS category.!*/ 

In adult patients, psychiatric treatment for the eating dis- 
orders AN, BN, BED, and OSFED generally begins with psy- 
chotherapy. In many cases, pharmacotherapy is useful as an 
adjunctive treatment for BN and BED. Active weight manage- 
ment is indicated for AN. Usually, psychotherapy can be used to 
support weight management goals, although optimally it should 
be coordinated with the efforts of the dietitian and primary care 
clinician on the team. Regardless of the mode of psychotherapy 
chosen, specific behavioral strategies directed at establishing 
normal eating patterns and drawing the patient’s attention to 
triggers for abnormal patterns can augment treatment. Among 
these, patients are encouraged to identify and avoid emotion-, 
schedule-, and food-related triggers to episodes of bingeing and 
to plan 3 regular meals and 2 between-meal snacks to prevent 
excessive hunger. A food journal that can be reviewed in treat- 
ment sessions may also allow patients to better identify rela- 
tionships among psychosocial stressors, hunger, and symptoms 
and may provide a concrete framework from which to relate 
symptoms to other psychological concerns. Specific empirical 
data to guide treatment of pica, rumination disorder, or ARFID 
in adult patients are lacking. Two randomized controlled tri- 
als (RCTs) evaluating a nutritional intervention for pica did 
not support this approach, and there are no published RCTs 
on the treatment of rumination disorder.!> Enhanced supervi- 
sion or modification of the home environment may be impor- 
tant to prevent ingestion of toxic substances in individuals with 
intellectual disability who manifest pica eating.!5 Behavioral 
approaches to address avoidance associated with ARFID may 
also be helpful.!*° 


Psychotherapeutic Options 


A variety of psychotherapies have established efficacy for the 
EDs. Recent guidelines and reviews have summarized findings 
from empirical studies and highlighted the paucity of recom- 
mendations for treatment of AN, OSFED, and USFED.!8?-!9 
Cognitive behavioral therapy (CBT) and interpersonal therapy 
(IPT) have received a great deal of research attention for the 
treatment of EDs. CBT is a structured, manual-based approach 
that addresses the relationships among thoughts, feelings, and 
behaviors. IPT is another short-term therapy focused on present- 
day interpersonal events and roles in relationships. The choice 
of psychotherapeutic modality will be guided by the diagnosis, 
medical and psychiatric comorbidities, desirability of targeting 
the ED symptoms versus broadening the therapeutic goals, treat- 
ment history, patient strengths and preferences, and availability 
of care. Initial recommendations should be evidence-based when 
possible, but clinical judgment is important to identify individ- 
ual needs and situations where alternative treatment choices are 
appropriate.!”° In practice, many patients with AN or OSFED 
can benefit from a flexible approach to treatment that draws 
from diverse therapeutic modalities appropriate to the specific 
therapeutic context, because there is a dearth of empirical data 
to enable evidence-based recommendations and some patients do 
not respond to evidence-based treatments.!* 

Available evidence has shown that family-based therapy (FBT) 
is effective in adolescents.!” !°° FBT positions parents as key 
members of the treatment team who facilitate normal adolescent 
growth and development by releasing adolescents from the diag- 
nosis of ED. It is now considered first-line outpatient treatment 
for adolescents, particularly those who are younger and have a 
shorter duration of illness.!°? FBT may be considered for young 
adults who are living with their families and where the patient 
and their families are prepared to engage in this treatment. !°®; 199 

Despite the limited evidence-based recommendations avail- 
able, guidelines do suggest therapies to be considered for the 
psychological treatment of AN: cognitive analytic therapy, CBT, 
IPT, focal psychodynamic therapy, and family interventions 
focused explicitly on EDs.!°° A study that compared CBT, IPT, 
and non-specific supportive clinical management in the treat- 
ment of underweight AN outpatients found that the supportive 
treatment produced better global outcomes than IPT, and, over 
20 weeks, was superior to CBT in its impact on global function- 
ing.?°° The efficacy of CBT for underweight individuals remains 
unclear, but it appears useful as a post-hospitalization treatment 
for AN, contributing to improved outcomes and relapse preven- 
tion in adults after weight restoration.*°! Factors consistently 
predicting treatment outcome have not been identified.!?! In 
addition, some preliminary evidence suggests that CBT-E may be 
effective for AN.” A number of treatments for BN have strong 
empirical support. CBT and IPT have been found effective, with 
CBT superior at reducing behavioral symptoms.!°* CBT led to 
faster improvement in symptoms, with better outcomes at the 
end of treatment, but at follow-up assessment there were no dif- 
ferences between CBT and IPT. All guidelines recommend 
CBT (16 to 20 sessions over 4 to 5 months) as the first-line treat- 
ment of choice for BN,!® 190, ! but not all patients respond to 
CBT, and IPT is an effective alternative. CBT and IPT can be 
delivered in a group format as well as individually.?° 2° Other 
promising treatment options with preliminary empirical support 
include dialectical behavior therapy (DBT, an approach devel- 
oped for borderline personality disorder that focuses on helping 
patients develop skills to regulate affect*°®) and a manual-based, 
guided self-change approach.’”” For a subset of patients, self- 
help or guided self-help with an evidence-based CBT manual?°* 
is an appropriate starting point for treatment in a stepped-care 
approach!” or if other treatments are unavailable.” A variety of 
factors have been shown to be associated with treatment outcome 
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in BN, but two emerge consistently: severity (higher frequency of 
binge-eating) and duration of illness are associated with poorer 
outcomes. !” 

As with BN, some individuals with BED will benefit from an 
evidence-based self-help program as a first step in treatment or 
if other treatments are unavailable.!*% 190, 20° Studies have found 
that self-help intervention delivered in a variety of ways (with 
varying levels of professional or peer support) leads to better 
outcomes compared with control groups, with reductions in 
binge eating, binge days, and psychological features associated 
with BED.!”’ After consideration of self-help, American Psy- 
chiatric Association!*? and National Institute for Clinical Excel- 
lence!” guidelines recommend CBT adapted for BED as an 
initial treatment choice. Group CBT has been found effective 
for treating binge eating in overweight individuals.”!0.7!! There 
is some support for individually based CBT, although meth- 
odologic limitations preclude firm conclusions. Group IPT 
and adapted DBT are options to consider if CBT is not a good 
match for the individual or is unavailable. In one study, IPT was 
found to lead to similar abstinence rates as CBT at one-year 
follow-up.’!! DBT has shown promising results, with a recovery 
rate of 56% at 6 months after treatment in one RCT.*!? It is 
important to note that treatments for BED do not usually result 
in weight loss, but their benefit may be in preventing further 
weight gain.!°? 

A recent systematic review and meta-analysis of third-wave 
therapies (conceptualized as targeting the function or awareness 
of cognitions and emotions) identified 13 RCTs, the majority 
of which focused on BED.?} Although large pre-post symp- 
tom improvements were observed for all included treatments 
(DBT, schema therapy, acceptance and commitment therapy, 
mindfulness-based interventions, compassion-focused therapy), 
none were generally superior to either CBT or other active com- 
parisons.”!* As a result, the authors concluded that until further 
evidence becomes available, CBT should remain as the treatment 
of choice for both BN and BED.?!* Weight loss may be identi- 
fied as a primary or secondary treatment goal for individuals with 
BED because of comorbid obesity. Models of binge eating have 
proposed that dietary restriction is an antecedent to binge eat- 
ing, so there has been debate about the optimal means and order 
of addressing concurrent binge eating and obesity. Most data, 
however, have shown that a variety of weight-loss approaches do 
not exacerbate binge eating and may help reduce symptoms; one 
prospective study found no evidence that a reduced-calorie diet 
precipitated binge eating in women with obesity.?!° Behavioral 
weight-loss treatment (BWLT)’'¢ and very low-calorie diets?!” 
218 have been found effective for reducing symptoms of BED. At 
2-year follow-up, IPT and CBT-guided self-help appear more 
effective in achieving remission from binge eating in BED than 
BWLT-?"? Another study, however, reported comparable longer- 
term (6-year) outcomes between BWLT and CBT for patients 
with BED and obesity.??? Adding exercise to treatment for BED 
is associated with greater decreases in binge eating and BMI”?! 
Although a number of studies have found that treating binge eat- 
ing does not translate to weight loss, some studies have found 
that reductions in binge eating can assist in modest weight loss 
among those with BED, especially when complete remission is 
achieved.??? 

Across all diagnoses and treatments, there has been little atten- 
tion to differential outcomes by socioeconomic factors. Future 
studies to explore whether treatment efficacy differs by gender, 
age, race, ethnicity, socioeconomic status, or cultural group are 
warranted.!°!, 19? Given the frequent psychiatric comorbidity 
associated with EDs, as well as psychosocial risk correlates, some 
patients with an ED will benefit from psychodynamic psycho- 
therapy and a flexible and eclectic approach depending on patient 
capabilities, goals, treatment history, and other psychosocial con- 
siderations. 
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Pharmacotherapy 


Pharmacologic management has an adjunctive role for the treat- 
ment of BN and BED. Of the numerous agents that have been 
studied, only fluoxetine and lisdexamfetamine have US FDA 
approval for BN and BED, respectively. There is insufficient 
empiric support for efficacy of any agent in treating the primary 
symptoms of AN. Similarly, there are no clinical trial data to sup- 
port recommendations for pharmacologic management of pica, 
rumination disorder, ARFID, OSFED, or USFED. Finally, there 
are no adequate available clinical trial data to support recommen- 
dations for pharmacologic management of EDs in children and 
adolescents.°?? 

Among a variety of agents evaluated for treatment of the pri- 
mary symptoms of AN, several have been studied; of these none 
have accumulated sufficient evidence to result in recommenda- 
tions for routine clinical use. Although some data have suggested 
that olanzapine may be beneficial in promoting clinical improve- 
ment in AN, a recent meta-analysis failed to demonstrate supe- 
riority of atypical anti-psychotics in achieving either significant 
increases in BMI or significant decreases in eating pathology.’*+ 

Given the lack of data supporting efficacy and safety in 
patients with AN, no pharmacologic agents can currently be rec- 
ommended to promote weight gain in this patient population. 
Pharmacologic agents associated with weight gain for other indi- 
cations should be used judiciously and with a candid discussion 
with the patient about the anticipated risks and benefits of appe- 
tite and weight changes. If such an agent is selected, symptoms 
should be monitored carefully to look for onset, recurrence, or 
increase in bingeing or purging behaviors. 

Fluoxetine has not been found effective for treating the pri- 
mary symptoms of AN in underweight patients?’ and has unclear 
benefit in stabilizing weight-recovered patients with AN.??% 227 
Comorbid psychiatric illness is common among these patients 
and may improve with pharmacologic management, but depres- 
sive symptoms in severely underweight patients may not respond 
as well to antidepressant medication as in normal-weight patients. 

Notwithstanding the very limited role for psychotropic medi- 
cations in the management of AN, patients will likely need to 
optimize their calcium and vitamin D supplementation if dietary 
sources are inadequate.!°? Although oral contraceptive agents 
may mitigate some of the symptoms of hypoestrogenemia asso- 
ciated with AN, they do not protect against bone loss in this 
population,”?*: 22° an observation that has been attributed to the 
insulin-like growth factor-1 suppressive effects of oral estrogen 
or the dose or form of estrogen in oral pills. Recently a study 
showed that estrogen administered as the 17f-estradiol trans- 
dermal patch to older girls with AN (bone age 215 years) or as 
small but increasing doses of oral ethinyl estradiol to younger 
girls (bone age <15 years, in whom growth was not complete) 
caused an increase in spine and hip bone mineral density (BMD) 
compared with placebo. However, complete catch-up in BMD 
did not occur with any of these measures.?*” It is useful for clini- 
cians to bear in mind that for medical stabilization, and probably 
also as a prerequisite to developing the psychological insight nec- 
essary for recovery, weight restoration is the treatment of choice 
for underweight individuals with AN. Conservative use of phar- 
macologic agents for low BMD in adolescents at greatest risk may 
be considered.**° 

In contrast to the limitations of medication management for 
AN, a number of medications have established short-term mod- 
est efficacy for the treatment of BN, although remission rates are 
low.?*!:23* CBT has better efficacy than medication to reduce the 
symptoms associated with BN, but there is some support for aug- 
menting psychotherapy with medication, and this is fairly rou- 
tine clinical practice. It is optimal to use pharmacotherapy as an 
adjunct to (rather than a substitute for) psychotherapy, but this 
approach may not be available or beneficial to all patients. Some 


evidence supports treatment with fluoxetine (60 mg/day) alone in 
a primary care setting.” Fluoxetine has also been found superior 
to placebo for treating bulimic symptoms in patients who have 
not responded adequately to CBT or IPT.?*+ 

Desipramine and imipramine (both at conventional anti- 
depressant dosages as tolerated) have demonstrated efficacy 
in symptom reduction but are not as well-tolerated in patients 
with BN.™° Topiramate has shown efficacy in reduction of 
binge and purge symptoms in two short-term RCTs in individu- 
als with BN.?6-238 Other agents that have demonstrated at least 
some efficacy (but with less data available) include trazodone,’*? 
ondansetron (in patients with severe BN),’*° and other SSRIs 
including sertraline, fluvoxamine, and citalopram.??? A number 
of studies have investigated the efficacy of naltrexone in treat- 
ing bulimic symptoms,’>° but only at higher doses was it superior 
to placebo in reducing symptoms in patients who had previously 
not responded to alternative pharmacotherapy.”*! Monitoring of 
liver biochemical test results is essential when this drug is used. 
Other medications with efficacy are relatively contraindicated for 
those with BN, given their potential adverse effects. Bupropion 
was associated with a higher than expected seizure risk during a 
clinical trial,?#? and there have been case reports of spontaneous 
hypertensive crises in patients with BN who were taking mono- 
amine oxidase inhibitors.** Although fluvoxamine has shown 
some efficacy for BN relapse prevention in one RCT,*** another 
RCT combining fluvoxamine with stepped-care psychotherapy 
not only did not show efficacy of this agent but also reported 
grand mal seizures in some participants on the active drug.?*> 

Similar to BN, antidepressants have generally been shown to 
reduce binge eating and be well-tolerated in patients with BED. 
A variety of SSRIs (e.g., fluoxetine, citalopram, sertraline, flu- 
voxamine) as well as serotonin-norepinephrine reuptake inhibi- 
tors (e.g., duloxetine for individuals with comorbid depression) 
have demonstrated some degree of efficacy.’** To date, medica- 
tions targeting weight management have shown mixed results 
for BED. Although orlistat (a lipase inhibitor) demonstrated a 
decrease in weight in patients with BED enrolled in a 24-week 
RCT, no change in binge frequency was documented when com- 
pared to placebo.**° A more recent study in patients with BED 
also failed to demonstrate any reduction in binge episodes when 
compared to placebo.’*” Although topiramate has demonstrated 
some efficacy in reducing binge symptoms and weight in patients 
with BED, side effects and high attrition rates limit the generaliz- 
ability of the findings for this population.**? 

In early 2015, lisdexamfetamine, a prodrug of dextroamphet- 
amine, was approved for the treatment of moderate and severe 
BED in adults. Studies have found the medication to be effec- 
tive and associated with minimal adverse effects.?*® However, a 
recent long-term study (52 weeks) documented mild-to-moder- 
ate adverse effects in 84.5% of enrolled patients and drug dis- 
continuation in 9% of cases.’*? Physicians considering the use of 
stimulant medications for the treatment of BED should closely 
monitor heart rate, blood pressure, and general cardiovascular 
health in these patients. 


Nutritional Rehabilitation 


Severely malnourished adult patients—especially those <70% 
to 75% of expected body weight—may require inpatient care 
for re-feeding. Patients with AN are at particularly high risk 
for re-feeding syndrome, which can occur with any means 
of re-feeding, including oral, enteral, and parenteral routes 
(see Chapter 6).?°° 75! Re-feeding syndrome, which typically 
manifests with hypophosphatemia (also known as re-feeding 
hypophosphatemia [RH]) in the setting of depletion and cel- 
lular shifts in the early weeks following re-feeding, can result 
in multiple medical sequelae, including delirium, heart failure, 
and death.!!> *°* Evidence suggests that the degree of RH is 


correlated with degree of malnutrition (percent expected body 
weight or percent median BMI) on admission to the hospital 
as opposed to the introduction of low- or high-calorie nutri- 
tion.?% 251, 253A recent systematic review found that higher- 
calorie approaches (>1400 to 2000 kcal/day) to re-feeding in 
mildly or moderately malnourished patients, either via meal- 
based or combined NG tube feedings and meals was effective 
and safe.™! Finally, one study found RH was also associated 
with rate of weight loss before admission, but not prescribed 
caloric intake.>+ Collectively, this work suggests that the 
degree of malnutrition at presentation may be more important 
than the amount of energy intake in contributing to the risk 
for the development of RH. As such, physicians should be cau- 
tious when re-feeding severely malnourished patients (<70% 
median BMI). In severely malnourished inpatients, however, 
there is insufficient evidence to change the current standard of 
care. Further studies to determine the best possible nutritional 
intervention to result in safe weight gain in hospitalized and 
non-hospitalized patients are necessary. 

Currently, it is recommended that serum electrolytes includ- 
ing phosphorus and magnesium levels should be monitored 
closely (e.g., 6 to 8 hours after feeding begins) during at least 
the first week of refeeding.’ Heart rate, respiratory rate, lower 
extremity edema, and signs of heart failure should also be evalu- 
ated daily for at least a week and then intermittently at lon- 
ger intervals as the patient stabilizes. Cardiac telemetry should 
be used to monitor heart rhythm so that supplementation and 
other appropriate measures can be instituted if RH or other 
signs of re-feeding syndrome develop. Delirium may occur in 
the second week of re-feeding or later and may last for several 
weeks,256-259 

Some experimental data have suggested that a healthful diet- 
ing intervention may be helpful in reducing bulimic symptoms,*°° 
but conventionally, weight-loss treatment has been discouraged in 
patients with BN, because dieting can stimulate bingeing and purg- 
ing. BED is common in individuals who present for obesity surgery 
with some, but not all, symptoms of the full clinical syndrome. 


Medical Management of Gastrointestinal Symptoms 


Individuals with EDs are likely to have concurrent GI symptoms 
for which consultation may be sought. In some cases, behaviors 
associated with EDs result in serious GI complications. In other 
cases, GI symptoms may be mild and not correlate with under- 
lying pathology but may compromise efforts to nutritionally 
rehabilitate the patient. Given that the restrictive eating, binge- 
pattern eating, and purging behaviors may underlie or exacerbate 
some of the GI symptoms, concurrent management of the ED 
is integral to preventing worsening of the GI manifestations of 
illness. Careful differential diagnosis is also necessary to avoid 
misattribution of symptoms to a feeding or ED and to detect pri- 
mary GI pathology that may be obscured by one. 

Subjective reports of GI symptoms may not reliably indicate 
pathology!**: 261; moreover, they may be mediated by affect!” or 
body image concerns.!!* When patients complain of bloating and 
constipation, it is useful to determine to what extent these complaints 
stem from fear of gaining weight or reflect decreased GI motility. 

A number of studies have evaluated improvement in GI func- 
tion after nutritional rehabilitation. These studies have yielded 
mixed results, however, and conclusions have been limited by 
small sample sizes and non-randomized designs. In one study, 
gastric emptying improved in patients with restricting-type 
AN but did not improve in patients with binge eating/purg- 
ing-type AN after a 22-week treatment period of increasing 
dietary intake and CBT.'*° Self-reported GI symptom scores 
improved after treatment in this same study but remained 
abnormal and did not correlate with gastric emptying as evalu- 
ated by US examination.'*° Another study of a mixed sample 
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of adolescents and adults with AN did not demonstrate signifi- 
cant improvement in gastric emptying after weight gain (N = 6) 
despite normalization of heart rate and blood pressure.’°* Other 
studies have suggested that nutritional rehabilitation is associ- 
ated with improved gastric emptying in inpatients with AN, but 
it is unclear whether such improvement is related to re-feeding 
per se or to weight gain.*°? Constipation is a frequent complaint 
of patients with AN and BN and may have multiple causes. 
Colonic transit appears to be delayed in patients with consti- 
pation and AN, but returns to normal within 3 to 4 weeks of 
re-feeding in hospitalized patients with AN.1?7: 7% In one study, 
however, anorectal dysfunction in patients with AN with severe 
constipation did not significantly improve with re-feeding. The 
investigators suggested that abnormal defecatory perception 
thresholds and expulsion dynamics in AN may have contributed 
to the patients’ unremitting constipation.*°t From 10% to 60% 
of patients with AN*® and BN?° abuse laxatives, most com- 
monly of the stimulant class.*°” Some patients use laxatives as 
their chief method of purging and may gradually escalate their 
daily dose to very large amounts. Although the relationship 
of laxative abuse to colonic dysfunction remains controversial 
(see Chapter 128),76*?79 it has been observed that patients with 
chronic laxative abuse complain of constipation while tapering 
off their laxatives. Rectal prolapse has been described with AN 
and BN and is thought to be linked to constipation, laxative 
use, excessive exercise, and increased intra-abdominal pressure 
upon self-induced vomiting.!** 16? Other medical concerns 
associated with laxative abuse include electrolyte and acid/base 
changes that can involve the renal and cardiovascular systems 
and may become life-threatening. The renin-aldosterone sys- 
tem becomes activated upon fluid loss, which leads to edema 
and acute weight gain when the laxative is discontinued. This 
can reinforce further laxative abuse when a patient feels bloated 
or experiences weight gain.?° 

Delayed intestinal transit and its associated clinical symptoms 
present a particularly interesting clinical challenge in patients 
with AN and BN. Existing data suggest that re-establishing regu- 
lar food intake or weight gain will improve delayed gastric empty- 
ing and slowed colonic transit, although this may not be sufficient 
to restore normal GI function. Patients may resist active weight 
management or cessation of their disordered pattern of eating 
despite having a serious ED and associated GI complications. 
This resistance may be exacerbated by early satiety, abdominal 
pain, bloating, or constipation, all of which may reinforce the 
patient’s excessive concern with weight or conviction that his or 
her diet has to be further restricted. Management of symptoms is 
further complicated by subjective symptom reports that do not 
correlate consistently with pathology; some complaints may be 
mediated by psychiatric symptoms or illness, including depres- 
sion, anxiety, or distorted body image. 

Because re-feeding and establishing normal and healthful 
dietary patterns are both treatment goals and likely to improve 
symptoms, careful nutritional rehabilitation is a reasonable and 
conservative initial step in managing suspected delayed gastric 
emptying and slow colonic transit for inpatients with AN or BN. 
Patients are likely to benefit from the support and reassurance 
that many of the GI symptoms commonly associated with EDs 
(e.g., bloating, constipation, nausea, vomiting, diarrhea) will 
improve as eating and weight return to normal. Additional man- 
agement strategies include dietary changes to reduce bloating, 
such as promoting smaller, more frequent meals; encouraging 
consumption of liquids earlier in the meal; and possibly initially 
providing a percentage of calories (no more than 25% to 50%) in 
liquid form.’?: 116 

Various prokinetic agents have been used to manage delayed 
gastric emptying in AN, although existing data do not support a 
recommendation for their use for gastric motility complaints in 
AN271 
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Some clinicians have reservations about prescribing laxatives 
to treat the constipation that follows laxative abuse. Although it 
does not make sense to reproduce purging behavior using cathar- 
tics to treat constipation in this situation, some patients will ben- 
efit from a thoughtful bowel regimen to reduce discomfort and 
bloating. Increasing fluid intake, dietary fiber, and adding stool 
softeners and bulk-forming agents are often reasonable and con- 
servative first-line treatments. Osmotic laxatives may be necessary 
for symptom relief in some cases.’/? Management of constipation 
may require anorectal retraining if it is due to anorectal dysfunc- 
tion (see Chapters 19, 128, and 129 ).264 

Some patients may benefit from symptomatic relief of GERD 
and esophagitis with antacids or H2RAs; PPIs may be required 
for relief of more severe symptoms.’? Although such treatment 
may be appropriate clinically, the underlying cause and exacerba- 
tion of the GI complaint should be made clear to the patient and, 
when related to the ED, actively addressed in psychotherapeutic 
treatment. 

Mild elevations of serum aminotransferase levels in AN sec- 
ondary to malnutrition will likely remit with weight restoration. 
Elevated serum levels of liver enzymes in severely ill patients may 
be an indication of re-feeding syndrome or reflect AN-related 
hypoperfusion and require emergent evaluation and interven- 
tion.72175 

Although many GI symptoms related to restrictive eating, 
binge-pattern eating, or purging can be managed conservatively, 
some GI complaints will require further diagnostic evaluation. 
Anecdotal reports of catastrophic GI complications of EDs, as 
well as primary GI illness that arises coincidentally with an ED 
or mimics an ED, suggest that complaints should be evaluated 
in their specific clinical context. SMA syndrome manifests with 
vomiting and can be missed if this symptom is attributed to the 
ED alone. There are case reports of ED-related gastric emphy- 
sema resulting from gastric muscular atrophy, “occlusion” of 
the gastroesophageal junction, and delayed gastric emptying.’”? 
Acute gastric dilatation is a rare complication of AN binge/purge 
subtype that results from decreased gastric motility and delayed 
gastric emptying!’*; it may be unsuspected in the absence of a 
clinical history of binge eating.'°’ If acute gastric dilatation is 
confirmed in the setting of re-feeding or in the presence of a his- 
tory of an ED with binge eating, urgent NG decompression and 
fluid resuscitation are necessary because gastric necrosis, perfo- 
ration, shock, and death can occur if treatment is delayed.!”° In 
some cases, laparotomy may be necessary. 13>» 136, 16° 

More clinical trial data to clarify treatment strategies for GI 
complaints associated with the feeding and EDs are warranted. 
However, management of GI symptoms in patients with an ED 
can be guided by several key considerations. Primary GI illness 
should be excluded and where appropriate, consideration that 
a feeding or ED may be obscuring or mimicking a primary GI 


illness. If functional GI symptoms appear to be associated with 
an ED, nutritional rehabilitation in combination with psycho- 
therapeutic care should be considered as an initial step. Nutri- 
tional rehabilitation in AN will often require inpatient care and 
monitoring for serious potential complications like re-feeding 
syndrome and acute gastric dilation. During treatment of an ED, 
resistance to weight gain, to eating normally, and to cessation 
of bingeing and purging is common, so the possibility that body 
image or emotional symptoms can result in medical GI com- 
plaints should be considered in the treatment plan. 


EATING DISORDERS AND THE INTESTINAL 
MICROBIOTA 


Recent research suggests that the intestinal microbiota is likely to 
play an important role in the cause, progression, and treatment of 
EDs. The intestinal microbiota is necessary for normal physiology 
and this is underscored by the role of the intestinal microbiome 
in metabolic diseases. The intestinal microbiota can be concep- 
tualized as a community of microorganisms, including bacteria, 
archaea, fungi, parasites, and viruses, found within the human GI 
tract (see Chapter 3).?’* The composition of an individual’s intes- 
tinal microbiota is unique, and the relationships that the micro- 
biota has with human health and disease is influenced by a number 
of host factors including, but not limited to, genetics, nutrition, 
health and nutritional status, age, sex, geography, and exposures.””° 
Although studies involving the microbiota and EDs are limited, 
emerging research suggests that patients with EDs have an altered 
intestinal microbiota (dysbiosis).*”> Dysbiosis has been thought to 
alter the gut—brain axis and to have an impact on appetite control 
and brain function that may contribute to the development of an 
ED. It is also thought that abnormal feeding behaviors and psy- 
chological stress feed back to the intestinal ecosystem, influenc- 
ing physiological, cognitive, and social functioning. This relatively 
new area of study requires further exploration to help understand 
how intestinal microbes impact the human host with respect to the 
etiology of EDs and how the intestinal microbiota changes over 
the course of the illness. Understanding the role of the intestinal 
ecosystem in EDs could facilitate the development of novel micro- 
biome-targeted treatments that may facilitate weight gain, improve 
GI tolerance during re-feeding, and help ameliorate mental health 
distress via the brain-gut-microbiota axis,” ultimately to improve 
the outcome of EDs. 
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The first recorded account of food allergy is attributed to 
Hippocrates, but it was not until 1921 that Prausnitz’s clas- 
sic experiment initiated scientific investigation of food allergy 
and established the immunologic basis of allergic reactions.! In 
his experiment, Prausnitz injected serum from his fish-allergic 
patient, Kiistner, into his own skin; the next day he injected 
fish extract into the same areas and into control sites. A posi- 
tive local reaction (Prausnitz-Kiistner test) proved sensitivity 
could be transferred by a factor in serum (immunoglobulin [Ig]E 
antibodies) from an allergic to a non-allergic individual. In 1950, 
Loveless demonstrated that the patient’s history and presence of 
food-specific IgE antibodies were often insufficient to diagnose 
food allergy in the first blinded placebo-controlled food trial of 
patients with milk allergy.’ In the 3 decades that followed, stan- 
dardized protocols were developed to evaluate food allergy, and 
the double-blind placebo-controlled oral food challenge emerged 
as the accepted standard for the diagnosis of food allergy.’ 


DEFINITIONS 


Terminology used by investigators in the field of food allergy dif- 
fers slightly in different parts of the world. The following repre- 
sents current terminology in the USA.*+ An adverse food reaction 
is a generic term indicating any untoward reaction that occurs 
following ingestion of a food or food additive and may be the 
result of a toxic or non-toxic reaction. Toxic reactions will occur in 
any exposed individual following ingestion of a sufficient dose. 
Non-toxic reactions depend on individual susceptibilities and 
may be immune mediated (food allergy or food hypersensitiv- 
ity) or non-immune mediated (food intolerance). Food intolerances 
comprise most adverse food reactions and are categorized as enzy- 
matic, pharmacologic, or idiopathic. Secondary lactase deficiency is 
an enzymatic intolerance adults (see Chapter 104), whereas most 
other enzyme deficiencies are rare inborn errors of metabolism 
and thus primarily affect infants and children. Pharmacologic 
food intolerances are present in individuals who are abnormally 
reactive to substances like vasoactive amines, which are normally 
present in some foods (e.g., tyramine in aged cheeses). Confirmed 
adverse food reactions for which the physiologic mechanism is 


not known are generally classified as idiopathic intolerances. 
Food allergies are usually characterized as IgE-mediated (“imme- 
diate”) or non-IgE-mediated (“delayed”); the latter are presumed 
to be cell-mediated. 


PREVALENCE 


About 8% of children and between 2% and 10% of the overall 
US population have food allergies.* * The prevalence of food aller- 
gies is greatest in the first few years of life and decreases over the 
first decade. The most common food allergens in young children 
include peanut (2.2%), cow’s milk (1.9%), shellfish (1.3%), tree nuts 
(1.2%), egg (0.9%), finned fish (0.6%), wheat (0.5%), soy (0.5%), 
and sesame (0.2%). (Reference Gupta, et al. PMID 30455345). 
Other than peanut and tree nuts, most childhood food allergies 
are outgrown by the end of the first decade. Most children who 
develop cow’s milk, egg, and/or peanut allergy do so in the first 2 or 
3 years of life.° Peanut, tree nut, sesame seed, finned fish, and shell- 
fish allergies tend to be lifelong, but about 20% of young children 
with peanut allergy develop clinical tolerance.* Food allergies may 
persist after childhood into adulthood or develop in adulthood, 
with the most common food allergies in adults consisting of shell- 
fish (2%), peanut (0.6%), tree nuts (0.4%), and finned fish (0.4%).’ 
About 5% of the US population experiences limited oropharyngeal 
symptoms (e.g., itching and/or tingling of the lips, tongue, roof of 
the mouth, and throat) to raw fruits and vegetables. Most of these 
reactions occur in adolescents and adults who have seasonal allergic 
rhinitis and are due to cross-reactivity between homologous pro- 
teins in pollens (e.g., birch or ragweed pollens) and certain fruits 
and vegetables (e.g., raw apples, plums, cherry, kiwi, hazelnut, mel- 
ons, bananas), respectively (pollen-food allergy syndrome or oral 
allergy syndrome).® ° The prevalence of food allergies appears to 
be increasing.'° Studies from the US and United Kingdom indi- 
cate that the prevalence of peanut allergy has more than doubled in 
young children in a little over a decade.!!: !? In addition, children 
with atopic disorders have a higher prevalence of food allergies; for 
example, 35% to 40% of children with moderate-to-severe atopic 
dermatitis have IgE-mediated food allergy.! 


PATHOGENESIS 


Unlike the systemic immune system, which recognizes rela- 
tively small quantities of antigen and mounts a brisk inflamma- 
tory response to neutralize potential pathogens, the mucosal 
immune system regularly encounters enormous quantities of 
antigen and generally functions to suppress immune reactivity to 
harmless foreign antigens (e.g., food proteins, commensal organ- 
isms), only mounting a brisk protective response to dangerous 
pathogens when appropriate (see Chapter 2). The GI tract is 
the largest reservoir of immune cells in the body, and the gut- 
associated lymphoid tissue (GALT), a component of the muco- 
sal immune system, lies juxtaposed to the external environment; 
it acts to differentiate organisms and foreign proteins that are 
potentially harmful from those that are not, and to keep the com- 
mensal microbiota compartmentalized.'t The mucosal immune 
system is separated from the intestinal lumen by a single layer 
of columnar epithelial cells that secrete a number of factors that 
contribute to barrier function, including mucins, antimicrobial 
peptides, and trefoil factors. The epithelial cells also transport 
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antibodies, particularly IgA, into the intestinal lumen, where 
they contribute to barrier function by excluding the uptake of 
antigens or microbes. Just beneath this cell layer is the lamina 
propria of the mucosa, which is densely populated by resident 
immune cells, including CD4* and CD8* T-effector and regula- 
tory T (Treg) cells, antibody-secreting B cells, and mononuclear 
phagocytes (macrophages and dendritic cells [DCs]). These scat- 
tered immune cells make up the effector sites of the mucosal 
immune system and function to recognize and clear pathogenic 
challenges from the environment. Peyer patches and isolated 
lymphoid follicles are situated within the intestinal mucosa, 
and with nearby mesenteric lymph nodes (MLN) form induc- 
tive sites where antigen-specific cellular and humoral immune 
responses are first generated. Specialized epithelial cells (M cells) 
overlie Peyer patches and contribute to the selective uptake of 
particulate antigens into this site. In contrast, soluble antigens 
are primarily taken up across the epithelial cells lining the villi 
and are carried into the MLNs. Lack of reactivity to our com- 
mensal flora is in part achieved by a specialized regulatory envi- 
ronment that may also shape the immune response to antigens 
derived from the diet. Antigen-presenting cells and macrophages 
of the intestinal mucosa are hyporesponsive to many microbial 
ligands!» and secrete high levels of immunoregulatory cytokines 
like interleukin (IL)-10.!° Both innate (natural killer cells, poly- 
morphonuclear leukocytes, macrophages, epithelial cells, and 
Toll-like receptors) and adaptive immune responses (intra-epi- 
thelial and lamina propria lymphocytes, Peyer patches, secretory 
IgA [sIgA], and cytokines) provide an active barrier to foreign 
antigens. Developmental immaturity of various components of 
the intestinal barrier and immune system reduces the efficiency 
of the infant mucosal barrier; the activity of various enzymes is 
suboptimal in the newborn period, and the secretory immuno- 
globulin A (sIgA) system is not fully mature until 4 years of age. 
This immature state of the mucosal barrier may play a role in the 
increased prevalence of GI infections and food allergies seen in 
the first few years of life. Studies have also shown that alteration 
of the physiologic barrier function (e.g., gastric acidity) can lead 
to increased IgE sensitization in children and adults! 

A highly efficient GI mucosal barrier has evolved that provides 
an enormous surface area for processing and absorbing ingested 
food and discharging waste products.!* This barrier uses physi- 
ologic and immunologic barriers to prevent penetration of for- 
eign antigens (Box 10.1). The physiologic barrier is composed of 
epithelial cells joined by tight junctions and covered with a thick 
mucus layer that traps particles, bacteria, and viruses; trefoil fac- 
tors (TFFs; protease-resistant proteins secreted by mucus-secret- 
ing cells of the stomach [TFF1, TFF2] and intestine [TFF3]) 
that help strengthen and promote restoration of the barrier; and 
luminal and brush border enzymes, bile salts, and extremes of 
pH—all of which serve to destroy pathogens and render antigens 
non-immunogenic. Despite the evolution of this complex muco- 
sal barrier, about 2% of ingested food antigens are absorbed and 
transported through the normal mature intestine and through- 
out the body in an immunologically intact form.'* In an elegant 
series of experiments performed more than 75 years ago, Wal- 
zer and colleagues used sera from food-allergic patients to pas- 
sively sensitize volunteers and demonstrate that immunologically 
intact antigens cross the mucosal barrier and disseminate rapidly 
throughout the body.!®: 7° Increased gastric acidity and the pres- 
ence of food in the intestine decrease antigen absorption, whereas 
hypochlorhydria (e.g., HB- and PPI-induced) and ingestion of 
alcohol increase antigen absorption.?! These immunologically 
intact proteins typically do not provoke adverse reactions because 
most individuals have developed tolerance, but in a sensitized 
individual, allergic reactions will occur. Although more common 
in the developing GALT of young children, it is clear that cel- 
lular and IgE-mediated allergic responses to foods can develop 
at any age. 


BOX 10.1 Physiologic and Immunologic Barriers of the 
Gastrointestinal Tract 


PHYSIOLOGIC BARRIERS 


Block penetration of ingested antigens 
Epithelial cells—single cell layer of columnar epithelium 
Glycocalyx—coating of complex glycoprotein and mucins that 
traps particles 
Intestinal microvillus membrane structure — prevents penetration 
Tight junctions joining adjacent enterocytes — prevent penetra- 
tion even of small peptides 
Intestinal peristalsis—flushes trapped particles out in the stool 
Break down ingested antigens 
Salivary amylases and mastication 


Gastric acid and pepsins 

Pancreatic enzymes 

Intestinal enzymes 

Intestinal epithelial cell lysozyme activity 


IMMUNOLOGIC BARRIERS 


Block penetration of ingested antigens 
Antigen-specific slgA in intestinal lumen 

Clear antigens penetrating the gastrointestinal barrier 
Serum antigen-specific IgA and IgG 

Reticuloendothelial system 


IgG, Immunoglobulin G; s/gA, secretory immunoglobulin A. 


As already noted, the dominant response in GALT is sup- 
pression, or tolerance. As first described in 1911 by Osborne and 
Wells,” antigens ingested via the oral route induce a systemic non- 
responsiveness that has been termed oral tolerance. Antigens first 
ingested and then injected in an attempt to immunize an animal 
could not elicit an immune response. Similar findings have been 
demonstrated in humans following feeding and immunization with 
a neoantigen, keyhole limpet hemocyanin.” Oral tolerance was 
shown to be an active regulatory response by the demonstration that 
this nonresponsive state could be induced in naive mice through 
the transfer of T cells. MLNs are essential for development of oral 
tolerance, and surgical or immunologic ablation of MLNs prevents 
development of oral tolerance.’*: *> ‘Trafficking of immune cells to 
the intestine and from the intestine to the MLNs is regulated by 
expression of chemotactic cytokines (chemokines) and chemokine 
receptors. Expression of chemokine receptor CCR7 on DCs, which 
take up antigen from the intestine, is necessary for their migration 
from the lamina propria to MLNs, and is necessary for development 
of oral tolerance.” Transfer of DCs derived from the intestinal lam- 
ina propria can induce tolerance in naive animals (Fig. 10.1).?° 

CD103* DCs isolated from the MLNs of mice and humans 
preferentially induce generation of gut-homing CD4* Foxp3* 
Tregs from naive T cells. These CD103* cells express high levels 
of the enzyme RALDH2, a retinal dehydrogenase that converts 
retinal to retinoic acid. Both intestinal homing activity and regu- 
latory activity of the responder T cells are dependent on retinoic 
acid derived from CD103* DCs. An important source of the pre- 
cursor for retinoic acid comes from the diet in the form of vitamin 
A’ In addition to the DC signals to naive T cells, stromal cells 
of the MLN also express high levels of retinoic acid-generating 
enzymes and are important for the imprinting of factors such as 
intestinal homing potential?’ 

Evidence now indicates that the commensal bowel flora 
(microbiota) play a major role in shaping the mucosal immune 
response. It has now been shown that there are approximately 
the same number of bacterial cells in the human body as there are 
human cells.” The number of bacteria in a 70 kg “reference man” 
is estimated at 3.8x10}. The typical concentration of bacteria in 
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Fig. 10.1 Pathophysiology of food allergy. Immunoreactivity to foods may occur through immunoglobulin 
(Ig)E-, non-IgE, and mixed mechanisms. Sensitization to food allergens in IgE-mediated disease occurs primar- 
ily through exposure through inflamed skin. Upon re-exposure to allergen an immediate, IgE-mediated reaction 
may ensue, resulting in anaphylaxis. Eosinophilic esophagitis has been shown to result from the production of 
pro-atopy cytokines like interleukin-33 and TSLP activating T-regulatory and T helper type 2 cells to promote 
secretion of cytokines resulting in esophageal barrier disruption, tissue remodeling, and eosinophilic inflamma- 
tion. Mechanisms underlying the development of FPIES are less understood. This figure depicts the variety of 
associated findings reported in FPIES patients though a unifying mechanism of disease pathogenesis is lack- 
ing. Eosinophils, plasma cells, and CD4+ T cells have been documented but their relevance in disease patho- 
genesis has not been established. Serotonin has been implicated in triggering symptoms of FPIES though it is 
not clear if it is a peripheral trigger of reactions or is restricted to central control of the vomiting reflex. FPIES, 
Food protein-induced enterocolitis syndrome; /L, Interleukin; TNF-a; tumor necrosis factor-a. ;TSLP. thymic 
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the colon is estimated at 10!!/mL with a rounded up order of 
magnitude of 10!4.°An individual’s microbiota is to some mea- 
sure established in the first 24 hours after birth and depends on 
maternal flora, genetics, and local environment including whether 
birth is by cesarean section or vaginal delivery (see Chapter 3). 
The intestinal microbiota is relatively stable throughout life 
after reaching the adult pattern somewhere after the first year 
of life.*° In a recent study, mice with food allergy were found to 
have a specific intestinal microbiota capable of transferring dis- 
ease susceptibility, suggesting that disease-associated microbiota 
may play a pathogenic role in the development of food allergy.*! 
Studies in which lactating mothers and their offspring were fed 
Lactobacillus suggest that probiotics may be beneficial in prevent- 
ing some atopic disorders like eczema,** but results from other 
studies are not consistent with this conclusion. 

Intestinal epithelial cells ECs) may also play a central reg- 
ulatory role in determining the rate and pattern of uptake of 
ingested antigens. Studies in sensitized rats have indicated that 
intestinal antigen transport proceeds in 2 phases.’ In the first 
phase, transepithelial transport occurs via endosomes, is antigen 
specific and mast cell independent, and occurs 10 times faster 
in sensitized rats compared with non-sensitized control animals. 
Antigen-specific IgE antibodies bound to the mucosal surface of 
IECs via Fc epsilon (Fce)RI are responsible for this accelerated 
allergen entry. In the second phase, paracellular transport pre- 
dominates. Loosening of the tight junctions occurs as a result of 
factors released by mast cells that are activated in the first phase. 
Whereas the first antigen-specific pathway involves antibody, the 
second nonspecific pathway most likely involves cytokines. Con- 
sistent with this concept, IECs express receptors for a number of 
cytokines (IL-1, IL-2, IL-6, IL-10, IL-12, IL-15, granulocyte- 
monocyte colony-stimulating factor, and interferon-y) and have 
been shown to be functionally altered by exposure to these cyto- 
kines. 

Oral tolerance of humoral and cellular immunity has been 
demonstrated in rodents and humans. Feeding of keyhole limpet 
hemocyanin to human volunteers resulted in T-cell tolerance but 
priming of B cells at both mucosal and systemic sites.** 3° Failure 
of human infants to develop oral tolerance, or the breakdown of 
oral tolerance in older individuals, results in development of food 
allergy. Young infants are more prone to develop food-allergic 
reactions because of the immaturity of their immunologic sys- 
tem and, to some extent, their GI tract (see Box 10.1). Exclu- 
sive breast-feeding promotes development of oral tolerance and 
may prevent some food allergies and atopic dermatitis.*° The 
protective effect of breast milk appears to be due to several fac- 
tors, including decreased content of foreign proteins, the pres- 
ence of sIgA (which provides passive protection against foreign 
protein and pathogens), and the presence of soluble factors (e.g., 
prolactin), which may induce earlier maturation of the intesti- 
nal barrier and the infant’s immune response. The antibacterial 
activity of breast milk is well established, but the ability of breast 
milk sIgA to prevent food antigen penetration is less clear. Low 
concentrations of food-specific IgG, IgM, and IgA antibodies are 
commonly found in the serum of normal persons. Food protein- 
specific IgG antibodies tend to rise in the first months following 
introduction of a food, and then generally decline even though 
the food protein continues to be ingested.’ Persons with vari- 
ous inflammatory bowel disorders (e.g., celiac disease [CD], food 
allergy) frequently have high levels of food-specific IgG and IgM 
antibodies, although there is no evidence these antibodies are 
pathogenic. Antigen-specific T cell proliferation in vitro alone 
does not represent a marker of immunopathogenicity but simply 
reflects response to antigen exposure. 

In genetically predisposed individuals, antigen presentation 
leads to excessive Th2 responsiveness (i.e., lymphocytes that 
secrete IL-4, IL-5, IL-10, and IL-13), resulting in increased IgE 
production and expression of FceI receptors on a variety of cells.** 


These IgE antibodies bind high-affinity FceI receptors on mast 
cells, basophils, and DCs, as well as low-affinity Feel (CD23) 
receptors on macrophages, monocytes, lymphocytes, eosinophils, 
and platelets. When food allergens penetrate mucosal barriers 
and reach IgE antibodies bound to mast cells or basophils, the 
cells are activated, and mediators (e.g., histamine, prostaglandins, 
leukotrienes) are released that induce vasodilation, smooth mus- 
cle contraction, and mucus secretion, which lead to symptoms 
of immediate hypersensitivity. These activated mast cells also 
may release a variety of cytokines (e.g., IL-4, IL-5, IL-6, TNF-a, 
platelet-activating factor), which may induce the IgE-mediated 
late-phase inflammation. Various symptoms have been associ- 
ated with IgE-mediated allergic reactions: generalized (shock); 
cutaneous (urticaria, angioedema, pruritic morbilliform rash); 
oral (lip, tongue, and palatal pruritus and edema); GI (vomiting, 
diarrhea); and upper and lower respiratory (nasal congestion, 
laryngeal edema, and wheezing associated with ocular pruritus 
and tearing). A rise in the plasma histamine level has been asso- 
ciated with development of these symptoms after blinded food 
challenges.*’ In IgE-mediated GI reactions, endoscopic observa- 
tion has revealed local vasodilation, edema, mucus secretion, and 
petechial hemorrhage.*? Cell-mediated hypersensitivity reactions 
are believed responsible for eosinophilic esophagitis (EoE) and 
eosinophilic gastroenteritis (EG) (see Chapter 30). Activated T 
cells secrete IL-5 and other cytokines, attracting eosinophils and 
inducing the inflammatory response that causes delayed onset of 
symptoms.*! Expansion studies of T cells from biopsy specimens 
of milk-induced EoE patients have revealed large numbers of 
CD4* Th? cells. 

In summary, the GI tract processes ingested food into a form 
that can be absorbed and used for energy and cell growth. During 
this process, non-immunologic and immunologic mechanisms 
help destroy or block foreign antigens (e.g., bacteria, viruses, par- 
asites, food proteins) from entering the body proper. Despite this 
elegant barrier, antigenically intact food proteins enter the circu- 
lation, but in the normal host are largely ignored by the immune 
system, which has become “tolerized” to these non-pathogenic 
substances. 


CLINICAL FEATURES 


A number of GI food hypersensitivity disorders have been 
described (Box 10.2). Clinically, these disorders are generally 
divided into two main categories: IgE-mediated and non-IgE 
(cell)-mediated hypersensitivities. A number of other disorders 
may result in symptoms similar to food-allergic reactions, and 
these must be excluded during evaluation (Box 10.3). 

Long before IgE antibodies were identified, studies of food 
hypersensitivity focused on radiologic changes associated with 
immediate hypersensitivity reactions. In one of the first of these 
reports, hypertonicity of the transverse and pelvic colon and 
hypotonicity of the cecum and ascending colon were noted fol- 
lowing feeding of wheat to an allergic patient. In a later report, 
fluoroscopy was used to compare barium contrast studies with 
and without food allergens in 12 food-allergic children; gastric 
hypotonia and retention of the allergen test meal, prominent 
pylorospasm, and increased or decreased peristaltic activity of the 
intestines were noted. 

In the late 1930s, the rigid gastroscope was used to observe 
reactions in the stomachs of allergic patients. One study evalu- 
ated patients with GI food allergy or wheezing exacerbated by 
food ingestion and control subjects.*> Thirty minutes after a food 
allergen was placed on the gastric mucosa, patients with GI food 
allergy had markedly hyperemic and edematous patches with 
thick gray mucus and scattered petechiae at these sites, similar 
to those reported earlier by Walzer in passively sensitized intes- 
tinal mucosal sites.7! Only mild hyperemia of the gastric mucosa 
was noted in patients with wheezing provoked by food ingestion. 


BOX 10.2 Gastrointestinal Food Hypersensitivities 


IMMUNOGLOBULIN E-MEDIATED FOOD 
HYPERSENSITIVITIES 

Gl allergy 

Infantile colic (minor subset) 

Pollen-food allergy (oral allergy syndrome) 


MIXED IMMUNOGLOBULIN E- AND NON- 
IMMUNOGLOBULIN E-MEDIATED HYPERSENSITIVITIES 
Eosinophilic esophagitis 

Eosinophilic gastritis 

Eosinophilic gastroenteritis 

Allergic eosinophilic proctocolitis 


NON-IMMUNOGLOBULIN E-MEDIATED FOOD 
HYPERSENSITIVITIES 
Dietary protein-induced enteropathy 
Celiac disease 
Dermatitis herpetiformis 
Food protein-induced enterocolitis syndrome 


MECHANISM UNKNOWN 


Cow’s milk-induced occult GI blood loss and iron deficiency ane- 
mia of infancy 

GERD 

Infantile colic (subset) 

IBD 


BOX 10.3 Disorders That Must Be Differentiated From 
Food Hypersensitivities 


BACTERIAL INFECTIONS AND DISORDERS THAT MAY 
CAUSE ADVERSE FOOD REACTIONS 


Enterotoxigenic bacteria 
Vibrio cholerae, toxigenic Escherichia coli, Clostridioides difficile 
Metabolic disorders 
Acrodermatitis enteropathica 
Hypo- or abetalipoproteinemia 
Primary carbohydrate malabsorption: lactase deficiency, sucrase 
deficiency 
Transient fructose and/or sorbitol malabsorption 
Post-infection malabsorption (secondary disaccharidase deficiency, 
villus atrophy, bile salt deconjugation) 
Bacterial: Shigella, C. difficile 
Parasitic: Giardia, Cryptosporidium 
Viral: Rotavirus 


ANATOMIC ABNORMALITIES 


Hirschsprung disease (especially with enterocolitis) 
lleal stenosis 

Intestinal lymphangiectasia 

Short bowel syndrome 


OTHER DISORDERS 


Chronic nonspecific diarrhea of infancy 
Cystic fibrosis 
IBD 
Tumors 
Neuroblastoma 
ZES (gastrinoma) 


Subsequent studies confirmed these earlier observations and 
established an IgE-mediated mechanism for the reactions.*° 
Compared with normal controls, food-specific IgE antibod- 
ies and increased numbers of intestinal mast cells were demon- 
strated prior to challenge in food-allergic patients, and significant 
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decreases in stainable mast cells and tissue histamine content 
were shown following a positive food challenge. 


Immunoglobulin E-Mediated Disorders 


The IgE-mediated food-induced GI allergic responses comprise 
2 major symptom complexes: pollen-food allergy (oral allergy) 
syndrome and GI allergy. These disorders are distinguished by 
their rapid onset, usually within minutes to 1 hour of ingest- 
ing the offending food. Simple laboratory tests that detect 
food-specific IgE antibodies, such as prick skin tests and in vitro 
tests of serum food-specific IgE antibodies (e.g., ImmunoCAP 
[ThermoFisher Scientific, Waltham, MAJ) are often useful in 
determining which foods are responsible for the patient’s symp- 
toms.* 


Pollen-Food Allergy Syndrome 


The pollen-food allergy syndrome (oral allergy syndrome) is 
a form of immediate contact hypersensitivity confined pre- 
dominantly to the oropharynx and rarely involving other target 
organs.” Symptoms are most commonly associated with inges- 
tion of various fresh (uncooked) fruits and vegetables and include 
the rapid onset of pruritus of the lips, tongue, palate, and throat, 
with or without angioedema generally followed by rapid reso- 
lution of symptoms. Symptoms result from local IgE-mediated 
reactions to conserved homologous proteins (structurally simi- 
lar sequences of amino acids that remained unchanged through 
evolution) that are heat labile (i.e., readily destroyed by cook- 
ing) and shared by certain fruits, vegetables, and some plant pol- 
lens.*° Patients with seasonal allergic rhinitis (hay fever) due to 
ragweed or birch pollen sensitivity are often afflicted with this 
syndrome. In up to 50% of patients with ragweed-induced aller- 
gic rhinitis, ingestion of melons (e.g., watermelon, cantaloupe, 
honeydew) and bananas will provoke oral symptoms,* whereas in 
birch pollen-allergic patients, symptoms may develop following 
ingestion of raw potatoes, carrots, celery, apples, hazelnuts, and 
kiwi. Diagnosis is based on a classic history and positive prick skin 
tests (i.e., “prick and prick”: pricking the fresh fruit or vegetable 
with a needle and then pricking the skin of the patient) with the 
implicated fresh fruits or vegetables. 


Gastrointestinal Allergy 


GI allergy is a relatively common form of IgE-mediated hyper- 
sensitivity that generally accompanies allergic manifestations in 
other target organs (e.g., skin, airway) and results in a variety 
of symptoms.* Symptoms typically develop within minutes to 2 
hours of consuming a food and consist of nausea, abdominal pain, 
cramps, vomiting, and/or diarrhea. Diagnosis is established by 
clinical history, evidence of food-specific IgE antibodies (positive 
skin prick tests or serum food-specific IgE antibodies), resolution 
of symptoms following complete elimination of the suspected 
food, and recurrence of symptoms following oral food challenges. 
GI allergy is common in IgE-mediated food allergies, with more 
than 50% of children experiencing abdominal symptoms during 
double-blind placebo-controlled oral food challenges.*” 


Mixed Immunoglobulin E- and Non- 
Immunoglobulin E-Mediated Disorders 


EoE, EG, and allergic eosinophilic proctocolitis (AEP) may be 
caused by IgE- and/or non-IgE-mediated food allergies and are 
characterized by eosinophilic infiltration of the esophagus, stom- 
ach, and/or colonic walls with peripheral eosinophilia in up to 
50% of patients (see Chapter 30 for a more complete discussion).*: 
L Tn the esophagus, basal hyperplasia and papillary lengthening 
are seen. The eosinophilic infiltrate may involve the mucosal, 
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muscular, and/or serosal layers of the stomach or small intestine. 
Eosinophilic invasion of the muscular layer leads to thickening 
and rigidity, which may manifest as obstruction, whereas infil- 
tration of the serosa commonly results in eosinophilic ascites. In 
most children with EoE-EG, food-induced IgE- and non-IgE- 
mediated reactions have been implicated in pathogenesis.**: 4° 
Patients with IgE-mediated food-induced symptoms generally 
have atopic disease (atopic dermatitis, allergic rhinitis, and/or 
asthma), elevated serum IgE concentrations, positive skin prick 
tests to various foods and inhalants, peripheral blood eosino- 
philia, iron deficiency anemia, and hypoalbuminemia. 


Eosinophilic Esophagitis 


EoE occurs predominantly in young children, especially boys, 
and manifests with reflux or vomiting, irritability, food refusal, 
early satiety, and failure to thrive; this contrasts with the adult 
presentation of reflux, epigastric or chest pain, dysphagia, and 
food impaction.* °° Food-induced EoE was first demonstrated in 
a group of 10 children with post-prandial abdominal pain, early 
satiety or food refusal, vomiting or retching, failure to thrive, and 
refractoriness to standard medical therapy (4 of 10 had under- 
gone Nissen fundoplication).°! After 6 to 8 weeks of an amino 
acid-based formula (Neocate) plus corn and apples, symptoms 
completely resolved in 8 patients and were markedly improved 
in 2 others. Esophageal biopsies revealed a marked reduction or 
clearing of the eosinophilic infiltrate and significant improve- 
ments in basal zone hyperplasia and length of the vascular papillae. 
Symptoms could be reproduced with the introduction of certain 
foods. In some children, pulmonary and esophageal inflamma- 
tion appear to be associated, and some report seasonal esopha- 
geal symptoms.” EoE has increased in prevalence over the past 
decade, an observation some authors believe may be explained by 
the increased early use of antacids and prokinetic agents in young 
infants with symptoms of reflux. Because murine models of food- 
induced anaphylaxis require use of antacids for sensitization,”? it 
is thought that anti-reflux medications may further compromise 
the young infant’s intestinal barrier function. In a cohort study of 
152 adults using H RAs or PPIs for 3 months, 10% of patients 
experienced an increase in food-specific IgE and 15% developed 
de-novo IgE to specific foods.” 

Diagnosis of EoE is based on a suggestive history, demonstra- 
tion of an eosinophilic infiltrate in the esophageal mucosa (>15 
eosinophils/high-power field [x40]), and the absence of GERD, as 
evidenced by a normal pH monitoring study of the distal esopha- 
gus or lack of response to high-dose PPIs.* °° Multiple biopsies 
are necessary because of the potential patchiness of the lesions; 
a single esophageal biopsy specimen has a sensitivity of 55%, 
whereas taking 5 biopsy specimens increases sensitivity to 100%. 
Esophagoscopy may reveal mucosal rings (trachealization, feline 
esophagus), furrowing, ulcerations, whitish papules (which repre- 
sent eosinophilic abscesses), or strictures, but endoscopic findings 
are normal in at least one-third of patients with EoE. There is 
some evidence to suggest that atopy patch testing may be use- 
ful in identifying foods responsible for the allergic inflammation, 
but further studies are necessary to confirm these early reports.* 
Elimination of suspect foods for 6 to 10 weeks should lead to 
resolution and normalization of esophageal histology, although 
clinical symptoms should improve substantially in 3 to 6 weeks.>* 
53 Challenges consist of reintroducing the suspected food aller- 
gen and evaluating for recurrence of symptoms and/or eosino- 
philic infiltrate on biopsy. If food allergens are not identified as 
provoking agents, oral glucocorticoids are generally required to 
alleviate symptoms. Symptoms usually respond to glucocorticoid 
therapy, although recurrence is frequent when they are discon- 
tinued.°° Topical glucocorticoid therapy with swallowed fluti- 
casone spray or viscous budesonide has been shown to induce 
remission in 50% to 80% of patients, but esophageal candidiasis 


may occur in up to 20% of patients using this form of treatment.*: 
37 Tf exacerbations recur, a daily regimen of low-dose prednisone 
or prednisolone or prednisone every other day may be successful 
in suppressing symptoms.*? 


Eosinophilic Gastroenteritis 


EG manifests with abdominal pain, nausea, vomiting, diarrhea, 
and weight loss.** Generalized edema secondary to hypoalbumin- 
emia may occur in some infants and young children with marked 
protein-losing enteropathy, often in the presence of minimal GI 
symptoms.’ Rarely EG may manifest as pyloric stenosis in infants 
with outlet obstruction and postprandial projectile emesis. 

The immunopathogenesis of EG is not known but is believed 
to primarily involve cell-mediated mechanisms. A subset of 
patients has exacerbations of symptoms following ingestion of 
food to which they have specific IgE antibodies, but most reac- 
tions do not appear to involve this mechanism. Peripheral blood 
T cells from all EG patients evaluated, compared with normal 
controls, have been shown to secrete excessive amounts of the 
Th2 cytokines IL-4 and IL-5 in vitro, and T cells expanded from 
duodenal biopsies of EG patients express Th2 cytokines in vitro 
following antigen stimulation.*” 

The diagnosis of EG is dependent on a suggestive history, 
GI biopsy specimens that demonstrate a prominent eosinophilic 
infiltration, and peripheral eosinophilia, which occurs in about 
50% of patients. Lesions are not uniform, so multiple biopsies 
are often necessary.’ Allergy skin testing may be helpful in 
some cases to identify causative foods, but often a therapeutic 
trial of an elemental diet for 6 to 10 weeks is necessary to deter- 
mine whether food allergy is provoking the disorder. In a study 
of children with EG and protein-losing enteropathy, institution 
of an amino acid-based formula therapy brought about resolu- 
tion of symptoms and normalization of intestinal histology.” As 
with EoE, if no sensitization is found, a trial of glucocorticoids 
is recommended, although relapses frequently occur when they 
are discontinued. The long-term prognosis of this disorder is not 
well characterized. In a series of children with EG and protein- 
losing enteropathy, follow-up for 2.5 to 5.5 years revealed persis- 
tence of food-responsive disease. 


Allergic Eosinophilic Proctocolitis 


AEP generally presents in the first few months of life and is most 
often due to cow’s milk or soy protein hypersensitivity. Over half 
of reported cases now occur in breast-fed infants because of food 
antigens passed in maternal breast milk.* 6! Affected infants usu- 
ally appear healthy, often have formed stools, and are generally 
evaluated because of the presence of gross or occult blood in their 
stools. Blood loss is typically minor but can occasionally produce 
anemia. AEP in infancy has been identified as a potential risk fac- 
tor for development of a functional GI disorder after the age of 
4 years.” Lesions are generally confined to the distal large bowel 
and consist of mucosal edema, with infiltration of eosinophils 
into the epithelium and lamina propria. In severe cases with crypt 
destruction, neutrophils are also prominent. The immunologic 
mechanism underlying this disorder is unknown but is believed 
to involve a cell-mediated reaction. Because there is no evidence 
that IgE antibodies are involved in this disorder, skin prick test- 
ing or evaluation of food-specific IgE antibodies is not helpful. 
Diagnosis can be established when elimination of the respon- 
sible allergen leads to resolution of hematochezia. Dramatic 
improvement is usually seen within 72 hours of appropriate food 
allergen elimination, but complete clearing and resolution of 
mucosal lesions may take up to a month. Reintroduction of the 
allergen leads to recurrence of symptoms within several hours 
to days. Sigmoidoscopic findings vary and range from areas of 
patchy mucosal injection to severe friability, with small aphthoid 


ulcerations and bleeding. Colonic biopsy reveals a prominent 
eosinophilic infiltrate in the crypt epithelia and lamina propria. 
Children with cow’s milk and soy protein—induced proctocolitis 
usually outgrow their protein sensitivity (i.e., become clinically 
tolerant within 6 months to 2 years of allergen avoidance), but 
refractory cases are occasionally seen.°! 


Infantile Colic 


Infantile colic is an ill-defined syndrome of paroxysmal fussiness 
characterized by inconsolable agonized crying, drawing up of the 
legs, abdominal distention, and excessive gas. It generally devel- 
ops in the first 2 to 4 weeks of life and persists through the third 
to fourth months of life. Various psychosocial and dietary factors 
have been implicated in the cause of infantile colic, but trials in 
bottle-fed and breast-fed infants have suggested that IgE-mediated 
hypersensitivity may be a pathogenic factor in 10% to 15% of col- 
icky infants. Recently, the fecal microbiota in infants with colic was 
compared with that of control infants. It was shown that micro- 
biota diversity gradually increased after birth only in the control 
group and, that in the first weeks, the microbiota diversity of the 
colic group was significantly lower than that of the control group. 
At age 1 or 2 weeks, the earliest ages with significant differences, 
Proteobacteria were significantly increased, whereas bifidobacte- 
ria and lactobacilli were significantly reduced in infants with colic. 
Moreover, the colic phenotype correlated positively with spe- 
cific groups of Proteobacteria, including Escherichia, Klebsiella, 
Serratia, Vibrio, Yersinia, and Pseudomonas. Diagnosis of food- 
induced colic is established by implementing several brief trials 
of hypoallergenic formula. In infants with food allergen-induced 
colic, symptoms are generally short-lived, so prolonged restricted 
diets are generally unnecessary. Periodic rechallenges should be 
done every 3 or 4 months to determine when eliminated foods can 
be returned to the infant’s diet. 


Non—Immunoglobulin E-Mediated Disorders 


Some GI food-allergic disorders are clearly not IgE-mediated 
and are believed to be due to different abnormal antigen process- 
ing and/or cell-mediated mechanisms; in these disorders, tests for 
evidence of food-specific IgE antibodies are of no value to iden- 
tify the responsible food. Non-IgE-mediated hypersensitivities 
may be divided into 2 syndromes: food protein-induced entero- 
colitis and dietary protein-induced enteropathy.* 


Food Protein-Induced Enterocolitis Syndrome 


Food protein-induced enterocolitis syndrome (FPIES) is a dis- 
order that may present with either chronic or acute symptoms. 
Chronic FPIES is a disorder that has only been reported in young 
infants less than 4 months of age fed with cow’s milk or soy infant 
formula; presentation is with protracted vomiting and diarrhea 
that not infrequently results in dehydration. © About one-third 
of infants with severe diarrhea develop acidosis and transient met- 
hemoglobinemia. Diagnosis is confirmed with resolution of the 
symptoms within days after elimination of the offending food. An 
acute FPIES reaction develops with reintroduction of the offend- 
ing food (see subsequently) and symptoms include vomiting in 
the 1- to 4-hour period after ingestion with or without diarrhea 
in 24 hours (usually 5 to 10 hours).°° Without a confirmatory 
challenge, the diagnosis of chronic FPIES remains presumptive. 
Acute FPIES typically presents in the first year of life with repet- 
itive, protracted vomiting that begins approximately 1 to 4 hours 
after food ingestion. Vomiting is accompanied by lethargy and pal- 
lor, and diarrhea may develop within 24 hours of ingestion. Cow’s 
milk and soy are the most common triggers, but solids such as rice, 
oat, egg, wheat, peanut, tree nuts, chicken, turkey, and fish have 
also been reported to provoke acute FPIES. 6t Breast-fed babies 
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almost never develop symptoms while breast-feeding, but they may 
be sensitized through food proteins passed in the breast milk and 
experience a reaction to the first few feedings of the whole food.® 
FPIES in adults rarely has been reported, and finned fish, shellfish 
(e.g., shrimp, crab, lobster), and egg are the most commonly identi- 
fied culprits in this age group.’ 

Stools obtained following an acute episode frequently contain 
occult blood, mucus, leukocytes, and increased carbohydrate con- 
tent.°° Stools from infants with chronic FPIES may reveal occult 
blood, neutrophils, eosinophils, Charcot-Leyden crystals, and/ 
or reducing substances.°° Jejunal biopsies reveal flattened villi, 
edema, and increased numbers of intra-epithelial lymphocytes, 
eosinophils, and plasma cells producing IgM and IgA, with a 
decrease in intact mast cells, suggesting degranulation.’ 

The immunopathogenesis of this syndrome remains unknown. 
Some studies suggest that food antigen-induced secretion of 
TNF-a from local mononuclear cells (e.g., macrophages, DCs) 
may account for the reaction.® Other studies indicate that the 
disorder may be caused by lower expression of type 1 transform- 
ing growth factor-f receptors than type 2 receptors, suggesting 
differential contributions of each receptor to the diverse biologi- 
cal activities of transforming growth factor-f in the intestinal epi- 
thelium. Dietary avoidance recommendations are generally based 
on experience with co-reactive foods (e.g., if reactive to rice, avoid 
oats; if reactive to cow’s milk, avoid soy milk) (Table 10.1), and 
oral food challenges are often necessary to expand the diet and 
confirm whether or not tolerance has developed to a previously 
identified trigger. 

Oral food challenges consist of administering 0.3 to 0.6 g/kg 
body weight without exceeding 3 g of protein of the suspected 
protein allergen, while monitoring the peripheral blood white 
cell count. In conjunction with a positive food challenge, the 
absolute neutrophil count in the peripheral blood will increase 
at least 3500 cells/mm}? within 4 to 6 hours of developing symp- 
toms, and neutrophils and eosinophils may be found in the stools. 
About 15% of food antigen challenges lead to profuse vomiting, 
dehydration, and hypotension, so they must be performed under 
medical supervision. 


Food Protein-Induced Enteropathy 


Food protein-induced enteropathy (excluding CD) frequently 
manifests in the first several months of life with diarrhea (mild- 
to-moderate steatorrhea in ~80%) and poor weight gain.°! ° 
Symptoms include protracted diarrhea, vomiting in up to two- 
thirds of patients, failure to thrive, and malabsorption demon- 
strated by the presence of reducing substances in the stools, 
increased fecal fat, and abnormal D-xylose absorption. Cow’s 


TABLE 10.1 Common Food Co-allergies in Children With Food Protein- 
Induced Enterocolitis Syndrome®® 


Clinical Cross-Reactivity/ Observed 
FPIES To Co-allergy Occurrence 
Cow's milk Soy <30%-40% 
Any solid food <16% 
Grains: rice, oats, etc. Other grains (including rice) About 50% 
Legumes Soy <80% 
Poultry Other poultry <40% 
Cow’s milk <30%-40% 
Solid food (any) Another solid food <44% 
Cow’s milk or soy <25% 
Soy Any solid food <16% 


FPIES, Food protein-induced enterocolitis syndrome. 
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milk sensitivity is the most frequent cause of this syndrome, but it 
has also been associated with sensitivities to soy, egg, wheat, rice, 
chicken, and fish. The diagnosis is established by identifying and 
excluding the responsible allergen from the diet, which should 
result in symptom resolution within several days to weeks. On 
endoscopy, patchy villus atrophy is evident, and biopsy reveals a 
prominent mononuclear round cell infiltrate and a small number 
of eosinophils, similar to CD but generally much less extensive. 
Colitic features like mucus per rectum and gross or microscopic 
hematochezia are usually absent, but anemia occurs in about 40% 
of affected infants, and protein loss occurs in most. Complete 
resolution of the intestinal lesions may require 6 to 18 months 
of allergen avoidance. Unlike CD, loss of protein sensitivity and 
clinical reactivity frequently occurs, but the natural history of this 
disorder has not been well studied. 


Celiac Disease 


CD is a more extensive enteropathy leading to malabsorption 
(see chapter 107). Total villus atrophy and an extensive cellu- 
lar infiltrate are associated with sensitivity to gliadin, the alco- 
hol-soluble portion of gluten found in wheat, rye, and barley. 
CD is strongly associated with human leukocyte antigen-DQ2 
(a1*0501, 61*0201), which is present in more than 90% of CD 
patients.©’ The incidence of CD has been reported as 1 in 141 
in the USA’ and appears to have been increasing in the past 
decade.’! The striking increase in CD in Sweden compared with 
genetically similar Denmark,” and the variation in prevalence 
associated with changes in patterns of gluten feeding in Sweden, 
strongly implicate environmental factors (e.g., feeding practices) 
in the cause of this disorder.” The intestinal inflammation in 
CD is precipitated by exposure to gliadin and is associated with 
increased mucosal activity of tissue transglutaminase (TTG), 
which deamidates gliadin in an ordered and specific fashion, cre- 
ating epitopes that bind efficiently to DQ2 and are recognized 
by T cells.’+ 

Initial symptoms may include diarrhea or steatorrhea, abdom- 
inal distention and flatulence, weight loss, and occasionally nau- 
sea and vomiting. Oral ulcers and other extraintestinal symptoms 
secondary to malabsorption are not uncommon. Villus atrophy 
of the small bowel is a characteristic feature of CD patients 
who are ingesting gluten. IgA antibodies to gluten are present 
in more than 80% of adults and children with untreated CD.” 
In addition, patients generally have increased IgG antibodies to 
a variety of foods, presumably the result of increased food anti- 
gen absorption. Diagnosis has been dependent on demonstrating 
biopsy evidence of villus atrophy and an inflammatory infil- 
trate, resolution of biopsy findings after 6 to 12 weeks of gluten 
elimination, and recurrence of biopsy changes following gluten 
challenge. Revised diagnostic criteria have been proposed that 
require greater dependency on serologic studies. Quantitation 
of IgA TTG antibodies may be used for screening in children 
older than 2 years. Total IgA should also be measured if there is 
a possibility of IgA deficiency or both IgA- and IgG-based test- 
ing may be performed, e.g., IgG-deamidated gliadin peptides and 
IgG TTG.” Diagnosis of CD, however, still requires an intesti- 
nal biopsy showing clear-cut evidence of villus atrophy while on a 
gluten-containing diet plus resolution of symptoms on a gluten- 
free diet, with serologic follow-up showing disappearance of the 
antibodies to confirm the diagnosis.” Once the diagnosis of CD 
is established, lifelong elimination of gluten-containing foods is 
necessary to control symptoms and possibly avoid the increased 
risk of GI malignancy.”” 


Dermatitis Herpetiformis 


Dermatitis herpetiformis is a chronic blistering skin disorder 
associated with a gluten-sensitive enteropathy. It is characterized 


by a chronic, intensely pruritic, papulovesicular rash symmetri- 
cally distributed over the extensor surfaces and buttocks.”® 7° The 
histology of the intestinal lesion is almost identical to that seen in 
CD, although villus atrophy and the inflammatory infiltrate are 
generally milder, and T cell lines isolated from intestinal biopsy 
specimens of dermatitis herpetiformis patients produce signifi- 
cantly more IL-4 than T cell lines isolated from CD patients.*° 
Although many patients have minimal or no GI complaints, 
small bowel biopsy generally confirms intestinal involvement. 
Elimination of gluten from the diet generally leads to resolution 
of skin symptoms and normalization of intestinal findings over 
several months. Administration of sulfones, the mainstay of ther- 
apy, leads to rapid resolution of skin symptoms, but has almost no 
effect on intestinal symptoms. 


Other Gastrointestinal Disorders 


Several other GI disorders have been suggested to be caused by 
food protein hypersensitivity. Ingestion of pasteurized whole 
cow’s milk by infants younger than age 6 months may lead to 
occult GI blood loss and occasionally to iron deficiency ane- 
mia.*! Substitution of heat-processed infant formula (including 
cow’s milk-derived formulas) for whole cow’s milk generally 
leads to resolution of symptoms within 3 days. GERD in young 
infants may be the result of food-induced EoE. In a study of 204 
infants younger than 1 year of age with GERD (diagnosed by 
24-hour esophageal pH testing and esophageal biopsy),*? 42% 
were diagnosed with cow’s milk-induced reflux by blinded milk 
challenges. These infants experienced resolution of GERD and 
normalization of pH studies once cow’s milk was eliminated from 
the diet.® Constipation also has been reported to be caused by 
milk allergy,** although the underlying mechanism is unclear. 
Circumstantial evidence suggests a possible role of food allergy 
in IBD (Crohn disease and UC), but convincing evidence of an 
immunopathogenic role remains to be established. 


DIAGNOSIS 


The diagnosis of food allergy is a clinical exercise involving a 
careful history, physical examination, and selective laboratory 
studies.* In some cases, the medical history may be useful in diag- 
nosing food allergy (e.g., acute anaphylaxis after isolated ingestion 
of peanuts). Fewer than 50% of reported food-allergic reactions, 
however, can be verified by a double-blind placebo-controlled 
food challenge. Information useful in establishing that a food- 
allergic reaction has occurred and in constructing an appropriate 
oral food challenge includes: (1) food presumed to have provoked 
the reaction; (2) quantity of the suspected food ingested; (3) 
length of time between ingestion and symptom development, (4) 
type of symptoms provoked; and (5) whether similar symptoms 
developed on other occasions when the food was eaten. Although 
any food may induce an allergic reaction, a few foods are respon- 
sible for the vast majority of reactions (Box 10.4). 

Fig. 10.2 depicts a standard approach for evaluating and man- 
aging adverse food reactions. If an IgE-mediated disorder is sus- 
pected, selected skin prick tests or quantification of food-specific 
IgE antibodies (e.g., ImmunoCAP) followed by an appropriate 
exclusion diet and blinded food challenge are warranted. Testing 
should be limited to the food(s) suspected of triggering the reac- 
tion because clinically irrelevant results are common and may lead 
to overly restrictive diets.*° If a non—IgE-mediated GI hypersen- 
sitivity disorder is suspected, laboratory and endoscopic studies (+ 
oral food challenges) are required to arrive at the correct diagnosis 
(see earlier). Table 10.2 compares the main features of 4 non-IgE- 
mediated food-allergic disorders. An exclusion diet eliminating all 
foods suspected by history and/or skin testing (for IgE-mediated 
disorders) should be conducted for 1 to 2 weeks in suspected 
IgE-mediated disorders, food-induced enterocolitis, and benign 


BOX 10.4 Foods Responsible for Most Immunoglobulin 
E-Mediated Food Hypersensitivity Disorders in 
Children* 


Peanuts 
Cow’s milk 
Shellfish 
Tree nuts 
Egg 


Fish 
Wheat 
Soy 
Sesame 


*Listed in order of overall prevalence. 

Adapted from Gupta RS, Warren CM, Smith BM, et al. The public health 
impact of parent-reported childhood food allergies in the United States. 
Pediatrics 2018;142(6):Epub 2018 Nov 19. 


eosinophilic proctocolitis. Exclusion diets may have to be extended 
for as long as 12 weeks in other suspected GI hypersensitivity dis- 
orders (e.g., food protein-induced enteropathy, EoE, or EG) and 
may require use of elemental diets (e.g., Vivonex, Neocate, or 
EleCare) to exclude all antigens. If no improvement is noted and 
dietary compliance is ensured, it is unlikely food allergy is involved. 
Before undertaking blinded food challenges (single- or double- 
blind) in patients with non-IgE mediated food allergies, suspect 
foods should be eliminated from the diet for 7 to 14 days before 
challenge and even longer if sequelae of the reaction persist for 
more than 14 days. Prescribing elimination diets, like prescribing 
medications, may have adverse effects (e.g., malnutrition or eating 
disorders) and should not be done in the absence of evidence that 
they are likely to be beneficial. 


PREVENTION 


Theories regarding the prevention of IgE-mediated food allergy 
have changed over the past several decades. In the 1970s it was 
suggested that premature introduction of cereal grains into the 
infant diet contributed to a perceived growing incidence of 
CD. In the 1980s and 1990s, expert opinion suggested delayed 
introduction of allergenic solids might curb a growing inci- 
dence of IgE-mediated food allergy; however, the incidence of 
IgE-mediated food allergies seems to have, in fact, accelerated 
following this advice. It is likely that a number of factors have 
contributed to the recent rise in the incidence of food allergy, 
and several observational studies supported by a prospective, ran- 
domized controlled trial have now shown that early introduction 
of allergen into the diet of infants predisposed to development 
of allergic disease promotes a tolerogenic response rather than 
food allergy. *° 

The leading hypothesis surrounding the development of food 
allergy in infants predisposed to an allergic phenotype has been 
termed the dual allergen exposure hypothesis.*’ Murine models 
have shown that application of allergen to inflamed skin before 
introduction of allergen through the oral route promotes Th2 
skewing and sensitization, whereas introduction of allergen to 
the GI mucosa through oral ingestion early in life promotes a 
tolerogenic response. Observational studies in humans have also 
supported findings from these murine experiments and prompted 
a randomized controlled trial, the LEAP trial (Learning Early 
About Peanut allergy). 

In the LEAP trial, infants 4 to 11 months of age without pea- 
nut allergy but with a high risk of developing peanut allergy (i.e., 
severe eczema and/or egg allergy) were divided into a group with 
evidence of sensitization to peanut and another without evidence 
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of sensitization to peanut.*° They were then randomly assigned 
to peanut avoidance or ingestion of at least 6 g of peanut pro- 
tein divided into 3 or more servings per week for 60 months. All 
children were challenged to peanut at 60 months, and investiga- 
tors were able to show an 81% reduction in risk of development 
of peanut allergy in those who ingested at least 6 g of peanut 
protein per week. The protective response was maintained after 
12 months of peanut avoidance for the cohort that ingested pea- 
nut.°® These striking data led to a change in guidelines from the 
National Institute of Allergy and Infectious Diseases,°®? which 
recommends the following: 


(a) Infants with severe eczema and/or egg allergy should ingest 6 
g of peanut protein in an age-appropriate peanut product per 
week divided over at least 3 servings as early as 4 to 6 months 
of age. Evaluation for sensitization to peanut between 4 to 
6 months is recommended via serum-specific IgE testing or 
skin prick testing prior to introduction of peanut. 

(b) An infant with mild-to-moderate eczema should have peanut 
introduced into his or her diet around 6 months of age. Test- 
ing for sensitization prior to introduction may be performed 
at the health care provider’s discretion. 

(c) All other infants may introduce allergenic solids, including 
peanut, per their family preference, without testing before in- 
troduction. There is no evidence that delayed introduction of 
allergenic solids is beneficial in prevention of food allergies. 


In regards to introduction of other allergenic solids, a recent 
meta-analysis found “moderate certainty” of evidence that intro- 
ducing egg between 4 and 6 months of age reduced the risk of egg 
allergy.”” Their findings for fish and early introduction of milk or 
hydrolyzed formula were of “low certainty” and “no evidence,” 
respectively. With this in mind, allergenic solids may be intro- 
duced along with other complementary foods in the first year of 
life, as evidence suggests oral introduction of allergenic solids 
promotes the development of tolerance.*”: °1 °? 


TREATMENT AND NATURAL HISTORY 


Once the diagnosis of food hypersensitivity is established, strict 
elimination of the offending allergen is the only proved ther- 
apy. Patients must be taught to scrutinize food labels to detect 
potential sources of hidden food allergens.+ Drugs like H; and 
H; antihistamines and glucocorticoids can modify symptoms 
to food allergens but may have minimal efficacy or unaccept- 
able side effects. Epinephrine must be available at all times and 
is required for treatment of anaphylaxis. Various immunother- 
apeutic approaches are now being studied for the treatment of 
IgE-mediated food allergies (e.g., oral immunotherapy (OIT), 
epicutaneous immunotherapy (EPIT)).”° 

OIT involves mixing an allergenic food into a vehicle and 
ingesting gradually increasing doses to raise the threshold of 
reactivity. Desensitization is achieved for the majority of those 
able to adhere to the dosing protocol. Peanut, milk, and egg have 
been the most closely studied foods used for OIT. Most protocols 
start with an initial escalation day, beginning with an extremely 
small dose and increasing in doubling doses to a maximum cumu- 
lative dose of 10 to 25 mg of food protein.”* Following the esca- 
lation day, doses are typically administered at home once daily 
and increased every 2 weeks. Maintenance doses vary from 300 to 
4000 mg of food protein. 

The ideal duration of therapy is unknown at this time, and 
it is likely that most allergic individuals would need to remain 
on therapy indefinitely to maintain protection against acciden- 
tal ingestion. The ability to maintain an absence of reactivity 
after prolonged avoidance of allergen is termed sustained unre- 
sponsiveness (SU). SU has not been studied closely in sufficient 
population sizes to provide accurate estimates for most subjects 
undergoing OIT. Available data suggest 13% to 50% of subjects 
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Adverse food reaction likely 
(possible foods identified) 


Food intolerance 


Laboratory studies to exclude 
other organic diseases 
(e.g., IBD, celiac disease) 


Avoid food 


Suspect 
Non-lgE-mediated 
Laboratory studies (e.g., celiac 

testing) and/or endoscopy 


No symptoms occur 
Continue regular diet 


Open challenge with foods least 
likely to provoke symptoms 


may achieve SU”; however, these data are significantly limited 
based on inconsistencies between studies regarding time of aller- 
gen avoidance, length of therapy prior to avoidance, and food 
allergens studied. 

Adverse reactions to therapy are common, although generally 
mild. At the time of this publication there is no U.S. Food and 
Drug Administration-approved therapy on the market. A Phase 2 
trial has been completed showing 79% of peanut-allergic subjects 
by intention-to-treat analysis were able to safely ingest 443 mg of 
peanut protein or more after a buildup phase of 20 to 34 weeks 
compared with 19% of placebo subjects.” A Phase 3 trial has 


Food hypersensitivity 


based on clinicalclues from history 


Skin-prick tests 


History of 
anaphylaxis 


Eliminate food from diet 


Short list of food likely to provoke 
symptoms; blinded challenges 


No symptoms; add food back 


Fig. 10.2 Algorithm for the evaluation and management of adverse food reactions. /gE, Immunoglobulin E. 


Adverse food reaction unlikely 


(unless a non—IgE-mediated food 
hypersensitivity is possible) 


Suspect 
IgE-mediated 


Consider an observed oral food challenge 
if history strongly suggests reactivity; 


if history is not consistent with IgE-mediated food 
allergy, reintroduce food into diet 


Symptoms; restrict food 


been completed, although results have not been peer reviewed at 
the time of this publication. 

Sublingual immunotherapy (SLIT) involves placing small 
amounts of allergen solubilized in a liquid medium under the 
tongue where it is typically held for 2 minutes and then swal- 
lowed. The desensitization approaches studied with SLIT use a 
similar buildup protocol to those used with OIT with daily dos- 
ing and progressively larger doses given every 1 to 2 weeks. SLIT 
starting doses are typically in microgram quantities and main- 
tenance doses are typically 100-fold smaller than maintenance 
doses achieved with OIT, with maximum doses ranging from 1 
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TABLE 10.2 Features of Non-lmmunoglobulin E-Mediated Gastrointestinal Food Hypersensitivities 


Food Protein-induced 


Food Protein-induced Food Protein-induced 


Epidemiologic Features EoE, EG Enteropathy Enterocolitis Proctocolitis 
Age of onset 1 mo and older 1-18 mo 2 wk-9 mo 1 wk-3 mo 
Duration 21 yr 18-36 mo 9-36 mo 6-18 mo 
Food proteins implicated Cow’s milk, egg, soy, wheat, | Cow’s milk, soy, wheat, Cow’s milk, soy, rice, and Cow’s milk, soy, breast milk* 
barley barley oats 
Clinical Features 
Diarrhea Minimal Moderate Severe Rare 
Failure to thrive or weight Moderate-to-severe Moderate Moderate None 
loss 
Hematochezia Minimal-to-moderate Moderate Moderate Moderate-to-severe 
Vomiting/regurgitation Prominent? Variable Prominent None 


“Food proteins in breast milk (most often cow’s milk or egg protein). 
tRetching or gastroesophageal reflux. 
EG, Eosinophilic gastroenteritis; EoE, eosinophilic esophagitis. 


to 10 mg of allergen protein.”* Efficacy of SLIT has not been 
studied as closely as with OIT, but available data suggest that 
desensitization may be achieved for up to 70% of participants; the 
change in the threshold dose triggering a reaction, however, is 
not as robust as that measured with OIT.*+ Therapy is generally 
well-tolerated with few systemic reactions reported. 

EPIT takes advantage of skin immunity by applying a novel 
allergen-containing patch to intact skin. Natural water loss 
from the skin displaces the allergen from the patch, and aller- 
gen is taken up by local Langerhans cells with subsequent sys- 
temic down-regulation in effector cell responses.”* A Phase 2b 
trial in peanut-allergic patients showed a significant treatment 
response in children 6 to 11 years old.’° A Phase 3 trial has 
been completed though results have not been peer reviewed. 
The treatment effect for EPIT does not appear as robust as that 
seen in OIT with modest changes in eliciting dose threshold, 
similar to what has been reported with SLIT. EPIT is more 
easily tolerated than OIT with the most common adverse event 
reported in the Phase 2b trial as local skin reactions and only 
one report of non-serious moderate anaphylaxis possibly related 


to therapy in 1 subject.?° Only 3 of 165 peanut patch-treated 
subjects withdrew from the trial because of adverse events.”° 

The prevalence of food hypersensitivity is greatest in the first 
few years of life, but most young children outgrow their food 
hypersensitivity within the first decade of life, except possibly for 
IgE-mediated hypersensitivities to peanuts, tree nuts, and fish 
and shellfish.t Although younger children are more likely to out- 
grow food hypersensitivity, older children and adults may also 
lose their food hypersensitivity (i.e., develop clinical tolerance 
and be able to ingest the food without symptoms) if the respon- 
sible food allergen can be identified and eliminated from the diet 
for a period of time.” 

Current research in this field is providing new information 
regarding the pathogenesis of these disorders and should lead to 
development of new diagnostic and therapeutic algorithms. In 
the interim, specific food hypersensitivities must be diagnosed 
carefully, and patients must be educated to avoid ingesting the 
responsible food allergens. 


Full references for this chapter can be found on www.expertconsult.com. 
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Acute abdominal pain is a frequent complaint that causes patients 
to visit an emergency department. In 2014, 11.1 million emer- 
gency department visits in the USA were due to abdominal pain, 
accounting for 8% of all emergency department visits that year.! 
Approximately 40% of these patients have nonspecific findings.” 
Of the remainder in whom a specific diagnosis is ascertainable, 
most causes are surgical disorders that warrant further evaluation 
and intervention.’ In a small number, life-threatening patholo- 
gies are present. Therefore the evaluation of acute abdominal 
pain must be efficient and lead to an accurate diagnosis soon after 
presentation so that the treatment of patients who are seriously ill 
is not delayed and resources are not overutilized on patients with 
a self-limited disorder. 


ANATOMY AND PHYSIOLOGY 


A number of physiologic factors determine how abdominal pain 
in perceived. These include the nature of the stimulus, type of 
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neuroreceptor involved, anatomy of the neural pathways from the 
site of injury to the CNS, and interaction of modifying influences 
on the transmission, interpretation, and reaction to pain mes- 
sages.* Pain resulting from abdominal pathology is transduced 
in different ways by sensory afferent fibers that travel with the 
autonomic and somatic nervous systems.» ° These two systems 
transduce pain in different ways, leading to different nocicep- 
tive sensations. Crosstalk between the two systems can result 
in yet more variation in the perception of abdominal distress.° 
This unique neuroanatomy results in three distinct types of pain: 
visceral, somatic-parietal, and referred. Visceral pain is usually 
vague in both onset and localization and perceived as a dull sen- 
sation in the abdominal midline. Somatic-parietal pain is more 
intense, sharp, and well localized. Referred pain is perceived at a 
point distant from the inciting pathology and may be perceived to 
be outside the abdomen entirely. 

Sensory neuroreceptors in abdominal organs are located in 
the mucosa and muscularis of hollow viscera, on serosal struc- 
tures such as the peritoneum, and within the mesentery (Fig. 
11.1).° In addition to nociception (the perception of noxious 
stimuli), sensory neuroreceptors are involved in the regulation 
of secretion, motility, and blood flow via local and central reflex 
arcs.’ Although sensory information conveyed in this manner is 
not usually perceived, disordered regulation of these GI func- 
tions (secretion, motility, blood flow) can cause pain. For exam- 
ple, patients with IBS perceive pain as a result of heightened 
sensitivity of intestinal afferent neurons to normal endogenous 
stimuli that results in altered intestinal motility and secretion 
(see Chapter 122).8 


Visceral Pain 


The abdominal viscera are innervated by two systems: vagal affer- 
ent nerves and spinal visceral sensory nerves.° Spinal visceral affer- 
ent nerves are further specified as splanchnic nerves that follow 
sympathetic efferent pathways and pelvic visceral afferent nerves 
that run with parasympathetic efferent pathways (Fig. 11.2).° 
Spinal visceral nerves, also known as splanchnic nerves, innervate all 
layers of the intestinal wall, including the serosa, and the mesen- 
tery. These nerves are composed predominantly of unmyelinated 
C fibers, although a small number of fine, myelinated A-delta 
fibers are also present.? Visceral pain is transduced at its source 
by bare nerve endings that lack the specialized structures such as 
capsules found in somatic nerve endings. Neurophysiologic stud- 
ies have identified four distinct types of visceral sensory nerves: 
chemonociceptors found in the mucosa, tonic mechanoreceptors, 
high-threshold mechanoreceptors, and so-called “silent” noci- 
ceptors. ° Mucosal chemonociceptors are sensitive to noxious 
luminal contents. Tonic mechanoreceptors, also known as “wide- 
range” receptors, have relatively high levels of resting activity 
and respond to rising wall tension with a linear increase in activ- 
ity. High-threshold mechanoreceptors, also known as “phasic” 
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Fig. 11.1 Sensory innervation of the Gl tract. The distribution of afferent sensory nerve endings in the intestinal 
wall is shown, as follows: (7) mesentery, (2) mesenteric blood vessels, (3) serosa, (4) intramuscular arrays (va- 
gus nerves only), (5) intraganglionic laminar endings (vagus and pelvic nerves only), (6) mucosa. The principal 
contributors to nociception are 1, 2, 3, and 6. (Modified from Knowles CH, Aziz Q. Basic and clinical aspects 
of gastrointestinal pain. Pain 2009;141:191-209.) 
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Fig. 11.2 Pathways of visceral sensory innervation. The visceral afferent fibers that mediate pain travel with 
autonomic nerves to communicate with the central nervous system. In the abdomen, these fibers include 

the vagal and pelvic parasympathetic nerves and thoracolumbar sympathetic nerves. Sympathetic fibers (red 
lines); parasympathetics (blue lines). Spinal cord levels: C, Cervical; L, lumbar; S, sacral; T, thoracic. 


receptors, have low resting activity and respond to excessive 
mechanical distention only.ć Silent nociceptors are activated only 
in the presence of inflammatory mediators.’ 

High-threshold receptors are thought to transduce pain from 
organs like the ureter and kidney, for which pain is the only sen- 
sation perceived consciously, whereas organs like the bladder and 
stomach, from which non-noxious as well as noxious sensations 
are perceived consciously, are innervated by both tonic and high- 
threshold receptors.!° Spinal splanchnic nerves have wide affer- 
ent distribution in the spinal cord through laminae I, II, V, and 
X.° Four anatomic factors contribute to the poor localization of 
visceral pain and the phenomenon of referred pain to areas dis- 
tant from its origin. First, spinal splanchnic afferents are spread 
across a broad range of dorsal root ganglia. The dispersal of pain- 
ful input at the level of the spinal cord leads to poor anatomic 
discrimination. Second, spinal afferents have a more generalized 
and overlapping viscerotopic distribution and enter the spinal 
cord bilaterally. This lack of side specificity leads to localiza- 
tion of visceral pain in the midline (Fig. 11.3). Third, the ratio of 


afferent fibers to cell bodies in the dorsal root ganglia is low, and 
fourth, there is considerable convergence, or crosstalk, between 
the visceral afferents and the somatic pain neurons in the dorsal 
horn of the spinal cord. Therefore visceral pain is often vaguely 
assigned to a broad topologic area. Crosstalk within the spinal 
cord between spinal visceral afferents fibers and somatic parietal 
fibers that originate in distant body areas can create the percep- 
tion of pain in a distant location, or referred pain (see later). In 
contrast to the spinal splanchnic afferent sensory system, vagal 
visceral afferents primarily convey non-noxious stimuli, such as 
satiety.° 

Pain from the abdominal viscera is primarily the result of 
stretch and distention transduced by mechanoreceptors and, in 
more severe situations, the presence of inflammatory media- 
tors detected by the silent nerve endings. Cutting and burning 
of abdominal viscera is not perceived as noxious. These prop- 
erties explain why gaseous distention during colonoscopy is 
frequently painful, but polypectomy is not. Once the visceral 
pain-sensing neurons enter the CNS, they project not only to 


the somatosensory cortex as part of the lateral pain system (which 
assigns the signal a location and intensity) but also to the cin- 
gulate gyrus as part of the medial pain system, which influences 
affective behavior (see Chapter 12).° 


Somatic-Parietal Pain 


Somatic-parietal pain is mediated by A-6 fibers that are distrib- 
uted principally to skin and muscle. Signals from this neural path- 
way are perceived as sharp, sudden, well-localized pain, such as 
that which follows an acute injury. These fibers convey pain sen- 
sations through somatic spinal nerves. Stimulation of these fibers 
activates local regulatory reflexes mediated by the enteric ner- 
vous system and long spinal reflexes mediated by the autonomic 
nervous system, in addition to transmitting pain sensation to the 
CNS.!! 

Somatic-parietal pain arising from noxious stimulation of the 
parietal peritoneum is more intense and more precisely localized 
than visceral pain. An example of this difference occurs in acute 
appendicitis, in which early vague periumbilical visceral pain 
originating within the appendix is followed by localized somatic- 
parietal pain at McBurney’s point that is produced by inflam- 
matory involvement of the parietal peritoneum adjacent to the 
appendix. Somatic-parietal abdominal pain is usually aggravated 
by movement or vibration. The nerve impulses that mediate such 
pain travel in somatic sensory spinal nerves that correspond to the 
cutaneous dermatomes of the skin from the sixth thoracic (T6) to 
first lumbar (L1) vertebral segment. Because these nerve fibers do 
not cross the midline at the spinal cord, lateralization of parietal 
pain is much more precise than in visceral pain. 


Fig. 11.3 Localization of visceral pain. Pain arising from organ areas 
depicted in 7, 2, and 3 is felt in the epigastrium, midabdomen, and hy- 
pogastrium, respectively, as shown in A. The arrow in A indicates biliary 
pain that is referred to the right scapular area. 
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Reflexive responses (e.g., involuntary guarding, abdominal 
rigidity) are mediated by spinal reflex arcs involving somatic- 
parietal pain pathways. Afferent pain impulses are modified by 
inhibitory mechanisms at the level of the spinal cord. Somatic 
A-delta fibers mediate touch, vibration, and proprioception in a 
dermatomal distribution that matches the visceral innervation of 
the injured viscera and synapse with inhibitory interneurons of 
the substantia gelatinosa in the spinal cord. In addition, inhibi- 
tory neurons that originate in the mesencephalon, periventricular 
gray matter, and caudate nucleus descend within the spinal cord 
to modulate afferent pain pathways. These inhibitory mecha- 
nisms allow cerebral influences to modify afferent pain impulses 
(see Chapter 12).!? 


Referred Pain 


Referred pain is felt in areas remote from the diseased organ and 
results when visceral afferent neurons and somatic afferent neu- 
rons from a different anatomic region converge on second-order 
neurons in the spinal cord at the same spinal segment. This con- 
vergence may result from the innervation, early in embryologic 
development, of adjacent structures that subsequently migrate 
away from each other. As such, referred pain can be understood 
to refer to an earlier developmental state (e.g., the central ten- 
don of the diaphragm begins its development in the neck and 
moves craniocaudad, bringing its innervation, the phrenic nerve, 
with it). Fig. 11.4 shows how diaphragmatic irritation from a sub- 
phrenic hematoma or splenic rupture may be perceived as shoul- 
der pain (Kehr sign). 


EVALUATION 


Effective evaluation of a patient with acute abdominal pain 
requires careful but expeditious history taking and physical exam- 
ination (often repeated serially) and, in many cases, informed use 
of imaging studies. When a carefully performed history and phys- 
ical examination are paired with appropriate and timely imaging, 
an accurate diagnosis can often be determined relatively quickly. 
Inadequate clinical evaluation or poor selection of imaging meth- 
ods leads to unnecessary delay, often resulting in a poor outcome. 
Common entities like appendicitis, cholecystitis, and diverticuli- 
tis can be diagnosed with almost complete accuracy; patients with 
other diseases require an orderly and efficient evaluation and 
judicious selection of imaging studies. 


To brain 
— \ d) 
B 
l j~ 
Z Yen Spinal cord 


A 


Visceral afferent first-order neuron A 
Spinal cord second-order neuron B 
Somatic afferent first-order neuron C 


Fig. 11.4 The neuroanatomic basis of referred pain. Visceral afferent 
fibers that innervate the diaphragm can be stimulated by local irritation 
(e.g., subdiaphragmatic abscess [circle/). These visceral afferent fibers 
(A) synapse with second-order neurons in the spinal cord (B) as well as 
somatic afferent fibers (C) arising from the left shoulder area (cervical 
roots 3 to 5). The brain interprets the pain to be somatic in origin and 
localizes it to the shoulder. 


148 PART IIl Symptoms, Signs, and Biopsychosocial Issues 


Approach to Acute Care 


Abdominal pain can be the presenting symptom of a life-threat- 
ening abdominal catastrophe (“acute abdomen”). Therefore 
when approaching a patient with acute abdominal pain, the 
physician should begin with a rapid assessment of the patient’s 
overall physiologic state looking for clues that the patient is in 
shock or on the precipice of hemodynamic instability. Quickly 


TABLE 11.1 Sequential Organ Failure (SOFA) Score 


Score 1 2 3 4 
Organ system Units 
Respiratory 
PaO/FiO> mm Hg <400 <300 <200* <100* 
Coagulation 
Platelets 000/mm? <150 <100 <50 <20 
Liver 
Bilirubin mg/dL 1.2-1.9 2.0-5.9 6.0-11.9 212 
pmol/L 20-32 33-101 102-204 >204 
CNS 
Glasgow coma scale 13-14 10-12 6-9 <6 
Renal 
Creatinine mg/dL 2-1-9 2.03.4 30-419 5 
pmol/L 110-170 171-299 300-440 >440 
Urine output mL/day = — <500 <200 


*Or requiring respiratory support. 

SOFA score = sum of individual Organ System scores. 

Sepsis should be suspected if the SOFA score is greater than 2 in the 
setting of acute abdominal pain. 

Septic shock is defined as a SOFA score greater than 2 and serum 
lactate level greater than 2 mmol/L or if a vasopressor is required in 
the setting of infection. 

Adapted from Singer M, Deutschman CS, Seymour CW, et al. The Third 
International Consensus Definitions for Sepsis and Septic Shock (Sep- 
sis-3). JAMA 2016;315:801-10. 


TABLE 11.2 Comparison of Common Causes of Acute Abdominal Pain 


identifying patients who are unstable or in shock is essential to 
expedite treatment and improve the likelihood of a satisfactory 
outcome. Shock is suggested by pallor, cyanosis, mottling, pros- 
tration, hypotension, tachycardia, or other signs of hypoperfu- 
sion, such as tachycardia, tachypnea, and presence of a metabolic 
acidosis. In addition to vital sign changes such as tachycardia and 
hypotension, the evaluation of patients with acute abdominal pain 
should include assessment of organ perfusion, specifically serum 
lactate, platelet count, serum bilirubin, Glasgow coma scale, and 
serum creatinine. The Sequential Organ Failure Assessment, or 
SOFA, score (Table 11.1) is a useful tool to assess the presence 
of the systemic inflammatory response seen in early sepis.!* In 
the setting of acute abdominal pain, a SOFA score greater than 
or equal to 2, serum lactate levels of greater than 2, or a require- 
ment for vasopressor support defines patients with septic shock. If 
hemodynamic instability is apparent, including clinical evidence 
of shock, surgical consultation should be sought immediately, 
and consideration should be given to endotracheal intubation and 
aggressive hemodynamic resuscitation early in the encounter. 
The adage in acute care surgery that “death begins in radiology” 
is a reminder that hemodynamic resuscitation should be initiated 
prior to diagnostic imaging. 


History 


In the timeless treatise on abdominal pain bearing his name, 
first published in 1921, Sir Zachary Cope tells us, “It can be 
confidently asserted that a large number, if not the majority, of 
acute abdominal conditions could be diagnosed by considering 
carefully the history of onset.”!* Despite the advances made 
in clinical imaging in the century since then, history taking 
remains the most important component of the initial evalua- 
tion of the patient with acute abdominal pain. Characteristic 
features of pain associated with various common causes of 
acute abdominal pain are shown in Table 11.2. Attention to 
these features can lead to a rapid clinical diagnosis or exclu- 
sion of important diseases in the differential diagnosis, thereby 
enhancing the reliability and effectiveness of subsequent diag- 
nostic testing. For example, plain abdominal films are most 
efficacious when limited to patients with symptoms of intesti- 
nal obstruction.'¢ 


Cause Onset Location Character Descriptor Radiation Intensity 

Appendicitis Gradual Periumbilical area early; RLQ late Diffuse early; Aching one ++ 
localized later 

Cholecystitis Acute Mid-epigastrium, RUQ, right scapula Localized Constricting Scapula ++ 

Pancreatitis Acute Epigastrium, T10-L2 area of the back Localized Boring idback ++ 10 444+ 

Diverticulitis Gradual ULG) Localized Aching one ++ tO +++ 

Perforated peptic ulcer Sudden Epigastrium Localized early, Burning one Cina 
diffuse later 

SBO Gradual Periumbilical area Diffuse Cramping one ++ 

Mesenteric ischemia, infarction Sudden Periumbilical area Diffuse Agonizing one +++ 

Ruptured abdominal aortic Sudden Abdomen, back, flank Diffuse Tearing one +++ 

aneurysm 

Gastroenteritis Gradual Periumbilical area Diffuse Spasmodic one + t0 ++ 

Pelvic inflammatory disease Gradual Either LQ, pelvis Localized Aching Upper thigh ++ 

Ruptured ectopic pregnancy Sudden Either LQ, pelvis Localized Sharp one ++ 


+, mild; ++, moderate; +++, severe; LQ, lower quadrant. 
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Fig. 11.5 Patterns of acute abdominal pain. A, Many causes of 
abdominal pain subside spontaneously with time (e.g., gastroenteri- 
tis). B, Some pain is colicky (i.e., the pain progresses and remits over 
time); examples include intestinal, renal, and biliary pain (colic). The 
time course may vary widely from minutes in intestinal and renal pain 
to days, weeks, or even months in biliary pain. C, Commonly, acute 
abdominal pain is progressive, as in acute appendicitis or diverticulitis. 
D, Certain conditions have a catastrophic onset, such as a ruptured 
abdominal aortic aneurysm. 


Chronology 


The time courses of several common causes of acute abdominal pain 
are diagrammed in Fig. 11.5. The rapidity of onset of pain is often a 
measure of the severity of the underlying disorder. Pain that is sudden 
in onset, severe, and generalized is likely to be the result of an intra- 
abdominal catastrophe such as a perforated viscus, mesenteric infarc- 
tion, or ruptured aneurysm. Affected patients usually recall the exact 
moment of onset of their pain. Progression is an important tempo- 
ral factor in abdominal pain. In some disorders (e.g., gastroenteritis), 
pain is self-limited, whereas in others (e.g., appendicitis), pain is pro- 
gressive. Pain associated with obstruction has a repeating crescendo- 
decrescendo pattern that may be diagnostic particularly when it occurs 
in association with nausea and vomiting. The duration of abdominal 
pain is also important. Patients who seek evaluation of abdominal 
pain that has been present for an extended period (e.g., weeks) are less 
likely to have an acute life-threatening illness than patients who pres- 
ent within hours to days of the onset of their symptoms. 


Location 


The location of abdominal pain provides a clue to interpreting 
the cause. As noted earlier, a given noxious stimulus may result 
in a combination of visceral, somatic-parietal, and referred pain, 
thereby creating confusion in interpretation unless the neuro- 
anatomic pathways are considered. For example, the pain of dia- 
phragmatic irritation from a left-sided subphrenic abscess may be 
referred to the shoulder and misinterpreted as pain from ischemic 
heart disease (see Fig. 11.4). Pain radiating to the back from pan- 
creatic or biliary pathology may be conflated with musculoskel- 
etal processes, thereby delaying treatment. Changes in location 
may represent progression from visceral to localized parietal peri- 
toneal irritation, as with appendicitis, or represent development 
of diffuse peritoneal irritation, as with a perforated ulcer. 


Intensity and Character 


Acute abdominal pain usually follows one of three patterns. 
Pain that is prostrating and physically incapacitates the sufferer 
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is usually due to a severe life-threatening disease like a perfo- 
rated viscus, ruptured aneurysm, or severe pancreatitis. By con- 
trast, patients with obstruction of a hollow viscus, as in intestinal 
obstruction, renal colic, or biliary pain, present with gradual 
onset of cramping pain that follows a sinusoidal pattern of intense 
pain alternating with a period of relief. Nausea and vomiting are 
characteristic symptoms associated with this group of disorders. 
The obstructed viscus need not be the intestine for nausea or 
vomiting to occur, as in the case of a kidney stone. The third 
pattern is of gradually increasing discomfort, usually vague and 
poorly localized at the start but becoming more localized as the 
pain intensifies. This picture is usually due to inflammation, as 
with acute appendicitis or diverticulitis. Some disorders, such as 
acute cholecystitis, may start out as colicky pain but evolve into 
a constant pain as cystic duct obstruction leads to gallbladder 
inflammation. The clinician should be cautious in assigning too 
much importance to a patient’s description of the pain; excep- 
tions are common, and a given descriptor may be attributable to 
a number of conditions. Symptoms in the elderly can be subtle 
despite the presence of life-threatening pathology, making this 
group particularly challenging. 


Aggravating and Alleviating Factors 


The relationship of pain to positional changes, meals, bowel 
movements, and stress may yield important diagnostic clues. 
Patients with peritonitis lie motionless, whereas those with renal 
colic may writhe in an attempt to find a comfortable position. 
Sometimes, certain foods exacerbate pain. A classic example is the 
relationship between the intake of fatty foods and development of 
biliary pain. Pain associated with duodenal ulcer is often allevi- 
ated by meals. By contrast, patients with gastric ulcer or chronic 
mesenteric ischemia may report exacerbation of pain with eat- 
ing. Patients often self-medicate to alleviate symptoms. A history 
of chronic antacid or NSAID use, for example, may suggest the 
presence of PUD. This is a growing consideration as patients 
and physicians increasingly rely on NSAIDs as alternatives to 
opioids for chronic pain. 


Associated Symptoms 


Information regarding changes in constitutional symptoms (e.g., 
fever, chills, night sweats, weight loss, myalgias, arthralgias), 
digestive function (e.g., anorexia, nausea, vomiting, flatulence, 
diarrhea, constipation), jaundice, dysuria, changes in menstrua- 
tion, and pregnancy should be solicited from the patient. A care- 
ful review of these symptoms may reveal important diagnostic 
information. Clear vomitus suggests gastric outlet obstruction, 
whereas feculent vomitus suggests more distal small bowel or 
colonic obstruction. A constellation of findings may indicate a 
particular disease entity. 


Past Medical History 


A careful review of the patient’s other medical problems often 
sheds light on the presentation of acute abdominal pain. Previous 
experience with similar symptoms suggests a recurrent problem. 
Patients with a history of partial SBO, renal calculi, or pelvic 
inflammatory disease are likely to have recurrences. A patient 
whose presentation suggests intestinal obstruction, and who 
has no prior surgical history, deserves special attention because 
of the likelihood of surgical pathology such as a hernia or neo- 
plasm. Patients with a systemic illness, such as scleroderma, SLE, 
nephrotic syndrome, porphyria, or sickle cell disease, often have 
abdominal pain as a manifestation of the underlying disorder. 
Abdominal pain may also arise as a side effect of a medication 
taken for another disease. 
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Physical Examination 


The physical examination of the patient with acute abdominal 
pain begins with an assessment of the patient’s appearance and 
assessment for signs of sepsis or shock, as described earlier. The 
patient’s ability to converse, breathing pattern, position in bed, 
posture, degree of discomfort, and facial expression should be 
noted. A patient lying still in bed in the fetal position and reluc- 
tant to move or speak, with a distressed facial expression, is likely 
to have peritonitis. A patient who writhes and frequently changes 
position has purely visceral pain, as in intestinal obstruction or 
gastroenteritis. Tachypnea may be a sign of metabolic acidosis 
caused by shock. Atrial fibrillation noted on physical examina- 
tion or an electrocardiogram may suggest mesenteric arterial 
embolus. All patients should undergo a careful systematic exami- 
nation regardless of the differential diagnosis suggested by the 
history. 


Abdominal Examination 


Examination of the abdomen is central to evaluating a patient with 
acute abdominal pain and should begin with careful inspection. 
The entire abdomen, from the nipple line to the thighs, should 
be exposed. Obese patients should be asked whether the degree of 
protrusion of the abdominal wall is greater than usual. Asthenic 
patients may feel themselves to be distended but have relatively 
little apparent abdominal protrusion. Assessment for the pres- 
ence of bowel sounds and their character should precede any 
maneuvers that will disturb the abdominal contents. Before con- 
cluding that an abdomen is silent, the examiner should listen for 
at least 2 minutes and in more than one quadrant of the abdomen. 
Experienced listeners may distinguish the high-pitched churning 
of a mechanical SBO from the more hollow sounds of toxic mega- 
colon (like dripping in a cavern). Nevertheless, some studies have 
cast doubt on the reliability of bowel sound assessment in patients 
with SBO and other conditions,'’ and clinicians should avoid bas- 
ing clinical decisions too heavily on assessment of bowel sounds. 
Auscultation may, however, be a good way to assess tenderness. 
When listening with the stethoscope, the astute clinician may 
begin to palpate the abdomen with the head of the stethoscope 
while carefully watching the patient’s facial expression. If tender- 
ness is detected, an assessment for rebound tenderness should be 
carried out next to look for evidence of peritonitis. Rebound ten- 
derness may be elicited by jarring the patient’s bed or stretcher or 
by finger percussion. Palpation is performed next. If pain is ema- 
nating from one particular region, that area should be palpated 
last to detect involuntary guarding and muscular rigidity. Patients 
with a rigid abdomen rarely reveal any additional findings (e.g., 
a mass) on physical examination. Because these patients usually 
have a surgical emergency, abdominal examination can be done 
more completely once the patient is under anesthesia, just before 
laparotomy. 


Genital, Rectal, and Pelvic Examinations 


The pelvic organs and external genitalia should be examined in 
every patient with acute abdominal pain. The rectum and vagina 
provide additional avenues for gentle palpation of pelvic viscera. 
Gynecologic pathology should be excluded in all women with 
acute abdominal pain. 


Laboratory Data 


The history and physical examination findings generally are 
not sufficient to establish a firm diagnosis in a patient with 
acute abdominal pain. All patients with acute abdominal pain 
should have a CBC, with a differential count, and urinaly- 
sis. Determination of serum electrolyte, blood urea nitrogen, 


creatinine, and glucose levels is useful for assessing the patient’s 
fluid and acid-base status, renal function, and metabolic state and 
should be done for every patient with acute abdominal pain who 
presents to an emergency department. Urine or serum pregnancy 
testing must be performed in all women of reproductive age with 
abdominal pain. Liver biochemical tests and serum amylase or 
lipase levels should be ordered for patients with upper abdominal 
pain or with jaundice. 

Leukocytosis, particularly when associated with band forms, 
is an important finding. Metabolic acidosis, an elevated serum 
lactate level, or depressed bicarbonate levels are associated with 
tissue hypoperfusion and shock. Patients who manifest these find- 
ings are likely to require urgent surgical intervention or intensive 
care. 


Imaging Studies 
CT 


The development of high-speed helical CT has revolutionized 
the evaluation of acute abdominal pain. In many conditions, 
such as appendicitis, CT can almost eliminate diagnostic uncer- 
tainty. In the pre-CT era, history taking and physical examina- 
tion alone had a specificity of approximately 80%; by contrast, 
the sensitivity and specificity of CT for acute appendicitis are 
94% and 95%, respectively. A negative CT in the setting of 
acute abdominal pain has considerable value in excluding com- 
mon disorders. 

The question arises as to whether CT should be a standard 
part of the evaluation in all patients with acute abdominal pain. 
Several arguments against routine CT have been raised.'* First, 
CT can be performed in a number of ways, and the most effi- 
cacious method must be chosen in any given clinical setting. 
For example, a patient with suspected renal colic should have 
a limited, non—contrast-enhanced, renal calculus protocol CT; 
obtaining a standard oral and IV contrast CT in this case may 
obfuscate rather than illuminate the pathology. Alternatively, a 
patient in whom arterial occlusive disease is suspected should 
undergo CT arteriography using a bolus IV contrast technique. 
A radiologist should be consulted regarding selection of the 
most appropriate CT study in a given patient. Second, some 
diseases, such as acute cholecystitis and cholangitis, are not 
optimally imaged by CT. A patient with RUQ pain who is sus- 
pected of having either of these diagnoses should undergo a US 
of the RUQ as the primary diagnostic test. Third, as noted ear- 
lier, a patient who is unstable or exhibits signs of shock should 
be evaluated by a surgeon before any imaging study is consid- 
ered. In a patient with suspected trauma or hemoperitoneum, 
the focused abdominal sonogram for trauma (FAST; see later), 
which can be done at the bedside in the emergency department, 
is a preferable approach. The presence of shock and fluid in 
the abdomen is an indication for immediate laparotomy, and 
further diagnostic maneuvers, including CT, add little value to 
the patient’s care. 

A final consideration regarding the role of CT in evaluat- 
ing acute abdominal pain is radiation exposure. Particularly 
for patients younger than 35 years of age and those who have 
required multiple examinations, abdominal CT may increase the 
lifetime risk of cancer.!8 Additionally, unless a life-threatening 
condition is suspected, CT is best avoided in a pregnant patient, 
in whom MRI is a suitable alternative.!? 


US 


FAST is a rapid, reliable, bedside test to detect fluid in the 
abdominal cavity. Although its main usefulness is for the evalu- 
ation of injured persons, this examination also aids in the diag- 
nosis of any condition that results in free intraperitoneal fluid; 


Acute abdominal 
pain 


Prostration: 


Yes 
shock or hemodynamic 


instability 


No Alvarado 
score <4 


RLQ pain/tenderness, Yes 
localized guarding 


Alvarado 


score >5 
No 


Gradual onset RUQ 
pain; history of 
postprandial discomfort 


Yes 


Nausea, vomiting, 
obstipation, constipation, Yes 
abdominal distension, prior 
abdominal surgery 


Sudden onset, diffuse pain, 
involuntary guarding, rebound 
tenderness, peritonitis 


Yes 
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Evaluation Most likely 
diagnoses 


Perforated viscus 
Severe pancreatitis 
Ruptured spleen 
Ruptured AAA 


Resuscitation: 
Urgent surgical evaluation 


Consider FAST examination 
Consider laparotomy 


Discharge with 24-48 hr 
follow up 


Appendix protocol CT rer 
Acute appendicitis 


Age< 2 
gael RLQ US 


Acute appendicitis, 
Ovarian torsion 
Ectopic pregnancy 


Pregnancy 
Appendix protocol MRI 


Cholelithiasis 
Cholecystitis 

Bile duct obstruction 
Cholangitis 


RUQ US 


Upright abdominal film, 
SBO protocol oral SBO 


contrast CT 


Perforated viscus 
Diverticulitis 
Mesenteric infarction 
Acute pancreatitis 


Upright abdominal film, 
oral contrast CT 


Fig. 11.6 An approach to the urgent evaluation of abdominal pain. Specific complaints and physical exami- 
nation findings are coupled with appropriate imaging. For LLQ pain, the most likely diagnosis is diverticulitis. 
AAA, Abdominal aortic aneurysm; ABC, airway, breathing, circulation; FAST, focused abdominal sonogram for 


trauma. 


imaging of the aorta can be added, allowing a rapid assessment 
for aortic aneurysm. Point-of-care abdominal US has become 
a routine and highly reliable part of the evaluation of acute 
abdominal pain.’° 


Other Diagnostic Tests 


Other diagnostic imaging modalities like MRI and radionuclide 
scanning (e.g., °°™Tc-labeled hydroxyl iminodiacetic acid [HIDA] 
scan) and endoscopy usually take a secondary role in the evalua- 
tion of the patient with acute abdominal pain. Use of these tests 
is generally guided by the results of CT or US. Angiography may 
be useful not only for establishing a diagnosis of visceral ischemia 
but also for delivering therapy aimed at improving or re-estab- 
lishing blood flow. Diagnostic peritoneal lavage, although seldom 
used now, is useful when a patient is too unstable from a cardio- 
pulmonary standpoint to tolerate imaging studies. The finding 
of leukocytes in the lavage effluent in an unstable patient may, 
in extreme circumstances, constitute sufficient grounds for lapa- 
rotomy. In a patient who is unstable and deteriorating and has 
signs of an acute abdomen, laparotomy as a diagnostic maneuver 
should be considered if imaging is considered prohibitively risky. 
An overall approach to the patient with acute abdominal pain is 
illustrated in Fig. 11.6. 


CAUSES 


Acute abdominal pain is usually defined as pain of less than 1 week 
in duration. Patients usually seek attention within the first 24 to 
48 hours, although some may endure longer periods of abdomi- 
nal discomfort. The most common reason for a patient to seek 
emergency department evaluation of abdominal pain is so-called 
nonspecific abdominal pain; between 25% and 50% ofall patients 
who visit an emergency department for abdominal pain will have 
no specific disease identified. The distribution of the causes of 
abdominal pain in patients who present to an emergency depart- 
ment is shown in Table 11.3. 


Acute Appendicitis 


Acute appendicitis is a ubiquitous problem, accounting for approx- 
imately 5% of all emergency department visits for patients under 
65 years of age?! and 30% of acute surgical abdominal emergen- 
cies in patients under 50 years of age worldwide.’* Appendicitis 
accounted for 318,000 hospital admissions in the USA in 2006, 
and has an overall incidence of approximately 82 to 110/100,000 
population in North America.*+ The lifetime risk of appendicitis 
is 8.6% for males and 6.7% for females in Western countries,”° 
and may be twice this risk in Asia.*° 
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TABLE 11.3 Causes of Acute Abdominal Pain in Patients Presenting to 
an Emergency Department 


Cause % 
Nonspecific abdominal pain 35 
Appendicitis 17 
Bowel obstruction 15 
Urologic disease 6 
Biliary disease 5 
Diverticular disease 4 
Pancreatitis 2 
Medical illness 1 
Other 15 


From Irvin TT. Causes of abdominal pain in 1190 patients admitted to a 
British surgical service. Br J Surg 1989;76:1121-5. 


TABLE 11.4 The Alvarado Score for Predicting Acute Appendicitis 


Feature Points 


Migration of pain 
Anorexia 

Nausea 
Tenderness in RLQ 


Elevated temperature 
Leukocytosis 
Left WBC shift 


1 
1 
1 
2 
Rebound tenderness 1 
1 
2 
1 
Sum 1 


0) 


A score of 5 to 6 is suggestive of appendicitis; a score of 7 to 8 indicates 
probable appendicitis; and a score of 9 to 10 indicates that appen- 
dicitis is likely. Patients with scores greater than or equal to 5 should 
be evaluated by a surgeon or undergo an imaging study to look for 
appendicitis. 

From Alvarado A. A practical score for the early diagnosis of acute ap- 
pendicitis. Ann Emerg Med 1986;15:557-64. 


Typically, acute appendicitis begins with prodromal symptoms 
of anorexia, nausea, and vague periumbilical pain. Within 6 to 8 
hours, the pain migrates to the right lower quadrant and peritoneal 
signs develop. In uncomplicated appendicitis, a low-grade fever to 
38°C and mild leukocytosis are usually present. A higher tempera- 
ture and WBC count are associated with perforation and abscess 
formation. Common features of the history, physical examination, 
and WBC count in patients with appendicitis have been combined 
into a predictive tool known as the Alvarado score (Table 11.4).?7 
For men, a score of 4 or less accurately excludes appendicitis; the 
score is less useful in women and children.’® Atypical presenta- 
tions of acute appendicitis, however, are common, and a diagnosis 
of acute appendicitis should not be rejected simply on the basis of 
the patient’s history and physical examination alone. An Appen- 
dicitis Inflammatory Response score has also been proposed.?’ 
In children, mesenteric adenitis (or lymphadenitis) is frequently 
mistaken for acute appendicitis but is often preceded by a sore 
throat and is self-limited. Mesenteric adenitis may also be caused 
by Yersinia enterocolitica (see Chapter 110). 

Whereas plain abdominal films are not diagnostic and have lit- 
tle role in the diagnosis of acute appendicitis, CT has dramatically 
improved the accuracy of diagnosis in patients with acute appen- 
dicitis. An appendix diameter greater than 10 mm is generally 
considered diagnostic of appendicitis, although the normal range 


for the diameter of the appendix may extend to nearly 13 mm.?° 
Other CT signs of acute appendicitis include periappendiceal fat 
inflammation, presence of fluid in the RLQ, and failure of contrast 
dye to fill the appendix.*! The addition of CT has reduced the 
negative appendectomy rate to about 5%.** Because CT entails 
radiation exposure,!* some authorities advocate avoiding CT in 
children and adolescents,” in whom a higher degree of diagnostic 
uncertainty is tolerated in favor of lower radiation exposure (see 
Chapter 120). In this setting, US of the appendix has a sensitivity 
of 0.86 and specificity of 0.81 for detecting acute appendicitis.** In 
a pregnant patient in whom radiation exposure is also a significant 
concern, MRI has become the imaging method of choice, with a 
sensitivity and specificity approaching those of CT.*5 


Acute Biliary Disease 


Biliary disease accounts for approximately 7% of visits to an 
emergency department for abdominal pain and 14% to 21% of 
admissions for patients over 65 years of age.*!:’? Affected patients 
generally present at some point on the spectrum between biliary 
pain (“biliary colic”) and acute cholecystitis. Biliary pain is a syn- 
drome of RUQ or epigastric pain, usually postprandial, caused by 
transient obstruction of the cystic duct by a gallstone; it is self- 
limited, generally lasting less than 6 hours. Acute cholecystitis is, 
in most cases, caused by persistent obstruction of the cystic duct 
by a gallstone. The pain of acute cholecystitis is almost indistin- 
guishable from that of biliary pain, except that it is persistent. 
The pain usually is a dull ache that is localized to the RUQ or 
epigastrium with radiation around the back to the right scapula. 
Nausea, vomiting, and low-grade fever are common. On exami- 
nation, RUQ tenderness, guarding, and Murphy sign (inspiratory 
arrest on palpation of the RUQ) are typical. The WBC count 
is usually mildly elevated but may be normal. Mild elevations in 
serum total bilirubin and alkaline phosphatase levels are common. 

The role of gallstones in the etiology of biliary pain and acute 
cholecystitis makes US of the RUQ the key diagnostic test. Dem- 
onstration of gallstones may suggest biliary pain, whereas the 
finding of stones with gallbladder wall thickening, pericholecystic 
fluid, and pain on compression of the gallbladder with the ultra- 
sound probe (sonographic Murphy sign) is essentially diagnostic 
of acute cholecystitis and has replaced hepatobiliary scintigraphy 
(e.g., HIDA scan) in the diagnosis of acute cholecystitis.*° US, 
while sensitive for the presence of stones, has been found to have 
poorer sensitivity (73.4%) and specificity (85.5%) for the detec- 
tion of acute cholecystitis.*” Consideration of imaging findings in 
the context of the physical examination and laboratory findings 
is essential for accurate diagnosis. The Tokyo consensus criteria 
for the diagnosis of acute cholecystitis are shown in ‘Table 11.5. 
Patients with acute cholecystitis are best managed with cholecys- 
tectomy within 48 hours.**’? Patients who are older and tachy- 
cardic and have ultrasonographic evidence of gallbladder wall 
thickening, particularly those with a WBC count greater than 
13,000/mm?, are at higher risk for gangrenous cholecystitis and 
generally require emergent open cholecystectomy.*°#! 

Patients who present with RUQ pain, jaundice, and signs of 
sepsis should be suspected of having obstruction of the bile duct 
by a gallstone. RUQ pain, fever and chills, and jaundice (Charcot 
triad) are suggestive of ascending cholangitis.*” These patients 
require IV fluids, antibiotics, and bile duct drainage, usually by 
endoscopy (see Chapters 65, 66, 67, and 70). 


SBO 


Intestinal obstruction is a common cause of abdominal pain in 
both the developed and developing world”? and occurs in patients 
of all ages. In pediatric patients, intussusception, congenital mal- 
formations such as malrotation and Meckel diverticulum are the 
most common causes.” In adults, about 70% of cases are caused 


TABLE 11.5 Tokyo Criteria for the Diagnosis of Acute Cholecystitis 


A. Local signs of inflammation 


urphy sign 
RUQ mass, tenderness, or pain 


B. Systemic signs of inflammation 


Fever 
Elevated C-reactive protein 
Elevated WBC count 


C. Imaging findings characteristic of cholecystitis 


Definite Diagnosis: 


One item in A and one item in B 
or 
C, when acute cholecystitis is suspected clinically 


Adapted from Hirota J, Takada T, Kawarada Y, et al. Diagnostic criteria 
and severity assessment of acute cholecystitis: Tokyo Guidelines. 
Hepatobiliary Pancreat Surg 2007;14:78-82. 


by postoperative adhesions; incarcerated hernias, IBD, and 
malignancies make up most of the remainder.*+* SBO is char- 
acterized by sudden, cramping, periumbilical abdominal pain. 
Nausea and vomiting occur soon after the onset of pain and pro- 
vide temporary relief of discomfort. Physical examination reveals 
an acutely ill, restless patient. Fever, tachycardia, and signs of 
volume contraction, including orthostatic hypotension, are com- 
mon. Abdominal distention is common but may be difficult to 
discern in the setting of obesity. Although auscultation in patients 
with SBO is frequently thought to be characterized by hyperac- 
tive bowel sounds and audible rushes, these signs are unreliable.!7 
The patient’s abdomen may be diffusely tender to percussion and 
palpation, although the physical examination may be unremark- 
able even in the presence of visceral distress. Peritoneal signs 
should be considered a sign of intestinal ischemia or perforation. 
Leukocytosis and lactic acidosis suggest intestinal ischemia or 
infarction. 

Plain films of the abdomen are diagnostic when they reveal 
dilated loops of small intestine with air-fluid levels and decom- 
pressed distal small bowel and colon.*° Plain abdominal films 
can be misleading in a patient with proximal jejunal obstruc- 
tion, because dilated bowel loops and “air-fluid levels” may be 
absent. CT is superior for establishing the diagnosis and location 
of intestinal obstruction. The presence of reduced bowel wall 
enhancement in the setting of other findings of SBO significantly 
increases the probability of strangulation; a lack of free abdomi- 
nal fluid significantly decreases the probability of strangulation.*” 
Other findings, such as a transition point, are not reliable predic- 
tors of ischemia or the need for intervention.*” 

In patients with SBO who have reassuring physical examina- 
tions and laboratory findings, initial treatment is with bowel rest, 
IV fluids, nasogastric decompression, and close observation.**+? 
For patients with SBO who are admitted for a trial of nonop- 
erative management, many centers administer 120 mL of dilute 
imaging contrast material by mouth or nasogastric tube. The 
appearance of the contrast in the cecum within 12 hours pre- 
dicts resolution of obstruction.” Surgery is required for patients 
who fail conservative management or have evidence of complete 
obstruction, especially if ischemia is suspected, but patients with 
adhesive SBO require surgery in fewer than 20% of cases (see 
Chapter 123).48.50 


Acute Diverticulitis 


Acute diverticulitis is a common disease. Approximately 80% of 
affected patients are older than 50 years of age.°! The overall 
incidence of the disease has increased by as much as 50%, with 
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an even greater increase in younger persons.’ Patients with 
diverticulitis usually present with constant, dull LLQ pain and 
fever. They may complain of constipation or obstipation and 
are usually found to have a leukocytosis. Physical examination 
demonstrates LLQ tenderness and, in some cases, a LLQ mass. 
Localized peritoneal signs are frequent. In severe cases, gener- 
alized peritonitis may be present, making differentiation from 
other causes of a perforated viscus difficult. CT is reliable in con- 
firming the diagnosis, with a sensitivity of 97%,** and should be 
performed routinely in the emergency evaluation of patients with 
diverticulitis. 

Acute diverticulitis presents as a spectrum of disease from 
mild abdominal discomfort to gross fecal peritonitis, which is 
an acute surgical emergency. The severity of diverticulitis, as 
determined by CT, is best described using the Hinchey grading 
system (see Table 121.2 in Chapter 121). Patients with mild dis- 
ease and no CT findings of perforation, in the absence of lim- 
iting comorbid disease, can generally be treated as outpatients. 
Those with Hinchey grade I diverticulitis (localized pericolic 
abscess or inflammation) frequently require hospitalization for 
IV antibiotics. Patients with Hinchey grade II diverticulitis (pel- 
vic, intra-abdominal, or retroperitoneal abscess) should undergo 
CT-guided drainage of the abscess and receive a course of broad- 
spectrum IV antibiotics. Patients with Hinchey III (generalized 
purulent peritonitis) and IV (generalized fecal peritonitis) diver- 
ticulitis frequently require emergency surgery (see Chapter 121). 
Despite the descriptive utility of grading systems for diverticu- 
litis, there is little evidence to support their predictive value in 
deciding between surgical and medical management.’ Patients 
presenting with significant abdominal pain or tenderness benefit 
from early surgical consultation. 


Acute Pancreatitis 


Hospital admissions for acute pancreatitis in the USA seem to 
be increasing.*° Acute pancreatitis typically begins as acute pain 
in the epigastrium that is constant, unrelenting, and frequently 
described as boring through to the back or left scapular region. 
Fever, anorexia, nausea, and vomiting are typical. Patients with 
pancreatitis are usually more comfortable sitting upright, lean- 
ing forward slightly. Physical examination reveals an acutely ill 
patient in considerable distress. Patients are usually tachycardic 
and tachypneic. Abdominal examination reveals hypoactive 
bowel sounds and marked tenderness to percussion and palpa- 
tion in the epigastrium. Abdominal rigidity is a variable finding. 
In rare patients, flank or periumbilical ecchymoses (Grey-Turner 
or Cullen sign, respectively) develop in the setting of pancre- 
atic necrosis with hemorrhage. Extremities are often cool and 
cyanotic, reflecting underperfusion. WBC counts of 12,000 to 
20,000/mm? are common. Elevated serum and urine amylase lev- 
els are usually present within the first few hours of pain; serum 
lipase is also elevated. Depending on the cause and severity of 
pancreatitis, serum electrolyte, calcium, and blood glucose levels 
and liver biochemical test and arterial blood gas results may be 
abnormal. US is useful for identifying gallstones as a potential 
cause of pancreatitis. CT is reserved for patients with severe or 
complicated pancreatitis.” 

Although most cases of acute pancreatitis are self-limited, as 
many as 20% of patients have severe disease with local or systemic 
complications, including hypovolemia and shock, renal failure, 
liver failure, and hypocalcemia. A number of prognostic physi- 
ologic scales (e.g., the SOFA and APACHE II scores) have been 
advocated as measures of the severity of acute pancreatitis.** The 
Ranson score, first published in 1974, remains a useful and widely 
used checklist for the early assessment of patients with acute pan- 
creatitis.°? The Ranson score consists of 5 early and 6 late factors 
that indicate severe pancreatitis (see Table 58.2). A simpler bed- 
side index of the severity of acute pancreatitis (BISAP), consisting 
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of blood urea nitrogen greater than 25 mg/dL, impaired men- 
tal status, systemic inflammatory response syndrome, age older 
than 60 years, and pleural effusion, has also proved useful.°° The 
Atlanta classification system for acute pancreatitis has great util- 
ity for bedside decision making.°! Patients without organ failure 
or local or systemic complications are classified as mild and may 
be treated expectantly. Moderately severe acute pancreatitis is typi- 
fied by organ failure of less than 48 hours’ duration. When organ 
failure persists for more than this time, or affects multiple organ 
systems, severe acute pancreatitis is present. Patients in this last 
group usually require multidisciplinary care in an intensive care 
unit. A minority of patients with severe acute pancreatitis present 
with a profound intra-abdominal catastrophe, usually caused by 
thrombosis of the middle colic artery or right colic artery, which 
travel in proximity to the head of the pancreas, with resulting 
colonic infarction. This process may not be seen clearly on CT 
obtained early in the course of disease and should be suspected in 
any case marked by rapid hemodynamic collapse. Such patients 
require immediate laparotomy (see Chapter 58). 


Perforated Peptic Ulcer 


As many as 4 million people worldwide are affected by PUD. Of 
these, as many as 5% present with perforation.” The epidemiol- 
ogy of PUD is changing (see Chapter 53). The incidence of Hp 
infection has decreased dramatically since the late 1990s.° The 
overall incidence of PUD has declined by as much as half, and the 
number of patients requiring hospital admission for severe and 
complicated PUD has also decreased.’* Improved therapeutic 
modalities, including PPIs, eradication of Hp (see Chapter 52), 
and endoscopic methods for control of hemorrhage (see Chapter 
20), have reduced the number of patients with PUD who require 
surgical intervention,® although the frequency of complicated 
disease has increased in older adults, in whom morbidity and 
mortality related to surgery are also increased.® The author’s 
anecdotal experience suggests that the switch from opioids to 
NSAIDs in response to the epidemic of substance use disorder 
has resulted in an increasing frequency of perforated PUD in 
younger patients. 

Patients with a perforated peptic ulcer typically present with 
the sudden onset of severe diffuse abdominal pain. These patients 
may be able to specify the precise moment of the onset of symp- 
toms. In the usual case, the afflicted patient presents acutely with 
excruciating abdominal pain, often without prodromal symp- 
toms. Abdominal examination reveals peritonitis, with rebound 
tenderness, guarding, and abdominal muscular rigidity. In such 
cases, distinguishing perforated ulcer from other causes of a per- 
forated viscus (e.g., perforated colonic diverticulum, perforated 
appendicitis) may not be possible. Older or debilitated patients 
may present with less dramatic symptoms, with perforation iden- 
tified by the presence of free intraperitoneal air on an upright 
abdominal film or CT. 

A perforated peptic ulcer should be suspected in any patient 
with the sudden onset of severe abdominal pain who presents 
with abdominal rigidity and free intraperitoneal air. Pneumoperi- 
toneum is detected on an abdominal film in 75% of patients (Fig. 
11.7). In equivocal cases, CT of the abdomen usually suggests the 
diagnosis by demonstrating edema in the region of the gastric 
antrum and duodenum, associated with extraluminal air. CT may 
not be diagnostic, however, and patients with diffuse peritonitis 
or hemodynamic collapse should be explored surgically. Lapa- 
rotomy is acceptable as the primary diagnostic maneuver in such 
patients. Endoscopy is not advisable when the diagnosis of a per- 
forated peptic ulcer is suspected; insufflation of the stomach can 
convert a sealed perforation into a free perforation. Survival fol- 
lowing emergency surgery for complications of PUD is surpris- 
ingly poor. Implementation of evidence-based practice modeled 
on the Surviving Sepsis Guidelines in Denmark reduced the 30-day 
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Fig. 11.7 Upright chest film of an 80-year-old man with the acute 
onset of severe epigastric pain demonstrating free intra-abdominal air 
under the right hemidiaphragm. The patient has pneumoperitoneum 
as a result of a perforated viscus. At surgery, perforation of an anterior 
duodenal ulcer was found. 


mortality rate from 30% to 25% in patients with a perforated 
peptic ulcer.° The 2-year mortality rate in these patients was 
over 40% (see also Chapter 53). 


Acute Mesenteric Ischemia 


Acute mesenteric ischemia can result from occlusion of a mesen- 
teric vessel as a result of an embolus, which may emanate from 
an atheroma of the aorta or cardiac mural thrombus, or primary 
thrombosis of a mesenteric vessel, usually at a site of athero- 
sclerotic stenosis. Embolic occlusion had accounted for up to 
50% of cases of mesenteric ischemia in the 1980s but, because 
of advances in the management of risk factors for embolization, 
accounts for no more than one third of cases in the 2010s. It most 
commonly affects the superior mesenteric, presumably because 
of the less acute angle of the superior mesenteric artery origin 
from the abdominal aorta.°’ Atherosclerotic stenosis of the mes- 
enteric vessels can result in primary arterial thrombosis. Patients 
usually have a history of atherosclerotic disease, particularly in 
the coronary or cerebrovascular circulation. Primary thrombosis 
now accounts for up to 68% of cases of mesenteric ischemia.® 
Nonocclusive mesenteric ischemia results from inadequate vis- 
ceral perfusion and can also lead to intestinal ischemia and infarc- 
tion; such cases are usually consequent to critical illnesses like 
cardiogenic or septic shock. Nonocclusive mesenteric ischemia, 
also referred to as “low-flow” mesenteric ischemia, accounts for 
10% of cases. The remaining 10% of cases of mesenteric ischemia 
result from venous thrombosis, usually associated with a throm- 
bophilia, and focal segmental ischemia of the small intestine (see 
Chapter 118). Because most cases of mesenteric ischemia occur in 
patients with significant cardiovascular comorbidities, outcomes 
are poor. Perioperative mortality ranges from 50% to nearly 
100% 67.68 

The hallmark of the diagnosis of acute mesenteric ischemia is 
the abrupt onset of intense cramping epigastric and periumbilical 
pain out of proportion to the findings on abdominal examination. 
Other symptoms may include diarrhea, vomiting, bloating, and 
melena. On physical examination, most patients appear acutely 
ill, but the presentation may be subtle. Shock is present in about 
25% of cases. 

CT angiography is the best initial diagnostic test for suspected 
acute mesenteric ischemia. Mesenteric angiography may be use- 
ful for determining the cause of intestinal ischemia and defining 


the extent of vascular disease; however, CT has largely replaced 
formal angiography in these cases. Patients with acute embolic or 
thrombotic intestinal ischemia should be referred for immediate 
revascularization and bowel resection.°’ Patients with nonocclusive 
mesenteric ischemia are best managed by treatment of the underly- 
ing shock state. For patients with persistent symptoms, laparotomy 
for resection of infarcted intestine may be necessary. Transcatheter 
vasodilator therapy may be helpful for patients who are found to 
have vasospasm on visceral arteriography (see Chapter 118). 


Abdominal Aortic Aneurysm 


Rupture of an abdominal aortic aneurysm (AAA) is heralded by 
the sudden onset of acute, severe abdominal pain localized to the 
midabdomen or paravertebral or flank areas. The pain is tearing in 
nature and associated with prostration, lightheadedness, and dia- 
phoresis. If the patient survives transit to the hospital, shock is the 
most common presentation. Physical examination reveals a pulsa- 
tile, tender abdominal mass in about 90% of cases. The classic triad 
of hypotension, a pulsatile mass, and abdominal pain is present in 
75% of cases and mandates immediate surgical intervention.” In 
patients with a suggestive history, emergency department US is a 
reliable method for the diagnosis of AAA in patients in shock and 
is sufficient evidence for emergency intervention. Endovascular 
methods for repair of an AAA have resulted in improved outcomes, 
although the short-term mortality rate is 40%.’° Patients with sus- 
pected rupture of an AAA require urgent vascular surgery consulta- 
tion to maximize the probability of survival. 


Abdominal Compartment Syndrome 


Although not usually presenting as acute abdominal pain, abdom- 
inal compartment syndrome (ACS) warrants consideration in any 
patient with an abdominal emergency. First reported in the set- 
ting of massive intra-abdominal trauma, ACS, defined as patho- 
logic elevation of intra-abdominal pressure, is now recognized as 
a frequent complication of many severe disease processes.’! The 
peritoneal cavity normally has a pressure of 5 to 7 mm Hg; it 
may be higher in obese persons.’* An elevated intra-abdominal 
pressure may develop in a patient who survives massive volume 
resuscitation with resulting visceral edema or who has a disease 
like severe pancreatitis that can cause visceral or retroperitoneal 
edema. Intra-abdominal hypertension (IAH) is defined as abdom- 
inal pressure of 12 mm Hg or higher.’! Elevation of intra-abdom- 
inal pressure that compromises visceral perfusion defines ACS. 
The kidney is particularly prone to underperfusion in this setting, 
and renal failure may be the first sign of ACS.” 

Primary ACS is defined as ACS that arises from pathology 
within the peritoneal cavity, such as gastric distention or edema 
from acute pancreatitis.’' More common is secondary ACS, in 
which massive bowel wall edema secondary to shock is respon- 
sible for IAH. A third form, tertiary ACS, or recurrent ACS, 
results from overzealous attempts at abdominal wound closure 
after management of primary or secondary ACS.” Risk factors 
for ACS are listed in Box 11.1. 

Intra-abdominal pressure can be measured simply by connect- 
ing a transducer to a urinary catheter, with the zero-reference 
point at the midaxillary line in a supine patient. An international 
consensus conference has established a grading scheme for ACS, 
shown in Table 11.6, based on the measured bladder pressure.’* 
A normal value for bladder pressure is less than 7 mm Hg. Grade 
I ACS is defined as a pressure of 12 to 15 mm Hg, grade II as 
16 to 20 mm Hg, grade II as 21 to 25 mm Hg, and grade IV as 
greater than 25 mm Hg. Nonsurgical options for treating low- 
grade ACS include gastric decompression, sedation, neuromus- 
cular blockade, placing the patient in a reverse Trendelenburg 
position while allowing the hips to remain in a neutral position, 
and diuretics. In a patient with high-grade ACS, particularly when 
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BOX 11.1 Risk Factors for Intra-abdominal Hypertension 
and Abdominal Compartment Syndrome 


Abdominal surgery, especially with tight fascial closures 

Acidosis (pH < 7.2) 

Acute pancreatitis 

Bacteremia 

Coagulopathy (platelets < 55,000/mmé, or activated partial throm- 
boplastin time twice normal or higher, or prothrombin time < 
50% [INR > 1.5]) 

“Damage-control” laparotomy 

Distended abdomen 

Gastroparesis, gastric distention, or ileus 

Hemoperitoneum/pneumoperitoneum 

High BMI (>30 kg/m?) 

Hypothermia (core temperature < 33°C) 

Intra-abdominal infection/abscess 


Intra-abdominal or retroperitoneal tumor 
Laparoscopy with excessive inflation pressures 


Liver dysfunction/cirrhosis with ascites 

Major burns 

Major trauma 

Massive fluid resuscitation (>5 L of colloid or crystalloid/24 hr) 

Massive incisional hernia repair 

Mechanical ventilation 

Multiple transfusions (>10 units of packed red blood cells/24 hr) 

Peritoneal dialysis 

Peritonitis 

Pneumonia 

Prone positioning 

Sepsis 

Use of positive end-expiratory pressure (PEEP) or the presence 
of “auto-PEEP” 

Volvulus 


Adapted from Malbrain MNG, Cheatham M, Kirkpatrick A, et al. Results from 
the International Conference of Experts on Intra-abdominal Hypertension 
and Abdominal Compartment Syndrome. |. Definitions. Intensive Care 
Med 2006;32:1722-32. 


TABLE 11.6 Grading System for Intra-albdominal Hypertension* 


Grade Bladder Pressure (mm Hg) 


Normal V2 
1 12-15 
2 16-20 
3 21-25 
4 225 


*Abdominal compartment syndrome is present if intra-abdominal 
hypertension is accompanied by organ dysfunction. 

Adapted from Carr JA. Abdominal compartment syndrome: a decade of 
progress. J Am Coll Surg 2013;216:135-46. 


renal or respiratory function is compromised, laparotomy with 
creation of an open abdomen is most effective.” Management 
of the open abdomen requires specific surgical expertise usually 
found in referral medical centers. Fortunately, the frequency of 
ACS has declined substantially in the 2000s, owing to increased 
awareness of the syndrome and advances in resuscitation.’?»” 


Other Intra-abdominal Causes 


Other intra-abdominal causes of acute abdominal pain include 
gynecologic conditions (e.g., endometritis, acute salpingitis with 
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or without tubo-ovarian abscess, ovarian cysts or torsion, ecto- 
pic pregnancy); SBP (Chapter 93); functional dyspepsia (Chapter 
14); infectious gastroenteritis (Chapters 110 to 112); viral hepati- 
tis and other liver infections (Chapters 78 to 84); pyelonephritis; 
cystitis; mesenteric lymphadenitis; IBD (Chapters 115 and 116); 
and other bowel disorders such as IBS (Chapter 122) and intes- 
tinal pseudo-obstruction (Chapter 124). Vascular compromise 
of an epiploic appendage due to axial torsion can result in epi- 
ploic appendigitis.’””.”* This syndrome can imitate appendicitis, 
diverticulitis, or other pathologies but has a self-limited natural 
history and usually requires only symptomatic management with 
NSAIDs.’® The diagnosis is best confirmed by demonstration of 
an inflamed ovoid fatty mass adjacent to a noninflamed segment 
of the colon on CT.” 


Extra-abdominal and Systemic Causes 


Acute abdominal pain may arise from disorders involving extra- 
abdominal organs and systemic illnesses. Examples are listed in 
Box 11.2. Surgical intervention for patients with acute abdominal 
pain arising from an extra-abdominal or systemic illness is seldom 
required except in cases of pneumothorax, empyema, and esoph- 
ageal perforation. Esophageal perforation may be iatrogenic, 
result from blunt or penetrating trauma, or occur spontaneously 
(Boerhaave syndrome; see Chapter 45). 

Angioedema is characterized by acute, self-limited edema of 
the dermis, subcutaneous tissue, mucosa, and submucosa. The 
edema may affect the skin of the face, usually around the mouth, 
tongue, throat, extremities, and genitalia. Involvement of the GI 
tract may cause acute episodes of colicky pain, sometimes accom- 
panied by nausea, vomiting, and diarrhea. Mast-cell mediated 
angioedema, often caused by allergic reactions to foods, drugs, 
or insect stings, is characterized by urticaria, flushing, pruritus, 
throat tightness, bronchospasm, and hypotension. Bradykinin- 
induced angioedema is not associated with these symptoms, has 
a more prolonged course, and is less clearly associated with an 
identifiable trigger, although angiotensin-converting enzyme 
inhibitor therapy is a known cause. Bowel wall angioedema can 
be seen in patients on angiotensin-converting enzyme inhibitors 
and in those with hereditary or acquired deficiency or dysfunc- 
tion of C1 inhibitor and can be visualized on abdominal US or 
CT. Treatment of an attack depends on the acuity and severity 
and may include airway and hemodynamic support, discontinu- 
ation of potential triggers, antihistamines, glucocorticoids, and, 
in cases of hereditary angioedema, use of purified C1 inhibitor 
concentrate, a kallikrein inhibitor, and a bradykinin B2 receptor 
antagonist. 


Special Circumstances 
Extremes of Age 


Evaluation of acute abdominal pain in patients at the extremes 
of age is a challenge. Historical information and physical exami- 
nation findings are often difficult to elicit or are unreliable. 
Similarly, laboratory data may be misleadingly normal in the 
face of serious intra-abdominal pathology. For these reasons, 
patients at the extremes of age are often diagnosed late in the 
course of the disease, thereby resulting in increased morbidity. 
For example, the perforation rate for appendicitis in the general 
population averages 10% but exceeds 50% in infants. The pre- 
sentation of acute abdominal conditions is highly variable in these 
populations, and a high index of suspicion is required. A carefully 
obtained history, thorough physical examination, and high index 
of suspicion are the most useful diagnostic aids. 

In the pediatric population, the causes of acute abdominal pain 
vary with age. In infancy, intussusception, pyelonephritis, gas- 
troesophageal reflux, Meckel diverticulitis, and bacterial or viral 


BOX 11.2 Extra-abdominal and Systemic Causes of Acute 
Abdominal Pain 


CARDIAC 


Endocarditis 

Heart failure 

Myocardial ischemia and infarction 
Myocarditis 


THORACIC 


Empyema 

Esophageal rupture (Boerhaave syndrome) 
Esophageal spasm 

Esophagitis 

Pleurodynia (Bornholm disease) 
Pneumonitis 

Pneumothorax 

Pulmonary embolism and infarction 


HEMATOLOGIC 


Acute leukemia 

Hemolytic anemia 
Henoch-Schonlein purpura 
Sickle cell disease 


METABOLIC 


Acute adrenal insufficiency (Addison disease) 

Diabetes mellitus (especially with ketoacidosis) 

Hyperlipidemia 

Hyperparathyroidism 

Hypersensitivity reactions (e.g., to insect bites, reptile venoms) 

Lead poisoning 

Porphyria 

Toxins 

Uremia 

INFECTIONS 

Herpes zoster 

Osteomyelitis 

Syphilis 

Typhoid fever 

NEUROLOGIC 

Abdominal epilepsy 

Radiculopathy, spinal cord or peripheral nerve tumors, degenera- 
tive arthritis of the spine, herniated vertebral disk 

Tabes dorsalis 


MISCELLANEOUS 


Angioedema 

Familial Mediterranean fever 

Heat stroke 

Muscle contusion, hematoma, tumor 
Narcotic withdrawal 

Psychiatric disorders 


enteritis are common. In children, Meckel diverticulitis, cystitis, 
pneumonitis, enteritis, mesenteric lymphadenitis, and IBD are 
prevalent. In adolescents, pelvic inflammatory disease, IBD, and 
the common adult causes of acute abdominal pain predominate. 
In children of all ages, two of the most common causes of pain 
are acute appendicitis and abdominal trauma secondary to child 
abuse. 

In the older adult population, biliary tract disease accounts for 
almost 25% of cases of acute abdominal pain and is followed in 
frequency by nonspecific abdominal pain, malignancy, intestinal 
obstruction, complicated PUD, and incarcerated hernia. Appen- 
dicitis, although rare in older patients, usually manifests late in its 
course and is associated with high morbidity and mortality rates. 


Pregnancy 


The gravid woman with acute abdominal pain presents a difficult 
diagnostic dilemma. Acute appendicitis and cholecystitis develop 
in pregnant women at the same rates as in their nonpregnant 
counterparts. A number of additional diagnoses, such as placen- 
tal abruption and pain related to tension on the broad ligament, 
must be distinguished from nonobstetric diagnoses. The risk of 
radiation injury to the developing fetus must be considered when 
imaging studies are planned. 

Surgery in pregnancy is not rare; approximately 1 in 500 
pregnancies will be associated with a nonobstetrical general 
surgical intervention. Primary consideration is given to the 
health of the mother. Emergency interventions during preg- 
nancy carry a risk of fetal loss that varies with gestational age 
and the type of intervention. The middle 3 months of gestation 
are preferable for abdominal surgical intervention; this period 
presents the lowest risk for teratogenicity and spontaneous 
labor. 

Appendicitis occurs in about 1 in 2000 pregnancies and is 
equally distributed among the three trimesters. In later stages of 
pregnancy, the appendix may be displaced cephalad, with conse- 
quent displacement of the signs of peritoneal irritation away from 
McBurney point. US or, in challenging cases, MRI may be useful 
for establishing a diagnosis in this setting. Biliary tract disease is 
also common during pregnancy. Open or laparoscopic manage- 
ment of these diseases is safe but is associated with adverse obstet- 
rical outcomes in approximately 5% of cases.*! 


Immunocompromised Hosts 


In addition to diseases like appendicitis and cholecystitis that 
occur in the general population, a number of diseases unique to 
immunocompromised hosts may manifest with acute abdomi- 
nal pain: neutropenic enterocolitis, drug-induced pancreatitis, 
graft-versus-host disease, pneumatosis intestinalis, and CMV 
and fungal infections (see Chapter 36). Patients infected with 
HIV can present a particular challenge (see Chapter 35). When 
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advanced, HIV infection is associated with a number of other 
diseases that may present as acute abdominal pain. One of the 
most common abdominal disorders seen in immunocompro- 
mised persons in the developing world is primary peritonitis 
(see Chapter 39). Affected patients have suppurative peritoni- 
tis without a definable source. Spontaneous intestinal perfo- 
ration, usually secondary to CMV infection, is also common 
in patients with advanced HIV infection. TB peritonitis is a 
consideration in patients from areas where TB is common.*? 
Immunocompromised patients may lack the definitive signs of 
an acute abdominal crisis usually seen in immunocompetent 
persons; elevated temperature, peritoneal signs, and leukocyto- 
sis may be absent in these cases. 


PHARMACOLOGIC MANAGEMENT 


An unfortunate practice in the care of patients with acute abdom- 
inal pain is to delay administration of narcotics pending definitive 
surgical assessment. Sir Zachary Cope declared, “Morphine does 
little or nothing to stop serious intra-abdominal disease, but it 
puts an efficient screen in front of the symptoms.”*? The practice 
of delaying relief of pain in a suffering patient, however, does not 
appear to withstand careful clinical scrutiny. Six studies in which 
early administration of analgesia was compared with administra- 
tion of placebo in patients with acute abdominal pain have shown 
that patients who receive analgesics are more comfortable and do 
not experience a delay in diagnosis.*+-°° 

Patients with an acute abdominal process frequently require 
antibiotic treatment for peritonitis. When appropriate, antibiotic 
therapy aimed at the likely causative pathogens should be given as 
soon as a putative diagnosis is reached, but little benefit is derived 
from treating an immunocompetent patient with broad-spectrum 
antibiotics before a likely source is identified. Patients who are 
immunocompromised or neutropenic, however, should receive 
broad-spectrum antibiotics early in the course of management 
for acute abdominal pain. 


Full references for this chapter can be found on www.expertconsult.com. 
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Evaluating any patient with a complaint of abdominal pain is 
challenging. Abdominal pain can be benign and self-limited or a 
harbinger of a serious life-threatening disease (see Chapter 11). 
Chronic abdominal pain poses a particularly challenging clini- 
cal problem. Not only is the management of chronic abdominal 
pain a frequently daunting task, but the clinician must also remain 
vigilant to avoid overlooking an otherwise specifically treatable 
structural (“organic”) disorder. Many disorders discussed in this 
chapter and elsewhere in this textbook can produce chronic or 
recurrent abdominal pain (Box 12.1). Many of these diagnoses 
require careful consideration and clinical interrogation in addi- 
tion to appropriate diagnostic testing to discern whether the 
entity is indeed the cause of the patient’s pain. Diagnosis of a 
functional GI disorder (FGID) is generally considered once 
potential causes of organic chronic abdominal pain have been 
confidently excluded. Although the causes of chronic abdomi- 
nal pain are varied, the pathophysiologic pathways that produce 
chronic pain are common to many of them. This chapter focuses 
on the neuromuscular causes of chronic abdominal pain, centrally 
mediated abdominal pain syndrome (CAPS), and narcotic bowel 
syndrome (NBS). CAPS serves as a prototypical disorder that 
illustrates many of the complex and interrelated issues involved 
in caring for patients with chronic abdominal pain. 


DEFINITION AND CLINICAL APPROACH 


Abdominal pain is considered chronic when it has been occurring 
constantly or intermittently for at least 6 months, acute when it 
has been occurring for no more than several days, and subacute 
when it has been occurring for more than several days but less 
than 6 months. These arbitrary definitions are often helpful when 
formulating a list of diagnostic considerations. The clinician ini- 
tially must adopt a broad-based approach, which subsequently 
becomes more focused as the evaluation ensues. Importantly, 
although typical patterns of presentation are useful to remember, 
some patients, especially immunosuppressed and older persons, 
may present with atypical features. 
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As in acute abdominal pain (see Chapter 11), the initial step 
in evaluating a patient with chronic abdominal pain is to elicit 
a detailed history. The chronology of the pain, including its 
abruptness of onset and duration, its location, and possible radia- 
tion should be determined. Visceral pain emanating from the 
digestive tract is perceived in the midline, given the relatively 
symmetrical bilateral innervation of the organs, but is diffuse and 
poorly localized.! Referred pain is ordinarily located in the cuta- 
neous dermatomes that share the same spinal cord level as the 
affected visceral inputs.” The patient should be questioned about 
the intensity and character of the pain, with the understanding 
that these parameters are subjective. The patient’s perception of 
precipitating, exacerbating, or mitigating factors may be useful 
when diagnostic possibilities are considered. 

When initially attempting to determine whether the patient’s 
pain is due to an organic or functional process, the clinician 
should search for clues in the history and physical examination 
that support or refute the diagnosis of a progressive, chronic 
underlying illness. Features in the history that suggest an organic 
process include fever, night sweats, appetite change, weight loss, 
and nocturnal awakening. 

A complete physical examination is indicated to search for evi- 
dence of a systemic disease. The abdominal examination should 
employ a combination of inspection, auscultation, percussion, 
and palpation. In a patient with an acute exacerbation of chronic 
abdominal pain, the most critical step is to ascertain whether a 
process mandating immediate surgical intervention is present (see 
Chapter 11). Although most causes of chronic abdominal pain do 
not require immediate surgical treatment, a complication related 
to a disease process ordinarily associated with chronic abdominal 
pain may present acutely (e.g., intestinal perforation in a patient 
with IBD). Furthermore, a patient who has experienced chronic 
abdominal pain may present with acute pain related to another 
disease process (e.g., acute mesenteric ischemia in a patient with 
underlying IBS). The abdomen should be auscultated to detect an 
abdominal bruit, which may suggest chronic mesenteric ischemia. 
Abdominal palpation for the presence of organomegaly, masses, 
and ascites and examination for hernias are particularly pertinent. 
Other physical findings that suggest an underlying organic illness 
include signs of malnutrition (e.g., sarcopenia, edema), vitamin 
deficiencies, or extraintestinal processes (e.g., arthropathy, cuta- 
neous changes). Although not entirely specific, the “closed eyes” 
sign is often seen in patients with CAPS (see later). Similarly, 
Carnett’s sign and the hover sign (described later) may be seen in 
persons with pain emanating from the abdominal wall. 

Laboratory studies can be helpful, but the clinician must first 
distill pertinent facets of the history and physical examination to 
focus the laboratory assessment. Injudicious use of laboratory 
testing is costly, can confuse the clinical picture, and may even 
lead to complications. It is worth emphasizing that an abnormal 
laboratory test result does not necessarily prove causality in rela- 
tion to a patient’s pain syndrome. The clinician must exercise the 
utmost discretion when ordering and interpreting laboratory test 
results. 

Endoscopic and imaging studies have important roles in 
diagnosing and excluding many causes of chronic abdomi- 
nal pain. Upper endoscopy, colonoscopy, capsule endos- 
copy, and EUS may be indicated in selected cases. Available 
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BOX 12.1 Differential Diagnosis of Chronic or Recurrent Abdominal Pain 


STRUCTURAL (OR ORGANIC) DISORDERS 
Inflammatory 

Appendicitis (Chapter 120) 

Celiac disease and gluten sensitivity (Chapter 107) 
Diverticular disease (Chapter 121) 

Eosinophilic gastroenteritis (Chapter 30) 
Epiploic appendagitis 

IBD (Chapters 115 and 116) 

Pelvic inflammatory diseases 

PSC (Chapter 68) 

Sclerosing mesenteritis (Chapter 39) 

Vascular 


Celiac artery syndrome (Chapter 38) 


Mesenteric ischemia (Chapter 118) 
Superior mesenteric artery syndrome (Chapter 15) 
Metabolic 


Diabetic neuropathy 

Lead poisoning 

Porphyria (Chapter 77) 

Neuromuscular 

Anterior cutaneous nerve entrapment syndrome 
Myofascial pain syndrome 

Slipping rib syndrome 

Thoracic nerve radiculopathy 

Other 


Abdominal adhesions (Chapter 123) 
Abdominal migraine (Chapter 15) 


imaging investigations include barium and radionuclide stud- 
ies, US, CT, MRI, PET, and angiography (CT, MR, and 
conventional). The indications for each of these radiologic 
investigations differ, as do their potentials for clarifying an indi- 
vidual clinical situation. Endoscopic and radiologic testing in 
specific disorders is discussed in detail elsewhere in this text- 
book. 


ABDOMINAL WALL PAIN 


Anterior Cutaneous Nerve Entrapment and 
Myofascial Pain Syndromes 


An estimated 10% to 30% of patients presenting to a gastro- 
enterologist with a complaint of chronic abdominal pain have 
chronic abdominal wall pain (CAWP) as a cause of their symp- 
toms. Anterior cutaneous nerve entrapment syndrome (ACNES) 
and myofascial pain syndrome (MFPS) are common causes of 
CAWP. These syndromes share clinical, diagnostic, and treat- 
ment characteristics; the importance of recognizing them rests 
in providing the patient with an accurate diagnosis and effective 
treatment, as well as avoiding further expensive investigation and 
unnecessary surgical intervention. The abdominal wall should be 
suspected as the cause of symptoms when there is a complaint of 
chronic and unremitting abdominal pain that is unrelated to eat- 
ing or bowel function but clearly related to movement. Patients 
with CAWP are often overweight, and the disorder is more com- 
mon in women than men. 

Although ACNES was initially described in the 1970s, it 
remains a frequently underrecognized, overlooked, and misdiag- 
nosed cause of chronic abdominal pain.’ In ACNES, the pain is 
believed to occur when there is entrapment of a cutaneous branch 
of a sensory nerve that is derived from a neurovascular bundle 
emanating from spinal levels T7 to T12. The nerve entrapment 


Abdominal neoplasms (Chapters 32-34, 48, 54, 60, 69, 96, 125-127) 

Anaphylaxis (Chapter 10) 

Angioedema (Chapter 11) 

Cannabinoid hyperemesis syndrome (Chapter 15) 

Chronic pancreatitis (Chapter 59) 

Cyclic vomiting syndrome (Chapter 15) 

Ehlers-Danlos syndrome 

Endometriosis (Chapter 128) 

Familial Mediterranean fever (Chapter 37) 

Gallstones (Chapter 65) 

Hernias (Chapter 27) 

Intestinal malrotation (Chapter 98) 

Intestinal obstruction (Chapter 123) 

Lactose intolerance (Chapter 104) 

Neurogenic abdominal pain (abdominal migraine, abdominal epilepsy) 
(Chapters 15 and 37) 

PUD (Chapter 53) 

Small intestinal and pelvic lipomatosis (Chapter 39) 


FUNCTIONAL GI DISORDERS 


Biliary pain (gallbladder or SOD) (Chapter 63) 

Centrally mediated abdominal pain syndrome 

Functional (nonulcer) dyspepsia (Chapter 14) 
Gastroparesis (Chapter 50) 

IBS (Chapter 122) 

Levator ani syndrome (Chapter 129) 

Narcotic bowel syndrome/opioid-induced GI hyperalgesia 


may be related to pressure from an intra- or extra-abdominal 
lesion or to another localized process such as fat, fibrosis, or 
edema. Pain emanating from the abdominal wall is discrete and 
localized, in contrast to pain originating from an intra-abdominal 
source, which is diffuse and poorly localized. Anatomic consider- 
ations and mechanisms of nerve entrapment have been detailed 
elsewhere.® 7 Patients usually point to the location of their pain 
with one finger, and the examiner can often localize the area of 
maximal tenderness to a region less than 2 cm in diameter. Dur- 
ing physical examination, the patient often guards the affected 
area from the examiner’s hands (over sign). Patients often note 
that activities associated with tightening of the abdominal mus- 
culature result in an exacerbation of pain, and during physical 
examination, the clinician will note increased localized tender- 
ness to palpation when the patient tenses the abdominal muscles 
(Carnett sign).° 

In MFPS, pain emanates from myofascial trigger points in 
skeletal muscle. Causative factors include musculoskeletal trauma, 
vertebral column disease, intervertebral disk disease, osteoar- 
thritis, overuse, psychological distress, and relative immobility. 
The exact pathophysiology of pain in MFPS remains unclear. 
CAWP may occur in patients with MFPS. Pain may be referred 
from another site, and identification of trigger points is a useful 
physical finding. When attempting to identify a trigger point, the 
examiner uses a single finger to palpate a tender area. This is most 
often located in the central portion of a muscle belly, which may 
feel indurated or taut to palpation, and elicits a jump sign.'° This 
finding refers to a patient’s response by wincing, jerking away, 
or crying out as the myofascial trigger point is detected. Less 
commonly, trigger points may be located at sites like the xiphoid 
process, costochondral junctions, or ligamentous and tendinous 
insertions. 

Successful treatment of ACNES and MFPS not only 
improves symptoms, but also confirms the diagnosis.!! 1? 
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Treatment strategy depends on the symptom severity. With 
mild and intermittent symptoms that are reproducibly precipi- 
tated by certain movements, simple reassurance and a recom- 
mendation to avoid such movements may suffice. Non-narcotic 
analgesics, NSAIDs, and heat applications can be used during 
exacerbations. Physical therapy may be beneficial, although no 
randomized studies have supported this approach. For severe 
and persistent symptoms, injection therapy with a local anes- 
thetic, with or without a glucocorticoid, is recommended.!!-!3 
Various techniques of injection have been described.° A retro- 
spective survey-based study with follow-up of 6 to 12 months 
revealed that ultrasound-guided trigger-point injection with an 
anesthetic plus a glucocorticoid resulted in significant symptom 
improvement in over one third of patients.'* Not unexpectedly, 
somatization was inversely related to treatment success. In a 
study of 136 patients in whom the history and physical examina- 
tion suggested abdominal wall pain, and in whom benefit was 
noted with injection therapy, the diagnosis remained unchanged 
in 97% of cases after a mean follow-up of 4 years.!> In carefully 
selected patients with symptoms refractory to injection therapy, 
a prospective nonrandomized investigation suggested that diag- 
nostic laparoscopy with open exploration of abdominal trigger 
points may be beneficial.!° In this study, after intra-abdominal 
adhesions in close proximity to a trigger point were lysed, subcu- 
taneous nerve resection was performed. After a median postop- 
erative follow-up of 37 months, an impressive 23 of 24 patients 
(96%) believed that this approach was beneficial in managing 
their previously intractable pain. A retrospective observational 
study!’ and a double-blind, randomized, controlled trial from 
the same investigators! also showed long-term benefit from 
anterior neurectomy in patients with symptoms refractory to 
more conservative therapy. 


Slipping Rib Syndrome 


The slipping rib syndrome (SRS), initially described in the 
early 20th century,!” *° is an uncommonly recognized cause 
of chronic lower chest and upper abdominal pain. SRS ordi- 
narily causes unilateral sharp, often lancinating pain in the 
subcostal region. The acute pain may be followed by a more 
protracted aching sensation. The syndrome is associated with 
hypermobility of the costal cartilage at the anterior end of 
a false rib (rib 8, 9, or 10), with slipping of the affected rib 
behind the superior adjacent rib during contraction of the 
abdominal musculature. This slipping causes pain by a vari- 
ety of potential mechanisms, including costal nerve impinge- 
ment and localized tissue inflammation. The key to diagnosis 
is clinical awareness of the syndrome, in conjunction with use 
of the hooking maneuver: the clinician hooks the examining 
fingers underneath the patient’s lowest rib, and as the rib is 
moved anteriorly the pain is reproduced and an audible pop or 
click is often heard.’! Conservative therapeutic measures often 
suffice, but costochondral nerve blockade (response to which 
supports the diagnosis) or even rib or costal cartilage excision 
are occasionally required.*?: 7° 

In persons with thoracic hyperkyphosis and kyphoscoliosis, 
“rib tip syndrome” (costo-iliac impingement) may cause pain 
in a manner resembling that of SRS. The condition is often 
treated successfully with weighted kypho-orthosis (a specifically 
weighted back support device that centers the body over the legs) 
and back strengthening.** 


Thoracic Nerve Radiculopathy 


Disease related to thoracic nerve roots T7 through T12 may be 
responsible for abdominal pain. The disease processes that may 
cause this problem include neuropathy related to back and spine 
disorders, diabetes mellitus, and herpes zoster infection.» %6 


BOX 12.2 Rome IV Diagnostic Criteria* for Centrally 
Mediated Abdominal Pain Syndromet 


Must include all the following: 

1. Continuous or nearly continuous abdominal pain. 

2. Noor only occasional relationship of pain with physiological 
events (e.g., eating, defecation, menses).* 

3. Pain limits some aspect of daily functioning.$ 

4. Pain is not feigned. 

5. Pain is not explained by another structural or functional Gl 
disorder or other medical condition. 


*Criteria fulfilled for the past 3 months, with symptom onset at least 6 
months prior to diagnosis. 

tCentrally mediated abdominal pain syndrome is typically associated with 
psychosocial comorbidity, but there is no specific profile that can be used 
for diagnosis. 

+Some degree of GI dysfunction may be present. 

SDaily function could include impairments in work, intimacy, social/leisure, 
family life, and caregiving for self or others. 

From Whorwell PJ, Keefer L, Drossman DA, et al. Centrally mediated disor- 
ders of gastrointestinal pain. In: Drossman DA, Chang L, Chey WD, Kel- 
low J, Tack J, Whitehead WE, editors. Rome IV: functional gastrointestinal 
disorders: disorders of gut-brain interaction. |. Raleigh, NC: The Rome 
Foundation; 2016. pp 1059-1116. 


Obtaining a complete patient history and performing a careful 
physical examination, with attention to the possibility of a sys- 
temic disease and abnormal neurologic and dermatologic find- 
ings, should lead to the correct diagnosis. Treatment depends on 
the specific underlying disease process. 


CENTRALLY MEDIATED ABDOMINAL PAIN 
SYNDROME 


Formerly known as the functional abdominal pain syndrome, 
CAPS is a distinct medical disorder. The name of this syndrome 
was changed from functional abdominal pain syndrome to CAPS 
to more accurately reflect its pathophysiology. The disorder is 
also called chronic idiopathic abdominal pain or chronic func- 
tional pain and is distinct from abdominal migraine (in which 
the pain is cyclical [see Chapter 15]); chronic pelvic pain, malin- 
gering, or feigned pain (see Chapter 23); IBS (see Chapter 122); 
and functional dyspepsia (FD; see Chapter 14). Evidence sug- 
gests that the syndrome relates to CNS amplification of normal 
regulatory visceral signals rather than functional (i.e., motility) 
abnormalities in the GI tract.” The disorder is characterized 
by continuous, almost continuous, or at least frequently recur- 
rent, abdominal pain that is poorly related to bowel habits and 
eating. CAPS is properly understood as abnormal perception of 
normal (regulatory) bowel function rather than a motility disor- 
der. The syndrome appears to be closely related to alterations in 
endogenous pain modulation systems, including dysfunction of 
descending and cortical pain modulation circuits. The Rome IV 
Consensus Committee diagnostic criteria for CAPS are shown 
in Box 12.2.78 Studies that included patients who met diagnostic 
criteria for CAPS have revealed that only rarely is an organic 
cause of chronic abdominal pain found during long-term fol- 
low-up.??: 30 

CAPS is commonly associated with other unpleasant somatic 
symptoms, and when it persists or dominates the patient’s life, it 
is usually associated with chronic pain behaviors and comorbid 
psychological disturbances.*! Patients with CAPS typically define 
their illness as medical, and their symptoms tend to be more 
severe and associated with greater functional impairment than 
those of patients with IBS. Psychological disturbances, if present, 
must be considered as comorbid features of CAPS rather than 


part of a primarily psychiatric problem.** When compared with 
patients who have chronic back pain, those with chronic abdomi- 
nal pain report significantly better physical functioning, yet their 
overall perception of health is significantly worse.*? 


Epidemiology 


Although the epidemiology of CAPS is incompletely known, the 
disorder is believed to be less common than other FGIDs, with 
an estimated prevalence of 2%.*+ A female predominance is noted 
(F:M = 1.5). Patients with CAPS miss more workdays because of 
illness and have more physician visits than those without abdomi- 
nal symptoms. A substantial proportion of patients are referred 
to gastroenterology practices and medical centers; they have a 
disproportionate number of health care visits and often undergo 
numerous diagnostic procedures and treatments. 


Pathophysiology 


Chronic pain is a multidimensional (sensory, emotional, cogni- 
tive) experience explained by abnormalities in neurophysiologic 
functioning at the afferent, spinal, and cerebral levels. Unlike 
acute pain arising from peripheral or visceral injury or disease, 
chronic functional pain is not associated with increased afferent 
visceral stimuli from structural abnormalities and tissue dam- 
age. CAPS is considered a biopsychosocial disorder related to 
dysfunction of the brain-gut axis with alterations in modulatory 
and motivational pain dimensions (central sensitization with dis- 
inhibition of pain signaling) (see Chapter 22).** 3? As shown in 
Fig. 12.1, the clinical expression of CAPS is derived from psy- 
chological and intestinal physiologic input that interacts in a 
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Fig. 12.1 Biopsychosocial model of centrally mediated abdominal 
pain syndrome (CAPS). Consistent with a biopsychosocial model of 
illness, a person may be predisposed to CAPS because of factors 
(e.g., genetic, environmental) in early life. Symptoms and behavioral 
responses result from the interaction between psychosocial factors 
(e.g., life stress, social support) and GI physiology (i.e., inflammation, 
motility, and sensation). CAPS relates to dysfunction in the brain-gut 
neuraxis, with abnormal modulation of afferent signals from the intestine 
that influences the symptoms experienced, and leads to increased 
use of health care resources and reduced quality of life. ENS, Enteric 
nervous system. 
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dynamic fashion via the CNS-gut neuraxis. This model integrates 
the clinical, physiologic, and psychosocial features of CAPS into 
a comprehensible form, providing the basis for understanding 
psychological influences and application of psychopharmacologic 
treatments. 

Research relating to the pathophysiology of painful FGIDs 
has focused on the concepts of visceral hypersensitivity and alter- 
ations of brain-gut interactions. In CAPS, dysregulation of the 
brain-gut axis is manifested by central enhancement of afferent 
visceral signals (as opposed to visceral hypersensitivity).’*: >> The 
brain-gut dysregulation in CAPS can be initiated or modified by a 
variety of events, including cognitive and emotional input. A pro- 
spective controlled investigation of the development of chronic 
abdominal pain in women undergoing gynecologic surgery for 
non-painful indications revealed that pain developed significantly 
more frequently in the surgical group.*° Development of chronic 
abdominal pain in the postoperative setting was predicted only 
by psychosocial variables, implying that development of pain is 
closely associated with central registration and amplification of 
the afferent signal. This study lends strong support to the biopsy- 
chosocial model and the importance of cognitive and emotional 
input during development of postoperative CAPS. 


Ascending Visceral Pain Transmission 


Afferent transmission of visceral abdominal pain involves first- 
order neurons that innervate the viscera, carry information to the 
thoracolumbar sympathetic nervous system, and subsequently 
synapse in the dorsal horn of the spinal cord. Second-order 
neurons cross and ascend from the dorsal horn via the spino- 
thalamic and spinoreticular tracts. These second-order neurons 
synapse in the thalamus with third-order neurons that synapse 
with the somatosensory cortex (sensory-discriminative com- 
ponent), which is involved in the somatotypic or point-specific 
localization and intensity of afferent signals, and with the limbic 
system (motivational-affective component), which contains the 
anterior cingulate cortex (ACC [Fig. 12.2]; see also Chapter 22). 
The insular cortex receives input from the sensory thalamus and 
the nucleus tractus solitarius and integrates visceral sensory and 
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Fig. 12.2 Neuroanatomic pathways that mediate visceral pain sensa- 
tion. Afferent transmission of visceral abdominal pain involves first- 
order neurons that innervate the viscera and subsequently synapse in 
the dorsal horn of the spinal cord. Second-order neurons ascend from 
the dorsal horn of the spinal cord via the spinothalamic tract and the 
spinoreticular and reticulothalamic tracts to link in the thalamus with 
third-order neurons that then synapse in the limbic system, which con- 
tains the insula and anterior cingulate cortex (ACC), and in the primary 
somatosensory cortex. MCC, Midcingulate cortex. 
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emotional information.*’ The limbic system serves as a modula- 
tor of the pain experience, based on the individual’s emotional 
state, prior experiences, and cognitive interpretation of the signal. 
This multicomponent integration of nociceptive information in 
the CNS explains the variability in the experience and reporting 
of pain.’ Motivational-affective regions of the CNS are impor- 
tant contributors to the chronic pain experience by modulating 
afferent sensory information from the intestine. 

This conceptual scheme of pain modulation has been demon- 
strated through PET imaging.*’ In a group of healthy subjects 
who immersed their hands in hot water, half were hypnotized 
to experience the immersion as painful and the other half as not 
painful or even pleasant. No difference was found in activity in the 
somatosensory cortex; however, those who experienced pain had 
significantly greater activation of the ACC of the limbic system 
(the area involved in the affective component of the pain experi- 
ence). Functional brain imaging studies comparing patients with 
functional GI disease and normal controls have shown abnormal 
brain activation in the motivational-affective pain regions, includ- 
ing the prefrontal cortex, ACC, amygdala, and insula.*” These 
regions show increased activation in patients with chronic pain, 
suggesting abnormal afferent input as well as central modulation, 
which could be caused in part by increased attention to visceral 
stimuli, abnormal cognitive or affective processing of afferent 
input, or comorbid psychiatric disorders. 


Descending Modulation of Pain 


According to the gate control theory, afferent transmission of vis- 
ceral pain can be modulated by descending impulses from the 
cortex down to the visceral nerves.** In this model, the central 
descending control of the gating system occurs primarily through 
the descending inhibitory system.*! This system is an endorphin- 
or enkephalin-based neural network that originates from the 
cortex and limbic system and descends to the spinal cord, with 
major links in the midbrain (periaqueductal gray) and medulla 
(caudal raphe nucleus [Fig. 12.3]). This system inhibits nocicep- 
tive projection directly on the second-order neurons or indirectly 
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Fig. 12.3 Descending endorphin- or enkephalin-mediated inhibitory 
system. This network includes connections from the sensory cortex 
and limbic system (via amygdala and thalamus), which have major links 
to the midbrain periaqueductal gray (PAG) matter, locus coeruleus, and 
medullary caudal raphe nucleus. Connections then project to neurons 
in the dorsal horn of the spinal cord. When activated, this system inhib- 
its afferent impulses from peripheral nociceptive sites (e.g., colon) to the 
brain. Endorphin activity, which has opicidergic properties, is facilitated 
by release of serotonin (Serotonergic pathway) and possibly norepi- 
nephrine (noradrenergic pathway). ACC, Anterior cingulate cortex. 


via inhibitory interneurons in the spinal cord. Then the dorsal 
horn of the spinal cord acts as a gate to modulate (i.e., increase 
or decrease) transmission of afferent impulses from peripheral 
nociceptive sites to the CNS. In effect, this descending pain 
modulation system determines the amount of peripheral afferent 
input from the GI tract that ascends to the brain. Descending 
inhibitory systems can be diffuse and, when activated, inhibit 
pain sensitivity throughout the body—so-called diffuse noxious 
inhibitory control. Patients with chronic pain syndromes, includ- 
ing CAPS, appear to have an impaired ability to activate diffuse 
noxious inhibitory control.*” 7 


Visceral Sensitization 


Recurrent peripheral stimulation is thought to up-regulate 
afferent signals or inhibit descending pain control mechanisms, 
thereby sensitizing the bowel and producing a state of visceral 
hyperalgesia (increased pain response to a noxious signal) and 
chronic pain. Clinical investigation has supported this concept, 
and the increase in pain appears to occur to a greater degree in 
patients with FGIDs than in healthy subjects.*+ Preoperative 
treatment with local or regional anesthesia or NSAIDs reduces 
the severity of postoperative pain,’ suggesting that the CNS 
response to peripheral injury can be modified by prior reduction 
of afferent input to the CNS. Conversely, recurrent peripheral 
injury (e.g., repeated abdominal operations) may sensitize intesti- 
nal receptors, thereby making perception of even baseline affer- 
ent activity more painful (allodynia). Visceral sensitization may 
develop through different mechanisms at one or more levels of 
the neuraxis. Rectal hypersensitivity induced by repetitive pain- 
ful rectal distention is seen in patients with IBS but not CAPS.*¢ 
This observation supports the contention that IBS and CAPS are 
distinct disorders, with IBS being a disorder of enhanced afferent 
excitation and CAPS being a disorder characterized by alterations 
in descending pain modulation with preeminent central disinhi- 
bition. 


Biochemical Role of 5-HT 


Serotonin (5-hydroxytryptamine [5-HT]) has received consid- 
erable attention because the GI tract is its main source within 
the body.” 5-HT is found primarily in mucosal enterochromaf- 
fin cells, where it appears to serve as a neurotransmitter of the 
enteric nervous system and as a paracrine molecule that signals 
other (e.g., vagal) neural activity. 5-HT mediates numerous GI 
functions, and modulation of various receptor subtypes (e.g., 
5-HT\, 5-HT3, 5-HT4) and 5-HT reuptake affects GI senso- 
rimotor function. 5-HT is therefore an important modulator of 
the brain-gut neuraxis, and its dysregulation appears to play an 
important role in central pain amplification.** Pharmacologic 
manipulation of the serotonin system is an appealing target for 
therapy. 


Role of the CNS 


Although peripheral sensitization may influence the onset of 
pain, the CNS is critically involved in the predisposition to and 
perpetuation of chronic pain due to central disinhibition. In 
CAPS, the preeminent role of the CNS is evident by the lack of 
peripheral motor or sensory abnormalities and the strong asso- 
ciation with psychosocial disturbances. In addition, comorbid 
psychiatric diagnoses, major life stressors, a history of sexual 
or physical abuse, poor social support, and maladaptive coping 
strategies are all associated with more severe chronic abdominal 
pain and poorer health outcomes.*” °° These factors in patients 
with CAPS and other functional GI pain conditions may impair 
or diminish descending inhibitory pain pathways that act on dor- 
sal horn neurons or may amplify visceral afferent signals.” 4251 


A study in 31 healthy volunteers utilized functional brain MRI 
to show that higher neuroticism scores are associated with 
engagement of brain regions responsible for emotional and 
cognitive appraisal during the anticipation of pain.’’ This find- 
ing supports a maladaptive mechanism of overarousal with the 
anticipation of pain and a consequent lack of ability to cope 
during a painful experience in persons with higher neuroti- 
cism scores. Prospective studies of patients with postinfection 
IBS (see Chapter 122) and postoperative CAPS also support the 
importance of the brain in the experience of GI pain.*® >? The 
relation of the fecal microbiota to the brain-gut neuraxis and 
CAPS is under study.*+ 

Functional brain imaging has been useful in clarifying 
brain-gut interaction and has demonstrated that links between 
cognitive and emotional mechanisms and the chronic pain 
experience may be mediated through impairment in the ability 
of the limbic system to appropriately modulate visceral sig- 
nals. The motivational-affective component of the CNS, spe- 
cifically the ACC (see Figs. 12.2 and 12.3), is dysfunctional 
in patients with FGIDs (e.g., IBS) and other chronic painful 
conditions.°>~>’ A study of patients with IBS and an abuse his- 
tory used functional brain MRI to show that during aversive 
visceral stimulation (rectal balloon distention), differential 
activation of regions of the ACC occurred.°* This study con- 
firmed a strong association between visceral pain reporting 
and brain activation in predetermined brain regions involved 
in the affective and motivational aspects of the pain experi- 
ence. Return to baseline of ACC activity in depressed patients 
is associated with clinical improvement’? and predicts response 
to antidepressant treatment.°? As the pain and emotional dis- 
tress of a patient with IBS improved, the activity within the 
ACC changed correspondingly.*” 

Additional research has revealed that in FD, cerebral glu- 
cose metabolism is increased even in the resting state in CNS 
areas believed to be important in functional bowel disorders.°! 
The observed synergistic effect of IBS and abuse history on dif- 
ferential ACC activation suggests a mechanism to explain how 
afferent processing in the CNS can be associated with report- 
ing of greater pain severity and poorer outcomes in this patient 
population. This and other research®’-°° has suggested that dys- 
regulation of central pain modulation is critical and may occur in 
various medical and psychological conditions. One investigation 
used functional MRI to show that, when compared with normal 
controls and those with UC in remission, patients with IBS fail 
to effectively engage neural downregulation of pain induced by 
rectal distention during placebo analgesia administration.’ The 
role of the endocannabinoid system in the brain-gut neuraxis 
and potential therapeutic implications have also been explored.®* 
The challenge remains to reverse the findings on functional brain 
imaging studies by a multifaceted approach, with a concomi- 
tant improvement in patient outcomes. The presence of struc- 
tural brain changes in CAPS and other functional pain disorders 
remains unproven, but the potential for neuroplasticity raises the 
possibility of reversibility if such changes exist.’® 


Clinical Implications 


The concept of CAPS as a dysregulation of brain-gut neuraxis 
function at various levels has important clinical implications. By 
linking psychosocial factors to the pathophysiology of chronic 
abdominal pain, this conceptual scheme transforms the therapeu- 
tic approach from a purely psychiatric one to a paradigm that 
encompasses a broader array of potential therapies. Early phar- 
macologic and psychological treatment ultimately may be shown 
to reverse the dysregulated modulation of sensory input and 
structural brain changes that are associated with chronic pain,°’ 
thereby preventing development of a subsequent chronic pain 
syndrome.” 7! 
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Clinical Features 
History 


Typically, patients with CAPS are middle-aged and female. The 
history is one of chronic abdominal pain, often for more than 
10 years, and the patient is often in distress at the time of initial 
consultation. The pain is frequently described as severe, constant, 
and diffuse. Pain is often a focal point in the patient’s life, may 
be described in emotional or bizarre terms, and is not influenced 
by eating, defecation, or menses. The abdominal pain may be 
one of several painful symptoms or part of a continuum of pain- 
ful experiences often beginning in childhood and recurring over 
time.?? CAPS sometimes coexists with other disorders, and the 
clinician must determine the degree to which one of these other 
conditions contributes to CAPS. Frequently, CAPS will evolve 
in a patient who has had another well-defined GI disorder but 
has been operated on one or more times and developed chronic 
abdominal pain following these operations. Repetitive surgery in 
such patients is often performed for alleged intestinal obstruction 
caused by adhesions. 

Patients with CAPS often have a psychiatric diagnosis of anxi- 
ety, depression, somatization, or posttraumatic stress disorder. 
There may be a history of trauma, including military trauma. A 
history of sexual and physical abuse is frequent and is predictive 
of poor health, refractoriness to medical care, and a high number 
of diagnostic and therapeutic procedures and health care visits.°° 
Possibly having learned in childhood that attention is more likely 
received when reporting physical illness but not emotional dis- 
tress, patients may minimize the role of psychological factors. 
A history of unresolved losses is a common feature.’* Because 
patients do not usually volunteer an abuse history, physicians 
should inquire in this regard.” 

Finally, patients with CAPS may report poor social networks 
and exhibit ineffective coping strategies. They feel unable to 
decrease their symptoms, may be unable to identify and express 
emotions (alexithymia), and may “catastrophize” (i.e., view their 
condition in pessimistic and morbid ways without any sense of 
control over the consequences). Chronic abdominal pain may be 
an independent risk factor for suicidal ideation.” These cogni- 
tions are associated with greater pain scores that lead to a cycle of 
more illness reporting, more psychological distress, and poorer 
clinical outcomes.’* For many, the illness provides social support 
via increased attention from friends, family, and health care pro- 
viders. 


Patient Behavior 


Certain behavioral traits are common in patients with CAPS. 
These patients often demand that the physician diagnose the 
problem promptly and relieve their chronic symptoms rapidly. 
‘They similarly deny a relationship between their problem and 
psychologically disturbing issues and often attribute depres- 
sion to pain rather than recognizing it as a contributing factor. 
Frequently an accompanying spouse or parent takes responsibil- 
ity for reporting the patient’s history, an observation that sug- 
gests the possibility of family dysfunction. A history of narcotic 
use is not uncommon (see later), as is a request by the patient 
for such medication during the initial visit. This type of behavior 
reflects the patient’s consideration of his or her situation as an 
acute condition requiring immediate symptom relief, rather than 
a chronic condition in which treatment must be directed toward 
enhancing coping and adaptive strategies. 


Physical Examination 


Certain physical findings help support a diagnosis of CAPS. 
Abdominal palpation should begin at an area remote from the 
perceived site of maximal intensity. The patient’s behavior 
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during abdominal palpation should be noted, with an emphasis on 
whether a change is noted during distracting maneuvers. Patients 
with CAPS usually lack signs of autonomic arousal. The presence 
of multiple abdominal surgical scars without clearly understood 
indications may suggest chronic pain behaviors that have led to 
unnecessary procedures. The closed eyes sign may be noted’: when 
the abdomen is palpated, the patient with CAPS may wince, with 
closed eyes, whereas those with acute pain due to organic pathol- 
ogy tend to keep their eyes open in fearful anticipation of the 
examination. Often, the stethoscope sign (gentle, distracting com- 
pression with the diaphragm of the stethoscope on a painful site 
of the abdomen) elicits a diminished behavioral response in a 
patient with CAPS, thereby affording a more accurate appraisal 
of the intensity of pain. Performing a thorough physical examina- 
tion ensures that another diagnosis is not overlooked (e.g., pain 
emanating from the abdominal wall) and legitimizes the patient’s 
pain as a medical condition. 


Diagnosis and Differential Diagnosis 


After obtaining a complete history, performing a thorough physi- 
cal examination, and paying appropriate attention to psychosocial 
factors in the patient’s life, the scenario will often point the phy- 
sician toward a diagnosis of CAPS. A physical examination that 
does not suggest evidence of organic intra-abdominal pathology, 
as well as normal results of routine laboratory tests, lends support 
to the contention that the patient’s pain is not due to an identifi- 
able structural disease. Recognition of the diagnostic criteria for 
CAPS (see Box 12.2) and failure to find evidence of another cause 
of chronic abdominal pain (see Box 12.1) should lead the physi- 
cian to a diagnosis of CAPS. If the features of CAPS are absent 
or atypical, or if concerning abnormalities are found on physical 
examination (e.g., abdominal mass, enlarged liver) or on screen- 
ing laboratory studies (e.g., anemia, hypoalbuminemia), another 
diagnosis should be considered and pursued accordingly. Not 
uncommonly, nonspecific abnormalities are found (e.g., a liver 
cyst) and require determination of their relevance to the patient’s 
symptoms. A clinical algorithm for the diagnosis of CAPS has 
been proposed (Fig. 12.4).?7 


Treatment 
Establishing a Successful Patient-Physician Relationship 


Once other diagnoses have been excluded, formation of a success- 
ful relationship between the patient with CAPS and physician (or 
other health care provider) is critical for effective management. 


Several factors must be considered to help establish this relation- 
ship and move toward successful treatment (see Chapter 22). An 
understanding of the psychosocial background is helpful because 
a detailed knowledge of this aspect of the patient’s life aids in 
selecting the most useful treatment strategies. Having an appre- 
ciation of the degree of the patient’s understanding of the illness 
is important, particularly for enhancing the success of a treatment 
plan. 

Early in the development of the patient-physician relation- 
ship, it is important to determine whether there are abnormal 
illness behaviors and associated psychiatric diagnoses, which 
are present in up to 60% of patients with CAPS.? The role 
of the family in relation to the patient’s illness should also be 
understood. Normally, family experiences with illness lead to 
emotional support and a focus on recovery. With dysfunc- 
tional family interactions, stresses are not managed in an 
optimal fashion, and diverting attention toward illness serves 
to reduce family distress.’° Dysfunction is seen when family 
members indulge the patient, assume undue responsibility in 
the patient’s management, or become the spokesperson for the 
patient. If such family dysfunction is observed, counseling may 
help the family develop more useful coping strategies. Cul- 
tural belief systems must also be understood because patients 
may not comply with treatments that are inconsistent with 
their cultural values. It is important to gain knowledge of the 
patient’s psychosocial resources (i.e., the availability of social 
networks) that may assist in buffering the adverse effects of 
stress and improve the outcome. 

It is essential for the physician to convey validation of illness 
to the patient by nonjudgmentally acknowledging the illness 
and the effect it has had on his or her life. This step is important 
to ensuring the patient understands that the physician considers 
CAPS to be a medical illness. Empathy is primary; it acknowl- 
edges the reality and distress associated with the patient’s pain 
and can improve adherence to a treatment plan, patient satisfac- 
tion, and clinical outcomes.” It does not, however, equate with 
overreacting to the patient’s wish for a rapid diagnosis and over- 
medication or performing unnecessary diagnostic studies. Edu- 
cation is provided by eliciting the patient’s knowledge of the 
syndrome, addressing any concerns, explaining the nature of the 
symptoms, and ensuring understanding in all matters that have 
been discussed. It is helpful to reiterate that CAPS is a medical 
disorder and that symptoms can be attenuated by pharmaco- 
logic or psychological treatments that modify the central regu- 
lation of pain control. Reassurance should be provided because 
patients may fear serious disease. After the evaluation is com- 
plete, the physician should respond to the patient’s concerns in 
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Fig. 12.5 Overview of the management of centrally mediated ab- 
dominal pain syndrome based on the severity of symptoms. The 
cornerstone of treatment is the development of a strong physician- 
patient relationship and institution of a treatment plan that incorporates 
pharmacologic and behavioral approaches, beginning with medica- 
tions directed at specific symptoms and lifestyle changes (e.g., stress 
reduction, exercise) and education. For chronic pain, a low-dose 
tricyclic antidepressant (TCA) or serotonin and norepinephrine reuptake 
inhibitor (SNR) may be initiated. Augmentation therapy can occur with 
the addition of a second pharmacologic agent (see text). A mental 
health intervention, such as cognitive behavioral treatment (CBT) or 
hypnotherapy, may be considered to help manage pain and reduce 
psychological stress caused by symptoms. In severe cases, combina- 
tion therapy with both a medication and a mental health intervention is 
appropriate. (Adapted from Keefer L, Drossman DA, Guthrie E, et al. 
Centrally mediated disorders of gastrointestinal pain. Gastroenterology 
2016;150:1408-19, with permission). 


a clear, objective, and nondismissive manner. Both patient and 
physician must then negotiate the treatment. This approach will 
enable the patient to contribute to and take some responsibility 
for the treatment plan. Within the context of the patient’s prior 
experience, interests, and understanding, the physician should 
provide choices rather than directives. Adherence to a treat- 
ment plan is more likely when the patient has confidence that it 
will benefit him or her and its rationale is understood. Finally, 
the physician must set reasonable limits in relation to time and 
effort expended and realistic expectations from treatment. The 
key to success is to maintain a trusting relationship while setting 
proper boundaries. 


Instituting a Treatment Plan 


Once the diagnosis of CAPS has been made, the primary focus 
should move away from testing and evaluation and toward devel- 
opment of an effective multifaceted treatment plan that incorpo- 
rates ongoing patient visits and pharmacological and behavioral 
treatments. The clinical scenario will necessarily dictate the spe- 
cific approach with the understanding that combination and aug- 
mentation strategies are often required (see later and Fig. 12.5).? 
It is paramount that the patient understands that the goal of 
therapy is to attenuate symptoms and facilitate adaptation to this 
chronic condition, as opposed to attaining a cure. The patient 
should increase his or her responsibility for the illness by iden- 
tifying the circumstances surrounding episodes of pain, includ- 
ing emotional and cognitive responses. This technique helps the 
patient achieve insight into aggravating factors and characterizes 
the patient’s coping style. Such information helps identify a strat- 
egy for behavioral treatment. In general, laparoscopy and lysis 
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of adhesions is not recommended in patients with CAPS in the 
absence of evidence of intestinal obstruction except in carefully 
selected patients.’”* 


Pharmacotherapy 


There is a paucity of evidence from prospective randomized 
controlled trials to support drug therapy in CAPS. Drug devel- 
opment in FGIDs, particularly CAPS, has been slow, in part 
because of the rather empirical process for experimental testing 
that necessarily occurs in a symptom-based syndrome.’* Also, 
when compared with other FGIDs (e.g., IBS, FD), CAPS is less 
common. Pharmacologic brain imaging approaches hold promise 
as a vehicle to accelerate drug discovery and subsequent develop- 
ment.’? 

Despite these limitations, some specific medications have 
been used successfully in an off-label fashion to treat CAPS (see 
later).””* Quite predictably, peripherally acting analgesics (e.g., 
acetaminophen, aspirin, other NSAIDs) offer little benefit to 
patients with CAPS, given the pathophysiology of the disorder 
(i.e., a biopsychosocial disorder related to brain-gut neuraxis 
dysregulation). Narcotics and benzodiazepines should not be 
prescribed for treatment of CAPS because of the potential for 
increased pain sensitivity and a lowering of the pain threshold, 
respectively; the omnipresent potential for drug dependency with 
these types of medications must also be borne in mind. Prescrib- 
ing such medications subordinates development of more compre- 
hensive treatment strategies to merely providing medication and 
can be counterproductive by leading to narcotic-induced poten- 
tiation of visceral pain, thus resulting in NBS (see later).°° 

As in the treatment of other chronic pain disorders, tricy- 
clic antidepressants (TCAs) can be helpful in CAPS.*!*? Acting 
through inhibition of serotonin and norepinephrine reuptake, 
the benefit of these medications is derived from their ability to 
directly improve pain and (when utilized at higher doses) treat 
associated depression.*+ When the goal is to treat pain, TCAs can 
be given in doses lower than those used to treat major depression 
(e.g., desipramine, 25 to 100 mg/day at bedtime) to minimize side 
effects. However, dosage increases may be needed, particularly if 
the patient has psychiatric comorbidity. There is less evidence for 
the use of selective serotonin reuptake inhibitors (SSRIs) (e.g., 
citalopram) in CAPS, because their lack of norepinephrine trans- 
porter inhibition compromises their ability to provide central 
analgesic effects.*> °° SSRIs can, however, be used when anxiety- 
related symptoms are dominant.**+ 87 Serotonin and norepineph- 
rine reuptake inhibitors (SNRIs) (e.g., duloxetine, venlafaxine, 
milnacipran) are beneficial in CAPS.’*: 84 88: 8 These medica- 
tions are less constipating than TCAs but more potent central 
analgesics than SSRIs. Like TCAs, SNRIs can be used to treat 
pain and depression simultaneously.”*: °° Atypical (second gen- 
eration) antipsychotics (e.g., quetiapine, aripiprazole), other anti- 
depressant or antianxiety agents (e.g., mirtazapine, buspirone), 
and delta ligand agents (e.g., pregabalin, gabapentin) have been 
used in combination with other agents (so-called augmentation 
therapy) when there is a suboptimal clinical response to a TCA 
or SNRI.”*: 8491 Pharmacologic augmentation therapy derives its 
benefit from the use of two agents (each usually at a lower dosage) 
that target different brain areas or receptors to achieve an optimal 
clinical response.”! Given the potential for serious and complex 
adverse events, augmentation therapy utilizing two central neu- 
romodulators should be prescribed by physicians or multidisci- 
plinary groups with particular knowledge and experience in the 
use of such treatment.’/ 

A systematic review and meta-analysis of TCAs, SSRIs, 
SNRIs, and cognitive-behavioral therapy (see later) in IBS has 
shown that all these treatments are effective (number needed to 
treat = 4).” Potential adverse events related to the use of central 
neuromodulators and precautions pertaining to discontinuation 
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of these agents have been reviewed.*+ To enhance adherence with 
the use of central neuromodulators, the physician should explain 
that these medications work as central analgesics and are not sim- 
ply being used to treat a psychiatric condition. Investing the time 
to explain that these drugs induce neurotransmitter changes in 
the brain and thereby alter pain perception, and that the dosage 
is usually lower (in the case of TCA therapy) than that typically 
chosen for treatment of psychiatric disorders, is often helpful. It 
is beneficial to emphasize that, while clinical benefit may lag by 
weeks, side effects occur early in the course of treatment. Espe- 
cially with the use of TCAs, most side effects diminish after a 
few days and can be reduced by temporarily lowering the drug 
dose. Nevertheless, patients frequently report adverse effects 
and discontinue newly prescribed medications prematurely, even 
though symptoms attributed to a drug are often present before 
treatment.” Study of the variability of gene expression relevant 
to an individual’s susceptibility to a disease and the subsequent 
drug response (i.e., pharmacogenomics) holds promise as a tool 
for optimizing the management of chronic pain syndromes in 
general and in FGIDs specifically.°*-° 


Mental Health Referral and Psychological Treatments 


Although augmentation therapy utilizing two pharmacological 
agents has been described above, another approach to augmenta- 
tion is combination therapy with a pharmacological agent and a 
psychological treatment (see Fig. 12.5). The latter approach is 
theoretically appealing because psychological treatments work on 
higher cortical areas, whereas antidepressants target subcortical 
regions.?” ° Patients may be reluctant to see a mental health pro- 
vider because they lack knowledge of the benefits of referral, feel 
stigmatized for being thought to have a psychiatric problem, or 
see referral as a rejection by the medical physician. Psychological 
interventions are best presented as vehicles that are orchestrated 
in parallel with medical visits and are used to help manage pain 
and reduce the psychological distress caused by the symptoms. 
The mental health provider may recommend any of sev- 
eral psychological treatments for pain management.”® °° These 
psychological treatments derive their benefit from facilitating 
enhancement of higher brain function (e.g., cognitive adapta- 
tion to prior trauma and improvement in coping strategies). 
Cognitive behavioral treatment (CBT), which identifies maladap- 
tive thoughts, perceptions, and behaviors, is applicable to CAPS 
in a program that combines psychoeducation and skills train- 
ing (e.g., relaxation techniques).** The evidence of benefit from 
CBT has been derived predominantly from study of patients 
with IBS.?? 100, 101 Evidence from functional brain imaging sug- 
gests that this psychological intervention decreases activation 
from rectal stimulation in the central emotional regions (e.g., 
amygdala, ACC, frontal cortex) that are typically hyperactive in 
chronic pain.!°* CBT has been shown to be particularly helpful 
in the management of children with CAPS, and in one study, 
benefit was also derived from parental involvement in the treat- 
ment paradigm. ! 104 Mindfulness-based stress reduction involves 
consciously attending to one’s moment-to-moment experi- 
ence.!°° Although not specifically studied in CAPS, this psycho- 
logical construct, which is related to meditation, shows promise 
and has been shown to be of benefit in patients with IBS and 
other chronic pain syndromes.!°° Hypnotherapy, in which the 
focus is on relaxation of the intestine, has been investigated pri- 
marily in patients with IBS and found to be of benefit in that 
disorder.!°7 108 A randomized controlled trial in children that 
included 31 patients with CAPS concluded that hypnotherapy 
is superior to standard medical therapy in reducing pain at 1 
year.!” A follow-up study showed that after a mean duration of 
4.8 years, hypnotherapy remained highly superior to conven- 
tional medical therapy, indicating that the beneficial effects of 
gut-directed hypnotherapy are durable.!!° In general, cognitive 


BOX 12.3 Rome IV Diagnostic Criteria for Narcotic Bowel 
Syndrome/Opioid-Induced Gl Hyperalgesia 


Must include all the following: 
. Chronic or frequently recurring abdominal pain* that is treated 
with acute high-dose or chronic narcotics. 
. The nature and intensity of the pain is not explained by a cur- 
rent or previous GI diagnosis. * 
. Two or more of the following: 

a. The pain worsens or incompletely resolves with continued 
or escalating doses of narcotics. 

b. There is marked worsening of pain when the narcotic dose 
wanes and improvement when narcotics are reinstituted 
(“soar and crash”). 

c. There is a progression of the frequency, duration, and inten- 
sity of pain episodes. 


*Pain must occur on most days. 

TA patient may have a structural diagnosis (e.g., IBD, chronic pancreatitis), 
but the character or activity of the disease process is not sufficient to 
explain the pain. 

From Whorwell PJ, Keefer L, Drossman DA, et al. Centrally mediated disor- 
ders of gastrointestinal pain. In: Drossman DA, Chang L, Chey WD, Kel- 
low J, Tack J, Whitehead WE, editors. Rome IV: functional gastrointestinal 
disorders: disorders of gut-brain interaction. |. Raleigh, NC: The Rome 
Foundation; 2016. pp 1059-1116. 


factors such as confidence in and a positive perception of treat- 
ment contribute greatly to patient satisfaction with various ther- 
apeutic modalities in patients with CAPS.!!! 


NARCOTIC BOWEL SYNDROME/OPIOID-INDUCED 
GASTROINTESTINAL HYPERALGESIA 


Narcotic administration commonly causes GI dysmotility, with 
consequent constipation, ileus, and delayed gastric emptying, 
a clinical scenario referred to as opioid bowel disorder or narcotic 
bowel. A less common occurrence is the narcotic bowel syndrome, 
or opioid-induced GI hyperalgesia, which is a distinct disorder 
characterized clinically by a paradoxical increase in abdominal 
pain associated with continuous or escalating doses of narcotics 
(Box 12.3).8° 112 NBS is a disorder of pathological pain facilita- 
tion and is independent of the effects of opiates on intestinal 
secretion and motility. NBS has been recognized increasingly, 
at least in part as a consequence of more liberal prescribing of 
narcotic medication for nonmalignant disorders.!!> !!+ The fre- 
quency of NBS in a general chronic pain clinic has been esti- 
mated to be 6%, and the prevalence in a large epidemiologic 
study has been estimated to be 4%.!'5: 116 A large case series has 
suggested that NBS is typically seen in well-educated young to 
middle-aged women who may have a variety of functional or 
structural GI disorders.!!? The syndrome may also be seen in 
postoperative patients. Associated symptoms may include nau- 
sea, vomiting, heartburn, constipation, and diarrhea. Associated 
diagnoses may include gastroparesis and intestinal pseudo- 
obstruction. As in CAPS, patients often have associated anxi- 
ety or depression and seek medical care frequently, leading to 
high associated health care costs. As might be expected, these 
patients are often disabled, have drug-seeking behavior, and 
view their general health as being extremely poor. 

A variety of postulated mechanisms for the occurrence of 
NBS have been described.!!’ Proposed mechanisms include 
opioid-induced glial cell (microglia and astrocyte) activation,!!® 
enhancement of pain signaling in the dorsal horn via G-coupled 
excitatory opioid receptors,'!” facilitation of pain through acti- 
vation of descending pathways in the medulla,!*° activation of 


pain facilitatory pathways via spinal cord N-methyl-D-aspartate 
receptors,'*! and abnormalities of central pain processing (as in 
CAPS). 

Caring for these patients presents a challenge and requires a 
strong physician-patient relationship and opioid detoxification. 
In a case series of 39 patients with well-characterized NBS, an 
opioid detoxification program was successfully completed in 90% 
of patients and was associated with a statistically significant 35% 
reduction in abdominal pain.!?? For patients who remained off 
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narcotics at 3 months after detoxification, the abdominal pain 
score was 75% lower than the pretreatment score. Unfortunately, 
by 3 months, nearly half the patients had returned to narcotic 
use. The reason for such a high recidivism rate despite pain relief 
remains unclear but may relate in part to the finding that there is 
often little change in medical management and prescribing prac- 
tices even after substance abuse is diagnosed.!7? 


Full references for this chapter can be found on www.expertconsult.com. 
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Common symptoms that affect the esophagus include dysphagia, 
odynophagia, globus sensation, hiccups, chest pain, heartburn, 
regurgitation, and a number of “supraesophageal” complaints 
that have been attributed to gastroesophageal reflux. A carefully 
taken history can clarify many of these symptoms and is followed 
by selected testing, therapeutic trials, or both. Dysphagia is either 
proximal or distal and can be to solids only or to liquids and solids. 
Barium testing, manometry, and endoscopy are appropriate tests in 
a patient with dysphagia. Odynophagia usually indicates mucosal 
disease and should lead to endoscopy in most situations. The evalu- 
ation of globus sensation and hiccups usually does not yield a spe- 
cific disorder, and the management is thus challenging. Chest pain 
can originate from the esophagus and frequently responds to gastric 
acid suppression. If reflux is not present, the evaluation and treat- 
ment of chest pain become challenging. Typical (heartburn and 
regurgitation) and extraesophageal symptoms potentially caused by 
GERD may respond to a diagnostic and therapeutic trial of acid 
suppression. Ambulatory pH testing is the best method to confirm 
reflux in these patients. Many of these esophageal symptoms may 
also occur in a patient with no objective evidence of pathology and 
are then considered and treated as functional disorders. 

Symptoms related to the esophagus are among the most com- 
mon in general medical as well as gastroenterologic practice. 
For example, dysphagia becomes more common with aging and 
affects up to 15% of persons age 65 or older.! Heartburn, regurgi- 
tation, and other symptoms of GERD are also common. A survey 
of healthy subjects in Olmsted County, Minnesota, found that 
20% of persons, regardless of gender or age, experienced heart- 
burn at least weekly.* Mild symptoms of GERD rarely indicate 
severe underlying disease but must be addressed, especially if they 
have occurred for many years. Frequent or persistent dysphagia 
or odynophagia suggests an esophageal problem that necessitates 
investigation and treatment. Other less specific symptoms of 
possible esophageal origin include globus sensation, chest pain, 
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belching, hiccups, rumination, and extraesophageal complaints 
like wheezing, coughing, sore throat, and hoarseness, especially 
if other causes have been excluded. A major challenge in evaluat- 
ing esophageal symptoms is that the degree of esophageal dam- 
age often does not correlate well with the patient’s or physician’s 
impression of symptom severity.’ This is a particular problem in 
older patients, in whom the severity of gastroesophageal reflux- 
induced injury to the esophageal mucosa is increased despite an 
overall decrease in the severity of symptoms.* 


DYSPHAGIA 


Dysphagia, from the Greek dys (difficulty, disordered) and phagia 
(to eat), refers to the sensation that food is hindered in its passage 
from the mouth to the stomach. Most patients complain that food 
sticks, hangs up, or stops, or they feel that the food “just won’t 
go down right.” Occasionally they complain of associated pain. 
If asked, “Do you have trouble swallowing?” some patients with 
dysphagia in the lower esophagus will actually say no because 
they may only think of swallowing as the transfer of food from the 
mouth to the esophagus. Patients with a dilated esophagus, par- 
ticularly due to achalasia, may incorrectly interpret dysphagia as 
regurgitation or even vomiting. Dysphagia always indicates mal- 
function of some type in the oropharynx or esophagus, although 
associated psychiatric disorders can amplify this symptom. 


Pathophysiology 


Inability to swallow is caused by a problem with the strength 
or coordination of the muscles required to move material from 
the mouth to the stomach or by a fixed obstruction somewhere 
between the mouth and stomach. Occasionally patients may have 
a combination of the two processes. The oropharyngeal swallow- 
ing mechanism and the primary and secondary peristaltic con- 
tractions of the esophageal body that follow usually transport 
solid and liquid boluses from the mouth to the stomach within 10 
seconds. If these orderly contractions fail to develop or progress, 
the accumulated bolus of food distends the esophageal lumen and 
causes the discomfort associated with dysphagia. In some patients, 
particularly older adults, dysphagia is the result of low-amplitude 
primary or secondary peristaltic activity that is insufficient to 
clear the esophagus. High-resolution manometry has identified 
areas of weak or absent peristalsis of varying lengths (peristaltic 
gaps) that may explain dysphagia in some patients who have a 
normal conventional manometry result.’ Other patients have a 
primary or secondary motility disorder that grossly disturbs the 
orderly contractions of the esophageal body. Because these motor 
abnormalities may not be present with every swallow, dysphagia 
may wax and wane (see also Chapter 44). 

Mechanical narrowing of the esophageal lumen may interrupt 
the orderly passage of a food bolus despite adequate peristaltic 
contractions. Symptoms vary with the degree of luminal obstruc- 
tion, associated esophagitis, and type of food ingested. The normal 
esophagus distends in advance of a bolus’s arrival. Patients with a 
poorly distensible esophagus (e.g., due to eosinophilic esophagitis 
or radiation esophagitis) may experience dysphagia even though 
the esophagus does not appear to be narrowed during EGD or bar- 
ium swallow (see later).° Although minimally obstructing lesions 
cause dysphagia only with large poorly chewed boluses of foods 


like meat and dry bread, lesions that obstruct the esophageal lumen 
completely lead to symptoms with solids and liquids. GERD may 
produce dysphagia related to an esophageal stricture, but some 
patients with GERD clearly have dysphagia in the absence of a 
demonstrable stricture, and perhaps even without esophagitis.’ 
Abnormal sensory perception in the esophagus may lead to the 
feeling of dysphagia even when the bolus has cleared the esopha- 
gus. Because some normal test subjects experience the sensation 
of dysphagia when the distal esophagus is distended by a balloon, 
as well as by other intraluminal stimuli, an aberration in visceral 
perception could explain dysphagia in patients who have no defin- 
able cause. This mechanism may also apply to amplification of 
symptoms in patients with spastic motility disorders, in whom the 
frequency of psychiatric disorders is increased.” 


Differential Diagnosis and Approach 


When faced with a patient who complains of dysphagia, the 
health care provider should approach the problem in a system- 
atic way. Most patients can localize dysphagia to the upper or 
lower portion of the esophagus, although occasional patients with 
a distal esophageal cause of dysphagia will present with symptoms 
referred only to the suprasternal notch or higher. The approach 
to dysphagia can be divided into oropharyngeal and esophageal 
dysphagia, although considerable overlap may occur in certain 
groups of patients. An attempt should be made to determine 
whether the patient has difficulty only with solid boluses or with 
both liquids and solids. 


Oropharyngeal Dysphagia 


With processes that affect the mouth, hypopharynx, and upper 
esophagus, the patient is often unable to initiate a swallow and must 
repeatedly attempt to swallow. Patients frequently describe cough- 
ing or choking when they attempt to eat. The inability to propel 
a food bolus successfully from the hypopharyngeal area through 
the upper esophageal sphincter (UES) into the esophageal body is 
called oropharyngeal or transfer dysphagia. The patient is aware that 
the bolus has not left the oropharynx and locates the site of symp- 
toms specifically to the region of the cervical esophagus. Dysphagia 
that occurs immediately or within one second of swallowing sug- 
gests an oropharyngeal abnormality. At times, a liquid bolus may 
enter the trachea or nose rather than the esophagus. Some patients 
describe recurrent bolus impactions that require manual dislodge- 
ment In severe cases, saliva cannot be swallowed, and the patient 
drools. Families are tempted to perform the Heimlich maneuver in 
such instances, but this is not appropriate unless the bolus is pro- 
ducing airway compromise. They should be informed that if the 
patient can speak, the airway is functional and forcing an esopha- 
geal bolus proximally may cause rather than prevent aspiration. 
Abnormalities of speech like dysarthria or nasal speech may be 
associated with oropharyngeal dysphagia. Systemic neurologic and 
neuromuscular conditions such as Parkinson disease, amyotrophic 
lateral sclerosis, and polymyositis can present with dysphagia as 
a predominant and occasionally only symptom. Oral pathology 
should be considered as well; poor teeth or poorly fitting dentures 
may disrupt mastication and result in an attempt to swallow an 
overly large or poorly chewed bolus. Loss of salivation—caused 
by medications, radiation, or primary salivary dysfunction—may 
result in a bolus that is difficult to swallow. 

Recurrent bouts of pulmonary infection may reflect spillover 
of food into the trachea because of inadequate laryngeal pro- 
tection. Hoarseness may result from recurrent laryngeal nerve 
dysfunction or intrinsic muscular disease, both of which cause 
ineffective vocal cord movement. Weakness of the soft palate 
or pharyngeal constrictors causes dysarthria and nasal speech 
as well as pharyngonasal regurgitation. Swallowing associated 
with a gurgling noise may be described by patients with Zenker 
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diverticulum. Finally, unexplained weight loss may be the only 
clue to a swallowing disorder; patients avoid eating because of the 
difficulties encountered. Potential causes of oropharyngeal dys- 
phagia are shown in Box 13.1. 

After an adequate history is obtained, the initial test is a 
carefully conducted barium radiographic examination, which is 
optimally performed with the assistance of a swallowing thera- 
pist (modified barium swallow). If the study is normal with liq- 
uid barium, the examination is repeated after the patient is fed 
a solid bolus to bring out the patient’s symptoms and thereby 
aid in localizing any pathology. If the oropharyngeal portion of 
the study is normal, the remainder of the esophagus should be 
examined. The modified barium swallow usually identifies the 
problem and directs initial therapy. 


Esophageal Dysphagia 


Most patients with esophageal dysphagia localize their symptoms 
to the lower sternum or, at times, the epigastric region. A smaller 
number of patients describe a sensation in the suprasternal notch 
or higher even though the bolus stops in the lower esophagus. 
Esophageal dysphagia can frequently be relieved by various 
maneuvers like repeated swallowing, raising the arms over the 
head, throwing the shoulders back, and using the Valsalva maneu- 
ver. Motility disorders or mechanical obstructing lesions can 
cause esophageal dysphagia. To clarify the origin of symptoms of 
esophageal dysphagia, the answers to three questions are crucial: 


1. What type of food or liquid causes symptoms? 
2. Is the dysphagia intermittent or progressive? 
3. Does the patient have heartburn? 


On the basis of these answers, distinguishing the several causes 
of esophageal dysphagia (Box 13.2) as a structural (mechanical) 


BOX 13.1 Causes of Oropharyngeal Dysphagia 


NEUROMUSCULAR* 


Amyotrophic lateral sclerosis (ALS, Lou Gehrig disease) 
CNS tumors (benign or malignant) 

Idiopathic UES dysfunction 

Manometric dysfunction of the UES or pharynx? 
Multiple sclerosis 

Muscular dystrophy 

Myasthenia gravis 

Parkinson disease 

Polymyositis or dermatomyositis 

Postpolio syndrome 

Stroke 

Thyroid dysfunction 

STRUCTURAL 

Carcinoma 

Infections of pharynx or neck 

Osteophytes and other spinal disorders 

Prior surgery or radiation therapy 

Proximal esophageal web 

Thyromegaly 

Zenker diverticulum 


*Any disease that affects striated muscle or its innervation may result in 
dysphagia. 

tMany manometric disorders (hypertensive and hypotensive UES, abnormal 
coordination, and incomplete UES relaxation) have been described, 
although their true relationship to dysphagia is often unclear. 

UES, upper esophageal sphincter. 


170 PART III 


Symptoms, Signs, and Biopsychosocial Issues 


BOX 13.2 Common Causes of Esophageal Dysphagia 


NEUROMUSCULAR (MOTILITY) DISORDERS 
Primary 

Achalasia 

Distal esophageal spasm 

Hypercontractile (jackhammer) esophagus 
Hypertensive LES 

Nutcracker (high-pressure) esophagus 

Other peristaltic abnormalities* 

Secondary 

Chagas disease 

Reflux-related dysmotility 

Scleroderma and other rheumatologic disorders 


STRUCTURAL (MECHANICAL) DISORDERS 
Intrinsic 


Carcinoma and benign tumors 
Diverticula 
Eosinophilic esophagitis 


Esophageal rings and webs (other than Schatzki ring) 


Foreign body 

Lower esophageal (Schatzki) ring 
Medication-induced stricture 
Peptic stricture 

Extrinsic 

Mediastinal mass 

Spinal osteophytes 

Vascular compression 


*Peristaltic abnormalities include absent peristalsis and weak peristalsis, as 
well as hypertensive peristalsis (nutcracker esophagus). 


LES, lower esophageal sphincter. 


Oropharyngeal 
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Video swallow 
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No weight loss Age >50 or 


weight loss 
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Solids only 


Esophageal 
(see Box 13.2) 
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or a neuromuscular (motility) defect and postulating the specific 
cause are often possible (Fig. 13.1). 

Patients who report dysphagia with solids and liquids are more 
likely to have an esophageal motility disorder than mechanical 
obstruction. Achalasia is the prototypical esophageal motility 
disorder; in addition to dysphagia, many patients with achalasia 
complain of bland regurgitation of undigested food, especially at 
night, and weight loss. By contrast, patients with a spastic motility 
disorder like distal esophageal spasm may complain of chest pain 
and sensitivity to hot or cold liquids. Patients with scleroderma 
(systemic sclerosis) involving the esophagus usually have Raynaud 
phenomenon and may have heartburn and regurgitation. In these 
patients, complaints of mild dysphagia can be due to a motility 
disturbance or esophageal inflammation, but severe dysphagia 
almost always signals the presence of a peptic stricture or (less 
commonly) malignancy (see Chapters 37, 44, 46, and 48). 

In patients who report dysphagia only after swallowing solid 
foods and never with liquids alone, mechanical obstruction should 
be suspected. A luminal obstruction of sufficiently high grade, 
however, may be associated with dysphagia for solids and liquids. 
If food impaction develops, the patient frequently must regur- 
gitate for relief. If a patient continues to drink liquid after the 
bolus impaction, large amounts of that liquid may be regurgitated. 
When asking about liquid dysphagia, it is important to distinguish 
the patient who has true liquid dysphagia only when drinking 
from the patient who has liquid dysphagia only after a solid bolus 
has become impacted. Hypersalivation is common during an epi- 
sode of dysphagia and provides even more liquid to regurgitate. 

Episodic and nonprogressive dysphagia without weight loss 
is characteristic of an esophageal web or a distal esophageal 
(Schatzki) ring.'° The first episode typically occurs during a 
hurried meal, often with alcohol. The patient notes that the 
bolus of food sticks in the lower esophagus; it can often be 
passed by drinking large quantities of liquids. Many patients 
finish the meal without difficulty after the obstruction is 


Solids and liquids 


Fig. 13.1 Diagnostic algorithm for 
patients with dysphagia. For details 
of the approach to each type of 
dysphagia, see text and boxes. Less 
specific motility disorders include 
nutcracker esophagus, distal esoph- 
ageal spasm, and other disorders 

of ineffective esophageal motility. 
(Modified from Castell DO, Donner 


Intermittent 


Caustic stricture Carcinoma Eosinophilic Achalasia Less specific MW. Evaluation of dysphagia: a 
Diverticula esophagitis Chagas disease motility disorder careful history is crucial. Dysphagia 
Peptic stricture Esophageal ring Scleroderma 1987:2:65-71.) 


relieved. Initially, an episode may not recur for weeks or 
months, but subsequent episodes may occur frequently (see 
Chapter 43). Daily dysphagia, however, is likely not caused by 
a lower esophageal ring. 

If solid food dysphagia is clearly progressive, the differential 
diagnosis includes peptic esophageal stricture and carcinoma. 
Benign esophageal strictures develop in some patients with 
GERD (see Chapter 46). Most of these patients have a long 
history of associated heartburn. Weight loss seldom occurs in 
patients with a benign lesion, because these patients have a good 
appetite and convert their diet to high-calorie soft and liquid 
foods to maintain weight. Patients with carcinoma differ from 
those with peptic stricture in several ways. As a group, patients 
with carcinoma are older and present with a history of rapidly 
progressive dysphagia. They may or may not have a history of 
heartburn, and heartburn may have occurred in the past but not 
the present. Most have anorexia and weight loss (see Chapter 
48). True dysphagia may be seen in patients with pill, caustic, 
or viral esophagitis, but the predominant complaint of patients 
with these acute esophageal injuries is usually odynophagia (see 
Chapter 45). 

Patients may present with a food bolus impaction, and eosino- 
philic esophagitis should be considered in the differential diagno- 
sis of all patients who present with dysphagia (see Chapter 30).!! 
Eosinophilic esophagitis was initially described in young adult 
men, but subsequent series have found this disorder in both sexes 
and all age groups.!” 

Surgical causes of dysphagia include prior fundoplication 
or other surgery at the esophagogastric junction, and bariatric 
surgery can also present with dysphagia (see Chapter 8). Such 
dysphagia can be due to mechanical obstruction, but there have 
also been reports of motility disturbances after surgery up to 
and including a manometric appearance consistent with acha- 
lasia.!? 

After a focused history of the patient’s symptoms is obtained, 
a barium study, including a solid bolus challenge, is often advo- 
cated as the first test. Alternatively, many experts have advocated 
endoscopy as the first test, especially in patients with intermit- 
tent dysphagia for solid food suggestive of a lower esophageal 
ring or with pronounced reflux symptoms. Choice of the initial 
test should be based on local expertise and the preference of 
the individual health care provider. If the barium examination 
demonstrates an obstructive lesion, endoscopy is usually done 
for confirmation and biopsy. Endoscopy also permits dilation 
of strictures, rings, and neoplasms. Empirical dilation of the 
esophagus is often performed in patients with a history sugges- 
tive of obstructive dysphagia and a normal endoscopic exami- 
nation,'* but the safety and efficacy of this approach have been 
questioned.'> If the barium examination is normal, esophageal 
manometry is often performed to look for a motility disorder. 
Some patients with reflux symptoms and dysphagia, a normal 
barium study or endoscopy, or both, will respond to a trial of 
gastric acid suppressive therapy. 


ODYNOPHAGIA 


Like dysphagia, odynophagia, or painful swallowing, is specific 
for esophageal involvement. Odynophagia may range from a dull 
retrosternal ache on swallowing to a stabbing pain with radia- 
tion to the back so severe the patient cannot eat or even swallow 
his or her own saliva. Odynophagia usually reflects an inflam- 
matory process that involves the esophageal mucosa or, in rare 
instances, the esophageal muscle. The most common causes of 
odynophagia include caustic ingestion, pill-induced esophagitis, 
radiation injury, and infectious esophagitis (Candida, herpesvi- 
rus, CMV [Box 13.3]) (see Chapters 41 and 45). In these dis- 
eases, dysphagia may also be present, but pain is the dominant 
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BOX 13.3 Causes of Odynophagia 


CAUSTIC INGESTION 

Acid 

Alkali 

PILL-INDUCED INJURY 

Alendronate and other bisphosphonates 
Aspirin and other NSAIDs 

Emepronium bromide 

lron preparations 

Potassium chloride (especially slow-release form) 
Quinidine 

Tetracycline and its derivatives 
Zidovudine 

INFECTIOUS ESOPHAGITIS 

Viral 

CMV 

EBV 

HIV 

HSV 

Bacterial 

Mycobacteria (tuberculosis or Mycobacterium avium complex) 
Fungal 

Candida albicans 

Histoplasmosis 

Protozoan 

Cryptosporidiosis 

Pneumocystis jiroveci 

SEVERE REFLUX ESOPHAGITIS 
ESOPHAGEAL CARCINOMA 


complaint. Odynophagia is an infrequent complaint of patients 
with GERD and, when present, is usually associated with severe 
ulcerative esophagitis. In rare cases, a nonobstructive esopha- 
geal carcinoma can produce odynophagia. Because many of the 
diseases that cause odynophagia have associated symptoms and 
signs, a carefully taken history can often suggest a diagnosis. For 
example, a teenager who takes tetracycline for acne and in whom 
odynophagia develops most likely has pill-related dysphagia; an 
immunocompromised patient with odynophagia is likely to have 
an infectious cause (see Chapters 35, 36, and 45); and a patient 
with GERD is likely to have severe peptic esophagitis. EGD to 
visualize and obtain biopsy specimens of the esophageal mucosa 
is required to confirm a specific diagnosis in most patients with 
odynophagia. 


GLOBUS SENSATION 


Globus sensation is a feeling of a lump or tightness in the throat, 
unrelated to swallowing. Up to 46% of the general population 
experience globus sensation at one time or another.!° The sen- 
sation can be described as a lump, tightness, choking, or stran- 
gling feeling, as if something is caught in the throat. Globus 
sensation is present between meals and swallowing of solids or 
large liquid boluses may give temporary relief. Frequent dry 
swallowing and emotional stress may worsen this symptom. 
Globus sensation may occur after a traumatic event like swal- 
lowing a rough bolus (fish bone) or even after endoscopy— 
despite the lack of identifiable mucosal injury—if intubation 
with the endoscope was psychologically traumatic.!” Globus 
sensation should not be diagnosed in the presence of dysphagia 
or odynophagia. 
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Pathophysiology 


Detection of physiologic and psychological abnormalities in 
patients with globus sensation has been inconsistent and contro- 
versial. Although frequently suggested, manometrically detect- 
able UES dysfunction has not been identified directly as the cause 
of globus sensation, nor does the UES appear to be hyperrespon- 
sive to esophageal distention, acidification, or mental stress.!® 
Furthermore, esophageal distention can cause globus sensation 
unrelated to a rise in UES pressure, and stress can induce an 
increase in UES pressure that is not associated with globus sensa- 
tion in normal subjects and in patients who complain of globus 
sensation. Heartburn has been reported in up to 90% of patients 
with globus sensation,!? yet documentation of esophagitis or 
abnormal gastroesophageal reflux by esophageal pH monitoring 
is found in fewer than 25% (see later). Balloon distention of the 
esophagus produces globus sensation at lower balloon volumes in 
globus sufferers than in controls; this finding suggests the percep- 
tion of esophageal stretch may be heightened in some patients 
with globus sensation. 

Psychological factors may be important in the genesis of glo- 
bus sensation. The most common associated psychiatric diagno- 
ses include anxiety, panic disorder, depression, hypochondriasis, 
somatic symptom disorder, and introversion.*° Indeed, globus 
sensation is the fourth most common symptom in patients with 
somatic symptom disorder (see Chapter 23).*! A combination of 
biological factors, hypochondriacal traits, and learned fear after 
a choking episode provides a framework for misinterpretation 
of the symptoms and intensifies the symptoms of globus or the 
patient’s anxiety. 


Approach 


The approach to globus sensation involves excluding a more 
sinister underlying disorder and then offering symptom-driven 
therapy. A nasal endoscopy to rule out pharyngeal pathology and 
a barium swallow to rule out a fixed pharyngeal lesion are often 
helpful.” Patients with globus sensation often have erythema and 
other changes in the larynx that may be interpreted as consis- 
tent with laryngopharyngeal reflux. Most reflux experts consider 
these changes to be nonspecific and not diagnostic of pathologic 
reflux.** If a patient has heartburn, gastric acid suppressive ther- 
apy is the first step, but reflux may be the cause of globus sensa- 
tion even in the absence of heartburn. A trial of a PPI (usually 
given twice daily before meals) is diagnostic and therapeutic in 
some patients. Ambulatory reflux monitoring may show acid or 
nonacid reflux in some patients (see Chapter 46).’> Alternatively, 
if the patient has obvious anxiety and has already failed a trial of 
acid suppression, therapy directed toward the psychological com- 
ponent of the problem should be considered. 


HICCUPS 


The symptom of hiccups (hiccoughs, singultus) is caused by a 
combination of diaphragmatic contraction and glottic closure. 
Therefore, it is not classically an esophageal symptom but is a 
common complaint in primary care and gastroenterology. Most 
cases of hiccups are idiopathic, but the symptom has been asso- 
ciated with many conditions (trauma, masses, infections, ure- 
mia) that affect the central nervous system, thorax, or abdomen. 
Hiccups associated with uremia may be particularly difficult to 
control. GI causes include GERD, achalasia, gastropathies, and 
peptic ulcer. Hiccups often occur after a large meal. Because most 
cases are self-limited, intervention is not usually required. The 
evaluation of chronic or difficult cases should include select tests 
to exclude esophageal, thoracic, or systemic diseases. Because 
GERD has been associated with hiccups, a trial of gastric acid 


suppressive therapy may be reasonable in some patients.’ Many 
agents have been used to suppress hiccups, with varying suc- 
cess: chlorpromazine, nifedipine, haloperidol, phenytoin, meto- 
clopramide, baclofen, and gabapentin.’’ Alternative modalities, 
including acupuncture, have also been tried in refractory cases.”° 
Ablation and stimulation of the phrenic nerve have been reported 
but should only be considered in truly refractory cases in which 
the patient’s quality of life is severely reduced by the condi- 
tion and only after all other less invasive approaches have been 
attempted.”? 


CHEST PAIN OF ESOPHAGEAL ORIGIN 


Chest pain of esophageal origin may be indistinguishable from 
angina pectoris to patients and their health care providers. 
The esophagus and heart are anatomically adjacent and share 
innervation. In fact, once cardiac disease is excluded, esopha- 
geal disorders are probably the most common causes of chest 
pain. Of the approximately 1,000,000 patients in the USA who 
undergo coronary angiography yearly for presumed cardiac 
pain, almost 40% have normal epicardial coronary arteries; in 
many of these persons, esophageal disease is implicated as a 
cause of pain.* 31 

Esophageal chest pain is usually described as a squeezing or 
burning substernal sensation that radiates to the back, neck, jaw, 
or arms. Although not always related to swallowing, the pain can 
be triggered by ingestion of hot or cold liquids. It may awaken the 
patient from sleep and can worsen during periods of emotional 
stress. The duration of pain ranges from minutes to hours and 
may occur intermittently over several days. Although pain can 
be severe, causing the patient to become ashen and perspire, it 
often abates spontaneously and may be eased with antacids. Occa- 
sionally the pain is so severe that narcotics or nitroglycerin are 
required for relief. Close questioning reveals that most patients 
with chest pain of esophageal origin have other esophageal symp- 
toms, but chest pain is the only esophageal complaint in about 
10% of cases.** 

The clinical history does not enable the physician to reliably 
distinguish a cardiac from an esophageal cause of chest pain. In 
fact, gastroesophageal reflux may be triggered by exercise’? and 
cause exertional chest pain that mimics angina pectoris, even 
during treadmill testing. Features suggestive of an esophageal 
origin include pain that continues for hours, is retrosternal 
without lateral radiation, interrupts sleep or is related to meals, 
and is relieved with antacids. The presence of other esophageal 
symptoms helps establish an esophageal cause of pain. How- 
ever, as many as 50% of patients with cardiac pain also have one 
or more symptoms of esophageal disease.*+ Furthermore, relief 
of pain with sublingual nitroglycerin has been shown not to be 
specific for a coronary origin of pain.*> Cardiac and esophageal 
disease increase in frequency as people grow older, and both 
problems may not only coexist but also interact to produce chest 
pain. The esophagus can be blamed for musculoskeletal pain, so 
the examination should include careful palpation of the chest 
wall. 


Pathophysiology 


The specific mechanisms that produce esophageal chest pain are 
not well understood. Chest pain that arises from the esophagus 
has commonly been attributed to stimulation of chemorecep- 
tors (by acid, pepsin, or bile) or mechanoreceptors (by disten- 
tion or spasm); thermoreceptors (stimulated by cold) may also 
be involved. Gastroesophageal reflux causes chest pain primarily 
through acid-sensitive esophageal chemoreceptors. Acid-induced 
dysmotility may be a cause of esophageal pain. Early studies 
showed that perfusion of acid into the esophagus in patients 


with gastroesophageal reflux increases the amplitude and dura- 
tion of esophageal contractions and induces simultaneous and 
spontaneous contractions, with the occurrence of pain.*° Distal 
esophageal spasm has also been demonstrated during sponta- 
neous acid reflux. Subsequent studies with modern equipment, 
however, have shown that such changes in motility are rare.*” In 
addition, studies using 24-hour ambulatory esophageal pH and 
motility monitoring have shown that the association between 
abnormal motility and pain is uncommon, and that spontaneous 
acid-induced chest pain is rarely associated with abnormalities in 
esophageal motility.?® 3° 

Patients with chest pain suspected to be esophageal in origin 
have an increased frequency of esophageal contractions of high 
amplitude and a slightly increased frequency of simultaneous 
contractions when compared with a normal control popula- 
tion.*° In addition, intraluminal US has been able to identify 
abnormal sustained contractions of the longitudinal smooth 
muscle in a subset of patients with chest pain.*! How these con- 
tractions cause pain is unknown. One possible explanation is that 
pain occurs when high intramural esophageal tension resulting 
from altered motility inhibits blood flow to the esophagus for a 
critical period (i.e., myoischemia). MacKenzie and colleagues 
found that rates of esophageal rewarming are decreased after 
infusions of cold water into the esophagus of patients with 
symptomatic esophageal motility disorders as compared with 
age-matched controls.*? Because the rate of rewarming after 
cold water infusion in patients with Raynaud phenomenon 
correlates directly with blood flow, the authors theorized that 
esophageal ischemia is the cause of the reduced rate of rewarm- 
ing. None of the patients with a symptomatic esophageal motil- 
ity disorder, however, experienced chest pain during the study. 
Furthermore, the extensive arterial and venous blood supply to 
the esophagus makes it unlikely that blood flow is compromised 
after even the most abnormal esophageal contractions. Com- 
plicating the relationship between esophageal chest pain and 
abnormal esophageal contractions is the consistent observation 
that most of these patients are asymptomatic when the contrac- 
tion abnormalities are identified. In addition, amelioration of 
chest pain does not correlate predictably with a reduction in the 
amplitude of esophageal contractions.** The possibility exists 
that chest pain-associated motility changes represent an epi- 
phenomenon of a chronic pain syndrome rather than the direct 
cause of the pain. In fact, experimentally induced stress can pro- 
duce manometric changes and lower the tolerance to balloon 
or acid provocation in both normal subjects and patients with 
gastroesophageal reflux.** 

Other potential causes of esophageal chest pain include exci- 
tation of temperature receptors and luminal distention. Inges- 
tion of hot or cold liquids can produce severe chest pain. This 
association was previously thought to be related to esophageal 
spasm, but subsequent studies have shown that cold-induced 
pain produces esophageal aperistalsis and dilatation, not 
spasm.*> This observation suggests that the cause of esophageal 
chest pain may be activation of stretch receptors by acute dis- 
tention. Esophageal distention and pain are experienced dur- 
ing an acute food impaction, drinking carbonated beverages 
(in some patients), and dysfunction of the belch reflex.*° In 
susceptible persons, esophageal chest pain can be reproduced 
by distention of an esophageal balloon to volumes lower than 
those that produce pain in asymptomatic persons.*’ Therefore, 
altered pain perception may contribute to the patient’s reaction 
to a painful stimulus. Panic disorder is a commonly overlooked 
coexisting condition in patients with chest paint’ and should be 
sought specifically during history taking. The observation that 
anxiolytics and antidepressants can raise pain thresholds as well 
as improve mood states may explain why these medications may 
improve esophageal chest pain in the absence of manometric 
changes.*? °° 
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Approach 


‘The approach to patients with esophageal chest pain has evolved 
over the years.*! Before the esophagus is considered the cause of 
chest pain, a cardiac cause must be excluded. Appropriate testing 
may include an exercise stress test, noninvasive cardiac imaging, 
and coronary angiography. 

Insufficiency of coronary blood flow with normal-appearing 
epicoronary arteries (microvascular angina) has been suggested as 
a cause of chest pain in some patients.°? Diagnosing microvascu- 
lar angina on the basis of a therapeutic trial is difficult because the 
medications reported to improve this condition also have effects 
on the esophagus; however, the prognosis of most patients with 
microvascular angina is thought to be good.*? 

The recognition that chest pain is often associated with 
GERD has been a major advance in our understanding of esopha- 
geal chest pain. Ambulatory pH testing can document pathologic 
amounts of acid reflux or a correlation between acid reflux and 
chest pain in up to 50% of patients in whom a cardiac cause has 
been excluded.** In addition, a trial of therapy with a PPI pro- 
duces symptomatic improvement in many such patients.’ The 
association between chest pain and GERD is easy to recognize 
when the patient has coexisting reflux symptoms but not so clear 
when typical reflux symptoms are absent. A 10- to 14-day trial 
of an oral PPI taken twice daily has been shown to be sensitive 
and specific for the diagnosis of esophageal chest pain when com- 
pared with ambulatory intraesophageal pH testing.’ć The results 
of a randomized placebo-controlled trial in 2013 support a trial 
of a PPI in primary care patients with chest pain (after cardiac 
disease has been excluded).°’ Chest pain may respond to gastric 
acid inhibition even if a coexisting motility disturbance is pres- 
ent.°® If a patient fails this trial, the next practical approach may 
be a trial of agents such as imipramine or trazodone that raise the 
pain threshold.*? 

Some authorities recommend esophageal testing with station- 
ary manometry at this point to exclude a motility disorder and 
ambulatory pH testing to exclude gastroesophageal reflux unre- 
sponsive to the initial trial of the PPI therapy. Rarely, patients 
with chest pain will have a specific manometric disorder such as 
achalasia or distal spasm, but more frequently abnormalities are 
nonspecific and difficult to attribute to an individual patient’s 
symptoms. The advent of a tube-free wireless system for gas- 
troesophageal reflux monitoring has allowed a longer and more 
comfortable monitoring period, which increases the likelihood 
of observing a correlation between pain and an acid event.°° If 
gastroesophageal reflux is confirmed by ambulatory pH testing, 
an additional trial of acid suppressive therapy is warranted. If 
a spastic or hypercontractile motility disorder is discovered on 
manometry, an attempt at lowering esophageal pressure with 
nitrates or a calcium channel blocker is appropriate, although 
some patients with chest pain and a motility disorder will 
respond better to agents directed at lowering visceral sensitivity. 
Surgery (myotomy) for patients with esophageal spasm and with 
chest-pain predominant type-II achalasia should be avoided (see 
Chapter 44). 


HEARTBURN AND REGURGITATION 


Heartburn (pyrosis) is one of the most common GI complaints in 
Western populations.’ In fact, it is so common that many people 
assume it to be a normal part of life and fail to report the symp- 
tom to their health care providers. They seek relief with over- 
the-counter antacids; indeed, heartburn accounts for most of the 
$1 billion/year sales of these nonprescription drugs. Despite its 
high prevalence, the term heartburn is frequently misunderstood. 
It has many synonyms, including indigestion, acid regurgitation, 
sour stomach, and bitter belching. The physician should listen for 
these descriptors if the patient does not volunteer a complaint of 
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heartburn. A study from Europe has suggested that using a word- 
picture description of “a burning feeling rising from the stomach 
or lower chest up toward the neck” increases the ability to iden- 
tify patients with gastroesophageal reflux.°! The burning sensa- 
tion often begins inferiorly and radiates up the entire retrosternal 
area to the neck, occasionally to the back, and rarely into the 
arms. Heartburn due to gastroesophageal reflux of acid may be 
relieved, albeit only transiently, by ingestion of antacids, baking 
soda, or milk. Interestingly, the severity of esophageal damage 
(esophagitis or Barrett esophagus) does not correlate with the 
severity of heartburn (e.g., patients with severe heartburn may 
have a normal-appearing esophagus on endoscopy, and those 
with severe esophagitis or Barrett esophagus may at times have 
mild or even no symptoms [see Chapters 46 and 47]). 

Heartburn is most frequently noted within one hour after eat- 
ing, particularly after the largest meal of the day. Sugars, choco- 
late, onions, carminatives, and foods high in fat may aggravate 
heartburn by decreasing lower esophageal sphincter (LES) pres- 
sure. Other foods commonly associated with heartburn (e.g., citrus 
products, tomato-based foods, spicy foods) irritate the inflamed 
esophageal mucosa because of their acidity or high osmolarity. 
Beverages, including citrus juices, soft drinks, coffee, and alcohol, 
may also cause heartburn. The relationship between alcohol and 
heartburn is complicated. It appears that most heartburn asso- 
ciated with alcohol is related to increased sensitivity to acid by 
“loosening” of tight junctions between esophageal epithelial cells, 
thereby allowing normal amounts of acid to reach deeper into the 
mucosa and produce symptoms.®* Many patients have exacerba- 
tion of heartburn if they go to sleep shortly after a late meal or 
snack, and others note that their heartburn is more pronounced 
while they lie on their right side.6 Weight gain frequently results 
in development of new symptoms of GERD and worsening of 
symptoms in patients with preexisting GERD. 

Activities that increase intra-abdominal pressure (e.g., bend- 
ing over, straining at stool, lifting heavy objects, performing 
isometric exercises) may aggravate heartburn. Running may also 
aggravate heartburn, and stationary bike riding may be a better 
exercise for those with GERD.*? Because nicotine and air swal- 
lowing reduce LES pressure, cigarette smoking exacerbates the 
symptoms of reflux.°’ Emotions (anxiety, fear, worry) may exac- 
erbate heartburn by lowering visceral sensitivity thresholds rather 
than increasing the amount of gastroesophageal acid reflux.®* 
Some patients with heartburn complain that certain drugs ini- 
tiate or exacerbate their symptoms by reducing LES pressure 
and peristaltic contractions (e.g., theophylline, calctum channel 
blockers) or by irritating the inflamed esophagus (e.g., aspirin, 
other NSAIDs, bisphosphonates). 

Heartburn may be accompanied by the appearance of fluid in 
the mouth, either a bitter acidic material or a salty fluid. Regur- 
gitation describes the return of bitter acidic fluid into the mouth 
and at times the effortless return of food, acid, or bilious mate- 
rial from the stomach. Regurgitation is more common at night 
or when the patient bends over. The absence of nausea, retch- 
ing, and abdominal contractions suggests regurgitation rather 
than vomiting (see Chapter 15). “Water brash” is an uncommon 
and frequently misunderstood symptom that should be used to 
describe the sudden filling of the mouth with clear, slightly salty 
fluid. This fluid is not regurgitated material but is secreted from 
the salivary glands as part of a protective, vagally mediated reflex 
from the distal esophagus.’ Regurgitation and symptoms similar 
to water brash can occur in patients with achalasia, who may be 
misdiagnosed as having GERD. 

Regurgitation must be distinguished from the syndrome of 
rumination (see Chapter 15). Rumination is a clinical diagnosis 
and is best described by the Rome IV Consensus Committee 
diagnostic criteria. Patients must have persistent or recurrent 
regurgitation (not preceded by retching) of recently ingested food 
into the mouth, with subsequent remastication and swallowing. 


Supportive criteria include absence of nausea, cessation of the 
process when the regurgitated material becomes acidic, and con- 
tent consisting of recognizable food with a pleasant taste in the 
regurgitant.’? Rumination is essentially a diagnosis of exclusion 
when there is clinical suspicion. There have been reports of a 
fairly specific pattern often seen during prolonged manometry, 
although an episode must occur during the study for the mano- 
metric pattern to be helpful.’! Patients with bulimia sometimes 
report regurgitation and may be mistakenly diagnosed as having 
GERD (see Chapter 9). Both rumination and bulimia may pro- 
duce esophagitis, a positive ambulatory pH test, or both, thereby 
making the clinical differentiation even more challenging. 
Nocturnal reflux symptoms have special significance. In a survey 
of patients with frequent reflux symptoms, 74% reported noc- 
turnal symptoms.’? These nighttime symptoms interrupt sleep 
and health-related quality of life to a greater degree than day- 
time reflux symptoms alone. Patients who have prolonged reflux 
episodes at night are also at increased risk of complications of 
GERD, including severe reflux esophagitis and Barrett esophagus 
(see Chapters 46 and 47). 


Pathophysiology 


The physiologic mechanisms that produce heartburn remain 
poorly understood. Although reflux of gastric acid is most com- 
monly associated with heartburn, the same symptom may be 
elicited by esophageal balloon distention,” reflux of bile salts,”*+ 
and acid-induced motility disturbances. The best evidence that 
the pain mechanism is probably related to stimulation of mucosal 
chemoreceptors is the sensitivity of the esophagus to acid per- 
fused into the esophagus and acid reflux demonstrated by moni- 
toring pH. The location of these chemoreceptors is unknown. 
One suggestion is that the esophagus is sensitized by repeated 
acid exposure, resulting in the production of symptoms from 
smaller boluses after repeated exposure to acid. This hypersen- 
sitivity has been reported to resolve with gastric acid suppressive 
therapy.”° 

The correlation between discrete episodes of acid reflux and 
symptoms, however, is poor. For example, postprandial gastro- 
esophageal reflux is common in healthy people, but symptoms 
are uncommon. Intraesophageal pH monitoring of patients with 
endoscopic evidence of esophagitis typically shows excessive peri- 
ods of acid reflux, but fewer than 20% of these reflux episodes 
are accompanied by symptoms.’ Moreover, one third of patients 
with Barrett esophagus, the most advanced form of GERD, are 
insensitive to acid.” As patients age, their sensitivity to acid in 
the esophagus seems to decline; this finding may explain the com- 
mon observation that mucosal damage is fairly severe but symp- 
toms are minimal in older patients with GERD.’* Therefore, the 
development of symptoms must require more than esophageal 
contact with acid. Mucosal disruption and inflammation may be 
contributing factors, but on endoscopy the esophagus appears 
normal in most symptomatic patients. Other factors that possi- 
bly influence the occurrence of heartburn include the acid clear- 
ance mechanism, salivary bicarbonate concentration, volume of 
acid refluxed (as measured by the duration and proximal extent 
of reflux episodes), frequency of heartburn, and interaction of 
pepsin with acid (see Chapter 46). Studies in which acid reflux is 
monitored for more than 24 hours have demonstrated consider- 
able daily variability in esophageal acid exposure.’?-°° 

As noted earlier, heartburn strongly suggests gastroesophageal 
acid reflux, but PUD, delayed gastric emptying, and even gall- 
bladder disease can produce symptoms similar to those caused by 
reflux (see Chapters 50, 53, and 65). Regurgitation is not quite as 
specific for acid reflux as heartburn, and the differential diagnosis 
of regurgitation should include an esophageal obstruction (e.g., 
ring, stricture, achalasia) or a gastric abnormality such as gastro- 
paresis or outlet obstruction. Heartburn can also be a functional 


BOX 13.4 Extraesophageal Manifestations of GERD 


Asthma 
Chronic cough 
Excess mucus or phlegm 


Globus sensation 
Hoarseness 
Laryngitis 
Pulmonary fibrosis 
Sore throat 


symptom as discussed in the Rome IV guidelines.®! Functional 
heartburn is defined as retrosternal burning discomfort or pain 
refractory to optimal antisecretory therapy in the absence of 
GERD, histopathologic mucosal abnormalities, major motor dis- 
orders, or structural explanations. Reflux hypersensitivity is the 
designation applied to patients with esophageal symptoms (heart- 
burn or chest pain) who lack evidence of reflux on endoscopy 
(e.g., esophagitis) or an abnormal acid burden on reflux monitor- 
ing but experience symptoms with physiologic reflux. 


Approach 


The approach to patients with heartburn and regurgitation is 
discussed extensively in Chapter 46. In brief, published guide- 
lines support an initial trial of gastric acid suppressive therapy, 
generally with a PPI, as a diagnostic and therapeutic maneu- 
ver.*? This concept is cost-effective but plagued by limitations 
in sensitivity and specificity.’ If the cause of symptoms remains 
uncertain after a therapeutic trial, ambulatory intraesophageal 
pH testing is the best test to document pathologic esopha- 
geal acid exposure. Endoscopy of the esophagus is reserved 
for patients with symptoms suggestive of a complication (e.g., 
dysphagia, weight loss, signs of bleeding), but the predictive 
value of using a symptom profile to predict esophageal dam- 
age is questionable at best. Although not without controversy, 
most guidelines also suggest endoscopy to screen for Barrett 
esophagus in patients with chronic reflux symptoms**; the risk 
is particularly increased in white male, older, and obese per- 
sons.®> 8° Guidelines as recent as 2012 have continued to chal- 
lenge the utility of screening for Barrett esophagus, particularly 
in women.*’ 


EXTRAESOPHAGEAL SYMPTOMS OF 
GASTROESOPHAGEAL REFLUX DISEASE 


Extraesophageal symptoms of GERD are listed in Box 13.4. 
Although these symptoms may be caused by esophageal motil- 
ity disorders, they are most frequently associated with GERD. In 
patients with extraesophageal symptoms, the classic reflux symp- 
toms of heartburn and regurgitation often are mild or absent (see 
Chapter 46). 

Gastroesophageal reflux is thought to cause chronic cough 
and other extraesophageal symptoms as a result of recurrent 
microaspiration of gastric contents, a vagally mediated neural 
reflex, or, in many patients, a combination of both. Although 
bronchodilators reduce LES pressure, most persons with asthma 
have gastroesophageal reflux with or without bronchodila- 
tor therapy. In animal studies, instillation of small amounts of 
acid in the trachea or on the vocal cords*? can produce marked 
changes in airway resistance, as well as vocal cord ulcers. Direct 
evidence for aspiration is more difficult to identify in adults 
and rests primarily on the presence of fat-filled macrophages 
in sputum,”? radioactivity in the lungs after a tracer is placed in 
the stomach overnight,”! increased pepsin levels in lung secre- 
tions,” and a high degree of esophageal or hypopharyngeal acid 
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reflux recorded by 24-hour pH monitoring with dual probes.” 
Data from animal and human studies suggest that a neural reflex 
is another pathophysiologic basis for these symptoms. Acid per- 
fusion into the distal esophagus increases airway resistance in all 
subjects, but the changes are most marked in patients with both 
asthma and heartburn.” 

Abnormal amounts of gastroesophageal acid reflux recorded 
by prolonged intraesophageal pH monitoring have been identi- 
fied in 35% to 80% of asthmatic adults.” Symptoms that suggest 
reflux-induced asthma include the onset of wheezing in adulthood 
in the absence of a history of allergies or asthma, nocturnal cough 
or wheezing, worsening of asthma after meals, by exercise, or in 
the supine position, and asthma that is exacerbated by broncho- 
dilators or is glucocorticoid dependent. In patients with reflux, 
symptoms strongly suggestive of aspiration include nocturnal 
cough and heartburn, recurrent pneumonia, unexplained fever, 
and an associated esophageal motility disorder. Silent aspiration 
after lung transplantation has been implicated as an important 
cause of declining graft function and even rejection.” In addition 
to reflux, significant esophageal dysmotility can occur in patients 
with more advanced pulmonary disease, including those recover- 
ing from lung transplantation.” 

Ear, nose, and throat complaints associated with gastro- 
esophageal reflux include postnasal drip, voice changes, hoarse- 
ness, sore throat, persistent cough, otalgia, halitosis, dental 
erosion, and excessive salivation. Many patients with GERD 
complain of only head and neck symptoms. Examination of 
the vocal cords may help in evaluating patients with suspected 
acid reflux-related extraesophageal problems. Some patients 
have redness, hyperemia, and edema of the vocal cords and ary- 
tenoids. In more severe cases, vocal cord ulcers, granulomas, 
and even laryngeal cancer, all secondary to GERD, have been 
reported. Normal results of a laryngeal examination, however, 
are not incompatible with acid reflux-related extraesophageal 
symptoms, nor are the aforementioned laryngeal signs specific 
for a GERD-related pathogenesis. 

The options in a patient with suspected extraesophageal 
GERD are to study them with an ambulatory intraesophageal 
pH test or initiate a trial of therapy to confirm the diagnosis and 
treat the symptom (Fig. 13.2). Either approach is reasonable, but 
many experts favor an initial trial of acid suppressive therapy with 
a PPI twice daily.” Ambulatory pH testing is then reserved for 
those who fail the initial trial, although it is not clear whether pH 
testing should be done while the patient continues or after the 
patient discontinues acid suppressive therapy (see Chapter 46). 
Interpreting pH data in patients with extraesophageal symptoms 
and normal amounts of acid exposure is particularly challeng- 
ing. Many studies have shown a poor correlation between reflux 
events and cough when cough is recorded by the patient, but a 
better correlation when acoustic cough monitoring (an experi- 
mental yet-to-be-approved technology) is used to quantify and 
time the cough episodes.” 

The association between gastroesophageal reflux and extrae- 
sophageal symptoms, particularly laryngeal symptoms, has been 
challenged. In one study, pH monitoring of the hypopharynx 
and proximal and distal esophagus was performed in patients 
with presumed gastroesophageal acid reflux-related endoscopic 
laryngeal findings.!°° An abnormal result was noted in only 15% 
of hypopharyngeal probes, 9% of proximal esophageal probes, 
and 29% of distal esophageal probes, indicating that most 
patients (70%) with symptoms and signs of laryngeal reflux do 
not have documentable abnormal acid exposure. That prelimi- 
nary study was followed by a randomized placebo-controlled 
trial of esomeprazole (40 mg twice daily) in the same patients, 
with response rates of 42% in those treated with esomeprazole 
and 46% in those treated with placebo.!°! A randomized con- 
trolled trial of therapy with a PPI in asthmatics produced similar 
results.!°* Despite the contradictory data, a trial of PPI therapy 
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Possible extraesophageal 
manifestation of GERD 


Exclude underlying 
cardiac, thoracic, and 
head/neck disease 


in patients with symptoms suggestive of extraesophageal GERD 
is reasonable, but the patient and physician should not be sur- 
prised if this therapy fails. 


Full references for this chapter can be found on www.expertconsult.com. 


Test first Treat first 
strategy strategy 


Trial of twice 
daily PPI 


24-hour pH study 


Yes No 


daily PPI Yes study 


No 
GERD 
No 


maintenance Yes No 
therapy 
Maximize medical 
therapy or consider 
antireflux surgery 
Consider other 


diagnosis 


Fig. 13.2 Algorithm for the approach to patients with extraesophageal 
manifestations of GERD, including noncardiac chest pain. The ap- 
proach to exclusion of an underlying disease varies, depending on the 
symptom under evaluation (see text). A PPI is given before breakfast 
and before the evening meal. The duration of the trial depends on the 
symptom. For example, a 10- to 14-day trial may be sufficient for non- 
cardiac chest pain, whereas a 3-month trial may be needed for chronic 
cough. 
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DEFINITION 


Dyspepsia is derived from the Greek words “dus-” (dys-) and 
“sewn” (pepse) and literally means “difficult digestion.” In current 
medical terminology, dyspepsia refers to a heterogeneous group of 
symptoms in the upper abdomen. In the literature, dyspepsia is 
often broadly defined as pain or discomfort centered in the upper 
abdomen!’ but may include multiple and varying symptoms such 
as epigastric pain, postprandial fullness, early satiation, anorexia, 
belching, nausea and vomiting, upper abdominal bloating, and 
even heartburn and regurgitation. Patients with dyspepsia com- 
monly report several of these symptoms.’ 

Several consensus definitions for dyspepsia and functional 
dyspepsia (FD) have been proposed, with the Rome Consensus 
Committees providing the most influential classifications. With 
time, definitions of dyspepsia have evolved to become more 
restrictive and focused on symptoms that are thought to arise 
from the gastroduodenal region, not the esophagus.* ° 

Earlier definitions considered dyspepsia to comprise all upper 
abdominal and retrosternal sensations—in effect, all symptoms 
considered to be referable to the proximal alimentary tract.° The 
Rome I and II Consensus Committees both defined dyspepsia 
as pain or discomfort centered in the upper abdomen.” 7 Discomfort 
includes postprandial fullness, upper abdominal bloating, early 
satiation, epigastric burning, belching, nausea, and vomiting. 


Heartburn may occur as part of the symptom constellation, but 
the Rome II Committee decided that when heartburn is the pre- 
dominant symptom, the patient should be considered to have 
GERD, not dyspepsia. 

The Rome II Consensus Committee, which defined dys- 
pepsia as the presence of symptoms that are considered to originate 
from the gastroduodenal region, created a major restriction in the 
definition of dyspepsia, and this was confirmed by the Rome IV 
Consensus Committee.+ é Only 4 symptoms (postprandial full- 
ness, early satiation, and epigastric pain or epigastric burning) 
are now considered to be specifically of gastroduodenal origin, 
although many other symptoms are acknowledged as possibly 
coexisting. 

In patients with dyspepsia, additional clinical investigations 
may identify underlying organic disease that is likely to cause 
the symptoms. In these subjects, symptoms are attributable to an 
organic cause of dyspepsia (Box 14.1).8-!? However, in the majority 
of subjects with dyspeptic symptoms, no organic abnormality is 
identified by a routine clinical evaluation (including EGD), and 
these patients are said to have FD. The term uninvestigated dyspep- 
sia refers to dyspeptic symptoms in persons in whom diagnostic 
investigations have not yet been performed and in whom a spe- 
cific diagnosis that explains the dyspeptic symptoms has not been 
determined. 


ORGANIC CAUSES 


The most prevalent identifiable causes underlying dyspep- 
tic symptoms are PUD and GERD. Malignancies of the UGI 
tract and celiac disease are less common but clinically important 
organic causes of dyspeptic symptoms *!! (see Box 14.1). The 
investigation of choice in case of dyspeptic symptoms is EGD, 
which allows identification of erosive esophagitis, Barrett esopha- 
gus, peptic ulcer, gastric or duodenal infections, and gastric or 
esophageal cancer. 

Systematic studies indicate that 20% to 25% of patients with 
dyspeptic symptoms in Western societies have erosive esophagi- 
tis, 20% are estimated to have endoscopy-negative reflux disease, 
10% have peptic ulcer, 2% have Barrett esophagus, and 1% or 
less have malignancy.” !? Minor endoscopic or histopathologic 
findings like duodenitis or gastritis do not seem to correlate with 
the presence or absence of dyspeptic symptoms. 


Intolerance to Food or Drugs 


Contrary to popular beliefs, ingestion of specific foods (e.g., 
spices, coffee, or alcohol) or of excessive amounts of food has 
never convincingly been established as causing dyspepsia.!* 14 
Although ingestion of food often aggravates dyspeptic symptoms, 
the effect is probably related to the sensorimotor response to 
food rather than specific food intolerances or allergies. However, 
acute ingestion of capsaicin has been shown to induce dyspeptic 
symptoms in healthy persons and those with FD, with greater 
intensity in the latter group.!° 

Dyspepsia is a common side effect of many drugs, includ- 
ing iron, antibiotics, narcotics, digitalis, estrogens and oral 
contraceptives, theophylline, and levodopa. Medications may 
cause symptoms through direct gastric mucosal injury, changes 
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BOX 14.1 Organic Causes of Dyspepsia 


LUMINAL GI TRACT 

Chronic gastric volvulus 

Chronic gastric or intestinal ischemia 

Food intolerance 

Gastric infections (CMV, fungus, tuberculosis, syphilis) 

Gastric or esophageal neoplasms 

Gastroesophageal reflux 

Gastroparesis (diabetes mellitus, postvagotomy, scleroderma, 
chronic intestinal pseudo-obstruction, postviral, 
idiopathic) 

IBS 

Infiltrative gastric disorders (Ménétrier disease, Crohn disease, 
eosinophilic gastroenteritis, sarcoidosis, amyloidosis) 

Parasites (Giardia lamblia, Strongyloides stercoralisrom) 

PUD 


MEDICATIONS 


Acarbose 

Aspirin, other NSAIDs (including COX-2 selective agents) 
Colchicine 

Digitalis preparations 
Estrogens 

Ethanol 

Glucocorticoids 

Iron, potassium chloride 
Levodopa 

Narcotics 

Niacin, gemfibrozil 
Nitrates 

Orlistat 

Quinidine 

Sildenafil 

Theophylline 


PANCREATICOBILIARY DISORDERS 


Biliary pain: cholelithiasis, choledocholithiasis, SOD 
Chronic pancreatitis 
Pancreatic neoplasms 
SYSTEMIC CONDITIONS 
Adrenal insufficiency 
Diabetes mellitus 

Heart failure 
Hyperparathyroidism 
Intra-abdominal malignancy 
Myocardial ischemia 
Pregnancy 

Renal insufficiency 

Thyroid disease 


in GI sensorimotor function, facilitation of gastroesophageal 
reflux, or idiosyncratic mechanisms. NSAIDs have received the 
most attention because of their potential to induce ulceration 
in the GI tract. Chronic use of aspirin and other NSAIDs may 
provoke dyspeptic symptoms in up to 20% of subjects, but the 
occurrence of dyspepsia correlates poorly with the presence 
of an ulcer. In controlled trials, dyspepsia developed in 4% to 
8% of persons treated with NSAIDs, with an odds ratios rang- 
ing from 1.1 to 3.1 compared with placebo. The magnitude of 
this effect depends on the dose and type of NSAID.!° Com- 
pared with NSAIDs, COX-2 selective inhibitors are associated 
with a lower frequency of dyspepsia and peptic ulceration (see 
Chapter 119).!7 


PUD 


PUD is a well-established cause of dyspeptic symptoms and is 
an important consideration for clinicians in the management of 
these patients. However, the frequency of peptic ulcer in persons 
with dyspepsia is only 5% to 10%.® °” 1? Increasing age, NSAID 
use, and Hp infection are the main risk factors for peptic ulcer 
(see Chapter 53). 


GERD 


Erosive esophagitis is a diagnostic marker for GERD, but most 
patients with symptoms that are attributable to reflux of stomach 
contents into the esophagus have no endoscopic signs of esoph- 
ageal erosion but have so-called nonerosive GERD. Erosive 
esophagitis is found in approximately 20% of dyspeptic patients, 
and a similar number of patients may have nonerosive GERD.*:”: 
12, 18 Empirical use of acid suppressive therapy decreases the like- 
lihood of finding erosive esophagitis in persons with dyspepsia 
(see Chapter 46). 


Gastric and Esophageal Cancer 


The risk of gastric or esophageal malignancy in patients with 
dyspeptic symptoms is estimated to be less than 1%.!! 1? The 
risk of gastric cancer is increased among persons with Hp infec- 
tion, a family history of gastric malignancy, or a history of gastric 
surgery or those who emigrated from areas endemic for gastric 
malignancy. The risk of esophageal cancer is increased in men, 
smokers, persons with high alcohol consumption, and those with 
long-standing heartburn (see Chapters 48 and 54). 


Biliary and Pancreatic Tract Disorders 


Despite the high prevalence of both dyspepsia and gallstones in 
adults, epidemiologic studies have confirmed that cholelithiasis is 
not associated with dyspepsia. Therefore, persons with dyspepsia 
should not be investigated routinely for cholelithiasis, and cho- 
lecystectomy in persons with cholelithiasis is not indicated for 
dyspepsia alone. The clinical presentation of biliary pain is easily 
distinguishable from that of dyspepsia (see Chapter 65). 

Pancreatic disease is less prevalent than cholelithiasis, but 
symptoms of acute or chronic pancreatitis or pancreatic cancer 
may initially be mistaken for dyspepsia. Pancreatic disorders are 
usually associated with more severe pain and are often accompa- 
nied by anorexia, rapid weight loss, or jaundice (see Chapters 58 
to 60). 


Other GI or Systemic Disorders 


Several GI disorders may cause dyspepsia-like symptoms: infec- 
tious (e.g., Giardia lamblia and Strongyloides stercoralis infec- 
tions, tuberculosis, fungal infections, syphilis), inflammatory 
(celiac disease, Crohn disease, sarcoidosis, lymphocytic gastritis, 
eosinophilic gastroenteritis), or infiltrative (lymphoma, amyloid, 
Ménétrier disease) disorders of the UGI tract. Most of these dis- 
orders will be identifiable at EGD with mucosal biopsies. Persons 
with recurrent gastric volvulus and chronic mesenteric or gastric 
ischemia may also present with dyspeptic symptoms (see Chapters 
27, 30 to 32, 37, 107, 113, 115, and 118). 

The symptom pattern associated with gastroparesis (idio- 
pathic, drug-induced, or secondary to a metabolic, systemic, or 
neurologic disorder) is similar to dyspepsia, as defined by older 
definitions.'~’ The distinction between idiopathic gastroparesis 
and FD with delayed gastric emptying is a matter of ongoing 
debate (see later and Chapter 50).!* Nausea and vomiting are 
cardinal symptoms in persons with gastroparesis and were not 
considered symptoms of dyspepsia by the Rome II and Rome IV 
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BOX 14.2 Rome IV Criteria for Functional Dyspepsia, Postorandial Distress Syndrome, and Epigastric Pain Syndrome 


Diagnostic criteria* for 
functional dyspepsiat 


1. One or more of the following: 
Bothersome postprandial fullness 
Bothersome early satiation 
Bothersome epigastric pain 
Bothersome epigastric burning 

AND 


2. No evidence of structural disease (including at EGD) that is likely to explain the symptoms 


Diagnostic criteria* for 
postprandial distress 
syndrome (PDS) 


Must include one or both of the following at least 3 days a week: 
1. Bothersome postprandial fullness (i.e., severe enough to impact usual activities) 
2. Bothersome early satiation (i.e., severe enough to prevent finishing a regular-sized meal) 


8. No evidence of organic, systemic, or metabolic disease that is likely to explain the symptoms on routine inves- 


tigations (including at EGD) 
Supportive Criteria 


1. Postprandial epigastric pain or burning, epigastric bloating, excessive belching, and nausea can also be present 
2. Vomiting warrants consideration of another disorder 

8. Heartburn is not a symptom of dyspepsia but often may coexist with PDS 

4. Symptoms that are relieved by evacuation of feces or gas should generally not be considered part of the 


dyspepsia symptom complex 


5. Other individual digestive symptoms or groups of symptoms (e.g., from GERD or IBS) may coexist with PDS 


Diagnostic criteria* 
for epigastric pain 
syndrome (EPS) 


Must include one or both of the following symptoms at least 1 day a week: 
1. Bothersome epigastric pain (i.e., severe enough to impact on usual activities) 
2. Bothersome epigastric burning (i.e., severe enough to impact usual activities) 


No evidence of organic, systemic, or metabolic disease that is likely to explain the symptoms on routine investi- 


gations (including at EGD). 
Supportive Criteria 


1. Pain may be induced by ingestion of a meal, relieved by ingestion of a meal, or may occur while fasting 
Postprandial epigastric bloating, belching, and nausea can also be present 
Persistent vomiting likely suggests another disorder 


The pain does not fulfill criteria for biliary pain 


2. 
3. 
4. Heartburn is not a symptom of dyspepsia but may often coexist with EPS 
Sr 
6. 


Symptoms that are relieved by evacuation of feces or gas generally should not be considered part of the 


dyspepsia symptom complex 


7. Other digestive symptoms (such as GERD and IBS) may coexist with EPS 


*Criteria fulfilled for the previous 3 months with symptom onset at least 6 months prior to diagnosis 


tMust fulfill criteria for PDS and/or EPS. 


Consensus Committees, thereby allowing the potential for symp- 
tom-based differentiation between dyspepsia and gastroparesis.*» 
>, 18 Dyspepsia may be the presenting or accompanying symptom 
of acute myocardial ischemia, pregnancy, acute or chronic renal 
failure, thyroid dysfunction, adrenal insufficiency, and hyper- 
parathyroidism. 


FUNCTIONAL DYSPEPSIA 


According to the Rome IV criteria, FD is defined as the presence 
of early satiation, postprandial fullness, epigastric pain, or epi- 
gastric burning in the absence of organic, systemic, or metabolic 
disease that is likely to explain the symptoms (Box 14.2).° 


Dyspepsia Symptom Complex 
Pattern and Heterogeneity 


The dyspepsia symptom complex is broader than the four cardi- 
nal symptoms that constitute the Rome IV definition and includes 
multiple symptoms such as epigastric pain, early satiation, full- 
ness, epigastric burning, upper abdominal bloating, belching, loss 
of appetite, nausea, and vomiting. Although often chronic, symp- 
toms in persons with FD are mostly intermittent, even during 
highly symptomatic episodes.!: *: 1° In persons with FD seen in a 
tertiary care center, the most frequent symptoms are postprandial 
fullness and bloating, followed by epigastric pain, early satiation, 


nausea, and belching.’ 20-2 There is considerable heterogeneity, 
however, as demonstrated, for example, in the number of symp- 
toms that patients report (Fig. 14.1). In the general population, 
the most frequent dyspeptic symptoms are postprandial fullness, 
early satiation, upper abdominal pain, and nausea.**+° 

Weight loss is traditionally considered an “alarm” symptom, 
pointing toward potentially serious organic disease. Studies in 
tertiary care patients with FD have also shown a high frequency 
of unexplained weight loss,*° 2! and population-based studies in 
Australia and Europe have shown an association between unin- 
vestigated dyspepsia and unexplained weight loss.?> 7° 


Subgroups 


The heterogeneity of the dyspepsia symptom complex is well 
accepted. Factor analysis of dyspepsia symptoms in the general 
population and in tertiary care patients with FD have not sug- 
gested that FD is a homogeneous (i.e., unidimensional) condi- 
tion.?=?7 These studies have confirmed the heterogeneity of the 
dyspepsia symptom complex but have not provided a clinically 
meaningful classification of the syndrome. 

Several attempts have been made to identify clinically mean- 
ingful subgroups of persons with dyspepsia to simplify the intri- 
cate heterogeneity of the dyspepsia symptom complex and to 
guide management. The Rome II Consensus Committee pro- 
posed a subdivision based on a predominant symptom of pain 
or discomfort.* Although correlations were found between 
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Fig. 14.1 Frequency of symptoms (percent of patients) and their severity ratings in 674 patients with functional 
dyspepsia seen at a tertiary referral center. (Unpublished, University of Gasthuisberg, Leuven, Belgium.) 


Uninvestigated dyspepsia (postprandial fullness, early 


satiation, epigastric pain, epigastric burning) 


Functional dyspepsia 


Postprandial distress syndrome: 
Meal-related FD 

Early satiation 

Postprandial fullness 

Other postprandial symptoms 


Epigastric pain syndrome: 

Meal-unrelated FD 
Epigastric pain 
Epigastric burning 


this classification and the presence or absence of Hp infection, 
absence or presence of delayed gastric emptying, and response or 
lack of response to acid suppressive therapy,~® 7” the classification 
has been criticized because of the difficulty in distinguishing pain 
from discomfort, lack of a widely accepted definition of “pre- 
dominant,” uncertainty about overlap between the symptom sub- 
groups, absence of an association with putative pathophysiologic 
mechanisms, and, especially, lack of stability of the predominant 
symptom over short time periods.* 3°? 

The Rome HI Consensus Committee proposed a different 
classification (Fig. 14.2). Studies in patients with FD seen at a 
tertiary care center and persons with uninvestigated dyspepsia 
in the general population have revealed that between 40% and 
75% of dyspeptic persons report aggravation of symptoms after 


Endoscopy, other 
investigations 


Organic dyspepsia 
(e.g., ulcer, esophagitis) 


Fig. 14.2 Schematic representation of the 
classification of uninvestigated dyspepsia, 
functional dyspepsia (FD), and subtypes of 
functional dyspepsia according to the Rome 
IV criteria. 


ingestion of a meal.*® 34, 35 Assuming that a distinction between 
meal-related and meal-unrelated symptoms might be patho- 
physiologically and clinically relevant, the Rome IIT Consensus 
Committee proposed that FD be considered an umbrella term 
and that the postprandial distress syndrome (PDS)—characterized 
by meal-related dyspeptic symptoms, postprandial fullness, and 
early satiation be distinguished from the epigastric pain syndrome 
(EPS)—characterized by meal-unrelated dyspeptic symptoms, 
epigastric pain, and epigastric burning.* In population-based 
studies, the Rome II-based classification of FD into EPS and 
PDS showed the existence of both entities, with little overlap 
between them.** * By contrast, studies of persons with FD who 
sought consultation with a physician have shown major overlap in 
Rome II-defined PDS and EPS.!: 3°40 The Rome IV Consensus 


Committee aimed to reduce this overlap by considering all post- 
prandially occurring symptoms to be part of the PDS.° There- 
fore, when epigastric pain occurs postprandially in patients with 
early satiation or postprandial fullness, the patient is still catego- 
rized as having the PDS (see Fig. 14.2). Epidemiologic studies 
and studies in patient cohorts have shown that the PDS is the 
dominant subgroup and that overlap with the EPS is small with 
the Rome IV classification.>: + 4 


Overlap with Heartburn and IBS 


The issue of overlap between dyspepsia and GERD has been 
a challenging one. Although earlier investigators consid- 
ered a group of patients with reflux-like dyspepsia,° the Rome 
Consensus Committees did not consider heartburn to arise pri- 
marily from the gastroduodenal region, and this symptom was 
excluded from the definition of dyspepsia.” +>: 7 Heartburn com- 
monly coexists with dyspepsia, however, in both the general pop- 
ulation and patients with FD.18: 26, 29: #3 Moreover, distinguishing 
GERD from dyspepsia is hampered by a number of confounding 
factors, such as the presence of dyspepsia-type symptoms in many 
patients with GERD!*: %6: 4 and difficulties in recognizing heart- 
burn by patients and physicians.!*: +, 46 

The Rome I Consensus Committee stated that patients with 
typical heartburn as a dominant complaint almost invariably 
have GERD and should be distinguished from patients with 
dyspepsia.” Although this distinction is valid,**» 4” 48 the Rome 
III Consensus Committee proposed identifying patients with 
frequent heartburn and using a word-picture questionnaire to 
identify patients with FD who will respond to acid-suppressive 
therapy or in whom pathologic esophageal acid exposure can 
be demonstrated.*” #* The Rome III and IV Consensus Com- 
mittees state that heartburn is not a gastroduodenal symptom, 
although it often occurs in association with symptoms of FD 
and its presence does not exclude a diagnosis of FD.* ° Simi- 
larly, the frequent co-occurrence of FD and IBS*? is explicitly 
recognized in the Rome III and IV consensus guidelines and 
does not exclude a diagnosis of FD.*° 


Epidemiology 


Dyspeptic symptoms are common in the general population, 
with frequencies ranging from 10% to 45%.®: 26 34, 36-38, 50-52 
The frequency of dyspepsia is slightly higher in women than 
men and in smokers and NSAID users, and the influence of 
age varies across studies. Results of prevalence studies are 
strongly influenced by the criteria used to define dyspepsia, 
and several studies have either included patients with typical 
symptoms of GERD or not incorporated the presence of dys- 
pepsia-type symptoms in many patients with GERD. When 
heartburn is excluded, the frequency of uninvestigated dys- 
pepsia in the general population ranges from 5% to 15%.?% 
34, 36-38, 50-52 Long-term follow-up studies have suggested that 
symptoms improve or resolve in more than half of patients.!?: 
® The annual incidence of dyspepsia has been estimated to 
range from 1% to 6%.!” 

Quality of life is significantly affected by dyspepsia, especially 
FD.” Although the majority of patients do not seek medical 
care, a significant proportion will eventually seek consultation, 
which results in substantial costs.!? 7° 34-37 Factors that influence 
healthcare seeking are symptom severity, fear of underlying seri- 
ous disease, psychological distress, and lack of adequate psycho- 
social support.’ 37 


Pathophysiology 


Several pathophysiologic mechanisms have been suggested to 
underlie dyspeptic symptoms: delayed gastric emptying, impaired 
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TABLE 14.1 Frequency of Delayed Gastric Emptying in Studies of 
Patients with Functional Dyspepsia 


Investigator/Year N Frequency (%) 
Asano 2017 94 ala] 
Jian 1989 28 59 
Klauser 1993 69 35 
Maes 1997 344 30 
Perri 1998 304 33 
Sarnelli 2003 392 23 
Scott 1993 75 28 
Stanghellini 1996 343 34 
Talley 1989 32 30 
Talley 2001 551 24 
Talley 2006 864 34 
Vanheel 2017 560 23 
Waldron 1991 50 42 
Wegener 1989 43 30 


gastric accommodation to a meal, hypersensitivity to gastric dis- 
tention, low-grade mucosal inflammation, altered duodenal sen- 
sitivity to lipids or acid, abnormal intestinal motility, and CNS 
dysfunction. 8 The heterogeneity of FD seems to be confirmed 
by the contribution of one or more of these disturbances in sub- 
groups of patients. Studies that have investigated the pathophysi- 
ologic mechanisms of FD predated the Rome IV guidelines and 
classification, so many defined FD according to the Rome I and 
II consensus definitions. 


Delayed Gastric Emptying 


Several studies have investigated gastric emptying and its rela- 
tionship to the pattern and severity of symptoms in patients with 
FD. The frequency of delayed gastric emptying ranges from 20% 
to 50% (Table 14.1).> 8 In a meta-analysis of 17 studies involv- 
ing 868 dyspeptic patients and 397 controls, a significant delay 
in solid gastric emptying was present in almost 40% of patients 
with FD.’ Most of the studies, however, were performed in 
small groups of patients. In the largest studies, gastric emptying 
of solids was delayed in about 30% of the patients with FD.> %3- 
°°-6l In a large-scale study using breath testing to measure gas- 
tric emptying in Rome II-defined subgroups, delayed emptying 
was found in only 23%, and there was no preferential association 
with PDS.°! Most studies failed to find a convincing relation- 
ship between delayed gastric emptying and the pattern of symp- 
toms. Large-scale single-center studies from Europe showed that 
patients with delayed gastric emptying of solids are more likely 
to report postprandial fullness, nausea, and vomiting,”> °?°! 
although two large multicenter studies in the USA found no or a 
weak association. °? Whether delayed gastric emptying causes 
symptoms or is an epiphenomenon is a matter of ongoing con- 
troversy. 


Impaired Gastric Accommodation to a Meal 


The motor functions of the proximal and distal stomach dif- 
fer remarkably. Whereas the distal stomach regulates gastric 
emptying of solids by grinding and sieving the content until 
the particles are small enough to pass the pylorus, the proximal 
stomach serves mainly as a reservoir during and after inges- 
tion of the meal. Accommodation of the stomach to a meal is a 
vagally mediated reflex relaxation of the proximal stomach and 
provides the meal with a reservoir, thereby enabling the stomach 
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TABLE 14.2 Evidence of Impaired Accommodation in Studies of Patients with Functional Dyspepsia as Compared with Healthy Persons 


Investigator/Year N Technique Difference from Healthy Persons 

Asano 2017 94 Scintigraphic distribution Impaired accommodation in 15% 

Boeckxstaens 2001 44 Gastric barostat No difference 

Bredenoord 2003 isi SPECT imaging Impaired accommodation in 43% 

Caldarella 2003 30 Gastric barostat Impaired accommodation as a group 

Castillo 2004 35 SPECT imaging No difference 

Coffin 1994 10 Gastric barostat Impaired accommodation as a group 

Gilja 1996 20 US Impaired accommodation as a group 

Kim 2001 33 SPECT imaging Impaired accommodation as a group; abnormal in 41% 
Piessevaux 2004 40 Scintigraphic distribution No difference as a group; distal redistribution in up to 50% 
Salet 1998 J2 Gastric barostat Impaired accommodation as a group 

Tack 1998 40 Gastric barostat Impaired accommodation as a group; abnormal in 40% 
Thumshirn 1999 Iy Gastric barostat Impaired accommodation in 70% 

Troncon 1994 an Scintigraphic distribution Altered intragastric distribution as a group 

Vanheel 2017 560 Barostat Impaired accommodation in 37% 


SPECT, single photon emission CT. 


to handle large intragastric volumes without a rise of intragastric 
pressure.®* Studies using intragastric manometry have shown 
that ingestion of a meal is associated with a drop in intragastric 
pressure followed by a gradual recovery of the pressure during 
continued ingestion of nutrients, with increasing meal-induced 
satiation.®° 

Studies using the gastric barostat, scintigraphy, US, single 
photon emission CT, or noninvasive surrogate markers (e.g., 
satiation drinking test) have all identified impaired accom- 
modation in approximately 40% of patients with FD (Table 
14.2).3 79 22, 6l, 6F A barostat study of gastric accommoda- 
tion in patients with Rome IU-defined subtypes of FD found 
impaired accommodation in 37% but showed no preferential 
association with PDS.°! Lack of accommodation of the proxi- 
mal stomach during and after the ingestion of a meal may be 
accompanied by increased intragastric pressure and activation 
of mechanoreceptors in the gastric wall, thus inducing symp- 
toms. Although a number of studies have found an association 
between impaired accommodation and early satiation and weight 
loss, others have failed to find such an association.?: 2° 22, 61, 64 
The mechanisms by which impaired accommodation can cause 
symptoms is still unclear. Meal ingestion in the absence of proper 
relaxation of the proximal stomach may be accompanied by acti- 
vation of tension-sensitive mechanoreceptors in the proximal 
stomach. On the other hand, insufficient accommodation of the 
proximal stomach may force the meal into the distal stomach, 
thereby causing activation of tension-sensitive mechanoreceptors 
in a distended antrum. 


Hypersensitivity to Gastric Distension 


Visceral hypersensitivity, defined as abnormally enhanced percep- 
tion of visceral stimuli, is considered one of the major patho- 
physiologic mechanisms in functional GI disorders (see Chapter 
22). Several studies have established that, as a group, patients 
with FD are hypersensitive to isobaric gastric distention.*:*!;°! A 
study in patients with Rome II-defined FD subgroups identified 
hypersensitivity in 37%, but there was no preferential association 
with any of the subtypes.©° The level at which visceral hypersen- 
sitivity is generated is unclear, and there is evidence for involve- 
ment of tension-sensitive mechanoreceptors as well as alterations 
at the level of visceral afferent nerves or of the central nervous 
system.°° ©? 


Low-Grade Mucosal Inflammation in the Duodenum 


Low-grade mucosal inflammation in the duodenum, which is evi- 
dent from the presence of increased duodenal mucosal mast cell 
and eosinophil counts, has been identified in patients with FD as 
a group.’°-’? The investigation of immune dysfunction in FD was 
initially triggered by observations in patients with postinfection 
FD,” but it is now clear that increased eosinophil and mast cell 
numbers are present in a large subset of patients with FD and that 
these findings are most clearly associated with symptoms of early 
satiation.’° The inflammatory cell infiltrate (eosinophils and mast 
cells) in the duodenum has been correlated with increased muco- 
sal permeability and altered expression of tight junction proteins 
and with impaired activity and integrity of neurons in the sub- 
mucous plexus.’!: 72 To what extent low-grade duodenal inflam- 
mation is associated with the changes in gastric sensorimotor 
function described earlier, or with increased sensitivity to duo- 
denal luminal contents discussed later, remains to be evaluated. 


Altered Duodenal Sensitivity to Lipids or Acid 


In healthy persons and in patients with FD, perfusion of the duo- 
denum with nutrient lipids, but not glucose, enhances the per- 
ception of gastric distention through a mechanism that requires 
lipid digestion and subsequent release of CCK.’*7° Duodenal 
infusion of hydrochloric acid induces nausea in patients with FD 
but not in healthy subjects, suggesting duodenal hypersensitivity 
to acid.” Duodenal pH monitoring using a clipped pH electrode 
has revealed increased postprandial duodenal acid exposure in 
patients with FD compared with controls, and this difference has 
been attributed to impaired clearance of acid.” On the basis of 
these observations, increased duodenal sensitivity to lipids or acid 
has been proposed to contribute to the generation of symptoms 
in patients with FD, but research in this area is needed. 


Other Mechanisms 


One study of patients with FD reported a high frequency of rapid 
gastric emptying that was correlated with the intensity of post- 
prandial symptoms,’ but other studies have failed to support 
these findings.”*: 35-61 Phasic fundic contractions induce transient 
increases in gastric wall tension that can be perceived in patients 
with FD.°’ One study reported lack of suppression of phasic 


contractility of the proximal stomach after a meal in a subset of 
patients with FD.°° Abnormalities in the control of gastric myo- 
electrical activity, as measured by cutaneous electrogastrography, 
have been found in up to two thirds of patients with FD.°! * 
No correlation was found between the pattern of symptoms and 
the presence of electrogastrographic findings. Small bowel motor 
alterations, most commonly hypermotility with burst activity or 
clusters and an increased proportion of duodenal retrograde con- 
tractions (see Chapter 99), have been reported in patients with 
FD, but no clear correlation with symptoms has been found.*? 


Pathogenic Factors 


The cause of symptoms in patients with FD has not been estab- 
lished, but evidence exists for genetic susceptibility, infective 
agents, and psychological factors. The relationship between 
potential pathogenic factors and putative pathophysiologic mech- 
anisms has not been addressed in depth. 


Genetic Predisposition 


Population studies have suggested that genetic factors contribute 
to FD. The frequency of dyspepsia is increased in first-degree 
relatives of affected patients compared with the frequency in their 
spouses.*+ Polymorphisms of the G-protein B polypeptide 3 gene 
(GNB3) have been associated with the risk of FD,™ but the spe- 
cific polymorphism and an association with dyspepsia subgroups 
have been inconsistent among studies from different parts of the 
world.*° Additional and larger confirmatory studies are needed. 


Infection 


Hp Infection 

Depending on the region and population studied, a variable pro- 
portion of patients with FD are infected with Hp.*: è Although 
Hp is associated with a number of organic causes of dyspepsia, 
there is only limited evidence to support a causal relationship 
between Hp and FD.*’ No consistent differences in the pattern 
of symptoms or putative pathophysiologic mechanisms have 
been found between Hp-positive and Hp-negative subjects. ® 
88 The best evidence in support of a role for Hp in the patho- 
genesis of FD is the small but statistically significant beneficial 
effect of eradication therapy on symptoms in patients with FD.57 
8° These considerations have led to the Kyoto consensus, which 
defines Hp-associated dyspepsia as dyspepsia in an Hp-infected 
person with the absence of an alternative cause of dyspepsia on 
endoscopy and sustained control of symptoms after eradication of 
Hp.”° Determination of the size of this group, both in Western 
and non-Western clinical practices, and the long-term outcome 
require further studies. 


Postinfection Functional Dyspepsia 

Postinfection FD was first proposed as a clinical entity on the 
basis of a large retrospective study from a tertiary referral cen- 
ter.?? Compared with patients who had FD of unspecified-onset, 
patients with a history suggestive of postinfection FD were more 
likely to report symptoms of early satiation, weight loss, nausea, 
and vomiting and had a significantly higher frequency of impaired 
accommodation of the proximal stomach, which was attributed 
to dysfunction at the level of gastric nitrergic neurons.”? The 
frequency of Hp infection is not increased in postinfection FD, 
indicating that Hp is not the causal infectious agent. Patients with 
postinfection FD have more prominent mucosal inflammation in 
the duodenum.” In a prospective cohort study, development of 
FD was increased 5-fold one year after acute salmonella gastroen- 
teritis, compared with subjects who had not had gastroenteritis.”! 
Additional studies are required to identify the underlying patho- 
physiology and risk factors and to assess the long-term prognosis. 
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Psychosocial Factors 


A review of the literature reveals a clear association between 
psychosocial factors and FD.*: ® °? The most common psychiat- 
ric comorbidities in patients with FD are anxiety, depressive or 
somatoform disorders, and a recent or remote history of physical 
or sexual abuse. Psychological distress has long been a recognized 
feature of health care-seeking behavior in patients with functional 
bowel disorders, including FD (see Chapter 22). Studies have con- 
firmed an association between dyspeptic symptoms in the general 
population and psychosocial factors like somatization, anxiety, and 
stressful life events; this association argues against a mere health 
care-seeking effect.?” *° °°? Symptom severity in patients seen at 
a tertiary care center is more strongly related to psychosocial fac- 
tors (especially depression, abuse history, and somatization) than 
to abnormalities of gastric sensorimotor function.”* 

Although these observations show a close interaction between 
different psychosocial variables and the presence and sever- 
ity of symptoms of FD, they do not establish whether psycho- 
social factors and FD are separate manifestations of a common 
predisposition or whether psychosocial factors play a causal role 
in the pathophysiology of dyspeptic symptoms. Longitudinal 
studies support the idea of a common predisposition, as FD has 
been reported to both precede and follow the development of a 
mood disorder in population-based studies and each component 
increases the risk for the other.*: °° 

The presence of psychosocial comorbidities is also associated 
with greater symptom severity in patients with FD, and this asso- 
ciation may be mediated in part by visceral hypersensitivity.” 97 
Acutely induced anxiety in healthy volunteers, however, is not 
associated with increased visceral sensitivity but with decreased 
gastric compliance and inhibition of meal-induced accommoda- 
tion.’ In patients with FD, a correlation between anxiety and 
gastric sensitivity was found in a subgroup of “hypersensitive” 
patients with FD, but not in the overall group of patients with 
FD.” A history of abuse was associated with visceral hypersensi- 
tivity in patients with FD.” 


APPROACH TO UNINVESTIGATED DYSPEPSIA 


Taking into account the high prevalence of dyspepsia and the 
large number of subjects that present to a physician for their 
symptoms, the initial aim of managing patients is to decide which 
patients can be managed empirically and which patients should be 
referred for additional diagnostic evaluation. 


History and Physical Examination 


A complete clinical history should be obtained and a physi- 
cal examination performed in all patients with dyspepsia. The 
nature, frequency, and chronicity of the symptoms, as well as 
the relationship to ingestion of meals and the possible influ- 
ence of specific dietary factors, should be assessed. The onset 
of symptoms—acute with a gastroenteritis-like episode or more 
gradual—is also of interest. The amount of weight loss, if pres- 
ent, should be determined, as should other alarm symptoms like 
anemia, blood loss, and dysphagia. Distinguishing the EPS from 
PDS symptom subgroup according to the Rome IV classification 
may influence the choice of treatment (see later). In patients 
with long-standing symptoms, the reason for seeking health care 
at this time should be elicited, so that specific fears and concerns 
can be addressed. Further assessment of symptoms or signs of 
a systemic disorder (e.g., diabetes mellitus, cardiac disease, thy- 
roid disease) and of the patient’s family and personal history will 
indicate whether the patient is at risk for a particular organic dis- 
ease that may present as dyspepsia. Physical findings such as an 
abdominal mass, organomegaly, ascites, or a positive fecal occult 
blood test result warrant further evaluation. 
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Specific attention should be given to elicit a history of heart- 
burn, and a word-picture questionnaire may help the patient 
recognize the typical symptom pattern. Burning pain confined 
to the epigastrium is a cardinal symptom of dyspepsia and is 
not considered heartburn unless it radiates retrosternally. The 
presence of frequent and typical reflux symptoms should lead 
to a provisional diagnosis of GERD rather than dyspepsia, and 
the patient should be treated initially for GERD (see Chapter 
46). Overlap of GERD with dyspepsia is probably frequent and 
should to be considered if the patient’s symptoms do not respond 
to appropriate management of GERD. The possible presence 
of overlapping IBS should also be assessed, and symptoms that 
improve with bowel movements or are associated with changes 
in stool frequency or consistency should lead to a presumptive 
diagnosis of IBS. A structured questionnaire with pictograms 
that incorporates the heartburn word-picture may help identify 
the nature of symptoms as distinct from nausea, GERD, and 
IBS.10 

The use of prescription and nonprescription medications 
should be reviewed, and medications commonly associated with 
dyspepsia (especially NSAIDs) should be discontinued if possible. 
In patients in whom NSAIDs cannot be discontinued, a trial of 
a PPI can be considered, although many guidelines recommend 
endoscopic evaluation first to exclude peptic ulcer. 


Laboratory Testing 


The cost-effectiveness of routine laboratory testing, especially 
in younger patients with uncomplicated dyspepsia, has not been 
established. Nevertheless, most clinicians will consider routine 
tests (CBC, serum electrolytes, serum calcium, liver biochemical 
tests, and thyroid function tests) after the age of 45 to 55. Other 
studies, such as a serum amylase level, antibodies for celiac dis- 
ease, stool testing for ova and parasites or Giardia antigen, and a 
pregnancy test, may be considered in selected cases. ° 8 10 


Initial Management Strategies 


In many cases, the patient’s history and physical examination will 
allow dyspepsia to be distinguished from symptoms suggestive 
of esophageal, pancreatic, or biliary disease, but both primary 
care physicians and gastroenterologists should be aware that the 
patient’s history and physical findings, and even the presence of 
alarm symptoms, are unreliable in distinguishing functional from 
organic causes of dyspepsia.’ 8°» 11, 100-102 "Therefore, most guide- 
lines and recommendations advocate prompt endoscopy when 
risk factors for dyspepsia (e.g., NSAID use, age above 40 to 55, 
alarm symptoms) are present.!°>-!0° The optimal management 
strategy for the majority of patients who do not have a risk fac- 
tor for an organic cause of dyspepsia remains a matter of debate 
and controversy, and several approaches have been proposed. 
Available options include (1) prompt diagnostic endoscopy, fol- 
lowed by targeted medical therapy; (2) noninvasive testing for 
Hp infection, followed by treatment based on the result (“test- 
and-treat” strategy); and (3) empirical antisecretory therapy. In 
the 2 latter strategies, endoscopy is performed in patients who 
do not respond to treatment or experience recurrent symptoms. 
In theory, empirical prokinetic therapy could also be considered 
as an initial option but is generally not recommended because 
of the lack of widely available prokinetic drugs with established 
efficacy.!°+ 


Prompt Endoscopy and Directed Treatment 


Diagnostic EGD allows direct detection of organic causes of 
dyspepsia, such as peptic ulcer, erosive esophagitis, or malig- 
nancy. Endoscopy before any therapy has been instituted is 
still considered the gold standard for the diagnosis of UGI 


TABLE 14.3 Two Meta-analyses of Initial Management Strategies in 
Patients with Uninvestigated Dyspepsia 


Investigator/Year Relative Risk (95% Cl) 


PROMPT ENDOSCOPY VERSUS EMPIRICAL ACID SUPPRESSION 


Bytzer 1994 0.99 (0.61-1.63 
Delaney 2001 0.93 (0.78-1.10 
Duggan 1999 0.86 (0.63-1.18 
Lewin 1999 0.75 (0.54-1.05 
Overall 0.89 (0.77-1.02) 


AN HP TEST-AND-TREAT STRATEGY VERSUS ENDOSCOPY 


Arents 2003 1.05 (0.90-1.21 
Duggan 1999 1.38 (1.03-1.84 
Heany 1999 0.82 (0.60-1.11 
Lassen 2001 0.84 (0.59-1.19 
McColl 2002 0.78 (0.51-1.19 
Overall 0.98 (0.81-1.18) 


Neither analysis demonstrated a difference between strategies. 
Cl, confidence interval. 


disorders.!°° The procedure may also have a reassuring effect 
on patients and physicians.!°7-!0° Gastric mucosal biopsies 
facilitate diagnosis of Hp infection, which should be followed 
by eradication therapy if the results are positive. Endoscopy 
has been claimed to detect early gastric cancer at a cur- 
able stage, but evidence for this claim is weak at best.!!01!? 
Endoscopy is also expensive and invasive and may not have 
such a major impact on treatment after all. Patients found to 
have peptic ulcer or erosive esophagitis will receive antisecre- 
tory therapy, and in those with a negative result on EGD, FD 
and nonerosive GERD are likely diagnoses, both of which can 
be treated empirically with antisecretory therapy. Still, it has 
been argued that initial empirical antisecretory therapy will 
only delay endoscopy, because both FD and GERD are likely 
to recur after discontinuation of empirical therapy, at which 
time the patient will be referred for endoscopy. 

A number of randomized controlled trials have compared 
prompt endoscopy with empirical noninvasive management 
strategies. A meta-analysis of five trials that compared initial 
endoscopy with a test-and-treat strategy concluded that initial 
endoscopy may be associated with a small reduction in the risk 
of recurrent dyspeptic symptoms but that this gain was not cost- 
effective (Table 14.3).!!> Most relevant studies found that the 
direct and indirect costs associated with prompt endoscopy are 
higher than those associated with empirical therapy and are not 
completely offset by reduced medication use or subsequent phy- 
sician visits.!°!!° Available data, therefore, do not support early 
endoscopy as a cost-effective initial management strategy for all 
patients with uncomplicated dyspepsia. 

Nevertheless, most relevant practice guidelines advocate 
initial endoscopy in all patients above a certain age threshold 
(usually 45 to 55 years old) to detect potentially curable UGI 
malignancy.!°3-! The rationale for this approach is that the vast 
majority of gastric malignancies occur in persons over 45 years 
of age and that the rate of cancer detection rises in persons with 
dyspepsia who are 45 years of age or older.!!°!!? Most patients 
with newly diagnosed gastric cancer are already incurable at the 
time of diagnosis, however, and many will have an alarm feature 
that would have warranted immediate endoscopy.!” In patients 
younger than age 45 who have a family history of gastric cancer, 
emigrated from a country with a high rate of gastric cancer, or 
have undergone partial gastrectomy, early endoscopy is also rec- 
ommended. 


Test and Treat for Hp Infection 


Hp is causally associated with the majority of peptic ulcers and 
is the most important risk factor for gastric cancer (see Chapters 
52 to 54).!!7 Because of the involvement of Hp in PUD, sev- 
eral consensus panels and guidelines have advocated noninvasive 
testing for Hp in young patients (<45 to 60 years of age) with 
uncomplicated dyspepsia.” ® 103-105 Persons with a positive test 
result should receive eradication therapy (a PPI and 2 antibiot- 
ics, such as amoxicillin and clarithromycin, depending on local 
resistance patterns, taken for 14 days), whereas patients with a 
negative test result should be treated empirically, usually with a 
PPI. The benefits of this test-and-treat strategy are the cure of 
PUD or prevention of future peptic ulcers and symptom reso- 
lution (=7% above the rate with placebo) in a small subset of 
patients with dyspepsia who are infected with Hp.%% 7 104, 113, 
114, 118 Eradication of Hp eliminates chronic gastritis and may 
thereby contribute to a reduction in the risk of Hp-associated 
gastric cancer.!!? 

On the other hand, in Western countries, the prevalence of 
Hp infection in patients with uninvestigated dyspepsia is declin- 
ing rapidly, and infection rates are especially low (10% to 30%) 
in persons younger than 30 years of age. Widespread use of anti- 
biotics has the disadvantage of inducing resistance and occasion- 
ally causing drug allergies. Whether eradication of Hp causes 
or worsens GERD has long been debated,!?? but a randomized 
controlled trial in Hp-positive patients with GERD failed to 
demonstrate any worsening of GERD." ! Furthermore, the accu- 
racy of noninvasive testing depends on both the prevalence of Hp 
in the population and the sensitivity and specificity of the test. 
Serologic tests for Hp are the least expensive but also the least 
accurate. If the prevalence of Hp in a population is less than 60%, 
the fecal antigen test and urea breath test for Hp are preferred, 
because their higher accuracy reduces inappropriate treatment 
for patients without Hp infection (see Chapter 52).!?7 

Randomized placebo-controlled trials have shown only a 
modest reduction in symptoms of dyspepsia after a test-and- 
treat approach in primary care.!23-125 A meta-analysis of studies 
comparing a test-and-treat strategy with empirical antisecretory 
therapy in patients with dyspepsia found little difference in the 
frequency of symptom resolution or costs between the 2 strate- 
gies.!76 Although earlier models that assumed higher prevalence 
rates of Hp infection suggested a greater benefit to a test-and- 
treat strategy,!?”-'’? economic models have suggested that the 
test-and-treat approach may be equally or less cost-effective than 
empirical antisecretory therapy.!*°: 131 The test-and-treat strategy 
as an initial approach to uninvestigated dyspepsia is most likely to 
be beneficial in areas where the Hp infection rate is high. 


Empirical Antisecretory Drug Therapy 


Initial empirical antisecretory therapy is widely used in primary 
care for patients with uninvestigated dyspepsia. The approach 
is attractive because it controls symptoms and heals lesions 
in most patients with underlying GERD or PUD and may be 
beneficial for up to one-third of patients with FD.!* 133 PPIs 
provide superior symptom relief compared with H2RAs, and 
the response usually occurs within 2 weeks of therapy.!0°1% 
Disadvantages of empirical PPI therapy are rapid symptom- 
atic relapse after therapy is discontinued and the potential for 
rebound gastric hypersecretion,!*+ so many patients require 
long-term PPI therapy. As noted earlier, a meta-analysis of 
studies that compared a test-and-treat approach with empiri- 
cal antisecretory therapy in patients with dyspepsia found lit- 
tle difference in symptom resolution or costs between the 2 
strategies!*°; however, economic analyses indicate that empiri- 


cal antisecretory therapy may be equally or more cost-effec- 
tive, 130, 131 
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Recommendations 


The optimal cost-effective approach to the initial management 
of uncomplicated dyspepsia remains unclear. Clinical decision- 
making should take into account specific aspects of a patient’s 
case and weigh several risk-benefit factors. In a young dyspeptic 
patient (<age 50 to 60) without alarm features, initial endoscopy 
cannot be recommended because the yield is low and the test 
is unlikely to lead to improved outcomes. This position can be 
reconsidered if the patient is worried about an underlying dis- 
ease, has a family history of cancer, or has emigrated from an 
area with a high incidence of gastric or esophageal cancer. In a 
population with a high prevalence (>20%) of Hp infection, the 
test-and-treat approach remains attractive because patients with 
PUD will be cured. The tests of choice are the urea breath test 
or the fecal antigen test. Hp-positive patients should be given a 
course of Hp eradication therapy (see Chapter 52). In those who 
are negative for Hp, a PPI can be prescribed for 1 to 2 months. 
In populations in which the prevalence of Hp infection is low, 
empirical antisecretory therapy (a PPI for 1 to 2 months) appears 
to be the preferred option. Patients who fail to respond to these 
initial approaches, and possibly those in whom symptoms recur 
after cessation of antisecretory therapy, should undergo endos- 
copy, although the yield is likely to be low. 

In patients older than age 50 to 60 without alarm features, most 
guidelines recommend initial diagnostic endoscopy, although the 
benefit in terms of detection of early-stage malignancies remains 
unproved. In these cases, management will depend on endoscopic 
findings and detection of Hp, but PPI therapy is likely to be pre- 
scribed to most patients. 


Additional Investigations 


Additional investigations may be pursued in patients with progres- 
sive or refractory symptoms that do not respond to initial manage- 
ment approaches. Testing for celiac disease and Giardia infection 
is useful for patients with refractory symptoms, especially when 
accompanied by weight loss. In patients with severe pain or weight 
loss, US or CT can rule out pancreaticobiliary disease and screen 
for stenosis of large abdominal arteries. 

In case of severe postprandial fullness, and especially in case 
of refractory nausea and vomiting, a gastric emptying study 
using scintigraphy or a breath test can be considered. When gas- 
tric emptying is severely delayed, a small bowel x-ray can rule 
out mechanical obstruction as a contributing factor. In cases of 
refractory intermittent epigastric pain or burning, esophageal 
pH with impedance monitoring is useful for diagnosing atypical 
manifestations of GERD not responding sufficiently to empirical 
antisecretory drug therapy. Psychological or psychiatric assess- 
ment is recommended for patients with long-standing refractory 
or debilitating symptoms. Electrogastrography, barostat studies, 
or simple nutrient challenge tests have been used in pathophysi- 
ologic studies but have no established role in the clinical manage- 
ment of dyspeptic patients. 


TREATMENT OF FUNCTIONAL DYSPEPSIA 
General Measures 


Reassurance and education is of primary importance in patients 
with FD. Despite normal findings at endoscopy, the patient 
should be given a confident diagnosis. In IBS, a positive physi- 
cian-patient interaction has been shown to reduce health care- 
seeking behavior, and this approach is probably applicable to 
patients with FD as well.!°> 

Lifestyle and dietary measures are usually prescribed to 
patients with FD, but the impact of dietary interventions has 
not been studied systematically.'* Advising patients to eat more 
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TABLE 14.4 Meta-analysis of Randomized, Controlled Trials of PPI Therapy in Patients with Functional Dyspepsia 


PPI Placebo Risk Ratio Relative Risk 
Investigator/Year Events Total Events Total Relative Risk (95% Cl) 95% Cl 
Blum 2000 272 395 170 203 0.82 [0.75, 0.90] =e 
Bolling-Sternevald 2002 71 100 80 97 0.86 [0.74, 1.01] = 
Farup 1999 6 14 8 10 0.54 [0.27, 1.06] o Sa as 
Fletcher 2011 45 70 33 35 0.68 (0.56, 0.83] eer 
Gerson 2005 16 21 9 19 1.61 [0.95, 2.74] 
Hengels 1998 50 131 77 138 0.68 [0.53, 0.89] =E 
Ilwakiri 2013 194 258 m 85 0.92 [0.82, 1.03] zi 
Peura 2004 474 613 271 308 0.88 [0.83, 0.93] ae, 
Suzuki 2013 (ELF) 16 23 28 30 0.75 [0.56, 0.99] = 
Talley 1998 (BOND) 242 423 162 219 0.77 (0.69, 0.87] aaa 
Talley 1998 (OPERA) 277 403 141 203 0.99 [0.88, 1.11] il 
Talley 2007 653 853 84 114 1.01 [0.90, 1.13] n 
Van Rensburg 2008 93 207 116 22 0.82 [0.68, 1.00] 
Van Zanten 2006 84 109 100 iis 0.89 [0.78, 1.00] + 
Wong 2002 231 301 107 162 1.09 [0.97, 1.23] | | | 
Total — 3916 — 1937 0.87 [0.82, 0.94] 0.5 0.7 { Io 2 
Total events 2724 = 1457 = Favors PPI Favors placebo 
Events signify the number of patients with symptomatic improvement. Total signifies the total number of patients treated. 


Cl, confidence interval. 


From Moayyedi PM, Lacy BE, Andrews CN, et al. ACG and CAG clinical guideline: management of dyspepsia. Am J Gastroenterol 2017;112:988-1013. 


frequent, smaller meals seems logical. Because the presence of 
lipids in the duodenum enhances gastric sensitivity, avoiding 
meals with a high fat content may be advisable.’>: 76 Similarly, 
physicians tend to discourage consumption of spicy foods con- 
taining capsaicin and other irritants.!> Coffee may aggravate 
symptoms in some cases!° and, if implicated, should be avoided. 
Cessation of smoking and consumption of alcohol is thought to 
be helpful, but without convincing evidence of efficacy.!?” Avoid- 
ance of aspirin and other NSAIDs is commonly recommended 
and seems sensible, although not of established value.® 16 If the 
patient has an apparent coexisting anxiety disorder or depression, 
appropriate treatment should be prescribed. 


Pharmacologic Treatment 


For many, but not all, patients, pharmacotherapy will be consid- 
ered. The efficacy of pharmacologic treatments for FD is limited, 
however. 


Acid-Suppressive Drugs 


In patients with GERD, a trial of antisecretory therapy often has 
both therapeutic and diagnostic value. Based on meta-analyses of 
therapeutic outcomes in FD, the efficacy of antacids, sucralfate, 
and misoprostol has not been demonstrated.!3’ A meta-analysis 
of 12 randomized placebo-controlled trials that evaluated the 
efficacy of H2RAs in patients with FD reported a significant 
benefit over placebo, with a relative risk reduction of 23% and 
a number needed to treat of 7.137 H2RAs, therefore, appear to 
be efficacious in FD, but many of these trials probably included 
patients with GERD under a broad interpretation of FD, thereby 
accounting for much of the benefit. 

A meta-analysis of 15 placebo-controlled, randomized trials 
of PPIs for FD also confirmed that this class of agents is superior 
to placebo, with a number needed to treat of 10 (Table 14.4).!°+ 


138 The relative risk re duction was lower (13%) than for H2RAs, 
probably reflecting more stringent entry criteria and better exclu- 
sion of patients with GERD. No difference in efficacy was found 
between standard and low-dose PPI therapy, and double-dose 
PPI therapy was not superior to single-dose PPI therapy.!°*+: 
L8 The patient’s Hp status did not affect the response to PPI 
therapy. Subgrouping of FD using previous Rome classifications 
showed a trend for PPI therapy to be most effective in the group 
with overlapping reflux, less effective in the group with epigastric 
pain, probably corresponding to EPS, and lacking a statistically 
significant effect in the group with dysmotility, probably corre- 
sponding to PDS.!38 Prospective studies of PPI therapy for FD 
in patients subgrouped according to the Rome IV classification 
are lacking. 


Eradication of Hp Infection 


A meta-analysis has reported a 9% reduction in the frequency 
of dyspepsia after Hp eradication compared with placebo at 12 
months of follow-up, with a number needed to treat of 12.5 
(Table 14.5).!°* Arguments against eradication therapy are the 
low number of responders and the delayed occurrence of demon- 
strable symptomatic benefit. It has been argued, however, that Hp 
eradication can induce sustained remission in dyspepsia, albeit in 
a minority of patients.” These patients are referred to as hav- 
ing “Hp-associated dyspepsia” according to the Kyoto Global 
Consensus Conference report.”” Other arguments in favor of the 
use of eradication therapy are protection against PUD, presumed 
protection against gastric cancer, and the short-term nature and 
relatively low cost of treatment. 


Prokinetic Agents 


Gastric prokinetic agents are a heterogeneous class of com- 
pounds that act through different types of receptors to exert 


CHAPTER 14 Dyspepsia 187 


TABLE 14.5 Meta-analysis of Randomized, Controlled Trials of Hp Eradication in Patients with Functional Dyspepsia 


Treatment Control Risk Ratio Relative Risk 

Investigator/Year Events Total Events Total Relative Risk (95% Cl) 95% Cl 
Ang 2006 49 71 45 59 O90 (0.73) 112 === 
Blum (OCAY) 1998 119 164 130 164 0.92 [0.81, 1.03 = a2 
Froehlich 2001 31 74 34 70 0.86 [0.60, 1.24 < [ 
Gilbert 2004 13 34 8 16 0.76 [0.40, 1.46 | 
Gonzalez Carro 2004 22 47 31 46 0.69 [0.48, 1.00 aka | 
Gwee 2009 31 41 38 41 0.82 [0.67, 0.991 —— 
HSU 2001 34 81 36 80 0.93 [0.66, 1.33 ans 
Koelz 2003 67 89 73 92 0.95 (0.81, 1.111 Sale 
Koskenpato 2001 61 rere 63 74 0.93 [0.80, 1.081 S 
Lan 2011 86 98 94 97 0.91 [0.83, 0.981 ail 

atfertheiner 2003 338 534 We 266 0.95 [0.85, 1.061 as 

artinek 2005 5 20 12 20 0.42 [0.18, 0.961 

azzoleni 2006 39 46 40 43 0.91 (0.79, 1.061 — 

azzoleni 2011 166 201 a 203 0.96 [0.88, 1.041 ats RG 

Coll 1998 124 154 143 154 0.85 [0.77, 0.931 AEE 

Iwa 2000 33 48 28 Sy Ot (O70) te 
Ruiz 2005 46 79 64 79 0.72 [0.58, 0.89 + 
Sodhi 2013 164 259 188 260 0.88 [0.78, 0.99 
Talley (ORCHID) 1999 101 133 ad 142 0.97 (0.85, 1.11 | 

0.5 0.7 1 15) 2 
Talley (USA) 1999 122 150 120 143 0.97 [0.87, 1.08 
Favors Favors 

van Zanten 2003 45 75 55 82 0.89 [0.70, 1.14 Toa Cone 
Varannes 2001 74 129 86 124 0.83 [0.68, 1.00 
Total = 2604 = 2292 0.91 [0.88, 0.94] 
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Events signify the number of patients with symptomatic improvement. Total signifies the total number of patients treated. 
From Moayyedi PM, Lacy BE, Andrews CN, et al. ACG and CAG clinical guideline: management of dyspepsia. Am J Gastroenterol 2017;112:988-1013. 


CI, confidence interval. 


a stimulatory effect on gastric motility. The efficacy of avail- 
able prokinetic agents in patients with FD has been controver- 
sial.!04, 137, 140-142 A meta-analysis has suggested that therapy 
with a prokinetic agent is superior to placebo in patients with 
FD, with a number needed to treat of 7, but this effect was 
largely driven by cisapride and removal of data for cisapride 
increased the number needed to treat to 12 (Table 14.6).!# 
Metoclopramide and domperidone are dopamine receptor ago- 
nists with a stimulatory effect on UGI motility. Unlike meto- 
clopramide, which may cause serious neurologic adverse effects, 
domperidone does not cross the blood-brain barrier but has 
been associated with QT interval prolongation on electrocar- 
diography and may precipitate cardiac arrhythmias. Moreover, 
placebo-controlled studies of domperidone in patients with 
FD are lacking.'°+ 142 Cisapride facilitates the release of ace- 
tylcholine in the myenteric plexus via 5-hydroxytryptamine 4 
(5-HT4) receptor agonism and accelerates gastric emptying. 
The available trials with these drugs, however, were of poor 
quality, concerns were raised about publication bias, and cis- 
apride was withdrawn from the market in the USA for safety 
concerns.!*!; 14 Other agents with evidence of efficacy were 
tegaserod and acotiamide (see later).!*?-!+* Tegaserod showed 
only a small benefit over placebo! and is currently not avail- 
able in most countries because of concerns about potentially 
associated cardiovascular risk.!* 

Unfortunately, studies of other types of prokinetic agents have 
generally been unsuccessful in providing convincing evidence of 


symptomatic relief in patients with FD.!46 On the basis of a sys- 
tematic analysis, the efficacy of prokinetic agents is not thought 
to be driven by their stimulatory effect on gastric emptying, but 
rather by effects on accommodation and visceral hypersensitiv- 
ity.!4!, 46 Although some prokinetic agents impair gastric accom- 
modation and increase gastric sensitivity, others may enhance 
gastric accommodation (see later).!*! 


Agents that Enhance Gastric Accommodation 


Impaired gastric accommodation is the most commonly found 
motor abnormality in FD (see earlier). In a mechanistic proof- 
of-concept study, the anxiolytic 5-HT), agonist buspirone 
improved both symptoms of early satiation and gastric accom- 
modation, without effects on anxiety to explain the symptomatic 
benefit.!# A multicenter 4-week study of tandospirone, another 
5-HT\, agonist, also demonstrated alleviation of epigastric pain 
and discomfort independent of changes in anxiety and depression 
levels.!*° The first-in-class agent acotiamide is both a presynaptic 
muscarinic autoreceptor inhibitor and a cholinesterase inhibitor 
and enhances both gastric emptying and accommodation.!*? A 
single 4-week phase 3 study was conducted in Japan and showed 
favorable effects of acotiamide on early satiation, postprandial 
fullness, and upper abdominal bloating in patients with PDS.'*+ 
The drug was well tolerated, and the findings were confirmed in 
a one-year open-label study in Europe.!*? Acotiamide is available 
only in Japan and India. 


TABLE 14.6 Meta-analysis of Randomized, Controlled Trials of Selected Prokinetic Agents in Patients with Functional Dyspepsia 


Prokinetic Placebo Risk Ratio Relative Risk 
Investigator/Year Events Total Events Total Relative Risk (95% Cl) 95% Cl 
CISAPRIDE VS PLACEBO 
AJ-Quorain 1995 22 48 47 50 0.49 [0.36, 0.67] 
Champion 1997 43 83 26 40 0.80 [0.59, 1.08] prea 
De Groot 1997 26 61 35 60 0.73 [0.51, 1.05] ec 
De Nutte 1989 6 ive 11 15 0.48 [0.24, 0.98] 
Francois 1987 8 17 14 lite 0.57 [0.33, 0.99] ale 
Hanson 1998 101 109 99 110 1.03 [0.95, 1.12] weer sali 
Holtmann 2002 51 59 52 61 1.01 [0.88, 1.17] aon 
Kellow 1995 26 30 25 ol 1.07 [0.86, 1.34] + 
Rosch 1987 27 on 45 oF 0.60 [0.44, 0.81] 
Teixeira 2000 9 22 11 16 0.60 [0.33, 1.09] 
Wang 1995 S 414 145 169 0.39 [0.33, 0.45] 
Yeoh 1997 46 52 47 52 0.98 [0.86, 1.12] ie | 
Subtotal — 969 — 678 0.71 [0.54, 0.93 T 
Total events 502 = 557 = = 
ACOTIAMIDE VS PLACEBO pi 
Kusunoki 2012 15 21 18 2i 0.83 [0.60, 1.15 
Matsueda 2010-1 137 216 94 107 0.99 [0.90, 1.08 
Matsueda 2010-2 290 346 99 116 0.98 [0.90, 1.07] 
Matsuoda 2012 383 452 405 445 0.93 [0.89, 0.98 TE 
Tack 2011 87 193 53 96 0.82 [0.64, 1.04 =e f 
Talley 2008 195 312 Tal 104 0.92 [0.78, 1.07 1 
Subtotal 1540 = 889 = 0.94 [0.91, 0.98 <E 
Total events 1157 — 740 — 
ITOPRIDE Vs PLACEBO 
Holtmann 2006 174 406 86 142 0.71 [0.59, 0.84 J 
Ma 2012 53 119 79 120 0.68 [0.53, 0.86 a 
Shen 2014 14 40 22 40 0.64 [0.38, 1.06 4 
Talley 2008-1 124 264 226 260 0.54 [0.47, 0.62 
Talley 2008-2 288 315 309 830 0.98 [0.93, 1.02] 
Wong 2014 3 16 4 14 0.66 [0.18, 2.44 TF 
Subtotal 1160 = 906 — 0.70 [0.47, 1.03 2 
Total events 656 = 726 = 
TEGASEROD 6 MG BID Vs PLACEBO 
Vakil 2008-1 423 685 452 675 0.92 [0.85, 1.00] i 
Vakil 2008-2 356 652 420 655 0.85 [0.78, 0.93] < 
Subtotal 1337 = 1330 _ 0.89 [0.82, 0.96] 
Total events 779 — 872 — 
MOSAPRIDE VS PLACEBO + 
Hallerback 2002 171 425 57 141 1.00 [0.79, 1.25] 
Lin 2009 21 30 26 30 0.81 [0.61, 1.06] 02 05 1 2 5 
Subtotal 455 = 171 = 0.91 (0.78, 1.13] Favors Favors 

prokinetic placebo 

Total events 192 — 83 — 
ABT-229 VS PLACEBO 
Talley 2000 253 488 47 121 1658) [AOS 1.7/0) 
Subtotal 488 = 121 = TESO 11.770) 
Total events 253 = 47 — 
Total = 5949 = 4095 0.81 [0.74, 0.89] 
Total events 3539 = 3025 - 


Events signify the number of patients with symptomatic improvement. Total signifies the total number of patients treated. 


Cl, confidence interval. 


From Moayyedi PM, Lacy BE, Andrews CN, et al. ACG and CAG clinical guideline: management of dyspepsia. Am J Gastroenterol 2017;112:988-1013. 


Centrally Acting Neuromodulators 


Psychotropic agents like antidepressants, anxiolytics, and antipsy- 
chotics are commonly used for the treatment of functional GI 
disorders that do not respond to initial conventional approaches. 
The rationale for their use is their potential to alter pain-pro- 
cessing pathways in the brain and, based on this concept, they 
are now referred to as centrally acting neuromodulators (see 
Chapters 12 and 22).!°! A meta-analysis has confirmed that cen- 
trally acting neuromodulators may be effective for treating FD, 
but convincing evidence is available only for atypical antipsychot- 
ics and tricyclic antidepressants; trials of other agents are limited 
in size and numbers.!5!: !5? 

In a multicenter trial in which patients with FD were random- 
ized to treatment with placebo, amitriptyline, or escitalopram for 
8 weeks, only amitriptyline resulted in symptomatic improve- 
ment, which was confined to the subgroup characterized by 
epigastric pain (EPS-like subgroup).!°> Antidepressant therapy 
did not significantly alter the gastric emptying rate or nutrient 
volume tolerance, but amitriptyline increased gastric accommo- 
dation as assessed by single photon emission computed tomog- 
raphy imaging (see earlier).!°+ Treatment with amitriptyline and 
escitalopram did not significantly improve anxiety, depression, or 
somatization scores, but sleep was improved modestly by ami- 
triptyline.!> 

A large controlled trial with the selective serotonin and nor- 
epinephrine reuptake inhibitor venlafaxine in patients with 
FD failed to show any symptomatic benefit, and tolerance was 
poor.!°° Mirtazapine, an antidepressant with activity on diverse 
neurotransmitter receptors, was efficacious in non-depressed and 
non-anxious patients with FD and major weight loss.!°° 157 In 
addition to increased body weight, mirtazapine improved overall 
symptoms, early satiation nausea, and nutrient volume tolerance. 


Other Pharmacotherapeutic Approaches 


On the basis of a meta-analysis of four trials, bismuth salts seemed 
efficacious, but this analysis had marginal statistical signifi- 
cance.!*” Simethicone was superior to placebo in one controlled 
trial.158 Peppermint oil has also been evaluated in the treatment 
of FD. In a controlled trial, capsules of peppermint and caraway 
oil were superior to placebo in alleviating symptoms of both EPS 
and PDS, with good tolerance.'*? The mode of action remains 
to be established, but previous mechanistic studies showed that 
peppermint oil relaxes the proximal stomach.!° In a study from 
Hong Kong, rifaximin, 400 mg three times daily for 2 weeks, 
was well tolerated and superior to placebo in providing adequate 
relief of belching and postprandial fullness and bloating.!°! This 
result requires confirmation before use of nonabsorbable antibi- 
otics can be recommended for the treatment of FD. 

Various studies have reported improvement in symptoms dur- 
ing treatment with mixed herbal preparations, Japanese Kampo 
medicine, Chinese herbals, or artichoke leaf extract.!©2-!©’ The 
basis for the improvement remains to be determined. One study 
reported that long-term administration of red pepper was more 
effective than placebo in decreasing the intensity of dyspeptic 
symptoms in patients with FD.!68 Probiotic-containing products 
have become popular as self-management or prescribed treat- 
ment for bowel symptoms; upper abdominal symptoms including 
PDS have been less well studied. Limited data suggest potential 
efficacy, but more studies are needed.!°”)!”° 


Psychological Interventions 


Although patients with FD have a higher prevalence of psy- 
chosocial comorbidities, the role of psychosocial factors in the 
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generation of symptoms remains unclear. In part because of these 
comorbidities, psychological interventions such as group support 
with relaxation training, cognitive behavioral therapy, psycho- 
therapy, and hypnotherapy have been used in patients with FD. 
A systematic review of clinical trials of psychological interven- 
tions for FD found that all trials claimed benefit from psycho- 
logical interventions, with effects persisting for over one year, but 
all studies were limited by inadequate statistical analysis.!’! The 
authors concluded that evidence to confirm the efficacy of psy- 
chological interventions in FD is insufficient. 


RECOMMENDATIONS 


In patients with FD with mild or intermittent symptoms, reas- 
surance, education, and some dietary changes may be sufficient. 
Drug therapy can be considered in patients with more severe 
symptoms or those who do not respond to reassurance and life- 
style changes. Testing for Hp infection is recommended, and, 
if positive, eradication therapy can be prescribed. An immedi- 
ate impact on symptoms is unlikely, however, and any poten- 
tial benefit is observed mainly over a longer period of follow-up 
(Fig. 14.3). PPIs and, if available, prokinetic agents may also be 
used in initial pharmacotherapy. The symptom pattern may help 
determine the most appropriate initial choice of treatment, and a 
change in drug class is advisable in case the therapeutic response 
is insufficient. 

A 2- to (preferably) 4-week trial of PPI therapy should be 
given to all patients with coexisting heartburn and to those 
with EPS. In case of symptomatic relief, treatment should be 
interrupted and intermittent or chronic therapy with a PPI (or 
H2RA) tried for patients with repeated relapses. In those with 
PDS, a motility modifying drug with an attractive safety profile 
(e.g., acotiamide, where available) can be considered. Metoclo- 
pramide and cisapride should not be used because of the risk 
of serious adverse events, and clinicians should be aware that 
domperidone has also been associated with QT prolongation. 
Although in theory combinations of PPIs and prokinetic agents 
may have additive symptomatic effects, single-drug therapy is 
preferable. 

In patients with bothersome symptoms of EPS that persist 
despite initial treatment, a trial of a low-dose tricyclic antidepres- 
sant may be considered, even in the absence of apparent anxiety 
or depression. Higher doses can be considered in patients with 
significant anxiety or depression. Selective serotonin and norepi- 
nephrine reuptake inhibitors should be avoided. In patients with 
bothersome symptoms of PDS, treatment with a 5-HT\, agonist 
can be used for refractory early satiation. In patients with per- 
sisting symptoms, the gastric emptying time can be measured; 
in cases with severely delayed gastric emptying, the patient can 
be considered to have idiopathic gastroparesis, and strong pro- 
kinetic agents like erythromycin or prucalopride can be consid- 
ered (see Chapter 50). A trial of simethicone, peppermint oil, or a 
medically prescribed herbal preparation with apparent benefit in 
controlled trials may also be considered in refractory patients. In 
case of debilitating epigastric pain, symptomatic analgesics, even 
possibly opioids, can be considered after appropriate exclusion of 
organic disease. 

Referral to a psychiatrist or psychotherapist can be considered 
in patients with obvious coexisting psychiatric disease, a history 
of abuse, or a debilitating impact of severe symptoms on daily 
life activities. Motivated patients may benefit from psychologi- 
cal approaches such as psychotherapy, hypnotherapy, cognitive 
behavioral therapy, or relaxation therapy. 


Full references for this chapter can be found on www.expertconsult.com. 
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Fig. 14.3 Algorithm for the management of patients with dyspepsia. Patients younger than age 45 to 55 who do not have alarm features may be 
treated empirically, whereas all others should be evaluated initially by EGD. 5-H7, 5-hydroxytryptamine; TCA, tricyclic antidepressant. 


*Not available in the USA. 
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Nausea is an unpleasant subjective sensation of impending vomit- 
ing and can be associated with salivation, anorexia, perspiration, 
disinterest in ongoing activities, and anxiety.! In many cases, the 
sensation cannot be localized, although in some instances, it is felt 
in the epigastrium or throat. Nausea typically occurs preceding or 
during vomiting but can happen in isolation. 

Retching or dry heaving consists of spasmodic respiratory move- 
ments with the glottis closed. When part of the emetic sequence, 
retching is associated with intense nausea and usually, but not 
invariably, culminates in the act of vomiting. 

Vomiting or emesis is a partially voluntary act of forcefully 
expelling gastric or intestinal content through the mouth. This 
can occur in isolation but is often part of the emetic sequence 
that includes nausea and retching and requires central neurogenic 
coordination. 

Vomiting must be differentiated from regurgitation, the 
effortless reflux of gastric contents into the esophagus that 
sometimes reaches the mouth but without the forceful ejec- 
tion typical of vomiting (see Chapter 13). Regurgitation can be 
esophageal, whereby the regurgitate tastes exactly like recently 
eaten food, or gastric, whereby the regurgitate tastes sour and 
may be associated with burning. Esophageal regurgitation can 
occur in disorders associated with esophageal outflow obstruc- 
tion, such as achalasia.* By contrast, gastric regurgitation can 
occur with GERD? or rumination syndrome (a behavioral dis- 
order) (see Chapter 13).* The differential diagnosis of vomiting 


needs to be kept in mind because patients often report vomiting 
without distinction, and a detailed clinical history is needed to 
distinguish regurgitation from vomiting. 


PATHOPHYSIOLOGY 


The mechanism of vomiting requires synchronized contraction 
and/or relaxation of several muscles, including the diaphragm, 
abdominal wall muscles, pharyngeal muscles, and muscles respon- 
sible for breathing, as well as postural changes to accommodate 
oral emptying of stomach contents (Fig. 15.1). 57 Although a 
network of neurons in the brainstem controls the motor ele- 
ments of the emetic response, important neural circuits in the 
medulla initiate vomiting.® Afferent neural signals for initiating 
emesis arise from many locations in the body including the phar- 
ynx, stomach, and small intestine, as well as from extraintestinal 
organs like the heart and the testicle. Abdominal pain by itself 
can be a trigger for initiation of nausea and vomiting.’ Pathways 
from the chemoreceptor trigger zone (CTZ) located in the area 
postrema on the floor of the fourth ventricle also activate vomit- 
ing. Despite its central location, the CTZ is outside (at least in 
part) the blood-brain barrier and serves primarily as a sensitive 
detection apparatus for circulating endogenous and exogenous 
molecules that may activate emesis. Finally, pathways arising 
from other CNS structures, including the cortex, brainstem, and 
vestibular system via the cerebellum, can also initiate symptoms. 

The perception of nausea requires intact neural circuits in the 
supratentorial regions.?:!° Afferent signals that mediate vomiting 
are carried by vagal fibers to the nucleus tractus solitarius, but 
nausea may occur even following bilateral abdominal vagotomy, !! 
indicating the existence of alternative pathways for the develop- 
ment of nausea. Nausea and vomiting therefore only share part 
of the neural circuitry used to generate these symptoms, which 
explains why nausea and vomiting are clinically and pharmaco- 
logically separable.!! In some patients, nausea may be present 
continuously and become quite troublesome. 

The circuitry of the emetic reflex involves multiple receptors.’ 
The following elements are the most relevant to clinical issues: 

Stimulation of brain 5-hydroxytryptamine; (5-HT3) serotonin 
receptors provokes release of dopamine, which in turn stimulates 
dopamine D2 receptors in the brainstem, thereby activating the 
emetic sequence. This sequence is the basis for the pharmaco- 
dynamic action of antiemetic agents like ondansetron, a 5-HT; 
receptor inhibitor that is effective in treating acute (0 to 24 
hours post drug) chemotherapy-induced vomiting, and metoclo- 
pramide, a dopamine D2-receptor antagonist. !? Toxins and drugs 
(including chemotherapeutic agents) that act on the GI tract are 
detected by enteroendocrine cells that release 5-HT, which in 
turn activates 5-HT; receptors on vagal afferents.!! 

Histamine H, and muscarinic M1 receptors, which are abun- 
dant in the vestibular center and solitary nucleus, constitute the 
preferred pharmacologic targets for inhibiting motion sickness, 
vestibular nausea, and pregnancy-related emesis. 1? 

Cannabinoid CB1 receptors in the dorsal vagal complex inhibit 
the emetic reflex.'* Cannabinoid agonists also modulate 5-HT; 
ion channels. The CB and 5-HT; receptor systems colocalize and 
interact in the brainstem.!> Activation of somatodendritic 5-HT |, 
autoreceptors in the dorsal raphe nucleus by cannabinoids reduces 
nausea and emesis provoked by emetogenic drugs.!° 
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Fig. 15.1 Schematic representation of the proposed neural pathways 
that mediate vomiting. 5-H7T, 5-hydroxytryptamine. 


Neurokinin-1 (NK-1) receptors located in the area postrema 
and the solitary nucleus bind to substance P and are part of the 
terminal emetic pathways. Activation of NK-1 receptors by sub- 
stance P constitutes the basis of chemotherapy-induced emesis 
(i.e., emesis 24 to 72 hours after administration of chemothera- 
peutic drugs).!* NK-1 antagonists reduce emesis induced by 
peripherally and centrally acting emetogens. 5-HT; receptors 
appear to be involved to a greater extent in centrally induced 
emesis than in peripherally induced emesis. Therefore, NK-1 
receptor antagonists appear to be more efficacious than 5HT3- 
receptor inhibitors and other known antiemetic drugs in reducing 
vomiting induced by a variety of causes and are useful in prevent- 
ing delayed emesis induced by chemotherapeutic agents.’ Con- 
versely, they may have less potent antinausea effects. 

When activated, the brainstem sets into motion, through neu- 
ral efferents, the various components of the emetic sequence (see 
Fig 15.1).’ First, nausea develops as a result of activation of the 
cerebral cortex, the stomach relaxes concomitantly, and antral and 
intestinal peristalsis is inhibited. Second, retching occurs as a result 
of activation of spasmodic contractions of the diaphragm and inter- 
costal muscles combined with closure of the glottis. Third, the act 
of vomiting occurs when somatic and visceral components are acti- 
vated simultaneously. The components include brisk contraction 
of the diaphragm and abdominal muscles, relaxation of the lower 
esophageal sphincter, and a forceful retrograde peristaltic contrac- 
tion in the jejunum that pushes enteric content in the oral direc- 
tion.!’ Simultaneously, protective reflexes are activated. The soft 
palate is raised to prevent gastric content from entering the naso- 
pharynx, respiration is momentarily inhibited, and the glottis is 
closed to prevent pulmonary aspiration, which is a potentially seri- 
ous complication of vomiting. Other reflex phenomena that may 
accompany nausea include hypersalivation, cardiac arrhythmias, 
and passage of gas and stool rectally. Emesis may alleviate nausea.’ 


CLINICAL CHARACTERISTICS 


Certain clinical features may be characteristic of specific causes of 
nausea and vomiting. Symptoms in the morning or on an empty 
stomach, with swallowed saliva or gastric secretions in the emesis, 
suggest direct activation of the brainstem or CTZ, most typical 
of pregnancy, drugs, toxins (e.g., alcohol), and metabolic disor- 
ders (e.g., diabetes mellitus, uremia); functional vomiting may 
also exhibit these characteristics. Although excessive nocturnal 
postnasal drip is thought to demonstrate a similar pattern, direct 
evidence for this association is lacking. Vomiting of retained and 
partially digested food beyond the immediate postprandial period 
is typical of gastroparesis or slowly developing gastric outlet 
obstruction.!® Bilious vomiting is commonly seen after multiple 
and repetitive vomiting episodes because of retrograde entry of 
intestinal content into the stomach or in the presence of a surgical 
gastroenteric anastomosis. Vomitus with a feculent odor or taste 
suggests intestinal obstruction, ileus, long-standing gastric out- 
let obstruction, or a gastrocolic fistula. Vomiting that develops 
abruptly without preceding nausea or retching (projectile vomit- 
ing) is characteristic of, but not specific for, direct stimulation 
of the brainstem from an intracerebral lesion (tumor, abscess) or 
increased intracranial pressure. !? 


CAUSES 


Establishing the etiology of nausea and vomiting allows specific 
management targeting the underlying mechanism. The urgency 
of diagnostic investigation is determined by the clinical presen- 
tation. Aggressive investigation is warranted when vomiting is 
bilious, when neurologic deficits are present, or if vomiting is 
acutely worsening. Short-term symptoms (<1 week) should be 
evaluated urgently, whereas chronic symptoms may be investi- 
gated electively in the outpatient setting. Causes of nausea and 
vomiting are listed in Box 15.1. 


Acute Vomiting 


In the patient with acute vomiting, the following two questions 
must be answered first (Fig. 15.2): 

Is emergent evaluation or management needed? The patient 
is assessed for shock, dehydration, hypotension, and serious elec- 
trolyte disturbances with a carefully taken history and basic labo- 
ratory testing (CBC, comprehensive metabolic panel, and serum 
amylase and lipase levels). Intestinal obstruction, hollow viscus 
perforation, infectious processes, acute pancreatitis, organ infarc- 
tion, cerebral edema, acute adrenocortical (Addisonian) crisis, and 
poisoning are some of the emergent etiologies to be considered. 

Is the female patient pregnant? In women of reproductive age, 
pregnancy must be considered and excluded before alternative 
etiologies are considered. 

Once these two issues are addressed, a number of potentially 
emergent diagnostic possibilities should be considered. 


Gastric Outlet Obstruction 


In the past, PUD was a major cause of gastric outlet obstruction 
(see Chapter 53), resulting from edema due to an active pyloric 
channel ulcer or stenotic narrowing of the pylorus from prior 
PUD. Vomiting can develop acutely but can also be chronic and 
slowly progressive, mimicking gastroparesis (see Chapter 50). 
Although the incidence of gastric outlet obstruction is not well 
established in the literature, it has likely decreased with early and 
effective treatment of PUD, since complicated peptic ulcers are 
now relatively infrequent.’° Gastric volvulus and paraesophageal 
and posttraumatic diaphragmatic hernias are other relatively 
uncommon but important causes of acute vomiting; symptoms 
may be relapsing because of intermittent obstruction and sponta- 
neous resolution (Fig. 15.3) (see Chapter 27).?! Excessive splenic 
mobility (i.e., wandering spleen) and outlet obstruction by a 


BOX 15.1 Principal Causes of Nausea and Vomiting 


ABDOMINAL 
Mechanical obstruction 
Gastric outlet obstruction 
SBO 
Motility disorders 
Chronic intestinal pseudo-obstruction 
Functional dyspepsia 
Gastroparesis 
Other intra-abdominal causes 
Acute appendicitis 
Acute cholecystitis 
Acute hepatitis 
Acute mesenteric ischemia 
Crohn disease 
Gastric and duodenal ulcer disease 
Pancreatitis and pancreatic neoplasms 
Peritonitis and peritoneal carcinomatosis 
Retroperitoneal and mesenteric pathology 


Cardiovascular drugs 
Antiarrhythmics 
Antihypertensives 
Calcium channel blockers 
Digoxin 
Diuretics 
B-Receptor blocking agents 

CNS drugs 
Antiparkinsonian drugs (levodopa and 

other dopamine agonists) 
Anticonvulsants 

GI medications 
Azathioprine 
Sulfasalazine 

Narcotics 

Oral contraceptives 

Theophylline 


INFECTIOUS 
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Congenital malformations 
Increased intracranial pressure 
Low-pressure hydrocephalus 
Intracerebral lesions with edema 
Abscess 
Hemorrhage 
Infarction 
Neoplasm 
Labyrinthine disorders 
Labyrinthitis 
Méniére disease 
Motion sickness 
Meningitis 
Migraine headaches 
Otitis media 
Seizure disorders 
Visceral neuropathy 


OTHERS 
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DRUG* Acute gastroenteritis 

Aspirin and other NSAIDs Viral 

Antidiabetic agents Bacterial 

Antigout drugs 

Antimicrobial agents 
Acyclovir 
Antituberculosis drugs 
Erythromycin 
Sulfonamides 
Tetracycline 

Cancer chemotherapy 
Cisplatin 
Cytarabine 
Dacarbazine 
Etoposide 
5-Fluorouracil 
Methotrexate 
Nitrogen mustard 
Tamoxifen 
Vinblastine 


Addison disease 
Diabetic ketoacidosis 
Diabetes mellitus 


hypercalcemia 
Hyperthyroidism 
Hyponatremia 
Hypoparathyroidism 
Pregnancy 


NERVOUS SYSTEM 


Hydrocephalus 


*Partial list. 


pseudopolypoid antral mass (e.g., heterotopic pancreas) are other 
uncommon but well-described causes of acute vomiting.” 

Both acute and chronic pancreatitis, with associated inflam- 
matory masses, necrosis, pseudocysts, or secondary infection, 
may lead to gastric outlet obstruction at the duodenum or, less 
commonly, the antrum and pylorus (see Chapters 58 and 59). 
Similarly, gastric, duodenal, or pancreatic malignancies (adeno- 
carcinoma, lymphoma, cystic pancreatic neoplasms) may cause 
gastric outlet obstruction, sometimes manifesting as acute vomit- 
ing (see Chapters 32 to 34, 54, 60, and 125). 


Acute Intestinal Obstruction 


Vomiting may be a cardinal presenting symptom of intesti- 
nal obstruction. The onset and severity are determined by the 
degree of luminal compromise and the acuity of development 
of obstruction. Proximal intestinal obstruction may be particu- 
larly difficult to diagnose because the obstructing lesion may be 
overlooked or unreachable by conventional EGD and yet may 
present without the typical picture of dilated fluid-filled loops 
of small bowel (air-fluid levels) on plain abdominal films (see 
Chapter 123). Distal duodenal and proximal jejunal neoplasms 
(adenocarcinoma, lymphoma, leiomyosarcoma, carcinoid) may 
cause gastric outlet or intestinal obstruction that manifests as 
acute or chronic vomiting. 


Non-Gl (systemic) infections 
METABOLIC AND ENDOCRINE 
Acute intermittent porphyria 


Hyperparathyroidism and other causes of 


Demyelinating disorders 
Disorders of the autonomic nervous system 


Anxiety and depression 
Cannabinoid hyperemesis syndrome 
Cardiac disease 
Heart failure 
Myocardial infarction, ischemia 
Radiofrequency ablation for arrhythmias 
Collagen vascular disorders 
Scleroderma 
SLE 
Cyclic vomiting syndrome 
Eating disorders 
Ethanol abuse 
Functional disorders 
Hypervitaminosis A 
Intense pain 
Paraneoplastic syndrome 
Postoperative state 
Postvagotomy 
Radiation therapy 
Starvation 


Intestinal Infarction 


Intestinal infarction may occur with a paucity of physical signs but 
requires expeditious management, especially in acute arterial mes- 
enteric infarction, because the in-hospital mortality rate is greater 
than 60%.’* This diagnosis should be considered in the appropri- 
ate clinical setting,*> especially in patients with vascular disorders 
and thrombotic diatheses and in older adults (see Chapter 118). 


Infectious and Inflammatory Causes 


Vomiting is common in acute infectious illness. Norovirus- 
induced gastroenteritis is a common cause of sporadic or 
infectious viral illness.*° Toxin-producing bacteria such as 
Staphylococcus aureus and others result in enterotoxin stimulation 
of enterochromaffin cells that release 5-HT and activate vagal 
afferent pathways to cause vomiting.’ During the early stages 
of illness, nausea and vomiting may be the predominant or even 
exclusive clinical manifestation (see Chapters 110 and 111). 
Systemic infections (septicemia, urosepsis, pneumonia, meningi- 
tis) can also result in nausea and vomiting. 

Intraperitoneal or retroperitoneal inflammatory conditions 
(e.g., acute appendicitis, acute cholecystitis, peritonitis, acute 
pancreatitis—in general, any cause of acute abdominal pain) may 
be associated with vomiting. Vomiting is occasionally so intense 
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Fig. 15.2 Algorithm for the management of a patient with acute vomiting. Potential treatments are shown in 
italics. 5-HT, 5-hydroxytryptamine; ENT, ear, nose, and throat. 


Fig. 15.3 Abdominal film (A), endoscopic image (B), and CT scan (C) in a patient with an obstructing para- 


esophageal hernia (P) presenting with nausea and vomiting. Note the presence of the air-containing viscus in 
the left thoracic cavity on the imaging studies. On retroflexion in the stomach during EGD, the opening into the 
paraesophageal hernia is visualized. Emergent surgery was performed to repair the paraesophageal hernia. 


(and rarely, the only symptom) that it causes diagnostic confusion 
(see Chapters 11, 58, and 120). 


Extraintestinal Causes 


A primary extraintestinal condition may cause nausea and vomit- 
ing. Myocardial infarction may manifest initially as acute vomiting 
because of afferent connections between the heart and brainstem. 
Similarly, renal colic, biliary pain, and ovarian or testicular tor- 
sion may manifest with intense vomiting, although localization 
of the pain and other characteristic features usually make these 
diagnoses evident (see Chapter 65). 


Medications and Toxins 


The list of medications that can induce nausea and vomit- 
ing is lengthy, and both nausea and vomiting are frequent side 
effects attributed to many medications in common use (see Box 
15.1). Common culprits include NSAIDs, cardiovascular drugs 


(digitalis, antiarrhythmics), antibiotics, levodopa and its deriva- 
tives, theophylline, opiates, and azathioprine. Patients on multi- 
drug regimens pose a special challenge in identifying the culprit 
drug(s). Alcohol abuse, medication overdose, and acute poisoning 
can also cause nausea and vomiting. 

Cancer chemotherapy is associated with a high likelihood of 
nausea and vomiting, and prophylactic antiemetic therapy is rou- 
tine. Chemotherapeutic agent combinations vary in their propen- 
sity to cause nausea and vomiting, and patient-related factors also 
contribute (see Box 15.1).’° As many as 50% to 80% of patients 
undergoing radiotherapy may experience nausea and vomiting, 
depending on the site of irradiation, patient’s susceptibility, and 
radiotherapy protocol.’? 


Metabolic Causes 


Practically any electrolyte disturbance can cause nausea and vom- 
iting, including but not limited to uremia, hypercalcemia, hypo- 
natremia, and both hypoglycemia and hyperglycemia. Diabetic 


ketoacidosis, hypoaldosteronism (Addison disease), hyponatre- 
mia, and hypercalcemia have a particular propensity to be associ- 
ated with nausea and vomiting. Diabetes mellitus can also cause 
nausea and vomiting through development of gastroparesis. 
Correction of the underlying process will typically lead to resolu- 
tion of nausea and vomiting. 


Neurologic Causes 


Nausea and vomiting associated with motion sickness involves 
stimulation of 5-HT}g and 5-HT\p receptors expressed in the 
vestibular aparatus.’ Meningeal inflammation or meningitis can 
manifest as nausea and vomiting as the sole or predominant mani- 
festation. Nausea and vomiting may be associated with vertigo 
in patients with vestibular or cerebellar disorders. Intracerebral 
lesions associated with increased intracranial pressure, interfer- 
ence with intracerebral fluid flow, or direct compression of the 
brainstem may manifest with nausea and vomiting, sometimes 
projectile. Migraine headaches may be accompanied by nausea 
and vomiting with little or no headache, making the diagnosis 
difficult. Ictal vomiting is an uncommon manifestation, most 
often associated with right temporal lobe epilepsy.*! A rare auto- 
immune condition associated with antibodies against a brain 
water channel may cause severe nausea and vomiting.*” Exercise- 
induced nausea and vomiting may provide a clue to the diagnosis 
of pheochromocytoma or paraganglioma. 


Postoperative Nausea and Vomiting 


Up to 43% of patients undergoing surgery who do not receive 
prophylactic antiemetic therapy will experience nausea and vom- 
iting after surgery, one of the more common morbidities associ- 
ated with surgical procedures. Numerous factors play a causative 
role, including age, gender, time since the last meal, type of anes- 
thesia, and type of surgery. The risk is highest with abdominal, 
gynecologic, eye, and middle ear surgery and is three times as 
common in women as in men.** General and epidural anesthe- 
sia carry the highest risk, whereas the risk is much lower for IV 
anesthesia.*+3° The differential diagnosis of postoperative nausea 
and vomiting includes complications of surgery (intestinal perfo- 
ration, peritonitis), electrolyte disturbances, and cardiac disease 
(“silent” myocardial infarction, heart failure). 


Chronic or Relapsing Vomiting 


The same causes of acute vomiting discussed earlier must also 
be considered in patients with chronic vomiting, but with spe- 
cific features as discussed later. Other etiologies for relapsing 
vomiting include pregnancy, functional vomiting, cyclic vomit- 
ing syndrome (CVS), intermittent partial bowel obstruction, and 
hereditary angioedema. 


Partial Intestinal Obstruction 


Although complete intestinal obstruction manifests with the 
acute onset of abdominal symptoms that prompt urgent evalu- 
ation, partial intestinal obstruction may present with relapsing 
vomiting that waxes and wanes as intestinal transit is intermit- 
tently interrupted and spontaneously restored. Stricturing Crohn 
disease, neoplasms of the intestine, radiation enteritis, and isch- 
emic strictures are the main identifiable causes of partial mechan- 
ical intestinal obstruction (see Chapters 41, 115, 118, and 123). 
Intermittent or chronic gastric outlet obstruction from PUD 
was an additional potential cause in the past, but this diagnosis 
is relatively infrequent in modern times. Adhesions from sur- 
gery or pelvic inflammatory disease can cause intermittent bowel 
obstruction, but establishing their pathogenic role is sometimes 
difficult. Advanced intra-abdominal cancer is another cause of 
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intestinal obstruction. Long-standing partial intestinal obstruc- 
tion can mimic chronic intestinal pseudo-obstruction, and 
indeed, occult partial intestinal obstruction needs to be excluded 
before a diagnosis of pseudo-obstruction can be made (see Chap- 
ters 123 and 124). In older, debilitated individuals, particularly 
with psychiatric comorbidities, constipation and obstipation may 
lead to a presentation similar to intestinal obstruction when the 
colon becomes impacted with stool and ileal outflow is partially 
impeded (see Chapter 19).*° 


GI Motility Disorders 


Gastroparesis and chronic intestinal pseudo-obstruction may 
produce chronic vomiting (see Chapter 50). Recurrent or 
chronic vomiting is the presenting manifestation of gastroparesis, 
but a similar presentation can be seen with functional dyspep- 
sia, chronic functional nausea and vomiting, and CVS (in which 
clear symptom-free periods are interspersed between stereotypi- 
cal symptom episodes, see later).>7°?#° Vomiting in gastropa- 
resis and functional disorders may lead to food aversion, poor 
oral intake, trace nutrient and vitamin deficiencies, and malnu- 
trition.*! The stomach may become dilated, and the vomitus 
may contain partially digested food, but these findings are not 
constant. Marked gastric stasis tends to be associated with more 
severe vomiting and early satiety.” Although delayed gastric 
emptying is the hallmark of gastroparesis, gastric emptying can 
also be delayed in functional dyspepsia, and the degree of empty- 
ing delay may not necessarily predict negative health outcomes 
or refractoriness to therapy.**> Diminished accommodation of 
the proximal stomach can explain some of the symptomatology in 
gastroparesis,*° and decreasing gastric stasis may improve symp- 
toms.*’ Diabetes mellitus is a major cause of gastroparesis,** in 
which cellular abnormalities such as loss of growth factors for 
the interstitial cells of Cajal (which generate pacemaker activ- 
ity), enteric nerve abnormalities, and increased immune cells 
have been reported.*”+?>! Iatrogenic gastroparesis may occur in 
patients with diabetes mellitus treated with incretins (pramlint- 
ide or exenatide).** Idiopathic gastroparesis can develop after an 
acute viral (e.g., CMV, EBV) illness, in which abdominal pain 
may be a prominent feature.*”°?->* Demyelination, similar to that 
found in Guillain-Barré syndrome, has been observed.’ Postviral 
gastroparesis is often self-limited.” 

Chronic gastroparesis with recurrent nausea and vomiting can 
be observed transiently or chronically after fundoplication for 
GERD or after bariatric surgery and arises mainly from altered 
gastric accommodation, although vagal injury may contribute 
(see Chapters 8 and 46).°° Gastroparesis may also develop after 
pulmonary or combined heart-lung transplantation.*”>* 

Chronic nausea and vomiting, clinically indistinguishable 
from idiopathic gastroparesis but with normal gastric emptying, 
has been described.*!°? Intestinal pseudo-obstruction can mani- 
fest with nausea and vomiting in addition to abdominal pain and 
distension and is characterized by partial or complete intestinal 
obstruction in the absence of a restricting or occlusive luminal 
lesion (see Chapter 124). The distinction between gastroparesis 
and chronic intestinal pseudo-obstruction often requires specific 
diagnostic tests (Chapters 50 and 124). 


Neurologic Disorders 


Neurologic disorders are an important and sometimes diagnos- 
tically elusive cause of chronic nausea and vomiting. Migraine, 
particularly atypical forms without an aura or family history 
and with delayed or no headache, is an important neurologic 
cause of chronic or relapsing vomiting. CVS and abdominal 
migraine are thought to represent migranoid disorders (see later). 
Hydrocephalus and lesions that compress or irritate the base of 
the brain may also account for chronic vomiting. 
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Nausea and Vomiting During Pregnancy 


Both nausea and vomiting are commonly experienced during 
pregnancy, with a frequency between 50% and 80%.°! These 
symptoms tend to develop early in pregnancy, peak around 6 to 
12 weeks’ gestation, and rarely continue beyond 22 weeks’ gesta- 
tion. Although nausea and vomiting tend to occur more often in 
the morning (hence the designation “morning sickness”), symp- 
toms can occur at any time of day. Symptoms may start before a 
woman realizes she is pregnant; therefore, a pregnancy test should 
be administered in any fertile woman with a new complaint of 
nausea and vomiting. Although morning nausea and vomiting 
may be regarded as a normal manifestation of pregnancy, exces- 
sive or severe symptoms may warrant pharmacotherapy. 

The pathogenesis of nausea and vomiting during pregnancy 
remains unclear, although hormonal and psychological influences 
are thought to contribute. Risk factors include multiple gestation, 
underlying GERD, younger age, and first pregnancy. Whereas 
estrogen and progesterone have been thought to slow gastric 
emptying, increased HCG levels during the first trimester may 
stimulate gastric CCK receptors and trigger symptoms. Higher 
HCG levels (as seen in molar pregnancies and multiparity) have 
been associated with more frequent nausea and vomiting.°? 


Hyperemesis Gravidarum 


Hyperemesis gravidarum refers to severe and persistent vomiting 
that leads to complications and occurs in 0.3% to 3% of pregnant 
women. Maternal complications include weight loss of more than 
5% of prepregnancy weight, electrolyte imbalance, dehydration, 
ketosis, and Mallory-Weiss tears. Hyperemesis gravidarum is 
more common among young, primiparous mothers, especially 
of Asian and Middle Eastern ethnicities.°* A variety of nutri- 
tional deficiencies have been reported as a consequence of severe 
emesis, including deficiencies of B vitamins and fat-soluble vita- 
mins. Disturbances in serum electrolytes can result in profound 
hypokalemia. The psychosocial burden of hyperemesis includes 
fear of subsequent pregnancy.® Fetal outcomes have been less 
well described, with higher rates of low birth weight and pre- 
term delivery in infants born to women with hyperemesis gravi- 
darum.°° 

Hyperemesis gravidarum is the most common cause of 
hospitalization during the first half of pregnancy in the US, 
second only to preterm labor.’ Exclusion of alternative patho- 
logic causes of nausea and vomiting (such as PUD, cholecysti- 
tis, appendicitis, pyelonephritis) is essential before a diagnosis 
of hyperemesis gravidarum is made. Initial laboratory testing 
includes CBC, comprehensive metabolic panel, thyroid function 
studies, serum lipase levels, urinalysis for ketones, and a serum 
B-HCG level for evaluation of possible molar and multiple ges- 
tations. Hyperemesis gravidarum is often associated with failure 
to respond to outpatient management and often requires hospi- 
talization for fluid and electrolyte replacement therapy and par- 
enteral antiemetics. 

Simple lifestyle changes including eating frequent, small 
meals, avoiding known dietary triggers and strong odors, and 
utilizing over-the-counter remedies such as ginger, pyridoxine 
(vitamin B6), and acupressure wristbands or acupuncture are 
first-line therapies. Randomized trials show benefit with use of 
ginger extract compared with placebo, regardless of ginger dose 
or preparation.°*’! Pyridoxine and acupressure (P6 pressure 
point) can provide symptomatic benefit.’*-’* Second-line treat- 
ments include antiemetic medications, IV fluids, and repletion 
of electrolytes. Dopamine antagonists improve symptoms as well 
as serotonin antagonists, but with a higher likelihood of adverse 
effects, particularly for metoclopramide.’>”° Advanced manage- 
ment of refractory cases may include glucocorticoids and enteral 
feeding when symptoms are severe and life-threatening. 78 


Functional Vomiting 


Population-based data indicate that vomiting that occurs at least 
once a month is seen in 2% to 3% of the general population.*°.”” 
Rome IV Consensus Conference criteria for functional vomiting 
include one or more episodes of vomiting per week for 3 months, 
with the onset of symptoms at least 6 months prior to diagnosis 
and with symptoms that are not cyclical in nature.t? Eating dis- 
orders, rumination, self-induced vomiting, major psychiatric dis- 
orders, chronic cannabinoid use, and other structural or organic 
causes of vomiting should be excluded first. Psychosocial stress- 
ors and underlying depression or anxiety often play important 
roles and should be addressed.*”*° 

Prevailing hypotheses regarding the pathophysiology of func- 
tional vomiting involve visceral hypersensitivity, altered gut- 
brain interactions, motility disturbances, altered gut microbiota 
or mucosal immune function, and psychosocial stressors. The 
lack of biochemical markers or anatomic abnormalities poses a 
diagnostic challenge. 

Evaluation includes a comprehensive history, and diagnostic 
testing to exclude organic causes of vomiting. EGD, contrast 
radiography (UGIS and small bowel follow through), and cross- 
sectional imaging (e.g., CT, MRI) should be performed when 
indicated to rule out structural or obstructive processes. Tests 
assessing motor function (e.g., radionuclide gastric emptying 
study, antroduodenal manometry) may reveal findings sugges- 
tive of gastroparesis or intestinal pseudo-obstruction, although 
delayed gastric emptying can be seen in conjunction with func- 
tional dyspepsia (which can also be associated with nausea and 
vomiting), as well as other causes of nausea and vomiting (e.g., 
CVS, medication-induced nausea and vomiting). Antroduo- 
denal manometry can differentiate mechanical from functional 
obstructive processes, although it has a low diagnostic specificity. 
If manometry is performed in a patient with vomiting, the diag- 
nosis of intestinal pseudo-obstruction is essentially ruled out with 
the detection of strong antral phasic waves and a normal intesti- 
nal pressure pattern during fasting and postprandial periods.*!** 
Cutaneous electrogastrography (EGG) measures the pacemaking 
ability of the stomach and can identify gastric dysrhythmias*! but 
does not establish whether gastric dysrhythmias are the cause or 
consequence of nausea and vomiting.*” 

Beyond avoiding triggering foods that worsen symptoms, 
specific dietary therapy adds little to management. Coexisting 
nutritional deficiencies and metabolic disturbances also need 
correction. Psychotherapy, behavioral therapy, and psychotropic 
agents are all used in practice, even in the absence of formal stud- 
ies demonstrating their efficacy. Reassurance and a supportive 
physician-patient relationship are crucial in the management of 
functional vomiting.*? 


Cyclic Vomiting Syndrome and Cannabinoid 
Hyperemesis Syndrome 


Cyclic Vomiting Syndrome 


CVS is characterized by clustered, recurrent episodes of vomit- 
ing in the absence of an alternative etiology. Although initially 
described in children, CVS is now known to occur in adults, with 
an estimated frequency of 1.9% to 2.3%; it is most common in 
white males.*+ Rome IV criteria define CVS as the presence of 
stereotypical episodes of vomiting (acute in onset and a dura- 
tion of less than 1 week), 3 or more discrete episodes in the prior 
year and 2 or more episodes in the past 6 months (each occur- 
ring at least 1 week apart), and the absence of vomiting between 
episodes.*°.°+85 A personal or family history of migraine is sup- 
portive of the diagnosis of CVS, particularly in children.***° 
Regular use of cannabinoids can be associated with a syndrome 
indistinguishable from CVS, termed cannabinoid hyperemesis 


syndrome, which resolves with cessation of cannabinoid use (see 
later). 

The characteristic clinical presentation consists of the acute 
onset of nausea and/or vomiting with associated abdominal pain, 
anorexia, and fatigue. Episodes can last for hours to days, with 
symptom-free intervals between episodes. Physical examina- 
tion findings are usually nonspecific but may reflect dehydra- 
tion. Patients often consult multiple health care providers over 
time and undergo an extensive laboratory and diagnostic workup 
including blood tests, endoscopy, cross-sectional imaging, and 
even exploratory surgery.*’ The differential diagnosis includes 
gastroenteritis, PUD, gallbladder disease, pancreatitis, pregnancy 
in a female patient, or an underlying metabolic or psychiatric 
disorder. In the pediatric age group, various mitochondrial, ion 
channel, and autonomic disorders have also been associated with 
intermittent episodes of vomiting and may have to be excluded. 
Similarly, food allergy (sensitivity to cow’s milk, soy, or egg 
white protein) or food intolerances (to chocolate, cheese, nuts, or 
monosodium glutamate) may manifest with vomiting spells and 
should be excluded (see Chapter 10).8788 

Abortive treatment is typically initiated during the prodrome, 
if present. Antimigraine drugs, especially serotonin 5-HT, ago- 
nists (e.g., sumatriptan) administered subcutaneously, transna- 
sally, or orally, have been utilized. Conventional antiemetics and 
benzodiazepines (e.g., lorazepam) administered intravenously can 
be of value during the acute phase. Dehydration and metabolic 
complications may require admission to the hospital and IV cor- 
rective measures.*’ 

Tricyclic antidepressants (e.g., amitriptyline, nortriptyline, 
imipramine, desipramine) are effective as prophylaxis in about 
two thirds of both adults and children.**.°? B-adrenergic recep- 
tor antagonists (e.g., propranolol) have also been used for pro- 
phylaxis. Other agents reported anecdotally to help improve 
symptoms include serotonin reuptake inhibitors, cyprohepta- 
dine, naloxone, carnitine, valproic acid, and erythromycin. The 
psychological aspects of CVS require special consideration. 
Although 20% of adult patients with CVS have an overt anxiety 
disorder or other psychiatric disease, anticipatory anxiety prior 
to an episode is common and may precipitate episodes. Conse- 
quently, management of concurrent anxiety or depression can be 
of therapeutic value.*>.”° 


Cannabinoid Hyperemesis Syndrome 


In a subset of patients with CVS, symptoms can be precipitated 
and exacerbated by chronic cannabis use, a variant termed cannabi- 
noid hyperemesis syndrome, with symptom relief if there is sustained 
cessation of cannabis use.?!:°? Cannabinoid CB, receptors are dis- 
tributed in the brain as well as the GI system, whereas CB) recep- 
tors are found in lymphoid tissue where they regulate immune 
function.”*-?+ Stimulation of CB, receptors by endogenous canna- 
binoids results in inhibition of the hypothamo-pituitary-adrenal 
axis and sympathetic response to stressful stimuli and modulates 
gastric motility and sensation, among other roles.” Fatty acid 
amide hydrolase and monoacylglycerol lipase are responsible for 
degradation of endocannabinoids. One of the proposed hypoth- 
eses is that regular cannabis use leads to downregulation and 
desensitization of CB, receptors, leading in turn to abdominal 
pain and intractable vomiting that resolves when the receptors 
regain their original sensitivity following abstinence from canna- 
binoids.?> Genetic polymorphisms in endocannabinoid receptors 
may also play a role, although further research is needed.”° 

The manifestations of cannabinoid hyperemesis syndrome are 
indistinguishable from those of CVS, with a similar onset, dura- 
tion, and frequency of episodes. A history of regular cannabis use 
and relief of symptoms with abstinence from cannabinoids are 
hallmarks of the syndrome.*° Ritualistic hot baths are reported 
by many affected persons, although this feature is not specific 
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for cannabinoid hyperemesis syndrome and can be reported by 
patients with CVS in general. Symptoms consistently improve or 
resolve with total abstinence from cannabis use.” The liberal- 
ization of marijuana policies in the US has led to an increase in 
emergency room visits for cannabis-related syndromes, includ- 
ing cannabinoid hyperemesis syndrome, particularly in states like 
Colorado, where the increase is higher in out-of-state visitors 
than residents of Colorado.” 

In conjunction with abstinence, abortive and prophylactic 
approaches similar to those for CVS are effective.” In addition, 
topical application of capsaicin cream to the abdominal wall and 
parenteral haloperidol administration have been reported anec- 
dotally to abort episodes.?*:”? 


Superior Mesenteric Artery Syndrome 


Although some objective basis exists for superior mesenteric 
artery (SMA) syndrome, the diagnosis tends to be applied inap- 
propriately to patients with functional vomiting or CVS, who 
then are unfortunately subjected to unnecessary surgery.!°° The 
SMA branches off the aorta at an acute angle, travels in the root 
of the mesentery, and crosses over the duodenum, usually just to 
the right of the midline (see Chapter 118). The angle between 
the aorta and the SMA can become more acute under certain cir- 
cumstances (increased lordosis with a body cast, loss of muscle 
tone or weight, prolonged bed rest), leading to partial obstruction 
of the distal duodenum.!°! Symptoms include epigastric fullness 
and pressure after meals, nausea and vomiting (often bilious), and 
mid-abdominal pain that may improve in the prone or knee-chest 
position. The diagnosis is supported by imaging tests (UGIS or 
CT) that show dilatation and stasis proximal to the location of 
the SMA in the third portion of the duodenum. The appearance 
may be misleading, however, because duodenal dilatation may 
be caused by atony rather than mechanical obstruction.!° Stasis 
proximal to the site of duodenal obstruction should be demon- 
strated on contrast studies and/or scintigraphic tests prior to 
corrective surgery to avoid over-diagnosis. Antroduodenal and 
small bowel manometry may demonstrate characteristic patterns 
that distinguish mechanical obstruction from a motility disor- 
der. Relief of vomiting with feeding through an enteric catheter 
placed across the obstruction into the proximal jejunum supports 
the diagnosis. 

Precipitating factors should be corrected first whenever pos- 
sible. Acute symptoms may resolve with gastric decompression 
and IV fluid replacement. Therefore, surgical correction should 
only be undertaken in well-investigated patients with chronic 
relapsing episodes of SMA syndrome. The surgical technique 
performed most commonly is a laparoscopic proximal duodeno- 
jejunostomy; a gastrojejunostomy may not be effective because 
the proximal duodenum is not decompressed by this approach. 1°? 


Rumination Syndrome 


Rumination is a distinct and unique functional gastroduodenal 
disorder characterized by repetitive effortless regurgitation of 
small amounts of recently ingested food into the mouth, followed 
by re-chewing and re-swallowing or expulsion (see also Chapter 
13).! Although rumination resembles vomiting, it does not 
involve an integrated somatovisceral response coordinated by the 
emetic center. Characteristically, nausea and autonomic manifes- 
tations (e.g., hypersalivation, cutaneous vasoconstriction, sweat- 
ing) that usually accompany vomiting are absent. Rumination 
typically begins during or immediately following a meal and may 
stop when the regurgitated material becomes noticeably acidic. 
Rumination is relatively common in infants, typically developing 
between 3 and 6 months of age. There is no apparent distress, 
and rumination may cease with distraction or sleep. Rumination 
occurs in adults of any age with equal gender distribution.”” 
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The clinical significance of rumination varies. Some other- 
wise healthy individuals ruminate frequently without consider- 
ing the practice abnormal. Others, under pressure from family or 
friends, consult a health care provider, who may mistakenly inter- 
pret rumination as habitual vomiting, GERD, or gastroparesis, 
which delays diagnosis and definitive management. Some rumi- 
nators seek medical attention because of the concern that they 
are unable to control the process. Alternatively, rumination may 
be associated with heartburn, epigastric discomfort, and changes 
in bowel habits in patients who have concomitant GERD, func- 
tional dyspepsia, or IBS, respectively. Weight loss may occur and 
suggests a possible eating disorder. 

Rumination may be diagnosed clinically in most patients with 
careful history taking. Achalasia, other esophageal motility dis- 
orders, gastric outlet obstruction, and gastroparesis should be 
excluded. Detection of esophagitis on EGD does not exclude 
rumination. Combined UGI manometry with pH-impedance 
testing may show sharp phasic pressure spikes (r waves) recorded 
in the antrum and duodenum on manometry, which correspond 
to abrupt increments in intra-abdominal pressure as the patient 
involuntarily or voluntarily forces subdiaphragmatic intragastric 
content toward the esophagus through a relaxed lower esopha- 
geal sphincter. High-resolution esophageal manometry and 
impedance testing after a meal may help distinguish rumination 
from other belching and regurgitation disorders.!°+! Because 
rumination is a behavioral disorder, the coexistence of rumina- 
tion with another functional disorder should be considered (see 
Chapter 44). 

The pathophysiology of rumination syndrome has only par- 
tially been elucidated. Rumination may reflect adaptation of 
the belch reflex (see Chapter 17). During the abrupt retrograde 
movement of gastric content, the gastroesophageal junction 
appears to move into the thorax, thereby creating a “pseudoher- 
nia” that facilitates opening of the lower esophageal sphincter.!°° 
A distinct subgroup of ruminators have “reflux-related” rumina- 
tion with abdominogastric strain that is synchronized with tran- 
sient lower esophageal sphincter relaxation occurring as part of a 
reflux episode.'°7 

‘Treatment of rumination involves several steps. Reassurance 
and careful explanation of the phenomenon may allow some 
patients to control rumination on their own. Behavior modifica- 
tion is the most effective therapy and may be accomplished by 
teaching the patient special diaphragmatic breathing techniques 
or with the help of biofeedback training, because rumination 
and diaphragmatic contraction cannot be performed simulta- 
neously.!°* Patients trained to control their abdominothoracic 
muscles by viewing EMG recordings displayed on a monitor 
experienced a reduction in the frequency of rumination episodes 
after just three sessions. Patients with heartburn and endoscopic 
evidence of esophagitis should be treated with a PPI. Further 
pharmacologic treatment includes baclofen (up to 10 mg orally 
three times daily), a y-aminobutyric acid agonist that increases 
lower esophageal sphincter pressure and decreases the swallow- 
ing rate.!0” 


EVALUATION 
Acute Vomiting 


Evaluation of a patient with acute vomiting begins with a care- 
fully taken history and physical examination that focuses on the 
patient’s volume status and important causes of acute vomiting. 
An algorithm for management of the patient with acute vomit- 
ing is shown in Fig. 15.2. A pregnancy test should be performed 
in all women of childbearing age. Routine blood studies should 
include a CBC, tests of kidney function, thyroid function tests, 
liver biochemical tests, electrolyte, glucose, serum amylase and 
lipase levels, and in some cases, arterial blood gases to assess the 


patient’s acid-base status. Medication and toxin levels are ordered 
when indicated. 


Imaging 


Plain abdominal films, supine and upright, should be obtained. 
If the films suggest SBO, further testing to ascertain the cause 
of obstruction (including cross-sectional imaging and urgent sur- 
gical exploration when appropriate) should be undertaken (see 
Chapter 123). 

If plain abdominal films are negative, additional tests can be 
considered. EGD can evaluate for mucosal lesions, ulcers, neo- 
plasia, and gastric outlet or duodenal obstruction. CT or MRI 
of the abdomen may demonstrate intra-abdominal inflammatory 
or infectious processes (e.g., appendicitis, diverticulitis), acute 
intestinal ischemia, obstruction, or pseudo-obstruction. US of 
the abdomen tends to be less revealing in this setting. MRI of the 
brain can be performed to look for a mass lesion or other neuro- 
logic mechanisms of vomiting. 


Additional Tests 


Further testing can include blood levels of drugs and toxins (spe- 
cifically digoxin, opiates, theophylline, ethanol, and carbamaze- 
pine), cultures of blood or body fluids if an infection is suspected, 
analysis of cerebrospinal fluid following lumbar puncture, and 
serologic tests for viral hepatitis, if indicated. If appropriate, 
blood levels of cortisol, corticotropin-releasing factor, and cat- 
echolamines can be determined. 


Chronic Vomiting 


A detailed clinical history and careful physical examination are 
central to diagnosing functional dyspepsia, functional vomiting, 
CVS, and rumination syndrome. EGD and/or a UGIS are the 
tests of choice for partial gastric outlet obstruction and partial 
duodenal obstruction. Barium contrast radiography may suggest 
a diagnosis of achalasia, gastroparesis, or neoplasm. CT of the 
abdomen is particularly useful for identifying intestinal obstruc- 
tion, intra-abdominal masses, and retroperitoneal pathology 
and also provides information on the degree of bowel dilatation, 
bowel wall thickness, and a transition point in bowel lumen diam- 
eter that helps localize the obstruction.!!° By contrast, plain films 
of the abdomen are often unreliable, particularly in the presence 
of fluid-filled loops of bowel. Magnetic resonance enterography 
is an alternative to CT enterography and has the advantage of 
not exposing patients to radiation.!!! MRI of the brain is useful 
for diagnosis of CNS lesions that may cause vomiting, includ- 
ing slow-growing tumors, hydrocephalus, and inflammatory, 
vascular, and ischemic lesions. Motility studies are useful for 
evaluating motor disorders including gastroparesis and chronic 
intestinal pseudo-obstruction, which are relatively uncommon 
but important causes of nausea and vomiting (see Chapters 50, 
99, and 124). 


Esophageal Manometry 


Esophageal manometry, preferably high-resolution manometry, 
is used to assess esophageal motor activity. Patients with esopha- 
geal motility disorders such as achalasia and other spastic disor- 
ders may occasionally present with vomiting or regurgitation (see 
Chapter 44). 


Measurement of Gastric Emptying 


Radioscintigraphy is the preferred and most accurate method 
of assessing gastric emptying and should be performed over 
a 4-hour period for accurate assessment of gastric emptying. 


Ideally, dual markers (separating solids from liquids) should be 
used and the test performed with a dual-headed gamma camera. 
Symptoms of gastroparesis are primarily associated with delayed 
solid phase gastric emptying.'!’ Alternative, but less precise, 
methods of assessing gastric emptying include three-dimen- 
sional gastric US to assess emptying of a liquid meal and the 3C 
breath test with octanoate acid, a fatty acid that is labeled with 
a stable isotope and incorporated into a test meal.??113 The rate 
at which CO, is exhaled reflects the rate of gastric emptying 
and subsequent duodenal absorption of the lipid marker, but 
the diagnostic reliability of this breath test is not firmly estab- 
lished (see Chapter 50).!!* Other potential diagnostic modalities 
include the wireless motility capsule, MRI, and single-photon 
emission CT.!!3.115 


Cutaneous Electrogastrography 


EGG with cutaneously placed electrodes identifies dysrhythmia 
(e.g., bradygastria or tachygastria) of the gastric pacemaker and 
changes in the frequency of pacemaker activity in response to 
feeding. Although noninvasive and rather simple, EGG findings 
do not necessarily correlate with clinical symptoms,***! and some 
EGG findings may be secondary to rather than the cause of nau- 
sea (see Chapter 50). 


Antroduodenal Manometry 


Antroduodenal manometry is the most specific physiologic test 
for assessing foregut motor disturbances distal to the esopha- 
gus. Intraluminal pressure changes are recorded in the antrum 
and proximal small bowel using a pressure-sensitive catheter. 
The test is cumbersome, expensive, technically challenging to 
perform, and available at only a few centers that specialize in 
GI motility disorders. Manometry may distinguish myogenic 
from neurogenic forms of pseudo-obstruction and may help 
detect partial SBO on the basis of wave pattern analysis (see 
Chapters 50, 123, and 124). If antroduodenal manometry is 
abnormal, a laparoscopic full-thickness biopsy of the small 
bowel can be considered to diagnose genetic and acquired 
myogenic or neurologic causes of chronic intestinal pseudo- 
obstruction. 


Autonomic Function Tests 


Tests of autonomic function can assess sympathetic function 
and include the tilt table test (an orthostatic challenge to blood 
pressure and cardiac rate regulation) and the cold hand test (a 
pain reflex test in which the hand is immersed in cold water to 
produce vasoconstriction and a significant increase in systolic 
arterial pressure). Parasympathetic function can be assessed by 
measuring variations in the RR interval on the electrocardio- 
gram in response to bradycardia induced by deep respiration 
(via a vasovagal reflex) and by a voluntary Valsalva maneuver. 
Results of such tests can help distinguish visceral autonomic 
neuropathies (e.g., due to amyloidosis or diabetes mellitus) from 
a central autonomic disorder (e.g., Shy-Drager syndrome, pan- 
dysautonomia). 


Histopathologic Studies 


In some patients, a further diagnostic step may involve histopath- 
ologic examination of mucosal biopsies for quantification of nerve 
density and morphology as evidence of autonomic neuropathy.!!° 


COMPLICATIONS 


Vomiting, particularly when protracted or recurrent, can lead to 
a number of potentially life-threatening complications. 
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Emetic Injuries to the Esophagus and Stomach 


Chronic protracted vomiting often produces esophagitis, ranging 
from mild erythema to erosions and ulcerations on endoscopy. 
Characteristically, esophagitis from vomiting extends uniformly 
throughout the esophageal body, in contrast to the distal esopha- 
gitis associated with GERD. Patients can experience heartburn 
or retrosternal pain after an acute bout of vomiting. By contrast, 
patients with chronic vomiting rarely complain of chest symp- 
toms, and esophagitis associated with long-standing vomiting is 
often asymptomatic. 

Abrupt retching or vomiting episodes may also induce lon- 
gitudinal mucosal and, rarely, transmural lacerations at the level 
of the gastroesophageal junction. Acute bleeding and hemateme- 
sis associated with mucosal lacerations at the gastroesophageal 
junction constitute the Mallory-Weiss syndrome (see Chapters 20 
and 45). Boerhaave syndrome refers to spontaneous rupture of the 
esophageal wall, with free perforation and secondary mediasti- 
nitis and carries a high mortality rate.!!7 It is more common in 
alcoholics, although esophageal rupture may develop in any per- 
son during vomiting (see Chapter 45). 

Multiple purpuric lesions may appear on the face and upper 
neck after prolonged episodes of vomiting, probably because of 
repetitive increases in intrathoracic pressure and rupture of blood 
vessels. Dental caries and erosions may result from chronic vom- 
iting. 


Spasm of the Glottis and Aspiration Pneumonia 


Spasm of the glottis and transient asphyxia may develop dur- 
ing vomiting as a result of irritation of the pharynx by acidic or 
bilious material. Similarly, vomiting during insertion of an NG 
tube, during sedated endoscopy, in an older person, or when 
the cough reflex is depressed may result in aspiration of gas- 
tric contents into the bronchi, with resulting acute asphyxia and 
a subsequent risk of aspiration pneumonia. Aspiration is more 
likely to occur when the stomach contains food, fluid, or enteric 
secretions, which should be aspirated out from the stomach dur- 
ing endoscopy. 


Fluid, Electrolyte, and Metabolic Alterations 


Fluid, electrolyte, and metabolic abnormalities may develop 
rapidly after protracted vomiting. Dehydration, hypotension, 
hemoconcentration, oliguria, muscle weakness, and cardiac 
arrhythmias can result. Hypochloremic alkalosis is usually the 
first metabolic abnormality to develop and is due to loss of fluid, 
as well as of hydrogen and chloride ions. Hypokalemia results 
from loss of potassium ions in the vomitus and renal potassium 
wasting due to alkalosis. Hyponatremia may occur in severe 
cases because of loss of sodium and release of antidiuretic hor- 
mone in an attempt to conserve intravascular volume. Metabolic 
derangements, especially metabolic alkalosis with low urinary 
sodium excretion, may be a sign of chronic functional or self- 
induced vomiting. 


Nutritional Deficiencies 


Nutritional deficiencies may result from reduced caloric intake or 
loss of nutrients in the vomitus. Regardless of cause, chronic nau- 
sea and vomiting can result in malnutrition, weight loss, and defi- 
ciency states that require supplementation (see Chapters 5 and 6). 


TREATMENT 


Effective management of the patient with nausea and vomiting 
requires correction of clinically relevant metabolic complications, 
pharmacologic therapy, and treatment of the underlying cause. 
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Correction of Metabolic Complications 


Patients with acute, severe, or repeated vomiting may become 
dehydrated rapidly and develop metabolic imbalances, second- 
ary circulatory collapse, and kidney failure. If oral hydration is 
not adequate, IV fluids and electrolytes should be administered 
promptly. Adequate replacement generally consists of a normal 
saline solution in volumes sufficient to correct deficits (and in 
addition to maintenance fluids) with potassium supplementation 
(60 to 80 mEq/24 hours). The normal saline can be administered 
with glucose (e.g., 5% dextrose in normal saline); in some cases 
a 10% glucose solution may be required. When oral intake can 
be resumed, glucose-containing fluids are preferred because they 
are easily absorbed from the intestine. A split-meal, low-fat, and 
low-fiber solid diet can be gradually introduced. 

Patients with long-standing chronic vomiting are at risk of 
developing malnutrition, so enteral or parenteral feeding should 
be considered when the patient is unable to resume adequate oral 
nutrition after 5 to 8 days. Although enteral nutrition is a good 
option, even orogastrojejunal catheters placed with guidewires 
may be dislodged during episodes of vomiting. For long-term 
treatment, percutaneous enteral feeding tubes or home paren- 
teral nutrition may be required (see Chapter 6). 


Pharmacologic Treatment 


Drugs used to treat nausea and vomiting belong to one of two 
main categories: centrally acting antiemetic agents and peripher- 
ally-acting prokinetic agents. Some drugs share both mechanisms 
of action, with variable predominance of one or the other. (Doses 
indicated are for adult patients [Table 15.1].) 


Central Antiemetic Agents 


Central antiemetic agents are classified according to the predom- 
inant receptor on which the drug acts. These can be administered 
orally, parenterally (single bolus, repeat boluses, or continuous 
IV infusion) or transdermally when available.!!* 


Dopamine D2 Receptor Antagonists 

Benzamides 

The main antiemetic effect of benzamides (e.g., metoclopramide, 
clebopride) is through antagonism of the dopamine D2 receptor 
in the brainstem. These agents also stimulate peripheral 5-HT4 
receptors, thereby facilitating acetylcholine release for antroduo- 
denal prokinetic activity. 

Side effects limit the use of these drugs. When administered 
rapidly by the IV route, metoclopramide may cause acute rest- 
lessness and anxiety. Repeated oral administration may induce 
somnolence in some patients. In about 1% of treated patients, 
distressing extrapyramidal effects, including dystonic reactions 
and tremor, may appear and limit their use, particularly at high 
doses. Older patients are at particular risk of tardive dyskinesia.!!? 
Metoclopramide may prolong the QT interval and thus has an 
arrhythmogenic potential. This agent is subject to tachyphylaxis 
and may lose efficacy with continued use. 

The most common indications for these drugs are nausea and 
vomiting of pregnancy, postoperative nausea and vomiting, and che- 
motherapy- and radiotherapy-induced nausea and vomiting. Because 
of their associated gastric prokinetic action, the drugs can be used 
for gastroparesis related to diabetes mellitus, prior vagotomy, and 
prior partial gastrectomy. The standard dose of metoclopramide is 
10 to 20 mg three or four times daily orally or intravenously. 
Benzimidazole Derivatives 
Domperidone is the main benzimidazole derivative but is not 
available in the USA.!?° The drug crosses the blood-brain bar- 
rier poorly and acts primarily as a peripheral dopamine D2 
receptor antagonist. It blocks the receptors centrally in the area 


postrema (which is partly outside the blood-brain barrier) and 
in the stomach, where D2 receptor inhibition decreases proxi- 
mal gastric relaxation and facilitates gastric emptying. Although 
domperidone is a weaker antiemetic than metoclopramide, it 
may be particularly useful for the management of nausea and 
vomiting associated with treatment with levodopa in patients 
with Parkinson disease, because it antagonizes the proemetic 
side effects of levodopa without interfering with antiparkinso- 
nian action in brain centers protected by the blood-brain bar- 
rier. The standard dose is 10 to 20 mg three or four times daily 
orally. A review of domperidone use in the treatment of diabetic 
gastroparesis has concluded that the drug is probably useful but 
has not been properly evaluated by well-designed controlled tri- 
als. Responses may be influenced by genetic characteristics.'*! 
Domperidone (as well as benzamides) may increase the release 
of prolactin and is occasionally associated with breast tenderness 
and galactorrhea. Domperidone has also been noted to prolong 
the QT interval and therefore has arrhythmogenic potential. 


Phenothiazines and Butyrophenones 
The phenothiazines (chlorpromazine, perphenazine, prochlorper- 
azine, promethazine, and thiethylperazine) and butyrophenones 
(droperidol and haloperidol) also block D2 dopaminergic receptors 
in addition to muscarinic M1 receptors; phenothiazines also block 
histamine H; receptors. These drugs tend to induce relaxation and 
somnolence and are generally used parenterally or as suppositories 
in patients with acute intense vomiting of central origin, as in ver- 
tigo, migraine headaches, and motion sickness. They are also useful 
for patients with vomiting from toxic agents, from chemotherapy 
and after surgery.!’*-!7> Safety concerns, especially extrapyramidal 
effects, have limited the use of all these agents to some degree.!?* 
For this reason, the dose of droperidol should not exceed 1 mg. 
Olanzapine, a second-generation neuroleptic agent, is an attrac- 
tive alternative because ofits strong antinausea and antiemetic action 
and lack of extrapyramidal side effects.!”°:!’° Side effects of the use 
of olanzapine include mild sedation, weight gain, and increased risk 
of diabetes mellitus. A double-blind trial that compared olanzapine, 
10 mg, with placebo, both in combination with dexamethasone, oral 
aprepitant, or IV fosaprepitant and a 5-HT; receptor antagonist 
demonstrated a clinically significant reduction in chemotherapy- 
induced nausea and vomiting, with benefits extending up to 120 
hours after administration. Patients who received olanzapine had 
significantly increased sedation, which was severe in 5% of cases, 
particularly at day 2 as compared with baseline. These symptoms 
improved by days 3 to 5 despite continued use of oral olanzapine. 
Olanzapine therefore may also be used in combination with other 
agents like dexamethasone or an NK-1 antagonist. 


Antihistamines and Antimuscarinic Agents 

Antihistamines and antimuscarinic agents act primarily by block- 
ing histamine H, receptors (cyclizine, dimenhydramine, cin- 
narizine, meclizine, hydroxyzine) and muscarinic M1 receptors 
(scopolamine, which may be applied transdermally) at a central 
level.!*” Scopolamine may induce annoying visual accommo- 
dation disturbances.!** Although promethazines belong to the 
phenothiazine class, they also act as antihistaminic Hy and anti- 
muscarinic agents with strong sedative properties. Cyclizine and 
diphenhydrinate are commonly used to treat motion sickness 
and have been shown to decrease gastric dysrhythmia, so their 
antiemetic effect may be mediated in part by their peripheral 
action. A standard antiemetic dose of cyclizine is 50 mg given 3 
times daily orally or 100 mg as a suppository. The main indica- 
tion is nausea and vomiting associated with motion sickness and 
vestibular disease. Cyclizine is useful for postoperative and other 
forms of acute vomiting. Some of these drugs are also used as 
antipruritic agents. Drowsiness is the major limiting side effect, 
particularly with older agents, but this effect may be advanta- 
geous in the treatment of acute vomiting. Anticholinergic effects 
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TABLE 15.1 Centrally and Peripherally Acting Agents Useful in the Management of Nausea and Vomiting* 


Drug Category Indications Doset Side Effects 
Centrally Metoclopramide Benzamides (Dopamine Nausea and vomiting of 10 mg PO 4 times daily Restlessness, 
acting Clebopride D2 antagonist) pregnancy 25 mg PO 3 times daily anxiety 
antiemetic Peripheral 5-HT,4 agonist Postoperative nausea and Dystonic 
agents vomiting reactions and 
Chemotherapy- and tremor 
radiotherapy-induced Tardive dyskinesia 
nausea and vomiting QT prolongation 
Nausea and vomiting 
related to gastroparesis 
Chlorpromazine Phenothiazines Vertigo, migraines, motion 10-25 mg PO every 4-6 hr Extrapyramidal 
Perphenazine (Dopamine D2 sickness 8-16 mg PO daily effects 
Prochlorperazine antagonist) Chemotherapy or 2.5-10 mg IV every 4 hr 
Promethazine Muscarinic M1 postoperative nausea 12.5-25 mg IV every 4-6 hr 
Thiethylperazine antagonist and vomiting 10 mg IV every 8 hr 
Histamine H1 antagonist 
Droperidol Butyrophenones 2.5 mg IV once 
Haloperidol (Dopamine D2 1 mg IV every 6 hr 
antagonist) 
Muscarinic M1 
antagonist 
Diphenhydramine Histamine H1 antagonist Motion sickness and/or 25-50 mg PO every 6-8 hr Drowsiness 
Cinnarizine vestibular disease 25-75 mg PO every 8 hr Anticholinergic 
Meclizine Additional antipruritic 25-50 mg PO every 24 hr effects 
Hydroxyzine effect 25-100 mg IM every 24 hr 
Ondansetron 5-HT3 antagonist Postoperative, 0.15 mg/kg IV every 8 hr Headache 
Granisetron chemotherapy-, and 12-24 mg PO every 8 hr 
Dolasetron radiotherapy-induced 100 mg PO 1 hr before 
nausea and vomiting chemotherapy or 12.5 
mg IV ~15 min before 
cessation of anesthesia 
Tropisetron 5 mg IV before 
chemotherapy, then 5 
mg PO daily for 5 days 
Dexamethasone Glucocorticoid Postoperative, 8-20 mg IV every 6 hr Hyperglycemia 
chemotherapy-, and 4 mg PO every 6 hr Worsening of 
radiotherapy-induced PUD and 
nausea and vomiting gastritis 
Nabilone Cannabinoid Refractory chemotherapy- 1-2 mg PO every 12 hr Hypotension 
Dronabinol induced nausea and 2.5-10 mg PO every 6-8 hr Psychotropic 
vomiting reactions 
Aprepitant Neurokinin-1 antagonist Chemotherapy-induced 40 mg PO within 3 hr of Fatigue 
nausea and vomiting anesthesia Neutropenia 
Fosaprepitant Postoperative nausea and 130 mg IV ~30 min before 
vomiting chemotherapy 
Peripherally- Prucalopride Peripheral 5-HT, agonist Nausea and vomiting 2 mg PO every 24 hr Cardiac 
acting Cinitapride related to gastroparesis 1 mg PO every 8 hr arrhythmias 
ieee Erythromycin Motilin agonist Nausea and vomiting related 3 mg/kg IV every 8 hr QT prolongation 


to gastroparesis 


*Agents used commonly in practice; additional drugs are discussed in the text. 


tAdult doses. 
HT, Hydroxytryptamine. 


are potentially troublesome in patients with glaucoma, prostatic 
hyperplasia, and asthma. 


Serotonin Antagonists 

Serotonin 5-HT3 receptor antagonists (ondansetron, granis- 
etron, dolasetron, tropisetron) are potent antiemetics that selec- 
tively block 5-HT; receptors in the brain stem and in gastric wall 
receptors that relay afferent emetic impulses through the vagus 
nerve. In addition to their antiemetic effect, they have a modest 
gastric prokinetic action. The main indication for this class of 
drugs is nausea and vomiting associated with chemotherapy and 
radiation therapy or following surgery. They are often prescribed 


in combination therapy with haloperidol and dexamethasone, 
with or without an NK-1 antagonist.'*? Headache is a common 
side effect. Ondansetron appears to be safe in pregnancy. It may 
be given as a single dose of 8 to 32 mg, intravenously in a dose of 
0.15 mg/kg every 8 hours, or orally in a dose of 12 to 24 mg every 
24 hours in three divided doses. There is a risk of QT prolonga- 
tion with high doses of ondansetron.!*° Granisetron is available 
in a transdermal patch form.!*! 

Palonosetron, a second-generation agent, exhibits unique inter- 
actions with the 5-HT; receptor and appears to be more effective 
than first-generation 5-HT; receptor antagonists. It is the only 
effective agent for preventing delayed nausea and vomiting.!37-1%¢ 
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Glucocorticoids 

The antiemetic mechanism of glucocorticoids is not well under- 
stood and may relate to inhibition of central prostaglandin syn- 
thesis, release of endorphins, or altered synthesis or release of 
serotonin. The principal indication is treatment of nausea and 
vomiting in the postoperative period or as a result of chemo- 
therapy or radiation. Glucocorticoids may also be used to reduce 
cerebral edema and alleviate vomiting due to increased intracra- 
nial pressure. Dexamethasone is the formulation used acutely, 
in doses ranging from 8 to 20 mg intravenously and 4 mg every 
6 hours orally. Side effects are uncommon because treatment is 
usually administered for short periods. In diabetic patients, how- 
ever, careful monitoring of blood glucose levels is required. In 
patients with a history of peptic ulcer or with a gastroenteric 
anastomosis, concurrent administration of a gastric antisecretory 
agent is advisable. In practice, dexamethasone is often used in 
combination with another antiemetic agent, such as haloperidol, 
olanzapine, metoclopramide, or a 5-HT; antagonist.!>7 


Cannabinoids 

Although cannabinoids cause or exacerbate nausea and vomiting 
(e.g., CVS, cannabinoid hyperemesis syndrome), cannabinoid 
agents have demonstrated utility in managing some forms of 
chronic nausea and vomiting. The benefits of cannabinoids are 
limited to patients with chronic nausea and vomiting; by con- 
trast, intermittent stereotypical nausea and vomiting may develop 
from cannabinoid use and has a high likelihood of being part of 
a migranoid disorder that may worsen with continued cannabi- 
noid use. Two oral synthetic cannabinoids are part of the stan- 
dard therapeutic armamentarium: nabilone and dronabinol. Both 
agents are approved by the FDA for use in chemotherapy-induced 
nausea and vomiting refractory to conventional antiemetic ther- 
apy. The combination of a dopamine antagonist and a cannabi- 
noid may be particularly effective in preventing nausea that has a 
major negative impact on a patient’s quality of life.!°*!3° Mood- 
enhancing properties make cannabinoids attractive to patients, 
but these drugs are potentially more toxic than conventional 
antiemetic agents. Hypotension and psychotropic reactions are 
relatively common side effects. These drugs should be used with 
caution in older adults and in patients with a history of mental 
illness. Cannabinoids are no longer first-line agents in the man- 
agement of chemotherapy-induced emesis because of their side 
effects and the availability of more attractive alternatives, although 
they remain useful for breakthrough nausea and vomiting.!*° 


Neurokinin-1 Receptor Antagonists 

NK-1 receptor antagonists, which inhibit substance P and NK-1, 
are potent antiemetic agents. Two formulations are available, 
aprepitant (oral) and fosaprepitant (parenteral); other prepara- 
tions (e.g., rolapitant) are undergoing evaluation.'*!!*” These 
drugs provide better protection against postoperative vomiting 
but not nausea when compared with 5-HT; antagonists. NK-1 
receptor antagonists may be particularly useful when combined 
with other drugs like 5-HT3 antagonists and dexamethasone 
and are approved by the FDA for use in preventing vomiting in 
patients undergoing cancer chemotherapy.!”” 


Adjuvant Agents and Therapies 

Patients with acute nausea and vomiting associated with chemo- 
therapy, radiotherapy, and surgery often have anxiety that may 
exacerbate their symptoms. The anxiolytic effects of benzodiaze- 
pines (e.g., lorazepam, alprazolam) may potentiate the antiemetic 
action of agents like 5-HT receptor antagonists and glucocor- 
ticoids that are devoid of psychotropic effects. Gabapentin may 
help prevent delayed nausea and vomiting after chemotherapy. !* 
Ginger has shown some useful antinausea effects.!*+ Acupuncture, 
acustimulation, aromatherapy, and acupressure have also been 
shown to decrease the nausea associated with motion sickness 


induced by illusory self-motion and nausea associated with cancer 
radiotherapy and chemotherapy, but the evidence is somewhat 
controversial. 14-146 


Gastric Prokinetic Agents 


Serotonin 5-HT, Receptor Agonists 

Drugs in the benzamide class share the peripheral 5-H T4 agonist 
effect of metoclopramide (also a benzamide) without the dopa- 
mine D2 antagonist action that is primarily responsible for the 
potentially troublesome central side effects of metoclopramide. 
Prucalopride, an agent primarily intended for treatment of con- 
stipation but with some prokinetic effects in the UGI tract as 
well, can be used in this regard (see Chapter 19).!*” Cinitapride 
is another agent with pharmacodynamic properties similar to 
those of cisapride, an older drug that was associated with car- 
diac arrhythmias and withdrawn from the market. At a dose of 
1 mg orally three times daily, cinitapride appears to be free of 
cardiac side effects but is not yet available in the USA. The main 
indication for 5-HT, agonist drugs is the management of nausea 
and vomiting associated with gastroparesis, intestinal pseudo- 
obstruction, and functional dyspepsia. 


Motilin Receptor Agonists 

Motilin receptor agonists include the antibiotic erythromycin 
and other agents—none of which is commonly available—that 
act as motilin receptor ligands on smooth muscle cells and enteric 
nerves. The pharmacodynamic effects in humans are dose depen- 
dent. In low doses (0.5 to 1 mg/kg as an IV bolus), erythromycin 
induces sweeping gastric and intestinal peristaltic motor activity 
that resembles phase III of the interdigestive migrating motor 
complex but may empty the stomach inefficiently (see Chapters 
50 and 99). In higher doses (3 mg/kg every 8 hours given as a 
slow IV infusion), antral activity becomes intense and empties the 
stomach rapidly, although the burst of motility does not always 
migrate down the small intestine. A simultaneous increase in 
small bowel contractions may induce abdominal cramps and diar- 
rhea. When used clinically as an antibiotic, generally at higher 
doses, erythromycin may cause nausea and vomiting. 

In clinical practice, erythromycin may be used to treat acute 
nausea and vomiting associated with gastroparesis (diabetic, post- 
surgical, or idiopathic) and to clear the stomach of retained food, 
secretions, and blood prior to EGD (see Chapter 20). Although the 
prokinetic effect is well established, its symptom-relieving effects 
have been questioned; there is evidence that erythromycin modu- 
lates vagal nerve traffic, a potential antinausea mechanism. 148-149 
Erythromycin may be administered intravenously in boluses of 200 
to 400 mg every 4 to 5 hours. The lower doses are more appropri- 
ate for patients with pseudo-obstruction, which is associated with 
reduced interdigestive sweeping motor activity in the small bowel. 

Erythromycin is not suitable for prolonged treatment, first 
because of relatively prompt tachyphylaxis and second because 
its efficacy by the oral route is uncertain and its inherent antibi- 
otic properties carry the potential risk of complications, including 
pseudomembranous colitis and QT prolongation. Azithromycin, 
a structurally similar drug, has been proposed for the treatment 
of gastroparesis in slowly administered IV boluses of 250 or 500 
mg, but an FDA warning has alerted the public of the poten- 
tial danger of azithromycin use in patients with heart disease.!°° 
New synthetic motilin agonists devoid of antibiotic activity are in 
development. 

Ghrelin is a peptide structurally and functionally related to 
motilin that acts to accelerate postprandial gastric emptying. 
Ghrelin receptor agonists (e.g., ulimorelin, atilmolin, mitemci- 
nal) have prokinetic action and may have a future therapeutic role 
as prokinetic agents to treat nausea and vomiting in patients with 
gastroparesis. 1? 1-152 


Gastric Electrical Stimulation 


There are two main technical approaches to gastric electrical 
stimulation. The first is low-frequency/high-energy stimulation 
(“gastric pacing”) that involves application of high-energy cur- 
rents to entrain the gastric slow waves and generate phasic con- 
tractions. This technique may achieve correction of gastroparesis 
and amelioration of nausea and vomiting but requires external 
energy sources that limit the autonomy of the patient. A technical 
variation, 2-channel gastric pacing, has achieved some success in 
normalizing gastric dysrhythmia and delayed emptying.!*’ A sec- 
ond approach, gastric neurostimulation, delivers high-frequency/ 
low-energy impulses to the stomach with the use of an implant- 
able neurostimulator (Enterra system), similar to devices used to 
control chronic pain. The gastric neurostimulator does not entrain 
slow-wave activity and does not consistently accelerate empty- 
ing, but it appears to relax proximal gastric tone, reduce discom- 
fort associated with gastric distension, and produce significant 
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improvement in nausea and vomiting, as well as the patient’s nutri- 
tional status and quality of life, even in patients with normal gastric 
emptying.'>+!>¢ In responders, symptoms may be ameliorated for 
at least 5 years, on average.!°’ Addition of a pyloroplasty has been 
proposed to boost the effectiveness of neurostimulation in patients 
with nausea and vomiting associated with gastroparesis.!°° 

Gastric neurostimulation is not without risk; commonly 
reported complications include electrode dislodgement, infection, 
and bowel obstruction.!°* The device is also expensive and may be 
recommended with caution only for long-standing (at least 1 year’s 
duration) refractory gastroparesis. A trial of temporary neurostim- 
ulation via endoscopically placed electrodes is feasible.!*? 
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Diarrhea is a universal human experience. In an average month, 
7.5% of Americans have symptoms of acute gastroenteritis.! For 
most persons, episodes of diarrhea last a day or 2 and rapidly subside 
without medical intervention. For others, diarrhea lasts for more 
than a few days or is complicated by fever, prostration, or rectal 
bleeding. Such persons are likely to visit a health care provider. 
Over 3.5 million outpatient visits for diarrhea occur each year in the 
USA, Most patients can be managed successfully as outpatients, 
but more than 180,000 hospital admissions and 3000 deaths each 
year are attributed to gastroenteritis.> Over the course of a year, 
chronic diarrhea (liquid stools for =4 weeks) may occur in 6.6% of 
the population and is thus a major cause of disability for Americans.* 
In developing countries, acute infectious diarrhea remains an impor- 
tant cause of morbidity and mortality, particularly among children. 


DEFINITION 


Diarrhea is a symptom, not a disease, and therefore may occur in 
many conditions. Most patients consider increased fluidity of stool 
to be the essential characteristic of diarrhea.’ Stool consistency is 
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difficult to quantitate, and visual scales may be helpful for patients 
to use in describing their diarrhea.° Researchers also have used 
stool frequency or stool weight as a surrogate marker of diarrhea. 
Three or more bowel movements daily are considered abnormal, 
and the upper limit of stool weight in Western countries is gen- 
erally agreed to be 200 g daily.’ Although stool weight is often 
cited as an objective definition of diarrhea, diarrhea should not 
be defined solely in terms of fecal weight. Some persons have 
increased fecal weight due to fiber ingestion but do not complain 
of diarrhea because their stool consistency is normal. Stool out- 
put can be as great as 300 g when a high-fiber diet is consumed, 
as is customary in some developing countries. Conversely, about 
20% of patients referred for evaluation of diarrhea may have a 
normal stool weight,® with “diarrhea” reported because of pas- 
sage of small-volume loose stools or more frequent passage of 
formed stool. 

Fecal incontinence may be reported as severe or troublesome 
diarrhea by some patients, especially older adults.? Although 
many incontinent patients have loose stools, their major problem 
is with the mechanisms of continence and not with intestinal fluid 
or electrolyte absorption. Accordingly, all patients who complain 
of diarrhea should be asked about the presence of fecal inconti- 
nence. If incontinence is frequent, especially in the absence of 
rectal urgency or loose stools, the patient should be evaluated for 
incontinence and not for diarrhea (see Chapter 18). 


PATHOPHYSIOLOGY 


Diarrhea may represent a protective response to a variety of 
intestinal insults and assaults. When infectious agents, toxins, or 
other noxious substances are present in the intestine, fluid secre- 
tion and motility are stimulated to expel the unwanted material, 
thereby producing diarrhea. This protective response is valuable 
acutely; when chronic, it is inappropriate and no longer serves an 
adaptive purpose. 

Diarrhea results from an excess of stool water due to abnor- 
mal net intestinal water and electrolyte transport.’ Normally the 
small intestine and colon absorb 99% of the fluid load passing 
the ligament of Treitz, consisting of both oral intake and endog- 
enous secretions from the salivary glands, stomach, liver, and 
pancreas—a total volume of roughly 9 to 10 L daily (Fig. 16.1). 
Diarrhea results from a disruption of this normally fine-tuned 
mechanism; reduction of net water absorption by as little as 1% 
can result in diarrhea. This may occur when the rate of mucosal 
water and electrolyte transport is altered in the small intestine 
or colon. Reduced net water absorption and diarrhea also may 
result from rapid transit, which reduces the time available for 
water absorption, especially when fluid is hurried through the 
colon. A third mechanism that may contribute to diarrhea is a 
change in the composition of stool solids that may alter stool con- 
sistency. Fecal consistency is determined by the balance between 
stool water content and the ability of insoluble fecal solids (e.g., 
fiber residue and bacterial components) to bind water.’ Reduced 
water-binding (as seen with steatorrhea) may produce looser 
stools and the complaint of diarrhea. 

In many conditions, diarrhea is the result of the interplay of 
many factors, including epithelial function, motor function, and 
luminal composition.!° Water itself is not actively transported; 
rather, it moves across the intestinal mucosa via paracellular and 
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Fig. 16.1 Fluid loads along the GI tract. Each day, close to 10 L of fluid 
composed of ingested food and drink and secretions from the salivary 
glands, esophagus, stomach, pancreas, bile duct, and duodenum pass 
the ligament of Treitz. The jejunum absorbs approximately 6 L and the 
ileum 2.5 L, leaving about 1.5 L to pass into the colon each day. The 
colon absorbs more than 90% of this load, leaving about 0.1 L in feces. 
The overall efficiency of water absorption is 99%, and a reduction of 
this efficiency by as little as 1% may lead to diarrhea. (From Schiller 

LR. Chronic diarrhea. In: McNally P, editor. Gl/Liver secrets. 2nd ed. 
Philadelphia: Hanley & Belfus; 2001. p 411.) 


transcellular pathways largely due to osmotic forces generated by 
the transport of solutes (i.e., electrolytes and nutrients) (see Chap- 
ters 101 and 102). The molecular pathways of ion and nutrient 
transport across the mucosa have been well characterized and are 
regulated by a complex communication system of extracellular and 
intracellular messengers that maintain fluid equilibrium throughout 
a wide range of physiologic conditions. Normally, absorption and 
secretion take place simultaneously, but absorption is quantitatively 
greater. Either a decrease in absorption or an increase in secretion 
leads to additional fluid within the lumen and, thus, diarrhea. Dis- 
ruption of epithelial electrolyte transport or its regulatory system by 
toxins, drugs, hormones, and cytokines is a major cause of diarrhea. 
Diarrhea due to disordered electrolyte transport is termed secre- 
tory diarrhea, even though it is more commonly caused by reduced 
electrolyte absorption rather than by net secretion.'! Another 
cause of diarrhea is ingestion of some poorly absorbed osmoti- 
cally active substance (e.g., magnesium ion, lactulose) that retains 
fluid within the lumen to maintain osmotic equilibration with 
body fluids, thereby reducing water absorption. Diarrhea result- 
ing from this mechanism is known as osmotic diarrhea (Table 16.1). 
Few clinical situations produce pure secretory or osmotic diarrhea; 
considering conditions in which one or the other mechanism pre- 
dominates is useful before considering combined processes. 
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TABLE 16.1 Secretory Versus Osmotic Diarrhea 


Type of Diarrhea Causes Examples 


Secretory Absence of ion Congenital chloridorrhea 
transporter 
Endogenous leuroendocrine tumors (e.g., 
secretagogues carcinoid syndrome) 
Exogenous Enterotoxins (e.g., cholera) 
secretagogues 
Intestinal ischemia Diffuse mesenteric 
atherosclerosis 
Loss of intestinal ntestinal resection, diffuse 
surface area intestinal mucosal disease 
Rapid intestinal ntestinal hurry following 
transit vagotomy 
Osmotic Ingestion of poorly Magnesium ingestion 
absorbed agent 
Reduced nutrient Lactase deficiency 


transport 


Osmotic Diarrhea 


Ingestion of poorly absorbed cations and anions or poorly 
absorbed sugars or sugar alcohols (e.g., mannitol, sorbitol) 
accounts for most osmotic diarrheas.'* Ions that are poorly 
absorbed include magnesium, sulfate, and phosphate. These ions 
are transported actively by mechanisms that are saturated at low 
intraluminal ion concentrations and passively by mechanisms that 
are limited in capacity. Together, these processes restrict total 
absorption to a fraction of the amount ingested. Because neither 
the small intestine nor colon can maintain an osmotic gradient 
with plasma, unabsorbed ions (and their counter ions) remain 
in the intestinal lumen and obligate retention of water to main- 
tain an intraluminal osmolality equal to that of body fluids (£290 
mOsm/kg). Therefore, about 3.5 mL of water (1000 mL/kg + 
290 mOsm/kg) are retained for every 1 mOsm of retained ions or 
molecules (see Chapter 101).!?-!5 

Sugars and sugar alcohols are the other major category of 
substances that cause osmotic diarrhea.!> Monosaccharides— 
but not disaccharides—can be absorbed intact across the apical 
membrane of the intestine. When disaccharides like sucrose and 
lactose are ingested, absence of the appropriate disaccharidase 
will preclude hydrolysis of the disaccharide and absorption of its 
component monosaccharides (see Chapters 102 and 104). The 
most common clinical syndrome of disaccharidase deficiency is 
acquired lactase deficiency, which accounts for lactose intoler- 
ance in many adults.!° Lactase is present in the brush border of 
the small intestine of most juvenile mammals but is down-regu- 
lated in adult mammals, including 70% of adult humans.!’ The 
main exceptions are persons from the northern European gene 
pool and some areas of Africa, who typically maintain lactase 
activity into adult life due to mutations in the promoter region 
of the gene.!*:!° Lactase activity often falls with age even in these 
groups, however. Congenital deficiency of lactase is rare and 
seems to be the result of a mutation in a gene distinct from that 
for lactase-phlorizin hydrolase (the gene affected in adult lactase 
deficiency). Acquired deficiencies also may be associated with 
mucosal diseases of the upper small intestine, such as celiac dis- 
ease. Congenital sucrase and trehalase deficiencies are rare and 
prevent adequate digestion of sucrose (table sugar) and trehalose 
(a disaccharide found in mushrooms and lobsters and used as 
an additive in processed foods), respectively. Lactulose is a syn- 
thetic disaccharide that cannot be hydrolyzed by human disac- 
charidases; it causes an osmotic diarrhea when given in sufficient 
quantity.2! The spectrum of foods that potentially contribute to 
osmotic diarrhea has been expanded with the recognition of a 
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group of foods containing poorly absorbed, fermentable oligo- 
saccharides, disaccharides, monosaccharides, and polyols (FOD- 
MAPS) (see later). 

The essential characteristic of osmotic diarrhea is that it 
resolves with fasting or cessation of ingestion of the offending 
substance. This characteristic has been used clinically to differ- 
entiate osmotic diarrhea from secretory diarrhea, which typically 
continues with fasting. Electrolyte absorption is not impaired in 
osmotic diarrhea, and electrolyte concentrations in stool water 
are usually low.13-15 


Secretory Diarrhea 


Secretory diarrhea has many causes. The mechanism of this type 
of diarrhea is net secretion of anions (chloride or bicarbonate), 
net secretion of potassium, or net inhibition of sodium absorp- 
tion.” The stimuli for altered electrolyte transport arise from 
the intestinal lumen, subepithelial space, or systemic circulation 
and substantially alter the messenger systems that regulate ion 
transport pathways. In rare cases, congenital absence of a spe- 
cific transport molecule limits sodium or chloride absorption and 
results in diarrhea; in others, lack of adequate absorptive surface 
area critically limits electrolyte, particularly sodium, absorption. 

‘The most common cause of secretory diarrhea is infection.” 
Enterotoxins from various infectious agents (primarily bacteria, 
but also parasites and viruses) interact with receptors that modu- 
late intestinal transport and lead to increased anion secretion. For 
example, Escherichia coli heat-stable enterotoxin interacts with the 
guanylate cyclase C receptor on the luminal surface of the entero- 
cyte that normally mediates the effect of guanylin, a luminally 
released peptide hormone that stimulates chloride secretion via 
the CFTR.** In addition to stimulating secretion, enterotox- 
ins may block specific absorptive pathways. Many enterotoxins 
inhibit Na*-H* exchange in the small intestine and colon, thereby 
blocking one of the important driving forces for electrolyte and 
fluid absorption.’* 

Peptides produced by endocrine tumors (e.g., vasoactive intes- 
tinal peptide) cause secretory diarrhea by stimulating secretion by 
epithelial cells, as do peptides released from subepithelial neurons 
and inflammatory cells (see Chapters 4 and 34).*>° Neurotrans- 
mitters like acetylcholine or serotonin (5-hydroxytryptamine) 
and other modulators like histamine and inflammatory cytokines 
also are potent secretory stimuli.” ”?8 Most of these endogenous 
regulators of intestinal transport elicit diarrhea by altering intra- 
cellular messengers, such as cyclic adenosine monophosphate 
(cAMP), cyclic guanosine monophosphate, and calcium, that 
control specific transport pathways.??> Peptides and other regu- 
lators also may affect synthesis, localization, and degradation of 
individual transport proteins. Exogenous agents such as drugs 
and some poisons lead to secretory diarrhea, presumably by inter- 
acting with intracellular regulators or intracellular messengers of 
the enterocytes. 

Genetic mutations may result in the absence or disruption of 
specific absorptive pathways and may cause diarrhea. For exam- 
ple, rare congenital syndromes (e.g., congenital chloridorrhea, 
congenital sodium diarrhea) are caused by the absence of specific 
transport molecules.?® In chloridorrhea, the down-regulated 
in adenoma (DRA) protein and Cl—HCO,- exchange in the 
ileum and colon are defective, thereby transforming chloride 
into a poorly absorbed ion. Diarrhea resulting from chloridor- 
rhea can be reduced by limiting oral chloride intake or chloride 
secretion or by stimulating chloride absorption in the colon by 
enhancing short-chain fatty acid absorption.*! Reduced activity 
of the sodium-proton exchanger 3 is responsible for congenital 
sodium diarrhea.” Another familial diarrhea syndrome is due 
to a mutation in the guanylate cyclase C receptor that mark- 
edly increases production of cyclic guanosine monophosphate 
in enterocytes.*? 


For intestinal fluid and electrolyte absorption to be complete, 
the intestine must have an adequate surface area and adequate 
contact time with luminal contents. Substantial loss of surface 
area, as in celiac disease or IBD or after resective surgery, may 
compromise water absorption. Even though the reserve absorp- 
tive capacity in the small intestine and colon is large, sufficiently 
long surgical resections inevitably cause diarrhea. In some cases, 
the problem is temporary because, over time, the intestine may 
improve its capacity for absorption by the process of adapta- 
tion.*+?5 Such compensation is impossible following resection of 
certain segments of the intestine with highly specific absorptive 
functions that simply cannot be assumed by other segments of 
the bowel. For example, ileocecal resection is followed by per- 
manent inability to absorb sodium chloride against a concentra- 
tion gradient that cannot be overcome by more distal parts of the 
colon.*° Ileal resection also may lead to bile acid malabsorption, 
which can inhibit colonic water and electrolyte absorption (see 
later). 

Abnormal motility may lead to diarrhea that has both secretory 
and osmotic components.!°!! For fluid and electrolyte absorp- 
tion to be complete, the contact time between luminal contents 
and the epithelium must be sufficient to permit absorption. In 
some patients, abnormal motility produces “intestinal hurry.”>”** 
Because rapid transit prevents adequate time for absorption, diar- 
rhea results despite intact mucosal absorptive capacity.!! In some 
patients with intestinal hurry, the oral-cecal transit time may be 
as short as 10 minutes. Under such circumstances, the diarrhea 
is exacerbated by malabsorption of nutrients that produces an 
osmotic component to diarrhea. In diabetes mellitus and post- 
vagotomy diarrhea, intestinal hurry has been linked to abnor- 
mal enteric nervous system function.*? In other disorders (e.g., 
amyloidosis, postprandial diarrhea, IBS), enteric nervous system 
dysfunction is suspected but unproved.!037-404! Many endocrine 
diarrheas, such as those caused by peptide-secreting tumors or 
hyperthyroidism, may lead to diarrhea not only by affecting 
intestinal electrolyte transport but also by accelerating intestinal 
motility. 

Slow intestinal transit may lead to a secretory diarrhea by 
promoting SIBO.®#-+ Excess bacteria in the small intestine 
disrupt digestion and may alter electrolyte transport. The best 
documented example of diarrhea related to this mechanism is 
scleroderma (systemic sclerosis). Although diabetes mellitus is 
often suspected of causing diarrhea by slow transit and stasis, 
as seen in scleroderma, such a pathophysiologic mechanism is 
not always established (see Chapter 105).4%*’ Secretory diar- 
rhea sometimes develops in patients with colonic pseudo- 
obstruction due to active potassium secretion in the colon, 
possibly related to autonomic or enteric nervous dysfunction 
(see Chapter 124).48 

Evaluation of the role of intestinal motility in the pathogen- 
esis of diarrhea has been limited by the lack of tools necessary to 
measure the interactions among motility, propulsive forces, and 
transit time. Except for intestinal perfusion studies, during which 
the effect of motility on electrolyte transport is eliminated, no 
methodology exists to dissociate the effects of intestinal transport 
and motility on net absorption.!! Therefore, consensus has not 
been achieved on whether too much or too little motility causes 
diarrhea, nor on how luminal factors may alter intestinal smooth 
muscle function. 

Reduced intestinal blood flow has an important but as yet 
poorly defined role in diarrhea. Whether mesenteric isch- 
emia has a direct effect on absorption or whether low blood 
flow prompts secondary responses (e.g., via cytokines or neu- 
rotransmitters) that affect fluid transport and produce a secre- 
tory diarrhea is not clear. Radiation enteritis also produces an 
abnormal intestinal microcirculation associated with persis- 
tent diarrhea that may be difficult to treat (see Chapters 41 
and 118). 
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Fig. 16.2 ALPINES regulatory system in the intestine. The regula- 
tory system of the intestine integrates autocrine, /uminal, paracrine, 
immune, neural, and endocrine systems, and produces coordinated 
changes in mucosal and muscular function that permit adaptive 
responses to changing conditions. The regulatory system can widen 
or narrow the paracellular pathway that governs passive transmu- 
cosal permeability of electrolytes, accelerate or retard transepithelial 
transport of nutrients and electrolytes by affecting membrane channels 
and pumps, alter motility by relaxing or contracting the various muscle 
layers in the intestine, and increase or decrease mucosal blood flow, 
thereby influencing intestinal metabolism. Diarrhea may be an ap- 
propriate response to acute infection. Maladaptive responses may be 
responsible for chronic diarrhea. (Modified from Sellin JH. Functional 
anatomy, fluid and electrolyte absorption. In: Feldman M, Schiller LR, 
editors. Gastroenterology and hepatology. The comprehensive visual 
reference, vol. 7: Small intestine. Philadelphia: Current medicine; 1997. 
p 1.11.) 


Complex Diarrhea 


Although classification of diarrhea as osmotic or secretory may 
be instructive in thinking about the pathophysiology of diarrhea, 
cases of pure secretory or pure osmotic diarrhea are uncom- 
mon. Most clinically important diarrhea is complex in pathogen- 
esis, with several mechanisms involved. Causes may include the 
effects of substances released by enteric endocrine cells, cytokines 
released by local and remote immunologically reactive cells, 
activity of the enteric nervous system, and peripherally released 
peptides and hormones (autocrine, luminal, paracrine, immune, 
neural, and endocrine systems [see Chapter 4]). The occurrence 
of significant crosstalk between the epithelial cells and luminal 
contents, including bacteria, nutrients, and minerals, has become 
increasingly evident.1?°° 

Further complicating an understanding of diarrhea is the 
recognition that certain mediators affect not only epithelial or 
muscle function but also each other; enteric nerves may stimulate 
mast cells, and products released from mast cells (particularly his- 
tamine) may alter enteric neuron functions.*! A single agonist like 
prostaglandin may have multiple simultaneous effects on epithe- 
lial function, muscle contraction, and the paracellular pathway, 
thereby leading to effects on ion transport, motility, and mucosal 
permeability.*’ Therefore, a number of modulators and effectors 
contribute to the final clinical picture. A full appreciation of the 
pathophysiology of diarrhea requires consideration of a regula- 
tory system known as ALPINES (autocrine, /uminal, paracrine, 
immune, neural, and endocrine systems [Fig. 16.2]). 
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An example of the complexity of the pathophysiology of a diar- 
rheal syndrome is cholera, often cited as the paradigm of a pure 
secretory diarrhea. Cholera toxin targets the epithelial cell and 
increases the second messenger cAMP, which opens apical chlo- 
ride channels to stimulate chloride secretion and results in diar- 
rhea. However, the actual mechanism whereby cholera induces 
diarrhea is far more complex.” Cholera toxin stimulates endo- 
crine cells and neural elements that reinforce its direct secretory 
effect on enterocytes.*t In addition, cholera toxin causes distinct 
changes in intestinal motility. Other toxins produced by Vibrio 
cholerae target tight junctions and thereby alter mucosal perme- 
ability (Fig. 16.3) (see Chapter 110).°5 

Another example of dysregulation of ALPINES is IBD.*° 
Diarrhea in patients with IBD involves more than just exudation 
into the lumen as a result of destruction of the mucosa. Intact 
enterocytes are barraged by multiple secretagogues released by 
immune cells in the intestine and by bacterial toxins that may 
influence enterocyte function. Although initial models of diar- 
rhea in IBD suggested altered fluid transport driven by chloride 
secretion, subsequent studies have demonstrated that the diar- 
rhea in IBD is mediated by an anti-absorptive effect associated 
with down-regulation of sodium channels and pumps.*’>? The 
pathophysiology of diarrhea in IBD is even more complex if we 
consider the role of luminal bacteria. Bacterial proteins (e.g., fla- 
gellin) may stimulate the production of cytokines like interleukin 
(IL)-8, which further attract inflammatory cells.°° Cytokines and 
immune cells may also directly influence tight junction barrier 
function and enterocyte secretory and absorptive pathways.°!-°+ 
Conversely, epithelial cells may secrete cytokines like IL-6 that 
enhance polymorphonuclear leukocyte (neutrophil) function.® 
Inflammation may induce significant changes in motility as well 
(see Chapter 115). 

IBS is another example of a disorder with a complex patho- 
physiology. A constellation of factors, such as altered motility,'° 
bile acid malabsorption,“° and compromised rectal reservoir 
capacity,°’ may aggravate symptoms in patients with IBS. At a 
more fundamental level, alterations in mast cell or enterochro- 
maffin cell number, serotonin content, and serotonin reuptake 
and transport may contribute to the development of diarrhea (see 
Chapter 122).68-76 

Complex pathophysiology may also be observed in malabsorp- 
tion syndromes and functional disorders, particularly those char- 
acterized by rapid transit. Failure to absorb carbohydrates may 
lead to osmotic diarrhea, but failure to absorb long-chain fatty 
acids may complicate matters by impairing electrolyte absorp- 
tion by the colon.!*7! Common postprandial functional diarrhea 
probably involves an interplay between motility and transport 
functions. Diarrhea caused by food allergy also involves activa- 
tion of immunologic, paracrine, and neural mechanisms that 
regulate vascular permeability, electrolyte transport, and motility 
(see Chapters 10 and 101).” 


CLINICAL CLASSIFICATION 


Diarrhea can be classified in several ways: time course (acute vs. 
chronic), volume (large vs. small), pathophysiology (secretory vs. 
osmotic), stool characteristics (watery vs. fatty vs. inflammatory), 
and epidemiology.’ For the clinician, classification is useful only 
if it delineates a diagnostic and management approach in a given 
patient. In this regard, no single scheme is perfect; the experi- 
enced physician uses all these classifications to facilitate patient 
care. 


Acute Versus Chronic Diarrhea 


The time course of diarrhea can help direct management. Acute 
diarrhea (<4 weeks) is usually caused by an infection, which is 
generally self-limited or easily treated.” Most common bacte- 
rial and viral causes of diarrhea run their courses within 7 days. 
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Fig. 16.3 Pathophysiology of cholera. Vibrio cholerae produces several toxins that interact with adenylate 
cyclase in the enterocyte and several elements of the regulatory system of the intestine, including enteric neu- 
rons and enterochromaffin (EC) cells, to produce a secretory state and voluminous diarrhea. In addition to the 
classic enterotoxin, cholera toxin (CT), the bacterium produces zona occludens toxin (ZOT), which increases 
the permeability of the tight junction between enterocytes and accessory cholera enterotoxin (ACE), which has 
unclear effects on enterocytes. In addition to cyclic adenosine monophosphate (cAMP) generated by adenylate 
cyclase in response to CT, secretory stimuli include prostaglandin (PG), serotonin (6HT), and vasoactive intesti- 
nal polypeptide (V/P) released by macrophages, EC cells, and enteric neurons. CT has been shown to activate 


adenylate cyclase on the basolateral membrane of the cell in experiments in which the transcellular transport 
of CT to the basolateral membrane was inhibited by Brefeldin A (jagged arrow). (From Sellin JH. Functional 
anatomy, fluid and electrolyte absorption. In: Feldman M, Schiller LR, editors. Gastroenterology and hepatol- 


ogy. The comprehensive visual reference, vol. 7: Small intestine. Philadelphia: Current medicine; 1997. p 1.14.) 


Persistence of an acute diarrheal episode beyond 7 days makes 
the possibility of a protozoal cause—such as giardiasis or crypto- 
sporidiosis—more likely.’”+ Although few infectious agents (e.g., 
Aeromonas or Yersinia spp.) cause prolonged diarrhea in an immu- 
nocompetent person, chronic diarrhea is usually not caused by 
an infectious agent. Therefore, when confronted with a patient 
with chronic diarrhea, the clinician must consider noninfectious 
causes first. 


Large-Volume Versus Small-Volume Diarrhea 


Differentiation of the cause of diarrhea by the volume of indi- 
vidual stools (rather than total daily stool output) rests on the 
premise that the normal rectosigmoid colon functions as a stor- 
age reservoir. When that reservoir capacity is compromised by 
an inflammatory or motility disorder involving the left colon, 
frequent small-volume bowel movements ensue. If the source of 
diarrhea is in the right colon or small bowel and if the recto- 
sigmoid reservoir is intact, individual bowel movements are less 
frequent and larger. Frequent, small, painful stools may point to 
a distal colonic site of pathology, whereas painless large-volume 


stools suggest a right colonic or small bowel source. Although 
patients have difficulty quantifying stool volume accurately, the 
distinction between small- and large-volume stools may guide 
further diagnostic studies. 

Daily total stool output may also provide hints about the cause. 
IBS often results in normal or only slightly elevated 24-hour stool 
weights, whereas diarrhea of other causes may produce greater 
stool weights. Stool weight sometimes can be estimated by the 
patient’s history; patients with diarrhea that produces dehydra- 
tion (in the absence of vomiting or limited oral intake) typically 
have stool weights over 1000 g and are less likely to have IBS. 


Osmotic Versus Secretory Diarrhea 


Distinguishing diarrhea due to intestinal malabsorption of 
ingested nonelectrolytes (osmotic diarrhea) from diarrhea due 
to malabsorption or secretion of electrolytes (secretory diarrhea) 
helps separate the small number of cases of osmotic diarrhea from 
the much larger number of cases of secretory diarrhea. This dis- 
tinction is based on the measurement of stool electrolyte concen- 
trations and calculation of the fecal osmotic gap.!* In secretory 


BOX 16.1 Likely Causes of Diarrhea in Well-Defined Patient 
Groups or Settings 


TRAVELERS 
Bacterial infection (mostly acute) 
Protozoal infections (e.g., amebiasis, giardiasis) 
Tropical sprue 
EPIDEMICS AND OUTBREAKS 
Bacterial infection 
Epidemic idiopathic secretory diarrhea (e.g., Brainerd diarrhea) 
Protozoal infection (e.g., cryptosporidiosis) 
Viral infection (e.g., rotavirus, COVID-19*) 
PATIENTS WITH DIABETES MELLITUS 
Altered motility (increased or decreased) 
Associated diseases 

Celiac disease 


Pancreatic exocrine insufficiency 
SIBO 
Drug side effects (especially acarbose, metformin) 


PATIENTS WITH AIDS 


Drug side effects 

Lymphoma 

Opportunistic infections (e.g., cryptosporidiosis, CMV, HSV, Myco- 
bacterium avium complex) 

INSTITUTIONALIZED AND HOSPITALIZED PATIENTS 

Clostridioides difficile toxin—mediated colitis 

Drug side effects 

Fecal impaction with overflow diarrhea 

Ischemic colitis 

Tube feeding 


*Coronavirus disease 


diarrheas, sodium, potassium, and accompanying anions account 
almost entirely for stool osmolality, whereas in osmotic diarrheas, 
poorly absorbable solutes within the intestinal lumen account for 
much of the osmotic activity of stool water (see later). While on a 
sound pathophysiological basis, the clinical value of this distinc- 
tion has not been proven prospectively. 


Watery Versus Fatty Versus Inflammatory Diarrhea 


By characterizing stools as watery, fatty, or inflammatory with 
simple stool tests, evaluation of the patient with chronic diar- 
rhea can be expedited by limiting the number of conditions that 
must be considered in the differential diagnosis.’ Watery diar- 
rhea implies either secretory or osmotic diarrhea. Fatty diarrhea 
implies defective absorption of fat and perhaps other nutrients in 
the small intestine. Inflammatory diarrhea implies the presence 
of one of a limited number of inflammatory or neoplastic diseases 
involving the GI tract. 


Epidemiologic Features 


One of the most useful clinical approaches to narrowing the dif- 
ferential diagnosis is to relate diarrhea to its setting. A soccer 
mom and a backpacker from Nepal could conceivably have the 
same cause of diarrhea but are more likely to have different eti- 
ologies. Some common clinical scenarios and the diagnoses that 
should be considered are shown in Box 16.1. 


DIFFERENTIAL DIAGNOSIS 


Many GI and systemic diseases can present with diarrhea. To 
facilitate the differential diagnosis, the clinician first should 


CHAPTER 16 Diarrhea 209 


divide diarrheal diseases into acute and chronic, and then subdi- 
vide chronic diarrhea by stool characteristics—watery, inflamma- 
tory, and fatty (Box 16.2). 

Acute diarrhea is defined as lasting less than 4 weeks, although 
many cases last fewer than 4 days.” The usual cause is infection by 
bacteria, viruses, protozoa, or multicellular parasites (Box 16.3). 
Acute diarrhea also can be caused by food poisoning, food aller- 
gies, and medications. Diseases that lead to chronic diarrhea may 
present with an acute onset and therefore must be considered 
when acute diarrhea becomes persistent. 

Chronic watery diarrhea may be caused by ingestion of poorly 
absorbed, osmotically active substances (osmotic diarrhea) or, more 
commonly, conditions that cause secretory diarrhea. Ingestion of 
any of a limited number of osmotic agents, such as magnesium, 
phosphate, and sulfate laxatives or poorly absorbed carbohydrates, 
causes osmotic diarrhea. By contrast, chronic secretory diarrhea, in 
which electrolyte malabsorption leads to fluid retention within the 
lumen, is associated with many clinical conditions (see Box 16.2). 

Although IBD typically produces diarrhea characterized by 
the presence of blood and pus, other inflammatory diseases with- 
out ulceration (e.g., microscopic colitis) may cause diarrhea with 
the characteristics of chronic secretory diarrhea. Diarrhea in such 
cases is mediated by secretion of cytokines and other inflamma- 
tory mediators (see Chapter 128). 

Chronic watery diarrhea can also be caused by ingestion of 
drugs or poisons (Box 16.4).”°-’? Identifying drugs as the cause 
of diarrhea depends on recognizing that the initiation of drug 
ingestion and the onset of diarrhea occurred coincidentally, 
but such a temporal correlation is not always easy to identify 
and requires a detailed and carefully taken history. The patho- 
physiology of drug-induced diarrhea is complex and has not 
been well studied. Some drugs may activate specific receptors 
and transporters; for example, caffeine, like theophylline, may 
increase intracellular cAMP activity and fluid secretion, as can 
be seen clinically in cases of what has been called “Starbucks 
diarrhea.” Erythromycin interacts with the motilin receptor, 
thereby stimulating propulsive motor activity in the GI tract. 
Other antibiotics may alter the bacterial flora in the colon 
and lead to impaired colonic salvage of malabsorbed carbohy- 
drate or overgrowth of toxin-producing Clostridioides difficile. 
Some drugs (e.g., cocaine) may interfere with blood flow to 
the intestine. Chemotherapeutic agents are associated with a 
high frequency of diarrhea, which may result from disruption 
of the delicate balance between enterocyte proliferation and 
apoptosis, leading to what has been termed an apoptotic enter- 
opathy (see Chapter 36). A diverse group of drugs (e.g., aspi- 
rin, mycophenolate mofetil, gold) can incite an inflammatory 
process in the intestine that may cause diarrhea. Olmesartan 
can cause a sprue-like enteropathy (see Chapter 107).’? The 
problem of detecting drug-induced diarrhea is more difficult 
in patients with surreptitious laxative abuse; these patients 
deliberately conceal vital information about the cause of their 
problem (see later).”° 

Another category of chronic watery diarrhea involves disor- 
dered motility or dysregulation of intestinal function. Problems 
such as postvagotomy diarrhea, postsympathectomy diarrhea, 
diabetic autonomic neuropathy, amyloidosis, and probably diar- 
rhea-predominant IBS belong in this category. In these situations, 
diarrhea has the characteristics of a secretory diarrhea secondary 
to primary dysregulation of electrolyte transport or altered motil- 
ity that speeds luminal fluid past absorptive sites in the intestine 
(see Chapters 37, 53, and 122). 

Another large category of watery diarrhea is diarrhea caused 
by endocrine dysfunction. Relatively common endocrine distur- 
bances like hyperthyroidism and Addison disease can be com- 
plicated by chronic secretory diarrhea. Much rarer endocrine 
tumors also produce diarrhea, typically by altering electrolyte 
absorption or speeding intestinal transit. The rarity of these 
tumors makes the pretest probability of finding these conditions 
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BOX 16.2 Differential Diagnosis of Diarrhea 


ACUTE DIARRHEA 


Infection (see Box 16.3) 
Bacteria 
Parasites 
Protozoa 
Viruses 
Food allergies 
Food poisoning 
Medications 
Initial presentation of chronic diarrhea 


CHRONIC DIARRHEA 
Watery 


Osmotic diarrhea 
Carbohydrate malabsorption 
Osmotic laxatives (e.g., Mg?*, PO,8-, S0427) 
Secretory diarrhea 
Bacterial toxins 
Congenital syndromes (e.g., congenital chloridorrhea) 
Disordered motility, regulation 
Diabetic autonomic neuropathy 
IBS 
Postsympathectomy diarrhea 
Postvagotomy diarrhea 
Diverticulitis 
Endocrinopathies 
Addison disease 
Carcinoid syndrome 
Gastrinoma 
Hyperthyroidism 
Mastocytosis 
Medullary carcinoma of the thyroid 
Pheochromocytoma 
Somatostatinoma 
VIPoma 
Idiopathic secretory diarrhea 
Epidemic secretory (Brainerd) diarrhea 
Sporadic idiopathic secretory diarrhea 
lleal bile acid malabsorption 


BOX 16.3 Infections that Cause Diarrhea 


BACTERIA 


Aeromonas spp. 

Campylobacter spp. 

Clostridioides difficile 

Escherichia coli (enterotoxigenic, enteroinvasive, enterohemor- 
rhagic) 

Mycobacterium tuberculosis 

Plesiomonas spp. 

Salmonella spp. 

Shigella spp. 

Yersinia spp. 


VIRUSES 


Adenovirus 

CMV 

Norovirus 

Rotavirus 

PARASITES, PROTOZOA, AND FUNGI 
Cryptosporidium spp. 

Cyclospora spp. 

Entamoeba histolytica 

Giardia lamblia 

Microsporidia spp. 


IBD 
Crohn disease 
UC 
Laxative abuse (stimulant laxatives) 
Medications and toxins (see Box 16.4) 
Microscopic colitis 
Collagenous colitis 
Lymphocytic colitis 
Neoplasia 
Colon carcinoma 
Lymphoma 
Villous adenoma in rectum 
Vasculitis 
Fatty 
Malabsorption syndromes 
Mesenteric ischemia 
Mucosal diseases (e.g., celiac disease, Whipple disease) 
Short bowel syndrome 
SIBO 
Maldigestion 
Inadequate luminal bile acid concentration 
Pancreatic exocrine insufficiency 
Inflammatory 
Diverticulitis 
Infectious diseases 
Invasive bacterial infections (e.g., tuberculosis, yersiniosis) 
Invasive parasitic infections (¢.g., amebiasis, strongyloidiasis) 
Pseudomembranous colitis (Clostridioides difficile infection) 
Ulcerating viral infections (e.g., CMV, HSV) 
IBD 
Crohn disease 
UC 
Ulcerative jejunoileitis 
Ischemic colitis 
Neoplasia 
Colon cancer 
Lymphoma 
Radiation colitis 


BOX 16.4 Medications and Toxins Associated with Diarrhea 


Acid-reducing agents (e.g., H»RAs, PPIs) 

Antacids (e.g., those that contain magnesium) 
Antiarrhythmics (e.g., quinidine) 

Antibiotics (most) 

Anti-inflammatory agents (e.g., 5-aminosalicylates, gold salts, 
ixekizumab, NSAIDs) 

Antihypertensives (e.g., B-adrenergic receptor blocking drugs, 
olmesartan) 

Antineoplastic agents (many) 

Immune checkpoint inhibitors (e.g., nivolumab, pembrolizumab) 
Antiretroviral agents 

Colchicine 

Heavy metals 

Herbal products 

Prostaglandin analogs (e.g., misoprostol) 

Theophylline 

Vitamin and mineral supplements 


low, especially in the absence of liver metastases, so screening 
tests are often falsely positive (see later and Chapters 34 and 37). 

Other tumors cause watery diarrhea by obstructing bowel, 
blocking lymphatic drainage, interfering with absorption, or 
causing electrolyte secretion. Examples of such conditions 
include colon carcinoma (bowel obstruction), lymphoma (lym- 
phatic obstruction in the small bowel and mesentery), and vil- 
lous adenomas of the rectum (secretion of a large amount of 
potassium-rich gelatinous fluid into the lumen). Villous adeno- 
mas found more proximally in the colon rarely cause this type of 
diarrhea (see Chapters 32, 126, and 127). 

The last category of chronic watery diarrhea is idiopathic 
secretory diarrhea. This rubric includes 2 entities: epidemic 
secretory diarrhea (also known as Brainerd diarrhea) and sporadic 
idiopathic secretory diarrhea. Both disorders are protracted but 
self-limited conditions (see later).°°.*! 

Chronic inflammatory diarrhea is the designation for a diverse 
group of infectious or idiopathic inflammatory and neoplastic 
processes. Stools are characterized by the presence of mucus and 
pus and are usually associated with ulceration of the mucosa. Idio- 
pathic IBD, including UC and Crohn disease, typically produces 
such stools. Less commonly, other inflammatory conditions 
such as diverticulitis or ulcerative jejunoileitis may be associated 
with blood or pus in the stool, as may infectious diseases that are 
invasive or ulcerating. Infections that cause chronic inflamma- 
tory diarrhea include bacterial infections (e.g., tuberculosis, yer- 
siniosis, C. difficile-associated colitis), viral infections that ulcerate 
(e.g., CMV, HSV), and invasive parasitic infections (e.g., stron- 
gyloidiasis). In immunocompromised persons, a broader range of 
infectious agents should be considered.** Noninfectious diseases 
that cause chronic inflammatory diarrhea include ischemic colitis 
and neoplasms (e.g., colon cancer, lymphoma) that are compli- 
cated by ulceration of the mucosa (see Chapters 32, 110 to 115, 
118, 119, 121, and 127). 

Chronic fatty diarrhea results from malabsorption or mal- 
digestion. Malabsorption syndromes caused by mucosal dis- 
eases—most commonly celiac disease but also rare entities such as 
Whipple disease—typically produce fatty diarrhea. Short bowel 
syndrome or post-resection diarrhea can also present with this 
pattern, although if the resection is relatively limited, the diarrhea 
may be watery secondary to nutrient or bile acid malabsorption. 
SIBO causes steatorrhea by deconjugation of bile acids. Mesen- 
teric ischemia affecting the small intestine may impair intestinal 
absorption of fat, but weight loss is more often due to sitophobia 
(“fear of eating”) secondary to postprandial pain. Maldigestion 
due to pancreatic exocrine insufficiency or inadequate duodenal 
bile acid concentration produces steatorrhea. Although fatty, the 
stools may not be very loose in maldigestive conditions, because 
in the absence of fat digestion, triglycerides remain intact and 
have little effect on colonic electrolyte absorption. By contrast, 
malabsorption in the presence of normal digestion may produce 
fairly voluminous diarrhea because of the cathartic action of free 
fatty acids in the colon (see Chapters 59, 104 to 109, and 118).*? 


EVALUATION 
History 


A carefully taken medical history is crucial to evaluating a patient 
presenting with diarrhea. A checklist for findings in the history is 
provided in Box 16.5. An essential feature is the duration of symp- 
toms. Patients with acute diarrhea (<4 weeks in duration) should 
be distinguished from those with chronic diarrhea, in whom the 
differential diagnosis is much broader. The severity of the diarrhea 
should be ascertained. Stool frequency is the easiest characteristic 
of diarrhea for patients to define but does not necessarily corre- 
late with stool weight; some persons pass small amounts of stool 
frequently, but others have less frequent and more voluminous 
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BOX 16.5 Historical Features to Consider in Patients 
Presenting with Diarrhea 


Duration: acute (<4 weeks) vs. chronic (=4 weeks) 

Onset: congenital, abrupt, gradual 

Pattern: continuous, intermittent 

Epidemiology (see Box 16.1) 

latrogenic factors: drugs (see Box 16.4), radiation, surgery 

Factitious diarrhea (see Table 16.7) 

Systemic diseases: endocrine, collagen vascular, neoplastic, immu- 
nologic 

Stool appearance: bloody, fatty, watery 

Fecal incontinence: present, absent 

Abdominal pain: location, relation to meals or bowel movements, 
aggravating and relieving factors 

Weight loss 

Aggravating factors: diet, stress 

Alleviating factors: diet, over-the-counter drugs, prescription drugs 

Previous evaluation 


evacuations. Patients have a poor notion of stool volume, but 
symptoms such as dry mouth, increased thirst, decreased urine out- 
put, and weakness suggest dehydration resulting from a high stool 
output. Acute weight loss is also a good marker of severity. Chronic 
weight loss may suggest intestinal malabsorption or a serious con- 
stitutional process like malignancy, IBD, or hyperthyroidism. 

Stool characteristics are also important. Blood in the stool 
signals the possibility of malignancy or IBD, although it is often 
caused by hemorrhoids in patients with frequent evacuations. In 
patients with acute infectious diarrhea, visible blood in the stool is 
highly specific for infection with an invasive organism.*+ Watery 
stools suggest an osmotic or secretory process, and the presence of 
oil or food particles is suggestive of malabsorption, maldigestion, 
or intestinal hurry. The phenomenon of floating stools generally 
represents an increase in the gas content rather than the fat con- 
tent of stools. The physician should also ask about the relation- 
ship of defecation to meals or fasting, passage of stool during the 
day versus the night, and presence of fecal urgency or inconti- 
nence. Urgency and incontinence are not indicative of volumi- 
nous diarrhea but suggest a problem with rectal compliance or the 
muscles regulating continence. Nocturnal diarrhea that awakens 
the patient from sleep strongly suggests an organic rather than a 
functional disorder such as IBS. Other coexisting symptoms like 
abdominal pain, flatulence, bloating or gaseous distention, cramps, 
fever, and weight loss should be noted. Excessive flatus or bloating 
suggests increased fermentation of carbohydrate by colonic bacte- 
ria as a result of the ingestion of poorly absorbable carbohydrate 
or malabsorption of carbohydrate by the small intestine. 

Because iatrogenic causes of diarrhea (e.g., drugs, previous 
surgery, radiation therapy) are common, the health care provider 
should explore the history for prior abdominal surgeries and 
ingestion of prescription drugs and over-the-counter remedies, 
including nutritional and herbal therapies. 

Specific foods and diets are often incriminated as causes of 
diarrhea, some with good evidence and others less so.®® °° A care- 
ful dietary history, therefore, is important, particularly in patients 
with chronic diarrhea. Patients frequently are concerned about 
how diet may be precipitating or exacerbating symptoms.*’ In 
assessing these associations with foods, one must consider the fol- 
lowing: (1) substances that in excess quantities cause diarrhea in 
an otherwise normal gut (e.g., fructose); (2) foods that cause diar- 
rhea because of an underlying condition (e.g., dairy products in 
lactase deficiency); (3) GI diseases that limit digestion or absorp- 
tion of nutrients (e.g., short bowel syndrome, exocrine pancreatic 
insufficiency); (4) idiosyncratic food intolerances; and (5) true 
food allergies. 
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Food diaries that record the time and amount of food inges- 
tion and the onset of symptoms may aid in the identification of 
a dietary cause of diarrhea. Symptoms typically develop several 
hours after ingestion and may vary depending on the types of 
food and the total amount of poorly absorbed carbohydrate 
ingested concurrently (see later). Epidemiologic clues should 
also be pursued (see Box 16.1). Recent foreign travel, particu- 
larly to undeveloped countries, makes the diagnosis of travelers’ 
diarrhea likely. The globalization of commerce has increased the 
frequency of once exotic infections in those without grossly obvi- 
ous exposures.®® The physician should also consider whether the 
patient lives in a rural or urban environment, the source of the 
patient’s drinking water, and the patient’s occupation, sexual ori- 
entation, and use of alcohol or illicit drugs. Potential secondary 
gains from illness or a history of attempted weight loss and fixa- 
tion on body image should raise the possibility of laxative abuse 
(see later). 

The patient’s history is essential in differentiating patients 
with IBS from those with other functional disorders or organic 
conditions that cause diarrhea. Current definitions of IBS empha- 
size the presence of abdominal pain associated with a change in 
defecation (frequency or consistency).*? The Rome IV Consen- 
sus Committee no longer considers abdominal discomfort as a 
criterion for IBS; IBS patients must report actual pain. Additional 
factors that suggest a diagnosis of IBS include a long history that 
usually extends back to adolescence or young adulthood, passage 
of mucus, and exacerbation of symptoms by stress. These features 
identify patients who are unlikely to have structural GI disease, 
such as Crohn disease or cancer. Factors that argue against a diag- 
nosis of IBS and in favor of further diagnostic testing include the 
recent onset of diarrhea, especially in older patients, diarrhea that 
awakens the patient from sleep, weight loss, the presence of blood 
in the stool, and stool weights over 400 to 500 g daily. Abnormal 
laboratory test results, such as a low hemoglobin level, low serum 
albumin concentration, high erythrocyte sedimentation rate, or 
high fecal calprotectin concentration also argue against a diag- 
nosis of IBS (see Chapter 122). Not everyone with “abdominal 
pain and diarrhea” has IBS; a nuanced history can help identify 
those with food or carbohydrate intolerance (diet and symptom 
diary, prominent bloating and gaseousness), SIBO (bloating and 
gaseousness), bile acid diarrhea (which may produce diarrhea 
predominantly in the morning), and iatrogenic diarrhea (history 
of potentially causative drug use, surgery, or radiation therapy). 
These nuances are not always considered in published studies or 
in the clinic. 


Physical Examination 


Physical findings are usually more useful in determining the 
severity of diarrhea than in determining its cause. The patient’s 
volume status can be assessed by looking for orthostatic changes 
in blood pressure and pulse. Fever and other signs of toxicity 
should be noted. A careful abdominal examination is important, 
with particular attention to the presence or absence of bowel 
sounds, abdominal distention, localized or generalized tender- 
ness, masses, and an enlarged liver. Rarely, the physical examina- 
tion may provide more direct evidence of the cause of diarrhea. 
Characteristic physical findings that should be sought are listed 
in Table 16.2. 


Acute Diarrhea 


Most cases of acute diarrhea are caused by infectious diseases 
that have a limited course (a few days to a few weeks) and do not 
require a physician’s intervention unless the patient’s immune 
system is compromised or the patient experiences complications 
of volume depletion or other evidence of severe toxicity, includ- 
ing inability to ingest fluid, frequent vomiting, and debilitating 


TABLE 16.2 Potential Implications of Physical Findings in Patients with 


Chronic Diarrhea 


Finding 


Potential Implication 


Orthostasis, hypotension 
Muscle wasting, edema 


Urticaria pigmentosa, 
dermatographism 


Pinch purpura, macroglossia 
Hyperpigmentation 

Migratory necrotizing erythema 
Flushing 

Malignant atrophic papulosis 
Dermatitis herpetiformis 

Thyroid nodule, lymphadenopathy 


Tremor, lid lag 
Oculomasticatory myorhythmia 


Right-sided heart murmur, 
wheezing 


Hepatomegaly 
Abdominal bruit 

Arthritis 
Lymphadenopathy 

Anal sphincter weakness 


Dehydration, neuropathy 
Malnutrition 


Mast cell disease (mastocytosis) 


Amyloidosis 

Addison disease 

Glucagonoma 

Carcinoid syndrome 
Kohlmeier-Degos disease 

Celiac disease 

Medullary carcinoma of the thyroid 
Hyperthyroidism 

Whipple disease 


Carcinoid syndrome 


Endocrine tumor, amyloidosis 
Chronic mesenteric ischemia 
IBD, yersiniosis, Whipple disease 
HIV infection, lymphoma, cancer 
Fecal incontinence 


From Schiller LR, Pardi DS, Spiller R, et al. Gastro 2013 APDW/WCOG 
Shanghai Working Party Report. Chronic diarrhea: definition, classifica- 
tion, diagnosis. J Gastroenterol Hepatol 2014;29:6-25. 


muscle or joint pain.” When these complications are present or 
when the diarrhea has persisted for more than a few days, a more 
comprehensive evaluation is warranted. A CBC should be done 
to look for anemia, hemoconcentration, or an abnormal WBC 
count. Patients with a viral cause of diarrhea usually have normal 
WEC and differential counts or lymphocytosis, but those with 
bacterial infections—particularly those caused by organisms that 
invade the intestinal mucosa—have leukocytosis with an excess of 
immature WBCs. Neutropenia, however, can occur in patients 
with salmonellosis. Measurements of serum electrolyte concen- 
trations and blood urea nitrogen and serum creatinine levels can 
be used to assess the extent of fluid and electrolyte depletion and 
its effect on kidney function. 

Stool samples should be examined for WBCs to identify 
inflammatory diarrhea.” The traditional method for detecting 
WECs in stool is microscopy with Wright stain. Test accuracy 
depends on the freshness of the sample and experience and skill of 
the observer; false-positive and false-negative results are common. 
Tests for the neutrophil products calprotectin and lactoferrin are 
sensitive and specific for detecting neutrophils in stool and are a 
useful alternative to microscopy.’!-” Testing for microbial causes 
of diarrhea traditionally has included conventional bacterial cul- 
tures, microscopic examination of stool for ova and parasites, and 
(rarely) viral cultures. These have been supplemented by enzyme- 
linked immunosorbent assays for giardiasis and cryptosporidiosis 
that are more accurate than microscopy.” This diagnostic strat- 
egy is being supplanted by use of culture-independent multiplex 
PCR testing for common diarrheal pathogens, a technique that is 
faster, more comprehensive, and potentially less expensive than 
traditional methods.”*.°° Testing for pathogens should be done in 
toxic patients, those admitted to the hospital with diarrhea, and 
patients with persistent acute diarrhea (lasting more than 7 days) 
(see Chapters 110 and 113). 


TABLE 16.3 Management of Acute Diarrhea Based on the Patient's 
Appearance 


Appearance of Patient Treatment and Evaluation 


Nontoxic Symptomatic therapy, rehydration 


Toxic Fluid and electrolyte repletion 

CBC 

Serum electrolytes, blood urea nitrogen, 
serum creatinine 

Stool tests: culture (if fecal leukocytes are 
present), ova and parasite examination, 
Giardia and Cryptosporidium antigens, 
Clostridioides difficile testing; and/or 
PCR multiplex panel 

Sigmoidoscopy or colonoscopy 


Patients in whom diarrhea develops in the hospital are less 
likely to have routine bacterial or protozoal infections but are 
more likely to have C. difficile infection than outpatients. With 
the increase in community-acquired C. difficile infections, this 
treatable cause of acute diarrhea should always be considered, 
even in the absence of a prior history of antibiotic use (see 
Chapter 112). 

Abdominal x-rays should be obtained in toxic-appearing 
patients to assess for colitis and evidence of ileus or megacolon. 
Proctoscopy or flexible sigmoidoscopy should also be considered 
in patients who are clearly toxic with infection, have blood in the 
stool, or have persistent acute diarrhea. Sigmoidoscopy probably 
is adequate as an early investigation in such patients with severe 
acute diarrhea. In patients with AIDS-related diarrhea, colo- 
noscopy is preferable because a substantial proportion of infec- 
tions and lymphomas may be present only in the right colon,” 
although this approach has been questioned (see Chapter 35).”° 
If sigmoidoscopy or colonoscopy is done, mucosal biopsy speci- 
mens should be obtained even if the mucosa does not appear to 
be grossly inflamed; pathologic examination can identify impor- 
tant clues to facilitate a specific diagnosis.” By contrast, biopsy 
of a normal-appearing terminal ileum is generally unhelpful. A 
checklist for evaluating patients with acute diarrhea is shown in 
Table 16.3. 


Chronic Diarrhea 


Because the differential diagnosis of chronic diarrhea is more 
extensive than that of acute diarrhea, evaluation is more com- 
plex.?:778:100-102 The clinician first should reevaluate the his- 
tory and any prior evaluations and then consider 5 possibilities: 
(1) fecal incontinence masquerading as chronic diarrhea; (2) 
iatrogenic diarrhea due to drugs, surgery, or radiation ther- 
apy; (3) chronic infection; (4) IBS with diarrhea; and (5) func- 
tional diarrhea (loose stools without pain and in the absence of 
demonstrated structural or biochemical abnormalities). The 
first possibility should be excluded with careful history tak- 
ing and a digital rectal examination. The second possibility 
can be evaluated by reviewing the patient’s medication list and 
history. The third possibility requires looking for stool patho- 
gens with traditional testing or a multiplex PCR assay (see 
earlier). The fourth and fifth possibilities—IBS with diarrhea 
and functional diarrhea—are defined by published criteria. If 
patients meet the criteria and have no alarm features, they are 
unlikely to have structural disease but may have one of the 
following 3 treatable conditions: food intolerances, bile acid 
diarrhea, or SIBO.!°° Emerging diagnostic tests or therapeu- 
tic trials with elimination diets, bile acid-binding agents, such 
as cholestyramine, or antibiotics can identify these problems 
(see later). 
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BOX 16.6 Basic Laboratory Tests to Consider in Patients 
with Chronic Diarrhea 


BLOOD TESTS 


CBC 
Comprehensive metabolic profile 
IgA tissue transglutaminase antibody, IgA level 


C-reactive protein 
STOOL TESTS 


Fecal occult blood test 

Fecal leukocytes (Wright stain) or fecal calprotectin or lactoferrin 

Bacterial culture, ova and parasite examination, and giardia and 
cryptosporidium antigens or multiplex PCR testing 

Qualitative or quantitative stool fat 


If a likely diagnosis cannot be established or if the diarrhea is 
severe, complicated, persistent, or refractory to therapy, the next 
level of evaluation involves basic laboratory tests, imaging, and 
colonoscopy. Laboratory tests recommended at this point in the 
evaluation are shown in Box 16.6. These tests focus on identify- 
ing complicating features such as anemia or hypoalbuminemia, 
systemic diseases, celiac disease, inflammatory conditions, and 
steatorrhea. Tests for inflammation-associated diarrhea include 
serum level of C-reactive protein and fecal levels of calprotec- 
tin or lactoferrin. A systematic review reported that C-reactive 
protein detected inflammation-associated diarrhea with a pooled 
sensitivity of 49% and specificity of 73%, whereas fecal calprotec- 
tin identified this disorder with a pooled sensitivity of 92% and 
specificity of 82%.!° Tests for stool lactoferrin identified inflam- 
mation-associated diarrhea with a pooled sensitivity of 88% and 
specificity of 79%.!°3 Steatorrhea can be detected by estimating 
fecal fat with microscopy using a Sudan stain, which identifies 
patients with fatty diarrhea with a sensitivity of 76% and specific- 
ity of 99%. The sensitivity of detection can be increased to 94% 
and the specificity to 95% by counting and size measurement of 
fat globules, with a good correlation with quantitative fat excre- 
tion.!0+ 

Most patients with chronic diarrhea who reach this point in 
their evaluation without a diagnosis will need colonoscopy (and 
ileoscopy) with biopsies and abdominal imaging with CT or MRI 
with enterography. These tests can identify or exclude IBD, isch- 
emic bowel disease, GI tract cancer, and pancreatic disease or 
tumor. Colonoscopy has the highest diagnostic yield, leading to 
a diagnosis in up to 30% of patients referred for chronic diar- 
rhea.!°° Even if no mucosal lesions are seen, random biopsies 
should be obtained from several locations in the colon to give the 
pathologist the best chance of making a diagnosis.!°°!°7 Diseases 
in which the colonic mucosa appears normal endoscopically, but 
which can be diagnosed histologically, include microscopic coli- 
tis (lymphocytic and collagenous colitis [see later]), amyloidosis, 
granulomatous infections, and schistosomiasis (see Chapters 37, 
114, and 128). 

Although EGD often is done as part of the evaluation of 
chronic diarrhea, no studies have documented its diagnostic 
yield in the absence of markers of celiac disease or steatorrhea. 
Visualization and biopsy of the mucosa of the small bowel by 
EGD or enteroscopy can be valuable, but whether push enter- 
oscopy adds much to standard EGD for evaluating diffuse small 
bowel diseases is uncertain.!°* Diseases that can be detected by 
small intestinal biopsy include celiac disease, Crohn disease, 
giardiasis, intestinal lymphoma, eosinophilic gastroenteritis, 
tropical sprue, Whipple disease, lymphangiectasia, abetalipo- 
proteinemia, amyloidosis, mastocytosis, and various infectious 
processes (see Chapters 30 to 32, 37, 104, 107 to 110, and 112 
to 115). The role of wireless capsule endoscopy in the diagnosis 
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of diarrhea caused by small bowel disease is controversial. One 
retrospective review demonstrated a positive diagnostic yield 
of 42.9%, but most findings were of uncertain importance.!°” 
Hematochezia and hypoalbuminemia were associated with a 
higher diagnostic yield.!°” Findings can be evaluated with deep 
enteroscopy with biopsy (see Chapter 20). Guidelines for use 
of video capsule endoscopy recommend against employing this 
technique in the evaluation of chronic diarrhea unless Crohn 
disease is suspected.!!° 

If no diagnosis is apparent at this point in the evaluation, 
further chemical analysis of stool can be used to categorize the 
diarrhea as watery, inflammatory, or fatty, thereby limiting the 
number of conditions to be considered in the differential diagno- 
sis. Stool analysis can be obtained on a random sample or a timed 
(i.e., 24-, 48-, or 72-hour) stool collection. The value of analyzing 
a timed collection is that stool weight, and therefore the output 
of stool components like fat, can be measured accurately. The 
daily stool weight is perhaps the best clue to the diarrhea’s poten- 
tial impact on hydration. In the absence of a timed collection, 
however, assessment of other stool characteristics on a random, 
or “spot,” collection still provides many clues to the correct diag- 
nosis.° These assessments include stool sodium and potassium 
concentrations, stool pH, a fecal occult blood test, and an exami- 
nation of stool for white blood cells or a test for the presence 
of a surrogate marker like fecal calprotectin or lactoferrin.°°-”’ 
In appropriate circumstances, stool samples can also be analyzed 
for fat content and laxatives, including magnesium, phosphate, 
sulfate, bisacodyl, and anthraquinones (see later). 

Although stool collections are often viewed by patients and 
physicians as messy and distasteful, they usually can be done 
easily and successfully at home or in the hospital if the patient 
receives adequate instructions. Perhaps the biggest hurdle is in 
dealing with laboratories that are inexperienced or uninterested 
in stool analysis. Commercially available collection units that fit 
into a commode and allow separation of stool and urine facilitate 
the collection, as does the use of preweighed plastic or metal con- 
tainers and a small refrigerator or picnic cooler to keep the speci- 
mens cold. Patients should continue their regular activities and 
should consume a regular diet, including an intake of 80 to 100 
g of fat daily, during the collection. Keeping a diary of food and 
liquid ingested (for review by a dietician) facilitates estimation 
of the patient’s fat and calorie intake; fecal fat output should be 
adjusted for intake by calculating output as a percentage of intake 
(coefficient of fat absorption). During the collection, diagnostic 
tests that might alter stool output or composition, such as barium 
x-ray studies, should be avoided and only essential medications 
given. Any antidiarrheal medications should be withdrawn. For 
most patients with diarrhea, a 48-hour collection is sufficient. If 
stool output is not representative during that time, the collection 
can be extended. Occasionally, stool output is measured during 
fasting; if the diarrhea is caused by an ingested substance, fasting 
should abolish the diarrhea. Persistence of diarrhea during fasting 
is a criterion for secretory diarrhea. 

Measurement of stool sodium and potassium concentra- 
tions allows calculation of an osmotic gap in stool water. The 
fecal osmotic gap is calculated by subtracting twice the sum of the 
sodium and potassium concentrations from 290 mOsm/kg, the 
osmolality of stool in the body.!? (The sum of the concentrations 
is doubled to account for anions that accompany these cations.) A 
small osmotic gap (<50 mOsm/kg), which signifies that the osmo- 
lality of stool water is due mostly to incompletely absorbed elec- 
trolytes, is characteristic of secretory diarrhea (Fig. 16.4). A large 
gap (>100 mOsm/kg) is characteristic of an osmotic diarrhea, usu- 
ally resulting from ingestion of some poorly absorbed substance 
like magnesium salts or nonelectrolytes. When the sum of sodium 
and potassium concentrations doubled is higher than 290 mOsm/ 
kg, ingestion of a poorly absorbed multivalent anion (e.g., phos- 
phate, sulfate) is likely.!* The negative osmotic gap is the result of 
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Fig. 16.4 Fecal electrolytes and the fecal osmotic gap. The osmolality 
of colonic fluid and body fluids is in equilibrium and is approximately 
290 mOsm/kg. Total concentration of electrolytes, therefore, cannot ex- 
ceed 290 mmol/L. In secretory diarrhea, almost all the osmotic activity 
of colonic contents is caused by electrolytes, so the estimate of elec- 
trolyte content by the formula 2 x ([Na+] + [K+]) is approximately 290 
mmol/L. In osmotic diarrhea, electrolytes account for only a small part 
of the osmotic activity; unmeasured osmoles resulting from ingestion of 
a poorly absorbed substance account for most of the osmotic activity, 
and the calculated osmotic gap will be high. (From Schiller LR. Chronic 
diarrhea. In: McNally P, editor. Gl/liver secrets. 2nd ed. Philadelphia: 
Hanley & Belfus; 2001. p 411.) 


an excess of cations obligated by multivalent anions. Continuing 
bacterial fermentation in vitro tends to cause stool osmolality to 
rise once it has been collected,!° so measured osmolality should 
not be used to calculate the fecal osmotic gap. The actual measure- 
ment of stool osmolality is of value only in detecting samples that 
have been contaminated by the addition of water or hypotonic 
urine. Such samples have an osmolality lower than 290 mOsm/kg. 

The pH of stool water provides useful information about the 
possibility of carbohydrate malabsorption.!*:!> Carbohydrate that 
reaches the colon is promptly fermented by the bacterial flora, 
with release of CO and H; gases and short-chain fatty acids (see 
Chapter 17). As a result of fermentation, the pH is acidic, usually 
dropping to less than 6, a finding that indirectly indicates excess 
carbohydrate fermentation in the colon. 

Fecal occult blood testing and examination of stool for leu- 
kocytes allows identification of inflammatory diarrhea resulting 
from colitis or malignancy. Other diarrheal conditions that cause 
occult bleeding include lymphoma of the small intestine, celiac 
disease (fecal occult blood in 50% of cases), and refractory sprue 
(fecal occult blood in 70% of cases).!!! 

Stool fat output can be measured quantitatively by chemical 
means on a timed (48- to 72-hour) collection or estimated quali- 
tatively by use of a Sudan stain on a random specimen. Steator- 
rhea is defined as excessive loss of fat in the stool (>7 g or >9% 
of intake for 24 hours), but this definition may not be valid for 
the diagnosis of fat malabsorption or maldigestion in all patients 
with chronic diarrhea. In one study, diarrhea induced with laxa- 
tives produced mild steatorrhea in 35% of normal subjects.!!? 
In patients with diarrhea, fat excretion in the range of 7 to 14 
g/24 hours has a low specificity for the diagnosis of defective fat 
absorption, but fat excretion over 14 g/24 hours strongly indi- 
cates a problem with fat absorption.!!? 


TABLE 16.4 Implications of Stool Characteristics in Patients with 
Chronic Diarrhea 


Characteristic Implications 
STOOL WEIGHT <200 G/24 H 
No objective evidence of Change in stool frequency, intermittent 


diarrhea diarrhea, fecal incontinence, treatment 


with antidiarrheal drugs during collection 


Hyperdefecation (increased Possible IBS, proctitis, abnormal rectal 
frequency without reservoir function 
excess volume) 


Abnormal consistency Possible IBS 
(unformed to runny 


stools) 


Elevated fecal osmotic gap Presumed mild carbohydrate 
malabsorption or excess Mg intake from 
supplements 

Steatorrhea Malabsorption or maldigestion 

STOOL WEIGHT >200 G/24 H 


Secretory diarrhea without Microscopic colitis or other cause of 


steatorrhea secretory diarrhea 

Carbohydrate Ingestion of poorly absorbed 
malabsorption without carbohydrates, malabsorption 
steatorrhea 


Steatorrhea with or 
without carbohydrate 
malabsorption 


Small bowel mucosal disease, SIBO, bile 
acid deficiency, pancreatic insufficiency 


Osmotic diarrhea Ingestion of poorly absorbed ions (e.g., 
magnesium, phosphate, sulfate) or 
osmotically active polymers (e.g., 


polyethylene glycol) 


Unclassified Blood or pus suggests an inflammatory 


cause of diarrhea 


From Steffer KJ, Santa Ana CA, Cole JA, et al. The practical value of com- 
prehensive stool analysis in detecting the cause of idiopathic chronic 
diarrhea. Gastroenterol Clin North Am 2012;41:539-60. 


In patients in whom surreptitious laxative ingestion is sus- 
pected, stool water can be analyzed for laxatives by chemical or 
chromatographic methods. These tests are subject to error; if 
positive, the test for the laxative should be repeated on another 
stool sample to confirm the finding before confronting the patient 
with this discovery (see Chapter 23).!% 

Stool samples can also be assayed with a chemical test for car- 
bohydrate (anthrone reagent)!’ and for a -antitrypsin clearance 
to detect protein-losing enteropathy (see Chapter 31).!!+ These 
tests are useful only in specific situations and should not be used 
routinely for initial evaluation of a patient with chronic diarrhea. 

Once stool analysis is completed, chronic diarrhea can be 
categorized as watery (with subtypes of secretory or osmotic 
diarrhea), inflammatory, or fatty to help further differentiate its 
cause. A retrospective review of a series of stool analyses done at 
a tertiary referral center showed findings clustered into 10 groups 
that have diagnostic significance (Table 16.4).° 


Chronic Secretory Diarrhea 


Secretory diarrhea has a broad differential diagnosis (see Box 16.2), 
and a wide investigative net must be cast to identify a specific cause 
(Box 16.7). Infection should be excluded by stool culture for bacteria 
and special tests for other organisms or by multiplex PCR testing. 
The patient’s HIV status should be clarified at this point because 
patients with AIDS are more likely than others to have an infectious 
cause of chronic diarrhea (see Chapter 35).!!° Although most bacteria 
that cause diarrhea are cleared spontaneously within 4 weeks, some 


CHAPTER 16 Diarrhea 215 


BOX 16.7 Diagnostic Approach to the Patient with Chronic 
Secretory Diarrhea 


EXCLUSION OF INFECTION 

Bacterial cultures (“standard” enteric pathogens, Aeromonas, Plesi- 
omonas) 

Tests for other pathogens (microscopy for ova and parasites, Giar- 
dia and Cryptosporidium antigens, special techniques for Cy- 
clospora, coccidia, microsporidia), and/or multiplex PCR assay 


EXCLUSION OF STRUCTURAL DISEASE 


CT or MRI of abdomen and pelvis 

Sigmoidoscopy or colonoscopy with mucosal biopsies 

Small bowel mucosal biopsy and aspirate for quantitative culture 
Capsule enteroscopy 


SELECTIVE TESTING 


Plasma peptides: calcitonin, chromogranin A, gastrin, somatosta- 
tin, vasoactive intestinal polypeptide 

Urine autacoids and metabolites: histamine, 5-hydroxyindoleacetic 
acid, metanephrines 

Other tests: ACTH stimulation, immunoglobulins, serum protein 
electrophoresis, TSH 


EMPIRICAL TRIALS 


Food exclusion diets (e.g., low-FODMAP diet) 
Bile acid-binding agent 
Antibiotic for SIBO 


FODMAP. Fermentable oligo-, di-, and monosaccharides and polyols 


organisms (e.g., Aeromonas, Plesiomonas) may produce chronic diar- 
thea.!!6!!7 Special microbiological techniques are required to find 
other pathogens like coccidia and microsporidia.!!* Enzyme-linked 
immunosorbent assay testing for Giardia and Cryptosporidium 
antigens is more efficient than microscopy.” Examination of muco- 
sal biopsy specimens with PCR techniques, special stains, or elec- 
tron microscopy may be necessary to find pathogens like CMV or 
Tropheryma whippelii, the agent of Whipple disease. 

SIBO may result in secretory diarrhea, presumably caused by 
bacterial toxins, as well as fatty diarrhea caused by bile salt decon- 
jugation (see later). The glucose-hydrogen breath test (see later) 
can be used to screen for this condition, but the gold standard 
for the diagnosis of SIBO remains quantitative culture of a small 
bowel aspirate, if available (see Chapter 105).!!° Structural dis- 
eases, such as short bowel syndrome, gastrocolic or enteroenteric 
fistulas, mucosal diseases, IBD, and tumors including lympho- 
mas, should be evident by imaging and colonoscopic techniques. 

Diarrhea caused by a peptide-secreting tumor is an intellectually 
interesting form of chronic watery diarrhea that is quite rare. The 
pretest probability of having a peptide-secreting tumor in a patient 
with chronic diarrhea is so low that screening these patients with a 
panel of serum peptide levels is far more likely to produce a false- 
positive than a true-positive result.” Testing for elevated serum 
peptide levels or urinary metabolites of endocrine mediators like 
5-hydroxyindoleacetic acid, metanephrine, and histamine should 
be limited to those patients who have chronic diarrhea with symp- 
toms and signs consistent with a tumor syndrome (e.g., flushing 
or a large, hard liver in carcinoid syndrome); ulcer disease sugges- 
tive of ZES; headache, flushing, and urticaria pigmentosa in mas- 
tocytosis; or CT demonstration of a tumor.?>”° Scintigraphy using 
radiolabeled octreotide, especially combined with PET or CT, can 
also be used to identify a peptide-secreting tumor (see Chapter 34). 

More common endocrinologic diseases that cause diarrhea 
are diabetes mellitus, hyperthyroidism, and Addison disease. 
In many cases, other symptoms and signs, such as an enlarged 
thyroid or skin pigmentation characteristic of Addison disease, 
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BOX 16.8 Diagnostic Approach to the Patient with Osmotic 
Diarrhea 


Measurement of fecal osmotic gap; if elevated (>50 mosm/kg): 
Stool magnesium output 
Stool polyethylene glycol output 

Measurement of fecal osmotic gap; if negative (<O mosm/kg): 


Stool phosphorus, sulfate output 
Determination of stool pH; if <6 (consistent with carbohydrate 
malabsorption): 
Diet review 
Breath hydrogen test with lactose; mucosal lactase assay if 
available 
Measurement of stool-reducing substances; anthrone reaction 


suggest the presence of these conditions.” Blood glucose, thy- 
roid-stimulating hormone, and serum cortisol levels before and 
after injection of an ACTH analog should be measured selec- 
tively in those patients. 

Other blood tests that may be relevant in evaluating secre- 
tory diarrhea include serum protein electrophoresis and immu- 
noglobulin electrophoresis. Selective immunoglobulin A (IgA) 
deficiency may present with recurrent intestinal infections such 
as giardiasis, whereas combined variable immune deficiency can 
be associated with a variety of puzzling intestinal findings that 
sometimes mimic celiac disease.!*! 


Chronic Osmotic Diarrhea 


Osmotic diarrhea has a much more limited differential diagno- 
sis than secretory diarrhea, and its evaluation is much simpler 
(Box 16.8).!? For practical purposes, osmotic diarrhea is caused 
by 1 of the following 3 conditions: (1) ingestion of osmotic laxa- 
tives, such as magnesium salts, phosphate salts, sulfate salts, or 
polyethylene glycol; (2) consumption of poorly absorbable car- 
bohydrates; or (3) generalized malabsorption. Ingestion of other 
osmotically active substances is unusual. Fortunately, these 
conditions can be differentiated by a careful history taking and 
simple stool tests. 

Osmotic laxatives can be measured directly in stool water by 
chemical tests.!* Excretion of more than 15 mmol (30 mEq) of 
magnesium daily or concentrations in stool water of more than 
44 mmol/L (90 mEq/L) strongly suggests magnesium-induced 
diarrhea. Phosphate excretion of more than 15 mmol/day or 
concentrations of more than 33 mmol/L are suspicious for 
phosphate-induced diarrhea.!?? The laxative ingestion may be 
intentional, as in a patient with surreptitious laxative ingestion, or 
accidental, as in a patient who uses magnesium-containing antac- 
ids or mineral supplements. 

Ingestion of poorly absorbed carbohydrates or carbohydrate 
malabsorption typically leads to a low fecal pH because of bacte- 
rial fermentation in the colon. A fecal pH lower than 6 is highly 
suggestive of carbohydrate malabsorption.!*:!> More generalized 
malabsorption that involves fecal loss of amino acids and fatty 
acids in addition to carbohydrate may produce a somewhat higher 
pH (e.g., pH = 6 to 7.5). Isolated carbohydrate malabsorption 
is usually due to ingestion of a poorly absorbable carbohydrate, 
such as lactose in a person with lactase deficiency. Other com- 
mon causes include ingestion of poorly absorbed sugar alcohols 
that are used as artificial sweeteners (e.g., sorbitol, mannitol) or 
excessive ingestion of sugars with a limited absorption capacity 
(e.g., fructose). Therapeutic use of inhibitors of carbohydrate 
absorption (e.g., acarbose) may also lead to carbohydrate mal- 
absorption.!*+ Because fermentation produces not only short- 
chain fatty acids that acidify the stool but also carbon dioxide 
and hydrogen, patient complaints of gaseousness and bloating 


BOX 16.9 Diagnostic Approach to the Patient with Chronic 
Inflammatory Diarrhea 


EXCLUSION OF STRUCTURAL DISEASE 


CT or MRI of abdomen and pelvis 
Sigmoidoscopy or colonoscopy with mucosal biopsies 
Enteroscopy with mucosal biopsies 

EXCLUSION OF TUBERCULOSIS, PARASITES, AND VIRUSES 


are clinical clues to the presence of carbohydrate malabsorption, 
although these symptoms are fairly nonspecific (see Chapters 17, 
102, and 104).!25 

Once the clinical picture or stool analysis suggests carbohy- 
drate malabsorption, a careful review of the patient’s diet may 
indicate the likely source. FODMAPs, including fructose, lac- 
tose, fructans, and polyols, which are found in many foods and 
incompletely absorbed by many people, have been implicated in 
causing symptoms in many patients with IBS.!° Breath hydro- 
gen tests can be used to implicate specific carbohydrates. !?7128 
In these tests, a previously fasting patient ingests a fixed dose of 
carbohydrate dissolved in water, and exhaled breath is assayed for 
hydrogen content at baseline and at intervals for several hours. 
Because hydrogen is not a normal product of human metabolism, 
any increase in breath hydrogen concentration is the result of 
bacterial fermentation and indicates that unabsorbed carbohy- 
drate has reached an area with high concentrations of intralu- 
minal bacteria, typically the colon. Breath hydrogen testing has 
been adapted to detect SIBO with the use of glucose, a substrate 
that ordinarily should be absorbed completely before reaching 
the colon.!?7:!28 Lactulose, a nonabsorbable but easily fermented 
disaccharide, has also been used to detect SIBO, but because of 
the wide variability of intestinal transit time, use of lactulose for 
this purpose is problematic.!’* Lactulose can be used as a sub- 
strate for determining the oral-cecal transit time. For most pur- 
poses, breath hydrogen testing provides only supportive evidence 
when the pretest likelihood of a particular diagnosis is high (see 
Chapter 104). Once a specific cause of osmotic diarrhea has been 
postulated, a therapeutic trial of an elimination diet can confirm 
the diagnosis. 


Chronic Inflammatory Diarrhea 


Patients with chronic diarrhea and WBCs or blood in the stool 
are classified as having inflammatory diarrhea. These charac- 
teristics indicate that the mucosa is disrupted and inflamed. 
Diagnostic considerations include IBD, infections, pseudo- 
membranous enterocolitis, mesenteric ischemia, radiation 
enteritis, and neoplasia. Because these conditions may produce 
a secretory diarrhea without markers of inflammation in the 
stool, they also must be considered in the differential diagnosis 
of secretory diarrhea (see Chapters 41, 110 to 115, 118, 119, 
and 125 to 127). 

Colonoscopy should be undertaken initially to look for struc- 
tural and histologic changes (Box 16.9). Biopsy specimens must 
be obtained from the colon to aid in making the correct diag- 
nosis. CT or MR enterography, capsule endoscopy, and deep 
enteroscopy may have roles in the evaluation of individuals with 
chronic inflammatory diarrhea. 

Infection can cause chronic inflammatory diarrhea or aggra- 
vate existing inflammatory diarrhea caused by UC or Crohn dis- 
ease. The pathogens most likely to cause chronic inflammatory 
diarrhea are C. difficile, CMV, Entamoeba histolytica, Yersinia spp., 
and Mycobacterium tuberculosis; C. difficile and CMV are notorious 
for causing exacerbations of IBD (see Chapters 110 to 115 ).!?? In 
addition to biopsies, appropriate cultures or culture-independent 
tests should be obtained to exclude these infections. 


BOX 16.10 Diagnostic Approach to the Patient with 
Chronic Fatty Diarrhea 


EXCLUSION OF STRUCTURAL DISEASE 


CT or MRI of abdomen and pelvis 
Small bowel biopsy and aspirate for quantitative culture 


EXCLUSION OF PANCREATIC EXOCRINE INSUFFICIENCY 


Empirical trial of pancreatic enzyme replacement therapy 
Stool elastase or chymotrypsin concentration 
Secretin test 


EXCLUSION OF DUODENAL BILE ACID DEFICIENCY 


Empirical trial of bile acid replacement therapy 
Postprandial duodenal aspirate for bile acid concentration 


Chronic Fatty Diarrhea 


Steatorrhea implies the disruption of fat solubilization, diges- 
tion, or absorption in the small intestine. Evaluation of chronic 
fatty diarrhea is designed to distinguish maldigestion (inad- 
equate luminal breakdown of triglycerides) from malabsorption 
(inadequate mucosal transport of the products of digestion) (see 
Chapter 104). 

The major causes of maldigestion are pancreatic exocrine 
insufficiency (e.g., chronic pancreatitis) and lack of bile (e.g., 
advanced PBC). Mucosal diseases (e.g., celiac disease) are the 
usual causes of malabsorption. The absolute amount of steator- 
rhea and the fecal fat concentration (grams of fat/100 g of stool) 
provide clues to the cause of steatorrhea.!*° The degree of steator- 
rhea tends to be higher (often >30 g fat/day) with maldigestion, as 
in pancreatic insufficiency, than with mucosal disease because of 
the greater disruption of fat assimilation. Fecal fat concentration 
tends to be higher with maldigestion than with mucosal disease 
because fluid and electrolyte absorption may be defective with 
mucosal disease, and stool fat content is diluted by unabsorbed 
water. Also, fat digestion usually is intact in mucosal disease, so 
triglycerides are hydrolyzed to fatty acids that may inhibit colonic 
electrolyte and water absorption, further diluting the fat content 
of stool.’! By contrast, triglyceride hydrolysis is reduced in mal- 
digestion and does not result in fatty acid—mediated inhibition of 
fluid and electrolyte transport in the colon, so in maldigestion, 
unabsorbed fat is dispersed in a smaller stool volume and is thus 
more concentrated. A fecal fat concentration over 9.5 g/100 g in 
a patient with suspected maldigestion strongly suggests a pancre- 
atic or biliary cause of steatorrhea. 

Further evaluation of patients with chronic fatty diarrhea is 
relatively straightforward (Box 16.10). The first step is to look for 
a structural problem involving the small bowel or pancreas. The 
evaluation may include small bowel radiography or endoscopy 
with small bowel biopsy, CT, and MRCP. When a small bowel 
biopsy is performed, luminal contents should be aspirated and 
a sample sent for quantitative culture to exclude SIBO. Because 
celiac disease is the most common cause of mucosal disease that 
leads to malabsorption, tissue transglutaminase antibodies and 
endomysial antibodies should be determined (see Chapters 104, 
105, and 107).1315132 

If no intestinal abnormalities are discovered or if imaging 
evidence of chronic pancreatitis is detected, pancreatic exo- 
crine insufficiency should be considered.!** Available tests of 
pancreatic function all have limitations (see Chapters 56 and 
59). The secretin stimulation test, in which exogenous secre- 
tin is used to stimulate the pancreas and bicarbonate output is 
measured by aspiration of duodenal contents, is the most time- 
honored of these tests but is rarely performed because of its 
complexity.'*+ Combining the secretin stimulation test with 
ERCP has been attempted, but this modification has not been 
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widely adopted.!*> Determination of pancreatic enzyme con- 
centrations in stool has been advocated as a simpler screening 
test for pancreatic exocrine insufficiency. Direct measurement 
of stool chymotrypsin activity has poor sensitivity and specific- 
ity in patients with chronic diarrhea.!*° Measurement of fecal 
elastase has only somewhat better reliability.!°” In reality, the 
best way to determine pancreatic exocrine insufficiency may 
be a therapeutic trial of pancreatic enzyme supplementation. If 
such a trial is conducted, high doses of enzymes should be pre- 
scribed, and some objective measurement like fecal fat excre- 
tion or weight gain should be monitored to assess response (see 
Chapter $9).134;138 

Inadequate bile salt solubilization of dietary fat can usually be 
inferred from the patient’s history or physical examination (e.g., 
cholestatic jaundice, ileal resection, known enterocolic fistula). 
If proof of the mechanism is required, analysis of a postprandial 
duodenal aspirate can demonstrate reduced conjugated bile acid 
concentrations. This test may not be available outside special- 
ized centers, and a therapeutic trial of exogenous conjugated bile 
acids (“ox bile”) may be the best way of establishing the diagno- 
sis. Supplementation with bile acids reduces steatorrhea and can 
often improve the patient’s nutritional status without aggravating 
diarrhea. 1° 


TREATMENT 


The most important treatment of diarrhea is to ensure that fluid 
and electrolyte deficits are replenished with IV fluids or oral rehy- 
dration therapy. Although oral rehydration therapy is a conve- 
nient, inexpensive therapeutic option in industrialized countries, 
its major impact has been in decreasing morbidity and mortal- 
ity from cholera and other infectious diarrheas in less developed 
countries.!*? Because nutrient absorption enhances sodium and 
fluid absorption in the jejunum even when other forms of sodium 
absorption are impaired, orally ingested saline solutions that con- 
tain glucose, amino acids, or more complex nutrients that can be 
hydrolyzed at the brush border or intraluminally will be readily 
absorbed. Although the earliest oral rehydration solutions used 
glucose to accelerate sodium absorption in the jejunum, hypo- 
osmolar high-amylose maize starch oral rehydration solutions 
(HAMS-ORS) that also enhance production of short-chain fatty 
acids and absorption of fluid in the colon are now thought to be 
superior. !40 

Although oral rehydration solutions increase fluid and elec- 
trolyte absorption, they do not reduce stool output, and stool 
weight may actually increase with use of these solutions. Use of 
oral rehydration solutions is precluded in patients who are vomit- 
ing frequently. Most sports drinks (e.g., Gatorade) are designed 
to replenish modest electrolyte losses from sweat and do not 
contain enough sodium to adequately replace diarrheal losses. 
‘These solutions can be used if additional sources of sodium and 
absorbable nutrients (e.g., pretzels or crackers) are ingested con- 
comitantly. Pedialyte products have 2 to 3 times more sodium 
(45 or 60 mmol/L) but still contain less sodium than classic oral 
rehydration solution (90 mmol/L). Solutions that more closely 
approximate the WHO oral rehydration solution or cereal-based 
rehydration solutions are available commercially (e.g., Rehydra- 


lyte, Ceralyte 90). 


Acute Diarrhea 


Because infection is a frequent cause of acute diarrhea, empirical 
trials of antibiotic therapy are often considered by physicians.'*! 
If the prevalence of bacterial or protozoal infection is high in a 
community or a specific situation, empirical use of an antibiotic 
is logical, as in the treatment of travelers’ diarrhea with a fluoro- 
quinolone or rifaximin, even without bacteriologic proof of infec- 
tion.®® 
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TABLE 16.5 Nonspecific Drug Therapy for Chronic Diarrhea 


Drug Class Agent Dose“ 
Opiates (mu opiate Codeine 15-60 mg 4 times daily 
receptor selective) 
Diphenoxylate 2.5-5 mg 4 times daily 
Loperamide 2-4 mg 4 times daily 
Morphine 2-20 mg 4 times daily 
Tincture of opium 2-20 drops 4 times 
daily 
Enkephalinase Racecadotrilt 1.5 mg/kg 3 times daily 
inhibitor (delta (acetorphan) 
opiate receptor 
effects) 
ag-Adrenergic agonist Clonidine 0.1-0.3 mg 3 times 
daily 
Somatostatin analog Octreotide 50-250 pg 3 times daily 
(subcutaneously) 
Bile acid-binding resin Cholestyramine 4g 1-4 times daily 
Colesevelam 1.875 g twice daily 
Colestipol 4 g 1-4 times daily 
Fiber supplement Calcium polycarbophil 5-10 g daily 
Psyllium 10-20 g daily 


“Oral unless otherwise indicated. 
tNot approved in the USA. 


Empirical antibiotic therapy is often used for more severely 
ill patients while bacterial culture results are pending, but this 
approach has been called into question. Patients in whom hemo- 
lytic-uremic syndrome develops in response to infection with E. 
coli are more likely to have received empirical antibiotic therapy 
than those without hemolytic-uremic syndrome, although occur- 
rence of the syndrome may relate to the specific antibiotic and 
dose prescribed. Experts also advise against empirical antibiotic 
treatment of salmonellosis unless enteric fever is present. For 
patients with persistent diarrhea (lasting >1 week), an empirical 
trial of metronidazole or nitazoxanide for a potential protozoal 
infection is sometimes considered (see Chapters 110 and 113). 
Multiplex PCR assays may eliminate the need for unguided anti- 
microbial therapy due to their ability to identify specific patho- 
gens within hours instead of days. 

Nonspecific antidiarrheal agents can reduce stool frequency, 
stool weight, and coexisting symptoms like abdominal cramps 
(Table 16.5). Opiates such as loperamide or diphenoxylate with 
atropine are frequently prescribed.'*? The concern that these 
antiperistaltic agents slow the clearance of pathogens from the 
intestines largely has not been substantiated. Opiate antidiar- 
rheals have been abused by some individuals, and only a small 
supply should be needed to mitigate acute diarrhea. Intraluminal 
agents such as bismuth subsalicylate (Pepto-Bismol) and adsor- 
bents (e.g., kaolin) may also help reduce the fluidity of bowel 
movements. Racecadotril, a drug that inhibits enkephalinase and 
thereby increases the effects of endogenous opiates on the mu 
opiate receptor, is available for the treatment of acute diarrhea in 
some countries.!* 


Chronic Diarrhea 


Empirical therapy is used in patients with chronic diarrhea in 
the following 3 situations: (1) as temporizing or initial treatment 
before diagnostic testing; (2) after diagnostic testing has failed to 
confirm a diagnosis; and (3) when a diagnosis has been made but 
no specific treatment is available or specific treatment has failed 


to produce a cure. Generally, empirical antibiotic therapy is 
less useful for chronic diarrhea than for acute diarrhea, because 
infection is a much less likely cause. Although some clinicians 
try an empirical course of metronidazole or a fluoroquinolone 
before committing a patient to extensive diagnostic testing, this 
approach is not supported by data and is not recommended. 

In the appropriate clinical setting, therapeutic trials of pancre- 
atic enzyme replacement and conjugated bile acid supplementa- 
tion in patients with unexplained steatorrhea may be diagnostic 
and therapeutic (see earlier). By contrast, when pancreatic enzyme 
supplements or bile acid-binding resins are tried empirically for 
so-called idiopathic chronic diarrhea, they rarely yield satisfac- 
tory results (see later). 

Symptomatic treatment with an opiate is often necessary in 
patients with chronic diarrhea, because specific treatment may 
not be available.!** Loperamide (up to 4 mg 4 times daily) is often 
tried but may not be potent enough for some patients. More 
potent opiates like codeine, opium, or morphine are underused 
in the management of these patients, largely because of fear of 
abuse. In fact, these agents are rarely abused by patients with 
chronic diarrhea, especially if a few simple measures are taken. 
First, the patient needs to be informed about the abuse potential 
of the medication and should be warned not to increase the dose 
without consulting the physician. Second, the dose should be low 
initially and titrated up until efficacy is achieved. Third, use of the 
opiate should be monitored closely, and the prescription should 
not be refilled until an interval appropriate with the anticipated 
usage has passed. Because tolerance to the GI effects of opiates 
does not develop, the dose needed to control diarrhea should be 
stable over time; frequent requests to increase the dose may indi- 
cate abuse. 

Other agents sometimes used as nonspecific antidiarrheal 
agents include octreotide and clonidine. Octreotide, a soma- 
tostatin analog, has been shown to improve diarrhea in patients 
with the carcinoid syndrome and other endocrinopathies, 
dumping syndrome, chemotherapy-induced diarrhea, and 
AIDS.'** The benefit in other diarrheal diseases is less clear. 
Clonidine, an a-adrenergic agent that has effects on intestinal 
motility and transport, may have a special role in diabetic diar- 
rhea, but its hypotensive effect limits its usefulness in many 
patients with diarrhea. Crofelemer, an agent approved by the 
FDA for noninfectious diarrhea in AIDS patients on antiret- 
roviral therapy, inhibits 2 enterocyte chloride channels—the 
CFTR and calcium-activated chloride channel—and thereby 
reduces chloride secretion (see Chapter 35).!*# Whether cro- 
felemer will be useful in other forms of secretory diarrhea 
remains to be seen. 

Interest in the use of probiotics as nonspecific therapy for 
diarrhea has been increasing, but evidence of effectiveness 
remains limited.'*° When applied in special situations, such as 
travelers’ diarrhea, antibiotic-associated diarrhea, and infantile 
diarrhea, these agents may alter intestinal microbiota, stimulate 
local immunity, and speed resolution of diarrhea.!47!** Herbal 
remedies for diarrhea include those containing berberine (gold- 
enseal, barberry), which appears to stimulate fluid and elec- 
trolyte absorption, and arrowroot, the mechanism of which is 
unknown. !49.150 

Stool-modifying agents such as psyllium alter stool consis- 
tency but do not reduce stool weight.!*!:!°? They can be help- 
ful in patients with coexisting fecal incontinence and in some 
patients with low stool weights (see earlier). The change from 
watery to semiformed stools may be sufficient to alleviate symp- 
toms. In addition, pectin may delay transit through the proxi- 
mal intestine and increase luminal viscosity, thereby serving as 
an adjunctive empirical treatment. Calcium supplementation 
with 1 to 2 g elemental calcium daily may be simple and effective 
therapy in some patients; the mechanism of this effect is not well 
established. 


TABLE 16.6 Differential Diagnosis of IBS with Diarrhea (IBS-D) 
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Diagnostic Strategy 


Diagnosis Estimated Prevalence in IBS-D (%) 
Food intolerances 20-67 

Post-infection IBS 28-58 

SIBO 23-45 

Bile acid malabsorption 10-40 

Microscopic colitis 5-10 

Celiac disease 0.4-4 

Pancreatic exocrine insufficiency unknown 

Rapid or slow intestinal transit unknown 


Diet and symptom diary~exclusion diet 
Anticytolethal distending toxin B and antivinculin antibody assays 


Quantitative culture of small intestinal aspirate, breath hydrogen testing; trial of 
antibiotic therapy 


™SeHCAT retention, C4 or FGF19 assay; trial of bile acid sequestrant 
Colon biopsies (from above rectum) 

IgA tissue transglutaminase antibody and total IgA assays; duodenal biopsy 
Fecal elastase-1 concentration; trial of pancreatic enzyme replacement 


Scintigraphic or capsule-based transit study 


C4, 7a-hydroxy-4-cholesten-3-one; FGF19, fibroblast growth factor 19; IgA, immunoglobulin A; ““SeHCAT, “selenium-labeled homotaurocholic acid. 
From Schiller LR. Evaluation of chronic diarrhea and irritable bowel syndrome with diarrhea in adults in the era of precision medicine. Am J Gastroenterol 


2018;113:660-9. 


SELECTED DIARRHEAL SYNDROMES 
IBS and Functional Diarrhea 


The most common diagnosis made in patients with chronic diar- 
thea is IBS, yet only a fraction of patients with chronic diarrhea 
actually meet the criteria for the diagnosis of IBS, for which 
abdominal pain is the central feature (see Chapter 122).® These 
criteria identify patients who are unlikely to have structural prob- 
lems for their symptoms, such as IBD or cancer. Animal and 
human studies suggest that autoimmunity induced by toxigenic 
bacterial enteritis may trigger the development of IBS with diar- 
rhea in some individuals and has led to the creation of a diagnos- 
tic test to provide evidence of this exposure.!°>-!>> As diagnostic 
tests have improved, the fundamental problems causing diar- 
rhea in patients with IBS are becoming more apparent, allowing 
physicians to target the mechanisms of diarrhea more precisely 
(Table 16.6).!°? When patients with IBS do not respond to non- 
specific therapy and lifestyle changes, clinicians should consider 
these diagnoses and move ahead with further diagnostic testing or 
empirical trials of therapy aimed at these mechanisms. 

Painless diarrhea should no longer be considered a form of 
IBS. The Rome IV Consensus Committee has defined functional 
diarrhea as “loose or watery stools, without predominant abdomi- 
nal pain or bothersome bloating, occurring in more than 25% of 
stools” for the past 3 months with symptom onset at least 6 months 
before diagnosis.°? Many patients with chronic diarrhea will not 
have a readily defined cause of diarrhea identified when first seen 
and could be characterized as having “functional diarrhea.” Physi- 
cians should not make this diagnosis without exploring the entire 
differential diagnosis of chronic diarrhea, particularly those non- 
structural conditions that can produce episodic and variable diar- 
rhea, such as food intolerances, SIBO, and bile-acid diarrhea. In 
most cases, a specific diagnosis can be made in these patients.!° 
Functional diarrhea must also be distinguished from idiopathic 
secretory diarrhea, which has a precipitous onset (see later). 


Food-Induced Diarrhea 


Poorly absorbed carbohydrates commonly are linked to diarrhea, 
most likely due to osmotic retention of fluid in the intestine and 
gas production by bacterial fermentation.!* Accordingly, flatus or 
bloating are important clues suggesting carbohydrate malabsorp- 
tion (see Chapter 17). Because of the frequency of acquired lactase 
deficiency, lactose is a common cause of diet-induced diarrhea.>:!® 
Fructose is absorbed by limited capacity facilitated diffusion.!°° 
Although it may be difficult to exceed absorptive capacity with 
natural foods, consumption of processed foods containing high 


fructose corn syrup makes it easier to overwhelm the absorptive 
capacity of the gut.!57°° Sugar alcohol malabsorption also may 
cause diarrhea: sorbitol, mannitol, and xylitol are poorly absorbed 
nonnutritive sweeteners in items such as “sugar-free” chewing 
gum and candy and may cause diarrhea when ingested in excess.!°” 
Poorly absorbed carbohydrates occur in a variety of natural foods. 
Researchers in Australia have measured poorly absorbed carbo- 
hydrate levels in foods and have developed the low-FODMAP 
diet (see earlier) to minimize ingestion of these substances.!?° In 
a randomized trial, a low-FODMAP diet implemented by dieti- 
cians alleviated intestinal symptoms in 75% of patients with IBS 
(see Chapter 122).!©° Once a benefit is realized, the diet may be 
simplified. Some patients with chronic diarrhea, but with no evi- 
dence of celiac disease, seem to improve on a gluten-free diet.!°! 
The mechanism of diarrhea in these patients is uncertain and 
requires additional research. Improvement in symptoms with 
gluten withdrawal could be due to removal of a wheat-related 
allergen or incidental decrease in fructan ingestion (fructans are 
poorly absorbable carbohydrates in wheat).!® It is not clear when 
a gluten-free diet should be tried in patients with diarrhea who do 
not have celiac disease (see Chapter 107).!° It is also important 
to estimate the amount of caffeine consumed in coffee and energy 
drinks, which may be a frequent cause of diet-induced diarrhea.!°+ 

Fatty and fried foods are implicated in the pathogenesis of 
watery diarrhea by some patients.*° Paradoxically, some foods 
with the highest fat content such as ice cream rarely are impli- 
cated in fatty food intolerance. Although fat malabsorption may 
stimulate colonic secretion to cause diarrhea, it seems that fat 
may precipitate symptoms without demonstrable steatorrhea, 
perhaps due to stimulation of the gastrocolic reflex. 

Food allergies are immune-mediated reactions that may cause 
diarrhea and other symptoms and seem to be less frequent than 
nonallergic food intolerances (see Chapter 10).!°° Epidemio- 
logic studies suggest that 1% to 2% of adults have a bona fide 
food allergy; the frequency in children is higher. Certain foods 
more frequently trigger allergic reactions: cow’s milk, eggs, pea- 
nuts, tree nuts, soy, wheat, fish, and shellfish. Studies have linked 
banana, avocado, walnut, and kiwi to a latex-food allergy syn- 
drome. Tick bites have been associated with the development of 
allergy to carbohydrates found in mammalian meat. Although 
true food allergies are uncommon in adults, food allergy should be 
considered when other allergic features such as hives are present. 


Microscopic Colitis 


Microscopic colitis includes 2 entities, collagenous colitis and 
lymphocytic colitis. These disorders are defined as syndromes of 
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watery diarrhea characterized by a normal colonoscopic appear- 
ance and histologic changes of lymphocytic and plasmacytic 
inflammation in the lamina propria and intraepithelial lympho- 
cytosis, with or without thickening of the subepithelial collagen 
table (see Chapter 128).16°-166 A population-based epidemiologic 
study in Sweden has shown that the annual incidence of micro- 
scopic colitis is similar to that of Crohn disease, and the disorder 
was diagnosed in 10% of patients who presented with chronic 
nonbloody diarrhea.!©’ Obtaining a sufficient number (6 to 10) 
of biopsies of normal-appearing colonic mucosa in patients who 
present with chronic watery diarrhea is critical to diagnosis. 

The cause (or causes) of microscopic colitis remains unknown. 
The disease occurs most frequently in middle-aged women and 
often occurs in association with autoimmune diseases like arthri- 
tis and hypothyroidism. Histories of smoking and use of NSAIDs 
are frequent.!°*:!©? Many other drugs have been associated with 
microscopic colitis, including PPIs, statins, and selective sero- 
tonin reuptake inhibitors, but these associations are controver- 
sial.'°? Most fascinating is the tight linkage of lymphocytic and 
collagenous colitis with HLA-DQ2 and HLA-DQ1,3 (includ- 
ing the HLA-DQ1,3 subtypes HLA-DQ1,7, HLA-DQ1,8, and 
HLA-DQ1,9), as in celiac disease, suggesting the possibility that 
the immune mechanisms involved in the pathogenesis of micro- 
scopic colitis and celiac disease are similar.'’° In fact, micro- 
scopic colitis has been associated with celiac disease and may be 
a cause of persistent diarrhea in patients with celiac disease who 
are treated with a gluten-free diet.!’! Gluten is almost certainly 
not the causative antigen in microscopic colitis, however, because 
many patients with celiac disease continue to have histologic 
evidence of lymphocytic colitis despite treatment with a gluten- 
free diet, and elimination of gluten from the diet is not effective 
in other patients with microscopic colitis.!’? Bacterial antigens 
in the colonic lumen, rather than dietary antigens, may play an 
important pathogenic role in microscopic colitis. Immunologic 
studies of mucosal lymphocytes show similarities and differences 
between lymphocytic and collagenous colitis that may relate to 
different triggering mechanisms.!”? 

Whatever the cause, mucosal inflammation is largely respon- 
sible for the diarrhea of microscopic colitis. Colonic perfusion 
studies have shown that absorption of water and salt is impaired 
in lymphocytic colitis and collagenous colitis.!”* In vitro studies 
using human colon specimens have demonstrated decreases in 
sodium chloride absorption accompanied by changes in diffusion 
and the function of tight junctions.!”> Colonic water absorption 
correlates inversely with the cellularity of the lamina propria, but 
not with the thickness of the collagen table. Net secretion of water 
and salt by the colon is not noted frequently, however. Typical 
stool weights of 500 to 1000 g/24 hours are consistent with little 
or no fluid absorption by the colon. Bile acid malabsorption may 
also play a role in the pathogenesis of diarrhea in this condition.!”° 

A guideline on the medical management of microscopic 
colitis has concluded that budesonide has the best evidence for 
efficacy.!’’ Less well-established agents for the treatment of 
microscopic colitis include bismuth subsalicylate, mesalamine, 
and prednisone. Immunosuppressants such as azathioprine are 
recommended for refractory cases.!’* Microscopic colitis remits 
in most patients with time but often relapses. Symptomatic ther- 
apy with an antidiarrheal drug may be an appropriate option for 
some patients. Bile acid sequestrants also may improve diarrhea 
in patients with this condition.!”° 


Postsurgical Diarrhea 


GI and biliary tract surgical procedures produce changes in intes- 
tinal function that may lead to diarrhea. Although surgery for 
PUD is performed much less commonly now than in the past, 
other operations performed on the GI and biliary tracts continue 
to be complicated by diarrhea. 


Gastric Surgery 


For many years, PUD was treated surgically by vagotomy with 
pyloroplasty or antrectomy (see Chapter 53). The introduction 
of highly selective vagotomy in the 1980s led to a decrease in the 
frequency of postoperative diarrhea. The more traditional pro- 
cedures are still done for obstructing or malignant ulcer disease. 
In addition, the use of gastric bypass surgery for the treatment of 
obesity has increased dramatically (see Chapter 8). This opera- 
tion and other bariatric surgeries (such as gastric sleeve surgery 
and biliopancreatic diversion with duodenal switch) are com- 
monly associated with digestive symptoms, including diarrhea.!”? 
Diarrhea can also occur as a complication of laparoscopic anti- 
reflux surgery, presumably because of accidental vagotomy (see 
Chapter 46).!8° 

The most common syndrome seen after gastric surgery is 
dumping syndrome, a condition characterized by postprandial 
flushing, hypotension, diarrhea, and hypoglycemia (see Chapter 
53). This syndrome results from unregulated gastric emptying, 
osmotic shifts, and the rapid release of peptide hormones from 
the intestine!*! and can be treated successfully with a modified 
diet, antidiarrheal drugs, and the somatostatin analog octreo- 
tide.!** Gastric surgery may also predispose patients to SIBO, 
abnormally rapid intestinal transit, bile acid malabsorption, and 
pancreatic exocrine insufficiency as a result of poor stimulation 
of pancreatic secretion and/or inadequate mixing of pancreatic 
enzymes with intestinal contents. 


Bowel Resection 


Loss of intestinal surface area promotes malabsorption of fluid, 
electrolytes, or nutrients, depending on the portion of bowel 
resected. The bowel is endowed with an excess of absorptive 
surface for normal nutrient loads. Diarrhea develops when 
resection of the small intestine leaves insufficient surface area 
for normal absorption, so-called short bowel syndrome (see 
Chapter 106).!5 Intestinal adaptation may lead to improved 
intestinal electrolyte absorption with time but cannot overcome 
defects in specialized functions, such as the ability to absorb 
sodium against an electrochemical gradient (see Chapter 
101).°*+3° Adaptation can be accelerated by use of epithelial 
growth factors, such as teduglutide.!** Ileal resection may also 
compromise conjugated bile acid absorption and result in bile 
acid—mediated fluid and electrolyte secretion by the colon.'* 
Various approaches can be used to correct nutritional deficien- 
cies and intestinal dysfunction in patients with short bowel syn- 
drome (see Chapter 106). 


lleostomy 


Normally, 1 to 1.5 L of fluid enters the colon from the small 
intestine each day; an ileostomy diverts this fluid from the body. 
Adaptation eventually results in a decrease in flow from the small 
intestine to an average of 750 mL daily, provided the patient has 
a sufficient length of functioning small bowel. This excess daily 
fluid loss is usually readily overcome by an increase in oral intake, 
but patients with ileostomies tolerate abnormally increased fluid 
losses poorly and are at risk of dehydration under such circum- 
stances. Ieostomy diarrhea is said to be present when fluid losses 
exceed 1000 mL daily (see Chapter 117).186 

Causes of ileostomy diarrhea include stomal stenosis, partial 
SBO, SIBO, recurrent IBD, recurrent tumor proximal to the 
stoma, medication-associated diarrhea, and intraperitoneal infec- 
tion. In most cases, no specific cause is identified. A special cir- 
cumstance occurs in patients with an ileal pouch formed to create 
a continent ileostomy or an ileoanal anastomosis after colectomy 
for UC in whom inflammation of the pouch, so-called pouchitis, 
caused by bacterial overgrowth or recurrent IBD may develop.!*” 


BOX 16.11 Bile Acid-Induced Diarrhea 


TYPE 1 

lleal dysfunction/resection (secondary bile acid malabsorption) 
TYPE 2 

Idiopathic (primary bile acid malabsorption) 

TYPE 3 


Miscellaneous conditions 
Chronic pancreatitis 


Microscopic colitis 
Postcholecystectomy 
Radiation enteritis 

SIBO 

Vagotomy, postgastric surgery 


TYPE 4 


Congenital transport defect 
lleal bile acid transporter/apical sodium-dependent bile salt 
transporter 


This condition is treated with an antibiotic such as metronida- 
zole, probiotics, or an anti-inflammatory drug such as mesala- 
mine. 

Idiopathic ileostomy diarrhea is treated with antidiarrheal 
drugs; high doses of potent opiates may be necessary. Octreotide 
is used if control with potent opiates is suboptimal. If ileostomy 
output exceeds 2000 mL daily, supplemental oral rehydration 
solution or intravenous fluid may have to be provided to prevent 
dehydration and maintain normal urine output. 


Bile Acid-Induced Diarrhea 


Di-hydroxy bile acids, such as chenodeoxycholic acid and deoxy- 
cholic acid, cause colonic secretion of fluid and electrolytes and 
may stimulate colonic transit if they reach the colon in sufficient 
concentrations (3 to 5 mmol/L).!°* Bile acid-induced diarrhea 
(BAD) can occur in 4 situations, as shown in Box 16.11. 

Type 1 BAD is the most clearly defined and understood etiol- 
ogy. Ileal dysfunction, either secondary to surgical resection or to 
inflammatory disease of the ileum (e.g., Crohn disease) interrupts 
the enterohepatic circulation, thereby resulting in an increase in 
synthesis of bile acids by the liver and more bile acid entering 
the colon, leading in turn to increased colonic fluid secretion and 
more rapid transit through the colon.!*° 

Type 2 BAD is idiopathic. Studies have suggested that it may 
be the cause of diarrhea in up to 30% of patients with diarrhea- 
predominant IBS and/or functional diarrhea (see earlier and 
Chapter 122). It seems to be related to defective regulation of bile 
acid synthesis due to reduced levels of fibroblast growth factor 
19 (FGF19), a repressor of hepatic bile acid synthesis normally 
secreted by ileal epithelial cells in response to bile acid absorp- 
tion. This results in an expanded bile acid pool that overwhelms 
the absorptive capacity of the ileum, thereby causing more bile 
acid t enter the colon and increasing colonic secretion and tran- 
sit.!8 

Type 3 BAD is a hodgepodge of diarrheal diseases that have 
been attributed to bile acid malabsorption, although the mecha- 
nisms are somewhat obscure. The most clinically significant of 
these is postcholecystectomy diarrhea which may occur in as many as 
20% of patients after gallbladder surgery (see Chapter 66).!°"!?! 
Diarrhea usually begins shortly after cholecystectomy, but the 
onset may be delayed. Postcholecystectomy diarrhea has been 
attributed to changes in the enterohepatic cycling of bile acids, 
but evidence in support of this mechanism is limited. When 
the gallbladder is removed, there is no longer an extraintestinal 
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reservoir for bile acids, and a substantial portion of the bile acid 
pool remains within the small bowel at all times. Every 90 minutes 
during fasting, the migrating myoelectric complex passes through 
the small intestine and rapidly sweeps intestinal contents, includ- 
ing the resident bile acid pool, past the terminal ileum and into 
the colon, thereby stimulating secretion and accelerating tran- 
sit (see Chapter 64). Some, but not all, studies have confirmed 
increased fecal bile acid excretion in patients with postcholecys- 
tectomy diarrhea. Postcholecystectomy diarrhea is best treated 
with bile acid-binding agents (or sequestrants) (e.g., cholestyr- 
amine) taken at bedtime, and perhaps at other times during the 
day as well. Opiate antidiarrheal agents also may be helpful for 
refractory cases. 

Type 4 BAD, a congenital defect of the apical bile salt trans- 
porter in the ileum, is an extremely rare cause of neonatal diar- 
rhea. !?? 

The clinical diagnosis of BAD is problematic. In Great Brit- 
ain and some other countries, retention of an orally administered 
radiolabeled bile acid (*selenium-labeled homotaurocholic acid, 
or SeHCAT) can be measured by whole body scanning to test 
for bile acid malabsorption.!”? If strict diagnostic criteria are used 
(<5% retention at 1 week), the test can predict responsiveness 
to bile acid-binding drugs.’ The test is less reliable when less 
stringent criteria are employed; diarrhea itself may make the test 
abnormal.!** This test is not available in the USA. 

Direct measurement of fecal bile acid output in a 48- to 
72-hour timed stool collection is done in a limited number of 
research centers but is not generally available. Interestingly, there 
appears to be an increase in primary bile acids in BAD, which 
suggests that there is less bacterial deconjugation of endogenous 
bile acid, perhaps related to rapid transit in the colon.!”> It is 
not clear that increased fecal bile acid excretion accurately pre- 
dicts responsiveness to bile acid—binding agents in patients with 
chronic diarrhea.!”° 

Supportive evidence for a diagnosis of BAD can be obtained 
by measuring the concentration of C4 (7a-hydroxy-4-cholesten- 
3-one) in serum.!°’ C4 is an intermediate in bile acid synthesis 
and its concentration in serum correlates with the overall bile 
acid synthesis rate. If bile acid synthesis increases because excess 
bile acid is being lost into the colon or bile acid synthesis is 
derepressed, serum levels of C4 are high. This test is available 
commercially, but it is not known how predictive it is for respon- 
siveness to bile acid binders. Measurement of FGF19 (which 
would be low in patients with BAD) may be available to clinicians 
in the future. 

In most clinical situations, an empirical trial of a bile acid 
sequestering resin may be the best way of establishing the diag- 
nosis of BAD. The dose and timing of administration may be 
critical but needs to be assessed scientifically. Cholestyramine, 
colestipol, and colesevelam are available, vary in effectiveness 
and tolerance, and may need to be tried sequentially.!?*-20° 
Unlike the use of bile acid sequestrants in hypercholesterolemia, 
where the sequestration of bile acid needs to occur in the proxi- 
mal small intestine when bile acids are present postprandially, 
in BAD bile acids need to be bound in the colon, so it makes 
sense to give the bile acid binders at bedtime and away from 
meals. A clinical response suggests that BAD may be playing a 
role. Nevertheless, because such agents may also bind toxins or 
have other actions, the possibility of a nonspecific effect must be 
considered. 


Diarrhea in Hospitalized Patients 


Diarrhea frequently develops during hospitalization, particu- 
larly in severely ill patients hospitalized for protracted periods.”°! 
Common causes of diarrhea in this setting include medications 
(especially antibiotics), tube feedings, intestinal ischemia, and 
fecal impaction. 
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Diarrhea is a side effect of many medications, includ- 
ing those frequently used in hospitalized patients (see Box 
16.4).7576 Antibiotic therapy is particularly likely to cause 
diarrhea by at least 2 mechanisms: (1) impairing carbohydrate 
metabolism by the colonic bacterial flora, thereby produc- 
ing an osmotic diarrhea’; and (2) facilitating overgrowth 
of C. difficile and production of its toxins, thereby producing 
an inflammatory and/or secretory diarrhea.’°’ In some cases, 
erythromycin may produce diarrhea by its motilin-like effect 
on GI transit. 

Impaired bacterial metabolism can cause diarrhea by allowing 
carbohydrates and associated water to remain in the intestinal 
lumen.’ Ordinarily, all dietary fiber and about 20% of wheat 
starch evade digestion and intestinal absorption and reach the 
colon. Colonic bacteria ferment these carbohydrates to short- 
chain fatty acids, hydrogen, and carbon dioxide. These fer- 
mentation products and associated water are rapidly absorbed 
by the colon, so diarrhea does not result. By contrast, when an 
antibiotic kills some of the normal colonic flora, fermentation 
decreases, and undigested fiber and carbohydrates as well as 
water are retained in the lumen, thereby leading to an osmotic 
diarrhea. In some persons, intestinal transit may be modified by 
illness or by other drugs given concomitantly, leading to greater 
delivery of carbohydrate to the colon and further aggravating 
the diarrhea. Such diarrhea should subside when the patient is 
fasting. 

C. difficile-related diarrhea is a more serious concern.* Hos- 
pitalized patients and residents of nursing homes are likely to be 
colonized by this organism; some 20% of hospitalized patients 
become colonized with C. difficile. Physical proximity and poor 
hand hygiene are major factors in its spread within institutions. 
Factors precipitating diarrhea in this condition include antibiotic 
therapy, chemotherapy, and altered immunity, including reduced 
gastric acidity resulting from administration of a PPI.*% C. dif- 
ficile-related disease ranges in severity from modest diarrhea to 
life-threatening colitis, particularly when patients are colonized 
with a virulent strain of C. difficile or have underlying IBD (see 
Chapter 112). 

Diarrhea can be a complication of enteral nutrition, although 
it is often the result of coexisting problems (see Chapter 6).°° 
Tube feeding, although more physiologic than parenteral nutri- 
tion, is still different from the normal presentation of nutrients to 
the intestine by oral ingestion of food, and the regulatory system 
of the GI tract may not adapt. Some tube feeding formulas are 
hypertonic and may induce diarrhea by a mechanism similar to 
dumping syndrome (see earlier). In such cases, a change in for- 
mula to one that is isotonic or includes fiber blends may be of 
benefit. In other cases, slowing the rate of infusion and thereby 
decreasing the delivery of nutrients to the intestine may be help- 
ful, but this approach may be of limited value if the patient’s 
nutritional needs are not being met at the slower rate of infusion. 
Specific probiotics may be of benefit in some situations, but clear 
guidance has not been developed (see Chapter 130).?° Addition 
of an antidiarrheal agent such as loperamide or tincture of opium 
to the tube feeding may be necessary, although this approach 
has limitations, especially for patients in whom ileus is a risk (see 
Chapter 124). 

Intestinal ischemia may develop in some hospitalized patients, 
especially those with hypotension or shock.’ These patients are 
at risk of developing bloody diarrhea caused by ischemic colitis or 
more profound diarrhea if small intestinal ischemia develops (see 
Chapter 118). 

The risk of fecal impaction is increased in older adults, 
patients on prolonged bowel rest, and those taking constipating 
drugs. Paradoxical or overflow diarrhea with incontinence may 
be the first clue to an impaction. Hospitalized patients in whom 
diarrhea develops should undergo a digital rectal examination to 
exclude fecal impaction (see Chapters 18 and 19).?°” 


TABLE 16.7 Conditions in Patients Predisposed to Laxative Abuse 


Condition Features 
Bulimia Usually adolescent to young women; concerned 
about weight or manifesting an eating disorder; 
may binge eat, vomit, or exercise excessively to 
neutralize excessive food intake 
Munchausen Patients who relish being a diagnostic challenge; 
syndrome may repeatedly undergo extensive testing 


Polle syndrome Dependent child or adult poisoned with laxatives 


(Munchausen by parent or caregiver to show effectiveness as 
syndrome by caregiver; may have history of sibling who died 
proxy) with chronic diarrhea 

Secondary gain Patients may have disability claim pending; illness 


may induce concern or caring behavior in others 


Factitious Diarrhea 


Surreptitious laxative abuse should be considered for persons in 
whom diarrhea remains undiagnosed, especially in those who fit 
into 1 of the following 4 categories (Table 16.7): (1) patients with 
anorexia nervosa or bulimia who use laxatives as a way of adjust- 
ing body weight (see Chapter 9); (2) patients with Munchausen 
syndrome who feign illness to confound physicians; (3) persons 
who are being poisoned with laxatives by their caregivers; and (4) 
those who use laxative-induced illness for secondary gain (e.g., 
disability income) or to generate concern in other persons (see 
Chapter 23).75.208,209 

A high index of suspicion is required for detecting laxative 
abuse. Physicians usually assume that patients are being truth- 
ful, but up to 4% of the general population and 15% of bulimic 
patients may be abusing laxatives surreptitiously.?!? Clues to 
laxative abuse may be found during the evaluation for chronic 
diarrhea. For example, hypokalemia may suggest ingestion of a 
stimulant laxative like senna. Detection of pseudomelanosis coli, 
a brownish pigmentation of the colonic mucosa, suggests chronic 
ingestion of anthraquinone laxatives like senna or cascara (see 
Chapter 128). The presence of a large fecal osmotic gap suggests 
magnesium ingestion. A negative osmotic gap may indicate inges- 
tion of poorly absorbed polyvalent anions like phosphate or sul- 
fate (see earlier). 

In patients who belong to one of the groups listed in Table 16.7 
and in those with diarrhea that remains undiagnosed after 
evaluation, stool samples should be analyzed for laxatives with 
standardized methods. Most laxatives can be detected by spectro- 
photometry or chromatography, but the accuracy of commercial 
analysis has been called into question (see Chapter 23).!!* Because 
some patients exaggerate stool volume by adding urine or water, 
stool osmolality should be measured as well; a value lower than 
290 mOsm/kg suggests dilution of the stool with water or hypo- 
tonic urine. Admixture of stool with hypertonic urine often leads 
to an impossibly high fecal osmolality (typically >600 mOsm/kg) 
and to a negative fecal osmotic gap because of high concentra- 
tions of sodium and potassium in the urine. In the current legal 
environment, unauthorized room searches for laxatives should 
not be conducted. 

When a diagnosis of laxative abuse is made, an effort should 
be made to confirm the diagnosis with repeated stool analy- 
ses before discussion with the patient or family. The patient 
should be confronted with the findings, but not before plans 
for the aftermath are made. Psychiatric consultation should 
follow the discussion with the patient; some persons who 
abuse laxatives become suicidal after being discovered, and all 
patients who abuse laxatives need counseling. In cases of laxa- 
tive administration by a parent or caregiver, legal proceedings 
should be instituted to separate the patient from the abuser 
(see Chapter 23). 


Few outcome studies of the effect of discovery of laxative 
abuse are available. In 1 small study of 11 patients, 6 said they 
were improved, and 5 claimed no benefit; 4 of the 5 unimproved 
patients sought further medical attention elsewhere for chronic 
diarrhea.*!! 


Idiopathic Secretory Diarrhea 


When an exhaustive evaluation fails to reveal a cause of chronic 
diarrhea and stool analysis suggests a secretory diarrhea, the 
diagnosis of idiopathic secretory diarrhea is made. This condi- 
tion often starts suddenly in a previously healthy person and is 
differentiated from the many similar acute diarrheal illnesses by 
persisting beyond 4 weeks. It occurs in 2 forms—epidemic and 
sporadic.®°.*! 

The epidemic form of secretory diarrhea occurs in outbreaks 
seemingly linked to contaminated food or drink.*°?!?-7!¢ The initial 
description of this condition resulted from an outbreak in Brainerd, 
Minnesota, thus its common appellation Brainerd diarrhea. Several 
outbreaks have been described in the literature in different commu- 
nities. Although the epidemiology suggests an infectious cause, no 
causative agent has been identified in these outbreaks. 

Sporadic idiopathic secretory diarrhea affects individuals in a 
fashion identical to that of the epidemic form and does not seem to 
be acquired easily by family members or others.*! Many affected 
persons give a history of travel, but to destinations not usually 
associated with travelers’ diarrhea. Diarrhea begins abruptly and 
reaches its maximum intensity soon after onset. Weight loss of 
up to 20 pounds is characteristic and almost always occurs within 
the first few months of illness and not thereafter. Empirical trials 
of antibiotics and bile acid-binding resins are ineffective. Non- 
specific opioid antidiarrheal agents may provide symptomatic 
improvement. 

Both forms of idiopathic secretory diarrhea have a self-limited 
course and usually resolve within 2 years of onset. The resolu- 
tion of idiopathic secretory diarrhea occurs gradually over 2 to 
3 months. Understanding this natural history can be a solace to 
patients, who may otherwise feel mired in an unending illness. 
Idiopathic secretory diarrhea may share several clinical character- 
istics with functional diarrhea but in general has a more discrete 
onset and is associated with higher stool volumes. 
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BOX 16.12 Frequent Diagnoses in Patients with Diarrhea 
of Obscure Origin 


Bile acid-induced diarrhea 
Carbohydrate malabsorption 
Chronic idiopathic secretory diarrhea 
Fecal incontinence 

Functional diarrhea 


latrogenic diarrhea (drugs, radiation, surgery) 
IBS 

Microscopic colitis 

Pancreatic exocrine insufficiency 
Peptide-secreting tumors 

SIBO 

Surreptitious laxative ingestion 


Diarrhea of Obscure Origin 


Physicians sometimes fail to make a specific diagnosis in patients 
with chronic diarrhea, despite an elaborate evaluation, and 
may refer these patients to centers interested in this condition. 
Common diagnoses resulting from reevaluation of these patients 
are shown in Box 16.12. 

Although unusual or obscure conditions that require special 
tests may be expected to predominate in this group of patients, 
most eventual diagnoses are straightforward and might have been 
made sooner.!?° Fecal incontinence and iatrogenic diarrhea could 
be recognized with a careful history. Surreptitious laxative inges- 
tion and microscopic colitis could be diagnosed with an appro- 
priate index of suspicion and testing (laxative screen and colonic 
biopsies, respectively). BAD, SIBO, pancreatic exocrine insuf- 
ficiency, and carbohydrate malabsorption could be discovered 
with a detailed history and properly conducted therapeutic trials. 
Peptide-secreting tumors are rare, but serum peptide assays and 
imaging techniques (e.g., CT, octreotide scanning) are widely 
available. Failure to make a diagnosis typically results from fail- 
ure to appreciate the evidence at hand and to think through the 
differential diagnosis of chronic diarrhea. 


Full references for this chapter can be found on www.expertconsult.com. 
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Although many patients encountered in clinical practice com- 
plain about intestinal gas, systematic investigation of this subject 
did not begin until the 1960s, when studies by Michael Levitt, 
MD, and colleagues began to shed light on the pathophysiology 
of intestinal gas.! 


COMPOSITION AND VOLUME OF GASTROINTESTINAL 
GAS 


The GI tract normally contains a relatively small amount of gas. 
The volume of gas within the intestinal lumen is determined by 
the balance between gas input and output, a highly dynamic pro- 
cess. Gas input may result from swallowing, chemical reactions, 
bacterial fermentation, and diffusion from the blood, whereas 
output involves belching, bacterial consumption, absorption into 
the blood, and anal evacuation. Despite this variety of factors, 
the volume of gas within the GI tract is remarkably constant and 
similar among healthy persons,” suggesting that it is under tight 
homeostatic control. Measurements of intestinal gas volume have 
been performed using a specifically designed CT technique.*+ 
Data acquisition is relatively simple, but analysis is fairly elaborate 
and has been carefully validated. This technique has confirmed 
previous measurements by other techniques showing about 100 
to 200 mL of gas in the fasting state and somewhat larger volumes 
(65% increase) after ingestion of a meal (Figs. 17.1 and 17.2). 
Analysis of gas composition is technically challenging, and still 
only few and relatively old data are available. In a study of 10 
healthy fasting subjects, the overall composition of gas within the 
GI tract was assessed using a washout technique in which a rapid 
infusion of argon into the jejunum via an intraluminal tube was 
used to flush out the intestinal gases. Gas effluent was collected 
via a rectal tube and analyzed. Five gases—N), O2, CO3, H3, and 
methane (CH,)—were found to account for more than 99% of 
intestinal gas; many additional gases were present in trace con- 
centrations. During fasting, N was usually predominant, O, was 
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present in low concentrations, and the concentrations of CO), 
H), and CHy were highly variable. The latter 3 gases are related 
to fermentation of meal residues and may predominate in the 
postprandial period (see later). 


GAS METABOLISM AND EXCRETION 


GI gas is distributed in 3 compartments: stomach, small intestine, 
and colon. In each compartment the volume and composition of 
gas depend on gas metabolism and diffusion of gas between the 
lumen and blood. Part of the gas in one compartment is propelled 
to the next, and the end product is evacuated per anus. Fig. 17.3 
schematically depicts gas homeostasis in various segments of the 
GI tract. 


Diffusion of Gas Between the Intestinal Lumen and 
Blood 


The rate and direction of diffusion of each gas is a function of the 
diffusivity, partial pressure difference between lumen and blood, 
and exposure of the gas to the mucosal surface. The diffusivity 
of a gas across the mucosa of the GI tract depends on its solubil- 
ity in water. For a given partial pressure difference, CO) diffuses 
much more rapidly than H,, CHy, Nz, and Oj. Luminal gases 
with a partial pressure (concentration) higher than that in venous 
blood pass into the circulation and vice versa. Gas absorption also 
depends on the extent of the mucosal area and the time of expo- 
sure. H, and CH; absorbed from the bowel are not metabolized 
by the host and are excreted in expired air. Breath analysis pro- 
vides a simple means of estimating the production of these gases 
in the GI tract. Breath excretion of these gases is the product 
of the alveolar ventilation rate and their alveolar concentrations. 
Because alveolar ventilation is relatively constant in sedentary 
conditions, the end-alveolar breath concentration of H, and CH4 
can be used as a simple indicator of their total breath excretion. 


Mouth to Stomach 


The stomach normally contains a relatively small amount of gas 
(=10 to 20 mL).? Its location within the stomach is determined 
by flotation and gravitational forces. In the upright position, gas 
forms a bubble in the fundus of the stomach. By contrast, in the 
supine position, gas forms a thin film lining the anterior wall of 
the gastric corpus and antrum close to the abdominal wall (see 
Fig. 17.1). Air swallowing (rather than intraluminal production) 
is believed to be the major source of stomach gas, as suggested 
by the absence of the gastric bubble in patients with advanced 
achalasia (see Chapter 44), but the normal amount of air swallow- 
ing is not clear. Gas leaves the stomach via belching, absorption, 
or emptying into the duodenum. The belching process has been 
well documented, but there is hardly any information related to 
the passage of gases across the gastric mucosa or the emptying of 
gas into the duodenum. Given the lower proportion of CO; and 
a higher proportion of O, in swallowed air compared with that in 
blood, in theory, CO, should diffuse from blood into the stom- 
ach bubble and O; from the lumen to blood. Because N; diffuses 
poorly across the mucosa, luminal N, throughout the GI tract 
presumably derives from swallowed air. 


Fig. 17.1 CT image analysis of 
abdominal gas content (green) in 
a healthy subject in a supine posi- 
tion. An anterior view is shown 

on the left. Note in the lateral view 
(right) that in the supine position, 
most luminal gas is located close 
to the anterior abdominal wall. 
(From Accarino A, Perez F, Azpiroz 
F, et al. Intestinal gas and bloating: 
effect of prokinetic stimulation. Am 
J Gastroenterol 2008; 103:2036- 
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Fig. 17.2 Abdominal gas volume in various segments of the GI tract 
in fasting and fed states as determined by CT volumetric analysis. The 
postprandial increment in intestinal gas is located predominantly in the 
pelvic portion of the colon. (From Perez F, Accarino A, Azpiroz F, et al. 
Gas distribution within the human gut: effect of meals. Am J Gastroen- 
terol 2007;102:842-9.) 


Small Intestine 


From 10 to 20 mL of gas is normally present in the small intes- 
tine, usually in the form of small bubbles scattered along the 
intestinal lumen.’ Radiologic images of intestinal air-fluid levels 
in the erect position indicate that liquid is present below the gas 
bubble and is seen only with abnormal fluid retention, as in an 
ileus or obstruction (see Chapters 123 and 124). Theoretically, 
in the upper small intestine, a large amount of CO; is liberated 
from the interaction of bicarbonate and acid; however, studies 
using CT-based volumetric analysis did not detect changes in gas 
volume within the small bowel in the postprandial period.* The 
gas produced should diffuse into the blood (which is plausible for 
CO3) or be transported to the colon. An increase in colonic gas, 
although relatively small, is observed after a meal (see later). Gas 
production by small bowel microbiota is considered negligible 
in normal conditions, but direct evidence of this conclusion is 
lacking. Patients with intestinal obstruction or pseudo-obstruc- 
tion (impaired motility) develop large amounts of gas within the 
small bowel, but the origin and mechanisms of this accumulation 
remain unclear. 
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Colon 


The colon normally contains around 50 to 100 mL of gas (see 
Fig. 17.2).7° A study comparing gas content based on CT images 
taken during fasting and 99 + 22 minutes after a meal showed 
an increase in gas in the pelvic colon (see Fig. 17.2), earlier than 
would be expected for gas derived from colonic fermentation of 
food substrates.’ Therefore, gas of proximal GI tract origin is 
presumably propelled into the colon after ingestion of a meal, 
possibly by a gastroileal reflex. However, colonic gas originates 
primarily by the metabolic activity of the microbiota and is elimi- 
nated by mucosal absorption, microbiota gas consumption, and 
anal evacuation. With the growing interest in intestinal micro- 
biota, the study of intestinal gas production and evacuation has 
become particularly important because it reflects the metabolic 
activity of intestinal microbiota. 


Colonic Endoluminal Microenvironment and Gas 
Metabolism 


The upper part of the digestive tract primarily has a nutritional 
function: useful components, such as nutrients, water, and miner- 
als, are extracted from ingested material by a process of diges- 
tion and absorption. Nonabsorbed residues pass into the colon 
and serve as substrates for colonic microbiota, which carry out 
key functions related to host development and homeostasis (see 
Chapter 3). Therefore, the colon serves as a kind of “marsupial 
pouch” that provides the appropriate environment to host the 
largest proportion of the body’s microbiota and thereby serves as 
a complex metabolic organ. 

The metabolism of fermentable meal residues by microbiota 
results in the release of a series of metabolites, including gases, 
that in turn serve as substrates for other subsets of microbiota. 
Therefore, the colon contains an active mass of living matter 
that consists of microbiota, meal residues, and secondary meta- 
bolic products in a dynamic chain of metabolic reactions. Stud- 
ies have shown that the colon contains a biomass of 500 to 800 
mL, depending on the residues of the diet, with a daily dynamic 
turnover of 100 to 200 mL, which is the volume of fecal output 
(Fig. 17.4).67 Gas production increases as soon as fermentable 
residues enter the colon, and the activity declines gradually, last- 
ing for hours as long as substrates remain available, so that the 
residue loads of consecutive meals contribute to gas production 
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Fig. 17.3 Mechanisms of entry and elimination of 
intestinal gases. Air is swallowed (7), and a sizable 
fraction is eructated (2). Some Os in swallowed air 
diffuses into the gastric mucosa (3). The reaction of 
acid and bicarbonate in the duodenum yields copious 
COs (4), which diffuses into the blood (5), while No dif- 
fuses into the lumen (6) down the gradient established 
by CO; production. In the colon, gas-producing 
microorganisms ferment unabsorbed residues (7), 
thereby releasing COs, Hs, and CH,, as well as a 
variety of trace gases (8). A large proportion of H3 is 
consumed by other microorganisms to reduce sulfate 
to sulfide, CO, to acetate (9), and CO, to CH, (70), 
thereby reducing the net volume of gas derived from 
bacterial metabolism. No and O; diffuse from the 
blood into the colonic lumen down a gradient created 
by gas production by bacteria (77). Gas is ordinarily 
propelled down the GI tract and evacuated per anus. 
The net result of all of these processes determines 
the volume and composition of gas in the different Gl 
tract compartments. 


Fig. 17.4 Independent representation of 
gaseous and nongaseous components 
of colonic content on CT in a healthy 
subject. (From Bendezu RA, Mego M, 
Monclus E, et al. Colonic content: effect 
of diet, meals, and defecation. Neuro- 
gastroentero! Motil 2017;29(2)). 


(Fig. 17.5).8 Therefore, basal gas production during fasting 
depends on the content of the colon, which is derived from the 
diet on previous days. The volume of gas produced depends on 
the amount of unabsorbed, fermentable residues present in the 
diet, although knowledge about the specific foodstuffs and prod- 
ucts in the diet that contribute to intestinal gas production is 
limited and largely empiric. 

Some colonic microorganisms consume intraluminal gases 
(H;, CO, and O3), and this catabolism accounts for a propor- 
tion of intraluminal gas disposal. Three types of microorganisms 
consume H): acetogens, sulfate-reducing organisms, and metha- 
nogens.” Acetogens consume H, and CO, to synthesize short- 
chain fatty acids. Sulfate-reducing microorganisms use H, to 
reduce sulfate to sulfide. Methanogens use H, to reduce CO) to 
CH4.!° Only about 40% of adults have sufficient concentrations 
of methanogens to yield detectable breath CH4 concentrations. 

Methanogens oxidize H more rapidly than other H)-con- 
suming microorganisms. The inability of some individuals to 
increase breath H, excretion probably reflects extremely efficient 
consumption of H by methanogens rather than a failure to pro- 
duce H;. The degree of methanogenesis has been reported to be 
high in persons with constipation. Proposed explanations for this 
association are that slow colonic transit in constipated persons 
enhances the proliferation of methanogens and, conversely, that 
CH, slows intestinal transit.” 


Plasticity of Microbiota and Gas Metabolism 


‘The composition of the colonic microbiota (and therefore, the 
amount of gas produced on a given diet) varies considerably 
among individuals, depending on early environmental condi- 
tions as well as factors encountered later in life, such as diet and 
antibiotic exposures.!! Even in the same individuals, dietary hab- 
its influence microbiota composition: whereas fiber-rich diets 
increase its diversity, diets low in fermentable residues induce the 
opposite effect!?-!+ One study showed that a 3-day diet rich in 
flatulogenic residues increased the relative abundance of meth- 
anogens in healthy subjects.!* Chronic ingestion of high doses 
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Fig. 17.5 Postprandial rectal gas collection. Gas evacuation increased 
with a high flatulogenic challenge meal but was similar in healthy sub- 
jects and in patients complaining of flatulence. Cumulative data (mean 
+SE) after a probe meal are shown. (From Manichanh C, Eck A, Varela 
E, et al. Anal gas evacuation and colonic microbiota in patients with 
flatulence: effect of diet. Gut 2014;63:401-8.) 
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of an intestinally malabsorbed disaccharide (e.g., lactulose by 
patients with constipation or lactose by persons with intestinal 
lactase deficiency) results in diminished breath H, excretion fol- 
lowing a challenge dose of the same disaccharide.!> This phe- 
nomenon may result from colonic proliferation of organisms 
such as Bifidobacterium spp. that ferment lactose or lactulose via 
non-H), releasing pathways or of gas-consuming microorganisms. 
Similarly, oral administration of a galacto-oligosaccharide with 
prebiotic properties has been shown to increase the volume of gas 
produced within the intestine; the volume then declines to base- 
line over the subsequent 3 weeks of administration. Conceivably, 
the initial increase in gas production is due to the fermentation of 
the prebiotic, and the subsequent decline is due to adaptation by 
the microbiota. Indeed, changes in the microbiota composition 
are detected by the end of the administration period.!° Another 
study indicated that adaptation of microbiota to regular prebiotic 
consumption involves a shift in microbiota metabolism toward 
low-gas—producing pathways, with a nonsignificant upregulation 
of gas-consuming activity.!/ 


Odoriferous Gases 


None of the quantitatively important gases has an odor; the 
unpleasant odor of feces is due to gases present in trace quanti- 
ties. The intensity of the noxious odor of flatus samples corre- 
lates with concentrations of hydrogen sulfide and methanethiol.'* 
Odoriferous gases are difficult to study, among other reasons, 
because they pass across rubber or plastic membranes that are 
impermeable to other gases. For example, these gases diffuse 
from the intracolonic milieu into an intrarectal latex balloon 
inflated with air, and the air recovered by deflating the balloon 
has the characteristic odor of these gases. 


Anal Evacuation 


Intestinal gas that is not absorbed or metabolized is eliminated via 
anal evacuation. Therefore, anal gas evacuation is the net result 
of gas dynamics along the entire GI tract, but in fact, anal evacu- 
ation is by and large determined by colonic gas homeostasis. A 
study in 20 healthy subjects showed that on their normal diets, 
the rate of gas evacuation 6 hours after breakfast was about 40 
mL/h; on a highly flatulogenic diet, the rate increased to around 
120 mL/h after a high-residue meal (see Fig. 17.5).!* These data 
corroborate previous observations with different diets. The aver- 
age number of anal gas evacuations by healthy subjects on their 
normal diets is roughly 10 during the day, with an upper limit of 
normal of about 20 a day.'”:!° The number of evacuations is 2 to 
3 times higher on a highly flatulogenic diet. Neither age nor gen- 
der correlates significantly with the frequency of flatus. 

About 200 mL of N, are evacuated per anus daily indepen- 
dently of the diet. The volume of O, evacuated is much smaller 
and not influenced by diet.!%?° It is not clear to what extent N, 
and QO) in flatus is derived from swallowed air or diffuses from 
blood. The volumes of Hj, CO , and CH, excreted in flatus (in 
subjects with methanogenic flora) are highly variable and depend 
on fermentative activity in the colon. In the presence of ferment- 
able residues in the colon, their volumes increase. Conversely, 
after a 48-hour liquid fiber-free diet, anal evacuation of Hz, CO), 
and CH; is almost abolished.”° 

Studies have measured the volume of endogenous gas pro- 
duced within the intestine using a washout technique. High- 
rate infusion of labeled exogenous gas directly into the jejunum 
washes endogenous gas from the intestine and thereby prevents 
its absorption and consumption.'°?! To determine the proportion 
of endogenous gas eliminated from the lumen, volumes of endog- 
enous gas collected per anus in paired studies with and without 
gaseous washout have been compared; the volume of endogenous 
gas measured in the washout experiments approximates the total 
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volume of gas produced, whereas gas evacuated through the anus 
in basal experiments (without washout) reflects the net excess of 
intraluminal elimination over gas production. These studies have 
consistently shown that a large proportion of the gas produced 
after a meal is rapidly eliminated from the intestinal lumen either 
by absorption into the blood and excretion by breath or by gas- 
consuming microorganisms, and only a modest proportion, about 
20% to 25%, is eliminated per anus; however, the proportion of 
gas clearance by absorption versus consumption was not discrimi- 
nated in these experiments. 

In a classic study, long-term simultaneous measurements of 
rectal and breath H, excretion were performed in adult sub- 
jects maintained in an airtight environment,”’ and the propor- 
tion of gas—particularly H, COz, and CHy—removed from the 
colon via intestinal absorption and anal evacuation was found to 
depend on the rate of gas production. When H; production was 
low, breath accounted for 65% of total H, excretion, with 35% 
of H, eliminated per anus; however, when H, production was 
high, only 20% was eliminated via the breath, and the major part 
(80%) was eliminated per anus. Because the intestinal absorption 
process for H; is not saturatable, the decreasing proportion of H, 
excreted in the breath is presumably a result of more rapid pro- 
pulsion of the gas to the anus. Likewise, the concentration of CO) 
in flatus tends to be highest during periods of high gas production 
and rapid anal evacuation. 


INTESTINAL PROPULSION, ACCOMMODATION, AND 
TOLERANCE TO GAS 


The aboral propulsion of gas in the intestine is a crucial determi- 
nant of the volume of gas present in each segment of the GI tract 
and the total volume in all segments at any moment. Gas tran- 
sit determines the residence time of gas in the intestinal lumen; 
absorption and bacterial consumption of gas are influenced by 
transit time, as is the composition of gas evacuated from the anus. 
Therefore, the increase in anal gas evacuation may be related in 
some conditions to increased intestinal gas propulsion, rather 
than to increased production. Gas movement along the intestine 
has been studied using experimental models of intestinal gas infu- 
sion, but it is not known how much gas moves from one compart- 
ment to the next in normal conditions. In contrast to the gastric 
cardia, which allows belching, the normal ileocecal valve is highly 
competent and does not allow ileal gas reflux even during experi- 
mental inflation of the colon.” 

Intestinal gas transit and tolerance have been measured using 
a gas challenge test in which a mixture of gases is continually 
infused into the jejunum and anal gas output is quantified. A 
dose-response study using infusion rates of up to 30 mL/min (1.8 
L/h) showed that most healthy subjects evacuate gas as rapidly 
as it is infused, with little or no discomfort.** Transit of gas, like 
that of solids and liquids, is modulated by a series of reflex mecha- 
nisms. Intraluminal nutrients, particularly lipids, delay gas tran- 
sit, whereas mechanical stimulation of the intestine (e.g., mild 
rectal distention) has a strong prokinetic effect.?° Gas is moved 
along the GI tract far more rapidly than solids and liquids, but the 
type of motor activity that determines gas transit is not known. 
Conceivably, movement and displacement of large masses of low- 
resistance gas is produced by subtle changes in tonic activity and 
capacitance of the intestine that do not affect the movement of 
solids and liquids.”’ This activity can be detected by a barostat?%?’ 
but not by conventional manometry. Gas boluses infused into the 
left colon have been shown to elicit forceful peristaltic contrac- 
tions that precede small gas expulsions,’® but this type of pha- 
sic event has not been recorded during continuous gas infusion 
with a barostat located inside the rectum. Therefore, these phasic 
events could be a response to focal distention produced by abrupt 
delivery of intraluminal gas. 


Gas transit is normally effective, but when an appreciable 
amount of gas is retained within the GI tract, subjects may develop 
abdominal distention and symptoms. Different experimental 
models of gas retention have been used to show that although 
abdominal distention is related to the volume of gas within the GI 
tract, perception of abdominal symptoms depends on both intes- 
tinal motor activity and the intraluminal distribution of gas.’?*° 
Retention of gas in the intestine stimulates an abdominal accom- 
modation reflex that adapts the muscular activity of the anterior 
abdominal wall and the diaphragm to the volume load. Consider- 
able colonic gas retention produces relatively small increments 
in girth in healthy persons, because the anterior abdominal wall 
contracts and the diaphragm relaxes, thereby expanding the 
abdominal cavity in a cephalad direction.*! The thorax partici- 
pates in the accommodation reflex: cephalad displacement of the 
diaphragm is associated with intercostal contraction and compen- 
satory expansion of the costal wall to limit the impact on lung vol- 
ume and function.** Therefore, this abdomino-phreno-thoracic 
coordination limits the increase in abdominal girth that results 
from an increase in intestinal contents. 


CLINICAL GAS PROBLEMS 


Patients frequently complain of a generic problem with gas, 
and the initial step for the clinician is to determine whether the 
patient is referring to chronic eructation, passage of excessive 
gas, odoriferous flatus or breath, impaired anal gas evacuation, 
or abdominal bloating and visible abdominal distention. Each of 
these complaints has a different pathophysiology and treatment. 
A specific questionnaire for the evaluation of gas-related symp- 
toms has been developed.*? 


Repetitive Eructation 
Pathophysiology 


The occasional belch expels air from the stomach that has been 
swallowed with ingested solids or liquids. Repetitive eructation 
results from inadvertent and compulsive aspiration of air into 
the hypopharynx and esophagus, most of which is immediately 
expelled before reaching the stomach**; aspiration of air into 
the esophagus may be produced by pharyngeal injection, tho- 
racic suction, or both.*+3> Bredenoord and Smout have pro- 
posed the terms gerophagia (air swallowing) and gastric belching 
(venting air from the stomach), in contrast to supragastric belch- 
ing (repetitive eructation of air aspirated into the esophagus), 
although it is unclear whether aspirated air can reach the stom- 
ach. Indeed, supragastric belching can elicit regurgitation of 
reflux episodes.*+>> 

Repetitive eructation is frequently triggered by emo- 
tional stress. Episodes of continuous belching often occur 
after meals; in a proportion of cases, careful interrogation 
reveals underlying dyspeptic-type postprandial symptoms that 
patients misinterpret as excessive gas in the stomach. If swal- 
lowed air enters the stomach, discomfort may increase. Eructa- 
tion produces partial relief and reinforces the false impression 
of the patient, and a vicious cycle develops. Therefore, chronic 
eructation is almost always a behavioral disorder, and radio- 
logic and endoscopic evaluation should be reserved for patients 
who have associated symptoms or signs suggestive of thoracic 
or abdominal pathology. It is not known why and how these 
patients learn this maneuver and acquire the habit. In some 
patients with aerophagia, swallowed air may pass into the 
intestine, and they may complain of a bloating sensation rather 
than excessive eructation.***° Difficulty with eructation after 
a fundoplication for GERD results in the gas-bloat syndrome 
(see Chapter 46). 


Treatment 


‘Treatment of repetitive eructation begins with providing a clear- 
cut pathophysiologic explanation for the patient’s repetitive 
belching: that air swallowing rather than gas production in the 
GI tract is the problem. Distress is diminished by an understand- 
ing of the benign nature of chronic eructation. Patients should be 
instructed to refrain from belching; holding a pencil between the 
teeth during episodes of repetitive belching may help a patient 
become aware of swallowing and stop the cycle. If present, under- 
lying dyspeptic symptoms should also be treated (see Chapter 
14). Only in severe refractory cases is a psychiatric consultation 
advisable. 


Flatulence 
Pathophysiology 


In a minority of persons, excess flatulence may be due to a condi- 
tion that results in carbohydrate malabsorption (e.g., lactose mal- 
absorption, celiac disease). A case of severe flatulence secondary 
to air swallowing has been reported,*’ but this seems to be a rare 
occurrence. A study in 30 consecutive patients whose predomi- 
nant complaint was excessive gas evacuation per anus showed 
that the subjective perception was not confirmed by objective 
measures in some of the patients and that, despite their beliefs, 
the number of daytime gas evacuations measured with an event 
marker was within the normal range.!? On the other hand, when 
specifically questioned, it became clear that flatulence was asso- 
ciated in most instances with other GI symptoms, particularly 
abdominal bloating. Interestingly, the volume of gas collected 
after a test meal in flatulent patients, in those with either a nor- 
mal or excessive number of measured passages, was similar to 
that in healthy subjects (see Fig. 17.5). It has been consistently 
shown that patients with functional GI symptoms have increased 
colonic and rectal perception (visceral hypersensitivity)!*** (see 
Chapter 122); this finding could explain the lower tolerance for 
and more efficient evacuation of gas arriving into the rectum.*? 
More frequent passages of smaller volumes could be a behavioral 
response to rectal gas sensation. The alternative possibility that 
gas is retained within the colon after a test meal was excluded 
by careful volumetric analysis of intestinal gas volume based on 
CT." Endogenous mucus may be a fermentable substrate"; this 
finding is the proposed explanation for the high fasting H, excre- 
tion observed in SIBO (see Chapter 105) and untreated celiac 
disease (see Chapter 107). 


Treatment 


In patients with an identifiable condition that results in intestinal 
carbohydrate malabsorption (e.g., lactose malabsorption, celiac 
disease), treatment of the underlying condition reduces gas pro- 
duction. In patients with functional flatulence (i.e., no demonstra- 
ble intestinal absorptive defect), gas production can be effectively 
reduced by a low-flatulogenic diet. Reduction of gas production 
in these patients is associated with a dramatic improvement in 
subjective flatulence and abdominal symptoms, even though their 
basal gas production is within the normal range. Improvement 
is similar in patients with an excessive or normal number of gas 
evacuations on the patient’s basal diet, suggesting that a bulking 
effect of the low-flatulogenic diet may also be involved.!? 
Despite many beliefs concerning which foods cause gas, sci- 
entific data concerning the effect of diet on anal gas evacuation 
are sparse.*! Foods that provide minimal substrate to colonic 
bacteria include proteins (e.g., meat, fowl, fish, eggs) and certain 
carbohydrates (e.g., gluten-free bread, rice, rice bread). Foods 
thought to increase gas include legumes, Brussels sprouts, onions, 
celery, carrots, raisins, bananas, fermentable fiber, and complex 
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starches like wheat and potatoes. Fruits and vegetables (particu- 
larly legumes) contain indigestible oligosaccharides like stachy- 
ose and raffinose that are readily fermented by colonic bacteria.” 
A pancreatic amylase inhibitor in beans slows starch digestion and 
absorption.** Fermentable fiber also provides substrate for gas 
production, although one study has shown that the standard dose 
of psyllium results in a minimal increase in H; excretion.*+ Both 
fructose present in soft drinks and sorbitol, a low-calorie sugar 
substitute, may escape small bowel absorption, but their practi- 
cal contribution to colonic gas production is uncertain. Selective 
restriction of specific foodstuffs, such as onion and garlic, may 
reduce odoriferous gases, but experimental evidence is lacking. In 
general, after a one-week low-flatulogenic diet, patients usually 
experience relief of symptoms." By an orderly reintroduction of 
eliminated foodstuffs, patients may learn to identify the offending 
meal components. 

Diets low in fermentable oligosaccharides, disaccharides, mono- 
saccharides, and polyols (FODMAPs) have become popular; these 
diets are complex to design and cumbersome to follow and do not 
seem to offer documentable advantages over simpler low-residue 
alternatives.*4°#? Some data indicate that FODMAP restriction 
has deleterious effects on “good” intestinal microbiota,*° and it is 
not known whether the same is true for other low-residue diets (see 
Chapter 122). Similarly, little experimental support is available to 
recommend a gluten-free diet in the absence of celiac disease or 
wheat intolerance (see Chapter 107). 

Commercial preparations of f-galactosidase (e.g., Beano) are 
touted to enhance digestion of the indigestible oligosaccharides 
present in legumes and other vegetables,*! but efficacy has only 
been demonstrated for the liquid preparation; tablets containing 
this enzyme may not be effective. Simethicone has defoaming 
properties that eliminate bubbles that might trap gas,*” but it does 
not reduce the volume of gas. Activated charcoal has been reported 
to reduce breath H; excretion,” but another study showed that 
charcoal does not bind H; (or any other quantitatively important 
intestinal gas) and does not reduce breath H, excretion.*+ Bismuth 
subsalicylate in high doses may reduce odoriferous flatus, but its 
use may not be justifiable because of its potential toxicity.’ Several 
commercial devices (cushions, pads, underwear) use activated char- 
coal to adsorb odoriferous gases; cushions have been shown to be 
less effective than pads or underwear.*° 

Antibiotics, particularly rifaximin, have been claimed to 
reduce intestinal gas production,’ but decreased rectal gas excre- 
tion has not been demonstrated. Given the problems associated 
with chronic antibiotic therapy as well as the lack of a clear-cut 
benefit, it seems inadvisable to use antibiotics to manipulate the 
microbiota of flatulent patients. Pre- and probiotics may influ- 
ence the composition of colonic microbiota and thereby reduce 
anal gas evacuation. As discussed earlier, a galacto-oligosaccha- 
ride prebiotic induces adaptation of colonic microbiota so that 
gas-producing metabolism is reduced.!®!7 A study has shown that 
the benefit of this prebiotic administered for 4 weeks is similar 
to that of a low-FODMAP diet; however, whereas the improve- 
ment persisted 2 weeks after termination of administration of the 
prebiotic, a rebound effect was observed after discontinuation of 
the low-FODMAP diet.” Whether the benefit is specific to this 
galacto-oligosaccharide prebiotic is unknown. 


Impaired Gas Evacuation 


In contrast to patients with excessive flatus, some patients com- 
plain of gas retention associated with impaired fecal evacuation. 
Normally, evacuation of gas results from a mild increase in intra- 
abdominal pressure coupled with anal relaxation. Incoordination 
of this process produces functional outlet obstruction that may 
be associated with the sensation of difficult gas evacuation and 
constipation (see Chapter 19). Fecal retention prolongs colonic 
fermentation and could increase gas production. Persons who 
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complain of gas retention and impaired anal evacuation may 
benefit from biofeedback treatment, which can improve both gas 
and fecal evacuation and may also improve associated abdominal 
symptoms, particularly bloating. 


Abdominal Bloating and Distention 
Pathophysiology 


Symptoms commonly attributed to too much gas (e.g., abdominal 
bloating, distention) are among the most frequently encountered 
GI complaints.” Bloating refers to the sensation of increased 
abdominal pressure. Abdominal distention refers to an objective 
increase in abdominal girth; in fact, the term visible abdominal dis- 
tension seems more accurate. Distention usually develops follow- 
ing meals or at the end of the day and resolves after an overnight 
rest. Measurements using inductance plethysmography and CT 
have objectively demonstrated a clear-cut increase in abdominal 
girth with episodes of bloating and distension (Fig. 17.6).360-63 
Some patients with IBS, particularly those with rectal hypersensi- 
tivity complain of bloating in the absence of objective distention 
(see Chapter 122). 

Patients with IBS who complain of frequent bloating have 
been reported to have increased gas production caused by SIBO 
or intestinal malabsorption (see Chapters 105 and 122). How- 
ever, this finding has not been supported by other well-designed 
studies.°+°> It has been shown that in patients complaining of 
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Fig. 17.6 Mechanisms of functional abdominal distension. Upper 
panel, CT images in the same patient during basal conditions (no dis- 
tention) and during an episode of abdominal distension. Lower panel, 
Differences during distension versus basal conditions (n = 47). Note the 
increase in anteroposterior (AP) abdominal diameter (red), increase in 
abdominal gas (blue), and diaphragmatic descent (green); all changes 
were statistically significant (*). (Adapted from Accarino A, Perez F, 
Azpiroz F, et al. Abdominal distension results from caudo-ventral redis- 
tribution of contents. Gastroenterology 2009; 136:1544-51.) 


bloating and abdominal distension, the net production of intes- 
tinal gas and the content of abdominal gas are similar to those in 
healthy subjects.°?.° Excessive gas has been observed, however, 
in patients with severe motility disorders, such as chronic intes- 
tinal pseudo-obstruction (see Chapter 124)°’; these patients with 
intestinal neuropathy or myopathy are rare and usually seen in 
referral centers (Fig. 17.7). 

Multiple studies using intestinal gas infusion have shown con- 
sistently that patients with bloating have impaired handling of the 
infused gas. In response to an exogenous gas load, these patients 
exhibit gas retention, abdominal symptoms, or both.ć665-71 These 
abnormalities apparently reflect impaired reflex control of gas 
transit,’>’?-> as well as the frequently demonstrated hypersen- 
sitivity to bowel distention in patients with IBS.** Therefore, gas 
transit studies seem to provide a sensitive method of identifying 
subtle intestinal motor disturbances that are not detectable by 
conventional diagnostic tests. 

Despite the disturbances in gas propulsion described ear- 
lier, no abnormalities in intestinal gas volume and distribution 
have been detected in relation to symptoms.*° A series of stud- 
ies of patients with IBS, in which abdominal CT images were 
compared under basal conditions and during an episode of vis- 
ible distention, demonstrated that the sensation of distention is 
associated with an increase in the anteroposterior diameter of 
the abdomen and a significant diaphragmatic descent but only 
a modest increment in intestinal gas content (see Fig. 17.6).°° 
Thorough analysis of intestinal gas distribution in a large cohort 
of patients failed to detect abnormalities, for example, localized 
gas accumulations, in most patients with symptoms’; likewise, no 
abnormalities in colonic biomass were detected.° Electromyo- 
graphic studies have shown that the abdomen normally adapts 
to an increase in contents via a coordinated abdominophrenic 
response.*! Patients with IBS and bloating have an uncoordi- 
nated response, with paradoxical diaphragmatic contraction and 
anterior wall relaxation.’°’’ Whereas normal accommodation of 
abdominal contents seems to be a reflex response, some data sug- 
gest that abnormal accommodation in patients with distension 
is a behavioral response, because it can be reversed by biofeed- 
back techniques.°*,’*:’? The trigger for this conditioned response 
is not known, but it could be speculated that minor increases in 
bowel contents that are well tolerated by healthy subjects induce 
a sensation of bloating in hypersensitive patients and trigger the 
conditioned somatic response that leads to visible abdominal dis- 
tension. 


Treatment 


Because patients with bloating and abdominal distention seem to 
have a common variant of IBS, the basic approach to treatment 
should be similar to that for IBS (see Chapter 122). 


Nonpharmacologic Therapies 

Intestinal clearance of perfused gas is increased by mild exercise 
and the erect posture, which may explain anecdotal observa- 
tions that activity (as opposed to resting in the supine posture) 
improves bloating in some patients.*°-*’ Although intestinal gas 
volumes appear to be normal in patients with bloating, the sen- 
sitivity of their intestines to normal volumes of bowel contents 
suggests that limiting gas production to a minimum may be bene- 
ficial. Therefore, dietary manipulations to reduce gas production 
(described earlier) may be beneficial. Treatment of constipation 
reduces bulking and improves bloating. Some data indicate that 
the use of probiotics may reduce symptoms of IBS, particularly 
abdominal bloating and distension.**.*+ Results with probiotic 
agents are variable and depend on the bacterial species used, 
dose, duration of treatment, and end points used for evaluation. 
Hypnosis has been reported to reduce symptoms of IBS, includ- 
ing bloating.** Patients with visible abdominal distension can be 


Fig. 17.7 Tridimensional reconstruction of CT images in a 
healthy subject and a patient with intestinal dysmotility. Note 
that in the patient with intestinal dysmotility, there is large 
pooling of gas (in blue), particularly in the small bowel, as 
compared with the healthy subject. (From Barba E, Quiroga 
S, Accarino A, et al. Mechanisms of abdominal distension in 
severe intestinal dysmotility: abdomino-thoracic response to 
gut retention. Neurogastroenterol Motil 2013;25:e389-94.) 


trained to correct the activity of the diaphragm and the anterior 
abdominal wall using biofeedback techniques.*!: 76 


Pharmacologic Therapies 

Although studies have suggested that antibiotics, particularly 
rifaximin, can reduce symptoms of IBS,” IBS may first appear 
after antibiotic therapy.’? The effectiveness of rifaximin in the 
treatment of gas symptoms remains controversial. Neostigmine, 
a potent prokinetic agent, has been reported to reduce abdominal 
symptoms resulting from an intestinal infusion of gas.” Chronic 
administration of pyridostigmine improves symptoms in patients 
complaining of bloating but has only marginal effects on intesti- 
nal gas content.* Other prokinetic agents may also be effective. 
Inhibition of intestinal motor activity enhances gas tolerance.*° 
A meta-analysis of the efficacy of smooth muscle relaxants in the 
treatment of IBS has concluded that these drugs are superior to 
placebo in the management of symptoms, specifically abdominal 
pain and distention.*° Peppermint oil has an antispasmodic effect 
on the GI tract because of the calcium channel blocker activity of 
its active constituent, menthol, but its benefit in IBS is question- 
able.*’ Drugs with antinociceptive action may also be useful (see 
Chapter 122). 


Pneumatosis Cystoides Intestinalis 


Pneumatosis cystoides intestinalis and coli is a condition char- 
acterized by the presence of gas-filled cysts in the wall of the 
small bowel, colon, or both (see Chapter 128). The cysts may 
be asymptomatic or associated with diarrhea, bloating, or 
abdominal pain.**8° Pneumatosis cystoides has been reported 
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as a complication of connective tissue diseases.” Many patients 
with pneumatosis have extremely high breath H, concentra- 
tions, a finding indicative of high luminal concentrations 
of H).°!:°? The feces of 3 patients with pneumatosis of the 
colon were found to have unusually low concentrations of 
H)-consuming organisms. Therefore, the high luminal H, of 
these subjects appears to reflect H, production that is relatively 
unopposed by H; consumption. An association between pneu- 
matosis and chronic administration of a-glucosidase inhibitors 
has been reported.°? 

How a high luminal H; tension results in pneumatosis is con- 
troversial. One proposal is that small intramural gas collections 
normally occur with some frequency but are quickly absorbed 
into the circulation. In the presence of high H, production, rapid 
diffusion of luminal H; into the cyst dilutes other cyst gases (e.g., 
N>). Therefore, the cyst N, tension remains lower than or equal 
to that in the blood. As a result, N3 in the cyst cannot be absorbed 
and the cyst persists. The most effective treatment to eliminate 
the cysts is administration of high concentrations of O, via inha- 
lation. This maneuver reduces the blood N; tension to a value 
below that of the cyst, allowing N; to diffuse from the cyst into 
the blood, with resolution of the cyst. Other forms of therapy 
that may be effective are heliox (a low-density gas mixture), anti- 
biotics that inhibit H, production (ciprofloxacin has been used 
successfully in a patient with SIBO and pneumatosis cystoides 
intestinalis), and dietary manipulations like lactose restriction 
that reduce the delivery of fermentable substrate to colonic bac- 
teria. 


Full references for this chapter can be found on www.expertconsult.com. 
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Fecal incontinence is defined as the involuntary leakage of fecal mat- 
ter through the anus or inability to control the discharge of bowel 
contents. Its severity can range from occasional unintentional loss 
of flatus to seepage of liquid fecal matter or complete evacuation 
of bowel contents. Consequently, the problem has been diffi- 
cult to characterize from an epidemiologic and pathophysiologic 
standpoint, but it causes considerable embarrassment, loss of self- 
esteem, social isolation, and diminished quality of life (QOL).! 


EPIDEMIOLOGY 


Fecal incontinence affects people of all ages, but its prevalence is 
disproportionately higher in middle-aged women, older adults, 
and nursing home residents. Estimates of its prevalence vary 
greatly and depend on the clinical setting, definition of incon- 
tinence, frequency of occurrence, and influence of social stigma 
and other factors.* The embarrassment and social stigma attached 
to fecal incontinence make it difficult for patients to seek health 
care; treatment is often delayed for several years. Fecal inconti- 
nence not only causes significant morbidity but also consumes 
substantial health care resources. 

In a U.S. householder mail survey, frequent leakage of stool 
and fecal staining for more than one month were reported by 
7.1% and 0.7% of the population, respectively.’ In the United 
Kingdom, 2 or more episodes of fecal incontinence per month 
were reported by 0.8% of patients who presented to a primary 
care clinic.t In an older (> age 65) self-caring population, fecal 
incontinence occurred at least once a week in 3.7% of patients 
and in more men than women (ratio of 1.5:1).> The frequency 
of fecal incontinence increases with age, from 7% in women 
younger than 30 to 22% in women in their seventh decade.*” By 
contrast, 25% to 35% of institutionalized patients and 10% to 
25% of hospitalized geriatric patients have fecal incontinence.! 
In the USA, fecal incontinence is the second leading reason for 
placement in a nursing home. 

In a survey of 2570 households comprising 6959 individuals, 
the frequency of at least one episode of fecal incontinence during 
the previous year was 2.2%; among affected persons, 63% were 
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women, 30% were older than 65, 36% were incontinent of solid 
stool, 54% were incontinent of liquid stool, and 60% were incon- 
tinent of flatus.! A National Institute of Diabetes and Digestive 
and Kidney Diseases (NIDDK) workshop of experts concluded 
that the frequency of fecal incontinence in community-dwelling 
women and men averages from 7% to 15%.° In another prospec- 
tive survey of patients who attended either a gastroenterology 
or primary care clinic, over 18% reported fecal incontinence at 
least once a week.’ Only one third had ever discussed the prob- 
lem with a physician, thereby suggesting that fecal incontinence 
is underreported. When stratified for the frequency of episodes, 
2.7% of patients reported incontinence daily, 4.5% weekly, and 
7.1% monthly.’ In another survey, fecal incontinence was associ- 
ated with urinary incontinence in 26% of women who attended 
a urology-gynecology clinic.!° A high frequency of mixed fecal 
and urinary incontinence was also reported in nursing home resi- 
dents. 

Fecal incontinence has a significant impact on the QOL, 
including loss of self-respect, confidence, and modesty.*:!! It also 
has an impact on psychological domains, including coping strate- 
gies, anxiety, fear, embarrassment, personal hygiene/odor issues, 
and unpredictability of stool habit.* Furthermore, there is a sig- 
nificant correlation between symptom severity and QOL.” Also, 
persons with incontinence were 6.8 times as likely to miss work or 
school and missed an average of 50 work or school days per year 
compared with those without incontinence or other functional 
GI symptoms.’ 

The cost of health care related to fecal incontinence includes 
measurable components like evaluation, diagnostic testing, and 
treatment of incontinence, as well as use of disposable pads and 
other ancillary devices, skin care, and nursing care. Roughly $1.8 
billion per year was spent on adult diapers in the USA alone 
and globally $10.7 billion, and between $1.5 and $7 billion/ 
year is spent on care for incontinence among institutionalized 
older patients.'?:'* When adjusted for 2012 dollars, the total 
per patient annual cost was slightly higher in the USA ($84,111) 
than in the Netherlands ($83,521).!5 The potential economic 
impact of nonsurgical therapy for fecal incontinence, such as 
sacral nerve stimulation (SNS), was estimated in the United 
Kingdom to be more than $35,000 per year,!° but there are no 
prospective cost-effectiveness comparative trials. In a long-term 
facility, the annual cost for a patient with mixed fecal and urinary 
incontinence was $9711." In the outpatient setting, the average 
estimated cost per patient (including evaluation) is $17,166.18 
These persons also incur costs that cannot be easily measured 
and result from their impaired QOL and social dysfunction.’ 
Fecal incontinence causes a significant economic burden, 
including increased use of health care resources, and has a major 
impact on QOL. 


PATHOPHYSIOLOGY 


Functional Anatomy and Physiology of the 
Anorectum 


A structurally and functionally intact anorectal unit is essential for 
maintaining normal continence of bowel contents (see Chapters 
100 and 129).!° The rectum is a hollow muscular tube composed 
of a continuous layer of longitudinal muscle that interlaces with 
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Fig. 18.1 Sagittal diagrammatic view of the anorectum. (From Rao 
SSC. Pathophysiology of adult fecal incontinence. Gastroenterology 
2004;126:S14-22.) 


the underlying circular muscle. This unique muscle arrangement 
enables the rectum to serve as both a reservoir for stool and a pump 
for emptying stool. The anus is a muscular tube 2 to 4 cm in length 
that at rest forms an angle with the axis of the rectum (Fig. 18.1). 
At rest, the anorectal angle is approximately 90 degrees; with vol- 
untary squeeze, the angle becomes more acute, about 70 degrees; 
and during defecation the angle becomes obtuse, about 110 to 130 
degrees (see Chapter 19). 

The anal sphincter consists of two muscular components: the 
internal anal sphincter (IAS), a 0.3- to 0.5-cm thick expansion of 
the circular smooth muscle layer of the rectum, and the exter- 
nal anal sphincter (EAS), a 0.6- to 1.0-cm thick expansion of the 
levator ani muscles. Morphologically, both sphincters are sepa- 
rate and heterogenous.”” The IAS is composed predominantly 
of slow-twitch, fatigue-resistant smooth muscle and generates 
mechanical activity with a frequency of 15 to 35 cycles/min as 
well as ultraslow waves at 1.5 to 3 cycles/min.!? The IAS contrib- 
utes 70% to 85% of the resting anal sphincter pressure, but only 
40% of the pressure after sudden distention of the rectum and 
65% during constant rectal distention; the remainder of the pres- 
sure is provided by the EAS or puborectalis, or both.’! Therefore, 
the IAS is chiefly responsible for maintaining anal continence at 
rest. 

The anus is normally closed by the tonic activity of the IAS. 
This barrier is reinforced during voluntary squeeze by the EAS. 
The EAS, although circumferential in its inner layers, may also 
have a purse string configuration in some of its outer layers ante- 
riorly with fibers inserting into the contralateral transverse peri- 
neal and bulbospongiosus muscles and pubic rami.’* This unique 
configuration may have implications for episiotomy and anal 
sphincter reconstruction. The anal mucosal folds, together with 
the expansive anal vascular cushions (see later), provide a tight 
seal. These barriers are augmented by the puborectalis mus- 
cle, which forms a flap-like valve that creates a forward pull and 
reinforces the anorectal angle.!? Studies using high-definition 
3-dimensional (3D) manometry have revealed that the puborec- 
talis muscle contributes significantly to the pressure profiles and 
plays an integral role in maintaining continence, sensory motor 
response, and the rectoanal inhibitory reflex (see later).?4 

The anorectum is richly innervated by sensory, motor, and 
autonomic nerves and by the enteric nervous system. The prin- 
cipal nerve to the anorectum is the pudendal nerve, which arises 
from the second, third, and fourth sacral nerves (S2, S3, S4), 
innervates the EAS, and subserves sensory and motor function.” 
A pudendal nerve block creates a loss of sensation in the perianal 
and genital skin and weakness of the anal sphincter muscle but 
does not affect rectal sensation.*! A pudendal nerve block also 
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abolishes the rectoanal contractile reflexes (see later), an observa- 
tion that suggests that pudendal neuropathy may affect the recto- 
anal contractile reflex response. The sensation of rectal distention 
is most likely transmitted along the S2, S3, and S4 parasympa- 
thetic nerves. These nerve fibers travel along the pelvic splanch- 
nic nerves and are independent of the pudendal nerve.’ 

How humans perceive stool contents in the anorectum is not 
completely understood. Earlier studies failed to demonstrate 
rectal sensory awareness.!? Subsequent studies have confirmed 
that balloon distention is perceived in the rectum and that such 
perception plays a role in maintaining continence.?*”° Further- 
more, sensory conditioning can improve hyposensitivity’”?* and 
hypersensitivity?’ of the rectum. Mechanical stimulation of the 
rectum can produce cerebral evoked responses,” confirming that 
the rectum is a sensory organ. Likewise, electrical stimulation of 
the anus and rectum also evokes cortical evoked potentials, both 
in health?! and in patients with fecal incontinence.’ 

Although organized nerve endings are not present in the rectal 
mucosa or myenteric plexus, myelinated and unmyelinated nerve 
fibers are present.'? These nerves most likely mediate the disten- 
tion or stretch-induced sensory responses as well as the viscero- 
visceral,’ rectoanal inhibitory, and rectoanal contractile reflexes. 
The sensation of rectal distention is most likely transmitted via 
the parasympathetic nervi erigentes along the S2, S3, and S4 
splanchnic nerves. Rectal sensation and the ability to defecate can 
be abolished completely by resection of the nervi erigentes.** If 
parasympathetic innervation is absent, rectal filling is perceived 
only as a vague sensation of discomfort. Even persons with para- 
plegia or sacral neuronal lesions may retain some degree of sen- 
sory function, but almost no sensation is felt if lesions occur in 
the higher spine.!°”°>+ Studies using novel noninvasive magnetic 
stimulation of lumbosacral plexus and recordings of anal and 
rectal motor evoked potentials (MEPs) have shown that patients 
with spinal cord injury and fecal incontinence exhibit significant 
lumbosacral neuropathy.’ Therefore, the sacral nerves are 
intimately involved in the maintenance of continence. 

The suggestion has been made that bowel contents are sensed 
periodically by anorectal sampling,” the process whereby tran- 
sient relaxation of the IAS allows the stool contents from the 
rectum to come into contact with specialized sensory organs in 
the upper anal canal. Specialized afferent nerves may exist that 
subserve sensations of touch, temperature, tension, and friction, 
but the mechanisms are incompletely understood.!’ Incontinent 
persons appear to sample rectal contents less frequently than con- 
tinent persons. The likely role of anal sensation is to facilitate 
discrimination between flatus and feces and the fine-tuning of the 
continence barrier, but its precise role has not been well charac- 
terized. 

Rectal distention is associated with a reflex decrease in anal 
resting pressure known as the rectoanal inhibitory reflex. The 
amplitude and duration of this relaxation increases with the vol- 
ume of rectal distention up to a maximum of 100 to 150 cc and 
then plateaus.** This reflex is mediated by the myenteric plexus 
and caused by the release of nitric oxide and vasoactive intesti- 
nal peptide?’ and is present in patients in whom the hypogastric 
nerves have been transected and in those with a spinal cord lesion. 
The reflex is absent after transection of the rectum, but it may 
recover.*° The rectoanal inhibitory reflex may facilitate discharge 
of flatus and stool. Rectal distention is also associated with a rec- 
toanal contractile response, a subconscious reflex effort to pre- 
vent release of rectal contents such as flatus.*°+! This response 
involves contraction of the EAS and is mediated by the pelvic 
splanchnic and pudendal nerves. The amplitude and duration of 
the rectoanal contractile reflex also increases with rectal disten- 
tion, up to a maximum volume of 30 mL. Abrupt increases in 
intra-abdominal pressure, as caused by coughing or laughing, are 
associated with an increase in anal sphincter pressure. A number 
of mechanisms, including reflex contraction of the puborectalis, 
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may be involved. More recently, a rectoanal sensorimotor reflex 
response has been described, whereby the conscious perception 
of a desire to defecate (induced by balloon distension) evokes a 
contractile response in the anal canal.*” This response is primarily 
mediated by contraction of the puborectalis** and is significantly 
impaired in patients with rectal hyposensitivity.¥ 

The blood-filled vascular tissue of the anal mucosa also plays 
an important role in producing optimal closure of the anus. An 
in vitro study has shown that even during maximal involuntary 
contraction, the internal sphincter ring is unable to completely 
close the anal orifice; a gap of some 7 mm remains. This gap is 
filled by the anal cushions, which may exert pressures of up to 
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Fig. 18.2 Relative frequencies of common mechanisms that lead to 
fecal incontinence. In many patients, more than one mechanism is 
involved. 


TABLE 18.1 Mechanisms, Causes, and Pathophysiology of Fecal Incontinence 


Mechanism Causes 


9 mm Hg and thereby contribute 10% to 20% to the resting 
anal pressure.*° 


Pathogenic Mechanisms 


Fecal incontinence occurs when one or more mechanisms that 
maintain continence is disrupted to the extent that other mecha- 
nisms cannot compensate. Therefore, fecal incontinence is often 
multifactorial.2+! In a prospective study, 80% of patients with 
fecal incontinence had more than one pathogenic abnormality 
(Fig. 18.2).!? Although pathophysiologic mechanisms often over- 
lap, they can be categorized under 4 broad groups (Table 18.1). 


Abnormal Anorectal and Pelvic Floor Structures 


Anal Sphincter Muscles 

Disruption or weakness of the EAS muscle causes urge-related 
or diarrhea-associated fecal incontinence. By contrast, damage to 
the IAS muscle or anal endovascular cushions may lead to a poor 
seal and an impaired sampling reflex. These changes may cause 
passive incontinence or fecal seepage (see later), often under 
resting conditions. Both sphincters may be defective in many 
patients. The extent of muscle loss can influence the severity of 
incontinence.!? 

The most common cause of anal sphincter disruption is 
obstetric trauma, which may involve the EAS, IAS, or puden- 
dal nerves. However, why most women who have sustained an 
obstetric injury in their 20s or 30s typically do not present with 
fecal incontinence until their 50s is unclear. In a prospective 
study, 35% of primiparous (normal antepartum) women showed 
evidence of anal sphincter disruption after vaginal delivery.44” 
Other important risk factors include a forceps-assisted delivery, 


Pathophysiology 


ABNORMAL ANORECTAL OR PELVIC FLOOR STRUCTURES 
Anal sphincter muscles 


Puborectalis muscle 


Pudendal nerve 
descent 


Nervous system, spinal cord, 
autonomic nervous system 


Rectum Aging, IBD, IBS, prolapse, radiation 

ABNORMAL ANORECTAL OR PELVIC FLOOR FUNCTION 

Impaired anorectal sensation 
obstetric injury 


Fecal impaction Dyssynergic defecation 


ALTERED STOOL CHARACTERISTICS 


Increased volume and loose 


consistency laxatives, metabolic disorders 


Hard stools, retention Drugs, dyssynergia 
MISCELLANEOUS 


Physical mobility, cognitive Aging, dementia, disability 


function 
Psychosis Willful soiling 
Drugs* Anticholinergics 
Antidepressants 
Caffeine 
Laxatives 


Muscle relaxants 
Food intolerance 


Hemorrhoidectomy, neuropathy, obstetric injury 
Aging, excessive perineal descent, trauma 


Excessive straining, obstetric or surgical injury, perineal 


Avulsion injury, diabetes mellitus, head injury, multiple 


sclerosis, spinal cord injury, spine surgery, stroke 


Autonomic nervous system disorders, CNS disorders, 


Bile salt malabsorption, drugs, infection, IBD, IBS, 


Fructose, lactose, or sorbitol malabsorption 


Sphincter weakness, loss of sampling reflex 
Obtuse anorectal angle, sphincter weakness 


mpaired reflexes, sensory loss, sphincter weakness 


mpaired reflexes, loss of accommodation, loss of sensation, 
secondary myopathy 


Hypersensitivity, loss of accommodation, loss of sensation 


Loss of stool awareness, rectoanal agnosia 


Fecal retention with overflow, impaired sensation 


Diarrhea and urgency, impaired accommodation, rapid stool 
transport 


Fecal retention with overflow 


ultifactorial changes 


ultifactorial changes 


Constipation 

Altered sensation, constipation 
Relaxation of sphincter tone 
Diarrhea 

Relaxation of sphincter tone 


Diarrhea, flatus 


*Pathophysiology is noted for each class of drugs. 


prolonged second stage of labor, large birth weight, and occipito- 
posterior presentation.!’ A prospective study of 921 primiparous 
women has shown that the frequencies of fecal incontinence at 6 
weeks and 6 months postpartum are 27% and 17%, respectively, 
in women with vaginal delivery and a sphincter tear; 11% and 
8%, respectively, in women with vaginal delivery but without a 
tear; and 10% and 7.6%, respectively, in women who underwent 
cesarean section.*° This study showed clearly that the occurrence 
and severity of fecal incontinence were due to an anal sphincter 
tear that occurred at the time of vaginal delivery. 

Episiotomy is believed to be a risk factor for anal sphincter 
disruption. In one study, medial episiotomy was associated with 
a ninefold higher risk of anal sphincter dysfunction.*” Regard- 
less of the type of delivery, however, incontinence of feces or fla- 
tus occurred in a surprisingly large percentage of middle-aged 
women, thereby suggesting that age-related changes in the pelvic 
floor may predispose to fecal incontinence. 

Aging affects anal sphincter function.*® In men and women 
older than age 70, sphincter pressures decrease by 30% to 40%, 
compared with younger persons." In all age groups, anal squeeze 
pressure is lower in women than men,*? with a rapid fall after 
menopause.’ Estrogen receptors have been identified in the 
human striated anal sphincter, and ovariectomy in rats leads to 
atrophy of the striated anal sphincter muscle.'?»! These observa- 
tions suggest that the strength and vigor of the pelvic floor mus- 
cles are influenced by hormones. Pudendal nerve terminal motor 
latency (PNTML) is prolonged in older women, and pelvic floor 
descent is excessive on straining (see later).°* These mechanisms 
may contribute to progressive damage to the striated anal sphinc- 
ter muscle. Aging is also associated with increased thickness and 
echogenicity of the IAS.” 

Other causes of anatomic disruption include anorectal surgery 
for hemorrhoids, fistulas, and fissures. Anal dilation or lateral 
sphincterotomy may result in incontinence secondary to frag- 
mentation of the anal sphincters.** Hemorrhoidectomy can cause 
incontinence by inadvertent damage to the IAS* or loss of endo- 
vascular cushions. Accidental perineal trauma or a pelvic fracture 
may also cause direct sphincter trauma that leads to fecal inconti- 
nence,*° but anoreceptive intercourse is not associated with anal 
sphincter dysfunction.*” Finally, IAS dysfunction may also occur 
because of myopathy, degeneration, or radiotherapy.!? 


Puborectalis Muscle 

The puborectalis muscle is important for maintaining continence 
by forming a flap valve mechanism.°* Studies using 3D US have 
shown that 40% of women with fecal incontinence have major 
abnormalities, and another 32% have minor abnormalities, of the 
puborectalis muscle, compared with 21% and 32%, respectively, 
of asymptomatic parous controls.*? Assessment of puborectalis 
function by a perineal dynamometer revealed impaired puborec- 
talis (levator ani) contraction in patients with fecal incontinence, 
and this finding was an independent risk factor for and correlated 
with the severity of fecal incontinence. Furthermore, improve- 
ment in puborectalis strength following biofeedback therapy was 
associated with clinical improvement, in part because the upper 
portion of the puborectalis muscle receives its innervations from 
branches of the S3 and S4 sacral nerves rather than the pudendal 
nerve. Because the puborectalis muscle and EAS have separate 
neurologic innervations, pudendal blockage does not abolish vol- 
untary contraction of the pelvic floor®! but completely abolishes 
EAS function.?! 


Nervous System 

Intact innervation of the pelvic floor is essential for maintaining 
continence. Sphincter degeneration due to pudendal neuropathy 
and obstetric trauma may cause fecal incontinence in women.** 
Neuropathic injury is often sustained during childbirth, prob- 
ably as a result of stretching of the nerves during elongation 
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of the birth canal or direct trauma during passage of the fetal 
head. Nerve damage is more likely to occur when the fetal head 
is large, the second stage of labor is prolonged, or forceps are 
applied, especially with a high forceps delivery or prolonged 
labor. 

The role of extrinsic autonomic innervation is controversial. 
Animal studies have shown that the pelvic nerves convey fibers 
that relax the rectum®’; these nerves may play a role in accom- 
modating and storing feces and gas. Damage to the pelvic nerves 
may lead to impaired accommodation and rapid transit through 
the rectosigmoid region, thereby overwhelming the continence 
barrier mechanisms. Sympathetic efferent activity, as studied by 
stimulating the presacral sympathetic nerves, tends to relax the 
IAS, whereas parasympathetic stimulation may cause contrac- 
tion of the anal sphincter. The upper motor neurons for volun- 
tary sphincter muscle lie close to those that innervate the lower 
limb muscles in the parasagittal motor cortex and adjacent to the 
representation of the genitalia and perineum in the sensory cor- 
tex.!? Damage to the motor cortex from a CNS lesion may lead 
to incontinence. In some patients with neurogenic incontinence, 
the sensory and motor nerve fibers may be damaged, resulting in 
sensory impairment.’ This damage can impair conscious aware- 
ness of rectal filling as well as the associated reflex responses in 
the striated pelvic floor sphincter muscles. 

Approximately 10% of patients with fecal incontinence 
may have a lesion more proximal than the intrapelvic or peri- 
anal nerves. The primary abnormality in these patients is cauda 
equina nerve injury,°* which may be occult and not evident 
through clinical evaluation. These patients have a prolongation 
of nerve conduction along the cauda equina nerve roots without 
an abnormality in PNTML.® In a minority of patients, however, 
a combination of peripheral and central lesions is present. Other 
disorders such as multiple sclerosis, diabetes mellitus, and demy- 
elination injury (or toxic neuropathy from alcohol or traumatic 
neuropathy) may also lead to incontinence.!? 


Rectum 

The rectum is a compliant reservoir that stores stool until social 
conditions are conducive to its evacuation.’ If rectal wall compli- 
ance is impaired, a small volume of stool material can generate a 
high intrarectal pressure that can overwhelm anal resistance and 
cause incontinence.®° Causes include radiation proctitis, UC, or 
Crohn disease, infiltration of the rectum by tumor, and radical 
hysterectomy.°’ Similarly, rectal surgery, particularly pouch sur- 
gery,°° and spinal cord injury®? may be associated with loss of 
rectal compliance. 


Abnormal Anorectal and Pelvic Floor Function 


Impaired Anorectal Sensation 

Intact sensation not only provides a warning of imminent defeca- 
tion but also helps distinguish among formed stool, liquid feces, 
and flatus. Older persons, those who are physically and mentally 
challenged, and children with fecal incontinence”? often show 
blunted rectal sensation. Impaired rectal sensation may lead to 
excessive accumulation of stool, thereby causing fecal impac- 
tion, megarectum (extreme dilatation of the rectum), and fecal 
overflow. Causes of impaired sensation include neurologic dam- 
age due to multiple sclerosis, diabetes mellitus, and spinal cord 
injury.°? Less well known is that analgesics (particularly opiates) 
and antidepressants may also impair rectal sensation and produce 
fecal incontinence. The importance of the rectum in preserving 
continence has been demonstrated conclusively through surgical 
studies in which preservation of the distal 6 to 8 cm of the rec- 
tum, along with its parasympathetic nerve supply, helped patients 
avoid incontinence.’! By contrast, rectal sensation and the ability 
to defecate can be abolished completely by resection of the nervi 
erigentes (see earlier).*? 
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An intact sampling reflex allows an individual to choose 
whether to discharge or retain rectal contents. Conversely, an 
impaired sampling reflex may predispose a subject to inconti- 
nence.*’ The role of the sampling reflex in maintaining conti- 
nence, however, remains unclear. In children who have undergone 
colonic pull-through surgery (see Chapter 117), some degree of 
sensory discrimination is preserved.’? Because the anal mucosal 
sensory zone is absent in these children, the suggestion has been 
made that sensory receptors, possibly located in the puborec- 
talis muscle, may play a role in facilitating sensory discrimina- 
tion; traction on the muscle is a potent stimulus for triggering 
defecation and a sensation of rectal distention. Because abolition 
of anal sensation by the topical application of 5% lidocaine does 
not reduce resting sphincter pressure (it affects voluntary squeeze 
pressure but does not affect the ability to retain saline infused 
into the rectum), the role of anal sensation in maintaining fecal 
continence has been questioned.!? 


Dyssynergic Defecation and Incomplete Stool Evacuation 
In some patients, particularly older adults, prolonged retention of 
stool in the rectum or incomplete evacuation may lead to seepage 
of stool or staining of undergarments.” Most of these patients 
show obstructive or dyssynergic defecation,’* and many of them 
also exhibit impaired rectal sensation, whereby anal sphincter 
and pudendal nerve function is intact but the ability to evacuate a 
simulated stool is impaired. Similarly, in older adults and in chil- 
dren with functional incontinence, prolonged retention of stool 
in the rectum can lead to fecal impaction, which may also cause 
prolonged relaxation of the IAS, thereby allowing liquid stool to 
flow around impacted stool and escape through the anal canal 
(see Chapter 19).”° 


Descending Perineum Syndrome 

In women with long-standing constipation and a history of exces- 
sive straining for many years (perhaps even without prior child- 
birth), excessive straining may lead to progressive denervation of 
the pelvic floor muscles.” Most of these patients demonstrate 
excessive perineal descent and sphincter weakness that may lead 
to rectal prolapse, but fecal incontinence is not an inevitable con- 
sequence. Whether or not incontinence develops will depend 
on the state of the pelvic floor and the strength of the sphincter 
muscles. 


Altered Stool Characteristics 


The consistency, volume, and frequency of stool and the presence 
or absence of irritants in stool may also contribute to the patho- 
genesis of fecal incontinence.’ In the presence of large-volume 
liquid stools, which often transit the hindgut rapidly, continence 
can only be maintained through intact sensation and a strong 
sphincteric barrier. In patients with bile salt malabsorption, lac- 
tose or fructose intolerance, or rapid dumping of osmotic mate- 
rial into the colon, colonic transit of gaseous and stool contents 
is too rapid and can overwhelm the continence mechanisms (see 
Chapters 16 and 104). 


Miscellaneous Mechanisms 


Various medical conditions and disabilities may predispose to fecal 
incontinence, particularly in older adults. Immobility and lack of 
access to toileting facilities are primary causes of fecal inconti- 
nence in this population.’° Several drugs may inhibit sphincter 
tone; some are used to treat urinary incontinence and detrusor 
instability, including anticholinergics like tolterodine tartrate 
(Detrol) and oxybutynin (e.g., Ditropan) and muscle relaxants 
like baclofen (e.g., Lioresal) and cyclobenzaprine (e.g., Flexeril). 
Stimulants (e.g., caffeinated products, fiber supplements, laxa- 
tives) produce fecal incontinence by causing diarrhea.'? 


BOX 18.1 Features of the History that Should be Elicited 
from a Patient with Fecal Incontinence 


Onset and precipitating event(s) 
Duration and timing 

Severity 

Stool consistency and rectal urgency 
History of fecal impaction 


Coexisting problems (e.g., diarrhea, IBD) 

Drugs, caffeine, diet 

Past history: spine surgery, urinary incontinence, back injury, diabe- 
tes mellitus, neurologic disorders 

Clinical subtypes: passive or urge incontinence or fecal seepage 

Obstetric history: use of forceps, tears, presentation of the infant, 
repairs 


EVALUATION 
History 


The first step in evaluating a patient with fecal incontinence is to 
establish a trusting relationship and assess the duration and nature 
of the symptoms, with specific attention to (1) whether the leakage 
consists of flatus, liquid stool, or solid stool; and (2) the impact of 
the symptoms on QOL (Box 18.1). Because many people misinter- 
pret fecal incontinence as diarrhea or urgency,” a detailed charac- 
terization of the complaint is important. The clinician should ask 
about the use of pads or other devices and the patient’s ability to 
discriminate between formed or unformed stool and gas (lack of 
such discrimination is termed rectal agnosia)? An obstetric history, 
dietary history, and history of coexisting urinary incontinence and 
conditions like diabetes mellitus, pelvic radiation, neurologic prob- 
lems, or spinal cord injury are important. A prospective stool diary, 
specifically the FI stool smartphone application, can be useful. 

The circumstances under which incontinence occurs should 
also be determined. Such a detailed inquiry may facilitate recog- 
nition of the following types of fecal incontinence: 


1. Passive incontinence, the involuntary discharge of fecal matter 
or flatus without any awareness. This pattern suggests a loss 
of perception or impaired rectoanal reflexes, with or without 
sphincter dysfunction. 

2. Urge incontinence, the discharge of fecal matter or flatus despite 
active attempts to retain these contents. Predominant causes 
of this pattern are disruption of sphincter function and a de- 
crease in rectal capacity to retain stool. 

3. Fecal seepage, the undesired leakage of stool, often after a bowel 
movement, with otherwise normal continence and evacuation. 
This condition results primarily from incomplete evacuation 
of stool or impaired rectal sensation.’>"+ Sphincter function 
and pudendal nerve function are mostly intact. 


Although overlap exists among the 3 types, useful insights can 
be gained regarding the underlying mechanism(s) and preferred 
management by determining the predominant pattern. 

Symptom assessment may not correlate well with manomet- 
ric findings (see later). In one study, leakage had a sensitivity of 
98.9%, specificity of 11%, and positive predictive value of 51% 
for detecting a low resting anal sphincter pressure on manom- 
etry.’ The positive predictive value for detecting a low anal 
squeeze pressure was 80%. Therefore, for an individual patient 
with fecal incontinence, the history and clinical features alone are 
insufficient to define the pathophysiology, and objective testing 
is essential (see later).’?°° 

A number of self-reporting QOL and fecal incontinence 
severity scales are available that have been validated, including 
FI-QOL (Fecal Incontinence-QOL), St. Mark’s/Vaizey score,*! 


FISI (Fecal Incontinence Severity Index),** FISS (Fecal Inconti- 
nence Severity Score),!>® and ICIQ-B (International Consulta- 
tion on Incontinence Questionnaire-Bowels).*+ On the basis of 
the clinical features, several grading systems have been proposed. 
A modification of the Cleveland Clinic grading system® has been 
validated by investigators at St. Mark’s Hospital’! and provides 
an objective method of quantifying the degree of incontinence. 
It can also be useful for assessing the efficacy of therapy. This 
grading system is based on 7 parameters: the character of the anal 
discharge as (1) solid, (2) liquid, or (3) flatus; (4) the degree of 
alterations in lifestyle; the need to (5) wear a pad or (6) take antidi- 
arrheal medication; and (7) the ability to defer defecation. The 
total score ranges from 0 (continent) to 24 (severe incontinence). 
As noted earlier, however, clinical features alone are insufficient 
to define the pathophysiology. The use of validated question- 
naires such as the symptom checklist 90-R (SCL-90-R) and short 
form 36 (SF-36) and FI-QOL surveys may provide additional 
information regarding psychosocial issues and the impact of fecal 
incontinence on the patient’s QOL. However, a stool diary that 
prospectively records key symptoms associated with fecal incon- 
tinence can provide useful perspectives on the problem and can 
also be used for the assessment of the percentage of bowel move- 
ments that are associated with fecal incontinence, a key param- 
eter for the evaluation of treatment success.*° An electronic stool 
diary using a smartphone application (FI stool app) is available 
for recording bowel symptoms and could prove extremely useful. 


Physical Examination 


A detailed physical examination, including a neurologic examina- 
tion, should be performed in any patient with fecal incontinence 
because incontinence may be secondary to a systemic or neuro- 
logic disorder. A stepwise approach for performing a digital rectal 
examination in a patient with suspected fecal incontinence and 
documentation and scoring of the abnormal examination find- 
ings has been described.*’ The focus of the examination is on 
the perineum and anorectum. Perineal inspection and digital rec- 
tal examination are best performed with the patient lying in the 
left lateral position and with good illumination. On inspection, 
the presence of fecal matter, prolapsed hemorrhoids, dermati- 
tis, scars, skin excoriations, or a gaping anus and the absence of 
perianal creases may be noted. These features suggest sphincter 
weakness or chronic skin irritation and provide clues regarding 
the underlying cause.’ Excessive perineal descent or rectal pro- 
lapse can be demonstrated by asking the patient to attempt def- 
ecation. An outward bulge that exceeds 3 cm is usually defined as 
excessive perineal descent (see Chapter 19).°° 

First, perianal sensation should be checked. The anocutane- 
ous reflex examines the integrity of the connections between the 
sensory nerves and skin; the intermediate neurons in spinal cord 
segments S2, S3, and S4; and the motor innervation of the EAS. 
This reflex can be assessed by gently stroking the perianal skin 
in each perianal quadrant with a cotton bud. A normal response 
consists of a brisk contraction of the EAS (“anal wink”). An 
impaired or absent anocutaneous reflex suggests either afferent 
or efferent neuronal injury. 

After inserting a lubricated, gloved index finger into the anus 
and rectum, the clinician should assess the resting sphincter tone, 
length of the anal canal, strength of the puborectalis sling, acute- 
ness of the anorectal angle, strength of anal sphincter squeeze, 
and elevation of the perineum during voluntary squeeze. The 
presence of a rectocele or impacted stool may be noted. 

The accuracy of the digital rectal examination has been 
assessed in several studies. In one study of 66 patients, digital rec- 
tal examination by an experienced surgeon correlated somewhat 
with resting sphincter pressure (r = 0.56; P < 0.001) or maximum 
squeeze pressure (r = 0.72; P < 0.001).°° In a study of 280 patients 
with various anorectal disorders, a reasonable correlation was 
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reported between digital examination and manometric findings, 
but the sensitivity, specificity, and positive predictive values of 
digital examination were low.” In another study of 64 patients, 
correlations between digital rectal examination with resting and 
squeeze pressure were 0.41 and 0.52, respectively.”! These data 
suggest that digital rectal examination provides only an approxi- 
mation of sphincter strength. The findings are influenced by 
many factors, including the size of the examiner’s finger, tech- 
nique used, and cooperation of the patient. Moreover, trainees 
lack adequate skills for recognizing the features of fecal incon- 
tinence on digital rectal examination.”” Although digital rectal 
examination can identify patients with fecal impaction and over- 
flow, it is not accurate for diagnosing sphincter dysfunction and 
should not be used as the basis for decisions regarding treatment.” 


Diagnostic Testing 


An important step in assessing a patient with fecal incontinence 
is to determine whether the incontinence is secondary to diar- 
rhea or independent of stool consistency. If diarrhea coexists with 
incontinence, appropriate tests should be performed to identify 
the cause of the diarrhea (see Chapter 16). Such testing may 
include flexible sigmoidoscopy or colonoscopy to exclude colonic 
mucosal inflammation, a rectal mass, or stricture and stool stud- 
ies for infection, volume, osmolality, electrolytes, fat content, and 
pancreatic dysfunction. Biochemical tests should be performed to 
look for thyroid dysfunction, diabetes mellitus, and other met- 
abolic disorders. Breath tests may be considered for lactose or 
fructose intolerance or SIBO.’ A history of cholecystectomy may 
suggest bile salt malabsorption and prompt a therapeutic trial of 
a bile salt—binding agent. 

Specific tests are available for defining the underlying mecha- 
nisms of fecal incontinence and are often used in a complemen- 
tary fashion. The most useful tests are anorectal manometry, anal 
endosonography, the balloon expulsion test (BET), special neu- 
rophysiologic tests including translumbosacral anorectal mag- 
netic stimulation (TAMS), and PNTML,?:73-"6 as well as newer 
tests such as the anorectal endoluminal functional lumen imaging 
probe (EndoFLIP) for defining the anal sphincteric region.” 


Anorectal Manometry 


Anorectal manometry is a useful method for assessing IAS and 
EAS pressures (Fig. 18.3) as well as rectal sensation, rectoanal 
reflexes, and rectal compliance. Several types of probes and pres- 
sure recording devices are available. Each system has distinct 
advantages and drawbacks; however, an international survey of 
experts showed significant variability in methodology, perfor- 
mance characteristics, and interpretation of the tests.” Although 
traditionally a water-perfused probe with closely spaced sensors 
has been used,” increasingly, solid-state probes with microtrans- 
ducers or air-filled miniaturized balloons are being adopted glob- 
ally. A solid-state probe with 12 circumferential sensors spaced 
at 1-cm intervals with a 4.2-mm outer diameter and 4-cm—long 
balloon (Given Imaging) provides high resolution.”? This device 
uses a novel pressure transduction technology (TactArray) that 
allows each of the pressure-sensing elements to detect pressure 
over a length of 2.5 mm and in each of 12 radially dispersed sec- 
tors. The data can be displayed in isobaric contour plots that 
can provide a continuous dynamic representation of pressure 
changes, although anal sphincter pressures are higher than those 
recorded with water-perfused manometry. A high-definition 3D 
manometry system with 256 circumferentially arrayed sensors in 
a 5-cm probe is also being used in many laboratories and provides 
anal sphincter pressure profiles and topography (Fig. 18.4). The 
anal EndoFLIP is a newer system that is composed of a probe 
with a balloon housing multiple impedance sensors and provides 
a 3D profile of the anal high-pressure zone, quantification of 
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Fig. 18.3 Anorectal manometry profiles in (A), a healthy normal subject 

in whom squeeze (external anal sphincter) and resting (internal anal 

sphincter) pressures are normal and (B), a patient with fecal incontinence 

in whom squeeze and resting pressures are weak. Upper tracings, rectal 

pressure activity; middle tracings, anal pressure activity at 2.5 cm; lower 


tracings, anal pressure activity at 1.0 cm from the anal margin. 


the anal sphincter distensibility index, and an assessment of anal 
resistance, opening forces, and compliance (Fig. 18.5).°’ Further 
studies are required to assess its clinical utility. 

Anal sphincter pressures can be measured by stationary or 
station pull-through techniques.*>.°* Resting anal sphincter 
pressure predominantly represents IAS function, and voluntary 
anal squeeze pressure represents EAS and puborectalis function. 
Patients with fecal incontinence have low resting and low squeeze 
pressures (see Figs. 18.3 and 18.4), indicating IAS and EAS weak- 
ness, respectively.” The duration of sustained squeeze pressure 


Posterior Anterior Posterior 


Maximal and Sustained Squeeze 


Low pressure area 
3D: Sagittal View 2D: Unfolded View 


Fig. 18.4 High-definition anal sphincter vector topography showing 
pressure changes during maximal squeeze in a 3-dimensional sagittal 
view (left) and a 2-dimensional unfolded view (right). A, Changes in 

a healthy control subject. B, Changes in a subject with fecal incon- 
tinence. The subject with incontinence has significant anal sphincter 
weakness, with an asymmetrical squeeze and a change in some 
vectors (predominantly yellow and green), whereas the healthy subject 
shows a robust squeeze (orange and red) and symmetrical decrease in 
sphincter diameter. 


provides an index of sphincter muscle fatigue. The ability of the 
EAS to contract reflexively can be assessed during abrupt increases 
in intra-abdominal pressure, as when the patient coughs. This 
reflex response causes the anal sphincter pressure to rise above 
that of the rectal pressure to preserve continence. The response 
may be triggered by receptors in the pelvic floor and mediated 
through a spinal reflex arc. In patients with a spinal cord lesion 
above the conus medullaris, this reflex response is preserved even 
though voluntary squeeze may be absent, whereas in patients with 
a lesion of the cauda equina or sacral plexus, both the reflex and 
voluntary squeeze responses are absent.? 100.101 

Anorectal manometry can provide useful information regard- 
ing anorectal function.”?”>!°* The American Motility Society 
has recommended guidelines and minimal standards for manom- 
etry testing.” Although data regarding normal values are insuf- 
ficient, and results between healthy subjects and patients with 
fecal incontinence overlap,” with large confidence intervals for 
test reproducibility,'!°? manometry testing can be useful in an 
individual patient with fecal incontinence.” Manometric tests 
of anorectal function may also be useful for assessing objective 
improvement following drug therapy, biofeedback therapy, or 
surgery (see later).!0+106 International efforts to develop consen- 
sus among experts regarding testing methodology and interpre- 
tation of tests could pave the way for standardizing the test and 
improving clinical diagnosis and patient management.”® 


Rectal Sensory Testing 


Rectal balloon distention with air or water can be used to 
assess sensory responses and compliance of the rectal wall. By 
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At rest 


Patient with fecal incontinence 


Fig. 18.5 Anorectal endoluminal functional lumen imaging 
probe (EndoFLIP) topographic profiles in (A), a healthy 
subject showing a normal high-pressure-zone profile, 800mm 
cross-sectional area, and distensibility index at rest (left 
panel) and during squeeze (right panel) and (B), a patient 
with fecal incontinence. When measured at 50-mL balloon 
distension, the anal distensibility index in the patient with 
fecal incontinence at rest (6.5 mm?/mm Hg) was signifi- 
cantly higher than that of the healthy subject (0.6 mm?/ 
mm Hg), suggesting a weak and easily distensible anal 
sphincter. Also during squeeze, the distensibility index 
was significantly higher in the patient with fecal inconti- 
nence (2.5 mm?/mm Hg) than that of the healthy subject 
(0.2 mm?/mm Hg). B 


Fig. 18.6 Anal endosonograms. A, 
Normal, healthy subject with an intact 
hypoechoic internal anal sphincter (IAS) 
and an intact thicker and hyperechoic 
external anal sphincter (FAS). B, Subject 
with fecal incontinence secondary to an 
obstetric injury, causing a large anterior 
sphincter defect that involves the IAS 
and EAS and spans the circumference 
between the 10 and 2 o'clock positions 
(arrows). 


distending a balloon with incremental volumes in the rectum, 
the thresholds for first perception, first desire to defecate, and 
urgent desire to defecate can be assessed. A higher threshold for 
sensory perception indicates rectal hyposensitivity.7!°°!°’ The 
balloon volume required for partial or complete inhibition of 
anal sphincter tone can also be assessed. The volume required 
to induce reflex anal relaxation is lower in incontinent patients 
than in controls.!°° 

Because sampling of rectal contents by the anal mucosa 
may play an important role in maintaining continence,*’ 
quantitative assessment of anal perception using electrical or 
thermal stimulation has been advocated but is not used clini- 
cally.2 Rectal compliance can be calculated by assessing the 
changes in rectal pressure during balloon distention with air 
or fluid.°+! Rectal compliance is reduced in patients with 
colitis, patients with a low spinal cord lesion, and diabetic 
patients with incontinence but is increased in those with a 
high spinal cord lesion. 
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Anal Endosonography 

Anal endosonography is performed by using a 7- to 15-mHz 
rotating transducer with a focal length of 1 to 4 cm.!!° The test 
provides an assessment of EAS and IAS thickness and structural 
integrity and can detect scarring, loss of muscle tissue, and other 
local pathology (Fig. 18.6).!!! Higher-frequency (10- to 15-mHz) 
probes and 3D reconstruction of the anal sphincter that provide 
improved delineation of the sphincter complex have become 
available.!!! 

After vaginal delivery, anal endosonography has revealed 
occult sphincter injury in 35% of primiparous women; most 
of these lesions were not detected clinically. In another study, 
sphincter defects were detected in 85% of women with a third- 
degree perineal tear, compared with 33% of patients without a 
tear.!!? In studies that compared EMG (see later) mapping with 
anal endosonography, the concordance rate for identifying a 
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sphincter defect was high,!1-114 but the technique is operator 
dependent and requires training and experience.”* Although 
endosonography can distinguish internal from external sphinc- 
ter injury, it has a low specificity for demonstrating the cause of 
fecal incontinence.’ Because anal endosonography is more widely 
available, less expensive, and certainly less painful than EMG, 
which requires needle insertion, it is the preferred technique for 
examining the morphology of the anal sphincter muscles and 
detecting anal sphincter defects.”° 


MRI 

Endoanal MRI can provide superior imaging with excellent 
spatial resolution, particularly for defining the anatomy of the 
EAS.!!5116 One study,!!’ but not another,!!> has shown that 
MRI is less accurate than anal endosonography. A major con- 
tribution of anal MRI has been the recognition of EAS atrophy, 
which may adversely affect sphincter repair (see later)!!*; atrophy 
may be present without pudendal neuropathy.!!? The addition of 
dynamic pelvic MRI using fast imaging sequences or MRI colpo- 
cystography, which involves filling the rectum with ultrasound 
gel as a contact agent and having the patient evacuate while lying 
inside the magnet, may define the anorectal anatomy more pre- 
cisely.!*° Use of an endoanal coil enhances resolution and allows 
more precise definition of the sphincter muscles. Comparative 
studies of costs, availability, technical factors, clinical utility, and 
role in treatment decision making are warranted. 


Defecography 


Defecography uses fluoroscopic techniques to provide mor- 
phologic information about the rectum and anal canal.!*! It is 
used to assess the anorectal angle, measure pelvic floor descent 
and the length of the anal canal, and detect the presence of a 
rectocele, rectal prolapse, or mucosal intussusception. About 
150 mL of contrast material is placed into the rectum, and the 
subject is asked to squeeze or cough and expel the contrast. 
Although defecography can detect a number of abnormali- 
ties, these findings can also be seen in otherwise asymptom- 
atic persons,’+!** and their presence correlates poorly with 
impaired rectal evacuation. Agreement between observers in 
the measurement of the anorectal angle is also poor. Whether 
one should use the central axis of the rectum or the posterior 
wall of the rectum when measuring the angle is unclear. The 
functional significance of identifying morphologic defects 
has been questioned. Although defecography can confirm the 
occurrence of incontinence at rest or during coughing, it is 
most useful for demonstrating rectal prolapse*'’ or poor rec- 
tal evacuation (see Chapter 19). In selected patients, magnetic 
resonance defecography can be used to evaluate evacuation and 
identify coexisting problems (e.g., rectocele, enterocele, cysto- 
cele, mucosal intussusception).!!! 


Balloon Expulsion Test 


Normal patients can expel a 50-mL water-filled balloon!*+ or a 
silicone-filled artificial stool from the rectum in less than 1 min- 
ute.” Some studies have used a Foley balloon for performing this 
test!*>; however, one study has shown that use of a Foley balloon 
is an inappropriate method, and up to 50% of normal subjects 
may experience difficulty expelling this device.!*° Most patients 
with fecal incontinence have little or no difficulty with evacua- 
tion, but patients with fecal seepage’+ and many older persons 
with fecal incontinence secondary to fecal impaction’? demon- 
strate impaired evacuation. In these patients, a BET may help 
identify coexisting dyssynergia or a lack of coordination between 
the abdominal, pelvic floor, and anal sphincter muscles during 
defecation. One study has shown a high frequency of dyssynergia 
in residents of nursing homes (see Chapter 19).!?/ 


Neurophysiologic Testing 


EMG of the muscle activity from the anal sphincter is a useful 
technique for identifying sphincter injury as well as denervation- 
reinnervation potentials that can indicate neuropathy.°? EMG 
can be performed using a fine-wire needle electrode or a surface 
electrode, such as an anal plug. Abnormal EMG activity like 
fibrillation potentials and high-frequency spontaneous discharges 
provides evidence of chronic denervation, which is commonly 
seen in patients with fecal incontinence secondary to pudendal 
nerve injury or cauda equina syndrome. 128 

The PNTML measures neuromuscular integrity between the 
terminal portion of the pudendal nerve and the anal sphincter. 
Injury to the pudendal nerve leads to denervation of the anal 
sphincter muscle and muscle weakness. Therefore, measurement 
of the nerve latency time can help distinguish muscle injury from 
nerve injury as the cause of a weak sphincter muscle. A dispos- 
able electrode (St. Mark’s electrode [Dantec, Denmark]) is used 
to measure the latency time.!’? Prolonged nerve latency time 
suggests pudendal neuropathy. Women who have delivered vagi- 
nally with a prolonged second stage of labor or have had forceps- 
assisted delivery have been found to have a prolonged PNTML 
compared with women who delivered by cesarean section or 
spontaneously.!3°!3! An American Gastroenterological Associa- 
tion technical review did not recommend PNTML,”* although 
an expert review has noted that patients with pudendal neuropa- 
thy generally have a poor surgical outcome.!*” A normal PNTML 
does not exclude pudendal neuropathy, because the presence of 
a few intact nerve fibers can lead to a normal result, whereas an 
abnormal latency time is significant. PNTML may be useful for 
the assessment of patients prior to anal sphincter repair and is 
particularly helpful in predicting surgical outcome. 

The integrity of the peripheral component of efferent motor 
pathways that control anorectal function can also be assessed by 
recording the motor evoked potentials (MEPs) of the rectum and 
anal sphincter in response to magnetic stimulation of the lum- 
bar and sacral nerve roots, using a novel noninvasive modality— 
TAMS—bilaterally.?>°3° The technique is based on Faraday’s 
principle, which states that in the presence of a changing elec- 
trical field, a magnetic field is generated. Consequently, when a 
current is discharged rapidly through a conducting coil, a mag- 
netic flux is produced around the coil. The magnetic flux causes 
stimulation of neural tissue. TAMS allows more precise local- 
ization of the nerve pathways between the spinal cord and the 
anal sphincter, as well as subcomponent analysis of the efferent 
peripheral nervous system, rectum, and anal sphincter. Electrical 
or magnetic stimulation of the lumbosacral nerve roots facilitates 
measurement of the conduction time within the cauda equina 
and can diagnose sacral motor radiculopathy as a possible cause 
of fecal incontinence.'*?:!3* One study has shown that recording 
of translumbar MEPs and transsacral MEPs of the rectum and 
anus provides delineation of peripheral neuromuscular injury in 
patients with fecal incontinence (Fig. 18.7)*° and can reveal hith- 
erto undetected changes in patients with back injury. Another 
study assessed the locus of efferent in patients with fecal inconti- 
nence and showed that although the transcranial-anorectal MEPs 
were prolonged in patients with fecal incontinence when com- 
pared with healthy controls, the primary locus for nerve dysfunc- 
tion in patients with fecal incontinence was between the spinal 
nerve roots and the anorectum; the segment between the brain 
and spinal cord was mostly intact.?? 


Clinical Utility of Tests for Fecal Incontinence 


In one prospective study, history taking alone could detect 
an underlying cause in only 9 of 80 patients (11%) with fecal 
incontinence, whereas physiologic tests revealed an abnormal- 
ity in 44 patients (55%).!*° In a large retrospective study of 302 


Fig. 18.7 Equipment for the translumbosacral 
anorectal magnetic stimulation (TAMS) test (left) 
and anal motor evoked potential (MEP) responses 
following translumbar magnetic stimulation (right). 
The equipment consists of a magnetic stimulation 
device, a magnetic coil, and an anorectal MEP 
probe. The subject’s position is illustrated at the 
bottom left. The MEP response from a healthy 
subject (top right) shows a normal MEP latency of 
2.94 ms. The lower right profile from a patient with 
fecal incontinence shows a prolonged latency and a 
smaller amplitude of the MEP response, indicating 
anorectal neuropathy. 


patients with fecal incontinence, an underlying pathophysi- 
ologic abnormality was identified, but only after manometry, 
EMG, and rectal sensory testing were performed.!*° Most 
patients had more than one pathophysiologic abnormality. In 
another large study of 350 patients, incontinent patients had 
lower resting and squeeze sphincter pressures, a smaller rec- 
tal capacity, and earlier leakage following saline infusion in the 
rectum.!°? Nevertheless, results of a single test or a combina- 
tion of 3 different tests (anal manometry, rectal capacity, saline 
continence test) provided a low discriminatory value between 
continent and incontinent patients. This finding emphasizes 
the wide range of normal values and the ability of the body to 
compensate for the loss of any one mechanism involved in fecal 
incontinence. 

In a prospective study, anorectal manometry with sen- 
sory testing not only confirmed a clinical impression but also 
provided new information that was not detected clinically.” 
Diagnostic information obtained from these studies can influ- 
ence both management and outcomes of patients with incon- 
tinence. A single abnormality was found in 20% of patients, 
whereas more than one abnormality was found in 80% of 
patients. In another study, abnormal sphincter pressure was 
found in 40 patients (71%), and altered rectal sensation or 
poor rectal compliance was present in 42 patients (75%).!°5 
These findings were confirmed by another study, which 
showed that physiologic tests provided a definitive diagnosis in 
66% of patients with fecal incontinence.!*° Still, on the basis 
of the test results alone, it is not possible to predict whether 
an individual patient is continent or incontinent. An abnormal 
test result must be interpreted in the context of the patient’s 
symptoms and the results of other complementary tests. Tests 
of anorectal function provide objective data and define the 
underlying pathophysiology. Table 18.2 summarizes the key 
tests, information gained from them, and evidence to support 
their clinical use. 


TREATMENT 


Treatment goals for patients with fecal incontinence are to 
restore continence and improve QOL. Strategies that include 
supportive and specific measures may be used. An algorithmic 
approach to the evaluation and management of patients with fecal 
incontinence is presented in Fig. 18.8. 
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Healthy subject 


Patient 


Supportive Measures 


Supportive measures like avoiding offending foods, ritualizing 
bowel habits, improving skin hygiene, and instituting lifestyle 
changes may serve as useful adjuncts to managing fecal inconti- 
nence. For older or institutionalized patients with fecal inconti- 
nence, the availability of personnel experienced in the treatment 
of fecal incontinence, timely recognition of soiling, and imme- 
diate cleansing of the perianal skin are of paramount impor- 
tance.’° Hygienic measures such as changing undergarments, 
cleaning the perianal skin immediately following a soiling epi- 
sode, using moist wipes rather than dry toilet paper, and using 
barrier creams like zinc oxide and calamine lotion (Calmoseptine 
[Calmoseptine, Huntington Beach, CA]) may help prevent or 
heal skin excoriation. Perianal fungal infections should be treated 
with topical antifungal agents. More importantly, scheduled toi- 
leting with a commode at the bedside (or bedpan) and supportive 
measures to improve the patient’s general well-being and nutri- 
tional status may prove effective. Stool deodorants (e.g., Bedside- 
Care Perineal Wash [Coloplast Manufacturing, North Mankato, 
MN); Derifil [Integra, Plainsboro, NJ]; Devrom [Parthenon, Salt 
Lake City, UT]) can help disguise the smell of feces. In an insti- 
tutionalized patient, ritualizing the bowel habit and instituting 
cognitive training may prove beneficial. Using these measures, 
short-term (3- to 6-month) success rates of up to 60% have been 
reported in case series.!*” Patients in whom these measures fail 
have been shown to have a higher mortality rate than those with- 
out incontinence and those with incontinence who respond to 
these measures.!*° 

Other supportive measures include dietary modifications like 
reducing caffeine or fiber intake. Caffeinated coffee enhances the 
gastrocolic (or gastroileal) reflex, increases colonic motility,!*? 
and induces fluid secretion in the small intestine.'4? Reducing 
caffeine consumption, particularly after meals, may help lessen 
postprandial urgency and diarrhea. Brisk physical activity, par- 
ticularly after meals or immediately after waking, may precipitate 
fecal incontinence, because these physiologic events are associ- 
ated with increased colonic motility'*! and enhanced colonic 
transit.!4? In a study of 2565 adults that monitored exercise activ- 
ity and fecal incontinence, after adjustments, fecal incontinence 
was positively associated with moderate-to-vigorous exercise but 
not with light-intensity physical activity.!*> A food and symptom 
diary may identify dietary factors that cause diarrheal stools and 
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TABLE 18.2 Diagnostic Tests for Fecal Incontinence* 


Clinical Use Quality of 
Test Advantages Disadvantages Evidence Comments 
PHYSIOLOGY 
Anorectal manometry (high | Quantifies normal or weak EAS and IAS and Lack of standardization Good Useful for detecting anal 


resolution and 3D-high 
definition) 


Anorectal EndoFLIP 


Needle EMG 


Surface EMG 


Pudendal nerve terminal 
motor latency (PNTML) 


Translumbosacral anorectal 
magnetic stimulation 
(TAMS) test 


Colonic transit study with 
radiopaque markers 


Balloon expulsion test (BET) 


IMAGING 
Anorectal US 


Defecography 


MRI 


Plain abdominal film 


Barium enema 


ENDOSCOPY 


Flexible sigmoidoscopy and 
colonoscopy 


puborectalis pressures; identifies rectal 
hyposensitivity, rectal hypersensitivity, impaired 
rectal compliance, dyssynergic defecation 


Measures the cross-sectional area of the anal 
sphincter, distensibility index, and sphincter 
compliance 


Quantifies spike potentials and re-innervation 
pattern indicating neuropathy or myopathy 


Displays EMG activity; can provide information on 
normal or weak muscle tone 


Measures latency of the terminal portion of the 
pudendal nerve, simple to perform 


Quantifies the nerve conduction time of the entire 
spinoanal and spinorectal pathways; minimally 
invasive 


Evaluates the presence of fecal retention; 
inexpensive and widely available 


Simple, inexpensive, bedside assessment of 
ability to expel a simulated stool; identifies 
dyssynergic defecation 


Visualizes IAS and EAS defects, thickness, and 
atrophy and puborectalis muscles 


Detects prolapse, intussusception, obtuse 
anorectal angle, and pelvic floor weakness, as 
well as rectoceles and megarectum 


Simultaneously evaluates global pelvic floor 
anatomy and dynamic motion; reveals 
sphincter morphology and pathology outside 
the anorectum 


Identifies excessive amount of stool in the colon; 
simple, inexpensive, widely available 


Identifies megacolon, megarectum, stenosis, 
diverticulosis, extrinsic compression, and 
intraluminal masses 


Directly visualizes the colon to exclude mucosal 
lesions (e.g., solitary rectal ulcer syndrome, 
inflammation, malignancy) 


Lack of normative data 
and availability 


nvasive, painful; not 
widely available 


naccurate, frequent 
artifacts 


Minimally invasive, low 
sensitivity, interobserver 
differences 


Lack of training and 
availability 


Inconsistent methodology; 
validity has been 
questioned 


Lack of standardization 


Interobserver bias; scars 
difficult to identify 


Radiation exposure, 
embarrassment, 
availability, interobserver 
bias, inconsistent 
methodology 


Expensive, lack of 
standardization and 
availability 


Lack of standardization of 
interpretation, lack of 
controlled studies 


Lack of standardization, 
embarrassment, 
radiation exposure, lack 
of controlled studies 


Invasive, risks related to 
procedure (perforation, 
bleeding) and sedation 


Fair 


Fair 


Fair 


Fair 


Good 


Good 


Good 


Good 


Fair 


Fair 


Poor 


Poor 


Poor 


sphincter weakness, 
altered rectal sensation 
and accommodation, and 
dyssynergia 


Mostly used in research labs; 
clinical utility not fully known 


Useful but used largely in 
research laboratories 


Used largely for neuromuscular 
training 


Conflicting data; correlation 
with other tests and surgical 
outcome unclear 


Noninvasive test; objective and 
higher yield than PNTML; 
quantifies anal and rectal 
neuropathy 


Useful for identifying patients 
with fecal seepage and older 
persons with impaction 


Normal BET does not exclude 
dyssynergia; should be 
interpreted in the context of 
other anorectal test results 


Most widely available test 


Useful and complementary 
with other tests 


Used as an adjunct to other 
tests 


Not recommended for routine 
evaluation but useful in 
older adults and children 
with incontinence and fecal 
impaction 


Not recommended as part of 
routine evaluation 


Indicated in patients with 
unexplained diarrhea and 
seepage and patients > 
age 50 


3D, 3-Dimensional; EAS, external anal sphincter; EndoFLIP, endoluminal functional lumen imaging probe; IAS, internal anal sphincter. 


*Evidence-based summary. 
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History, physical examination (including digital rectal examination) 


Diarrhea 
+ incontinence 


Flexible sigmoidoscopy, 


routine blood tests 


Trial of loperamide, 
diphenoxylate and 
atropine, or other 
antidiarrheal agent 


Not 
improved 


Weak sphincter or 
sphincter defect 


+ 
No or mild neuropathy 


Biofeedback therapy, 
translumbosacral 


Biofeedback 
therapy 


If ineffective 


Obstetric, surgical, 
neurologic injury 


colonoscopy, and/or barium enema + 


All test results negative 


(EMG/PNTML/TAMS testing) 


Weak sphincter or 


neuromodulation 
therapy (TNT), or 
colostomy 


Local anorectal 
problem 


Appropriate 
treatment 
(see Chapter 129) 


Normal 


? Factitious incontinence 
Impaired sensation Dyssynergic defecation + 
impaired evacuation 


Biofeedback Biofeedback 
therapy therapy 


Suspected 
rectal prolapse 


Not 
confirmed 


Clinically 
confirmed 


Anorectal manometry Defecography 


Anal endosonography 


aE 
MRI 


Balloon expulsion test 


Neurophysiology tests 


sphincter defect + 
neuropathy 


TNT, sphincteroplasty, or sphincter 


Fig. 18.8 Algorithm for the evalu- repair 


ation and management of patients 
with fecal incontinence. PNTML, 
Pudendal nerve terminal motor 
latency; TAMS, translumbosacral 
anorectal magnetic stimulation. 


Sacral nerve stimulation 
Dextranomer injection 
Colostomy 


incontinence. Frequent culprits are lactose and fructose, which 
may be malabsorbed!**; eliminating food items containing these 
constituents may prove beneficial.’ Fiber supplements such as 
psyllium are often advocated in an attempt to increase stool bulk 
and reduce watery stools. In a single case-controlled study, psyl- 
lium led to modest improvement,'* but fiber supplements can 
potentially worsen diarrhea by increasing colonic fermentation of 


unabsorbable fiber. 


Specific Therapies 
Pharmacologic Therapy 


The antidiarrheal agents loperamide hydrochloride (Imodium) 
and diphenoxylate and atropine sulfate (Lomotil) remain the 
mainstays of drug treatment for fecal incontinence, although 
other drug treatments have been proposed.*:!*° In placebo-con- 
trolled studies, loperamide, 4 mg 3 times daily, has been shown 
to reduce the frequency of incontinence, improve stool urgency, 
and increase colonic transit time,!°* as well as increase anal rest- 
ing sphincter pressure!*” and reduce stool weight. An 8-week 
randomized crossover study of 80 patients with fecal inconti- 
nence showed an approximate 40% reduction in fecal inconti- 
nence episodes with both loperamide and psyllium, but there was 
no difference between the two treatments.!** Clinical improve- 
ment was also reported with diphenoxylate and atropine,!*? but 
objective testing showed no improvement in the patient’s abil- 
ity to retain saline or spheres in the rectum. Although most 


Decreased rectal 
reservoir 
Rectal augmentation 
surgery 


patients temporarily benefit from antidiarrheal agents, many 
report cramping, lower abdominal pain, or difficulty with evacu- 
ation after a few days. Careful dose titration is required to pro- 
duce the desired result. Another randomized controlled study 
tested clonidine, an a2-adrenergic agonist, 0.1 mg twice daily, 
in patients with incontinence and found that, although diarrhea 
decreased, the number of episodes of fecal incontinence did not 
change.'*° 

Idiopathic bile salt malabsorption may be an important under- 
lying cause of diarrhea and fecal incontinence (see Chapters 16 
and 64).!°! Patients with this problem may benefit from titrated 
doses of ion exchange resins like cholestyramine (Questran) (2 
to 6 g daily), colestipol (Colestid), or colesevelam (Welchol). 
Alosetron (Lotronex), a 5-hydroxytryptamine-3 receptor antago- 
nist approved for treatment of IBS and diarrhea, may serve as 
an adjunctive therapy for fecal incontinence, but the drug’s side 
effects restrict its use (see Chapter 122).!>? 

Postmenopausal women with fecal incontinence may ben- 
efit from estrogen replacement therapy.!°? An open-label study 
has shown that oral amitriptyline, 20 mg, is useful in treating 
patients who have urinary or fecal incontinence without evidence 
of a structural defect or neuropathy.!*+ Suppositories or enemas 
may also have a role in the treatment of incontinent patients with 
incomplete rectal evacuation or in those with postdefecation 
seepage. In some patients, constipating medications alternating 
with periodic enemas may provide more controlled evacuation 
of bowel contents, but these interventions have not been tested 
prospectively. 
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Biofeedback 


Neuromuscular and sensory training, usually referred to as bio- 
feedback therapy (or simply biofeedback), improves symptoms 
of fecal incontinence, restores QOL, and improves objective 
parameters of anorectal function. Biofeedback training is use- 
ful in patients with a weak sphincter or impaired rectal sensa- 
tion. The method is based on operant conditioning techniques 
whereby an individual acquires a new behavior through a learning 
process of repeated reinforcement and instant feedback.”:!°> The 
goals of biofeedback therapy in a patient with fecal incontinence 
are to: (1) improve anal sphincter muscle strength; (2) improve 
coordination between the abdominal, gluteal, and anal sphincter 
muscles during voluntary squeeze and following rectal percep- 
tion; and (3) enhance anorectal sensory perception. 

Because each goal requires a specific method of training, the 
treatment protocol should be customized for each patient on the 
basis of the underlying pathophysiologic mechanism(s). Biofeed- 
back training is often performed using visual, auditory, or verbal 
feedback techniques, and the feedback is provided via a manom- 
etry or EMG probe placed in the anorectum.*:!> When a patient 
is asked to squeeze, the anal sphincter contraction is displayed 
as an increase in anal pressure or EMG activity. This visual cue 
provides instant feedback to the patient. 

The aim of rectoanal coordination training is to achieve a 
maximum voluntary squeeze in less than 2 seconds after a bal- 
loon is inflated in the rectum. In reality, this maneuver mimics 
the arrival of stool in the rectum and prepares the patient to react 
appropriately by contracting the right group of muscles.*:!°> 
Patients are taught how to squeeze their anal muscles selectively 
without increasing intra-abdominal pressure or inappropriately 
contracting their gluteal or thigh muscles. This maneuver also 
identifies sensory delay and trains the individual to use visual 
clues to improve sensorimotor coordination.!>°!>” Sensory train- 
ing of the rectum educates the patient to perceive a lower volume 
of balloon distention but with the same intensity as they had felt 
earlier with a higher volume. This goal is achieved by inflating 
and deflating a balloon in the rectum repeatedly. 

These neuromuscular training techniques must be used 
together with pelvic muscle strengthening (modified Kegel 
exercises) and other supportive measures to achieve sustained 


Time 


Squeeze Rest 


Fig. 18.9 Anal manometric pressure tracings in a 
patient with fecal incontinence before (A) and after (B) 
neuromuscular training (biofeedback) while squeezing 
and at rest. Before neuromuscular training, the patient 
has a weak and poorly sustained squeeze and makes 
multiple ineffective attempts to squeeze. After 6 ses- 
sions of training, the patient’s ability to generate and 
sustain the squeeze has improved significantly. 


improvement in bowel function. A component analysis—muscle 
training, sensory training, or both—is most effective; whether 
Kegel exercises alone are more effective than multiple approaches 
has not been determined. 

Predicting how many biofeedback treatment sessions will be 
required is often difficult. Most patients seem to require between 
four and six training sessions (Fig. 18.9).?:!9°)15> Studies that used 
a fixed number of treatment sessions, often fewer than three, 
showed a less favorable improvement response than those that 
titrated the number of sessions on the basis of the patient’s perfor- 
mance.!>*:!5° In one study, periodic reinforcement with biofeed- 
back training at 6 weeks, 3 months, and 6 months was thought to 
confer additional benefit!’ and long-term improvement. 16 

In the literature on fecal incontinence,!*!!7! the terms 
improvement, success, and cure have been used interchangeably, 
and the definition of each term has been inconsistent. In uncon- 
trolled studies, subjective improvement has been reported in 40% 
to 85% of patients.>!58 Table 18.3 summarizes selected random- 
ized controlled trials of biofeedback therapy in patients with fecal 
incontinence. !°9:156.162,163,167-170 A Cochrane review of 11 ran- 
domized controlled trials concluded that no method of training 
is better than any other method.!’? Whether biofeedback is supe- 
rior to conservative management is also unclear. In a randomized 
controlled trial,!°’ 108 patients were randomized to receive either 
6 sessions of EMG biofeedback ( = 44) or Kegel exercises (n 
= 64) plus supportive therapy. After treatment, 77% of patients 
who received biofeedback reported adequate relief of symp- 
toms compared with 41% of those who did Kegel exercises (P 
< 0.001). The number of episodes of incontinence was not differ- 
ent between groups in an intention-to-treat analysis, but a trend 
toward improvement (P = 0.042) was observed in a per-protocol 
analysis.!°> This study suggests that biofeedback is superior to 
Kegel exercises. Another randomized controlled trial compared 
sustained squeeze with rapid and sustained squeeze and found 
improvement in continence in 86% of patients but no difference 
between the 2 groups.'”? Another study compared biofeedback 
and medium-frequency electrical stimulation with low-frequency 
electrical stimulation (see later) and showed that 54% of patients 
improved following biofeedback plus electrical stimulation com- 
pared with electrical stimulation alone.!’* One study compared 
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TABLE 18.3 Outcome of Biofeedback Therapy and/or Exercises for Fecal Incontinence in Adults* 


Reference(s) Subjects (F/M) Treatment 


Control Outcome 


156 17/8 Manometric BFB + rectal sensory training 
+ coordination training (weekly, 4 wk) 
162 40/0 BFB + electrical stimulation (augmented) 
(weekly, 12 wk) 
163 83/25 BFB + PFMT + sensory training (biweekly, 
12 wk) 
167 60/0 BFB (weekly, 12 wk) + electrical stimulation 
168 49/0 BFB + home exercises 
169 159/12 4 groups: 
1. Education + advice 
2. As per group 1 + PFMT 
8. As per group 2 + manometric BFB 
4. As per group 3 + home BFB (biweekly, 
6 sessions, 3 mo) 
170 107/13 3 groups: 
1. PFMT 
2. PFMT + anal ultrasound BFB 
3. PFMT + manometric BFB (monthly, 5 
sessions) 
IKS 53/19 Sustained squeeze (5 sessions, 8 wk) 
174 65/15 Biofeedback and medium-frequency 
electrical stimulation (twice daily, 6 mo) 
175 72/8 PFMT and RBT (twice weekly for 3 wk, 
then once a week; 12 sessions) 
249, 250 26/4 Home biofeedback with novel electrical 


stimulation and anal resistance training 
(once a day, 6 wk) 


*Selected randomized controlled trials. 


Sham training (crossover 
design) 


Treatment improved symptoms 


Vaginal manometric Greater symptom improvement in treatment 


biofeedback group than control group (P < 0.001) 
PFMT Treatment improved symptoms more than 
PFMT alone (77% vs. 41%; P = 0.001) 
BFB NSD between groups 


Electrical stimulation Both groups improved 


NSD between groups in symptoms and QOL 


N/A =54% improved in all groups 
NSD between groups in symptoms and QOL 
N/A NSD between groups in symptoms, QOL, and 


manometry changes 


Rapid and sustained 
squeeze (5 sessions, 
8 wk) 


Low-frequency electrical 
stimulation (twice daily, 
6 mo) 


PFMT (twice a week for 3 
wk, then once a week; 
12 sessions) 


Office biofeedback with 
ARM probe (once a 
week, 6 wk) 


Continence improved in 86% 
NSD between groups 


Anal continence improved 54% in treatment 
group but 0% in control group 


Incontinence improved in both groups; 51% in 
treatment group and 48% in control group 
NSD between groups 


Incontinence improved in both groups; rates of 
response (250% reduction in incontinence 
events) were 65% in home group and 60% 
in office group 


ARM, Anorectal manometry; BFB, biofeedback (using EMG probe unless otherwise specified); F, females; M, males; N/A, not applicable; NSD, no 
significant difference; PFMT, pelvic floor muscle training; QOL, quality of life; RBT, rectal balloon training. 
Adapted from Norton C. Fecal incontinence and biofeedback therapy. Gastroenterol Clin North Am 2008;37:587-604. 


pelvic floor exercises plus rectal balloon training with pelvic floor 
exercises alone and showed that incontinence improved in 51% 
versus 48% of patients, respectively, with no difference between 
treatments.!7> 

The technique of biofeedback training has not been standard- 
ized, and the use of this treatment is largely restricted to special- 
ized centers. The manometric parameters obtained at baseline 
do not appear to predict the clinical response to biofeedback 
treatment.!’° Similarly, the patient’s age, presence of sphincter 
defects, or presence of neuropathy do not predict outcome.!”’ 
Criteria used for selection, motivation of the individual patient, 
enthusiasm of the therapist, and severity of incontinence each 
may affect the outecome.?:155,158,159,169 

Despite lack of a uniform approach and inconsistencies in 
reported outcomes of randomized controlled trials, biofeedback 
training seems to confer benefit (see Table 18.3). Biofeedback 
therapy is recommended for the treatment of fecal incontinence 
by the American Gastroenterological Association, ACG,!’* and 
the American and European Neurogastroenterology and Motility 
Societies.!’? Therefore, neuromuscular training should be offered 
to all patients with fecal incontinence who have failed supportive 
measures and especially to older patients, patients with comor- 
bid illnesses, and those for whom reconstructive surgery is being 
considered. Severe fecal incontinence, pudendal neuropathy, and 
an underlying neurologic disorder are associated with a poor 


response to biofeedback therapy.!*°-!*? One study has suggested 
that biofeedback training may be most beneficial in patients with 
urge incontinence.'*? Biofeedback also seems to be useful for 
patients who have undergone anal sphincteroplasty,!** postanal 
repair (see later),!*° or low-anterior resection!®° and children who 
have undergone correction of a congenital anorectal anomaly.!* 


Plugs, Sphincter Bulking Agents, and Electrical Stimulation 


Disposable anal plugs have been used to help temporarily occlude 
the anal canal and prevent stool leakage.'** Unfortunately, 
many patients are unable to tolerate prolonged insertion of the 
device.18%1%0 A plug may be useful for patients with impaired 
anal canal sensation, those with neurologic disease,!’! and those 
who are institutionalized or immobilized. In some patients with 
fecal seepage, insertion of an anal plug made of surgical cot- 
ton may prove beneficial.!°? A multicenter, prospective, single- 
arm, nonrandomized controlled study assessed a silicone insert 
(Renew Medical Inc., Foster City, CA) in 91 patients with fecal 
incontinence. A greater than or equal to 50% reduction in fecal 
incontinence episodes was seen in 62% of the treated patients, 
who also had a reduction in incontinence severity scores. About 
78% of patients who completed 12 weeks of treatment reported 
extreme satisfaction with the device in preventing stool leak- 
age.!%} A vaginal bowel control system (Eclipse System [Pevalon, 
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TABLE 18.4 Success Rates of Minimally Invasive Surgical Interventions for Fecal Incontinence 


Procedure Outcome Measures Success Rate (%) Quality of Evidence 

CURRENTLY AVAILABLE 

Injection of dextranomer beads >50% improvement in incontinence episodes 52 vs. 31 (dextranomer vs. Fair 

compared with baseline placebo) 

Anal sphincter repair Clinical, physiologic 50-66* Fairt 

Sacral nerve stimulation Complete continence 40-75 Good 
Improvement in continence by > 50% 75-100 

Dynamic gracilis neosphincter Restoration of continence 42-85 Poort 

Artificial bowel sphincter Full continence 50-1008 Poor 

UNDER STUDY 

Radiofrequency therapy (Secca procedure) Improvement in continence by > 50% 84 Poor 

Rectal augmentation Avoidance of stoma 64 Poor 


*5-year success rates fall to 50%. 


tDerived from a Cochrane review, but in some cases data were extrapolated from only one study. 


Based on a systematic review of case series; no comparative studies available. 


SExplantation rates in case series of approximately 50%. 


Adapted from Gladman MA. Surgical treatment of patients with constipation and fecal incontinence. Gastroenterol Clin North Am 2008; 37:605-25, With 


permission. 


Sunnyvale, CA]) using an inflatable, self-retaining balloon, akin 
to a pessary, operates by providing extrinsic compression of the 
anorectum.!** In an open labeled 4-week trial, 61 of 110 patients 
were successfully fitted with the device, and 79% of this group 
reported a greater than or equal to 50% reduction in the number 
of incontinence episodes,!** with improvement in QOL. Pelvic 
discomfort or pain, vaginal spotting, and erythema and urinary 
leakage were the main adverse events. A long-term controlled 
trial is awaited. 

Many people with fecal incontinence choose not to wear a 
pad. Small anal dressings may be useful for minor soiling con- 
tained between the buttocks but can become costly if several 
dressings are needed each day. Diapers are generally thought to 
be unsatisfactory for providing security or comfort, for skin pro- 
tection, or for disguising odor. However, the rising global sales 
and improvement in diaper technology suggest that diapers may 
be more acceptable than previously appreciated. 

Bulking the anal sphincter to augment its surface area 
and thereby provide a better seal for the anal canal has been 
attempted with a variety of agents, including autologous fat,!”> 
glutaraldehyde-treated collagen,!°® and synthetic macromol- 
ecules.!°’ These materials are usually injected submucosally at 
the site where the sphincter is deficient or circumferentially if 
the whole muscle is degenerated or fragmented. Studies have 
shown definite improvement in the short term in patients with 
passive fecal incontinence. Injection of dextranomer beads 
above the dentate line has been shown to be superior to pla- 
cebo injection in a randomized controlled trial of 206 patients. 
Response was defined as a 50% or more decrease in the number 
of incontinence episodes compared with baseline, with response 
rates of 52% with injection of the beads and 31% with pla- 
cebo.!°° A 36-month long-term efficacy assessment showed that 
52.2% of patients reported sustained benefit (250% reduction 
in the number of episodes) and 13.25% reported complete con- 
tinence.!’? Another injectable bulking agent, polyacrylate-poly- 
alcohol, has also been assessed in a prospective uncontrolled 
trial of 58 patients. The injections were given subcutaneously 
through the perianal skin into the submucosa of the anorectum, 
above the dentate line. About 60% of patients were adjudicated 
as having treatment success, based on 50% improvement in the 
Cleveland Clinic score for fecal incontinence.*°° Lack of a con- 
trol group and selection bias are significant limitations of this 
study. 


Electrical stimulation of striated muscle at a frequency suf- 
ficient to produce a tonic involuntary contraction (usually 30 to 
50 Hz) can increase muscle strength, the conduction rate of the 
pudendal nerve, and the size of motor units, as well as encourage 
neuronal sprouting and promote local blood flow.”°!? Stimula- 
tion at lower frequencies (5 to 10 Hz) can modulate autonomic 
function, including sensation and overactivity. Studies of electri- 
cal stimulation for fecal incontinence have been small, uncon- 
trolled, and confounded by the effects of exercise, biofeedback, 
or other interventions. A Cochrane review of 4 randomized 
controlled trials with 260 participants concluded that electrical 
stimulation may have some effect.*°? One study found that anal 
electrical stimulation with anal biofeedback produces short-term 
benefits greater than those with biofeedback alone,!6 whereas 
another study found no additional benefit to electrical stimula- 
tion over exercises and biofeedback alone.!°’ Patients have been 
shown to improve equally with stimulation at 1 and 35 Hz.!°° 
Two randomized controlled trials have reported that biofeed- 
back and electrical stimulation are equally effective!ć®204; there- 
fore, whether electrical stimulation by itself is helpful remains 
unclear. 

A critical barrier in our understanding of the treatments for 
fecal incontinence has been a lack of comparative effectiveness 
trials that involve 2 or more therapies. Consequently, it is not 
known which treatment is most effective for which type of patient 
and who is likely to benefit the most. 


Surgery 


Surgery should be considered for selected patients who have failed 
conservative measures or biofeedback therapy.” The choice of 
surgical procedure must be tailored to the need of the individual 
patient and can be described under four broad clinical categories: 
(1) simple structural defects of the anal sphincters, (2) weak but 
intact anal sphincters, (3) complex disruption of the anal sphincter 
complex, and (4) extrasphincteric abnormalities. Table 18.4 sum- 
marizes success rates for various surgical procedures.’ 

In most patients, particularly those with obstetric trauma, 
overlapping sphincter repair is often sufficient. The torn ends of 
the sphincter muscle are plicated together and to the puborectalis 
muscle. Overlapping sphincter repair, as described by Parks and 
McPartlin,?” involves a curved incision anterior to the anal canal 
with mobilization of the external sphincter, which is divided at the 


site of the scar; the scar tissue is preserved to anchor the sutures, 
and overlap repair is carried out using two rows of sutures. If 
an IAS defect is identified, a separate imbrication (overlapping 
repair) of the IAS may be undertaken. Symptom improvement 
rates of 70% to 80% have been reported, although one study 
reported an improvement rate of only about 50%.2°7!! Some 
patients may experience problems with evacuation after surgery. 
Long-term outcomes of sphincteroplasty (over 5 to 10 years) 
have been disappointing, with only 30% of patients showing a 
good outcome.’!” 

In patients with incontinence caused by a weak but intact anal 
sphincter, postanal repair has been tried.*!> The anorectal angle 
is made more acute via an intersphincteric approach, thereby 
improving continence. Long-term success of this approach 
ranges from 20% to 58%.?!+ 

In patients with severe structural damage of the anal sphincter 
and significant incontinence, construction of a neosphincter has 
been attempted using two approaches: (1) use of autologous skel- 
etal muscle, often the gracilis and rarely the gluteus, !*?!> and (2) 
use of an artificial bowel sphincter (ABS).’!° The technique of 
stimulated gracilis muscle transposition (dynamic graciloplasty) 
has been tested in many centers, but results have been disap- 
pointing.?!’7!8 Implantation of an ABS consists of an inflatable 
cuffed device filled with fluid from an implanted balloon reser- 
voir, which is controlled by a subcutaneous pump. The cuff is 
deflated to allow defecation.’!?7?° A randomized controlled trial 
has demonstrated that an ABS is better than conservative treat- 
ment in improving continence.’?! Long-term outcome studies 
with median follow-up periods of approximately 7 years, how- 
ever, have documented success rates of less than 50%, explanta- 
tion rates as high as 49%, and infection rates of up to 33 %.156,22 
Evacuation problems occur in 50% of patients. 

Rectal augmentation is a novel approach to correcting physi- 
ologic abnormalities in a subgroup of patients with intractable 
fecal incontinence secondary to reservoir or rectal sensorimotor 
dysfunction.??? 

No controlled studies have compared surgical management 
with pharmacologic or biofeedback therapy, and no controlled 
studies of the different surgical approaches have been published. 
Because the outcome of most procedures ranges from significant 
improvement initially to a less satisfactory result in the long term, 
no single procedure is universally accepted. In the future, a bet- 
ter understanding of the underlying pathophysiology and devel- 
opment of safer and better techniques, followed by prospective 
controlled trials, may allow selection of younger patients with 
well-defined sphincter defects for appropriate surgery. 


Other Procedures 


Radiofrequency energy can be delivered deep to the mucosa of 
the anal canal via multiple needle electrodes with use of a specially 
designed probe (Secca System [Rayfield Technology, Houston, 
Tex.]) inserted into the anal canal of patients with fecal incon- 
tinence.??*4 The proposed mechanism of action is heat-induced 
tissue contraction and remodeling of the anal canal and distal rec- 
tum. In one study, symptomatic improvement was sustained at 2 
and 5 years after treatment.?”> A multicenter trial has confirmed 
the improvements in continence and QOL, at least in the short 
term (6 months). Complications include ulceration of the mucosa 
and delayed bleeding.’*° Interestingly, no changes were seen in 
the results of anorectal manometry, PNTML measurement, or 
anal endosonography. A 6-month European controlled study 
showed that radiofrequency was better than sham treatment, but 
the clinical impact was negligible and QOL was unchanged.’?’ 
Results of a randomized controlled trial of this method com- 
pleted in the USA are pending. 

The Malone, or antegrade continent, enema procedure?® 
consists of fashioning a cecostomy button or appendicostomy’*’ 
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to allow periodic antegrade washout of the colon. This approach 


may be suitable for children and patients with neurologic disor- 
ders.229-231 


Colostomy 


If none of the aforementioned techniques is suitable or all have 
failed, a colostomy remains a safe, although aesthetically less 
preferable, option for many patients. !3%732-234 It is particularly 
suitable for patients with spinal cord injury, immobilized patients, 
and those with severe skin problems or other complications. A 
colostomy should not be regarded as a failure of medical or surgi- 
cal treatment.” For many patients with fecal incontinence, res- 
toration of a normal QOL and amelioration of symptoms can be 
rewarding. Use of a laparoscopic-assisted approach, a trephine 
colostomy, may help to fashion a stoma with minimal morbidity 
for the patient.’*> In one study, the total direct costs were esti- 
mated to be $31,733 for a dynamic graciloplasty, $71,576 for a 
colostomy including stoma care, and $12,180 for conventional 
treatment of fecal incontinence.?*° 


Sacral Nerve Stimulation 


SNS has emerged as a useful treatment option in selected 
patients, although how SNS improves fecal incontinence remains 
unclear.” The benefit may relate to direct peripheral effects 
on colorectal sensory or motor function or to central effects at 
the level of the spinal cord or brain.?** Earlier studies were per- 
formed in patients with a morphologically intact anal sphincter, 
but subsequent reports have described the treatment in patients 
with EAS defects,’>’ IAS defects,“ cauda equina syndrome,”*! 
and spinal injuries.” 

The SNS technique consists of 2 phases. The first is a tempo- 
rary trial phase of 2 weeks during which electrodes are implanted in 
the second or third sacral nerve roots and the nerves are stimulated 
with a neurostimulator device. If the patient reports satisfactory 
improvement of symptoms, a permanent neurostimulator device 
is placed in the second phase (Fig. 18.10). Initial reports of SNS 
have described marked improvements in clinical symptoms and 


Fig. 18.10 Plain abdominal film showing a nerve stimulator device 
(RLQ) along with electrodes (radiopaque) permanently implanted into 
the sacral nerves. This patient presented with fecal incontinence and 
underwent a colonic transit study that revealed significant retention of 
radiopaque markers, which were located mostly in the distal colon, 
suggesting anorectal outlet dysfunction. 
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QOL and marginal effects on physiologic parameters.’!!7+? Results 
of multicenter studies of SNS have reported marked and sustained 
improvement in fecal incontinence and QOL.***+?# A randomized 
controlled trial found SNS to be superior to supportive therapy (pel- 
vic floor exercises, bulking agents, and dietary manipulation),’*” but 
long-term outcomes are not yet available. A morphologically intact 
anal sphincter may not be a prerequisite for success with SNS, and 
patients with EAS defects of less than 33% can be treated effectively 
with this method.**? A systematic review of the published outcomes 
of trials of SNS revealed that 40% to 75% of patients achieve com- 
plete continence, and 75% to 100% experience improvement, with 
a low (10%) frequency of adverse events.?*” 


Percutaneous Tibial Nerve Stimulation 


Percutaneous tibial nerve stimulation (PTNS) uses a 34-gauge 
needle to stimulate the posterior tibial nerve, and through this the 
L4-S3 nerve roots, to improve fecal incontinence.*** In a large 
multicenter randomized controlled trial of 227 patients, there 
was no difference in efficacy (250% reduction in FI) between the 
PTNS and sham groups (38% vs. 31%), suggesting a lack of ben- 
efit in all comers with fecal incontinence.*** Another approach 
for PT'NS is to use cutaneous pads, but data are limited. 


Novel Therapies 


Several new innovative approaches are being explored to rem- 
edy fecal incontinence. A new home biofeedback system that 
combines mechanical resistance training of the anal sphincter 
with a self-titrating inflation balloon and gradual escalation of 
the electrical stimulation of anal sphincter with a voice-guided 
program has been tested in a randomized controlled trial.?4°:250 
Home biofeedback appeared to be as effective as office biofeed- 
back, with a clinical response rate of 65% in the home group 
compared with 60% in the office group in a 6-week randomized 
controlled trial.24?7>° Another approach has been to augment the 
anal sphincter by encircling it with magnetic leads. An uncon- 
trolled prospective study of 35 patients reported 5-year follow-up 
data in 23 patients (65%) with a therapeutic success in 63% at 1 
year, 66% at 3 years, and 53% at 5 years. Adverse events included 
seven device explantations, defecatory dysfunction (20%), pain 
(14%), and infection (11%).’5! Another novel approach has been 
to use adult stem cells, especially myoblasts, obtained from mus- 
cle biopsies that have the potential for repairing and regenerat- 
ing damaged anal sphincter tissue.?°? In a randomized controlled 
trial, intrasphincteric injections of autologous myoblasts or pla- 
cebo showed similar degrees of improvement in Cleveland Clinic 
incontinence score at 6 months (primary outcome measure), but 
at 12 months improvement continued in the myoblast group 
whereas the placebo group reverted to baseline. Subsequently, 
the placebo group received open-labeled myoblasts and showed 
60% improvement in fecal incontinence symptoms.”>? However, 
another study that used stem cells derived from adipose tissue 
showed no improvement in fecal incontinence.’*+ A pilot ran- 
domized controlled trial evaluated the efficacy and safety of trans- 
lumbosacral neuromodulation therapy (TNT) using repetitive 
magnetic stimulation of the lumbar and sacral nerves.** Magnetic 
stimulation at a frequency of 1 Hz showed significant superiority 
in improving fecal incontinence, with an 88% response rate when 
compared with the 5 Hz group (25% response rate) and 15 Hz 
group (42% response rate). Such noninvasive neuromodulatory 
therapies may prove beneficial in the future. 

In summary, conservative therapies and biofeedback are the 
first-line treatments.*>° If unsuccessful, sphincter bulking with 
dextranomer followed by SNS may be considered. PT'NS is not 
recommended, but sphincteroplasty should be considered in 
postoperative incontinence. An evidence-based summary of cur- 
rent therapies for fecal incontinence is shown in Table 18.5. 


TABLE 18.5 Treatment Options for Fecal Incontinence* 


Treatment Quality of Evidence 
MEDICATIONS 

Diphenoxylate and atropine Fair 
Loperamide Fair 
Amitriptyline Poor 
Cholestyramine Poor 
BIOFEEDBACK Good 
ANAL PLUG DEVICES Poor 
SURGERY 

Sacral nerve stimulation Good 
Sphincter bulking Good 
Artificial bowel sphincter Fair 
Dynamic graciloplasty Fair 
Sphincteroplasty Fair 
Colostomy Poor 
Radiofrequency therapy (Secca procedure) Poor 
NOVEL TREATMENTS 

Autologous myoblast/stem cell therapy Fair 
Electrical/mechanical resistance training Fair 
Translumbosacral neuromodulation therapy Fair 


*Evidence-based summary. 


Specific Subgroups of Patients 
Patients with Spinal Cord Injury 


Patients with a spinal cord injury demonstrate delayed colonic 
motility or anorectal dysfunction that may manifest as inconti- 
nence, seepage, difficulty with defecation, or rectal hyposensi- 
tivity.?°° Anal sphincter pressures and rectal compliance are low 
in these patients, but the correlation between manometric find- 
ings and bowel dysfunction is poor. Studies of translumbar and 
transsacral MEPs have shown profound neuromuscular dysfunc- 
tion affecting the entire spinoanal and spinorectal pathways.*? 
Patients with a spinal cord injury may have fecal incontinence 
due to a supraspinal lesion or lesion of the cauda equina.!°0.!0! 
In the former group, the sacral neuronal reflex arc is intact, 
and the cough reflex is preserved. Therefore, reflex defecation 
is possible through digital stimulation or with suppositories. In 
patients with a low spinal cord or cauda equina lesion, digital 
stimulation may not be effective because the defecation reflex is 
often impaired. In these cases, management consists of antidiar- 
rheal agents to prevent continuous soiling with stool, followed 
by periodic administration of enemas or use of laxatives or lavage 
solutions at convenient intervals.? A cecostomy procedure may 
also be appropriate.’*’ In some patients, colostomy may be the 
best option.??+ 


Patients with Fecal Seepage 


Because patients with fecal seepage show dyssynergic defeca- 
tion with impaired rectal sensation, neuromuscular condition- 
ing with biofeedback techniques to improve dyssynergia can be 
useful (see Chapter 19).’+25° Therapy that consists of sensory 
conditioning and rectoanal coordination of the pelvic floor 
muscles to evacuate stools more completely has been shown 
to substantially reduce the number of fecal seepage events and 
improve bowel function and anorectal function by objective 
measures.’+ 


Older Persons 


Fecal incontinence is a common problem in older adults and may 
be a marker of declining health and increased mortality in patients 
in nursing homes.” In one study, fecal incontinence developed in 
20% of nursing home residents during a 10-month period after 
admission, and long-lasting incontinence was associated with 
reduced survival.!** In one report, immobility, dementia, and 
the use of restraints that precluded a patient from reaching the 
toilet in time were the most important risk factors for develop- 
ment of fecal incontinence.'’ Usual mechanisms of incontinence 
include impaired anorectal sensation, weak anal sphincter, and 
weak pelvic floor muscles. Decreased mobility and lowered 
sensory perception are also common causes of incontinence.’*? 
Many of these patients have fecal impaction and overflow.27° 
Fecal impaction, a leading cause of fecal incontinence in insti- 
tutionalized older adults, results largely from a person’s inability 
to sense and respond to the presence of stool in the rectum. A 
retrospective screening of 245 permanently hospitalized geriat- 
ric patients*°! revealed that fecal impaction (55%) and laxatives 
(20%) are the most common causes of diarrhea and that immo- 
bility and fecal incontinence are strongly associated with fecal 
impaction and diarrhea. One study showed that impaired anal 
sphincter function (a risk factor for fecal incontinence), decreased 
rectal sensation, and dyssynergia are seen in up to 75% of nursing 
home residents with fecal incontinence.*?7° 

Stool softeners, saline laxatives, and stimulant laxatives are 
frequently administered as prophylactic treatments to prevent 
constipation and impaction. In a study of institutionalized older 
patients, use of a single osmotic agent with a rectal stimulant 
and weekly enemas to achieve complete rectal emptying reduced 
the frequency of fecal incontinence by 35% and the frequency 
of soiling by 42%.?® If fecal impaction is not relieved by laxa- 
tives and better toileting, a regimen of manual disimpaction, tap 
water enemas 2 or 3 times weekly, and rectal suppositories should 
be considered.” In the presence of impaired sphincter function 
and decreased rectal sensation, however, liquid stools may be 
counterproductive. Similarly, neuromuscular training to improve 
dyssynergia in older adults, ritualizing the patient’s bowel habits, 
improving mobility, and cognitive training may be useful.” 


Children 


Incontinence is seen in 1% to 2% of otherwise healthy 7-year- 
old children.*® It is due to functional fecal retention (previously 
described as encopresis), functional nonretentive fecal inconti- 
nence,*°® congenital anomalies, developmental disability, or 
mental retardation. 

In children with functional fecal retention, bowel movements 
are irregular, often large and bulky, and painful. Consequently, 
when the child experiences an urge to defecate, he or she assumes 
an erect posture, holds the legs close together, and forcefully con- 
tracts the pelvic and gluteal muscles. Over time, this conscious 
suppression of defecation leads to excessive rectal accommo- 
dation, loss of rectal sensitivity, and loss of the normal urge to 
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defecate. The retained stools become progressively more diffi- 
cult to evacuate, thereby leading to a vicious cycle. The ultimate 
result is overflow incontinence, with seepage of mucus or liquid 
stool around an impacted fecal mass. This aberrant behavior may 
lead to unconscious contraction of the external sphincter during 
defecation and cause dyssynergic defecation.2°.7°/ 

By contrast, functional nonretentive fecal incontinence rep- 
resents repeated and inappropriate passage of stool at a place 
other than the toilet by a child older than 4 years of age with no 
evidence of fecal retention. According to criteria established by 
the Rome III Consensus Committee,’ children with functional 
nonretentive fecal incontinence often pass stools daily in the toi- 
let but in addition have almost complete stool evacuations in 
their underwear more than once a week. They have no palpable 
abdominal or rectal fecal mass nor evidence of fecal retention on 
a plain abdominal film, and colonic radiopaque marker studies 
are normal.’°* The frequency of daytime and nighttime enure- 
sis is higher (40% to 45%) in children with functional nonre- 
tentive fecal incontinence than in those with fecal retention. 
Children with functional nonretentive fecal incontinence have 
significantly more behavioral problems and more externalizing 
or internalizing of psychosocial problems than control subjects. 

Treatment goals are to remove any fecal impaction, restore 
normal bowel habits (including passage of soft stools without dis- 
comfort), and ensure self-toileting and passage of stools at appro- 
priate places.’°* Disimpaction is best accomplished with oral 
medication or enemas. High doses of polyethylene glycol 3350 
(1 to 1.5 g/ke/day for 3 days) have been shown to be effective.’ 
Once disimpaction has been achieved, the treatment should 
focus on preventing a recurrence through dietary interventions, 
behavioral modification, and laxatives. Treatment of functional 
nonretentive fecal incontinence is based on education, a nonac- 
cusatory approach, regular toilet use with rewards, and referral 
to a psychologist. Successful resolution of symptoms may require 
prolonged treatment and follow up.?”°”! Resolving parental con- 
flicts and psychosocial stressors and alleviating the fear of painful 
bowel movements may be critical to a successful outcome.?°*?”? 

The most common congenital anomalies are neural tube 
defects (e.g., meningomyelocele, spina bifida) and anal atre- 
sia (imperforate anus [see Chapter 98]). Children with a neural 
defect or malformation may benefit from behavioral therapy, 
including a stimulated defecation program (see earlier).?”* Anal 
atresia is best treated by surgery, but about 20% may have unsat- 
isfactory results.” Surprisingly, children with anorectal malfor- 
mations seem to cope well with their illness.2’+ Children with 
mental retardation or those with a developmental delay may be 
slow to (or never) achieve full bowel control and require lifelong 
supportive therapy. 
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Constipation is a term used to describe a person’s perception of 
altered bowel movements that includes hard stools, difficulty with 
defecation, and a sensation of incomplete evacuation, among oth- 
ers. Chronic constipation is diagnosed when a person describes 
symptoms of constipation for at least 3 consecutive months. 
Chronic constipation is usually due to a disorder of colonic pro- 
pulsion and/or rectal evacuation! and can be divided into 3 catego- 
ries: slow-transit constipation, normal-transit constipation, and 
rectal evacuation disorder. Significant overlap can exist among 
these entities.!? Secondary causes of chronic constipation are 
less common and include mechanical, neurologic, hormonal, and 
metabolic conditions, as well as the effects of pharmacotherapy. 

Chronic constipation affects a substantial portion of the West- 
ern population and is particularly prevalent in women, children, 
and older adults. Most people do not seek medical attention, but 
because constipation affects between 3% and 31% of the popula- 
tion, it still resulted in nearly 3 million office visits in the USA in 
2010. For most affected people, minimal or no intervention is 
required, whereas for others, constipation can be challenging to 
treat and have a negative impact on quality of life. In these cases, 
secondary causes of constipation must be excluded. 


DEFINITION AND PRESENTING SYMPTOMS 


It is important to ask patients what they mean when they say, 
“I am constipated.” Most patients describe constipation as the 
perception of difficulty with bowel movements or a discomfort 
related to bowel movements. The most common terms used by 
young healthy adults to define constipation are straining (52%), 
hard stools (44%), and inability to have a bowel movement (34%).* 
Analysis of the National Health Interview Survey (NHIS) data 
found that in 10,875 subjects older than age 60, straining and 
hard bowel movements were most strongly associated with self- 
reported constipation.’ 

The definition of constipation also varies among health care 
providers.° The traditional medical definition of constipation, 
based on the 95% lower confidence limit for healthy adults in the 
USA, has been 3 or fewer bowel movements per week.’ Reports 
of stool frequency, however, are often inaccurate and correlate 
poorly with complaints of constipation, and people who com- 
plain of constipation frequently have a broader set of symp- 
toms, including hard stools, a feeling of incomplete evacuation, 
abdominal discomfort, bloating, excessive straining, a sensation 
of blockage during defecation, and abdominal distention.? 

In an attempt to standardize the definition of constipation, 
a consensus definition was initially developed by international 
experts in 1992 (Rome I Consensus Committee criteria)’ and was 
updated in 1999, 2006, and 2016!° (Rome II, III, and IV criteria, 
respectively [Box 19.1]).111? 

The Rome criteria incorporate the multiple symptoms of 
constipation, of which stool frequency is only one of several, 
and require that a minimum of 2 symptoms be present in at least 
25% of bowel movements. The Rome criteria include symp- 
toms suggestive of pelvic floor dyssynergia or outlet obstruction 
(e.g., a sensation of anorectal blockage or obstruction and use of 
maneuvers to facilitate defecation) and allow patients to have rare 
episodes of loose stools without the use of laxatives. The Rome 
criteria require symptoms be present for the previous 3 months, 


BOX 19.1 Rome IV Criteria for Functional Constipation 


1. Must include 2 or more of the following:* 

. Straining during more than 25% of defecations 

. Lumpy or hard stools! during more than 25% of defecations 

. Sensation of incomplete evacuation during more than 25% 
of defecations 

. Sensation of anorectal obstruction/blockage during more 
than 25% of defecations 

. Manual maneuvers (e.g., digital evacuation, support of the 


pelvic floor) to facilitate more than 25% of defecations 

Fewer than 3 spontaneous bowel movements per week 
2. Loose stools are rarely present without the use of laxatives 
3. Insufficient criteria for IBS 


*Criteria fulfilled for the past 3 months with symptom onset at least 6 months 
prior to diagnosis. 

tBristol stool form scale types 1 or 2 (see Fig. 19.2). 

From Lacy BE, Mearin F, Chang L, et al. Bowel disorders. Gastroenterology. 

2016; 150:1393-1407.65. 


with the onset of symptoms 6 months prior to diagnosis. The 
Rome IV criteria recognize that functional bowel disorders, such 
as IBS with constipation and chronic constipation, exist on a 
spectrum and that there may be overlapping symptoms.!° 

The ACG defines constipation as unsatisfactory defecation 
characterized by infrequent stools, difficult stool passage, or 
both.!* Difficult stool passage includes straining, a sense of dif- 
ficulty passing stool, incomplete evacuation, hard/lumpy stools, 
prolonged time to stool, or need for manual maneuvers to pass 
stool. 


EPIDEMIOLOGY 


Prevalence 


The prevalence of constipation is estimated to be 14% (95% 
confidence interval [CI] 12 to 17) based on a meta-analysis of 
41 studies with over 261,000 subjects throughout the world.!° 
In Western countries the prevalence of constipation has varied 
from 3% to 31%!°3! depending on the demographics of the 
population, definition of constipation (e.g., self-reported symp- 
toms, fewer than 3 bowel movements/week, Rome criteria), 
and method of questioning (e.g., postal questionnaire, inter- 
view). In general, the prevalence is highest when constipation 
is self-reported!° and lowest when the Rome criteria for consti- 
pation are applied. The frequency of is higher among women, 
older adults, and those with a lower socioeconomic status. 
Using the National Health and Nutrition Examination Survey 
(NHANES), the prevalence of constipation in the general U.S. 
population was found to be higher when defined by stool con- 
sistency (i.e., type 1 or 2 on the Bristol Stool Form Scale,*? Fig. 
19.2) rather than by stool frequency (i.e., fewer than 3 bowel 
movements per week) (7.2%, 95% CI 7 to 8, vs. 3.1%, 95% CI 
3 to 4, respectively).°? 


Incidence 


Talley and colleagues surveyed 690 nonelderly residents of 
Olmsted County, Minnesota, at baseline and after 12 to 20 
months.**+ Constipation, defined as frequent straining at stool and 
passing hard stool, a weekly stool frequency of fewer than 3, or 
both, was present in 17% of respondents on the first survey and 
15% on the second. The rate of new constipation in this study 
was 50/1000 person-years, whereas the disappearance rate was 
31/1000 person-years. In a similar study, residents were surveyed 
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BOX 19.2 Risk Factors for Constipation 


Advanced age 
Female gender 
Low level of education 


Low level of physical activity 

Low socioeconomic status 

Multiracial ethnicity 

Use of certain medications (see Box 19.3) 


at baseline and about 12 years later. The cumulative incidence 
of constipation over a 12-year period was 17.4% and, in subjects 
younger than age 50, was higher in women (18.3%) than men 
(9.2%) 353 


Public Health Perspective 


Constipation is a common reason for health care visits, and the 
frequency of these visits and associated costs appears to be on 
the rise. Between 2007 and 2012, constipation accounted for 
nearly 3.0 million ambulatory visits in the USA.’ According to 
data from the National Emergency Department Sample, the 
frequency of ED visits for constipation in the USA increased 
by 41.5% between 2006 and 2011, and the associated costs 
increased by 121.4%.°’ Some 85% of physician visits for con- 
stipation lead to a prescription for laxatives or cathartics.** In 
a health maintenance organization setting, the mean annual 
direct health care costs for constipation have been estimated to 
be $7,522, with annual out-of-pocket costs of $390.°? Over a 
15-year period, constipated women incur direct medical costs 
($63,591) more than double that of nonconstipated women 
($24,529).*° In 2004, the direct costs for constipation were 
nearly $1.6 billion, with indirect costs of $140 million, making 
constipation among the top 10 digestive disorders in attributable 
direct costs.*! Constipation is treated by a variety of physicians; 
in an analysis of physician visits for constipation in the USA 
between 2001 and 2004, 33% of patients who required medical 
attention were seen by internists and family practitioners, fol- 
lowed in frequency by pediatricians (21%) and gastroenterolo- 
gists (14.1%).*? However, not all patients seek medical attention 
for their constipation. As shown in a National Canadian Survey, 
only 34% of people who reported constipation had seen a physi- 
cian for their symptoms.!¢ 


RISK FACTORS 


Although risk factors for constipation have not been system- 
atically evaluated, female gender, advanced age, multiracial 
ethnicity, lower levels of income and education, and a low level 
of physical activity have been associated with chronic constipa- 
tion.*:5.30 Other risk factors include use of certain medications 
(e.g., acetaminophen [>7 tablets/week], aspirin, other NSAIDs}? 
and certain underlying medical disorders (discussed later). Diet 
and lifestyle may also play a role in the development of constipa- 
tion (Box 19.2). 


Gender 


The prevalence of self-reported constipation is 2 to 3 times 
higher in women, !*7°304 particularly women of reproductive 
age, than men, and infrequent bowel movements (e.g., once a 
week) are reported almost exclusively by women.** In a meta- 
analysis of 26 studies, the pooled prevalence of constipation 
in women was 17.4% (95% CI 13.4 to 21.8), almost double 
the 9.2% in men (odds ratio 2.2, 95% CI 1.87 to 2.62).!5 
The reason for the female predominance is unknown. Colonic 
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transit is significantly delayed in women during the luteal phase 
of the menstrual cycle, compared with the follicular phase, 
when estrogen levels are relatively low.*> A reduction in levels 
of steroid hormones has been observed in women with severe 
idiopathic constipation, although the clinical significance of 
this finding is dubious.*° Overexpression of progesterone 
receptors on colonic smooth muscle cells has been reported to 
down-regulate contractile G proteins and up-regulate inhibi- 
tory G proteins.*” Overexpression of progesterone receptors 
in colonic epithelial cells is also associated with reduced sero- 
tonin transporter, high 5-hydroxytryptamine (5-HT), and 
normal tryptophan hydroxylase levels.** In addition, overex- 
pression of progesterone receptor B on colonic muscle cells, 
which makes them more sensitive to physiologic concentra- 
tions of progesterone, has been proposed as an explanation for 
severe slow-transit constipation in some women.*? 


Age 


The prevalence of self-reported constipation among older 
adults ranges from 15% to 30%, with many,!*#3°°5! but not 
all,!9.1618.20,30,52 studies showing an increase in prevalence with 
age. Constipation in older adults is most commonly characterized 
by excessive straining and hard stools” rather than a decrease in 
stool frequency. In a community sample of 209 people aged 65 to 
93 years, the main symptom used to describe constipation was the 
need to strain at defecation; only 3% of men and 2% of women 
reported that their average bowel frequencies were less than 3 per 
week.*+ Possible causes for the increased frequency of straining 
in older adults include decreased food intake, reduced mobility, 
weakening of abdominal and pelvic wall muscles (descending 
perineum syndrome), chronic illness, psychological factors, and 
medications, particularly pain-relieving drugs.°> Older adults also 
tend to seek medical assistance for constipation more commonly 
than their younger counterparts. In an analysis of physician visits 
for constipation in the USA between 1958 and 1986, the frequency 
was about 1% in people younger than 60 years of age, 1% to 2% in 
those 60 to 65 years, and 3% to 5% in those older than 65 years.** 

Constipation is particularly problematic in nursing home resi- 
dents, among whom constipation is reported in almost half, and 
50% to 74% of residents use laxatives on a daily basis.’ Similarly, 
hospitalized older patients appear to be at high risk of develop- 
ing constipation. A study of patients on a geriatrics ward in the 
United Kingdom showed that up to 42% had a fecal impaction 
while hospitalized.°° A study of 34 nursing homes in the USA 
found the frequency of chronic constipation to be 71% (95% CI 
67 to 74), with a frequency of self-reported fecal impaction of 
47% (95% CI 44 to 51). A study from Finland revealed that 
79% of women and 81% of men in a nursing home reported 
chronic constipation or a rectal evacuation disorder.>*-°! 

Constipation is also common in children younger than age 
4.° In Great Britain, the frequency of a consultation for con- 
stipation in general practice was 2% to 3% in children aged 0 to 
4 years, about 1% in women aged 15 to 64 years, 2% to 3% in 
both genders aged 65 to 74 years, and 5% to 6% in persons aged 
75 years or older. Fecal retention with fecal soiling is a common 
cause of impaired quality of life and the need for medical atten- 
tion in childhood. 


Ethnicity and Nationality 


In North America, constipation is reported more commonly 
by people of color than whites. In a survey of 15,014 persons, 
the frequency of constipation was 17.3% in people of color and 
12.2% in whites.*30.? Age-specific increases in prevalence were 
found in both groups.® Data regarding constipation in develop- 
ing countries are limited. A meta-analysis that included studies 
mostly from North America and Northern Europe with a few 


studies from South America and the Middle East found that the 
prevalence of chronic constipation was similar in all countries, 
between 14% and 16%.' A study comparing the prevalence in 
South America and Asia found comparable frequencies of con- 
stipation, with rates of 21.7% in Colombia and 16.7% in South 
Korea.*! In Asian countries, including China, Korea, Hong 
Kong, and India, the prevalence of constipation ranges from 
8.2% to 16.8% .° In Sri Lanka, constipation (as defined by the 
Rome II criteria using a self-administered survey) was reported 
by 15.4% of children between 10 and 16 years of age. The fre- 
quency of constipation was significantly higher in children with 
a family history of constipation (49% vs. 14.8%), those living in 
a war-affected area (18.1% vs. 13.7%), and those attending an 
urban school (16.7% vs. 13.3 %).67 


Socioeconomic Status and Education Level 


Lower socioeconomic status and lower education levels have been 
found to be risk factors for chronic constipation. In population- 
based surveys, people with a lower-income status have higher rates 
of constipation than those who have a higher income status.*:!278.30 
Similarly, persons who have a lower education level tend to have 
a higher prevalence of constipation than those who have a higher 
education level.*:!30.°3 Pooled data from a meta-analysis showed a 
modest increase in the prevalence of chronic constipation in per- 
sons of lower socioeconomic status compared with those of higher 
socioeconomic status.!° These results have been reproduced in 
other countries, such as Brazil, Germany, and Croatia. 


Diet and Physical Activity 


Cross-sectional studies have not linked a low intake of fiber with 
constipation.*>”! Yet data suggest that increased consumption 
of fiber decreases colonic transit and increases stool weight and 
frequency.’”” An analysis from the Nurses’ Health Study, which 
assessed the self-reported bowel habits of 62,036 women between 
36 and 61 years of age, demonstrated that women who were in 
the highest quintile of fiber intake (median intake, 20 g/day) and 
who exercised daily were 68% less likely to report constipation, 
defined as fewer than 3 bowel movements per week, than women 
who were in the lowest quintile of fiber intake (median intake, 
7 g/day) and exercised less than once a week.*? Although other 
observational studies have supported a protective effect of physi- 
cal activity on constipation, results from trials designed to test 
this hypothesis have been conflicting. In one trial, symptoms of 
constipation did not improve after a 4-week exercise program.” 
Likewise, among Department of Veterans Affairs employees, 
physical activity levels did not differ between those with or with- 
out constipation.’ 

Dehydration has been identified as a potential risk factor for 
constipation. Some, but not all, observational studies have found 
an association between slow colonic transit and dehydration.”®76 
Among female Japanese dietetic students, however, total water 
intake was not associated with constipation.’”! Although patients 
with constipation are routinely advised to increase their fluid 
intake, the benefits have not been thoroughly investigated. 


Medication Use 


In a review of 7251 patients with chronic constipation (and non- 
constipated controls) from a general practice database, medica- 
tions that were significantly associated with constipation were 
opioids, diuretics, antidepressants, antihistamines, antispasmod- 
ics, anticonvulsants, and aluminum antacids (Box 19.3).52 The 
use of acetaminophen (>7 tablets weekly), aspirin, and other 
NSAIDs has also found to be associated with an increased risk 
of constipation.”° 


BOX 19.3 Secondary Causes of Constipation 


MECHANICAL OBSTRUCTION 


Anal stenosis 

Colorectal cancer 
Extrinsic compression 
Rectocele or sigmoidocele 
Stricture 


MEDICATIONS 


Acetaminophen (>7 tablets weekly) 

Antacids (aluminum containing) 

Anticholinergic agents (e.g., antiparkinsonian drugs, antipsychotics, 
antispasmodics, tricyclic antidepressants) 

Anticonvulsants (e.g., carbamazepine, phenobarbital, phenytoin) 

Antineoplastic agents (e.g., vinca derivatives) 

Calcium channel blockers (e.g., verapamil) 

Calcium supplements 

Diuretics (e.g., furosemide) 

5-Hydroxytryptamineg antagonists (e.g., alosetron) 

Iron supplements 

NSAIDs (e.g., ibuprofen) 

-opioid agonists (e.g., fentanyl, loperamide, morphine) 


METABOLIC AND ENDOCRINOLOGIC DISORDERS 


Diabetes mellitus 

Heavy metal poisoning (e.g., arsenic, lead, mercury) 
Hypercalcemia 
Hyperthyroidism 
Hypokalemia 
Hypothyroidism 
Panhypopituitarism 
Pheochromocytoma 
Porphyria 

Pregnancy 

NEUROLOGIC AND MYOPATHIC DISORDERS 
Amyloidosis 

Autonomic neuropathy 
Chagas disease 
Dermatomyositis 

Intestinal pseudo-obstruction 
Multiple sclerosis 
Parkinsonism 

Shy-Drager syndrome 

Spinal cord injury 

Stroke 

Systemic sclerosis 


COLONIC FUNCTION 
Luminal Contents 


The main contents of the colonic lumen are food residue, 
water and electrolytes, bacteria, and gas. Unabsorbed car- 
bohydrates, such as starches and non-starch polysaccharides, 
that enter the cecum serve as substrate for bacterial prolif- 
eration and fermentation, yielding short-chain fatty acids and 
gas (see Chapter 17). On average, bacteria represent about 
50% of stool weight.’”’ In an analysis of feces from 9 healthy 
subjects on a metabolically controlled British diet, bacteria 
constituted 55% of the total solids, and fiber represented 
approximately 17% of the stool weight.” The role of intesti- 
nal microbiota in constipation is just beginning to be explored 
(see Chapter 3).7%80 

A meta-analysis has suggested that wheat bran increases stool 
weight and reduces mean colonic transit in healthy volunteers.’* 
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The effect of bran may primarily be the result of increased bulk 
within the colonic lumen with consequent stimulation of pro- 
pulsive motor activity. The particulate nature of some fibers 
may also stimulate the colon. Ingestion of coarse bran (10 g 
twice daily) was shown to reduce colonic transit by about one 
third, whereas ingestion of the same quantity of fine bran led 
to no significant decrease.’’ Similarly, ingestion of inert plas- 
tic particles comparable in size to coarse bran increased fecal 
output by almost 3 times their own weight and reduced colonic 
transit.*! 


Absorption of Water and Sodium 


The colon avidly absorbs water and sodium (see Chapter 101). 
The colon extracts most of the 1000 to 1500 mL of fluid that 
crosses the ileocecal valve and leaves only 100 to 200 mL of 
fecal water daily. Sodium-chloride exchange and short-chain 
fatty acid transport are the principal mechanisms for stimu- 
lating water absorption in the colon. The absorption of water 
in the colon also depends on an intact epithelial barrier func- 
tion to prevent the back diffusion of electrolytes and other 
solutes once they have been absorbed across the epithelium.! 
One proposed pathophysiologic mechanism of constipation 
is that delayed transit allows more time for bacterial degrada- 
tion of stool solids and increased sodium and water absorption, 
thereby decreasing stool weight and frequency and increasing 
its firmness.*?,* 


Diameter and Length 


A wide or long colon may lead to a slow colonic transit rate (see 
Chapter 100). Although only a small fraction of patients with 
constipation have megacolon or megarectum, most patients with 
dilatation of the colon or rectum report constipation. A colonic 
width of more than 6.5 cm at the pelvic brim on a barium enema 
film is abnormal and has been associated with chronic constipa- 
tion. 


Motor Function 


Colonic muscle has 4 main functions (see Chapter 100): (1) delay 
passage of the luminal contents to allow time for water absorp- 
tion; (2) mix the contents and allow contact with the mucosa; (3) 
allow the colon to store feces between defecations; and (4) propel 
the contents toward the anus. Muscle activity is affected by sleep 
and wakefulness, eating, emotion, colon contents, and drugs. 
Neural control is partly intrinsic and partly extrinsic by the sym- 
pathetic nerves and the parasympathetic sacral outflow. 

The mean colonic transit in healthy volunteers is 34 to 35 
hours, with an upper limit of normal of 72 hours.***° In some 
patients, slow colonic transit is driven by delay in the passage of 
material in the ascending and transverse colon (proximal colon) 
rather than in the left colon.*’”-*° Other patients show slow transit 
in both the right and left sides of the colon.” 

Peristalsis is intrinsic to the gut and consists of segmental con- 
traction combined with distal relaxation. Excitatory motor neu- 
rons activated by acetylcholine cause intestinal smooth muscle 
contractions, whereas inhibitory neurons activated by ATP and 
nitric oxide cause intestinal smooth muscle relaxation.! Peristal- 
sis can be activated by chemical or mechanical stimuli that are 
sensed by the enterochromaffin cells and mechanoreceptors in 
the enteric ganglia. Once initiated, peristalsis can be propagated 
for long distances, thereby moving material through the gut.! 
Enterochromaffin cells synthesize serotonin (5-HT) in response 
to nutrients, short-chain fatty acids, bile salts, and mechanical 
stimuli. 5-HT activates upstream excitatory motor neurons and 
downstream inhibitory motor neurons, thereby resulting in peri- 
stalsis. 
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Colonic propulsions are of 2 basic types: low-amplitude prop- 
agated contractions and high-amplitude propagated contractions 
(HAPCs).’! The frequency and duration of HAPCs are reduced 
in some patients with constipation. In one study that included 14 
patients with slow-transit constipation, during a 24-hour period, 
4 patients had no peristaltic movement, whereas in the remain- 
ing 10 patients peristaltic movements were fewer in number and 
shorter in duration compared with healthy controls.”* Repetitive 
retrograde contractions of 2 to 6 cycles/min in the rectosigmoid 
may serve as a “braking” mechanism. 


Innervation and the Interstitial Cells of Cajal 


Constipation, particularly slow-transit constipation, may be 
related to autonomic dysfunction.?*.°* Histologic studies have 
shown abnormal numbers of myenteric plexus neurons involved 
in excitatory or inhibitory control of colonic motility, thereby 
resulting in decreased amounts of the excitatory transmitter sub- 
stance P” and increased amounts of the inhibitory transmitters 
vasoactive intestinal polypeptide, or nitric oxide (see Chapter 4).”° 
The interstitial cells of Cajal (CCs) are intestinal pacemaker 
cells and play a part in mediating the excitatory and inhibitory 
signals between the enteric nervous system and the smooth mus- 
cle cells (see Chapters 99 and 100).! ICCs initiate slow waves 
throughout the GI tract. Confocal images of ICCs in patients 
with slow-transit constipation show not only reduced numbers 
but also abnormal morphology of ICCs, with irregular surface 
markings and a decreased number of dendrites. In patients with 
slow-transit constipation, the number of ICCs has been shown 
to be decreased in the sigmoid colon” or the entire colon.”*.”” 
Pathologic examination of colectomy specimens of 14 patients 
with severe intractable constipation revealed decreased numbers 
of ICCs and myenteric ganglion cells throughout the colon. 100 


Defecatory Function 


The process of defecation in healthy persons begins with a pre- 
defecatory period during which the frequency and amplitude of 
propagating sequences (3 or more successive pressure waves) are 
increased. Stimuli such as waking and meals (gastroileal reflex, also 
referred to as gustrocolic reflex or response) can stimulate this pro- 
cess. In patients with slow-transit constipation, this predefecatory 
period is blunted and may be absent.”! The gastroileal reflex is 
also diminished in persons with slow-transit constipation. Stool 
is often present in the rectum before the urge to defecate arises. 
The urge to defecate is usually experienced when stool comes into 
contact with receptors in the upper anal canal. When the urge to 
defecate is resisted, retrograde movement of stool may occur, and 
transit time increases throughout the colon (see Chapter 100).1°! 

Although the sitting or squatting position seems to facilitate 
defecation, the benefit of squatting has not been well studied in 
patients with constipation.!°? Full flexion of the hips stretches 
the anal canal in an anteroposterior direction and straightens 
the anorectal angle, thereby promoting emptying of the rec- 
tum.!°3 Contraction of the diaphragm and abdominal muscles 
raises intrapelvic pressure, and the pelvic floor relaxes simul- 
taneously. Striated muscular activity expels rectal contents, 
with little contribution from colonic or rectal propulsive waves. 
Coordinated relaxation of the puborectalis muscle (which main- 
tains the anorectal angle) and the external anal sphincter at a 
time when pressure is increasing in the rectum results in expul- 
sion of stool (Fig. 19.1). 

The length of the colon emptied during spontaneous def- 
ecation most commonly extends from the descending colon to 
the rectum.!°* When the propulsive action of smooth muscle is 
normal, defecation usually requires minimal voluntary effort. If 
colonic and rectal waves are infrequent or absent, however, the 
normal urge to defecate may not occur.!" 


During straining 


Puborectalis 


muscle Anorectal angle 


Descent of the 
pelvic floor 


Fig. 19.1 Physiology of defecation. Defecation requires relaxation of 
the puborectalis muscle with descent of the pelvic floor and straighten- 
ing of the anorectal angle during straining, as well as relaxation of the 
internal anal sphincter. (From Lembo A, Camilleri M. Chronic constipa- 
tion. N Engl J Med 2003; 349:1360-8.) 


Size and Consistency of Stool 


In a study of healthy persons who were asked to expel single hard 
spheres of different sizes from the rectal ampulla, the intrarectal 
pressure and time needed to pass the objects varied inversely with 
their diameters. Small, hard stools are more difficult to pass than 
large, soft stools. When larger stimulated stools were tested, a 
hard stool took longer to expel than a soft silicone rubber object 
of roughly the same shape and volume. Similarly, more subjects 
were able to expel a 50-mL water-filled compressible balloon 
than a hard 1.8-cm sphere.!°° 

Human stools may vary in consistency from small hard lumps 
to liquid. The water content of stool determines consistency. 
Rapid colonic transit of fecal residue leads to diminished water 
absorption and (perhaps counterintuitively) an increase in the 
bacterial content of the stool. The Bristol stool form scale*? is 
used in the assessment of constipation and is regarded as the best 
descriptor of stool form and consistency (Fig. 19.2). Stool consis- 
tency appears to be a better predictor of whole-gut transit time 
than of defecation frequency or stool volume. !°” 


CLASSIFICATION 


Secondary causes of constipation (e.g., small or large bowel 
obstruction, medications, systemic illnesses) must be excluded, 
especially in patients presenting with new-onset constipation 
(see Box 19.3). Most often, chronic constipation is due to dis- 
ordered function of the colon or rectum (sometimes referred to 
as functional constipation). Chronic constipation can be divided 
into 3 broad categories—normal-transit constipation, slow- 
transit constipation, and defecatory or rectal evacuation disor- 
ders (Table 19.1). In a study of more than 1000 patients with 
chronic constipation who were evaluated at the Mayo Clinic, 
59% were found to have normal-transit constipation, 25% had 
defecatory disorders, 13% had slow-transit constipation, and 
3% had a combination of a defecatory disorder and slow-transit 
constipation. !°° 


PATHOPHYSIOLOGY 
Normal-Transit Constipation 


In normal-transit constipation, stool travels along the colon at 
a normal rate.!° Patients with normal-transit constipation may 


Whole-gut Type Pictorial 
transit time of stool Description representation 
Long transit 
(e.g., 100 hours) 
Separate hard lumps Q o 
Type 1 | PeP pS 97% 


like nuts, hard to pass 
= mae 
m= = 


Soft blobs with clear-cut 
edges (passed easily) 


Type 5 
Fluffy pieces with ragged 

Type 6 edges, a mushy stool 

Type 7 | Watery, no solid pieces Entirely liquid 


Short transit 
(e.g., 10 hours) 


Fig. 19.2 The Bristol stool form scale. Common stool forms and their 
consistency in relation to whole-gut transit time are shown. (From 
Heaton KW, Radvan J, Cripps H, et al. Defecation frequency and timing, 
and stool form in the general population: a prospective study. Gut 1992; 
33:818-24.) 


TABLE 19.1 Clinical Classification of Functional Constipation 


Physiologic Test 


Category Features Results 


Normal-transit Incomplete evacuation; Normal 


constipation abdominal pain may 
be present but not a 
predominant feature 
Slow-transit Infrequent stools (e.g., <1/wk), Delay in colonic 
constipation lack of urge to defecate, transit (e.g., 
poor response to fiber retention in 
and laxatives, generalized colon of >20% 
symptoms (e.g., malaise, of radiopaque 
fatigue); more prevalent in markers 5 days 
young women after ingestion) 
Defecatory Frequent straining, incomplete Abnormal balloon 
disorder* evacuation, need for manual expulsion test 


and/or anorectal 
manometry 


maneuvers to facilitate 
defecation 


*Pelvic floor dysfunction, anismus, descending perineum syndrome, and 
rectal prolapse. 


have misperceptions about their bowel frequencies and often 
exhibit psychosocial distress.!!° Some patients have abnormali- 
ties of anorectal sensory and motor function indistinguishable 
from those in patients with slow-transit constipation.!'! Whether 
increased rectal compliance and reduced rectal sensation are 
effects of chronic constipation or contribute to these patients’ 
failure to experience an urge to defecate is unclear, but most 
patients have normal results of physiologic testing (see later). 


Slow-Transit Constipation 


Slow-transit constipation is most common in young women and 
characterized by infrequent bowel movements (<1 bowel move- 
ment/week). Associated symptoms include abdominal pain, bloat- 
ing, and malaise. Symptoms are often intractable, and conservative 
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Fig. 19.3 EMG and pressure tracings during defecation in a normal 
(control) subject and a constipated patient with a defecatory disorder. 
In both the control subject and constipated patient, a cough produces 
a rise in pressure. When a normal subject strains (upper tracing), EMG 
activity of the external anal sphincter is inhibited, and pressure in the 
anal canal falls. In a constipated patient with a defecatory disorder, 
EMG activity of the anal sphincter is not inhibited on straining, and 
pressure within the anal canal increases (lower tracing). This para- 
doxical contraction has been termed anismus, anal dyssynergia, and 
spastic perineum. (From Preston DM, Lennard-Jones JE. Anismus in 
chronic constipation. Dig Dis Sci 1985; 30:413-8.) 


measures such as fiber supplements and osmotic laxatives are 
usually ineffective.!!*!!> The onset of symptoms is gradual and 
usually occurs around the time of puberty. Slow-transit constipa- 
tion arises from disordered colonic motor function. Patients who 
have mild delays in colonic transit have symptoms similar to those 
seen in persons with IBS (see Chapter 122).!'+ In patients with 
more severe symptoms, the pathophysiology includes delayed 
emptying of the proximal colon and fewer HAPCs after meals. 
Colonic inertia is a term used to describe the disorder in patients 
with symptoms at the most severe end of the spectrum. In this 
condition, colonic motor activity fails to increase after a meal,!!> 
ingestion of bisacodyl,!'!° or administration of a cholinesterase 
inhibitor such as neostigmine. !!7 


Defecatory Disorders 


Rectal evacuation disorders arise from failure to empty the rec- 
tum effectively due to an inability to coordinate the abdominal, 
rectoanal, and pelvic floor muscles. Many patients with defeca- 
tory disorders also have slow-transit constipation.'!* Defecatory 
disorders are also known as anismus, dyssynergia, pelvic floor dys- 
synergia, spastic pelvic floor syndrome, obstructive defecation, or outlet 
obstruction. These disorders appear to be acquired and may start in 
childhood. They may be a learned behavior to avoid discomfort 
associated with the passage of large, hard stools or pain associated 
with attempted defecation in the setting of an active anal fissure 
or inflamed hemorrhoids. Individuals with defecatory disorders 
commonly have inappropriate contraction of the anal sphincter 
when they bear down (Fig. 19.3). This phenomenon can occur 
in asymptomatic persons but is more common among those who 
complain of difficult defecation.!!’ Some patients with a defeca- 
tory disorder are unable to raise intrarectal pressure to a level 
sufficient to expel stool, a disturbance that manifests clinically as 
failure of the pelvic floor to descend on straining.!*° 
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Rectal evacuation disorders are particularly common in older 
adults with chronic constipation and excessive straining, many of 
whom do not respond to standard medical treatment.!?! Occa- 
sionally, rectal evacuation disorders are associated with structural 
abnormalities (e.g., rectal intussusception, obstructing rectocele, 
megarectum, excessive perineal descent). !?? 

Patients with rectal evacuation disorders may report infre- 
quent bowel movements, ineffective and excessive straining, and 
the need for manual disimpaction, but symptoms—particularly 
in the case of pelvic floor dysfunction—do not reliably correlate 
with physiologic findings.!*> For a diagnosis of a rectal evacuation 
disorder, a Rome working group has specified the criteria listed in 
Box 19.4.14 To meet the Rome criteria for a defecatory disorder, 
patients must meet the Rome criteria for constipation and have 
evidence of dysfunction of the pelvic floor muscles as determined 
by physiologic tests (see later). Pelvic floor dyssynergia affects a 
subset of these patients in whom the anal sphincter fails to relax 
more than 20% of its basal resting pressure during attempted def- 
ecation, despite the presence of adequate propulsive forces in the 
rectum. Patients with rectal evacuation disorders have a greater 


BOX 19.4 Rome IV Criteria for Functional Defecation 
Disorders* 


1. The patient must satisfy diagnostic criteria for functional consti- 
pation and/or IBS with constipation 

2. During repeated attempts to defecate, there must be features 
of impaired evacuation, as demonstrated by 2 of the following 3 
test results: 
a. Abnormal balloon expulsion test 


b. Abnormal anorectal evacuation pattern with manometry or 
anal surface EMG 
c. Impaired rectal evacuation by imaging 


*Criteria fulfilled for the previous 3 months, with symptom onset at least 6 
months prior to diagnosis. 

From Rao SSC, Bharucha AE, Chiarioni G, et al. Anorectal disorders. Gas- 

troenterology. 2016; 150(6):1430-42. 
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rectal gas volume compared with that found in other subtypes of 
constipation, thereby suggesting that imaging of the rectum (e., 
by CT) may provide a sensitive (>70%) and reasonably specific 
(>60%) method of distinguishing a rectal evacuation disorder 
from other subtypes of constipation. 12° 

Functional fecal retention is the most common defeca- 
tory disorder in children. It is a learned behavior that results 
from withholding defecation, often because of fear of a painful 
bowel movement or for social reasons.'*° The symptoms are 
common and may result in secondary encopresis (fecal inconti- 
nence) due to leakage of liquid stool around a fecal impaction. 
Functional fecal retention is the most common cause of encop- 
resis in childhood (see Chapter 18).!?” 


CAUSES 
Disorders of the Anorectum and Pelvic Floor 


Rectocele 


A rectocele is the bulging or displacement of the rectum through 
a defect in the anterior rectal wall. In women, the perineal body 
supports the anterior rectal (posterior vaginal) wall above the 
anorectal junction, and a layer of fascia runs from the rectovaginal 
pouch of Douglas to the perineal body and adheres to the poste- 
rior vaginal wall. The anterior rectal wall is unsupported above 
the level of the perineal body, and the rectovaginal septum can 
bulge anteriorly to form a rectocele (Fig. 19.4). Rectoceles can 
arise from damage to the rectovaginal septum or its supporting 
structures during vaginal childbirth. These injuries are exacer- 
bated by repetitive increases in intra-abdominal pressure and the 
long-term effects of gravity. Prolapse of other pelvic organs may 
be present. Urinary incontinence and previous hysterectomy are 
more common in patients with a rectocele than in patients with 
difficult defecation and no demonstrable rectocele.!~* 

Studies using defecating proctography (see later) have shown 
that rectoceles are common in symptomless healthy women and 
may protrude as much as 4 cm from the line of the anterior rectal 
wall without causing bowel symptoms, although 2 cm is the gen- 
erally accepted lower limit of a rectocele that may be regarded as 


Rectocele 


B 


Fig. 19.4 Development of a rectocele. (A) Normal anatomy of the female pelvis. The levator plate is almost 
horizontal, supporting the rectum and vagina. The perineal body provides support for the lower posterior 
vaginal wall; above it lies the rectovaginal septum. (B) Pelvic floor weakness leads to a more vertical levator 
plate. The perineal body is attenuated, which favors formation of a rectocele. Pelvic floor laxity also favors 
rectal mucosal prolapse. (From Loder PB, Phillios RKS. Rectocele and pelvic floor weakness. In: Kamm MA, 
Lennard-Jones JE, editors. Constipation. Peterfield: Wrightson Biomedical; 1994. p 281.) 


clinically significant.!*? Symptomatic patients report the inabil- 
ity to complete fecal evacuation, perineal pain, sensation of local 
pressure, and appearance of a bulge at the vaginal opening on 
straining. Women may report the need to use their thumb or 
fingers to support the posterior vaginal wall to complete defeca- 
tion.1?8 Women may also report the need to use a finger to digi- 
tally evacuate the rectum. 

Defecating proctography can be used to demonstrate a rec- 
tocele, measure its size, and determine whether barium becomes 
trapped within the rectocele. In one study, trapping of barium in 
rectoceles changed with the degree of rectal emptying and was 
related to the size of the rectocele.!>° However, rectocele size or 
degree of emptying on defecation have not been shown to cor- 
relate with the outcomes of surgical repair.'3!1°? 

Asymptomatic women with rectoceles do not require surgical 
treatment. Kegel exercises (designed to strengthen pelvic floor 
muscles that support the urethra, bladder, uterus, and rectum) 
and instructions to avoid repetitive increases in intra-abdominal 
pressure may help prevent progression of the rectocele.!** Sur- 
gery should be considered only for patients in whom contrast is 
retained during defecography and patients in whom constipation 
is relieved with digital vaginal pressure to facilitate defecation.!*+ 
Surgical repair can be performed by an endorectal, transvaginal, 
or transperineal approach. Other types of genital prolapse may 
also be present, and collaboration between the surgeon and gyne- 
cologist may be appropriate. In carefully selected patients, surgi- 
cal repair benefits 75% of patients. In a review of 89 women who 
underwent a combined transvaginal and transanal rectocele repair 
for symptoms of obstructive defecation, the repair was successful 
in 71% of patients, as assessed by the absence of symptoms after 
one year.!>> A subsequent study!*° found that bowel symptoms 
improved in 50% of patients and that a longer history of splinting 
was a risk factor for persistent postoperative symptoms. Reduc- 
tion in rectocele size, as judged by defecating proctography, does 
not appear to correlate clearly with symptomatic improvement.!*? 


Descending Perineum Syndrome 


In descending perineum syndrome, the pelvic floor descends to 
a greater extent than normal (1 to 4 cm) when the patient strains 
during defecation, and rectal expulsion is difficult. The anorec- 
tal angle is widened as a result of pelvic floor weakness, and the 
rectum is more vertical than normal. The perineal body is weak 
(facilitating rectocele formation), and lax muscular support favors 
intrarectal mucosal intussusception or rectal prolapse. The pelvic 
floor may not provide the resistance necessary for extrusion of 
solid stool through the anal canal. A common reason for pelvic 
floor weakness is trauma or stretching during parturition. In some 
cases, repeated and prolonged defecation appears to be a dam- 
aging factor. Symptoms include constipation, incomplete rectal 
evacuation, excessive straining, and the need for digital rectal 
evacuation.” Electrophysiologic studies show partial denerva- 
tion of the striated muscle and evidence of pudendal nerve dam- 
age (see later). Histologic examination of operative specimens of 
the pelvic floor muscles confirms loss of muscle fibers. 


Diminished Rectal Sensation 


The urge to defecate depends in part on tension within the rectal 
wall (determined by the tone of the circular muscle of the rectal 
wall), rate and volume of rectal distention, and size of the rec- 
tum. Some patients with constipation appear to feel pain nor- 
mally as the rectum is distended to the maximal tolerable volume, 
but with intermediate volumes they fail to experience an urge to 
defecate.'** In a study of women with severe idiopathic constipa- 
tion, a higher-than-normal electrical stimulation current applied 
to the rectal mucosa was required to elicit pain, suggesting a pos- 
sible rectal sensory neuropathy.!*” 
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Rectal hyposensitivity (RH) is defined as insensitivity of the 
rectum to balloon distention on anorectal physiologic investiga- 
tion, although the pathophysiology of RH is not entirely clear. 
Constipation is the most common presenting symptom of RH. 
In an investigation of 261 patients with RH, 38% had a history of 
pelvic surgery, 22% had a history of anal surgery, and 13% hada 
history of spinal trauma.!*° 


Rectal Prolapse and Solitary Rectal Ulcer Syndrome 


Full-thickness rectal prolapse and solitary rectal ulcer syndrome 
are part of a spectrum of defects that arise from pelvic floor weak- 
ening. Some patients complain of many fruitless visits to the bath- 
room, with prolonged straining in response to a constant desire 
to defecate. The patient has a sense of incomplete evacuation and 
may spend an hour or more daily on the toilet. Infrequent pas- 
sage of small hard stools is common, as are other features of a 
functional bowel disorder, such as abdominal pain and distention. 

Rectal prolapse refers to complete protrusion of the rectum 
through the anus (see Chapter 129). Occult (asymptomatic) rectal 
prolapse has been found in 33% of patients with clinically recog- 
nized rectoceles and defecatory dysfunction!*! and can easily be 
detected on physical examination by asking the patient to strain as 
if to defecate. A laparoscopic rectopexy—in which the prolapsed 
rectum is raised and secured with sutures to the adjacent fascia— 
is the recommended treatment.!” 

Solitary rectal ulcer syndrome is a rare disorder characterized by 
erythema or ulceration, generally of the anterior rectal wall, as a 
result of chronic straining (see Chapter 119). Mucus and blood 
may be passed when the patient strains during defecation.!4:144 
Endoscopic findings may include erythema, hyperemia, mucosal 
ulceration, and a polypoid lesion. The syndrome’s heterogeneous 
findings and misleading name (an ulcer need not be present) can 
lead to misdiagnosis. In a study of 98 patients with solitary rec- 
tal ulcer syndrome, 26% were initially diagnosed incorrectly. In 
patients with a rectal ulcer or mucosal hyperemia, the most com- 
mon misdiagnoses were Crohn disease and UC. In those with a 
polypoid lesion, the most common misdiagnosis was a neoplas- 
tic polyp.'* Histology of full-thickness specimens of the lesion 
reveals extension of the muscularis mucosa between crypts and 
disorganization of the muscularis propria. Defecography, tran- 
srectal US, and anorectal manometry are helpful in the diagnosis. 

Varying degrees of rectal prolapse exist in association with 
solitary rectal ulcer syndrome. Rectal prolapse and paradoxical 
contraction of the puborectalis muscle can lead to rectal trauma 
secondary to the high pressures generated within the rectum. In 
addition, rectal mucosal blood flow is reduced.!*° 

Medical treatment may be difficult. The patient should be 
advised to resist the urge to strain. Bulk laxatives and dietary fiber 
may be of some benefit.!*” Surgery may be required; rectopexy is 
performed most commonly. Following surgery for solitary rec- 
tal ulcer syndrome with rectal prolapse, 55% to 60% of patients 
report long-term satisfaction, although a colostomy is eventually 
required in about a third of patients.!#8 Treatment with argon 
plasma coagulation has been reported to reduce bleeding as well 
as improve healing.'*? Repair of a rectal prolapse may aggravate 
constipation. Biofeedback appears to be a promising mode of 
therapy for patients with solitary rectal ulcer syndrome.!50-151 


Systemic Disorders 
Hypothyroidism 


Constipation is the most common GI complaint in patients 
with hypothyroidism. The pathologic effects are due to altera- 
tion of intestinal motor function and possible infiltration of the 
intestine by myxedematous tissue. The basic electrical rhythm 
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that generates peristaltic waves in the duodenum decreases in 
hypothyroidism, and small bowel transit time is increased.'*? 
Myxedema megacolon is rare but can result from myxedema- 
tous infiltration of the muscle layers of the colon. Symptoms 
include abdominal pain, flatulence, and constipation (see 
Chapter 37).1°3 


Diabetes Mellitus 


The mean colonic transit time is longer in diabetics than in 
healthy controls. In one study, mean total colonic transit time in 
28 diabetic patients (34.9 + 29.6 hours; mean + SD) was signifi- 
cantly longer than that in 28 healthy subjects (20.4 + 15.6 hours; 
P < 0.05).'°+ Among the 28 diabetic patients, 9 of 28 (32%) met 
the Rome II criteria for constipation, and 14 of 28 (50%) had 
cardiovascular autonomic neuropathy. Mean colonic transit times 
in diabetic patients with and without cardiovascular autonomic 
neuropathy were similar. By contrast, a previous study reported 
that asymptomatic diabetic patients with cardiovascular auto- 
nomic neuropathy had significantly longer whole-gut transit 
times (although still within the range of normal) than a control 
group without neuropathy.!*’ In another study, diabetic patients 
with mild constipation demonstrated delayed colonic myoelec- 
trical and motor responses after ingestion of a standard meal, 
whereas diabetics with severe constipation had no increases in 
these responses after food. Neostigmine increased colonic motor 
activity in all diabetic patients, suggesting the defect was neural 
rather than muscular (see Chapter 37).!°° 


Hypercalcemia 


Constipation is a common symptom of hypercalcemia resulting 
from hyperparathyroidism.!°’ It may also be a manifestation of 
hypercalcemia due to other conditions (e.g., sarcoidosis, malig- 
nancy involving bone [see Chapter 37]). 


Nervous System Disease 
Loss of Conscious Control 


Cerebral disability or dementia with a decrease in or complete 
loss of bodily perception can lead to defecatory failure, possibly 
because of inattention. 


Parkinson Disease 


Constipation frequently occurs in patients with Parkinson disease 
(PD) and often precedes the diagnosis of PD.!°? Constipation 
significantly impairs a patient’s activities of daily living and quality 
of life. In a study of 12 patients with PD compared with normal 
controls, slow colonic transit, decreased phasic rectal contractions, 
weak abdominal wall muscle contraction, and paradoxical anal 
sphincter contraction on defecation were all features in patients 
with PD and frequent constipation.!© Factors associated with the 
development of constipation among PD patients include older age 
and age of onset, longer disease duration, more advanced disease 
stage, and more severe motor and nonmotor symptoms.!°* Loss of 
dopamine-containing neurons in the CNS is the underlying defect 
in PD; a defect in dopaminergic neurons in the enteric nervous sys- 
tem may also be present. Histopathologic studies of the myenteric 
plexuses of the ascending colon in 11 patients with PD and consti- 
pation revealed that in 9 patients the number of dopamine-posi- 
tive neurons was one tenth or less the number in control subjects. 
Dopamine concentrations in the muscularis externa were signifi- 
cantly lower in patients with PD than in controls (P < 0.01).!°! 
Another possible contributor to constipation is the inability of 
some patients with PD to relax the striated muscles of the pelvic 


floor on defecation. This finding is a local manifestation of the 
extrapyramidal motor disorder that affects skeletal muscle. Pre- 
liminary observations suggest that injection of botulinum toxin 
into the puborectalis muscle is a potential therapy for this type of 
outlet dysfunction (see Chapter 37).!6! 


Multiple Sclerosis 


Constipation is common among patients with multiple sclerosis 
(MS).!°* In an unselected group of 280 patients with MS, the fre- 
quency of constipation (defined as diminished bowel frequency, 
digitation to facilitate defecation, or use of laxatives) was 43%. 
Almost 25% of the subjects passed fewer than 3 stools/week, and 
18% used a laxative more than once a week. Constipation corre- 
lated with the duration of MS but preceded the diagnosis of MS 
in 45%. In this study, constipation did not correlate with immo- 
bility or use of medications.'® In another questionnaire study of 
221 patients with MS, the frequency of constipation was as high 
as 54%.166 The cause of constipation in patients with MS can be 
multifactorial and related to a reduction in postprandial colonic 
motor activity, limited physical activity, and medications. 
Patients with advanced MS and constipation have evidence of 
a visceral neuropathy. In a group of patients with advanced MS 
and severe constipation, all had evidence of disease in the lum- 
bosacral spinal cord and decreased compliance of the colon. The 
usual increase in colonic motor activity after meals is absent. 
Among less severely affected patients, slow colonic transit and 
manometric evidence of pelvic floor muscular and anal sphinc- 
ter dysfunction have been demonstrated. Patients may have fecal 
incontinence.!67-168 Therapy with biofeedback has been reported 
to relieve constipation and fecal incontinence, although in a study 
of 13 patients with MS with either constipation or incontinence, 
only 38% improved with biofeedback (see Chapters 18 and 37).16° 


Spinal Cord Lesions 


Lesions Above the Sacral Segments 

Spinal cord lesions or injury above the sacral segments lead to 
an upper motor neuron disorder with severe constipation. The 
resulting delay in colonic transit primarily affects the rectosig- 
moid colon.!”®171 In a study of patients with severe thoracic spi- 
nal cord injury, colonic compliance was abnormal, with a rapid 
rise in colonic pressure on instillation of relatively small volumes 
of fluid. Motor activity after meals did not increase, but the 
colonic response to neostigmine was normal, thereby excluding 
myopathy. 

Studies of anorectal function in patients with severe trau- 
matic spinal cord injury have shown that rectal sensation to 
distention is abolished, although a dull pelvic sensation is expe- 
rienced by some patients at maximum levels of rectal balloon 
distention. Anal relaxation on rectal distention is exaggerated 
and occurs at a lower balloon volume than in normal subjects. 
Distention of the rectum leads to a linear increase in rectal 
pressure, without the plateau at intermediate values seen in 
normal subjects, and ends in high-pressure rectal contractions 
after a relatively small volume (100 mL) has been instilled. As 
expected, the rectal pressure generated by straining is lower in 
patients than in control subjects and is less with higher than 
lower spinal cord lesions. Patients demonstrate a loss of con- 
scious external anal sphincter control, and the sphincter does 
not relax on straining, suggesting that in normal subjects, 
descending inhibitory pathways are present.!’” These findings 
explain why some patients with spinal cord lesions experience 
not only constipation but also sudden uncontrollable rectal 
expulsion with incontinence. Other patients cannot empty the 
rectum in response to laxatives or enemas, possibly because of 
failure of the external anal sphincter to relax, and may require 
manual evacuation. 


Electrical stimulation of anterior sacral nerve roots S2, S3, 
and S4 via electrodes implanted for urinary control in paraplegic 
patients leads to a rise in pressure within the sigmoid colon and 
rectum and contraction of the external anal sphincter. Contrac- 
tion of the rectum and relaxation of the internal anal sphincter 
persist for a short time after the stimulus ceases. By appropriate 
adjustment of the stimulus, it was possible for 5 of 12 paraplegic 
patients to evacuate feces completely and for most of the others 
to increase the frequency of defecation and reduce the time spent 
emptying the rectum.” In another series, left-sided colonic tran- 
sit time decreased with regular sacral nerve stimulation.!/*+ 


Lesions of the Sacral Cord, Conus Medullaris, Cauda 
Equina, and Nervi Erigentes (S2 to S4) 
Neural integration of anal sphincter control and rectosigmoid 
propulsion occurs in the sacral segments of the spinal cord. The 
motor neurons that supply the striated sphincter muscles are 
grouped in the Onufs nucleus at the level of S2. There is evi- 
dence that efferent parasympathetic nerves that arise in the sacral 
segments enter the colon at the region of the rectosigmoid junc- 
tion and extend distally in the intermuscular plane to reach the 
level of the internal anal sphincter and proximally to the mid- 
colon via the ascending colonic nerves, which retain the structure 
of peripheral nerves (see Chapter 100).!75 

Damage to sacral segments of the spinal cord or to efferent 
nerves leads to severe constipation. Fluoroscopic studies show a 
loss of progression of contractions in the left colon. When the 
colon is filled with fluid, the intraluminal pressure generated is 
lower than normal, in contrast to the situation after higher lesions 
of the spinal cord. The distal colon and rectum may dilate, and 
feces may accumulate in the distal colon. Spasticity of the anal 
canal can occur. Loss of sensation of the perineal skin may extend 
to the anal canal, and rectal sensation may be diminished. Rectal 
wall tone depends on the level of the spinal lesion. In a study of 
25 patients with spinal cord injury, rectal tone was significantly 
higher than normal in patients with acute and chronic supraconal 
lesions, but significantly lower than normal in patients with acute 
and chronic conal or cauda equina lesions. !76 


Structural Disorders of the Colon, Rectum, 
and Anus 


Obstruction 


Anal atresia in infancy, anal stenosis later in life, or obstruction of 
the colon may manifest as constipation. Obstruction of the small 
intestine generally manifests as abdominal pain and distention, 
but constipation and inability to pass flatus may also be features 
(see Chapters 98 and 123). 


Disorders of Smooth Muscle 


Myopathy Affecting Colonic Muscle 

Congenital or acquired myopathy of the colon usually manifests 
as pseudo-obstruction. The colon is hypotonic and inert (see 
Chapter 124). 


Hereditary Internal Anal Sphincter Myopathy 

Hereditary internal anal sphincter myopathy is a rare condition 
characterized by constipation with difficulty in rectal expul- 
sion and episodes of severe proctalgia fugax, defined as the sud- 
den onset of brief episodes of pain in the anorectal region.!77-!”” 
Three affected families have been reported. The mode of inheri- 
tance appears to be autosomal dominant with incomplete pen- 
etrance. In symptomatic persons, the internal anal sphincter 
muscle is thickened, and resting anal pressure is greatly increased. 
In 2 patients, treatment with a calcium channel blocker improved 
pain but had no effect on constipation. In another family, 2 
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patients were treated by internal anal sphincter strip myectomy; 
one showed marked improvement and one had improvement in 
constipation but only slight improvement in pain. Examination 
of the muscle strips showed myopathic changes with polygluco- 
san bodies (glucose polymers) in the smooth muscle fibers and 
increased endomysial fibrosis. 


Systemic Sclerosis 

Systemic sclerosis (scleroderma) may lead to constipation.!*° In 
patients with systemic sclerosis and constipation, 9 of 10 had no 
increase in colonic motor activity after ingestion of a 1000-kcal 
meal. Histologic examination of colonic specimens from these 
subjects revealed smooth muscle atrophy of the colonic wall (see 
Chapter 37).181 


Muscular Dystrophies 

Muscular dystrophies are usually regarded as disorders of stri- 
ated muscle, but visceral smooth muscle may also be abnormal. 
In myotonic muscular dystrophy, a condition in which skeletal 
muscle fails to relax normally, megacolon may be found, and 
abnormal function of the anal sphincter is demonstrable.!*? Cases 
associated with intestinal pseudo-obstruction have been reported 
(see Chapter 124).!* 


Disorders of Enteric Nerves 


Congenital Aganglionosis or Hypoganglionosis 
Congenital absence or reduction in the number of ganglia in 
the colon leads to functional colonic obstruction with proximal 
dilatation, as seen in Hirschsprung disease and related conditions 
(see Chapter 98). In Hirschsprung disease, ganglion cells in the 
distal colon are absent because of an arrest in caudal migration 
of neural crest cells in the intestine during embryonic develop- 
ment. Although most patients present during early childhood, 
often with delayed passage of meconium, some patients with a 
relatively short segment of involved colon present later in life.!*+ 
Typically, the colon narrows at the area that lacks ganglion cells, 
and the bowel proximal to the narrowing is usually dilated. Two 
genetic defects have been identified in patients with Hirschsprung 
disease—a mutation in the rearranged during transfection proto- 
oncogene, which is involved in the development of neural crest 
cells, and a mutation in the gene that encodes the endothelin B 
receptor, which affects intracellular calcium levels. 183-186 
Hypoganglionosis is reported when small, sparse myenteric 
ganglia are seen. Neuronal counts can be made on full-thickness 
tissue specimens and compared with published reference values 
obtained from autopsy material. Because of variations in the nor- 
mal density of neurons, establishing the diagnosis of hypogan- 
glionosis is not easy.!*’ Quantitative declines in the number of 
neurons in the enteric nervous system are also seen in patients 
with severe slow-transit constipation and characterized morpho- 
logically as oligoneuronal hypoganglionosis.!** 


Congenital Hyperganglionosis (Intestinal 

Neuronal Dysplasia) 

Congenital hyperganglionosis, or intestinal neuronal dysplasia, is 
a developmental defect characterized by hyperplasia of the sub- 
mucosal nerve plexus. Clinical manifestations of the disease are 
similar to those seen in Hirschsprung disease and include young 
age of onset and symptoms of intestinal obstruction (see Chapter 
98). In contrast to functional constipation, affected children do 
not have symptoms of soiling or evidence of a fecaloma.!*? A 
multicenter study of interobserver variation in histologic inter- 
pretation of findings in children with constipation caused by 
abnormalities of the enteric nervous system showed complete 
agreement in the diagnosis of Hirschsprung disease but accord 
in only 14% of children with colonic motility disorders other 
than aganglionosis. Some of the clinical features and histologic 
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changes previously associated with congenital hyperganglionosis 
may evolve to normal as children age.!*” A diagnosis of congenital 
hyperganglionosis can be made on the basis of hyperganglionosis 
of the submucous plexus with giant ganglia and at least one of 
the following features in rectal biopsy specimens: (1) ectopic gan- 
glia, (2) increased acetylcholinesterase activity in the lamina pro- 
pria, and (3) increased acetylcholinesterase nerve fibers around 
the submucosal blood vessels. Most patients with congenital 
hyperganglionosis respond to conservative treatment, including 
laxatives. Internal anal sphincter myectomy may be performed if 
conservative management fails. 1° 


Acquired Neuropathies 
Chagas disease, which results from infection with Trypanosoma 
cruzi, is the only known infectious neuropathy. The reason for 
neuronal degeneration in this disorder is unclear but may have 
an immune basis.!°! Patients with Chagas disease present with 
progressively worsening symptoms of constipation and abdomi- 
nal distention resulting from a segmental megacolon that may be 
complicated by sigmoid volvulus (see Chapter 113). 
Paraneoplastic visceral neuropathy may be associated with 
malignant tumors outside the GI tract, particularly small cell car- 
cinoma of the lung and carcinoid tumors. Pathologic examination 
of the affected intestine reveals neuronal degeneration or myen- 
teric plexus inflammation.!’? An antibody against a component 
of myenteric neurons has been identified in some patients with 
this disorder (see Chapter 124).!° Disruption of the ICCs has 
been associated with a case of small cell lung carcinoma-—related 
paraneoplastic colonic motility disorder.!** 


Neuropathies of Unknown Cause 

Severe acute neuropathies that present mainly with obstruc- 
tive symptoms and not principally with constipation have been 
described. As noted earlier, neuropathic features affecting the 
colon may occur in some patients with severe idiopathic consti- 
pation. 


Medications 


Constipation may be a side effect of a drug or preparation taken 
long term. Drugs commonly implicated are listed in Box 19.3 
(see earlier). Common offenders include opioids used for chronic 
pain, anticholinergic agents (including antispasmodics), calcium 
supplements, some tricyclic antidepressants, NSAIDs, phenothi- 
azines used as long-term neuroleptics, and antimuscarinic drugs 
used for PD. 


Psychological Disorders 


Constipation may be a symptom of a psychiatric disorder or a 
side effect of its treatment (see Chapter 22). Healthy men who 
are socially outgoing, energetic, and optimistic—and not anx- 
ious—and who described themselves in more favorable terms 
than others have heavier stools than men without these person- 
ality characteristics.!°* Psychological factors associated with a 
prolonged colonic transit time in constipated patients include a 
highly depressed mood state and frequent control of anger.'?° 
In one study, women with constipation had higher somatization 
and anxiety scores than healthy controls, and the psychological 
scores correlated inversely with rectal mucosal blood flow (used 
as an index of innervation of the distal colon).!”’ In a study that 
assessed psychological characteristics of older persons with con- 
stipation, a delayed colonic transit time was related significantly 
to symptoms of somatization, obsessive-compulsiveness, depres- 
sion, and anxiety.” In a study of 28 consecutive female patients 
who underwent psychological assessment for intractable consti- 
pation, 60% had evidence of a current affective disorder. One 
third reported distorted attitudes toward food. Patients with 


slow-transit constipation reported more psychosocial distress on 
rating scales than those with normal-transit constipation. 1° 


Depression 


For some patients, constipation can be a somatic manifestation of 
an affective disorder. In a study of patients with depression, 27% 
said that constipation developed or became worse at the onset of 
the depression.!°? Constipation can occur in the absence of other 
typical features of severe depression, such as anorexia or psycho- 
motor retardation with physical inactivity. Psychological factors 
are likely to influence intestinal function via autonomic efferent 
neural pathways.” In an analysis of 4 million discharge records 
of U.S. military veterans, major depression was associated with 
constipation, and schizophrenia was associated with both consti- 
pation and megacolon.” 


Eating Disorders 


Patients with anorexia nervosa or bulimia often complain of con- 
stipation, and a prolonged whole-gut transit time has been dem- 
onstrated in patients with these disorders.’°! Colonic transit time 
returns to normal in most patients with anorexia nervosa once 
they are consuming a balanced diet and gaining weight for at least 
3 weeks.* Pelvic floor dysfunction is found in some patients with 
an eating disorder and does not improve with weight gain and a 
balanced diet.?” 

Anorexia nervosa should be considered as a possible diagno- 
sis in young underweight women who present with constipa- 
tion. Patients with an eating disorder often resort to regular use 
of laxatives to treat constipation or to facilitate weight loss or 
relieve the presumed consequences of binge eating. Treatment 
of such patients is directed at the underlying eating disorder (see 
Chapter 9). 


Denied Bowel Movements 


Patients may deny or fail to report defecation when solid inert 
markers have been demonstrated to disappear from the abdomen 
by radiologic examination, proving that elimination has occurred 
(see later). Such patients need skilled psychiatric help. 


Fecal Impaction 


Fecal impaction is defined by a large mass of stool in the rectum 
or colon that cannot be evacuated?" and usually presents as a 
complication (rather than a cause) of chronic or severe constipa- 
tion. Fecal impaction is seen more commonly in older adults? 
but can also be present in children and in patients with spinal 
cord injury or neuromuscular disease.*®?"° Institutionalized older 
adults are at particularly high risk of developing fecal impac- 
tion,57.207,208 

A variety of factors can contribute to the development of fecal 
impaction. These often include chronic constipation, inadequate 
fiber and water intake, obstructing lesions of the colon, or lack 
of mobility resulting from old age, spinal cord injury, or neuro- 
muscular disease, medications that slow gastrointestinal motility 
(e.g., opioids, anticholinergics, calcium channel blockers, antac- 
ids, antipsychotics, antihypertensives, iron, laxative abuse) may 
also contribute in some patients.?05:206,209 

Fecal impaction often presents with symptoms similar to those 
associated with intestinal obstruction, including nausea, vomit- 
ing, abdominal pain and distension, and anorexia.” Other symp- 
toms of fecal impaction include rectal discomfort, paradoxical 
diarrhea, fecal incontinence, urinary frequency, and urinary over- 
flow incontinence.” Fecal impaction may be accompanied by 
serious morbidity and a high mortality rate. Morbidities include 
intestinal perforation, intestinal obstruction, stercoral colitis or 


ulceration, rectovaginal fistulation, and megarectum or megaco- 
lon.?05210-212 Emergency department visits for fecal impaction 
are common in the late elderly (i.e., >85 years of age). "> In up to 
30% of hospital cases, mortality can occur secondary to compli- 
cations of fecal impaction.” !! 

Common methods for relieving fecal impaction include digi- 
tal disimpaction, use of enemas, and oral laxative administra- 
tion. Subsequent to successful disimpaction of the stool burden, 
colonic workup including colonoscopy or barium enema should 
be performed to evaluate the patient for a stricture or malig- 
nancy.?” Endocrine and metabolic screening should also be per- 
formed to rule out extraintestinal causes of constipation and fecal 
impaction.*° If no anatomic abnormalities are found, measures 
should be employed to reduce the likelihood of recurrence. As in 
the prevention of constipation, increased fiber intake, hydration, 
and appropriate laxative use (but not overuse) may help reduce 
risk of re-impaction.’” If applicable, other risk factors, including 
constipating medication regimens and lack of mobility, should be 


addressed. 


CLINICAL ASSESSMENT 
History 


It is important to determine exactly what a patient considers con- 
stipation. A detailed history that includes duration of symptoms, 
frequency of bowel movements, and associated symptoms such 
as abdominal discomfort and distention should be obtained. The 
history should include an assessment of stool consistency, stool 
size, and degree of straining during defecation. The presence of 
warning symptoms or signs—unintentional weight loss, rectal 
bleeding, change in the caliber of stool, severe abdominal pain, 
or family history of colon cancer—should be elicited. A long 
duration of symptoms that have been refractory to conservative 
measures is suggestive of a functional colorectal disorder. By 
contrast, the new onset of constipation may indicate a structural 
disease. 

A dietary history should be obtained. The amount of daily 
fiber and fluid consumed should be assessed. Many patients tend 
to skip breakfast,?!* and this practice may exacerbate constipa- 
tion, because the postprandial increase in colonic motility is 
greatest after breakfast.2!>7!° Although caffeinated coffee (150 
mg of caffeine) stimulates colonic motility, ingestion of a meal 
has a greater effect.*!7 

A patient’s past medical history must be reviewed. Obstetric 
and surgical histories are particularly important. Neurologic dis- 
orders may also explain some cases of constipation. A carefully 
taken drug history, including use of over-the-counter laxatives 
and herbal medications and their frequencies of intake, is impor- 
tant. 

A detailed social history may provide useful information as 
to why the patient has sought help for constipation at this time; 
potentially relevant behavioral background information may also 
be obtained. In patients with IBS, the frequency of a history of 
sexual abuse is increased as compared with healthy controls.*!® 
In a survey of 120 patients with dyssynergia, 22% reported a 
history of sexual abuse, and 32% reported a history of physical 
abuse. Bowel dysfunction adversely affected sexual life in 56% 
and social life in 76% of patients.’!’ The physician should be alert 
to manifestations of depression, such as insomnia, lack of energy, 
loss of interest in life, loss of confidence, and a sense of hope- 
lessness. A history of physical or sexual abuse may not emerge 
during the initial visit. However, if the physician indicates that a 
history of abuse is common in patients with intestinal symptoms, 
while maintaining a sensitive, encouraging attitude, a complete 
history more often emerges gradually during subsequent visits, 
provided that there is privacy, confidentiality, and adequate time 
(see Chapter 22). 
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Physical Examination 


The patient’s general appearance or voice may point to a clini- 
cal diagnosis of hypothyroidism, PD, or depression. The physical 
examination should exclude major CNS disorders, especially spi- 
nal lesions. If spinal disease is suspected, the sacral dermatomes 
should be examined for loss of sensation. The abdomen should 
be examined for distention, hard feces in a palpable colon, or an 
inflammatory or neoplastic mass. If the abdomen appears dis- 
tended, a hand should be passed under the lumbar spine while the 
patient is lying supine to exclude anterior arching of the lumbar 
spine as a cause of postural bloating (see Chapter 17). 

The rectal examination is paramount in evaluating a patient 
with constipation. Placing the patient in the left lateral position 
is most convenient for performing a thorough rectal examina- 
tion. Painful perianal conditions and rectal mucosal disease 
should be excluded, and defecatory function should be evalu- 
ated. The perineum should be observed both at rest and after 
the patient strains as if to have a bowel movement. Normally, the 
perineum descends between 1 and 4 cm during straining. With 
the patient in the left lateral position, descent of the perineum 
below the plane of the ischial tuberosities (i.e., >4 cm) usually 
suggests excessive perineal descent. A lack of descent may indi- 
cate the inability to relax the pelvic floor muscles during defeca- 
tion, whereas excessive perineal descent may indicate descending 
perineum syndrome. Patients with descending perineum syn- 
drome strain excessively and achieve only incomplete evacuation 
because of lack of straightening of the anorectal angle. Eventu- 
ally, excessive descent of the perineum may result in injury to the 
sacral nerves from stretching, a reduction in rectal sensation, and 
ultimately incontinence due to denervation.!*” Rectal prolapse 
may be detected when the patient is asked to strain. 

The perianal area should be examined for scars, fistulas, fis- 
sures, and external hemorrhoids. A digital rectal examination 
should be performed to evaluate the patient for the presence of 
a fecal impaction, anal stricture, or rectal mass. A patulous anal 
sphincter may suggest prior trauma to the anal sphincter or a neu- 
rologic disorder that impairs sphincter function. Other important 
functions that should be assessed during the digital examination 
are summarized in Box 19.5. Specifically, inability to insert the 
examining finger into the anal canal may suggest an elevated anal 
sphincter pressure, and tenderness on palpation of the pelvic 
floor as it traverses the posterior aspect of the rectum may sug- 
gest pelvic floor spasm. The degree of descent of the perineum 
during attempts to strain and expel the examining finger provides 
another way of assessing the degree of perineal descent. Com- 
pared with high-resolution manometry and balloon expulsion 
(see later), the sensitivity, specificity, and positive predictive value 
of a digital rectal examination in the diagnosis of dyssynergia was 
93.2%, 58.7%, and 91.0%, respectively, with moderate agree- 
ment seen between the 2 diagnostic modalities (k-coefficient = 
0.542, P< 0.001).’”° A thorough history and physical examination 
can exclude most secondary causes of constipation (see Box 19.3). 


DIAGNOSTIC TESTS 


Further diagnostic testing is unnecessary for most patients who 
complain of mild symptoms, especially adolescents, young adults, 
and those without alarm features. Investigations may be indicated 
for 1 of 2 reasons: (1) to exclude a systemic illness or structural 
disorder of the GI tract as a cause of constipation or (2) to elu- 
cidate the underlying pathophysiologic process when symptoms 
are unresponsive to simple treatment. 


Tests for Systemic Disease 


Determination of the hemoglobin level, ESR, and biochemi- 
cal screening test levels (e.g., thyroid function, serum calcium, 
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BOX 19.5 Clinical Clues to an Evacuation Disorder 


HISTORY 


Prolonged straining is required to expel stool 

Assumption of unusual postures on the toilet to facilitate stool 
expulsion 

Support of the perineum, digitation of rectum, or application of 
pressure to the posterior vaginal wall are required to facilitate 
rectal emptying 

Inability to expel enema fluid 

Constipation after subtotal colectomy for constipation 


RECTAL EXAMINATION (WITH PATIENT IN THE LEFT 

LATERAL POSITION) 

Inspection 

The anus is “pulled” forward during attempts to simulate strain 
during defecation 

The anal verge descends <1 cm or >4 cm (or beyond ischial tuber- 
osities) during attempts to simulate straining at defecation 

The perineum balloons down during straining; rectal mucosa par- 


tially prolapses through anal canal 


Palpation 

High anal sphincter tone at rest precludes easy entry of the exam- 
ining finger (in absence of a painful perianal condition [e.g., anal 
fissure]) 

Anal sphincter pressure during voluntary squeeze is only minimally 
higher than anal pressure at rest 

The perineum and examining finger descend <1 cm or >4 cm dur- 
ing simulated straining at defecation 

The puborectalis muscle is tender to palpation through the rectal 
wall posteriorly, or palpation reproduces pain 

Palpable mucosal prolapse occurs during straining 

“Defect” in anterior wall of the rectum, suggestive of rectocele 

ANORECTAL MANOMETRY AND BALLOON EXPULSION 

TEST (WITH PATIENT IN LEFT LATERAL POSITION) 

Elevated resting anal sphincter pressure 

Delay in balloon expulsion (normal values for women < 50 years: 4-75 
sec; normal values for women = 50 years of age: 3-15 sec)*4° 


glucose, other appropriate investigations) are indicated if the 
clinical picture suggests that symptoms may be due to an inflam- 
matory, neoplastic, metabolic, or other systemic disorder. 


Tests for Structural Disease 


Imaging of the colon by a CT, MRI, or barium enema study 
reveals the width and length of the colon and may be indicated 
to exclude an obstructing lesion severe enough to cause con- 
stipation. When fecal impaction is present, a limited enema 
study with a water-soluble contrast agent outlines the colon and 
fecal mass without aggravating the condition. Imaging of the 
small bowel is indicated only if obstruction or pseudo-obstruc- 
tion involving the small bowel is suspected (see Chapters 123 
and 124). Endoscopy allows direct visualization of the colonic 
mucosa. The yield of colonoscopy in the absence of “alarm” 
symptoms in patients with chronic constipation is low and com- 
parable to that for asymptomatic patients who undergo colo- 
noscopy for colon cancer screening.’?! Among 786 patients 
who underwent colonoscopy for constipation, only 5.5% had a 
polyp, and no cancers were found.””? A colonoscopy is recom- 
mended only when there has been a recent change in bowel 
habits, blood in the stool, or other alarm symptoms (e.g., weight 
loss, fever).’?> All adults 50 (and perhaps 45) years of age and 
older should undergo screening for colorectal cancer, as widely 
recommended (see Chapter 127).’*4 


Fig. 19.5 Abdominal film from a colonic transit study. This constipated 
patient had ingested 20 inert ring markers 120 hours previously and 20 
cube-shaped markers 72 hours previously. Most markers are still pres- 
ent, indicating slow whole-gut transit. 


Physiologic Measurements 


Physiologic testing is reserved for patients with refractory symp- 
toms. Testing can be performed to measure colonic transit time, 
evaluate pelvic floor functioning during defecation, and exclude 
anatomic abnormalities that could cause constipation. 


Colonic Transit Time 


Studies that measure colonic transit time are important for con- 
firming and quantifying a patient’s complaint of constipation and 
identifying slow transit and regional delay. The American and 
European Neurogastroenterology and Motility Societies recom- 
mend 3 methods for assessing colonic transit time: radiopaque 
markers, wireless motility capsule, and scintigraphy.’”° 


Radiopaque Markers 

Radiopaque marker testing is used to distinguish normal from 
slow colonic transit, assess segmental transit times, and evaluate 
the response to new treatments.’?> Colonic transit time is mea- 
sured by performing abdominal radiography at predetermined 
times after the patient ingests plastic beads or rings and count- 
ing the number of retained markers (Fig. 19.5). Before the study, 
patients should be maintained on a high-fiber diet and should 
avoid laxatives, enemas, or medications that may affect bowel 
function. Because the markers are eliminated only with defeca- 
tion, the process of measuring colonic transit is discontinuous, 
and the result of a transit measurement should be regarded with 
caution, taking recent defecation into account. If the markers 
are retained exclusively in the sigmoid colon and rectum, the 
patient may have a defecatory disorder. The presence of markers 
throughout the colon, however, does not exclude the possibility 
of a defecatory disorder. Therefore, anorectal physiologic testing 
should be considered in appropriate patients prior to performing 
radiopaque marker testing (see later).?*> Measurements of transit 
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Fig. 19.6 Tracing from a wireless motility capsule study in a constipated patient. After the wireless motility 
capsule is swallowed, temperature (blue line), pressure (red line), and pH (green line) are recorded. Gastric 
emptying time is determined by a rise in pH, signifying that the capsule has passed into the duodenum. A drop 
in pH (at = 24 hours) occurs when the capsule passes into the colon. The time when the capsule is passed 
through the rectum and into the toilet is determined by a drop in temperature. In this patient, colonic transit is 


prolonged. SB, Small bowel. 


through different segments of the colon are of doubtful value 
in planning treatment, except for megarectum, in which all the 
markers move rapidly to the rectum and are retained there. 

In nonconstipated subjects, the mean colonic transit time using 
radiopaque marker testing is 30 to 40 hours, with an upper limit of 
normal of 72 hours (see earlier).’?° Women often have longer max- 
imal colonic transit times than men (70 to 106 hours vs. 50 hours). 


Wireless Motility Capsule 
The wireless recording capsule is a single-use capsule that assesses 
colonic transit without radiation exposure. It is used to distin- 
guish normal from slow colonic transit and can also be used in 
patients with a suspected motility disorder of the upper GI tract, 
because it measures gastric emptying, small bowel transit, and 
colonic transit times (Fig. 19.6). The wireless motility capsule 
is ingested following a standardized meal and 50 mL of water. 
The capsule continuously sends temperature, pH, and pressure 
measurements to a data receiver as it moves along the GI tract. 
Patients wear a data receiver on their waists for 5 days, or until 
the capsule is passed, and keep a log of daily activities such as 
meals, sleep, and bowel movements. 

Most studies that have compared the wireless motility cap- 
sule with conventional radiopaque marker testing have found 
concordance between the 2 methods (a wireless motility capsule 


specificity of 0.95 and sensitivity of 0.46 for identifying an abnor- 
mal transit time, compared with a radiopaque marker testing 
specificity of 0.95 and sensitivity of 0.40).??’-**? In one retrospec- 
tive study, however, the wireless motility capsule showed only 
86% positive test agreement and 43% negative test agreement 
with radiopaque marker testing.’*° The wireless motility capsule 
has also been found to be comparable to both gastric emptying 
scintigraphy and whole-gut scintigraphy.?3!?32 

The normal colonic transit time using the wireless motility 
capsule is 10 to 59 hours, with delayed colonic transit considered 
greater than 44 hours in men and 59 hours in women.’*® The 
difference in colonic transit times between radiopaque marker 
testing and a wireless motility capsule is not unexpected, given 
the different methods of quantifying colonic transit time and the 
larger size of the wireless motility capsule compared with the 
smaller plastic beads used in radiopaque marker testing.’?°7? 
Wireless motility capsule testing is particularly useful in patients 
being considered for colectomy as treatment for severe constipa- 
tion when assessment of upper GI transit is recommended (see 
later).™ Although the wireless motility capsule is well tolerated 
and permits ambulatory testing, device failure is reported in about 
3% of cases,”*> and its use is not recommended in patients with 
pacemakers or defibrillators, swallowing disorders, suspected 
strictures or fistulas, or a high risk for strictures. 
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Colonic Transit Scintigraphy 
Colonic transit scintigraphy is used to measure whole-gut and 
regional colonic transit in patients with diffuse disorders involv- 
ing the stomach or small intestine or with a suspected colonic 
motility disorder.**+ Transit time is measured by capturing 
serial abdominal images using a gamma camera at specified 
times after ingestion of a labeled meal (!!'In- diethylenetriamine 
pentaacetate-labeled water with a standard °"™T'c egg sand- 
wich?’ or !!'In-labeled activated charcoal particles contained 
in a capsule).?*°?3” Anterior and posterior images of the colon 
are obtained at specified times over 2 to 3 days following inges- 
tion of the meal. Using !!'In-diethylenetriamine pentaacetate 
-labeled water with the standard 9°™T'c egg sandwich allows gas- 
tric, small bowel, and colonic transit times to be measured in the 
same study.” The capsule containing '!'In-labeled activated 
charcoal particles, however, does not dissolve until it reaches 
the distal ileum, where it releases the labeled particles into the 
colon, thereby permitting measurement of only colonic transit.’*° 
Results are reported as ascending colon emptying (indicating the 
time for 50% emptying) or overall colonic transit expressed as the 
geometric center (weighted average of the radioactivity distribu- 
tion within the colon and stool).?”° 

Using scintigraphy, the mean colonic transit, expressed as the 
geometric center, is 2.7 + 1.05 at 24 hours. A 24-hour colonic 
transit time less than 1.7 is considered slow transit.7*° A low geo- 
metric center is considered slow transit because the majority of 
the radioactivity is in the proximal colon, whereas a high geomet- 
ric center is considered accelerated transit because the majority 
of the radioactivity has moved to the left side of the colon or into 
the expelled stool. Colonic transit scintigraphy has been shown 
to be comparable with radiopaque marker testing, except in the 
descending colon,” but is available in only a limited number of 
specialized centers. 


Tests to Assess the Physiology of Defecation 


Clinical tests to assess a patient for a defecatory disorder include 
defecography, balloon expulsion test, anorectal manometry, and 
EMG. To diagnose dyssynergic defecation, the Rome criteria 
require a combination of 2 of the following 3 abnormal tests of 
the pelvic floor on attempted defecation: (1) impaired evacuation 
on balloon expulsion or defecography; (2) inappropriate contrac- 
tion of the pelvic floor muscles on manometry, imaging, or EMG; 
and (3) inadequate propulsive forces as assessed by manometry or 
imaging.!*+ 

A meta-analysis of 79 studies in patients with chronic consti- 
pation found that dyssynergic defecation is common in patients 
with chronic constipation. The pooled frequencies of abnormal 
findings differed depending on the test: anorectal manometry, 
48%; balloon expulsion, 43% (by any criteria); defecography, 
15% (absent opening of the anorectal angle) and 37% (exces- 
sive perineal descent); and EMG, 44% (increased activity of the 
puborectalis muscles).’*” 


Defecography 

Defecography evaluates the rate and completeness of rectal 
emptying, anorectal angle, and amount of perineal descent and 
identifies structural abnormalities (e.g., large rectocele, internal 
mucosal prolapse, intussusception). Thickened barium is instilled 
into the rectum, and films or videos are taken during fluoroscopy 
with the patient sitting on a radiolucent commode while rest- 
ing, deferring defecation, and straining to defecate. Importantly, 
identified anatomic abnormalities are not always functionally rel- 
evant. For example, a rectocele is only relevant if it fills preferen- 
tially (i.e., instead of the rectal ampulla) and fails to empty after 
simulated defecation. The limitations of defecography include 
variability among radiologists in interpreting studies, inhibition 
of normal rectal emptying because of patient embarrassment, 


and differences in texture between barium paste and stool. 
Magnetic resonance defecography may offer advantages over 
standard barium defecography, such as lack of radiation exposure 
and increased detection of abnormalities during the defecation 
phase.**°?4! Additionally magnetic resonance defecography may 
also be more sensitive for detecting pelvic organ abnormalities in 
a dynamic fashion including cystoceles and colpoceles’#??*? but 
is not yet widely available and rarely can be performed with the 
patient in a sitting position. 


Balloon Expulsion Test 

The balloon expulsion test can suggest a defecatory disorder in 
a patient with no or delayed evacuation of a 50-mL water-filled 
balloon from the rectum; the test is generally performed while 
the patient is sitting on a commode.’ In a study of 359 patients 
with constipation, the balloon expulsion test was abnormal in 21 
of 24 patients with pelvic floor dyssynergia (as determined by 
manometry and defecography). By contrast, an abnormal balloon 
expulsion test was also found in 12 of 106 patients who did not 
have pelvic floor dyssynergia.** Therefore, the balloon expul- 
sion test is often used in conjunction with anorectal manometry. 
In healthy women, balloon expulsion time decreases with age; 
normal values range from 4 to 75 seconds in those younger than 
50 years of age and from 3 to 15 seconds in those 50 years or 
older.7*¢ 


Anorectal Manometry 

Anorectal manometry can assess the resting and maximum 
squeeze pressures of the anal sphincters, presence or absence of 
relaxation of the anal sphincter during balloon distention of the 
rectum (rectoanal inhibitory reflex), rectal sensation, and abil- 
ity of the anal sphincter to relax during straining.’?!7*’ A high 
resting anal pressure suggests the presence of an anal fissure or 
anismus (paradoxical contraction of the external anal sphincter in 
response to straining or pressure within the anal canal). RH sug- 
gests a neurologic disorder, but the volume of rectal content nec- 
essary to induce rectal urgency may also be increased in patients 
with fecal retention, so the results of rectal sensitivity testing 
must be interpreted with caution. Absence of a rectoanal inhibi- 
tory reflex raises the possibility of Hirschsprung disease. 

Patients with a defecatory disorder commonly have inappro- 
priate contraction of the anal sphincter when they bear down. A 
positive rectoanal gradient (i.e., higher rectal than anal pressure) is 
generally thought to be necessary for normal defecation, whereas 
a negative rectoanal gradient (i.e., lower rectal than anal pres- 
sure) is associated with a defecatory disorder; however, asymp- 
tomatic persons often have abnormal anal sphincter contraction 
during anorectal manometry. In a study of healthy subjects, 36% 
had dyssynergia in the left lateral position, but the presence or 
absence of dyssynergia did not predict the ability to expel a bal- 
loon.’** In a subsequent study using high-resolution anorectal 
manometry, the rectoanal gradient was negative in a majority of 
asymptomatic women.**° Although a negative rectoanal gradient 
may be supportive of a diagnosis of dyssynergic defecation, it is 
not conclusive by itself and should be used in conjunction with 
other physiologic testing. 


EMG of Striated Muscle Activity 

In general, EMG studies of the external anal sphincter and 
puborectalis muscles using concentric needle or surface electrode 
recordings are not essential and rarely indicated. An exception is 
the use of EMG in patients with a suspected spinal cord or cauda 
equina lesion, in whom bilateral or unilateral dysfunction of the 
external anal sphincter can be demonstrated. 


Rectal Sensitivity and Sensation Testing 
Rectal sensitivity to distention can be measured by introducing 
successive volumes of air into a rectal balloon and recording the 
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Fig. 19.7 Algorithm for the evaluation and treatment of moderate-to-severe constipation. 


volume at which the stimulus is first perceived, the volume that 
produces an urge to defecate, and the volume above which further 
addition of air can no longer be tolerated owing to discomfort. 


TREATMENT 


Initial treatment of constipation is based on nonpharmacologic 
interventions. If these measures fail, pharmacologic agents may 
be used. If a defecatory disorder is present, initial treatment 
should include biofeedback. Whereas many patients with disor- 
dered evacuation do not respond well to fiber supplementation 
or oral laxatives, up to 75% respond to biofeedback. Otherwise, 
treatment should include increased physical activity and increased 
fluid and fiber intake through changes in diet or use of commer- 
cial fiber supplements. Patients who do not improve with fiber 
supplementation should be given an osmotic laxative such as milk 
of magnesia or polyethylene glycol. The dose should be adjusted 
until soft stools are attained. Stimulant agents (e.g., bisacodyl, 
senna derivatives) should be reserved for patients who do not 
respond to fiber or osmotic laxatives. Prescription pharmacologic 
agents such as lubiprostone, linaclotide, and plecanatide should 
be considered for patients who have not responded to initial 
therapy. Fig. 19.7 provides an algorithm for the evaluation and 
treatment of patients with severe constipation. 


General Measures 


Reassurance 


Some patients can be helped by being told that an irregular 
bowel habit and other mild defecatory symptoms are common 
in the healthy general population and that their symptoms 
are not harmful. Patients who are concerned that their symp- 
toms may indicate disease may be reassured by appropriate 
investigation. 


Lifestyle Changes 


Lifestyle modifications and dietary changes are often used as 
the first line of management for patients with chronic constipa- 
tion. The need to set aside an unhurried and, if possible, regular 
time for defecation and always to respond to a defecatory urge 
should be stressed. If patients experience difficulty in expelling 
stool, they should be advised to place a support approximately 6 
inches in height under their feet when sitting on a toilet so that 
the hips are flexed toward a squatting posture. For persons with 
an inactive lifestyle, physical activity should be encouraged. Use 
of constipating drugs, including over-the-counter medications 
(see Box 19.3), should be avoided. 
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TABLE 19.2 Commercial Fiber Products 


Starting Daily 


Agent Dose (g) Comments 


Methylcellulose 4-6 
bloating and flatus than psyllium 


Semisynthetic cellulose fiber that is relatively resistant to colonic bacterial degradation and tends to cause less 


Made from ground seed husk of the ispaghula plant; forms a gel when mixed with water, so an ample amount of water 


should be taken with psyllium to avoid intestinal obstruction; undergoes bacterial degradation, which may contribute 
to side effects of bloating and flatus; allergic reactions (e.g., anaphylaxis, asthma) have been reported but are rare 


Psyllium 4-6 
Polycarbophil 4-6 
Guar gum 3-6 


Psychological Support 


Constipation may be aggravated by stress or may be a manifestation 
of emotional disturbance (e.g., previous sexual abuse [see Chapter 
22]). For such patients, an assessment of the person’s circumstances, 
personality, and background and supportive advice may help 
more than any pharmacologic or physical measures of treatment. 
Behavioral treatment (see later) offers a physical approach with a 
psychological component and is often acceptable and beneficial. 


Fluid Intake 


Dehydration or salt depletion is likely to lead to increased salt and 
water absorption by the colon, leading in turn to the passage of 
small hard stools. In the absence of clinical dehydration, however, 
no data support the notion that increasing fluid intake relieves 
constipation.**?75° Increasing water intake to 1.5 to 2 L daily may 
enhance the effects of fiber intake in patients with constipation.”*! 


Dietary Changes and Fiber Supplementation 


Based on the dietary and stool patterns of rural Africans in the 
early 1970s, Dr. Denis Burkitt speculated that a deficiency in 
dietary fiber was contributing to constipation and other colonic 
diseases in Western societies.”> Since then, studies have shown 
that when nonconstipated persons increase their intake of dietary 
fiber, stool weight increases in proportion to the baseline stool 
weight and frequency of defecation and correlates with a decrease 
in colonic transit time.?>? Every gram of wheat fiber ingested 
yields approximately 2.7 g of stool expelled. It follows that when 
an increased intake of dietary fiber leads to an increase in stool 
weight in constipated subjects who pass small stools, the result- 
ing stool weight may still be lower than normal. For this reason, 
the therapeutic results of a high-fiber diet are often disappoint- 
ing as a treatment for constipation. In a study of 10 constipated 
women who supplemented their diets with wheat bran (20 g/day), 
average daily stool weight increased from roughly 30 to 60 g/ 
day, with only half of patients achieving a normal average stool 
weight. Bowel frequency increased from a mean of 2 to 3 bowel 
movements weekly.*** In a controlled crossover trial, 24 patients 
received either 20 g of bran or placebo daily for 4 weeks. Although 
bran was more effective than placebo in improving bowel fre- 
quency and oroanal transit rate, the occurrence and severity of 
constipation experienced by the patients did not differ between 
the 2 treatment periods,’*> possibly due to difficulty in defecation 
rather than decreased frequency of bowel movements. 

Dietary fiber appears to be effective in relieving mild to mod- 
erate! but not severe constipation,!!” especially if severe con- 
stipation is associated with slow colonic transit, an evacuation 
disorder, or medications. Although dietary modification may 
not succeed, most constipated subjects should be advised ini- 
tially to increase their dietary fiber intake as the simplest, most 
physiologic, and cheapest form of treatment. Guidelines for the 


Synthetic fiber made of polymer of acrylic acid, which is resistant to bacterial degradation 
Soluble fiber extracted from seeds of the leguminous shrub Cyamopsis tetragonoloba 


treatment of constipation recommend a fiber intake of at least 25 
to 30 g/day!*?>°?57 of soluble fiber, as there are conflicting data 
on the role of insoluble fiber. A systematic review of 6 randomized 
controlled trials (4 using soluble fiber and 2 using insoluble fiber) 
found that soluble fiber improved symptoms of constipation, and 
evidence in support of insoluble fiber was conflicting.*°* Soluble 
fiber seems to be better tolerated in patients with chronic consti- 
pation and IBS with constipation.’>’ Therefore, increased intake 
of soluble fiber such as oat bran, nuts, barley, seeds, beans, lentils, 
peas, some fruits and vegetables, and psyllium fiber supplements 
should be considered. Insoluble fiber such as wheat bran, whole 
grains, and some vegetables seems to be less tolerated and can 
aggravate symptoms especially in patients with IBS with consti- 
pation.!+7°*0 Insoluble fiber particles can be coarse and large 
(such as bran) and can cause mechanical irritation to the colon 
and mucus secretion. By contrast, soluble fiber (e.g., psyllium) has 
a high water-holding capacity that helps pull water into the colon 
and avoids dehydration, thereby improving stool consistency.!7°! 
Patients should be encouraged to consume approximately 25 g 
of nonstarch polysaccharides (NSPs) daily by eating whole-wheat 
bread, unrefined cereals, plenty of fruits and vegetables, and if 
necessary, a supplement of raw bran, either in breakfast cereals 
or with cooked foods. Specific dietary counseling is often needed. 
Side effects of fiber supplementation include abdominal dis- 
tention, bloating, and flatulence, and along with its poor taste, 
can lead to poor patient adherence, especially for the first several 
weeks. Most controlled studies of the effects of fiber have shown 
that the minimum amount needed to consistently and significantly 
alter bowel function or colonic transit time is 12 g/day. To improve 
adherence, patients should be instructed to increase their dietary 
fiber intake gradually over several weeks to about 20 to 25 g/day. If 
results of therapy are inadequate, commercially packaged fiber sup- 
plements should be tried (Table 19.2). Fiber and bulking agents are 
concentrated forms of NSPs based on wheat, plant seed mucilage 
(ispaghula), plant gums (sterculia), or synthetic methylcellulose 
derivatives (methylcellulose, carboxymethylcellulose [see later]). 
Some patients, particularly women with markedly delayed 
colonic transit, find that fiber aggravates abdominal distention. If 
patients fail to respond to a dietary fiber trial, slow transit consti- 
pation and/or a defecatory disorder could be suspected.!!* Bran 
may also be unhelpful in young people with megacolon and in 
older adults, in whom it may lead to fecal incontinence. For these 
patients, a reduction in fiber intake may relieve symptoms. 


Low-FODMAP Diet 


Restricting poorly absorbed fermentable carbohydrates (fer- 
mentable oligosaccharides, disaccharides, monosaccharides, and 
polyols; FODMAPs)—has been shown to be favorable in some 
patients with IBS with constipation, although evidence is poor 
and further trials are necessary (see Chapter 122).’*? No clinical 
trials of a low-FODMAP diet have been conducted in patients 
with chronic constipation unassociated with IBS. 


Specific Therapeutic Agents 


Commercial Fiber Products 


Methylcellulose 

Methylcellulose is a semisynthetic NSP of varying chain length 
and degree of methylation. Methylation reduces bacterial deg- 
radation in the colon. One study of constipated patients with an 
average daily fecal weight of only 35 g showed an increase in fecal 
solids with 1, 2, and 4 g of methylcellulose/day, but fecal water 
increased only with the 4 g dose. Bowel frequency in this group 
of patients increased from an average of 2 to 4 stools a week, but 
the patients did not report marked improvement in consistency 
or ease of passage of stools (see Table 19.2)? 


Ispaghula (Psyllium) 

Ispaghula is derived from the husks of a plant mainly grown in 
India, has high water-binding capacity, is fermented in the colon 
to a moderate extent, and increases bacterial cell mass. It is avail- 
able as effervescent suspensions, granules, and a powder. The sus- 
pensions, which are popular, have to be consumed quickly before 
the husk absorbs water. The granules may be stirred briskly in a 
half-glass of water and swallowed at once; carbonated water may 
be preferred. Some people prefer to swallow the solid granules 
and then drink a glass of water. 

Ispaghula (3.4 g as Metamucil) has been shown to increase 
fecal bulk to the same extent as methylcellulose 1 to 4 g daily in 
constipated subjects. Although both stool dry and wet weights 
increase, the total weekly weights remain less than those of a 
healthy control group without treatment. In an observational 
study, 149 patients were treated with psyllium in the form of 
Plantago ovata seeds (15 to 30 g daily) for a period of at least 6 
weeks. The response to treatment was poor among patients with 
slow colonic transit or a disorder of defecation, whereas 85% of 
patients without abnormal physiologic testing results improved 
or became symptom free. Nevertheless, the authors recommend 
a trial of dietary fiber before diagnostic testing is undertaken.!!” 

Ispaghula can cause an acute allergic immunoglobulin E- 
mediated response, with facial swelling, urticaria, tightness in the 
throat, cough, and asthma.’°? Workers who inhale the compound 
during manufacture or preparation can have a similar reaction 
(see Table 19.2).264 


Calcium Polycarbophil 

Calcium polycarbophil is a hydrophilic polyacrylic resin that is 
resistant to bacterial degradation and thus may be less likely to 
cause gas and bloating. In patients with IBS, calcium polycarbo- 
phil appears to improve global symptoms and ease of stool pas- 
sage but not abdominal pain (see Table 19.2).265 


Guar Gum 

Guar gum is a natural high molecular weight polysaccharide 
extracted from the seed of the leguminous shrub Cyamopsis 
tetragonoloba. It hydrates rapidly to form a highly viscous solution. 
Guar gum is approved for use in a number of foods and cosmet- 
ics and as a supplement. When used in high doses, guar gum has 
been reported to cause intestinal obstruction. 


Flaxseed 

Flaxseed, also known as /inseed, has not been well studied in 
patients with constipation, and conflicting results have been 
reported in small studies of patients with IBS.266:267 


Mixed Soluble and Insoluble Fiber 

The combination of soluble and insoluble fiber has been proposed 
to be as effective as soluble fiber alone and perhaps slightly better 
tolerated and therefore is a reasonable option for patients look- 
ing to increase fiber in their diet.?ć In a 4-week trial, 10 g/day 
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of a plum-derived mixed fiber supplement was equally efficacious 
as 10 g/day of psyllium in improving constipation and quality of 
life but more effective in relieving flatulence and bloating, and 
dissolved better. 


Other Laxatives 


‘The main groups of laxatives other than fiber are osmotic agents 
and stimulatory laxatives. Stool softeners and emollients are addi- 
tional therapeutic agents (see later) (Tables 19.3 and 19.4). 


Osmotic Laxatives 

Osmotic laxatives increase fecal volume and reduce stool consis- 
tency by creating an intraluminal osmotic gradient that drives the 
secretion of water and electrolytes into the intestinal lumen. 


Poorly Absorbed Ions 

Magnesium, sulfate, and phosphate ions are poorly absorbed 
by the intestine and thereby create a hyperosmolar intralumi- 
nal environment. Their primary mode of action appears to be 
osmotic, but they may have other possible effects with unclear 
consequences, such as increasing prostaglandin concentrations in 
the stool.*°’ Stool weight increases by 7.3 g for each additional 
millimole of soluble magnesium excreted.*’” Standard doses of 
magnesium hydroxide (see Table 19.3) typically produce a bowel 
movement within 6 hours. Magnesium sulfate is a more potent 
laxative that tends to produce a large volume of liquid stool and 
often leads to abdominal distention and sudden passage of a foul- 
smelling liquid stool. 

Use of magnesium, particularly in older adults, can be limited 
by adverse effects such as flatulence, abdominal cramps, and intra- 
vascular volume shifts. A small percentage of magnesium is actively 
absorbed in the small intestine; the remainder draws water into the 
intestine along an osmotic gradient.’’! Hypermagnesemia can occur 
particularly in patients with renal failure and in children. Hyper- 
magnesemia-induced paralytic ileus is a rare complication,’”” and 
hypermagnesemia with coma requiring hemodialysis has occurred 
in a child given 18 g/day of magnesium hydroxide for 7 days.?” 
Patients with renal insufficiency or cardiac dysfunction can experi- 
ence electrolyte and volume overload from the absorption of mag- 
nesium. With excessive use, even patients who are otherwise healthy 
can experience these complications, in addition to dehydration. 

Because phosphate is absorbed by the small intestine, a sub- 
stantial dose must be ingested to produce an osmotic laxative 
effect, and it is not ideal for daily use. A rare but serious form of 
acute kidney injury has been associated with sodium phosphate 
solution used before colonoscopy, even in patients with normal 
baseline renal function (see Chapter 42). Risk factors for kidney 
injury from phosphate include hypertension, advanced age, vol- 
ume depletion, and use of angiotensin-converting enzyme inhibi- 
tors or NSAIDs.?7+?75 


Poorly Absorbed Sugars 

Lactulose. Lactulose is a nonabsorbable synthetic disaccharide 
that consists of galactose and fructose linked by a bond resistant 
to lactase. Lactulose is not absorbed by the small intestine but 
undergoes fermentation in the colon to yield short-chain fatty 
acids, hydrogen, and carbon dioxide, with consequent lowering of 
the fecal pH. When healthy volunteers receive lactulose 20 g (30 
mL) daily, the sugar is not detectable in the stool. In larger doses, 
some passes through the colon unchanged. 

The recommended dose of lactulose in adults is 15 to 30 mL 
once or twice daily. The time to onset of action is longer than 
that of other osmotic laxatives, and 2 or 3 days are required for 
lactulose to achieve an effect. Some patients report that lactu- 
lose is effective initially but then loses its effect, possibly due 
to alteration in the intestinal flora in response to the medica- 
tion.?’° Adverse effects related to lactulose include abdominal 
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TABLE 19.3 Laxatives Commonly Used for Constipation 


Type of Laxative Generic Name(s) Dose 


Comments 


OSMOTIC LAXATIVES 
Poorly Absorbed lons 


Magnesium Magnesium hydroxide 15-30 mL once or twice daily 
Magnesium citrate 75-150 mL or 2-4 tablets 
once daily 
Magnesium sulfate 5-10 g once daily 
Sulfate Sodium sulfate (Glauber 5-10 g once daily 
salt) 
Phosphate Sodium phosphate 0.5-10 mL with 12 oz of water 


Poorly Absorbed Sugars 


Disaccharides Lactulose 15-30 mL once or twice daily 
Sugar alcohols Sorbitol 15-30 mL once or twice daily 
Mannitol 15-30 mL once or twice daily 
Polyethylene glycol Polyethylene glycol 17-34 g once or twice daily 
electrolyte 


STIMULANT LAXATIVES 


Anthraquinones Cascara sagrada 825 mg (or 5 mL) at bedtime 
Senna 1-2 7.5-mg tablets daily 
Ricinoleic acid Castor oil 15-30 mL at bedtime 
Diphenylmethane Bisacodyl 5-10 mg at bedtime 
derivatives Phenolphthalein 30-200 mg at bedtime 
Sodium picosulfate 5-15 mg at bedtime 
Stool Softener Docusate sodium 100 mg twice daily 
Emollient ineral oil 5-15 mL at bedtime 
Enemas, Phosphate enema 120 mL 
Suppositories ineral oil retention 100 mL 
enema 
Tap water enema 500 mL 
Soapsuds enema 1,500 mL 


Glycerin suppository 60g 
Bisacodyl suppository 10 mg 


Chloride Channel Lubiprostone 8-24 pg twice daily 
Activator 
Guanylate Linaclotide 72-145 pg once daily 
Cyclase C 
Agonists Plecanatide 3 mg once daily 
5-HT, Agonist Prucalopride 2 mg once daily 
Sodium- Tenapanor 50 pg twice daily 
Hydrogen 
Exchanger 3 colon resulting in 
Inhibitor increased fluid 
secretion and 
accelerated 


distention or discomfort, presumably as a result of colonic gas 
production. Cases of lactulose-induced megacolon have been 
reported.’”¢ 

In a group of young, chronically constipated volunteers who 
reported fewer than 3 stools per week, lactulose increased bowel 
frequency and percentage of stool moisture and softened stools 
when compared with a control syrup that contained only sucrose. 


Hypermagnesemia can occur particularly in patients with renal failure and 
in children. 

Often used as part of a bowel preparation. Prolonged use of more than 
1650 g of magnesium has been associated with hypermagnesemia. 


Sodium sulfate is generally not used by itself as a laxative agent. 


Hyperphosphatemia can occur, especially in patients with renal failure. 


Gas and bloating are common side effects. 


Sorbitol is commonly used as a sweetener in sugar-free products. In 
older adults, sorbitol has an effect similar to lactulose but costs less. 
Rarely used as a laxative. 


Tends to cause less bloating and cramps than other agents; tasteless 
and odorless, can be mixed with noncarbonated beverages. Typically 
used to prepare the colon for diagnostic examinations and surgery; 
also available as a powder without electrolytes for regular use. 


Cause apoptosis of colonic epithelial cells that are phagocytosed by 
macrophages; result in a lipofuscin-like pigmented condition known as 
pseudomelanosis coli; no definitive association has been established 
between anthraquinones and colon cancer or myenteric nerve damage 
(cathartic colon). 


Cramping is common. 


Has effects in the small intestine and colon. 

Removed from the U.S. and other markets because of teratogenicity in 
animals. 

Likely has effects only on the colon. Although widely used in Europe, it is 
only available in the USA as part of a colonoscopy preparation. 


Efficacy in constipation is not well established. 


Long-term use can cause malabsorption of fat-soluble vitamins, anal seepage, 
and lipoid pneumonia in patients predisposed to aspiration of liquids. 


Serious damage to rectal mucosa can result from extravasation of 
the enema solution into the submucosa. Hypertonic phosphate 
enemas and large-volume water or soapsuds enemas can lead to 
hyperphosphatemia and other electrolyte abnormalities if the enema 
is retained. Soapsuds enemas can cause colitis. Prescribed on an 
as-needed basis. 


ncreases secretion in the intestine. Its mechanism of action is presumed 
to be via the chloride 2 channel. 


ncrease secretion in the intestine through cyclic guanosine 
monophosphate. 


ncreases propulsion through the bowel by stimulation of5- 
hydroxytryptamine, receptors. 
nhibitor of sodium absorption in the mall intestine 


intestinal transit, approved for IBS with constipation. 


The effectiveness of lactulose was dose dependent.?”’ The effect 
of lactulose in older patients has been studied in 2 double-blind 
placebo-controlled trials. In one trial, only about half of patients 
were found to be truly constipated; among these patients, lactu- 
lose was effective in 80%, as compared with 33% of those who 
received placebo (glucose) (P < 0.01).2’* The second trial was 
conducted in a nursing home over 8 to 12 weeks in 42 older 
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TABLE 19.4 Summary of the Results of the ACG Monograph on Interventions for Chronic Idiopathic Constipation 


No. of No. of RR of Symptoms NNT Quality of 
Statement Trials Patients (95% Cl) (95% Cl) Recommendation Evidence 
Some fiber supplements increase stool 3 293 0.25 (0.16-0.37) 2 (1.6-3) Strong Low 
frequency in patients with chronic 
idiopathic constipation (CIC). 
PEG is effective in increasing stool frequency 4 573 0.52 (0.41-0.65) 3 (2-4) Strong High 
and improving stool consistency in CIC. 
Lactulose is effective in increasing stool 2 148 0.48 (0.27-0.86) 4 (2-7) Strong Low 
frequency and improving stool consistency 
in CIC. 
Sodium picosulfate and bisacodyl are effective 2 735 0.54 (0.42-0.69) 3 (2-3.5) Strong Moderate 
in CIC. 
Prucalopride is more effective than placebo at 8 3140 0.81 (0.75-0.86) 5 (4-8) Strong Moderate 
improving symptoms of CIC. 
Linaclotide is effective in CIC. 1582 0.84 (0.80-0.87) 6 (5-8) Strong High 
Lubiprostone is effective in the treatment of CIC. 4 651 0.67 (0.58-0.77) 4 (3-6) Strong High 
Biofeedback is effective in patients with CIC 3 216 0.33 (0.22-0.50) 2 (1.6-4) Weak Low 


and demonstrated evidence of pelvic floor 
dyssynergia. 


Cl, Confidence interval; NNT, number needed to treat; PEG, polyethylene glycol; RR, relative risk. 
From Ford AC, Moayyedi P, Lacy BE, et al. American College of Gastroenterology monograph on the management of irritable bowel syndrome and chronic 


idiopathic constipation. Am J Gastroenterol 2014;109 (Suppl 1):S2-26. 


patients with constipation.’”’ The initial dose of lactulose was 30 
mL/day, and the dose was reduced temporarily or permanently 
to 15 mL, depending on bowel frequency. Lactulose showed 
an advantage over placebo (a 50% glucose syrup) by increasing 
the mean number of bowel movements each day and markedly 
reducing episodes of fecal impaction (P < 0.015) and the need 
for enemas. 

Sorbitol and Mannitol. Sorbitol is widely used in the food 
industry as an artificial sweetener but is rarely used in clinical 
practice. Ingestion of as little as 5 g causes a rise in breath 
hydrogen, and 20 g produces diarrhea in about half of normal 
subjects.*°° Sorbitol is as effective as lactulose and less expensive. 
A randomized double-blind crossover trial of lactulose (20 g/ 
day) and sorbitol (21 g/day) in ambulatory older men with 
chronic constipation showed no difference between the 2 
compounds with regard to frequency or normality of bowel 
movements or patient preference.**! The frequency of side 
effects was similar except for nausea, which was more common 
with lactulose. Mannitol is another sugar alcohol that can be 
used as a laxative. Like sorbitol, it is rarely used clinically for 
constipation. 


Polyethylene Glycol 

Polyethylene glycol (PEG) is an isosmotic laxative that is 
metabolically inert and able to bind water molecules, thereby 
increasing intraluminal water retention.**? PEG is not metabo- 
lized by colonic bacteria. Ingestion of PEG leads to an increase 
in stool volume and softer stools, which may become liquid 
depending on the volume of PEG consumed. PEG is excreted 
mostly unchanged in the feces. Electrolytes are added to PEG 
solutions used for colonic lavage before colonoscopy to avoid 
the potential adverse effects associated with diarrhea, such as 
dehydration and electrolyte imbalance. PEG-3350 without 
electrolytes is available in the USA as an over-the-counter pow- 
der that is mixed in smaller doses with water for regular use to 
treat constipation. 

Several high-quality studies have demonstrated the efficacy of 
PEG in the treatment of chronic constipation.**? A randomized 
control trial of 304 patients with chronic constipation showed 
symptom improvement for 6 months in 52.0% of the patients 
treated with the PEG solution compared with 11% in the placebo 


group. Similar efficacy was seen in a subgroup of 75 elderly sub- 
jects. No electrolyte abnormalities or intestinal malabsorption 
were noted.?°? 

In another trial in which 70 ambulatory outpatients were 
treated for 4 weeks with a 14.6 g PEG-electrolyte solution twice 
daily, patients who responded to PEG (less than 3 bowel move- 
ments per week) at the end of the 4 weeks were then randomized 
to continue PEG or a placebo for 20 weeks at a dose of 17 g or 
34 g daily. Compared with placebo, PEG resulted in improve- 
ment in bowel frequency and consistency. At the end of follow- 
up, complete remission of constipation was reported by 77% of 
patients randomized to PEG compared with only 20% of those 
randomized to placebo. The dropout rate in the placebo group, 
mostly secondary to treatment failure, was 46%.?°* 

Another randomized multicenter trial compared standard and 
maximum doses of 2 PEG formulations of different molecular 
weights (PEG-3350 and PEG-4000) in 266 outpatients; most 
patients had their first stool within 1 day of initiating PEG treat- 
ment, and stool consistency improved in both treatment groups. 
The lowest dose of PEG produced the most normal stool con- 
sistency, whereas higher doses produced more liquid stools.7*> 
Low-dose PEG appears to be more effective than lactulose in the 
treatment of chronic constipation*®° and seems to be noninferior 
to prucalopride (a 5-HTy receptor agonist, see later) with better 
tolerability.’°” 

PEG solutions may be useful for short-term treatment of fecal 
impaction. In one study,”** 16 severely ill patients aged 26 to 87 
years who, despite treatment with various laxatives, had not had 
a bowel movement in the hospital for 5 to 23 days; all had a fecal 
impaction on clinical examination and were treated with a PEG 
solution, 1 L taken as 2 portions of 500 mL, each over 4 to 6 
hours. The regimen was repeated on a second and third day if 
necessary. The full dose was taken by 12 patients on the first day, 
and the remainder took at least half the recommended dose; only 
8 patients needed treatment on the second day and 2 patients on 
the third day. The treatment was highly effective; after the last 
dose, most patients were passing moderate or large volumes of 
soft stool, with resolution of impaction. No adverse side effects 
apart from abdominal rumbling occurred, and only one patient, 
who was paraplegic, experienced fecal incontinence. Success- 
ful treatment with PEG has been described in outpatients with 
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refractory constipation and older adults (with administration of 
PEG by mouth or by a nasogastric tube).’°” 

‘The most common adverse events of PEG include abdominal 
bloating and cramps.**? The most commonly reported adverse 
effects of PEG used for colonoscopy preparation include electro- 
lyte imbalances, allergic reactions, and Mallory-Weiss tears.?”° 
Cases of fulminant pulmonary edema have been reported after 
administration of PEG solution by nasogastric tube, with one 
fatality.2?!”°? In each case, the patient had emesis, suggesting 
aspiration of PEG. PEG also may delay gastric emptying.*” 


Stimulant Laxatives 

Stimulant laxatives are often used when patients have no response 
to osmotic laxatives. Stimulant laxatives increase intestinal motil- 
ity, water and electrolytes secretion into the lumen, and prosta- 
glandin secretion?” and accelerate colon transit.!?’ They begin 
working within hours and are often associated with abdominal 
cramps. Stimulant laxatives include anthraquinones (e.g., cas- 
cara, aloe, senna) and diphenylmethanes (e.g., bisacodyl, sodium 
picosulfate, phenolphthalein). Castor oil is used less commonly 
because of its side-effect profile. The effect of stimulant laxatives 
is dose dependent. Low doses prevent absorption of water and 
sodium, whereas high doses stimulate secretion of sodium, fol- 
lowed by water, into the colonic lumen. 

Stimulant laxatives are sometimes abused, especially in patients 
with an eating disorder (see Chapter 9),””° even though at high doses 
they have only a modest effect on calorie absorption. Although a 
cathartic colon (i.e., a colon with reduced motility) has been attrib- 
uted to prolonged use of stimulant laxatives, no animal or human 
data support this effect. Rather, cathartic colon, as seen on a barium 
enema examination, is probably a primary motility disorder. 

Stimulant laxatives can produce normal, soft, formed stools 
in some patients but are often associated with abdominal cramps 
and diarrhea even in standard doses. They act rapidly and are 
particularly suitable for use in a single dose for temporary con- 
stipation. Most clinicians are cautious about recommending daily 
dosing of stimulant laxatives indefinitely for chronic constipation. 
Stimulant laxatives vary widely in clinical effectiveness, and some 
patients with severe constipation are not helped by them. 


Anthraquinones 

Anthraquinones (e.g., cascara, senna, aloe, frangula) are produced 
by a variety of plants. The compounds are inactive glycosides. 
When ingested, they pass unabsorbed and unchanged through 
the small intestine and are hydrolyzed by colonic bacterial gly- 
cosidases to yield active metabolites that increase the transport 
of electrolytes into the colonic lumen and stimulate myenteric 
plexuses to increase intestinal motility. The anthraquinones typi- 
cally induce defecation 6 to 8 hours after oral dosing. 

Anthraquinones cause apoptosis of colonic epithelial cells, 
which are then phagocytosed by macrophages and appear as a 
lipofuscin-like pigment that darkens the colonic mucosa, a condi- 
tion termed pseudomelanosis coli (see Chapter 128).?°’ Anthraqui- 
none laxatives do not appear to cause significant adverse functional 
or structural changes in the intestine. Animal studies have shown 
neither damage to the myenteric plexus after long-term admin- 
istration of sennosides’”* nor a functional defect in motility.” 
A case-control study in which multiple colonic mucosal biopsy 
specimens were examined by electron microscopy showed no dif- 
ferences in the submucosal plexuses between patients taking an 
anthraquinone laxative regularly for 1 year and those not taking 
one.’ An association between use of anthraquinones and colon 
cancer or myenteric nerve damage and the development of so- 
called cathartic colon has not been established.*°! 

Senna has been shown in controlled trials to soften stools 
and increase the frequency and weight, both wet and dry, of stool. 
The formulations available for clinical use vary from crude veg- 
etable preparations to purified and standardized extracts to a syn- 
thetic compound. 
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Castor Oil 

Castor oil is obtained from the castor bean. After oral ingestion, 
it is hydrolyzed by lipase in the small intestine to ricinoleic acid, 
which inhibits intestinal water absorption and stimulates intesti- 
nal motor function by damaging mucosal cells and releasing neu- 
rotransmitters.*?? Cramping is frequent, and consequently castor 
oil is not commonly used in clinical practice. 


Dipbenylmethane Derivatives 

Diphenylmethane compounds include bisacodyl, sodium pico- 
sulfate, and phenolphthalein. After oral ingestion, bisacodyl and 
sodium picosulfate are hydrolyzed to the same active metabolite, 
but the mode of hydrolysis differs. Bisacodyl is hydrolyzed by 
intestinal enzymes and thus can act in the small and large intes- 
tines. Sodium picosulfate is hydrolyzed by colonic bacteria. Like 
anthraquinones, the action of sodium picosulfate is confined to 
the colon, and its activity can be unpredictable because its activa- 
tion depends on the bacterial flora. 

The effects of bisacodyl, and presumably sodium picosulfate, 
on the colon are similar to those of the anthraquinone laxatives. 
When applied to the colonic mucosa, bisacody] induces an almost 
immediate, powerful, propulsive motor activity in healthy and 
constipated subjects, although the effect is sometimes reduced in 
the latter.>°* These laxatives also stimulate colonic secretion. 

Like the anthraquinone laxatives, bisacodyl leads to apoptosis 
of colonic epithelial cells, the remnants of which accumulate in 
phagocytic macrophages, but these cellular remnants are not pig- 
mented.*” Aside from these changes, bisacodyl does not appear 
to cause adverse effects with long-term use.*”° 

Bisacodyl is a useful and predictable laxative, especially suit- 
able for single-dose use in patients with temporary constipation. 
Its possible effect on the small bowel is a disadvantage, in con- 
trast to anthraquinones and sodium picosulfate. Long-term use 
of bisacodyl or related agents is sometimes necessary for patients 
with chronic severe constipation. In the doses used, liquid stools 
and cramps tend to result, and it is difficult to adjust the dose to 
produce soft, formed stools. In a multicenter randomized double- 
blind, placebo-controlled study, 247 patients with chronic con- 
stipation were randomized to bisacodyl 10 mg once daily for 4 
weeks. Patients in the bisacodyl group reported a greater number 
of complete spontaneous bowel movements (CSBM) per week 
during the treatment period compared with those in the placebo 
group (1.1 + 0.1 at baseline in both groups increased to 5.2 +0.1 
at baselbisacodyl group and 1.9 + isacodyl group and 1.9 groups 
increased to 5.2 hours who received bisacodyl reported improve- 
ments in straining, feeling of anal obstruction, and stool form 
and had increased quality-of-life scores compared with those 
who received placebo. However, 72% of patients in the bisacodyl 
group reported at least one adverse event (diarrhea and abdomi- 
nal pain most commonly), with a decrease in frequency after the 
first week of treatment. In addition, despite being able to reduce 
the dose of bisacodyl from 10 mg to 5 mg a day, adverse events 
caused 18% of patients in the bisacodyl group to withdraw from 
the study, compared with 5% of those in the placebo group.” 

Sodium picosulfate is commonly used outside the USA. It is 
available in the USA as part of a colonoscopy preparation. In a 
randomized, double-blind, placebo-controlled study conducted in 
Germany, 233 patients with chronic constipation were randomized 
to sodium picosulfate (10-mg drops) or placebo once daily for 4 
weeks. Patients in the sodium picosulfate group reported a greater 
number of CSBM per week during the treatment period compared 
with those in the placebo group (0.9 + 0.1 at baseline increased to 
3.4 + 0.2 in the sodium picosulfate group and 1.1 + 0.1 at baseline 
increased to 1.7 + 0.1 in the placebo group). Patients who received 
sodium picosulfate reported improvement in straining, incom- 
plete evacuation, a feeling of anal obstruction, and improvement 
in stool form and had increased quality-of-life scores compared 
with those who received placebo. Diarrhea was reported by 32% 
of patients who received the sodium picosulfate.>” 


A systematic review and meta-analysis of pharmacother- 
apies for chronic constipation showed that bisacodyl and 
sodium picosulfate met the primary endpoints of responder 
analysis with greater than or equal to 3 CSBM per week 
and an increase over baseline of greater than or equal to 1 
CSBM per week.*°? However, bisacodyl may be superior to 
other prescription drugs in secondary endpoints, including an 
increase from baseline in the number of spontaneous bowel 
movements (SBM) per week and in the number of CSBM per 
week. 

Phenolphthalein inhibits water absorption in the small 
intestine and colon by effects on eicosanoids and the Na*/ 
K*-ATPase pump present on the surface of enterocytes (see 
Chapter 101). The drug undergoes enterohepatic circulation 
(see Chapter 64), which may prolong its effects. Although 
effective, a 2-year feeding study in rodents found increased 
incidences of ovarian, adrenal gland, renal, and hematopoietic 
neoplasms in treated animals,*!? and in 1997, the FDA pro- 
posed that phenolphthalein be reclassified as “not generally 
recognized as safe and effective.” Since then, most phenol- 
phthalein-containing laxatives have been voluntarily with- 
drawn from the U.S. and other markets. Subsequent studies 
have failed to show an association between phenolphthalein 
laxatives and cancers.*!! 


Stool Softeners and Emollients 


Docusate Sodium 

Although the detergent dioctyl sodium sulfosuccinate (docusate 
sodium) is available as a stool softener, further studies of its effi- 
cacy are needed. The compound stimulates fluid secretion by the 
small and large intestines but does not increase the volume of 
ileostomy output or the weight of stools in normal subjects.’ 12313 
A double-blind crossover trial showed benefit in 5 of 15 older 
constipated subjects, as judged by patients and their caregivers, 
and a significant increase in bowel frequency.?!* In a multicenter 
double-blind randomized trial in adults, however, docusate 
sodium was less effective than psyllium for treating chronic idio- 
pathic constipation.*!5 


Mineral Oils 

Mineral oils alter the stool by undergoing emulsification into the 
stool mass and providing lubrication for stool passage. Long- 
term use can cause intestinal malabsorption of fat-soluble vita- 
mins, anal seepage, and lipoid pneumonia in patients predisposed 
to aspiration of liquids. 


Enemas and Suppositories 


Compounds may be introduced into the rectum to stimu- 
late contraction by distention or chemical action, soften hard 
stools, or both. Serious damage to the rectal mucosa can result 
from extravasation of the enema solution into the submucosal 
plane. The anterior rectal mucosa is the site most vulnerable 
to trauma from the tip of a catheter introduced through the 
backward-angulated anal canal (see Chapter 129). The enema 
nozzle should be directed posteriorly after the anal canal has 
been passed. 


Phosphate Enemas 

Hypertonic sodium phosphate enemas are often effective. They 
cause distention and stimulation of the rectum. A histologic 
study in normal subjects showed that a single hypertonic phos- 
phate enema caused disruption of the surface epithelium in 17 
of 21 biopsy specimens. Scanning electron microscopy showed 
patchy denudation of the surface epithelium, with exposure of 
the lamina propria and absence of goblet cells. The procto- 
scopic appearance of the mucosa was abnormal in every case but 
returned to normal within 1 week.’!° Therefore, superficially 
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damaged mucosa appears to heal rapidly. Phosphate enemas 
are used widely, although studies documenting their efficacy 
are lacking. 

A phosphate enema, if given to a patient who cannot evacu- 
ate it promptly, can lead to dangerous hyperphosphatemia 
and hypocalcemic tetany; one patient (age 91 years) died after 
a single phosphate enema,*!’ and coma developed in an adult 
who was given 6 phosphate enemas at hourly intervals with- 
out evacuation.*!* Severe hyperphosphatemia, hypocalcemia, 
and seizure have been reported in a 4-year-old child with nor- 
mal renal function after retention of 2 phosphate enemas.?!? 
Phosphate enemas are not recommended in children age 3 and 
younger. 320321 


Saline, Tap Water, and Soapsuds Enemas 

Saline, tap water, or soapsuds enemas can be effective mainly 
by distending the rectum and softening feces. Stool evacuation 
typically occurs 2 to 5 minutes following administration. A saline 
enema does no damage to the rectal mucosa and may be effec- 
tive.*'!© Water enemas and soapsuds enemas also may be used, 
but with large volumes, dangerous water intoxication can occur 
if the enema is retained. Large-volume water or soapsuds enemas 
can also lead to hyperphosphatemia and other electrolyte distur- 
bances if the enema is retained. Soapsuds enemas can cause rectal 
mucosal damage and necrosis. 


Stimulant Suppositories and Enemas 

Glycerin can be administered as a suppository and is often clini- 
cally effective. The rectum is stimulated by an osmotic effect. 
The effect of glycerin, if any, on the rectal mucosa is unknown. 
Bisacodyl 10 mg is available as a suppository that appears to act 
topically by stimulating enteric neurons.*”° In normal subjects, 
a single bisacodyl suppository or an enema containing 19 mg of 
bisacodyl in 100 or 200 mL of water produced marked changes in 
23 of 25 rectal mucosal biopsy specimens. The epithelium of the 
surface and within the crypts was altered; with use of the enema, 
the surface epithelium was absent.’?? Regular use of bisaco- 
dyl suppositories, therefore, appears unwise. Oxyphenisatin 
(Veripaque), which is no longer available in the USA, is a stimu- 
lant enema that was used in the past mainly before diagnostic 
procedures. When given by mouth, this compound led to cases 
of chronic hepatitis. 


Prosecretory Laxatives 

Chloride Channel Activator 

Lubiprostone is a bicyclic fatty acid derived from prostaglan- 
din E; that is reported to work predominantly by activating the 
intestinal chloride 2 channels at the level of the intestinal epi- 
thelial cell, thereby increasing chloride secretion in the lumen, 
followed by sodium and water, thereby causing intestinal fluid 
secretion and acceleration of transit’? without altering serum 
electrolyte levels. Lubiprostone was approved for the treat- 
ment of chronic idiopathic constipation for men and women in 
the USA in 2006. In 2 phase 3 randomized placebo-controlled 
trials, lubiprostone (24 ug twice daily) increased the number 
of SBM (i.e., bowel movements that occur without laxative 
use in the previous 24 hours) in patients with chronic consti- 
pation as defined by the Rome II criteria (5.89 at week 1 in 
lubiprostone-treated patients vs. 3.99 at week 1 in placebo- 
treated patients).’?+ Lubiprostone also significantly decreased 
straining, improved stool consistency, and reduced the overall 
severity of symptoms while increasing the frequency of SBM 
in both men and women, as well as older patients. A rebound 
effect after withdrawal was not evident.**> Nausea was the most 
common adverse event reported, occurring in up to 31.7% of 
patients and leading to discontinuation in 5%.?!8 Lubiprostone 
is also approved in the USA for the treatment of opioid-induced 
constipation as well as for women with IBS with constipation at 
a dose of 8 ug twice daily. 
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Guanylate Cyclase C Agonists 

Linaclotide 

Linaclotide is a minimally absorbed 14-amino acid peptide that 
activates the guanylate cyclase C receptor on the luminal surface 
of the intestinal epithelium, resulting in increased levels of cyclic 
guanosine monophosphate and increased secretion of chloride 
and bicarbonate into the intestinal lumen. In animal models, 
cyclic guanosine monophosphate also appears to reduce firing 
of afferent nerves in the bowel.*”° In 2 phase 3 studies involv- 
ing 1276 patients with chronic constipation, linaclotide signifi- 
cantly increased the percentage of people who reported 3 or more 
CSBM (i.e., associated with the sensation of complete emptying) 
per week and an increase of one or more from baseline during at 
least 9 of the 12 weeks (20% of patients who received linaclotide 
145 or 290 ug, compared with 5% of patients who received pla- 
cebo). Linaclotide also increased stool frequency, improved stool 
consistency, and reduced straining, abdominal bloating, and 
discomfort as compared with placebo. Diarrhea was the most 
common adverse event, leading to discontinuation of treatment 
in about 4% of patients.??” Linaclotide also has been shown to 
improve bowel and abdominal symptoms in patients with chronic 
constipation with moderate-to-severe abdominal bloating.*’®. 
Linaclotide, 145 ug once daily and subsequently 72 mg daily, 
was approved by the FDA in 2012 for the treatment of men and 
women with chronic constipation and in a dose of 290 ug once 
daily for those with IBS with constipation. Linaclotide is con- 
traindicated in children younger than 6 years of age because of 
deaths in juvenile mice younger than 3 weeks of age. Similar find- 
ings were not found in mice older than 6 weeks of age. Linaclotide 
is not recommended in children between 6 and 18 years of age. 


Plecanatide 

Plecanatide is a guanylate cyclase C agonist mechanistically similar 
to linaclotide. Two phase 3 trials with plecanatide, once daily, for 
12 weeks showed an increase in the overall percentage of CSBM 
responders (>3 CSBM per week and >1 CSBM over baseline for 
9 out of 12 weeks and 3 of the last 4 weeks of the trial) in patients 
with chronic constipation.*”? At a dose of 3 and 6 mg, 19.5% to 
20.1% and 20.0% to 21.0% of patients were responders compared 
with 10.2% to 12.8% in patients who received placebo. Plecanatide 
also significantly improved stool consistency and stool frequency. 
Diarrhea was reported in 5.1% of patients and led to discontinuation 
in 2.7%.°*° Plecanatide, 3 mg once daily, is approved by the FDA. 


Serotonergic Laxatives 

Stimulation of the 5-HT, receptor on afferent nerves in the wall 
of the GI tract induces peristaltic contraction of the intestine. 
Several 5-HT4 agonists have been tested for treating constipa- 
tion. Cisapride, a benzodiazepine, has had variable results in 
treating constipation.**! Potentially lethal cardiac dysrhythmias 
led to its withdrawal from the commercial U.S. market in July 
2000. Tegaserod, which was removed from the U.S. market in 
2007, is discussed because of the extensive previous experience 
in the treatment of constipation. Newer 5-HT4 agonists with- 
out cardiac effects (e.g., prucalopride, available outside the USA) 
appear to be effective for chronic constipation. 


Tegaserod 

Tegaserod, a partial 5-HT4 agonist, is an aminoguanidine indole 
derivative of serotonin that is structurally different from cisapride. 
Because of cardiovascular safety concerns, tegaserod was withdrawn 
from the market in April 2007. The frequency of cardiovascular 
events in previous clinical trials was 13 in 13,614 (0.11%) compared 
with one in 7031 (0.01%) in control subjects. The cardiovascular 
events reported were myocardial infarction (7 = 3), sudden cardiac 
death (7 = 1), unstable angina (7 = 6), and stroke (n = 3). The FDA’s 
decision to withdraw the drug has been the subject of debate.**? 
In a 12-week randomized double-blind, placebo-controlled trial 
of 1348 subjects with chronic constipation, response rates were 


41.4%, 43.2%, and 25.1% for tegaserod 2 mg twice daily, tegas- 
erod 6 mg twice daily, and placebo, respectively.’ Diarrhea was 
more common with tegaserod 2 and 6 mg twice daily (4.5% and 
7.3%, respectively) than with placebo (3.8%). Tegaserod had 
also been used in women with IBS with constipation (see Chapter 
122) and has been reapproved for this indication by the FDA in 
patients under the age of 65 without cardiovascular risk factors.>*+ 


Prucalopride 

Prucalopride, a full 5-HT4 agonist, is a benzofuran derivative that 
accelerates colonic transit in healthy humans and patients with 
chronic constipation.**° Three large 12-week randomized placebo- 
controlled phase 3 trials of similar design that evaluated the efficacy 
and safety of prucalopride 2 mg or 4 mg once daily versus placebo 
in patients with chronic constipation have been published.***?* In 
one of these studies, the percentage of patients achieving more than 
3 CSBM per week was 30.9% for those receiving prucalopride 2 mg 
and 28.4% for those receiving prucalopride 4 mg, compared with 
12.0% in those receiving placebo (P < .001 for both comparisons). 
All other secondary efficacy endpoints, including patients’ satisfac- 
tion with their bowel function and treatment and their perception 
of the severity of their symptoms of constipation, were improved 
significantly at week 12 with the use of 2 or 4 mg of prucalopride 
as compared with placebo. A meta-analysis of 7 randomized con- 
trolled trials of 2639 constipated patients found the number needed 
to treat to be 6; the percentage of patients who responded to pru- 
calopride was 28.3%, compared with 13.3% for placebo.*?? The 
most frequent adverse effects were headaches, nausea, and diarrhea. 
Although cardiac side effects had been reported in patients who 
received tegaserod and cisapride, which are both partial 5-HT, 
agonists, no cardiovascular side effects have been observed to date 
with prucalopride, nor have any electrocardiographic abnormalities 
been reported. In addition, in a study of elderly constipated patients 
in nursing homes, no differences in vital signs, electrocardiograph 
parameters, or Holter-monitoring results were found in patients 
receiving prucalopride and placebo. Approximately 88% of the 
patients had a history of cardiovascular disease.*+° Prucalopride has 
been approved for use in the European Union, Canada, the USA, 
and elsewhere. 


Other Agents 


Colchicine, a drug used for gout, and misoprostol, a prostaglandin 
analog, have been used to treat patients with severe chronic consti- 
pation. In a randomized placebo-controlled, double-blind crossover 
trial, colchicine increased the frequency of bowel movements as 
compared with placebo (3/week at baseline compared with 10/week 
while on colchicine 0.6 mg 3 times a day); however, abdominal pain 
was greater during administration of colchicine than placebo.**+! 
Data for misoprostol are limited, and side effects of the drug are 
common.* Tenapanor, the first sodium-hydrogen exchanger 3 
inhibitor, was approved by the FDA in 2019 for the treatment of 
IBS with constipation in a dose of 50 mg twice daily. It inhibits 
sodium absorption in the small intestinal and colon and thereby 
increases intestinal fluid secretion and accelerates intestinal transit. 


Cholinergic Agents 

Cholinergic agents have also been used to treat constipation. 
Bethanechol, a cholinergic agonist, appears to benefit patients in 
whom constipation results from therapy with tricyclic antidepres- 
sants; data to support its use in patients with other causes of con- 
stipation are limited. A single intravenous dose of neostigmine, a 
cholinesterase inhibitor, has been shown to be remarkably effective 
in decompressing the colon in patients with acute colonic pseudo- 
obstruction**? (see Chapter 124), but controlled studies of this class 
of drugs have not been completed in patients with normal-transit 
or slow-transit constipation. A study of neostigmine administered 
subcutaneously to patients with postoperative ileus, acute colonic 
pseudo-obstruction, or refractory constipation showed that the 


median time for a bowel movement in patients with refractory consti- 
pation (7 = 10) was 39.23 hours (interquartile range, 19.95 to 57.56). 
‘The majority of patients (>75%) needed a repeat dosing, with nearly 
half of the cohort requiring 5 or more doses before a bowel move- 
ment was produced.’** Side effects such as bradycardia, increased 
salivation, vomiting, and abdominal cramping are common. 

Oral cholinergic agents such as pyridostigmine have been 
shown to accelerate colonic transit in diabetic patients with 
chronic constipation in a dose of 360 mg daily in the majority of 
the patients or 180 mg daily in a subset of patients. Compared 
with placebo, pyridostigmine accelerated overall colonic transit 
at 24 hour (1.96 + 0.18 (baseline), 2.45 + 0.2 units (treatment), 
P < 0.01), but not gastric emptying or small-intestinal transit. 
Stool frequency, consistency, and ease of passage also improved. 
Cholinergic side effects were somewhat more common with pyr- 
idostigmine than with placebo.** 

In a study of 31 patients with systemic sclerosis treated with 
pyridostigmine for at least 4 weeks, 51.6% reported improvement 
in constipation. Fifteen of 31 patients reported adverse effects, 
most commonly diarrhea. Pyridostigmine was continued by 
81.3% of patients who reported symptomatic benefit and 58.1% 
of patients overall.>#¢ 


Botulinum Toxin 

Clostridium botulinum toxin type A (Botox), a potent neurotoxin 
that inhibits presynaptic release of acetylcholine, has been injected 
intramuscularly into the puborectalis muscle to treat defecatory 
disorders. Preliminary data suggest that botulinum toxin may be 
effective for patients in whom spastic pelvic floor dysfunction 
causes outlet delay,**” including those who also have PD.16-16 In 
one study, 19 of 24 patients experienced improvement in symp- 
toms and physiologic measurements of pelvic floor function at 2 
months.*** Controlled trials have not been performed, however, 
and this approach is not recommended in lieu of biofeedback, for 
which clinical experience is greater (see later). 


Future Agents 

Chenodeoxycholate 

Chenodeoxycholic acid is a bile acid previously used to treat 
patients with gallstones (see Chapter 65). Diarrhea was reported in 
40% of patients receiving 750 to 1000 mg/day.**? A double-blind 
placebo-controlled study of 36 female patients with IBS with con- 
stipation were randomized to delayed-release sodium chenodeoxy- 
cholate (500 or 1000 mg) or placebo for 4 days. Colonic transit 
time, stool consistency, and stool frequency were improved in both 
chenodeoxycholate groups, compared with placebo. The most 
common side effect was abdominal cramping or pain.**° Studies in 
patients with chronic constipation have not been performed. 


Elobixibat 

Elobixibat is a novel investigational, minimally absorbed ileal 
bile acid—transporter inhibitor that increases the flow of bile into 
the colon (see Chapter 64). In a phase 2 study, 190 patients with 
chronic constipation (defined using modified Rome III criteria) 
were randomized to elobixibat (5, 10, or 15 mg) or placebo once 
daily for 8 weeks. Elobixibat increased stool frequency for week 
1 by 2.5, 4.0, and 5.4 SBM in patients who received 5, 10, and 15 
mg of elobixibat, respectively, compared with 1.7 for those who 
received placebo; the improvement was maintained over 8 weeks. 
Abdominal bloating and straining were also improved with elo- 
bixibat compared with placebo. The most commonly reported 
adverse events were abdominal pain and diarrhea.**! 


Relamorelin 

Relamorelin is a pentapeptide selective agonist of ghrelin receptor 
la that is known to have gastric effects. In a randomized, double- 
blind clinical trial of 48 female patients with chronic constipation, 
relamorelin accelerated colonic transit at 32 hours (P = 0.040) and 


CHAPTER 19 Constipation 273 


48 hours (P = 0.017), increased SBM, and accelerated the time to 
first bowel movement after the first dose compared with placebo. 
Relamorelin did not affect stool form. The most common side 
effects reported were increased appetite, fatigue, and headache.>* 


Velusetrag 

Velusetrag is a full 5-HT4 agonist. In a 4-week phase 2 trial, 401 
patients with chronic constipation were randomized to receive 
velusetrag 15, 30, or 50 mg or placebo once daily. SBM increased 
by 3.6 (15 mg), 3.3 (30 mg), and 3.5 (50 mg) per week in the patients 
who received velusetrag compared with an increase of 1.4 per week 
for placebo.*>} Improvement with velusetrag had a relative risk of 
4.86, with a wide 95% CI of 2.02 to 11.71, which suggests that the 
drug might be less efficacious when compared with prucalopride.>” 


Other Forms of Therapy 
Defecation Training 


Defecation training typically involves 3 to 5 treatment sessions, 
each lasting at least 30 minutes. During these sessions, the nor- 
mal defecation process is taught and misconceptions are dispelled. 
Patients are encouraged to give a detailed description of their bowel 
symptoms, prompted by a sympathetic listener who is familiar with 
the full range of problems experienced by those with defecatory 
dysfunction. This process is in itself therapeutic because it enables 
patients to discuss symptoms that otherwise might be regarded as 
a private burden. Recommendations regarding the proper amount 
of fiber intake are often given. For patients with infrequent def- 
ecation, the importance of developing a regular bowel habit and 
not ignoring the urge to defecate is emphasized. For those who 
spend excessive time in the bathroom due to ineffective straining, a 
regimen of less frequent visits to the bathroom and more effective 
defecation is recommended. The optimal posture for defecation, 
including the benefit of raising the feet above floor level when using 
a Western-type toilet, is described. Following each visit, patients 
are encouraged to practice the techniques they are taught. At each 
visit, patients are encouraged to reduce any dependence on laxa- 
tives, enemas, and suppositories. Progress is praised. 


Anorectal Biofeedback 


During anorectal biofeedback, which typically follows defecation 
training, a patient receives visual or auditory feedback, or both, on 
the functioning of his or her anal sphincter and pelvic floor muscles. 
Biofeedback can be used to train patients to relax their pelvic floor 
muscles during straining and to coordinate this relaxation with 
abdominal maneuvers to enhance entry of stool into the rectum. 
Biofeedback can be performed with an EMG or anorectal manom- 
etry catheter. Simulated evacuation with a balloon or silicone-filled 
artificial stool is commonly taught to patients to emphasize normal 
coordination of successful defecation.**+ Patient education and rap- 
port between the therapist and patient are integral components of 
successful biofeedback.*°* Patients typically complete from 6 ses- 
sions in 6 weeks to 3 sessions/day for 10 successive days. 

A systematic review of biofeedback studies performed up to 
1993 revealed an overall success rate of 67%, although controlled 
studies were lacking.’ Biofeedback may be less effective for 
patients with descending perineum syndrome than for those with 
spastic pelvic floor disorders.!*’ In a review of 38 biofeedback stud- 
ies, psychological factors were found to influence the response to 
biofeedback.’ Successful biofeedback training, as defined by an 
improvement in global bowel satisfaction, was also found to cor- 
relate with harder stool consistency, greater willingness to partici- 
pate, higher resting anal pressure, and prolonged balloon expulsion 
time, but not with age, duration of symptoms, stool frequency, 
compliance with therapy, straining rectal pressure, or relaxation of 
the anal sphincter on straining.*»® 
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More recently, several controlled trials have found biofeed- 
back to be more effective than sham feedback or standard ther- 
apy,°°?3 diazepam,*°! or laxatives.°°?3® Patients with pelvic 
floor dyssynergia who failed fiber (20 g/day) plus enemas or sup- 
positories were randomized to 5 weekly biofeedback sessions (n = 
54) or PEG (14.6 to 29.2 g/day) plus 5 weekly counseling sessions 
(n = 55). At 6 months, major improvement was reported by 80% 
of patients who underwent biofeedback compared with 22% of 
the laxative-treated patients (P < 0.001). The benefits of biofeed- 
back were sustained at 12 and 24 months and produced greater 
reductions in straining, sensations of incomplete evacuation and 
anorectal blockage, use of enemas and suppositories, and abdomi- 
nal pain (all P < 0.01). Stool frequency increased in both groups. 
All biofeedback-treated patients reporting major improvement 
were able to relax the pelvic floor and defecate a 50-mL balloon at 
6 and 12 months.*® In another controlled trial, 77 patients with 
dyssynergic defecation were randomized to biofeedback, sham 
therapy, or standard therapy for 3 months. Patients who received 
biofeedback were significantly more likely to correct dyssyner- 
gia, improve the defecation index, decrease balloon expulsion 
time, increase the number of CSBM per week, and decrease 
the use of digital maneuvers; global bowel satisfaction was also 
higher.*°? Thirteen patients from each group elected to partici- 
pate in a long-term follow-up trial. The number of CSBM per 
week increased significantly in the biofeedback group after one 
year (1.91 at baseline compared with 4.85 after 1 year) but not in 
a standard-treatment control group (1.66 at baseline compared 
with 1.43 after 1 year). The 3-month improvement in dyssyner- 
gia, defecation index, and decreased balloon expulsion time in the 
biofeedback group was also maintained after 1 year, and colonic 
transit time normalized.> 

Originally, biofeedback training was intensive and initiated 
during an admission to the hospital,*°* but subsequent expe- 
rience has shown that training as an outpatient is satisfactory. 
A small comparative trial has shown no difference in outcome 
with or without use of an intrarectal balloon or home train- 
ing.*°> Results are similar when training is conducted with or 
without access to a visual display of muscular activity. In the 
absence of a visual display, the instructor gives continuous 
information and encouragement to the patient and assesses the 
effect of instruction by observing how the patient strains and by 
sensing the effectiveness of straining through gentle tension on 
a rectal balloon. 

Most patients who complete defecation training continue to 
report improvement in symptoms up to 2 years later.?64365 Symp- 
toms reported to improve include bowel frequency, straining, 
abdominal pain, bloating, and the need for laxatives.*°° Physi- 
ologic measurements before and after treatment have shown that 
training results in appropriate relaxation of the puborectalis and 
external anal sphincter muscles,*°’*°’ an increase in intrarectal 
pressure,''® a widened rectoanal angle on straining during def- 
ecation, an increased rate of rectal emptying, an increased rate of 
colonic transit, and increased rectal mucosal blood flow. 

Most published series have restricted defecation training and 
anorectal biofeedback to patients with a defecatory disorder (i.e., 
paradoxical contraction of pelvic floor muscles). At one center, 
however, such training appeared to benefit a high proportion 
of unselected patients with chronic constipation, regardless of 
the results of investigation of colonic transit or pelvic floor dys- 
function, including patients with slow colonic transit.>°3”° In 
another series, treatment results did not depend on the presence 
or absence of a rectocele, intussusception, or perineal descent.’ 
Other investigators, however, have shown that patients who fail 
to respond to defecation training and biofeedback have a greater 
degree of perineal descent than those who respond.!*’ Defeca- 
tion training has benefited some patients in whom constipation 
developed after hysterectomy*’! and some patients with solitary 
rectal ulcer syndrome.*”” 


Complementary and Alternative Medical Therapies 


Many complementary and alternative therapies are used by 
patients with constipation,*”? but clinical studies are limited and 
generally of poor quality (see Chapter 131), and no definitive rec- 
ommendations regarding their use in constipation can be made. 
A systematic review of acupuncture for the treatment of chronic 
constipation identified in the Chinese Biomedical Database is in 
progress.*’+ The popularity of probiotics continues to grow, yet 
few studies have been conducted to date. One prospective study 
showed that in women with chronic constipation, Bifidobacter 
animalis and fructoligosaccharide improved bowel frequency and 
consistency, straining, and pain with defecation (P < 0.010).375 
The role of traditional Chinese medicine in constipation remains 
unclear. Yun-chang capsule (hemp seed pill) has shown some effi- 
cacy in a small placebo-controlled trial.*”° 


Sacral Nerve Stimulation 


Data suggest that sacral nerve stimulation may be helpful for 
patients with severe constipation.’ Sixty-two patients with 
chronic constipation who failed treatment with laxatives, supposi- 
tories, enemas, and biofeedback underwent a 21-day test period 
with a temporary stimulation wire connected to an external pulse 
generator. Successful treatment was defined as improvement in 
any of the following: (1) increase in bowel frequency from 2 or 
less to 3 or more bowel movements per week, (2) 50% or greater 
reduction in the proportion of defecation episodes associated 
with straining, or (3) 50% or greater reduction in the proportion 
of defecation episodes associated with a sense of incomplete evac- 
uation. Forty-five patients met a criterion for successful treat- 
ment and had a permanent neurostimulator implanted. Of the 
patients who received a permanent neurostimulator, 87% met the 
criteria for successful treatment. During the follow-up period, 
which ranged from 1 to 55 months with a median of 28 months, 
the number of bowel movements per week increased from 2.3 
to 6.6.5”8 Although promising, the magnitude of the benefit and 
which patients are most likely to benefit from sacral nerve stimu- 
lation remain unclear.*”? 


Surgery 


The goal of surgical treatment for patients with severe constipa- 
tion is to increase bowel frequency and ease of defecation; a pos- 
sible additional benefit is relief of abdominal pain and distention. 
Procedures may be divided into 3 groups: partial or total colec- 
tomy, construction of a stoma, and anorectal operations under- 
taken to improve defecatory function.**° 


Colectomy 

Colectomy for constipation produces variable results. A review 
of 32 published studies of surgery for chronic constipation found 
considerable variability in the rates of patient satisfaction (39% 
to 100%).*! The most common complications following surgery 
are small bowel obstruction, diarrhea, and incontinence, but diar- 
rhea and incontinence tend to improve after the first year follow- 


ing surgery. 


Selection of Patients 

Preoperative psychological assessment is essential because poor 
results are common among patients who are psychologically 
disturbed.**” Because the aim of surgery is to increase bowel 
frequency, slow colonic transit must be demonstrated by an 
objective method. Also, defecatory function must be assessed. 
Finally, a generalized intestinal dysmotility or pseudo-obstruc- 
tion syndrome should be excluded (as much as possible) by radio- 
logic study of the small intestine and, when available, studies of 
gastric emptying and small bowel transit. 


Series in which these steps have been taken to select a homo- 
geneous group of patients have shown the best results, although 
longer follow-up is awaited. At one center, only 74 of 1009 patients 
referred for possible surgical treatment of chronic constipation 
underwent surgery. Measurement of intestinal transit and tests of 
pelvic floor function revealed that 597 patients had no quantifi- 
able abnormality and that 249 patients had pelvic floor dysfunction 
without slow colonic transit. Colectomy with an ileorectal anasto- 
mosis was performed in 52 patients with demonstrable slow colonic 
transit and normal defecatory function. The operation was also 
performed in 22 patients with slow colonic transit and pelvic floor 
dysfunction after the latter had been treated by a training program. 
Of the 74 patients treated surgically, 97% were satisfied with the 
result, and 90% had a good or improved quality of life after a mean 
follow-up of 56 months. There was no operative mortality, but 7 
patients had a subsequent episode of small bowel obstruction.**? 


Type of Operation 

The results of colectomy with cecorectal or ileosigmoid anas- 
tomosis are inferior to those for a subtotal colectomy with an 
ileorectal anastomosis.**+ Occasional reports have described 
proctocolectomy with ileoanal anastomosis and construction 
of an ileal pouch, usually following failure of colectomy and 
ileorectal anastomosis.*** In one patient, ileorectal anastomo- 
sis failed because the rectal capacity was larger than normal.**° 
Laparoscopic subtotal colectomy appears to be as effective as an 
open approach.*87388 


Construction of a Stoma 

A colostomy is occasionally performed for slow-transit con- 
stipation, because it is reversible and the results of colectomy 
are uncertain. Most patients report subjective improvement 
after a colostomy performed as a primary procedure for 
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slow-transit constipation or for neurologic disease.**! Many 
patients, however, continue to require laxatives or regular 
colonic irrigation. 

An ileostomy is occasionally performed after failure of col- 
ectomy and ileorectal anastomosis for slow-transit constipation, 
either because constipation persists or because severe diarrhea 
and incontinence occur. Patients who do not benefit from col- 
ectomy with ileorectal anastomosis are likely to be those with a 
generalized disorder of intestinal motility or those with a psycho- 
logical disturbance. 

Creation of a continent catheterizable appendicostomy or 
cecostomy through which antegrade enemas can be administered 
can sometimes benefit patients with paraplegia or those unable 
or unwilling to undergo colectomy. A retrospective study of 32 
patients who underwent this procedure and were followed for a 
median of 36 months (range, 13 to 140 months) reported satis- 
factory long-term results in about half of the patients. Revisions 
were frequently required.**? Such a procedure can decrease the 
time and medication needed for bowel care; most of the experi- 
ence is in children.” 


Operations for Defecatory Disorders 

The stapled transanal rectal resection (STARR) procedure 
has been used with some success, particularly for patients who 
also have a rectocele and intussusception.*’!*%> Puborectalis 
or internal anal sphincter muscle division is unsuccessful in 
patients with slow-transit constipation.*°* Procedures to cor- 
rect a rectocele should be considered only for patients who have 
evidence of retained contrast during defecating proctography 
or women in whom constipation is relieved with digital vaginal 
pressure. !*+ 


Full references for this chapter can be found on www.expertconsult.com. 
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The annual rate of hospitalization for any type of GI hemorrhage 
in the US is estimated to be 350 hospital admissions/100,000 
population, with more than 1,000,000 hospitalizations each year.! 
Approximately 50% of admissions for GI bleeding are for UGI 
bleeding (from the esophagus, stomach, and duodenum), 40% are 
for LGI bleeding (from the colon and anorectum), and 10% are 
for obscure bleeding (from the small intestine). 

Severe GI bleeding is defined as documented GI bleeding 
(hematemesis, melena, hematochezia, or positive NG lavage) 
accompanied by shock or orthostatic hypotension, a decrease in 
the hematocrit value by at least 6% (or a decrease in the hemo- 
globin level of at least 2 g/dL), or transfusion of at least 2 units 
of packed red blood cells (RBCs). Most patients with severe GI 
bleeding are admitted to the hospital for resuscitation and treat- 
ment. Overt bleeding implies visible signs of blood loss from the 
GI tract. Hematemesis is defined as vomiting of blood, which is 
indicative of bleeding from the nasopharynx, esophagus, stom- 
ach, or duodenum. Hematemesis includes vomiting of bright red 
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blood, which suggests recent or ongoing bleeding, and dark mate- 
rial (coffee-ground emesis), which suggests bleeding that stopped 
some time ago. Melena is defined as black tarry stool and results 
from degradation of blood to hematin or other hemochromes by 
intestinal bacteria. Melena can signify bleeding that originates 
from a UGI, small bowel, or proximal colonic source and gen- 
erally occurs when 50 to 100 mL or more of blood is delivered 
into the GI tract (usually the upper tract), with passage of charac- 
teristic stool occurring several hours after the bleeding event.’ 
Hematochezia refers to bright red blood per rectum and suggests 
colonic or anorectal bleeding or active UGI or small bowel bleed- 
ing. Occult GI bleeding refers to subacute bleeding that is not clini- 
cally visible. Obscure GI bleeding is bleeding from a site that is not 
apparent after routine endoscopic evaluation with EGD (upper 
endoscopy), and colonoscopy, and possibly push enteroscopy. An 
algorithm for the initial management of severe acute UGI bleed- 
ing is shown in Fig. 20.1. 


INITIAL ASSESSMENT AND MANAGEMENT OF ACUTE 
GASTROINTESTINAL BLEEDING 


History 


Initial assessment of the patient with acute GI bleeding includes 
taking a medical history, obtaining vital signs, performing a phys- 
ical examination, including a rectal examination, and NG lavage. 
Patients should be questioned about risk factors such as medica- 
tion that may cause ulcers or bleeding, prior GI surgeries, and 
historical features that help identify diagnostic possibilities for 
the bleeding source (Table 20.1). 


Physical Examination 


On initial evaluation, physical examination should focus on the 
patient’s vital signs, with attention to signs of hypovolemia such 
as hypotension, tachycardia, and orthostasis. The abdomen should 
be examined for surgical scars, tenderness, and masses. Signs of 
chronic liver disease include spider telangiectasias, palmar ery- 
thema, gynecomastia, ascites, splenomegaly, caput medusae, and 
Dupuytren contracture. The skin, lips, and buccal mucosa should 
be examined for telangiectasias, which are suggestive of HHT, or 
Osler-Weber-Rendu disease. Subungual telangiectasias and char- 
acteristic changes of the skin of the fingers may indicate sclero- 
derma (systemic sclerosis), which is associated with GAVE or UGI 
telangiectasias. Pigmented lip lesions may suggest Peutz-Jeghers 
syndrome. Purpuric skin lesions may suggest Henoch-Schénlein 
purpura. Acanthosis nigricans may suggest underlying malig- 
nancy, especially gastric cancer. The patient’s feces should be 
observed to identify melena or maroon and red stool; however, the 
subjective description of stool color varies greatly among patients 
and physicians.* 

NG or orogastric tube placement to aspirate and visually char- 
acterize gastric contents can be useful for determining the pres- 
ence or absence of large amounts of red blood, coffee-ground 
material, or nonbloody fluid; it is particularly useful in patients 
with melena in the absence of hematemesis. Occult blood testing 
of an NG tube aspirate is not useful, however, because trauma 
from the NG tube may induce sufficient, although scant, bleeding 
to cause a false-positive result. Patients who have coffee-ground 
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Severe UGI bleeding 


History and physical examination 


— Hematochezia, , 
Admission to syncope, shock, Type and crossmatch, CBC, chemistry panel, 
ICU liver biochemical tests, coagulation tests. 


comorbidities, : aes 
Transfusions as indicated 


Hemodynamic resuscitation (ongoing) Admission to standard 
hospital bed 
Gastroenterology consultation 


Octreotide (bolus and High-dose PPI therapy 


infusion) if chronic liver if peptic ulcer suspected 
disease suspected or 
confirmed 


Stable vital signs and 


laboratory values; no 
active bleeding 


onset of bleeding in 
hospital 


Hypotension, vomiting red Stable vital signs with melena or 
blood, or hematochezia; coffee-ground emesis 


place NG tube 


Urgent EGD (after hemodynamic EGD (or push 


stabilization and IV prokinetic agent) enteroscopy) within 24 hours of 
within 6-12 hours of presentation presentation 


Specific endoscopic treatment (see Fig. 20.2) 


Fig. 20.1 Algorithm for the initial management of severe UGI bleeding. Some steps may take place simultane- 
ously or in varying order and in the emergency department, depending on the clinical situation. 


TABLE 20.1 Suspected Source of GI Bleeding as Suggested by a Patient’s History 


Suspected Source of Bleeding History 


Nasopharynx History of nasopharyngeal radiation 
Prior nasopharyngeal malignancy 
Recurrent epistaxis 


Lungs Hemoptysis 
Esophageal ulceration GERD 
Heartburn 
Heavy alcohol use 
Odynophagia 
Pill ingestion 
Traumatic NG tube placement 
Esophageal cancer Dysphagia 
History of Barrett esophagus 
Weight loss 
Mallory-Weiss tear Alcohol binge 
Vomiting 
Cameron lesions Large hiatal hernia 
Esophageal or gastric varices or Chronic liver disease 
portal hypertensive gastropathy Cirrhosis 
Morbid obesity 
Gastric angiodysplasia Aortic stenosis 


Chronic kidney disease 
Systemic sclerosis 
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TABLE 20.1 Suspected Source of GI Bleeding as Suggested by a Patient’s History—cont’d 


Suspected Source of Bleeding 
Peptic ulcer 


Gastric cancer 


Primary aortoenteric fistula 
Secondary aortoenteric fistula 
Ampulla of Vater 

Bile ducts 

Pancreatic ducts 


Small intestinal malignancy 


Meckel diverticulum 


Small intestinal or colonic ulcerations 


Small intestinal telangiectasias 


Small intestinal angiodysplasia 


Colonic diverticulosis 


Colonic neoplasia 


Ischemic colitis 


UC 


Crohn disease 


Anal fissure 


Hemorrhoids 


Postpolypectomy ulcer 


Colonic or small intestinal angioectasias 


Anastomotic ulceration 


Radiation enteritis or proctitis 


History 


Hp infection 

Epigastric discomfort 

Frequent aspirin or other NSAID use 
History of PUD 


Early satiety 
Weight loss 


Prior severe acute unexplained bleeding and abdominal aortic aneurysm without surgery 
Prior surgical repair of an abdominal aortic aneurysm with synthetic graft 

Recent endoscopic sphincterotomy 

Recent liver biopsy, cholangiography, or TIPS 


Pancreatitis 
Pseudocyst 
Recent pancreatography 


Hereditary nonpolyposis colorectal cancer 
History of intra-abdominal metastatic cancer 
Intermittent SBO 

Recurrent unexplained GI bleeding 

Weight loss 


Unexplained GI bleeding in patient <40 yr of age 


IBD 
Use of aspirin or other NSAID 


Frequent nosebleeds 
HHT (Osler-Weber-Rendu disease) 


Age >60 yr 
Chronic GI blood loss 
Iron deficiency anemia 


Hematochezia without abdominal pain 
History of diverticulosis 


Change in bowel habits 

Chronic bleeding 

Personal or family history of colon neoplasia 
Weight loss 


Cardiovascular disease 
Hematochezia with or without abdominal pain 


Bloody diarrhea 
Family history of IBD 
History of UC 


Chronic abdominal discomfort 
Family history of IBD 
History of Crohn disease 


Hematochezia with anal pain 
Severe constipation 


Dripping blood with bowel movements 
Hematochezia with otherwise normal bowel movements 


Recent colonoscopy with polypectomy 

Use of anticoagulants or antiplatelet drugs 
Age >70 yr 

Cardiovascular disease 

Chronic LGI bleeding/iron deficiency anemia 
Recurrent bleeding of variable severity 


Prior intestinal surgical anastomosis 


History of abdominal radiation therapy 


emesis or fresh bloody emesis that is witnessed do not require 
placement of an NG tube for diagnostic purposes but may need 
an NG tube to help clear the gastric blood for better endoscopic 
visualization and to minimize the risk of aspiration. 


Laboratory Studies 


Blood from the patient with acute GI bleeding should be sent 
for standard hematology, chemistry, liver biochemical, and 


coagulation studies and for typing and crossmatching for packed 
RBCs. The hematocrit or hemoglobin values immediately after 
the onset of bleeding may not reflect blood loss accurately, 
because it takes more than 24 to 72 hours for the vascular space 
to equilibrate with extravascular fluid and hemodilution results 
from IV administration of saline. A mean corpuscular volume 
(MCV) lower than 80 fL suggests chronic GI blood loss and iron 
deficiency, which can be confirmed by the finding of low blood 
iron, high total iron-binding capacity (TIBC), and low ferritin 


levels. A low MCV and negative fecal occult blood test (FOBT) 
result raise the possibility of celiac disease. A high MCV (+100 fL) 
suggests chronic liver disease or folate or vitamin B,) deficiency. 
An elevated WBC count may occur in more than half of patients 
with UGI bleeding and has been associated with greater severity 
of bleeding.° A low platelet count can contribute to the severity 
of bleeding and suggests chronic liver disease or a hematologic 
disorder. In patients with UGI bleeding, the blood urea nitrogen 
level typically increases to a greater extent than the serum creati- 
nine level because of increased intestinal absorption of urea after 
the breakdown of blood proteins by intestinal bacteria.’ The pro- 
thrombin time (PT) and INR assess whether a patient has impair- 
ment of the extrinsic coagulation pathway. Values can be elevated 
in chronic liver disease or with warfarin. 


Clinical Determination of the Bleeding Site 


Presentation with hematemesis, coffee-ground emesis, or NG 
lavage with return of a large amount of blood or coffee-ground 
emesis indicates a UGI source of bleeding. A small amount of 
coffee-ground material or pink-tinged fluid that clears easily may 
represent mucosal trauma from the NG tube rather than active 
bleeding from a UGI source. A clear (nonbloody) NG aspirate 
does not necessarily indicate a more distal GI source bleeding, 
because at least 16% of patients with actively bleeding UGI 
lesions have a clear NG aspirate.* The presence of bile in the NG 
aspirate makes acute UGI bleeding unlikely but can be seen with 
an intermittently bleeding UGI source. 

Melena generally indicates a UGI source but can be seen with 
small intestinal or proximal colonic bleeding. Hematochezia gen- 
erally implies a colonic or anorectal source of bleeding unless the 
patient is hypotensive, which could indicate a severe, brisk UGI 
bleed with rapid transit of blood through the GI tract.*? Maroon- 
colored stool can be seen with an actively bleeding UGI source or 
a small intestinal or proximal colonic source. 


Hospitalization 


Patients with severe GI bleeding require hospitalization, whereas 
those who present with only mild acute bleeding (self-limited 
hematochezia or infrequent melena) and who are hemody- 
namically stable (not suspected to be volume depleted), have 
normal blood test results, and can be relied on to return to the 
hospital if symptoms recur, may be candidates for semiurgent 
outpatient endoscopy rather than direct admission to the hos- 
pital.!°.!! Patients should be hospitalized in an ICU if they have 
large amounts of red blood in the NG tube or per rectum, have 
unstable vital signs, or have had severe acute blood loss that may 
exacerbate other underlying medical conditions. Patients who 
have had an acute GI bleed but are hemodynamically stable 
can be admitted to a monitored bed (step-down unit) or stan- 
dard hospital bed, depending on their clinical condition. Urgent 
endoscopy performed in the emergency department in patients 
with a suspected UGI bleed can help determine optimal hospital 
placement. 113 


Resuscitation 


Resuscitation efforts should be initiated at the same time as initial 
assessment in the emergency department and continue during the 
patient’s hospitalization. At least 1 large-bore (14- or 16-gauge) 
catheter should be placed intravenously, and 2 should be placed 
when the patient has ongoing bleeding. Normal saline is infused 
as fast as needed to keep the patient’s systolic blood pressure 
higher than 100 mm Hg and pulse lower than 100/min. Patients 
should be transfused with packed RBCs, platelets, and fresh fro- 
zen plasma as necessary to keep the hemoglobin level greater 
than 7 g/dL, platelet count higher than 50,000/mm‘, and PT less 
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than 15 seconds, respectively. In a large study from Barcelona, 
patients with severe UGI bleeding were randomized to receive 
transfusions either when the hemoglobin level was less than 7 g/ 
dL or when the hemoglobin level was less than 9 g/dL.'* The 
former (“restrictive”) transfusion strategy was associated with a 
higher survival rate and lower rebleeding rate in patients with 
bleeding owing to peptic ulcer and in those with Child-Pugh class 
A or B cirrhosis but a lower survival rate and higher rebleeding 
rate in those with Child-Pugh class C cirrhosis (see Chapter 92). 
Decisions about the timing of transfusion need to be individual- 
ized based on a patient’s clinical status and comorbidities and the 
rapidity of blood loss. 

An endoscopist should be consulted as soon as possible to 
expedite the patient’s assessment and determine the optimal tim- 
ing of endoscopy. In hospitals with an LT program, the trans- 
plantation hepatology service should also be notified if the patient 
is known to have cirrhosis and is a potential transplant candidate 
(see Chapter 97). 

The patient’s vital signs should be monitored frequently, as 
appropriate to the level of hospitalization. Laboratory-deter- 
mined hematocrit and hemoglobin values (not fingerstick hema- 
tocrit values, which are less reliable) should be obtained every 4 
to 8 hours until the hematocrit and hemoglobin values are stable. 
In patients with active bleeding, an indwelling urinary catheter 
should be placed to monitor the patient’s urine output. 

Endotracheal intubation should be considered in patients with 
active ongoing hematemesis or with altered mental status to pre- 
vent aspiration pneumonia. Patients who are older than 60 years 
of age, have chest pain, or have a history of cardiac disease should 
be evaluated for myocardial infarction with electrocardiography 
and serial troponin measurements. A chest x-ray should also be 
considered. 


Initial Medical Therapy 


Administration of a PPI is useful for reducing rebleeding rates in 
patients with PUD (see later). Starting a PPI in the emergency 
department or ICU before endoscopy is performed in patients 
with severe UGI bleeding has become a common practice but 
is still controversial.!° Several clinical studies and meta-analyses 
have shown that infusion of a PPI in a high dose before endos- 
copy accelerates the resolution of endoscopic stigmata of recent 
hemorrhage (SRH) in ulcers (see later) and reduces the need for 
endoscopic therapy but does not result in improvement in clinical 
major outcomes.!°-!? Patients with a strong suspicion of portal 
hypertension and variceal bleeding should be started empiri- 
cally on IV octreotide (bolus followed by infusion [see later and 
Chapter 92]), which can reduce the risk of rebleeding to a rate 
similar to that following endoscopic therapy (Fig. 20.2; also see 
Fig. 20.1).202! 


Endoscopy 


GI endoscopy will identify the bleeding site and permit thera- 
peutic hemostasis in most patients with GI bleeding.*? There 
is a controversy about the timing of endoscopy for patients 
with severe UGI bleeding. The consensus is that for patients 
with severe comorbidities (such as American Society of 
Anesthesiologists Physical Status class 3 to 4) (see Chapter 42), 
the optimal period for performing EGD associated with the least 
mortality is after the patient has been hemodynamically resus- 
citated but within 12 to 20 hours of presentation. Emergency 
endoscopy before or after this interval is associated with higher 
mortality rates. For hemodynamically stable patients with less 
severe comorbidity (American Society of Anesthesiologists class 
1 to 2), EGD within 24 hours is associated with lower mortal- 
ity. Endoscopy should be done only when it is safe to do so 
and when the information obtained from the procedure will 
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Symptoms, Signs, and Biopsychosocial Issues 


Major stigmata (active bleeding, 
NBVV, or clot) 


Combination endoscopic hemostasis 
(e.g., epinephrine injection, 
multipolar electrocoagulation) 


Oral PPI twice daily 


High-dose PPI (IV bolus plus 
infusion for 72 hr), followed by 
oral PPI 


Severe hematochezia 


History, physical examination, 
NG tube 


Oral or NG-tube colonic purge 


Anoscopy 
Colonoscopy (or flexible sigmoidoscopy) 


Source identified (see Fig. 20.4) 


Hemoclip or thermal hemostasis 


Flat pigmented spot 

or clean-based ulcer 

Oral PPI and early 
discharge 


Fig. 20.2 Algorithm for the endoscopic 
and medical management of severe 
peptic ulcer hemorrhage following 
hemodynamic stabilization. NBVV, 
nonbleeding visible vessel. 


Ongoing hemodynamic resuscitation 


Consult gastroenterologist + surgeon 


No source identified 


Source identified: Treat appropriately 
(see Figs. 20.1 and 20.2) 


Source identified: 
Arteriographic embolization or surgery 


or surgery 


influence patient care. Ideally, the patient should be hemody- 
namically stable, with a heart rate of less than 100/min and a 
systolic blood pressure higher than 100 mm Hg. Respiratory 
insufficiency, altered mental status, or ongoing hematemesis 
indicates the need for endotracheal intubation before emer- 
gency EGD to stabilize the patient and protect the airway. 
Proper medical resuscitation will not only allow safer endoscopy 
but also ensure a better diagnostic examination for lesions, such 
as varices, that are volume dependent, and it will allow more 
effective hemostasis because of the correction of coagulopathy 
(Figs. 20.3 and 20.4; also see Figs. 20.1 and 20.2). 

Patients with active hemorrhage (i.e., a high-volume bloody 
NG lavage or ongoing hematochezia) should undergo emer- 
gency EGD soon after medical resuscitation. In general, emer- 
gency endoscopy is best performed once the patient has reached 
an ICU bed, rather than in the emergency department, because 
resources (personnel, medications, and space) are more readily 
available in the ICU. Patients suspected of having cirrhosis or 


EGD or push enteroscopy 


No source identified: 
Consider repeat endoscopic studies, 
capsule endoscopy, deep enteroscopy”, 


No source identified: 
RBC scintigraphy 
Angiography 


Fig 20.3 Algorithm for the management of severe he- 
matochezia. RBC, Red blood cell. “Deep enteroscopy 
includes double-balloon enteroscopy, single-balloon 
enteroscopy, and spiral enteroscopy. 


an aortoenteric fistula, or who rebleed in the hospital, should 
undergo emergent endoscopy as soon as they are hemodynami- 
cally resuscitated. Patients who are hemodynamically stable 
without evidence of ongoing bleeding can undergo urgent 
endoscopy (within 24 hours), often in the GI endoscopy unit 
rather than the ICU. Middle-of-the-night endoscopy should 
be avoided, except for the most severely bleeding or high-risk 
patients, because well-trained endoscopy nurses, optimal endo- 
scopic equipment, and angiographic backup may not be available 
at night. In the rare patient with massive bleeding and refrac- 
tory hypotension, endoscopy can be performed in the operating 
room, with the immediate availability of surgical management, 
if necessary. 

In patients with severe UGI bleeding, lavage with a large (34 
Fr) orogastric tube may help evacuate blood and clots from the 
stomach to prevent aspiration and allow adequate endoscopic 
visualization (see also Chapter 42). Special lavage systems can help 
remove blood rapidly. IV administration of a gastric prokinetic 


History of cirrhosis, ulcers, 
melena, or hematemesis 


EGD and/or 
push enteroscopy 


No source 
identifed 


Source 
identified: 
Treat 


Fig. 20.4 Algorithm for the 
management of severe hema- 
tochezia modified according to 
patient’s history. RBC, Red blood 
cell. “Deep enteroscopy includes 
double-balloon enteroscopy, 
single-balloon enteroscopy, and 
spiral enteroscopy. 


medication (e.g., erythromycin, metoclopramide) 30 to 90 min- 
utes before EGD to induce gastric contraction and propel blood 
from the stomach into the small intestine helps endoscopic visu- 
alization and decreases the need for repeat endoscopy but does 
not reduce the transfusion requirement, length of hospitalization, 
or need for surgery.’ Therapeutic single- or double-channel 
endoscopes with large-diameter suction channels should be used 
to allow rapid removal of fresh blood from the GI tract during 
endoscopy. Additionally, a water pump is useful for irrigating tar- 
get lesions through an accessory channel and for diluting blood 
to allow suctioning, thereby facilitating visualization. Iced saline 
lavage is of no value in the management of UGI bleeding and may 
impair coagulation and cause hypothermia. NG lavage with luke- 
warm tap water is as safe as lavage with sterile saline and much 
less expensive. A clear plastic cap placed on the tip of the endo- 
scope can help to visualize bleeding sites behind mucosal folds, 
deploy endoscopic clips by modifying the angle of endoscopic 
approach (see later), avoid mucosal “white-out” at corners, and 
remove blood clots.*° 

In patients with severe hematochezia and suspected active 
colonic bleeding, urgent colonoscopy can be undertaken after 
a rapid purge (see Chapter 42, and Figs. 20.3 and 20.4).2778 
Patients should receive 6 to 8 L of polyethylene glycol (PEG) 
purge orally or via an NG tube over 4 to 6 hours until the rectal 
effluent is clear of stool, blood, and clots. Additional PEG purge 
may be required in some patients, particularly those with active 
bleeding, severe constipation, or the onset of hematochezia in 
the hospital. Metoclopramide, 10 mg given intravenously before 
the purge and repeated every 4 to 6 hours, may facilitate gastric 
emptying and reduce nausea. In patients with severe or ongoing 


Source identified: 


Source identified: 
Treat 
Source identified: Treat 
(may require deep enteroscopy*) 
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Severe hematochezia 


Ongoing hemodynamic resuscitation 


History, physical examination, 
NG tube 


History of hemorrhoids, 
pelvic or abdominal 
radiation, colitis, diarrhea 


Anoscopy and flexible sigmoidoscopy 
No source identified 


Colonic purge and urgent 
colonoscopy 


No identifiable risk factors, 
painless hematochezia 


Treat 


No source identified: 
Push enteroscopy 


Source identified: Treat 


No source identified: 
Capsule endoscopy or RBC scintigraphy 
or angiography 


No source identified: 
Deep enteroscopy* or surgery 


active hematochezia, urgent colonoscopy should be performed 
within 12 to 14 hours, but only after thorough cleansing of the 
colon. Patients with mild or moderate self-limited hematochezia 
should undergo colonoscopy within 24 hours of admission after a 
colonic purge. Patients with maroon stool in whom there is pre- 
test uncertainty about the bleeding source should be considered 
for an urgent PEG preparation as well. Colonoscopy immedi- 
ately after push enteroscopy (see later) while the patient is still 
sedated will expedite a patient’s care if push enteroscopy does not 
provide a diagnosis (Fig. 20.5). 

Wireless video capsule endoscopy (see later) is useful in 
patients with overt GI bleeding who have normal push enteros- 
copy and colonoscopy results and in whom a small bowel source 
of bleeding is suspected.*? Capsule endoscopy has the advantage 
of directly visualizing the small intestine to identify potential 
sources or active bleeding. Disadvantages are that the procedure 
takes 8 hours to complete and additional time to download and 
review the images, does not permit therapeutic hemostasis, and 
may be difficult to perform in inpatients because of limited avail- 
ability of staff trained to place the capsule during off hours. A 
follow-up endoscopic procedure, such as single- or double-bal- 
loon enteroscopy or retrograde ileoscopy, may be indicated for 
definitive diagnosis and treatment if a focal bleeding site is found 
on capsule endoscopy. 

Complications related to emergency endoscopy and endo- 
scopic hemostasis may occur in up to 1% of patients, depend- 
ing on the type of endoscopy and treatment performed.*?! The 
most common complications include aspiration pneumonia, 
induced hemorrhage, an adverse medication reaction, hypoten- 
sion, hypoxia, and GI tract perforation (see Chapter 42). 
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Severe obscure overt GI bleeding 


Urgent colonoscopy 

after colonic purge 

Source identified: No source 
Treat identified 


EGD and/or 
push enteroscopy 


Source identified: 
Treat 


Source identified: 
Treat 


Source identified 


In proximal 
small intestine 


Deep 
enteroscopy* 


In distal 
small intestine 


Retrograde ileoscopy 


Endoscopic Hemostasis 


Thermal contact probes have been the mainstay of endoscopic 
hemostasis since the 1970s. These probes come in diameters of 
7 and 10 Fr and in lengths that can fit through panendoscopes, 
enteroscopes, or colonoscopes. Contact probes can physically 
tamponade a blood vessel to stop bleeding and interrupt underly- 
ing blood flow; thermal energy is then applied to seal the under- 
lying vessel (coaptive coagulation). The most commonly used 
probe is a multipolar electrocoagulation (MPEC) probe, also 
referred to as a bipolar electrocoagulation probe, with which 
heat is created by current flowing between intertwined electrodes 
on the tip of the probe. In animal studies, optimal coagulation 
has been shown to occur with low-power settings (12 to 16 W) 
applied for a moderate amount of time (8 to 10 seconds) with 
moderate pressure on the bleeding site.*” Heater probes provide 
a predetermined amount of joules of energy, which does not vary 
with tissue resistance and can effectively coagulate arteries up 
to 2 mm in diameter, a diameter considerably larger than most 
secondary or tertiary branches of arteries (usually 1 mm) found 
in resected bleeding human peptic ulcers.***+ The main risk of 
using a thermal probe is perforation with excessive application of 
coagulation or pressure, especially in acute or nonfibrotic lesions. 
Thermal probes can also cause a coagulation injury that can make 
lesions larger and deeper and may induce delayed bleeding in 
patients with a coagulopathy. Argon plasma coagulation is a non- 
contact thermal therapy (see later). 

Injection therapy is most commonly performed with a sclero- 
therapy needle and submucosal injection of epinephrine, diluted 
to a concentration of 1:10,000 or 1:20,000, into or around the 
bleeding site or stigma of hemorrhage (see later). The advan- 
tages of this technique are its wide availability, relatively low 
cost, and safety in patients with a coagulopathy, and lower risk of 


Source identified: 


(via deep Treat or laparotomy 
enteroscopy* or and intraoperative 
colonoscopy) enteroscopy 


No source identified: 
Colonoscopy with 
examination of terminal 


ileum 
No source identified: 
Capsule endoscopy 
No source identified: 
Deep endoscopy” 


Fig. 20.5 Algorithm for the management 
of severe obscure overt Gl bleeding. 
“Deep enteroscopy includes double- 
balloon enteroscopy, single-balloon 
enteroscopy, and spiral enteroscopy. 


No 
source identified: 
Supportive care 


perforation (and absence of thermal burn damage) than thermal 
techniques. Epinephrine injection is not as effective, however, 
for definitive hemostasis as thermal coagulation, hemostatic clip 
placement (hemoclipping [see later]), or combination therapy.*?*° 
Injection therapy can also be performed with a sclerosant, such 
as ethanolamine or alcohol, but these agents are associated with 
increased tissue damage and other risks. 

Endoscopic hemoclips (or clips) have been available since 
1974, and have become popular following technical improve- 
ments.?” Hemoclips serve to apply mechanical pressure to a 
bleeding site. The first-generation endoscopic hemoclips could 
not stop bleeding in vessels larger than a diameter of 1 mm,** 
but subsequent hemoclips have been larger and stronger and have 
had a grasp-and-release mechanism that improves endoscopic 
deployment and hemostasis. Hemoclips are especially useful for 
patients with malnutrition or coagulopathy’? but can also be dif- 
ficult to deploy depending on the location of the bleeding site, 
the degree of fibrosis of the underlying lesion, and limitations to 
endoscopic access. Newer, large, over-the-endoscope hemoclips 
grasp more tissue, adhere to fibrotic ulcers better, and can con- 
trol severe ulcer bleeding better than standard ulcer hemostatic 
techniques.*° 

With band ligation, mucosal (with or without submucosal) tis- 
sue is suctioned into a cap placed on the end of the endoscope, 
and a rubber band is rolled off the cap and over the lesion to com- 
press its base. This technique is widely used for the treatment of 
esophageal varices (see Chapter 92) and can occasionally be used 
for other bleeding lesions. It is relatively easy to perform, but suf- 
ficient mucosa must be suctioned into the cap for ligation to be 
successful. Depending on the manufacturer, some band ligation 
devices can only fit on diagnostic endoscopes, and switching from 
a larger therapeutic endoscope to a smaller diagnostic endoscope 
is necessary. 


Hemostatic spray is a inorganic powder with clotting abilities 
that can create a mechanical barrier that adheres to and covers a 
bleeding site.t!-“* The technique can be used for temporary con- 
trol of bleeding from peptic ulcers, tumors, and diffusely bleeding 
lesions; however, for patients with severe nonvariceal bleeding 
(such as from ulcers or Dieulafoy lesions [see later]) or varices 
(esophageal or gastric), subsequent definitive hemostasis is usu- 
ally required with repeat endoscopy, angiography, or surgery. 


Imaging 


Angiography may be used to diagnose and treat severe bleeding, 
especially when the cause cannot be determined by upper and 
lower endoscopy. Angiography is generally diagnostic of extrav- 
asation into the intestinal lumen only when the arterial bleeding 
rate is at least 0.5 mL/min.* The sensitivity of mesenteric angi- 
ography is 30% to 50% (with higher sensitivity rates for active 
GI bleeding than for recurrent acute or chronic occult bleeding), 
and the specificity is 100%.*° Angiography permits therapeutic 
intra-arterial infusion of vasopressin or transcatheter emboliza- 
tion for hemostasis if active bleeding is detected, without the 
need for bowel cleansing. The rate of major complications, 
including hematoma formation, femoral artery thrombosis, 
contrast dye reactions, acute kidney injury, intestinal ischemia, 
and transient ischemic attacks, is 3%.*’ Moreover, angiography 
does not usually identify the specific cause of bleeding, only its 
location. 

Radionuclide imaging is occasionally helpful for patients with 
unexplained GI bleeding, although it is used less frequently now 
than in the past because of the widespread use of endoscopy and 
lack of availability of nuclear medicine services for emergencies, 
particularly at night and on weekends. Radionuclide imaging can 
be performed relatively quickly and may help localize the gen- 
eral area of bleeding and thereby guide subsequent endoscopy, 
angiography, or surgery. The technique involves IV injection 
of a radiolabeled substance into the patient’s bloodstream, fol- 
lowed by serial scintigraphy to detect focal collections of radiola- 
beled material. Radionuclide imaging has been reported to detect 
bleeding at a rate of 0.04 mL/min.*® RBCs are generally labeled 
with technetium pertechnetate because they remain in the cir- 
culation for up to 24 hours so that scanning can be repeated in 
patients with either active or intermittent GI bleeding.*” 

The overall rate of a tagged RBC scan for the diagnosis of 
hematochezia is low (<30%), and up to 25% of scans suggest a 
site of bleeding that proves to be incorrect.’ The rate of true- 
positive scans is higher when bleeding is active and associated 
with hemodynamic instability than when bleeding is less severe.’ 
The most common reason for a false-positive result is the rapid 
transit of luminal blood, so that labeled blood is detected in the 
colon even though it originated from a more proximal site in the 
GI tract. Caution is recommended in using the results of delayed 
scans to localize and target lesions for surgical resection.°* 

Technetium pertechnetate scintigraphy can identify ectopic 
gastric mucosa in a Meckel diverticulum. This diagnosis should 
be considered in a pediatric or young adult patient with unex- 
plained GI bleeding. The positive predictive value, negative pre- 
dictive value, and overall accuracy of a so-called Meckel scan have 
been reported to be higher than 90% in young patients.°>*° In 
patients older than 25 years of age, however, Meckel scans are 
much less sensitive (<50%).°’ 

In patients with a prior abdominal aortic aneurysm repair and 
graft, CT with IV contrast can identify inflammation between 
the graft and duodenum and suggest graft fistulization into the 
duodenum.** In selected patients, abdominal CT can also identify 
a mass lesion, such as an intra-abdominal tumor, or small bowel 
abnormalities that may suggest a cause of bleeding. Advances in 
CT and MRI technology have permitted CT and MRI enterog- 
raphy and angiography, with promising results.°?° 
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Surgery 


In selected patients with severe, ongoing GI bleeding in whom a 
diagnosis is not made by urgent endoscopy or colonoscopy, sur- 
gical consultation is recommended. Patients who have massive 
hemorrhage and cannot be stabilized hemodynamically should 
undergo emergency angiography or urgent surgical exploration 
(either without prior endoscopy or with emergency endoscopy 
performed in the operating room [see later]). Patients with bleed- 
ing that cannot be controlled with endoscopy or angiography and 
those with severe recurrent obscure GI bleeding may also benefit 
from surgery with intraoperative enteroscopy (see later). 


UPPER GASTROINTESTINAL BLEEDING 
Epidemiology 


Of the potential causes of severe UGI bleeding, peptic ulcer is 
the most common, accounting for approximately 40% of cases 
(Table 20.2).616? Despite advances in medical therapy, ICU care, 
endoscopy, and surgery, the mortality rate of 5% to 10% for 
severe UGI bleeding has not changed since the 1970s,!6!-6° in 
part because of an increase in the proportion of older patients 
with GI bleeding who die of severe comorbid conditions rather 
than exsanguination, and an increase in the number of patients 
with cirrhosis and variceal bleeding. 

Bleeding is self-limited in 80% of patients with UGI hem- 
orrhage, even without specific therapy.%:°° Of the remaining 
20% who continue to bleed or rebleed, the mortality rate is 
30% to 40%.8 Patients at high risk for continuous bleeding or 
for rebleeding potentially benefit the most from acute medical, 
endoscopic, angiographic or surgical therapy. 


Risk Factors and Risk Stratification 


Scoring tools have been developed to try to identify patients 
with nonvariceal UGI bleeding at greatest risk for mortality and 
rebleeding and to triage patients to a higher level of hospital care or 
more urgent endoscopy. Pre-endoscopy scoring systems for non- 
variceal bleeding include the Blatchford Score, the Clinical Rockall 
Score, an artificial neural network score, and the AIMS65 score. 
The Blatchford Score uses pre-endoscopy variables, including 


TABLE 20.2 Causes of Severe UGI Bleeding in the UCLA CURE 
Database (Nn = 968) 


Cause Frequency (%) 
Peptic ulcer 30.2 
Esophageal or gastric varix 21.9 
Portal hypertension-related lesion* 4.6 
Esophagitis 4.6 
Angioectasiat 4.0 
Mallory-Weiss tear 4.0 
Dieulafoy lesion 82 
UGI tract neoplasm Sal 
Epistaxis 22 
Erosions 12 
Other 8.8 
No cause found 7.3 


*Other than an esophageal or gastric varix 

tAngioectasia and telangiectasia 

CURE, Center for Ulcer Research and Education; UCLA, University of 
California, Los Angeles. 
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blood pressure, blood urea nitrogen level, hemoglobin level, heart 
rate, syncope, melena, liver disease, and heart failure, to assess a 
patient’s risk for needing clinical interventions to control bleed- 
ing (e.g., blood transfusions, endoscopic therapy, surgery).°’ The 
Clinical Rockall Score is based on the patient’s age, shock, and 
coexisting illnesses.°* The artificial neural network instrument uses 
21 clinical variables to help predict the presence of SRH at endos- 
copy (see later) and the need for endoscopic therapy.°’ AIMS65 is 
an aggregate score of 5 pre-endoscopy variables (serum albumin 
<3.0 g/dL, INR >1.5, altered mental status, systolic blood pres- 
sure <90 mm Hg, and age >65); an AIMS65 score less than 2 is 
associated with a lower risk of mortality, length of stay, and cost of 
hospitalization than a score of 2 or more.’? 

The most commonly used postendoscopy scoring system is 
the Complete Rockall Score (Table 20.3).°° The Complete Rock- 
all Score includes the Clinical Rockall Score (pre-endoscopy 
variables—patient age, shock, and coexisting illnesses) and endo- 
scopic findings, including endoscopic SRH (see later). The Rock- 
all Score after endoscopic therapy correlates well with mortality 
but not as well with the risk of rebleeding.” The Rockall risk 
stratification schemes can also be used to identify patients at low 
risk for poor outcomes (i.e., Rockall Scores of 0 to 2) who should 
be considered for early discharge from the hospital.’* 

Other scoring systems to predict outcomes from UGI bleed- 
ing after endoscopy include the Baylor Scoring System and the 
Cedars-Sinai Bleeding Index.’°-’* In general, all of these scoring 
systems are better at determining mortality than rebleeding.’”” 


Upper Endoscopic Technique 


A therapeutic endoscope facilitates aspiration of blood and the use 
of large accessories. Target jet water irrigation with a foot pump 
through a separate small channel should be available. Patients 
should be hemodynamically resuscitated medically prior to EGD 
(see earlier), and, if active bleeding is severe, consideration should 


TABLE 20.3 Rockall Scoring System for UGI Bleeding 


be given to prophylactic endotracheal intubation to minimize the 
risk of airway aspiration. 

Once the endoscope is inserted, the first thing to look for is 
blood in the GI tract lumen. Examining all the nonbloody mucosa 
quickly is often best to document that these areas are free of any 
lesions. Then, any liquid blood that can be aspirated should be 
removed. Aspiration of blood can be aided by water irrigation 
to dilute the blood. Other options to remove blood and clots are 
to use an endoscope with a very large (6 mm) suction channel 
or to use an accessory on a therapeutic endoscope that suctions 
directly through the suction port, bypassing the umbilical cord of 
the instrument. If large clots cannot be removed with suction, the 
patient can be turned onto his or her back or right side, provided 
that the patient is intubated to protect against aspiration. Raising 
the head of the bed can also help move a clot distally from the 
gastric fundus. Any visualized adherent fresh blood or clot should 
be followed to find its origin. If too much blood is present in the 
stomach to allow detection of a bleeding lesion, another dose (or 
an initial dose) of a prokinetic agent (e.g., erythromycin, meto- 
clopramide) should be considered, lavage should be repeated with 
a large orogastric tube, or the examination should be repeated in 
the next 24 hours if the patient has stabilized. If bleeding from the 
duodenum is suspected but not identified with a forward-viewing 
endoscope, a side-viewing duodenoscope should be used to exam- 
ine the duodenal wall and ampulla. 


Peptic Ulcer 


In the past, peptic ulcer, most commonly gastric or duodenal 
ulcer, accounted for 50% of UGI bleeds and approximately 
100,000 hospitalizations/year in the US.*°.8! Some data have 
suggested that the incidence of bleeding peptic ulcer decreased 
between 1993 and 2002, whereas the proportion of ulcers caused 
by NSAIDs increased.** Other data, however, found no change 
in overall rates of bleeding ulcers between 1990 and 2000, but 


Points 
Variable 0 1 2 3 
Age (yr) <60 60-79 280 = 
Pulse rate (beats/min) <100 2100 = = 
Systolic blood pressure (mm Hg) Normal 2100 <100 = 
Comorbidity None — Ischemic heart disease, Renal failure, 
cardiac failure, other hepatic failure, 
major illness metastatic cancer 
Diagnosis Mallory-Weiss tear or All other benign diagnoses Malignant lesion — 


no lesion observed 


Endoscopic stigmata of recent No stigmata or dark = 


Blood in UGI tract, — 


hemorrhage spot in ulcer base adherent clot, visible 
vessel, active bleeding 

Total Score Frequency (% of Total) Rebleeding Rate (%) Mortality Rate (%) 
0 4.9 49 (0) 

1 9.5 3.4 o 

2 iiA 53 0.2 

3 15.0 We 2.9 

4 17.9 14.1 33 

5 18:8 24.1 10.8 

6 10.6 32.9 Wes 

if 9.0 43.8 27.0 

28 6.4 41.8 411 


Modified from Rockall TA, Logan RF, Devlin HB, Northfield TC. Selection of patients for early discharge or outpatient care after acute upper gastrointestinal 
haemorrhage. National Audit of Acute Upper Gastrointestinal Haemorrhage. Lancet 1996; 347:1138-40. 


No diagnosis or 
>1 type of lesion 


No diagnosis 
or >1 type 
of lesion 


11% Other 
wea 


KS Pag 
Gastroesophageal 


Other varices 


1983-1992 2000-2008 

(n= 945) (n = 300) 
Fig. 20.6 Frequencies of major causes of severe UGI bleeding during 2 
time periods in patients seen at UCLA CURE. (All differences between 
the 2 time periods are statistically significant; P < 0.05.) Note that in the 
more recent period, the overall number of cases of severe UGI bleeding 
and the percentage of cases caused by peptic ulcer have declined. 
CURE, Center for Ulcer Research and Education; UCLA, University of 
California, Los Angeles 


BOX 20.1 Factors Predictive of a Poor Prognosis After 
Hemorrhage From Peptic Ulcer 


Age >60 years 

Bleeding onset in hospital 
Severe comorbid medical illness 
Shock or orthostatic hypotension 


Fresh blood in NG tube 

Coagulopathy 

Multiple transfusions required 

Higher lesser curve gastric ulcer (adjacent to left gastric artery) 
Posterior duodenal bulb ulcer (adjacent to gastroduodenal artery) 
Endoscopic finding of arterial bleeding or visible vessel 

Residual arterial blood flow after endoscopic treatment 


an increase in the rate in the subgroup of older patients taking 
NSAIDs (Fig. 20.6). The mortality rate associated with peptic 
ulcer bleeding is 5% to 10%.°!. The costs of hospitalization for 
peptic ulcer bleeding are estimated to be more than $2 billion per 
year in the US (see Chapter 53).*+ Clinical and endoscopic factors 
in patients with peptic ulcer bleeding associated with increased 
morbidity and mortality are shown in Box 20.1. 


Pathogenesis 


Peptic ulcers are most commonly caused by a decrease in mucosal 
defense mechanisms attributable to aspirin or other NSAIDs, Hp 
infection, or both (see Chapters 52 and 53).*°-°° In one large mul- 
ticenter study of patients with severe peptic ulcer bleeding, 57% 
of those with bleeding from a gastric ulcer (n = 2057) took aspirin 
or another NSAID, and 45% were infected with Hp, whereas 
53% of those with a bleeding duodenal ulcer (n = 2033) took 
aspirin or another NSAID, or both, and 50% were infected with 
Hp.*’ Of the patients with a bleeding peptic ulcer in this study, 
10% had no obvious cause for the ulcer (Hp-negative, no aspirin 
or other NSAID use, no cancer, no gastrinoma). 

The prevalence of Hp infection is more than 80% of the pop- 
ulation in many developing countries and 20% to 50% in indus- 
trialized countries.** Hp gastritis most commonly involves the 
antrum and predisposes patients to duodenal ulcers, whereas gas- 
tric body-predominant gastritis is associated with gastric ulcers. 
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The lifetime risk of peptic ulcer disease from Hp infection ranges 
from 3% in the US to 25% in Japan (see Chapter 52). 

NSAIDs are the most widely used medication in the USA, 
with 11% of the adult population using NSAIDs on a daily 
basis.® Many are bought over the counter and without a doctor’s 
prescription.’ NSAIDs, including aspirin, predominantly cause 
ulceration by inhibiting COX-mediated prostaglandin synthesis 
and thereby impairing mucosal protection, rather than by causing 
direct topical injury.*° Gastroduodenal ulcers are found at endos- 
copy in 15% to 45% of patients who take NSAIDs regularly.”°,”! 
Gastric ulcers are approximately 4 times as common as duodenal 
ulcers in patients who take NSAIDs.” In a large study of patients 
with UGI hemorrhage and NSAID-associated ulcers, however, 
gastric and duodenal ulcers occurred with equal frequencies (see 
Chapter 53).8” 


Histopathology 


In a landmark study by Swain and colleagues, the pathologic 
examination of 27 surgically resected bleeding gastric ulcers with 
endoscopically visible vessels revealed an underlying artery in 
96% of specimens.*? Approximately 50% of the vessels protruded 
above the surface of the ulcer, whereas the other 50% had an 
adherent clot in continuity with a breach in the artery wall. The 
bleeding arteries had a mean diameter of 0.7 mm, with a range of 
0.1 to 1.18 mm. 


Endoscopic Risk Stratification 


In the United Kingdom, Asia, and some other countries, the 
Forrest classification is used to categorize findings during endo- 
scopic evaluation of bleeding peptic ulcers as follows: active spurt- 
ing bleeding (Forrest IA), oozing of blood (Forrest IB), pigmented 
protuberance or nonbleeding visible vessel (NBVV [Forrest ITA]), 
adherent clot (Forrest IIB), flat pigmented spot (Forrest IIC), and 
clean-based ulcer (Forrest IN).” Descriptive terms are used in the 
USA and other countries. Overall interobserver agreement among 
experts for classifying these SRH to the Forrest classification is 
only fair to moderate, with poor agreement for NBVVs."*:?° 

Endoscopic SRH from an ulcer is shown in Fig. 20.7, and the 
risk of rebleeding associated with each stigma is shown in Fig. 
20.8. Patients at high risk of rebleeding without treatment are 
those with active arterial bleeding (90%), an NBVV (50%), or 
an adherent clot (33%).°°°’ These patients benefit from endo- 
scopic hemostasis (see later). An endoscopically identified NBVV 
that has a translucent (pearl or whitish) color has a higher risk 
of rebleeding than a darkly colored pigmented protuberance 
(clot), because the translucent stigma likely represents the arte- 
rial wall.°*.°? A multivariate analysis of predictors of persistent 
or recurrent bleeding in patients with nonvariceal UGI bleed- 
ing is shown in Table 20.4. Patients with major SRH (spurting, 
NBVV, or adherent clot) benefit most from endoscopic hemo- 
stasis, whereas those with a clean ulcer base do not. Patients with 
oozing bleeding or flat spots and no other stigma (e.g., a clot or 
NBVV) may benefit from endoscopic hemostasis but not from 
infusion of high-dose PPI (see later). 

The risk of rebleeding from a peptic ulcer decreases signifi- 
cantly 72 hours after the initial episode of bleeding. This conclu- 
sion is based on studies in which only active bleeding was treated 
endoscopically, all other stigmata were observed, and all patients 
were treated with an IV H2RA and cessation of aspirin and other 
NSAIDs.’*-! Natural history studies of untreated NBVVs have 
found that these lesions resolve over 4 days, and adherent clots 
tend to resolve over 2 days.!" 


Doppler Endoscopic Probe 
Portable Doppler endoscopic probes (DEP) can be passed through 
the working channel of an endoscope and applied to an ulcer to 
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Risk (%) 


Active Non- Adherent Oozing Flat Clean 
bleeding bleeding clot spot ulcer 
visible base 


vessel 


Fig. 20.8 Rebleeding rates without endoscopic therapy or administra- 
tion of a PPI in patients with ulcers demonstrating various stigmata of 
recent hemorrhage at UCLA CURE. 

CURE, Center for Ulcer Research and Education; UCLA, University of 
California, Los Angeles. 


determine if blood flow is present beneath a stigma in the ulcer 
base (Fig. 20.9).!°* DEP has been utilized to risk stratify patients 
with SRH into high risk for rebleeding (active arterial bleeding 
[Forrest FIA], NBVV, [Forrest FITA], and adherent clot [Forrest 
FIIB]); intermediate risk (oozing bleeding [Forrest FIA], and 
flat spots [Forrest FILC]); and low risk (clean ulcer base [Forrest 
FNIJ). 106107 The presence of a blood flow signal correlates with the 
risk of rebleeding before and after endoscopic therapy. The DEP 
has also been used to map the direction of the artery underneath 


Fig. 20.7 Endoscopic stigmata of recent 
peptic ulcer bleeding. A, Active bleeding 
with spurting. B, Visible vessel (arrow) 
with adjacent clot. C, Adherent clot. D, 
Slight oozing of blood after washing in 
the center of the ulcer, without clot or a 
visible vessel. 


stigmata, stratify the risk of rebleeding, and confirm completion of 
nonvariceal hemostasis and obliteration of the underlying arterial 
blood flow. Prior conflicting results have been reported, however, 
as to whether use of the DEP improves the outcome of endoscopic 
hemostasis in patients with acute peptic ulcer bleeding.!°°:! A 
decision-analysis study found that the DEP is the preferred cost- 
minimizing strategy over conventional endoscopic therapy alone 
in patients with acute peptic ulcer bleeding,!!° The University of 
California, Los Angeles (UCLA) Center for Ulcer Research and 
Education (CURE) Hemostasis Group reported in a randomized 
controlled trial that rebleeding rates were significantly reduced in 
the group randomized to DEP compared with the group random- 
ized to standard visually guided hemostasis, and the treatment was 
safe and effective.!!! Rebleeding rates correlated highly with resid- 
ual arterial blood flow after endoscopic hemostasis. In another 
study, patients with severe nonvariceal UGI bleeding treated 
with the DEP by the UCLA CURE group were compared with 
matched historical controls; rates of rebleeding and surgery were 
also significantly reduced in the patients treated with the DEP 
but not in those treated with standard visually guided endoscopic 
hemostasis (see Fig. 20.74).!17 


Endoscopic Hemostasis 


Active Bleeding and Nonbleeding Visible Vessels 

Many well-conducted randomized controlled trials, meta- 
analyses, and consensus recommendations have concluded that 
endoscopic hemostasis with epinephrine injection or coaptive 
thermal probe therapy significantly decreases the rates of ulcer 
rebleeding, urgent surgery, and mortality in patients with high- 
risk stigmata such as active arterial bleeding and NBVVs.?2-113-116 
The rebleeding rates for peptic ulcers with various endoscopic 


TABLE 20.4 Independent Risk Factors for Persistent or Recurrent Gl 


Tract Bleeding 


Risk Factor 


Range of Odds 
Ratios for 
Increased Risk 


CLINICAL FACTORS 


Health status (ASA class 1 vs. 2-5) 1.94-7.63 
Comorbid illness 1.6-7.63 
Shock (systolic blood pressure <100 mm Hg) 1.2-3.65 
Erratic mental status 3.21 
Ongoing bleeding 3.14 

Age =70 yr 2.23 

Age >65 yr eS) 
Transfusion requirement N/A 
PRESENTATION OF BLEEDING 

Hematemesis 1.2-5.7 
Red blood on rectal examination 3.76 
Melena 148) 
LABORATORY FACTORS 

Initial hemoglobin <10 g/dL 0.8-2.99 
Coagulopathy 1.96 
ENDOSCOPIC FACTORS 

Ulcer location on superior wall of duodenum 13.9 
Ulcer location on posterior wall of duodenum 9.2 
Active bleeding 2.5-6.48 
High-risk stigmata 1.91-4.81 
Ulcer size 22 cm 2.29-3.54 
Ulcer location high on lesser curve 2.79 
Diagnosis of gastric or duodenal ulcer 2.7 

Clot over ulcer 1.72-1.9 


ASA, American Society of Anesthesiologists; N/A, not applicable. 

Data from Barkun A, Bardou M, Marshall JK. Consensus recommenda- 
tions for managing patients with nonvariceal upper gastrointestinal 
bleeding. Ann Intern Med 2003;139:843-57. 


stigmata are shown in Fig. 20.8. These rebleeding rates are 
based on studies that were performed before the widespread use 
of high-dose PPI infusions and that predominantly used injec- 
tion therapy, MPEC therapy, or a combination of injection 
and thermal probe therapy. In general, for the lesions with the 
highest risk of ongoing bleeding or rebleeding, including active 
bleeding (90% risk of ongoing bleeding) or NBVVs (50% risk 
of ongoing bleeding), endoscopic hemostasis alone decreases 
the rebleeding rate to approximately 15% to 30% (Table 20.5). 
The adjunctive IV administration of a high-dose PPI (e.g., pan- 
toprazole, 80-mg bolus and 8 mg/hr for 72 hours) decreases this 
rate even further, as discussed in the next section. IV formula- 
tions of pantoprazole, lansoprazole, and esomeprazole are avail- 
able in the USA. 

‘The most commonly used treatment for ulcer bleeding world- 
wide is epinephrine injection therapy; it is widely available, easy 
to perform, safe, and inexpensive. Therapy with epinephrine 
alone seems to be more effective when used in high doses (13 to 
20 mL) than in low doses (5 to 10 mL).!!7 Injection of epineph- 
rine results in a 5-fold increase in circulating plasma epinephrine 
levels but is rarely thought to cause clinically significant cardio- 
vascular events.!'® Numerous studies and meta-analyses have 
shown that the addition of a thermal or mechanical hemostatic 
modality further decreases the rates of rebleeding, surgery, and 
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Fig. 20.9 A, Doppler endoscopic probe and control unit. B, Prior to 
and after endoscopic treatment, detection of arterial blood flow under- 
neath stigmata of hemorrhage by the Doppler endoscopic probe and 
the mapping direction of the blood flow in the artery facilitate risk strati- 
fication, endoscopic hemostasis, and reduction in the rate of rebleeding 
(if arterial blood flow is obliterated). 


NBVV, nonbleeding visible vessel. 


TABLE 20.5 Endoscopic Stigmata of Recent Ulcer Hemorrhage and 
Risk of Rebleeding 


Endoscopic Risk of Risk of Rebleeding 
Stigma (Forrest Frequency Rebleeding After Endoscopic 
Class) (%) (%) Hemostasis (%)* 
Active arterial 12 90 15-30 

bleeding (IA) 
Nonbleeding visible 22 50 15-30 

vessel (IIA) 
Adherent clot (IIB) 10 33 0-5 
Oozing without 14 10-14 0-5 

stigmata (IB) 
Flat spot (IIC 10 10-25 (0) 
Clean base (Ill) 382 s N/A 


*Reduction in bleeding risk is without the administration of a PPI. 

tThe risk depends on whether arterial blood flow is detected before 
endoscopic hemostasis (Refs. 111 and 112). 

N/A, Not applicable. 
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TABLE 20.6 Endoscopic Technical Parameters for Using Multipolar Electrocoagulation in the Treatment of Bleeding Lesions 


Peptic Ulcer Colon 
Diverticulum 

Active Nonbleeding Adherent Mallory-Weiss Dieulafoy Gastric with Visible Colon 

Bleeding Visible Vessel Clot Tear Lesion Angioectasia Vessel Angioectasia 
Epinephrine injection Yes* No Yest May be Yes No May be* No 
Probe size Large Large Large Large or small Large Large Large or small Large or small 
Pressure! Firm Firm Firm Moderate Firm Light Light Light 
Power setting (W)! 12-15 12-15 12-15 10-15 10-15 10-15 10-15 10-15 
Pulse duration (sec) 8-10 8-10 8-10 4 8-10 2 2 2 
End point Bleeding stops Flat vessel Flat spot Bleeding stops Flat vessel White Flat vessel White 


*Epinephrine (1:20,000) injected in 1-mL aliquots into each of 4 quadrants should be used to control bleeding initially, followed by coagulation. 
tEpinephrine (1:20,000) injected in 1-mL aliquots into each of 4 quadrants should be injected around clot initially, followed by piecemeal snare resection of 


the clot and treatment of underlying stigmata. 


Colonic diverticulum with active bleeding can be treated with epinephrine (1:20,000) injected into the neck or base. If a visible vessel is seen at the neck, it 


can be treated with multipolar electrocoagulation. 


SLarge probe is 10 Fr (3.2 mm diameter) and fits through a 3.8-mm endoscope channel. Small probe is 7 Fr (2.4 mm) and fits through a 2.8-mm 


endoscope channel. 


'Pressure is the tamponade pressure exerted en face or tangentially via the contact probe directly on the lesion. 
‘Power setting using BICAP II generator. Power settings are general guidelines and may vary based on the generator used. 
These guidelines from UCLA CURE have been derived from experimental and randomized endoscopic studies. Power, pressure, and duration settings must 


be reduced for small, acute, or deep bleeding lesions. 


CURE, Center for Ulcer Research and Education; UCLA, University of California, Los Angeles; W, watts. 


mortality.*>:!!99 Several studies have suggested that the only 


benefit to adding epinephrine injection to thermal probe therapy 
is in patients with active bleeding and that no benefit is seen in 
patients with NBVVs.!7!,12 

Endoscopic hemostatic clips have not been studied as well as 
injection and thermal probe techniques but are more effective 
than epinephrine injection alone and have shown mixed results 
when compared with thermal probe therapy.!?>-!’° In a meta- 
analysis of outcomes of ulcer hemorrhage, the outcome with the 
application of hemoclips was shown to be superior to that for 
epinephrine injection alone but comparable to that for thermo- 
coagulation.*° 


Adherent Clots 

An adherent clot is generally defined as a blood clot over an ulcer 
that is resistant to several minutes of vigorous target jet water 
irrigation. The rebleeding rate for ulcers with an adherent clot 
treated with medical therapy alone is 8% to 35%, with most 
large studies reporting rebleeding rates of 30% to 35%.1?7-130 
Randomized controlled studies have shown that endoscopic treat- 
ment of an adherent clot can decrease the rebleeding rate to less 
than 5% (see Table 20.5). In DEP studies (see earlier), adherent 
clot has been reported to have underlying arterial blood flow in 
69% of ulcer patients, indicating an increased risk of rebleeding 
if not treated endoscopically.!°°!!! A meta-analysis has found that 
endoscopic therapy is superior to medical therapy for preventing 
recurrent bleeding from peptic ulcers with an adherent clot, but 
with no differences in the need for surgery, duration of hospital- 
ization, number of transfusions, or mortality rate.!>! These stud- 
ies were performed prior to the widespread use of PPIs, which 
also decrease rates of rebleeding (see earlier). 


Clean-Based Ulcers 

Patients with a clean-based ulcer at endoscopy after target irriga- 
tion have a rebleeding rate of less than 5%. Laine and colleagues 
found no difference in outcomes between patients who immedi- 
ately resumed eating and those who waited several days before 
they resumed eating after a UGIB.!*? Longstreth and Feitelberg 
showed that selected low-risk patients with clinically mild UGIBs 
and clean-based ulcers can be discharged safely to home, with a 
significant saving in cost.!9)!! 


Techniques for Endoscopic Hemostasis 


The goals of endoscopic hemostasis are control of active bleed- 
ing and prevention of rebleeding. Since the 1980s, the standard 
approach has been based on treating SRH; however, with the DEP, 
some investigators have reported an additional goal of obliterating 
underlying arterial blood flow, thereby significantly reducing reblee- 
ding rates of ulcers and other nonvariceal UGI lesions. !06107,111,112 


Active Arterial Bleeding 

The standard visually guided technique used at UCLA CURE 
for actively spurting ulcer bleeding (Forrest IA) is to inject 0.5- to 
1-mL aliquots of epinephrine (1:20,000) via a sclerotherapy nee- 
dle into 4 quadrants of the ulcer within 1 to 2 mm of the bleeding 
site (Table 20.6). When combination therapy is performed, coag- 
ulation is performed with a large 10 Fr multipolar probe. After 
epinephrine injection, the thermal probe is placed directly on the 
bleeding site to tamponade the site and stop the bleeding, and 
coagulation is applied with long (10-second) pulses and firm pres- 
sure at a low (12- to 15-W) power setting (Fig. 20.10). The probe 
is then removed slowly from the ulcer (sometimes with gentle 
irrigation to prevent pulling coagulated tissue), and thermal coag- 
ulation is repeated as required to stop bleeding and flatten any 
underlying visible vessel. Epinephrine injection can be repeated 
if bleeding persists. With successful endoscopic hemostasis, the 
rebleeding rate can be decreased to 30% with monotherapy and 
15% with combination therapy (see Table 20.5). Alternatively, 
injection of epinephrine followed by hemoclip placement directly 
across the actively bleeding site can also be effective. Some inves- 
tigators recommend that clips be placed prior to injection of 
epinephrine to allow placement of the clip directly on the ves- 
sel rather than on a submucosal epinephrine-filled cushion. The 
initial goal with DEP guidance is to trace the direction of the 
artery. The CURE Hemostasis Group now first interrogates the 
ulcer base to determine the direction and location of the underly- 
ing artery, injects epinephrine to reduce arterial flow, and then 
coagulates or places hemoclips on top of the bleeding point to 
stop the bleeding and on either side along the artery to seal it and 
prevent rebleeding (see Fig. 20.7B). Rebleeding rates are further 
reduced by DEP guidance and obliteration of underlying arterial 
blood flow.!06,107 
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Fig. 20.10 An actively bleeding gastric ulcer treated with a combination of epinephrine injection, multipolar 
electrocoagulation, and hemoclip placement. A, Clot with oozing of blood is seen. B, After injection of epineph- 
rine, oozing has subsided; the edge of the ulcer is seen inferior to clot. C, Multipolar electrocoagulation is ap- 
plied with a probe. D, Appearance of the ulcer after electrocoagulation; some oozing is noted at the 7 o'clock 
position at the crater’s edge. E, A single hemoclip has been applied; bleeding has ceased entirely. F A second 


hemoclip has been applied. 


Nonbleeding Visible Vessel 

In contrast to active arterial bleeding, no significant difference in 
results between thermal therapy alone and combination thermal 
and epinephrine injection therapy is seen with NBVVs (Forrest 
IIA). We use the same technique as that used to stop active bleed- 
ing: flattening of visible vessels using a large probe, firm pres- 
sure, and a low power setting (Fig. 20.11). Hemoclipping can 
also be effective for preventing rebleeding from an NBVV if the 
clip is placed across the NBVV and a high-dose PPI is adminis- 
tered intravenously for 72 hours (Fig. 20.12).°7133 With success- 
ful endoscopic hemostasis, the rebleeding rate can be reduced to 
30% with injection alone and 10% to 15% with thermal coagu- 
lation, hemoclipping, or combination therapy (see Table 20.5). 


Adherent Clot 

For standard, visually guided hemostasis, our recommendations 
for treating an adherent clot on an ulcer (Forrest IIB) are to 
inject epinephrine (1:20,000) in 1-mL increments in 4 quadrants 
around the pedicle of the clot and then use a rotatable cold snare 
to guillotine the clot piecemeal, without pulling it off the base, 
until an underlying stigma of hemorrhage is identified in the 
ulcer base or a 3 mm or smaller clot pedicle is left. Coagulation or 
hemoclipping is performed if active bleeding, a visible vessel, or 
residual pedicle is seen (Fig. 20.13). The combination technique 


decreases the rebleeding rate from up to 35% (with medical 
therapy alone) to 5%. Adherent clots are considered a high-risk 
stigma, and administration of a high-dose PPI is recommended 
after endoscopic hemostasis. !*0:!3! More recently, we recommend 
DEP interrogation of the clot near the pedicle before injection 
of epinephrine—69% have underlying arterial flow.!°!!! DEP is 
repeated after hemostasis to ensure absence of arterial flow and a 
low risk of rebleeding. 


Oozing of Blood From an Ulcer Without Other Stigmata 
Minor bleeding from the edge or base of an ulcer (without other 
stigmata) that continues despite water irrigation and observation 
(Forrest IB) suggests the need for endoscopic treatment. The 
rebleeding rate for ulcers with persistent oozing treated medi- 
cally varies from 10% (UCLA CURE) to 27% (Hong Kong). 
Monotherapy with a thermal probe or epinephrine injection 
reduces the rebleeding rate to less than 5%. In patients with 
oozing, the bleeding arteries may be small and the outcomes are 
better than those in patients with active arterial bleeding.!°°!>+ 
Patients with oozing and no other stigma of hemorrhage (e.g., 
a clot or NBVV) can be treated effectively with epinephrine 
injection alone because there is no added benefit to combination 
therapy.!** After successful endoscopic hemostasis, patients with 
oozing and no other stigma do not benefit from administration 
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Fig. 20.11 A, Epinephrine injection 
and multipolar electrocoagulation 

for hemostasis of a chronic gastric 
ulcer (thick arrow) with a nonbleed- 
ing visible vessel (thin arrow). B, The 
nonbleeding visible vessel is injected 
with epinephrine, after which blanching 
and swelling of surrounding mucosa 
occur. (Note that epinephrine injection 
for a nonbleeding visible vessel is not 
recommended in Table 20.6.) C, A 
multipolar electrocoagulation probe 

is applied with firm pressure and 
coagulation. D, After completion of 
treatment, the visible vessel has been 
coagulated and flattened. 


Fig. 20.12 A, Gastric ulcer with a nonbleeding visible vessel (arrow) treated by endoscopy with epinephrine 
injection (B) and hemoclip placement (C). (Note that epinephrine injection of a nonbleeding visible vessel is not 


recommended in Table 20.6.) 


of a high-dose PPI.* With DEP guidance, underlying arterial 
flow was detected in 46% of oozing ulcers, and hemostasis was 
achieved with an MPEC probe or hemoclips; none had residual 
blood flow, and after treatment with oral PPIs twice daily, none 


rebled.!°° Oozing ulcers should be considered to have an inter- 
mediate risk of rebleeding.106:107,111,112,135 


Flat Spots 
In the past, patients with flat spots in ulcers (Forrest IIC) were 
considered at low risk for rebleeding, and endoscopic hemostasis 


was not recommended; however, in studies with DEP, 40% 
to 49% of ulcers with flat spots had underlying arterial blood 
flow. When those with a positive DEP for blood flow were not 
treated endoscopically and managed medically, half rebled.'!! 
Similar to oozing bleeding (Forrest 1A), we now classify patients 
with flat spots (Forrest IIC) as having an intermediate risk of 
rebleeding. !!!!,!35 Epinephrine injection alone only transiently 
reduced arterial blood flow. When DEP is positive, either MPEC 
or hemoclips are recommended to obliterate underlying arterial 
blood flow and to prevent rebleeding.!!! 


ee 
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Fig. 20.13 A, Endoscopic treatment of a duodenal ulcer with an adherent clot. B, The clot was injected with 
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epinephrine, followed by piecemeal snare polypectomy to trim away the clot (C-E), after which an underlying 
vessel was revealed (F [arrow]). G and H, Two endoscopic hemoclips were placed across the visible vessel. 


Clean-Based Ulcers 

Patients with a clean-based ulcer (Forrest II) at endoscopy have 
a rebleeding rate of less than 5% and do not require endoscopic 
therapy. If the patient has a clean-based gastric ulcer, biopsies 
of the ulcer edge and gastric muscosa should be considered to 
exclude underlying malignancy (see Chapter 53). These patients 
can be fed after the endoscopy and treated with oral acid suppres- 
sion medication; they do not require continued hospitalization 
unless indicated for other medical problems. 


Newer Endoscopic Techniques 


Hemospray 

Hemospray has been reported to stop active bleeding both from 
nonvariceal UGI lesions, varices, and tumors, but hemospray does 
not treat underlying arterial or variceal blood flow. Therefore the 
risk of rebleeding is high, and definitive hemostasis with standard 
techniques is usually required in patients with varices or ulcers 
with major stigmata. Current guidelines recommend utiliza- 
tion of hemospray as a stopgap or adjunct technique.!!° Further 
studies, including randomized controlled trials, are required to 
determine the efficacy and role of hemospray in the clinical man- 
agement of GI bleeding. 


Over-the-Scope Hemoclip 

A large over-the-scope (OTSC) hemoclip (OVESCO Endoscopy 
AG, Tübingen, Germany) has been reported in a randomized 
controlled trial to significantly reduce rebleeding rates compared 
with standard hemostasis in patients with recurrent ulcer bleed- 
ing. Case series have also reported good results using the OTSC 
hemoclip as primary treatment, but no randomized controlled tri- 
als of ulcer bleeding have been reported to demonstrate whether 
OTSC hemoclipping is superior to standard hemostasis as initial 
therapy. We have documented that, when successfully applied, 
OTSC hemoclipping more effectively obliterates underlying arte- 
rial blood flow in the peptic ulcer base with high-risk SRH than 
standard hemostasis with through-the-scope hemoclips or MPEC. 


Testing for Hp Infection 


In a patient with a bleeding gastric or duodenal ulcer, endoscopic 
mucosal biopsy specimens of the normal-appearing antrum and 
mid-body greater curvature should be obtained to assess for the 
presence of Hp infection. Biopsy specimens can be obtained safely 
after successful endoscopic hemostasis, but bleeding reduces the 
sensitivity of rapid urease testing. Therefore stool antigen and 
other tests for Hp infection are recommended (see Chapter 52). 
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Pharmacologic Therapy 


Acid Suppression Medication 

In vitro studies have shown that a luminal gastric pH higher than 
6.8 is required for normal clotting function (platelet aggregation 
and fibrin formation) and that a pH less than 5.4 almost abol- 
ishes platelet aggregation and plasma coagulation.'*° Platelet 
aggregates lyse at an acidic pH, an effect that is enhanced by the 
presence of pepsin; thus reducing the risk of acute bleeding and 
rebleeding from a peptic ulcer is theoretically possible by main- 
taining a gastric pH higher than 6. IV H2RAs can raise the intra- 
gastric pH acutely, but tolerance to these agents develops rapidly 
and the pH usually returns to 3 to 5 within 24 hours. Several 
studies have shown that in normal subjects, IV administration of a 
PPI can consistently keep the gastric pH higher than 4 (and often 
higher than 6) over a 72-hour infusion. !%!8 Trials of IV H2RAs 
for the prevention of recurrent ulcer bleeding have shown no 
definite benefit.!°%.!70 

Several studies have shown that PPIs are effective in reducing 
rebleeding rates from peptic ulcer. In a study from India, patients 
with endoscopic high-risk SRH (active bleeding, NBVV, clot, or 
oozing) who did not undergo endoscopic hemostasis were ran- 
domized to omeprazole, 40 mg orally twice daily, or placebo. 
The rebleeding rate in the omeprazole-treated group was 11% 
compared with 36% in the placebo-treated group (P < 0.001).'*! 
Another study from the same investigators showed that omepra- 
zole, 40 mg orally twice daily for 5 days, decreased the rebleed- 
ing rate after endoscopic hemostasis with injection therapy for 
ulcers with active bleeding, an NBVV, or a clot from 21% in 
the placebo-treated group to 7% in the oral omeprazole-treated 
group (P = 0.02).!*” In a study from Hong Kong, patients who 
had undergone successful endoscopic hemostasis for active bleed- 
ing or an NBVV were randomized to high-dose IV omeprazole, 
80-mg bolus followed by 8 mg/hr or placebo. The 30-day rebleed- 
ing rate was 6.7% in the omeprazole-treated group, compared 
with 22.5% in the placebo-treated group (P < 0.05).!** The same 
investigators from Hong Kong found that the 30-day rebleeding 
rate in patients with an adherent clot or NBVV who received 
IV omeprazole alone was 12%, compared with 1% in those who 
received IV omeprazole and underwent endoscopic hemostasis 
(P < 0.05).!*+ Another study from Hong Kong found that start- 
ing IV omeprazole before EGD in patients with UGI bleeding 
resulted in a decrease in the number of high-risk stigmata found 
and the need for endoscopic therapy, but no difference in clinical 
outcomes such as the number of units transfused, frequency of 
recurrent bleeding, or rates of surgery and death.!* 

Systematic and Cochrane reviews of the clinical effective- 
ness and cost-effectiveness of PPIs in acute UGI bleeding by 
Leontiadis and colleagues have found that PPI treatment initi- 
ated after endoscopic diagnosis of peptic ulcer bleeding signifi- 
cantly reduces the rates of rebleeding and surgery compared with 
placebo or H2RAs and that the benefit is more pronounced in 
Asian than in non-Asian populations.!46-148 PPI treatment was 
associated with decreased mortality in the Asian studies as well 
as in patients with high-risk endoscopic stigmata. The initiation 
of PPI treatment prior to endoscopy significantly reduced the 
proportion of patients with SRH at index endoscopy compared 
with placebo or H2RAs but did not reduce the rate of mortality, 
rebleeding, or surgery. 

Caution is advised in generalizing the results of PPI trials in 
Asian patients with peptic ulcer hemorrhage to heterogeneous 
non-Asian populations. Asian patients are generally more respon- 
sive than heterogeneous populations or whites to PPIs.!*? Asian 
patients have a smaller average parietal cell mass, are slower 
metabolizers of PPIs, and often have Hp infection, all of which 
increase the effectiveness of PPIs. These factors may explain the 
lower mortality rates in Asians compared with non-Asians in meta- 
analyses of trials of PPI therapy for peptic ulcer hemorrhage. 


Whether a PPI should be given before or after EGD is uncer- 
tain. Although some small randomized studies have not shown 
that pre-endoscopy administration of a PPI improves clini- 
cal outcomes (although the number of high-risk stigmata that 
require treatment is reduced), most modeling studies have sug- 
gested that pre-endoscopy administration of a PPI is cost-effec- 
tive. 16-18,19,145,148 The optimal effective PPI dose after endoscopic 
hemostasis is uncertain, with a meta-analysis finding no differ- 
ence between high-dose IV continuous infusion of a PPI (80 mg 
bolus followed by 8 mg/hr for 3 days) and nonhigh-dose intermit- 
tent or oral administration (for 3 days).!°° Whether oral admin- 
istration is as effective as IV administration of a PPI is unclear, 
although studies have shown that high-dose oral administration 
(e.g., omeprazole, 40 mg twice daily) reduces rebleeding to rates 
that would be expected from endoscopic hemostasis. In fact, the 
increase in intragastric pH with high-dose oral PPI administra- 
tion is almost identical (although delayed by 1 hour) to that with 
IV PPI administration.'*!5! Whether IV administration of a 
PPI alone is sufficient therapy (without endoscopic hemostasis) 
in patients with recent UGI bleeding and some SRH, such as an 
NBVV, oozing, or clot, is controversial. In an Asian study, Sung 
and colleagues reported that the 30-day rebleeding rate with IV 
PPI administration alone (12%) was similar to that in previous 
studies of endoscopic hemostasis, although they also found that 
the rebleeding rate with a combination of endoscopic therapy and 
an IV PPI was even lower (1%).'°” Because almost all the major 
studies of PPIs in acute peptic ulcer bleeding have been con- 
ducted in Asian populations, studies in non-Asian populations are 
needed to confirm the Asian data. One large international study 
has confirmed the benefit of high-dose IV PPI administration in 
high-risk patients with active arterial bleeding, an NBVV, or an 
adherent clot, but not oozing ulcer bleeding, in a predominantly 
white population.!*5:!53 


Somatostatin and Octreotide 

A meta-analysis has suggested that IV administration of soma- 
tostatin or its long-acting form, octreotide, decreases the risk 
of rebleeding from peptic ulcers when compared with placebo 
or an H2RA.!°4 The proposed mechanisms of action include a 
reduction in splanchnic and gastroduodenal mucosal blood flow, 
a decrease in GI motility, inhibition of gastric acid secretion, 
inhibition of pepsin secretion, and gastric mucosal cytoprotective 
effects. These drugs have not been studied, however, in the era of 
endoscopic or PPI therapy and, therefore, cannot be considered 
for routine use.!>> Somatostatin or octreotide can be considered 
in patients with severe ongoing bleeding who are not responsive 
to endoscopic therapy, an IV PPI, or both, and are not surgi- 
cal candidates, although their effectiveness in these patients is 
uncertain. IV octreotide may also be useful in patients with portal 
hypertension and peptic ulcer hemorrhage as an adjunct to endo- 
scopic hemostasis and a PPI (see Chapter 92). 


Second-Look Endoscopy 


Routine repeat, or second-look, endoscopy 24 hours after initial 
endoscopic hemostasis, with additional endoscopic hemostasis 
if persistent high-risk endoscopic stigmata are found, has been 
proposed as a way to improve patient outcomes. A meta-analy- 
sis of 4 prospective randomized trials of patients with PUD and 
high-risk endoscopic stigmata revealed that second-look endos- 
copy reduced the rates of rebleeding and surgery but not mor- 
tality; however, the only trial in which high-dose PPI therapy 
was administered to patients showed no benefit to second-look 
endoscopy, and most trials did not use what has become standard- 
of-care endoscopic hemostasis techniques.!*° Therefore routine 
second-look endoscopy is not recommended for most patients 
with peptic ulcer bleeding,!!* except in those in whom the initial 
endoscopic examination was suboptimal because excessive blood 


obscured the view, technical problems with hemostasis occurred, 
clinically significant bleeding recurred, or less effective endo- 
scopic techniques such as epinephrine injection alone were used. 


Rebleeding After Endoscopic Treatment 


The risk of rebleeding from peptic ulcers, which started bleed- 
ing in the outpatient setting and required endoscopic hemosta- 
sis, is greatest in the first 72 hours after diagnosis and treatment. 
Patients should be kept on a PPI in high doses for at least 72 
hours following endoscopic hemostasis, after which they can be 
switched to a standard dose. Before the widespread use of IV 
PPIs, the rebleeding rate after endoscopic hemostasis of actively 
bleeding ulcers or those with an NBVV was as high as 30%; with 
the use of PPIs and improved endoscopic techniques, the rate is 
less than 10% in most studies. 

The difference between ulcer hemorrhage that starts in the 
outpatient setting and hemorrhage that starts in the inpatient set- 
ting is substantial (Table 20.7). Owing to the fact that the time 
to rebleeding can be much longer for inpatient (than outpatient) 
ulcer hemorrhage and the risk of rebleeding is high, combination 
endoscopic hemostasis and high-dose IV PPI administration for 
more than 72 hours should be considered. Further studies are 
warranted in this high-risk group to define optimal management. 

If rebleeding from a peptic ulcer is severe, an urgent repeat 
EGD (rather than immediate surgery) should be performed. A 
large, well-designed, randomized trial from Hong Kong found 
that when endoscopic hemostasis is repeated in patients with 
hemodynamically significant rebleeding after initial endoscopic 
hemostasis, 73% of patients achieve sustained hemostasis and do 
not require surgery.!5’ The overall mortality rate was the same 
in those who achieved and those who did not achieve hemostasis, 
but the rate of serious complications was significantly higher in 
the latter group (who required surgery). Factors that predicted 
failure of endoscopic retreatment included an ulcer size of at least 
2 cm and hypotension on initial presentation. 


Angiography, Surgery, and Over-the-Scope Hemoclips 


Patients with recurrent bleeding despite 2 sessions of endo- 
scopic hemostasis can be considered for angiographic embo- 
lization or surgical therapy. Several retrospective series have 
reported no significant differences between angiography with 
embolization and surgery in rates of rebleeding and mortality, 


TABLE 20.7 Comparison of the Onset of Peptic Ulcer Bleeding in 
Outpatients Versus Inpatients 


Onset 
Parameter Outpatient Inpatient 
Frequency (%) 80-90 10-20 
American Society of <3 >3 
Anesthesiologists Physical 
Status score* 
Time to rebleeding (%) 
<72 hr 70-80 40-50 
4-7 days 10-15 15-20 
8-30 days 1-5 15-20 
>30 days 0) 5-10 


*One point signifies a healthy person; 5 points signifies high likelinood of 
mortality within 24 hr. 

Data from the UCLA CURE database. 

CURE, Center for Ulcer Research and Education; UCLA, University of 
California, Los Angeles. 
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despite the older age and more serious medical problems of 
patients treated by angiography.!°*:!5? These studies suggest 
that angiography can be considered after failure of endoscopic 
therapy. If embolization therapy does not control the bleed- 
ing, surgery remains an option. 

A randomized controlled trial has suggested that OTSC 
hemoclipping for recurrent peptic ulcer bleeding was more effec- 
tive than standard endoscopic hemostasis (mostly by hemoclip- 
ping). This new treatment has the potential to reduce the need 
for surgery or angiography for recurrent ulcer bleeding. OTSC 
hemoclipping is also more effective than standard hemostasis in 
eradicating underlying artieral blood flow, which, when present, 
correlates with a risk of rebleeding.!°°!!! Immediate surgical 
intervention is indicated for patients who have exsanguinating 
bleeding and those who cannot be medically resuscitated. Sur- 
gery should also be considered if the endoscopist does not feel 
comfortable treating a large or pulsating visible vessel (e.g., one 
in a deep, posterior duodenal ulcer that may represent the gas- 
troduodenal artery) or if a bleeding malignant ulcerated mass is 
found on endoscopy. 


Immediate Postendoscopic Management 


High-Risk Endoscopic Stigmata 

Patients who have undergone endoscopic hemostasis for active 
arterial bleeding, an NBVV, or an adherent clot should be 
observed in the hospital for 72 hours while they receive high-dose 
IV infusions of a PPI. After successful endoscopic treatment and 
recovery from sedation, the patient can be started on a liquid diet, 
with subsequent advancement of the diet. For patients who have 
been on and need to continue antiplatelet agents or an anticoagu- 
lant, a cardiologist or vascular physician should be consulted to 
help determine whether, and for how long, these agents can be 
held.!16-160 For patients with severe atherosclerotic cardiovascular 
disease who require aspirin, however, a dose of 81 mg/day should 
be started within 7 days. 


Intermediate-Risk Stigmata 

Patients with flat spots and arterial blood flow detected under- 
neath, those with oozing bleeding from an ulcer and no other 
stigmata (e.g., spurting, NBVV, clot), and those with severe 
comorbidity or shock on presentation should undergo endoscopic 
hemostasis. Initiation of a twice-daily oral PPI and observation in 
the hospital for 24 to 48 hours after successful endoscopic hemo- 
stasis are recommended. Such patients do not benefit from high- 
dose IV PPIs after successful endoscopic hemostasis. 106-135 


Low-Risk Endoscopic Stigmata 

Patients with a clean-based ulcer or flat spot with no arterial 
blood flow detected in the ulcer base can generally resume 
a normal diet immediately, begin an oral PPI once daily, 
and be discharged early after endoscopy when stable.!*? 
These patients can often avoid hospitalization entirely or 
be discharged early.!0-11:74.161 Generally, they are young and 
hemodynamically stable with no severe coexisting medical 
illnesses, a hemoglobin level higher than 10 mg/dL, normal 
coagulation parameters, and good social support systems at 
home in case bleeding recurs. 


Prevention of Recurrent Ulcer Bleeding 


Hp Infection 

All patients with peptic ulcer bleeding should be tested for Hp 
infection (see earlier) and, if the result is positive, should receive 
standard therapy for Hp infection (see Chapter 52).°* One caveat 
is that bleeding can lead to a false-negative rapid urease test result, 
and the patient may need to undergo an alternative method of 
testing for Hp in this setting. Antibiotic therapy does not have to 
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be started immediately and can be initiated on an outpatient basis 
when the patient has resumed a normal diet. In patients who are 
found to have an Hp-induced ulcer, confirmation of the eradica- 
tion of Hp after treatment is recommended (see Chapter 52). 


Aspirin, Other NSAIDs, and Antiplatelet Drugs 

Ideally, patients with ulcer bleeding caused by aspirin or 
another nonselective NSAID should stop the drug. If the 
patient is also positive for Hp, the organism should be eradi- 
cated with standard therapy (see Chapter 52).!° In patients 
with a history of ulcer bleeding who are positive for Hp and 
need to continue taking low-dose aspirin (81 mg daily), eradi- 
cation of Hp alone results in ulcer rebleeding rates similar to 
those associated with daily PPI therapy (if Hp is not eradi- 
cated).!°? By contrast, in patients with a history of ulcer bleed- 
ing who are positive for Hp and need to continue full-dose 
NSAID therapy, eradication of Hp alone without a PPI leads 
to a significantly higher rebleeding rate than use of a daily PPI 
in conjunction with the NSAID. In patients with ulcer bleed- 
ing who do not have Hp infection but who need to continue 
daily aspirin, co-therapy with a daily PPI significantly reduces 
the rebleeding rate compared with placebo.'°* Patients who 
require an antiplatelet medication such as clopidogrel and have 
a history of ulcer bleeding will have less chance of recurrent 
bleeding if they take aspirin (81 mg) and a PPI daily compared 
with taking clopidogrel alone.!°* 

Patients who require an NSAID after an ulcer bleed may be 
considered for a selective COX-2 inhibitor. Selective COX-2 
inhibitors cause fewer ulcers than nonselective NSAIDs but are 
associated with a greater rate of cardiovascular complications. 
Because selective COX-2 inhibitors result in rebleeding rates 
similar to those associated with a nonselective NSAID and PPI 
co-therapy, their use may not be worth the increased cardiovas- 
cular risk.!°° 


Repeat Endoscopy to Confirm Gastric Ulcer Healing 


Repeat EGD should be considered in patients with a gastric 
ulcer after 6 to 10 weeks of acid suppressive therapy to confirm 
healing of the ulcer and absence of malignancy (see Chapters 
53 and 54). In areas of the world where the population is at 
intermediate risk for gastric cancer, 2% to 4% of repeat upper 
endoscopies to confirm ulcer healing have been reported to 
disclose gastric cancer.!°’-!® Some experts have suggested that 
when the index endoscopy with biopsies is negative for malig- 
nancy and the ulcer appears benign endoscopically, a follow- 
up endoscopy is unnecessary.!’° A small retrospective study has 
found that when gastric cancer is detected on repeat endoscopy 
to evaluate gastric ulcer healing, survival is no better than that 
for patients who did not undergo the recommended follow-up 
endoscopy. !7! 


Other Nonvariceal Causes 
Esophagitis 


Patients with severe erosive esophagitis can present with hema- 
temesis or melena. A multivariate analysis from a center in 
France, in which 8% of all UGI bleeding was caused by erosive 
esophagitis, found that independent risk factors for bleeding 
esophagitis were grade 3 or 4 (moderate to severe) esophagitis by 
the Savary-Miller grading system (see Chapter 46), cirrhosis, a 
poor performance status, and anticoagulant therapy.'’! A history 
of heartburn was obtained in only 38% of patients. Severe bleed- 
ing from gastroesophageal reflux-induced esophagitis is treated 
medically with a PPI (see Chapter 46). EGD is essential for diag- 
nosing severe erosive esophagitis, but endoscopic therapy gener- 
ally has no role unless a focal ulcer with a SRH is found. These 


patients should be treated with a daily PPI for 8 to 12 weeks and 
undergo repeat endoscopy to exclude underlying Barrett’s esoph- 
agus (see Chapter 47). 

Patients can sometimes present with mild UGI bleeding 
from esophagitis not related to GERD but to infections (e.g., 
Candida, HSV, CMV) or pill-induced esophagitis. Endoscopy 
with biopsies and brushings is critical for making these diag- 
noses and determining the appropriate pharmacologic therapy 
(see Chapter 45). 


Ulcer Hemorrhage in Hospitalized Patients 


Hemorrhage from an ulcer or erosions in hospitalized patients 
typically falls into 2 categories. The classic cause is stress-related 
mucosal injury (SRMI, or stress ulcers), characterized by diffuse 
bleeding from erosions and superficial ulcers. The second cate- 
gory is inpatient ulcers, which are large, focal, chronic-appearing 
ulcers that are painless and present with severe UGI hemorrhage 
manifested by hematochezia, melena, or bloody emesis. On 
emergency endoscopy, focal inpatient ulcers are often actively 
bleeding or demonstrate a visible vessel or adherent clot and are 
marked by high rebleeding rates, despite combination endoscopic 
therapy, and delayed healing on a high-dose PPI. 

SRMI occurs in the UGI tract of severely ill inpatients in an 
ICU and is likely caused by a combination of decreased muco- 
sal protection and mucosal ischemia. SRMI usually occurs in the 
stomach but can also be seen in the duodenum, esophagus, and 
even rectum. Diffuse oozing is common, and patients have a poor 
prognosis and high rebleeding rate, often related to impaired 
wound healing and multiple organ failure. 

Bleeding from SRMI is now uncommon, with a frequency of 
approximately 1.5% of patients in an ICU. The 2 main risk fac- 
tors are severe coagulopathy and mechanical ventilation for lon- 
ger than 48 hours.!”” The frequency of clinically significant GI 
bleeding with either or both of these risk factors is 3.7%, com- 
pared with 0.1% when neither risk factor is present. Other pro- 
posed risk factors include a history of UGI bleeding, sepsis, an 
ICU admission longer than 7 days, occult GI bleeding for more 
than 5 days, and treatment with high-dose glucocorticoids. 

ICU patients with risk factors for bleeding are the main tar- 
get groups for pharmacologic prevention of bleeding SRMI. 
‘Therapy with an H2RA has been shown to decrease the rate 
of clinically significant bleeding in ICU patients at high risk of 
SRMI.!? One large multicenter study found that prophylac- 
tic treatment with oral omeprazole or IV cimetidine results in 
similar bleeding rates, but that omeprazole is more effective than 
cimetidine in maintaining the luminal gastric pH above 4.174 A 
potential harmful effect of gastric acid suppression to prevent 
stress ulcers is proliferation of bacteria in the stomach secondary 
to the increased gastric pH, and the associated risk of aspiration 
and ventilator-associated pneumonia; however, randomized trials 
in which acid suppression (with an H2RA or antacids) and sucral- 
fate (which does not lower gastric pH) were compared have not 
shown convincingly that raising gastric pH increases the risk of 
pneumonia.!75.!76 

Generally, if a patient with SRMI or an inpatient ulcer is sup- 
ported hemodynamically and medically, the lesion will heal as the 
patient’s overall medical status improves. Because SRM1 is diffuse, 
endoscopic therapy is generally not feasible. By contrast, focal 
inpatient ulcer hemorrhage often requires endoscopic hemostasis 
for severe hemorrhage (see Fig. 20.9); however, rebleeding rates 
are higher and healing is slower than in patients in whom bleed- 
ing starts before hospitalization (see Table 20.7).!77:!78 A study 
in which epinephrine injection plus hemoclip placement was 
compared with epinephrine injection plus MPEC in a cohort of 
patients who had a high frequency of in-hospital ulcers found a 
significantly lower rebleeding rate in the group that underwent 
injection and hemoclip placement. 1 


Dieulafoy Lesion 


A Dieulafoy lesion is a large (1- to 3-mm) submucosal artery 
that protrudes through the mucosa, is not associated with a pep- 
tic ulcer, and can cause massive bleeding. It is usually located in 
the gastric fundus, within 6 cm of the gastroesophageal junction, 
although lesions in the duodenum, small intestine, and colon 
have been reported. The cause is unknown, and congenital and 
acquired (related to mucosal atrophy or an arteriolar aneurysm) 
causes are thought to occur (see Chapter 38). 

Dieulafoy lesion can be difficult to identify at endoscopy 
because of the intermittent nature of the bleeding; the overly- 
ing mucosa may appear normal if the lesion is not bleeding. An 
NBVV or adherent clot without an ulcer may be seen on endos- 
copy. If a massive UGIB seems to be emanating from the stom- 
ach, careful inspection of the proximal stomach should be carried 
out to look for a protuberance that might be a Dieulafoy lesion. 
DEP has been used to help identify a Dieulafoy lesion not visual- 
ized on endoscopy.!’? Owing to the difficulty of identifying the 
bleeding site and because rebleeding is not uncommon, we rec- 
ommend that if a Dieulafoy lesion is found and treated, the site 
should be marked with submucosal injection of ink to tattoo the 
area in case of rebleeding and the need for retreatment. 

Endoscopic hemostasis of a Dieulafoy lesion can be performed 
with injection therapy, a thermal probe, hemoclipping, OTSC 
hemoclipping, or rubber band ligation.!!!!7"-!*> Large case series 
have reported an initial hemostasis rate of approximately 90%, 
with the need for surgery in 4% to 16% of cases.'*? Rebleeding 
rates may be lower with combination therapy or OTSC hemo- 
clipping because underlying arterial blood flow is eradicated 
more effectively than by injection or monotherapy.!!! Although 
all the endoscopic hemostasis techniques seem to be effective, 
perforation and delayed rebleeding have been reported after band 
ligation (see Chapter 42). 


Mallory-Weiss Tears 


Mallory-Weiss tears are mucosal or submucosal lacerations that 
occur at the gastroesophageal junction and usually extend distally 
into a hiatal hernia (Fig. 20.14). Patients generally present with 
hematemesis or coffee-ground emesis and a history of nonbloody 
vomiting followed by hematemesis, although some patients do 
not recall vomiting. The tear is thought to result from increased 
intra-abdominal pressure, in combination with a shearing effect 
caused by negative intrathoracic pressure above the diaphragm, 
which is often related to vomiting. Mallory-Weiss tears have 


L 


oozing. Note that the tear starts at the gastroesophageal junction (long 
arrow) and extends distally into the hiatal hernia (short arrow). 
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been reported in patients who vomit while taking a bowel purge 
before colonoscopy.'*® Endoscopy usually reveals a single tear 
that begins at the gastroesophageal junction and extends several 
millimeters distally into a hiatal hernia sac. Occasionally, more 
than one tear is seen. A retroflexed view in the stomach may 
provide better visualization than a forward view. The bleeding 
stigmata of Mallory-Weiss tears can include a clean base, adher- 
ent clot, NBVV, oozing, or, rarely, active spurting. Usually, the 
bleeding is self-limited and mild, but occasionally it can be severe, 
especially in patients with esophageal varices or coagulopathies. 
Mucosal (superficial) Mallory-Weiss tears can start healing within 
hours and can heal completely within 48 hours. 

Although approximately 50% of patients hospitalized with 
UGI bleeding from a Mallory-Weiss tear receive blood transfu- 
sions, the tear manifests as mild, self-limited hematemesis in most 
patients, who do not seek medical care.!*’ The rebleeding rate 
among patients hospitalized for a Mallory-Weiss tear is approxi- 
mately 10%; risk factors for rebleeding include shock at presen- 
tation and active bleeding at endoscopy.'** Owing to the risk of 
continued and recurrent bleeding, patients with active bleeding 
from a Mallory-Weiss tear should undergo endoscopic therapy, 
which can be performed successfully with epinephrine injection, 
MPEC, hemoclip placement, or band ligation. Randomized trials 
that compared MPEC and medical therapy with an H2RA have 
found that endoscopic therapy reduces the rates of rebleeding, 
blood transfusions, and emergency surgery.!*? 

Our current endoscopic technique for treating actively bleed- 
ing Mallory-Weiss tears in patients without portal hypertension 
or esophageal varices is to apply endoscopic hemoclips to stop 
the bleeding and close the tear. If hemoclips are unavailable, epi- 
nephrine injection to slow bleeding and focal hemostasis of the 
bleeding site with MPEC at a low-power setting (12 to 14 W) and 
with light pressure applied for 1 to 2 seconds are recommended. 
The management of patients with esophageal varices caused by 
portal hypertension who also have a Mallory-Weiss tear should 
be targeted toward the esophageal varices, with esophageal band 
ligation or variceal sclerotherapy (see later and Chapter 92). 

Patients with a Mallory-Weiss tear are also treated with anti- 
emetics if they have nausea or vomiting, and a PPI to accelerate 
mucosal healing. Long-term treatment with a PPI is not required. 


Cameron Lesions 


Cameron lesions are linear erosions or ulcerations in the proxi- 
mal stomach at the end of a large hiatal hernia, near the diaphrag- 
matic pinch (Fig. 20.15).!°° Cameron lesions are thought to be 
caused by mechanical trauma and local ischemia as the hernia 
moves against the diaphragm and only secondarily by acid and 
pepsin. They can be a source of acute UGI bleeding but more 
commonly may present as chronic GI bleeding and iron defi- 
ciency anemia. Cameron lesions are a common cause of obscure 
GI bleeding (see later) and, not uncommonly, are missed by an 
unsuspecting endoscopist. Endoscopic management has been 
reported.!°! Long-term medical management is usually with iron 
supplements and an oral PPI.!9?!°3 Surgical repair of the hiatal 
hernia may be needed for patients with severe acute or chronic GI 
bleeding and failure of medical management (see Chapter 27).!°7 


UGI Malignancy 


Malignancy accounts for 1% of severe UGIBs. The tumors are 
usually large, ulcerated masses in the esophagus, stomach, or duo- 
denum. Endoscopic hemostasis with MPEC, laser, injection ther- 
apy, or hemoclips can temporarily control acute bleeding in most 
patients and allow time to determine the appropriate long-term 
management.!*+!9> Patients with an ulcerated subepithelial mass 
(usually a GIST or leiomyoma) should undergo surgical resec- 
tion of the mass to prevent rebleeding and, in the case of a GIST, 
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the risk of metastasis. Angiography with embolization should 
be considered for patients with severe UGI bleeding caused by 
malignancy who do not respond to endoscopic therapy. External 
beam radiation can provide palliative hemostasis for patients with 
bleeding from advanced gastric or duodenal cancer (see Chapter 
54). Hemospray has been used to manage oozing bleeding from 
UGI tumors in a small case series (see earlier).*” 


GAVE 


GAVE, also described as “watermelon stomach,” is a variant of 
gastric vascular ectasia (see Chapter 92) characterized by rows 
or stripes of ectatic mucosal blood vessels that emanate from 
the pylorus and extend proximally into the antrum (Fig. 20.16). 
The cause is uncertain, and the lesion may represent a response 
to mucosal trauma from contraction waves in the antrum. GAVE 


Fig. 20.15 Endoscopic appearance of Cameron lesions. Note that 
these linear ulcerations (arrows) are located at the distal end of a hiatal 
hernia. 


Fig. 20.16 Endoscopic appearance of GAVE, or watermelon stom- 
ach. The pattern seen in this view is considered classic, with rows of 
ectatic mucosal blood vessels emanating from the pylorus. 


has been associated with cirrhosis and systemic sclerosis (sclero- 
derma) (see Chapters 37, 38, and 92). Patients with GAVE who do 
not have portal hypertension demonstrate linear arrays of angio- 
mas (classic GAVE), whereas those with portal hypertension have 
more diffuse antral angiomas.!”° The diffuse type of antral angio- 
mas and, occasionally, classic GAVE are sometimes mistaken for 
gastritis by an unsuspecting endoscopist. Such cases are a common 
cause of obscure GI bleeding in referral centers (see later).°” 

Patients usually present with iron deficiency anemia or melena, 
with a mildly decreased hematocrit value suggestive of a slow 
UGIB. GAVE is most commonly reported in older women!” 
and also seems to be more common in patients with end-stage 
renal disease. 

Endoscopic hemostasis with thermal heat modalities such as 
laser, MPEC, or argon plasma coagulation has been used suc- 
cessfully. Endoscopic hemostasis and ablation with thermal 
modalities can result in good palliation with an increase in the 
hematocrit value and a decrease in the need for blood transfu- 
sions and hospitalization.!°°!°7 Usually, several sessions approxi- 
mately 4 to 8 weeks apart are required to achieve eradication of 
the lesions and a reduction in bleeding from the antral ectasias. 
Endoscopic therapy with argon plasma coagulation has been 
shown to be equally (80%) effective in cirrhotic and noncirrhotic 
patients with GAVE.!°° Pilot studies have demonstrated that 
mucosal band ligation, radiofrequency ablation, and cryotherapy 
can also lead to eradication of GAVE in selected patients.!??70! 

Placement of a TIPS in patients with portal hypertension and 
cirrhosis does not decrease bleeding from GAVE or diffuse antral 
angiomas. Patients who have ongoing severe chronic bleeding 
from GAVE rarely require surgical antrectomy to control symp- 
toms (see Chapters 38 and 92).?° 


Portal Hypertensive Gastropathy 


Portal hypertensive gastropathy (PHG) is caused by increased 
portal venous pressure and severe mucosal hyperemia that results 
in ectatic blood vessels in the proximal gastric body and cardia 
and oozing of blood. Less severe grades of PHG appear as a 
mosaic or snakeskin pattern and are not associated with bleed- 
ing.?™ Usually, patients with severe PHG present with chronic 
blood loss, but they can occasionally present with acute bleeding. 

Severe PHG with diffuse bleeding is treated by measures 
that decrease portal pressure, usually with B-adrenergic receptor 
blocking agents or possibly with placement of a TIPS or surgical 
portacaval shunt. Endoscopic management has no role unless an 
obvious focal bleeding site is identified. The best treatment is LT 
(see Chapter 92). 


Hemobilia 


Hemobilia may occur in patients who have experienced liver 
trauma, undergone a liver biopsy or manipulation of the hepato- 
biliary system (as occurs with ERCP, percutaneous transhepatic 
cholangiography, or TIPS), or have HCC or a biliary parasitic 
infection.??t Patients may present with a combination of GI 
bleeding and elevated liver biochemical test levels. The diagnosis 
can be confirmed by using a side-viewing duodenoscope to iden- 
tify bleeding from the ampulla (Fig. 20.17). Ongoing or recurrent 
bleeding is treated with arterial embolization via arteriography. 


Hemosuccus Pancreaticus 


Hemosuccus pancreaticus is a rare form of UGI bleeding that 
occurs most commonly in patients with acute pancreatitis, 
chronic pancreatitis, pancreatic pseudocyst, or pancreatic cancer 
or after ERCP with pancreatic duct manipulation (see Chapters 
42, 58, 59, 60, and 61). It can also result from rupture of a splenic 
artery aneurysm into the pancreatic duct.” CT can demonstrate 


Fig. 20.17 Endoscopic appearance of the ampulla of Vater and hemo- 
bilia. Note fresh red blood on the right side exuding from the ampulla 
of a patient who earlier that day had undergone a percutaneous liver 
biopsy. 


pancreatic pathology if previously unsuspected. Endoscopy with 
a side-viewing duodenoscope reveals blood coming out of the 
ampulla. Management of severe hemorrhage is usually with angi- 
ographic embolization or surgery. 


Postsphincterotomy Bleeding 


Bleeding following endoscopic sphincterotomy occurs in approx- 
imately 2% of patients (see Chapter 42).?°° Potential risk factors 
include coagulopathy, use of anticoagulants, portal hyperten- 
sion, renal failure, and the type and length of sphincterotomy. 
Successful hemostasis of postsphincterotomy bleeding is usually 
achieved with endoscopic methods such as injection of epineph- 
rine, hemoclips, or MPEC (see Chapter 42). 


Aortoenteric Fistula 


Bleeding from an aortoenteric fistula is usually acute and massive, 
with a high mortality rate.” A primary aortoenteric fistula is a 
communication between the native abdominal aorta (usually an ath- 
erosclerotic abdominal aortic aneurysm) and, most commonly, the 
third portion of the duodenum.?? Often, a self-limited herald bleed 
occurs hours to months before a more severe exsanguinating bleed. 
Occasionally, the diagnosis of an aortoenteric fistula is suspected 
by a history of an abdominal aortic aneurysm or by palpation of a 
pulsatile abdominal mass. The diagnosis can be difficult to make on 
endoscopy in the absence of active bleeding. Demonstration of an 
aortic aneurysm on abdominal CT or MRI (with IV contrast) sug- 
gests the diagnosis of a fistula.°* Secondary aortoenteric fistulas are 
more common and usually occur between the small intestine and an 
infected abdominal aortic surgical graft. The fistula typically occurs 
between the third portion of the duodenum and the proximal end of 
the graft but may occur elsewhere in the GI tract. The fistula usually 
forms between 3 and 5 years after graft placement. Patients often 
experience a herald bleed that is mild and self-limited, and occa- 
sionally intermittent, before massive bleeding occurs.””” A second- 
ary fistula can also occur between the third part of the duodenum 
and an endovascular stent, in which case the fistula may be caused 
by pressure from the stent against the duodenum, infection of the 
stent, or possibly expansion of the native aneurysm.?!° 
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Patients with an acute UGIB and a history of an aortic aneu- 
rysm repair should undergo urgent CT with IV contrast or MR 
angiography first. CT or MRI may show inflammation around 
the graft and may demonstrate the fistula. If these are not 
diagnostic, push enteroscopy should be considered to evaluate 
the third portion of the duodenum for compression, blood, or 
graft material, as well as to exclude other bleeding sources. A 
vascular surgery consultation should also be obtained. Surgical 
treatment is required to remove the infected graft. Therapeu- 
tic endoscopy plays no role in the management of bleeding 
from an aortoenteric fistula (see Chapter 38). 


Varices 


Variceal hemorrhage is an important cause of UGI bleeding 
and is discussed in more detail in Chapter 92. Esophageal vari- 
ceal bleeding related to portal hypertension is the second most 
common cause of severe UGI bleeding (after PUD). The acute 
mortality rate with each bleed is approximately 30%, and the 
long-term survival rate is less than 40% after 1 year with medi- 
cal management alone.*!! Despite advances in medical therapy, 
endoscopic hemostasis, and angiographic procedures and TIPS, 
overall long-term survival rates have not improved for patients 
with variceal bleeding. Survival in nontransplanted patients with 
variceal bleeding is heavily influenced by the severity of under- 
lying liver disease, with poorer survival rates for patients with 
higher MELD scores or Child-Pugh class C cirrhosis than for 
those with Child-Pugh class A or B cirrhosis (see Chapters 74, 
92, and 97). LT can improve survival in selected patients. 

Bleeding gastric varices are a difficult therapeutic problem 
because in contrast to bleeding esophageal varices, most available 
nonsurgical treatments are ineffective, except when isolated gas- 
tric varices are found without accompanying esophageal varices, 
as occurs with splenic vein thrombosis and often in association 
with pancreatitis or pancreatic cancer. The diagnosis of splenic 
vein thrombosis can be made with Doppler US, MRI, or routine 
angiography. Bleeding from gastric varices caused by splenic vein 
thrombosis is treated by splenectomy. Focal gastric varices with 
bleeding can be treated with injection of cyanoacrylate glue or 
radiologic procedures such as balloon-occluded retrograde trans- 
venous obliteration (see Chapter 92). 


Medical Management of Acute Variceal Bleeding 
Somatostatin and its long-acting analog, octreotide, cause 
selective splanchnic vasoconstriction and lower portal pres- 
sure without causing the cardiac complications seen with 
vasopressin (even in combination with nitroglycerin). Studies 
have shown mixed results as to whether somatostatin is more 
effective than placebo in managing variceal bleeding, but it 
seems to be at least as effective as vasopressin and is much 
safer. A meta-analysis has shown that vasoactive drugs (e.g., 
octreotide, somatostatin, terlipressin [a long-acting vasopres- 
sin analog]) are as effective as sclerotherapy for controlling 
variceal bleeding and cause fewer adverse events.”! No studies 
have shown a survival benefit to vasopressin or somatostatin 
in patients with variceal bleeding. Given the potential abil- 
ity of octreotide to control acute variceal hemorrhage, its low 
toxicity, and its availability in the USA, octreotide has been 
the pharmacologic drug of choice as an adjunct to endoscopic 
therapy for the treatment of variceal hemorrhage. The dose 
of octreotide for acute variceal hemorrhage is a 50 pg bolus 
followed by a continuous IV infusion of 50 ug/hr for up to 5 
days. 

Patients with a prolonged PT that does not correct with fresh 
frozen plasma may benefit from infusion of human recombinant 
factor VIa, although prolongation of the PT does not corre- 
late with bleeding risk (see Chapters 92 and 94). In one uncon- 
trolled trial, a single 80 pg/kg dose of recombinant factor VIa 


298 PART IIl Symptoms, Signs, and Biopsychosocial Issues 


normalized the PT in all 10 patients within 30 minutes, with 
immediate control of bleeding in all patients.’!? In a large ran- 
domized, placebo-controlled study, administration of recombi- 
nant factor VIIa in addition to endoscopic hemostasis decreased 
rebleeding rates in patients with Child-Pugh class B and C cir- 
rhosis who had bled from varices.7!> Because recombinant factor 
VIIa is expensive and associated with a risk of thrombosis, its use 
should be reserved for patients with severe ongoing bleeding and 
irreversible coagulopathy, pending the results of additional clini- 
cal and cost-effectiveness studies. 

Up to 20% of cirrhotic patients who are hospitalized with GI 
bleeding have a bacterial infection at the time of admission to the 
hospital, and infection develops during the hospitalization in up 
to 50% (see Chapter 93). Meta-analyses suggest that administra- 
tion of an antibiotic to cirrhotic patients with variceal bleeding is 
associated with a decrease in the rates of mortality and bacterial 
infections.”!*+7!° Commonly prescribed antibiotics are fluoroqui- 
nolones, such as oral norfloxacin (400 mg twice daily) (not avail- 
able in the USA), IV ciprofloxacin (400 mg every 12 hours), IV 
levofloxacin (500 mg every 24 hours), and, most commonly, IV 
ceftriaxone, 1 g every 24 hours, administered for 7 days. 


Balloon Tamponade 

Although balloon tamponade of varices is seldom used now to 
control gastroesophageal variceal bleeding, it may be used to sta- 
bilize a patient with massive bleeding prior to definitive therapy 
(see Chapter 92). Three types of tamponade balloons are avail- 
able. The Sengstaken-Blakemore tube has gastric and esopha- 
geal balloons, with a single aspirating port in the stomach. The 
Minnesota tube also has gastric and esophageal balloons and 
has aspiration ports in the esophagus and stomach. The Linton- 
Nachlas tube has a single large gastric balloon and aspiration 
ports in the stomach and esophagus. Most reports suggest that 
balloon tamponade provides initial control of bleeding in 85% to 
98% of cases, but variceal rebleeding recurs soon after the balloon 
is deflated in 21% to 60% of patients.’!° The major problem with 
tamponade balloons is a 30% rate of serious complications such 
as aspiration pneumonia, esophageal rupture, and airway obstruc- 
tion. Patients should be intubated before placement of a tampon- 
ade balloon to minimize the risk of pulmonary complications. 
Clinical studies have not shown a significant difference in efficacy 
between vasopressin administration and balloon tamponade. 


Endoscopic Sclerotherapy 

Endoscopic variceal sclerotherapy involves injecting a sclerosant 
into or adjacent to esophageal varices. The most commonly 
used sclerosants are ethanolamine oleate, sodium tetradecyl 
sulfate, sodium morrhuate, and ethanol. Cyanoacrylate, a glue 
that effectively stops bleeding when injected into esophageal or 
gastric varices, is difficult to use and not approved by the FDA. 
Various techniques are used; their common goals are to achieve 
initial hemostasis and reduce the risk of rebleeding by performing 
sclerotherapy on a scheduled basis until the varices are obliter- 
ated. Esophageal varices are much more amenable than gastric 
varices to eradication with endoscopic therapy. 

Prospective randomized trials have suggested that immedi- 
ate hemostasis is improved and the risk of acute rebleeding is 
reduced with sclerotherapy compared with medical therapy 
alone for bleeding esophageal varices.’!’~?° Hemostasis can be 
achieved in 85% to 95% of cases, with a rebleeding rate of 25% 
to 30%.’*! Complications of endoscopic variceal sclerotherapy 
include esophageal ulcers that can bleed or perforate, esophageal 
strictures, mediastinitis, pleural effusions, aspiration pneumonia, 
acute respiratory distress syndrome, chest pain, fever, and bac- 
teremia and account, in part, for the use of esophageal variceal 
band ligation as the preferred endoscopic therapy for variceal 
bleeding. 


Endoscopic Band Ligation 

The technique of endoscopic band ligation is similar to that used 
for band ligation of internal hemorrhoids (see Chapter 129). A 
rubber band is placed over a varix, which subsequently under- 
goes thrombosis, sloughing, and fibrosis. Prospective random- 
ized controlled trials have shown that endoscopic band ligation 
is as effective as sclerotherapy in achieving initial hemostasis and 
reducing the rate of rebleeding from esophageal varices. Acute 
hemostasis can generally be achieved in 80% to 85% of cases, 
with a rebleeding rate of 25% to 30%. Band ligation is associated 
with fewer local complications, especially esophageal strictures, 
and in one study required fewer endoscopic treatment sessions 
than sclerotherapy.” A meta-analysis has reported that variceal 
band ligation reduces the rates of rebleeding, overall mortality, 
and death from bleeding compared with sclerotherapy.’?> Band 
ligation, however, may be more technically difficult to perform 
than sclerotherapy during active variceal bleeding. Devices used 
for band ligation allow up to 10 bands to be placed, without the 
need to remove the endoscope to reload the banding device. The 
recommended strategy is to control active bleeding first and then 
place 2 bands on each esophageal variceal column, one distally 
near the gastroesophageal junction and another 4 to 6 cm proxi- 
mally.224226 


TIPS 

Placement of a TIPS is an interventional radiologic procedure 
in which an expandable metal stent is placed via percutaneous 
insertion between the hepatic and portal veins, thereby creating 
an intrahepatic portosystemic shunt. TIPS is effective for short- 
term control of bleeding gastroesophageal varices, especially 
those that fail endoscopic therapy.?*°?’ Initially envisioned as 
a bridge to LT, it has been used with increased frequency in 
nontransplantation situations. Randomized trials that have com- 
pared TIPS with endoscopic sclerotherapy suggest that TIPS 
is more effective for the long-term prevention of rebleeding.’7® 
The main problems with TIPS are a rate of shunt occlusion 
of up to 80% (less with use of polytetrafluoroethylene-coated 
stents) within 1 year and development of new or worsening 
hepatic encephalopathy in approximately 20% of patients.’*? 
Most relevant studies have shown that TIPS does not prolong 
survival of patients with variceal bleeding compared with endo- 
scopic treatment. In the management of acute variceal bleed- 
ing, TIPS is generally reserved for patients who fail endoscopic 
treatment. In one study of patients with predominantly alco- 
holic cirrhosis and active drinking, those with Child-Pugh class 
B cirrhosis who were stabilized with vasoactive and endoscopic 
therapy were randomized to either urgent TIPS within 72 hours 
after initial stabilization or therapy with a B-adrenergic recep- 
tor blocking agent and endoscopic band ligation as maintenance 
therapy, and those who underwent a TIPS had a lower rate of 
rebleeding and improved 1-year survival.” The findings may 
not be as applicable to patients with nonalcoholic cirrhosis (see 
also Chapter 92). 


Portosystemic Shunt Surgery 

A variety of portosystemic shunt operations have been per- 
formed to reduce portal venous pressure. When compared 
with sclerotherapy, surgical shunts decrease the rebleeding 
rate significantly but do not improve survival.?7!73!-734 Surgical 
shunts may be associated with hepatic encephalopathy and can 
make future LT technically more difficult, but they have an 
advantage over endoscopic variceal therapy in reducing portal 
hypertension and treating gastric variceal bleeding. Surgical 
shunts are performed infrequently now but are considered for 
selected patients who have failed endoscopic therapy and are 
not expected to become candidates for LT (see Chapters 92 
and 97). 


LOWER GASTROINTESTINAL BLEEDING 


LGI bleeding generally signifies bleeding from the colon or ano- 
rectum. The annual incidence of LGI bleeding is approximately 
20 cases/100,000 population, with an increased risk in older 
adults.’>> The rate of hospitalization for LGI bleeding is lower 
than that for UGI bleeding. Most patients are older than 70 years 
of age. Patients usually present with painless hematochezia and a 
decrease in the hematocrit value but without orthostasis. If ortho- 
stasis is associated with hematochezia, a briskly bleeding UGI 
source should be excluded (see earlier); severe painless hema- 
tochezia results from a foregut source in approximately 15% of 
noncirrhotic patients.’*° The sites of origin within the GI tract of 
severe hematochezia at UCLA CURE are shown in Fig. 20.18. 

Patients with LGI bleeding should initially be resuscitated 
medically. After they have been stabilized, they should generally 
undergo urgent colonoscopy after a PEG purge.’’ For patients with 
cirrhosis, a recent history of melena or hematemesis, or a history 
of PUD, “panendoscopy” (upper and lower endoscopy) is recom- 
mended first.”6237 In early reports, urgent colonoscopy resulted 
in a diagnosis in approximately 70% of cases;7**73? however, in 
subsequent reports, the combination of urgent colonoscopy and, if 
necessary, push enteroscopy, anoscopy, and capsule endoscopy has 
resulted in a diagnosis in 95% of cases (see Fig. 20.4).73737 

‘The most common causes of LGI bleeding are shown in Table 
20.8. Diverticulosis is the most common cause of acute LGI 
bleeding and occurs in approximately 30% of cases.* Colonic 
polyps or cancer, colitis, and anorectal disorders each account for 
approximately 20% of cases.?40 

In most cases, acute LGI bleeding will stop spontaneously, 
thereby allowing nonurgent diagnosis and treatment. For patients 
with ongoing or recurrent hematochezia, urgent diagnosis and 
treatment are required to control the bleeding. In a large series of 
patients at the UCLA Medical Center and Wadsworth Veterans 
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Fig. 20.18 Frequencies of sources of severe hematochezia in patients 
seen at UCLA CURE. Note that in most cases (75%), severe hemato- 
chezia is from the colon, 17% is from a UGI (esophagus, stomach, or 
duodenum) source, and 5% is from a small intestinal source. CURE, 
Center for Ulcer Research and Education; UCLA, University of Califor- 
nia, Los Angeles. 
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Administration Hospital, 64% of patients with severe hemato- 
chezia required a therapeutic intervention to control continued 
bleeding or rebleeding’: 39% underwent endoscopic hemostasis, 
1% underwent angiographic embolization, and 24% underwent 


surgery. 


Risk Factors and Risk Stratification 


Nonselective NSAIDs increase the risk of LGI bleeding com- 
pared with placebo.**!?*? The main risk factors for NSAID- 
associated LGI bleeding appear to be an age of 65 years or older 
and prior history of LGI bleeding.” Whether use of long-term 
selective COX-2 inhibitors is associated with a lower risk of LGI 
bleeding than nonselective NSAIDs is uncertain. 

‘Table 20.9 shows clinical factors that are predictive of severe 
LGI bleeding (defined as continued bleeding within the first 24 
hours of hospitalization, with a transfusion requirement of at least 


TABLE 20.8 Colonic Causes of Severe Hematochezia (%) 


Study 

Reference Reference UCLA CURE* 
Lesion 239 240 (2018) 
Diverticulosis 30 33 33 
Colon cancer or polyps 18 21 52 
Colitis le ala N/A 
Ischemic colitis N/A 7 11.9 
IBD N/A 4 3.6 
Noninfectious colitis N/A 5 Pall 
Infectious colitis N/A 1 12 
Angioectasia Y 6 5.0 
Postpolypectomy ulcer 6 N/A 7.8 
Rectal ulcer N/A 1 8.4 
Hemorrhoids N/A 20 10.3 
Anorectal source (other) 4 3 1.8f 
Radiation colitis 0) 0.5 Be 
Colon anastomotic ulcer N/A N/A 2,)| 
Other 8 3 4.1 
Unknown 16 (0) o 


*N = 823. 

tAnal fissure following rubber band ligation, ulcer, rectal cancer, or other 
anorectal lesion. 

CURE, Center for Ulcer Research and Education; UCLA, University of 
California, Los Angeles; N/A, not available. 


TABLE 20.9 Clinical Prediction Score and Outcomes of Severe Acute LGI Bleeding 


Mean Number of Units 


Total Risk Frequency Risk of Severe Need for Mortality Hospital Transfused (Packed 
Points* (%) Bleeding (%) Surgery (%) Rate (%) Days Red Blood Cells) 

0 6 6 0 (0) 2.8 0 

1-3 75 43 1e 2.9 Cul 1 

24 19 79 Tall 9.6 4.6 3 


*Risk factors (1 point each): aspirin use; more than 2 comorbid illnesses; heart rate =>100/min; nontender abdominal examination; rectal bleeding within the 


first 4 hr of evaluation; syncope; systolic blood pressure <115 mm Hg. 


Severe LGI bleeding is defined as continued bleeding within the first 24 hr of hospitalization (transfusion of 2 or more units of packed red blood cells and/ 
or hematocrit value drop of 20% or more) and/or recurrent bleeding after 24 hr of stability (need for additional transfusions, further hematocrit value 
decrease of 20% or more, or readmission to the hospital for LGI bleeding within 1 week of discharge). 

Data from Strate LL, Saltzman JR, Ookubo R, et al. Validation of a clinical prediction rule for severe acute lower intestinal bleeding. Am J Gastroenterol 2005; 


100:1821-7. 
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2 units of packed RBCs or a decrease in the hematocrit value of 
20% or more) or recurrent bleeding after 24 hours of stability 
(defined as the need for additional transfusions, a further decrease 
in the hematocrit value of at least 20%, or readmission for LGI 
bleeding within 1 week of discharge). Predictive factors include 
tachycardia, hypotension, syncope, a nontender abdomen, wit- 
nessed rectal bleeding on presentation, aspirin use, and more than 
2 comorbid illnesses.**+?* These risk factors are used in a prog- 
nostic scoring system that identifies patients at the highest risk for 
severe LGI bleeding, who account for 19% of patients with LGI 
bleeding and may benefit most from urgent colonoscopy. 

A single-institution case series of 94 patients admitted for LGI 
bleeding’** found that 39% of all cases of LGI bleeding requir- 
ing hospitalization were severe, as defined by the passage of red 
blood after the patient had left the emergency department and 
associated hypotension or tachycardia or the need for a transfu- 
sion of more than 2 units of packed RBCs during hospitalization. 
Independent risk factors for severe LGI bleeding were an initial 
hematocrit value of 35% or lower, abnormal vital signs (a systolic 
blood pressure <100 mm Hg or a heart rate >100/min) on admis- 
sion, and gross blood on initial rectal examination. 

Artificial neural networks have also been used to develop pre- 
diction models for severe LGI bleeding,**’7** but from a clinical 
point of view, the large number of variables that have to be entered 
into a computer program for analysis limit their widespread use. 


Mortality 


A large U.S. database study of 227,000 patients with a discharge 
diagnosis of LGI bleeding reported an overall mortality rate of 
3.9% in 2008.79 Multivariate analysis found that independent 
predictors of in-hospital mortality are age older than 70 years, 
intestinal ischemia, at least 2 comorbid illnesses, onset of bleed- 
ing after hospitalization for an unrelated condition, coagulopa- 
thy, hypovolemia, transfusion of packed RBCs, and male gender. 
Colorectal polyps and hemorrhoids were associated with a lower 
mortality risk. The low risk of death from LGI bleeding identi- 
fied in this study is consistent with data from smaller series such 
as those from Kaiser San Diego (2.4%) and the University of 
California, San Francisco (3.2%).?*>?#6 The Kaiser study also 
found an increased risk of death with in-hospital LGI bleeding. 


Diagnostic and Therapeutic Approach 


Patients with hematochezia should undergo the same care- 
ful history taking, physical examination, and laboratory testing 
described earlier for the general approach to the patient with 
acute GI bleeding (see Table 20.1). The history should focus 
specifically on identifying sources of LGI bleeding. Diverticular 
bleeding should be suspected in patients with painless, severe, 
acute hematochezia and a history of diverticulosis, although isch- 
emic colitis may also be painless.” 

Patients should be medically resuscitated. Because LGI bleed- 
ing is generally less severe than UGI bleeding, blood transfu- 
sions may not be required. Most patients should undergo initial 
evaluation with colonoscopy after bowel preparation, although 
in selected cases anoscopy or flexible sigmoidoscopy without 
any bowel cleansing or after an enema may be performed. Other 
diagnostic tests, including radionuclide bleeding scans or angiog- 
raphy, may be used in selected cases or when colonoscopy fails to 
detect a source of bleeding. 


Anoscopy 


Anoscopy can be useful for patients in whom bleeding internal 
hemorrhoids or other anorectal disorders (e.g., fissures, fistulas, 
proctitis) are suspected from the medical history. For internal 
hemorrhoids, immediate treatment with rubber band ligation is 


recommended (see Chapter 129). Most patients, however, espe- 
cially if older than 50 years of age, will also require colonoscopy, 
at least electively, to evaluate the remainder of the colon. 


Flexible Sigmoidoscopy 


Flexible sigmoidoscopy can evaluate the rectum and left side of 
the colon for a bleeding site and can be performed without a 
standard colonoscopy bowel preparation. Although not adequate 
for evaluation of the anal canal, flexible sigmoidoscopy alone 
will result in a diagnosis in approximately 9% of cases.” If the 
distal colon can be adequately cleansed with enemas, an urgent 
flexible sigmoidoscopy can be useful for patients suspected of 
having a solitary rectal ulcer, UC, radiation proctitis, postpolyp- 
ectomy bleeding (in the rectosigmoid), or internal hemorrhoids 
(see Chapters 41, 116, 119, 126, 128, and 129). Therapeutic 
hemostasis can be provided with injection therapy, hemoclip 
placement, band ligation, or MPEC. Monopolar electrocautery 
(e.g., argon plasma coagulation, snare polypectomy, hot biopsy 
forceps) should not be used if a bowel preparation has not been 
administered to avoid the risk of ignited flammable colonic gas 
(see Chapter 17). 


Radionuclide Imaging 


Radionuclide imaging involves injecting a radiolabeled sub- 
stance into the patient’s bloodstream and performing serial 
scintigraphy to detect focal collections of radiolabeled mate- 
rial (see earlier). This technique has been reported to detect 
bleeding at a rate as low as 0.04 mL/min,** with an overall 
positive diagnostic rate of approximately 45% and an accuracy 
rate of 78% for localizing the true bleeding site.?** The disad- 
vantages of radionuclide imaging are that delayed scans may 
be misleading, and determining the specific cause of bleeding 
often depends on endoscopy or surgery. False-positive results 
are most likely to occur when transit of luminal blood is 
rapid, so that radiolabeled blood is detected in the colon even 
though it originated in the UGI tract. Radionuclide imaging 
may be helpful in cases of obscure GI bleeding (see later) or 
prior to angiography to help localize a lesion, particularly if 
an early scan (e.g., 30 minutes to 4 hours after injection of the 
radiolabeled material) is positive for RBC extravasation. 


Angiography 


Angiography is most likely to detect a site of bleeding when the 
rate of arterial bleeding is at least 0.5 mL/min.» The diagnostic 
yield depends on patient selection, the timing of the procedure, 
and the skill of the angiographer, with positive results in 12% 
to 69% of cases. An advantage of angiography is that emboliza- 
tion can be performed to control some bleeding lesions. Major 
complications, however, occur in 3% of cases and include bowel 
ischemia, hematoma formation, femoral artery thrombosis, con- 
trast dye reactions, acute kidney injury, and transient ischemic 
attacks.” Other disadvantages of angiography are the absence of 
active bleeding in most patients at the time of angiography, inabil- 
ity to detect nonbleeding SRH (NBVV, clot, or spot), expense of 
the test, and inability to determine the specific lesion responsible 
for bleeding in many cases.7>°77’ A small retrospective case series 
of 11 patients with colonic bleeding who underwent angiographic 
embolization reported that the bleeding ceased in 10, mesen- 
teric ischemia developed in 7, and 6 died.”°! Another study of 65 
patients with acute LGI bleeding who did not undergo colonos- 
copy as a first diagnostic step found that diagnostic angiography 
provided little additional clinical information because the bleed- 
ing stopped spontaneously in most patients. Moreover, angiog- 
raphy did not help guide subsequent surgery and was associated 
with a complication rate of 11%.?°? 


CT and CT Colonography 


Multidetector CT can identify abnormalities in the colon that 
could be a source of bleeding, such as diverticulosis, colitis, 
masses, and varices. CT is often performed if the patient is hav- 
ing hematochezia with abdominal pain. One study from France 
reported that CT accurately identified 17 of 19 LGI bleeding 
sites, including diverticula, tumors, angiomas, and varices.*>? 
Multidetector CT has been shown to be more accurate than 
technetium-tagged RBC scanning in patients with LGI bleed- 
ingt 

CT colonography is being used increasingly to screen per- 
sons for colonic polyps and cancer and may be of some benefit in 
patients with LGI bleeding (see Chapter 127). CT colonography 
detects large polyps (>1 cm) or cancers with a sensitivity rate of 
90%.?>> Faster multidetector scanners also allow CT angiogra- 
phy to be performed, as well as evaluation of the small bowel. 
This capability could allow detection of masses and vascular 
lesions and is a potential advantage of CT angiography over other 
radiologic imaging techniques. 

Multidetector CT has been proposed as an early diagnostic 
step in patients with suspected colonic bleeding to help direct 
colonoscopic evaluation.’°° Because this approach may expose the 
patient to unnecessary radiation, and because nearly all patients 
will undergo either urgent or elective colonoscopy anyway, CT 
colonography is unlikely to play an important role in the acute 
evaluation of patients with LGI bleeding. Moreover, CT angio- 
graphic IV contrast can cause acute kidney injury in patients with 
renal insufficiency. 


Colonoscopy 


Urgent colonoscopy following a rapid bowel purge has been 
shown to be safe, provide important diagnostic information, and 
allow therapeutic intervention.’*®>’ Patients usually ingest 6 
to 8 L of PEG solution orally or via an NG tube over 4 to 6 
hours until the rectal effluent is clear of stool, blood, and clots. 
Metoclopramide, in a dose of 10 mg, may be given intravenously 
before the purge and repeated every 3 to 4 hours to facilitate gas- 
tric emptying and reduce nausea. Owing to the potential risks of 
high sodium and phosphate loads, sodium phosphate bowel prep- 
arations should probably be avoided in patients with suspected 
LGI bleeding. 

Urgent colonoscopy for LGI bleeding is generally performed 
6 to 24 hours after the patient is admitted to the hospital. Most 
bleeding stops spontaneously, and thus, colonoscopy is often 
performed semi-electively on the day after initial hospitalization 
to allow the patient to receive blood transfusions and the bowel 
preparation on the first day of hospitalization. 

The overall rate of detecting a presumed or definite cause of 
LGI bleeding by colonoscopy ranges from 48% to 90%, with an 
average of 68%, based on a review of 13 studies.” The prob- 
lem with interpreting these data, however, is that making a defi- 
nite diagnosis of the cause of the bleeding is often not possible 
unless a bleeding stigma such as active bleeding, a visible vessel, 
an adherent clot, a flat spot, mucosal friability or ulceration, or 
the presence of fresh blood limited to a specific segment of the 
colon is seen. 

The optimal time for performing urgent bowel prepara- 
tion and colonoscopy is unknown. Theoretically, the sooner an 
endoscopy is performed, the higher the likelihood of finding a 
lesion (e.g., bleeding diverticulum, polyp stalk) with stigmata 
that might be amenable to endoscopic hemostasis. A retrospec- 
tive study from the Mayo Clinic, however, suggested that in 
patients with diverticular bleeding, the timing of endoscopy (0 to 
12 hours, 12 to 24 hours, or more than 24 hours after admission) 
is not significantly associated with the finding of active bleeding 
or other stigmata that would prompt colonoscopic hemostasis.”°’ 
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A prospective study revealed no difference between urgent (<12 
hours after presentation) and elective (36 to 60 hours after pre- 
sentation) colonoscopy in terms of further bleeding, blood trans- 
fusions, hospital days, or hospital charges.’ Early colonoscopy 
(soon after admission) has been associated with a shorter length 
of hospitalization, principally because of improved diagnostic 
yield rather than therapeutic intervention.?** 

A consensus on a single approach to patients with severe hema- 
tochezia has not been reached, and the approach used depends 
on local resources and expertise. In large centers, the approach 
detailed in Fig. 20.4 is recommended. With use of an urgent 
endoscopic approach for diagnosis and treatment, the diagnostic 
yield of definitive and presumptive bleeding sites is more than 
90%, and the estimated direct costs are significantly less than the 
costs associated with an elective evaluation.”* 


Barium Enema 


Emergency barium enema has no role in patients with LGI 
bleeding. This test is rarely diagnostic because it cannot demon- 
strate vascular lesions and may be misleading if only diverticula 
are seen. It fails to detect 50% of polyps larger than 10 mm.?>? 
In addition, the barium contrast liquid can make urgent colonos- 
copy more difficult by impairing visualization and delaying other 
studies such as angiography. Subsequent colonoscopy is required 
for any suspicious lesions seen on barium enema or for lesions 
that require therapy. 


Role of Surgery 


Surgical management is rarely needed in patients with LGI bleed- 
ing because most bleeding is self-limited or easily managed with 
medical or endoscopic therapy. The main indications for surgery 
are malignancy, diffuse bleeding that fails to cease with medi- 
cal therapy (as in ischemic colitis or UC), and recurrent bleeding 
from a diverticulum. At present, most patients are managed on a 
medical service rather than on a surgical service. 


Causes and Management 


Visualizing active bleeding during colonoscopy is not always 
possible, but colonoscopy permits identification of SRH (vis- 
ible vessels, adherent clot, or spots) and provides information on 
the location of the lesion and on risk stratification. The earlier a 
colonoscopy is carried out, the higher the chance of detecting an 
actively bleeding lesion or SRH. A definite diagnosis of a bleed- 
ing lesion can usually be made if active bleeding, a visible vessel, 
or a clot is seen. A presumptive diagnosis of the cause of bleed- 
ing can be made if a lesion that is a potential cause of bleeding is 
seen and no other possible sources are identified by anoscopy, full 
colonoscopy with intubation of the terminal ileum, and, in some 
cases, push enteroscopy.*® 


Diverticulosis 


Colonic diverticula are herniations of colonic mucosa and sub- 
mucosa through the muscular layers of the colon (see Chapter 
121). Histopathologically, diverticula in the colon are actu- 
ally pseudodiverticula because they do not contain all layers 
of the colonic wall. Diverticula form when colonic tissue is 
pushed out by intraluminal pressure at points of entry of the 
small arteries (vasa recta), where they penetrate the circular 
muscle layer of the colonic wall. The entry points of the vasa 
recta are areas of relative weakness through which the mucosa 
and submucosa can herniate when intraluminal pressure is 
increased.*°! Diverticula vary in diameter from a few millime- 
ters to several centimeters and are located most commonly in 
the left colon. Most colonic diverticula are asymptomatic and 
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remain uncomplicated. Bleeding may occur from vessels at the 
neck or base of a diverticulum.”°! In our experience with defin- 
itive diverticular hemorrhage (see later), bleeding was from the 
base in 52% and from the neck in 48% of diverticula? 

Diverticula are common in Western countries, with a fre- 
quency of 50% in older adults.” By contrast, diverticula are 
found in fewer than 1% of continental African and Asian popula- 
tions.’ It has been hypothesized that the regional differences in 
prevalence rates can be explained by the low amount of dietary 
fiber in Western diets (see Chapter 121). Diverticular bleeding 
develops in an estimated 3% to 5% of patients with diverticu- 
losis.2° Although most diverticula are in the left colon, several 
series have suggested that diverticula in the right colon are more 
likely to bleed.?%?°776° Two thirds of definitive diverticular 
bleeds (with SRH) emanate from the region of the splenic flexure 
of the colon or proximally.’ 

Diverticular hemorrhage should be classified carefully based 
on findings at colonoscopy, angiography, or surgery, particu- 
larly in the case of older patients with severe hematochezia who 
are likely to have colonic diverticulosis. Definitive diverticular 
hemorrhage is diagnosed when SRH (e.g., active bleeding, visible 
vessel, adherent clot) are seen on colonoscopy or active bleeding 
is demonstrated on angiography or radionuclide imaging, with 
later confirmation of a diverticulum in that location as the source 
of bleeding by colonoscopy or surgery. Preswmptive diverticular 
hemorrhage is diagnosed when colonoscopy reveals diverticulo- 
sis without stigmata, and no other significant lesions are seen 
in the colon and by anoscopy, terminal ileum examination, and 
push enteroscopy. The term incidental diverticulosis is used when 
another lesion is identified as the cause of hematochezia, and 
colonic diverticulosis is evident. In a large prospective cohort 
study in which the management algorithm shown in Fig. 20.4 was 
used in our institutions to classify patients with hematochezia, 
colonic diverticulosis was incidental in 52%, presumptive diver- 
ticular hemorrhage occurred in 31%, and definitive diverticular 
hemorrhage was established in 17% of cases.?>7 

Patients with diverticular bleeding are typically older, have 
been taking aspirin or other NSAID, and present with painless 
hematochezia. 6270 In at least 75% of patients with diverticular 
bleeding, the bleeding stops spontaneously, and these patients 
require transfusion of fewer than 4 units of packed RBCs. In one 
surgical series, surgical segmental colonic resection was performed 
in 60% of patients, most of whom had had continued bleeding 
despite transfusion of 4 units of blood.’**’ Patients who under- 
went resection for a bleeding diverticulum had a rebleeding rate 
of 4%. Among patients who stopped bleeding spontaneously, the 
rebleeding rate from colonic diverticulosis has been reported to 
range from 25% to 38% over the next 4 years, with most patients 
having mild rebleeding.’*>°’ These data, however, are not based 
on colonoscopic documentation of diverticular bleeding, and the 


actual rate of rebleeding appears to be lower. In a large prospec- 
tive cohort study of patients with documented colonic diverticular 
hemorrhage (definitive or presumptive) by our group, the overall 
rate of rebleeding was 18% in 4 years—9% from recurrent diver- 
ticular hemorrhage and 9% from other GI sources.?™ 


Endoscopic Stigmata 

About one third of patients with true diverticular hemorrhage 
(presumptive or definitive) during urgent colonoscopy follow- 
ing adequate cleansing have a stigma of recent bleeding, such as 
active bleeding, a visible vessel, an adherent clot, or a flat spot 
in a single diverticulum.”*’?® As noted, earlier colonoscopy for 
LGI bleeding is likely to result in a greater frequency of finding 
SRH, although a small case series study from the Mayo Clinic did 
not find any difference in the rate of detection of these stigmata 
whether colonoscopy was performed between 0 and 12 hours, 12 
and 24 hours, or more than 24 hours from the time of hospital 
admission.?>” 

Stratifying the risk of diverticular rebleeding by applying the 
same endoscopic stigmata used in high-risk peptic ulcer bleeding 
(active bleeding, NBVV, and clot) has been advocated. For exam- 
ple, as in histopathologic examination of resection specimens of 
bleeding ulcers with visible vessels, the pigmented protuberance 
found on the edge of some diverticula is an organized clot over 
an underlying ruptured blood vessel on histopathology (Fig. 
20.19).?7! The short-term natural history associated with each of 
these stigmata has been reported to be similar to that for stigmata 
associated with peptic ulcer hemorrhage.’’? Of medically treated 
patients with active bleeding from a diverticulum, 83% (15 of 18) 
rebled and 56% required intervention (surgery or angiographic 
embolization) for hemostasis. In patients with an NBVV in a sin- 
gle diverticulum, the rate of rebleeding was 60% and the rate of 
intervention for hemostasis was 40%. In patients with an adher- 
ent clot treated medically, the rebleeding rate was 43% and the 
rate of intervention was 29%. For the entire group of 37 patients 
with these high-risk stigmata, the rebleeding rate on medical 
therapy was 65% and the rate of intervention was 43%. These 
rebleeding and intervention rates are worse than those for peptic 
ulcer hemorrhage because there are no drugs similar to PPIs that 
can be used to reduce the rebleeding risk in patients with high- 
risk SRH. 

UCLA CURE hemostasis studies using a DEP have detected 
underlying blood flow in 91% of patients with major SRH (active 
bleeding, NBVV, or adherent clot) but in no patient without 
these stigmata. The DEP has also been used for risk stratifica- 
tion of patients with flat spots in diverticula during urgent colo- 
noscopy for hemorrhage and as a guide to the completeness of 
hemostasis in patients with SRH.’7} With DEP guidance to 
obliterate blood flow, the rebleeding rates have been less than 
5% in 30 days.272273 
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Fig. 20.19 Endoscopic stigmata of recent colonic diverticular bleeding. A, Active bleeding (arrow). B, Adher- 
ent clot (arrow). C, Nonbleeding visible vessel (arrow). 


Endoscopic Hemostasis 

Colonoscopic hemostasis of actively bleeding diverticula has been 
reported using MPEC, epinephrine injection, hemoclips, fibrin 
glue, rubber band ligation, endoloops, or combinations of epi- 
nephrine and MPEC or hemoclips.?®271:274-278 If fresh red blood 
is seen in a focal segment of colon, that segment should be irri- 
gated vigorously with water to remove the blood and identify the 
underlying bleeding site. If bleeding is coming from the edge of 
a diverticulum or a pigmented protuberance is seen on the edge, 
a sclerotherapy needle can be used for submucosal injection of 
epinephrine (diluted 1:20,000 in saline) in 1 mL aliquots into 4 
quadrants around the bleeding site. Subsequently, MPEC at a 
low power setting (10 to 15 W) and light pressure can be car- 
ried out for a 1-second pulse duration to cauterize the diverticular 
edge and stop bleeding or flatten the visible vessel, or hemoclips 
can be applied. A nonbleeding adherent clot can be injected with 
1:20,000 epinephrine into 4 quadrants, 1 mL/quadrant, after 
which the clot can be removed piecemeal by guillotining it with 
a cold polyp snare until it extends 3 mm above the diverticulum. 
The underlying stigma is treated with MPEC or hemoclips (see 
earlier). 

After endoscopic hemostasis of a bleeding diverticulum is com- 
pleted, a permanent submucosal tattoo should be placed around 
the lesion to allow identification of the site in case colonoscopy 
is repeated or surgery is performed for recurrent bleeding. After 
colonoscopic hemostasis, patients should be told to avoid aspirin 
and other NSAIDs and take a daily fiber supplement on a long- 
term basis. 

In 2000, Jensen and the UCLA CURE group published their 
results on urgent colonoscopy for the diagnosis and treatment 
of severe diverticular hemorrhage?’ and reported that 20% of 
patients with severe hematochezia had endoscopic stigmata, sug- 
gesting a definitive diverticular bleed. This group of patients, 
who underwent colonoscopic hemostasis, had a rebleeding rate 
of 0% and an emergency hemicolectomy rate of 0%, compared 
with 53% and 35%, respectively, in a historical control group 
of patients who had high-risk stigmata but did not undergo 
colonoscopic hemostasis. No rebleeding had occurred after 3 
years of follow-up in the patients who underwent colonoscopic 
hemostasis. 

In another report from the UCLA CURE group of 63 patients 
with definitive diverticular hemorrhage who were treated with 
endoscopic hemostasis, the rebleeding rate was 4.8%, and the 
rate of surgery or angiographic embolization for rebleeding was 
only 3.2%.*’> The investigators carried out treatment with injec- 
tion of epinephrine and hemoclipping of the SRH in the base of 
the diverticulum (and on either side of a stigma to obliterate the 
underlying arterial blood flow) and injection of epinephrine and 
MPEC of SRH at the neck. Approximately 50% of the diverticu- 
lar SRH were located at the neck and 50% at the base; more than 
55% of the diverticula with SRH were found at or proximal to 
the splenic flexure. Complete hemostasis was documented with 
a DEP by absence of blood flow after treatment, and absence of 
blood flow correlated with lack of rebleeding. 

A 2012 study from Japan of 87 patients who underwent endo- 
scopic clip placement at the mouth of a diverticulum for acute 
bleeding revealed a 34% early rebleeding rate, with the major- 
ity of rebleeding episodes occurring from diverticula located in 
the ascending colon.’”’ The high rebleeding rate in this study’”’ 
can be explained by the vascular anatomy of colonic diverticula 
and the placement of hemoclips away from SRH that lie in the 
base of a diverticulum. Because there is bidirectional arterial flow 
in diverticula and an arcade of 2 different arteries, treating with 
hemoclips at the neck of the diverticulum when the SRH is in the 
base will not seal the artery under the stigma; therefore rebleed- 
ing rates would be expected to be high. The acute rebleeding 
rate in this study?’? is similar to that for the medically treated 
patients in a report from UCLA CURE of the natural history of 
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diverticular bleeding in which 65% of patients rebled and 43% 
required surgery or interventional radiology.””* 

Endoscopic band ligation has also been reported as treatment 
of colonic diverticular hemorrhage. A 2012 study from Japan of 
29 patients showed that band ligation was successful and safe, 
with an 11% rate of early rebleeding and the need for surgical 
resection in only one patient with bleeding from an ascending 
colon diverticulum.’*° Owing to the potential risk of full-thick- 
ness wall entrapment in the right colon, however, band ligation 
may increase the risk of perforation.**! Diverticulitis has also 
been reported after band ligation. In a Japanese study, banding 
was reported to yield lower rebleeding rates than hemoclip- 
ping;*** however, many of the patients were treated by remote 
hemoclipping treatment, that is, placement of the clips at the 
neck for diverticular closure when the bleeding point was in the 
base of the diverticulum. 


Angiography and Surgery 
Angiographic embolization can be performed in selected cases of 
diverticular bleeding, but with a risk of bowel infarction, con- 
trast dye reactions, and acute kidney injury. One study found that 
routine angiography prior to surgical resection is not helpful in 
reducing the overall risk of complications.**7 

Surgical resection for diverticular bleeding is rarely needed 
and is reserved for recurrent bleeding. The decision to operate is 
best guided by colonoscopic, angiographic, or radionuclide imag- 
ing studies that demonstrate the likely segment of colon from 
which the bleeding is emanating, and by the presence of medical 
comorbidities. Diverticular bleeding is usually mild in patients 
without major SRH, and the risk of surgical complications is 
increased in older patients. Blind subtotal colectomy, often per- 
formed in the past when a definite bleeding site could not be 
identified, should be avoided if possible. 


Colitis 

The term colitis refers to any form of inflammation of the colon. 
Severe LGI bleeding may be caused by ischemic colitis, IBD, or 
infectious colitis. 

Ischemic colitis can present as painless or painful hematoche- 
zia with mild left-sided abdominal discomfort (see Chapter 118). 
The painless subtype usually results from mucosal hypoxia and 
is thought to be caused by hypoperfusion of the intramural ves- 
sels of the intestinal wall, rather than by large-vessel occlusion or 
embolization, which is often painful and clinically more severe 
with worse outcomes. The incidence of ischemic colitis is esti- 
mated to be 4.5 to 44 cases/100,000 person-years.’*? Most cases 
do not have a recognizable cause. 

Risk factors associated with ischemic colitis have been reported 
to include older age, shock, cardiovascular surgery, heart failure, 
chronic obstructive pulmonary disease, ileostomy, colon cancer, 
abdominal surgery, IBS, constipation, laxative use, oral contra- 
ceptive use, and use of an H2RA.?®-286 The superior mesenteric 
artery supplies blood to the right colon (cecum, ascending colon, 
hepatic flexure, proximal transverse colon, and midtransverse 
colon), whereas the inferior mesenteric artery supplies blood to 
the left colon (distal transverse colon, splenic flexure, descending 
colon, sigmoid colon, and rectum). The colon has an abundant 
blood supply, but the watershed area between the superior and 
inferior mesenteric arteries has the fewest collateral vessels and 
is at most risk for ischemia. The colon normally receives 10% 
to 35% of cardiac output, and ischemia can occur if blood flow 
decreases by more than 50%. Although ischemia is most likely 
to occur in the watershed area of the splenic flexure, it can occur 
anywhere in the colon.?*” 

The diagnosis of ischemia is usually made by colonoscopy, 
but in severe cases of large-vessel ischemia, “thumbprinting” 
may be noted on plain films or colonic wall thickening on CT. 
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The colonoscopic appearance of the mucosa includes erythema, 
friability, and exudate. Mucosal biopsy specimens may suggest 
ischemic changes but are generally used to exclude infectious 
or Crohn colitis. Ischemic colitis usually resolves in a few days 
and generally does not require colonoscopic hemostasis or anti- 
biotic therapy. In the UCLA CURE experience, approximately 
10% of patients with ischemic colitis and severe hematochezia 
had a focal ulcer with a major stigma of hemorrhage on urgent 
colonoscopy.” After detection of arterial blood flow with DEP, 
the recommended treatment in these cases is epinephrine injec- 
tion and hemoclipping, similar to that for other ulcers. In a large 
retrospective series from Kaiser, no episodes of rebleeding from 
ischemic colitis occurred over a 4-year follow-up period.’>> On 
the other hand, patients with large-vessel mesenteric ischemia 
usually have worse outcomes, including higher rates of rebleed- 
ing, perforation, surgery, and death. 

IBD that involves the colon can rarely cause severe acute LGI 
bleeding (see Chapter 115). In a case series from the Mayo Clinic, 
most of these patients had Crohn disease, and most were successfully 
treated medically.**? Three of the 31 patients in this series under- 
went endoscopic therapy with epinephrine injection alone or with 
MPEC for an adherent clot or an oozing ulcer. These 3 patients had 
no rebleeding, but 23% of the other 28 patients had rebleeding at a 
median of 3 days (range, 1 to 75 days) after the initial bleed; 39% of 
the patients with severe bleeding eventually required surgery. 

Infectious colitis should be excluded in any patient with severe 
LGI bleeding and colitis (see Chapters 110 and 112). LGI bleed- 
ing can occur with infection caused by Campylobacter jejuni, Sal- 
monella, Shigella, enterohemorrhagic Escherichia coli (0157:H7), 
CMV, or Clostridiodes difficile. Significant blood loss is rare except 
in patients with severe coagulopathy. The diagnosis is made by 
stool cultures and flexible sigmoidoscopy or colonoscopy. Treat- 
ment is with medical management; the use of antibiotics depends 
on the causative organism. Endoscopic management generally 
has no role in infectious colitis. 


Postpolypectomy Bleeding 


Painless bleeding occurs after approximately 1% of colonoscopic 
polypectomies. It is most common 5 to 7 days after polypec- 
tomy but can occur from 1 to 14 days after the procedure. It is 
generally self-limited and mild to moderate, with 50% to 75% 
of patients requiring blood transfusions.’?°-?”? Reported risk fac- 
tors for postpolypectomy bleeding include a large polyp size (>2 
cm), thick stalk, sessile type, location in the right colon, use of 
anticoagulants, and use of aspirin or another NSAID. During 
urgent colonoscopy of patients with severe delayed postpolyp- 
ectomy bleeding, an ulceration with a major stigma of hemor- 
rhage is usually found at the site of the polypectomy (Fig. 20.20). 
In patients with severe bleeding in whom a SRH is found in the 
ulceration,?”+?°° a DEP can be used to detect underlying arterial 
blood flow and the need for endoscopic hemostasis. Endoscopic 
management techniques for delayed postpolypectomy bleeding 
depend on the stigma found and are similar to those used for pep- 
tic ulcer hemorrhage, including epinephrine injection, thermal 
coagulation, hemoclip placement, and combination therapy. Most 
major SRH in postpolypectomy ulcers are treated with hemoclip- 
ping (with or without epinephrine injection) because hemoclips 
do not cause tissue damage, as is seen with thermal coagulation. 


Colon Neoplasia 


Patients with colon polyps and cancer can present with acute 
hematochezia. Often, these patients have a microcytic iron defi- 
ciency anemia consistent with slow GI blood loss (see later) before 
more overt bleeding occurs. Colonic neoplasia was the eighth 
most common cause of severe hematochezia in a large CURE 
series.” At colonoscopy, epinephrine can be injected into the 


Fig. 20.20 Endoscopic appearance of postpolypectomy bleeding in 
the colon. Bleeding occurred 7 days after snare polypectomy of a large 
pedunculated polyp. Note the nonbleeding visible vessel (arrow) in the 
ulcerated polypectomy site. 


lesion to slow active bleeding, and hemoclips can be applied to 
treat SRH on ulcerated lesions that cannot be resected endoscop- 
ically. Hemostatic powder may have a palliative role in reducing 
acute bleeding, prior to definitive treatment (see earlier). When 
possible, colon polyps can be removed to stop bleeding. Surgical 
resection is usually required to prevent rebleeding from a large, 
ulcerated sessile lesion (see Chapters 126 and 127); however, 
most patients with colon polyps or cancer and severe hemato- 
chezia have advanced stage disease and high early mortality and 
should be considered for nonsurgical therapies.?”° 


Radiation Proctitis 


Radiation proctitis usually causes mild chronic hematochezia but 
occasionally can cause acute severe LGI bleeding. Ionizing radiation 
can cause acute and chronic damage to the normal colon and rectum 
when used to treat pelvic tumors—gynecologic, prostatic, bladder, 
or rectal (see Chapter 41). Acute self-limited diarrhea, tenesmus, 
abdominal cramping, and, rarely, bleeding develops for a few weeks 
in approximately 75% of patients who have received a radiation 
dose of 4000 cGy. Chronic radiation effects occur 6 to 18 months 
after completion of treatment and manifest as bright red blood with 
bowel movements. Bowel injury resulting from chronic radiation 
is related to vascular damage, with subsequent mucosal ischemia, 
thickening, and ulceration. Much of this damage is thought to result 
from chronic hypoxic ischemia and oxidative stress. 

Flexible sigmoidoscopy or colonoscopy reveals telangiectasias, 
friability, and sometimes ulceration in the rectum (Fig. 20.21). 
Oozing bleeding is common, and often other nonbleeding rectal 
telangiectasias are seen. Internal hemorrhoids are often seen as 
well and are frequently misdiagnosed as the cause of the rectal 
bleeding by those unfamiliar with radiation telangiectasias. 

Treatment initially focuses on avoidance of aspirin and other 
NSAIDs, consumption of a high-fiber diet, and iron supplemen- 
tation if the patient is anemic. Medical therapy with topical or 
oral 5-aminosalicylic acid (mesalamine), sucralfate, or gluco- 
corticoids may be prescribed but are not generally effective.?”” 
‘Thermal therapy is usually successful, but repeated treatments 
with MPEC or argon plasma coagulation are necessary to achieve 
good outcomes.**? Topical formalin applied directly to the rec- 
tal mucosa can reduce bleeding,’’? as can the use of hyperbaric 
oxygen.’ Antioxidant vitamins, such as vitamins E and C, have 
also been reported to decrease bleeding from chronic radiation 
proctitis (see Chapter 41).30! 


Fig. 20.21 Endoscopic appearance of radiation proctitis. Note diffuse 
oozing and telangiectasias. 


Colonic Angioectasia 


Colonic bleeding from angioectasia, an important cause of LGI 
bleeding in the older adults, is discussed in the section on small 
bowel and obscure bleeding (see later). When angioectasia is the 
cause of bleeding in the colon, the lesions are often multiple, 
making endoscopic hemostasis a challenge (see also Chapter 38). 


Internal Hemorrhoids 


Hemorrhoidal bleeding is painless and characterized by bright 
red blood per rectum that can coat the outside of the stool, drip 
into the toilet bowl, be seen on tissue after wiping, and often 
appear as a large amount of fresh blood in the toilet. Usually, 
bleeding is mild, intermittent, and self-limited but, occasion- 
ally, severe transfusion-requiring bleeding may occur from 
hemorrhoids.>” In a large study of patients with hematoche- 
zia discharged from the hospital, 20% were thought to have 
had bleeding from hemorrhoids.’*° In the UCLA CURE series 
of patients hospitalized for severe hematochezia (see earlier), 
internal hemorrhoids were the second most common cause 
(see Table 20.8).7?” Hemorrhoids were documented by urgent 
anoscopy and colonoscopy after a colonic cleansing prepara- 
tion. The diagnosis can be made with anoscopy, sigmoidos- 
copy, or colonoscopy, especially if performed while bleeding 
is ongoing. 

The treatment of internal hemorrhoids usually starts with 
medical therapy consisting of fiber supplementation, stool soft- 
eners, lubricant rectal suppositories (with or without glucocorti- 
coids), and warm sitz baths. Anoscopic therapy can also be used 
and includes injection sclerotherapy, rubber band ligation, cryo- 
surgery, infrared photocoagulation, MPEC, and direct current 
electrocoagulation. Although most patients with mild hemor- 
rhoidal bleeding respond to medical therapy, those with severe 
or recurrent bleeding are likely to require rubber band ligation, 
some other endoscopic treatment, or, if these measures fail, sur- 
gery (see Chapter 129). 


Anal Fissures 


Patients with an anal fissure usually present with constipation fol- 
lowed by painful bowel movements with or without hematoche- 
zia. The hematochezia is usually mild and is noticed with wiping; 
rarely, hematochezia is moderate to severe. Treatment focuses 
on healing the anal fissure, rather than using specific hemostasis 
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techniques. A topical calcium channel blocker (e.g., 2% topical 
diltiazem cream) and control of constipation with fiber supple- 
mentation and stool softeners plus sitz baths will heal most anal 
fissures (see Chapter 129). 


Rectal Varices 


Ectopic varices may develop in the rectal mucosa between the 
superior hemorrhoidal veins (portal circulation) and middle and 
inferior hemorrhoidal veins (systemic circulation) in patients 
with portal hypertension. On sigmoidoscopy, rectal varices 
are seen during retroflexion as venous structures located sev- 
eral centimeters above the dentate line and extending into the 
rectum. They are distinct from internal hemorrhoids. The 
frequency of rectal varices increases with the degree of portal 
hypertension. Approximately 60% of patients with a history of 
bleeding esophageal varices have rectal varices, but they are a 
rare cause of severe hematochezia.’?73°?°+ The treatment of 
bleeding rectal varices is similar to that for esophageal varices, 
with sclerotherapy, band ligation, or a portosystemic shunt (see 
Chapter 92).303-305 


Rectal Dieulafoy Lesions 


Dieulafoy lesions are large submucosal arteries without overly- 
ing mucosal ulceration that can cause massive bleeding. They can 
occur anywhere in the GI tract, although usually in the foregut 
(see earlier). Bleeding Dieulafoy lesions in the rectum, which 
have been treated successfully with endoscopic hemostasis, have 
been described in several reports.!7?306 


Rectal Ulcers 


Several case series have described seriously ill hospitalized 
patients with the sudden onset of painless severe hematochezia 
from a solitary or multiple rectal ulcer(s) located 3 to 10 cm 
above the dentate line. In one series of 19 cases from Taiwan, 
2.7% of patients evaluated for severe hematochezia were diag- 
nosed with acute hemorrhagic rectal ulcer syndrome.*°’ The 
patients had a mean age of 71 years and had been hospital- 
ized for other medical problems from 3 to 14 days (average 7.5 
days) prior to the onset of bleeding. All developed hypoten- 
sion and required transfer to an ICU and blood transfusions. 
Colonoscopy revealed an equal number of cases of multiple and 
solitary ulcers located 1 to 7 cm from the dentate line; most of 
the ulcers were large (more than 1 cm) and circumferential or 
geographic in appearance. The patients were treated with com- 
binations of thermal coagulation, injection therapy, and suture 
ligation and had a mortality rate of 26% because of multiorgan 
failure. The pathology of the lesions revealed necrosis sugges- 
tive of mucosal ischemia, as seen with gastric stress ulcers (see 
earlier). This entity appears to be a different disease from soli- 
tary rectal ulcer syndrome, colitis cystica profunda, infectious 
ulcers, radiation ulcer, NSAID ulcers, or constipation-induced 
stercoral ulcer and can be considered a type of stress ulcer of the 
rectum, similar to that seen in the duodenum, in extremely ill, 
hospitalized patients (see Chapter 128). 

Solitary or multiple painless rectal ulcers were the third most 
common cause of severe hematochezia developing in inpatients in 
the UCLA CURE study (see Table 20.8). In contrast to solitary 
rectal ulcer syndrome, they occur in older patients with severe 
constipation, ICU patients, and persons who are bedridden. On 
colonoscopy, ulcers are chronic-appearing, large, and single or 
multiple. They often have SRH and can be treated endoscopi- 
cally (Fig. 20.22).3°° Patients with inpatient hematochezia from a 
rectal ulcer have a higher rate of rebleeding than those who pres- 
ent from home. For acute hemostasis of large, firm ulcers with 
stigmata, treatment with OTSC hemoclips is recommended. 
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Symptoms, Signs, and Biopsychosocial Issues 


Fig. 20.22 Endoscopic appearance of bleeding from a solitary rectal 
ulcer with a visible vessel (arrow) seen on a retroflexed view. 


OBSCURE OVERT GASTROINTESTINAL BLEEDING 


Obscure GI bleeding is traditionally defined as GI bleeding of 
uncertain cause after a nondiagnostic EGD, colonoscopy, and 
barium small bowel follow-through.*°? Obscure GI bleeding may 
have an overt or occult presentation. Obscure overt GI bleeding 
refers to visible acute GI bleeding (e.g., melena, maroon stool, 
hematochezia) in patients with a nondiagnostic EGD, colonos- 
copy, and small bowel series. Obscure occult GI bleeding refers to 
a positive FOBT result, usually in association with unexplained 
iron deficiency anemia. In most large series, the cause of bleed- 
ing is not found on EGD and colonoscopy in 5% of hospital- 
ized patients with overt GI bleeding. In 75% of these patients, a 
bleeding site is located in the small intestine. 

In patients with obscure GI bleeding, the following possibilities 
exist: (1) the lesion was within reach of a standard endoscope and 
colonoscope but not recognized as the bleeding site (e.g., Cameron 
lesions, angioectasias, internal hemorrhoids); (2) the lesion was 
within reach of the endoscope and colonoscope but was difficult to 
visualize (e.g., a blood clot obscured visualization of the lesion; var- 
ices became inapparent in a hypovolemic patient; a lesion was hid- 
den behind a mucosal fold) or presented with intermittent bleeding 
(e.g., Dieulafoy lesion, angioectasias); or (3) the lesion was in the 
small intestine beyond the reach of standard endoscopes (e.g., neo- 
plasm, angioectasias, Meckel diverticula). In several series, 50% or 
more patients referred to a tertiary medical center for evaluation 
of obscure bleeding were found to have a lesion within reach of 
standard endoscopes (i.e., a missed lesion or difficult-to-see lesion 
that accounted for the bleeding) (Box 20.2).3!° 

In a patient with recurrent severe unexplained hematochezia 
without hypotension, a colonic source should be suspected, and a 
repeat colonoscopy with a good colon preparation by an experi- 
enced endoscopist is warranted. Colonic lesions that can bleed pro- 
fusely and then stop, such as diverticulosis or hemorrhoids, should 
be considered. In patients with recurrent severe melena, push enter- 
oscopy to re-examine the esophagus, stomach, and duodenum, as 
well as the proximal jejunum, for a missed or unrecognized lesion 
should be considered. Duodenoscopy may be useful for blood or 
lesions in the second to fourth portions of the duodenum.” 

Once it is certain that a bleeding lesion in the UGI or LGI 
tract was not missed, the evaluation should focus on the small 
intestine. In the past, the principal imaging modality of the small 
intestine was barium radiography, but this technique was limited 
by the length, mobility, and motility of the small bowel and by 
overlying loops of bowel. Because small bowel bleeding is often 
intermittent, radionuclide imaging or angiography has limited 
value in the diagnostic evaluation. Since the late 1990s, diagnostic 


BOX 20.2 Causes of Obscure Gl Bleeding 


UPPER GI TRACT 


Cameron lesions 
Dieulafoy lesions 
GAVE 

SMALL INTESTINE 
Angioectasia 
Aortoenteric fistula 
Dieulafoy lesion 
Diverticulosis 
Meckel diverticulum 
Neoplasm 
Pancreatic or biliary disease 
Ulceration 


COLON 
Angioectasia 


Diverticulosis 
Hemorrhoids 


*After exclusion of common causes of UGI bleeding. 


options for evaluating the small intestine have expanded greatly 
and have been revolutionized by the development of new small 
bowel imaging techniques, including wireless video capsule 
endoscopy, deep enteroscopy, and CT enterography, which now 
allow greater visualization and more therapeutic options than in 
the past (see later).*!! 


Causes 


A number of lesions can cause obscure GI bleeding (see Box 
20.2). In persons younger than age 40, bleeding is more likely 
to be caused by a tumor, Meckel diverticulum, or Crohn disease. 
Angioectasias or an NSAID-induced ulcer are common causes in 
persons 40 years of age and older. 


Angioectasia 


A variety of vascular lesions may cause bleeding from the GI tract 
(see Chapter 38). Angivectasia, also referred to as angiodysplasia, 
is the formation of aberrant blood vessels found throughout the 
GI tract that develop with advancing age. The lesions are distinct 
from arteriovenous malformations (AVMs), which are congeni- 
tal, and angiomas, which are neoplastic. Te/angiectasia is the lesion 
that results from dilatation of the terminal aspect of a blood ves- 
sel. Any of the vascular lesions may cause overt or obscure GI 
bleeding in adults, particularly in older adults and those who take 
antiplatelet and anticoagulant drugs. Acquired vascular lesions 
(angioectasia and telangiectasia) occur in association with various 
disorders, such as chronic kidney disease, cirrhosis, rheumato- 
logic disorders, and severe heart disease.°’ Although angioecta- 
sia may present as overt bleeding, they often manifest as occult 
bleeding or iron deficiency anemia. The most common locations 
are the colon and small intestine. 

The histopathology of angioectasias in the colon is charac- 
terized by ectatic, dilated submucosal veins.*!23!> A proposed 
mechanism for their formation in the colon is that partial, inter- 
mittent, low-grade obstruction of submucosal veins during mus- 
cular contraction and distention of the cecum results in dilatation 
and tortuosity of the submucosal veins. Over time, the increased 
pressure also results in dilatation of the venules, capillaries, and 
arteries of the mucosal vasculature. Finally, precapillary sphinc- 
ters can become incompetent, thereby causing arteriovenous 
communications to develop and possibly result in local mucosal 


ischemia. Because angioectasia can occur elsewhere in the GI 
tract, other mechanisms are postulated, including a response to 
mucosal irritation or local ischemia, as occurs after radiation. 

Most angioectasias occur in patients older than 60 years of age 
and can involve any segment of the GI tract. Usually, the lesions 
are multiple in a given segment of intestine. Approximately 20% 
(and probably more) of patients have angioectasias in at least 2 
sections of the GI tract.3!43!> 

In studies of asymptomatic persons who underwent colo- 
noscopy, angioectasias were found in 1% to 3%.3!°3!7 In these 
persons, the angioectasias were mostly in the right colon, with 
the following distribution: cecum, 37%; ascending colon, 17%; 
transverse colon, 7%; descending colon, 7%; sigmoid colon, 
18%; and rectum, 14%. Among asymptomatic persons found 
incidentally to have colonic angioectasia, no bleeding occurred 
during a 3-year follow up. 

Several conditions appear to be associated with an increased 
frequency of angioectasia. Patients with chronic kidney disease 
and uremia have an increased rate of intestinal angioectasias. A 
study of patients with and without chronic kidney disease who 
had obscure GI bleeding found angioectasia as the presump- 
tive source in 47%, compared with 18% of those without kid- 
ney disease.*!* The increased risk of bleeding from angioectasia 
in patients with chronic kidney disease may be associated with 
uremia-induced platelet dysfunction. 

von Willebrand disease (congenital or acquired) has also been 
associated with bleeding angioectasia.*!? von Willebrand’s fac- 
tor is needed for effective platelet aggregation. A well-controlled 
prospective study found that almost all patients with bleeding 
UGI and colonic angioectasias, as opposed to nonbleeding angio- 
ectasias or bleeding diverticulosis, had acquired von Willebrand 
disease associated with selective loss of the largest multimeric 
forms of von Willebrand factor, as well as with aortic stenosis.*2" 
Because the large von Willebrand multimers promote primary 
hemostasis in a microcirculation characterized by high shear 
forces, as occurs in angioectasia, the loss of the large multimers 
may explain why bleeding occurs in some patients with angioec- 
tasias. 

Aortic stenosis has been associated with GI bleeding from 
angioectasia (Heyde syndrome).**! This association is controver- 
sial because both conditions are common, and an association may 
not imply cause and effect.’?? Nevertheless, aortic stenosis has 
been shown to be associated with an acquired form of von Wil- 
lebrand disease in 67% to 92% of patients because of mechanical 
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disruption of von Willebrand proteins during passage through 
the stenotic aortic valve; the acquired von Willebrand disease, in 
turn, increases the risk of bleeding from angioectasia.*?>72+ Sev- 
eral series have reported cessation of bleeding from angioectasia 
after aortic valve replacement, even though the angioectasias per- 
sisted, an observation consistent with the hypothesis that bleed- 
ing was the result of the damaged von Willebrand factors that 
normalized after aortic valve replacement.’ 

Overt or obscure GI bleeding occurs in approximately 20% 
of patients with a left ventricular assist device, especially in older 
patients, with angioectasia as one of the most frequent causes of 
bleeding.*°3?° Possible pathophysiologic mechanisms for angio- 
ectasia formation and bleeding include loss of von Willebrand 
factor related to shear stress, which results in impaired platelet 
aggregation, and intestinal hypoperfusion related to increased 
vascular luminal pressure and lowered pulse pressure.*”* Because 
many older persons with bleeding from intestinal angioectasia 
have cardiovascular disease but not severe aortic stenosis, other 
cardiovascular disorders such as mild to moderate aortic steno- 
sis, aortic sclerosis, hypertrophic cardiomyopathy, and peripheral 
vascular disease may result in sufficiently high shear stress to dis- 
rupt von Willebrand factors and contribute to bleeding angioec- 
tasias.*?> 

On endoscopy, an angioectasia appears as a 2 to 10 mm red 
lesion, with arborizing ectatic blood vessels that emanate from a 
central vessel (Fig. 20.23). Application of pressure on an angio- 
ectasia with an endoscopic probe may cause the lesion to blanch. 
One study has suggested that sedation of a patient with a nar- 
cotic during endoscopy can make visualization of angioectasia 
difficult because of transient mucosal or submucosal hypoperfu- 
sion, which leads to decreased filling or causes vasoconstriction, 
and that reversal with naloxone, an opioid antagonist, can make 
the angioectasia more prominent.*’? In practice, however, this 
maneuver is unlikely to be useful clinically and might make the 
patient more uncomfortable. 

Angioectasias can be treated endoscopically with various 
modalities, including epinephrine injection, thermal probe coag- 
ulation, argon plasma coagulation, hemoclips, and band ligation. 
Assessing efficacy can be difficult, given the heterogeneity of 
affected patients and intermittent nature of the blood loss. One 
series of 16 patients with transfusion-requiring bleeding from 
angioectasia found no difference in the frequency of continued 
bleeding (50%) whether treatment was with surgery, endoscopic 
therapy, or blood transfusions alone, presumably because of the 


Fig. 20.23 Endoscopic appearance of jejunal angioectasia before (A) and after (B) multipolar probe electrocoagulation. 
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diffuse locations of the angioectasias.*>° In another study of 33 
patients with iron deficiency anemia and small bowel angio- 
ectasias seen on push enteroscopy, no changes in clinical or 
endoscopic findings were found in most patients 1 year after 
endoscopic therapy.**! By contrast, in another study of patients 
with GI bleeding suspected from small bowel angioectasia, treat- 
ment with electrocoagulation led to a significant decrease in (but 
not elimination of) the need for blood transfusions compared 
with observation alone.**? In a pilot study of double-balloon 
enteroscopy, endoscopic treatment was performed in approxi- 
mately one half of patients with angioectasia, and rebleeding 
rates during follow up were similar in the treated and nontreated 
patients.*>? 

In a small case series, hormonal therapy with estrogen was 
suggested to have a benefit in controlling bleeding from telan- 
giectasia in patients with chronic kidney disease.**+ Case reports 
have suggested that estrogen also decreases bleeding in patients 
with HHT (Osler-Weber-Rendu disease [see later]) and von 
Willebrand disease. A multicenter randomized controlled trial 
involving 72 patients, however, found no difference between an 
estrogen-progesterone combination and placebo in the rates of 
rebleeding, which were 39% and 46%, respectively.**> Therefore 
routine use of hormones for managing bleeding from angioecta- 
sia cannot be recommended. 

Thalidomide is an angiogenesis inhibitor that may be effec- 
tive in selected patients with vascular malformations. A random- 
ized trial that compared thalidomide with oral iron in patients 
with angiodysplasia or GAVE revealed that thalidomide-treated 
patients experienced a significant decrease in the number of 
bleeding episodes, transfusions, and hospitalizations and in vas- 
cular endothelial growth factor levels.**° Until these data are con- 
firmed, however, caution is required in the use of thalidomide, 
given its potential for serious side effects including birth defects. 

Most patients with intermittently bleeding GI angioectasia 
require medical treatment in addition to endoscopic hemostasis. 
Medications that can exacerbate chronic low-level bleeding (in 
particular, aspirin, other NSAIDs, warfarin, other antiplatelet 
agents such as clopidogrel, and direct-acting oral anticoagu- 
lants) should be avoided or at least minimized. Many patients 
can be managed with chronic administration of iron (orally or 
intravenously) and, occasionally, those with renal insufficiency 
may need erythropoietin injections as well to maintain adequate 
blood counts, despite ongoing bleeding. 


HHT 


HHT, also known as Osler-Weber-Rendu disease, is a heredi- 
tary condition characterized by diffuse telangiectasias and large 
AVMs (see also Chapters 38 and 85). The most striking clini- 
cal feature is telangiectasias on the lips, oral mucosa, and finger- 
tips. Additionally, up to one third of patients have pulmonary, 
hepatic, or cerebral AVMs (see Chapter 85). Patients generally 
present with recurrent severe nosebleeds, GI bleeding, and iron 
deficiency anemia. Usually the epistaxis, rather than GI bleed- 
ing, causes the more profound blood loss and anemia. HHT can 
be life-threatening because of embolic strokes or brain abscesses 
related to the pulmonary and cerebral AVMs. Symptoms of HHT 
generally develop in childhood or early adulthood. 

HHT is inherited as an autosomal dominant trait, with varying 
phenotypic expression. Mutations occur in at least 4 genes (ENG 
[encodes endoglin, type 1 HHT or HHT1], ALK-1 [encodes 
activin receptor-like kinase 1, type 2 HHT or HHT2], SMAD4, 
and HHT3) that encode proteins needed to maintain the integrity 
of the vascular endothelium; defects in these proteins allow the 
formation of AVMs. 

The diagnosis of HHT is based on 4 criteria: (1) spontane- 
ous and recurrent epistaxis, (2) multiple mucocutaneous telan- 
giectasias, (3) visceral AVMs (GI, pulmonary, brain, liver), and 


(4) a first-degree relative with HHT.**” Genetic testing to detect 
mutations in the ENG, ALK-1, or SMAD4 genes may be helpful 
in selected cases. Patients suspected of having HHT should be 
screened for cerebral and pulmonary AVMs, and family members 
of the patient should consider genetic testing. 

Telangiectasias can occur anywhere in the small intestine 
in patients with HHT. In a case series in which capsule endos- 
copy was performed in 32 patients with and 48 patients without 
HHT who were being evaluated for small bowel bleeding, small 
bowel telangiectasias were found in 81% of patients with HHT 
compared with 29% of those without HHT.*** The telangiecta- 
sias were evenly distributed throughout the small bowel, but all 
actively bleeding lesions were found in the duodenum or proxi- 
mal jejunum and within reach of a standard push enteroscope. 
The detection of 5 or more telangiectasias had a sensitivity of 
75% and a positive predictive value of 86% for a diagnosis of 
HHT. 

The treatment of HHT is generally focused on the control of 
acute bleeding (epistaxis and GI bleeding), prevention of rebleed- 
ing, and treatment of anemia (with iron supplements). Patients 
with GI bleeding should undergo endoscopy (or push enteros- 
copy) and colonoscopy to look for any GI tract lesions that may 
be bleeding. Focal GI tract bleeding can be treated with endo- 
scopic coagulation. Hormonal therapy has also been reported as 
a treatment for small bowel bleeding in HHT.**? Patients who 
have symptomatic or large cerebral or pulmonary AVMs should 
be considered for radiologic embolization of these lesions (see 
Chapter 38). 


Blue Rubber Bleb Nevus Syndrome 


Blue rubber bleb nevus syndrome is rare and characterized by 
venous malformations in the skin, soft tissues, and GI tract.3+0.3+! 
Bleeding usually occurs in childhood and continues into adult- 
hood and results in chronic iron deficiency requiring iron 
replacement and transfusions. On endoscopy, lesions appear as 
large protuberant polypoid blue venous blebs; they can occur 
anywhere in the GI tract, but especially in the small bowel and 
colon, and can be treated by endoscopic band ligation or surgical 
resection (see Chapter 38). 


Meckel Diverticulum 


A Meckel diverticulum is a congenital, blind, intestinal pouch 
that results from incomplete obliteration of the vitelline duct 
during gestation (see Chapter 98).°*? Characteristic features of 
Meckel diverticula have been described by the “rule of 2s”: they 
occur in 2% of the population, are found within 2 feet of the 
ileocecal valve, are 2 inches long, result in a complication in 2% 
of cases, have 2 types of ectopic tissue (gastric and pancreatic) 
within the diverticulum, present clinically most commonly at 
age 2 (with intestinal obstruction), and have a male-to-female 
ratio of more than 2:1. The most common complications of 
Meckel diverticula are bleeding, obstruction, and diverticulitis, 
which can occur in children or adults. Histopathologic evalu- 
ation of bleeding diverticula reveals ectopic gastric mucosa, 
which can lead to acid secretion and ulceration in up to 75% 
of patients. The diagnostic test for a Meckel diverticulum is a 
°°mTc-pertechnetate scan (Meckel scan) because technetium 
pertechnetate has an affinity for gastric mucosa. Meckel scans 
have a high specificity (almost 100%) and positive predictive 
value but can be negative in the 25% to 50% of patients in whom 
the diverticulum does not contain ectopic gastric mucosa.* 
The accuracy of the Meckel scan can be improved with admin- 
istration of an H2RA for 24 to 48 hours before the test. Meckel 
diverticula also have been diagnosed by CT enterography, cap- 
sule endoscopy, or double-balloon enteroscopy (via an oral or 
rectal approach). 


NSAID-Induced Small Intestinal Erosions and Ulcers 


Mucosal erosions or ulcers that can be seen on capsule endoscopy 
develop in 25% to 55% of patients who take full-dose nonselec- 
tive NSAIDs.***348 Patients who take selective COX-2 inhibi- 
tors have lower rates of mucosal ulcers on capsule endoscopy (see 
Chapter 119). 


Small Intestinal Neoplasms 


Tumors of the small intestine comprise only 5% to 7% of all 
GI tract neoplasms but are the most common cause of obscure 
GI bleeding in patients younger than age 50.°4? The most com- 
mon small intestine neoplasms are adenomas (usually duodenal), 
adenocarcinomas (Fig. 20.24), carcinoid tumors (usually ileal), 
GISTs, lymphomas, hamartomatosis polyps (Peutz-Jeghers syn- 
drome), and juvenile polyps (see Chapters 32 to 34, 125, and 126). 


Small Intestinal Diverticula 


The duodenum is the most common site of small intestinal diver- 
ticula. In one large series,” 79% of small intestinal diverticula 
occurred in the duodenum, 18% were in the jejunum or ileum, 
and only 3% were in all 3 segments—duodenum, jejunum, and 
ileum. Duodenal diverticula are noted in up to 20% of the pop- 
ulation, with an increasing frequency with age. They are 
usually located along the medial wall of the second part of the duo- 
denum within 1 to 2 cm of the ampulla of Vater. Bleeding from 
a duodenal diverticulum is rare. Several reports have described 
bleeding from a duodenal diverticulum that was managed endo- 
scopically.>°3.3>4 Jejunal and ileal diverticula occur in 1% to 2% of 
the population, are most commonly associated with scleroderma, 
another motility disorder, or SIBO, and only rarely have been 
associated with bleeding (see Chapters 26, 37, and 105). 


Dieulafoy Lesion of the Small Intestine 


Several reports have described Dieulafoy lesions of the duode- 
num, jejunum, and ileum (see Chapter 38).*°° Most affected per- 
sons are younger than age 40, in contrast to those with gastric 
Dieulafoy lesions, who tend to be older (see earlier). The lesions 
are often challenging to find, and in the past were detected by 
angiography and intraoperative endoscopy. Capsule endoscopy 
can also localize and diagnose these lesions, which can be treated 
via a single- or double-balloon enteroscope. 


Fig. 20.24 Ileal adenocarcinoma detected on deep enteroscopy ina 
patient with a history of hereditary nonpolyposis colorectal cancer who 
had obscure overt GI bleeding. The lesion was initially visualized on a 
capsule endoscopy study. 
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Diagnostic Tests 
Imaging 


Barium small bowel follow-through is no longer utilized because 
it has a low yield for determining the cause of obscure GI bleed- 
ing (with limited ability to distend the bowel and visualize 
mucosal lesions such as angiodysplasia). Barium studies are not 
recommended for patients with acute bleeding; residual barium 
contrast in the GI tract can make urgent endoscopy, colonoscopy, 
or angiography more difficult to perform. 

CT of the abdomen has the advantage of imaging extraluminal 
structures as well as mucosal and intramural lesions in the small 
bowel. High-quality abdominal CT (with and without oral con- 
trast) can show thickening of the small bowel, suggestive of Crohn 
disease or malignancy. Standard CT is less accurate than barium 
enteroclysis for the diagnosis of low-grade bowel obstruction, 
mucosal ulcerations, and fistulas. CT enteroclysis using a multi- 
detector scanner provides better views of the small intestine than 
standard CT. Because placement of a nasoduodenal tube is usually 
required, patients sometimes receive moderate sedation for CT 
enteroclysis.*°° CT enterography with a high volume of an oral 
contrast agent to distend the small bowel may have a diagnostic 
yield similar to that for CT enteroclysis, without the need for a 
nasoduodenal tube. MRI enteroclysis and enterography have also 
been described, but preliminary studies suggest that results to date 
are inferior to those with a multidetector CT. MRI techniques 
have the advantage of not exposing the patient to radiation. 

Nuclear medicine studies and angiography can be used to 
evaluate obscure GI bleeding. A Meckel (°?™Tc-pertechnetate) 
scan can be useful for the diagnostic evaluation of a Meckel diver- 
ticulum, particularly in younger patients, as discussed earlier. 
Radionuclide scanning with technetium-labeled RBCs has lim- 
ited utility because of its poor ability to localize the bleeding site 
in the small bowel. Angiography can be useful for patients with 
active, acute small bowel bleeding because of the possibility of 
therapeutic embolization. Small case series have described pro- 
vocative angiography, in which heparin or another anticoagulant 
is administered to provoke GI bleeding that has been intermit- 
tent. The technique increases the yield of detecting a bleeding 
lesion but at the risk of causing a life-threatening complication.**’ 


Endoscopy 


Push Enteroscopy 

Push enteroscopy can be performed with a colonoscope (160 to 
180 cm in length) or dedicated push enteroscope (220 to 250 cm in 
length).*°* These endoscopes can be used to evaluate the esophagus, 
stomach, duodenum, and proximal jejunum approximately 50 to 
150 cm beyond the ligament of Treitz. Insertion is often limited by 
looping of the endoscope in the stomach. Push enteroscopy identi- 
fies a potential bleeding site in 50% or more patients, and roughly 
50% of lesions found are within reach of a standard upper endo- 
scope, suggesting that the lesion was missed or unrecognized on 
the initial examination.?0°3 10:358 The overall diagnostic yield of push 
enteroscopy is approximately 40%, with a range of 3% to 80% in 
various studies; the most commonly detected lesions are angioecta- 
sias.’ In the UCLA CURE hemostasis experience in patients with 
recurrent severe, obscure, overt GI bleeding manifesting as melena, 
the diagnostic yield has been 80%.*’ The lesions were categorized 
as those missed by EGD, those in the duodenum (first to fourth 
portion), and those in the jejunum; most lesions were within reach 
of a push enteroscope. Focal lesions were treated endoscopically, 
biopsied, or tattooed. Patients in whom a diagnosis was not made by 
push enteroscopy underwent further studies (see Fig. 20.5). 


Intraoperative Endoscopy and Surgical Exploration 
Surgical exploration of the small intestine can be performed 
when other studies are nondiagnostic. At surgery, the small bowel 
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should be palpated (“running the bowel”) to detect mass lesions. 
In general, a standard exploratory laparotomy or laparoscopy is 
performed first to lyse any adhesions and look for obvious tumors, 
a Meckel diverticulum, or large vascular lesions. The small bowel 
is usually extracted through the abdominal incision to allow the 
surgeon to assist with advancement of an endoscope within the 
lumen of the GI tract, which allows mucosal visualization as well 
as transillumination. Various endoscopes can be used (standard 
upper endoscope and colonoscope, pediatric colonoscope, or 
push enteroscope), depending on the route of access. The endo- 
scope can be passed transorally for a natural orifice luminal exam- 
ination or via an enterotomy with use of a sterile endoscope.**” 
Because air insufflation will distend the entire small intestine and 
thereby make laparoscopic or open visualization difficult, the sur- 
geon should pinch the intestine, manually or with an atraumatic 
clamp, distal to the tip of the endoscope, to trap enough air to 
permit visualization. Additionally, insufflation of the bowel with 
carbon dioxide, rather than room air, allows faster diffusion of 
gas out of the bowel. The surgeon helps advance the endoscope 
by pleating the small bowel over the endoscope. Any lesion iden- 
tified can be addressed surgically or endoscopically, depending 
on the nature of the lesion. Most series report complete enteros- 
copy of the entire small bowel in 50% to 75% of cases.*°°>°! The 
diagnostic yield of intraoperative enteroscopy ranges from 58% 
to 88%, but rebleeding after intraoperative enteroscopy has also 
been reported in 13% to 60% of patients.’ The moderate per- 
formance characteristics, as well as risks of surgical exploration, 
limit this procedure as a diagnostic tool, but in selected patients, 
combined endoscopic and surgical evaluation can be useful and 
definitive. 

The role of intraoperative endoscopy in the management of 
severe obscure GI bleeding before versus after the introduction 
of capsule endoscopy and deep enteroscopy has been reported.*°! 
Before an operation in the precapsule endoscopy era, a presump- 
tive diagnosis or localization of bleeding site was achieved in 36% 
of patients compared with 63% in the postcapsule endoscopy 
era. In the precapsule endoscopy era, a definitive diagnosis was 
made intraoperatively in 100% of patients compared with 76% 
in the postcapsule endoscopy era. For lesions that were surgically 
resectable—small bowel tumors, Meckel diverticula, aortoenteric 
fistula, and focal ischemic ulcers—no patient experienced postop- 
erative bleeding during long-term follow up; however, rebleed- 
ing rates were high in other patients—67% with vascular lesions, 
44% with small bowel ulcers, 50% with Crohn disease, and 63% 
with no definitive diagnosis.*°! Preoperative diagnosis with cap- 
sule endoscopy or deep enteroscopy has become more important, 
particularly in older patients who may have significant compli- 
cations or death from surgery. Careful selection of patients is 
required (see Fig. 20.5).3° 


Capsule Endoscopy 
With capsule endoscopy, the patient ingests a pill camera that 
transmits images of the small intestine for 8 hours or more. In 
patients with severe recurrent GI bleeding, this technique can 
identify a transition point at which fresh blood appears in the 
small bowel, and thereby localize the bleeding site and sometimes 
identify a specific source lesion.*°? Capsule endoscopy does not 
permit the application of therapy and can only localize a lesion 
in the small bowel on the basis of the time of passage down the 
small intestine, as determined by sensors on the abdomen and 
telemetry. The information can be useful, however, in directing 
subsequent therapeutic procedures such as deep enteroscopy, 
angiography, or surgery. Although capsule endoscopy may occa- 
sionally detect gastric, duodenal, or colonic lesions, it is not a 
substitute for EGD and colonoscopy. 

Compared with small bowel barium studies, capsule endoscopy 
has significantly improved detection rates for small bowel lesions 
(67% vs. 8%) and findings that influence clinical management 


(42% vs. 6%).3°330+ A small series has found capsule endoscopy 
to be superior to CT enteroclysis for the diagnosis of obscure GI 
bleeding because of its ability to identify angioectasias.>© 

An evaluation of published studies that have compared push 
enteroscopy with capsule endoscopy in patients with obscure 
bleeding (79% overt, 21% occult) found that the average rate 
of positive findings was 23% for push enteroscopy and 63% 
for capsule endoscopy.*”’ A similar result was found in a meta- 
analysis of published trials and abstracts; the diagnostic yield for 
push enteroscopy was 28% and 63% for capsule endoscopy.’ 
A randomized trial that compared push enteroscopy with cap- 
sule endoscopy as a first-line approach to obscure GI bleeding 
reported identification of a bleeding source in 24% of the push 
enteroscopy examinations and 50% of the capsule studies (P = 
.02).3° In this study, capsule endoscopy missed lesions in 8% of 
patients, and all the missed lesions were within reach of a stan- 
dard upper endoscope. 

A study of patients with acute, overt, unexplained GI bleeding 
(melena or hematochezia with nondiagnostic EGD and colonos- 
copy) who were randomized to capsule endoscopy or angiography 
reported a significantly higher diagnostic rate for capsule endos- 
copy than for angiography (53% vs. 20%) but no difference in the 
long-term outcomes, including transfusions, hospitalizations, and 
mortality.*°’ Capsule endoscopy was compared with intraopera- 
tive endoscopy in one study of 47 patients who underwent both 
procedures, primarily for obscure overt GI bleeding.*°* Using 
intraoperative endoscopy as the gold standard, capsule endoscopy 
had a sensitivity of 95%, specificity of 75%, positive predictive 
value of 95%, and negative predictive value of 85%. Most of the 
bleeding lesions were angioectasias. 

Several studies have found that the diagnostic yield of cap- 
sule endoscopy increases in the setting of ongoing or recent (<2 
weeks) overt GI bleeding or severe chronic GI bleeding (hemo- 
globin <10 g/dL, iron deficiency anemia, or more than one overt 
bleeding episode).****”° In a study from Greece of 34 patients 
who had active mild to moderate overt GI bleeding and nega- 
tive EGD and colonoscopy results, and who underwent an urgent 
capsule endoscopy study while still in the hospital, the diagnostic 
yield was 92%, as defined by the identification of a bleeding lesion 
(18 angioectasias, 3 ulcers, 2 tumors) or the segment of intestine 
with bleeding (11 patients).’? By contrast, the same group from 
Greece found that the diagnostic yield of capsule endoscopy in 
patients with obscure occult bleeding and iron deficiency anemia 
was 57% (angioectasias in 24%, multiple jejunal or ileal ulcers in 
12%, multiple erosions in 8%, solitary ulcers in 6%, polyps in 
4%, and other tumors in 4%).37! 


Deep Enteroscopy of the Jejunum and Ileum 

Specially designed ultraflexible, 200-cm-long enteroscopes are 
used in conjunction with an overtube to advance the endoscope by 
pleating the small intestine over it. The available systems include 
a double-balloon endoscope (with a balloon on the tip of the 
endoscope and another balloon on the overtube), a single-balloon 
system (a balloon on the overtube only), and a spiral overtube 
(no balloon used). All enteroscopes work by pleating the small 
intestine over the endoscope. These enteroscopes can be inserted 
orally (antegrade) and advanced into the proximal to midileum or 
inserted rectally (retrograde) and advanced to the distal to midi- 
leum. Rarely, a complete enteroscopy of the small intestine to the 
cecum can be performed via the antegrade approach using the 
double-balloon enteroscope, whereas total enteroscopy (complete 
visualization of entire small bowel) using a combined antegrade 
and retrograde occurred in 44% of cases in a large review of pub- 
lished studies.*’? Deep enteroscopy allows not only visualization 
but also interventions such as biopsy, hemostasis, and tattooing of 
lesions. The endoscopes used for deep enteroscopy have standard 
working channels that allow passage of accessories such as biopsy 
forceps, MPEC probes, hemoclips, and injection needles that fit 


TABLE 20.10 Small Intestinal Lesions Found in 488 Patients During 


Double-Balloon Enteroscopy for Obscure GI Bleeding 
Lesion Frequency, % (Range) 
None 40 (0-57) 
Angioectasias 31 (6-55) 
Ulcerations 13 (2-35) 
alignancy 8 (3-26) 
Other 6 (2-22) 
Data from Raju GS, Gerson L, Das A, Lewis B. American Gastroenterolog- 


ical Association (AGA) Institute technical review on obscure gastrointes- 
tinal bleeding. Gastroenterology 2007;133:1697-717. 


through a standard colonoscope. The risk of major complications 
with double-balloon enteroscopy is approximately 1%; complica- 
tions include perforation, pancreatitis, bleeding, and aspiration 
pneumonia (see Chapter 42).373 

A compilation of 12 case series of double-balloon enteroscopy 
for obscure bleeding in 723 patients found an overall diagnos- 
tic yield of 65% (Table 20.10).3°? Comparative studies of cap- 
sule endoscopy and double-balloon enteroscopy have revealed 
a slightly higher diagnostic yield for capsule endoscopy. The 
agreement between these approaches in one large multicenter 
study of 115 patients was 74% for angioectasias, 96% for ulcers, 
94% for polyps, and 96% for other large tumors.’’+ Another 
comparative study found that for patients with obscure bleed- 
ing, the agreement was 92%, but the yield in a given segment 
of intestine in patients with polyposis was only 33% for capsule 
endoscopy compared with 67% for double-balloon enteroscopy; 
however, capsule endoscopy may detect polyps beyond the reach 
of the double-balloon enteroscope.*”* 


Overall Approach 


For patients with unexplained overt GI bleeding and negative 
upper endoscopy and colonoscopy results, capsule endoscopy is 
generally recommended as the next step. If capsule endoscopy 
reveals a lesion in the proximal jejunum, push enteroscopy can 
be performed. Ifa lesion is found in the mid-small intestine, deep 
enteroscopy or surgery may be considered, depending on the 
nature of the lesion. A lesion in the terminal ileum may prompt 
deep enteroscopy via the colonic route. If no lesion is detected 
on capsule endoscopy, but a high suspicion for a lesion remains, 
capsule endoscopy should be repeated or deep enteroscopy per- 
formed. With the increased availability of deep enteroscopes and 
accessories, deep enteroscopy could become the preferred initial 
diagnostic step (before capsule endoscopy). Modeling studies 
have suggested that this approach may be a cost-effective strat- 
egy,*”>°’° but the question ideally should be addressed in a ran- 
domized study. 

The UCLA CURE group’s algorithm for the management 
of patients who have had unexplained severe overt GI bleeding 
with a history of melena and the need for blood transfusions 
is shown in Fig. 20.5. For such patients, the diagnostic yield is 
more than 80%.°’ 


OBSCURE OCCULT GASTROINTESTINAL BLEEDING 
AND IRON DEFICIENCY ANEMIA 


Fecal Occult Blood 


Occult GI bleeding is usually detected with a routine guaiac- 
based FOBT or fecal immunochemical test (FIT) and occurs (by 
definition) with no visible blood in the stool, with or without iron 
deficiency. Normal fecal blood loss is 0.5 to 1.5 mL/day.*’” Many 
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FOBTs are available for detecting increased amounts blood in 
the stool and are described in detail in Chapter 127. 

The approach to the patient with a positive FOBT result 
depends on why the test was obtained. If the FOBT or FIT 
was obtained for colon cancer screening in a patient 50 years of 
age or older, the patient should undergo colonoscopy and pos- 
sibly EGD, even in the absence of iron deficiency anemia. This 
recommendation is based on results of a study of 248 patients 
with fecal occult blood in whom more lesions were found in the 
UGI tract by EGD (mostly esophagitis, gastropathy, and ulcers) 
than in the colon by colonoscopy (mostly large adenomas and 
cancer).’”° Whether patients with a positive FIT result (which 
detects only human hemoglobin from the LGI tract) and normal 
colonoscopy result require EGD is uncertain (and unlikely).>”? If 
an FOBT was performed for iron deficiency anemia, the patient 
should be evaluated with EGD and colonoscopy. If the results 
of both examinations are negative, the small bowel should be 
imaged, as described earlier, with capsule endoscopy, possibly 
followed by deep enteroscopy if a lesion is detected on capsule 
endoscopy. 

Although colon cancer screening with FOBTs is gener- 
ally based on 6 samples of spontaneously passed stool, a posi- 
tive FOBT result (not uncommonly) may be found when stool 
is obtained during digital examination of the rectum. Although 
a digital rectal examination could potentially cause trauma to 
the anal canal, several studies have found no increase in the 
false-positive rate of FOBTs when stool is obtained by a digi- 
tal examination.**°**! Therefore a positive FOBT result should 
be approached in the same manner regardless of the method by 
which the stool sample is obtained. Additionally, a single nega- 
tive FOBT result on digital rectal examination is not considered 
adequate colon cancer screening and does not reduce a patient’s 
chances of having advanced neoplasia.**” 


iron Deficiency Anemia 


Iron deficiency anemia is common, with a frequency of 2% to 
5% in adult men and postmenopausal women.?® Iron deficiency 
anemia represents 4% to 13% of all referrals for outpatient gas- 
troenterology consultation.**+ 

The approach to iron deficiency anemia depends on the 
patient’s gender and the presence or absence of clinically sig- 
nificant overt non-GI blood loss.**> Young women with iron 
deficiency anemia should be considered to have menstrual blood 
loss as the cause of anemia and, depending on clinical circum- 
stances, may not need a GI evaluation. By contrast, men and 
postmenopausal women with iron deficiency anemia should 
always be evaluated for a GI cause of iron deficiency. Iron defi- 
ciency anemia should be considered in patients with a low MCV 
and anemia. 

In iron deficiency anemia, the serum iron concentration is 
decreased and the level of transferrin (TIBC) is increased. A 
transferrin saturation index (serum iron divided by TIBC) lower 
than 15% is a sensitive indicator of iron deficiency anemia. A 
serum ferritin level lower than 15 ng/mL has a sensitivity of 59% 
and specificity of 99% for iron deficiency, whereas a cutoff ferri- 
tin level of 41 ng/mL has a sensitivity and specificity of 98% .386 A 
bone marrow aspirate can provide information about body stores 
of iron but is rarely necessary. 

Iron deficiency can result from overt or occult blood loss (from 
GI tract luminal lesions, menses, epistaxis, pulmonary lesions, or 
urinary tract lesions), intestinal iron malabsorption (as in celiac 
disease or gastric atrophy, or after gastric bypass surgery), treat- 
ment with erythropoietin (because of excess iron requirements), 
and RBC destruction (hemolysis). The GI evaluation of a patient 
with iron deficiency should focus on endoscopy (upper and 
lower) to detect treatable lesions, especially malignancies. Rec- 
ognizing iron malabsorption from the GI tract as a cause of iron 
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deficiency is especially important. The duodenum is the site of 
iron absorption in the small intestine. Most dietary iron is in the 
ferric form, but only the ferrous form of iron can be absorbed by 
the duodenum. Ascorbic acid at a low pH is required to release 
nonheme iron and convert it to the ferrous form for absorption 
in the small intestine.**’ Several studies have shown that 20% to 
30% of patients with iron deficiency anemia have gastric atrophy 
and therefore do not produce an acid milieu that facilitates iron 
absorption.**?7°%:35° Tron deficiency anemia has also been associ- 
ated with Hp infection.*”° Therefore gastric biopsies should be 
obtained during upper endoscopy in patients with unexplained 
iron deficiency anemia (see Chapters 52, 53, and 103). 

Celiac disease commonly manifests as iron deficiency anemia, 
primarily because of iron malabsorption resulting from blunted 
duodenal villi. Patients with celiac disease have been reported to 
have higher rates of positive FOBT results than healthy controls, 
but subsequent studies in which radiolabeled RBCs were used 
did not find a true increase in blood loss.3?!3°" The cause of iron 
deficiency anemia in patients with celiac disease may, in fact, be 
multifactorial. Any patient who is evaluated for iron deficiency 
anemia and undergoes EGD should have duodenal biopsy sam- 
ples obtained to look for celiac disease (see Chapter 107). 

Patients who have undergone Roux-en-Y gastric bypass sur- 
gery are at high risk of iron malabsorption because of bypass of 
the duodenum, where most iron is absorbed. These patients can 
present with severe unexplained iron deficiency without occult 


blood in the stool. They often have extremely low body stores of 
iron and require IV iron supplementation (see Chapter 8). 

The differential diagnosis of iron deficiency anemia includes 
anemia of chronic disease and thalassemia. In anemia of chronic 
disease, both the serum iron level and TIBC are low, with a nor- 
mal serum ferritin level. Patients with thalassemia have a family 
history of anemia, splenomegaly, target cells on peripheral blood 
smear, and normal serum ferritin levels. 

Patients with unexplained iron deficiency anemia should 
undergo EGD and colonoscopy to rule out a GI tract lesion 
that may cause chronic blood loss. In a prospective study of 100 
patients with iron deficiency anemia, GI tract lesions were found 
in 62 patients, with 36 having lesions in the UGI tract (mostly 
ulcers), 25 in the colon (mostly cancer), and 1 in both the UGI 
tract and colon.>” In patients with unexplained iron deficiency 
anemia who undergo EGD, duodenal biopsy specimens should 
be obtained to exclude celiac disease as a cause of iron malab- 
sorption. Gastric biopsy samples also should be obtained to rule 
out gastropathy and Hp infection. Depending on the severity of 
iron deficiency anemia, even without a positive FOBT result, 
evaluation of the small intestine for a bleeding lesion, as discussed 
earlier, should be considered. If a specific cause of anemia is not 
identified, patients should be advised to avoid antiplatelet and 
anticoagulant drugs and take supplemental iron. 


Full references for this chapter can be found on www.expertconsult.com 


Jaundice 
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Jaundice (also termed icterus) is a distinctive and often strik- 
ing yellow discoloration of the skin, conjunctivae, and mucous 
membranes that results from widespread tissue deposition of the 
compound bilirubin. Although jaundice is commonly viewed as a 
sign of liver and biliary tract disease, the differential diagnosis is 
broad, and identifying the cause of jaundice and how best to treat 
it have challenged clinicians for millennia. 

The evolution of diagnostic classifications of jaundice has a rich 
history. Clinical descriptions of disorders associated with jaundice 
appeared as early as the treatises of Hippocrates. By the late 19th 
century (as in Osler’s Principles and Practice of Medicine), important 
distinctions had been made between jaundice due to biliary tract 
obstruction and nonobstructive causes of jaundice. By the latter 
part of the 20th century, parallel revolutions in molecular biology 
and clinical imaging led, respectively, to elucidation of fundamental 
mechanisms of bilirubin metabolism and transport and to technical 
approaches that made it possible to pinpoint the cause of jaundice 
in most cases. Despite these advances, an effective management 
strategy for the jaundiced patient still requires careful selection 
of appropriate diagnostic and therapeutic tools on the basis of an 
assessment of the likelihood of possible underlying causes. 


BILIRUBIN METABOLISM AND MEASUREMENT 
Metabolism 


Bilirubin is a tetrapyrrole compound that is produced by heme 
degradation. Bilirubin metabolism is summarized briefly in Fig. 
21.1. Much of the literature concerning the metabolism of this 
hydrophobic and potentially toxic substance was published in the 
latter part of the 20th century, as reviewed in detail.!:? A healthy 
adult produces an average of 4 mg/kg of bilirubin each day (i.e., 
almost 0.5 mmol in a 70-kg person). Most bilirubin (70% to 80%) 
results from catabolism of hemoglobin released from senescent 
erythrocytes. The remaining 20% to 30% of bilirubin derives 


primarily from breakdown of other heme-containing proteins 
(e.g., catalase, cytochrome oxidases) in hepatocytes. Although 
other hemoproteins (e.g., myoglobin) are also present in extrahe- 
patic tissues, their turnover rate is low. Consequently, in healthy 
individuals, their overall contribution to bilirubin production is 
minimal. 

The conversion of heme to bilirubin involves the sequential 
actions of heme oxygenase (HO), and biliverdin reductase. HO has 
2 enzymatically active isoforms: (a) HO-1, which is an inducible 
protein, localized primarily to the endoplasmic reticulum and 
ubiquitously expressed, and (b) HO-2, which is expressed con- 
stitutively in selected tissues (including hepatocytes) and local- 
ized to mitochondria.’ These proteins catalyze the opening of the 
heme ring to produce biliverdin (BV), a water-soluble compound. 
Isomer-selective biliverdin reductase (BVRA),* a ubiquitously 
expressed cell surface membrane protein, converts BV [Xa to 
bilirubin IXa, the predominant adult form of this molecule. The 
major sites of bilirubin production depend on the tissue sources of 
the hemoprotein precursors. Conversion of erythrocyte-derived 
hemoglobin to bilirubin occurs primarily in macrophages in the 
spleen, bone marrow, and liver (Kupffer cells). By contrast, free 
hemoglobin, haptoglobin-bound hemoglobin, and methemalbu- 
min are catabolized to bilirubin predominantly in hepatocytes. 

Bilirubin (in its unprocessed hydrophobic form) circulates in 
plasma tightly and noncovalently bound to albumin. Excretion of 
bilirubin requires conversion within hepatocytes from the native 
(unconjugated) form to water-soluble conjugates that are subse- 
quently exported into bile. Bilirubin metabolism and elimination 
is a multistep process for which several inherited disorders have 
been identified (see later). 

Unconjugated bilirubin is taken up across the sinusoidal (baso- 
lateral) membrane of hepatocytes. Despite considerable inves- 
tigation and debate about the relative roles of passive diffusion 
versus carrier-mediated transport, the mechanisms responsible 
for hepatocyte bilirubin uptake have not been clarified. Because 
the uptake of unconjugated bilirubin is competitively inhibited by 
certain organic anions (e.g., bromosulfophthalein, indocyanine), 
it has been speculated, based on studies in transfected cells, that a 
member of the organic anion transport protein (OATP) family is 
involved (see Chapter 64). Although OATPBI clearly plays a role 
in the sinusoidal membrane uptake of conjugated bilirubin (see 
later), its importance in unconjugated bilirubin uptake by hepa- 
tocytes has been disputed.! > The subsequent steps of bilirubin 
metabolism are better understood. 

After uptake by hepatocytes, unconjugated bilirubin associ- 
ates with selected cytosolic proteins with high binding affinity 
(e.g., glutathione S-transferase B, fatty acid binding protein) 
that transport bilirubin to the endoplasmic reticulum by diffu- 
sion. There, conjugation of bilirubin with uridine diphosphate 
(UDP)-glucuronic acid occurs and is mediated by the enzyme 
bilirubin UDP-glucuronyl transferase (B-UGT). The hydro- 
philic bilirubin glucuronide products (conjugated bilirubin) 
then diffuse to the plasma membrane. At the canalicular (apical) 
domain, conjugated bilirubin is transported into the bile canalic- 
ulus by multidrug resistance—associated protein-2 (MRP2, gene 
symbol ABCC2), an ATP-dependent export pump. MRP2 can 
also transport a variety of other organic anions, including bro- 
mosulfophthalein, glutathione, and conjugated bile salts.! 6 At 
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Alb-Br 
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Fig. 21.1 Schematic overview of bilirubin formation, metabolism, and 
transport. Heme from hemoglobin and other hemoproteins is converted 
to biliverdin and then to bilirubin (Br), predominantly in macrophages 
in bone marrow and spleen. Br is released into plasma (in its unconju- 
gated form), where it is tightly but reversibly bound to albumin (Alb). Br 
is then taken up at the sinusoidal membrane of hepatocytes, possibly 
via a member of the organic anion transporter (OATP) family. Br is 
conjugated via the activity of bilirubin uridine diphosphate-glucuronyl 
transferase (B-UGT) to form bilirubin mono- and diglucuronides (BrG). 
Biliary secretion of BrG occurs at the canalicular membrane by the 
multispecific organic anion transporter MRP2. Under physiologic condi- 
tions, the vast majority of BrG is eliminated in bile. Small amounts of 
BrG are transported at the sinusoidal membrane back into plasma via 
the multispecific organic anion transporter MRP3, and are recaptured 
primarily via uptake by OATP (OATP1B1 and OATP1B3). Remaining 
plasma BrG enters the renal circulation, where it undergoes glomerular 
filtration and elimination into urine. Therefore, under normal conditions, 
at least 95% of bilirubin in plasma is present in the unconjugated form. 
If abnormally high concentrations of BrG are retained over a prolonged 
period, BrG-Alb complexes, which do not dissociate and cannot 
undergo glomerular filtration, are formed. MAP, Multidrug resistance- 
associated protein. 


the sinusoidal (basolateral) domain, conjugated bilirubin is trans- 
ported into plasma by MRP3 (gene symbol ABCC3), a distinct 
multispecific organic ion export pump.!:° Once secreted across 
the sinusoidal membrane, conjugated bilirubin can undergo 
reuptake by the sinusoidal transporters OATP1B1 (gene sym- 
bol SLCO1B1) and OATP1B3 (gene symbol SLCO1B3), and 
this may be mediated by downstream hepatocytes.! * An alter- 
native pathway for conjugated bilirubin elimination is via renal 
excretion into urine (see Fig. 21.1). In disorders characterized 
by cholestasis (attenuated bile flow), MRP3-mediated export of 
conjugated bilirubin can be up-regulated,° leading to a dispro- 
portionate elevation in the serum concentration of conjugated 
bilirubin under these conditions (see later). With prolonged 
cholestasis (or a metabolic disorder of conjugated hyperbiliru- 
binemia [see later]), excess amounts of conjugated bilirubin in 
plasma become covalently bound to albumin, and this form of 
bilirubin cannot be excreted into urine. 

Under physiologic conditions, virtually all bilirubin in bile is 
conjugated and only trace amounts are unconjugated. In humans, 
approximately 80% of bilirubin in bile is in the diglucuronide 
form, and almost all the rest is in the form of monoglucuronides. 
Resorption of conjugated bilirubin by the gallbladder and intes- 
tine is negligible; the bulk of bilirubin released from the biliary 
tract enters the intestine in its conjugated form and is eliminated 
in feces. It should be noted, however, that bilirubin can be decon- 
jugated by bacteria in the terminal ileum and colon and converted 
to nonpigmented tetrapyrroles called wrobilinogens.’ Up to 20% 
of urobilinogens undergo resorption within the gut, and these are 
ultimately excreted in bile and urine. 


Measurement 


In adults, the normal serum bilirubin concentration is below 1 to 
1.5 mg/dL. Mild hyperbilirubinemia may not be visually observ- 
able, and in general, jaundice is not evident until the serum biliru- 
bin concentration exceeds 3 mg/dL. In healthy individuals, most 
bilirubin circulates in blood in its unconjugated form; less than 
5% of bilirubin in plasma is present in its conjugated form. In 
cholestatic conditions, however, the proportion of conjugated 
bilirubin in plasma may increase as a consequence of impaired 
canalicular export and increased sinusoidal export driven by com- 
pensatory up-regulation of MRP3 expression. Therefore, the 
concentration and composition of bilirubin in plasma can vary 
widely between health and disease. 

Accurate measurement of serum bilirubin is of clinical impor- 
tance in situations that range from managing neonatal jaundice’ 
to determining priority for LT.? Commonly used techniques by 
clinical laboratories for determining the serum bilirubin concen- 
tration are based on the diazo reaction, which was pioneered in 
the early part of the 20th century. For these assays, bilirubin is 
cleaved by compounds (diazo reagents) such as diazotized sulfa- 
nilic acid, to form an azodipyrrole that can be quantified by spec- 
trophotometry. Conjugated bilirubin is cleaved rapidly (directly) 
by diazo reagents. By contrast, formation of azodipyrroles from 
unconjugated bilirubin occurs more slowly, because internal 
hydrogen bonding reduces the accessibility of the diazo reagent 
to the site of chemical cleavage. Therefore, reliable measure- 
ment of total bilirubin concentration requires addition of another 
(accelerator) compound (e.g., ethanol, urea) that disrupts this 
hydrogen bonding and facilitates cleavage of unconjugated bili- 
rubin by the diazo reagent. Using this technique, the “directly” 
reacting bilirubin, determined in the absence of accelerator com- 
pound, is reported as the direct bilirubin concentration, whereas 
the total bilirubin concentration is reported in the presence of 
the accelerator compound. The numerical difference between the 
total and direct bilirubin concentrations is then reported as the 
indirect bilirubin concentration. 

Some confusion has arisen about the clinical significance of 
direct and indirect bilirubin concentrations. Although the direct 
serum bilirubin concentration is influenced by changes in con- 
jugated bilirubin levels, direct and conjugated bilirubin are not 
equivalent to each other. Similarly, the indirect serum bilirubin 
concentration is not equivalent to the concentration of uncon- 
jugated bilirubin. In particular, reliance on direct and indirect 
bilirubin measurements can lead to errors in the diagnosis of 
isolated disorders of bilirubin metabolism (e.g., suspected Gil- 
bert syndrome [see later]). Consequently, a number of clinical 
laboratories instead employ automated reflectance spectroscopic 
assays that more accurately estimate serum conjugated and 
unconjugated bilirubin concentrations. These assays can provide 
useful information for the management of neonatal jaundice, in 
which the therapy of unconjugated hyperbilirubinemia is distinct 
from that for other conditions (see later discussion). In disorders 
characterized by prolonged cholestasis, however, such assays may 
underestimate the conjugated bilirubin concentration because 
they do not accurately detect albumin-bound conjugated bilirubin 
(so-called delta bilirubin). This may not be of great consequence 
in adults, in whom accurate measurement of conjugated bilirubin 
concentration is generally not critical. Nevertheless, there may be 
special circumstances in which confirmation of the diagnosis of a 
specific disorder of bilirubin metabolism is needed. Under these 
conditions, the diagnosis may require more sophisticated chro- 
matographic techniques that measure concentrations of uncon- 
jugated, monoglucuronidated, and diglucuronidated bilirubin, as 
well as conjugated bilirubin-albumin complexes, precisely.!° In 
practice, these techniques are not widely used. Even with such 
accurate methods, determination of conjugated and unconjugated 
bilirubin concentrations cannot distinguish hyperbilirubinemia 
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TABLE 21.1 Differential Diagnosis of Jaundice and Hyperbilirubinemia 


Disorder 


Examples 


DISORDERS OF BILIRUBIN METABOLISM 
Isolated Unconjugated Hyperbilirubinemia 
Increased production 


Decreased hepatocellular uptake 
Decreased conjugation 


Hemolysis, ineffective erythropoiesis, blood transfusion, resorption of hematomas 
Drugs (¢.g., rifampin, cyclosporine) 


Gilbert syndrome, Crigler-Najjar syndrome, physiologic jaundice of the newborn, drugs (e.g., indinavir, 
atazanavir) 


Isolated Conjugated or Mixed Hyperbilirubinemia 


Dubin-Johnson syndrome 

Rotor syndrome 

LIVER DISEASE 

Hepatocellular Dysfunction 

Acute or subacute hepatocellular injury 


Chronic hepatocellular disease 


Hepatic Disorders with Prominent Cholestasis 
Infiltrative diseases 


Cholangiocyte injury 


Miscellaneous conditions 


BILE DUCT OBSTRUCTION 
Choledocholithiasis 


Bile Duct Diseases 
Inflammation, infection 


Neoplasms 


Extrinsic Compression 
Neoplasms 


Pancreatitis 


Vascular enlargement 


that results from hepatic disorders from hyperbilirubinemia that 
results from biliary obstruction. Therefore, in most cases, precise 
measurements of conjugated and unconjugated bilirubin concen- 


trations in serum are of limited use. 


DIFFERENTIAL DIAGNOSIS OF HYPERBILIRUBINEMIA 


Serum bilirubin levels reflect the balance between production of 
bilirubin and its hepatobiliary clearance. An imbalance between 


Viral hepatitis, hepatotoxins (e.g., ethanol, acetaminophen, Amanita phalloides); drugs (e.g., isoniazid, 
phenytoin); ischemic hepatitis; vascular outflow obstruction; metabolic disorders (e.g., Wilson 
disease); pregnancy-related diseases (e.g., acute fatty liver of pregnancy, pre-eclampsia) 

Viral hepatitis; hepatotoxins (e.g., ethanol, vinyl chloride, vitamin A); autoimmune hepatitis; celiac disease; 
metabolic disorders (e.g., NAFLD, hemochromatosis, Wilson disease, o.;-antitrypsin deficiency) 


Granulomatous diseases such as mycobacterial infections, sarcoidosis, lymphoma, granulomatosis 
with polyangiitis; amyloidosis; malignancy 


PBC; graft-versus-host disease; drugs (e.g., erythromycin, trimethoprim/sulfamethoxazole); CF 


Benign recurrent intrahepatic cholestasis; drugs (e.g., estrogens, anabolic steroids); TPN; bacterial 
infections; paraneoplastic syndromes; intrahepatic cholestasis of pregnancy 


PSC, AIDS cholangiopathy, injury caused by hepatic arterial chemotherapy or chemoembolization, 
postsurgical strictures 


Cholangiocarcinoma 


Pancreatic carcinoma, metastatic lymphadenopathy, HCC, ampullary adenoma or carcinoma, 
lymphoma 


Aneurysm, cavernous transformation of the portal vein (portal cavernoma) 


Increased Bilirubin Production 

A variety of extrahepatic processes can generate excessive bili- 
rubin production. These include hemolysis, ineffective erythro- 
poiesis, and resorption of a hematoma.!° With these disorders, 
bilirubin concentration generally does not exceed 4 to 5 mg/dL. 
Jaundice can also follow massive blood transfusions, because the 
increased fragility of stored erythrocytes leads to excessive hemo- 
globin release, which can be a major contributor to hyperbiliru- 
binemia in patients with major trauma.!! 


these processes can thus lead to jaundice. From a practical stand- 


point, conditions associated with hyperbilirubinemia (and jaundice) 
can be classified under the broad categories of disorders of bilirubin 
metabolism, liver disease, and bile duct obstruction (Table 21.1). 


Disorders of Bilirubin Metabolism 


Isolated Unconjugated Hyperbilirubinemia 


Decreased Bilirubin Uptake by Hepatocytes 

Selected drugs can interfere with hepatocellular uptake of 
bilirubin. For example, the antibiotic rifampin and the immu- 
nosuppressive agent cyclosporine A competitively inhibit the 
sinusoidal transport protein OATPIB1, and they have been 
linked to the presence of unconjugated hyperbilirubinemia, ! 
although the clinical importance of this mechanism with respect 
to unconjugated hyperbilirubinemia has been questioned. ! 


Three basic mechanisms can lead to isolated unconjugated hyper- 


bilirubinemia: (1) increased bilirubin production, (2) decreased 
hepatocellular uptake of unconjugated bilirubin, and (3) decreased 
bilirubin conjugation by hepatocytes. In each of these conditions, 
serum bilirubin is increased in isolation, and global liver function 
and biochemical markers of hepatocellular injury and cholestasis 


are normal (see Chapter 73). 


Decreased Hepatocellular Bilirubin Conjugation 

Three autosomally inherited disorders of unconjugated hyperbili- 
rubinemia are due to impaired bilirubin conjugation by hepatocytes 
(Table 21.2). The most common of these is Gilbert syndrome, 
which has a frequency of approximately 3% to 7% in the USA 
and which varies across ethnic groups (highest in the Middle East, 
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Symptoms, Signs, and Biopsychosocial Issues 


TABLE 21.2 Hereditary Disorders of Bilirubin Metabolism and Transport 


Syndrome 
Feature Gilbert Type | Crigler-Najjar Type II Crigler-Najjar Dubin-Johnson Rotor 
Incidence 6%-12% Very rare Uncommon Uncommon Rare 
Gene affected UGT1A1 UGT1A1 UGT1A1 MRP2 OATP1B1 and 
OATP1B3 
Metabolic defect l Bilirubin conjugation No bilirubin L Bilirubin conjugation Impaired canalicular Impaired sinusoidal 
conjugation export of conjugated extraction of 


Plasma bilirubin 


<3 in absence of fasting 


Usually >20 (range, 


(mg/dL) or hemolysis, almost 17-50), all 
all unconjugated unconjugated 
Liver histology Usually normal, Normal 
occasional Tlipofuscin 
Other {Bilirubin concentration No response to 
distinguishing with phenobarbital phenobarbital 
features 
Prognosis Normal (theoretical risk Death in infancy if 
of selected drug untreated 
toxicity) 
Treatment None Phototherapy as 


a bridge to LT 


Usually normal 


bilirubin conjugated 
bilirubin 
Usually <20 (range, Usually <7, about half Usually <7, about 
6-45), almost all conjugated half conjugated 
unconjugated 
Normal Coarse pigment in Normal 
centrilobular 
hepatocytes 
Bilirubin concentration TBilirubin concentration Mild Turinary 
with phenobarbital with estrogens; coproporphyrin |/ 
Tturinary coproporphyrin Ill ratio 


IAI ratio 


Normal (theoretical risk of 
selected drug toxicity) 


Normal (theoretical 
risk of selected 


drug toxicity) 
Phenobarbital for Avoid estrogens None available 
Tbilirubin 
concentration 


MRP2, Multidrug resistance-associated protein-2 gene; OATP, organic anion transporter; UGTIA7, bilirubin uridine diphosphate-glucuronyl transferase gene. 


lowest in East Asia). Persons with Gilbert syndrome typically pres- 
ent when isolated hyperbilirubinemia is detected as an incidental 
finding on routine biochemical testing for an unrelated health con- 
dition; clinical jaundice is uncommon. Serum bilirubin levels may 
rise 2- to 3-fold with fasting or dehydration but are generally below 
4 mg/dL. The molecular basis of Gilbert syndrome has been linked 
to a reduction in transcription of the B-UGT gene UGTIA1 as a 
result of mutations in the promoter region and, less commonly, 
in the coding region.!: * Although Gilbert syndrome has generally 
been thought to be an entirely benign condition, individuals with 
this disorder may be at increased risk for gallstones and for toxicity 
of selected drugs, like irinotecan, that require glucuronidation for 
metabolic disposal.!? On the other hand, some, but not all, studies 
suggest that patients with Gilbert syndrome are at decreased risk for 
cardiovascular disease.* This is biologically plausible, since uncon- 
jugated bilirubin is an antioxidant that, among other things, offsets 
lipid peroxidation and alterations in vascular tone!’ that are impli- 
cated in the pathogenesis of cardiovascular disorders. 

Mutations in the coding region of UGTIA1 appear to be 
responsible for Crigler-Najjar syndrome.! 1° In type I Crigler- 
Najjar syndrome, B-UGT activity is absent, and marked uncon- 
jugated hyperbilirubinemia is evident shortly after birth. Because 
unconjugated bilirubin can cross the blood-brain barrier, patients 
with type I Crigler-Najjar syndrome accumulate bilirubin in the 
brain (kernicterus), and the resulting neurotoxic effects can lead 
to neonatal death (see Table 21.2). Phototherapy (see later) is 
required to prevent kernicterus, and LT can be lifesaving. By con- 
trast, persons with type II Crigler-Najjar syndrome have reduced 
(but not absent) B-UGT activity, and serum bilirubin levels are 
lower than in patients with type I Crigler-Najjar syndrome (see 
Table 21.2). Patients with type II Crigler-Najjar syndrome are 
not ill during the neonatal period and may not be diagnosed until 
early childhood. Most patients with type II Crigler-Najjar syn- 
drome can be treated successfully with phenobarbital, an agonist 
for the constitutive androstane receptor CAR, which increases 
UGTIALI expression.!* With phenobarbital treatment, serum 
bilirubin levels generally fall to the range of 2 to 5 mg/dL. 


A related disorder of bilirubin metabolism is physiologic jaun- 
dice of the newborn, which results from delayed developmental 
expression of B-UGT and generally resolves rapidly in the neo- 
natal period.!° A brief course of phototherapy (see later) may be 
required to prevent kernicterus. 

B-UGT is inhibited competitively by the retroviral protease inhibi- 
tors atazanavir and indinavir, which produce hyperbilirubinemia in 
more than 25% of patients who receive these agents. Patients with 
Gilbert syndrome appear to be at higher risk for this complication. !” !* 


lsolated Conjugated or Mixed Hyperbilirubinemia 


‘Two autosomally inherited disorders, Dubin-Johnson syndrome 
and Rotor syndrome, are associated with conjugated or mixed 
hyperbilirubinemia (i.e., increase in serum concentrations of 
both conjugated and unconjugated bilirubin). In each, the serum 
concentration of bilirubin is increased in isolation, and global 
liver function and biochemical markers of hepatocellular injury 
and cholestasis are normal (see Chapter 73). The underlying 
mechanisms of Dubin-Johnson syndrome and Rotor syndrome 
are distinct. In Dubin-Johnson syndrome, an absence of expres- 
sion or defective canalicular targeting of MRP2 impairs secretion 
of conjugated bilirubin into the bile canaliculus.! Compensatory 
up-regulation of MRP3 permits sinusoidal export of potentially 
toxic organic anions that are normally secreted by MRP2 (which 
may prevent overload of these compounds in hepatocytes), and 
this can amplify the degree of hyperbilirubinemia in the disorder. 
The molecular basis of Rotor syndrome is more complex. Studies 
in transgenic mice have demonstrated that conjugated bilirubin, 
which is secreted into plasma by MRP3, is taken up by the sinu- 
soidal transport proteins OATP1B1 and OATP1B3.!° Combined 
deficiency of OATP1B1 and OATP1B3 results in Rotor syn- 
drome and impaired re-uptake of conjugated bilirubin. 
Dubin-Johnson and Rotor syndromes can be distinguished 
biochemically and histologically (see Table 21.2). In Dubin- 
Johnson syndrome, hepatocytes contain a characteristic black 
pigment in lysosomes, which is thought to be formed by 


aromatic amino acid metabolites that are putative MRP2 sub- 
strates.' It should be emphasized that liver biopsy is not nec- 
essary in the diagnostic evaluation of patients suspected of 
having Dubin-Johnson or Rotor syndrome, because neither 
disorder is associated with progressive hepatic damage. It has 
been speculated, however, that patients with Rotor syndrome 
may be at increased risk for toxicity from selected drugs (e.g., 
statin-induced myopathy) that undergo metabolic disposal via 
OATP1B-mediated hepatic uptake. ! 


Liver Disease 


Jaundice is a common feature of parenchymal liver disease, in 
which hyperbilirubinemia is generally associated with other 
liver biochemical test abnormalities (see Chapter 73). Disorders 
in which hyperbilirubinemia and jaundice are manifestations 
of global acute or chronic hepatocellular dysfunction are dis- 
tinguished from those for which cholestasis is the predominant 
problem. 


Acute or Subacute Hepatocellular Injury 


Generalized hepatic dysfunction can be caused by acute or chronic 
hepatocellular injury resulting from a variety of conditions that 
include viral hepatitis, exposure to hepatotoxins, ischemic causes, 
and certain metabolic derangements. Serum aminotransferase 
levels are characteristically elevated (see later). Acute viral hepa- 
titis is often heralded by anorexia, malaise, and myalgias before 
jaundice develops (see Chapters 78 to 83). The 5 hepatotropic 
viruses include HAV and HEV, which are transmitted enterally 
and are generally self-limited, and HBV, HCV, and HDV, which 
are transmitted parenterally and may lead to chronic disease. The 
diagnosis of each of these disorders is aided by serologic testing 
(see later). 

One of the most common causes of toxic liver injury is inges- 
tion of large quantities of the analgesic acetaminophen (see Chap- 
ter 88), which can lead to jaundice and frank liver failure within 
several days after exposure. In patients who survive, jaundice 
resolves and hepatic function recovers completely in those with- 
out preexisting liver disease. Drugs and other chemical agents 
that produce idiosyncratic (i.e., dose-independent) hepatocellu- 
lar injury and jaundice are discussed elsewhere in this text (see 
Chapters 88 and 89). Alcoholic hepatitis should be a diagnostic 
consideration in the jaundiced patient with alcohol use disorder 
(see Chapter 86). 

Jaundice can be a manifestation of ischemic hepatitis and other 
disorders of hepatic blood flow. Causes include hypotension, 
hypoxia, hyperthermia, obstruction to hepatic venous outflow 
(Budd-Chiari syndrome), and sinusoidal obstruction syndrome 
(see Chapter 85). 

Wilson disease, an inherited disorder of hepatobiliary copper 
secretion, may manifest de novo with clinical features indistin- 
guishable from those of acute viral hepatitis (see Chapter 76). 
‘The diagnosis should be considered particularly in younger indi- 
viduals with jaundice (but cases in middle-aged persons have been 
reported). Hemolytic anemia is a part of the spectrum of Wilson 
disease and contributes to disproportionate hyperbilirubinemia 
in these patients. The diagnosis of Wilson disease is confirmed 
by biochemical testing, slit-lamp examination of the eyes for cor- 
neal copper deposits (Kaiser-Fleischer rings), and liver copper 
analysis. 


Chronic Hepatocellular Disease 


In contrast to acute hepatocellular injury, jaundice does not 
typically develop in chronic liver disease unless cirrhosis is pres- 
ent. Chronic viral hepatitis should be a diagnostic consideration 
in patients with suspected cirrhosis, especially in the presence 
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of risk factors for parenteral exposure to causative agents (see 
Chapters 79 to 81). Diagnosis is aided by serologic testing (see 
later). Cirrhosis is part of the spectrum of fatty liver disease, 
either in the context of chronic alcohol use (see Chapter 86) or as 
a component of the metabolic syndrome (NAFLD [see Chapter 
87]). Certain inherited metabolic diseases may progress to cir- 
rhosis. Hemochromatosis, a disorder of hepatocellular injury 
due to excessive iron absorption, is the most common of these 
(see Chapter 75). Decades of hepatic iron overload are generally 
required to produce symptoms, and hemochromatosis often is 
not diagnosed until middle age. The diagnosis of hemochroma- 
tosis is confirmed by detection of characteristic mutations in the 
HFE gene or by hepatic iron analysis. Copper-induced hepatic 
injury in Wilson disease may also progress to cirrhosis (see 
Chapter 76). In a jaundiced patient with chronic lung disease, 
qj-antitrypsin deficiency should be suspected (see Chapter 77). 
In this disorder, misfolded mutant a,-antitrypsin (ZZ pheno- 
type) accumulates in the endoplasmic reticulum of hepatocytes 
and can trigger liver injury. The diagnosis can be confirmed by 
serologic phenotyping and liver biopsy. Autoimmune hepati- 
tis may be associated with systemic symptoms such as fatigue, 
arthralgias, and rash, but jaundice may be the only presenting 
manifestation of cirrhosis in this disorder (see Chapter 90). 
The diagnosis is aided by serologic testing and liver biopsy (see 
later). Although celiac disease characteristically causes immune- 
mediated disease in the small intestine (see Chapter 107), it may 
occasionally present as otherwise unexplained chronic liver dis- 
ease and rarely as cirrhosis with jaundice. 


Hepatic Disorders with Prominent Cholestasis 


Intrahepatic cholestatic disorders are characterized by impaired 
bile formation in the absence of widespread hepatocellular injury 
or biliary obstruction. The presentation of these disorders and 
associated biochemical abnormalities may mimic biliary obstruc- 
tion and can generate diagnostic confusion. Intrahepatic chole- 
static disorders can be categorized histologically as infiltrative, 
those associated with injury to cholangiocytes within intrahepatic 
bile ductules, and those in which major histologic changes are 
not evident. 


Infiltrative Diseases 

Infiltrative diseases of the liver disrupt the network of intrahe- 
patic bile ductules and are often associated with striking cho- 
lestasis, and ultimately jaundice. The most common categories 
are granulomatous diseases, amyloidosis, and malignancy (see 
Chapter 37). A diverse number of disorders, including infec- 
tious, toxins, lymphoma, and other systemic diseases (e.g., 
sarcoidosis) can produce granulomatous disease that involves 
the liver.2° The most common of these disorders that produce 
jaundice are tuberculosis and sarcoidosis.’ ! ?? Granulomatous 
diseases should be suspected, in particular, when jaundice 
accompanies fever of undetermined origin. Physical examina- 
tion usually reveals hepatosplenomegaly, and lymphadenopa- 
thy may be present. Radiographic chest abnormalities often 
provide a clue to the diagnosis of sarcoidosis or mycobacte- 
rial infection. Ultimately, diagnosis may require liver biopsy 
if other tissue is unavailable. Jaundice is an unusual mani- 
festation of amyloidosis, but when present, it is invariably 
accompanied by marked hepatomegaly.*? The diagnosis of 
amyloidosis should also be suspected in the jaundiced patient 
if signs of involvement of other organs are present (e.g., mac- 
roglossia, malabsorption, heart failure, peripheral neuropathy, 
proteinuria). In the absence of other clues, liver biopsy may be 
necessary. Jaundice due to extensive neoplastic replacement of 
hepatic parenchyma is usually heralded by anorexia and weight 
loss. Noninvasive imaging studies generally lead to the diag- 
nosis (see later). 
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Disorders Involving Cholangiocyte Injury 

A broad spectrum of disorders can lead to cholangiocyte damage. 
In many of these, the cholangiocyte is a target of an immune- 
mediated inflammatory response, as exemplified by PBC (see 
Chapter 91). PBC occurs primarily in women. By the time jaun- 
dice develops, cirrhosis is invariably present, and the prognosis is 
guarded. Biochemical and serologic testing (AMA) is generally 
sufficient to make a diagnosis of PBC, but liver biopsy may be 
necessary if there is uncertainty. The cholangiocyte is a target of 
graft-versus-host disease (see Chapter 36), which is a common 
cause of jaundice following hematopoietic cell transplantation.”* 
Certain drugs also produce cholestasis as a result of cholangio- 
cyte injury (see Chapter 88). Examples include erythromycin, 
trimethoprim/sulfamethoxazole, and amoxicillin—clavulanic 
acid; more can be found on the National Library of Medicine 
LiverTox website (www.livertox.nih.gov).’° In general, cholesta- 
sis resolves within several months following discontinuation of 
the causative drug. Cholestasis from cholangiocyte injury occurs 
in about 30% of adults with CF (see Chapter 62), a genetic disor- 
der of the CFTR ion channel protein that is expressed in secre- 
tory epithelia. 


Cholestasis with Minimal Histologic Abnormalities 
Jaundice may accompany cholestasis in the absence of hepatic 
infiltration or injury to hepatocytes or cholangiocytes. Several 
mechanisms may be responsible, including mutations in the 
genes that encode transport proteins involved in bile formation 
and conditions that interfere with the function or expression of 
such proteins. 

Benign recurrent cholestasis is an autosomally inherited 
disorder associated with mutations in the genes that encode 
2 transport proteins that are present on the canalicular mem- 
brane of hepatocytes and regulate bile formation: (a) the familial 
intrahepatic cholestasis 1 protein (FIC1, gene symbol ATP8B1) 
and (b) the bile salt export pump (BSEP, gene symbol ABCB11 
[see Chapters 64 and 77]).?’ FIC1 is a P-type ATPase believed 
to function in hepatocytes as a membrane “flippase” for ami- 
nophospholipids, and FIC1 dysfunction appears to cause cho- 
lestasis by increasing the susceptibility to canalicular membrane 
damage by hydrophobic bile acids and/or interfering with the 
localization of proteins that regulate BSEP expression or func- 
tion.” BSEP is an ATP-dependent bile salt export pump, and 
impaired BSEP activity leads to cholestasis by a reduction in 
bile salt secretion.’? Benign recurrent cholestasis represents one 
end of a spectrum of disorders associated with FIC] and BSEP 
mutations; the other end is progressive familial intrahepatic 
cholestasis types 1 and 2—diseases that can lead to liver failure 
in childhood and necessitate LT. 

Patients with benign recurrent cholestasis typically present 
before the second decade of life with recurrent episodes of mal- 
aise and pruritus in association with jaundice; fever and abdomi- 
nal pain are uncommon. When performed during an icteric 
episode, liver biopsy findings are generally confined to centri- 
lobular cholestasis; portal-based inflammatory cell infiltrates are 
uncommon. Cholestatic episodes may last up to several months 
and are separated by periods of clinical remission. Although qual- 
ity of life may be adversely affected, the disease does not lead to 
progressive liver damage, and (unlike progressive familial intra- 
hepatic cholestasis) liver failure does not occur. 

A number of drugs produce histologically bland intrahepatic 
cholestasis (see Chapter 88). Estrogens reduce bile formation 
principally by inhibiting bile salt secretion.’ There are several 
mechanisms by which this occurs, including down-regulation of 
the sinusoidal bile salt uptake protein Na*-taurocholate cotrans- 
porting peptide (NTCP, gene symbol SLCIOA1), competi- 
tive inhibition of BSEP, and interference with MRP2 function. 
Jaundice related to the use of oral contraceptives usually devel- 
ops within 2 months of initiation of therapy and is generally 


accompanied by pruritus; these symptoms resolve promptly with 
discontinuation of the drug. Anabolic steroids can produce a syn- 
drome that is clinically indistinguishable from estrogen-induced 
cholestasis (see the LiverTox website). The clinical features of 
cholestasis associated with total parenteral nutrition (possibly 
related to altered enterohepatic circulation and diminished neu- 
roendocrine stimulation of bile flow) may also resemble those 
related to estrogen and anabolic steroids, but progressive hepatic 
fibrosis has also been described.*! 

Cholestasis and jaundice also may develop during bacterial 
infections, likely because of cytokine-dependent down-regula- 
tion of the transporters NTCP, MRP2, and BSEP.*? As in other 
cholestatic disorders, the clinical features may be difficult to dis- 
tinguish from biliary obstruction, and imaging studies may be 
required to resolve this issue. 

Jaundice due to intrahepatic cholestasis has been reported 
as a paraneoplastic phenomenon (i.e., in the absence of malig- 
nant infiltration of the liver) in patients with lymphoma, and in 
selected nonhematologic malignancies, known as Stauffer syn- 
drome.” In the latter, originally described in renal cell carcinoma, 
successful treatment of the primary tumor leads to resolution of 
cholestasis. The pathogenesis remains unclear but may relate to 
tumor-derived secretion of cytokines that interfere with NTCP, 
MRP2, and BSEP function. 


Atypical Presentations of Cholestasis 

Viral hepatitis rarely may cause profound cholestasis, with pru- 
ritus and jaundice.** Unless the patient has risk factors for viral 
hepatitis, no features reliably distinguish this disorder from other 
cholestatic syndromes or biliary tract obstruction. A high level of 
suspicion and appropriate laboratory testing will help establish 
the diagnosis. Alcoholic hepatitis manifesting as fever, jaundice, 
abdominal pain, and leukocytosis may also be difficult to distin- 
guish from bile duct obstruction.*> Liver biopsy may be required 
to confirm the diagnosis. 


Jaundice in Pregnancy 


Several cholestatic disorders are uniquely encountered in preg- 
nancy (see Chapter 40). Jaundice uncommonly may accompany 
hyperemesis gravidarum, a generally self-limited disorder of the 
first trimester, but liver failure is not a feature of this illness.*¢ 
Intrahepatic cholestasis of pregnancy typically occurs in the third 
trimester and presents with pruritus and occasionally with jaun- 
dice.>’ Cholestasis generally resolves within 2 weeks of delivery 
and often recurs with subsequent pregnancies. Polymorphisms 
in the genes encoding the canalicular transporters BSEP, FIC1, 
MRP2, and MDR3 (gene symbol ABCB4) and the tight junc- 
tion protein TJP2 have been associated with this disorder.*” 38 
Functional alterations in these transporters may enhance their 
sensitivity to the inhibitory effects of estrogens with respect to 
bile formation. A far more serious syndrome is acute fatty liver 
of pregnancy, which typically occurs in the third trimester and is 
associated with hepatocellular injury. Jaundice, when present, is 
usually accompanied by nausea, abdominal pain, and evidence of 
liver failure. Liver biopsy (if performed) demonstrates microve- 
sicular steatosis. The disorder may be fatal unless obstetric 
delivery is performed promptly. Preeclampsia, a microvascular 
disorder of the third trimester, is heralded by hypertension and 
proteinuria and affects the liver in about 10% of cases. A particu- 
larly severe form, the HELLP syndrome, is treated by prompt 
obstetric delivery. 


Jaundice in the Critically Ill Patient 


Establishing the cause of jaundice in the critically ill patient can 
present a challenge to intensivists and their consultants. The 
differential diagnosis can be quite broad. Predisposing factors 


include hepatic ischemia, blood transfusions, hepatotoxic drugs, 
parenteral nutrition, and occult sepsis;*” *° kidney injury may 
reduce extrahepatic elimination of conjugated bilirubin. The per- 
sistence of icterus can be a source of dismay and frustration to 
concerned relatives and other advocates for the patient, who may 
view jaundice as the cause rather than a manifestation of criti- 
cal illness. Urgent requests for biliary drainage (in the absence 
of evidence of bile duct obstruction [see later]) can exacerbate 
the tension. Notably, even if other clinical parameters improve, 
there may be a lag in the resolution of jaundice. Therefore, the 
management of jaundice in intensive care settings requires not 
only a careful search for reversible causes but also a great deal of 
patience. 


Bile Duct Obstruction 


Obstructive disorders of the biliary tract include occlusion of the 
bile duct lumen, intrinsic disorders of the bile ducts, and extrinsic 
biliary compression. 


Choledocholithiasis 


The most common cause of biliary obstruction is luminal occlu- 
sion by a stone (choledocholithiasis). Three types of stones 
have been implicated in this process, with cholesterol gall- 
stones responsible for the majority of cases (see Chapter 65). 
Cholesterol stones typically originate in the gallbladder and can 
migrate into the bile duct. In patients with unconjugated hyper- 
bilirubinemia, calcium bilirubinate stones (so-called black pig- 
ment gallstones) form in the gallbladder and may also form in 
situ at any level of the biliary tract. Brown pigment gallstones, 
a distinct type of bilirubinate stone, can lead to and result from 
repeated bouts of cholangitis (recurrent pyogenic cholangitis), 
particularly in patients from certain regions of eastern Asia and 
in patients with prior biliary tract surgery or endoscopic inter- 
vention (see Chapter 68). 


Bile Duct Diseases 


Intrinsic narrowing of the bile ducts occurs in inflammatory, 
infectious, or neoplastic biliary disease. Congenital disorders of 
the bile ducts, including cysts and biliary atresia, are discussed 
in Chapter 62. PSC, a progressive inflammatory disorder of the 
bile ducts, is characterized by focal and segmental biliary stric- 
tures (see Chapter 68). A similar-appearing syndrome of dis- 
crete narrowing and localized obstruction of the bile ducts is an 
unusual complication of AIDS (so-called AIDS cholangiopathy 
[see Chapter 35]). Biliary strictures may also follow hepatic arte- 
rial infusion or embolization of certain chemotherapeutic com- 
pounds"! or result from surgical injury to the bile duct or hepatic 
artery (see Chapter 68). Neoplasms of the biliary tract are dis- 
cussed in Chapter 69. 


Extrinsic Compression 


Extrinsic compression of the biliary tract may result from neo- 
plastic involvement or inflammation of surrounding viscera. 
Rarely, marked enlargement of the surrounding vasculature (e.¢., 
arterial aneurysms, cavernous transformation of the portal vein 
[portal cavernoma]) can compress the bile ducts (see Chapter 85). 
Painless jaundice is a classic feature of carcinoma of the head 
of the pancreas (see Chapter 60). Occasionally, HCC or peri- 
portal lymph nodes enlarged by metastatic tumor or lymphoma 
obstructs the extrahepatic bile ducts (see Chapter 32). Pancre- 
atitis may lead to biliary compression from edema or pseudocyst 
formation (see Chapters 58 and 59). Rarely, gallstones in the cys- 
tic duct or infundibulum of the gallbladder compress the com- 
mon hepatic duct (Mirizzi syndrome) and produce jaundice.” 
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DIAGNOSTIC APPROACH TO JAUNDICE 


A general algorithm for evaluating the patient with jaundice is 
depicted in Fig. 21.2. A logical approach involves 4 basic steps: (1) 
a carefully taken patient history, thorough physical examination, 
and screening laboratory studies; (2) formulation of a working 
differential diagnosis; (3) selection of specialized tests to narrow 
the diagnostic possibilities; and (4) development of a strategy for 
treatment or further testing if unexpected diagnostic possibilities 
arise. 


History and Physical Examination 


The history and physical examination provide important clues 
regarding the cause of jaundice (Table 21.3). A history of bili- 
ary tract surgery, fever, and abdominal pain, particularly in the 
RUQ, is suggestive of biliary obstruction with cholangitis. On 
the other hand, symptoms compatible with a viral prodrome 
(e.g., anorexia, malaise, myalgias) make acute viral hepatitis 
a strong diagnostic possibility, especially if there are risk fac- 
tors for a potential infectious exposure. A carefully taken his- 
tory may suggest that environmental hepatotoxins, ethanol, 
or medications (including over-the-counter agents or herbal 
supplements) underlie the patient’s icteric disease. A family his- 
tory of jaundice or liver disease raises the possibility of heredi- 
tary hyperbilirubinemia or genetic liver disease. All clues must 
be interpreted with caution; for example, fever and abdominal 
pain accompany diseases other than biliary obstruction, and 
viral hepatitis may occur coincidentally in patients with a his- 
tory of prior biliary surgery. Moreover, anorexia and malaise 
are not specific for viral hepatitis, and gallstones can develop in 
patients with chronic liver disease. Nevertheless, when details 
from the patient’s history are evaluated in the context of the 
physical findings and results of routine laboratory tests, jaundice 
can be characterized correctly as obstructive or nonobstructive 
in about 75% of cases, and this rate has yet to be surpassed by 
computer-based modeling.*’ 

Clues offered by the physical examination are also important 
in the patient with jaundice. Fever or abdominal tenderness (par- 
ticularly in the RUQ) suggests cholangitis, and a palpable abdom- 
inal mass suggests a neoplastic cause of obstructive jaundice. The 
presence of cirrhosis may be suggested by signs of portal hyper- 
tension (e.g., ascites, splenomegaly, prominent abdominal veins), 
spider telangiectasias, gynecomastia, and asterixis. Some findings 
may be pathognomonic of a specific hepatobiliary disorder (e.g., 
Kayser-Fleischer rings in Wilson disease). 


Initial Laboratory Studies 


Essential laboratory tests in the patient with jaundice include 
serum total bilirubin, alkaline phosphatase, aminotransferases, 
complete blood count, and prothrombin time (see Chapter 73). 
Serum alkaline phosphatase activity derives from related isoen- 
zymes expressed on the membranes of multiple cell types; the 
hepatobiliary (“liver”) alkaline phosphatase isoenzyme is a mem- 
brane linked protein localized predominantly on the apical poles 
of hepatocytes and cholangiocytes. In hepatocytes and cholangio- 
cytes, enzymatic cleavage under physiologic conditions releases 
alkaline phosphatase from the apical membranes into bile; small 
amounts are released from the basolateral membrane into plasma 
as well. Biliary obstruction and intrahepatic cholestasis increase 
the basolateral release of alkaline phosphatase, and serum alka- 
line phosphatase activity increases under these conditions. 
Consequently, in a jaundiced patient, a predominant increase in 
serum alkaline phosphatase (relative to aminotransferase) activity 
suggests the presence of biliary tract obstruction or intrahepatic 
cholestasis. An increase in serum alkaline phosphatase activity 
(especially if aminotransferase activity is normal), however, may 
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Fig. 21.2 Algorithm for evaluation and management of jaundice and hyperbilirubinemia. 


THC, Transhepatic cholangiography. 


TABLE 21.3 Clues to the Differential Diagnosis of Jaundice: Biliary Obstruction Versus Liver Disease 


Feature Biliary Obstruction Liver Disease 
History Abdominal pain Anorexia, malaise, myalgias (viral prodrome) 
Fever, rigors Exposure to known hepatotoxin 
Older age Family history of liver disease 
Prior biliary surgery History of blood product receipt or 
injection drug use 
Family history of liver disease 
Known viral exposure 
Laboratory Elevated serum amylase or lipase level Predominant elevation of serum aminotransferase levels relative to 
studies Leukocytosis alkaline phosphatase 
Predominant elevation of serum alkaline phosphatase relative to Prolonged prothrombin time that does not normalize with vitamin K 
aminotransferases* administration 
Prothrombin time (INR) normal or normalizes with vitamin K Serologies indicative of specific liver disease 
administration Thrombocytopenia 
Physical Abdominal surgical scar Asterixis 


examination Abdominal tenderness 
Fever 
Palpable abdominal mass 


Spider telangiectasias 
Stigmata of portal hypertension (e.g., prominent abdominal veins, 
splenomegaly, ascites) 


*Except early after acute obstruction when the opposite pattern may be seen transiently. 


reflect release of alkaline phosphatase isoenzymes from extrahe- 
patic tissues. If there is diagnostic uncertainty, elevated serum 
activities of other proteins (e.g., GGTP, 5’-nucleotidase, alkaline 
phosphatase isoenzymes) confirm the presence of hepatobiliary 
disease (see Chapter 73). 

The aminotransferases—ALT, a cytosolic enzyme found 
predominantly in hepatocytes, and AST, isozymes of which 
are found within hepatocytes and cells from several other tis- 
sues—are ordinarily detected in serum in low concentrations. 


Conditions that produce hepatocellular injury (e.g., viral hepa- 
titis, toxic liver injury, ischemic hepatitis [see earlier]) increase 
plasma membrane permeability and release of aminotransferases 
into plasma. A predominant elevation of serum aminotransferase 
levels (relative to alkaline phosphatase) suggests that jaundice is 
due to hepatocellular injury. There are exceptions to this general- 
ization, however. For example, transient biliary obstruction from 
choledocholithiasis may cause a brief but dramatic elevation (> 10 
to 20 times normal) of serum aminotransferase activity." 


A CBC provides information that complements findings from 
biochemical testing described earlier. Leukocytosis may be a clue 
to the presence of biliary tract obstruction or another inflamma- 
tory disorder associated with cholestasis. The presence of anemia 
raises the possibility that a hemolytic disorder is responsible for 
jaundice, especially if isolated hyperbilirubinemia (without other 
abnormalities in biochemical liver tests) is detected. Thrombo- 
cytopenia is a characteristic finding in cirrhosis and appears to 
result from reduced synthesis of thrombopoietin, the regulator of 
platelet production, or from increased splenic sequestration asso- 
ciated with portal hypertension. 

The prothrombin time reflects the activities of coagulation 
factors I, I, V, VU, and X (see Chapter 94). With impaired 
hepatic synthesis of these proteins, the prothrombin time is pro- 
longed (often reported as an increase in the INR), but this find- 
ing is not specific for conditions associated with hepatocellular 
injury. Prolongation of the prothrombin time can also be seen 
with intrahepatic cholestasis or prolonged biliary obstruction as a 
result of impaired absorption of vitamin K, a fat-soluble cofactor 
required for synthesis of factors II, VII, IX, and X. Exogenously 
administered vitamin K will generally normalize a prolonged 
prothrombin time due to intrahepatic cholestasis or long-stand- 
ing biliary obstruction but not due to hepatocellular injury. 


Overall Approach 


Integration of the patient’s history, physical examination, and 
laboratory study results will provide an estimate of the likeli- 
hood that jaundice is due to a disorder of bilirubin production 
or metabolism, intrinsic liver disease, or biliary obstruction. At 
one extreme is the asymptomatic patient with no abnormalities 
(other than jaundice) on physical examination. Under these con- 
ditions, if the serum alkaline phosphatase and aminotransferase 
activities, platelet count, and prothrombin time are normal, liver 
disease or biliary obstruction is highly unlikely. In this situation, 
further testing for specific disorders, such as an isolated defect in 
bilirubin metabolism or hemolysis, is warranted (see Fig. 21.2). 
Alternatively, if the history, physical examination, and laboratory 
study results raise the possibility of biliary obstruction, hepatobi- 
liary imaging is appropriate. Selection of the appropriate imag- 
ing study depends on the likelihood of bile duct obstruction and 
the diagnostic accuracy, cost, complication rate, and availability 
of each test (see later), especially if there is clinical urgency and 
therapeutic intervention at the time of the study is anticipated. 
The following section provides an overview with the recognition 
that some of the original studies concerning the performance of 
imaging studies in the evaluation of jaundice were performed in 
the 20th century. 


Imaging Studies 
Abdominal US 


Abdominal US is usually the initial imaging test performed in 
jaundiced patients with suspected hepatobiliary disease.t 46 US 
can also demonstrate cholelithiasis (although bile duct stones 
may not be well seen) and intrahepatic lesions more than 1 cm 
in diameter. US has the advantages of being noninvasive, por- 
table, and less expensive than other imaging studies (Table 21.4). 
Disadvantages include dependence on the skill of the operator for 
the procedure and potential technical difficulty in obese patients 
or patients with excessive bowel gas that overlies some organs like 
the pancreas. 


CT 


CT of the abdomen with intravenous contrast is an alterna- 
tive noninvasive means of evaluating hepatobiliary disease.*” 
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Abdominal CT permits accurate measurement of the caliber 
of the biliary tract, with sensitivity and specificity rates com- 
parable to those for US.** Abdominal CT detects intrahepatic 
space-occupying lesions as small as 5 mm, is not operator depen- 
dent, and provides technically superior images in obese persons. 
However, it lacks portability, exposes the patient to ionizing radi- 
ation, and is more expensive than US (see ‘Table 21.4). 


MRCP 


MRCP is a technical refinement of standard MRI that permits 
rapid clear-cut delineation of the biliary tract. MRCP is supe- 
rior to conventional US or CT for the detection of biliary tract 
obstruction** *? and plays an important role as a diagnostic test 
in this setting (see Table 21.4). Moreover, standard MRI can be 
performed during the same examination if there is a question of 
a hepatobiliary mass or if a contrast allergy precludes CT. It is 
more expensive than US or CT. 


ERCP 


ERCP permits direct visualization of the biliary tract.°° ERCP 
is more invasive than US, CT, and MRCP (see Table 21.4) and 
comparable in cost to MRCP. After endoscopic identification 
of the ampulla of Vater, insertion of a catheter permits contrast 
injection into the biliary tract; sedation and analgesia are neces- 
sary. ERCP is highly accurate in the diagnosis of biliary obstruc- 
tion. If a focal cause (e.g., choledocholithiasis, biliary stricture) 
is identified, maneuvers to relieve obstruction (e.g., sphincter- 
otomy, stone extraction, stricture dilation, stent placement) can 
be performed during the same session (see Chapter 70). Similarly, 
if there is concern about a neoplasm, biopsy and brushings for 
cytology can be performed. Acquisition of biopsy specimens and 
therapeutic interventions via ERCP are limited largely to lesions 
distal to the bifurcation of the right and left hepatic bile ducts. 
However, advances in catheter design (including cholangioscopy) 
have permitted improved optical visualization of lesions incom- 
pletely characterized by conventional ERCP and in selected cases 
allow the delivery of targeted photodynamic therapy.*! The tech- 
nical success rate of diagnostic ERCP is higher than 90%; the 
technique fails when the ampulla of Vater cannot be cannulated, 
as may be the case in patients with prior abdominal surgery and 
altered anatomy (e.g., gastric bypass, choledochojejunostomy). 
The major complication of ERCP is pancreatitis, which occurs 
in at least 5% of cases, and the mortality rate is approximately 
0.2%. These rates are influenced in part by the patient’s baseline 
characteristics and need for therapeutic instrumentation during 
the procedure.°? 


Percutaneous Transhepatic Cholangiography 


Percutaneous transhepatic cholangiography (THC) is a pro- 
cedure that complements ERCP. Percutaneous THC requires 
passage of a needle through the skin and subcutaneous tissues 
into the liver and advancement into a peripheral bile duct. 
When bile is aspirated, a catheter is introduced through the 
needle, and radiopaque contrast medium is injected. The sen- 
sitivity and specificity of percutaneous THC for the diagnosis 
of biliary tract disease are comparable with those for ERCP.*? 
Like ERCP, interventional procedures like balloon dilation 
and stent placement can be performed at the time of percu- 
taneous THC to relieve focal obstructions of the biliary tract, 
and cholangioscopy is also feasible by this route (see Chapter 
70). Percutaneous THC is particularly technically advanta- 
geous when the level of biliary obstruction is proximal to the 
common hepatic duct or altered anatomy precludes ERCP (see 
earlier). Percutaneous THC may be challenging in the absence 
of dilatation of the intrahepatic bile ducts; in this situation, 
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TABLE 21.4 Imaging Studies for the Evaluation of Jaundice 


Test Sensitivity (%) Specificity (%) Morbidity (%) 


Mortality (%) 


Advantages and Disadvantages 


Abdominal US 55-91 82-95 0 


Abdominal CT 63-96 93-100 See disadvantages 


MRCP 82-100 94-98 See disadvantages 


ERCP 89-98 89-100 5 


Percutaneous 98-100 89-100 3.5 


THC 


EUS 89-97 67-98 See disadvantages 


(0) 


(0) 


0.2 


0.2 


0) 


Advantages: noninvasive, portable 
Disadvantages: bowel gas may obscure bile duct; difficult in 
obese persons, operator dependent 


Advantages: noninvasive, higher resolution than US, not 
operator dependent 

Disadvantages: ionizing radiation, potential for contrast- 
induced anaphylaxis 


Advantages: noninvasive, imaging of bile ducts superior to 
US and CT 

Disadvantages: requires breath holding, may miss small- 
caliber bile duct disease 


Advantages: provides direct imaging of bile ducts; permits 
direct visualization of periampullary region and acquisition 
of tissue distal to bifurcation of hepatic ducts; permits 
simultaneous therapeutic intervention, especially useful 
for lesions distal to the bifurcation of the hepatic ducts 

Disadvantages: requires sedation, cannot be performed if 
altered anatomy precludes endoscopic access to the 
ampulla (e.g., Roux-en-Y loop); may cause complications 
(e.g., pancreatitis) 


Advantages: provides direct imaging of the bile ducts, 
permits simultaneous therapeutic intervention, especially 
useful for lesions proximal to the common hepatic duct 

Disadvantages: more difficult with nondilated intrahepatic 
bile ducts; may cause complications 


Advantages: imaging of the bile ducts is superior to US and 
CT; permits needle aspiration of suspected neoplasms 
Disadvantages: requires sedation 


THC, Transhepatic cholangiography. 


multiple passes may be required, and visualization of the biliary 
tract may be unsuccessful in at least 10% of attempts.>+ With 
percutaneous THC, about 2% of patients experience compli- 
cations, including bleeding, perforation, and infection; death 
is rare. Percutaneous THC is more expensive than abdominal 
US and CT (see Table 21.4). 


EUS 


EUS can also detect obstruction of the bile duct and major 
intrahepatic bile ducts, with sensitivity and specificity rates 
comparable to those for MRCP.°°*’ EUS has the potential 
advantage of permitting biopsy of suspected malignant lesions, 
and under appropriate circumstances, the operator can pro- 
ceed directly to ERCP for definitive biliary decompression 
(see Table 21.4). The risk of diagnostic EUS is comparable 
with that of diagnostic upper endoscopy; when needle biopsy 
is used, the mortality rate is approximately 0.1%. EUS may be 
most useful in circumstances in which the patient is thought 
to be at high risk for complications of ERCP or percutaneous 
THC and there is uncertainty about the presence of biliary 
obstruction. 


Nuclear Imaging Studies 


Nuclear scintigraphy of the biliary tract, although helpful in the 
diagnosis of cholecystitis,” is not routinely used in the diagnostic 
evaluation of adults with jaundice, given the availability of the tech- 
niques described earlier, which permit hepatobiliary imaging with 
higher spatial resolution. There are 2 potential exceptions. In the 
very early phases of biliary obstruction, dilatation of the bile ducts 
may not be observable, and nuclear imaging may be advantageous.*? 
Nuclear scintigraphy also has an important role in the diagnosis of a 


potential bile leak, an uncommon cause of jaundice following hepa- 
tobiliary surgery or blunt abdominal trauma (see Chapter 66). 6! 


Suggested Strategies for Imaging 


The order of imaging studies depends largely on the clinical like- 
lihood of obstructive jaundice (see Fig. 21.2). Several diagnostic 
strategies have been compared by clinical decision analysis in the 
era that predated MRCP and EUS;°? no subsequent refinements 
to this comparison have been published. Based on the analyses, if 
the probability of biliary obstruction is approximately 20%, the 
positive and negative predictive values of a strategy that uses US 
as the initial test are estimated to be 96% and 98%, respectively. 
If the probability of biliary obstruction is 60%, a strategy that 
uses US as the first test would yield a positive predictive value of 
99%, whereas the negative predictive value would fall to 89%. 
The implication is that if the level of suspicion for biliary tract 
obstruction is high and US does not show dilated bile ducts, fur- 
ther studies to visualize the biliary tract should be pursued. 
Therefore, in jaundiced patients in whom biliary obstruction 
is a possibility, abdominal US (or CT) is an appropriate initial 
approach. If the bile ducts are dilated, the biliary tract should 
be imaged directly with ERCP (or percutaneous THC) and 
appropriate therapy undertaken if biliary obstruction is found. 
If the bile ducts are not dilated on abdominal US (or CT), the 
next step depends on the clinical likelihood of biliary obstruc- 
tion. If the likelihood of biliary obstruction is thought to be 
low, the patient should be evaluated for intrinsic liver disease 
(see later). If the likelihood of biliary obstruction is thought 
to be intermediate, EUS or MRCP is a reasonable next step 
prior to biliary intervention or evaluation for a hepatic disorder. 
Among patients in whom biliary obstruction is thought to be 
likely, ERCP (or percutaneous THC) should be considered as 


Fig. 21.3 Liver histology in biliary 
tract obstruction. A, Prominent 
bile duct proliferation (arrows) and 
a mixed portal-based inflamma- 
tory infiltrate are evident. Peripor- 
tal hepatocytes show feathery 
degeneration (arrowheads) indica- 
tive of cholate stasis, cytologic 
changes caused by prolonged 
cholestasis (H&E, x200). B, The 
periportal bilirubin-stained region 
(arrow) surrounded by necrotic 
cells represents a bile infarct 
(H&E, x40). 


the next step. If ERCP or percutaneous THC does not show 
biliary obstruction, the patient should be evaluated for chole- 
static liver disease. The choice between ERCP and percutane- 
ous THC will be influenced by various factors (see Table 21.4), 
including the availability of each procedure at a particular insti- 
tution, presence or absence of dilated bile ducts on initial imag- 
ing (which would hamper percutaneous THC), history of prior 
GI surgery that would hamper endoscopic access (e.g., gastric 
bypass, choledochojejunostomy), and suspected level of biliary 
obstruction. Under most circumstances, ERCP should be the 
procedure of choice because it is comparable to percutaneous 
THC in accuracy, technical success rate, and frequency of major 
complications; tends to be more widely available; and may offer 
better postprocedure tolerability (e.g., no need for an external 
biliary drainage tube). 


Other Studies 
Serologic Testing 


Jaundiced patients with biochemical evidence of hepatocellu- 
lar dysfunction or cholestasis in whom imaging studies do not 
suggest biliary obstruction should be evaluated for underlying 
liver disease. Depending on the disorder suspected, screening 
laboratory studies may include viral serologies; serum levels of 
iron, transferrin, and ferritin (for hemochromatosis); ceruloplas- 
min (for Wilson disease); AMA (for PBC); ANA, smooth muscle 
antibodies, and serum immunoglobulins (for autoimmune hepa- 
titis); and tissue transglutaminase antibodies (for celiac disease). 
Confirmation of these diagnoses, as well as elucidation of diag- 
noses not revealed by serologic analysis, may be made by liver 
biopsy (or small bowel biopsy in the case of celiac disease). 


Liver Biopsy 


Liver biopsy provides precise information regarding lobular archi- 
tecture and the extent and pattern of hepatic inflammation and 
fibrosis and is most helpful for patients with persistent and undiag- 
nosed jaundice. With special histologic stains (and, if appropriate, 
quantification of iron or copper content), liver biopsy permits the 
diagnosis of fatty liver disease (alcohol-related or nonalcoholic, as 
guided by the patient’s history), hemochromatosis, Wilson disease, 
autoimmune hepatitis, PBC, granulomatous hepatitis, and neo- 
plasms. Occasionally, liver biopsy specimens provide clues to oth- 
erwise unsuspected biliary tract obstruction, the histologic features 
of which are shown in Fig. 21.3. However, liver histology may be 
entirely normal in acute biliary obstruction. Liver biopsy is associ- 
ated with a low but definite complication rate, predominantly from 
bleeding and perforation, and the need for hospitalization in 1% of 
cases; the mortality rate is about 0.01%.° 
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THERAPEUTIC APPROACHES 


Obstructive Jaundice 


In a patient with bile duct obstruction, therapy is typically 
directed at relieving the obstruction. Interventional endoscopic 
or radiologic approaches include sphincterotomy, balloon dila- 
tion of focal strictures, and placement of drains or stents (see 
Chapter 70); the alternative approach is surgery. The therapeu- 
tic strategy chosen depends in part on the location and likely 
cause of the obstructing lesion. Focal intrahepatic strictures may 
be amenable to an interventional radiologic approach, whereas 
lesions distal to the bifurcation of the hepatic ducts may be more 
suitably managed endoscopically (e.g., sphincterotomy for cho- 
ledocholithiasis); surgery should be considered for neoplasms, 
if feasible. 


Nonobstructive Jaundice 


When jaundice is caused by liver disease, optimal treatment 
is directed toward the underlying disorder (e.g., cessation of 
ethanol, discontinuation of the offending drug, administration 
of antiviral therapy for HBV or HCV infection, immunosup- 
pressive agents for autoimmune hepatitis). In some cases, LT 
may be the only viable option (see Chapter 97). Therapy for 
hyperbilirubinemia per se is generally unnecessary in adults, 
because the neurotoxicity of bilirubin is limited to disorders 
characterized by extreme elevations of unconjugated biliru- 
bin in neonates and infants (e.g., physiologic jaundice of the 
newborn, type I Crigler-Najjar syndrome). In these disorders, 
the risk of neurotoxicity can be reduced with phototherapy, 
in which exposure to blue-green light (wavelength range 460 
to 490 nm) produces photoisomerization of bilirubin to more 
water-soluble enantiomers that do not require conjugation for 
excretion in bile. ! 64 

UDCA, an orally administered bile acid that potently stim- 
ulates bile flow, has been used successfully as a treatment for 
several cholestatic disorders. In patients with PBC, UDCA 
improves biochemical indices and slows disease progression 
in the majority of patients (see Chapter 91). UDCA has also 
been shown to improve biochemical markers and clinical out- 
comes in patients with intrahepatic cholestasis of pregnancy, 
67 and it appears to prevent hyperbilirubinemia following hema- 
topoietic cell transplantation (see Chapter 36).7+ 68 Additional 
treatments for cholestatic disorders are directed toward com- 
plications that are independent of hyperbilirubinemia, such as 
malabsorption of fat-soluble vitamins (A, D, E, and K), and pru- 
ritus (see Chapters 68 and 91). 


Full references for this chapter can be found on www.expertconsult.com. 
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This chapter presents an overview of how psychosocial factors are 
related to GI function, disease susceptibility, clinical illness, and 
outcomes and provides an integrated approach to the care of the 
patient with GI illness. 


CONCEPTUALIZATION OF GASTROINTESTINAL 
ILLNESS 


Biomedical Model 


In the practice of medicine, feeling confused, even stuck, when 
discrepancies exist between what we observe and what we expect is 
common. This experience may occur when diagnosing and caring 
for a patient who has symptoms that do not match our under- 
standing of the degree of disease. In Western civilization, the 
traditional understanding of i/ness (the personal experience of ill 
health or bodily dysfunction, as determined by current or previous 
disease as well as psychosocial, family, and cultural influences) and 
disease (abnormalities in structure and function of organs and tis- 
sues)! has been termed the biomedical model.” This model adheres 
to 2 premises. The first is that any illness can be linearly reduced 
to a single cause (reductionism), so identifying and modifying the 
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underlying cause is necessary and sufficient to explain the illness 
and ultimately lead to cure. Although this approach may seem to 
work for acute infectious diseases, it does not work for chronic 
infections such as tuberculosis and HIV infection, for which host 
factors also play a role in the clinical expression. Furthermore, 
the biomedical model is not applicable to chronic diseases such 
as IBD that have genetic, environmental, and psychosocial con- 
tributions to their phenotypic expression. The second premise is 
that an illness can be dichotomized to a disease, or organic disorder, 
that has objectively defined pathophysiology or a functional disor- 
der that has no specifically identifiable pathophysiology (dualism). 
This dichotomy presumes to distinguish medical (organic) from 
psychological (functional) illness or relegates functional illness to 
a condition with no cause or treatment. In recent times, however, 
we have seen the “organification” of functional GI disorders,* as 
well as functional components of medical diseases.’ 

The limitations of the biomedical model® are well illustrated 
by the following case history. 


CASE 1 


Ms. L, a 42-year-old woman, presents to her new physician 
with a 20-year history of mid- to lower abdominal pain with 
nausea and occasional vomiting. She states, “I can’t live with 
this pain anymore.” Her bowel function is normal, and her 
weight is stable. She is unable to work, believes the symptoms 
have taken over her life, and perceives no sense of control over 
her symptoms or any ability to decrease them. She has a his- 
tory of major losses and depression and experienced sexual and 
physical abuse as a child. She requests narcotics for pain relief 
because “that is the only thing that works.” She also requests 
that the physician expeditiously “find the cause of the pain 

and remove it.” The record shows frequent emergency room 
visits and several hospital admissions during which extensive 
diagnostic studies (including upper GI series with small bowel 
follow-through, upper endoscopy, colonoscopy, video capsule 
study, CT of the abdomen and pelvis, pelvic US, and laparos- 
copy) were negative, and increasing doses of narcotics were 
given for pain relief. A prior cholecystectomy did not document 
gallstones, and a hysterectomy was done years earlier for endo- 
metriosis; neither relieved the pain. On this occasion, an upper 
endoscopy shows only a positive rapid urease test for Hp, but a 
2-week course of treatment for Hp infection is without benefit. 
The patient is then referred to a consulting psychiatrist who 
confirms a diagnosis of major depression and posttraumatic 
stress disorder (PTSD) from the history of abuse but cautions 
that other possible medical diseases should be excluded. On the 
next clinic visit, the patient requests narcotic pain medication 
for relief, but the physician suggests ongoing psychological care 
instead. In response, the patient requests referral to a medical 
center for additional medical evaluation and treatment. 


This case of a patient with a severe functional GI disor- 
der (FGID)’* can be challenging when approached from the 
biomedical model. In addition to difficulties in diagnosis and 
management, strong feelings may arise that are maladaptive to 
the physician-patient relationship, for several reasons’. First, 


the physician and patient approach the problem dualistically. 
With no evidence of a structural (organic) diagnosis to explain 
the symptoms for over 20 years, the patient still urges that fur- 
ther diagnostic studies be done to “find and fix” the problem, 
and the physician orders an upper endoscopy. Failure to find 
a specific structural cause for medical symptoms is the rule 
rather than the exception in ambulatory care. In a study involv- 
ing 1000 ambulatory internal medicine patients,!° only 16% of 
567 new complaints (and only 11% of abdominal pain) over a 
3-year period were eventually found to have an organic cause, 
and only an additional 10% were given a psychiatric diagnosis. 
This patient has centrally mediated abdominal pain syndrome,'' 
1 of 37 adult FGIDs!? that comprise over 40% of a gastro- 
enterologist’s practice (see Chapter 12). Mutual acceptance of 
this entity as a real diagnosis is the key to beginning a proper 
plan of care. Because functional GI disorders do not fit into a 
biomedical construct, they are often considered an illness with- 
out evident disease,° which increases the risk that unneeded 
and costly diagnostic tests will be ordered (e.g., another upper 
endoscopy). A study by Linedale and colleagues noted that, 
when comparing FGIDs to “organic” GI disorders, gastro- 
enterologists used more qualified (uncertain, less confident) 
language when diagnosing patients; such lack of confidence in 
diagnosis often leads to unnecessary investigations and a rejec- 
tion of the biopsychosocial model of illness.!? Also important is 
the likely development of narcotic bowel syndrome, which fur- 
ther adversely influences the clinical outcome but is amenable 
to proper treatment (see Chapter 12).!! 

Notable psychosocial features contributing to this patient’s 
illness are evident—major loss, depression, an abuse history with 
PTSD, catastrophic thinking—yet these features are minimized. 
The patient views psychosocial factors as separate from, and often 
less important than, a specific medical disease, and the physician 
feels unable or unwilling to address them and refers Ms. L to a 
psychiatrist. In turn, the psychiatrist notes the psychological fea- 
tures but raises concern about whether a medical diagnosis has 
been overlooked. These viewpoints deflect attention from the 
relevant diagnoses and proper management, so the process of 
seeking a diagnosis continues. 

A related feature in this case is impairment in the interac- 
tion between the physician and patient; their goals and expec- 
tations for care are at odds. Whereas the patient wants a quick 
fix, the physician sees her condition as chronic and ultimately 
requiring psychological intervention. In response, the patient 
requests referral to another facility, a response that might have 
been avoided if the physician had used communication skills that 
focused on education and negotiation of a mutual plan of care.! 

This “vicious cycle” of ineffective care (Fig. 22.1) results from 
the limitations imposed by the biomedical model. The cycle 
occurs not only for patients with FGIDs but also for those with 
structural disorders such as IBD, for which pain and diarrhea are 
not explained by the degree of inflammation seen in laboratory 
values or through endoscopy.’ Indeed, 40% to 60% of patients 
with IBD exhibit IBS-type symptoms while their IBD is in remis- 
sion.!* The reality is that (1) the patient’s symptoms are incom- 
pletely explained by structural abnormalities; (2) psychosocial 
factors predispose to the onset and perpetuation of illness and 
disease, contributing to the illness experience and strongly influ- 
encing the clinical outcome; and (3) successful application of this 
understanding and proper management require an effective phy- 
sician-patient relationship. 


Biopsychosocial Model 


The biopsychosocial model! proposes that illness and disease 
result not from a single cause but from simultaneously interact- 
ing systems at the cellular, tissue, organism, interpersonal, and 
environmental levels. Furthermore, psychosocial factors have 
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Referrals, tests, drugs, surgery, 
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Fig. 22.1 Patient-physician vicious cycle. The vicious cycle relates to 3 
components: (1) functional-organic dichotomy in which the diagnosis of a 
functional GI disorder is not recognized, and the effort is directed toward 
further tests to identify an organic disease; (2) limited ability to identify and 
address underlying psychosocial factors that contribute to the illness; 
and (3) an impaired patient-physician relationship, with a lack of shared 
decision making about diagnosis and treatment. As indicated in this dia- 
gram, the risk of the vicious cycle is for increased testing, high health care 
costs, many referrals, and mutual dissatisfaction in care until the cycle 
is broken. (Adapted from Longstreth GF, Drossman DA. Severe irritable 
bowel and functional abdominal pain syndromes: managing the patient 
and health care costs. Clin Gastroenterol Hepatol 2005; 3:397—400.) 


direct physiologic and pathologic consequences, and vice versa. 
For example, change at the subcellular level (e.g., HIV infection, 
susceptibility to IBD) has the potential to affect organ function, 
the person, the family, and society. Similarly, a change at the 
interpersonal level, such as the death of a spouse, can affect psy- 
chological status, cellular immunity, and ultimately disease sus- 
ceptibility.!° The model also explains why the clinical expression 
of biological substrates (e.g., alterations in oncogenes) and associ- 
ated responses to treatment vary among patients. 

Figure 22.2 provides the framework for understanding the 
mutually interacting relationship of psychosocial and biologi- 
cal factors in the clinical expression of illness and disease. Early 
life factors (e.g., genetic predisposition, early learning, cultural 
milieu) can influence an individual’s later psychosocial envi- 
ronment, physiologic functioning, and disease (pathologic) 
expression via reciprocal interactions within the brain-gut (CNS— 
enteric nervous system [ENS]) axis. The product of this brain-gut 
interaction will affect symptom experience and behavior and ulti- 
mately the clinical outcome. Figure 22.2 will serve as a template 
for the outline and discussion that follows. 


EARLY LIFE 
Learning 


Early learning in regard to GI issues involves developmental 
aspects and physiologic conditioning. 


Developmental Aspects 


At or perhaps even before birth, a person’s genetic composi- 
tion and interactions with the environment begin to affect later 
behaviors and susceptibility to illness. The earliest interactions 
involve feeding and elimination. According to psychoanalytic 
theory, when a child’s early innate impulses (e.g., to eat or defe- 
cate) confront external environmental (i.e., parental) constraints, 
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Fig. 22.2 The biopsychosocial conceptual model. Although the figure highlights functional GI diseases 
(FGIDs), it is applicable to all digestive disorders. Early life factors (e.g., genetic predisposition, early learn- 
ing, cultural milieu) can influence an individual's later psychosocial environment, physiologic functioning, and 
disease (pathologic) expression via reciprocal interactions within the brain-gut (CNS—enteric nervous system 
[ENS]) axis. The product of this brain-gut interaction will affect symptom experience and behavior and ulti- 
mately the clinical outcome. (Adapted from Van Oudenhove L, Crowell MD, Drossman DA, et al. Biopsycho- 
social aspects of functional gastrointestinal disorders. Gastroenterology 2016; 150:1355-67, with permission 


from the Rome Foundation.) 


situations of conflict arise; normal personality development 
involves successful resolution of these conflicts. The complex 
behaviors of feeding and elimination—sources of intense gratifi- 
cation to the infant—must gradually be controlled by the growing 
child according to the prevailing mores of family and society. To 
varying degrees during development, these adopted constraints 
remain in conflict with desires for immediate gratification. With 
increased motor control of these functions, the child can defy or 
comply with environmental constraints by choosing to eat, resist 
eating, bite, defecate, or withhold stool. When and how these 
behaviors are displayed will depend on the child’s needs and the 
quality and intensity of the environmental influences affecting 
them. Behaviors learned during this period are considered pivotal 
to the child’s personality and later interaction with the environ- 
ment, including the development of autonomy, distinguishing 
right from wrong, and disciplining impulses in a socially accept- 
able manner, not to mention bowel functioning. Conversely, fail- 
ure to resolve these early conflicts may make the adult vulnerable 
in situations that tax these character traits. 

Certain GI disorders may be influenced by learning difficul- 
ties or emotionally challenging interactions that occur early in 
life. Disorders of anorectal function (e.g., dyssynergic defecation, 
encopresis) may have resulted from painful defecation or difficul- 
ties relating to bowel training!’ or to abuse!® and can be treated 
by reconditioning through anorectal biofeedback.!? Encopretic 
children may withhold stool out of fear of the toilet, to struggle 
for control, or to receive attention from parents.”° 

Well-designed studies have supported the role of early 
modeling of symptom experience and behavior in the clinical 
expression of GI symptoms and disorders.’! In particular, child- 
hood sexual and physical abuse can have physical consequences, 
thereby affecting the development or severity of FGIDs.”* Early 
family attention toward GI symptoms and other illnesses can 
influence later symptom reporting, health behaviors, and health 
care costs.”? 


Physiologic Conditioning 


Early conditioning experiences may also influence physiologic 
functioning and the development of psychophysiologic disorders. 
Psychophysiologic reactions involve psychologically induced 
alterations in the function of target organs, without structural 
change. They are often viewed as physiologic concomitants of 
emotions such as anger or fear, although the person is not always 
aware of these emotions. Persistence of an altered physiologic 
state or an enhanced physiologic response to psychological stim- 
uli is considered a psychophysiologic disorder by some research- 
ers. Visceral functions such as secretion of digestive juices and 
motility of the gallbladder, stomach, and intestine can be clas- 
sically conditioned’* even by family interaction. Classical condi- 
tioning, as described by Pavlov, involves linking an unconditioned 
stimulus (sound of a bell) with a conditioned stimulus (food) that 
elicits a conditioned response (salivation). After several trials, the 
unconditioned stimulus can produce the conditioned response. It 
has been demonstrated that fear of benign GI sensations can be 
acquired through classical conditioning, a finding that has impli- 
cations for newer behavioral treatments that incorporate expo- 
sure-based techniques (see later).”> In the first study of its kind, 
52 healthy participants with no history of GI symptoms were ran- 
domized to either a condition in which a nonpainful esophageal 
balloon distention preceded a painful one (experimental) or to a 
condition in which the painful condition was administered but not 
paired with the benign balloon distension (control). The experi- 
mental group demonstrated higher pain expectancy, augmented 
skin conductance response, and a potentiated startle reflex in 
response to benign balloon distention but fortunately were able 
to be deconditioned through an extinction paradigm after the 
experiment was completed.”° 

By contrast, operant conditioning involves development of a 
desired response through motivation and reinforcement. Playing 
basketball is an example; accuracy improves through practice, and 


the correct behavior is reinforced by the reward of scoring a bas- 
ket. Consider the following case: 


CASE 2 


A young child, Johnny, wakes up on the day of a school examina- 
tion with anxiety and “flight-fight” symptoms of tachycardia, dia- 
phoresis, abdominal cramps, and diarrhea. The parent keeps the 
child home because of a “tummy-ache” and allows him to stay in 
bed and watch television. The teacher says that he can make up a 
test when he returns to school. Several days later, when the child 
is encouraged to go back to school, the symptoms recur. 


In this case, the parent focused on the abdominal discomfort as 
an illness that required absence from school rather than as a phys- 
iologic response to a distressing situation. Staying home allowed 
the child to avoid the feared situation without addressing the 
determinants of the fear. Repetition of the feared situation may 
then lead to a conditionally enhanced psychophysiologic symp- 
tom response and may also alter the child’s perception of these 
symptoms as an illness, leading to health care-seeking behaviors 
later in life (illness modeling).*’ Children whose mothers rein- 
force illness behavior have been found to experience more severe 
stomach aches and more school absences than other children.” 

In 2 studies,*+?* patients with IBS who sought health care 
recalled more parental attention toward their illnesses than those 
with IBS who did not seek health care; they stayed home from 
school and saw physicians more often and received more gifts and 
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privileges. Using a validated symptom provocation test’? to eval- 
uate the significance of parental solicitousness on abdominal pain 
complaints, parents were asked to show positive or sympathetic 
responses to their children’s pain complaints; when they did, the 
frequency of the child’s pain complaints were higher than when 
parents were instructed to ignore or distract the child from the 
same complaints.*° 

It may be possible to remediate parental behaviors and pre- 
vent the development or exacerbation of GI complaints. In a 
large clinical trial of children with functional abdominal pain 
(now termed centrally mediated abdominal pain), 200 children 
and their parents were randomly assigned to cognitive-behavioral 
therapy (CBT) targeting the parents’ responses to their children’s 
pain complaints and coping strategies or to an educational con- 
trol condition. Changes in parents’ cognitions about their child’s 
pain emerged as a mediator of positive outcomes, thereby dem- 
onstrating that a parent’s cognitions affect a child’s FGIDs.*! 


Culture, Family, and Society 


Social and cultural belief systems modify how a patient experi- 
ences illness and interacts with the health care system.** This 
issue has become more relevant as medical education and health 
care systems have become global.***+ 

Illnesses in which the diagnosis is not well related to structural 
or physiologic disease markers are influenced by cultural factors 
that must be understood to be managed properly. From a global 
perspective, 70% to 90% of all self-recognized illnesses are man- 
aged outside traditional medical facilities, often with self-help 
groups or religious cult practitioners providing a substantial por- 
tion of the care.*> Rural Mexicans living on the American border 
reported going to a community healer (e.g., a curandero) for GI 
symptoms more often than other groups, even when they had free 
access to a standard medical facility.*° 

Cognitive processing of bodily feelings has a powerful cultural 
element, depending on how one believes the body works; some 
groups perceive certain symptoms to be more dangerous and 
threatening than do other groups. In some nonliterate societies, 
individuals freely describe hallucinations that are fully accepted 
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by others in the community.*’ In fact, the meaning of the hallu- 
cinations, not their presence, is the focus of interest, particularly 
when reported by those in a position of power. Conversely, in 
Western societies, the emphasis is on rationality and control, and 
hallucinations produce fear and may be viewed as a manifestation 
of psychosis until proved otherwise. 

The cultural difference between individuals (e.g., class struc- 
ture) may influence the process of care between doctor and 
patient. Whereas patient-centered care is becoming the domi- 
nant model in Western cultures, in African societies, where class 
differences are strong, physicians and patients do not easily accept 
such a model. A patient might consider the physician’s efforts to 
involve the patient as a sign of weakness or lack of knowledge. 

Cultural factors influence the ways in which symptoms are 
communicated. In qualitative ethnographic studies conducted in 
New York City in the mid-20th century,*”** first- and second-gen- 
eration Jewish and Italian patients were observed to embellish the 
description of pain by reporting more symptoms in more bodily 
locations and with more dysfunction and greater emotional expres- 
sion than did other white immigrants. By contrast, the Irish tended 
to minimize the description of the pain, and the “Old Americans” 
(Protestants) were stoic. These behaviors related to family attitudes 
and mores surrounding illness can either reinforce or extinguish 
attention-drawing symptom reporting. Whereas Italians were sat- 
isfied to hear that the pain was not a serious problem, the Jew- 
ish patients needed to understand the meaning of the pain and its 
future consequences, perhaps because of the importance of knowl- 
edge acquisition within the culture. In a cross-European survey of 
patients with IBD, Southern European patients (i.e., from Italy and 
Portugal) reported more and greater degrees of worry and concern 
about their IBD than did their northern European counterparts.*? 

Cultural differences in explanatory models between physi- 
cians and patients may distort communication and produce mis- 
understandings or negative perceptions. For example, there is no 
word in Spanish to define the concept of “bloating,” a symptom 
commonly reported in English-speaking countries.’ In China, 
communicating psychological distress is stigmatizing,*> so when 
a person is in distress, reporting physical symptoms (somatiza- 
tion) is more acceptable.t? However, in Southern Europe, emo- 
tional expression is not only assumed but also reinforces the role 
of family support.*® Health care providers in the rural South of 
the US need to be familiar with “root working,” a form of voo- 
doo magic practiced by some rural African Americans.*! 

Food and diet are major determinants of symptoms that may 
manifest differently by culture and geographic region. They may 
therefore influence the intestinal microbiota, host immune func- 
tion, and treatment recommendations. 

Cultural influences affect the interpretation of symptoms as an 
illness requiring health care, to be self-treated, or to be ignored. 
Diarrhea is often not considered an illness requiring health care 
among Mexicans, because it is so common and pervasive.*” Mar- 
garet Mead reported that morning sickness did not exist among 
the pregnant women of Arapesh, among whom there is complete 
denial that the child exists until the time of birth.” 

Adherence to prescribed treatments is influenced by cultural 
values. When given the option, the Romani (gypsies) will select 
only the top physicians (ganzos) to take care of a family mem- 
ber and will not follow the recommendations of others.*? Among 
Puerto Ricans, type of illness is matched with the treatment based 
on a “hot-cold” theory. If a clinician prescribes a “hot” medicine 
(not related to temperature) for a “hot” illness, the patient might 
not take that medicine because it would disrupt the balance of 
humors in the body.** 

These types of influences indicate the importance of inquir- 
ing about the patient’s understanding of the onset, beliefs about 
cause, clinical course, and desired or expected treatment of an 
illness. They may affect adherence and possibly the response to 
treatment.*? 
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PSYCHOSOCIAL ENVIRONMENT 


As a child moves into adulthood, genetics, culture, early learning, 
and other environmental influences are integrated into the individu- 
al’s unique personality and behavioral style. Life stress, the person’s 
current psychological state (including the presence of a psychiatric 
diagnosis), coping style, and degree of social support will, in com- 
bination, determine the physiologic functioning of the intestine in 
response to stressful stimuli, susceptibility to and activity of disease, 
illness perceptions and behaviors, and clinical outcome. 


Life Stress and Abuse 


Unresolved life stress such as loss of a parent, an abortion, a 
major personal catastrophic event or its anniversary, or daily 
life stresses (including having a chronic illness) may influence an 
individual’s illness in several ways by (1) producing psychophysi- 
ologic effects (e.g., changes in motility, blood flow, body fluid 
secretion, or bodily sensations, thereby exacerbating symptoms); 
(2) increasing one’s vigilance toward symptoms (called somatic or 
visceral anxiety); and (3) leading to maladaptive coping and greater 
illness behaviors and health care seeking.!!7!#5+° Although the 
scientific evidence that psychosocial factors are causative in the 
development of pathologic diseases is compelling, current knowl- 
edge based on retrospective and correlative data is not sufficient 
to prove causation. Nevertheless, the negative impact of stressful 
life events on a person’s psychological state and illness behav- 
iors requires the physician to address them in the daily care of all 
patients; sometimes it is sufficient to acknowledge that life stress 
does not usually improve one’s health. 

A history of physical or sexual abuse strongly influences symp- 
tom severity and clinical outcome,*° with newer research suggest- 
ing that low resilience, or the inability to recover and adapt to 
stressful life events (stress hyperresponsiveness), could be a poten- 
tial pathway through which early life adversity increases one’s risk 
for IBS.*7 Compared with patients without a history of abuse, 
patients seen in a referral gastroenterology practice with a history 
of sexual or physical abuse reported 70% more severe pain (P < 
.0001) and 40% greater psychological distress (P < .0001), spent 
over 2.5 times more days in bed in the previous 3 months (11.9 vs. 
4.5 days; P < .0007), had almost twice as poor daily function (P < 
.0001), saw physicians more often (8.7 vs. 6.7 visits over 6 months; 
P <.03), and even underwent more surgical procedures (4.9 vs. 3.8 
procedures; P < .04) unrelated to the GI diagnosis.** Therefore, 
life stress and abuse history have physiologic and behavioral effects 
that amplify the severity of the condition experienced. These 
effects lead to increased health care seeking and explain the higher 
association of abuse histories with GI illness in referral centers and 
specialty groups when compared with primary care.*>76" 

Several possible mechanisms help explain the relationship 
between a history of abuse and poor outcome.’*° These mecha- 
nisms include (1) susceptibility to developing psychological con- 
ditions that increase the perception of visceral signals or their 
noxiousness (central hypervigilance and somatization); (2) devel- 
opment of psychophysiologic (e.g., autonomic, humoral, immu- 
nologic) responses that alter intestinal motor or sensory function 
or promote inflammation™?; (3) development of peripheral or 
central sensitization from increased motility or physical trauma 
(visceral hyperalgesia or allodynia); (4) an abnormal appraisal of 
and behavioral response to physical sensations of perceived threat 
(response bias); and (5) development of maladaptive coping styles 
that lead to increased illness behavior and health care seeking 
(e.g., catastrophizing). Physiologically, in patients with IBS and 
a history of abuse, rectal distention produces more pain report- 
ing with greater activation of the dorsal anterior cingulate cortex 
(ACC) (see later), compared with patients with IBS and no his- 
tory of abuse; the pain and activation of the brain subside after 
treatment.*! 


Psychological Factors 


As shown in Figure 22.2, along with life stress and abuse, concur- 
rent psychosocial factors can influence GI physiology and suscep- 
tibility to developing a pathologic condition and its symptomatic 
and behavioral expression, all of which affect the outcome. The 
psychological factors relate to long-standing, or trait, features 
(e.g., personality, psychiatric diagnosis) and more modifiable, or 
state, features (e.g., psychological distress, mood); the latter fea- 
tures are amenable to psychological and psychopharmacologic 
interventions (see later). In addition, coping style and social sup- 
port provide modulating (buffering) effects.°?>? 


Personality 


Personality traits (Axis II disorders) refer to enduring behaviors 
that are evident in early adult life and are stable throughout life. 
Examples of pathologic traits include borderline, obsessive-com- 
pulsive, or paranoid personality disorders; they are not amenable 
to specific pharmacologic or psychotherapeutic treatments. 

During the psychoanalytically dominated era of psychoso- 
matic medicine (1920 to 1955), certain psychological conflicts 
were believed to underlie the development of personalities that 
expressed specific psychosomatic diseases (e.g., asthma, UC, 
essential hypertension, duodenal ulcer).°* the idea that person- 
ality features specifically relate to causation of medical disease 
(albeit in a biologically predisposed host), however, is too sim- 
plistic. Investigators now view personality and other psychologi- 
cal traits as enablers or modulators of illness. 


Psychiatric Diagnosis 


Psychiatric diagnoses are definable collections of psychological 
symptoms and behaviors (Axis I). Gastroenterologists usually see 
these conditions as a factor concomitant with the presenting GI 
disorder. This co-occurrence of a psychiatric diagnosis in patients 
with a medical disorder (comorbidity) is more commonly seen 
in referral than primary practices, and the psychiatric diagnosis 
aggravates the clinical presentation and outcome of the medi- 
cal disorder. Anxiety disorders are the most common psychiatric 
comorbidity, occurring in 30% to 50% of patients with an FGID 
globally.’ Depression is also common; depression and GI dis- 
orders overlap in about 30% of patients in primary care settings 
and only slightly more in tertiary settings.°° Suicidal ideation has 
been estimated to be present in 15% to 38% of patients with IBS 
and has been linked to hopelessness associated with symptom 
severity, interference with life, and inadequacy of treatment.*’ 
Depression and anxiety are often amenable to psychopharmaco- 
logic or psychological treatments.?!#57 

Certain psychiatric disorders and personality traits adversely 
affect the illness presentation to the point of interfering with 
family interactions, socialization, and interactions with physi- 
cians. The Diagnostic and Statistical Manual of Mental Disorders 
(DSM)-5 has discarded the concept of “somatization” in favor of 
somatic symptom disorder (SSD; DSMS 300.82). In this diagnostic 
category, somatic symptoms may or may not be medically unex- 
plained but are distressing, disabling, and associated with exces- 
sive and disproportionate thoughts, feelings, and behaviors for 
more than 6 months.**°? Other disorders in this category include 
factitious disorder (DSM5 300.19), which is characterized by fal- 
sification of symptoms and deceptive behaviors related to these 
symptoms and possibly Munchausen syndrome, in which a patient 
surreptitiously simulates illness (e.g., ingesting laxatives, caus- 
ing GI bleeding, feigning symptoms of medical illness) to obtain 
certain effects (e.g., to receive narcotics or operations and pro- 
cedures) (see Chapter 23). Also included is borderline personality 
disorder (DSMS5 301.83), in which the individual demonstrates 
unstable and intense (e.g., overly dependent) interpersonal 


relationships, experiences marked shifts in mood, and exhibits 
impulsive (e.g., suicidal, self-mutilating, sexual) behaviors.°° For 
patients with these disorders, it is important for the care provider 
to maintain clear boundaries of medical care (e.g., not to order 
studies solely based on the patient’s requests), to be clear on time 
constraints, and to avoid unwanted emotional interactions. 


Psychological Distress 


Even for a previously healthy person, having an illness can cause 
psychological distress, which is understood as transient and modifi- 
able anxiety, depression, and other mood disturbances (psychologi- 
cal states). Psychological distress occurs in 42% to 61% of patients 
seen in a referral practice and has amplifying effects: it lowers one’s 
pain threshold,°! is a comorbid factor in the development of postin- 
fection IBS and dyspepsia,°? and influences symptom severity, 
health care seeking, utilization of services, and clinical outcome.?! 
An association between psychological distress and the illness may 
not be evident to the patient. When patients with IBS who saw a 
physician were compared with those who had not seen a physician, 
the former group reported greater psychological difficulties but also 
denied the role of these difficulties in their illnesses.°° This pat- 
tern may develop through conditioning by the family early in life. 
Johnny from Case 2, who reported somatic symptoms when dis- 
tressed, may not have recognized or communicated the association 
of symptoms with the stressful antecedents because these anteced- 
ents were not acknowledged or attended to within the family. The 
ability to become consciously aware of one’s own feelings is believed 
to be a cognitive skill that goes through a developmental process 
similar to that described by Piaget for other cognitive functions.!¢ 
This development, however, may be suppressed in oppressive fam- 
ily environments and appears to be associated with somatization. 


Coping and Social Support 


Coping and social support modulate—by buffering (turning 
down) or enabling (turning up and amplifying)—the effects of life 
stress, abuse, and comorbid psychological factors on the illness 
and its outcome. Coping has been defined as “efforts, both action- 
oriented and intrapsychic, to manage (i.e., master, tolerate, mini- 
mize) environmental and internal demands and conflicts that tax 
or exceed a person’s resources.”° Flexibility in coping strategies 
based on the stressor (problem-focused coping when the problem 
has a solution, emotion-focused coping when the problem does 
not have a solution) is a critical aspect of adjustment to illness. 
There is some evidence that patients with functional GI disorders 
may exhibit inflexibility in coping style, leading to negative affect 
and high symptom reporting.®-*” Patients with Crohn disease 
who score low on avoidance-based coping strategies (distraction, 
numbing, diversion) are least likely to relapse.°* For GI diagno- 
ses of all types, a maladaptive emotional coping style, specifically 
catastrophizing, along with the perceived inability to decrease 
symptoms, is associated with higher pain scores, more physi- 
cian visits, and poorer functioning over the subsequent one-year 
period.®? Catastrophizing is also associated with more difficult 
interpersonal relationships,’° predicts postoperative pain,’! and 
contributes to greater worry and suffering in patients with IBS.’ 
Efforts made through psychological treatments to improve a per- 
son’s appraisal of the stress of illness and their ability to manage 
symptoms is likely to improve health status and outcome. 

Social support through family, religious, and community 
organizations and other social networks can have similar benefits 
in reducing the impact of stressors on physical and mental ill- 
ness, thereby improving the ability to cope with the illness.”>74 
Negative social relationships in particular are most strongly 
related to poor health outcomes.’ Patients who perceive social 
support from their health care provider are also likely to see more 
improved symptoms and quality of life.” 


CHAPTER 22 Biopsychosocial Issues in Gastroenterology 329 


BRAIN-GUT AXIS 


The brain-gut axis is a neuroanatomic substrate in which the psy- 
chosocial factors just described influence the GI tract and vice 
versa. The “hardwiring” is a complex integrated circuitry that 
communicates information between the CNS and myenteric 
plexus” to the end-organ structures. It is a bidirectional system 
in which thoughts, feelings, and memories lead to neurotransmit- 
ter release (the software) that affects sensory, motor, endocrine, 
autonomic, immune, and inflammatory function.”*:’? Gut micro- 
biota also engage in bidirectional communication with the brain 
via neural, endocrine, and immune pathways with significant 
consequences for behavioral disorders including anxiety, depres- 
sion, and cognitive disorders as well as chronic visceral pain.°° 
Dysregulation of this system explains motility disturbances, pain 
and other GI symptoms, and FGIDs. In effect, the brain-gut axis 
is the neuroanatomic and neurophysiologic substrate for the clin- 
ical application of the biopsychosocial model. 


Stress and GI Function 
Definition of Stress 


Any influence on one’s steady state that requires adjustment or 
adaptation can be considered stress, but the term is nonspecific 
and encompasses both the stimulus and its effects. The stimulus 
can be a biological event such as infection, a social event such as 
a change of residence, or even a disturbing thought. Stress can 
be desirable or undesirable. Some stimuli, such as pain, sex, or 
threat of injury, often elicit a predictable response in animals and 
humans. By contrast, life events have more varied effects, depend- 
ing on the individual’s personal interpretation of the event. A 
divorce might be considered a positive experience for one per- 
son and a disappointment for another. A stimulus can produce a 
variety of responses in different persons or in the same person at 
different times. The effect may not be observed or may be a psy- 
chological response (anxiety, depression), a physiologic change 
(diarrhea, diaphoresis), the onset of disease (asthma, colitis), or 
any combination of these. A person’s interpretation of events as 
stressful or not and his or her response to stress depend on prior 
experience, attitudes, coping mechanisms, personality, culture, 
and biological factors, including susceptibility to disease. 
Prospective studies have demonstrated that the experience of 
stressful life events is associated with symptom exacerbation” and 
frequent health care seeking among adults with IBS.*! Chronic 
life stress has been reported to be the main predictor of IBS symp- 
tom intensity over 16 months even after controlling for severity 
of IBS, anxiety, and demographic features.®” Finally, stress can 
affect treatment outcome; one study demonstrated that the pres- 
ence of a single stressor within 6 months prior to participation 
in an IBS treatment program was directly associated with poor 
outcome and higher symptom intensity at a 16-month follow-up 
when compared with patients who did not have such a stressor.*? 


Effects of Stress on GI Function 


Healthy individuals commonly report having abdominal discom- 
fort or a change in bowel function when they are upset or dis- 
tressed.** The reports of symptoms are usually taken into account 
by clinicians who manage patients, and when these symptoms are 
severe enough (e.g., to lead to health care seeking), assessment 
of the types and levels of stress is recommended to implement 
proper care.** 

Cannon noted a cessation in the bowel activity of cats when 
they reacted to a growling dog.* Pavlov first reported that psy- 
chic factors affect gastric acid secretion via the vagus nerve in 
dogs.*° In humans, Beaumont,’ Wolf, and Engel*’ observed 
changes in the color of the mucosa and secretory activity of a 
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gastric pouch or fistula in response to psychological and physical 
stimuli. Gastric hyperemia and increased motility and secretion 
were linked to feelings of anger, intense pleasure, or aggressive 
behavior toward others. Conversely, mucosal pallor and decreased 
secretion and motor activity accompanied fear or depression, 
states of withdrawal (i.e., giving-up behavior), or disengage- 
ment from others. Complicated cognitive tasks produce high- 
amplitude, high-velocity esophageal contractions,” a reduction 
in phase II intestinal motor activity,’! and prolongation of phase 
III activity of the migrating myoelectric complex (MMC)” in the 
small intestine (see Chapter 99). Experimentally induced anger 
increases motor and spike potential activity in the colon and is 
greater in patients with FGIDs.”’ Physical or psychological stress 
also lowers the pain threshold, more so in patients with IBS than 
others.°! 

In both animal models and human studies, stress affects 
the mucosa to enhance proinflammatory cytokine production 
and mast cell activation and degranulation, particularly near 
enteric neurons, thereby leading to visceral sensitization.?* 
Stress also enhances mucosal permeability due to weakening 
of tight junctions, with an increase in bacterial translocation 
into the intestinal wall.?°-°’ Acute stress triggers the hypotha- 
lamic-pituitary axis, leading to increases in cortisol levels and 
activation of the autonomic nervous system, with increases in 
proinflammatory cytokines such as TNF-a, interleukin (IL)-6, 
and interferon-y.”*”’ Stress can lead to a change in intestinal 
microflora composition, with a shift from “good” to “bad” bac- 
teria. These changes, along with an altered immune response, 
can result in inflammation and susceptibility to both IBS (par- 
ticularly postinfection IBS) and IBD.!°° Conversely, alteration 
of the intestinal microflora can reciprocate back via the brain- 
gut axis to affect CNS functioning, including mood, learning, 
and memory.!°! 
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A useful model highlighting the reciprocal relationship 
between stress and altered immunity is the condition known 
as postinfection IBS, which develops in about 10% of patients 
after a bout of infectious enteritis.!°* In a 2018 Rome Founda- 
tion Working Team report, postinfection IBS was reported to 
involve changes in the intestinal microbiome as well as epithe- 
lial, serotonergic, and immune system factors,!? supporting early 
views of the pathogenesis of postinfection IBS as an inflamma- 
tion-induced altered mucosal immune response that sensitizes 
visceral afferent nerves in a setting of emotional distress.!°? In 
postinfection or mucosal injury (as in the case of IBD and IBS), 
the CNS amplification of the visceral signals that occur in psy- 
chologically distressed persons is believed to raise the afferent 
signals to conscious awareness, thereby leading to enhanced per- 
ception of symptoms.!°* Both enterochromaffin cell hyperplasia 
(with increased production of 5-hydroxytryptamine [HT]) and 
depression are equally important predictors of the development 
of postinfection IBS (risk ratio, 3.8 and 3.2, respectively).!” 


Role of Neurotransmitters 


As noted previously, the richly innervated nerve plexuses and 
neuroendocrine associations of the CNS and ENS provide the 
hardwiring for the brain-gut axis. Mediation of these activities 
involves neurotransmitters and neuropeptides commonly found 
in the CNS and intestine. Depending on their locations, these 
substances have integrated activities on both GI function and 
human behavior. This observation is not surprising because the 
hardwiring between brain and gut is established from an anlage 
that begins as one unit (neural tube) and then differentiates with 
the growing organism into the “big brain” and the “little brain” in 
the gut. As shown in Figure 22.3, the development of the nervous 
system in the embryo begins with the neural crest. Over time 
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Fig. 22.3 Connection between the brain and nerves of the GI system. This figure shows the development of 
the nervous system in the embryo beginning with the neural crest. Over time, the neural crest grows and differ- 
entiates into the forebrain, midbrain, and spinal cord. From the future spinal cord, spinal ganglia migrate from 
the cord into the early gut to become the future enteric nervous system (ENS). Therefore, the ENS, spinal cord, 
and CNS are “hardwired.” No other organ system is as closely connected to the brain as the GI system. This 
helps explain the clinical observation of the close relationship between psychosocial features and gut function- 
ing, the brain-gut axis. (From Van Oudenhove L, Crowell MD, Drossman DA, et al. Biopsychosocial aspects 

of functional gastrointestinal disorders. Gastroenterology 2016; 150:1355-67, with permission from the Rome 


Foundation.) 


the neural crest grows and differentiates into the forebrain, mid- 
brain, and spinal cord. From the future spinal cord, spinal ganglia 
migrate into the early gut to become the future ENS. Therefore, 
the ENS, spinal cord, and CNS are “hardwired.” No other organ 
system is as closely connected to the brain as the GI system. ‘This 
helps explain the close relationship clinically between psychoso- 
cial features and gut functioning: the brain-gut axis. 

For example, the stress hormone corticotropin-releasing 
factor (CRF) has central stress modulatory effects yet different 
intestinal physiologic effects. CRF produces gastric stasis and 
an increase in the colonic transit rate in response to psychologi- 
cally aversive stimuli!®° and can increase visceral hypersensitiv- 
ity!” and alter immune functioning’*; therefore, CRF may play a 
role in stress-induced exacerbations of IBS (see Chapter 122),!°° 
cyclic vomiting syndrome (see Chapter 15),!0 and other stress- 
mediated disorders. 

Peptides may be secreted at nerve endings as neurotransmitters 
or directly from cell walls and thus have local or paracrine effects. 
Several key neurotransmitters act within the brain-gut axis.’7:!!0 
Acetylcholine is the main mediator of the parasympathetic sys- 
tem and drives motility in the enteric system; disturbances of 
this activity can lead to constipation and gastroparesis. Biological 
amines such as serotonin, norepinephrine, and dopamine act in 
the periphery to mediate the effects of the sympathetic nervous 
system to regulate the balance between constipation and diar- 
rhea and centrally to modulate mood, emotional behavior, and 
pain. Calcitonin gene-related peptide (CGRP), bradykinins, and 
tachykinins (e.g., substance P) are involved in visceral hyperalge- 
sia and pain syndromes. The opioid system can raise the thresh- 
old for pain and impair peristalsis and secretion; centrally it may 
paradoxically produce hyperalgesia.!!! 

These associations have relevance in terms of treatment. 
Chronic GI pain is modulated by the gate control system of 
the brain-gut axis (see also Chapter 12). Therefore, because 
certain areas of the brain have the capability to up- or down- 
regulate incoming visceral signals, neurotransmitters common 
to both brain and gut (e.g., noradrenergic and serotonergic 
neurotransmitters) can be used to attempt to reduce the painful 
experience. A Rome Foundation Working Team Report!!” has 
recommended the use of central neuromodulators (previously 
identified as antidepressants, antipsychotics, and other psy- 
chotropics, as used in psychiatry) for treatment of chronic GI 
pain or other GI functions via this brain-gut axis pain control 
mechanism and their possible central effects on neurogenesis 
(see later).!! 


Hypothalamic-Pituitary-Adrenal Axis 


The principal mediators of the stress-immune response include 
CRF and the locus coeruleus—norepinephrine (LC-NE) systems 
in the CNS. These systems are influenced by numerous positive 
and negative feedback systems that allow behavioral and periph- 
eral adaptations to stress.'!? The peripheral limb of the CRF sys- 
tem is the hypothalamic-pituitary-adrenal (HPA) axis, a negative 
feedback system involved in psychoneuroimmune regulation. In 
the HPA system, inflammatory cytokines, primarily TNF-a, IL-1, 
and IL-6, liberated during inflammation, as well as multiple neu- 
ral inputs from other regions within the hypothalamus and other 
brain regions including the amygdala and medial prefrontal cor- 
tex, stimulate the paraventricular nucleus of the hypothalamus 
to secrete CRF. CRF stimulates the pituitary gland to release 
adrenocorticotropic hormone (ACTH, or corticotropin), which 
in turn stimulates the adrenal glands to release glucocorticoids. 
Finally, the glucocorticoids suppress inflammation and cytokine 
production, thereby completing the negative feedback loop.!!* 
Catecholamines can increase proinflammatory cytokines. The 
parasympathetic system in general has an anti-inflammatory effect. 
HPA activation may also be due to reduction in negative feedback 
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loops (e.g., down-regulation of glucocorticoid receptors in the hip- 
pocampus, as shown in early life stress in animal models).!1°-116 

CRF is recognized to be important via central and peripheral 
pathways in stress-related modulation of GI motor and sensory 
function!° and may be involved in the generation or mainte- 
nance of pain-related symptoms that are sensitive to modulation 
by psychological stress.” Disruptions in the HPA system can 
lead to behavioral and systemic disorders as a result of increased 
(e.g., Cushing syndrome, depression, susceptibility to infection) 
or decreased (e.g., adrenal insufficiency, RA, chronic fatigue syn- 
drome, PTSD) HPA axis reactivity.!!? 

IBD may also be affected through this stress-mediated sys- 
tem.!!’ Not only does disease activation have genetic and infec- 
tious contributions, but phenotypic expression may also be 
influenced by brain-gut pathways, including the autonomic ner- 
vous system and HPA axis, proinflammatory GI CRF, the intes- 
tinal barrier, and luminal bacteria, all of which are mediated by 
the CNS. Growing evidence suggests that disease activation is 
influenced by psychosocial vulnerabilities, including perceived 
stress, maladaptive coping, and psychiatric comorbidities.!!7-!!° 


Regulation of Visceral Pain 
Amplification of Visceral Signals 


Various types of stimuli can amplify ascending visceral pathways. 
It is important to note that visceral pain perception does not nec- 
essarily map directly to the degree or intensity of peripheral affer- 
ent input but rather is amplified through cognitive and affective 
circuits at the level of the brain and through descending modula- 
tory pathways. For example, negative affectivity, including neu- 
roticism and somatization, affect the processing and modulation 
of visceral pain in a variety of health conditions.'’° Cognitively, 
distraction and expectancy can both mitigate the experience of 
visceral pain perception.'?! Dysfunction of this visceral pain neu- 
romatrix will allow physiological (non-noxious) stimuli to be per- 
ceived as painful or unpleasant, a phenomenon known as visceral 
hypersensitivity. The persistence of such pain over time forms the 
basis for a conceptual model of FGID as disorders of gut-brain 
signaling. Furthermore, as pain becomes more severe, central 
mechanisms begin to play a larger role in symptom experience.® 
Visceral signals in the gut can be amplified in several ways 
prior to ascending via the brain-gut axis. These processes are 
interrelated and can vary among patients. Sensitization of primary 
afferent pathways can occur in response to infection, trauma, 
and other factors that cause inflammation, as well as dysmotil- 
ity from repeated distension.!*? Mucosal biopsies in patients with 
IBS indicate neuroplastic remodeling as well as release of prote- 
ases that affect the response properties of the primary afferents, 
thereby leading to hypersensitivity.!*> Enteric infection along 
with psychological distress, as discussed earlier, reflect brain-gut 
mechanisms that lead to postinfection IBS and dyspepsia. !?* Epi- 
thelial immune activation is associated with increased expression 
of mucosal inflammatory cytokines and enhanced release of neu- 
ropeptides (e.g., substance P, CGRP) from primary sensory nerve 
endings (see earlier!*°). Stress-mediated mast cell degranulation, 
particularly near enteric neurons, is associated with sensitization 
of afferent neurons.” Finally, epithelial permeability increases 
in response to stress and appears to be mediated via mast cell 
degranulation products, including CRF and proteases.!?°!7 


Transmission to the CNS 


Figure 22.4 shows ascending afferent pathways from the colon. 
After the first-order visceral neurons are stimulated, they proj- 
ect to the spinal cord, where they synapse with second-order 
neurons and ascend to the thalamus and midbrain. Of the sev- 
eral supraspinal pathways (spinothalamic, spinoreticular, and 
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Fig. 22.4 Visceral pain transmission to the CNS. This figure shows the 
ascending visceral pathways from the intestine to somatosensory and 
limbic structures in the brain via spinal and midbrain pathways. MCC, 
midcingulate cortex; pPACC, perigenual anterior cingulate cortex. (From 
Drossman DA. Functional abdominal pain syndrome. Clin Gastroenterol 
Hepatol 2004; 2:353-65.) 


spinomesencephalic), the spinothalamic tract shown on the right 
in Figure 22.4 terminates in the medial thalamus and projects as 
third-order neurons to the primary somatosensory cortex. This 
pathway is important for sensory discrimination and localization 
of visceral and somatic stimuli (i.e., determining the location 
and intensity of pain). The spinoreticular tract (middle pathway) 
conducts sensory information from the spinal cord to the brain- 
stem (reticular formation). This region is involved mainly in the 
affective and motivational properties of visceral stimulation, that 
is, the emotional component of pain. The reticulothalamic tract 
projects from the reticular formation to the medial thalamus on 
the left, and then to the cingulate cortex. The cingulate cortex 
(see Fig. 22.3) is divided into components that include the peri- 
genual anterior cingulate cortex (pACC), which is involved in 
affect; the midcingulate cortex (MCC), which is involved with 
behavioral response modification; and the insula, which is asso- 
ciated with reception of incoming visceral signals. These areas 
are involved in processing noxious visceral and somatic informa- 
tion. This multicomponent integration of nociceptive informa- 
tion, dispersed to the somatotypic-intensity area (lateral sensory 
cortex) and to the emotional or motivational-affective area of 
the medial cortex, explains variability in the experience and 
reporting of pain. 

This conceptual scheme of pain modulation through sen- 
sory and motivational-affective components has been supported 
by studies with PET imaging using radiolabeled oxygen.!?° In 
healthy subjects who immerse their hands in hot (47°C) water, 
hypnotic suggestion can make the experience painful or pleas- 
ant. Notably, no differences are observed between the 2 groups 
in somatosensory cortical activation, but in hypnotized subjects 
who experience the hand immersion as painful, activation of the 
ACC is higher. The hypnotic suggestion differentiates the func- 
tioning of these 2 pain systems. The suggestion of unpleasantness 
is specifically encoded in the anterior midcingulate portion of 
the ACC, an area involved with negative perceptions of fear and 
unpleasantness and associated with functional pain syndromes 
(see later). 


Central Amplification 


The circuits involved in pain modulation and emotional status 
involve overlapping brain regions (anterior insular cortex, ACC, 
medial prefrontal regions, and amygdala), and this overlap may 
be the basis for the emotional characterizations of pain in GI 
patients.°!:!?.!30 The brain circuitry involved in hypervigilance, 
increased attention to threats, and maladaptive coping in indi- 
viduals with anxiety has been well described.'*! Increased activity 
in hypervigilance-associated brain networks leads to the modula- 
tion of sensory input; therefore, these networks represent a likely 
pathway by which pain circuits become dysregulated.!** 

Empirical data have supported the hypothesis that a comor- 
bid psychiatric diagnosis, major life stress, history of sexual or 
physical abuse, poor social support, and maladaptive coping are 
associated with more severe and more chronic abdominal pain 
and a poorer health outcome.?!48 Figure 22.5 illustrates this 
association for functional and structural GI disorders. For most 
patients with mild-to-moderate symptoms, environmental and 
bowel-related factors (e.g., intestinal infection, inflammation or 
injury, diet, hormonal factors) can lead to afferent excitation and 
up-regulation of afferent neuronal activity. Patients with moder- 
ate-to-severe symptoms also have impaired central modulation 
of pain as a result of various psychosocial factors, with decreased 
central inhibitory effects on afferent signals at the level of the 
spinal cord (disinhibition). In effect, the more severe and con- 
stant the pain and the more it is associated with other comorbid 
symptoms, the more likely the pain is predominantly centrally 
mediated.* Figure 22.6 demonstrates the concept of central sensi- 
tization. Visceral sensitization relates to the up-regulation of neural 
signals within first-order neurons of the ENS occurring at the 
level of the gut mucosa (e.g., altered mucosal immune activation, 
mast cell degranulation, cytokine release in the gut submucosa). 
Central sensitization relates to CNS up-regulation. Repeated 
stimulation of the first-order neurons leads to sensitization of 
spinal circuits, thereby increasing the signal originating from the 
dorsal horn synapse and then via second-order neurons to the 
brain. Central sensitization may also be enhanced at the level of 
the brain through connections from centers that subsume stress- 
related activation. The result is enhanced pain or other types of 
GI dysfunction that originates from gut through these ascending 
augmented pathways to the brain. 

Knowing the severity of the disorder and the purported site of 
action (i.e., intestine, brain, or both) can help when choosing an 
approach to treatment (see later). When peripheral influences on 
severity predominate, medications, surgery, or other modalities 
that act on the intestine are the primary treatment considerations. 
As pain becomes more severe, however, behavioral and psycho- 
pharmacologic treatments must be added.!! Pharmacologic rec- 
ommendations are discussed later. Four classes of psychotherapy 
hold the most promise for centrally mediated pain conditions, 
including CBT, psychodynamic-interpersonal therapy, mindful- 
ness/acceptance-based therapies, and gut-directed hypnotherapy. 
These are typically administered individually by a health psychol- 
ogist or other mental health provider familiar with GI physiol- 
ogy always in conjunction with medical treatment and a strong 
patient-provider relationship. !*>-!5+ 


Stress-Mediated Effects 


Brain imaging studies have shown preferential activation of vari- 
ous sites in the limbic system of the brain as a result of psycho- 
logical distress, rectal distension, and other stimuli compared 
with control subjects. The ACC, which is involved in the moti- 
vational and affective components of the limbic (medial) pain 
system, is dysfunctional in patients with IBS and other chronic 
painful conditions such as fibromyalgia.!*>'36 The pACC, an 
area rich in opioids and associated with emotional encoding 
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Fig. 22.5 Brain-gut influences on symptom severity. This figure conceptualizes brain-gut influences on symp- 
tom severity (horizontal axis). With mild-to-moderate symptoms, gut-related factors (e.g., infection, inflamma- 
tion, bowel injury, hormones, peptides) lead to afferent excitation and up-regulation of afferent neuronal activity. 
For the smaller group of patients with moderate to severe symptoms, central modulation of pain is impaired, 
leading to decreased central inhibitory effects on afferent signals at the level of the spinal cord (disinhibition). 
Factors that contribute to this effect may include life stress and abuse, comorbid psychiatric diagnoses, 

and poor coping. Knowing the purported site of action (intestine, brain, or both) can help in determining the 
treatment approach, such as whether to use medications that target the intestine or brain. (Adapted from 
Drossman DA. The biopsychosocial continuum in visceral pain. In: Pasricha PJ, Willis D, Gehhart GF, editors. 
Chronic abdominal and visceral pain: theory and practice. New York: Informa Healthcare; 2006.) 
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Fig. 22.6 Central sensitization. Central sensitization relates to CNS 
up-regulation. Repeated stimulation of the first-order neuron leads to 
sensitization of spinal circuits, thereby increasing the signal originating 
from the dorsal horn synapse and then via second-order neurons to the 
brain. Central sensitization may also be enhanced at the level of the brain 
through connections from centers subsuming stress-related activation. 
The result is enhanced pain or other types of GI dysfunction that origi- 
nates from gut to brain through these ascending augmented pathways. 
(From Van Oudenhove L, Crowell MD, Drossman DA, et al. Biopsycho- 
social aspects of functional gastrointestinal disorders. Gastroenterology 
2016; 150:1355-67, with permission from the Rome Foundation.) 


and down-regulation of pain, and the dorsal ACC (also called 
the rostral or anterior MCC) may be activated to varying degrees 
in response to painful stimuli. The dorsal ACC, along with the 
amygdala, is associated with unpleasantness, fear, and an increase 
in responses to motor pain.!?” When PET and functional MRI 
are used to evaluate the response of the ACC to rectal disten- 
tion or to the anticipation of distension, patients with IBS dis- 
play preferential activation of the MCC and less activation of the 
pACC than controls.135138 In IBS, activation of the descending 


inhibitory pain pathway that originates in the opioid-rich pACC 
may be supplanted by activation of the MCC, the area associated 
with fear and unpleasantness. 

A history of abuse in a patient with IBS leads to greater dor- 
sal ACC activation and reporting of pain with rectal distention 
than either condition alone.’ Early life adversity has also been 
linked to alterations in core brain networks associated with emo- 
tion regulation and salience, likely in a sex-dependent manner. ° 
With clinical recovery, CNS activity appears to return to normal 
(i.e., reduced MCC and increased insular activation).>!:!38 Simi- 
larly, other emotional trauma such as social pain (due to major 
loss and social disruption) activates the same areas of the brain 
(dorsal ACC and insula), again indicating the close association 
between a patient’s psychosocial state and pain.!*° 

A report of the Institute of Medicine’s studies on Persian 
Gulf War veterans!*! portrays a strong relationship between 
the deployment of soldiers to a war zone (with traumatic expo- 
sure to injury, mutilation, and dead bodies) and the ensuing 
development of medical and psychological symptoms and syn- 
dromes. In fact, clusters of several medical symptoms were 
noted, such as those termed “Gulf War Syndrome,” and include 
IBS, chronic fatigue, and chemical sensitivity syndrome, in 
addition to PTSD and cognitive impairments. The psychologi- 
cal effects of abuse or wartime exposure may produce disrup- 
tion in central pain modulation systems and in brain circuits 
at the interface of emotion and pain.’ These changes lead to 
a lowering of sensation thresholds, with a loss of the brain’s 
ability to filter bodily sensations. The result is an increase in 
physical and psychological symptoms and more intense pain 
and syndromes (e.g., IBS, fibromyalgia, headache, widespread 
body pain), a condition that has been variably described as 
somatization, comorbidity, or extraintestinal functional GI 
symptoms.!*! The data suggest that psychological and antide- 
pressant treatments are potentially beneficial for more severe 
forms of chronic pain in which CNS contributions are thought 
to be preeminent!” (see later). 


334 PART IIl Symptoms, Signs, and Biopsychosocial Issues 


Spinal Cord Activation of Glia 


Evidence indicates that activation of glia (microglia, astrocytes) 
may also enhance pain amplification following psychological 
stress, peripheral inflammation, and other factors.!47)!43.144 
Glial activation is associated with the production of proin- 
flammatory cytokines, which can up-regulate the N-methyl- 
D-aspartate receptor signaling system, thereby contributing 
to the development of central sensitization and chronic pain. 
This mechanism has yet to be fully studied for chronic GI pain, 
but it is recognized to be the mechanism for central hyperalge- 
sia related to narcotic use, as in narcotic bowel syndrome (see 
Chapter 12).!!! 


Structural Changes 


Growing evidence suggests that severe stress, psychiatric dis- 
orders, and chronic pain—separately or in combination—are 
neurodegenerative disorders much like Alzheimer disease 
and Parkinson disease; functional MRI studies using voxel- 
based morphometry have shown significant losses of corti- 
cal neuron density in key areas of the brain associated with 
these conditions. These changes are reported to involve the 
ACC and orbitofrontal cortex in major depression and bipolar 
disorder!*; the hippocampus in PTSD and sexual and physi- 
cal abuse!**; the ACC, posterior cingulate cortex, and ven- 
tromedial prefrontal cortex in chronic somatic pain!*’; and 
the dorsal ACC in IBS"! and painful chronic pancreatitis.!**° 
One hypothesis is that these structural changes are the result 
of degenerative effects of stress mediators on the CNS that 
fatigue central control mechanisms and produce central sensi- 
tization. The changes may play a role in the transition of inter- 
mittent visceral pain conditions such as IBS into more chronic 
and persistent pain over many years, as in centrally mediated 
abdominal pain syndrome.!! Notably, there is evidence that 
regrowth of neurons (neurogenesis) may occur with centrally 
targeted treatments such as antidepressants, and prolonged use 
of these agents help to prevent relapse.!!* 


Descending Modulation 


Figure 22.7 shows the central descending inhibitory system that 
is believed to originate in the pACC, an area rich in opioids.!*? 
Activation of this region from visceral afferent activity may down- 
regulate afferent signals via descending corticofugal inhibitory 
pathways. Descending connections from the ACC and amygdala 
to pontomedullary networks—including the periaqueductal gray, 
rostral ventral medulla, and raphe nuclei—activate inhibitory 
pathways via opioidergic, serotonergic, and noradrenergic sys- 
tems to the dorsal horn of the spinal cord.!°° The dorsal horn 
acts like a gate to increase or decrease the projection of afferent 
impulses that arise from peripheral nociceptive sites to the CNS. 
Psychological treatments and antidepressants are thought to acti- 
vate these descending pathways. 


Cytokines and the Brain 


Stress may have proinflammatory effects, but intestinal inflam- 
mation may also affect behavior reciprocally via activation of 
cytokines. Inflammation may be a common mechanism for 
disease even in the brain. Inflammation can affect neurotrans- 
mitter metabolism, neuroendocrine function, and neural plas- 
ticity in the brain, and there is increasing evidence that major 
depression and other psychiatric disorders may be mediated 
by inflammatory factors.!°! Release of inflammatory cytokines 
from glial cells in the dorsal horn up-regulates pain pathways 
and can produce narcotic hyperalgesia and narcotic bowel syn- 
drome.!!! 
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Fig. 22.7 Descending transmission of pain regulatory signals. This 
figure demonstrates the corticofugal descending inhibitory pathways 
from the CNS to the spinal cord. The descending pathway is consistent 
with the gate control theory of pain modulation. ACC, Anterior cingulate 
cortex; PAG, periaqueductal gray. (From Drossman DA. Functional 
abdominal pain syndrome. Clin Gastroenterol Hepatol 2004; 2:353-65.) 


Many behavioral features (e.g., fever, fatigue, anorexia, depres- 
sion) of chronic inflammatory diseases, including IBD, cancer, 
infection, and other catabolic conditions, produce what has been 
called “sickness behavior,” and this process is associated with 
peripheral cytokine activation that produces central effects.!°*)!° 
Depressed patients with increased inflammatory biomarkers 
have been found to be less likely to respond to treatment, and in 
several studies, antidepressant therapy has been associated with 
decreased inflammatory responses within the body. Preliminary 
data from patients with inflammatory disorders, as well as from 
medically healthy depressed patients, suggest that inhibiting pro- 
inflammatory cytokines or their signaling pathways may improve 
a patient’s depressed mood and increase the response to treat- 
ment with conventional antidepressant medications. !!? 


SYMPTOM EXPERIENCE AND BEHAVIOR 


The product of the interacting effects of brain and GI tract 
relate to the clinical expression of illness and disease—namely, 
the symptom experience and subsequent illness-related behav- 
iors. The meaning of illness, the perceived effect of alterations 
in body image (e.g., having a colostomy), social acceptability, the 
degree of functional impairment and its implications at work and 
at home, and the likelihood of surgery or untimely death must 
all be dealt with by the patient. How well the patient adapts, in 
addition to the quality of the physician’s involvement, is crucial to 
the patient’s psychological well-being and clinical course. Some 
chronically ill patients regress and become dependent. Their con- 
tinued symptoms, restricted activity, and health care tax family, 
friends, and physician, all of whom may feel helpless to provide 
enough emotional or medical assistance. Other patients resist 
help to avoid acknowledging their imposed dependence. The 
family must then deal with feelings of guilt and anger, the expres- 
sions of which, although unavoidable, are not usually socially per- 
mitted. Often the physician carries the burden of the feelings of 
the patient and family and must reconcile the 2. In most cases, the 
problems are worked out, and the patient establishes a pattern of 
coping. If the patient has limited capacity to cope psychologically 
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with the illness, the disorder is particularly incapacitating, or the 
interpersonal family relationships are unstable, additional efforts 
by the physician and ancillary personnel (e.g., psychological 
counselors, social workers, peer support groups) will be required. 


CLINICAL APPLICATIONS 


The physician should obtain, organize, and integrate psychoso- 
cial information to achieve optimal care. The recommendations 
offered here are particularly useful for patients who have chronic 
illness or major psychosocial difficulties.!:!>* 


History Taking 


The physician’s dialogue with the patient is the most important 
asset for enhancing the physician-patient relationship, develop- 
ing a diagnosis, and formulating treatment and is often under- 
used. Consider the information obtained in the following office 
interview: 


Physician (looking at chart): “How can I help you?” 

Patient (pauses, looks pensive): “I developed a flare-up of my 
Crobn’s ... pain, nausea, and vomiting, when I came back from 
vacation.” 

Physician (interrupting): “Was the pain like what you had before?” 

Patient: “Yes, well almost, I think.” 

Physician (looks up): “Was it made worse by food?” 

Patient: “Yes.” 

Physician (leaning forward): “Did you have fever? or diarrhea?” 

Patient (looks down): “Well yes, I think. ... I didn’t take my tem- 
perature.” 

Physician: “So you had fever and diarrhea?” 

Patient: “Uh no, well, they were a little loose ... I guess.” 


In this exchange, some relevant information was not elic- 
ited, and because of the interruptions and leading questions, the 
accuracy of the information after the first question is uncertain. 
Furthermore, the nonverbal communication did not facilitate an 
effective physician-patient interaction. 

The medical history should be obtained through a patient-cen- 
tered, nondirective interview during which the patient is encour- 
aged to tell the story in his or her own way so that the events 
contributing to the illness unfold naturally. Open-ended questions 
are used initially to generate hypotheses, and additional informa- 
tion is obtained with facilitating expressions—“Yes?,” “Can you 
tell me more?”—repeating the patient’s previous statements, 
head nodding, or even silent pauses with an expectant look can 
facilitate history taking. Avoid closed-ended (yes-no) questions at 
first, although they can be used later to characterize the symptoms 
further. Refrain from using multiple-choice or leading questions, 
because the patient’s desire to comply may bias the responses. 

The traditional medical and social histories should not be 
separated but elicited together, so that the medical problem is 
described in the context of the psychosocial events surrounding 
the illness. The setting of symptom onset or exacerbation should 
always be obtained. At all times, the questions should commu- 
nicate the physician’s willingness to address the biological and 
psychological aspects of the illness: 


Physician (concerned, looking at patient): “How can I help you?” 

Patient (pauses): “I developed a flare-up of my Crohn’s ... the 
pain, nausea, and vomiting, when I came back from vacation.” 

Physician: “Yes?” 

Patient: “I was about to start my new position as floor supervisor 
and thought Id take a vacation to get prepared, and then all 
this happened.” 

Physician (pauses): “Oh, I see.” 

Patient (continues): “I started getting that cramping feeling right 
here [points to lower abdomen], and then it got worse after 
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eating. So I knew I'd be obstructed again if I didn’t get in to 
see you.” 

Physician: “Hmm. Any other symptoms?” 

Patient: “Well, I felt warm, but didn’t take my temperature.” 

Physician: “What was your bowel pattern like?” 

Patient: “They started getting loose when I was on vacation. Now 
they’re slowing down. I haven’t gone today.” 


The number of verbal exchanges is the same, yet the patient 
offers more information. The clinical features are clearer, and 
additional information about an association of symptoms with 
beginning a new job situation is obtained. This interview method 
also encourages patient self-awareness and allows consideration 
of possible behavioral treatments (e.g., stress reduction tech- 
niques, job change, counseling) that may ameliorate future flare- 
ups of the patient’s symptoms. 

The historical information should be obtained from the per- 
spective of the patient’s understanding of the illness. Important 
questions to ask include: 


“What do you think is causing this problem?” 

“Why are you coming to see me now?” 

“What type of treatment do you think you should receive?” 
“What do you fear most about your illness?” 


Additional information on methods to improve history taking 
and communication skills is found in Table 22.1.1195 


Evaluating the Data 


The physician must assess the relative influences of the biological, 
psychological, and social dimensions on the illness. Determining 
whether psychosocial or biological processes are operative in an 
illness is unnecessary and possibly countertherapeutic. Usually, 
both are important, and treatment is based on determining which 
is identifiable and remediable. A negative medical evaluation is 
not sufficient for making a psychosocial diagnosis. Box 22.1 lists 
several questions to consider in the assessment and evaluation of 
the patient. 


Diagnostic Decision Making 


Deciding which tests to order will depend on their clinical useful- 
ness. A number of questions should be considered: Is a test safe 
and cost-effective? Will the results make a difference in treat- 
ment? Patients who are persistent in their requests for further 
studies or who challenge their physician’s competence may tempt 
the physician to schedule unneeded studies or surgery out of 
uncertainty or out of feeling that he or she needs to do some- 
thing. This temptation can be avoided by basing decisions on the 
objective evaluation of data (e.g., blood in the stool, fever, abnor- 
mal serum chemistry values) rather than solely on the patient’s 
illness behavior. 

The case of Ms. L (Case 1), the patient with persistent and 
unexplained abdominal pain, is an example familiar to the gastro- 
enterologist. The urge to work up a patient with chronic abdomi- 
nal pain must be tempered by the evidence that an adequate 
initial evaluation considerably reduces the likelihood of finding 
an overlooked cause later. Here, the clinical approach is not medi- 
cal diagnosis but psychosocial assessment and treatment of the 
chronic pain.!! Factors associated with or exacerbating chronic 
pain symptoms include: (1) a recent disruption in the family or 
social environment (e.g., child leaving home, argument); (2) major 
loss or anniversaries of losses (e.g., death of a family member or 
friend, hysterectomy, interference with the outcome of preg- 
nancy); (3) history of sexual or physical abuse; (4) onset or worsen- 
ing of depression or other psychiatric diagnosis; and (5) a hidden 
agenda (e.g., narcotic-seeking behavior, laxative abuse, pending 
litigation, disability). Although consultation and treatment with 
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TABLE 22.1 Nonverbal and Verbal Factors That Facilitate or Inhibit Communication 


Factor 


Facilitate 


Inhibit 


NONVERBAL 
Clinical environment 


Eye contact 
Listening 

Body posture 
Head nodding 
Body proximity 
Facial expression 
Voice 

Touching 
Synchrony (arms, legs) 
VERBAL 
Question forms 


Private, comfortable 

Frequent 

Actively listening; questions relate to what the patient says 
Direct, open, relaxed 

Well timed 

Close enough to touch 

Shows interest and understanding 

Gentle 

Helpful if well timed and used to communicate empathy 
Concordant 


Open-ended to generate hypotheses 


Noisy, physical barriers 

Infrequent or constant 

Distracted or preoccupied (e.g., typing) 
Body turned, arms folded 

Infrequent or excessive 

Too close or too distant 

Preoccupied, bored, disapproving 

Harsh, rushed 

nsincere if inappropriate or improperly timed 
Discordant 


Rigid or stereotyped style 


Closed-ended to test hypotheses 


Uses the patient’s words 


Facilitates patient discussion by “echoing” 


and affirmative gestures 
Uses summarizing statements 


Question/interview style Nonjudgmental 


Follows lead of patient's prior comments (patient centered) 


Uses a narrative thread 
Uses silence appropriately 


Reassures and encourages appropriately 


Communicates empathy 
Recommendations Elicits feedback and negotiates 


Asks/provides medical 
information 


Appropriate to the clinical issues 


Asks/provides psychosocial 
information 


Humor Uses humor when appropriate and facilitative 


BOX 22.1 Questions to Consider in the Clinical Evaluation 
of the Patient 


Does the patient have acute or chronic illness? 

What is the patient's life history of illness? 

Why is the patient coming for medical care now? 
What are the patient’s perceptions and expectations? 
Does the patient exhibit abnormal illness behavior? 


What is the impact of the illness on the patient? 

Is there a concurrent psychiatric diagnosis? 

Are there cultural or ethnic influences? 

How does the family interact around the illness? 

What are the patient’s other psychosocial resources? 
How extensive should the evaluation be? 

Should the patient be referred to a psychiatric consultant? 


a mental health provider may be needed, it is important that the 
physician continue to be involved in the patient’s care and be vigi- 
lant about the development of new findings.!°° 

At times, decisions must be made with incomplete or nonspe- 
cific information. Particularly for chronic symptoms, when stud- 
ies are unrevealing and the patient is clinically stable, it is wise to 


Elicits in a sensitive and nonthreatening manner 


Multiple choice or leading questions (“You didn’t ... 
did you?”) 


Uses unfamiliar words or jargon 


nterruptions, undue control of conversation 


Not done 

Judgmental 

Follows own preset style or agenda 
Unorganized 

nterrupts or uses too much silence 


Reassures or encourages prematurely or in an 
unwarranted manner 


Does not provide or not sincere 
Does not elicit feedback; directly states views 


Asks too many biomedical questions and provides 
too detailed information 


gnores psychosocial data or asks intrusive or 
probing questions 


Uses no or inappropriate humor 


tolerate the uncertainty in diagnosis and observe the patient for 
new developments over a period of time. Experienced physicians 
usually make diagnostic and treatment decisions based on the 
degree of change in the condition over weeks or months, rather 
than on 1 or 2 occasions. 

Consultation with a psychiatrist or health psychologist should 
be considered when additional psychological data could clarify 
the illness or improve patient care.!5° Examples include: (1) iden- 
tification of a psychiatric diagnosis for which specific treatment 
(e.g., psychopharmacologic agents) may be beneficial; (2) seri- 
ous impairment of the patient’s level of psychosocial functioning 
(e.g., inability to work); or (3) consideration of invasive diagnostic 
or therapeutic strategies on the basis of the patient’s complaints, 
without clear indications from the medical data. 


TREATMENT APPROACH 
Establishing a Therapeutic Relationship 


The physician can establish a therapeutic relationship with a 
patient through good communication skills that are implemented 
by using specific guidelines: (1) allowing the patient to com- 
plete his or her opening statement, (2) eliciting concerns and 
establishing a rapport; (3) using a combination of open-ended 


and closed-ended questions to gather and clarify information; 
(4) identifying and responding to the patient’s personal situation, 
beliefs, and values; (5) using language the patient can understand 
to explain diagnosis and treatment plans; (6) checking for the 
patient’s understanding; (7) encouraging the patient to partici- 
pate in decisions and exploring the patient’s willingness and abil- 
ity to follow care plans; (8) asking for other concerns the patient 
might have; and (9) discussing follow-up activities expected of 
the patient before closing the visit.!°’ This strategy must be indi- 
vidualized because patients vary in the degree of negotiation and 
participation they require. Overall, the physician must be non- 
judgmental, show interest in the patient’s well-being, and be pre- 
pared to exercise effective communication skills. 1-15 


Eliciting, Evaluating, and Communicating the Role of 
Psychosocial Factors 


Fear of disapproval and lack of trust often prevent a patient from 
sharing intimate thoughts and feelings, an obstacle that can be 
overcome by a good physician-patient relationship. When the 
patient is unwilling or unable to accept the role of psychosocial 
factors in illness, the physician can still obtain such informa- 
tion indirectly by inference and should not attempt to provide 
the patient with insight. If the patient asks whether the problem 
is just “in my head,” the physician should explain that illness is 
rarely either mental or physical; that understanding all factors, 
including the patient’s feelings, is important; and that many 
chronic conditions are associated with depression or unrealistic 
fears. Consistent with the biopsychosocial model of illness, dis- 
cussing psychosocial and biological factors in terms of causation 
(e.g., by stating, “It is common for stress to cause your problems”) 
or exclusion (e.g., by stating, “The workup is negative; it must be 
stress”) is not helpful. 


Providing Reassurance 


A patient’s fears and concerns require reassurance. If the reassur- 
ance is premature, inadequate, or inappropriate, it will be per- 
ceived as insincere or as a lack of thoroughness by the physician. 
The physician should respond to the patient’s needs and requests 
empathically but not succumb to pressure to do anything that 
would not be in the patient’s best interest. For example, disability 
may be a disincentive to helping the patient re-establish wellness 
and return to gainful employment. If the patient does not qualify 
for disability, the physician should be clear about it. 


Recognizing the Patient’s Adaptations to Chronic Illness 


Illness is associated with certain “benefits” for the patient, such 
as increased attention and support, release from usual responsi- 
bilities, and possibly social and financial compensation. For some 
patients, more may be lost by giving up the state of illness than 
gained by wellness, and improvement may be slow. The patient 
can be helped by improving his or her psychosocial adjustment to 
the illness (e.g., improving coping strategies). 


Reinforcing Healthy Behaviors 


Sometimes, complaints of physical distress are a maladaptive effort 
to communicate emotional distress or receive attention. The 
physician may unwittingly reinforce this behavior in several ways: 
(1) paying a great deal of attention to the patient’s complaints to 
the exclusion of other aspects; (2) acting on each complaint by 
ordering diagnostic studies or giving a prescriptive medication; 
or (3) assuming total responsibility for the patient’s well-being. 
The patient learns to keep the physician’s interest by reporting 
symptoms rather than by trying to improve, thereby perpetuating 
the cycle of symptom recitation and passive interaction. 
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To encourage a patient to take more responsibility for his or 
her care and have a heightened sense of control, the physician 
may offer a choice among several treatments or help design a 
self-management program. The physician should limit discussion 
about symptoms to what is needed to satisfy medical concerns and 
focus instead on adaptations to the illness rather than the cure. I 
often find it best not to ask about the patient’s symptom (e.g., 
“How is your pain?”) because the question puts my attention on 
the fact that the patient is having symptoms. Rather, I ask about 
the symptoms in the context of the patient’s health-promoting 
behaviors (e.g., “What are you doing to manage your pain?”). 


Psychopharmacologic Treatment 


Psychopharmacologic agents act on neurotransmitter receptors 
in the brain-gut regulatory pathways that target serotonergic, 
noradrenergic, dopaminergic, and opioidergic receptor sites 
and produce various effects that include: (1) reducing visceral 
afferent signaling arising from painful GI conditions; (2) treat- 
ing GI pain by facilitating central down-regulating pathways; 
(3) depending on the agent, modifying diarrhea or constipa- 
tion; (4) reducing anxiety, depression, nausea, and loss of appe- 
tite; and (5) in higher doses, treating major depression or other 
psychiatric disorders. ! 12-142 

With the publication of Rome IV,!*’ the Rome Foundation 
has established new definitional guidelines that relabel agents 
working both in the brain and gut as “gut-brain neuromodula- 
tors.”!12 This term includes the primarily central neuromodulators 
(e.g., antidepressants, antipsychotics, azapirones, other cen- 
trally acting agents) and the primarily peripheral neuromodulators, 
including serotonergic, chloride channel, delta ligand agents, and 
others (not discussed in this section). It is believed that this new 
terminology will improve understanding of their pharmacologic 
value, reduce stigma, and likely improve treatment adherence 
when treating patients with GI disorders. 

The major classes of the antidepressant-type central neuro- 
modulators used for treating GI disorders include the tricyclic 
antidepressants (TCAs) (e.g., amitriptyline, imipramine, desipra- 
mine, nortriptyline), the selective serotonin reuptake inhibitors 
(SSRIs) (e.g., fluoxetine, sertraline, citalopram, escitalopram, 
paroxetine), the serotonin and norepinephrine reuptake inhibi- 
tors (SNRIs) (e.g., duloxetine, venlafaxine, desvenlafaxine, mil- 
nacipran), and the noradrenergic and specific serotonin agents 
(tetracyclics) (e.g., mirtazapine, mianserin). The anti-anxiety 
agents include benzodiazepines (e.g., lorazepam, clonazepam) 
and the azapirones (e.g., buspirone). The newer atypical anti- 
psychotics (e.g., quetiapine, olanzapine, aripiprazole) are used 
as augmenting agents in addition to anti-anxiety effects. More 
detailed discussion of the pharmacology, clinical actions, and side 
effects of these agents for treating GI disorders can be found else- 
where, 112,142 


Tricyclic Antidepressants 


The TCAs can reduce chronic pain!®.!°! through peripheral and 
central mechanisms, including activation of corticofugal pain 
inhibitory pathways by noradrenergic and serotonergic activa- 
tion, reducing afferent signaling in the gut and, in higher doses, 
treating psychiatric comorbidity such as anxiety and depression. 
Their noradrenergic and anticholinergic effects also reduce 
intestinal transit rate and can therefore help patients with diar- 
rhea. The usual starting dose is 25 to 50 mg, and the dose can 
be increased as needed to 100 mg on average. TCAs can also 
treat major and secondary depressive symptoms when used in 
full antidepressant doses (2150 mg/d). Their antihistaminic and 
anticholinergic side effects may lead to nonadherence because of 
constipation, orthostasis, or dry mouth and eyes. However, the 
secondary amine TCAs (desipramine, nortriptyline) have less 
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activation on cholinergic and histaminic receptors and produce 
fewer of these side effects than the tertiary amines (TCAs; ami- 
triptyline, imipramine). 


Selective Serotonin Reuptake Inhibitors 


Due to their lack of noradrenergic effect, SSRIs are not consid- 
ered helpful for painful GI symptoms. They are often used in full 
doses, however, to reduce concurrent anxiety, major depression, 
panic disorder, and other high-anxiety traits (e.g., obsessive-com- 
pulsive disorder, PTSD, social phobia). Because of their domi- 
nant serotonergic effect, SSRIs can produce diarrhea and even 
anxiety at the initiation of treatment. 


Serotonin and Norepinephrine Reuptake Inhibitors 


The SNRIs are particularly helpful for treating painful condi- 
tions because they have dominant noradrenergic and seroto- 
nergic action like the TCAs and are approved for diabetic pain, 
fibromyalgia, and other somatic pain syndromes. They may also 
be used off label for visceral pain conditions and do not have the 
antihistaminic or anticholinergic side effects of TCAs or SSRIs. 
Nausea is the predominant side effect, which can be ameliorated 
if taken with meals. Duloxetine is usually started at 30 mg/d and 
increased to 60 or even 90 mg after several weeks, if needed. 
Venlafaxine needs to be used in higher doses (over 150 mg/d) 
for treating painful conditions due to the lack of noradrenergic 
effect in lower doses. Milnacipran (50 to 100 mg twice daily) is 
not marketed as an antidepressant but for treatment of somatic 
painful conditions. 


Tetracyclic Agents 


Mirtazapine has complex serotonergic and noradrenergic 
properties leading to multiple effects in addition to treating 
depression. Its 5-hydroxytryptamine 3 (5-HT3) antagonist 
action is probably responsible for its antiemetic properties and 
antidiarrheal effects and its antihistaminic action is helpful for 
sedation. It is also an appetite stimulant (weight gain is a side 
effect) and can be used for the treatment of anxiety. The dose 
ranges from 7.5 to 30 mg usually taken at night due to its seda- 
tion effect. 


Anti-Anxiety Agents 


The benzodiazepines are frequently used to ameliorate acute anx- 
iety, particularly if the anxiety is associated with stress-induced 
flare-ups of bowel disturbance. Their potential benefit should 
be balanced with the long-term risks of sedation, drug interac- 
tions, habituation, and rebound after withdrawal, and they are 
not recommended for chronic use. Buspirone is a nonbenzodiaz- 
epine azapirone that is used for generalized anxiety disorder and, 
because of its 5HT, action, has been recommended for treating 
functional dyspepsia (in doses of 15 to 30 mg twice daily) due to 
its effect on fundic relaxation. 


Atypical Antipsychotic Agents 


Although originally developed for the treatment of schizophrenia 
and bipolar disorder, in low doses the atypical antipsychotics have 
profound anti-anxiety effects, and some agents (e.g., quetiapine, 
olanzapine) have sedation effects whereas others (e.g., aripipra- 
zole, brexpiprazole) are more activating but may produce akathi- 
sia. They can be used for patients with GI disorders to augment 
the effect of an antidepressant for chronic pain, just as they are 
used to augment the treatment of depression (see later). The dose 
may be one half to one third of that used for treating major psy- 
chiatric disorders. 


Opioids 

Opioids have no role in treating patients with chronic pain or 
a psychosocial disturbance because of their potential for abuse, 
dependency, and narcotic bowel syndrome.'®!® Patients in 
whom narcotic bowel syndrome develops need to be identified 


and can be treated successfully with detoxification (see Chapter 
1 2),164 


Augmentation Treatment 


When a single agent is unsuccessful, treatment can be enhanced by 
using low-dose drug combinations to achieve synergistic effects. 
The concept of augmentation involves activation of different 
receptor sites in the brain to enhance the therapeutic effect.!!*!” 
This approach also minimizes side effects when a single agent is 
pushed to higher doses. Augmentation can be accomplished by 
adding an antidepressant, peripheral neuromodulator agent for 
treating pain (e.g., gabapentin), or a regulator of bowel symptoms 
(e.g., alosetron, lubiprostone) (see Chapters 16 and 19). Another 
central neuromodulator that can be added is buspirone.!65166 A 
low-dose atypical antipsychotic (e.g., quetiapine) can be added to 
a TCA or SNRI to augment pain control, reduce anxiety, and 
enhance sleep.!® 


Prevention of Relapse 


Prevention of relapse relates to the concept that continued treat- 
ment with a neuromodulator beyond the period of achieving clin- 
ical benefit will reduce the likelihood of relapse or recurrence.! 
This is supported through evidence that continued antidepressant 
treatment may be associated with reversal of the clinical disorder 
through neurogenesis.!°:!”0 To reduce the likelihood of relapse 
when treating FGIDs, we empirically recommend that treatment 
be continued for 6 to 12 months after a treatment response. 


Pharmacogenomic Testing 


Pharmacogenomics examines the variability of the expression 
of individual genes relevant to disease susceptibility, as well as 
drug response, at cellular, tissue, individual, or population lev- 
els. Genetic polymorphisms may also influence the response 
to medications through their effect on drug metabolism.!7! 
Pharmacogenomic measurement of almost all central neuromod- 
ulators is available, and their use is growing, particularly in the 
management of chronic pain.'’* Therefore, pharmacogenomic 
testing may be of value for selecting an optimal neuromodulator, 
optimizing benefit and reducing toxicity, or augmenting treat- 
ment by using several medications for which drug interactions 
should be avoided.!” 


Behavioral Treatments 


Behavioral treatments are safe, and their benefit may go beyond 
symptomatic treatment to induce positive physiologic effects. 
They are particularly suited to patients who do not want to take 
or who are sensitive to medications. In combination with drugs, 
however, these approaches can have augmentative benefit.!! All 
behavioral modalities help patients deal with maladaptive illness 
beliefs and behaviors and the relationship between stress, life 
events, and symptoms. 

CBT is a brief, skills-based, collaborative therapy that seeks 
to remediate maladaptive thoughts and coping styles known to 
amplify GI symptoms.!’7* Some of the most common targets in 
CBT for IBS include hyperarousal, visceral anxiety/symptom- 
specific fear, and pain catastrophizing.!’> CBT can be adminis- 
tered to individuals or in groups,!**!’° via the internet,!””!7° and 
has been shown to be effective in as few as 4 sessions.!’? CBT 


has been shown to be effective in a range of digestive disorders, 
including teenagers!*®.'*! and adults with IBD.!*” 

Interpersonal dynamic psychotherapy is also a short-term 
psychological therapy focused on identification of interpersonal 
situations that lead to an exacerbation of symptoms. Symptoms 
improve when conflicts are resolved through the therapist- 
patient relationship. The technique has been shown to improve 
symptoms and reduce disability and health care costs in IBS,!% 
especially when a history of abuse is present. !** 

The aim of stress reduction (relaxation training) is to coun- 
teract the physiologic effects of stress. Reduction in skeletal 
muscle tension can decrease autonomic arousal and subjec- 
tive tension and anxiety and may improve intestinal motility. 
Stress reduction and relaxation training includes modalities 
such as guided imagery, relaxation response meditation, yoga, 
and biofeedback. Mindfulness meditation is a form of relaxation 
involving an active nonjudgmental awareness of body sensations 
and emotions. Group mindfulness meditation has resulted in 
a reduction in symptoms and improvement in health-related 
quality of life, as well as reduced stress levels, in women with 
IBS.!85 

Gut-directed hypnosis is a heightened state of awareness and 
mental focus, often induced by deep relaxation, that allows for 
gut-specific healing suggestions to enter the brain without resis- 
tance. Data from studies in different centers support the use 
of hypnosis as an effective, viable treatment option in IBS that 
improves symptoms and quality of life and reduces stress and 
anxiety!**!*7; the beneficial effects of hypnosis have been shown 
to persist at long-term follow up.!** Hypnosis has also shown suc- 
cess in reducing inflammatory markers in stool acquired during 
sigmoidoscopy!*’ and prolonging clinical remission in patients 
with IBD.1%° 

Predictors of a favorable outcome with behavioral treatments 
include the patient’s confidence in treatment success, perceived 
sense of control over symptoms, a good relationship with the 
therapist, and an early response.!°!:!°* The patient must see psy- 
chological care as relevant to personal needs rather than “to prove 
I’m not crazy.” The choice of intervention depends on local 
expertise and availability as well as the patient’s preference. 
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Clinician-Related Issues 


A patient’s psychosocial difficulties may affect the clinician’s 
attitudes and behaviors’ and, if not recognized, may adversely 
affect the patient’s care. Physicians are uncomfortable making 
decisions in the face of diagnostic uncertainty,!?> because the 
assumption is that more knowledge will make the illness more 
treatable. Nevertheless, many clinical treatments are undertaken 
for symptoms or psychosocial concerns that are not based on a 
specific diagnosis, particularly for patients with unexplained com- 
plaints who demand a diagnosis or for those who are thought to 
be litigious. The physician risks excessive diagnostic testing or 
unneeded or harmful treatments in such patients (sometimes 
called “furor medicus”).!”* Alternatively, the physician may not 
believe that the complaints are legitimate and may then exhibit 
behaviors (e.g., referring the patient to a psychiatrist) that the 
patient will recognize as rejection. 

Some patients and physicians experience interpersonal con- 
flicts. The patient, feeling helpless and out of control, may behave 
in ways interpreted by the physician as dependent and demand- 
ing; these feelings may lead to blame or stigmatization by the phy- 
sician. The physician must understand that these behaviors are 
part of the patient’s maladaptive communication style and should 
not be perceived as personal. Some patients develop psychoso- 
cial adaptations to chronic illness (e.g., family attention, con- 
trol through the illness behaviors, disability) that delay ultimate 
improvement, and these patients may not acknowledge the physi- 
cian’s efforts. In these situations, treatment is best refocused from 
efforts to cure to efforts to improve daily function, despite contin- 
ued symptoms. Gratification can be obtained from the personal 
effort rather than from the patient’s expressions of gratitude. 
Finally, each physician must set personal limits in time and energy 
on the care of patients who are particularly challenging. Limiting 
the length of office visits, allocating part of the patient’s care to 
other health care workers, and when necessary, saying “no” to the 
patient are all important methods of achieving a balance between 
the physician’s personal needs and benefit to the patient. 


Full references for this chapter can be found on www.expertconsult.com. 
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An accepted principle of the patient-physician relationship is 
that the patient should make every attempt to regain health, 
including faithfully and unreservedly communicating to his 
or her physician the supposed cause of illness.! In at least 
4 recognized disorders, patients typically or sometimes devi- 
ate from this covenant by self-inducing disease, feigning ill- 
ness, withholding information regarding the cause of illness, 
exaggerating the severity of symptoms, or presenting a false 
medical history or medical records. These disorders include 
factitious disorder (FD), somatic symptom disorder (SSD), 
malingering, and eating disorders. The presumed motive for 
deviation from normal illness behavior varies in these 4 disor- 
ders, but regardless of motive, the result is that the physician 
is deceived. 

The purposes of this chapter are to discuss the possible etiolo- 
gies of these abnormal illness behaviors, provide suggestions on 
how to recognize them, and point out some ethical conflicts that 
confront physicians taking care of such patients. We will empha- 
size the types of deceptive behaviors most likely to be encoun- 
tered in the practice of gastroenterology and the iatrogenic 
diseases that are most likely to develop because of them. We will 
not discuss patients within these groups who present with psy- 
chiatric symptoms or with extreme manifestations of FD, such 
as Munchausen syndrome or Munchausen syndrome by proxy. 


FACTITIOUS DISORDER, SUBTLE FORM 


The subtle form of FD was first described in 1864 by Hector 
Gavin.t He observed it mainly in “indulged females” who 
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“mimicked or counterfeited illness to gain compliance with their 
wishes, or to excite interest, or for the pleasure of deceiving.” 
‘The motive for this behavior is believed to be relief of emotional 
distress by assumption of the “sick role.” These patients are usu- 
ally women in their 30s. Typically they lead an outwardly normal 
life, are employed and medically insured, and are highly coopera- 
tive with their caregivers. FD is considered a psychiatric illness,’ 
but the patients seek medical care from nonpsychiatric physi- 
cians. Case | illustrates subtle FD, which is also referred to as the 
“socially conformist” type of FD.°* 


Etiology and Motives 


According to generally accepted teachings, patients with the 
subtle form of FD consciously and intentionally feign or self- 
induce physical symptoms to assume the “sick role” and thereby 
obtain relief from emotional distress. They present themselves 
with disabilities and disturbances that fall within the purview of 
physicians.’ 

There are several possible explanations for FD behaviors, 
and one can draw on various theoretical frameworks. Learn- 
ing theory suggests that excessive or deceptive illness behavior 
learned earlier in life is the best response the person knows. Psy- 
chodynamic theories draw on a number of possible conflicts— 
particularly in the child-parent relationship—resulting in the 
need to be cared for, the need to deceive, the need for revenge, 
the need to feel in control, the need for mastery over abusive 
parents, and the need to be punished or hurt.!° By focusing on 
a physical illness, the patient can avoid the underlying painful 
feelings prompting these needs. The longing for nurturance and 
the need for distraction from authentic life problems! are also 
possible motivations. Behavioral theories point to exposure to 
and reinforcement of sick-role activity. The self-enhancement 
model!” suggests that individuals covet the specialness of their 
ailments and their relationships with high-status professionals 
(especially doctors). 

There is usually no apparent symbolic significance to the 
selection of the illness that is induced or feigned.!* Patients with 
FD can simulate authentic disease in almost all organ systems 
(Table 23.1). Indeed, a given patient may use different manu- 
factured symptoms and diseases at different times. It is gener- 
ally believed that patients with FD are aware of what they are 
doing, as evidenced by careful planning in most cases. They 
know right from wrong. Their intelligent quotients (IQs) are 
usually normal or high (even if their educational attainment is 
relatively limited), and only very few are psychotic. Some are 
depressed and may have thoughts of suicide. As a group, they 
are sometimes described as being immature and lacking inter- 
personal skills. '!*+ 


Risk of latrogenic Disease 


Patients with FD are usually willing and sometimes appear eager 
to accept dangerous diagnostic procedures in order to sustain 
the sick role. As a result of their deception, unneeded invasive 
and potentially dangerous diagnostic tests, procedures, and treat- 
ments are prescribed, and these may, in turn, result in iatrogenic 
disease. In most cases, the greatest damage to these patients is 


CASE 1 A 37-YEAR-OLD WOMAN WITH DIARRHEA 


The patient began to have diarrhea a few days after undergoing 
reconstructive jaw surgery. Extensive evaluations failed to reveal a 
cause of diarrhea, and the patient was referred to our medical center, 
where she was evaluated as an outpatient. By quantitative stool 
collection, her average stool weight was 1008 g/day (normal stool 
weight for women is 87 + 8 g/day.) The diarrhea was secretory in 
nature according to electrolyte analysis. Fecal fat output was within 
normal limits. Serum gastrin and vasoactive intestinal polypeptide 
(VIP) concentrations were normal, and stool culture revealed no 
pathogens. 

Because we were unable to find a cause of the patient’s chronic 
secretory diarrhea, and because of multiple other medical and surgi- 
cal illnesses prior to the onset of diarrhea (see later), we suspected 
surreptitious laxative ingestion with bisacodyl or senna. However, the 
patient denied ingestion of laxatives, a urine and stool laxative screen 
(Toxi-Lab) were negative, and the patient did not have pseudomela- 
nosis coli on colonic biopsy specimens (see Chapter 128). We did not 
search her personal belongings (which were kept in her hotel room), 
and we did not confront her with our suspicion. She was discharged 
with advice on fluid and electrolyte replacement and symptom man- 
agement, and with an offer to return at any time. 

Approximately 1 year after her evaluation at Baylor University 
Medical Center, the patient went to another medical center, where 
endoscopies were repeated, but no diagnosis was forthcoming. A 
colonoscopy with biopsy was complicated by severe bleeding, and 
she required transfusion of multiple units of blood. Owing to continu- 
ing weight loss, parenteral nutrition was begun. After the diarrhea 
had been present for about 4 years, she returned to Baylor University 
Medical Center. By that time, we had shown that the Toxi-Lab assay 
for laxatives was unreliable. We therefore had her urine analyzed by 
thin-layer chromatography, and it tested positive for bisacodyl. 

We decided to confront the patient in a supportive manner (see 
later) and did so in the presence of her husband, who was with 


TABLE 23.1 Manifestations of Factitious Diseases by Mechanism* 


Mechanism 
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her continuously during her outpatient evaluation. With a few tears, 
she calmly said that she had “absolutely not” been taking laxatives 
and added, “lI don’t know what bisacodyl is.” After discharge, her 
husband searched her closet at home and found an empty box of 
Correctol for Women, which contains bisacodyl. The husband and 
her local physician agreed to obtain psychiatric help for the patient. 
Later, we spoke with members of the patient’s family to try to 
gain insight into her motivation for surreptitious laxative ingestion. 
According to her family, there was no evidence of an eating disor- 
der or sexual abuse. For the previous 6 years, she had worked in 
a doctor's office, where her knowledge of medicine had increased. 
“She's always been a great believer in medicine, and she doesn’t see 
the risks.” She had undergone multiple orthopedic surgeries without 
any clear need, and the jaw surgery was done for a questionable 
indication. These surgeries made her the center of attention. She was 
married to a loving and caring husband. The diarrheal illness started 
about 3 months after her diagnosis of infertility. (Others have observed 
that the onset of FD often begins shortly after a stressful event).°.” 
About 3 years after the diagnosis of FD, the patient’s family and 
some of her local physicians were contacted again for an update. 
Generally, things were much better. Although the decision to confront 
the patient was probably wise, the patient had felt betrayed. She 
never accepted the diagnosis and refused to see a psychiatrist. 
She still had various medical problems with frequent appointments 
with specialists. She remained fascinated with illness but was less 
dramatic and received less attention because of it. Two weeks before 
these conversations, the patient had had hip surgery, and several 
months before she had had a cholecystectomy. Earlier in the year she 
had had surgery to correct damage caused by teeth grinding. “She’s 
probably not taking laxatives anymore, but several times a year her 
potassium level is low, and on one occasion a diuretic was found in 
her urine.” Based on this information, it seems clear that her fascina- 
tion with medicine and her “polysurgical addiction”® continue. 


Manifestations 


Self-induced infection 


Surreptitious ingestion of medicines, vitamins, minerals 


Abscesses, bacteremia, fever, sepsis, wound infection 
Bartter syndrome, bleeding or purpura from coagulation disorder (dicumarol, heparin), 


bone marrow depression, diarrhea, hyperthyroidism, hypoglycemia, hypokalemia 
(laxatives and/or diuretics), hypomagnesemia, liver disease, pheochromocytoma 
(epinephrine injection), renal failure, salt poisoning, vomiting 


Self-induced injury 


Bruises, complex regional pain syndrome (reflex sympathetic dystrophy), deformities, 


dermatoses (may also be induced by ingestion of certain drugs), unhealed wounds 


Phlebotomy (self or animal) 
Thermometer manipulation or substitution of thermometer Fever 


Simulation of the clinical manifestations of specific 
diseases or syndromes (sometimes using falsified 
medical records or contamination of body fluids) 


Anemia, hematemesis, hematochezia, hematuria, melena 


AIDS, cancer, CF, depression, multiple sclerosis, pain syndromes, pancreatitis, proteinuria, 
seizures, psychosis, renal stones 


*Organization was modified from Reference. !* 


due to doctors’ actions, rather than from any direct action by the 
patient.!° FD patients presenting with GI symptoms or signs may 
receive needless laparotomies, gastric or intestinal resections, 
pancreatectomy, renal biopsy, adrenalectomy, or prolonged treat- 
ment with glucocorticoids. Case 2 illustrates some of these points. 


Diagnosis and Detection 


Early recognition of patients with FD is the best way to prevent 
iatrogenic disease, but most internists and gastroenterologists 
never consider FD in the differential diagnosis of patients with 


idiopathic physical symptoms. A factitious etiology of physical 
symptoms simply does not make sense in a traditional medical 
context. Therefore, negative test results for authentic diseases 
are considered false-negative results. The tests are repeated, new 
doctors are consulted, tests with low specificity for extremely rare 
authentic diseases may be performed, and false-positive results 
lead to more tests. 

Even if FD is considered in the differential diagnosis, several 
factors make it difficult for physicians to recognize the subtle form 
of FD. First, these patients do not appear to be different from other 
patients with similar symptoms caused by authentic disease.!°!7 
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CASE 2 IATROGENIC DISEASE IN A 33-YEAR-OLD WOMAN 


The patient felt well until 8 years earlier when she developed con- 
stipation requiring laxatives; later that year she developed diarrhea. 
Colonoscopy revealed mild colitis, and X-rays suggested ileitis. Over 
the next 2 years, the diarrhea persisted despite many different diets 
and medications, including prednisone. Salt depletion occurred 
frequently, requiring multiple hospitalizations. The patient developed 
aseptic necrosis of both hips, presumably the result of prednisone 
therapy, and had a total left hip replacement. Severe diarrhea con- 
tinued, and she underwent several surgical procedures: exploratory 
laparotomy, loop ileostomy without bowel resection, and subse- 
quently a total colectomy with standard ileostomy. The pathology 
report showed nonspecific chronic inflammation. Postoperatively, 
the patient had severe ileostomy diarrhea. A neuroendocrine tumor 
syndrome was suspected, and she was referred for further studies. 
A balance study revealed that the ileostomy volume was 2561 
mL/day (normal 600), the diarrhea was secretory in type, and 
intestinal absorption of dietary fat was normal. Intestinal perfu- 
sion studies showed normal small bowel absorption of water and 
electrolytes. The patient denied use of laxatives since the onset 
of her diarrhea. However, her room was secretly searched, and a 
box of Carter's Little Pills was discovered, which contained several 
anthraquinones including podophyllum and aloin (see Chapter 19). 
A review of her medical records near the time of her colectomy 
revealed a pathology report on a rectal biopsy specimen that de- 
scribed pseudomelanosis coli. 


BOX 23.1 Clues That Increase the Likelihood of Subtle 
Forms of Factitious Disorder 


Predominantly women 

Previous experience in the medical field, which provides an unusual 
grasp of terminology and access to medical supplies 

Multiple surgeries, multiple procedures 

Inexplicable laboratory test results 


Inconsistency and implausibility of certain aspects of the history 

Visits to 3 or more medical centers previously for the same symp- 
toms or to a nationally known referral center, despite residing far 
away 

History of substance abuse or prior psychiatric disorder 

Vagueness about details of past history and/or reluctance to allow 
release of previous medical records 


Second, the psychiatric illnesses they have are not easily recog- 
nized,!* and there is usually no obvious excessive secondary gain 
that these patients are receiving. Third, the patients convincingly 
deny self-induced illness if they are asked.!’!° Fourth, there is a 
lack of communication between current and previous doctors, as 
well as a failure to study old medical records. Fifth, physicians are 
afraid to discuss the possibility of FD with their patients. 

Several clues, if present, increase the likelihood of FD in a 
particular patient (Box 23.1); however, the diagnosis of FD can- 
not be made solely on the basis of clues, so some form of confir- 
mation must be obtained. Box 23.2 provides a list of some of the 
methods that have been used to bolster or confirm a suspicion of 
self-induced illness. 

If the attending physician considers FD and obtains a psychi- 
atric consultation, it is important to recognize that even an expe- 
rienced psychiatrist cannot reliably make or rule out a diagnosis 
of FD by taking a psychiatric history from a patient who is sus- 
pected of having FD but denies it. 


BOX 23.2 Methods That Have Been Used to Bolster or 
Confirm a Suspicion of Self-Induced or Factitious 
Disorder 


Review old medical records and discuss the case with previous 
doctors and family members, if appropriate. Identify discrepancies 
and inconsistencies and estimate the influence of gain derived 
from the sick role. Inquire about psychosomatic illness, previous 
psychiatric treatment, suicide attempts, stress in the patient's life, 
childhood abuse, marital/sexual problems, eating disorders, etc. 
The Internet can be used to facilitate such a review. A forensic 
consultant with access to multiple records can be uniquely helpful 
in identifying conflicting stories. 

Review previous biopsy slides to look for foreign body material 
in wounds,”2 pseudomelanosis coli,2° and other clues, as appropri- 
ate for the patient’s symptoms. 

Obtain a psychiatric evaluation to help determine whether the 
patient has a personality disorder or psychiatric disease, absence 
of which would argue against factitious disease. 

If symptoms and signs may be explained by surreptitious inges- 
tion of medications and poisons, obtain appropriate medication 
and toxicology screens. Consider obtaining a urine test for diuretics 
even in the absence of renal or electrolyte abnormalities. Evaluate 
the results of such screens in light of the sensitivity and specificity 
of the tests used. 

Test biological fluids collected under direct observation and 
compare the results with those for fluids collected privately by 
the patient. For example, compare fecal material obtained at an 
“unprepped” sigmoidoscopy with fecal material submitted by the 
patient. 

Have a member of the nursing staff observe the patient to 
detect tampering behavior. 

Search the patient’s personal belongings (see text). 


Management 


Two main assumptions form the basis for the proposed man- 
agement recommendations. The first is that FD represents the 
patient’s attempt to cope with emotional distress. The second is 
that a supportive attitude by the health care team will make it 
possible for the patient to live through the shame and shattered 
self-image that may result from a diagnosis of FD. Unfortunately, 
almost all management recommendations that have been reported 
were based on experience with patients who were hospitalized. 
We know of no suggested recommendations for outpatients. 

Techniques that have been used for the management of FD 
include confrontation of the patient, psychotherapy, drug treat- 
ment, behavioral therapy, and multidisciplinary approaches. 
Eastwood and Bisson** attempted to evaluate the effectiveness of 
these management methods by reviewing 32 case reports and 13 
case series. Based on their review, these authors concluded that 
the evidence in the literature is insufficient to evaluate the effec- 
tiveness of any management technique. 

Nevertheless, there appears to be a general consensus in 
the literature on several aspects of the treatment of FD, as 
listed in Box 23.3. Although these recommendations are prob- 
ably accepted by most experts, differences of opinion exist on 
the value and wisdom of confronting a patient with a diagnosis 
of FD. Combining the recommendations from the authors of 3 
studies,!*+>.26 there seems to be a consensus that confrontation 
of patients with “confirmed FD” should be done when there 
is a danger of significant iatrogenic disease. All agree that the 
confrontation should be supportive, as enumerated in Box 23.4. 
There is no consensus on whether confrontation should be done 
when FD is suspected but “unproved” or when the danger of 
iatrogenic disease is judged to be small. 


BOX 23.3 Consensus Opinions on the Treatment of 
Factitious Disorder* 


Achievement of insight should not be the principal early goal of 
treatment, because it can weaken the patient’s defenses. 

One person should have primary responsibility for patient manage- 
ment. 

There should be a comprehensive psychiatric evaluation of the 
patient, including assessment for suicide risk. 

All members of a multidisciplinary team should be aware of the as- 
sessment and treatment plan. 

The treatment plan should be individualized. 

Comorhbid illness should be treated appropriately. 

If confrontational techniques are used, they should be nonpunitive 
and supportive. 


*Derived from the literature. 


BOX 23.4 Features of Supportive Confrontation 


Tell the patient what you suspect without outright accusation. 

Support the diagnosis of factitious disease with facts. 

Provide empathetic and face-saving comments.* 

Avoid probing to uncover the patient’s underlying feelings and 
motivations. t 

Assure the patient that the physician will not release the diagnosis 
to others without the patient’s permission, unless required to do 
so by law.* 

Make sure the staff demonstrate continued acceptance of the 
patient. 

Encourage psychiatric help, but do not force the issue. 


*“Maybe you didn’t know what you were taking; this medication could cause 
you to be sick”; “Maybe you took it in your sleep”; “What you did was 
a cry for help, and we understand”; “We realize you must be in great 
distress”; “We want to continue to take care of you.” 

tThis is done to minimize disruption of essential emotional defenses. 

#Later it may be decided to break this promise in patients with potentially 
fatal factitious disease, such as patients who are creating sepsis by 
injecting contaminated material into their bodies. This promise should only 
be broken after consultation and consensus opinion has been obtained 
by an ethics committee, legal personnel, and others, as described in the 
text. 


Management without confrontation is sometimes referred to 
as a “face-saving technique.”?7?8 Here the patient is gently given 
the message that the doctors are wise to the deception and that 
he or she is being offered a chance to abandon factitious disease 
before it is exposed. The patient may be told that “if the next 
treatment fails to work, we are going to be forced to conclude 
that you are the source of your own illness.” The next treatment 
(almost any treatment) is then applied, and a surprising number 
of patients will undergo miraculous improvement rather than risk 
being exposed as a fraud. One report concluded that after such 
nonconfrontational approaches, about one third of the patients 
ended their hoaxes. They may have vigorously denied what they 
were doing, but if the doctors somehow allowed them to save face, 
the behavior stopped for some time. Therefore, the embarrass- 
ment of discovery is avoided in a substantial minority of patients. 
Even if patients admit to some or all the deceptions, however, 
most will continue to induce or feign disease. This trade-off is 
acceptable, provided the danger of iatrogenic disease is judged 
to be small, with the recognition that no therapeutic technique 
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is consistently effective.?’ Although this face-saving technique is 
favored by several experts, the authors are not aware of results 
of this method in a case series of patients with the subtle form 
of FD. 

In general, treatment of FD seldom leads to “cure.” Some 
patients temporarily discontinue their illness-seeking behavior, 
but most are unwilling to accept psychiatric referral and prob- 
ably will continue to self-induce or feign disease. Whenever 
possible, a psychiatrist should assess the patient for comorbid 
psychiatric disorders (e.g., major depression or personality dis- 
orders) that may predispose the patient toward, or contribute 
to expressions of, factitious illness behavior. If underlying psy- 
chiatric disorder can be recognized and treated, the psychologi- 
cal forces driving the FD may be lessened. The patient should 
also be assessed for suicidality and, when appropriate, should be 
transferred to a more secure setting. Psychiatric hospitalization 
is indicated when a patient has suicidal ideation or attempts sui- 
cide, has a deteriorating social situation, or manifests severe act- 
ing-out.’>?? When recovery occurs, it most often results from 
changes in the patient’s life situation rather than from medical 
intervention.’ 


Ethical Issues Related to Privacy and 
Confidentiality 


In some patients with FD, a secret search of a patient’s personal 
belongings can be lifesaving.'* It may also prevent devastating 
iatrogenic disease.*! Moreover, patients may deny self-injury, but 
when they are confronted with evidence obtained from a room 
search, they often stop this practice. 

For 2 reasons it is difficult to secretly search a patient’s 
private possessions in the hospital, even when suspected self- 
induced disease is likely to be fatal. First, there are ethical and 
legal objections to a secret search of a patient’s personal posses- 
sions.** Second, some general hospitals have essentially prom- 
ised that a secret search will not be done (this is not the case 
for most psychiatric hospitals). This “promise” is given to each 
patient admitted to our hospital.**** Keeping the promise is not 
a major problem if there is minimal or only modest risk to the 
patient of serious self-induced or iatrogenic disease. But what 
should be done with a patient suspected of life-threatening FD 
or when the risk of serious iatrogenic disease is deemed to be 
high? One possibility is for the doctor to tell the patient of his or 
her suspicions and ask for informed consent to perform a search 
of the patient’s personal possessions. This approach would 
require planning, including preparation of a specific informed 
consent document. The patient would be told that the search 
is necessary before further invasive diagnostic tests are done. If 
the patient agrees to the search, and if it reveals evidence of FD, 
the suspicion would be confirmed. If the patient does not allow 
a search, the referring doctor (and possibly the patient’s family) 
could be advised about the likely implications in the hope that 
this knowledge would reduce the likelihood of future harmful 
effects of suspected self-induced disease. If the search is nega- 
tive, or if the patient refuses to allow the search, the physician 
may feel compelled to withdraw from the case, provided that 
another doctor can be found who will assume responsibility for 
the patient. Treating a search of a patient’s belongings just like 
any other medical procedure sounds simple enough and has 
been recommended,*” but we know of no reports describing the 
results and effects of asking patients for consent to search their 
personal belongings. 

Some patients with FD forbid physicians from telling their 
families about a diagnosis of FD. This can create a dilemma 
because under the Health Insurance Portability and Accountabil- 
ity Act, physicians can be sanctioned for violating confidential- 
ity, as illustrated by a case reported by Dr. Charles Ford (M.D. 
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Feldman, personal communication, 2000): A medical student’s 
wife cleverly simulated Goodpasture syndrome. Faced with the 
need to provide care for her, the medical student was in danger of 
failing his classes. The wife threatened the consultant (who had 
made the correct diagnosis) with a lawsuit if he violated confiden- 
tiality and communicated the true nature of her disorder to either 
her husband or her primary care doctor. 

The best approach to such dilemmas is to consult with risk 
management and other physicians, such as the hospital’s chief 
medical officer, and with the ethical and legal committees of the 
institution. The issues are best discussed thoroughly in a team 
setting so that a consensus can be reached. 


Legal Issues 


Physicians may assume that they will never be subjected to a mal- 
practice suit from a patient with FD. After all, the patient has fabri- 
cated his or her own illness and did not provide a truthful medical 
history. Nevertheless, the number of plaintiffs with probable facti- 
tious illness who are pursuing lawsuits has been increasing.’ Such 
suits may be prompted by the patient’s rage or represent an effort 
to change the center of attention from the hospital to the court- 
room.*° Similarly, failure by a physician to recognize FD can serve 
as the basis for litigation. In one such case, a former medical stu- 
dent sued 35 physicians collectively for negligence, because they 
treated her with chemotherapy for a cancer she did not have. The 
case was settled out of court.’” Another example involved amputa- 
tion of a leg in a patient feigning reflex sympathetic dystrophy. 

One of the arguments plaintiffs have used against their doc- 
tors is that strong evidence of the factitious etiology of their dis- 
ease was present in the medical records, but the doctor did not 
read those records. It has therefore been concluded that factitious 
disease is not a reliable defense against a bad outcome,** and that 
fraudulent conduct by a patient does not dissolve the legal and 
ethical aspects of the patient-physician relationship.*? 

At the same time, it must be recognized that uncovering 
deceptive behavior does not negate the risk of authentic disease 
or injury. For example, intentional exaggeration of symptoms 
may reflect a desperate attempt at attention for a medical prob- 
lem the patient actually has.!° 

We found no lawsuits related to invasion of privacy, breach of 
confidentiality, or failure to obtain informed consent. Obviously, 
any violation of confidentiality should be in the interest of pro- 
tecting the patient’s health or significantly reducing the damage 
to others.*° Careful and complete contemporaneous documenta- 
tion in controversial cases will afford some protection. Second 
opinions supporting the actions taken will also reduce the likeli- 
hood that a lawsuit will be launched or prove successful. 


RELATED ABNORMAL ILLNESS BEHAVIORS 


Somatic Symptom Disorder 


SSD can be defined as idiopathic physical symptoms that begin 
before age 30, that over time are located in different parts of 
the body, and that cause disproportionally severe disability and 
impaired function. The main symptom is pain. There is no evi- 
dence that pain in patients with SSD is intentionally feigned or 
exaggerated, but there is no way to prove that it is not (see also 
Chapters 12 and 22). 

The onset of physical symptoms often closely follows a 
traumatic event, and the physical symptoms may coexist with 
other psychiatric disorders such as depression. A large majority 
of patients are female. The patients seek medical care for their 
symptoms, but no authentic medical explanation can be found. 
Secondary gain from assumption of the “sick role” is often appar- 
ent. In some patients, symptoms and illness become a means of 
communication,*! and a way of controlling their environment. 


CASE 3 A 20-YEAR-OLD WOMAN WITH ABDOMINAL PAIN 


A college student developed left-sided periumbilical pain associated 
with nausea. She was so disabled by the pain that she had to drop 
out of school. She was placed on opioids, but the pain persisted. 
CT showed a jejunal intussusception. The patient was scheduled 
for abdominal surgery, but her family decided to obtain a second 
Opinion. 

At our center she described her pain as constant, aching, and 
burning (10 of 10 in severity), and located in the left mid-abdomen. 
The pain was not related to meals, bowel movements, or her 
menstrual cycle. She did not have constipation or diarrhea. Her past 
medical history revealed an inguinal hernia, right knee arthroscopies, 
chronic back pain, chronic pelvic pain, depression, fatigue, and a 
menstrual disorder. During physical examination she was passive, 
appeared depressed, and did not appear to be in severe pain. 
There was minimal tenderness to palpation. 

Review of CT images with a radiologist confirmed intermittent 
jejunal intussusception without obstruction. Because it is known 
that most small bowel intussusceptions discovered incidentally by 
CT scans are asymptomatic, transient, and do not warrant surgical 
management,*? we doubted that the jejunal intussusception was 
the cause of her abdominal pain. Endoscopy to the mid-ileum 
revealed no abnormalities. A surgical consultant agreed that the pa- 
tient’s pain was not caused by the jejunal intussusception seen on 
CT scan. The gastroenterologist and the surgeon made a diagnosis 
of SSD. The patient was referred to a psychiatrist to evaluate her for 
depression and suicidal risk. 

Several years later, her condition was more or less unchanged. 
She still had pain, but it was located in the chest rather than the 
abdomen. She had not returned to school or been employed, and 
she appeared to be highly dysfunctional; however, under pleasant 
circumstances, as at a party, she sometimes appeared to be happy 
and physically active. 


The dysfunction and disability attributed to the symptoms often 
appear to be out of proportion to the severity of the symptoms. 
The course of SSD is usually chronic. Once established at a 
young age, it can continue into advanced age.** An example of 
SSD is presented in Case 3. 

The underlying etiology of SSD is unknown, but several 
mechanisms have been proposed. They include the hypothesis 
that patients with SSD experience psychologic distress in the 
form of physical symptoms.** Another theory is that the patient 
learns the behavior that manifests his or her belief in the sup- 
posed affliction and that the resulting “illness” helps the patient 
to cope.*> The boundaries of SSD are obviously not sharp, merg- 
ing imperceptibly with illness anxiety disorder on one side and 
with FD on the other side.* 

Diagnosis of SSD depends on recognizing 2 features of the 
patient’s illness. First, there has been illness-seeking behavior for 
multiple idiopathic symptoms related to different organ systems; 
and second, the disability and dysfunction attributed to the symp- 
toms are disproportionally high. In one report, patients with SSD 
spent 7 days in bed each month, compared with 0.48 days for a 
general population.*° Patients with SSD are not as fascinated by 
doctors as patients with FD. 

Unfortunately, even highly skilled physicians repeatedly fail to 
recognize SSD,” and they, therefore, obtain diagnostic tests for 
rare and then very rare conditions. These patients are highly vul- 
nerable to such practice because repeated diagnostic tests often 
reveal questionable abnormalities that can lead to complications 
from medical treatments (e.g., glucocorticoids or narcotics), inva- 
sive procedures, or surgeries. 

For the management of patients with the SSD, a “caring” 
rather than “curing” approach is recommended.*’ An empathetic, 
long-term relationship should be established, preferably by one 


physician. Regular appointments should be scheduled, and brief 
physical examinations are preferred over extensive diagnostic 
tests and procedures.** Prescribed medication should be kept to 
a minimum, and opioids should be avoided.*’ Because depression 
is common, these patients should be evaluated for suicide risk.’ 
Confrontation should be avoided because motivation in SSD is 
supposedly unconscious, but some awareness of emotional com- 
ponents can be achieved.*’ In a randomized controlled clinical 
trial, it was found that cognitive behavioral therapy was associ- 
ated with significant improvement in self-reported functioning 
and somatic symptoms and decreased health care costs.“ These 
improvements, however, could have been due to the increased 
attention and extra time that was invested in the experimental 
cognitive behavioral therapy treatment.” 


Malingering 


As with the subtle form of FD, Gavin was the first to describe 
malingering.* Malingering is defined as conscious and intentional 
production or exaggeration of symptoms and signs of disease for 
material gain, such as money, lodging, food, narcotics, avoidance of 
military duty, and escape from criminal prosecution. Malingering 
is not always a reflection of greed. It might instead be the result of 
financial desperation or an attempt to escape physical or emotional 
abuse.’ One of our patients with surreptitious laxative ingestion 
stated that she induced her illness in order to keep her husband 
from leaving her. A careful medical and social history is obviously 
required to put this medical deception into proper context.>? 

As with FD, malingerers seek medical care for the symptoms 
and signs they feign or produce, and they hide the true etiology 
of their symptoms from their physicians. Malingerers typically are 
not as willing as patients with FD to accept dangerous diagnostic or 
therapeutic procedures, and they may attempt to minimize contact 
with health care professionals in order to avoid detection.*° 

The distinction between malingering and FD is based on the 
perception of motive: material gain for malingering and emo- 
tional gain from the sick role for FD. Perception of motive, 
however, is not always correct and is subject to bias.*° Clinicians 
should also be aware that an individual’s goals, whether internal 
or external, conscious or unconscious, can vary over time or co- 
exist.’! Moreover, the Diagnostic and Statistical Manual of Men- 
tal Disorders, fifth edition,’ recognizes that motives can merge 
in individual cases and allows simultaneous diagnosis of FD and 
malingering. Unlike FD and SSD, malingering is not considered 
to be a mental disorder. 


Factitious Behavior in Patients With Bulimia 


Patients with eating disorders often develop GI symptoms, many 
of which are caused by laxative abuse or self-induced vomiting 
(see Chapter 9).5* When they seek medical care for these symp- 
toms, they often do not inform their doctors about their eating 
disorder or their purging activity. The motives for such abnormal 
illness behavior were explored in a videotaped interview*? con- 
ducted by Dr. Michael Carmichael, an internal medicine resi- 
dent. Parts of that interview are as follows: 


Patient: When I first went into the hospital and had tests run, 
they found nothing at all. 

Doctor: Okay. Were you taking any medicines at that time? 

Patient: No medicines, no. 

Doctor: Were you taking laxatives at that time? 

Patient: Yes. 

Doctor: Okay. What happened after that, after you left the hospital? 

Patient: I was better for a while and then I got worse a few months 
later and went into another hospital and had the same tests 
done again. The only thing they found was that I had gastritis. 
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Doctor: And yet, the doctors in these hospitals did quite a few 
tests on you, and even some tests that ’m sure were painful 
and expensive and a lot of trouble for you. Did you think about 
that? I’m curious about what you thought about all of that. 

Patient: I really thought, tried to tell myself, that there must be 
something else wrong. 

Doctor: Did the doctors ever ask you at that time about laxatives 
and if you were taking them? 

Patient: No. 

Doctor: If the doctors had told you that you needed an operation, 
say, to find out what was wrong with you, what do you think 
your reaction would have been to that? 

Patient: I believe I would have gone along with whatever they said. 

Doctor: Why? 

Patient: I really don’t know. 

Doctor: Can you tell us a little more about taking the laxatives 
and specifically why you picked laxatives as opposed to some- 
thing else? 

Patient: I felt that I could eat anything I wanted to and for the 
first time not have to worry about what I ate and still not gain 
any weight. 

Doctor: So it was to keep your weight down. 

Patient: Right. 

Doctor: Okay. You were taking Correctol, I think. Isn’t that cor- 
rect? 

Patient: Yes. 

Doctor: How many did you take, would you say, in a day’s time 
on average? 

Patient: At the worst time, I guess about 40 a day. 

Doctor: Forty tablets a day. That’s a lot of tablets. 

Patient: Yes. 

Doctor: How did you feel when we told you that we thought the 
problem with the weight loss was because you were taking 
laxatives? What did you think when we brought this up? 

Patient: I was so relieved. I’ve never felt that relieved in my life. 
I wanted somebody to know, but I couldn’t bring myself to 
tell anyone. 


Untaped interviews with other patients revealed qualitatively 
similar motivations, except that some recognized the cause of their 
GI symptoms and sought medical care only because their families 
insisted on doing so. None showed evidence of seeking a sick role 
for relief of emotional distress. All experienced shame for their purg- 
ing behavior and for concealing it from their doctors. Two of these 
patients had undergone abdominal surgery for their GI symptoms. 

To evaluate the degree to which laxatives reduce caloric 
absorption after binge eating, normal subjects and 2 patients 
with bulimia were studied in a metabolic research laboratory. 
The results revealed that laxatives had a relatively small effect 
on calorie absorption.’ For example, after ingesting food con- 
taining 1726 kcal followed by 50 Correctol tablets, one of the 
patients had 6.1 L of diarrheal fluid weighting 13.6 pounds. This 
high-volume diarrhea decreased caloric absorption by only 188 
kcal, compared with a control test day when the patient ingested 
similar foods without Correctol. 


SPECIAL ISSUES RELATED TO GASTROENTEROLOGY 
Surreptitious Laxative Ingestion 


Diarrhea caused by surreptitious ingestion of laxatives is often 
associated with abdominal pain, weight loss, electrolyte derange- 
ments, and/or postural hypotension. Depending on which of 
these manifestations are revealed to the physician and which are 
hidden, the clinical presentation can be highly variable. Diarrhea 
in association with hypokalemia, abdominal pain, weight loss, 
or postural hypotension have different well-known connota- 
tions that provoke specific diagnostic studies. If the existence 
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of diarrhea is hidden, the patient may appear to have an exotic 
disease that creates excitement among nephrologists and endo- 
crinologists.*+°> In any case, the usual tools of gastroenterology 
will not reveal the correct diagnosis and will often be mislead- 
ing. Only gastroenterologists who know the information in Boxes 
23.1 and 23.2 will be likely to make the correct diagnosis. 


Factitious Diarrhea 


When gastroenterologists refer patients with chronic idiopathic 
diarrhea to a medical center that has a special interest in diarrheal 
disease, the most common specific diagnosis that can be made is 
ingestion of laxatives (see Chapter 16).°° To a significant degree, 
diagnosis of laxative ingestion in patients who deny laxative 
intake depends on the ability to detect laxatives or their metabolic 
products in stool or urine by analytical methods. It is important 
to recognize, however, that any mistakes in the determination 
of laxative intake could have serious deleterious consequences. 
False-negative results delay the diagnosis of factitious disease for 
years and contribute to complications from unnecessary or inap- 
propriate medical or surgical therapy. Conversely, false-positive 
results prematurely stop the diagnostic evaluation for an authen- 
tic disease and may result in a patient’s being incorrectly accused 
of self-induction of disease, which could cause severe psychologi- 
cal harm. 

Bisacodyl and senna are the most common laxatives ingested 
surreptitiously to produce factitious diarrhea.’ Research labo- 
ratories have reported 100% sensitivity and specificity for iden- 
tification of these drugs by thin layer chromatography (TLC) 
of urine, and it has been recommended that patients with idio- 
pathic diarrhea be routinely tested for ingestion of these laxatives 
before invasive or costly diagnostic and therapeutic procedures 
are performed.!”:'* Before 2007, a reference laboratory in the 
USA offered TLC analysis on urine and stool to detect inges- 
tion of these drugs. To evaluate the accuracy of the procedure, 
we induced diarrhea in healthy volunteers by having them ingest 
bisacodyl, senna, or control laxatives. Samples of urine and diar- 
rheal stool were sent in blinded fashion to the clinical reference 
laboratory for bisacodyl and senna analysis. The results showed 
that this laboratory’s TLC assay for senna had a sensitivity of 
0%; in other words, all subjects with diarrhea due to senna had 
false-negative results. The company’s assay for bisacodyl yielded 
false-negative results in 18% and false-positive tests in 7% of sub- 
mitted urine and stool samples. The calculated predictive value 
of a positive test for bisacodyl in urine as a function of the preva- 
lence of bisacodyl-induced diarrhea in various populations is 
shown in Fig. 23.1. The reported frequency of bisacodyl-induced 
diarrhea among patients with cryptogenic diarrhea under the 
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Fig. 23.1 Correlation between the likelihood that a positive urine 
test for bisacodyl by thin-layer chromatography is a true-positive or a 
false-positive result and the frequency of bisacodyl-induced diarrhea in 
tested populations. 


care of a general practitioner is about 2.4%.°’ At this frequency, 
the vast majority of positive urine tests for bisacodyl would show 
false-positive results. Aside from analytical mistakes in the testing 
procedure, part of the problem with TLC may be that the results 
are reported as “none detected” or “positive,” rather than quanti- 
tatively in terms of weight per liter or weight per day. Theoreti- 
cally, miniscule quantities of contamination (too small to induce 
diarrhea) from ingested substances or from endogenous metabo- 
lism might produce false-positive results. 

This same reference laboratory currently offers tests on urine, 
but not on stool, for bisacodyl and anthraquinones by high-per- 
formance liquid chromatography/tandem mass spectroscopy. 
These results are also reported on a positive or none-detected 
basis without quantification, and we are aware of no studies on 
the sensitivity and specificity of these procedures when samples of 
urine from normal research subjects ingesting different laxatives 
are submitted for blind testing. Based on all information available 
to us in 2019, we believe that these tests should not be ordered 
unless there is judged to be a high likelihood of factitious disease 
(see Boxes 23.1 and 23.2) and unless stool analysis has revealed 
secretory diarrhea. Any positive result obtained on a patient with 
osmotic diarrhea would almost surely be falsely positive because 
bisacodyl and senna do not cause osmotic diarrhea. This situation 
would change if a commercial laboratory would prove that their 
tests for bisacodyl and anthraquinones in urine are highly specific 
and sensitive in people with diarrhea. 

In patients with chronic idiopathic diarrhea, analysis of fecal 
fluid for monovalent electrolytes (Na, K, and Cl), pH, and osmo- 
lality can identify the presence of osmotic or secretory diarrhea 
(see Chapter 16). When osmotic diarrhea is induced by ingestion 
of poorly absorbed solutes such as magnesium, sulfate, phosphate, 
or polyethylene glycol, chemical methods can quantitatively 
determine their percent content in fecal fluid.’ The effects of 
these osmotic laxatives have been studied in normal subjects, 
and the fecal fluid concentrations from normal people and from 
normal people with laxative-induced diarrhea have been estab- 
lished for each solute. When this method of testing was evalu- 
ated in 158 patients with chronic idiopathic diarrhea, 8% (12 of 
158) were found to have diarrheagenic concentrations of one of 
these osmotic laxative in their fecal fluids.°* (Lactulose also causes 
osmotic diarrhea, but by fecal analysis it would be indistinguish- 
able from “legitimate” causes of carbohydrate malabsorption.) 
These results indicate that early use of simple chemical tests in 
patients with idiopathic chronic osmotic diarrhea would markedly 
reduce utilization of expensive and sometimes dangerous diag- 
nostic procedures that have no ability to detect laxative ingestion. 

Finding a true positive test for laxative ingestion in a patient 
with idiopathic chronic diarrhea is not conclusive evidence for 
surreptitious laxative ingestion or factitious diarrhea, because 
the patient may have been unknowingly ingesting the laxative 
in a medication (magnesium in an antacid, for example) or in a 
health supplement (which may contain anthraquinones). Innocent 
explanations such as these need to be carefully considered when 
a positive test for laxative intake is obtained.” Unknown laxative 
ingestion is among the most satisfying diagnoses that a physician is 
likely to make in patients with chronic idiopathic diarrhea because 
stopping inadvertent laxative intake can cure chronic diarrhea. 

Diarrhea can be feigned by diluting stool with water. This 
dilution can be carried out in vitro after a stool specimen is col- 
lected or in vivo by giving oneself a tap water enema and then 
collecting the rectal effluent. This type of factitious diarrhea can 
be identified by measuring osmolality of the fecal fluid superna- 
tant and finding values far below the average physiological level 
of 290 mOsm/kg. In a patient seen at our institution, fecal fluid 
from a submitted 48-hour stool collection had an osmolality of 83 
mOsm/kg. This dilutional form of factitious diarrhea would not 
be detectable by measurement of fecal fluid osmolality if stools 
were diluted with normal saline. 


As discussed in Chapter 128, pseudomelanosis coli develops 
in more than 70% of patients who use anthraquinones laxatives 
(e.g., cascara, aloe, senna, etc.), on average within 9 months of 
regular intake of these products. The effect is said to be reversible 
within 1 year of discontinuing the intake of an anthraquinone. 
Finding this pigment (lipofuscin) at colonoscopy or in biopsy 
specimens is suggestive, but not diagnostic, of recent anthraqui- 
none ingestion. Other apparent causes for this condition include 
ingestion of an NSAIDs.°° 


Concealed Vomiting 


In the early part of the 20th century, gastroenterologists and sur- 
geons recognized that persistent vomiting due to gastric outlet 
obstruction could lead to severe toxemia, with volume depletion, 
hypochloremic metabolic alkalosis, hypokalemia, uremia, and 
tetany.°! Based on subsequent clinical research, it was discovered 
that the pathogenesis of vomiting-induced electrolyte abnormali- 
ties is as follows: vomiting > loss of HCI and volume contraction 
> metabolic alkalosis > increased renal excretion of bicarbonate 
> increased renal excretion of potassium and sodium > hypoka- 
lemia, and more volume contraction. The alkalosis also causes 
potassium to move from extracellular fluid into the intracellular 
spaces, further reducing the serum potassium concentration. 

In the 1960s, hypokalemia and hypochloremic alkalosis due 
to primary renal potassium wasting (Bartter syndrome) were 
reported.® Soon thereafter, it was shown that concealed vomit- 
ing or surreptitious thiazide ingestion could mimic almost all fea- 
tures of Bartter syndrome, including high plasma concentrations 
of renin and aldosterone and hyperplasia of the juxtaglomerular 
apparatus.°*-° Suddenly, the metabolic effects of surreptitious 
vomiting were exciting topics at medical Grand Rounds, and this 
reawakened interest in other causes of chronic vomiting. 

When patients surreptitiously self-induce vomiting and then 
present to physicians seeking a cause for their vomiting, identify- 
ing the factitious nature of the vomiting can be difficult. When 
patients conceal episodes of induced vomiting and present with 
hypochloremic alkalosis and hypokalemia, they will be subjected 
to diagnostic studies that suggest Bartter syndrome or other rare 
diseases with similar features. A useful clue to concealed vomiting 
as the cause of hypokalemia and alkalosis is an extremely low rate 
of urine chloride excretion, even when a patient is ingesting a diet 
containing a normal amount of chloride; this is not present in 
Bartter syndrome or surreptitious thiazide ingestion.°? 

The interesting history of syrup of ipecac has been reviewed.°’ 
In 1965, the FDA granted over-the-counter status for this com- 
pound as an emetic. This designation was rescinded in 2003,68 
because of lack of clinical benefit in poisoned children, adverse 
events, and abuse by bulimic patients.°” 


Factitious Anemia and Factitious GI Blood Loss 


Factitious anemia should be considered when there are repeated 
instances of unexplained sharp drops in the hemoglobin concen- 
tration, with appropriate but unsustainable responses to blood 
transfusions.’”” Patients with FD usually use phlebotomy and/ 
or placed IV lines for self-bloodletting to create factitious ane- 
mia. They may also ingest collected blood by mouth to mimic 
hematemesis and melena or add the blood to urine or stool 
samples to create hematuria and hematochezia, respectively. A 
patient was described who lacerated her distal colon with long 
knitting needles, thereby resulting in bloody diarrhea.’! A patient 
with cirrhosis and acute upper and lower GI bleeding under- 
went colonoscopy, which revealed linear ulcers in the rectum, 
and 2 straight-edge razor blades were found in the cecum.’ 
One report” discussed a 23-year-old patient who had repeated 
admissions to the hospital for GI bleeding. Multiple endoscopic 
studies revealed no authentic bleeding site. Several therapeutic 
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procedures were performed, including embolization of gastric 
blood vessels. Later, her physicians noted behavioral features 
of FD, including lack of concern over her long hospital admis- 
sions and her willingness to tolerate multiple endoscopic proce- 
dures with minimal sedation. On discussion with the patient, she 
admitted storing collected blood from her peripherally inserted 
central catheter (PICC) line in a plastic bottle that was found in 
her bedside cabinet, along with syringes. Another patient created 
anemia and apparent GI bleeding by using needles to venesect 
herself from the axilla and then ingested the blood via a straw.’+ 
If a patient withdraws blood from herself or himself after being 
injected with isotope-labeled red blood cells and then drinks the 
blood or injects it into the abdominal cavity, bleeding scans can 
be abnormal and may lead to inappropriate treatment.’>”° 


Factitious Cancer 


Patients who feign cancer often enter a new institution seek- 
ing to continue treatment for their “cancer” and claim that they 
were referred by doctors in another city or state. They provide a 
convincing history, have scars compatible with previous surgical 
treatment for cancer, and often provide a (false) pathology report. 
They claim that their other medical records will be sent shortly. 
Alternatively, or in addition, some patients feign cancer and gain 
entrance into cancer support groups. One such patient partici- 
pated in classes on death and dying. The class was so moved by 
her courage that it raised money for her to ride in a hot air bal- 
loon—one of her “final wishes.”’7 

Several motivations apparently cause people to feign cancer. 
One is secondary material gain (malingering, perhaps to obtain 
narcotics). Another is an unconscious need to deceive the medical 
system and be subjected to diagnostic tests and therapeutic proce- 
dures. Some may seek the social status associated with the diagno- 
sis of cancer (e.g., being lauded as a “survivor”) and take advantage 
of displays of sympathy and gifts from friends, coworkers, and oth- 
ers.” Some apparently feign cancer because someone they loved 
had cancer. One woman later stated that she was hoping to die 
as a result of immunosuppression.’* Several of these motives may 
be present simultaneously. Whatever the motivation, the onset of 
feigned cancer seems to commonly occur after rejection by a loved 
one or after some other type of loss. Loneliness and isolation seem 
to be the precipitating factors in many people who feign cancer. 

Medical records would almost always be required before a 
patient is given chemotherapy for cancer or is subjected to cancer 
surgery. Patients who desire to feign cancer may steal and alter 
authentic records from other patients’ medical charts and pass 
them off as their own. In one case, a patient scanned and modified 
records, making it even more difficult to recognize their fraudu- 
lence.’ Gaining access to medical terminology, symptomatol- 
ogy, pathology reports, and diagnostic and treatment plans would 
be easiest for a hospital employee, probably explaining why the 
best and most complete forgeries are from people who work in 
hospitals. Despite oncologists’ efforts to review medical records 
carefully, fabrications have been good enough in some cases to 
allow people with FD to obtain chemotherapy.’® 

The diagnosis of factitious cancer is usually made by detection 
of inconsistencies in the medical history, evidence of fabrication 
of medical records, lies patients tell about their health insurance 
or personal histories, or fortuitous doubts about the patient’s story 
raised by doctors. Claims of prolonged survival with a usually 
lethal cancer have helped reveal factitious cancer in some cases. 


Lessons From Case Reports 


‘Table 23.2 lists brief summaries of selected case reports to further 
illustrate the wide variety of factitious diseases that can occur in 
the practice of gastroenterology. 


348 PART III 


Symptoms, Signs, and Biopsychosocial Issues 


TABLE 23.2 Cases of Factitious Disorder (FD) in Gastroenterology 


Presentation 


Comments 


Fistulizing Crohn disease with 
stomal bleeding’? 


Refractory celiac disease®° 


Porphyria®! 


Death from liver failure®? 


Intestinal pseudo-obstruction®> 


A double deception leading 
to the diagnosis of Bartter 
syndrome®4:85 


Recurrent wound infection in 
a woman who had recently 
donated part of her liver for 
transplantation®® 


Induced vomiting to create 
treatment-resistant 
hypertension®’ 


Fatal nonthrombotic pulmonary 
embolization®® 


Recurrent pancytopenia in a 
woman with Crohn disease®? 


Histology revealed only nonspecific abnormalities, and inflammation was more severe in the serosa than in the 
mucosa, suggesting extrinsic trauma. The disease was caused by self-inflected wounds using a needle inserted 
through the vagina, rectum, and stoma. 


The patient had celiac disease that initially responded to a gluten-free diet. She later developed severe diarrhea, 
believed to be due to refractory celiac disease. The diagnosis was established by fecal analysis, which revealed that 
the diarrhea was caused by ingestion of milk of magnesia. Had the correct diagnosis of FD not been established, 
the patient would have received immunosuppressive therapy. 


A patient with abdominal pain and red urine. Freshly passed urine was red, but in porphyria, freshly passed urine 
is normal in color and turns red or brown when exposed to daylight. A room search revealed a drug containing 
rubazonic acid, a red-in-acid solution. 


Nosebleeds, anemia, alopecia, hepatomegaly, and elevated liver biochemical test levels in a 29-yr-old woman. A liver 
biopsy done about 18 mo before her death revealed changes suggestive of hypervitaminosis A (including fat-laden 
stellate cells). Although her serum vitamin A level was high, she denied excess intake of vitamin A. Just before 
death, she admitted that she had surreptitiously ingested grossly excessive amounts of cod liver oil. 


An 18-yr-old man had GI and urinary findings that led to a diagnosis of intestinal pseudo-obstruction. He became 
bedridden and required TPN and repeated daily bladder catheterizations, but physiologic testing revealed no 
evidence of a GI or bladder motility disorder. The patient’s mother was suspected of Munchausen syndrome by 
proxy. The patient’s stool and urine tested positive for emetine, a component of ipecac. The patient was completely 
well after 1 wk of court-ordered separation from his mother. The final diagnosis was Munchausen syndrome by 
proxy. 


This patient developed episodic paralysis associated with hypokalemia and metabolic alkalosis. Plasma concentrations 
of renin and aldosterone were high, and a renal biopsy specimen revealed hyperplasia of the juxtaglomerular 
apparatus, yielding a diagnosis of Bartter syndrome.®* Subsequently, it was discovered that the patient was 
surreptitiously ingesting phenolphthalein but had been hiding the fact that she had diarrhea.®° 


Five weeks after liver donation, a postsurgical wound infection with septic shock developed. The donor’s hospital 
bill was huge and was sent to the recipient’s insurance, thereby threatening the recipient's lifetime benefits. FD 
was suspected because antibiotic-sensitive polymicrobial bacteria were cultured. Past medical records revealed 
evidence of previous FD. 


A 25-yr-old woman with hypertension used self-induced vomiting to increase her blood pressure by eliminating the 
effect of her antihypertensive medication. Her motive was to achieve a prolonged hospitalization in order to avoid a 
stressful home environment. 


A 32-yr-old woman was on TPN following complications of a Roux-en-Y gastric bypass and pancreatic auto-islet 
cell transplantation. She presented with recurrent episodes of bacteremia with atypical pathogens. Sudden 
cardiac arrest with right-sided heart failure resulted in her death. The cause of death at autopsy was attributed 
to complications from pulmonary microcrystalline cellulose emboli, which likely resulted from self-injection of oral 
medication through a central line. 


A 50-yr-old woman with a history of fistulizing Crohn disease was previously treated with 6-mercaptopurine (6-MP) but 
was told to stop the medication due to drug-induced pancreatitis. Two months later she presented with recurrent 
pancytopenia. Results of a repeat bone marrow biopsy were nondiagnostic. Thiopurine metabolite testing showed 
that 6-MP was present with levels that predispose to toxicity even though 6-MP had been discontinued several 
months earlier. The patient denied refilling the old prescription and taking the 6-MP, but her community pharmacist 
confirmed that a refill of 6-MP had been dispensed recently. Pancytopenia was attributed to surreptitious ingestion 
of 6-MP. 


CASE 4 A 31-YEAR-OLD MAN WITH ABDOMINAL PAIN 


This patient was admitted to our hospital because of severe abdomi- 
nal pain during the previous 6 weeks.°° The pain was mid-albdominal 
in location and was present mainly after meals. He had lost about 12 
pounds in weight. Physical examination revealed no signs of peritoni- 
tis. The results of EGD, colonoscopy, CT, US, and ERCP were normal 
except for a small benign gastric ulcer. His pain did not respond to 
potent antiulcer medications, so the ulcer was not believed to be the 
cause of his pain. 

A psychiatrist examined the patient and noted major depression 
with melancholia, recurrent type, with somatization, and an amphet- 
amine was prescribed. The medication seemed to help initially, and 
the patient was feeling better the next day; however, on the follow- 
ing day, he was again having severe abdominal pain after meals. His 
abdomen was soft and without tenderness, and bowel sounds were 
normal. Demerol was given. Progress notes stated, “Pattern of com- 
plaints and his response to antidepressant are indicative of psycho- 


genic pain problem coupled with dependent/oppositional personality 
disorder,” and “Patient continues to be quite regressed. He makes the 
most secondary gain of each and every somatic concern.” 

On the 10th day of hospitalization, the patient was lying in the fetal 
position with constant severe abdominal pain. Periumbilical tender- 
ness was present, but there was no rebound tenderness. A progress 
note said, “His mom and friends hovering over him. He does seem 
depressed, but the pain syndrome seems psychogenic in origin (not 
a depressive equivalent) and secondary to his dependent narcissistic 
personality structure.” Two days later a feeding tube was placed, 
and the patient was transferred to a psychiatry unit, where later he 
was found unresponsive. An abdominal film showed air under the 
diagram. The patient died a short time later. An autopsy revealed 
that patient’s superior mesenteric artery was completely occluded 
by atherosclerosis, which led to necrosis and perforation of his small 
intestine.°° 


PITFALLS IN THE DIAGNOSIS AND MANAGEMENT OF 
ABNORMAL ILLNESS BEHAVIOR 


In Case 4, no organic cause was found to explain his severe 
abdominal pain and weight loss. ‘This led a gastroenterologist to 
suspect a psychiatric explanation for the patient’s symptoms, and 
a psychiatrist was consulted. After taking a psychiatric history and 
observing the patient, the psychiatrist made a diagnosis of “psy- 
chogenic pain,” a term that implies that pain is caused primarily 
and maintained by emotional distress. This diagnosis was fully 
accepted by the gastroenterologist, and the patient was trans- 
ferred to a psychiatric unit of the hospital. 

The thought processes were erroneous for 2 reasons. First, 
physical (or organic) disease cannot be excluded with certainty, and 
failure to discover an organic disease to explain severe abdominal 
pain did not constitute evidence for a psychiatric etiology in this 
case. Moreover, there were no clues suggesting positive evidence 
for abnormal illness behavior. Although consulting a psychiatrist to 
help manage any associated depression may have been wise, the gas- 
troenterologist should have known that a psychiatrist cannot accu- 
rately diagnose emotional distress as the primary cause of severe 
abdominal pain by performing a psychiatric evaluation. Second, the 
psychiatrist should have known that secondary gain is part of normal 
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illness behavior, and he should have recognized that there was no 
supporting evidence for abnormal illness behavior. He should not 
have made a diagnosis of “psychogenic pain,” which closed the 
door to a further search for a medical cause of this patient’s severe 
abdominal pain, which was classic abdominal angina.” 

In this regard, the advice of Nadelson rings true: “The psy- 
chiatrist must encourage the referring physician to confront the 
patient on the basis of clinical evidence, recognizing that the psy- 
chiatrist’s own diagnostic acumen may fall short of divining the 
hidden truth.””! According to our interpretation of this advice, 
a diagnosis of abnormal illness behavior as the primary cause of 
physical symptoms should be based on clinical evidence (such as 
that discussed in Boxes 23.1 and 23.2), rather than on information 
gained from a psychiatric evaluation. In this case, the negative 
clinical evidence could have been compiled by either the gastro- 
enterologist or the psychiatrist. Unfortunately, no one did it. 
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Oral Diseases and Oral Manifestations of 
Gastrointestinal and Liver Diseases 


LIP DISORDERS 


The lips are paired structures that are highly visible in the mid 
face and function to facilitate mastication, speech, and numerous 
habits. The lips are symmetric from left to right. Separating the 
cutaneous aspect of the lip from the vermilion aspect is a slightly 
raised border called the vermilion border. 


Cheilitis 

Cheilitis, inflammation of the lips, may include the vermilion, the 
mucosa, and the perioral skin, including the oral commissures. 
‘Treatment involves targeting or discontinuing the underlying cause 
of the inflammation. 

Angular cheilitis (angular cheilosis, angular stomatitis) pres- 
ents as painful edema and fissures due to inflammation and irri- 
tation at the oral commissures. Vitamin B, (riboflavin) or iron 
deficiency may cause cheilitis. Infections may cause irritation to 
the lips. Oral habits like lip licking and lip biting may also predis- 
pose patients to angular cheilitis.! 

Exfoliative cheilitis (chronic chapped lips) is a chronic inflamma- 
tion of the vermilion. Patients complain of dryness or itching in the 
setting of a wide variety of disorders (e.g., atopic dermatitis, pso- 
riasis, chronic irritation, and allergies). Topical glucocorticoids or 
calcineurin inhibitors may be effective for symptomatic treatment. 

Contact cheilitis, precipitated by an irritant or allergic reac- 
tion, presents with lip and perioral edema, erythema, and scale. 
Fragrances, lanolin, dodecyl gallate, and benzoyl peroxide in per- 
sonal hygiene products and cosmetics, foods, personal habits, and 
topical medications (e.g., gentamicin) have been indicated as eti- 
ologies of allergic contact cheilitis. The most common allergens 
include fragrance mix and balsam of Peru.’ 

Granulomatous cheilitis is a rare condition that presents with 
recurrent lip swelling associated with chronic enlargement and 
firmness of the lips.’ Lip biopsy shows noncaseating granulomas. 
Granulomatous cheilitis is associated with Crohn disease and 
tuberculosis, and as a component of Melkersson-Rosenthal syn- 
drome (a rare condition characterized by fissured tongue and gran- 
ulomatous cheilitis, with or without facial palsy and migraine).*> 


Lip Neoplasms 


Actinic cheilitis (actinic keratosis of the lip, solar cheilosis) is a pre- 
malignant lip epithelial dysplasia linked to chronic solar or ultraviolet 
radiation. Fair-skinned individuals, especially those with occupa- 
tional exposure, older-age individuals, and those with a history of 
solid organ transplant (with subsequent immunosuppression) have 
a higher risk of developing actinic cheilitis.° 7 While the presenta- 
tion is variable, loss of the vermilion border, with diffuse erythema, 
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patchy whiteness, dryness, and vermilion scaling are the most typi- 
cal symptoms. Lip biopsies from multiple sites should be taken, as 
location and degree of lip dysplasia cannot be predicted by clinical 
presentation alone. While there are currently no FDA-approved 
treatments for this disorder, treatment of the entire lip is indicated, 
as actinic cheilitis may progress to squamous cell carcinoma (SCC). 
SCC is the most common oral neoplasm and most commonly 
affects the lower lip. Fair-skinned Caucasians, men, and HPV 16 
or 18 infection may predispose patients to this malignant transfor- 
mation of lip epithelial cells. Because SCC is a high-risk source of 
metastases, the diagnosis should include staging at initial evalua- 
tion. Treatment includes surgical excision and radiation therapy. 


SALIVARY DISORDERS 


Oral health is predicated on adequate saliva. Saliva facilitates 
normal functions such as eating, swallowing, and speaking. Saliva 
also has anticaries effects, begins the digestive process, and pro- 
vides antibacterial, antifungal, and immunologic effects.” !° 


Xerostomia 


Xerostomia (dry mouth) is a common complaint that results from 
destruction or atrophy of the salivary glands. Autoimmune dis- 
ease (Sjögren syndrome, SLE, primary biliary cholangitis), radia- 
tion therapy, diabetes mellitus, infection, granulomatous diseases 
such as sarcoidosis and tuberculosis, chronic graft-versus-host 
disease, end-stage renal disease, hemochromatosis, amyloidosis, 
and Parkinson, as well as a variety of medications—anticholin- 
ergics, H, antihistamines, tricyclic antidepressants, selective 
serotonin reuptakes inhibitors (SSRIs), hypnotics, sedatives, anti- 
hypertensives, antipsychotics, antiparkinson agents, and diuret- 
ics—can cause dry mouth.!! 1? Xerostomia can predispose to oral 
candidiasis.'* It is not surprising that as patients age, the increas- 
ing number of medications and associated predisposing condi- 
tions may further contribute to the development of xerostomia.!* 

Beyond physical exam, sialometric tests measuring salivary flow 
rate or stimulated salivary production, and salivary gland scintigra- 
phy may be helpful in the diagnosis and therapeutic management of 
xerostomia.'* Sucking on sugarless mints and chewing gum helps 
stimulate increased salivary flow, which in turn assists in debris 
removal without increasing the risk of developing caries. Patients 
with xerostomia should avoid sweets and acidic foods or beverages 
to limit caries induction. Patients should be encouraged to sip water 
and suck ice chips frequently. Preparations containing 1% sodium 
carboxymethylcellulose may be used to moisten the oral cavity. Sali- 
vary stimulants such as cevimeline (Evoxac), 30 mg 3 times daily, 
or pilocarpine (Salagen), 5 mg 3 to 4 times daily, are effective sialo- 
gogues.!° Preventative pilocarpine use during radiation therapy may 
lessen the grade of radiation-induced xerostomia.'® Acupuncture, 
intraoral electrostimulation, and hyperbaric oxygen or amifostine for 
radiation therapy patients are emerging further management tools. !? 


Sjögren Syndrome 


Sjögren syndrome is a chronic autoimmune disease classified by 
the triad of xerostomia, keratoconjunctivitis sicca (dry eyes), and 
arthritis, but other systemic effects (extraglandular) are recog- 
nized (see Chapter 37).!° Over 4 million Americans are affected, 
with women outnumbering men by 9:1. Sjögren is character- 
ized as primary when no other disorders are present or secondary 
when other systemic diseases are present. Oral manifestations of 
Sjögren syndrome are due to destruction of the salivary glands 
by a lymphocytic infiltrate that results in diminished or absent 
saliva, resulting in difficulty chewing, odynophagia, diminished 
taste and smell, mucosal erythema, increased incidence of dental 
caries, oral candidiasis, and salivary gland calculi. Marginal zone 
lymphoma, a non-Hodgkin lymphoma, is the most serious com- 
plication of Sjégren syndrome. Diagnosis is usually made based 


BOX 24.1 Primary and Secondary Glossodynia and 
Associated Etiologies 


PRIMARY (IDIOPATHIC) 


Normal-appearing tongue with no other etiology found by taking 
history or physical examination 

SECONDARY 

Oral Disorders 

Infection (candidiasis, fusospirochetal, viral) 

Allergic/contact hypersensitivity (dentures, amalgams, additives) 
Mechanical trauma (abnormal tongue habit, dentures) 
Xerostomia 

Geographic tongue 

Fissured tongue 

Vesiculobullous disease 

Temporomandibular dysfunction 

Referred pain from teeth or tonsils 

Systemic Disorders 

Anemia (iron deficiency, pernicious) 

Nutritional deficiency (folate, zinc, vitamin B42, B-complex vitamins) 
Diabetes mellitus 

GERD 

Sjögren syndrome 

Hypothyroidism 

AIDS 

Menopause (controversial) 

Drug Related 

Antibiotics, psychiatric medications, chemotherapy agents, others 
Any medication that can cause xerostomia 

Neurologic 

Peripheral neuropathy 

Diabetic neuropathy 

Trigeminal neuralgia 

Acoustic neuroma 

Psychiatric 

Depression 

Anxiety 

Cancerophobia 

Somatoform disorder 

Obsessive-compulsive disorder 


Modified from Gick CL, Mirowski GW, Kennedy JS, et al. Treatment of gloss- 
odynia with olanzapine. J Am Acad Dermatol 2004; 51:463-465. 


on clinical presentation, though laboratory demonstration of 
associated anti-SSA, anti-SSB antibodies, and/or rheumatoid fac- 
tor, the Schirmer test for oral and ocular dryness, or sialometry 
may be useful.!> Salivary gland scintigraphy is used to objectively 
assess the severity and extent of salivary gland involvement and 
may be helpful in the diagnosis and therapeutic management of 
Sjégren.'’ Treatment strategies for general xerostomia are also 
helpful in the management of Sjégren-induced xerostomia. 


TONGUE DISORDERS 


The tongue, a muscular organ in the mouth, is critical for gus- 
tation, mastication, swallowing, and speech. The dorsal surface 
of the tongue is characterized by extensive 1- to 2-mm filiform 
or keratotic papillae and far fewer erythematous 1-mm smooth, 
domed papules. In individuals of color, benign pigmentation of 
individual fungiform papillae may be present. 


Glossitis, Glossodynia, and Oral Dysesthesia 


Glossitis, inflammation and irritation of the tongue, occurs in 
a heterogeneous group of disorders (Box 24.1). Patients may 
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Fig. 24.1 Glossitis in a patient with diabetes mellitus and mal- 
absorption. The tongue is smooth (depilated) and red. Angular 
cheilitis is also present. 


complain of lingual pain (glossodynia) or a burning sensation 
(glossopyrosis). Loss of filiform papillae results in a spectrum 
of changes, from patchy erythema with or without erosive 
changes to a completely smooth, atrophic, erythematous sur- 
face (Fig. 24.1). Median rhomboid glossitis manifests as an 
asymptomatic, well-defined erythematous patch in the mid- 
posterior dorsum of the tongue. Candida infection, predomi- 
nantly with Candida albicans,! may present with a loss of the 
filiform papillae in such a pattern 

Glossodynia is defined as pain in the absence of clinical or his- 
tologic evidence of inflammation or irritation and may be associ- 
ated with anxiety or depression. Glossodynia occurs commonly in 
postmenopausal women, but hormonal replacement therapy is of 
little value.!? Serologic evaluation for hypomagnesemia, vitamin 
B2, vitamin Bog (folic acid), or vitamin B,) (cobalamin) deficiency, 
as well as a complete medication history, may occasionally yield a 
correctable cause.” Box 24.2 may be used as a guide to consider- 
ations in the treatment of both primary and secondary causes of 
glossodynia. Olanzapine may be a treatment option.”! 

Oral dysesthesia, also known as burning mouth syndrome, is 
characterized by a burning sensation in the tongue and oral cav- 
ity and most commonly affects postmenopausal women.’” The 
pathophysiology of this condition is not yet well understood. 
However, oral dysesthesia has been linked to vitamin B; (niacin), 
vitamin Bj, and zinc deficiency; diabetes mellitus; hyperthy- 
roidism; and Sjögren. 20,23 While oral dysesthesia can be seen in 
patients with a variety of oral mucosal disorders, it is not specifi- 
cally associated with higher rate of Candida infection frequency.”* 
Treatment includes correcting any underlying nutritional defi- 
ciency or the use of tricyclic antidepressants, alpha-lipoic acid, 
topical clonazepam, or cognitive-behavioral therapy.’ 


Hypogeusia and Dysgeusia 


Hypogeusia (diminished sense of taste) and dysgeusia (distor- 
tion of normal taste) are other oral complaints and are some- 
times associated with glossitis. Hypogeusia and dysgeusia have 
been attributed to various neurologic, nutritional, and metabolic 
disorders, including eosinophilic granulomatosis with polyangi- 
itis, a large number of medications, and aging.*>-*’ Hypogeusia 
has even been noted in otherwise healthy children.** Tobacco 
smokers, denture wearers, and patients with anxiety or other 
psychiatric disorders commonly complain of hypogeusia and 
dysgeusia. Radiation therapy to the head and neck may result 
in altered taste. Although how taste buds and their receptors 
are affected by aging, medications, or disease states is not well 
understood, taste bud changes could be associated with changes 
in the expression of taste-associated genes (see Chapter 4).’? 
Therapy is empirical and includes identifying and correcting 
any associated condition. Patients may be treated with zinc 
supplementation, a low-dose anxiolytic, or an antidepressant 


BOX 24.2 Treatments Employed in Glossodynia and 
Glossopyrosis 


Eliminate identifiable etiologies of glossodynia (see Box 24.1) 
Avoid irritants, including foods and dental appliances 
Nutritional and vitamin replacement 

Topical antifungals 

Topical glucocorticoids 


Viscous lidocaine (provide temporary relief) 
Sialogogues (e.g., cevimeline, pilocarpine) 
Benzodiazepines (e.g., clonazepam, chlordiazepoxide) 
Tricyclic antidepressants (e.g., amitriptyline, doxepin) 
Antipsychotics (e.g., olanzapine) 


Modified from Gick CL, Mirowski GW, Kennedy JS, et al. Treatment of gloss- 
odynia with olanzapine. J Am Acad Dermatol 2004;51:463-465. 


medication such as SSRIs. Paradoxically, tricyclic antidepres- 
sant medications block responses to a wide range of taste stimuli 
and may contribute to clinical reports of hypogeusia and dys- 


geusia.?! 30 


Geographic Tongue 


Geographic tongue (benign migratory glossitis, erythema 
migrans, glossitis areata migrans) is characterized by loss of 
filiform papillae, forming irregular patchy configurations that 
resemble geographic landmarks on a map. Geographic tongue 
has been linked to changes in lingual microbiota ecology’! 

as an oral symptom in patients with psoriasis associated with 
fissured tongue.*? Patients may complain of pain or difficulty 
in eating acidic, spicy, or salty foods. Recurrent episodes are 
common. Histologically, spongiosus and neutrophilic micro- 
abscesses are found in the epithelium, with no evidence of can- 
didiasis. Treatment consists of topical anesthetics, magnesium 
and aluminum hydroxide (Maalox) protective coatings, and 
topical glucocorticoids, along with control of the underlying 
cutaneous psoriasis if present. Benzocaine (Orabase) has been 
associated with a rare risk of methemoglobinemia and is no lon- 
ger recommended by the U.S. Food and Drug Administration 
(FDA) for treatment of this disorder. Geographic tongue is 
benign and has no known associations with malignancy. 


Fissured Tongue 


Fissured tongue (lingua plicata, furrowed tongue, scrotal 
tongue) presents as a benign central groove on the dorsal 
tongue. It is commonly seen with aging but is also associated 
with geographic tongue, Sjögren syndrome, and Melkersson- 
Rosenthal syndrome (characterized by fissured tongue, gran- 
ulomatous cheilitis, and migraines, with or without facial 
palsy). Food and bacteria may get trapped in the fissures and 
lead to halitosis and inflammation. Symptomatic relief may be 
obtained by gently brushing the tongue after meals and before 
sleeping. 


Black Hairy Tongue 


In black hairy tongue, the dorsal surface of the tongue appears 

yellow, green, brown, or black due to exogenous pigment 
trapped within the elongated keratin strands of filiform papil- 
lae. This benign condition is seen most commonly in chronic 
smokers and often follows a course of systemic antibiotics, the 
use of hydrogen peroxide, or drinking coffee or tea.*+ Off-label 
treatment consists of 25% podophyllum or topical tretinoin 
(Retin-A) gel.*+ Chronic debridement with a tongue scraper 
may also be helpful. 
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Strawberry Tongue 


Strawberry tongue is a form of glossitis characterized by swollen, 
enlarged fungiform papillae on the surface of the tongue. These 
enlarged fungiform papillae are most commonly associated with scar- 
let fever and Kawasaki disease. Scarlet fever, caused by an infection 
with Streptococcus pyogenes (Group A Streptococcus), often presents 
with strawberry tongue in addition to pharyngitis, a sandpaper-like 
rash, and circumoral pallor. ‘Treatment is with penicillin. 

Kawasaki disease, or mucocutaneous lymph node syndrome, 
is a medium- to large-vessel vasculitis (see Chapter 37). It gener- 
ally affects children younger than 5 years and has replaced rheu- 
matic fever as the primary cause of childhood heart disease in the 
United States. It is more common in East Asia and in children of 
East Asian descent. Diagnostic criteria includes at least four of the 
following: (1) acute cervical adenopathy; (2) peripheral extremity 
edema, erythema, or desquamation; (3) bilateral painless conjunc- 
tival injection; (4) a polymorphous exanthem; and (5) oral mucosal 
erythema or strawberry tongue. Kawasaki disease also can cause 
colonic edema. IVIG and oral aspirin is the usual treatment. 


Atrophic Tongue 


Atrophic tongue (atrophic glossitis) is characterized by the absence 
of filiform papillae and glossodynia. It is implicated in many 
nutritional deficiencies as filiform papillae atrophy as a result of 
protein-calorie malnutrition: long-standing iron-deficiency ane- 
mia, vitamin B, (often with a magenta hue), vitamin Bg (pyridox- 
ine), vitamin Bọ (with erythema and swelling of the tongue), and 
vitamin B,7.7° Atrophic glossitis is also seen in Plummer-Vinson 
syndrome (characterized by a triad of iron-deficiency anemia, 
upper esophageal webbing, and atrophic glossitis) and is linked 
to conditions that cause xerostomia.*? It is also an oral manifes- 
tation of Candida infections, primarily from C. albicans, though 
C. glabrata, C. tropicalis, C. krusei, and C. parapsilosis have been 
cultured from Candida atrophic glossitis patients.!® 36 Advanced 
age and malnutrition, associated with decreased tongue thickness, 
can also predispose patients to the development of atrophic glos- 
sitis.’ Treatment involves targeting the underlying nutritional 
deficiency or condition, and a soft, bland diet may be recom- 
mended for symptomatic relief. 


Hypertrophic Tongue 


Hypertrophic tongue (macroglossia) is an enlargement of the 
tongue beyond the mouth and jaws that can impair mastication, 
swallowing, and speech. It is associated with a number of disor- 
ders, including congenital hypothyroidism, acromegaly, Down 
syndrome, Beckwith-Wiedemann syndrome, and primary amy- 
loidosis.*7 

Congenital hypothyroidism can manifest with a hypertrophic 
tongue and jaundice and progresses to intellectual disability if 
left untreated. Acromegaly results from the excess production 
of growth hormone, such as from a pituitary adenoma, and may 
present with a hypertrophic, fissured tongue in addition to oral 
soft tissue hypertrophy and metabolic changes that progress to 
bone enlargement and diabetes mellitus.’ Beckwith-Wiedemann 
syndrome is a congenital overgrowth syndrome characterized by 
a hypertrophic tongue and is associated with omphalocele and 
organomegaly. 

While treatment for macroglossia depends on treating the 
underlying disorder, surgical management of severe macroglos- 
sia includes anterior wedge or keyhole resection of the tongue.*” 


Leukoplakia 


Hairy leukoplakia (oral hairy leukoplakia, HL) is an asymptomatic 
infection with Epstein-Barr virus and appears as corrugated white 


Fig. 24.2 Hairy leukoplakia involving the tongue in a patient with 
AIDS. (Courtesy Dr. Sol Silverman, Jr., DDS, and Dr. Victor Newcomer.) 


Fig. 24.3 Oral leukoplakia and associated squamous cell 
carcinoma. 


plaques on the lateral borders and dorsal surface of the tongue 
(Fig. 24.2). Although HL occurs predominantly in patients with 
HIV infection, renal and other organ transplant recipients are 
susceptible as well (see Chapter 36). The presence of HL in an 
HIV-infected person has a poor prognostic implication. Of 198 
cases of HL, the median time to onset of AIDS was 24 months, 
and the median time to death (in the absence of highly active 
antiretroviral therapy [HAART]) was 41 months.*? Candidiasis, 
which coexists in about half of cases of HL, must be treated as 
well. A prudent first step in management is the administration 
of anti-candidal therapy. Because HL is usually asymptomatic, 
off-label use of oral acyclovir, topical retinoic acid, and podophyl- 
lum is optional.?> When such treatment is discontinued, however, 
HL usually returns. Introduction of HAART has decreased the 
incidence of HL. 

Other white mucosal lesions, such as oral leukoplakia (Fig. 
24.3), can resemble HL lesions; biopsy confirmation and serologic 
testing for HIV are indicated if the diagnosis of HL is considered. 

Oral leukoplakia is a clinical white plaque in the oral cavity that 
is not associated with an identifiable cause. A diagnosis is made 
by excluding other causes of a white oral lesion, including Can- 
dida infection and HL. These conditions should be ruled out and 
eliminated before diagnosing a patient with oral leukoplakia. Oral 
leukoplakia is most commonly seen in older individuals, with 73% 
to 81% of affected patients having a history of tobacco use.*! While 
oral leukoplakia itself is usually asymptomatic, this lesion is clini- 
cally relevant because of its association with oral SCC.*! If the elim- 
ination of other possible causes (e.g., candidiasis) does not result in 
the resolution of the lesion, biopsy of the lesion is warranted to 
examine the oral epithelium for dysplastic changes or carcinoma. 
While there is not yet randomized controlled trial data to support 
the treatment, retrospective data suggests that excised higher-risk 
oral leukoplakia lesions are less likely to undergo malignant trans- 
formation, although it does not completely eliminate the risk of 
recurrence or malignant transformation.*! 
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Proliferative verrucous leukoplakia (PVL) is characterized as a 
multifocal, persistent, usually recurring, oral leukoplakia that can 
resemble verrucous carcinoma.*! It is clinically distinct because 
of its particularly high risk of developing dysplasia and malignant 
transformation, with 70% to 87% of PVL patients going on to 
develop SCC at the lesion site.*”? However, of those patients who 
developed cancer, only 31% had a history of tobacco use.*” Other 
risk factors for PVL are unclear. 


Herpetic Geometric Glossitis 


Herpetic geometric glossitis (HGG) is characterized as painful, 
geometric, linear fissures on the dorsal surface of the tongue, 
making it difficult for patients to eat. HGG tends to present 
in immunosuppressed patients as a reactivation of chronic oral 
herpes simplex infection, but can present in immunocompetent 
individuals.*’ It is responsive to oral antiviral therapy, such as 
acyclovir. 


GINGIVAL DISORDERS 
Gingival Enlargement 


Gingival enlargement (gingival hyperplasia, strawberry gingivi- 
tis, gingival hypertrophy) is characterized by either an increased 
number or size of gingival cells. Gingival enlargement is a fre- 
quent manifestation of granulomatosis with polyangiitis (see 
Chapter 37).** It has also been noted in the rare lysosomal storage 
disorder, I-cell disease, and is linked to a number of medications, 
including cyclosporine, phenytoin, and non-dihydropyridine cal- 
cium-channel blockers such as verapamil. 


Gingivostomatitis 


Gingivostomatitis presents as painful inflammation of both the 
gingiva and oral mucosa and is a common presentation of primary 
herpesvirus infection (discussed below). 


Acute Necrotizing Ulcerative Gingivitis 


Acute necrotizing ulcerative gingivitis (ANUG) is an acute 
inflammatory and necrotic infection affecting the interdental 
papillae. Treatment consists of surgical debridement, oral rinses, 
and systemic antibiotics.* 


Lead Poisoning 


Chronic lead poisoning may be evident as asymptomatic gingival 
lead lines (Burton lines), a thin blue-black line of deposited lead 
sulfide along the gingival margin. Affected patients may also have 
abdominal pain and sideroblastic anemia. 


ORAL MANIFESTATIONS OF INFECTIONS, 
NEOPLASMS, AND OTHER SELECTED DISORDERS 


Candidiasis 


Candida spp. (chiefly Candida albicans) are normal oral commen- 
sal organisms in almost half of the population.!® A diagnosis of 
oral candidiasis (thrush, candidosis, moniliasis) requires clinical 
and cytologic evidence of an infection or clinical overgrowth. 
Symptoms include pain, dry mouth, lip swelling, and altered 
taste. When dysphagia and/or upper GI bleeding accompany 
oral thrush, concurrent candidal esophagitis is likely (see Chapter 
45). Oral candidiasis appears as white curd-like patches (pseudo- 
membranous) or as red (atrophic) or white and red friable lesions 
on any mucosal surface (Fig. 24.4). All newborns experience ini- 
tial overgrowth of Candida associated with colonization of the 


Fig. 24.4 Oral candidiasis. Multiple white and yellow plaques are 
seen on the soft and hard palate, uvula, and tongue. 


GI tract. Oral candidiasis, especially of C. albicans, can occur 
in 11% to 15% of children during their first year of life, espe- 
cially with environmental exposure to pets and siblings.*° The 
presence of pseudohyphae and budding yeast on a smear using 
a potassium hydroxide (KOH) preparation is evidence of infec- 
tion with C. albicans; however, a negative KOH preparation does 
not exclude active infection. Candidiasis can occur during or after 
initiation of antibiotic or oral glucocorticoid therapy, in denture 
wearers, during pregnancy, and in patients with xerostomia, atro- 
phic glossitis, diabetes mellitus, Hashimoto thyroiditis, Cushing 
disease, or familial hypoparathyroidism.!> !* +7 Systemic and 
environmental risk factors include smoking, diet, age extremes, 
or nutritional deficiency.!? Immunosuppression caused by AIDS, 
other debilitating illnesses, or cancer chemotherapy may lead to 
candidiasis. Systemic candidiasis may result when normal barri- 
ers to infection are lost. C. albicans is the predominant species 
cultured. However, C. glabrata, C. krusei, C. tropicalis, C. parapsilo- 
sis, and other azole-resistant species must be considered in resis- 
tant cases.** The incidence of C. glabrata and C. parapsilosis varies 
depending on region, patient’s predisposing conditions, and local 
hospital epidemiology.** Cultures are necessary to speciate and to 
determine resistance. 

Early treatment of oral candidiasis relieves the symptoms and 
prevents systemic spread of localized disease (commonly noted in 
patients with advanced HIV infection or immunocompromised 
transplant patients, as discussed in Chapters 35 and 36). While 
C. albicans is the most common cause of candidemia, Treatment 
options for candidiasis include topical suspensions, creams, oint- 
ments, lozenges, and oral capsules and tablets. Topical treat- 
ments are effective in healthy patients when inciting risks have 
been removed. In denture wearers, regular cleaning of dentures 
by soaking them in a dilute bleach solution and taking the den- 
tures out overnight are important for clearing infection. How- 
ever, dosing schedules, unpalatable taste, and the concomitant 
use of oral appliances may lead to noncompliance and treatment 
failure. A variety of systemic therapies are reserved to treat refrac- 
tory disease, immunocompromised hosts, or when topical treat- 
ment is precluded by appliances or other factors (see Chapters 
35, 36, and 45).!> Systemic antifungals such as ketoconazole and 
itraconazole are associated with increased potential for adverse 
drug-drug interactions owing to their strong inhibition of the 
cytochrome P450 3A4 hepatic metabolic pathway, in addition to 
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TABLE 24.1 Distinctions Between Aphthous and Herpetic Oral Ulcers 


Condition Mucosa Location 
Aphthous Unkeratinized Lateral tongue, floor of the mouth, 
ulcers labial and buccal mucosa, soft 


palate, pharynx 


Herpetic ulcers  Keratinized Gingiva, hard palate, dorsal tongue 


increasing in vitro resistance," and are therefore less frequently 
utilized in patients requiring chronic prophylactic therapy. The 
most common HIV-associated infection of the mouth is candi- 
diasis (see Chapters 35 and 45). 


Herpesvirus Infections 


Primary herpetic gingivostomatitis is caused by HSV type 1 
(occasionally, type 2). Primary infection occurs in up to 90% 
of the population before puberty. The illness is often mild 
and mistaken for a routine upper respiratory tract infection; it 
may include varying degrees of fever, malaise, and adenopathy, 
together with oral and gingival ulcers. Lesions may appear on the 
lips. They generally heal in 1 to 2 weeks. Management is pallia- 
tive, but acyclovir, 400 mg 3 times a day, may shorten the course 
and reduce severity. Secondary bacterial infection is common and 
can be treated topically. 

Recurrent orolabial HSV is caused by reactivation of virus that 
had been dormant in regional ganglia, with no associated increase 
in HSV antibody titers. Episodes may be precipitated by febrile 
illnesses, sunlight, and physical or emotional stress. Recurrences 
vary in frequency and severity. Typically, the lesions involve the 
lips (cold sores) and are preceded by several hours of prodromal 
symptoms such as a burning sensation, tingling, or pruritus. Ves- 
icles then appear but soon rupture, leaving small, irregular, pain- 
ful ulcers. Coalescence of ulcers, crusting, and weeping of lesions 
are common. Intraoral recurrent herpetic ulcers occur on kera- 
tinized mucosa (i.e., hard palate or gingiva; see Table 24.1). They 
appear as shallow, irregular, small ulcerations and may coalesce. 
Labial and oral herpetic ulcers normally heal in less than 2 weeks. 
Recurrent HSV is the most common cause of recurrent erythema 
multiforme. HGG (discussed earlier) is an additional manifesta- 
tion of this HSV reactivation. 

In immunocompromised patients, HSV may affect any muco- 
cutaneous surface and can appear as large, irregular, pseudomem- 
brane-covered ulcers. This is especially true in HIV-infected 
persons, in whom all perineal and orolabial ulcerations should 
be considered manifestations of HSV until proved otherwise (see 
Chapter 35). Care should be taken to avoid ocular autoinocula- 
tion. 

HSV infection or reactivation is usually diagnosed from 
the history and clinical findings. A history of a prodrome or of 
vesicles, the site of lesions, and reappearance of lesions in the 
same location help differentiate HSV from other ulcerative dis- 
orders. A cytologic smear (Tzanck) showing multinucleate giant 
cells is suggestive, although viral cultures and monoclonal anti- 
body staining of smears are more sensitive and specific tests for 
diagnosing HSV infection. Topical acyclovir is of little benefit 
in recurrent labial herpes and is of limited benefit in recurrent 
genital HSV. Systemic acyclovir is regularly used for treatment 
of primary or recurrent attacks in immunosuppressed patients (2 
g orally in divided doses, or 5 mg/kg intravenously 3 times daily 
until lesions heal). Famciclovir, 125 mg twice daily, or valacyclo- 
vir, 500 mg twice daily, are also effective. Oral treatment should 
optimally begin within the first few hours of the prodrome. For 
patients with more than 4 recurrent episodes per year, longer- 
term suppressive therapy may be accomplished with acyclovir, 
200 mg orally 3 times daily or 400 mg twice daily. Acyclovir 
is used for the prevention of recurrent oral and genital HSV 


Pe e _ 
Fig. 24.5 Kaposi sarcoma involving the palate. (Courtesy Dr. Sol 
Silverman, Jr., DDS, and Dr. Victor Newcomer.) 


associated with bone marrow transplantation (see Chapter 36). 
Antivirals are also used to prevent recurrent herpes infections in 
other immunocompromised patients, such as those with leukemia 
or HIV infection or after solid organ transplantation. 

Herpes zoster (shingles) is caused by a reactivation of the 
varicella-zoster virus (VZV, HHV-3). Oral lesions can occur 
and resemble aphthous ulcers, except for the following features: 
the ulcers are unilateral; lip and/or skin lesions may coexist; and 
the onset is sudden and acutely painful, usually tracking along a 
dermatome, and is often associated with fever. High dosages of 
acyclovir (4 g/d orally), famciclovir, 500 mg every 8 hours, or 
valacyclovir, 1 g every 8 hours, within 72 hours of the onset of 
the illness may be helpful in accelerating healing and reducing 
postherpetic neuralgia. Vaccination is available to reduce the risk 
of shingles in elderly individuals, even those who have recovered 
from an attack. 


Human Papillomavirus Infection 


Oral manifestations of HPV infection include verrucous papules 
on the lips.! In infants and children, HPV 6 and 11 most com- 
monly present with oral papillomas or, rarely, laryngeal papil- 
lomatosis.°” Malignant transformation to verrucous carcinoma 
has been reported in 3% to 5% of cases, but nearly all cases are 
associated with previous radiation of the papillomas. While cur- 
rent evidence supports the view that HPV can be transmitted 
vertically from mother to child, cesarean section is not indicated 
to prevent HPV transmission. HPV vaccination reduces the inci- 
dence of HPV infection. 


Kaposi Sarcoma 


Kaposi sarcoma (KS) is a common consequence of HIV infection 
and is caused by infection with human herpesvirus 8. A significant 
decline in the incidence of KS occurred during 1996 and 1997, 
which corresponded to the introduction of HAART. Although 
KS is usually found on the skin, more than half of patients also 
have intraoral lesions (Fig. 24.5). The first sign of KS occurred 
in the mouth in 22% of patients; in another 45%, KS occurred 
in the mouth and skin simultaneously.*° Oral lesions may vary in 
appearance from minimal asymptomatic, flat, purple or red mac- 
ules to large nodules. The hard palate is the most frequent loca- 
tion, followed by the gingiva and tongue (see Fig. 24.5). 


Other HIV-Related Conditions 


Other oral conditions associated with HIV infection include 
lymphoma; extensive oral, genital, or cutaneous warts; recurrent 
aphthae; chronic mucocutaneous herpes simplex virus (HSV) 
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infections; lymphocytic infiltrates of major salivary glands lead- 
ing to secondary Sjögren syndrome; and drug reactions including 
drug-induced Stevens-Johnson syndrome, and ANUG. 


Squamous Cell Carcinoma 


Leukoplakia as a precursor lesion accounts for 15% of oral SCC 
cases, but the clinical presentation of oral SCC is quite variable, 
ranging from an asymptomatic erythematous patch to white ver- 
rucous plaque and more commonly a combination of red and 
white changes (erythroleukoplakia) that may be asymptomatic 
or rarely associated with pain.*! Staging of SCC through clinical 
documentation of any associated ipsilateral and/or contralateral 
cervical lymphadenopathy, biopsy, and imaging is warranted; 
treatment involves surgical resection of affected regions with 
adjuvant radiation or chemoradiation therapy.*! 


Inflammatory Bowel Disease 


Crohn disease is an inflammatory disorder that can involve the entire 
GI tract with transmural inflammation and noncaseating granu- 
lomas (see Chapters 115 and 116). Oral manifestations of Crohn 
disease occur in 4% to 14% of patients and include aphthae (Fig. 
24.6), lip fissures, cobblestone plaques, cheilitis, mucosal tags, and 
perioral erythema. Patients may also complain of metallic dysgeu- 
sia. Aphthosis occurs in approximately 5% of patients with Crohn 
disease, and the lesions are clinically and histologically indistin- 
guishable from typical aphthae. In comparison, aphthosis and peri- 
anal-perifistular ulcerations are not seen in ulcerative colitis. In rare 
cases, Crohn disease may be associated with granulomatous cheilitis 
(discussed earlier). Pyostomatitis vegetans (see Fig. 25.4) is a specific 
marker of IBD, both of Crohn and ulcerative colitis, and may pre- 
cede the GI symptoms by months to years.°! Pyostomatitis vegetans 
is characterized by pustules, erosions, and vegetations involving 
the labial mucosa of the upper and lower lips, buccal mucosa, and 
gingival mucosa, as well as the skin of the axillae, genitalia, trunk, 
and scalp. Histologically, intraepithelial and subepithelial eosino- 
philic miliary abscesses are characteristic. Superficial pustules coat 
the friable, erythematous, and eroded mucosa of the oral cavity, 
least commonly the floor of the mouth and tongue. Symptoms 
may be severe or minimal. Eosinophilia and anemia are common. 
Diagnosis is made from biopsy findings, and treatment is with topi- 
cal or systemic glucocorticoids, dapsone, or sulfasalazine." 


GASTROESOPHAGEAL REFLUX (GERD) 


Chronic exposure to acidic fluids in the oral cavity results in dis- 
solution of the tooth surfaces (enamel erosion) most commonly 
seen on the palatal surfaces of the maxillary teeth with exposed 
underlying dentin, a softer and more opaque yellow substance. 
The teeth become sensitive to temperature changes as a result 
of the enamel erosion. The prevalence of caries is not increased 
in persons with GERD, possibly because the acidic environment 
interferes with the formation of dental bacterial biofilms. Erosion 
of enamel is irreversible. The most effective medical therapy in 
adults is proton pump inhibitors, though H2-receptor antago- 
nists may be beneficial. Patients may also benefit from decreased 
consumption of acidic foods and beverages. 


LIVER DISEASE 


Jaundice may be seen orally in patients with chronic liver disease, 
where the oral mucosa may appear yellow due to deposition of 
bilirubin into the submucosa. The sublingual and soft palate 
mucosae are very thin, and they are often first to develop this 
yellow hue. Examination of these regions may provide useful 
diagnostic clues in patients with darker skin or physiological con- 
junctival pigmentation. 


Fig. 24.6 (A) Multiple minor aphthous ulcers. (B) A major aphthous ulcer. 


RECURRENT APHTHOUS ULCERS 


Recurrent aphthous ulcers (RAUs, recurrent aphthous stomati- 
tis, canker sores) are painful shallow ulcers, often covered with a 
grayish-white or yellow exudate and surrounded by an erythema- 
tous margin. In immunocompetent individuals, they appear almost 
exclusively on unkeratinized oral mucosal surfaces (see Table 24.1). 
Rarely, RAUs may occur in the esophagus, upper and lower GI 
tracts, and anorectal epithelium. RAUs are the most common 
cause of oral ulcers and develop at some time in 25% of individuals 
in the general population and recur at irregular intervals. 

Three clinical forms of aphthous ulcers are recognized: minor 
aphthae (most common), major aphthae (less common), and herpeti- 
form aphthae (least common). Minor aphthae typically are smaller 
than 5 mm and heal in 1 to 3 weeks (see Fig. 24.64). Major aphthae 
may exceed 6 mm (see Fig. 24.6B) and require months to heal, often 
leaving scars. Herpetiform aphthae are 1 to 3 mm in diameter, occur 
in clusters of 10 to hundreds of ulcers, and resolve quickly.*? 

The mechanism for development of RAU is thought to be 
multifactorial, with precipitating factors including: (1) immu- 
nologic abnormalities, such as celiac disease and increased aller- 
gen presentation caused by impaired constitutive oral barriers 
(putatively from sodium lauryl sulfate use in dental products); (2) 
chronic trauma, such as from ill-fitting dentures**; (3) deficien- 
cies of iron, folate, and/or cobalamin”°; (4) genetic predisposi- 
tion; (5) stress and anxiety; (6) allergies to foods or medications, 
such as to cyclooxygenase 2 (COX-2) inhibitors or sertraline; and 
(7) xerostomia.’°>> Helicobacter pylori infection may be associated 
with RAUs, as eradication of H. pylori from the stomach appears 
to be associated with a reduction of recurrences of canker sores, as 
well as a decrease in the number of ulcers and days of symptoms.” 

Morphologically identical aphthous lesions (aphthae; aph- 
thosis) may be seen in patients with IBD and in Behçet syn- 
drome (discussed below). The workup for RAUs may include, as 
directed by history and review of systems, a complete blood cell 
count, erythrocyte sedimentation rate, serum iron and ferritin, 
serum folate and B}; levels, KOH stain, Tzanck smear, viral cul- 
ture, biopsy of coexisting skin lesions to exclude infection with 
HSV, and colonoscopy to address the possibility of IBD. Histo- 
logically, lesional tissue shows an ulcerated mucosa with chronic 
mixed inflammatory cells. 
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Management of RAU includes palliative and curative mea- 
sures. First, deficient vitamins, if found, should be replaced. Oth- 
erwise, patients should be advised to use multivitamins with iron 
and avoid crusty, salty, or spicy foods to minimize irritation of oral 
lesions. Using soft toothbrushes, repair of dentition, and other 
measures to avoid unnecessary oral trauma should be instituted. 
Analgesics and topical anesthetics such as 2% viscous lidocaine 
may be helpful, along with topical bismuth subsalicylate (Kao- 
pectate) and sucralfate to protect lesions and accelerate healing. 
Aphthous ulcers can be treated effectively with a topical gluco- 
corticoid, such as fluocinonide (Lidex) or clobetasol (Temovate) 
gel or ointment. Second-line therapy includes colchicine, 0.6 mg 
3 times daily; tetracycline 250 mg 4 times daily; cimetidine, 400 
to 800 mg/d; azathioprine, 50 mg/d; or thalidomide, 200 mg/d. 
Short courses of systemic prednisone (20 to 60 mg/d) are repro- 
ducibly effective when more conservative approaches are not sat- 
isfactory. An elimination diet may be helpful for patients with 
allergic reactions to certain foods or medications, including a trial 


TABLE 24.2 Selected Nutritional Abnormalities and Associated Oral Findings 


Nutritional Abnormality Causes 


of sodium lauryl sulfate-free dental products.” A gluten-free diet 
is required for patients with gluten-sensitive enteropathy (see 
Chapter 107). Dexamethasone elixir, 0.5 mg/5mL, doxycycline 
rinse, 100 mg/100 mL, or chlorhexidine gluconate oral rinse, 
0.12&/15mL, may also be helpful. 


BEHGET DISEASE 


Behcet disease is a small-vessel vasculitis characterized by RAUs, 
genital ulcerations, uveitis, and erythema nodosum (see Chapter 
37). Recurrent oral aphthous ulcers are the most common symp- 
tom of this disorder and are usually accompanied with genital aph- 
thous ulcers. These genital aphthous ulcers tend to be larger, more 
painful, and carry a higher risk of scarring than oral ulcers.’ Rare 
GI manifestations include mucosal inflammation and ulcers, usu- 
ally localized to the ileocecal region, and hepatic involvement sec- 
ondary to Budd-Chiari syndrome.*° Because Behçet disease may 
be mistaken for complex RAUs, especially in non-endemic areas, 


Clinical Features 


Alcohol abuse 
Gl disease 
Chlorpromazine 


Riboflavin deficiency (vitamin B2) 


Niacin deficiency (vitamin B3) Inadequate diet 


Medication (e.g., isoniazid) 


Congenital defects of tryptophan transport in 


intestine and/or kidneys 
Carcinoid syndrome 


Pyridoxine deficiency (vitamin B6) Advanced age 
Alcohol abuse 
Chronic renal failure 
Liver disease 


alnutrition 


Folate deficiency (vitamin B9) alnutrition 


Pernicious anemia 
nsufficient diet 


Cobalamin deficiency (vitamin B12) 


alnutrition 
alabsorption 
Alcohol abuse 


Retinol deficiency (vitamin A) 


Vitamin K deficiency Exclusively breast-fed infants 
Malabsorption 


Medications (e.g., warfarin) 
Iron deficiency 


Zinc deficiency (acrodermatitis 

enteropathica if genetic) 
Deficiency of essential fatty acids 
Biotin deficiency 


Alcoholics with cirrhosis 
Hyperalimentation 
Crohn disease 


Alcohol abuse 
Crohn disease 
Whipple disease 


Vitamin C deficiency (scurvy) 


alabsorption diseases (e.g., Celiac, IBD) 
edications (e.g., methotrexate, valproic acid) 


Congenital metabolic abnormalities 


Erythema of pharyngeal and oral mucous membranes 
Atrophic glossitis with a magenta color 

Glossodynia 

Cheilosis 

Angular cheilitis 


Mucosal edema 

Cheilosis 

Angular cheilitis 

Bright red glossitis 

Burning mouth 

Gingival erythema 

Dental caries 

4 Ds: dermatitis, diarrhea, dementia, death 


Atrophic glossitis 
Cheilosis 

Angular stomatitis 
Gingival erythema 


Atrophic glossitis with erythema and swelling of the tongue 

Angular cheilitis 

Tongue soreness or burning 

Dysphagia 

Generalized stomatitis 

Taste disturbance 

Red, atrophic, beefy, burning tongue with loss of filiform 
papillae 


Xerostomia 

Periodontal disease 

Increased intraoral infection 

Impaired tooth development (in children) 


Submucosal hemorrhage 
Gingival bleeding 


Angular cheilitis 

Atrophic glossitis 

Glossodynia 

Recurrent aphthous stomatitis 


Burning mouth syndrome 
Recurrent aphthous stomatitis 
Perioral or intraoral erosions 
Dysgeusia (taste alteration) 


Mucosal petechiae 
Hemorrhagic gingivitis 
Gingival bleeding 
Gingival hypertrophy 
Interdental infarcts 
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a detailed history must be taken. Diagnosis is made clinically by 
noting oral aphthae and the concurrent presence of at least two of 
the following: genital ulcers, skin lesions, ocular involvement, and 
pathergy test positivity.°° Treatment is discussed in Chapter 37. 


CUTANEOUS DISORDERS WITH ORAL 
MANIFESTATIONS 


There are important oral and GI manifestations of numerous skin 
diseases, including pemphigoid, pemphigus, epidermolysis bullosa, 
erythema multiforme, lichen planus, and the Stevens-Johnson syn- 
drome/toxic epidermal necrolysis spectrum (see Chapter 25). 


AMYLOIDOSIS 


Amyloidosis commonly has prominent oral manifestations (see 
Chapter 37). Macroglossia with increased tongue firmness, 


discussed earlier, in addition to enlarged submandibular struc- 
tures, and lingual indentations from the teeth occur in 20% to 
50% of patients. The macroglossia may interfere with eating and 
closing the mouth and may cause airway obstruction with sleep 
apnea, especially in the reclining position. The enlarged tongue 
may be highly vascular, resulting in bleeding. Recurrent hemor- 
rhagic bullae in the mouth are common. Diagnosis of amyloidosis 
can sometimes be made by subcutaneous fat aspiration or by gin- 
gival or tongue biopsy. 


NUTRITIONAL DEFICIENCIES 
See Table 24.2 (also see Chapters 5, 25, and 104).7° 


Full references for this chapter can be found on www.expertconsult.com. 
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VESICULOBULLOUS SKIN DISEASES 


The vesiculobullous skin diseases include pemphigoid, pemphi- 
gus, epidermolysis bullosa (EB), erythema multiforme (EM), and 
the Stevens-Johnsons/toxic epidermolysis spectrum. They may 
have oral and GI manifestations, as discussed later. 


Pemphigoid 


Pemphigoid is a general term for heterogeneous blistering disorders 
characterized by serum immunoglobulin (Ig)G or IgA autoim- 
mune antibodies directed against 230-kd and 180-kd hemidesmo- 
somal proteins (among other keratinocyte antigens) located at the 
squamous epithelial basement membrane. This antigen-antibody 
reaction leads to loss of adhesion between the epithelium and its 
supportive basement membrane substrate. Pemphigoid clinically 
presents with tense bullae and ulcers affecting the mucosa of the 
oral cavity, pharynx, esophagus, anus, conjunctiva, and skin. Oral 
findings appear as highly inflamed (erythematous) mucosa on the 
buccal and gingival mucosa. 

‘Two types of pemphigoid have been identified: bullous pem- 
phigoid (autoimmune and drug-induced variants) and cicatricial 
(mucous membrane) pemphigoid. Patients with bullous pemphi- 
goid typically have skin lesions, and about one third also have 
mucous membrane lesions. The autoimmune subtype most often 
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presents in the older population and may be preceded by a non- 
bullous, intensely pruritic, “urticarial” phase of disease. Drug- 
induced bullous pemphigoid has been associated with thiazide 
diuretics, antibiotics (e.g., penicillins, vancomycin), NSAIDs, 
angiotensin-converting enzyme (ACE) inhibitors (e.g., capto- 
pril), and possibly angiotensin receptor blockers (ARBs; e.g., val- 
sartan), among many others with less literature support for their 
causative nature.' Discontinuation of a suspected offending agent 
is primary therapy. In contrast to bullous pemphigoid, all patients 
with cicatricial pemphigoid have mucosal lesions, and about one 
third also have skin lesions. Ocular symblepharon (i.e., adhesion 
between the tarsal and bulbar conjunctiva) commonly occurs with 
cicatricial pemphigoid. Potentially fatal upper GI bleeding from 
esophageal involvement by pemphigoid has been reported.’ 

For all types of pemphigoid, immunofluorescent staining of 
involved mucosa and skin is diagnostic, showing linear deposi- 
tion of antibody and complement in the basement membrane 
zone. Patients with elevated serum IgG and IgA autoantibodies 
are more likely to respond to systemic medications. Treatment 
ranges from low-dose to high-dose prednisone. Alternative ther- 
apies for patients with contraindications to glucocorticoid use or 
with systemic toxicities from glucocorticoids include dapsone, 
tetracycline and nicotinamide in combination, azathioprine, 
chlorambucil, plasma exchange, IVIG, cyclosporine, cyclophos- 
phamide, methotrexate, rituximab, and infliximab.’ 


Pemphigus 


Pemphigus vulgaris differs from pemphigoid in that the serum 
autoantibodies are directed against intercellular keratinocyte pro- 
teins, causing loss of cell-to-cell adhesion. This antigen-antibody 
reaction leads to bullous skin lesions, often flaccid, that can be 
life-threatening if untreated. Oral involvement can be exten- 
sive. Mucosal involvement can cause poor nutrition and severe 
pain. Half of patients with pemphigus vulgaris present with oral 
lesions, and oral lesions occur in almost 100% of patients dur- 
ing the illness. Direct immunofluorescence of biopsy material is 
diagnostic, showing IgG antibodies and complement on the sur- 
face of squamous epithelial cells. Indirect immunofluorescence 
detects circulating IgG antibodies in most patients with pemphi- 
gus vulgaris. Treatment consists of various regimens of topical or 
systemic prednisone, sometimes supplemented with cytotoxic or 
immunosuppressive drugs. 

Paraneoplastic pemphigus shares features of pemphigus vulgaris 
and EM. It is associated with GI malignancies, lymphomas, leu- 
kemias, thymomas, and soft tissue sarcomas. Features that char- 
acterize paraneoplastic pemphigus include: (1) painful mucosal 
erosions and a polymorphous skin eruption; (2) intraepidermal 
acantholysis, keratinocyte necrosis, and vacuolar interface reac- 
tion; (3) deposition of IgG and C3 intercellularly and along the 
epidermal basement membrane zone; (4) serum autoantibodies 
that bind to skin and mucosa epithelium in a pattern character- 
istic of pemphigus, as well as binding to simple, columnar, and 
transitional epithelia; and (5) immunoprecipitation of a complex 
of 4 proteins (250, 230, 210, and 190 kd) from keratinocytes by 
the autoantibodies.* The prognosis of paraneoplastic pemphigus 
is generally poor because symptomatic improvement depends on 
successful treatment of the underlying malignancy. 
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Fig. 25.1 Characteristic lesions resulting from skin fragility caused by 
severe recessive dystrophic epidermolysis bullosa. (Courtesy Dr. Benja- 
min Lockshin, Silver Spring, MD.) 


Epidermolysis Bullosa 


EB is a heterogeneous group of rare inherited disorders of skin 
fragility (Fig. 25.1). They are characterized by the formation of 
blisters with minimal trauma and are divided into dystrophic 
(scarring), junctional, and simplex forms. Oral erosions, prema- 
ture caries, and gingival involvement, as well as GI disease, are 
common in the dystrophic form, but also occur in some patients 
with the junctional form. In addition to oral erosions, esopha- 
geal strictures are the most common GI complication in dystro- 
phic EB.’ They most commonly occur in the upper third of the 
esophagus but may also be found in the lower third. The esoph- 
ageal strictures are probably induced by repeated trauma from 
food and/or refluxed gastric contents; therefore, strict adherence 
to a soft food diet remains a mainstay of management. Although 
dilations with bougienage historically have been shunned because 
of an unacceptable risk of increasing esophageal stenosis over 
the long term, evidence supports the use of balloon dilation as 
a safe and efficacious method of palliating esophageal strictures 
without this risk. Esophageal resection, feeding gastrostomy, and 
colonic interpositioning have been effectively used in dystrophic 
EB patients with severe esophageal strictures. Esophageal webs in 
the postcricoid area have also been described. Anal stenosis and 
constipation (with or without stenosis) are frequent in patients 
with dystrophic EB. Junctional EB has been uniquely associated 
with pyloric atresia. Anemia and growth retardation frequently 
develop in patients with severe dystrophic and junctional EB, 
partly because of GI and oral complications. 

Patients with clinical lesions identical to the dystrophic forms 
of EB but with no family history and an adult onset have been 
identified; their condition is called acquired EB or EB acquisita 
(EBA). EBA, like pemphigus and pemphigoid, is an autoimmune 
disease. The autoantibodies in EBA are directed against type VII 
collagen. The diagnosis of EBA is established by routine histol- 
ogy and direct immunofluorescence examination of skin biopsy 
specimens. Like patients with cicatricial pemphigoid, EBA 
patients may have significant mucosal involvement, especially 
oral and esophageal disease. Coexistent Crohn disease has been 
reported in a number of patients with EBA. Treatment is with 
immunosuppressive agents. 


Erythema Multiforme 


EM is an acute mucocutaneous eruption associated with 
underlying infections (especially HSV). It is often preceded or 


accompanied by low-grade fever, malaise, and symptoms suggest- 
ing an upper respiratory tract infection. The eruption consists 
of alternating pink and red target lesions on the elbows, knees, 
palms, and soles, and of shallow, broad oral erosions. Patients 
with EM may only have oral involvement. Variable degrees of 
nonspecific erythema are found, with or without ulcers. Crusting, 
hemorrhagic, and moist lip ulcers may be present. Severe oral 
and pharyngeal pain, secondary bacterial and fungal infections, 
and bleeding are common complications. The diagnosis is made 
by clinical characteristics, excluding other specifically diagnos- 
able diseases, and by response to treatment. The biopsy reveals 
a nonspecific interface reaction. Oral EM can be self-limited 
or chronic, and often the inciting process goes unidentified. 
Management includes palliative measures and elimination of any 
offending agent. Often, glucocorticoids and/or other immuno- 
suppressive drugs are needed. Recurrences and flares have vari- 
able patterns. Herpes-associated EM lesions are treated with 
episodic or suppressive antiviral therapy with acyclovir, valacy- 
clovir, famciclovir, or foscarnet.° 


Stevens-Johnson Syndrome/Toxic Epidermal 
Necrolysis Spectrum 


Stevens-Johnson syndrome (SJS, with between 10% and 30% 
skin sloughing) and toxic epidermal necrolysis (TEN, with more 
than 30% skin sloughing) are diagnosed when severe, acute, pain- 
ful targetoid lesions and skin sloughing occur in association with 
eye, skin, and mucous membrane involvement. In contrast to 
EM, which is usually infection related, SJS and TEN are almost 
always caused by a reaction to a medication, such as an antibiotic 
(especially a sulfonamide) or an anticonvulsant. Diffuse oral and 
pharyngeal ulceration may prevent oral intake. At endoscopy, 
the esophagus may show diffuse erythema, friability, and whitish 
plaques that can be mistaken for candidiasis. Diffuse gastric and 
duodenal erythema and friability may be present without esopha- 
geal involvement. The colonoscopic appearance may resemble 
severe ulcerative or pseudomembranous colitis. However, colonic 
biopsies show extensive necrosis and lymphocytic infiltration, 
without crypt abscesses or neutrophils. This pattern is reminis- 
cent of graft-versus-host disease (see Chapter 36). The mucosa of 
large portions of bowel may slough in SJS, accounting for reports 
of hematemesis, melena, and intestinal perforation. Treatment 
largely consists of discontinuation of offending pharmaceutical 
agents (often anticonvulsants or antibiotics), hospital admission 
to a burn unit, if possible, and supportive care by a multiteam 
approach. No reliable evidence exists for the use of systemic glu- 
cocorticoids, intravenous immune globulin, or plasmapheresis 
in the treatment of SJS/TEN, but weak evidence suggests that 
cyclosporine may reduce disease progression and mortality when 
used early in the disease course.’ 


LICHEN PLANUS 


Lichen planus (LP) is a common chronic inflammatory disor- 
der involving the mucosa and skin. The disease usually begins 
in adulthood, and two thirds of patients are women. Oral lesions 
are variable in their presentation and may appear as white, lace- 
like, and/or punctate patterns on any mucosal surface (Fig. 25.2). 
Mucosal erythema or ulceration is common. Oral lesions may 
appear as asymptomatic lace-like plaques on the buccal muco- 
sal or as painful erythematous or erosive plaques involving the 
tongue, buccal mucosa, or gingiva. Topical and/or systemic glu- 
cocorticoids are effective in decreasing the signs and symptoms in 
almost all cases of oral and cutaneous LP. Topical tacrolimus is 
an effective steroid-sparing treatment alternative. Esophageal LP 
may present with progressive dysphagia and odynophagia, upper 
GI bleeding, strictures, and squamous cell carcinoma.’ The endo- 
scopic findings include erythema, ulcers, proximal esophageal 
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Fig. 25.2 The erosive form of oral lichen planus involving the buccal 
mucosa. Note the lace-like keratoses, erythema, and ulceration. 


webs, and erosions throughout the esophagus. An increased 
prevalence of chronic liver disease, including chronic hepatitis C 
and PBC, has been reported in patients with LP. Oral LP may 
be associated with an increased risk of squamous cell carcinoma 
arising in areas of atrophy or erosion, regardless of treatment.”!° 
Bullous LP may occur with cancer immunotherapy agents that 
inhibit programmed death-1 (anti-PD).!! 


CUTANEOUS MANIFESTATIONS OF INFLAMMATORY 
BOWEL DISEASE 


Both Crohn disease and UC may be accompanied by cutaneous 
manifestations (see Chapters 115 and 116). Skin lesions are more 
common (up to 44%) and often more specific in Crohn disease 
than in UC. It is rare for cutaneous involvement by Crohn dis- 
ease to appear before symptomatic bowel disease. The most com- 
mon cutaneous complication of Crohn disease is granulomatous 
inflammation of the perianal or perifistular skin, which occurs 
by direct extension from underlying diseased bowel. Metastatic 
Crohn disease refers to rare ulcerative lesions, plaques, or nod- 
ules that occur at sites distant from the bowel. Such lesions favor 
intertriginous areas such as the retroauricular and inframammary 
regions. On histologic study, local cutaneous extension and met- 
astatic Crohn disease show sarcoid-like granulomatous inflam- 
mation, and both occur with greater frequency in patients with 
colonic involvement by Crohn disease. !? 

Oral manifestations of Crohn disease occur in 4% to 14% of 
patients and include aphthae, lip fissures, cobblestone plaques, 
cheilitis, mucosal tags, and perioral erythema. Patients may also 
complain of metallic dysgeusia. Aphthosis occurs in approxi- 
mately 5% of patients with Crohn disease, and the lesions are 
clinically and histologically indistinguishable from typical aph- 
thae. Aphthosis and perianal-perifistular ulcerations are not seen 
in ulcerative colitis. Granulomatous cheilitis is a rare condition 
with recurrent lip swelling that leads to enlargement and firmness 
of the lips. A lip biopsy shows noncaseating granulomas. In rare 
cases associated with Crohn disease,!* this condition may be a 
component of Melkersson-Rosenthal syndrome (scrotal tongue, 
lip swelling, with or without facial palsy and migraine) or may be 
idiopathic. 

Pyostomatitis vegetans (Fig. 25.3) and its cutaneous counter- 
part, pyoderma vegetans, is characterized by pustules, erosions, and 
vegetations involving the labial mucosa of the upper and lower 
lips, buccal mucosa, and gingival mucosa, as well as the skin of 
the axillae, genitalia, trunk, and scalp. Both pyostomatitis veg- 
etans and pyoderma vegetans are specific markers of IBD (Crohn 
and ulcerative colitis) and may precede the GI symptoms by 
months to years. Histologically, intraepithelial and subepithelial 


Fig. 25.3 Pyostomatitis vegetans in a patient with UC. A biopsy speci- 
men revealed microabscesses. 


eosinophilic miliary abscesses are characteristic. Superficial pus- 
tules coat the friable, erythematous, and eroded mucosa of the 
oral cavity, least commonly the floor of the mouth and tongue. 
Symptoms may be severe or minimal. Eosinophilia and anemia 
are common. Diagnosis is made from biopsy findings, and treat- 
ment is with topical or systemic glucocorticoids, dapsone, or sul- 
fasalazine. 

Erythema nodosum is a common inflammatory disorder of the 
subcutaneous fat, with a marked predilection for women. Lesions 
characteristically appear as 1-cm or larger shiny, tender, deep red 
nodules on the anterior shins. The pathogenesis is unknown. The 
causes of erythema nodosum are infections (especially strepto- 
coccal, systemic fungal, and tuberculous), medications (especially 
oral contraceptives), and leukemias. Erythema nodosum develops 
in 7% of patients with Crohn disease and 4% of patients with 
ulcerative colitis. In addition, GI infections with Yersinia entero- 
colitica, Shigella flexneri, and Campylobacter jejuni have been asso- 
ciated with erythema nodosum. Treatment of the underlying 
disease, strict bed rest, and elevation of the legs, as well as the 
use of anti-inflammatory drugs or potassium iodide, are effective. 

Pyoderma gangrenosum is a noninfectious ulcerative cutaneous 
disorder of unknown pathogenesis (Fig. 25.4). The classic lesion 
is a tender or painful ulcer with an elevated, dusky purple border 
that is widely undermined. One or multiple lesions may occur. 
Lesions begin as small papulopustules that break down very 
rapidly. Pathergy, the appearance of new ulcers at sites of minor 
trauma or surgery, is often present. The diagnosis is one of exclu- 
sion, in that infectious and other causes of ulceration, including 
factitious dermatitis, must be ruled out. Most cases of pyoderma 
gangrenosum occur in patients with no underlying disease. Pyo- 
derma gangrenosum develops in approximately 5% of patients 
with UC and 1% of patients with Crohn disease. The bowel dis- 
ease may be subclinical when the skin lesions appear, and there- 
fore bowel evaluation, especially of the rectum and distal colon, 
is essential in cases of pyoderma gangrenosum. If the disorder is 
associated with underlying bowel disease, therapy of the bowel 
disease may lead to improvement of the skin lesions. The usual 
management of pyoderma gangrenosum includes local wound 
care, high-dose systemic glucocorticoids, or steroid-sparing 
immunosuppressive agents, such as azathioprine, mycophenolate 
mofetil, methotrexate, and cyclosporine. !? 


VASCULAR AND CONNECTIVE TISSUE DISORDERS 


Connective tissue diseases like SLE, dermatomyositis (DM, 
discussed later), and progressive systemic sclerosis (PSS) all 
have characteristic skin and GI manifestations (see Chapter 
37). SLE patients prototypically have malar erythema with 
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Fig. 25.4 Pyoderma gangrenosum in a patient with UC. (Courtesy Dr. 
Benjamin Lockshin, Silver Spring, MD.) 


Fig. 25.5 Cryoglobulinemic vasculitis caused by a drug. This type 
of vasculitis may also be seen in patients with chronic hepatitis C, 
although generally not as severe as shown here. 


photosensitivity and often erythematous raised patches with 
follicular plugging (discoid lupus). SLE patients can have oral 
ulcers. Patients with PSS often demonstrate generalized scle- 
rotic skin or, less commonly, morphea (sclerotic plaques with 
ivory-colored centers), matted telangiectasia, and Raynaud 
phenomenon. 

Immune complex vasculitis of small vessels (leukocytoclastic 
vasculitis) appears on the skin of dependent sites as crops of pal- 
pable purpura and is mediated by deposition of immune com- 
plexes in postcapillary venules (Fig. 25.5; see Chapters 38 and 
80). Although GI involvement can occur in any case of small ves- 
sel vasculitis, it occurs in 50% to 75% of patients with Henoch- 
Schénlein purpura (Fig. 25.6).!* Vasculitic hemorrhage, bowel 
wall edema, and intussusception affect the jejunum and ileum 
most commonly. Direct immunofluorescence of early skin lesions 


t g ~ 
Fig. 25.6 Skin lesions of Henoch-Schönlein purpura. 


Fig. 25.7 Malignant atrophic papulosis (Degos disease) with cutaneous 
lesions of different stages. 


reveals deposits of IgG in most cases of small vessel vasculitis and 
deposits of IgA in Henoch-Schénlein purpura. 

Polyarteritis nodosa, sometimes associated with hepatitis B, is a 
vasculitis of the medium-sized and small arteries. Arterial lesions 
of the abdominal viscera can lead to infarction of the gut, liver, 
and gallbladder and to ischemic pancreatic necrosis, as well as to 
GI infarcts or perforation. Involvement of the appendix, gallblad- 
der, or pancreas can simulate acute appendicitis, cholecystitis, 
or pancreatitis. Cutaneous involvement occurs in 25% of cases, 
most typically manifesting as 5- to 10-mm nodules distributed 
along the course of the superficial arteries. A mottled livedo vas- 
cular pattern is also frequently seen. 

Malignant atrophic papulosis (Degos disease, KGhlmeier-Degos 
syndrome, progressive arterial mesenterial vascular occlusive dis- 
ease, or disseminated intestinal and cutaneous thromboangiitis) is 
a vasculopathic disorder that may occasionally be familial; approx- 
imately 200 cases have been described. There is a purely cutane- 
ous form, but the multisystem subtype is important because of its 
implications for a nearly uniformly fatal outcome due to GI per- 
foration (see Chapter 37). Cutaneous lesions are the initial mani- 
festations, appearing most commonly in early adulthood. They 
appear as crops of asymptomatic, pink, 2- to 15-mm papules that 
rapidly become umbilicated and develop a characteristic atro- 
phic, depressed, porcelain white center (Fig. 25.7). These lesions 
represent cutaneous infarcts. Similar infarcts may occur in the 
GI tract in up to 60% of cases but may also involve the nervous 
system, heart, lung, liver, and kidney. Although GI involvement 
may initially be asymptomatic or nonspecific, an acute abdominal 
catastrophe eventually occurs, often necessitating laparoscopy or 
laparotomy. Perforation of the intestine is usually found, along 
with multiple white, yellowish, or rose-colored flat or slightly 
depressed patches below an intact serosa, usually in the small 
intestine. Cerebral and peripheral nerve infarcts develop in about 
20% of patients, leading to neurologic complications that can 
include hemiparesis, aphasia, cranial neuropathies, monoplegia, 
sensory disturbances, and seizures. Microscopy reveals that the 
infarcts are consequences of noninflammatory thromboses. The 
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Fig. 25.8 Flat telangiectasias of the lips and vermillion border in a 
patient with hereditary hemorrhagic telangiectasia (Osler-Weber-Rendu 
disease). 


pathogenesis of Degos disease is unknown, but identical lesions 
have been reported in SLE and in a patient without SLE with 
anticardiolipin antibodies and a lupus anticoagulant. Treatment 
has been attempted with antithrombotic agents such as aspirin, 
ticlopidine, and dipyridamole, with limited success.!° 

HHT, or Osler-Weber-Rendu disease, is a group of autoso- 
mal dominant disorders characterized by vascular lesions includ- 
ing telangiectasias, arteriovenous malformations, and aneurysmal 
vessels involving the skin and internal organs (lung, brain, and GI 
tract). Epistaxis (80% to 90%) and GI hemorrhage are the most 
common complications (see Chapter 38). The skin lesions are 1- 
to 3-mm macular telangiectasias of the face, lips, tongue, con- 
junctiva, fingers, chest, and feet (Fig. 25.8). Skin lesions appear 
later than the epistaxis, usually in the second or third decade 
of life. In the fifth to sixth decades, recurrent upper and lower 
GI hemorrhage may occur. Vascular malformations have been 
reported in the GI tract, liver, lungs, central nervous system, gen- 
itourinary tract, and almost every other organ system in the body. 
Management of the GI bleeding may be difficult, but the use of 
bipolar electrocoagulation or laser techniques has been beneficial 
(see Chapter 20). Associated von Willebrand factor deficiency 
may be present, and therapy with desmopressin has been suc- 
cessful in treating massive GI bleeding. Chronic therapy with 
estrogen and progesterone may reduce bleeding from GI telan- 
giectases. Although there is presently no FDA-approved treat- 
ment to prevent development of telangiectatic lesions in patients 
with HHT, current research is focused on the proposed genetic 
pathway involved. Mutations in the transforming growth factor B 
signaling pathway, including ENG, ACVRL1, and SMAD4, might 
be targets for anti-angiogenesis drugs such as bevacizumab and 
thalidomide.!¢ 

Blue rubber bleb nevus syndrome is a rare disorder of the skin 
and GI tract comprising a constellation of multiple cutaneous and 
GI venous malformations. Most cases are sporadic. In affected 
patients, blue, subcutaneous, compressible nodules develop on 
the skin (Fig. 25.9). GI vascular malformations are common, 
especially in the small intestine or colon, and bleeding is an almost 
universal feature. Acute GI hemorrhage, intussusception, volvu- 
lus, bowel infarction, and rectal prolapse have been described. 
‘Treatment is primarily surgical or with photocoagulation. 

Amyloidosis commonly has prominent cutaneous and oral man- 
ifestations (see Chapter 37). Waxy papules around the eyes, nose, 
and central face, as well as purpura involving the face, neck, and 
upper eyelids, are frequently noted. If a waxy papule is pinched, 
hemorrhage will ensue (pinch purpura). Orbital purpura after 
endoscopy, vomiting, or coughing is almost diagnostic. Mac- 
roglossia, increased tongue firmness, enlarged submandibular 
structures, and lingual indentations from the teeth occur in 20% 
to 50% of patients. The macroglossia may interfere with eating 
and closing the mouth and may cause airway obstruction with 
apnea, especially in the reclining position. The enlarged tongue 


Fig. 25.9 Fingertip lesion in a patient with the blue rubber bleb nevus 
syndrome. 


Fig. 25.10 Characteristic “plucked chicken skin” appearance in a 
patient with pseudoxanthoma elasticum. (Courtesy Dr. Benjamin Lock- 
shin, Silver Spring, MD.) 


may be highly vascular, resulting in bleeding. Recurrent hem- 
orrhagic bullae in the mouth are common. Patients may have 
carpal tunnel syndrome, edema, the shoulder pad sign (amyloid 
deposits in soft tissues around shoulders), GI bleeding, peripheral 
neuropathies, rheumatoid arthritis—like deposits in small joints, 
and cardiac involvement. Congestive heart failure or arrhythmias 
account for death in 40% of patients with systemic amyloidosis. 
Diagnosis of amyloidosis can be made by subcutaneous fat aspira- 
tion or by bone marrow, rectal, skin, or tongue biopsy. 
Pseudoxanthoma elasticum is a rare autosomal recessive disor- 
der of the ABCC6 gene characterized by aberrant calcification of 
mature elastic tissue. Skin lesions are usually the initial manifesta- 
tion, appearing in the second decade as yellow to orange papules 
(“plucked chicken skin”) on the lateral neck (Fig. 25.10). Skin 
lesions may progress caudally, involving other flexural areas (e.g., 
axilla, groin, antecubital, and popliteal fossae). Calcification of 
the elastic tissue of arteries leads to the major complications of 
retinal bleeding, intermittent claudication, premature coronary 
artery disease, and GI bleeding. Up to 13% of patients experience 
GI bleeding, which is usually from the stomach, and often no spe- 
cific bleeding point is found. As opposed to the other complica- 
tions of pseudoxanthoma elasticum just noted, GI bleeding tends 
to occur in younger patients (average age, 26 years), often occurs 
during pregnancy, and may be recurrent. Skin lesions may not be 
visible at the time of bleeding. Because apparently normal flexural 
or scar skin may yield diagnostic findings, a blind skin biopsy may 
be indicated in a young person with GI bleeding with no other 
explanation. Lesions identical to those seen on the skin may also 
be present on the lower lip and the rectal mucosa.” 
Neurofibromatosis type 1 (NF 1, von Recklinghausen disease) is 
defined by its cutaneous manifestations of 6 or more café au lait 
spots (each with a diameter >5 mm in prepubertal persons and 
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Fig. 25.11 Neurofibromatosis. 


>15 mm in postpubertal persons), multiple soft papules (neuro- 
fibromas [Fig. 25.11]), or a single plexiform neurofibroma, and 
freckling of the axillae or inguinal areas. GI involvement occurs 
in 10% to 15% of patients with NF1. Intestinal neurofibromas 
may arise at any level of the GI tract, although small intestinal 
involvement is most common. These tumors are generally sub- 
mucosal, but may extend to the serosa. Dense growths known as 
plexiform neurofibromatosis of the mesentery or retroperitoneal 
space may lead to arterial compression or nerve injury. Other 
tumors may occur in neurofibromatosis. There is an increased 
incidence of pheochromocytoma, with or without the multi- 
ple endocrine neoplasia type IIB syndrome.!ë Duodenal and 
ampullary carcinoid tumors (sometimes producing obstructive 
jaundice; see Chapter 34), malignant schwannomas, sarcomas, 
and pancreatic adenocarcinomas are seen with increased fre- 
quency. GI manifestations of NF1 include abdominal pain, 
constipation, anemia, melena, and an abdominal mass. Seri- 
ous complications that have been reported include intestinal 
or biliary obstruction, ischemic bowel, perforation, and intus- 
susception. Involvement of the myenteric plexus has resulted 
in megacolon. 

Mastocytosis is characterized by mast cell infiltration of the 
bone marrow, skin, liver, spleen, lymph nodes, and GI tract. It 
occurs in adult and pediatric patients (see Chapter 37). In chil- 
dren, the most common lesions consist of a large red to brown 
plaque (solitary mastocytoma), multiple red to brown papules or 
plaques (urticaria pigmentosa), or diffuse cutaneous involvement, 
with or without flushing or blistering. In adult patients, most have 
urticaria pigmentosa-—type lesions (Fig. 25.12), sometimes with 
prominent telangiectasia. Lesions are often on the trunk. The 
spectrum of clinical symptoms is due to either organ infiltration 
by mast cells or release of mast cell mediators (e.g., histamine, 
prostaglandins), leading to headache, syncope, flushing, sweat- 
ing, shortness of breath, wheezing, or even anaphylaxis. The most 
common GI complaint is dyspepsia and often peptic ulcer disease 
caused by histamine-induced gastric hypersecretion (see Chapter 
51). Diarrhea and abdominal pain are also common problems and 
can be accompanied by malabsorption.!? In children, the lesions 
usually involute spontaneously, and systemic disease is uncom- 
mon. In adults, cutaneous lesions may resolve as well, but without 
improvement in systemic symptoms. In the rare pediatric case 
with a solitary mastocytoma and significant systemic symptoms, 
excision of the skin lesion may resolve the systemic complica- 
tions. Extracutaneous involvement should be considered for adult 
patients with cutaneous mastocytosis, because management of 
symptoms can easily be achieved. 


Fig. 25.12 An adult with urticaria pigmentosa. Reddish-brown freckle- 
like lesions are characteristic of the adult form of this disease. The term 
urticarial is a misnomer, as these lesions do not resemble hives. 


CUTANEOUS MANIFESTATIONS OF 
GASTROINTESTINAL MALIGNANCIES 


Cutaneous manifestations may be of importance in recognizing 
individuals with cancer or from a kindred with a high risk for 
development of cancer. These cutaneous markers are discussed in 
3 sections: syndromes with GI polyposis and skin findings, cuta- 
neous markers of internal malignancy, and cutaneous manifesta- 
tions of metastatic GI carcinoma. 


Polyposis Syndromes 


The polyposis syndromes, discussed in Chapter 126, have a num- 
ber of cutaneous findings that are key to clinical identification and 
unique discrimination. Table 25.1 reviews the pertinent mucocu- 
taneous and clinical findings, as well as the genetics associated 
with polyposis syndromes, hereditary non-polyposis colorectal 
cancer (HNPCC, Lynch syndrome), and Muir-Torre syndrome 
(Fig. 25.13). A recent thorough review of this topic is available.’° 


Internal Malignancy and Related Disorders 


DM is manifested by a violaceous color of the eyelids, often with 
edema (heliotrope); keratotic papules over the knuckles (Gottron 
papules [Fig. 25.14]); a widespread erythema, often with accentua- 
tion over the elbows and knees (Gottron sign), resembling psoriasis; 
photosensitivity; and nail cuticle abnormalities, including telangiecta- 
ses, thickening, roughness, overgrowth, and irregularity. About 25% 
of patients with DM have internal malignancy, particularly patients 
older than 40 years.*! Cancers most commonly associated with DM 
are gastric, colorectal, pancreatic, ovarian, lung, and non-Hodgkin 
lymphoma. There does not appear to be a predilection for either 
gender. To detect an associated cancer, a complete medical history, 
physical examination (including rectal, pelvic, and breast examina- 
tions), CBC, routine serum chemistry analysis, serum protein elec- 
trophoresis, fecal occult blood tests, urinalysis, chest x-ray, and (in 
women) mammography and transvaginal ultrasound are recom- 
mended yearly, and with new symptoms, for the first 3 years after the 
onset of DM. Any abnormalities should be investigated further.’*? 
Keratosis palmaris et plantaris (Howel-Evans syndrome; tylosis 
and esophageal cancer) is an adult-onset diffuse hyperkeratosis of 
the palms and soles that has been described in association with a 
very high incidence of esophageal carcinoma in several kindred 
in Liverpool, England. It is an autosomal dominant phenotype 
caused by loss of heterozygosity of the TOC (tylosis oesophageal 
cancer) gene, RHBDF?2, located on chromosome 17q.** The skin 
lesions appear during adolescence or early adulthood, and the 
carcinomas appear on average at 45 years. Esophageal carcinoma 
develops in almost all patients in these kindred with tylosis. 
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TABLE 25.1 Pertinent Cutaneous Findings and Genetics of the Polyposis Syndromes 


Syndrome (Inheritance) Cutaneous/Mucosal Presentation 


Other Findings 


365 


Gene Defect (OMIM#) 


Prepubertal epidermoid (inclusion) 
cysts 
Lipomas 
Desmoid tumors 
Dental abnormalities: 
Osteomas 
Odontomas 
Supernumerary teeth 
Multiple unerupted teeth 
Long, pointed posterior tooth roots 


Gardner syndrome 
Familial adenomatous polyposis 
variant (autosomal dominant) 


Muir- Torre syndrome Sebaceous adenomas and 


Lynch syndrome variant carcinomas 
(autosomal dominant) Epitheliomas 
Keratoacanthomas 


Peutz-Jeghers syndrome 
(autosomal dominant) 


Early-onset mucocutaneous 
melanocytic macules: 
Perioral area 
Lips/vermillion border 
Buccal mucosa 
Lingual mucosa 
Digits 
Periocular area 
Perianal area 


Trichilemmomas 

Facial papules 

Lipomas 

Acral keratosis 

Penile lentigines 

Oral findings: 
Papillomatosis 
Scrotal tongue/lingual fissuring 
Buccal/lingual cobblestoning 


Cowden syndrome 
Multiple hamartoma syndrome 
(autosomal dominant) 


Cronkhite-Canada syndrome 
(sporadic) 


Alopecia (patchy) 
Hyperpigmentation (diffuse) 
Nail dystrophy: 
Thinning 
Splitting 
Onycholysis 
Onychomadesis (periodic shedding 
of nails) 


100-1000 adenomatous colon polyps 
Congenital hypertrophy of the retinal 


APC (tumor suppressor gene defect) 
OMIM #175100 


pigment epithelium (CHRPE) 
Malignancies: 

Colon/rectum 

Duodenum 

Ampulla of Vater 

Thyroid 

Medulloblastoma 

Adrenal gland 

Hepatoblastoma 


Malignancies: 
Colorectal mucinous adenocarcinoma 
(proximal colon usually) 
Stomach 
Small bowel 
Ampulla of Vater 
Endometrium 
Urologic tract 
Ovary 
Live/Biliary 


Mismatch repair gene defects in 
MLH1, MSH2, MSH6, and PMS2 
OMIM #158320 


STK11 (serine/threonine kinase 
germline mutation) 
OMIM #175200 


Hamartomatous Gl polyps (any part of 
Gl tract) 
Malignancies: 
Small and large intestine 
Pancreas 
Breast 
Uterus 
Cervix 
Testes 


PTEN tumor suppressor gene defect 
OMIM #158350 


Polyposis: 
Esophagus 
Stomach 
Colon/Rectum 

Hamartomas: 
Bone 
CNS 
Eyes 
GU tract 
Pectus excavatum 
Scoliosis 
Macrocephaly 

Malignancies: 

Colon/Rectum 

Breast 

Thyroid 

Endometrium 

Diffuse polyposis throughout the Gl OMIM #175500 

ract, sparing the esophagus, leading 

o diarrhea, weight loss, anorexia, 

Gl bleeding, intussusception, and a 

protein-losing enteropathy 


CNS, Central nervous system; GU, genitourinary; OMIM, Online Mendelian 


Acanthosis nigricans is a cutaneous finding that manifests with a 
velvety hyperplasia and hyperpigmentation of the skin of the neck 
and axillae (Fig. 25.15), often associated with multiple skin tags. 
It is most commonly a manifestation of insulin resistance. How- 
ever, some patients with acanthosis nigricans have internal malig- 
nancy, so-called malignant acanthosis nigricans. In these patients, 
the extent of involvement may be severe and include the hands, 
genitalia, and oral mucosa. When acanthosis nigricans affects the 
hands, it is known as tripe palms (acanthosis palmaris, pachyder- 
matoglyphy, palmar hyperkeratosis, and palmar keratoderma). 


Inheritance in Man. 


Tripe palms presents as a moss-like or velvety texture with pro- 
nounced dermatoglyphics or by a cobbled or honeycombed sur- 
face of the palms and fingers. The associated carcinoma is usually 
present simultaneously with the acanthosis nigricans, but may not 
yet be clinically evident. Intra-abdominal adenocarcinomas con- 
stitute more than 85% of associated malignancies, with gastric 
carcinomas representing more than 60%. Survival is short, and 
more than 50% of patients die in less than 1 year.’° 
Paraneoplastic acrokeratosis of Bazex is a rare but distinctive 
syndrome associated with a primary malignant neoplasm of the 
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Fig. 25.13 Mucocutaneous pigmentation in a patient with Peutz- 
Jeghers syndrome. 


Fig. 25.14 A, Dermatomyositis with erythematous plaques, especially 
over the knuckles (Gottron papules). B, Calcinosis cutis from dermato- 
myositis with caput medusae. (Courtesy Dr. Benjamin Lockshin, Silver 
Spring, MD.) 


Fig. 25.15 Acanthosis nigricans on the neck. (Courtesy Dr. Benjamin 
Lockshin, Silver Spring, MD.) 


upper aerodigestive tract or metastatic carcinoma to the lymph 
nodes of the neck. All of the more than 50 patients reported to 
date have had malignancy, including esophageal carcinoma and 
one gastric carcinoma with cervical nodal metastases. The skin 


Fig. 25.16 Necrolytic migratory erythema in a patient with glucagono- 
ma, characterized by rapidly eroding, superficial blisters. Lesions are 
usually localized to the buttocks, groin, perineum, elbows, hands, feet, 
and perioral area. (Courtesy Dr. Carl Grunfeld, San Francisco, CA.) 


eruption begins acrally as thickening of the periungual skin and 
marked nail dystrophy. The rash progresses proximally and also 
involves the tip of the nose and ears. Thickening of the palms and 
soles ensues initially, with central sparing, which can make walk- 
ing very painful. Eventually the face and scalp become involved. 
Treatment of the underlying carcinoma is usually associated with 
improvement or resolution of the skin lesions. 

Hypertrichosis lanuginosa, another rare paraneoplastic syndrome 
consisting of fine, thin, down-like, unpigmented lanugo-type hair, 
is typically noted on the face, forehead, ears, nose, axillae, limbs, 
and trunk. Associated manifestations include glossodynia, papil- 
lary hypertrophy of the tongue, disturbances of taste and smell, 
diarrhea, scleroderma, acanthosis nigricans, seborrheic keratoses, 
adenopathy, and weight loss. Colorectal carcinomas are second 
only to lung carcinoma in frequency of associated malignancies. 

Carcinoid tumors produce a number of vasoactive substances 
that can induce cutaneous flushing (see Chapter 34). The most 
common carcinoid tumors (appendix and small bowel) do not pro- 
duce flushing until the vasoactive substances reach the systemic 
circulation. Flushing, therefore, generally denotes metastasis to 
the liver or a different primary tumor site (e.g., lung or ovary). 
Glucagonoma is a very rare neuroendocrine tumor of the alpha 
cells of the pancreas that may cause a necrolytic migratory erythema 
of the skin. The rash is common around orifices, flexural regions, 
and the fingers. Lesions are typically papulovesicular, with sec- 
ondary erosions, crusting, and fissures appearing in a geographic 
circinate pattern (Fig. 25.16). Patients can also often have weight 
loss, diarrhea, anemia, psychiatric disturbances, hypoamino- 
acidemia, and diabetes. The rash typically clears with successful 
removal of the tumor (discussed in more detail in Chapter 34). 

Subcutaneous fat necrosis and polyarthralgia is associated 
with pancreatic acinar cell carcinoma, pancreatitis, and pancre- 
atic pseudocysts. This constellation is now increasingly referred 
to as the PPP syndrome (pancreatitis, panniculitis, polyarthritis 
syndrome).”° Most affected persons are men. Deep subcuta- 
neous, erythematous nodules ranging from 1 to several centi- 
meters in diameter usually appear on the legs. In uncommon 
cases, the nodules may break down, exuding a creamy material. 
Arthritis, often involving several joints, especially the ankles 


CHAPTER 25 Cutaneous Manifestations of Gastrointestinal and Liver Diseases 367 


Fig. 25.17 A and B, Pancreatitis, panniculitis, polyarthritis syndrome. A 
69-year-old alcoholic man with chronic calcific pancreatitis, a pseudo- 
cyst, and marked hyperlipasemia (>6000 U/L) developed acute bilateral 
ankle pain with redness and swelling. Three days later he noticed 
painful red bumps in his right posterior forearm and right ankle area, 
with later spread to the right ankle. He had pain and swelling in several 
metacarpophalangeal and interphalangeal joints, and bilateral swelling 
of the Achilles tendon. Biopsy of one of the subcutaneous nodules 
showed fat necrosis. The lesions and arthritis gradually resolved without 
scarring over several weeks. (Courtesy Ann Malbas, MD.) 


and knees, may accompany the nodules or occur without skin 
lesions (Fig. 25.17). Abdominal pain may be absent when the 
skin lesions or arthritis occur. In addition to the expected eleva- 
tions of serum lipase (and amylase), eosinophilia is common. 
Histopathologic evaluation of skin lesions usually reveals diag- 
nostic findings—pale staining necrotic fat cells (ghost cells) and 
deposits of calcium in the necrotic fat. The mortality rate in 
cases not associated with carcinoma can approach 50%. In PPP 
syndrome, subcutaneous nodules usually manifest on the ante- 
rior shins. 

A bluish discoloration of the skin (ecchymosis) around the 
umbilicus, sometimes associated with hemorrhagic pancreatitis, 
is called Cullen sign; when a similar process occurs in the flank, it 
is called the Grey-Turner sign (see Chapter 58). 

Some cutaneous markers historically thought to be associ- 
ated with internal malignancies have more recently been dis- 
missed as having no direct relationship. These include Bowen 
disease (cutaneous squamous cell carcinoma in situ) and skin 
tags. Leser-Trélat sign (sudden appearance of multiple sebor- 
rheic keratoses) remains controversial but may be more spe- 
cific for a GI or lung adenocarcinoma when associated with 
another paraneoplastic finding, such as malignant acanthosis 
nigricans.” Sweet syndrome (acute febrile neutrophilic der- 
matoses) might be associated with a lymphoproliferative neo- 
plasm. 


BOX 25.1 Cutaneous Manifestations of Selected Liver 
Diseases 


LIVER DISEASE IN GENERAL 
Jaundice 

Vascular spider angiomata 
Corkscrew scleral vessels 
Palmar erythema 

Telangiectasia 

Striae 

Caput medusa 


HEMOCHROMATOSIS 


Generalized bronze-brown skin color with accentuation over sun- 
exposed sites 


PRIMARY BILIARY CHOLANGITIS 


Xanthomas of trunk, face, or extremities, including striking plane 
xanthomas on palmar creases 


HEPATITIS B AND C 
See Box 25.2. 


Cutaneous Metastases 


Cutaneous metastases occur rarely with GI adenocarcinomas. 
‘They may appear anywhere on the skin and are often nonspecific, 
very firm, dermal or subcutaneous nodules. When metastasis to 
the umbilicus occurs, intra-abdominal GI carcinoma is found in 
more than half of cases and gastric carcinoma in 20%. This lesion 
is called Sister Mary Joseph nodule. Immunoperoxidase markers 
have assisted pathologists in predicting the primary site of origin 
from biopsy specimens of metastatic nodules. 


CUTANEOUS MANIFESTATIONS OF LIVER DISEASE 


Liver disease can result in a variety of cutaneous manifestations, 
especially in relation to hepatitis B and C (Boxes 25.1 and 25.2). 

Pruritus is a distressing complication of cholestatic, inflamma- 
tory, and malignant liver diseases. The itching of liver disease 
is not relieved by scratching or topical glucocorticoids, may be 
especially prominent in the palms and soles, and can be difficult 
to manage. Amelioration of pruritus with ultraviolet B light treat- 
ment, cholestyramine, or rifampin does not help in elucidating 
the pathogenesis of this distressing condition. Opiate antagonists 
may relieve pruritus of liver disease, and the pruritus associated 
with metastatic disease to the liver has been successfully treated 
with ondansetron, a 5-HT; receptor antagonist. Intense ongoing 
research is being applied to the field of itch and multiple potential 
itch pathways have been proposed including receptor activations 
of TRPV1, opioid receptor, 5-HT, histamine receptor, GABA 
receptor, neurokinin-1, TRPA1, and others.”’ 

Frequently administered to patients with liver disease and 
hypoprothrombinemia, vitamin K cutaneous reactions, although 
rare, may occur after subcutaneous, intramuscular, or intrave- 
nous administration. Large, erythematous, indurated, pruritic 
plaques occur within a few days to a few weeks. These reactions 
may be a delayed hypersensitivity reaction, in that dermal test- 
ing can reproduce the reactions. When tested, patients have been 
found to be allergic to the vitamin K, not the benzoyl alcohol 
vehicle. However, vitamin K; (Synkayvite), which is water-solu- 
ble, has not been reported to cause similar reactions. If reactions 
occur after buttock injections of vitamin K, there is an almost 
diagnostic tendency of these plaques to spread around the waist 
and down the thigh, reproducing what has been called a “cow- 
boy gun belt and holster” pattern. These reaction sites resolve 
over days to weeks but may persist for months to years. After 
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an erythematous reaction, or without prior reaction, expanding 
sclerotic plaques with violaceous borders similar to those of mor- 
phea have occurred months to years after injections. The latter 
pattern usually occurs after large parenteral doses of vitamin K. 
In addition to these local reactions, anaphylaxis after intravenous 
administration that may be fatal may occur. 

The association between polyarteritis nodosa and hepatitis B is 
well documented. Urticaria and serum sickness classically occur 
in patients with hepatitis B, although both have been reported in 
association with hepatitis C (see Chapters 79 and 80). Chronic 
hepatitis C virus is associated with leukocytoclastic vasculitis with 
cryoglobulinemia. Petechiae and palpable purpura are noted on 
the skin. 

Porphyria cutanea tarda (PCT) is a disorder of porphyrin metab- 
olism characterized by skin fragility, blisters, hypertrichosis, and 
hyperpigmentation in sun-exposed skin (Fig. 25.18). PCT is the 
commonest form of porphyria and is characterized by a defi- 
ciency of uroporphyrinogen decarboxylase. Diagnosis is typically 
made with a 24-hour urine collection demonstrating elevated 
uroporphyrin levels. Alcohol consumption, estrogens, iron, and 
sunlight all are known to exacerbate PCT. There is a clear and 
substantial link between PCT and hepatitis C.?8 The prevalence 
of hepatitis C in patients with PCT demonstrates regional varia- 
tion, ranging from 65% in southern Europe and North America 


BOX 25.2 Cutaneous Manifestations of Hepatitis B and C 


HEPATITIS B MORE THAN IN HEPATITIS C 
Polyarteritis nodosa 

Urticaria 

Serum sickness 

Infantile papular acrodermatitis (Gianotti-Crosti syndrome) 
Erythema nodosum 

BOTH HEPATITIS B AND C 


Small vessel vasculitis 


Urticarial vasculitis 
Pruritus 
Erythema multiforme 


HEPATITIS C MORE THAN IN HEPATITIS B 


Leukocytoclastic vasculitis with cryoglobulinemia 
Porphyria cutanea tarda 

HEPATITIS C 

Lichen planus 

Livedo reticularis 

Necrolytic acral erythema 


to 20% in northern Europe and Australia.’? Treatment involves 
phlebotomy and antimalarial agents. 

LP is a common idiopathic inflammatory disorder that can 
affect skin, hair, mucous membranes, and nails (see earlier). The 
prototypical presentation of LP is violaceous, polygonal, flat- 
topped papules of flexural areas of the wrists, arms, and legs. 
The papules often have an overlying reticulated white scale 
known as Wickham striae. An association between LP and hepa- 
titis C exists but is not as prominent as the link between PCT 
and hepatitis C.*° 


DRUG-INDUCED LIVER DISEASE IN PATIENTS WITH 
SKIN DISEASE 


Dermatologists frequently consult gastroenterologists for evalua- 
tion of patients who are being treated with methotrexate or reti- 
noids, because these medications can cause acute and chronic liver 
disease (see Chapter 88). Methotrexate is commonly used for severe 
psoriasis and psoriatic arthritis but is also used for cutaneous T cell 
lymphoma, connective tissue diseases such as rheumatoid arthritis, 
and other inflammatory disorders. Methotrexate is usually given as 
a single weekly dose of 10 to 25 mg, but may be used in higher dos- 
ages in selected patients. A grading system for liver biopsies has been 
established and is generally followed by dermatologists, with deci- 
sions on continuation or discontinuation of treatment frequently 
based on the results of these biopsies (Table 25.2).7° Latest consen- 
sus guidelines from the American Academy of Dermatology recom- 
mend less frequent liver biopsies than those previously prescribed 


Fig. 25.18 Porphyria cutanea tarda characterized by noninflamma- 
tory blisters and erosions of the dorsa of the hands. Affected patients 
are frequently infected with HCV. (Courtesy Dr. Timothy Berger, San 
Francisco, CA.) 


TABLE 25.2 Grading System for Liver Biopsy Findings in Patients Taking Methotrexate and Guidelines for Continuation/Discontinuation of Methotrexate 


Grade Criteria 


Guidelines 


| Normal; mild fatty infiltration; nuclear variability, portal 
inflammation 


ll Moderate to severe fatty infiltration; nuclear variability; portal 
tract expansion, portal tract inflammation, and necrosis 


IIA Mild fibrosis (formation of fibrotic septa extending into the 
lobules) 

IIIB Moderate to severe fibrosis 

IV Cirrhosis (regenerative nodules as well as bridging of portal 
tracts) 


May continue to receive methotrexate. 


May continue to receive methotrexate. 


May continue to receive methotrexate but should have a repeat liver biopsy after 
approximately 6 more months of methotrexate. Alternative therapy should be 
considered. 


Should not administer further methotrexate. Exceptional circumstances, 
however, may require continued methotrexate, with follow-up liver biopsies. 


Should not administer further methotrexate. Exceptional circumstances, 
however, may require continued methotrexate, with follow-up liver biopsies. 


Modified from Roenigk HH Jr, Auerbach R, Maibach H, Weinstein GD. Methotrexate in psoriasis: revised guidelines. J Am Acad Dermatol 1988;19:145-56. 
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and no longer suggest pretreatment liver biopsies in patients with- 
out risk factors for additive hepatotoxicity (e.g., chronic alcohol 
use, obesity, diabetes mellitus, active or chronic hepatitis). Notably, 
liver biopsy is still recommended for monitoring in psoriasis (every 
3.5 to 4 g total cumulative dose)*? due to the chronic liver damage 
caused by the inherent metabolic disorder that accompanies severe 
psoriasis, but a growing body of work suggests that liver elastogra- 
phy or other non-invasive tests may supplant the need for as many 
biopsies as are performed today.°? 

Retinoids (e.g., isotretinoin, acitretin, bexarotene), derivatives 
of vitamin A, are currently used for the treatment of certain forms 
of severe psoriasis, cystic acne, and other disorders of keratiniza- 
tion. Regular evaluation of liver chemistry tests is required during 
this treatment. Mild elevations of serum triglyceride, cholesterol, 
ALT, and AST levels are common (20% to 30% of patients 
treated), usually transient, or easily managed by reducing the 
dose. Severe or even fatal hepatitis has been reported, however. 
Retinoids may be used for patients with psoriasis who were pre- 
viously treated with methotrexate or who have preexisting liver 
disease contraindicating the use of methotrexate. Limited expe- 
rience suggests that these patients do not suffer progression of 
their liver disease with such retinoid therapy. As with methotrex- 
ate, there is a poor correlation between liver chemistry test results 
and liver histology during retinoid therapy. Therefore, pretreat- 
ment and intermittent liver biopsies may be required for certain 
high-risk patients being chronically treated with oral retinoids. 


PARASITIC DISEASES OF THE SKIN AND 
GASTROINTESTINAL TRACT 


The larval forms of human and animal nematodes may cause 
migratory erythematous skin lesions called creeping eruptions 
(see Chapter 114). The most common pattern is cutaneous larva 
migrans, caused by dog and cat hookworms (Fig. 25.19). Pruritic 
linear papules migrate at a rate of 1 to 2 cm daily on skin sites 
that have come in contact with fecally contaminated soil, usually 
the feet, buttocks, or back. Lesions resolve spontaneously over 
weeks to months. Larva currens is due to Strongyloides stercoralis 
larva migrating in the skin. It occurs in 2 forms, one localized 
to the perirectal skin in immunocompetent hosts and another 
disseminated form occurring in immunosuppressed hosts. S. 
stercoralis has the unique capacity among nematodes to develop 
into infective larvae within the intestine. These infective larvae 
may invade the perirectal skin in infected immunocompetent 
individuals, causing urticarial, erythematous, linear lesions that 
migrate up to 10 cma day, usually within 30 cm of the anus. Skin 
lesions may occur intermittently, making diagnosis difficult. In 
immunosuppressed hosts, repeated autoinfection through the 


Fig. 25.19 Cutaneous larva migrans characterized by a serpiginous 
erythematous migratory lesion caused by an infection with dog hook- 
worm. (Courtesy Dr. Timothy Berger, San Francisco, CA.) 


intestine leads to a tremendous parasite burden (hyperinfection), 
manifested most commonly by pulmonary disease. In association 
with hyperinfection, disseminated larva currens-type lesions 
may appear over the whole body, especially the trunk. Petechial 
or purpuric serpiginous lesions may also occur periumbilically. 

Parasitic infections are classically considered in the differen- 
tial diagnosis of urticaria. Except for fascioliasis and hydatid dis- 
ease, however, a direct relationship with urticaria has rarely been 
proved. If blood eosinophilia and GI symptoms are absent, stool 
examination for parasites is rarely beneficial. 


DERMATITIS HERPETIFORMIS AND CELIAC DISEASE 


Dermatitis herpetiformis (DH) is an extremely pruritic skin dis- 
order most commonly appearing during early adulthood (see 
Chapter 107). The cutaneous eruption consists of urticarial, 
vesicular, or bullous lesions characteristically localized to the 
scalp, shoulders, elbows, knees, and buttocks.*+ The disorder is 
so pruritic that often all the skin lesions have been excoriated, 
and the diagnosis must be suspected on the basis of this and the 
distribution (Fig. 25.20). 

The diagnosis of DH is established by skin biopsy and direct 
immunofluorescence examination of the skin. Deposits of IgA are 
found in the dermal papillae at sites of itching and where vesicles 
are forming. Patients with DH commonly have an enteropathy 
indistinguishable from celiac disease (CD). Their HLA patterns, 
including haplotypes B8, DR3, and DQw2, intestinal malab- 
sorption, presence of antibodies to endomysium (EMA), gliadin 
(AGA), and tissue transglutaminase (TG), and small bowel biopsy 
findings are similar to those of patients with CD. Despite these 
striking similarities, fewer than 5% of patients with DH have 
symptomatic GI disease. Gluten has been shown to be the dietary 
trigger of DH. Even patients with such minimal bowel disease 
that bowel biopsy findings are normal improve on a gluten-free 
diet. Reintroduction of gluten in a symptom-free patient on a 
gluten-free diet leads to the reappearance of pruritus and skin 
lesions. 


Fig. 25.20 Dermatitis herpetiformis characterized by pruritic, urticarial 
papules, and small blisters concentrated over the elbows, knees, and 
buttocks. (Courtesy Dr. Benjamin Lockshin, Silver Spring, MD.) 
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A pathogenic mechanism has been proposed to explain the 
relationship between DH and CD. In patients with CD, IgA anti- 
bodies are produced in response to tissue TG2 that is cross-linked 
to deamidated gliadin peptides (derived from dietary wheat, bar- 
ley, or rye and presented by HLA-DQ2 or -DQ8 molecules on 
antigen-presenting cells). IgA antibodies to the epidermal form of 
TG, TG3, are then thought to form as a result of epitope spread- 
ing, and these antibodies eventually form antigen-antibody com- 
plexes with TG3 in the papillary dermis, resulting in the clinical 
and pathologic findings of DH. This model would explain why 
DH more commonly presents at a later age than symptomatic 


Fig. 25.21 Lower extremities of an older man with Whipple disease. 
Perifollicular hemorrhage is apparent. Plasma vitamin C levels were 


decreased. The skin lesions rapidly disappeared after vitamin C supple- 


mentation. (Courtesy Dr. Mark Feldman, Dallas, TX.) 


TABLE 25.3 Nutritional Abnormalities and Associated Skin Findings 


Nutritional Abnormality 


Causes 


Fig. 25.22 Infant girl with acrodermatitis enteropathica secondary to 


nutritional zinc deficiency. She was subsisting on a diet of rice cereal 


and water. (Courtesy Dr. Genevieve Wallace, Dallas, TX.) 


Clinical Features 


Treatment 


Niacin deficiency (pellagra) 


Zinc deficiency 
(acrodermatitis 
enteropathica if genetic) 

Deficiency of essential fatty 
acids 

Biotin deficiency 


Vitamin C deficiency 
(scurvy) 


Glucagonoma syndrome 
(necrolytic migratory 
erythema) 


Inadequate diet 
Medication (isoniazid) 
Carcinoid syndrome 


Congenital metabolic abnormalities 

Alcoholics with cirrhosis 

Hyperalimentation without adequate 
supplementation 

Crohn disease 


Alcohol abuse 
Crohn disease 
Whipple disease 


Glucagon-secreting neuroendocrine 
tumors of the pancreas 

Also in setting of cirrhosis and subtotal 
villus atrophy of the jejunal mucosa 


Symmetrical brown-red, blistering, or 
scaling plaques in sun-exposed 
areas 

Glossodynia, atrophic glossitis 

4 Ds: dermatitis, diarrhea, dementia, 
death 


Superficial scaling eruption, 
accentuated in groin and around 
the mouth 

Alopecia 


Follicular hyperkeratosis and 
perifollicular hemorrhage 

Ecchymoses 

Xerosis 

Poor wound healing 

Corkscrew body hairs 

Gingivitis with gum hemorrhage 


Intense erythema progressing to flaccid 
bullae and crusting with rupture 

Most commonly on the central face, 
intertriginous sites, thighs, buttocks, 
and distal limbs 

Often painful or pruritic 


Nicotinic acid: 

Mild: 50 mg orally 3 times daily 

Symptomatic: 25 mg intravenously or 
intramuscularly 3 times daily 

Advanced: 50-100 mg intravenously or 
intramuscularly 3 times daily x 3-4 
days, followed by oral therapy 


Zinc: 1-2 mg/kg/day orally for acquired 
form; 3 mg/kg/day for congenital 
form, acrodermatitis enteropathica 

Biotin: 10-40 mg/day orally, 
intramuscularly 


Ascorbic acid, 800 mg/day orally 


Surgical removal of the tumor 

Somatostatin analog or zinc 
supplementation sometimes 
beneficial while awaiting surgery 


Modified from Nieves D, Goldsmith L. Cutaneous changes in nutritional disease. In: Freedberg |, Eisen A, Wolff F, editors. Fitzpatrick’s dermatology in 
general medicine. New York: McGraw-Hill; 2003. pp 1399-1412. 
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CD, and with less severe intestinal disease, in that epitope spread- 
ing likely requires time and continued exposure to gluten.*? 
Because it is occasionally difficult to distinguish DH from 
other blistering skin diseases, a patient with an extremely pru- 
ritic eruption may be referred for endoscopy. The finding of an 
abnormal small intestine consistent with CD in a patient with a 
pruritic eruption would be highly suggestive of DH (see Chapter 
107). The skin lesions of DH respond dramatically to sulfa drugs 
(dapsone or sulfapyridine), but the gut pathology and skin immu- 
nofluorescence are unchanged by sulfa drugs. Treatment with a 
gluten-free diet leads to gradual clearing of skin lesions, improve- 
ment of the intestinal abnormality, disappearance of the IgA from 
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the skin, and decreased dependence on dapsone for control of the 
cutaneous eruption.*° 


VITAMIN AND MINERAL DEFICIENCIES 


‘Though many vitamin deficiencies result in various skin findings 
(Figs. 25.21 and 25.22), those of most relevance to GI and liver 
disease are summarized in Table 25.3, along with treatment algo- 
rithms.*! (Also see Chapters 6 and 104.) 


Full references for this chapter can be found on www.expertconsult.com. 
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Diverticula are outpouchings from tubular structures. True diver- 
ticula involve all layers of the intestinal wall, whereas false diver- 
ticula are due to herniation of mucosa and submucosa through 
the muscular wall. Many diverticula contain attenuated portions 
of the muscular wall of the intestine, and hence may be difficult 
to define as true or false. True diverticula are often assumed to 
be congenital lesions, and false diverticula are assumed to be 
acquired, but this is not always the case. Some authors reserve the 
terms false diverticula or pseudodiverticula for diverticula caused by 
an inflammatory process. This chapter addresses diverticula of all 
parts of the GI tract, with the exception of Meckel diverticulum 
and colonic diverticula, which are covered in Chapters 98 and 121. 


ZENKER DIVERTICULA 


Ludlow first described a patient with a hypopharyngeal diverticu- 
lum in 1767, and in 1877 Zenker and Von Ziemssen reported 23 
such patients. 1? 
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Epidemiology, Etiology, and Pathophysiology 


The prevalence of Zenker diverticula has been estimated to 
be between 0.1% and 0.01%. Patients generally present in the 
seventh or eighth decade of life. Twice as many men as women 
develop Zenker diverticula.’ 4 

Zenker diverticula are acquired. They develop when abnor- 
mally high pressures occur during swallowing, leading to mucosa 
that protrudes through an area of anatomic weakness in the phar- 
ynx known as Killian triangle (see Chapter 43). Killian triangle is 
located posteriorly where the transverse fibers of the cricopha- 
ryngeus muscle of the upper esophageal sphincter (UES) inter- 
sect with the oblique fibers of the inferior pharyngeal constrictor 
muscle. The size of this area of weakness varies among individu- 
als. Relatively large defects may predispose to the development of 
Zenker diverticula.* 

With a Zenker diverticulum, opening of the UES is impaired, 
generating high pressures with swallowing. In patients with 
Zenker diverticula, several pathophysiologic changes have been 
documented in the cricopharyngeus, including inflammation 
and fibrosis leading to poor compliance and abnormal relax- 
ation of the cricopharyngeus.*»° These changes lead to a reduc- 
tion in compliance and decreased opening of the UES.* Other 
types of diverticula similar in appearance to Zenker diverticula 
have been reported as a complication of anterior cervical spine 
surgery.’ Killian-Jamieson diverticula are seen just below the 
cricopharyngeus and have a similar presentation to Zenker 
diverticula.’ 


Clinical Features and Diagnosis 


Common presenting symptoms are listed in Box 26.1, with 
dysphagia and regurgitation as the most common complaints. 
Patients with small diverticula may be asymptomatic. In some 
patients, Boyce sign, a palpable nodule or swelling on the left ante- 
rior neck that may gurgle on palpation, can be found.!° 

Zenker diverticulum can be suspected from a careful his- 
tory. Barium swallow is the most useful diagnostic study. The 
radiologist should be alerted in advance so that proper views 
are taken (Fig. 26.1B; see also Chapter 44). Small diverticula 
may be seen only transiently. Barium swallow in the lateral 
view using video fluoroscopy is helpful for detecting small 
diverticula. The opening of a large Zenker diverticulum often 
becomes aligned with the axis of the esophagus. Oral con- 
trast will preferentially fill the diverticulum and empty slowly 
from it. Large diverticula are therefore often obvious, even on 
delayed images. Zenker diverticula more often on the left side 
of the neck. 

Zenker diverticula may be discovered incidentally during bar- 
ium swallow or upper endoscopy (see Fig. 26.1A) carried out for 
investigation of unrelated problems. When evaluating patients 
with symptoms suspicious for the presence of a Zenker diverticu- 
lum, consider obtaining a barium swallow prior to endoscopic 
evaluation. During endoscopy, Zenker diverticulum should be 
suspected if, on entering the pharynx, the UES cannot be located. 
In such cases, the endoscopy should be stopped, and the patient 
sent for a barium study. 
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BOX 26.1 Presenting Symptoms in Patients with a Zenker 
Diverticulum 


Aspiration 
Choking 
Dysphagia 
Halitosis 
Regurgitation 
Voice changes 
Weight loss 


= 


Fig. 26.1 Zenker diverticulum. A, Endoscopic view. It is often difficult 
to distinguish the lumen of the esophagus from the lumen of the diver- 
ticulum. B, Barium esophagogram showing a diverticulum large enough 
to cause esophageal obstruction when it fills. (A, Courtesy of the late 
Dr. David Langdon; B, Courtesy Dr. Charles E. Pope, Seattle, WA.) 


Complications 


Squamous cell cancer may develop in Zenker diverticula; the esti- 
mated incidence is 0.4% to 1.5%.>1! If myotomy without diver- 
ticulectomy is planned, it is prudent to carefully inspect the lining 
of the diverticulum for any evidence of cancer. 


Bleeding may occur from ulcerated Zenker diverticula.!? Aspi- 
ration of retained food contents may lead to aspiration pneumo- 
nia.!>14 Medications may become lodged in Zenker diverticula 
and can cause ulceration and pain, as well as decreased medica- 
tion effectiveness.!>:!° Because a Zenker diverticulum is occasion- 
ally palpable on physical exam, it can be difficult to distinguish 
from a large thyroid nodule, and accumulation of radioactive 
iodine tracer in a Zenker diverticulum has been reported to lead 
to erroneous diagnosis of metastatic thyroid cancer.!’ The video- 
capsules used for capsule endoscopy may also become lodged in 
Zenker diverticula and should be delivered into the stomach with 
an endoscope when such studies are required.!® 

Intubation of the trachea or the esophagus may be complicated 
by the presence of a Zenker diverticulum. A large diverticulum 
displaces the lumen of the esophagus. The tip of the intubation 
instrument is often directed preferentially into the diverticulum. 
At endoscopy, it may be difficult to distinguish the lumen of the 
diverticulum from the true lumen of the esophagus (see Fig. 
26.1A). Endotracheal intubation, placement of a nasogastric tube, 
and intubation of the esophagus for upper endoscopy, endoscopic 
retrograde cholangiopancreatography, or transesophageal echo- 
cardiography may be difficult. Perforation can occur. Intuba- 
tion of the esophagus in patients with Zenker diverticula should 
be performed under direct vision. When a large Zenker diver- 
ticulum causes marked anatomic distortion or when intubation 
with a side-viewing endoscope is required, direct intubation is 
not prudent. In such cases, a forward-viewing endoscope can be 
used to pass a soft-tipped guidewire into the esophageal lumen.!? 
The guidewire is then back-loaded into the endoscope, and the 
endoscope is advanced into the esophagus over the guidewire. An 
alternative technique consists of passing a forward-viewing endo- 
scope loaded with an overtube. Once the endoscope has been 
passed into the esophagus, the overtube is advanced, the forward- 
viewing endoscope is withdrawn, and the side-viewing or ultra- 
sound endoscope is passed through the overtube.?? 


Treatment and Prognosis 


Patients with small asymptomatic or minimally symptomatic 
diverticula can be followed, because progressive enlargement 
is uncommon.’!? Patients with large and symptomatic Zenker 
diverticula should be offered treatment.???? 

Zenker diverticula may be treated by open surgical proce- 
dures or by transoral endoscopic techniques using rigid or flexible 
endoscopes. Open surgery for Zenker diverticula is typically per- 
formed through the left neck in patients with large (>5 cm) diver- 
ticula that extend into the thorax.’* Young patients and patients 
with small diverticula may also be candidates for open surgery.” 
Large diverticula can be resected, inverted, or suspended (diver- 
ticulopexy). Cricopharyngeal myotomy is performed to treat 
the hypertonic cricopharyngeus muscle, and is the key aspect to 
treating this disorder; the hypertonic cricopharyngeus muscle 
must be divided to relieve distal obstruction. If diverticula are 
resected without myotomy, there is an increased risk of postoper- 
ative leaks and an increased frequency of recurrence.?>”° Compli- 
cations of open surgery include anastomotic leaks, mediastinitis, 
esophagocutaneous fistula, and vocal cord paralysis from injury to 
the recurrent laryngeal nerve, which runs in the tracheoesopha- 
geal groove. One review of 22 research studies including 1793 
patients who underwent open surgery for Zenker diverticulum 
found an initial success rate of 96%, a morbidity rate of 11%, a 
5% perforation or leak rate, and a 3.5% symptom recurrence rate 
over a median of 36 months of follow-up.” 

Endoscopic treatment of Zenker diverticulum can be per- 
formed using a rigid endoscope or flexible endoscope, with 
division of the fibrotic septum between the esophagus and the 
diverticulum.?>?’ Compared with open surgical approaches, 
endoscopic approaches are associated with shorter anesthesia 
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Fig. 26.2 Diverticuloscope. The instrument is positioned to expose the 
common wall between the lumen of the esophagus and the Zenker 
diverticulum. 


times, lower complication rates, and shorter hospital stays. Endo- 
scopic techniques are suitable for patients with medium-sized 
diverticula (2 to 5 cm). Rigid diverticuloscopes and flexible endo- 
scopes have been used. The diverticuloscope provides visualiza- 
tion of the lumen of the esophagus and diverticulum and the 
septum between them (Fig. 26.2). This septum is composed of 
the posterior wall of the esophagus and the anterior wall of the 
diverticulum and includes the UES. The muscular layers of this 
septum (and UES) are incised, restorating a single lumen. 

The incision can be performed by a number of techniques. 
With a rigid diverticuloscope, CO, laser, surgical stapling, argon 
plasma coagulation, electrocautery, or harmonic scalpel can be 
used for the procedure.’?”> During endoscopic stapling, one 
leg of the stapler is placed in the esophagus and the other into 
the diverticulum. The septum is then divided and stapled with 
2 rows of staples on each side of the division line. The Zenker 
diverticulum must be at least 3 cm in length to be able to seat 
an adequate length of the stapler. Modifications of the stapler 
and other techniques may improve results in short diverticula.’® 
Complications of endoscopic procedures include bleeding, per- 
foration, and leaks, but these are uncommon if a stapler-assisted 
technique is used. In a review of rigid endoscopic treatment of 
Zenker diverticulum, combining 11 studies of 494 patients, the 
median initial success rate was 95%, with a 4% rate of conversion 
to open surgery, a 3% rate of major morbidity, with recurrence of 
symptoms in 5% over a median follow-up of 16 months.” Flex- 
ible endoscopic techniques also have a role in the treatment of 
Zenker diverticula because rigid diverticuloscopes cannot be used 
in patients who have limited neck extension or limited ability to 
open their mouth.*° Transparent caps or a soft diverticuloscope 
may be attached to the endoscope to improve visualization.??*! 
A variety of techniques can be used to perform the endoscopic 
myotomy, including needle knife, argon plasma coagulation, 
monopolar forceps, or harmonic scalpel.?””? Complications of 
flexible endoscopic techniques include cervical and mediastinal 
air dissection, which are common, as well as perforation and 
mediastinitis. In a review of 20 studies of flexible endoscopic 
treatment of 813 patients with Zenker diverticula, the initial 
success rate was 91%, with an 11% adverse event rate, and an 
11% recurrence rate after a median of 23 months of follow-up.*” 
Flexible endoscopic treatment of Zenker diverticula has typically 
been performed by surgeons, but some expert endoscopists have 
begun performing these procedures (Video 26.1).* 


Fig. 26.3 Endoscopic view of a midesophageal diverticulum. These 
diverticula are most apparent when the esophagus is well insufflated. 


DIVERTICULA OF THE ESOPHAGEAL BODY 


Diverticula of the esophageal body are most commonly located in 
the middle or lower third of the esophagus (Fig. 26.3). 


Epidemiology, Etiology, and Pathophysiology 


Estimates of the frequency of esophageal body diverticula vary 
from a prevalence of 0.015% seen on autopsy to 2% in patients 
referred for radiologic evaluation of swallowing disorders.*>>+ 
These diverticula can be divided into 2 types: traction and pulsion 
diverticula. Traction diverticula are related to an inflammatory, 
fibrotic, or neoplastic process outside of the esophagus. Traction 
diverticula are often related to mediastinal inflammation associ- 
ated with tuberculosis or histoplasmosis.*> Enlarged mediastinal 
lymph nodes from lung malignancies can also lead to traction 
diverticula. Pulsion diverticula are typically caused by motility 
disorders. 

The most common type of pulsion diverticula is an epiphrenic 
diverticula, which is located near the diaphragmatic hiatus (Fig. 
26.4). About 80% of epiphrenic diverticula are associated with 
esophageal motility disorders such as achalasia or distal esopha- 
geal spasm, which are discussed in Chapter 43.3637 Epiphrenic 
diverticula have been reported as a complication of band-based 
obesity surgery, due to obstruction of the esophagus and upper 
stomach by the band (see Chapter 8).*? Congenital broncho- 
pulmonary-foregut malformations can also present with esopha- 
geal diverticula.” 


Clinical Features and Diagnosis 


Congenital and traction diverticula of the esophagus are usu- 
ally asymptomatic, particularly when in the mid and lower 
esophagus. If symptoms are not present at diagnosis, they 
rarely occur during follow-up. When symptoms occur, the 
most common are dysphagia, food regurgitation, reflux, 
weight loss, and chest discomfort.t! Dysphagia may be caused 
by an underlying motility disorder or by extrinsic compres- 
sion of the esophagus by a large diverticulum, with preferential 
filling of the diverticulum.*®*’#? Bronchopulmonary-foregut 
fistulas can develop, however, leading to cough, pneumonia, 
and recurrent bronchopulmonary infections. Diagnosis of 
epiphrenic diverticulum can be made during endoscopy or bar- 
ium radiography. An epiphrenic diverticulum may be mistaken 
for a diaphragmatic hernia or duplication cyst on chest radi- 
ography. Endoscopy may show an empty diverticulum or the 
presence of food debris (Fig. 26.5A). Diagnosis is best made 
by barium swallow, which serves to visualize the diverticulum 
and localizes it more precisely than endoscopy (see Fig. 26.5B). 
The radiologist must be alerted to the possibility of this diag- 
nosis, because oblique views will be required to demonstrate 
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PR N 
Fig. 26.4 Barium esophagogram showing an epiphrenic diverticulum 
immediately above the stomach. In this projection, the diverticulum may 
be confused with a hiatal hernia. (Courtesy Dr. Charles A. Rohrmann 
and Dr. Charles E. Pope, Seattle, WA.) 


the diverticulum. CT should also be considered to ensure no 
associated pathologic adenopathy or mass lesions that might 
be causative of a pulsion diverticulum. 


Complications 


Squamous cell carcinoma has been reported in epiphrenic diver- 
ticula.+* As with Zenker diverticula, accumulation of radioactive 
iodine tracer in esophageal diverticula has been mistaken for met- 
astatic thyroid cancer.*° Bleeding from an ulcerated esophageal 
diverticulum has been reported.” Regurgitation and aspiration 
of the contents of the diverticulum may complicate induction of 
anesthesia. Perforation is possible during nasogastric intubation 
or UGI endoscopy 


Treatment and Prognosis 


Asymptomatic diverticula of the esophagus need no treatment. 
Only patients with symptoms clearly related to their divertic- 
ula should be treated. Preoperative endoscopy and manometry 
are advisable. It can be difficult to pass a manometry catheter 
beyond the diverticulum and into the stomach, but documenta- 
tion of achalasia or distal esophageal spasm is helpful for guiding 
treatment.** Surgical treatment of esophageal diverticula can be 
performed by open, laparoscopic, combined laparoscopic-thora- 
coscopic, or robotic techniques.*?>° Epiphrenic diverticula are 
often amenable to a laparoscopic approach, which has the advan- 
tages of a shorter hospital stay and a quicker return to normal 
activities (see Fig. 26.5C). Large diverticula may be inverted or 
resected. Given the high prevalence of associated motility disor- 
ders such as achalasia, esophageal myotomy is performed in most 
cases.*!49 Small diverticula can be treated by myotomy without 
resection. The advantage to forgoing the diverticulectomy is 


that there is no staple line to heal, decreasing the risk of a leak. 
It must be understood that the symptoms are usually related to 
the underlying motility disorder and not the diverticulum itself. 
Therefore, treating the underlying condition, usually with myot- 
omy, is the key component of the surgery. To prevent gastro- 
esophageal reflux after myotomy, a partial posterior (Toupet) or 
anterior (Dor) fundoplication may be performed.*!? 

The prognosis for patients who undergo surgery for esopha- 
geal diverticula is good, with rates of symptom improvement of 
88.5%, with better symptom response rates when diverticulec- 
tomy is performed.” 


ESOPHAGEAL INTRAMURAL PSEUDODIVERTICULA 


Esophageal intramural pseudodiverticula (EIP) were first 
described in 1960.°! The pseudodiverticula are flask-shaped out- 
pouchings from the lumen of the esophagus, ranging in size from 
1 to 4 mm. 


Epidemiology, Etiology, and Pathophysiology 


EIP are more common than the small number of published case 
reports would imply. EIP have been demonstrated in 0.09% to 
0.15% of barium swallow studies." Patients are found to have 
EIP most commonly in their sixth or seventh decades. The con- 
dition is slightly more common in men than in women.** 

EIP are abnormally dilated ducts of submucosal glands. They 
are thought to be acquired and are often associated with condi- 
tions that cause chronic esophageal inflammation. The ducts may 
become dilated because of periductal inflammation or fibrosis.°° 
Esophageal strictures are commonly associated with EIP, but 
GERD, chronic candidiasis, caustic ingestion, esophageal cancer, 
and eosinophilic esophagitis are also associated with EIP.5?->4+5697 
Marked thickening of the esophageal wall has been noted in some 
cases by CT or EUS.°*5? 


Clinical Features and Diagnosis 


EIP can be discovered on a barium swallow done for dysphagia 
or heartburn (Fig. 26.6A). EIP may also be an incidental finding 
in patients without related symptoms. The esophageal pseudo- 
diverticula are localized in most cases but are diffusely scattered 
throughout the esophagus in 40% of cases.*+ Strictures are com- 
mon and tracking or communication between adjacent pseudodi- 
verticula can also occur.®»°! The differential diagnosis on barium 
swallow examination includes esophageal ulceration. Although 
the endoscopic appearance of EIP is characteristic (see Fig. 
26.6B), the openings of EIP are small and are often missed. EIP 
located within an area of stricture are particularly difficult to see 
at endoscopy. Symptoms, when present, are generally related to 
the associated condition, such as stricture or candidiasis, rather 
than to the EIP. 


Complications 


Complications due to EIP are rare. Cancer must be excluded 
by upper endoscopy if a stricture is present; increased rates of 
esophageal cancer have been found in patients with EIP.’ There 
have been rare case reports of perforation of EIP leading to medi- 
astinitis.°7-°? 


Treatment and Prognosis 


Treatment of EIP should be directed at the underlying condi- 
tion, such as stricture, acid reflux, or candidiasis. Dilation of the 
esophagus has been reported to provide symptomatic improve- 
ment of dysphagia in EIP. In one series of 22 patients with EIP, 
all had improvement in dysphagia symptoms with esophageal 
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Fig. 26.5 Giant esophageal diverticulum. A, Endoscopic view of a large esophageal diverticulum with food and 
liquid (arrows). B, Bariurn esophagogram showing a large esophageal diverticulum. C, Laparoscopic resection of 
a large diverticulum (arrows) of the esophagus (arrowheads). (B and C, Courtesy Dr. Thai Pham, Dallas, TX.) 


Fig. 26.6 Esophageal intramu- 

ral pseudodiverticula. A, Barium 
esophagogram showing small out- 
pouchings. B, Endoscopic view. Tiny 
openings of the pseudodiverticula 
are seen in this patient, who also has 
a distal esophageal peptic stricture. 
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Fig. 26.7 A, Juxtacardiac gastric diverticulum. This wide-mouthed diverticulum (arrows) was seen on a retro- 
flexed view of the cardia. The mucosa within the diverticulum was normal. B, Prepyloric gastric diverticulum. 


bougienage, but multiple dilation sessions were often required. 
In addition, 57% required repeat dilation due to recurrence of 
dysphagia symptoms.°! The EIP may persist even if treatment 
relieves symptoms.*+ 


GASTRIC DIVERTICULA 


Gastric diverticula are uncommon and are typically incidental 
findings identified during endoscopy or imaging studies. 


Epidemiology, Etiology, and Pathophysiology 


Gastric diverticula are found in only 0.04% of UGI x-rays and 
0.02% of autopsies.” Juxtacardiac diverticula make up 75% of all 
gastric diverticula. These are most often located near the gastro- 
esophageal junction on the posterior aspect of the lesser curvature 
(Fig. 26.7A).° They are most commonly found in middle-aged 
patients, although cases have been reported in children and ado- 
lescents.® They typically range in size from 1 to 3 cm in diameter 
but are occasionally larger. Intramural or partial gastric diver- 
ticula are formed by projection of the stomach mucosa through 
the muscularis. These diverticula are found most commonly on 
the greater curvature.°’°* Deformities caused by peptic ulcers or 
other inflammatory processes can resemble prepyloric diverticula 
on barium studies or at endoscopy (see Fig. 26.7B). Gastric diver- 
ticula have been reported as a complication of obesity surgery, 
particularly from vertical banded gastroplasty, although they 
have also been seen after Roux-en-Y gastric bypass.°?:”° 


Clinical Features and Diagnosis 


Juxtacardiac diverticula are almost always asymptomatic. Rarely, 
patients may complain of pain or dyspepsia attributable to a 
diverticulum. During endoscopy, juxtacardiac diverticula are 
best seen on a retroflexed view. They may be missed on barium 
study unless lateral views are taken. On CT, they may appear as 
air- or contrast-filled suprarenal masses and can be mistaken for 
an adrenal mass or cyst.’! The structure can lead to a dilemma 
in diagnosis if it is fluid-filled alone; this can be mistaken for a 
pancreatic cystic lesion. The combination of air and fluid leads 
the radiologist to consider a pancreatic abscess in the differential. 
Intramural diverticula do not usually cause symptoms. They are 
often mistaken for ulcers on barium studies. 


Complications 


Complications of gastric diverticula are rare. Cancer has rarely 
been reported.” Bleeding rarely occurs and may require com- 
bination therapy for hemostasis, such as hemoclips and epineph- 
rine injection.’*+:”> Perforation is also very rare.” Bleeding that 
cannot be controlled with endoscopic techniques may require 
referral for surgery. 


Treatment and Prognosis 


Intramural diverticula require no intervention. Juxtacardiac 
diverticula almost never require treatment. A clear association 
with a specific symptom complex should be firmly established 
before considering resection, because more common diagnoses 
(e.g., dyspepsia, reflux) can cause unexplained UGI symptoms. If 
a patient with a juxtacardiac diverticulum is referred for surgery, 
it may be prudent to place an endoscopic tattoo near the diver- 
ticulum, to assist with localization during surgery. Laparoscopic 
diverticulectomy can be used for simple resections for symptoms 
or perforation.”° In these cases, the stomach is mobilized laparo- 
scopically and the diverticulum is stapled, leaving the majority of 
the stomach intact. Proximal diverticula near the esophagogastric 
junction are handled with care to avoid narrowing this area with 
the stapler. Placement of a bougie can help avoid narrowing of 
the gastroesophageal junction. 


DUODENAL DIVERTICULA 


Duodenal diverticula can be extraluminal or intraluminal. 


Extraluminal Diverticula 
Epidemiology, Etiology, and Pathophysiology 


Extraluminal duodenal diverticula are noted in about 5% of UGI 
x-rays and seen in roughly 20% to 30% of ERCP studies.’””* They 
are thought to be acquired and are typically seen in patients older 
than age 50.78 They arise in an area of the duodenal wall where a 
vessel penetrates the muscularis or where the dorsal and ventral 
pancreas fuse in embryologic development. About 75% are located 
within 2 cm of the ampulla, on the medial wall of the duodenum, 
and are termed juxtapapillary diverticula JPD) (Fig. 26.8A). 
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Fig. 26.8 A, Juxtapapillary diverticulum identified during ERCP (arrow). A sphincterotome is inserted into the 
nearby ampulla (arrowhead). B, Upper Gl radiograph showing multiple large duodenal diverticula. (A, Courtesy 


Dr. Zeeshan Ramzan, Dallas, TX.) 


Clinical Features and Diagnosis 


Duodenal diverticula are sometimes diagnosed on UGI x-rays. 
They are easily missed on endoscopy unless a side-viewing endo- 
scope is used. A duodenal diverticulum may be mistaken for a 
pancreatic pseudocyst, peripancreatic fluid collection, pancreatic 
abscess, cystic pancreatic tumor, hypermetabolic mass, or distal 
bile duct stone on various imaging modalities (ultrasonography, 
CT, MRI, or PET-CT).”°°*? 

If a diverticulum is suspected on CT or MRI, the diagnosis 
can be clarified by having the patient drink water and repeating 
the scan, or by using negative contrast agents during MRI.*+°5 


Complications 


Although extraluminal duodenal diverticula are relatively com- 
mon, complications are rare. Complications associated with 
extraluminal duodenal diverticula include perforation or diver- 
ticulitis, bleeding, acute pancreatitis, and bile duct stones.”786-88 
Duodenal diverticulitis may present as a free or contained perfo- 
ration. Patients present with pain in the upper abdomen, often 
radiating to the back, and may have signs and symptoms of sepsis. 
An abdominal CT scan may reveal thickening of the duodenum, 
retroperitoneal air, phlegmon, or abscess. 

Bleeding has been reported from Dieulafoy-like lesions or 
ulcers within duodenal diverticula.” Bleeding from duodenal 
diverticula may be very difficult to diagnose, requiring exami- 
nation with a side-viewing endoscope or angiography. In some 
patients, the site of bleeding is discovered only at the time of 
surgery. 

Patients with multiple duodenal diverticula may develop 
bacterial overgrowth and malabsorption (see Fig. 26.8B) (see 
Chapters 104 and 105).°! JPD have been associated with bile 
duct stones, cholangitis, SOD (see Chapter 63) and recurrent 
pancreatitis, thought to be caused by an abnormal entrance of 
the pancreatic duct into the diverticulum.’”””?-°> Delayed empty- 
ing of the bile duct may occur, even after sphincterotomy. Stasis 
within diverticula can result in bacterial overgrowth, leading to 
bile salt deconjugation and increasing the risk of primary bile 
duct stones.’7,°° 


JPD do not appreciably increase the difficulty of cannula- 
tion or the risk of complications at ERCP performed by experi- 
enced therapeutic endoscopists.’*:°’ Several techniques have been 
described to overcome difficulties associated with an ampulla 
situated deep within a diverticulum. ”’”7 


Treatment and Prognosis 


Extraluminal duodenal diverticula rarely require therapeutic 
intervention. Resection of duodenal diverticula should never be 
performed for vague abdominal complaints. 

Bleeding, diverticulitis, and perforation are the most com- 
mon problems associated with duodenal diverticula. Endoscopic 
control of bleeding from diverticula has been accomplished using 
various techniques, including bipolar cautery, epinephrine injec- 
tion, and hemoclips.*?°."° If the diagnosis is not made preopera- 
tively, surgical control of bleeding can be accomplished through 
a duodenotomy. 

Many patients with duodenal perforation or diverticulitis 
undergo surgery for diagnosis and treatment including drainage 
and resection of the involved diverticulum, if feasible. In resecting 
the diverticulum, the pancreatic duct and bile duct can be injured, 
leading to biliary and pancreatic duct leaks and pancreatitis. If 
the diagnosis of duodenal diverticulitis is made preoperatively, 
conservative therapy with percutaneous drainage and antibiot- 
ics is preferred. Whipple procedure is a last resort and may be 
needed in the patient who has undergone inadvertent transection 
of the bile duct and pancreatic duct at time of diverticulectomy. 


Intraluminal Diverticula 
Epidemiology, Etiology, and Pathogenesis 


Intraluminal duodenal diverticula are very rare. Most patients 
present between the ages of 30 and 60, with men and women 
equally affected.” Intraluminal duodenal diverticula (windsock 
diverticula) are single saccular structures that originate in the sec- 
ond portion of the duodenum. They are connected to the entire 
circumference or only to part of the wall of the duodenum and 
may project as far distally as the fourth part of the duodenum. 
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Fig. 26.9 Intramural duodenal 
diverticulum (windsock diverticu- 

lum). A, Diverticulum attached to 

entire duodenal circumference. B, 
Diverticulum attached to only part 

of the duodenal circumference. A 


There is often a second opening located eccentrically in the sac 
(Fig. 26.9). Both sides of the diverticulum are lined by duodenal 
mucosa. 

During early fetal development, the duodenal lumen is 
occluded by proliferating epithelial cells and later recanalized 
(see Chapter 49). Abnormal recanalization may lead to a duo- 
denal diaphragm or web. Over time, peristaltic stretching may 
transform the diaphragm into an intraluminal diverticulum. 


Clinical Features and Diagnosis 


Intraluminal diverticula are often asymptomatic but may become 
symptomatic at any age. The most common symptoms are those 
of incomplete duodenal obstruction, including nausea, vomiting, 
and abdominal pain.” The typical radiographic appearance is 
that of a barium-filled globular structure of variable length, origi- 
nating in the second portion of the duodenum, with its fundus 
extending into the third portion and outlined by a thin radiolu- 
cent line. The CT appearance has been reported as a ring-like 
soft tissue density in the lumen of the second portion of the duo- 
denum, outlined with oral contrast and containing oral contrast 
and a small amount of air (halo sign).!° 

At endoscopy, an intraluminal diverticulum is a sac-like struc- 
ture with an eccentric aperture or a large, soft, polypoid mass if 
the diverticulum is inverted orad.!°!:!°? Endoscopic diagnosis may 
be difficult. A long sac may be mistaken for the duodenal lumen, 
whereas an inverted diverticulum may be mistaken for a large polyp. 


Complications 


Obstruction may be precipitated by retention of vegetable 
material or foreign bodies within the diverticulum, which com- 
monly include food and less commonly coins or marbles. 103-105 
Pancreatitis and bleeding have also been reported.”*-!°! Gastric 
retention or dilation of the duodenal bulb may result from 
chronic partial obstruction caused by the diverticulum. 


Treatment and Prognosis 


‘Treatment may include resection in patients with symptoms of 
obstruction or bleeding, which can be performed laparoscopi- 
cally.” Successful endoscopic resection of intraluminal duodenal 
diverticula has also been reported.!°° 


JEJUNAL DIVERTICULA 


In 1881, Sir William Osler wrote about a patient with jejunal 
diverticula who, for years, “had suffered much from loud rum- 
bling noises in his belly, particularly after each meal. So loud were 


they that it was his habit, shortly after eating, to go out and take 
a walk to keep away from people, as the noises could be heard at 
some distance.” 107 


Epidemiology, Etiology, and Pathophysiology 


Diverticula of the small bowel (apart from duodenal and Meckel 
diverticula) are most commonly found in the proximal jejunum 
and are seen in approximately 1% of the population.'°° About 
80% of jejunoileal diverticula arise in the jejunum, 15% in the 
ileum, and 5% in both; small bowel diverticula have been found 
in about 0.5% to 5% of small bowel x-rays and autopsies.!0”!!° 
They are commonly multiple and can vary from a few millime- 
ters to several centimeters in size. They are usually located on 
the mesenteric border of the small bowel. Small bowel diverticula 
generally lack a true muscular wall and are considered as acquired. 
The cause of jejunoileal diverticula is largely unknown. 
Many patients have an underlying intestinal motility disorder. 
Periodically elevated intraluminal pressures can lead to hernia- 
tion through areas of weakness at the mesenteric border where 
blood vessels penetrate the muscularis. Visceral neuropathies and 
myopathies, including progressive systemic sclerosis, can lead to 
chronic atrophy and fibrosis of the intestinal wall, with resultant 
herniation and diverticula formation (see Chapter 37).!!! 


Clinical Features and Diagnosis 


Jejunal diverticula are best diagnosed by UGI radiography with 
small bowel follow-through or CT with oral contrast and can 
also be identified on small bowel enteroscopy and video capsule 
endoscopy.!!?-!!> Jejunal diverticula most commonly occur on 
the mesenteric border of the bowel, in contrast to Meckel diver- 
ticula, which occur on the antimesenteric border. 

Many cases of jejunoileal diverticulosis are asymptomatic or 
associated with nonspecific symptoms for which patients may not 
seek medical attention. About 40% of cases are discovered inci- 
dentally.!!° Various symptoms and clinical problems may occur 
with jejunal diverticula. The most common clinical features are 
recurrent abdominal pain, early satiety, and bloating. Loud bor- 
borygmi and intermittent diarrhea may occur, symptoms which 
may be caused by an underlying motility disorder.!!° 


Complications 


Similar to diverticula of the colon, complications of jejunal diver- 
ticula include bleeding, diverticulitis, and perforation. Bleeding 
jejunal diverticula have been treated during double-balloon 
enteroscopy, although there is some risk of perforation.!!7-!!” 
Malabsorption may result from associated small bowel bacterial 
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overgrowth (see Chapters 104 and 105).!!0:!?° Patients with jeju- 
nal diverticulosis and severe dysmotility can develop intestinal 
pseudo-obstruction (see Chapter 124). Patients with intestinal 
pseudo-obstruction may periodically have small amounts of free 
intraperitoneal air (pneumoperitoneum) without overt perfora- 
tion.!?1 If such patients are otherwise well, they should be care- 
fully observed. Surgical intervention is often not necessary. 

Bleeding from small bowel diverticula may be difficult to local- 
ize.'!7,!22 Jf a source of bleeding is discovered in the small bowel at 
angiography, it may be useful to leave a small catheter within the 
feeding vessel as the patient is taken to the operating room. When 
the patient is explored, a small amount of dye can be injected 
through the catheter, staining the involved bowel. This may help 
the surgeon localize an otherwise obscure lesion. Diverticulitis may 
result in free perforation or an abscess contained within the mes- 
entery.!?> The finding of an inflammatory mass in the mesentery 
should raise the possibility of a perforated small bowel diverticu- 
lum.!?4 Because jejunal diverticula usually project into the mesen- 
tery, they can be difficult to detect, even at surgery. 

Large enteroliths can form in jejunal diverticula and lead to 
mucosal erosion, with bleeding, diverticulitis, perforation, or 


intestinal obstruction.!?>125-126 Jejunal diverticulosis has also 
been associated with small bowel volvulus.!*’ 


Treatment and Prognosis 


In patients with small bowel diverticulosis and suspected dys- 
motility, the use of oral antibiotics to treat associated bacterial 
overgrowth may lead to improvement in bloating and diarrhea, as 
well as malabsorption (see Chapters 104 and 105).!?8 

In patients with bleeding, perforation, or diverticulitis, a 
limited surgical resection of the affected section of the bowel 
should be performed, but this may be difficult to localize with 
precision.!?>1?° In patients with symptoms of chronic intesti- 
nal pseudo-obstruction, surgery should generally be avoided, 
although carefully selected patients may benefit.!*° If a long seg- 
ment of bowel is resected in an attempt to remove all the diver- 
ticula, the patient may be left with short bowel syndrome, which 
can lead to severe disability (see Chapter 106). 


Full references for this chapter can be found on www.expertconsult.com. 
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A bernia is a protrusion of an organ or structure into an opening 
or pouch. Abdominal wall hernias protrude through the muscu- 
lar and fascial walls of the abdomen and have 2 parts: (1) the ori- 
fice or defect in the aponeurotic wall of the abdomen, and (2) the 
hernia sac, which consists of peritoneum and abdominal, con- 
tents. Abdominal wall hernias are external if the sac protrudes 
through the abdominal wall or interparietal if the sac is contained 
within the abdominal wall. Internal hernias are contained within 
the abdominal cavity and do not always have a hernia sac. 

Hernias are reducible when the protruding contents can be 
returned to the abdomen and irreducible or incarcerated when 
they cannot. A hernia is strangulated when the vascular supply 
of the protruding organ is compromised, and as a consequence 
the organ becomes ischemic or necrotic. An incarcerated her- 
nia is generally repaired because there is danger of strangulation, 
which can result in the loss of bowel. Because it can be difficult 
to determine whether a hernia is incarcerated or strangulated, 
incarcerated hernias are considered urgent and treated with 
surgical intervention. Another type of hernia is a Richter hernia, 
where only one side of the bowel (most often the antimesenteric 
side) protrudes through the hernia orifice. As opposed to other 
hernias, strangulation may occur in a Richter hernia without 
intestinal obstruction, making this type of hernia a diagnostic 
challenge. 


DIAPHRAGMATIC HERNIAS 


There are 3 main types of diaphragmatic hernias: hiatal and para- 
esophageal hernias (both involve the hiatus), congenital hernias, 
and traumatic hernias. 


Hiatal and Paraesophageal Hernias 


The most common diaphragmatic hernias are sliding hernias 
of the stomach through the esophageal hiatus, which include 


Abdominal Hernias and Gastric Volvulus 


hiatal and paraesophageal hernias. Technically, all these her- 
nias are hiatal hernias because they pass through the esopha- 
geal hiatus of the diaphragm. These are centrally located 
hernias. 


Etiology and Pathophysiology 


Sliding hiatal hernias (type I) occur when the gastroesophageal 
junction and some portion of the stomach are displaced above the 
diaphragm, but the orientation of the stomach axis is unchanged. 
The frequency of sliding hiatal hernias increases with age. The 
phrenoesophageal membrane anchors the gastroesophageal junc- 
tion to the diaphragm (see Chapters 43 and 46). Hiatal hernias 
may be caused by age-related deterioration of this membrane, 
combined with normal positive intra-abdominal pressure and 
traction of the esophagus on the stomach as the esophagus short- 
ens during swallowing. ! 

Paraesophageal hernias (type II) occur when the stomach pro- 
trudes through the esophageal hiatus alongside the esophagus (Fig. 
27.1A). The gastroesophageal junction remains in a normal posi- 
tion at the level of the diaphragm, because there is preservation 
of the posterior phrenoesophageal ligament and normal anchor- 
ing of the gastroesophageal junction, and only the stomach moves 
proximally.* The entire stomach can pass into the chest (see Fig. 
27.1B). Most paraesophageal hernias contain a sliding hiatal com- 
ponent in addition to the paraesophageal component and are thus 
mixed diaphragmatic hernias (type III [see Fig. 27.1C]).? With a 
paraesophageal hernia, other intra-abdominal structures (e.g., 
omentum, colon, spleen) may also herniate (type IV). A barium 
study is often obtained to diagnose these defects. However, cross 
sectional imaging with CT scan will be the test of choice to docu- 
ment a type IV defect, as the barium study may not reveal adjacent 
colon or pancreas through the hiatus. When diagnosing a hiatal or 
paraesophageal hernia, important questions for the radiologist to 
address include: (1) Does the gastroesophageal junction lie at or 
above the hiatus? (2) Does the stomach or any other visceral struc- 
ture lie above the gastroesophageal junction? For example, if the 
gastroesophageal junction is above the hiatus and there is stomach 
above it, the patient has a type II (mixed) hernia. 


Epidemiology 


Estimates of the prevalence of hiatal hernia vary widely, rang- 
ing from 14% to 84% of patients examined, depending on the 
patient population, method of diagnosis, and symptoms pres- 
ent.*® In general, hiatal hernias are more frequent in patients 
with GERD.’ About 90% to 95% of hiatal hernias found by 
radiograph are sliding (type I) hernias; the remainder are par- 
aesophageal hernias.*:7 Most sliding hiatal hernias are small 
and of little clinical significance. Patients with symptomatic 
paraesophageal hernias are most often middle-aged to older 
adults. 


Clinical Features, Diagnosis, and Complications 


Many patients with small simple sliding hiatal hernias are asymp- 
tomatic. The main clinical significance of the sliding hiatal hernia 
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Fig. 27.1 A, Paraesophageal (type II) hernia. Barium study showing a paraesophageal hernia with a portion 

of the stomach above the diaphragm. B, This barium study showing a paraesophageal hernia complicated by 
an organoaxial volvulus of the stomach (see Fig. 27.5). The gastroesophageal junction remains in a relatively 
normal position below the diaphragm (arrow). C, The retroflexed endoscopic view of the proximal stomach 
demonstrates the endoscope traversing a sliding hiatal hernia adjacent to a large paraesophageal hernia. D, 
Cameron lesion. A large hiatal hernia is seen on endoscopic retroflexed view, with a Cameron lesion at the level 
of the diaphragmatic hiatus at the 5-o’clock position. E, Laparoscopic view of a paraesophageal hernia. (B, 


Courtesy Dr. Herbert J. Smith, Dallas, Tex.) 


is its contribution to gastroesophageal reflux (see Chapter 44). 
In addition to heartburn and regurgitation, patients with large 
sliding hiatal hernias may complain of dysphagia or discomfort 
in the chest or upper abdomen. With chest radiography, a hiatal 
hernia may be noted as a soft tissue density or an air-fluid level in 
the retrocardiac area. Hiatal hernias are sometimes diagnosed on 
UGI barium studies. CT can demonstrate the proximal stomach 
above the diaphragmatic hiatus. At endoscopy, the gastroesopha- 
geal junction is noted to be proximal to the impression of the 
diaphragm. 

Patients with paraesophageal or mixed hiatal hernias are 
rarely completely asymptomatic if closely questioned. Many 
patients with paraesophageal hernias have gastroesophageal 


reflux, particularly those with larger paraesophageal her- 
nias.*? Other symptoms include dysphagia, chest pain, vague 
postprandial discomfort, and shortness of breath, and some 
patients will have iron deficiency anemia due to chronic GI 
blood loss.?:!° 

A paraesophageal or mixed hiatal hernia may be seen on a 
chest radiograph as an abnormal soft tissue density (often with 
a gas bubble) in the mediastinum or left chest. UGI radiogra- 
phy is the best diagnostic study (see Fig. 27.14). CT scanning 
can demonstrate that part of the stomach is in the chest. Dif- 
ferences between UGI radiography and CT scan can sometimes 
be seen, as the latter is performed in the supine position where 
the stomach may migrate further into the chest. Paraesophageal 


hernias are usually obvious on upper endoscopy (see Fig. 27.1), 
but the paraesophageal component of a large mixed hernia may 
be missed. 

Cameron lesions or linear erosions may develop in patients 
with sliding hiatal hernias, particularly large hernias (see Chapter 
20). These mucosal lesions are usually found on the lesser curve 
of the stomach at the level of the diaphragmatic hiatus (see Fig. 
27.1D). This is the location of the rigid anterior margin of the 
hiatus formed by the central tendon of the diaphragm. Mechani- 
cal trauma, ischemia, irritation by pills, and peptic injury have 
been proposed as the cause of these lesions. The prevalence of 
Cameron lesions in patients with hiatal hernias who undergo 
endoscopy has been reported to be about 5%, with the highest 
prevalence in the largest hernias, with rates of approximately 
30% in paraesophageal hernias referred for surgical repair.!!-! 
Cameron lesions may cause acute or chronic UGI bleeding with a 
poor response to acid suppression therapy.!* Iron deficiency ane- 
mia due to chronic bleeding is seen in 30% to 40% of patients 
with paraesophageal hernia.?!> The presence of Cameron 
lesion(s) and occult GI bleeding is one factor that will influence 
the surgeon’s decision to repair a paraesophageal hernia that is 
otherwise apparently asymptomatic. 

Gastric volvulus is a life-threatening complication of para- 
esophageal hernia. Symptoms include acute abdominal pain and 
retching, and it can progress rapidly to a surgical emergency (see 
“Gastric Volvulus”). With UGI radiography or CT, lack of filling 
the gastric lumen with contrast or gastric wall thickening with 
pneumatosis can increase suspicion for a volvulus and associated 
gastric necrosis.!> The diagnosis of gastric volvulus is mostly 
clinical and the clinician must have a low threshold to entertain 
this diagnosis in a patient with a known paraesophageal hernia 
and new symptoms. Endoscopy may be difficult if the hernia is 
associated with gastric volvulus, and reaching the pylorus may be 
a challenge due to positioning of the stomach.!¢ 


Treatment and Prognosis 


Simple sliding hiatal hernias do not require treatment, unless 
symptomatic from reflux (see Chapter 46). Patients with symp- 
tomatic giant sliding hiatal hernias, paraesophageal, or mixed 
hernias should be offered surgery. When closely questioned, most 
patients with type II, II, or IV hernias will have symptoms.”:!° In 
the past, all paraesophageal hernias were thought to be a surgi- 
cal emergency, but it is now clear that the risk of progression to 
gastric necrosis is lower than initially believed!’ Elective repair 
of paraesophageal hernias is more frequently offered to symp- 
tomatic patients, although some experts suggest that surgery 
should be offered to all patients with paraesophageal hernias 
because of the risk of future complications.*.”:!*! In general, a 
selective approach to patients with large paraesophageal hernias 
is warranted; those with symptoms that may be due to the her- 
nia should be considered for surgical intervention, depending on 
other comorbidities. A careful history is essential for determin- 
ing the presence of symptoms. One should pay careful attention 
to chest pain and postprandial shortness of breath; these may be 
symptoms related to the paraesophageal hernia. Indeed, patients 
with pulmonary issues may benefit from having their paraesopha- 
geal hernias repaired to create room in the chest and decrease 
aspiration events. 

The extent of the preoperative evaluation needed for para- 
esophageal hernia repair is controversial. Patients often have 
already had a barium esophagogram or other esophageal study 
that characterizes the paraesophageal hernia. Many surgeons 
recommend routine preoperative evaluation with esophageal 
manometry and ambulatory esophageal pH monitoring because 
of the high prevalence of associated gastroesophageal reflux and 
esophageal motility disorders, while others may forgo pH test- 
ing and use reflux symptoms as a guide for the type of repair 
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chosen.”° The idea behind forgoing pH testing is that the result 
will not change the surgical management of the patient, who will 
receive hernia reduction and wrap of some kind anyway. Options 
for assessment of esophageal pH include 24-hour impedance/ 
pH testing and 48-hour wireless capsule pH monitoring. The 
object of manometric evaluation is to determine whether the 
patient has a significant motility disorder (e.g., achalasia, aperi- 
stalsis) and what type of fundoplication is needed in patients with 
reflux symptoms (complete vs. partial wrap). However, esopha- 
geal manometry is challenging in these patients, and anatomic 
distortions can make it difficult to identify the lower esophageal 
sphincter, making this measurement unreliable.*!~+ Patients 
with dysphagia should be studied to ensure that significantly 
abnormal motility is not present. Many surgeons routinely add a 
fundoplication to hernia repairs to prevent postoperative reflux 
esophagitis and to fix the stomach in the abdomen. However, in 
patients with motility disorders, the surgeon may elect to per- 
form a loose anterior wrap (Dor fundoplication) or use a gastros- 
tomy tube or gastropexy to fix the stomach intra-abdominally. 
The authors’ practice is to forgo motility and pH testing, as the 
preference is to perform an incomplete wrap of some kind and 
not a 360-degree wrap that is dependent on good motility. Addi- 
tion of gastropexy may reduce the recurrence rate after hernia 
repair.?>7° 

The principles of surgery for repair of hiatal or paraesopha- 
geal hernias include 4 main elements: (1) reduction of the her- 
nia from the mediastinum or chest, with excision of the hernia 
sac; (2) reconstruction of the diaphragmatic hiatus, with simple 
posterior closure with or without bolstering with prosthetic 
mesh; (3) providing bulk at the hiatus to prevent prolapse into 
the chest with a fundoplication, which can lessen postoperative 
reflux; and (4) addition of a gastropexy or gastrostomy tube to 
provide an additional tacking mechanism for the stomach intra- 
abdominally. These elements can be accomplished minimally 
invasively (laparoscopically or robotically), or via open operation 
performed through the abdomen or chest.>!827:28 Most patients 
are approached minimally invasively through the abdomen, 
which leads to a shorter hospital stay, less postoperative pain, and 
an equivalent risk of recurrence (see Fig. 27.1£).?”?° Reduction 
of chronic paraesophageal hernias from the chest can be difficult 
and may be approached through a combined thoracoscopic and 
abdominal procedure. Injury to the lung can occur with vigorous 
traction; however, as the diaphragmatic defect is central (medial) 
rather than peripheral (lateral), as in a traumatic defect, intense 
lung adhesions are usually not present. Resection of the hernia 
sac can result in violation of the left chest, requiring chest tube 
placement. Reconstruction of the diaphragm can be performed 
by placing nonabsorbable sutures posterior to the esophagus.”?7? 
Use of prosthetic mesh has resulted in fewer recurrences in some 
studies.*”! The use of mesh is still controversial as there has 
been no clear long-term results demonstrating a decreased risk 
of hernia recurrence. However, most surgeons are wary of using 
synthetic mesh close to the esophagus, and therefore “biological” 
products are favored. The shape of the mesh is also an area of 
controversy. Keyhole mesh can be used, in which the esophagus 
is completely encircled with mesh, with the concern being dys- 
phagia in this situation.°** Alternatively, U-shaped mesh can be 
used, where the anterior portion is left open, therefore reinforc- 
ing only posteriorly (the major area of recurrence). Fixation of 
the stomach in the abdomen is usually achieved by using a fun- 
doplication, which provides some bolstering effect at the hiatus 
to keep the stomach in the abdomen and can reduce postopera- 
tive gastroesophageal reflux. Additional use of gastropexy, with 
suturing of the stomach to the abdominal wall or gastrostomy 
tube placement for 2 weeks to allow the stomach to mature to 
the abdominal wall, may result in fewer recurrences.’ It is the 
authors’ preference to perform a Dor fundoplication, close the 
diaphragm with keyhole biological mesh, and place a temporary 
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gastrostomy tube (as a pexy) in all patients with large paraesopha- 
geal hernias. 

Patients with sliding hiatal or paraesophageal hernias may have 
shortening of the esophagus. This makes it difficult to restore the 
gastroesophageal junction below the diaphragm without tension, 
a key factor in decreasing recurrence. In such cases, an extra length 
of neoesophagus can be constructed from the proximal stomach 
(Collis-Nissen procedure).’> In this situation, a stapler is fired 
parallel to the axis of the esophagus along a bougie that is passed 
into the stomach, creating a lengthened esophagus. Alternatively, 
transmediastinal dissection of the esophagus for more than 5 cm 
into the chest will usually result in adequate intra-abdominal 
length of esophagus without the need for additional stapling.*+ 
In the authors’ experience, if an adequate transmediastinal dis- 
section is undertaken with excision of the hernia sac, esophageal 
lengthening is rarely needed. Potential surgical complications 
include esophageal and gastric perforation, pneumothorax, and 
liver laceration. Potential long-term complications may include 
dysphagia if the wrap is too tight or gastroesophageal reflux if 
the fundoplication breaks down or migrates into the chest. When 
examined closely, radiographic recurrence after paraesophageal 
hernia repair is 15% to 25%.783> However, the clinical impact 
of a recurrence may be minimal because most of these patients 
remain symptom free and do not require further treatment.*¢ 
The patient who develops both reflux and dysphagia after para- 
esophageal hernia repair should be evaluated for a symptomatic 
recurrence. This is best performed by a UGI barium study. Upper 
endoscopy can also be helpful and provide dynamic information. 
The retroflex view from the stomach will demonstrate the pres- 
ence or absence of a paraesophageal hernia. 

Recurrence is higher in obese patients and many will favor a 
Roux-en-Y gastric bypass (RYGB) procedure in those that have a 
BMI greater than 35ke/m?.37>8 


Congenital Diaphragmatic Hernias 


Congenital diaphragmatic hernias (CDHs) are rare but can have 
significant complications. Many are diagnosed at birth. 


Etiology and Pathophysiology 


CDHs result from failure of fusion of the multiple developmen- 
tal components of the diaphragm (Fig. 27.2). Embryologically, 
the diaphragm is derived from the septum transversum, which 
separates the peritoneal and pericardial spaces, the mesentery 


Fig. 27.2 Congenital diaphragmatic hernias. Diagram of the dia- 
phragm viewed from below with areas of potential herniation shown. 
1, Sternocostal foramina of Morgagni anteriorly. 2, Esophageal hiatus. 
3, Lumbocostal foramina of Bochdalek posteriorly. Arrows indicate the 
direction of herniation. 


of the esophagus, the pleuroperitoneal membranes, and muscle 
of the chest wall. Morgagni hernias form anteriorly at the ster- 
nocostal junctions of the diaphragm, and Bochdalek hernias form 
posterolaterally at the lumbocostal junctions of the diaphragm.” 
Bochdalek hernias most commonly manifest immediately after 
birth and are commonly associated with pulmonary hypoplasia. 


Epidemiology 


Congenital diaphragmatic hernias occur in about 1/2000 to 
1/10,000 births, with some types seen more frequently in 
males.*°-#3,44 Hernias manifesting in neonates are most often 
Bochdalek hernias. With the routine use of prenatal ultrasound, 
CDHs can be discovered in the prenatal period. The presence of 
intra-abdominal contents in the chest during fetal development 
results in significant hypoplasia of the lung. It is the degree of 
pulmonary dysfunction, not the presence of the hernia per se, 
that determines the child’s prognosis. Prenatal measures are then 
taken to prepare for the pulmonary hypoplasia that invariably 
accompanies a large CDH. Only a few Bochdalek hernias are first 
discovered in adulthood.*? Bochdalek hernias occur on the left 
side in about 80% of cases (Fig. 27.3).4°*8 Right-sided Bochdalek 
hernias usually contain liver in the right chest. Morgagni her- 
nias make up about 2% to 3% of surgically treated diaphragmatic 
hernias (Fig. 27.4).4°°° Although thought to be congenital, they 
usually manifest in adults and occur on the right side in 80% to 
90% of cases.*” 


Clinical Features, Diagnosis, and Complications 


The clinical presentation of congenital diaphragmatic hernias 
varies greatly, from death in the neonatal period to an asymptom- 
atic serendipitous finding in adults. Newborns with Bochdalek 
hernia have respiratory distress, absent breath sounds on one 
side of the chest, and a scaphoid abdomen.*! Serious chromo- 
somal anomalies are found in 30% of cases, but in many cases the 
exact mutation (or mutations) cannot be identified.’ Pulmonary 
hypoplasia occurs on the side of the hernia, but some degree of 
hypoplasia may also occur in the contralateral lung. Pulmonary 
hypertension is common. The major causes of mortality in 
infants with Bochdalek hernias are respiratory failure and asso- 
ciated anomalies, which can include cardiac abnormalities and 
musculoskeletal defects.5! Most of these neonates are diagnosed 
in utero with routine use of prenatal ultrasound, which visualizes 
stomach or loops of bowel in the chest. The pregnancy is consid- 
ered high risk when congenital diaphragmatic hernia is diagnosed 
in the prenatal period. These babies are delivered electively and 
preparations are made for immediate extracorporeal membrane 
oxygenation (ECMO). 

In older children and adults, a Bochdalek hernia may mani- 
fest as an asymptomatic chest mass. The differential diagnosis 
includes mediastinal or pulmonary cyst or tumor, pleural effu- 
sion, or empyema. Symptoms, when present, can include pain, 
pulmonary symptoms, and obstructive symptoms and are due to 
herniation of the stomach, omentum, colon, or small bowel.** 
About 30% of adult patients present with acute emergencies 
caused by strangulation, and gastric volvulus can occur.** Other 
patients may have chronic intermittent symptoms, including 
chest discomfort, shortness of breath, dysphagia, nausea, vomit- 
ing, and constipation. The diagnosis may be suspected on a chest 
radiograph, particularly a lateral view. The key finding is a pos- 
terior chest mass, as the defect of Bochdalek is posterior. The 
diagnosis may be confirmed by barium UGI radiography (useful 
if only the stomach is involved), CT, or MRI.40:*8 

Morgagni hernias are most likely to manifest in adult life. 
They may contain omentum, stomach, colon, or liver. Bowel 
sounds may be heard in the chest if bowel has herniated through 
the defect. As with Bochdalek hernias, the diagnosis is often 


i } Bt ate) i a 
Fig. 27.3 Bochdalek hernia. A, This plain chest film shows a Bochdalek hernia as a small opacity in the 
posterior chest at the level of the diaphragm, with bowel in the left chest (arrows). B, CT of the same patient 
showing bowel above the diaphragm and causing a mediastinal shift. 


Fig. 27.4 Morgagni hernia. A, A 
mass is noted in the right chest on 
a chest film (posteroanterior view). 
B, Lateral chest film shows that 
the mass is in the anterior chest. 
C, Barium enema shows that a 
portion of the transverse colon is 
the hernia (top /eft). D, CT shows a 
contrast-filled colon in the right an- 
terior chest (11-0’clock position). 
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made by chest radiography, particularly the lateral view, because 
Morgagni hernias are anterior, differentiating this hernia from 
a Bochdalek defect (see Fig. 27.4). The contents of the hernia 
can be confirmed with barium radiography or CT (see Fig. 27.34 
and B and Fig. 27.4C and D). The differential diagnosis is similar 
to that of Bochdalek hernias. Many patients have no symptoms 
or nonspecific symptoms such as chest discomfort, cough, dys- 
pnea, and upper abdominal distress. Gastric, omental, or intesti- 
nal incarceration with obstruction and ischemia may cause acute 
symptoms.*?.5° 


Treatment and Prognosis 


For infants with Bochdalek hernias, intubation and mechanical 
ventilation are often needed at the time of delivery. ECMO is 
useful in some cases with cardiac dysfunction and pulmonary 
hypertension.*! Once the infant’s pulmonary issues have stabi- 
lized, surgical repair is performed, either open or laparoscopi- 
cally, using a mesh prosthesis. Despite advances in critical care 
and surgical techniques, the mortality rate is still around 60%, 
although higher survival rates have been reported by some cen- 
ters.°! The abdomen may not be able to tolerate the increased 
pressure when the intestinal contents are reduced, and therefore 
a gradual abdominal closure (“Silo” technique) can also be used.*? 

Laparoscopic and thoracoscopic repair of Bochdalek hernias 
have been reported.**°*+ Morgagni hernias have been repaired 
through the chest or abdomen, using open, thoracoscopic, and/ 
or laparoscopic techniques.t?°? An abdominal laparoscopic 
approach is favored in small diaphragmatic hernias. One must be 
careful to note the inferior epigastric vessels that are present in 
the location of the Morgagni hernia. This anterior defect can be 
bridged with synthetic mesh. Larger Bochdalek defects require 
open approach with use of prosthetic mesh. 


Traumatic and Posttraumatic Diaphragmatic 
Hernias 


Etiology and Pathogenesis 


‘Traumatic diaphragmatic hernias are caused by blunt trauma 
such as motor vehicle accidents in about 75% of cases, and 
by penetrating trauma such as stab or gunshot wounds in the 
remainder.” During blunt trauma, abrupt changes in intra- 
abdominal pressure may lead to large rents in the diaphragm. A 
huge impact is needed to cause a diaphragmatic injury. As such, 
associated injuries are commonly life threatening in the circum- 
stance of a blunt diaphragmatic injury. Penetrating injuries often 
cause only small lacerations. Blunt trauma is more likely than 
penetrating trauma to eventually lead to herniation of abdominal 
contents into the chest, because the defect is usually larger. The 
right hemidiaphragm is somewhat protected by the liver during 
blunt trauma. Thus, in one series, 68% of diaphragmatic injuries 
from blunt trauma occurred on the left side, 24% on the right 
side, 1.5% were bilateral, 1% pericardial, and 5% unclassified.*> 
Diaphragmatic injury may not result in immediate herniation, 
but with time, normal relative negative intrathoracic pressure 
may lead to gradual enlargement of a small diaphragmatic defect 
and protrusion of abdominal contents through the defect, leading 
to a delayed diagnosis in about 15% of cases.5° Stomach, omen- 
tum, colon, small bowel, spleen, and even kidney may be found in 
a posttraumatic diaphragmatic hernia. 


Epidemiology 


The incidence of posttraumatic diaphragmatic hernia is uncertain. 
Diaphragmatic injury occurs in about 5% of patients with mul- 
tiple traumatic injuries who undergo laparotomy and was found in 
approximately 1% of patients in a large trauma database.>”°* 


Clinical Features, Diagnosis, and Complications 


Posttraumatic diaphragmatic hernias may cause respiratory or 
abdominal symptoms. After serious trauma, rupture of the dia- 
phragm is often masked by other injuries.” Penetrating injuries 
between the fourth intercostal space and the umbilicus should 
raise the level of suspicion of a diaphragmatic injury. Respiratory 
or abdominal symptoms manifesting several days to weeks after 
injury should suggest the possibility of a missed diaphragmatic 
injury. The diaphragm must be closely inspected to detect injury 
at the time of exploratory laparotomy or laparoscopy, as these 
injuries can easily be missed. Careful examination of the chest 
radiograph or CT is important but is diagnostic in only 40% to 
80% of cases, depending on the type of CT performed.” The 
coronal and sagittal reconstructions can show the defect in the 
diaphragm. In patients on ventilatory support after trauma, 
positive intrathoracic pressure may prevent herniation through 
a diaphragmatic tear. However, on attempted ventilator wean- 
ing, herniation may occur, causing respiratory compromise. 
Symptoms may also manifest long after injury. Delays of more 
than 10 years have been reported.*° In such cases, the patient may 
not connect the acute illness with remote trauma. The treating 
physician should consider a traumatic cause when a diaphrag- 
matic defect is not hiatal and is not located in the usual locations 
of congenital defects. 


Treatment and Prognosis 


Acute diaphragmatic ruptures are most commonly approached 
from the abdomen during exploratory laparotomy or laparoscopy. 
Associated intra-abdominal injuries that can be life threatening 
must be ruled out in these cases. However, a chest approach can 
be undertaken. Diagnostic laparoscopy has been used in patients 
who are thought to have a high risk of diaphragmatic injury, but 
appear to have no other visceral injury (e.g., after a stab wound to 
the lower chest).°! Chronic posttraumatic diaphragmatic hernias 
are characterized by a lack of a peritoneal lining, or hernia sac. As 
such, these hernias are commonly associated with extensive adhe- 
sions to adjacent lung, reduction of which can cause significant 
bleeding. In such cases, repair is best performed through the chest 
or by a combined thoracoscopic-abdominal approach, although 
laparoscopic or thoracoscopic repair has been reported.°! A com- 
bined thoracoscopic-abdominal approach lowers the risk of lacer- 
ating the lung if adhesions and absence of a peritoneal hernia sac 
complicate the abdominal approach. 


GASTRIC VOLVULUS 


Gastric volvulus results when the stomach twists on itself, but 
rarely occurs unless there is an associated diaphragmatic her- 
nia. Paré described the first case of gastric volvulus in 1579 in 
a patient who had a diaphragmatic injury from a sword wound. 
Gastric volvulus may be transient and produce few symptoms, or 
it may lead to obstruction and ischemia. 


Etiology and Pathophysiology 


The stomach is normally fixed in position by ligamentous attach- 
ments to the spleen, liver, and diaphragm. When there is normal 
intestinal rotation, the duodenum is fixed to the retroperitoneum, 
which results in pexy of the distal stomach. Laxity of these liga- 
mentous attachments, elevation of the left hemidiaphragm, or fix- 
ation of an otherwise mobile stomach to a specific point can result 
in volvulus. Focal adhesions, gastric tumor, or masses in adjacent 
organs may predispose to gastric volvulus. In two thirds of cases, 
the volvulus occurs above the diaphragm in association with a 
paraesophageal or mixed diaphragmatic hernia. In the other third 
of cases, volvulus occurs below the diaphragm. 


Gastric volvulus may be mesenteroaxial or organoaxial (Fig. 
27.5). In mesenteroaxial volvulus, the stomach folds on its 
short axis, which runs across the stomach from the lesser cur- 
vature to the greater curvature (see Fig. 27.5, 1A and 1B), with 
the antrum twisting anteriorly and superiorly. In rare cases, the 
antrum and pylorus rotate posteriorly. Mesenteroaxial volvulus 
is often incomplete and intermittent, manifesting chronic symp- 
toms. In organoaxial volvulus, the stomach twists along its long 
axis, which passes through the esophagastric junction region to 
the pylorus. In most cases, the antrum rotates anteriorly and 
superiorly and the fundus posteriorly and inferiorly, twisting the 
greater curvature at some point along its length (see Fig. 27.5, 
3A and 3B). Less commonly, the long axis passes through the 
body of the stomach itself, in which case the greater curvature of 
the antrum and fundus rotate anteriorly and superiorly (see Fig. 
27.5, 2A and 2B). This type of volvulus is commonly associated 
with a diaphragmatic hernia. Organoaxial volvulus is usually an 
acute event. Mixed mesenteroaxial and organoaxial volvulus has 
also been reported.® 


Epidemiology 


The incidence and prevalence of gastric volvulus are unknown. 
It is difficult to estimate how many cases are intermittent and 


Fig. 27.5 Pathogenesis of gastric volvulus. 7A, Axis for potential 
mesenteroaxial volvulus bisecting the lesser and greater curvatures. 7B, 
Mesenteroaxial volvulus resulting from anterior rotation of the antrum 
along this axis. 2A, Axis for potential organoaxial volvulus passing 
through the body of the stomach. 2B, Organoaxial volvulus resulting 
from anterior-superior rotation of the antrum along this axis. 3A, Axis 
for potential organoaxial volvulus passing through the gastroesopha- 
geal junction and the pylorus. 3B, Organoaxial volvulus resulting from 
anterior-superior rotation of the antrum and posterior-inferior rotation 
of the fundus along this axis. (Adapted from Carter R, Brewer LA 3rd, 
Hinshaw DB. Acute gastric volvulus. A study of 25 cases. Am J Surg 
1980; 140:101-6.) 
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undiagnosed. About 15% to 20% of cases occur in children 
younger than 1 year of age, most often in association with a con- 
genital diaphragmatic defect. The peak incidence in adults is in 
the fifth decade. Men and women are equally affected.°+ 


Clinical Features, Diagnosis, and Complications 


Acute gastric volvulus causes sudden severe pain in the upper 
abdomen or lower chest, associated with the inability to swallow. 
Persistent unproductive retching is common. In cases of com- 
plete volvulus, it is impossible to pass a nasogastric tube into the 
stomach. Hematemesis is rare but may be due to an esophageal 
tear or gastric mucosal ischemia.®> Vascular compromise and 
gastric infarction may occur. The combination of pain, unpro- 
ductive retching, and inability to pass a nasogastric tube is called 
Borchardt triad.°° If the volvulus is associated with a diaphragmatic 
hernia, plain chest or abdominal films will show a large gas-filled 
structure in the chest.!° CT is often obtained in the emergency 
department and will show the stomach in the chest. A barium 
UGI radiograph will confirm the diagnosis but is often unneces- 
sary in the case of the classic triad and diagnostic CT. Upper 
endoscopy may show twisting of the gastric folds (Fig. 27.6C). 
Acute gastric volvulus is a surgical emergency. The surgeon must 
have a low threshold for making this diagnosis in a patient that 
presents with this symptom complex. Delay in surgery can result 
in gastric necrosis, which has a high mortality. 

Chronic gastric volvulus is associated with mild and nonspe- 
cific symptoms like dysphagia, epigastric discomfort or fullness, 
bloating, and heartburn, particularly after meals. Symptoms may 
be intermittent and present for months to years.® A substantial 
number of cases likely go unrecognized. The diagnosis should be 
suspected in the proper clinical setting if a UGI radiograph or 
CT shows a large diaphragmatic hernia, even if the stomach is 
not twisted at the time of the radiograph.!° 


Treatment and Prognosis 


Acute gastric volvulus is an emergency, with a mortality rate in 
the vicinity of 30%.° Nasogastric decompression should be per- 
formed if possible. If signs of gastric infarction are not present, 
acute endoscopic detorsion may be considered. Using fluoros- 
copy, the endoscope is advanced to form an alpha loop in the 
proximal stomach.°’ The tip is passed through the area of tor- 
sion into the antrum or duodenum if possible, avoiding excess 
pressure. Torque may then reduce the gastric volvulus. This 
technique is most often used in chronic gastric volvulus without 
signs of ischemia.°”* Definitive surgical intervention should not 
be delayed for endoscopy. Surgery for gastric volvulus may be 
performed by open or minimally invasive techniques. In recent 
years, minimally invasive repair has become the gold standard for 
repair of chronic volvulus. Insufflation of the abdomen may not 
be hemodynamically tolerated in a critically ill patient. In this cir- 
cumstance, acute torsion should be repaired open.°+® After the 
torsion is reduced, the stomach is fixed by gastropexy or tube gas- 
trostomy. Associated diaphragmatic hernia must be repaired.°?-“? 
However, in the circumstance of a critically ill patient, the sur- 
geon may elect to place a gastrostomy tube and later return to the 
operating room to complete the other components of the repair, 
as noted earlier. Combined endoscopic and laparoscopic repair 
or simple endoscopic gastropexy by placement of a percutaneous 
gastrostomy tube has been reported.6’-71;72 

Chronic gastric volvulus is treated in the same manner as 
acute volvulus. If the patient is clinically stable, the surgeon 
may elect to treat the underlying cause of the volvulus (e.g., 
associated paraesophageal hernia) in the usual manner, with 
repair of the diaphragm and fundoplication. It is unusual to 
have a gastric volvulus in the absence of an associated para- 
esophageal hernia. 
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Fig. 27.6 Gastric volvulus with paraesophageal hernia. A, Chest film 
showing a gas-filled mediastinal mass. B, Barium examination show- 
ing that the greater curvature and lesser curvature of the stomach are 
reversed in position (upside-down stomach). C, Twisting of the gastric 
folds at the point of torsion is noted in this endoscopic view of a gastric 
volvulus. (A, Courtesy Dr. Mark Feldman, Dallas, Tex.) 


INGUINAL AND FEMORAL HERNIAS 
Etiology and Pathophysiology 


The abdominal wall is protected from hernia formation by sev- 
eral mechanisms. In the lateral abdominal wall, there are layers 
of muscles that together with intervening fascia provide support. 
These muscles travel at oblique angles to each other and there- 
fore handle forces in various planes, affording greater support 
than if they were parallel to each other. In the central abdomen, 
the bulky rectus abdominis muscles provide a barrier to hernia- 
tion. Abdominal wall hernias occur in areas where these muscles 
and fascial layers are attenuated, and the hernias can be con- 
genital or acquired. In the groin, an area prone to herniation is 
bounded by the rectus abdominis muscle medially, the inguinal 
ligament laterally, and the pubic ramus inferiorly; the aponeuro- 
sis of the transversus abdominis muscle provides the deep layer. 
In this area, the external and internal oblique muscles thin to a 
fascial aponeurosis only, so there is no muscular support of the 
transverse abdominal fascia and the peritoneum. Upright pos- 
ture causes intra-abdominal pressure to be constantly directed 
to this area. During transient increases in abdominal pressure 
(e.g., coughing, straining, heavy lifting), reflex abdominal muscle 
wall contraction narrows the myopectineal orifice and tenses the 
overlying fascia (shutter mechanism). Chronic cough, smok- 
ing, increasing age, and male gender are thus associated with an 
increased risk of hernia.”+”° 

During embryologic development, the spermatic cord and 
testis in men (the round ligament in women) migrate from the 
retroperitoneum through the anterior abdominal wall to the 
inguinal canal, along with a projection of peritoneum (proces- 
sus vaginalis). The defect in the abdominal wall (internal inguinal 
ring) associated with this process represents an area of potential 
weakness through which an indirect inguinal hernia may form 
(Fig. 27.7). The processus vaginalis may persist in 12% to 20% 
of adults, further predisposing to hernia formation.’ Direct 
inguinal hernias do not pass through the internal inguinal ring 
but rather protrude through defects in an area called Hesselbach 
triangle, bounded medially by the rectus abdominis muscle, later- 
ally by the inferior epigastric artery, and inferiorly by the ingui- 
nal ligament (see Fig. 27.7). Therefore, indirect inguinal hernias 
travel with the spermatic cord (or round ligament) and are found 
lateral to the inferior epigastric vessels, whereas direct hernias are 
found in the floor of the inguinal canal—an area supported only 
by the weak transversalis fascia—and are medial to the inferior 
epigastric vessels. 

Femoral hernias pass through the opening associated with the 
femoral artery and vein. They manifest inferior to the inguinal 
ligament and medial to the femoral artery (see Fig. 27.7). Clini- 
cal examination cannot easily differentiate indirect from direct 
inguinal hernias. The importance of distinguishing these 2 enti- 
ties preoperatively is not critical, because the operative approach 
and repair are identical. However, it is important to accurately 
diagnose femoral hernias because they can be mistaken for lymph 
nodes in the groin. Misinterpreting an incarcerated loop of bowel 
in a femoral defect as a lymph node can lead to fine-needle aspira- 
tion of the mass and bowel injury. Any mass that is medial to the 
femoral arterial pulsation and inferior to the inguinal ligament 
should be evaluated for a femoral hernia. 

The omentum, colon, small bowel, and bladder are the 
most common contents of groin hernias, although the appen- 
dix, Meckel diverticulum, fallopian tube, and ovary have been 
reported to herniate.’’*? In a Richter hernia, only the antimes- 
enteric side of the bowel protrudes. In this situation, the patient 
can have strangulation of the bowel without evidence of bowel 
obstruction, which is typically present when bowel is incarcerated 
in a hernia. The surgeon must be wary of the Richter hernia, as 
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Fig. 27.7 Anatomic diagram of Spigelian hernia, indirect and direct 
inguinal hernias, and femoral hernia. The external oblique muscle has 
been omitted, and the spermatic cord (the round ligament in women) is 
retracted. Spigelian hernia occurs through defects in the fused aponeu- 
rosis of the internal oblique and transverse abdominal muscles. Indirect 
inguinal hernia occurs through the internal inguinal ring. Direct inguinal 
hernia occurs through defects in the transversalis fascia in Hesselbach 
triangle. Femoral hernia occurs inferior to the inguinal ligament and 
medial to the femoral vein and femoral artery. 


this can result in intestinal necrosis, despite the lack of the typical 
association with a bowel obstruction. 


Epidemiology 


The lifetime risk of groin hernia requiring repair is 27% for 
men and 3% for women, with repair seen most often in chil- 
dren under age 5 and adults older than 70.58+ The incidence 
increases with age, from 1% in men younger than age 45 to 3% 
to 5% in those older than 45. About 800,000 groin hernia repairs 
are performed annually in the USA.’ Of these, 80% to 90% 
are performed in men.**.*6 Indirect inguinal hernias account 
for about 65% to 70% of groin hernias in men and women. In 
men, direct inguinal hernias account for about 30% and femoral 
hernias for about 1%. In women, about 25% of groin hernias 
requiring repair are femoral, and the occurrence increases with 
age.®86 Groin hernias are somewhat more common on the right 
than on the left side. 

Congenital hernias are more common in males because they 
represent a patent processus vaginalis. These pediatric hernias are 
commonly bilateral, and pediatric surgeons are taught to always 
evaluate the contralateral side. 


Clinical Features, Diagnosis, and Complications 


Many groin hernias are asymptomatic. The most common 
symptom is a mass in the inguinal or femoral area that enlarges 
when the patient stands or strains. An incarcerated hernia may 
produce constant discomfort. Strangulation causes increasing 
pain. Symptoms of bowel obstruction or ischemia may occur. In 
a Richter-type hernia, pain from bowel strangulation may occur 
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Fig. 27.8 Plain film in a 28-year-old man with a giant incarcerated 
inguinal hernia. (Courtesy Dr. Michael J. Smerud, Dallas, Tex.) 


without symptoms of obstruction, as only 1 wall of the intestine 
is involved in the hernia. The patient should be questioned about 
risk factors for hernia formation (e.g., smokers with a chronic 
cough, prostatism, constipation). These factors, if not corrected 
prior to herniorrhaphy, can lead to recurrence.*7:°* 

On physical examination, inguinal hernias present as a soft 
mass in the groin. The mass may be larger on standing or strain- 
ing. It may be slightly tender. It may be possible to palpate the 
fascial defect associated with the hernia. The patient should be 
examined upright, the examiner’s finger should be inserted into 
the inguinal canal, and a prolonged Valsalva maneuver should be 
initiated; it is normal to feel a small impulse against the examin- 
ing finger with coughing. However, when a hernia is present, a 
prolonged Valsalva maneuver will result in protrusion of the sac, 
which is tender against the examiner’s finger. Direct and indirect 
hernias may be difficult to distinguish. Groin hernias may also be 
noted on a plain abdominal radiograph (Fig. 27.8), barium radio- 
graph, sonogram, or CT, and MRI may be helpful for identifying 
other causes of groin pain.*? 

Femoral hernias are more difficult to diagnose than other 
groin hernias, and 30% to 40% manifest as surgical emergencies 
due to strangulation.”+*° The correct diagnosis is often not made 
before surgery. The neck of femoral hernias is usually small. 
Even a small femoral hernia that is difficult to palpate may cause 
obstruction or strangulation. Richter hernias are most common 
in the femoral area, further complicating the diagnosis. Femo- 
ral hernias are most common in women, in whom clinicians may 
have a lower level of suspicion for hernia than in men. Femoral 
hernias also occur in children.” Delay in diagnosis, strangula- 
tion, and need for emergency surgery are common.*°*! Any mass 
below the inguinal ligament and medial to the femoral artery 
should raise the suspicion of femoral hernia. Femoral hernias are 
commonly mistaken for femoral adenopathy or groin abscess.”! 
Obviously, bedside incision and drainage of an incarcerated fem- 
oral hernia must be avoided, and therefore liberal use of sonogra- 
phy or CT is useful for distinguishing a hernia from adenopathy, 
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abscess, or other masses.*? The radiologist should perform these 
examinations with and without a prolonged Valsalva maneuver to 
demonstrate small defects. 


Treatment and Prognosis 


Many surgeons recommend repair of direct and indirect inguinal 
hernias even if they are asymptomatic, but this is controversial. 
A study by the American College of Surgeons has shown that 
males with minimally symptomatic groin hernias can be safely 
watched.” This study randomized 720 male patients to elective 
hernia repair or watchful waiting. Only 2 of the 364 patients in 
the watchful waiting arm of the study developed complications 
related to their hernia in 4.5 years. This suggests that minimally 
symptomatic patients can be watched safely and have their her- 
nia repaired when symptoms increase.” Femoral hernias must be 
repaired promptly because the risk of strangulation is higher.’?5+ 

When a patient presents with an incarcerated hernia and does 
not have clear signs and symptoms of ischemic bowel, it is rea- 
sonable to try to reduce the hernia manually. This will convert 
an emergent surgery into a semi-elective one. The patient can be 
sedated and placed in Trendelenburg position. Two hands must 
be used to coax the hernia back through the hernia defect. The 
patient must be watched closely to ensure dead bowel has not 
been reduced into the peritoneal cavity, a situation that can cause 
peritonitis and death. It is the authors’ experience that ischemic 
bowel is so edematous that manual reduction is usually not pos- 
sible. Repair of the hernia should occur within that same hospi- 
talization, unless there are medical issues that justify a delay (e.g., 
recent acute myocardial infarction). 

Groin hernias can be repaired using various techniques, 
including open or minimally invasively, with or without mesh, 
and are a source of ongoing debate for surgeons. Historically, 
tissue repairs have been performed. However, several studies 
have shown a decreased recurrence rate with the use of mesh 
resulting in tension-free repairs, both for open and laparoscopic 
repairs.’*°” Use of mesh is considered standard of care in the cur- 
rent era of hernia repair. 

The traditional tissue-based repairs were performed exclu- 
sively until the 1990s. There are 2 key components to success- 
ful hernia repair: (1) high ligation of the hernia sac, which treats 
the direct defect, and (2) repair of the floor of the canal, which 
treats the indirect defect. Even if there is no direct component, a 
repair of the floor is routinely undertaken. These repairs involve 
approach to the inguinal canal through a small incision parallel 
to the inguinal ligament and centered over the internal ingui- 
nal ring. Dissection is continued through the external oblique 
muscle, exposing the internal inguinal ring. The cord structures 
are then isolated and explored thoroughly to identify an indirect 
hernia sac, which is ligated and transected. The floor of Hessel- 
bach triangle is then reinforced and strengthened by apposing the 
lateral border of the rectus abdominis aponeurosis to the ingui- 
nal ligament (Bassini or Shouldice repair) or to Cooper ligament 
(McVay repair).?°-!°° Tissue repairs inherently are not tension- 
free and pose a greater risk of recurrence than tension-free mesh 
repairs. Use of mesh is considered the gold standard in elective 
hernia repair.” However, in cases where there is probable con- 
tamination (e.g., in a strangulated hernia), it is important to per- 
form a primary tissue repair and not a mesh repair, because there 
is a high risk of mesh infection. 

Open mesh repairs are most commonly performed as 
described by Lichtenstein.’”!°! These can be performed under 
local, regional, or general anesthetic.!°!°> The major compo- 
nents of successful repair begin with high ligation of the sac, 
but the floor is repaired using synthetic mesh to bridge the gap 
between the conjoint tendon (edge of the rectus aponeuro- 
sis) and inguinal ligament, thus reconstructing the floor of the 
canal. The mesh can be sutured or stapled in place. Mesh plug 


repairs have also been developed and appear to have outcomes 
similar to other repairs.!°* In these cases, minimal dissection is 
undertaken, and the mesh plug, which looks like a badminton 
shuttlecock, is laid into the defect and tacked in place with a few 
sutures. The mesh causes fibroblast ingrowth and scarring that 
leads to strengthening of the floor of the inguinal canal. Mesh 
repairs have the advantage of being somewhat simpler to per- 
form than tissue repairs and have less tension, less acute pain, 
and a decreased rate of recurrence.?+>.”° Bilateral, very large, or 
complex abdominal hernias can be repaired with a large mesh 
that reinforces the entire ventral abdominal wall. This is called 
giant prosthetic reinforcement of the visceral sac (GPRVS), or 
the Stoppa procedure.!° 

Several series have compared open hernia repair with laparo- 
scopic repair. The largest and most recent study was performed 
by the Veterans Cooperative group.!°° Almost 1700 patients were 
followed for 2 years after being randomized to open versus lapa- 
roscopic repair of inguinal hernias. Patients who had their hernias 
repaired laparoscopically had less pain initially and returned to 
work 1 day sooner than those who had open repair. However, the 
recurrence rate was higher in the laparoscopic group (10% vs. 4% 
in the open group), and complication rates were higher and more 
serious in the laparoscopic group than in the open repair group. 
Meta-analyses of open versus laparoscopic repair have suggested 
that laparoscopic repair causes less pain, but recurrence rate is 
higher, as is the risk of complications. !07:108.10 Results of the Vet- 
erans Cooperative group trial and other studies have changed the 
face of hernia repair in the USA. Patients with primary groin her- 
nias are treated with open mesh repair unless they have a strong 
preference for a laparoscopic approach. Those with recurrent or 
bilateral hernias can be considered for laparoscopic repair, which 
can be performed effectively in experienced hands. 

Minimally invasive hernia repair can be performed via a totally 
extraperitoneal (TEP) approach or transabdominal preperitoneal 
approach (TAPP).!!°-!!* In the former case, the dissection is 
performed just above the peritoneum using a balloon for dissec- 
tion. The mesh is then placed in this plane. In the TAPP pro- 
cedure, the abdomen is entered and a peritoneal flap is raised. 
The mesh is placed and the flap is reattached to prevent the mesh 
from being in contact with bowel. The TAPP approach can cause 
intra-abdominal adhesions and future risk for adhesive bowel 
obstruction, a down side to this approach. The robotic approach 
utilizes the TAPP technique. 


Post-Surgery Complications and Recurrence 


Elective groin hernia repair is safe, and serious complications are 
unusual. 106-108 Tacerations of the bowel, bladder, or blood ves- 
sels may occur, particularly during a TAPP repair, and may cause 
serious consequences if not detected early. Damage to the bowel 
may also occur during reduction of an incarcerated hernia. 

Minor acute complications include acute urinary retention, 
seroma, hematoma, and infection.?2)!%!!3 Serious infection 
occurs in less than 1% of cases. Damage to the spermatic cord 
may lead to ischemic orchitis.”” Tissue dissection predisposes to 
thrombosis of the venous drainage of the testis. Symptoms are 
swelling and pain of the cord and testis. The condition persists 
for 6 to 12 weeks and may result in testicular atrophy. Fortu- 
nately, this is a rare complication, occurring after about 0.04% 
of tissue repairs.!!+.!!° Hydrocele or vas deferens injury occurs in 
less than 1% of cases.'!> Damage to sensory nerves is not uncom- 
mon during inguinal hernia surgery, and can be related to the 
division or preservation of the ilioinguinal nerve as it traverses the 
inguinal canal.!16-118 Chronic paresthesias and pain of the medial 
aspect of the scrotum are reported by about 10% of patients, 
either caused by damage to the sensory nerves or neuroma. This 
can be treated by local nerve block, desensitization therapy, and 
neurectomy. !18-120 


Some recurrent hernias are actually indirect hernias missed 
during the first hernia repair. The risk of recurrence is related to 
conditions that lead to tissue deterioration, such as malnutrition, 
liver or renal failure, glucocorticoid therapy, and malignancies.!?! 
Patients with scrotal hernias and recurrent hernias are at higher 
risk for recurrence or re-recurrence, respectively.*® Recurrent 
hernias are also more common among smokers than nonsmok- 
ers.” In patients with cirrhosis and no ascites or moderate ascites, 
inguinal hernia repair is reported to be safe, although the recur- 
rence rate is increased in some series.!?>!? Ideally, the ascites 
is aggressively controlled prior to elective herniorrhaphy, and a 
TIPS or liver transplantation should be considered. 

As mentioned, recurrence rates are higher with laparoscopic 
hernia repair than with open herniorrhaphy.!°°!°* Routine use 
of mesh has reduced recurrences, because the learning curve 
for open mesh repair is quicker than for laparoscopic or tissue 
repair. Overall, recurrence rates are higher after tissue repairs 
than after tension-free mesh repairs.”>:!°° For inguinal hernias, 
the most favorable reported recurrence rates for Canadian and 
Cooper ligament repairs have been about 1.5% to 2% for pri- 
mary repairs and about 3% for repair of recurrent hernia.?*:!0 
Reported recurrence rates for mesh repairs vary from 0% to 4% 


for primary repairs, and use of mesh appears to reduce recur- 
rence,94106,108 


Inguinal Hernias and Colorectal Cancer Screening 


Some practitioners recommend that patients aged 50 years 
or older with inguinal hernias be screened for colorectal neo- 
plasms before hernia repair. One older prospective study using 
flexible sigmoidoscopy to screen primarily middle-aged or 
elderly men with inguinal hernias reported the prevalence of 
colorectal polyps to be 26% and the prevalence of colorectal 
cancers to be 3.6%.!** However, more recent data have clearly 
shown that there is no increased risk of colorectal cancer in 
patients who have groin hernias. In a prospective study of 
colonoscopy for screening of asymptomatic U.S. veterans, the 
prevalence of polyps was 37.5% and of colorectal cancer 1%.!*5 
Thus, the prevalence of colorectal neoplasms is substantial in 
middle-aged or older men with or without inguinal hernias. 
In several more recent studies, the risk of colorectal cancer 
was found to be similar in patients with hernias (5%) com- 
pared with a control group that did not have hernias (4%).!7° 
Large inguinal hernias, particularly incarcerated hernias, may 
cause difficulty during sigmoidoscopy or colonoscopy. In such 
patients, it may be advisable to defer the examination until 
after hernia repair. Incarceration of colonoscopes within her- 
nias has been reported. !?7 


Inguinal Hernias and Benign Prostatic Hyperplasia 


Inguinal hernia and symptomatic benign prostatic hyperplasia 
commonly occur in older men.!?° Straining to void may cause 
worsening of inguinal hernia. Conversely, the risk of postop- 
erative urinary retention after hernia repair is increased by 
prostatic hyperplasia, and older male patients with any symp- 
toms of prostate disease should be counseled on the risk of 
urinary retention after hernia repair.'?* With the advent of 
improved medical therapy for benign prostatic hyperplasia, 
most patients can be managed with medical therapy prior to 
herniorrhaphy. It is important that the prostatism is dealt with 
medically prior to elective hernia repair. This will avoid uri- 
nary retention postoperatively that can be painful and extend 
length of stay. If elective inguinal hernia repair and transure- 
thral prostatic resection are required, some surgeons would 
consider performing these procedures concurrently, !?°130 but 
more frequently, concerns about infection of mesh lead to 
sequential surgery. 
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OTHER VENTRAL HERNIAS 


True ventral hernias include incisional, epigastric, umbilical, and 
spigelian hernias. Patients often mistake diastasis recti for ven- 
tral hernia. Diastasis recti is a separation of the rectus abdominis 
muscles without a defect in the abdominal fascia and can be dem- 
onstrated as a midline defect exaggerated by a Valsalva maneuver. 
No fascial ring can be palpated, and the defect is often very wide 
and long. This condition does not require repair and is cosmetic 
only. 


Incisional Hernias 


Incisional hernias, as the name implies, are hernias that occur 
after a prior operation. Incisional hernias include postlaparotomy 
hernias, parastomal hernias, and trocar-site hernias. 


Etiology and Pathophysiology 


Incisional hernias are caused by patient- and surgery-related 
factors. The former includes conditions that may increase intra- 
abdominal pressure (e.g., obesity, collagen vascular diseases, 
a history of surgically repaired aorta, nutritional factors, asci- 
tes).!73,13!-133 Conditions that impair healing, such as collagen 
vascular disease in patients receiving glucocorticoid therapy and 
smoking, can also increase postoperative hernia formation.!** 
Surgery-related factors include the type and location of the inci- 
sion. It is more common for hernias to develop after a vertical 
midline incision than after a transverse incision.!*> This has 
led some surgeons to use transverse incisions in patients who 
are predisposed to hernias, such as patients with Crohn disease 
who are receiving glucocorticoids or other immunosuppressants. 
Development of a postoperative wound infection can lead to a 
higher incidence of hernia formation.!*° 

Placement of a stoma results in an intentional creation of a 
hernia through which the intestine runs. By placing these inten- 
tional hernias within the rectus muscle rather than lateral to the 
rectus, or by using mesh to reinforce the area, the risk of parasto- 
mal hernia can be decreased.!*° 

Trocar-site hernias have become a more common occurrence 
with the increased use of minimally invasive surgery. The rate of 
hernia formation is related to the size of the trocar used (trocars 
> 10 mm in diameter are more commonly associated with hernia 
formation), length of surgery, obesity, and advancing age.!*” Lat- 
eral trocar placement has a lower chance of hernia formation than 
midline placement. 


Epidemiology 


Incisional hernias are common after laparotomy. When followed 
carefully over a long period, up to 20% of patients can be found 
to develop a hernia. This incidence increases to 35% to 50% of 
cases when there is wound infection or dehiscence.!**'*? Up to 
50% of such hernias manifest more than 1 year after surgery.!*® 
Vertical incisions (as compared with transverse incisions), obesity, 
advanced age, diabetes, sepsis, postoperative pulmonary compli- 
cations, immunosuppression, and glucocorticoid use increase the 
risk. 135 

Parastomal hernias are reported to occur in as many as 50% 
of cases after stoma placement.!*° Specific measures are taken at 
the time of surgery to decrease the incidence of hernia forma- 
tion. For example, the smallest fascial defect is created within the 
rectus sheath, rather than lateral to it. The use of biological mesh 
in primary stoma placement may reduce the incidence of subse- 
quent hernia formation, but this routine use of mesh is contro- 
versial, and a multicenter randomized controlled trial is planned 
to address this.136-140 Conditions that lead to bowel dilation prior 
to stoma placement (e.g., obstruction) can result in subsequent 
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bowel shrinkage after stoma placement. This shrinkage can 
increase the space between the bowel wall and fascia, facilitating 
hernia formation. 

Trocar-site hernias are estimated to occur after 0.5% of lapa- 
roscopic cholecystectomies.!*’ They usually occur at the site of 
the largest trocar, which is typically larger than 10 mm in diam- 
eter and is at the umbilical location. 


Clinical Features, Diagnosis, and Complications 


Incisional hernias can cause chronic abdominal discomfort. 
Because the fascial defect of incisional hernias is usually large, 
strangulation is unusual even with incarceration. Reduced abil- 
ity to voluntarily increase intra-abdominal pressure interferes 
with defecation and urination. Lordosis and back pain may occur, 
due to decrease in a balanced “core.” °? Large incisional hernias 
may lead to “eventration disease.” With the loss of integrity of 
the abdominal wall, the diaphragm cannot contract against the 
abdominal viscera during inspiration, but rather forces the viscera 
into the hernia. The diaphragm thus becomes inefficient, and the 
hernia tends to enlarge. The viscera may lose the so-called right 
of domain in the abdominal cavity. Surgeons need to be care- 
ful about reducing and repairing these large hernias, because the 
acute increase in abdominal pressure can lead to pulmonary fail- 
ure and reduced venous return, resulting in an effective abdomi- 
nal compartment syndrome. !*! 

Parastomal hernias often interfere with ostomy function 
and the fit of appliances. This can lead to leakage of stool that 
can be incapacitating. Prolapse of the bowel through the stoma 
can occur. This results in the stoma protruding as a proboscis 
at times. The patient may bring in pictures of an exgorged and 
protruding stoma that is the prolapsed bowel. Incarceration and 
strangulation of bowel may occur within the parastomal defect, 
presenting as a bowel obstruction.!*° 

Trocar site hernias usually cause pain and a bulge at the trocar 
site. Because of the small opening, it is more likely intra-abdom- 
inal contents could become strangulated in the defect. Richter 
hernia has been reported, and other organs (e.g., stomach) can 
herniate into trocar hernias. 142143 

Diagnosis of an incisional hernia can be difficult if the defect is 
small, tender, or in an obese patient. A useful adjunct to diagno- 
sis can be ultrasound or CT. The physician requesting the ultra- 
sound or CT should carefully communicate his or her suspicions 
to the radiologist, because specific maneuvers can be performed 
by the radiologist to demonstrate the defect. For example, ultra- 
sound can be performed with the patient in an upright position 
or CT in the prone position.'** Parastomal hernias can also be 
identified with intrastomal ultrasound,!*> although CT is the 
diagnostic modality of choice. Trocar site hernias are especially 
challenging to diagnose, as the site of fascial entry can be tan- 
gential to the skin incision site. This is because the abdomen is 
insufflated with carbon dioxide at the time of trocar placement, 
leading to different fascial entry point than when the abdomen is 
desufflated. The finding of localized pain at a site that is close to a 
trocar site should trigger evaluation with CT scan. 


Treatment and Prognosis 


Incisional hernias are best repaired with prosthetic mesh; the 
recurrence rate is substantially lower than after traditional tis- 
sue repair.!°> Synthetic mesh and biologic mesh (which provides 
a tissue matrix into which ingrowth occurs with remolding) are 
available for use. The key element in hernia repair is to achieve 
a tension-free repair. In general, every attempt should be made 
to bring the fascia together with an underlay of mesh underneath 
the fascia to reinforce the repair. In fact, the term “abdominal 
wall reconstruction” has been coined as a better description for 
this type of surgery. This term emphasizes the attempt to restore 


anatomy, with medialization of the components of the abdomi- 
nal wall. The trend has been toward restoring anatomy whenever 
possible. Every attempt is made to place a layer of peritoneum 
or hernia sac between the abdominal contents and the mesh. 
However, if this cannot be done, special double-sided mesh is 
available with a barrier of some kind on one side, to prevent 
adhesions to viscera. This material does not stick to bowel and is 
therefore unlikely to erode into the intestine.!*! There has been a 
trend toward using biological mesh in patients who are high risk 
for poor wound healing, such as patients with obesity, diabetes, 
or a smoking history. If diaphragmatic dysfunction (eventration 
disease) is suspected, the abdominal wall may have to be stretched 
by repeated progressive pneumoperitoneum before repair.!4¢ 
Recurrences of incisional hernia are reported in 2% to 60% of 
cases, depending on the method used for repair and the duration 
of follow-up. 13%147:148 Minimally invasive repair of ventral defects 
can be performed. There is some suggestion that minimally inva- 
sive repair results in fewer recurrences and lower morbidity. 135-147 

Minimally invasive hernia repair is performed by insufflating 
the abdomen and gradually creating a working space by carefully 
lysing adhesions. Double-sided mesh is then placed in the retro- 
peritoneal position and fixed by tacks and sutures. This approach 
effectively bridges the gap rather than medializing the hernia 
edges. This can result in the sensation of a residual hernia, caused 
by retention of fluid in the hernia sac between the mesh and the 
skin, which can be frustrating for the clinician and patient. In 
contrast to open repairs, the fascia is not brought together in 
minimally invasive hernia repair, and therefore the patient will 
have a persistent bulge in the area of the hernia. This is due to 
the lack of abdominal musculature within the hernia defect itself, 
which contains only mesh. Some surgeons perform a minimally 
invasive components separation, where the lateral components 
are incised and slide to meet at the midline. This can be per- 
formed minimally invasively and can result in no bridging with 
mesh, and hence no bulge. Chronic pain at suture or tack sites 
appears to be a greater issue with laparoscopic hernia repair than 
with open repair.!49)15° 

Small and minimally symptomatic parastomal hernias may be 
treated with a modified ostomy belt. If surgery is necessary, there 
are several modes of treatment. The best treatment is to eliminate 
the stoma completely. This requires the ability to reconstruct the 
patient, an option not possible in the patient who has undergone 
abdominoperineal resection. The stoma can be relocated to the 
other side or another quadrant of the abdomen. Primary repair 
of the parastomal defect is no longer considered adequate treat- 
ment; mesh placement is advocated. A piece of mesh shaped with 
a keyhole defect through which the stoma can be exteriorized 
can be used.!*¢ Alternatively, the “Sugarbaker technique” can be 
performed, where a flat piece of mesh is placed over the piece 
of bowel as it exits for the stoma. This changes the angle of the 
bowel to parallel to the abdominal wall and creates a physiologic 
effect preventing future hernia formation. Important for the gas- 
troenterologist to know in this case is that the scope will travel 
parallel to the abdominal wall before diving into the abdomen. 
‘These repairs can all be performed minimally invasively.!°!!>? 

To decrease the incidence of trocar site hernias, it is recom- 
mended that trocar ports be removed under direct vision and the 
defects sutured closed, particularly those defects related to tro- 
cars larger than 10 mm in diameter. 

Newer prosthetic materials with biological components are 
now available. These biological meshes can be used in place of 
mesh in patients in whom there has been contamination, such 
as when bowel resection is necessary. The mesh substrates are 
thought to be degradable over time. After implantation, it is 
thought that they cause an influx of fibroblasts, resulting in a 
vigorous scar that can provide strength similar to mesh. With 
time, biological mesh degrades, leaving only autologous tissue. 
This is called tissue ingrowth and remolding. However, hernia 


recurrence is still a significant issue and can occur in up to 21% 
of patients.!°? Because of the significant recurrence rate, bridging 
of defects should be avoided when using biological mesh. 


Epigastric and Umbilical Hernias 
Etiology and Pathophysiology 


Epigastric hernias occur through midline defects in the aponeu- 
rosis of the rectus sheath (linea alba) between the xiphoid and 
umbilicus. These defects are usually small and frequently mul- 
tiple. Because of the location in the upper part of the abdominal 
wall, it is unusual for bowel to become incarcerated in epigastric 
hernias. The falciform ligament lies in this location, providing 
protection for bowel incarceration. More commonly, preperito- 
neal fat or omentum protrude through these hernias.!°+ 

Umbilical hernias in infants are congenital (see Chapter 98). 
They often close spontaneously. There is an increased incidence 
of congenital umbilical hernias in children of African descent.!°° 
In general, these defects will close spontaneously by 4 years of 
age.!°° If they are still evident after this age, surgical repair is 
indicated. In adults, umbilical hernias may develop consequent 
to increased intra-abdominal pressure due to ascites, pregnancy, 
or obesity. 


Epidemiology 


Epigastric hernias are found in 0.5% to 10% of autopsies.!°* 
Many are asymptomatic or undiagnosed during life. They gen- 
erally occur in the third through fifth decades. Risk factors for 
epigastric hernia include obesity, smoking, and heavy lifting.!°* 
Epigastric hernia has also been reported after deep inferior epi- 
gastric perforator (DIEP) flap breast reconstruction.!*” 

Umbilical hernias occur in about 30% of African American 
infants and 4% of white infants at birth, and are present in 13% 
and 2%, respectively, by 1 year of age.!°* Umbilical hernias are 
more common in low birth weight infants than in those of normal 
weight. Other risk factors include obesity and pregnancy. Umbil- 
ical hernias occur in roughly 20% of patients with cirrhosis and 
ascites. 1°” 


Clinical Features, Diagnosis, and Complications 


The main symptom of epigastric hernia is upper abdominal pain, 
usually localized to the abdominal wall, rather than the deep vis- 
ceral pain that accompanies intestinal pathology. A specific ten- 
der nodule or point of tenderness can be palpated in the nonobese 
patient. Diagnosis may be difficult, particularly in obese patients. 
However, symptoms are sometimes mistaken for those of a peptic 
ulcer or biliary disease. Determining that the discomfort is in the 
abdominal wall, rather than deep within the peritoneum, can help 
distinguish incarcerated bowel from fat in the hernia. Sonography 
and CT may be helpful in the diagnosis.!6®161 Complications of 
epigastric hernia are very rare, with reports of acute pancreatitis 
from incarceration of the head of the pancreas, perforation of a 
gastroduodenal ulcer incarcerated in the hernia, and strangula- 
tion of bowel in the hernia. 162-164 

Umbilical hernias in children are usually asymptomatic. 
Adults may be asymptomatic or report some discomfort with 
palpation of the hernia. Incarceration and strangulation may 
occur in children and adults. Spontaneous rupture of umbilical 
hernias may occur in patients with ascites and, rarely, in preg- 
nant women.!ć®166 Skin changes with maceration and ulceration 
generally occur prior to frank rupture. Therefore, the findings of 
skin changes in a patient with an umbilical hernia should warrant 
urgent repair. Care must be taken when performing a therapeutic 
paracentesis in patients with umbilical hernias; the hernia must 
be reduced and kept reduced during the paracentesis, because 
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strangulation of umbilical hernias may occasionally be precipi- 
tated by rapid removal of ascites.!5?:!7 


Treatment and Prognosis 


If surgery is performed for epigastric hernia, the linea alba should 
be widely exposed because multiple defects called Swiss cheese 
defects may be found. A minimally invasive approach is preferred 
in this circumstance, where excellent visualization of the midline 
can be achieved with just a few 5-mm ports. A single defect can 
be fixed easily, and a Swiss cheese—-type scenario can also be fixed 
minimally invasively without opening the whole midline of the 
abdomen. Mesh is laid within the abdomen to cover all of these 
defects. Surgical repair is typically successful, with a low recur- 
rence rate. 

Umbilical hernias are most often left untreated in children; 
complications are unusual, and they usually close spontaneously 
if smaller than 1.5 cm in diameter. Repair should be considered if 
they are larger than 2 cm or if they are still present after 4 years 
of age.1°8 Repair of umbilical hernias should be recommended for 
adults if they are difficult to reduce or symptomatic. Techniques 
for repair of all abdominal wall defects rely on a tension-free 
repair to decrease the risk of recurrence. Open or minimally inva- 
sive techniques can be used to achieve this end.!°° Data support 
routine use of mesh in repair of these defects, because this results 
in a decrease in recurrences.!°’ Mesh is always used in minimally 
invasive repair. 

When complications develop in patients with umbilical her- 
nias, the prognosis worsens significantly. Those patients requir- 
ing bowel resection at the time of umbilical herniorrhaphy or 
who have ascites and cirrhosis have increased mortality.!°7:!7° 
Repair of umbilical hernias in patients with cirrhosis and ascites 
is a difficult clinical problem. In general, ascites should be aggres- 
sively controlled. If this is not possible, consideration should be 
given to TIPS or liver transplantation (see Chapters 93 and 97). 
Spontaneous rupture of umbilical defects in patients with ascites 
portends a poor prognosis, with reported mortality rates of up to 
60% .159:165.171 Minimally invasive techniques and earlier repair of 
hernias in patients with cirrhosis should be considered, although 
ascitic leak from even a trocar site can be fatal. The morbidity of 
elective repair appears not to be as high as once thought, with a 
recent trial reporting a mortality rate of 3.7% for elective repair, 
with even lower rates (1.3%) for patients with a MELD score less 
than 15.17? Outcome after surgical repair is directly dependent on 
nutritional status and control of ascites. Control of ascites may 
require frequent paracentesis to keep the abdomen flat to allow 
healing. Topical fibrin sealant has been used to successfully treat a 
leaking umbilical hernia in a patient with ascites.!” In general, one 
should undertake umbilical hernia repair with caution in cirrhotic 
patients with ascites. This would be a circumstance where liver 
transplantation evaluation prior to hernia repair would be prudent. 


Spigelian Hernias 
Etiology and Pathophysiology 


Spigelian hernias occur through defects in the fused aponeurosis 
of the transversus abdominis muscle and internal oblique muscle, 
lateral to the rectus sheath; they most commonly occur just below 
the level of the umbilicus (see Fig. 27.7). This area is called the 
spigelian fascia, named after the Belgian anatomist Adriaan van 
den Spiegel. This fascia is where the linea semilunaris, the level 
at which the transversus abdominis muscle becomes aponeurosis 
rather than muscle, meets the semicircular line of Douglas. The 
epigastric vessels penetrate the rectus sheath in this area. The 
combination of all these anatomic features can lead to a potential 
defect and a spigelian hernia. The spigelian fascia is covered by 
the external oblique muscle, and therefore, spigelian hernias do 
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not penetrate through all layers of the abdominal wall, making 
the diagnosis of a hernia challenging.!*° 


Epidemiology 


Spigelian hernias are very rare. Only about 1000 cases have been 
reported.!”+ The largest series of patients included 81 patients.!”° 
‘They are twice as common in females as in males and are some- 
what more common on the left side of the abdomen. 176-177 They 
generally occur in patients around age 60 years. 175-177 


Clinical Features, Diagnosis, and Complications 


Spigelian hernias can be difficult to diagnose because the external 
oblique muscle overlies the defect in the deeper fascia. Only 75% 
to 80% of patients with a Spigelian hernia are correctly diagnosed 
before surgery.!’>-!’’ The examiner must have a high degree of 
suspicion when a patient complains of pain at the lateral edge 
of the rectus, inferior to the umbilicus. Careful examination will 
suggest that the pain originates in the abdominal wall and not 
in the peritoneal cavity. This determination is critical because 
a Spigelian hernia can be mistaken for conditions like acute 
appendicitis and diverticulitis.!”°-!8° Frequently, only omentum 
is present in the hernia, but large or small bowel, ovary, appen- 
dix, or fallopian tube may herniate.!7>!”%!8! A Richter hernia or 
a bowel obstruction caused by incarcerated small intestine may 
occur.!*? The differential diagnosis includes rectus sheath hema- 
toma, lipoma, or sarcoma. Sonography and CT are the most use- 
ful adjuncts for diagnosing a Spigelian hernia.!7>-!’7-'83 An astute 
radiologist will perform these studies using various techniques 
(e.g., Valsalva maneuver) to increase detection of even a small 
spigelian hernia. The finding of a viscera structure penetrating 
through the 2 inner layers of the abdominal wall at the correct 
location will lead to the diagnosis of a spigelian hernia. 


Treatment and Prognosis 


Spigelian hernias may be approached by open or minimally inva- 
sive techniques.!**:!8> Laparoscopy can be helpful as a diagnostic 
tool in patients suspected of having a Spigelian hernia, even if open 
repair is anticipated.'*° The hernia can be best identified from 
within the peritoneal cavity. Preperitoneal laparoscopic techniques 
can be used, with the advantage of staying outside the peritoneal 
cavity, thereby avoiding adhesions.!® Intraperitoneal laparoscopic 
repair can be performed using mesh that is coated on 1 side so 
as not to stick to the underlying bowel.!8%!87 Minimally invasive 
approaches result in decreased pain and decreased length of hospi- 
tal stay compared with open techniques.!** However, these hernias 
are so rare, the surgeon’s choice of technique should be based on 
personal experience. It is the authors’ preference to at least start 
with a laparoscopic approach, as this can confirm the diagnosis and 
help locate the hernia itself. As with other hernias, most spigelian 
hernias are closed using mesh repairs, a technique that appears to 
have a lower recurrence rate than primary repair.!7>:!85 


PELVIC AND PERINEAL HERNIAS 


The 3 main types of pelvic and perineal hernias are obturator, 
sciatic, and perineal hernias. 


Etiology and Pathogenesis 


Obturator hernias are rare and occur in older women, and thus 
are sometimes called “little old lady’s hernia.”!®? Obturator her- 
nias occur through the greater and lesser obturator foramina. 
The obturator foramen is larger in women than in men and is 
ordinarily filled with fat. Marked weight loss predisposes to her- 
niation.!”° 


Sciatic hernias occur through the foramina formed by the 
sciatic notch and the sacrospinous or sacrotuberous ligaments. 
Abnormal development or atrophy of the piriform muscle may 
predispose to sciatic hernia. Sciatic hernias may contain ovary, 
ureter, bladder, or large or small bowel.!°! 

Perineal hernias occur in the soft tissues of the perineum and 
are very rare. They may be primary or postoperative. Primary 
perineal hernias occur anteriorly through the urogenital dia- 
phragm or posteriorly through the levator ani muscle or between 
the levator ani and coccygeus muscles. Secondary perineal her- 
nias occur most often after surgery, such as abdominal-perineal 
resection, pelvic exenteration, or hysterectomy.!?*-!°* Radiation 
therapy, wound infection, and obesity predispose to the develop- 
ment of secondary perineal hernias. !”3-1°6 


Epidemiology 


Obturator hernias typically occur in older, cachectic, multiparous 
women. About 800 cases have been reported.!”” In Asia, obtura- 
tor hernias account for about 1% of all hernia repairs, but in the 
West, they account for 0.07% of all hernias.!9°:!°” 

Sciatic hernias are even less common than obturator hernias, 
with fewer than 100 cases reported.!?! They are most common in 
older women, although are occasionally seen in children.?”° 

Perineal hernias are also rare. Primary perineal hernias are 
most common in middle-aged women. Secondary perineal her- 
nias occur after less than 3% of pelvic exenterations and less 


than 1% of abdominal-perineal resections for rectosigmoid can- 
196,201 
cer.!% 


Clinical Features, Diagnosis, and Complications 


Obturator hernias occur almost exclusively in older women 
and are more common on the right side.!?”7°? They commonly 
cause cramping lower abdominal pain, nausea, and vomiting. 
Almost all patients present with symptoms of small bowel 
obstruction.” Because the hernia orifice is small, Richter her- 
nia and strangulation are common, and bowel necrosis is not 
uncommon.’ There are 3 signs specific for an incarcerated 
obturator hernia.” The first is obturator neuralgia, manifest- 
ing as paresthesia that extends along the medial aspect of the 
thigh. Second is the Howship-Romberg sign, caused by pres- 
sure on the obturator nerve and resulting in paresthesias and 
pain in the hip and inner thigh. The pain is diminished by hip 
flexion and increased by hip extension, adduction, or medial 
rotation. This sign is seen in 25% to 50% of patients with 
obturator hernia and is considered pathognomonic. Third is 
the Hannington-Kiff sign, elicited by percussing the adductor 
muscle above the knee. Absence of the normal adductor reflex 
contraction is a strong indicator of obturator nerve impinge- 
ment caused by an obturator hernia. Occasionally a mass may be 
palpable in the upper medial thigh or in the pelvis on pelvic or 
rectal examination. The diagnosis is difficult, often delayed, and 
usually not made preoperatively. The treating physician must 
have a low threshold for entertaining this diagnosis in an elderly 
cachectic female patient with a bowel obstruction in the pelvis. 
Preoperative diagnosis is sometimes evident on ultrasound or 
CT. 202,204,205 

Sciatic foramen hernias may manifest as a mass or swelling 
in the gluteal or infragluteal area, but are generally difficult to 
palpate because they occur deep to the gluteal muscles. Chronic 
pelvic pain caused by incarceration of a fallopian tube and/or 
ovary may occur.’°° Impingement on the sciatic nerve may also 
produce pain deep in the buttock or radiating to the thigh.” 
Intestinal or ureteral obstruction may occur. The differential 
diagnosis includes lipoma or other soft tissue tumor, cyst, abscess, 
and aneurysm.?°* The diagnosis is often difficult, with only 37% 
of patients diagnosed by physical exam findings.!°! CT and MRI 


may be helpful, but many patients are diagnosed at laparotomy 
or laparoscopy. 

In women, primary perineal hernias manifest anteriorly in the 
labia majora (pudendal hernia) or posteriorly in the vagina.'?° In 
men, they manifest in the ischiorectal fossa. Primary and post- 
operative perineal hernias are usually soft and reducible. Most 
patients complain of a mass that produces discomfort on sitting. 
Because the orifice of the hernia is usually wide, incarceration is 
rare. If the bladder is involved, urinary symptoms may occur.?°” 
Postoperative perineal hernias may be complicated by cutane- 
ous ulceration. The differential diagnosis includes sciatic hernia, 
tumor, hematoma, cyst, abscess, and rectal or bladder prolapse.?!° 


Treatment and Prognosis 


The treatment of pelvic hernias is surgical. Laparoscopic repair of 
obturator, sciatic, and perineal hernias has been reported. 1°?:211,212 
However, most patients with pelvic hernias present with an acute 
surgical condition, often bowel obstruction, and it is often nec- 
essary to perform an open procedure to manage the problem. 
Repair of perineal hernias can be complex. When bowel resec- 
tion is required, mesh placement is usually not used because of 
the high risk of infection. The advent of biologic products has 
allowed these materials to be used in contaminated fields.!?! 
Peritoneal flaps or muscle advancement flaps can be used to 
perform tissue repairs of these defects.?!> The prognosis is poor 
when patients present with an acute illness, and is more related 
to the underlying medical conditions rather than the hernia itself. 
Nutritional depletion, advanced age, and poor medical health are 
all confounding variables. 


LUMBAR HERNIAS 
Etiology and Pathophysiology 


Lumbar hernias can occur in 2 separate triangular areas of 
the flank. The superior triangle (Grynfeltt lumbar triangle) is 
bounded by the 12th rib superiorly, the internal oblique muscle 
inferiorly, and the sacrospinous muscles medially. The inferior 
triangle (Petit lumbar triangle) is bounded by the latissimus dorsi 
muscle posteriorly, the external oblique muscle anteriorly, and 
the iliac crest inferiorly (Fig. 27.9).?'* Grynfeltt hernias are more 
common than Petit hernias. Lumbar hernias are more com- 
mon on the left than on the right side. This may be because the 
liver pushes the right kidney inferiorly in development, leading 
to protection of the lumbar triangles. Pseudohernia may occur 
in the lumbar area as the result of paresis of the thoracodorsal 
nerves.’!>7!6 This is caused by loss of muscle control and tone, 
but there is no associated fascial defect. Causes of pseudoher- 
nia include diabetic neuropathy, herpes zoster infection, nerve 
injury, and syringomyelia.?!” 

Of the acquired lumbar hernias, about half are spontane- 
ous and the rest are incisional or posttraumatic hernias. Flank 
incisions are used to access the retroperitoneum for procedures 
such as nephrectomy, and hernias can result, which may be true 
hernias or pseudohernias caused by postoperative muscle paraly- 
sis.!87!° Lumbar hernias have also been reported after harvest of 
bone from the iliac crest.??” Motor vehicle accidents are the most 
common cause of posttraumatic lumbar hernias. If a lumbar her- 
nia is found after a motor vehicle accident, it is critical to assume 
that the patient has other intra-abdominal injuries. Most of these 
patients will undergo urgent laparotomy; more than 60% of them 


will have major intra-abdominal injuries.??1222 


Epidemiology 


Lumbar hernias are rare, with about 300 cases reported.7!* Some 
20% are congenital, and they are rarely bilateral.’?>’7+ 
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Fig. 27.9 Anatomic diagram of lumbar hernias. The inferior triangle 
hernia, Petit hernia (thick arrow), is bounded by the latissimus dorsi 
muscle, the external oblique muscle, and the iliac crest. The superior 
triangle hernia, Grynfeltt hernia (thin arrow), is bounded by the 12th rib, 
the internal oblique muscle, and the sacrospinalis muscle. 


Clinical Features, Diagnosis, and Complications 


Lumbar incisional hernias generally present as a large bulge that 
may produce discomfort. These are especially evident when the 
patient strains or is in the upright position. Because of the large 
size of the defect, incarceration is not common. Moreover, the 
location, in the retroperitoneum, makes incarceration of intra- 
abdominal structures rare. Superior and inferior lumbar triangle 
hernias may occur through small defects and can manifest with 
incarceration (24%) and strangulation (18%).’?> The differen- 
tial diagnosis includes lipoma, renal tumor, abscess, and hema- 
toma. Bowel, mesentery, spleen, ovary, and kidney have been 
reported to herniate.?? Occasionally a small lumbar hernia may 
impinge on a cutaneous branch of a lumbosacral nerve, causing 
pain referred to the groin or thigh. CT may aid in the diagno- 
sis.?76 


Treatment and Prognosis 


Closure of large lumbar hernias, as well as superior and infe- 
rior lumbar triangle hernias, often requires the use of prosthetic 
mesh or an aponeurotic flap. These can be challenging cases. 
Identifying fascia with good tensile strength and repairing the 
defect with mesh in a tension-free manner is critical to prevent- 
ing recurrence.’?’?’ Fixation of mesh to bony structures (e.g., 
rib, iliac crest) may be required. Preperitoneal as well as trans- 
peritoneal laparoscopic repair has been reported and can result 
in less pain and quicker return to activity.*!°7!?2%9 Large and 
symptomatic lumbar pseudohernias should be treated by manag- 
ing the underlying condition. Resolution has been reported fol- 
lowing treatment of herpes zoster.?!’ 


INTERNAL HERNIAS 


Internal hernias are protrusions into pouches or openings within 
the abdominal cavity, rather than through the abdominal wall. 
Internal hernias may be the result of developmental anomalies 
or may be acquired. Commonly, internal hernias develop after 
earlier abdominal surgery, such as after an RYGB procedure. 
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Etiology and Pathophysiology 


Internal hernias caused by developmental anomalies include para- 
duodenal, foramen of Winslow, mesenteric, and supravesical her- 
nias. During gestation, the intestines are extra-abdominal. During 
fetal development, the mesentery of the duodenum, ascending 
colon, and descending colon becomes fixed to the posterior perito- 
neum. These segments of the bowel become reperitonealized and 
attach to the retroperitoneum. Anomalies of mesenteric fixation 
may lead to abnormal openings through which internal hernias 
may occur. The extreme example of this is a complete intestinal 
malrotation, in which the ligament of Treitz does not assume its 
appropriate location to the left of the spine. This condition predis- 
poses to midgut volvulus and can lead to extensive mesenteric isch- 
emia (see Chapter 98).’3!732 Lesser anomalies of fixation lead to 
defects such as paraduodenal and supravesical hernias. Abnormal 
mesenteric fixation may lead to abnormal mobility of the small 
bowel and right colon, which facilitates herniation. During fetal 
development, abnormal openings may occur in the pericecal, 
small bowel, transverse colon, or sigmoid mesentery, as well as the 
omentum, leading to mesenteric hernias.?>? Unusual hernias can 
occur on structures like the broad ligament.”** 

Abnormal fixation of the mesentery of the descending or 
ascending colon may lead to paraduodenal hernias. Paraduodenal 
hernias occur on the left side in 75% of cases and have a 3:1 male 
predominance.**+73>737 Patients most commonly present in the 
fourth decade. In cases of left paraduodenal hernia, an abnormal 
foramen, the fossa of Landzert, occurs through the mesentery 
close to the ligament of Treitz, leading under the distal trans- 
verse and descending colon, posterior to the superior mesenteric 
artery. Small bowel may protrude through this fossa and become 
fixed in the left upper quadrant of the abdomen. The mesentery 
of the colon thus forms the anterior wall of a sac that encloses a 
portion of the small intestine. Right paraduodenal hernia occurs 
in the same fashion through another abnormal foramen, the fossa 
of Waldeyer, leading under the ascending colon.?3°73* 

Foramen of Winslow hernias may occur when this foramen 
is abnormally large, particularly if there is abnormal mesenteric 
fixation of the small bowel and right colon. Most commonly, the 
right colon is abnormally fixed to the retroperitoneum, result- 
ing in a patulous foramen of Winslow. Abnormally mobile small 
bowel and colon may herniate through the foramen of Winslow 
into the lesser sac. Symptoms of small bowel or colonic obstruc- 
tion may occur, and these may be intermittent as the hernia 
reduces spontaneously. Impingement on the portal structures 
can occur but rarely results in biliary obstruction or compression 
of the portal vein.?>?4° Gastric symptoms may also occur if the 
herniated bowel becomes distended, because the herniated bowel 
loops are located in the lesser sac, behind the stomach. 

Mesenteric hernias occur when a loop of intestine pro- 
trudes through an abnormal opening in the mesentery of the 
small bowel or colon. These mesenteric defects are thought to 
be developmental in origin, although they may also be acquired 
as a result of surgery, trauma, or infection. The most common 
area for such an opening is in the mesentery of the small intes- 
tine, most often near the ileocolic junction. Defects have been 
reported in the mesentery of the appendix, sigmoid colon, and a 
Meckel diverticulum.**!-** The intestine finds its way through 
the defects through normal peristaltic activity. Various lengths 
of intestine may herniate posteriorly to the right colon into the 
right paracolic gutter (Fig. 27.10). Compression of the loops may 
lead to obstruction of the herniated intestine. Strangulation may 
occur by compression or by torsion of the herniated segment. 
Obstruction may be acute, chronic, or intermittent. The her- 
niated bowel may also compress arteries in the margins of the 
mesenteric defect, causing ischemia of nonherniated intestine. 
Similar defects may occur in the mesentery of the small bowel, 
transverse mesocolon, omentum, and sigmoid mesocolon. 


Fig. 27.10 CT of an internal (pericecal) hernia with strangulation. A 
mass of infarcted small intestine is seen in the right side of the abdo- 
men (white arrow). The area of herniation (open arrow to right of spine) 
shows twisting of the small bowel as it passes through the mesentery. 
(Courtesy Dr. Michael J. Smerud, Dallas, Tex.) 


There are 3 types of mesenteric hernias involving the sigmoid 
colon. Transmesosigmoid hernias have no true sac. They occur 
through both layers of the mesocolon. Generally, the bowel 
becomes trapped in the left gutter, lateral to the sigmoid colon. 
Intermesosigmoid hernias are hernias that occur within the leaves 
of the sigmoid colon. This results in the hernia contents being 
contained within the mesentery of the sigmoid colon, gener- 
ally posterior to the sigmoid colon. Intersigmoid hernias occur 
between the retroperitoneal fusion plane, between the sigmoid 
colon mesentery and the retroperitoneum. These hernias are 
contained in the retroperitoneum and generally lift and dissect 
the sigmoid colon on its mesentery out of the left gutter.’*° 

Supravesical hernias protrude into abnormal fossae around 
the bladder. They are classified as internal or external supravesi- 
cal hernias. Internal supravesical hernias occur within the abdo- 
men and thus are internal hernias. They may extend anterior, 
lateral, or posterior to the bladder. External supravesical hernias 
occur outside the abdominal wall and appear much like indirect 
inguinal hernias. They usually contain small bowel but may con- 
tain omentum, colon, ovary, or fallopian tube.?44-246 

Acquired internal hernias may occur as a complication of 
surgery or trauma if abnormal spaces or mesenteric defects are 
created. Adhesions can create spaces into which bowel may her- 
niate. Division of mesentery to create conduits, such as Roux- 
en-Y limbs, can lead to defects within the mesentery or around 
the reconstruction, which can result in herniation. With the 
increased popularity of the RYGB procedure for morbid obesity, 
there has been an increased incidence of unusual hernias related 
specifically to this surgery (discussed later).?47:248,249 

Retroanastomotic hernias may occur after gastrojejunostomy, 
colostomy or ileostomy, ileal bypass, or vascular bypass when an 
abnormal space may be created into which small bowel, colon, or 
omentum may herniate. Retroanastomotic hernia can occur after 
gastrojejunostomy, usually after gastric resection with Billroth II 
reconstruction. The afferent loop, efferent loop, or both, pro- 
trude into the space posterior to the anastomosis. Efferent loop 
hernias are about 3 times as common as afferent loop hernias, 
likely caused by the limited length of the afferent loop and the 
tethering effect of fixed structures involved in the afferent loop. 
For example, after a Billroth II anastomosis, the afferent loop is 
connected to the duodenum, which is fixed, and the efferent loop 
is connected to the remainder of the small intestine. The effer- 
ent loop is therefore more mobile and can herniate into poten- 
tial spaces.?>°7°9 Colostomy, ileostomy, ileal bypass, and vascular 
bypass procedures may also lead to the creation of a space into 


which organs can protrude. Obstruction secondary to retroanas- 
tomotic hernia has been reported after liver transplantation.*>! 
Renal transplant procedures are extraperitoneal, but an unrec- 
ognized inadvertent rent in the peritoneum can lead to pararenal 
intestinal herniation.?° 

Hernias after RYGB procedures have become more com- 
mon with the increasing demand for this operation. These can 
be internal or external hernias through the incision or port sites. 
Small bowel obstruction related to internal hernias after RYGB 
occurs in 2% to 3% of patients.?+7748753 There are 3 potential 
spaces created during the RYGB that can result in internal her- 
niation. The Peterson defect occurs to the right of the jejunum as 
it traverses the mesentery of the transverse colon to reach the 
pouch of the stapled stomach. By definition, the Roux limb has to 
travel in the retrocolic location for this to occur. The endosco- 
pist encounters this as a narrowing that occurs in the Roux limb 
at around 40 to 60 cm distal to the pouch-jejunum anastomosis. 
The jejunojejunostomy mesenteric defect occurs between the divided 
leaves of the small intestinal mesentery. The mesentery is divided 
to create the Roux limb, which is brought up to the gastric pouch. 
The 2 edges of the transected mesentery are then sewn together 
to prevent this defect. However, despite these measures, a defect 
can develop resulting in herniation of intra-abdominal contents. 
The transverse mesocolic defect occurs through the defect in the 
transverse mesocolon through which the jejunal limb is brought 
to reach the stomach pouch. The Peterson and transverse meso- 
colic defects can be avoided by placing the jejunal limb in an 
antecolic position. In this case, the jejunum is not placed through 
a rent in the transverse mesocolon, but rather is brought anterior 
to the transverse colon. Although this makes intuitive sense, it is 
not always possible to achieve enough length of small intestinal 
mesentery to ensure an antecolic anastomosis without tension. 
With the majority of RYGB being performed laparoscopically, 
there are fewer adhesions being formed after surgery; this in fact 
allows for greater mobility of the small intestine and a greater 
ability to prolapse through hernia defects. Adhesions with open 
surgery can actually reduce the risk for this type of internal her- 
nia. However, adhesive causes for bowel obstruction occur more 
frequently in the open gastric bypass cases. 

Hernias can occur in the mesentery of the colon very rarely 
after colonoscopy.?>+2> This likely occurs as a rent develops in 
the sigmoid mesocolon with insufflation of the colon. 

Hernias may occur through the broad ligament of the uterus, 
most commonly through tears occurring during pregnancy, 
because the majority of these hernias occur in parous women. 
Other cases may be developmental or caused by surgery.7?*7>° 


Epidemiology 


Internal hernias are rare and occur most often in adults. They are 
found in 0.2% to 0.9% of autopsies, but a substantial proportion 
of these remain asymptomatic.”>° About 5% of bowel obstruc- 
tions are caused by internal hernias. 

Although half of developmental internal hernias are paraduo- 
denal hernias, 1% or fewer of all cases of intestinal obstruction 
are caused by paraduodenal hernias.?*°73’?>’ They are more 
common in males than in females. They may occur in children 
or adults but typically manifest between the third and sixth 
decades of life; most (75%) paraduodenal hernias occur on the 
left side.?+737 

Foramen of Winslow hernias are very rare, accounting for 
8% of internal hernias.?*°?>’ Mesenteric hernias are rare and can 
occur at any age.?*°?°0 Supravesical hernias are extremely rare, 
with limited case reports. They are more common in men than 
in women. Almost all reported cases have occurred in adults, 
most commonly in the sixth or seventh decade.”*° Similarly, 
broad ligament hernias are exceedingly rare.” Postgastroenter- 
ostomy internal hernias have become less common because the 
frequency of surgery for peptic ulcer disease has declined. Other 


CHAPTER 27 Abdominal Hernias and Gastric Volvulus 397 


postanastomotic internal hernias are also rare.?*° Internal her- 
nias related to RYGB procedures have become more common 
because surgeries for morbid obesity have become more widely 
performed. Small bowel obstruction related to internal hernias 


in most patients occurs with an incidence of 2% to 3% after 
RYGB.247,248,253 


Clinical Features and Diagnosis 


Any of the various forms of internal hernias may manifest with 
symptoms of acute or chronic intermittent intestinal obstruction. 
The diagnosis is difficult in patients with chronic symptoms and 
is rarely made preoperatively in patients who present with acute 
obstruction and strangulation.?30:736.250 

Intestinal obstruction, which may be low-grade, chronic, 
and recurrent or high-grade and acute, develops in about half 
of patients with paraduodenal hernias.?*°?3’ UGI tract contrast 
radiography has been shown to have excellent accuracy. Barium 
radiographs may show the small bowel to be bunched up or 
agglomerated as if it were contained in a bag, and displaced to the 
left or right side of the colon. Small bowel is often absent from 
the pelvis, and appears to be present in the lesser sac, posterior to 
the stomach. The colon may be deviated by the internal hernia 
sac. Bowel proximal to the hernia may be dilated.?6258 However, 
barium radiographs may be normal if the hernia has reduced at 
the time of the study. Endoscopy is not reliable for the diagnosis 
of paraduodenal hernias. Displacement of the mesenteric vessels 
can be noted if CT with intravenous contrast or arteriography is 
performed.?*+7° However, CT may miss a paraduodenal hernia 
unless specific attention is paid to the relationship of the small 
intestine to the colon and mesenteric vessels. 

In hernias of the foramen of Winslow, small bowel herniates 
behind the portal structures in about two thirds of cases; in the 
remaining cases, the right colon herniates into the lesser sac. 
Herniation of the gallbladder has been reported.’*? Patients may 
have symptoms of gastric or proximal intestinal obstruction, even 
in the case of colon herniation, because of pressure of the her- 
niated bowel on the stomach. Occasionally, an epigastric mass 
is palpable. Plain abdominal radiographs may show the stom- 
ach displaced anteriorly and to the left. Bowel, most commonly 
right colon, will be seen posterior to the stomach in the lesser 
sac. Contrast enema may show displacement of the cecum into 
the epigastrium. CT is accurate for the diagnosis of foramen of 
Winslow hernias. The herniated bowel is posterior to the stom- 
ach within the lesser sac. There may be associated dilation of the 
biliary tree or portal vein narrowing caused by compression of the 
portal structures. Rarely is there any physiologic consequence to 
this finding.?36240 

Mesenteric hernias are difficult to diagnose preoperatively. 
Symptoms and signs are those of acute or chronic intermittent 
bowel obstruction or acute strangulation.” Plain abdominal 
radiographs may show evidence of bowel obstruction or dis- 
placement of the normal gas pattern. For example, with hernias 
through the sigmoid mesentery, the small intestine gas pattern 
lies laterally to the sigmoid gas pattern.’*° This finding, in asso- 
ciation with bowel obstruction, may increase the suspicion for an 
internal hernia. 

Internal supravesical hernias produce symptoms of bowel 
obstruction. Associated symptoms of bladder compression occur 
in about 30% of cases. Anterior supravesical hernias may result in 
a suprapubic mass or tenderness. Patients with supravesical hernia 
may also have an inguinal hernia. Barium radiography or abdomi- 
nal CT with oral contrast may be helpful in the diagnosis.?+4:74¢ 

Hernias of the broad ligament of the uterus cause symptoms 
of bowel obstruction in about half of cases and can cause chronic 
pelvic pain.*°° Other cases are discovered incidentally at surgery. 
Small bowel, sigmoid colon, appendix, omentum, and ureter have 
been reported to herniate. CT scanning may show dilation of 
small bowel and deviation of the uterus. 
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Fig. 27.11 CT on an internal hernia showing the “whirl sign.” A, Whirl sign is seen in a patient with an internal 
hernia after Roux-en-Y gastric bypass (arrow). B, Upright view of same patient shows the point of twisting of 


the bowel and mesentery (arrow). 


Retroanastomotic hernias cause symptoms and signs similar 
to those of other internal hernias. Postgastrojejunostomy her- 
nias cause symptoms of gastric outlet obstruction. The effer- 
ent loop herniates most often. Afferent loop hernias are a cause 
of the afferent loop syndrome (see Chapter 53). About 50% 
of postgastrojejunostomy hernias occur within the first month 
after surgery, 25% occur during the first year, and the rest occur 
later.2°’ The physical examination is not specific. The serum 
amylase and lipase level is often elevated with afferent limb 
obstruction. Plain abdominal radiographs may show gastric 
distention and a fluid-filled loop. Barium UGI radiographs are 
most useful for documenting efferent limb obstruction versus 
afferent limb obstruction. Sonography or CT may show dilation 
of the afferent limb, or the “whirl sign,” where the mesenteric 
vessels and small bowel appear to twist around a point’? (Fig. 
27.11). Biliary scintigraphy will show excretion of radionuclide 
into the biliary tree but retention of the tracer in an obstructed 
afferent limb.**° 

The clinical presentation of post-RYGB hernias is similar to 
that of other internal hernias. Most commonly, bowel obstruction 
is present. Herniation of the afferent limb of the jejunojejunostomy 
(the limb that carries pancreaticobiliary secretions) can present an 
interesting diagnostic dilemma because this loop does not carry 
food material. Therefore, vomiting may not occur. As a conse- 
quence, herniation of the afferent limb may present with biliary 
obstruction and pancreatitis rather than classic bowel obstruction. 
CT and plain films will show evidence of duodenal distention, and 
on biliary scintigraphy there is lack of progression of radionuclide 
from the dilated duodenum into the distal small intestine. Hernia- 
tion of the distal small intestine manifests with signs and symptoms 
of a bowel obstruction. The finding of a “whirl sign” after RYGB 
in a patient with symptoms should lead to immediate surgical 
evaluation. Delay in treatment can result in bowel loss and death. 
Strictures at the base of the Roux limb can present with a similar 
obstructive syndrome. However, findings of a more distal bowel 
obstruction should increase suspicion for an internal hernia. 


Treatment and Prognosis 
230,236,250,257 


Symptomatic internal hernias require surgery.’ 
Laparoscopic repair is preferred if the hernia is detected prior 
to complications.*+°74675° Once the patient has developed signs 
and symptoms of bowel obstruction, it is reasonable to explore 
the patient, reduce the hernia, ensure the bowel is viable, and 
repair the defect. Acute obstruction leads to strangulation, bowel 
ischemia, and death if not promptly treated.?* 

Paraduodenal hernias are usually corrected by incising the 
enclosing mesentery. Care must be taken to avoid injuring the 
superior or inferior mesenteric arteries, because they follow an 
abnormal course within the border of the hernia. Sometimes the 
small bowel can be reduced through the opening of the hernia 
without incising the mesentery.’*+7*’ Thereafter, the paraduode- 
nal defect must be closed. This may involve performing a formal 
Ladd procedure if the hernia is associated with a true malrotation 
(see Chapter 98).7*!73? Tf there is a patulous paraduodenal space, 
a simple resection of the hernia sac and plication of the defect can 
afford adequate repair. Once incarceration has occurred, mortal- 
ity can be higher than 20%,”*” so it is recommended that all para- 
duodenal hernias be repaired electively if possible. 

Broad ligament hernias and supravesical hernias can all be suc- 
cessfully repaired laparoscopically.?33:246.256 

Post-RYGB hernias are a common event in the current era, 
and the gastroenterologist must have a working knowledge of the 
anatomy and the possible defects that can occur. The post-RYGB 
patient who is unable to eat may have an internal hernia if there 
is no obstruction of the pouch-jejunal anastomosis. CT will usu- 
ally show the “whirl sign” that should alert the treating physician 
to a possible internal hernia.*>? The surgeon should have a low 
threshold to operate on these patients, as missing an internal her- 
nia can lead to bowel necrosis and short gut syndrome. 


Full references for this chapter can be found on www.expertconsult.com. 
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Gastrointestinal foreign bodies (GIFBs) are composed of food bolus 
impactions and intentionally and unintentionally ingested or 
inserted foreign objects. Bezoars are ingested materials (food or 
other materials) that accumulate in a normal or abnormal stom- 
ach. Caustic ingestions present following ingestion of acid or alka- 
line materials, which may result in acute and/or chronic injury to 
the esophagus and stomach. ‘These topics are discussed in detail 
in this chapter. 


GASTROINTESTINAL FOREIGN BODIES 


GIFBs are a common problem encountered by gastroenterolo- 
gists. Most resolve without serious clinical sequelae.! Older stud- 
ies have suggested that between 1500 and 2750 deaths occurred 
in the US secondary to GIFBs.”+ More recent studies have 
suggested the mortality from GIFBs to be significantly lower, 
with no deaths reported in over 850 adults and only one death 
in some 2200 children with reported GIFBs.*-!! Regardless of 
imprecise morbidity and mortality rates, serious complications 
and deaths result from foreign body ingestions.'’-'* Because 
of their frequent occurrence and potential for negative conse- 
quences, it is important to understand which patients are at risk 
and know how to diagnose and treat GIFBs and deal with their 
complications. 


Epidemiology 


GIFBs may result from unintentional or intentional ingestion. 
The most common patient group that unintentionally ingests 
foreign bodies is children, particularly those between ages 6 
months and 3 years. Children account for 80% of true foreign 
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body ingestions.!° Children’s natural oral curiosity leads to plac- 
ing objects in their mouth and occasionally swallowing them. 
Coins are the most common objects swallowed by children, but 
other frequently swallowed objects include marbles, small toys, 
crayons, nails, and pins.°!0!6!7 

Accidental ingestion due to loss of tactile sensation during 
swallowing may also occur in adults with dental covers or den- 
tures!*; mistakenly ingesting one’s own dentures is not uncom- 
mon.!? Patients with altered mental status or sensorium, including 
the very old, demented, or intoxicated, are at risk for accidental 
foreign body ingestions (Fig. 28.1). Accidental coin ingestion has 
been noted in college-aged adults during a tavern beer drinking 
game called “Quarters,” in which the coin becomes lodged in the 
esophagus.’° Finally, those in certain occupations (e.g., roofers, 
carpenters, seamstresses, tailors) are at risk of accidental ingestion 
when nails or pins are held in the mouth during work. 

The most common groups that intentionally ingest foreign 
bodies are psychiatric patients and prisoners,?! in whom inges- 
tion is often done for secondary gain; they often ingest multiple 
objects multiple times and often the most complex foreign bodies. 

Iatrogenic foreign bodies are increasing in prevalence because 
of complications from capsule endoscopy, migrated stents (esoph- 
ageal, enteral, and biliary), and migrated enteral access tubes and 
bolsters.??7 

Esophageal food impaction is the most common GIFB 
requiring medical attention in the US, with an incidence of 
16/100,000.*+ The vast majority (75% to 100%) of patients with 
an esophageal food impaction have an underlying predisposing 
esophageal pathology,” most often peptic strictures, Schatzki 
rings, and increasingly eosinophilic esophagitis (EoE).?”7 Esopha- 
geal cancer rarely presents with acute food bolus impaction.’* 
Other causes that contribute to esophageal food impactions 
include altered surgical anatomy following esophagectomy, fun- 
doplication, or bariatric surgery and motility disorders such as 
achalasia and distal esophageal spasm.”? 

Food impactions most commonly occur in adults in their 
fourth or fifth decade of life but are becoming more prevalent 
in young adults because of the rising incidence of eosinophilic 
esophagitis. Cultural and regional dietary habits influence GIFBs. 


Fig. 28.1 Endoscopic image of a bottle opener (in the stomach) 
ingested by an intoxicated patient. 
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Fig. 28.2 Endoscopic image of bratwurst with sauerkraut impacted in 
the esophagus while the patient was tailgating at a football game. 


Fish bone injury is common in Asian countries and the Pacific 
rim, whereas impactions due to meats (e.g., hot dogs, pork, beef, 
chicken) are common in the US (Fig. 28.2).303! 

Symptomatic rectal foreign bodies are more often the result 
of insertion through the anus rather than oral ingestion and 
transit. This is reported most commonly in young adult males.** 
Rectal foreign bodies that come to medical attention are most 
commonly inserted with the intention of autoeroticism but may 
present following consensual sexual acts or sexual assault.*> Less 
common but still prevalent causes of rectal foreign bodies include 
concealment of illegal drugs during smuggling efforts, loss of 
objects during attempts by the patient to relieve constipation, and 
even reports of falling on objects.*+ 


Pathophysiology 


The majority (= 80% to 90%) of GIFBs pass through the GI tract 
without any clinical sequelae and cause no harm to the patient. !35 
The remaining 10% to 20% of GIFBs will require endoscopic 
intervention, and 1% of GIFBs may require operative therapy.’ 
Recent data suggest that in the setting of intentional ingestions, 
the need for endoscopic and surgical intervention is higher with 
endoscopy being performed in two thirds of cases and surgery 
needed in greater than 10% of patients.*’ True foreign bodies 
and food impactions can cause significant morbidity, with the 
most serious complications being bowel perforation or obstruc- 
tion and rarely ensuing death.’ To help stratify therapeutic inter- 
ventions, it is important to understand the conditions, patients, 
and anatomic locations in which complications associated with 
GIFBs are apt to occur. 

Perforation and obstruction from GIFBs can occur in any part 
of the digestive tract, but they are more apt to occur in areas of 
narrowing, angulation, anatomic sphincters, or previous surgery 
(Fig. 28.3).3° The pharynx is the first area where foreign bodies 
may become entrapped and cause complications. In the hypo- 
pharynx, short sharp objects like fish bones and toothpicks may 
lacerate the mucosa or become lodged.*”*° 

Once in the esophagus, there are 4 areas of narrowing where 
food boluses and foreign bodies become lodged: upper esoph- 
ageal sphincter, level of the aortic arch, level of the mainstem 
bronchus, and esophagogastric junction. These areas all have 
luminal narrowing to 23 mm or less.t! However, food and for- 
eign bodies more commonly lodge in the esophagus at areas of 
pathology, including rings, webs, or strictures. Multiple esopha- 
geal rings associated with eosinophilic esophagitis (see Chapter 
30) contribute to esophageal food impaction at an increasing 
prevalence in young adults.’”*?; Similarly, esophageal motor 
abnormalities (see Chapter 44) such as distal esophageal spasm 
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Fig. 28.3 Gastrointestinal areas of luminal narrowing and angulation 
that predispose to foreign body impaction and obstruction. 


or achalasia may lead to food or foreign body impaction in the 
esophagus.*+*” Foreign body and food impaction in the esopha- 
gus have the highest incidence of overall adverse events, with the 
complication rate directly proportional to how long the object is 
lodged in the esophagus. Esophageal foreign bodies in children 
have a significantly lower spontaneous passage rate, as low as 12% 
compared with other GIFBs.** Serious complications of esopha- 
geal foreign bodies include perforation, abscess, mediastinitis, 
pneumothorax, fistula formation, and cardiac tamponade.*?.°? 

If a GIFB passes through the esophagus, the vast majority 
will pass through the entire GI tract without further difficulty 
or complication. Exceptions are sharp, long, and large objects. 
Sharp or pointed objects may have a perforation rate as high as 
35%. Large objects (>2.5 cm [1 inch] in diameter) may not be able 
to pass through the pylorus. Long objects (>5 cm [2 inches]) such 
as pens, pencils, and eating utensils may not negotiate around the 
duodenal sweep or through the pylorus. 

Objects may become impacted in the small intestine at the 
ligament of Treitz or ileocecal valve. Adhesions, postinflamma- 
tory strictures, and surgical anastomoses within the small intes- 
tine may also be sites where foreign bodies lodge and obstruct. 
However, most objects, even sharp ones, rarely cause damage 
once in the small intestine and colon, because the bowel naturally 
protects itself through peristalsis and axial flow. These factors 
tend to keep the foreign body concentrated in the center of fecal 
residue, with the blunt end leading and the sharp end trailing.’ 1? 

Inserted rectal objects are often tenaciously retained because 
of anal sphincter spasm and edema, making spontaneous passage 
of the object difficult. The angulation and valves of Houston may 
also impede passage of objects through the rectum. 


History and Physical Examination 


The history from children or noncommunicative adults is often 
unreliable. Most gastric and up to 20% to 30% of esophageal 


foreign bodies in children are asymptomatic.” Most of these 
present after having been witnessed or suspected by a parent, 
caregiver, or older sibling, but in up to 40% of cases, there is 
no history of a witnessed ingestion.°* Thus, symptoms are often 
subtle in children, presenting as drooling, not wanting to eat, and 
failure to thrive. 

For communicative adults, history of the timing and type of 
ingestion is usually reliable. Patients are able to relate exactly 
what they ingested, when they ingested it, and symptoms of pain 
and/or obstruction. Patients with esophageal food bolus impac- 
tions are symptomatic with complete or intermittent obstruction. 
They are unable to drink liquids or retain their own oral secre- 
tions. Sialorrhea is common. Ingestion of an unappreciated small, 
sharp object, including obscured fish or animal bones, may cause 
odynophagia or a persistent foreign body sensation because of 
mucosal laceration. The type of symptoms can aid in determining 
whether an esophageal foreign object is still present. If the patient 
presents with dysphagia, odynophagia, or dysphonia, there is an 
80% likelihood a foreign body is present, causing at least par- 
tial obstruction. Symptoms of drooling and inability to handle 
secretions are indicative of a near-total esophageal obstruction. 
If symptoms are restricted to retrosternal chest pain or pharyn- 
geal discomfort, less than 50% of patients will still have a foreign 
body present.” Patient localization of where an ingested foreign 
object is lodged is not accurate, with only a 30% to 40% cor- 
rect localization in the esophagus and essentially a 0% accuracy 
for foreign bodies in the stomach.**°° Once the object reaches 
the stomach, small intestine, or colon, the patient will not report 
symptoms unless a complication occurs (e.g., obstruction, perfo- 
ration, bleeding). 

Patients with rectal foreign bodies are frequently asymptom- 
atic,” but embarrassment may interfere with obtaining an accu- 
rate history. Presentation is often after the patient or another 
person has made multiple attempts to remove the object.?? Symp- 
toms may include anorectal pain, bleeding, and pruritus, with a 
small number of patients presenting with more serious complica- 
tions, including obstruction, perforation, and peritonitis. 

Past medical history is useful to identify previous foreign body 
ingestion; repeat offenders are likely to ingest multiple and more 
complex foreign objects. A history of dysphagia in a person with a 
food impaction or esophageal foreign body suggests a high likeli- 
hood of underlying esophageal pathology. Previous food impac- 
tion or need for esophageal dilation makes recurrent episodes 
more likely. A history of allergies (e.g., asthma, allergic rhinitis, 
food allergy) may be a clue that a patient may have eosinophilic 
esophagitis.>” 

Physical examination does little to secure the diagnosis or 
location of a retained foreign body, but it is crucial to identify- 
ing already developed complications related to foreign body 
ingestion. Assessment of the patient’s airway, ventilatory status, 
and risk for aspiration are crucial prior to initiating therapy to 
remove a GIFB. A neck and chest examination looking for crepi- 
tus, erythema, and swelling can suggest a proximal perforation. 
Lung examination should be performed to detect the presence 
of aspiration or wheezing. An abdominal examination should be 
performed to evaluate for signs of perforation or obstruction. 


Diagnosis 
Imaging 


Plain films of the chest and abdomen are recommended for 
patients presenting with suspected foreign body ingestion to 
determine the presence, type, number, and location of foreign 
objects present. Radiologic evaluation is not routinely needed for 
patients with non-bony food impactions who have no complica- 
tions.°® Both anteroposterior and lateral chest films are needed 
because lateral films will aid in determining if a foreign body is 


CHAPTER 28 Foreign Bodies, Bezoars, and Caustic Ingestions 401 


100 mm 


Fig. 28.4 Chest film demonstrating pneumomediastinum and bilateral 
pneumothoraces in a patient who developed esophageal perforation 
secondary to a food impaction left untreated for longer than 24 hours. 


in the esophagus or the trachea*’ and may detail foreign bod- 
ies obscured by the overlying spine in an anteroposterior film. 
Biplanar neck films are recommended if there is a suspected 
object or complication in the hypopharynx or cervical esophagus. 
Plain films are also useful in identifying complications like free 
air, aspirations, or subcutaneous emphysema (Fig. 28.4).°° 

Unfortunately, radiography cannot image nonradiopaque 
objects (e.g., plastic, glass, wood) and may miss small bones or 
metal objects. The false-negative rate for plain film investigation 
of foreign bodies is as high as 47%, with false-positive rates up to 
20%. False-negative rates for food impactions have been reported 
as high as 87%.°! If continued clinical suspicion or symptoms war- 
rant, the individual should undergo further clinical investigation.® 

Use of plain films in children is more controversial because of 
the inability of the child to give a history and the associated radia- 
tion exposure. Some have suggested mouth-to-anus screening 
films to detect the presence of foreign bodies in children. Bedside 
US has been effective in identifying esophageal foreign bodies in 
children without the need of radiation.°?.* Also to limit radia- 
tion, hand-held metal detectors have been used, with a sensitiv- 
ity ranging from 89% to 95% for detection and localization of 
metallic foreign bodies.%.°° 

Barium studies are generally not recommended for evaluating 
GIFBs. Aspiration of hypertonic contrast agents in patients with 
complete or near-complete esophageal obstruction may lead to 
aspiration pneumonitis.°” Barium may also delay or impair the 
performance of a therapeutic endoscopic intervention by inter- 
fering with endoscopic visualization. Even if a barium study is 
considered normal, an endoscopy is still recommended if symp- 
toms persist or suspicion of a foreign body is high.*? 

CT or MRI are rarely necessary for the diagnosis of GIFBs. 
However, CT has been found to detect foreign bodies missed by 
other modalities and may aid in detecting complications of for- 
eign body ingestion, such as perforation or abscess, prior to the 
use of endoscopy.’? CT of the cervical esophagus or hypopharynx 
prior to endoscopic investigation may benefit diagnosis.”! 


Endoscopy 


Endoscopy provides the most precise means to diagnose suspected 
foreign bodies or food impactions. This ensures an almost 100% 
diagnostic accuracy for objects within the reach of the endoscope, 
including nonradiopaque objects and objects obscured by overly- 
ing bony structures that are not visualized by radiography. 
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Endoscopy allows the most accurate diagnosis of the underly- 
ing pathology, such as esophageal strictures, which may have led 
to a food impaction or impacted esophageal foreign body. Endos- 
copy also allows visualization of mucosal defects, abrasions, or 
ulcerations that may have resulted from the foreign body. Diag- 
nostic endoscopy is also linked to the most efficacious therapy for 
GIFBs, the use of therapeutic endoscopy to remove or treat the 
object. 

Diagnostic upper endoscopy for foreign bodies is relatively 
contraindicated when there are clinical or radiographic signs 
of perforation. Once an ingested foreign object has passed the 
ligament of Treitz, endoscopy is generally not indicated, because 
these objects will typically pass unimpeded with notable excep- 
tions (see later). Similarly, most small (<2.5 cm) blunt objects in 
an adult patient’s stomach do not require endoscopic retrieval; 
most will pass without complication. 


Treatment 
Nonendoscopic Methods 


‘Treatment of GIFBs should always be planned with the knowl- 
edge that 80% to 90% of GIFBs will spontaneously pass through 
the GI tract without complication.>* This has led some investiga- 
tors to suggest that all foreign bodies can be managed with con- 
servative observation.’*’? Although conservative management is 
effective in most cases of GIFB, it is more appropriate to perform 
selective endoscopy for treatment based on the location, size, and 
type of foreign body ingested.?!,”+ 

Several medical therapies have been considered as primary 
treatment of esophageal foreign bodies and food impactions. The 
smooth muscle relaxant glucagon is the most widely used and 
studied drug for the treatment of esophageal food and foreign 
object impactions. Glucagon, given in intravenous doses of 0.5 to 
2 mg, can produce relaxation of the lower esophageal sphincter 
by as much as 60%, with the potential to permit passage of the 
impacted food or foreign body.’>:”° Success with glucagon ranges 
from 12% to 58% in treating food impactions.’”~’? A multicenter 
study showed glucagon to be effective in only 14% of cases, not 
statistically different from patients who did not receive gluca- 
gon. A small randomized study showed no benefit of glucagon 
administration over placebo.*! Glucagon may cause nausea, vom- 
iting, and abdominal distention and has little effect when a fixed 
obstruction is present, preventing passage of the foreign body. 
Nifedipine and nitroglycerin are not recommended because of 
hypotension-related side effects and questionable efficacy. 

Gas-forming agents like carbonated beverages or prepara- 
tions consisting of sodium bicarbonate and citric acid have been 
described for treating esophageal impactions. They are pur- 
ported to release carbon dioxide gas to distend the lumen and 
act as a piston to push the object from the esophagus into the 
stomach.*” However, the effectiveness of this method is doubtful, 
and perforations have been reported associated with use of gas- 
forming objects.® Similarly, the meat tenderizer papain is not 
recommended for treatment of esophageal meat impactions; its 
lack of efficacy and risk of complications (e.g., perforation, medi- 
astinitis) have been described.***> 

Radiologic methods to treat esophageal foreign bodies are 
often successful. Under fluoroscopic guidance, Foley catheters, 
suction catheters, wire baskets, and magnets have been used 
to retract objects.®” The most commonly described extraction 
device is the Foley catheter; its tip is passed beyond the object, 
the balloon inflated, then the object is withdrawn into the oro- 
pharynx. Success with this method under fluoroscopy has been 
described as better than 90%. However, all radiographic methods 
suffer from lack of control of the object, particularly at the level 
of the upper esophageal sphincter and hypopharynx. Complica- 
tions include nosebleeds, laryngospasm, aspiration, perforation, 


and even death.® Radiographic methods are generally recom- 
mended only if flexible endoscopy is unavailable. 


Endoscopic Methods 


Flexible endoscopy has become the treatment of choice for GI 
food impactions and foreign bodies because it is safe and highly 
efficacious. Multiple large series have reported the success rate 
for endoscopic treatment of GIFBs to be more than 95%, with 
complication rates of less than 5% 536748789 The risk for com- 
plications is increased when sharp or multiple objects are ingested 
and when ingestion is intentional as opposed to accidental. 

Because most GIFBs pass spontaneously without causing 
symptoms, it is important to understand the indications and tim- 
ing for endoscopic intervention. Generally, all foreign bodies 
lodged in the esophagus require urgent intervention. The risk 
for an adverse outcome from an esophageal foreign body or food 
impaction is directly related to how long the object or food dwells 
in the esophagus.” Ideally, no object should be left in the esopha- 
gus longer than 24 hours. 

Once in the stomach, most ingested objects will pass spon- 
taneously, and the risk of complications is much lower, making 
observation acceptable. There are notable exceptions. Sharp and 
pointed objects are associated with perforation rates as high as 
15% to 35%.°° Objects longer than 5 cm and round objects wider 
than 2.5 cm also may not be passed and should be removed from 
the stomach with an endoscope at presentation or if they have 
not progressed in 3 to 5 days. If a more complex or sharp object 
has progressed beyond the stomach and cannot be retrieved, 
periodic radiographs should be obtained to document progres- 
sion through the GI tract.’! The patient should then be followed 
for any symptoms suggestive of obstruction or perforation (e.g., 
fever, tachycardia, abdominal pain, distention). Alternatively, 
with the increasing use of double and single balloon enteros- 
copy, case reports have detailed the use of these scopes to safely 
and effectively retrieve foreign bodies from the small bowel.’:”’ 
Given that most foreign bodies pass without sequelae upon 
reaching the small intestine, use of balloon-assisted enteroscopy 
should take into consideration the type of object and the patient 
who ingested it. Accessories including baskets, hoods, and forceps 
have been designed for balloon enteroscopes to enable foreign 
body retrieval. 

Sedation to facilitate endoscopy for the management of food 
impactions and ingested foreign objects should be individualized. 
Conscious sedation is adequate for treating most food impactions 
and simple foreign bodies in the adult population, but anesthesia 
assistance may be required for uncooperative patients or patients 
who have swallowed multiple complex objects (see Chapter 42). 
Endoscopy for treatment of foreign bodies in the pediatric popu- 
lation is usually performed with the aid of anesthesia and endo- 
tracheal intubation.”* 

For management of impactions and ingestions below the level 
of the laryngopharynx, flexible endoscopy is preferred.” Rigid 
esophagoscopy and flexible nasoendoscopes can be used but pro- 
vide no additional benefit and are often available to only a few 
endoscopists.”””° A comparison of rigid versus flexible endoscopes 
to treat esophageal foreign bodies found significantly fewer per- 
forations with flexible endoscopes.”’ Laryngoscopes with the aid 
of a Kelly or McGill forceps can be useful for proximal foreign 
bodies and small sharp objects in the hypopharynx. 

Availability of and familiarity with multiple endoscopic 
retrieval devices for removal of foreign bodies and food impac- 
tions is critical (Box 28.1). An endoscopy suite and/or travel cart 
should be equipped with at least rat tooth or alligator grasping 
forceps, polypectomy snare, Dormia basket, and retrieval net.’ 
Overtubes of 45 and 60 cm in length should be available to the 
endoscopist. An overtube allows protection of the airway, mul- 
tiple exchanges of the endoscope, and mucosal protection from 


BOX 28.1 Equipment for Treatment and Removal of 
Gastrointestinal Foreign Bodies and Food 
Impactions 


ENDOSCOPES 
Flexible endoscope 
Rigid endoscope 
Laryngoscope 
OVERTUBES 


Standard esophageal overtube 
45- to 60-cm foreign body overtube 


ACCESSORY EQUIPMENT 


Retrieval net 

Grasping forceps 
Dormia basket 
Polypectomy snare 
Transparent vacuum cap 
Latex protector hood 
Kelly or McGill forceps 


sharp objects.” The longer 60-cm overtube enables retrieval of 
sharp and complex objects from the stomach and encompasses 
the lower esophageal sphincter. An alternative adjunct for extrac- 
tion of sharp objects is a latex protection hood that fits onto the 
tip of the endoscope (discussed later).!0%)!0! 

When planning for extraction of complex, sharp, or pointed 
objects that were ingested, and when opportunity permits, it 
may be valuable to go through an ex vivo dry run on a similar 
object when considering retrieval devices and extraction tech- 
nique.’ Success and speed of retrieval of the foreign body have 
been shown to be directly related to endoscopist experience.!°" 
When personnel or facilities are not available to accomplish relief 
endoscopically, consideration should be given to transferring the 
patient to another center. 


Specific Foreign Bodies 
Food Impaction 


Food impaction is the most common ingested foreign body in the 
US.’ The most common foods to cause impactions in the US 
are meat products, including beef, hot dogs, and chicken. Fish 
bone impactions are more common in coastal areas and Asian 
countries. Imbibing alcohol while eating large cuts of meat may 
increase the risk for food impactions and has led to the terms 
backyard barbecue syndrome and steakhouse syndrome. 

Given that food boluses may pass spontaneously, the need 
for endoscopic intervention is based on the persistence of 
symptoms. Patients with signs of complete or near-complete 
obstruction with drooling or excessive salivation should undergo 
urgent upper GI endoscopy. Endoscopic intervention should be 
achieved at the latest within 24 hours of onset of symptoms and 
more ideally within the first 6 to 12 hours. Longer duration of the 
food impaction may decrease the endoscopy success rate.!°? An 
increased risk for complications is thought to be proportional to 
the duration of esophageal food impaction.!-18-104 

The primary method to treat food impaction is the push 
method, with success rates well over 90% and minimal complica- 
tions.’> Before the food impaction is pushed into the stomach, an 
attempt to steer the endoscope around the food into the stom- 
ach should be made. Generally, if the endoscope can be passed 
around the food impaction into the stomach, the impaction can be 
safely pushed into the stomach without difficulty. This also allows 
assessment of any obstructive esophageal pathology beyond the 
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Fig. 28.5 Food impaction in a patient with multiple concentric rings 
and known diagnosis of eosinophilic esophagitis. 


impaction. Even if the endoscope cannot steer around the food 
impaction, gentle pushing pressure can be safely attempted. 
Larger boluses of impacted meat can be broken apart with the 
endoscope or an accessory prior to safely pushing the smaller 
pieces into the stomach. 

EoE has increasingly been associated with esophageal food 
impactions (Fig. 28.5) (see Chapter 30). Food impactions tend to 
occur more frequently in EoE patients with visible endoscopic rings 
and higher eosinophil density on biopsy.!°° Reports indicate that 
food impaction in patients with EoE can be treated effectively and 
safely with the push method,*” but care should be taken to mini- 
mize inducing mucosal tears.!°° While perforation is overall low 
with EoE, the majority of these perforations occur with a prolonged 
food bolus impaction.!°7 Particular care should be taken when using 
rigid endoscopes if eosinophilic esophagitis is suspected; perforation 
rates with rigid scopes in this patient population have been reported 
as high as 20%.!°° If EoE is suspected, mucosal biopsies should be 
obtained after the food impaction is treated. However only 34% 
of endoscopists take esophageal biopsies at time of food impaction 
significantly decreasing the chance for diagnosis and proper treat- 
ment.!? Treatment of EoE with topical glucocorticoids reduces the 
risk of subsequent food bolus impactions.!!° 

Food impactions that cannot be gently pushed into the stom- 
ach must be dislodged and withdrawn. Retrograde removal can 
be achieved with various retrieval devices, including snares, bas- 
kets, nets, and forceps. Initial manual disruption of the food bolus 
into smaller pieces typically makes removal easier. An esopha- 
geal overtube is useful in such cases because it protects the airway 
and allows multiple exchanges of the endoscope during retrieval. 
A dedicated food bolus retrieval net can be useful for removing 
large pieces of food without the use of an overtube, because the 
food can be satisfactorily secured within the net, reducing the 
risk of aspiration of the ingestate.!!! All pull methods can also 
be used effectively and safely in EoE patients, but care should be 
taken when placing overtubes, particularly in patients with a nar- 
row caliber esophagus. 

Transparent plastic hoods or caps, such as those used to per- 
form variceal band ligation and endoscopic mucosal resection, 
have been successfully used to remove large, tightly impacted 
meat boluses. Use of the cap may be a more effective method 
with less complications than using other devices to pull out the 
food impaction.!!? With the cap secured to the tip of the endo- 
scope, the device can be used to suction the food into the vacuum 
chamber and withdraw the bolus per os.!13-114 

More than 75% of patients with food impactions have asso- 
ciated esophageal pathology,**° and about half of patients with 
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Fig. 28.6 A, A razor blade (in the stomach) ingested by a prisoner. B, Removal of the razor blade with a grasp- 


ing forceps and overtube. 


Fig. 28.7 Endoscopic image of a nail and a long spoon that became 
impacted in the duodenal sweep after being swallowed by a psychiatric 
patient. 


food bolus impactions have abnormal 24-hour esophageal pH 
studies and/or esophageal manometry. If an esophageal stricture 
or Schatzki ring is present after the food bolus is cleared, it can 
be safely and effectively dilated concurrently if circumstances 
allow. More often, mucosal abrasions or erythema from the food 
dwelling in the esophagus for an extended period exists, and dila- 
tion is delayed for 2 to 4 weeks, during which patients should 
be prescribed proton pump inhibitor therapy. When multiple 
esophageal rings are present, biopsies should be obtained to eval- 
uate for eosinophilic esophagitis. Lack of appropriate follow-up 
for patients, particularly those with strictures or rings, has been 
shown to be a predictor for recurrent food impactions.!!° 


Sharp and Pointed Objects 


Sharp and pointed objects may cause a perforation in up to 
15% to 35% of patients and account for one third of all perfo- 
rations from GI foreign bodies, with a 2.5-fold greater risk of 
complications compared to other GIFB.!!°!!7 Sharp and pointed 
objects, particularly toothpicks and animal bones, are the most 
likely ingested foreign objects to cause a perforation that neces- 
sitates surgical management.'!® Patients with psychiatric illness 
and incarcerated patients are more likely to ingest more complex 
and multiple sharp and pointed objects, such as razor blades (Fig. 
28.6), pins, needles, and writing and eating utensils (Fig. 28.7). 
Sharp and pointed objects retained in the esophagus are con- 
sidered a medical emergency and should be removed within 6 


to 12 hours. Moreover, any sharp and pointed object within the 
reach of the endoscope should be removed as well if this can 
be safely done (Fig. 28.8). When removing sharp and pointed 
objects, the foreign body should be grasped and oriented so that 
the pointed end trails on withdrawal to reduce the risk of perfora- 
tion and mucosal laceration.!!” 

For sharp and pointed objects, retrieval is best achieved with 
a grasping forceps, polypectomy snare, or biliary stone retrieval 
basket. 10 All these devices can secure the object; orient the device 
with the sharp end pointing distally as described earlier. Retrieval 
nets tend to shear in the removal of sharp objects and may com- 
promise visualization. 

Use of an overtube should be considered to protect the 
esophagus and pharynx. Long, pointed objects can be grasped 
and directed into the overtube; the entire assembly, including 
the sharp and pointed object, endoscope, and overtube, are then 
removed in unison. 

An alternative to an overtube for the extraction of sharp and 
pointed objects is a retractable latex hood that can be affixed to the 
tip of the endoscope (Fig. 28.9). When the endoscope is pulled back 
through the lower esophageal sphincter, the hood flips over the 
grasped object and protects the mucosa during withdrawal. 100,120 

Although associated with an increased risk of perforation, 
most sharp or pointed objects beyond reach of the endoscope will 
pass unimpeded and be eliminated through the GI tract without 
complication. Because of the increased risk of perforation, sharp 
and pointed objects should be followed by serial daily radiographs 
to ensure progression. If a sharp or pointed object fails to prog- 
ress over 3 days, operative intervention should be considered. 


Long Objects 


Ingested objects longer than 5 cm (2 inches), especially those 
longer than 10 cm (4 inches), have difficulty passing through 
the pylorus and duodenal sweep and can get hung up, causing 
obstruction or perforation at these locations (see Fig. 28.8). The 
most commonly ingested long objects are pens, pencils, tooth- 
brushes, and eating utensils. Grasping forceps and polypec- 
tomy snares are the most commonly used devices to secure and 
remove long objects. Long objects should be grasped at one end 
and oriented longitudinally to permit removal. For extraction of 
long objects, use of the 60-cm overtube endoscope assembly, as 
described earlier, should be considered. 


Blunt Objects: Coins, Batteries, and Magnets 


Small blunt objects, such as pieces of toys and coins, are the most 
commonly ingested objects by children. Disc (button) battery and 
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Fig 28.8 Endoscopic images of shards of broken glass in the prepyloric antrum. (Courtesy Dr. Jamie Anderson 


and Dr. Tushar Dharia, Dallas, Tex.) 


Fig. 28.9 A, A latex protector hood 
with the hood pulled back. This po- 
sition enables full visualization and 
allows the endoscopist to grasp a 
sharp object easily. B, As the pro- 
tector hood is pulled back through 
the lower esophageal sphincter, the 
hood flips forward, protecting the 
GI mucosa from the sharp object. A 


magnet ingestions are uncommon but pose unique potential dan- 
gers. Blunt objects in the esophagus should be removed promptly. 
Impacted coins can result in pressure necrosis of the esophageal 
wall, resulting in perforation and fistula. A coin of any size can 
become lodged in the esophagus of children, but ingested coins— 
in particular, dimes and pennies measuring 17 and 18 mm—will 
usually pass through the adult esophagus. Coins located in the 
distal esophagus on imaging are twice as likely as coins in the 
proximal esophagus to pass spontaneously. !! 

Polyp or dedicated retrieval nets allow capture and secure 
removal of coins and most small blunt objects.!°? Grasping for- 
ceps and biliary stone retrieval baskets are also effective. Standard 
biopsy forceps and snares are not recommended because they fail 
to secure coins reliably during extraction. If it is difficult to cap- 
ture a blunt object in the esophagus, it is safe to push the object 
into the stomach, where there is more room to negotiate. 

Once a small blunt object enters the stomach, conservative 
outpatient management is appropriate for many patients.!?? 
Exceptions to this include patients with surgically altered diges- 
tive tract anatomy and those who have ingested large blunt 
objects. In adults, the pylorus will allow passage of most blunt 
objects up to 25 mm in diameter, which includes all coins except 
half-dollars (30 mm) and silver dollars (38 mm). Otherwise, once 
in the stomach, a regular diet is appropriate, with radiographic 
monitoring every 1 to 2 weeks to confirm progression or elimi- 
nation. If after 3 to 4 weeks a blunt object has not passed, endo- 
scopic removal should be performed. !?° 

Disc batteries are now contained in many small toys and elec- 
tronic devices accessible to young children. Disc battery ingestion is 
of particular concern because batteries contain an alkaline solution 
that can cause rapid liquefaction necrosis in the esophagus. Disc 
battery ingestion occurs most commonly in younger children, with 


roughly 10% becoming symptomatic.!*+ Any clinical suspicion of 
a disc battery in the esophagus should prompt emergent endos- 
copy. Most button batteries will be identified on plain films prior 
to endoscopy with larger batteries (>2 cm) more likely to remain 
in the esophagus and cause complications.!”° Grasping forceps and 
snares are generally ineffective for disc battery removal, but use 
of a retrieval net permits successful removal in almost 100% of 
cases.!?° Protection of the airway with an overtube or, in pediat- 
ric patients, endotracheal intubation is crucial in retrieval of disc 
batteries. Half of patients with disc batteries in the stomach have 
mucosal damage and thus gastric batteries should also be removed 
via the endoscope.!?’ Once in the small intestine, disc batteries 
rarely cause clinical problems and can be observed radiographi- 
cally, with 85% passing through the GI tract within 72 hours.!?8 

Cylindrical batteries appear to cause symptoms less frequently, 
with no reports of major life-threatening injuries and only 20% 
having some minor symptoms after ingestion including mucosal 
ulceration and rarely bowel obstruction.!’* Cylindrical batteries 
should be removed from the esophagus and, if in the stomach, 
ones larger than 20 mm or batteries that have not progressed in 
48 hours should be removed by endoscope (Fig 28.10). 

Small coupling magnets have become popular as children’s toys. 
Ingested magnets within the reach of the endoscope should also be 
removed on an urgent basis. Although a single magnet will rarely be a 
cause of symptoms, concern exists if multiple magnets are ingested or 
if magnets were ingested with other metal objects. This can result in 
magnetic attraction and coupling between interposed loops of bowel, 
with subsequent pressure necrosis, fistula formation, and bowel per- 
foration.!2?!3° Removal should be performed urgently when the 
magnets are likely to be within reach ofa standard endoscope; this can 
be achieved with grasping forceps, retrieval net, or basket. Magnetic 
attraction to metallic retrieval devices may ease the task of removal. 
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Fig. 28.10 Multiple cylindrical batteries greater than 2 cm found in 
stomach and subsequently removed with the endoscope. 


Narcotic Packets 


Ingested packets of illicit narcotics in the GI tract present in 
2 general groups: body stuffers and body packers. Body stuffers 
are drug users or traffickers who quickly ingest small amounts 
of drugs, but in poorly wrapped or contained packages that are 
prone to leakage. Body packers are “mules” used by drug smug- 
glers for drug transport; they ingest large quantities of care- 
fully prepared packages intended to withstand GI transit. 11-132 
These patients may present with intestinal obstruction due to 
the packages or with symptoms related to the drug ingested. 
The latter may result in serious toxicity and death in 5% of 
individuals. !33 

Suspected patients are typically uncooperative and accompa- 
nied by law enforcement agents. Diagnosis is initiated with plain 
film radiology or CT scan, with multiple round or tube-shaped 
packets seen. Endoscopic removal is contraindicated because of 
the high risk of package perforation, with resultant drug over- 
dose.! Observation on a clear liquid diet is recommended with 
serial radiographs. Operative intervention is indicated when 
bowel obstruction, failure to progress, or drug leakage/toxicity is 
suspected. In a large study, up to 45% may require surgery with 
gastrotomy, enterotomy, or colotomy performed based upon the 
location of the packages. !*+ 

Other data has suggested that conservative therapy of narcotic 
packers with just observation led to surgery in less than 3% of 
cases, 135.136 


Colorectal Foreign Bodies 


Ingested objects uncommonly become lodged in the colorectum. 
More commonly, colorectal foreign bodies were inserted into the 
rectum intentionally or unintentionally. Radiographs should be 
obtained prior to attempting removal of colorectal foreign bodies 
for better visualization of the location, orientation, and configu- 
ration of the object (Fig. 28.11). To avoid health care provider 
injury, attempts at manual removal or digital rectal examination 
should be deferred until the presence of a sharp or pointed object 
has been excluded. 

Manual digital extraction may be successful for the removal 
of small, blunt, palpable objects in the distal rectum. Conscious 
sedation may be adequate for manual removal in some patients, 
but examination and extraction under general anesthesia may be 
required in others to allow greater anal sphincter relaxation and 
successful object extraction. 


} 


SUPINE 


Fig. 28.11 Plain film showing a self-introduced rectal foreign body in a 
73-year-old man presenting with lower abdominal pain. (Courtesy Dr. 
William Beaujohn, Plano, Tex.) 


Nonpalpable and sharp or pointed objects should be removed 
under direct visualization with the use of a rigid proctoscope or 
flexible sigmoidoscope.!*’ Standard retrieval devices can be used 
as described earlier for the upper digestive tract. A latex hood 
or overtube can be particularly useful in removing long, sharp, 
pointed objects to protect the rectal mucosa from laceration and 
to overcome the tendency of the anal sphincter to contract on 
attempted removal of objects. Although conscious sedation will 
often facilitate removal, general anesthesia can allow maximum 
dilation of the anal sphincter to help remove larger and more 
complex objects. 138 

Operative intervention is indicated for any suspected 
complications secondary to a rectal or colon foreign body, 
including perforation, abscess, and obstruction. Complica- 
tions are more common when the object is proximal to the 
fectum? 


Procedure-Related Complications 


Although the reported complication rate associated with endo- 
scopic removal of GIFBs and food impactions is low (0% to 
1.8%), it is thought to be much higher in practice.*97475366 
Perforation is the most feared complication, although aspira- 
tion and sedation-related cardiopulmonary complications may 
also occur (see Chapter 41). Factors that increase the risk for 
complications include removal of sharp and pointed objects, an 
uncooperative patient, multiple and/or deliberate ingestion, and 
extended duration of time from food impaction or foreign body 
ingestion. !? 


BEZOARS 


Bezoars are collections of indigestible material that accumulate in 
the GI tract, most frequently in the stomach. The 3 most com- 
mon types of bezoars encountered are phytobezoars, composed 
of vegetable matter; trichobezoars, made up of hair or hair-like 
fibers; and medication bezoars (pharmacobezoars) (Fig. 28.11 and 
Box 28.2). 


BOX 28.2 Oral Pharmacologic Agents Associated with 
Medication Bezoar Formation 


Nonabsorbable antacids 
Bulk laxatives 
Cardiovascular medications 
Nifedipine 
Verapamil 
Procainamide 
Vitamins and minerals 
Vitamin C 
Vitamin B42 
Ferrous sulfate 
Miscellaneous agents 
Sucralfate 
Guar gum 
Cholestyramine 
Enteral feeding formulations 
Theophylline 
Sodium polystyrene sulfonate (Kayexalate) resin 


Epidemiology 


Phytobezoars are the most common type of bezoar. Offending 
fruits and vegetables include celery, pumpkin, prunes, raisins, 
leeks, beets, and persimmon.’ All these foods contain large 
amounts of insoluble and indigestible fibers such as cellulose, 
hemicellulose, lignin, and fruit tannin.!*° A phytobezoar develops 
when large quantities are ingested and accumulate. 

Trichobezoars occur most commonly in young women and 
children from ingestion of large amounts of hair, carpet fiber, 
or clothing fiber. Trichobezoars are more often associated with 
psychiatric disorders, mental retardation, or pica.!*! 

Medication bezoars occur with fiber-containing medications, 
resin-water products, or extended-release medications designed 
to resist digestion.!#” Medication bezoars can result in decreased 
pharmacologic efficacy when the active agent is trapped in the 
bezoar and cannot be absorbed or, alternatively, toxicity when 
the contents of a large gastric medication bezoar are released all 
at once into the small intestine. 

The clear majority of patients with bezoars (other than tricho- 
bezoars) have a predisposing factor that decreases emptying of 
gastric contents. Prior gastric surgery is evident in as many as 70% 
to 94% of patients with bezoars. Retained gastric contents may be 
observed in up to 65% to 80% of patients who have undergone 
a vagotomy with pyloroplasty.*° Bezoar formation after gastric 
surgery results from delayed gastric emptying, decreased gastric 
accommodation, and reduced acid-peptic activity.!® Gastropa- 
resis is commonly seen in patients with gastric bezoars. Patients 
with diabetes or end-stage renal disease and patients on mechani- 
cal ventilation are at greater risk for bezoar formation.!*+ 


Clinical Features 


Patients with gastric bezoars may be asymptomatic, but most 
(80%) have vague symptoms of epigastric discomfort.!*+ 
Associated anorexia, nausea, vomiting, weight loss, and early 
satiety may also be present. Bezoars can cause gastric ulceration 
secondary to pressure necrosis. Bezoar-induced gastric ulcers can 
cause bleeding and gastric outlet obstruction.!* 

Bezoars may also accumulate in the small bowel and usually 
present with mechanical obstruction. Rapunzel syndrome is a term 
used to describe trichobezoars located primarily in the stomach 
that extend past the pylorus and into the duodenum, causing 
bowel obstruction or even jaundice or pancreatitis because of 
obstruction at the level of the ampulla of Vater.!46!*7 
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Fig. 28.12 Endoscopic image of a pharmacobezoar in a patient with a 
history of a pancreaticoduodenectomy who had obstructive symptoms. 
The pills were removed with an endoscopic net, with subsequent relief 

of the patient’s symptoms. 


Diagnosis 


The history is helpful in the diagnosis of bezoar, with a focus on 
the amount and types of food or medications consumed. A history 
of previous bezoar, gastric surgery, or gastric dysmotility should 
be considered. Physical examination usually assists little in the 
diagnosis, although occasionally a palpable abdominal mass may 
be appreciated. Halitosis due to the putrefying materials of the 
bezoar residing in the stomach may be present. Baldness and a 
patchy hair pattern may be present in patients who suffer from 
trichotillomania; they are consistently ingesting their own hair. 

A plain abdominal radiograph may demonstrate the outline of 
the bezoar. On contrast radiography, a gastric bezoar classically 
presents as filling defects within the stomach.!*° Plain films and 
contrast studies will detect only 25% of bezoars detected at upper 
endoscopy. CT scan may aid in identifying small bowel bezoars 
and predict, based on size and degree of vegetable matter the 
bezoar is made of, whether an obstruction will occur.!** Gastric 
bezoars are more definitively diagnosed with upper endoscopy; 
phytobezoars are seen as a dark brown, green, or black mass of 
amorphous vegetable material in the stomach. Trichobezoars 
tend to have a hard, blackened, and almost concrete appearance. 
Medication bezoars will be seen as whole pills or pill fragments in 
the midst of the material (Fig. 28.12). 


Treatment 


Smaller bezoars may be treated with conservative medical man- 
agement; usually this consists of a liquid diet for a short period 
of time and a prokinetic agent to promote gastric emptying. !40 
Chemical dissolution, most commonly with cellulase, has been 
reported successful in up to 85% of patients with small bezoars.!*5 
Cellulase can be taken as a tablet or instilled into the stomach as 
a liquid via an endoscope or nasogastric tube. Nasogastric lavage 
may aid in the physical dissolution of small bezoars. Carbonated 
soda (e.g., Coca-Cola) may be effective in the dissolution of over 
50% of cases of phytobezoars and over 90% when combined with 
endoscopic methods.'*® Additional medications that have been 
shown to effectively treat gastric bezoars include pancreatin and 
ursodeoxycholic acid, alone or in combination with cellulase and 
carbonated beverages.!*? 

For larger bezoars and bezoars resistant to medical therapy, 
endoscopic therapy may be effective. The endoscope is used to 
fragment the bezoar into smaller pieces. Fragmentation can be 
performed with the endoscope itself, with accessory devices like 
forceps or snares, or with instillation of saline or water flushes 
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through the endoscope. The fragments of the bezoar can be 
pushed into the small bowel or removed by mouth. If most of the 
bezoar is to be removed, an overtube is recommended to facili- 
tate frequent passes of the endoscope and to protect the airway. 
Mechanical disruption and endoscopic removal will be successful 
in 85% to 90% of gastric bezoars. Resistant gastric bezoars may 
be treated with mechanical lithotripsy, electrohydraulic litho- 
tripsy, Nd : YAG laser, or a needle-knife sphinctertome. 150-152 

Operative intervention may be needed if endoscopic therapy 
fails or if there is a complication related to the bezoar (e.g., perfo- 
ration, obstruction, bleeding). Trichobezoars more often require 
surgery than phytobezoars. Gastric bezoars are usually removed 
via a small gastrostomy.'+:!47 Small bowel bezoars are removed 
via an enterotomy or can be transmurally milked to the cecum, 
where they rarely cause a problem in the larger-diameter colon. 
Laparoscopic removal can first be attempted in bezoar removal 
but conversion to an open surgery may occur in just over half of 
patients.!°> When operative intervention is contemplated, care 
must be made to exclude multiple bezoars in more than one loca- 
tion. 

Preventing bezoar recurrence is as important as active treat- 
ment. If the underlying causes of bezoar formation are not cor- 
rected, recurrence is likely. Avoidance of high-fiber and other 
non-digestible foods should be followed. A starting dose of cel- 
lulase, an enzymatic dissolution medication, can be taken pro- 
phylactically by patients who have frequently recurring bezoars. 
Prokinetic drugs may be useful for patients with underlying 
motility disorders. In particularly refractory patients with recur- 
ring gastric bezoars, repeated periodic endoscopy with physical 
disruption of food material may prevent larger and clinically sig- 
nificant bezoar formation. 


CAUSTIC INGESTIONS 
Epidemiology 


Some 5000 caustic ingestions are reported annually in the US.154 
Most occur as accidental ingestions by children younger than 6 
years.!°>5 Caustic ingestions in adults occur as suicide attempts, 
in patients with mental health problems, and in the intoxicated 
person as a result of alcohol or recreational drug ingestion. Adults 
can ingest larger amounts of caustic substances, so they tend to 
have more serious injuries than children, who will typically spit 
out or throw up the caustic agent they swallowed. 

Broadly, 2 types of caustic agents are most commonly ingested: 
alkali agents or acidic agents. Alkali agents are most commonly in 
household cleaners like drain, toilet bowl, and oven cleaners. Lye 
is an alkali ingestion that contains sodium or potassium hydroxide. 
Alkali solutions are often odorless and tasteless, which can result in 
large amounts being swallowed accidentally. Finally, as noted, disc 
batteries may also cause alkali-induced damage. 

Acid ingestion usually comes from swallowing toilet bowl 
cleaner, swimming pool cleaner, or battery acid. Acid ingestion 
often causes immediate pain, which results in the agent being rap- 
idly expelled. Household bleach may contain both acid and alkali 
products but rarely causes severe injury because of their diluted 
concentration. 


Pathophysiology 
Alkali 


Alkaline ingestion causes a liquefactive necrosis that very rap- 
idly extends through the mucosa, submucosa, muscularis of the 
esophagus, and stomach.!°° Vascular thrombosis occurs follow- 
ing the necrosis. The initial alkali injury can be transmural and 
result in perforation, mediastinitis, and peritonitis.!°’ External 
sloughing and ulceration occur a few days after ingestion. Finally, 


Fig. 28.13 Barium esophagogram showing a stricture in the upper 
esophagus, with narrowing of the midesophagus, several weeks after a 
caustic ingestion. (Courtesy Dr. Robert N. Berk, University of California, 
San Diego, Calif.) 


extensive granulation tissue, fibroblastic activity, and collagen 
deposition occur over weeks, leading to chronic stricture forma- 
tion (Fig. 28.13). With alkali ingestion, the esophagus is most 
affected; neutralization by gastric acid limits damage in the stom- 
ach. A minority of patients have damage in the small intestine 
as well.!°® The degree of injury is also dependent on the agent 
ingested, its quantity, and how long the GI tract was exposed.!°? 


Acid 

Acidic agents cause a coagulative necrosis, with thromboses of 
mucosal blood vessels and a more limited superficial necrosis. 
Acidic agents are more apt to damage the stomach, particularly 
the antrum, more than the esophagus (Fig. 28.14). Acidic agents 
tend to be ingested in smaller quantities because of their offensive 
taste and immediate pain, so they are associated with less overall 
damage than alkali agents. 


Clinical Features 


Patients may present with oropharyngeal pain, epigastric pain, 
chest pain, dysphagia, or odynophagia. Oropharyngeal involve- 
ment can cause sialorrhea and drooling. Hoarseness, stridor, and 
dyspnea suggest injury to the epiglottis, larynx, and upper airway. 
Persistent chest or back pain may suggest esophageal perforation 
and mediastinitis, whereas severe abdominal pain can be related 
to gastric perforation and peritonitis. Of importance is that early 
signs and symptoms do not always correlate with the amount of 
caustic injury and likelihood for late complications.'® On physi- 
cal examination, patients may have evidence of burns to the oral 
cavity, with edema, ulceration, and exudate, but as many as 20% 
to 45% of patients will have normal physical examinations.!°! 


Diagnosis 


Radiologic images such as chest x-ray and abdominal films will 
not aid in the direct diagnosis or grading of severity of injury 
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Fig. 28.14 Caustic injury to the esophagus and stomach by acid. A, After the ingestion of acid, the squamous 
mucosa of the esophagus has sloughed in a linear pattern. The esophageal mucosa is edematous and has a 
bluish discoloration. B, The gastric mucosa in this patient is hemorrhagic and edematous. (From Wilcox MC. 
Atlas of clinical gastrointestinal endoscopy. Philadelphia: WB Saunders; 1995. p 85.) 
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Fig 28.15 Algorithm for the approach to acute caustic injury. For the 
definitions of endoscopic grades of injury, see Table 28.1. 


but will indicate the presence of perforation by showing a pneu- 
momediastinum, pneumothorax, or pneumoperitoneum. CT of 
the neck, chest, and/or abdomen should be considered when a 
high degree of suspicion remains for perforation, despite negative 
plain films. If perforation is present, surgery rather than endos- 
copy should be performed emergently (Fig. 28.15). 

Symptoms and the physical examination may not match the 
degree of injury after a caustic ingestion, so an upper endoscopy 
examination should be performed in the first 24 to 48 hours after 
ingestion in patients without perforation.'!© An upper endoscopy 
allows diagnosis of injury to the GI tract, permits grading of the 
degree of injury, establishes a prognosis, and can guide therapy (see 
Fig. 28.15). A re-look endoscopy at 5 days post-ingestion may be 
performed as well, as it can better predict esophageal and gastric 
complications than an endoscopy performed in the first 24 hours. 16? 
It is important to note that 40% to 80% of patients with a reported 


TABLE 28.1 Endoscopic Grades of Caustic Injury 


Grade Endoscopic Findings 


| Edema and erythema 

IIA Hemorrhage, erosions, blisters, ulcers with exudate 

IIB Circumferential ulceration 

Ill Multiple deep ulcers with brown, black, or gray discoloration 
IV Perforation 


caustic ingestion will have no evidence of injury on endoscopic exam- 
ination.!°t Emergency CT scan can also be used to grade esophageal 
injury at time of caustic ingestion and predict stricturing.!© 

The degree of injury seen on endoscopic examination can be 
graded and provides prognostic information (Table 28.1). Grades 
I and IIA burns, which correspond to first- and second-degree 
burns, will usually heal without sequelae.!** However, strictures 
will develop in 70% to 100% of patients with grade IIB injury, 
which causes circumferential ulceration, and grade II injury with 
associated necrosis.!°° Grade IV injury with perforation carries a 
mortality rate of up to 65% and requires urgent surgery. 


Treatment 


Initial management should address the ABCs of resuscitative 
management: airway, breathing, and circulation. Regional poi- 
son control should be contacted at 1-800-222-1222. Once ini- 
tially stabilized, management is based on the clinical status of the 
patient and grade of injury seen on endoscopy. Asymptomatic 
patients who have a normal endoscopic examination or only 
grade I or HA injury can be started on oral intake in the first 24 
to 48 hours and usually discharged within that same time frame. 
Clinically ill patients with hypotension, respiratory distress, 
and grade IIB (circumferential ulceration) or III necrosis on 
endoscopy should be admitted to an intensive care unit and man- 
aged with intravenous fluid resuscitation and close monitoring 
for evidence of perforation. Laryngoscopy should be performed 
in patients with respiratory distress. A patient with an edematous, 
necrotic laryngopharynx should not undergo endotracheal intu- 
bation and will need a tracheotomy to maintain an airway. 
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Emergency surgery with esophagectomy or gastrectomy is 
required for perforation. Colonic interposition is sometimes 
required. Operator and institutional experience affects mortal- 
ity and morbidity of emergent esophagogastrectomy and is best 
undertaken at referral centers when circumstances allow.!° 

The need for and timing of operative intervention in patients 
with severe ulceration or necrosis without clear evidence of per- 
foration remains controversial. Comparative analyses are difficult 
in this patient population. Some authorities have suggested that 
early operative exploration decreases mortality,!°*!©? but others 
cite lower mortality rates and complete healing in patients with 
nonoperative supportive care.!>? Advanced age, tracheobronchial 
injuries, extended resections, and emergent esophagectomy are 
negative predictors for survival in those undergoing early surgical 
management.!° As such, management must be considered on an 
individualized basis. 

Inducing emesis or placing a nasogastric tube to clear or dilute 
the GI tract of the caustic agent is contraindicated because it may 
re-expose the esophagus, oropharynx, and airway to the caustic 
agent. Induced retching and vomiting may increase the risk of 
perforation. The use of neutralizing agents is not recommended 
because they have not been shown to be efficacious, may lead 
to increased thermal injury, and may also promote retching and 
emesis.!’0 The routine use of glucocorticoids!*® and systemic 
antibiotics!*+ is not recommended, but use of a PPI may reduce 
complications.!7! 


Late Complications 


Up to one third of caustic ingestion patients will develop esopha- 
geal stricture after initial recovery (see Fig. 28.13). Stricture for- 
mation presents most commonly at 2 months after injury but can 
occur at any time from 2 weeks to many years after the initial 
injury.!°* Stricture formation occurs more commonly follow- 
ing more severe (grade IIB or IID) injuries (see Table 28.1). The 
primary treatment of esophageal strictures secondary to caustic 
ingestion is frequent dilation. Endoscopic management of caustic 
strictures must be deliberate, with gradual and incremental pro- 
gressive dilation to 15 mm or until symptom relief is obtained.!” 
Endoscopic injection of triamcinolone into the stricture or use of 
topical mitomycin has been reported to be beneficial in treating 
caustic strictures.!73:!’* The perforation rate is 0.5% for endo- 
scopic dilation of chronic caustic strictures, and as many as 10% 
to 50% of patients will eventually require operative intervention. 
Those requiring surgical intervention for late complications have 
better functional outcome and survival than those requiring early 
surgery for the management of caustic ingestions.!® Esophageal 
resection with an esophagogastric anastomosis, esophagojejunos- 
tomy, or colonic interposition may be considered.!’> Case reports 
have described successful treatment with the use of temporary 
esophageal stents soon after caustic ingestion, but there is insuf- 
ficient evidence to support recommendations for routine prophy- 
lactic stenting or for prophylactic early endoscopic dilation to 
prevent caustic-related strictures.!”° 

Antral and pyloric strictures may also occur after caustic injury 
(Fig. 28.16). Antral and pyloric stenoses will usually develop 1 to 
6 weeks after caustic ingestion but can also occur years later.!*+ 
The risk of antral stenosis is also related to the degree of injury. 
Endoscopic dilation with the addition of acid suppression is suc- 
cessful in many patients, but many others will require antrectomy. 


Fig 28.16 Barium study of a chronic antral stricture caused by a caus- 
tic ingestion. (Courtesy Dr. Robert N. Berk, San Diego, Calif.) 
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Fig. 28.17 Sequence of the consequences of caustic injury to the 
gastrointestinal tract as a function of time after ingestion. 


Perforation 


Alkaline caustic ingestion, in particular, is associated with an 
increased risk for squamous cell cancer of the esophagus. Patients 
with a history of lye ingestion have a 1000-fold increased risk 
of developing esophageal cancer, with a lag time from injury of 
approximately 40 years.!”° Periodic endoscopic surveillance is 
advocated every 1 to 3 years, beginning 20 years after the caustic 
ingestion. 

Fig. 28.17 summarizes the time course of complications from 
caustic ingestions reviewed in this section. 


Full references for this chapter can be found on www.expertconsult.com. 
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ABDOMINAL ABSCESS 


An intra-abdominal abscess (IAA) is a localized abdominal infection 
arising in the background of infectious peritonitis. Primary peritoni- 
tis (spontaneous bacterial peritonitis, discussed in Chapter 93) is not 
usually associated with development of abscesses, whereas secondary 
peritonitis, peritoneal infection due to an inflammatory process in 
the GI tract, is commonly associated with abscess formation (see 
Chapter 39). Most cases of IAA arise in the setting of secondary 
peritonitis due to bowel perforation (Box 29.1). Tertiary peritonitis, 
a persistent or recurrent infection arising 48 hours after treatment 
of secondary peritonitis, often arises in the setting of preexisting 
comorbidities and may be associated with IAA (see Chapter 39). 2 
Abscesses in solid organs are discussed in Chapters 58, 61, and 84. 


Pathophysiology 


Sterility in the peritoneal cavity is maintained when host defense 
mechanisms designed to clear bacterial contamination outweigh 
bacterial factors fostering microbial primacy. Bacteria commonly 
gain access to the peritoneal cavity through perforation of the 
intestinal wall. The bulk of these bacteria are delivered to the 
reticuloendothelial system for destruction via the continuous lym- 
phatic drainage caused by function of the diaphragm.” Lymphatic 
clearance is so efficient that abscess formation occurs when adju- 
vant substances such as hemoglobin, barium, or necrotic tissue 
are present.’ These adjuvant substances may block lymphatic ves- 
sels (barium, fecal particulate matter), provide bacterial nutrients 
(iron from hemoglobin), or impair bacterial killing, all fostering 
bacterial infection. Shortly after bacterial contamination, the 
predominant phagocytic cell types are peritoneal macrophages, 
which are also cleared by the lymphatic system. As bacteria pro- 
liferate, polymorphonuclear leukocytes invade the contaminated 
area and become more numerous. The resultant peritoneal 
inflammation leads to an increase in splanchnic blood flow, with 
protein and fluid exudation into the peritoneal cavity. The deliv- 
ery of fibrinogen combined with the procoagulatory effects of the 
inflammatory process and reduced levels of plasminogen activa- 
tor activity enhance fibrin deposition, leading to entrapment of 


bacteria and localization of infection.* The peritoneal cavity con- 
tains numerous recesses, pouches, and potential spaces that allow 
for compartmentalization of abdominal infection to prevent fur- 
ther spread of infection and the dreaded occurrence of sepsis.*° 
Thus, abscess formation ultimately may be regarded as a means 
of controlling severe intra-abdominal infection. 

Although peritoneal defense mechanisms can prevent the 
spread of bacterial infection, they can have adverse effects as well. 
Lymphatic clearance of bacteria may be so effective that it results 
in sepsis. Exudation of fluid into the peritoneal cavity can lead to 
hypovolemia and shock; it can also dilute the opsonins that target 
bacteria for phagocytosis. In addition, fibrin entrapment of bac- 
teria can impair antimicrobial drug penetration and phagocytic 
migration. ! 

A number of host factors interact with bacterial contamination 
to increase the risk of IAA (Box 29.2). Diabetes, malnutrition, 
advancing age, preexisting organ dysfunction, underlying malig- 
nancy, and transfusion are all factors that predispose to abscess 
formation.’~’ In all these conditions, the immune system’s ability 
to combat bacterial contamination is weakened, whether it is in 
the setting of secondary or tertiary peritonitis. 

Iatrogenic immunosuppression in the setting of IBD offers 
insights into the pathogenesis of IAA. Chronic glucocorticoid 
administration is associated with an increased risk of IAA.!° Simi- 
larly, preoperative use of azathioprine for IBD increases the risk 
of intra-abdominal septic complications.'! In contrast, 2 recent 
large studies showed that anti-TNF-a therapy for IBD within 
the 12 weeks before surgery did not increase the incidence of 
JAA. !2-14 

The relationship between IAA and retained surgical sponges, 
so-called gossypiboma (textiloma), is well recognized.'> Although 
not commonly encountered, such causes of [AA remain an impor- 
tant preventable source of morbidity. Similarly, the use of inter- 
ventional radiology techniques in the management of traumatic 
solid visceral injury has improved the care of trauma patients but 
may be associated with delayed IAA formation.!° 


BOX 29.1 Causes of Intra-abdominal Abscesses 


Abdominal trauma 

Appendicitis 

Cholecystectomy and other operations or invasive procedures 
Crohn disease 

Diverticulitis 

Neoplastic disease 

Pancreatitis 

Perforated hollow viscus (e.g., duodenal or gastric ulcer) 


BOX 29.2 Clinical Risk Factors for Intra-abdominal Abscess 


Chronic glucocorticoid use 
Increasing age 

Malnutrition 

Preexisting organ dysfunction 
Transfusion 

Underlying malignancy 
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Bacteriology 


The microbiology of IAA depends on the stage of presentation, as 
well as the host in which the infection has occurred. Animal stud- 
ies have shown that the composition of an intra-abdominal infec- 
tion changes over time. In classic studies by Onderdonk et al., 
Escherichia coli was shown to initially predominate in a rat model 
of abdominal sepsis.!’ As peritonitis developed, many animals 
developed E. coli bacteremia and died. Of those animals who sur- 
vived, [AAs developed with Bacteroides fragilis as the predominant 
microbe. Thus, there is a fluid interplay between the bacterial 
species responsible for abdominal infection. 

Formation of an IAA can be viewed as beneficial because it 
contains infection and prevents fatal sepsis and death. Bucteroi- 
des species are important microbes in the formation of IAA, so 
they have been studied extensively to better understand the pro- 
cess of abscess formation. B. fragilis is known to have 8 forms 
of capsular polysaccharides,!* some of which have a zwitterionic 
structure. Polysaccharide A (PSA) of B. fragilis can stimulate 
either a proinflammatory or anti-inflammatory response in the 
digestive tract, dependent upon their location.!?° This has been 
termed a “love-hate” relationship!’ or the “yin-yang” of bacterial 
polysaccharides.*° On one side, PSA from B. fragilis appears to 
have a vital role in induction of normal T cell-mediated immu- 
nity arising from normal commensal bacterial colonization in the 
gut, whereas on the other side, PSA introduced into the perito- 
neal cavity, in conjunction with lymphatic obstruction, induces 
abscess formation. The effect of PSA on abscess formation is 
through regulation of the T-helper 17 cells, which are needed for 
secretion of interleukin (IL)-17 and abscess formation,”! as well 
as Forkhead Box (FOX) transcription factor regulatory T cells 
and CD4* CD45RB cells, both of which secrete IL-10, which 
promotes abscess formation.” Interestingly, another source of 
IL-10 has been shown to be peritoneal macrophages, also vital 
to abscess formation.’ Recent research suggests the direct bind- 
ing of B. fragilis to fibrinogen and the activity of fibrinogenolytic 
proteases may circumvent abscess formation, giving rise to bacte- 
remia and potentially sepsis.*+ It is apparent there are extremely 
complex interactions that occur between bacteria and cells of the 
immune system to promote or prevent spread of bacteria. Indeed, 
the theory has been put forth by numerous authors that abscess 
formation may be considered a form of “bacteria apoptosis,” a 
means whereby extraintestinal commensals are sacrificed to cir- 
cumvent sepsis and prevent death of the host organism, thereby 
ensuring the continued growth of the larger intraintestinal bacte- 
rial cohort. 

Classic studies have shown that the polymicrobial nature of 
the abdominal infection may in fact be from synergy between 
the various bacterial subspecies. Facultative anaerobic organisms 


Fig. 29.1 A, Axial CT image 
shows a large rim-enhancing 
structure containing an air-fluid 
level in the right lower quadrant 
(arrow) and a smaller similar 
structure in the left lower quadrant 
(arrowheads). B, Coronal image in 
the same patient shows that the 
2 collections constitute a single 
large C-shaped collection that 
crosses the midline in the low 
pelvis (arrowheads) and demon- 
strates thrombosis of the superior 
mesenteric vein (arrow), one of 
the potential complications of 
abscess. 


such as E. coli can provide the ideal anaerobic environment for 
B. fragilis to multiply.2> Consequently, the increased number of 
anaerobic organisms such as B. fragilis will make it more difficult 
for host defenses to engage against the E. coli, because local effects 
will reduce efficacy of phagocytosis. 

The bacteria associated with intra-abdominal infections and 
abscesses in ICU patients subjected to broad-spectrum antimi- 
crobial selection pressure are different from those in patients with 
abscesses due to secondary bacterial peritonitis.7° The organisms 
that cause tertiary peritonitis are no longer dominated by E. coli 
and B. fragilis. Rather, nosocomial infections with resistant gram- 
negative organisms, Enterococcus species, and/or yeast are more 
common.?”?8 A microbiological analysis of abscesses in severely 
ill patients (Acute Physiology and Chronic Health Evaluation 
II score >15) revealed that 38% had monomicrobial infections. 
The most common organisms were Candida (41%), Enterococcus 
(31%), and Enterobacter (21%) species and Staphylococcus epidermi- 
dis (21%); E. coli and Bacteroides species accounted for only 17% 
and 7%, respectively.”? 


Diagnosis 


The classic presentation of IAA is abdominal pain, fever, shaking 
chills, and palpable abdominal mass, but this tetrad of symptoms 
is not commonly seen in practice. The presence of additional 
symptoms and signs may be observed, depending on the loca- 
tion of the abscess. Subphrenic abscesses may cause pleurisy; 
lesser sac or perigastric abscesses may result in nausea and early 
satiety. Interloop abscesses may present with ileus or obstructive 
symptoms and signs including vomiting and distension. Pelvic 
abscesses may cause tenesmus or rectal urgency. In older adults 
and patients with underlying comorbidities, the signs and symp- 
toms of IAA may be more varied and subtle, mandating a high 
clinical suspicion.*? Imaging is at the forefront of IAA diagnosis, 
be it in the patient presenting to the emergency department or in 
the hospitalized patient experiencing a clinical downturn. 


CT 


CT is the gold standard for the diagnosis of IAA. Detection of 
abscess is optimized following oral and intravenous contrast. The 
classic CT appearance of IAA is a rim-enhancing fluid collec- 
tion containing gas.*! Multidetector CT with helical acquisition 
allows for rapid scanning and affords creation of coronal and sag- 
ittal images that optimally characterize complex-appearing and 
insinuating collections (Fig. 29.1).3? CT exams following proper 
protocols afford diagnosis of associated bowel obstruction, pyle- 
phlebitis, and may suggest or confirm the presence of a fistula.*? 
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Fig. 29.2 A, Axial CT image shows an apparently rim-enhancing structure containing gas (asterisk) in the deep 
pelvis adjacent to tethered bowel loops in a patient with prior pelvic irradiation. The structure could represent 
an abscess or a dilated loop of small bowel. The presacral inflammation (arrows) is related to radiation change. 
B, CT image obtained 2 hours later shows ingested oral contrast in this structure (arrows), confirming that this 


is a bowel loop rather than an abscess. 


Despite the sensitivity of CT for detecting intraperitoneal col- 
lections, the a priori correct diagnosis of infection in an intra- 
abdominal collection has been reported recently to be 83%, with 
a specificity of only 39% .*+ Detection of extraluminal gas remains 
the most specific indicator of infection using CT but is observed 
in fewer than 40% of patients.’ Presence of a fluid collection 
with attenuation greater than 20 Hounsfield units is also pre- 
dictive of an abscess.*+ Hematomas, seromas, pseudocysts, and 
necrotic tumors may all confound diagnostic accuracy of CT for 
IAA. Thus, fluid aspiration followed by Gram stain and culture of 
the aspirate remain requisite for definitive diagnosis of abscess. 
An important pitfall in detection of IAA is confusing fluid- 
filled bowel loops for an abscess. This diagnostic dilemma is 
best prevented by administration of oral contrast 90 minutes (or 
more) before the CT. Occasionally, despite oral contrast admin- 
istration, slow bowel transit time will leave some bowel nonopaci- 
fied. These cases require a longer delay and repeat scanning to 
allow more time for oral contrast migration distally (Fig. 29.2). 
Importantly, there is a growing trend in emergency departments 
to perform abdominal CT without oral contrast to increase 
patient throughput.*’ As a result, some patients presenting to 
the emergency department may need oral contrast administration 
and repeat scanning to confirm a questioned diagnosis of abscess. 


US 


US is a commonly used screening exam that is readily available, 
rapid, and does not expose the patient to radiation, making it 
especially useful in young and gravid patients. The appearance of 
an abscess may vary from a relatively simple anechoic fluid collec- 
tion to a more complex fluid with heterogeneous echogenicity, a 
reflection of the amount of debris and gas present (Fig. 29.3).°° US 
is an excellent modality for evaluation of suspected solid abdomi- 
nal visceral IAA and for pelvic collections. Fluid in the urinary 
bladder serves as an ultrasonographic window for localization of 
IAA. Transvaginal imaging affords US detection of most pelvic 
abscesses. Gas prevents US beam penetration, and gas-contain- 
ing bowel in the midabdomen hampers abscess detection, with 
detection rates of 43% in a recent report.’? Furthermore, surgi- 
cal wounds, dressings, and drains may preclude or limit the use 
of US in the postoperative period. These limitations are to some 
degree offset by the portability of the machine, allowing US to be 
performed at bedside in critically ill patients for whom transport 
to the radiology department is unsafe. 


MRI 


Improvement in MRI protocols and scanners in conjunction 
with increasing awareness of the radiation dose associated with 
CT have resulted in increased utilization of MRI for acute and 


Fig. 29.3 Abdominal US of a typical abscess (arrowheads) demon- 
strating central decreased echogenicity, thickened wall, and debris aris- 
ing anterior to the descending colon (arrow) in a patient with diverticulo- 
sis, compatible with a diverticular abscess. 


subacute indications. The use of MRI initially was spawned by 
advances in MRI that allow for the accurate diagnosis of appen- 
dicitis in pregnancy.*? Now, MRI is more commonly being per- 
formed in patients presenting to the emergency department with 
acute intra-abdominal pain.t!#? Moreover, a recent multicenter 
study demonstrated that in experienced hands, MRI compares 
favorably with CT in the diagnosis of appendicitis, which will 
likely increase the role for MRI use in these patients. One 
advance that has become standard in the evaluation of Crohn dis- 
ease is magnetic resonance enterography.**+ This technique com- 
bines intravenous administration of a gadolinium-based contrast 
agent with high-resolution coronal MRI to detect abnormalities 
in the bowel wall, a common finding in Crohn disease. On con- 
trast-enhanced MRI enterography, abscesses are extraluminal, 
rim-enhancing collections with heterogeneous signal elevation 
on fluid-sensitive sequences (Fig. 29.4).4+ Diffusion-weighted 
imaging may increase the ability to discriminate abscesses from 
cysts.’ Barriers to mainstream use of MRI in the diagnosis of 
IAA are limited to the availability of MRI in the acute setting, 
radiologist/clinician comfort with CT, and time and cost of the 
exam compared with CT.*! 


Radiographic Studies 


Radiographs may demonstrate large abscesses that have signifi- 
cant mass effect. Supine and upright films may reveal an air-fluid 
level in a large abscess cavity, localized ileus, or bowel obstruction 
that may support the diagnosis. Overall, however, radiographs are 
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insensitive to the detection of the majority of IAA, and sizeable 
abscesses may be overlooked. CT is far superior to radiography in 
sensitivity, specificity, and accuracy of diagnosing acute nontrau- 
matic abdominal pathology, with rates of 96%, 95%, and 96% for 
CT versus 30%, 88%, and 56% for radiography, respectively.*” 


Nuclear Medicine Studies 


Nuclear medicine studies that can be used to diagnose IAA include 
the gallium scan, labeled leukocyte scan, and PET/CT scan, 
among others.** Historically, the gallium scan has been used most 
frequently for diagnosis of IAA, but normal uptake in bowel and 
tumors may give rise to false-positive results. Radiolabeled leu- 
kocyte scans afford whole-body imaging with high sensitivity and 
specificity. Still, these scans have drawbacks; they are not readily 
available owing to the time required for synthesis of the radiola- 
bel, and they typically require 18 and possibly up to 72 hours to 
perform.*? Furthermore, upper quadrant abscess detection may be 
confounded by tracer uptake, both in the liver and spleen, which 
may require addition of a sulfur colloid scan to distinguish physi- 
ologic uptake from infection.6°? PET/CT scans have great poten- 
tial for an important role in diagnosis of IAA. Cells involved in 
the inflammatory process take up great quantities of glucose, mak- 
ing the use of "F-FDG PET scans extremely useful.!* F-FDG 
uptake, combined with the CT component of the scan, allows for 
accurate anatomic localization of abnormalities, a problem that 
has long plagued nuclear medicine studies. In the persistently 
bacteremic patient, whole-body images obtained using PET/CT 
may uncover unsuspected JAA.*! PET/CT is the test of choice in 
the setting of fever of unknown origin; it can detect infectious, 
inflammatory, and neoplastic sources for fever.’ The greatest 
disadvantage of PET/CT and gallium scanning is their inabil- 
ity to differentiate between sterile inflammation and infection.** 
Although CT will remain the first-line test of choice for IAA in 
the foreseeable future, PET/CT scans and other nuclear medicine 
studies can be of utility in diagnosing challenging cases. 


Management 
Stabilization 


Initial management entails fluid and electrolyte resuscitation 
and support of vital organ function, especially important if there 


Matted inflamed loops of 

small bowel 

Fig. 29.4 Coronal MRI with 
gadolinium contrast of a patient with 
Crohn disease showing a small rim- 
enhancing collection (arrowheads) 
interposed between several loops of 
inflamed bowel (arrows), compatible 
with an interloop abscess. Interloop 
abscesses are not amenable to 
percutaneous drain placement. 


Small rim-enhancing abscess 
demarcated with arrowheads 


is presentation with sepsis. Fluid resuscitation in septic shock 
entails aggressive crystalloid infusion per the Surviving Sepsis 
Campaign.*?° 


Antibiotic Therapy 


Empirical therapy should be started once the presumptive diag- 
nosis of IAA is made, optimally after obtaining blood cultures. 
Although an important component of early management, anti- 
biotics may not be fully effective prior to drainage of an abscess, 
owing to inability to penetrate the area of infection. This is due to 
both host factors (e.g., tissue necrosis, an acidic environment, lack 
of adequate perfusion) and pathogenic factors (e.g., high colony 
count, slow growth rate of bacteria and their byproducts). Such 
factors can present specific obstacles for certain antibiotics: as 
examples, f-lactams are less effective in dense bacterial popula- 
tions, and aminoglycosides have reduced activity at a lower pH. 
Initial choice of antibiotics should be based on the clinical sce- 
nario of each individual patient. In IAA associated with second- 
ary peritonitis, antibiotics should target usual bowel flora such as 
E. coli and other coliforms, including B. fragilis. These cases are 
usually less complicated and do not have extraintestinal manifes- 
tations like bacteremia. Unfortunately, there are no randomized 
controlled trials showing that one agent is superior to another. 
Multiple noninferiority trials have been published, however, pro- 
viding a variety of options (Box 29.3). Antibiotic selection will 
follow patient factors such as renal function and prior allergies. 
Hospital antibiograms are also helpful; for example, some institu- 
tions have high rates of E. coli resistance to fluoroquinolones. 
Guidelines issued by the Infectious Diseases Society of Amer- 
ica and Surgical Infection Society recommend that single agents 
(e.g., B-lactams with f-lactamase inhibitors, carbapenems, the 
second-generation cephalosporin cefoxitin, the fluoroquinolone 
moxifloxacin, the glycylcycline tigecycline) are considered appro- 
priate for mild to moderate disease (see Box 29.3).?° Gram stain 
and cultures can be useful, but the updated guidelines point out 
that there have been no studies to validate this practice. Combi- 
nation choices can also be selected by the clinician. Most experts 
recommend reserving antipseudomonal coverage for those cases 
with a more severe illness or with high-risk comorbid conditions. 
Important points to consider in the selection of empirical anti- 
biotics come from more recent published reports. Certain patho- 
gens are less likely to play a role in those patients that present 
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BOX 29.3 Antibiotic Choices in the Treatment of Intra- 
abdominal Infections 


Second-Generation Cephalosporin 
Cefoxitin® 


Third and Fourth-Generation Cephalosporins 
Ceftriaxone* t 

Ceftazidime 

Cefepime 


Carbapenems 
Imipenem-cilastatin 
Meropenem 
Ertapenem* 


Combination Antibiotics with Broad-spectrum Activity for 
Drug-resistant Pathogens 

Piperacillin/tazobactam 

Ceftolazone/tazobactam' 

Ceftazidime/avibactam? 

Meropenem/vaborbactam 

Imipenem-cilastatin/relebactam 


Tetracycline Derivatives 
Tigecycline* 

Eravacycline* 
Omadacycline* 
Fluoroquinolones 


Ciprofloxacint 
Levofloxacint 
Moxifloxacin* 


*Provides no coverage for Pseudomonas spp. 
tAdd metronidazole IV or PO for anaerobic activity. 


with community-associated abdominal abscesses. Methicillin- 
resistant Staphylococcus aureus (MRSA) is unusual in these cases, so 
vancomycin or other anti-MRSA antibiotics are not usually rec- 
ommended at the time of initial presentation. Enterococci are not 
usually pathogenic at this stage of infection, so antibiotic choices 
do not typically require good enterococcal coverage.”° 

The traditional practice of adding an aminoglycoside or 
clindamycin can no longer be routinely recommended; more 
recent studies have shown that aminoglycosides are associated with 
higher rates of nephrotoxicity without additional benefit and that 
rates of resistance to clindamycin, especially with B. fragilis, have 
been on the increase in the past decade. Cefotetan has been shown 
to have diminished efficacy against anaerobes such as B. fragilis, and 
ampicillin/sulbactam is no longer routinely recommended owing 
to increasing rates of E. coli resistance to ampicillin. 

IAA associated with tertiary peritonitis includes those cases 
at later or more aggressive stages of abdominal infection as well 
as “health care-associated infections” with more resistant noso- 
comial pathogens (see Chapter 39). Empirical choices in these 
patients will have to provide broader coverage, considering the 
possibility of Pseudomonas aeruginosa, enterococci, MRSA, drug- 
resistant gram-negative bacilli, and even Candida species. Antip- 
seudomonal f-lactams, carbapenems, or combination therapy 
with an antipseudomonal cephalosporin or antipseudomonal 
quinolone added to metronidazole are considered equally good 
choices. Of the f-lactams, piperacillin/tazobactam is the most 
widely used. Carbapenems can be imipenem-cilastin, doripenem, 
or meropenem; however, ertapenem has no antipseudomonal 
activity. Cefepime and ceftazidime are both active against Pseu- 
domonas species, but anaerobic coverage should be added with 


metronidazole. Ciprofloxacin or levofloxacin can be used with 
metronidazole in patient populations where quinolone resistance 
is uncommon (defined as <10% of hospital isolates on an antibio- 
gram). As selection pressure from prior antibiotics alters the flora 
of IAA in tertiary peritonitis, microbiology from the abscess may 
be helpful to guide antibiotic choice.”° 

For enterococci, older surgical literature indicated coverage 
of these organisms was unnecessary, but it is now known that 
these species can develop a pathogenic role.’° Piperacillin/tazo- 
bactam and vancomycin both have activity against Enterococcus 
faecalis and Enterococcus faecium in community-associated cases. 
Penicillin resistance has been on the increase, however, and at 
times only vancomycin will be effective. To date, vancomycin- 
resistant enterococci have not been typically found in series 
describing intra-abdominal infections, except for liver transplant 
cases where vancomycin-resistant enterococci have been a perni- 
cious problem.’ 

MRSA has not commonly been described in IAA. Vancomycin 
remains the antibiotic of choice for MRSA. The FDA has granted 
approval to linezolid and tigecycline against MRSA infections of 
the abdomen, but there are few published clinical trials, so most 
experts do not routinely recommend their use at the onset. 

Nosocomial drug-resistant, gram-negative bacilli are becom- 
ing an obstacle in the management of complicated abdominal 
infections. In patients with prior infections and extensive antibi- 
otic exposure, multidrug-resistant organisms can be found in their 
abscess cultures. Most notable have been the extended-spectrum 
B-lactamase producers (ESBLs) seen with E. coli, as well as other 
Enterobacteriaceae that are usually only sensitive to carbapenems 
(hence, no oral agents are available) and more recently, the Kleb- 
siella-producing carbapenemase (KPC), which are even resistant 
to the carbapenems and present few antimicrobial options to the 
clinician except perhaps for the use of tigecycline, aminoglyco- 
sides, or novel carbapenemase inhibitor—based antibiotics such as 
ceftazidime/avibactam. Additional newer combination antibiotic 
formulations are coming to the market, but clinical data are pres- 
ently lacking. 

Lastly, Candida species can play a role in these most advanced 
cases of IAA. Traditionally fluconazole had been the drug of 
choice, but in some centers, non-albicans Candida species resis- 
tant to fluconazole are on the rise, making echinocandins such 
as micafungin or caspofungin the preferred agents. Amphoteri- 
cin is no longer recommended in fungal IAA except for the most 
unusual circumstances. 

Once culture results are available, the empirical antibiotic(s) 
chosen should be adjusted to tailor therapy. This is common 
practice, but, curiously, little evidence supports this from the 
perspective of patient outcome. Antimicrobial stewardship is 
experiencing a renaissance at most medical centers, so this will 
likely continue to be a practice in evolution. Importantly, several 
studies have shown that inadequate antibiotic choices have been 
associated with worse patient outcomes.°° 

In some cases, the patient may develop further signs of infec- 
tion with fever, abdominal complaints, or leukocytosis. These 
patients should undergo repeat abdominal imaging to confirm 
adequate source control (discussed next). Superinfection may 
occur and could mandate additional cultures to guide changes in 
antimicrobial therapy. 

Antibiotics should be given at the time of diagnosis of the IAA 
and are often continued until the patient is clinically better, usu- 
ally for 5 to 7 days. In the STOP-IT trial, patients with compli- 
cated abdominal infection were treated with source control plus 
antibiotics for either 2 days after resolution of the pathophysi- 
ologic abnormalities related to abdominal infection (maximum, 
10 days of therapy) or for 4 + 1 days, with no significant differ- 
ences in outcomes.’ 

Risk of relapse after therapy is higher in patients with per- 
sistent leukocytosis following therapy (37%) and higher still in 
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Compressed stomach 


patients with leukocytosis and fever (57%).°° In patients who 
have poor intestinal absorption, persistent ileus, large draining 
abscess, and poor nutritional status, there are fewer data to guide 
clinical choices. With the greater variety of microbiological resis- 
tance and unusual pathogens now encountered, some centers 
have relied more on outpatient intravenous antibiotics to achieve 
cures in those patients with multiple risk factors. 


Source Control and Drainage 


Percutaneous Abscess Drainage 
Percutaneous abscess drainage (PAD) has become the standard 
of care for abscesses amenable to this technique,*”” because the 
efficacy of PAD compared with surgical drainage has been well- 
established.°! The majority of cases of IAA (85% to 90%) are 
amenable to PAD.°?* Contraindications to PAD include lack 
of a safe drainage route, uncontrollable coagulopathy, general- 
ized peritonitis, and/or bowel perforations associated with large 
uncontained air or ascites.°° For patients with peritonitis in 
whom surgery is not possible, PAD placement may be performed 
selectively. Ill-defined or phlegmonous collections are not appro- 
priate for PAD. Small collections, usually less than 3 cm in diam- 
eter, are typically treated with percutaneous aspiration without 
drain placement, although no trial has validated this practice.°!* 
Advances in interventional techniques have expanded the 
role of PAD to include IAA in locations previously considered 
unreachable percutaneously®™° (e.g., instillation of sterile saline 
into the retroperitoneal space may allow drainage of IAA adjacent 
to the stomach, duodenum, colon®’). If the clinical scenario man- 
dates, the liver or stomach may be traversed with a small-bore 
PAD catheter, but large and small intestine should not be violated 
with a catheter. Thus, intramesenteric or interloop abscesses that 
may arise from Crohn disease or other conditions may prohibit 
use of PAD (see Fig. 29.4). Studies indicate that patients who have 


Lesser sac 


Fig. 29.5 Coronal CT image 
showing numerous rim-enhancing 
collections (arrows) in the abdo- 
men and pelvis in a liver transplant 
recipient. Left subphrenic, peri- 
splenic, lesser sac, interloop, left 
paracolic, and pelvic abscesses 
are seen. Cases such as this are 
best managed surgically. 


Pelvic 


IAA from complicated Crohn disease have fewer postoperative 
intra-abdominal septic complications and a lower rate of stoma 
creation if PAD is performed prior to surgery.°®’ In patients 
with Crohn disease and interloop abscess, it may be technically 
feasible to traverse small bowel with a small-gauge needle to aspi- 
rate the interloop abscess without PAD placement, but no studies 
have validated this practice.°*+ Patients with numerous separate 
IAAs are better served with surgery than PAD (Fig. 29.5). Even 
though it is technically feasible to place any number of PADs in 
patients with numerous contemporaneous IAAs, patient discom- 
fort and complexity of drain management prohibit this practice. 
Lastly, symptomatic collections associated with vascular grafts or 
surgical mesh, among other causes, should only have PAD after 
establishing the presence of infection; PAD of sterile collections 
can lead to infection.’ Technical factors to consider for PAD 
use include the size and location of the collection. Physicians 
may use US, CT, or fluoroscopy for guidance, depending upon 
abscess location and their preference. CT usually offers the most 
comprehensive evaluation of viscera, blood vessels, and nerves in 
relation to the abscess being drained, but US is faster and well 
suited to draining superficial abdominal collections. The primary 
limitation of US is the possibility of traversing intervening bowel; 
however, transrectal and transvaginal US may be utilized for deep 
pelvic collections. If multiloculated IAA is encountered at diag- 
nosis or if a post-PAD imaging check reveals evidence of und- 
rained septated components, thrombolytics may be instilled to 
achieve drainage, with success rates as high as 96%.°° 

After a safe percutaneous route is identified, the cavity is 
accessed using a trocar method or a needle and guidewire method 
(Fig. 29.6). The tract is dilated to a diameter approximating that 
of the planned catheter, and the catheter is advanced into the cav- 
ity. An initial 8- or 10-Fr catheter size is likely adequate, although 
upsizing and exchanges are frequently needed.® Once the cath- 
eter is placed, its position should be confirmed by repeat imaging 


CHAPTER 29 Abdominal Abscesses and Gastrointestinal Fistulas 417 


to ensure that all catheter side holes are within the abscess. The 
cavity is usually aspirated dry, followed by flushing with sterile 
saline solution to clear any residual debris. The catheter is then 
placed to suction or gravity drainage and secured to the skin. A 
sample of the fluid is generally sent to the laboratory for Gram 
stain and culture. Following placement, the catheter is flushed 
daily with sterile saline solution to maintain patency. Catheter 
output and character of the output should be documented daily. 
Clinical status should be monitored for adequate response by 
assessing body temperature and blood leukocyte counts. 

PAD end points and decisions to obtain follow-up imaging 
studies depend on the clinical response, amount and nature of 
catheter drainage, and presence of suspected enteric communica- 
tions. If the clinical response has been satisfactory and the cath- 
eter drainage has diminished to less than 20 mL/day, the catheter 
can be safely removed. If clinical response is inadequate, repeat 
imaging is warranted. Persistently high catheter output raises 
suspicion of a fistula. A catheter imaging study, performed by 
instilling water-soluble contrast medium through the catheter 
under fluoroscopy, is the best method to assess for the presence 
of a fistula (Fig. 29.7). If a fistula is located, the catheter can be 
repositioned adjacent to the opening into the bowel for better 
control of bowel effluent. Poor clinical responses to PAD can 
also be caused by catheter dislodgment from the major abscess 
cavity, undrained loculations, multiple abscesses, or formation of 


Fig. 29.6 Prone CT image demonstrating a pelvic abscess accessed 
with a needle via a transgluteal approach through the sciatic notch, 
yielding purulent material. A drain was subsequently placed. 


Fig. 29.7 A, Spot fluoroscopic 
image in a patient with a right lower 
quadrant abscess containing a 
percutaneous drain (arrow). Note 
an intrauterine contraceptive device 
(IUD) in the pelvis (arrowheads). 

B, Same patient after instilling 
contrast into the drainage catheter 
showing contrast filling the abscess 
cavity, which communicates with 
the fallopian tube (arrowheads), 
indicating a fistula, with contrast 
filling the uterine cavity around the 
IUD (arrows). 


new abscesses. Repeat CT can evaluate these possible causes and 
guide additional percutaneous interventions when appropriate. 
Thick debris may occlude the catheter and inhibit daily flushing. 
In this case, a larger catheter can be exchanged for the catheter 
currently in use.°” 

The success rate for PAD varies depending on the underly- 
ing etiology of the IAA and patient comorbidities. Success rates 
64% to 90% or better may be seen in the setting of perforated 
appendicitis and postoperative IAA, challenging prior assertions 
that postoperative LAA drainage is more often successful than 
nonpostoperative IAA drainage.’°-’* Factors associated with a 
high rate of successful PAD drainage in postoperative IAA are 
the presence of a single abscess, low grade abscess, lack of residual 
collection, and development of the abscess within 8 days after 
surgery.’!:’>,/4 In the setting of Crohn disease, success rates of 
about 80% have been described for IAA.”! 

The complication rate of PAD ranges from 4% to 15%.6!:75=77 
Complications include sepsis, organ injury, hemorrhage, pneu- 
mothorax, peritonitis, empyema, and pain. IAA recurrence rates 
range from 1% to 9%.°!/°78.7? Even when an abscess recurs, 
repeat secondary PAD should be considered and can be curative. 
Success rates up to 91% for secondary PAD have been achieved 
in recurrent abscesses, although the mean duration of drainage 
necessary to achieve success is significantly longer with the sec- 
ondary procedure.’* 


Drainage of Specific Types of Abscesses 

Subphrenic Abscesses 

Subphrenic abscesses can be drained percutaneously so long as 
there is careful attention to technique. Avoidance of the pleural 
space is optimal to prevent pneumothorax and seeding of infection 
to the chest. The pleural space typically extends to the level of the 
eighth thoracic vertebra (T8) anteriorly, T10 laterally, and T12 
posteriorly. These guidelines can be used to prevent penetration of 
the pleural space. Some subphrenic fluid collections may not allow 
an extrapleural approach, in which case risks of surgical drainage 
should be weighed against the increased risk of pneumothorax and 
empyema posed by a transpleural PAD procedure.*? Endoscopic 
drainage of subphrenic abscesses has also been reported, which can 
mitigate the risk of pneumothorax and empyema.*! 

Pelvic Abscesses 

If anterior access to pelvic abscesses is limited by intervening 
bowel, bladder, uterus, and/or vascular structures, a posterior 
transgluteal approach through the sciatic notch with the patient in 
prone position may be used to drain deep pelvic fluid collections 
(see Fig. 29.6).8? Care must be taken to avoid the gluteal vasculature 
and sciatic nerve. US-guided transvaginal and transrectal drainage 
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Fig. 29.8 Axial CT demonstrating a right lower quadrant abscess 
(closed arrow) with an appendicolith (open arrow). Such extraluminal 
appendicoliths may predict clinical failure with percutaneous drainage. 


techniques have been increasingly used for drainage of deep pelvic 
abscesses that are inaccessible through other routes. A comparison 
of transrectal and transvaginal techniques demonstrated better 
patient tolerance of the transrectal drainage route; pain is more 
severe with transvaginal drainage.*? 

Appendiceal Abscesses 

Periappendiceal abscesses can often be suggested by the 
appearance of the initial CT (see Chapter 120). PAD has been 
increasingly accepted as the initial management of sepsis 
associated with a periappendiceal abscess, allowing the surgeon to 
perform a subsequent appendectomy, often laparoscopically, on 
an elective basis.*+°> Studies show that the presence of a poorly 
defined collection or collections associated with an extraluminal 
appendicolith is predictive of clinical failure with PAD (Fig. 29.8).7° 
For a low-grade abscess, defined as periappendiceal phlegmon 
or abscess smaller than 3 cm, CT guidance and a transgluteal 
approach are factors associated with successful resolution.” 
Peridiverticular Abscesses 

Percutaneous drainage of peridiverticular abscesses has been an in- 
creasingly accepted procedure (see Chapter 121). In patients with di- 
verticular abscess who ultimately require colon surgery, drainage can 
allow initial control of symptoms and obviate a diverting colostomy 
by allowing a 1-stage rather than a 2-stage procedure (see Fig. 29.3).°° 


Endoscopic Management 


Spawned by success with managing pancreatic pseudocysts and 
pancreatic abscesses (see Chapters 58, 59, and 61) and paralleling 
technical improvements in EUS, endoscopic-guided drainage of 
IAA is an emerging paradigm.*!8788 Although no large random- 
ized controlled trials have validated this approach, case series have 
shown favorable results with transgastric and transcolonic drainage 
of IAA, allowing access to subphrenic, perihepatic, lesser sac, peri- 
colonic, and pelvic collections.*!:5*5° Drainage of IAA is precluded 
by this method if the abscess cavity is more than 20 mm from the 
transducer, if there are intervening vessels or intervening ascites.°? 

If review of cross-sectional imaging (CT, MRI, and US) 
reveals a collection amenable to drainage, the cavity is localized 
with EUS and cannulated with a 19-gauge EUS FNA needle. 
A stiff guidewire is placed into the collection. The wall of the 
abscess is punctured with an over-the-wire-needle knife cath- 
eter or via cannulation with an ERCP cannula. The tract is then 
dilated, and double pigtail plastic stents (7 to 10 Fr) are placed. A 


sample of the IAA is sent for Gram stain and culture. Follow-up 
CT is performed 2 to 3 days after the procedure. If the abscess 
has decreased significantly in size and the patient has clinically 
improved, the stents may be removed prior to patient discharge. 
If a sizable collection persists, the stents are left in place and a 
repeat CT is performed in 6 to 8 weeks. If the abscess remains, 
additional stent deployment, PAD, or surgical management may 
be undertaken.** Stent migration has been reported in a minority 
of available case reports.*” 

Case series suggest that endoscopic drainage of postoperative 
fluid collections is comparable to percutaneous drainage in suc- 
cess rate and complications.” 


Surgical Management 


Surgical management of LAA is indicated in the setting of general- 
ized peritonitis, uncontained GI perforation, in patients without a safe 
PAD or endoscopic drainage option, or in patients who have failed 
PAD or endoscopic drainage. Prime examples of the need for sur- 
gical management still include intramesenteric or interloop abscess 
and numerous separate abscesses (see Fig. 29.5). Patients who have 
failed PAD management owing to the presence of a continued source 
of infection require surgery for removal of the contaminant (e.g., 
extraluminal appendicoliths, dropped gallstones, large debris).””:”! 

Patients with complex abdominal trauma, abdominal septic 
shock, abdominal hemorrhagic shock, or abdominal compartment 
syndrome are increasingly managed with damage control laparot- 
omy (DCL), giving rise to laparostomy or “open abdomen” (OA),”” 
a technique whereby the fascia and skin are intentionally left open at 
the initial surgery, with a plan for definitive closure at a later time. 
DCL affords brief therapy for acute abdominal issues, with the aim of 
precluding complications associated with coagulopathy, acidosis, and 
hypothermia that arise in these patients. Treatment failure or over- 
whelming infection at the time of the initial DCL can cause patients 
with abdominal septic shock and secondary peritonitis to progress 
to tertiary peritonitis, with the need for multiple débridements and 
washouts. IAA in this subset of patients presents special challenges, 
chief among them antibiotic selection to cover nosocomial infection, 
as detailed earlier. Development of IAA and enteric fistula in these 
patients is associated with failure to achieve fascia closure and con- 
tributes to the high mortality rate associated with OA, usually over 
20%.°* Negative-pressure devices like the vacuum-assisted closure 
(VAC) device remain a cornerstone in OA management, but tech- 
niques to increase closure rates of the OA are under continual inves- 
tigation and include such novel solutions as injection of botulinum 
toxin into abdominal wall musculature to permit closure. 


Outcomes 


Outcomes after treatment of IAA are dependent on many fac- 
tors. Mortality rates range from less than 5% for simple second- 
ary bacterial peritonitis to 65% or higher for complicated tertiary 
peritonitis.” 2823-25 Simple abscesses associated with perforated 
appendicitis that responds to surgical drainage and antibiotics 
have a low mortality rate. Higher mortality rates occur in older 
patients, men, those who have complex abscesses, high Acute 
Physiology and Chronic Health Evaluation II and multiple organ 
dysfunction scores, or in patients who experience a therapeutic 
delay or who use glucocorticoids or are otherwise immunosup- 
pressed.!:”° Other risk factors for high mortality include multiple 
reoperations to control intra-abdominal sepsis, malnutrition, poor 
physiologic reserve, high New York Heart Association class, and 
multiple organ dysfunction syndrome. It has been suggested that 
continued intra-abdominal infection is another manifestation of 
organ failure and not a cause”’—that is, patients die with infection, 
not of infection. Aggressive surgical, antibiotic, and supportive 
care is needed in this group of patients, and they may benefit from 
defined clinical pathways that minimize variability in practice.”* 
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BOX 29.4 Classification of Fistulas 


ANATOMIC 
Internal (e.g., ileocolic, colovesical) 


External (e.g., enterocutaneous) 
PHYSIOLOGIC 


High output (>500 mL/day) 
Low output (<200 mL/day) 


GASTROINTESTINAL FISTULAS 


A fistula is any abnormal anatomic connection between 2 epithe- 
lialized surfaces, a definition that includes many clinical entities. 
Fistulas arising in the abdomen can originate from any epithe- 
lialized surface of a hollow viscus or drainage duct in the GI or 
genitourinary tract, liver, or pancreas. 


Classification 


In general, fistulas are classified by their anatomy and physiol- 
ogy. Anatomic classifications are based on the fistula’s origin and 
drainage point. Inherent in this anatomic classification system is 
whether the fistula is internal or external; internal fistulas drain 
between 2 epithelial surfaces, whereas external fistulas drain to the 
outside surface of the body. Physiologic or volume classifications 
are based on the output of a fistula in a 24-hour period, and they 
are generally divided into high or low output (Box 29.4). Both fis- 
tula classifications are often used clinically when describing a fis- 
tulous tract (e.g., a high-output gastrocutaneous fistula). A special 
case is the enteroatmospheric fistula, defined as a fistula between a 
hollow viscous and the atmosphere (discussed later). This chapter 
largely focuses on enterocutaneous fistulas; for specific discussions 
of biliary and pancreatic fistulas, see Chapters 58, 59, 61, and 70. 


Pathophysiology 


GI fistulas can occur spontaneously or following medical proce- 
dures. Spontaneous fistulas account for 15% to 25% of fistulas 
and arise in association with inflammatory/infectious processes, 
cancer, and radiation treatment.’”!°’ Inflammatory processes 
contributing to spontaneous fistula formation include colonic 
diverticulitis, IBD, IAA, PUD, and appendicitis. These fistulas 
can be internal or external, and depending on the special circum- 
stances, they can have different rates of spontaneous closure. The 
remaining 75% to 85% of fistulas are due to surgical or other 
procedures!*-!!3; most of these are postoperative and represent 
anastomotic disruptions or missed injuries to the bowel. Risk 
factors for postoperative fistula formation include malnutrition, 
sepsis, shock, hypotension or need for vasopressor therapy, glu- 
cocorticoid therapy, associated comorbidities, and technical dif- 
ficulties with a surgical anastomosis.!!+ 

Determining the cause of fistula formation is important 
because it often influences therapy. Fistulas that arise in the set- 
ting of IBD may respond to anti-inflammatory therapy, whereas 
those due to direct involvement from malignancy are unlikely to 
close spontaneously and often require surgical intervention. Post- 
operative low-output fistulas arising from a partial anastomotic 
dehiscence frequently close with conservative management. Con- 
ditions associated with failure of spontaneous fistula closure are 
listed in Box 29.5. 


Diagnosis 


Accurately diagnosing fistulas largely depends on anatomic 
considerations. An external enterocutaneous fistula is often 


BOX 29.5 Conditions Associated with Nonhealing 
Spontaneous Gl Fistulas 


Foreign body within the fistula tract (see Chapter 28) 

Radiation enteritis involving the affected bowel (see Chapter 41) 
Infection or inflammation at the fistula origin 

Epithelialization of the fistula tract 

Neoplasm at the fistula origin 

Distal obstruction of intestine 


diagnosed based on visual confirmation of external enteric drain- 
age. Suspicious wound drainage can be tested for elevated levels 
of bilirubin and amylase to confirm that the fluid is enteric in 
origin. Another simple test to confirm the presence of an external 
fistula is to give the patient oral activated charcoal. If the drainage 
contains charcoal, then an enteric fistula is confirmed. The pas- 
sage of ingested poppy seeds in urine may confirm the presence of 
an enterourinary fistula. Fistulas with external drainage are often 
more obvious than internal fistulas, which may be more difficult 
to diagnose. This would be the case, for example, in a cholecysto- 
duodenal fistula, which may not manifest unless a gallstone ileus 
develops (see Chapter 65). In a colovesical fistula, the presenting 
signs are often urinary tract infection, fecaluria, and pneumaturia. 

Occasionally, especially in the setting of associated infection, 
it may be more difficult to confirm the presence of a fistula on 
physical exam. In cases where there is suspicion of a fistula, sta- 
bilization of the patient is paramount, after which radiographic 
studies are often helpful in establishing the diagnosis of a fistula, 
determining the cause and source of the fistula, and confirming 
adequate drainage and defining the tract. This information is then 
used in formulating an appropriate treatment plan. These studies 
can include fluoroscopy after administration of oral or rectal con- 
trast medium, depending on the site of suspicion. Internal fistulas 
can be diagnosed when injecting contrast medium into one hollow 
viscus (e.g., urinary bladder) results in opacification of another vis- 
cus (e.g., rectosigmoid [Fig. 29.9]). Alternatively, contrast can be 
injected retrograde into the drainage site (fistulography) and fol- 
lowed to its site of origin (Fig. 29.10; also see Fig. 29.7). CT with 
contrast or MRI, especially when performed with an enterography 
protocol, may reveal a fistula tract (Fig. 29.11). Such cross-sec- 
tional imaging protocols have the added advantage of determining 
whether any undrained collections are present. Lastly, endoscopy 
may useful to visualize the luminal origin of the fistula. 


Management 
Stabilization 


Initial management of GI fistulas is directed to stabilizing the 
patient, controlling sepsis, and management of fluid and elec- 
trolyte derangements. This can be a daunting task if the patient 
presents with severe sepsis or if the fistula has a high output (>500 
mL/day; see Box 29.4). Output greater than 1000 mL/day is not 
uncommon if the fistula originates in the proximal small bowel. To 
prevent intravascular volume depletion and electrolyte imbalance, 
fluid and electrolyte replacement must be a priority and should be 
addressed before more detailed diagnostic studies of the fistula are 
undertaken. Administration of replacement fluids should take into 
account the volume and electrolyte content lost through the fis- 
tula. In general, fistula output is isosmotic and rich in potassium. 
Initially, fistula output should be replaced milliliter for milliliter 
with a balanced salt solution that contains added potassium. If dif- 
ficulties are encountered when managing electrolyte imbalances, 
a sample of fistula fluid can be sent to the laboratory for electro- 
lyte determination, and subsequent electrolyte replacement can 
then be formulated on the basis of laboratory results. 
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Fig. 29.9 Abdominal films showing 

a rectovesical fistula in a patient with 
Crohn disease, pneumaturia, and 
urinary tract infection. A, Catheter in 
the bladder, with contrast beginning 
to fill the bowel. B, Contrast has filled 
the sigmoid colon and rectum through 
the fistulous tract. (Courtesy Dr. Mark 
Feldman, Dallas, TX.) 


Fig. 29.10 A, Fluoroscopic image of a patient with Crohn disease with 2 draining abdominal wounds in whom 
guidewires have been placed within each tract, one within the transverse colon (large arrow) and the other 
within a loop of jejunum (small arrow). Note an additional thin enterocolonic fistula connecting the jejunum 

and transverse colon (arrowheads). B, Same patient after placement of drainage catheters into the transverse 
colonic (large arrow) and jejunal (small arrow) components of this complex fistula. 


Several hyperenhancing small 
bowel loops with stellate 
configuration representing 
enteroenteric fistulas 


Fig. 29.11 Axial MRI after gado- 
linium contrast of a patient with 
Crohn disease, showing matted 
loops of small bowel (circle) in a 
tethered stellate configuration typi- 
cal of enteroenteric fistulas (arrow). 
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Establishment of Adequate Drainage 


A cornerstone of the early management strategy in the treatment 
of enterocutaneous fistulas is establishing adequate drainage. 
This issue requires immediate attention because if drainage is not 
facilitated, pooling of fistula contents within the abdominal cavity 
can lead to infection, abscess formation, and sepsis. Minor surgi- 
cal maneuvers, such as opening a recent surgical incision to allow 
adequate drainage, are often required. Placement of percutane- 
ous catheters may be needed to drain collections and control the 
fistula effluent. Some patients present with diffuse peritonitis that 
cannot be managed with percutaneous drainage alone. In these 
situations, patients may require abdominal exploration and wash- 
out. Definitive repair of such fistulas at the time of operation for 
peritonitis is rarely successful. In these circumstances, the goal of 
surgery is to remove contamination and establish drainage, often 
with placement of drains during surgery. 

Diverting enterostomies and surgical feeding tubes are placed 
when appropriate.!!° Once ongoing peritoneal contamination is 
resolved and external drainage is established, the effluent from 
the fistula must be controlled. Because most enterocutaneous 
fistulas occur postoperatively, some ingenuity may be required 
when trying to protect the skin from the caustic effects of the 
fistula output. Most acute postoperative enterocutaneous fistu- 
las decompress through the surgical incision. Because the inci- 
sion shows signs of infection and drainage, it must be opened. 
A reopened incision that is draining intestinal contents is not 
amenable to simple placement of an ostomy bag to collect the 
drainage. There are multiple options for containment, but an 
experienced enterostomal therapist should be consulted when 
dealing with this difficult problem.'!° A recent adjunct in the 
management of enterocutaneous fistulas has been local wound 
care with the VAC system described earlier. The VAC device has 
simplified management of these difficult wounds, because control 
of the effluent and the open wound can be managed simultane- 
ously, 108-117-119 

With the increasing popularity of DCL and OA, enteroat- 
mospheric fistulas have become more common.!?°!*? These 
“exposed fistulas” are often very difficult to manage and give rise 
to drainage challenges. Many inventive strategies have been used 
to care for these complex fistulas. 123-126 


Nutritional Support 


Well-nourished patients without infectious complications are 
more likely to experience spontaneous fistula closure and are 
at lower risk for operative complications if surgical repair is 
required.!°%.!?7-30 Thus, nutritional evaluation and support 
must be aggressively pursued (see Chapters 5 and 6). The causes 
of malnutrition in the patient with a GI fistula are multifacto- 
rial, including underlying disease states, lack of protein intake, 
protein losses through the fistula, and underlying sepsis with 
hypercatabolism.!!* Soon after diagnosis of a GI fistula, aggres- 
sive caloric support must be given. Once the anatomic origin 
of the fistula is determined, the route of feeding is considered. 
TPN seems to be the natural first choice for a patient with an 
enterocutaneous fistula, but not all patients must be placed on 
TPN. In a study of 335 patients with external fistulas, 85% 
were managed solely with enteral feedings.!*! In a subgroup of 
patients with uncomplicated fistulas in this study, 50% healed 
spontaneously with this mode of nutritional therapy alone. In 
another study, initiation of enteral feeding within 2 weeks of 
admission in patients with GI fistulas complicated with severe 
sepsis resulted in more rapid abdominal wound closure and 
decreased mortality compared with later initiation.'>? Enteral 
feeding enhances mucosal proliferation and villous growth 
through direct and indirect mechanisms. Nutrients in con- 
tact with the bowel mucosa provide direct stimulation to the 


enterocyte, and feedings high in glutamine may be particularly 
beneficial because glutamine is the main source of energy for 
the enterocyte.!*? Furthermore, nutrients within the gut lumen 
cause the release of gut-derived hormones that have an indi- 
rect trophic effect on the intestinal mucosa (see Chapter 4). 
TPN, in contrast, has been shown to lead to gut mucosal atro- 
phy. This may in part be because standard TPN solutions do 
not contain glutamine, which crystallizes out of solution. In 
a small study of patients on TPN, spontaneous resolution of 
fistula drainage was more likely in patients supplemented with 
oral glutamine.!** Despite recent advances in enteral feeding of 
patients with GI fistulas, TPN remains the mainstay of nutri- 
tional support for most patients because they are unable to 
absorb sufficient calories enterally.!?° Consequently, aggressive 
nutritional support is vital to improving outcomes in patients 
with GI fistulas. 16 

The decision to support the patient with a GI fistula with 
enteral nutrition or TPN is based on anatomic and physi- 
ologic considerations. In most patients, a trial of enteral feeding 
should be initiated after stabilization. Often, fistula output is 
not increased significantly despite feeding. If the output does 
increase significantly, decreasing or stopping enteral feeding 
should be considered. If the fistula is in the proximal intes- 
tine and distal access to the intestine has been established, as 
in many postoperative fistulas in which a feeding jejunostomy 
has been placed at the time of surgery, enteral feeding into the 
distal bowel should be started. Along with the commencement 
of enteral feeding, infusion of the proximal fistula drainage 
into the distal bowel has been shown to make fluid and electro- 
lyte management easier, as well as decrease the output of the 
proximal fistula.!°%!37 In addition, fistuloclysis or tube feeding 
directly into the efferent limb of a fistula has been shown to be 
effective in selected patients.!** It is not mandatory to provide 
full nutritional support via the enteral route to obtain the ben- 
efits of enteral feeding; protein and caloric requirements can be 
supplemented by TPN. 


Medical Therapy 


Somatostatin Analogs 
Somatostatin analogs such as octreotide or lantreotide may be 
adjunctive to TPN in the management of the patient with a 
GI fistula. Octreotide has been shown to decrease fistula out- 
put by several mechanisms. First, it inhibits the release of gas- 
trin, cholecystokinin, secretin, and many other GI hormones. 
This inhibition decreases secretion of electrolytes, water, and 
pancreatic enzymes into the intestine, subsequently decreas- 
ing intestinal volume. Second, octreotide relaxes intestinal 
smooth muscle, thereby allowing for a greater intestinal capac- 
ity. Third, octreotide increases intestinal water and electrolyte 
absorption. !>° 

Meta-analyses of the randomized studies evaluating som- 
atostain analogs in the treatment of enterocutaneous fistulas 
show an increased closure rate, with decreased fistula output, 
time to closure, and hospital stay, without an effect on mortal- 
ity.!*°!4! Octreotide results in an increased fistula closure rate 
by converting a high-output fistula to a low-output fistula.! 
We advocate a time-limited trial to evaluate whether addition 
of octreotide reduces fistula output. If the output does not 
decrease within 72 hours of initiation of treatment, octreotide 
should be discontinued. 


Management of Crohn Disease 


Historically, conservative management of fistulas associated with 
Crohn disease had been uniformly unrewarding because most 
abdominal and perianal fistulas required surgical correction. The 
observation that TNF-a production in the intestinal mucosa is 
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increased in patients with Crohn disease!® has led to develop- 
ment of chimeric monoclonal antibodies against TNF-a (inflix- 
imab), as well as other anti-inflammatory monoclonal antibodies 
(ustekinumab and vedolizumab) for the treatment of Crohn dis- 
ease (see Chapter 116). For the initial management of fistulas in 
Crohn disease, a trial of an anti- TNF-a antibody regimen should 
be considered and has been supported by a Cochrane Database 
review.'* A number of small series advocate for the use of 
aggressive immunosuppression of fistulizing Crohn patients with 
methotrexate or tacrolimus when other nonoperative therapy has 
failed. !45.146 

The data for medical treatment of fistulizing Crohn disease 
are heavily weighted toward the treatment of perianal disease, 
with little data specifically for enterocutaneous fistulas. Meta- 
analysis suggests variable quality evidence for the role of TNF 
antagonists, mesenchymal stem cell therapy, immunosuppressive 
agents, and therapy with TNF antagonists in combination with 
antibiotics in the treatment of fistulizing Crohn disease.!47:!4° In 
the setting of failed medical management, surgical intervention 
should be pursued. 


Nonsurgical Intervention 


Nonsurgical interventions in the management of refractory fistu- 
las include the use of covered stents, clips, endoluminal vacuum 
(E-vac) therapy, endoscopic suturing, occlusive plugs, and fibrin 
glue placed endoscopically or percutaneously. Although reports 
are limited to case series at this time, a variety of nonsurgical 
techniques, including fistuloscopy, fluoroscopy, and endoscopy, 
have been reported.'*?-'5? Success with endoscopic clipping 
of the internal fistula opening has also been seen, and over the 
scope, clips now available may allow for endoscopic closure of 
larger defects. 133-158 

E-vac therapy is very promising in the management of upper 
and lower GI fistulas and leaks. It has theoretical advantages 
over other techniques, with improved drainage of infection and 
enteric effluents through the negative pressure suction applied. 
This additionally can improve blood flow to the healing defect. 
This technique involves endoscopic evaluation of the luminal 
defect, irrigation, and aspiration of any associated abscess cavity 
or fistulous track, followed by insertion of an open pore poly- 
urethane sponge cut to the appropriate size and attached to the 
end of a nasogastric tube (there is currently no available com- 
mercial E-vac product in the US). Once the sponge is in place, 
it is placed to continuous negative pressure of 100 to 125 mm 
Hg. Sponge changes are performed every 3 to 5 days until clo- 
sure of the cavity and defect. Data from case series are quite 
encouraging. 157-162 

Endoscopic and nonoperative techniques may serve as a 
useful adjunct for fistulas refractory to conservative manage- 
ment or increasingly as front line treatment options. Initial 
attempts of nonsurgical interventions do not preclude surgery 
and may spare some patients having to undergo highly morbid 
procedures. 


Surgical Intervention 


Surgical therapy remains the mainstay of management of entero- 
cutaneous fistula in which conservative and endoscopic man- 
agement has failed in the resolution of fistulous output.!0:106 
Indications for early surgery include inability to control the fis- 
tula without surgical drainage, sepsis, abscess formation, intesti- 
nal obstruction distal to the fistula, and bleeding. Early surgical 
intervention often involves temporizing measures to eliminate 
the source of sepsis and establish fistula control, such as washout 


and drainage and/or stoma formation. More complex fistulas may 
require surgery to remove mesh or other foreign bodies before 
spontaneous closure can occur or definitive surgery is under- 
taken. The goal of surgical therapy is to resolve infection and 
restore intestinal continuity—usually requiring resection.!° 
Attempts at direct fistula closure are rarely successful and gener- 
ally should be avoided. Minimally invasive surgery is an option in 
selected patients. 14°:164 

There are no firm data to dictate the timing of a definitive 
operation, but timing of surgery should take into account the 
clinical scenario for the case at hand. In the case of the postopera- 
tive enterocutaneous fistula, further surgery should occur either 
in the favorable “window period,” 7 to 12 days after laparotomy 
or deferred at least 6 weeks thereafter to allow improvement of 
intra-abdominal inflammation and adhesions.!® The rationale to 
waiting is to avoid an operation until the severe inflammatory 
response in the abdomen has resolved and the associated dense 
vascular adhesions have diminished. If operative intervention is 
performed beyond the window period, it is often doomed to fail. 
Moreover, these patients have an increased likelihood of develop- 
ing additional enterotomies. In the setting of sepsis, the general 
consensus in the literature is to wait at least 6 weeks after stabili- 
zation and resolution of sepsis, with many advocating for longer 
waiting periods. !%.16° 

The mainstay of surgical treatment is resection of the 
involved segment of bowel, with anastomosis. Different tech- 
niques have been used in the surgical treatment of fistulas, and 
some success has been seen with innovative techniques such as 
pedicled flaps.!°7 


Outcomes 


Early morbidity and mortality in the management of external 
fistulas result from initial fluid and electrolyte derangements 
that go unchecked. However, the major cause of mortality in 
patients with GI fistulas is sepsis with multiple organ failure. 
The typical setting for septic complications is provided by 
complex fistulas for which there is inadequate or uncontrolled 
drainage. In this setting, pooling of enteric contents occurs 
within the abdominal cavity and acts as a nidus of infection. 
Therefore, as noted, aggressive attempts must be made to 
ensure that fistulous drainage is well controlled. The mortal- 
ity rate from all causes in patients with fistulas ranges from 


TABLE 29.1 Prognostic Indicators of Spontaneous Fistula Closure with 
Nonoperative Management 


Favorable Unfavorable 


Surgical etiology lleal, jejunal, nonsurgical etiology 


Appendicitis, diverticulitis IBD, cancer, radiation 


Transferrin >200 mg/dL Transferrin <200 mg/dL 


No obstruction, bowel in 
continuity, no infection, no 
inflamed intestine 


Distal obstruction, bowel 
discontinuity, adjacent infection, 
adjacent active inflammation 


Length >2 cm, end fistula Length <2 cm, lateral fistula, 


multiple fistulas 
Output >200 mL/24 hr 
Sepsis, electrolyte disturbances 


Output <200 mL/24 hr 


No sepsis, balanced serum 
electrolytes 


Initial referral to tertiary care center Delay getting referral to tertiary care 
and subspecialty care center and subspecialty care 


Adapted from Gribovskaja-Rupp |, Melton GB. Enterocutaneous fistula: 
proven strategies and updates. Clin Colon Rectal Surg 2016; 29:130-7. 
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New fistula 
confirmed 


Acid/base 
balance 
correction 


Y 
Adequate 
drainage? 
Yes 
No 


Anatomic/diagnostic 
studies 


Anatomically favorable 
for spontaneous 
closure? (see Table 28.1) 


Volume 
replacement 


Nutrition 
support 


Electrolyte 
correction 


Collect drainage; 
protect skin; 
apply VAC 


Surgical drainage 
or PAD 


Proximal Distal 
intestine/high intestine/low 
output output 


Crohn’s 
disease 


Complex fistula, 
prior radiation, 
cancer 


Conservative 
management 
(enteral feeding) 


Distal enteral 
access? 


Supportive care Trial of 
until surgical anti-TNF 
closure is safe agent 


Distal enteral 
feeding, reinfuse 


TPN 
support 
fistula output 
Open >6 wk: Spontaneous 
surgery closure 


Fig. 29.12 Algorithm for the management of GI fistulas. See text for 
details. PAD, percutaneous abscess drainage; VAC, vacuum-assisted 
closure. 


10% to 30% ,100,101,103,106,108,128,129,165,168* Higher mortality 
rates are seen in those with comorbidities, age older than 55, 
who are septic, are malnourished, have had previous radiation 
therapy, or have complex fistulas associated with a postopera- 
tive abdominal wall dehiscence.!°:!??:!° Another major risk 
of mortality in patients with GI fistulas is severe underlying 
disease, most frequently cancer. Often, patients who are ter- 
minally ill secondary to malignancy forgo further operative 
procedures. !°? 

Fistula recurrence after surgery has been noted in 5% to 
38% of postoperative patients. Factors associated with fistula 
recurrence after surgery include IBD, poor nutritional status, 
complex fistula, delayed fascial closure, mesh implantation, 
infection, advanced underlying disease states, and oversewing the 
fistula instead of resection and reanastomosis. !00-!07,108,128,163,165 
It has been reported that patients with high-output fistulas 
had a 4-times greater chance of recurrence than patients with 
low-output fistulas.!°’ In a univariate analysis, factors associ- 
ated with the greatest chance of recurrence after surgery for 
fistula closure included high output, enteroatmospheric fistula, 
and/or a history of OA. The authors’ recommendation was to 
treat any recurrence as a “new” fistula and to follow standard 
treatments. !67 

Beyond prevention of morbidity and mortality, the ultimate 
goal in fistula management is closure. Often this is accom- 
plished spontaneously with supportive measures. The rate of 
spontaneous closure of fistulas varies in the literature from 15% 
to 71%. Of those fistulas that close spontaneously, about 90% 
will do so within 30 days of stabilization and control of sepsis. 
Important factors for resolution are control of sepsis, control 
of fistula output, and nutritional support. ‘Table 29.1 lists some 
prognostic factors important in determining rate of spontane- 
ous fistula closure.!”° Fistulas that ultimately require surgical 
closure are more often associated with high output, short tract, 
and ongoing sepsis. 

Although innovative therapy and supportive care have 
resulted in improving spontaneous closure rates, management 
of these difficult problems requires a multidisciplinary approach 
that includes a nutritional support service, an enterostomal 
therapist, a surgeon, an interventional radiologist, and a gastro- 
enterologist.!’! An algorithm to manage GI fistulas is presented 
in Fig. 29.12. 


Full references for this chapter can be found on www.expertconsult.com. 


*See references 100, 101, 103, 106, 108, 128, 129, 165, 168. 
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Eosinophilic GI disorders (EGIDs) are defined by selective 
eosinophil-rich inflammation along the GI tract in the absence 
of known causes for eosinophilia (e.g., drug reactions, parasitic 
infections, malignancy) and in association with GI-related symp- 
toms. EGIDs include a spectrum of conditions, named by the 
anatomic location of the associated eosinophil infiltration; eosin- 
ophilic esophagitis (EoE), eosinophilic gastritis (EG), eosino- 
philic enteritis, and eosinophilic colitis (EC). We reserve the term 
eosinophilic gastroenteritis for when more than one segment of 
the GI tract is involved. An increasing body of evidence indicates 
that eosinophils have a key role in the pathogenesis of a number 
of GI diseases. Our understanding of gut eosinophil pathophysi- 
ology primarily arises from the more prevalent and studied entity 
of EoE, for which there is also an accepted consensus regarding 
to clinical diagnosis and management. Accumulating data sup- 
port the concept that EGIDs arise from the interplay between 
genetic (higher prevalence in families! and EoE genetic risk fac- 
tors including common single nucleotide polymorphisms’) and 
rare damaging variants,* environmental (e.g., diet’-’), and host 
immune system factors. The immune system signature of EGIDs 
falls between immunoglobulin E ([gE)-mediated and delayed 
T-helper type 2 (Th2) responses.*!! Studies have identified 
contributory roles for allergens,’ cytokines (e.g., interleukin 
[IL]-5, IL-13), microRNAs (e.g., miR-21),!? chemokines (e.g., 
eotaxins!*), polarization of Th2 immunity (e.g., thymic stromal 
lymphopoietin [TSLP]),”” loss of barrier function,!’ and a prote- 
ase/protease inhibitor imbalance, favoring protease activation in 
the disease pathophysiology.'* These factors can hence serve as 
potential future disease biomarkers as well as therapeutic targets 
for EGID. 


EOSINOPHIL BIOLOGY AND POTENTIAL DIAGNOSTIC 
AND THERAPEUTIC TARGETS 


Eosinophils contain a full complement of mediators (cytokines 
and chemokines) necessary to regulate both innate and adap- 
tive immune responses. They can function as antigen-presenting 
cells, and they express Th2 cytokines (IL-4, IL-5, IL-13), Th1 
cytokines (interferon-y), proinflammatory cytokines (TNF, IL-6, 
and IL-8), and inhibitory cytokines (transforming growth fac- 
tor [TGF]-f and IL-10), as well as receptors for many of these 
cytokines.!° Eosinophils are produced in the bone marrow from 
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pluripotent stem cells under the regulation of the transcrip- 
tion factor globin transcription factor 1!° the cytokines IL-3, 
IL-5, and granulocyte-macrophage colony-stimulating factor.!’ 
Eosinophils contain specialized secondary granules whose protein 
content is toxic to a variety of tissues, including intestinal epithe- 
lium.!* Eosinophil granules contain a crystalloid core composed 
of major basic protein (MBP)-1 and MBP-2 and a matrix com- 
posed of eosinophil cationic protein (ECP), eosinophil-derived 
neurotoxin, and eosinophil peroxidase.'? Clinical investigations 
have demonstrated extracellular deposition of MBP and ECP in 
the small bowel of patients with eosinophilic gastroenteritis.2°**+ 
Circulating levels of eosinophil-derived neurotoxin are also 
elevated in patients with EoE and can distinguish patients with 
active and inactive disease.” 

IL-5 is the most specific to the eosinophil lineage and is 
responsible for the selective differentiation of eosinophils,”® their 
release from the bone marrow into the peripheral circulation,’ 
and their survival.** Studies in mice have implicated that the level 
of IL-5 expression positively correlates with blood eosinophilia, 
with reduced IL-5 levels causing a marked reduction of eosino- 
phils in the blood, lungs, and GI tract after allergen challenge.”?-*? 
These results have led to development of IL-5 modulators such 
as reslizumab and mepolizumab.*’*+ Reslizumab, a neutraliz- 
ing antibody against IL-5, significantly reduced intraepithelial 
esophageal eosinophil counts in children and adolescents with 
EoE in a double-blind, randomized, placebo-controlled trial.*+ 
However, improvements in symptoms were observed in all treat- 
ment groups and were not associated with changes in esophageal 
eosinophil counts.*+ These two anti-IL-5 drugs, as well as an 
eosinophil-depleting monoclonal antibody directed against the 
IL-5 receptor, are now FDA approved for eosinophilic asthma 
and are likely to have additional applications.*> These results also 
may suggest the importance of other molecules involved in the 
tissue eosinophil-related inflammatory changes that are char- 
acteristic of EoE pathogenesis. Indeed, other products of Th2 
cells (e.g., IL-4, IL-13) can affect eosinophils.*° IL-4 and IL-13 
induce indirect eosinophil recruitment and survival via several 
cooperative mechanisms. They mediate their function by induc- 
ing endothelial expression of critical adhesion molecules that 
bind to the B1 and £2 integrins on eosinophils (e.g., intercel- 
lular adhesion molecule-1, vascular cell adhesion molecule-1), as 
well as of eosinophil active chemokines (e.g., eotaxins) and other 
molecules that influence eosinophils (e.g., chitinases).°°3”’ IL-4 
and IL-13 signal through a common receptor subunit IL-4Ra 
that utilizes the Janus kinase/signal transducer and activator of 
transcription (STAT)-6 pathway*® and eosinophils express the 
predominant IL-4 receptor composed of IL-4Ra and the com- 
mon gamma chain. Mice with targeted deletion of Stat6 have 
impaired development of Th2-associated responses in the GI 
tract.™™*0 In addition, activated STAT-6 dimers bind to spe- 
cific promoter motifs located in a series of inflammatory genes, 
such as the eotaxin-1, eotaxin-2, and eotaxin-3 promoters.*! +5 
Indeed, IL-13 was found in several studies to have a positive cor- 
relation with disease activity in esophageal tissue and with ILS 
and eotaxin-3 messenger RNA expression.*° In addition, IL-13 
overexpression in mice induces EoE-like changes, including 
an esophageal transcriptome that partly overlaps with the EoE 
transcriptome.*’ Early clinical trials with anti-IL-13, as well as 
anti-IL-4 receptor antibodies, have demonstrated reduction in 
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TABLE 30.1 Eosinophilic Esophagitis Diagnostic Panel: 6 Major Categories with 5 Representative Genes in Each Category 


Cell Adhesion Epithelial Inflammation Remodeling Eosinophils/Mast cells Chemokines/Cytokines 
CDH26 FEG TNFAIP6 POSTN CLC CCL26 

DSG1 UPK1A ALOX15 KRT23 CCR3 CXCL1 

CLDN10 SPINK7 ARG1 COL8A2 TPSB2/AB1 IL4 

CTNNAL1 CRISP3 MMP12 CTSC CPA3 IES 

CHL1 MUC4 IGJ ACTG2 CMA1 IL13 


Modified from Rothenberg ME, Stucke EM, Grotjan TM, et al. Molecular diagnosis of eosinophilic esophagitis by gene expression profiling. Gastroenterology 


2013; 145(6):1289-99. 


TABLE 30.2 Gastrointestinal Eosinophil Levels in Normal Pediatric Endoscopic Mucosal Biopsy Specimens 


Lamina Propria 


Villous Lamina Propria 


Surface Epithelium Crypt/Glandular Epithelium 


GI segment Mean Max Mean Max Mean Max Mean Max 
Esophagus N/A N/A N/A N/A 0.03 + 0.10 1 N/A N/A 
Antrum POES 8 N/A N/A (0) 0 0.02 + 0.04 il 
Fundus 2l 2.4 11 N/A N/A (0) 0 0.008 + 0.03 1 
Duodenum 9.6+5.3 26 2. £ 1.4 9 0.06 + 0.09 2 0.26 + 0.36 6 

leum 124 £54 28 4.8 + 2.8 15 0.47 + 0.25 4 0.80 + 0.51 4 
Ascending colon 20.3 + 8.2 50 N/A N/A 0.29 + 0.25 3 {| 4 ge 2 11 
Transverse colon IOG 22 6) 42 N/A N/A 0.22 + 0.39 4 0.77 + 0.61 4 
Rectum Sh) ze GS) 32 N/A N/A CIS 2 O18 2 Lasia 9 

The mean number of eosinophils/HPF + the standard deviation of the mean for the indicated anatomic region of the GI tract and region of the mucosa. 
HPF, High-power field; Max, maximum; N/A, not applicable. 

Reproduced from Debrosse CW, Case JW, Putnam PE, et al. Quantity and distribution of eosinophils in the gastrointestinal tract of children. Pediatr Dev 


Pathol 2006; 9:210-8. 


esophageal eosinophilia and improvement of histology, endo- 
scopic, and clinical symptoms; further studies will hopefully 
establish the positioning of these mechanism-based therapies 
for EoE and likely other EGIDs.***? Eosinophil localization 
to the lamina propria in the GI tract is regulated by eotaxins, 
chemokines constitutively expressed throughout the GI tract.°° 
The eotaxin receptor, chemokine (C-C motif) receptor (CCR)- 
3, is primarily expressed on eosinophils.°! Among the 3 eotaxins, 
eotaxin-3 has been shown to have the strongest correlation with 
EoE pathogenesis.°* Analysis of 288 esophageal biopsies revealed 
that eotaxin-3 messenger RNA level alone had 89% sensitivity 
for distinguishing individuals with and without EoE.*° Collec- 
tively, these studies suggest that IL-5, IL-13, and eotaxin-3 can 
potentially serve as surrogate markers for diagnosis and disease 
activity. In addition, these studies have provided the impetus for 
the development of therapeutic agents aimed at blocking the 
action of eotaxins and/or CCR3. Indeed, small-molecule inhibi- 
tors of CCR3 and a humanized anti-human eotaxin-1 antibody 
have been developed.>®°>.>+ Results with a phase I trial of human- 
ized anti-eotaxin-1 in patients with allergic rhinitis have shown 
no serious adverse responses when this drug is administered by 
intravenous or intranasal routes.’ Notably, anti-eotaxin-1 
lowers levels of eosinophils in nasal washes and nasal biopsies 
and improves nasal patency.*?°*? Anti-eotaxin-1 may be particu- 
larly helpful for patients with eosinophil-dominant asthma and/ 
or severe asthma in which eotaxin-1 is preferentially increased 
but this has not yet been tested clinically.°° In addition, anti- 
eotaxin-1 may have a benefit in other GI disorders characterized 
by eosinophilia such as IBD.°’ However, important lessons from 
the anti-IL-5 antibody clinical trials suggest that researchers 
should focus on both histologic and clinical end points and target 
patients with higher eosinophil and eotaxin-1 levels. 


The EoE diagnostic panel (EDP) has been introduced more 
recently (Table 30.1). The EDP is a set of 96 genes discretely 
expressed in the esophagus of EoE patients, with a 96% sensitiv- 
ity and 98% specificity in pinpointing EoE in adult and pediatric 
patients, in addition to identifying those patients with swallowed 
glucocorticoid exposure. The EDP is also helpful as a predictive 
tool in patients with subclinical histology (<15 eosinophils/high- 
power field [HPF]).°* 


GASTROINTESTINAL EOSINOPHILS IN HEALTHY 
STATES 


Eosinophils have been noted to be present at low levels in 
numerous tissues and at substantial levels in the GI tract, spleen, 
lymph nodes, thymus, and adipose tissue in healthy states.°?:° 
Interestingly, eosinophil infiltration was associated with eosino- 
phil degranulation only in the GI tract; however, it was previ- 
ously suggested that morphologic degranulation may be normally 
observed in the GI tract and perhaps related to tissue process- 
ing.” In the healthy pediatric GI tract, eosinophil levels pro- 
gressively increase from the proximal to the distal intestine,®! with 
the esophagus normally being devoid of eosinophils (Table 30.2 
lists the level of eosinophils in the GI tract of apparently normal 
endoscopic biopsies). In the GI tract of conventional healthy mice 
(i.e., untreated, wild-type mice maintained under pathogen-free 
conditions), eosinophils are normally present in the lamina pro- 
pria of the stomach, small intestine, cecum, and colon® and are 
not normally present in Peyer’s patches or intraepithelial loca- 
tions, although they commonly infiltrate these regions in murine 
models of EGIDs.® Interestingly, fetal mice have eosinophils 
located in similar regions and in similar concentrations to adult 
mice,” providing evidence that eosinophil homing into the GI 
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TABLE 30.3 Differential Diagnosis for Gastrointestinal Gl Eosinophilia 


GERD 
Eosinophilic gastrointestinal disorders (EGIDs) 
Eosinophilic esophagitis (EoE) 
Mendelian and inherited connective tissue disease (CTD), including 
hypermobility syndrome—associated EoE (EoE-CTD) 
Hyper-IgE syndrome—autosomal dominant and recessive 
Ehlers-Danlos syndrome, hypermobility type 
ERBIN deficiency 
Loeys-Dietz syndrome (LDS) 
Netherton syndrome 
PTEN hamartoma syndrome (PHTS) 
Severe atopy syndrome associated with metabolic wasting (SAM) 
syndrome 
Eosinophilic gastritis 
Eosinophilic enteritis 
Eosinophilic gastroenteritis 
Eosinophilic colitis 


Infections 

Schistosomiasis 

Anisakiasis 

GI basidiobolomycosis 

Toxcariasis 

Ancylostoma duodenale 

Hp 

Celiac disease 

Hypereosinophilic syndrome (HES) 
Drug hypersensitivity response 
IBD 

Transplantation-associated eosinophilic enteritis 


Eosinophilic granulomatous polyangiitis (Churg-Strauss syndrome) 


Toxic injury 
Graft-versus-host disease 
Vasculitis 

Collagen vascular diseases 


tract occurs independent of endogenous flora. Tissue-dwelling 
eosinophils have distinct cytokine expression patterns under 
inflammatory or noninflammatory conditions, with esophageal 
eosinophils from patients with EoE expressing relatively high 
levels of Th2 cytokines.°+°° 


EOSINOPHIL-ASSOCIATED GASTROINTESTINAL 
DISORDERS 


Eosinophil accumulation in the GI tract is a common feature 
of numerous GI disorders, including classic IgE-mediated food 
allergy,!!6°-°7 eosinophilic gastroenteritis,”*»* allergic colitis,°"~”! 
EoE,’?-* IBD,”475:76, and GERD”-” (Table 30.3). In IBD, 
eosinophils usually represent only a small percentage of the infil- 
trating leukocytes,’°*° but their level has been proposed to be a 
negative prognostic indicator.*®.*! Similarly, in GERD, there are 
typically only low levels of esophageal eosinophils,’”*’ but the 
entity of PPI-responsive esophageal eosinophilia (PPI-REE) has 
been described.** PPI-REE has overlapping endoscopic, genetic, 
and histologic features with EoE and is now considered part of 
the same disease spectrum.**°> EGIDs (i.e., EoE, EG, eosino- 
philic enteritis, and EC) are defined as disorders that primar- 
ily affect the GI tract with eosinophil-rich inflammation in the 
absence of known causes for eosinophilia (e.g., drug reactions, 
parasitic infections, malignancy). In addition, EoE and inher- 
ited connective tissue disorders (CTD) share excessive produc- 
tion of TGF-f; EoE increases the risk for CTD by 8-fold. This 
association is particularly observed in hypermobility syndromes 
like Loeys-Dietz syndrome, Marfan syndrome type II, and 


Ehlers-Danlos syndrome; this is referred to as EoE-CTD.*°687 
Patients with EGIDs suffer from a variety of problems, including 
failure to thrive, abdominal pain, irritability, gastric dysmotility, 
vomiting, diarrhea, and dysphagia.**-” 

Evidence is accumulating that supports the concept that 
EGIDs arise secondarily to the interplay of genetic and environ- 
mental factors. Notably, a large percentage (~10%) of patients 
suffering from EGIDs, especially EoE, have an immediate fam- 
ily member with EGIDs.!” In addition, several lines of evidence 
support an allergic etiology, including the findings of mast cell 
degranulation in tissue specimens,”!,”* that approximately 75% of 
patients with EGIDs are atopic,™””3- that disease severity can 
typically be reversed by institution of an allergen-free diet,°~’ and, 
importantly, that the disease often relapses upon food reintroduc- 
tion.!°° In addition, murine models of EGIDs support a potential 
allergic etiology for these disorders.!°!!"" Interestingly, despite 
the common finding of food-specific IgE in patients with EGIDs, 
food-induced anaphylactic responses occur in only a minority of 
patients. Thus, EGIDs have properties that fall between pure 
IgE-mediated food allergy and cellular-mediated hypersensitivity 
disorders (e.g., celiac disease).°!! 

Although the incidence of primary EGIDs has not been rig- 
orously calculated, a mini-epidemic of these diseases (especially 
EoE) has been noted over the past decade.” For example, EoE 
is a global health problem now reported in Australia,!°? Bra- 
zil,!0* England,!> Italy,!°° Israel,!°” Japan,!0° Spain,!°” and Swit- 
zerland.!!° Liacouras and his group at Children’s Hospital of 
Philadelphia have found that approximately 10% of their pedi- 
atric patients with GERD-like symptoms who are unresponsive 
to acid blockade have EoE.’? Furuta and his colleagues at Bos- 
ton Children’s Hospital have reported that 6% of their patients 
with esophagitis have EoE.!!! Finally, Noel et al. have reported 
a prevalence of approximately 1:1000 children in the Cincinnati 
metropolitan area over a 10-year period.’ With the introduction 
of ICD-9/10-CM codes for these conditions, recent investiga- 
tions by Consortium of Eosinophilic Gastrointestinal Disease 
Researchers (CEGIR) Investigators were able to accurately 
estimate the prevalence of EGIDs. Using a highly specific case 
definition,!'” the prevalence of EoE has been estimated to be 
between 39.0 and 56.7/100,000 in the US,!!? consistent with ear- 
lier work,’ with an extrapolated national prevalence of approxi- 
mately 105,000 to 150,000 cases.!!3:!!* Despite increases in EoE 
prevalence over the past 2 decades, however, it is still a rare dis- 
ease. A recent meta-analysis estimated the pooled prevalence of 
just 22.7/100,000,!'> suggesting that even fewer than 100,000 
cases exist in the US. In a separate study done by CEGIR, the 
prevalence of EG was found to be 6.4/100,000, extrapolated to 
approximately 17,000 cases in the US, and the prevalence of EC 
was estimated at 3.5/100,000, extrapolated to approximately 9000 
cases!!6; this rare prevalence was confirmed in an independent 
study as well. 117-118 

EGIDs typically occur independent of peripheral blood 
eosinophilia (>50% of the time), indicating the potential signifi- 
cance of GI-specific mechanisms for regulating eosinophil levels; 
indeed, the importance of the eotaxin pathway in this process has 
been demonstrated.!!’:!?° However, some patients with EGIDs 
(typically those with EG) can have substantially elevated levels of 
peripheral blood eosinophils and meet the diagnostic criteria for 
hypereosinophilic syndrome (HES)!?!; this syndrome is defined 
by sustained, severe peripheral blood eosinophilia (+1500 cells/ 
mm’) and the presence of end organ involvement in the absence of 
known causes for eosinophilia.!*’ Notably, while HES commonly 
involves the GI tract, the other end organs typically associated 
with HES such as the heart and skin are uncommonly involved 
in EGIDs. It has been appreciated that a subset of patients with 
HES have a microdeletion on chromosome 4 that generates an 
activated tyrosine kinase (FIP1L1-PDGFRA fusion gene) sus- 
ceptible to imatinib mesylate therapy!”’; the possible occurrence 
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of this and other genetic events in patients with EGIDs, espe- 
cially those with significant circulating eosinophilia, is currently 
being investigated. 


Eosinophilic Esophagitis 


As the esophagus is normally devoid of eosinophils, finding 
esophageal eosinophils denotes pathology.*:”> It is now appreci- 
ated that many disorders are accompanied by eosinophil infiltra- 
tion in the esophagus, such as EoE, eosinophilic gastroenteritis, 
GERD, parasitic and fungal infections, IBD, HES, esophageal 
leiomyomatosis, myeloproliferative disorders, carcinomatosis, 
polyarteritis nodosa, allergic vasculitis, collagen vascular diseases 
such as scleroderma, pemphigus vegetans, and drug injury.°? 
Eosinophil-associated esophageal disorders are classified into 
primary and secondary. The primary subtype is referred to as 
EoE and includes the atopic, nonatopic, and syndromic disor- 
ders, particularly those associated with inherited CTD such as 
hypermobility syndrome,'*+ and familial EoE variants.!*> The 
familial form of EoE is seen in 5% to 10% of patients,! and 
the sibling recurrence risk ratio has been estimated to be over 
50-fold.!2° Moreover, there are several other mendelian diseases 
associated with EoE: ERBIN deficiency, Netherton syndrome, 
PTEN hamartoma tumor syndrome, and severe atopy syndrome 
associated with metabolic wasting syndrome (see Table 30.3).°° 
The secondary subtype is divided into 2 groups, one composed 
of systemic eosinophilic disorders (i.e., HES) and the other of 
essentially noneosinophilic disorders. 


Etiology 


EoE is a clinicopathologic condition that is commonly recognized 
among both pediatric and adult patients presenting to allergy and 
gastroenterology clinics throughout the world. The annual EoE 
incidence rates varying between 0.1 and 1.2 per 10,000 in sev- 
eral studies, with EoE representing the second most common 
cause of chronic esophagitis.*!°° The etiology of EoE is poorly 
understood, but food allergy has been implicated as a primary 
contributor. In fact, the majority of patients have evidence of a 
food allergen and aeroallergen sensitization as defined by skin 
prick and/or allergen-specific IgE tests; however, only a minority 
have a history of food anaphylaxis.” Although considered a food 
allergen driven allergic disease, evidence has accumulated that 
the positive skin tests and allergen-specific IgE are markers of 
the involved immunologic response rather than reflective of the 
primary mechanism.®ć It has also been suggested that esophageal 
eosinophilic inflammation is mechanistically linked with pulmo- 
nary inflammation. This latter theory is based on the finding that 
repeated delivery of specific allergens or the Th2 cytokine IL-13 
to the lung of mice, as well transgenic overexpression of IL-13 
in the lung of mice, induces experimental EoE4:!27:128 and the 
observation of increased eosinophil accumulation in the esopha- 
gus of patients with seasonal allergic rhinitis with hypersensitivity 
to grass.!*? Other studies have also indicated a strong relation- 
ship between atopy and EoE.!°° Indeed, patients with EoE com- 
monly report seasonal variations in their esophageal symptoms. 
In addition to eosinophils, T cells and mast cells are elevated in 
esophageal mucosal biopsies, suggesting chronic Th2-associated 
inflammation.!*!:!* Elevated TGF-B, produced by eosinophils 
and mast cells, has been shown to contribute to tissue remodeling 
and smooth muscle dysfunction.'*? Furthermore, epicutaneous 
antigen exposure primes the esophagus for marked eosinophilic 
inflammation following a single airway antigen challenge.!*+ 
The genome-wide microarray expression profile analysis 
of esophageal tissue was a landmark advance in EoE research.’ 
Investigators compared gene transcript expression in the esopha- 
geal tissue of patients with EoE or chronic esophagitis (typical 
of GERD) and normal individuals. Notably, the dysregulated 


expression of approximately 1% of the entire human genome 
constituted an EoE genetic signature. Interestingly, eotaxin-3 
was the most overexpressed gene in patients with EoEF, and lev- 
els correlated with disease severity; in fact, overexpression of 
eotaxin-3 alone has a predictive value of 89% in diagnosing EoE 
from a single esophageal biopsy.*° The same investigators dem- 
onstrated that mice with a genetic ablation of the eotaxin receptor 
(CCR3) were protected from the development of experimental 
EoE. Collectively, these results strongly implicate eotaxin-3 
in the pathoetiology of EoE and offer a molecular connection 
between Th2 inflammation and the development of EoE. The 
first genome-wide association study linked EoE to the genetic 
locus region 5q22, which harbors the TSLP gene; notably, TSLP 
has a known role in processes germane to EoE, including polar- 
ization of Th2 immunity and induction of eotaxins.!*? Subse- 
quent genome wide association studies validated the TSLP locus 
and also identified a strong genetic susceptibility locus at 2p23, 
at the CAPN14 gene locus.'°° CAPNI4 encodes for calpain-14, 
an esophageal-specific intracellular cysteine protease that regu- 
lates epithelial cell barrier function. Interestingly, calpain-14 
is induced by IL-13, linking allergic type 2 adaptive immune 
responses with an innate epithelial cell response. As such, this 
esophageal specific pathway helps to explain why allergic individ- 
uals develop EoE, linking type 2 immunity (allergic) with esoph- 
ageal specific responses.!*° In support of this, genetic interplay 
(epistasis) of CAPN14 genetic variants with atopy susceptibility 
variants have been demonstrated.!*” In addition, using a broad 
candidate-gene approach, genetic variants in TSLP and its recep- 
tor have been associated with EoE susceptibility.!** 


Clinical Features and Diagnostic Studies 


EoE represents a chronic, antigen-driven, immune-mediated 
mediated disease characterized clinically by symptoms related 
to esophageal dysfunction and histologically by eosinophil- 
predominant inflammation.*’ EoE should be diagnosed by cli- 
nicians, taking into consideration all clinical and pathologic 
information; neither of these parameters should be interpreted 
in isolation. The diagnostic criteria for EoE in 2011,8 empha- 
sized that EoE requires finding 15 or more eosinophils/HPF 
(peak value) in the esophagus. This definition is based on a 2017 
consensus recommendation that PPI-responsiveness is not con- 
sidered in the diagnosis of EoE, as PPI-REE has phenotypic, 
genetic, and molecular features that overlap with PPI-resistant 
esophageal eosinophilia.*+°> With few exceptions, 15 eosinophils/ 
HPF (peak value) is considered a minimum threshold for a diag- 
nosis of EoE. The consequences of this eosinophil-predominant 
inflammation of the esophagus can have a profound systemic and 
emotional impact for patients and their families.!7+13” 

In regard to the history of EoE, this disorder has been identi- 
fied in the pediatric and adult patient populations, typically in 
male patients with evidence of atopy, and the disease most often 
responds to either topical glucocorticoid therapies or dietary 
restrictions. At this time, therapy for EoE is chronic, with recur- 
rence of disease activity being noted rapidly after cessation of 
either dietary or drug-based therapies. '*° The primary symptoms 
of this disorder vary with the age of the patient. These symptoms 
include difficulties with eating, failure to thrive, chest and/or 
abdominal pain, dysphagia, and food impaction.!°> These symp- 
toms generally occur in chronological order depending upon 
patient age, providing supportive evidence that the natural history 
of pediatric EoE progresses into adult EoE.'*! Infants and tod- 
dlers often present with feeding difficulties, whereas school-aged 
children are more likely to present with vomiting or pain. Dys- 
phagia is a predominant symptom in adolescents. EoE in children 
is most often present in association with other manifestations of 
atopic diathesis (food allergy, asthma, eczema, chronic rhinitis, 
and environmental allergies) that also follows chronologic order 
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Fig. 30.1 Esophagus with furrowing and exudates. 


in a similar fashion to the “allergic (or ‘atopic’) march.” Symp- 
toms in adult patients with EoE are somewhat stereotypical and 
include dysphagia, non—swallowing-associated chest pain, food 
impaction, and upper abdominal pain. Solid-food dysphagia 
continues to be the most common presenting symptom.!*? Food 
impaction necessitating endoscopic bolus removal occurs in 33% 
to 54% of adults with EoE.! 

The assessment of EoE includes an allergy evaluation to look 
for coexisting allergic diseases, given the association of EoE with 
the atopic march. It is no longer considered necessary to look for 
food allergen and aeroallergen sensitization either by skin prick 
tests or measurement of allergen-specific IgE in serum, as this has 
little bearing on successful diet therapy compared with empiric 
avoidance of the most common allergens.'+* However, these tests 
may be useful when deciding which foods to add back to the diet, 
especially when EoE patients have a history of acute reactions 
to food (anaphylaxis). Exclusion of GERD as the primary cause 
of esophageal eosinophilia should be considered when clinically 
appropriate. A study has suggested that evaluation of food protein 
sensitization by delayed skin patch testing increases the identifi- 
cation of food allergy compared with skin prick testing alone,’ 
but these findings have been primarily limited to one site and are 
not generally recommended. 

Physical examinations for patients with EoE are useful to iden- 
tify normal growth patterns in children and to identify comorbid 
allergic diseases in both children and adults; however, no fea- 
tures on physical examination are specific in making the diag- 
nosis of EoE. In addition, no oral or pharyngeal manifestations 
of EoE have been identified, although some children who have 
EoE might present with laryngeal symptoms. Esophageal abnor- 
malities identifiable by means of endoscopy in patients with EoE 
include fixed esophageal rings/trachealization (a.k.a. fibrostenotic 
complications), transient esophageal rings, whitish exudates, lon- 
gitudinal furrows (Fig. 30.1 showing furrowing and exudates), 
edema, diffuse esophageal narrowing, narrow-caliber esophagus, 
and esophageal lacerations induced by passage of the endoscope 
(a manifestation of mucosal fragility that, when severe, gives the 
esophagus the appearance of crepe paper). However, because all 
of these endoscopic features have been described in other esopha- 
geal disorders, none can be considered pathognomonic for EoE. 
Clinical guidelines from the ACG in 2013 suggest that evaluating 
gastroenterologists can use the EoE Endoscopic Reference Score 
to classify and grade EoF, this system is described in Table 30.4.!5 
Furthermore, the accuracy of the Endoscopic Reference Score has 
been evaluated and the classification system can successfully iden- 
tify patients with EoE and can also be used to evaluate response to 
treatment.!*° Endoscopy with esophageal mucosal biopsy remains 
the only reliable diagnostic test for EoE (Fig. 30.2). Typical his- 
tologic findings include presence of 15 or more eosinophils/HPF, 
dilated intercellular spaces and in some cases also elongated 
papillae, and inflammation and fibrosis in the lamina propria 


TABLE 30.4 Endoscopic Eosinophilic Esophagitis Reference Score 


MAJOR FEATURES 


Edema 
(Also referred to as decreased vascular markings, mucosal pallor) 


Grade 0: Absent. Distinct vascularity present 
Grade 1: Loss of clarity or absence of vascular markings 


Fixed rings 
(Also referred to concentric rings, corrugated esophagus, corrugated 
rings, ringed esophagus, trachealization) 


Grade 0: None 
Grade 1: Mild-subtle circumferential ridges 


Grade 2: Moderate-distinct rings that do not impair passage of a 
standard diagnostic adult endoscope (outer diameter 8-9.5 mm) 


Grade 3: Severe-distinct rings that do not permit passage of a 
diagnostic endoscope 


Exudates 
(Also referred to as white spots, plaques) 


Grade 0: None 
Grade 1: Mild-lesions involving less than 10% of the esophageal surface area 


Grade 2: Severe-lesions involving greater than 10% of the esophageal 
surface area 


Furrows 
(Also referred to as vertical lines, longitudinal furrows) 


Grade 0: Absent 

Grade 1: Vertical lines present 

Stricture 

Grade 0: Absent 

Grade 1: Present (specify estimated luminal diameter) 
Minor features 


Crepe paper esophagus 
(Mucosal fragility or laceration upon passage of diagnostic endoscope 
but not after esophageal dilation) 


Grade 0: Absent 
Grade 1: Present 


Narrow-caliber esophagus 
(Reduced luminal diameter of the majority of the tubular esophagus) 


Grade 0: Absent 
Grade 1: Present 


Adapted from Hirano |, Moy N, Heckamn MG, et al. Endoscopic assess- 
ment of the oesophageal features of eosinophilic oesophagitis validation 
of a novel classification and grading system. Gut 2013;62:489-95. 


Fig. 30.2 Hematoxylin and eosin staining of esophagus from a patient 
with EoE. Arrows point to eosinophils, including at the surface, ar- 
rowhead points to dilated intercellular spaces, asterisk marks lamina 
propria showing inflammation and fibrosis, and the green arrow points 
to elongated papillae. There is also marked basal layer hyperplasia with 
the basal layer reaching almost to the surface. 
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TABLE 30.5 Comparison of Eosinophilic Esophagitis and GERD 


Characteristic features Eosinophilic esophagitis GERD 
CLINICAL 

Prevalence ~1:1000 ~1:10 
Prevalence of atopy Very high Normal 
Prevalence of food sensitization Very high Normal 
Gender preference Male None 
Abdominal pain and vomiting Common Common 
Food impaction Common Uncommon 
INVESTIGATIVE FINDINGS 

pH probe/impedance study Normal Abnormal 
Endoscopic furrowing Very common Occasional 
HISTOPATHOLOGY/PATHOGENESIS 

Involvement of proximal esophagus Yes No 
Involvement of distal esophagus Nes Yes 
Epithelial hyperplasia Severely increased Increased 
Eosinophil levels in mucosa >15/HPF 0-7/HPF 
Elevated eotaxin-3 level Yes No 

EoE diagnostic panel positive Yes No 
TREATMENT 

Hə receptor antihistamines Not helpful Helpful 
Proton pump inhibitors Helpful in subset Helpful 
Glucocorticoids Helpful Not helpful 
Specific food antigen elimination Helpful Not helpful 
Elemental diet Helpful Not helpful 
Anti-IL-13 and anti-lL-4Ra Helpful Not helpful 


HPF, High-power field; IL, interleukin. 


Modified from Rothenberg ME. Eosinophilic gastrointestinal disorders (EGID). J Allergy Clin Immunol 2004; 113:11-8. © 2004, with permission from the 


American Academy of Allergy, Asthma, and Immunology. 


(see Fig. 30.2). In 2017 a newly developed histologic scoring sys- 
tem (HSS) for EoE was validated. In addition to identifying 15 or 
more eosinophils/HPF, 8 other histologic features were shown 
to differentiate treated from untreated patients and that the HSS 
outperforms esophageal eosinophil levels for disease diagnosis 
and monitoring. The 8 HSS features include eosinophil density, 
basal zone hyperplasia, eosinophil abscesses, eosinophil surface 
layering, dilated intercellular spaces, surface epithelial alteration, 
dyskeratotic epithelial cells, and lamina propria fibrosis. Severity 
and extent are scored using a 4-point scale, with 0 being normal 
and 3 denoting maximum change.!*” However, the finding of iso- 
lated esophageal eosinophilia without determining corroborating 
symptoms and ruling out other causes of esophageal eosinophilia 
is inadequate to make the diagnosis of EoE.** Specifically, some 
of these presenting symptoms cannot easily distinguish EoE from 
GERD. The distinguishing features between GERD and EoE are 
summarized in Table 30.5. The number and location of eosino- 
phils are helpful when trying to differentiate EoE from GERD. 
Up to 7 eosinophils/HPF (400x) is most indicative of GERD, 7 
to 15 eosinophils/HPF likely represents a combination of GERD 
and food allergy, and at least 15 eosinophils/HPF is characteristic 
of EoE.%-!48 The anatomic location of eosinophils to both the 
proximal and distal esophagus denotes EoE, while the accumula- 
tion of eosinophils mainly in the distal esophagus is characteris- 
tic of GERD.” Some studies have also identified that mast cells 
are increased in biopsy specimens from patients with EoE com- 
pared with those from patients with GERD.'?:!°° IgE-bearing 
cells are more common in biopsy specimens from patients with 
EoE compared with those from patients with GERD and are also 


not detected in control specimens.!*! Esophageal pH monitoring 
(and pH impedance, where available) is a useful diagnostic test 
to evaluate for GERD in patients with esophageal eosinophilia. 
In addition, consensus guidelines indicated that barium contrast 
radiography can identify a number of the anatomic and mucosal 
abnormalities of EoE but that the sensitivity of radiography as a 
diagnostic test for this condition appears to be low. Therefore, 
radiology is not recommended as a routine diagnostic test for 
EoE but can be helpful in select cases to characterize anatomic 
abnormalities that can be difficult to define endoscopically and 
to gather more information regarding the length and diameter of 
complicated esophageal strictures. A newer technique using the 
endoluminal functional lumen imaging probe (EndoFLIP) offers 
a unique evaluation of esophageal function as it relates to EoE. It 
has been shown that esophageal distensibility is reduced in EoE 
with an associated risk of food impaction or need for therapeutic 
dilation. One study even demonstrated improvement in esopha- 
geal body distensibility with medical and diet therapies without 
dilation; this improved distensibility correlated with symptomatic 
improvement more than the reduction in esophageal mucosal 
eosinophil count. More studies will need to be completed before 
EndoFLIP can be used definitively as an outcome measure. 152-153 


Treatment 


There are several first-line treatments for EoE, and they include: 
dietary therapy, topical glucocorticoids, and a PPI. It has been 
shown that dietary therapy frequently improves symptoms and 
reduces the number of eosinophils in the esophageal biopsies in 
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patients with primary EoE (allergic or nonallergic subtypes).°'*+ 
A trial of specific food allergen and aeroallergen avoidance is 
often indicated for patients with atopic EoE. If this approach is 
unsatisfactory or proves practically difficult (i.e., when patients 
are sensitized to many allergens), a diet consisting of an amino 
acid-based formula, termed the elemental diet, or avoidance of 
the most common allergenic foods (cow milk, soy, wheat, egg, 
peanut/tree nuts, and seafood/shellfish), termed the 6-food elimi- 
nation diet (SFED)!> is advocated. Patients on elemental diets 
sometimes require placement of a gastrostomy tube in order to 
achieve adequate caloric support. Studies looking at the effec- 
tiveness of different dietary regimens focused on comparison 
between the empiric SFED, modified SFED (SFED plus elimina- 
tion of foods identified by skin test or as causative), and elemental 
diet.!0°,!44,156 In these studies, it was shown that the elemen- 
tal diet is superior to the empiric SFED and skin test—directed 
diet (modified SFED). Furthermore, it has been shown that the 
empiric SFED is an effective therapy in adult EoE and that the 
response rate to the empiric SFED is similar to the response rate 
to skin test-directed diet therapy (74% to 81% response rate). 
Such response rates are similar to the reported response rates to 
swallowed glucocorticoids in both adult and pediatric EoE popu- 
lations.'*7-!°° Less-restrictive diets like the 2-food elimination 
diet (dairy and gluten) and 4-food elimination diet (dairy, gluten, 
egg, and legumes) have been used with decent efficacy rates of 
43% and 54%, respectively, in the pediatric population. A step 
up approach for the elimination diet from 2-food elimination diet 
to 4-food elimination diet and then SFED has been proposed as 
it avoids unnecessary dietary restrictions.'6!)'°? Preliminary find- 
ings suggest that a 1-food elimination diet (OFED) may have a 
role in the treatment of EoE.!6-16t Kagalwalla et al. proposed 
using an OFED of cow’s milk, and results have shown clinical 
and histologic remission in 65% of pediatric patients.!°t In addi- 
tion, OFED with the elimination of cow’s milk has been com- 
pared with swallowed fluticasone, and 64% of OFED patients 
were found to have esophageal eosinophil counts of less than 15 
eosinophils/HPF and a significant improvement in the symptom 
score as compared with 80% in the fluticasone group.!® 

Studies by Gonsalves et al.!°° and Spergel et al.!°° identified 
only 34% to 40% of EoE-related causative foods on the basis of 
both skin test and endoscopy response to elimination or reintro- 
duction of food, implying that either EoE is triggered by non- 
food-related stimuli, or alternatively and more likely, that the 
methods of identifying food hypersensitivity are currently inad- 
equate and therefore are not used routinely in the evaluation of 
EoE patients. The most common food triggers in the adult cohort 
were wheat (60%), milk (50%), soy (10%), nuts (10%), and eggs 
(5%), while in the pediatric cohort the most common triggers 
were milk (35%), eggs (13%), wheat (12%), and soy (9%). Based 
on these described frequencies, and the rationale of reintroducing 
the foods least likely to be triggers first, it was suggested that the 
sequence for reintroduction of food in pediatric patients should 
be seafood/nuts first, followed sequentially by soy, wheat, eggs, 
and finally milk, and in adults should be seafood first, followed 
sequentially by eggs, nuts/soy, milk, and finally wheat. 

Systemic”? or topical glucocorticoids! have also been used to 
treat EoE with satisfactory results. Systemic glucocorticoids are 
used for acute exacerbations, whereas topical glucocorticoids are 
used to provide long-term control. A study that followed patients 
with EoE for 10 years supported the efficacy of continuing gluco- 
corticoids and food elimination therapy for EoE.!°° When using 
topical glucocorticoids in the form of fluticasone, a metered-dose 
inhaler without a spacer has been advocated*?; alternatively, a 
slurry of budesonide (in the form used for nebulizers) with sucra- 
lose (Splenda) also has been recommended.®™:15° The patient 
is instructed to swallow the dose to promote deposition on the 
esophageal mucosa. While the metered-dose inhaler is recom- 
mended with the topical fluticasone, other studies have shown 


the success of using an oral suspension of budesonide for patients 
with EoE who are unable to use inhalers.!°*!°’ In the first pla- 
cebo-controlled, double-blind clinical trial for EoE, swallowed 
topical fluticasone was found to be effective in inducing disease 
remission, including reductions in eosinophil, mast cell, and CD8 
T cell levels, as well as the degree of epithelial hyperplasia.!°’ 
However, it is important to point out that steroid resistance also 
occurs. Significant toxicity associated with glucocorticoids (e.g., 
adrenal suppression) is unlikely to be seen with swallowed fluti- 
casone or budesonide because these drugs undergo first-pass 
metabolism in the liver following GI absorption.!6 However, at 
Cincinnati Children’s, 10% of children whose EoE was treated 
with fluticasone greater than 440 yg daily showed evidence of 
adrenal suppression.!°? In addition, patients can develop esopha- 
geal candidiasis, which is treatable with antifungal therapy (see 
Chapter 45).!7° Although topical glucocorticoids are consid- 
ered first line for EoE, thus far no topical formulation has been 
approved for EoE in the US; an orodispersible budesonide tablet 
has been approved in Europe.!”! Several clinical trials are under- 
way at present with viscous oral budesonide as well as budesonide 
effervescent tablets. 

PPI therapy can establish histologic remission and symptom 
amelioration in 50% and 60% of EoE patients, respectively.*°:!!7 
The 2017 European guidelines use high-dose PPI for 8 weeks as a 
first line in the treatment algorithm for EoE. In addition, several 
systematic reviews and meta-analyses corroborate evidence to 
support PPI use as first-line therapy, particularly at high dosage. 

Esophageal dilation with or without concomitant medical or 
dietary therapy can provide relief of dysphagia in select patients 
with EoE. However, in the absence of high-grade esophageal 
stenosis, a trial of medical or dietary therapy before dilation is 
reasonable. However, esophageal dilation as a primary therapy 
without concomitant medical or dietary therapy does not address 
the underlying inflammatory process. Techniques described for 
esophageal dilation in patients with EoE include the use of both 
through-the-scope and bougie dilators. Although the risk of per- 
foration is low, a more conservative and careful approach in the 
esophageal dilation technique is advised for patients with EoE 
compared with those with other benign entities.!’? The practice 
of gradual esophageal dilation with a target goal of 15 to 18 mm 
and of limiting the progression of dilation diameter per session to 
3 mm or even less if resistance is encountered is reasonable but 
has not been specifically addressed in patients with EoE. Com- 
plications have been shown to be associated with younger patient 
age and higher number of dilations, narrowing in the upper third 
of the esophagus, and inability to traverse the narrowing with the 
scope before dilation.!”* The risk of chest pain after dilation is 
significant and should be discussed with patients prior to dilata- 
tion. 

Therapy directed against the eosinophil growth factor IL-5 is 
effective in animal studies!”* and has recently been tested in clini- 
cal trials.>>+ Two different humanized IL-5—specific antibodies, 
mepolizumab and reslizumab, have been developed and tested in 
clinical trials for EoE.°*3+!75 Mepolizumab therapy resulted in a 
dramatic decline in blood eosinophilia and reduced esophageal 
eosinophil infiltration in patients with EoE but had variable effects 
on symptoms.*? Other therapies to reduce eosinophil tissue accu- 
mulation in EoE could potentially target IL-13. Animal models 
have shown that IL-13 is a key cytokine that regulates the recruit- 
ment of eosinophils at inflammatory sites, primarily through the 
induction of chemokine expression.!7°!’7 The humanized IL-13- 
specific antibody lebrikuzumab was recently studied in patients 
with mild asthma; however, such therapy seems to have a variable 
effect on tissue eosinophilia and possibly causes an increase in 
the peripheral eosinophil counts.!/* Preclinical data substantiate 
that anti-IL-13 agents may be particularly effective in EoE, and 
a clinical trial has been conducted, with some promising results 
demonstrating a mean esophageal eosinophil count reduction 
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of 60%.!7? Multisite studies evaluating a human anti-IL-13 
antibody (RPC 4046) as well as a human antibody against the 
IL-4 receptor a chain (dupilumab), which blocks IL-13 and the 
related cytokine IL-4, have been shown to improve histopathol- 
ogy (including esophageal eosinophilia), endoscopic and clinical 
features of EoE.*° Dupilumab is FDA approved for atopic derma- 
titis, whereas RPC4046 is in development. Another candidate for 
targeted EoE therapy is the chemoattractant receptor of Th2 cells 
(CRTH2, a.k.a. prostaglandin D2 receptor 2), which is thought 
to be an effecter of the Th2 response. CRTH2 is expressed on 
the surface of Th2 cells, eosinophils, and basophils!*° and is a 
G protein-coupled receptor.!*! Low-molecular-mass CRTH2 
antagonists partially attenuate pulmonary eosinophilia in vari- 
ous models.'* Further, in a phase II clinical trial, patients with 
moderate persistent asthma had a significant reduction in sputum 
eosinophil count!*? and improved asthma control.!*+ Preliminary 
data from a clinical trial of patients with active EoE show that 
treatment with a CRTH2 antagonist results in a moderate reduc- 
tion in tissue eosinophilia.!** However, additional clinical data 
are needed to evaluate the effectiveness of such G protein—cou- 
pled receptor antagonists. 


Prognosis 


EoE requires prolonged treatment, similar to allergic asthma. 
The natural history of EoE has not been fully delineated; how- 
ever, a 15-year follow-up of esophageal eosinophilia from child- 
hood into adulthood revealed ongoing symptoms in the vast 
majority of patients.!*° Thus, it is likely that chronic EoE, if left 
untreated, can develop into progressive esophageal scarring and 
dysfunction. EoE complications include food impaction, esopha- 
geal stricture, narrow-caliber esophagus, and esophageal per- 
foration. The duration of untreated EoE is a good predictor of 
stricture risk.!*’ The prevalence of “food impaction,” defined as 
food retention requiring endoscopic extraction, in adults ranged 
from 30% to 55%.!°8:!8 Stricture definition is problematic, given 
that esophageal rings are a common manifestation of the disease 
state in adults and because the presence of rings implies some 
degree of esophageal stricture. Consensus guidelines noted that 
radiographic definition might be preferable to endoscopic assess- 
ment in this regard since radiographic definition might provide 
supplemental information regarding the length of the narrow- 
ing, which might affect possible treatment options and dilata- 
tions. Stricture prevalence in adults with EoE ranged from 11% 
to 31%,172,188,190,191 Ą full-thickness tear is defined as permit- 
ting esophageal or gastric contents to enter the chest cavity and 
requires surgical treatment. A partial rupture is defined by limited 
air or contrast extravasation into the mediastinum and is man- 
aged conservatively. Esophageal intramural tears are identified 
endoscopically as deep lacerations extending into the esophageal 
submucosa or radiographically by contrast extending outside the 
esophageal lumen but contained within the esophageal wall. The 
risk for developing Barrett’s esophagus, especially in patients 
with coexisting EoE and GERD, has not been determined but 
does not seem to be a concern (see Chapter 47). In addition, 
patients with EoE are at increased risk for developing other forms 
of EGIDs°; thus, routine surveillance of the entire GI tract by 
endoscopy may be warranted. 


Eosinophilic Gastritis, Enteritis, and Gastroenteritis 


In contrast to the esophagus, the stomach and intestine have 
readily detectable baseline levels of eosinophils under healthy 
conditions. Making the diagnosis of EG, enteritis, or eosinophilic 
gastroenteritis (EGE) is therefore more complex than making the 
diagnosis of EoE. Since EG, enteritis, and gastroenteritis are clin- 
ically similar and since there is a paucity of information available 
concerning their pathogenesis, they will be discussed together. 


However, it is likely that these conditions are indeed distinct enti- 
ties in most patients. In a population-based study the prevalences 
of EGE and EC were 5.1/100,000 persons and 2.1/100,000 per- 
sons, respectively.'!* EGE is the second most common form of 
EGIDs, but no consensus recommendations regarding clinical or 
pathologic diagnosis exist. Lwin et al. has proposed that EG can 
be diagnosed when at least 30 eosinophils/HPF is identified in 
at least 5 distinct HPFs in the stomach!”*; Chehade et al. pro- 
posed at least 70 eosinophils/HPF in at 3 HPFs.!3 The incidence 
and prevalence of EG, EGE, and EC are increasing; the reasons 
behind this are unknown.!!° These diseases are characterized by 
the selective infiltration of eosinophils in the stomach and/or 
small intestine, with variable involvement of the esophagus and/ 
or large intestine.™1°41°5 Secondary causes of gastric eosino- 
philic infiltration include parasitic and bacterial infections (e.g., 
Helicobacter pylori), IBD, HES, myeloproliferative disorders, poly- 
arteritis nodosa, allergic vasculitis, scleroderma, drug injury, and 
drug hypersensitivity. The primary subtype includes the atopic, 
nonatopic, and familial variants, and the secondary subtype is 
divided into 2 groups, one composed of systemic eosinophilic 
disorders (HES) and the other of noneosinophilic disorders (see 
‘Table 30.3). Primary EG, enteritis, and gastroenteritis have also 
been called idiopathic or allergic gastroenteropathy. The familial 
form has not been well characterized but is seen in about 10% 
of these authors’ own patients (unpublished findings).! Primary 
EGE encompasses multiple disease entities subcategorized into 3 
types on the basis of the level of histological involvement: muco- 
sal, muscularis, and serosal forms.!”° Of note, any layer of the GI 
tract can be involved; thus, endoscopic mucosal biopsy can be 
normal in patients with the muscularis and/or serosal subtypes. 


Etiology 


While EG, enteritis, and gastroenteritis are idiopathic in nature, 
an allergic mechanism has been suggested in at least a subset of 
patients.!”” Indeed, elevated total IgE and food-specific IgE have 
been detected. On the other hand, syndromes with focal erosive 
gastritis, enteritis, and occasionally esophagitis with prominent 
eosinophilia, such as dietary (food) protein-induced enterocolitis 
and dietary protein enteropathy, are characterized by negative 
skin tests and absent specific IgE.!°8 Most patients have positive 
skin tests to a variety of food antigens but do not have typical ana- 
phylactic reactions, consistent with a delayed type of food hyper- 
sensitivity syndrome. In one study, 23% of patients with EGE 
lacked peripheral eosinophilia, but up to 50% of patients with the 
mucosal form had a history of food allergy or intolerance.?®1%6 In 
another study of EG, increased levels of blood eosinophils were 
seen in nearly 90% of patients and shown to strongly correlate 
with levels of gastric eosinophils, indicating that blood eosino- 
phil levels can serve as a noninvasive biomarker, unlike in EoE.!°” 
Indeed, experimental induction of EGE (involving the esopha- 
gus, stomach, and intestine) in mice can be accomplished by oral 
allergen administration (in the form of enteric-coated allergen 
beads) to sensitized mice.!°* Notably, the mice developed eosin- 
ophil-associated GI dysfunction including gastromegaly, delayed 
food transit, and weight loss, all strongly dependent upon the 
chemokine eotaxin-1.°°° Ultrastructural analysis of intestinal tis- 
sue suggested that the eosinophils were mediating axonal necro- 
sis, a finding that has been reported in patients with intestinal 
eosinophilia associated with IBD.*°! Notably, mast cells are also 
increased in EGIDs, and a murine model of oral allergen-induced 
diarrhea has demonstrated a critical role for IL-9-driven mast 
cells in the pathogenesis of this specific cardinal feature (allergic 
diarrhea) of EGIDs.?02203 

Increased secretion of IL-4 and IL-5 by peripheral blood T 
cells has been reported in patients with EGE.!°’ Furthermore, T 
cells derived from the lamina propria of the duodenum of patients 
with EGID preferentially secrete Th2 cytokines, especially IL-13, 
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when stimulated with milk proteins.*°* Gastric biopsies dis- 
play a distinct transcriptome compared with control individuals 
including patients infected with H. pylori. The EG transcriptome 
expresses high levels of eotaxin-3 as well as other genes associ- 
ated with Th2-associated immunity, yet overlaps with only 5% of 
the EoE transcriptome.!” IgA deficiency has also been associated 
with EGE; it is interesting to speculate that this could be related 
to the associated increased rate of atopy or to an occult GI infec- 
tion in these patients.’ It is important to keep in mind that EGE 
and the dietary protein-induced syndromes (enterocolitis, enter- 
opathy, and colitis) may represent a continuum of EGIDs with 
similar underlying immunopathogenic mechanisms. In addition, 
EGE can frequently be associated with protein-losing enteropa- 
thy (see Chapter 31).!”? Of note, cases of eosinophilic enteritis 
have been reported with systemic lupus erythematosus with an 
unknown pathologic association.20” 


Clinical Features and Diagnostic Studies 


In general, these disorders present with a constellation of symp- 
toms that are related to the degree and area of the GI tract 
affected. However, even patients with isolated eosinophilic 
enteritis (e.g., duodenitis) can have a range of GI symptoms. The 
mucosal form of EGE, the most common variant, is character- 
ized by vomiting, abdominal pain that can even mimic acute 
appendicitis, diarrhea, blood loss in the stools, iron-deficiency 
anemia, malabsorption, protein-losing enteropathy, and failure 
to thrive.!??°8 The muscularis form is characterized by infiltra- 
tion of eosinophils predominantly in the muscularis layer, leading 
to thickening of the bowel wall, which may result in symptoms 
of GI obstruction mimicking pyloric stenosis or other causes of 
gastric outlet obstruction. The serosal form occurs in a minority 
of patients with EGE, and it is characterized by exudative asci- 
tes with higher peripheral eosinophil counts compared with the 
other forms.”° 

The evaluation for EGIDs starts with a comprehensive his- 
tory and physical examination followed by diagnostic testing 
(Box 30.1). Evaluation for intestinal parasites by examination of 
stool samples, intestinal aspirates obtained during colonoscopy, 
or specific blood antibody titers should be performed, especially 
when patients have high-risk exposure (e.g., foreign travel, liv- 
ing on a farm, drinking well water) (see Chapter 114). As a pre- 
caution, before using systemic immunosuppression for EGIDs, 
infection with Strongyloides stercoralis should be ruled out as this 
infection can become life-threatening in the setting of systemic 
immunosuppression.*"” The evaluation of total IgE levels has 
significance in stratifying patients with atopic variants of EGIDs 
or suggesting further consideration for occult parasitic infec- 
tions. Notably, skin prick testing to a panel of food allergens and 
aeroallergens helps to identify sensitizations to specific allergens. 
Cutaneous hypersensitivity testing (skin patch testing) for spe- 
cific food antigens may be helpful in further identifying aller- 
gic variants of EoE.’ Indeed, patients with the atopic variant of 
EGIDs have evidence of IgE sensitization to a mean of 14 dif- 
ferent foods.! No standards for the diagnosis of EG, enteritis, or 
EGE exist.?°°* Some findings that support the diagnosis are: the 
presence of elevated eosinophils in biopsy specimens from the GI 
tract wall (in comparison with normal levels as shown in ‘Table 
30.2); the infiltration of eosinophils within intestinal crypts and 
gastric glands; the lack of involvement of other organs; and the 
exclusion of other causes of eosinophilia (e.g., infections, IBD). 
Histologic analysis of the small bowel from patients with these 
disorders reveals extracellular deposition of eosinophil gran- 
ule constituents and extracellular MBP and ECP deposition as 
detected immunohistochemically.’°7>7+% Patients with EG can 
have micronodules (and/or polyposis) noted on endoscopy, and 
these lesions often contain marked aggregates of lymphocytes 
and eosinophils. 


BOX 30.1 Considerations for Diagnostic Workup for 
Eosinophilic Gl Disorders 


General 

Complete blood count and differential 

Total IgE 

Erythrocyte sedimentation rate and C-reactive protein (normal in 
EGIDs) 

Skin prick testing and tests for specific IgE (as part of comprehen- 
sive allergy workup) 

Infection workup (stool and colonic aspirate analysis) 

Upper and lower gastrointestinal endoscopy with biopsies 

pH probe impedance study 

EndoFLIP (compliance measure in esophagus) 

EoE diagnostic panel 

In the presence of hypereosinophilia 

Bone marrow analysis 

Serum tryptase 

Serum vitamin B42 

Echocardiogram 

Chromosomal and cytogenetic screen 

Genetic analysis for FIP7_1-PDGFRA fusion gene and other ge- 
netic abnormalities based on chromosomal studies 

Evaluation and biopsy of any other potentially involved tissue 


EGIDs, Eosinophilic GI disorders; EoE, eosinophilic esophagitis, IgE, im- 
munoglobulin E. 

Reproduced from Rothenberg ME. Eosinophilic gastrointestinal disorders 
(EGID). J Allergy Clin Immunol 2004; 113:11-28. © 2004, with permission 
from the American Academy of Allergy, Asthma, and Immunology. 


Treatment 


Eliminating the dietary intake of the foods implicated by skin prick 
tests (or measurement of allergen-specific IgE levels) has variable 
effects, but complete resolution is generally achieved with amino 
acid-based elemental diets.!?’7!° Once disease remission has been 
obtained by dietary modification, the specific food groups are 
slowly reintroduced (at ~3-week intervals for each food group), and 
endoscopy is performed every 3 months to identify either sustained 
remission or disease flare-up. Notably, a clinical trial at the author’s 
institution using the eosinophil-depleting antibody (anti-IL-5 recep- 
tor a) benralizumab (now FDA approved for eosinophilic asthma) 
for EG and EGE is now underway. Drugs such as cromoglycate, 
montelukast, ketotifen, suplatast tosilate, mycophenolate mofetil, 
and “alternative Chinese medicines” have been advocated,!”? but 
they are generally unsuccessful in the authors’ experience. However, 
successful long-term remission of EGE following montelukast treat- 
ment has been reported.*!! In the authors’ institution, an appro- 
priate therapeutic approach includes a trial of food elimination if 
sensitization to food is found by skin prick tests and/or measurement 
of specific IgE levels. If no sensitization is found or if specific food 
avoidance is not feasible, elemental formula feedings are instituted. 
The management of EGIDs, in addition to an elemental diet 
as mentioned previously, includes the following: systemic and 
topical glucocorticoids, nonglucocorticoid anti-inflammatory 
therapy, management of EGID complications (such as iron-defi- 
ciency anemia), and the management of therapeutic toxicity.7!” 
Anti-inflammatory drugs (systemic or topical glucocorticoids) are 
the main therapy if diet restriction is not feasible or has failed to 
improve the disease. For systemic steroid therapy, a course of 2 to 
6 weeks of therapy with relatively low doses seems to work better 
than a 7-day course of burst glucocorticoids. There are several 
forms of topical glucocorticoids designed to deliver drugs to spe- 
cific segments of the GI tract (e.g., budesonide tablets [Entocort 


CHAPTER 30 Eosinophilic Disorders of The Gastrointestinal Tract 433 


a. Rae aS 


Fig. 30.3 Eosinophilic colitis in an infant presenting with heme-positive stools and anemia. A, The endoscopic 
image of the rectum shows mucosal nodularity with central umbilication characteristic of nodular lymphoid 
hyperplasia, findings often associated with food allergies. B, Photomicrograph of a rectal mucosal biopsy 
show increased numbers of eosinophils in the lamina propria that are forming aggregates and occasionally 
encroaching on the epithelium and crypts (Hematoxylin and eosin, x40.) 


EC] designed to deliver the drug to the ileum and proximal 
colon). As with asthmatic treatment, topical glucocorticoids have 
a better benefit-to-risk effect compared with systemic glucocor- 
ticoids. In severe cases that are refractory to or dependent upon 
glucocorticoid therapy, intravenous alimentation or immunosup- 
pressive antimetabolite therapy with azathioprine or 6-mercap- 
topurine are alternatives. Finally, even if GERD is not present, 
neutralization of gastric acidity with PPI may improve symptoms 
and the degree of esophageal and gastric pathology. 


Prognosis 


The natural history of EG, enteritis, and EGE has not been well 
documented; however, these diseases wax and wane chronically. In 
patients with clear food antigen-induced disease, abnormal levels 
of circulating IgE and eosinophils often serve as markers for tissue 
involvement. Because these diseases can often be a manifestation of 
another primary disease process, routine surveillance of the cardio- 
pulmonary systems is recommended. When the disease presents in 
infancy and specific food sensitization can be identified, there is a 
high likelihood of disease remission by late childhood. 


Eosinophilic Colitis 


Eosinophils accumulate in the colon of patients with a variety 
of disorders, including eosinophilic gastroenteritis, allergic coli- 
tis of infancy, infections (e.g., pinworms, dog hookworms), drug 
reactions, vasculitis (e.g., eosionphilic granulomatosis with poly- 
angiitis), and IBD.?!37!* Allergic colitis in infancy, also known as 
dietary protein-induced proctocolitis of infancy syndrome, is the 
most common cause of bloody stools in the first year of life.? 15216 
Similar to other EGID, these disorders are classified into primary 
and secondary. 


Etiology 


EC is usually a non—-IgE-associated disease. Some studies point 
to a T lymphocyte—-mediated process, but the exact immunologic 


mechanisms responsible for this condition have not been iden- 
tified’!’ In a murine model of oral antigen-induced diarrhea 
associated with colonic inflammation, colonic T cells have been 
shown to transfer the disease to naive mice by a STAT-6—depen- 
dent mechanism.*? It has been reported that allergic colitis of 
infancy might be an early expression of protein-induced enterop- 
athy or protein-induced enterocolitis syndrome. Cow’s milk and 
soy proteins are the foods most frequently implicated in allergic 
colitis of infancy, but other food proteins can also provoke the 
disease. In general, although data are lacking, EC is considered 
more aligned with autoimmune processes including IBD com- 
pared with EoE and gastritis which are more aligned with allergic 
diseases. 


Clinical Features and Diagnostic Studies 


A variety of symptoms associated with EC are noted depend- 
ing upon the degree and location of tissue involvement. While 
diarrhea is a classic symptom, other symptoms that can occur 
independent of diarrhea commonly include abdominal pain, 
weight loss, and anorexia. There is a bimodal age distribution, 
with the infantile form presenting at a mean age at diagno- 
sis of approximately 60 days’! and the other form presenting 
during adolescence and early adulthood.! In infants, bloody 
diarrhea precedes diagnosis by several weeks, and anemia 
due to blood loss is not uncommon. Most infants do not have 
constitutional symptoms and are otherwise healthy. On endo- 
scopic examination, patchy erythema, loss of vascularity, and 
lymphonodular hyperplasia are mostly localized to the rectum 
but may extend to the entire colon (Fig. 30.3A).?!’ Histologic 
examination often reveals that the overall architecture of the 
mucosa is well preserved; however, there are focal aggregates 
of eosinophils in the lamina propria, crypt epithelium, and 
muscularis mucosa and, occasionally, the presence of multi- 
nucleated giant cells in the submucosa (see Fig. 30.38). No 
single test is the gold standard for diagnosis, but peripheral 
blood eosinophilia or eosinophils in the stool are suggestive 
of EC. 
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Treatment 


Treatment of EC varies primarily depending upon the disease 
subtype. For example, EC of infancy is generally a benign dis- 
ease. Upon withdrawal of the offending protein trigger in the 
diet, the gross blood in the stools usually resolves within 72 
hours, but gross and occult blood loss may persist longer.”°.?!® 
Treatment of EC in older individuals usually requires medical 
management; anti-inflammatory drugs including 5-aminosalicy- 
lates and systemic or topical glucocorticoids are commonly used 
and appear to be efficacious, but careful clinical trials have not 
been conducted. There are several forms of topical glucocorti- 
coids designed to deliver drugs to the distal colon and rectum, 
but EC typically also involves the proximal colon. In severe cases 
that are refractory to or dependent upon systemic glucocorti- 
coid therapy, alternatives include intravenous alimentation or 
immunosuppressive antimetabolite therapy with azathioprine or 
6-mercaptopurine. 


Prognosis 


When EC presents in the first year of life, the prognosis is good, 
with the vast majority of patients being able to tolerate the culprit 
food(s) by 1 to 3 years of age. The prognosis for EC that develops 
later in life is more guarded than the infantile subtype. Similar 
to eosinophilic gastroenteritis, the natural history has not been 


documented, and this disease is considered to be a chronic waxing 
and waning disorder. Because EC can often be a manifestation 
of other primary disease processes, routine clinical surveillance 
of the cardiopulmonary systems is important and periodic upper 
and lower GI endoscopy may be warranted. 


RESOURCES 


The recent mini-epidemic of EoE has led to the establish- 
ment of patient-founded support/advocacy groups such as the 
American Partnership for Eosinophilic Disorders (http://www.A 
PFED.org) and the Campaign Urging Research for Eosinophilic 
Disease (CURED, http://www.curedfoundation.org). In addi- 
tion, the recent formation of the CEGIR (http://www.raredise 
asesnetwork.org/cms/cegir), which is part of the Rare Diseases 
Clinical Research Network of the National Institutes of Health, 
will allow a better understanding and treatment of EGID.7!’ 
While much progress has been made concerning GI eosinophils 
and EGIDs, there is still a paucity of knowledge compared with 
other cell types and GI diseases that may be even less common. It 
is anticipated that a better understanding of the pathogenesis and 
treatment of EGIDs will emerge by combining comprehensive 
clinical and research approaches involving experts in the fields of 
allergy, gastroenterology, nutrition, and pathology. 


Full references for this chapter can be found on www.expertconsult.com. 
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DEFINITION AND NORMAL PHYSIOLOGY 


Protein-losing gastroenteropathy describes a diverse group of 
disorders associated with excessive loss of serum proteins into the 
GI tract.!-!6 This excess serum protein loss can result in hypo- 
proteinemia and may be manifested by edema, ascites, and mal- 
nutrition. Box 31.1 lists disorders associated with protein-losing 
gastroenteropathy.!7-”° 

In 1947, Maimon and colleagues postulated that fluid emanat- 
ing from the large gastric folds in patients with Ménétrier disease 
was rich in protein. In 1949, Albright and colleagues discovered, 
using IV infusions of albumin, that hypoproteinemia resulted 
from excessive catabolism of albumin rather than decreased albu- 
min synthesis.! By 1956, Kimbel and colleagues demonstrated an 
increase in gastric albumin production in patients with chronic 
gastritis. A year later, Citrin and colleagues? were able to show 
that the GI tract was the actual site of excess protein loss in 
patients with Ménétrier disease. They showed that the excess loss 
of IV-administered radioiodinated albumin could be explained by 
the appearance of labeled protein in the gastric secretions of such 
patients. 

Subsequent research using radiolabeled polyvinylpyrrolidone, 
albumin, and other proteins, as well as immunologic methods 
measuring enteric loss of a,-antitrypsin (a,-AT), has further 
characterized the role of the GI tract in the metabolism of serum 
proteins. In fact, GI tract loss of albumin normally accounts for 
only 2% to 5% of the total body degradation of albumin, but 
in patients with severe protein-losing GI disorders, this enteric 
protein loss may extend to up to 60% of the total albumin pool.?-6 

Under physiologic conditions, most endogenous proteins 
found in the lumen of the GI tract are derived from sloughed 
enterocytes and from pancreatic and biliary secretions.’* Stud- 
ies of serum protein loss into the GI tract measured by vari- 
ous methods (e.g., ®’Cu-ceruloplasmin, °'Cr-albumin, o,-AT 
clearance) have shown that daily enteric loss of serum proteins 
accounts for less than 1% to 2% of the serum protein pool in 
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healthy individuals, with enteric loss of albumin accounting for 
less than 10% of total albumin catabolism. In normal women and 
men, the total albumin pool is approximately 3.9 g/kg and 4.7 
g/kg, respectively, with a half-life of 15 to 33 days and a rate of 
hepatic albumin synthesis of 0.15 g/kg/day, equaling the rate of 
albumin degradation.’!° Excess proteins that enter the upper GI 
tract are metabolized by existing proteases much like other pep- 
tides, broken down to constituent amino acids, and then reab- 
sorbed. In healthy individuals, GI losses play only a minor role 
in total protein metabolism, and serum protein levels reflect the 
balance between protein synthesis and total protein metabolism. 
However, this balance can be altered markedly in patients with 
protein-losing gastroenteropathy.*!! 


PATHOPHYSIOLOGY 


Excessive plasma protein loss across the GI epithelium can result 
from several pathologic mucosal processes. Mucosal injury can 
result in increased permeability to plasma proteins; mucosal ero- 
sions and ulcerations can result in weeping of an inflammatory 
protein-rich exudate, and lymphatic obstruction or increased 
lymphatic hydrostatic pressure can result in direct leakage of 
lymph, which contains plasma proteins. Changes in vascular per- 
meability can affect the concentration of serum proteins in the 
interstitial fluid, thereby influencing the amount of enteric muco- 
sal protein loss.!%!16 

Examining the pathogenesis of protein-losing gastroenteropa- 
thy, Bode and colleagues have suggested that the condition might 
be related to loss of heparan sulfate proteins that are normally 
present on the surface of intestinal epithelial cells.!!!°.'* Hepa- 
ran sulfate proteoglycans appear to affect the intestinal barrier 
by having large extracellular domains that bind to the plasma 
membrane, known as syndecans, or are attached to a membrane 
glycolipid called a glypican.!> These syndecans are important in 
the maintenance of tight intercellular junctions. 

Mice that were genetically altered to lack syndecans or other 
heparan sulfate proteins have alterations to the normal tight inter- 
cellular barrier and leak protein via paracellular pathways into the 
intestinal lumen (Fig. 31.1). Moreover, treatment of such mice 
with proinflammatory cytokines such as TNF-a or interferon-y 
leads to significantly defective intercellular junctions and even 
greater protein loss into the intestine." The combination of a 
syndecan-deficient state and exposure to proinflammatory cyto- 
kines leads to even greater albumin flux and protein loss. Finally, 
reintroduction of heparin sulfate or other syndecans abolishes the 
protein loss into the lumen of the bowel.!? 

The loss of serum proteins in patients with protein-losing 
gastroenteropathy is independent of their molecular weight, and 
therefore the fraction of the intravascular pool degraded daily 
remains the same for various proteins, including albumin, immu- 
noglobulin (IgG, IgA, IgM), and ceruloplasmin.®™!1-16 In contrast, 
patients with nephrotic syndrome selectively lose lower molec- 
ular weight proteins such as albumin. As proteins enter the GI 
tract, synthesis of new proteins occurs in a compensatory fash- 
ion. Proteins that enter the GI tract are metabolized into con- 
stituent amino acids by gastric, pancreatic, and small intestinal 
enzymes, reabsorbed by specific transporters, and recirculated. 
When the rate of gastric or enteric protein loss, or both, exceeds 
the body’s capacity to synthesize new protein, hypoproteinemia 
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BOX 31.1 Disorders Associated with Protein-Losing Gastroenteropathy 


DISEASES WITHOUT MUCOSAL EROSIONS OR 

ULCERATIONS 

AIDS-associated gastroenteropathy |’ 

Acute viral gastroenteritis '® 

Allergic gastroenteropathy'? 

Celiac disease*° 

Cobalamin deficiency?! 

Collagenous colitis? 

Cytomegalovirus infection?3 

Eosinophilic gastroenteritis?* 

Giant hypertrophic gastropathy (Ménétrier disease)?®:26 

Giardiasis, schistosomiasis, nematodiasis (capillariasis), strongyloi- 
diasis 

Graft-versus-host disease 

Hp gastritis 

Henoch-Schonlein purpura?” 

Hypertrophic hypersecretory gastropathy 

Intestinal parasitosis?8-30 


Lymphocytic colitis? 
Lymphocytic gastritis 
Mixed connective tissue disease’! 


Paracoccidiomycosis 

Postmeasles diarrhea 

SIBOz 

Sjögren syndrome? 

Systemic lupus erythematosus (SLE)°4-4° 
Tropical sprue*! 

Vascular ectasia (gastric, colonic)** 
Whipple disease“? 


DISEASES WITH MUCOSAL EROSIONS OR ULCERATIONS 


a-Chain disease** 
Amyloidosis*® 
Behçet disease*® 
Carcinoid syndrome 
Crohn disease*’48 
Duodenitis*? 
Erosive gastritis*9 
Gl carcinomas 


develops.” Hypoalbuminemia, for example, is common in pro- 
tein-losing gastroenteropathy and results when there is an imbal- 
ance between hepatic albumin synthesis, which is limited and can 
increase only by 25%, and albumin loss, with reductions in the 
total body albumin pool and albumin half-life. !? 

Adaptive changes in endogenous protein catabolism may 
compensate for excessive enteric protein loss, resulting in 
unequal loss of specific proteins. For example, proteins like 
insulin, some clotting factors, and IgE have rapid catabolic 
turnover rates (short half-lives) and, as such, are relatively unaf- 
fected by GI losses, because rapid synthesis of these proteins 
ensues. On the other hand, enhanced synthesis of proteins such 
as albumin and most immunoglobulins, except IgE, is lim- 
ited, and thus protein loss from the gut will be manifested by 
hypoproteinemia (hypoalbuminemia and hypoglobulinemia).!! 
Other factors also can contribute to the excessive enteric 
protein loss seen in various diseases. These include impaired 
hepatic protein synthesis and increased endogenous degrada- 
tion of plasma proteins. 

In addition to causing hypoproteinemia, protein-losing gas- 
troenteropathy can be associated with reduced concentrations 
of other serum components (e.g., lipids, iron, trace metals).!! 
Lymphatic obstruction can result in lymphopenia, with resultant 
alterations in cellular immunity. 


Graft-versus-host disease°° 

Hp gastritis? !-5S 

Idiopathic ulcerative jejunoileitis>* 

Infectious diarrhea (e.g., Clostridium difficile,°° Shigella spp.®®) 
Ischemic colitis 

Kaposi sarcoma®’ 

Leukemia/lymphoma 

Melanoma 

Multiple myeloma 

Neurofibromatosis®? 

NSAID enteropathy°? 

Sarcoidosis®° 

Toxic shock syndrome (Streptococcus pyogenes) 
Waldenström macroglobulinemia®? 


DISEASES WITH LYMPHATIC OBSTRUCTION OR ELEVATED 
LYMPHATIC PRESSURE 


Budd-Chiari syndrome®® 

Cardiac disease®?:6+ 

CD 55 deficiency®? 

Constrictive pericarditis, heart failure, tricuspid regurgitation, Fontan 
procedure’: 

Crohn disease*’:48 

Intestinal endometriosis®> 

Intestinal lymphangiectasia (congenital, acquired)°°.5” 

Lymphatic-enteric fistula2® 

Lymphoma, including mycosis fungoides 

Mesenteric TB and sarcoidosis°° 

Mesenteric venous thrombosis’? 

Neoplastic disease involving mesenteric lymphatics 

Portal hypertensive gastroenteropathy’* 

Post-transplant lymphoproliferative disease’® 

Retroperitoneal fibrosis 

Sclerosing mesenteritis © 

Superior vena cava thrombosis 

SLES5-40 

TB peritonitis 

Whipple disease*? 


CLINICAL FEATURES 


Hypoproteinemia and edema are the principal clinical manifes- 
tations of protein-losing gastroenteropathy. Pleural and peri- 
cardial effusions, as well as malnutrition, are also commonly 
seen. Most other clinical features reflect the underlying dis- 
ease process and, as such, the clinical presentation of patients 
with protein-losing gastroenteropathy is varied (Box 31.2).17-76 
Protein-losing gastroenteropathy is seen in both pediatric 
and adult populations.”’ Hypoproteinemia, the most common 
clinical sequela, is manifested by a decrease in serum levels of 
albumin, most immunoglobulins (IgG, IgA, and IgM, but not 
IgE), fibrinogen, lipoproteins, a,;-AT, transferrin, and ceru- 
loplasmin.!! Levels of rapid-turnover proteins, such as reti- 
nal binding protein and prealbumin, are typically preserved, 
despite hypoproteinemia.’* Dependent edema is frequently a 
clinically significant issue, and results from diminished plasma 
oncotic pressure. Anasarca is rare in protein-losing gastroen- 
teropathy. Unilateral edema, upper extremity edema, facial 
edema, macular edema (with reversible blindness), and bilateral 
retinal detachments have been seen as a consequence of intes- 
tinal lymphangiectasia.’? Despite the decrease in serum gamma 
globulin levels, increased susceptibility to infections is uncom- 
mon. Although clotting factors may be lost into the GI tract, 
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Fig. 31.1 Diagrams illustrating the 
factors that contribute to intestinal 
integrity in the mouse. A, The normal 
mouse intestine is an effective barrier 
against the free diffusion of certain 
ions, nutrient solutes, proteins, 
bacteria, and toxins to separate the 
intestinal lumen (outside) from the 
lamina propria (inside) effectively. B, 
Syndecan-1-deficient mice have de- 
creased intestinal barrier function as 
a result of defective intercellular junc- 
tions and increased paracellular leaks 
(dashed line) or increased transcel- 
lular protein transport (solid line).'S C, 
Syndecan-1-deficient mice that were 
given inflammatory cytokines (TNF-a 
and interferon-y) or operated on to 
increase their portal venous pressure 
have massively defective intercellular 
junctions and large intercellular pro- 
tein leaks (dashed lines), consistent 
with protein-losing enteropathy. D, 
Infusions of heparin sulfate analogs 
completely reverse the intestinal bar- 
rier dysfunction seen in syndecan-1- 
deficient mice given inflammatory 
cytokines. See text for more details. 
(From Lencer WI. Patching a leaky 
intestine. N Engl J Med 2008;359: 
526-8, with permission.) 


resynthesis is rapid and in general, coagulation status typically 
remains unaffected. On the other hand, angiopathic throm- 
bosis has been noted in certain situations (discussed later).°? 
Circulating levels of proteins that bind hormones, such as 
cortisol-binding globulin and thyroid-binding globulin, may be 
substantially decreased, but levels of circulating free hormones 
are not significantly altered. 

Most of the clinical findings in patients with protein-losing 
diseases are the result of the underlying disease state and are not 
caused by the protein loss itself. For example, small bowel dis- 
orders with protein loss as a feature (e.g., celiac disease, tropical 
sprue) may be associated with malabsorption and resultant diar- 
rhea, fat-soluble vitamin deficiencies, and anemia. Lymphatic 
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obstruction, as occurs with lymphangiectasia, may result in lym- 
phopenia or abnormal cellular immunity.*° 


DISEASES ASSOCIATED WITH PROTEIN-LOSING 
GASTROENTEROPATHY 


Diseases associated with protein-losing gastroenteropathy can be 
divided into 3 broad categories: (1) diseases without GI mucosal 
erosions or ulcerations; (2) diseases with GI mucosal erosions or 
ulcerations; and (3) diseases leading to elevated lymphatic and 
interstitial pressure (see Box 31.1). More than one of these mech- 
anisms may be operative in some disease states, as is the situation 
for some infectious diseases. 
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Diseases Without Mucosal Erosions or Ulcerations 


Diseases that damage the GI epithelium without causing erosions 
or ulcers may lead to surface epithelial cell shedding, resulting 
in excess protein loss. Lesions of the small intestine that cause 
malabsorption are often associated with enteric leakage of plasma 
proteins. Protein loss also may be caused by alterations in vascular 
permeability caused by vascular injury, such as in lupus vasculitis, 
allergic IgE-mediated type 1 hypersensitivity reactions, infection 
(parasitic, viral, and bacterial overgrowth), increased intercellular 
permeability, or increased capillary permeability.?8-38:36 


Ménétrier Disease 


Giant hypertrophic gastropathy (Ménétrier disease; see Chapter 
52) is the most common gastric lesion causing severe pro- 
tein loss.”>° Patients usually have dyspepsia, nausea, emesis, 
edema, and weight loss and are found to have hypoproteinemia. 


BOX 31.2 Clinical Manifestations of Protein-Losing 
Gastroenteropathy 


SYMPTOMS AND SIGNS 


Edema (dependent, upper extremity, facial, macular; unilateral in 
lymphangiectasia) 

Diarrhea 

Retinal detachment (in lymphangiectasia)’2 

LABORATORY ABNORMALITIES 

Hypoproteinemia 

Hypoalbuminemia 

Decreased serum gamma globulins (IgG, IgA, and IgM) 

Decreased serum proteins—ceruloplasmin, o4-antitrypsin, 
fibrinogen, transferrin, hormone-binding proteins 

Decreased serum lipoproteins 

Evidence of fat malabsorption 

Evidence of carbohydrate malabsorption 

Evidence of fat-soluble vitamin malabsorption or deficiency 

Altered cellular immunity®° 

Lymphopenia 


Ig, immunoglobulin. 
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Prominent and thick gastric folds with substantial mucus and 
protein-rich exudates are seen; normal gastric glands are replaced 
by mucus-secreting cells, reducing the number of parietal cells 
and resulting in hypochlorhydria or achlorhydria. An increase 
in intercellular permeability results in protein loss. In this dis- 
order, tight junctions between cells are wider than those found 
in healthy subjects, and it is believed that proteins traverse the 
gastric mucosa through these widened spaces. H)RAs, anticholin- 
ergic agents, and octreotide may be used to improve symptoms, 
but patients with persistent abdominal pain or severe unrelenting 
protein loss require subtotal or total gastrectomy.”° As discussed 
in Chapter 52, there is a possible causal relationship between Hp 
infection and Ménétrier disease with protein-losing gastroenter- 
opathy, and resolution of the hypoproteinemia and return of the 
gastric folds to their normal configuration may occur after eradi- 
cation of the organism from the stomach.?!~>? 


HP Gastritis 


Hp gastritis in the absence of Ménétrier disease (see Chapter 52) 
has been associated with protein-losing gastropathy and responds 
to eradication of Hp infection.°!°? Some of these patients may 
have gastric erosions through which protein may be lost. 


Allergic Gastroenteropathy 


Although allergic gastroenteropathy (see Chapters 10, 30, and 52) 
is often considered a disease of childhood, it may be seen in adults 
as well. This syndrome is manifested by abdominal pain, vom- 
iting, and sporadic diarrhea; findings include hypoproteinemia, 
iron deficiency anemia, and peripheral eosinophilia. Serum levels 
of total protein and albumin, as well as IgA and IgG, are markedly 
reduced, whereas levels of IgM and transferrin are only moder- 
ately diminished. Characteristic histology of the small bowel in 
patients with this disorder includes a marked increase in the num- 
ber of eosinophils in the lamina propria, and Charcot-Leyden 
crystals may be found on stool examination. !? 


SLE 


SLE is a systemic autoimmune disease not infrequently associ- 
ated with protein-losing gastroenteropathy; the entity has been 
termed /upus protein-losing enteropathy (Fig. 31.2).5+3° Mesenteric 
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Fig. 31.2 A, CT of the abdomen in a 29-year-old woman with severe watery diarrhea and diffuse nonradiating 
abdominal pain. The serum albumin level was 2.9 g/dL, and the creatinine level was 0.6 mg/dL. Stool studies 
were negative for pathogens. The CT shows diffuse small bowel wall thickening. The titer of antinuclear anti- 
bodies was 1:1280, and she was started on methylprednisolone. Her symptoms improved rapidly, with much 
less diarrhea and resolution of abdominal pain. B, Repeat CT 5 days later showed marked improvement of the 
bowel wall thickening, at which time the serum albumin level was 3.4 g/dL. Renal biopsy confirmed changes 


consistent with lupus nephritis. 


vasculitis can result in intestinal ischemia, edema, and altered 
intestinal vascular permeability. In addition, gastritis and mucosal 
ulcerations, both of which may contribute to excess protein loss, 
can develop in patients with SLE. Protein-losing gastroenter- 
opathy may be the initial clinical presentation of SLE. Therapy 
with systemic glucocorticoids, as well as other immunomodula- 
tory agents such as azathioprine, cyclophosphamide, and tacroli- 
mus, can lead to remission with resolution of clinical symptoms, 
including protein-losing gastroenteropathy.*” 


Diseases with Mucosal Erosions or Ulcerations 


Mucosal erosions or ulcerations resulting in protein-losing gas- 
troenteropathy can be localized or diffuse and can be caused by 
benign or malignant disease (see Box 31.1). The severity of pro- 
tein loss depends on the degree of cellular loss and the associated 
inflammation and lymphatic obstruction. Diffuse ulcerations of 
the small intestine or colon, as seen with Crohn disease, ulcer- 
ative colitis, and pseudomembranous colitides, can result in severe 
protein loss.*”#*:°! Hypoalbuminemia is common in patients with 
GI tract malignancies; although this is most often the result of a 
decrease in albumin synthesis, excessive enteric protein loss has 
been reported. Protein-losing gastroenteropathy has also been 
related to therapy for malignant disease, including chemother- 
apy, radiation-related injury, and bone marrow transplantation. 


Diseases with Lymphatic Obstruction or Elevated 
Lymphatic Pressure 


Lymphatic obstruction results in dilatation of intestinal lym- 
phatic channels and can result in rupture of lacteals rich in 
plasma proteins, chylomicrons, and lymphocytes. When central 
venous pressure is elevated, such as in heart failure or constric- 
tive pericarditis, bowel wall lymphatic vessels become congested, 
resulting in a loss of protein-rich lymph into the GI tract.®6364 
Tortuous, dilated mucosal and submucosal lymphatic vessels are 
also seen in patients with primary intestinal lymphangiectasias 
(Fig. 31.3). These patients often present by 30 years of age with 
edema, hypoproteinemia, diarrhea, and lymphopenia from both 
lymphatic leakage and rupture.®-°’ Patients with an autosomal 
dominant homozygous loss of function mutation in the gene 
encoding CD55 (decay accelerating factor) have been identified; 
these patients have abdominal pain, diarrhea, and protein-losing 
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Fig. 31.3 Intestinal lymphangiectasia. This small intestinal biopsy 
specimen was obtained from a patient with protein-losing enteropa- 
thy. It shows focal lymphangiectasia (i.e., 2 villi are involved and 2 are 
spared), consistent with an acquired (secondary) lymphangiectasia. A 
more diffuse lymphangiectasia would favor a congenital type of lym- 
phangiectasia. (Courtesy Dr. Edward Lee, Washington, DC.) 
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gastroenteropathy with intestinal lymphangiectasia, edema, mal- 
absorption, recurrent infections, and angiopathic thromboem- 
bolic disease.°? Retroperitoneal processes such as adenopathy, 
fibrosis, and pancreatitis can also impair lymphatic drainage. 
Budd-Chiari syndrome after liver transplantation has been asso- 
ciated with protein-losing gastroenteropathy.°* 

An association between protein-losing gastroenteropathy and 
heart disease is seen after the Fontan procedure, a surgical correc- 
tion for a congenital univentricular heart or severely hypoplastic 
left ventricle. The surgery creates a wide anastomosis between 
the right atrium and pulmonary artery, with venous blood bypass- 
ing the right ventricle; protein-losing gastroenteropathy has been 
noted in up to 15% of patients in the ensuing 10 years.*:70.71,72 
Hemodynamic studies in such patients reveal increased central 
venous pressures. 


DIAGNOSIS 
Laboratory Tests 


Because hypoproteinemia and edema are seen in many other 
disorders in addition to protein-losing gastroenteropathy, docu- 
mentation of excessive protein loss from the GI tract is important. 
Patients with unexplained hypoproteinemia in the absence of 
proteinuria, liver disease, and malnutrition should be investigated 
for evidence of protein-losing gastroenteropathy. The previous 
gold standard for diagnosing protein-losing gastroenteropathy, 
measurement of the fecal loss of radiolabeled [V-administered 
macromolecules (e.g., °>!Cr-albumin), has significant limitations, 
such as exposure to radioactive material and a 6- to 10-day collec- 
tion period. Therefore, this test is not clinically practical.*! 
aı-AT is a useful marker of intestinal protein loss. a,-AT 
is a 50-kd glycoprotein similar in size to albumin (67 kd). Like 
albumin, o,-AT is synthesized in the liver and is neither actively 
absorbed nor secreted in the intestine; it is also resistant to luminal 
proteolysis. a;-AT is normally present in the stool in low concen- 
trations.*!-*3 Enteric protein loss can be demonstrated by quanti- 
fying the concentration of o,-AT in the stool or by measuring its 
clearance from plasma; the latter is the more reliable indicator. 
Therefore, the optimal test is to measure the clearance of a,-AT 
from the plasma during a 72-hour stool collection, with a,-AT 
plasma clearance expressed in milliliters/day using this formula: 


o-AT plasma clearance 
= ([Daily stool volume] x [Stool a1-AT])/Serum o1-AT 


Plasma clearance of a,;-AT can also be used to monitor 
response to therapy. 

An a,-AT clearance in excess of 24 mL/day in patients with- 
out diarrhea is abnormal. Diarrhea alone can increase o,-AT 
clearance; thus, an aj-AT clearance exceeding 56 mL/day in 
patients with diarrhea is considered abnormal. In addition, there 
is an inverse correlation between a ,-AT plasma clearance and 
serum albumin concentration; as serum albumin levels fall below 
3 g/dL, the clearance of a,;-AT exceeds 180 mL/day. In infants, 
meconium can interfere with a,-AT results (false positives) 
because of the higher concentration of a,-AT in meconium; 
therefore, this test should not be performed on infants suspected 
of having protein-losing enteropathy.*!-** Intestinal bleeding also 
leads to false elevations of a,-AT clearance. In patients who test 
positive for fecal occult blood, interpretation of a,-AT clearance 
can be difficult because of increased clearance rates.*!-** Finally, 
a,-AT is degraded by pepsin at a gastric pH below 3 and thus 
may be falsely negative in patients with gastric protein loss (false 
negatives); use of a PPI to prevent peptic degradation of a.,-AT in 
the stomach may allow detection of protein-losing gastropathy.** 
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Nuclear medicine studies are available to aid in the diagnosis 
of protein-losing gastroenteropathy; these include technetium- 
99m (°°™Tc)-labeled human serum albumin (??™T'c-HSA), 9°™Tc- 
labeled methylene diphosphonate (??™Tc-MDP), ?°™Tc-labeled 
dextran scintigraphy, ??™Tc-labeled human immunoglobulin, and 
indium-111 (!!!In)-labeled transferrin.*°-*? Nuclear imaging may 
be useful to quantify protein loss or localize a site-specific area of 
protein loss and can be helpful in establishing a diagnosis when 
the o,-AT clearance results are equivocal. Of these tests, °°™Tc- 
labeled dextran scintigraphy may be more sensitive than 9°™Tc- 
HSA, although neither test is widely available. Studies in children 
and adults have used °°™Tc-HSA for detecting the specific site 
of gastric or enteric protein loss, and this test can also be used 
to monitor response to therapy. °°"Tc-labeled human immu- 
noglobulin and !''In-labeled transferrin also may help quantify 
and localize protein loss into the GI tract.***? MRI has been 
described as a useful tool for the diagnosis of primary protein- 
losing gastroenteropathy, readily characterizing lesions that may 
be associated with protein loss into the gut, such as dilated mes- 
enteric lymphatics in the abdomen and prominent subcutaneous 
lymphatics in the extremities.°? MR enterocolonography has been 
reported as a useful diagnostic tool in confirming suspected 
protein-losing gastroenteropathy detected on scintigraphy, iden- 
tifying inflamed areas of the colon and small bowel where protein 
was being lost.?! Characteristic changes suggestive of protein-losing 
gastroenteropathy may be seen on video capsule endoscopy, and 
biopsy samples may be obtained through deep enteroscopy.”” 


Approach to the Patient with Suspected 
Protein-Losing Gastroenteropathy 


The diagnosis of protein-losing gastroenteropathy is usually made 
on the basis of an increase in a,-AT clearance, in the absence of 
confounding variables just discussed, with nuclear testing such as 
°mT'c-HSA helping confirm and quantitate the extent and loca- 
tion of the disorder in certain patients, and directing the evalua- 
tion to a specific organ (Fig. 31.4).°°:°° Testing to confirm protein 
loss from the GI tract is critical to establishing the diagnosis of 
protein-losing gastroenteropathy, because many other diseases 
can present with edema and hypoproteinemia without enteric 
protein loss. Examples include nephrotic syndrome, cirrhosis, 
malignancy, eating disorders including bulimia and anorexia, 
malnutrition, and diuretic or laxative abuse. 

Following confirmation of enteric protein loss, further evalua- 
tion is necessary to identify the underlying disease process. Initial 
evaluation should include a thorough history and physical exami- 
nation. Blood testing typically would include a complete blood 
count with differential (specifically looking for eosinophilia) and 
red cell indices, electrolytes, calcium, magnesium, serum protein 
electrophoresis and immunoelectrophoresis, C-reactive protein, 
erythrocyte sedimentation rate, antinuclear antibody (ANA) and 
rheumatoid factor, coagulation studies, HIV testing, iron and 
iron-binding capacity, and thyroid studies. In those patients with 
diarrhea, a 72-hour fecal fat determination may be useful if not 
performed earlier, as well as collection of stool specimens for 
ova and parasites, Giardia antigen, Clostridium difficile toxin, and 
Charcot-Leyden crystals if peripheral eosinophilia is present. A 
chest radiograph may reveal granulomatous disease or evidence 
of cardiomegaly. Electrocardiography or echocardiography may 
be indicated if increased venous pressure is suspected. In the pres- 
ence of steatorrhea, diagnostic studies should concentrate on the 
upper GI tract, and radiologic and endoscopic evaluation of the 
small intestine, including capsule endoscopy, deep enteroscopy, 
and MR enterography, might be performed.??:”! 

EGD and colonoscopy may help detect mucosal inflammation, 
ulceration, neoplastic disease, or other abnormalities. Biopsies 
of abnormal-appearing areas should be taken; random biopsies 
also may have a yield because conditions such as collagenous or 
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Fig. 31.4 Approach to the patient with protein-losing gastroenteropa- 
thy. Initial evaluation includes a complete history and physical examina- 
tion, laboratory evaluation (see text), and determination of a,-antitrypsin 
(a,-AT) plasma clearance. SBFT, small bowel follow-through. 


lymphocytic colitis can appear endoscopically normal. Contrast 
studies of the small and large bowel may demonstrate ulcers and 
mucosal abnormalities. Disorders that might lead to lymphatic 
obstruction (e.g., retroperitoneal fibrosis, pancreatic diseases, 
malignancies) can be evaluated by CT or MRI of the abdomen 
and pelvis. Videocapsule endoscopy is useful in evaluating for 
protein-losing gastroenteropathy to identify the presence of 
intestinal lymphangietases.?> Lymphangiography may be consid- 
ered for selected patients, but this test is rarely performed in most 
centers. When the diagnosis remains unclear, exploratory lapa- 
rotomy to exclude the possibility of occult malignancy is some- 
times appropriate. 


TREATMENT AND PROGNOSIS 


Because protein-losing gastroenteropathy is a syndrome and not a 
specific disease, treatment is directed not only at correction of the 
underlying disease but also includes supportive care and dietary 
modifications. Protein loss may be offset in part by a high-protein 
diet, and a diet lower in fat appears to have a beneficial effect on 
albumin metabolism.”* Moreover, octreotide may be useful for 
some patients with protein-losing gastroenteropathy to decrease 
fluid secretion and protein exudation from the bowel.?> There 
is some suggestion in experimental mouse models that infusion 
of heparin analogs may restore intestinal mucosal tight junctions 
and prevent protein loss across the surface of the bowel; further 
clinical work is needed to define efficacy.! 

For diseases affecting the stomach, such as giant hypertrophic 
gastropathy (Ménétrier disease), gastrectomy reverses protein 
loss. However, evidence of an infection with Hp should be sought 
before surgical consideration and treated if present (see Chap- 
ter 52).5!>2 Protein loss from the small bowel should be treated 
according to the individual disease process present. For example, 
diseases involving bacterial pathogens such as small intestinal 
bacterial overgrowth and Whipple disease should be treated with 
appropriate antibiotic therapy, whereas inflammatory processes 


such as Crohn disease or lupus may require immunosuppres- 
sive therapy.***°.°%°7 In the colon, protein loss seen in diseases 
like ulcerative colitis and collagenous colitis may require long- 
term immunomodulators or surgery, and infectious colitides 
require antibiotic treatment. Malignancy-induced enteric pro- 
tein loss requires cancer-specific therapy. Enteric protein loss 
and lymphocytopenia seen in cardiac diseases (e.g., heart failure, 
constrictive pericarditis) can be ameliorated with medical and 
surgical management of the underlying cardiac condition.®6497 
Budesonide and high-dose spironolactone have been advocated 
for some patients with protein-losing gastroenteropathy after the 
Fontan procedure.”*”? 

Acquired intestinal lymphangiectasia should be treated by 
correction of the primary disease, whereas congenital intestinal 
lymphangiectasia can be partially controlled with dietary restric- 
tions. Enteric protein loss in patients with the latter condition can 
be reduced by a low-fat diet enriched with medium-chain triglyc- 
erides, which do not require lymphatic transport and therefore do 
not stimulate lymph flow.!°0.!0! 

Supportive care can reduce the incidence of secondary 
symptoms. Diuretics typically are not indicated because the 
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edema is caused by a decrease in plasma oncotic pressure; 
however, diuretics may reduce dependent edema from hypo- 
albuminemia, thereby improving comfort. Support stockings, 
if used appropriately, can reduce lower extremity edema in 
patients with lymphedema and hypoalbuminemia. Exercise and 
adequate ambulation should be encouraged to reduce the risk 
of venous thrombosis. Meticulous skin care is critical to pre- 
vent skin breakdown and cellulitis. Although these measures 
do not affect enteric protein loss, they can minimize secondary 
complications. 

Most causes of the protein-losing disorders of the GI tract are 
easily detectable and treatable, and many can be cured. As such, 
the goal of therapy in protein-losing gastroenteropathy is to iden- 
tify the cause and direct dietary, medical, or surgical intervention, 
or a combination, at the underlying disease.*!! With reversal or 
control of the primary disease, a significant proportion of patients 
will have a partial or complete remission of enteric protein loss, 
edema, and other associated conditions. 


Full references for this chapter can be found on www.expertconsult.com. 
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Lymphomas are solid malignancies of the lymphoid system and 
are subdivided into Hodgkin and non-Hodgkin lymphomas 
(NHLs). It was estimated that in 2017 there would be 8260 and 
72,240 new diagnoses of Hodgkin and NHL, respectively, in the 
US.! The GI tract is very rarely involved with Hodgkin lym- 
phoma and will not be discussed in this chapter. 

This chapter deals with primary GI lymphoma (PGIL), where 
the main bulk of disease is in the GI tract, with or without involve- 
ment of adjacent lymph nodes. PGILs constitute 1% to 4% of 
all GI malignancies, 10% to 15% of all NHLs, and 30% to 40% 
of all extranodal NHLs,? making the GI tract the most common 
site of extranodal NHL. The incidence of PGIL between nations 
varies from 0.58 and 1.31 per 100,000 people and the usual age of 
diagnosis is between 50 and 70 years. Lymphomas that involve the 
GI tract but have the bulk of the disease in nodal areas are man- 
aged in a similar fashion to those that do not involve the GI tract. 

In broad terms, the immune system can be thought of as a 
highly structured and tightly regulated interaction between lym- 
phoid and nonlymphoid tissues aimed at protecting the host from 
harmful agents (see Chapter 2).? Lymphoid cells are produced in 
the bone marrow and thymus and then arrayed in the lymphoid 
tissues, which include the lymph nodes, spleen, Waldeyer ring, 
and mucosa-associated lymphoid tissue (MALT). The GI tract 
lymphoid tissue is MALT, typified by the Peyer patches of the 


“Hsiao C. Li and Robert H. Collins, Jr. contributed to an earlier version 
of this chapter. 
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terminal ileum. MALT contains B cells at various stages of differ- 
entiation, organized into different zones (Fig. 32.14). B cells that 
have encountered antigen diffusing across the mucosa enter the 
germinal center of MALT and undergo repeated immunoglob- 
ulin gene mutations (somatic mutations).* The resultant B-cell 
sub-clones whose immunoglobulins are highly specific for anti- 
gen have a survival advantage over B cells whose immunoglobu- 
lins are less specific. These more specific B cells then leave the 
germinal center, enter the circulation, differentiate into memory 
B cells or antibody-producing plasma cells, and return to the 
intestinal mucosa. Memory B cells reside in the marginal zone of 
MALT. Some marginal zone B cells occupy the epithelial tissue 
that covers the Peyer patches; these cells are called intraepithelial 
marginal zone B cells. B cells that have not encountered antigen 
make up the mantle zone of MALT. T cells play a role in the 
coordination and delivery of the immune system and thus are also 
found in MALT (see Fig. 32.14). Therefore, MALT is composed 
of B and T cells at various stages of differentiation; immune cells 
at a given stage of differentiation have characteristic histologic, 
immunophenotypic, and genetic features. Malignant transforma- 
tion may occur in a cell at any one of these stages of differen- 
tiation, leading to a malignancy with distinct clinical pathologic 
features (see Fig. 32.1B). This way of understanding lymphomas 
has led to the WHO lymphoma system, which recognizes over 60 
different clinical pathologic subtypes of NHL.’ 

Most lymphomas of the GI tract are B cell lymphomas, with 
most of these resulting from transformation of marginal zone B 
cells, classified by the WHO system as extranodal marginal zone 
B cell lymphomas. However, B cell lymphomas can also arise from 
other cells of MALT, such as centrocytes of the germinal center 
(follicular lymphomas [FLs]) or cells of the mantle zone (mantle 
cell lymphoma [MCL]). The precise histogenesis of large B cell 
lymphomas likely varies from case to case. T cell lymphomas of 
the GI tract are less common and usually involve malignant trans- 
formation of intraepithelial T cells in patients with celiac disease 
(see Chapter 107). 

PGILs most commonly involve the stomach or small intestine; 
the oral pharynx, esophagus, colon, or rectum may be involved 
uncommonly. In developed countries, the stomach is the most 
common site of involvement (approximately 60% of cases), but 
in the Middle East, the small intestine is the most common site 
of GI involvement. The first definition of PGIL was proposed by 
Dawson et al. (1961) using restricted criteria, namely the pres- 
ence of a predominant GI lesion with or without expansion to 
regional lymph nodes but without involvement of distant lymph 
nodes and the exclusion of patients with a leukemic presenta- 
tion and those with bone marrow, spleen, or liver involvement.® 
This definition was later expanded to include cases involving the 
adjacent liver and spleen, and allowing for distant nodal disease, 
provided the extranodal GI lesion was the presenting site and the 
site of predominant bulk (>75% of total tumor volume), to which 
primary treatment should be directed.’-’ 

Clinicians dealing with GI lymphoma are faced with a specific 
pathologic diagnosis of a lymphoma occurring in a specific site 
and, in some cases, modified by important patient characteristics, 
such as HIV infection. This chapter discusses the main clinico- 
pathologic entities that a clinician may encounter. 
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Fig. 32.1 A, Normal mucosa-associated lymphoid tissue of small intestine. The T zone is situated toward the 


serosal aspect (7). Intraepithelial B cells are also present (B). B, Large B cell lymphoma of the small intestine. 
Note the infiltration and expansion of the mucosa by the neoplastic cells, with atrophy of the native epithelial 
structures. GC, germinal center; Mar, pale external marginal zone; MZ, dark surrounding mantle zone. (Cour- 


tesy of Dr. Pamela Jensen, Dallas, TX.) 


GENERAL PRINCIPLES OF LYMPHOMA 
MANAGEMENT 


Diagnosis 


Because of the many subtypes of NHL, lymphoma should be 
diagnosed and categorized accurately by an expert. Sufficient 
tissue is required for an accurate diagnosis. In the GI tract, this 
often means multiple endoscopic biopsies. Fine-needle aspiration 
biopsy is not considered sufficient for diagnosis because it only 
permits analysis of the morphology of individual cells and not an 
in-depth examination of the background milieu in which those 
cells reside. The minimal pathologic workup should include 
light microscopy and immunophenotypic analysis, either by flow 
cytometry or immunohistochemistry (IHC). Staining for immu- 
noglobulin light chains assists in the documentation of mono- 
clonality when there is a clear-cut light chain restriction (k/A 
ratio or /« ratio 210:1), strongly suggesting B cell lymphoma. 
Occasionally, molecular genetic analysis by Southern blot test- 
ing or PCR assay is indicated to document monoclonal immu- 
noglobulin or T cell receptor gene rearrangements, or to assess 
characteristic oncogene rearrangements. One must keep in mind 
though that clonality markers might be positive in various inflam- 
matory conditions and are not necessarily pathognomonic of a 
malignancy. Therefore, an evaluation of a biopsy sample by an 
expert hematopathologist is extremely important to render an 
accurate diagnosis. 


Staging and Prognostic Assessment 


The extent of involvement by NHL is assessed by careful history 
and physical examination; CT of the neck, chest, abdomen, and 
pelvis; PET in cases of high-grade NHL; bone marrow exami- 
nation; and EUS for PGILs.'° Waldeyer ring is often involved 
in GI lymphomas, and examination of the pharynx is therefore 
indicated. Prior to the initiation of treatment, serologies for HIV, 
hepatitis B, and hepatitis C and screening for Hp in gastric lym- 
phomas should also be obtained. The Ann Arbor staging system!! 
was originally developed for Hodgkin lymphoma and is also used 
for NHL, but is deemed by many to be inadequate for staging of 
PGILs. Alternative systems have been proposed (Table 32.1).! 
Prognosis is assessed by defining the distinct lymphoma sub- 
type and evaluating clinical features, including tumor stage, age 


of the patient, performance status, and serum LDH level. The 
International Prognostic Index (IPI) is a model used to pre- 
dict outcome in patients with aggressive NHL." This model 
has been revised as R-IPI to reflect the use of the monoclonal 
antibody, rituximab, directed against CD20,'* and has been pro- 
spectively validated; retaining its predictive value in the ritux- 
imab era. 


Treatment 


‘Treatment varies according to lymphoma subtype and stage, but 
it should be noted that the best treatment for many GI lympho- 
mas remains controversial. Whereas many large controlled trials 
have defined the best treatment for many nodal lymphomas, this 
is not the case for GI lymphomas. Thus, many treatment recom- 
mendations are based on small case series and extrapolation from 
results with nodal lymphomas. Prior to the initiation of treat- 
ment with systemic chemotherapy, interested patients should 
receive counseling regarding fertility preservation in addition to 
the side effect profile of drugs being used.!> We also routinely 
screen patients for chronic infections such as HIV, HBV, HCV, 
and Hp in lymphomas involving the MALT. We consider this 
important because a sizeable percentage of low-grade lymphomas 
will undergo spontaneous regression after the chronic infection 
driving them is adequately treated. 


GASTRIC LYMPHOMAS 


Primary gastric lymphomas account for 5% of gastric neoplasms, 
with an increasing trend worldwide.!° The stomach is the most 
common extranodal site of lymphoma and accounts for 68% to 
75% of PGILs.'’ Most of these gastric lymphomas are classified 
as marginal zone B cell lymphoma of the MALT type or as diffuse 
large B cell lymphoma (DLBCL).? 


Gastric Marginal Zone B Cell Lymphoma of 
Mucosa-Associated Lymphoid Tissue (Lymphomas) 


Extranodal marginal zone B cell lymphoma of MALT, also 
known as MALT lymphoma, was first described by Isaacson and 
Spencer in 1983!* and comprises about 8% of all NHLs.!? These 
lymphomas arise from malignant transformation of B cells from 
the marginal zone of MALT.” They may arise from MALT that 
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TABLE 32.1 Staging Systems for Primary Gastrointestinal Lymphomas 


TNM Staging System Ann Arbor 
Modified Paris Staging (Modified for Gastric Staging 
Stage System* Lymphoma) System Tumor Involvement 
| TI NO T1 NO MO le Mucosa, submucosa 
T2 NO T2 NO MO le Muscularis propria 
T3 NO MO le Serosa 
ll Extending into abdomen 
Il; = local nodal involvement T1-3 N1 MO lle Perigastric or peri-intestinal lymph nodes 
Ilp = distant nodal involvement T1-3 N2 MO lle More distant regional lymph nodes 
lle Penetration of serosa to involve T4 NO MO lle Invasion of adjacent structures 
adjacent organs or tissues 
IV Disseminated extranodal involvement T1-4 N3 MO Ile Lymph nodes on both sides of the diaphragm 
or concomitant supradiaphragmatic +4 _4 NO-3 M1 NA Distant metastases (e.g., bone marrow or 


nodal involvement 


additional extranodal sites) 


*Modified from Ruskoné-Fourmestraux A, Dragosics B, Morgner A, et al. Paris Staging System for primary gastrointestinal lymphomas. Gut 2008; 52:912-3. 


GI, Gastrointestinal; TNM, tumor node metastasis. 


exists under normal physiologic circumstances (e.g., in Peyer 
patches of the gut) or from MALT associated with infection or an 
autoimmune process. For example, gastric tissue normally does 
not contain MALT but may acquire it in response to chronic Hp 
infection (see Chapter 52).7! The phenomenon of “lymphocytic 
homing” which involves interaction between circulating lympho- 
cytes and endothelial venules mediated by lymphocyte integrins 
and tissue-specific addressins is key to extranodal lymphomagen- 
esis.27 

Malignant transformation occurs in a small percentage of 
patients with acquired gastric MALT and results in a lymphoma 
with generally indolent behavior. The malignant process appears 
to be driven to a large degree by chronic Hp infection because 
eradication of this infection leads to regression of the lymphoma 
in 50% to 80% of cases.?:24 


Epidemiology 


Gastric marginal zone B cell lymphoma of MALT represents 38% 
to 48% of gastric lymphomas.”> The incidence varies according 
to the incidence of Hp in the population being assessed. Thus, 
the incidence in northeastern Italy, where the rate of Hp infec- 
tion is very high, is roughly 13 times the incidence in the United 
Kingdom.”° The median age at diagnosis of gastric MALT lym- 
phoma is approximately 60 years, with a wide age range, with 
men and women affected equally. The male-to-female ratio is 
equal.?’ 


Cause and Pathogenesis 


Hp Infection. 

Several lines of evidence support the key role of Hp in the devel- 
opment of gastric MALT lymphoma (see Chapter 52). Infection 
by Hp is present in the vast majority of cases of gastric MALT 
lymphoma.** The epidemiologic studies cited earlier have 
shown a close correlation between the prevalence of Hp infec- 
tion and gastric lymphoma in a given population,””*° and case- 
control studies have shown an association between previous Hp 
infection and subsequent development of gastric lymphoma.*! 
In vitro studies have shown that gastric MALT lymphoma tissue 
contains T cells that are specifically reactive to Hp. These Hp- 
reactive T cells support the proliferation of neoplastic B cells.*? 
Gastric MALT lymphoma can be induced in murine models by 
chronic Helicobacter infection.*> Many groups have documented 
the regression of gastric MALT lymphoma after eradication of 


Hp.?>’*+3+ Of interest, responses of small intestinal and rectal 
lymphoma to Hp eradication have been reported,*>*° although 
a consistent role of the organism at these nongastric sites is 
not clear. Lymphomas have also been reported in patients with 
Helicobacter heilmannii infections, with resolution after eradica- 
tion of the infection.*” 


Evidence for Antigen-Driven B Cell Proliferation. 

As noted previously, the B cell immunoglobulin variable region 
(V) genes undergo somatic hypermutation during the T cell- 
dependent B cell response to antigen,* which leads to the pro- 
duction of new antigen receptors with altered antigen-binding 
affinity. Resultant B cell clones that express higher affinity anti- 
gen receptors have a survival advantage over B cell clones con- 
taining receptors with lower affinity. Thus, somatic mutation is 
a marker for antigen-driven selection of B cell clones. Sequence 
analysis of malignant B cells from gastric MALT lymphoma 
shows that the immunoglobulin genes have undergone somatic 
mutation.*® 


Genetic Studies. 

There are 4 main chromosomal translocations in extranodal 
marginal zone lymphomas: t(11;18)(q21;q2 1), t(14;18)(q32;q2 1), 
t(1;14)(p22;q32), and t(3;14)(p14.1;q32). The most common 
translocation, t(11;18)(q21;q21), is found in 30% of cases, but 
its incidence varies with disease site: it is more common in cases 
involving the stomach (and lung), but rare in other sites.*?1° 
The t(11;18)(q21;q21) translocation results in the reciprocal 
fusion of the API-2 and MALT-1 genes. API-2 is an apoptosis 
inhibitor, and MALT-1 is involved in nuclear factor kB (NF- 
«B) activation. MALT lymphomas with this translocation do 
not respond as well to antibiotic therapy aimed at eradicating 
Hp infection similar to lymphomas without this infection.” 
However, these lymphomas are also less likely to have other 
chromosomal translocations or transform to more aggressive 
large cell lymphomas.*?+! 

The t(14;18)(q32;q21) variant results in the translocation of 
the MALT-1 gene on chromosome 18q21 to the immunoglobu- 
lin gene heavy chain enhancer region, leading to its overexpres- 
sion, thus differing from the t(14;18) translocation of FL, which 
involves the bcl-2 gene. The t(14;18)(q32:q21) translocation 
occurs in about 20% of MALT lymphomas overall, although the 
incidence varies according to the disease site; it is rare in the GI 
tract but more common in lymphomas occurring in the salivary 
glands and ocular adnexa.*” 


Approximately 5% of gastric MALT lymphomas have a t(1;14) 
(p22;q32) translocation." In this translocation, the dc/-10 gene is 
brought under the control of the immunoglobulin heavy-chain 
gene enhancer, deregulating its expression. This translocation 
has been detected only in patients with MALT lymphomas, but 
those with it often have concurrent trisomies of chromosomes 3, 
12, and 18. It is more commonly found in advanced-stage cases, 
which are less likely to respond to Hp eradication. 

Finally, the t(3;14)(p14.1;q32) translocation results in the 
juxtaposition of the gene for the transcription factor FOXP1 on 
3p14.1, next to the immunoglobulin gene heavy chain enhancer 
region, leading to deregulation of FOXP1,* that is necessary for 
B-cell development.** 


Common Molecular Pathways From Mucosa- 

Associated Lymphoid Tissue Lymphoma Chromosomal 
Translocations. 

The first 3 translocations listed earlier all activate nuclear factor- 
KB (NF-«B), a transcription factor that increases cell activation, 
proliferation, and survival (see Chapters 1 and 2).*?*° In unstimu- 
lated B and T lymphocytes, NF-«B is sequestered in the cytoplasm 
because it is bound to IkB, an inhibitory protein. Phosphorylation 
of IxB targets it for ubiquitination and degradation, thus releas- 
ing NF-KB, which then translocates to the nucleus to function 
as a transcription factor. The pathways through which IB is 
phosphorylated are tightly regulated and involve BCL-10 and 
MALT-1. Excessive BCL-10 or MALT-1 activity occurring as a 
consequence of t(11;18), t(14;18), or t(1;14) leads to constitutive 
NF-«B activation.*? 


Model for the Pathogenesis of Gastric Mucosa- 
Associated Lymphoid Tissue Lymphoma. 

A model for the pathogenesis of gastric MALT lymphoma suggests 
that the evolution of the disease is a multistage process, comprising the 
sequential development of Hp gastritis, low-grade B cell lymphoma, 
and then high-grade B cell lymphoma.” This model is supported by 
gastric biopsies obtained from patients with chronic gastritis taken 
years before the onset of lymphoma showing B-lymphocytic clones 
that later gave rise to a clinically evident lymphoma. In this model, 
Hp infection elicits an immune response in which T and B cells are 
recruited to the gastric mucosa, where MALT is then formed. Hp- 
specific T cells provide growth help to abnormal B cell clones. The 
abnormal B cells may not be Hp-specific and may even be autoreac- 
tive. However, their continued proliferation, initially, depends on 
T cell help. The pivotal role of Hp-reactive T cells in driving B cell 
proliferation may explain why tumor cells tend to remain localized 
and why the tumor regresses after eradication of Hp. However, con- 
tinued B cell proliferation eventually leads to accumulation of addi- 
tional genetic abnormalities, resulting in autonomous growth and 
more aggressive clinical behavior. 

Because only a small percentage of Hp-infected individu- 
als develops lymphoma, additional currently unknown environ- 
mental, microbial, or genetic factors must play a contributory 
role. Genetic polymorphisms affecting genes such as ILIRN and 
GSTT1 involved in inflammatory responses and anti-oxidative 
capacity may be partly responsible for the genetic background for 
MALT lymphomagenesis.*” Hp strains expressing certain pro- 
teins such as CagA and oxidative damage have been suggested to 
play a role in the development of gastric lymphoma." 


Pathology 


Gross Appearance and Location. 

Low-grade gastric MALT lymphomas may present as a single 
lesion or as multiple lesions. Unifocal disease usually presents as 
ulcerated, protruding, or infiltrating masses, but may also mani- 
fest as erosions or simply erythema. They are most commonly 
located in the antrum. 
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Histology 

The key histologic feature of low-grade MALT lymphoma is 
the presence of “lympbhoepithelial lesions” (Fig. 32.2).!*#? These 
lesions are defined as the unequivocal invasion and partial 
destruction of gastric glands or crypts by tumor cell aggregates. 
It should be noted, however, that these lesions can sometimes 
be seen in cases of florid chronic gastritis. Tumor cells are 
small to medium-sized lymphocytes, with irregularly shaped 
nuclei and moderately abundant cytoplasm. The morphology 
of these cells can vary from small lymphoplasmacytoid cells to 
monocytoid cells that have abundant pale cytoplasm and well- 
defined borders.*° Scattered larger cells or transformed lym- 
phoblasts may also be seen. The lymphoma cells infiltrate the 
lamina propria diffusely and grow around reactive follicles; the 
germinal centers may be invaded, a phenomenon termed follic- 
ular colonization. Because there is a continuous spectrum from 
the transition of gastritis to lymphoma, diagnosis of borderline 
cases can be difficult. Various parameters may assist in the dis- 
tinction, such as the prominence of lymphoepithelial lesions, 
degree of cytologic atypia, and presence of plasma cells with 
Dutcher bodies (periodic acid—Schiff -positive intranuclear 
pseudoinclusions). 

The presence of large cells can add further complexity to the 
diagnosis.!° The low-grade MALT lymphoma may have scat- 
tered large cells, but the tumor is composed predominantly of 
small cells. At the other end of the spectrum, gastric lympho- 
mas that contain only large cells or only small areas of small 
cell MALT-like lymphoma should be classified as DLBCLs 
(see later).> In between the ends of this spectrum are low-grade 
lymphomas in the process of evolving into more aggressive lym- 
phoma, with increasing numbers of large cells being observed 
with transformation. 


Immunophenotype 

Gastric MALT lymphoma cells have the typical immunophe- 
notype of marginal zone B cells. They express pan-B antigens 
(CD19, CD20, and CD79a) and they lack expression of CD5, 
CD10, CD23, and cyclin D1.? Further immunostaining by 
experienced pathologists can aid in identifying lymphoepithelial 
lesions (see Fig. 32.2) and in distinguishing follicular colonization 
from FL (a rare occurrence in the stomach; see later). 
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Fig. 32.2 Photoiicrograph showing a “/ymphoepithelial lesion” char- 
acteristic of gastric mucosa-associated lymphoid tissue lymphoma. 
Cytokeratin stain demonstrates invasion and destruction of some 
gastric glands by a monomorphic population of lymphocytes. Note for 
comparison the uninvolved normal glands in the bottom center of the 
photograph. Special stains (not shown) demonstrated Hp. (Courtesy Dr. 
Edward Lee, Washington, DC.) 
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Molecular Tests of Monoclonality 

Southern blotting or PCR assay of immunoglobulin heavy chain 
rearrangement can assist in the documentation of monoclonality. 
It should be noted that B cell monoclonality may be detected in 
Hp-associated gastritis (see Chapter 52). Although monoclonality 
may predict for later development of lymphoma, monoclonality 
alone does not allow a diagnosis of lymphoma; thus, molecular 
tests should always be considered in the context of histologic 
findings. 


Clinical features 


Symptoms, Signs, and Laboratory Tests 

The most common symptoms are dyspepsia and epigastric pain. 
Other less common symptoms include anorexia, weight loss, nau- 
sea and/or vomiting, and early satiety.*? Gastric bleeding and B 
symptoms (fevers, night sweats, weight loss) are rare. Serum lev- 
els of LDH and £)-microglobulin are usually normal.*! 


Diagnosis and Staging 

Patients are evaluated by EGD. PPI therapy should ideally be 
withheld for at least 2 weeks prior to endoscopy to avoid a false- 
negative result for Hp. Endoscopic findings include erythema, 
erosions, and/or ulcers. Diffuse superficial infiltration is typical 
for MALT lymphoma, whereas masses are more commonly seen 
in DLBCL (Fig. 32.3), an aggressive NHL. The most common 
site of involvement in the stomach is the antrum, but biopsies 
should be taken from all abnormal areas and randomly from each 
area of the stomach, as well as the duodenum and gastroesopha- 
geal junction, because disease is often multifocal. Because some 
lymphomas infiltrate the submucosa without involving the muco- 
sal membrane, biopsies need to be sufficiently deep and large for 
histopathologic and immunohistochemical analyses. Hp infection 
should be established by histologic studies, breath test, or fecal 
antigen testing (see Chapter 52).°* EUS can determine the depth 
of infiltration and assess for the presence of enlarged perigas- 
tric lymph nodes.!° Additional staging consists of upper airway 
examination, CT of the chest, abdomen, and pelvis, bone marrow 
aspiration and biopsy, and measurement of the serum LDH level. 


Fig. 32.3 Endoscopic appearance of diffuse large B cell lymphoma of 
the stomach with multiple umbilicated lesions adjacent to the gas- 
troesophageal junction. One large ulceration is seen just beyond the 
squamocolumnar junction. 


PET is not usually helpful in gastric MALT lymphoma because 
of low uptake of fluorodeoxyglucose (FDG).°*°* 


Staging System and Prognostic Assessment 

In 1994, an international workshop on the staging of GI tract 
lymphomas proposed the Lugano staging system,” a modifi- 
cation of the Blackledge system. The Paris staging system (see 
Table 32.1) is a modification of the TNM system and incorpo- 
rates the depth of infiltration as well as lymph node involvement 
based on EUS.*° Approximately 75% of gastric MALT lym- 
phomas are confined to the stomach (stage I) at diagnosis’? and 
behave in a clinically indolent fashion; thus, prognosis is good 
for most patients, with overall survival rates of 80% to 95% at 5 
years. Prognosis is poor in the rare patient with more advanced 
disease. Additional features associated with a worse prognosis are 
deep infiltration of the stomach wall, which is associated with a 
higher likelihood of regional lymph node involvement,” and a 
high percentage of large cells on histologic evaluation. 

A MALT lymphoma specific prognostic index (MALT-IPI) 
has been developed and validated with these 3 key parameters: 
age >70 years, stage III or IV disease and an elevated LDH serum 
level. The 5-year event free survival rates in the low-, interme- 
diate-, and high-risk groups per the MALT-IPI in the studied 
patient cohort were 70%, 56%, and 29%, respectively. This eas- 
ily reproducible tool retained utility in both gastric and nongas- 
tric MALT-lymphomas and in different treatment strategies used 
in the study group.*® 


Treatment 


Large, randomized clinical trials have not been performed 
in MALT lymphoma because of the rarity of the disorder. 
Therefore, treatment recommendations are based on case series 
and expert opinion. Wotherspoon and colleagues”? first reported 
that gastric MALT lymphoma could completely regress by endo- 
scopic, histologic, and molecular criteria after eradication of Hp. 
Numerous studies have confirmed these observations,°?°? and 
antibiotics aimed at eradicating Hp (see Chapter 52) have become 
the mainstay of therapy for low-grade gastric MALT lymphoma. 
Even patients with advanced stages of disease can regress with 
eradication of Hp. However, it is important to recognize that 
the current literature in this field is less than optimal in several 
respects. Older studies are limited by insufficient staging pro- 
cedures and outdated classification systems. Also, none of the 
reports is a controlled or randomized trial, and long follow-up 
is lacking. Nevertheless, the current literature is sufficient to 
suggest that early-stage disease is best managed with a trial of 
Hp-directed antibiotics (Chapter 52), reserving more toxic thera- 
pies such as radiation, chemotherapy, or surgery for cases with- 
out concomitant Hp infection or for those that do not respond 
to antibiotics, keeping in mind that it may take several months 
before remission is achieved. 

Table 32.2 indicates treatment options by stage using the 
Lugano staging system. 


Stage I Disease 

Most patients fall into this category and can be treated with anti- 
biotic therapy aimed at eradication of Hp. Any of the treatment 
regimens discussed in Chapter 52 may be used. Follow-up endos- 
copy with multiple biopsies should be done 3 to 6 months after 
the completion of therapy to document clearance of infection 
and to assess lymphoma regression.°’ Regression of lymphoma, 
but not necessarily complete regression, is usually evident at 
this initial posttreatment examination. Patients with persis- 
tence of infection should be treated with a second-line antibi- 
otic regimen (see Chapter 52). Histopathology at this initial 
posttreatment examination can predict ultimate response, with 
biopsies showing only small foci of lymphoma being predictive 


of subsequent complete regression and biopsies showing diffuse 
persistent disease predicting a low likelihood of subsequent com- 
plete regression. The Wotherspoon index was initially proposed 
(1993) as a histologic tool to evaluate therapy response, but its 
utility has been more for initial diagnosis. The Groupe d’Etude 
des Lymphomas de l’Adulte posttreatment histologic evaluation 
system (2003) is an effective, reproducible criteria to monitor 
therapeutic courses of gastric lymphomas (Table 32.3). Patients 
are then followed with endoscopy approximately every 6 months 
for 2 years and then yearly. Overall, approximately 75% of 
patients with stage I disease confined to the mucosa and submu- 
cosa achieve complete remission.” The median time to remission 
is 5 months, with remission usually occurring within 12 months. 
However, time to remission has been reported to be as long as 45 
months.” Of patients in clinical remission, a majority will still 
have tumor clones detected by PCR.’ With continued follow-up 
of these patients, the malignant clone decreases; current studies 
have suggested that a positive PCR at histologic remission does 
not predict subsequent relapse, but longer follow-up of this issue 
is necessary. Approximately 90% of patients who had a complete 
clinical remission to Hp eradication remain in remission,*” but 
late relapses can occur. Relapse may occur in association with Hp 
reinfection and can be cured by eradicating the organism again. 
In the absence of Hp reinfection, relapse is frequently transient. 
A randomized trial of patients who responded to Hp treatment 
did not show a benefit with chlorambucil when compared to 
observation.°” 

Approximately 25% of patients do not respond to Hp eradica- 
tion.°* Lack of response is more common in patients with the 


TABLE 32.2 Treatment of Gastric Marginal Zone B Cell Lymphoma of 
MALT Type* 


Lugano Stage Treatment** 


|, with disease limited Antibiotics alone 
to mucosa and 


submucosa 


Il, with involvement of 
muscularis propria 
or serosa 


Best treatment unknown currently. Radiation 
or chemotherapy is probably a better 
option than surgery (see text) 


IV, with involvement Chemotherapy for symptomatic disease. 
beyond stomach Local management with radiation or 
wall surgery may be indicated in selected cases 


“According to Lugano staging system. 

tPatients with Hp infection should be treated with antibiotics to clear the 
infection, regardless of stage (see Chapter 52). 

Patients with a high percentage of large cells and disease limited to the 
mucosa may respond to antibiotics alone, although further study of 
this issue is necessary. 

Patients with a high percentage of large cells and more advanced-stage 
disease should be treated as in Table 32.4 for diffuse large B cell 
lymphoma. 

MALT, Mucosa-associated lymphoid tissue. 
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t(11;18)(q21;q21) translocation; in one study, 67% of nonre- 
sponders harbored this abnormality, whereas only 4% of respond- 
ers did.°?:”° Lack of response to antibiotic therapy used in Hp 
infection is also seen in Hp-negative gastric MALT lymphomas’! 
and in patients with lymph node involvement at diagnosis.*’ 

The optimal management of disease unresponsive to Hp erad- 
ication is not certain. Options include surgical resection, chemo- 
therapy, and radiation. These options are discussed in the section 
on treatment of stage If disease (see later). 

The management of patients with localized disease but a sig- 
nificant percentage of large cells is also uncertain. More recent 
studies have documented remission after Hp eradication, in con- 
trast to earlier studies. For example, in one study of 34 patients 
with high-grade histology, 18 had disease regression with Hp 
eradication and were free of lymphoma after a median follow-up 
of 7.7 years.’* If this approach is taken, the patient should be fol- 
lowed closely and, if the response is suboptimal, treated with one 
of the approaches discussed in the following section. 

As mentioned, occasional cases of gastric MALT lymphoma 
are Hp-negative and these patients are much less likely to respond 
to antibiotic treatment. However, anti-Hp treatment should still 
be attempted because of possible false-negative results for Hp or 
in the event that another helicobacter, H. heilmannii, caused the 
lymphoma.” 

Locally Advanced Disease: Stage I with Involvement of Muscularis 
or Serosa or Poor Response to Hp Eradication (stage Ig). Patients 
with more advanced-stage disease who are Hp-positive should 
also receive antibiotic therapy, but antibiotic therapy alone is 
usually not sufficient to eradicate the lymphoma. There is cur- 
rently no consensus regarding the optimal management of this 
group of patients. Total gastrectomy can cure more than 80% 
of patients with stage IIg disease but diminishes patients’ quality 
of life and has not been shown to achieve superior results when 
compared with more conservative approaches.” Involved field 
radiation therapy (30 to 40 Gy delivered in 15 to 20 fractions to 
the stomach and peri-gastric nodes) produces excellent results 
with a complete remission rate of 90% to 100% and a 5-year dis- 
ease-free survival of approximately 80%.”+”> Radiation therapy 
is usually well tolerated and preserves gastric function. Thus, it 
has become the preferred therapy for patients with advanced- 
stage disease, those who are negative for Hp, and those with per- 
sistent disease despite Hp treatment.’° Other treatment options 
in this group include chemotherapy, immunotherapy, combined 
chemo-immunotherapy or newer novel, target-specific chemo- 
therapeutics such as ibrutinib. Older data suggests that single- 
agent oral chemotherapy drugs such as cyclophosphamide’? or 
chlorambucil have activity, as does treatment with purine ana- 
logs such as cladribine (2 CdA), which may be more effective in 
patients with t(11;18)(q21;q21).’7 Chemoimmunotherapy with 
rituximab, a monoclonal antibody against CD20, in combination 
with chlorambucil,’*:”? fludarabine,®° cladribine,®! and benda- 
mustine, an approach similar to treatment of other low grade 
B-NHL, has shown response rates of 80% to 100% with accept- 
able toxicity. 


TABLE 32.3 Histological Evaluation System Proposed to Evaluate MALT Gastric Lymphomas Following Antibiotic Therapy (As Proposed by the Groupe 


d'Etude des Lymphomas de |’Adulte) 


Treatment Outcome Definition Histological Characteristics 

CR Complete histological Normal or empty lamina propria and/or fibrosis with absent or sparse plasmacytes and lymphoid 
remission cells in the lamina propria without lymphoepithelial lesions 

pMRD Probable minimal residual Empty lamina propria and/or fibrosis with disease aggregates or lymphocyte nodules in the lamina 
disease propria, in the muscularis mucosae, and/or in the submucosa 

rRD Residual disease in Lamina propria focally empty and/or fibrosis; dense, diffuse, or nodular-infiltrated lymphoid, which 
regression extends around the glands in the lamina propria. Focal or absent lymphoepithelial lesions 


NC No change 


Lymphocytic infiltration dense, diffuse, or nodular, +/— lymphoepithelial lesions 
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Stage II or IV Disease 

Low-grade gastric MALT lymphoma that has spread to distant 
lymph nodes or extranodal sites should be treated as advanced low- 
grade B-cell NHL. Various regimens are used, most incorporating 
rituximab.*** Such disease is usually not considered curable, but 
is generally indolent, with transient responses to chemotherapy. 
Asymptomatic patients may be followed expectantly. 


Diffuse Large B Cell Lymphoma of the Stomach 
Epidemiology 


Approximately 50% of gastric lymphomas are DLBCLs. The 
incidence may be higher in developing than in developed nations, 
but clinical features appear to be similar. The median age is 
approximately 60 years, with a slight male predominance. !’ 


Cause and Pathogenesis 


The pathogenesis of gastric DLBCL is poorly understood. Many 
large cell tumors have components of low-grade MALT tissue 
and are assumed to have evolved through transformation of low- 
grade lesions. Frequently, these bear identical rearranged immu- 
noglobulin genes. According to the WHO classification, this 
is now referred to as “diffuse large B cell lymphoma with areas of 
marginal zone-MALT-type lymphoma.” However, other DLBCLs 
have no evidence of associated low-grade MALT tissue. It is 
unclear whether de novo gastric DLBCL has a worse progno- 
sis than DLBCL with areas of marginal zone-MALT-type lym- 
phoma.*> 

If the large cell lesions commonly arise from progression of 
low-grade lesions, then conceivably Hp may have a role in the 
initial pathogenesis. One study has suggested that Hp infection 
is more common in patients whose large cell lesions had a low- 
grade component.*° Also, observation of a response of early-stage 
large cell lymphomas to Hp eradication has suggested a role for 
the organism, at least in some cases.’?:*’ As outlined earlier in the 
discussion of tentative models for Hp-induced lymphoma, large 
cell transformation resulting from genetic events, including loss 
of p53 and p16, may lead to tumor cells losing their dependence 
on Hp for growth.’ A high incidence of somatic mutations in rear- 
ranged immunoglobulin heavy-chain variable genes in one study 
of DLBCLs of the stomach has implicated antigen selection in 
the genesis of the lymphoma. 


Pathology 


DLBCL may appear grossly as large ulcers, protruded tumors 
(see Fig. 32.3), or multiple shallow ulcers.**°? The most com- 
mon sites of involvement are the body and antrum of the stom- 
ach. Tumors with a low-grade component are more likely to be 
multifocal than tumors with no low-grade component. Large cell 
lymphomas typically invade the muscularis propria layer or even 
more deeply. 

Microscopic examination reveals compact clusters, confluent 
aggregates, or sheets of large cells that resemble immunoblasts or 
centroblasts, most often with a mixture of the 2 (Fig. 32.4).? From 
25% to 40% of cases show evidence of derivation from MALT, 
including dense infiltration of centrocyte-like cells in the lamina 
propria and typical lymphoepithelial lesions.*° 

Immunophenotypic analysis shows expression of one or 
more B cell antigens (CD19, CD20, CD22, CD79a) and CD45. 
Lesions with evidence of low-grade MALT tissue do not express 
CD10, consistent with their having evolved from the CD10- 
negative marginal zone low-grade lesions. Lesions without evi- 
dence of MALT may or may not express CD10. Genetic analysis 
reveals monoclonal immunoglobulin gene rearrangements. BCL6 
is frequently mutated or rearranged”; if this is seen along with 


translocation involving myc, the lymphoma is referred to as a 
“double hit” DLBCL, or based on WHO 2016 classification, 
High Grade B cell lymphoma, with MYC and BCL2 and/or BCL6 
rearrangements.’ 

MYC translocation along with rearrangements in either BCL2 
and/or BCL6 are increasingly being recognized as adverse prog- 
nostic features and most experts modify treatments based on it, 
using more intense chemo-immunotherapy regimens. Similarly, 
increased expression of myc and bcl2 by IHC staining is associated 
with relatively poor outcomes; although colloquially referred 
to as “double expressor,” this category is not formally recognized 
by WHO yet and outside of the setting of a clinical trial, most 
experts continue to use standard R-CHOP for it. 

It is worth discussing the evolution in terminology regard- 
ing DLBCLs of the stomach. Many pathologists have referred to 
lymphomas arising in MALT with high-grade features (with or 
without a component of low-grade disease) as high-grade gastric 
MALT lymphomas. However, those involved in the development 
of the WHO classification were concerned that many clinicians 
had come to regard the term gastric MALT lymphoma as synony- 
mous with a lesion that responds to antibiotics. This is usually not 
the case with high-grade lesions arising in MALT. Therefore, 
those involved in formulating the WHO classification’ agreed to 
use the term extranodal marginal zone B cell lymphoma of MALT 
type for low-grade lesions, and the term diffuse large B cell lym- 
phoma for high-grade lesions, leaving out the term MALT. Low- 
grade lesions involving MALT often contain varying proportions 
of large cells, with a worse prognosis in relation to increased per- 
centage of large cells. However, at this point, a precise grading 
system for this situation has not been devised and remains a goal 
of ongoing research. 


Clinical Features 


Patients present with epigastric pain (70%) or dyspepsia (30%), 
symptoms similar to those patients with gastric adenocarci- 
noma.**.?! Large tumors may cause obstruction. Ulcerating 
lesions may be associated with GI bleeding. B symptoms (fevers, 
night sweats, weight loss) and elevated serum LDH levels are 
uncommon. 

Staging consists of EGD (see Fig. 32.3), upper airway exami- 
nation, CT of the chest, abdomen, and pelvis or PET-CT scan, 
bone marrow aspiration and biopsy, and measurement of the 


Fig. 32.4 Photomicrograph showing diffuse large B cell lymphoma 
in stomach. There is a dense infiltrate of medium-sized to large B- 
lymphoid cells within gastric mucosa. (Courtesy Dr. Weina Chen, UT 
Southwestern Medical Center, Dallas, TX.) 


serum LDH level. In addition, EUS plays an important role in 
assessing depth of stomach wall involvement. Hp infection should 
be assessed; it is detected in 35% of patients with DLBCL of the 
stomach and is more common in those with concomitant gas- 
tric MALT.** Most patients have stage I or II disease by the Ann 
Arbor Staging System.’* However, as other staging systems have 
been developed, the use of various systems has made it difficult to 
compare results of different series. 


Treatment 


The optimal management of DLBCL of the stomach is contro- 
versial, but the current consensus recommends chemo-immuno- 
therapy with or without radiotherapy as a replacement for surgery 
(Table 32.4).8° Traditionally, localized disease was approached 
with surgery alone or surgery followed by radiation and/or che- 
motherapy for patients with poor prognostic features.” This 
approach had the advantage of providing diagnostic and staging 
information and avoided the risk of gastric perforation or bleed- 
ing that was believed to result from treatment with chemotherapy 
or radiation. Approximately 70% of patients with stage I disease 
are disease-free 5 years after surgery.” However, several inves- 
tigators have questioned the role of surgery in the management 
of localized gastric DLBCL. They noted that with the availabil- 
ity of endoscopy, surgery was no longer necessary for diagnosis 
and, with the availability of CT and EUS, surgery was no longer 
necessary for staging. In addition, the risk of gastric bleeding or 
perforation during chemotherapy is lower than 5% and only a 
few of those who bleed require urgent gastrectomy.” Surgery, 
however, carries a 5% to 10% risk of mortality and is associated 
with significant morbidity. 

Thus, chemotherapy and radiation were investigated as alter- 
natives to surgery. Retrospective studies have shown similar out- 
comes in patients treated with surgery alone versus chemotherapy 
alone.!’ A prospective study of patients with DLBCL of the stom- 
ach who were randomized to surgery, surgery plus radiotherapy, 
surgery plus chemotherapy, or chemotherapy alone showed 
improved complete response rates and overall survival for patients 
who received surgery plus chemotherapy and chemotherapy alone 
when compared with those who received surgery alone or surgery 
plus radiotherapy.” The German Multicenter Study GIT NHL 
01/92 was a prospective nonrandomized study of surgery in con- 
junction with chemotherapy and radiation versus chemotherapy 
and radiation alone for primary gastric lymphoma in localized 
stages. Whether the treatment included surgery was left to the 
discretion of each participating center. There was no difference 
in survival rate between those who received surgery followed by 
chemoradiotherapy and those who received chemoradiotherapy 


TABLE 32.4 Treatment of Diffuse Large B Cell Lymphoma of the 
Stomach* 


Lugano Stage Treatment 

| CHOP? x 3-4 cycles + RT? + rituximab 
I, Uh, Wo, Me CHOP x 3-4 cycles + RT + rituximab 
IV CHOP x 6-8 cycles + RT + rituximab 


*According to the Lugano staging system, optimal management of this 
entity is controversial. However, the developing consensus seems 
to favor combined chemotherapy and radiation and avoidance of 
surgery (see text). 

tCyclophosphamide, doxorubicin [hydroxydaunorubicin], vincristine 
[Oncovin], prednisone). 

RT (radiotherapy); usually, 30-40 Gy in 20-30 fractions. 

SThe suggestion for the addition of rituximab in this setting involves 
extrapolation of randomized data from nodal diffuse large B cell 
lymphoma. 
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alone.” These results were confirmed in a subsequent, larger, 
prospective nonrandomized trial, GIT NHL 02/96.”* 

For patients with advanced-stage nodal DLBCL, the addition 
of rituximab, a monoclonal antibody against CD20, to CHOP 
(cyclophosphamide, doxorubicin [fydroxydaunorubicin], vincris- 
tine [Oncovin], prednisone) chemotherapy improves overall sur- 
vival when compared with CHOP alone.””"! ‘This combination 
has also been administered to patients with gastric DLBCL and 
found to be safe and effective.!9°.1 

The necessity of radiation therapy in the management of 
gastric DLBCL is controversial. A small retrospective study of 
patients with stage I or II primary gastric high-grade DLBCL 
treated with chemotherapy with or without radiotherapy has 
shown decreased relapse rates in patients who received con- 
solidative radiotherapy.” However, this study included only 21 
patients, of whom 3 relapsed, and it is thought that a prospective 
randomized trial is needed. 

Thus, standard management of gastric large B cell lymphoma 
follows standard management of nodal large B cell lymphomas. 
The treatment of localized (stage I or IT) nodal large B cell lym- 
phoma consists of 3 to 6 cycles of combination chemotherapy 
(typically the CHOP regimen) given with rituximab, with radia- 
tion generally given if using abbreviated chemotherapy (3 cycles 
instead of 6).!9°:196 Experts are increasingly using a more intense 
regimen, DA-R-EPOCH (rituximab, etoposide, prednisone, vin- 
cristine [Oncovin], cyclophosphamide, doxorubicin [bydroxydau- 
norubicin]) for patients with double hit DLBCL or high-grade B 
cell lymphoma with myc/bcl2/bcl6 rearrangement. This regimen 
is primarily based on retrospective data, which shows increasing 
numbers of complete remissions achieved with this regimen and 
patients achieving complete remission having the best chance of 
long-term disease-free survival. No prospective data comparing 
the 2 regimens based on “double hit” status of DLBCL is avail- 
able. DA-R-EPOCH, however, for garden variety DLBCL does 
not lead to better outcomes and carries a risk of more promi- 
nent side effects based on data from a prospective trial (CALGB/ 
Alliance 50303) presented at American Society of Hematology 
Annual Meeting in 2016.!°7 Similarly, increased expression of 
myc and bel2 by IHC staining is associated with relatively poor 
outcomes. Although colloquially referred to as “double expres- 
sor,” this category is not formally recognized by WHO as yet and, 
outside of the setting of a clinical trial, most experts continue to 
use the standard R-CHOP regimen for it. DLBCL patients with 
evidence of Hp infection should be treated, as response of large 
cell lymphoma has been reported after eradication of Hp.'0°.10 
However, these studies must be considered preliminary, and most 
patients treated with antibiotics alone have had disease limited 
to the mucosa; most patients with DLBCL of the stomach have 
more advanced disease, and antibiotics alone are considered inad- 
equate treatment. 

For patients with relapsed/refractory DLBCL after failing 2 
lines of therapy (including anthracycline-based regimen), chi- 
meric-antigen receptor T cell therapy is an emerging treatment 
option recently approved by the FDA. Although durable remis- 
sions are being seen with this treatment, long-term data on treat- 
ment outcomes is being discerned.!!0!!! 


Uncommon Gastric Lymphomas 


B cell lymphomas other than marginal zone or diffuse large B 
cell may involve the stomach uncommonly (e.g., MCL [1%], FL 
[0.5% to 2%]). Gastric lymphomas of T cell origin have rarely 
(1.5 to 4%) been reported.!!2-!!4 


SMALL INTESTINAL LYMPHOMAS 


Small intestinal lymphomas may be divided into B and T cell 
tumors and account for 20% to 30% of PGILs.''> The B cell 
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tumors include immunoproliferative small intestinal disease 
(IPSID) and various non-IPSID subtypes, including marginal 
zone B cell lymphoma of MALT, DLBCL, MCL, FL, and 
Burkitt lymphoma. Relatively few reports have described the 
various non-IPSID small intestinal lymphomas, and large series 
have tended to group together all the lymphoma subtypes when 
cataloguing manifestations and treatment outcomes.!!°!!8 Given 
the lack of information about these diseases with regard to their 
behavior in the intestine, it is probably best to consider them in 
light of the well-described features of their nodal counterparts. 
Thus, marginal zone and FLs are regarded as indolent processes, 
incurable but controllable by chemotherapy, and often associated 
with a relatively long survival. DLBCLs, MCLs, and Burkitt lym- 
phomas are more aggressive processes, which generally require 
chemotherapy as part of their management. T cell lymphomas 
of the small intestine are usually enteropathy-type intestinal 
T cell lymphomas; other forms of T cell lymphoma have been 
rarely reported. Recent reports have suggested the existence 
of a rare natural killer (NK) cell or NK-type T cell intestinal 
lymphoma. 119-122 


Marginal Zone B Cell Lymphoma of Malt Type 


Lymphoma arising in the small intestine may have the char- 
acteristics of marginal zone B cell lymphoma, with the same 
histologic and immunophenotypic features described earlier for 
gastric marginal zone B cell lymphoma.!?!!23 However, an asso- 
ciation with Hp infection has not been documented, although 
rare responses to antibiotics have been reported. Most cases 
occur in older patients who present with melena. The disease 
usually presents as a single annular or exophytic tumor, !?4 which 
may be present anywhere in the small intestine; disease is usu- 
ally confined to the intestine or to local nodes. Treatment is 
generally surgical. Some patients have received chemotherapy, 
but few data are available regarding regimens and outcome. It 
should be noted that in nodal marginal zone lymphoma, chemo- 
therapy is usually reserved for patients with symptoms, because 
the disease is slow-growing and sensitive to chemotherapy, but 
not curable by it. The 5-year survival rate is approximately 75%. 
As in gastric marginal zone B cell lymphoma, the small intesti- 
nal variety may have varying components of large cell transfor- 
mation. This feature probably confers a worse prognosis, but 
data are scanty. 


Diffuse Large B Cell Lymphoma 


DLBCL of the small intestine is similar to its gastric counter- 
part in histology and clinical behavior. Patients may present with 
abdominal pain, weight loss, obstruction, abdominal mass, bleed- 
ing, and/or perforation. The tumor is usually an exophytic or 
annular lesion. Histologic findings are similar to those described 
earlier for gastric DLBCL, with some patients having a low- 
grade component and others having only a large-cell component. 
Approximately half of patients have localized disease, and half 
have disease spread to regional or distant nodes. Surgery is usu- 
ally required because of obstruction or perforation,!’> and addi- 
tional therapy includes anthracycline-containing chemotherapy 
and the anti-CD20 monoclonal antibody, rituximab.!”° In addi- 
tion, radiotherapy is sometimes indicated. Prognosis depends on 
disease stage and patient factors, such as age and performance 
status. 


Mantle Cell Lymphoma 


MCL is a subtype of B cell NHL.!”’ It is a heterogeneous lym- 
phoma in terms of its clinical behavior, with disease in some 
patients having an indolent course like a low-grade B-NHL and 
in others an extremely aggressive course akin to high-grade B 
cell malignancies. Patients typically present with widespread 
adenopathy and frequently have bone marrow and extrano- 
dal involvement. The GI tract is involved in more than 80% of 
patients (Fig. 32.5), although not all patients with GI involve- 
ment are symptomatic.!*° The most common manifestation of 
GI disease is multiple “/ymphomatous polyposis,” in which multiple 
lymphoid polyps are present in the GI tract. !?”130 The most com- 
mon site of involvement is the ileocecal region, but any other 
area may be involved from the stomach to the rectum; occasion- 
ally patients have involvement of all these regions (Fig. 32.6; 
see also Fig. 32.5). Involvement of the GI tract may also occur 
without the appearance of multiple polyps, and the GI tract as 
the only site of involvement has been reported. When patients 
have symptoms related to GI involvement, they usually include 
pain, obstruction, diarrhea, or hematochezia. It should be noted 
that multiple lymphomatous polyposis can also be seen with 
other lymphomas, especially marginal zone B cell lymphomas of 
MALT and FLs. Microscopically, MCL involves the mucosa and 
submucosa and the malignant cells have the appearance of small 


Fig. 32.5 Endoscopic appearance of mantle cell lymphoma presenting as multiple lymphomatous polyposis in 
the stomach (A) and in the colon (B). 
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Fig. 32.6 Multiple lymphomatous polyposis (mantle cell lymphoma). A, Gross specimen showing numerous 
small polypoid lesions in the cecum. Additional synchronous and metachronous lesions were present or later 
developed in the ileum and the duodenum, as well as the rectum and sigmoid colon. B, Low-power photo- 
micrograph of ileum shows multiple discrete sites of mucosal and submucosal involvement by lymphomatous 


polyposis. (Courtesy Dr. Edward Lee, Washington, DC.) 


Fig. 32.7 Photomicrograph showing follicular lymphoma, World Health 
Organization grade II. Neoplastic lymphoid follicles are evident, involv- 
ing the wall of the small intestine and effacing the normal architecture 
(Hematoxylin and eosin, low power). (Courtesy Dr. Imran Shahab and 
Dr. Pamela Jensen, Dallas, TX.) 


atypical lymphocytes, which may surround benign-appearing ger- 
minal centers or may efface the lymphoid tissue. The tumor cells 
express pan-B markers and the T cell marker CD5. The disease 
is characterized by t(11;14)(q13;q32), a translocation that results 
in rearrangement and overexpression of the bcl-1 gene encoding 
the protooncogene cyclin D1.!3! Patients with obstructive tumor 
masses require surgical therapy, but the mainstay of treatment is 
chemo-immunotherapy. Aggressive presentations of MCL are 
also usually consolidated with an autologous stem cell transplant 
in first remission after induction chemotherapy followed by main- 
tenance rituximab.'?? Although MCL is initially responsive to 
chemotherapy, it eventually becomes refractory; median survival 
is 3 to 5 years. The Bruton tyrosine kinase inhibitor ibrutinib has 
been approved for use in refractory or relapsed MCL.!3?.!34 


Follicular Lymphoma 


Follicular B cell lymphomas of the GI tract are rare.!*> The most 
common presentation is as an obstructing lesion in the termi- 
nal ileum. As noted, patients with this diagnosis may also present 
with the gross appearance of multiple lymphomatous polyposis. 
Microscopically, most FLs are composed of small cleaved lym- 
phocytes, or centrocytes (Fig. 32.7), with a varying admixture of 


large cells. The disease is characterized by t(14;18)(q24;q32), a 
translocation that results in overexpression of the bc/-2 gene.!*° 
Obstructing lesions require surgical management. Chemotherapy 
and radiation are sometimes indicated for the management of this 
indolent but incurable disorder. 

Duodenal-type FL (D-FL) is a newly recognized entity in 
the 2016 WHO classification update. Unlike other FLs, D-FL 
is almost always incidentally detected on endoscopy (solitary or 
multiple nodules, or polypoid lesions, between 1 and 5 mm), diag- 
nosed at a low grade and stage, and stays localized to most com- 
monly the second portion of the duodenum. By gene expression 
profile and pathogenesis, it appears more closely related to MALT 
lymphoma than FL. Due to the excellent prognosis (median sur- 
vival >12 years) associated with this disorder, most experts recom- 
mend a “wait and watch” strategy to management. !37-138 


Burkitt Lymphoma 


Burkitt lymphoma is a highly aggressive malignancy that in 
patients who are HIV-negative presents either as an endemic 
form, observed in Africa, or a sporadic form.!*’ In the sporadic 
form, patients usually present with disease in the abdomen, 
with involvement of the distal ileum, cecum, and/or mesentery. 
Burkitt tumor cells are monomorphic, medium-sized cells with 
round nuclei, multiple nucleoli, and basophilic cytoplasm (Fig. 
32.8). The involved lymphoid tissue microscopically has a starry 
sky appearance caused by numerous benign macrophages that 
have ingested apoptotic tumor cells.!#° The tumor cells express B 
cell-associated antigens and surface immunoglobulin. Most cases 
have a translocation of the c-myc gene on chromosome 8, either 
to the immunoglobulin heavy-chain region on chromosome 14 
or to one of the immunoglobulin light-chain regions on chromo- 
somes 2 or 22, resulting in a t(8;14), t(2;8), or t(8;22) transloca- 
tion.'*! Burkitt lymphoma is rapidly fatal without treatment but 
responds immediately to institution of aggressive chemotherapy. 
‘Treatment carries a high risk of tumor lysis syndrome. Cure rates 
are 50% to 90%, depending on the extent of the disease. !4?:!43 


Immunoproliferative Small Intestinal Disease 
Epidemiology 


IPSID (also known as a heavy-chain disease and as Mediterranean 
lymphoma) is confined to certain regions of the world, especially 
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Fig. 32.8 Burkitt lymphoma. A, Diffuse involvement of the small bowel by Burkitt lymphoma. Note infiltration 


around native glandular structures. B, High-power view showing brisk mitotic activity and background macro- 
phages. CD20 immunostaining (not shown) was strongly positive within the tumor population. (A, H&E, x20; B, 


H&E, x600.) (Courtesy Dr. Pamela Jensen, Dallas, TX.) 


North Africa, Israel, and surrounding Middle Eastern and 
Mediterranean countries.!*+ IPSID is seen less often in other 
areas, including Central and South Africa, India and East Asia, 
and South and Central America. A diagnosis in North America 
or Europe should be questioned, unless the patient has previ- 
ously lived in an endemic area. The disease occurs in individuals 
with lower socioeconomic status who live in conditions of poor 
hygiene and sanitation.!# The disease generally occurs in the 
second or third decade of life, although it has been observed in 
older individuals. The incidence in males and females is equal. 


Cause and Pathogenesis 


Several observations suggest that IPSID may be initiated by an 
infectious agent or agents!*°: (1) an association of the disease 
with lower socioeconomic status and poor sanitation; (2) a high 
prevalence of intestinal bacterial overgrowth and parasitosis; (3) 
a decrease in incidence when living conditions have improved in 
endemic areas; and (4) a response of early lesions to antibiotic 
therapy. In addition, it is known that enteric microbiota stimulate 
IgA-producing cells, and intestinal biopsies from apparently nor- 
mal individuals from endemic regions have shown an increase in 
lamina propria lymphocytes and plasma cells, reminiscent of find- 
ings in patients with IPSID. An association with Campylobacter 
jejuni infection has been demonstrated.!47:!#8 

As discussed later, IPSID is associated with the production 
of an unusual IgA heavy-chain protein, called a heavy chain, 
which is secreted by plasma cells and is detectable in various 
body fluids.!4!>° The plasma cells, which are the predominant 
histologic feature in the superficial mucosa, possess surface and 
cytoplasmic a chain protein. Centrocyte-like cells proliferating 
deeper in the mucosa have mainly cytoplasmic a chain protein. 
It is likely that these centrocyte-like cells, stimulated by micro- 
bial antigens, differentiate into the plasma cells that secrete the 
a chain protein characteristic of the disease. Genetic analyses 
have revealed that cellular proliferations are monoclonal, even 
in early lesions. !? 1132 

Thus, it can be proposed that in a way somewhat analo- 
gous to Hp-associated gastric MALT, lymphocytes in intestinal 
MALT may be stimulated by infectious agents, in particular C. 
jejuni,!” and proliferate in response. The lymphocytic response 
becomes monoclonal and initially depends on the presence of 
antigen. However, with time, the malignant cells acquire addi- 
tional genetic changes, causing them to lose their dependence on 


antigen persistence. This loss of antigen dependence is associated 
with the development of more aggressive clinical features. 


Pathology 


Gross lesions are generally confined to the proximal small intes- 
tine, with adenopathy of adjacent mesenteric nodes.!*+ Although 
some patients have thickening of mucosal folds only, others have 
a generalized thickening of the bowel wall, discrete masses, nod- 
ules, or polypoid lesions. Although grossly only the proximal 
bowel wall is involved, histologically the disease is characterized 
by a dense mucosal and submucosal cellular infiltrate that extends 
continuously throughout the length of the small intestine. 
Various pathologic staging systems have been proposed (Table 
32.5).154155 In early-stage disease, the cellular infiltrate is com- 
posed of benign-appearing plasma cells or lymphoplasmacytic 
cells. However, as already noted, various studies assessing immu- 
noglobulin gene rearrangements or light chain restriction have 
suggested that even the earliest infiltrate is monoclonal. This 
early infiltrate broadens villi and shortens and separates crypts, 
but epithelial cells remain intact. A histologic variant, the follicu- 
lar lymphoid type, has been described in some patients (see Fig. 
32.7). This variant features a diffuse involvement of the mucosa, 
with lymphoid follicle-like structures. As the disease progresses 
to intermediate and late stages, the villi are further broadened and 
may become completely effaced, crypts are fewer, and the immu- 
noproliferation extends more deeply. Atypical lymphoid cells 
infiltrate the benign-appearing plasma cells and lymphoplasma- 
cytic cells. With time, the process evolves into overt lymphoma. 
Mesenteric lymph nodes are enlarged in early lesions, with pre- 
served architecture, although follicles may be encroached on by 
a histologically benign-appearing lymphocytic or plasmacytic 
infiltrate. As the disease progresses, the lymph node may acquire 
a more dysplastic appearance. 


Clinical Features 


Patients usually present with diarrhea, colicky abdominal pain, 
anorexia, and significant weight loss, with a duration of symp- 
toms from months to years. The diarrhea initially may be 
intermittent but becomes voluminous and foul-smelling as mal- 
absorption develops. About half of patients have fever. Physical 
examination reveals evidence of malnutrition, digital clubbing, 
and peripheral edema. Late physical manifestations are ascites, 
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TABLE 32.5 Pathologic Staging Systems for Immunoproliferative Small Intestinal Disease 


WORLD HEALTH ORGANIZATION 


(a) Diffuse, dense, compact, and apparently benign lymphoproliferative mucosal infiltration 


(i) pure plasmacytic 
(ii) mixed lymphoplasmacytic 


(b) As in (a), plus circumscribed “immunoblastic” lymphoma, in either the intestine and/or mesenteric lymph nodes 
(c) Diffuse “immunoblastic” lymphoma with or without demonstrable, apparently benign, lymphoplasmacytic infiltration 


SALEM ET AL.146 


Stage 0: Benign-appearing lymphoplasmacytic mucosal infiltrate (LPI), no evidence of malignancy 
Stage |: LPI and malignant lymphoma in either intestine (li) or mesenteric lymph nodes (In), but not both 
Stage II: LPI and malignant lymphoma in both intestine and mesenteric lymph nodes 


Stage Ill: Involvement of retroperitoneal and/or extra-abdominal lymph nodes 


Stage IV: Involvement of noncontiguous nonlymphatic tissues 
Unknown or inadequate staging 


GALIAN ET AL. 147 


Mesenteric Other Abdominal and 
Lymph Nodes: Retroperitoneal Lymph Other Lymph 
Stage Small intestine: Site | Site IIA Nodes: Site IIB Nodes: Site III Other Sites: Site IV 
A Mature* plasmacytic infiltration of lamina propriat, with _ Infiltrate in these sites cytologically like that in site | 
no or limited disorganization of general lymph node 
architecture; inconstant and variable villus atrophy 
B Atypical plasmacytic or lymphoplasmacytic Atypical plasmacytic or lymphoplasmacytic infiltrate, with Infiltrate cytologically 
infiltrate, with presence of more or less atypical presence of more or less atypical immunoblast-like cells; similar to that in 
immunoblast-like cells, extending at least to the total or subtotal obliteration of nodal architecture site | 
submucosa; subtotal or total villus atrophy 
© Lymphomatous proliferation invading the whole Lymphomatous proliferation with total obliteration of nodal Lymphomatous 


depth of intestinal wall 


architecturet 


proliferation 
similar to that in 
site | 


*Rare cells may show an immature pattern. 
tLimited and superficial extensions to submucosa may be observed. 


Modified from Fine KD, Stone MJ. Alpha-heavy chain disease, Mediterranean lymphoma, and immunoproliferative small intestinal disease: a review of 
clinicopathological features, pathogenesis, and differential diagnosis. Am J Gastroenterol 1999; 94:1139-52. 


hepatosplenomegaly, an abdominal mass, and peripheral lymph- 
adenopathy. Endoscopy may reveal thickened mucosal folds, nod- 
ules, ulcers, or evidence of submucosal infiltration, rendering the 
intestine immobile, tender, and indistensible. Small bowel bar- 
ium radiographs show diffuse dilation of the duodenum, jejunum, 
and proximal ileum, with thickened mucosal folds. Patients are 
frequently anemic because of vitamin deficiencies, and the eryth- 
rocyte sedimentation rate is elevated in one third of cases. The 
circulating lymphocyte count is low, and measures of humoral 
and cellular immunity are impaired. Stool examination frequently 
reveals Giardia lamblia infestation. As noted, C. jejuni has been 
implicated in a high percentage of patients by PCR assay, DNA 
sequencing, fluorescence in situ hybridization, and immunohis- 
tochemical studies on intestinal biopsy specimens.!°? Serum IgG 
and IgM levels may be high or low; IgA levels are usually low or 
undetectable. 

The characteristic and unique laboratory abnormality is the 
presence of the a chain protein.!°° This 32- to 34-kd protein is a 
free a heavy chain with an internal deletion of the variable (Vy) 
and Cy! regions. It is devoid of light chains and thus corresponds 
to the Fc portion of the a, subunit of IgA. The a chain protein 
amino terminal contains sequences that are not homologous to 
any known immunoglobulin sequence. These changes are often 
the result of insertions or deletions, usually involving the Vy-Jy 
and Cy2 regions,!*’ but the source of inserted genetic material 
is unknown. 

The a chain production migrates as a broad band within the 
a) and p regions on serum protein electrophoresis. In addition 
to electrophoresis, the protein can be detected by immunoelec- 
trophoresis or immunoselection (the most sensitive and spe- 
cific methods)!*’ in serum, urine, saliva, or intestinal secretions. 


Detection of chain protein from these sources is more likely in 
patients with early disease than in patients with more advanced 
disease, but, regardless of stage, a chain protein can be detected 
in tissue sections in most cases of IPSID by immunofluorescence 
or immunoperoxidase staining of plasma or lymphoma cells.!*° 
It has been postulated that chronic antigenic stimulation of the 
intestinal IgA secretory apparatus results in the expansion of sev- 
eral plasma cell clones. Eventually, a structural mutation occurs in 
a particular clone, resulting in an internal deletion of part of the 
a. heavy chain. This leads to an inability to make light chains and 
results in secretion of a chain protein rather than intact IgA.!44147 


Diagnosis and Staging 


Because the more malignant-appearing histology may be present 
only in deeper layers of the intestine, endoscopic biopsy alone 
is often considered an inadequate evaluation; staging laparotomy 
is therefore strongly recommended by some authors to allow 
full-thickness intestinal biopsy and biopsy of mesenteric lymph 
nodes.!>’ However, some investigators do not routinely perform 
laparoscopy or laparotomy; instead, upper and lower GI endos- 
copy, small bowel series, bone marrow biopsies, and fine-needle 
aspiration of enlarged lymph nodes are performed.'** One of 
the staging systems may then be applied (see Table 32.5). More 
advanced disease, poor performance status, and comorbid ill- 
nesses portend a worse prognosis. 


Treatment 


Because of the relative rarity of this lymphoma, no large trials 
investigating therapy have been carried out.'**!>? Patients often 
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require intensive nutritional support.'®° Patients with early dis- 
ease (e.g., Salem stage 0 disease; see Table 32.5) are generally 
treated with antibiotics for 6 months or more. The 2 most com- 
monly used regimens are tetracycline alone and a combination of 
metronidazole and ampicillin. Response rates have ranged from 
33% to 71%'*!; in one study, the complete response rate was 
71%, with a disease-free survival of 43% at 5 years.!°® In patients 
who do not significantly improve by 6 months or who do not 
achieve complete remission by 12 months, or who have advanced 
disease at presentation, chemotherapy should be given. Most 
investigators recommend anthracycline-containing regimens 
such as CHOP. !62:-16 For example, one investigator has reported 
a complete response rate of 67% and a survival of 58% at 3.5 
years in patients treated with antibiotics, total parenteral nutri- 
tion, and anthracycline-based combination chemotherapy.!® 
However, good results have been reported with nonanthracy- 
cline-containing regimens as well; in one report, 56% of patients 
with advanced disease were free of disease at 5 years.!** Finally, 
because total abdominal radiotherapy has been used in only a 
small number of patients, it is difficult to assess its proper role.!°+ 


Enteropathy-Associated T Cell Lymphoma 


Enteropathy-associated T cell lymphoma (EATL) occurs as a 
complication of celiac disease (see Chapter 107).!° Malignant 
transformation of intraepithelial T cells leads to an aggressive 
malignancy, causing most patients to die within a few months of 
diagnosis.!°°!67 Treatment of celiac disease with a gluten-free 
diet may decrease the risk of this malignancy.! 


Epidemiology 


EATL is a rare malignancy with an incidence of only 0.016 per 
100,000 population, though the overall age-adjusted incidence is 
increasing.!©? Celiac disease has a prevalence of 0.5% to 1% in the 
US and Europe!”°!7! and is more common in whites compared 
with African Americans and Asians. In patients with symptom- 
atic celiac disease, the most common cause of death was NHL.!”2 
The diagnosis of lymphoma is usually made concomitantly with 
or shortly after the diagnosis of celiac disease, although the 2 
conditions are commonly diagnosed simultaneously, especially in 
patients who have a long history of malabsorption. Adherence 
to a strict gluten-free diet appears to reduce mortality.!”? The 
median age at diagnosis of EATL is 60 years and the incidence in 
men and women is equal. 174 


Cause and Pathogenesis 


EATL occurs in patients with adult celiac disease.!7 As discussed 
in Chapter 107, celiac disease is characterized by a hereditary 
sensitivity to gluten.'’° Gluten peptides are presented by celiac 
disease-specific HLA-DQ2 and HLA-DQ8 positive antigen- 
presenting cells and thus elicit an immune response in which 
gluten-specific intraepithelial lymphocytes damage intestinal 
epithelium. Intraepithelial T cells in celiac disease have a nor- 
mal immunophenotype (CD3*/CD8°) and are polyclonal.!77!”8 
Malignant transformation of these T cells results in a monoclo- 
nal population of intraepithelial T cells that have an abnormal 
phenotype.!’?"!*?, Monoclonal populations of intraepithelial T 
cells in celiac mucosa may result in any one of several interrelated 
processes. 182183 The first condition is refractory celiac disease, a 
condition in which patients lose responsiveness to a gluten-free 
diet.!*+ The second condition, ulcerative jejunitis, is character- 
ized by inflammatory jejunal ulcers and unresponsiveness to a 
gluten-free diet.!™ The third condition is EATL, an aggressive 
malignancy of the small intestine.!°°!*! In patients with any of 
these 3 conditions, uninvolved mucosa adjacent to the lesions can 
contain monoclonal T cells containing the same rearranged T 
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Fig. 32.9 Photomicrograph of enteropathy-type intestinal T cell 
lymphoma in a patient with celiac disease. Mesenteric fat of the small 
bowel wall is involved with a monomorphic population of small-to- 
intermediate-sized irregular T lymphocytes. Cells were positive for CD2, 
CD83, and CD7, and negative for CD5. T cell gene rearrangement stud- 
ies were positive (i.e., showed a clonal band indicating a clonal T cell 
process). (Courtesy Dr. Edward Lee, Washington, DC.) 


cell receptor genes.!*° In addition, patients with ulcerative jeju- 
nitis can subsequently develop EATL, in which the same clone 
is isolated in the jejunitis and the subsequent lymphoma. Thus, 
these 3 conditions have come to be considered to represent a 
spectrum of disorders mediated by monoclonal intraepithelial T 
cells. 

Comparative genomic hybridization studies have shown 
recurrent chromosomal gains in EATL at chromosomes 9q, 7q, 
5q, and 1q and recurrent losses at 8p, 13q, and 9p. A gain at 9q 
is the most common, seen in 58% of cases examined.!*’ Another 
study has shown that loss of heterozygosity at 9q21 is a frequent 
finding.!** In addition, one study has suggested that gain of chro- 
mosome 1q may be an early event in lymphomagenesis.!*? 


Pathology 


Tumors typically occur in the jejunum but may be seen in other 
sites of the small intestine. Lymphoma may occur in single or 
multiple sites. Grossly, the lymphomas commonly appear as 
ulcerating lesions, with circumferential involvement of the small 
bowel. Lesions may also appear as nodules, plaques, or strictures, 
but large masses are uncommon. Mesenteric lymph nodes are 
often enlarged, either because of tumor involvement or of edema 
and reactive changes. Distant sites, especially the bone marrow or 
the liver, are sometimes involved. 

Histologically, the lymphoma is generally characterized by 
large, highly pleomorphic cells with numerous, bizarre, multi- 
nucleated forms, with an inflammatory background. A minority 
of patients (10% to 20%) may have monomorphic medium-sized 
cells (Fig. 32.9). This was previously termed type IT EATL and 
is currently called monomorphic epitheliotropic intestinal T cell 
lymphoma (MEITL),’ and may occur in the absence of celiac dis- 
ease. MEITL has an increased incidence in Asian and Hispanic 
populations. Uninvolved mucosa usually has the typical appear- 
ance of celiac disease, with villous atrophy, crypt hyperplasia, 
plasmacytosis in the lamina propria, and an increase in intraepi- 
thelial lymphocytes (see Chapter 107). However, the enteropathy 
may be subtle in some cases, with only an increase in the intraepi- 
thelial lymphocytes. 

According to 62 patients identified to have EATL in the 
International Peripheral T cell Lymphoma Project, immuno- 
phenotyping typically shows that the malignant cells are CD3*, 


CD2+, CD5-, CD4-, CD8*, CD30*, CD103*, and contain cyto- 
toxic granules recognized by the antibody TIA-1.!°° Monoclonal 
T cell populations can also be detected in mucosa not involved 
by lymphoma. Whole genome analysis and HLA genotyping 
has identified 2 subtypes of EATL.'?! Type I is CD56 nega- 
tive, pathogenically linked to celiac disease, and shares an HLA- 
DQBI genotype pattern with refractory celiac disease. MEITL 
(previously type I EATL) is CD56*, MYC’, and shows an 
HLA-DQB1 genotype pattern like that of the normal Caucasian 
population. 


Clinical Features 


Patients may have a history of documented celiac disease, with the 
time to development of lymphoma varying widely. However, at 
least half of patients have celiac sprue diagnosed at the same time 
as the lymphoma. The most common symptoms at presentation 
are abdominal pain, weight loss, diarrhea, or vomiting. Less com- 
mon symptoms may include fever, night sweats, and small bowel 
obstruction or perforation. It is rare for patients to have palpable 
abdominal masses or peripheral lymphadenopathy, but extraint- 
estinal sites of involvement may include the liver, spleen, thyroid, 
skin, nasal sinus, and brain.!® In one series, 8-microglobulin and 
serum LDH were elevated in 85.7% and 62% of patients, respec- 
tively, and anemia and low serum albumin levels were seen in 
91% and 88% of patients, respectively.'”” 

Diagnosis is usually made by endoscopic biopsies or full-thick- 
ness, laparoscopic small bowel biopsies. Traditionally, patients 
were staged with CT and bone marrow biopsies, but 18F-FDG 
PET-CT appears to be more sensitive and specific than CT in 
differentiating EATL from refractory celiac disease.” The 
Lugano system been proposed as a staging system, but its utility 
in assessing prognosis is unclear.>° 


Treatment 


No large controlled trials of therapy for EATL have been 
reported. Thus, standard treatment is not well defined. Typically, 
patients are treated with a combination of surgery and chemo- 
therapy.!”? Surgery involves removal of as much tumor as is feasi- 
ble. Intensive chemotherapy is then administered postoperatively, 
with the most common regimens being ones that contain anthra- 
cyclines such as CHOP in older adults and CHOEP (CHOP with 
etoposide) in younger adults.!’* The 5-year overall survival rate 
with anthracycline-based chemotherapy alone is approximately 
10% to 20%. For this reason and based on retrospective data, 
most experts recommend an autologous stem cell transplant in 
first remission for the more robust patients with no or minimal 
medical comorbidities. Nutritional status is commonly poor, 
requiring parenteral nutrition. Because of poor nutritional and 
performance status, less than 50% of patients are candidates for 
systemic chemotherapy and of those, less than 50% can complete 
the prescribed treatment regimen. Relapse occurs at a median 
of 6 months from the time of diagnosis in approximately 80% 
of patients, usually in small bowel sites. Various salvage regi- 
mens have been tried for patients with relapsed disease, but few 
relapsed patients have survived.!”* Poor results with conventional 
chemotherapy has led to the investigation of high-dose chemo- 
therapy followed by autologous stem cell transplantation in the 
minority of patients with an adequate performance status. A ret- 
rospective study of autologous stem cell transplantation by the 
European Group for Blood and Marrow Transplantation includ- 
ing 44 patients transplanted between 2000 and 2010 showed a 
4-year relapse incidence, progression-free survival, and overall 
survival of 39%, 54%, and 59%, respectively.'°° Therapy with 
novel agents has also been attempted. Alemtuzumab (Campath), 
an anti-CD52 monoclonal antibody, has been used to treat 
refractory celiac disease,'°° as well as brentuximab vedotin, an 
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anti-CD30 monoclonal antibody conjugated to monomethyl 
auristatin E, an antimitotic agent.!°’ Conceivably, earlier diag- 
nosis may improve the outcome. The diagnosis should be con- 
sidered for patients who present in midlife with celiac disease and 
for those who have clinical deterioration after having been stable 
on a gluten-free diet. 


Uncommon Small Intestinal Lymphomas 
Natural Killer Type T Cell Intestinal Lymphoma 


Extranodal NK T cell lymphoma, nasal type, is a distinct patho- 
logic entity in the WHO classification of hematolymphoid malig- 
nancies.’ Very rare cases of intestinal NK cell lymphomas have 
been described.'!’* Most of the cases reported have not involved 
patients with celiac sprue or sensitivity to gluten.!*°!*! Optimal 
management of this very rare disorder has not been determined. 
Most data come from East Asian countries and traditional regi- 
mens such as CHOP and CHOEP have high treatment failure 
rates. Aggressive regimens such as DeVIC (dexamethasone, eto- 
poside, ifosfamide, carboplatin) and SMILE (dexamethasone, 
methotrexate, ifosfamide, L-asparaginase, etoposide), with and 
without radiation, have been used with some degree of success. 
Immunotherapy with Anti-PD1 check-point inhibitors such as 
pembrolizumab is showing promising responses in the relapsed/ 
refractory subset of patients with this disease entity.!” 


OTHER GASTROINTESTINAL SITES 


NHL less commonly occurs in other sites of the GI tract, including 
the oropharynx, esophagus, liver, pancreas, biliary tree, appendix, 
colon, and rectum. Signs and symptoms reflect the site of presen- 
tation. Because of the relative rarity of these disorders, literature is 
fairly limited. Therefore, definitive conclusions cannot be reached 
about the optimal management of these more unusual GI lympho- 
mas. Standard principles of lymphoma management dictate diagnos- 
tic procedures, staging, prognostic assessment, and treatment. As is 
the case for all lymphomas, histology, and stage guide treatment. 

Waldeyer ring lymphomas are usually diffuse large cell lympho- 
mas, but other histologies may be present instead.?°°°! Endos- 
copy and imaging of the remainder of the GI tract should be 
included in the staging workup, because lymphomatous involve- 
ment in other sites may accompany Waldeyer ring involvement. 
Ann Arbor stage I or II diffuse large cell lymphoma is managed 
with combined anthracycline-based chemotherapy and/or local 
radiotherapy.!°° 

Primary hepatic lymphoma is more common in men and has 
a median age of onset of approximately 50 years.*”? Primary 
hepatic lymphoma can present as a single, large, multilobulated 
mass or as single or multiple nodules. The histology is usually 
diffuse large B cell, but MALT lymphoma (extranodal marginal 
B cell lymphoma) has been reported as well. Rare cases of T cell 
hepatic lymphoma have been reported. Diagnosis is usually made 
by needle biopsy. Because of the rarity of the disease, optimal 
therapy is uncertain. Long-term disease-free survival has been 
reported after resection, but multiagent chemo-immunother- 
apy is probably most appropriate for DLBCL. Less aggressive 
chemo-immunotherapy or single-agent rituximab may be appro- 
priate for lymphomas with marginal zone histology. An associa- 
tion of HCV with hepatic and splenic marginal zone lymphoma 
has been established, and response of the lymphoma to hepatitis 
C treatment has been documented*"*”; whether there may be 
an association with other hepatitis viruses and hepatic lymphomas 
is unknown. 

Pancreatic lymphomas are rare (<0.5% of all pancreatic 
tumors).*”° Patients have a clinical presentation similar to that 
of pancreatic adenocarcinoma, with abdominal pain and obstruc- 
tive jaundice; chylous ascites have also been reported. Histology 
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is diffuse large B cell in over 80% of the cases and published lit- 
erature supports use of combined modality therapy with anthra- 
cycline-containing chemotherapy (e.g., CHOP) with rituximab 
along with radiation. Patients with biliary obstruction may 
require a biliary drainage procedure before being treated with 
chemotherapy to avoid excessive chemotherapy-related toxicity. 
Primary colorectal lymphomas most commonly involve the 
cecum,?°7?°8 with high- or intermediate-grade histology. Most 
colorectal lymphomas are Ann Arbor stage Ip or Hg. Therapy is dic- 
tated by histology and stage. Resection is the standard therapy, with 
adjuvant chemotherapy given for patients with aggressive histology. 


IMMUNODEFICIENCY-RELATED LYMPHOMAS 


Posttransplantation Lymphoproliferative Disorders 


The posttransplantation lymphoproliferative disorders (PTLDs)*°”” 
211 complicate 0.8% to 20% of cases of those with solid organ 
transplants (see Chapter 36), with the incidence being highest in 
heart-lung transplant recipients. PTLDs are also seen in bone mar- 
row transplant recipients, particularly in patients receiving T cell- 
depleted allografts. PTLD results from proliferation of Epstein-Barr 
virus (EBV)-transformed B cell clones that have developed in part 
because of immunosuppression.’!* The histologic appearance of 
PTLD is highly variable, with lesions being polymorphic or mono- 
morphic (resembling a lymphoma); the histology may reflect infec- 
tious mononucleosis, aggressive NHL, or plasmacytoma. Lesions 
may be polyclonal, oligoclonal, or monoclonal. Monoclonal lesions, 
similar in appearance to low-grade lymphomas such as FL, marginal 
zone lymphoma, small lymphocytic lymphomas, by convention, are 
not considered PTLD. The clinical presentation also varies greatly, 
with some patients having a syndrome resembling infectious mono- 
nucleosis and some having a more lymphoma-like presentation, with 
nodal or extranodal disease. Involvement of extranodal areas is com- 
mon, with the GI tract being a common site. The literature regard- 
ing the treatment of PTLD suffers from a lack of prospective trials 
and lack of standardized histologic classification. 

The treatment approach varies, but usually consists initially of 
withdrawal/modulation of immunosuppression for polymorphic 
PTLD? For monomorphic PTLD that is CD20*, in addition to 
minimizing immunosuppression, the preferred treatment is immu- 
notherapy with the anti-CD20 antibody rituximab or subsequently, 
combining it with an anthracycline-based chemotherapy for 


patients who fail to respond to this first maneuver. This sequential 
approach to treatment is based predominantly on European data 
which supports long-term disease-free survival in early responders 
to rituximab therapy, thereby, avoiding the need for toxic chemo- 
therapeutics altogether in patients with CD20 positive PTLD.*!* 
Surgical or radiation therapy may cure patients with localized 
disease in highly selected cases. Other treatments have included 
acyclovir or ganciclovir directed at EBV, allogeneic cytotoxic 
EBV specific T cells or EBV-CTL and interferon-a. Donor leu- 
kocyte infusions are frequently used for patients with PTLD that 
develops after allogeneic bone marrow transplantation.?!> 


IATROGENIC LYMPHOPROLIFERATIVE DISORDERS 


Increasingly, a spectrum of lymphoproliferative conditions is being 
recognized and described in the setting of use of immunosup- 
pressive drugs outside the setting of transplant (other iatrogenic 
immunodeficiency-associated lymphoproliferative disorders; 
ONA-LPDs).*!° Methotrexate driven lymphomas have been well 
recognized and described. We are increasingly seeing patients 
with IBD, on or with a history of immune suppression, including 
biologics such as TNF inhibitors, present with these conditions. 
EBV is a central driving force behind many of these conditions 
and management is extrapolated from the PTLD literature (see 
section on Posttransplantation Lymphoproliferative Disorders). 

Polymorphic lympho-proliferation is thought to be reactive 
and predominantly treated with withdrawing immunosuppres- 
sion. Monomorphic lymphoproliferation can resemble any NHL 
or Hodgkin lymphoma and treatment is based predominantly on 
grade, type, and extent of lymphoma at the time of presentation. 

At our institution, we favor close observation after stopping 
immunosuppression for patients with low-grade disease and a low 
tumor burden if possible. Spontaneous regression can be seen in 
as many as 40% of these patients. Upfront chemotherapy is gen- 
erally offered to patients with a high-grade lymphoma in the set- 
ting of extensive organ involvement or visceral crisis. 

The WHO 2016 classification has a provisional entry of a 
unique disorder, generally affecting older adults, called EBV- 
positive muco-cutaneous ulcer that has some pathologic features 
of Hodgkin lymphoma (Fig. 32.10). This disease is often seen 
in the setting of immune suppression, and predominantly pres- 
ents as well circumscribed oropharyngeal lesions but can involve 
skin and any site along the length of the GI tract. These lesions 


polymorphous infiltrate including small lymphocytes, histiocytes, and large atypical lymphoid cells in small 
bowel mucosa with ulceration. B, shows large lymphoid cells with irregular nucleus, prominent nucleolus, and 
abundant cytoplasm, variably resembling Hodgkin cells that express EBV/EBER and CD30 (insets). (Courtesy 
Dr. Weina Chen, UT Southwestern Medical Center, Dallas, TX). 
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Fig. 32.11 Photomieragraph showing plasmablastic TEN ar the rectum. A, OS m 
lymphoma cells infiltrating rectum mucosa (underneath squamous epithelium). B, shows lymphoma cells with 
EBV/EBER expression. (Courtesy Dr. Weina Chen, UT Southwestern Medical Center, Dallas, TX.) 


predominantly have an indolent course (45% spontaneous remis- 
sion, 15% relapsing/remitting course) and clinico-pathologic 
correlation is important to distinguish this from Hodgkin lym- 
phoma, which seldom presents with extranodal involvement.*!” 


HIV-ASSOCIATED NON-HODGKIN LYMPHOMA 


The risk of developing NHL is markedly increased in patients 
with HIV (see Chapter 35), and development of lymphoma is 
considered an AIDS-defining condition. These malignancies are 
B cell neoplasms,?!* with most cases having small noncleaved cell 
or diffuse large cell histology. EBV is implicated in about half 
of non-central nervous system HIV-related lymphomas. HIV- 
associated NHL typically has an aggressive presentation, with 
rapidly growing disease and prominent B symptoms. The GI tact 
is acommon site, including unusual sites such as the anus and rec- 
tum. Historically, chemotherapy has been poorly tolerated and 
lower-dose chemotherapy regimens have been used. However, 
patients with higher CD4* T cell counts (as is more commonly 
seen in view of the standard current usage of HAART) may be 
better able to tolerate full-dose chemotherapy regimens and may 
have a better prognosis than has been seen in previous studies. a 

Plasmablastic lymphoma (PBL), an aggressive variant of 
DLBCL, was initially described in the oral cavity in HIV 


patients. Most GI PBL cases involve the anal canal in HIV- 
infected patients. PBL is essentially negative for CD20, CD45, 
and PAXS and expresses plasma cell-associated proteins, 
including CD38, CD138, and VS38c. The majority of cases 
are EBV-positive and HHV8-negative. MYC rearrangements 
are detected frequently (Fig. 32.11). Aggressive chemo-immu- 
notherapy strategies such as V-EPOCH [bortezomib (Velcade) 
with EPOCH] are showing promising responses in this difficult 
to treat disorder.’”° 

Primary effusion lymphoma is a clinicopathologic entity asso- 
ciated with the herpesvirus HHV-8 (Kaposi sarcoma-associ- 
ated virus).??!7?? Histology shows a distinctive morphology 
that bridges large cell immunoblastic lymphoma and anaplastic 
large cell lymphoma.’ Tumor cells show monoclonal immu- 
noglobulin gene rearrangements but typically lack B cell—asso- 
ciated antigens. HHV-8 is detectable by PCR assay. Patients 
are usually HIV-positive, but the syndrome has been reported 
in HIV-negative patients. Patients present with malignant effu- 
sions in the pleural or peritoneal cavity, which remain localized 
to the body cavity of origin. Disease progression is rapid, with 
survival of only a few weeks to months. Optimal therapy has not 
been defined. 


Full references for this chapter can be found on www.expertconsult.com. 


_ 33 Gastrointestinal Stromal Tumors 


Margaret von Mehren 
CHAPTER OUTLINE 

PATHOLOGY onn cscs nan scales ats nea ioein ns ene 458 
MOLECULAR PATHOGENESIS.................00055 459 
MOLECULAR PHARMACOLOGY.................... 461 
EPIDEMIOLOGY Zo iu recaeu reee cane ee 461 
CLINICAL FEATURES a E a 461 
Esophao ea OS ss seer ere? 461 
Gasthic TUMONS EEE E cree een ere ee er 462 
Duodenal and Jejunoileal Tumors ................. 462 
Colonic and Anorectal Tumors.................... 463 
DIAGNOSIS- a eetet te enet Ea cami Meier 463 
imagino a E A meres 463 
BOS E A acre ergo trt 465 
DifferentalDiagnosiS me e 465 
TREATMENT: Pedana a a e E EA alt 465 
Primary Localized Disease (Early-Stage Disease). .... . 465 
Advanced-Stage Disease. a aa sees 466 
SPECIAL CONSIDERATIONS..............00000000: 470 
Imaging of Clonal Progression.................... 470 
Carney Triad and the Carney-Streatakis Dyad........ 470 
Familial Gastrointestinal Stromal Tumors............ 470 

Other Genetic Tumor Syndromes Associated With 
Gastrointestinal Stromal Tumors ................ 471 
Gastrointestinal Stromal Tumors in Children ......... 471 


GISTs comprise 1% to 3% of all malignant GI tumors; they are 
the most common mesenchymal tumor of the GI tract. More 
than 20 years ago, a seminal discovery was made that began 
elucidating the pathogenesis of most GISTs at the molecular 
level.! Moreover, this new understanding has been translated 
into highly effective, molecularly targeted therapies, such as 
imatinib mesylate and related drugs, for the majority of patients 
with GISTs.! 


PATHOLOGY 


The term gastrointestinal stromal tumors was initially coined as a 
purely descriptive term by Mazur and Clark in 1983 to define 
intra-abdominal tumors that were not carcinomas (i.e., nonepi- 
thelial tumors) but exhibited histologic features of smooth muscle 
and neural elements.’ At that time, the morphology of the tumor 
cells was the dominant feature driving the diagnosis. Expression 
of differentiation antigens used as markers for muscle cells (e.g., 
smooth muscle actin) and for nerve cells (e.g., S100) was noted 
to vary widely in GI mesenchymal lesions, leading to interesting 
hypotheses about whether GIST lesions from different patients 
were attempting to recapitulate distinct myogenic or neural pro- 
grams of differentiation. To accommodate these empirical obser- 
vations, it was proposed that approximately one third of GIST 
lesions differentiated along smooth muscle lineages, another 
third were neurogenic in origin, and the final third lacked any 
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detectable lineage-specific markers (null phenotype) by immuno- 
histochemical analysis.*~> 

Before 1999, there was no objective, reproducible, and clearly 
defined criteria for the diagnosis and classification of GISTs. They 
were often misdiagnosed as /eiomyomas or leiomyosarcomas because 
of the histologic resemblance to these smooth muscle neoplasms. 
Other terms that were often applied to GISTs included benign 
leiomyoblastomas® and, recognizing some of the neural charac- 
teristics, plexosarcoma’ or gastrointestinal autonomic nerve tumors.® 
Insightful studies by several pathology groups noted that the 
panoply of tumors lumped together as smooth muscle tumors of 
the GI tract were likely not simply leiomyosarcomas nor benign 
leiomyomas; a subset of these tumors originating in the bowel 
wall had several unique histologic features, probably represent- 
ing a totally different diagnostic group altogether.”!° The inter- 
pretation of published GIST series accumulated before 2000 is 
difficult given the heterogeneity reflected by the diagnostic term 
gastrointestinal stromal tumors as well as the under diagnosis of the 
entity before widespread use of specific kinase-directed diagnos- 
tic and molecular markers. 

Immunohistochemical analyses of GISTs in the early 1990s 
attempted to find specific markers that might distinguish GISTs 
from other spindle cell tumors of the GI tract, such as schwanno- 
mas and sarcomatoid carcinomas. There was some initial enthusi- 
asm for the CD34 antigen as such a marker; however, this antigen 
is also expressed by hematopoietic stem cells and by vascular and 
myofibroblastic cells. Also, the sensitivity and specificity of CD34 
are low because only about half of GIST cases express CD34, 
and other smooth muscle, myofibroblastic (e.g., desmoid), or 
Schwann cell tumors can also express CD34.11:12 

A critical advance in the understanding of GISTs at the 
molecular level occurred in the late 1990s with the recognition 
that the cells of these tumors exhibited some histopathologic 
similarities with the pacemaker cells of the gut known as the 
interstitial cells of Cajal (ICCs).'* ICCs are normally present in the 
myenteric plexus and serve to coordinate gut peristalsis by assist- 
ing the linkage of smooth muscle cells of the bowel wall with the 
autonomic nervous system (see Chapters 98 to 100). GIST cells 
and ICCs have certain common ultrastructural features, such as 
the combination of neural and muscle phenotypes. Furthermore, 
many if not most extra-gastrointestinal tissues throughout the 
body have interstitial cells resembling ICCs; first referred to as 
ICC-like cells, they are now called te/ocytes. Telocytes have lengthy 
prolongation that can influence other cells.'* Telocytes may be 
the precursors of GISTs and extra-GI stromal tumors, such as 
pancreatic GISTs.!>!¢ 

By immunohistochemical staining, GISTs characteristically 
(>95 %) exhibit expression of CD117 (mast/stem cell factor recep- 
tor).! Other names for this receptor include proto-oncogene 
c-KIT, tyrosine kinase receptor KIT, or simply KIT. CD117 
is encoded by the KIT gene. Levels of expression of CD117 are 
generally diffuse and strong in the spindle cell GIST subtype 
(Fig. 33.1). In contrast, in the epithelioid GIST subtype, CD117 
expression is typically focal and weakly positive in a dot-like pat- 
tern (Fig. 33.2). As discussed later, there are rare CD117-negative 
GISTs. 

True leiomyosarcomas express 2 smooth muscle markers, 
smooth muscle actin and desmin, but fail to express CD117. 
Schwannomas are usually positive for the neural antigen S100 but 
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Fig. 33.1 A, Photomicrograph of a typical spindle cell GIST. The cells are monomorphic, have abundant pale, 


eosinophilic, fibrillary cytoplasm, and lack mitotic activity. (H&E, x100.) B, KIT (CD117) immunostaining. This 
medium-power photomicrograph of a spindle cell GIST shows diffuse and strong cytoplasmic immunoreactiv- 
ity for KIT. The entrapped muscle fibers from the bowel wall are negative by CD117 immunostaining for KIT. 
(CD117 immunostain, x100.) (Courtesy Dr. Brian P. Rubin, Cleveland, OH.) 


ing epithelioid cytomorphology, fibrillary cytoplasm, and lack of mitotic 
activity. (H&E, x200.) (Courtesy Dr. Brian P. Rubin, Cleveland, OH.) 


are also negative for CD117. Normal mast cells and ICCs within 
the surrounding stromal tissues serve as ideal positive internal 
controls because these normal cells strongly express CD117. 
GIST lesions can be heterogeneous in the expression of 
CD117, even within a single tumor. It is, therefore, possible that 
a needle biopsy may yield cells histologically consistent with a 
GIST yet be CD117-negative simply due to sampling bias. 
There are rare subsets of GISTs (<5% of cases overall) that have 
no CD117 expression; these are most likely dependent on an 
alternative kinase, such as mutated platelet-derived growth factor 
receptor-alpha (PDGFRA) (ee section on molecular pathogenesis). 
The definitive diagnostic criteria of uncommon CD117-neg- 
ative GISTs has been aided by the identification of DOG-1.!* 
DOG-1, which stands for discovered on GIST, is the protein 
TMEM16A or anoctamin 1, that functions as a Ca% -activated 
chloride channel.!? DOG-1has been found to be positive in 98% 
of GIST, importantly in those who have PDGFRA mutations 
and may not express KIT; this marker has become a standard for 
GIST diagnosis in many pathology departments. An additional 
marker reported to aid in the diagnosis of KIT-negative GIST 
is PKC-0°°; 96% of KIT- negative GIST were found to express 


PKC-9. It should be noted that both DOG-1 and PKC-6 are also 
expressed in KIT-positive GIST. Therefore, the diagnosis of a 
GIST should be made on the grounds of morphologic, clinical- 
pathologic, and immunohistochemical data, as well as possibly 
molecular analysis if there is any ambiguity from the other patho- 
logic assessments (see section on molecular pathogenesis). It is 
also possible for a CD117-positive GIST to dedifferentiate as it 
becomes anaplastic and loses its ability to express CD117.?! 
Criteria for estimating the risk of malignant behavior of GIST 
was initially based on a consensus published by pathologists with 
expertise in GISTs who met at the National Cancer Institute.’ 
This consensus conference defined the 2 most reliable prognostic 
factors for behavior of a primary GIST as (1) the size of the pri- 
mary tumor and (2) the number of mitoses, reflecting the prolifera- 
tive activity of the cells.’* Additional factors are now recognized as 
important in terms of prognosis. Tumor location is also relevant, 
with primary tumors of the stomach having a better prognosis com- 
pared to those arising at other sites. In addition, primary tumors 
that undergo perforation prior to or during resection have a par- 
ticularly poor prognosis.?>+ Other factors besides size and mitoses, 
such as the specific histologic subtype (epithelioid versus spindle 
cell [see Figs. 33.1 and 33.2]), degree of cellular pleomorphism, and 
patient age, may have some contribution to prognosis but are most 
likely to play a minor role in determining the clinical outcome. 
Nomograms and staging systems have also been published to 
assess risk of recurrence after primary resection.*>7° The GIST 
Nomogram, developed by investigators at Memorial Sloan Ket- 
tering Cancer Center,” is available on line (https://www.mskcc. 
org/nomograms/gastrointestinal); although simple, there is con- 
cern that the risk assigned to tumors arising in the stomach is 
too high compared to other risk criteria. The population-based 
topographical maps of disease recurrence by Joensuu and col- 
leagues provides the greatest clarity, as size and mitotic count are 
measured as continuous variables; this tool also takes into account 
evidence of rupture.’° A simplified “rule of 5s” has been advocated 
in which size larger than 5 cm and more than 5 mitoses per 50 
high-power fields (HPFs) define an intermediate-high risk gastric 
GIST and in which size larger than 5 cm or more than 5 mitoses 
per 50 HPFs define an intermediate-high risk nongastric GIST.” 


MOLECULAR PATHOGENESIS 


The molecular pathogenesis of GISTs was advanced in 1998 by 
the key observation made by Hirota and colleagues.** This group 
was studying the role of the protein KIT (CD117) in cell growth 
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and development. In normal cell signaling, KIT binds its ligand, 
mast/stem cell factor (SCF), which results in the dimerization of 
2 KIT molecules. The homodimeric complex formed leads to 
cross-phosphorylation of critical tyrosine residues in the intracel- 
lular domains of KIT, which activates signal transduction path- 
ways downstream of KIT. The net physiologic effect of normal 
ligand-induced KIT activation is the controlled stimulation of cell 
proliferation and enhanced cell survival; therefore, uncontrolled 
KIT activation could theoretically lead to neoplastic growth and 
transformation of cells. 

Hirota and colleagues provided the critical confirmation at the 
cellular and molecular levels that mutations in KIT were pres- 
ent in GIST and could lead to the development of GIST in a 
mouse model.?’ This same team, in a project led by Nishida, also 
expanded these observations to patients with familial GISTs, with 
germline activating mutations in KIT.2? This elegant work sup- 
ported some of the key biological similarities between GIST and 
ICC cells,*°?! because both cell types express CD117. The cells 
of GISTs and normal ICCs likely share a common precursor cell, 
probably a stem cell.!*°! KIT and its ligand SCF play essential 
roles in development and maintenance of normal ICCs, as well as 
other cells, including melanocytes, erythrocytes, germ cells, and 
mast cells. KIT expression is noted in the vast majority (>95%) of 
GISTs, but KIT is not expressed by true smooth muscle tumors 
of the GI tract (i.e., leiomyomas and leiomyosarcomas) nor by 
stromal tumors at other anatomic locations, such as endometrial 
stromal tumors. Although the origin of the neoplastic cells of 
GISTs remains a matter of active investigation, some data sug- 
gest that GISTs originate from CD34-positive stem cells residing 
within the wall of the gut, which can then differentiate incom- 
pletely toward the ICC phenotype.*?! 

Activating mutations in KIT were identified in 5 of 6 cases 
of human GISTs originally analyzed by Hirota and colleagues,** 
with evidence that the mutations resulted in uncontrolled ligand- 
independent activation of KIT, or constitutive activation of KIT 
resulting in phosphorylation of the receptor in the absence of 
ligand. Genetically engineered cells harboring the mutant over- 
active KIT proteins were tumorigenic in nude mice, serving 
as proof of concept that the malignant phenotype was directly 
induced by the aberrant signaling pathways associated with 
uncontrolled ligand-independent KIT activation. 

The oncogenic potential of mutant constitutively activated 
KIT in the pathogenesis of GISTs in humans has also been sup- 
ported by identification of familial syndromes (see section on 
Familial GIST) with an autosomal-dominant inheritance pattern 
and an abnormally high incidence of GISTs, usually occurring as 
multiple foci within any affected individual.””**,*> Genetic analy- 
sis of such kindreds reveals that they harbor germline-activating 
KIT mutations similar to the mutations that were first described 
in sporadic cases of GISTs. 

Importantly, the vast majority of GIST cells at initial pre- 
sentation demonstrate a single site of mutation in KIT; a vari- 
ety of other genetic and cytogenetic changes are found, some of 
which are related to an aggressive malignant behavior.*+*> Gain 
of function mutations have been identified most commonly in 
exon 11 of KIT, an exon that encodes the intracellular juxtamem- 
brane domain of KIT.*°+! Certain mutations in exon 11 that 
result in stop codons or deletions convey a poorer prognosis.*! 
Mutations have also been identified in KIT exon 9,°* the extracel- 
lular domain of the kinase and less commonly in exons 13 and 
17 (kinase domain),*°~° with rare occurrences of mutations in 
exon 8.0 The distribution of mutations varies based upon those 
with primary tumors compared with those seeking therapy for 
advanced disease (Table 33.1).42¥ 

Structural biology studies have revealed the mechanism 
whereby normal (wild-type) KIT is kept in an auto-inhibited con- 
formation until its ligand, SCF, binds and leads to dimerization of 
2 KIT kinases; mutational changes lead to protein conformations 


TABLE 33.1 Frequency of Particular K/T and PDGFRA Mutations in 
Newly Diagnosed Gastrointestinal Stromal Tumors as Compared With 
Metastatic Gastrointestinal Stromal Tumors 


Newly Diagnosed*? Metastatic Disease** 


GISTs (N) 106 414 
KIT Mutations 67% 81% 
Exon 8 Not reported <1% 
Exon 11 53% 71% 
Exon 9 9% 8% 
Exon 13 4% 1% 
Exon 17 1% 1% 
PDGFRA Mutations 16% 2% 
Exon 12 2% <1% 
Exon 14 0% 0% 
Exon 18 15% 2% 
Wild-type KIT and 17% 17% 
PDGFRA 


PDGFRA, Platelet-derived growth factor receptor-alpha. 


that interfere with this autoinhibition and lead to the structural 
basis for the aberrant activation of the KIT kinase.*+* As will 
be discussed, imatinib mesylate (and some other tyrosine kinase 
inhibitors [TKIs]) can block this aberrant activation and kinase 
activity in these mutated tumors. 

Another key advance in the understanding of GISTs was the 
recognition that signaling through other uncontrolled kinases 
besides KIT could drive the neoplastic phenotype of GIST cells. 
Specifically, it is now recognized that at least 10% of GIST cells 
have mutational activation of the structurally related kinase 
known as the PDGFRA, most often in exon 18, but also in exon 
12 (see Table 33.1).!’*% Familial cases of GIST have also been 
identified with germline PDGFRA mutations and are discussed 
later. 468 

KIT and PDGFRA mutations have been documented even 
in small GISTs (<1 cm in greatest dimension) *”*°; such lesions 
are most often detected incidentally (e.g., gastric or esophageal 
GISTs during upper endoscopy for reflux symptoms) and may 
appear morphologically benign. These findings support the 
hypothesis that activating mutations in the KIT or PDGFRA 
proto-oncogenes represent an early event in the transforma- 
tion from a normal precursor cell into a GIST lesion. Because 
lesions in familial GISTs with germline KIT or PDGFRA muta- 
tions (see section on Familial GIST) may not present clinically 
until the second or third decade of life, or even much later, it 
is likely that second hits are necessary to attain a more aggres- 
sive malignant phenotype. Other key signaling steps that con- 
fer a more malignant phenotype to GIST cells remain obscure. 
However, the unique aspects of the signaling cascades in 
GISTs are being actively elucidated, and these appear to differ 
from KIT signaling in hematologic cancers. For example, the 
STATS pathway of leukemic cells is not typically activated in 
GISTs, whereas STATI and STAT3 are activated at a high 
level.6° There is now consensus that the KIT genotype alone 
cannot account for differences between GISTs that may behave 
in an indolent manner (and which, when small, are likely to 
be curable by resection alone) versus those that are clearly 
aggressive and malignant by all functional definitions. Well- 
differentiated benign cell morphology alone should not provide 
any reassurance that an individual GIST lesion will pursue a 
benign clinical course. However, gastric GIST lesions smaller 
than 2 cm are considered benign and if removed do not require 
follow-up.*! 


Approximately 5% to 10% of GISTs are wild-type for KIT and 
PDGFRA (i.e., have no mutations in these 2 key genes).! Many 
of these GISTs have been recognized to have loss of expression 
and function of succinate dehydrogenase (SDH) proteins. The 
SDH proteins are a family of enzymes (SDH A, B, C, and D) 
that form a complex in the wall of the mitochondria critical for 
cellular respiration. In some cases, SDH genes are mutated, but 
in others there is hypermethylation of the genes, including the 
promoter for SDHC, leading to loss of expression and activ- 
ity. These tumors can be identified by loss of SDHB staining 
in tumor cells; they have also been found to express high levels 
of insulin-like growth factor-1 receptor.*?>’ These tumors are 
now called SDH-deficient GISTs; Carney triad and the Carney- 
Stratakis dyad (discussed in the section on familial GIST) are syn- 
dromes whose GIST have this oncologic mechanism. This form 
of GIST arises in the stomach, may be multifocal and metastasize 
to lymph nodes. Tumors are more common in females and tend 
to be diagnosed at an earlier age than typical mutant GIST; most 
GIST in the pediatric age group are SDH-deficient GIST. 

A rare mutation in patients without KIT and PDGFRA mvuta- 
tions involves BRAF, which encodes for B-raf (serine/threonine 
protein kinase B-raf).°°°® Recently, reports of other actionable 
mutations involving fibroblast growth factor receptor 1 and neuro- 
tropic tyrosine receptor kinase (NTRK) have also been reported.*? 

In addition to the genes and proteins already discussed, other 
genes, transcription factors, microRNAs, and pathways have been 
reported to play a role in the pathogenesis, behavior, diagnosis, 
and prognosis of GISTs.°-’” Some of these will be undoubtedly 
important predictors of outcome or provide therapeutic targets in 
the future. A detailed discussion of these many factors is beyond 
the scope of this chapter. 


MOLECULAR PHARMACOLOGY 


Identification of KIT mutations provided critical understanding 
of the pathobiology of GIST and provided an appealing thera- 
peutic target. It was serendipitous that a medication being devel- 
oped for an entirely different purpose showed dramatic inhibition 
of KIT activity. The initial concept for this molecularly targeted 
approach came from efforts to develop small molecules against 
BCR-ABL, the oncoprotein target critical to the pathogenesis of 
chronic myeloid leukemia (CML). A small molecule in the 2-phe- 
nylaminopyrimidine class was identified by Druker and colleagues 
at Novartis that demonstrated potent inhibitory in vitro activity 
for ABL and the dysregulated BCR-ABL.’*.”? Additional screen- 
ing studies from the laboratories of Druker and Buchdunger 
and associates demonstrated that this agent, signal transduction 
inhibitor-571 (STI-571), subsequently called imatinib mesyl- 
ate (Gleevec in the USA, Glivec elsewhere), could also potently 
inhibit the tyrosine kinase activity of both KIT and PDGFRA.*° 
Subsequent studies performed in a human mast cell leukemia cell 
line that harbored a KIT mutation similar to the mutations noted 
in GISTs documented that imatinib could inhibit both wild-type 
and mutant KIT protein.*! Laboratory experiments testing ima- 
tinib in human GIST cell lines with defined activating mutations 
of KIT revealed dramatic evidence of anti-GIST activity. Addition 
of imatinib to cultured human GIST cells rapidly inhibited KIT 
activation, arrested cell proliferation, and induced apoptosis in the 
tumor cells.” By all criteria, therefore, the clinical development 
of imatinib was promising as a treatment of GIST to target the 
fundamental molecular pathogenesis of this disease. Treatment of 
GISTs with imatinib mesylate and other tyrosine receptor kinase 
inhibitors are discussed later. 


EPIDEMIOLOGY 


It has been difficult to obtain accurate data regarding the true 
incidence of GISTs. This is because of referral bias, which 
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concentrates GIST cases with a worse prognosis and a more 
malignant behavior into academic cancer centers, and the lack 
of definitive diagnostic techniques before the molecular defini- 
tions of GISTs in 1998 and beyond. Before 2000, the number of 
new GIST cases was underestimated and underreported. With 
the understanding of the molecular underpinnings of GISTs and 
the availability of molecularly targeted drugs, there has been an 
increase in the diagnostic accuracy of the disease.*’ A recent study 
using the Surveillance, Epidemiology, and End Results (SEER) 
database of cases diagnosed between 2001 and 2011 found an 
increase in the age-adjusted incidence from 0.55/100,000 in 2001 
to 0.78/100,000 in 2011. The incidence increased with age and 
was highest in the 70 to 79 age group, at 3.06/100,000.* 

The incidence has been reported to be slightly higher in men 
than women.** Studies of gastrectomy specimens resected for 
non-neoplastic diseases and autopsy studies have documented a 
remarkably high incidence of occult microscopic GIST lesions, 
in the range of 20% to 35%.5>8° 


CLINICAL FEATURES 


Most GISTs (60% to 70%) arise in the stomach; 20% to 
30% originate in the small intestine, and less than 10% in the 
esophagus, colon, and rectum. GISTs can also occur in extra- 
gastrointestinal abdominal or pelvic sites such as the omentum, 
mesentery, or retroperitoneum,*”! including the pancreas; 
extra-gastrointestinal tumors are termed E-GISTs.!° 

The clinical presentation of patients with GISTs depends 
on the anatomic location of the primary lesion, as well as other 
factors like tumor size and presence or absence of symptomatic 
metastases. For many GIST patients, initial detection of GISTs 
may be an incidental finding or result from evaluation of nonspe- 
cific symptoms. Symptoms from GISTs per se are usually noted 
only after tumors are larger than 5 cm in size or have impinged 
on a specific anatomic region (e.g., a gastric GIST causing gas- 
tric outlet obstruction). Symptoms at presentation may include a 
palpable abdominal mass or abdominal swelling, abdominal pain, 
nausea, vomiting, anorexia, and early satiety. It has been reported 
that up to 40% of patients with GISTs present with acute hemor- 
rhage into the GI tract or into the peritoneal cavity from tumor 
rupture; however, such reports are likely dependent on referral 
bias of patients with large GIST lesions or multifocal disease. 
Some will present with anemia as a consequence of chronic blood 
loss. Because a GIST may not be identified by routine endoscopy, 
consideration of abdominopelvic imaging should be considered 
as part of an iron deficiency anemia workup with negative GI 
endoscopy studies for a source of bleeding (see Chapter 20). 

The vast majority of metastases from GISTs, at presentation 
or with disease recurrence, are intra-abdominal, with metastases 
to the liver, omentum, or peritoneal cavity.** Metastatic spread 
to lymph nodes and other regions is rare; most lesions thought 
to be nodal metastases by imaging studies simply represent meta- 
static deposits of tumor nodules in the omentum or peritoneum 
rather than true lymphatic spread of the disease. Sites of metasta- 
ses seen in advanced disease can also include the lung and bone. 
GISTs can express a thyroid hormone-inactivating enzyme (type 
3 iodothyronine deiodinase) that can result in a “consumptive” 
type of hypothyroidism, requiring supra-normal doses of thyroid 
hormone therapy.”! 


Esophageal Tumors 


GISTs may arise within the esophagus, although this is a rare 
presentation for larger lesions.”>°+ Most esophageal GIST 
lesions are noted incidentally during upper endoscopy performed 
for some other unrelated symptom or disorder, such as reflux 
esophagitis. Esophageal GISTs may be small (only a few millime- 
ters in size) and may be resected using endoscopic techniques.” 
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Margins may be involved if a lesion, unsuspected as a GIST and 
thought to be benign, is simply enucleated endoscopically. It 
remains unclear whether watchful waiting with serial endoscopic 
follow-up is appropriate for any patient with small GIST lesions 
(<1 cm in maximal dimension). Larger esophageal GISTs may 
perforate.” On imaging, they appear like GISTs elsewhere in 
the GI tract®’; they tend to be well-circumscribed,!8F-FDG avid, 
hypoattenuating, and spread locally (e.g., to the pleura) or hema- 
togenously (e.g., to the liver).”* 

As noted, histopathology showing putatively benign GIST 
cells cannot be viewed reassuringly because histology does not 
perfectly predict the malignant behavior of GISTs. A careful risk- 
based assessment includes accounting for other aspects of the 
tumor, as well as patient-specific factors (e.g., age, comorbidities, 
patient preferences). It will be important for prospective studies 
to accumulate a larger objective database regarding the outcomes 
of such patients so that medical decision making can be based on 
solid evidence. Although a small esophageal GIST lesion is prob- 
ably a single primary, it is appropriate to take a careful family 
history and perform CT of the abdomen and pelvis to ensure no 
other lesions are present, especially if the disease is first detected 
in a young person. Some series have attempted to distinguish 
between clinical outcomes of patients with GISTs and those with 
leiomyosarcomas or other mesenchymal neoplasms, such as leio- 
myomas.”” 


Gastric Tumors 


The most common primary site for GISTs is the stomach (Figs. 
33.3 and 33.4). They can be asymptomatic or present with bleed- 
ing, pain, or obstruction. Most GIST lesions as seen endoscopi- 
cally are submucosal rather than mucosal, without overlying 
ulceration. This explains why many GIST masses may only be 
visualized on endoscopy as a subtle, smooth protrusion with 
overtly normal mucosa.”’ Also, this submucosal localization can 
make diagnostic biopsy through an endoscope difficult. It is not 
uncommon for superficial biopsies to reveal only normal mucosa, 
whereas deeper biopsies or histopathology from a definitive 
resection would show the true underlying GIST cells. The use 
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Fig. 33.3 Photomicrograph of a spindle cell submucosal gastrointes- 
tinal stromal tumor in the stomach. The lesion is well circumscribed 
and does not invade the overlying muscularis mucosa. Invasion of the 
muscularis mucosa is considered an adverse prognostic factor. (H&E, 
x50.) (Courtesy Dr. Brian P. Rubin, Cleveland, OH.) 


of EUS often allows for appropriate sampling and adequate diag- 
nostic biopsies. 


Duodenal and Jejunoileal Tumors 


The second most common site for GISTs to arise is in the small intes- 
tine.” In one report, approximately half of all small bowel tumors 
identified on small bowel capsule endoscopy were GISTs.!0:10! 
GISTs in the small intestine tend to occur in the jejunum, followed by 
the ileum and then the duodenum. More investigators are now sepa- 
rating duodenal GISTs from other small intestinal GISTs because of 
differences in presentation and behavior. Duodenal GISTs seem to 
have a more favorable prognosis than jejunoileal GISTs, even with 
resections that are more conservative and limited (i.e., without per- 
forming a pancreaticoduodenectomy).!°*-!°° Small intestinal GISTs 
often present with significantly larger lesions than other primary sites. 
The large lesions may be highly vascularized and present significant 
risks of bleeding, even with only a biopsy. Because complete surgical 
resection is the treatment of choice for GISTs, there is some contro- 
versy over whether any preoperative biopsy is necessary, or whether 
biopsy represents an extra risk for the patient (discussed further 
below). This is a challenging subject because other disease entities 
enter into the differential diagnosis of a large abdominal mass involv- 
ing the small intestine and mesentery. In general, clinical practice 


Fig. 33.4 Gastric GIST. A, CT showing a 4- to 5-cm exophytic gastric 
GIST arising from the greater curvature of the stomach (arrow). B, 
Gross photograph of the 3.5 x 4.5 x 4—cm tumor after it was resected 
and cut open. Histology showed a spindle cell gastric GIST that was 
positive for KIT (CD117) immunoreactivity. (Courtesy Dr. Jay N. Yepuri 
and Dr. Christopher Bell, Dallas, TX.) 


guidelines have suggested that resection may be performed without 
antecedent biopsy if a GIST is strongly suspected and if surgery can 
be accomplished without significant risk of morbidity to the patient. 
If only radical surgery, leading to significant functional impairment, 
could remove the lesion, it may be in the patient’s best interest to 
consider a preoperative biopsy to establish the diagnosis of a GIST 
and allow for neoadjuvant therapy (see below). 


Colonic and Anorectal Tumors 


GISTs in the rectum and colon are rare, accounting for roughly 
5% of GIST cases, and they present unique management chal- 
lenges.!°7-!!? As in other sites, small GIST lesions in the rectum 
may present as small, hard nodules less than 1 cm in diameter 
found incidentally during a rectal examination or proctoscopy. 
However, much larger tumors can ulcerate and bleed acutely or 
chronically, mimicking a rectal adenocarcinoma. Diagnosis can 
be challenging because the epithelioid or mixed cell variants of 
GISTs can also be misclassified as adenocarcinomas, especially if 
small biopsies are confounded by severe inflammatory changes or 
associated abscess formation. 


DIAGNOSIS 


Several professional organizations have developed consensus- 
based (and, whenever possible, evidence-based) clinical practice 
guidelines. The National Comprehensive Cancer Network has 
developed extensive publicly accessible guidelines to assist clini- 
cians in the diagnosis and treatment of GIST patients (see the 
GIST and Soft Tissue Sarcoma Guidelines on www.nccn.org). 
The European Society of Medical Oncology (ESMO) also has 
published expert-driven clinical practice guidelines.!!% 

The diagnostic evaluation of a suspected or proven GIST 
resembles that of other GI neoplasms. The most important ele- 
ment is to keep GISTs in the differential diagnosis of any mass 
lesion noted throughout the length of the GI tract, as well as in 
extra-intestinal sites of the abdomen and pelvis. As for any GI 
evaluation, the site of lesion determines which diagnostic tools 
are most appropriate for the patient. Endoscopy plays a major 
role in the diagnosis of gastric, duodenal, esophageal, colonic, 
and anorectal GISTs. Capsule endoscopy is valuable in diagnosis 
of jejunal and ileal GISTs!:!°!; double-balloon enteroscopy may 
also be useful in diagnosis of these small intestinal GISTs, espe- 
cially those that bleed.!!* 


Imaging 
EUS 


EUS is a useful technology for evaluating possible GISTs 
because of the submucosal localization of these tumors (see 
Video33.1). GISTs visualized by EUS appear as hypoechoic 
masses contiguous with the fourth (muscularis propria) or sec- 
ond (muscularis mucosae) layers of the normal gut wall. In one 
study,!!> 7 the EUS features most predictive of so-called benign 
GI GISTs were regular margins, tumor size 3 cm or less, and 
a homogeneous echogenicity pattern. Multivariate analysis 
identified the presence of cystic spaces and irregular margins as 
independent predictors of malignant potential. A second study 
identified tumor size larger than 4 cm, irregular extraluminal 
borders, echogenic foci larger than 3 mm, and cystic spaces 
larger than 4 mm as factors that correlated with malignant 
behavior in GIST.!!° 


CT and MRI 


CT is the most effective way to image primary lesions in the 
stomach, because the oral contrast will outline masses and 
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gastric thickening (see Fig. 33.4). The differential diagnosis 
with inadequate gastric distention can be a challenge, espe- 
cially when monitoring for recurrence following surgery. 
CT is also essential to stage the extent of disease. For mea- 
surable GISTs, it is particularly useful to perform CT with 
noncontrast image acquisition, as well as assess early and late 
images following administration of IV contrast. Routine MRI 
is inferior to CT for visualizing a gastric GIST because of 
uncontrollable movement of the gastric wall and surrounding 
tissues. However, diffusion weighted imaging with MRI may 
be comparable to PET/CT.!!7 MRI can be useful for assess- 
ment of liver metastases because some GIST lesions can be 
fully isodense to normal tissues and thus invisible against sur- 
rounding hepatic parenchyma on CT. 

Baseline CT imaging is critical for patients with GISTs, 
because endoscopic imaging alone may only reveal a small frac- 
tion of the underlying tumor. Additionally, imaging patterns 
can be interpreted qualitatively to assess the impact of targeted 
therapy using metrics other than tumor size.!!*:!!°21 Response 
to kinase inhibitors will lead to a decrease in tumor density on 
CT, even in the absence of a change in size of the lesion (CHOI 
criteria); hypodense lesions on CT have been correlated with loss 
of metabolic activity on FDG-PET imaging.!!” 


PET/CT 


One of the most impressive aspects of GIST diagnostic imaging 
is the use of F-fluorodeoxyglucose (!8F-FDG) PET scans to add 
complementary information to that obtained by conventional 
anatomic imaging (Fig. 33.5). Although CT or MRI can assess the 
size of GIST lesions accurately, the functional imaging of GIST 
with '8F-FDG PET can provide useful additional information 
that can assist clinicians in the management of GIST patients. 
The actual mechanisms responsible for the high-level avidity of 
GISTs for the '8F-FDG tracer is likely due to signaling through 
the overactive KIT, RTK and glucose transport proteins, such 
as GLUT4.!° With therapy, there is decreased cell viability and 
glucose uptake associated with decreased GLUT4 expression, 
thus explaining the rapid changes in PET imaging associated with 
inhibition of KIT signaling by pharmacologic means. 1??? Large 
GISTs can demonstrate centers with predominantly cystic or low- 
attenuation characteristics noted on CT or MRI. It is clear by!8F- 
FDG PET scans that the internal mass of large GIST lesions 
can often be viewed as metabolically quiescent, likely because 
of tumor necrosis of these large lesions in their central portions. 
Even though GIST lesions can be vascular, the internal portion 
can nonetheless represent a confluent mass of necrotic material, 
with the more viable portions of the GIST pushing out toward 
the edges of the lesion. Much of the added value of!8F-FDG 
PET imaging in serial imaging can also be obtained by qualita- 
tive assessment of tumor density obtained via CT.!!? However, 
occasionally, metastatic GIST lesions in the omentum can be 
subtle and easy to overlook on CT because small lesions could 
blend into the folds of the bowel walls and be difficult for even the 
most experienced radiologist to detect.!8F-FDG PET imaging 
can detect lesions about 1 cm or larger in size without difficulty 
because neither the normal bowel nor omentum will take up the 
'8F_FDG tracer with excess avidity. National guidelines, however, 
do not encourage the routine use of FGD-PET imaging. 


Somatostatin Receptor Scintigraphy 


Somatostatin receptor scanning is valuable in the diagnosis 
of GI and pancreatic neuroendocrine tumors (see next chap- 
ter). Recently, somatostatin receptors 1 1 and 2 were shown to 
be expressed in the majority of GISTs, and the tumors could 
be visualized in half the patients studied using SRS with "!in- 
labeled agents (see Chapter 34).!1 This finding may permit 
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Fig. 33.5 Metastatic GIST. PET (A, B) and CT (C) in a patient with a GIST metastatic to the liver, before (left) 
and after (right) treatment with imatinib mesylate. Partial tumor regression with reduced '8F-FDG uptake is 
seen after treatment. (Courtesy Dr. A. Van den Abbeele, Boston, MA; and modified from Demetri GD, Benjamin 
RS, Blanke CD, et al. NCCN Task Force report: management of patients with gastrointestinal stromal tumor 
[GIST]— update of the NCCN clinical practice guidelines. J Natl Compr Canc Netw. 2007; 5[Suppl 2]:S1-S29.) 


peptide-receptor mediated radiotherapy as discussed in Chapter 
34 for some of these GISTs patients in the future, but has not 
been evaluated to date. 


Biopsy 


As discussed earlier, GISTs can be highly vascular, which may 
present an unacceptable risk for endoscopic biopsy. Additionally, 
percutaneous biopsies, even if only using FNA techniques, may 
impose risks of tumor rupture and tumor cell seeding along the 
biopsy tract or spread via peritoneal or mesenteric contamina- 
tion. To minimize risk to the patient, many surgeons recommend 
that preoperative biopsy not be performed if resection is planned. 
However, biopsy must be performed in cases of unresectable 
GIST to make the diagnosis and justify preoperative (neoad- 
juvant) administration of imatinib therapy (discussed later). 
Furthermore, FNA biopsy of gastric GISTs using EUS guidance 
can be diagnostic and can be performed safely,!** as can a muco- 
sal incision-assisted biopsy technique.'*’ For patients presenting 
with metastatic disease, biopsy is appropriate to establish a diag- 
nosis and allow for initiation of systemic therapy. 


Differential Diagnosis 


GIST was originally described as a monomorphic spindle cell 
neoplasm. However, it is now clear that GIST can exhibit a wide 
variety of histologic appearances, ranging from an epithelioid 
form with large round cells (see Fig. 33.2) to the spindle cell form 
(see Fig. 33.1), and lesions with mixed histology. The spindle 
cell GIST variant is far more common, representing some 70% 
of cases. The epithelioid, or round cell, pattern represents most 
of the remaining 30% and may contain an admixture of spindle 
cells. The epithelioid subset was previously diagnosed as leio- 
myoblastoma, although some may have been mistaken for poorly 
differentiated carcinomas. 

The differential diagnosis of GI tract neoplasms that appear 
to be mesenchymal in origin includes GISTs (80%), but there are 
definitely true smooth muscle neoplasms of the GI tract, includ- 
ing true leiomyomas and leiomyosarcomas (~15%) and schwan- 
nomas (=5%). CT features may help distinguish small gastric 
GISTs from gastric schwannomas; also, gastric GISTs tend to 
grow faster when assessed with serial CTs than schwannomas.!° 
As noted, expression of KIT is not limited to GIST cells. Nor- 
mal ICCs and mast cells express CD117 and depend on KIT 
for normal growth and development. A relatively limited num- 
ber of other tumors may also express immunohistochemically 
detectable CD117. These include certain subsets of soft tissue 
sarcomas, including ‘Ewing sarcoma and angiosarcoma, as well 
as other neoplasms, such as occasional small cell lung cancers, 
melanomas, desmoid tumors, seminomas, ovarian carcinomas, 
mastocytomas, neuroblastomas, adenoid cystic carcinomas, and 
rare subsets of lymphoma and acute myeloid leukemia.!?7-!°° It is 
also relevant to note that expression of the CD117 antigen does 
not imply activation of the KIT target, nor does it necessarily 
correlate with any KIT gene mutation. The same CD117 antigen 
is expressed by cells harboring normal (wild-type) KIT as those 
that have activating KIT mutations. Also, expression of KIT pro- 
tein does not necessarily mean that the protein is involved in the 
pathogenesis of that specific cancer. 


TREATMENT 


Primary Localized Disease (Early-Stage Disease) 
Surgery 


Definitive expert surgery remains the mainstay of treatment for 
patients with primary localized GISTs (early-stage GISTs). The 
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surgical approach to resection of primary disease must account 
for the specific growth and behavior characteristics of this dis- 
ease. GISTs rarely involve the regional lymph nodes, and exten- 
sive lymph node exploration or resection is rarely indicated. 
GIST lesions are highly vascularized and often exhibit a fragile 
pseudocapsule; therefore, surgeons should be careful to minimize 
the risk of tumor rupture, which subsequently increases the risk 
of peritoneal dissemination. The margins of resection from the 
tumor specimen should be carefully oriented and examined, and 
biopsy samples from several different areas of the tumor should 
be evaluated by the surgical pathologist. More and more, laparo- 
scopic!?!-!35 and endoscopic!?6:137 resections are being used with 
good outcomes. 

The natural history of early-stage primary GIST has been 
examined in studies from single-institution referral centers. 
These studies are certainly prone to selection bias, and it is clear 
in this evolving field that many early-stage GIST patients have 
likely been managed by physicians from multiple specialties, 
including gastroenterology and general surgery. The Memorial 
Sloan-Kettering Cancer Center’s series evaluated 200 patients 
that were followed prospectively**; 80 of these patients (40%) had 
primary disease managed with complete surgical resection. This 
subgroup with primary resected GISTs demonstrated 5-year dis- 
ease-specific survival rates of only 54%, supporting the fact that 
GISTs, as seen at such an academic referral center, can exhibit a 
high risk for recurrence and ultimately prove to be life-threat- 
ening. On multivariate analysis, large tumor size (>10 cm) was 
the only factor that reduced disease-specific survival. Anatomic 
location of the primary tumor also appears to be an important 
prognostic factor for primary localized GIST.” As mentioned 
earlier, small intestinal GISTs have a less favorable prognosis 
than gastric GISTs; colon/rectal GIST and E-GISTs, which are 
rare, have the poorest outcome. 

The prognosis of GISTs involving the small intestine is 
related to the adequacy of resection.**:!3* Most can be completely 
resected, with median overall survival of more than 5 years for 
patients with localized or locally advanced disease. Patients who 
underwent complete resections exhibit much better 5-year overall 
survival than those whose lesions cannot be completely resected. 

GISTs in the rectal and perirectal location present similar chal- 
lenges to those in the small intestine; specifically, if nonmutilating 
surgery can achieve negative margins for a tiny GIST (<1 cm), that 
is probably a reasonable way to proceed. However, many GIST 
lesions in the rectal region will prove more challenging to resect, 
and surgery may only be feasible with significant functional mor- 
bidity, especially if done without prior neoadjuvant therapy. 

Because there is now effective medical treatment for advanced 
GISTs (imatinib, discussed later), it is important that all resected 
GIST patients undergo regular surveillance following resection. 
In this way, any recurrent disease can be detected and treated at 
the earliest stage, thereby hopefully avoiding complications (e.g., 
tumor hemorrhages) that might stem from treatment of recur- 
rent large, bulky disease. 


Adjuvant Radiation Therapy 


Only a limited number of case reports and small series have 
investigated the role of adjuvant treatment using conventional 
modalities, such as radiotherapy following surgical resection of 
an early-stage GIST. Radiotherapy does not appear to have an 
important role in the adjuvant treatment of GIST; this in part is 
due to the inability to administer effective doses given the toxicity 
to small bowel and other intra-abdominal structures. There also 
have only been small series of patients who have received adju- 
vant systemic or intraperitoneal chemotherapy, and these data 
have not identified any clear benefits. The standard of care after 
complete surgical resection of primary GISTs had therefore been 
observation alone prior to the availability of imatinib. 
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Adjuvant Therapy With Imatinib 


It is now clear that administration of imatinib in the postresection 
(adjuvant) setting delays tumor recurrence, especially for patients 
who present with very large tumors and who are at very high risk 
of disease recurrence and metastatic spread.!*?-!*# Risk stratifica- 
tion for adjuvant therapy typically does not use the AJCC staging; 
tumors estimated to be at intermediate to high risk of recurrence, 
using the GIST nomogram, population topographical charts, or 
the rule of 5s discussed earlier are utilized.” 7 

The activity of adjuvant imatinib in GIST patients has been 
investigated in several large multicenter trials.!°?-!* In the first 
randomized adjuvant trial Z9001, conducted by the American 
College of Surgical Oncology Group (ACOSOG), imatinib (or 
placebo) was administered for 1 year. Administration of imatinib 
following resection of primary limited GIST significantly pro- 
longed recurrence-free survival compared with placebo (98% ver- 
sus 83% free of recurrence at 1 year; hazard ratio 0.35), although 
no overall survival benefit has been noted.'*? The ACOSOG 
trial enrolled patients with any size GIST. Analysis of the ben- 
efit from therapy based upon size (i.e., 3 to 6 cm, 6 to 10 cm, 
and 10 cm or larger) identified that although there was a numeri- 
cal benefit in all groups, it was only statistically significant in the 
tumors larger than 10 cm. The European Organization for the 
Research and Treatment of Cancer (EORTC) tested 2 years of 
adjuvant therapy versus none, and originally had overall survival 
as the primary endpoint.!*! It became clear that the results of this 
trial potentially would require more than a decade and so the 
endpoint was switched to the time to imatinib-resistant disease. 
Patients who were on imatinib for 2 years and progressed were 
allowed to restart imatinib, and those on the placebo arm who 
progressed initiated therapy. There was no statistically significant 
difference in the time to imatinib resistance in the 2 groups. In 
the Scandinavian trial,!#14 patients with KIT-positive GISTs 
by immunostaining that had a high likelihood of recurring post- 
operatively due to their size, mitotic rate, and/or occurrence of 
tumor rupture were randomized to receive adjuvant imatinib 
mesylate (400 mg/day) for either 1 or 3 years beginning 1 to 12 
weeks postoperatively. Imatinib therapy for 3 years resulted in 
significantly better overall survival than when just taken for 1 year 
(91.9% versus 85.3%, HR, 0.60, P = 0.036), although there was a 
higher imatinib discontinuation rate in the 3-year group, usually 
for adverse effects or patient preferences. In addition, this trial 
demonstrated a survival advantage for those receiving adjuvant 
therapy.!*?'*5 The PERSIST-5 study was a single arm phase II 
study that enrolled patients with high-risk GIST, defined as a 
primary GIST (any site) >2 cm with a mitotic count > {5/50} HPF 
or nongastric primary GIST >25 cm.!**+ Imatinib maintained its 
effectiveness over the 5-year trial period. The benefit of adjuvant 
activity of imatinib is clear and merits a thoughtful discussion of 
possible risks and benefits in all patients with resected GISTs 
who are at moderate to high risk of disease recurrence by current 
risk classification systems.’?7>?° Guidelines recommend treat- 
ment for at least 3 years. Studies are now ongoing to assess the 
benefit of longer-term therapy (check clinictrials.gov). 


Neoadjuvant Therapy 


With the advent of highly effective drug therapy, current guide- 
lines recommend that surgical resection of GISTs be undertaken 
as the first intervention only if there is an acceptably low risk 
of functional deficit or morbidity from the surgery. If a large 
GIST is detected, and there is a risk for perioperative morbid- 
ity, neoadjuvant (preoperative) imatinib should be considered. In 
this scenario, a tissue biopsy is required prior to starting therapy; 
the tissue from such a diagnostic biopsy is too small to provide 
detailed risk stratification but should be sufficient to obtain 
molecular testing. Trials have shown that such neoadjuvant drug 


administration can be effective at downsizing tumors and, hence, 
facilitating effective surgical intervention.!*-147 In this specific 
clinical situation,!8F-FDG PET scanning allows an early assess- 
ment of response, thereby minimizing the risk of disease progres- 
sion that otherwise might put the patient at risk for becoming 
unresectable. Following the maximal response to imatinib 
(median time to maximal response being 6 months or longer), 
definitive surgery can be performed. In such patients, postopera- 
tive imatinib adjuvant therapy is also recommended for a total of 
at least 3 years of therapy. 


Advanced-Stage Disease 


Systemic and Locoregional Chemotherapy, Radiotherapy, 
and Debulking Surgery 


Medical oncologists had noted that “leiomyosarcomas” of the GI 
tract had poorer prognosis than leiomyosarcomas arising in other 
parts of the body (e.g., the uterus). The leiomyosarcomas of the 
GI tract were far more resistant to standard chemotherapy regi- 
mens; these leiomyosarcomas proved largely to represent GISTs. 
Studies in patients with advanced GISTs receiving conventional 
cytotoxic chemotherapy demonstrated little benefit with objec- 
tive antitumor response to various chemotherapy agents routinely 
reported to be 0% to 4%.!!#8 Some investigators attempted to 
improve on these dismal results with chemotherapy by admin- 
istering the drugs via an intraperitoneal route.!*? However, 
because GISTs rarely remain confined to the peritoneal surfaces, 
with hematogenous spread to the liver and other intra-abdominal 
locations, and because most of the life-threatening complications 
of GISTs arise from hepatic involvement or from bulk disease 
affecting the omentum, this intraperitoneal approach was not 
particularly promising. Based on these disappointing results, con- 
ventional cytotoxic chemotherapy is regarded as ineffective for 
the treatment of patients with GIST. 

The high levels of resistance to chemotherapy exhibited by 
GISTs may result, in part, from the expression of increased lev- 
els of P-glycoprotein (the product of MDR-1). GISTs have been 
shown to have increased expression of P-glycoprotein compared 
with leiomyosarcomas.!°° These cellular efflux pumps prevent 
some types of chemotherapy from reaching effective intracellular 
concentrations in the target GIST cells. 

There are single-institution data demonstrating control 
of metastatic GIST for a limited time by locoregional surgical 
or interventional radiology techniques, such as hepatic resec- 
tion,!°! hepatic artery embolization/chemoembolization,!** or 
radiofrequency ablation.!°? Although a subset of patients with 
metastatic GISTs involving the liver have demonstrated antitu- 
mor responses and a somewhat limited progression-free survival 
(PFS) following chemoembolization, the benefits are generally 
measured in months rather than years. These approaches are now 
used as adjuncts to other systemic management options. 154135 

Debulking surgery has a limited role in selected patients with 
metastatic GIST. If a patient presents with metastatic disease 
involving the liver and peritoneal surfaces, the first line of therapy 
is a TKI. Once the disease has responded to the TKI, the role 
of debulking surgery has been hypothesized to be of benefit by 
eliminating tumor that contains resistant clones and may prolong 
disease control, supported by PFS on imatinib being correlated 
with bulk of disease.!°° The EORTC developed a trial to test this 
hypothesis in which patients were to be randomized to continued 
imatinib therapy versus resection of disease with continued ima- 
tinib, with a primary endpoint of PFS. The study accrued poorly 
and was closed before answering the question. 

Large series from several institutions have also reported on the 
benefit of limited resection in patients with progressive disease on 
TKI therapy.!>7-!®! The majority have reported on outcomes for 
patients on imatinib therapy. Although surgery is feasible with 


sunitinib, it is complicated by the vascular endothelial growth 
factor receptor targeting of sunitinib, requiring the drug to be 
stopped for 2 weeks or longer prior to surgery due to increased 
risk of bleeding and wound complications.!°* In the setting of 
progressive disease on imatinib, patients with isolated progres- 
sive disease that is resected achieve approximately an extra year 
on imatinib therapy. There is limited benefit of surgery for dif- 
fuse progression and patients are better served by changing their 
systemic therapy. 

Radiotherapy plays a limited role in the management of 
patients with metastatic GIST. In part this is because delivery of 
therapeutic doses of radiotherapy to the liver or GI tract usually 
causes more morbidity than benefit. However, in the setting of 
advanced disease with painful bone metastases or bleeding from 
tumors, radiation therapy can play a palliative role. 

Clearly, for patients with metastatic or unresectable GISTs, 
prognosis was dismal before the advent of molecularly targeted 
therapy. For patients with metastatic or recurrent GISTs or GI 
sarcomas (most of which were likely to have been a true GIST), 
most studies prior to the introduction of targeted therapy with 
kinase inhibition documented poor survival rates, with fatal out- 
comes from disease progression generally occurring within 1 to 2 
years from the date of first recurrence or metastasis.** 


Imatinib Mesylate 


The collaborative worldwide clinical development of imatinib 
as a molecularly targeted therapy of GIST proceeded at a dra- 
matic pace. In 2000, a single-patient pilot study in a patient with 
advanced, heavily pretreated, and widely metastatic GIST was 
undertaken. The patient had a rapid response with sustained 
clinical benefit from imatinib for nearly 3 years.!°? Based on the 
dramatic and durable benefits in this patient, as well as striking 
scientific rationale and strong preclinical data, other studies test- 
ing imatinib for GISTs were started. A dose-finding study, begun 
by the EORTC Sarcoma Group, enrolled primarily patients with 
GISTs.!°+ The maximal tolerated dose of imatinib was judged to 
be 800 mg/day (given as 400mg twice daily); at the higher dose 
level of 1000 mg daily (given as 500 mg twice daily), unaccept- 
ably severe, dose-limiting toxicities such as nausea, vomiting, and 
severe edema were reported. A multicenter U.S.-Finland col- 
laborative study randomized 147 patients with metastatic GISTs 
between 2 dose levels of the drug (400 mg daily or 300 mg twice 
daily).!*! There did not appear to be differences in response rates 
or duration of disease control between the 2 dose levels, but the 
study was not powered to detect differences. The EORTC group 
went on to expand its exploration of imatinib in GISTs and other 
forms of sarcomas. In this trial, the high levels of antitumor activ- 
ity against GISTs were again confirmed, whereas there was no 
demonstrable benefit for patients with other forms of soft tissue 
sarcomas.'® The results from these wholly independent trials 
were remarkably concordant (Table 33.2). These data supported 
the hypothesis that targeting the mutations in KIT and PDGFRA 


TABLE 33.2 Antitumor Responses to Imatinib in Patients With 
Metastatic or Unresectable Gastrointestinal Stromal Tumors 


References GISTs (N) Imatinib Dose CR(%) PR(%) DSD (%) 


(mg/day) 
164 36 400-1000 (0) 53 iv 
121 147 400 or 600 (0) 54 28 
167 946 400 vs. 800 5 47 32 
166 746 400 vs. 800 4 41 23 


There were no significant differences in antitumor responses among 
doses in these studies. CR, Complete remission; DSD, durable stable 
disease; G/STs, gastrointestinal stromal tumors; PR, partial remission. 
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believed to be the molecular drivers critical to GIST cell growth 
and survival leads to meaningful therapeutic benefit. Without 
such a target to inhibit (as in sarcomas other than GISTs), ima- 
tinib treatment does not have major anticancer activity. 

Further assessment of the optimal dose of imatinib for advan- 
ced unresectable GIST was obtained in 2 large trials designed and 
run concurrently by the Southwest Oncology Group (SWOG) 
and the EORTC.!®!” These studies enrolled 1700 patients and 
were powered to determine whether 400 mg twice daily (com- 
pared to 400 mg daily) would translate into significant clinical 
benefits as measured by improved response rates, PFS (SWOG 
trial), or survival (EORTC trial). In addition, progressing patients 
on the lower-dose arm were allowed to cross over to the higher- 
dose arm. There was no survival difference documented in either 
trial between these 2 dose levels. Although the SWOG study 
demonstrated only a favorable trend in the duration of disease 
control associated with the higher dose of imatinib, the European 
study noted a modest but statistically significant benefit in favor 
of the higher-dose arm for PFS. In a combined meta-analysis, 
benefit of the higher dose of imatinib was limited solely to the 
relatively small subset of GIST patients whose tumors harboured 
mutations in KIT exon 9, encoding a mutation in the extracellular 
KIT domain that promotes dimerization of kinase molecules.!° 
This has led to the recommendation by some experts to use the 
higher dose of imatinib as first-line therapy for advanced GIST in 
patients whose tumors have documented exon 9 KIT mutations. 
The benefit, however, should be weighed against the additional 
toxicities, because the higher dose of imatinib was associated with 
a greater incidence of adverse effects and led to a greater number 
of dose reductions for toxicity. This increase in toxicity can be 
mitigated, however, by initiating therapy at 400 mg/day and then 
escalating to 400 mg twice a day after 1 to 2 months; a lower 
incidence of toxicity was noted in the patients who crossed over 
to the higher dose of 400 mg twice daily.!°7 

The results from these trials in the USA and Europe con- 
firmed the exceptional activity of imatinib in controlling meta- 
static GIST, with objective responses in 45% to 53%, as well as 
control of symptoms and prolonged survival in comparison with 
historical controls. The median time to objective response was 
more than 3 months, although some patients experienced dra- 
matic disease regressions within a week after starting imatinib 
oral dosing. Imatinib was well tolerated overall in both studies. 
Based on these trials, the FDA approved the use of imatinib for 
treatment of metastatic or unresectable GIST in 2002 in the 
USA. Approval in Europe and the rest of the world followed 
quickly thereafter. 

Correlative molecular studies were performed in conjunction 
with the U.S.-Finland trial as well as the phase II trials run by 
SWOG and EORTC.*!° These studies documented differ- 
ences in the activity of imatinib on the basis of the genotype of 
the GIST lesions treated. Specifically, patients whose GISTs har- 
bored KIT mutations in exon 11 (the most common molecular 
subtype) had higher rates of objective response and more durable 
disease control than patients whose disease had exon 9 KIT muta- 
tions or no detectable KIT mutations. The meta-analysis of the 
phase HI SWOG and EORTC studies demonstrated a benefit in 
PES in those with KIT exon 9 mutations who initiated therapy 
at 400 mg twice daily, although overall survival was not different, 
and may have reflected the ability to increase from 400 mg to 400 
mg twice daily in the setting of disease progression.!©? Imatinib- 
sensitive PDGFRA mutations also benefited, with the exception 
of those with a D842V mutation that is refractory of approved 
kinases, 1743168 

The studies of imatinib in advanced GIST have consistently 
documented the tolerability of imatinib overall.121:164.166,167 Tt is 
fortunate that normal physiologic processes (e.g., hematopoiesis) 
that depend on the normal receptor-ligand signaling through 
the KIT receptor do not fail with fatal consequences when KIT 


468 PART IV Topics Involving Multiple Organs 


function is blocked by imatinib therapy. The adverse effects of 
imatinib are generally mild (grade 1 or 2) and include edema, 
especially notable in the loose subcutaneous tissues of the facial 
periorbital region, diarrhea, myalgia or musculoskeletal pain, 
rashes, and headache. Myelotoxicity has been much less com- 
mon in GIST patients than in patients with CML treated with 
imatinib. Nonetheless, GIST patients treated with imatinib 
can occasionally exhibit severe cytopenias; because of this risk, 
patients should be monitored carefully. The most worrisome 
adverse events observed in imatinib treatment of patients with 
advanced GIST have included hemorrhages from abdominal or 
GI sites in approximately 5% of GIST patients, largely related 
to bleeding from bulky tumor masses; bleeding is thought to be 
induced by the potent and rapid antitumor effects of imatinib. In 
patients with toxicity from imatinib, dose reductions may reduce 
toxicity and allow for continued therapy. 

Most side effects of imatinib therapy become milder over 
time, suggesting that some sort of tachyphylaxis mechanism may 
be present.!’° For example, the edema associated with imatinib 
therapy of GIST often improves with continued dosing over 
time, although diuretics may be used judiciously and are often 
effective at managing this side effect. Counseling GIST patients 
on the use of a low-salt diet may also aid in controlling this side 
effect. Nausea with imatinib administration is usually mild and 
self-limited. Patients should be counseled to take the daily dose 
with a low-fat meal and a large glass of water; antiemetics can be 
used if symptoms are more severe. Diarrhea is typically managed 
with antidiarrheal drugs as needed. Muscle cramps, frequently in 
the calves, are usually transient and self-limited, often mitigated 
by increased fluid and electrolyte intake. 

Imatinib rapidly and dramatically leads to decrease in the 
tumors’ !8F-FDG tracer uptake on functional PET imaging (see 
Fig. 33.5).!2° The decreased !8F-FDG in tumors can be detected 
as early as 24 hours following a single dose of imatinib. The PET 
findings were also highly reliable, correlating both with benefi- 
cial response to imatinib and documenting progressive disease 
in the small subset of patients with primary resistance to ima- 
tinib. These data indicate that functional imaging of GIST with 
18F-FDG PET scanning represents a useful diagnostic modality 
for early-response assessment with imatinib therapy. PET, how- 
ever, should not be considered the standard imaging modality for 
ongoing treatment assessment given the increased exposure to 
radiation as well as greater cost associated with its use. 

The optimal duration of imatinib for patients with metastatic 
GIST has been defined as lifelong therapy on the basis of cur- 
rent evidence.!7!:!”? A randomized study by the French Sarcoma 
Group tested the impact of discontinuing imatinib therapy in 
GIST patients whose disease was stable or had responded follow- 
ing 1, 3, or 5 years of therapy. Discontinuation of imatinib was 
associated with rapidly recurring disease. The best management of 
metastatic disease requires medical oncologists, surgeons, radiolo- 
gists, and nuclear medicine imaging experts collaborating closely 
to determine the best course of action for any given patient.!7 

Resistance to imatinib can be primary and manifest as rapid 
progression of disease despite initial imatinib dosing; however, 
primary imatinib resistance is relatively uncommon and has been 
found to be primarily associated with PDGFRA D842V and other 
nonimatinib sensitive oncologic drivers (see Table 33.2).** Alter- 
natively, imatinib-resistant disease may emerge after more than 
1 or 2 years of durable response due to clonal evolution of the 
GIST.!74 This secondary resistance to imatinib in GIST is over- 
all similar to the resistance mechanisms that have been described 
in imatinib-resistant CML.!75 


Sunitinib Malate 


Sunitinib (Sutent) inhibits multiple receptor tyrosine kinases, 
including KIT; platelet-derived growth factor receptors alpha 


and beta; VEGF receptors 1, -2, and -3; FMS-like tyrosine 
kinase-3 receptor (FLT3); macrophage colony-stimulating factor 
receptor (CSF-1R); and glial cell-line derived neurotropic fac- 
tor receptor (RET, rearranged during transfection).'7° Sunitinib 
demonstrated antineoplastic activity in GISTs in the first phase 
I clinical trial.'”° The study tested several doses and schedules 
and picked 50 mg orally for 28 days, with 14 days of rest as the 
schedule to be developed. The patients included in the phase 
1 and subsequent phase 2 trials of sunitinib were for the most 
part refractory to imatinib and had extensive metastatic disease. 
PET scans demonstrated metabolic response during the 4 weeks 
of sunitinib treatment, but with reactivation of metabolic activ- 
ity during the 2-week rest period (washout). Similar to imatinib, 
CT scan responses evolved more slowly. Response data in the 
early trials as well as the pivotal placebo-controlled, phase 3 trial 
were markedly similar, with no complete responses and partial 
responses ranging from 7% to 13%.!’°!/8 Median time to tumor 
progression was 7.8 months and median survival was 19.8 months 
in the early-phase studies. 

In the phase II trial that led to the regulatory approval of 
sunitinib, 312 patients with metastatic or surgically unresectable 
GIST following failure of imatinib therapy due to resistance or 
intolerance were randomized to receive sunitinib 50 mg/day (7 = 
207) or to placebo (7 = 105) using the dosing schedule of 4 weeks 
of drug dosing followed by a 2-week period off drug.!’”:!’® The 
primary endpoint of the study was disease control as assessed by 
time to progression (TTP). The trial was unblinded early when a 
planned interim efficacy analysis showed that sunitinib was asso- 
ciated with a significant improvement in median TTP of more 
than 4-fold compared with placebo. The PFS for patients receiv- 
ing sunitinib was significantly greater than for those receiving 
placebo (sunitinib, 24.1 weeks versus placebo, 6.0 weeks with a 
hazard ratio of 0.335, P = 0.0001). In the initial analysis, suni- 
tinib also significantly improved overall survival (hazard ratio, 
0.49); at the time of the interim analysis, the median overall sur- 
vival had not been reached in the group receiving sunitinib. In 
the final analysis, TTP was similar to the findings of the interim 
analysis (6.7 months versus 1.6 months). The overall survival was 
also improved in the patients who initiated therapy on sunitinib, 
despite the cross-over design of the study (18.2 months ver- 
sus 16.2 months); 87% of patients assigned to the placebo arm 
received therapy with open label sunitinib. 

Molecular analysis of GIST samples from the initial phase I 
and II trials indicated that primary and secondary mutations in 
KIT affected treatment outcomes with sunitinib in patients with 
imatinib-resistant GISTs; insufficient numbers of patients with 
PDGFRA mutations limited assessment of this group.!’? Responses 
and clinical benefit were observed more frequently in patients with 
mutations that are less sensitive to imatinib such as KIT exon 9 and 
wild-type KIT, compared to those with exon 11 mutations. TTP was 
longest for patients whose tumors contained a KIT exon 9 mutation, 
followed by wild-type KIT, exon 11 mutated, and worst for a tumor 
with both an exon 11 mutation and a new mutation. Patients with 
KIT exon 9 and wild-type mutations had the best overall survival. 
This does not suggest that sunitinib is inactive in exon 11 tumors; 
rather, it represents the fact that patients with exon 11 mutations 
who have progressed on imatinib have developed resistance, and 
typically have clones with additional mutations. Further study has 
shown that secondary mutations involving KIT exons 13 or 14 are 
sensitive to sunitinib, whereas those with exon 17 and 18 secondary 
mutations tend to be resistant to sunitinib.!”?:!*° Structural biology 
analyses of these mutated kinases have provided insight as to how 
sunitinib can inhibit kinase function when mutations encode cer- 
tain amino acid changes that induce steric hindrance to the binding 
and inhibition of imatinib.!*! 

For some patients, the treatment schedule with a 2-week treat- 
ment break was accompanied by resumption of disease-related 
symptoms. However, they clearly needed a dose interruption to 


manage side effects. The most common grade 3 and 4 sunitinib 
toxicities in GIST patients included fatigue, asymptomatic serum 
lipase and amylase increases, and hypertension.!’°-!’° Other side 
effects included nausea, diarrhea, stomatitis, hand-foot syndrome, 
anemia, and skin discoloration. Bleeding has also been described 
at sites of tumor biopsies when patients were on the drug. Patients 
on sunitinib also experienced a greater incidence of skin abnor- 
malities, including palmar-plantar erythrodysesthesia (hand-foot 
syndrome) and oral cavity mucosal irritation. In addition, some 
patients with a history of coronary artery disease were found to 
have asymptomatic cardiac enzyme elevations. Certain patients 
also may have cardiac dysfunction, which in general reverses with 
discontinuation of sunitinib dosing.'*? Hypothyroidism has also 
been observed and mandates monitoring for emergence during 
therapy.!* 

A phase 2 trial of continuous daily but lower sunitinib dos- 
ing was tested in patients with GISTs.'** This dosing schedule 
sought to mitigate drug-related side effects, but also to control 
disease-related symptoms seen during the 2-week break. The 
study demonstrated safety and tolerability using a starting suni- 
tinib dose of 37.5 mg daily. Types of toxicities are similar with 
either schedule, but of less intensity with the lower dose, allowing 
for continuous dosing. There was a suggestion of longer disease 
control with the daily dosing schedule. This regimen is preferred 
by most practitioners. 

Thus, sunitinib appears to have unique activity for the man- 
agement of imatinib-resistant GIST as second-line therapy, but 
the powerful inhibition of a number of other kinase signaling 
pathways is associated with more unpleasant or medically rel- 
evant adverse effects that require close monitoring and possibly 
adjustment of dosing. 


Regorafenib 


The most recently approved agent is regorafenib (STIVARGA). 
It has multiple targets including KIT, platelet-derived growth 
factor receptor, vascular endothelial growth factor receptor 1-R3, 
TIE2, RET, fibroblast growth factor receptor 1, RAF, and p38 
mitogen-activated protein kinase.!'*>:!°° The initial phase II trial 
in GIST demonstrated a response rate of 17.6% and a clinical 
benefit rate of 76%, defined as those with objective responses or 
stable disease for >16 weeks. In addition, the median PFS was 
13.2 months.!*°-!8¢ 

These compelling phase II data led to the GRID study, an 
international double-blind phase II trial of regorafenib com- 
pared with placebo using the same criteria for study entry 
regarding prior treatment as in the phase II study.!*” The trial 
randomized 199 patients in a 2:1 fashion to regorafenib versus 
placebo, allowing for open label therapy with regorafenib at the 
time of progression for both patients on either arm. The overall 
response rates (ORRs) were very low at 4.5% for regorafenib and 
1.5% for placebo (one partial response). The median PFS was 4.8 
months with regorafenib versus 0.9 months on placebo. Overall 
survival was not statistically significant and anticipated, given that 
85% of the patients on placebo crossed over to active therapy. 

Toxicities for this agent were more similar to sunitinib than 
imatinib. The most common toxicities noted in the phase II trial 
were hand-foot syndrome, fatigue, diarrhea, and hypertension, 
affecting 91%, 85%, 79%, and 76%, respectively, of patients, 
most commonly during the first cycle of therapy.!® Overall, 
67% of patients experienced at least one or more grade 3⁄4 toxicity 
while on the study. In the phase III study, drug-related adverse 
events were more common in the regorafenib arm than in the 
placebo arm (98.5% versus 68.2%, respectively), with grade 3 or 
higher events noted in 61.4% versus 13.6%, respectively. The 
most common grade 3 or higher events in the regorafenib arm 
were hypertension (23.5%), hand-foot skin reaction (19.7%), and 
diarrhea (5.3%).!°° 
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Analysis of factors associated with improved PFS with rego- 
rafenib from the phase III study determined a benefit for tumors 
with both primary mutations in KIT exon 11 and 9, irrespective 
of what line of therapy 3rd or beyond.!*’ The only factor that 
trended toward favoring placebo was prior imatinib therapy of 
less than 6 months’ duration. An analysis of clinical benefit from 
the phase II study documented 76% of patients benefited, with 
the greatest benefit being in SDH deficient tumors (100%), exon 
11 mutated tumors (79%), and exon 9 mutated tumors (67%).!8” 
‘There was one patient with a BRAF exon 15 mutation who did 
not benefit. There were 3 patients with unknown genotype, 2 of 
whom derived clinical benefit. 


Alternative Agents 


A number of other agents have been evaluated in GIST, with a 
certain level of clinical efficacy demonstrated largely in limited 
phase II trials, which have not led to FDA approval; review of 
all these agents is beyond the scope of this chapter. Some agents 
approved for alternate indications can have a role in patients 
with advanced disease who are physically well enough to con- 
tinue therapy and for whom there is not an appropriate clinical 
trial option. Table 33.3 lists the agents and studies supporting 
their use. 

Nilotinib is the best-studied agent. Initial phase I data testing 
nilotinib alone or with imatinib demonstrated safety and toler- 
ability, with some suggestion of activity.!® Subsequent studies, 
including 2 phase III studies, were conducted that did not support 
its indication in GIST.!8%1% In first-line therapy in patients with 
metastatic GIST, compared to imatinib, nilotinib was found to 
be not as effective as imatinib, particularly for tumors with exon 
9 mutations.'*? There has been much discussion of the phase III 
trial in patients with advanced disease who failed both imatinib 
and sunitinib that allowed ongoing kinase therapy in the control 
arm; had the study been placebo controlled, some have speculated 
the trial would have been positive for an improvement in PFS.!?° 

Other single agent kinase inhibitors available (FDA approved 
for other indications) have some evidence of limited benefit in 
GISTs, including sorafenib, pazopanib, and dasatinib (primarily 
for PDGFRA D842V mutant GIST) (see Table 33.3).58-191-200 


TABLE 33.3 Non-FDA Approved Agents in the Management of 
Gastrointestinal Stromal Tumors 


Agent Disease Setting Study Phase References 
Nilotinib le) 188 
Metastatic first line Ill 189 
compared to imatinib 
Metastatic third line Ill 190 
following progression 
on imatinib and 
sunitinib, compared 
to best supportive 
care and ongoing 
kinase therapy 
Sorafenib Second-line setting or | 191-193 
beyond 
Pazopanib Third- and fourth-line 194,195 
setting 
Dasatinib Third- and fourth-line 196 
setting 
Everolimus Second- and third-line /\l 197 
setting 
Dabrafenib Not applicable Case report 58 
Larotrectinip Not applicable 203 
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Combination therapies have been assessed with the rationale 
of inhibiting the KIT pathway as well as another molecule in the 
same pathway or alternate pathway. Imatinib plus everolimus, an 
inhibitor of the serine-threonine kinase mTOR, was evaluated 
in patients who progressed following imatinib and at least one 
other TKI.!” Investigators found that 37% of patients were free 
of progression when receiving imatinib 600 mg with everolimus 
2.5 mg daily. The addition of an MEK inhibitor binimetinib to 
imatinib has been shown to be safe; an ongoing study is evaluat- 
ing its efficacy in first-line metastatic disease.!”* Because mutated 
kinase proteins maintain dependence on the protective chaper- 
one function of the heat shock protein 90 (Hsp90),!°? studies with 
a variety HSP-90 inhibitors alone?! or in combination?” with 
imatinib have been conducted. Early phase I-II trial experience 
with the Hsp90 inhibitor IPI-504 were encouraging but the agent 
is no longer in development,” and the Hsp90 inhibitor B11B021 
has led to partial remissions in a few patients with refractory dis- 
ease.’0! It is, however, doubtful that any of the HSP-90 agents 
will be approved for treatment in GIST. 

For rare patients with BRAF mutations, dabrafenib has dem- 
onstrated activity.’ More recently, GIST with NTRK transloca- 
tions have been reported with response to larotrectinib.2™ 


Future Agents 


BLU-285, also known as avapritinib, has been tested in the phase 
I setting with expansion cohorts in a variety of GIST subtypes.’ 
This agent was optimized to inhibit kinase mutations involving 
the distal kinase domain, where secondary mutations commonly 
occur. This region is also the location of the PDGFRA D842V 
mutation that is refractory to standard therapies. Activity from 
the phase I trial in GIST has been reported in abstract form only 
to date (NCT02508532), but is notable for significant activity 
against GIST with PDGFRA D842V mutations that are refrac- 
tory to approved kinases.’ In the first report from the phase I 
study, of 17 PDGFRA D842V patients with one or more disease 
response assessments, 7 had a confirmed partial response (ORR 
of 41%) and 10 had stable disease; these results are quite remark- 
able given the lack of activity of approved agents for this geno- 
type. In addition to this remarkable activity in PDGFRA D842V 
GIST, benefit has also been seen in disease with other KIT and 
PDGFRA mutations that are refractory to standard therapy, 
with prolonged disease control. The phase IH Voyager study of 
avapritinib compared with regorafenib is under way in the third- 
line setting (NCT03465722). 

DCC-2618 uses a novel approach to treatment for GIST 20607 
KIT has an interior switch pocket, with 2 portions of the kinase 
serving as an inhibitory switch (exon 11 juxtamembrane domain) 
or activation switch (exon 17 activation loop). Mutations in exon 
11 render the kinase constitutively active, which fortunately 
can be inhibited by approved kinase inhibitors that function as 
ATP competitive inhibitors; however, mutations in exon 17 are 
not inhibited. DCC-2618 was designed to block access to the 
switch pocket by the activation loop, rendering the kinase inac- 
tive. Given the similar structure of PDGFRA to KIT, it is antici- 
pated that a similar benefit may be observed. Presentation of the 
phase I trial of this agent (NCT02571036) reported that in 99 
GIST patients with one or more on-study tumor assessments, the 
ORR was 16%.’°* Further testing of this agent is underway in the 
InVictus trial evaluating DCC-2618 versus placebo in patients 
refractory to all planned therapies (NCT03353753). 


SPECIAL CONSIDERATIONS 
Imaging of Clonal Progression 


When monitoring malignancies for disease response to therapy, 
progression is associated with an increase in size of disease. In 


clinical research this has been standardized with the use of 
RECIST criteria that defines progression as an increase of mea- 
surable lesions by 20% or more, as well as the appearance of new 
disease.?°” As discussed above (see CT and MRI), with the use of 
TKI therapy in GIST, benefit from therapy can also be assessed 
by a decrease in tumor density using CHOI criteria. Within met- 
astatic lesions that are responding, progression can be identified 
with the development of a new nodule that has increased density 
or enhancement.”!° Genomic studies of these new lesions have 
identified new mutations accounting for resistance to therapy and 
thus progression.*!! Review of CT and MRI imaging must be 
done with care to identify these lesions. 


Carney Triad and the Carney-Streatakis Dyad 


Carney triad was first described in the 1970s.7!* Young patients, 
often females, were reported to present with gastric leiomyosar- 
comas, paragangliomas, and pulmonary chondromas.*!* We now 
appreciate that the gastric tumors were GISTs, often multifocal 
with lymph node involvement.”!* The description of the triad has 
evolved and may now include adrenal adenomas and esophageal 
leiomyomas.’!+ The Carney-Stratakis Dyad (Carney-Stratakis 
syndrome) was described and included patients with a family his- 
tory of paragangliomas and GIST.*!>7!° Both these syndromes 
have GIST that lack mutations in KIT or PDGFRA; they are 
characterized by lack of expression of SDHB by immunohisto- 
chemistry staining. Evaluation of these tumors and genetic test- 
ing has identified that tumors that are part of the Dyad carry 
mutations in the SDH family of genes, whereas those associated 
with the triad do not have such mutations.*” For clinicians and 
patients, the importance of the distinction is imperative. Patients 
who present with gastric GISTs that are found to lack SDHB 
expression by immunohistochemistry staining require a referral 
for genetic counseling to determine if the patient has the Dyad 
with a germline mutation; those with the Dyad need ongoing 
screening for paragangliomas that can occur in the neck, chest, 
and abdomen, as well as consideration of genetic counseling and 
screening of other family members. 

Management of patients with SDH-deficient GIST has unique 
features. These tumors are often multifocal and can present with 
bleeding. At presentation, it is not unusual to find lymph node 
metastases and they can metastasize to the liver. However, their 
clinical course can be quite indolent, so care of these patients 
must balance the control of symptoms with the potential morbid- 
ity of symptoms. Aggressive gastric resections to eradicate disease 
is not recommended; rather, these patients are best managed with 
selective surgical procedures to manage lesions that are causing 
symptoms.?!’ 

For patients who do have disease that is metastatic and pro- 
gressing, the benefit of kinase inhibitors is not entirely clear. 
This is in part because of the evolution of tumor mutation test- 
ing. Earlier studies used assays that missed mutations in KIT or 
PDGFRA or did not even require testing. Although there are 
reports of imatinib being of benefit,**168:16° it is now believed 
that for most patients it is ineffective. There are reports of ben- 
efit for sunitinib and regorafenib in patients with SDH-deficient 
GIST. 186,218 


Familial Gastrointestinal Stromal Tumors 


In addition to the Carney-Stratakis Dyad, GIST rarely can be 
associated with familial inheritance patterns.?®3233:46-48,216 In 
several of these families, KIT mutations have been reported. 
These familial cases tend to have autosomal-dominant germline 
mutations, and the GISTs seen in affected members tend to be 
multifocal. Additional clinical characteristics of affected family 
members include cutaneous lesions such as hyperpigmentation 
or skin lesions that resemble the clinical appearance of urticaria 


pigmentosa. These skin pigmentation abnormalities may be due 
to the effect of the mutationally activated KIT kinase function on 
melanocyte growth and development. The mechanisms whereby 
such pigmentation disorders remain focal rather than dissemi- 
nated may provide clues as to why GIST lesions may take decades 
to appear in these rare familial cases. 

It should be noted that there also are reports of familial PDG- 
FRA-associated mutations. Familial cases of GIST have also been 
identified with germline PDGFRA mutations****; members of 
the family with the mutation were noted to have large hands as 
well as GIST in contrast to nonaffected family members. Another 
case of a germline PDGFRA mutation described an association 
with multiple fibrous polyps and lipomas of the intestine.*”7 More 
recently, PDGFRA Mutant Syndrome has been described that 
includes GIST, but also inflammatory fibroid polyps and fibrous 
tumors.** This syndrome is associated with mutations in PDG- 
FRA exon 14, which is an uncommon mutation in GIST. 


Other Genetic Tumor Syndromes Associated With 
Gastrointestinal Stromal Tumors 


Patients with neurofibromatosis type I (NF1) have an increased 
risk of GIST, as well as other malignancies.’?”-??> Molecular anal- 
ysis of GIST lesions arising in patients with NF1 has documented 
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that these GISTs often do not harbor detectable mutations in 
the KIT or PDGFRA gene, but they may, so molecular testing 
should be performed.’?°,”? ' Tumors with the classic mutations 
respond to standard therapies as would be expected. For those 
that do not have the typical genetic alterations, systemic therapy 
with standard agents appears to have limited benefit, although 
the literature on outcomes in this small subset of tumors is very 
limited. One would not anticipate response based on targeting 
KIT and PDFRA, but the antiangiogenic effects may have some 
utility. In NF1-driven tumors, the disease may present with mul- 
tifocal lesions in the abdominal cavity, with an indolent course 
over time. Watchful waiting is a very reasonable option in this 
group of patients. 


Gastrointestinal Stromal Tumors in Children 


GISTs rarely can affect children—***-?*° Pediatric GISTs typi- 
cally are what we formerly called w195ild-type GISTs, and now 
are understood to be SDH-deficient GISTs. Initial evaluation of 
these tumors identified few molecular alterations. %44 guide- 
lines for GISTs in children and young adults have been pub- 
lished.??’ 


Full references for this chapter can be found on www.expertconsult.com. 
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Neuroendocrine tumors (NET) originate from the diffuse 
neuroendocrine system discussed in Chapter 4.!* Gastroen- 
teropancreatic NETs (GEP-NETs) can originate in the GI tract 
(GI-NETs, also known as carcinoid tumors) and pancreas 
(pNETs). GEP-NETs are characterized by a propensity 


to produce hormones and other vasoactive substances. 
Tumors that secrete hormones resulting in a clinical 
syndrome are also known as “functional tumors” 


(Table 34.1),>-!® whereas tumors that are nonsecretory or secrete 
inactive proteins are termed “nonfunctional.” GI-NETs and 
pNETs have many similarities, and in these similar areas they 
are discussed together. Where there are important differences, 
they are discussed separately. 


HISTORICAL ASPECTS 


Langerhans described the histology of a carcinoid tumor in 1869. 
Lubarsch in 1888 described ileal carcinoid tumors at autopsy. The 
term carcinoid (karzinoide) was coined by Oberndorfer to describe 
a tumor that was less aggressive than an adenocarcinoma.!? Scholte 
in 1931 described the carcinoid syndrome in a patient experiencing 
edema, sweating, flushing, and diarrhea, with a 1-cm ileal carcinoid 
and a thickened tricuspid valve. Lembeck in 1952 showed that the 
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enterochromaffin (EC) cell, described by Kulchitsky in 1897, was the 
putative carcinoid cell of origin and synthesized and secreted sero- 
tonin.!? The first pancreatic hormone-producing tumor syndrome 
was described in 1927 (5 years after the discovery of insulin) in a 
hypoglycemic patient with a metastatic islet cell tumor; extracts from 
the tumor had hypoglycemic effects.*° Many other hormone-produc- 
ing pNETs have since been described or proposed (see ‘Table 34.1). 


EPIDEMIOLOGY 


The annual incidence of clinically significant GEP-NETs is rising 
significantly (Fig. 34.1). Data from the Surveillance, Epidemiology 
and End Results (SEER) 18 database (2000-2012) demonstrated 
an annual incidence of 3.56 per 100,000 for GEP-NETs, and 0.84 
per 100,000 for NETs of unknown primary site.?! The incidence 
of GI NET on autopsy is even higher at 8.4 per 10,000, demon- 
strating that many are clinically silent.’?+ The principal cause of 
the rising incidence of NETs is not clear, as there are no known 
environmental risk factors. It is likely that this increase is related 
to greater use of endoscopic procedures, increased imaging, and 
improved recognition of NETs by pathologists.??-7+ 

pNETs account for 1% to 10% of tumors arising in the 
pancreas.?>-?7The overall prevalence of functional pNETs is 


TABLE 34.1 Syndromes Associated with Pancreatic Neuroendocrine Tumors? 
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Syndrome Incidence/10°/Year Symptoms/Signs Malignancy (%) Hormone 
Insulinoma 1-2 See Table 34.5 <10 Insulin 
Gastrinoma (ZES) 0.5-1.5 See Table 34.6 60-90 Gastrin 
VilPoma (Verner-Morrison 0.05-0.2 See Table 34.7 >60 VIP 
syndrome, WDHA, pancreatic 
cholera) 
Glucagonoma 0.01-0.1 See Table 34.7 50-80 Glucagon 
GRFoma Unknown Acromegaly >30 GH-RF 
ACTHoma Uncommon Ectopic Cushing syndrome >95% ACTH 
PNET secreting PTH-rP Rare Symptoms from hypercalcemia 84% PTH-rP 
Pancreatic carcinoid tumor Rare (<1% of all carcinoids) | Carcinoid syndrome (see Table 34.1 1) 77% Serotonin, tachykinins 
PNET secreting renin Rare Hypertension Unknown Renin 
PNET secreting erythropoietin Rare Polycythemia Unknown Erythropoietin 
PNET secreting luteinizing Rare Masculinization (female) Unknown Luteinizing hormone 
hormone Loss of libido (male) 
PNET secreting cholecystokinin Rare Diarrhea, gallstones, peptic ulcer, weight Unknown CCK 
(CCKoma) loss 
@These syndromes may also be caused by a GI-NET (carcinoid). 


GH-RF, Growth hormone-releasing factor; PP, pancreatic polypeptide; PTH-rP, 
polypeptide; WDHA, watery diarrhea, hypokalemia, achlorhydria. 


parathyroid hormone-related protein; VIP, vasoactive intestinal 
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low, reported to be approximately 1 in 100,000.° In contrast, the 
prevalence of pNETs in autopsy studies is 0.5% to 1.5%.’® The 
annual incidence of pNETs is approximately 0.8 per 100,000.7+ 
The overall incidence of pNETs increases with age and peaks in 
the sixth and seventh decades. Nonfunctional pNETs account for 
60% to 80% of all pNETs in recent studies. !??° The incidence 
of functional pNETs varies, with insulinomas and gastrinomas 
representing the most common subtypes, with annual incidences 
of 0.5 to 3 in 1,000,000 (see Table 34.1).!23!-34 


ORIGIN AND HISTOCHEMICAL FEATURES 


GI-NETs arise from enterochromaffin cells which form part of 
the diffuse neuroendocrine cell system scattered throughout the GI 
tract, respiratory tract, and other tissues; pNETs may originate 


from the islets of Langerhans which are also a component of the 
diffuse neuroendocrine system.!2%°3’ Cells of this system share 
certain cytochemical properties, and were originally proposed to 
have a common embryonic origin from neural crest cells, although 
more current studies support both a neural crest and endodermal 
origin.’ Ultrastructurally, the neuroendocrine cells often have elec- 
tron-dense granules that contain multiple regulatory hormones and 
amines, neuron-specific enolase, synaptophysin, and chromogranin. 

GI-NETs and pNETs have marked histologic similarities.** 
Well-differentiated tumors consist of relatively homogeneous 
small round cells with uniform nuclei and cytoplasm, often arrayed 
in islets or trabeculae (Fig. 34.2). Mitotic figures are characteris- 
tically infrequent (<2 mitoses/high power field), and necrosis is 
uncommon.*? Malignancy can be determined only by metastases 
or tissue invasion and cannot be predicted by light microscopic or 
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EEE PON SLs ultrastructural studies.* Controversy surrounds the exact cell of ori- 

= ; ; VY if © gin for pNETs.*°*! pNETs are often called “islet cell tumors,” but 
li l it is uncertain that they originate from the pancreatic islets.!13436 

| DTN Huu Hulun These tumors frequently contain ductular structures, and they often 


produce hormones not normally present in the adult pancreas, 
such as gastrin and vasoactive intestinal polypeptide (VIP).# Find- 
ing of ductular structures in many pNETs, and the budding off of 
endocrine cells from ductules during ontogenesis of the pancreas 
(see Chapter 55), has led to the speculation that these tumors are 
ductular in origin.4!GI-NETs and pNETs can produce multiple 
GI hormones, which can be localized by immunocytochemical 
methods.**3? In many studies, most functional and nonfunctional 
GI-NETs (carcinoid) and pNETs have cells containing peptides 
that were not causing clinical symptoms.*” It is unclear why usu- 
ally only one syndrome or no clinical syndrome is seen, despite the 
presence of multiple hormones in the tumor.*°? As discussed later, 
a functional pNET syndrome or the carcinoid syndrome should, 
therefore, be diagnosed only if the appropriate clinical symptoms 
are present, and not only based on immunocytochemistry alone. 

Well-differentiated GI-NETs, pNETs, and respiratory tract 
NETs appear similar histologically. Thus, predicting the site of 
the primary NET in a patient with a metastasis is difficult. Recent 
studies report that NETs from varying sites can differentially 
express transcription factors, including CDX-2, pancreatic and 
duodenal homeobox factor-1 (PDX-1), TTF, PAX-1, and ISL-1. 
A panel of these factors can be used to localize the source of the 
primary NET from a metastatic focus.*?# 


CLASSIFICATION 


Tumors are classified by their grade and differentiation, which 
are vitally important prognostic markers. Grade refers to the 
proliferative activity of the tumor, measured using both mitotic 
rate and Ki-67 index. Differentiation refers to the extent to 
which tumor morphology resembles endocrine cells of origin. 
Poorly differentiated tumors are often characterized as sheets 
of pleomorphic cells with regions of necrosis.*> Poorly differen- 
tiated neuroendocrine carcinomas tend to be highly aggressive 
malignancies with high proliferative activity: virtually all poorly 
differentiated tumors are high grade. In the 2010 WHO classifi- 
cation of GI-NETs, low-grade tumors were defined as having 0 
to 1 mitoses per 10 high powered fields (HPF) and Ki-67 index of 
0% to 3%, intermediate-grade tumors having a mitotic rate of 2 
to 20 per 10 HPF or Ki-67 3% to 20%, and high-grade tumors as 
having mitotic rate >20 per 10 HPF or Ki-67 index >20%. Well- 
differentiated NETs were subclassified into low- and intermedi- 
ate-grade categories, whereas poorly-differentiated carcinomas 
were considered equivalent to high-grade (Table 34.2a).4° One 
pitfall with this classification was that it negated the possibil- 
ity of a well-differentiated high-grade tumor, an entity that is 


TABLE 34.2A WHO Classification for GI NETs: 2010 


Differentiation Grade WHO Grading WHO Nomenclature 
z Well Low (G1) <2 mitoses/10 NET grade 1 

E o AA CT: ; Pes ae differentiated HPF and <3% 

. ; i i OPES Ki67 index 
Fig. 34.2 Gross and histologic sections ofa Gl NET (carcinoid) and a Hance e NeTeree2 
PNET. A, Gross section of a carcinoid in the small intestine. The size is (G2) 40 HPF or 
typical for primary small intestinal carcinoids, and the tumor is subepi- 3%-20% Ki67 
thelial in location. B, Histopathology of a small intestinal carcinoid with index 
o rey siesta Lda eae se G: Aal ) Poorly High >20 mitoses/10 Neuroendocrine 
an oys els gas rinoma) i Ota Or MIE PAnErSaS a OW): differentiated HPF or >20% carcinoma, grade 
D, Histopathology of gastrinoma, similar to that of other pNETs. This Kier index 3 (large-cell or 
highly vascular tumor is composed of tubules of bland endocrine small-cell type) 


cells. 
HPF, High-powered fields; NET, neuroendocrine tumors; WHO, World 


Health Organization. 


TABLE 34.2B WHO Classification for Pancreatic NETs: 2017 


Differentiation Grade WHO Grading 
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WHO Nomenclature 


Well differentiated Low (G1) 


<2 mitoses/10 HPF and <3% Ki67 index NET grade 1 


Intermediate (G2) 2-20 mitoses/10 HPF or 3%-20% Ki67 index NET grade 2 


High (G3) 
Poorly differentiated High 


>20 mitoses/10 HPF or >20% ki-67 index NET grade 3 
>20 mitoses/10 HPF or >20% Ki67 index 


Neuroendocrine carcinoma, grade 3 (large-cell or small-cell type) 


HPF, High-powered fields; NET, neuroendocrine tumors. 


increasingly recognized, particularly in pancreatic NETs. The 
2017 WHO classification for pNETs has, therefore, expanded 
the well-differentiated category to include low-, intermediate-, 
and high-grade tumors (Table 34.2b).*’ It is important to note 
that current classifications use the term “neuroendocrine tumor” 
to describe well-differentiated NETs, and “neuroendocrine car- 
cinoma or NEC” to denote poorly differentiated morphology. 

Formal TNM staging classifications have been introduced for 
GEP-NETs in the past decade by the American Joint Committee 
on Cancer (AJCC) and the European Neuroendocrine Tumor 
Society (ENETS). Validations of both staging systems have been 
performed on population and institutional databases. 


MOLECULAR PATHOGENESIS 


Until recently, the molecular pathogenesis of NETs was largely 
unknown.***! In contrast to many nonendocrine GI tumors (e.g., 
colonic or pancreatic adenocarcinoma), mutations in common 
oncogenes (e.g., ras, fos, myc, src, jun) and tumor suppressor genes 
(e.g., p53, rb) are rare in well-differentiated NETs.!77° 

Recent genomic analyses of pNETs have provided significant 
insight into the genetic landscape of these tumors. In a landmark 
whole-exome study of 68 sporadic pNETs, somatic mutations of 
MENI were observed in 44% of cases, whereas mutations in DAXX 
(death-domain-associated protein) or ATRX (a-thalassemia/men- 
tal retardation syndrome X-linked) were seen in 43%.°° 

All 3 genes are associated with chromatin remodeling. Also, 
14% of samples had mutations in mammalian target of Rapamy- 
cin (mTOR) pathway genes including PTEN, TSC2, and PIK3CA. 
Similar findings were reported in a whole-genome sequencing 
study of 102 primary pNETs. Four dysregulated signaling path- 
ways were described: (1) DNA damage repair; (2) chromatin 
remodeling; (3) telomere maintenance; (4) mTOR activation. 
A higher-than-expected proportion of germline mutations was 
found in clinically-sporadic pNETs, with mutations of MUTYH, 
CHER2, and BRCA2 occurring in 11% of patients.*? 

The precise sequence of gene mutations driving the develop- 
ment and progression of pNETs is currently unknown. Loss of 
DAXX/ATRX expression is associated with activation of the alter- 
native lengthening of telomeres (ALT) pathway and chromosomal 
instability (CIN). Additional mutations can accumulate over time 
and are associated with clinical progression. ‘The genetic landscape 
of poorly-differentiated pNECs is markedly distinct from well-dif- 
ferentiated pNETs. Mutations of KRAS and loss of Rb have been 
reported in 55% and 49% of patients with pNECs. Overall, fre- 
quency of mutations is substantially higher in NEC versus NET.” 

The molecular landscape of GI-NETs is much less well under- 
stood than pNETs. Loss of chromosome 18 has been reported in 
over 60% of small intestinal (SI) NETs, but the biological signifi- 
cance of this alteration is uncertain.°* Overall, a low mutational 
rate (0.1 somatic single nucleotide variants/10° nucleotides) has 
been observed in SI NETs, with mutations or deletions of the 
cyclin-dependent kinase inhibitor gene CDKN1B observed in 8% 
of patients.” Epigenetic changes appear to play a fundamental 
role in progression of SI NETs. Global DNA hypo methylation 
is a characteristic feature of SI NETs, whereas tumors with high 
methylation index tend to be clinically aggressive. Progressive 


changes in DNA methylation have been detected between pri- 
mary tumors and their metastases.’ 

The mTOR pathway appears to be significantly dysregulated 
in many GEP-NETs, even in the absence of identifiable mutations 
in pathway components. mTOR is a serine/threonine kinase that 
modulates cell survival and proliferation, angiogenesis, and metabo- 
lism. Overexpression of mTOR and/or its downstream targets is 
frequently detected in NETs, and is associated with poorer progno- 
sis.’ Expression of tuberous sclerosis-2 (TSC-2) and phosphatase 
and tensin homolog (PTEN), inhibitors of the mTOR pathway, 
is decreased in the majority of pNETs. Furthermore, decreased 
expression of TSC-2 and PTEN correlate with reduced survival.*? 

NETs are highly vascular tumors, and angiogenesis has been 
identified as a key event in NET progression. Overexpression of pro- 
angiogenic factors, including fibroblast growth factor (FGF), plate- 
let-derived growth factor (PDGF), and vascular endothelial growth 
factor (VEGF), as well as of their receptors, has been reported. 


MULTIPLE ENDOCRINE NEOPLASIA AND OTHER 
INHERITED SYNDROMES 


MEN-1 


MEN-1 (Wermer syndrome) is characterized principally by 
hyperparathyroidism, multifocal pancreaticoduodenal NETs, 
and pituitary adenomas. The genetic defect in MEN-1 is located 
on chromosome 11q13 and is caused by germline mutations in a 
10-exon gene encoding for a 610-amino acid protein, menin (Table 
34.3).6L6 Menin is a nuclear protein that interacts with many pro- 
teins, including the AP1 transcription factor, nuclear factor (NF)-«f, 
RPA2 (a DNA processing factor), FAN CD2 (a DNA repair factor), 
and various cytoskeleton-associated proteins and histone-modifying 
enzymes.°!~°? Menin has important roles in transcriptional regula- 
tion, genomic stability, cell division, and cell cycle control.°!:°?+ 
The exact mechanism of carcinogenesis is unclear.>. 
Development of endocrine tumors in patients with MEN-1 
conforms to Knudsen’s!!:°! 2-hit model theory of neoplasm, with 
an inherited (germline) mutation in one chromosome unmasked by 
a somatic deletion or mutation of the other normal chromosome, 
thereby removing the tumor suppressor effect of the normal gene 
product.ć!:6? Numerous (+1300) different mutations have been 
described in MEN1, with over 75% of them being inactivating.°* 
Hyperparathyroidism is the most common clinical abnormal- 
ity in patients with MEN-1 (Table 34.4).6167-6 Characteristically, 
hyperparathyroidism is the initial manifestation of MEN-1, usually 
presenting in the third decade of life, followed by the development 
of a pNET in the fourth to fifth decades.®! Pituitary adenomas 
occur in roughly 20% of patients. Nonfunctional pNETs are nearly 
universal in patients with MEN-1 and pathology studies!?61:68,70 
have demonstrated that in almost every patient with MEN-1, the 
pancreas demonstrates diffuse microadenomatosis, with or without 
larger tumors. Among functional tumors, gastrinomas are most 
common (typically occurring in the duodenum). It is important 
to recognize when a patient with a pNET has MEN-1, because 
patients with and without MEN-I differ in their clinical presenta- 
tions, the need for family screening, in the likelihood of surgical 
cure, and in the clinical and diagnostic approach to the tumor.6171-73 
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TABLE 34.3 Inherited GI Neuroendocrine Tumor Syndromes 


Syndrome Prevalence/10° 


Genetic Defect(s): Altered Protein(s) 


NET Frequency Types of pNET 


Multiple endocrine 1-110 
neoplasia type | 
(MEN-1) 


11q13: 


apoptosis 


von Hippel-Lindau 2-3 
Disease (VHL) 
regulate HIF and VEGF 


Neurofibromatosis-1 20-25 UEM 


Menin, a 610-amino acid nuclear protein that 
interacts with pathways involved in cell growth, 
cell cycle regulation, genomic stability, and 


3p25: pVHL, a 232-amino acid protein that 
interacts with transcriptional factors that down- 


pNETs 80%-100% NF-pNETs: 80%-100% 
(microscopic), 20%-80% microscopic; 0%-20% 
(clinical) large) 

Carcinoids: gastric (15%-35%), Functional pNETs: 
pulmonary (0%-8%), thymic Gastrinoma (54%) 
(0%-8%) Insulinoma (18%) 

Glucagonoma (3%) 
viPoma (3%) 
GRFoma (<1%) 
SSoma (<1%) 


NF-pNETs: 98% 
Functional: 2% 


10%-17% (pNETs) 


0%-10% (duodenal carcinoids) SSomas 


(NF1, von Neurofibromin, a 2484—amino acid protein that Rare pNETs 
Recklinghausen has Ras GTPase activity, binds microtubules, 
disease) regulates mTOR growth, and induces cell 
cytoskeleton changes 
Tuberous sclerosis 10 9q34 (TSC1) and 16p13 (TSC2): Uncommon NF-PETs > functional 


(Bourneville 
disease) 


Hamartin (1164—amino acid protein and tuberin 
(1807-amino acid protein), which interact with 


pNETs 


the PI8K signaling cascade that regulates mTOR 
growth, GTPase activity affecting cell growth, 
energy regulation, response to hypoxia, and 


nutrients 


GRF, Growth hormone-releasing factor; GTP, guanosine triphosphate; HIF, hypoxia-inducible factor; mTOR, mammalian target of rapamycin; PNET, 
pancreatic neuroendocrine tumor; NF, nonfunctional; SS, somatostatin; VEGF, vascular endothelial growth factor. 


Von Hippel—Lindau Disease 


von Hippel—Lindau disease (VHL) is caused by a defect on chro- 
mosome 3p25 encoding for a 232—amino acid protein, pVHL, 
that forms a complex with a number of proteins that regulate 
ubiquitin-dependent proteolysis of large cell proteins and target 
the hypoxia-inducible factor (HIF)a.’* VHL mutations result in 
altered transcriptional regulation, resulting in pathologic changes 
in angiogenic, growth, and mitogenic factors. Pancreatic lesions 
(primarily cysts) occur in 60% of VHL patients. pNETs are pres- 
ent in 10% to 17% of patients with VHL. The pNETs are usu- 
ally (>98%) asymptomatic and nonfunctional. The mean age at 
diagnosis of pNET in VHL is 29 to 38 years. Most patients have 
a single pNET that may be malignant.” Liver metastases occur 
in 9% to 37% of VHL patients with pNETs. 


Neurofibromatosis-1 


NF! is caused by a defect on chromosome 17q11.2 encoding for 
a 2845-amino acid protein, neurofibromin, which functions as a 
Ras signaling cascade inhibitor (see Table 34.3).6!76 From 0% to 
10% of NF1 patients develop a GI-NET (carcinoid), usually in 
the periampullary region of the duodenum.ć!77:78 These tumors 
frequently contain round calcium concretions (psammoma bod- 
ies) typical of somatostatinomas, although the somatostatinoma 
syndrome is rarely present. Metastases to liver and or lymph 
nodes occur in 30%.61:78 


Tuberous Sclerosis 


Tuberous sclerosis is caused by mutations in either the 1164— 
amino acid protein, hamartin (TSC-1) or the 1807-amino acid 
protein, tuberin (TSC-2) (see Table 34.3).°! These 2 proteins 
regulate the PI3K signaling cascade and the small guanosine 
triphosphatase (GTP)-binding protein RHEB (Ras homolog 
enriched in brain), which play important roles in the regulation 
of protein translation and synthesis, growth, and proliferation, as 


well as maintenance of cellular energy levels. pNETs are present 
in 4% of patients with TSC-2. 


FUNCTIONAL TUMORS 
Insulinomas 


Insulinomas are insulin-secreting pNETs that primarily origi- 
nate in the pancreas and cause symptoms as a result of hypogly- 
cemia (Table 34.5). 


Pathophysiology and Pathology 


Insulinomas are almost always located in the pancreas. 
Insulinomas are evenly distributed in the pancreas and are usually 
fairly small.!?83139,79-8 Tn one series, 39% were smaller than 
1 cm and only 8% were larger than 5 cm.** Insulinomas occur 
as multiple tumors in only 2% to 13% of patients,?®.*? in which 
case MEN-1 should be suspected.°! Insulinomas are usually well 
encapsulated, firmer than normal pancreas, and highly vascu- 
lar. Only 5% to 16% of insulinomas are malignant.*? Malignant 
insulinomas, generally large (average size, 6 cm in one series"), 
metastasize most often to the liver and/or regional lymph nodes. 

Insulin is synthesized as preproinsulin by beta cells of the 
pancreatic islets in the rough endoplasmic reticulum. Proin- 
sulin is liberated from preproinsulin and transferred to the 
Golgi apparatus.*” Proinsulin, consisting of a 21-amino acid 
alpha chain and a 30-amino acid beta chain joined together 
by a 33-amino acid connecting peptide (C-peptide), is stored 
in beta cell secretory granules. Within these granules, a 
protease excises the C-peptide, and the C-peptide and the 
double-stranded insulin molecule are secreted in equimolar 
amounts.*? Some proinsulin is also detected in normal subjects 
but represents less than 25% of total immunoreactive plasma 
insulin, whereas in almost all (>90%) patients with insulino- 
mas, there are elevated proportions of proinsulin relative to 
total insulin.*° 


12,28,31,39,79-81 


TABLE 34.4 Clinical Features of Patients With Multiple Endocrine 
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TABLE 34.5 Symptoms, Signs, and Laboratory Abnormalities in 


Neoplasia Type | Patients With Insulinoma 

Features Frequency (%) [Range] Frequency (%) 

Hyperparathyroidism 97 [78-100] ANYTIME DURING THE CLINICAL COURSE“ 

Pancreatic endocrine tumor (any) Neuropsychiatric symptoms (loss of consciousness, 92 

Any, including PPoma or nonfunc- 80-100 Gopi sion CTA Gb lobia) 
tional Confusion or abnormal behavior 80 
Gastrinoma 54 [20-61] Obesity 52 
Insulinoma 18 [7-31] Amnesia or coma 47 
Glucagonoma 3 [1-6] Seizures (grand mal) J2 
VIPoma 1 [1-12] Cardiovascular symptoms, palpitations, tachycardia 17 
Somatostatinoma 0-1 GI symptoms (hunger, vomiting, abdominal pain) 9 
GRFoma <1 DURING THE FIRST ATTACK® 
Pituitary tumor Neuroglycopenic symptoms 
Any 60 [15-100] Visual disturbances (diplopia, blurred vision) 59 
Prolactin-secreting 15-46] Confusion 51 
Growth-hormone secreting 6-20] Altered consciousness 38 
ACTH-secreting (Cushing syndrome) 16 Weakness 32 
Adrenal cortical tumors 27-36; symptoms <2] Transient motor deteets hemiplegia 29 
Carcinoid tumor Dizziness 28 
Gastric (ECLoma) 7-35; symptoms <5] Fatigue 27 
Lung 0-8] Inappropriate behavior 27 
Thymus 0-8] Speech difficulty 24 
Skin findings? Headache 23 
Angiofibroma 88 Seizure 23 
Collagenoma 72 Syncope 21 
Café-au-lait macules 38 Difficulty concentrating or thinking 19 
Lipomas 34 Paresthesia i 
CNS tumorè Memory loss 15 
Meningioma [0-8] Lethargy 12 
Ependymomas and schwannomas Amnesia 8 

Leiomyoma, leiomyosarcoma? [1-7] Stupor 12 

Thyroid adenoma? 5 [0-30] Aera 4 

aSymptomatic in <1%. Disorientation 4 

CNS, Central nervous system; ECL, enterochromaffin-like; GRF, growth Mental change 4 
hormone-releasing factor; PP, pancreatic polypeptide; VIP, vasoactive ADRENERGIC SYMPTOMS 
intestinal polypeptide. ‘ 

Data modified from Jensen RT GJ. Gastrinoma. In: Go VLW DE, Gardner Sweating 43 
JD, et al, eds. The pancreas: biology, pathobiology and disease. 2nd Tremulousness 23 
Na ais ee ere tunger aise i2 
advances in molecular pathogenesis, diagnosis, management, and con- Palpitations 10 


troversies. Cancer 2008;113:1807-43; Thakker RV. Multiple endocrine 


neoplasia type 1. Endocrinol Metab Clin North Am. 2000;29:541-67; 


Gibril F, Schumann M, Pace A, et al. Multiple endocrine neoplasia type 
1 and Zollinger-Ellison syndrome: a prospective study of 107 cases and 


comparison with 1009 cases from the literature. Medicine (Baltimore) 


2004;83:43-83; Gibril F, Jensen RT. Advances in evaluation and man- 
agement of gastrinoma in patients with Zollinger-Ellison syndrome. Curr 


Gastroenterol Rep 2005;7:114-21. 


Clinical Features 


Insulinomas usually occur in patients between 20 and 75 years 
of age; 60% are women. !®:-12:28,31,39,79-81 Hypoglycemic symptoms 
are characteristically associated with fasting.!°.?*:/9-8! Symptoms 
may also occur during exercise. Hypoglycemia with fasting or 
exercise differs temporally from hypoglycemia that occurs after 
meals (postprandial hypoglycemia), which can be caused by many 


@Data from Refs Service FJ, Dale AJ, Elveback LR, et al. Insulinoma: 
clinical and diagnostic features of 60 consecutive cases. Mayo Clin 
Proc 1976;51:41 7-29; Stefanini P, Carboni M, Patrassi N, et al. Beta- 
islet cell tumors of the pancreas: results of a study on 1,067 cases. 
Surgery 1974;75:597-609. 

ÞData modified from Hirshberg B, Cochran C, Skarulis MC, et al. 
Malignant insulinoma: spectrum of unusual clinical features. Cancer 
2005;104:264-72. 


unrelated conditions.°®°! The distinction between fasting hypo- 
glycemia and postprandial (reactive) hypoglycemia can usually be 
made by a careful history. 

Other less common causes of fasting hypoglycemia with 
hyperinsulinism from islet cell disease, besides insulinoma, 
include insulinomatosis, islet hyperplasia,”” and nesidioblas- 
tosis.” In insulinomatosis, many macro-and microadenomas 
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expressing insulin are present with multiple small prolif- 
erative insulin-expressing mono-hormonal endocrine cell 
clusters. 

Most symptoms of insulinomas!?7*.3!39:52 are caused by neu- 
roglycopenia, because glucose is the main source of energy for 
the brain. Symptoms of hypoglycemia can also be caused by cat- 
echolamine release (adrenergic symptoms). Patients frequently 
learn to avoid symptoms by eating frequently, and obesity may 
result.® Neuroglycopenic symptoms can occur for several years 
before the diagnosis of insulinoma.*° 


Diagnosis 


Keys to establishing the diagnosis of insulinoma are to suspect 
from the clinical history that the patient’s symptoms could be 
caused by hypoglycemia and to establish a relationship of their 
symptoms to fasting.!0:!?7831,39.79-81,90 Whipple triad, namely 
hypoglycemic symptoms, hypoglycemia (blood sugar <50 mg/ 
dL), and relief of symptoms following glucose ingestion, is not 
specific for insulinoma.*’ Following an overnight fast, fewer than 
40% of patients with insulinoma have a blood glucose level below 
50 mg/dL. However, if a fasting blood glucose determination is 
combined with a concomitant fasting plasma insulin level, this 
insulin level will be inappropriately elevated in 65% of patients 
with insulinoma.!? 

In patients lacking clear radiographic evidence of dis- 
ease an extended fast can be done, with blood glucose, plasma 
insulin, and C-peptide levels measured at 3- to 6-hour inter- 
vals, 10:12,28,31,39,79-81,90 Traditionally, a 72-hour fast is planned, but 
if at any point during the fast the patient becomes symptomatic, 
plasma insulin and glucose values should be determined before 
IV glucose is given and the test stopped. Seventy-five to 80% 
of patients with an insulinoma will have symptoms and a blood 
sugar below 40 mg/dL within 24 hours of starting the fast, and 
almost 100% within 72 hours.!0:!?,783139. In healthy, nonobese 
fasted subjects, plasma insulin concentrations decrease to less 
than 6 U/mL when blood glucose levels decrease to less than 40 
mg/dL, and the ratio of plasma insulin (in hU/mL) to glucose (in 
mg/dL) remains less than 0.3. Thus, a plasma insulin-to-blood 
glucose ratio over 0.3 is considered positive for insulinoma. In 
one study,* the most sensitive and specific criteria for diagnosing 
insulinoma during a 72-hour fast was the combination of a fasting 
glucose level below 45 mg/dL plus an elevated proinsulin level. 

Multiple imaging studies can help localize insulinomas. These 
include multiphasic CT scans and EUS. Somatostatin receptor 
imaging, typically with the somatostatin receptor-2 analog Gać’ 
dotatate PET scan, is not routinely necessary unless metasta- 
ses are suspected, or unless a suspected insulinoma cannot be 
detected using other methods. Invasive imaging studies using 
hepatic venous sampling after arterial calcium stimulation are 
rarely necessary to localize an occult insulinoma. 


Treatment 


Treatment of insulinoma consists of controlling symptoms of 
hypoglycemia, followed by tumor localization and resection. 
‘Tumor localization of all pNETs is discussed later, as is chemo- 
therapy or other therapies directed at the tumor itself for the 5% 
to 13% of patients with metastatic insulinoma.*+?*” 


Medical Therapy 


Hypoglycemia is controlled in most insulinoma patients by a com- 
bination of dietary and pharmacologic therapy.!%!2,2831,39.83,97 
Snack intake should not be restricted to rapidly absorbed car- 
bohydrates, because their ingestion may occasionally stimulate 
insulin secretion from the tumor. More slowly absorbed forms 
of carbohydrates (starches, bread, potatoes, rice) are preferable. 


During a hypoglycemic episode, however, rapidly absorbable 
carbohydrates such as fruit juices with glucose or sucrose are 
preferable. Occasionally, patients with severe hypoglycemia may 
require the use of a continuous IV infusion of glucose together 
with an increase in dietary carbohydrates. !? 

Diazoxide, a nondiuretic thiazide analog, has potent hypergly- 
cemic effects.!%!2,9698.99 Tt directly inhibits insulin release from 
beta cells through stimulation of a-adrenergic receptors and also 
has an extrapancreatic hyperglycemic effect that enhances gly- 
cogenolysis.** The GI side effects can be reduced by taking the 
diazoxide with a meal. Diazoxide should be initiated at an oral 
dose of 3 to 8 mg/kg/day, divided into 2 or 3 doses per day; if 
not effective, diazoxide can be increased to a maximum daily dose 
of 15 mg/kg. Adverse effects are dose related and may limit the 
ability to reach maximal doses. They include sodium retention/ 
edema, GI symptoms such as nausea, and hirsutism. Addition 
of a thiazide diuretic can correct the edema as well as augment 
the hyperglycemic effect of diazoxide. Somatostatin analogs 
(SSAs) can control symptoms of hypoglycemia in 40% to 60% 
of patients with insulinoma. SSAs are thought to act primarily 
by interacting with somatostatin receptors on the tumor, espe- 
cially subtypes 2 and 5.!°° The symptomatic response rate of 
insulinomas to octreotide is lower than that of other functional 
pNETs, because insulinomas generally have low levels of soma- 
tostatin receptors.!°! Because SSAs also decrease glucagon and 
growth hormone secretion, occasionally their administration may 
worsen the hypoglycemia.”+ Therefore closely monitored trials 
of short-acting octreotide are generally recommended prior to 
administration of long-acting depot formulations of octreotide 
or lanreotide. Everolimus, an mTOR inhibitor which causes 
hyperglycemia as a side effect, has been shown to be effective in 
controlling hypoglycemia in patients with metastatic insulinomas 
refractory to other therapies. Other cytotoxic systemic and liver- 
directed therapies (discussed later) can also control hypoglycemia 
in patients with metastatic insulinomas.!°)!0 


Surgical Therapy 


Because the large majority of insulinomas are localized,!-!% sur- 
gical resection is curative in 70% to 97% of patients. !7:78:106,107 
Because insulinomas are almost invariably intrapancreatic and 
usually benign, insulinomas detected on imaging preoperatively 
are increasingly being resected successfully using a laparoscopic 
approach. 8:108:109 


GASTRINOMAS 


ZES is caused by ectopic secretion of gastrin by a NET (gastri- 
noma), which causes excessive gastric acid secretion, character- 
istically causing peptic disease (often severe) and/or GERD.!!° 
This disease was first described in 1955 by Zollinger and Ellison 
in 2 patients with extreme acid hypersecretion and intractable 
PUD caused by a non-beta cell tumor of the pancreas. 


Pathophysiology and Pathology 


Almost all the symptoms of ZES are caused by gastric acid 
hypersecretion (Table 34.6). PUD, GERD, and diarrhea disap- 
pear when gastric acid hypersecretion is controlled.10-16,111,112 
Parietal cell hyperplasia driven by hypergastrinemia increases 
the stomach’s maximal acid secretory capacity and the chronic 
hypergastrinemia also increases basal acid secretion, characteris- 
tic findings in ZES.!!* The high serum gastrin levels are trophic 
for the gastric mucosa, resulting in large gastric folds (Fig. 34.3) 
with not only parietal cell but also gastric enterochromaffin- 
like (ECL) cell hyperplasia.!!"!?-!!5More than 99% of patients 
with ZES show some degree of ECL hyperplasia,!!+!!° but the 
changes are generally much more advanced in the patients with 


TABLE 34.6 Clinical and Laboratory Features in Patients With ZES 


NIH Range in Literature 


CLINICAL FEATURES 


Average age of onset (years) 41 41-53 
Average duration of symptoms (years) 5.2 3.2-8.7 
Male gender (%) 56 44-70 
Abdominal pain (%) 15 26-98 
Diarrhea (%) 73 17-73 
History of confirmed PUD (%) al 71-98 
Heartburn (%) 44 0-56 
Nausea (%) 30 8-37 
Vomiting (%) 25 26-51 
Bleeding (%) 24 8-75 
MEN-I (%) 22 10-48 
Esophageal stricture (%) 4 4-6 
GI perforation (%) 5 5-18 
LABORATORY FEATURES (%) 
Fasting hypergastrinemia (%) 99 96-100 
Positive secretin test (>120 pg/mL 94 94 
increase) (%) 
BAO >15 mEg/hr (no prior gastric 93 43-100 


surgery) or >5 mEg/hr (prior gastric 
surgery) (%) 


BAO, Basal acid output; MEN-I, multiple endocrine neoplasia type l; 
NIH, National Institutes of Health. 

Data from Gibril F, Schumann M, Pace A, et al. Multiple endocrine neopla- 
sia type 1 and Zollinger-Ellison syndrome: a prospective study of 107 
cases and comparison with 1009 cases from the literature. Medicine 
(Baltimore) 2004;83:43-83; Osefo N, Ito T, Jensen RT. Gastric acid 
hypersecretory states: recent insights and advances. Curr Gastroenterol 
Rep 2009;11:434-41; Berna MJ, Hoffmann KM, Serrano J, et al. Serum 
gastrin in Zollinger-Ellison syndrome: |. Prospective study of fasting 
serum gastrin in 309 patients from the National Institutes of Health and 
comparison with 2229 cases from the literature. Medicine (Baltimore) 
2006;85:295-340; Berna MJ, Hoffmann KM, Long SH, et al. Serum 
gastrin in Zollinger-Ellison syndrome: Il. Prospective study of gastrin 
provocative testing in 293 patients from the National Institutes of Health 
and comparison with 537 cases from the literature. evaluation of diag- 
nostic criteria, proposal of new criteria, and correlations with clinical and 
tumoral features. Medicine (Baltimore) 2006;85:341-64; Gibril F, Jensen 
RT. Advances in evaluation and management of gastrinoma in patients 
with Zollinger-Ellison syndrome. Curr Gastroenterol Rep 2005;7:114-21; 
Rogers A, Wang LM, Karavitaki N, et al. Neurofibromatosis Type 1 and 
pancreatic islet cell tumours: an association which should be recog- 
nized. QUM 2015;108:573-6. 


MEN-1/ZES. Furthermore, type 2 gastric carcinoids (discussed 
later) are rarely seen in sporadic (non-MEN-1) ZES cases, 
whereas 23% of patients with MEN-1/ZES develop type 2 gas- 
tric carcinoid tumor(s).!!¢ 

Increased gastric acid secretion results in diarrhea from direct 
acid damage in the small intestine. Furthermore, the low pH 
inactivates pancreatic lipase and can precipitate bile acids.!° More 
than half of gastrinomas are found in the duodenum, with 56% 
of these occurring in the first portion and approximately 32%, 
6%, and 4% in the 2nd, 3rd, and 4th portions of the duodenum, 
respectively.7!-73.8L11L,117,118 Presently, 60% to 90% of gastrino- 
mas are found in the “gastrinoma triangle,” an area formed by 
the junction of the cystic duct and bile duct posteriorly, the junc- 
tion of the second and third parts of the duodenum inferiorly, 
and the junction of the pancreatic neck and body medially.'!” 


CHAPTER 34 Neuroendocrine Tumors 479 


Gastrinomas rarely originate in a nonduodenal/nonpancreatic 
abdominal location. !?° 

Lymph node primary gastrinomas are reported in up to 11% 
of sporadic cases of ZES.8!:111,121,122 Some patients with sporadic 
ZES remained normogastrinemic and apparently cured after a 
follow-up to 20 years following resection of only lymph node(s) 
containing gastrinoma. Based on lymph node or hepatic metas- 
tases, gastrinomas are malignant in 60% to 90% of patients.1°)!?? 
Bone metastases also occur in almost one third of patients with 
tumors metastatic to the liver, most often to the pelvis, scapula, 
and ribs.!7+ 

Gastrinomas demonstrate 2 general growth patterns: 
aggressive disease (in 25%) and nonaggressive disease (in 
75%).?7:110,125,126 Th one study, predictors of hepatic metasta- 
ses were a pancreatic (as opposed to a nonpancreatic) gastri- 
noma and a primary tumor size larger than 3 cm. Even among 
patients with gastrinomas that have metastasized to the liver, 
the tumor growth rate is highly variable.” Over 90% of 
duodenal gastrinomas are small (<1 cm) whereas only 8% of 
pancreatic gastrinomas are small. The difference in biological 
behavior and prognosis of duodenal and pancreatic gastrino- 
mas has been used to support the hypothesis that they have 
different origins. !?8 


Clinical Features 


The clinical features of ZES are summarized in Table 34.6.19 
Abdominal pain primarily caused by PUD remains the most fre- 
quent early symptom. Ulcer pain is clinically indistinguishable 
from that seen in patients with other forms of PUD.49.111,12> The 
diagnosis may be suggested when ulcer-like symptoms become 
persistent, refractory to medication, or associated with complica- 
tions (see Fig. 34.3).!0139 Most patients with ZES have a typi- 
cal duodenal ulcer at diagnosis. This is an important difference 
from older studies, where over 90% of patients presented with 
PUD, often with multiple ulcers or in atypical locations. 112123131 
In older studies, up to 100% of patients presented with, or devel- 
oped, a complication of peptic disease (bleeding, perforation, 
obstruction, penetration, esophageal stricture). Presently, fewer 
than 30% of patients develop these complications, even though 
most have a confirmed history of PUD.!”’ 

Diarrhea occurs with abdominal pain in 28% to 56% of cases 
and may be the only initial symptom in 10% of patients.!%!?? 
Nearly 1 in 3 patients present with GERD as the initial manifes- 
tation, and approximately half of patients have GERD symptoms 
and/or esophageal pathology at initial evaluation. 12°13 

One in 4 patients with ZES has MEN-1, but the clinical pre- 
sentation is similar to that of those with sporadic ZES.6168;73,133 
Clues that should suggest the possibility of MEN-1/ZES as 
opposed to sporadic ZES include: (1) a history of nephrolithiasis 
and/or renal colic (47% vs. 4%); (2) presentation at a younger 
age (mean, 34 vs. 43 years); and (3) personal or family history of 
certain endocrinopathies (see Table 34.4). In a review of patients 
with MEN-1/ZES,° close to 90% had hyperparathyroidism, 
31% to 60% pituitary disease, 6% to 30% various other NETs 
(typically lung), and 6% to 16% had other functional pNETs.°!:°* 


Diagnosis 


Despite the widespread availability of serum gastrin assays, 
diagnosis of ZES continues to be delayed by 4 to 6 years after 
onset of symptoms.°*!?9.!34+ This delay occurs for many reasons. 
Because ZES is so rare (see Table 34.1), it is often not considered. 
Second, ZES is usually indistinguishable from other patients 
with PUD and GERD.*°.!!*:!3> ‘Third, recent widespread use 
of PPIs can both complicate and delay the diagnosis. !30134137 
PPI use has decreased referrals of patients with possible ZES, 
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ZES unlikely 


(If strong clinical 


Symptoms such as those of PUD, severe GERD, or 
chronic diarrhea. Signs such as prominent gastric folds on 
endoscopy (see left upper panel) or an imaging study. 
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Fig. 34.3 Algorithm for the diagnosis of ZES. Right upper, Typical ZES patient with a positive secretin test 
result (i.e., = 120-pg/mL increase in fasting gastrin level). Right lower, Marked elevations in mean basal acid 
output (BAO) with or without previous gastric acid-reducing surgery. The dotted horizontal lines show the 
proposed criterion of > 15 mEq/hr or > 5 mEg/hr proposed to distinguish patients with ZE from those without 
ZES. Left upper, Prominent gastric folds found on endoscopy in a ZES patient, compared with a normal 
subject. Left lower, Fasting serum gastrin levels in ZES expressed as a multiple of the upper limit of normal on 
the horizontal axis. Very few patients had normal values; 60% had less than 10-fold serum gastrin increas- 


es.40.73.1 30,142,150 
CU, Clinical units. 


has decreased the number of cases of ZES diagnosed, and at the 
same time has been associated with an increase in patients with 
a false diagnosis of ZES.'*’ A false diagnosis may occur because 
chronic treatment with PPIs causes hypergastrinemia in 80% to 
100% of patients with PUD or GERD, and the serum gastrin 
level frequently reaches 5 times normal, a level seen in 60% of 
ZES patients.130-134-136 In the past, when H2RAs were in wider 
use, a diagnosis of ZES was frequently suggested when the con- 
ventional doses of H2RAs failed to control acid hypersecretion 
and ulcer disease.’ Presently, conventional doses of potent PPIs 
may mask the diagnosis of ZES because they control symptoms 


in most patients, and treatment failures uncommonly occur with 
PPI, 10.129,134,138 


Another factor complicating and sometimes delaying the 
diagnosis of ZES is the reliability of current plasma gastrin 
assays. 134139,140 One study!’ examining 12 different commercially 
available plasma gastrin kits (7 radioimmunoassays and 5 ELISA 
assays) reported that 7 assays inaccurately measured plasma gas- 
trin concentrations, with both overestimations and underestima- 
tions. Thus, a reliable gastrin assay must be used.!3+!3? 

There are a number of clinical and laboratory features that should 
suggest the diagnosis of ZES in a patient with acid peptic disease 
or diarrhea (see Fig. 34.3 and Table 34.6). First, diarrhea occurs 
in 73% of ZES patients, but is infrequent in patients with routine 
PUD or GERD. Diarrhea alone can be the presenting symptom in 
up to 27% of patients with ZES.*9.!!2:!29 Second, because MEN-1 
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Fig. 34.4 Effects of gastrinoma extent on survival and of primary gastrinoma location and size on the develop- 
ment of lymph node or liver metastases (mets). Left, Survival in patients with ZE syndrome, with or without 


liver metastases. Right, upper part shows the percentage 


of 83 patients with primary pancreatic or duodenal 


gastrinomas who developed lymph node or liver metastases. Lower part shows percentage of 118 patients 
with primary gastrinoma of varying diameter who developed lymph node or liver metastases. 

(Left, adapted from Yu F, Venzon Du, Serrano J, et al. Prospective study of the clinical course, prognostic 
factors, causes of death, and survival in patients with long-standing Zollinger-Ellison syndrome. J Clin Oncol 
1999;17:615-30; Right, adapted from Weber HC, Venzon Du, Lin JT, et al. Determinants of metastatic rate 
and survival in patients with Zollinger-Ellison syndrome: a prospective long-term study. Gastroenterology 


1995;108:1637-49.) 


causes 20% to 25% of ZES cases (see Table 34.4),°!-°° any patient 
with acid peptic disease and a personal history, family history, or 
laboratory evidence of a MEN-1-compatible endocrinopathy 
should be suspected of having MEN-1/ZES.°*3+ Third, peptic 
ulcers are Hp negative in 50% to 90% of ZES patients, consider- 
ably higher than in other PU populations, and thus an Hp-negative, 
NSAID-negative ulcer should raise suspicion of ZES.!°!*! Promi- 
nent gastric folds on EGD of gastric imaging studies should sug- 
gest the diagnosis (see Fig. 34.3 and Table 34.6).!?? The endoscopic 
finding of enlarged gastric folds contrasts with the loss of gastric 
folds in many patients with gastric hypochlorhydric disorders that 
result in fasting hypergastrinemia (e.g., chronic atrophic gastritis; 
see Chapter 52). 

The diagnosis of ZES requires demonstration of inappropri- 
ate gastric acid secretion in the presence of hypergastrinemia (see 
Fig. 34.3),1040,118,131,134,136 Fasting hypergastrinemia occurs in 
97% to 99% of patients with ZES.'*? Hence, if the fasting serum 
gastrin level is normal, especially in repeated determinations, a 
diagnosis of ZES is very unlikely. Therefore the fasting serum 
gastrin should be the first study performed when ZES is suspec 
ted. 1098,134,136,139,140 Because PPIs can elevate fasting serum gas- 
trin levels, overlapping with plasma gastrin levels in the majority 
of ZES patients, it can be difficult to diagnose ZES when the 
patient is taking a PPI.!?73:134-137.18,144 Tf the fasting gastrin level 
is elevated while taking a PPI, the general approach is to rec- 
ommend that the measurement be repeated after stopping the 
PPI for at least a week (see Fig. 34.3).!2341613,14 However, 
if the patient has ZES, abruptly stopping a PPI can lead to rapid 
development of peptic complications. For this reason, one study 
suggested PPIs not be stopped and that the diagnosis of ZES be 
pursued by finding other signs of gastrinoma (e.g., a pNET on 
imaging) or by trying to taper the PPI dose in some fashion.!* 


In rare circumstances, referral to a special center with experi- 
ence in PPI drug withdrawal and its potential hazards is war- 
ranted.98:!34,136,146 

Achlorhydria, whether due to disease (e.g., chronic atro- 
phic gastritis) or PPI use, is a far more common cause of fasting 
hypergastrinemia than ZES and can lead to a false-positive secre- 
tin test.'47 In one study of ZES patients, >! 99% had a fasting 
gastric pH below 2. Therefore to exclude physiologic, “appro- 
priate” hypergastrinemia caused by hypochlorhydria or achlor- 
hydria) fasting gastric pH should be the next step if an elevated 
fasting gastrin level is found and ZES is suspected (see Fig. 34.3). 
Another cause of physiologic hypergastrinemia (besides chronic 
atrophic gastritis and PPI use) is acid-reducing surgery such as 
vagotomy. !9:40,98,130,134,136 Chronic kidney disease also causes 
fasting hypergastrinemia due to reduced gastrin clearance. 

In patients with chronic atrophic gastritis, fasting serum gas- 
trin levels can be increased more than 70-fold, and in patients 
taking a PPI, over 25% have a more than fourfold elevated gas- 
trin level.!°+ For comparison, the majority of ZES patients have a 
fasting gastrin level increased by less than 10-fold (see Fig. 34.3). 
Therefore no degree of serum gastrin elevation alone distin- 
guishes ZES from patients with physiologic, appropriate hyper- 
gastrinemia.!*+ 

Patients with elevated fasting serum gastrin levels that are 
less than 10-fold increased (i.e., <1000 pg/mL) and with a fasting 
gastric pH below 2 may have a condition other than ZES, such 
as gastric outlet obstruction, Hp infection, renal failure, short 
bowel syndrome, antral G cell hyperfunction or hyperplasia, or 
the retained gastric antrum syndrome. In such patients, secre- 
tin testing and a formal basal acid output (BAO) measurement 
should be considered if occult gastrinoma is suspected. 134142,148 
The secretin test is based on the finding that gastrinomas release 
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an exaggerated amount of gastrin in response to IV secretin, 
likely caused by specific receptors for secretin on tumor cells.!*? A 
serum gastrin increase 2120 pg/mL after injecting 2 U/kg secre- 
tin IV has high sensitivity (94%) and close to 100% specificity 
(100%).'°° In a hypergastrinemic patient with gastric pH below 
2, no false-positive secretin tests have been reported. !31:148,150-152 
The BAO is elevated in over 90% of patients with ZES, being 
above 15 mEq/hr in patients without prior gastric surgery and 
above 5 mEq/hr in patients with prior acid-reducing surgery 
(see Fig. 34.3).4913152 Gastric acid secretion is now uncom- 
monly measured, although BAO can be measured during EGD 
if desired.!°? 


Treatment 


Patients with ZES, similar to those with other malignant func- 
tional pNETs, have 2 treatment issues.!.73.498.!46.152 First, acid 
hypersecretion has to be controlled; second, the gastrinoma 
must be addressed.!0:40,71,73,96,98,117,118.152 Tf acid hypersecretion is 
not controlled, life-threatening complications of peptic disease 
almost invariably occur, sometimes rapidly.!040.123,130,134,152,154 
Even though most patients now receive some form of gastric anti- 
secretory treatment prior to the diagnosis of ZES, almost 25% 
develop bleeding, 6% to 7% experience ulcer perforations, and 
8% to 10% develop esophageal strictures.!*:!*? With improved 
ability to control gastric hypersecretion medically, the natural 
history of the tumor is becoming the major determinant of long- 
term survival (Fig. 34.4).110126 


Control of Gastric Acid Hypersecretion 


Because of their long duration of action and potency, PPIs allow 
once- or twice-daily dosing in most ZES patients (>95%) and are 
the drugs of choice.!040.73.152,159-157 All PPIs (omeprazole, lanso- 
prazole, pantoprazole, esomeprazole, and rabeprazole) are effec- 
tive.10,152,155,156 H2RAs are also effective, although higher than 
conventional doses are usually required.!0!!!.1>2 

For most ZES patients, a PPI is usually started at a dosage 
equivalent to 60 mg/day of omeprazole. Sufficient antisecretory 
drug needs to be given to reduce acid hypersecretion, measured 
during the hour prior to the next dose of drug, to less than 10 
mEq/hr in patients without prior gastric acid-reducing surgery or 
to less than 5 mEq/hr in patients with prior gastric acid—reducing 
surgery. This degree of acid suppression allows peptic lesions to 
heal and prevents their recurrence. Although initial lower doses 
of PPIs are frequently used, these higher doses are recommended 
because of the desirability of rapidly controlling the acid hyperse- 
cretion in ZES patients. !°® 

In some patients, such as those with MEN-1/ZES, severe 
GERD, or a previous Billroth II resection, a higher initial PPI 
dose equivalent to 60 mg twice daily of omeprazole is recom- 
mended.”*:!3?:!52 Such patients require greater acid suppression, 
and antisecretory drugs should be increased to control symptoms 
and heal all mucosal lesions, which frequently require acid sup- 
pression to 1 to 2 mEq/hr or even lower.!°? Parathyroidectomy in 
patients with MEN-1/ZES and hyperparathyroidism decreases 
fasting gastrin levels, decreases BAO, and increases sensitivity to 
antisecretory drugs.*0-134,160,161 This intervention is particularly 
important because, as mentioned earlier, patients with MEN-1/ 
ZES with hyperparathyroidism can be relatively resistant to 
PPIs, 152:156,157 

Long-term oral antisecretory treatment has remained 
effective for over 10 years without development of tachyphy- 
laxis.40.111,130,152,155,157 Concerns have been raised about the 
safety of PPIs,'°?-!°7 but issues such as iron deficiency from iron 
malabsorption and increased risks of GI-NETS (carcinoid) have 
not been significant in clinical series. Vitamin B12 deficiency can 
occur on PPI therapy and should be monitored yearly. 
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Fig. 34.5 Necrolytic migratory erythema (NME) in a patient with gluca- 
gonoma. NME is characterized by rapidly eroding superficial blisters. 
The lesions are usually localized to the buttocks, groin, perineum, 
elbows, hands, feet, and perioral area. (Courtesy Dr. Carl Grunfeld, San 
Francisco, Calif.) 


Treatment of Localized Gastrinoma 


Most authorities recommend surgical exploration of ZES 
patients for a possible curative resection as long as (1) diffuse 
metastatic disease to the liver is absent and (2) the patient does 
not have MEN-1.72:73.98:117,146,168,169 Th patients with sporadic 
(non-MEN-1) ZES, gastrinomas were found in 92%, and 51% 
of these resected patients were disease-free immediately after 
tumor resection; 34% were disease-free after 10 years.’? This 
cure rate with surgery is much higher than rates reported in 
many earlier studies and is, in large part, the result of finding 
more small duodenal gastrinomas. Performing a duodenotomy 
routinely at surgery identifies more tumors than other com- 
monly used methods.!!!:!!7.!70-!72 The role of curative surgery in 
patients with MEN-1/ZES is controversial because the postre- 
section, disease-free cure rate in such patients is below 5% if a 
more aggressive resection (e.g., pancreaticoduodenectomy) is 
avoided.°!:71,73.98;169,173,174 This unfavorable surgical outcome 
occurs because MEN-1/ZES patients have multiple duodenal 
gastrinomas and frequently have lymph node metastases at sur- 
gery.!’> The role of surgery is controversial in part because it 
is unclear whether early surgical resection will alter survival in 
MEN-1/ZES. Some recommend routine exploration in patients 
with MEN-1/ZES, others recommend medical therapy only and 
no exploration, and still others recommend exploration only if 
larger lesions (=2 to 3 cm) are found.”*:!46!73,!76 Although pan- 
creaticoduodenectomy can cure a high proportion of MEN-1/ 
ZES patients,!”’ it is not generally recommended”*:!**!’8 because 
of adverse effects of the operation and the excellent long-term 
prognosis of unoperated patients with small pNETs (<2 cm). 


GLUCAGONOMAS 


Glucagonomas are rare NETs (almost always pNETs) that 
secrete excessive amounts of glucagon and cause a distinct syn- 
drome characterized by weight loss, glucose intolerance, anemia, 
and a specific dermatitis known as necrolytic migratory erythema 
(NME) (Table 34.7). Becker et al. described a pNET with a skin 


TABLE 34.7 Clinical and Laboratory Features in Patients With 
Glucagonoma or VIPoma Syndromes 


Glucagonoma viPoma 


CLINICAL FEATURES (%) 
Dermatitis (64-90) 


Diabetes/glucose intolerance 
(22-90) 


Weight loss (56-96) 
Glossitis/stomatitis/cheilitis (29-40) 
Diarrhea (14-15) 

Abdominal pain (12) 


Secretory diarrhea (89-100) 
Volume depletion (44-100) 


Weight loss (36-100) 
Abdominal cramps, colic (10-63) 
Flushing (14-34) 


Venous thromboembolism (12-35) 


Psychiatric disturbance 
(uncommon) 


LABORATORY FEATURES (%) 
Anemia (34-85) 
Hypoaminoacidemia (26-100) 


Hypokalemia (67-100) 
Hypochlorhydria (84-72) 
Hypocholesterolemia (80) Hypercalcemia (41-50) 


Renal glycosuria (unknown) Hyperglycemia (18-100) 


VIP, Vasoactive intestinal polypeptide. 

Glucagonoma data from Mallinson CN, Bloom SR, Warin AP, et al. A 
glucagonoma syndrome. Lancet 1974;2:1-5; Jensen RT, Norton 
JA. Endocrine tumors of the pancreas and gastrointestinal tract. In: 
Feldman MFL, Brandt LJ, ed. Sleisenger and Fordtran’s Gastroin- 
testinal and Liver Disease. 8th ed. Philadelphia: Saunders; 2006. 
pp 625-66; Eldor R, Glaser B, Fraenkel M, et al. Glucagonoma and 
the glucagonoma syndrome—cumulative experience with an elusive 
endocrine tumour. Clin Endocrinol (Oxf) 2011;74:593-8; Kindmark 
H, Sundin A, Granberg D, et al. Endocrine pancreatic tumors with 
glucagon hypersecretion: a retrospective study of 23 cases during 20 
years. Med Oncol 2007;24:340-7; Soga J, Yakuwa Y. Glucagono- 
mas/diabetico-dermatogenic syndrome (DDS): a statistical evaluation 
of 407 reported cases. J Hepatobiliary Pancreat Surg 1998;5:312-9; 
Guillausseau PJ G-SC. Glucagonomas: clinical presentation, 
diagnosis, and advances in management. In: Mignon M, Jensen RT, 
eds. Endocrine tumors of the pancreas: recent advances in research 
and management. Frontiers in GI Research Basel, Switzerland, S. 
Karger, 1995; Chastain MA. The glucagonoma syndrome: a review 
of its features and discussion of new perspectives. Am J Med Sci 
2001 ;321:302-306; van Beek AP, de Haas ER, van Vloten WA, et al. 
The glucagonoma syndrome and necrolytic migratory erythema: a 
clinical review. Eur J Endocrinol 2004;151:531-7. 

ViPoma data from Jensen RT, Norton JA. Endocrine tumors of the 
pancreas and gastrointestinal tract. In: Feldman MFL, Brandt LJ, ed. 
Sleisenger and Fordtran’s gastrointestinal and liver disease. 9th ed. 
Philadelphia: Saunders; 2010, pp 491-522; Matuchansky CR, JC. 
ViPomas and endocrine cholera: clinical presentation, diagnosis, and 
advances in management. In: Mignon MJR, ed. Endocrine tumors of 
the pancreas: recent advances in research and management Fron- 
tiers in GI Research. Basel, Switzerland, S. Krager; 1995, pp 166-82; 
Song S, Shi R, Li B, et al. Diagnosis and treatment of pancreatic va- 
soactive intestinal peptide endocrine tumors. Pancreas 2009;38:81 1— 
4; Adam N, Lim SS, Ananda V, et al. VIPoma syndrome: challenges in 
management. Singapore Med J 2010;51:e129-32; Soga J, Yakuwa 
Y. Vipoma/diarrheogenic syndrome: a statistical evaluation of 241 
reported cases. J Exp Clin Cancer Res 1998;17:389-400; Jensen 
RD, GM. Carcinoid tumors and the carcinoid syndrome. In DeVita VT 
Jr HS, Rosenberg SA, ed. Cancer: principles and practice of oncol- 
ogy. 7th ed. Philadelphia: Lippincott Williams and Wilkins; 2005, pp 
1559-74. 


rash in 1942,!7? McGarvan et al. reported a patient with an ele- 
vated glucagon level, dermatitis, diabetes mellitus, and a pNET 
in 1966,!8° and Wilkinson et al.!8! described NME in 1973.18! 
Finally, Mallinson et al. established the association of NME with 
glucagon-producing tumors in 1974. 
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Pathophysiology and Pathology 


In contrast to insulinomas, most glucagonomas are large at the 
time of diagnosis, with an average size of 5 to 10 cm (range, 0.4 
to 35 cm).!?:!52-187 Similar to other pNETs, except insulinoma, 
glucagonomas are usually malignant. 12182-183188 The most com- 
mon sites of metastases are the liver and lymph nodes, with bone 
and mesentery less common sites.!!-!°? Most (>97%) glucagono- 
mas arise in the pancreas, and they usually (88% to 90% of cases) 
occur as a solitary tumor. !®5 

The pathophysiology of the glucagonoma syndrome is related 
to the known actions of glucagon (see Chapter 4).'°? Hyperglyce- 
mia results from increased hepatic glycogenolysis and gluconeo- 
genesis. Weight loss has been attributed to the known catabolic 
effects of glucagon,'®’ although taste aversion effects mediated 
by GLP-1 (7 to 36 amide) may contribute.!”” Whether the char- 
acteristic rash (NME) is caused by hyperglucagonemia is con- 
troversial. Prolonged hyperglucagonemia caused by glucagon 
administration does cause a typical rash.!%-1°1-1°2 Tt is possible that 
hypoaminoacidemia (present in 80% to 90%) or essential fatty 
acid deficiency may be involved in the genesis of the dermatitis 
because, if these deficiencies are corrected, NME may improve 
without a change in plasma glucagon levels. The similarity of the 
skin lesions to those seen in zinc deficiencies has resulted in tri- 
als of zinc, with some responses. The rash may even resolve with 
volume repletion. Therefore there may be several contributing 
factors in different patients. Hyperglucagonemia may contrib- 
ute to the anemia because treatment with glucagon decreases 
erythropoiesis in animals. The role of glucagon in causing venous 
thromboembolism and psychiatric problems is uncertain.” 

Glucagon cell adenomatosis'** may simulate the glucagonoma 
syndrome.!?:!%5.!96 In glucagon cell adenomatosis there are many 
microadenomas and hyperplastic islets that stain for glucagon. Also, 
a homozygous P86S mutation of the human glucagon receptor was, 
in a single case, associated with alpha cell hyperplasia, hypergluca- 
gonemia, and NF-pNETs. This disorder, Mahvash disease, can be 
reproduced in mice deficient for the glucagon receptor. !°6197 


Clinical Features 


Glucagonomas usually occur in individuals 50 to 70 years 
old.!?,70,182,18+-186 NME is a common manifestation (Fig. 34.5; 
also see Table 34.7),1770:183-185,198,199 Dermatitis often precedes 
diagnosis of the syndrome for several years.!>!°8 In 70% of 
patients, the skin lesion is the presenting sign of the disease and 
has been reported up to 3 years before the pNET is found.?0° 
Skin lesions may wax and wane and are often misdiagnosed.?07! 
Characteristically, the lesion starts as an erythematous patch, 
typically in periorofacial or intertriginous areas, such as the 
groin, buttocks, thighs, or perineum, and then spreads laterally. 
The lesions subsequently become raised, with superficial central 
blistering. The top of the bullae frequently detaches or ruptures, 
leaving eroded areas that crust. The lesions tend to heal in the 
center whereas the edges continue to spread, with a crusting 
well-defined edge. Healing is associated with the development of 
hyperpigmentation. This entire sequence characteristically takes 
1 to 2 weeks. The histopathology can be as varied as the clini- 
cal presentation.!! In its classic form, early lesions demonstrate 
a superficial spongiosis and necrosis, with subcorneal and mide- 
pidermal bullae. Fusiform keratinocytes with pyknotic nuclei are 
often seen, as are mononuclear inflammatory infiltrates.’»12198,199 

Glucose intolerance or frank diabetes mellitus may precede 
diagnosis of glucagonoma by many years.”®183-186 Profound 
hypoaminoacidemia (often less than 25% of normal, especially 
with glycogenic amino acids) is common,*!!:7°-!84:!86 and essen- 
tial fatty acid deficiencies are also sometimes seen. Weight loss, 
often profound and associated with anorexia, occurs in most 
patients, !1°0.!83-186 even with small, nonmetastatic tumors.?:!!:!52 
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Venous thromboembolism is more common in the gluca- 
gonoma syndrome than in other pNETs. Mild anemia, usually 
normocytic and normochromic with normal serum iron, folate, 
and vitamin B47 levels, can respond to successful tumor therapy. 


Diagnosis 


Glucagonomas are usually suspected because of the skin rash, 
NME (see Fig.34.5).20:1760177:179-187,195,198,202-205 The diagnosis of 
glucagonoma can be confirmed by demonstrating an increase in 
fasting plasma glucagon concentration (normal, less than 200 pg/ 
mL). Most glucagonoma patients have a markedly elevated plasma 
glucagon level at presentation, !!:!2,90.152,183,186,206 with a mean 
plasma glucagon concentration of 2110 pg/mL (range, 550 to 
6600 pg/mL).!! Mild hyperglucagonemia (200 to 500 pg/mL) also 
occurs in many other conditions, such as cirrhosis, chronic kidney 
disease, diabetic ketoacidosis, prolonged starvation, acute pancre- 
atitis, acromegaly, Cushing, septicemia, severe burns, severe stress 
(trauma, exercise), celiac disease, danazol therapy, and familial 
hyperglucagonemia.!011:181,185 Provocative tests for glucagonoma 
have been described, but none are sufficiently reliable. 


Treatment 


Medical Treatment 

Initial medical treatment is directed at relieving symptoms, 
restoring nutritional status, and controlling hyperglycemia as 
tumor localization studies (discussed later) are being performed. 
Glucagonoma patients are generally poor operative risks. The 
catabolic effects of glucagon combined with glucose intolerance 
and diabetes mellitus can markedly affect the nutritional status of 
these patients. Their heightened risk of venous thromboembo- 
lism increases postoperative morbidity. 

SSAs have been useful in controlling symptoms in patients with 
glucagonoma.!*?:!83.185.207 The rash improves with SSA treatment 
in most patients, with disappearance in up to 30%. Plasma glu- 
cagon levels decrease in 80% to 90% of treated patients, but into 
the normal range in only 10% to 20%. 


Surgical Treatment 

Surgical resection should be considered in all patients with local- 
ized tumors.?°° Unfortunately, 50% to 90% of patients with glu- 
cagonoma have metastases at the time of diagnosis. 182-184209 


viPomas 


The VIPoma syndrome is caused by a NET that secretes exces- 
sive amounts of VIP. The syndrome is characterized by extreme 
watery diarrhea, hypochlorhydria, achlorhydria, and hypokale- 
mia (see Tables 34.land 34.7).*?!° Because of the resemblance 
of the diarrhea fluid to that seen in cholera, the term pancreatic 
cholera was proposed and the acronym WDHA (watery diarrhea, 
hypokalemia, and achlorhydria) created.!! VIP was suspected as 
the mediator of this syndrome, and the ability of VIP infusions 
to produce secretory diarrhea in humans at blood levels seen in 
patients with VIPomas was confirmed.’!? 


Pathophysiology and Pathology 


Most (80% to 90%) of VIPomas in adults are pNETs, with 42% to 
75% occurring in the tail of the pancreas!?7!3!+; VIP-producing 
SI NETs, lung cancers, or pheochromocytomas are rare.!?211,213- 
217 VIPomas are almost always large, solitary tumors and are often 
metastatic at the time of diagnosis or surgery, similar to gastrino- 
mas and glucagonomas. In young children (<10 years old) and, 
rarely, in adults (5% of adult cases), the VIPoma syndrome is 
caused by an extrapancreatic ganglioneuroma or ganglioneuro- 
blastoma, tumors that are malignant in only 10% of patients.!!7!! 


Almost half of VIPomas produce multiple hormones, includ- 
ing glucagon, somatostatin, insulin, and gastrin.!!:!° 

VIP is the major mediator of the syndrome!!:!6?!!,7!8; plasma 
VIP levels are usually elevated,*!? and a continuous IV infusion 
of VIP in normal human subjects, achieving plasma levels similar 
to those seen in patients with the VIPoma syndrome, produced 
watery diarrhea within 6 to 7 hours.?!? VIP interacts with specific 
receptors on intestinal epithelial cells, leading to intestinal elec- 
trolyte and fluid secretion (see Chapter 101)."! 

Flushing in patients with VIPoma has been attributed to the 
potent vasodilatory effects of VIP.!! The finding that only a 
minority of patients with VIPoma syndrome flush, despite high 
plasma VIP levels, has been attributed to the fact that prolonged 
VIP infusions result in a gradual loss of flushing, suggesting tachy- 
phylaxis. Severe hypokalemia is likely primarily caused by fecal 
K* loss; secondary hyperaldosteronism that results from volume 
depletion with renal K* loss and VIP stimulation of renin release 
may also contribute.!! The pathogenesis of the achlorhydria or 
hypochlorhydria is not entirely clear but has been attributed to 
the inhibitory effect of VIP on gastric acid secretion. The mech- 
anism of the hypercalcemia is also unclear. Hyperglycemia has 
been attributed to the glycogenolytic effect of VIP on the liver. 


Clinical Features 


The mean age for adults with VIPomas is 42 to 51 years (range, 
32 to 81),!97!1719221 Tn children, the mean age is 2 to 4 years 
old (range, 10 months to 9 years). The cardinal features of the 
VIPoma syndrome are severe secretory diarrhea associated with 
hypokalemia and volume depletion (see Table 34.7).!071121921 
Diarrhea may be episodic*!!?? and exceed 1 L/day (usually > 3 
L/day).!!162!3214 The diarrheal fluid has the appearance of weak 
tea and persists during fasting.! 116218 Most (90%) patients have 5 
or more bowel movements a day. 

Laboratory abnormalities in patients with VIPoma are 
listed in Table 34.7.10:211,219-221 Hypokalemia is often severe 
(<2.5 mmol/L) at some point in the course in over 90% of 
patients.!*7!!2? Tetany may occur and has been attributed to 
hypomagnesemia resulting from the diarrhea.'! If measured, 
hypochlorhydria occurs in many cases. 


Diagnosis 


The diagnosis of the VIPoma syndrome requires large-volume 
secretory diarrhea that persists with fasting and demonstration of 
an elevated plasma concentration of VIP.!0:!62!3,214,216.218 Diarrhea 
may be present for long periods prior to diagnosis. The diarrhea 
fluid is characteristic of a secretory diarrhea (see Chapter 16). 

Other diseases can cause a chronic, large-volume secretory 
diarrhea with most of the clinical features of the VIPoma syn- 
drome, except for a high plasma VIP level (pseudo-VIPoma syn- 
drome). Such patients include individuals with gastrinoma,!°*”!7? 
chronic laxative abuse,’ celiac disease,’*+ AIDS enteropathy,””’ 
or idiopathic secretory diarrhea.!?-16:223;226-228 Elevated plasma 
VIP levels alone should not be the sole basis for making a diagno- 
sis of VIPoma in a patient with diarrhea, because other conditions 
(e.g., prolonged fasting, IBD, small bowel resection, radiation 
enteritis, chronic kidney disease, nesidioblastosis’?”) can occa- 
sionally elevate VIP levels.!!:1%30 


Treatment 


Medical Treatment 

The first objective is replenishment of fluid and electrolyte losses 
to correct the profound volume depletion, hypokalemia, and 
hyperchloremic metabolic acidosis (see Table 34.7). The patients 
may require 5 or more L/day of fluid!! and over 350 mEq/day of 
potassium.!!:!62!173! Hypokalemic nephropathy with severe renal 


failure may occur.* Fluid and electrolyte requirements should be 
carefully monitored. The diarrheal output should be controlled by 
use of SSAs.!0.1?,16,98,146,207.232 Octreotide controls diarrhea in 78% 
to 100% of patients.!°7°7720,232 Octreotide continued to be effec- 
tive at 6 months in 56% to 100% of patients, but 22% required an 
increase in dosage.!!:!* Plasma VIP concentrations decreased in 80% 
to 89% of patients taking octreotide. Decreases in plasma VIP con- 
centration with octreotide treatment did not always mirror clinical 
responses.!!.!¢733 Treatment of metastatic VIPoma is discussed later. 


Surgical Treatment 

Once the fluid and electrolyte deficits are corrected, patients 
should undergo imaging studies (discussed later) to assess tumor 
resectability. After performing these imaging studies, surgical 
cure should be considered for all patients without metastatic dis- 
ease. 10,98,105,208,214,222 Surgical resection of a pancreatic VIPoma 
relieves all symptoms in one third of patients, and up to 30% of 
them are cured.!??!!234 In children (and rare adults) with VIP- 
producing ganglioneuroblastomas,!” surgical resection with con- 
trol of all symptoms was possible in 78% of patients. 


OTHER FUNCTIONAL PNETS 


Less common pNETs are summarized in Table 34.1. ACTH- 
producing pNETs can cause Cushing syndrome. These tumors 
are often metastatic, aggressive, and refractory to treatment 
including SSA therapy. !0:!1735.236 

pNETs secreting PTH-related peptide causing hypercalce- 
mia are usually large and/or metastatic to the liver by the time of 
diagnosis. In addition to antitumor treatment, bisphosphonates 
can be used to control the hypercalcemia.”*” Serotonin producing 
pNETs can cause the carcinoid syndrome and are rare, usually 
large, and predominantly malignant.!?.1>.8° 

The term “somatostatinoma” is sometimes used to describe 
rare pancreatic or duodenal tumors which secrete large amounts 
of somatostatin, resulting in relatively nonspecific symptoms such 
as diabetes mellitus, gallstones, diarrhea/steatorrhea, and weight 
loss. The term is also sometimes used to describe duodenal NETs 
which stain positively for somatostatin and are also character- 
ized by psammoma bodies, but do not necessarily secrete soma- 
tostatin. Such tumors are seen with increased frequency in NF1 
patients. Due to the relatively subtle clinical manifestations of the 
somatostatinoma syndrome, this diagnosis is exceedingly rare.?** 


NONFUNCTIONAL PNETS 


A nonfunctional pNET (NF-pNET) is a pNET that is not asso- 
ciated with secretion of a peptide/amine causing a functional 
syndrome, and whose symptoms are entirely caused by the local 
effects of the tumor itself. 


Clinical Features 


The typical patient with a well-differentiated NF-pNET is 40 
to 60 years old. The median time from initial symptoms to diag- 
nosis varies from 6 months to almost 3 years. Increasingly, small 
NF-pNETs are diagnosed incidentally as patients undergo scans 
for unrelated reasons. Presenting symptoms/signs from the tumor 
include abdominal pain, jaundice, and weight loss.!07>79:°72394! 


Treatment 


Surgical resection is generally recommended for patients with local- 
ized, resectable NF pNETs. Future relapse is dependent on tumor 
size, grade, and lymph node positivity. The treatment of patients with 
small (<2 cm), sporadic, incidentally diagnosed low-grade NF-PETs 
is controversial.°’ Several studies show high rates of disease stability 
in patients undergoing surveillance.**” Certain radiographic features 
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TABLE 34.8 Relative Frequencies of Selected Carcinoid Tumors and 
Their Prevalence of Metastases and Carcinoid Syndrome 


% Of all % With % With Carcinoid 
Carcinoids? Metastases Syndrome 

Gastric 2-6 22-31 10 

Small intestinal? 10-28 14-71 3-13 

Appendiceal 2-38 2-35 <1 

Colonic 4-10 60-71 5 

Rectal 10-19 3-14 <1 


8Other less common sites for carcinoids not included here include 
esophagus, liver, gallbladder, biliary tract, larynx, cervix, ovary, and 
testis. 

>Small intestine includes duodenum, ampulla, jejunum, ileum, and 
Meckel diverticulum. 

Data from Yao JC, Hassan M, Phan A, et al. One hundred years after 
“carcinoid”: epidemiology of and prognostic factors for neuroendocrine 
tumors in 35,825 cases in the USA. J Clin Oncol 2008;26:3063-72; 
Modlin IM, Lye KD, Kidd M. A 5-decade analysis of 13,715 carcinoid 
tumors. Cancer 2003;97:934-59; Modlin IM, Sandor A. An analysis 
of 8305 cases of carcinoid tumors. Cancer 1997;79:13-29; God- 
win JD. 2nd: Carcinoid tumors. An analysis of 2,837 cases. Cancer 
1975;36:560-9. Other studies may vary (see text). 


TABLE 34.9 Median Survival (Months) of Selected Carcinoid Tumors by 
Stage 


Localized Stage Regional Stage Distant Stage 


Gastric 154 Al 29 
Small intestinal 111 105 103 
Appendiceal >360 >360 NA 
Colonic 261 36 14 
Rectal 290 90 34 


Data from Dasari A, Shen C, Halperin D, et al. Trends in the incidence, 
prevalence, and survival outcomes in patients with neuroendocrine 
tumors in the USA. JAMA Oncol 2017;3:1335-42; Yao JC, Hassan M, 
Phan A, et al. One hundred years after “carcinoid”: epidemiology of and 
prognostic factors for neuroendocrine tumors in 35,825 cases in the 
USA. J Clin Oncol 2008;26:3063-72. 

NA, not available. 


suggestive of indolent behavior include well-defined tumor borders 
and tumor homogeneity.’ Ultimately, decisions regarding surgery 
versus surveillance need to factor patient age, comorbidities, and 
willingness to undergo long-term surveillance.67:744245 


GI-NETs (CARCINOIDS) 


GI-NETs (carcinoid tumors) comprise nearly 70% of all car- 
cinoid tumors. Most of the others (=25%) are found in the 
respiratory tract. GI-NETs most commonly occur in the small 
intestine, rectum, appendix, or stomach (Table 34.8).?*° Within 
the small intestine, the ileum is the most common site, followed 
by the duodenum and jejunum.**° The incidence of GI-NETs is 
increasing, but not evenly so (see Fig. 34.1). Survival is highly 
dependent on the tumor stage,”*’ as shown for selected GI-NETs 
in Table 34.9. 


Gastric NETs 


Gastric NETs comprise 0.3% of all gastric tumors and 2% to 6% 
of all carcinoid tumors in the US. Their incidence has increased 
markedly over the last 30 years (see Fig. 34.1).?#’7 It is unclear 
whether this is a true increase in disease incidence or due to 
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TABLE 34.10 Types of Gastric Carcinoids 


Type 1 Type 2 Type 3 
Relative frequency (%) 65-80 5-6 14-25 
Gender Female > male Female = male Male > female 
Tumor features: 
Size of tumor (cm) <1 (80%) <1 (35%) 2-5 
1-2 (15%-20%) 1-2 (45%) 
>2 (<1%) >2 (20%) 
Number of tumors Multiple Multiple Single 
Histology, grade (G) Well-differentiated, G1 Well-differentiated, G1 Well-differentiated, G1 or G2 
ECL-cell hyperplasia (%) 100 100 0 
Gastric mucosa Atrophic Hyperplastic Normal 
Associated conditions Gastric atrophy MEN-I/ZES None 


Gastric pH; acidity level 
Fasting serum gastrin 
Metastases: 
Lymph nodes (%) 
Distant (%) 
Tumor-related death (%) 
5-years survival (disease related) (%) 


Treatment 


High pH; anacidity 
High 


2-9 

0-2 

No 

100 

<1 cm: EndoR 


1-2 cm: EndoR or surgery 


>2 cm: Surgery 


Low pH; hyperacidity 


Normal pH and acidity 


High Normal 
15-30 75-100 
<10 50-100 
<10 25-30 
60-90 50 


<1 cm: EndoR 


1-2 cm: EndoR or surgery 


>2 cm: Surgery 


Surgery, with removal of regional lymph nodes (if no 
advanced disease) 


EndoR, Endoscopic resection; MEN-//ZES, multiple endocrine neoplasia type I/ZES. 

Data from Delle Fave G, Kwekkeboom DJ, Van Cutsem E, et al. ENETS Consensus Guidelines for the management of patients with gastroduodenal 
neoplasms. Neuroendocrinology 2012;95:74-87; Lawrence B, Kidd M, Svejda B, et al. A clinical perspective on gastric neuroendocrine neoplasia. Curr 
Gastroenterol Rep 2011;13:101-9; Delle Fave G, Capurso G, Milione M, et al. Endocrine tumours of the stomach. Best Pract Res Clin Gastroenterol 
2005;19:659-73; Scherubl H, Cadiot G, Jensen RT, et al.: Neuroendocrine tumors of the stomach (gastric carcinoids) are on the rise: small tumors, 
small problems? Endoscopy 2010;42:664—71; Rindi G, Azzoni C, La Rosa S, et al. ECL cell tumor and poorly differentiated endocrine carcinoma of the 
stomach: prognostic evaluation by pathological analysis. Gastroenterology 1999;116:532-42; Rindi G, Bordi C, Rappel S, et al. Gastric carcinoids and 
neuroendocrine carcinomas: pathogenesis, pathology, and behavior. World J Surg 1996;20:168-72; Ruszniewski P, Delle Fave G, Cadiot G, et al. Well- 


differentiated gastric tumors/carcinomas. Neuroendocrinology 2006;84:158-64. 


improved detection from increased use of EGD.*** Thus, gastric 
NETs are now often found by chance during EGD performed 
for some other reason. !18:250,251,253,257,258,260 

Gastric NETs are classified into 3 types (Table 34.10). For 
correct classification of gastric carcinoids into these types, 
the mucosa of the gastric antrum and the body/fundus should 
both be sampled, in addition to the removal or biopsy of the 
lesions. 146.248,250,260 

Type 1 gastric NETs, the most common type, are gen- 
erally small and multiple and occur in patients (more often 
women) with chronic atrophic gastritis with or without perni- 
cious anemia.?#®-230.260 Type 1 gastric NETs occur in 1% to 2% 
of patients with chronic atrophic gastritis (see Chapter 52).?>* At 
EGD, type 1 gastric NETs usually appear as polypoid lesions 
associated with mucosal atrophy (Fig. 34.6A).?°> If random 
mucosal biopsies are taken, additional intramucosal NETs will 
be found, though not seen at endoscopy.” Histologically, type 
1 gastric NETs are well differentiated and always associated with 
varying degrees of gastric ECL cell hyperplasia. ECL hyperpla- 
sia is driven by hypergastrinemia caused by loss of the feedback 
inhibition by gastric acid on gastrin (G) cells (see Chapter 51).74? 
Chronic hypergastrinemia, often profound, results in increasing 
degrees of ECL cell hyperplasia (diffuse, linear, micronodular) 
and, in some cases, dysplasia and then neoplasia.*+? Type 1 gas- 
tric NETs are generally minimally invasive, with 27% limited to 
the mucosa and 64% limited to the submucosa; only 9% invade 
the muscularis propria.*>”°° Metastases to lymph nodes or liver 
are very uncommon.??:748,261 


Type 2 gastric NETs are the least frequent type and occur 
almost exclusively in patients with MEN-1/ZES.°108,114,116,250,258 
They occur in 23% to 33% of patients with MEN-1/ZES, 
invariably with hyperparathyroidism.ć!-68.116,160 Type 2 gastric 
NETs have only rarely been described in patients with the spo- 
radic form of ZES.°:!'4:!16 Type 2 gastric NETs are, like type 
1, generally multiple, but they tend to be larger, with only 35% 
smaller than 1 cm and as many as 20% larger than 2 cm (see 
Fig. 34.6B). Type 2 gastric NETs generally appear as polypoid 
lesions, although they too can be detected on blind biopsies as 
intramucosal tumors.!!°?5° They are well-differentiated, always 
associated with ECL cell hyperplasia and a hyperplasic gastric 
mucosa.!!4116.250.258 "Type 2 gastric NETs are somewhat more 
invasive than type 1, with 15% showing invasion limited to the 
mucosa, 60% extending into the submucosa, and 10% into the 
muscularis propria. Metastases are also more common in type 2 
than type 1,!!%299.257,260 and the 5-year survival in patients with 
type 2 gastric carcinoids is lower than in type 1 (see Table 34.10). 
However, it is unclear whether this lower survival is due to the 
gastric NETs per se.61,68,250 

Type 3 gastric NETs differ from the other 2 types in 
that they are not associated with hypergastrinemia or altera- 
tions in gastric acid secretion. They are solitary, sporadic 
NETs not associated with other diseases of the stomach (see 
Fig. 34.6C),248:257,258,200 Endoscopically, type 3 gastric NETs 
are usually single, large, infiltrating lesions that in some cases 
are ulcerating (see Fig. 34.6C). Histologically, they are gener- 
ally well-differentiated NETs (see Table 34.2a). Patients with 


Fig. 34.6 Endoscopic images of the 3 types 

of gastric carcinoids. A, Type 1, in patient with 
chronic atrophic gastritis (CAG) and pernicious 
anemia (PA). Note the pale atrophic mucosa and 
multiple small carcinoids. B, Type 2, in a patient 
with MEN-I/ZES. Note the multiplicity of lesions 
and prominent gastric folds. C, Type 3, which is 
characteristically solitary and often large. 
(Modified from Scherubl H, Cadiot G, Jensen RT, 
et al. Neuroendocrine tumors of the stomach [gas- 
tric carcinoids] are on the rise: small tumors, small 
problems? Endoscopy 2010;42:664-7 1.) 


type 3 gastric NETs may have signs of GI bleeding or advanced 
malignancy, prompting EGD.*° At the time of diagnosis, most 
type 3 gastric carcinoids are already invasive. The 5-year survival 
rate is close to 50%, and 25% to 30% of type 3 patients have a 
tumor-related death.?48:257,258,260 

The carcinoid syndrome (discussed later) occurs in a small per- 
centage of patients with type 2 and type 3 gastric NETs.?48:231,255 
An atypical flush may occur in these patients because these gas- 
tric NETs may lack L-amino acid decarboxylase, and thus instead 
of producing serotonin, they secrete its unprocessed precursor, 
5-hydroxytryptamine (S-HTP; Fig. 34.7).48251256 The atypi- 
cal flush is a prolonged red-purple flush involving the trunk and 
extremities.?**:56 The more typical carcinoid flush is shown in 
Figure 34.8. Rare gastric NETs can also release histamine, which 
can result in bronchospasm, itching, cutaneous flushing, and lac- 
rimation.?°? 

The minimal laboratory evaluation in type 1 and type 2 gastric 
carcinoids is an assessment of serum gastrin. In patients suspected 
to have type 1 gastric NETs with chronic atrophic gastritis, the 
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Type 1 gastric carcinoid (PA, CAG) 


Type 2 gastric carcinoid (MENI, ZES) 


Type 3 gastric carcinoid (sporadic) 


clinician should consider ordering a complete blood count, pari- 
etal cell antibodies, serum B; (see Chapters 51 and 52), and 
thyroid function tests (for possible associated autoimmune thy- 
roiditis).°° In patients with possible MEN-1/ZES, a full assess- 
ment for the features of MEN-1 should be performed. For all 
gastric NETs larger than 1 cm and for localized type 3 NETs 
EUS should be performed to assess the depth of invasion prior to 
endoscopic removal.?48:750 

The overall 5-year survival rate for all types of gastric carci- 
noids in the U.S. SEER database is 49% (see Table 34.10), but 
these data include only primarily malignant tumors; therefore it 
is likely that many type 1 gastric carcinoids (with better survival) 
were not included. 

Types 1 and 2 gastric NETs share many similar management 
aspects that differ markedly from the approach for type 3 carci- 
noids (see ‘Table 34.10): 


e Small (<1 cm) type 1 and 2 carcinoids should in most cases be 
treated endoscopically.*#* For type 1 or 2 gastric carcinoids 
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Tryptophan 


| Tryptophan-5-hydroxylase 


5-hydroxytryptophan (5-HTP) 


| Aromatic L-amino acid decarboxylase 


5-hydroxytryptamine (5-HT) 


(Serotonin) 


| Monoamine oxidase 


5-hydroxyindoleacetaldehyde 


| Aldehyde dehydrogenase 


5-hydroxyindoleacetic acid (5-HIAA) 


Excreted in urine 


Fig. 34.7 Synthesis and degradation of serotonin (5-hydroxytryptamine [5-HT]). Shown are the various en- 
zymes that are important in the synthesis of serotonin from tryptophan and its degradation to 5-hydroxyindole- 


actic acid (5-HIAA), which is excreted in the urine. 


that infiltrate to the submucosa, it is recommended that en- 
doscopic mucosal resection (EMR) be considered, although 
many are still treated with traditional polypectomy.’**”*+ 
EGD surveillance should be at least yearly. In one study?” of 
patients with type 1 gastric carcinoids treated endoscopically, 
survival was 100% during the 46-month follow-up; no metas- 
tases occurred, a single patient developed a less differentiated 
tumor requiring surgery, and 64% had a recurrence after a 
median of 8 months, treated endoscopically. Thus, endoscopic 
management was safe and effective. 

e For type 1 and 2 gastric carcinoids 1 to 2 cm in size, there is 
not complete agreement on the best treatment.***?°+ Most 
commonly, after EUS assessment of depth, these lesions are 
removed endoscopically,?48:250,252,253,260 although some authors 
recommend surgical therapy.?4824:260 In patients with high-risk 
tumors (e.g., size > 2 cm, relatively high Ki-67 index), a surgi- 
cal wedge resection can be considered.*** Long-term treatment 
with an SSA may result in disappearance of small (<1 cm) gastric 
carcinoids.***75°6 In patients with numerous type 1 gastric 
carcinoids, antrectomy eliminates the hypergastrinemia driving 
ECL cell growth and is effective in over 80% of patients. 

e Patients with type 3 gastric NETs require imaging for disease 
staging (discussed later). If distant metastases are not present, 
these patients should be managed surgically.?48:230.260 Some 
recommend that the rare small (<1 cm) type 3 gastric carci- 


noid without any risk factors may be treated conservatively by 
endoscopic mucosectomy.? 


Patients with advanced metastatic gastric carcinoids of type 1 
(rare), 2 (uncommon), or 3 require systemic antitumor therapies, 
as discussed later. 

Poorly differentiated gastric NETs of the stomach comprise 
3% to 8% of all gastric carcinoids.*** They are generally solitary 
larger tumors (>2 cm); they are associated with metastases in 80% 
to 100% of cases, and over 50% of patients have a tumor-related 
death.*** These tumors are treated like other poorly differenti- 
ated GI-NETs in other locations (see later).?6264 


Small Intestinal NETs (Jejunal/lleal Carcinoid 
Tumors) 


The incidence of SI NETs is increasing in the US (see Fig. 34.1). 
SI NETS comprise more than half of all SI neoplasms.*® In this 
chapter, we use the term SI NET to refer to jejunal and ileal 
NETS (also known as midgut NETs); duodenal NETs are dis- 
cussed later. 

The average age at presentation of patients with SI NETs is 
in the sixth decade of life.’°° These tumors occur less frequently 
in Asians and more frequently in African Americans.*+ There 
are rare families with ileal NETs that appear to have autosomal 


Fig. 34.8 Carcinoid flush. Typical carcinoid flush involving the face 
and neck in a patient with small intestinal carcinoid and the carcinoid 
syndrome. 


dominant inheritance. Their tumors are similar clinically to spo- 
radic cases and share frequent aberrations in chromosome 18.267 

Many fewer NETs occur within the jejunum (9% to 18%) 
than within the ileum (70% to 87%), with 40% to 70% of the 
latter occurring within 2 feet of the ileocecal valve.?46266 SI 
NETs are generally small, with one third less than 1 cm, another 
third 1 to 2 cm, and the final third larger than 2 cm (with 8% >5 
cm).???° Approximately 25% are multifocal.?33:268:269 SI NETs, 
although characteristically well differentiated, are often quite 
invasive: only 28% are confined to the mucosal/submucosal, and 
52% extend to the muscularis propria or are transmural. Metasta- 
ses occur in the majority of patients with SI NETs (range, 20% to 
100%),?*-733,266768 usually to the liver, lymph nodes, mesentery/ 
omentum/peritoneum, lung, or bone.??°°7°?7078 Large central 
mesenteric lymph nodes, often with surrounding desmoplasia, 
are highly characteristic of SI NETs and generally indicative of a 
SI origin, even when the primary tumor is occult on scans. 

SI NETs are thought to arise from enterochromaffin cells 
(EC) cells. They are predominantly well-differentiated (G1) 
tumors, with 9% to 19% of them G2 and 2% G3.27! Numer- 
ous genetic/epigenetic changes have been reported in SI NETs, 
including loss of 3p13 (associated with better survival) and gain of 
chromosome 14 (associated with worse survival).?’? 

Although SI carcinoids characteristically are diagnosed in the 
sixth decade of life,*°° the diagnosis is often delayed 4 to 5 years 
from symptom onset, and even much longer delays have been 
reported.’*?’? Most (>90%) patients present with symptoms that 
are either related to tumor or to carcinoid syndrome (discussed 
later). Tumor-related symptoms include abdominal pain, often 
intermittent, crampy. Recurrent cases of bowel obstruction may 
also occur, either due to primary intestinal tumor or mesen- 
teric metastases. Weight loss and hepatomegaly are other signs/ 
symptoms associated with these tumors. Symptoms of carcinoid 


heart disease (dyspnea, edema) are often late manifestations of 
disease. 22:265,266,280,281 
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Treatment of patients with SI NETs first requires staging the 
extent of disease by imaging studies and also determining whether 
the carcinoid syndrome is present (both discussed later).!0°.6.78? 
Curative resection of the primary NET and adjacent lymph nodes 
improves the 5-year survival rates in patients with local or locore- 
gional SI NETs.’”’ Lymph node involvement around the supe- 
rior mesenteric artery may require lymph node dissection.*® 7°? 
Surgical resection of the primary NET, even in the presence of 
distant metastases, is often recommended (discussed later). At the 
time of surgery, a cholecystectomy is usually performed because 
many patients will subsequently be treated with SSAs that often 
cause biliary sludge and gallstones.7°°7* 

The overall 5-year survival of patients with metastatic SI 
NETs is approximately 70%,’*> with a median survival of 8 to 9 
years.’/0?7273 Survival is very much dependent on the stage of the 
disease (see Table 34.9). Prognostic factors for reduced survival in 
patients with SI NETs include male gender, older age, metasta- 
ses, carcinoid syndrome (especially with carcinoid heart disease), 
and highly elevated urine 5-HIAA levels.??:270,272,274-276,278,284 Tp 
contrast to many other NETs, the size of the primary SI NET 
does not correlate well with biological activity. For example, 
about 46% of tumors smaller than 1 cm are associated with liver 
metastases.777/2778 


Appendiceal NETs (Carcinoids) 


Appendiceal NETs comprise 32% to 80% of appendiceal tumors 
and, in different series, represent 2% to 38% of GI-NETs (car- 
cinoid) (see Table 34.8). Patients with appendiceal NETs tend 
to be middle-aged (mean age, 38 to 51 years).?6°285:286 These 
tumors are less common in males than females and less common 
in Asians than other races. Three to nine appendiceal NETs are 
found for every 1000 appendectomies.??74733746.265.285.287 Most 
(95%) are typical carcinoids. A separate type of appendiceal 
malignancy, adenocarcinoid (also known as goblet cell carcinoid) 
is entirely distinct in clinical behavior and treatment. 

Most appendiceal NETs occur at the tip of the appendix (60% 
to 75%), with 5% to 20% found in the body and 7% to 10% 
at the base of the appendix.?®.’°’ The majority of them (60% 
to 80%) are less than 1 cm in diameter, 5% to 25% are 1 to 2 
cm, and 2% to 17% are larger than 2 cm.*° 8’ Appendiceal 
NETs are usually well-differentiated (G1) tumors (87%), with 
the remainder well-differentiated G2 tumors (13%).?® Poorly 
differentiated G3 appendiceal neuroendocrine carcinomas are 
uncommon (<1%).?°° 

Nearly all appendiceal NETs are discovered incidentally dur- 
ing appendectomy for appendicitis or other reasons. The appen- 
diceal carcinoid only rarely causes the appendicitis.*® In contrast 
to SI NETs, appendiceal NETs very rarely cause the carcinoid 
syndrome (see Table 34.8).7° 

Low-grade NETs in the tip of the appendix measuring <2 cm 
in size are almost never associated with malignant behavior.’*? 
The primary risk factor for locoregional or distant metastases is 
tumor diameter >2 cm. Other negative prognostic factors include 
location of the tumor at the base of the appendix, greater than 
3 mm invasion into the mesoappendix, high-grade tumors, and 
positive resection margins.*°:7** The 5-year survival rate for 
patients with localized disease is 88% to 100%; with regional 
involvement, 78% to 100%; and with distant metastases, 12% 
to 34% (see Table 34.9),74+2.782,288 Because the diagnosis of an 
appendiceal NET is most frequently made as an incidental find- 
ing in the surgical specimen after appendectomy, cross-sectional 
imaging studies may have been performed preoperatively to 
evaluate abdominal pain.!°7 However, if cross-sectional imag- 
ing (e.g., CT, MRI) had not been performed preoperatively, it 
is not recommended postoperatively if the appendiceal NET is 
less than 1 cm in diameter. In a patient with a 1 to 2 cm tumor, 
imaging studies can be considered to rule out the possibility of 
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additional locoregional disease or distant metastases, even if the 
resection was complete.*°> Appendiceal NETs larger than 2 cm, 
with significant mesoappendiceal infiltration, and/or with vascu- 
lar invasion require radiographic staging studies.?® "°° This same 
approach is also recommended in cases where completeness of 
resection is unclear or metastases are present.*® Treatment of 
appendiceal NETs is primarily surgical, but the choice of opera- 
tion depends on several factors: 

For typical tumors 1 cm or smaller without gross metastases, 
with tumor invasion no deeper than the subserosa, with minimal 
(<3 mm) mesoappendiceal invasion, and with clear surgical mar- 
gins, a simple appendectomy is sufficient.?652822857 Fortunately, 
these strict criteria apply to the majority of typical appendiceal 
NETS.” Of 103 such patients treated with a simple appendec- 
tomy and followed for at least 5 years (83 of them for 10 to 35 
years), no patient developed a local recurrence or metastatic dis- 
ease.?”! In the rare case where the appendiceal NET is at the base 
of the appendix, if more than 3 mm of mesoappendiceal invasion 
is present, or if the excision is incomplete, right hemicolectomy 
should be considered.?” 

For appendiceal carcinoids 1 to 2 cm in diameter and, there- 
fore, T2 (ENETS) or T1B (UICC/AJCC) lesions, there is not 
complete agreement on the best treatment.*® Some recommend 
a right hemicolectomy, whereas others recommend a simple 
appendectomy.???°:?8729! ENETS guidelines propose that addi- 
tional criteria be used, namely location and local invasion of the 
tumor.*° If the tumor is located in the base of the appendix or 
if there is mesoappendiceal invasion of more than 3 mm, a right 
hemicolectomy is recommended.?® 

For appendiceal carcinoid tumors larger than 2 cm in diam- 
eter that are T3/T4 (ENETS) or T2b or greater (UICC/AJCC), 
most authorities,?7*’?°! but not all,?’? recommend a right 
hemicolectomy. 

Treatment of patients with distant metastases is discussed 
later. 


Rectal NETs (Carcinoids) 


Rectal NETs are increasing in incidence (see Fig. 34.1).24793-796 
It is unclear whether there is a true increased incidence of these 
tumors or simply better detection because of widespread use of 
lower GI endoscopy for cancer screening and other indications.7”> 
Earlier detection of rectal carcinoid tumors may explain the 
decreasing size of the typical rectal NET over the past decades.’”> 
Rectal carcinoids are found in 1 in every 1500 to 2500 proctosco- 
pies/colonoscopies.?**? In the US, rectal NETs are especially 
common in Asian Americans and less common in Caucasian 
Americans, with African Americans having an intermediate inci- 
dence.?*° In studies from Japan and other Asian countries, rectal 
NETs account for 60% to 90% of all GI-NETs.?97:298 

Rectal NETs are often diagnosed in the sixth decade of life 
and are usually asymptomatic.?46:294,295,298-302 The carcinoid syn- 
drome is very uncommon (0.7%) in patients with rectal NETs 
(see Table 34.8).293302 

Rectal NETs are characteristically small (mean diameter, 0.6 
cm) polypoid lesions that occur on the anterior or lateral walls 
of the rectum 4 to 13 cm above the dentate line.*°? Most (98%) 
rectal carcinoids are well-differentiated NETs that are ENETS/ 
WHO grade G1 (72%) or Grade 2 (28%).7793003? Nearly 80% 
of tumors invade no deeper than the submucosa, with some invad- 
ing into the muscular layer (10%), transmurally (7%), or into 
neighboring structures (5%).°°? Metastases from rectal NETs 
are related to size: those that are less than 1 cm in diameter (the 
majority) rarely metastasize (2% to 5%). In contrast, the meta- 
static rate for tumors that are 1 to 2 cm is 5% to 30%, and the 
metastatic rate jumps to 60% to 80% for the 15% that exceed 2 
cm.74630? The pooled incidence of metastases from rectal NETs 
in the US is 22.6%, with lymph node, liver, bone, mesentery/ 


omentum/peritoneum, and lung the leading sites. Using AJCC 
TNM staging, 81% of rectal carcinoids are stage I, 5% stage II, 
11.5% stage II, and 2.5% stage IV.*0! Overall 5-year survival 
with rectal NETs is 88%, with survival very much dependent on 
the stage of the disease (see Table 34.9).74679379930 Risk factors 
for more advanced disease and worse survival include larger pri- 
mary tumor size (particularly >2 cm); increased depth of invasion; 
poor differentiation; elevated Ki proliferative index; neural, lym- 
phatic, or vascular invasion; and nodal, hepatic, or distant metas- 
tases.293,299,300 

If the rectal NET is relatively large (>2 cm), advanced stages 
are likely and cross-sectional imaging (CT or MRI) as well as 
somatostatin receptor imaging are indicated for staging.’?’ Rectal 
EUS is also important for assessing tumor size, depth of invasion, 
and lymph nodes.?°3:303 

Treatment of rectal NETs depends on their size, level of inva- 
sion, and stage??3:295:299, 

For tumors less than 1 cm in diameter that do not infiltrate 
into the muscularis propria or show lymphovascular invasion or 
lymph node metastases, endoscopic excision is recommended. 
Standard polypectomy can usually be performed, but if local 
mucosal/submucosal invasion is present, a more extensive endo- 
scopic procedure may be appropriate (e.g., EMR or submucosal 
dissection).?93:295,299 

For rectal carcinoids 1 to 2 cm in diameter, the preferred 
treatment is a matter of dispute, with some recommending endo- 
scopic removal and others more aggressive treatment.???79°304 
These tumors have a metastatic rate of 10% to 15% compared 
to 3% in patients with rectal carcinoids smaller than 1 cm.**°79? 
Because some studies show no added benefit of more aggressive 
treatment, guidelines recommend that patients with 1- to 2-cm 
rectal NETs with a low mitotic rate and without invasion into 
the muscularis propria on EUS undergo local endoscopic resec- 
tion, 118,250,293 

For rectal NETs greater than 2 cm in diameter, with their 
much higher metastatic risk of 60% to 80%,?#°" it is generally 
recommended that patients be treated like patients with rectal 
adenocarcinoma, especially if the neoplasm is a T3 or T4 lesion, 
the tumor is grade G3, or if locoregional lymph node involve- 
ment is present, with total mesorectal excision or abdominoperi- 
neal resection, depending on the distance from the tumor to the 
anal verge (see Chapter 127).?79” 

Treatment of patients with metastatic disease is discussed in 
a later section. 


Duodenal and Ampulla of Vater NETs (Carcinoids) 


Duodenal NETs have an annual incidence of 0.19/100,000 in the 
US.*4 They comprise 5% of all GI-NETs.*+?°0 Their incidence 
is lower in England?” and higher in Japan where they comprise 
10% of all GI NETs and were found in almost 10% of autop- 
sies, 118.305 

Most (>90%) duodenal NETs arise from the first or second 
part of the duodenum, with 18% to 20% occurring in the periam- 
pullary region.3°°396 Duodenal somatostatinomas and ganglio- 
cytic paragangliomas show a preference for the ampullary region, 
and the former may be particularly associated with NF1 (see 
Table 34.3).61:118 In fact, 25% of all ampullary NETs are associ- 
ated with NF1.°°” Duodenal NETs are generally small, with a 
mean diameter of 1.2 to 1.5 cm; 75% of them are smaller than 2 
cm.?0 Most (63%) are limited to the mucosa or submucosa, but 
they still can metastasize to lymph nodes (19% to 60% of cases), 
although liver metastases occur in less than 10%.1!8:250,295,299,305 
Most duodenal carcinoids are solitary, but they are multiple in 
9% to 13%, particularly in patients with MEN-1, who comprise 
6% of all patients with duodenal NETs.!!87°03° For example, 
in MEN-1/ZES patients, 80% to 90% of gastrinomas are in the 
duodenum, and they invariably are multiple.o!* 


Duodenal NETs can be divided into 5 subtypes: duodenal gas- 
trinomas (48% to 66%), somatostatinomas (15% to 43%), non- 
functioning NETs (i.e., not associated with a clinical syndrome; 
19% to 27%), gangliocytic paraganglioma (<2%), and poorly 
differentiated neuroendocrine carcinomas (<3 %).4%118247 Many 
studies also differentiate NETs in the ampulla of Vater region or 
periampullary area from other duodenal NETs.!!°7°93° Carci- 
noid syndrome is almost never observed with duodenal NETs.!” 

Duodenal somatostatinomas may contain psammoma bod- 
ies.!!8305 Duodenal gangliocytic paragangliomas contain epi- 
thelial, ganglia, and spindle cells and stain for S-100 protein 
immunoreactive Schwann cells.!!* 

The mean age at presentation is the sixth decade, with a slight 
male predominance.!!%7>%30>306,308 Because the vast majority 
of duodenal NETs are not associated with a clinical syndrome, 
they are usually diagnosed during EGD for nonspecific symp- 
toms. | 18:250,305,306,309 The most frequent functional syndromes are 
ZES (10%) and carcinoid syndrome (4%); other syndromes (see 
‘Table 34.1) are rare (<1%).7°° Periampullary NETs most often 
(50% to 60%) present with jaundice and may also cause pain, 
nausea/vomiting, and diarrhea. 118:250.307 

The 5-year survival rate in patients with well-differentiated 
duodenal NET’ is 80% to 95%. Five-year survival for those with 
duodenal gastrinomas is above 90%.’?:!6 Poor prognostic factors 
include distant metastases, advanced stage, larger primary tumor 
size, depth of invasion into the muscularis mucosa or beyond, 
increased mitotic activity, and poorer differentiation.?47303,306 
Ampulla of Vater NETs may show different growth characteris- 
tics than other duodenal NETs, as the size of the ampullary NET 
does not correlate with the development of liver metastases.7*” 

EGD with biopsies is the most common method to diagnose 
duodenal NETs, and it should be followed by EUS to assess 
the level of invasion.’*° For patients with suspected or proved 
advanced disease, CT (or MRI) and somatostatin-receptor imag- 
ing are indicated. 

‘Treatment is based on size, location, and type of NET: 


° Small (<1 cm) nonampullary duodenal NETs can be removed 
endoscopically if no metastases are present and tumor inva- 
sion is limited to the mucosa or submucosa.!1824 However, if 
the duodenal NET is located in the ampullary region, surgical 
resection with lymphadenectomy is recommended. 

e For intermediate-sized (1 to 2 cm) duodenal NETs, surgical 
treatment is generally recommended. !!*3!0-313 

e Large (>2 cm) duodenal NETs, or one of any size with lymph 
node involvement, should be treated by surgical resection.?“” 

e For patients with sporadic (non-MEN-1) ZES and duodenal 
gastrinomas, surgical exploration with duodenotomy and re- 
section, rather than endoscopic treatment, is recommended 
because the duodenal gastrinomas are almost always submu- 


cosal, and lymph node metastases are present in at least half of 
cases, 715118172 


For the minority of patients with a functional hormonal syn- 
drome from a duodenal NET, specific therapy should be given to 
control symptoms, as discussed earlier. 


Colonic NETs (Carcinoids) 


Colonic NETs (excluding those in the rectum and the appendix) 
occur with an annual incidence of 0.06 to 0.19/1,000,000.24293,296 
Colonic NETs represent 11% of all GI NETs.7*° 

The majority of colonic NETs occur in the cecum, with the 
remainder arising in the ascending, transverse, descending, and 
sigmoid colon (11%, 8%, 4%, and 9%, respectively).*!+ Cecal 
NETs belong to the “midgut NET” category and are often asso- 
ciated with carcinoid syndrome when metastatic. Colonic NETs 
tend to be large with more than half greater than 5 cm.*!*+ These 
tumors are often malignant, with metastases to lymph nodes 
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(55%), liver (53%), mesentery/omentum/peritoneum (24%), 
lung (8%), and bone (4%) already present at the time of diag- 
nosis.?9>.299.3!4 Only 14% are limited to the mucosa/submucosa; 
another 10% have invasion into the muscularis propria. The 
remaining 76% having transmural invasion or involve adjacent 
structures.’ 14 

The overall 5-year survival rate of patients with colonic NETs 
is 33% to 70%, and survival varies considerably by stage (see Table 
34.9).2%314 A worse prognosis is associated with older age, lymph 
node and/or distant metastases, poor tumor differentiation, larger 
tumor size, deeper tissue invasion, and histologic atypia.?”>314,315 

The mean age of presentation is 55 to 65 years with a slight 
male predominance.’??*'+ Increasingly, colonic NETs are 
asymptomatic and found on cancer screening colonoscopy. Car- 
cinoid syndrome occurs in 5% to 12% of patients with colonic 
NETs, primarily originating in the cecum.? 14,315 

Most localized colonic NETs should be treated surgically 
with appropriate lymphadenectomy. Exceptions are very small, 
superficial, and low-grade tumors.’?’3!> ‘Treatment of patients 
with distant metastases is discussed later. 


CARCINOID SYNDROME 


The carcinoid syndrome develops in approximately 8% of 
patients with GI-NETs (range, 2% to 18%).7333!633> Its symp- 
toms are summarized in Table 34.11, predominantly in patients 
with metastatic SI (midgut) NETs. 


Pathophysiology 


The carcinoid syndrome occurs when sufficient concentrations 
of hormonal products released by the tumor reach the systemic 
circulation. Its occurrence and severity are related to the tumor 
size in areas that drain into the systemic circulation. In more than 
90% of cases, this syndrome occurs with metastatic disease, espe- 
cially to the liver.??733.335-338 

Patients may develop a typical or an atypical carcinoid syn- 
drome.?***7!33? In the typical syndrome, hydroxylation of tryp- 
tophan to 5-hydroxytryptophan (5-HTP) is the rate-limiting 
step (see Fig. 34.7). Once formed, 5-HTP is converted rapidly to 
5-hydroxytrytamine (5-HT; or serotonin) by aromatic L-amino 
acid decarboxylase. Serotonin is either stored in the tumor’s neu- 
rosecretory granules or released into circulation, where most of 
it is taken up and stored by platelets. A small amount of 5-HT 
remains in the circulation, where most of it is converted to 
5-hydroxy indole acetic acid (5-HIAA) by monoamine oxidase 
and aldehyde dehydrogenase. The 5-HIAA so produced is then 
excreted in urine.**>37!349 In the atypical carcinoid syndrome the 
tumor is thought to be deficient in aromatic L-amino acid decar- 
boxylase. Thus, the NET cannot convert 5-HTP to 5-HT (sero- 
tonin), and the 5-HTP is secreted into the circulation.2°°3?!340 
Plasma serotonin levels are normal in this situation, but urinary 
5-HT levels are usually elevated because some of the circulating 
5-HTP is decarboxylated to 5-HT in the kidney and excreted as 
5-HT (or 5-HIAA). Patients with foregut NETs are more likely 
to excrete high levels of 5-HTP in the urine and present with the 
atypical carcinoid syndrome. However, there is considerable over- 
lap in 5-HTP, 5-HT, and 5-HIAA urinary excretion from patient 
to patient with carcinoid syndrome.*"” 

Originally, symptoms of the carcinoid syndrome were attrib- 
uted to serotonin.2??3332! However, the role of serotonin in 
flushing remains unclear.” The cause of the flushing may dif- 
fer depending on the tumor type. In patients with gastric NETs, 
the red, patchy, pruritic flush is thought to be caused by hista- 
mine, because this type of flushing can be prevented by H; and 
H, antihistamines.?°>?>?49 Other candidates for mediators of 
flushing include tachykinins (substance P, neurokinins) and other 
GI peptides. 1232534134 
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TABLE 34.11 Clinical Features in Patients With the Carcinoid Syndrome 


Feature At Presentation, % (Range) 


During Disease Course, % (Range) 


Flushing 70 (23-100) 
Diarrhea 69 (32-93) 
Carcinoid heart disease 26 (11-40) 
Wheezing/asthma 11 (4-14) 
Pellagra 2 (0-7) 


78 (45-96) 
78 (58-100) 
30 (14-41) 
12 (3-18) 

1 (0-5) 


Data for features at presentation are from Davis Z, Moertel CG, Mcllrath DC. The malignant carcinoid syndrome. Surg Gynecol Obstet 1973;137:637—-44; 
Norheim |, Oberg K, Theodorsson-Norheim E, et al. Malignant carcinoid tumors. An analysis of 103 patients with regard to tumor localization, hormone 
production, and survival. Ann Surg 1987;206:115-25; Garland J, Buscombe JR, Bouvier C, et al. Sandostatin LAR (long-acting octreotide acetate) for 
malignant carcinoid syndrome: a 3-year experience. Aliment Pharmacol Ther 2003;17:437-44. 

Data for features during disease course are from Feldman JM. Carcinoid tumors and syndrome. Semin Oncol 1987;14:237-46; Soga J, Yakuwa Y, Osaka 
M. Carcinoid syndrome: a statistical evaluation of 748 reported cases. J Exp Clin Cancer Res 1999;18:134—41; Norheim |, Oberg K, Theodorsson- 
Norheim E, et al. Malignant carcinoid tumors. An analysis of 103 patients with regard to tumor localization, hormone production, and survival. Ann Surg 
1987;206:115-25; Kvols LK, Moertel CG, O’Connell MJ, et al. Treatment of the malignant carcinoid syndrome. Evaluation of a long-acting somatostatin 
analogue. N Engl J Med 1986;315:663-6; Garland J, Buscombe JR, Bouvier C, et al. Sandostatin LAR (long-acting octreotide acetate) for malignant 
carcinoid syndrome: a 3-year experience. Aliment Pharmacol Ther 2003;17:437-44; Ruszniewski P, Ish-Shalom S, Wymenga M, et al. Rapid and sus- 
tained relief from the symptoms of carcinoid syndrome: results from an open 6-month study of the 28-day prolonged-release formulation of lanreotide. 
Neuroendocrinology 2004;80:244-51; Khan MS, El-Khouly F, Davies P, et al. Long-term results of treatment of malignant carcinoid syndrome with 
prolonged release Lanreotide (Somatuline Autogel). Aliment Pharmacol Ther 2011;34:235-42; Moertel CG, Rubin J, Kvols LK. Therapy of metastatic 
carcinoid tumor and the malignant carcinoid syndrome with recombinant leukocyte A interferon. J Clin Oncol 1989;7:865-8. 


The pathogenesis of diarrhea in patients with carcinoid syn- 
drome is also complex. Patients with the carcinoid syndrome 
have increased 5-HT-mediated colonic motility with a shortened 
intestinal transit time and, possibly, an alteration in intestinal 
secretion/absorption.*+.>++ Serotonin overproduction is probably 
responsible for diarrhea in most patients. 16:733:325,343,344 

Serotonin (in combination with histamine) may be responsible 
for producing bronchospasm. With respect to the pathogenesis 
of carcinoid heart disease,*!733!345 patients with heart disease 
have higher urinary 5-HIAA excretion and have higher plasma 
levels of tachykinins and other peptides than those without heart 
disease. !2.316.518.328,346,347 Serotonin may be the most important 
pathogenetic factor.??331:345:348 Carcinoid-like valvular plaques/ 
fibrosis occur in animals receiving serotonin long term, as well 
as in animals deficient in the serotonin transporter gene.°*! Fur- 
thermore, serotonin stimulates subendocardial cells in culture 
and collagen synthesis by heart valve interstitial cells.*!73! The 
valvular heart disease caused by appetite suppressant drugs such 
as the serotonin agonist drug dexfenfluramine is indistinguish- 
able from carcinoid heart disease. Serotonin may also be involved 
in other fibrotic reactions sometimes seen in the carcinoid syn- 
drome, such as retroperitoneal fibrosis.?33:320,327 


Clinical Features and Diagnosis 


The carcinoid syndrome is predominantly associated with mid- 
gut (SI) NETs. The most frequent symptoms are spontaneous 
cutaneous flushing (see Fig. 34.8) and diarrhea, followed by bron- 
chospasm with wheezing and asthmatic symptoms and, later in 
the course of the disease, carcinoid heart disease with primarily 
right-sided heart failure (see Table 34.11). 

The typical carcinoid flush is the sudden appearance of a deep 
red erythema of the upper part of the body, primarily the face 
and neck (see Fig. 34.8).°+°>° Flushes are often associated with 
an unpleasant feeling of warmth, occasionally with lacrimation, 
itching, palpitations, facial or conjunctival edema, and diarrhea. 
Flushes may be spontaneous or be precipitated by stress, alcohol, 
certain foods such as cheese, or exercise, or be pharmacologically 
induced by injections of catecholamines, calcium, or pentagas- 
trin.?*7> Flushes may be brief, lasting 2 to 5 minutes, especially 
initially, or may be prolonged for hours, especially later. With 
respiratory tract NETs, the flushes can be frequently prolonged 
(lasting for hours to days), reddish in color, associated with 


Fig. 34.9 Carcinoid heart disease. Note fibrotic thickening of the 
cusps of the pulmonary valve and the endocardium in a patient with 
small intestinal carcinoid tumor and liver metastases. 


salivation, lacrimation, diaphoresis, facial swelling, palpitations, 
deep furrowing of the forehead, diarrhea, and hypotension. The 
flushing with respiratory tract carcinoids has a greater tendency 
to cause diffuse body involvement, and after repeated flushing of 
this type, patients may develop a constant red or cyanotic col- 
oration. The atypical flush associated with gastric NETs is also 
reddish in color but patchy in distribution over the neck and face. 
It is frequently provoked by food intake, with erythema associ- 
ated with blotches and wheals with central clearing, frequently 
occurring around the neck and on the arms, and the lesions are 
frequently associated with pruritus.” 

Diarrhea usually (85% of cases) occurs with flushing, but it 
may occur alone in 15% of cases.!6??!345 The diarrhea is usu- 
ally watery; less commonly it is frothy or the pale bulky stool of 
steatorrhea, with 2 to 30 stools per day. Most patients (60%) have 
fecal outputs less than 1 L/day.!° Abdominal pain may be present 
with the diarrhea or independently. 16 

Carcinoid heart disease can be a late manifestation of carci- 
noid syndrome (Fig. 34.9; also see Table 34.11).3!6373328 Fibrous 
deposits are diffuse and are found most commonly on the ventric- 
ular aspect of the tricuspid valve and the associated chordae, and 
less commonly on the pulmonary valve cusps.?333!732333! Valvu- 
lar lesions on the left side of the heart occur in 30% of autopsy 
cases, most frequently occur on the mitral valve, and are less 


extensive than in the right heart.” Tricuspid regurgitation is the 
most common result (90% to 100%), followed by tricuspid ste- 
nosis (43% to 59%), pulmonary regurgitation (50% to 81%), and 
pulmonary stenosis (25% to 59%).>!8523.333 At diagnosis, 27% to 
43% of patients with carcinoid heart disease are functional class 
I, 30% to 40% are class II, 13% to 31% class III, and 3% to 12% 
class IV.!8329 Carcinoid heart disease appears to be decreasing in 
frequency and severity.’ 18331 This decrease has been attributed 
to widespread use of SSAs, which control the release of serotonin, 
tachykinins, and other biologically active agents thought to be 
important in the pathogenesis of carcinoid heart disease.” 18:331 

Wheezing or asthma-like symptoms, pellagra-like skin lesions 
with hyperkeratosis and hyperpigmentation, arthritis/arthralgias, 
changes in mental state or confusion, ophthalmic changes during 
flushing, and cognitive impairment may also occur.?332 Fur- 
thermore, a variety of noncardiac problems caused by increased 
fibrous tissue have been reported in patients with carcinoid syn- 
drome, including retroperitoneal fibrosis, Peyronie disease of 
the penis,**! intra-abdominal fibrosis (especially with SI NETs), 
pleural and pulmonary fibrosis, skin fibrosis, and occlusion of the 
mesenteric arteries or veins.??0327 

A serious complication of the carcinoid syndrome is a carcinoid 
crisis??? Carcinoid crises are usually precipitated during proce- 
dures such as surgery, anesthesia, chemotherapy, endoscopy, or 
interventional radiologic procedures (¢.g., biopsies, hepatic tumor 
embolization).?”3?7324320354 Symptoms of crisis include extreme 
changes in blood pressure (usually hypotension, but sometimes 
hypertension), confusion, stupor, profound flushing, diarrhea, 
bronchospasm, hyperthermia, and cardiac arrhythmias.??323 

Carcinoid syndrome should be suspected in a patient with a 
carcinoid tumor if any of the typical symptoms are present (see 
Table 34.11). To confirm the syndrome, serotonin or one of its 
breakdown products is generally measured (see Fig. 34.7). In one 
study??? of patients with carcinoids, urinary 5-HIAA/serotonin 
levels were elevated in 14%/18% of foregut, 76%/46% of mid- 
gut, and 0% of hindgut carcinoids.*°? A 24-hour urine 5-HIAA 
measurement is generally more specific than serum serotonin 
measurement. There is a very close correlation between a single 
plasma 5-HIAA determination and the 24-hour urinary 5-HIAA 
excretion, ® raising the possibility that plasma measurements 
could replace the more inconvenient urinary collection that is 
currently the gold standard but that does not always yield reliable 
results because of incomplete and improper collection.**? 

False-positive urinary 5-HIAA results may occur if the 
patient is eating serotonin-rich foods, such as bananas, plan- 
tains, pineapple, kiwi fruit, walnuts, hickory nuts, pecans, and 
avocados.*>+?° Guaifenesin, acetaminophen, salicylates, and 
levodopa may also affect urinary 5-HIAA levels.?>3:3?5:356 Eleva- 
tions of urinary 5-HIAA can also occur in intestinal malabsorp- 
tion and other conditions.**> In foregut NETs that produce 
an atypical carcinoid syndrome with increased plasma 5-HTP 
levels (see Fig. 34.7), the urinary 5-HIAA may not be mark- 
edly increased. If one properly controls dietary and medica- 
tion intake, the normal range for urinary 5-HIAA excretion is 
between 2 and 8 mg/day, although using a higher cut-off (15 
mg/day) may reduce false-positive results.*°> Many patients with 
serotonin-secreting NETs have urinary 5-HIAA excretions in 
the 8- to 30-mg/day range. In one study, urinary 5-HIAA deter- 
minations had a 73% sensitivity and 100% specificity for the 
carcinoid syndrome.*¥ 

Diagnostic difficulties are common in patients who flush for 
reasons other than the carcinoid syndrome, who have the syn- 
drome but do not flush, who have tumors such as foregut carci- 
noids where 5-HIAA may be normal or minimally elevated, or 
in rare patients who flush without metastatic disease.****>” The 
differential diagnosis of flushing is extensive and includes meno- 
pausal hot flashes, reactions to alcohol and glutamate, adverse 
effects to medications (e.g., chlorpropamide, calcium channel 
blockers, nicotinic acid), chronic myelogenous leukemia, and 
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systemic mastocytosis.*°’ None of these flushing conditions 
causes increased urinary 5-HIAA excretion. 


Treatment 


SSAs are the first-line drugs of choice for treatment of carcinoid 
syndrome.?*33°535? Use of somatostatin itself is limited by its short 
half-life (2.5 to 3 minutes).7?*3°° With the development of the 
synthetic SSAs such as octreotide, subcutaneous treatment can be 
given every 6 to 12 hours.?*33%.36! Sustained-release formulations 
(octreotide LAR and lanreotide depot injection) allow control of 
carcinoid symptoms in the majority of patients with once-every-4 
week administration.*°*3 Octreotide LAR is administered as an 
intramuscular injection, whereas lanreotide is administered as a 
deep subcutaneous injection. Both octreotide and lanreotide share a 
similar mechanism of action, binding avidly to somatostatin recep- 
tor subtype 2, and to a lesser extent with subtype 5.°°+?® Individual 
responses vary, and some patients require higher doses or more 
frequent dosing over time.*°°3°* To prevent a carcinoid crisis, 
patients with carcinoid syndrome undergoing procedures should 
receive an additional somatostatin analog.?°?°? A supplementary 
subcutaneous bolus dose of 250 to 500 ug octreotide should be 
given within 1 to 2 hours before the procedure.”°” For emergency 
surgery in therapy-naive patients, current guidelines recommend a 
500- to 1000-pg IV bolus of octreotide or 500 ug subcutaneously 
1 to 2 hours before the procedure,” although some use higher 
doses,**+ and others advise a continuous infusion of octreotide.2°” 

Short-term adverse effects of SSAs are common, mild, and 
brief; most frequent are pain at the injection site, nausea, and 
diarrhea. Long-term side effects are usually mild and uncom- 
monly lead to drug discontinutation.”4732,733.399.379 These include 
biliary sludge/stones, steatorrhea, and deterioration in glucose 
tolerance.”*?33366 The incidence of biliary disease in patients 
treated long term with octreotide is approximately 30%, with 
most patients developing sludge and 1% to 10% developing 
symptomatic gallbladder disease.?4732,233.367 

For a patient with severe refractory carcinoid syndrome and 
liver-dominant disease, hepatic artery embolization (discussed 
later) is palliative in most cases.733.37!-373 

Patients who develop refractory diarrhea while on standard 
doses of a SSA may benefit from treatment with telotristat ethyl, 
an oral tryptophan hydroxylase inhibitor. In the phase IM TELE- 
STAR trial, 135 patients with refractory diarrhea (defined as 24 
bowel movements a day) were randomized to receive telotristat at 
2 doses (250 mg tid and 500 mg tid) versus placebo (while continu- 
ing on a stable dose of SSA).3’* The primary endpoint was reduc- 
tion in daily bowel movement frequency. After a 12-week double 
blind duration, mean reductions in daily bowel movements were 
0.81 for the 250 mg dose, and 0.69 for the 500 mg dose. Both doses 
of telotristat reduced levels of urine 5-HIAA by about 50%. As a 
result of this trial, the 250 mg tid dose of telotristat was approved 
for management of refractory diarrhea. The drug is relatively well 
tolerated with mild nausea and asymptomatic increases in serum 
GGPT observed in some patients. Constipation is a rare side effect. 

In patients with symptomatic carcinoid heart disease, valve- 
replacement surgery is typically indicated.’ 17:329:331,345,375 With 
the improved ability to control the carcinoid syndrome preopera- 
tively and perioperatively, cardiac valve surgery—associated mor- 
tality has decreased to 10%, and the median survival after surgery 
can be as long as 11 years.’ 77> The major indication for valve 
surgery is right heart failure.**> Cardiac surgery is associated with 
a mortality reduction. ??°45 


TUMOR LOCALIZATION 


Management of patients with NETS (pNETs and GI-NETs) 
requires determination of the tumor extent (stage) and, when 
possible, the site of the primary tumor.!?77°°369376377 Many 
tumor localization modalities are available.!272,98369.377 
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Endoscopy 


As discussed earlier, endoscopy is essential for detection of pri- 
mary gastroduodenal and colorectal NETs, as well as NETs orig- 
inating in the terminal ileum adjacent to the ileocecal valve.*”* 
Occult primary SI NETs can sometimes be detected by capsule 
endoscopy or double-balloon enteroscopy, although routine use 
of these modalities is not routinely necessary or recommended. 
Typically, presence of a typical mesenteric mass on cross-sec- 
tional imaging is indicative of a primary SI tumor. 


Endoscopic Ultrasonography 


EUS facilitates T staging (and possibly N staging) of gastric and 
rectal NETs.12247,250,260,299,379-381 EUS is also quite sensitive in 
detecting pNETs”*!783*? and at providing histological confir- 
mation of disease via FNA. EUS detects approximately 80% of 
insulinomas (range, 57% to 92%), which is superior to conven- 
tional imaging studies.!?"”! EUS also detects approximately 70% 
of gastrinomas (range, 40% to 100%).!23”? In MEN-1 patients, 
EUS can detect pNETs not seen by other modalities and may 
prove particularly useful for serial assessments of the size of small 
lesions that are not resected when diagnosed.!77*! 


Computed Tomography and Magnetic Resonance 
Imaging 

Abdominal CT and MRI are widely used to assess primary NET 
location and tumor staging.?7776377382385 Many SI NETs are too 
small to be seen on CT or MRI. Insulinomas and duodenal gas- 
trinomas are also usually small (<1 cm), whereas most noninsu- 
linoma pNETs present late in their course and are large (>4 cm) 
and more easily imaged.!7/10! 

To enhance conspicuity of liver metastases, 3-phase CT imag- 
ing is recommended using arterial phase (roughly 20 seconds 
from contrast administration) as well as venous phase (roughly 
70 seconds) and noncontrast imaging. Multiphasic imaging can 
also improve sensitivity of CT scans to detect small pancreatic 
NETs. MRI is even more sensitive than CT scans for detection of 
liver metastases. For patients undergoing gadolinium-based MRI 
scans, gadoxetate disodium (Eovist) contrast with hepatobiliary 
phase imaging improves conspicuity of small liver metastases.*°° 


Somatostatin Receptor Imaging 


Somatostatin-receptor imaging is useful both for optimal 
whole-body staging of disease as well as assessment of soma- 
tostatin-receptor expression. The latter function is important 
for assessing potential benefit of treatment with SSAs and 
radiolabeled SSAs (discussed later). In the past, somatostatin- 
receptor scintigraphy (SRS)  using!!'Indium-pentetreotide 
(OctreoScan) was the primary method of somatostatin-receptor 
imaging. More recently, PET-based®*Gallium imaging using 
edotreotide (dotatoc, dotanoc, or dotatate, the latter commer- 
cially approved) with CT fusion provides greater sensitivity and 
higher spatial resolution.**’ For somatostatin-receptor express- 
ing tumors,°*Ga-dotatate PET offers improved sensitivity for 
detection of metastases as well as small primary tumors com- 
pared to either CT or MRI scan. Studies have shown that an 
appropriately ordered®*Ga-dotatate scan can influence clini- 
cal decision making in a substantial proportion of cases.*** 
Although not routinely indicated for surveillance of disease, 
somatostatin receptor imaging should be performed at baseline 
in most patients with well-differentiated tumors, as well as prior 
to consideration of treatment with radiolabeled SSAs, and prior 
to procedures such as surgery or liver embolization where opti- 
mal localization of tumors can be beneficial. 

Other scanning methods for tumor localization in selected 
patients with GI-NETs have been described recently but are not 


widely available. Insulinomas overexpress receptors for GLP-1, 
and one study*®*? demonstrated that a radiolabeled GLP-1 ana- 
log can detect occult insulinomas not localized by other imaging 
modalities.!!C- and !8F-labeled levodopa has been used to visual- 
ize NETs using PET”; !!C-5-HTP has also been used.??387 
PET using !8F-deoxyglucose (FDG) may also be helpful in the 
subset of NETs with high proliferative rates and poor cell dif- 
ferentiation (discussed later).3773939! 


TREATMENT OF METASTATIC DISEASE 


Because of the effectiveness of medical therapy (e.g., long- 
acting SSAs) for patients with carcinoid syndrome and func- 
tional pNETs, survival of these patients is increasingly 
being determined by the tumor’s biology and growth pat- 
tern, 202794100, 110,207,215-220,222-225,232,261,274,361,364,392-502 NETs can 
grow at different rates in different patients, and rate of growth 
is a prognostic factor. In general, metastatic NETs are relatively 
slow-growing compared with more common adenocarcino- 
mas, although poorly differentiated neuroendocrine carcinomas 
are highly aggressive.?*!76443.503 Basic categories of treatment 
include cytoreductive hepatic surgery, liver-directed emboliza- 
tion therapies, and systemic treatments. 


Cytoreductive Surgery 


Removal of resectable metastatic tumor (cytoreductive surgery, 
debulking, and metastasectomy) is often considered, although 
there are no controlled studies to establish its value. !?67:°498,146 
204,265,369,394,411,504 Hepatic cytoreductive surgery may be recom- 
mended if it is thought that more than 90% of liver metastases 
can be resected, with 5-year survival rates of 75% to 80% and 
occasional cures, !2:67.94146,204,265,369,394,411,467,504 hut such a resec- 
tion is possible in only 5% to 15% of patients. Hepatic cytore- 
ductive surgery may also be required in patients with functional 
NETs when other therapies cannot reduce plasma hormone lev- 
els sufficiently to control symptoms.!” 

Mesenteric adenopathy and/or fibrosis may develop in the 
mesenteric root in some patients with SI NETs, with resul- 
tant intestinal obstruction, abdominal pain, and other symp- 
toms.?*?;433498 Some recommend that mesenteric disease should 
be debulked in such patients, even if they have liver metasta- 
ses, 24265,282,433,468,498,502 an approach that can relieve or prevent 
symptoms and may prolong survival.#709433,468,498.502 At the time 
of cytoreductive surgery, prophylactic cholecystectomy is some- 
times performed because of the risk of biliary sludge or stones 
from future long-term treatment with SSAs.7°-#33,478 


Liver-directed Nonsurgical Therapies 


Several liver-directed therapies target hepatic metastases from 
NETs. Although they are widely used and mentioned in manage- 
ment guidelines, there are no completed randomized trials compar- 
ing them.?°?369402,50? "These liver-directed, nonoperative approaches 
are primarily considered in patients with unresectable NETs with 
metastases that are limited to the liver or liver-dominant, particularly 
in patients with functional syndromes in whom the hormone excess 
state cannot be well controlled by other modalities.3°?372" 


Radiofrequency Ablation (RFA) and Other Ablative 
Methods 


Locally ablative techniques, RFA, ethanol injection, and cryo- 

therapy of hepatic metastases from NETs can be performed at 
PY p sue pe , 

the time of surgery or percutaneously using interventional radio- 
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logic techniques.?+293.371438.458,480,482,497 RFA is the most widely 
used, increasingly in combination with other techniques such as 
cytoreductive surgery.709371458,458.480,482,497 Relative contraindi- 
cations to RFA include large lesions (>3.5 cm), numerous lesions 

g! 


(>5), and metastases adjacent to vital structures.?!369.371,438,458,480,482 
Response rates are 80% to 95%, with some responses lasting as long 
as 3 years.20?.371,438497 RFA has a lower complication rate (<15%) 
compared to cytoreductive surgery or hepatic embolization (dis- 
cussed next), and RFA results in shorter hospital stays. Serious com- 
plications of RFA include bleeding or abscess formation.?03371497 
Although the value of RFA has not been established in a controlled 
trial, some guidelines endorse RFA as an effective therapy.”+ 14636 


Hepatic Artery Embolization and Chemoembolization. 


Most NETs are highly vascular, and interrupting their arterial 
supply can selectively damage the tumor; the uninvolved liver is 
less susceptible because it receives the majority of its blood from 
the portal vein (see Chapter 71).°+37!:435 Options include transar- 
terial embolization (TAE) alone or combined with intra-arterial 
chemotherapeutic agents (TACE). The most common chemo- 
therapy drugs used with TACE are doxorubicin, 5-fluorouracil 
(5-FU), cisplatin, mitomycin C, or streptozotocin.?437143>.40 
Embolic particles include microembospheres, polyvinyl alcohol 
particles, or gel foam powder.396:425,451 

Complete or relative contraindications to TAE or TACE 
include portal venous occlusion, significant liver dysfunc- 
tion, involvement of greater than 50% to 75% of the liver with 
tumor, surgical biliary reconstruction, and poor performance 
status.7423.571396599-8> From 60% to 100% of patients treated 
with TAE or TACE have symptomatic improvement, and 25% 
to 86% have an objective tumor response for a highly variable 
period of time.*7!39?+3945! In patients with the carcinoid syn- 
drome, TAE or TACE reduces symptoms in 64% to 75%, and 
5-HIAA excretion/tumor markers in 50% to 70% .486905 

Five-year survival rates post embolizations are 30% to 50% in 
patients with a metastatic GI-NET and 20% to 35% in patients 
with a metastatic pNET.9+37!;49 Both TAE and TACE can lead 
to death (<6%) and to morbid complications (10% to 80%), 
including a post embolization syndrome of abdominal pain, fever, 
and nausea/vomiting.?0>:371,396,399,442,451 Serious complications are 
uncommon and include gallbladder necrosis, hepatic failure, liver 
abscess, and renal failure.’*203,371,396,399,442,451 Recent guidelines 
concluded that, in centers with experience with the procedure(s), 
TAE or TACE should be considered for palliative treatment in 
patients with liver-dominant, metastatic NETs that are unresect- 
able.146:36 There are no completed prospective randomized stud- 
ies comparing TAE with TACE.**¢ 


Hepatic Radioembolization 


Another embolic option for patients with unresectable liver-dom- 
inant NETs is radioembolization using ?°Yttrium (°Y) micro- 
spheres, referred to as selective internal radiation therapy (SIRT). 
‘Two types of ?°Y microspheres can be used: resin (SIR-spheres, 
Sirtex Medical, Australia) and glass (Thera Spheres, Nordion, 
Canada).?+3>+88 Just prior to intra-arterial administration of °°Y 
microspheres, a hepatic angiogram is performed to determine that 
the catheter tip is in the appropriate location and to avoid injection 
of the microspheres into duodenal or cystic arteries, which could 
result in duodenal ulceration or cholecystitis, respectively.?+4*° 
Another serious complication to avoid is radiation pneumonitis 
due to shunting of the Y microspheres to the lung.”**** ‘This 
latter complication can largely be prevented by confirming that 
the degree of lung shunting on scintigraphy is 10% or less and by 
adjusting the Y dose.?+446488 A post embolization syndrome 
is common following SIRT.*°° Grade 2 constitutional side effects 
(weight loss, fatigue, fever) occur in 43% of patients, and GI side 
effects are common. Grade 3 short-term adverse effects are rare. 
However, long-term radiation-induced liver disease represents an 
important concern, particularly in patients with extensive bilobar 
metastases. The manifestations of this complication include jaun- 
dice, ascites, and a pseudo-cirrhotic appearance of the liver caused 


CHAPTER 34 Neuroendocrine Tumors 495 


by damage to intrahepatic bile ducts.’ The response rate to SIRT 
is 55% (range, 12% to 89%); stable disease occurs in another 32% 
(range, 10% to 60%).?+3°> Symptom improvement, including 
improved quality of life, is seen in half of patients, with a mean 
survival of 30 months.”4477-47.455 


Liver Transplantation 


Liver transplantation is used in a small number of patients 
with metastatic GI-NETs, although its use is controver- 
sial .°4369,421,439,445,446,465,472,907 In one review, the overall 
5-year survival rate after transplantation was 52%, and dis- 
ease-free survival was 30%. The surgical mortality rate is 
10% to 14%.14:446 In the UNOS database, overall 1-, 3-, 
and 5-year survival rates were 81%, 65%, and 49%, respec- 
tively.*”? Factors predicting a poor outcome were a major 
resective surgery concurrent with the liver transplant, poor 
tumor differentiation, and hepatomegaly. With the recogni- 
tion of these poor prognostic factors, the overall 5-year sur- 
vival rate increased to 59% after the year 2000. Reanalysis 
for additional predictors of poor outcome identified age older 
than 45, hepatomegaly, and major or minor resective surgery 
concurrent with liver transplantation.**? Additional adverse 
risk factors?#43°;46.465.472 may include a primary NET in the 
duodenum or pancreas,**° extrahepatic metastases at the time 
of transplantation, extensive (>50%) liver involvement, and 
Ki67 index above 10%.%4+°> Generally, guidelines restrict 
liver transplantation to patients with liver-only disease, or 
to patients with minimal and resectable extra-hepatic tumors 
(i.e., unresected primary sites). 


Somatostatin Analogs 


SSAsnotonlycontrolhormonerelease from functional NETs butalso 
have an inhibitory effect on tumor growth, !?77:94100,365,401,405,424,508 
despite a negligible objective response rate. The precise mechanism 
for this antiproliferative effect is not clear. Except for insulinomas, 
over 90% of all well-differentiated GEP-NETs possess somatosta- 
tin receptors that can activate intracellular cascades that reduce cell 
proliferation. Somatostatin can also inhibit the release of growth 
factors from the NET or from adjacent cells, and can have anti- 
growth effects on other cells that may contribute to cancer growth 
(e.g., vascular, stromal, immune cells).360:401,508 

Two pivotal phase III trials have established the inhibitory 
effects of SSAs on tumor growth. PROMID randomized 85 
patients with well-differentiated, low-grade metastatic midgut 
NETS to receive octreotide LAR 30 mg every 4 weeks versus 
placebo. Median time to progression, the primary endpoint, 
improved from 6 months on placebo to 14.3 months with octreo- 
tide LAR (P < .001).°® There was no significant effect on over- 
all survival, possibly because of the small number of patients 
who died during the study and the ability of patients receiving 
placebo to cross over to active drug after disease progression. 
In the CLARINET trial, 204 patients with enteropancreatic 
NETs (somatostatin receptor positive, ki-67 index <10%) were 
randomized to receive lanreotide 120 mg every 4 weeks versus 
placebo.* The large majority of patients (96%) had stable dis- 
ease prior to randomization. At the time of data analysis, median 
progression-free survival (PFS) was 18 months with placebo but 
had not been reached with lanreotide (HR 0.47; P < .001). Side 
effects of lanreotide included diarrhea, abdominal pain, and cho- 
lelithiasis. 

As a result of the PROMID and CLARINET studies, both 
octreotide and lanreotide are recommended by various guide- 
lines for management of somatostatin-receptor positive GEP- 
NETs. Due to similar mechanisms of action and outcomes, 
there is little data to favor use of one SSA versus the other, nor 
is there any data supporting use of one SSA after progression 
on the other. 
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Interferon-a 


Similar to SSAs, interferon-o is effective at controlling symptoms 
of hormone excess states in functional GI-NETs and also has 
antiproliferative effects that primarily result in disease stabiliza- 
tion (30% to 80%) rather than causing a decrease in tumor size 
(<15%).24407-30,509 The antiproliferative effect of interferon is 
thought to be mediated by several mechanisms: inhibiting DNA 
synthesis, blocking cell-cycle progression in G1 phase, stimu- 
lating an increase in bcl-2, inhibiting protein synthesis, inhib- 
iting angiogenesis via decreased expression of VEGF/VEGER, 
and inducing apoptosis.?+0991.50 Adverse effects of interferon 
include flu-like symptoms, anorexia, fatigue, myelosuppression, 
and hepatotoxicity. As a result of these side effects and lack of 
well-powered randomized trials confirming benefit, interferon-a 
is rarely used for management of GEP-NETs, and considered 
controversial in guidelines (NCCN category 3).°°? 


Everolimus 


mTOR is a serine-threonine kinase that plays an important role 
in cell growth, proliferation, and apoptosis.”*477:492,510 Activation 
of the mTOR cascade plays an important role in the growth of 
NETs, especially pNET's.24151:392.413,464,466,487,490,492,510 The oral 
mTOR inhibitor everolimus has been studied in 3 pivotal phase 
II trials, all of which evaluated PFS as the primary endpoint. 

In the RADIANT-3 study, 410 patients with advanced pro- 
gressive pNETs were randomized to receive everolimus (10 mg/ 
day) or placebo, with crossover allowed upon progression on pla- 
cebo. Everolimus prolonged median PFS from 4.6 to 11 months 
(HR 0.35, P < .0001).!°! The objective response rate was 5%. 
The most common grade 3 or 4 side effects were myelosuppres- 
sion, diarrhea, stomatitis, or hyperglycemia, ranging in incidence 
from 3% to 7%; these side effects were generally manageable by 
dose reduction or drug interruption. Pneumonitis and infections 
were among other clinically important adverse effects. There was 
a nonsignificant trend toward improved overall survival (OS). 

The RADIANT 2 study randomized patients with progres- 
sive, unresectable, well-differentiated nonpancreatic NETs 
and history of carcinoid syndrome (primarily midgut NETs) to 
receive octreotide LAR (30 mg/month) with either everolimus 
(10 mg/day) or placebo. The results of this study were equivo- 
cal: the median PFS for the everolimus/LAR patients was 16.4 
months compared to 11.3 months in the LAR/placebo group (HR 
0.77; P = 0.026), a difference that did not reach the pre-specified 
level of significance. OS analysis numerically favored the placebo 
group, although the results were not statistically significant. The 
RADIANT 2 study did not lead to approval of everolimus in this 
population of patients.*!! 

The last phase II study, RADIANT 4, evaluated everolimus 
versus placebo in 302 patients with nonfunctional GI and lung 
NETs. As a result of the eligibility criteria, a diverse population 
of lung, gastroduodenal, and colorectal NETs were enrolled, 
with relatively few midgut NETs compared to RADIANT 2. 
No crossover was permitted on this study. This study met its 
primary endpoint, demonstrating improvement in median PFS 
from 3.9 months on placebo to 11.0 months with everolimus 
(HR 0.48, P < .001). Because of the RADIANT 4 study, evero- 
limus was approved for treatment of nonfunctional GI and lung 
NETs.5 

It is unclear whether tumor functional status (history of car- 
cinoid syndrome) should be a determining factor in selection of 
everolimus for progressive GEP-NETs. In general, everolimus 
is appropriate for patients with clinically significant progres- 
sion, and is likely more appropriate in nonmidgut versus midgut 
NETS. Risks versus benefits need to be carefully weighed, partic- 
ularly in patients who are older, frail, or have clinically significant 
co-morbidities such as lung disease or diabetes. 


Sunitinib 

GEP-NETs are highly vascular tumors, expressing both VEGF 
and its receptor (VEGFR). Several antiangiogenic drugs have 
shown activity in single arm and small randomized studies, but 
only sunitinib is approved for use in patients with advanced 
pNETSs.369494513 Sunitinib is an orally active, small molecule 
inhibitor of a number of tyrosine kinase receptors including 
PDGFRs, VEGFR-1, VEGFR-2, c-KIT, and FLT-3.4799!3 In 
a placebo-controlled trial,’ patients with progressive, unre- 
sectable, metastatic, well-differentiated pNETs were randomly 
assigned to receive either oral sunitinib (37.5 mg/day) or pla- 
cebo. Sunitinib increased median PFS from 4.5 to 11.4 months 
(HR 0.42; P = 0.001) and was associated with a trend toward 
OS benefit, outcomes that were very similar to those associated 
with everolimus in the RADIANT 3 trial.’ Key adverse events 
included hypertension, myelosuppression, and palmar-plantar 
erythrodysesthesia (hand-foot syndrome).*! Adverse effects were 
generally manageable with a dose reduction or drug discontinu- 
ation.°!? As with everolimus, it is not clear when sunitinib should 
be used relative to other therapies for patients with advanced pro- 
gressive pNETs."+3°° 


Peptide Receptor Radionuclide Radiotherapy 
177Lutetium-Dotatate 


Somatostatin receptors are highly expressed in most well-dif- 
ferentiated GEP-NETs, and treatment with radiolabeled SSAs 
allows targeted cytotoxic radiolabeled somatostatin receptor 
ligands to bind to the tumor.3?739849495 This form of treatment 
is also known as peptide receptor radiotherapy (PRRT). Several 
radioisotopes coupled to SSAs have been evaluated including 
yttrium 0Y) and 17 lutetium (!77Lu).39739849.495 The most fre- 
quent SSAs used are octreotide or octreotate, an SSA with higher 
affinity to somatostatin receptor subtype 2; common chelators are 
DTPA or DOTA.94397:398,495 Y is a beta-emitting isotope with 
a relatively long tissue penetration range of approximately 12 
mm. In one study of 87 patients, objective radiographic responses 
observed with ?°Y-dotataoc were 28%. Another study, evaluating 
only patients with refractory carcinoid syndrome, demonstrated 
an objective response rate of only 4%, but a high rate of stable dis- 
ease (70%).°!+°!> One of the main toxicities involving °°Y-based 
PRRT is renal insufficiency, a side effect that can be partially 
ameliorated with use of concurrent amino acid infusions, which 
inhibit glomerular reabsorption of the radioactive peptides.?!° In 
one large series of 1109 patients treated with ’°Y-based PRRT, 
102 (9%) experienced severe renal toxicity. Long-term myelo- 
toxicity (myelodysplastic syndrome or acute leukemia) occurs in 
roughly 2% of patients.°!7 

"7Lu-based PRRT represents a new-generation radiolabeled 
SSA with a shorter particle range of roughly 2 mm. Studies using 
177Lu-dotatate have demonstrated objective response rates ranging 
from 18% to 44% with median PFS durations of approximately 
30 months. With use of prophylactic amino acid infusions, rates 
of grade 3 or 4 nephrotoxicity have been <1%. Long-term rates 
of myelodysplastic syndrome/acute leukemia are approximately 
2% 518,519 

The NETTER-1 study, the first prospective phase IIT study 
of a radiolabeled somatostatin analog, 231 patients with well-dif- 
ferentiated midgut NETs and evidence of progression on stan- 
dard-dose octreotide LAR and evidence of somatostatin receptor 
expression on OctreoScan were randomized to receive 4 cycles 
of !77Lu-dotatate (200mCi every 8 weeks) along with octreo- 
tide 30 mg versus high-dose octreotide (60 mg every 4 weeks). 
The primary endpoint was PFS by blinded central radiology 
review. The study demonstrated a clinically and statistically sig- 
nificant improvement in PFS, with a median PFS of 8.4 months 
on the high-dose octreotide arm of the study and median PFS 


not reached with !7”7Lu-dotatate (HR 0.21; P < .001). The objec- 
tive response rate with !’’7Lu-dotatate was 18% compared to 3% 
with high-dose octreotide. There was also preliminary evidence 
of improved OS with !7’Lu-dotatate (HR 0.4; P = .004), which 
needs to be confirmed on planned final OS analysis.°”° 

Based on results of the NETTER-1 study as well as a single- 
arm institutional registry data,!”’"Lu-dotatate was approved for 
treatment of advanced, progressive GEP-NETs. Appropriate 
selection of patients requires confirmation of somatostatin recep- 
tor expression on imaging studies (OctreoScan or °8Ga-dotatate 
PET). There is evidence that degree of somatostatin receptor 
expression correlates with tumor response.*”! A standard treat- 
ment course consists of 4 cycles of !’7Lu-dotatate, although there 
is some controversy regarding the potential role of dosimetry in 
refining treatment dose and number of cycles. For patients who 
experience a prolonged duration of stable disease or response 
after an initial course of PRRT, subsequent retreatment is an 
option.” A total of 8 individual treatment cycles (1600 mCi) 
is considered to be a lifetime maximum in some institutions, 
although some patients may be able to tolerate higher lifetime 
doses. There is no clear correlation between total treatment dose 
and risk of irreversible myelotoxicity. 


Cytotoxic Chemotherapy 


The role of cytotoxic chemotherapy in GEP-NETs is evolving. 
It is now evident that pNETs are substantially more sensitive 
to alkylating agent-based chemotherapy compared to midgut 
NETs. The role of chemotherapy in gastroduodenal and colorec- 
tal NETs is not well defined.**! 

Streptozocin-based regimens were tested extensively in 
NETS in the 1970s and 1980s, and found to be active in pNETs. 
Two key randomized studies were performed. One reported 
objective response rates of 63% with streptozocin plus 5-fluo- 
rouracil (5-FU) versus 36% with streptozocin monotherapy.°7? 
Another study reported response rates of 69% with streptozo- 
cin plus doxorubicin versus 45% with streptozocin and 5-FU.°?+ 
Neither study used strict radiographic response criteria, making 
the data difficult to apply in the context of modern treatment 
outcomes. A more recent retrospective analysis of a triple drug 
regimen consisting of streptozocin, doxorubicin, and 5-FU dem- 
onstrated a response rate of 39% using objective radiographic 
parameters.**+ 

Temozolomide is an oral alkylating agent with a more toler- 
able side effect profile compared to streptozocin. Several small 
phase II studies have evaluated temozolomide in combination 
with other agents.#00483.925-529 A small study of temozolomide 
and thalidomide reported an objective response rate of 45% in 
11 patients with pNETs (versus no responses in GI NETs).°?? 
Another study of temozolomide and bevacizumab reported a 
response rate of 33% and a median PFS of 14.3 months.°”6 

The combination of capecitabine (an oral fluoropyrimidine) 
and temozolomide has been investigated in multiple retrospec- 
tive series and in a recent prospective randomized clinical trial. 
In one institutional series of 30 chemotherapy naive patients with 
pNETs, a radiographic response rate of 70% and a median PFS of 
18 months were observed.*”° Another institutional series consist- 
ing predominantly of pNETs reported a response rate of 61%.°>° 
Based on these data, a randomized phase II study was launched 
to compare capecitabine and temozolomide versus temozolomide 
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monotherapy with patients with progressive well-differentiated 
pNETs. Their results demonstrated a statistically significant 
improvement in both PFS and OS associated with the capecitabine/ 
temozolomide combination: median PFS was 22.7 months with 
the combination regimen vs. 14.4 months with temozolomide 
monotherapy (HR 0.58; P = .02). Median OS was not reached in 
the combination arm versus 38 months with temozolomide (HR 
0.41; P = .01). The regimen was well-tolerated with a 13% rate 
of grade %4 neutropenia and a 8% rate of grade 4 thrombocyto- 
penia.°’! Rates of severe nausea are quite low when prophylactic 
ondansetron is used prior to temozolomide. Capecitabine/temo- 
zolomide is currently guideline recommended for management 
of metastatic pNETs. There are conflicting data regarding the 
potential predictive value of methyl-guanine-methyl transferase 
(MGMT) expression.** Thus far, there are no completed studies 
comparing cytotoxic regimens to noncytotoxic drugs (everolimus 
or sunitinib) in the management of progressive pNETs. 


Treatment of Poorly Differentiated Tumors 


Poorly differentiated carcinomas comprise fewer than 5% of 
GEP-NETs.?+261,263,204,404.409 Their recognition is important 
because of their aggressive course and their distinct treatment from 
well-differentiated tumors discussed earlier.26 764404499 Poorly 
differentiated GI-NETs are characterized by their histologic fea- 
tures of aggressive growth (grade 3, with Ki67 index >20%, and 
usually 50% to 90%), necrosis, nuclear atypia, rapid growth, and 
poor clinical prognosis.?+7!763,264:404.499 Histologically, they can 
be classified as small cell or large cell. These cancers generally 
contain few somatostatin receptors; therefore unlabeled or radio- 
labeled SSAs are rarely indicated. !"FDG PET, CT, and MRI 
are frequently used to image these poorly differentiated NETs.?° 
Because most patients with poorly differentiated NETs present 
with regional or distant metastases, surgery is rarely curative, 
although it still should be considered in the occasional patient 
with limited disease.24763.264:404499 

In the typical patient with inoperable disease, chemother- 
apy with cisplatin (or carboplatin) plus etoposide, is recom- 
mended. These agents induce remission in 14% to 80% of 
patients, with a mean duration of response of less than 12 mon 
ths.?63:264,369,404,462,463,481,499 The median survival with treatment 
is 4 to 16 months, and the average 5-year survival is only 11% 
(range, 0% to 31%).*°+ The chemotherapy regimens can be asso- 
ciated with significant toxicity, especially GI (nausea/vomiting), 
myelosuppression, and renal damage.?64,369,404,462,463,481 

Despite absence of prospective data, patients with localized 
undifferentiated tumors undergoing surgical resection should 
generally receive adjuvant chemotherapy using cisplatin (or car- 
boplatin) plus etoposide. Chemoradiation is another option for 
patients with local or locoregional poorly differentiated neuroen- 
docrine carcinoma and is the treatment of choice for locoregional 
small cell carcinoma of the esophagus.>*? 

For platinum-resistant patients (defined as progression within 
3 to 6 months of first-line or adjuvant platinum-based chemother- 
apy), there are few effective treatment options. Immunotherapy 
with the PD-1 inhibitor pembrolizumab has shown relatively low 
response rates compared to outcomes in small cell lung cancer.>** 
Studies evaluating combination immunotherapy are ongoing. 


Full references for this chapter can be found on www.expertconsult.com. 
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In 1981, the first cases of what we now recognize as AIDS were 
described. Subsequently, the world witnessed an explosion of 
cases typically manifested by opportunistic infections (OIs) such 
as Pneumocystis jiroveci pneumonia and neoplasms such as Kaposi 
sarcoma, which is caused by human herpesvirus 8 (HHV-8). Over 
35 million people have died from AIDS; it is estimated that over 
36 million people worldwide are currently living with HIV infec- 
tion and there are about 5000 infections per day, thereby mak- 
ing this the most important worldwide health issue of our time.! 
Early in the epidemic, the focus of attention was on identifying 
the etiology of the disease (HIV-1 and HIV-2), characterizing 
these disorders, and when effective, using prophylactic antimi- 
crobial therapy. In 1995, the concept of HAART was born, and 
the face of the epidemic changed rapidly. HAART decreases viral 
replication and, consequently, circulating HIV. In some patients, 
HIV becomes undetectable in the blood. Associated with a reduc- 
tion in viral load, there is substantive improvement in immune 
function that can be assessed by objective measures such as an 
increase in the CD4 lymphocyte count and clinically by a decrease 
in Ols, as well as improved survival. In developed countries, the 
current focus centers around viral control, whereas in resource- 
poor nations, OIs such as TB abound, mimicking what was first 
witnessed in the early stages of the epidemic in the developed 
world.+° Despite the scale of the epidemic, there is much to 
be optimistic about, including data showing a reduced risk of 
transmission with pre-exposure prophylaxis; use of HAART in 
HIV-discordant couples, which reduces the risk of infection in 
uninfected partners; reduction in mother-to-child transmission 
with antiretroviral therapy; male circumcision, which effectively 
reduces transmission; earlier use of HAART, which may improve 
the rates of full immunologic recovery; increasing use of HAART 
worldwide; and lastly, early trials suggesting the possibility of an 
effective vaccine.° 

With the immune reconstitution associated with HAART, 
there also has been a shift to the management of chronic diseases, 
as well as drug side effects. It is now recognized that mortality in 
HIV-infected patients on HAART is most often related to non- 
AIDS events such as chronic liver disease due to infection with 
HCV.’* Similarly, HIV-infected patients responding to HAART 
who have GI complaints are more likely to have drug-induced 
side effects or nonopportunistic GI infections, shifting manage- 
ment strategies back to disorders prevalent in immunocompetent 
hosts.? 
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Because patients are generally approached based on clinical 
presentation, accordingly, this chapter is organized primarily 
around symptom diagnosis. Specific HIV-related disorders (lim- 
ited to HIV-1, which is the most common and virulent form of 
the disease) and their treatments are presented within the context 
of their most common associated symptoms and signs. In addi- 
tion, the effect of HAART in relation to these symptom com- 
plexes and diseases is discussed. Throughout this chapter, when 
referring to patients with AIDS, we specify those patients with 
a CD4 count of less than 200/mm? who are at risk for or have 
developed opportunistic disorders. Generally, these patients with 
AIDS are not yet receiving, are unable to receive, or have failed 
HAART. 

Although HAART has dramatically altered the occurrence 
of GI complications, many of the same principles of manage- 
ment established before HAART remain applicable. In general, 
the approach to investigating GI symptoms in the patient with 
AIDS parallels that of non-HIV-infected patients. Several gen- 
eral points must be considered when evaluating GI symptoms in 
AIDS: 


1. Clinical signs and symptoms infrequently suggest a specific 
diagnosis. 

2. GI symptoms in a patient on HAART are most often drug 
induced or nonopportunistic in etiology. 

3. Risk stratification for an opportunistic disorder may be pre- 
dicted on the basis of the extent of immunocompromise (i.e., 
CD4 count >200/mm? favors common bacteria and other non- 
opportunistic diseases; CD4 count <100/mm? favors CMV, 
fungi, Mycobacterium avium complex [MAC], and unusual pro- 
tozoa) (Fig. 35.1). 

4. In patients with AIDS, the GI tract is commonly involved by 
opportunistic processes, oftentimes multiple ones (Fig. 35.2). 
GI pathogens are usually part of a systemic infection (e.g., 
CMV, MAC). Thus, identification of a pathogen outside the 
gut in the appropriate clinical setting may negate the need for 
GI evaluation. 

5. Evaluation should proceed from less invasive to more invasive, 
and should be dictated by the severity and acuity of symptoms 
and signs. 

6. Evidence of tissue invasion should be sought as a hallmark of 
pathogenicity. 

7. Without improvement of immune function (by HAART), re- 
currence of Ols is almost uniform, necessitating maintenance 
of antimicrobial therapy. 

8. Treatment of all opportunistic disorders should include 
HAART. 


ODYNOPHAGIA AND DYSPHAGIA 


Before HAART was available, these esophageal complaints (dys- 
phagia and odynophagia) occurred in at least one third of patients 
during the course of HIV disease. Because of HAART, the inci- 
dence of esophageal disease has markedly fallen, and the number 
of patients with diseases not unique to AIDS (e.g., GERD) has 
risen. !0 
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Fig. 35.1 Timeline of opportunistic disorders based on CD4 lympho- 
cyte count. (From Wilcox CM, Saag MS. Gastrointestinal complica- 
tions of HIV Infection: Changing priorities in the HAART era. Gut 2008; 
57:861-70.) 


Candida albicans, the most frequent esophageal infection in 
AIDS, often coexists with other disorders in this setting. Although 
most cases occur in the setting of AIDS, Candida esophagitis 
may occur during primary HIV infection as a result of transient 
immunosuppression.!! Oral thrush often predicts concurrent 
esophagitis in patients with esophageal complaints (see Fig. 24.2). 
However, the absence of thrush does not exclude the possibility 
of esophageal candidiasis. !? 

Patients with esophageal candidiasis generally complain of 
substernal dysphagia.!> Odynophagia, when present, is usually 
not severe. Definitive diagnosis is established by upper endos- 
copy, which reveals either focal or diffuse plaques in association 
with mucosal hyperemia and friability. A well-circumscribed ulcer 
or ulcers suggest(s) an additional process. Biopsies show desqua- 
mated epithelial cells with typical-appearing yeast forms; fungal 
invasion is usually present only in the superficial epithelium.!* 

Although CMV is the most commonly identified pathogen 
in AIDS, its association with esophageal disease is less frequent 
than Candida. CMV characteristically causes mucosal ulceration. 
Thus, patients with CMV esophagitis complain of odynophagia 
or substernal chest pain, characteristically severe.'> Dysphagia is 
much less common than in patients with Candida esophagitis and 
is rarely the primary complaint. Fever is rare. Generally, upper 
endoscopy reveals extensive ulcerations that are large and deep, 
although the endoscopic pattern is variable (see Fig. 35.2).!6 Can- 
didal coinfection is common. Mucosal biopsies should demon- 
strate viral cytopathic effect in mesenchymal and/or endothelial 
cells in the granulation tissue. Characteristic inclusions may be 
absent, necessitating confirmation by immunohistochemical 
stains. Biopsy of granulation tissue in the ulcer base provides the 
highest yield for viral cytopathic effect, whereas viral culture is 
less sensitive, and cytologic brushings are unhelpful.!” 

A syndrome of nonspecific (idiopathic, aphthous) esophageal 
ulceration is common (Fig. 35.3).!° The clinical presentation 
and endoscopic appearance are indistinguishable from esopha- 
geal CMV infection. Criteria for diagnosis of idiopathic ulcers 
include: (1) endoscopic ulcer confirmed by histopathology, (2) no 
evidence of viral cytopathic effect (CMV, HSV) by both routine 
histology and immunohistochemical studies, and (3) no clinical 
or endoscopic evidence of GERD or pill-induced esophagitis. As 
with CMV ulcers, nonspecific ulcers occur in late-stage disease, 
with most patients having a CD4 count less than 50/mm?. How- 
ever, they have also been described in acute HIV infection.!! The 
pathogenesis of these ulcers remains unknown. 

In contrast with other immunocompromised hosts, HSV 
esophagitis is infrequent in AIDS. In immunocompetent 
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Fig. 35.2 Cytomegalovirus and HSV esophagitis. Diffuse circumferen- 
tial ulceration is seen on this endoscopic view, and the esophagogastric 
junction is seen in the distance. In patients with AIDS, multiple patho- 
gens are frequently found. (From Wilcox CM. Atlas of clinical gastroin- 
testinal endoscopy. Philadelphia: Saunders; 1995. p 28.) 


Fig. 35.3 HIV-associated idiopathic ulcers. Multiple well-circumscribed 
ulcerations throughout the esophagus are evident in this endoscopic 
view. The ulcers have a punched-out appearance, with normal-appear- 
ing intervening mucosa, and seem to be raised, resulting in a heaped- 
up appearance. (From Wilcox CM. Atlas of clinical gastrointestinal 
endoscopy. Philadelphia: Saunders; 1995. p 75.) 


patients, herpetic esophagitis is usually due to HSV type 1. How- 
ever, AIDS patients may have esophagitis due to either type 1 or 
type 2 HSV. The disease is similar to herpetic infections of other 
mucous membranes in that the pathogenetic features follow a 
predictable sequence. Discrete vesicles form, then shallow ulcers 
occur, and finally coalesce into regions of diffuse shallow ulcer- 
ation. In contrast with CMV esophagitis and nonspecific ulcer, the 
ulcers tend to be shallow; large, deep ulcers are rare (Fig. 35.4). 
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Fig. 35.4 HSV esophagitis. This endoscopic view demonstrates diffuse 
erythema that surrounds multiple whitish plaques, which represent 
shallow ulceration. Islands of normal-appearing esophageal mucosa 
are still present. 


BOX 35.1 Differential Diagnosis of Dysphagia and 
Odynophagia in Patients With AIDS 


INFECTIONS 

Candida albicans* 

CMV* 

HSV 

Histoplasma capsulatum 
Mycobacterium avium complex 
Cryptosporidium spp. 
Toxoplasma gondii 


IDIOPATHIC ULCERATIONS* 
GERD* 


NEOPLASMS 

Kaposi sarcoma 
Lymphoma 

Squamous cell carcinoma 
Adenocarcinoma 


PILL-INDUCED ESOPHAGITIS 


*More frequent cause. 


Biopsies and cytologic brushings taken from the margin of the 
ulcers (the sites of active viral replication) are most likely to show 
epithelial cell invasion and nuclear changes typical of herpes infec- 
tions. Viral cultures of biopsy specimens are usually positive.!” 

Isolated cases of esophagitis/ulcerations have been reported 
from a variety of other infections as well as pills (zidovudine 
[AZT], didanosine [dd]]). 

AIDS patients may also be at increased risk for esophageal 
neoplasms. Reported neoplasms include Hodgkin and various 
non-Hodgkin lymphoma, Kaposi sarcoma, squamous cell carci- 
noma, and adenocarcinoma. 

A specific cause of esophageal complaints in the AIDS patient 
cannot be made based on symptoms or physical examination 
alone (Box 35.1). Nevertheless, a few generalizations may be 


made. The presence of oral thrush associated with mild to mod- 
erate dysphagia without odynophagia is likely caused by Candida 
esophagitis. In contrast, the patient with severe odynophagia 
without dysphagia or thrush is more likely to have ulcerative 
esophagitis (viral, idiopathic). The patient complaining of sub- 
sternal burning and regurgitation is most likely to have GERD, 
especially ifon HAART. 

Endoscopy with biopsy is the only means of establishing a 
specific etiology for the cause of dysphagia and odynophagia. 
Multiple mucosal biopsies are preferred over brush cytology for 
ulcerated lesions.!’ Barium swallow radiography may play a diag- 
nostic role in the HIV-infected patient with preserved immune 
function when a motility disorder is suspected. 

Given the preponderance of Candida infection, an empirical 
approach to the management of esophageal symptoms is reason- 
able in most patients with AIDS. Patients with dysphagia and/or 
odynophagia who also have oral thrush should be treated empiri- 
cally with fluconazole 100 mg/day after a 200-mg loading dose.!® 
Itraconazole or fluconazole suspensions are effective alternatives. 
If symptoms persist despite a 1-week empirical trial, endoscopy 
with biopsy should be performed rather than initiation of other 
empirical trials or escalation of the dose of fluconazole. Relapse 
of Candida esophagitis is invariable unless immune function is 
improved with HAART. Furthermore, despite chronic pro- 
phylaxis, relapse of esophagitis due to antifungal resistance fre- 
quently occurs. 

CMV and HSV infection should be treated similarly to other 
gut involvement with these viruses (see following). Idiopathic 
ulcers respond in more than 90% of patients to oral glucocor- 
ticoids (e.g., 40 mg prednisone per day initially, tapered over 4 
weeks). The basis for glucocorticoid efficacy is unknown; infec- 
tious causes should be assiduously excluded before administering 
glucocorticoids in this setting. Thalidomide is also highly effec- 
tive and may be curative when prednisone fails.!° The devastating 
teratogenic effects mandate its use be limited to men. HAART 
itself has been shown to result in ulcer healing. 


DIARRHEA 


Before HAART, diarrhea occurred in up to 90% of patients dur- 
ing the course of HIV disease, especially those from resource- 
poor countries.’ In the era of HAART, diarrhea is a less frequent 
complaint and etiologically is now most often medication-induced 
(HAART) or caused by disorders unrelated to HIV infection.?!?? 

HIV infection results in a rapid CD4 T cell depletion 
throughout the GI tract, as well as an enteropathy characterized 
by increased inflammation of the lamina propria and damage to 
the GI epithelial cell layer, which is associated with microbial 
translocation and immune activation.” Alterations in the muco- 
sal immune system in AIDS predispose to intestinal infections, 
may lead to untreatable chronic infection by organisms that typi- 
cally cause self-limited infection in immunocompetent hosts (e.g., 
Cryptosporidium parvum), and may contribute to a more virulent 
clinical course of common enteric infections (e.g., Salmonella, 
Shigella, Campylobacter species). Clinical and socioenvironmen- 
tal factors are associated with intestinal Ols, including low CD4 
lymphocyte count and nonuse of HAART, low socioeconomic 
status, lack of availability of safe drinking water, and exposure to 
farm animals.*° Despite the vast spectrum of protozoal, viral, bac- 
terial, and fungal organisms that can cause diarrhea in the patient 
with AIDS, a differential diagnosis can be developed on the basis 
of the clinical presentation and degree of immunodeficiency (Box 
35.2). 

Protozoa are the most prevalent diarrheal pathogens in most 
series,” 6 largely because many of these infections can lead to 
chronic diarrhea and are refractory to treatment. Cryptospo- 
ridia species such as C. parvum, a cause of self-limited diarrhea 
in healthy hosts, remain the most frequent protozoa identified 
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BOX 35.2 Differential Diagnosis of Diarrhea in Patients 
with AIDS 


INFECTIONS 
Protozoa 
Microsporidium* 
Cryptosporidia spp.* 
Cystoisospora belli 
Cyclospora spp. 
Giardia lamblia 
Entamoeba histolytica 
Leishmania donovani 
Pneumocystis jiroveci 
Toxoplasma spp. 
Bacteria 
Clostridium difficile 
Salmonella spp.* 
Shigella spp.* 
Campylobacter jejuni* 
Mycobacterium avium complex 
Mycobacterium tuberculosis 
SIBO 
Viruses 
CMV* 
HSV 
Adenoviruses 
Rotavirus spp. 
Norovirus 
HIV? 
Fungi 
Histoplasmosis 
Coccidioidomycosis 
Cryptococcosis 
Candidiasis 
Talaromyces marneffei 
Neoplasms 
Lymphoma 
Kaposi sarcoma 
Idiopathic 
“AIDS enteropathy” 
Drug Induced 
HIV protease inhibitors 
Pancreatic Disease 
Pancreatic insufficiency 
Chronic pancreatitis 
Infectious pancreatitis (CMV, MAC) 
Drug-induced pancreatitis (e.g., pentamidine) 


*More frequent cause. 


in HIV-infected patients worldwide. Clinical presentation and 
outcome are related to the degree of immunocompromise and 
the subtype of organism.”° The small bowel is the most common 
site of infection, although the organisms can be recovered in all 
regions of the gut as well as in biliary and respiratory epithelium. 
Diarrhea is typically severe, with stool volumes of several liters 
per day not uncommon. Borborygmi, nausea, and weight loss are 
frequently associated symptoms; right upper quadrant pain sug- 
gests biliary tract involvement (see later). The pathogenesis of 
this infection is uncertain. The diagnosis of intestinal cryptospo- 
ridiosis is most often made by acid-fast stain of the stool, where 
the organisms appear as bright-red spherules similar in size to 
red blood cells. The sensitivity of stool testing varies and depends 
on the burden of organisms, character of the stool (formed vs. 


liquid), and primary site of infection. Stool antigen detection 
and PCR markedly increase sensitivity of stool testing. Crypto- 
sporidia may be identified in small bowel or rectal biopsies even 
when the stool examination is negative.’/ 

Specific antimicrobial treatment of cryptosporidial infec- 
tion remains disappointing. Numerous antimicrobial agents 
have been tested, most without significant effect (Table 35.1).?* 
Currently, the most effective therapy for cryptosporidia is 
HAART, in which improvement of immune function results in 
a clinical remission of diarrhea and clearance of cryptosporidia 
from the stool and on small bowel biopsy.’ For patients fail- 
ing HAART and/or in whom antimicrobial therapy is ineffec- 
tive, symptomatic treatment should include fluid support and 
antidiarrheal agents, occasionally including opiates to control 
the diarrhea. 

Cystoisospora belli is a sporozoan and, like Cryptosporidium 
parvum, is a cause of both acute and chronic diarrhea in patients 
with AIDS. The disease is rare in the US, but it is more fre- 
quent and endemic in resource-poor countries. The organism 
may be identified by acid-fast stain of the stool or duodenal 
secretions or on mucosal biopsy. Unlike cryptosporidiosis, 
infection with Cystoisospora belli can be effectively treated with 
antibiotics, specifically trimethoprim/sulfamethoxazole or 
ciprofloxacin.°° 

Cyclospora species are coccidian parasites andinfrequently 
causes acute or chronic diarrhea in both immunocompetent and 
immunodeficient individuals. Its prevalence in AIDS is low. The 
organism is detectable by stool studies and is treatable with trim- 
ethoprim/sulfamethoxazole or ciprofloxacin. 

Microsporidia emerged as common intestinal infections in 
AIDS, but their prevalence has markedly fallen in the HAART 
era.*! Intestinal and hepatobiliary disease may be caused by 2 
species of microsporidia: Enterocytozoon bieneusi (most common 
species) and Encephalitozoon intestinalis. The reported preva- 
lence of microsporidia without HAART varies from 15% to 
39%.** Typical symptoms include watery, nonbloody diar- 
rhea of mild to moderate severity, usually without associated 
crampy abdominal pain. Infection is associated with severe 
immunodeficiency, with median CD4 counts of infected indi- 
viduals of less than 100/mm?.?” As with infection from crypto- 
sporidia, the pathogenesis of disease remains poorly defined. 
Microsporidia can be discerned by light microscopy when tis- 
sue is embedded in plastic or paraffin (Fig. 35.5). Staining of 
embedded mucosal biopsies with Brown-Brenn, Gram stain, 
or modified Masson trichrome stain is superior to routine 
H&E staining. Encephalitozoon intestinalis can usually be dif- 
ferentiated from Enterocytozoon bieneusi by its larger size and 
infection of lamina propria macrophages; electron microscopy 
is definitive. Stool staining techniques are only moderately 
sensitive, whereas small bowel biopsies are generally positive. 
Although albendazole has shown effective for Encephalito- 
zoon Intestinalis,> no widely available therapy is effective for 
E. bieneusi. As with cryptosporidiosis, HAART is the best ther- 
apy, resulting in resolution of diarrhea with clearance of this 
pathogen.”? 

For unclear reasons, infections by the protozoa Giardia lamblia 
and Entamoeba histolytica are not consistently seen with increased 
frequency or virulence in AIDS. However, in East Asia, where 
Entamoeba histolytica is endemic, amebic colitis was identified as 
a common cause of diarrhea.*+ The nonpathogenic Entamoeba 
dispar is morphologically similar to E. histolytica and can only be 
distinguished by more specific stool or enzyme-linked immu- 
nosorbent assay tests.*> Blastocystis hominis, Endolimax nana, and 
Entamoeba coli are nonpathogenic protozoa that are seen more 
commonly in men who have sex with men (MSM) and are often 
found in association with other protozoal parasites. Rare cases 
of enteric leishmaniasis (endemic), Pneumocystis jiroveci infection, 
and toxoplasmosis have been reported. 
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TABLE 35.1 Treatment of Infectious Causes of Diarrhea in Patients With AIDS 


Pathogen Treatment Duration (Days) 

PROTOZOA 

Cryptosporidia spp. Paromomycin, azithromycin, nitazoxanide 14-28 

Cyclospora spp. Trimethoprim/sulfamethoxazole or ciprofloxacin 14-28 

Cystoisospora belli Trimethoprim/sulfamethoxazole or ciprofloxacin 14-28 

Microsporidia Albendazole (Encephalitozoon intestinalis) 14-28 
Metronidazole, atovaquone, fumagillin (not available in US) 

VIRUSES 

Cytomegalovirus Ganciclovir 14-28* 
Foscarnet 14-28* 
Cidofovir 14-28* 

HSV Acyclovir or valacyclovir 5-10* 

BACTERIA 

Salmonella, Shigella, Campylobacter spp. Fluoroquinolone (e.g., ciprofloxacin) 10-14* 

Clostridium difficile Metronidazole, vancomycin 10-14 

SIBO Metronidazole, ciprofloxacin 10-14 


Mycobacterium tuberculosis 
Mycobacterium avium complex 


FUNGI 
Histoplasmosis 


Coccidioidomycosis 
Cryptococcosis 


Rifampin, isoniazid, pyrazinamide, ethambutol (RIPE) 
Multidrug regimens for symptomatic infection 


Amphotericin B, then itraconazole 
Amphotericin B, then fluconazole 
Amphotericin B, then fluconazole 


270-365 (9-12 months) 
270-365 (9-12 months) 


28 
28 
28 


*Duration of therapy dictated by immune reconstitution with HAART. 


Fig. 35.5 Endoscopic biopsy specimen of small bowel microsporidi- 
osis. This thin plastic section demonstrates shedding of an epithelial 
cell containing microsporidial oocysts. (From Gazzard BG. Diarrhea 
in human immunodeficiency virus antibody-positive patients. Semin 
Gastroenterol 1991;2:3.) 


Helminths, particularly Strongyloides stercoralis and Ascaris lumbri- 
coides, are uncommon pathogens in AIDS patients.’ Infected patients 
may present with abdominal pain, diarrhea, and eosinophilia. The 
clinical syndrome and recurrence rate associated with these parasites 
do not appear to be altered in the setting of HIV infection. 

Viral infection of the large bowel, and rarely the small bowel, 
is an important cause of diarrhea in HIV infection. CMV is the 
most common viral cause of diarrhea and the most frequent cause 
of chronic diarrhea in patients with AIDS and multiple nega- 
tive stool tests.>’ This infection characteristically occurs late in 
the course of HIV infection when the CD4 lymphocyte count 
is below 100/L (see Fig. 35.1). Infection is most common in 
the colon, but concomitant disease in the esophagus, stomach, 


or small bowel may be observed (see Fig. 35.2). Isolated gastric 
or small bowel disease typically results in abdominal pain rather 
than a diarrheal illness. 

The clinical manifestations of enteric CMV infection vary 
greatly and include asymptomatic carriage, nonspecific symptoms 
of weight loss and fevers, and focal enteritis/colitis including 
appendicitis or diffuse ulcerating hemorrhagic involvement with 
bleeding or perforation. As a result, patients can present with any 
of several constellations of symptoms, including abdominal pain, 
peritonitis, watery nonbloody diarrhea, or hematochezia.** The 
most common presentation, however, is abdominal pain associ- 
ated with chronic diarrhea. Although the endoscopic spectrum 
is variable, the hallmark of CMV enteritis/colitis is subepithelial 
hemorrhage and mucosal ulceration (Fig. 35.6). 

As noted previously, the diagnosis of GI CMV infection is best 
established by demonstrating viral cytopathic effect including 
confirmation by immunostaining in tissue specimens. If inclu- 
sions are few and demonstrable in tissue that appears macro- 
scopically normal, the patient should be considered to have CMV 
colonization rather than true CMV infection. 

Several effective therapies are available for the treatment of 
CMV (see Table 35.1). Ganciclovir, an acyclovir derivative typi- 
cally given intravenously, is effective in approximately 75% of 
cases.*? Valganciclovir, an oral prodrug of ganciclovir, has excel- 
lent GI absorption and efficacy for CMV retinitis, but has not 
been well studied for induction therapy in GI disease. Immune 
reconstitution with HAART will negate the need for long-term 
suppressive therapy. At the time of diagnosis of GI CMV infec- 
tion, all patients should have an ophthalmologic examination 
to exclude CMV retinitis, because this site of infection requires 
close follow-up to ensure remission, thereby preventing blind- 
ness. Although widely used in the transplant setting, the role of 
CMV antigenemia or DNA concentrations by PCR to predict 
subsequent disease and guide the use of preemptive therapy 
remains less well defined.”° 
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A number of other viruses (e.g., Norwalk, adenovirus, rotavi- 
rus), as well as novel noroviruses, have been identified in symp- 
tomatic and asymptomatic patients, but their overall contribution 
to diarrheal disease in AIDS is small. 

The evidence for a role of HIV itself as a diarrheal pathogen 
is limited. An idiopathic AIDS enteropathy has been proposed to 
account for the diarrhea in AIDS patients who lack an identifi- 
able pathogen and may reflect indirect effects of HIV on enteric 
homeostasis. With improvements in diagnostic techniques, 
greater awareness of the spectrum of diarrheal pathogens in AIDS, 
recognition of the importance of adverse drug effects as addi- 
tional causes of diarrhea, and use of panendoscopy with biopsy for 


Fig. 35.6 CMV colitis. Endoscopic photograph of the sigmoid colon 
showing edema and diffuse subepithelial hemorrhage typical for CMV. 
This endoscopic appearance is similar to that of idiopathic ulcerative 
colitis. 


Fig. 35.7 Intestinal Mycobacterium avium 
complex. A, H&E staining of a small bowel 
biopsy specimen shows marked thickening of 
the villi, with a cellular infiltrate. B, High-power 
view with acid-fast staining shows numerous 
macrophages filled with mycobacteria. 


patients with negative stool tests, a diminishing fraction of AIDS 
patients have truly “idiopathic diarrhea.” Institution of HAART 
has been shown to improve chronic unexplained diarrhea.*! 

Infections by enteric bacteria are more frequent and more vir- 
ulent in HIV-infected individuals compared with healthy hosts. 
Salmonella, Shigella, and Campylobacter have higher rates of bac- 
teremia and antibiotic resistance. Diagnosis is straightforward 
because the organisms usually can be grown from stool samples 
(see Chapter 110). These enteric infections typically present with 
high fever, abdominal pain, and diarrhea that may be bloody. 
Abdominal pain can be severe, mimicking an acute abdomen. As 
noted, bacteremia is common, and parenteral antibiotics should 
be administered empirically in severely ill patients when these 
infections are suspected until results of stool and blood cultures 
and sensitivities are available, after which antibiotics can be tai- 
lored to the pathogen isolated. 

Diarrhea due to Clostridium difficile has emerged as a common 
bacterial pathogen, not because it is an OI, but rather because 
antibiotic use is far greater and hospitalization more frequent in 
this population than in healthy hosts.*? The clinical presenta- 
tion, response to therapy, and relapse rate are no different than in 
immunocompetent patients.*? Diagnosis rests on standard assays 
of stool for C. difficile enterotoxin (see Chapter 112). 

Small bowel bacterial overgrowth (see Chapter 105) is uncommon 
in AIDS patients, and its role in causing diarrhea appears limited. 

Mycobacterial involvement of the bowel with Mycobacterium 
avium intracellulare (MAC) or TB may lead to diarrhea, abdomi- 
nal pain, and rarely, obstruction or bleeding in patients with 
late-stage AIDS. A large number of patients with MAC have 
an asymptomatic GI infection whereas Mycobacterial tuberculosis 
appears to be symptomatic in all cases. Duodenal involvement by 
MAC is most common and may be suspected at endoscopy by the 
presence of yellow mucosal nodules, often in association with mal- 
absorption, bacteremia, and systemic infection. Diagnosis of GI 
MAC infection is best made by endoscopic biopsy; fecal acid-fast 
smear is much less sensitive than culture. The organism is readily 
seen on biopsy specimens with acid-fast staining, and the number 
of organisms is often striking (Fig. 35.7). Blood culture positivity 
may suggest the diagnosis. Affected patients have severe malab- 
sorption and weight loss in association with blunting of villi and 
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suffusion of macrophages with mycobacteria. A pseudo—Whipple 
syndrome with periodic acid—Schiff (PAS)-positive macrophages 
has been noted, although in contrast to MAC, acid-fast bacilli 
(AFB) positivity rather than PAS-positive macrophages are iden- 
tified; electron microscopy will distinguish Whipple versus this 
pseudo—Whipple disease. As is typical of MAC infection, in AIDS 
there is a poorly formed inflammatory response, and granulomas 
are rarely present. Response to multidrug antibiotic therapy is 
variable and depends in part on the extent of immunocompro- 
mise. However, eradication is rarely achieved. As with other OIs, 
institution of HAART in these patients may improve immune 
function, hasten clinical resolution of the infection, prevent 
relapse such that long-term antimicrobial therapy will become 
unnecessary, and enhance survival. 

Although extrapulmonary TB is characteristic of AIDS, lumi- 
nal GI tract involvement remains infrequent but, when present, 
usually involves the ileocecal region or colon.” Fistula formation, 
intussusception, and perforation, as well as peritoneal and rectal 
involvement, also have been reported. Tuberculous involvement 
of the gut in HIV infection is most commonly found in resource- 
poor countries. In contrast with MAC, TB infections in AIDS 
generally respond to multidrug antituberculous therapy (e.g., 
RIPE [see Table 35.1]).*? 

Infections caused by mycobacteria (e.g., MAC lymphadenitis) 
and viruses (e.g., CMV uveitis) have been described following 
institution of HAART. This immune reconstitution inflam- 
matory syndrome (IRIS) results in an exuberant inflammatory 
response directed toward previously quiescent or incubating 
pathogens.** In addition, following the diagnosis of the OI and 
institution of HAART, paradoxical exacerbations of these infec- 
tions may lead to a worse outcome. 

Among fungal infections of the gut in AIDS, histoplasmosis 
has been most commonly described and occurs in the setting of 
disseminated infection, often in association with pulmonary and 
hepatic histoplasmosis. Histoplasmosis may manifest as a dif- 
fuse colitis with large ulcerations and diarrhea, as a mass, or as 
serosal disease in association with peritonitis.*° The diagnosis of 
disseminated histoplasmosis may be suspected in a patient with 
high fever and markedly elevated serum LDH levels.*° The diag- 
nosis is established by fungal smear and culture of urine, infected 
tissue, or blood; urinary histoplasmosis antigen assay may pro- 
vide supportive evidence. Rare cases of systemic cryptococcosis, 
coccidioidomycosis, and Talaromyces marneffei infection (prin- 
cipally in Southeast Asia) with gut involvement also have been 
described. 

With the advent of HAART, drug-induced diarrhea became 
increasingly important. Although almost any therapeutic regi- 
men is associated with diarrhea, the most common agents asso- 
ciated with diarrhea are the protease inhibitors, with nelfinavir 
having the highest rate.’ Generally, the diarrhea is mild to 
moderate in severity and is not associated with weight loss. The 
mechanism(s) for diarrhea due to these agents is poorly under- 
stood. Symptomatic therapies are generally effective. A botanical 
agent, crofelemer, may be useful for diarrhea in this setting.** A 
suggested approach to the evaluation of diarrhea is outlined in 
Box 35.3. 


ABDOMINAL PAIN 


The frequency of abdominal pain in patients with AIDS is 
unknown, but like other GI complications of AIDS, the prevalence 
and etiology have been altered by HAART. In most patients with 
AIDS, abdominal pain, when severe, is directly related to HIV and 
its consequences. However, the physician must consider not only 
the manifestations of OIs and neoplasms but also the more com- 
mon causes of abdominal pain in the general population. 

The differential diagnosis of abdominal pain in AIDS is pre- 
sented in Table 35.2. This table does not include AIDS-unrelated 


diagnoses that have assumed more importance in the HAART 
era. Table 35.3 describes abdominal pain in terms of the 4 most 
common pain syndromes, their suspected diagnoses, most likely 
causes, and the diagnostic approaches indicated. Generally, the 
duration and severity of symptoms dictate the urgency of evalu- 
ation. 


BOX 35.3 Evaluation of Diarrhea in Patients With AIDS 


ALL PATIENTS 

Stool specimen for bacterial culture; Clostridium difficile toxin 

Stool smear for fecal leukocytes, ova and parasite testing, and 
acid-fast stain 

PATIENTS WITH RECTAL BLEEDING, TENESMUS, OR 

FECAL LEUKOCYTES 


Flexible sigmoidoscopy or colonoscopy with biopsy of the mucosa 
for histopathology, viruses, protozoa 

Cultures of rectal tissue for bacteria (especially Campylobacter 
spp.) and for viruses in some cases 


PATIENTS WITH PERSISTENT DIARRHEA AND WEIGHT 
LOSS AND OTHERWISE NEGATIVE ABOVE EVALUATION 


Upper endoscopy with small bowel mucosal biopsies 


TABLE 35.2 Differential Diagnosis of Abdominal Pain in Patients With 


AIDS* 

Organ Causes 

STOMACH 

Gastritis CMV,t cryptosporidia (see Chapter 52) 


CMV,t PUD 
Cryptosporidia, CMV, lymphoma, PUD 


Gastric ulcer 
Gastric outlet obstruction 


Mass Lymphoma, KS, CMV 

SMALL BOWEL 

Enteritis Cryptosporidia,* CMV, MAC 
Obstruction Lymphoma,* KS 

Perforation CMV,t lymphoma 

COLON 

Colitis Enteric bacteria,’ CMV, HSV 
Obstruction Lymphoma,* KS, intussusceptions 
Perforation CMV, t lymphoma, HSV 
Appendicitis KS," cryptosporidia, CMV 


LIVER, SPLEEN 
Infiltration Lymphoma,* CMV, MAC 


BILIARY TRACT 


Cholecystitis CMV,! cryptosporidia,! microsporidia 
Papillary stenosis CMV,! cryptosporidia,t KS 
Cholangitis CMVt 

PANCREAS 

Pancreatitis CMV, KS, medication-induced 
Tumor Lymphoma, KS 

MESENTERY, PERITONEUM 

Infiltration MAC, t Cryptococcus spp., KS, 


lymphoma, histoplasmosis, TB, 
coccidioidomycosis, toxoplasmosis 


Kaposi sarcoma; MAC, Mycobacterium avium complex. 

*The differential diagnosis does not include many non-AIDS-specific 
conditions. 

tMore frequent diagnosis. 
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TABLE 35.3 Evaluation of Abdominal Pain Syndromes in Patients With AIDS 


Syndrome Suspected Diagnosis 


505 


Diagnostic Approach 


Dull pain, diarrhea, mild nausea, vomiting Infectious enteritis 


Acute severe pain with peritoneal irritation 


Right upper quadrant pain, elevated liver 
biochemical test levels 


Intestinal obstruction 


BOX 35.4 Differential Diagnosis of Anorectal Disease in 
Patients With AIDS 


INFECTIONS 

Bacteria 

Chlamydia trachomatis* 
Lymphogranuloma venereum 
Neisseria gonorrhoeae* 
Shigella flexneri 
Mycobacterium tuberculosis 
Protozoa 


Entamoeba histolytica 
Leishmania donovani 
Viruses 

HSV* 

CMV* 

Fungi 

Candida albicans 
Histoplasma capsulatum 
Neoplasms 

Lymphoma* 

Kaposi sarcoma 
Squamous cell carcinoma 
Cloacogenic carcinoma 
Condyloma acuminatum 
Other 

Idiopathic ulcers* 
Perirectal abscess, fistula* 


Subacute pain, severe nausea and vomiting 


*More frequent diagnosis. 


The history is helpful in localizing the origin of abdominal 
pain. Associated symptoms and signs should suggest the particu- 
lar organ involved, and the quality and duration of the abdominal 
pain may implicate specific diseases. Generally, the same workup 
as for a patient without AIDS should be initiated. Abdominal CT 
scanning is especially useful early in the assessment of abdomi- 
nal pain. In the patient with acute pancreatitis, drug-induced 
causes must be considered.’ Management of abdominal pain falls 
broadly into surgical versus nonsurgical options. Indications for 
surgical intervention in AIDS patients are the same as for patients 
without AIDS. All tissue specimens must be submitted for viral 
and fungal culture and for pathologic examination and enlarged 
mesenteric nodes should undergo biopsy. 


ANORECTAL DISEASE 


The frequency of anorectal disease among AIDS-infected MSM 
is higher than in other AIDS patients primarily related to sexu- 
ally transmitted infections. Common findings in HIV-infected 
patients include perirectal abscesses, anal fistulas, perianal HSV 


Perforation, infectious peritonitis 


Cholecystitis, cholangitis, hepatic 
infiltration, cholangiopathy 


Stool culture, stool for ova and parasite testing, sigmoidoscopy 


Abdominal and upright chest plain films, surgical consultation, 
rCT or US, paracentesis if ascites present, laparoscopy 


US or CT, MRCP, ERCP, liver biopsy 


Abdominal plain films, CT, small bowel series, endoscopy, 
barium enema 


infection, idiopathic ulcerations, and infectious proctitis, but 
lymphoma, ulcerations due to CMV, TB, and histoplasmo- 
sis may also be seen (Box 35.4). The frequency of anorectal 
squamous cell carcinomas is strikingly higher in MSM than in 
other groups, and this risk increases as HIV disease progresses. 
Despite the use of HAART, however, the incidence of these 
tumors continues to rise.t? These neoplasms result from HPV 
infections acquired through sexual contact, particularly HPV 
types 16 and 18. Morphologic studies have documented his- 
tologic progression, often in the same lesion, from a benign 
lesion, condyloma acuminatum, to high-grade intraepithelial 
neoplasia or squamous cell carcinoma; however, the rate and 
risk factors for progression are poorly understood. High-grade 
intraepithelial neoplasia is associated with oncogenic HPV16 
or HPV18 and low nadir CD4* cell count and may progress 
rapidly to cancer.°? Although not yet routinely recommended, 
cytologic specimens of the anal canal, similar to Papanicolaou 
smears, are used for screening and have high predictive value 
for dysplasia.°! 

In symptomatic HIV-infected patients and patients with 
AIDS, physical examination should include careful inspection 
of the skin and mucous membranes, as well as palpation of the 
lymph nodes. Visual inspection of the anus for ulcers, fissures, 
and masses should precede digital examination. Palpation of the 
perianal area and buttocks for abscess should be performed. The 
presence of severe pain on rectal examination strongly suggests 
ulcerative disease, thrombosed hemorrhoids, or neoplasms. Pal- 
pation of the anal canal may reveal masses or fissures not other- 
wise evident. All patients with anorectal symptoms should have 
anoscopy and sigmoidoscopy (rigid or flexible) with mucosal 
biopsy. High-resolution anoscopy may play an adjunctive role to 
anal cytology for screening. Evaluation under general anesthesia 
may be necessary when pain is severe. Specimens should be eval- 
uated for evidence of neoplasm or infection; when appropriate, 
they should be examined with bacterial (including gonococcal and 
chlamydial), viral, and fungal cultures or nucleic acid amplifica- 
tion tests. CT scan may define the extent of disease if a neoplasm 
is identified. Healing of anorectal disease following surgical or 
medical therapy will largely be determined by the stage of HIV 
infection. The survival of patients with squamous cell cancer has 
improved in the HAART era.> 


GASTROINTESTINAL BLEEDING 


Opportunistic infections and neoplasms seen with AIDS can 
rarely cause GI bleeding (Box 35.5). However, the causes of 
upper GI bleeding in these patients are most frequently due to 
disorders not linked to AIDS, including peptic ulcer disease; in 
contrast, the most common cause of lower GI bleeding in patients 
with AIDS is an OI, namely CMV colitis.’ Infections causing 
mucosal ulceration (e.g., CMV, HSV, invasive enteric bacteria) 
are the most common etiologies of bleeding. Enteric lymphoma 
(e.g., Burkitt), Kaposi sarcoma lesions, or adenocarcinoma may 
ulcerate and bleed spontaneously, although most enteric Kaposi 
sarcoma lesions are asymptomatic. 
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BOX 35.5 Differential Diagnosis of GI Bleeding in Patients 
With AIDS (Excluding Non—-AlDS-Specific 
Diagnoses) 


ESOPHAGUS 
Candida spp.* 

CMV* 

HSV 

Idiopathic ulcer 
STOMACH 

CMV* 

Kaposi sarcoma* 
Cryptosporidiosis 
Lymphoma 

SMALL INTESTINE 
Kaposi sarcoma* 
Lymphoma* 

CMV 

Salmonella spp. 
Cryptosporidia spp. 
COLON 

CMV* 

Kaposi sarcoma* 
Entamoeba histolytica 
Campylobacter jejuni 
Clostridiodes difficile 
Shigella spp. 
Idiopathic ulcerations 
Lymphoma 


*More frequent diagnosis. 


The initial evaluation of GI bleeding in a patient with AIDS 
parallels the approach taken in otherwise healthy patients (see 
Chapter 20). Endoscopy is preferred in all patients, especially 
those with severe immunodeficiency, given the likelihood of 
opportunistic diseases that require mucosal biopsy for diagnosis 
and because endoscopic therapy for hemostasis can be performed. 


HEPATOBILIARY DISEASE 


HAART has markedly changed the causes, approach, and out- 
come of liver disease and abnormal liver biochemical tests in 
patients with HIV infection (Box 35.6). Hepatobiliary disease 
can be broadly classified into either hepatic parenchymal abnor- 
malities, biliary abnormalities, or a combination of both. As noted 
earlier, liver disease has emerged as common non-AIDS-related 
causes of death; a third or more patients on HAART die from 
complications of liver disease.*+°°> In the HAART era, the most 
common causes of parenchymal liver disease relate to viral hepa- 
titis, most importantly chronic HCV, medication-related hepato- 
toxicity, fatty liver disease, and alcohol-related liver disease. 

Drug-induced liver injury is the most prevalent cause of liver 
test abnormalities and is often related to the increasing array of 
antiretroviral medications. Before HAART, drug hepatotoxic- 
ity was most commonly due to sulfonamides, and the increased 
frequency of adverse reactions to these medications is well rec- 
ognized in AIDS. Use of additional prescription (or nonprescrip- 
tion) drugs, as well as herbal remedies, must always be considered, 
either individually or as potential drug-drug interactions, as a 
cause of abnormal liver chemistry tests. 

Risk factors for liver injury associated with medication use have 
most consistently been associated with chronic viral hepatitis, most 
notably HBV or HCV, increasing the rate threefold or greater. 


BOX 35.6 Differential Diagnosis of Hepatomegaly and 
Elevated Biochemical Liver Test Levels in 
Patients With AIDS 


HEPATIC PARENCHYMAL DISEASE 
Infection 

Hepatitis C* 

Mycobacterium avium complex* 
Mycobacterium tuberculosis* 
CMV 

Bacillary peliosis hepatis 
Cryptococcus spp. 

Hepatitis B, D 

Pneumocystis jiroveci 
Microsporidia 

Drugs‘ 

Neoplasms 

Lymphoma 

Kaposi sarcoma 

BILIARY TRACT DISEASE 
Cholangitis 

CMV* 

Cryptosporidia* 
Microsporidia 

Neoplasm 

Lymphoma* 

Kaposi sarcoma 


*More frequent diagnosis. 
tEspecially sulfonamides, protease inhibitors. 


Other reported risk factors include preexisting liver fibrosis, pre- 
treatment elevation in liver chemistry tests, older age, alcohol 
abuse, and concomitant treatment with antituberculous agents.°%/ 

Mechanisms by which HAART results in liver injury include 
drug-induced toxicity and/or metabolism, direct hypersensitivity 
reactions, mitochondrial toxicity, IRIS, and steatosis.’ Hypersen- 
sitivity reactions are idiosyncratic, immune related, and typically 
occur within the first 4 to 6 weeks of starting the offending agent. 

The lactic acidosis syndrome, typically caused by the nucleo- 
side reverse transcriptase inhibitors, namely zidovudine, didano- 
sine, or stavudine, is characterized by marked hepatomegaly, 
microvesicular steatosis, and metabolic lactic acidosis, leading to 
liver failure. Given that these drugs are rarely used in current 
HAART regimens, this syndrome is rarely seen.*? 

IRIS-related liver injury occurs after initiating HAART, with 
subsequent CD4 cell recovery, especially in those coinfected with 
chronic HBV. The syndrome generally manifests within the first 
2 months of drug initiation and is accompanied by a precipitous 
decline in HIV RNA and a rise in CD4 count. Elevated serum 
aminotransferase levels and high levels of HBV DNA are predis- 
posing factors.°° The degree of liver injury ranges from mild with 
minimally abnormal liver chemistry test results to fatal with acute 
hepatic failure. 

A high prevalence and incidence of viral hepatitis B and C is 
not unexpected in this population, given the shared risk factors 
for viral hepatitis acquisition, including IV drug use and sexual 
transmission. Clinical manifestations and histologic features of 
infection from HBV (+/-HDV) HCV, and HAV are altered in 
the presence of HIV coinfection, but in remarkably different 
ways for each virus. 

Prior exposure to HBV has been reported in up to 90% of 
AIDS patients, with active infection in 5% to 20% of patients, but 
with marked worldwide differences.®! In Africa and Asia, vertical 
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transmission is the most common route of HBV acquisition, 
whereas in the Western world, drug use and sexual transmission 
predominate. More recent studies suggest lower infection rates, 
perhaps partly due to use of HBV vaccines.®* Concurrent HIV 
and HBV infections lead to alterations of HBV antigen-antibody 
display, viral replication, and clinical consequences. HIV-infected 
patients have a lower rate of spontaneous clearance of HBeAg, 
increased HBV replication, a higher rate of loss of anti-HBs, 
and reactivation of HBV, and are much more likely to develop 
chronic HBV infection after an acute exposure to this virus. Like 
HCV, HBV/HIV coinfected patients have an increased and more 
rapid rate of progression to cirrhosis and mortality compared to 
HBV-infected individuals without HIV. Recurrence of HBsAg 
may arise from either reinfection or reactivation with advanced 
immunodeficiency. With loss or reduction in immunity to HBV, 
there is an increased prevalence of hepatitis B e antigen (HBeAg) 
expression, elevated mean levels of DNA polymerase, and 
increased titers of antibody to hepatitis B core antigen. Increased 
serum HBV DNA viral load also translates into an increased risk 
of HCC. Acquisition of the chronic carrier state is also much 
more likely in the HIV-infected patient, especially if infec- 
tion occurs when immunodeficiency is more advanced. ‘Thus, a 
larger proportion of patients with HIV/HBV coinfections have a 
chronic HBV carrier state, with highly infectious serum and body 
fluids, compared with those who are HIV negative. 

Although HIV infection leads to more prevalent chronic HBV 
carriage, it appears to attenuate the severity of biochemical and 
histologic liver disease. The mechanism for reduced HBV-related 
liver injury following HIV infection is not certain but has been 
attributed to a diminution in lymphocyte-mediated hepatocellu- 
lar injury as a result of HIV’s damaging effects on lymphocytes. In 
those HIV-infected patients without serologic evidence of past or 
present HBV infection, the efficacy of HBV vaccination is related 
to the stage of immunocompromise and degree of HIV viremia.© 
Immune response to HBV vaccination can be improved by vac- 
cinating after HAART and improvement in immune function, 
using high-dose vaccination, and repeating vaccination.* 

Conversely, the institution of HAART in a chronic carrier 
of HBV can have catastrophic consequences following immune 
reconstitution (IRIS). Patients may develop an acute flare of viral 
hepatitis that can be severe, leading to fulminant hepatic failure. 
However, the proportion of HIV/HBV coinfected patients who 
develop an acute hepatitis B flare following use of HAART appears 
to be low.® It is believed that reconstitution of immune function 
with HAART leads to production of antibody that is directed 
to infected hepatocytes as in the normal host. Seroconversion 
to anti-HBe and/or anti-hepatitis B surface antigen (anti-HBs) 
may also be observed. Inclusion of lamivudine, which has potent 
antiviral effects on HBV, in the HAART regimen may reduce 
the likelihood of an acute flare of hepatitis B. Long-term lamivu- 
dine monotherapy may result in escape mutants and precipitate 
acute hepatitis. Treatment of either HIV or HBV must take into 
account each infection because many antiretroviral agents have 
dual activity against both viruses. If treatment is indicated for 
either infection, treatment should be initiated with a combina- 
tion of tenofovir and emtricitabine or tenofovir and lamivudine 
plus a third agent against HIV. Current recommendations are to 
include 2 drugs that are active against HBV to prevent emergence 
of resistant variants. In patients with advanced immunosuppres- 
sion, cure of HBV is unlikely; thus, the goal should be to reduce 
HBV DNA as low as possible. Such treatment may reduce dis- 
ease progression and perhaps reduce the risk for HCC. These 
observations suggest that all patients who are to receive HAART 
should be screened for active or past HBV infection. Vaccination 
should be considered in all eligible patients. Treatment options 
for HBV infection in the setting of HIV have been summarized.°° 
Triple infection with HIV, HBV, and HDV is rare. The con- 
sequences of HIV infection on HDV appear similar to those of 


HBV, although some data suggest that liver disease may be more 
aggressive.” 

The primary risk factors for HAV acquisition germane to this 
population include travel and high-risk sexual behavior. Out- 
breaks of HAV have been described in MSM.° Although HAV 
infection occurring in HIV-infected patients may result in higher 
serum titers of HAV RNA and prolonged viremia, there is no 
evidence to suggest a more severe course. As with hepatitis B, the 
immune response to HAV vaccine is less in those immunocom- 
promised, but when immune function is preserved, the response 
rate is high and the durability prolonged, especially when 3 rather 
than 2 doses of vaccine are administered.® Given the fecal-oral 
route of transmission, vaccination should be considered in all 
nonimmune MSM. 

The prevalence of HCV infection in HIV is variable, being 
highest in IV drug users and hemophiliacs (©50% to 90%) as 
compared to heterosexual individuals and MSM (1% to 10%).’° 
HIV infection profoundly alters the natural history of HCV coin- 
fection. Liver disease is now an important cause of mortality in 
HIV-infected patients, and much of this is related to coinfection 
with HCV. Unlike HBV, the clinical course of HCV worsens 
as HIV-related immunocompromise advances. HIV-infected 
patients acutely infected with HCV are less likely to clear HCV 
viremia, have much higher HCV RNA levels, and have an accel- 
erated progression to fibrosis, with decompensated cirrhosis 
and fatal liver disease occurring a decade or more sooner than 
in HIV-negative patients.’! Fibrosis progresses more rapidly in 
coinfected individuals, first observed in the hemophiliac popu- 
lation. There is a twofold higher risk of developing cirrhosis, a 
sixfold higher relative risk of developing decompensated liver 
disease, and a higher risk for developing liver cancer. Factors that 
predict fibrosis and progression to cirrhosis in coinfected patients 
include older age at infection, higher serum ALT levels, higher 
inflammatory activity, alcohol consumption of more than 50 g/ 
day, and CD4 count less than 500 cells/mm?.’” Steatohepatitis 
also may play a role.’> Mechanisms underlying this rapid pro- 
gression to fibrosis are multifactorial but similarly recognized in 
other immunocompromised patients. Survival is poor in patients 
with decompensated cirrhosis who are coinfected, with a median 
survival of approximately 1 year. Sustained virologic responders 
may be less likely to experience liver-related events and mortality, 
supporting the urgent need for effective therapy.’*’> Although 
much of the mortality related to liver disease in these patients is 
due to HCV infection, HCC is rising in incidence, with AIDS 
patients having a 4 times higher rate than the general popula- 
tion.’° Like hepatitis B, HCV does not cause progression of HIV 
disease. Triple infection (HCV, HBV, HIV) or even quadruple 
infections (HCV, HBV, HDV, and HIV) are rare, associated with 
injection drug use, and may be associated with a worse outcome, 
including higher rate of cirrhosis. 

With the advent of new simplified oral agents for HCV 
(Chapter 80), the treatment of, response to, and natural history 
of coinfected patients is transformed. For many patients, cure of 
HCV is now a reality with these new DAA. Prior interferon-based 
therapies were associated with side effects and poor efficacy. The 
use of DAA typically with HAART results in equivalent sustained 
viral response (SVR) as in HCV+/HCV- patients (>95%).778 In 
addition, earlier treatment may reduce fibrosis and the incidence 
of HCC. Reinfection has been observed. 

Hepatitis E coinfection appears to be rare, endemic, and any 
additional impact on pregnant women is uncertain.’? 

NAFLD is increasingly recognized worldwide, associated 
with the obesity epidemic. Increasingly in HIV-infected patients, 
this disease is playing a role in the development of abnormal liver 
tests, liver fibrosis, and cirrhosis, especially in the setting of the 
metabolic syndrome.*? Also, the cause may be multifactorial, 
including HCV infection, alcohol use, and HAART itself or its 
effect on lipogenesis. 
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Nodular regenerative hyperplasia and noncirrhotic portal 
hypertension, while rare, has been increasingly reported in the 
HIV population. Associated risk factors are didanosine use and 
thrombophilia.*! 

MAC infection is consistently the most frequent specific 
hepatic finding in AIDS in late-stage HIV disease.*? The patho- 
logic hallmark of this infection is the presence of poorly formed 
granulomas containing AFB within foamy histiocytes. In devel- 
oping countries, TB is the most common OI involving the liver 
in HIV-infected individuals. TB, in contrast to MAC, may occur 
before HIV-infected patients are profoundly immunocompro- 
mised. TB is commonly extrapulmonary (80%) in HIV-infected 
patients.® Hepatic disease as part of miliary tuberculosis has been 
noted. Rarer manifestations include tuberculous abscesses and 
bile duct tuberculomas.** The diagnosis of hepatic TB is made by 
culture of the organism from liver tissue obtained by percutane- 
ous or laparoscopic biopsy. PCR may allow earlier diagnosis. As 
with MAC, appropriate staining of biopsy specimens can demon- 
strate typical-appearing mycobacteria. 

CMV is an uncommon liver pathogen, most often found at 
autopsy in HIV patients. However, it rarely is a cause of clinical 
hepatitis or cause of other hepatic symptoms. Typical viral inclu- 
sions are usually identified in Kupffer cells but can sometimes be 
seen in hepatocytes or sinusoidal endothelial cells or in associa- 
tion with granulomas. 

Fungal infections of the liver are not unusual in HIV infec- 
tion when immunocompromise is advanced. Hepatic histoplas- 
mosis, cryptococcosis, and coccidioidomycosis may be observed 
in patients with disseminated fungal disease, predominantly but 
not exclusively in regions of high prevalence of the organism.**+ 
Candida infection of the liver is rare, in contrast to its high preva- 
lence in mucosal sites. 

Kaposi sarcoma is most often found at postmortem or inci- 
dentally at liver biopsy but may occasionally cause elevated serum 
aminotransferase levels or even jaundice. 

Hepatic involvement by non-Hodgkin lymphoma may be the 
index manifestation of AIDS and the primary site of the neoplasm. 
This tumor in the AIDS patient tends to be more aggressive, 
spreading rapidly to extranodal sites, making liver involvement 
more likely.*> The lesions are typically focal and may be large. 
The prognosis is determined largely by the extent of underlying 
immunocompromise and performance score rather than the lym- 
phoma itself. Improvements in survival have been demonstrated 
in those receiving HAART.*° 

A number of other isolated cases of hepatic involvement by a 
variety of pathogens has been reported including P. jiroveci, cryp- 
tosporidia, microsporidia, Dicrocoelium dentriticum, and Leishma- 
nia species.*” 

Bacillary peliosis hepatis, caused by either Bartonella henselae or 
Bartonella quintana, is a systemic infection that may be associated 
with fever, skin lesions, abdominal pain, and lytic bone lesions.** 
Liver chemistry tests usually show a disproportionate elevation of 
serum alkaline phosphatase. Liver biopsies demonstrate regions 
of a myxoid stroma in association with granular purple material, 
which with Warthin-Starry stain or electron microscopy reveal 
clumps of organisms. 

Biliary tract disease is currently most likely related to choleli- 
thiasis, choledocholithiasis, or chronic pancreatitis. A syndrome 
resembling sclerosing cholangitis with papillary stenosis is well 
recognized and has been termed AIDS cholangiopathy.®” Patients 
characteristically develop significant upper abdominal pain in 
association with marked elevation of serum alkaline phosphatase, 
as well as minimal elevations of bilirubin, AST, and ALT. 

Ductular changes consist of papillary stenosis alone, scleros- 
ing cholangitis-like lesions alone, a combination of both, or long 
extrahepatic strictures. Most series have found papillary stenosis 
with intrahepatic disease as the most common findings (Fig. 35.8). 
US or CT detect ductular abnormalities, usually dilation, in most 


Fig. 35.8 ERCP in a patient with AIDS cholangiopathy. Papillary steno- 
sis is present (arrow). 


of those with cholangiographically proved disease, implying that a 
negative imaging study does not definitively exclude the diagnosis. 
The etiology in most cases is due to infection of the duodenal and 
biliary epithelium with cryptosporidia, CMV, microsporidia, or 
Cystoisospora. For patients with predominantly papillary steno- 
sis, biliary sphincterotomy results in a symptomatic improvement 
in most patients.°? However, the serum alkaline phosphatase may 
continue to rise, probably reflecting progression of associated 
intrahepatic disease. HAART may lead to improvement of the 
radiographic abnormalities in some patients.*? Survival in AIDS 
cholangiopathy is linked to severity of immunodeficiency.” 

Other less common causes of biliary tract disease in AIDS 
include primary bile duct lymphoma, obstruction of the biliary 
tree by lymphomatous lymph nodes in the porta hepatis, Kaposi 
sarcoma, and extrahepatic collections of bile (biloma). 

Acalculous cholecystitis has also been described in AIDS 
patients, presenting as severe abdominal pain and occasionally 
peritonitis. This syndrome is usually caused by a specific infec- 
tion, most frequently CMV, but also from microsporidia, cryp- 
tosporidia, and Cystoisospora belli?! Cholelithiasis may occur. 
Laparoscopic cholecystectomy is the treatment of choice. 

The clinical history and the finding of symptomatic hepato- 
megaly or abnormal liver chemistry tests are nonspecific, and 
further evaluation is always necessary. Nevertheless, some gener- 
alizations can be made. Significant elevation of the serum amino- 
transferase levels favors a drug-induced or viral cause. In contrast, 
marked elevation of the serum alkaline phosphatase level corre- 
lates statistically with the presence of hepatic MAC infection in 
AIDS when extrahepatic obstruction is absent. US, CT, and MR 
cholangiography (MRC) should be used early because they are 
especially useful in identifying ductal dilation, gallbladder pathol- 
ogy, and focal hepatic lesions. 

The indications for liver biopsy for the patient with sus- 
pected intrahepatic disease are limited. Although a specific 
diagnosis is likely in most patients, liver biopsy rarely identi- 
fies a previously undiagnosed OI, suggesting that the liver is 
rarely the site of disease not manifest elsewhere. This observa- 
tion underscores the importance of reserving liver biopsy for 
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those circumstances in which less invasive diagnostic methods 
such as blood cultures and bone marrow examination have 
not yielded a diagnosis.” Liver biopsy or elastography may 
play a role in the treatment decision for HCV therapy, as in 
the normal host. Focal hepatic lesions identified by abdomi- 
nal imaging can be sampled under US or CT guidance. Use 
of transjugular liver biopsy may be favored over percutaneous 
biopsy in selected settings such as hemophilia. Specific infec- 
tions or neoplasms are usually evident on tissue sections of 
appropriately stained biopsy material. 

An extrahepatic cause for jaundice is suggested on CT or 
US by the presence of dilated bile ducts or other biliary and/ 
or pancreatic abnormalities. Once extrahepatic obstruction is 


recognized, the possibility of papillary stenosis associated with 
AIDS cholangiopathy must be considered, as well as the possibil- 
ity of choledocholithiasis or other disorders, depending on the 
imaging studies and clinical setting. Additional testing with CT, 
MRCP, or endoscopic US may better delineate the underlying 
cause, reserving ERCP for those in whom endoscopic therapy is 
planned. Bile duct, ampullary, and duodenal biopsy specimens or 
bile and/or biliary cytology (with appropriate staining) collected 
during ERCP can be examined for the presence of viruses, proto- 
zoa, or neoplastic cells. 


Full references for this chapter can be found on www.expertconsult.com. 
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Transplantation of a solid organ is an immunologic mirror of 
the transplantation of allogeneic hematopoietic cells. Thus solid 
organs can be rejected by the patient in whom they are placed, 
whereas allogeneic hematopoietic cells can damage or “reject” 
the organs of their recipient. There are similarities in the intes- 
tinal and hepatic complications of these transplant procedures, 
particularly regarding infections and the side effects of immu- 
nosuppressive drugs. However, there are extreme differences in 
the patient populations being transplanted, in the preparation for 
transplant, and in the degree and length of immune suppression. 
For this reason, this chapter presents separate problem-oriented 
approaches to the complications of solid organ and hematopoi- 
etic cell transplantation (HCT). 


COMPLICATIONS OF SOLID ORGAN 
TRANSPLANTATION 


GI complaints after solid organ transplant (SOT) are reported in 
20% to 35% of recipients, with a frequency as high as 60% reported 
in India. Most of the problems relate to opportunistic infections, 
graft dysfunction, adverse effects of medications, or malignancy 
(Table 36.1).!* Infectious complications remain a major source 
of morbidity and mortality, particularly within the first 6 months 
after SOT.* However, infection following the first 6 months occurs 
in up to 16% of SOT recipients.’ During the first month follow- 
ing SOT, infections include those present prior to transplant (e.g., 
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urinary tract infection), those related to technical complications of 
the procedure itself (e.g., biliary sepsis), or those transmitted with 
the allograft. Opportunistic viral, fungal, and parasitic infections 
are more likely to develop after the first month, with herpesvirus 
infections being the most common (Fig. 36.1).* Universal prophy- 
laxis—prophylactic antimicrobials, antivirals, and antifungals—may 
reduce the occurrence of these infections.° There are several non- 
infectious complications that can mimic infection (see ‘Table 36.1). 

CMV is a ubiquitous viral infection, with rates of infection 
ranging from about half of the adults in the US to over 95% 
across the globe.”* CMV infection is the predominant viral 
pathogen occurring within the first year after SOT. Without 
antiviral prophylaxis, 40% to 60% of seropositive recipients will 
develop viremia.’ It can lead to significant morbidity, including 
allograft rejection and reduced graft survival and mortality.!°-!° 
Several factors predispose to the development of CMV infec- 
tion!®!!; (1) Increased immunosuppression, such as antilympho- 
cyte antibody in addition to conventional immunosuppression or 
high-dose maintenance mycophenolate mofetil (MMF) therapy‘; 
(2) CMV donor and recipient mismatch!®!1-14; and (3) allograft 
rejection or coinfection with immunomodulating viruses (i.e., 
human herpesvirus [HHV]-6, HHV-7), bacteria, or fungi.t!> 
The peak incidence of CMV infection is generally 4 to 6 months 
after transplantation, once antiviral prophylaxis has been dis- 
continued. Presentations include asymptomatic viremia, CMV 
syndrome (fevers, malaise, leukopenia, neutropenia, atypical lym- 
phocytosis, elevated liver aminotransferases) and tissue invasive 
disease (e.g., GI and hepatobiliary infection, pneumonitis, retini- 
tis) (see Fig. 36.1).7!° Between 70% and 80% of cases of organ- 
invasive disease in SOT recipients are secondary to GI CMV.!7:!8 
Active disease can be identified in several ways, including quanti- 
tative CMV DNA testing, antigenemia, culture, histopathology, 
and immunologic assays, which reflect cellular immune response 
to CMV.!°!° However, in the setting of end-organ disease, virus 
may not be detectable in the bloodstream, and CMV must be 
recovered from intestinal or liver biopsy tissue.?? The 2 main 
methods of disease prevention are post-transplant universal anti- 
viral prophylaxis or preemptive therapy (treating if CMV vire- 
mia develops).”!’? Both strategies are effective in minimizing 
the incidence of CMV-associated disease.™?* Ganciclovir, vala- 
cyclovir, or valganciclovir significantly reduces the incidence of 
CMV disease in transplant recipients; the drug used depends on 
the organ transplanted. Valganciclovir is not FDA approved in 
the US for use in the setting of liver transplantation, however, 
because there was a higher rate of tissue-invasive disease seen in 
clinical trials. Ganciclovir-resistant CMV has been reported and 
is an emerging problem in management of CMV disease.?° 

The herpes simplex viruses (HSV1/HHV-1 and HSV2/HHV- 
2) and varicella-zoster virus (VZV/HHV-3) are the next most 
commonly seen viral infections and characteristically represent 
reactivation of latent virus within the recipient.’>-’’ If antiviral 
prophylaxis is not used, manifestations of HSV or VZV infection 
can develop in up to 70% of transplant recipients.*° HSV has 
tropism for squamous epithelium (nose, mouth, esophagus, geni- 
tal), but can involve the intestine, lungs, and liver if patients are 
not receiving prophylactic antiviral therapy (see Fig. 36.1B). Pri- 
mary HSV infection is uncommon but is generally more severe 


TABLE 36.1 Causes of intestinal and hepatobiliary disorders in solid organ transplantation recipients* 


Nausea, vomiting, Hepatobiliary 
Esophageal symptoms anorexia Abdominal pain GI bleeding Diarrhea Malignancy disorders 
Infections Candida albicans CMV CMV CMV CMV EBV-PTLD Sepsis-related 
Other fungal species SV Clostridium difficile Fungal infection Other viruses MALT lymphoma (Hp- cholestasis 
CMV p-related ulcers (VZV) Hp-related ulcers (Candida, molds) C. difficile (Parasites) related) (cholangitis lenta) 
HSV (VZV) Giardia lamblia) Perforation with abscess, Hp-related ulcers (EBV- (EBV-PTLD) (Kaposisarcoma) Herpesviruses (CMV, 
(Mycobacterium tuberculosis) — (Cryptosporidiosis) peritonitis PTLD) (Enteric bacterial HSV, VZV, EBV) 
(Parasites) Norovirus) Acute cholecystitis (Viral C. difficile (HSV pathogens) HBV 
Rotavirus) pancreatitis) esophagitis) HCV 
EBV-PTLD) (VZV) Abscess (fungal, 
Fungal infection) bacterial) 
Noninfectious Acid reflux + peptic stricture ledications ntestinal obstruction NSAID gastroduodenal Promotility drugs Lymphoma Drug toxicity 
causes Pill esophagitis Obstruction Pseudo-obstruction ulcers Immunosuppressive Skin cancer Vascular injury (LT) 
Thoracostomy tube Uremia Narcotic bowel syndrome Peptic esophagitis drugs (Sorbitol colitis) Colon cancer Nodular regenerative 
Dialysis mmunosuppressive Diverticulosis (especially Ischemic colitis Recurrent HCC hyperplasia 
Pancreatitis drugs KT) Mg** salts Lung cancer Biliary tract disease 
Hepatitis Diverticulitis Ischemic colitis Antibiotic-associated Recurrent hepatocellular 
Cholecystitis ischemic colitis (especially KT) diarrhea carcinoma 
Gastroparesis Appendicitis Biliary or Roux-en-Y 
GVHD Acute pancreatitis (Acute anastomotic bleeding 
GVHD) (LT) 


ntestinal motility disorder 
(intestinal transplant) 
Biliary leak (LT) 


Liver biopsy (Hemobilia 
caused by liver 
biopsy) 

Variceal bleeding (Acute 
GVHD) 


Conditions that are described in the literature but rarely seen are in parentheses. 
GVHD, graft-versus-host disease; KT, kidney transplant; MALT, mucosa-associated lymphoid tissue; MMF, mycophenolate mofetil; PTLD, post-transplant lymphoproliferative disorder; VZV, varicella-zoster 


virus. 
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Fig. 36.1 Endoscopic photographs of intestinal infections following 
a solid organ transplant. A, Distal esophageal ulcerations caused by 
cytomegalovirus (CMV). B, Duodenal ulceration caused by HSV, with 
a deep, irregular ulcer surrounded by edematous mucosa. C, Colon 
mucosa in CMV infection, showing focal ulceration (arrow) and pale 
ulceration and intramucosal hemorrhage in the surrounding mucosa. 
D, Colonic mucosa in CMV infection with diffuse mucosal friability and 
ulceration. 


and prolonged in the SOT recipient. HSV reactivation is com- 
mon and often asymptomatic. Symptomatic lesions are similar to 
those seen in primary infection. Rarely, disseminated HSV can 
occur, presenting with fever, leukopenia, and hepatitis.*° Primary 
VZV infection may also lead to end-organ damage. Fortunately, 
few adult SOT recipients are susceptible because only 2% to 4% 
of adults are seronegative for VZV.?° Reactivated disease most 
often presents as localized shingles, although severe disseminated 
disease is possible.” Up to 20% of SOT recipients will develop 
symptomatic infection.” Lung recipients have the greatest risk, 
followed by heart, kidney, and liver recipients.*°>° Prophylaxis 
with acyclovir, valacyclovir, valganciclovir, or famciclovir reduces 
recurrence of HSV and VZV following SOT.*! There are reports 
of development of HSV antiviral drug resistance in up to 11% of 
immunocompromised hosts, but little data in the SOT setting.” 

Infections caused by EBV and other human herpesviruses 
(HHV-6, -7, and -8) are less common. As with the other herpes- 
viruses, EBV infection can be either primary or secondary. Clini- 
cal disease ranges from asymptomatic viremia to symptomatic 
disease, including infectious mononucleosis and post-transplant 
lymphoproliferative disorder (PTLD).*? Primary infection is 
often symptomatic and associated with more significant disease.*? 
The incidence of EBV-associated PTLD varies (0.6% to 16%), 
depending on the organ transplanted and whether the recipient is 
an adult or a child.** PTLD continues to be a problem for SOT 
recipients who require continued high-level immune suppression; 
both B- and T-cell lymphomas can be seen (Fig. 36.2). HHV-6 
causes clinical disease in fewer than 1% to 2% of SOT recipi- 
ents.?35-37 Primary infections are rare, and reactivation leads 
predominantly to subclinical, short-lived infection. It has been 
reported to cause GI disease.** Conclusive evidence of HHV-7 as a 
pathogen is lacking.”>3? Both HHV-6 and -7 predispose the SOT 
recipient to other opportunistic infections. The role of antiviral 


Fig. 36.2 Computed tomographic findings in lymphoproliferative 
disease following a solid organ transplant. A, A retroperitoneal mass 
(arrows) following a liver transplant, caused by an EBV-positive B-cell 
lymphoma. B, Distal small intestinal mass (arrows) following a renal 
transplant, caused by a T-cell lymphoma. The mass was causing 
intestinal obstruction, with dilated loops of small intestine seen proximal 
to the mass. 


prophylaxis in this setting has not been proven and prophylaxis is 
currently not recommended.”> HHV-8 is oncogenic and can lead 
to Kaposi sarcoma, Castleman disease, and primary effusion lym- 
phomas (a form of non-Hodgkin lymphoma). HHV-8 may also 
cause a syndrome of fever, bone marrow suppression, and multi- 
organ failure.*® 

Fungal infections usually develop after the first month post- 
transplant, particularly among those who have discontinued anti- 
fungal prophylaxis. The incidence of fungal infection in SOT 
recipients is estimated to be less than 5%.*°+! The most common 
fungi are candidal species (Candida albicans, Candida tropicalis), but 
molds such as Aspergillus and Zygomycetes are increasing in inci- 
dence.*?; Beyond the first 6 months following SOT, opportunis- 
tic fungal infections occur less frequently, but recipients remain 
at risk for community-acquired infections. Less common infec- 
tions (Histoplasmosis [<1 %], Coccidioides [1.5% to 8.7%], Nocardia, 
Pneumocystis, Toxoplasma, and Strongyloides) also may occur after 
the first month.3*4-46 


KIDNEY AND KIDNEY/PANCREAS TRANSPLANTATION 


GI complications are among the most prevalent complications of 
kidney transplant (KT), seen in up to 50% of patients, and cor- 
relate with patient long-term survival.*”-? It has been reported 
that KT patients who experience GERD or dyspepsia have an 
increased risk of graft loss and death, the mechanism of which is 
unclear.°? Graft pancreatitis and graft duodenitis generally occur 
early after kidney/pancreas transplant (KPT) and may lead to 
intra-abdominal infection.’ L°? The frequency of HCV or HBV 
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infection ranges from 5% to 66% of KT and KPT recipients, 
depending on country of origin.**°+ The effect of HCV on patient 
and graft outcomes has been controversial.’ Many have shown 
outcomes to be inferior in patients who are chronically infected 
with either HCV or HBV.°®°? Cirrhotic patients who undergo 
KT have traditionally shown a significantly worse 10-year sur- 
vival compared to noncirrhotics, with HCV cirrhotics faring 
worse than HBV cirrhotics. The appropriate use of combined 
kidney-liver transplantation in this setting remains debated. Both 
HBV and HCV antiviral therapies have significantly improved 
the clinical outcome of the KT and KPT recipient. 

Many serious infections reported in KT recipients are now 
less common because of more intense surveillance, anti-infective 
prophylaxis, and preemptive treatment of viral and fungal infec- 
tion. However, if untreatable life-threatening infection should 
develop, immunosuppressive drugs can be discontinued, and the 
patient must be maintained on dialysis, if necessary. This option 
is unavailable to recipients of other organs. CMV infection is 
reported in up to 100% of patients after KT or KPT transplant, 
with a significant portion developing symptomatic disease.°!-© 
GI CMV infection is seen in up to about 50% of KT and KPT 
recipients, with pancreas recipients at greater risk owing to 
higher levels of immunosuppression.!7°+% Clostridium difficile 
infection is reported in about 3.5% of adults following KT and 
15.5% in KPT.® About 4% develop intestinal fungal infections, 
most often with candidal species, and parasitic infections must 
also be considered (Enterocytozoon bieneusi, Strongyloides stercora- 
lis).°° HSV infection post KT is generally asymptomatic and self- 
limited, but may present as stomatitis, mononucleosis, hepatitis, 
or pneumonia.°’ Cholecystitis is seen in KT recipients, and the 
incidence is higher among diabetic patients. 

Historically, GI hemorrhage developed in up to 20% of KT 
recipients. Although the incidence has decreased to about 5%, 
GI bleeding remains a significant cause of morbidity and mor- 
tality.°?’° Surgical outcomes have improved from those seen in 
the past.”!\’? Many KT recipients with gastroduodenal ulcers will 
have no past history of gastroduodenal disease. Up to 40% will be 
asymptomatic, approximately 50% will have complaints of dys- 
pepsia, and 30% to 40% are colonized with Hp.%’*:”4 Discovery 
of ulcer disease requires a high index of suspicion in this patient 
population. With decreased use of glucocorticoids and use of 
PPIs or H2RAs, ulcer formation and hemorrhage have become 
less common.’ Many GI symptoms (e.g., diarrhea, nausea, vomit- 
ing, abdominal pain) were related to the use of MMF, which has 
been largely abandoned in favor of enteric-coated mycophenolic 
acid, with fewer gut side effects.” An acute abdomen may be 
seen in up to 10% of patients and can be related to pancreati- 
tis, cholecystitis, perforated ulcer, diverticulitis, appendicitis, and 
intestinal obstruction.” Renal recipients are at particular risk for 
the development of intestinal ischemia compared with other SOT 
recipients. The incidence is low (<5%), however, and the etiology 
is multifactorial.” Recipients with polycystic kidney disease more 
often develop intestinal ischemia and obstruction.’? This group 
also has a higher percentage of patients with diverticular disease 
and complications.ć67%80 Intestinal ischemia in this setting carries 
a high mortality. Ischemia should be considered in KT recipients 
with abdominal pain, particularly older patients (>40 years of age) 
who have received a cadaveric kidney.’* 


LIVER TRANSPLANTATION 


As also discussed in Chapter 97, GI complications unique to 
orthotopic liver transplantation (OLT) are generally related 
to the surgery itself and include intra-abdominal hemorrhage, 
hepatic arterial stenosis or thrombosis, biliary tract dysfunction, 
bowel perforation, bowel obstruction, and GI bleeding.*! Hepatic 
artery thrombosis develops in 5% to 9% of adult recipients and 
presents with a spectrum of consequences, ranging from mildly 
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Fig. 36.3 Hepatobiliary imaging following a liver transplant. A, Endo- 
scopic retrograde cholangiogram showing an ischemic stricture (arrow) 
of the bile duct following the transplant. B, Endoscopic retrograde chol- 
angiogram showing a bile leak (arrowhead) at the biliary anastomosis 
(arrow) following transplant. C, Magnetic resonance cholangiogram of 
the intrahepatic biliary system showing recurrent sclerosing cholangitis 
in the liver graft. The arrow points to a stricture, with upstream biliary 
dilatation. 


elevated liver enzymes with or without fever to acute hepatic fail- 
ure necessitating urgent retransplantation.*? Moreover, the bili- 
ary tree receives its entire blood supply from the hepatic artery 
following OLT, and loss of this arterial flow results in bile duct 
necrosis and leakage, with development of intrahepatic bilomas 
and abscesses (Fig. 36.34 and B).**-*+ Gradual loss of hepatic arte- 
rial flow can also result in hepatic ductopenia, which is indistin- 
guishable from ductopenic rejection. 

Portal vein thrombosis has been reported in up to 12% of 
transplants and can lead to hepatic ischemia and severe hepatic 
dysfunction if it occurs early in the post-transplant course; later, 
signs of portal hypertension develop. Rarely, hepatic vein throm- 
bosis and inferior vena cava thrombosis or stenosis can create a 
Budd-Chiari-like syndrome. 

Biliary complications are the most common cause of morbid- 
ity after OLT, ranging from 5% to 30%.*° Bile leakage, with 
bilomas, and stricture formation, generally at the anastomotic 
site, are the most common of the biliary abnormalities (see 
(Fig. 36.34 and B).*>.86 Anastomotic strictures account for up 
to 80% of stricturing disease. They generally present within 2 
to 6 months post OLT but can occur in the newly transplanted 
patient as well. Strictures and leaks in patients with duct-to-duct 
anastomoses are often amenable to endoscopic therapy, whereas 
those with choledochojejunostomies may require percutaneous 
or surgical correction. Nonanastomotic strictures raise the con- 
cern of hepatic artery insufficiency.*’ Biliary casts may develop 
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in up to 18% of recipients and generally occur within the first 
year post OLT.?™>®? Clinical factors associated with development 
of biliary casts include hepatic ischemia and biliary strictures. 
Endoscopic and percutaneous therapy are successful in up to 
70%, but surgical intervention may be required, and mortality 
has been reported at 10% to 30%.>”8? 

Infection is the most common cause of morbidity and mortal- 
ity post OLT, seen in up to 75% of recipients.”” Immediately 
following transplant, hospital-acquired infections and wound 
infections can be seen. GI CMV infection is reported in up to 
40% of liver recipients.!’ CMV hepatitis is the most common 
manifestation of CMV post OLT and is more severe in OLT 
recipients than in recipients of other organs.?!,? Patients often 
have elevations in serum aminotransferases, which can be con- 
fused with rejection; therefore, liver biopsy is essential for diag- 
nosis. The diagnosis can usually be confirmed by the detection of 
CMV DNA in the bloodstream.” Asymptomatic low-level CMV 
viremia usually does not require antiviral therapy.** OLT recipi- 
ents more often develop invasive fungal infections than other 
SOT recipients, with a high mortality. In the absence of antifun- 
gal prophylaxis, invasive infections occur in up to 42% of recipi- 
ents, and Candida species account for the majority.”>”° A serum 
galactomannan assay is useful for detecting mold infections, par- 
ticularly invasive aspergillosis.°”.°* Invasive fungi are becoming 
increasingly resistant to antifungal therapy. Acute pancreatitis is 
rare, but has been reported in up to 5.7% of OLT recipients and 
carries a high mortality (up to 64%).>.? 

There is a risk for recurrence of the underlying liver disease 
following OLT, including HCV, HBV, autoimmune hepatitis, 
NASH, PBC, and PSC (see Fig. 36.3C).10-103 Recurrence of 
HCV in the liver allograft is nearly universal (see Chapters 80 and 
97). Historically, this led to significant increased graft loss.!0*107 
With the development of multiple highly effective direct acting 
antiviral drugs, however, this is no longer an issue. HBV recur- 
rence may be prevented with the use of hepatitis B immune glob- 
ulin (HBIG) and antiviral medications. PBC recurs in about 26% 
of patients post OLT (see Chapter 97).!°! 


HEART, LUNG, AND HEART-LUNG TRANSPLANTATION 


Up to half of heart (HT), lung (LT), and heart-lung transplan- 
tation (HLT) recipients experience GI complications, with up 
to 20% requiring surgery.!?®10 The most common complica- 
tions include diarrhea, GERD, dyspepsia, nausea and vomiting, 
abdominal pain, acute abdomen, pancreatitis, herpesvirus infec- 
tions (especially CMV), cholelithiasis, ulcers, and hepatobili- 
ary disease.!°*-!!° Biliary disorders are reported in up to 40% of 
patients, and they carry a high mortality with surgical interven- 
tion.!!! GERD and gastroparesis are particularly problematic 
after LT or HLT and may be related to medications and vagal 
nerve injury during the operation.!0”!!?-!!5 Symptomatic gastro- 
paresis has been described in 25% of LT recipients and up to 
80% of HLT recipients.!!6-118 The course is often waxing and 
waning, suggesting a neuropathic, infectious (CMV), or medi- 
cation-induced etiology.!!7!!° Recipients with GERD and/or 
gastroparesis are at particular risk for the development of bron- 
chiolitis obliterans syndrome, which significantly threatens the 
longevity of LT recipients.!!>-!!7 PPIs can be used to help control 
reflux; however, if reflux disease is unremitting, laparoscopic fun- 
doplication may be successful. 120-122 

LT recipients may develop giant gastric ulcers (>3 cm in diam- 
eter), which occur despite routine use of acid suppression. These 
ulcers carry significant morbidity and mortality, and are more 
often associated with bilateral LT, use of high-dose NSAIDs 
after transplant, acute rejection requiring high-dose glucocorti- 
coids, and cyclosporine immunosuppression.!?> For this reason, 
some authors believe NSAIDs should not be used in the post- 
transplant setting. Recipients of LT and HT more often develop 


CMV infection (15% to 25%) than other SOT recipients. Gener- 
ally, CMV infection presents as pneumonitis, but GI CMV infec- 
tion remains a major cause of morbidity (see Fig. 36.1).'* LT and 
HLT recipients have the highest incidence of fungal infection 
in the SOT setting, and noncandidal species predominate.!**!7° 

Patients undergoing LT for CF experience a unique set of GI 
complications.!’° Pancreatic insufficiency, a marker for severe 
CF, is common. CF-induced secondary biliary cirrhosis can com- 
plicate absorption of immunosuppressive medications such as 
cyclosporine. If severe liver disease is detected prior to LT, lung- 
liver transplant can be considered. Distal intestinal obstruction 
syndrome occurs in up to 10% and is similar to the incidence in 
CF in the nontransplant setting.!*” CF patients may also experi- 
ence cholecystitis, PUD, and GERD.!?° 

Primary HCV infection following HT has led to significantly 
increased 1- and 3-year mortality. With newer antiviral medica- 
tions now available for hepatitis C virus infection, this is likely to 
change over time. Acquisition of HBV following HT does not 
appear to affect survival, at least up to 5 years.!29.!30 


INTESTINAL TRANSPLANTATION 


Most complications are related to underlying diseases, graft rejec- 
tion, intestinal ischemia, and anastomotic leaks. Bacterial and 
fungal infections are common, often associated with mucosal dis- 
ruption following surgery, but a source may not be identifiable. 
‘Two types of malignancy related to intense immune suppression 
have been reported: EBV-lymphoproliferative disease (LPD) and 
de novo cancers of nonlymphomatous origin.!*!-!3? Surveillance 
for EBV DNA and preemptive treatment by reducing immuno- 
suppression or using rituximab reduces the frequency of LPD. 
Altered intestinal motility and anorexia have been reported. SOT 
graft-versus-host disease (GVHD) is seen in up to 9% of intesti- 
nal transplant recipients. 


PROBLEM-ORIENTED APPROACH TO DIAGNOSIS IN 
SOLID ORGAN TRANSPLANTATION RECIPIENTS 


Upper Intestinal Symptoms and Signs 


The approach to SOT patients with esophageal or gastric symp- 
toms is influenced by a high frequency of nonspecific symptoms 
as harbingers of serious infection (e.g., CMV infection presenting 
as nausea and vomiting) and by the rapidity with which disease 
can progress. GERD is the most common cause of heartburn and 
mid-chest pain, particularly following LT, but viral and fungal 
esophagitis may underlie these symptoms, particularly after anti- 
microbial prophylaxis has been discontinued. Candidal esopha- 
gitis is seen with high frequency in those with diabetes; other 
risk factors include use of broad-spectrum antibiotics, high-dose 
immunosuppression, and the presence of a Roux-en-Y anasto- 
mosis in OLT recipients. Severe necrotizing fungal esophagitis 
can lead to perforation, which can have a fatal outcome in up 
to one third of cases. Odynophagia, dysphagia, or hematemesis 
should lead to consideration of an esophageal infection; herpesvi- 
ruses (CMV, HSV) and fungal species (Candida) are responsible 
for the largest proportion, but unusual organisms can be seen. 1? 
Dysphagia secondary to pill esophagitis may develop in SOT 
recipients who are ingesting antibiotics, antivirals, potassium 
chloride, bisphosphonates, NSAIDs, and iron pills. Esophageal 
strictures following severe esophageal infection have been 
reported and may present long after eradication of the organism. 

Anorexia, nausea, and/or vomiting are common following 
SOT, particularly early in the post-transplant course.**:!08.10% 
These symptoms are often related to herpesvirus infections or 
medications (including immunosuppressive drugs); thus endo- 
scopic evaluation is necessary for diagnosis in most patients. 
Tacrolimus is a macrolide lactone that can cause nausea, abdominal 
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pain, and diarrhea, often leading to anorexia, food aversion, and 
weight loss. These side effects are dose-dependent and can be 
managed with dose reduction or, more rarely, drug discontinua- 
tion. Sirolimus (Rapamune), a newer macrolide immunosuppres- 
sant, has a GI side-effect profile similar to tacrolimus. MMF is 
an inhibitor of nucleic acid synthesis with well-described GI side 
effects of nausea, vomiting, and diarrhea, often requiring dosing 
modifications. The formulation of mycophenolic acid delayed- 
release tablets has significantly fewer GI side effects, with similar 
therapeutic efficacy.’*»’°!3+ Less common causes of anorexia and 
nausea include pancreatitis, cholecystitis, or cystitis. 

Rarely following SOT (~1%) and within the first 2 to 6 weeks 
after transplantation, GVHD presents with fever, rash, and GI 
symptoms, particularly nausea, vomiting, and diarrhea.!5136 
Endoscopic evaluation with biopsy is essential if GVHD is sus- 
pected and skin lesions are absent, recognizing that other con- 
ditions such as viral infections and drug reactions can have a 
GVHD-like histologic pattern.!?” Symptomatic gastroparesis is 
frequently seen in the setting of LT but is less often reported in 
the setting of other SOT.!!” CMV and VZV may rarely involve 
intestinal neural plexuses, leading to intestinal dilation or gastro- 
paresis. Hp infection may be associated with symptomatic dys- 
pepsia, gastritis, and gastroduodenal ulceration, but there is no 
relationship between the use or degree of immunosuppression 
and Hp colonization; its incidence is similar to that seen in the 
nontransplant setting.” Hp infection is common in dialysis and 
KT patients.“ 


Diarrhea and Constipation 


Colonic and small bowel complications (diverticulitis, ischemic 
colitis, malignancy, and infections) have been reported following 
all types of SOT. Early in the post-transplant setting, infections 
predominate, and diarrhea may be accompanied by fever (37%), 
abdominal pain (46%), nausea (32%), and vomiting (22%).138:139 
The microbes predominantly responsible are CMV and C. dif- 
ficile, but the literature describes a wide range of organisms in 
SOT recipients, particularly when they are cared for in infection- 
endemic areas (e.g., adenovirus, norovirus, rotavirus, coxsackievi- 
rus, bacterial enteric pathogens, enterohemorrhagic Escherichia 
coli, Yersinia enterocolitica, Giardia lamblia, Candida species, cryp- 
tosporidia, microsporidia (E. bieneusi), Isospora belli, S. stercora- 
lis).13%140 Bacterial intestinal tract infections occur more often if 
the patient also has concomitant systemic CMV.® Diagnosis can 
be made by examination of stool specimens in nearly all cases; 
the exceptions are CMV, certain parasites, and EBV-associated 
lymphoproliferative disorders (EBV-LPD). Small intestinal 
involvement with CMV often causes profuse watery diarrhea 
with protein-losing enteropathy, particularly if the diagnosis is 
delayed. Colonic involvement may appear as an inflammatory 
colitis resulting in bloody diarrhea and is often associated with 
fever, abdominal distention, and pain.!*!!*” Diagnosis of colonic 
CMV requires mucosal biopsy, particularly if blood specimens 
are negative for CMV DNA or antigen. C. difficile occurs in 2% 
to 30% of hospitalized SOT recipients, a greater incidence than 
in the general hospitalized population (1% to 2%).!® C. diffi- 
cile infection may present with a more severe course post SOT; 
patients with fulminant colitis, intestinal obstruction, abscess, and 
toxic megacolon require prompt surgical intervention to prevent 
perforation and peritonitis.!°°'4° Signs of colitis may be subtle 
and is because of concomitant immune suppression. Treatment is 
discussed in Chapter 112. Recurrence may develop in up to 20% 
of cases. 144 

The use of certain probiotics (e.g., Saccharomyces boulardii) in 
SOT recipients remains controversial because there have been 
reports of yeast dissemination and infection in the immunocom- 
promised host.!#>:!46 However, it appears that the use of bacterial 
probiotics may help prevent infection,!*” and transplantation of 
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normal colonic bacterial flora can be useful in treating recurrent 
C. difficile colitis (see Chapter 112). Intestinal fungal infections can 
be seen in up to 25% of SOT recipients. In the absence of prophy- 
laxis, intestinal fungal overgrowth and diarrhea can result from 
antibiotic use or intestinal dysmotility. Common parasitic infec- 
tions must also be considered in an immunocompromised host, 
particularly in areas of high endemicity. The protozoa and meta- 
zoan parasites are a much less frequent cause of acute diarrhea 
post-SOT but must be considered. Microsporida (E. bieneusi) is 
a more rarely reported cause of chronic diarrhea, perhaps reflect- 
ing the fact that it is often not sought out in the post-SOT set- 
ting.!48 Clinically, patients with this infection experience fatigue, 
intermittent diarrhea, and weight loss. There are no clearly effec- 
tive therapies for E. bieneusi. Symptoms of colitis or toxic mega- 
colon are most often associated with infection, but in up to 20% 
of cases, no clear etiology can be found. >! Early recognition, 
diagnosis, and treatment of colitis can decrease disease-associated 
mortality. There are reports of donor-transmitted infections with 
S. stercoralis, which carries a high mortality rate. This pathogen 
should be considered when donors hale from endemic regions. 
Eosinophilic colitis with diarrhea has been reported with the use 
of both tacrolimus and cyclosporine. Histologically, this is char- 
acterized by eosinophilic colonic infiltrates and peripheral eosino- 
philia; elevated serum immunoglobulin (Ig)E may be present in 
some patients. Colonoscopy is generally only needed if noninva- 
sive testing for infectious causes is unrevealing. Lower GI tract 
GVHD must be considered in those patients in whom an infec- 
tious etiology cannot be found. 

Drug-related diarrhea is seen in up to two thirds of SOT 
patients, most commonly with tacrolimus or sirolimus.!3%!5°15! 
MMF causes watery diarrhea in up to 30% of patients, and may 
require dose reduction or discontinuation. The mechanism 
of MMF-induced diarrhea is unclear. It is dose dependent and 
may be related inhibition of de novo purine synthesis within the 
enterocyte. Histology shows focal inflammatory lesions similar 
to GVHD with loss of villous architecture of the duodenum.!*? 
The use of enteric-coated mycophenolic acid has decreased this 
side effect. Antithymocyte globulin (ATG) and anti-T-cell anti- 
body (OKT3) therapies are both associated with diarrhea, which 
predictably lasts for 3 to 4 days and resolves spontaneously. Most 
cases of immunosuppressant-induced diarrhea can be managed 
with dose manipulation, but some are so severe that discontinua- 
tion of the immunosuppressant is required. Diarrhea can also be 
caused by magnesium-containing preparations prescribed to cor- 
rect renal magnesium wasting and by antibiotics prescribed either 
prophylactically or therapeutically. Noninfectious diarrhea has 
been reported to increase the risk of graft loss and mortality.!°° 

Constipation is seen in less mobile SOT recipients who are 
receiving certain medications (e.g., narcotics, calcium- and alumi- 
num-containing antacids, anticholinergics). The constipation is 
generally responsive to increased patient mobility, decreased use 
of narcotics, use of methylnaltrexone in those receiving narcot- 
ics,!°? and therapy with polyethylene glycol laxatives and senna. 


Abdominal Pain 


Abdominal complications are common following SOT, affect- 
ing up to 30% of patients.!°? Symptoms may be mild despite 
the presence of life-threatening complications. All patients with 
abdominal pain should be aggressively evaluated, with attention 
as to whether the patient requires urgent surgery or a specific 
medical treatment. Most recipients with abdominal pain will not 
need surgery. 

The intra-abdominal conditions presenting with pain that 
require urgent surgery are abscess, perforation, severe coli- 
tis, appendicitis, intestinal obstruction, intestinal ischemia, and 
acute cholecystitis. These disorders may appear in the early post- 
transplant period. Immunosuppression may mask symptoms and 
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suppress the host response, leading to a delay in diagnosis and 
an increase in mortality. Most transplant patients with acute 
appendicitis will have typical right lower quadrant pain, although 
complications are more frequent.!°+ Overall, intestinal perfora- 
tion occurs in fewer than 5% of SOT recipients, although the 
incidence may be slightly higher in the setting of lung trans- 
plant.*7!5° Perforation may occur spontaneously without clear 
etiology, but it is associated with colon diverticula in up to two 
thirds of cases (particularly kidney recipients) and ischemia in 
15%. Perforation, especially diverticular, carries a high mortal- 
ity.7®1# Risk factors for the development of colonic perforation 
include diverticular disease, immunosuppression (particularly 
glucocorticoids), CMV infection, fungal infections (e.g., mucor- 
mycosis), unrecognized lymphoma (EBV-LPD), colon cancer, 
and ischemia.”!+* Abdominal x-rays and CT can confirm the 
presence of perforation, but may not reveal its source before sur- 
gery. Diverticular perforation is especially common after renal 
transplant, often leading to abscess formation and fistulization, 
sometimes without causing severe pain or findings of peritoni- 
tis. Pre-transplant colonic screening in patients younger than 50 
years does not predict post-transplant colonic perforations. SOT 
recipients are also at increased risk for the development of cho- 
lelithiasis.!°° Factors related to gallstones include cyclosporine, 
obesity, and CF as an underlying disorder. Abdominal pain is fre- 
quently associated with tissue-invasive CMV disease. CMV may 
also cause focal ulceration, perforation, high-grade stricture, and 
intestinal obstruction (see Fig. 36.1) while generally producing a 
diffuse pattern of mucosal edema.. The first manifestation of dis- 
seminated VZV infection is often severe abdominal pain related 
to pseudo-obstruction and visceral neuropathy. Early treatment 
of both CMV and VZV infection results in improved survival. 
Abdominal pain may also be a manifestation of transplant- 
related complications that do not usually have a dire outcome. 
Pain has been reported with oral tacrolimus, sirolimus, and MMF. 
Abdominal pain secondary to MMF is seen in up to 19% of those 
receiving it and can significantly limit its use.!5’ The etiology 
of MMF-induced pain been postulated to involve inflammatory 
ulcers (seen at endoscopy), as well as interference with rapidly 
dividing intestinal cells, a hypothesis supported by studies showing 
fewer GI complications with delayed-release mycophenolic acid, 
compared to MMF.”>.’6!3+ Narcotic- or anticholinergic-induced 
pseudo-obstruction is common after surgery. Care must be taken 
to rule out an infectious etiology such as CMV or VZV, both of 
which can involve the intestinal nerve plexuses.’ Noninfectious 
pseudo-obstruction often can be managed conservatively, with 
nasogastric decompression, vigorous correction of electrolyte 
imbalance, and withdrawal of opiates. Mu-agonist opioid-related 
gut symptoms can also be blocked with the use of methylnaltrex- 
one without interfering with central pain relief.!°? Neostigmine 
can be safely used for treatment of pseudo-obstruction in the 
transplant setting.!** Surgical intervention may be required in 
the setting of massive colon dilation. Acute pancreatitis has been 
reported in 1% to 2% of renal transplant recipients, up to 6% of 
LT recipients, and up to 18% of HT recipients; it may have a fatal 
outcome.!** Acute pancreatitis is associated with CMV infection, 
hypercalcemia, cholelithiasis, biliary manipulation, malignancy, 
recent alcohol ingestion, and medications such as azathioprine, 
cyclosporine, tacrolimus, and glucocorticoids. Treatment of pan- 
creatitis in the post-transplant setting is identical to that in the 
nontransplant setting, except for the need to exclude CMV infec- 
tion and some immunosuppressive medications (see Chapter 58). 
Pneumatosis intestinalis may be discovered during abdomi- 
nal imaging after SOT as an incidental finding, but can also be a 
manifestation of life-threatening intestinal ischemia or infection 
with a gas-forming organism.!°’ Pneumatosis intestinalis can be 
associated with CMV infection, C. difficile colitis, and sepsis and 
can be seen in patients receiving glucocorticoid therapy. Most 
patients require no specific intervention, and the gas collections 


resolve spontaneously unless caused by ischemia or an infection 
with a clostridial organism. 1°° 


Gastrointestinal Bleeding 


When GI bleeding occurs, it is often secondary to infectious 
ulcers. Noninfectious causes of hemorrhage include NSAID- 
induced gastroduodenal ulcers, diverticular bleeding, anasto- 
motic bleeding, and ischemic colitis. The current incidence of 
gastroduodenal ulcer disease in the transplant population is now 
about 5%, with perforation rates of less than 1%.’ Prophylaxis 
with H2RAs or PPIs decreases the occurrence of ulcer disease 
in this population; these 2 therapies are equally effective in KT 
recipients.’ Patients infected with Hp prior to transplantation 
are more likely to develop PUD following transplant.'!°° In the 
absence of effective antiviral prophylaxis, viral ulcerations are the 
most common cause of GI bleeding. HSV-associated esophageal 
ulcers may present with severe bleeding even in the absence of 
esophageal symptoms. CMV can lead to ulceration throughout 
the entire intestinal tract. Whereas CMV esophageal ulcers are 
usually shallow (see Fig. 36.14), ulcers in the stomach or intestine 
can be deep, erode into vessels, and lead to severe bleeding. CMV 
can also cause diffuse colonic inflammation resembling that seen 
in IBD (see Fig. 36.1C and D). VZV and EBV are much less 
often associated with GI bleeding. Although EBV itself does not 
cause mucosal ulceration, EBV-associated LPD can form muco- 
sal tumors that can ulcerate and bleed (see Fig. 36.2). Massive 
bleeding has been reported in the setting of invasive fungal infec- 
tion.!°! 


Gastrointestinal Malignancy 


PTLD, lymphoid proliferations, or lymphomas associated with 
EBV infection occur in up to 20% of transplant recipients.*?/! 
Although most PTLD is of B-cell origin, T-cell lymphoma has 
been reported.!°? EBV reactivation generally presents in the 
early post-transplant setting as a mononucleosis-like syndrome 
with diffuse adenopathy and fever; detection of EBV DNA in 
the bloodstream may allow preemptive therapy, with lower doses 
of immune suppression or treatment with rituximab.!°+ PTLD 
manifesting later than a year after transplant is more insidious, 
often presenting with extranodal disease or visceral involvement. 
GI PTLD can present with diarrhea, intestinal obstruction (see 
Fig. 36.28), bleeding, or perforation. Mucosa-associated lym- 
phoid tissue (MALT)-type lymphomas have also been reported 
in the post-transplant setting.'© Fortunately, they often respond 
to reduction in immunosuppression, antibiotics (if associated 
with Hp), surgery, or chemotherapy (see Chapter 32). 

The risk of cancer in long-lived transplant recipients is higher 
than in the general population, particularly for lymphomas, skin 
cancers, colon and anal cancers, head and neck cancers, and 
Kaposi sarcoma. 166-167 Patients who underwent OLT for cirrhosis 
secondary to PSC are at high risk for the development of colonic 
dysplasia and diffuse colon cancer related to underlying ulcer- 
ative colitis.!°° If severe dysplasia is discovered, colectomy can be 
performed safely as early as 10 to 12 weeks following transplant. 


Hepatobiliary Complications 


Drug-induced hepatotoxicity can be problematic after SOT 
because this diagnosis is often one of exclusion. Azathioprine 
hepatotoxicity presents as an elevation in serum aminotransfer- 
ase enzyme levels in up to 10% of recipients; injury is generally 
cholestatic with centrilobular hepatocyte damage. A less common 
presentation is the slow, insidious development of sinusoidal 
obstruction syndrome (SOS; formerly veno-occlusive disease), 
which often manifests as portal hypertension, usually regressing 
following withdrawal of the drug. Azathioprine is used less often 
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now following organ transplant, having been largely replaced by 
mycophenolic acid. Cyclosporine- or tacrolimus-induced cho- 
lestasis can occur when their blood levels are high. Sirolimus has 
been reported to cause dose-dependent elevations in serum ami- 
notransferase levels. Transplant recipients are exposed to numer- 
ous other pharmacologic agents that alone, or in combination, 
can produce cholestasis, fatty liver, hepatitis, or a mixed histo- 
logic picture. 

Bacterial sepsis can have profound effects on liver function 
(see Chapter 37), with severe cholestasis the most common find- 
ing (a syndrome sometimes called cholangitis lenta or hyperbili- 
rubinemia of sepsis).!©? CMV infection may lead to elevations in 
hepatic enzymes, with either a cholestatic or hepatocellular pic- 
ture. CMV hepatitis is more frequent and severe in LT recipients 
compared to recipients of other organs.’! VZV and HSV infec- 
tion can lead to hepatitis and fulminant liver failure.?°°’ EBV 
hepatitis is seen in 2% to 3% after SOT but is generally mild. 
Primary or recurrent disease with either HCV or HBV can lead 
to liver disease in the post-transplant setting. These viruses may 
also be passaged by any solid organ. Fortunately, antiviral therapy 
for both has improved outcomes significantly!" The treatment 
of HCV in the post-transplant setting has improved greatly with 
development of direct acting antivirals, curing up to 98% to 99% 
of recipients.!’° In fact, at the time of this writing, the success of 
these medications has led to the consideration of use of HCV 
viremic donors for HCV negative recipients.!7!:!’? Chronic HBV 
carriers (hepatitis B surface antigen—positive recipients) may 
develop a flare following transplant, but disease responds well to 
antiviral agents (see Chapter 79). 

Vascular injury associated with OLT may lead to liver dys- 
function. Nodular regenerative hyperplasia with subsequent 
portal hypertension and peliosis hepatis have both been reported 
following renal transplantation. 

Organ transplant recipients, particularly those with LT, are 
at high risk for biliary tract disease. Presentation includes acalcu- 
lous cholecystitis, gallbladder sludge, thickened gallbladder wall, 
dilated bile ducts, or cholelithiasis.!!! Diseases of gallbladder 
and biliary necessitating cholecystectomy have a post-transplant 
incidence of 1% to 6%. Emergent cholecystectomy in the post- 
transplant setting carries a high mortality (29%).!!' However, 
pre-transplant biliary screening and prophylactic cholecystec- 
tomy remain controversial. The etiology of biliary tract disease 
is multifactorial, including obesity, use of TPN, fasting, biliary 
strictures, and medications. Cyclosporine, excreted in the bile 
where it may precipitate, has been implicated in an increased inci- 
dence of cholelithiasis and cholangitis.°*:!’> Some centers recom- 
mend that biliary calculi be removed prior to transplantation or 
immediately upon discovery after transplantation. 

Patients who have undergone OLT for hepatocellular carci- 
noma are at risk for recurrence in the graft, particularly if the 
lesions were multiple or large prior to transplant. PTLD may also 
involve the liver. 


COMPLICATIONS OF HEMATOPOIETIC CELL 
TRANSPLANTATION 


HCT uses 1 of 3 sources of hematopoietic and immune cells: 
bone marrow, peripheral blood hematopoietic cells, or cord 
blood.!’* Transplanted cells can be one’s own (autologous HCT), 
from an identical twin (syngeneic HCT), or from another per- 
son (allogeneic HCT). Allogeneic cells can come from a sibling 
who is HLA matched with the recipient, from another family 
member, from an HLA-matched unrelated donor, or from an 
HLA-mismatched unrelated donor (as with cord blood donors). 
HCT differs from SOT in 3 important ways: (1) the indication 
for HCT often involves a potentially fatal malignancy, bone mar- 
row failure (aplastic anemia), a congenital immune deficiency, 
or a genetic hematologic disorder such as thalassemia or sickle 
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cell disease; (2) preparation for HCT requires either high-dose 
myeloablative therapy or intense immune suppression, resulting 
in extreme susceptibility to infection and, with some preparative 
regimens, damage to the liver, kidneys, lungs, and heart; and (3) 
recipients of allogeneic donor cells commonly develop acute and 
chronic GVHD. HCT patients face combined morbidity from 
the toxicity of chemotherapy drugs, infections, acute and chronic 
GVHD, and recurrent malignancy.!’+ GI and hepatic complica- 
tions of HCT have now become far less frequent, and some past 
problems seen have disappeared.!’+!75 Guides to the sometimes 
arcane HCT terminology and abbreviations can be useful to 
those unfamiliar with HCT.!7° 


Evaluation of Intestinal and Liver Disorders Before 
Hematopoietic Cell Transplantation 


Ulcers and Tumors in the Intestinal Tract 


In immunocompromised patients who are candidates for HCT, 
mucosal ulcers may have an infectious etiology that requires 
specific antimicrobial treatment.!”” CMV, Entamoeba histolytica, 
and C. difficile are infectious causes of colonic ulceration that 
may mimic IBD. Intestinal ulcerations should be healed before 
the start of conditioning therapy to avoid major bleeding during 
post-HCT thrombocytopenia. Patients with ulcerative colitis and 
Crohn disease have undergone both allogeneic and autologous 
HCT without complications of bleeding, perforation, or dissemi- 
nation of unusual microorganisms. !7®17° Long-term resolution of 
Crohn disease has been observed following myeloablative alloge- 
neic HCT, and autologous HCT has resulted in improvement 
as well. Monogenic autoimmune syndromes, including many 
patients with very early-onset IBD, can be cured after allogeneic 
HCT.!°° Any recent history of GI bleeding should prompt both 
colonoscopy and upper endoscopy before HCT. Endoscopic 
biopsy may be required for staging some malignant disorders 
with a predilection for gut involvement (e.g., mantle cell lym- 
phoma; see Chapter 32). 


Diarrhea 


Patients with diarrhea should be investigated for organisms that 
may cause morbidity after HCT (E. histolytica, S. stercoralis, G. 
lamblia, cryptosporidia, microsporidia, clostridia, CMV, rota- 
virus, norovirus, adenovirus).!*!!*? Many, but not all, of these 
pathogens are included in multiplex molecular panels now avail- 
able, and specific therapy is available for clostridia, CMV, adeno- 
virus, amebiasis, giardiasis, strongyloidiasis and other helminths, 
and microsporidia.'** Cryptosporidiosis is resistant to therapy in 
an immunosuppressed patient, but restoration of normal immu- 
nity after allogeneic HCT can result in clearance of cryptospo- 
ridia.'** Typhlitis is a syndrome of cecal edema, mucosal barrier 
injury, and ulceration in neutropenic patients, often associated 
with polymicrobial sepsis; its cause is usually an intestinal clos- 
tridial infection, particularly with Clostridium septicum.'®> After 
treatment and recovery, the risk of post-HCT typhlitis is similar 
to other patients. 


Perianal Pain 


Pain near the anal canal in a granulocytopenic patient is due to 
bacterial infection until proved otherwise. Administration of 
broad-spectrum antibiotics with anaerobic coverage is adequate 
treatment in most cases, with surgical incision and drainage 
reserved for progressive infections.!*° Extensive supralevator and 
intersphincteric abscesses may be present without being apparent 
on external examination, but can be diagnosed by CT, MRI, or 
transperineal sonography.!*’ Proctitis and genital ulcers due to 
HSV and CMV infections may also lead to perianal pain.'*® 
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Fungal Liver Infections 


Diagnosis depends on liver imaging (high-resolution CT or 
MRI) in conjunction with fungal biomarkers (galactomannan and 
glucan assays), PCR, or culture of liver biopsy material.!® Fungal 
liver infection should be treated with echinocandins that offer 
reduced toxicity, fewer drug-drug interactions, and a broader 
range of coverage than older drugs.!”° A fully engrafted patient 
can then clear intractable fungal liver abscesses after HCT. 


Viral Hepatitis in Allogeneic Hematopoietic Cell Transplant 
Donors 


Donors who are viremic with HBV or HCV will likely transmit 
virus to their recipients. When 2 equally HLA-matched donors 
are available, the uninfected donor is preferred. If the most suit- 
able donor has chronic hepatitis B, treating that donor and recipi- 
ent with entecavir or tenofovir and passive or active immunization 
of the recipient may prevent passage of virus.!°! HBsAg-negative, 
anti- HBc-positive donors can be used if their serum and periph- 
eral blood mononuclear cells (PBMCs) are HBV DNA-negative, 
with monthly monitoring of serum HBV DNA in recipient after 
transplant. A donor who is naturally anti-HBc positive may be the 
preferred donor if the recipient is HBsAg positive or anti-HBc 
positive, because adoptive transfer of immunity can affect clear- 
ance of virus.!” 

If a donor is infected by HCV and if time permits, treatment 
of the donor prior to harvest of donor cells can render them non- 
viremic and much less likely to transmit infection.'?? New DAA 
drug combinations are the treatment of choice for this indica- 
tion (see Chapter 80 and www.HCVeuidelines.org).!% If HCV is 
transmitted, the acute phase of HCV infection may cause elevated 
liver enzymes by 2 to 3 months post HCT after recovery of T-cell 
function. Increased 1- to 2-year nonrelapse-related mortality has 
been observed in HCV-infected patients than HCV-negative 
controls, including excess deaths related to bacterial infections; 
after 10 years, the outcome is no different than in transplant 
recipients without hepatitis C infection.!%°-!°° However, fibros- 
ing cholestatic hepatitis C has rarely been described after HCT 
in patients receiving MMF for immune suppression.!”’ Antiviral 
treatment should be offered to the recipient with chronic hepati- 
tis C—in particular, patients with fibrosing cholestatic hepatitis, 
decompensated cirrhosis and HCV-related lymphomas. Prelimi- 
nary studies suggest antiviral treatment can reduce nonrelapse 
mortality, as well as the longer-term risk for development of cir- 
rhosis and hepatocellular carcinoma.!?* 


Liver Disease in Candidates for Hematopoietic Cell 
Transplantation 


The risks faced by patients with fibroinflammatory liver disease 
include fatal SOS following some myeloablative regimens.!’¢ 
Child-Pugh B or C cirrhosis is a contraindication to most high- 
dose conditioning regimens because of the risk of developing 
fatal sinusoidal injury; these patients may also develop fatal sepsis 
or hepatic decompensation after HCT even if given a reduced- 
intensity conditioning regimen.!?’?°° Liver biopsy or transient 
elastography should be considered if there is a clinical suspicion 
of cirrhosis or extensive fibrosis resulting from chronic viral 
infection, alcohol, or NASH. Myeloproliferative neoplasms can 
present with noncirrhotic portal hypertension and an increased 
incidence of early post-transplant hepatotoxicity.??!20? Patients 
with Gilbert syndrome exhibit increased nonrelapse mortality 
after conditioning with busulfan (BU)-containing regimens.*°? 
More recent liver injury caused by chemotherapy or radiation in 
the months before transplant can also pose risk. Many chemo- 
therapy drugs cause liver dysfunction either directly (cholestatic 
injury, hepatocyte necrosis, or sinusoidal damage) or indirectly 


(cholestasis caused by sepsis or endotoxemia; i.e., cholangitis 
lenta).?°* Although exposure to standard chemotherapy per se has 
not been associated with an increased risk of fatal SOS, patients 
presenting for HCT with persistent jaundice and elevations of 
aminotransferase enzymes are at risk.” Liver injury has been 
associated with prolonged exposure to antimetabolites such as 
6-thioguanine, as well as agents such as imatinib (Gleevec) and 
newer tyrosine kinase inhibitors.?°° Gemtuzumab ozogamicin 
(Mylotarg) predisposes patients to SOS after hepatotoxic mye- 
loablative regimens, particularly if the patient is transplanted 
within 3 months of high-dose gemtuzumab exposure.’”’ 


Gallbladder and Bile Duct Stones 


HCT candidates with asymptomatic gallstones (incidentally dis- 
covered during CT or US) do not require operative intervention. 
Patients with symptomatic cholelithiasis or stones in the common 
duct should be considered for pre-transplant cholecystectomy or 
an endoscopic biliary procedure with stone removal. 


lron Overload 


HCT candidates with diseases such as thalassemia, aplastic 
anemia, myelodysplastic syndrome, and chronic leukemia or 
lymphoma may come to HCT with marked hepatic iron over- 
load. Moderate elevations in liver iron content (best assessed 
by T2-weighted MRI) have been inconsistently associated with 
increased nonrelapse mortality post HCT.?°* In patients with 
thalassemia major, effective pre-HCT chelation therapy improves 
post-HCT survival. In most other patients, however, the quanti- 
tation of tissue iron stores and consideration of iron removal can 
be deferred until after recovery from HCT. 


Problems From the Time of the Transplant Through 
the First Year 


Nausea, Vomiting, and Anorexia 


Mucositis caused by high-dose conditioning therapy leads to oral 
mucosal swelling, pain, and, in severe cases, sloughing of pha- 
ryngeal and esophageal epithelium, intense gagging, an inability 
to swallow, vomiting, retrosternal pain, and airway obstruction. 
Some regimens, notably those that contain 5-fluorouracil, cytara- 
bine, etoposide, high-dose melphalan (MEL) or multiple alkylat- 
ing agents, may cause unusually severe intestinal mucosal necrosis 
and further delay the return of eating. Oral cryotherapy has been 
shown to decrease severity and duration of oral mucositis after 
5-fluorouracil and high-dose MEL.’°’ Myeloablative condition- 
ing therapy makes most patients nauseated and anorexic, with 
delayed gastric emptying and poor oral intake, with the worst 
problems at day 10 to 12 post transplant but often extending to 
day 20.210211 Serotonin 5-HT; receptor antagonist drugs are very 
effective in relieving these acute symptoms during conditioning 
therapy, with the second-generation 5-HT; receptor antagonist 
palonosetron also helpful in treating delayed nausea and vomit- 
ing (day 2 to 5).’!° Addition of dexamethasone and/or the neu- 
rokinin receptor antagonists such as aprepitant, netupitant, and 
rolapitant block the pathway where substance P initiates impulses 
to the vomiting center in the medulla and may prevent break- 
through nausea and vomiting.*!’7!4 Protracted anorexia may be 
related to circulating interleukin (IL)-1, IL-6, and TNF-a, cyto- 
kines known to affect appetite centers.7!! 

Upper gut acute GVHD is the most common cause of these 
symptoms in allograft recipients. Early signs include loss of appe- 
tite, absence in pleasure from eating, and satiety, often followed 
by nausea and vomiting. When the onset of GVHD is before day 
15 following a peripheral blood allograft, for example, the his- 
tologic features of GVHD may be indistinguishable from those 
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Fig. 36.4 Endoscopic and histopathologic manifestations of acute graft-versus-host disease (GVHD) of the 

Gl tract. A, Esophagus: desquamation of squamous epithelium of the distal esophagus in severe GVHD. B, 
Stomach: diffuse mucosal edema and erythema in the gastric antrum in moderately severe GVHD. C, Small 
intestine: mucosal edema, focal bleeding, and ulceration in severe GVHD. D, Histopathology: focal apoptosis 
(arrow) caused by GVHD in crypt epithelium from a rectal biopsy. (H&E, alcian blue.) E, Histopathology: bottom 
of a colon crypt (arrows) is missing epithelial cells; apoptotic debris is admixed with mucus at the base of the 
crypt. (H&E, alcian blue.) Æ Gross and histopathologic findings in fatal GVHD: autopsy photograph of a small 
intestinal segment opened to reveal sloughing of the mucosa (top); histopathology shows complete absence of 
epithelial cells, lymphoid infiltrate, and submucosal edema (bottom). (H&E.) 


resulting from conditioning therapy. After day 20, over 80% of 
allografted patients with intractable anorexia, nausea, or vomiting 
will have gastric and duodenal GVHD as the sole explanation.” 
Endoscopy shows edema of the gastric antral and duodenal 
mucosa, patchy erythema, and bilious gastric fluid (Fig. 36.4).°!° 
Histology may show epithelial cell apn and drop-out, often 
with localized lymphocytic infiltrates.’ The gamut of clinical 
presentation, endoscopic appearance, absence of infection, and 
histology needs to be integrated to arrive at a diagnosis when 
histology is equivocal.?!6-218 Immunosuppressive therapy using 
a 10-day induction course of prednisone 1 mg/kg/day plus oral 
beclomethasone dipropionate 8 mg/day is an effective therapy 
for upper gut-predominant GVHD that avoids prolonged pred- 
nisone exposure.*!”’’° Recipients of autologous grafts may also 
develop a syndrome of anorexia, nausea, and vomiting that is 
associated with diffuse gastric edema and erythema.?? 

Endoscopy also serves to rule out GI infection with herpes- 
viruses, bacteria, and fungi as causes of upper gut symptoms. 
CMV infection of the esophagus, stomach, and upper intestine 
accounted for a third of patients with unexplained nausea and 
vomiting during the pre-ganciclovir era, but CMV infection is 
now an uncommon cause of these symptoms.?!? CMV infections 
in the GI tract are usually diagnosed between 50 and 150 days 
after HCT, but can appear earlier if patients have CMV infec- 
tion before HCT or receive cord blood transplants.!7’7?? CMV 
infections can be detected in the GI tract in the absence of CMV 
antigen or DNA in peripheral blood. Nausea and vomiting may 


be prominent symptoms of some parasitic infections (if missed 
during pre-HCT screening) and infections caused by noncultur- 
able viruses (norovirus, rotavirus, astrovirus).!*?-!8+ Anorexia and 
vomiting may also be manifestations of ene intracranial 
pressure related to central nervous system infection, pseudotu- 
mor cerebri, or subdural hematomas. 

Oral nonabsorbable antimicrobial drugs (particularly nystatin), 
cyclosporine, MMF, trimethoprim/sulfamethoxazole, voricon- 
azole, posaconazole, itraconazole, amphotericin, and high-dose 
opioids also cause nausea and occasionally vomiting. Even after 
TPN has been stopped, appetite suppression may linger for 1 to 
3 weeks.??3 


Jaundice, P cueday and Abnormal Liver Tests (Tal 
2 and F 


Daai of jaundice following HCT is an ominous prog- 
nostic sign, y e thier caused by drug toxicity, GVHD, infection, 
potens 25 Recent advances, however, ok made almost all 


Jinnsoidal Obsrucnon Syndrome 

SOS (see Fi 5A and B) is a syndrome of tender hepatomegaly, 
fluid retention ith weight gain, and an elevated serum bilirubin 
concentration that follows some high-dose myeloablative condi- 
tioning regimens.*’’ Because this form of liver injury is initiated 
by damage to hepatic sinusoids, the older term “veno-occlusive 


TABLE 36.2 Liver diseases after hematopoietic cell transplantation 


Disease 


Frequency 


Timing 


Diagnosis 


Treatment 


Prevention 


Sinusoidal obstruction 
syndrome 


Cholestasis of sepsis 
(cholangitis lenta) 


Acute GVHD 


Acute viral hepatitis 


Fungal abscess 


Drug-induced liver injury 


Ischemic liver disease 


Biliary obstruction 
Idiopathic hyperammonemia 


Chronic hepatitis C 


Iron overload 


Chronic GVHD 


<10% (regimen-dependent) 


Common in neutropenic patients 


=20% of allograft recipients 
Rare after autograft 


Uncommon when prophylaxis is 
used against herpesviruses, 
hepatitis B 


Rare when prophylaxis is used 


Common 


Confined to patients with septic 
or hemorrhagic shock or 
respiratory failure 


Transient biliary sludge is common 
Stones, chloromas rarely 


Rare 


Declining 


Very common 


Common 


Onset before day +20 


Follows sepsis or 
neutropenic fever 
(usually before day +30) 


Day +15-50 


HSV, day +20-50 

Adenovirus, day +30-80 

VZV, day +80-250 

HBV and HCV, during 
immune reconstitution 


Day 10-60 


Day 0-100 
Day 0-50 


Day 15-60 


Day 10-50 


After day 80 


Pre-transplant 
Long-term follow-up after 
transplant 


After day 80 


Typical clinical features 

Imaging 

WHVPG, histology (see Fig. 36.5A 
and B) 

Note atypical presentations (acute 
hepatitis, anasarca) 


Exclude other causes of cholestasis. 


Clinical diagnosis 


Confirm GVHD in skin, gut 


Exclude other causes of cholestasis 


Histology (see Fig. 36.5C and D) 


Pre-transplant serology and PCR 
results 

Isolation of virus from other sites 
(stool and urine for adenovirus) 

PCR of serum for specific viruses 

Liver histology/PCR/immunostains 
(see Fig. 36.5E and F) 


Hepatic pain, fever 
Liver imaging 

Serum fungal antigen 
Clinical diagnosis 


Clinical diagnosis 


History, examination 
Biliary US study 


Venous blood ammonia 


HCV RNA in serum 
Elevations of serum AST, ALT after 
immune reconstitution 


MRI specific for iron quantitation 
Transferrin saturation 

Marrow iron quantitation 

Liver iron quantitation 


Prior acute GVHD 

Chronic GVHD in other organs 

Characteristic ALT, alkaline 
phosphatase levels 

Histology (see Fig. 36.5D) 


None proved 
Defibrotide successful in =40% of 
patients with severe SOS 


Treat underlying infection 


Glucocorticoids (2 mg/kg/day) 
Ursodeoxycholic acid 


HSV, VZV: acyclovir 

Adenovirus: cidofovir 

HBV: entecavir or tenofovir 

HCV: consider direct-acting 
antiviral drugs if liver injury is 
severe 


Antifungal drugs 


Discontinue drug 


Restore cardiac output, blood 
oxygenation 


Papillotomy + stent if obstruction 
persists 


None proved 


Anti-HCV therapy after full 
immune reconstitution 
(www.HCVguidelines.org) 


May not be necessary 

Phlebotomy, chelation therapy if 
iron burden is very high (see 
text) 


Immunosuppressive drug therapy 
Ursodeoxycholic acid 


Assess patient risk 
Choose “liver-friendly” 
conditioning regimen 


Infection prophylaxis or 
expectant treatment 
Ursodiol 


Optimal donor selection 
Complete GVHD prophylaxis 
T-cell depletion protocols 
Ursodiol 


HSV and VZV infection: 
acyclovir prophylaxis for all 
patients 

If the patient is at risk for an 

BV infection: lamivudine 

or entecavir, choose an 

BV immune donor 


Pre-transplant screening 
Oral antifungal prophylaxis for 
all patients 


None 


Early treatment of sepsis, 
bleeding 


None 


Unknown, probably genetic 
defect 


Screen hematopoietic cell 
donors 


Avoid medicinal iron 
supplements 


Screening for chronic GVHD 
at day 80 


GVHD, Graft-versus-host disease; SOS, sinusoidal obstruction syndrome (veno-occlusive disease); VZV, varicella-zoster virus; VVHVPG, wedged hepatic venous pressure gradient. 
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tion syndrome (also known as veno-occlusive disease of the liver) at 23 days post transplant; high-power view 
of hemorrhage into the space of Disse, hepatocyte necrosis, disrupted sinusoids, and subendothelial edema 
of the central vein (arrow). The lumen of the vein is patent. (H&E.) B, Sinusoidal obstruction syndrome caused 
by gemtuzumab ozogamicin; high-power view of zone 3 of the acinus, showing extensive sinusoidal fibrosis, 
hepatocyte dropout, and a patent central vein. (Masson trichrome.) C, Acute graft-versus-host disease (GVHD) 
at day 82 post transplant; portal area containing abnormal small bile ducts (arrows) with epithelial cell dropout, 
cytoplasmic eosinophilia, and vacuolization. (H&E.) D, Chronic GVHD at day 184 post transplant; high-power 
view of a portal area with damaged small bile ducts (arrows) infiltrated by lymphocytes. (H&E.) E, Varicella zos- 
ter virus hepatitis; low-power view of confluent necrosis of hepatocytes (arrows, pointing to pale area) adjacent 
to hepatocytes that are normal. (Periodic acid—Schiff.) F Adenovirus hepatitis; low-power view of a focal area of 
confluent hepatocyte necrosis (arrows, pointing to basophilic area) with remnants of hepatocytes that contain 
intranuclear inclusions typical of adenovirus (“smudge cells”), best seen at higher power. (H&E.) 


disease” is inaccurate. The frequency and severity of SOS have 
fallen dramatically because: (1) doses of total body irradiation 
(TBI) above 14 Gray (Gy) are seldom used; (2) fludarabine is 
replacing cyclophosphamide (CY); (3) patients at risk for SOS are 
now given liver-friendly regimens that do not contain either CY 
or that use TBI over 12 Gy; (4) the prevalence of chronic hepati- 
tis C in transplant candidates, formerly a common risk factor for 
SOS, is now very low; and (5) therapeutic drug monitoring allows 
personalized dosing of chemotherapy drugs that have variable 
metabolism.!’° SOS is caused by toxins in certain conditioning 
regimens; important contributors to variability in the incidence 
of SOS are: (1) variations in the metabolism of CY from patient 
to patient in CY/TBI regimens; (2) underlying fibroinflamma- 
tory liver diseases; (3) the order of delivery of drugs in multi- 
drug conditioning regimens?™:??8; and (4) concomitant use of 
drugs during and after conditioning therapy that either affect 
the metabolism of myeloablative drugs (e.g., itraconazole) or 
that cause concomitant liver injury (e.g., methotrexate, sirolimus, 
norethisterone). Although fatal SOS has nearly disappeared from 
most adult transplant units,!”°?? pediatric patients receiving BU/ 
MEL conditioning regimens remain at risk.?>° Many past patients 
diagnosed as having SOS on the basis of jaundice probably had 


mostly cholestatic and not sinusoidal liver injury, a conclusion 
based on data from ursodiol prophylaxis studies. !’°.2763! 

The onset of SOS is heralded by an increase in liver size, right 
upper quadrant tenderness, renal sodium retention, and weight 
gain, occurring 10 to 20 days after the start of CY and later after 
other myeloablative regimens.!”° Hyperbilirubinemia follows by 
4 to 10 days. Concomitant renal and lung dysfunction and refrac- 
tory thrombocytopenia strongly suggest SOS.??”?°? Elevations of 
serum AST/ALT weeks after the clinical onset of SOS reflect 
ischemic hepatocyte necrosis from sinusoidal fibrosis.” Dop- 
pler US is useful for demonstrating hepatomegaly, ascites, peri- 
portal edema, attenuated hepatic venous flow, and gallbladder 
wall edema consistent with SOS, as well as for excluding other 
causes of hepatomegaly and jaundice. Abnormal findings later in 
the course of SOS may include an enlarged portal vein diameter, 
slow or reversed flow in the portal vein or its segmental branches, 
high congestion index, portal vein thrombosis, and increased 
resistive index to hepatic artery flow. Shear-wave US elastogra- 
phy is an emerging technology that may help detect SOS earlier 
than traditional Doppler US in pediatric patients.?*+ A transve- 
nous approach that allows both liver biopsy and hepatic venous 
pressure measurements is the most accurate diagnostic test. A 
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hepatic venous pressure gradient above 10 mm Hg in this clini- 
cal setting is highly specific for SOS.”*> Initial histologic changes 
are dilation of sinusoids, extravasation of red cells through the 
space of Disse, necrosis of perivenular hepatocytes, and widen- 
ing of the subendothelial zone in central veins.?*°7>” The later 
stages of SOS are characterized by activation and proliferation 
of stellate cells, extensive collagenization of sinusoids, and a vari- 
able degree of obstruction of venular lumens, leading to oblitera- 
tion of sinusoidal blood flow.?>6?37 Intensity of collagenization of 
sinusoids and central veins and the degree of hepatocyte necrosis, 
as reflected in serum ALT levels, correlate with outcome.?*?7>7 
Complete recovery from SOS occurs in over 70% of patients 
with just supportive care. Patients with severe SOS seldom die 
of liver failure, but rather from renal and cardiopulmonary fail- 
ure.’?’?32 Adverse prognostic findings include the rapidity with 
which weight is gained and serum bilirubin rises, serum ALT lev- 
els over 1500 U/L, development of ascites, renal insufficiency, 
and hypoxemia.227.232.233,239 

The key to prevention of SOS is understanding its pathogen- 
esis.” ° Toxic damage to hepatic sinusoidal endothelial cells, 
not venular damage and not thrombosis within the liver vascu- 
lature, is the proximate cause of SOS. The most common causes 
of sinusoidal damage are regimens that contain CY and regimens 
that use TBI, with the combination of CY and TBI doses over 
12 Gy being the most common cause of fatal SOS.?? Patients 
who generate a greater quantity of toxic CY metabolites are more 
likely to develop fatal SOS.??8240 A total CY dose of 100 to 110 
mg/kg, instead of 120 mg/kg, will lower the frequency of organ 
toxicity in the CY/TBI regimen.”*? When combined with CY 120 
mg/kg, the total dose of TBI is related to the frequency of severe 
SOS—approximately 1% after CY/TBI 10 Gy, 4% to 7% after 
CY/TBI 12 to 14 Gy, and 20% after CY/TBI over 14 Gy. BU is 
another component of regimens with a high frequency of SOS, 
but BU itself does not appear to be hepatotoxic.*+! BU may con- 
tribute to liver injury by inducing oxidative stress, reducing gluta- 
thione levels in hepatocytes and sinusoidal endothelial cells, and 
altering CY metabolism.” Giving CY before IV targeted BU, 
particularly in patients with myelofibrosis,’ leads to less liver 
toxicity than with targeted BU/CY.”?8 MEL pharmacokinetics, 
also widely variable from patient to patient, can be normalized 
using therapeutic drug monitoring.” The risk of SOS increases 
when high-dose gemtuzumab ozogamicin is given in proximity to 
myeloablative regimens that contain sinusoidal toxins.?" Procol- 
lagen peptides appear in the serum of patients who develop more 
severe SOS, along with inhibitors of fibrolysis, consistent with 
the intense fibrosis in sinusoids and venular walls that is com- 
mon in fatal SOS. Immunohistology for alpha-actin in liver speci- 
mens from patients with SOS shows intense staining in activated 
stellate cells, the source of collagen deposition into sinusoids.?*/ 
Genetically determined differences in drug metabolism or sus- 
ceptibility to toxic injury might explain some of the variability in 
the frequency of SOS, but there is no current method of altering 
drug dosing or determining susceptibility of individual patients to 
sinusoidal injury based on genomic data.**? 

The only certain way to prevent fatal SOS is to avoid damag- 
ing hepatic sinusoidal endothelial cells, especially in patients at 
risk. Prevention of severe sinusoidal liver injury begins with an 
assessment of the risk in patients with underlying liver disease 
for a given myeloablative conditioning regimen. These strategies 
have had a striking effect on the frequency of SOS as a compli- 
cation of HCT.!”>?? Patients at risk for fatal SOS have several 
options: (1) conventional therapy of their underlying disease 
that does not involve HCT; (2) a reduced-intensity condition- 
ing regimen; (3) a myeloablative regimen that does not contain 
CY—for example, targeted BU-fludarabine for allogeneic?* 244 
or BEAM for autologous’*? HCT; (4) modification of CY-based 
regimens with either a change in the order (e.g., CY/targeted 
BU”) or reduction in CY dose to 100 to 110 mg/kg; and (5) use 


of pharmacologic approaches to prevent sinusoidal liver injury. 
If a CY/TBI regimen must be used for a patient at risk for fatal 
SOS, modifications should be considered for both CY (100 to 
110 mg/kg) and TBI (<12 Gy) dosing. Ifa BU/CY regimen must 
be used for a patient at risk for fatal SOS, liver toxicity is less 
frequent if CY is given before targeted BU or if dosing of CY is 
delayed for 1 or 2 days after completion of BU. The metabolism 
of IV BU is variable, with a several-fold range in the area under 
the curve (AUCgy), a problem that can be addressed by thera- 
peutic drug monitoring.’*+?*° Use of therapeutic drug monitor- 
ing to normalize exposure to MEL is also feasible.?*? Another 
approach to decreasing the toxicity of regimens that contain BU 
and MEL is to give them in reverse order (MEL/BU). Pharma- 
ceutic prevention of SOS has been achieved in animal models of 
sinusoidal injury but not in man, with the possible exception of 
defibrotide infusion (discussed later).?*° Prospective studies have 
shown no benefit from use of prophylactic heparin, antithrombin 
HI, or N-acetyl cysteine in preventing fatal SOS. A meta-analysis 
suggests that ursodiol may prevent SOS,”*° but SOS was not dif- 
ferentiated from cholestatic liver disease in these studies, and a 
large randomized trial showed no effect of ursodiol on the fre- 
quency of SOS but a large effect on the frequency of cholestatic 
jaundice.”*! 

For the more than 70% of patients with SOS who will recover 
spontaneously, treatment involves management of sodium and 
water balance, preservation of renal blood flow, and repeated 
paracenteses for ascites that is associated with discomfort and/ 
or pulmonary compromise. Patients with a poor prognosis can 
be recognized soon after disease onset by steep rises in total 
serum bilirubin and body weight, serum ALT values over 1500 
U/L, portal pressures above 20 mm Hg, development of portal 
vein thrombosis, and especially by multiorgan failure requiring 
dialysis, hemofiltration, or mechanical ventilation.??7:232:233,238 
There are no satisfactory therapies for severe SOS; the best cur- 
rent results (46% complete response rate, defined as total serum 
bilirubin less than 2 mg/dL and resolution of multiorgan failure) 
are with IV defibrotide.’*’?** Defibrotide is approved in the 
US and Europe for curative treatment of severe SOS, but the 
high treatment cost is a challenge for transplant centers. A cost- 
effectiveness analysis of defibrotide for treatment of severe SOS 
found the incremental cost-effectiveness ratio was $47,735 per 
quality-adjusted life-years gained.’*? Transhepatic shunts have 
been placed in patients with SOS to reduce portal pressure and 
mobilize ascites, but neither serum bilirubin levels nor patient 
outcomes were improved. Patients with persistent ascites and 
normal serum bilirubin have undergone successful portosys- 
temic shunts. Peritoneovenous shunts for intractable ascites have 
been unsuccessful. Successful OLTs for severe SOS have been 
reported.”°° However, in most centers, patients at risk for recur- 
rent malignancy are low-priority candidates for a cadaveric liver. 
Prevention of sinusoidal injury has proved to be a more effective 
strategy for improving HCT outcomes than treatment of patients 
with severe sinusoidal damage.!”° 


Cholestatic Disorders 
Prophylactic ursodeoxycholic acid reduces the frequency of cho- 
lestasis in general and GVHD-related cholestasis specifically and 
improves outcomes, compared to placebo.!”>3! Now that the 
frequency of SOS has declined greatly, the leading cause of post- 
HCT jaundice is cholestatic liver injury.!7°7?° 

Cholangitis Lenta. Hyperbilirubinemia is common when 
patients are neutropenic and febrile and have gut mucosal 
injury from the conditioning regimen. Hepatocyte retention of 
conjugated bilirubin is mediated by endotoxins, IL-6, and TNF- 
a.!°? Although this disorder is often referred to as “cholestasis 
of sepsis,” it occurs in patients with fever alone and in the 
presence of localized infection in the lungs and soft tissues (see 
Chapter 37). 
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Acute Graft-Versus-Host Disease. Acute GVHD (see 
Fig. 36.5C) develops in up to 70% of allograft recipients. 
Prophylaxis with ursodiol has greatly decreased the frequency of 
jaundice after transplant and has altered the clinical phenotype 
of GVHD.!7>73! In retrospect, what had been called “hepatic 
GVHD” is a mélange of 3 processes. The first process is jaundice 
occurring early in GVHD, where cholestasis is caused by 
cytokines such as IL-6.20°251 The second process is characterized 
by increases in serum bilirubin, alkaline phosphatase, and 
GGTP, usually in patients with GI GVHD in whom liver 
biopsies show lymphocytic infiltration of small bile ducts with 
nuclear pleomorphism, epithelial cell dropout, and cholestasis 
in zone 3 of the liver acinus.”°! Inflammatory infiltrates may 
be minimal because of immune suppression. Persistent hepatic 
GVHD and worsening jaundice are associated with ductopenia. 
The third process in hepatic GVHD is most commonly seen 
in allograft recipients on minimal immunosuppression or after 
donor lymphocyte infusion, in whom GVHD presents as an acute 
hepatitis with marked elevation of serum ALT.?2233 Prognosis 
in patients with GVHD is not related to peak severity of signs 
and symptoms, but rather to the area under a disease activity 
curve, where persistent jaundice is an independent predictor of 
mortality.?** 

Drug-Induced Liver Injury. Cyclosporine inhibits canalicular 
bile transport and commonly causes mild increases in serum 
bilirubin concentrations without an effect on serum ALT or 
alkaline phosphatase levels. Tacrolimus causes cholestasis less 
commonly, except in the setting of toxic blood levels. Many other 
drugs used after HCT have been associated with liver dysfunction 
(e.g., trimethoprim/sulfamethoxazole, itraconazole, voriconazole, 
fluconazole, posaconazole), although drugs are usually not 
responsible for severe liver injury in this setting.?°** 


Acute Hepatocellular Injury 

The incidence of severe hepatocellular injury after HCT has 
declined remarkably since the 1990s.!7573> A sudden rise in serum 
aminotransferase enzymes (AST and ALT) following HCT is 
usually due to a noninfective cause, such as zone 3 hepatocyte 
necrosis in SOS (peaking around day 20), hypoxic liver injury (as 
in septic or cardiogenic shock or respiratory failure), acute bili- 
ary obstruction (choledocholithiasis), DILI, or the acute hepatitic 
presentation of GVHD discussed earlier.!’° If a likely cause is not 
apparent, acute viral hepatitis should be suspected; early diagno- 
sis and treatment may prevent a fatal outcome. 

Acute hepatitis caused by HSV, VZV, adenovirus, and HBV 
can lead to fatal fulminant hepatic failure after HCT, whereas 
hepatic infections caused by CMV and HCV are seldom severe 
(see Fig. 36.5E and F). With routine use of prophylactic acyclo- 
vir or valacyclovir, acute hepatitis due to HSV and VZV is now 
rare; however, HHV-6 and HHV-8 reactivation and HEV as 
causes of hepatitis have been reported after HCT.*9*>?°° When 
there is uncertainty about the cause of rising serum ALT and 
AST levels, serum PCR tests for herpesviruses, adenovirus, 
HCV, HBV, and, in some circumstances, HEV should be per- 
formed. Blood tests for viruses have largely replaced the need 
to obtain liver tissue for viral diagnosis, but transvenous mea- 
surement of the wedged hepatic venous pressure gradient with 
liver biopsy can be useful in diagnosis of unsuspected SOS or 
other causes of hepatocyte necrosis. If acyclovir is not being 
given, it should be started empirically, particularly if the patient 
presents with abdominal complaints typical of VZV infec- 
tion.” Adenovirus hepatitis should be suspected if the patient 
has concomitant pulmonary, renal, bladder, or intestinal symp- 
toms, but may present just with fevers, raised liver enzymes, 
and hypodense regions in the liver on abdominal CT, along 
with features of bone marrow suppression’>*; the most effective 
treatment is cidofovir when given early in the course of adeno- 
virus infection, but many cases are fatal.*°?’°° New agents are 
in development. 
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Fulminant hepatitis B may develop during immune reconsti- 
tution in patients at risk, but can be prevented with prophylactic 
antiviral agents.”°! If severe hepatitis B reactivation does occur, 
usually because a diagnosis of HBV was not made prior to HCT, 
antiviral therapy with the most potent anti-HBV drug available 
(entecavir or tenofovir) should be initiated immediately; however, 
progression to fatal liver failure is not uncommon.?® Fulminant 
hepatitis B has also been reported following discontinuation of 
prophylactic antiviral therapy, and all patients, particularly those 
with high pre-transplant HBV DNA levels, should be monitored 
following antiviral drug withdrawal.’°??°+ 

Chronic hepatitis C in HCT recipients usually results in asymp- 
tomatic elevation of serum ALT from days 60 to 120, coinciding 
with the tapering of immunosuppressive drugs.'?* However, in 
recent years, treatment of chronic HCV infection in patients with 
hematologic malignancies with DAAs has become the standard of 
care. HCT recipients without contraindications to DAAs and who 
do not receive treatment prior to transplantation should be treated 
for HCV once the patient has ceased all immunosuppressive drugs 
and has no evidence of active GVHD.!%?° DAAs might also 
offer an effective treatment in the rare case of severe hepatitis and 
fibrosing cholestatic hepatitis due to HCV after HCT.!”” 


Fungal and Bacterial Infections 

Antifungal prophylaxis has significantly reduced the incidence of 
hepatic fungal disease in HCT recipients.’° Presenting features 
include fever, tender hepatomegaly, and increased serum alkaline 
phosphatase levels; resistant Candida species or molds should be sus- 
pected.’ High-resolution CT or MRI may demonstrate multiple 
fungal abscesses, and serologic tests for fungal antigens may be useful 
for diagnosis.!°° Return of neutrophil function after HCT can effect 
resolution of a previously treatment-refractory Aspergillus infec- 
tion.?°’ Bacterial liver abscesses are rare in HCT recipients, prob- 
ably because systemic antibiotics are so widely used; however, latent 
mycobacterial infection (including Bacille Calmette-Guérin) may reac- 
tivate within the liver with prolonged immunosuppressive therapy. 
Disseminated clostridial infection and gallbladder infection with gas- 
producing organisms may lead to air in the liver and biliary system. 


Gallbladder and Biliary Disease 

Biliary sludge (calcium bilirubinate and crystals of calcineu- 
rin inhibitors) is very common in HCT recipients.*°* Passage 
of sludge down the bile duct may cause epigastric pain, nau- 
sea, and abnormal serum liver enzymes. Biliary sludge may be 
a cause of acute “acalculous” cholecystitis, acute pancreatitis, 
and bacterial cholangitis.?%7’° Acute cholecystitis is uncom- 
monly seen in HCT recipients and is usually not due to larger 
gallstones.?”? Cholecystitis in this setting may also be due to 
leukemic relapse with gallbladder involvement or infection by 
CMV, fungi, or rarely by other organisms such as Haemophilus 
influenzae. Diagnosis of cholecystitis after HCT is difficult 
because of the high frequency of gallbladder abnormalities on 
US or CT in asymptomatic patients. Pericholecystic fluid, gall- 
bladder wall necrosis, or localized tenderness suggest cholecysti- 
tis. Nonvisualization of the gallbladder after a radionuclide bile 
excretion study with morphine infusion suggests cholecystitis. 
Biliary obstruction is a rare event caused by a variety of disorders: 
common bile duct calculi or inspissated biliary sludge; GVHD of 
the ampullary mucosa; lymphoblastic infiltration of the common 
bile duct, gallbladder, and ampulla of Vater in EBV-LPD; CMV- 
related biliary disease; dissecting duodenal hematoma complicat- 
ing endoscopic biopsy; and leukemic relapse (chloroma) in the 
head of the pancreas.?’°.?’! In patients undergoing autologous 
HCT, biliary strictures are commonly due to recurrent malig- 
nancy.”’* The use of ursodiol to stimulate bile flow in patients 
with biliary sludge after HCT is ineffective. ERCP is indicated 
in patients with clinical evidence of cholangitis and radiologic 
evidence of biliary obstruction and allows for biliary stenting or 
dilation with acceptable risk.?”!272 
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Fig. 36.6 Uncommon Gl problems in hematopoietic cell transplant recipients. A, Esophagus: Barium contrast 
demonstration of an intramural hematoma that occupies one wall of the esophagus from the aortic arch to the 
lower esophagus. The red line approximates the normal esophageal contour. This hematoma was caused by 
retching in a thrombocytopenic patient. B, Stomach: Diffuse oozing of blood from the gastric antral mucosa in 
GAVE. When the blood was washed off, the underlying mucosa was seen not to be ulcerated, yet blood reap- 
peared. C, Gastric histology: High-power view of an antral biopsy, illustrating the features of GAVE—capillary 
dilatation, thrombosis, and fibromuscular hyperplasia. (H&E.) D, Duodenum: Linear duodenal ulceration with 
yellow exudates (arrows) caused by Rhizopus infection in a transplant patient receiving immunosuppressive 
therapy for graft-versus-host disease (GVHD). The surrounding mucosa is abnormal because of GVHD. 

E, Colon: sigmoid colon in adenovirus colitis, showing diffuse mucosal edema, ulceration, and hemorrhage. 


Malignant Hepatic Disorders 

EBV-LPD is now an infrequent complication of HCT, largely 
because of EBV DNA surveillance and preemptive treatment 
with rituximab. The highest incidence was in recipients of 
HLA-mismatched, T-cell-depleted grafts and those receiving 
potent anti-T-cell therapies for GVHD. Symptoms include 
fever, sweats, generalized malaise, enlarged tonsils, and cervical 
lymphadenopathy, often with involvement of the liver and spleen 
(abnormal serum alkaline phosphatase and hepatosplenomegaly) 
and GI invasion. Malignancies that were the indication for trans- 
plant can appear in the liver as part of relapse. 


Idiopathic Hyperammonemia and Coma 

A syndrome of hyperammonemia and coma has been described in 
patients who received high-dose chemotherapy, including condi- 
tioning for HCT.’? Patients present with progressive lethargy, 
confusion, weakness, incoordination, vomiting, and hyperventila- 
tion with respiratory alkalosis. The diagnosis is confirmed when 
the plasma ammonia exceeds 200 pmol/L and there is no evidence 
of liver failure. Rare cases associated with Ureaplasma urealyti- 
cum and Ureaplasma parvum have been reported with subsequent 
improvements in ammonia levels and symptoms after treatment.?’*+ 


Gl Bleeding (Fig. 36.6) 


Insignificant bleeding is very common, particularly when platelet 
counts are below 50 x 10°/L. Causes include retching-induced 


trauma to the esophageal or gastric mucosa, mucosal injury from 
conditioning therapy, reflux esophagitis, C. difficile colitis, anal 
fissures, internal hemorrhoids, and acute GVHD. The incidence 
of severe GI bleeding after HCT is 1% to 2%, lower than in 
the past because of effective prophylaxis against viruses, fungi, 
and acute GVHD.’”> Mortality from severe GI bleeding, how- 
ever, remains at 40%.?75276 The most common cause of severe 
bleeding is refractory acute GVHD, with bleeding from exten- 
sive ulceration in the small intestine and cecum.’’’ Bleeding is 
an independent predictor of mortality in patients with severe gut 
GVHD. With ganciclovir prophylaxis and preemptive therapy, 
bleeding CMV ulcers have become rare. Gastric ulcerations may 
also be caused by infection by VZV, invasive bacteria (phlegmon- 
ous gastritis), or EBV (LPD) (see Chapter 52). Although now 
rare after HCT, EBV-LPD involves the GI tract in 20% to 25% 
of cases and can present as GI bleeding. GAVE can be a cause of 
severe upper intestinal bleeding in HCT recipients, particularly 
those who have received oral BU.’’® Diffuse areas of hemorrhage 
are seen in the gastric antrum and occasionally small and large 
intestine, but the underlying mucosa is intact.?”8-780 Histology is 
diagnostic, revealing abnormal dilated capillaries, thromboses, 
and fibromuscular hyperplasia in the lamina propria. Patients 
who are transplanted for advanced systemic sclerosis may bleed 
from similar vascular lesions. Endoscopic laser therapy or argon 
plasma coagulation are treatments of choice to control bleeding 
from vascular ectasia, but multiple treatments may be required 
to obliterate ectatic lesions.*’* Other rare causes of bleeding post 
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HCT include ulcers caused by molds, Dieulafoy lesions, Curling 
(stress) ulcers, duodenal biopsy sites, mycophenolate-induced 
enteritis, adenovirus enterocolitis, and C. septicwm infection 
(typhlitis). Patients with severe amyloidosis who undergo autolo- 
gous HCT may bleed from multiple ischemic ulcers throughout 
the intestine.’*! 

There is no effective therapy for mucosa that is diffusely o0z- 
ing blood, other than platelet transfusions to raise the platelet 
count to greater than 50 x 10°/L and treating the underlying con- 
dition, if possible. Continuous infusion of octreotide at 25 pg/hr 
has resulted in cessation of bleeding from GVHD, but recurrent 
bleeding developed when the dose was decreased.’*? In GVHD, 
re-epithelialization of ulcerated intestinal mucosa is very slow. 
Focal lesions, especially mucosal infections, can be treated with 
endoscopic cautery, heater probe, or epinephrine injection, pro- 
vided platelet counts are adequate, but these therapies are futile 
in mucosa that is oozing blood diffusely. Unless the underlying 
disease process is eliminated, endoscopic methods will not cure 
the bleeding problem. Attempts to resect large segments of dif- 
fusely bleeding intestine involved with GVHD have not been 
successful.?77 


Dysphagia, Painful Swallowing, and Esophageal Pain 


Oral and hypopharyngeal mucositis from conditioning therapy, 
reflux esophagitis, and pill esophagitis are currently the leading 
causes of dysphagia and esophageal pain. Infections of the esoph- 
agus (fungal, viral, bacterial) have largely disappeared because 
of antimicrobial prophylaxis; when fungal esophagitis is discov- 
ered, the organism is likely to be a resistant candidal species or 
a mold.?® Rarely, fungal esophagitis can lead to perforation.?*+ 
Nonhealing esophageal ulcerations, strictures, and dysphagia 
may uncommonly result from conditioning therapy.’* In patients 
with gastric stasis related to acute GVHD, painful esophagitis is 
common, caused by reflux of both gastric acid and bilious fluid. In 
patients with severe acute GVHD, esophageal edema, erythema, 
and a peeling epithelium lead to ulcerations.?86:287 

Pill esophagitis occurs after ingestion of some medications 
in use after HCT—for example, phenytoin, foscarnet, captopril, 
oral bisphosphonates, ascorbic acid, ciprofloxacin, clindamycin, 
and oral potassium chloride. 

The abrupt onset of severe retrosternal pain, hematemesis, 
and painful swallowing suggests a hematoma in the wall of the 
esophagus, a result of retching when platelet counts are very 
low (see Chapter 45).?°* Endoscopy is relatively contraindicated 
because many intramural hematomas represent contained per- 
forations. CT is the diagnostic test of choice.**? The course of 
intramural hematomas is one of slow resolution over lor 2 weeks. 


Diarrhea 


Conditioning Therapy 

Diarrhea caused by mucosal damage from high-dose condition- 
ing therapy is seldom severe, usually resolving by day 12 to 15, 
with some exceptions. Cytarabine-containing regimens, high- 
dose MEL (2200 mg/m7), and regimens containing multiple 
alkylating agents may cause more severe and protracted diarrhea. 
IV infusion of octreotide and oral loperamide may be effective for 
severe diarrhea associated with conditioning therapy.” 


Graft-Versus-Host Disease 

Acute GVHD (Table 36.3; also see Fig. 36.4) is the most com- 
mon cause of diarrhea after day 15.1 However, GVHD may not 
be the sole cause of diarrhea in an individual patient, especially 
in patients receiving prolonged immune suppression, in whom 
reassessing the cause of diarrhea may detect infections not pres- 
ent at baseline??? GVHD may also be exacerbated by emerging 
off-label therapies (i.e., checkpoint inhibitors) for the treatment 
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of relapsed hematologic malignancies after HCT.’?’ The onset of 
GVHD diarrhea can be sudden, with stool volumes in excess of 
2 L daily in severe cases. GVHD in patients who were grafted 
after reduced-intensity conditioning regimens may have its pre- 
sentation delayed, occurring after day 100 in many patients.’ 
The diarrheal fluid of GVHD is watery with ropy strands of 
mucoid material that reflect transmucosal protein loss. This pre- 
sentation is almost diagnostic of intestinal GVHD, particularly 
when accompanied by decreasing serum albumin levels and nega- 
tive stool studies for infection.’” In atypical cases where GVHD 
is suspected, abdominal imaging may reveal intestinal edema and 
mucosal enhancement, particularly in the ileum and right colon, 
although the appearances of acute GVHD and CMV infection 
overlap.2°°?”? Similar information can be obtained with PET. 
Pneumatosis intestinalis, which may be associated with GVHD 
or CMV enteritis, may be seen by plain x-ray, CT, or MRI, and 
in the absence of ancillary evidence of clinical severity, man- 
aged conservatively.” A definitive diagnosis of GVHD requires 
endoscopic views of mucosa, histology of GI mucosal tissue, and 
exclusion of infection. What the endoscopist sees should carry 
equal diagnostic weight to what the pathologist sees through 
the microscope.’!® Moderately severe GVHD causes diffusely 
edematous and erythematous mucosa throughout the GI tract. 
Severe GVHD may lead to ulcerations and large areas of muco- 
sal sloughing in the stomach, small intestine, and colon.??! Even 
when the appearance is normal, mucosal biopsies from the rec- 
tosigmoid or gastric antrum often reveal intestinal crypt necrosis 
and apoptotic bodies diagnostic of acute GVHD. The diag- 
nostic yield of mucosal biopsy is best when biopsies are obtained 
either from the distal colon and stomach or from the colon and 
ileum.??!39!30? Visual inspection of the mucosa should be viewed 
as complementary to histologic findings. Other histologic find- 
ings that support the diagnosis of GVHD include pericapillary 
hemorrhage, infiltrating neutrophils or eosinophils, and evidence 
of endothelial damage. The use of capsule endoscopy for diagno- 
sis of GVHD can provide visual inspection of the jejunum and 
ileum that cannot usually be seen with routine endoscopy.*”? The 
negative predictive value of a capsule endoscopy examination of 
the small intestine appears to be high and, therefore, is useful for 
excluding more severe acute GVHD. 

In severe cases of GVHD, whole crypts are destroyed, then 
adjacent crypts, and finally whole segments of intestinal mucosa. 
Bleeding often accompanies diarrhea in patients with mucosal 
ulceration.’”> Successful treatment of acute GVHD with immu- 
nosuppressive therapy results in a dramatic reduction in stool 
volume, with resolution of accompanying symptoms of abdomi- 
nal pain, nausea, and vomiting. The management of patients 
whose diarrhea and other symptoms of intestinal GVHD do not 
respond after 5 days of immunosuppressive therapy is unsatisfac- 
tory because the rate of failure of secondary therapy is high.’ 
Mortality in patients with high-volume diarrhea caused by 
GVHD can be predicted by a panel of clinical features within 14 
days of onset: jaundice, age older than 18 years, lack of response 
to prednisone, and GI bleeding.*°° Other methods of predicting 
outcome in patients with GVHD include calculation of the Acute 
GVHD Activity Index, measurement in decline of serum albumin 
level from baseline, and panels of serum biomarkers.?54,295,306,307 


Infection 

In allograft recipients, infectious causes of diarrhea are far less 
common than GVHD, accounting for only 10% to 15% of 
diarrheal episodes.’”°??!3°° Common bacterial pathogens are 
extremely rare after HCT,** except in geographic areas where 
such infections are prevalent.*°? There are several infections that 
can closely mimic intestinal GVHD or, more commonly, coexist 
with GVHD, including nonculturable enteric viruses (astrovi- 
rus, norovirus, rotavirus), mycobacteria, fungi, and parasites.7*? 
C. difficile colitis is usually a relatively mild, treatable disease 
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TABLE 36.3 Causes of diarrhea after hematopoietic cell transplantation 


Cause Frequency Diagnosis Severity Treatment 

Myeloablative Common Exclude infection, hyperacute Usually mild, can be severe Self-limited; octreotide useful 
conditioning therapy GVHD after some regimens in severe cases 

Acute GVHD Common after allografts; Association with skin and liver Ranges from mild to Immunosuppressive drugs, 


VIRAL INFECTION 
CMV 


Adenovirus 


Norovirus 


Astrovirus 


Rotavirus 


EBV (lymphoproliferative 
disease) 


BACTERIAL INFECTION 
Clostridioides difficile 


Clostridioides septicum 
Enteric pathogens 


PARASITIC INFECTION 
Giardia lamblia 


Cryptosporidium hominis 
Entamoeba histolytica 


Strongyloides stercoralis 


Osmotic DIARRHEA 
Oral magnesium salts 


Carbohydrate 
malabsorption 


Antibiotic use 


MEDICATION 
Tacrolimus 


Mycophenolate mofetil 


Metoclopramide 


occurs in =10% of 
autografts 


Now uncommon 


Sporadic 


Uncommon; can be 
acquired by nosocomial 
spread in hospitals 


Uncommon 


Rare 


Now rare 


Common 


Sporadic 


Rare except in endemic 
areas 


Rare 
Rare 
Rare 


Rare 


Common 


Common with gut GVHD, 
infection 


Common 


Unusual 


Common 


Unusual 


GVHD; exclude infection 
Abrupt decline in serum albumin 
is a marker of more severe 

GVHD 
Mucosal histology in problematic 
cases 


CMV antigen or DNA in blood; 
viral culture, immunohistology 
of mucosal biopsy 


Adenovirus DNA in blood or stool; 
viral culture, immunohistology 
of mucosal biopsy 


PCR on stool specimen 


ELISA, PCR of stool 

ELISA, PCR of stool 

EBV DNA in blood; mucosal 
biopsy 


PCR, toxin and antigen in stool 


Clinical syndrome of typhlitis 
Stool, blood culture 


ELISA 
microscopy, PCR 


Stoo 
Stoo 


Stool microscopy, antigen, PCR; 
serum EIA 


Stoo 


microscopy 


©) 


inical diagnosis 


©) 


inical diagnosis 


Clinical diagnosis 


©) 


inical diagnosis 


QO 


inical diagnosis, endoscopic 
findings 


Clinical diagnosis 


intractable high-volume 
diarrhea 


Potentially fatal if not detected 
early 


Serotype dependent; may be 
rapidly fatal 


Can be severe and protracted 
if immunodeficiency 
persists 


Self-limited 


Serotype dependent; can be 
severe 


Usually fatal when 
lymphomatous gut 
involvement develops 


Usually mild to moderate 


Potentially fatal 
Potentially fatal 


Can be protracted 
Often protracted 
Potentially fatal 


Potentially fatal 


Dose dependent 
Diet dependent 


Medication dependent 


Dose dependent 


Dose dependent 


Medication dependent 


EIA, enzyme immunoassay; ELISA, enzyme-linked immunosorbent assay; GVHD, graft-versus-host disease. 


usually prednisone initially 


Ganciclovir or foscarnet 


Cidofovir 


None 


None 
None 


Rituximab when detected 
early; withdrawal of 
immunosuppressive drugs 


Oral vancomycin > 
fidaxomicin > 
metronidazole 


Imipenem, oral vancomycin 


Based on organism's 
sensitivities 


Metronidazole 
Recovery of immunity 


Metronidazole or tinidazole, 
followed by paromomycin 


Ivermectin 


Reduce dose; IV Mg*+ 


Disaccharide dietary 
restriction 


Discontinue antibiotic 


Reduce dose; loperamide 


Reduce dose; substitute 
enteric-coated 
mycophenolic acid 
formulation; loperamide 


Discontinue 


when diagnosed at the onset of diarrhea.””!310 Among HCT 
recipients with recurrent or refractory C. difficile colitis, fecal 
microbiota transplantation appears to be safe and effective with 
careful donor and recipient selection.’!! One often overlooked 
factor is the inappropriate use of PPIs for marginal indications, 
which increases the risk of C. difficile colitis 2-fold.!’ The most 


common cause of infectious diarrhea in a prospective study was 
astrovirus (a small, round virus similar to norovirus); diagnosis 
can be made by PCR of stool specimens or by electron micros- 
copy of small intestinal biopsies.””!!? Norovirus may also spread 
within hospitals as a nosocomial infection in HCT patients, with 
devastating consequences.*!* Some serotypes of adenovirus cause 
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necrotizing enteritis and rapidly fatal multiorgan failure involv- 
ing the gut, liver, lungs, and kidneys.’*33!> There should be a 
sense of urgency in identifying adenovirus as a cause of enteri- 
tis; delayed treatment is often ineffective.*!®?!’ However, not 
all patients in whom adenovirus is found in diarrheal stools have 
adenovirus enteritis. 

CMV is the only common infectious cause of enteritis after 
HCT that requires an intestinal biopsy for diagnosis.*?! As with 
adenovirus, CMV DNA can be detected in diarrheal stool speci- 
mens from patients who do not have demonstrable mucosal CMV 
disease. CMV can be found in mucosal biopsies in patients whose 
blood is negative for CMV antigen or DNA.!773!8 Otherwise, the 
predictive value of a negative stool examination for other viruses, 
bacteria, fungi, and parasites is high, particularly if molecular 
methods are used.*!? After HCT, watery diarrhea secondary to 
intestinal parasite infection (Cryptosporidium parvum, G. lam- 
blia, E. histolytica, helminths) is rare, but sporadic cases are seen 
that can be confused with GVHD.?20-322 Strongyloides infection 
and hyperinfection syndrome have been described after HCT; 
patients from endemic areas should be screened before HCT.!*? 
Nontuberculous mycobacterial infection of the small intestine 
has been described post HCT.373374 


Other Causes of Diarrhea 

In addition to infection, several other conditions may mimic 
GVHD, including brush border disaccharidase deficiency, bile 
salt malabsorption, pancreatic insufficiency, mucosal toxicity from 
MMF, and intestinal thrombotic microangiopathy. Intestinal 
inflammation often results in reduced expression of lactase and 
sucrase/isomaltase, leading to diarrhea if lactose or sucrose is 
ingested. Failure of bile salt absorption in the small intestine as a 
cause of diarrhea can be treated with colesevelam.*”’ Pancreatitis 
and pancreatic insufficiency have been associated with calci- 
neurin-inhibitor therapy.*?° Transient pancreatic insufficiency 
has been described as a consequence of mucosal edema at the 
ampulla of Vater.*’’ Japanese investigators have described intes- 
tinal thrombotic microangiopathy related to calcineurin inhibi- 
tors as a disorder that mimics GVHD.**> MMF causes intestinal 
ulcerations and apoptotic crypt cells similar to the histology of 
acute GVHD.?”? Fewer GI side effects have been reported after 
conversion to enteric-coated mycophenolic acid in SOT recipi- 
ents.’> Diarrhea may also result from carbohydrate malabsorption 
(particularly in patients on antibiotics that affect the colon flora’s 
ability to salvage carbohydrate), oral magnesium salts, tacroli- 
mus (a motilin agonist), and plerixafor (an immunostimulant). A 
“cord colitis” diarrheal syndrome has been reported in cord blood 
recipients. Pathology of endoscopic biopsies shows chronic active 
colitis with granulomas, and patients have responded to antibiot- 
ics, albeit with a high recurrence rate.*>° However, other centers 
have not identified cord colitis as a cause of post-HCT diarrhea, 
which is caused by GVHD in most cases.**! 


Abdominal Pain 


Abdominal pain may be an indicator of a rapidly progressive, fatal 
illness or an illness with a benign natural history that requires 
only conservative management (Table 36.4). The illnesses that 
may be rapidly fatal include intestinal perforation, some infec- 
tions (e.g., typhlitis caused by C. septicum, adenovirus enteritis, 
visceral VZV infection, Aspergillus vasculitis), gallbladder necro- 
sis, and bacterial liver abscess. Fortunately, these disorders are 
far less common than intestinal pseudo-obstruction, narcotic 
bowel syndrome, acute GVHD, liver pain related to SOS, and 
hemorrhagic cystitis—causes of severe pain to be sure, but not 
imminent death. The first question to answer is whether a patient 
with abdominal pain needs urgent surgery. Surgical interven- 
tion for abdominal pain after HCT is a rare event but is indi- 
cated for intestinal perforation, acute cholecystitis, drainage 
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of abscesses, appendicitis, and in some patients with intestinal 
or biliary obstruction, typhlitis, and dissecting hematomas.**? 
Surgical decision making depends on the clinical situation, 
abdominal examination, and judicious use of imaging. Current 
imaging tests and careful examination should allow the surgeon 
to be highly selective in choosing candidates for operation, but 
clinical judgment may lead to surgical exploration or laparoscopy 
in problematic cases when one cannot exclude the possibility of 
a surgical disease, such as in pneumoperitoneum of unknown 
cause or possible gallbladder necrosis. Intestinal perforation may 
develop in the setting of therapy-induced necrosis of a transmu- 
ral lymphoma or metastatic carcinoma shortly after conditioning 
therapy, or later from CMV ulcers or a diverticular perforation. 
Perforation may present with only mild to moderate abdominal 
pain and pneumoperitoneum on abdominal CT, especially in 
granulocytopenic patients. Pneumoperitoneum can be a mani- 
festation of pneumatosis intestinalis, a much more benign pro- 
cess than free perforation, usually caused by CMV or GVHD.3*? 
Recognition of acute cholecystitis can be difficult because right 
upper quadrant pain (usually from SOS) and fever are common in 
the early post-HCT period, and imaging studies frequently show 
gallbladder wall thickening and luminal sludge in completely 
asymptomatic patients. A radionuclide study with morphine that 
shows filling of the gallbladder suggests that surgical cholecys- 
titis is not present. However, false-positive results (i.e., lack of 
gallbladder filling) can occur in severely ill patients on TPN.*** 
When pain is localized to the right lower quadrant, typhlitis (C. 
septicum infection) and appendicitis are diagnoses that can be 
made by imaging, along with exclusion of other causes of right 
lower quadrant pain (renal, ovarian, abdominal wall). The most 
common cause of moderate to severe abdominal pain is intestinal 
pseudo-obstruction with bowel distention; the clinical findings of 
distention and tympany on percussion in the setting of opioid or 
anticholinergic drug exposure are virtually diagnostic. In visceral 
VZV infection, abdominal distention, severe pain, fever, and ris- 
ing serum ALT levels may precede cutaneous manifestations by 
up to 10 days, a presentation that occurs only among patients not 
receiving acyclovir prophylaxis.7>”*>> Acyclovir should be started 
on clinical suspicion, while serum is analyzed by PCR for VZV 
DNA. Clinical pancreatitis is an uncommon cause of abdominal 
pain in HCT patients; subclinical pancreatitis does occur, with 
symptoms masked by immunosuppressive drugs.’ Patients with 
thrombocytopenia or prolongation of blood clotting may rarely 
bleed into the retroperitoneum, abdominal wall, or intra-abdom- 
inal viscera, particularly after duodenal biopsy, causing significant 
pain. 

The next question to answer is whether pain is caused by 
GVHD because there is an imperative to treat GVHD with glu- 
cocorticoids early in its course. Acute GI GVHD can present 
with just abdominal pain, but more commonly, a rash, nausea, 
vomiting, anorexia, or diarrhea accompany pain. The presenta- 
tion can include a rigid abdomen with rebound tenderness, but 
more commonly crampy and periumbilical pain are present. With 
gastric mucosal edema, pain is localized to the epigastrium. The 
decision to treat a patient empirically when definitive evidence of 
GVHD is not at hand is difficult, but when the pretest probability 
of GVHD is high and that of perforation or infection low, oral 
prednisone (2 mg/kg/day) should be started. CT or abdominal 
US (particularly with sonographic contrast) shows intestinal wall 
thickening in acute GVHD, a nonspecific but highly suggestive 
finding, particularly when CMV infection is unlikely.2?729?336 
Delays in therapy may lead to more extensive mucosal necrosis 
and morbidity.**’ If the pain later proves to be due to causes other 
than GVHD, prednisone can be discontinued. 

The next consideration is whether pain is caused by a treat- 
able infection. Recent advances in antiviral and antifungal pro- 
phylaxis have made intestinal and liver infections rare causes of 
abdominal pain.!’> Disseminated VZV with visceral involvement 
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TABLE 36.4 Causes of acute abdominal pain after hematopoietic cell transplantation 


Cause Frequency Diagnosis Severity Treatment 

Sinusoidal obstruction Now less common Tender hepatomegaly, weight Potentially fatal See text 
syndrome (SOS) gain, jaundice 

Intestinal damage from Unusual Examination, imaging Can be protracted after some None 


conditioning therapy 


Colonic pseudo- 
obstruction 


Hemorrhagic cystitis 


Acute GVHD 


Biliary pain 


Pancreatitis 


Hematomas 


Intestinal infection 


Intestinal perforation (CMV 
ulcer, intestinal tumor 
necrosis, diverticula) 


Liver abscess/bacterial 
infection 


Intestinal infarction (usually 
due to disseminated 
Aspergillus infection) 


EBV-lymphoproliferative 
disease 


Common, particularly in 
patients taking mu- 
opioid or anticholinergic 
medications 

May also occur with GVHD 
and VZV or CMV infection 

Prior vincristine exposure 
increases risk 


Common after 
cyclophosphamide and 
with viral bladder infection 


Common, particularly with 
more severe GVHD 


Unusual 


Unusual 


Rare; can be seen after 
duodenal biopsy 


Unusual 


ow rare 


Rare (usually fungal) 


Rare 


DNA in serum 


Distention, tympany, 
abdominal plain film 


Suprapubic pain, hematuria, 
viral cultures (JC/BK virus 
or adenovirus) 


Evaluate skin, gut symptoms, 
serum bilirubin 

Intestinal imaging (CT, US, 
MRE, PET) 

Mucosal biopsy 


RUQ/epigastric localization; 
gallbladder sludge, 
gallbladder edema, gas; 
biliary dilatation on US 


Serum lipase 


Examination, abdominal 
imaging, endoscopy 


Diagnostic and imaging tests 
for clostridial infection, 
VZV, CMV, adenovirus, 
norovirus, molds 


Abdominal plain film, CT scan 


Liver imaging (MRI preferred), 
examination, serum fungal 
antigen detection 


Intestinal imaging, 
examination, chest x-ray, 
galactomannan ELISA 


biopsy 


regimens 


When medication related, 
usually resolves; when 
a sign of GVHD or viral 
infection, may be severe 


Can be protracted with viral 
infection 


Potentially severe but not 
immediately fatal 


Passage of sludge is usually 
self-limited; necrotic 
gallbladder requires surgery 


Usually self-limited, but 
hemorrhagic pancreatitis 
occurs 


Can be protracted 


Potentially fatal if not treated 
(especially Clostridium 
septicum, viral, or mold 
infection) 


Potentially fatal 


Potentially fatal if not treated 


Uniformly fatal 


form 


Reduce opioid, 
anticholinergic drug 
exposure; rule out 
treatable underlying 
causes; consider 
methylnaltrexone; 
neostigmine if persistent 
and severe 


Urologic therapy, antiviral 
drugs if appropriate 


Immunosuppressive drug 
therapy 


Persistent biliary obstruction 
requires stent placement; 
surgery for gallbladder 
necrosis 


Treat biliary, infectious, and 
medication causes 


Restoration of platelet 
counts; intestinal 
obstruction may require 
surgery 

Treat the organism 
discovered 


Surgery 


Antifungal therapy, 


antibacterial therapy 


Antifungal drugs 


Rare with surveillance for EBV Abdominal imaging, endoscopic Usually fatal once tumor masses Rituximab when detected 


early; withdrawal of 


immunosuppressive drugs 


EIA, enzyme immunoassay; GVHD, graft-versus-host disease; JC/BK, polyomaviruses; MRC, magnetic resonance cholangiography; MRE, magnetic 


resonance enterography; VZV, varicella-zoster virus. 


may present with difficult-to-explain abdominal pain 2 to 6 
months after HCT in patients not currently receiving acyclo- 
vir or ganciclovir therapy. Importantly, abdominal pain may 
precede typical VZV skin lesions by several days.” Patients 
should be started on IV acyclovir while a definitive diagnosis is 
sought (VZV DNA in serum, gastric mucosal or liver biopsy). 
Other intestinal infections that may present with significant 
pain include adenovirus, CMV, cryptosporidiosis, infection with 
invasive molds such as Rhizopus species, C. difficile colitis, and C. 
septicum cecitis (typhlitis). Symptoms of typhlitis include fever, 
right lower quadrant pain, nausea and vomiting, diarrhea, occult 
blood in the stool, and shock; the diagnosis of typhlitis is usu- 
ally made by imaging studies showing cecal edema.*** Surgical 


resection for typhlitis is rarely necessary provided that antibiotic 
therapy (e.g., imipenem and oral vancomycin) for C. septicum is 
started along with systemic coverage for luminal bacteria and 
fungi in febrile patients.**” 

In patients with intestinal pseudo-obstruction and gaseous 
distention, medical management is almost always effective 
and perforation rare. Although some infections of gut neu- 
rons (VZV and CMV) lead to pseudo-obstruction, mu-agonist 
opioid and anticholinergic medications are the usual causes, 
particularly in patients with gut inflammation. There are 3 
approaches to opioid-related pseudo-obstruction: (1) decreas- 
ing the opioid dose; (2) peripheral mu-opioid receptor block- 


ade with methylnaltrexone!*’; or (3) switching to a «-opioid 
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agonist (e.g., butorphanol). Anticholinergic medications are 
contraindicated in pseudo-obstruction, and drugs with anti- 
cholinergic side effects should be discontinued. Neostigmine 
(2 mg IV) has been successfully used in patients with acute 
colonic pseudo-obstruction after HCT.**° Octreotide is use- 
ful for treating gut distention with fluid related to pseudo- 
obstruction. 


Perianal Pain 


Perianal pain after HCT can be caused by an anal fissure, a 
thrombosed external hemorrhoid, cellulitis related to tissue 
maceration, and infections. In patients with granulocytopenia, 
infections in the perineum or perianal spaces are usually polymi- 
crobial, arising either from anal glands or from tears in the anal 
canal. Extensive supralevator and intersphincteric abscesses may 
be present without being apparent on external examination.**! 
CT or MRI or endoscopy or transperineal US can give a clear 
view of the anatomy involved, particularly if there is pus pres- 
ent. When antibiotics covering both anaerobic and aerobic 
bacteria are given to patients with “cryptitis” (incipient perianal 
infection), far fewer patients require surgical drainage than in the 
past. Unusual causes of perianal pain include giant condyloma 
acuminata (genital warts) caused by HPV, HSV infection, fungal 
infection, and CMV-induced cutaneous vasculopathy with peri- 
neal ulcers.*33++ 


Problems in Long-Term Transplant Survivors 


GI and hepatobiliary problems that occur in the years after 
allogeneic HCT are usually a continuation of symptoms of 
protracted acute GVHD, chronic GVHD (cGVHD), medi- 


cation side effects, and infection related to immune suppres- 
sion.345:346 


Esophageal Symptoms 


Heartburn may be worse if C@VHD is present because salivary 
gland destruction reduces bicarbonate production. Chronic 
GVHD may involve the esophagus, leading to dysmotility and 
failure to clear refluxed acid.**’ Protracted acute GVHD involv- 
ing the stomach leads to gastric stasis and reflux of both acid 
and bile. Less common causes of esophagitis in survivors include 
fungal and viral infection and inflammation caused by retained 
pills (pill esophagitis). Common causes of dysphagia include 
esophageal and oral cGVHD, infection, xerostomia, and poor 
dentition.*> Patients with extensive cGVHD often complain 
of dysphagia for solid food and pills; children also present with 
insidious weight loss, retrosternal pain and aspiration of gastric 
contents, leading to pulmonary disease that can be mistaken for 
GVHD-related bronchiolitis obliterans syndromes. The diag- 
nosis of esophageal cGVHD is made by barium contrast x-ray 
or endoscopy, the latter of which should be done with caution 
because perforations have been reported. Radiologic findings 
include bullae, webs, concentric rings, narrowings, tapering 
strictures, and aperistalsis.*** Characteristic endoscopic findings 
include desquamation of the upper esophagus and distinctive 
upper esophageal webs. Histologic findings include infiltration 
of the esophageal mucosa with lymphocytes, neutrophils, and 
eosinophils; necrosis of individual squamous cells in the basal 
layer; and desquamation of the superficial epithelium. Patients 
with esophageal cGVHD often need endoscopic dilation to 
avoid progressive luminal narrowing, but dilations must be done 
with extreme care because the perforation risk is higher than 
with peptic strictures. Topical glucocorticoid therapy can be 
effective. The risk of squamous cell carcinoma of the esophagus 
is 8.5-fold higher after HCT than among controls; cGVHD is 
the major risk factor.**” 
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Upper Gut Symptoms: Anorexia, Nausea, Vomiting, Satiety 


Gastroduodenal GVHD in long-term survivors is called persis- 
tent, recurrent, or late acute GVHD because symptoms, endo- 
scopic appearance, and histology are identical whether they 
occur before day 100 or years after transplant.*>° Long-term use 
of oral topical glucocorticoids can be effective in patients with 
protracted upper gut GVHD.**! However, adrenal suppression 
and the symptoms of adrenal insufficiency (e.g., anorexia, nau- 
sea) from prolonged glucocorticoid exposure may mimic those 
of upper gut GVHD. Focal intestinal strictures can be seen as 
sequelae of gut GVHD. Herpesviruses (HSV, CMV, VZV) may 
cause nausea, vomiting, and satiety in survivors if prophylactic 
antiviral medications and viral surveillance have been discontin- 
ued. When upper gut symptoms appear along with abdominal 
distention and elevated serum ALT levels, visceral VZV infection 
should be suspected and confirmed with PCR for VZV DNA in 
blood.**?.5? Gastroparesis may develop after HCT and typically 
responds to prokinetic agents. 


Mid-Gut and Colonic Symptoms: Diarrhea and 
Abdominal Pain 


Late acute GVHD or overlap disease with both acute and chronic 
GVHD can cause GI symptoms for many years after transplant.*>+ 
Some patients who have had more severe GVHD in the past may 
develop intestinal strictures.>°*3>> Sporadic cases of gut infection 
may occur with C. difficile, norovirus, CMV, and rarely G. lamblia 
and C. parvum, and may mimic GVHD.?®320.321 Narcotic bowel 
syndrome may present with increasing abdominal pain and con- 
stipation in patients requiring opiates.**° Bile acid malabsorption 
in the ileum may contribute to persistent low-volume diarrhea 
in patients receiving lenalidomide; bile acid sequestering agents 
such as colesevelam may be helpful.*°’ Rare cases of “transmis- 
sion” of intestinal diseases such as celiac sprue via donor T cells 
have been reported.>** 


Graft-Versus-Host Disease of the Liver 


There are 3 presentations of liver GVHD in long-term survivors 
of HCT 6345346; (1) Asymptomatic elevation of serum ALT, 
alkaline phosphatase, and GGTP in the absence of jaundice; (2) 
slowly progressive cholestatic jaundice with elevated serum alka- 
line phosphatase, a result of damage to small bile ducts (see Fig. 
36.5D); and (3) acute hepatocellular injury (hepatitic GVHD), 
with abrupt elevations of serum ALT to over 500 U/L without 
preceding hepatic dysfunction. In long-term survivors, the dif- 
ferential diagnosis of jaundice is narrower than it is before day 
100. The differential diagnosis of cholestatic jaundice includes 
GVHD, biliary obstruction, DILI, and fibrosing cholestatic 
hepatitis B or C.!’° If a cause of elevated liver enzymes is not 
apparent, a biopsy may be indicated to identify GVHD as a cause. 
The addition of ursodiol (12 to 15 mg/kg/day) to the immuno- 
suppressive regimen results in significant biochemical improve- 
ment in liver GVHD.*°?>° Severe hepatic GVHD can progress 
to ductopenia and deep jaundice, and may require a course of 
several months of therapy with prednisone, a calcineurin inhibi- 
tor, and ursodiol therapy to resolve.”*! Several case series, but no 
randomized trials, have touted the following as effective steroid- 
sparing treatments: pulse CY,*°! extracorporeal photophere- 
sis, changing calcineurin inhibitors, or adding sirolimus. Oral 
beclomethasone dipropionate or budesonide could be used for 
hepatic GVHD, because 40% and 90% of these “topical” glu- 
cocorticoids, respectively, reach the portal circulation’® and the 
liver; this approach to other inflammatory liver diseases, such 
as autoimmune hepatitis, has been effective.*°+ OLT, including 
living-donor transplantation from the original hematopoietic cell 
donor, has been performed in patients with refractory cholestasis 
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or end-stage liver disease due to GVHD.7°03%36° Hepatitic 
GVHD can occur after discontinuation or tapering of immuno- 
suppressive therapy, or after donor lymphocyte infusion.?°*,2> 
Patients who present with steeply rising serum ALT levels, with 
or without jaundice, present a differential diagnosis of viral infec- 
tion, DILI, and hepatitic GVHD. These patients require urgent 
diagnosis and treatment. Hepatic histologic findings include 
hepatocellular injury, lobular inflammation, lymphocytic infiltra- 
tion in and around small bile ducts, extensive damage to (and loss 
of) small bile duct epithelial cells, cholestasis, portal fibrosis, and 
piecemeal necrosis.”’* Blood tests for viral antigen or viral DNA/ 
RNA will exclude acute hepatitis due to a herpesvirus (HSV or 
VZV), hepatitis viruses A-E, or adenovirus. Acyclovir should be 
started pending results of tests for herpesviruses; if viral studies 
are negative, a calcineurin inhibitor and prednisone (1 to 2 mg/ 
kg/day) should be begun while histology is pending to prevent 
extensive ductular damage from GVHD.’ 


Chronic Viral Hepatitis and Cirrhosis 


In long-term HCT survivors with chronic hepatitis C, cirrho- 
sis develops with a median time of 10 to 18 years, compared to 
40 years in controls.*°”>°* Confirmation of cirrhosis using either 
liver biopsy or noninvasive methods such as transient elastogra- 
phy*°? is crucial so that patients can be monitored for complica- 
tions, including esophageal varices and hepatocellular carcinoma. 
Chronic hepatitis C may also be a risk factor for development of 
lymphoma and other lymphoproliferative disorders after trans- 
plant.*”°?7! All survivors with chronic HCV, including those 
with cirrhosis, should be offered antiviral therapy unless contra- 
indications exist.!°° Direct-acting antiviral drug combinations are 
highly effective and well tolerated. This website provides contin- 
uously updated recommendations for treatment of patients with 
HCV infection: www.HCVeuidelines.org. Interferon-free treat- 
ment regimens are particularly attractive in post-HCT patients 
where the potential for interferon-induced activation of chronic 
GVHD is a concern. 

The serologic pattern of HBV infection may be atypical in 
HCT survivors because of immunosuppression. Clearance of 
surface antigenemia may be observed, and is particularly likely 
if the donor was anti-HBs positive from prior HBV infection 
or a robust response to vaccination. !”?37? Patients who remain 
HBsAg positive after HCT are at risk of flares of hepatitis B 
activity, particularly at times of reduction of immunosuppression, 
such as during tapering or cessation of treatment for chronic 
GVHD; these patients should be taking antiviral agents such 
as tenofovir or entecavir for 12 months after discontinuation of 
immunosuppressive treatment.’ All long-term survivors with 
chronic hepatitis B should be regularly monitored to assess viro- 
logic and disease status and the need for antiviral therapy.>”7*>”° 
Pegylated interferon cannot be recommended in allogeneic HCT 
survivors because of the concern for flares of cGVHD. HBV viral 
status should be reassessed prior to reintroduction of chemother- 
apy.’”> Biologic agents, such as rituximab used in the treatment 
of B-cell malignancies, have a particularly high risk of reactiva- 
tion of occult hepatitis B (HBsAg negative and anti-HBc posi- 
tive), and prophylactic antiviral therapy is recommended.’’° As 
in the peri-transplant period, patients with HBsAg should receive 
an antiviral agent whenever they receive immunosuppressive or 
cytotoxic therapy. 


Ascites 


The most common causes of new ascites in HCT survivors are 
cirrhosis (e.g., accelerated development of cirrhosis in patients 
with chronic hepatitis C*°73°% and rarely in patients with 
hepatic GVHD) and, in noncirrhotic patients, nodular regen- 
erative hyperplasia of the liver (within the spectrum of idiopathic 


noncirrhotic portal hypertension).*’’ The diagnosis of nodular 
regenerative hyperplasia can be challenging because both liver 
imaging and wedged hepatic venous pressure measurements can 
be misleadingly normal.’’* The prognosis of nodular regenera- 
tive hyperplasia after HCT is generally good, although frequent 
large volume paracenteses or a TIPS may be required for man- 
agement of complications.*’”? Other causes of enigmatic ascites 
after HCT include constrictive pericarditis, pancreatic ascites, 
peritoneal carcinomatosis, and a serositis syndrome related to 
cGVHD.3*° 


Other Liver Disorders 


DILI in patients receiving HCT is associated with antihyperten- 
sive drugs, lipid-lowering agents, hypoglycemic agents, NSAIDs, 
antidepressants, antibiotics, antifungal agents, or herbal prepara- 
tions.?°* Although most DILI responds to drug withdrawal, some 
drug reactions can result in chronic liver disease. Compared with 
the general population, patients develop new solid organ malig- 
nancies at twice the expected rate.**! Because of the increased 
rate of chronic hepatitis C infection, the risk of hepatocellular 
carcinoma is particularly elevated.**! Transplant survivors with 
risk factors for hepatocellular carcinoma (HCV cirrhosis, chronic 
HBV infection, or cirrhosis of any cause) should undergo surveil- 
lance every 6 months with liver US, according to international 
guidelines.**? In 1 series of pediatric survivors of HCT undergo- 
ing liver MRI, incidental focal nodular hyperplasia lesions were 
present in 5.2%.38 These lesions have characteristic central scars 
that differentiate them from hepatocellular carcinomas and fungal 
lesions. Because their appearance is so characteristic on MRI,*** 
liver biopsy is often not necessary. However, when serum AFP 
levels are elevated in patients with apparent focal nodular hyper- 
plasia, biopsy may be needed to exclude a hepatocellular carci- 
noma.**> Liver infections caused by fungi and bacteria are now 
rare late complications. Nonsterile herbal remedies contaminated 
by molds may lead to liver abscesses in survivors.**° 


Gallbladder and Biliary Diseases 


Long-term HCT survivors have an increased incidence of gall- 
stones and gallstone complications related to the formation of 
calcium bilirubinate microliths (biliary sludge) following mye- 
loablative conditioning therapy.°*’*’ Cyclosporine, and possibly 
tacrolimus, can predispose to cholesterol gallstones.’****? Biliary 
sludge and gallstones may cause cystic duct obstruction, bile duct 
obstruction, and acute pancreatitis.” 


Pancreatic Disease 


Acute pancreatitis is very uncommon in long-term HCT survi- 
vors, with most cases related either to biliary stone passage or 
(rarely) to tacrolimus-related pancreatic damage.*”” Pancreatic 
insufficiency caused by pancreatic atrophy, detected by CT or 
MRI, after HCT has been described.??!°” 


lron Overload 


Secondary iron overload is caused by both repeated transfu- 
sions and increased GI iron absorption in the setting of ineffec- 
tive erythropoiesis. Morbidity from severe iron overload comes 
mostly from cardiac iron accumulation, which is only marginally 
correlated with liver iron content.*”’ Iron-specific MRI methods 
can accurately measure not only liver iron but also iron accu- 
mulation in the heart, pituitary, pancreas, and thyroid.*”* The 
effects of persistent iron overload on long-term HCT outcomes 
have not been fully investigated except in patients transplanted 
for thalassemia, in whom very high iron burdens translate to 
increased mortality from cardiac causes. Iron overload could 
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be a risk factor for morbidity and nonrelapse mortality among 
HCT survivors with less extreme iron burdens than in thalas- 
semia patients, although the best measure of iron status remains 
to be determined.!”°>” Patients who died before day 100 after 


allogeneic HCT had levels of liver iron in the hemochromatosis 
range (1832 to 13,120 mg/g dry weight).’”° 


Full references for this chapter can be found on www.expertconsult.com. 
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Numerous systemic diseases have GI and hepatic manifesta- 
tions, but only common diseases and those with recent develop- 
ments will be discussed in this chapter. Involvement can occur 
via changes in Gl/hepatic structure, function, or both and may 
relate directly to the systemic disorder or indirectly via effects 
of therapy. It should be noted that rarer conditions such as PSS 
(scleroderma) and amyloidosis are likely to be studied in tertiary 
care centers, which may be biased toward the sicker patient. The 
reader is also referred to other chapters where the GI and hepatic 
manifestations of specific systemic disorders are discussed in 
greater detail. 


*Rajeev Jain, Dwain L. Thiele, and Ellen Ebert contributed to earlier 
versions of this chapter. 
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COLLAGEN VASCULAR AND INFLAMMATORY 
DISEASES (TABLE 37.1) 


Rheumatoid Arthritis 


RA has a prevalence of 0.5% to 1% in North America and 
Europe.!? GI symptoms are common and are largely due to 
medications, particularly NSAIDs. Oropharyngeal symptoms 
occur as a result of xerostomia and involvement of the tem- 
poromandibular joint, cervical spine, and larynx (particularly 
the cricoarytenoid joint).>+ Atlantoaxial subluxation may result 
in dysphagia associated with other signs of spinal cord com- 
pression; endoscopy is a high-risk procedure in these patients. 
Esophageal dysmotility, characterized by low peristaltic pres- 
sure in the lower two thirds of the esophagus and reduced 
lower esophageal sphincter (LES) pressure, is associated with 
heartburn, dysphagia, and esophagitis. Associated rheumatoid 
vasculitis, Sjögren syndrome (SS), or amyloidosis (all discussed 
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TABLE 37.1 Gastrointestinal Manifestations of Collagen Vascular and Inflammatory Diseases 


Disease 


Abnormality/Disorder 


Clinical Manifestations 


RA 


Adult-onset Still disease 
Systemic sclerosis 


SLE 


Polymyositis/dermatomyositis 


Sjogren syndrome 


Mixed connective tissue 
disease 


Polyarteritis nodosa 


Henoch Schénlein purpura 
Eosinophilic granulomatosis 
with polyangiitis 


Granulomatosis with 
polyangiitis 


Behçet disease 


Spondyloarthropathies 


Familial Mediterranean fever 
Cogan syndrome 


Marfan/Ehlers-Danlos 
syndrome/Joint 
hypermobility syndrome 


IgG4-related disease 


Temporomandibular arthritis 
Esophageal dysmotility 
Vasculitis 

Amyloidosis 


Felty syndrome 
Liver disease 


Esophageal dysmotility 
Gastroparesis 
Intestinal dysmotility 


Pancreatic disease 
Anal dysfunction 
Gl bleeding 


Mesenteric vasculitis 
Esophageal dysmotility 
Pancreatic disease 
Serositis 

Liver disease 


Skeletal muscle dysfunction 
Dysmotility 


Xerostomia 
Esophageal dysmotility 
Pancreatic disease 
Liver disease 


Esophageal dysmotility 
Sclerodermatous changes 
Vasculitis 


Vasculitis 


Vasculitis 
Eosinophilic phase 
Vasculitic phase 


Oral disease 
Vasculitis 


Vasculitis 
Large-vessel disease 


Associated intestinal inflammation 


Serositis/amyloidosis 


Crohn disease 
Mesenteric vasculitis (rare) 


Defective collagen 


Infiltration/fibrosis 


Impaired mastication 

Dysphagia, heartburn 

Intestinal ulceration and infarction, perforation, bleeding 

Pseudo-obstruction, malabsorption, PLGE, intestinal ulceration and infarction, 
gastric outlet obstruction 

Hepatosplenomegaly, abnormal liver biochemical tests 


Hepatosplenomegaly, abnormal liver chemistry tests, hyperferritinemia 


Dysphagia, heartburn, Barrett esophagus, esophageal candidiasis 

Nausea, dyspepsia 

Constipation, pseudo-obstruction, malabsorption, PLGE, SIBO, pneumatosis 
cystoides intestinalis, true diverticula 

Pancreatic exocrine dysfunction, calcific pancreatitis 

Incontinence, rectal prolapse 

Gastric antral vascular ectasia, telangiectasias 


Bowel ischemia, ulceration 

Dysphagia, heartburn 

Pancreatitis 

Ascites, peritonitis 

Abnormal liver chemistry tests, hepatitis 


Impaired glutition, tongue weakness, aspiration, dysphagia 
Heartburn, dysphagia, gastroparesis, pseudo-obstruction, pneumatosis cystoides 
intestinalis 


Angular cheilitis, tooth decay, oral candidiasis, hoarseness 
Dysphagia 

Pancreatitis 

Abnormal liver biochemistry chemistry tests, PBC, AIH, HCV infection 


Heartburn, dysphagia 
Malabsorption, PLGE, pseudo-obstruction, pneumatosis cystoides intestinalis 
Bowel ischemia, ulceration, perforation 


Bowel ischemia, ulceration, perforation, arterial aneurysms, acalculous 
cholecystitis, sclerosing cholangitis, pancreatic diseases, association with HBV 
infection 


Abdominal pain, Gl bleeding, intussusception 
Eosinophilic gastroenteritis, eosinophilic ascites 


Abdominal pain, bleeding, intestinal ulceration, perforation 


Oral ulcers, gingival hyperplasia (“strawberry gums’), lingual infarction 
Esophageal and gastric ulcers, bowel ischemia with ulceration and perforation, 
pancreatitis, gangrenous cholecystitis 


Oral ulcers, ileocecal ulcers and perforation, amyloidosis 
Portal or hepatic vein thrombosis, aneurysms 


Acute disease resembles bacterial enteritis 
Chronic disease resembles Crohn disease 


Peritonitis, symptoms resembling an acute abdomen 


Bloody diarrhea, abdominal pain fistulas, fissures 
Hemorrhage, ulceration, intestinal infarction, intussusception 


Megaesophagus, hypomotility, diverticula, megacolon, malabsorption, perforation, 
arterial rupture 


Autoimmune pancreatitis, sclerosing cholangitis, hepatitis, retroperitoneal fibrosis, 
inflammatory pseudotumor, aortitis, sclerosing mesenteritis, enteritis, colitis, 
pouchitis 


AIH, autoimmune hepatitis; PLGE, protein-losing gastroenteropathy. 
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later) may also cause esophageal symptoms and dysmotility, 
and vasculitis may induce esophageal strictures from ischemia. 

PUD may occur in relation to anti-inflammatory medica- 
tions. Chronic superficial and chronic atrophic gastritis is seen 
in 30% and 65%, respectively, of biopsy specimens from patients 
with RA. About one third of patients with RA have hypochlorhy- 
dria or achlorhydria, predisposing them to small bowel bacterial 
overgrowth (SBBO). Hypergastrinemia may be associated with 
achlorhydria, antiparietal cell antibodies, vitamin Bız deficiency, 
or pernicious anemia.>>° 

RA is sometimes associated with ulcerative colitis, and rheu- 
matoid vasculitis may mimic IBD.’ Unlike RA, IBD-related 
peripheral arthropathy is usually rheumatoid factor (RF)-nega- 
tive, nondeforming, and nonerosive. RA may rarely be associated 
with pneumatosis cystoides intestinalis (Fig. 37.1). 

Rheumatoid vasculitis, an inflammatory condition of the 
small- and medium-sized vessels, affects about 1% to 5% of 
patients with RA, typically those with severe disease and high 
RF titers.!°!! About 10% to 38% of these cases have intestinal 
involvement, often associated with manifestations in the skin 
(digital gangrene, cutaneous ulcers) and peripheral nervous sys- 
tem (neuropathy, mononeuritis multiplex). Involvement of small 
vessels in the gut results in ischemia with ulcers, pain, and hem- 
orrhage. Involvement of large vessels may lead to bowel infarc- 
tion, stricture formation, bowel perforation, or hemoperitoneum. 
Therapy may include glucocorticoids and/or cyclophosphamide 
based on small uncontrolled studies. Notably, an increased rate 
of lower GI tract perforations has also been found in RA patients 
managed with tofacitinib or tocilizumab but not TNF inhibitors. 


Hepatic Involvement 


Clinical evidence of liver disease is generally absent in RA. Serum 
aminotransferase and bilirubin levels are usually normal, whereas 
serum alkaline phosphatase (both liver and bone isoenzymes) 
may be elevated.!*-'* Liver histology is nonspecific, including 
portal tract inflammation, congestion, fatty change, sinusoidal 
dilatation, amyloid, periportal fibrosis, and nodular regenerative 
hyperplasia.!° RA is rarely associated with PBC, autoimmune 
cholangiopathy, and autoimmune hepatitis (ATH).!+!6!7 

Felty syndrome, a triad of neutropenia, splenomegaly, and 
severe RA, may be associated with hepatomegaly and abnor- 
mal liver chemistry tests. Portal hypertension may occur due 
to distorted liver microarchitecture (from nodular regenerative 


Fig. 37.1 CT showing pneumatosis cystoides intestinalis (arrows) 

in a patient with RA. (From Ebert EC, Hagspiel KD. Gastrointestinal 
and hepatic manifestations of rheumatoid arthritis. Dig Dis Sci 2011; 
56:295-302, with permission from Springer.) 


hyperplasia) or increased splenic blood flow from splenomeg- 
aly. In the latter case, splenectomy may decompress varices.!* 
Because HCV infection and RA are common diseases, they may 
be found concurrently in the same patient. Patients with HCV 
often have arthralgias, sicca syndrome, and myalgias and express 
RF and ANAs.!° A subset of HCV patients develops mixed 
cryoglobulinemia with arthritis that may be confused with RA. 
It is usually a nondestructive mono- or oligoarthritis affecting 
large and medium-sized joints. Anticyclic citrullinated peptide 
antibodies are rarely found in such subjects and are thus reli- 
able markers of RA when present.*? Treatment of RA patients 
with TNF-a antagonists may not reactivate underlying HCV 
although long-term effects are unknown.’! A review of 216 
HCV-infected patients exposed to one or more TNF antagonists 
over 260 cumulative patient years revealed only 3 cases of drug 
withdrawal due to hepatic issues.” In contrast, anti- TNF-a ther- 
apy and other immunosuppressive agents may exacerbate HBV, 
and antiviral therapy may be needed in selected HBV-infected 
individuals.” About 2% of patients who are either HB surface 
antigen-positive or HB core antibody-positive receiving conven- 
tional immunosuppressive therapy for RA will experience HBV 
reactivation.*+ 


Drug-Induced Side Effects 


Salicylate-induced hepatotoxicity is often asymptomatic, most 
commonly occurring with high doses of the drugs.’’> Elevated 
serum ALT levels correlate with salicylate levels, are dose- 
related, and return to normal within a few days after aspirin is 
discontinued or the dose reduced. Biopsies show mononuclear 
cell infiltrates in portal triads with little hepatocellular necrosis, 
although rare cases of severe hepatic necrosis occur. NSAIDs may 
rarely be hepatotoxic, especially when used with other potentially 
hepatotoxic medications.’° Ibuprofen has been associated with a 
hepatocellular or cholestatic picture, including the vanishing bile 
duct syndrome. 

Sulfasalazine may cause a delayed hypersensitivity reaction, 
occasionally leading to liver failure.’’ Patients may develop a 
rash, lymphadenopathy, nausea, vomiting, eosinophilia, and 
either a hepatocellular or mixed liver pattern generally within 6 
weeks of starting the medication. 

Methotrexate has been associated with hepatic fibrosis and 
cirrhosis, particularly in patients with psoriatic rather than rheu- 
matoid arthritis. Up to 25% of RA patients may have modest 
serum aminotransferase elevations, but it is not clear these cor- 
relate with fibrosis or cirrhosis. Although cofactors such as dia- 
betes, obesity, alcohol use, and NAFLD may play a role, chronic 
hepatitis B and C do not.’® Azathioprine and mercaptopurine 
have been associated with transient asymptomatic rises in serum 
aminotransferases, cholestatic injury, and chronic hepatic injury 
marked by peliosis hepatitis, nodular regenerative hyperplasia, 
and sinusoidal obstruction syndrome, usually occurring in the 
first 5 years of therapy. There also appears to be an increased 
risk for lymphoma and possibly hepatocellular carcinoma. Hepa- 
tosplenic T-cell lymphoma has been reported rarely in mostly 
young males on combination azathioprine and TNF inhibitor 
therapy and presents with fever, fatigue, pancytopenia, and hepa- 
tosplenomegaly. The diagnosis is established by bone marrow or 
liver biopsy and prognosis is poor. Leflunomide can cause diar- 
rhea and hepatotoxicity, usually within the first 6 months of treat- 
ment, and is associated with abnormal liver stiffness, especially in 
the presence of methotrexate.’? 


Adult-Onset Still Disease 


Adult-onset Still disease (the adult form of juvenile RA) is an 
inflammatory disorder presenting with spiking fevers, pharyn- 
gitis, evanescent maculopapular rash, arthralgias/arthritis, and 
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neutrophilic leukocytosis.*°3?, Abdominal pain is usually mild 
and transient but may be severe. Occasionally, small bowel dis- 
tention and air-fluid levels are found. Hepatosplenomegaly and 
lymphadenopathy are common. Ferritin is often extremely ele- 
vated’?; C-reactive protein and ESR are high, whereas ANA and 
RF are negative or low titer.*+ Abnormal liver chemistry tests 
occur in 50% to 75% of patients and are usually mild and tran- 
sient, correlating with disease activity. Severe hepatitis and even 
fulminant hepatic failure occasionally occur, leading to death or 
liver transplantation. Liver histology may be normal, show portal 
mononuclear cell infiltration, or interface hepatitis with lympho- 
plasmacytic inflammation similar to AIH. Portal vein thrombosis 
has been described.*> Treatment may include NSAID(), gluco- 
corticoids, methotrexate, cyclosporine, and anakinra, with rare 
hepatotoxicity being reported with anakinra.*¢ 


Systemic Sclerosis 


Symptoms related to anywhere in the GI tract may be found in 
over 90% of patients with PSS, but esophageal symptoms may 
predominate.’’ Patients most commonly complain of anorexia, 
reflux, dysphagia, early satiety, nausea, distension, diarrhea, con- 
stipation, fecal incontinence, and a decline in social and emotional 
well-being.*”°* Malnutrition is common, occasionally requiring 
parenteral nutrition.** Among its causes are anorexia, delayed gas- 
tric emptying, malabsorption, SBBO, and slow small bowel transit. 

The long-standing theory is that a neuropathic process occurs 
first, followed by a myopathic process as the muscles atrophy and 
fibrosis develops. Only in the first stage would prokinetic agents 
be effective.*?!? Serum antimuscarinic-3 acetylcholine autoanti- 
bodies that may block neurotransmission may then lead to sec- 
ondary tissue/muscle atrophy.*! Myositis-related antibodies may 
also be found in a subset of PSS patients.*” 


Esophageal Involvement 


Esophageal symptoms in PSS include heartburn, regurgitation, and 
dysphagia. Reflux is due to (1) low/absent esophageal peristalsis, 
(2) reduced LES pressure, (3) hiatal hernia (from a foreshortened 
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esophagus), (4) gastroparesis, (5) autonomic nerve dysfunction, (6) 
sicca syndrome with loss of salivary bicarbonate, and (7) increased 
abdominal pressure from coughing and straining.*° 

Patients with PSS develop Barrett esophagus, with an increased 
risk of esophageal adenocarcinoma, although the most common 
malignancy is probably lung cancer.**#> Delayed esophageal tran- 
sit, treatment with immunosuppressive drugs, and gastric acid sup- 
pression predispose to candidal esophagitis. Pill esophagitis may 
occur secondary to increased mucosal contact. PSS mainly affects 
the smooth muscle in the lower two thirds of the esophagus. The 
upper esophagus, composed mainly of striated muscle, is usually 
spared unless affected by proximal reflux.*° The dysmotility docu- 
mented by esophageal manometry helps diagnose PSS. It classically 
shows low-amplitude contractions or aperistalsis in the lower two 
thirds of the esophagus, and low or absent LES pressure (Fig. 37.2). 
These findings, however, are not universally seen nor specific to 
PSS and can be seen in other diseases, such as amyloidosis, diabe- 
tes, chronic alcoholism, esophageal candidiasis, severe reflux, hypo- 
thyroidism, and other connective tissue diseases. In 200 patients 
with scleroderma (117 limited, 83 diffuse) who underwent high- 
resolution manometry and had their findings classified according 
to the Chicago classification, the most common findings were 
absent contractility (56%), normal motility (26%), and ineffective 
motility (10%), irrespective of whether they had limited or diffuse 
disease. Classic scleroderma esophagus was observed in only 33%. 
Severe dysmotility was associated with disease duration, interstitial 
lung disease, and GI symptom scores.*” Moreover, in 111 patients 
with systemic sclerosis (89 women) who underwent high-resolution 
manometry that involved multiple rapid swallows, peristaltic ampli- 
fication during multiple rapid swallows was much less frequent 
(18%) than in young healthy controls (100%). Abnormal peristaltic 
reserve was the most common manometric abnormality in patients 
with systemic sclerosis.** Impedance studies show incomplete bolus 
clearance.*°#?°° Like achalasia, the esophagus may be dilated on 
imaging studies but in PSS there is no mechanical obstruction and, 
therefore, no air-fluid levels are seen unless a stricture is present. 
Endoscopy often shows abnormalities even without symptoms.*! 
Endoluminal ultrasonography shows hyperechoic abnormalities in 
the muscularis propria thought to represent fibrosis.*? Reflux may 


SOJEN WO} WO 


Fig. 37.2 A, High-resolution manometry (HRM) in line mode from a patient with PSS. A wet swallow (WS) gen- 
erates normal relaxation of the upper esophageal sphincter (UES) but no esophageal peristalsis. It is difficult to 
determine whether the lower esophageal sphincter (LES) relaxes. B, In the HRM color contour, the UES and 
peristalsis in the striated muscle esophagus are normal. There is aperistalsis of the smooth muscle esophagus. 
At the gastroesophageal junction, there is a small hiatal hernia and the LES relaxes appropriately. The WS 
generates a bolus pressure (Seen as a simultaneous shift to the lighter blue or higher pressure) (arrowhead) 
coinciding with the opening of the UES. Without a peristaltic pressure wave, the lighter blue color only slowly 
returns toward the darker blue seen in the empty esophagus, indicating that the bolus was not cleared from 
the esophagus. (From Conklin J, Pimentel M, Soffer E. Color atlas of high resolution manometry. New York: 
Springer Science and Business Media; 2009. Fig. 2.23, p 38, with permission.) 
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contribute to pulmonary disease by aspiration of gastric contents 
and/or vagal stimulation from gastric contents in the esophagus. 
Conversely, pulmonary disease may contribute to reflux by greater 
negative intrathoracic pressure required for ventilation and by the 
effect of bronchodilators lowering LES pressure. 

Esophageal reflux is associated with interstitial lung disease in 
PSS*.°2°3; these manifestations may evolve together. Although a 
cause-effect relationship has not been definitively proved, centri- 
lobular fibrosis with a bronchocentric distribution is found in 21% 
of PSS patients with intraluminal basophilic content consistent 
with peptic necrosis, suggesting a pulmonary reaction to aspira- 
tion of gastric contents.’* Pulmonary disease is a major cause of 
death in PSS and responds poorly to treatment. Aspiration pre- 
cautions and lifestyle modifications for reflux are essential. 

PPIs may heal esophagitis and may even reverse esophageal 
fibrosis.” Higher than standard doses of PPIs may be needed 
but likely do not prevent progression of dysmotility.°° Whether 
PPIs help pulmonary disease is not known. Prokinetic agents may 
help in the early stage of disease. Buspirone (a 5HT1 receptor 
agonist) may have a favorable effect on esophageal peristalsis and 
LES function. An open-label trial of buspirone 20 mg daily in 30 
PPI—refractory patients with PSS showed a significant increase 
in resting LES pressure and significant reductions in heartburn 
and regurgitation scores at 4 weeks.*’ Surgical therapy with fun- 
doplication has a limited role due to concern that dysphagia could 
worsen in an aperistaltic esophagus.® A Roux-en-Y gastric bypass 
is an alternative.*® 


Gastric Involvement 


Gastric emptying, particularly for solids, is often delayed in PSS 
and may result in early satiety, bloating, nausea, and vomiting or 
may be asymptomatic.°”° Gastric outlet obstruction and PUD, 
especially in the presence of NSAIDs, should be ruled out. EUS 
may show thickening of the gastric wall, particularly the submu- 
cosa and muscularis.°! Treatment of delayed gastric emptying 
has not been extensively studied in PSS. Gastric antral vascular 
ectasia may be found. 


Small Bowel Involvement 


The true prevalence of small bowel dysfunction is unknown. 
The absorptive capacity is normal except with SBBO or the rare 
association with celiac sprue.® Small bowel permeability may be 
increased in PSS, resulting in protein-losing gastroenteropathy 
(PLGE) or generalized malabsorption. In severe cases, intesti- 
nal failure requires intravenous nutrition and has a poor outcome. 

Delayed orocecal transit time is common.® Manometric 
abnormalities of the small bowel are frequent.°°” Absent, abnor- 
mal, or uncoordinated migrating motor complexes suggest a neu- 
ropathic process, whereas reduced amplitudes of contraction may 
suggest a myopathic process. 

The small bowel may be dilated with flocculation and pooling 
of barium. A “hide-bound” bowel consists of diffuse dilatation with 
closely packed valvulae conniventes from atrophy of the longitudi- 
nal fibers of the muscularis propria that foreshortens the bowel.® 
The jejunum and colon may have true diverticula containing all of 
the layers of the bowel wall, with wide necks that do not predis- 
pose to diverticulitis.’ They may be asymptomatic or associated 
with abdominal pain, vomiting, bleeding, perforation, or SBBO. 
Rarely, pneumatosis cystoides intestinalis (see Fig. 37.1), intestinal 
pseudo-obstruction, or pneumoperitoneum may develop.°””° 

SBBO is common’! and due to delayed orocecal transit time, 
loss of normal migrating motor complexes, presence of diver- 
ticula, and raised gastric pH with PPIs. Symptoms may improve 
with antibiotics, sometimes in combination with daily low-dose 
octreotide, which may improve phase III of the migrating motor 
complex in PSS patients. 


Colonic Involvement 


Colonic involvement in PSS is common but frequently asymp- 
tomatic. Symptoms include abnormal stool consistency, bloating, 
incomplete evacuation, fecal incontinence, and rectal bleeding.” 
Typical findings on barium enema include an increase in lumi- 
nal fluid, postevacuation residuals, and lack of haustrations with 
dilatation. 

Complications of colonic involvement include pseudo- 
obstruction, stercoral rectosigmoid ulcers from chronic impac- 
tion, volvulus, perforation, colonic strictures, rectal prolapse, 
pneumatosis cystoides intestinalis, and benign pneumoperito- 
neum.>?.° 

Oral mineral oil should be avoided in those with impaired 
esophageal function and at risk for aspiration. Osmotically active 
agents may worsen pseudo-obstruction. Data on prokinetics 
are limited. A report describes successful use of prucalopride, a 
5-HT, receptor agonist, in 2 PSS patients, but further studies are 
needed.’ Octreotide may be useful in refractory cases and can be 
tried in combination with erythromycin.’+”° 


Anal Involvement 


Incontinence of feces is due to diarrhea, anal dysfunction, 
rectal prolapse, and chronic straining. The internal anal 
sphincter (IAS), composed of smooth muscle, is atrophic and 
thin as shown by endoanal ultrasonography and functional 
lumen imaging probe.’®’’ Resting anal sphincter tone may be 
reduced, the anal sensory threshold attenuated, rectal compli- 
ance reduced, and the rectoanal inhibitory reflex impaired.’*-”? 
Treatment includes biofeedback (often unsuccessful) and sacral 
nerve stimulation, although data are limited.*° Similar to gas- 
tric antral vascular ectasia, patients may develop watermelon- 
like vascular stripes in the rectum, with dilated and thrombosed 
capillaries in the lamina propria.*! In addition, telangiecta- 
sias have been described throughout the GI tract and may be 
sources of bleeding. 


Miscellaneous Problems 


Case reports document idiopathic calcific pancreatitis and arteri- 
tis resulting in ischemic pancreatic necrosis.°°*? Anticentromere 
antibody, a hallmark antibody of PSS, is reported in 9% to 30% 
of patients with PBC, and 25% of PSS patients are positive for 
AMA. Patients with PBC associated with PSS have slower liver 
disease progression compared to those with PBC alone. 11383 


Systemic Lupus Erythematosus 


SLE is a multisystemic autoimmune disorder. GI symptoms 
(e.g., nausea/vomiting, anorexia, abdominal pain) are common 
but usually mild. In adults, they are caused by diverse etiologies, 
sometimes unrelated to lupus, with wide ranges of severity. In 
children, abdominal pain is usually related to the SLE, most com- 
monly from vasculitis, pancreatitis, and/or peritonitis/ascites.°°*’ 


84,85 


Vasculitis 


Vasculitis, also termed /upus enteritis when pathology is unavail- 
able, affects up to 9.7% of patients with SLE and up to 65% of 
those presenting with an acute abdomen.** The inflammatory 
form is characterized by leukocytoclastic vasculitis due to immune 
complex deposition in vessel walls, whereas the thrombotic form 
is caused by thrombosis of vessels associated with antiphospho- 
lipid antibodies. These processes may activate one another. Its 
presentation, ranging from mild symptoms to an acute abdo- 
men, is almost always accompanied by systemically active dis- 
ease.**-0 There is usually pain, nausea and vomiting, tenderness, 
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hypocomplementemia, and leucopenia. Complications include 
symptomatic ischemia, infarction, stricture formation, bleeding, 
and perforation. 

CT findings typically include bowel wall thickening, target 
or double halo sign, dilatation of intestinal segments, comb sign 
(prominent mesenteric vessels with palisade pattern), ascites, 
or in more advanced cases, pneumatosis intestinalis or mesen- 
teric venous gas.”! The jejunum and ileum are most commonly 
affected, with involvement being segmental or multifocal rather 
than restricted to a vascular territory as in thromboembolic isch- 
emia.™® Mesenteric angiography, although useful in excluding 
polyarteritis nodosa (PAN), may be negative in SLE, which gen- 
erally involves medium to small arteries. Endoscopic exams may 
show ischemia and punched-out ulcers with intervening normal 
mucosa, although colonoscopy can occasionally precipitate isch- 
emic colitis and/or perforation.” 

Endoscopic biopsies are often unrevealing unless submucosal 
vessels are sampled. Pathology shows small vessel arteritis and 
venulitis, leading to diffuse concentric fibrosis, fibrinoid necrosis 
with thrombosis of affected vessels, leukocytoclasis, and inflam- 
matory infiltrates.°* 

Patients usually respond well to glucocoricoids,***? although 
cyclophosphamide can be used in difficult cases. The differen- 
tial diagnosis includes antiphospholipid antibody syndrome and 
opportunistic infections, which may mimic GI vasculitis in these 
immunocompromised patients.” 


Esophageal, Gastric, and Intestinal Involvement 


SLE esophageal involvement manifests as heartburn and some- 
times dysphagia exacerbated by esophageal dysmotility and 
decreased saliva production from associated SS. Dysmotility 
has been found in different parts of the esophagus, although it 
is less frequent than in PSS or mixed connective tissue disease 
(MCTD).”* The upper esophagus and pharynx may be involved; 
whether this is due to SLE or to an overlap with polymyositis is 
controversial. Also seen is aperistalsis in the lower esophagus with 
a hypotonic LES, due to SLE itself or PSS/MCTD overlap. 

Gastric involvement manifests as dyspepsia. It is unclear 
whether lupus confers an additional or synergistic ulcerogenic 
effect above that seen with NSAIDs and/or glucocorticoids. 
Patients with SLE may have low serum B43 levels, intrinsic factor 
antibodies, or (rarely) pernicious anemia.**:*° 

Although hypoalbuminemia in SLE is usually ascribed to 
nephrotic syndrome, disease exacerbation, liver disease, and 
excess intestinal losses should be kept in mind. PLGE, sometimes 
an initial manifestation of SLE and often found in young women, 
is characterized by marked hypoalbuminemia, ascites, pleural or 
pericardial effusions, peripheral edema, and low serum comple- 
ment levels”>-°’; GI symptoms such as abdominal pain or diarrhea 
may be infrequent. The source of protein loss is usually the small 
bowel and, less commonly, the colon.” Possible mechanisms 
include increased microvascular/endothelial permeability, com- 
plement-mediated vascular injury, and vasculitis. Other causes 
of PLGE in SLE include pericardial effusion/constriction and 
SBBO (see Chapter 31). 

A relationship between SLE and celiac disease has been sug- 
gested in the past. Although a 3-fold increased risk of SLE has 
been reported in patients with celiac disease, this translates into a 
low absolute risk of at most 2 individuals in 1000 developing SLE 
in 10 years.” SLE has been described with IBD, eosinophilic 
enteritis, and collagenous colitis; these may represent chance 
associations.°+:5>.°? 

Immunocompromised SLE patients may acquire CMV that 
could mimic a lupus flare with enteritis and/or pancreatitis.!0°-10! 
Salmonellosis is also a common infection in SLE.!°7:!° Bactere- 
mia with fever and abdominal pain is seen more frequently than 
diarrhea, and the organism is more commonly isolated from blood 


than stool. Risk factors include immunosuppression, low comple- 
ment levels, impaired clearance of the organism, and hyposplen- 
ism. SLE and salmonellosis share certain clinical features such as 
pleurisy, synovitis, cytopenias, and rashes. An increased incidence 
of giardiasis in SLE patients compared with healthy controls has 
been suggested.!°+ 

Pneumatosis cystoides intestinalis (see Fig. 37.1) and pneu- 
moperitoneum are rare, generally benign lesions associated with 
SLE.!° Intestinal pseudo-obstruction (see Chapter 124) usually 
occurs in the setting of active lupus, sometimes as an initial mani- 
festation of disease, and has many proposed etiologies. It is asso- 
ciated with ureterohydronephrosis and interstitial cystitis.54:!0°.107 
Patients often respond to glucocorticoids. 


Pancreatic and Gallbladder Involvement 


The annual incidence of SLE-associated pancreatitis is said to 
be 0.4 to 1 per 1000 in SLE patients,!°* but subclinical cases 
may be missed, and other causes of pancreatitis are common in 
SLE.!°? In about 22% of cases, pancreatitis is the initial presen- 
tation. Patients usually have active lupus.!!° Only an occasional 
patient will have vascular lesions associated with antiphos- 
pholipid antibodies.!°° Glucocorticoids reduce mortality!”; 
addition of azathioprine may be needed. Chronic pancreati- 
tis is extremely rare, is usually preceded by episodes of acute 
pancreatitis, and is not associated with exocrine or endocrine 
pancreatic insufficiency.!!! 

Primary sclerosing cholangitis and autoimmune cholangi- 
opathy have been found in patients with SLE.**+:!!* Pronounced 
irregularity of the common bile duct may be due to previous 
subclinical vasculitic episodes affecting the delicate intramural 
capillary network. Acute acalculous cholecystitis may be due to 
vasculitis or thrombosis.!!’ Although usually treated surgically, it 
may respond to glucocorticoids if the gallbladder is not distended 
and if there is no evidence of septicemia. 


Ascites and Peritonitis 


SLE predisposes to ascites from many causes, such as infection, 
heart failure, bowel infarction, nephrotic syndrome, PLGE, con- 
strictive pericarditis, pancreatitis, mesenteric vasculitis, Budd- 
Chiari, or serositis.!!* Serositis more commonly presents as 
pleuritis or pericarditis rather than peritonitis.'!° In acute lupus 
peritonitis, the ascites tends to develop rapidly and is associated 
with pain and a lupus flare. In chronic peritonitis, the ascites 
develops slowly and is painless. The sterile ascitic fluid may show 
a low complement level, positive ANA, elevated anti-DNA anti- 
body, and typically a low (<1.1 g/dL) serum ascites albumin gra- 
dient. Peritonitis may respond to glucocorticoids or may require 
additional immunosuppressive therapy. 


Hepatic Involvement 


Abnormal liver chemistry tests are common, but end-stage liver 
disease is rare.!>:!!° Multiple etiologies of liver disease are found 
(e.g., fatty liver, hepatic arteritis, PBC, ATH, nodular regenerative 
hyperplasia, viral hepatitis, drug reaction [discussed previously 
under RAJ). Hepatitis from SLE, considered a variant of ATH by 
some investigators, is associated with anti-ribosomal-P antibod- 
ies.!2,13,84,116 HCV can mimic SLE clinically and serologically,!!7 
and interferon treatment can induce SLE.!!8 Infliximab induces 
ANA and anti—double stranded DNA in 53% and 35% of patients 
with IBD, but drug-induced lupus is rare.!!? Vascular disorders of 
the liver include Budd-Chiari syndrome and hepatic infarction, 
often due to antiphospholipid syndrome.!%13-120 Focal distur- 
bances of the hepatic blood supply may account for an increased 
frequency of focal nodular hyperplasia and hepatic hemangiomas 
in SLE patients. 
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Myopathies 


The inflammatory myopathies—polymyositis, dermatomyositis, 
and inclusion body myositis—are diagnosed by a combination 
of muscle weakness, elevated muscle enzyme levels, electromyo- 
graphic evidence of a myopathy, and typical muscle histology.!?! 
Serum AST and ALT levels are roughly equal, because the greater 
release of AST is counteracted by its greater clearance.!*” Often, 
an ALT of 100 U/L is accompanied by creatine phosphokinase 
levels of about 1000 U/L,! although many exceptions occur. Of 
the drugs used in GI diseases, myositis can be caused by anti-TNF 
agents, interferon, and occasionally PPIs.!?+ Myositis can also be 
associated with IBD, celiac disease, infection with HBV or HCV, 
and PBC.!?!:!?> Dermatomyositis may also be associated with a 
GI vasculopathy, a grave but rare manifestation, resulting in vas- 
cular ectasias, ulcers, and bowel perforation.!?° Dermatomyositis 
and, less commonly, polymyositis may be paraneoplastic associ- 
ated with malignancy involving the stomach, colon, pancreas, and 
other organs. 

Involvement of the pharynx and upper esophageal sphincter 
(UES), both composed of skeletal muscle, results in nasal regur- 
gitation, tracheal aspiration, tongue weakness, and dysphagia 
for both solids and liquids.!*’!*> Low-amplitude pharyngeal 
contractions and decreased UES pressure are found on esopha- 
geal motility studies. Smooth muscle may also be involved, with 
delayed esophageal and gastric emptying.!?! Reduced LES pres- 
sure and nonperistaltic low-amplitude simultaneous esopha- 
geal contractions are associated with heartburn. Treatment of 
esophageal disease includes immunosuppressive therapy (e.g., 
glucocorticoids), intravenous immunoglobulin, cricopharyngeal 
myotomy, and pharyngeal dilatation, resulting in variable suc- 
cess rates, 177/128 


Sjogren Syndrome 


SS occurs alone (primary) or associated with an autoimmune dis- 
ease (secondary). SS is characterized by lymphocytic infiltration 
of lacrimal and salivary glands with keratoconjunctivitis sicca and 
xerostomia. The mouth (discussed in Chapter 24) and esophagus 
are most commonly involved.!’? Reduced salivary neutralization 
may increase esophageal acid exposure time and predispose to 
reflux symptoms and/or mucosal damage. Although salivary flow 
rates are reduced and a variety of motility disturbances may be 
found in the esophagus, neither of these abnormalities generally 
correlates with dysphagia.!??:13° Although chronic atrophic gas- 
tritis is common, low vitamin B4; levels and/or pernicious anemia 
are rare.!*? Whether the prevalence of Hp gastritis is increased 
in SS is controversial; treatment of Hp does not reduce gastric 
lymphocytic infiltration, atrophy, or dyspepsia.! 112 There is a 
well-known association with mucosa-associated lymphoid tissue 
lymphoma. Gastric lymphoma is the most common extraglandu- 
lar site for lymphoma in SS. A risk for gastric adenocarcinoma 
has been suggested, which may parallel the disease severity asso- 
ciation with inflammatory markers, IgA level and SS-B antibody. 
The role for gastric cancer screening or surveillance in SS is 
unclear. Associated celiac disease is found in up to 15% of SS 
patients.!* 

Pancreatitis has been documented in up to 7% of patients with 
SS,!” often presenting as autoimmune pancreatitis!*+ or chronic 
pancreatitis. Chronic pancreatitis, with morphologic changes 
and/or an abnormal secretin test, may occur in about 25% of 
patients with SS!°> but is usually clinically silent. 

Abnormal liver chemistry tests, found in 10% to 49% of SS 
patients, are usually mild and have no definite pattern and lit- 
tle clinical significance.!°°!5” Hepatomegaly occurs in 11% to 
21% of patients.!’? The most common causes of liver disease 
are nonalcoholic fatty liver disease, PBC, ATH, and HCV. Sicca 
syndrome, abnormal salivary histology, and abnormal sialograms 


are common in PBC, whereas anti-SS-A/B antibodies are not. 
Although xerostomia, decreased salivary flow rates, and sialadeni- 
tis are seen in HCV, anti-Ro/SS-A/B antibodies are rare.!>* The 
pathogenesis of HCV-related SS may be due to HCV infection 
of salivary glands, molecular mimicry, and/or the formation of 
immune complexes containing HCV.!”° 


Mixed Connective Tissue Disease 


MCTD is an overlap syndrome including characteristics of SLE, 
PSS, and polymyositis associated with antibodies to ribonucleo- 
protein. Patients can present with heartburn and dysphagia.!*” 
Delayed esophageal transit, pathologic gastroesophageal reflux 
on 24-hour pH study, and reduced amplitude and coordination of 
esophageal peristalsis are found in the majority of patients. 13%-141 
The diagnosis of MCTD is suggested if there is dysmotility of 
the entire esophagus, both upper and lower, similar to that seen 
in polymyositis and PSS, respectively. Like in PSS, esophageal 
abnormalities usually correlate with pulmonary abnormalities in 
MCTD.!?*:!*° The role of glucocorticoid therapy in esophageal 
disease is uncertain. 

Changes similar to those of PSS may be seen in the intes- 
tine.'*? Occasionally patients may have a vasculitis, amyloidosis, 
or pancreatitis.'> There may be hepatomegaly, splenomegaly, 
ATH, idiopathic portal hypertension,'*+ or Budd-Chiari syn- 
drome. 


Polyarteritis Nodosa 


PAN is a vasculitis affecting mainly medium-sized arteries; it 
causes necrotizing inflammation, fibrinoid necrosis, neutrophilic 
infiltration, and fibroblast proliferation of the vessel wall.145:146 
Arterial aneurysms, stenosis, thrombosis, occlusion, and rupture 
of the artery occur. The result is impaired intestinal perfusion, 
ulcerations, bleeding, and ischemia if damage is limited to the 
mucosa or submucosa, and perforation if there is transmural 
involvement. The entire GI tract may be involved, but small 
bowel involvement is most common.!*’ Liver involvement, usu- 
ally subclinical, includes necrotizing vasculitis leading to atrophy 
of a liver lobe, liver infarction, or nodular regenerative hyperpla- 
sia.!48 Rarely, aneurysmal rupture occurs in the liver resulting in 
hemobilia, subcapsular hemorrhage, or intrahepatic hemorrhage. 
HBV-associated PAN, which generally occurs early in HBV infec- 
tion, has a higher association with GI disease, more severe vascu- 
litis, and a higher mortality rate than PAN without HBV.!*.!#6 
HBV-PAN is characterized by circulating immune complexes 
containing hepatitis B surface antigen and anti-hepatitis B surface 
antibodies, supporting the concept that it is mediated by deposi- 
tion of viral Ag/Ab complexes. Hepatitis B is silent in most cases, 
with only mild increases in serum aminotransferases.'*? HCV 
can occasionally be associated with PAN but unlike the early 
onset after HBV exposure, PAN usually occurs several years after 
viral exposure; like HBV-PAN, it usually manifests with severe 
vasculitis. 15° 

Pancreatic involvement occurs in 35% to 37% of autopsy 
cases, with acute pancreatitis, pancreatic infarcts, pseudocysts, 
pancreatic masses, or pancreatic insufficiency.!*> Vasculitis of 
arteries supplying small bile ducts leads to intrahepatic sclerosing 
cholangitis, whereas cystic arteritis leads to acalculous gangre- 
nous cholecystitis.!+7:!°! Ascites due to vasculitis is rare. 15? 

Angiography, which is abnormal in more than 60% of 
patients, >14 shows arterial aneurysms, irregularities, and 
thrombosis, all of which may progress to stenosis and occlusion 
of the vessels. Aneurysms are focal and segmental, in different 
stages of development, with a predilection for branch points of 
vessels. They tend to be multiple, intraparenchymal, and measure 
up to 1 centimeter in diameter. Rupture, especially in the pres- 
ence of hypertension, occurs occasionally. Microaneurysms are 


CHAPTER 37 Gastrointestinal and Hepatic Manifestations of Systemic Diseases 539 


sometimes seen as in other conditions (e.g., RA, SLE, granulo- 
matosis with polyangiitis). A normal visceral angiogram does not 
exclude PAN; aneurysms may be thrombosed or healing. CT may 
show bowel wall thickening and the target sign.'°° Three-dimen- 
sional CT angiography detects aneurysms with diameters as small 
as 3 mm, as well as early vasculitic changes such as increased wall 
thickness and calcification, not seen on routine angiography. 

Biopsy sites include skin lesions, sural nerve, and muscle. 
Endoscopic biopsies are usually too superficial to make the diag- 
nosis; deeper biopsies risk perforation. !*7 

Glucocorticoids, along with a potent immunosuppressive 
agent, particularly cyclophosphamide, dramatically decrease 
mortality. HBV-PAN or HCV-PAN are usually treated with 
immunosuppressive agents and an antiviral agent, sometimes 
with plasma exchanges (to remove immune complexes). 145:146,149 


Henoch-Schonlein Purpura 


Henoch-Schénlein purpura (HSP) is the most common systemic 
vasculitis in childhood, and occasionally affects young adults. HSP 
is clinically characterized by palpable purpura, arthritis, as well 
as renal and GI involvement. Adults typically have a more severe 
clinical syndrome with higher frequency of renal involvement. 
HSP is mediated by immune deposits (typically IgA), resulting in 
leukocytoclastic vasculitis that causes necrosis of small blood ves- 
sel walls.!°°!5* GI involvement occurs in the majority of patients 
and sometimes precedes the rash. The abdominal pain is usually 
colicky, periumbilical, or epigastric, sometimes worsening with 
eating. There is occult or, less commonly, overt, usually melenic 
bleeding, usually melena. The small intestine is most frequently 
involved, with the second portion of the duodenum involved more 
than the bulb.!*6158 The main differential diagnosis is Crohn dis- 
ease. Intussusception is usually ileoileal or ileocolic and due to an 
ileal lead-point (intramural hemorrhage or edema). It often resolves 
spontaneously or may be reduced with air or contrast enemas per- 
formed gently to minimize perforation risk.!*? If intussusception is 
still present after 24 hours, surgery should be considered. Rarely, 
the patient may develop acute acalculous cholecystitis, ascites with 
serositis, or pancreatitis.!°° Recurrences are usually stereotypic, 
milder, and shorter in duration than the first episode. 

Endoscopic findings include petechiae, erosions and ulcers, 
hyperemia, and ecchymoses (Fig. 37.3). Mucosal biopsies usually 
show IgA deposition and inflammation. Sampling of the submu- 
cosa may reveal vasculitis. Capsule endoscopy may determine the 
extent of disease and location of bleeding.!6 CT shows thickened 
bowel walls with skip lesions, ileus, and bowel dilation. To avoid 
irradiation in children, abdominal ultrasonography is considered 
the study of choice by some and may help determine prognosis.'°! 

Glucocorticoids should be considered in those at high risk 
for renal involvement; their effects on GI disease are unknown, 
as more than 80% of cases resolve spontaneously.!°°!®? Other 
modalities (plasma exchange, dapsone, and intravenous immuno- 
globulins) have been tried. 


Eosinophilic Granulomatosis With Polyangiitis 


Eosinophilic granulomatosis with polyangiitis (formerly Churg- 
Strauss syndrome) is a small- and medium-vessel vasculitis with 
GI involvement in up to 59% of cases.!6 Of the 3 phases of this 
disease (prodromal, eosinophilic, and vasculitic), the GI tract 
can be involved in the last 2. An eosinophilic gastroenteritis can 
occur with peripheral eosinophilia and an eosinophilic infiltrate 
in the GI mucosa.!°?:!6+ Abdominal pain, diarrhea, nausea/vom- 
iting, and bleeding are the most common symptoms. Vasculitis 
may cause ulcerations, perforation, and rarely stenosis.!°> The 
ulcers characteristically have an erythematous rim.!® Unusual 
complications include acalculous cholecystitis, pancreatitis, or 
eosinophilic ascites from involvement of the peritoneum.!®* 


Fig. 37.3 Endoscopic views in a patient with Henoch-Schénlein pur- 
pura. The upper views show jejunal mucosa that is diffusely thickened 
and nodular with superficial linear ulcers (black arrow). The lower views 
show ileal mucosa with a cobblestone appearance. (From Ebert EC. 
Gastrointestinal manifestations of Henoch-Schonlein purpura. Dig Dis 
Sci 2008; 53:2011-19, with permission from Springer.) 


Intestinal resection specimens and submucosal biopsies reveal 
vasculitis with fibrinoid necrosis, eosinophilic infiltrates, and/or 
granulomas. Glucocorticoids achieve remission in 90%, but close 
monitoring for intestinal perforation is needed. Glucocorticoid— 
refractory disease may be treated with cyclophosphamide, intra- 
venous immunoglobulin, or plasma exchange.!®” Severe GI tract 
involvement is associated with a poor outcome. 


Granulomatosis With Polyangiitis 


Most of the GI tract can be involved in granulomatosis with 
polyangiitis, which is a necrotizing vasculitis affecting small- 
and medium-sized vessels. The incidence of GI involvement is 
difficult to determine as it is often asymptomatic. Oral involve- 
ment includes ulcers, lingual infarction, and the pathognomonic 
“strawberry gums,” representing gingival hyperplasia studded 
with petechiae like a ripe strawberry.!°° Esophageal and gastric 
ulcers occur, with pathology showing necrotizing granulomatous 
inflammation.!©? Vasculitis leads to intestinal ulcerations, isch- 
emia, infarction, strictures, and perforation. It may resemble or 
be associated with IBD.!7° Arteritis may lead to pancreatitis or a 
gangrenous gallbladder.!’! Liver involvement is usually nonspe- 
cific, although unusual findings, such as incomplete septal fibro- 
sis from ischemia, have been described.'’? Superficial intestinal 
biopsies may reveal only nonspecific findings, and angiography 
may be normal. Perinuclear-staining antibody ANCA (p-ANCA) 
specific for myeloperoxidase may be positive but the cytoplasmic- 
staining antibody ANCA (c-ANCA) directed at the proteinase 3 
antigen of myeloid lysosomes (PR3) is more specific. Most lesions 
respond to immunosuppression, such as with cyclophosphamide. 


Cryoglobulinemia 


Cryoglobulins are immunoglobulins that precipitate in vitro at 
temperatures below 37°C.'7> Cryoglobulinemia may produce 
organ damage through hyperviscosity or vasculitis, the latter 
being the main mechanism for GI involvement. Although cryo- 
globulinemia is associated with infections, autoimmune diseases, 
and cancer, the most common cause is HCV. Up to 7% of patients 
with cryoglobulinemia have GI involvement, usually manifesting 


540 PART IV Topics Involving Multiple Organs 


as mesenteric vasculitis (see RA, SLE, and PAN).!’+ Severe GI 
involvement is an independent factor associated with poor out- 
come in non—HCV related vasculitis. Treatment is aimed at the 
underlying disease and may include immunosuppressive drugs, 
apheresis, and/or rituximab. 


Behcet Disease 


This multisystemic vasculitis typically includes recurrent oral 
and genital ulcers, arthritis, and characteristic skin lesions. CNS 
symptoms, GI lesions, hypercoagulability, and visceral artery 
aneurysms may also be seen. Although Behçet disease (BD) is 
most common in the ancient Silk Road countries, GI involve- 
ment in this disease is most common in certain other countries 
(e.g., Japan, United Kingdom).!7°-!’° Small vessel vasculitis pri- 
marily affecting veins and venules presents with mucosal inflam- 
mation causing ulcers; large vessel disease results in ischemia 
and infarction. This vasculitis mainly affects the ileocecal region 
resembling Crohn disease. Extraintestinal manifestations of oral 
aphthae, uveitis, arthritis, and erythema nodosum may mimic 
IBD. Several features distinguish BD from Crohn disease.177-17° 
Unlike Crohn disease, BD rarely causes strictures, perianal dis- 
ease, or rectal ulcers and multisegmental or diffuse GI involve- 
ment is rare. BD frequently causes oral ulcers, mucosal edema, 
intestinal perforation, and venulitis (without bowel inflamma- 
tion, fibrosis, or granulomas), and it often resolves spontane- 
ously. Infectious processes may mimic or complicate BD.!*° 
Endoscopic studies should be done with caution due to a risk of 
perforation, because the intestinal ulcers are often quite deep. 
There may be amyloidosis (discussed later), aneurysm forma- 
tion, or hepatic or portal vein thrombosis.!*! Thrombophlebitis, 
thought to be due to venulitis, may not benefit from anticoagula- 
tion. Acute pancreatitis, Budd-Chiari syndrome, multiple aseptic 
hepatic and splenic abscesses,!*? and sclerosing cholangitis are 
reported in BD. Therapy of GI involvement includes mesala- 
mine, immunomodulators, and TNF inhibitors. Whether gluco- 
corticoids prolong the healing process and provoke perforation 
is unclear.!® A phase 2 study found that the oral phosphodiester- 
ase inhibitor apremilast significantly reduced oral ulcer forma- 
tion in patients with BD. However, the treatment was brief (12 
to 24 weeks) and associated with diarrhea and with nausea and 
vomiting. Furthermore, effects of apremilast on other aspects of 
the disease, including the GI manifestations, remain to be eluci- 
dated.'** Recurrences after surgery, often at the anastomotic site, 
occur in 50%.!*° 


Spondyloarthropathies 


Subclinical gut inflammation has been described in up to two 
thirds of patients with various spondyloarthopathies.!86-188 The 
presence of ileitis may be associated with chronicity of the artic- 
ular disease. The acute form of spondyloarthropathy (typically 
reactive arthritis) has gut inflammation that mimics bacterial 
enteritis with neutrophil infiltration but preserved gut architec- 
ture. The chronic form (typically ankylosing spondylitis) mimics 
Crohn disease, with a mononuclear cell infiltrate and disturbed 
architecture. Although it may be histologically indistinguish- 
able from Crohn’s ileitis, spondyloarthropathy associated ileitis 
is usually asymptomatic, radiologically inapparent, and patients 
are usually HLA-B27 positive. Ankylosing spondylitis is found in 
up to 15% of IBD patients in general and in 50% of IBD patients 
with HLA-B27. For axial involvement, NSAIDs reduce joint pain 
and stiffness but may worsen underlying IBD. Glucocorticoids are 
rarely effective in spondyloarthropathies and decrease bone min- 
eral density. Sulfasalazine and possibly methotrexate may have 
some efficacy in spondyloarthropathies, particularly in patients 
with appendicular involvement. TNF-a blocking agents, includ- 
ing etanercept, which is not used in IBD, are also quite effective. 


Familial Mediterranean Fever 


Familial Mediterranean fever (FMF), an autosomal recessive dis- 
ease, is characterized by recurrent self-limited attacks of fever, 
joint pain, and abdominal pain, most commonly in people of 
Mediterranean origin.'*?!°° The gene responsible for FMF, 
MEFV on chromosome 16, encodes the protein pyrin. MEFV 
gene analysis assists in diagnosis. 

Patients develop what appears to be an acute abdomen due 
to peritonitis. Their severe abdominal pain is reduced by lying 
motionless with hips flexed. The abdomen is rigid with rebound 
tenderness, reduced bowel sounds, and abdominal distension. 
There may be multiple air-fluid levels, a leukocytosis with a left 
shift, an increased ESR, and elevated acute-phase reactants. The 
attack begins to subside after 24 hours. Peritonitis results in pro- 
tein-rich sterile exudates with fibrin and neutrophils that, when 
organized, may lead to adhesions and small bowel obstruction, 
sometimes with strangulation and necrosis. Patients are asymp- 
tomatic between episodes, although acute-phase reactants may be 
elevated, indicating subclinical inflammation. 

Serum amyloid concentration increases dramatically during 
febrile attacks (see Amyloidosis [under Infiltrative Diseases]). AA 
amyloidosis may develop independent of the frequency, duration, 
and intensity of flare-ups. Kidney impairment is the most clini- 
cally significant result, but amyloid can deposit in the GI tract 
and cause symptoms after many years. FMF is associated with 
other diseases such as IBD,!?! some vasculitides, and irritable 
bowel syndrome. GI mucosal involvement may suggest IBD but 
mucosal healing can be achieved with colchicine alone. 

Abnormal esophageal motility may occur regardless of amy- 
loid status.!° Liver disease is usually from amyloid, and spleno- 
megaly is from ongoing inflammation.!*?:!”° Although there is no 
specific treatment for acute attacks, colchicine reduces the attack 
frequency, severity, and duration in most FMF patients. Because 
it can prevent, arrest, and even reverse renal amyloidosis, colchi- 
cine should be continued for life. Refractory cases may respond to 
the anti-IL-1 betal monoclonal antibody canakinumab. 


Disorders of Connective Tissue 


GI manifestations have been reported in a variety of connective 
tissue disorders. These may be classified as structural or func- 
tional abnormalities. 

GI manifestations in Marfan syndrome are typically overshad- 
owed by cardiac, ophthalmic, and musculoskeletal manifestations. 
Fibrillin-1 gene mutations lead to qualitative and/or quantita- 
tive alterations to the glycoprotein fibrillin-1, with subsequent 
myofibril deficiency and connective tissue instability. In the GI 
tract, this may lead to visceral herniation, abdominal wall hernias, 
diverticula/pseudodiverticula, and clinical events such as acute 
appendicitis or acute diverticulitis at unusually young ages. There 
also appears to be an increased frequency of hepatic cysts, renal 
cysts, and cholelithiasis. Functional GI disorders such as IBS may 
also be more common than in control groups. !” 

In Ehlers Danlos syndrome (EDS), functional GI disorders pre- 
dominate but epiphrenic diverticula, diaphragmatic eventration, 
megaesophagus, spontaneous GI perforations, and acute GI 
bleeding may occur. One large retrospective study found that 378 
of 687 patients with EDS (56%) had associated GI manifestations 
in the classic, hypermobility, and vascular subtypes. The vascular 
subtypes all had frequent GI symptoms but such symptoms were 
somewhat less common than in the hypermobility variant. Typical 
symptoms included abdominal pain (56%), nausea (42%), consti- 
pation (39%), heartburn (38%), and IBS symptoms (28%). Gastric 
and colonic transit were delayed in 12% and 28%, respectively. All 
abdominal aneurysms occurred in the EDS vascular subtype.!"* 

The benign joint hypermobility syndrome may be found with 
increased frequency in unselected tertiary functional GI disorder 
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patients when compared with a 10% to 20% frequency in normal 
individuals. Joint hypermobility incidence was evaluated in 129 
unselected new tertiary referrals (97 female) to a neurogastroin- 
testinal clinic and 63 (49%) had evidence of joint hypermobil- 
ity; an unknown etiology of GI symptoms was more frequent in 
those with joint hypermobility than in those without it. A clinical 
impression of joint hypermobility was confirmed by a rheuma- 
tologist in 23 of 25 patients evaluated.!”° 


IgG4-Related Disease 


This rare multisystem inflammatory and fibrotic disorder typi- 
cally affects the pancreas (Type I or I autoimmune pancreatitis; 
see Chapter 59) or bile ducts and can mimic pancreatic cancer, 
cholangiocarcinoma, or PSC. Reports of other intra-abdominal 
involvement include retroperitoneal fibrosis, aortitis, sclerosing 
mesenteritis, inflammatory pseudo-tumor, hepatitis, enteritis, 
colitis, and pouchitis. Serum IgG4 is elevated in only 60% to 
70% of patients; frequently, diagnostic biopsies of the affected 
organ are necessary and typically reveal a dense lymphoplasma- 
cytic IgG4 staining infiltrate, storiform fibrosis, and obliterative 
phlebitis. Glucocorticoids are usually effective therapeutically 
and maintenance immunomodulators are sometimes required. 


ONCOLOGIC AND HEMATOLOGIC DISEASES 
Metastases to the Gastrointestinal Tract 


Metastases to the gut occur by hematogenous or lymphatic 
spread or by intraperitoneal seeding, most commonly from breast 
cancer.!°° Metastases are distinguished from primary tumors by 
the absence of a transition between normal and cancer cells and 
by histologic and immunohistochemical similarities between the 
primary and the secondary deposits. 

GI metastases are more commonly seen at autopsy than 
clinically, because many are asymptomatic. The most com- 
mon presentations are abdominal pain, anemia, GI bleeding, 
obstruction, weight loss, and (rarely) PLGE.!°°!°” Some metas- 
tases, particularly melanoma (Fig. 37.4), breast cancer, and renal 
cell carcinoma, may present decades after the primary tumor is 
found. !98:199 

Polypoid metastatic lesions in the intestinal mucosa may ini- 
tiate intussusception?” or result in bleeding from ulceration or 
cavitation as the growth of the metastasis exceeds its blood sup- 
ply. Deposition in the submucosa causes a submucosal mass or 
diffuse infiltration with wall thickening and rigidity. With central 


Fig. 37.4 Endoscopic view of an ulcerated metastatic melanoma lesion 
involving the second portion of the duodenum in a young man who 
presented with upper Gl bleeding. 


ulceration, a “bull’s eye” lesion may appear.!°°?°! Carcinomato- 
sis with malignant ascites may occur with rupture of tumor into 
the peritoneal cavity.!°* Perforation may occur, sometimes from 
tumor necrosis caused by chemotherapy. 

Gastric metastases are most commonly from lung, breast, 
esophagus, and melanoma.’°! Small bowel involvement is most 
commonly due to lobular breast cancer or malignant melanoma. 
Pancreatic metastases are rare and due to renal cancer in 60% 
of cases.” Renal cancer appears as an enhancing mass on CT 
and is hypervascular on angiography.” Resection of a pancreatic 
metastasis may increase survival.*°?70> 

Melanoma metastases, pigmented or amelanotic, are most 
often found in the small bowel.!’*:!°? Surgical resection of the 
metastasis, usually for anemia or obstruction, improves symptoms 
with minimal morbidity or mortality, although disease recurrence 
is common postoperatively. Melanoma is the most common pri- 
mary site to lead to gallbladder metastases.* 

The most common type of breast cancer to metastasize to 
the GI tract is lobular carcinoma, even though most breast can- 
cers are ductular carcinomas.’”> Patients occasionally present 
with oropharyngeal dysphagia, pseudoachalasia, or an esopha- 
geal stricture. Gastric metastases may mimic linitis plastica with 
an infiltrative picture, involvement of the terminal ileum may 
resemble Crohn disease, and rectal infiltration may mimic pri- 
mary rectal cancer (Schnitzler metastasis). Metastatic breast 
cancer may consist of signet ring cells without gland formation, 
mimicking a primary GI malignancy. Estrogen receptors are 
commonly expressed in the tumor, helping in the diagnosis. GI 
metastases from lung cancer, although rare, are usually due to 
large cell carcinoma.*"° 


Paraneoplastic Syndromes 


Paraneoplastic GI dysmotility presents with pseudoachalasia, 
gastroparesis, or pseudo-obstruction.?°”?° It is most commonly 
due to small cell lung cancer, with GI symptoms usually preced- 
ing the tumor diagnosis by weeks or months. Other primary 
neoplasms associated with paraneoplastic GI dysmotility include 
breast, bladder, prostate, kidney, testicular, ovary, neuroblas- 
toma, and primary GI malignancies such as pancreatic carci- 
noma. The most commonly described autoantibodies are type 1 
antineuronal nuclear antibodies reactive against tumor cells and 
neuronal nuclei, including those in the myenteric plexus. Anti- 
HuD antibodies induce neuronal apoptosis.”°” The presence of 
this and similar antineuronal antibodies should prompt a search 
for malignancy. Neuropathy is the most common manifestation 
of type 1 antineuronal antibodies, but GI dysmotility is found in 
about 30% of patients. 

Patients present with acute and rapidly progressive weight 
loss, dysphagia, nausea and vomiting, early satiety, constipa- 
tion, and/or abdominal pain, usually with normal chest X-rays 
despite the presence of small cell lung cancer.?°° Esophageal 
dysmotility, delayed gastric emptying, slow intestinal transit, 
and abnormal autonomic reflex tests are common.’!° Antroduo- 
denal manometry shows a neuropathic type of GI dysmotility. 
The differential diagnosis of altered GI motility includes viral 
infections, medications (especially opioids), chemotherapy (e.g., 
vincristine), and radiation damage. 

Conventional therapeutic measures, such as prokinetics, anti- 
emetics, and laxatives, have limited benefit.2°° Even chemother- 
apy that shrinks the tumor may not palliate the GI symptoms. 

Paraneoplastic hepatopathy describes the rare phenomenon 
of intrahepatic cholestasis as a paraneoplastic phenomenon, most 
commonly associated with renal cell carcinoma (Stauffer syn- 
drome) and lymphoma. Alkaline phosphatase abnormalities are 
most characteristic and hyperbilirubinemia or jaundice is more 
unusual. Paraneoplastic hepatopathy has also been associated 
with pheochromocytoma, prostate carcinoma, medullary thyroid 
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carcinoma, ovarian dysgerminoma, and neuroendocrine tumors. 
Such cholestasis has been associated with nonspecific hepatic 
inflammation or sinusoidal dilation histologically, typically 
resolves after tumor resection, and may recur with tumor recur- 
rence. Paraneoplastic biliary ductal damage (secondary scleros- 
ing cholangitis) and the vanishing bile duct syndrome have been 
associated with lymphoma.’!! 

POEMS syndrome (polyneuropathy, organomegaly, endocri- 
nopathy, M- protein, skin changes) is a rare multisystem neoplas- 
tic disorder of plasma cells. It frequently has an insidious onset 
manifesting in the fifth to sixth decade of life. Mandatory criteria 
include polyneuropathy and a monoclonal plasma cell dyscrasia 
(usually lambda light chain); major criteria may also include Cas- 
tleman disease, sclerotic bone lesions, and vascular endothelial 
growth factor (VEGF) elevation; minor criteria include organo- 
megaly, extravascular fluid accumulation (edema, low SAAG 
[75%] ascites, pleural effusions), skin changes, endocrinopathy, 
papilledema, and polycythemia/thrombocytosis. The clinical 
manifestations are likely caused by elevated VEGF, which mark- 
edly increases microvascular permeability. Most patients have 
solitary or multiple plasmacytomas. Bone marrow evaluation 
often shows plasma cell clonality, and therapy is directed at the 
underlying plasma cell dyscrasia. Hepatomegaly and ascites may 
falsely suggest underlying chronic liver disease.” 


Hematologic Malignancies 


The liver, as part of the reticuloendothelial system, is frequently 
involved in disseminated lymphoproliferative disease and usually 
signifies an advanced stage.*!* Hematologic malignancies are fre- 
quently associated with elevated liver chemistry tests but typi- 
cally do not cause clinically significant hepatic dysfunction. The 
frequency of liver involvement varies widely depending upon the 
type of malignancy. Alternatively, some hepatic abnormalities 
may be due to drug toxicity, infections, amyloidosis, or extrahe- 
patic obstruction from porta hepatis lymphadenopathy. 


Liver Involvement in Systemic Lymphomas 


The liver may be the site for a rare primary lymphoma or, more 
commonly, for spread from systemic lymphomas. There is an 
association of lymphoma with HIV, HCV, or EBV (post-trans- 
plant) infection, common variable immunodeficiency, rheuma- 
tologic disorders, celiac disease, IBD, thiopurine therapy, and 
possibly TNF inhibitor therapy. HBV-infected patients also have 
a 2- to 3-fold increased risk of developing non-Hodgkin lym- 
phoma (NHL), although a cause-effect relationship has not been 
proven.?!+ 

Almost 90% of hepatic lymphomas are NHL, with most 
being of B cell origin? NHL more commonly has malig- 
nant involvement of the liver than does Hodgkin lymphoma 
(HL). Imaging is often normal or shows multiple or diffusely 
infiltrating lesions. The less common focal liver lesions are usu- 
ally hypoechoic on ultrasonography and hypoattenuating on CT 
scan.!?!7 Splenic involvement and lymphadenopathy support 
the diagnosis of lymphoma. Nonspecific histologic findings in 
both NHL and HL are portal lymphocytic infiltrates, hemosid- 
erosis, steatosis, and granulomas (usually noncaseating), the last 
more common in HL than in NHL.?!3?!>?!8 Immunotyping can 
characterize the phenotype of these cells. 

Many patients have no clinical or biochemical suggestion of 
hepatic involvement. Hepatomegaly or abnormal liver chemistry 
tests, such as a moderately elevated serum alkaline phosphatase 
level, do not correlate well with lymphomatous involvement.*!” 
Rarely, massive hepatic infiltration by tumor can result in acute 
liver failure, with an average survival of 10 days.’?° 

In NHL, diffuse large B cell lymphoma is the most com- 
mon subtype. This presents predominantly with tumor nodules 


distributed diffusely throughout the liver with a dense lympho- 
matous infiltrate.*!°7!> T cell-rich B-cell lymphoma, in contrast, 
is characterized by a scattered portal tract infiltrate with few 
neoplastic cells, often misdiagnosed as a reactive inflammatory 
condition or as T cell lymphoma infiltration of the liver. The 
less common T cell lymphoma lacks a typical infiltration pattern 
and may be confused with a drug-induced or viral hepatitis when 
biopsies just show increased numbers of T cells. A distinction 
between these possibilities would necessitate clonality analysis by 
T cell receptor or immunoglobulin heavy locus PCR. 

In HL, hepatic involvement is virtually always associated with 
splenic involvement, but the converse is not always true. Liver 
disease is usually diffuse with miliary lesions more often than 
masses. A predominantly portal infiltration is the most common 
histologic feature, with Reed-Sternberg cells detected only occa- 
sionally.?!3.7!5 

Cholestasis is most commonly due to intrahepatic tumor infil- 
tration, but extrahepatic bile duct obstruction by enlarged lymph 
nodes should be kept in mind. Rare conditions include idiopathic 
cholestasis and vanishing bile duct syndrome.”*! The degree of 
cholestasis is often disproportionate to the apparent tumor load 
and may respond to chemotherapy or lead to fatal liver damage. 


Gl and Liver Involvement in Leukemia 


Leukemias can involve any part of the GI tract, with about 10% 
of patients being symptomatic.?”? GI involvement usually occurs 
during relapse due to leukemic infiltration of the bowel wall, 
immunodeficiency, coagulation disorders, or chemotherapy. 
Treatment reduces proliferation of normal cells, causes myelo- 
suppression, and weakens areas of the bowel wall as it destroys 
the underlying malignancy. Although most patients are asymp- 
tomatic, others may complain of abdominal pain, bleeding, or 
diarrhea. 

Common oral problems include xerostomia, gingival bleed- 
ing, mucositis, infections (particularly candidal), and dental dis- 
ease.?? The esophagus may have leukemic infiltrates, infectious 
esophagitis (most commonly candidiasis, HSV, or CMV), hem- 
orrhagic lesions (e.g., petechiae, ecchymoses, erosions, ulcers), or 
chemotherapy-induced mucositis.’???74 

Leukemic infiltration of the bowel may present as ulcerations 
or as nodular lesions resulting in intussusception, obstruction, or 
a picture resembling cancer.?????>’° It can extend through the 
bowel wall, resulting in perforation. Less common are PLGE 
and malabsorption. Leukemic infiltrates are found particularly in 
the terminal ileum and appendix, owing to the abundant lym- 
phoid tissue in these areas. The picture may mimic IBD or be 
associated with pneumatosis cystoides intestinalis or pneumo- 
peritoneum.’”?*” Immunodeficiency may lead to agranulocytic 
ulcers with bacterial invasion and bleeding. Coagulation defects 
can produce intramural hematomas and hemorrhagic necrosis of 
the bowel. Painful anorectal lesions include thrombosed hemor- 
rhoids, stercoral and neutropenic ulcers, fistulas, and abscesses. 

Neutropenic enterocolitis or typhlitis (from the Greek word 
typhlon, meaning “cecum”) is a necrotizing process involving the 
terminal ileum, cecum, and ascending colon.???:??7-230 Tt usually 
occurs during the onset or relapse of acute myelogenous leuke- 
mia, often following chemotherapy, and is a common source of 
fever. Other conditions associated with neutropenia may also 
be complicated by neutropenic enterocolitis. Distension of the 
cecum, sometimes associated with hypotension, impairs perfu- 
sion, leading to mucosal breaches and entry of organisms that 
proliferate profusely with the neutropenia.???231 

Patients present with fever, right lower quadrant abdominal 
pain, diarrhea, bleeding, nausea and vomiting, dehydration and 
sepsis, and occasionally an acute abdomen. With sepsis, Gram- 
negative bacteria are the most frequently identified pathogens. 
Bowel wall thickness of greater than 10 mm is seen on CT and 
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ultrasonography and is associated with 60% mortality.???732 
Most patients can be managed with intravenous fluids, transfu- 
sion of blood and platelets, granulocyte colony-stimulating fac- 
tor, and broad-spectrum antibiotics, with surgery reserved for 
complications. 

Infiltration of liver, spleen, and lymph nodes is common in 
leukemia, but the possible hemorrhagic complications result- 
ing from liver biopsy make it difficult to discern the relative 
contributions of leukemic infiltrates, extramedullary hemato- 
poiesis (EMH), and other infectious and toxic complications of 
these diseases. Although often asymptomatic, acute liver failure 
may develop.” Rarely, the pancreas, gallbladder, or bile ducts 
(cholangiopathy) may be involved.7>+-%¢ Splenic rupture in acute 
leukemia, mainly with splenomegaly, may be due to leukemic 
infiltration, splenic infarction, or defects in coagulation, particu- 
larly thrombocytopenia.?*” 

A diffuse nondestructive infiltration of the liver is usually asymp- 
tomatic and without significant laboratory abnormalities. In chronic 
lymphocytic leukemia, the leukemic infiltrate involves the portal 
areas, usually leaving the limiting plate intact, although in some 
cases it may cause hepatocellular necrosis, bridging necrosis, and 
occasionally pseudo-lobule formation.’!> In other leukemias, sinu- 
soidal involvement may be seen with or without portal infiltrates. 


Systemic Mastocytosis 


Systemic mastocytosis is characterized by multiple dense infil- 
trates of mast cells (MCs) in bone marrow or extracutaneous 
organs, mutations in the c-kit gene (CD117), and elevated serum 
tryptase concentrations.”>*3° The classical skin finding of urti- 
caria pigmentosa is seen with or without systemic involvement. 
The frequency of GI involvement is highly variable but probably 
second only to pruritus as a cause of morbidity.**? Symptoms are 
thought to be due mainly to mediator release (e.g., histamine, 
leukotrienes, heparin, proteases), and less commonly to MC 
infiltration of the gut. Symptoms may include abdominal pain, 
diarrhea, and nausea/vomiting, often exacerbated by precipitants 
such as drugs, stress, and certain foods. Pain may be either dys- 
peptic or lower abdominal cramping. 

Occasionally the esophagus is affected with heartburn/esoph- 
agitis or motor disorders.**! PUD may be underdiagnosed and 
can be caused by histamine-mediated gastric acid hypersecretion. 
Diarrhea also may be related to gastric hypersecretion, as well as 
to intestinal malabsorption, overproduction of prostaglandin D», 
or occasionally to altered intestinal transit.?38-240,242 

Endoscopic features are nonspecific (nodularity, erythema, 
ulcerations, urticaria-like lesions, thickened folds, purple pig- 
mented lesions).**° Histology may be diagnostic or nonspecific, 
with a mixed infiltrate that may include MCs, although MCs are 
commonly seen in other disorders (Fig. 37.5). However, unlike 
other inflammatory diseases, the histology in systemic masto- 
cytosis may include high numbers of MCs, MCs in aggregates 
or confluent sheets, abnormal MC morphology, and positive 
staining for CD25.?%8:24 Often, infiltrates contain plasma cells 
and eosinophils, but the presence of numerous MCs would be 
atypical for eosinophilic gastroenteritis. There may be expan- 
sion and distortion of crypt architecture as in IBD.**> Crypt 
abscesses, however, are unusual. Also, although villous atrophy 
is found, the crypt hyperplasia typical of celiac sprue is usually 
not seen. 

Hepatomegaly and abnormal liver chemistry tests are com- 
mon. The liver chemistry tests may be either a mixed pattern or 
an isolated alkaline phosphatase elevation, often from bone.?>? 
Liver biopsies may show portal MC infiltrates, eosinophilic infil- 
trates, extramedullary hematopoiesis (EMH), portal fibrosis, and 
sometimes cirrhosis. Portal hypertension may develop, although 
splenomegaly may also be due to MC infiltration. Liver stiffness 
by transient elastography may be seen.“ 
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Treatment is aimed at limiting MC degranulation and con- 
trolling pathologic MC tissue infiltration.” GI symptoms may 
improve with H,- and/or and H,-receptor antagonists, oral diso- 
dium cromoglycate, or glucocorticoids. For aggressive disease 
with organ dysfunction, cytoreductive therapy with interferon or 
cladribine has shown limited response rates and duration. The 
KIT D816V (Asp-~Val) mutation is present in 90% of patients 
with systemic mastocytosis, and an uncontrolled, observational 
multinational study of 116 such patients reported that a multi- 
ple kinase inhibitor (midostaurin) is effective both in advanced 
mastocytosis and its highly lethal variant, MC leukemia. Ima- 
tinib (Gleevec) is currently FDA-approved for patients with this 
D816V mutation.2¥” 

The prognosis is good for the indolent or smoldering type 
(the latter with organ infiltration without organ dysfunction) but 
poor for the aggressive type (organ infiltration with dysfunction) 
or transformation to MC leukemia. 

Unlike systemic mastocytosis, the MC activation syndrome 
does not occur due to an increased MC number but rather a hyper- 
responsiveness of MCs that leads to an inflammatory mediator- 
driven multisystemic disorder. Mast cell activation syndrome may 
be associated with common variable immunodeficiency, postural 
orthostatic tachycardia syndrome, Lyme disease, and EDS but 
may also be idiopathic. Symptoms typically are dermatologic 
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Fig. 37.5 Systemic mastocytosis involving the colon. A, An interstitial 
infiltrate of mast cells with pale cytoplasm is present. (H&E, x100.) B, A 
mast cell tryptase immunohistochemical stain highlights the interstitial 
infiltrate (x400). The patient also had bone marrow involvement. (Cour- 
tesy Shahab |, MD, Dallas, TX.) 
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(hives, flushing, and burning), cardiovascular (dizziness and pre- 
syncope/syncope), GI (diarrhea, abdominal cramping, nausea/ 
vomiting, and dysphagia), neurologic (brain fog, altered memory, 
and headache), respiratory (dyspnea, wheezing, and nasal conges- 
tion), and constitutional (fatigue/malaise). Laboratory clues may 
include baseline elevation of serum tryptase, elevated 24-hour 
urinary histamine, elevation of 24-hour urine prostaglandin D2 
or its metabolite prostaglandin F2, or documentation of these 
markers being significantly elevated above baseline when symp- 
tomatic. Treatment includes H1 and H2 receptor antagonists, 
antileukotrienes, or MC stabilizers.24°:7+? 


Myelophthisic and Myeloproliferative Disorders 


EMH is a reactive process from bone marrow failure and/or 
infiltration or from chronic hemolytic anemias.”>”:?>! The most 
common extramedullary sites for blood formation include the 
liver and spleen. As a result, EMH commonly presents as hepa- 
tosplenomegaly from diffuse infiltration associated with vague 
abdominal symptoms. Liver chemistry tests may be abnor- 
mal, but clinically significant liver dysfunction rarely occurs. 
Histology shows clumps of erythroid and myeloid precursors 
along with megakaryocytes in the sinusoids, space of Disse, and 
portal tracts. The pleomorphism differentiates this from leuke- 
mic infiltration. The most common form is diffuse infiltration, 
but well-defined nodules or masses, usually multiple, may be 
seen. They are hypoechoic or inhomogeneous on ultrasonogra- 
phy and hypodense on unenhanced CT scan. MRI appearance 
varies depending upon the activity of the EMH and the degree 
of iron deposition.**?,5? EMH may rarely be found in the GI 
tract, causing bowel obstruction, abdominal pain, bleeding, or 
ascites.?>+755 Ascites could be due to implants of EMH in perito- 
neum, omentum, mesentery, or bowel wall. 

Myelofibrosis is characterized by clonal myeloproliferation 
with bone marrow fibrosis and EMH. Portal hypertension may 
be due to increased portal blood flow related to massive sple- 
nomegaly, increased intrahepatic resistance and sinusoidal nar- 
rowing from EMH, and/or a hypercoagulable state resulting in 
Budd-Chiari syndrome or portal vein thrombosis.*>°>” Splenec- 
tomy can improve the hyperdynamic circulation due to EMH but 
cannot reduce the increased portal pressure due to obstruction 
of the intrahepatic portal veins. Complications of splenectomy 
include thrombocytosis with thrombotic events, as well as hep- 
atomegaly, sometimes massive, due to transfer of the EMH to 
the liver. Thrombotic complications have been associated with 
myelofibrosis, polycythemia vera, and essential thrombocyto- 
sis.2>° Splenic infarction can cause left upper quadrant abdominal 
pain. Up to 50% of patients with Budd-Chiari syndrome have an 
overt myeloproliferative syndrome. 

Langerhans cell histiocytosis (also called histiocytosis X, eosino- 
philic granuloma, Letterer-Siwe disease, and Hand-Schuller-Christian 
disease) is an uncommon disorder involving mainly infants and 
children.?°??°° Infiltration of the GI tract is rare (1.6% to 2.6%) 
and usually associated with severe systemic disease, the character- 
istic rash, and a poor prognosis, with more than 50% dying within 
18 months of diagnosis. Affected patients complain of vomiting, 
bleeding, diarrhea, constipation, and/or perianal disease. Mal- 
absorption, PLGE, and even bowel perforation may occur. The 
diverse endoscopic findings include nodules, ulcers, polyps, lumi- 
nal narrowing, and colitis. Liver disease may be found in 18% to 
20%; the incidence of hepatomegaly is variable. Pathologic evi- 
dence of Langerhans cell histiocytosis may be found in the skin, 
liver, and GI tract. Hepatobiliary abnormalities include portal 
triaditis, bile duct proliferation, fibrosis with histiocytic changes, 
cholestasis, sclerosing cholangitis, and cirrhosis.7°!7 

Hemophagocytic lymphohistiocytosis (HLH), also known as 
hemophagocytic syndrome, is an uncommon hematologic dis- 
order categorized as one of the cytokine storm syndromes. It is 


life-threatening with severe inflammation caused by uncontrolled 
natural killer cell activity of the innate immune system, leading 
to lymphocyte and macrophage hyper-reactivity and resulting in 
massive overproduction of cytokines. Primary HLH is a hetero- 
geneous autosomal recessive disorder with an increased frequency 
of parental consanguinity. Secondary HLH occurs after strong 
immunologic activation as may occur with rheumatic diseases such 
as adult-onset Still disease (discussed earlier), with systemic infec- 
tion, or in patients with immunodeficiency syndromes or underly- 
ing malignancy. Secondary HLH is also known as the macrophage 
activation syndrome. Resultant overwhelming T lymphocyte and 
macrophage activation leads to clinical and hematologic distur- 
bances, which culminate in death if untreated. Clinical manifes- 
tations include fever, lymphadenopathy, hepatosplenomegaly, 
and rash (60%). Laboratory studies typically show pancytopenia, 
low fibrinogen, hypoalbuminemia, elevated liver chemistry tests, 
sometimes with jaundice, and marked elevations of C-reactive 
protein, ESR, serum triglycerides, and ferritin. Hemophagocyto- 
sis can be identified in the bone marrow, lymph nodes, and spleen. 
An elevated CD25 is often noted. Therapy involves treating the 
underlying cause, when possible. Often concomitant therapy using 
high-dose glucocorticoids, etoposide, cyclosporine, methotrexate, 
or intravenous immunoglobulin may be required.?°? 
Erdheim-Chester disease or polyostotic sclerosing histio- 
cytosis is a rare disease characterized by abnormal proliferation 
of non-Langerhans histiocytes due to a disturbance of the RAS/ 
MARK intracellular signaling pathway. Onset is typically in 
middle age manifesting as bone marrow infiltration and nearly 
universal long bone sclerosis by inflammatory infiltrates of lym- 
phocytes and histiocytes. Extraskeletal involvement is infiltra- 
tive and GI manifestations are uncommon but liver biopsy may 
include xanthogranulomatous infiltration. Retroperitoneal fibro- 
sis may lead to chylous ascites*®t and PLGE. Mortality rates are 
high and therapy may include high-dose glucocorticoids, vinca 
alkaloids, anthracyclines, cyclosporine, or interferon-alpha.*® 


Dysproteinemias 


Multiple myeloma may affect the GI tract by direct invasion of 
a specific organ, mass effect, or production of a malignant effu- 
sion.”°° GI involvement from AL amyloidosis is described later. 
The most common sites of myelomatous involvement are the liver, 
spleen, and lymph nodes. Clinically significant liver or GI tract 
involvement is rare, usually occurs late in disease, and is associ- 
ated with a poor prognosis. Hepatomegaly occurs in up to 58% of 
patients, often with splenomegaly. Diffuse involvement of the liver 
is most common, although nodular patterns have been found.?67 
An elevated serum alkaline phosphatase level is seen with tumor 
infiltration. 

The stomach, intestine, pancreas, and peritoneum are sites of 
spread. Symptoms are due to direct invasion resulting in perfora- 
tion or hemorrhage in the stomach or intestine; mass-like effects 
with gastric, intestinal, or biliary obstruction; and production of 
ascites. Ascites may be due to portal hypertension from amyloi- 
dosis, malignant infiltration of the liver, heart failure, malignant 
seeding of the peritoneal cavity, or infectious (e.g., tuberculous) 
peritonitis. Multiple myeloma may be associated with IBD or 
present an IBD-like picture.?68 

Primary extramedullary plasmacytomas without evidence 
of multiple myeloma account for 3% to 5% of all plasma cell 
dyscrasias. Gut involvement, although uncommon, is noted 
from the oral cavity to anus. Manifestations include dysphagia, 
hemorrhage, pseudo-obstruction, and polyposis.” Some gastric 
plasmacytomas improve with Hp treatment, although these may 
in fact be mucosa-associated lymphoid tissue lymphomas with 
extreme plasmacytic differentiation.” Although usually treated 
surgically or by radiation, endoscopic resection should be kept 
in mind.’7! 
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Waldenström macroglobulinemia is characterized by malig- 
nant proliferation of B lymphocytes producing IgM. Although 
hepatosplenomegaly and lymphadenopathy are common, lume- 
nal GI tract involvement is rare. GI disease may be due to (1) 
deposition of immunoglobulin light chain fragments as amyloid 
protein, (2) infiltration of the gut wall with lymphoplasmacytic 
cells producing monoclonal IgM (negative Congo red staining), 
or (3) lymphatic dilatation and obstruction from high viscos- 
ity of the interstitial fluid.” IgM deposits, which may stain 
with periodic acid—Schiff, may lead to blunted and distended villi 
and lymphangiectasia. Its interference with function may result 
in malabsorption, PLGE, or pseudo-obstruction. Portal hyper- 
tension may develop from infiltration of portal tracts with lym- 
phoplasmacytoid cells and/or an increased splenic vein inflow 
secondary to splenomegaly.’’* Ascites is rare. 


Red Blood Cell Dyscrasias 
Sickle Cell Disease 


Sickle cell disease (SCD) is an autosomal recessive abnormality of 
the B-globin chain of hemoglobin (Hb).’”>7”° The resulting HbS 
polymerizes when deoxygenated to form a gelatinous network 
that stiffens the erythrocyte membrane and increases viscosity. 
This results in microvascular occlusion, with ischemia and infarc- 
tion of the organs and red blood cell destruction. Some 8% of 
African Americans are heterozygous for HbS trait, and 0.2% are 
homozygotes. 


Splenic Involvement 

In the first 6 months of life, splenic congestion and sickling lead 
to functional asplenia.” As hemorrhages and infarctions occur, 
the spleen becomes smaller and is eventually replaced by fibrous 
tissue, termed autosplenectomy (Fig. 37.6). It is usually infarcted 
within the first 18 to 36 months of life, paralleling the disap- 
pearance of protective HbF. Splenic atrophy results in increased 
susceptibility to infection with encapsulated bacteria and appear- 
ance of Howell-Jolly bodies in red blood cells. Radiologically, the 
spleen is small and often calcified.’”’ 

Acute splenic infarction is more common in SC-HbC or SC- 
thalassemia than in homozygous SCD, owing to the combination 
of splenomegaly with near-normal Hb levels and relatively high 
blood viscosity.” It may even occasionally occur with SC trait 
in nonhypoxic conditions. Splenic infarction presents with left 
upper quadrant pain, nausea and vomiting, a friction rub over 
the splenic area, and leukocytosis; it may result in abscesses or 
pseudocysts. The spleen may occasionally rupture or be involved 
with EMH or hemosiderosis. 

Acute splenic sequestration, or the sudden pooling of blood in the 
spleen, may cause rapid splenic enlargement and a drop in Hb.*”* 
Rarely, hypovolemic shock and death may occur within hours if 
not prevented by transfusions. In homozygous SCD, it occurs 
only in infants and children; subsequent progressive fibrosis of 
the spleen impairs sequestration. In SC-thalassemia, acute splenic 
sequestration can occur at any age and there is a high recurrence 
rate that can be prevented by splenectomy or chronic transfu- 
sions. 


Biliary Tract Involvement 
Cholelithiasis, occurring in about 70% of patients during their 
lifetime, consists of pigmented stones resulting from elevated 
bilirubin excretion due to chronic hemolysis.?””**! Calcium bili- 
rubinate gallstones are often radiopaque and thus seen on plain 
films. The incidence of choledocholithiasis in SCD with cho- 
lelithiasis ranges from 18% to 30%, greater than that found in 
patients with cholesterol gallstones. 

Laparoscopic cholecystectomy in asymptomatic SCD patients 
is controversial.” Perioperative management includes 


Fig. 37.6 Imaging studies in a patient with sickle cell disease and au- 
tosplenectomy. Unenhanced CT of the abdomen (A) shows increased 
density of the small spleen (arrow). On MRI (B) the spleen is also small 
and diffusely hypointense in all sequences (arrow), consistent with the 
finding of dense calcification on CT. The calcifications and small size 
make detection of the spleen difficult on US. (From Ebert EC, Nagar M, 
Hagspiel KD. Gastrointestinal and hepatic complications of sickle cell 
disease. Clin Gastroenterol Hepatol 2010; 8:483-9.) 


monitoring changes in arterial oxygen tension and pH, hydra- 
tion, possible perioperative blood transfusion, early ambulation, 
and sometimes continuous positive airway pressure postopera- 
tively to avoid atelectasis and SCD-related postoperative com- 
plications. A search for choledocholithiasis should be considered 
pre- or postoperatively, using MRCP or EUS.?** 

Sickle cholangiopathy presents as cholestatic jaundice with- 
out choledocholithiasis and may be due to ischemic bile duct 
injury.” Such patients need to be followed for the possibility of 
developing bile duct stones. 


Hepatic Involvement 

Acute sickle hepatic crisis, which affects about 10% of patients 
admitted for painful crisis, is due to stagnation of sickled cells 
in the hepatic sinusoids, with decreased hepatic blood flow.?75279 
Patients present with right upper quadrant pain, nausea, tender 
hepatomegaly, low-grade fever, leukocytosis, and elevated serum 
aminotransferase and conjugated bilirubin levels. The amino- 
transferases are usually 1 to 3 times normal but may reach levels 
greater than 1000 IU/L. Treatment is supportive; in some cases, 
exchange transfusions are used. 

Sequestration of blood, although seen most commonly in the 
lungs and spleen, can occasionally affect the liver. Obstruction 
of blood flow through the sinusoids by sickled erythrocytes leads 
to compression of the bile ducts. The pooling of blood leads to 
acute hepatic enlargement, a rapid drop in hematocrit, increase 
in reticulocyte count, and mild increase in liver enzymes and 
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bilirubin. Reverse sequestration results in a decrease in hepatic 
size and increase in hematocrit, suggesting that not all seques- 
tered cells are destroyed. Occasionally, this results in hypervol- 
emia, heart failure, and intracerebral hemorrhage. 

Acute sickle intrahepatic cholestasis is a rare, potentially fatal 
complication caused by widespread sickling in the sinusoids 
and results in hypoxia and intracanalicular cholestasis.7*° It is 
thought to represent a severe form of hepatic crisis with severe 
hyperbilirubinemia, coagulopathy, and renal insufficiency/failure 
ultimately resulting in liver failure. Early treatment including 
exchange transfusion is essential. 

Acute hepatic failure rarely occurs, usually in the presence of 
underlying chronic liver disease.**’ It is characterized by jaun- 
dice, variable serum aminotransferase elevations, progressive 
coagulopathy, and encephalopathy. Liver transplantation is an 
option in these patients. 

Of patients admitted to a hospital with homozygous SCD or 
sickle-thalassemia, there was a 39% prevalence of acute veno- 
occlusive involvement of the liver. It was not associated with the 
severity of the crisis, was either mixed cholestatic-hepatocellular 
or cholestatic, and generally had a benign course.’**7°" Hepatic 
infarction, appearing as a peripheral hypodense wedge-shaped 
lesion on CT, is a relatively rare clinical event. Liver abscesses, 
with fever and pain, perhaps due to a secondarily infected hepatic 
infarct, may occur as a result of diminished removal of bacteria 
from the bloodstream from functional asplenism and reduced IgG 
antibodies to polysaccharide antigens. Focal nodular hyperplasia, 
perhaps due to obstructive portal venopathy, may also be seen. 
Cocaine hepatotoxicity may markedly worsen liver function, and 
its arterial vasoconstriction likely contributes to tissue hypoxia, 
vaso-occlusion, and further sickling??? Occasionally, hepatic or 
portal vein obstruction may occur in SCD. 


Miscellaneous GI Problems 

Abdominal pain frequently accompanies vaso-occlusive crisis and 
may be difficult to distinguish from acute abdominal disease. It 
tends to be diffuse and associated with pain elsewhere, such as 
in the limbs and chest. The pain of vaso-occlusive crises is typi- 
cally relieved with hydration and oxygen within 48 hours. The 
abdominal crisis is thought to be due to small infarcts of the mes- 
entery and abdominal viscera causing severe pain, peritoneal irri- 
tation, and a generalized ileus.*”° Acute pancreatitis is not common 
despite the frequency of gallstones. It may be due to gallstones 
or to microvascular occlusion with ischemic injury.”?! Duodenal 
ulcers in SCD may not be associated with high gastric acid out- 
puts, suggesting that they are instead due to reduced mucosal 
resistance, possibly from ischemia. Ischemic bowel due to intravas- 
cular sickling and the resulting microvascular occlusion occasion- 
ally occurs.?” 


Diagnosis of GI Involvement 

The elevated serum bilirubin, mostly unconjugated, is from the 
increased load of red cell heme on an acutely damaged liver. 
There is some enhancement of bilirubin conjugation by bilirubin 
induction of uridine diphosphate glucuronyltransferase, which is 
elevated in these patients.””* The serum bilirubin correlates with 
LDH levels, suggesting that chronic hemolysis and ineffective 
erythropoiesis, rather than liver disease, are the sources of hyper- 
bilirubinemia. Elevated serum AST may be partly due to erythro- 
cyte AST and to muscle breakdown, so hepatocyte injury is better 
reflected by an increase in serum ALT levels. The serum alkaline 
phosphatase level is often elevated during pain crises, mainly due 
to bone rather than liver isoenzymes. 

Liver biopsy, although not usually performed during an acute 
sickle crisis, may show intrasinusoidal sickling, Kupffer cell 
enlargement and erythrophagocytosis, and hemosiderosis, with 
variable fibrosis. Shrunken hepatocytes or perivenular necrosis, 
features characteristically seen in ischemic livers, are generally 


not seen in SCD.?7>?’? The safety of liver biopsies has been 
questioned, especially during acute sickling crisis.?’* Patients 
with complications from biopsies have chronic venous outflow 
obstruction, marked hepatic sequestration of erythrocytes, and 
sinusoidal dilatation. 


Hemosiderosis 

With multiple transfusions and hemolysis in SCD, hemosiderosis 
develops, with iron first found in the sinusoids where erythro- 
cytes are taken up by the Kupffer cells.?”> As iron accumulation 
increases, it is then found in the hepatocytes, increasing the risk 
of liver damage. In thalassemia, iron is found in both the sinu- 
soids and hepatocytes. Patients with thalassemia tend to require 
more transfusions than patients with SCD and have increased 
intestinal uptake of iron from ineffective erythropoiesis and, 
therefore, more iron visceral loading.” On CT, the density of 
the liver and spleen increases with hemosiderosis. On MRI, the 
magnetic signal diminishes in the liver as the iron concentra- 
tion increases.??”°° MRI T2 techniques correlate with hepatic 
iron content and can be used to guide therapy. There is a lack of 
correlation, however, between liver and cardiac iron content, so 
both organs should be evaluated. Ferritin is a poor measure of 
iron overload, because it is an acute-phase reactant. The available 
iron chelators are deferoxamine (given parenterally) and the oral 
agents, namely deferiprone and deferasirox. 


Coagulation Disorders 


Intramural hematomas due to trauma or bleeding diatheses most 
commonly involve the duodenum or jejunum, respectively.?”?> 
The second and third portions of the duodenum are vulnerable to 
damage from trauma. They are fixed between the anterior abdom- 
inal wall and the vertebral column, so they may be either com- 
pressed or torn away from the more mobile areas. Spontaneous 
hematomas are most commonly due to over anticoagulation or 
bleeding diatheses. Patients present with a range of symptoms; 
complications include bowel obstruction and intussusception. 
Unenhanced CT findings include homogeneous and symmetric 
intramural thickening that is hyperdense in the first 10 days, evolv- 
ing into a hypodense area. Rapid clinical remission usually occurs 
with conservative management unless involvement is extensive. A 
lesion persisting for more than 2 months suggests another etiology. 

In von Willebrand disease, which is the most common inherited 
bleeding disorder, GI bleeding commonly occurs associated with 
GI angioectasias or without visible lesions. Heyde syndrome, the 
association of calcific aortic valve stenosis and GI bleeding, may 
be due to an acquired deficiency of von Willebrand factor as the 
multimers are reduced in size from the shear stress.30!3° This 
abnormality is corrected or improved with aortic valve replace- 
ment. A similar phenomenon occurs after left ventricular assist 
device placement and accounts for angioectasia-related GI bleed- 
ing in 30% to 40% of such patients. 

Hemophilia is commonly associated with mucosal GI bleeding, 
often in the upper GI tract, especially with the use of traditional 
NSAIDs.*°3°+ Concomitant chronic liver disease related to fac- 
tor-acquired HCV commonly is present and can exacerbate GI 
bleeding potential. 

Hemolytic-uremic syndrome (HUS) consists of a triad of renal 
impairment, microangiopathic hemolytic anemia, and throm- 
bocytopenia (see Chapter 110). Triggers of HUS from sporadic 
nontoxin-producing Escherichia coli include nonenteric infections 
(especially Streptococcus pneumoniae), malignancies, pregnancy, 
transplantation, anticancer molecules, immunosuppressive agents, 
and antiplatelet agents.*°> Shiga toxin-producing E. coli 0157:H7 
accounts for the majority of cases of HUS. Undercooked ham- 
burger is the most common vector, with other foods (e.g., apple 
juice, lettuce) also implicated.*°° Other modes of transmission 
include the fecal-oral route (particularly child daycare centers), 
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water consumption (including swimming pools), and animal con- 
tact. Children are predominantly involved, mainly during sum- 
mer and autumn. After an average incubation period of 3 days, 
patients develop abdominal cramps, vomiting, fever, and diarrhea 
that becomes hemorrhagic in 70% of cases. HUS develops in 3% 
to 7% of patients in sporadic cases and up to 30% in some out- 
breaks. Stool cultures may be negative because excretion of E. coli 
is intermittent and bacterial counts are low. CT shows colonic 
wall thickening, often with a target sign and pericolonic strand- 
ing.’ Rarely, pancreatitis, hemoperitoneum, colonic perfora- 
tion, or stricture may occur.3°°3 The suggestion that antibiotic 
therapy of E. coli 0157:H7 increases the risk of developing HUS 
has been challenged in a meta-analysis.*!° Antimotility agents are 
contraindicated because they may delay clearance of the patho- 
gen and may even increase the risk of developing HUS. 

Thrombotic thrombocytopenic purpura consists of a microangio- 
pathic hemolytic anemia and thrombocytopenia, with or with- 
out neurologic dysfunction and renal insufficiency.?!!3!> Most 
patients have low activity of the protease ADAMTS13, which 
degrades large von Willebrand factor multimers, predisposing to 
a thrombotic microangiopathy and platelet consumption. With 
profound thrombocytopenia, bleeding may also occur. Unlike 
HUS, the peak age is in the fourth decade. About 70% of patients 
have GI symptoms, which may include lumenal ischemia and GI 
bleeding. Plasma exchange allows 80% of patients with throm- 
botic thrombocytopenic purpura to survive an episode without 
permanent organ damage. 


ENDOCRINE DISEASES 


Diabetes Mellitus 


Whether GI symptoms are increased in patients with diabe- 
tes mellitus (DM) is controversial.’!4 The populations studied 
are quite variable, confounding by population obesity of con- 
trol groups is increasingly problematic, and publication bias is 
likely present. Symptoms suggestive of autonomic dysfunction 
(e.g., postural dizziness, lack of sweating, impaired erection or 
ejaculation, difficulty with bladder emptying, xerostomia, gus- 
tatory sweating) should be identified. Acute variations in blood 
glucose can influence motor function and the perception of sen- 
sations.*!53!7 Poor glycemic control delays gastric emptying, 
which, in turn, affects glycemic control. Metformin is a common 
cause of diarrhea and fecal incontinence.*!* 

Loss of interstitial Cajal cells,*!° imbalances in the numbers of 
excitatory and inhibitory enteric neurons,’ autonomic neuropa- 
thy, and impaired vagal and sympathetic innervations can alter 
GI motor function. Central processing may perceive GI events 
in an abnormal way,**! and there may be a reduction in sensory 
neuropeptides (e.g., substance P), impaired smooth muscle con- 
tractility, or ischemia from microvascular disease.*!° 


Diabetes and Cancer 


DM is probably associated with an increased risk of certain GI 
malignancies (e.g., cancers of the pancreas, liver, colon), although 
the data are conflicting.’ 14322-324 The association may be due in 
part to shared risk factors such as aging, obesity, diet, and physi- 
cal inactivity. Metformin may reduce the risk of cancer, whereas 
insulin may increase it.37+32° 

DM occurring with cancer increases mortality in general and 
in cancer-associated surgery.’° Insulin resistance with secondary 
hyperinsulinemia lowers the concentration of insulin-like growth 
factor (IGF)-binding proteins, leading to an increase in bioavailable 
IGF-1 concentrations,*?>>*+27 which may stimulate cancer growth. 

There is a modest increase in pancreatic cancer among 
patients who have DM for more than 5 years.*?°32? Conversely, 
pancreatic cancer causes DM, as evidenced by the development 


of new-onset DM and its improvement in some individuals with 
tumor resection. Chronic pancreatitis with pancreatic insuffi- 
ciency increases the risk of both DM and pancreatic cancer (see 
later). Pancreatic adenocarcinoma should be considered in an 
older patient with new-onset, poorly controlled DM, especially 
with weight loss. Glucagonoma is much more rare but may pres- 
ent similarly perhaps also with cheilitis, glossitis, and the char- 
acteristic annular, crusted, and bullous rash necrolytic migratory 
erythema (see Chapter 34). 

DM is a risk factor for HCC.*>°33! Confounding factors are 
that patients with cirrhosis (who are at increased risk of HCC) 
may be glucose intolerant, and 30% may develop overt DM and 
that comorbid HBV, HCV, obesity, fatty liver disease, or alcohol 
may increase HCC risk. 

DM is also associated with an increased risk of colorectal can- 
cer.??7332 High circulating levels of insulin, C-peptide, or IGF-1 
and chronic insulin use increase this risk. Poor glycemic control 
(as evidenced by a HbA}. >7.5%) is associated with a younger age 
at presentation, more advanced tumors, and poorer survival than 
diabetics with a low HbA,, or nondiabetics.**? 


Esophageal Involvement 


Although esophageal dysmotility may occur in up to 50% of 
diabetic patients, the prevalence of symptoms is only 25%.>!+ 
Defects include decreased LES pressure, delayed transit, mul- 
tipeaked or spontaneous contractions, and reduced amplitude 
of contractions.**+ Esophageal dysmotility has been correlated 
with peripheral motor neuropathy measured by nerve conduc- 
tion velocity. 

The frequency of gastroesophageal reflux in DM varies con- 
siderably, with endoscopic esophagitis in up to 40% of patients,’ 
aggravated by obesity, reduced parotid gland secretion of bicar- 
bonate, and hyperglycemia. Delayed esophageal transit does not 
necessarily correlate with gastric emptying, suggesting that the 
GI tract is not uniformly affected by DM and that reflux is not 
mainly a consequence of delayed gastric emptying. With odyno- 
phagia and/or dysphagia, oral and esophageal candidiasis should 
be considered; diabetic predisposing factors include impaired 
immunity, esophageal stasis from dysmotility, and hyperglycemic 
impairment of neutrophil function and opsonization. 


Gastric Involvement 


Gastric emptying in DM is extremely variable and does not 
closely correlate with symptoms. Patients with type 1 DM have 
a 15% to 20% incidence of parietal cell antibodies, autoimmune 
atrophic gastritis (5% to 10%), and pernicious anemia (2.6% to 
4%).°>° Autoimmune atrophic gastritis can lead to iron deficiency 
anemia (due to hypochlorhydric iron malabsorption); there is an 
increased risk for type I gastric carcinoids and probably gastric 
cancer. Type 1 diabetics should be tested for parietal cell anti- 
bodies periodically. Those with such antibodies should have a 
complete blood count, fasting serum gastrin, and serum iron and 
vitamin By) levels. 

Although the association between DM and PUD is contro- 
versial, there is some evidence that DM increases the risk of ulcer 
bleeding, perhaps secondary to diabetes-related microcirculatory 
changes that may impair mucosal integrity.**’ There appears to 
be no clear association between Hp and DM when looking at 
prevalence of the infection, relationship to symptoms and gastric 
emptying, or eradication rate.>*® 


Small Bowel Involvement 


Celiac disease is found in an average of 4% of patients with type 
1 DM from the US and western Europe, compared to a preva- 
lence of about 0.5% in that population without DM.??°:34 Shared 
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HLA class II genes and non-HLA loci suggest common autoim- 
mune origins.**! GI symptoms may be absent in celiac disease; 
patients may present with non-GI disorders such as short stature, 
pubertal delay, fat soluble vitamin deficiencies, anemia, osteopo- 
rosis, and/or reproductive disorders. Type 1 diabetics with celiac 
disease may have poor glycemic control, hypoglycemic episodes, 
and microvascular complications.*#” These patients have a pro- 
pensity to develop other autoimmune disorders, such as perni- 
cious anemia, Addison disease, and autoimmune thyroid diseases. 
Screening all type I diabetics for celiac disease is controversial. 

The small bowel transit time in DM is quite variable and 
does not necessarily correlate with transit times in the stomach 
or colon. Diarrhea is found in up to 22% of diabetic patients 
but constipation is even more common.’!* Diarrhea is often 
episodic, painless, and sometimes nocturnal and must be dif- 
ferentiated from fecal incontinence (see later). Steatorrhea may 
occur in as many as 75% of diabetics with diarrhea. Metformin 
is the most common diabetic medication to cause diarrhea, even 
after years of treatment.’!*3#> Etiologies of diarrhea related to 
DM include drugs, fast transit, autonomic neuropathy, celiac 
disease, SBBO, excess use of sugar-free sweeteners, pancreatic 
insufficiency, and hormones. Neuropathy may cause diarrhea by 
altering fluid and electrolyte transport and by altering motility. 
Rare hormone-producing tumors induce both DM and diarrhea, 
such as those secreting glucagon or somatostatin. Treatment of 
diarrhea should be geared toward the specific etiology or other- 
wise is symptomatic with loperamide. Clonidine stimulates a- 
adrenergic receptors but may worsen orthostatic hypotension. 
A patch form may be tried if the oral form is not tolerated.*!* 
Octreotide, or the long-acting octreotide analog lanreotide may 
help.*+#3+ Also reported is the use of selective serotonin 5-HT; 
receptor antagonists.*7¢ 

Diabetic radiculopathy of thoracic nerve roots may cause 
otherwise unexplained upper abdominal pain in patients with 
diabetic neuropathy. Pain may be associated with anorexia and 
weight loss, mimicking an intra-abdominal malignancy. Affected 
dermatomal sensory loss and muscle atrophy/weakness may be 
physical examination clues. Electromyography of the abdominal 
muscles may show denervation.**’ 


Colonic and Anal Involvement 


Constipation occurs in over half of patients with long-stand- 
ing DM and is partly due to an impaired gastrocolic reflex and 
delayed colonic transit. Occasionally, megacolon and (rarely) 
intestinal pseudo-obstruction may result. DM can lead to isch- 
emic colitis with capillary basement membrane thickening and 
luminal narrowing of submucosal arterioles in the colon.*#* Fecal 
incontinence may be associated with dysfunction of the IAS and/ 
or reduced sensitivity of the rectum to distension.*'+ Control 
of hyperglycemia and perhaps biofeedback may improve fecal 
incontinence. 


Pancreatic Involvement 


Exocrine pancreatic insufficiency is common in DM and associ- 
ated with reduced pancreatic size and changes of chronic pan- 
creatitis by MRI and MRCP.*4%-?>! Possible mechanisms by 
which DM causes pancreatic insufficiency include diabetic vas- 
cular changes in the pancreas and autonomic neuropathy with 
impaired enteropancreatic reflexes. In type 1 DM, the autoim- 
mune process may damage both endocrine ß cells and adjacent 
exocrine cells and low insulin levels reduce its trophic effects on 
acinar cells. Half of type I diabetics have demonstrable changes in 
the exocrine pancreas. 

Alternatively, pancreatic disease may result in DM (type 3 
DM), a condition that is probably under-diagnosed.**2>> Etiolo- 
gies include chronic pancreatitis, hemochromatosis, pancreatic 


cancer (discussed earlier), autoimmune pancreatitis, and a partial 
pancreatectomy. In hemochromatosis, iron usually accumulates 
in pancreatic acinar cells but may also affect islet cells. DM usu- 
ally occurs before or concurrently with the diagnosis of autoim- 
mune pancreatitis, and glucocorticoids have variable effects.**+ 
The effects of pancreatic resection depend upon the portion of 
pancreas removed, because glucagon-producing cells are mainly 
in the tail, pancreatic polypeptide-secreting cells are located in 
the head, and insulin-secreting cells are more evenly distributed. 
Unlike type 1 and type 2 DM, pancreatic DM is characterized 
by a deficiency in nutrient-stimulated pancreatic polypeptide and 
glucagon release with consequent predisposition to hypoglycemia 
and a reduced incidence of diabetic ketoacidosis (DKA). Hypogly- 
cemia will be accentuated by alcohol use and/or loss of glycogen 
stores in the liver. The role of pancreatic enzyme replacement in 
glucose control is controversial. These patients can develop many 
of the same complications as other diabetics over the long term 
but their low incidence of obesity and hyperlipidemia, presumably 
from maldigestion, reduces the risk of vascular complications. 

DM occurs in 50% of patients with cystic fibrosis by the age of 
30 years. It increases mortality and worsens lung function.**>?>° 
Abnormal chloride channel function results in thick, viscous 
secretions causing obstructive damage to the pancreas, result- 
ing in fibrosis, fatty infiltration, and severe pancreatic atrophy. 
There is loss of alpha, beta, and pancreatic polypeptide cells and 
development of insulin resistance. Hypoglycemia is a problem 
due to a blunted glucagon increase with stimuli, liver disease, 
and malnourishment, but patients are rarely ketosis prone. Insu- 
lin, rather than oral diabetic agents, is recommended when the 
patient displays poor growth, low weight, or unexpected decline 
in pulmonary function. A high-calorie, high-fat diet should be 
used to maintain nutrition. 

DM is associated with an increased incidence of acute pan- 
creatitis, a risk that is reduced by taking antidiabetic drugs.>*’ 
Acute pancreatitis can complicate DKA in 11% of cases; tran- 
sient hypertriglyceridemia is thought to be a contributing fac- 
tor.*°® Abdominal pain may be mild or absent. Acute pancreatitis 
may worsen volume depletion and hyperglycemia associated with 
DKA. DKA itself can be associated with abdominal pain and mild 
elevations of amylase and lipase without pancreatic inflammatory 
changes being identified. 


Gallbladder Involvement 


Fasting gallbladder volume by ultrasonography can be normal or 
increased in diabetics.*>’ Possible causes of gallbladder dysfunc- 
tion in DM include a defect in the cholinergic pathway, reduced 
a-adrenergic tone, deficiency of cholecystokinin receptors,>° 
arteriolar disease impairing muscle contraction, hyperglycemia, 
and hyperinsulinemia. 

Proving that DM is a risk factor for gallstones has been dif- 
ficult because of associated clearly established risk factors for gall- 
stones, particularly obesity, hypertriglyceridemia, advancing age, 
and hyperinsulinemia.*!* The natural history of cholelithiasis in 
DM and surgical risks are probably similar to that in nondiabet- 
ics when controlling for the associated cardiovascular and renal 
diseases.*°! Hyperglycemia, vascular disease, and impaired host 
defenses increase diabetics’ susceptibility to infection; emphyse- 
matous cholecystitis is an uncommon condition usually associ- 
ated with DM. It is probably due to ischemia of the gallbladder 
from vascular compromise, with proliferation of gas-forming 
organisms. 


Hepatic Involvement 


Abnormal liver chemistry tests are common in type 2 DM, espe- 
cially serum ALT.*® If within 3 times the upper limit of normal 
and no cause can be found, oral antidiabetic or lipid-modifying 
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therapy can be started; these regimens often decrease serum ALT 
levels as tighter blood glucose levels are achieved. Hepatotoxicity 
is rare with currently available antidiabetic medications. Hepatitis 
or acute liver failure has been described with thiazolidinediones, 
and cholestasis with sulfonylureas.** Metformin has not been 
associated with hepatotoxicity. Fatty liver, common in DM, is a 
manifestation of insulin resistance, often found in conjunction 
with the metabolic syndrome. DM has been shown to increase 
the risk of acute hepatic failure independent of underlying liver 
disease.*+ 

Cross-sectional and longitudinal studies have shown that 
HCV-positive patients have an increased risk of type 2 DM (odds 
ratio of 1.6 to 2.1) compared to uninfected controls, those with 
HBV, or those with other liver diseases.°°°>> Similarly, HCV 
is a strong predictor of new-onset DM after liver transplanta- 
tion.’ Insulin resistance accelerates fibrogenesis and upregu- 
lation of TNF-a in HCV promotes insulin resistance.*°* HCV 
eradication improves insulin sensitivity and reduces the incidence 
of DM. 

Rarely, in poorly controlled diabetics acute liver injury mani- 
festing as RUQ pain, hepatomegaly, and marked elevations of 
serum aminotransferases can occur related to glycogenic hepa- 
topathy. Differentiating this condition from hepatic steatosis can 
require liver biopsy to show extensive PAS positive glycogenation 
of hepatic nuclei; there is reversibility with glycemic control. 

Hepatogenous diabetes affects 30% to 60% of cirrhotic 
patients.°©?>79 It is characterized by insulin resistance in mus- 
cular, hepatic, and adipose tissues, as well as hyperinsulinemia 
and an impaired response of pancreatic islet cells. There is a 
reduced frequency of micro- and macroangiopathic complica- 
tions, perhaps due to lower body mass index, lipids, and blood 
pressure compared to type 2 DM. Also, they may die of liver dis- 
ease before diabetic complications have time to develop. They 
are at risk for hypoglycemia due to minimal glycogen storage in 
the liver, impaired hepatic insulin extraction, high catabolic rate, 
and sometimes superimposed alcoholism. These patients should 
generally have no dietary restrictions, because they are often mal- 
nourished. Oral hypoglycemic drugs are metabolized by the liver, 
so may lead to hypoglycemia. Although biguanides may be help- 
ful because they reduce insulin resistance, metformin is associ- 
ated with a risk of lactic acidosis and is relatively contraindicated 
in cirrhotic patients who drink alcohol.’”! a-Glycosidase inhibi- 
tors and thiazolidinediones may be useful in nonalcoholic fatty 
liver disease. Acarbose may reduce ammonia levels in patients 
with hepatic encephalopathy.*”” Liver transplantation cures DM 
in 67% of cirrhotic-diabetic patients.?73374 


Thyroid Disease 
Hyperthyroidism 


Clinical manifestations of hyperthyroidism range from apathetic 
thyrotoxicosis to thyroid storm (with fever, tachycardia, agitation, 
and delirium). GI symptoms include abdominal pain, vomiting, 
weight loss, and change in bowel habits.*’> Hyperthyroidism may 
be associated with other autoimmune diseases such as pernicious 
anemia, celiac disease, and ulcerative colitis.37°->78 

Dysphagia is a rare manifestation that may be related to direct 
compression from a goiter or nodule, excess thyroid hormone 
causing a myopathy affecting the striated muscles of the pharynx 
and upper third of the esophagus, or increased esophageal con- 
traction velocity. Gastric emptying has been shown to be normal, 
rapid, or delayed.”> Low acid secretion and hypergastrinemia are 
found in some studies. Autoimmune thyroid disease is linked to 
atrophic body gastritis.*”” 

Up to 25% of patients have diarrhea.**° Accelerated transit 
time and excess fecal fat excretion are common. Mechanisms 
of steatorrhea include dietary fat hyperphagia and accelerated 


transit. The diarrhea in hyperthyroidism may be due to asso- 
ciated ulcerative colitis or celiac disease.3”>*’* Diarrhea may 
decrease with propranolol, suggesting improvement of a relative 
adrenergic stimulatory state. 

Although mild abnormalities in serum aminotransferases or 
alkaline phosphatase commonly occur in hyperthyroidism due 
to the thyroid dysfunction itself, drug therapy (propylthiouracil), 
or concomitant overlapping autoimmune liver disease (AIH and 
PBC), clinically significant abnormalities in thyroid function are 
rare. Severe cholestatic hepatitis, jaundice, and/or acute hepatic 
failure are rare but may occur due to a mismatch between increased 
hepatic oxygen consumption and hepatic blood flow. Predomi- 
nant zone 3 hepatic necrosis with or without concomitant right- 
sided heart failure is typical. Responses to pharmacologic therapy 
of thyrotoxicosis may occur, but emergent thyroidectomy and/or 
hepatic transplantation may be required. 


Hypothyroidism 


Hypothyroidism is most commonly due to Hashimoto thyroid- 
itis or to thyroid ablation for hyperthyroidism. The former is 
an autoimmune disease that is sometimes associated with other 
autoimmune processes such as ulcerative colitis, pernicious ane- 
mia, DM, celiac disease, and PBC.37>3’8 The most common GI 
complaints in hypothyroidism are constipation, anorexia, nausea/ 
vomiting, and abdominal pain. 

Esophageal manifestations of dysphagia and reflux may be due 
to a motility disorder with low LES pressure and reduced ampli- 
tude of contractions.*”° Patients may have reduced acid secretion 
or delayed gastric emptying, the etiology of which is unclear. 
Phytobezoars may be found in the stomach or intestine, occa- 
sionally resulting in obstruction. 

Hypothyroidism is associated with SBBO, causing abdomi- 
nal discomfort, flatulence, and bloating; these symptoms often 
respond to antibiotics.**! Small bowel transit time may be normal 
or delayed.’ Colonic hypomotility may result in obstipation, 
ileus, megacolon, or volvulus. Megacolon and pseudovolvulus are 
rare, usually associated with severe hypothyroidism or myxedema 
coma, and may respond to intravenous thyroid hormone.** 
There may be transverse thickening of colonic haustrations or 
distended loops of bowel with air-fluid levels that must be dif- 
ferentiated from intestinal obstruction. Surgery in these patients 
may be complicated by prolonged ileus.*** Pathology may sug- 
gest a neuropathy or alternatively accumulation of glycosami- 
noglycans in the interstitial tissues.’ Ascites in myxedema is 
characterized by high protein concentration (>2.5 g/dL) with a 
variable serum ascites albumin gradient, and a low white blood 
cell count with a predominance of lymphocytes.*** Resolution 
occurs with thyroid replacement, not with diuretics. 


Medullary Carcinoma of the Thyroid 


Medullary carcinoma of the thyroid is a calcitonin-producing 
tumor of the C cells of the thyroid gland. It may be associated 
with MEN syndrome type 2. Diarrhea is seen in one third of 
patients, particularly in those with extensive metastatic disease.>”° 
Its mechanism varies, being attributed to calcitonin, prostaglan- 
dins, 6-hydroxyindoleacetic acid, or nonhormonal causes. 


Parathyroid Disease 
Hyperparathyroidism 


With the advent of multichannel biochemical screening that 
includes serum calcium measurements, severe hyperparathyroid- 
ism is now unusual and milder cases predominate. GI complaints 
include constipation from large bowel atony, nausea/vomiting 
from gastric atony, anorexia, and weight loss.***3%° Abdominal 
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pain could be due to PUD, or pancreatitis or related to atony. 
Whether the incidence of PUD increases in hyperparathyroidism 
is controversial. Gastric acid hypersecretion and/or hypergastrin- 
emia have been found in some but not other studies. Constipation 
may be due to a reduction in neuromuscular excitability by high 
calcium levels. 

The incidence of acute pancreatitis in hyperparathyroidism 
ranges from 1% to 12%. Pancreatic calculi, mainly intraductal, 
have been noted in 80% of patients with pancreatitis and hyper- 
parathyroidism.** In addition, calcium can promote conversion 
of trypsinogen to trypsin, resulting in damage to acinar cells. In 
converse, acute (often severe) pancreatitis can lead to hypocalce- 
mia from a relative deficiency of parathyroid hormone secretion, 
as shown by correction of the calcium level with administration 
of parathyroid hormone. In addition, the hypocalcemia may be 
due to resistance to parathyroid hormone action in bones and 
kidneys resulting from fluid sequestration and reduction in effec- 
tive arterial blood volume. Rarely there are genetic factors such 
as mutations in serine protease inhibitor Kazal type 1 and CFTR 
in hyperparathyroidism and pancreatitis.’ Once a diagnosis 
of hyperparathyroid-induced acute pancreatitis is established, a 
parathyroidectomy should be performed. Acute pancreatitis may 
follow parathyroid surgery, perhaps because of acute rises in cal- 
cium with manipulation of the parathyroid glands or to a blunted 
response of calcitonin-producing cells from fatigue.**> Hyper- 
parathyroidism may also be associated with chronic pancreatitis. 


Hypoparathyroidism 


The main GI manifestation of hypoparathyroidism is steatorrhea. 
It may be due to insufficient endogenous cholecystokinin release 
by duodenal mucosa following a meal, thereby reducing gallblad- 
der contraction and pancreatic enzyme secretion.*** Replacement 
of dietary long-chain triglycerides with medium-chain triglycer- 
ides reduces fecal fat losses, thus reducing fecal calcium losses 
from saponification. 

Hypoparathyroidism may occasionally be associated with 
celiac disease, with the malabsorption responding to a gluten-free 
diet.°? Underlying celiac disease should be suspected even in the 
absence of diarrhea in a hypoparathyroid patient whose serum 
calcium levels do not respond to treatment. 

Hypoparathyroidism may cause a low serum alkaline phos- 
phatase but zinc deficiency, magnesium deficiency, malnutrition, 
Wilson disease, and hypophosphatasia deserve consideration in 
the evaluation. 


Adrenal Disease 


Over half the patients with adrenal insufficiency (Addison dis- 
ease) have GI symptoms, such as nausea, vomiting, diarrhea, 
and abdominal pain.*”° Associated celiac disease is described in 
8% to 12% of patients, with both diseases having similar HLA 
associations.*?! Poor absorption of glucocorticoids due to associ- 
ated celiac disease may complicate the therapy of Addison dis- 
ease, whereas glucocorticoid treatment may mitigate celiac sprue. 
Atrophic gastritis and pernicious anemia may also be present.>”* 
Elevated serum aminotransferases may occur in Addison disease 
and resolve on glucocorticoid replacement therapy.*”’ 

Pheochromocytoma, a rare catecholamine-secreting tumor, 
presents with hypertension, palpitations, headaches, and diapho- 
resis. GI manifestations include nausea, vomiting, abdominal pain 
and, less commonly, constipation, ileus, megacolon, ischemic 
colitis, and perforation.*’+3?> Catecholamines decrease intestinal 
motility and tone by relaxation of intestinal smooth muscle and 
cause ischemia from vasoconstriction of splanchnic arterioles. The 
effects can be relieved by a-adrenergic blockers such as phentol- 
amine. Hypertensive emergencies can occur with the use of opioids 
and other medications (as during endoscopic procedures). 


Pituitary Disease 


The hypothalamic-pituitary-adrenal axis provides an important 
link between the brain and the gut.°°%” Pituitary disorders infre- 
quently affect the GI tract, except in association with MEN-I 
syndrome. Hypercortisolism, caused by the inappropriate secre- 
tion of corticotropin in Cushing disease, may be associated with 
an increased incidence of gastric ulceration when concomitant 
NSAIDs are used. Acromegaly, a rare disorder characterized by 
hypersecretion of growth hormone, is associated with increased 
length and circumference of the colon and slow colon transit time, 
so that the standard bowel preparation is often inadequate.*”* 
Acromegalic patients may have an increased risk of colorectal 
cancer, colonic polyps, and other GI tract cancers.*”? Increased 
growth hormone and IGF-1, which promote epithelial cell prolif- 
eration, are thought to play a role. Whether colonoscopic colorec- 
tal cancer screening should begin before age 50 in acromegaly is 
controversial. Octreotide treatment in acromegalics increases gall- 
stone formation, probably owing to suppression of cholecystoki- 
nin release and gallbladder emptying.*°° Symptomatic gallstone 
disease may occur following withdrawal of octreotide.*”! 


DISORDERS OF LIPID METABOLISM 


Hypertriglyceridemia to levels above 1000 mg/dL can cause 
acute and recurrent pancreatitis but rarely chronic pancreatitis.*° 
Usually the patient has a familial hyperlipoproteinemia along 
with a secondary factor, such as poorly controlled DM, alcohol 
intake, or use of certain medications such as estrogen. The serum 
amylase level may be normal or minimally elevated as hypertri- 
glyceridemia interferes with the amylase measurement. Familial 
hyperlipoproteinemia, particularly type IV, has a high incidence 
of gallstones.1°? 

Hypobetalipoproteinemia can be acquired secondary to mal- 
nutrition or severe liver disease.*°+ Primary causes include abet- 
alipoproteinemia, chylomicron retention disease, and familial 
hypobetalipoproteinemia.*°° Abetalipoproteinemia is a rare 
autosomal recessive disorder with fat malabsorption and elevated 
serum aminotransferases associated with hepatomegaly due to 
lipid-laden hepatocytes, occasionally progressing to cirrhosis. 
Lipid droplets are found in enterocytes, seen particularly with 
electron microscopy, owing to their lack of transport to the Golgi 
apparatus.?°° Patients with familial hypobetalipoproteinemia are 
usually heterozygotes who are asymptomatic, with or without 
fatty liver disease. 

Fabry disease, an X-linked deficiency of a-galactosidase A, is 
associated with GI symptoms, mainly abdominal pain and diar- 
rhea, in 50% to 60% of patients.#°’-4 It may be confused with 
diarrhea-predominant irritable bowel syndrome. Gastroparesis, 
vomiting, autonomic neuropathy, bowel dilatation, formation of 
diverticula, reduced peristalsis, and SBBO may be present. Symp- 
toms may improve with enzyme replacement therapy using agal- 
sidase alfa or beta. 

Gaucher disease, with deficiency of glucocerebrosidase, results 
in the accumulation of glucosylceramide within cells of mono- 
cyte/macrophage origin.*!°*!! The characteristic Gaucher cells 
are macrophages engorged with lipid with a crumpled tissue paper 
appearance and displaced nuclei. Hepatosplenomegaly due to 
glycolipid-laden reticuloendothelial cells in the sinusoids is com- 
mon. Hepatocytes are spared, so liver failure is uncommon. Portal 
hypertension, also uncommon, may be due to increased forward 
portal blood flow secondary to splenic enlargement and/or to 
intrahepatic obstruction from extensive deposits of Gaucher cells. 
The former abnormality is managed by splenectomy, and both are 
managed by enzyme replacement therapy. Splenectomy, however, 
may increase hepatic glycolipid deposition with loss of the spleen 
as a storage site. The incidence of gallstones, mainly composed of 
cholesterol, is increased, particularly after splenectomy.*!! 
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Niemann-Pick disease type B, with deficiency of acid sphingo- 
myelinase, is characterized by accumulation of sphingomyelin 
within lysosomes, mainly in monocytes/macrophages.t!? Early 
on, hepatic accumulation is isolated to Kupffer cells, but other 
cell types, particularly hepatocytes, are affected as the disease 
progresses. Portal hypertension, liver failure, and cirrhosis are 
uncommon. 

Tangier disease is an autosomal recessive disorder characterized 
by accumulation of cholesterol esters in macrophages in tonsils, 
thymus, lymph nodes, marrow, liver, and the gut. Tangier disease 
is caused by a mutation in the adenosine triphosphate-binding cas- 
sette protein, ABCA1, which mediates the efflux of excess cellu- 
lar sterol to apolipoprotein A-I, a step leading to the formation of 
HDL. These patients have very low levels of plasma cholesterol 
and HDL, owing to a lack of apolipoprotein A-I. The striking 
clinical findings include yellow-orange “streaked” tonsils in 80% 
of cases, hepatosplenomegaly, and peripheral neuropathy. Patients 
may have diarrhea without steatorrhea. Colonoscopy reveals 
orange-brown mucosal spots throughout the colon and rectum, 
and laparoscopy reveals similar yellow patches on the surface of the 
liver due to cholesterol esters in hepatic reticuloendothelial cells. 


RENAL DISEASES 


Anorexia, nausea, vomiting, abdominal pain, and constipation are 
common in renal failure.*!*-+!5 Nausea has many causes, includ- 
ing the dialysis disequilibrium syndrome, uremic toxins, hypoten- 
sion, and rapid changes in osmolality. Gastroesophageal reflux 
also occurs, particularly in those undergoing peritoneal dialysis; 
minimizing exchange volumes, especially at night, may help.*!° 
Gastric emptying studies have yielded conflicting results and do 
not correlate with symptoms. Gastric dysfunction may be associ- 
ated with impaired gastric myoelectric activity,*!’ increased levels 
of GI hormones (e.g., cholecystokinin, gastrin) that modulate GI 
motility,*!* uremic toxins, DM, autonomic nerve dysfunction, 
and the physical restriction caused by PD. 

Gastroduodenal lesions—usually inflammation, erythema, 
and erosions—are common in patients with renal failure but do 
not correlate with symptoms.t!® Whether gastric acid or serum 
gastrin is altered is controversial. The prevalence of Hp infection 
is usually normal or reduced in patients with renal failure.t!” 

Occult and overt GI bleeding are common in renal failure. For 
those admitted for upper GI bleeding, the mortality and rebleed- 
ing rates are greater than for those bleeding patients without renal 
failure.#041 GI bleeding is probably aggravated by the effects 
of uremia on the GI mucosa, platelet dysfunction and antiplate- 
let agents, NSAIDs, and/or heparinization during hemodialysis. 
The prevalence of angioectasias in the upper or lower GI tract 
may be increased in patients with renal failure and may be discov- 
ered by investigation of GI bleeding.*?? These vascular lesions 
tend to bleed more often in patients with renal failure than in the 
general population. 

Acute mesenteric ischemia is generally nonocclusive and may 
be due to episodes of hemodynamic instability during hemodialy- 
sis.473-?5 Tt tends to involve the right side of the colon or multiple 
areas and has a poor prognosis. Risk factors include NSAID use 
and aggressive erythropoietin administration. 

Constipation and fecal impaction are significant problems for 
patients on hemodialysis, and to a lesser extent those on peri- 
toneal dialysis. Causes include inactivity, dehydration, reduced 
fiber intake (due to potassium-restricted diets), metabolic abnor- 
malities, phosphate binders, aluminum antacids, ion exchange 
resins, comorbidities, and prolonged colonic transit time.t!* 
415,426,427 Diarrhea due to SBBO from small bowel dysmotility,*?° 
abnormal bile acid metabolism, exocrine pancreatic insufficiency, 
or amyloidosis (the last 2 discussed later) may also occur. 

Oral sodium phosphate used as a bowel preparation may result 
in phosphate nephropathy, hyperphosphatemia, hypocalcemia, 


hypokalemia, and/or hyper- or hyponatremia, although het- 
erogeneity of the studies makes the risk unclear.*”?3?, Magne- 
sium-containing laxatives could result in hypermagnesemia. GI 
necrosis may occur with sodium polystyrene sulfonate (Kayexa- 
late), commonly used to treat hyperkalemia, in combination with 
sorbitol to prevent constipation. Cleansing enemas may decrease 
the risk. Aluminum-containing antacids or sucralfate could lead 
to aluminum toxicity or fecal concretions, causing obstruction 
and/or perforation. 

Patients on hemodialysis may have an increased risk of per- 
foration during colonoscopy. This is partly due to deposition of 
B2-microglobulin, suggesting that GI amyloidosis is involved (see 
later).47> The mortality after emergency abdominal surgery is 
high for patients on hemodialysis.*** 

Peritonitis related to the dialysis catheter in patients on peri- 
toneal dialysis is most commonly caused by a single organism and 
usually resolves with appropriate antibiotics. However, a non- 
resolving peritonitis, polymicrobial pathogens, and an increase 
in effluent amylase concentration suggest bowel perforation.*»° 
Diagnosis of perforation may be delayed, and hence mortality 
increased, because patients are given antibiotics for presumed 
peritonitis from peritoneal dialysis, partially treating the infec- 
tion. Abdominal pain is diffuse with reduced intensity, owing to 
lack of contact of parietal and visceral peritoneum. In addition, 
continuous peritoneal lavage dilutes the bacterial load, reducing 
abscess formation, so that CT may be unrevealing. To complicate 
the picture, pneumoperitoneum is seen in patients on peritoneal 
dialysis, especially with catheter-induced peritonitis, although 
the incidence is improving with better technique.**° Sclerosing 
peritonitis, a rare and lethal condition in peritoneal dialysis, is 
characterized by peritoneal thickening that encapsulates the 
bowel, causing obstruction.**”3° CT shows peritoneal thicken- 
ing and calcification, loculated fluid collections, and adherent 
small bowel loops. 

Hernias are common in patients on peritoneal dialysis, espe- 
cially at the catheter insertion site, inguinal canal, umbilicus, 
and sites of previous surgeries. Peritoneal dialysis fluid, under 
increased intra-abdominal pressure, can dissect through the peri- 
toneal membrane into the soft tissues of the anterior abdominal 
wall, causing edema. 

Pancreatic parenchymal changes and exocrine insufficiency 
have been found in patients on peritoneal dialysis.4” #0 High 
serum parathyroid hormone levels, hypertriglyceridemia, ele- 
vated pancreatic-stimulating hormones (e.g., cholecystokinin), 
irritation of the pancreas, increased intra-abdominal pressure by 
the dialysate, and amyloidosis have been implicated. Whether the 
incidence of pancreatitis is increased in patients with renal fail- 
ure or on hemodialysis is controversial. Although serum amylase 
levels are elevated from reduced clearance, a serum amylase (or 
lipase) above 3-fold normal and/or positive CT findings suggests 
pancreatitis. 


NEUROLOGIC DISEASES 


Because of the importance of nerves and neurotransmitters on GI 
function (see Chapter 4), it is not surprising that a wide variety of 
neurologic diseases are frequently associated with GI symptoms. 


Diseases of the Central Nervous System 


Abdominal migraine affects 1% to 4% of children, particularly 
girls, with an onset between ages 7 and 12 years; it is also occa- 
sionally seen in adults.t4!*+ It is characterized by recurrent 
attacks of noncolicky, intense, acute periumbilical pain. The 
attacks last from 1 to 72 hours and are associated with anorexia, 
nausea, vomiting, and/or pallor. Headache is not a necessary fea- 
ture. The intervening periods are pain free. A family history of 
migraine is common. Nonpharmacologic therapy involves the 
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removal of triggers (e.g., certain foods, stress, prolonged fasting, 
altered sleep patterns, travel). Antimigraine therapies (e.g., pro- 
pranolol, cyproheptadine, triptans, pizotifen) may be successful. 

Abdominal epilepsy is a rare condition, found more commonly 
in children than adults. It is characterized by (1) paroxysmal GI 
complaints, usually abdominal pain, nausea, and vomiting of 
unclear etiology; (2) symptoms of a CNS disturbance, usually 
lethargy and confusion; (3) an abnormal encephalogram indicat- 
ing a seizure disorder; and (4) sustained improvement with anti- 
convulsant medication.*#?+#+ The abdominal pain usually lasts for 
minutes and is sharp or colicky. The abdominal and CNS com- 
plaints in adults may be more diverse than in children. There is 
probably a spectrum, with GI symptoms associated with seizures 
(“abdominal auras”) or more subtle neurologic symptoms. The 
primary problem is often in the brain, usually in the temporal 
lobe, although it may arise from visceral stimuli with connections 
to the brain. Response to anticonvulsant therapy is not by itself 
a diagnostic criteria, because antiepileptic drugs may improve 
abdominal pain via a sedating or placebo effect, and some cases of 
abdominal epilepsy are refractory to medication. 

Head trauma is associated with stress gastropathy and delayed 
gastric emptying.* Such patients often do not tolerate enteral 
feedings and develop vomiting, abdominal distension, increased 
gastric residual volumes, reflux, aspiration, and pneumonia. Gas- 
tric emptying delay is due to suppressed vagal nerve activity from 
increased intracranial pressure, elevated corticotropin-releasing 
factor, hyperglycemia, medications (sedatives, opioids, and cat- 
echolamines), inflammation, electrolyte disturbances, and altered 
enteric flora. Enteral nutrition can be started even with a mild 
ileus, because it promotes gut integrity and motility. Treatment 
includes prokinetic therapies and perhaps an opioid receptor 
antagonist. #446 

Cerebrovascular accidents may cause pharyngeal dysphagia, 
especially a brainstem lesion that involves the swallowing cen- 
ter.4474 Cerebrovascular accidents also result in stress gas- 
tropathy with ulcers and GI bleeding. Constipation is due to a 
prolonged colonic transit time, immobility, and altered diets. 

Multiple sclerosis (MS) is the most frequent chronic neurologic 
disease in young persons in developed countries. GI disturbance 
is present in around 40% of MS patients, particularly constipa- 
tion and fecal incontinence.**?° Also seen are early satiety, 
nausea and vomiting, and postprandial discomfort associated 
with delayed gastric emptying. There is an increased prevalence 
of celiac disease (and in their first-degree relatives), but not of 
DQ? and DQ8 genetic markers.*°! Constipation may be associ- 
ated with prolonged colonic transit time, pelvic floor dysfunc- 
tion, reduced colonic compliance, immobility, paradoxical anal 
contractions, and an absence of postprandial colonic motor and 
myoelectric responses. Defecography may demonstrate pel- 
vic outlet obstruction with failure of the puborectalis and anal 
sphincter muscles to relax.*? Occasional patients develop intrar- 
ectal intussusception, reduced by perineal pressure. Medications 
commonly used in MS (e.g., muscle relaxants, anticholinergics, 
antidepressants, opiates) can also contribute to constipation, as 
will generalized muscle weakness, which impairs generation of 
intra-abdominal pressure. Fecal incontinence in MS may be due 
to reduced external anal sphincter tone, reduced anorectal sensa- 
tion, and spontaneous rectal contractions. It should not be con- 
fused with overflow incontinence secondary to fecal overloading. 
Typical pharmacologic therapy is usually effective, but mechani- 
cal evacuation is sometimes required. Biofeedback may help, 
especially in mild disease.** 


Spinal Cord Injury 


Patients with spinal cord injury (SCI) most commonly have con- 
stipation, distension, abdominal pain, bowel accidents, and auto- 
nomic hyperreflexia.°*#>° 


Spinal shock occurs for several weeks after the injury when 
all autonomic and reflex activities are lost below the level of cord 
transection. The abdomen is distended and flaccid, with no sen- 
sation below the level of injury and with absent or hypoactive 
bowel sounds due to gastric dilatation and a paralytic ileus. The 
incidence of ulcer disease and hemorrhage is increased. Acute 
abdominal pathology is difficult to diagnose during this period. 
When spinal shock ends, there is a return and then exaggeration 
of autonomic reflex activity below the level of injury. 

Autonomic hyperreflexia is a potentially dangerous intense 
reflex vasoconstriction in patients whose SCI lies above T6 or the 
greater splanchnic outflow. The result is hypertension, diaphore- 
sis, bladder spasms, and diarrhea. It can be precipitated by recto- 
sigmoid distension and anal manipulation and can be reduced by 
anesthetic suppositories.+° 

The diagnosis of an acute abdomen may be delayed in a high- 
level SCI, raising the mortality rate, because rigidity and rebound 
tenderness may be absent.+’ Those with appendicitis have a 
perforated appendix in over 90% of cases.+*+ Early clues include 
autonomic hyperreflexia, referred shoulder pain, dull and poorly 
localized abdominal pain, distension, increased spasticity, nausea, 
and vomiting. 

Abdominal operations are challenged by deformities or spas- 
ticity, making the procedures technically difficult. Retention 
sutures may be needed to close wounds due to tension from 
abdominal spasticity. Patients may have hyper-reflexic hyper- 
tension, decreased pulmonary excursion, prolonged ileus, and 
chronic septic foci, increasing the risk of wound infections. 

Patients with SCI are predisposed to gastroesophageal reflux 
from their supine position, increased intra-abdominal pressure 
due to constipation, and use of intra-abdominal muscles for 
transfers." Because the posterior wall of the pharynx lies adja- 
cent to the cervical vertebrae, cervical trauma may impinge upon 
or even perforate the pharynx. Defective UES relaxation in those 
with cervical SCI reduces clearance of oral secretions and impairs 
swallowing.*°? This may be due to injury of the UES and/or its 
innervations and to interventions such as tracheostomy and ante- 
rior spinal surgery. 

Gastric emptying is either delayed or normal in SCI patients.+°+ 
Promotility agents can be effective because the enteric nervous 
system and smooth muscle layers are intact. Superior mesenteric 
artery syndrome (Wilkie’s syndrome, cast syndrome), where the 
third portion of the duodenum is intermittently compressed by 
the overlying superior mesenteric artery, may occur following 
rapid weight loss, prolonged supine positioning, and the use of 
spinal orthoses. 

Constipation and fecal incontinence are common in patients 
with SCI. Fecal impaction, megacolon, stercoral ulcers, and hem- 
orrhoids may also result.*°°+°! Delay in colon transit time is fre- 
quently found. The ability to increase intra-abdominal pressure 
is lost in lesions above T7, promoting constipation. The external 
anal sphincter is tight, such that stool is retained. When spinal 
reflexes are lost, there is more incontinence and less constipa- 
tion. The external anal sphincter does not contract with increased 
intra-abdominal pressure or with rectal distension. 

Colon evacuation should be done after a meal to take advantage 
of the gastrocolic reflex. A laxative may be introduced, followed 
by digital stimulation of the anus and rectum to dilate the anal 
canal and relax the puborectalis muscle. Other techniques used 
are abdominal massage, manual evacuation, transanal irrigation, 
and neostigmine with glycopyrrolate (an anticholinergic agent 
that reduces the side effects of neostigmine).*°?+°+ More ageres- 
sive modalities are anterior sacral root stimulators, sometimes 
combined with an S2 to S4 posterior sacral rhizotomy, antegrade 
continence enemas, and placement of a colostomy.*>++°5 

In the first 6 months after SCI, biliary sludge rather than gall- 
stones are found. Afterwards, the prevalence of gallstones or cho- 
lecystectomy is high (17% to 31% of SCI patients) for unclear 
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reasons, although some patients have other risk factors for gall- 
stones.*°° These patients are usually accurately diagnosed with 
acute cholecystitis, and morbidity and mortality from the chole- 
cystectomy is acceptable.*°’ 


Extrapyramidal (Movement) Disorders 


Movement disorders arising from basal ganglia are classified as 
hypokinetic (Parkinson disease) and hyperkinetic (Huntington 
disease). Lewy bodies, the pathognomonic feature of Parkinson 
disease, are found in the enteric nervous system of the esophagus, 
stomach, and colon.*°* Dopaminergic deficiency in the enteric 
nervous system and involvement of the dorsal motor nucleus of 
the vagus, reducing parasympathetic innervation to much of the 
GI tract, may be pathogenic features. 

In Parkinson disease, saliva is excessive, not because of 
increased production but rather from reduced effectiveness of 
swallowing,*©? sometimes resulting in drooling from a stooped 
posture and a tendency for the mouth to remain open. Local 
delivery of anticholinergic agents may be useful. 

All stages of swallowing—oral, pharyngeal, or esophageal— 
may be affected by Parkinson disease. There is a delay in trig- 
gering the swallowing reflex associated with impaired tongue 
movement and a prolonged pharyngeal stage.*’”” The result 
is vallecular pooling, leading to aspiration (often asymptom- 
atic), worsened by a decreased cough reflex, and contributing 
to pneumonia, a leading cause of death in Parkinson disease. 
Various esophageal abnormalities have been found in Parkinson 
disease, including aperistalsis and multiple simultaneous con- 
tractions.*7! 

Delayed gastric emptying, particularly of solids, with 
impaired gastric myoelectric activity*/?-*’* is found in the major- 
ity of Parkinson disease patients, does not necessarily correlate 
with symptoms, and may be present early in disease. Nausea may 
be a medication side effect rather than due to delayed gastric 
emptying. Gastroparesis may interfere with levodopa absorp- 
tion, whereby increased gastric dwell time allows for breakdown 
by gastric DOPA decarboxylase to dopamine, which cannot 
be absorbed by the intestine. This effect may be ameliorated 
by giving levodopa between meals, using soluble levodopa, or 
alternative routes of administration (parenteral, nasal, sublin- 
gual, rectal, or jejunal).+”> Metoclopramide is contraindicated; 
it aggravates Parkinson disease by blocking central dopamine 
receptors. The dopaminergic D, receptor antagonist domperi- 
done can be used safely because it does not cross the blood-brain 
barrier, and 5-HT, receptor agonists (e.g., mosapride [not avail- 
able in the US] and tegaserod [limited U.S. availability]) may 
improve gastric emptying, presumably by increasing acetylcho- 
line release. 

Gastritis caused by Hp may interfere with levodopa absorp- 
tion; an improved response to levodopa occurs after its eradi- 
cation. SBBO is more prevalent in patients with Parkinson 
disease than in controls, presumably from gut dysmotility, and is 
associated with bloating and flatulence.*”’ 

Constipation is frequent and even found in patients who have 
not yet developed Parkinson.*”**”? It is aggravated by certain 
medications, reduced mobility, and weak abdominal straining 
pressure (from muscle rigidity and failure of coordinated glot- 
tis closure). Rarely, megacolon, pseudo-obstruction, volvulus, or 
even perforation may occur. Prolonged orocecal transit time is 
the main cause of constipation.*”? Muscles involved in defeca- 
tion may not act in a coordinated fashion. Dystonia may pre- 
vent the anal sphincter from relaxing, resulting in an abnormally 
large postdefecation residual. Botulinum toxin injection of the 
puborectalis muscle and/or external anal sphincter may help,**° 
but fecal incontinence could result. Apomorphine injections 
(an opiate/dopamine agonist) may ameliorate paradoxical anal 
sphincter contraction. 


Huntington disease is an autosomal dominant neurodegenera- 
tive disease characterized by involuntary movements, psychiatric 
disturbance, and cognitive decline. The dysphagia in Huntington 
disease occurs in the preparatory oral phase (postural instability, 
tachyphagia, poor lingual control), the oral phase, the pharyn- 
geal phase,**! or esophageal phase.** Gastritis or esophagitis are 
commonly found endoscopically in asymptomatic patients*** but 
gastric emptying is normal.**+ 


Diseases of the Autonomic Nervous System 


Autonomic nervous system dysfunction is usually measured by 
cardiovascular abnormalities (heart rate variability to breathing 
or Valsalva maneuver or measurement of orthostatic blood pres- 
sure) but can also be assessed by quantitating sweat production or 
function of postganglionic sympathetic axons. Associated features 
may be orthostatic hypotension, dry eyes and mouth, cold hands 
and feet with color or trophic changes, changes in sweating, and 
dysfunction of the urinary bladder and sexual performance.**?+°6 
Autonomic dysfunction is often preceded by a viral syndrome. 
The spectrum ranges from panautonomic to selective adrenergic 
or cholinergic failure. GI symptoms (e.g., abdominal pain, bloat- 
ing, nausea, vomiting, constipation, diarrhea) occur in up to 85% 
of patients. There may be associated hypomotility or uncoordi- 
nated contractile activity of the GI tract. The etiology may be 
immune mediated, as suggested by a perivascular mononuclear 
cell infiltrate in the epineurium and the association with gangli- 
onic acetylcholine receptor antibodies in some patients. 

Secondary causes of autonomic neuropathy include the por- 
phyrias, infections with herpesviruses, rubella, DM, paraneo- 
plastic autonomic neuropathy, amyloidosis, myasthenia gravis, 
Chagas disease, and botulism. 


Disease of the Neuromuscular Junction 


Myasthenia gravis is a disorder of neuromuscular transmission 
causing fatigable muscle weakness. Dysphagia and aspiration 
are common and occasionally may be the sole manifestation of 
the disease.#*748° The pharynx is usually involved, and esopha- 
geal abnormalities may occur. Classically, contractions weaken 
with repetitive swallows and may improve with edrophonium 
(Tensilon test). Myasthenia gravis occasionally develops during 
interferon therapy and may be associated with other autoimmune 
diseases such as pernicious anemia, AIH, or PBC.*°?4 


Muscular Dystrophy 


Duchenne muscular dystrophy (MD) is caused by a mutation of the 
dystrophin gene, which results in abnormal dystrophin, critical 
for muscle structure and function.*?! Dystrophin is found not 
only in skeletal muscle but also in smooth muscle cells and myen- 
teric neurons, and thus GI symptoms may occur. Myotonic MD is 
characterized by progressive muscular weakness. Most of the GI 
tract can be involved, although the severity generally does not 
correlate with degree of skeletal muscle involvement.*” 

The elevated serum aminotransferases in patients with MD 
may be confused with liver disease. Although the amount of AST 
in muscle is much greater than that of ALT, the values are about 
equal in the serum in MD (generally no more than about 600 
IU/L) owing to greater clearance of AST.* Creatine phosphoki- 
nase is usually at least 20-fold higher than serum AST and ALT, 
indicating muscle rather than liver disease. Another distinction 
is the normal serum y-glutamyl transferase level in patients with 
MD.4°4 

Oropharyngeal symptoms are typical and may lead to aspira- 
tion. Pharyngeal contractions may be asymmetric or low ampli- 
tude, and UES pressure is low.*”* The esophagus may be dilated 
and the amplitude of esophageal contractions may be low with 
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poor coordination; some patients may have complete atony of 
the esophageal body. LES pressure may be normal or reduced. 
Patients often have few to no symptoms despite esophageal dys- 
motility. 

Patients often have early satiety, nausea and vomiting, epi- 
gastric pain, and/or bezoars related to delayed gastric empty- 
ing and a reduced postprandial increase in motilin levels.*%> 
Response to metoclopramide suggests some preserved smooth 
muscle function and implies an underlying neuropathy in some 
patients. 

Episodic severe diarrhea, malabsorption, nonspecific abdomi- 
nal pain, and fecal incontinence are common complaints.” 
Delayed small bowel transit may lead to SBBO, with 70% of 
patients responding to antibiotics.*”° Jejunal manometry is more 
sensitive than barium studies to detect motor abnormalities of 
the small bowel. Megacolon with risk of volvulus or perforation 
may be seen. 

Anorectal manometry shows low anal resting and squeeze 
pressures in some studies. Electromyography may show myo- 
pathic potentials with myotonia or decreased duration and ampli- 
tude of the motor units of the external anal sphincter. Pathology 
may show an atrophic, fibrotic EAS with skeletal muscle replaced 
by smooth muscle from the IAS. 


PULMONARY DISEASE 


Chronic obstructive pulmonary disease and its therapy is asso- 
ciated with gastroesophageal reflux. Chronic obstructive pul- 
monary disease predisposes to PUD and increases mortality 
associated with perforated or bleeding ulcers, especially with use 
of glucocorticoids. The contribution of smoking per se to ulcer 
disease is discussed in Chapter 53. The GI manifestations of cys- 
tic fibrosis and a ,-antitrypsin deficiency are discussed in Chapters 
57 and 77, respectively. 


CRITICAL ILLNESS 


ICU patients are difficult to study because they are a hetero- 
geneous and complex group. Frequent upper GI dysmotility*?” 
manifests as high gastric residual volumes, abdominal distension, 
vomiting, regurgitation, and aspiration.*”°+ The resulting intol- 
erance of enteral nutrition along with a predominance of catabo- 
lism over anabolism leads to malnutrition, which is associated 
with increased morbidity and mortality. Bacterial colonization of 
the upper airways may originate from flora in stagnant gastric 
contents and lead to pneumonia.’ Whether acid-reducing ther- 
apy worsens this is unclear. Intolerance to feeding is associated 
with changes in gut flora and organic acids; such patients have a 
higher incidence of bacteremia and mortality than those without 
feeding intolerance.*”! 

LES pressure is low to absent, and esophageal body con- 
tractions are infrequent and of low amplitude in ventilated and 
sedated patients.*?* Salivary secretion is diminished and straining 
frequent (usually coughing from endotracheal tube suctioning), 
all contributing to reflux and aspiration. Acute stress-induced 
gastropathy is common, with hemorrhage increased in patients 
on mechanical ventilation and those with significant coagulopa- 
thies. Ileus??? is discussed in more detail in Chapter 124. Consti- 
pation, with no bowel movement in the first 96 hours in the ICU, 
occurs in 50% of patients.°°? The main risk factors are opioid 
intake and disease severity. Routine administration of stimulant 
or osmotic laxatives should be considered. Fiber laxatives should 
be used with caution because they may result in fecal impaction if 
fluid intake is inadequate. Ischemic colitis may be seen following 
hypotensive episodes. 

Acalculous cholecystitis is also commonly seen in severely ill 
ICU patients and manifests as acute abdominal pain, unexplained 
leukocytosis, or abdominal sepsis. 


SEPSIS 


Hepatic involvement in sepsis is the most common cause of 
jaundice in ICU patients. The liver can be involved in sepsis in 
2 phases. In the first, hepatic hypoperfusion occurs initially with 
septic shock, leading to poor synthetic function of the liver and 
elevated serum aminotransferases. In phase 2, hepatic dysfunc- 
tion is caused by the liver’s response to sepsis as the major pro- 
tective organ. Hepatic Kupffer cells detoxify bacterial endotoxin 
and remove bacteria from the circulation.°°°°° Their activation 
causes recruitment of neutrophils, which, in turn, injure hepa- 
tocytes. Hepatic endothelial cells acquire procoagulant and pro- 
inflammatory activities.” Endothelial damage, decreased blood 
flow through the sinusoids, and formation of fibrin microthrombi 
are the result of endotoxin-mediated compromise of the hepatic 
microvasculature, causing pronounced hepatocellular necrosis. 
The importance of the liver’s role in defense against systemic 
infections is illustrated by the fact that when compared to patients 
with normal livers, patients with cirrhosis more commonly have 
hospitalizations associated with sepsis and an increased likelihood 
of death from sepsis.°°° 

Hepatic involvement in sepsis is much more common in 
neonates than in adults and is usually from Gram-negative bac- 
teria such as E. coli.’ Hepatic involvement most often occurs 
in critically ill septic patients, and contributions by such factors 
as hemolysis, disseminated intravascular coagulation, heart fail- 
ure, ischemic hepatitis, total parenteral nutrition, drug toxicity, 
renal insufficiency, or biliary obstruction may cloud the picture. 
Hepatic involvement in sepsis in lobar pneumonia, in contrast, 
mainly affects men, perhaps exacerbated by alcoholism.°’” Most 
cases of pneumonia are due to S. pneumoniae, although Klebsiella 
pneumoniae and other organisms have been described. Hepatic 
involvement in sepsis occurs within a few days after the onset 
of bacteremia, with mild hepatomegaly in 50% of patients but 
without pruritus or abdominal pain.°°+>°°’ Manifestations of 
the underlying infection dominate the presentation. It resolves 
slowly with treatment of the infection. Peak serum bilirubin lev- 
els, mostly direct-acting, are usually between 5 and 10 mg/dL but 
can be much higher. Serum alkaline phosphatase is elevated in 
almost 50% of patients; it is rarely more than 2 to 3 times normal, 
although marked elevations can occur. Serum aminotransferases 
are usually normal but can be slightly elevated. Serum LDH is 
usually normal, as opposed to hypoxic/ischemic hepatitis, where 
it is markedly elevated. Serum albumin may be low but probably 
no lower than in nonjaundiced sepsis. Prothrombin time is nor- 
mal or correctable with vitamin K. 

Contributions to jaundice include increased bilirubin load 
from associated red blood cell transfusion and hemolysis.°°t In 
addition, hepatocyte dysfunction resulting in reduced bilirubin 
uptake, intrahepatic conjugation, and canalicular excretion pro- 
motes hyperbilirubinemia. Bile ducts and cholangiocytes may be 
involved. Bile duct injury from sepsis and trauma can lead to pro- 
gressive sclerosing cholangitis, usually small duct disease. This 
should be in the differential diagnosis when there is persistent 
hyperbilirubinemia and elevated serum alkaline phosphatase lev- 
els after resolution of the sepsis.°”* 

Liver histology in sepsis, although usually not obtained, 
reveals portal inflammation, centrilobular necrosis, lobular 
inflammation, hepatocellular apoptosis, cholangitis/cholangioli- 
tis, steatosis (both macrovesicular and microvesicular), and cho- 
lestasis without damage to bile duct epithelium.°?7°?>!9 Ductular 
cholestasis, a sepsis-specific hepatic lesion related to “cholangitis 
lenta,” is associated with increased mortality (Fig. 37.7)°!! 

No specific treatment for hepatic involvement in sepsis is indi- 
cated. Antibiotics excreted by the liver into bile (e.g., ceftriaxone), 
if indicated, should be used at reduced doses. Prognosis is unre- 
lated to hepatic involvement or to the height of the hyperbilirubi- 
nemia in patients with sepsis, but rather to the underlying process. 
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Fig. 37.7 Liver biopsy specimen obtained from a septic patient with 
marked hyperbilirubinemia and normal serum alkaline phosphatase 
levels showing “cholangitis lenta.” Bile is inspissated in proliferated 
periportal bile ductules (arrows). The interlobular bile ducts in the portal 
tract are normal in appearance, without bile stasis or injury. (H&E, x25.) 


CARDIOVASCULAR DISEASES 


The association of cardiac and liver disease can occur in sev- 
eral settings.*!* Heart diseases may secondarily cause congestive 
hepatopathy, ischemic hepatopathy, or even cardiac cirrhosis 
with ascites. Liver diseases may secondarily affect the heart and 
lungs and include hepatopulmonary syndrome, portopulmonary 
hypertension, pericardial effusions in cirrhosis, cirrhotic car- 
diomyopathy,*!? and high-output heart failure caused by intra- 
hepatic arteriovenous fistulae in the noncirrhotic liver (as in 
Osler-Weber-Rendu). Other diseases affecting both the liver and 
the heart/circulation include sepsis and infiltrative disorders such 
as hemochromatosis, amyloidosis, and sarcoidosis. 

Heart disease (heart failure, constrictive pericarditis, cor 
pulmonale) can also affect the GI tract through intestinal mal- 
absorption or PLGE. Ischemic heart disease is a risk factor 
for ischemic colitis.°!* Fibromuscular dysplasia, a nonathero- 
sclerotic, noninflammatory vasculopathy, usually affects the 
renal and carotid arteries but may affect the mesenteric arter- 
ies, causing abdominal angina and acute intestinal ischemia.*!> 
Symptomatic GI angioectasias may occur in patients with aortic 
stenosis (Heyde syndrome) and many patients (30% -40%) after 
left ventricular assist device placement (see earlier; “Coagula- 
tion Disorders”). 


INFILTRATIVE DISEASES 
Amyloidosis 


Amyloidosis is a group of infiltrative disorders that result from 
the extracellular deposit of amyloid fibrils composed of a variety 
of serum protein precursors, along with the nonfibrillar glyco- 
protein serum amyloid P and glycosaminoglycans.°!®>!* Over 20 
different proteins have been identified as causative agents. The 
letter A is used to designate amyloid fibril protein and is modi- 
fied by a second letter or letters to indicate the specific fibrillar 
protein. Thus, with primary amyloidosis, the most common form 
is called AL, with the L representing the fragment of immuno- 
globulin light chains found in the majority of patients, whether 
“primary” or associated with multiple myeloma. 

Secondary (AA) amyloidosis is due to deposition of serum 
amyloid A (SAA) associated with a variety of infectious, inflam- 
matory, or (less commonly) neoplastic disorders. The number of 
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patients with AA amyloidosis has declined in frequency in the last 
40 years, partly because of fewer chronic infections (e.g., tuber- 
culosis), better control of chronic inflammatory diseases (e.g., 
RA, IBD, FMF), and increased recognition of AL amyloidosis. 
Although overproduction of SAA is necessary for the develop- 
ment of AA amyloidosis, it is not sufficient; SAA is an acute-phase 
reactant that increases with many inflammatory diseases. 

Dialysis-related amyloidosis (AB2M) is due to deposition of 
B2-microglobulin, a protein found in all nucleated cells that is 
normally metabolized in the kidney.°!? There are several types 
of hereditary amyloidosis, the most common caused by a mutant 
transthyretin (TTR) produced by the liver. The resulting amy- 
loidosis (ATTR) is called familial amyloidotic polyneuropathy, an 
autosomal dominant disorder mainly affecting nerves and cured 
by liver transplantation.°”? Senile systemic amyloidosis involves 
the heart, lung, and GI tract with deposition of wild-type (non- 
mutated) TTR in subserosal veins.°?! 

Systemic manifestations include nephrotic syndrome, periph- 
eral neuropathy, restrictive cardiomyopathy with heart failure and 
cardiac conduction disturbances, purpura (“raccoon eyes”), mac- 
roglossia, joint involvement, carpal tunnel syndrome, and weight 
loss. Autonomic dysfunction manifests as orthostatic hypoten- 
sion, diarrhea, and impotence. In the GI tract, amyloid is often 
deposited in submucosal vessel walls, narrowing and eventually 
occluding the lumen and resulting in ischemia, infarction, and/ 
or ulceration of the area served by the vessel. Amyloid deposited 
between smooth muscle fibers causes pressure atrophy of adjacent 
fibers resulting in gut dysmotility. Amyloid deposited in the nerves 
of the GI tract can also cause dysmotility, particularly in ATTR 
amyloidosis. Mucosal architecture usually remains normal until 
massive deposits of amyloid destroy it, resulting in malabsorption. 


Oral, Esophageal, and Gastric Involvement 


Macroglossia, found most frequently in AL amyloidosis, is vir- 
tually pathognomonic, with a tongue that may be dry, fissured, 
ulcerated, and indented by teeth.°?»?> It may cause airway 
obstruction, speech difficulties, oral dysphagia, and malocclusion 
of teeth. Involvement of the submandibular glands may result in 
xerostomia. Gingival biopsy is of questionable value. 

The esophagus was involved in 13% of patients in a radiologic 
study and 22% in an autopsy series.°!®°!’ The main symptoms 
are dysphagia, chest pain, heartburn, and hematemesis. There 
may be an atonic esophagus, ulcerations, or masses suggestive of 
carcinoma. Basal LES pressure is normal or low, and the ampli- 
tudes of esophageal contractions are decreased. Occasionally sec- 
ondary achalasia may develop, with rapid onset of symptoms and 
significant weight loss. 

Gastric involvement occurs in 12% by autopsy and 8% on 
biopsy during endoscopy; only 1% are symptomatic, with early 
satiety, nausea, abdominal pain, vomiting, or hematemesis. Gas- 
tric outlet obstruction may occur. There may be gastropare- 
sis, especially with familial amyloidotic polyneuropathy, which 
affects the autonomic nervous system. Thickened irregular 
folds may have hypoechoic thickening of the mucosa and sub- 
mucosa with loss of sonographic wall layer structure.°*+ Loss of 
rugal folds and decreased motility occur when smooth muscle 
is replaced by amyloid. The most common endoscopic findings 
are granular appearance, friability, polyps, erosions/ulcers, and 
enlarged folds.” Many types of duodenal lesions have been 
described: scalloped edges, duodenitis, ulcers, masses, hypotonia, 
and dilatation.>!°°!” 


Small and Large Bowel Involvement 


The greatest amount of GI amyloid is deposited in the small 
bowel (Fig. 37.8), presenting as diarrhea, steatorrhea, PLGE, 
hemorrhage, obstruction, ischemia and infarction, pneumatosis 
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Fig. 37.8 Film from a small bowel series in a patient with amyloidosis; 
small bowel shows symmetric, sharply demarcated thickening of the 
valvulae conniventes throughout the small intestine. (Courtesy Marshak 
RH, MD, New York.) 


cystoides intestinalis, intussusception, constipation, pseudo- 
obstruction, mesenteric infiltration, and perforation (sometimes 
due to diverticula).5?>»?° Many types of duodenal lesions have 
been described: scalloped edges, duodenitis, ulcers, masses, hypo- 
tonia, and dilation.*!®°!’ Thickened folds may be due to amyloid 
in the vasculature causing ischemic enteritis, amyloid in the wall, 
or edema from hypoalbuminemia. Hypoalbuminemia results 
from malabsorption, PLGE, and/or nephrotic syndrome.*?/->*? 
Polypoid protrusions and thickening of the valvular conniven- 
tes can be seen in patients with AL amyloidosis, with diffuse 
deposition of amyloid associated with mechanical obstruction 
and chronic intestinal pseudo-obstruction.>!°*!” In contrast, AA 
amyloidosis is associated with a fine granular appearance, with 
deposits in the mucosa associated with diarrhea, malabsorption, 
and occult blood in the stool. ABM amyloidosis is associated with 
delayed intestinal transit and bowel dilatation due to amyloid 
deposition in the muscularis propria. 

Amyloid in the large intestine may be less readily discernible 
than in the small bowel, with luminal narrowing or dilation, loss 
of haustrations, thickened folds, nodularity, polypoid lesions, and 
ulcerations. It may mimic IBD, malignancy,*°*° or ischemic colitis. 
Acute pseudo-obstruction, found particularly in AA amyloidosis 
with deposits in the myenteric plexus, may be reversible. Patients 
with AL amyloidosis and obstructive symptoms due to amyloid 
infiltrating smooth muscle have a poor prognosis.*!° 

Diarrhea may be due to rapid transit from autonomic dys- 
function,**! delayed transit resulting in SBBO, bile acid malab- 
sorption from fast transit or SBBO, or pancreatic insufficiency 
from ischemia of acinar tissue by amyloid deposition in vessels. 
Although often resistant to conventional therapies, somatosta- 
tin analogs and enterostomy have provided relief of diarrhea in 
case studies.°!®°!7,578 Steatorrhea is common in familial amyloid- 
otic polyneuropathy but not AL amyloidosis. Weight loss (often 
severe) and malnutrition adversely influence survival. 

Hemorrhage may be due to direct vascular and tissue infiltra- 
tion, with increased friability or ischemia, specific amyloid lesions, 
or fragility of blood vessels and impaired vasoconstriction.**” 


Acquired coagulation abnormalities such as factor X deficiency 
are found, particularly in AL amyloidosis. A prolonged pro- 
thrombin time may be due to liver dysfunction, malabsorption, 
decreased vitamin K intake, or reduced factor X. 

Amyloidosis occurs clinically in 0.9% of patients with Crohn 
disease and in 0.07% of patients with ulcerative colitis, although 
the prevalence is higher in autopsy data. It is associated with sup- 
purative complications, found particularly in Crohn disease, usu- 
ally taking about 15 years to develop.” 


Hepatic Involvement 


Hepatic amyloidosis has no clinical significance in the major- 
ity of patients, except in familial amyloidotic polyneuropathy, 
where the liver is the main organ involved. Symptoms, when 
present, include weight loss, fatigue, abdominal discomfort, and 
anorexia.°*+ In patients with primary amyloidosis and biopsy- 
proved liver involvement, hepatomegaly (sometimes mas- 
sive) and an elevated serum alkaline phosphatase level are the 
most frequent findings, although the degree of liver chemistry 
test abnormality does not correlate with the extent of hepatic 
amyloid deposition. Ascites is more often due to cardiac fail- 
ure than to liver disease. Stigmata of chronic liver disease (e.g., 
portal hypertension, jaundice) are uncommon. Splenomegaly is 
usually associated with hepatomegaly; occasionally the spleen 
or liver may rupture.*> Amyloid may be a cause of increased 
liver stiffness.°*° Amyloid deposits can be sinusoidal or vascular. 
They usually begin periportally in the space of Disse, followed 
by hepatocyte atrophy due to compression by amyloid fibrils.°!° 
When amyloid blocks the sinusoids, portal hypertension devel- 
ops. Sometimes amyloid infiltrates the portal blood vessel walls. 
In those with suspected hepatic amyloidosis, a subcutaneous fat 
aspirate or a bone marrow biopsy are usually positive (80% and 
82%, respectively), providing a diagnostic alternative to liver 
biopsy, which may carry an increased bleeding risk from hepatic 
amyloid infiltration.**+ Hyperbilirubinemia is associated with a 
poor prognosis. 


Diagnosis 


In AL amyloidosis, serum and urine should be tested for mono- 
clonal light chains, which are found in 89% of patients by immu- 
noelectrophoresis with immunofixation. The latter is used so as 
not to miss a small monoclonal (M) spike. A bone marrow aspi- 
rate and biopsy should be performed to quantify the number and 
monoclonality of plasma cells. 

Common biopsy sites include the kidneys, liver, subcutane- 
ous fat, bone marrow, and the GI tract; gastroduodenal biopsies 
correlate well with renal biopsies and are much less risky.°>’ The 
positivity of GI tract biopsies increases if submucosal vessels are 
sampled. Amyloid in oral biopsies is demonstrated in 88% in the 
subepithelial connective tissue from diseased areas,°>* whereas 
blind biopsies of the mouth are of little diagnostic use. The risk 
of bleeding with percutaneous liver biopsies is controversial with 
some investigators reporting an increased risk of hemorrhage.*!° 
Bleeding may be due to coagulopathies from reduced hepatic 
synthesis or malabsorption of vitamin-K dependent clotting 
factors, factor X deficiency, and amyloid infiltration of vessels, 
which once lacerated may not vasoconstrict normally. According 
to one study, those with bleeding from a procedure had normal 
clotting studies but a history of bleeding problems.*!¢ 

Amyloid stains pink with H&E (Fig. 37.94). With Congo Red 
staining, it has a red appearance in normal light and an apple- 
green birefringence in polarized light (see Fig. 37.98). Pretreat- 
ment with potassium permanganate does not affect staining 
affinity for Congo Red in AL amyloid, but often eliminates this 
affinity in AA amyloid. Immunohistochemistry performed on 
biopsy samples is important because it impacts treatment.?*?>*° 
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Fig. 37.9 A, Histopathology specimen showing submucosal vessels 
with amorphous eosinophilic material (amyloid) within the tunica media 
of a mesenteric artery. B, Submucosal vessel showing apple-green 
birefringence by Congo Red stain. (From Ebert EC, Nagar M. Gas- 
trointestinal manifestations of amyloidosis. Am J Gastroenterol 2008; 
103:776-87, with permission from Nature Publishing Group.) 


Treatment and Prognosis 


AL amyloidosis is treated with myeloma-type chemotherapy or 
high-dose chemotherapy plus hematopoietic autologous stem 
cell transplantation to eliminate the B or plasma cell clones.*t!°” 
Morbidity is high, but the median survival is greatly increased, 
and amyloid deposition may regress. For AA amyloidosis, con- 
trol of the underlying inflammatory disorder leads to reduction 
of SAA and disease progression. Anti-TNF agents result in clini- 
cal improvement in patients with AA amyloidosis associated with 
Crohn disease.°*? Colchicine decreases symptoms and prevents 
amyloid deposition in patients with familial amyloidotic poly- 
neuropathy and FMF and appears to benefit patients who have 
already developed amyloidosis.°!° For dialysis-related amyloido- 
sis, renal transplantation results in a fall in serum BM levels and a 
slower decrease in amyloid deposition. For hereditary amyloido- 
sis, where the precursor protein (mutant TTR) is produced solely 
by the liver, such as in familial amyloidotic polyneuropathy, liver 
transplantation is curative, with improvement in GI symptoms 
and nutritional status in a substantial proportion of patients.>+* 
The explanted liver is normal, other than its production of amy- 
loidogenic proteins, and is not a site of amyloid deposition. 


Octreotide has been used to treat refractory diarrhea in 
patients with AA amyloidosis.*!° Dysmotility may respond to 
prokinetic agents, according to anecdotal reports. Surgery is dif- 
ficult and carries a number of risks: bleeding, impaired wound 
healing, anastomotic dehiscence (perhaps related to amyloid 
deposits in the resection margins), malnutrition, and multiorgan 
failure, particularly heart and renal failure. 

Patients with AL hepatic amyloidosis have a median survival 
of less than 1 year, particularly those with heart failure and/or 
hyperbilirubinemia. The majority of deaths are related to car- 
diac or renal complications or, in the case of multiple myeloma, 
to progression of the underlying malignancy.°*+ Morbidity and 
mortality are rarely determined by extent of hepatic involvement. 


Granulomatous Liver Disease 


Granulomas, an organized collection of immune cells that 
attempt to wall off what the body sees as foreign, are often found 
in the liver as a primary process or a manifestation of a systemic 
disease.*-°* They are found in 2% to 15% of liver biopsies, 
most often near portal tracts. Many etiologies must be considered 
(Table 37.2), with 10% to 30% being idiopathic. Probably the 
most common cause in the developed world is PBC, whereas the 
most common etiologies in the developing world (and in older 
studies) are infectious diseases, especially tuberculosis. Although 
usually asymptomatic, patients with hepatic granulomas may 
present with hepatomegaly, right upper quadrant pain, fever, 
and/or weight loss. Granulomas associated with infections that 
require a macrophage-based pathway for clearance commonly 
comprise a mixed infiltrate and tend to be caseating with central 
necrosis. Those in immunologically mediated diseases are usu- 
ally associated with dense lymphocytic infiltrates. Foreign-body 
granulomas from indigestible particulate matter such as starch, 
silicone, or mineral oil, and lipogranulomas have minimal inflam- 
matory infiltrates. Epithelioid granulomas, as in sarcoidosis, cer- 
tain infections, toxins, and drugs, contain activated macrophages 
resembling epithelial cells. Fibrin ring granulomas consist of an 
epithelioid granuloma with a central lipid vacuole surrounded by 
a fibrin ring, classically described in association with Q fever but 
seen in a variety of other diseases.°** Granulomatous inflamma- 
tion is characterized by poorly formed granulomas with indistinct 
edges, often associated with hepatocellular and/or duct damage. 
The pathologist reading the liver biopsy should attempt to deter- 
mine the location of the granulomas, the presence/absence of 
necrosis, the type of accompanying infiltrate, any organisms or 
foreign material in the granuloma, and associated findings. 

Rare complications are usually due to compression of adjacent 
structures by the granulomas, resulting in portal hypertension, 
intrahepatic cholestasis, biliary stricture, hepatic vein thrombosis, 
and cirrhosis.**° Workup, where appropriate, includes a chest X-ray; 
cultures for bacteria (including Brucella species), mycobacteria, and 
fungi; serum AMA; serologies for Q fever, brucellosis, syphilis, 
HBV, and HCV; PCR for infectious pathogens; and TB testing. 


Sarcoidosis 


Sarcoidosis is a multisystem granulomatous disorder of unknown 
cause.’ This disease generally occurs in those ages 20 to 40, 
with an increased incidence and mortality in African Americans 
compared to Caucasians. Patients may have constitutional symp- 
toms, lung disease, adenopathy, granulomatous uveitis, proximal 
myopathy, lupus pernio, cranial nerve palsies, erythema nodosum, 
hypercalcemia, and granulomas in many organs. Increased levels 
of angiotensin-converting enzyme, produced by the epithelioid 
cells in the granulomas, are a weak diagnostic test. The Kveim- 
Siltzbach test is the intradermal injection of sarcoid tissue extract, 
followed 4 weeks later by a biopsy of the papule that develops in 
the area; availability and ethical constraints limit its use. 
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TABLE 37.2 Some Causes of Hepatic Granulomas* 


Infections Neoplasms Medications Miscellaneous Causes 
BACTERIA 

Hodgkin lymphoma Allopurinol Autoimmune hepatitis 
Bartonella henselae (cat scratch disease) Non-Hodgkin lymphoma Carbamazepine Bacille Calmette-Guérin 
Borrelia species (Lyme disease) Cephalexin Biliary obstruction 
Brucella species Renal cell carcinoma Chlorpropamide Common variable, immunodeficiency 
Francisella tularensis (tularemia) Chlorpromazine 
Listeria monocytogenes (listeriosis) Dapsone Crohn disease 
Mycobacterium avium intracellulare Diazepam Foreign body (talc, starch) 
Mycobacterium leprae (leprosy) Diclofenac Green juice 
Mycobacterium tuberculosis Dicloxacillin Idiopathic 
Nocardia species Diltiazem Metal toxicity (beryllium, copper) 
Salmonella typhi (typhoid fever) Etanercept PBC 
Treponema pallidum (syphilis) Glyburide PSC 
Tropheryma whippelii (Whipple disease) Gold Sarcoidosis 
Yersinia enterocolitica Hydralazine Silicone injections 
Rickettsia species nfliximab SLE 
Coxiella burnetii (Q fever) nterferon Granulomatosis with polyangiitis 
VIRUSES 

soniazid 

CMV Mesalamine 
EBV Methyldopa 
HCV Nitrofurantoin 


FUNGAL DISEASES 


Actinomycosis 

Coccidioides immitis (coccidioidomycosis) 
Cryptococcosis neoformans (cryptococcosis) 
Histoplasma capsulatum (histoplasmosis) 
PARASITIC DISEASES 


Fasciola hepatica (fascioliasis) 

Leishmaniasis 

Schistosomiasis 

Toxocara canis and cati (visceral larva migrans) 
Toxoplasma gondii (toxoplasmosis) 


Oral contraceptives 
Oxacillin 

Penicillin 

Phenytoin 


Procainamide 


Procarbazine 
Quinidine 

Quinine 
Rosiglitazone 
Saridon (Excedrin) 
Sulfonamides 


*Also see Chapters 35, 84, 88, and 91. 


Gastrointestinal Involvement 


GI involvement in sarcoidosis is rare.>°”°>? Mucosal granulomas 
may be an incidental finding and other diagnoses, such as tubercu- 
losis or Crohn disease must be thoroughly ruled out, particularly 
before embarking on immunosuppressive therapy. The esopha- 
gus is rarely involved, resulting in dysphagia or reflux. Mucosal 
involvement can cause aphthous lesions, plaques, or nodules.°°>~>*° 
Muscular or neuropathic involvement causes a dysmotility in the 
cricopharynx or produces an achalasia-like picture responding to 
glucocorticoids. Mechanical obstruction of the esophagus may 
occur from compression by hilar or mediastinal lymph nodes and 
infiltrative esophagogastric junction outflow obstruction may be 
seen on high-resolution esophageal manometry. 

The most common GI site involved is the stomach and, 
although usually asymptomatic, such involvement may cause pain, 


early satiety, nausea, and vomiting (see Chapter 52). A variety 
of lesions, particularly affecting the antrum, have been reported: 
ulcers, thickened folds, a linitis plastica-type picture, and extrinsic 
compression by retroperitoneal adenopathy.°**>°’ Whether the 
granulomas are incidental findings or causing symptoms is often 
unclear. Isolated granulomas of the stomach are more commonly 
due to Crohn disease than to sarcoidosis. Duodenal involvement 
from sarcoidosis is rare.°>* 

There may be an association between celiac disease and sar- 
coidosis, perhaps because both disorders are linked to HLA-DQ2 
and HLA-DR3, result from defective antigen processing, and 
involve an increased expression of class II HLA molecules.°*? 

Bowel involvement is rare in sarcoidosis, the main differential 
diagnosis being Crohn disease. Distinguishing features suggesting 
sarcoidosis are the rare Schaumann bodies (concentrically lami- 
nated intracellular inclusion bodies), granulomas outside the GI 
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tract, and a dramatic response to glucocorticoids. Fistulas, architec- 
tural distortion, and acute inflammation are uncommon. Patients 
may present with intestinal obstruction (from masses, strictures, 
or external compression from lymphadenopathy), pain, chronic 
diarrhea, PLGE,*” or bleeding from ulcers or colitis.5°°*°! 

Pancreatic sarcoidosis is quite rare, presenting as an enlarged 
pancreas, biliary obstruction, abdominal pain, acute pancreatitis, 
or pancreatic insufficiency.°°? Serum amylase and rarely lipase 
may be mildly elevated.°°? Acute cholecystitis may occur second- 
ary to extrinsic compression of the cystic duct by lymph nodes or 
by granulomatous inflammation of the gallbladder.** Obstruc- 
tive jaundice may develop from granulomatous involvement of 
the bile ducts or surrounding lymph nodes. Granulomas in the 
gallbladder wall may be discovered after cholecystectomy for 
cholecystitis. 

Unlike lymphoma, abdominal adenopathy in sarcoidosis is 
characterized by lymph nodes that are generally less than 2 cm 
in diameter, discrete (rather than confluent), and spare the retro- 
crural area.*° Sarcoidosis must be differentiated from “sarcoid- 
like reactions” found in lymph nodes of patients with cancer. 
EUS with fine-needle aspiration can identify granulomas in most 
patients.°°° 

Ascites is rare and usually due to right heart failure or portal 
hypertension. However, peritoneal studding with small nodules 
may cause a lymphocytic ascites.°°7 CT may show infiltration 
of peritoneal ligaments and mesenteries.*°* Peritoneal biopsy is 
needed to confirm the diagnosis and rule out tuberculosis, fungal 
infections, and malignancies. Ascites usually resolves spontane- 
ously or with a short course of glucocorticoids. 

Sarcoidosis may uncommonly be triggered by interferon ther- 
apy (generally within the first 6 months), usually involving the 
lungs and skin. Most patients improve after stopping interferon, 
although a few require glucocorticoids.*°°”? Occasionally, treat- 
ment-naive patients with HCV may develop sarcoidosis. Sar- 
coidosis has been described in patients receiving natalizumab for 
Crohn disease; it is unclear if this may occur with vedolizumab.>’! 


Hepatic and Splenic Involvement 


Hepatic involvement is usually asymptomatic, with normal liver 
chemistry tests.5°°°29/?73 The most common symptom is 
abdominal pain. Jaundice is rare and may be due to intrahepatic 
cholestasis, hemolysis, hepatocellular dysfunction, or obstruc- 
tion of the extrahepatic bile ducts by enlarged lymph nodes. 
Hepatomegaly is found clinically in about 21% of patients and in 
more than half of patients on abdominal CT scans. About 20% 
to 40% have abnormal liver chemistry tests, usually with high 
serum alkaline phosphatase levels and less prominent elevations 
in serum aminotransferases.°°?>’* Hyperglobulinemia is quite 
common. One fourth of patients in a report had liver without 
lung involvement.*”° 

Finding granulomas on liver biopsy can aid in the diagnosis of 
sarcoidosis. Granulomas are mainly in the portal and periportal 
zones with a cluster of large epithelioid cells, often with multi- 
nucleated giant cells (Fig. 37.104). There is a high turnover rate 
of granulomas, and large confluent granulomas lead to hyalin- 
ized scar formation. Only rarely do hepatic granulomas contain 
Schaumann bodies or asteroid bodies (stellate-shaped inclusion 
bodies). Although frank caseation is not seen, central necrosis of 
granulomas may occur. 

A wide array of histologic features may occur, categorized as 
cholestatic, necroinflammatory, and vascular. Cholestasis may 
be due to sarcoidosis of extrahepatic bile ducts, bile duct com- 
pression by enlarged perihilar lymph nodes, involvement of the 
pancreas, or associated PBC and PSC.°” Patients with intrahe- 
patic cholestasis may have progressive destruction of bile ducts by 
granulomas, leading to depletion of interlobular bile ducts, peri- 
portal fibrosis, and biliary cirrhosis similar to PBC.°>° 572 Others 


Fig. 37.10 Sarcoidosis. A, Histopathology showing noncaseating 
granuloma within a lymph node. There are aggregates of epithelioid 
histiocytes and Langhans-type giant cells surrounded by lympho- 
cytes, with no central necrosis. B, CT of the abdomen shows multiple 
hypodense lesions in the liver and spleen, proved to be granulomas in 
a patient with sarcoidosis. (From Ebert EC, Kierson M, Hagspiel KD. 
Gastrointestinal and hepatic manifestations of sarcoidosis. Am J Gas- 
troenterol 2008; 103:3184—92, with permission from Nature Publishing 
Group.) 


may have a pattern of periductular fibrosis reminiscent of PSC. 
Unlike PBC and PSC, patients with sarcoidosis usually have nor- 
mal serum IgM levels, negative AMA, and negative ANCA. In 
addition, they may have rapid improvement with glucocorticoids 
not seen with PBC or PSC. Both PBC and PSC may be associ- 
ated with hepatic granulomas (see Table 37.2), but the typical bile 
duct findings of these diseases are less conspicuous or absent in 
sarcoidosis. Rarely, PBC or PSC coexists with sarcoidosis. Some 
patients have acute cholangitis suggestive of mechanical obstruc- 
tion without true ductal obstruction. Necroinflammatory disease 
or hepatitis-like changes may be found, as well as vascular changes 
such as nodular regenerative hyperplasia or sinusoidal dilata- 
tion, mainly affecting the pericentral zone. Rarely, hepatic vein 
thrombosis results from veins narrowed by extrinsic compression 
or granulomas in the vessel walls. Fibrosis may be limited to the 
portal-periportal area or progress to portal-portal bridging fibro- 
sis or even cirrhosis. A small proportion of patients develop portal 
hypertension due to a presinusoidal block or pre- and postsinusoi- 
dal resistance from hepatic ischemia secondary to granulomatous 
phlebitis of portal and hepatic veins.” Because cirrhosis is rare 
and liver function is usually preserved, encephalopathy and liver 
failure are unusual. In a retrospective study of 350 patients with 
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sarcoidosis, hepatic involvement occurred in 19 (6%). About 16 
underwent liver biopsy and noncaseating granulomas were found 
in 88% of them. About 4 patients (20%) developed cirrhosis over 
a mean follow up of 10 years after diagnosis of hepatic sarcoid.°”° 

Sarcoid granulomas are typically small and not detectable 
by radiographic studies. However, if they cluster to form large 
aggregates, perhaps surrounded by fibrosis and/or inflammation, 
they may appear as innumerable small nodules on imaging stud- 
ies (see Fig. 37.10B). On CT, they are low-attenuating and non- 
enhancing after contrast injection.°’? On T1- and T2-weighted 
MRI, they present as hypodense lesions without enhancement 
after gadolinium injection. Lesions take up fludeoxyglucose on 
positron emission tomography and can be used to monitor dis- 
ease progression or remission. 

Sarcoidosis has a high rate of spontaneous remission, and 
because there are no large controlled trials evaluating treatment, 
it is unclear if and when to treat hepatic sarcoidosis.’ Liver 
chemistry tests, but not necessarily liver histology, may improve 
on glucocorticoids, and progression to cirrhosis may still occur. 
Only case reports support the use of other agents, such as urso- 
deoxycholic acid, chlorambucil, azathioprine, or methotrexate. 
Disease recurrence after liver transplantation can be a rare cause 
of graft loss or patient death.*”° 

Splenic involvement in sarcoidosis is usually asymptom- 
atic but may present with left upper quadrant abdominal pain, 


constitutional symptoms, hypersplenism, and rarely rupture. 
Splenic nodules tend to be small, discrete, and multiple, but 
coalesce with increasing size (see Fig. 37.10B).°’? Up to 50% have 
associated hepatic lesions. The differential diagnosis includes 
infections (tuberculosis and histoplasmosis), benign lesions such 
as hamartomas and hemangiomas, and malignant lesions such as 
lymphoma. MRI is useful in characterizing these lesions. Gluco- 
corticoids may be helpful for severe splenomegaly. 


Others 


Eosinophilic infiltration of the GI mucosa occurs in eosino- 
philic gastroenteritis (see Chapter 30), the hypereosinophilic 
syndrome, eosinophilic granulomatosis with polyangiitis, 
PAN, and gold toxicity. Langerhans cell granulomatosis (his- 
tiocytosis X, eosinophilic granuloma) also may infiltrate the 
GI tract. 

Small vessel hyalinosis is a rare familial syndrome consisting of 
diarrhea, rectal bleeding, malabsorption, and PLGE, combined 
with poikiloderma, hair graying, and cerebrovascular calcifica- 
tions.’ Pathologically, basement membrane-like deposits can 
be seen in the subepithelial space of intestinal capillaries, arteri- 
oles, and small veins. 


Full references for this chapter can be found on www.expertconsult.com. 
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Vascular lesions and disorders of the GI tract are being more 
accurately documented as our diagnostic modalities become 
more sophisticated. Among the diagnostic techniques commonly 
used today are upper and lower tract endoscopy, single- and dou- 
ble-balloon enteroscopy (SBE and DBE), video capsule endos- 
copy (VCE), and advanced radiologic imaging techniques, such 
as CTA and MRA. Vascular lesions are a common cause of GI 
hemorrhage and may be solitary or multiple; benign or malig- 
nant; isolated, grouped, or diffuse; part of a syndrome or systemic 
disorder; or due to an anatomic abnormality of the vasculature; 
or develop as a result of treatment. It is important at the outset 
to understand the nomenclature of vascular lesions. Vas and its 
derivative vascular are Latin words meaning “vessel”; the Greek 
equivalent is angeion. Ectasia is a word of Greek derivation that 
refers to the process whereby a blood vessel becomes dilated or 
lengthened; the resulting lesion also can be referred to as an ecta- 
sia. Telangiectasia is the lesion that results from dilatation of the 
terminal aspect (tele) of a vessel. Angiodysplasia is used as a gen- 
eral term to describe the lesion or process whereby abnormally 
formed (dys, “bad”; plasis, “molded”) vessel develops. An arte- 
riovenous malformation (AVM) is a congenital lesion, whereas 
an angioma is a neoplasm. This chapter discusses the clinically 
important vascular lesions of the GI tract, most of which cause 
GI bleeding. 


Vascular Lesions of the Gastrointestinal Tract 


PRIMARY VASCULAR LESIONS 
Colonic Angioectasia 


AE of the colon is a distinct clinical and pathologic entity.! It 
is the most common vascular abnormality of the GI tract and 
probably the most frequent cause of recurrent or chronic lower 
intestinal bleeding in persons older than 60 years of age.t AEs 
are acquired with aging, and there does not appear to be a gen- 
der predominance. In contrast to congenital or neoplastic vas- 
cular lesions of the GI tract, acquired AEs are not associated 
with lesions of the skin or other viscera, although some 10% of 
patients with colonic AE have similar lesions in the small intes- 
tine when evaluated by angiography or enteroscopy.*: > ° AEs 
almost always are confined to the cecum or ascending colon, 
often are multiple rather than single, and usually are smaller 
than 10 mm in diameter. They are seldom identified by the 
surgeon at operation or by the pathologist using standard his- 
tologic techniques, but usually they can be diagnosed by angi- 
ography (discussed later); colonoscopy (Figs. 38.1 and 38.2); or 
helical CTA.’ 

The roles of CT and MRI for vascular lesions of all types 
are evolving but are certain to increase as these sophisticated 
modes of diagnosis become more widely available; it is also 
clear that conventional angiography now is more important for 
therapy than for diagnosis. To determine the precise nature 
of a vascular lesion, histologic examination, with or without 
injection studies of the vasculature, is necessary. For example, 
in one publication in which histologic confirmation of vascular 
lesions was not performed, AEs reportedly occurred distal to 
the hepatic flexure in 46% of patients*; subsequent review of 
tissue sections from the supposed AEs in the small bowel or 
left colon revealed histologic changes different from those of 
AEs in the right colon (personal review by S.J. Boley and LJ. 
Brandt). 


Pathology 


Histologic identification of AEs is difficult unless special tech- 
niques are used.! Although usually less than one third of lesions 
are found by routine pathologic examination, almost all can be 
identified by injecting the colonic vasculature with silicone rub- 
ber, dehydrating the cells with increasing concentrations of ethyl 
alcohol, clearing the specimen by immersing it for 24 hours in 
a bath of methylsalicylate, and then viewing the specimen by 
dissecting stereomicroscopy (Fig. 38.3).! In a study using these 
methods, surgically resected colons were found to have 1 or more 
mucosal AEs that measured 1 to 10 mm in diameter. AEs were 
usually multiple, and all were located in the cecum and ascending 
colon.! 

Microscopically, mucosal AEs consist of ectatic, distorted, 
thin-walled venules, capillaries, and arterioles. The earliest 
abnormality is the presence of dilated, tortuous, submucosal 
veins (Fig. 38.4A), often in areas where overlying mucosal ves- 
sels appear normal. More advanced lesions show increasing 
numbers of dilated and deformed vessels traversing the mus- 
cularis mucosa and involving the mucosa (see Fig. 38.4B and 
C) until, in the most severe lesions, the mucosa is replaced by 
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Fig. 38.1 Endoscopic image of an AE in the ascending colon. This 
AE has a typical coral reef-like pattern of small vessels distorting the 
mucosa and submucosa. A tortuous submucosal vein, which is the 
earliest stage in the development of an AE, probably is present among 
the linear vessels intersecting the ectasia but cannot be distinguished. 


Fig. 38.2 Endoscopic images of multiple AEs in the ascending colon of 
an older adult patient who presented with recurrent bouts of LGIB. AEs 
can be single or, as shown here, multiple and of various shapes and 
sizes. Draining veins are seen adjacent to the AEs. 


a maze of distorted, dilated vascular channels (see Fig. 38.4D). 
Enlarged arteries and thick-walled veins occasionally are seen 
in advanced lesions, in which the dilated arteriolar-capillary- 
venular unit has become a small arteriovenous (AV) fistula 
because of loss of prearteriolar sphincter function. Large 
thick-walled arteries, however, are more typical of congenital 
AVMs. 


Pathogenesis 


The previously described studies using injection and clear- 
ing techniques indicated that AEs are acquired with aging and 
that they represent a unique clinical and pathologic entity.! 
Clinically, AEs are frequently identified at colonoscopy in older 
adults and in injected colons resected from older patients with 
no history of bleeding. ° Boley postulated that the likely cause 
of AEs is partial, intermittent, low-grade obstruction of sub- 
mucosal veins at the site where these vessels pierce the mus- 
cular layers of the colon (Figs. 38.5 and 38.6).! He then went 
on to propose a schema for their development, suggesting that 
repeated episodes of transiently elevated pressure during mus- 
cular contraction and distention of the cecum over many years 
result in dilatation and tortuosity of the submucosal vein and, 
later, of the venules and capillaries of the mucosal units that 
drain into it. He further suggested that, ultimately, the capillary 
rings dilate, the precapillary sphincters lose their competency, 
and a small AV fistula is produced; the latter is responsible for 
the “early-filling vein,” which was the original angiographic 
hallmark of this lesion (Fig. 38.7). Prolonged increased flow 
through the AV fistula can then produce alterations in the arter- 
ies supplying the area and in the extramural veins that drain 
it. This developmental concept of the cause of AEs was based 
on the finding of (1) a prominent submucosal vein, either in 
the absence of any mucosal lesion, or underlying only a minute 
mucosal AE supplied by a normal artery; (2) dilatation of the 
veins, starting where they traverse the muscularis propria (see 
Fig. 38.5); and (3) previous studies showing that venous flow 
in the bowel may be diminished by increases in colon motility, 
intramural tension, and intraluminal pressure.!° Following this 
logic, the prevalence of AEs in the right colon can be attributed 
to the greater tension in the cecal wall compared with that in 
other parts of the colon, according to Laplace’s principle: T 
« PR (where T is tension, P is intraluminal pressure, and R is 
radius). 

An alternative concept for the development of AEs is based on 
the demonstration that AEs have been shown to express vascular 
endothelial growth factor (VEGF) and its receptors along their 
endothelial lining in surgical specimens from patients who have 
undergone colectomy for recurrent bleeding!'!; this indicates a 
proliferative phase of angiogenesis. VEGF and VEGF receptor 
1 have been shown to be upregulated by hypoxia,!” and therefore 
a role also has been suggested for hypoxia in the pathogenesis 
of AEs. It further has been proposed that von Willebrand factor 
(vWf) regulates angiogenesis through multiple “cross-talking” 
pathways that involve VEGF receptor 2 signaling, angiopoi- 
etins, and integrin avB3. In a mouse model, inhibition of vWf 
in endothelial cells results in increased in vitro angiogenesis and 
increased VEGF receptor proliferation and migration, coupled 
to decreased integrin avB3 levels and increased angiopoietin 
release.'? Further research still is needed to clarify the patho- 
physiology of AEs. 


Clinical Features and Associated Conditions 


In 1961, Baum and colleagues used intraoperative angiography 
to show that cecal AEs may bleed.* Today such an observation is 
well documented in daily practice by colonoscopy. Recent publi- 
cations have cited AEs and diverticulosis to be responsible for 3% 
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(see 
text for details). Stereomicroscopy reveals the honeycomb-like pattern of normal colon crypts. B, Coral reef 
appearance of an AE in an injected, but not cleared, colon. The normal crypts are seen surrounding the AE. 
C, Injected, cleared, and transilluminated colon showing a mucosal ectasia surrounded by normal crypts with 
ectatic venules leading to a large, distended, tortuous underlying submucosal vein. (A and B, from Mitsudo 
S, Boley SJ, Brandt LJ, et al. Vascular ectasias of the right colon in the elderly: a distinct clinical entity. Hum 
Pathol 1979;10:589; C, from Boley SJ, Sammartano RJ, Adams A, et al. On the nature and etiology of vascu- 
lar ectasias of the colon: degenerative lesions of aging. Gastroenterology 1977;72:650-60, with permission.) 


Fig. 38.4 Histopathology of AE. A, Large distended veins filling the submucosa with a few dilated venules in 
the overlying mucosa. This appearance is the hallmark of an early AE. The black material in the lumen of the 
vessels is Microfil?. B, A more advanced AE lesion in which dilated tortuous veins in the submucosa extend 
into the mucosa. C, A further stage in the development of an AE lesion in which the ectatic vessels are disrupt- 
ing and replacing the mucosa. D, A late stage of AE shows total disruption of the mucosa with replacement 

by ectatic vessels. Only 1 layer of endothelium separates the lumen of the cecum from those of the dilated 
vessels (H & E, x50) (From Boley SJ, Sammartano RJ, Adams A, et al. On the nature and etiology of vascular 
ectasias of the colon: degenerative lesions of aging. Gastroenterology 1977;72:650-660, with permission.) 
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to 15% and 20% to 65%, respectively, of acute LGIB episodes 
(see Chapters 20 and 121).!* The problem of attributing bleed- 
ing to one or the other cause, when bleeding from the lesion is 
not demonstrated by colonoscopy or by extravasation of contrast 
material on vascular imaging studies, is compounded by the fre- 
quency and coexistence of these disorders without bleeding in 
people older than 60 years of age. The prevalence of diverticulo- 
sis is estimated to be as high as 50% in the population older than 
age 60. Mucosal and submucosal AEs of the right colon can be 
found by injection studies of colons removed at surgery in more 


cularis propria. Compression of the vein is the functional anatomic expla- 
nation for its intermittent, partial low-grade venous obstruction (Elastin- 
van Gieson, x50). (From Boley SJ, Sammartano RJ, Adams A, et al. On 
the nature and etiology of vascular ectasias of the colon: degenerative 
lesions of aging. Gastroenterology 1977;72:650-60, with permission.) 


than 25% and 50%, respectively, of patients in this age range 
without evidence of bleeding.! !° In large series of colonoscopic 
examinations, AEs have been seen in 0.2% to 2.9% of nonbleed- 
ing persons and 2.6% to 6.2% of patients evaluated specifically 
for occult blood in the stool, anemia, or hemorrhage.*”:!° In a 
patient being studied for GI bleeding, in whom the site of active 
bleeding is unproven, the only basis for determining that an 
identified AE or diverticulum is responsible is the indirect evi- 
dence provided by the patient’s course after ablation or resection 
of the suspected lesion. It is unusual for incidentally found AEs 
to bleed, and an AE, even in a patient with a history of bleeding, 
cannot be assumed to be the cause.!” 

Bleeding from AEs typically is recurrent and low grade, 
although patients can present with massive hemorrhage. The 
nature and degree of bleeding frequently vary in the same patient 
with different episodes: Patients may have bright red blood, 
maroon stools, or melena on separate occasions. This spectrum 
reflects the varied rates of bleeding from the ectatic capillaries, 
venules, and AV communications, which depends on the devel- 
opmental stage of the lesions. In one study, bleeding from AEs 
was characterized by tarry stools in 20% to 25% of cases, whereas 
the minority (10% to 15%) of patients exhibited solely iron defi- 
ciency anemia, with stools that were intermittently positive for 
occult blood.* Another study reported that AEs resulted in hemo- 
dynamically significant LGIB in 21% of cases, although 42% 
exhibited chronic LGIB or anemia without evidence of acute 
hemorrhage.'’ Today, AEs are thought to be asymptomatic or 
to result in occult obscure GI bleeding in most patients. Bleeding 
from AEs stop spontaneously in more than 90% of cases. 

In 1958, Heyde described what is still a controversial asso- 
ciation: AE, GI bleeding, and aortic stenosis (AS); aortic valve 
replacement (AVR) had even been recommended for “Heyde 
syndrome” when bleeding could not be managed by medical 
means. Numerous reports of Heyde syndrome appear in the 
literature, although some analyses!* and studies!’ have failed 
to support the association. The existence of Heyde syndrome 
has been suggested again” in a retrospective study in which the 
frequency of AS was 31.7% in patients with “AVMs” compared 
with 14% in the general population. It has been postulated that 
deficiencies of the largest forms of vWf multimers (von Wil- 
lebrand disease, type 2A) result in hemostatic abnormalities that 
may predispose preexisting AEs to bleed.*! It is now believed 
that increased shear stress results in unfolding of the globular 
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Fig. 38.6 Proposed concept of the development of cecal AE. A, Normal state of the vein perforating the mus- 
cular layers. B, With muscular contraction or increased intraluminal pressure, the vein is partially obstructed. C, 
After repeated episodes over many years, the submucosal vein becomes dilated and tortuous; this is the stage 
that accounts for the slowly emptying vein on mesenteric angiography. D, Later, the veins and venules draining 
into the abnormal submucosal vein become similarly involved. £, Ultimately, the capillary ring becomes dilated, 
the precapillary sphincter becomes incompetent, and a small arteriovenous communication is present through 
the AE; this stage accounts for the early-filling vein seen on mesenteric angiography. (From Boley SJ, Sam- 
martano RJ, Adams A, et al. On the nature and etiology of vascular ectasias of the colon: degenerative lesions 
of aging. Gastroenterology 1977;72:650-60, with permission.) 


von Willebrand polymer into an elongated highly asymmetric 
protein, which exposes the A2 domain.“? ADAMTS13 then 
binds to the A2 domain, which results in cleavage of this high 
molecular weight multimer into smaller polymers, which are 
less hemostatic than their parent molecules.’” Preoperative defi- 
ciency of these multimers reverses after AVR,” with resolution 
of bleeding in most patients with Heyde syndrome who under- 
went AVR; recommendation to replace the aortic valve to con- 
trol GI bleeding from AEs is controversial.’* Currently AVR is 
only recommended for patients with severe AS and not for those 
with GI bleeding or iron deficiency anemia in the setting of 
asymptomatic AS because most bleeding from AEs can be con- 
trolled by any one or more of a variety of endoscopic techniques 
(see Chapter 20). 

GI bleeding is a major occurrence in those with a left ventricu- 
lar assist device (LVAD), and now recognized to result most com- 
monly from UGI tract angiodysplasia (discussed later). A recent 
meta-analysis of 17 case-control and cohort studies showed a 
pooled prevalence of GI bleeding in continuous-flow LVAD 
patients to be 23% with potential risk factors of older age and 
elevated creatinine.” The mechanism of LVAD-associated GI 
bleeding is still not well understood but has been attributed to 
impaired vWf-dependent primary hemostasis.’ Such impairment 
may be a result of decreased specific activity of vWf, shear stress 
that results in release of preformed vWf from endothelial cells, 
and decreased high molecular weight multimers in nonpulsatile 


/ 
Fig. 38.7 Angiography of AE. A, Superior mesenteric artery arterio- 
gram from a patient with AEs shows 2 densely opacified, slowly empty- 
ing, dilated tortuous cecal veins (arrows). Note the late visualization of 
the ileocolic vein after the other veins have cleared. B, Arterial phase 
of the same arteriogram shows 2 vascular tufts (thick arrows) and 2 
early-filling veins (each shown by a pair of thin arrows). (From Boley 
SJ, Sprayregen S, Sammartano RJ, et al. The pathophysiologic basis 
for the angiographic signs of vascular ectasias of the colon. Radiology 
1977;125:615-21, with permission.) 
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flow regimens leading to acquired von Willebrand syndrome.” 
It has been noted that wide pulse pressures are associated with 
increased von Willebrand multimers,*° but that patients with 
LVADs and AS have narrow or zero pulse pressures. Studies are 
underway to determine whether decreasing the speed of these 
devices and hence inducing more “pulsatile” flow will result in 
a reduction in GI bleeding, although preliminary results do not 
show improvement in acquired von Willebrand syndrome with 
these maneuvers. Patel et al. published a novel approach using 
nasal endoscopy to determine the risk of GI bleeding for patients 
with LVADs. The presence of nasal hypervascularity as a poten- 
tial surrogate for GI vascular lesions helped determine the risk of 
GI bleeding in patients who were to undergo LVAD. They found 
that nasal hypervascularity was equally common in patients with 
heart failure regardless of whether or not they received an LVAD 
(63% in the LVAD group and 57% in the heart failure group ver- 
sus 20% in the control group), but there was a statistically signifi- 
cant association between GI bleeding in patients with LVAD and 
nasal hypervascularity with an incidence of 32%. There was no 
statistically significant association between GI bleeding and heart 
failure patients with hypervascularity but without an LVAD. 
Thus, nasal endoscopy may be a potential surrogate marker for 
GI mucosal vascular alterations. Further studies are being done 
to compare nasal endoscopy findings in LVAD patients with and 
without small bowel vascular lesions diagnosed by VCE to con- 
firm this hypothesis.”’ 


Diagnosis and Management 


Management of colonic AEs begins with suspecting the lesion 
in an older person who has acute or chronic LGIB (see Chapter 
20). Colonoscopy is the primary means of both diagnosis and 
treatment. If the suspected lesion cannot be found, or if bleed- 
ing is massive and colonoscopy cannot be performed, radionu- 
clide scintigraphy followed by CTA should be performed. One 
retrospective study compared CTA to ?’mTc-labeled red blood 
cell scintigraphy (RBCS) for the overall evaluation and man- 
agement of acute LGIB and found that both CTA and RBCS 
could be used to identify active bleeding (38% of cases), but the 
site of bleeding was localized with CTA in a significantly higher 
proportion of studies. Of 24 patients in whom the site of LGIB 
was accurately localized by CTA, 2 patients were diagnosed with 
“AVMs.” RBCS did not establish causation of bleeding in any 
patient.’ 

The endoscopist’s ability to diagnose the specific nature of a 
vascular lesion is limited by the similar appearance of different 
types of lesions. AEs, spider angiomas, telangiectasias, angiomas, 
the focal hypervascularity of radiation colitis, UC, Crohn disease, 
ischemic colitis, certain infections, hyperplastic and adenomatous 
polyps, and malignancies, including lymphoma and leukemic 
infiltrations, can all, on occasion, resemble each other (Box 38.1). 
Because traumatic and endoscopic suction artifacts may resem- 
ble vascular lesions, all lesions must be evaluated on insertion of 
the colonoscope, rather than during withdrawal. Pinch biopsy 
samples obtained from small, nonelevated vascular lesions during 
endoscopy usually are nonspecific; therefore, the risk of perform- 
ing biopsies of these abnormalities is not justified. Sometimes the 
prominent feeding vessel of an AE might be appreciated at the 
time of endoscopy, and the mucosa at the AE margin may be 
more pale than distant mucosa, although such a “pale halo” also 
may be seen in other vascular lesions.’* 

Because the appearance of vascular lesions is influenced by 
a patient’s blood pressure and blood volume, such lesions may 
not be evident in those with significant anemia or hypotension; 
thus, accurate evaluation may not be possible until red cell and 
volume deficits are corrected. Meperidine also may diminish the 
prominence of finer vascular abnormalities (e.g., AEs, the tel- 
angiectasias of HHT); use of meperidine, therefore, should be 
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BOX 38.1 Lesions That May Be Confused With AE on 
Endoscopy 


COLITIDES 

IBD 

Infectious 

Ischemic 

Radiation 

NEOPLASMS 

Adenomatous polyps 
Leukemic infiltration 
Lymphoma 
NON-NEOPLASTIC POLYPS 


Hyperplastic 

Lymphoid 

NONVASCULAR LESIONS 
Trauma 


VASCULAR LESIONS 
Angiomas 

Anteriovenous malformations 
Phlebectasias 

Spider telangiectasias 
Telangiectasias 

Varices 

Venous stars 


avoided and, if used, its effects reversed by naloxone so that vas- 
cular lesions can be detected accurately; such a masking effect 
does not occur with fentanyl’? In patients who have received 
meperidine, naloxone has been shown to enhance the appearance 
of normal colonic vasculature in approximately 10% of patients 
and to cause existing AEs to appear (2.7%) or increase in size 
(5.4%) (Fig. 38.8).°° For these reasons, naloxone is an important 
adjunctive medication for patients undergoing endoscopic evalu- 
ation for lower intestinal bleeding and who have received meperi- 
dine. Cool water lavage, to cleanse the mucosal surface during 
colonoscopy, also may cause underlying AEs to vasoconstrict and 
disappear transiently.’! 

Angiography is used to determine the site and nature of 
vascular lesions during active bleeding and can identify some 
vascular lesions even after bleeding has ceased. The 3 reliable 
angiographic signs of AEs are a densely opacified, slowly empty- 
ing, dilated, tortuous vein; a vascular tuft; and an early-filling 
vein (see Fig. 38.7).3? A fourth sign, extravasation of contrast 
material, identifies the site of bleeding when the rate of bleed- 
ing is at least 0.5 mL/min but is not specific for AE. The slowly 
emptying vein (see Fig. 38.74) persists late into the venous 
phase, after the other mesenteric veins have emptied. Vascu- 
lar tufts (see Fig. 38.7B) are created by the ectatic venules that 
join the mucosal component of the AE and its submucosal vein. 
They are seen best in the arterial phase; are usually located at the 
termination of a branch of the ileocolic artery; appear as small 
candelabra-like or oval clusters of vessels; and still are seen in the 
venous phase communicating with a dilated, tortuous, intramu- 
ral vein. The early-filling vein is seen in the arterial phase within 
4 or 5 seconds of injection (see Fig. 38.78) but is not a valid sign 
of AE if vasodilators such as papaverine or tolazoline (Prisco- 
line) have been used to enhance the study. When the lesion is 
bleeding, intraluminal extravasation of contrast material usually 
appears during the arterial phase and persists throughout the 
study. Extravasation identifies a site of active bleeding, but in 
the absence of other signs of AEs, it suggests another cause for 
the bleeding. 


Management of nonbleeding AEs incidentally found at 
colonoscopy is expectant. In such cases, endoscopic therapy 
is not indicated’? because the risk of bleeding in asymptom- 
atic patients with AEs has been shown in a prospective study 
to be low (0% in 3 years),*! which clearly does not warrant the 
potential risks of bleeding and perforation with colonoscopic 
ablation. !73435 

Bleeding from AEs can be controlled endoscopically or angi- 
ographically in most patients, thereby avoiding the morbidity 
and mortality of emergency operation. Today, super-selective 
microcoil embolization has replaced intra-arterial vasopressin 
infusion for the treatment of LGIB. Such embolization is highly 
effective and safe although complications occur in 5% to 9% of 
cases; serious complications (e.g., gangrene, hematoma forma- 
tion, arterial dissection, thrombosis, pseudoaneurysm formation) 
are reported in less than 2% of cases. Vasopressin still is recom- 
mended, however, when intestinal vascular lesions are diffuse 
throughout the bowel or when super-selective catheterization is 
not possible.?® 

Hormonal therapy, using estrogens in combination with pro- 
gestins, had been used to treat patients with a variety of bleed- 
ing vascular lesions of the GI tract. The mechanisms by which 
such agents work are not known, although procoagulant effects 
and enhanced endothelial integrity are popular theories. A long- 
term observational study*® showed that combination hormonal 
therapy stopped bleeding in patients with occult GI bleeding of 
obscure origin (likely to have resulted from angiodysplasias in 
the small intestine), although a recent meta-analysis detailed 2 
case-control studies in which hormonal therapy was ineffective 
for bleeding cessation.*” It is conceivable that vascular lesions 
in the small intestine may respond differently to such treatment 
than similar appearing lesions in the colon; no study of hormonal 
therapy has been done for proven colonic AEs. 

Somatostatin analogs are another option for the treatment of 
bleeding from GI vascular lesions. These agents work by inhib- 
iting angiogenesis, decreasing splanchnic blood flow, increasing 
vascular resistance, and improving platelet aggregation. In the 
recent meta-analysis mentioned previously, 4 cohort studies were 
found assessing the efficacy of either daily or monthly octreotide. 
The pooled odds ratio for bleeding cessation was 14.5 (95% con- 
fidence interval [CI]: 5.9 to 36), and there was a decrease in trans- 
fusion requirements seen after 1 year of therapy with an odds 
ratio of 0.55 (95% CI: 0.29 to 0.82).3” 

A novel therapy for AEs, and perhaps other vascular lesions 
in the GI tract, is the use of anti-angiogenic factors, including 
thalidomide, bevacizumab, and lenalidomide. Thalidomide was 
developed in the 1950s as a sedative, sleeping pill, and antiemetic 
for pregnant women, but it soon became notorious for caus- 
ing phocomelia and other malformations in the newborn.*’ In 
1994, D’Amato and colleagues reported that thalidomide inhib- 
ited VEGF and basic fibroblast growth factor-mediated angio- 
genesis.*°>? Data suggest the mechanism for its antiangiogenic 
effect is related to reduced expression of integrin genes with 
resultant decreased cell-cell surface interactions and response to 
angiogenic cytokines.* Several case reports and case series have 
described the successful use of thalidomide to treat life-threaten- 
ing or refractory bleeding from intestinal AEs and Crohn disease 
with refractory bleeding.*!-** After treatment with thalidomide 
for 3 months, substantial reductions in the number, size, and 
color intensity of AEs were documented by VCE.” A controlled 
trial of patients with GI angiodysplasias and GAVE (see later) 
randomized patients to thalidomide or iron supplementation 
and reported a 50% or greater decrease in bleeding episodes at 
the 1-year follow-up in 71.4% patients in the thalidomide group 
compared with 3.7% in the iron supplementation group; these 
patients had lesions that were predominantly confined to the 
stomach and small intestine and there still is no experience with 
these treatments for colonic AEs.*° 


Fig. 38.8 Endoscopic images showing progressive 
changes in the appearance of a cecal AE after the ad- 
ministration of naloxone in a patient who had received 
meperidine sedation. Subtle at first, the AE becomes 
a pale and then deep red, fan-shaped obvious 
vascular lesion. (From Brandt LJ, Spinnell M. Ability of 
naloxone to enhance the colonoscopic appearance of 
normal color vasculature and colon vascular ectasias. 
Gastrointest Endosc 1999;49:79-83.) 


Bevacizumab (Avastatin) is a humanized monoclonal antibody 
against VEGF that is effective against colon and renal cancers and 
also has strong antiangiogenic activity.*° Curiously, dose-depen- 
dent nasal and GI bleeding is observed in up to 59% of patients 
during treatment, possibly caused by a loss of vascular integrity 
as a result of bevacizumab-induced endothelial-cell shedding in 
highly regenerative mucosal tissues with active angiogenesis. It 
is unclear why some antiangiogenic substances like bevacizumab 
cause mucosal bleeding and others like thalidomide do not; this 
disparity effect may be related to the phase of angiogenesis that is 
antagonized or might reflect a particularly strong antiangiogenic 
activity. 

Lenalidomide is a newer angiogenesis inhibitor that is an ana- 
log of thalidomide but with fewer adverse effects. Lenolidamide 
could present a new therapeutic asset for AEs, although its role 
remains to be evaluated in controlled studies.*® VEGF-based anti- 
angiogenic therapy is a promising therapy, but a more detailed 
understanding of the angiogenic cascade and how antiangiogenic 
substances act within it will be needed to resolve this issue. 

In the past, neodymium:yttrium-aluminum-garnet laser,*:*” 
endoscopic sclerosis,’ monopolar*® and bipolar*’ electrocoagu- 
lation, and heater probe*? had been used to ablate a variety of 
vascular lesions throughout the GI tract and to control active 
bleeding. More recently, however, hemoclips in combination 
with cautery,’ endoscopic band ligation,’! and argon plasma 
coagulation (APC)*? have been used for this purpose (Fig. 38.9). 
For AEs, heater probe, and APC are most commonly used. Con- 
trol of bleeding has been obtained with a variety of endoscopic 
thermal means in 47% to 88% of cases,’ and no technique has 
been established as superior.’ Severe delayed bleeding occurs in 
5% of patients with colonic AEs after thermal therapy.** Recur- 
rent bleeding from colonic AEs appears to be reduced after 
endoscopic therapies, but more than 1 treatment session may be 
necessary.’ Rebleeding can be expected to increase with time 
and has been seen in 28% to 52% of patients over a follow-up 
period ranging from 15 to 36 months.’ 

In preparation for endoscopic ablation of vascular lesions, 
aspirin and aspirin-containing drugs, other NSAIDs, anticoagu- 
lants, and antiplatelet agents should be withdrawn, if possible, 
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at least several days before the procedure and depending on the 
agent. Aspiration of some intraluminal gas just before thermal 
therapy is applied adds a measure of safety as the colon wall 
is not so thinned with a smaller-diameter lumen. Right hemi- 
colectomy is indicated when AE has been identified by either 
colonoscopy or angiography and when therapy by either or 
both of these modalities is unsuccessful, cannot be performed, 
or is unavailable and the patient has continuous or recurrent 
LGI bleeding. The presence or absence of diverticulosis in the 
left colon does not alter the extent of colonic resection in this 
circumstance; only the right half of the colon is removed, but it 
is important that the entire right half of the colon be removed 
to ensure that no AEs are left behind. If the site of bleeding (and 
its cause) is not identified, and bleeding recurs or is continuous, 
a subtotal colectomy (STC) is appropriate. Morbidity and mor- 
tality rates of an STC are not statistically different from those 
accompanying a “blind” hemicolectomy, i.e., when the bleed- 
ing site is not identified.°>*+ In one surgical review, mortality 
and rebleeding rates for STC, directed limited colectomy, and 
blind limited colectomy were 0% to 40% and 0% to 8%; 2% 
to 22% and 0% to 15%; and 20% to 57% and 35% to 75%, 
respectively.’ 


Angiodysplasia 


Angiodysplasias are most commonly found in the stomach 
and small intestine of patients with chronic kidney disease 
(see Chapter 37) but are also found in approximately 10% of 
patients with colonic AEs. Other vascular lesions that occur in 
the small intestine include the blue rubber bleb, hemangioma, 
angioma, Dieulafoy lesion and portal hypertensive enteropathy 
(discussed later). Although SBE and DBE (Fig. 38.10) are used 
for diagnosis and treatment of many of these lesions, VCE (Fig. 
38.11) is currently the mainstay for their diagnosis and for eval- 
uating patients with obscure and occult GI bleeding because it 
is noninvasive, easily performed, and enables inspection of the 
entire small intestine. In a prospective multicenter study, VCE 
had an overall diagnostic yield of 67% for overt small bowel 
bleeding, with AE as the most commonly identified source.*? 
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Fig. 38.9 Endoscopic images showing AE and diverticulosis of the colon. A (upper), A single AE nestled 


among diverticula in the ascending colon of an older adult man with LGIB. AEs and diverticula are the 2 most 
common causes of major recurrent LGIB in older adults; therefore, finding them together in the same patient 
is not unusual. A (ower), The AE after treatment with APC B (upper), Multiple AEs in the ascending colon. B 
(lower), AEs after treatment with a heater probe. C (upper), A solitary AE. C (lower), A heater probe is being 


used to ablate the AE. 


Fig. 38.10 Angiodysplasia demonstrated by double-balloon enteros- 
copy. (Courtesy Dr. Daniel Mishkin, Boston, MA.) 


VCE also has been shown to be superior to push enteroscopy 
and small bowel series in a meta-analysis comparing these 3 
techniques: VCE showed an incremental yield of 30% over 
push enteroscopy and 36% over small bowel series.°° The 
diagnostic yield of VCE also has been demonstrated to exceed 
that of angiography (53% vs. 20%) in patients with acute overt 
obscure GI bleeding.’ 

Vascular lesions are the most frequently identified culprit 
lesion in patients who undergo VCE for occult obscure GI bleed- 
ing, particularly those older than 65 years of age.** Younger 
patients tend to exhibit more sinister pathology (e.g., small intes- 
tinal tumors) as the cause of their anemia.*® 


Fig. 38.11 Angiodysplasia demonstrated by VCE. (Courtesy Dr. Daniel 
Mishkin, Boston, MA.) 


SBE and DBE can be used to examine the small intestine by 
either an anterograde or retrograde approach and allow for imple- 
mentation of endoscopic therapy at the time of diagnosis (Video 
38.1). The rate of complete enteroscopy has been reported as 57% 
for DBE compared with 0% for SBE, justifying a preferred use for 
DBE.” A meta-analysis of 10 studies comparing VCE and DBE in 
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Fig. 38.12 Endoscopic images of a Dieulafoy lesion. A, Arterial bleeding (spurting) just distal to the gastro- 
esophageal junction. B, The bleeding point was a small defect without endoscopic evidence of ulceration. 
(From Wilcox CM. Atlas of Clinical Gastrointestinal Endoscopy. Philadelphia: WB Saunders; 1995, p 122.) 


patients with obscure GI bleeding showed comparable diagnostic 
yields of 60% and 57%, respectively, although the diagnostic yield 
of DBE was significantly higher when performed after a positive 
VCE compared with a negative VCE (75% vs. 27.5%; P = 0.02). 
A recent study that investigated long-term outcomes in patients 
undergoing DBE for obscure GI bleeding identified small intesti- 
nal vascular lesions (i.e., angiodysplasias, telangiectasias, blue rub- 
ber blebs, and Dieulafoy’s) as suspected causes in 51% of patients; 
these lesions were successfully treated by APC in 97% of patients 
with a cumulative rebleeding rate of 46% at 36 months.°! In a 
systematic review and meta-analysis, it was shown that approxi- 
mately 34% of patients with angiodysplastic lesions and approxi- 
mately 45% of patients with isolated small bowel angiodysplastic 
lesions rebled after endoscopic therapy.” The meta-analysis also 
included 4 studies that looked at the impact of octreotide analogs 
on rebleeding rates for patients who were refractory to endoscopic 
therapy and showed a significant decrease in both rebleeding rates 
and transfusion requirements. The standard mean reduction in 
number of transfusions after 1 year of therapy was 0.55 (95% 
CI: 0.29 to 0.82). Two studies analyzed the use of thalidomide 
for refractory bleeding, and both showed a decrease in rebleeding 
rates and transfusion requirements.*!-+ 


Dieulafoy Lesion 


This vascular lesion is an unusual cause of massive GI hemor- 
rhage and may occur anywhere in the GI tract from esophagus to 
rectum (Fig. 38.12). It is twice as common in men as in women 
and presents at a mean age of 52 years. The abnormality is the 
presence of an artery of persistently large caliber in the submu- 
cosa and, in some instances the mucosa, typically with a small, 
overlying mucosal defect. Dieulafoy called the lesion “exulceratio 
simplex” because he thought it was the initial stage of a gastric 
ulcer. This lesion also has been called an atherosclerotic aneu- 
rysm, an inaccurate term because the caliber of the artery’s walls is 
uniform throughout and shows no unusual degree of arterioscle- 
rosis. It is believed that focal pressure from these large “caliber- 
persistent” vessels thins the overlying mucosa, leading to erosion 
of the exposed vascular wall with resultant hemorrhage. Massive 
hematemesis or melena typically is not preceded by any GI symp- 
toms and usually is followed by intermittent and severe bleeding 
over several days. The most common site of bleeding is 6 cm distal 
to the cardioesophageal junction, where the arteries that supply 
the stomach are largest, but, as mentioned previously, Dieulafoy 


lesions have been reported in extragastric locations, including the 
esophagus, small bowel, rectum,°’ and even outside the GI tract 
in the bronchus. Endoscopically, a Dieulafoy lesion appears as an 
isolated protruding vessel surrounded by normal mucosa that may 
be difficult to find in a patient with UGI bleeding because the 
overlying mucosal defect may be small and hidden between the 
gastric rugae, and the caliber-persistent vessel may constrict and 
retract after the bleeding episode. If found, tattooing of the lesion 
is advocated by some authorities to allow for rapid identification 
of the lesion should rebleeding occur. EUS also has been used 
to enhance detection of these aberrant submucosa vessels and 
can help determine whether endoscopic therapy was successful. 
Mesenteric angiography is used when endoscopy fails to localize 
a site of hemorrhage and may be of particular benefit in patients 
with lesions in the colon or rectum where the view could be 
obscured by active bleeding and poor bowel preparation. 
Endoscopic techniques to localize and treat Dieulafoy lesions 
have decreased the need for surgical intervention and dramatically 
reduced the mortality of bleeding from 80% to 8%. Endoscopic 
treatments are considered safe and effective at achieving hemostasis 
with success rates reaching 75% to 100%. Therapeutic approaches 
to bleeding Dieulafoy lesions include injection therapy, heater 
probe, APC, band ligation, hemoclips, and the use of over-the- 
scope clips. Combination endoscopic therapy with injection fol- 
lowed by thermal or mechanical therapy is superior to monotherapy 
and has achieved hemostasis in 95% of cases.° Rebleeding from 
these lesions is reported between 9% and 40%% and is higher after 
endoscopic monotherapy compared with combination therapy.® 


Hemangioma 


Considered by some to be true neoplasms, hemangiomas gener- 
ally are thought to be hamartomas. Hemangiomas are the second 
most common vascular lesion of the colon and may occur as soli- 
tary or multiple lesions limited to the colon or as part of diffuse 
GI or multisystem angiomatoses. Hemangiomas are structurally 
complicated lesions characterized by an excess of blood vessels, 
usually veins and capillaries, in a focal area of submucosal connec- 
tive tissue.©° Hemangiomas may be classified as cavernous, capil- 
lary, or mixed types; however, the most common hemangioma 
found in the GI tract is of the capillary variety. 

Most hemangiomas are small, ranging from a few millimeters 
to 2 cm, but larger lesions occur, especially in the rectum. Bleed- 
ing from colonic hemangiomas usually is slow, producing occult 
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blood loss with anemia or melena. Hematochezia is less common, 
except with large cavernous hemangiomas of the rectum, which 
may cause massive hemorrhage. The diagnosis is best established 
by endoscopy, including enteroscopy because radiologic studies, 
even including angiography, frequently are normal. The diagno- 
sis of cavernous hemangioma of the rectum often can be suggested 
on plain films of the abdomen by the presence of phleboliths and 
displacement or distortion of the rectal air column (Fig. 38.13). 
On barium enema, the affected rectal lumen typically shows nar- 
rowing and rigidity, scalloping of the rectal wall, and widening of 
the presacral space (see Fig. 38.13). Endoscopically, one sees ele- 
vated plum-red nodules or vascular congestion; ulcers and proc- 
titis also may be present. Imaging with CT and MRI are highly 
accurate in delineating cavernous hemangiomas and EUS also 
can help identify the extent of invasion into the anal canal and 
adjacent structures.°’ Angiography can demonstrate these lesions 
but seldom is necessary to establish the diagnosis. 

Grossly, cavernous hemangiomas appear as polypoid or 
mound-like reddish purple mucosal lesions. Histologically, 
numerous dilated, irregular blood-filled spaces are seen within 
the mucosa and submucosa and sometimes extend through the 
muscular wall to the serosal surface. The vascular channels are 
lined by flat endothelial cells with flat or plump nuclei depend- 
ing on their age. Younger hemangiomas have plump endothelial 
nuclei and often demonstrate mitotic activity, a feature not pres- 
ent in older lesions; vascular lumina remain small and irregular.°° 
As the lesion matures, the endothelial cells flatten and decrease in 
number. During involution, the fibrous septa thicken, the endo- 
thelial cells are replaced by adipocytes, and the vascular structures 
atrophy. Although lacking a capsule, the capillary hemangioma 
is often well circumscribed and there typically is a central feed- 
ing vessel with radiating, lobular extensions.® Capillary hem- 
angiomas are plaque-like or mound-like reddish purple lesions 
composed of a proliferation of fine, closely packed, newly formed 
capillaries separated by little stroma. The endothelial cells are 
large, usually hypertrophic, and in some areas may form solid 
cords or nodules with ill-defined capillary spaces. 


Small hemangiomas that are solitary or few in number and 
approachable endoscopically can be ablated. Most large or mul- 
tiple lesions require resection of either the hemangioma alone 
or the involved segment of colon. Large lesions should not be 
ablated endoscopically unless it is first proved (e.g., by EUS) that 
the lesion is not transmural. Local measures to control massive 
bleeding from cavernous hemangioma of the rectum usually are 
effective only temporarily. Embolization and surgical ligation of 
major feeding vessels also have been used, but ultimately, excision 
of the rectum often is required. 

In a particular entity known as diffuse intestinal hemangioma- 
tosis, numerous lesions, usually of the cavernous type, involve 
the stomach, small bowel, and colon; hemangiomas of the skin 
or soft tissues of the head and neck frequently are present. The 
occurrence of bleeding or anemia in childhood typically leads 
to the diagnosis, and surgical intervention may be required for 
continuous, slow bleeding or for intussusception. Intraop- 
erative endoscopy had been helpful in finding small lesions, but 
today SBE and DBE probably would be tried first. Inhibitors of 
the VEGF receptor (bevacizumab) and multitargeted tyrosine 
kinases including sunitinib (inhibits VEGF, platelet-derived 
growth factor [PDGF)), vatalanib (inhibits VEGF, PDGF, c-kit), 
and semaxanib (inhibits VEGF and PDGF), have been used for 
treatment of hemangioblastoma, another highly vascularized 
lesion of uncertain histogenesis that occurs most frequently in 
patients with von Hippel-Lindau disease WHLD).’° In VHLD, a 
loss of von Hippel-Lindau protein results in an accumulation of 
hypoxia-inducible factor and, subsequently, excessive production 
of VEGF.’! Bevacizumab, a humanized monoclonal antibody 
against VEGF may, in patients with vHLD, result in stabiliza- 
tion or regression of CNS hemangioblastomas with resultant 
improvement in visual acuity in the setting of macular and optic 
nerve hemangioblastomas”?; these results suggest there may be a 
role for the use of VEGF inhibitors in the management of other 
types of hemangiomas. Definitive treatment can be provided with 


surgery. 


Fig. 38.13 Two imaging examples of cavernous hemangioma of the rectum. A, Plain film of the pelvis reveals 
a soft tissue mass with foci of calcification in abnormal vascular channels. This appearance of pelvic phlebo- 
liths in a child is pathognomonic for a cavernous hemangioma. B, A barium enema film shows the charac- 
teristic phlebolith pattern outside the colon, with scalloping of the bowel lumen caused by pressure from the 
vascular lesion. 


Congenital Arteriovenous Malformation 


AVMs are embryonic growth defects and are considered to be 
developmental anomalies. Although AVMs are found mainly in 
the extremities, they may occur anywhere in the vascular system. 
In the colon they may be small and resemble AEs or they may 
involve a long segment of bowel. The most extensive AVMs typi- 
cally are in the rectum and sigmoid. Histologically, AVMs are 
persistent congenital communications between arteries and veins 
located primarily in the submucosa. Characteristically, there is 
“arterialization” of the veins (i.e., tortuosity, dilatation, and thick 
walls with smooth muscle hypertrophy and intimal thickening or 
sclerosis). In long-standing AVMs, the arteries are dilated and 
exhibit atrophic and sclerotic degeneration. Angiography is the 
primary means of diagnosis (Fig. 38.14). Early-filling veins in 
small lesions and extensive dilatation of arteries or veins in large 
lesions are typical. Patients with significant bleeding from large 
AVMs should undergo resection of the involved segment; tran- 
sendoscopic therapy may be beneficial for smaller lesions. 


ANEURYSMS 


Abdominal Aortic Aneurysm 


Approximately 95% of abdominal aortic aneurysms (AAA) are 
atherosclerotic in origin, although genetic predisposition is also 
an important factor; less common causes include trauma, vascu- 
litis, infection, and congenital abnormalities. Risk factors asso- 
ciated with the development of an AAA include age older than 
60 years, male gender, white race, smoking, and hypertension. 
Population-based studies in adults older than 50 years have found 
that the prevalence of AAA is 3.9% to 7.2% in men and 1.0% 
to 1.3% in women.” Familial clustering of AAA has been noted 
in 15% to 20% of cases, and, in some families, an abnormality 
has been identified in chromosome 1673; defects in procollagen 
II in patients with Ehlers-Danlos syndrome type IV and altered 
gene expression causing abnormalities of the elastin and colla- 
gen content of AAA have been shown in other families.” The 2 
genes with the strongest supporting evidence to date of contribu- 
tion to the genetic risk for AAA are the CDKN2BAS gene, also 
known as ANRIL, which encodes an antisense RNA that regulates 


Fig. 38.14 Mesenteric angiogram in a patient who presented with 
recurrent LGIB. The angiogram shows a complex, racemose configu- 
ration of vessels in a large congenital AVM involving the superior and 
inferior mesenteric arterial circulations. 
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expression of the cyclin-dependent kinase inhibitors CDKN2A 
and CDKN2B; and DAB2IP, which encodes an inhibitor of cell 
growth and survival.’+ 

Most AAAs are asymptomatic until rupture and are inciden- 
tally detected on abdominal US, CT, or MRI performed for 
other indications; as a result, current guidelines support screen- 
ing with “one-time” abdominal US in men between the ages of 65 
and 74 years who have a history of smoking.” The most common 
symptom of AAA is epigastric pain, often radiating through to 
the back; severe pain may presage rupture. On physical examina- 
tion, a pulsatile epigastric mass may be palpable. Distinguishing 
an aneurysm from an overlying abdominal mass with transmit- 
ted pulsations may be difficult on physical examination and is 
best done by imaging studies. A bruit may be present, but unless 
recent in onset, is usually of no diagnostic help.’ 

Abdominal plain films may show a soft tissue mass with 
peripheral calcification in the region of the abdominal aorta. 
With large aneurysms, erosion of the lumbar vertebrae or dis- 
placement of surrounding viscera, including bowel, kidneys, and 
ureters, may be seen. Because plain film studies are not suffi- 
ciently sensitive to establish the presence or size of an aneurysm, 
US, CT, and MRI have become the standard means of evalua- 
tion. US is the imaging screening modality of choice for AAA 
because it is highly sensitive (95% to 100%) and specific (100%) 
and relatively inexpensive. Additionally, US is the preferred test 
for serial monitoring of an AAA to detect changes in its size.”? 
CT and MRI are used preoperatively to demonstrate aortic and 
vascular anatomy and to help tailor stent grafts. Preoperative 
angiography is not used as frequently as in the past and is most 
appropriate in patients with evidence of peripheral vascular dis- 
ease, severe hypertension, symptoms of chronic mesenteric isch- 
emia (see Chapter 118), if thoracic or iliac artery involvement is 
suspected, and in cases of horseshoe or pelvic kidneys to demon- 
strate renal artery anatomy. Angiography is not used to estimate 
the size of the aneurysm because intraluminal laminated throm- 
bus limits delineation of the entire lumen and, more importantly, 
simpler, less invasive, and less expensive imaging modalities are 
now readily available. 

The major complication of AAA is rupture, which is heralded 
by the sudden onset or worsening of abdominal, flank, or back 
pain; an insidious presentation characterized by several weeks of 
pain can occur when “leakage” precedes overt rupture. Pain may be 
exacerbated by lying recumbent and relieved by sitting or leaning 
forward. Severe abdominal pain also may be seen with aortic dis- 
section as the splanchnic vessels become compromised and acute 
intestinal ischemia develops. The consensus among vascular sur- 
geons is that the most important predictor of AAA rupture is the 
size of the aneurysm. The annual risk for rupture is nearly 0% for 
AAAs between 3.0 and 3.9 cm in diameter, 1% for those between 
4.0 and 4.9 cm in diameter, and 11% for those between 5.00 and 
5.99 cm in diameter.”” Risk factors associated with rupture include 
hypertension and the presence of chronic obstructive pulmonary 
disease. AAA most commonly ruptures into the retroperitoneal tis- 
sues that surround the aorta. Less commonly, the aneurysm may 
communicate with the peritoneal cavity, in which case hemor- 
rhagic shock develops rapidly. Aneurysmal rupture into the small 
intestine usually occurs in the third or fourth portion of the duo- 
denum and typically presents as massive GI bleeding; intermittent 
bleeding can occur with clot formation and subsequent dislodge- 
ment from the eroded bowel or fistulous opening. Indeed, many 
of these patients will have a “herald bleed” followed by massive 
hemorrhage several hours or days later.” Endoscopy is the most 
sensitive method for diagnosing this complication. Rarely, AAA 
ruptures into the inferior vena cava; if so, a loud bruit can be heard. 

Asymptomatic patients with an AAA larger than 5.5 cm or 
symptomatic patients with aneurysms of any size should undergo 
surgical repair to prevent rupture. Those with an AAA between 
3.0 to 5.4 cm should be surveyed by US or CT every 3 to 12 


572 PART IV Topics Involving Multiple Organs 


months.’? The growth rate of AAAs is variable and has been 
less in recent studies than in older ones. In a large population of 
patients with small aneurysms (average initial size of 4 cm) stud- 
ied over an average of 3.3 years, 58.4% of patients had no change 
or a decrease in aneurysm size, 25.3% had an expansion between 
0.1 and 0.25 cm, 12.6% had an increase of greater than 0.25 cm, 
and only 3.7% had an enlargement of greater than 0.5 cm.” On 
average, the growth rate of an AAA is 0.35 cm per year. 

Operative repair of an AAA includes an open approach 
either retroperitoneally or transabdominally, or an endovas- 
cular repair, which involves insertion of an endograft into the 
vascular lumen to exclude the aneurysm from blood flow, thus 
minimizing the risk of rupture. In elective cases, preoperative 
angiography is useful to demonstrate additional vascular disease 
(e.g., stenosis or occlusion of the splanchnic arteries) and allows 
for planned vascular reconstruction, which may help avoid 
postoperative bowel ischemia. The mortality of AAA repair in 
good-risk patients is 1% to 4%’; mortality increases sharply to 
34% to 85% when surgery is done as an emergency for rupture 
or impending rupture.’”° Increasingly, endovascular aneurysm 
repair (EVAR) is being used as an alternative to open repair of an 
AAA. EVAR may provide selective short-term advantages over 
open surgery, such as avoidance of general anesthesia, reduced 
operative time, reduced blood loss, and less postoperative pain. 
In 3 major trials comparing open surgery with EVAR for AAAs 
larger than 5.5 cm, EVAR had a lower operative mortality rate 
than open surgery, but AAA-specific and all-cause mortality did 
not differ and EVAR had higher reintervention rates.’’ Current 
recommendations support open repair of an AAA in patients 
who are at low or average risk for operative complications and 
EVAR in those who at high risk for complications.’”-’? EVAR 
also should be considered in patients who are not at high surgi- 
cal risk, although evidence supporting benefit in this group is 
not well established.’” 


Splanchnic Artery Aneurysms 


The prevalence of splanchnic artery aneurysms (SAAs) has been 
estimated to be up to 10% based on autopsy reports, although 
the natural history of SAAs is not well understood.*®*! SAAs 
are usually asymptomatic and detected incidentally on imaging 
studies. In a recent retrospective review from Yale New Haven 
Medical Center, 138 SAAs in 122 patients were documented on 
imaging studies from January 1999 to December 2016, and their 
annual growth rate and risk of rupture assessed.*! The growth 
rate of SAAs was slow (0.064 + 0.18 cm/year), and the smallest 
aneurysm rupture was seen at 2.3 cm; hence the recommenda- 
tion to observe asymptomatic patients with SAAs less than 2.5 
cm. When symptomatic, SAAs can present with abdominal pain 
or GI bleeding. On physical exam, a bruit may be heard on aus- 
cultation, but an abdominal mass is rarely palpable because the 
aneurysms are small. Up to 25% of SAAs may be complicated 
by rupture which has an estimated mortality rate of 25% to 
70%.°? Like aneurysms of the aorta, if a SAA erodes into the GI 
lumen, this can present with sporadic GI bleeding, the so-called 
herald bleed. Rupture into a mesenteric vein can result in an AV 
fistula and can lead to portal hypertension with variceal bleed- 
ing. If an SAA is sufficiently calcified, it may be seen on plain 
films of the abdomen, but the diagnosis is usually made with 
CT, MRI, or splanchnic angiography, which has the added ben- 
efit of a potential therapeutic intervention. Treatment depends 
on the presentation, location, and size of the aneurysm. In gen- 
eral, treatment is considered if the diameter of the aneurysm 
is greater than 2 cm even if asymptomatic. Treatment options 
include embolization, surgical repair, or endovascular stent- 
ing.*! Embolization may be preferred for aneurysms difficult to 
manage surgically and for high-risk patients. 


Splenic Artery Aneurysms 


Splenic artery aneurysms are usually saccular, and 20% of patients 
have multiple aneurysms. Symptoms if present are left upper 
quadrant or epigastric pain that may radiate to the left shoulder. 
The common causes are atherosclerosis and portal hypertension, 
whereas less common causes include splenic arterial dissection, 
septic emboli, hypertension, polyarteritis nodosa, SLE, Ehlers- 
Danlos syndrome, fibromuscular dysplasia, and neurofibroma- 
tosis. There is a female to male predominance of 3 to 4:1, and 
it is associated with pregnancy.®®-® The increased prevalence in 
pregnant women may be related to an increase in splenic blood 
flow and the effects of estrogen on the elastic tissue of the tunica 
media, which can result in dilatation of the splenic artery and 
predispose to aneurysm formation. Similarly, increased splenic 
blood flow is considered the cause of splenic artery aneurysms 
in portal hypertension. Aneurysmal rupture occurs in less than 
2% of patients except for in pregnant women in whom the risk 
of rupture is much higher. More than 95% of aneurysms in preg- 
nant woman are diagnosed after rupture and are associated with 
a 75% maternal and 95% fetal mortality rate.°° If the aneurysm 
ruptures into the lesser sac, the patient can remain hemody- 
namically stable, but once the blood overflows into the greater 
intraperitoneal sac through the foramen of Winslow, diffuse 
abdominal pain and hypovolemic shock will develop; this is the 
“double-rupture” phenomenon. It is said that the period in which 
the bleeding is localized in the lesser sac allows time for surgi- 
cal intervention in about 25% of patients.°° Treatment options 
for splenic artery aneurysms depend on the location as well as its 
presentation. Ruptured aneurysms are usually treated with sple- 
nectomy. Mortality after emergency surgery is as high as 40%, 
compared with a very low mortality rate after elective repair. A 
symptomatic aneurysm or an aneurysm of any size in a pregnant 
woman or a woman planning to get pregnant should undergo 
repair before pregnancy. If the location of the aneurysm is proxi- 
mal and it is larger than 2 cm, surgical management should be 
considered and would include resection and an end to end vascu- 
lar repair; if the location is distal or involves the hilum, splenec- 
tomy is recommended. Aneurysms between 1 and 2 cm should be 
monitored with imaging. If surgery is not an option, emboliza- 
tion may be performed. For patients with portal hypertension, 
embolization is preferred because the extensive collateral circula- 
tion makes surgery more difficult. Complications of embolization 
include splenic infarction and reperfusion of the aneurysm which 
can occur in 5% to 20% of patients. Yearly follow-up imaging 
with CT or MRI is recommended to evaluate for leak and subse- 
quent growth.*0°? 


Celiac Artery Aneurysms 


Historically, the most frequent cause of celiac artery aneurysms 
(CAAs) was infection due to either syphilis or tuberculosis, and 
most cases were diagnosed at autopsy after an aneurysm ruptured. 
Now that syphilis and tuberculosis are more readily identified and 
treated, the more common causes of CA aneurysm are atheroscle- 
rosis, trauma, dissection, and Takayasu arteritis.°°.*? Association 
with other aneurysms is common and in one series occurred 
in 66% of patients. CA aneurysms are usually asymptomatic. 
Symptoms, when present, can mimic pancreatitis due to location. 
Dysphagia can occur from esophageal compression. The lifetime 
risk of rupture is about 6%. CA aneurysms greater than 2.5 cm 
should be considered for repair, whereas asymptomatic lesions 
less than that size can be followed with imaging.*’ Traditional 
open repair can be performed through a transabdominal route or 
thoracolumbar approach. Ligation can be performed followed by 
aortohepatic bypass or direct aortic reimplantation. In patients 
undergoing revascularization, prosthetic grafts have a lower risk 
of occlusion than saphenous vein grafts but are difficult to place 


due to its location. If the aneurysm ruptures, intervention may 
include ligation or percutaneous transcatheter embolization.*” 


Superior Mesenteric Artery Aneurysms 


Superior mesenteric artery (SMA) aneurysms are rare. They usu- 
ally involve the proximal 5 cm of the SMA. Aneurysm-related 
thrombus or dissection can occur, which can cause symptoms of 
intestinal ischemia. Historically, the most common etiology was 
infectious, with septic emboli accounting for a third of all SMA 
aneurysms. In recent series, the common causes include athero- 
sclerosis, polyarteritis nodosa, pancreatitis, biliary tract disease, 
neurofibromatosis, and trauma.®? More than 90% of SMA aneu- 
rysms are symptomatic with associated abdominal pain and GI 
bleeding. Up to 50% of the patients present with rupture and 
a mortality rate of 30%. -Adrenergic blockers can have a pro- 
tective effect against rupture.*? Intervention is recommended for 
all symptomatic patients and for all patients at low surgical risk 
because of the high rate of complications; for asymptomatic aneu- 
rysms less than 2.5 cm, surveillance is recommended.** The sur- 
gical approach includes aneurysmectomy and either interposition 
vein grafting or ligation of a branch of a mesenteric artery to treat 
the aneurysm. In addition, resection of any ischemic segment of 
bowel is performed. Transcatheter embolization and endovascu- 
lar stenting can be used as well but the latter may increase the risk 
of mesenteric ischemia if the branches of the SMA are blocked by 
the stent. B-Adrenergic blockers should be used for individuals 
who are reluctant to undergo interventional procedures.*°-* 


Mycotic Aneurysm 


Mycotic aneurysms of the aorta and splanchnic vessels are rare. 
‘They were so named by Sir William Osler because their appear- 
ance reminded him of fungi (mykes, fungus). In the past, mycotic 
aneurysms were most commonly caused by septic emboli from 
bacterial endocarditis. Today the main risk factor is IV drug 
use. Other important risk factors include contiguous spread 
from adjacent infectious processes, arterial manipulation, and 
immunocompromise (e.g., alcoholism, diabetes mellitus, chemo- 
therapy, treatment with glucocorticoids). Salmonella (especially 
Salmonella choleraesuis) and Staphylococcus are the most common 
infecting organisms. The CA is most often affected, followed by 
the SMA and IMA. Early in the course, symptoms of mycotic 
aneurysms are nonspecific; fever, chills, and abdominal pain typi- 
cally occur later. Diagnosis is by imaging the vasculature: mycotic 
aneurysms typically are lobulated and saccular (Fig. 38.15). The 
destructive process can develop quickly, leading to rapid expan- 
sion and rupture. Treatment is surgical, usually with resection of 
the aneurysm and vascular reconstruction followed by IV anti- 
biotics for 6 weeks. Life-long suppressive oral antibiotic therapy 
also has been used to prevent prosthetic graft infection. !3>154 


PARAPROSTHETIC-ENTERIC AND AORTOENTERIC 
FISTULAS 


An uncommon but potentially catastrophic complication of 
aortic aneurysmectomy and other procedures in which vascular 
prostheses are placed in the retroperitoneum or abdomen is the 
formation of a fistula between the graft and the adjacent bowel, 
usually the third or fourth portion of the duodenum because of its 
proximity to the infrarenal abdominal aorta (Fig. 38.16).** This 
complication is known as a secondary aortoenteric fistula, and its 
frequency ranges between 0.36% and 2%.°° The reported mean 
interval between aortic surgery and the development of a second- 
ary aortoenteric fistula is 44 months, but such fistulas have been 
reported as early as 21 days and as late as 14 years postoperatively; 
fistulas develop sooner, at a mean interval of 22 months, when 
concomitant intra-abdominal infections are present.’ Secondary 
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Fig. 38.15 Splanchnic angiogram of a patient with a large mycotic 
aneurysm of the hepatic artery. (Courtesy Dr. Lawrence J. Brandt, 
Bronx, NY.) 


Fig. 38.16 Endoscopic view of the third portion of the duodenum, 
where part of an aortic graft is seen. Patients with aortoenteric fistulas 
typically present with GI bleeding, abdominal pain, and fever because 
the graft usually has become infected by the time it erodes into the Gl 
tract. (Courtesy, Dr. Lawrence J. Brandt, Bronx, NY.) 


aortoenteric fistulas are thought to result from local conditions at 
the time of, or subsequent to, graft placement, including infec- 
tion, damage to the duodenum or its blood supply during the 
dissection, and subsequent erosion of the duodenal wall by the 
graft. Newer surgical techniques, including the use of endovas- 
cular grafts, nonabsorbable sutures, antibiotics, strict hemostasis, 
and coverage of suture lines with retroperitoneal tissue and peri- 
toneum, may reduce the frequency of fistula formation. Primary 
aortoenteric fistulas develop in the absence of prior aneurysm 
repair and are associated with atherosclerosis, infection (most 
commonly Salmonella spp. and Klebsiella spp.; other organisms 
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Fig. 38.17 Telangiectasias of HHT. A, Multiple telangiectasias on the nose and lips. Telangiectasias of varying 


size and shape in the proximal gastric body (B), antrum (C). (From Wilcox CM. Atlas of Clinical Gastrointestinal 


Endoscopy. Philadelphia: WB Saunders; 1995, p 123.) 


that are less common include Staphylococcus spp., Streptococcus 
spp., Escherichia coli, Enterococcus faecalis, Clostridium septicum, 
and Lactobacillus), malignancy, radiotherapy, trauma, and foreign 
body. Primary aortoenteric fistulas are less common than second- 
ary aortoenteric fistulas, with an incidence of 0.04% to 0.07%.°° 
Patients with aortoenteric fistulas present with upper or LGIB 
that if untreated may be massive and rapidly fatal. EGD com- 
bined with CT imaging is used to exclude other diagnoses and 
plan management.*’ In order to make the diagnosis, a high index 
of suspicion is required—typically in a patient who has had aor- 
otoiliac graft surgery and presents with GI bleeding , and prompt 
diagnosis and expedient surgical repair are essential for survival. 


VASCULAR LESIONS ASSOCIATED WITH SYSTEMIC 
DISORDERS OR MANIFESTATIONS 


Hereditary Hemorrhagic Telangiectasia 


This autosomal dominant familial disorder, also known as Osler- 
Weber-Rendu disease, is characterized by telangiectasia of the 
skin and mucous membranes, as well as recurrent GI bleed- 
ing.**-99 In some patients, the pathogenesis follows mutations of 
the endoglin (ENG) and activin receptor-like kinase-1 (ALK-1) 
genes, which have an important role in determining the proper- 
ties of endothelial cells during angiogenesis.”! Lesions typically 
are noticed in the first few years of life, and recurrent epistaxis in 
childhood is characteristic. By age 10, about half of patients have 
had some GI bleeding. Severe hemorrhage is unusual before the 
fourth decade and has a peak incidence in the sixth decade. In most 
patients, bleeding presents as melena; BRBPR and hematemesis 
are less frequent. Hematochezia in a patient with HHT suggests 
bleeding from a source other than telangiectasia. Bleeding is 
intermittent and chronic and may be severe; patients may receive 
more than 60 transfusions in a lifetime. A family history of the 
disease has been reported in 80% of patients with HHT, but is 
less common in those who bleed later in life. Telangiectasias usu- 
ally are present on the lips, oral and nasopharyngeal membranes, 
tongue, and periungual areas; lack of involvement of these sites 
casts suspicion on the diagnosis (Fig. 38.17). 

The diagnosis of HHT currently requires the presence of at 
least 3 of 4 relevant clinical criteria. These so-called Curaçao cri- 
teria include epistaxis (spontaneous and recurrent nosebleeds); 
telangiectasias (multiple lesions at characteristic sites, e.g., lips, 
oral cavity, fingers, nose); visceral lesions (e.g., pulmonary, 
hepatic, cerebral, spinal, GI); and a positive family history (a first- 
degree relative with HHT)”; clinical diagnosis can be confirmed 
by molecular genetic analysis. In most cases, HHT is caused by 


mutations in 1 of the 2 known HHT genes. Mutations of the 
ENG gene lead to type 1 HHT.” The ENG gene is located on 
chromosome 9 and encodes for endoglin, a type II transform- 
ing growth factor- (TGF-f) receptor. Mutations of the activin 
gene lead to type 2 HHT. People with type 1 HHT tend to 
develop symptoms earlier than those with type 2 HHT and are 
more likely to have blood vessel malformations in the lungs and 
brain; liver involvement with portal hypertension is more com- 
mon in patients with type 2 HHT. The activin gene is located on 
chromosome 12 and encodes for the ACVRL1 protein, a type I 
TGE-f receptor.” Both receptors are expressed predominantly 
on vascular endothelium and play essential roles in maintaining 
vascular integrity. Evidence for the existence of 2 other as yet 
unidentified HHT genes has been reported.+:°> Mutation of the 
SMAD4 gene (involved in the TGF-f signaling cascade), which is 
known to cause juvenile polyposis also has been reported in a few 
patients with HHT?®”’; these patients have an overlap syndrome 
of juvenile polyposis and HHT, and therefore are at significant 
risk for colorectal cancer (CRC), which necessitates aggressive 
CRC screening.” Despite genotypic heterogeneity in HHT, 
clinical expression of the different HHT genotypes appears simi- 
lar. HHT and nonhereditary intestinal AE are both character- 
ized by increased production of VEGF. High serum levels of 
VEGF, which also correlate with severity of bleeding, are found 
in patients with HHT.’*:”? Vascular involvement of the liver is 
common in HHT, especially type 2, and frequently is asymptom- 
atic. Hepatic manifestations during the course of the disease are 
seen in 8% to 31% of patients and include high-output heart fail- 
ure resulting from AV shunting, portal hypertension, and biliary 
tract disease.!0.!0! Liver involvement is associated with compli- 
cations, including liver failure necessitating liver transplantation, 
and significant morbidity and mortality.!°° In one study that fol- 
lowed patients with HHT and known hepatic vascular malfor- 
mations for a median of 44 months, 5.2% of patients died and 
25.3% experienced complications, including high-output heart 
failure, atrial fibrillation, portal hypertension, and GI bleeding. 
Complete response was achieved in 63% with the implementa- 
tion of multidisciplinary therapy that included supportive care, 
medical treatment of high-output heart failure and portal hyper- 
tension, radiofrequency ablation (RFA) in those who developed 
atrial fibrillation, transarterial embolization of hepatic vascular 
malformations, and orthotopic liver transplantation. !° 
Telangiectasias in patients with HHT also occur in the colon 
but are more common in the stomach and small intestine, where 
they are more apt to cause major bleeding. Telangiectasias are 
seen easily on endoscopy, although in the presence of severe ane- 
mia, blood loss, or hypotension, they transiently may become less 


obvious or even invisible; after correction of blood volume and 
blood pressure, they once again become more prominent. Evalu- 
ation by conventional angiography or newer techniques such as 
helical CTA!03-!04 and MRA may be unrevealing or demonstrate 
heterogeneous enhancement of hepatic parenchyma, dilated and 
tortuous intrahepatic arterial branches, conglomerate masses of 
abnormal vessels, aneurysms, AV communications, phlebectasia, 
and hepatic artery and portal vein enlargement.'!+!> Angiogra- 
phy may be misleading when it demonstrates multiple vascular 
abnormalities because some of these lesions may be in the mes- 
entery rather than in the intestine and are not potential sites of 
GI blood loss. 

Grossly, the telangiectasias of HHT are the size of mil- 
let seeds and typically appear as cherry red, smooth hillocks. 
Pathologically, the major changes involve the capillaries and 
venules, but arterioles also may be affected. Lesions consist 
of irregular, ectatic, tortuous blood spaces lined by a delicate 
single layer of endothelial cells and supported by a fine layer 
of fibrous connective tissue. No elastic lamina or muscular tis- 
sue is present in these vessels, so they cannot contract; this 
property may explain why telangiectasias tend to bleed. Arte- 
rioles show intimal proliferation and commonly have thrombi 
in them, suggesting vascular stasis. In contrast to the thinned 
venules of AEs, venules are abnormally thick in HHT; have 
prominent, well-developed longitudinal muscles; and are 
thought to play a major role regulating blood flow within the 
telangiectasia.!° 

Many forms of treatment have been recommended for telan- 
giectasias, including estrogens,!°° aminocaproic acid,!°’ endo- 
scopic thermal ablation,°*’ and resection of involved bowel. 
Endoscopic ablation, including the use of the APC and thermal 
contact devices, is most promising when lesions are within reach 
of the endoscope and not widely diffuse. The availability of SBE 
and DBE, however, extends the range of endoscopic therapy to 
the entire GI tract. Endoscopic therapy may be performed during 
active bleeding or between bleeding episodes and has reduced the 
need for emergency bowel resection. Long-term follow-up stud- 
ies are necessary to evaluate the ultimate efficacy of the various 
forms of therapy. 

Bevacizumab was used in a study of 25 patients with HHT 
and associated severe hepatic vascular malformations with high 
cardiac output; it resulted in decreased cardiac output and a 
reduction in epistaxis; however, liver vascularity, liver volume, 
and liver tests were not significantly different at the 6-month 
follow-up.!°° This experience was in contrast to that observed in 
one report of a 47-year-old woman with HHT and severe liver 
involvement treated 4 years earlier in whom reversal of cho- 
lestasis, resolution of cardiac failure, and ascites, and improve- 
ment in nutritional status was observed 3 months after initiating 
treatment and a marked reduction in liver vascularity and liver 
volume were noted over a 6-month interval.!°? Data are still lim- 
ited in regards to the use of bevacizumab for the treatment of 
GI bleeding in patients with HHT, but case reports and small 
studies have shown it to be beneficial in decreasing transfusion 
requirement and improving quality of life. Further research is 
needed to determine the optimal frequency and duration of 
treatment. | 10-112 


Blue Rubber Bleb Nevus Syndrome 


In 1860, an association of cutaneous vascular nevi, intestinal 
lesions, and GI bleeding was described, and almost a century 
later this constellation of findings was named blue rubber bleb 
nevus syndrome (BRBNS) by Bean to distinguish it from other 
cutaneous vascular lesions (Fig. 38.18). Other sites in addition 
to the GI tract may be affected, including the eyes, nasophar- 
ynx, parotid glands, lungs, liver, spleen, heart, brain, skeletal 
muscles, urinary bladder, and penis. Orthopedic abnormalities 
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Fig. 38.18 Fingertip lesion in a patient with the blue rubber bleb nevus 
syndrome. 


may be present, and calcification, thrombosis, and consump- 
tive coagulopathy (with thrombocytopenia) may occur within 
the lesions.!!> A familial history is infrequent, although a few 
cases of autosomal dominant transmission have been reported!!* 
and one analysis has identified a responsible locus on chromo- 
some 9. A recent study hypothesized that BRBNS may be due to 
somatic mutations in TEK, the gene encoding TIE2, which is the 
endothelial cell tyrosine kinase receptor for the angiopoietins. 
This study found that TEK mutations were present in 15 of 17 
individuals with BRBNS, supporting the hypothesis that these 
genetic mutations was the cause of the cutaneomucosal venous 
malformations.!!° 

The lesions are distinctive: they are blue and raised and vary 
from 0.1 to 5 cm in diameter. Characteristically, the contained 
blood can be emptied by direct pressure, leaving a “wrinkled sac” 
remaining until it fills again. Lesions may be single or numerous 
and are usually found on the trunk, extremities, and face. They 
may involve any portion of the GI tract but are most common 
in the small bowel. In the colon they are more common distally. 
They are detected infrequently by barium or angiographic stud- 
ies and are seen better with CT and MRI. Endoscopy is the most 
important diagnostic test for this syndrome but VCE has also 
been used.!!° Originally the lesions were thought to be heman- 
giomas, but they are now considered to be venous malformations. 
Resection of the involved segment of bowel is recommended for 
recurrent hemorrhage. APC may be dangerous because these 
lesions may involve the full thickness of the bowel wall; success- 
ful sclerotherapy and band ligation of GI tract lesions have been 
reported. 


Progressive Systemic Sclerosis (Scleroderma) 


Telangiectasia is a prominent feature of progressive systemic 
sclerosis, especially in the calcinosis, Raynaud phenomenon, 
esophageal dysmotility, scleroderma, and telangiectasia (CREST) 
variant.!!’ Sites most frequently involved by these lesions are the 
hands, lips, tongue, and face, but gastric, intestinal, and colorectal 
lesions have been reported. These tiny lesions may be the source 
of occult or clinically significant bleeding and are best treated, if 
possible, by endoscopic thermal ablation.!!° 


Klippel-Trénaunay and Parkes Weber Syndromes 


In its initial description, the Klippel-Trénaunay syndrome (KTS) 
consisted of (1) a vascular nevus that involved the lower limb; (2) 
varicose veins that were limited to the affected side and appeared 
at birth or in childhood; and (3) hypertrophy of all tissues of the 
involved limb, especially the bones.!!? Subsequently, a variety of vas- 
cular lesions were noted to be associated with the hypertrophic limb 
and some authors now divide the syndrome into 2 distinct types: 
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Lawrence J. Brandt, Bronx, NY.) 


Klippel-Trénaunay and Parkes Weber; the former is a pure low- 
flow condition, whereas the latter is characterized by higher flow AV 
fistulas. Several genetic defects in the regulation of the angiogenic 
factor VG5Q have been shown in patients with KTS.!2° The cause 
of bony elongation is controversial, but one theory invokes in utero 
venous hypertension and stasis.!!° Edema of the involved leg is com- 
mon, and if the thigh is involved (Fig. 38.19A), a variety of lymphatic 
abnormalities are usually present (e.g., chylous mesenteric cysts, 
chyloperitoneum, protein-losing enteropathy; see Chapter 31). 

Visceral lesions have been described involving the GI tract, 
liver, spleen, bladder, kidney, lung, heart, and genital organs (see 
Fig. 38.19B). Involvement of the GI tract is more common than 
previously thought and may occur in as many as 20% of patients, 
some of whom may not be recognized to have visceral involve- 
ment because they are asymptomatic. GI bleeding is the major 
symptom of visceral GI involvement and initially is intermittent, 
beginning in the first decade of life; subsequently GI bleeding from 
KTS may vary from occult to massive.!*! In the largest series, the 
most common GI symptom was hematochezia, although reported 
by only 6 of 588 patients.!'? The most common bleeding sites in 
the GI tract are the distal colon and rectum, and involvement of 
the whole GI tract is uncommon.!?! GI bleeding usually is caused 
by a rectal vascular lesion, localized rectovaginal varices resulting 
from obstruction of the internal iliac system, or portal hyperten- 
sion with varices (see Fig. 38.19C). Bleeding may be intensified by 
consumption coagulopathy, which may occur within the smaller 
sinusoids of the vascular lesion. Physical examination is diagnostic, 
but various imaging techniques are used to define the anatomy and 
plan surgical repair.!’? MRA is used for diagnosis and to detect 
AV shunting!’’; angiography remains the gold standard and may 
allow for therapeutic intervention.!*! Endoscopic thermal abla- 
tion therapy is useful in controlling hemorrhage and preventing or 
minimizing recurrent GI bleeding, especially when the lesions are 
relatively well localized (L. Brandt, personal experience); however, 
patients with clinically significant hemorrhage often require surgi- 
cal resection.!?! 


Radiation-Induced Mucosal Injury 


Radiation injury can induce a progressive obliterative endarte- 
ritis and endothelial proliferation leading to neovascularization 
and telangiectasia formation which may bleed.!*+ As discussed in 
Chapter 41, radiation injury can occur anywhere in the GI tract 
but is most commonly described in the rectosigmoid as a result of 
pelvic radiation for prostate and cervical cancers. 15-126 
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Fig. 38.19 Images of Klippel- Trénaunay syndrome. A, Edema of the involved leg and associated vascular 
lesions are seen. B, Involvement of the scrotum in another patient. C, Endoscopic image of the same patient 
in B showing an example of extensive rectal vascular lesions that can be a cause of GI bleeding. (Courtesy, Dr. 


Fig. 38.20 Endoscopic appearance of GAVE, also referred to as “wa- 
termelon stomach.” 


GAVE (Watermelon Stomach) and Portal 
Hypertensive Gastropathy, Enteropathy, and 
Colopathy 


GAVE 


GAVE (watermelon stomach) describes a vascular lesion of the 
gastric antrum that consists of tortuous, dilated vessels radiating 
outward from the pylorus like the spokes of a wheel and resembling 
the dark stripes on the surface of a watermelon. !?” This lesion may 
cause acute hemorrhage, chronic occult bleeding, or both. Its cause 
is unknown, although it has been proposed that gastric peristalsis 
causes prolapse of the loose antral mucosa with consequent elon- 
gation of the mucosal vessels (Fig. 38.20).1?7128 GAVE also has 
been postulated to result from delayed gastric emptying, as well 
as from hypergastrinemia, prostaglandin E), 5-hydroxytryptamine 
(serotonin), and vasoactive intestinal polypeptide. 

GAVE is seen particularly in middle-aged or older women 
and in association with achlorhydria/atrophic gastritis, cirrhosis 
and portal hypertension, chronic kidney disease, cardiac diseases, 
autoimmune and connective tissue disorders, as well as after bone 
marrow transplantation.!!7!29.30 The association with cirrhosis 
and portal hypertension is seen in approximately 40% of reported 


cases of GAVE; thus, GAVE may be caused by portal hyperten- 
sion or hepatic veno-occlusive disease,'*! although GAVE may 
not respond to therapies directed at reducing portal pressure. 
Given case reports of GAVE resolution after liver transplanta- 
tion, however, it is possible that hepatic insufficiency may play 
a role in its pathophysiology.'* Although not pathognomonic, 
microscopic features of GAVE include mucosal capillary ecta- 
sia and congestion, focal thrombosis, spindle cell proliferation 
(smooth muscle cell and myofibroblast hyperplasia), and fibro- 
hyalinosis that surrounds the ectatic capillaries of the lamina 
propria.’ Some researchers believe that GAVE and portal 
hypertensive gastropathy (PHG) are different manifestations of 
the same pathogenetic process, but the literature suggests that 
these are distinct entities!’ and distinguishing them is important 
in order to implement appropriate therapeutic intervention. 130 

Limited pharmacotherapy options are available for treating 
GAVE. Estrogen-progesterone has been tried!** and appears to 
have some efficacy. Successful use of tranexamic acid, an antifibri- 
nolytic agent,!®136 and thalidomide!” also have been reported. 
In a randomized controlled trial, thalidomide was found to mark- 
edly reduce recurrent bleeding in patients with GAVE and other 
GI angiodysplasia.'3* TIPS does not appear to be effective for 
GAVE in the absence of portal hypertension.!*? Antrectomy has 
been a last resort for patients in whom pharmacologic and endo- 
scopic therapies have failed.!*” 

‘Transendoscopic therapy is the current mainstay of manage- 
ment for GAVE. Multiple studies have shown that APC improves 
anemia and decreases transfusion requirement, particularly in cir- 
rhotic patients; side effects are minimal, although multiple treat- 
ments are usually needed. Band ligation also has been shown to 
be helpful in retrospective studies. Other therapies that can be 
considered if APC is not available, include RFA, cryotherapy, and 
the use of cyanoacrylate spray.!*! Portal hypertension in a patient 
with GAVE and GI bleeding makes the bleeding more difficult to 
manage because bleeding is usually greater and more resistant to 
treatment in this situation.!*? Several case reports have detailed 
reversal of GAVE after liver transplantation.!*3 However, the data 
are insufficient to recommend this therapy unless the patient is 
otherwise a liver transplant candidate. TIPS offers another modal- 
ity when GAVE is associated with portal hypertension or when 
bleeding resulting from GAVE associated with PHG cannot con- 
trolled endoscopically (see also Chapters 20 and 92). 


Portal Hypertensive Gastropathy (PHG), Enteropathy and 
Colopathy 


The prevalence of PHG in patients with cirrhosis varies from 
20% to 98%, likely due to lack of uniform diagnostic criteria and 
classification; in general, there is an association with more severe 
portal hypertension. Patients with PHG can be asymptomatic or 
exhibit symptoms related to chronic GI bleeding, which has been 
reported to occur in 3% to 60% of patients. Acute GI bleed- 
ing is less common, with a prevalence reported between 2% 
and 12%.'*#+ PHG manifests 3 endoscopic patterns: (1) fine red 
speckling of the mucosa; (2) superficial reddening, especially at 
the tips of the gastric rugae; and, most commonly, (3) the pres- 
ence of a mosaic pattern with red spots (snakeskin appearance) 
in the gastric fundus or body (Fig. 38.21). Histologically, PHG 
occurs in oxyntic mucosa and manifests with dilated, tortuous, 
irregular veins without fibrin thrombi, sometimes with intimal 
thickening, and usually in the absence of significant inflamma- 
ton 

Management of PHG is focused on the reduction of por- 
tal pressures mostly with pharmacotherapy. Nonselective 
B-adrenergic blockers are first-ine therapy. Propranolol is a 
nonselective beta blocker that was investigated in the classic 
randomized controlled trial evaluating the role of beta block- 
ade in preventing recurrent bleeding in severe PHG.!** In this 
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study, patients who received propranolol had a significantly 
lower rebleeding rate at 12 months (35% vs. 62%) and at 30 
months (48% vs. 93%) compared with patients taking pla- 
cebo. If a patient is refractory to beta blocker therapy, TIPS is 
indicated and has been effective in most cases.140-145-147 Soma- 
tostatin analogs such as octreotide, which are established as 
effective treatment for acute variceal bleeding, also have been 
shown to be effective for acute bleeding from PHG. In 2 stud- 
ies that evaluated the effect of these vasoactive drugs in acute 
hemorrhage from PHG,!**:!*? bleeding was successfully treated 
in all patients who received somatostatin or octreotide. Vaso- 
pressin and its analog, terlipressin, also have been tried, with 
mixed results.!4°:!59 Varices and spider-like telangiectasias also 
may be seen in the small intestine, warranting the term portal 
enteropathy. Portal colopathy is the term used to describe the vas- 
cular manifestations of portal hypertension in the colon, which 
include hemorrhoids, varices, and spider-like telangiectasias 
(Fig. 38.22A and 38.228). Mucosal lesions of portal colopathy 
endoscopically resemble those seen in PHG and may have a dif- 
fuse, colitis-like appearance, including erythema, telangiectasia, 
and friability. Histologic changes of portal colopathy and enter- 
opathy are similar to those of portal gastropathy.'5! The lesions 
of portal enteropathy and colopathy are amenable to the same 
thermal therapies used for GAVE and PHG, so long as they are 
within reach of the endoscope.!** 


ANATOMIC ABNORMALITIES OF THE VASCULATURE 
Superior Mesenteric Artery (SMA) Syndrome 


The third portion of the duodenum is cradled in an angle of 
approximately 45 degrees formed by the root of the SMA and 
the wall of the aorta. When this angle is narrowed to less than 
25 degrees, the SMA impinges on the duodenum, thereby lead- 
ing to gastric and intestinal obstruction, a condition referred to 
as Wilkie’s syndrome or the SMA syndrome (Fig. 38.23).155-156 
The latter term may be confusing and does not imply vascu- 
lar insufficiency. Symptoms may be acute or chronic and typi- 
cally include epigastric pain, vomiting, and early satiety. The 
syndrome has been associated with immobilization in a body 
cast; rapid growth in children; and marked, rapid weight loss 
in adults, particularly young women with eating disorders (see 
Chapter 9). Rarely, anatomic anomalies predispose to the con- 
dition, including a high ligament of Treitz or low origin of the 
SMA. 

Barium studies may show an abrupt cutoff in the third portion 
of the duodenum with dilatation proximally, particularly when 
the patient is supine. CTA and MRA can provide noninvasive 
and detailed anatomic information that can be used to diagnose 
the condition and plan a surgical approach.!°’-!5* Symptoms typi- 
cally improve after restoration of lost weight or removal of a body 
cast. Surgery is necessary only rarely. Duodenojejunostomy may 
relieve the symptoms and has been performed for this condition 
laparoscopically.!°? 


Celiac Axis Compression (Median Arcuate 
Ligament) Syndrome 


Whether celiac axis compression syndrome (CACS) is a cause of 
GI ischemia has been a subject of controversy ever since post- 
prandial pain and an epigastric bruit were described in a patient 
in whom angiography showed narrowing of the CA caused by 
compression from a fibrotic celiac ganglion.!® After release 
of the artery, the murmur and postprandial pain disappeared. 
Since that description in 1963 by Harjola, compression of the 
CA by the median arcuate ligament of the diaphragm and the 
celiac ganglion has been increasingly identified but still is not 
well understood. 
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Fig. 38.21 Portal hypertensive gastropathy. A, Mild gastropathy is manifested by prominence of the areae 
gastricae, with areas of erythema and subepithelial hemorrhage. This appearance is not pathognomonic and 
may be noted with other disorders that induce mucosal edema, such as Helicobacter pylori gastritis. B, Severe 
gastropathy with diffuse subepithelial hemorrhage in a snakeskin pattern. C, Low-power photomicrograph 
showing prominent edema of the mucosa involving the lamina propria with multiple congested blood vessels. 
No histologic evidence of gastritis is seen. (From Wilcox CM. Atlas of Clinical Gastrointestinal Endoscopy. 
Philadelphia: WB Saunders; 1995, p 109.) 


Fig. 38.22 Endoscopic images showing 2 examples of portal colopathy. A, A solitary lesion that resembles a 
spider-like telangiectasia or AE is seen in the rectosigmoid. B, Patchy foci of erythema in the descending colon 
of a patient with cirrhosis and portal hypertension. (Courtesy Dr. Lawrence J. Brandt, Bronx, NY.) 


Fig. 38.23 Film from an UGIS and small bowel follow-through in a 
patient with superior mesenteric artery syndrome. The patient had 
symptoms compatible with gastric outlet obstruction, and on this film 
the second and third portions of the duodenum are markedly dilated. 
(Courtesy Dr. Ellen Wolf, Bronx, NY.) 


A major difficulty in determining the validity of CACS as an 
entity, also sometimes referred to as Harjola syndrome or Dun- 
bar syndrome, arises from the different criteria used by various 
investigators to define it.!61162 The clinical features that should 
be present to diagnose CACS include postprandial epigastric 
pain, diarrhea, weight loss, and an abdominal bruit that intensi- 
fies with deep expiration when the CA ascends more than the 
diaphragm and compression of the artery is increased. 

Compression of the CA is demonstrated by lateral aortog- 
raphy or selective studies of the CA. EUS, CTA, and MRA are 
noninvasive means of demonstrating the vascular anatomy and 
CA compression.!°? Compression by the crural fibers of the 
diaphragm or the celiac ganglion produces a smooth, asym- 
metrical narrowing of the superior aspect of the CA and dis- 
places it toward the SMA (Fig. 38.24). These findings are best 
shown at end-expiration and not end-inspiration, which is the 
phase in which respiration is typically halted during angio- 
graphic studies. 

The clinical significance of a narrowed CA on angiography 
has been questioned because the finding is nonspecific and occurs 
with equal frequency in patients suspected of having intestinal 
angina, those with GI diseases not primarily characterized by 
pain, and those with alternative diagnoses that do not involve the 
GI tract. The pain that characterizes CACS is most frequently 
attributed to ischemia because the implicated anatomic lesion in 
this syndrome is narrowing of the major artery that perfuses the 
upper abdominal viscera. This concept has persisted, despite clin- 
ical and experimental evidence that isolated compromise of the 
CA is almost always compensated by collateral circulation from 
either the SMA or the IMA. 
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Fig. 38.24 Film from a lateral flush aortogram revealing the findings 

of celiac axis compression syndrome: a typical hook-like compression 
of the origin of the celiac axis with some poststenotic dilatation. The 
angiogram was performed on a patient with no GI complaints related to 
these findings. (From Boley SJ, Brandt LJ, Veith FJ. Ischemic disorders 
of the intestines. Curr Probl Surg 1978;15:1.) 


A popular alternative theory to that of ischemia is that the pain 
arises in the celiac ganglion itself, possibly secondary to pressure 
or throbbing by the compressed artery. The increased splanchnic 
blood flow and dilatation of the artery that accompany the inges- 
tion of food may explain the relationship of pain to meals. 

Operative approaches to CACS include division of the 
median arcuate ligament, with or without ganglionectomy, arte- 
rial reconstruction, or bypass; a laparoscopic approach has been 
successful in releasing the compression.!°’ Results of operations 
for CACS have varied as much as have the criteria used to diag- 
nose them. In a long-term follow-up study of patients treated 
for CACS, Evans found that 83% of patients were asymptom- 
atic 6 months after a decompression procedure, but only 41% 
remained asymptomatic 3 to 11 years later.!°+ In another study 
of 400 patients who underwent either open or laparoscopic divi- 
sion of the median arcuate ligament for the treatment of CACS, 
immediate postoperative symptom relief was reported in 85% 
and 96%, respectively. Symptom recurrence was reported in 
6.8% and 5.7% of patients in the open and laparoscopic groups, 
respectively, when these patients were followed for 6 to 229 
months after surgery.!° 

The controversy concerning CACS continues. A small num- 
ber of patients who have otherwise unexplained abdominal pain 
not helped by standard regimens have exhibited relief by some 
aspect of the operations performed for CACS.'® In order to 
keep unnecessary procedures to a minimum, surgery should be 
performed only in patients who manifest the clinical features 
described earlier. 


Full references for this chapter can be found on www.expertconsult.com. 
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surgical Peritonitis and Other Diseases of the 
Peritoneum, Mesentery, Omentum, and Diaphragm 


Secondary inflammation of the peritoneum frequently presents 
with the patient in extremis requiring a procedural intervention 
and is commonly referred to as “surgical peritonitis.” Primary 
peritonitis or SBP has a distinct pathophysiology and is discussed 
in Chapter 93. 

This chapter discusses the disease processes that affect the 
peritoneum, mesentery, omentum, and diaphragm. 


ANATOMY AND PHYSIOLOGY 
Gross Anatomy 


The peritoneum is the largest serous membrane of the human 
body, with an estimated surface area of 1.8 m?, which is almost 
the same area as the skin (or total body surface area). The embry- 
ologic development of the peritoneum occurs in the gastrulation 
phase, where the 3 layers of the embryo—the ectoderm, meso- 
derm, and endoderm—further differentiate into the visceral plate 
mesoderm and the parietal plate mesoderm. The parietal peri- 
toneum secretes serous fluid, whereas the visceral peritoneum 
invests organs and the mesentery that suspends the gut tube from 
the abdominal wall, thus providing a pathway for vessels, nerves, 
and lymphatics. The peritoneal sac, as it is often referred to, is 
sealed in men and open to the exterior via the ostia of the fal- 
lopian tubes in women. ! 

The parietal peritoneum in a completely developed fetus cov- 
ers the internal surfaces of the abdominal wall including the dia- 
phragms and the pelvis, whereas the visceral peritoneum invests 
all intraperitoneal organs (such as small intestine, gall bladder, 
stomach) and the anterior surface of retroperitoneal organs (pan- 
creas, kidneys, ascending and descending colon). Remarkably, 
the understanding of the anatomy of the peritoneum, omentum, 
and mesentery is evolving. Meyers identified numerous ligaments 
and 2 mesenteries including the coronary, gastrohepatic, hepatic, 
duodenal, falciform, gastrocolic, duodenocolic, gastrosplenic, 
splenorenal, and phrenicocolic ligaments and the transverse 
mesocolon and the small bowel mesentery. Although important 
in understanding and predicting spread of disease and inflam- 
mation that manifests in clinically relevant situations, this is an 
oversimplification of the anatomy. For instance, patients with 
perforated peptic ulcer disease may present with RLQ pain due 
to dependent drainage along the right paracolic gutter. Prior to 
imaging techniques, patients would be placed in semi-recumbent 
positions (Fowler position) in order to encourage dependent 
accumulation of infected fluid with the goal that the eventually 
encapsulated pelvic abscess could be drained transrectally. 

Current understanding of the mesentery and the parietal peri- 
toneum suggest that the mesentery distal to the duodenojejunal 
flexure is a contiguous and extra-retroperitoneal organ.’ The 
right and left mesocolic regions and the mesosigmoid are flat- 
tened against the abdominal wall, held in place by Toldt fascia. It 
has been suggested that the intestine and mesentery are contigu- 
ous from diaphragm to pelvic floor and that the mesogastrium 
and mesoduodenum are indeed contiguous with the mesentery. 
This description of the mesentery is broken into 6 flexures: duo- 
denojejunal, ileocecal, hepatic, splenic, between descending and 
sigmoid, and sigmoid and rectum. The peritoneal reflections, 
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Fig. 39.1 The anterior parietal peritoneum is shown after having been 
stripped from the anterior abdominal wall. 


although contiguous, are variably named as Jackson membrane, 
anterior reflection, pouch of Douglas, and the lateral peritoneal 
reflection (Fig. 39.1). This understanding is translating into “total 
mesocolic or mesorectal” excisions for oncologic purposes. 

The greater omentum is an intraperitoneal organ derived 
from the greater curvature of the stomach and spleen, draping 
across the transverse colon, which separates the abdomen into the 
greater and lesser sacs. The lesser omentum attaches the lesser 
curvature of the stomach to the liver and is also referred to as the 
gastrohepatic omentum. The right edge of the lesser omentum 
is also known as the hepatoduodenal ligament, and the opening 
posterior to this (the epiploic foramen of Winslow) is the only 
connection between the lesser and greater sacs. 


Microscopic Anatomy 


The word peritoneum is derived from the Greek peri-, meaning 
“around” and tonos, meaning “a stretching around.” The visceral 
and parietal peritoneum have a similar structure and consist of 3 
layers: the mesothelium, the basal lamina, and the submesothelial 
stroma. The mesothelium is formed by a monolayer of cuboidal 
mesothelial cells approximately 25 um in diameter. Mesothelial 
cells possess both epithelial and mesenchymal characteristics and 
peritoneal pathology can lead to epithelial-mesenchymal transi- 
tions. The peritoneum contains stomata, which are direct portals 
to the lymphatic system. These are abundantly present on the 
diaphragm. At the apical surface of the peritoneum are numerous 
microvilli and occasional cilia in which lamellar bodies are embed- 
ded. These release surfactant that allows a friction-free state. On 
top of the microvilli and lamellar bodies, a glycocalyx is present 
consisting of proteoglycans and glycosaminoglycans.* These are 
responsible for intercellular contact, inflammatory regulation, 
tissue remodeling, and possibly transport. Mesothelial cells are 
joined by well-defined intercellular junctional complexes, includ- 
ing tight junctions, adherens junctions, gap junctions, and des- 
mosomes that establish and maintain the semipermeable barrier 
for fluid, solutes, and particles. 


Blood Supply and Innervation 


The visceral peritoneum is supplied by the splanchnic blood ves- 
sels, and the parietal peritoneum by intercostal, subcostal, lumbar, 
and iliac vessels. The venous blood from the visceral peritoneum 
returns via the portal vein, whereas the parietal peritoneum drains 
via the inferior vena cava. The visceral peritoneum is supplied by 
nonsomatic nerves, whereas the parietal peritoneum is supplied 
by somatic nerves. Therefore, visceral pain is poorly localized, 
diffuse, and vague (see Chapter 11). Visceral pain is caused by 
stretching, distention, torsion, and twisting. The visceral peri- 
toneum does not produce pain when it is cut or burned. When 
visceral pain fibers of midgut structures are stimulated, a vague 
periumbilical discomfort results because the visceral pain fibers 
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Fig. 39.2 Digital representations of peritoneum, mesentery, fascia, and 
intestine. A, Peritoneum, mesentery, fascia, and intestine. B, Mesentery, 
fascia, and intestine. C, Mesentery and intestine. D, Mesentery. 


enter the spinal cord at the same level as the T10 dermatome 
somatic fibers (see Chapters 11 and 12). This sensation is, there- 
fore, experienced as discomfort in a dermatomal distribution. 
Likewise, visceral stimulation from foregut structures produces 
epigastric (T8 distribution) discomfort, and visceral stimulation 
in the hindgut produces suprapubic (T12) discomfort. Parietal 
(somatic) pain fibers are activated by such stimuli as cutting, 
burning, and inflammation. This type of pain is sharply localized. 
A good example of this process is acute appendicitis. Early in the 
disease process the patient experiences periumbilical discomfort 
secondary to distention of the appendiceal lumen, and this pro- 
gresses to localized RLQ pain and tenderness as the inflammation 
becomes transmural and involves the parietal peritoneum. 


Physiology 


The mesothelial cell maintains homeostasis of the peritoneal 
cavity and synthesizes the matrix proteins on the basal surface 
that maintain the architecture of the peritoneal membrane (Fig. 
39.2).4 The peritoneum can regenerate after injury or surgery. 
The peritoneum can also cause fibrosis by exerting epithelial- 
mesenchymal transitions. In addition, these cells also can pro- 
mote degradation of fibrin by converting plasminogen to plasmin, 
thereby activating tissue plasminogen activator. In animal models 
of abdominal wall hernias repaired with composite mesh grafts, a 
functional neoperitoneum covers the graft in 7 to 14 days.>° 
Under conditions of inflammation, the mesothelial cell ini- 
tiates and regulates the inflammatory response by synthesis of 
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Fig. 39.3 Functions of the peritoneum. 
IFN-y, interferon gamma; IL-12, interleukin 1 beta; MMP, metallopro- 
teinase; TH, T helper; TIMP, tissue inhibitor of metalloproteinase. 


cytokines, chemokines, and growth factors. The peritoneal meso- 
thelial cell is capable of phagocytosis and can serve as an antigen- 
presenting cell.’ 

Finally, in health and in inflammatory conditions, the meso- 
thelial cell facilitates transport of fluids, solutes, and particulate 
matter across the peritoneal membrane. Fluid and solute move- 
ment are governed by convection and diffusion.® Particles are 
absorbed from the peritoneal cavity by 2 different anatomic 
routes. Particles smaller than 2 kd may be absorbed through 
peritoneal venous pores and are directed to the portal circula- 
tion. Particles larger than 3 kd are absorbed through peritoneal 
lymphatics, entering the lymphatic thoracic duct and from there 
the systemic circulation. This last route of absorption plays an 
important role in controlling abdominal infections because it has 
a huge capacity for absorption. The anatomic structure of these 
large channels between the peritoneal cavity and the diaphrag- 
matic vessels and the negative pressure of the thorax during inspi- 
ration make this mechanism extremely effective in the removal of 
bacteria and cells. The large surface area and semi-permeability 
of the peritoneal membrane can be exploited therapeutically in 
peritoneal dialysis (Fig. 39.3). 


SECONDARY (SURGICAL) PERITONITIS 


Secondary (surgical) peritonitis is a result of an inflammatory process 
in the peritoneal cavity secondary to inflammation, perforation, or 
gangrene of an intra-abdominal or retroperitoneal structure. Surgical 
intervention is usually required to treat these processes. However, in 
certain situations such as perforated peptic ulcer, nonoperative treat- 
ment may also be successful (see Chapter 53). Antibiotics play only 
an adjunctive role in severe intra-abdominal infection. If untreated, 
secondary peritonitis will, in most cases, lead to septic shock and 
death. It is common medical parlance to equate nonoperative man- 
agement and “conservative” therapy; however, the reverse is more 
often the case for secondary peritonitis (that is, operative interven- 
tion is in fact the “conservative” approach). 


Causes and Pathogenesis 


The diagnosis of secondary peritonitis is based on history, physi- 
cal examination, imaging studies, and operative exploration. 
History and physical examination are very important in second- 
ary peritonitis, and a good history and physical examination can 
often reduce or eliminate the need for further studies. Secondary 
peritonitis has numerous causes. Some of the more common 
causes of secondary peritonitis include perforated peptic ulcer 
disease, appendicitis, diverticulitis, acute cholecystitis, pancre- 
atitis, and postsurgical complications. Other sources of inflam- 
mation such as autoimmune serositis (e.g., SLE), endometriosis, 
and malignancies cause peritoneal inflammation but rarely cause 
clinical peritonitis. 

Other nonbacterial causes of peritonitis include leakage of 
blood into the peritoneal cavity due to rupture of a tubal preg- 
nancy, ovarian cyst, or aneurysmal vessel. Blood is highly irritating 
to the peritoneum and may cause abdominal pain (hemorrhagic 
peritonitis) similar to that found in septic peritonitis. Bile leakage 
into the peritoneal cavity also can cause signs and symptoms of 
peritonitis, especially when there is also bacterial contamination 
of the bilious contents. However, sterile bile in the abdomen can 
be surprisingly asymptomatic. Large bilomas may have minimal 
symptoms. 

Bacteria can reach the peritoneal cavity by a variety of patho- 
logic processes: transmural inflammation with luminal obstruction 
(see Chapter 123), perforation of the GI tract, bacterial transloca- 
tion (see Chapter 58), and intestinal ischemia (see Chapter 118). 
The initial inoculum of bacteria is determined by the normal flora 
in the involved portion of the GI tract (see Chapter 3). 


Flora 


Although the flora of the gut, especially of the large bowel, is 
diverse and extensive, the number of types of organisms rapidly 
decreases after leakage of gut contents into the peritoneal cavity.” 
Aerobes such as Escherichia coli and enterococci and anaerobes 
such as Bacteroides fragilis and Clostridium organisms predominate. 
A study of infections associated with ruptured colonic diverticu- 
litis reported anaerobes in only 15% of cases, aerobic bacteria in 
only 11%, and mixed aerobic and anaerobic flora in 74%; cul- 
tures from peritoneal abscesses detected anaerobic bacteria alone 
in 18%, aerobes alone in 5%, and mixed aerobic and anaerobic 
flora in 77%.!° In addition to bacteria, fungi in intra-abdominal 
infection are more frequently recognized and may have clinical 
significance. For example, a positive fungal culture is quite com- 
mon in perforated PUD and may adversely affect outcome.!! 

On the basis of an animal model of monomicrobial and poly- 
microbial peritonitis with various combinations of bacteria, it is 
apparent that E. coli is the organism most often responsible for 
death from this form of iatrogenic peritonitis, at least in part 
because of its ability to cause bacteremia, and that combina- 
tions of anaerobes and facultative organisms lead to abscess for- 
mation.'? Other adjuvant substances, such as devitalized tissue, 
mucus, bile, hemoglobin, and barium, can act synergistically 
with microorganisms to increase mortality in surgical peritonitis 
through their ability to interfere with phagocytosis and killing of 
bacteria. These considerations form the basis for the treatment of 
surgical peritonitis, which is described later. 

The peritoneal cavity possesses several lines of defense against 
bacterial infection (Box 39.1).!*-!5 Peritonitis results when these 
defenses are overwhelmed. 


Peritoneal Clearance of Bacteria 


Once bacteria enter the peritoneal cavity, clearance of the 
offending microorganisms begins immediately. Within 6 min- 
utes of intraperitoneal inoculation of bacteria in dogs, bacteria 


CHAPTER 39 Surgical Peritonitis and Other Diseases of the Peritoneum, Mesentery, Omentum, and Diaphragm 583 


BOX 39.1 Peritoneal Defense Mechanisms Against 
Bacteria 


REMOVAL MECHANISMS 

Peritoneal clearance of bacteria through the diaphragm via the 
thoracic duct 

LEUKOCYTE-ATTRACTING MECHANISMS 


Microvilli of the mesothelial cell 
ICAM-1 (CD 54) and VCAM-1 (CD 106) 
Neutrophil recruitment through omental high endothelial venules 


KILLING MECHANISMS 


Macrophages (with glutamate metabolic bursts) 
Neutrophils 
Opsonins 

Complement C3b 

Immunoglobulin G 

Fibronectin 

Mast cell-derived leukotrienes 


SEQUESTRATION MECHANISMS 
Fibrin trapping of bacteria 

Formation of fibrinous adhesions 
Omental loculation of foci of inflammation 


can be cultured in thoracic lymph, indicating passage of organ- 
isms through the diaphragm. Twelve minutes later, bacteremia 
may be evident. This clearance mechanism is probably impor- 
tant in survival because blockade of the thoracic duct in an 
animal model of peritonitis decreases bacteremic episodes but 
increases mortality and induces liver necrosis. This appears to 
be directly related to the amount of endotoxin to which the liver 
is exposed.!° Decades before it was known that the diaphragm 
was the predominant site of clearance of bacteria, Fowler, in 
1900, proposed his head-up, pelvis-down position for preven- 
tion of absorption of toxins from infected peritoneal cavities. In 
the pre-antibiotic era, documentation of the delayed clearance 
of bacteria from experiments in infected dogs in the head-down 
position confirmed the wisdom of this positioning for patients 
with peritonitis. 


History and Physical Examination 


Clinical history and careful physical examination are the key 
factors in making a timely diagnosis of surgical peritonitis. In 
general, the sooner the diagnosis is made, the better the prog- 
nosis. Abdominal pain is the hallmark of peritonitis. The exact 
details of the onset of pain can be helpful in drawing attention 
to the affected organ (see Chapter 11). The pain’s character, 
location, area of radiation, change over time, and provocative 
and palliative factors are key pieces of information in assisting 
with the diagnosis. Peritoneal inflammation is typically associ- 
ated with ileus, and therefore nausea and vomiting are common 
symptoms. 

The ability of the clinician to elicit an accurate history of 
abdominal pain and peritoneal signs is limited in patients with 
neurologic and immunologic compromise. The pain of peritoni- 
tis can be reduced or even absent in older adult patients. Infants 
and children may be incapable of furnishing any history or coop- 
erating with the physical examination. Notoriously difficult 
patients to assess for secondary peritonitis include emergency 
room patients under the influence of alcohol or illicit drugs, 
trauma patients with central nervous system or spinal cord inju- 
ries, and sedated and ventilated ICU patients. Analgesics typically 
will not relieve the findings of peritonitis on physical examina- 
tion, but may relieve some discomfort. Diabetic patients may 


have deficits in both neurologic and immune function. Patients 
receiving immunosuppressive and anti-inflammatory drugs, 
such as glucocorticoids and chemotherapeutic drugs, may have 
blunted perception of pain and minimal signs of peritoneal irrita- 
tion. Patients with cirrhosis and ascites may show no pain during 
episodes of SBP unless the parietal peritoneum becomes involved 
with the inflammatory process (see Chapter 93). 

On examination, the patient with surgical peritonitis usually 
prefers to remain immobile because any movement acutely wors- 
ens the pain. Fever of 100°F or higher is typical, as is tachycardia, 
which may be in part secondary to pain. Hypotension is usually a 
late finding in sepsis. Fever is a fundamental endogenous mecha- 
nism to help fight infection. In fact, the increase in body tempera- 
ture that is usually found during bacterial infections, including 
peritonitis, seems to be essential for optimal host defense against 
bacteria.!’ The absence of hepatic dullness to percussion suggests 
the presence of free air in the peritoneal cavity. Exquisite tender- 
ness to percussion should lead to very gentle palpation. Overly 
vigorous palpation of a very tender abdomen may cause patients 
such pain that they are subsequently unable to cooperate for the 
remainder of the examination. 

Palpation should begin farthest from the area that the patient 
identifies as the source of the most pain. Palpation of a truly 
board-like abdomen is so impressive to the examiner that it can- 
not be forgotten. Lesser degrees of rigidity must be compared 
with this extreme end of the spectrum. Voluntary guarding in the 
presence of mild tenderness may be misinterpreted as rigidity by 
the inexperienced examiner if the patient is anxious and palpa- 
tion too vigorous. It is usually not necessary to check for rebound 
tenderness to palpation if rebound tenderness is noted during 
auscultation or percussion. Often, the presence of rebound ten- 
derness can be inferred if the patient’s pain is exacerbated when 
the bed or stretcher is jarred. 

Peritoneal signs signify inflammation of the parietal perito- 
neum secondary to an intra-abdominal process. Peritoneal signs 
include rebound tenderness, involuntary guarding, and extreme 
tenderness on palpation. Peritonitis can be diffuse, such as that 
associated with perforated ulcer, or localized, such as in sigmoid 
colonic diverticulitis confined to the LLQ. Significant septic 
processes may be confined to the pelvis by overlying bowel and 
omentum, with a resulting absence of peritoneal signs in the ante- 
rior abdominal wall. Therefore, careful rectal and pelvic exams 
are essential in order to detect pelvic peritonitis. The presence of 
iliopsoas and obturator signs (described in Chapter 120) can be 
helpful in detecting retroperitoneal or pelvic inflammation and 
abscesses. 

Repeated physical examination by the same examiner may 
reveal evidence of progressive peritoneal irritation. The evolution 
of the physical exam over time provides additional information 
for diagnosis and evaluation of response to initial nonoperative 
therapy. This, together with laboratory tests and imaging proce- 
dures described later, may indicate the need for surgical interven- 
tion. 


Laboratory Tests and Imaging 


The most common and widely available laboratory test that is 
abnormal in otherwise immunocompetent patients with perito- 
nitis is an increased WBC count with left shift. The presence 
of circulating juvenile forms (i.e., bands) reflects an increasing 
demand for new white cells from the bone marrow. A low WBC 
count during a bacterial infection, associated at times with gram- 
negative septicemia, may indicate the presence of an exhausted 
bone marrow and carries a poorer prognosis. In addition, meta- 
bolic acidosis, hemoconcentration, and prerenal azotemia may be 
present. 

Free air may be evident on upright chest radiograph or 
on upright or decubitus abdominal films, but the finding of 
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pneumoperitoneum by radiography has limited sensitivity in gut 
perforation.'® The absence of free air should not delay surgical 
intervention in an otherwise appropriate clinical setting. US can 
be helpful in demonstrating abscesses, bile duct dilation, and 
large fluid collections but is usually not the best first-line choice 
for diagnostic imaging. CT of the abdomen and pelvis, gener- 
ally with both oral (and occasionally rectal) and IV contrast, is 
increasingly preferred as the most sensitive and specific imaging 
modality for acute abdominal pain. Multidetector CT scanners 
are capable of imaging the entire abdomen and pelvis in a single 
breath-hold. The axial images are of extremely high resolution 
and can be reconstructed in coronal, sagittal, and 3-dimensional 
sets of images.!? CT is much more sensitive than plain films for 
the detection of free air, and with multidetector CT it is possible 
to visualize the actual site of perforation. Although CT images 
are increasingly accurate and the images compelling, they should 
not delay surgical consultation, resuscitation, and operation in a 
patient with suspected peritonitis. 


Diagnosis 


The diagnosis of surgical peritonitis is suspected on the basis of 
history, physical examination, and laboratory and imaging tests 
and is confirmed at laparotomy or laparoscopy when purulent 
fibrinous peritonitis is found. In those patients whose history and 
physical examinations are unreliable, CT and peritoneal lavage 
are valuable in confirming the diagnosis of surgical peritonitis. 
CT is less invasive, but if not available, or if a patient is too hemo- 
dynamically unstable to undergo scanning, peritoneal lavage is 
an effective alternative that can be rapidly performed. Peritoneal 
lavage involves insertion under sterile conditions of a catheter 
into the peritoneal cavity and infusing 1 L of normal saline. If the 
effluent contains more than 500 WBCs/mm/’, effluent amylase or 
bilirubin levels greater than the corresponding serum value, or 
bacteria are visible on Gram stain, there is approximately a 90% 
likelihood of surgical peritonitis. Surgery is usually indicated in 
this setting. Finally, diagnostic laparoscopy is highly accurate in 
the diagnosis of surgical peritonitis, and many of the underlying 
diseases can be dealt with laparoscopically, avoiding the need for 
laparotomy.?? 


Treatment 


Two principles in the management of secondary peritonitis can- 
not be overemphasized. First, not all patients with peritonitis 
require surgery. For example, a patient with localized LLQ peri- 
tonitis secondary to sigmoid colonic diverticulitis can be man- 
aged with bowel rest and IV antibiotics alone. Another patient 
with the same clinical presentation and findings of a diverticular 
abscess on CT scan can be successfully treated with antibiotics 
and percutaneous drainage (see Chapter 29). The second prin- 
ciple is that the absence of peritonitis does not exclude the pos- 
sibility of surgical emergency. The classic example of this clinical 
situation is early acute mesenteric ischemia with abdominal pain 
out of proportion to physical examination findings (see Chapter 
11). Likewise, a complete mechanical SBO generally requires 
emergency operation before the development of peritoneal signs 
that indicate progression to perforation or vascular compromise 
(see Chapter 123). 

For most cases of secondary peritonitis, fluid resuscitation and 
antibiotic therapy followed by urgent laparotomy or laparoscopy 
are the mainstays of treatment. The patient should be aggres- 
sively fluid resuscitated to treat intravascular volume depletion 
secondary to movement of fluid out of the vascular space. Fluid 
resuscitation (bolus of 30 mL/kg) is guided by frequent monitor- 
ing of physiologic parameters in an intensive care setting, includ- 
ing blood pressure (by arterial line if shock is present), heart rate, 
central venous pressure, mixed venous oxygen saturation, and 


urine output. Hematocrit, WBC, electrolytes, glucose, creati- 
nine, and blood gases should also be monitored. Hypovolemia, 
hypotension, metabolic acidosis, hypoxia, and hemoconcentra- 
tion from loss of plasma into the peritoneal cavity are expected. 
Vasopressor therapy should be initiated only after adequate vol- 
ume resuscitation has failed to correct hypotension and hypoper- 
fusion. Measurement of serum lactate levels to guide resuscitative 
efforts has been included in the new update for surviving sepsis 
guidelines.*! Glucocorticoids that were previously empirically 
administered are restricted to patients who fail to respond to fluid 
and vasopressor therapy. Surgical intervention for source con- 
trol should be pursued as soon as the patient is hemodynamically 
stable for operation. 


Antibiotics 


Antibiotic therapy is required before, during, and after surgical 
intervention %2. The type of bacteria causing secondary peri- 
tonitis depends in part on the normal flora of the part of the GI 
tract that is the source of sepsis and in part on the clinical setting. 
Two recent sets of guidelines for the management of complicated 
intra-abdominal infections recommend broader antimicrobial 
therapy for hospital-acquired infections than in community- 
acquired infections.’??? In community-acquired peritonitis, 
susceptible gram-negative bacilli, strict anaerobic bacteria, and 
enterococci are typically found. In health care—associated infec- 
tions, the flora may have been altered by previous antibiotic 
exposure and previous disease, with more antibiotic-resistant 
organisms present. In general, antibiotics directed against the 
most likely pathogens should be chosen. For example, colonic 
processes require coverage for gram-negative aerobes and anaer- 
obes. In animal models, antibiotics directed against gram-neg- 
ative enteric aerobic organisms minimize mortality, and drugs 
effective against anaerobes prevent abscess formation. It has been 
shown that there is synergy between aerobic and anaerobic bac- 
teria in experimental models of peritonitis. The coverage of all 
potential organisms is not necessary. The flora of surgical peri- 
tonitis simplifies with time, even before initiation of antibiotics. 
Killing certain key species may change the microenvironment 
sufficiently to prevent growth and allow killing of other flora. Ifa 
Candida species is cultured from the peritoneal cavity, this organ- 
ism should be treated if the patient is in septic shock, in an immu- 
nocompromised state, or in a hospital-acquired setting.?* On the 
other hand, hemodynamically stable immunocompetent patients 
with secondary peritonitis in a community setting do not need 
treatment for Candida. Examination of short course antibiotics (4 
+ 1 days) versus antibiotics until resolution of fever/leukocytosis 
(approximately 8 days) after source control suggested equivalence 
in the STOP-IT trial.*5 

A variety of antibiotic regimens have been proposed using the 
following classes of antibiotics alone or in combination: second- 
generation cephalosporins, third-generation cephalosporins, 
broad-spectrum beta-lactams, fluoroquinolones and metronida- 
zole, and aminoglycosides with clindamycin or metronidazole. 
Many controlled trials of antibiotic regimens show equivalency. 
For example, it has been shown that monotherapy with a broad- 
spectrum beta-lactam is as effective as combination therapy with 
a beta-lactam and an aminoglycoside.*° Data-supported guide- 
lines regarding optimal treatment have been hampered by sub- 
optimal study design and nonuniform efficacy criteria in the 
controlled trials that have been performed. A Cochrane review of 
40 randomized trials involving 16 different regimens showed no 
difference in mortality.?”” The specific antibiotics chosen should 
take into account other considerations such as the avoidance of 
toxicities, the sensitivity profile of cultured organisms, the ease 
and route of administration, the risk of emergence of antibiotic 
resistance, and cost.?? The availability of broad-spectrum anti- 
biotics, including beta-lactams, fluoroquinolones, and third- and 
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fourth-generation cephalosporins, makes it unnecessary to use 
aminoglycosides with their potential nephrotoxicity in patients 
with compromised renal function. 

The failure to clear secondary peritonitis after an appropri- 
ate course of antibiotic therapy or the recurrence of peritonitis 
is termed tertiary peritonitis. Nosocomial infections occurring in 
patients after long periods of hospitalization may include infec- 
tions with multiresistant Pseudomonas, Enterobacter, Enterococcus, 
Staphylococcus, and Candida species. The development of multiple 
organ dysfunction syndrome after an initial operation should 
prompt an aggressive search for inadequate source control and 
for abscesses, involving repeat CT, percutaneous or operative 
drainage of abscesses, and culture of persistent fluid collections, 
in addition to antimicrobial therapy." 


Surgical Intervention 


Antibiotics help treat or prevent fatal bacteremia but do not cure 
most patients with surgical peritonitis unless operative interven- 
tion is also undertaken. Neither free leakage of gut contents nor 
large abscesses can be sterilized by antibiotics alone in the absence 
of drainage. Surgical intervention should occur as soon as possible 
after the patient has been stabilized and resuscitated and antibiot- 
ics have been given. Laparotomy remains the gold standard for 
definitive diagnosis and mainstay of therapy in surgical peritonitis. 
However, a recent review confirms the success of an increasing 
number of laparoscopic procedures for some forms of peritoni- 
tis.?? With either laparoscopic or conventional open operations, 
the aims of surgical treatment are source control, peritoneal 
decontamination, and prevention of recurrent infection. 

Repeat laparotomy after temporary abdominal closure may be 
useful when control of the source of infection is not possible at 
the initial operation. Surgical re-exploration may be undertaken 
for the following reasons: (1) tenuous control of the source of 
infection; (2) reassessment of bowel viability; (3) inadequate or 
poor drainage; (4) hemodynamic instability; (5) infected pancre- 
atic necrosis or diffuse fecal peritonitis at the initial operation; 
(6) reassessment of a tenuous anastomosis; and (7) the develop- 
ment of intra-abdominal hypertension (abdominal compart- 
ment syndrome). Abdominal compartment syndrome, which is 
described in more detail in Chapter 11, develops when the clo- 
sure of the abdomen at either the level of the fascia or skin causes 
intra-abdominal pressure to rise to a degree that impairs respira- 
tory, hepatic, and/or renal function.’? 

Preoperative and postoperative fluid and nutritional support 
are crucial to prompt wound healing and survival. Peritonitis has 
been compared with a 50% total body surface area burn, and even 
a calorie intake of 3000 to 4000 kcal/day may not achieve positive 
nitrogen balance. Inability to achieve positive nitrogen balance 
may, however, be secondary to accelerated proteolysis, and nega- 
tive nitrogen balance associated with pathologic proteolysis can- 
not be reversed by any amount of caloric intake. This proteolysis 
may only be thwarted with treatment of the septic process and 
recovery of the patient. The enteral route of nutrition is preferred 
over parenteral (see Chapter 6). Placement of a feeding jejunos- 
tomy tube at the initial operation is therefore prudent in these 
critically ill patients. 


Prognosis 


Despite the modern approach to the diagnosis and treatment of 
secondary (surgical) peritonitis, mortality remains high in certain 
subgroups of patients, especially older adult patients and patients 
who suffer multiple organ failure before the development of peri- 
tonitis. In general, peritonitis-related mortality may be as high 
as 30%,*° with appendicitis and perforated duodenal ulcer at the 
low end of the spectrum (10%) and postoperative (tertiary) peri- 
tonitis at the high end (up to 50%). 


BOX 39.2 Causes of Nonsurgical Peritonitis 


SBP (see Chapter 93) 

Chronic ambulatory peritoneal dialysis 
Mycobacterium tuberculosis 

AIDS associated 

Chlamydia trachomatis 


Neisseria gonorrhoeae (Fitz-Hugh-Curtis syndrome) 
Rare causes 


1. Polyarteritis nodosa 

2 SLE 

3. Primary Sjogren syndrome 
4. Familial Mediterranean fever 


PERITONITIS OF OTHER CAUSES (BOX 39.2) 
Primary Peritonitis 


SBP, or peritonitis without a known surgical source, is the most 
common cause of primary peritonitis. This occurs predominantly 
in patients with cirrhosis and ascites and is discussed in Chapter 
93. Primary peritonitis may also occur in patients with ascites due 
to nephrotic syndrome. Primary peritonitis in the absence of cir- 
rhosis or nephrosis is much less common and usually occurs in 
children. Primary peritonitis is treated without surgical interven- 
tion, using antibiotics directed against the offending organism. 


Peritonitis With Continuous Ambulatory Peritoneal 
Dialysis 

Continuous ambulatory peritoneal dialysis (CAPD) is a common 
treatment of end-stage kidney disease, particularly outside of the 
USA.?! Rates of bacterial peritonitis vary widely by dialysis pro- 
gram, with a reported range of 0.06 to 1.66 episodes per patient- 
year of treatment.” The most common isolates are Staphylococcus 
epidermidis and other skin flora. Other pathogens, such as 
gram-negative bacilli, including Pseudomonas species, fungi, or 
Mycobacterium tuberculosis, are less frequent. The most probable 
explanation for this high incidence of infection is inadvertent 
contamination of the indwelling catheter, but GI, gynecologic, 
and bacteremic sources have been implicated. Because of this, a 
variety of recommendations for the prevention of peritonitis have 
been proposed.** Peritonitis in this group of patients is a major 
source of morbidity and the largest single cause of patient failure 
on CAPD. 

Abdominal pain and tenderness are found in about 80% of 
patients, but fever is found in only about one third. A consistent 
feature is cloudy effluent, noted in 84%. The diagnosis is sus- 
pected on the basis of signs and symptoms and is confirmed by a 
fluid WBC count greater than 100 neutrophils/mm} or the pres- 
ence of organisms on Gram stain. Treatment should be started 
immediately without waiting for the culture results, similar to 
the empirical treatment of patients with cirrhosis and neutrocytic 
ascites. Initial treatment of suspected CAPD peritonitis should 
cover the most frequently isolated bacteria. Vancomycin or 
cephalosporins are good options if monotherapy is considered. 
The intraperitoneal route of administration is now preferred to 
the IV route.’ The sensitivity of the organism isolated deter- 
mines the subsequent antibiotic choice. Most of these patients 
are successfully treated on an outpatient basis without stopping 
dialysis. Prompt treatment ensures survival; however, recurrent 
infection is common and may lead to catheter removal or scar- 
ring of the peritoneum. Addition of heparin to the dialysis bag 
in cases of peritonitis may decrease the formation of fibrin and 
thereby the incidence of postinfection adhesions, but there was 
no beneficial role for urokinase administration. Fungal infections 
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and recurring bacterial infections require removal of the catheter. 
Repeated infections lead to sclerosing encapsulating peritonitis 
(abdominal cocoon syndrome) and loss of surface area for effec- 
tive dialysis.** 


Tuberculous Peritonitis 


Tuberculous peritonitis is an uncommon site of extrapulmonary 
infection caused by M. tuberculosis. Patients with HIV infection, 
cirrhosis, diabetes mellitus, and underlying malignancy are at 
increased risk.*> Noncirrhotic patients with tuberculous perito- 
nitis usually have ascites with a high protein content, low glu- 
cose concentration, and a low serum-to-ascites albumin gradient 
(<1.1 g/dL).*° Patients almost always have an elevated ascitic 
fluid WBC count with a lymphocytic predominance. The algo- 
rithm in evaluation of patients with ascitic fluid that has a high 
lymphocyte count includes cytologic evaluation of the fluid and 
consideration of laparoscopy. Patients with lymphocytic ascites 
and fever usually have TB, whereas afebrile patients usually have 
malignancy-related ascites. Cancer is the cause of lymphocytic 
ascites about 10 times more frequently than TB (see Chapter 
93). If peritoneal metastases are present, the cytologic findings 
are positive more than 90% of the time, and the laparoscopy can 
be avoided. If the cytology is negative, however, laparoscopy is 
performed and is nearly 100% sensitive in detecting tuberculous 
peritonitis. However, a number of noninvasive diagnostic tests 
are available to diagnose extrapulmonary disease. Adenosine 
deaminase levels are typically elevated in the ascitic fluid in tuber- 
culous ascites, and this finding can help differentiate tuberculous 
peritonitis from peritoneal carcinomatosis.’ An enzyme-linked 
immunospot assay (ELISPOT) and PCR assay (Xpert MTB/ 
RIF) are novel, rapid, noninvasive tests for M. tuberculosis.®°° 
Tuberculous peritonitis may also appear as a pelvic mass on CT, 
with high serum levels of CA125, making the diagnosis difficult 
to distinguish from metastatic ovarian cancer. 

Serum tests such as QuantiFERON gold have poor test char- 
acteristics in diagnosing active tuberculous peritonitis, especially 
in TB endemic countries where BCG vaccine is still admin- 
istered. A 6-month treatment course consisting of isoniazid, 
rifampin, pyrazinamide, and ethambutol for the first 8 weeks, 
followed by isoniazid and rifampin for the next 4 months, is con- 
sidered adequate. More antituberculous drugs may be necessary, 
depending on local susceptibility testing and the emergence of 
resistant strains. The hepatotoxicity of the first-line drugs in cir- 
rhotic patients may necessitate a change in drug therapy. Antitu- 
berculous therapy must be supervised carefully by public health 
personnel as well as physicians. Erratic treatment leads to emer- 
gence of resistant strains. 


Peritonitis Associated With AIDS (see Chapter 35) 


With advances in HAART, there has been a several-fold reduc- 
tion in the mortality rate from AIDS, a decline in the prevalence 
of opportunistic GI disease, and a major decrease in the number 
of operations for AIDS-related surgical illness. 

Patients with AIDS may develop peritonitis from many differ- 
ent pathogens: bacteria (monomicrobial or polymicrobial); viruses 
(cytomegalovirus, herpes, and others) and fungal organisms (His- 
toplasma, cryptococci, and Coccidioides); parasites (Pneumocystis jir- 
oveci, Trypanosoma cruzi), and mycobacteria (M. tuberculosis and 
M. avium-intracellulare). Also, neoplastic lesions, such as Kaposi 
sarcoma and non-Hodgkin lymphoma, may involve the perito- 
neum. Like other forms of peritonitis, the common features of 
presentation are abdominal pain, anorexia, fever, and ascites, 
which typically has a high protein content, occurring in an HIV- 
positive patient. The treatment of these opportunistic infections 
involving the peritoneum is generally pharmacologic (e.g., antibi- 
otics, amphotericin B, ganciclovir) unless bowel involvement has 


Fig. 39.4 Laparoscopic photograph of perihepatitis (Fitz-Hugh-Curtis 
syndrome) showing adhesions on the surface of the liver. (From Frumo- 
vitz MM, eMedicine.com, Inc., 2004.) 


led to gut perforation, which may occur with cytomegalovirus, 
for example. Also, laparotomy may be indicated for obstructive 
symptoms, as with lymphoma. Bowel resection is required in this 
instance. 


Fitz-Hugh-Curtis Syndrome or Chlamydia Peritonitis 


Fitz-Hugh-Curtis syndrome, or perihepatitis (Fig. 39.4), was 
formerly most commonly associated with Neisseria gonorrhoeae 
infection. However, in recent years Chlamydia trachomatis is 
increasingly implicated in perihepatitis.*0 Chlamydia perihepati- 
tis occurs only in women, owing to seeding of bacteria into the 
peritoneal cavity from the fallopian tubes. Symptoms in these 
patients include inflammatory ascites, pain in the right upper 
abdominal quadrant, fever, and a hepatic friction rub. If there is 
enough ascitic fluid to be clinically detectable, it has an elevated 
white cell count with a predominance of neutrophils and a high 
protein content, even in excess of 9 g/dL. Laparoscopy is very 
helpful in confirming the diagnosis, revealing “violin strings” and 
“bridal veil” adhesions from the abdominal wall to the liver (see 
Fig. 39.4). Doxycycline is usually curative. When these adhesions 
are an incidental finding during laparoscopy or laparotomy per- 
formed for another reason, no treatment is required. 


Fungal and Parasitic Peritonitis 


Fungal peritonitis can be due to gut perforation, especially per- 
foration of the upper GI tract. It can also be a complication of 
acquired immunodeficiency (see Chapter 35). Fungal peritonitis 
may be limited to the pelvis in cases of a gynecologic source; this 
may be treated with fluconazole.*! The most common isolates are 
Candida species, probably because routine blood culture media 
can detect Candida. As mentioned earlier, fungal peritonitis has 
occurred in patients undergoing chronic ambulatory peritoneal 
dialysis. 

Although rare, peritoneal histoplasmosis, coccidioidomycosis, 
and cryptococcal infection can be seen in the setting of AIDS. 
Schistosomiasis, pinworms, ascariasis, strongyloidiasis, and ame- 
biasis also may involve the peritoneal cavity (see Chapters 113 
and 114). 


Starch Peritonitis 


Years ago, approximately 1 of 1000 patients who underwent 
laparotomy developed fever and migratory abdominal pain 2 
to 3 weeks postoperatively due to contamination of the perito- 
neum by glove powder starch. After 1980 manufacturers replaced 
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Fig. 39.5 Appearance of peritoneal metastases: A, nodular type metastases; B, diffuse nodular metastases 


LN C 


with mesenteric involvement; C, scirrhous or scar-like metastases (commonest). 


cornstarch with more inert substances. Glove cornstarch potenti- 
ates wound infection, forms peritoneal adhesions, induces granu- 
lomatous peritonitis, and serves as a carrier of the latex allergen.*? 
Glove powder granulomas also may mimic peritoneal carcinoma- 
tosis. These lesions should be biopsied and sent for frozen sec- 
tion if the etiology is in question and if the results could change 
the operative procedure. Starch peritonitis is a difficult diagnosis 
to make, and a high index of suspicion is required. Treatment is 
nonoperative, and glucocorticoids may be of benefit. 


Rare Causes 


Connective tissue diseases lead to peritonitis as a manifesta- 
tion of serositis in approximately 5% of patients with lupus *# 
and approximately 10% of patients with polyarteritis and sclero- 
derma. Treatment of the underlying disease usually controls the 
serositis (see Chapter 37). 

Familial Mediterranean fever is an autosomal recessive hered- 
itary disease that affects the peritoneum, as well as other serous 
membranes. It is more frequently found in patients of Ashkenazi 
Jewish, Armenian, and Arabic ancestry. It is an aseptic form of 
recurrent peritonitis. Patients usually present with sporadic epi- 
sodes of abdominal pain and fever; synovitis and pleuritis may 
also be present. Treatment with colchicine prevents attacks and 
renal amyloidosis (see Chapter 37). 


INTRA-ABDOMINAL ADHESIONS 


Formation of intra-abdominal adhesions, abnormal fibrous bands 
between peritoneal surfaces that are usually separate, can be the 
aftermath of secondary peritonitis and the surgery performed to 
correct it. Adhesions may be congenital, but the vast majority is 
acquired as a result of peritoneal injury. Intraperitoneal foreign 
bodies such as suture material, clips, and mesh also contribute 
to adhesion formation. Intra-abdominal adhesions can be a con- 
siderable source of morbidity and mortality. They are the most 
common cause of SBO (see Chapter 123). Adhesions are a leading 
cause of secondary infertility in women, accounting for 15% to 
20% of cases. Pelvic adhesions may be a source of chronic lower 
abdominal and pelvic pain. Adhesions may preclude peritoneal 
dialysis or intraperitoneal chemotherapy should they be neces- 
sary. Extensive adhesions may preclude laparoscopic procedures 
and have been shown to increase blood loss, operative time, and 
risk of enterotomy in reoperative surgery. These patients are then 
at increased risk for postoperative complications and prolonged 
hospital stay. The socioeconomic cost of adhesive disease is con- 
siderable.** 

Formidable effort has been devoted to the prevention of 
adhesion formation. Tissue damage, hemorrhage, and inflam- 
mation in the peritoneal cavity lead to fibrin deposition on the 
peritoneal surfaces, allowing adjacent surfaces to adhere in this 
sticky matrix. Various strategies for prevention of adhesion 
formation include reduction of peritoneal injury, inhibition 
of the inflammatory response, prevention of fibrin formation, 


promotion of fibrinolysis, prevention of collagen deposition, 
and barrier separation of the peritoneal surfaces. Although vari- 
ous experimental strategies in animal experiments have reduced 
the number and severity of adhesions, few of these have trans- 
lated into clinical practice. The preponderance of evidence in 
human as well as animal studies shows decreased adhesions at 
the incision sites and at the operative site in laparoscopic sur- 
gery compared with open surgery.* Seprafilm, a hyaluronic- 
carboxymethylcellulose membrane, has been shown in human 
trials to reduce intra-abdominal adhesions after general sur- 
gical procedures, but there has been no demonstrable reduc- 
tion in subsequent bowel obstruction.*° In patients undergoing 
gynecologic surgery, evidence suggests that oxidized regener- 
ated cellulose (Interceed), expanded PTFE (Gore-Tex), and 
Seprafilm may reduce adhesions, although the evidence is 
rather low-quality. 


PERITONEAL TUMORS 
Tumors Metastatic to the Peritoneum 


Metastatic cancer is by far the most common peritoneal tumor 
(Fig. 39.5). Tumors that preferentially metastasize to the perito- 
neum include adenocarcinomas of the ovary, stomach, colon and 
rectum, appendix, pancreas, and lobular carcinoma of the breast. 
Primary tumors of the peritoneum include mesothelioma and 
desmoplastic round cell tumors. 


Clinical Features 


Patients with peritoneal metastases are often diagnosed late due 
to inadequate imaging. The pathognomonic manifestations of 
peritoneal metastases are ascites and malignant bowel and ure- 
teral obstructions, which may occur independent of each other. 
Some patients present with abdominal wall metastases (including 
umbilical nodules known by the eponym “Sister Mary Joseph” 
nodules) that are easy to detect. In patients with high risk of peri- 
toneal metastases, such findings should promptly trigger a lapa- 
roscopy to examine the peritoneum. 

Presence of such symptoms generally portend a worse prog- 
nosis and interventions at this stage are generally limited in 
their therapeutic benefit with curative intent. This has led many 
investigators to attempt diagnosis of peritoneal metastases with 
proactive laparoscopies. The recent ProphyloCHIP trial is one 
such study, in which patients with high-risk colon cancers (perfo- 
rated tumors, T4 lesions, small burden peritoneal disease/tumor 
deposits) who underwent complete resection were randomized 
to second look laparotomy after completing their chemotherapy 
if there was no peritoneal disease visible on imaging. Peritoneal 
metastases were diagnosed in 52% of patients.” Similar trials are 
underway for gastric and other solid tumor malignancies. The 
incidence of visualizing otherwise undetectable peritoneal metas- 
tases in resectable (and borderline resectable) pancreas cancer 
ranges from 8% to 20%. 
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Peritoneal fluid is generally not seen on conventional imag- 
ing studies. Thus, the presence of peritoneal fluid in the absence 
of inflammatory processes is suspicious for metastases. Exudative 
ascites appears in patients as evidence of an advanced manifesta- 
tion of a known tumor with a large tumor burden, rather than as 
a primary manifestation of cancer. Weight loss, abdominal pain, 
and early satiety are common. In the absence of peritoneal metas- 
tases, massive liver metastases, hepatocellular carcinoma with or 
without cirrhosis, malignant lymph node obstruction as in lym- 
phoma, and Budd-Chiari syndrome with or without inferior vena 
cava obstruction, are also associated with ascites. Ascitic fluid 
characteristics often allow their distinction, which is important 
because each may require different treatment (see Chapter 93 for 
details of pathogenesis and ascitic fluid analysis). Cytology can 
often detect peritoneal metastases (except in certain histologies 
such as mesothelioma) and the ascites is more often serous and 
mucinous than sanguineous (see Chapter 93). 

Patients with ureteral obstruction are generally incidentally 
found to have hydronephrosis on imaging. Progression of hydro- 
nephrosis can lead to uremia, with nausea and vomiting mim- 
icking bowel obstruction. Prompt relief of the obstruction with 
ureteral stents or percutaneous nephrostomy tubes can alleviate 
worsening renal dysfunction. 

Malignant bowel obstruction is a common terminal event for 
patients presenting with peritoneal metastases. Commonly, there 
are multifocal areas of obstruction, although a dominant obstruc- 
tion may be suggested. Patients often present with abdomi- 
nal pain, cramping from closed loop obstruction, and emesis. 
The sigmoid colon and proximal jejunum are common sites of 
obstruction from metastatic disease. 


General Treatment 


Management of patients with peritoneal metastases requires 
expertise and such patients are best managed in a multidisci- 
plinary approach. Symptomatic management and early goal set- 
ting are important and can facilitate decision making. 


Surgery and Intraperitoneal Chemotherapy 

Not all peritoneal metastases portend a poor prognosis. Some 
patients can be treated with curative intent depending on the 
burden of disease and histology. 

Patients with low-grade appendiceal epithelial neoplasms, 
peritoneal mesothelioma (discussed later), low-burden colorectal 
metastases, and ovarian cancers will often live at least 5 years, with 
a significant percentage of patients living 10 years or more.*® 

Techniques of cytoreductive surgery have been used in the 
management of such patients and can include peritonectomy 
procedures in which the parietal peritoneum is systematically 
removed from the lining of the abdominal wall. Peritonectomy 
was previously considered a high-risk procedure, but advances in 
techniques and high-volume centers have now yielded morbid- 
ity and mortality rates in line with other major oncologic resec- 
tions. Morbidity is directly related to the burden of disease, and 
hence early detection with proactive approaches might render 
these operations amenable to minimally invasive approaches. The 
achievement of complete cytoreduction is of significant therapeu- 
tic benefit. 

The use of intraperitoneal chemotherapy in a single setting 
(such as Ayperthermic intraperitoneal chemotherapy, or HIPEC) 
or subsequent catheter-based intraperitoneal therapy has been 
widely used in patients with peritoneal metastases.*” The use of 
HIPEC is well studied in patients with ovarian cancer, appendi- 
ceal epithelial neoplasms, mesothelioma, and gastric and colorec- 
tal malignancies. The added use of intraperitoneal therapy 
increases 30- and 90-day morbidity and requires management 
by an experienced team. Management strategies in patients with 
peritoneally metastatic malignancies are outlined in Table 39.1. 


Malignant Bowel Obstruction 

The management of malignant bowel obstruction often 
requires placement of a nasogastric tube. Soft sialistic naso- 
gastric tubes can provide more comfort than conventional 
Salem sump tubes. Supplemental management options include 
the use of octreotide, proton pump inhibitors (to reduce acid 
secretion), anticholinergics such as hyoscamine to reduce 
spasms, and analgesia. Glucocorticoids have been suggested to 
reduce edema and nausea, providing an adjunct in nonopera- 
tive treatment. Surgical consultation is appropriate to deter- 
mine whether intervention can be of therapeutic or palliative 
benefit. Early placement of gastrostomy tubes must be con- 
sidered, especially because episodes of malignant obstruction 
frequently recur. Patients are generally counseled that 40% to 
80% of obstructions resolve spontaneously and that adherence 
to low-fiber diets may reduce future occurrences. Placement 
of endoluminal stents are generally futile in this setting due 
to the extent of extrinsic compression caused by tumor but 
may be considered in selected instances in consultation with a 
multidisciplinary team. Early attention to palliative care helps 
patients with symptom relief. 


Therapeutic Paracentesis 

Therapeutic paracentesis for symptom palliation is performed for 
the majority of patients with peritoneal carcinomatosis. Repeated 
paracentesis often leads to protein calorie malnutrition, failure 
to thrive, and inanition. Patients who are considering hospice or 
end-of-life measures benefit greatly from indwelling catheters 
that can be drained at home. The recommendation to use diuret- 
ics for treatment was based largely on supposition rather than 
hard data and should be restricted. 


Pseudomyxoma Peritonei 


Pseudomyxoma peritonei is not truly a diagnosis in and of itself 
but represents a syndrome of mucinous ascites that, although pri- 
marily associated with appendiceal epithelial neoplasms, can also 
occur with ovarian, pancreatic, colorectal, and gastric mucinous 
tumors. The histologic origin of the mucinous ascites predicts 
the outcome. Presenting symptoms and signs are usually pain- 
less abdominal distention. Definitive diagnosis is made when 
characteristic jelly-like material is encountered at laparotomy 
or laparoscopy. When arising from appendiceal neoplasms, it is 
important to distinguish between low-grade appendiceal muci- 
nous neoplasms (previously referred to as mucinous cystadenoma, 
mucocele) or high-grade tumors including adenocarcinoma. 
This condition is effectively treated by cytoreductive surgery and 
HIPEC. Visceral resection including right hemicolectomy can 
be avoided in patients in whom complete cytoreductive surgery 
is possible without removing the colon because nodal metastases 
are rare. 


Mesothelioma 


Most (65% to 70%) mesotheliomas arise in the pleura, and 25% 
in the peritoneum. Most peritoneal mesotheliomas are malignant, 
associated with asbestos exposure, and detected 35 to 40 years 
after initial asbestos exposure. The families of asbestos workers 
are also at risk. Mesothelioma can have a rather indolent course 
in patients with well-differentiated papillary mesothelioma and 
multicystic mesotheliomas. Diagnosis is usually made at laparot- 
omy or laparoscopy, but occasionally malignant mesothelial cells 
are found on ascitic fluid analysis. Patients with malignant perito- 
neal mesothelioma often harbor sporadic and occasionally germ- 
line BRCA associated protein-1 (BAP-1) mutations. Patients are 
best treated in a multidisciplinary setting. Cytoreductive surgery 
and HIPEC has been shown to improve survival with a 5-year 
survival ranging from 29% to 70%.°? 
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TABLE 39.1 Management Strategies in Peritoneal Surface Malignancies 


Histologic Subtype 


Systemic Therapy 
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Cytoreductive surgery Regional therapy 


PRIMARY 
Primary peritoneal 


Malignant mesothelioma 


DSRCT 


SECONDARY 
Low-grade appendiceal neoplasms 


High-grade appendiceal neoplasms 
(including goblet cell carcinoid, signet 
ring cell histology) 


Colorectal carcinoma 


Ovarian carcinoma 


Taxane/carboplatin (neoadjuvant/adjuvant) 


Cisplatin/pemetrexed 


Cyclophosphamide, doxorubicin, vincristine 
alternating with ifosfamide and etoposide 

Autologous stem cell rescue 

Whole abdominal radiation 


Fluoropyrimidine, oxaliplatin, irinotecan, anti-EGFR 
antibodies (cetuximab/panitumumab), anti- 
VEGF antibodies (bevacizumab) 


Fluoropyrimidine, oxaliplatin, irinotecan, anti-EGFR 
antibodies (cetuximab/ panitumumab), anti- 
VEGF antibodies (bevacizumab) 


Taxane/carboplatin (neoadjuvant/adjuvant) 


Optimal cytoreduction 


Optimal cytoreduction 


Optimal cytoreduction 


Intraperitoneal chemotherapy 
(cisplatin/paclitaxel) for 
optimally debulked patient 

+ HIPEC (cisplatin/carboplatin) 


HIPEC (cisplatin /Adriamycin/ 
mitomycin-C) 


HIPEC (cisplatin) 


Gastric carcinoma 


Checkpoint inhibitors 


Esophageal/pancreatic/hepatobiliary 
Gemcitabine/cisplatin 
Nab-paclitaxel 
Gastric regimens 
Checkpoint inhibitors 


Sarcomas (non-GIST) Adriamycin/ifosfamide 
Eribulin 


Pazopanib 


Sarcomas (GIST) 
pazopanib/regorafenib 


Cisplatin/fluoropyrimidine docetaxel/epirubicin 
trastuzumab for HER2/neu+ tumors 


Optimal cytoreduction | HIPEC (mitomycin-C) 
Optimal cytoreduction — HIPEC (mitomycin-C) 
Optimal cytoreduction — HIPEC (mitomycin-C/oxaliplatin) 
Optimal cytoreduction Intraperitoneal chemotherapy 
(cisplatin/paclitaxel) for 
optimally debulked patient 
HIPEC (cisplatin) 


Optimal cytoreduction 
being investigated 


+ HIPEC (cisplatin/mitomycin-C) 
+ IP docetaxel/paclitaxel 


Fluoropyrimidine/oxaliplatin/irinotecan 


Optimal cytoreduction =+ HIPEC (cisplatin/Adriamycin) 


Tyrosine kinase inhibitors imatinib/sunitinib/ 


HIPEC, hyperthermic intraperitoneal chemotherapy; /P, intraperitoneal. 


From the American Cancer Society Oncology in Practice, Turaga KK (February 2018). 


PELVIC LIPOMATOSIS AND PERITONEAL CYSTS 


Fat deposits normally found in the perirectal and perivesical spaces 
may develop nonmalignant overgrowth and are recognized as a 
distinct clinicopathologic entity, pelvic lipomatosis. It occurs pre- 
dominantly in African-American men (male-to-female ratio 18:1) 
between 20 and 60 years of age and may cause or be associated with 
hypertension, cystitis, urinary tract obstruction, and occasionally 
GI symptoms.*! The abnormal proliferation of fat is accompanied 
by varying degrees of fibrous reaction. Transrectal US and CT are 
important in diagnosis, particularly in differentiating pelvic lipo- 
matosis from liposarcoma. The disease does not progress in most 
patients, although urinary tract obstruction may require diversion. 

Peritoneal cysts are rare. Benign cystic lymphangiomas affect 
young men, present as mass lesions, and seldom recur after resec- 
tion. 


DISEASES OF THE MESENTERY AND OMENTUM 


Diseases of the mesentery and omentum include, in decreasing 
order of frequency, hemorrhage, tumors and cysts, inflammatory 
and fibrotic conditions, and infarction. Mesenteric abscesses are 
covered in Chapter 29. 


Hemorrhage 


Mesenteric, intraperitoneal, and retroperitoneal bleeding and 
their complications can be classified as traumatic or spontane- 
ous. Both types are aggravated by anticoagulation. Traumatic 
hematomas may or may not require surgical intervention, 
depending on the site of the lesion and whether the trauma was 
blunt or penetrating. The etiology of spontaneous hemorrhage 
can be due to gynecologic (e.g., ruptured ovarian cyst), hepatic 
(e.g., rupture of a hepatocellular carcinoma), splenic (e.g., rup- 
ture due to infection with Epstein-Barr virus), vascular (e.g., 
rupture of a splanchnic arterial aneurysm), and coagulopathic 
causes.°? 

Symptoms usually are pain and those from mass effects 
of the hematoma such as intestinal obstruction. Diagnosis 
depends on a high index of suspicion and US or CT, which 
demonstrates the collection of blood. A US-guided FNA may 
help in confirming the diagnosis. Treatment consists of dis- 
continuation of anticoagulants (in those being so treated) and 
reversal of anticoagulation. In others treatment is dictated 
by the local or systemic symptoms of hemorrhage. In certain 
cases, angiographic embolization may help treat intraperito- 
neal hemorrhage.” 
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Fig. 39.6 Mesenteric cyst characterized by anatomic location and 
homogeneous appearance with fluid filled density. 


Tumors 


‘Tumors originating in the mesentery and omentum are rare and 
include soft-tissue tumors (e.g., cysts, fibromas, sarcomas, des- 
moids) and tumors specific to this site, such as leiomyomatosis 
peritonealis disseminata, and Castleman disease. Most tumors 
are large when detected in this site because of the large potential 
space in which they can grow. They may also be detected inci- 
dentally when an imaging study is performed for an unrelated 
reason. These typically present with nonspecific symptoms such 
as abdominal discomfort or low-grade obstructive symptoms. 


Mesenteric Cysts 


Mesenteric cysts are rare tumors that can arise in a variety of 
intra-abdominal locations and have a variable presentation. They 
occur in children and adults. These are typically large (averag- 
ing ~13 cm), fluid-filled (~2000 mL) and, despite their size, are 
malignant in only 3% of cases. The most common presenting 
symptom is pain (58%), and the most common physical finding is 
abdominal distention (68%).*+ Some cases may present with fever 
and chills, and others are asymptomatic, discovered incidentally 
and misdiagnosed before laparotomy. If a small mesenteric cyst 
is found incidentally at laparotomy, it does not require resection. 
Excision is the treatment of choice for a cyst complication such as 
rupture or hemorrhage, and this may be performed laparoscopi- 
cally. Mesenteric cysts are usually cured by complete excision 
(Fig. 39.6). 


Solid Tumors 


Solid tumors of the mesentery are less common than mesenteric 
cysts. Most (67%) are benign, including fibromas, xanthogranu- 
lomas, lipomas, leiomyomas, capillary and cavernous hemangio- 
mas, neurofibromas, and mesenchymomas. Malignant tumors 
include hemangiopericytomas, fibrosarcomas, liposarcomas, 
leiomyosarcomas, and malignant mesenchymomas. Solid tumors 
of the omentum are remarkably similar in histologic type and 
prevalence of malignancy. Typical symptoms and signs of mesen- 
teric and omental tumors include pain and distention with large 
lesions. Treatment is surgical resection. Although about 18% 
of patients die of the tumor, the overall 5-year survival rate for 
patients with malignant tumors is only 21%.’ Needle biopsy may 
be attempted with these tumors, although laparoscopy or lapa- 
rotomy may be required for diagnosis as well as treatment. 


Fig. 39.7 Axial CT section of a patient with a mesenteric desmoid 
tumor. 


Multifocal Leiomyomas (Leiomyomatosis Peritonealis 
Disseminata) 


Multifocal leiomyomatous tumors are even less common than 
other tumors, can be malignant, and can mimic peritoneal carci- 
nomatosis. They may appear together with other leiomyomatous 
lesions or endometriosis. These lesions consist of small, rubbery 
nodules and appear to be hormone sensitive, developing some- 
times during pregnancy or in those on estrogen therapy and 
regressing with hormone withdrawal. These tumors can cause 
abdominal pain or GI bleeding. This condition must be differen- 
tiated from multifocal leiomyosarcoma, which has been described 
to occur after uterine morcellation of endometrial sarcomas. 


Castleman Disease 


Castleman disease (giant or follicular lymph node hyperplasia) is 
rare. There is considerable heterogeneity in the disease, but it is 
classified in unicentric and multicentric forms. Castleman disease 
is caused in some cases by infection with human herpesvirus 8. 
The central lymph nodes of the mesentery or mediastinum are 
more frequently involved in the unicentric form of the disease. In 
this form, surgical removal of the mass is successful and prognosis 
is good. The multicentric form is treated with systemic therapies 
with variable success. The prognosis is considerably worse, with 
patients at risk for conversion to frank lymphoma.*° 


Inflammatory and Fibrotic Conditions 


Inflammatory conditions of the retroperitoneum are heterogeneous 
and their understanding is evolving. Recent advances in the under- 
standing of this field have suggested that these are manifestations 
of IgG4 related disease, characterized by a lymphoplasmacytic infil- 
trate, obliterative phlebitis, and moderate eosinophilia (Chapter 37). 
Other IgG4 related diseases include autoimmune cholangitis, auto- 
immune pancreatitis, and Riedel thyroiditis among others.*’ 

Inflammatory conditions of the retroperitoneum are histo- 
logically classified into 3 basic diseases: retractile mesenteritis, 
mesenteric panniculitis, and retroperitoneal fibrosis. 

Retractile mesenteritis represents the fibrotic end of the spec- 
trum and has been known as sclerosing mesenteritis, multifocal 
subperitoneal sclerosis, fibromatosis, and mesenteric desmoid 
tumor (Fig. 39.7). The inflammatory end of the spectrum has been 


CHAPTER 39 Surgical Peritonitis and Other Diseases of the Peritoneum, Mesentery, Omentum, and Diaphragm 591 


Fig. 39.8 CT of the abdomen in a 63-year-old man with nausea, periumbilical pain, and a 10-pound weight 


loss. The scan on the /eft shows a soft-tissue mass in the retroperitoneum encasing the aorta (arrow). Open 
biopsy of the mass showed inflammation and fibrosis with no evidence of tumor, which is compatible with 
retroperitoneal fibrosis. Symptoms resolved, and the mass regressed on glucocorticoid therapy. The scan on 
the right was taken 9 months after diagnosis and therapy. (Courtesy Jeffrey H. Phillips, MD, Dallas, TX.) 


called mesenteric panniculitis, mesenteric lipodystrophy, lipo- 
granuloma of the mesentery, liposclerotic mesenteritis, mesenteric 
Weber-Christian disease, and systemic nodular panniculitis. There 
have been attempts to subclassify this disease into diffuse, single, 
and multiple forms and to suggest an association with lymphoma.°* 

Overlapping names such as sclerosing lipogranuloma, the well- 
documented progression and conversion of mesenteric panniculitis 
to retractile mesenteritis over a 12-year period, and the concurrence 
of sclerosing mesenteritis and retroperitoneal fibrosis indicate that 
these are simply stages of one common underlying process. 

Although mesenteric panniculitis and retractile mesenteritis are 
usually manifested by abdominal pain, symptoms of gut obstruc- 
tion, and a mass lesion, cases associated with prolonged high-grade 
fever and autoimmune hemolytic anemia without abdominal symp- 
toms have been described. Retractile mesenteritis and mesenteric 
panniculitis are always idiopathic, but retroperitoneal fibrosis has a 
cause approximately 30% of the time, including drugs, malignancy, 
trauma, or inflammation. Most of the reported cases have been 
drug induced (methysergide, ergotamine). The process of fibrosis 
may lead to ureteral or vascular obstruction. 

Histologically, retractile mesenteritis and mesenteric pannic- 
ulitis can have inflammation with lymphocytes and neutrophils, 
fat necrosis, fibrosis, and calcification. In contrast, only mesen- 
teric panniculitis has multinucleate giant cells, cholesterol clefts, 
lipid-laden macrophages, and lymphangiectasia. Retroperito- 
neal fibrosis consists of dense connective tissue, with or with- 
out inflammation. The presence of IgG4 plasma cells, storiform 
fibrosis, and obliterative phlebitis should prompt evaluation for 
an IgG4 related fibrosis. 


Diagnosis and Treatment 


These diseases were previously only recognized at laparotomy or 
autopsy; however, noninvasive techniques such as CT (Fig. 39.8) 
or MRI may assist in preoperative diagnosis. Radiologic findings 
suggestive of mesenteric panniculitis have been found in 0.6% of 
patients in a large series of abdominal CT scans.*? There was a 
female predominance and an association with malignancy in 34 
of 49 patients with radiologic features of mesenteric panniculitis. 
Patients with retroperitoneal fibrosis often present with hydro- 
nephrosis. 


Retroperitoneal fibrosis is more common in men and typically 
causes the ureters to deviate medially on radiographic evaluation. 
‘Treatment usually consists of removal of the offending agent and 
a trial course of glucocorticoids (see Fig. 39.8). The use of ritux- 
imab has shown promising results in early phase II trials. Often 
surgical intervention can be avoided except when encased ureters 
cannot be managed by endoluminal stents. Treatment may be 
necessary in patients with retractile mesenteritis if it obstructs the 
intestine. Administration of progesterone has been reported to 
downregulate fibrogenesis. The prognosis of patients with retro- 
peritoneal fibrosis seems to be better than in the past. 


Infarction of the Omentum 


Infarction of the omentum occurs when a portion of the omen- 
tum twists around a narrow vascular pedicle. If a diagnosis by 
imaging techniques (e.g., CT, US) is achieved preoperatively, 
conservative management can be pursued. However, the diagno- 
sis is difficult, often delayed, and sometimes made only at surgery. 
Laparoscopic resection of the necrotic mass is curative. 


Epiploic Appendagitis 


Epiploic appendagitis (primary inflammation of the colonic epiploic 
appendices) is an entity that is occasionally seen and is often con- 
fused with the diagnosis of appendicitis. The diagnosis of epiploic 
appendagitis requires a high index of suspicion. It typically presents 
with RLQ abdominal pain. However, constitutional symptoms such 
as nausea, vomiting, and anorexia are less frequent, and the pain 
tends to have a more sudden onset. The patient can typically locate 
the exact location of the pain with 1 finger, and the point of tender- 
ness and pain tends to be more localized and slightly more cephalad 
than in appendicitis. Epiploic appendagitis can be diagnosed by CT, 
and the treatment is nonoperative if the diagnosis can be made. 


DISEASES OF THE DIAPHRAGM 
Hernias and Eventrations 


Diaphragmatic hernias consist of herniation of an abdominal organ 
through the diaphragm into the thorax and are discussed in detail in 
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Chapter 27. Eventration is not a true hernia but consists of a local- 
ized weakness in the dome of the diaphragm that can lead to bulging 
of abdominal viscera into the thorax. This is usually an incidental 
finding on chest films, but large eventrations can cause shortness of 
breath by loss of lung volume on the affected side and mediastinal 
shift to the unaffected side. Symptomatic patients can be surgically 
corrected with thoracoscopic plication of the diaphragm. 


Tumors 


Diaphragmatic tumors are usually of connective tissue origin and 
may be benign or malignant or may consist of simple cysts. They 
are often detected by screening chest films or in evaluation of 
pleuritic chest pain. Surgical resection involves a consideration 
of a thoracic or an abdominal approach with preservation of the 
phrenic nerve. 


Hiccups 


Hiccups are quick inhalations that follow abrupt rhythmic invol- 
untary contractions of the diaphragm and closure of the glottis. 
When they last only a few minutes, they are considered a form 
of physiologic myoclonus. For persistent hiccups (defined as >48 
hours duration), home remedies include breath holding, sudden 
fright, rebreathing from a paper bag, eating dry granulated sugar, 
and drinking cold liquids. Intractable hiccups (defined as >1 
month duration) can be familial, and are usually due to diaphrag- 
matic irritation, gastric distention, thoracic or central nervous 
system irritation or tumors, hyponatremia, or other metabolic 
derangements. 

There is a paucity of evidence to guide therapy among 
attempted treatments including acupuncture, pharmacologic 
agents, noninvasive phrenic nerve stimulation, phrenic nerve 
crush, or implantable diaphragmatic pacemakers. Drugs that have 
been reported to be successful include chlorpromazine, metoclo- 
pramide, quinidine, phenytoin, valproic acid, baclofen, sertraline, 
gabapentin, and nifedipine. Postoperative hiccups after abdomi- 
nal surgery may be due to subphrenic abscess or other sources of 
diaphragmatic irritation such as acute gastric dilatation, and this 
should be considered before assuming a more benign cause. 


LAPAROSCOPY IN THE EVALUATION OF PERITONEAL 
DISEASES 


General Considerations 


Diagnostic laparoscopy, as first described by Kelling in 1901, is 
a safe and effective means of evaluating the abdominal cavity. It 
allows direct visualization of the liver surface, peritoneal lining, 
and mesentery for directed biopsies. Ascitic fluid can be collected 
easily. Although less invasive imaging techniques such as CT have 
reduced its necessity, laparoscopy continues to have a role in the 
evaluation of liver and peritoneal diseases. In a large retrospec- 
tive review of diagnostic laparoscopy, the procedure had a mor- 
tality rate of 0% and an overall morbidity rate of 1.2%. Possible 
complications include prolonged abdominal pain, vasovagal 
reaction, viscus perforation, bleeding (either from biopsy sites 
or within abdominal wall), splenic laceration, ascites fluid leak- 
age, and fever. It has been shown in animal models of peritonitis 
that abdominal insufflation during laparoscopy could increase 
bacterial translocation, raising the concern that laparoscopy 
is dangerous in the clinical setting of septic peritonitis. Despite 
these concerns, laparoscopy is becoming a common technique in 
patients requiring operation for diseases causing peritonitis. The 
adverse hemodynamic consequences of abdominal insufflation 
can be overcome in the vast majority of patients with aggressive 
resuscitation and careful anesthetic management. A laparoscopic 
approach has been effective in treating perforated gastroduodenal 


Fig. 39.9 Laparoscopy revealing left hemidiaphragmatic disease not 
visualized on preoperative imaging. 


ulcer. Laparoscopic appendectomy is advocated as the treatment 
of choice for patients with acute appendicitis and complicated 
appendicitis. Laparoscopic cholecystectomy is safe and effective 
treatment of acute cholecystitis. Laparoscopic colectomy can 
be performed for complicated diverticulitis.°! Evidence-based 
guidelines for the application of laparoscopic operation in surgi- 
cal peritonitis have been developed. 


Evaluation of Ascites of Unknown Origin 


Clinical presentation, conventional laboratory examinations, and 
ascitic fluid analysis identify the cause of ascites in the majority 
of patients (see Chapter 93). However, conventional paracen- 
tesis occasionally fails to make a diagnosis. In these instances, 
diagnostic laparoscopy affords direct and sensitive technique for 
obtaining specimens for histology and culture. In the USA, occult 
cirrhosis and peritoneal malignancy account for the majority of 
cases. In studies from Asian countries, peritoneal malignancy is 
also the most common cause of unexplained ascites, but tuber- 
culous peritonitis accounts for an increasing number of cases. 
In patients with HIV, peritoneal involvement may result from 
a variety of opportunistic infections and neoplasms (see earlier 
section and Chapter 35). Non-Hodgkin lymphoma accounts for 
the majority of these peritoneal lesions revealed by laparoscopy, 
but M. tuberculosis, M. avium-intracellulare, and P. jiroveci may be 
revealed. 


Staging Laparoscopy 


Laparoscopy has found increasing utility in the staging of malig- 
nant solid tumors of the GI tract (Fig. 39.9). Diagnostic lapa- 
roscopy coupled with laparoscopic US, peritoneal fluid cytology, 
and biopsy allow for improved selection of patients that will ben- 
efit from larger, definitive operations for curative intent. In GI 
malignancies, the use of diagnostic laparoscopy finds that some 
patients with potentially resectable disease have metastatic or 
locally advanced disease and can be spared unnecessary laparot- 
omy with both reduction of costs and preservation of quality of 
life. In laparoscopic staging for pancreatic cancer 11% to 48% 
of patients will be shown to have metastatic disease after an ini- 
tial negative CT. Laparoscopic staging has been recommended 
for gastric cancer and changes management for 12% to 60% of 
patients.® The finding of metastatic disease on staging laparos- 
copy in esophageal and gastric cancers may obviate the need for 
palliative operations. 


Full references for this chapter can be found on www.expertconsult.com. 
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GASTROINTESTINAL AND HEPATIC FUNCTION IN 
NORMAL PREGNANCY 


The GI tract undergoes dramatic modifications during preg- 
nancy. Intra-abdominal organs must move to accommodate uter- 
ine growth, hormonal factors alter motility, and the immunologic 
adaptation to pregnancy affects response to disease. Heartburn, 
nausea, abdominal cramps, and altered bowel habits, the most 
common GI symptoms of pregnant women, are caused by nor- 
mal physiologic changes in gut motility. These symptoms are 
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usually transitory and easily treated with conservative measures. 
It may be a challenge, however, to distinguish between symptoms 
of altered motility and those that signal the onset or worsening of 
problems that require immediate medical attention. 


Esophageal Function 


The amplitude and duration of esophageal muscle contractions in 
pregnant and nonpregnant women are similar.! In the distal esoph- 
agus, the velocity of peristaltic waves has been found to decrease by 
approximately one third during pregnancy, but remains within the 
normal range.’ In contrast, resting lower esophageal sphincter tone 
progressively declines during gestation, most likely a consequence 
of inhibition of smooth muscle contraction by progesterone.** 
This effect coupled with increased abdominal pressure during ges- 
tation is responsible for the gastroesophageal reflux symptoms that 
occur in 70% of pregnant women.’ 


GI Function 


The effects of pregnancy on gastric motility are unclear. Delayed 
gastric emptying has been demonstrated by some authors, espe- 
cially during delivery,° whereas no effect on gastric emptying 
has been found by others.’ Pregnant women have normal gastric 
secretion.® Intestinal transit time is prolonged during gestation. 
Delayed small-bowel transit is most pronounced during the 
third trimester and is associated with slowing of the migrating 
motor complex.”!° Colonic transit time is prolonged in preg- 
nant animals. Progesterone is thought to have a direct inhibitory 
effect on gut smooth muscle cells that slows motility.!'A role 
for endogenous opioids has also been suggested.!? Together, 
these changes often result in mild physiologic constipation. The 
absorptive capacity of the small intestine increases during preg- 
nancy to meet the metabolic demands of the fetus; increased 
absorption of calcium, amino acids, and vitamins has been dem- 
onstrated.!*-!© Animal experiments have revealed pregnancy- 
induced increases in small intestinal weight and villous height 
in conjunction with mucosal hypertrophy.!”!® The activity of 
some brush border enzymes increases during lactation and then 
decreases after weaning.!?7° 


Immune Function and the Intestinal Microbiota 


During pregnancy, the maternal immune system must adapt to 
the presence of the fetus. Adaptive changes can influence the 
response to infection and modulate the course of underlying 
autoimmune disease. There is a shift from cellular to humoral 
responses, with downregulation of Th! and upregulation of Th2 
cytokines. Pregnancy modulates natural killer cell cytotoxicity 
and induces T-regulatory cells that affect the maternal immune 
response.?!?? Unfortunately, we still do not understand the 
effects of pregnancy on the mechanisms responsible for autoim- 
mune diseases such as autoimmune hepatitis and Crohn disease 
well enough to allow us to predict clinical outcomes during preg- 
nancy. The maternal intestinal flora changes during pregnancy, 
potentially altering the host-microbial interaction in a beneficial 
fashion.” Bacteria from the mother colonize the neonate’s gut, 
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establishing the microbiota with potential long-lasting health 
consequences.” Although the establishment of the human GI 
microbiota previously was thought to begin at birth, the finding 
of bacterial products in meconium, placenta, and amniotic fluid 
suggests that seeding occurs in utero.7>?° 


Gallbladder Function 


Pregnancy causes an alteration in bile composition, including 
cholesterol supersaturation, decreased chenodeoxycholic acid 
and increased cholic acid concentrations, and an increase in the 
size of the bile acid pool.?” These changes are associated with 
greater residual gallbladder volumes in the fasting as well as fed 
states. Sex-steroid hormones may inhibit gallbladder contraction 
in pregnant women, promoting precipitation of cholesterol crys- 
tals and stone formation.**? 


Hepatic Function 


During pregnancy, maternal blood volume increases progres- 
sively until week 30 of gestation when it is 50% greater than nor- 
mal and remains so until confinement.’ This volume expansion, 
attributed to the effects of steroid hormones and elevated plasma 
levels of aldosterone and renin, is responsible for dilution of some 
blood constituents such as red blood cells (physiologic anemia); 
thus, total serum protein concentrations diminish 20% by mid- 
pregnancy, largely as a result of a reduced serum albumin level. 
Maternal proteins passively diffuse across the placenta to the fetal 
circulation.*! Similarly, fetal AFP moves across the placenta from 
the fetal to the maternal circulation, raising maternal serum lev- 
els. Active transport may be involved in the transplacental move- 
ment of some macromolecules. 

Despite increases in maternal blood volume, the levels of many 
serum proteins measured to assess hepatic injury are unchanged 
or even increased during gestation. Progesterone causes a pro- 
liferation of smooth endoplasmic reticulum, whereas estrogens 
promote formation of rough endoplasmic reticulum and associ- 
ated protein synthesis. Pregnant women synthesize the products 
of the cytochrome P-450 gene superfamily and other proteins at 
an accelerated rate, including coagulation factors, binding glob- 
ulins, and ceruloplasmin. Maternal serum alkaline phosphatase 
levels are normally elevated during the third trimester of preg- 
nancy, largely due to placental production; for this reason, mea- 
surement of alkaline phosphatase in pregnant women is only of 
clinical use early in gestation. Alterations in maternal concentra- 
tions of plasma proteins may persist for several months postpar- 
tum. Mild leukocytosis and increased erythrocyte sedimentation 
rates are also common in normal pregnancy. 


DRUG SAFETY IN PREGNANT PATIENTS 


Patients and physicians tend to avoid treatment with medica- 
tions during pregnancy because they fear harming the fetus.*”? 
Withholding medical intervention, however, may adversely affect 
the mother’s health and the pregnancy outcome. Having stated 
this, no medication or other therapeutic intervention can be con- 
sidered definitely safe during pregnancy. Indeed, the placenta is 
not a reliable barrier to the passage of most drugs, the distribu- 
tion of a drug within the fetal compartment cannot be accurately 
predicted, and data on long-term effects of in utero fetal drug 
exposure are practically impossible to collect. The necessity of 
any proposed drug therapy should be discussed with the patient 
and known and unknown risks of treatments must be carefully 
evaluated. For this reason, the FDA in 2014 required a change 
in the content and format of prescription-drug labels required 
by the Physician Labeling Rule.*+ Letter categories (A, B, C, D, 
X) are no longer used. Instead, the FDA now requires labels to 
contain a narrative explanation of risk and supporting data. 


ENDOSCOPY DURING PREGNANCY 


It is estimated that 20,000 pregnant women undergo endoscopy 
each year.’ Recommendations concerning endoscopy in this 
setting are largely based on expert opinion and case reports.*° 
Although the safety of endoscopy during pregnancy has not been 
completely established, it is performed routinely if there is a clear 
indication.*’ Pregnant women have safely undergone EGD, colo- 
noscopy, sigmoidoscopy, ERCP, and percutaneous gastroscopy.*® 
Although a recent large Swedish cohort study found endoscopy 
during pregnancy to be associated with an increased risk of pre- 
term birth or small-for-gestational-age neonates, the authors 
concluded that the risks were small and likely due to intrafa- 
milial factors or disease activity and not because of endoscopy 
alone.*? In addition to general contraindications to endoscopic 
procedures, specific contraindications during pregnancy include 
imminent or threatened delivery, ruptured membranes, placental 
abruption, and pregnancy-induced hypertension.” 

Several precautions should be observed to avoid complica- 
tions when performing endoscopy in a pregnant patient.t? Given 
the extreme sensitivity of the fetus to maternal hypoxia, pregnant 
women should receive supplemental O, with continuous satu- 
ration monitoring. When the fetus is capable of surviving out- 
side the uterus, usually around 24 weeks of gestation, maternal 
monitoring for contractions before, during, and after invasive 
procedures is advisable to enable prompt delivery if fetal dis- 
tress occurs. In the second and third trimesters, the supine posi- 
tion and external abdominal pressure should be avoided because 
resulting compression of the vena cava and aorta may cause hypo- 
tension and placental hypoperfusion. ERCP should be performed 
only with therapeutic intent and by expert endoscopists, and 
every effort should be made to avoid fetal radiation (see later).** 
Opioid (narcotic) analgesics cross the placenta, and benefits dur- 
ing endoscopy must be weighed against risks for the mother 
(see Chapter 42) and the fetus. Sedation with benzodiazepines 
should be avoided, especially during the first trimester, because 
diazepam has been reported to cause fetal malformations.t!-?” 
Extensive experience with propofol is lacking, and its high lipid 
solubility is a reason for concern.*? Lactating patients are advised 
to avoid breastfeeding and to discard breast milk for 4 hours after 
a procedure requiring sedation.*° 


IMAGING AND RADIATION EXPOSURE DURING 
PREGNANCY 


The National Commission on Radiation Protection recom- 
mends limiting exposure to ionizing radiation during pregnancy 
to less than S5cGy.**#5 Well-referenced guidelines for imaging 
of pregnant women with ionizing radiation have been published 
by the American College of Radiology Guidelines and Standards 
Committee*® and by the American College of Obstetricians and 
Gynecologists Committee on Obstetric Practice.” The potential 
for radiation damage to the fetus is determined by dose and ges- 
tational age at the time of exposure (Table 40.1). 

CT should be performed only when its potential benefits 
clearly outweigh its risks and should be done, if possible, after 
completion of organogenesis.** Helical CT may be associated 
with less fetal radiation exposure than conventional CT. MRI is 
often a superior alternative to CT; MRI without contrast has not 
been associated with adverse pregnancy outcomes, and magnetic 
fields are not considered harmful to living organisms.*? There is 
a theoretical risk of thermal injury to the fetus from MRI in early 
pregnancy and thus MRI is not recommended during the first 12 
weeks of gestation. Contrast agents may cross the placenta, and 
their safety in pregnant women has not been formally assessed. 
Neonatal hypothyroidism has been associated with use of some 
iodinated agents. Paramagnetic contrast agents used during MRI 
(e.g., gadolinium) have not been studied in pregnant women. 


CHAPTER 40 


TABLE 40.1 Fetal Effects of Radiation During Gestation’ 


Gestational Age (Days) Effects of Radiation 
0-9 Death 
13-50 Teratogenesis 

Growth restriction 
51-280 Growth restriction 


CNS abnormalities 
Possible cancer risk 


‘Effects listed are related to dose of radiation also. 


Less than 0.04% of a dose of gadolinium-labeled contrast is 
excreted in breast milk during the first 24 hours after administra- 
tion and a negligible amount of this is absorbed from the infant 
GI tract.” Therefore, breastfeeding should not be interrupted 
after imaging with gadolinium. US is widely used and safe during 
pregnancy. 


GI DISORDERS AND PREGNANCY 


Nausea, Vomiting, and Hyperemesis Gravidarum 
(See Chapter 15) 


In their first trimester, 60% to 70% of pregnant women report 
having some nausea, and more than 40% report vomiting.°!° 
Onset of these symptoms is typically in the 4th to 6th week of 
gestation, with a peak occurrence in the 8th to 12th week and res- 
olution by week 20. Although nausea and vomiting may vary from 
mild to severe, most affected individuals are still able to obtain 
adequate oral nutrition and hydration, in some cases by eating 
frequent small meals of dry starchy foods. Hp infection in preg- 
nant women may contribute to the development of vomiting.*? 

Severe persistent vomiting demanding medical intervention, or 
hyperemesis gravidarum, is less common, occurring in 2% or less 
of pregnancies.°+°> Hyperemesis is accompanied by fluid, electro- 
lyte, and acid-base imbalances, nutritional deficiency, and weight 
loss and is defined by the presence of ketonuria and a 5% decrease 
from pre-pregnancy weight. It may be associated with pyrosis, 
hematemesis, and hypersalivation (ptyalism).°° Although the prog- 
nosis of hyperemesis gravidarum is generally favorable, severe 
untreated disease may lead to significant maternal and fetal morbid- 
ity. Symptoms usually begin at weeks 4 to 5 and improve by weeks 
14 to 16 of gestation. In up to 20% of affected patients, however, 
vomiting persists until delivery.5’ Hyperemesis frequently recurs 
in subsequent pregnancies. Reported risk factors for hyperemesis 
include a personal or family history of the disorder,** a female fetus 
or multiple gestation, gestational trophoblastic disease, fetal tri- 
somy 21, hydrops fetalis, and maternal Hp infection.*” 

The etiology of hyperemesis gravidarum is likely multifacto- 
rial, including contributions by hormonal changes, GI dysmotility, 
Hp infection, and psychosocial factors. A genetic predisposition 
is suggested by familial clusters of the disease. Pregnancy-related 
hormones, specifically HCG and estrogen, have been implicated as 
important causes of hyperemesis.°? Symptoms worsen during peri- 
ods of peak HCG concentrations, and conditions associated with 
higher serum HCG levels, such as multiple gestation, trophoblas- 
tic disease, and trisomy 21, are associated with an increased inci- 
dence of hyperemesis.°! Elevated serum estrogen concentrations, 
as seen in obese patients, have also been associated with this disor- 
der.®? Estrogen and progesterone are thought to cause nausea and 
vomiting by altering gastric motility and slowing GI transit time.” 
Other hormones implicated in the pathogenesis of hyperemesis 
include thyroid hormones and gut-derived hormones, ghrelin, and 
leptin.°+® Abnormal thyroid function test results are found in two 
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thirds of patients with hyperemesis gravidarum. The alpha sub- 
unit of HCG has thyroid-stimulating hormone-like activity that 
suppresses endogenous thyroid-stimulating hormone release and 
causes a slight rise in free thyroxine (T4) levels.°” Despite these find- 
ings, this transient gestational thyrotoxicosis is not associated with 
unfavorable pregnancy outcomes and does not usually require treat- 
ment. An increased risk of hyperemesis has been found in 2 meta- 
analyses of Hp infection during pregnancy.*? Some authors have 
documented symptomatic improvement in pregnant patients with 
vomiting after Hp eradication.’°.’! 

Vomiting in patients with hyperemesis gravidarum is often trig- 
gered by olfactory and even auditory and visual stimuli. A pregnancy- 
unique quantification of nausea and emesis (PUQE score) can be 
used to evaluate the number of hours of nausea and the number of 
episodes of emesis and retching per day in affected women and is 
helpful in tailoring therapy.”? Hospital admission for IV fluid and 
electrolyte replacement and, sometimes, nutritional support is indi- 
cated when affected individuals develop hypotension, tachycardia, 
ketosis, weight loss, or muscle wasting. Abnormal laboratory test 
results in such patients include hypokalemia, hyponatremia, and 
ketonuria. Hyperemesis is associated with slight increases in serum 
aminotransferase and bilirubin levels in 25% to 40% of cases. Hyper- 
amylasemia, seen in a quarter of affected patients, is caused by exces- 
sive salivary gland production stimulated by prolonged vomiting.” 

Severe hyperemesis gravidarum is associated with poor 
maternal and fetal outcomes. In a study of more than 150,000 
singleton pregnancies, infants born to women with hypereme- 
sis who had gained less than 7 kg of weight during pregnancy 
were more likely to have low birth weights, be premature and 
small for gestational age, and to have low Apgar scores.*+ These 
findings were confirmed by a recent meta-analysis.’* Severe, 
albeit rare, maternal complications of hyperemesis include Mal- 
lory-Weiss tears with upper GI bleeding, Boerhaave syndrome, 
Wernicke encephalopathy with or without Korsakoff psychosis, 
central pontine myelinolysis, retinal hemorrhage, and spontane- 
ous pneumomediastinum.’° Patients with hyperemesis may have 
depression and post-traumatic stress disorder during pregnancy 
and postpartum.’° Lastly, severe depression after elective termi- 
nation of pregnancy has been reported.’ 

Given the potential for morbidity and mortality in hypereme- 
sis gravidarum, affected individuals should be treated aggres- 
sively. Obstetric management should be overseen, if possible, 
by physicians qualified in maternal-fetal medicine. The goals of 
therapy are maintenance of adequate maternal fluid intake and 
nutrition, as well as symptom control. Patients should be advised 
to eat multiple small meals as tolerated and to avoid an empty 
stomach, which may trigger nausea. Also, avoidance of offensive 
odors, separation of ingestion of solid and liquid foods, and con- 
sumption of a high-carbohydrate diet may be helpful.’* Anti- 
emetic and antireflux medications are first-line pharmacologic 
therapy for outpatients who have failed dietary modifications. 
Ginger, phenothiazines (chlorpromazine, prochlorperazine), 
the dopamine antagonist metoclopramide, and pyridoxine (vita- 
min Bg) have proved beneficial in this setting.’?°° Extensive 
data show lack of teratogenesis and good fetal safety for many 
of these drugs.*!*? Treatment with ondansetron, a 5-hydroxy- 
tryptamine-3 (5-HT;) receptor antagonist, should be consid- 
ered in patients who do not respond to the above measures. The 
safety of ondansetron therapy during pregnancy is supported by 
a recent controlled trial,** case reports, and widespread clinical 
experience. Glucocorticoids may benefit individuals with severe 
symptoms. Failure of oral medical therapy can be managed in 
the home setting with IV fluid replacement, medications, and 
multivitamins. It should be noted, however, that as many as 
50% of pregnant patients treated through central venous cathe- 
ters, including those peripherally inserted, have catheter-related 
complications,*> most likely as a result of the relative hyperco- 
agulable state and increased susceptibility to infections seen in 
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pregnant women. Enteral feeding through a nasoenteric tube or 
surgically placed feeding tube is sometimes required to maintain 
maternal nutrition.*° 


GERD (See Chapter 46) 


At least as many women experience pyrosis as nausea during 
pregnancy. By the end of the third trimester, 50% to 80% of 
pregnant patients have had new, or an exacerbation of preexist- 
ing, heartburn.’ Pyrosis, however, is rarely accompanied by 
overt esophagitis or its complications.*? Pregnant women with 
heartburn may also have regurgitation and, as already mentioned, 
nausea and vomiting, as well as atypical reflux symptoms, such 
as persistent cough and wheezing. Symptoms may develop at 
any time during pregnancy, with a peak incidence in the third 
trimester,”” may persist until delivery, and may be predictive of 
recurrent GERD later in life.” Risk factors for reflux include 
multiparity, older maternal age, and reflux complicating a prior 
pregnancy.*8”,°! The contributions of pre-pregnancy BMI and 
excessive weight gain are controversial.” 

The pathogenesis of GERD in pregnant women is related to 
the effects of gestational hormones on esophageal motility, lower 
esophageal sphincter tone, and gastric emptying. Compression 
of the stomach and increased intra-abdominal pressure caused 
by the enlarging uterus also contribute to development of this 
disorder. 

EGD is rarely required for the assessment of pregnant women 
with symptoms of GERD.” There are no data assessing the use 
of 24-hour ambulatory pH monitoring in this setting, and use of a 
barium esophagogram is undesirable because it entails fetal radia- 
tion exposure; thus, evaluation of suspected GERD in a pregnant 
woman depends on the clinical experience and judgment of the 
physician and requires due consideration of the patient’s his- 
tory and all potential, reasonable causes for the patient’s present 
symptoms. 

Mild reflux symptoms can often be controlled by modifications 
of diet and lifestyle. Liquid antacids and sucralfate are prescribed 
as first-line pharmacologic therapy.”* Magnesium-containing ant- 
acids should be avoided during the late third trimester because they 
theoretically may impair labor. Ranitidine remains the treatment 
of choice for patients who have persistent heartburn despite liquid 
antacid therapy.” PPIs should be reserved for refractory cases. A 
large population study and 2 meta-analyses have found no signifi- 
cant risk of fetal malformations in babies exposed to PPIs during the 
first trimester of pregnancy.” Omeprazole, however, has caused 
fetal toxicity in animals. An association between use of PPIs or 
H2RAs by pregnant women and development of childhood asthma 
in their offspring has been noted in a survey of Danish medical 
registries,” but the significance of this observation is unclear. The 
pro-motility agent metoclopramide has not been used extensively 
to treat GERD during gestation, although it is used during obstet- 
ric anesthesia and to treat hyperemesis gravidarum. 


PUD (See Chapter 53) 


Case studies and retrospective series suggest that the incidence of 
PUD is lower in pregnant women than in nonpregnant individu- 
als.°?!°0 This impression, if it is valid, may be related to decreased 
use of NSAIDs by cautious patients or possibly to increased use 
of antacid medications to treat nausea or heartburn. It is conceiv- 
able, but equally unproved, that gestational steroids promote GI 
mucosal cytoprotection. PUD is likely underdiagnosed during 
pregnancy, given the reluctance of physicians to perform diag- 
nostic tests on pregnant women. Gastric acid secretion and the 
natural history of Hp infection, as far as we know, are not altered 
by gestation. 

The dyspeptic symptoms that often accompany pregnancy, 
especially nausea, vomiting, and heartburn, may make diagnosis 


of PUD difficult. Because PUD is exceedingly common in the 
population as a whole, physicians who care for pregnant women 
should be vigilant for its occurrence. A trial of empirical acid 
suppression may be useful in women with suspected PUD and 
is thought to be safe.!°!-!°4 In confusing cases, diagnostic EGD 
is indicated (see earlier). First-line therapies of PUD in preg- 
nancy include ranitidine and sucralfate, although most PPIs are 
also effective. Patients with Hp infection may be given antibiotics 
during pregnancy or after delivery. 


IBD (See Chapters 115 and 116) 


Physicians who treat patients with IBD are likely to encounter 
the disorder in pregnant women.! The majority of cases of IBD 
in women first present before age 30, the years of peak fertil- 
ity.!°° Some authors report women to have an approximately 
30% greater risk than men of developing UC or Crohn disease. 

There is controversy regarding the effects of IBD on fertility. 
Pregnancy rates in IBD patients may be spuriously low because of 
self-image problems that result in sexual avoidance and voluntary 
childlessness.!°” Fear of IBD in offspring and fear of fetal mal- 
formation from maternal drug therapy are often cited as major 
causes of childlessness by affected women.!°* Female fertility 
itself, however, does not appear to be impaired by uncomplicated 
IBD.!°.!!0 A notable exception is fertility in UC patients treated 
with total colectomy and ileoanal J-pouch anastomosis.!!!!!7 A 
meta-analysis found a 3-fold increase in the risk of infertility in 
IBD patients who had undergone this procedure.!!? Infertility in 
these individuals is most likely caused by pelvic adhesions and fal- 
lopian tube scarring. Potential infertility should be discussed with 
patients of childbearing age who are considering this operation. 
Fertility in men with IBD is impaired by sulfasalazine treatment, 
which causes decreased sperm counts, which usually return to 
normal within 6 months of discontinuing the drug.!!? 

If the initial presentation of IBD is during pregnancy, the dis- 
ease is often diagnosed during the first trimester.!!*!!> Cases of 
this type are no more severe than those in nonpregnant individu- 
als. Likewise, pregnancy does not appear to increase the severity 
of or morbidity due to preexisting IBD. Evidence suggests that 
active disease around the time of conception increases the risk of 
disease relapse during pregnancy; UC patients relapse more often 
during pregnancy than Crohn disease patients.!!° 

The goals of the treating physician are to minimize IBD symp- 
toms and morbidity prior to conception. Most experts agree that 
during gestation, affected patients should continue optimized 
pre-pregnancy therapy to avoid possible flares resulting from 
medication withdrawal. Exacerbations of IBD that occur during 
pregnancy should be managed aggressively to avoid complica- 
tions, including hemorrhage, perforation, sepsis, fetal demise, 
and premature labor. Treatment of fulminant colitis is the same 
as in nonpregnant individuals, namely high-dose glucocorticoids, 
IV antibiotics, cyclosporine, and salvage biological therapies. The 
indications for bowel surgery likewise are the same as in non- 
pregnant IBD patients, although bowel surgery is associated with 
premature labor as well as maternal and fetal mortality.!!7!!° A 
colostomy to achieve colonic decompression and fecal diversion 
may be safer than total colectomy.!!’ Synchronous cesarean sec- 
tion and subtotal colectomy have been advocated for patients 
with fulminant colitis after 28 weeks of gestation.!’° IBD patients 
are at increased risk for poor pregnancy outcomes, even if they 
have mild or inactive disease.!*! Major complications include 
premature birth, low-birth-weight and small-for-gestational-age 
infants, and increased cesarean section rates.!2* The risk of fetal 
malformations in this setting is unclear.!*> Pregnant women with 
UC may be at increased risk for thromboembolic events.!** 

The majority of IBD patients require several medications to 
remain symptom-free. Some safety data are available regarding 
the teratogenicity of the most commonly used IBD drugs, but 
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there are no long-term studies of their potential adverse effects 
on the offspring of affected patients. It is important to carefully 
review the possible risks and known benefits of therapy with 
patients before conception. Potentially teratogenic drugs should 
be discontinued before conception, if at all possible. Methotrex- 
ate and thalidomide are known teratogens and abortifacients and 
should be used with caution in patients of childbearing age. The 
optimum period of abstinence from these medications before 
conception is unknown; however, a minimum of 6 months is rec- 
ommended. The 5-aminosalicylates are widely used during preg- 
nancy to treat mild IBD. A prospective study of pregnant patients 
treated with mesalamine, as well as a large case series, did not 
show any increased risk of teratogenicity from this therapy.!?>.!7° 

Azathioprine and its metabolite, 6-mercaptopurine, are 
among the most studied and widely used immunosuppressant 
medications in pregnant patients. Their metabolites are found in 
cord blood and excreted in small quantities in breast milk. Data 
concerning human use of these agents have failed to confirm the 
teratogenicity seen in animal studies.!’” Many studies of pregnant 
IBD patients treated with 6-mercaptopurine have not shown an 
increase in preterm delivery, spontaneous abortion, congenital 
abnormalities, or childhood neoplasia.!?®-130 Based on these data 
and extensive experience with this drug and its metabolites in 
pregnant women, experts concur that their discontinuation before 
or during pregnancy is not advisable. Instead, careful monitoring 
of metabolite levels in the mother are recommended.!?! 

Glucocorticoids have been used for decades to treat pregnant 
patients with moderate to severe IBD, as well as other more com- 
mon glucocorticoid-responsive diseases such as asthma. Early 
reports suggested an increased risk of congenital malformations 
in the infants of treated mothers.!?° Subsequent prospective stud- 
ies and substantial experience with drugs in this class confirm 
that the risk of malformations secondary to their use is extremely 
low. Glucocorticoid treatment during pregnancy is, however, 
associated with other complications, including maternal glucose 
intolerance and hypertension (risks factor for preeclampsia), 
macrosomia, and fetal adrenal suppression.!** Prednisolone is 
more efficiently metabolized by the placenta than other glucocor- 
ticoids and may pose less risk of adrenal suppression.'*’ Adverse 
outcomes have not been reported after use of oral budesonide in 
a small number of pregnant patients.'*+ 

Many pregnant organ transplant recipients have been treated 
with cyclosporine as inmunosuppressive therapy, without reports 
of significant teratogenicity. TNF-a antagonists have been used 
extensively to treat IBD and other inflammatory diseases. Serum 
infliximab levels increase, whereas serum adalimumab levels 
are stable, during pregnancy.'*> These immunoglobulins reach 
the fetal compartment, especially during the third trimester. 
An exception may be certolizumab, which lacks the Fe frag- 
ment required for active transport. The drugs are concentrated 
in the fetus and are detectable in the infant’s blood for months 
after birth.!!+-!3° Postmarketing registries of safety data and case 
series have not identified an increased incidence of fetal mal- 
formations or miscarriage in women treated during pregnancy 
with infliximab or adalimumab. 17 Recently published guidelines 
recommend that TNF-a antagonists be continued throughout 
pregnancy, unless otherwise indicated.'** Some experts have 
expressed concerns about potential detrimental effects of fetal 
exposure to TNF-a antagonists on the development of the neo- 
natal immune system. For this reason, babies exposed in utero to 
drugs in this class should not receive live vaccines during the first 
6 months of life; however, other vaccines are reeommended.!*” 
There has been no increase in the short- or long-term incidence 
of infections in children who have been exposed in utero to TNF- 
a antagonists. 140 

There is still limited data on the effects of treatment with 
anti-integrin and anti-IL-12/23 antibodies (vedolizumab or 
natalizumab and ustekinumab, respectively) during pregnancy. 
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Although no problems were identified in one small study of preg- 
nancy outcomes in women exposed to vedolizumab, pregnant 
women should not be treated with these medications until more 
safety data become available.!*! 

Vaginal delivery is not contraindicated in IBD patients, but 
cesarean section is recommended for patients with active perineal 
disease. Patients with ileoanal pouches are often advised to avoid 
vaginal delivery in order to avoid anal sphincter injury. 


Appendicitis (See Chapter 120) 


Suspected acute appendicitis is the most common nonobstetric 
indication for exploratory laparotomy in pregnant women.!?)!¥ 
Appendicitis complicates approximately 1 in 1500 pregnancies 
and may develop at any time during the course of gestation.!* 
Diagnosis may be difficult because the enlarging uterus displaces 
the cecum and appendix cephalad, altering the location of pain 
caused by appendiceal inflammation and resulting in increasingly 
delayed detection as pregnancy progresses.!*+ Late diagnosis of 
an inflamed appendix is responsible for complications that are 
associated with excess maternal and fetal morbidity and mor- 
tality.!4 During all 3 trimesters of pregnancy, RLQ pain is the 
most common presenting symptom of appendicitis.!*° In addi- 
tion to pain, affected individuals frequently complain of nausea, 
but this symptom is often difficult to interpret during gestation. 
Graded-compression US of the appendix is the diagnostic test of 
choice for pregnant patients suspected of having appendicitis. !+¢ 
Helical CT has also been reported to be helpful in this setting.!* 
Pregnant patients with appendicitis during any trimester may be 
treated with laparoscopic appendectomy,'*’ although potential 
interference by the gravid uterus may be a relative contraindica- 
tion to this procedure during the third trimester.!** Appropriate 
supportive care can prevent fetal loss associated with appendiceal 
perforation.!*? 


GALLBLADDER AND PANCREATIC DISORDERS AND 
PREGNANCY 


Gallstone Disease (See Chapter 65) 


Pregnant women tend to form gallstones because of changes in 
gallbladder function and bile composition (see earlier). Gallstones 
are frequently noted during gestation when US examination is 
performed to evaluate the fetus!*°; the prevalence of gallstones in 
asymptomatic pregnant women is reported to be between 2.5% 
and 12%. Despite this high prevalence, the incidence of acute 
cholecystitis is not increased by pregnancy. When necessary, sur- 
gical intervention for gallstone-related disease does not increase 
the risk of preterm labor or of fetal or maternal mortality.’*->! 
Endoscopic extraction of bile duct stones with minimal use of 
fluoroscopy and appropriate maternal shielding is acceptable 
when necessary to treat choledocholithiasis during pregnancy. 1°? 
Endoscopic intervention was found to be associated with fewer 
hospital admissions and a lower cesarean section rate than con- 
servative treatment in 1 study.!5? 


Acute Pancreatitis (See Chapter 58) 


Acute pancreatitis is uncommon during gestation, occurring once 
in every 1066 to 3300 pregnancies.!*+!>> Most cases are caused by 
gallstones and present during the third trimester or the puerpe- 
rium. The mild hypertriglyceridemia normally seen in pregnant 
women may be more severe in persons with familial hyperlipid- 
emia, predisposing them to develop pancreatitis on this basis.156 
The clinical characteristics of acute pancreatitis during gestation 
are similar to those in nonpregnant women, although complica- 
tions of pancreatitis do not develop in the majority of pregnant 
women with this disorder. !°7 
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HEPATIC DISORDERS UNIQUE TO PREGNANCY 


Pregnant women may develop liver diseases that are etiologi- 
cally related to gestation or its complications.!>* As a rule, these 
disorders become clinically evident during the third trimester or 
just after delivery. They may be severe, even life threatening, but 
affected individuals are expected to survive with prompt diagnosis 
and appropriate management. Liver diseases unique to pregnancy 
are also associated with increased fetal morbidity and mortality. 


Cholestasis of Pregnancy 


Cholestasis of pregnancy is a form of intrahepatic cholestasis 
associated with pruritus, elevated serum bile acid levels, and the 
finding of bland cholestasis on liver biopsy.°”!©° This disorder 
may have a variable course, making it difficult to diagnose; never- 
theless, it has serious implications for fetal well-being, and cases 
must be identified as promptly as possible.'°! 

Cholestasis of pregnancy usually presents in the third trimes- 
ter, but may be seen earlier in gestation, even in the first trimes- 
ter. Its first and most characteristic symptom is pruritus, and, as a 
result, patients may be referred to a dermatologist for initial eval- 
uation. As in other forms of cholestasis, the pruritus of cholestasis 
of pregnancy is most severe in the skin of the palms and soles and 
experienced most intensely at night. Only 10% to 25% of affected 
individuals later develop jaundice. Elevated serum bile acid levels 
(>10 pmol/L) confirm the presence of cholestasis; some patients 
with the disorder also have bilirubinuria and even mild hyper- 
bilirubinemia.!° Serum alkaline phosphatase concentrations are 
modestly increased, but GGTP levels are normal or only margin- 
ally elevated.!°? The latter pattern of test results is atypical of 
adult cholestasis but is seen in pediatric patients with progressive 
familial intrahepatic cholestasis, as in Byler syndrome.'®? Serum 
aminotransferase levels are elevated in affected women, some- 
times to values of 1000 U/L or higher, making it difficult, on 
occasion, to distinguish cholestasis of pregnancy from viral hepa- 
titis. An increased serum autotaxin level has been shown to be a 
sensitive and specific diagnostic test that can distinguish cholesta- 
sis of pregnancy from other pregnancy-related liver diseases.'°*t 
Symptoms and laboratory test abnormalities of affected patients 
may wax and wane. Intense cholestasis is associated with steator- 
rhea that is usually subclinical but can cause fat-soluble vitamin 
deficiencies, most notably deficiency of vitamin K. 

Improvement of symptoms and laboratory test results begins 
with delivery of the infant, and usually, although not invariably, 
is prompt and complete. Rare patients experience prolonged 
cholestasis that may be indicative of underlying biliary tract dis- 
ease, such as PBC or sclerosing cholangitis.!©:'°° Women with 
ordinary cholestasis of pregnancy have no residual hepatic defect 
after resolution of the disorder, but they are at increased risk for 
development of gallstones, cholecystitis, and pancreatitis.!°’ In 
addition, 60% to 70% of affected individuals develop cholestasis 
during subsequent pregnancies (although recurrent episodes may 
be less severe than the initial one) or with use of oral contra- 
ceptives. The risk of recurrence with subsequent pregnancies is 
increased by interval cholecystectomy. 168 

Cholestasis of pregnancy has serious implications for fetal well 
being. There are many reports of increased frequencies of fetal 
distress, unexplained stillbirth, and need for premature deliv- 
ery of the babies of women with this disorder.'® Fetal hypoxia 
and meconium staining have been reported at delivery in 19% 
of Swedish women with cholestasis of pregnancy.!’° These com- 
plications were shown to correlate with maternal bile acid levels 
higher than 40 pmol/L.!’! Although the risk to the fetus may be 
reduced by close monitoring of affected mothers, it cannot be 
eliminated completely.!’*-!”> Planned early elective delivery as 
soon as the fetal lungs have matured has been recommended for 
this reason. 


As discussed in Chapter 64, a number of the molecular mech- 
anisms of bile formation have been elucidated in recent years, 
resulting in a more sophisticated understanding of many choles- 
tatic disorders.!’°!7” Mutations of the MDR3 (ABCB4) gene are 
likely responsible for approximately 15% of cases of cholestasis 
of pregnancy.!’*-!8! The MDR3 gene product is a phospholipid 
flippase that translocates phosphatidylcholine from the inner to 
the outer leaflet of the canalicular hepatocyte membrane where it 
is solubilized by bile acids to form mixed micelles. There is, how- 
ever, no relationship of cholestasis of pregnancy to HLA type.!*? 

Environmental, hormonal, and other factors also likely con- 
tribute to the development of cholestasis in pregnant women. In 
Chile and Scandinavia, where cholestasis of pregnancy is com- 
mon, the disorder occurs most often during colder months. 
The incidence of cholestasis of pregnancy in Chile has declined, 
possibly owing to a fall in mean plasma selenium levels.!*? An 
increased sensitivity to the cholestatic effects of exogenous estro- 
gen has been demonstrated in family members, including male 
relatives, of patients who develop cholestasis while pregnant.!** 
Therapeutic or experimental administration of estrogen com- 
pounds to susceptible women can precipitate the disorder.!*>.!°° 
Similarly, progesterone therapy during gestation is associated 
with development of cholestasis.!°7!°* The finding that ursode- 
oxycholic acid alters the metabolism of progesterone may explain 
its therapeutic effect in this setting.!*?!° It is possible that some 
women with cholestasis of pregnancy have inherited an enhanced 
sensitivity to estrogen or a variation in the metabolism of proges- 
terone that causes cholestasis in response to a variety of stimuli, 
including some medications and dietary factors.!?! The incidence 
of cholestasis of pregnancy is significantly higher in women with 
hepatitis C than in other pregnant women.!” 

The differential diagnosis of cholestasis of pregnancy includes 
other cholestatic disorders such as PBC, PSC, benign recur- 
rent intrahepatic cholestasis, cholestatic viral hepatitis, toxic 
liver injury, and bile duct obstruction. Liver biopsy specimens 
of affected individuals reveal bland changes typical of cholestasis 
due to a variety of etiologies, but biopsy is not usually necessary 
to make the diagnosis. It is important to remember that preg- 
nancy may exacerbate a preexisting subclinical cholestatic disor- 
der. For example, a family of sisters with progressive liver disease 
who also developed recurrent severe cholestasis of pregnancy was 
described in 1997.165 

Management of cholestasis of pregnancy is primarily pal- 
liative.!?*:!°* Ursodeoxycholic acid is helpful in relieving symp- 
toms,!°? may reduce fetal complication rates,!”8 and is well 
tolerated by mother and fetus.!%:!°° Studies of treated indi- 
viduals have demonstrated a change in the bile acid content of 
maternal serum and amniotic fluid, as well as increased placen- 
tal bile acid transport.!°’-!°? Mostinvestigators have prescribed 
a conventional dose (15 mg/kg/day), although one report sug- 
gests that a higher dose (20 to 25mg/kg/day) is more effective.!*° 
‘Treatment with bile-acid binders such as cholestyramine!”° and 
guar gum may alsorelieve symptoms,” but it is important to 
keep in mind that therapy with these agents worsens steator- 
rhea and resultant fat-soluble vitamin deficiencies.’°! Adminis- 
tration of S-adenosyl-L-methionine to patients with cholestasis 
of pregnancy has had mixed therapeutic results?°??0*; its use in 
combination with ursodeoxycholic acid may increase its ben- 
efit.2° A short course of a glucocorticoid (e.g., oral dexametha- 
sone 12mg/day for 7 days) has been reported to reduce itching 
and serum bile acid levels in persons with this disorder,?° but 
was also associated with clinical deterioration in one case.?°” 
Sedatives, such as phenobarbital, may relieve itching in cho- 
lestasis patients but may adversely affect the fetus. Exposure to 
ultraviolet B light has been suggested as therapy in this setting. 
As in other cholestatic syndromes, no treatment is uniformly 
effective in women with cholestasis of pregnancy, with the usual 
exception of delivery. 
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Preeclampsia 


Preeclampsia is a multi-system disorder characterized by de novo 
hypertension associated with endothelial damage and maternal 
organ dysfunction, possibly including the liver, that may produce 
severe, even life-threatening, complications and affect pregnancy 
outcome.’* The placenta is essential to the development of this 
disorder, and severe cases are associated with pathologic evidence 
of placental ischemia.’°’ Preeclampsia complicates 3% to 10% 
of pregnancies, occurring in the second half of pregnancy or the 
puerperium and most commonly, but not exclusively, in primipa- 
rous women or women with multiple gestations.”!° Usual criteria 
for making the diagnosis include a sustained blood pressure of 
140/90 mm Hg or greater after the 20th week of pregnancy in 
a previously normotensive woman, accompanied by proteinuria 
(2300mg/24 hr), which is approximately equivalent to a urine 
protein concentration of 30 mg/dL (“1+ dipstick”) on random 
testing.” Many patients are also hyperreflexic and have edema. 

Liver disease is recognized as a common and potentially omi- 
nous complication of preeclampsia. The HELLP syndrome, first 
described by Weinstein in 1982,7!' is the most usual form of pre- 
eclamptic liver disease and may underlie development of hepatic 
hematoma, rupture, and infarction.’!?7!* Evidence suggests that 
there are different preeclampsia phenotypes and that HELLP 
syndrome may be a distinct genetic and clinical entity.? 15216 
Although preeclampsia is common in patients with acute fatty 
liver of pregnancy (AFLP) and may play a role in the pathogen- 
esis of this disorder, AFLP is not usually classified as a preeclamp- 
tic liver disease.? 17 


HELLP Syndrome 


HELLP is seen in up to 12% of women with severe preeclampsia, 
occurring in 0.2% to 0.8% of all pregnancies.?18-220 In the past, 
clinicians have relied on 2 major HELLP diagnostic classification 
systems: the Tennessee classification and the Mississippi Triple- 
Class classification, which further categorizes affected individuals 
on the basis of the nadir of the maternal platelet count (Box 40.1). 
More recently, the diagnostic criteria for HELLP syndrome have 
been standardized by the American College of Obstetricians and 
Gynecologists Task Force in Hypertension in Pregnancy (Box 
40.2).?7! In addition to the diagnostic abnormalities of hemolysis, 
elevated serum aminotransferase levels, and thrombocytopenia 
in conjunction with hypertension and proteinuria, patients with 
typical HELLP syndrome frequently have complaints of chest, 
epigastric, and RUQ abdominal pain (Table 40.2). These symp- 
toms are often accompanied by nausea, vomiting, headache, and 
blurred vision in varying combinations. Some pregnant patients, 
however, may present with an asymptomatic fall in the platelet 
count during observation for preeclampsia, or initially have no 
hypertension or proteinuria.’’” Other women may complain of 
malaise, suggesting the diagnosis of a viral syndrome.?’> Most 
affected individuals seek treatment after week 27 of gestation, 
but up to 11% may do so earlier. It is important to note that a 
delayed presentation of HELLP syndrome after delivery, despite 
absence of signs of preeclampsia at delivery, occurs in up to 30% 
of cases.? 18 

The diagnosis of HELLP syndrome is based on an assess- 
ment of the clinical circumstances and features of the illness at 
the time of presentation because there is no single diagnostic 
test that is specific for the disorder.??0224 Hemolysis in patients 
with HELLP is mild. Fragmented red blood cells (schistocytes) 
are seen on smears, and the serum LDH level is elevated. Serum 
aminotransferase levels are also elevated, sometimes minimally 
and other times to greater than 1000 U/L in association with 
laboratory signs of cholestasis.7!*??> Serum bilirubin levels can 
often be mildly elevated, compatible with the finding of hemo- 
lysis. Elevated serum levels of glutathione S-transferase alpha,?*° 


BOX 40.1 The Tennessee and Mississippi Triple-Class 
Diagnostic Classification Systems of the HELLP 
Syndrome 


TENNESSEE CLASSIFICATION 

1. Microangiopathic hemolytic anemia with abnormal blood smear, 
low serum haptoglobin, and elevated serum LDH levels 

2. Serum LDH level >600 IU/L or twice the laboratory upper limit 
of normal and serum AST level >7OIU/L or twice the laboratory 
upper limit of normal, or serum bilirubin level >1.2 mg/dL 

. Platelet count <100,000/pL 

Incomplete HELLP syndrome is defined as the presence of only 
1 or 2 of these abnormalities and may be less severe. 


MISSISSIPPI TRIPLE-CLASS CLASSIFICATION 


Class |: platelet count nadir <50,000/mms 
Class II: platelet count nadir >50,000/mm3 and <100,000/mms 
Class Ill: platelet count nadir >100,000/mm8 and <150,000/mm* 


BOX 40.2 Recommended Criteria for Diagnosis of HELLP 
Syndrome (ACOG Task Force in Hypertension in 
Pregnancy) 


1. Hemolysis and at least 2 of the following: 
a. Schistocytes and burr cells on peripheral smear 
b. Serum bilirubin =1.2 mg/dL 


c. Low serum haptoglobin 
d. Severe anemia unrelated to blood loss 


2. Elevated liver enzyme levels: 
a. AST or ALT 2twice the upper limit of normal 
b. LDH > twice the upper limit of normal 

3. Platelets <100,000/mm*% 


TABLE 40.2 Clinical Characteristics and Maternal Complications of 
Patients with HELLP Syndrome 


Presenting Symptom Percent Affected 
Abdominal pain (RUQ, epigastric) 65 

Nausea or vomiting 36 

Headache 31 

Bleeding 9 

Jaundice 5 


Laboratory Test Level (Normal Value) Median (Range) 


Serum AST (<40U/L) 249 (70-633) 
Serum bilirubin (<1mg/dL) 1.5 (0.5-25) 
Platelet count (+125 x 108/mms) 57 (7-99) 
Maternal Complications Percent Affected 
DIC el 

Abruptio placentae 16 

Acute kidney injury 8 

Hepatic subcapsular hematoma 1 

Death 1 


From Sibai BH, Ramadan MK, Usta |, et al. Maternal morbidity and 
mortality in 442 pregnancies with hemolysis, elevated liver enzymes 
and low platelets (HELLP) syndrome. Am J Obstet Gynecol 1993; 
169:100-6. 
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Fig. 40.1 Histopathology of HELLP syndrome. The portal triad on the 
left of the figure (the horizontal arrow points to an interlobular bile duct 
in the portal triad) is surrounded by pockets of hemorrhage (vertical ar- 
rows) and by an area of fibrin deposition (to the left of the portal triad). 


D-dimer,””’ tissue polypeptide antigen,” and fibronectin??? have 
been described in persons with HELLP syndrome, and these 
tests may have some use in predicting the presence or severity of 
liver disease. 

Abdominal imaging, especially CT and MRI, may be useful in 
making the diagnosis of HELLP syndrome and detecting cases of 
intrahepatic hemorrhage and infarction (discussed later). Imag- 
ing should be performed in patients with complaints of severe 
abdominal pain, neck or shoulder pain, or a sudden drop in blood 
pressure. One report documented abnormal imaging findings in 
45% of such patients.” ! 

Liver biopsy specimens in patients with HELLP syndrome 
demonstrate periportal hemorrhage, intrasinusoidal fibrin depo- 
sition, and irregular areas of liver cell necrosis with mild reac- 
tive hepatitis, findings characteristic of preeclampsia (Fig. 40.1). 
If hepatic steatosis is present, it is modest and does not have the 
appearance of the extensive pericentral microvesicular fat accumu- 
lation that occurs in patients with AFLP (discussed later). There is 
little if any correlation between the severity of liver biopsy lesions 
and laboratory test abnormalities in patients with HELLP syn- 
drome; thus, mild thrombocytopenia and mild increases in serum 
aminotransferase levels do not necessarily connote insignificant 
liver daQmage.**” Liver biopsy, however, is rarely necessary to 
make a diagnosis in these patients, and may possibly precipitate 
development of intraparenchymal hepatic hematoma or contained 
hepatic rupture. 

Although most pregnant women with low platelet counts and 
preeclampsia have HELLP syndrome, the differential diagnosis 
includes other causes of thrombocytopenia, including immune 
thrombocytopenic purpura, thrombotic thrombocytopenic pur- 
pura,”*! and the antiphospholipid antibody syndrome, which 
itself may be associated with early onset of HELLP.?**3? Ele- 
vated serum aminotransferase levels in patients with preeclampsia 
are most frequently misdiagnosed as being caused by viral hepati- 
tist A diagnosis of AFLP should also be considered in patients 
with clinical findings of HELLP syndrome, but AFLP is usually 
associated with signs of more significant liver disease and possibly 
liver failure, albeit with lower serum aminotransferase levels, and 
is not necessarily associated with thrombocytopenia. 

Preeclampsia and HELLP syndrome are now thought to be 
consequences of abnormal placental formation in which failures 
of trophoblast invasion of the uterine lining and dilation of the 
spiral arteries result in the physiologic inability to increase utero- 
placental perfusion appropriately as gestation progresses, with 
the secondary release of placental products that initiate clinical 
disease.?>>75¢ 


Female relatives, including the mothers of patients with pre- 
eclampsia, often have a history of the disorder, and evidence 
exists in some populations for its inheritance as either an autoso- 
mal recessive trait or an autosomal dominant trait with variable 
penetrance.*!>>”738 A number of maternal genetic variants have 
been associated with an increased risk of developing HELLP 
syndrome.**?-*" Early onset of HELLP or preeclampsia may be 
predicted by detection of specific serum factors, many of which 
have effects on angiogenesis.*#>7*’ Furthermore, women with a 
hypercoagulable condition (e.g., with factor V Leiden or anti- 
cardiolipin antibodies) are at risk for developing early and severe 
preeclampsia.?**+? There is convincing evidence that develop- 
ment of this disorder is mediated by excessive release of soluble 
fms-like tyrosine kinase 1 (sFlt1) into the circulation; sFlt1 is a 
potent antagonist of vascular endothelial growth factor, placental 
growth factor, and soluble endoglin (sEng), an inhibitor of capil- 
lary formation.*>°>! Pregnant rats that overexpress both sFlt1 
and sEng develop proteinuria, severe hypertension, laboratory 
findings of HELLP syndrome, and intrauterine growth restric- 
tion.2°’ Women with preeclampsia similarly produce excessive 
amounts of sF ltl and sEng.”*! 

The clinical abnormalities that characterize HELLP syn- 
drome usually resolve rapidly after childbirth.7°*7°* Rarely, 
HELLP syndrome becomes gradually worse prior to delivery, 
with subsequent development of postpartum liver failure, sep- 
sis, consumptive coagulopathy, and, rarely, even death.’> In the 
absence of appropriate supportive therapy and expedited delivery, 
affected patients may progress to renal failure, hepatic hematoma, 
and hepatic rupture. Neither serum aminotransferase levels nor 
platelet counts are predictive of outcome in women with HELLP 
syndrome.** The disorder can recur during subsequent pregnan- 
cies but usually does not.?°”?°° 

Management of HELLP syndrome is primarily supportive’**; 
patients should be treated in an intensive care setting prior to 
delivery, preferably by an obstetrician qualified in the practice 
of maternal-fetal medicine. Some affected patients may have a 
decline in serum aminotransferase levels and a rise in platelet 
counts with supportive care.°? Under such circumstances, a 
delay in delivery may be appropriate in cases of fetal immaturity, 
but the fetus usually fails to grow in the setting of preeclampsia. 
Patients with severe preeclampsia and HELLP syndrome may 
require antepartum platelet transfusions and hemodialysis. Plas- 
mapheresis after delivery has been advocated for some patients 
to prevent postpartum thrombotic microangiopathy.?%*°! Many 
affected women receive glucocorticoids before delivery, not as 
disease treatment but to promote fetal lung maturity; however, 
glucocorticoid therapy has also been used as therapy in this 
setting.?”® Glucocorticoid therapy of HELLP syndrome may 
improve platelet counts and serum ALT levels and reduce hospi- 
tal and ICU stays, but has not been associated with a significant 
improvement in maternal morbidity and mortality.?°? Orthotopic 
liver transplantation may be appropriate treatment for some 
HELLP syndrome patients,*°+°° but early diagnosis and prompt 
delivery almost always make this and other extreme therapeutic 
measures unnecessary in these individuals. Full recovery without 
sequelae is anticipated for the vast majority of affected patients. 
Those supportive measures just discussed are also employed in 
the nearly one third of patients who develop HELLP syndrome 
postpartum, usually within the first 2 weeks after delivery. 


Hepatic Rupture, Hematoma, and Infarct 


Spontaneous rupture of the liver may complicate preeclampsia 
and HELLP syndrome, usually in the third trimester of preg- 
nancy close to term or in the early postpartum period. Patients 
with this potentially fatal disorder present with abdominal dis- 
tention and pain, with cardiovascular collapse.*°’?°* In contrast 
to other patients with preeclampsia, women with spontaneous 
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Fig. 40.2 Subcapsular hepatic hematoma in a patient with preeclamp- 
sia. This coronal section of a T1-weighted MRI scan demonstrates the 
subcapsular clot or hemorrhage (horizontal arrows) adjacent to the liver 
(vertical arrow). (From Barton JR, Sibai BM. Hepatic imaging in HELLP 
syndrome. Am J Obstet Gynecol 1996; 174:1820-5.) 


hepatic rupture tend to be older and to have had multiple previ- 
ous pregnancies. Diagnosis is made by signs of liver rupture on 
US, CT, or MRI in conjunction with aspiration of blood on para- 
centesis.”!7,26? Imaging studies often show that affected patients 
have a partially contained subcapsular hematoma (Fig. 40.2).?”° 
In this situation, hepatic artery embolization may be effective 
in controlling bleeding and limiting morbidity and mortality.’”! 
Management must be aggressive, with rapid delivery of the fetus 
by the obstetrician and, if embolization is inadequate to control 
bleeding, repair of the liver by an experienced liver surgeon.’/” 
Postoperatively, patients have a protracted course that may 
include DIC and hepatic failure. Patients with hepatic rupture 
have undergone orthotopic liver transplantation after emergent 
hepatectomy and interval portosystemic shunt as a temporiz- 
ing measure while a donor graft is sought.?6°:766:273:274 Survivors 
of hepatic rupture may have uneventful subsequent pregnan- 
cies,’’> but recurrence of hematoma and rupture have also been 
reported.’’¢ 

Some pregnant women with preeclampsia, HELLP syndrome, 
and abdominal pain have contained subcapsular hematoma.’”” In 
this circumstance, patients can be observed with serial CT and 
managed without surgery.’!’?’° Angiographic embolization of 
hepatic artery branches supplying blood to the affected portion 
of the liver may be helpful.*”! 

Hepatic hematoma and rupture complicating preeclamp- 
sia presumably result from extravasation of blood from one or 
several microscopic areas of periportal hemorrhage under Glis- 
son capsule. Periportal hemorrhage is a typical pathologic find- 
ing in the livers of patients with preeclampsia and HELLP 
syndrome.’’*The capsule is believed to be stretched and torn 
away from the surface of the liver by the enlarging hematoma. 
Ultimately, the capsule may rupture, allowing the liver surface to 
bleed freely into the peritoneal cavity. 

Hepatic infarcts may also complicate preeclampsia. Affected 
individuals present with fever, leukocytosis, anemia, and marked 
elevation of serum aminotransferase levels,?!2?!+?7? and in the 
most severe cases develop multiorgan failure, including liver 
failure. Cross-sectional imaging demonstrates confluent hepatic 
infarcts. Needle aspiration of these areas yields blood and necrotic 


BOX 40.3 Diagnostic Criteria for Acute Fatty Liver of 
Pregnancy (Swansea Criteria) 


26 of the following, in absence of another explanation: 
Abdominal pain 
Ascites or bright liver on hepatic US 
Coagulopathy (PT >14 sec or aPTT >34 sec) 
Elevated serum ammonia levels (>47 umol/L) 
Elevated serum AST or ALT levels (>42IU/L) 
Elevated serum bilirubin levels (>14pymol/L or 0.8mg/dL) 
Elevated serum urate levels (>340ynmol/L or 5.7mg/dL) 
Encephalopathy 
Hypoglycemia (<4mmol/L or 72mg/dL) 
Leukocytosis (>11,000/mm‘s) 
Microvesicular steatosis on liver biopsy 
Polydipsia/polyuria 
Renal impairment (creatinine >150umol/L or 1.7mg/dL) 
Vomiting 


aPPT, Activated partial thromboplastin time; PT, prothrombin time. 

Adapted from Ch’ng CL, Morgan M, Hainsworth |, et al. Prospective study of 
liver dysfunction in pregnancy in Southwest Wales. Gut 2002; 51:876-80; 
and Knight M, Nelson-Piercy C, Kurinczuk JJ, et al. A prospective nation- 
al study of acute fatty liver of pregnancy in the UK. Gut 2008; 57:951-6. 


tissue; immediately adjacent liver parenchyma contains peripor- 
tal hemorrhage and fibrin deposition typical of preeclampsia and 
HELLP syndrome. Hepatic infarction is sometimes associated 
with the presence of a hypercoagulable condition, such as factor 
V Leiden or antiphospholipid antibody.?*° 


Acute Fatty Liver of Pregnancy 


AFLP, a form of microvesicular fatty liver disease unique to 
human gestation, presents late in pregnancy, sometimes as ful- 
minant hepatic failure with sudden onset of coagulopathy and 
encephalopathy in a woman without a prior history of liver 
disease.?*!’8? AFLP is diagnosed on the basis of typical clini- 
cal and pathologic manifestations in approximately 1 of 6700 
third-trimester pregnancies,’*? but it also is recognized that 
subclinical cases exist.?!’ A prospective study of more than 1 
million pregnant women using the United Kingdom Obstetric 
Surveillance System and standard diagnostic criteria (Swansea 
criteria [Box 40.3])?*+ identified only 57 cases of AFLP.’*> The 
pathophysiologic mechanisms underlying development of this 
disorder are unknown, although at least some patients with 
AFLP have an inherited fatty-acid oxidation defect that also 
affects the fetus.?86-290 

AFLP presents late in pregnancy, usually between 34 and 37 
weeks of gestation, although cases beginning as early as weeks 
19 to 20 of gestation have been reported. Rarely, the onset of 
AFLP is after delivery. Initial symptoms usually include nausea 
and vomiting, often associated with abdominal pain. Pruritus 
may be an early complaint; overlap with cholestasis of pregnancy 
has occurred but is rare.*?! Patients with AFLP are frequently 
confused and have pregnancy-related complications, such as pre- 
mature labor, vaginal bleeding, and decreased fetal movement. 
The disorder is most common in primiparous women and in 
women with multiple gestations.*”* Affected individuals have a 
much greater than expected number of male fetuses. ?™ Of note is 
the fact that preeclampsia, an accompanying diagnosis in 21% to 
64% of cases,”*??9* is also associated with first pregnancies, twin 
pregnancies, and male fetuses. 

On laboratory evaluation, women with AFLP often have pro- 
longed prothrombin times and decreased serum fibrinogen lev- 
els, as well as leukocytosis. Their serum aminotransferase levels 
are usually moderately elevated (=750U/L) but, rarely, may be 
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very high or even normal. Jaundice is common but not invariable. 
Renal dysfunction with elevations of serum creatinine, blood urea 
nitrogen, and uric acid levels is often present. 

The course of AFLP is quite variable. Hypoglycemia and 
hyperammonemia occur and should be suspected when at-risk 
patients exhibit signs of altered central nervous system function. 
Other complications of liver failure, including ascites, pleural 
effusion, acute pancreatitis, respiratory failure, renal failure, and 
infection, may develop in patients with AFLP. Vaginal bleeding 
or post—cesarean section bleeding is also common in these indi- 
viduals. Transient diabetes insipidus is sometimes seen.?”> More 
rarely, affected patients have myocardial infarction’”° or pulmo- 
nary fat emboli.?%” 

Diagnosis of AFLP is almost always based on the appearance 
of typical clinical features of the disorder, including laboratory 
test results, during the later stages of pregnancy. Hepatic imag- 
ing may confirm the presence of hepatic steatosis in patients with 
suspected AFLP,’”* and plays a crucial role in identifying hepatic 
hematoma, rupture, and infarction. 

Liver biopsy is usually unnecessary to make the diagnosis, but 
histologic results may be pathognomonic and, therefore, useful 
if the obstetrician has reservations about delivery. Trans-vas- 
cular sampling of liver tissue, however, may be necessitated by 
coagulopathy. The histologic hallmark of AFLP is small-droplet 
fatty infiltration of the liver that is most prominent in hepato- 
cytes surrounding central veins (zone 3) and spares hepatocytes 
surrounding portal areas (Fig. 40.3). Steatosis of this type has a 
relatively homogeneous appearance on light microscopy and may 
be difficult to discern on examination of ordinary H&E-stained 
specimens. To confirm the diagnosis, special techniques must be 
used; frozen tissue may be stained for fat with oil-red O, or elec- 
tron microscopy can be used to examine a glutaraldehyde-fixed 
specimen. Plans must be made prior to the biopsy for appropriate 
handling of the liver tissue. Other histologic findings in affected 
patients can be misleading, including lobular disarray suggestive 
of viral hepatitis and biliary ductular proliferation, and inflamma- 
tion suggestive of cholangitis.?!”7°? Patients with AFLP do not 
have the periportal hemorrhage and sinusoidal fibrin deposition 
seen in the livers of individuals with preeclampsia and HELLP 
syndrome. 

The differential diagnosis in suspected cases of AFLP includes 
those causes of acute hepatic failure not associated with preg- 
nancy, as discussed later, especially viral hepatitis and toxic liver 
injury. Uncommon types of viral hepatitis, such as hepatitis E and 
herpes simplex hepatitis, may be more severe in pregnant than in 
non-pregnant individuals.>°.0! These viral agents can be identi- 
fied by appropriate serologic tests. A more difficult problem is 


Fig. 40.3 Histopathology of acute fatty liver of pregnancy. The peri- 
venular hepatocytes are pleomorphic and vacuolated, and there is 
lobular disarray. Large fat droplets are not seen. 


distinguishing AFLP from other liver diseases that complicate 
pregnancy, particularly the preeclamptic liver diseases, namely 
HELLP syndrome and hemorrhagic or ischemic liver injury. For 
example, patients with AFLP may develop preeclampsia and DIC 
with attendant thrombocytopenia, thereby meeting the diagnos- 
tic criteria for HELLP syndrome (see Box 40.1). Fortunately, 
it is not usually necessary to distinguish among these various 
diagnoses because AFLP, HELLP syndrome, and preeclampsia 
are treated by expedited delivery of the infant. It is, however, of 
crucial importance to recognize hepatic hematoma and rupture 
rapidly (see earlier discussion). 

The pathogenesis of AFLP has not been elucidated. Initially, 
AFLP was thought to be caused by exposure to a toxin. For exam- 
ple, microvesicular steatosis of the liver can be caused by treatment 
with sodium valproate or IV tetracycline. Despite an intensive 
search, however, no toxin that might be responsible for develop- 
ment of AFLP has been identified. Because of the coincidental 
occurrence of preeclampsia and AFLP in many patients, the disor- 
der has been considered by some experts to be a severe form of pre- 
eclamptic liver disease.” !7302303 Placental oxidative stress, thought 
to be responsible for development of preeclampsia, is accompanied 
by release of toxic mediators that may play a role in the pathogen- 
esis of AFLP.* Arguing against this conclusion are the absence of 
the usual histologic features of preeclampsia in liver biopsy speci- 
mens from patients with AFLP and the absence of the usual clinical 
features of preeclampsia in many patients with AFLP. 

There is a well-established association between AFLP and 
inherited defects in beta oxidation of fatty acids.287-759:35.306 This 
connection is empirically supported by similar clinical and his- 
tologic findings in patients with AFLP and those with Jamaican 
vomiting sickness, a liver disease caused by a toxin in unripe akee 
fruit that disables intramitochondrial beta oxidation of fatty acids. 
Maternal liver disease (HELLP or AFLP) has been reported in 
62% of the mothers of infants with defects of fatty-acid oxida- 
tion.“*’ AFLP may develop regardless of maternal genotype if 
the fetus is deficient in long-chain 3-hydroxyacyl-coenzyme 
A dehydrogenase (LCHAD) and carries at least 1 allele for the 
G1528C LCHAD mutation.2*°3°” Another beta oxidation defect, 
carnitine palmitoyltransferase-1 deficiency, has also been associ- 
ated with AFLP.*°* Prenatal genetic diagnosis based on chorionic 
villus sampling has proved to be feasible and accurate in pregnant 
members of affected families.*°”.!° Not every investigator, how- 
ever, has been able to confirm the association between AFLP and 
beta oxidation defects,*!! and other as yet unknown mechanisms 
may play a role in the pathogenesis of this disorder. 

Patients with AFLP should be managed in an intensive care 
setting, preferably by obstetricians qualified in the practice of 
maternal-fetal medicine, in cooperation with other appropriate 
specialists. Early diagnosis and prompt delivery of the infant are 
imperative to minimize maternal and fetal morbidity and mor- 
tality. Affected individuals may be very ill postpartum until the 
physiologic defects responsible for their clinical abnormalities 
resolve and the livers recover. Supportive care may include infu- 
sion of blood products, mechanical ventilation, hemodialysis, and 
antibiotic therapy. Hepatic encephalopathy is treated as indicated 
by measures intended to evacuate feces and bacteria from the 
colon. Infusion of concentrated glucose solution may be required 
to treat or prevent hypoglycemia. Although many patients with 
AFLP have DIC and depressed antithrombin II] levels, treatment 
with heparin or antithrombin II is not recommended.’!” Patients 
with diabetes insipidus may be managed with 1-deamino-8-D- 
arginine-vasopressin.*”> Some individuals with liver failure 
secondary to AFLP require emergency orthotopic liver trans- 
plantation as a potentially life-saving measure.?66313314 Most 
affected women, however, recover completely with appropriate 
supportive care. Persistent or even increasing hyperbilirubinemia 
and multiple complications after delivery do not necessarily indi- 
cate the need for liver transplantation. 
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Survival of patients with AFLP has been reported to be nearly 
100% with prompt diagnosis, delivery of the infant, and intensive 
care.?®3:294,315,316 Infants of affected women have perinatal mor- 
tality rates of less than 7%. Surviving babies may have LCHAD 
deficiency and develop nonketotic hypoglycemia and obtunda- 
tion. Recurrence of AFLP has been documented, particularly 
in women with LCHAD deficiency.’ 1318 In all cases of AFLP, 
the mother, father, and child should be tested for the G1528C 
LCHAD mutation.’°° 


OTHER HEPATIC DISORDERS AND PREGNANCY 
Viral Hepatitis 


Viral hepatitis is the most common form of liver disease world- 
wide, and frequently affects women of childbearing age, either 
as an acute infection or as a chronic disease.*!?**° Hepatitis A, 
unless unusually severe, does not appear to alter the normal 
course of pregnancy, nor does pregnancy appear to influence the 
natural history of hepatitis A. Acute and chronic viral hepatitis 
of other types, however, may have implications for maternal and 
fetal well being. 


HEV (See Chapter 82) 


HEV is an enterically transmitted RNA virus with 4 genotypes 
and 1 serotype.*°!.32! Genotypes 1 and 2 only infect humans and 
usually cause epidemic disease during the monsoon season in cen- 
tral and south Asia and India. Genotypes 3 and 4 infect humans 
and numerous animal species, particularly swine and chickens and 
possibly cattle and sheep, as well as rats. These HEV genotypes 
are responsible for sporadic cases of hepatitis in farmers and may 
spread to others by consumption of undercooked meat.??? The 
prevalence of HEV antibody has declined in blood samples col- 
lected in the US from 2009 to 2010, as compared to those col- 
lected from 1998 to 1994;32° most recently the HEV antibody 
prevalence was 6% for individuals aged 6 years or above. Two 
recombinant-protein anti-HEV vaccines have been tested in 
clinical trials,*?> and one of them was approved for use in China 
by the State Food and Drug Administration in December 2011. 

Acute hepatitis E during the third trimester of pregnancy is a 
cause of fulminant hepatic failure and has a mortality rate of up 
to 20%.3°! Maternal HEV infection has also been associated with 
intrauterine fetal death.??4325 The risks of intrauterine death and 
abortion in any trimester are greater in pregnant women with 
hepatitis E than they are in their uninfected counterparts. Mater- 
nal-fetal transmission of HEV resulting in symptomatic neonatal 
hepatitis has occurred,**° and no known therapy prevents vertical 
transmission of this virus. Pregnant women should avoid travel- 
ing to endemic areas during monsoon season and outbreaks of 
the disease. 


HSV (See Chapter 83) 


Subclinical hepatitis associated with primary HSV infection is 
common. In pregnant or immunosuppressed individuals, this 
virus may cause severe liver disease.**’ Infection during preg- 
nancy, particularly the third trimester, can result in fulminant 
hepatic failure. Affected individuals are obtunded and usually 
anicteric with elevated serum aminotransferase levels and coagu- 
lopathy. They may have subtle oropharyngeal or genital herpetic 
lesions. Encephalopathy may result from herpes encephalitis. 
The diagnosis of HSV infection can be confirmed by serologic 
testing and PCR assay for viral DNA. Liver biopsy specimens 
from affected patients usually demonstrate characteristic intra- 
cytoplasmic inclusion bodies and areas of focal hemorrhage. 
Treatment with oral acyclovir or valacyclovir is effective and 
appears to prevent viral transmission to the fetus.*?°>? 


HBV and HDV (See Chapters 79 and 81) 


HBV infection in pregnant women is the most important fac- 
tor perpetuating the worldwide epidemic of chronic hepatitis 
B.330-332 Universal HBV screening in pregnant women is recom- 
mended.’ Although HBV can be passed from infected mothers 
to their infants during gestation, at the time of delivery or after 
birth, most mother-to-infant transmission occurs during deliv- 
ery, a time when the neonate’s immune system is incapable of 
clearing the virus. Verticaltransmission of HBV is responsible 
for most cases of chronic hepatitis B in endemic areas, especially 
Southeast Asia and Africa.?># 

Maternal infectivity is proportional to viral load.**> Mothers 
with a reactive serum test for hepatitis B e antigen have more 
circulating virus and higher rates of perinatal transmission**® 
than mothers who have undetectable serum hepatitis B e antigen 
with a reactive serum test for hepatitis B e antibody,**’ although 
the latter individuals can still be a source of neonatal infection.*3* 
Without treatment, 90% of infants born to hepatitis B e anti- 
gen-positive mothers and 10% of infants born to hepatitis B 
e antigen—negative mothers develop chronic HBV infection. Anti- 
viral therapy beginning in the third trimester is recommended for 
pregnant women with inactive hepatitis B and serum HBV DNA 
levels greater than 200,000 IU/mL.**? For pregnant women with 
active hepatitis B, management should be the same as thatrecom- 
mended for nonpregnant women.**? Appropriate therapy during 
pregnancy significantly reduces the risk of mother-to-infant viral 
transmission.>*! If, however, the risk of transmission is low, antivi- 
ral therapy in addition to recommended prophylaxis of the infant 
offers no advantage.’ Invasive procedures during pregnancy, 
such as amniocentesis, may pose a risk of HBV transmission from 
mother to child, especially when the maternal HBV-DNA level is 
greater than or equal to 7 log copies/mL.**#? 

The infants of mothers with a reactive serum test for hepati- 
tis B surface antigen should receive hepatitis B immunoglobulin 
and hepatitis B vaccine within 12 hours of delivery.*** This treat- 
ment is highly effective, but despite appropriate passive-active 
immunoprophylaxis immediately after birth, 1% to 2% of treated 
infants will become chronically infected with HBV.**>3 Breast- 
feeding by mothers with chronic hepatitis B poses no additional 
risk of viral transmission as long as the baby has received appro- 
priate immunoprophylaxis.*“° 

Most women of childbearing age with chronic HBV infec- 
tion are healthy virus carriers with a very low risk of developing 
disease complications. A flare of hepatitis, however, and in some 
cases even acute liver failure, may occur in previously asymptom- 
atic individuals during the peripartum period.**7*#° In a recent 
study, approximately 25% of women with chronic hepatitis B 
had disease flares in the first few months after delivery.**’ Inves- 
tigators have also found an increased incidence of spontaneous 
preterm birth in association with the presence of HBV DNA in 
umbilical cord blood.**° For these reasons, pregnant and postpar- 
tum patients with hepatitis B should be monitored closely for up 
to 6 months after delivery.>°! 

The only hepatitis B treatments that have been studied in 
pregnant women are lamivudine, telbivudine, and tenofovir diso- 
proxil fumarate (TDF). Of these, TDF is preferred because of its 
reliable efficacy and high barrier to emergence of viral resistance. 
‘TDF therapy during the third trimester in pregnant women with 
high serum levels of HBV DNA has been shown to significantly 
reduce the incidence of mother-to-child viral transmission.*+!35 
There was no difference between treated and untreated women 
in the rates of prematurity, congenital malformations and Apgar 
scores. Other studies have shown no difference in the inci- 
dence of adverse effects between TDF-exposed and -unexposed 
infants.*°>-5> Women with chronic hepatitis B are not treated 
with interferon during pregnancy.**° Vaccination of nonimmune 
pregnant women against HBV infection is safe and effective.**” 
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An accelerated vaccination schedule may be used in women at 
high risk for exposure to HBV.*°* When the indication for hepa- 
titis B therapy is a third-trimester serum HBV DNA level greater 
than 200,000 IU/mL, stopping treatment at, or within 4 weeks 
of, delivery is recommended.**’ Continued treatment for up to 
12 weeks postpartum does not protect the mother from disease 
flares.30° 

HDV infection requires simultaneous acute or chronic hepa- 
titis B virus infection. Pregnant patients with hepatitis B who are 
most likely to have HDV co-infection include those with HIV 
and immigrants from areas of high HDV endemicity. These indi- 
viduals should be tested for the presence of anti- HDV antibody, 
which indicates infection.**? 

There is no evidence that pregnancy changes the natural 
course of hepatitis D. Prevention of vertical transmission of 
HDV is best accomplished by vaccination of the mother against 
infection with hepatitis B virus, or appropriate therapy of exist- 
ing maternal hepatitis B prior to pregnancy in conjunction with 
vaccination and administration of hepatitis B immunoglobulin to 
the infant. A case report has documented prevention of vertical 
transmission of hepatitis B and D viruses by this management.*°! 


HCV (see Chapter 80) 


Recommendations for the diagnosis and management of hepatitis 
C in pregnant women (and others) are continually updated by the 
Hepatitis C Guidance Panel of the AASLD and the Infectious 
Diseases Society of North America,*® and are available on the 
internet at https://www.hcvguidelines.org. Although there is cur- 
rently no recommendation for universal HCV screening of preg- 
nant women, HCV antibody testing is recommended for patients 
with a risk factor for viral exposure, such as a history of injection- 
drug use. Every pregnant woman with HIV infection should be 
tested for simultaneous HCV co-infection. Patients with reactive 
antibody tests should have confirmatory HCV nucleic-acid test- 
ing.363:364 

Mother-to-infant transmission is the principal cause of hepa- 
titis C in children. Between 1% and 2.5% of pregnant women 
in the US have HCV infection.*® The incidence of HCV verti- 
cal transmission is reported to be 5.8% in the children of HCV 
RNA-positive, HIV-negative women and 10.8% in the children 
of HCV RNA-positive, HIV-positive women.*°°3°7 Greater 
serum levels of HCV RNA, as seen in HIV and HCV co-infec- 
tion, increase the risk of vertical transmission: serum HCV-RNA 
levels of 10° or greater copies/mL have been associated with 
vertical transmission in as many as 36% of cases.*°* Intrapartum 
exposure to infected maternal blood, prolonged rupture of mem- 
branes, and internal fetal monitoring have also been identified as 
possible risk factors for neonatal HCV infection.*°?”° The inci- 
dence of perinatal HCV infection does not seem to be related to 
whether the baby is delivered vaginally or by cesarean section.*°* 
Although HCV RNA can be detected in breast milk,*”! breast- 
feeding is not considered to be a risk factor for neonatal HCV 
infection,’”? nor are there data that amniocentesis significantly 
increases the risk of fetal infection. 

Population-based and case-control studies of the effects of 
maternal HCV infection on pregnancy outcomes have had incon- 
sistent results. Chronic hepatitis C may be independently associ- 
ated with development of gestational diabetes, preterm delivery, 
low birth weight, retarded fetal development, and cholestasis 
of pregnancy.’/>37° Cirrhosis, in particular, is associated with 
increased maternal and fetal morbidity.*’’*’* There are no con- 
vincing data to suggest that pregnancy alters the natural history 
of hepatitis C infection, although pregnant women with hepatitis 
C have a higher incidence of cholestasis of pregnancy than unin- 
fected controls.!” 

When possible, women of reproductive age with hepatitis 
C should receive antiviral therapy before becoming pregnant; 


direct-acting antiviral agents are not approved for use dur- 
ing pregnancy. No intra- or post-partum intervention has been 
shown to reduce the risk of vertical HCV transmission, includ- 
ing treatment of the infant with immunoglobulin.*”? Patients 
with hepatitis C are not treated with interferon/ribavirin during 
pregnancy; ribavirin is a well-established teratogen. Previously 
infected individuals may have spontaneous HCV-RNA clearance 
after delivery.**° 


Chronic Liver Disease and Portal Hypertension (See 
Chapters 92 and 94) 


Women with significant chronic liver disease and cirrhosis often 
have anovulatory menstrual cycles or are amenorrheic and there- 
fore are unlikely to become pregnant. Only 37 cases of cirrhosis 
were identified using ICD-9 codes in more than 2 million preg- 
nant women recorded in the California Birth Registry Database 
between 2005 and 2009.378 

Portal hypertension, ascites, and compensatory dilation of 
submucosal esophageal veins connecting the portal circulation to 
the azygos vein can occur in pregnant women with noncirrhotic 
portal hypertension aggravated by physiologic increases in cir- 
culating blood volume. Even in the absence of pathologic causes 
of portal hypertension, these esophageal venous collaterals may 
become engorged during gestation owing to normal circulatory 
changes, including increased blood flow and compression of the 
inferior vena cava by the enlarging uterus, and may be seen on 
endoscopy. Enlarged veins of the latter type do not bleed spon- 
taneously. 

Normal pregnancy-associated increases in maternal blood 
volume appear to aggravate the risk of variceal bleeding in indi- 
viduals with underlying portal hypertension.**!**? Esophageal 
variceal bleeding has been reported in 18% to 32% of pregnant 
women with cirrhosis and as many as 50% of those with known 
portal hypertension and 78% of those with preexisting varices. 
In addition to variceal bleeding, women with chronic liver dis- 
ease and portal hypertension who become pregnant may be at 
increased risk of death, hepatic decompensation, splenic artery 
rupture, and uterine hemorrhage, according to reports published 
between 1950 and 1980.3778! Cirrhosis appears to significantly 
increase the risk of preeclampsia, pre-term delivery, low birth- 
weight, and neonatal death.>”* 

Endoscopic band ligation is accepted as the preferred initial 
therapy of variceal bleeding in pregnant women, although no 
studies of its safety and efficacy have been done in this setting. 
Infusion of the somatostatin analog octreotide is also used on the 
basis of its effectiveness in nonpregnant patients. Vasopressin and 
octreotide infusions may theoretically cause uterine ischemia and 
induce premature labor. Despite the risks of associated radiation 
exposure, placement of a transjugular intrahepatic portosystemic 
shunt may be indicated when variceal bleeding cannot be con- 
trolled by any other means.**?-3*> The AASLD has recommended 
that every individual with cirrhosis who does not have a liver stiff- 
ness less than 20 kPa (FibroScan) and a platelet count greater 
than 150,000/mm} have endoscopic screening for esophageal 
varices,**° although there are no formal guidelines for prophy- 
lactic management of esophageal varices in pregnant women. 
B-Adrenergic receptor antagonists are tocolytic, but these drugs 
do not repress normal labor in chronically treated pregnant 
patients. Use of beta blockers as primary prophylaxis against vari- 
ceal bleeding in pregnant women has not been formally evalu- 
ated. Some authors have suggested prophylactic band ligation, 
portosystemic shunt procedures, and cesarean section to decrease 
the risk of bleeding from varices during gestation. 

Ascites and hepatic encephalopathy in pregnant women 
with chronic liver disease are managed in the customary man- 
ner. The only therapy available for severe hepatic decompensa- 
tion during pregnancy is liver transplantation. Orthotopic liver 
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transplantation has been performed successfully during preg- 
nancy.°7388 The MELD score can help predict clinical decom- 
pensation in a cirrhotic woman during pregnancy. For example, 
a MELD score of 10 or greater at the time of conception had an 
83% sensitivity and an 83% specificity in predicting development 
of ascites, encephalopathy, or variceal hemorrhage prior to deliv- 
ery in 1 study.**? 


Wilson Disease (See Chapter 76) 


Wilson disease in women of childbearing age is associated with 
amenorrhea and infertility. Treatment of affected individuals to 
remove excess copper may result in resumption of ovulatory cycles 
and a subsequent pregnancy. Pregnant patients must remain on 
medication to treat Wilson disease because discontinuation of 
therapy can cause sudden copper release, hemolysis, acute liver 
failure, and death.” D-Penicillamine is potentially teratogenic 
in humans,*”! but has been used safely during pregnancy at doses 
necessary for copper chelation.*”* Similarly, trientine is terato- 
genic in animals but appears to be safe in humans as treatment for 
copper overload. Zinc salts such as zinc acetate do not appear to 
be teratogenic, and some experts favor use of zinc during preg- 
nancy as therapy for Wilson disease for this reason.” 


Autoimmune Liver Diseases (See Chapters 90 and 91) 


Autoimmune diseases of most types, including autoimmune hep- 
atitis, are more common in women than in men. Autoimmune 
liver disease has a variety of clinical phenotypes. In women, clas- 
sic (type-1) autoimmune hepatitis typically presents around the 
expected time of menarche, but is associated with amenorrhea. 
When women with autoimmune hepatitis become pregnant, 
they have a greater-than-expected incidence of spontaneous 
abortion and preterm delivery.*?* Affected patients may also 
have disease flares during pregnancy and postpartum.>”>*”° For 
this reason, treated individuals with autoimmune hepatitis who 
conceive a child should continue taking immunosuppressive 
medications during pregnancy. The doses of azathioprine pre- 
scribed as part of standard treatment regimens are not thought 
to be teratogenic. Autoimmune hepatitis patients should be 
carefully monitored during pregnancy and in the postpartum 
period. 

PBC is much more common in postmenopausal women than it 
is in their fertile counterparts. Women with PBC may experience 
an exacerbation of pruritus during pregnancy.*”’ Pruritus can be 
ameliorated by treatment with ursodeoxycholic acid,” although the 
safety of this therapy during pregnancy has not been formally proved. 


Hepatic Tumors and Mass Lesions (See Chapter 96) 


Mass-like defects of the hepatic parenchyma may be discovered 
during pregnancy, usually as an incidental finding on US. Benign 
liver lesions found commonly in women of childbearing age 
include adenomas, focal nodular hyperplasia, and hemangiomas. 
Hepatic adenomas are associated with oral contraceptive use and 
may enlarge during pregnancy; enlarging lesions can bleed and 


rupture into the abdominal cavity. Focal nodular hyperplasia 
and hemangiomas in pregnant patients have also been reported 
to hemorrhage. Women known to have a benign hepatic nodular 
defect should be evaluated with serial US to measure mass size 
and look for evidence of intralesional bleeding. 

Hepatocellular carcinoma occurs almost exclusively in per- 
sons with chronic liver disease and may present in the absence 
of cirrhosis in young people with chronic HBV infection. At-risk 
patients should have standard screening for liver cancer during 
pregnancy. It must be borne in mind that maternal serum AFP 
levels are always modestly elevated during normal pregnancy,*”” 
and can increase further in cases of fetal Down syndrome, neural- 
tube defects, and hydatidiform mole, thereby limiting the positive 
predictive value for diagnosing hepatocellular carcinoma during 
pregnancy. 

Hepatic fibrolamellar carcinoma has been reported to occur in 
pregnant women.*”° Fibrolamellar carcinoma is a slow-growing 
liver cancer usually found in young adults (median age, 25 
years).1°! Unlike typical primary liver cancer, this neoplasm has 
no known association with cirrhosis or chronic liver disease and 
is not a cause of increased serum AFP levels. It is an aggressive 
neoplasm with a 5-year survival rate below 50%. 

Hepatic metastases from other cancers are rare in women of 
childbearing age. 


Hepatic Vein Thrombosis (Budd-Chiari Syndrome) 
(See Chapter 85) 


Pregnancy is a predisposing factor for the development of venous 
thrombosis. Hepatic vein thrombosis may occur in association 
with HELLP syndrome?’ and with preeclampsia in women who 
have an antiphospholipid antibody.*? Pregnant women who 
develop hepatic vein thrombosis should be evaluated for the pres- 
ence of antiphospholipid antibody and other circulating proco- 
agulants (e.g., factor V Leiden), and also for JAK-2, and possibly 
other gene mutations.*°+ 


Pregnancy After Liver Transplantation (See 
Chapter 97) 


Women of childbearing age may become pregnant after suc- 
cessful orthotopic liver transplantation and deliver normal 
infants. !27-40>.406 Delaying pregnancy until the second post-trans- 
plant year may be associated with a lower risk of prematurity. 
‘Transplant patients must continue immunosuppressive therapy 
during gestation but may need to have their treatment modified. 
Mycophenolate mofetil, a part of many post-transplant immu- 
nosuppressive regimens, is highly teratogenict”’ and must be 
avoided in women of childbearing age who may become preg- 
nant. Adverse effects of other immunosuppressive medications, 
including hypertension and hyperglycemia, may increase the 
incidence of fetal distress and preeclampsia in pregnant liver 
transplant recipients. In rare instances, pregnancy has been com- 
plicated by organ rejection. 


Full references for this chapter can be found on www.expertconsult.com. 
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Early and late GI organ injury may occur following irradiation 
of thoracic, abdominal, and pelvic malignancies of GI and non- 
GI origin. As with all toxicities associated with radiation ther- 
apy (RT), GI side effects are categorized broadly into 2 types: 
early or acute reactions, such as diarrhea and nausea, which can 
occur during and soon after completion of a treatment course, 
and late or chronic effects, such as ulceration, stricture forma- 
tion, and bowel obstruction, which can develop months to years 
later. Severe acute reactions can lead to treatment breaks and, 
in turn, a suboptimal treatment course, whereas the concern for 
chronic toxicity, particularly to the small bowel, is commonly a 
dose-limiting consideration in the creation of a treatment plan. 
The incidence and severity of radiation-induced GI morbid- 
ity depends on both total dose and fraction size, treatment vol- 
umes and techniques, the presence or absence of other treatment 
modalities such as systemic therapy and surgery, and underlying 
patient comorbidities. This chapter discusses the early and late 
toxicities of RT and combined chemoradiation therapy (CRT) 
regimens to the esophagus, stomach, small intestines, colon, rec- 
tum, anus, pancreas, and liver. 
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The sections to follow will focus on the various radiation tox- 
icities that can occur in each of the individual organs of the GI 
tract, as well as the steps radiation oncologists take to reduce the 
likelihood and severity of said toxicities. Prior to that, we present 
a brief general discussion of the cellular mechanisms of radiation 
damage and introduce the concept of an organ that functions in 
series versus one that functions in parallel, which informs radia- 
tion dose constraints. 


MOLECULAR MECHANISMS OF RADIATION-INDUCED 
GI DAMAGE 


At the cellular level, both the therapeutic and injurious acute 
effects of RT are consequences of its ability to induce DNA 
double-strand breaks through the creation of free radicals. In 
some cell types, this damage will lead to programmed cell death 
(apoptosis), which proceeds through a well-defined signaling cas- 
cade that is commonly disrupted during the process of oncogen- 
esis. In rapidly dividing cancer cells, generally lacking important 
components of the normal DNA-damage response system and 
the apoptotic cascade, RT-induced DNA double-strand breaks 
can result in lethal chromosomal aberrations that cause cell death 
when division is attempted, a phenomenon known as mitotic 
catastrophe. 

The acute effects of radiation exposure to the normal GI tract 
have been studied in animal models, where a rapid increase in the 
rate of apoptosis of intestinal crypt/stem cells can be observed 
after exposure to low-dose irradiation (1 to 5 cGy). The rate of 
apoptosis is dose-dependent and reaches a plateau at 1 Gy. Radi- 
ation exposure increases expression of the TP$3 gene product, 
p53, in GI epithelium, which induces expression of PUMA (p53 
upregulated modulator of apoptosis, also known as BBC3 or Bcl- 
2-binding component 3), a proapoptotic protein that causes cell 
death via the intrinsic apoptotic pathway. Conversely, the rate 
of radiation-induced apoptosis in endothelial cells is significantly 
reduced in animals lacking the proapoptotic bcl-2 multidomain 
proteins, bax and bak.!” It is therefore postulated that p53 pro- 
motes apoptosis after irradiation whereas antiapoptotic members 
of the bel-2 family protect the normal mucosa. 

Beyond the acute loss of cells through apoptosis and mitotic 
catastrophe, radiation injury is the consequence of a complex 
set of interactions between cells involving multiple cytokines 
and molecular pathways that can acutely lead to mucosal edema, 
and chronically to fibrosis and organ dysfunction through excess 
deposition of extracellular matrix coincident with a reduction in 
the expression of remodeling enzymes such as matrix metallo- 
proteinases. Radiation-induced fibrosis is, essentially, improper 
wound healing and, when combined with mucosal stem cell loss, 
underlies the chronic toxicities associated with RT such as dys- 
motility, stenosis, and fistula formation.*+ This process typically 
begins several months to a year after the conclusion of a course of 
RT and can progress over the following years. 

The initial step in this process is the recruitment of immune 
cells to the site of RT-induced injury, which in turn results in 
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the increased local expression of a number of cytokines, including 
platelet-derived growth factor and transforming growth factor 
(TGF)-f. Platelet-derived growth factor promotes the migration 
of fibroblasts to the injured area, whereas TGF-f promotes both 
the proliferation of fibroblasts and their transdifferentiation into 
profibrotic myofibroblasts.°° Ongoing local expression of active 
TGF- is thought to be the primary mediator of radiation-induced 
fibrosis. In addition to promoting the creation of myofibroblasts, 
TGF- promotes the production of extracellular matrix pro- 
teins and reduces the expression of matrix metalloproteinases.”* 
Pathologic examination of bowel specimens from patients who 
underwent surgery for radiation enteropathy showed increased 
TGF-f in areas with vascular sclerosis and fibrotic areas of the 
serosa and muscularis propria as compared with patients who 
had surgery for other causes.” In rat liver, TGF-8 expression was 
found to be upregulated in a dose-dependent manner in hepato- 
cytes up to 9 months after irradiation.!° Neutralizing antibodies 
to TGF-f and small molecule inhibitors have been shown to sup- 
press or reverse fibrosis in preclinical models, but this has not 
been used in clinical practice to date.!!1-13 

The acute to subacute formation of fibrotic tissue and loss of 
epithelium can in turn lead to chronic and permanent fibrosis, 
the risk of which is also related to patient comorbidities such as 
smoking status, nutrition, diabetes, and certain inflammatory 
diseases.'+ The overall picture is thought to be a product of the 
initial insult and damage response that leads to vascular changes 
with an end result of tissue ischemia and progressive fibrosis. !° 


SERIAL VERSUS PARALLEL ORGAN FUNCTION 


Through the loss of epithelial stem cells and the formation of 
scar tissue, RT can cause segments of organs of the GI tract to 
become less functional. Whether this manifests clinically is partly 
related to the functional arrangement of the organ, of which 
there are 2 types: serial and parallel. 

Organs arranged in series are composed of segments that are 
reliant on the functionality of the preceding segment such that 
the loss of any individual segment will make the organ dysfunc- 
tional or even nonfunctional downstream, and possibly upstream, 
from the insult. The prototypical organ with this arrangement 
is the spinal cord, where significant damage at a single spinal 
level can cause loss-of-function at every level downstream of the 
injury. With respect to the GI system, much of the luminal GI 
tract has this type of organization. 

Organs with parallel architecture, on the other hand, have 
some functional redundancy built in such that the loss of seg- 
ments up to a point may not manifest clinically. The liver has this 
type of arrangement, although debate continues on exactly how 
much liver need be preserved to remain fully functional particu- 
larly in patients with underlying liver disease. 

When creating RT plans, consideration of these arrange- 
ments informs the types of dose constraints that are used. Organs 
that function in series are subject to maximum dose constraints, 
because an ablative dose to a small area can manifest as dysfunc- 
tion of the entire organ, such as a SBO. Organs with a parallel 
functional architecture are subject to constraints that allow for 
the protection of an adequate relative volume of functional tissue. 
As will be discussed in the case of the liver, it is important to not 
allow an absolute volume to receive more than a certain dose of 
radiation. 


SMALL INTESTINE 


The first case of radiation injury of the small bowel, or radia- 
tion enteropathy, was described in 1897 in the context of irra- 
diating the skin of the abdomen.'° RT can damage the small 
bowel during the treatment of virtually all GI and gynecologic 
cancers, while rarely being used as part of the primary treatment 


related fibroblasts. Submucosal reaction shows large, bizarre radiation 
fibroblasts that have both cytomegaly and nucleomegaly. Smooth 
muscle cells also have reactive changes. Microabscesses composed of 
excess neutrophils infiltrate the stroma. (Courtesy Dr. Robin Amirkahn, 
Dallas, TX.) 


of cancers of the small bowel. Mitigating the risk and severity of 
radiation enteritis and chronic small bowel injury is commonly 
the dose-limiting factor in the radiotherapeutic management of 
most abdominal and pelvic malignancies. 


Incidence and Clinical Features 


The epithelium of the GI tract has a high proliferative rate, with 
turnover every 3 to 5 days, making it susceptible to radiation and 
chemotherapy-induced mucositis. Irradiation of intestinal mucosa 
primarily affects the clonogenic intestinal stem cells within the 
crypts of Lieberkiihn (cells that provide, via self-replication and 
eventual maturation, replacement cells in the intestinal villi). Stem 
cell damage, as a result of direct radiation damage or radiation- 
induced microvascular damage, leads to a decrease in cellular 
reserves for the intestinal villi. This results in mucosal denude- 
ment, shortened villi, a decreased absorptive surface area, and 
associated intestinal inflammation and edema. Histologic changes 
are seen within hours of irradiation. 

Within 2 to 4 weeks, an infiltration of leukocytes with crypt 
abscess (microabscess) formation can be seen, leading to ulcer 
formation (Fig. 41.1). This acute injury can result in impaired 
absorption of fats, carbohydrates, proteins, bile salts, and vita- 
min Bj), with loss of water, electrolytes, and proteins. Impaired 
ileal bile salt absorption increases loads of conjugated bile salts 
entering the colon, which are deconjugated by colonic bacteria, 
causing intraluminal salt and water accumulation and subsequent 
diarrhea. Furthermore, impaired digestion of lactose may occur 
following radiation, leading to increased bacterial fermentation 
with associated flatulence, distention, and diarrhea. There is also 
evidence of acutely altered gut motility following RT. 

Patients with acute radiation enteritis experience diarrhea, 
abdominal cramping or pain, nausea and vomiting, anorexia, and 
malaise. Radiation-induced diarrhea often appears during the 
third week of a fractionated radiation course, with reported rates 
of 20% to 70%.!8 Acute radiation enteropathy with diarrhea may 
be seen in some patients after delivery of doses of 18 to 22 Gy 
using conventional fractionation, which coincides with the start 
of the third week of therapy, and is seen in most patients by 40 
Gy. The symptoms and pathologic findings typically subside 2 to 
6 weeks following completion of RT, although evidence suggests 
that patients who develop acute small intestinal toxicity may be at 
higher risk for chronic effects.!? 

Histologic changes of chronic toxicity to the small intes- 
tine include progressive occlusive vasculopathy with foam cell 
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Fig. 41.2 Histopathology showing a submucosal arteriole in chronic 
radiation enteropathy. Radiation-induced changes include thickening 

of the blood vessel walls, subintimal hydropic change and fibrosis, 
which results in luminal narrowing and occlusion and subsequent tissue 
ischemia. (Courtesy Dr. Robin Amirkahn, Dallas, TX.) 


Fig. 41.3 Histopathology showing small intestinal submucosal fibrosis 
following radiation therapy. The patient presented with small intestinal 
obstruction due to this stricture. (Courtesy Dr. Robin Amirkahn, Dallas, 
TX.) 


invasion of the intima and hyaline thickening of the arteriolar 
walls, with collagen deposition and fibrosis. The small bowel 
becomes thickened, with development of telangiectasias, whereas 
the vessel walls of small arterioles are obliterated, causing isch- 
emia (Fig. 41.2).?° As the vasculopathy progresses, mucosal ulcer- 
ation, necrosis, and occasionally perforation of the intestinal wall 
can be seen, leading to fistula and abscess formation. Lymphatic 
damage contributes to mucosal edema and inflammation. Histo- 
logically, the mucosa atrophies, with atypical hyperplastic glands 
and intestinal wall fibrosis (Fig. 41.3).?! As the ulcers heal, there 
can be fibrosis and narrowing of the intestinal lumen, with sub- 
sequent stricture formation and even obstruction with dilatation 
of the proximal bowel. Bacterial overgrowth may be an indirect 
complication arising from stasis in a dilated loop of bowel proxi- 
mal to the stricture. Although the affected segments of intestine 
and serosa appear thickened with areas of telangiectasias,”? it 
should be noted that even if the gut appears normal, patients can 
still be at risk of spontaneous perforation.?? 

Chronic radiation enteritis can cause significant morbid- 
ity. This complication tends to be progressive, with an onset at 
least 6 months after radiotherapy. Late radiation injury to the 
small intestine occurs at a median of 8 to 12 months follow- 
ing RT, although it can appear years later.*+ There are many 
clinical manifestations of the chronic phase of radiation enteritis 
(Table 41.1). Fibrosis and vasculitis of the bowel may lead to 


TABLE 41.1 Clinical Complications of Chronic Radiation Enteritis or 
Proctitis 


Complication Lesion(s) Clinical features 


Obstruction Stricture Constipation, nausea, vomiting, 
postprandial abdominal pain 

Infection Abscess Abdominal pain, fever, chills, sepsis, 
peritonitis 

Fistulization Fistula Fecal, vaginal, or bladder discharge; 
pneumaturia 

Bleeding Ulceration Rectal pain, tenesmus, rectal bleeding, 


anemia 


Malabsorption Small bowel Diarrhea, steatorrhea, weight loss, 
damage malnutrition, cachexia 


From Girvent M, Carlson GL, Anderson |, et al. Intestinal failure after 
surgery for complicated radiation enteritis. Ann R Coll Surg Engl 2000; 
82:198-201. 


dysmotility, stricture formation, and malabsorption.?>*° More 
rapid transit times can occur in the affected bowel, which can 
cause chronic malnutrition and resultant anemia and hypoalbu- 
minemia. Malabsorption and other complications may require 
surgical intervention and parenteral alimentation. Patients with 
severe chronic radiation enteritis have a poor long-term progno- 
sis and a mortality rate of approximately 10%.?7-2 

The overall incidence of chronic radiation enteritis has not 
been precisely defined. Retrospective series suggest an inci- 
dence of 20%, but these studies often included a large number of 
patients who were lost to follow-up or died between the end of 
RT and the completion of the study.’ A review of randomized 
trials of adjuvant RT for rectal cancer shows severe long-term 
complications as low as 1.2% and as high as 15%, which is greatly 
improved in comparison with older trials, suggesting that techni- 
cal advances have reduced chronic small bowel toxicity rates.*+ 

Certain factors have been found to predispose patients to 
radiation toxicity to the small intestine. Women, older patients, 
and thin patients may have a larger amount of small bowel in 
the pelvic cul-de-sac, which can increase the likelihood of radia- 
tion injury in the treatment of pelvic malignancies.*> Patients 
with a history of pelvic inflammatory disease or endometriosis 
also appear to be at higher risk of radiation complications.*°*7 
Patients who have had previous abdominal surgery can develop 
adhesions that decrease the mobility of the small bowel, allowing 
it to be consistently exposed to fractionated RT.**»? In addition, 
patients with prior pelvic surgery may have an increase in the 
amount of small bowel within the pelvis. In a series published by 
Eifel and associates, the risk of small bowel complications was 
significantly higher in women who had undergone a previous 
laparotomy.” 

Smokers, and patients with diabetes, hypertension, and car- 
diovascular disease, also have an increased risk of preexisting 
vascular damage or occlusion.t! These comorbid conditions are 
compounded by the pathologic changes of chronic radiation 
injury, which include vasculopathy and ischemia, predisposing 
the patients to radiation-related small bowel toxicity. Patients 
with collagen vascular and inflammatory bowel diseases have a 
higher risk of acute as well as chronic radiation-induced injury. 
Patients with these diseases may have pathologic changes that 
include transmural fibrosis, collagen deposition, and inflamma- 
tory infiltration of the mucosa. The late effects induced by RT to 
the small bowel are likely additive to these preexisting changes, 
and studies have shown that these patients have a lower GI toler- 
ance to RT.#® Patients whose IBD or nonmalignant systemic 
disease is quiescent or well controlled appear to fare better than 
patients with active disease. 
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Fig. 41.4 Image from a planning scan performed on a patient with 
rectal cancer. The patient was positioned prone on a belly board, which 
allows the small bowel to fall out of the anatomic area to which the 
prescription dose is planned (illustrated in red). 


Studies have also addressed the effect of radiation dose on 
occurrence of small bowel toxicity. Volume of the treatment field, 
volume of irradiated small bowel, total dose, fraction size, treat- 
ment time, and treatment technique all influence small bowel tol- 
erance. The TD5/5 (dose at which there is a 5% risk of toxicity 
at 5 years) for small volumes of small bowel has been estimated 
to be 50 Gy. Patients can generally receive 45 to 50 Gy in 1.8- to 
2-Gy daily fractions to a pelvic field without a significant rate of 
toxicity.** Retrospective analysis of patients with locally advanced 
pancreatic cancer treated with CRT found a maximum dose of 
55 Gy to 1 mL of the duodenum to be an important metric for 
preventing long-term toxicity.’ 

For postoperative patients, radiation to 45 to 50 Gy in 5 weeks 
is associated with an approximately 5% incidence of SBO requir- 
ing surgery, whereas at doses greater than 50 Gy the incidence 
rises to as high as 25% to 50%.*°> Doses greater than 2 Gy per 
fraction in the postoperative setting also increase the risk of tox- 
icity.*° At radiation doses of 70 Gy or greater, the incidence of 
toxicity rises precipitously.*” 

Studies that have analyzed dose-volume parameters associated 
with acute small bowel toxicity in patients undergoing treatment 
with 5-fluorouracil (5-FU)—based CRT therapy for rectal cancer 
found strong correlations between acute toxicity and the amount 
of small bowel irradiated at each dose level analyzed.***? A study 
of different treatment techniques to minimize the effect of pelvic 
radiation on the small bowel showed that irradiating smaller vol- 
umes of bowel yielded less toxicity.*° In addition, treating patients 
in the prone position with external compression and bladder dis- 
tention decreased side effects, likely from exclusion of portions of 
the small bowel from the radiation field (Fig. 41.4.5! 

CRT, commonly with concurrent 5-FU or capecitabine, 
is used in the treatment of GI malignancies and is known to 
increase the risk of small bowel toxicity. In the French Federation 
Francophone de Cancerologie Digestive trial, which randomized 
patients to RT or CRT with 5-FU and leucovorin, the rate of 
acute toxicity was 2.7% with RT and 14.6% with the addition of 
chemotherapy to RT.” A second trial conducted by the Euro- 
pean Organization for Research and Treatment of Cancer ran- 
domized patients with advanced rectal cancer to preoperative RT 
or CRT, with or without adjuvant chemotherapy. The addition 
of chemotherapy resulted in higher grade 3 acute toxicity rates: 
13.9% versus 7.4%. Rates of grade 2 diarrhea occurred more fre- 
quently in patients receiving concurrent chemotherapy: 37.6% 
versus 17.3%, with no differences in late toxicity.’ 

There is ongoing investigation into the integration of novel 
chemotherapeutic and “targeted” agents with RT in neoadjuvant 
therapy for GI cancers. Promising results from early phase I 
studies incorporating oxaliplatin into the neoadjuvant regimen 


TABLE 41.2 Pathophysiologic Features of Patients With Chronic (Late) 
Radiation Enteropathy and Their Clinical Manifestations 


Clinical 


Pathophysiologic Feature Manifestations 


Lactose intolerance 
Vitamin B42 deficiency 


Mucosal dysfunction 


Steatorrhea 
Stricture or blind loop syndrome with SIBO Diarrhea 
Intestinal dysmotility Bloating 

Constipation 

Diarrhea 


Abnormal bile acid recirculation Cholerheic diarrhea 


From Hauer-Jensen M, Wang J, Denham J. Bowel injury: current and 
evolving management strategies. Semin Radiat Oncol 2003; 13:357-71. 


TABLE 41.3 Therapeutic Options for Patients With Chronic (Late) 
Radiation Enteropathy 


Pathophysiologic Feature Therapeutic Options 


Nutritional deficits Correction of specific deficits 
Low-fat diet 
Lactose-free diet 


Elemental diet 


TPN 
Intestinal dysmotility (increased or Loperamide 
decreased) Octreotide 


Prokinetic agent 
Bile acid malabsorption Bile-salt binding agent 


SIBO Antibiotics 


From Hauer-Jensen M, Wang J, Denham J. Bowel injury: current and 
evolving management strategies. Semin Radiat Oncol 2003; 13:357-71. 


were shown later to be more toxic and to offer no disease ben- 
efit in subsequent randomized trials.*?°+ Data from phase I and 
phase II trials using novel agents such as irinotecan, VEGF 
receptor and EGF receptor inhibitors suggest that the addi- 
tion of these agents may significantly increase grades 3 and 4 GI 
toxicity rates relative to conventional neoadjuvant chemoradio- 
therapy (CRT) regimens, further emphasizing the importance of 
careful radiation planning to maximize normal tissue sparing in 
these patients. 

Diagnosis of chronic (late) radiation enteropathy is made clini- 
cally (Table 41.2). The cause of symptoms can be variable from 
patient to patient, and individualization of diagnostic and thera- 
peutic approaches is indicated. Therapeutic options are displayed 
in Table 41.3. Consultation with the treating radiation oncologist 
should be requested if the clinical presentation is consistent with 
radiation enteritis. Review of the patient’s previous radiation treat- 
ment record will reveal the total dose, fractionation, volume of 
treatment, and other radiation parameters. Analysis of the treat- 
ment plan may show areas of high dose, especially if the patient had 
an intracavitary implant or brachytherapy. Lesions encountered at 
endoscopy or imaging studies are usually localized in the area of 
high dose. Ulceration of the mucosa, thickening of jejunal folds, and 
thickening of the intestinal loops are radiologic signs that suggest 
radiation damage to the small bowel (Fig. 41.5). Faster intestinal 
transit and reduced bile acid and lactose absorption can be observed 
in patients with chronic radiation enteritis.’ These effects may be 
improved after the administration of loperamide. Antibiotics are 
indicated if there is SIBO syndrome (see Chapter 105).°°°” 
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Treatment and Prevention 


‘The management of acute radiation small bowel toxicity should 
be based on the severity of symptoms. Most cases of acute radia- 
tion enteritis are self-limited, requiring only supportive treat- 
ment. Diarrhea, nausea, vomiting, and abdominal cramping 
are treated symptomatically. Antidiarrheal medications such 
as loperamide, diphenoxylate atropine, or opiates can be used. 
Antiemetic agents may also be effective. A low-fat, lactose-free 
diet may improve symptoms. A study of oral sucralfate in patients 
receiving pelvic irradiation showed a decrease in frequency and 
an improvement in consistency of bowel movements at both early 
and late time points.’ Cholestyramine to treat diarrhea from bile 
acid malabsorption has also shown some benefit,*’ and treat- 
ment with aspirin has been effective.°° Intractable diarrhea dur- 
ing combined-modality treatment (CRT) may require hospital 
admission for administration of parenteral fluids and electrolyte 
repletion. Patients who are refractory to conventional antidiar- 
rheal medications may benefit from administration of a synthetic 
somatostatin analog such as octreotide. 

The management of chronic radiation enteritis remains a 
major challenge, given the progressive evolution of the patho- 
physiology, including obstructive endarteritis and fibrosis. The 
treatment should be conservative, given the diffuse nature of the 
process and the high morbidity associated with surgery; however, 
surgical intervention is indicated in intestinal obstruction, perfo- 
ration, fistulas, and severe bleeding. 

Chronic effects of diarrhea are managed symptomatically 
with a low-residue diet. Fiber supplementation (e.g., Metamucil, 


Fig. 41.5 Radiologic evidence of radia- 
tion injury of the intestine. A, In early injury, 
bowel and mesenteric edema may cause 
separation of intestinal loops, lead to thick- 
ening and straightening of mucosal folds, 
and impart a spiked appearance (arrows) 
to the small bowel mucosa. B, Severe 
abnormalities of the rectosigmoid colon are 
evident on this film from a barium enema 
performed 2 months after the patient 
underwent radiation therapy for cervical 
carcinoma. Subacute radiation injury of the 
colon may present as edematous, occa- 
sionally ulcerated mucosa with asymmetri- 
cal areas of narrowing suggestive of Crohn 
colitis or recurrent tumor (arrows). C, Late 
radiation change in the colon, with stricture 
formation (arrow) after a cumulative dose of 
approximately 55 Gy. 


Citrucel) has shown benefit in some cases. In the rare setting 
of malnutrition related to chronic radiation injury, TPN can 
improve clinical outcome, and methylprednisolone may add to 
the effects of TPN.*° Despite these interventions, the 5-year 
survival rate for patients undergoing TPN ranges from 36% to 
54% .°?, It has been estimated that overall mortality rate associ- 
ated with chronic radiation enteropathy is approximately 10%. 

Endoscopic techniques are sometimes required for diagnosis 
of bleeding intestinal ulcers. Double-balloon enteroscopy and 
capsule endoscopy may help facilitate this diagnosis.°* The dou- 
ble-balloon enteroscope method may allow therapeutic interven- 
tion in certain situations, including coagulation of small bowel 
telangiectasias. Significant bleeding refractory to endoscopic 
intervention may be managed surgically. 

SBO is generally managed conservatively with bowel rest and 
tube decompression. In rare situations, the obstruction is severe 
or chronic enough that bowel resection or lysis of adhesions may 
be required. It is difficult to perform surgery for chronic radia- 
tion enteritis because of the diffuse fibrosis and alterations in the 
intestine and mesentery, resulting in high rates of surgical mor- 
bidity and reoperation.ć*66 The risk of anastomotic leak is high 
if the anastomosis is performed using irradiated bowel.® The 
risk of leak can be lowered if at least 1 limb of the anastomo- 
sis is previously unirradiated bowel. However, it may be difficult 
to distinguish between normal and irradiated tissues at time of 
surgery and even on pathologic evaluation.®’ Another method 
the surgeon can use to circumvent this technical difficulty is to 
create the anastomosis with unirradiated colon. The accuracy 
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in localizing injured bowel may be improved by intraoperative 
endoscopic examination, which can detect radiation-induced 
mucosal injury.°® 

Limited resection of the diseased intestine is the goal, but if 
the lesion is too diffuse, a bypass procedure may be attempted. 
If feasible, resection of the affected bowel results in a better out- 
come than an enteric bypass procedure. However, extensive sur- 
gical resection of the diseased intestines may lead to short bowel 
syndrome (see Chapter 106) and the need for TPN. In selected 
patients who underwent extensive surgical intestinal resection, 
5-year survival was approximately 65%, with two thirds of the 
patients weaned off of parenteral nutrition. Given the pro- 
gressive evolution of fibrosis, the patient may require additional 
surgery if extensive surgical resection is not performed. Surgi- 
cal bypass of the injured bowel may be associated with a blind 
loop syndrome, and the patient still may be at risk for perfora- 
tion, bleeding, abscess, and fistulas due to the persistence of the 
affected bowel. Bypass procedures should be performed when 
resection is not possible or as temporary management before 
resection at a later date. Surgery should be performed by an expe- 
rienced team familiar with the management of radiation enteritis. 
Perforations and fistulae are best managed surgically. It should 
be noted that many patients with chronic small bowel radiation 
toxicity are nutritionally depleted and more susceptible to anas- 
tomotic leakage and dehiscence after surgery. The postoperative 
mortality of these patients may be significant and must be taken 
into consideration before a decision to proceed with surgery is 
made. 

Hyperbaric oxygen has been used in the treatment of chronic 
radiation enteritis, the rationale being that the creation of an oxy- 
gen gradient in hypoxic tissue will stimulate neoangiogensis.’°-’! 
In a retrospective study of 36 patients with severe radiation enter- 
itis refractory to medical management, improvement of clinical 
symptoms was reported in two thirds of the patients treated with 
hyperbaric oxygen.” Hyperbaric oxygen may be helpful in man- 
agement of bleeding due to chronic radiation enteritis in patients 
who are not controlled with conservative measures such as for- 
malin and laser therapy (discussed later).’*:’* A clinical series of 
65 consecutive patients with chronic radiation enteritis (small 
bowel and rectum), primarily manifested as chronic bleeding, 
were treated with hyperbaric oxygen. Response rates for rectal 
and more proximal sites were 65% and 73%, respectively. The 
response rate for bleeding was 70% and for other symptoms 
(pain, diarrhea, weight loss, fistula, obstruction) was 58%. The 
authors concluded that hyperbaric oxygen therapy resulted in 
clinically significant improvement in two thirds of patients with 
chronic radiation enteritis.”° 

Other agents to reduce the incidence of chronic enteritis have 
been investigated. There is some suggestion that pentoxifylline 
may abrogate radiation-associated fibrosis through antioxidant 
effects and inhibition of TGF-61. In a small study, patients with 
radiation enteropathy were treated with pentoxifylline and vita- 
min E, with response assessment by subjective, objective, man- 
agement, analytic scales. Regression of symptoms by subjective, 
objective, management, and analytic scales was seen in 40% of 
patients by 6 months and 80% of patients at 18 months.’° 

Given that chronic radiation enteritis is complex and rarely 
curable, prevention is key, and measures to decrease its incidence 
are imperative. Pancreatic enzymes can exacerbate acute intesti- 
nal radiation toxicity, and reducing pancreatic secretion with a 
synthetic somatostatin receptor analog such as octreotide may 
reduce early and delayed radiation enteritis in animal studies.’ 
One of the major risk factors for injury is previous abdominopel- 
vic surgery, which leads to the prolapse of the small intestines into 
the pelvis and exposure to radiation. Anticipation for the need of 
radiation and chemotherapy before or after surgery requires close 
collaboration among surgical, radiation, and medical oncologists. 
If gross residual tumor is found unexpectedly at surgery, outlining 


the tumor bed with surgical clips to facilitate postoperative treat- 
ment planning and surgical techniques to keep the small intestine 
outside the pelvis (e.g., omentoplasty or polyglycolic mesh) may 
significantly decrease the rate of complications. 

Postoperative bowel adhesions may increase the volume of 
bowel irradiated compared with normal small intestine, which is 
usually mobile. If RT is anticipated after surgery, attempts should 
be made at the time of surgery to displace the bowel outside the 
radiation field.” One simple technique is the surgical placement 
of a polyglycolic, biodegradable mesh that moves the intestines 
out of the pelvis.’”*° This procedure has minimal morbidity 
and does not significantly increase operating time. It also does 
not require a second operation to remove the mesh, because it 
is absorbed 3 to 4 months after surgery. MRI can be used after 
surgery to verify the position of the mesh, the small bowel, and 
eventual disappearance of the mesh. A reduction of 50% of the 
volume of the small bowel exposed to the radiation has been dem- 
onstrated with placement of a mesh during surgery, allowing a 
higher dose of radiation to be given postoperatively where indi- 
cated.*!*? Other techniques such as pelvic reconstruction, omen- 
toplasty, and transposition of the colon may also significantly 
decrease the volume of bowel exposed to RT.84 

RT technique is critical in reducing the rate of complications. 
The use of only anterior and posterior fields for pelvic radiation 
should be avoided if possible because of the high dose and large 
volume of bowel irradiated. The toxicity of RT correlates with 
the volume of small bowel irradiated.*> In many patients, treat- 
ment in the prone position with a “belly board” allows the dis- 
placement of the small intestines out of the radiation field.°°*’ 
Patients should be instructed to maintain a full bladder during 
the radiation session, which further displaces the intestines out 
of the pelvis.*> Three-dimensional (3D) treatment planning opti- 
mizes the treatment technique by facilitating more accurate dose 
distributions. A 3D treatment algorithm ensures the sparing of 
excessive radiation dose to normal tissues by the judicious use of 
multiple fields to the target volume from multiple geometries.** 
In addition, more modern techniques such as intensity-modu- 
lated radiotherapy IMRT) use sophisticated planning techniques 
to avoid critical structures. 

‘Treatment of radiation enteritis is often only partially success- 
ful. Management is patient specific and should be as conservative 
as possible because of the relentless progression of the disease, 
which can be exacerbated by further injury to the area. A better 
understanding of the mechanism of fibrosis and the interaction of 
the molecular events controlling apoptosis and fibrosis may assist 
in the identification of the patient at risk for radiation complica- 
tions and in the development of new therapeutic approaches. 


ESOPHAGUS 
Incidence and Clinical Features 


Early and late effects of the esophagus often occur follow- 
ing irradiation of thoracic and upper abdominal malignancies 
(e.g., esophageal/esophagogastric junctional carcinomas, lung 
carcinomas). Normal esophageal mucosa undergoes continu- 
ous renewal. Acute esophageal injury is believed to be primarily 
related to radiation damage to the basal epithelial layer, mani- 
fested histologically by vacuolization, resulting in epithelial thin- 
ning followed by denudation (Fig. 41.6). These changes manifest 
clinically as dysphagia, odynophagia, and substernal discomfort, 
usually occurring within 2 to 3 weeks following initiation of RT. 
Patients may describe a sudden, sharp, severe chest pain radiating 
to the back. As treatment progresses, pain may become constant 
and may not necessarily be related to swallowing. The symptoms 
may be confused with Candida esophagitis, which may occur in 
conjunction with radiation esophagitis. Concurrent chemother- 
apy exacerbates these toxic effects. Endoscopically, mucositis and 
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Fig. 41.6 Histopathology of acute radiation-induced esophageal injury 
showing esophageal ulceration with abundant fibroblasts. 


ulceration may be observed. Perforation and bleeding are rare 
in the acute phase.® Shortly after treatment completion, basal 
proliferation returns and regeneration occurs.”” Chemotherapy 
administered concurrently with RT, as it commonly is in both 
lung and esophageal cancer, increases the rates of grade 3 or 
greater acute esophagitis approximately 5-fold.?! 

Following recovery from acute injury, late effects such as 
benign stricture leading to persistent dysphagia, ulceration, and 
fistula formation may occur months to years following treat- 
ment. These effects are believed primarily due to inflammation 
and scar formation within the esophageal muscle. The connec- 
tive tissues surrounding the esophagus may also exhibit severe 
fibrosis over time, and small vessel telangiectasias may be seen 
endoscopically. Histologic studies of the esophagus in previously 
irradiated patients have demonstrated epithelial thickening, 
chronic inflammation, and fibrosis of the submucosa and mus- 
cularis propria but rarely chronic ulceration. Complete epithe- 
lial recovery from radiation effects may take 3 to 24 months.’! 
Late effects often manifest as dysphagia due to stricture, as well 
as altered motility due to fibrosis or muscular damage, possibly 
with accompanying nerve injury. Fistula formation is unusual 
and radiation dose dependent. Barium swallow examination may 
show strictures and disruption of peristalsis at the level of the 
irradiated esophagus, with repetitive and nonperistaltic waves 
above and below the irradiated region. Abnormal peristalsis has 
been reported at 1 to 3 months following treatment completion, 
whereas most strictures occur 4 to 8 months following treatment 
completion. Late effects are usually not seen until 3 months 
following completion of RT, with a median time to onset of 6 
months in some series.**°?;3 

Development of radiation-related late complications is dose 
related. Much of the randomized data regarding the dependence 
of acute radiation esophagitis on different dose-fractionation 
schemes are from lung cancer trials. The Intergroup 0096 trial 
of patients with limited stage small cell lung cancer compared 
CRT regimens of 1.5-Gy fractions delivered twice daily over 3 
weeks against 1.8-Gy fractions delivered daily over 5 weeks to 
the same total dose of 45 Gy. Grade 3 esophagitis was nearly 3 
times as likely in the group receiving treatment twice daily.” In 
the Radiation Therapy Oncology Group (RTOG) 0617 trial, 
comparing total doses of 60 Gy versus 74 Gy in the treatment of 
locally advanced non-small cell lung cancer, a 3-fold increase in 
grade 3 or greater esophagitis was also noted.” Historically the 
TD5/5 (i.e., dose at which 5% of patients will develop complica- 
tions at 5 years) has been estimated to be 60 Gy when one third 
of the length of the esophagus is irradiated.”° Cumulatively, it is 
recommended that the mean esophageal dose be kept less than 34 
Gy, while limiting portions of the esophagus treated to no more 
than 60 Gy.” 


Few randomized trials in esophageal cancer have reported late 
esophageal toxicities. In the RTOG study 0113, which used doses 
of 50.4 Gy with chemotherapy, the rate of severe late esopha- 
geal toxicity was 12% (3% grade 5 toxicity, which is death).”* In 
RTOG 85-01, a randomized trial comparing definitive radio- 
therapy to 64 Gy and CRT to 50 Gy, nearly 20% of patients 
in each arm experienced severe late esophageal toxicity.”? More 
recent analyses of patients treated with modern planning tech- 
niques have found significant reduction in the long-term esopha- 
geal sequelae. 100 

Brachytherapy (the temporary insertion of a radioactive source 
into or adjacent to a tumor) has also been used as a technique for 
radiation dose escalation in esophageal cancer. Although some 
institutions have reported low rates of fistula associated with 
brachytherapy, Gaspar and colleagues reported the results of a 
phase I/II study examining the role of brachytherapy in addition 
to external beam RT in the treatment of esophageal cancer. The 
1-year actuarial fistula formation rate was 18%, and the authors 
recommended caution in the use of this approach, particularly in 
conjunction with concurrent chemotherapy.!°!!°* A more con- 
temporary series of 62 patients treated with external beam and 
brachytherapy resulted in a 16% rate of severe toxicities includ- 
ing ulceration, stricture, esophageal perforation, fistula, and acute 
esophageal bleeding.!° 

The intensity of cancer treatment, such as use of concurrent 
chemotherapy with RT, increases the rate of acute esophagitis.'°° 
Maguire and colleagues evaluated 91 patients treated with RT 
for non-small cell lung cancer and found that the percentage 
esophageal volume and surface area treated to greater than 50 
Gy predicted late esophageal toxicity. Patients who had preexist- 
ing GERD and esophageal erosions secondary to tumor were at 
increased risk for late toxicity. Hyperfractionation (multiple daily 
radiation treatments) was also associated with increased acute 
toxicity.!°* Singh and associates studied patients with non-small 
cell lung cancer who received conformal daily RT with or without 
concurrent chemotherapy. They found that a maximal esopha- 
geal “point” dose of 69 Gy (RT alone) and 58 Gy (with concur- 
rent chemotherapy) predicted significant toxicity. Twenty-six 
percent of patients receiving concurrent CRT developed grade 3 
or higher esophageal toxicity, whereas only 1.3% of patients who 
received RT alone experienced this degree of toxicity.!" 

Ahn and colleagues found that the most powerful predictor of 
late esophageal toxicity in 254 patients treated for non-small cell 
lung cancer was the severity of acute esophageal toxicity. Severe 
acute toxicity was predicted by the use of twice-daily radiation, 
older age, increasing nodal stage, and a variety of dosimetric 
parameters. The overall incidence of late toxicity was 7%, with 
a median and maximal time to onset of 5 and 40 months, respec- 
tively.”* Wei and coworkers, evaluating 215 patients who received 
concurrent chemotherapy, found that the relative esophageal vol- 
ume receiving greater than 20 Gy predicted for grade 3 or greater 
acute toxicity, and a second series found that when greater than 
30% of the esophageal volume received greater than 50 Gy (V50), 
this resulted in grade 1 or higher acute toxicity.!°°!°7 Based on 
these and other data, it is clear that the addition of concurrent 
chemotherapy to RT increases the incidence of both acute and 
chronic esophageal toxicity. 


Treatment and Prevention 


The treatment and prevention of radiation-induced esophagitis 
have come under increased attention with the use of aggressive 
combination chemotherapy and RT regimens. Treatment inter- 
ruptions may ease the symptoms of acute esophagitis but may 
also compromise treatment efficacy and is generally reserved 
for severe cases. The management of acute esophagitis usually 
includes symptomatic management such as topical anesthet- 
ics (including viscous lidocaine-based regimens), oral analgesics 


CHAPTER 41 Acute and Chronic Gastrointestinal Side Effects of Radiation Therapy 613 


(including anti-inflammatory agents and narcotics), gastric anti- 
secretory drugs (histamine blockers, PPIs), promotility agents 
(e.g., metoclopramide), and treatment of superimposed infection 
(candidiasis). Dietary modification, including bland foods, pureed 
or soft foods, and soups, can help patients maintain oral intake. 
Other modifications include avoidance of smoking, alcohol, cof- 
fee, spicy or acidic foods, chips, crackers, and fatty foods. A study 
of dietary modifications and pharmacologic prophylaxis for radi- 
ation-induced esophagitis reported decreased toxicity and fewer 
treatment interruptions. It was recommended to drink between 
meals and to eat 6 smaller meals per day, consisting of semisolid 
food, soup, high-calorie supplements, purees, puddings, milk, 
and soft breads.!°° In addition, ingestion of hot or cold foods 
should be avoided if possible; instead, foods and liquids should 
be at room temperature. In severe cases, feeding tube placement 
may be required. 

Radioprotective chemical agents have been investigated as 
a means of mitigating radiation-induced normal tissue toxicity. 
The best-studied radioprotector, amifostine, is an organic thio- 
phosphate. This agent is a scavenger of free radicals and serves 
as an alternative target to nucleic acids for alkylating or plati- 
num agents.!? Trials have had conflicting results and are lim- 
ited by small patient numbers.'!°!!* In the largest randomized 
trial, patients treated with chemotherapy and RT for non-small 
cell lung cancer were randomized to receive amifostine or no 
drug. Although amifostine did not significantly reduce grade 3 or 
higher esophagitis, patient self-assessments suggested a signifi- 
cantly lower incidence of acute esophagitis in those who received 
amifostine. Patients receiving amifostine, however, experienced 
significantly higher rates of nausea, vomiting, infection, febrile 
neutropenia, and cardiac events.!!> Given this, amifostine is not 
routinely recommended in the prevention of radiation esopha- 
gitis.!1° 

A second radioprotector, glutamine, has generated clini- 
cal interest. In hypercatabolic states, such as cancer, glutamine 
deficiency can develop. A retrospective study in 41 patients with 
lung cancer demonstrated that glutamine was well tolerated, with 
supplemented patients experiencing a lower incidence of grade 2 
to 3 esophagitis, typically resulting in weight gain during treat- 
ment.!!’ A second analysis from the same institution evaluated 
104 patients, 56 of whom received glutamine. Glutamine was 
associated with less grade 3 esophagitis, treatment breaks, and 
weight loss, and administration was not associated with differ- 
ences in time to event end points.!!* A pilot study of 75 patients 
corroborated retrospective data demonstrating no glutamine 
intolerance or toxicity. Most patients (73%) were treated with 
sequential chemoradiation, and 49% of those treated with con- 
comitant chemoradiation did not develop esophagitis.!!’ A recent 
retrospective analysis of 122 patients with advanced lung cancer 
noted that patients treated prophylactically with glutamine had 
significant less acute esophagitis and, consequently, significantly 
less weight loss.!2° Although glutamine is associated with little 
toxicity, further evaluation of efficacy is needed before its broad 
incorporation into clinical practice. 

The management of late esophageal radiation stricture 
consists of serial endoscopic dilatation for symptomatic 
improvement. Dilations in advanced stricture can result in 
esophageal rupture and therefore should be approached cau- 
tiously. Long-term use of gastric antisecretory drugs, as well 
as prokinetic agents such as metoclopramide, has been rec- 
ommended to decrease gastroesophageal (GE) reflux effects. 
Uncommonly, tube feedings may be required for patients with 
significant weight loss who are unable to maintain weight or 
for those only able to take in liquids. Surgical intervention 
may be required for patients who develop perforation or fis- 
tula. Finally, it is important to note that the clinical symp- 
toms associated with late radiation injury are often difficult 
to distinguish from those caused by recurrent or new primary 


malignancies. Patients with strictures or ulcerations should 
also be evaluated to differentiate chronic radiation changes 
from cancer recurrence. 


STOMACH 
Incidence and Clinical Features 


The stomach may be damaged following irradiation of the upper 
abdomen for cancer, including esophageal-GE junctional, gas- 
tric, and pancreatic carcinomas. Radiation to the stomach in ani- 
mals using a very high single dose results in erosive and ulcerative 
gastritis. A slightly lower single dose results in gastric dilatation 
and gastroparesis, with replacement of the normal gastric mucosa 
by hyperkeratinized squamous epithelium. With even lower 
doses, gastric obstruction occurring months after irradiation was 
observed, with an atrophic gastric mucosa and intestinal metapla- 
sia seen in surviving animals. 121 

Studies in which serial gastric biopsies were obtained follow- 
ing irradiation of patients for PUD noted necrosis of chief and 
parietal cells, with mucosal thinning, edema, and chronic inflam- 
matory infiltration.*+!?? In addition, gastric acid production 
decreased after relatively low doses of gastric irradiation. In the 
past, RT had been used to decrease acid production in patients 
with PUD. Even with a relatively low dose of 18 Gy delivered 
in 10 fractions, approximately 40% of ulcer patients had a 50% 
reduction in gastric acid secretion that lasted for a year or more.!”? 

Clinically, radiation-induced gastritis may occur within a week 
of starting radiotherapy, with microscopic changes including 
edema, hemorrhage, and exudation. Histologic changes include 
disappearance of cytoplasmic details and granules in parietal and 
chief cells as early as 1 week into therapy. Cell damage and sub- 
sequent cell death are often seen first in the depths of glands, 
followed by thinning of the gastric mucosa. Additional mucosal 
changes include deepening of the glandular pits and proliferation 
of cells in the glandular neck. Loss of glandular architecture and 
thickening of the mucosa can be seen by the third week of radio- 
therapy. Histologic recovery begins approximately 3 weeks after 
completing radiotherapy. Signs of recovery of early radiation 
injury to the stomach include re-epithelialization and fibrosis. 

Symptoms of acute radiation injury of the stomach consist pri- 
marily of nausea and vomiting, dyspepsia, anorexia, abdominal 
pain, and malaise. These are more common with the concurrent 
administration of chemotherapy. Radiation-induced nausea and 
vomiting may occur within the first 24 hours following treatment. 
It is estimated that approximately half of patients receiving upper 
abdominal radiation will experience emesis within 2 to 3 weeks 
following radiation initiation.!7+ 

Late effects of gastric irradiation have been classified into 4 
categories: (1) acute ulceration (occurring shortly after comple- 
tion of RT); (2) gastritis with smoothened mucosal folds and 
mucosal atrophy on endoscopy, accompanied by radiographic 
evidence of antral stenosis (1 to 12 months following irradiation) 
(see Chapter 52); (3) dyspepsia, consisting of vague gastric symp- 
toms without obvious clinical correlate (6 months to 4 years fol- 
lowing irradiation); and (4) late ulceration (averaging 5 months 
after irradiation).2+!2° The TD5/5 for treatment of the entire 
stomach has been estimated to be 50 Gy.”° Large studies of upper 
abdominal irradiation have suggested that prior abdominal sur- 
gery, as well as using a higher radiation dose per fraction, may 
increase the risk of late effects.!° 

Studies from Walter Reed Army Medical Center, delivering 
abdominal radiation using now-antiquated techniques in testicular 
cancer patients, have suggested that higher radiation doses lead to 
an increasing risk of late gastric ulceration and perforation, with 
ulceration occurring in approximately 6% of patients treated to 
45 to 50 Gy, 10% of patients treated to 50 to 60 Gy, and 38% of 
patients treated to greater than 60 Gy. Perforation rates were 2% 
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and 14% after doses less than 50 Gy and 50 Gy or greater, respec- 
tively. Symptomatic gastritis occurred approximately 2 months 
following radiation completion, with ulcer formation occurring at 
a median of 5 months. Six of 233 patients (3%) required surgery 
for ulcer hemorrhage or pain related to ulcer disease, almost all of 
whom had received doses of greater than 50 Gy.’*:!?7 Other studies 
of patients treated with RT for Hodgkin lymphoma or testicular, 
gastric, or cervical cancer have established tolerance limits for gas- 
tric irradiation. !*°!?? These studies delivered doses of 40 to 60 Gy. 
Patients who received doses greater than 50 Gy experienced gastric 
ulceration and gastric ulcer—associated perforation at rates of 15% 
and 10%, respectively. If indicated, the dose to the entire stomach 
with conformal RT is limited to 45 to 50 Gy, with an estimated 
5% to 7% risk of severe radiation toxicity, primarily ulceration.!*° 
As in the esophagus, combining chemotherapy with RT 
decreases the tolerance of the gastric mucosa to RT. 5-FU-based 
chemotherapy is the most common agent delivered concurrently 
with RT in the management of GI tumors. This agent can be 
delivered in the adjuvant or neoadjuvant setting or as “defini- 
tive” therapy for GE junction, gastric, peripancreatic, and biliary 
cancers. 5-FU is a radiation sensitizer but has historically been 
given safely with RT at doses of 45 to 50 Gy without substantial 
increases in toxicity. Newer systemic agents have been shown to 
increase acute gastric toxicity when delivered with radiotherapy, 
including taxanes, gemcitabine, and EGF receptor inhibitors. A 
phase I study evaluated 5-FU, gemcitabine, and radiotherapy in 
locally advanced pancreatic cancer. Of the 7 patients enrolled, 
3 experienced gastric or duodenal ulcers with severe bleeding, 
requiring transfusion.'*! These regimens remain the subject of 
investigation in the treatment of abdominal malignancies. 


Treatment and Prevention 


Acute symptoms of gastric radiation in toxicity are treated with 
antiemetics (5-hydroxytryptamine-3 [5-HT3] antagonists, phe- 
nothiazines, metoclopramide, glucocorticoids, benzodiazepines, 
antihistamines, or anticholinergics), as well as consumption of 
a light meal prior to delivery of RT. Randomized trials of pro- 
phylactic 5-HT3 inhibitors have shown efficacy compared with 
placebo in preventing radiation-induced nausea and vomiting.!*? 
A randomized trial of 211 patients receiving upper abdominal 
radiation compared the 5-HT3 inhibitor ondansetron given twice 
daily, with or without dexamethasone delivered daily for the first 5 
fractions of treatment. Patients receiving dexamethasone showed a 
trend toward improved complete control of nausea (50% vs. 38%) 
and significant improvement in complete control over emesis. The 
authors concluded that the addition of dexamethasone resulted 
in modest improvement in protection against radiation-induced 
emesis.!>} Narcotic and non-narcotic agents are often used for 
pain. In addition, it is recommended that patients be placed on 
acid antisecretory medications, including PPIs. Careful nutritional 
support along with antiemetic therapy is essential for patients 
undergoing radiotherapy to the abdomen. Acute symptoms gen- 
erally resolve within 1 to 2 weeks following completion of RT. 

Late gastritis-related symptoms are often treated with acid 
antisecretory drugs, including histamine antagonists and PPIs, 
and/or sucralfate. ‘These may be used on a long-term basis to avoid 
late ulceration. With more severe complications of bleeding, 
ulceration, gastric outlet obstruction, fistula formation, or per- 
foration, patients may require endoscopic therapeutic approaches 
or rarely surgical intervention with partial gastrectomy. 


COLON AND RECTUM 
Incidence and Clinical Features 


The large bowel is less radiosensitive than the small bowel. 
Nevertheless, the mechanisms underlying acute and chronic 
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Fig. 41.7 Histopathology of acute radiation injury to the rectum with 
superficial rectal mucosal erosion and focal lamina propria hemorrhage. 
(Courtesy Dr. Robin Amirkahn, Dallas, TX.) 


Fig. 41.8 Typical colonoscopic findings of radiation proctitis in a patient 
treated for prostate cancer. Top panels, Endoscopic view of the rectum 
reveals the characteristic fine tortuosity and curling of the new vessels. 
Lower panels, These demonstrate superficial burns from argon plasma 
coagulation, which was used to stop this patient’s bleeding. It is not 
necessary to ablate the lesions completely but merely to cause muco- 
sal and submucosal fibrosis, thereby entrapping the vessels in the scar- 
ring process. (Courtesy Lawrence J. Brandt, MD, Bronx, New York.) 


injuries of the large intestine are similar to those of the small 
intestine. There is a decrease in the stem cell mitotic rate, 
resulting in a depletion of precursor cells required to replen- 
ish the epithelium as it normally sheds. Acute injury can be 
accompanied by superficial mucosal erosions and lamina pro- 
pria hemorrhage. There is also a thickening of the mucosa, with 
proliferation of fibroblasts (Fig. 41.7).!°* Late changes include 
vascular fibrosis with associated ischemia and formation of tel- 
angiectasias, which can be a source of bleeding (Fig. 41.8). Late 
radiation large bowel changes can lead to fluid and electrolyte 
malabsorption, obstruction, chronic proctitis, and fistula forma- 
tion. Ischemic changes also include ulceration (Fig. 41.9), per- 
foration, and fistulae.?? Bowel wall fibrosis may occur, causing 
decreased motility and compliance, and stricture.!*> A decrease 
in rectal compliance can reduce the ability of the rectum to act 
as a reservoir, leading to fecal frequency, urgency, and inconti- 
nence. 
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Fig. 41.9 Histopathology of the rectal mucosa after radiotherapy with 
residual malformed rectal crypts and flat, regenerating surface mucosa 
in the region of a radiation-induced rectal ulcer. Note the fibrosis and 
inflammation of the lamina propria. (Courtesy Dr. Robin Amirkahn, Dal- 
las, TX.) 


Acute colitis from RT manifests clinically as diarrhea, cramp- 
ing, tenesmus, urgency, incontinence, and, less commonly, 
mucoid or bloody rectal discharge. These symptoms can result 
from rectal inflammation, edema, and spasm. Symptoms often 
begin 2 to 3 weeks into treatment and usually resolve within 
several weeks to 3 months following radiation completion. A 
relationship between the incidence of acute and chronic radia- 
tion injury is uncertain.!3°!3’ Chronic changes appear within 
6 months to 2 years and beyond following completion of RT, 
with symptoms similar to acute injury. Patients may present with 
tenesmus, bleeding, low-volume diarrhea, rectal pain, and occa- 
sionally low-grade obstruction or fistulae (see Table 41.1).!°° 
Patients can develop a pancolitis that mimics IBD. In addition, 
pelvic irradiation is a risk factor for development of rectal can- 
cer, and there is evidence that those patients who have received 
prostate-directed RT have a risk for rectal cancer similar to that 
of having a first-degree relative with rectal cancer.!*? 

The lower radiosensitivity of the colon and rectum than the 
small intestine may be partially explained by the fact that higher 
doses of radiation are often delivered to smaller volumes of the 
rectum compared with small intestine (i.e., focal “collateral” rec- 
tal irradiation in prostate and gynecological cancer therapy). The 
rectum is also a readily accessible organ by endoscopy, allow- 
ing early diagnosis and intervention, possibly preventing symp- 
tomatic progression. Data suggest that although rectal mucosal 
changes are present for up to 5 years post treatment, there is 
often recovery after complications and resolution of mucosal 
changes. !*0 

Series have reported the risk of serious late rectal complica- 
tions is 5% or less when less than 80 Gy is delivered.’* Radia- 
tion injury of the large intestine occurs most frequently in the 
rectum, owing to its location adjacent to the prostate, bladder, 
cervix, uterus, and ovaries, exposing it to a collateral radiation 
dose with treatment of these organs.’! Acute rectal injury is often 
self-limited, but the incidence of chronic radiation proctitis is 
increasing with increased use of pelvic RT and radiation dose 
escalation. 41! 

As is true with other sites, the incidence of large bowel toxicity 
is associated with radiation dose, volumes treated, and the use of 
concurrent chemotherapy. The treatment of rectal cancer com- 
monly uses doses of 45 to 54 Gy, whereas treatment of prostate 
and cervical cancer uses higher doses ranging from 60 to 80 Gy. 
The incidence of severe rectosigmoid toxicity in cervical cancer 
patients was 4% or less for patients receiving doses less than 80 
Gy and 13% for doses greater than 95 Gy.!# The treatment of 
prostate cancer with doses of 60 to 70 Gy has been associated 


with an incidence of severe proctitis less than 8%.!*+ Radiation 
doses of 60 to 70 Gy for anal cancer yield an incidence of severe 
rectal toxicity of 5% or less. !45-!47 

Collectively, it is recommended that less than 20% of the 
rectum should receive doses greater than 70 Gy. This is associ- 
ated with grade 2 or higher rectal toxicity in the range of 6% to 
23%.'*8 Treatment using conformal radiation, 3-field, and 4-field 
techniques further decreases the risk of rectal toxicity.!¥)'7? A 
trial of conformal versus conventional radiation for prostate can- 
cer reported less radiation proctitis (5% vs. 15%, respectively) 15°. 
The use of IMRT may further improve this rate, as demonstrated 
by an updated analysis of nearly 1000 prostate cancer patients 
treated to doses greater than 80 Gy. The actuarial rate of grade 
2 or higher rectal toxicity at 7 years was 4.4%, and the incidence 
of late grade 3 toxicity was 0.7%; no patients experienced grade 4 
toxicity.!>! Even as moderate to severe hypofractionation, includ- 
ing stereotactic body radiotherapy (SBRT), has become more 
commonly used in the treatment of prostate cancer, late GI tox- 
icities have remained acceptably low with modern planning tech- 
niques and image guidance.!>?!> 

Combining chemotherapy with RT increases toxicity rates. A 
combination of 5-FU and mitomycin C with radiation doses of 
40 to 55 Gy in the treatment of anal cancer was associated with a 
less than 5% risk of severe rectal complications.!*+ Multiple tri- 
als have combined 5-FU-based chemotherapy and RT as neoad- 
juvant and adjuvant treatment for rectal cancer.!°>-!5* The toxic 
effect of combined chemotherapy and radiation has varied from 
no significant increase in toxicity to a 24% incidence of severe 
diarrhea and a 25% incidence of chronic bowel injury.!*’ Given 
the increase in toxicity seen with single or opposed-only radiation 
fields, the use of conformal and multifield techniques is necessary 
when using combination therapy. The increasing use of neoadju- 
vant CRT has also raised the concern of increased postoperative 
complications in these patients, although a large randomized trial 
showed a significant reduction in the rates of acute and chronic 
GI toxicity in patients treated neoadjuvantly. 158-160 

In contrast to small bowel injury, previous abdominopelvic 
surgery does not appear to predispose the rectum to radiation 
injury, likely due to the fact it is not otherwise mobile. Given 
the similarity of vascular changes seen with small bowel radiation 
injury, a history of diabetes, hypertension, cardiovascular disease, 
or peripheral vascular disease may predispose large bowel to radi- 
ation toxicity.4!-+3.!6! Patients with collagen vascular disease and 
IBD also have an increased propensity for large bowel radiation 
toxicity. 


Treatment and Prevention 


Management of large bowel radiation toxicity is based on symp- 
tom control. Acute toxicity is treated with antimotility agents 
such as loperamide or diphenoxylate with atropine and a low- 
residue diet. Opiates and anticholinergics may also be of ben- 
efit. Glucocorticoid-containing suppositories may be helpful 
in the management of patients with anorectal inflammation. 
Colonoscopy should be avoided if possible because of the poten- 
tial risk of perforation associated with friable rectal mucosa dur- 
ing radiation.!© It is recommended that screening colonoscopies 
be done prior to prostate brachytherapy in order to reduce rectal 
complications.!°> This is also a reasonable approach prior to the 
initiation of external beam RT. 

For chronic diarrhea due to decreased rectal compliance, 
stool softeners or fiber supplements may alleviate symptoms. 
As in acute proctitis, glucocorticoid suppositories may be ben- 
eficial. The benefit of glucocorticoid retention enemas is 
unclear.'©t Short-chain fatty acids and amino acid derivatives, 
which nourish and protect the colonic mucosa, have been stud- 
ied in acute radiation proctitis.'© Initial relief of symptoms can 
be seen, but symptoms recur shortly after stopping treatment.!°° 
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Hyperbaric oxygen has been used to stabilize bleeding related 
to telangiectasias, but this treatment is not widely available and 
requires many sessions before any effect is seen.!°” Nonetheless, 
a randomized trial in patients with refractory chronic radiation 
proctitis reported that hyperbaric oxygen therapy significantly 
improved healing.!* 

‘Treatment of colorectal ulcerations associated with bleeding is 
initially endoscopic, with the use of coagulation techniques, such 
as argon plasma coagulation. Bleeding due to radiation proctop- 
athy is usually minor and often controlled endoscopically with 
conservative measures such as cauterization of the telangiectasias 
with laser treatment (see Fig. 41.8).!°? Application of formalin or 
colonic irrigation with oral antibiotics may result in long-lasting 
therapeutic effect.!70-174 Sucralfate enemas may alleviate radia- 
tion proctopathy by forming a protective complex with the rectal 
mucosa. It also increases the local levels of fibroblast growth fac- 
tors and prostaglandins. Sucralfate enemas appear to be helpful in 
chronic proctopathy, but their benefit is unclear during the acute 
period.!’>-!77 Short-chain fatty acid enemas may be also helpful 
for management of chronic hemorrhagic radiation proctopathy 
by inhibiting the inflammatory response, including the nuclear 
factor KB pathway.!7°-!7° 

Strictures can also be endoscopically dilated. For patients 
who have refractory bleeding, stricture, perforation, or fistulae, 
surgical management may rarely be necessary. Management of 
a pelvic fistula (e.g., vaginal or bladder fistula) is complex and 
requires fecal diversion before corrective surgery. A thorough 
radiographic investigation with barium enema, small bowel fol- 
low-through, or enteroclysis to delineate the extent of the fistula 
should be performed before surgery. Patients with fistulas may 
present with additional challenges such as electrolyte imbalance, 
malnutrition, and infections. Many surgical techniques have been 
described to repair fistulas, but corrective surgery is best done 
when the patient is medically stable and enough time has elapsed 
after surgical diversion. This allows healing and decreased inflam- 
mation of the affected tissues.!°0.!8! 

Prevention of large bowel toxicity from radiation has been 
studied. Prostaglandins have been investigated as a potential 
radioprotector. Prostaglandin E, and prostaglandin analogs 
display radiation protection in animal studies.'*?-!*> Clinically, 
misoprostol suppositories also have been shown to reduce symp- 
toms of acute radiation enteritis in patients undergoing RT for 
prostate cancer. However, a randomized placebo-controlled trial 
from Germany in patients with prostate cancer undergoing irra- 
diation found that significantly more patients experienced rectal 
bleeding in the misoprostol group.!*°!®7 

Amifostine has been investigated for the prevention of chronic 
radiation enteritis and has demonstrated protection of the small 
and large intestines in preclinical studies.'** The drug has also 
been shown to reduce the incidence of early and delayed radio- 
therapeutic injuries at several anatomic sites. In a randomized 
study, the late effects of radiation were significantly reduced 
in the group receiving parenterally administered amifostine.!*? 
However, the median follow-up was quite short (24 months), and 
longer follow-up is necessary to confirm the benefits of the medi- 
cation, given the incidence of late bowel complications increases 
with time. Another randomized trial evaluated 205 patients with 
pelvic malignancies who received RT alone or with IV amifostine. 
Patients receiving amifostine experienced a significantly lower 
incidence of grades 2 and 3 bladder and lower GI tract toxic- 
ity, with no significant difference between the 2 groups in tumor 
response to treatment.!”” There is also evidence to suggest that 
intrarectal application of amifostine may reduce the risk of proc- 
titis in patients undergoing radiotherapy for prostate cancer.!?! 
In a phase II study of patients receiving prophylactic amifostine 
with pelvic radiotherapy, sigmoidoscopy was performed prior to 
initiation, after completion of radiotherapy, and 6 to 9 months 
later. Patients receiving amifostine were less likely to develop 


histologically detectable mucosal lesions. Rates of radiation coli- 
tis were 29% in the amifostine arm and 52% in the radiotherapy 
without amifostine arm.!” 

A preclinical study showed a possible role for anti- TGF-61 
interventions to reduce delayed radiation fibrosis and enteropa- 
thy.!?> Many special diets and nutrients such as fiber, elemental 
diets, short-chain fatty acids, and amino acids such as glutamine 
may reduce radiation toxicity to the intestine. However, consis- 
tent clinical results were not observed.!’*!"* Preventive therapy 
must have high efficacy, low toxicity, and low cost and not protect 
the tumor from RT. Unfortunately, no currently available ther- 
apy fulfills all of these objectives. As described previously, careful 
radiation planning and delivery are of paramount importance. 


ANUS 
Incidence and Clinical Features 


The anal canal is typically spared from significant radiation expo- 
sure except in treatment of anal, low rectal, and gynecologic can- 
cers. The primary acute toxicity from anal cancer irradiation is 
diarrhea from large bowel exposure. Damage to the anus itself 
can occur in the form of acute desquamation or ulceration, with 
later development of ulcers, strictures, anorectal fistulae, and 
incontinence.!"? The primary data on anal toxicity from RT 
come from studies using RT or CRT for the treatment of anal 
cancer. Anal toxicity manifests as mucosal edema and friability.?"° 
‘These changes are often exacerbated by diarrhea that occurs from 
rectal toxicity. Chronically, anal fibrotic changes may evolve. 

Anal toxicity presents initially as a perianal skin reaction that 
ranges from minimal skin changes and erythema to moist desqua- 
mation and diarrhea. These changes are self-limited and usually 
resolve within a few weeks of treatment completion. Acute toxic- 
ity can lead to an interruption of therapy, although this may be 
less common with modern radiation treatment techniques.7°°? 
The incidence of acute toxicity is high and is increased with con- 
current chemotherapy delivery or use of a large dose per frac- 
tion.!46154203.204 Phase II studies and series of patients treated 
with combined chemotherapy and RT have noted an incidence of 
skin toxicity of grade 3 or greater in 26% to 78% of patients using 
doses of 45 to 60 Gy in 1.8- to 2.25-Gy fractions. 1?4199,201,205-207 
In a multi-institutional experience of anal cancer patients treated 
with IMRT-based CRT, grade 3 skin toxicity was seen in 38% of 
patients, with no grade 4 toxicity observed, comparing favorably 
to the results of previous randomized trials.??? A study compar- 
ing IMRT with conventional RT found that patients treated with 
conventional RT had longer elapsed treatment days with signifi- 
cantly more breaks from treatment with higher rates of grade 2 
or greater toxicity.7°° 

Late anal toxicity occurs within months to years following 
completion of therapy. The most common late complication is 
anorectal ulceration. Patients also may develop anal stricture or 
stenosis, incontinence, anal pain, or anorectal fistulae.!°4199.20620? 
There does not appear to be an increase in the occurrence of 
chronic anal toxicity with the addition of chemotherapy to 
RT.201,209,210 Doses of 45 to 60 Gy in fractions of 1.8 to 2 Gy 
are considered safe, resulting in chronic grade 3 or higher toxic- 
ity rates of zero to 22%.145,147,154,204,211,212 Doses greater than 65 
Gy or fraction size greater than 2 Gy results in a high incidence 
of anal toxicity.?°? Patients with HIV and anal cancer who are 
treated with combined chemotherapy and RT have an increased 
risk of both acute and late anal toxicity.?!’ 


Treatment 


Treatment of acute toxicity is primarily supportive, including 
skin care, dietary modifications, pain medications, and topi- 
cal glucocorticoid medications, with treatment breaks if severe. 
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The effects are self-limited and usually resolve within weeks 
of therapy completion. Treatment for chronic toxicity such as 
anal stricture and stenosis includes sphincter dilatation. Rarely, 
patients can require colostomy for severe symptoms. Small stud- 
ies of hyperbaric oxygen therapy have shown efficacy in treating 
chronic anorectal ulcers.*!* There is also a report of oral vitamin 
A therapy for treatment of anorectal ulceration, but confirmatory 
studies are lacking.’ 


PANCREAS AND LIVER 
Incidence and Clinical Features 
Pancreas 


A Japanese study that randomized patients with resectable pan- 
creatic adenocarcinoma to surgery versus CRT noted respective 
3-year survival rates of 20% and 0%, suggesting that surgery 
is requisite for long-term survival even in the most favorable 
patients.’!> In turn, the long-term sequelae of irradiation of the 
pancreas remain poorly defined. Irradiation of the pancreas has 
a greater impact on exocrine than on endocrine function in ani- 
mal studies.*!° A study that evaluated the early and late effects of 
intraoperative RT following resection of pancreatic head lesions 
noted a larger, transient decrement in exocrine function in the 
immediate postoperative period in the patients who received RT 
versus those who did not, with this difference resolving on longer 
follow-up.?!7 


Liver 


Radiation-induced liver disease (RILD) is seen in approximately 
5% of patients when the whole-liver radiation dose reaches 30 to 
35 Gy at 2 Gy per fraction.?!® The pathologic lesion in RILD is 
central vein thrombosis at the lobular level (veno-occlusive dis- 
ease), which results in marked sinusoidal congestion, leading to 
lobular hemorrhage and secondary injury to surrounding hepa- 
tocytes.*!? Fibrin deposition in the central veins is thought to be 
the cause of the veno-occlusive injury. It is unknown what stimu- 
lates the fibrin deposition, but hypotheses suggest that TGF-f is 
increased in the setting of exposure to radiation, which in turn 
stimulates fibroblast migration to the site of injury causing fibrin 
and collagen deposition. Foci of necrosis are found in the affected 
portion of the lobules.’”° Severe acute hepatic toxicity may prog- 
ress to fibrosis, cirrhosis, and liver failure. 

Classic RILD is a clinical syndrome consisting of anicteric 
hepatomegaly, ascites, and elevated liver enzymes. RILD occurs 
typically between 2 weeks and 4 months after completion of RT. 
Patients note fatigue, weight gain, increased abdominal girth, 
and occasionally RUQ pain. Serum alkaline phosphatase levels 
are elevated out of proportion to other liver enzymes, and initially 
the total serum bilirubin level is normal. A nonclassic form of 
RILD consists of markedly abnormal liver enzyme and bilirubin 
levels and is more likely in patients with underlying liver disease 
like viral hepatitis or cirrhosis. Abdominal imaging with CT scan 
or MRI can be used in diagnosis. RILD can progress to a chronic 
phase in which patients can develop increasing fibrosis and liver 
failure.?7! 

Given the parallel architecture of the liver, the volume of liver 
spared from a certain dose of RT, underlying liver function not- 
withstanding, is an important factor in predicting the likelihood 
of RILD. Although radiation hepatopathy can occur after doses 
of 35 to 40 Gy to the entire liver, significantly higher doses can 
be given with few clinical complications if sufficient normal liver 
is spared. Studies by Lawrence and colleagues report that if less 
than 25% of the normal liver is treated with RT, there may be 
no upper limit on the dose associated with radiation hepatopa- 
thy.’!’ Estimates of the hepatic irradiation doses associated with a 


5% risk of RILD for uniform irradiation of one third, two thirds, 
and the whole liver are 90 Gy, 47 Gy, and 31 Gy, respectively. 
Combining chemotherapy and radiation can increase liver dam- 
age, particularly if the chemotherapeutic agents are hepatotoxic. 
Chlorambucil, busulfan, and platinum drugs are used with RT in 
bone marrow transplantation patients and are potentially hepa- 
totoxic agents. In contrast, fluoropyrimidines do not seem to 
increase radiation-related hepatotoxicity.7!* 222 

When considering the appropriateness of liver-directed 
therapy in a patient, consideration of baseline liver function is 
important. Patients are presently stratified based upon their 
Child-Pugh score. Other grading systems exist (e.g., MELD 
score), but they have not been evaluated in patients receiving RT. 
Most trials investigating the use of RT in the treatment of HCC 
have excluded patients with the poorest liver function. 

Because baseline liver function is typically worse in patients with 
HCC versus those with cancer that originated outside of the liver, 
guidelines have suggested adhering to a lower mean liver dose in 
patients with primary liver cancers.?? Findings extrapolated from 
trials using SBRT in the treatment of liver metastases have sug- 
gested that a volume of 700 mL of normal liver be spared.??* In 
3-fraction SBRT regimens this constraint requires that at least 700 
mL receive less than 15 Gy over the course of treatment, although it 
is important to keep in mind that this was in patients without under- 
lying liver disease, in whom the volume to spare may be 800 mL.??° 


Treatment 
Pancreas 


Exocrine pancreatic insufficiency is a consequence of both pan- 
creatic volume loss and anatomic alteration in patients who have 
successfully undergone a Whipple procedure, although it is also 
commonly seen in patients who underwent a distal pancreatec- 
tomy. Fat malabsorption is the predominant cause of symptoms, 
and dietary modification is often the first recommendation. 
Pancreatic enzyme replacement has shown success in increasing 
fat absorption and in turn reducing the severity of steatorrhea, 
but there is no trial evaluating enzyme replacement in postop- 
erative patients.?*° Nonetheless, pancreatic enzyme replacement 
is FDA-approved for this indication and should be used in this 
population with close attention paid to dosing recommendations, 
including total dose, timing relative to meals, and whether a PPI 
or antacid is necessary to optimize efficacy. 


Liver 


Supportive care is the mainstay of RILD management. A random- 
ized trial comparing a course of pentoxifylline, ursodeoxycholic 
acid, and low molecular weight heparin versus no treatment in 
patients receiving interstitial brachytherapy for the treatment 
of liver metastases noted a significant reduction in radiation- 
induced liver injury 6 weeks after treatment.”’’ Unfortunately, 
RILD is often fatal given the lack of proven effective treatments 
and, commonly, the patient’s lack of reserve hepatic function. 


THERAPEUTIC TECHNIQUES TO REDUCE TOXICITY 


GI toxicity is a significant obstacle in the management of many 
malignancies, resulting in patient morbidity and impeding tumor 
control by limiting the timely delivery of radiation dose. Maximal 
avoidance of normal tissue with delivery of adequate therapeutic 
doses to targets is the primary goal of the radiation oncologist. As 
discussed, different techniques may be implemented to decrease the 
volume of nontarget GI tissues treated, including the use of multiple 
treatment fields to avoid “hot-spots,” treating in the prone position, 
use of a belly board or false table-top, as well as treating the patient 
with a full bladder to displace bowel out of the radiation field. 
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In the past, RT plans were based on 2-dimensional (2D) plan- 
ning in which treatment fields were defined using plain films 
and known anatomic landmarks. With improvements in imag- 
ing and computing capabilities, 3D treatment planning became 
available in the 1980s. An advanced form of 3D planning, IMRT, 
has now been implemented in clinical practice.” 22? As opposed 
to conventional “static” fields, IMRT uses the principle of mul- 
tiple “fields-within-fields” that more accurately conform radia- 
tion dose to target tissues while sparing normal structures. IMRT 
requires target tissues and normal organs are accurately defined. 
Dose constraints are assigned to these organs, along with a 
desired prescription dose to the target volume(s). “Inverse plan- 
ning,” whereby computer-searched algorithms establish multiple 
(and sometimes unconventional) beam or field designs, is then 
performed, attempting to meet the prescribed target dose and 
normal tissue dose constraints. Individual fields are treated with 
multiple, small “beamlets” rather than one uniform beam, and 
each beam delivers a different dose intensity to the different parts 
of the target. This allows close conformation of radiation dose to 
the shape of the target and preferential sparing of nearby normal 
tissues. 

Collectively, early clinical results in varying cancers using 
IMRT-based CRT have shown significant decreases in treat- 
ment-related toxicities, with cancer-related outcomes similar 
to conventional radiotherapy approaches. For example, Mundt 


and associates showed a marked improvement in small bowel 
dosimetry for patients with gynecologic malignancies treated 
with IMRT compared with conventional 3D planning. An expe- 
rience of 36 patients with gynecologic malignancies treated with 
intensity-modulated whole-pelvic radiotherapy were compared 
with outcomes of 30 patients treated at the same institution with 
3D conformal radiotherapy. Patients were well matched with 
respect to demographic and treatment factors. Significantly 
lower rates of chronic GI toxicity were seen in the IMRT group, 
with only 11% of women treated with IMRT experiencing 
grades | to 3 toxicity (0% grade 3) versus 50% in the non-IMRT 
group.”*° In a different series, Salama and colleagues reported 
on 53 patients with anal carcinoma treated with IMRT-based 
CRT. The median radiation doses to the pelvis and the pri- 
mary disease were 45 and 52 Gy, respectively. Fifteen percent 
of patients experienced acute grade 3 GI toxicity, with no grade 
4 toxicity observed, comparing favorably with observed rates 
of severe GI toxicity in contemporary trials using conventional 
radiation planning.*’* IMRT is now the primary modality used 
in the treatment of anal canal cancer and is very commonly used 
in the treatment of esophageal and pancreatic cancer. 


Full references for this chapter can be found on www.expertconsult.com. 
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COMPLICATIONS OF NEWER ENDOSCOPIC 
TECHNIQUES 


GI endoscopy plays an integral part in the diagnosis and manage- 
ment of a variety of GI ailments. Risks and benefits are inherent 
to the performance of any procedure. In recent years, the “scope” 
of GI endoscopy keeps expanding to include procedures such as 
peroral endoscopic myotomy (POEM), endoscopic submucosal 
dissection (ESD) of tumors, and endoscopic bariatric procedures. 
With such expansion comes the need to understand these risks 


Preparation for and Complications of 
Gastrointestinal Endoscopy 


and weigh them against the potential benefits. The importance of 
this process cannot be minimized. Complications are inevitable, 
but strict attention to the appropriate indications for such proce- 
dures by incorporating optimal technical and cognitive abilities 
can minimize complications. 


PREPARATION OF THE PATIENT FOR ENDOSCOPY 


History and Physical Examination 


A thorough and pertinent medical history should be obtained prior 
to endoscopy. A careful review of previous endoscopic procedures 
should also be performed. This should include recognition of any 
adverse events, the targeted level of sedation, and the patient’s sat- 
isfaction with the sedation. A list of current medication usage along 
with relevant allergies should also be obtained. Use of sedatives, anal- 
gesics, and alcohol by the patient can predict the need for larger doses 
of sedatives and analgesics or the use of monitored anesthesia care. A 
focused physical examination including the airway, heart, lungs, and 
abdomen should be performed prior to each endoscopy. Assignment 
of an American Society of Anesthesiology Physical Status (ASA PS) 
category (Table 42.1) is strongly encouraged because it has been 
shown to predict adverse cardiopulmonary events.! 


Antibiotic Prophylaxis 


There are several GI endoscopic procedures in which antibiotic 
prophylaxis is warranted (Table 42.2).? The strongest level of 
evidence for prophylactic administration of antibiotics is prior 
to percutaneous endoscopic gastrostomy (PEG) placement to 
reduce the risk of peristomal cellulitis.’ Antibiotic prophylaxis has 
also been recommended in all liver transplant patients undergo- 
ing ERCP, but the necessity of antibiotics in such patients has 
been questioned.* Intended or unintended manipulation of ster- 
ile pancreatic necrosis or a pancreatic pseudocyst during ERCP 
or EUS, as well as EUS-guided FNA of cystic structures within 
and surrounding the GI tract, should receive antibiotic prophy- 
laxis.? Patients undergoing ERCP with anticipated incomplete 
drainage of the biliary tree secondary to extensive PSC or hilar 
tumors should also receive antibiotic prophylaxis.? Of note, not 
all patients with cardiac valvular conditions, synthetic vascular 
grafts, and prosthetic joints should receive antibiotic prophylaxis 


TABLE 42.1 ASA PS Classification System Used to Assess Risk of Gl 
Endoscopic Procedures 


ASA PS Category Pre-Procedure Health Status 


1 Healthy (normal) 

Mild systemic disease 

Severe systemic disease 

Severe systemic disease that is a constant threat to life 


a AA U N 


Moribund (not expected to survive without the 
procedure) 


6 Brain death (for organ harvest) 


ASA PS, American Society of Anesthesiologists Physical Status. 
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TABLE 42.2 Conditions and Procedures Requiring Antibiotic Prophylaxis for Endoscopic Procedures 


Patient Condition Procedure 


Goal of Prophylaxis 


Bile duct obstruction without cholangitis 


Sterile pancreatic fluid collections that ERCP. 


communicate with the pancreatic duct 


Sterile pancreatic fluid collection Transmural drainage 


Cystic lesions along the Gl tract, including the EUS-FNA 
mediastinum 


Cirrhosis with acute GI bleeding All endoscopic procedures 


Any condition 


because there are no data demonstrating a clear link between 
GI procedures and infectious complications or demonstrating 
that antibiotic prophylaxis prevents infectious complications 
after endoscopic procedures.’ When prophylactic antibiotics are 
given, the choice of antibiotic(s) depends upon the specific GI 
procedure, clinical scenario, and allergy history of the patient.° 


Management of Anticoagulant and Antiplatelet 
Drugs 


With the advent of newer and novel antiplatelet drugs and anti- 
coagulants, it is important for the practicing gastroenterologist to 
understand the duration of action such agents to decrease bleed- 
ing and thrombotic complications. The management of anti- 
thrombotic and antiplatelet drugs should be based on the urgency 
of the endoscopic procedure and the bleeding risk associated with 
the procedure if the agent is not discontinued.’ A good frame- 
work is required to classify endoscopic procedures as low versus 
high risk for bleeding and the underlying disease condition as 
high versus low risk for a thrombotic complication. The ASGE 
position statement on the management of antithrombotic agents 
for patients undergoing GI endoscopy is a useful resource.* 
For example, procedures such as biliary sphincterotomy, EUS 
with FNA, percutaneous gastrostomy, and polypectomy have 
increased risks of bleeding in patients being treated with warfa- 
rin. In high-risk elective procedures, warfarin should be held 
so that the INR can return to normal; warfarin can usually be 
restarted within a week after the procedure.?:!° In patients with 
high-risk conditions such as mechanical heart valves, the use of 
a low molecular weight heparin “bridge” should be used until 12 
hours prior to the endoscopic procedure to minimize the throm- 
boembolic risk. 

When antithrombotic therapy is temporary, such as in the 
treatment of venous thromboembolism, elective GI procedures 
should be delayed if possible until the anticoagulation is no lon- 
ger indicated.’* For procedures such as EGD and colonoscopy 
with biopsy that carry a low bleeding risk, aspirin, NSAIDs, and 
clopidogrel may be continued. For procedures with a higher 
bleeding risk, such as endoscopic sphincterotomy, the decision to 
continue the antiplatelet agent will relate to the risk of a throm- 
boembolic event. 

There are limited data currently on optimal management of 
patients receiving either anticoagulation with newer drugs that 
have a shorter half-life than warfarin, such as the direct throm- 
bin inhibitor dabigatran or the direct Xa inhibitor rivaroxaban or 
receiving antiplatelet therapy with a newer P2Y,, ADP receptor 
inhibitor such as ticagrelor. 


Informed Consent 


Written informed consent should be obtained by the endoscopist 
before performance of any endoscopic procedure. The process 
of obtaining informed consent is a legal requirement as well as a 
basic ethical obligation. It allows the patient to gain a thorough 


ERCP with anticipated incomplete biliary drainage 


Percutaneous endoscopic feeding tube placement 


Prevention of cholangitis 


Prevention of cyst infection 


Prevention of cyst infection 


Prevention of cyst infection 


Prevention of infectious complications including SBP 


Prevention of peristomal infection (cellulitis) 


understanding of the proposed procedure including the poten- 
tial risks involved and possible alternatives and to have all ques- 
tions answered. The components of the informed consent should 
include a discussion of the procedure itself, including the risks, 
benefits, and alternatives. The frequency and severity of compli- 
cations should also be reviewed.!! 


SEDATION 


Sedation is used for most endoscopic procedures in order to pro- 
vide a comfortable and safe milieu for the conduct of the pro- 
cedure. The majority of ambulatory cases including EGD and 
colonoscopy are performed by targeting a moderate level of seda- 
tion. Typically, a combination of a benzodiazepine and opiate 
is used, although there has been a growth in the application of 
propofol-mediated sedation over the past decade. Deep sedation 
or general anesthesia is usually targeted for advanced endoscopic 
procedures such as ERCP, EUS, ESD, POEM, ete., and in those 
patients in whom medications used to target moderate sedation 
could be problematic. This may potentially include patients using 
narcotic and/or sedative agents as well as those with significant 
comorbidities who would be at risk for untoward cardiopulmo- 
nary events. Patients with hemodynamic instability or respiratory 
compromise may also benefit from anesthesia-assisted sedation. 

Unplanned cardiopulmonary events such as hypotension and 
hypoxemia occur in 0.9% of procedures.!:!” Risk factors for these 
events include age, ascending ASA PS category (see Table 42.1), 
inpatient procedures, as well as procedures that are targeted for 
prolonged deep sedation or general anesthesia, such as ERCP.! 
Respiratory complications include hypoxemia and hypoventila- 
tion. In ASA PS 1 and 2 patients undergoing ambulatory endos- 
copy, risk factors for hypoxemia include BMI, advancing age, and 
higher doses of narcotic analgesics during the procedure.!*:!* Use 
of pulse oximetry allows for early identification of hypoxemia, 
and routine use of supplemental O, can prevent hypoxemia in 
most cases. Alveolar hypoventilation can be due either to central 
nervous system depression or to relaxation of the hypopharyngeal 
muscles. The use of capnography to measure effective CO) elimi- 
nation significantly decreases the occurrence of apnea in patients 
undergoing colonoscopy, ERCP, and EUS in which deep seda- 
tion is used.!>:!° However, there are currently no data support- 
ing routine use of capnography in subjects undergoing EGD or 
colonoscopy when targeting moderate sedation. 

Hypotension during endoscopy is usually due to medication- 
induced venodilation in patients who are volume depleted and 
is usually responsive to IV fluid boluses. A vasovagal reaction is 
the most common cause of arrhythmias seen during endoscopy. 
This reaction is usually due to a painful stimulus and can usually 
be remedied by improving endoscope positioning and reducing 
bowel distention. Occasionally, intravenous atropine and fluid 
boluses are required. The use of electrocardiographic monitoring 
should be considered in patients with a history of cardiac disease, 
in those over the age of 55 years, and in all cases where deep seda- 
tion or general anesthesia is targeted. The endoscopist should be 
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familiar with the pharmacokinetics and adverse effect profiles of 
all sedative medications they use, including their reversal agents 
such as flumazenil for benzodiazepines and naloxone for nar- 
cotics. Having a posted placard in the endoscopy suite with this 
information readily accessible is prudent. 

In the recovery area, there is a risk of re-sedation once the 
stimulus of the procedure has been removed. Recovery to base- 
line vital signs is an important discharge criterion. It should be 
emphasized that psychomotoric recovery can be delayed even 
in patients receiving fast-acting agents such as propofol.!7 It is 
therefore advisable to have the patient accompanied by another 
individual on discharge and to recommend that the patient not 
drive or operate machinery until the day following the procedure. 


INFECTIONS 


It has been estimated that the rate of transmission infection via 
GI endoscopy is 1 per 1.8 million in the USA.?.!*:!° Infectious 
adverse events are a consequence of a failure to follow established 
reprocessing guidelines for endoscopic devices and accessories, 
failure to follow sterile technique using sedatives such as pro- 
pofol, or from the procedure itself.?°”! Transient bacteremia 
is not uncommon during endoscopic procedures, but the infec- 
tious sequelae from bacteremia, such as endocarditis or seeding 
of other sites, is so rare that current recommendations from the 
American Heart Association and the ASGE recommends anti- 
biotic prophylaxis for only very specific situations (see earlier, 
Antibiotic Prophylaxis, and Table 42.2).°?* Because the GI tract 
is not sterile, high-level disinfection of endoscopes between uses is 
deemed to be sufficient for preventing transmission of infectious 
organisms between patients.” This process includes mechanical 
cleaning of channels and the exterior of the endoscope, followed 
by soaking in disinfectant solutions such as glutaraldehyde or per- 
acetic acid followed by thorough rinsing and drying of the instru- 
ments. The recent outbreak of carbapenem-resistant enterococci 
infection from duodenoscopes raises the specter of scope designs 
limitations and the need for meticulous disinfection protocols.’* 
One outbreak of hepatitis C was linked to improper sterile tech- 
nique and the use of a vial of sedative on multiple patients.” 
It should be emphasized that high-level disinfection kills most 
pathogens that could contaminate endoscopes, including HBV, 
HCV, and HIV. Although prions, such as the Jakob-Creutzfeldt 
agent, are not inactivated by high-level disinfection, prions are 
not found in saliva, intestinal tissue, feces, and blood, and hence 
are judged by the WHO as being noninfectious for the purposes 
of infection control.”° 


ELECTROSURGERY 


The presence of a cardiac pacemaker or implantable cardiac defi- 
brillator (ICD) requires special consideration because electro- 
cautery performed during an endoscopic procedure can inhibit 
cardiac pacemaker function and can lead to an inappropriate 
discharge of a defibrillator. It is therefore prudent to place the 
grounding pad away from the pacemaker on the patient’s thigh 
or buttock and to use brief bursts of electrosurgical output. 
Additionally, utilizing a bipolar platform or, in the case of endo- 
scopic hemostasis, a mechanical or thermal device can minimize 
risk.’’ In the case of an ICD, electrosurgery can induce an unwar- 
ranted activation of the device. Temporary deactivation of the 
ICD with an external defibrillator, coupled with continuous car- 
diac monitoring of the patient’s cardiac rhythm, should be used. 

It is of extreme importance to understand the operational 
capabilities of the electrosurgical unit used. This should include 
understanding the various settings on the device and their corre- 
lation with the desired tissue effect. Additionally, the endoscopist 
should be able to troubleshoot the device, should an error mes- 
sage or a disruption in the circuit be noted.”*? 


TIMING AND SEVERITY OF COMPLICATIONS 


Endoscopic complications can occur during a procedure or may 
be delayed. Knowledge of the potential complications is a criti- 
cal element of the informed consent process (see earlier). Just 
as important is patient education to allow early recognition of 
signs and symptoms that may indicate a delayed complication, 
and availability of a streamlined process for contacting the endos- 
copist about a potential complication for appropriate manage- 
ment. From a quality-improvement and treatment perspective, 
it is important to use this standard set of definitions for adverse 
outcomes, which would include elements of timing, attribution, 
severity, and ultimate outcome.*? 


EGD 
Cardiopulmonary Events 


Cardiopulmonary adverse events related to sedation and analge- 
sia account for 30% to 60% of all adverse events with EGD. 13132 
Adverse events can include hypoxia, apnea, hypotension/shock, 
aspiration, respiratory arrest, pneumonia, myocardial infarction, 
and cerebral vascular accidents. The risk of cardiopulmonary 
events is related to increasing complexity of the procedure and 
severity of comorbid conditions.!!* The ASA PS category (see 
‘Table 42.1) correlates with an increased risk of cardiopulmonary 
adverse events. 1? 


Topical Anesthesia 


Topical anesthetic agents such as benzocaine and lidocaine 
have been associated with serious adverse events includ- 
ing methemoglobinemia and severe anaphylactoid reactions. 
Methemoglobinemia is manifested by clinical evidence of cyano- 
sis coupled with a low O) saturation on pulse oximetry despite 
a normal arterial pO). This potentially fatal condition is diag- 
nosed using a CO-oximeter, usually on an arterial blood sample. 
Methemoglobinemia can be reversed with the administration of 
IV methylene blue.***+ There may also be an increased risk for 
aspiration with use of topical anesthetics. 


Perforation 


Perforation of the upper GI tract during diagnostic EGD has 
been estimated to occur in 1 in 2500 to 1 in 11,000 cases.3>3° 
The most common site of perforation is the oropharynx or 
cervical esophagus. As such, patients with proximal esophageal 
strictures and cancers, as well as those with Zenker diverticula 
or large anterior cervical osteophytes, are at particular risk for 
perforation. Development of crepitus with associated neck or 
chest pain should prompt an urgent evaluation. Typically, either 
an esophagogram with water soluble contrast or a CT scan of 
the neck and chest using an oral contrast agent should be con- 
sidered. When recognized early, most perforations in the neck 
can be managed conservatively, in concert with the appropriate 
surgical services, using broad-spectrum antibiotics and nasogas- 
tric suctioning. Intrathoracic perforations can also be managed 
in this manner. In the appropriate setting, an array of endoscopic 
devices can be used to treat perforations, including metallic clips, 
over-the-scope tissue apposition devices, stents, and suturing 
platforms.*”- 


Endoscopic Hemostasis 


Ulceration following variceal sclerotherapy can occur in up to 
78% of patients.* Significant immediate bleeding with sclero- 
therapy can occur in up to 6% of patients.*+ Other sclerother- 
apy complications include aspiration, perforation, stricture 
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Fig. 42.1 Magnetic resonance enterography showing a migrated, 
water-filled PEGbumper in the proximal ileum (yellow arrow). The pa- 
tient presented with a 7-day history of small bowel obstruction. Single 
balloon enteroscopy was performed; the balloon was deflated with 
an injection needle, and the bumper was captured with a snare and 
removed per os, with full recovery. 


formation, pericardial and pleural effusions, as well as mediasti- 
nitis.*°-+° Endoscopic band ligation has the same efficacy as endo- 
scopic variceal sclerotherapy, but is associated with lower rates of 
adverse events and mortality and has essentially replaced variceal 
sclerotherapy.*>+° Esophageal ulcer formation with band ligation 
occurs in up to 15% of patients. Rarer complications of endo- 
scopic hemostasis include aspiration pneumonia, perforation, and 
peritonitis. The risk of complications increases if a repeat heater 
probe treatment is used within 24 to 48 hours of the initial ses- 
sion.*’-#8 Injection hemostasis with agents such as polidocanol 
and ethanol have been infrequently reported to cause perforation 
or exacerbation of bleeding.*?»° 


Enteral Access Procedures 


Endoscopy is often used to provide enteral access routes. 
Endoscopic placement of nasoenteric feeding tubes ensures deliv- 
ery of the feeding tube into the small intestine and is associated 
with minor, self-limited complications.*!°* Epistaxis is the most 
common, occurring in up to 5% of patients. Proximal migration 
as well as tube dislodgement may also occur. 

Adverse events with PEG placement can be as high as 
10%.°3.5+ Significant adverse events occur in 2% to 10% of cases 
and include aspiration, wound infection, bleeding, perforation, 
necrotizing fasciitis, intestinal obstruction (Fig. 42.1), and injury 
to other organs.°*°° A single, pre-procedure dose of a cephalo- 
sporin or beta lactam significantly reduces the rate of peristomal 


wound infections.°° Bleeding during or following PEG place- 
ment is usually minor and self-limited but occasionally can 
require endoscopic hemostasis. Anticoagulants should be held, 
and documentation of normalization of coagulation parameters 
should be documented prior to PEG placement.*’ The “bur- 
ied bumper syndrome” occurs when the external bumper of 
the PEG remains too tight and causes migration of the internal 
bumper into the gastric wall.’ Treatment involves removal of 
the tube and placement of another tube at a different site. Metas- 
tasis developing at the PEG insertion site has been described 
in patients with oropharyngeal and esophageal malignancy. It 
is unknown whether the metastasis is a result of local or hema- 
togenous spread. In patients with these cancers, an alternative 
route for enteral nutrition, such as a radiologically assisted tube 
placement, may be considered.” Accidental dislodgement of the 
PEG tube within 1 month of placement can result in peritonitis 
if a mature fistulous tract has not developed. In the setting of a 
mature tract and tube dislodgement, a replacement tube should 
be inserted as soon as possible.® Contrast injection can be used 
with fluoroscopy to determine appropriate positioning. Adverse 
events with percutaneous endoscopic jejunostomy are like those 
of PEG placement, although the rates of clogging, migration, 
and unintentional removal may be higher.°! Aspiration pneumo- 
nia may develop either due to aspiration of oropharyngeal con- 
tents or the tube feedings themselves. Risk factors for aspiration 
may include neuromuscular or structural problems of the oro- 
pharynx, prolonged supine positioning, history of documented 
aspiration, reduced level of consciousness, or vomiting/regurgi- 
tation.© 


Mucosal Ablation and Resection 


In patients with Barrett esophagus (with or without dysplasia) and 
mucosal carcinoma (see Chapters 47 and 48), thermal electroco- 
agulation, radiofrequency ablation, cryotherapy, and endoscopic 
mucosal resection (EMR) have been associated with dysphagia/ 
odynophagia, chest pain, dyspepsia, ulceration with bleeding, and 
perforation.°*-°° The incidence of serious advents such as perfo- 
ration and bleeding with EMR in general is between 0.5% and 
5%.°’ The risk of esophageal stricture formation is heightened 
in the setting of circumferential EMR. Most of these strictures 
can be adequately treated with esophageal dilation.°* Endoscopic 
submucosal dissection in ESD allows for an en bloc resection 
using a variety of specialized tools and using the submucosal layer 
as the dissection plane. Adverse events with ESD are similar to 
EMR, although the incidence of bleeding and perforation may 
be higher.676° 


Other Therapeutic Procedures 


Insertion of an expandable metallic stent is used to treat both 
malignant and benign refractory strictures. The associated 
complication rate is up to 12% and can include chest pain, 
aspiration, improper positioning, respiratory compromise 
caused by tracheal compression, and perforation./? GERD 
can result when the esophagogastric junction is bridged by 
the stent, making high-dose acid suppressive therapy with a 
PPI necessary. Late complications of these stents in the setting 
of malignancy include tumor overgrowth, tracheoesophageal 
fistula, and stent migration after tumor shrinkage following 
CRT.71,72 

Complications from endoscopic removal of foreign bodies 
from the upper GI tract include aspiration, perforation, and GI 
hemorrhage (see Chapter 28). The risk of foreign body aspira- 
tion can be reduced using an overtube or endotracheal intuba- 
tion. Risk factors for perforation include a more than 24-hour 
delay in endoscopic intervention or the presence of an irregular 
or sharp object.”*-”° 
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SMALL BOWEL ENDOSCOPY 
Balloon-Assisted Enteroscopy 


The advent of balloon-assisted enteroscopy has expanded the 
horizon of diagnostic and therapeutic vistas into the small bowel. 
Complication rates for diagnostic double-balloon enteroscopy 
are 0.8% and 4.3% for therapeutic procedures.’° A multicenter 
survey of double-balloon procedures found bleeding (0.8%), 
perforation (0.3%), and pancreatitis (0.3%) as the most com- 
mon complications.’° Virtually all the bleeding complications 
occurred in therapeutic procedures in which polypectomy was 
performed. A perforation rate following balloon dilation of 2.9% 
was also reported. Although the data on single-balloon enteros- 
copy are not as voluminous, they appear to have a similar compli- 
cation profile.7778 


Capsule Endoscopy 


Contraindications to wireless capsule endoscopy include known 
or suspected intestinal obstruction, stricture, fistula or exten- 
sive Crohn disease, swallowing disorders, and ileus or intestinal 
pseudo-obstruction (see Chapter 124).’”? More relative contra- 
indications include pregnancy, long-standing use of NSAIDs, 
Zenker diverticulum, gastroparesis, previous pelvic or abdomi- 
nal surgery or radiation therapy, and the presence of cardiac 
pacemakers or ICDs and left ventricular assist devices. There is 
a theoretical risk of electromagnetic interference between these 
cardiac devices and capsule endoscopes. However, studies of this 
issue have not demonstrated this to be a clinically significant 
problem.°0-*3 

Perhaps the most dreaded complication is the retained capsule 
within the small bowel. Patients at risk for this condition include 
those with a history of IBD, prior radiation therapy, previous sur- 
gery, and use of NSAIDs.’ A capsule retention rate of 1.4% was 
seen in a large case series. In almost all instances, significant small 
bowel pathology was identified that necessitated surgical inter- 
vention.” In those individuals with capsule retention, no obstruc- 
tive symptoms, no indication for immediate surgery, and whose 
underlying disease is potentially treatable medically or endoscop- 
ically, the use of double-balloon enteroscopy can be successful in 
retrieving the capsule and treating lesions such as diaphragmatic 
strictures from NSAIDs.*4 In patients in whom luminal patency 
needs to be assessed prior to performing capsule endoscopy, use 
of a patency capsule system is useful tool in determining whether 
sufficient luminal narrowing is present to result in capsule reten- 
tion and subsequent complications.*>-*7 

In patients with dysphagia, an appropriate structural and 
motility evaluation should be performed prior to capsule endos- 
copy. In some cases, a barium swallow coupled with a 13-mm 
barium pill should be obtained before capsule ingestion. Cap- 
sule retention at the cricopharyngeus as well as inside a Zenker 
diverticulum has been described, with successful endoscopic 
removal.** Aspiration of the capsule endoscope with successful 
bronchoscopic retrieval has also been reported.®”:”” Endoscopic 
placement devices are available which can bypass the stomach and 
lead to a successful capsule examination of the small intestine in 
the presence of gastroparesis or a postsurgical anatomy that may 
lead to delayed passage from the stomach.”! 


COLONOSCOPY 


The overall risk of colonoscopic complications is 0.28%.” Risk 
factors include patient age, comorbid conditions (e.g., history of 
stroke, atrial fibrillation, or heart failure), and undergoing a polyp- 
ectomy.””:> The main complications of colonoscopy are cardiovas- 
cular and pulmonary events (Fig. 42.2), perforation, bleeding, and 
a post-polypectomy electrocoagulation syndrome.” As with other 


Fig. 42.2 Chest film showing bilateral aspiration pneumonia in a patient 
who had undergone a colonoscopy with monitored anesthesia care. 
There was no history of gastroparesis. 


endoscopic procedures, the ASA PS category (see Table 42.1) cor- 
relates with the risk of procedure-related unplanned cardiovascular 
events such as hypotension and hypoxemia.!:7°-° 


Perforation 


The rate of perforation with colonoscopy varies from 0.05% 
to 0.3%.9°78 Interestingly, the risk of perforation was not 
increased in patients receiving a colonoscopy with a polypec- 
tomy.” Perforations can be caused by tearing of the antimesen- 
teric border of the colon from excessive pressure on colonic loops, 
by excessive air/gas pressure (barotrauma), or from injury at the 
site of electrosurgical application. Colonic tears occur mainly 
in the sigmoid colon, where looping of the colonoscope is most 
frequently encountered. Barotrauma is most often encountered 
in the cecum, where the colonic diameter is the greatest and, 
therefore, the tension on the colonic wall is the highest. Ablative 
treatment of angioectasias, particularly in the right colon, is asso- 
ciated with a perforation rate of up to 2.5%.” There is a 2% 
risk of perforation with the placement of a colonic decompression 
tube in patients with pseudo-obstruction.!0°-!? Balloon dilation 
of colonic Crohn disease is associated with nearly a 2% risk of 
perforation.!° Perforation should be considered in patients with 
abdominal or shoulder pain who have abdominal distention that 
does not improve. Frequently a perforation can be recognized at 
the time of colonoscopy (Fig. 42.34). Defect closure using endo- 
scopic clips in concert with antibiotics and close observation can 
be effective in many cases (see Fig. 42.3B).!°+!9> Careful obser- 
vation by the gastroenterologist in conjunction with a surgeon 
is advisable in this situation. In cases with larger tears or frank 
peritonitis, operative intervention should be considered. 


Bleeding 


‘The most common cause of immediate or delayed bleeding with 
colonoscopy is performing a polypectomy. Although the over- 
all rate of hemorrhage associated with colonoscopy ranges from 
0.1% to 0.6%, this risk is 0.87% with polypectomy.”’ Patient 
age, cardiovascular comorbidities, and use of antithrombotic 
and/or antiplatelet agents are associated with increased risk for 
polypectomy-associated bleeding.”>106-108 Polyp size may be an 
additional risk factor for post-polypectomy bleeding.!0%!0%:!0° 
Prophylactic clipping of resection sites after endoscopic removal 
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Fig. 42.3 A, Colonoscopic view of an ascending colon perforation following polypectomy of a 2-cm sessile 
polyp. B, Endoscopic closure of the perforation site using metallic clips. The patient was observed for 48 hours 
on antibiotics, remained asymptomatic, and was discharged. 


of large (22 cm) sessile polyps may reduce the risk of delayed 
post-polypectomy hemorrhage.!!° Acute post-polypectomy hem- 
orrhage is usually amenable to a variety of endoscopic therapeutic 
measures (Fig. 42.4).!!!.!!2 The use of a detachable snare prior to 
polypectomy has been associated with a significant reduction in 


bleeding.!" 


Post-Polypectomy Electrocoagulation Syndrome 


Post-polypectomy electrocoagulation syndrome is defined by the 
constellation of fever, localized abdominal pain with rebound ten- 
derness, and leukocytosis. This syndrome typically occurs 1 to 5 
days after colonoscopy with polypectomy. The reported incidence 
of this complication varies from 0.003% to 0.1%.” Typically, 
patients are managed with IV hydration, broad-spectrum par- 
enteral antibiotics, and being NPO until symptoms improve.!!* 
Abdominal CT should also be obtained to rule out the possibility 
of a localized perforation. CT should also be undertaken if wor- 
risome findings are noted on serial, frequent abdominal exami- 
nations. Milder cases of post-polypectomy electrocoagulation 
syndrome have been treated with oral antibiotics in an outpatient 
setting.!!5 


Fig. 42.4 A, Colonoscopic view of a pol- 
ypectomy site in a patient presenting with 
hematochezia 5 days after colon polyp- 
ectomy. This polyp stalk was thought to 

be the cause of the bleeding. B, Although 
no bleeding was encountered during the 
second colonoscopy, a hemostatic clip 
was placed in an effort to reduce the risk of 
further bleeding. 


Complications Related to Colon Preparation 


Polyethylene glycol is generally safer than sodium phosphate 
preparations in patients with fluid/electrolyte imbalances or 
with chronic kidney disease, heart failure, and/or liver failure. 
Medications such as angiotensin-converting enzyme (ACE) 
inhibitors, NSAIDs, and diuretics can contribute to fluid/electro- 
lyte problems in such patients about to undergo colonoscopy. In 
general, patients with predisposing conditions for fluid and elec- 
trolyte disorders who are taking the aforementioned medications 
should have a more gradual bowel preparation and be monitored 
closely, with a baseline serum creatinine level determined.!!°!!9 


Others 


Rarer complications of colonoscopy include splenic rupture, appendi- 
citis, and chemical colitis after accidental contamination with disinfec- 
tant solutions.!2"-!?> Colonoscopy-specific mortality is rare, occurring 
in 7 per 100,000 procedures. Complications from colonic stent place- 
ment include perforation, migration, and stent occlusion. Stricture 
dilation of malignant colonic strictures before or after stent place- 
ment is not recommended owing to the high risk of perforation.!?+!?6 
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Fig. 42.5 A, Radiologic image showing right perinephric air following a biliary sphincterotomy. The perforation 
was identified, and a biliary stent was placed (arrow). B, CT showing the retroperitoneal air. The patient was 
observed for 48 hours on antibiotics and was discharged after an uneventful course. 


Gas explosion has been rarely reported and is thought to be 
due to combustible levels of methane or hydrogen present in 
the colonic lumen when electrocautery or argon plasma coag- 
ulation is used. Risk factors may include incomplete colonic 
cleansing and the use of nonabsorbable or (incompletely 
absorbable) preparations such as sorbitol, lactulose, and man- 
nitol, 1 

EMR and ESD are techniques used for the removal of large 
colonic polyps, and both bleeding and perforation are associated 
with either technique. Although the complication rate is higher 
with ESD (discussed later), most can be managed endoscopi- 
cally. 105,130,131 


ERCP 


With the advent of EUS and MRCP, ERCP has become almost 
exclusively a therapeutic technique. Severe Sek ap f ther- 
apeutic ERCP are fortunately rare (Fig 42.5; also see C rs 
61 and 70). It is incumbent upon the adorea to minimize 
complications by using less invasive tests whenever possible and 
to obtain appropriate informed consent. 


Hemorrhage 
Most bleeding complications following ERCP are related to 
sphincterotomy, which occur in 1% to 2% of cases.!>!33 Risk 


factors for sphincterotomy bleeding include aa EN 
coagulopathy, cholangitis, and initiation of anticoagulant ther- 
apy within 3 days after the procedure. Additionally, endoscopists 
who had performed less than 1 biliary sphincterotomy per week 
were noted to have a higher bleeding rate following sphincter- 
otomy." * Treatment of sphincterotomy bleeding can include the 
injection of dilute epinephrine, thermal methods such as using 
a BICAP probe, mechanical methods such as using an inflated 
balloon within the sphincterotomy, use of metallic clips, or place- 
ment of covered expandable metallic stents. In instances where 
the bleeding is not controlled, therapeutic angiography or sur- 
gery may be necessary. Care must be taken to avoid damage to 
the pancreatic sphincter. 


Perforation 


Perforation occurs in less than 1% of ERCP cases.!3?-!3+ Lateral 
wall duodenal perforations tend to be large and usually require 
surgical intervention. With the advent of over-the-scope clipping 
devices, endoscopic closure may be possible.!*> Periampullary 
perforation following biliary sphincterotomy or stone extraction 
is less likely to require surgical intervention if recognized early 
(see Fig. 42.5). Endoscopic management can include the place- 
ment of plastic or fully covered metal stents.!°6137 Perforation 
of the biliary tree usually occurs as a result of instrumentation 
with a guidewire or basket near an obstruction. Most of these 
can be managed conservatively with the placement of a plastic or 
fully coated metallic stent. In patients with failed closure, delayed 
access, or clear evidence of retroperitoneal extravasation, surgical 
intervention should be considered. 


Cholangitis 


Cholangitis and cholecystitis occur in 1% and less than 0.5% 
of patients, respectively.'*’ Risk factors for ascending cholan- 
gitis include combined percutaneous/endoscopic procedures, 
stenting of malignancy, and failed biliary access or drainage. ie 
Use of additional imaging modalities such as MRCP to further 
define complex biliary anatomy prior to the ERCP may be use- 
ful. Management of these conditions may include a reattempt 
at endoscopic therapy, a percutaneous approach, or a surgi- 
cal intervention. Prophylactic antibiotics have not been shown 
to reduce the risk of cholangitis following ERCP. Current 
guidelines recommend prophylactic antibiotics in only those 
patients undergoing ERCP with anticipated incomplete drain- 
age. 


Pancreatitis 


Post-ERCP pancreatitis is discussed in Chapter 58. Its inci- 
dence varies from 5% to 10%.!3?:!33 Certain risk factors, both 
procedure- and patient-related, may amplify this risk to over 
20%. Both patient and procedural factors have been identified as 
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BOX 42.1 Risk Factors for Post-ERCP Pancreatitis (see 
also Chapter 58) 


Balloon dilation of an intact sphincter 
Failed or difficult cannulation 
History of post-ERCP pancreatitis 
Normal serum bilirubin level 
Pancreatic duct injection 
Pancreatic guidewire placement 
Pancreatic sphincterotomy 
Pancreatic tissue sampling 
Pre-cut sphincterotomy 
Suspected SOD 

Young age 


risk factors for post-ERCP pancreatitis (Box 42.1) The severity 
of pancreatitis ranges from mild with a short hospitalization to 
severe with multiorgan failure and death. 

Perhaps the most important components of ERCP planning 
are ensuring that the risk factors listed in Box 42.1 are respected 
and that the appropriate noninvasive imaging studies are used, in 
concert with informed consent. Randomized controlled trials and 
meta-analyses have shown benefit of prophylactic pancreatic stent 
placement in the prevention of post-ERCP pancreatitis.!3°-140 
Whether particular electrocautery cutting currents influence the 
risk is controversial.141:14 A recent randomized controlled trial 
in high-risk patients reported a significant reduction in post- 
ERCP pancreatitis using rectal indomethacin.'? Treatment of 
post-ERCP pancreatitis remains supportive (see Chapter 58), and 
there is no role for repeat ERCP in this setting. 

Infection of a pseudocyst, if present, is always a possibility 
with ERCP. Plans for drainage of the cyst should be considered 
in concert with the ERCP. In most cases, this can be rendered via 
an endoscopic cyst gastrostomy or cyst duodenostomy.!** 


EUS 


Esophageal perforation stemming from the passage of an echo- 
endoscope is rare (0.03 %).!*> Risk factors for esophageal perfora- 
tion include older patient age, lack of operator experience, and a 
difficult esophageal intubation.'** In up to one third of patients 
with esophageal malignancy, there is difficulty or an inability in 


passing the echoendoscope. Sequential esophageal bougienage 
to 16 mm is safe in these patients, allowing completion of the 
EUS.146,147 

FNA of cystic lesions carries an increased risk of fever, 
infection of the targeted cyst, and sepsis. Evidence favors that 
prophylactic antibiotics be started before the procedure and con- 
tinued for up to 48 hours following it.!4®14 Additionally, patients 
undergoing FNA of perirectal lesions should be considered for 
prophylactic antibiotics. Current data do not support the use 
of prophylactic antibiotics during FNA of lymph nodes or solid 
masses. Mild intraluminal GI bleeding may be encountered in up 
to 4% of FNA cases,!°° and extraluminal hemorrhage may occur 
in 1.3%.!>! Pancreatitis, reported in up to 2% of patients, is most 
likely secondary to passage of the FNA needle through pancreatic 
tissue. 1°? 


NEWER ENDOSCOPIC TECHNIQUES 


With the advent of newer endoscopic techniques such as ESD, 
POEM, and bariatric endoscopic procedures, a thorough under- 
standing of the risks and benefits is imperative. ESD is a tech- 
nique that is now being increasingly used for removing large 
neoplastic lesions en bloc. The complication rates of this tech- 
nique are dependent on the site (rectum vs. cecum). POEM is the 
most preferred endoscopic treatment of choice for achalasia (see 
Chapter 44), and complications are lower than those for lapa- 
roscopic Heller myotomy. Endoscopic bariatric procedures span 
the gamut of minimally invasive procedures such as intragastric 
balloons to endoscopic sleeve gastroplasty (see Chapter 8). The 
appropriate indications for such procedures are evolving. 

The use of single operator cholangioscopy to visualize the bile 
duct has a similar complication profile to ERCP except for an 
increased risk of cholangitis; A prospective study of the risk of 
bacteremia in directed cholangioscopic examination of the com- 
mon bile duct when indicated appears to be as safe as ERCP, 
even in older patients.!>’ Endoscopic drainage has become the 
therapy of choice for the management of complex pancreatic 
fluid collection and walled off pancreatic necrosis (see Chapter 
58). Lumen-opposing metallic stents have an excellent safety pro- 
file, with complications requiring intervention that include stent 
migration (4.2%), infection (3.8%), bleeding (2.4%), and stent 
occlusion (1.9%).!°+ 


Full references for this chapter can be found on www.expertconsult.com. 
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ANATOMY AND HISTOLOGY 


The esophagus acts as a conduit for the transport of food from the 
oral cavity to the stomach. To carry out this task safely and effec- 
tively, the esophagus is constructed as an 18- to 26-cm long hollow 
muscular tube with an inner “skin-like” lining of stratified squa- 
mous epithelium (Fig. 43.1). Between swallows the esophagus is 
collapsed, but the lumen distends up to 2 cm anteroposteriorly and 
3 cm laterally to accommodate a swallowed bolus. Structurally, the 
esophageal wall is composed of 4 layers: innermost mucosa, sub- 
mucosa, muscularis propria, and outermost adventitia; unlike the 
remainder of the GI tract, the esophagus has no serosa.!” These 
layers are depicted anatomically and as viewed by EUS in Fig. 43.2. 


Musculature 


The muscularis propria is responsible for carrying out the organ’s 
motor function. The upper 5% to 33% is composed exclusively of 
skeletal muscle, and the distal 50% is composed of smooth muscle. 
In between is a mixture of both types.’ Proximally, the esopha- 
gus begins where the inferior pharyngeal constrictor merges with 
the cricopharyngeus, an area of skeletal muscle known function- 
ally as the upper esophageal sphincter (UES) (Fig. 43.34). The UES 
is contracted at rest and, hence, creates a high-pressure zone that 
prevents inspired air from entering the esophagus. Below the UES, 
the esophageal wall is composed of inner circular and outer lon- 
gitudinal layers of muscle (see Fig. 43.24). The esophageal body 
lies within the posterior mediastinum behind the trachea and left 
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mainstem bronchus and swings leftward to pass behind the heart 
and in front of the aorta.! At the T10 vertebral level the esophageal 
body leaves the thorax through a hiatus located within the right 
crus of the diaphragm (see Fig. 43.1). Within the diaphragmatic 
hiatus the esophageal body ends in a 2- to 4-cm length of asym- 
metrically thickened circular smooth muscle known as the wer 
esophageal sphincter (LES) (see Fig. 43.3B).* The phrenoesopha- 
geal ligament, which originates from the diaphragm’s transversalis 
fascia and inserts on the lower esophagus, contributes to fixation 
of the LES within the diaphragmatic hiatus. This positioning is 
beneficial because it enables diaphragmatic contractions to assist 
the LES in maintenance of a high-pressure zone during exercise. 
The LES is contracted at rest, creating a high-pressure zone that 
prevents gastric contents from entering the esophagus. During 
swallowing, the LES relaxes to permit the swallowed bolus to be 
pushed by peristalsis from the esophagus into the stomach. 


Innervation 


The esophageal wall is innervated by parasympathetic and sympa- 
thetic nerves; the parasympathetics regulate peristalsis through the 
vagus nerve (Fig. 43.4). The cell bodies of the vagus nerve originate 
in the medulla. Those located within the nucleus ambiguus control 
skeletal muscle, and those located within the dorsal motor nucleus 
control smooth muscle. Medullary vagal postganglionic efferent 
nerves terminate directly on the motor endplate of skeletal muscle 
in the upper esophagus, whereas vagal preganglionic efferent nerves 
heading to smooth muscle in the distal esophagus terminate on 
neurons within Auerbach (myenteric) plexus, located between the 
circular and longitudinal muscle layers.’ A second neuronal sensory 
network, Meissner plexus, located within the submucosa, is the site 
of afferent impulses within the esophageal wall. These are trans- 
mitted to the central nervous system through vagal parasympa- 
thetic and thoracic sympathetic nerves. Sensory signals transmitted 
via vagal afferent pathways travel to the nucleus tractus solitarius 
within the central nervous system (see Fig. 43.4); from there nerves 
pass to the nucleus ambiguus and dorsal motor nucleus of the vagus 
nerve, where their signals may influence motor function.’ 

Pain sensation arising from the esophagus is typically triggered 
by stimulation of chemoreceptors in the esophageal mucosa or sub- 
mucosa and/or mechanoreceptors in the esophageal musculature.° 
Central perception then occurs when these impulses are transmit- 
ted to the brain by sympathetic and vagal afferents. Sympathetic 
afferents travel through the dorsal root ganglia to the dorsal horn 
of the spinal cord, and vagal afferents travel through the nodose 
ganglia to the nucleus tractus solitarius in the medulla. Informa- 
tion from sympathetic/spinal afferents then proceeds via the spino- 
thalamic and spinoreticular pathways to the thalamus and reticular 
nuclei before transmission to the somatosensory cortex for pain 
perception and limbic system for pain modulation. Information 
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Fig.43.1 Anatomy of the esophagus and its relationship to adjacent 
structure. The esophagus, approximately 25 cm in length, originates 

in the neck at the level of the cricoid cartilage, passes through the 
chest, and ends after passage through the hiatus in the right crus of the 
diaphragm by joining the stomach below. On barium esophagogram, 
adjacent structures may indent the esophageal wall, including the aortic 
arch, left mainstem bronchus, left atrium, and diaphragm. LES, Lower 
esophageal sphincter; UES, upper esophageal sphincter. (Modified 
from Liebermann-Meffert D. Anatomy, embryology, and histology. In: 
Pearson FG, Cooper JD, Deslauriers J, et al, editors. Esophageal sur- 
gery. 2nd ed. Philadelphia: Churchill Livingstone; 2002. p 8.) 


from vagal afferents in the medulla also travels to the limbic sys- 
tem and frontal cortex for pain modulation. Furthermore, because 
the esophageal neuroanatomic pathways overlap with those of the 
heart and respiratory system, in clinical practice it may be difficult 
to discern the organ of origin for some chest pain syndromes.° 


Circulation 


The arterial and venous blood supply to the esophagus is segmen- 
tal. The upper esophagus is supplied by branches of the superior 
and inferior thyroid arteries, the midesophagus by branches of 
the bronchial and right intercostal arteries and descending aorta, 
and the distal esophagus by branches of the left gastric, left infe- 
rior phrenic, and splenic arteries.!-> These vessels anastomose 
to create a dense network within the submucosa that probably 
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Fig. 43.2 Cross-sectional and EUS anatomy of the esophagus. A, The 
anatomic layers within the wall of the esophagus are depicted. B, An EUS 
image depicting the pattern of light and dark rings created by echoes 
from the different layers. (A, Interface between lumen and mucosa; B, 
mucosa; C, submucosa; D, muscularis propria; E, adventitia.) Note that 
A, C, and E are hyperechoic, and B and D are hypoechoic. (A, Modified 
from Neutra MR, Padykula HA. The GI tract. In: Weiss L, editor. Histology, 
cell and tissue biology. 5th ed. New York: Elsevier Science; 1983. p 664.) 


accounts for the rarity of esophageal infarction. The venous 
drainage of the upper esophagus is through the superior vena 
cava, the midesophagus through the azygos veins, and the distal 
esophagus through the portal vein by means of the left and short 
gastric veins. The submucosal venous anastomotic network of the 
distal esophagus is important because it is where esophageal vari- 
ces emerge in patients with portal hypertension.!* 

The lymphatic system of the esophagus is also segmental; the 
upper esophagus drains to the deep cervical nodes, the midesopha- 
gus to the mediastinal nodes, and the distal esophagus to the celiac 
and gastric nodes. However, these lymphatic systems are also inter- 
connected by numerous channels, accounting for the spread of most 
esophageal cancers beyond the region at the time of their discovery. 


Mucosa 


During endoscopic evaluation the normal esophageal mucosa 
appears smooth and pink. The normal esophagogastric junc- 
tion appears as an irregular white Z-line (ora serrata) demarcat- 
ing the interface between the lighter esophageal and the redder 
gastric mucosa. Histologically the esophageal mucosa is a non- 
keratinized, stratified squamous epithelium (Fig. 43.5). This 
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Fig. 43.3 A, Anatomic detail of the UES and its relationship to adjacent 
structures. B, Anatomic detail of the LES and its relationship to the dia- 
phragm, phrenoesophageal ligament, and squamocolumnar junction. 
(A, Modified from AGA Clinical Teaching Project. Esophageal disorders: 
Upper esophageal sphincter anatomy, slide 14, American Gastroen- 
terological Association, 1995; B, modified from Kerr RM. Hiatal hernia 
and mucosal prolapse. In: Castell DO, editor. The esophagus. Boston: 
Little, Brown & Company; 1992. p 763.) 


multilayered epithelium consists of 3 functionally distinct layers: 
stratum corneum, stratum spinosum, and stratum germinativum. 
The most lumen-oriented stratum corneum acts as a permeability 
barrier between luminal content and blood by having layers of 
pancake-shaped glycogen-rich cells connected laterally to each 
other by tight junctions and zonula adherens and having their 
intercellular spaces filled with a dense matrix of glycoconjugate 
material.” The middle layer of stratum spinosum contains meta- 
bolically active cells with a spiny shape. The spiny shape is due 
to the numerous desmosomes connecting cells throughout the 
layer. Furthermore, this same desmosomal network maintains 
the structural integrity of the tissue. The basal layers of stra- 
tum germinativum contain cuboidal cells that occupy 10% to 
15% of the epithelium’s thickness and are uniquely capable of 
replication.’ Basal cell hyperplasia, defined as basal cells occupy- 
ing more than 15% of epithelial thickness, reflects an increased 
rate of tissue repair, as is often seen in GERD (see Chapter 46).’ 


The esophageal epithelium contains a small number of other cell 
types including argyrophilic neuroendocrine cells, melanocytes, 
lymphocytes, Langerhans cells (macrophages), and eosinophils. 
Neutrophils are not present in healthy epithelium.’ 

Below the epithelium is the lamina propria, a loose network 
of connective tissue within which are blood vessels and scattered 
lymphocytes, macrophages, and plasma cells (see Fig. 43.5). The 
lamina propria protrudes at intervals into the epithelium to form 
rete pegs or dermal papillae. Normally these protrude to less than 
50% of the epithelium’s thickness; when greater, it also is a rec- 
ognized marker of GERD.’ The muscularis mucosae is a thin 
layer of smooth muscle that separates the lamina propria above 
from the submucosa. Its functions are unclear. 


Submucosa 


The submucosa comprises a dense network of connective tissue, 
within which are blood vessels, lymphatic channels, neurons of 
Meissner plexus, and esophageal glands (see Fig. 43.24). These 
glands, which vary as to number and distribution along the esopha- 
gus, consist of cuboidal cells organized as acini.’ They produce and 
secrete a lubricant, mucus, and factors such as bicarbonate and epi- 
dermal growth factor that are important for epithelial defense and 
repair. The secretions from these glands pass into tortuous collect- 
ing ducts that deliver them to the esophageal lumen. 


EMBRYOLOGY 


A brief review of the embryology of the upper digestive system is 
presented as a guide to understand the origin of many of the devel- 
opmental anomalies discussed in this chapter. In the developing 
fetus, the oropharynx and esophageal components of the GI tract 
and the larynx, trachea, bronchi, and lungs of the respiratory tract 
develop from a common tube.’ By gestational week 4, this tube, 
composed of endoderm, develops a diverticulum on its ventral sur- 
face that is destined to become the epithelium and glands of the 
respiratory tract (Fig. 43.64 to D). This diverticulum subsequently 
elongates, becomes enveloped by splanchnic mesenchyme (future 
cartilage, connective tissue, and smooth muscle), and buds off to 
become the primitive respiratory tract. Concomitantly, the lumen 
of the dorsal tube, the primitive foregut, fills with proliferating, 
ciliated-columnar epithelium. By week 10, vacuoles appear and 
subsequently coalesce within the primitive foregut to reestablish 
the lumen. By week 16, the columnar epithelium lining the primi- 
tive foregut and future esophagus is replaced by stratified squa- 
mous epithelium, a process that is complete by birth. 


DEVELOPMENTAL ANOMALIES 


Congenital anomalies of the esophagus are relatively common 
and are due to either transmission of genetic defects or intrauter- 
ine stress that impedes fetal maturation. Esophageal anomalies 
are common in premature infants, and 60% have other anoma- 
lies, reflected by the term VACTERL (formerly VATER), a mne- 
monic for the association of anomalies of the vertebral, anal, 
cardiac, tracheal, esophageal, renal, and Amb systems. Common 
specific defects include patent ductus arteriosus, cardiac septal 
defects, and imperforate anus.!° 


Esophageal Atresia and Tracheoesophageal Fistula 


Esophageal atresia, a loss of continuity between the upper and 
lower esophagus, and tracheoesophageal fistulas, abnormal con- 
nections between the trachea and esophagus, are the most com- 
mon developmental anomalies of the esophagus (Figs. 43.7 and 
43.8). The incidence of esophageal atresia and tracheoesophageal 
fistula is approximately 1 in 4000.!! The former results from 
failure of the primitive foregut to recanalize and the latter from 
failure of the lung bud to separate completely from the foregut. 
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Fig. 43.5 Esophageal epithelium. The human esophagus as shown 

on this biopsy specimen is lined by nonkeratinized stratified squamous 
epithelium. The cells of the surface (top) are long and flat and have a 
small nucleus-to-cytoplasm ratio that contrasts with the cells of the 
basal layer (bottom), the density, cuboidal shape, and large nucleus-to- 
cytoplasm ratio of which account for their prominence. A subpopulation 
of these basal layer cells appears to have properties of esophageal 
stem cells.’ Rete pegs, or dermal papillae containing elements of the 
lamina propria, normally extend into the epithelium about one half the 
distance to the lumen. (Courtesy Pamela Jensen, MD, Dallas, TX.) 


Although the mechanisms are unclear, esophageal atresia and 
tracheoesophageal fistulas may result from genetic defects (Table 
43.1)." Proper sonic hedgehog signaling is 1 of the pathways 
critical to achieve separation of the respiratory tract from the 
primitive foregut.!? Experimental administration of the antican- 
cer drug, Adriamycin (doxorubicin), into mouse or rat embryos 


Fig. 43.4 Neural pathways of the esophagus. Ex- 
trinsic innervation is provided principally by the vagus 
nerve. Afferent vagal pathways carry stimuli to the 
nucleus solitarius, and efferent pathways originat- 

ing in the dorsal vagal nucleus mediate esophageal 
peristalsis and LES relaxation. Ach, Acetylcholine; NO, 
nitric oxide; VIP, vasoactive intestinal peptide. (From 
Mittal RK, Balaban DH. The esophagogastric junction. 
N Engl J Med 1997; 336:924.) 
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Fig. 43.6 Developmental stages in the formation of separate respirato- 
ry and digestive systems. These systems are derived from a common 
tube of endoderm during embryogenesis. A, Single primitive tube. B, 
Formation of a lung bud in the fourth week. C, Elongation of the dorsal 
tube (primitive foregut) and lung bud and formation of a tracheoesopha- 
geal septum by 4 to 6 weeks. D, Separation of the primitive foregut 
from the tracheobronchial tree at 6 weeks. 
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Fig. 43.7 Esophageal atresia (A) and tracheoesophageal fistulas TEF. 
In the most common TEF, the trachea communicates with the distal 
segment of the atretic esophagus (B). The next most common type is 
the H-type TEF, in which the trachea communicates with an otherwise 
normal esophagus (C). A TEF in which the trachea communicates with 
both upper and lower segments of an atretic esophagus (D) or only 
with the upper segment of an atretic esophagus (E) is rare. (Modified 
from The nonneoplastic esophagus. In: Fenoglio-Preiser CM, editor. Gl 
pathology. An atlas and text. 2nd ed. Philadelphia: Lippincott-Raven; 
1999. p 31.) 


a p” 
Fig. 43.8 Chest radiograph depicting tracheoesophageal fistula. A 
catheter is shown coiled in the esophagus (arrow) at the level of the 
second thoracic vertebra with air in the stomach. (From Forero Zapata 
L, Pappagallo M. Esophageal Atresia and Tracheoesophageal Fistula. N 
Engl J Med. 2018;379(7):e11.) 


TABLE 43.1 Syndromic Causes and Distinguishing Clinical Features of 
Tracheoesophageal Fistula and Esophageal Atresia 


Syndrome Gene Clinical Features 
Anophthalmia- SOX2 Anophthalmia/microphthalmia 
esophageal- EA/TEF 
genital syndrome Urogenital anomalies 
CHARGE CHD7 Coloboma of the eye 
Syndrome Cardiac anomalies 


Choanal atresia 
Intellectual disability 
Growth retardation 
Genital anomalies 
Ear anomalies 
Hearing loss 
EA/TEF 


Esophageal/duodenal atresias 
Microcephaly 

Learning disabilities 
Syndactyly 

Cardiac defects 


Feingold Syndrome MYCN 


Fanconi Anemia >20 Bone marrow failure 
genes Malignancies 
Short stature 
Abnormal skin pigmentation 
Radial ray defects 
Eye anomalies 
Renal anomalies 
Cardiac defects 
Abnormal ears 
Central nervous system anomalies 
Hearing loss 
Developmental delay 
Gastrointestinal anomalies including 
EA/TEF 


Vertebral anomalies 
Anal atresia 

Cardiac malformations 
TEF 

Renal anomalies 

Limb anomalies 
Hydrocephalus 


VACTERL-H FANCB 


EA, Esophageal atresia; TEF, tracheoesophageal fistula. 

Adapted from Scott DA. Esophageal atresia/tracheoesophageal 
fistula overview. In: Adam MP, Ardinger HH, Pagon RA, et al., editors. 
GeneReviews® [Internet]. Seattle: University of Washington, Seattle; 
1993. 


commonly results in esophageal atresia and tracheoesophageal 
fistulas, as well as other anomalies that comprise the VACTERL 
group, by altering sonic hedgehog signaling.!*!° 

Esophageal atresia occurs as an isolated anomaly in only 7% 
of cases; the rest are accompanied by a form of tracheoesophageal 
fistula, most often (89%) a distal-type fistula (see Fig. 43.78) and 
rarely (3%) the H-type fistula (see Fig. 43.7C).!¢ In isolated atresia, 
the upper esophagus ends in a blind pouch and the lower esopha- 
gus connects to the stomach (see Fig. 43.74). The condition is sus- 
pected prenatally by the development of polyhydramnios (due to 
the inability of the fetus to swallow and so absorb amniotic fluid) 
and an absent or small stomach bubble.!’ The finding of a dilated 
proximal esophagus with a blind ending, also known as an esopha- 
geal pouch, during a prenatal US has high specificity for esopha- 
geal atresia, although the sensitivity of this finding is limited.!* A 
distended fetal hypopharynx during US or MRI is an additional 
prenatal sign of esophageal atresia and has better sensitivity than 
an esophageal pouch. Prenatal MRI provides images of the entire 
length of the esophagus and can be used to assist in the diagno- 
sis of esophageal atresia.!? Additionally, visualization of a lower 
esophageal lumen during prenatal MRI suggests the presence of a 


632 PART V_ Esophagus 


tracheoesophageal fistula (Fig. 43.9). At birth the combination of 
regurgitation of saliva and a scaphoid (gasless) abdomen strongly 
suggests isolated atresia without a distal tracheoesophageal fistula 
because no pathway exists for inspired or swallowed air to enter the 
bowel. At the first feeding, the high complete GI obstruction of 
esophageal atresia results in the rapid onset of choking, coughing, 
and regurgitation (Table 43.2). Once suspected, the diagnosis can 


Fig. 43.9 Esophageal atresia seen in a sagittal T2-weighted MRI 
sequence showing the proximal blind pouch (arrow) and the long distal 
esophagus (arrowhead). (From Cassart M. Fetal Body Imaging: When is 
MRI Indicated? J Belg Soc Radiol. 2017;101(S1):3.) 


TABLE 43.2 Clinical Aspects of Esophageal Developmental Anomalies 


be confirmed by failure to pass an NG tube into the stomach and 
by a concurrent chest radiograph with air contrast in the upper 
esophageal segment (the air being introduced through a cath- 
eter positioned within the upper esophageal segment). In some 
instances, injection of 1 mL of water-soluble contrast into the 
obstructed segment helps with the diagnosis. 

Tracheoesophageal fistula usually accompanies esophageal 
atresia. The most common type of tracheoesophageal fistula 
is the distal type associated with esophageal atresia (see Fig. 
43.7B).'° In this type, the atretic upper esophagus ends in a blind 
pouch and the trachea communicates with the distal esophageal 
segment. The clinical presentation with this configuration is usu- 
ally similar to isolated esophageal atresia, with the additional risk 
of aspiration pneumonia from refluxed gastric contents entering 
the trachea through the fistula (see Table 43.2). Nonetheless, dis- 
tinction between an isolated atresia and 1 associated with a distal 
tracheoesophageal fistula is straightforward because the commu- 
nication between the trachea and the esophagus results in a gas- 
filled abdomen, as shown on plain radiographs (see Fig. 43.8). 
In some instances, confirmation of the type of configuration is 
obtained by esophagography with or without bronchoscopy. 

The 3 less common types of tracheoesophageal fistula occur 
when (1) the atretic upper esophagus communicates with the tra- 
chea, (2) both upper and lower segments of the atretic esophagus 
communicate with the trachea, and (3) an H-type fistula commu- 
nicates with the trachea in a nonatretic esophagus (see Figs. 43.7E, 
D, and C, respectively). Because these types have in common the 
communication between upper esophagus and trachea, they all 
manifest clinically with signs and symptoms of recurrent (aspiration) 
pneumonia (see Table 43.2). Distinguishing among types, however, 
should not be difficult. Esophageal atresia accompanied by proximal 
tracheoesophageal fistula presents in infancy as recurrent pneumo- 
nia, and the presence or absence of bowel gas on a plain radiograph 
indicates whether an accompanying distal tracheoesophageal fistula 
exists. In contrast, in those with an H-type tracheoesophageal fistula 
without esophageal atresia, the diagnosis can be delayed until child- 
hood or, at times, adulthood. Diagnosis of a suspected H-type fistula 
is usually made by esophagography, but this may be difficult owing 
to the small size of some communications." In such cases, detection 


Anomaly Age at Presentation Predominant Symptoms Diagnosis Treatment 
Isolated atresia lewborns Regurgitation of feedings Esophagogram* Surgery 
Aspiration Plain film: gasless abdomen 
Atresia + distal TEF Newborns Regurgitation of feedings Esophagogram* Surgery 
Aspiration Plain film: gas-filled abdomen 
H-type TEF nfants to adults Recurrent pneumonia Esophagogram* Surgery 
Bronchiectasis Bronchoscopy 
Esophageal stenosis nfants to adults Dysphagia Esophagogram* Dilation? 
Food impaction Endoscopy Surgery 
Esophageal duplication nfants to adults Dyspnea, stridor, cough (infants) EUS* Surgery 
cyst Dysphagia, chest pain (adults) MRI/CTt 
Vascular anomaly nfants to adults Dyspnea, stridor, cough (infants) Esophagogram* Dietary modification* 
Dysphagia (adults) Angiographyt Surgery’ 
MRI/CT/EUS 
Esophageal ring Children to adults Dysphagia Esophagogram* Dilation* 
Endoscopy Endoscopic incision’ 
Esophageal web Children to adults Dysphagia Esophagogram* Bougienage 
Endoscopy 


“Diagnostic test of choice. 
tConfirmatory test. 

Primary therapeutic approach. 
SSecondary therapeutic approach. 
TEF, Tracheoesophageal fistula. 
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may be improved by ingestion of methylene blue and searching by 
bronchoscopy for the blue-stained fistula site. 

‘Treatment of esophageal atresia and tracheoesophageal fistulas 
is surgical. Patients should be evaluated preoperatively for other 
VACTERL anomalies, particularly for cardiac abnormalities.*! 
The choice of surgical procedure depends on the distance between 
the upper and lower esophageal segments. Short gaps (gaps of 
fewer than 3 vertebral bodies) permit end-to-end anastomosis, 
as do some long gaps after lengthening of the upper segment by 
either bougienage or intraoperative myotomy.!“Magnetic com- 
pression anastomosis, or magnamosis, has been used in the repair 
of some patients with esophageal atresia.’* If approximation of the 
2 segments is not possible, primary reconstruction is undertaken. 
The colon can be interposed between the proximal esophageal 
remnant and the stomach, or the stomach can be pulled proximal 
and anastomosed to the esophageal remnant. The results of surgi- 
cal correction of esophageal atresia are excellent when it exists as 
an isolated anomaly, with overall outcome determined principally 
by the severity of concomitant cardiac anomalies and by the birth 
weight of the infant.’*”* Survival after successful repair of isolated 
esophageal atresia has steadily increased over the years and now 
approaches 100% in the absence of other major malformations.”> 

Despite dramatically improved survival rates over the last 
several decades, long-term complications are still common. In 
long-term follow-up, gastroesophageal reflux without esophagitis 
develops in 57% of patients.*° GERD with esophagitis occurs E 
40% of patients, with a 6.4% prevalence of Barrett esophagus.?” 
The development of GERD is likely related to abnormalities of 
esophageal motility and impaired acid clearance following surgi- 
cal repair.” Approximately 20% to 35% of patients will require 
fundoplication for GERD at some point during their lives. 
Unfortunately, 20% to 30% of fundoplication procedures in 
these patients will fail.2? Dysphagia occurs in 50% patients who 
survive to adulthood.” Anastomotic strictures can be found in 
30% to 56% of patients. Although several cases of esophageal 
cancer (both adenocarcinoma and squamous cell carcinoma) have 
been reported in adults who have undergone repair of esophageal 
atresia, registry studies from Finland and Sweden do not neces- 
sarily show a statistically significant increased cancer risk in these 
patients.?°30 


Fig. 43.10 Barium esophagograms in 

2 patients with congenital esophageal 
stenosis. A, Barium esophagogram with a 
tapered narrowing in the distal esophagus 
and dilatation of the proximal esophagus. 
B, Barium esophagogram with an abrupt 
narrowing in the mid-esophagus (large ar- 
rows). The small arrow indicates the site of 
a previous repair for esophageal atresia. (A 
and B, From Usui N, Kamata S, Kawahara 
H, et al. Usefulness of endoscopic ultra- 
sonography in the diagnosis of congenital 
esophageal stenosis. J Pediatr Surg 2002; 
37:1744.) 


Congenital Esophageal Stenosis 


Esophageal stenosis is a rare anomaly, occurring in only 1 in every 
25,000 to 50,000 live births.*! The stenotic segment varies from 
2 to 20 cm in length and is usually located within the middle or 
lower third of the esophagus (Fig. 43.104). The precise cause of 
the congenital stenosis is not entirely clear. Some patients (17% 
to 33%) have other associated anomalies, the most common being 
esophageal atresia (see Fig. 43.108) and tracheoesophageal fis- 
tula.*’ Three types of stenosis are recognized, based on histology: 
(1) ectopic tracheobronchial remnants (TBRs), which are seques- 
tered respiratory tissue (hyaline cartilage, respiratory epithelium), 
suggesting its origin is incomplete separation of lung bud from 
primitive foregut”; (2) fibromuscular hypertrophy, associated 
with damage to the myenteric plexus with loss of the muscle-relax- 
ing nitrinergic neural elements; and (3) membranous diaphragm, 
which is limited to the mucosa and does not involve the muscle 
layers.*+ A systematic review showed that congenital esophageal 
stenosis secondary to fibromuscular hypertrophy makes up 54% 
of cases; 30% of cases occur secondary to TBRs and 16% are sec- 
ondary to membranous diaphragms.’> Membranous diaphragms 
are typically found in the upper and middle esophagus, fibromus- 
cular hypertrophy in the middle, and lower esophagus and TBRs 
are primarily encountered in the lower third of the esophagus.*° 
Roughly a quarter of cases are associated with esophageal atresia 
and tracheoesophageal fistula.*® 

Although tight stenoses are symptomatic in infancy, most 
stenoses present with dysphagia and regurgitation in childhood 
when more solid food is ingested (see Table 43.2). The stenosis is 
best demonstrated by esophagography, which may reveal either 
an abrupt or tapered stricture. Dilatation of the esophagus proxi- 
mal to the stenosis is commonly noted (see Fig. 43.10). Endos- 
copy may be of value by demonstrating normal mucosa in the 
stenotic region, helping to exclude an acquired cause for the ste- 
nosis (e.g., GERD). EUS with a high-frequency mini-probe can 
show hyperechoic lesions with acoustic shadowing, which indi- 
cates the presence of cartilaginous structures in patients whose 
stenoses result from TBRs.*” 

Some patients improve after endoscopic-guided bougienage 
or balloon dilation, although endoscopists should approach 
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Fig. 43.11 Imaging studies showing an esophageal duplication cyst. A, Barium esophagogram showing ex- 
trinsic compression of the wall of the esophagus. B, EUS image showing the distortion of the esophageal wall 
created by the hypoechoic cyst (C) and the cyst’s relationship to other hypoechoic areas created by the aorta 
(A), azygos vein (a), and spine (S). (A, Courtesy David Ott, MD, Winston-Salem, N.C.; B, from Kimmey MB, 
Vilman P. Endoscopic ultrasonography. In: Yamada T, editor. Atlas of gastroenterology. 3rd ed. Philadelphia: 
Lippincott Williams & Wilkins; 2003. p 1044.) 


esophageal dilation carefully in these patients because chest pain 
and mucosal tears commonly occur. Perforation rates of 10% 
to 44% following dilation have been reported.***° Problematic 
stenoses require surgical resection of the involved segment. One 
novel surgical approach to this lesion is circular myectomy, a 
technique that involves stripping of the esophageal muscle lay- 
ers containing the TBRs, with preservation of the mucosal layer. 
This has the advantage of avoiding many of the potential com- 
plications associated with primary repair and end-to-end esopha- 
geal anastomosis.t! The stenotic segment in cases secondary 
to fibromuscular hypertrophy can be amenable to longitudinal 
myotomy.*” 


Esophageal Duplications 


Congenital duplications of the esophagus occur in 1 in 8000 live 
births and represent roughly 20% of alimentary tract duplica- 
tions. The pathogenesis of esophageal duplications is uncertain, 
although they may develop as a result of aberrant vacuolization 
during organogenesis. Duplications are composed of both epithe- 
lial lining and a well-developed smooth muscular layer, and main- 
tain an attachment to the esophagus. Duplications can be either 
cystic, tubular, or diverticular in morphology. Cysts account for 
80% of the duplications and are usually single fluid-filled struc- 
tures that typically do not communicate with the esophagus.” Most 
duplication cysts occur in the lower esophagus and are located 
within the posterior mediastinum, although intra-abdominal 
esophageal duplication cysts have been reported.** The majority 
of esophageal duplication cysts are diagnosed in childhood, with 
~7% of cases presenting as symptomatic cysts in adulthood. 
Some cysts are discovered while asymptomatic, manifesting as a 


mediastinal mass on a chest radiograph or a submucosal lesion on 
an esophagogram (Fig. 43.114). Others manifest with symptoms 
from compression of structures adjacent to the tracheobronchial 
tree (cough, stridor, tachypnea, cyanosis, wheezing, or chest pain) 
and of structures adjacent to the esophageal wall (dysphagia, chest 
pain, or regurgitation) (see Table 43.2).*¢ 

The diagnosis of an esophageal duplication cyst is sup- 
ported by the demonstration of a cystic mass on CT, MRI, or 
EUS (see Fig. 43.11B).4’ Duplication cysts appear as lesions 
that cause extrinsic compression of the true esophageal lumen 
with normal appearing mucosa. On EUS, duplication cysts can 
appear as homogenous anechoic or hypoechoic masses with 
well-defined margins.** Peristalsis seen within a cyst is very 
specific (and is considered a diagnostic feature) of esophageal 
duplication cyst.?? EUS-guided FNA of duplication cysts for 
pathologic diagnosis is controversial due to the significant risk 
of procedure-related infection.*> Surgical removal is the pre- 
ferred treatment of choice for confirmed cases of both symp- 
tomatic and asymptomatic duplication cysts.** Rarely, large 
duplication cysts can manifest with acute life-threatening 
respiratory symptoms. In this circumstance, emergent decom- 
pression can be achieved by radiologic- or endoscopically 
guided needle aspiration. 

The tubular esophageal duplication is far less common than 
its cystic counterpart (20% of cases), and the diverticular type is 
rarely observed. The tubular type is usually located within the 
esophageal wall, parallels the true esophageal lumen, and, in 
contrast to duplication cysts, communicates with the true lumen 
at either or both ends of the tube.*° Tubular duplications usu- 
ally cause chest pain, dysphagia, or regurgitation in infancy, and 
the diagnosis is established by esophagography or endoscopy. 
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Fig. 43.12 Dysphagia lusoria. A, Ana- 
tomic configuration of an aberrant right 
subclavian artery (lusorian artery) as it 
courses behind the esophagus from the 
aortic arch toward the right shoulder. 
B, Barium esophagogram showing the 
characteristic diagonal indentation of the 
esophageal wall at the level of the third 
and fourth thoracic vertebrae. C, CT with 
3D reconstruction. (A, From Janssen M, 
Baggen MG, Veen HF, et al. Dysphagia 
lusoria: Clinical aspects, manometric find- 
ings, diagnosis, and therapy. Am J Gastro- 
enterol 2000; 95:1411; B, courtesy David 
Ott, MD, Winston-Salem, NC; C, From (1) 
Hudzik B, Gasior M. Dysphagia Lusoria. N 
Engl J Med. 2016;375(4):e4.) 


Although some cases can be managed endoscopically, recon- 
structive surgery is indicated for most patients who are symp- 
tomatic.*6°05! 


Vascular Anomalies 


Intrathoracic vascular anomalies are present in 2% to 3% of the 
population. Only rarely do they produce symptoms of esopha- 
geal obstruction despite evident vascular compression on an 
esophagogram. In infancy, most intrathoracic vascular anomalies 
manifest as respiratory symptoms from compression of the tra- 
cheobronchial tree. Later in childhood or adulthood, however, 
these same abnormalities can produce dysphagia and regurgita- 
tion, owing to esophageal compression (see Table 43.2). 
Dysphagia lusoria is the term given for symptoms arising from 
vascular compression of the esophagus by an aberrant right sub- 
clavian artery (Fig. 43.12).°* This condition results from defec- 
tive development of the right-sided pharyngeal arch, which under 
normal circumstances transforms into the right subclavian artery. 
The right subclavian artery in dysphagia lusoria arises from the 
left side of the aortic arch and courses from the lower left to the 
upper right posterior to the esophagus. In 20% of cases the artery 
courses anterior to the esophagus.” It is estimated that arteria 
Jusoria is present in 0.7% of the general population on the basis of 
autopsy studies. Typically the diagnosis is established by barium 


carotid artery 
Left 

subclavian 

artery 


Lusorian 
artery 


esophagogram, which shows the characteristic pencil-like inden- 
tation at the level of the third and fourth thoracic vertebrae (see 
Fig. 43.12B).°? Confirmation is by CT, MRI, arteriography, or 
EUS(see Fig. 43.12C).°? Given the considerable frequency with 
which such lesions are asymptomatic, endoscopy or esophageal 
manometry may be desirable to exclude other causes of dyspha- 
gia. During endoscopy the right radial pulse may diminish or 
disappear from instrumental compression of the right subclavian 
artery. Esophageal manometry has demonstrated a pulsatile high- 
pressure zone at the location of the aberrant artery.” Symptoms 
usually respond to simple modification of the diet to meals of soft 
consistency and small size. When necessary, surgery relieves the 
obstruction by anastomosing the aberrant artery to the ascending 
aorta (see Fig. 43.124).54 


Esophageal Rings 


The distal esophagus may contain 2 “rings,” the A and B (Schatzki) 
ring, that demarcate anatomically the proximal and distal borders 
of the esophageal vestibule. The A (muscular) ring is located at the 
proximal border (see Fig. 43.3). It is a broad (4 to 5 mm) symmetri- 
cal band of hypertrophied muscle that constricts the tubular esoph- 
ageal lumen at its junction with the vestibule. In this location the A 
ring, which is covered by squamous epithelium, corresponds to the 
upper end of the LES.” The A ring is rare, and because it varies in 
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Fig. 43.13 Imaging studies showing an esophageal B (Schatzki) ring. A, Barium esophagogram showing the ring 
of mucosa localized to the squamocolumnar junction. Below the B ring is a hiatal hernia. The hernia is visualized 
as a small sac between the B ring above and the diaphragm below. B, Endoscopic view of the ring. (A, Courtesy 
David Ott, MD, and Winston-Salem, NC; B, courtesy John D. Long, MD, and Winston-Salem, NC.) 


caliber on esophagography depending on the degree of esophageal 
distention, it is generally asymptomatic. Occasionally an A ring 
is found in association with dysphagia for solids and liquids (see 
‘Table 43.2). Symptomatic A rings can be treated by passage of 
a large-caliber mercury-weighted esophageal dilator, injection of 
botulinum toxin, or by peroral endoscopic myotomy.°%*’ 

The B ring, otherwise known as the mucosal or Schatzki ring, 
is very common, and found in 6% to 14% of subjects having a 
routine upper GI series.*® A recent review of more than 10,000 
upper endoscopies found a Schatzki ring in 4% of cases.” On 
barium study it is always found in association with a hiatal her- 
nia and is recognized as a thin (2-mm) membrane that constricts 
the esophageal lumen at the junction of the vestibule and gastric 
cardia (Fig. 43.134). The Schatzki ring has squamous epithelium 
on its upper surface and columnar epithelium on its lower surface 
and so demarcates the squamocolumnar junction. The ring itself 
is composed of only mucosa and submucosa; there is no muscu- 
laris propria. Schatzki rings can be congenital or acquired, and a 
relationship to GERD is likely (see Chapter 46).°® 

Most B rings are asymptomatic, yet when the diameter of the 
esophageal lumen is narrowed to 13 mm or less, rings commonly are 
the cause of intermittent dysphagia for solids or unheralded acute 
solid-food impactions (see Table 43.2).°° It is usually not difficult 
to identify symptomatic rings on esophagography (see Fig. 43.134) 
or endoscopy (see Fig. 43.138), although attention should be paid 
to adequately distend the distal esophagus.°* In some instances, the 
obstructing ring is best demonstrated radiographically by its ability 
to trap a swallowed marshmallow or a barium tablet, techniques that 
can also assist in determining the diameter of the ring. 

Asymptomatic B rings require no treatment, and those produc- 
ing dysphagia are effectively treated by passage of either a single, 
large (symptomatic mercury-weighted dilator or a series of such 


dilators of progressively larger diameter.°! Early studies reported 
that 32% of patients required repeat dilation after 1 year.’ More 
recent studies report much lower redilation rates (13%), perhaps 
due to the more routine use of both larger dilators and a course 
of postdilation antireflux therapy.” In 1 randomized placebo- 
controlled study of 44 patients with symptomatic Schatzki rings, 
maintenance therapy with omeprazole resulted in a 40% reduction 
in the need for redilation after a mean follow-up of 35 months.® 
A recent observational study demonstrated that complete Schatzki 
ring excision using 4 quadrant jumbo cold biopsy forceps was 
safe and effective in preventing recurrence.*t Symptomatic rings 
that are refractory to dilation have been successfully treated by 
endoscopic means using electrocautery incision.°° A randomized 
controlled trial of standard bougie dilation versus electrocautery 
incision for symptomatic Schatzki rings has demonstrated that the 
2 therapies have comparable initial success rates but that endo- 
scopic incision had a longer duration of symptom resolution. 


Esophageal Webs 


Esophageal webs are developmental anomalies characterized by 
1 or more thin horizontal membranes of stratified squamous epi- 
thelium within the upper (cervical) esophagus and midesopha- 
gus. Unlike rings, these anomalies rarely encircle the lumen but 
instead protrude from the anterior wall, extending laterally but 
not to the posterior wall (Fig. 43.144 and B). Webs are com- 
mon in the cervical esophagus and are best demonstrated on an 
esophagogram with the lateral view. In up to 5% of cases they are 
identified in an asymptomatic state, but when they are symptom- 
atic they cause dysphagia for solids (see Table 43.2).°’ Webs are 
fragile membranes and so respond well to esophageal bougienage 
with mercury-weighted dilators. 
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Fig. 43.14 Imaging studies of 
esophageal webs. A, Barium 
esophagogram of a cervical esopha- 
geal web seen on the lateral view as 
a thin membrane protruding from the 
anterior esophageal wall. Webs, un- 
like rings, often incompletely encircle 
the esophageal lumen. B, Endo- 
scopic view of a cervical esophageal 
web. (A, Courtesy David Ott, MD, 
and Winston-Salem, NC; B, courtesy 
John D. Long, MD, and Winston- 
Salem, NC.) 


ren 
Ee ' 


cervical esophagus (“inlet patch”). B, Photomicrograph view of an inlet patch showing glandular epithelium with 
parietal cells (right) adjacent to normal esophageal squamous epithelium (left). (A, From Avidan B, Sonnenberg 
A, Chejfec G, et al. Is there a link between cervical inlet patch and Barrett's esophagus? GastrointestEndosc 
2001; 53:717; B, courtesy Pamela Jensen, MD, Dallas, TX.) 


As discussed in Chapter 37, an association in adults of cer- 
vical esophageal webs, dysphagia, and iron deficiency anemia 
has been described as the Plummer-Vinson or Paterson-Kelly 
syndrome.°’ The syndrome, although uncommon, occurs pri- 
marily in women. There may be an association between Plum- 
mer-Vinson syndrome and celiac disease.°? The syndrome 
identifies a group of patients at increased risk for squamous 
carcinoma of the pharynx and esophagus.’ Correction of iron 
deficiency in Plummer-Vinson syndrome may result in resolu- 
tion of the associated dysphagia as well as disappearance of the 
web(s).°” 


Heterotopic Gastric Mucosa (Inlet Patch) 


The inlet patch refers to the appearance on endoscopy of a small 
(0.5 to 2 cm) distinctive, velvety red island of heterotopic gastric 
mucosa amid a lighter pink squamous mucosa, generally local- 
ized immediately below the UES (Fig. 43.154). When sought, 
an inlet patch is found in up to 10% of endoscopies, and biopsy 


specimens reveal gastric fundic- or antral-type mucosa (see Fig. 
43.15B).6%70 The fundic-type mucosa contains chief and parietal 
cells and, thus, in some specimens retains the capacity for acid 
secretion.’! Similar to gastric mucosa in the stomach, the inlet 
patch may be infected with Hp.’? However, inlet patches are 
usually asymptomatic and unassociated with disease and thus 
require no treatment. A possible association with globus pha- 
ryngeus was suggested in a study in which this symptom was 
improved after ablation of inlet patches using argon plasma 
coagulation.” In rare instances, an inlet patch is found in asso- 
ciation with an esophageal web or stricture’* or ulcer, the latter 
resulting in bleeding or perforation.® Adenocarcinoma arising 
in an inlet patch is a rare complication, although there is a statis- 
tically significant association between inlet patches and proximal 
esophageal adenocarcinomas.°”:”> The necessity of surveillance 
endoscopy is controversial and a formal consensus has not been 
reached. 


Full references for this chapter can be found on www.expertconsult.com. 
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The esophagus is a muscular tube with a sphincter at each end 
joining the hypopharynx to the stomach with the simple function 
of transporting food, fluid, and gas between these endpoints. As 
such, the esophagus encompasses the anatomic and physiologic 
transition from the striated muscle oropharynx and the smooth 
muscle gut. Neurologically, the oropharynx is controlled by the 
cerebral cortex and medulla and capable of precise tactile sensa- 
tion; the distal esophagus is composed entirely of smooth muscle, 
controlled by the vagus nerve and enteric nervous system, and 
comparatively insensitive. Although there is a gradual transition 
between these endpoints, motor function in the oropharynx and 
esophageal body are quite distinct. With that in mind, the ensu- 
ing discussion includes selected aspects of pharyngeal, gastric, 
and diaphragmatic function that are inextricably entwined with 
esophageal function. 


MOTOR AND SENSORY FUNCTION 


Oropharynx and Upper Esophageal Sphincter 


Within the oral cavity, the lips, teeth, hard palate, soft palate, 
mandible, floor of the mouth, and tongue serve to form and con- 
tain food into a bolus suitable for transfer to the pharynx. The 
pharynx is divided into 3 segments: nasopharynx, oropharynx, 
and hypopharynx (Fig. 44.1). The nasopharynx extends from the 
base of the skull to the distal edge of the soft palate. Muscles in 
the nasopharynx elevate the soft palate during swallowing, seal 
the nasopharynx, and prevent nasopharyngeal regurgitation. The 
oropharynx extends from the soft palate to the base of the tongue. 
The inferior margin of the oropharynx is demarcated by the val- 
leculae anteriorly and the mobile tip of the epiglottis posteriorly. 
The hypopharynx extends from the valleculae to the inferior 
margin of the cricoid cartilage and includes the upper esophageal 
sphincter (UES). 

Musculature of the soft palate, tongue, and pharynx all par- 
ticipate during swallowing to collapse and shorten the pha- 
ryngeal lumen and then expel its contents into the esophagus. 
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Esophageal Neuromuscular Function and Motility 


Additionally, extrinsic muscles elevate and pull the pharynx 
forward, thereby sealing the airway and opening the UES. The 
intrinsic muscles of the pharynx, the superior, middle, and infe- 
rior pharyngeal constrictors (see Fig. 44.1), overlap and insert 
into a collagenous sheet, the buccopharyngeal aponeurosis. The 
inferior constrictor is composed of the thyropharyngeus (supe- 
rior part) and the cricopharyngeus (inferior part). The thyropha- 
ryngeus arises from the thyroid cartilage, passes posteromedially, 
and inserts in the median raphe. The cricopharyngeus has supe- 
rior and inferior components, each of which arise bilaterally 
from the sides of the cricoid lamina; the superior fibers course 
posteromedially to the median raphe whereas the inferior fibers 
loop around the esophageal inlet without a median raphe. Killian 
triangle, a triangular area of thin muscle, is formed posteriorly 
between these components and is the most common site of origin 
for pharyngeal pulsion diverticula. 

The pharynx also contains 5 single or paired cartilages (see 
Fig. 44.1). The spaces formed between the lateral insertion of the 
inferior constrictor and the lateral walls of the thyroid cartilage 
are the pyriform sinuses that end inferiorly at the cricopharyn- 
geus muscle, separating the pharynx from the esophagus. The 
larynx and trachea are suspended in the neck between the hyoid 
bone superiorly and the sternum inferiorly. A number of muscles, 
categorized as the laryngeal strap muscles, contribute to this sus- 
pension and, together with the intrinsic elasticity of the trachea, 
permit the larynx to be raised and lowered. The hyoid bone also 
serves as the base for the tongue that rests upon it. Laryngeal 
movement is crucial to the swallow response as the laryngeal inlet 
is both closed and physically removed from the bolus path in the 
course of a swallow. Failure to achieve this synchronized laryn- 
geal movement can result in aspiration. 

The pharyngeal muscles are densely innervated with motor 
fibers coming from nuclei of the trigeminal, facial, glossopha- 
ryngeal, and hypoglossal nuclei, as well as the nucleus ambiguus 
of the vagus and spinal segments C1 to C3. All motor neurons 
within nucleus ambiguus participate in swallowing, with those 
innervating the striated muscle esophagus situated rostrally and 
those innervating the pharynx and larynx more caudally.! The 
muscular components of the UES are the cricopharyngeus, adja- 
cent esophagus, and adjacent inferior constrictor with the crico- 
pharyngeus contributing the 1 cm zone of maximal pressure.’ 
The closed sphincter has a slit-like configuration, with the cricoid 
lamina anterior and the cricopharyngeus lateral and posterior. 
Neural input via vagal trunks originating in the nucleus ambiguus 
maintains UES pressure and vagal transection abolishes this con- 
tractile activity. 

Manometric evaluation of UES function is difficult because 
it is a short, complex anatomic zone that moves briskly during 
swallowing. Furthermore, UES pressure is heavily influenced by 
recording methodology, owing both to its marked asymmetry and 
to its reflexive contraction to pharyngeal and esophageal stimula- 
tion. Thus, it is not possible to define a meaningful normal range 
of UES pressure.’ UES relaxation during swallowing also poses 
substantial recording challenges, making for great variability in 
technique and interpretation. However, HRM using solid-state 
technology permits accurate tracking of UES relaxation and 
intrabolus pressure changes during swallowing (Fig. 44.2). 
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Fig. 44.1 Anatomy of the pharynx. A, Sagittal view of the pharynx showing the musculoskeletal structures 
involved in swallowing. Note that the esophagus is collapsed and empty at rest. In the course of a swallow, the 
laryngeal inlet will be sealed and the mouth of the esophagus will be opened by highly coordinated muscular 
activity. B, Cutaway view of the musculature of the pharynx. Note that the hyoid bone is positioned as a ful- 
crum and is instrumental in directing anterior, superior traction forces critical to closing the larynx and opening 
the esophageal inlet during a swallow. ant., anterior; post., posterior. (Reprinted from Kahrilas PJ, Frost F. 
Disorders of swallowing and bowel motility. In: Green D, editor. Medical problems of the chronically disabled. 


Rockville, MD: Aspen Publishers; 1990. p 11-37.) 


The UES maintains closure of the proximal end of the esoph- 
agus unless opening is required, necessitated for swallowing or 
belching. It also constitutes an additional barrier to refluxed 
material entering the pharynx from the esophagus and prevents 
air from entering the esophagus by contracting in synchrony 
with inspiration. Inspiratory augmentation is most evident dur- 
ing periods of low UES pressure and can be exaggerated in 
individuals experiencing globus sensation. Balloon distension 
of the esophagus stimulates UES contraction,’ with the effect 
being more pronounced with proximal balloon positions. How- 
ever, when the distension pattern of gas reflux is simulated using 
a cylindrical bag or rapid air injection into the esophagus, UES 
relaxation rather than contraction occurs.” Belch-induced UES 
relaxation is also associated with glottic closure. Stress augments 
UES pressure, whereas anesthesia or sleep® virtually eliminates it. 
Neither experimental acid perfusion of the esophagus nor spon- 
taneous gastroesophageal acid reflux alters continuously recorded 
UES pressure in either normal volunteers or in individuals with 
peptic esophagitis. 


The Pharyngeal Swallow 


Disorders of the oral phase of swallowing occur with many con- 
ditions characterized by global neurologic dysfunction, such as 
traumatic brain injury, brain tumors, or chorea (see Chapter 37). 
Detailed discussion of these conditions can be found in texts on 
swallow evaluation and therapy.’ The pharyngeal swallow is the 
largely subconscious coordinated contraction that transfers oral 
contents into the esophagus. Afferent sensory fibers capable of 
triggering the pharyngeal swallow travel centrally via the inter- 
nal branch of the superior laryngeal nerve (from the larynx) and 
the glossopharyngeal nerve (from the pharynx). These sensory 
fibers converge before terminating in the medullary swallow 
center. 


Although understood physiologically as the patterned acti- 
vation of motor neurons and their corresponding motor units, 
swallowing is clinically evaluated in mechanical terms and best 
evaluated by videofluoroscopic or cineradiographic analysis. The 
pharyngeal swallow rapidly reconfigures pharyngeal structures 
from a respiratory to an alimentary pathway and then reverses 
this reconfiguration within 1 second. The pharyngeal swallow 
response can be dissected into several closely coordinated actions: 
(1) nasopharyngeal closure by elevation and retraction of the soft 
palate, (2) UES opening, (3) laryngeal closure, (4) tongue load- 
ing (ramping), (5) tongue pulsion, and (6) pharyngeal clearance. 
Precise coordination of these actions is an obvious imperative, 
and to some degree the relative timing of these events is affected 
either by volition or by the volume of the swallowed bolus (see 
Fig. 44.2). 

The most fundamental anatomic reconfiguration required to 
transform the oropharynx from a respiratory to a swallow path- 
way is to open the inlet to the esophagus and seal the inlet to 
the larynx. These events occur in close synchrony, facilitated by 
laryngeal elevation and anterior traction via the hyoid axis. It 
is critical to recognize the distinction between UES relaxation 
and UES opening. UES relaxation is due to cessation of excit- 
atory neural input while the larynx is elevating. Once the larynx 
is elevated, UES opening results from traction on the anterior 
sphincter wall caused by contraction of the supra- and infrahyoid 
musculature that also results in a characteristic pattern of hyoid 
displacement. 

Bolus transport out of the oropharynx is facilitated by the 
tongue and pharyngeal constrictors. Tongue motion adapts to 
varied swallow conditions and propels most of the bolus into the 
esophagus prior to the onset of the pharyngeal contraction. On 
the other hand, the pharyngeal contraction is more stereotyped, 
functioning to strip the last residue from the pharyngeal walls. 
UES closure coincides with passage of the pharyngeal contraction. 
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Fig. 44.2 Fluoroscopy combined with high-resolution manometry (HRM). The fluoroscopic images (top) are 
depicted at specific times demarcated on the HRM (color panel by pink arrows). The time line illustrates the 
coordination and timing of events within the pharyngeal swallow on fluoroscopy. Each horizontal bar depicts 
the period during which one of the oropharyngeal valves is in its swallow configuration, as opposed to its con- 
figuration during respiration, and is correlated with the images on fluoroscopy: (1) baseline anatomy with bolus 
in the mouth; (2) glossopalatal opening occurring in synchrony with UES relaxation, which is typically to less 
than 10 mm Hg; (3) velopharyngeal junction closure, sealing off the nasopharynx to prevent regurgitation (note 
the elevation depicted by the white arrow); (4) laryngeal vestibule closure and UES opening occurring as the 
epiglottis inverts, closing the laryngeal vestibule as the bolus, led by air, is rapidly pushed through the UES; (5) 
continued bolus transit with the onset of the pharyngeal stripping wave; (6) bolus transfer to the esophagus is 
completed as the pharyngeal stripping wave traverses the UES while the laryngeal vestibule remains closed; (7) 
return of the pharynx to a respiratory configuration, with the laryngeal vestibule opened and the epiglottis back 
in its upright configuration. The black dots on the topography (HRM) plot represent the location of the proximal 
aspect of the UES at each time point. (With permission from the Esophageal Center at Northwestern.) 


sec 


However, the contractile activity of the sphincter has an added 
dimension as well, exhibiting augmented contractility during 
laryngeal descent, resulting in a grabbing effect such that the 
sphincter and laryngeal descent complement each other to clear 
residue from the hypopharynx.® This clearing function probably 
acts to minimize the risk of postswallow aspiration by prevent- 
ing residual material from adhering to the laryngeal inlet when 
respiration resumes. 


Esophagus 


‘The esophagus is a 20- to 22-cm tube composed of skeletal and 
smooth muscle. The proportion of each muscle type is spe- 
cies dependent, but in humans, the proximal 5% is striated, the 
middle 35% to 40% is mixed with an increasing proportion of 
smooth muscle distally, and the distal 50% to 60% is entirely 
smooth muscle. The outer longitudinal muscle arises from the 


cricoid cartilage with slips from the cricopharyngeus passing 
dorsolaterally to fuse posteriorly about 3 cm distal to the cricoid 
cartilage. This results in a posterior triangular area devoid of lon- 
gitudinal muscle, Laimer triangle. Distal to Laimer triangle, the 
longitudinal muscles form a continuous sheath of uniform thick- 
ness around the esophagus. The adjacent, inner muscle layer is 
formed of circular or, more precisely, helical muscle also forming 
a sheath of uniform thickness along the length of the esophagus. 
There is a decreasing degree of helicity moving distally ranging 
from 60 degrees in the proximal esophagus to nearly 0 degrees at 
the lower esophageal sphincter (LES).’ Unlike the distal GI tract, 
there is no serosal layer to the esophagus. 

The extrinsic innervation of the esophagus is via the vagus 
nerve with motor neurons in nucleus ambiguus (striated muscle 
portion) and the dorsal motor nucleus of the vagus (smooth mus- 
cle portion). Efferent vagal fibers reach the cervical esophagus by 
the pharyngoesophageal nerve, and synapse directly on striated 
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Fig. 44.3 Topographic depiction of esophageal peristalsis using HRM showing the segmental architecture 

of peristalsis and landmarks of contractile propagation. A, The 30-mm Hg isobaric contour plot (black lines) 
demonstrates that progression through the esophagus is not seamless. The proximal striated segment 1 and 
the distal smooth muscle esophageal contractile segments 2 and 3 are separated by a transition zone (P). 
The distal esophagus is also divided into 2 distinct contractile segments (2 and 3), separated by a pressure 
trough (M). The region of the EGJ is also distinguished by a distinct contractile segment that is separated from 
the adjacent esophagus by another pressure trough (D). B, Same depiction with the topographic landmarks 
of peristalsis represented. The pink circle located within segment 3 localizes the CDP, the point along the 
contractile wavefront at which velocity slows, demarcating the transition from peristalsis to sphincter reconsti- 
tution. The DL, which is a manifestation of deglutitive inhibition, is measured from UES relaxation to the CDP. 
Contractile front velocity is measured by taking the best-fit tangent from the CDP to the transition zone, P. Of 
interest is the concept of concurrent esophageal contraction illustrated by the vertical dashed arrows. The 
length of the esophagus concurrently contracting, between the onset of the contractile front and the offset of 
contraction proximally, is, on average, 10 cm and maximizes in close approximation to the CDP. Following the 
CDP, the length of concurrent contraction lessens as the “rear” catches up with the slowed contraction front. 


(With permission from the Esophageal Center at Northwestern.) 


muscle neuromuscular junctions. The vagus also provide sensory 
innervation; in the cervical esophagus, this is via the superior 
laryngeal nerve with cell bodies in the nodose ganglion, whereas 
in the remainder of the esophagus, sensory fibers travel via the 
recurrent laryngeal nerve or, in the most distal esophagus, via 
the esophageal branches of the vagus. Vagal afferents are strongly 
stimulated by esophageal distension. 

The esophagus also contains an autonomic nerve network, the 
myenteric plexus, located between the longitudinal and circular 
muscle layers. Myenteric plexus neurons are sparse in the proxi- 
mal esophagus, and their function is unclear because the striated 
muscle is directly controlled by nucleus ambiguus motor neurons. 
On the other hand, in the smooth muscle esophagus pregangli- 
onic neurons in the dorsal motor nucleus of the vagus synapse on 
relay neurons in the myenteric plexus ganglia. A second nerve 
network, the submucosal or Meissner plexus, is situated between 
the muscularis mucosa and the circular muscle layer, but this is 
sparse in the human esophagus. 


Esophageal Peristalsis 


The esophagus is normally atonic and its intraluminal pressure 
closely reflects pleural pressure, becoming negative during inspi- 
ration. However, swallowing or focal distention initiates peristal- 
sis. Primary peristalsis is initiated by a swallow and traverses the 
entire length of the esophagus; secondary peristalsis can be elic- 
ited in response to focal esophageal distention with air, fluid, or a 
balloon, beginning at the locus of distention. The mechanical cor- 
relate of peristalsis is of a stripping wave that milks the esophagus 
clean from its proximal to distal end. The propagation of the strip- 
ping wave corresponds closely with that of the manometrically 
recorded contraction such that the point of luminal closure seen 
fluoroscopically at each esophageal locus corresponds with the 
upstroke of the pressure wave on line tracings or the contractile 
wavefront on esophageal pressure topography (EPT) (Fig. 44.3). 
The likelihood of achieving complete esophageal emptying from 
the distal esophagus is inversely related to peristaltic amplitude, 
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such that emptying becomes progressively impaired with peri- 
staltic amplitudes of 30 mm Hg or less.'!° However, emptying is 
also modified by the pressure gradient across the esophagogastric 
junction (EGJ), and this interaction can have significant influence 
on both bolus transit and peristaltic contractility. 

Another essential feature of peristalsis is deglutitive inhibition. 
A second swallow initiated while an earlier peristaltic contraction 
is still progressing in the proximal esophagus completely inhibits 
the contraction induced by the first swallow. Deglutitive inhibi- 
tion in the distal esophagus is attributable to hyperpolarization of 
the circular smooth muscle and is mediated via inhibitory gangli- 
onic neurons in the myenteric plexus. Deglutitive inhibition can 
be demonstrated experimentally in the esophagus by distending 
an intraluminal balloon, which stimulates esophageal contrac- 
tion.!! Once the high-pressure zone is established, deglutitive 
inhibition is evident after swallowing while recording intralumi- 
nal pressure between the balloon and the esophageal wall. 

The physiologic control mechanisms governing the stri- 
ated and smooth muscle esophagus differ. The striated muscle 
receives exclusively excitatory vagal innervation, and its peristal- 
tic contraction results from sequential activation of the muscula- 
ture. These vagal fibers release acetylcholine (ACh) and stimulate 
nicotinic cholinergic receptors on the striated muscle cells. Stri- 
ated muscle peristalsis is programmed by the medullary swallow- 
ing center in much the same way as is the pharyngeal swallow. 
The vagus nerves also exhibit control of primary peristalsis in the 
smooth muscle esophagus, but the mechanism of vagal control 
is more complex than that of the striated muscle because vagal 
fibers synapse on myenteric plexus neurons rather than directly 
on muscle cells. However, the myenteric plexus can also orches- 
trate peristalsis independently of vagal activation; secondary 
peristalsis can be elicited anywhere along the smooth muscle 
esophagus despite extrinsic denervation. In contrast, transection 
across the striated muscle esophagus does not inhibit peristaltic 
progression across the transection site or distally. 

Regardless of central or ganglionic control, esophageal smooth 
muscle contraction is ultimately elicited by ganglionic choliner- 
gic neurons. Less clear are the control mechanisms for the direc- 
tion and velocity of peristalsis. Nerve conduction studies indicate 
that neural stimuli initiated by swallowing reach the ganglionic 
neurons along the length of the esophagus essentially simulta- 
neously. However, the latency between the arrival of the vagal 
stimulus and muscle contraction progressively increases, moving 
aborally. In humans, the latent period is 2 seconds in the proxi- 
mal smooth muscle esophagus and 5 to 7 seconds just proximal 
to the LES. The current hypothesis is that peristaltic direction 
and velocity result from a neural gradient along the esophagus, 
wherein excitatory ganglionic neurons dominate proximally and 
inhibitory ganglionic neurons dominate distally (Fig. 44.4). This 
organization is consistent with the demonstration of 2 subseg- 
ments within the smooth muscle segment with pressure topogra- 
phy plotting, the first of which is strongly reactive to cholinergic 
drugs.'* The primary inhibitory neurotransmitter is nitric oxide 
(NO), produced from L-arginine by the enzyme NO synthase in 
myenteric neurons.!* ‘There is also evidence for a role of vasoac- 
tive intestinal polypeptide (VIP)-containing neurons mediating 
inhibition.!* 

High-resolution EPT allows for the imaging of esophageal 
contractility as a continuum not only in time, but also along the 
length of the esophagus. Clouse and colleagues pioneered this 
technology, noting that peristalsis was not a seamless wave of 
pressurization, but rather a coordinated sequence of 4 contigu- 
ous contractile segments (see Fig. 44.3). A transition zone exists 
between the first and second segments, characterized by the nadir 
peristaltic amplitude, slightly delayed progression, and occasional 
failed transmission. The topographic analysis also reveals a seg- 
mental characteristic of peristaltic progression within the smooth 
muscle esophagus, with 2 contractile segments separated by a 


pressure trough, followed by the LES, which contracts with vigor 
and persistence quite dissimilar to the adjacent smooth muscle 
esophagus.!> More recently, a distinct landmark along the wave- 
front was recognized localized in the third segment, at which 
point contractile propagation slows dramatically (see Fig. 44.3).!° 
This landmark, defined as the contractile deceleration point 
(CDP), has pathophysiologic significance because it is localized 
at the proximal aspect of the LES, and it is hypothesized that this 
represents the locus of termination of peristalsis.!? Contraction 
beyond this point is more consistent with reconstitution of the 
LES that was relaxed, elongated, and effaced during peristalsis to 
form the phrenic ampulla. 


Longitudinal Muscle 


The longitudinal muscle of the esophagus also contracts during 
peristalsis, with the net effect of transiently shortening the struc- 
ture by 2 to 2.5 cm. Similar to the pattern of circular muscle con- 
traction, longitudinal muscle contraction is propagated distally as 
an active segment at a rate of 2 to 4 cm/s.!® Central mechanisms 
control longitudinal muscle contraction during peristalsis with 
progressively increasing latency moving distally, similar to that 
seen with the circular smooth muscle. However, unlike the cir- 
cular muscle, nerve stimulation studies suggest the longitudinal 
muscle to be free of inhibitory neural control. 


Esophagogastric Junction (EJG) 


The anatomy of the EGJ is complex (see also Chapter 43). The 
distal end of the esophagus is anchored to the diaphragm by the 
phrenoesophageal ligament that inserts circumferentially into 
the esophageal musculature close to the squamocolumnar junc- 
tion (SCJ). The esophagus then traverses the diaphragmatic hia- 
tus and joins the stomach almost tangentially. Thus, there are 3 
contributors to the EGJ high-pressure zone: the LES, the crural 
diaphragm, and the musculature of the gastric cardia that consti- 
tutes the distal aspect of the EGJ. The LES is a 3- to 4-cm seg- 
ment of tonically contracted smooth muscle at the distal extreme 
of the esophagus. Surrounding the LES at the level of the SCJ 
is the crural diaphragm, most commonly bundles of the right 
diaphragmatic crus forming a teardrop-shaped canal about 2 cm 
long on its major axis (Fig. 44.5).!? The component of the EGJ 
high-pressure zone distal to the SCJ is largely attributable to the 
opposing sling and clasp fibers of the middle layer of gastric car- 
dia musculature.’° In this region, the lateral wall of the esopha- 
gus meets the medial aspect of the dome of the stomach at an 
acute angle, defined as the angle of His. Viewed intraluminally, 
this region extends within the gastric lumen, appearing as a fold 
that has been conceptually referred to as a “flap valve” because 
increased intragastric pressure forces it closed, sealing off the 
entry to the esophagus. 

Physiologically, the EGJ high-pressure zone is attributable 
to a composite of both the LES and the surrounding crural dia- 
phragm extending 1 to 1.5 cm proximal to the SCJ and about 2 
cm distal to it.?! Resting LES tone ranges from 10 to 30 mm Hg 
relative to intragastric pressure, with considerable temporal fluc- 
tuation. With HRM, this is quantified as the EGJ contractile inte- 
gral, and the normal value ranges from 28 to 125 mm Hg/cm.?? 
The mechanism of LES tonic contraction is likely both myogenic 
and neurogenic, consistent with the observation that pressure 
within the sphincter persists after elimination of neural activity 
with tetrodotoxin. Myogenic LES tone varies directly with mem- 
brane potential that leads to an influx of Ca?*. Apart from myo- 
genic factors, LES pressure is also modulated by intra-abdominal 
pressure, gastric distention, peptides, hormones, foods, and 
many medications. Large increases in LES pressure occur with 
the migrating motor complex; during phase II of the migrat- 
ing motor complex, the LES pressure may exceed 80 mm Hg. 


CHAPTER 44 Esophageal Neuromuscular Function and Motility Disorders 643 


A B Cc D 
UES 
Striated 
muscle | 
-O 
5 
Smooth exe 
muscle 
3 cm 
LES 
SS a a SS 200 mm Hg 
8 cm 0 mm Hg 
= | a 200 mm Hg 
3 cm 0 mm Hg 


Fig. 44.4 Alterations in the balance and gradient of excitatory (cholinergic) and inhibitory (nitrergic) neurons 

in the distal esophagus as a pathophysiologic mechanism of esophageal motor disorders. The upper panel 
depicts the ganglionic constituents in the esophagus, and the lower panel illustrates manometric tracings at 3 
and 8 cm above the LES. The blue circles represent excitatory neurons, and the red circles represent inhibitory 
neurons. A, In normal subjects, cholinergic neurons are most dense proximally, becoming increasingly sparse 
distally. Conversely, inhibitory neurons are more prominent distally and relatively sparse proximally. This inverse 
neural gradient causes increasing latency of the contraction as it progresses distally. With simultaneous vagal 
stimulation of ganglia along the length of the esophagus, contraction first occurs proximally and propagates 
distally only as the effects of increasingly dense inhibition wear off. Thus, pharmacologic manipulation can 
alter both contractile vigor and timing of propagation. Conceptually, esophageal motor pathophysiology can 
be explained by alterations in these neural gradients. B, Patients with hypercontractility and normal (or fast) 
propagation may have a relative increase in excitatory neurons. C, Patients with loss of inhibitory neurons will 
lose deglutitive inhibition, and contractions will occur simultaneously and prematurely. D, Patients with loss of 
both excitatory and inhibitory neurons may present with absent or weak peristalsis that does not propagate. 


(Modified from Goyal R, Shaker R, GI Motility Online.) 


Lesser fluctuations occur throughout the day, with pressure 
decreasing in the postprandial state and increasing during sleep.” 

Superimposed on the myogenic LES contraction, input from 
vagal, adrenergic, hormonal, and mechanical influences will alter 
LES pressure. Vagal influence is similar to that of the esophageal 
body, with vagal stimulation activating both excitatory and inhib- 
itory myenteric neurons. Thus, the LES pressure at any instant 
reflects the balance between excitatory (cholinergic) and inhibi- 
tory (nitrergic) neural input, and altering the pattern of vagal dis- 
charge results in LES relaxation. The crural diaphragm is also 
a major contributor to EGJ pressure. Even after esophagogas- 
trectomy, with consequent removal of the smooth muscle LES, a 
persistent EGJ pressure of about 6 mm Hg can be demonstrated 
during expiration. During inspiration, there is substantial aug- 
mentation of EGJ pressure attributable to crural diaphragm con- 
traction. Crural diaphragm contraction is also augmented during 
abdominal compression, straining, or coughing.** On the other 
hand, during esophageal distension, vomiting, and belching, 
electrical activity in the crural diaphragm is selectively inhibited 
despite continued respiration, demonstrating a control mecha- 
nism independent of the costal diaphragm. This reflex inhibition 
of crural activity is eliminated with vagotomy. 


LES Relaxation 


LES relaxation can be triggered by distention from either side 
of the EGJ or swallowing. Relaxation induced by esophageal 
distention is an intramural process, unaffected by vagotomy. 
Relaxation is, however, antagonized by tetrodotoxin, proving 
that it is mediated by postganglionic nerves. Deglutitive LES 
relaxation is mediated by the vagus nerve, which synapses with 
inhibitory neurons in the myenteric plexus. NO, produced by 
NO synthase from the precursor amino acid L-arginine, is the 
main neurotransmitter in the postganglionic neurons responsible 
for LES relaxation. NO is released with neural stimulation in the 
esophagus, LES, and stomach, and NO synthase inhibitors block 
neurally mediated LES relaxation.!?’> However, NO may not 
work alone. VIP-containing neurons have been demonstrated in 
the submucosal plexus and VIP relaxes the LES by direct muscle 
action. It is thought that VIP acts on NO synthase-containing 
neural terminals as a prejunctional neurotransmitter, facilitating 
the release of NO and on gastric muscle cells to stimulate produc- 
tion of NO by the muscle.”° 

Another contributor to intraluminal pressure during bolus 
transit through the LES is the bolus itself. The LES relaxes 
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Fig. 44.5 Anatomy of the diaphragmatic hiatus as viewed from below. 
The most common anatomy, in which the muscular elements of the 
crural diaphragm derive from the right diaphragmatic crus, is shown. 
The right crus arises from the anterior longitudinal ligament overly- 

ing the lumbar vertebrae. Once muscular elements emerge from the 
tendon, 2 flat muscular bands form that cross each other in scissor-like 
fashion forming the walls of the hiatus and then merging with each 
other anterior to the esophagus. L1, first lumbar vertebrae. (Modified 
from Jaffee BM. Surgery of the esophagus. In: Orlando RC, editor. Atlas 
of esophageal diseases. 2nd ed. Philadelphia: Current Medicine, Inc.; 
2002. p 221-42.) 


during the initial phase of the swallow, but it does not actually 
open until the bolus enters the sphincter, thereby implicating 
intrabolus pressure. Hence, EGJ opening is dependent on the 
balance of forces acting to open it (intrabolus pressure gener- 
ated by peristalsis) and the forces resisting opening (LES tone 
and the mechanical properties of the esophageal wall and crural 
canal). Although each of these factors may dominate in a par- 
ticular physiologic scenario, it is difficult to tease them apart 
with conventional manometric recordings. HRM with EPT has 
improved on this, and the current assessment of EGJ relaxation 
during swallowing uses an electronic sleeve or “eSleeve” to ascer- 
tain the lowest average postdeglutitive pressure for a 4-second 
time period, skipping inspiratory crural contractions if necessary 
(Fig. 44.6). This measurement provides an integrated assessment 
of the pressure dynamics through the EGJ that is sensitive to both 
pathologic conditions resisting opening, such as impaired LES 
relaxation with achalasia, and mechanical obstruction at the EGJ 
related to a structural cause (stricture, tumor, LES hypertrophy). 


Transient LES Relaxations 


During rest, the EGJ must prevent gastroesophageal reflux, but 
also must transiently relax to selectively permit gas venting of the 
stomach. These functions are accomplished by prolonged LES 
relaxations that occur without swallowing or peristalsis. These 
transient LES relaxations (tLESRs) are an important mechanism 
in GERD pathogenesis and are the most frequent mechanism 
for reflux during periods of normal LES pressure (see Chapter 
46). tLESRs are distinguishable from swallow-induced relaxation 
in several ways: (1) they are prolonged (>10 seconds) and inde- 
pendent of pharyngeal swallowing; (2) they are associated with 
contraction of the distal esophageal longitudinal muscle, causing 


esophageal shortening; (3) there is no synchronized esophageal 
peristalsis; and (4) they are associated with crural diaphragm 
inhibition, which is not the case with swallow-induced relaxation 
(Fig. 44.7).2778 tLESRs occur most frequently in the postprandial 
state during gastric distention. In the setting of the completely 
relaxed EGJ during tLESRs, even the minimal gastroesophageal 
pressure gradients observed with gastric distention (3 to 4 mm 
Hg) are sufficient to facilitate gas venting of the stomach. Thus, 
tLESRs are the physiologic mechanism of belching. 

Proximal gastric distention is the major stimulus for tLESR. 
Distention stimulates mechanoreceptors (intraganglionic lamel- 
lar endings) in the proximal stomach, activating vagal afferent 
fibers projecting to the nucleus of the solitary tract. The efferent 
limb of both swallow and nonswallow LES relaxations lies in the 
preganglionic vagal inhibitory pathway to the LES. Both types of 
relaxation can be blocked by bilateral cervical vagotomy, cervi- 
cal vagal cooling, or NO synthase inhibitors. tLESRs triggered 
by gastric distention likely use NO and CCK as neurotransmit- 
ters, evident by increased tLESR frequency after IV CCK infu- 
sion and blockade by either NO synthase inhibitors or CCK-A 
antagonists. Finally, GABA-B agonists, such as baclofen, inhibit 
tLESRs, acting on both peripheral receptors and receptors 
located in the dorsal motor nucleus of the vagus.’?*° 


Esophageal Sensation 


The human esophagus can sense mechanical, electrical, chemical, 
and thermal stimuli, perceived as chest pressure, warmth, or pain, 
with substantial overlap in perception among stimuli.*! Esophageal 
sensation is carried via both the vagal and spinal afferent nerves. 
The associated vagal neurons are located in the nodose and jugular 
ganglia, whereas the corresponding spinal neurons are located in 
thoracic and cervical dorsal root ganglia. Vagal afferents predomi- 
nantly mediate homeostatic and secretory functions, whereas spi- 
nal afferents project centrally in a pattern characterized by overlap 
among spinal segments and convergence with somatic afferents. 
Consequently, esophageal pain tends to be poorly localized, 
accompanied by referred somatic pain and subject to viscerovis- 
ceral hyperalgesia.’ Esophageal sensations are usually perceived 
substernally; in the instance of pain, radiation to the midline of the 
back, shoulders, and jaw is very analogous to cardiac pain. These 
similarities are likely due to convergence of sensory afferent fibers 
from the heart and esophagus in the same spinal pathways, even to 
the same dorsal horn neurons in some cases. 

Esophageal afferents are predominantly activated by wall 
stretch, temperature, and acidity. When accompanied by muco- 
sal injury, inflammatory mediators (prostaglandins, bradykinins, 
etc.) augment the response. The proximal esophagus is more sen- 
sitive than the distal esophagus, consistent with the observation 
that proximal stimuli such as reflux are more likely to be per- 
ceived.” Excessive proximal sensitivity has been associated with 
esophageal hypersensitivity and functional heartburn.** 

With sensory endings concentrated deeply within the muscu- 
laris propria beneath a relatively impermeable mucosa, it seems 
unlikely that intraluminal acid can directly stimulate them. How- 
ever, these afferents easily respond to mucosally applied bile 
or capsaicin (a derivative of chili pepper), suggesting that these 
chemicals induce the release of an endogenous substance that 
in turn excites the afferents. These responses are thought to be 
mediated by transient receptor potential vanilloid 1 (TRPV1) 
receptors and/or acid-sensing ion channels.?®36 Consistent with 
this, current evidence suggests that chronic esophagitis increases 
mRNA expression of purinergic receptors accompanied by 
upregulation of TRPV1 and neurotrophic factors mediating sen- 
sitization of the inflamed human esophagus.*” 

Owing to its significance in the pathogenesis of GERD, there 
has been substantial interest in modulating the tLESR reflex (see 
Chapter 44). The current concept is that vagal afferent endings 
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Fig. 44.6 EGJ relaxation and bolus transit during swallowing. The IRP provides a pressure topography metric 
of the pressure dynamics across the EGJ during swallowing. The IRP is a complex metric because it involves 
accurately localizing the margins of the EGJ, demarcating the time window following deglutitive upper sphinc- 
ter relaxation within which to anticipate EGJ relaxation, and then applying an eSleeve measurement within that 
10-sec time box (delineated by the black brackets). The eSleeve is referenced to gastric pressure and provides 
a measure of the greatest pressure across the axial domain of the EGJ at each time point and is plotted as 

a line tracing. The IRP is the mean value of the 4 sec during which the eSleeve value is the lowest. The time 
intervals contributing to the IRP are indicated by the white boxes on the plot and by the shaded red area on 
the red line eSleeve tracing. In this example, the IRP is 1.6 mm Hg, which is normal. The EGJ is closed, and 
no flow occurs at the beginning of the swallow because the intrabolus pressure is insufficient to overcome EGJ 
pressure (left fluoroscopic image). Bolus transit occurs when the intrabolus pressure ahead of the contractile 
wave front overcomes the resisting forces at the EGJ (right fluoroscopic image). 


terminating in intraganglionic lamellar endings located in the 
proximal stomach are primarily responsible for initiating the 
reflex, which is then mediated through the medulla and back to 
the esophagus and diaphragm via vagal efferents and the phrenic 
nerves. Pharmacologic and physiologic studies have demonstrated 
that the mechanotransduction properties of tension-sensitive 
vagal afferent fibers can be attenuated by the GABA-B recep- 
tor agonist baclofen, thereby reducing the frequency of tLESR. 
Glutamate receptors are also present in vagal and spinal sensory 
afferent fibers, and metabotropic glutamate receptor antagonists 
(especially mGluR5 antagonists) have also been shown to inhibit 
tLESR.** 

Recent investigations have also explored functional brain 
imaging, mainly functional magnetic resonance imaging, as 
a noninvasive assessment of brain function in visceral sensa- 
tion and pain.*? Although the results thus far are quite variable 
among research groups, the brain regions most consistently 
activated by esophageal stimuli are the anterior and poste- 
rior insula, cingulate cortex, primary sensory cortex, pre- 
frontal cortex, and thalamus. Preliminary studies also suggest 


differences in functional magnetic resonance imaging activa- 
tion patterns among subgroups of GERD patients and normal 
controls.1° 


ESOPHAGEAL MOTILITY DISORDERS 


A working, albeit restrictive, definition of an esophageal motility 
disorder is: an esophageal disease attributable to neuromuscular 
dysfunction that causes symptoms referable to the esophagus, 
most commonly dysphagia, chest pain, or heartburn. Using this 
definition, there are only 3 firmly established primary esophageal 
motility disorders: achalasia, distal esophageal spasm (DES), and 
GERD. GERD is clearly the most prevalent among the group 
and, fittingly, it is addressed in detail elsewhere in this text (see 
Chapter 46). 

Esophageal motility disorders can also be secondary phe- 
nomena, in which case esophageal dysfunction is part of a more 
global disease, such as in pseudoachalasia, Chagas disease, and 
PSS (scleroderma). Dysphagia due to pharyngeal or UES dys- 
function can also be included in a discussion of esophageal motor 
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Fig. 44.7 Esophageal shortening during a tLESR. Fluoroscopic visualization of movement of endoclips (one 
placed at the SCJ and one 10 cm proximal to the SCJ) during a tLESR is recorded in a high-resolution EPT 
format. The manometric recording spans the pharynx to the stomach and, in this instance, the tLESR is as- 
sociated with an abdominal strain and a “microburp” evident by the brief UES relaxation and abrupt depressur- 
ization of the esophagus with gas venting. When the clip data are imported into the isobaric contour plot, it is 
evident that the SCJ clip excursion mirrors movement of the EGJ high-pressure band. Esophageal shortening 
is most prominent in the distal portion of the 10-cm segment isolated by the endoscopic clips, as seen from 
the approximately 7-cm movement of the distal SCJ clip concurrent with minimal movement of the proximal 
clip. Note also the absence of crural diaphragm contractions for the duration of the tLESR. 


disorders, but this is usually as a manifestation of a more global 
neuromuscular disease process. The major focus of this chapter 
will be on the primary motility disorders, particularly achalasia. 
However, mention will be made of the secondary motility disor- 
ders and proximal pharyngoesophageal dysfunction when impor- 
tant unique features exist. 


Epidemiology 


Estimates of the prevalence of dysphagia among individuals older 
than 50 years range from 16% to 22%, with most of this related 
to oropharyngeal dysfunction. Most oropharyngeal dysphagia 
is related to neuromuscular disease; the prevalence of the most 
common anatomic etiology, Zenker diverticulum, is estimated 
to range from a meager 0.01% to 0.11% of the population in 
the USA, with peak incidence in men between the 7th and 9th 
decades.*! The consequences of oropharyngeal dysphagia are 
severe: dehydration, malnutrition, aspiration, choking, pneumo- 
nia, and death. Within health care institutions, it is estimated that 
up to 13% of hospitalized patients and 60% of nursing home resi- 
dents have feeding problems and, again, most are attributed to 
oropharyngeal dysfunction as opposed to esophageal dysfunction. 
Mortality of nursing residents with dysphagia and aspiration can 
be as high as 45% over 1 year. As the U.S. population continues 
to age, oropharyngeal dysphagia will become an increasing prob- 
lem associated with complex medical and ethical issues. 
Achalasia is the most easily recognized and best-defined motor 
disorder of the esophagus. Modern estimates of the incidence of 
achalasia are about 2.9 per 100,000 population in the USA? and 
2.6 per 100,000 in south Australia, affecting both genders equally 
and usually presenting between 25 and 60 years of age.*+ Because 
achalasia is a chronic condition, its prevalence greatly exceeds its 
incidence; a recent estimate of achalasia prevalence in Chicago 
concluded that it may be as high as 76 per 100,000 population, 
given that the average age of diagnosis was 56 with an expected 


average survival of 26 years after diagnosis.*” Reports of familial 
clustering of achalasia raise the possibility of genetic predisposi- 
tion. However, arguing against a strong genetic determinant, a 
survey of 1012 first-degree relatives of 159 achalasics identified no 
affected relatives. There is a rare genetic achalasia syndrome asso- 
ciated with adrenal insufficiency and alacrima. This syndrome is 
inherited as an autosomal recessive disease and manifests with the 
childhood onset of autonomic nervous system dysfunction includ- 
ing achalasia, alacrima, sinoatrial dysfunction, abnormal pupillary 
responses to light, and delayed gastric emptying.” It is caused by 
mutations in AAAS, which encodes a protein known as ALADIN. 

There are no population-based studies on the incidence or 
prevalence of esophageal motility disorders other than achalasia. 
‘Thus, the only way to estimate the incidence or prevalence of 
spastic disorders is to examine data on populations at risk and 
reference the observed frequency of spastic disorders to the inci- 
dence of achalasia, which, as detailed earlier, is about 2.75 per 
100,000 population. Doing so, the prevalence of DES is much 
lower than that if modern restrictive diagnostic criteria are used. 
Populations at risk for motility disorders are patients with chest 
pain and/or dysphagia, so it is among these patients that extensive 
manometric data have been collected. Manometric abnormalities 
are prevalent among these groups, but in most cases the mano- 
metric findings are of unclear significance.*° 


Pathogenesis 
Oropharyngeal Dysphagia 


Obstructing lesions of the oral cavity, head, and neck can cause 
dysphagia. Structural abnormalities may result from trauma, sur- 
gery, tumors, caustic injury, congenital anomalies, or acquired 
deformities. The most common structural abnormalities of the 
hypopharynx associated with dysphagia are hypopharyngeal 
diverticula and cricopharyngeal bars. 
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TABLE 44.1 Mechanical Events of the Oropharyngeal Swallow, 
Evidence of Dysfunction, and Disease Association(s) in Patients with 
Oropharyngeal Dysphagia 


Evidence of 


Mechanical Event Dysfunction Disease Association(s) 


Nasopharyngeal Nasopharyngeal Myasthenia gravis 
closure regurgitation 
Nasal voice 


Laryngeal closure Aspiration during bolus Stroke 


transit Traumatic brain injury 
UES opening Dysphagia Cricopharyngeal bar 
Postswallow residue/ Parkinson disease 
aspiration 


Diverticulum formation 


Parkinson disease 
Surgical defects 
Cerebral palsy 


Tongue loading and Sluggish misdirected 
bolus propulsion bolus 


Pharyngeal clearance Postswallow residue Polio or post-polio 


in hypopharynx/ syndrome 
aspiration Oculopharyngeal 
dystrophy 
Stroke 


If the etiology of oropharyngeal dysphagia is not readily appar- 
ent after an initial evaluation for anatomic disorders, evidence of 
functional abnormalities should be sought. Primary neurologic or 
muscular diseases involving the oropharynx are often associated 
with dysphagia. Whereas esophageal dysphagia usually results 
from esophageal diseases, oropharyngeal dysphagia frequently 
results from neurologic or muscular diseases, with oropharyngeal 
dysfunction being just one pathologic manifestation. Although 
the disease specifics vary, the net effect on swallowing can be ana- 
lyzed according to the mechanical description of the swallow out- 
lined earlier. Table 44.1 summarizes the mechanical elements of 
the swallow, the manifestation and consequence of dysfunction, 
and representative pathologic conditions in which they are likely 
encountered. Neurologic examination may indicate cranial nerve 
dysfunction, neuromuscular disease, cerebellar dysfunction, or an 
underlying movement disorder. Functional abnormalities can be 
due to dysfunction of intrinsic musculature, peripheral nerves, or 
central nervous system control mechanisms. Of note, contrary to 
popular belief, the gag reflex is not predictive of pharyngeal swal- 
lowing efficiency or aspiration risk. The gag reflex is absent in 
20% to 40% of normal adults.*” 

Evident in Table 44.1, oropharyngeal dysphagia is frequently 
the result of neurologic or muscular diseases. Neurologic dis- 
eases can damage the neural structures requisite for either the 
afferent or efferent limbs of the oropharyngeal swallow. Virtu- 
ally any neuromuscular disease can potentially cause dysphagia 
(see Chapter 37). As there is nothing unique to neurons control- 
ling swallowing, their involvement in disease processes is usually 
random. Furthermore, in most instances, functions mediated by 
adjacent neuronal structures are concurrently involved. The fol- 
lowing discussion will focus on neuromuscular pathologic pro- 
cesses most commonly encountered. 


Stroke 


Aspiration pneumonia has been estimated to inflict a 20% death 
rate in the first year after a stroke, and 10% to 15% each year 
thereafter. It is usually not the first episode of aspiration pneu- 
monia, but the subsequent recurrences over the years that even- 
tually cause death. The ultimate cause of aspiration pneumonia 
is dysphagia leading to aspiration that can occur by a number 
of mechanisms: absence or severe delay in triggering the swal- 
low, reduced lingual control, or weakened laryngo-pharyngeal 
musculature.’ Conceptually, these etiologies can involve motor 


or sensory impairments. Cortical infarcts are less likely to result 
in severe dysphagia than brainstem strokes. Cortical infarcts are 
also more likely to demonstrate recovery from dysphagia. Of 86 
consecutive patients who sustained an acute cerebral infarct, 37 
(43%) experienced dysphagia when evaluated within 4 days of the 
event. However, 86% of these patients were able to swallow nor- 
mally 2 weeks later, with recovery resulting from contralateral 
areas taking over the lost function."* Failure to recover was more 
likely among patients incurring larger infarcts or patients who 
had prior infarcts. 


Amyotrophic Lateral Sclerosis 


Amyotrophic lateral sclerosis is a progressive neurologic disease 
characterized by degeneration of motor neurons in the brain, 
brainstem, and spinal cord. Specific symptoms are dependent 
upon the locations of affected motor neurons and the rela- 
tive severity of involvement. When the degenerative process 
involves the cranial nerve nuclei, swallowing difficulties ensue. 
Oropharyngeal dysfunction characteristically begins with the 
tongue and progresses to involve the pharyngeal and laryngeal 
musculature. Patients experience choking attacks, become vol- 
ume depleted or malnourished, and incur aspiration pneumonia. 
The decline in swallowing function is progressive and predict- 
able, invariably leading to gastrostomy feeding. Patients often die 
as a consequence of their swallowing dysfunction in conjunction 
with respiratory depression.*? 


Parkinson Disease 


Although only 15% to 20% of patients with Parkinson disease 
complain of swallowing problems, more than 95% have demon- 
strable defects when studied videofluoroscopically.*° This dispar- 
ity suggests that patients compensate in the early stages of the 
disease and complain of dysphagia only when it becomes severe. 
Abnormalities include repetitive lingual pumping prior to ini- 
tiation of a pharyngeal swallow, piecemeal swallowing, and oral 
residue after the swallow. Patients may also exhibit a delayed 
swallow response and a weak pharyngeal contraction, resulting in 
vallecular and pyriform sinus residue. Recent data suggest this to 
be related to the combination of incomplete UES relaxation and 
a weakened pharyngeal contraction.*° 


Vagus Nerve Disorders 


Unilateral lesions of the vagus can result in hemiparesis of the 
soft palate and pharyngeal constrictors, as well as of the laryngeal 
musculature. The recurrent laryngeal nerves can be injured as a 
result of thyroid surgery, aortic aneurysms, pneumonectomy, pri- 
mary mediastinal malignancies, or metastatic lesions to the medi- 
astinum. Owing to its more extensive loop in the chest, the left 
recurrent laryngeal nerve is more vulnerable to involvement by 
mediastinal malignancy than the right laryngeal nerve. Unilateral 
recurrent laryngeal nerve injury results in unilateral adductor 
paralysis of the vocal cord. This defect can result in aspiration 
during swallowing because of impaired laryngeal closure. It is, 
however, rare to have any primary pharyngeal dysfunction resul- 
tant from recurrent laryngeal nerve injury. 


Oculopharyngeal Muscular Dystrophy 


Oculopharyngeal muscular dystrophy is a syndrome character- 
ized by ptosis and progressive dysphagia. In the past, afflicted 
patients reaching age 50 typically died of starvation resulting 
from pharyngeal paralysis. The disease is now known to be a form 
of muscular dystrophy and is inherited as an autosomal domi- 
nant disorder, with occurrences clustered in families of French- 
Canadian descent. Genetic studies of an afflicted family indicate 
linkage to chromosome 14, perhaps involving the region coding 
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for cardiac alpha or beta myosin heavy chains. Oculopharyngeal 
dystrophy affects the striated pharyngeal muscles and the leva- 
tor palpebrae. Although other forms of muscular dystrophy 
occasionally affect the pharyngeal constrictors, this is rarely a 
dominant manifestation. The first symptom of oculopharyngeal 
dystrophy is usually ptosis that slowly progresses and eventu- 
ally dominates the patient’s appearance. Dysphagia may begin 
after, concomitant with, or even before ptosis. The dominant 
functional abnormalities are of a weak or absent pharyngeal con- 
traction, reduced cricopharyngeal opening, and hypopharyngeal 
stasis.°! Dysphagia is slowly progressive, but may ultimately lead 
to starvation, aspiration pneumonia, or asphyxia. 


Myasthenia Gravis 


Myasthenia gravis is a progressive autoimmune disease char- 
acterized by high circulating levels of ACh receptor antibody 
and destruction of ACh receptors at neuromuscular junctions. 
Musculature controlled by the cranial nerves is almost always 
involved, particularly the ocular muscles. Dysphagia is promi- 
nent in more than a third of patients with myasthenia gravis and, 
in unusual instances, can be the initial and dominant manifesta- 
tion of the disease. In mild cases, dysphagia may not be evident 
until after 15 to 20 minutes of eating. Classically, manometric 
studies reveal a progressive deterioration in the amplitude of pha- 
ryngeal contractions with repeated swallows. Peristaltic ampli- 
tude recovers with rest or following the administration of 10 mg 
edrophonium chloride, an acetylcholinesterase inhibitor. In more 
advanced cases, the dysphagia can be profound and associated 
with nasopharyngeal regurgitation and nasality of the voice, even 
to the extent of being confused with bulbar amyotrophic lateral 
sclerosis or brainstem stroke.*? 


Hypopharyngeal (Zenker) Diverticula and Cricopharyngeal 
Bar 


Hypopharyngeal diverticula and cricopharyngeal bars are closely 
related disease entities in that it is a cricopharyngeal bar that 
can result in diverticulum formation. The most common type, 
Zenker diverticulum (Fig. 44.8), originates in the midline poste- 
riorly at Killian dehiscence, a point of pharyngeal wall weakness 
between the oblique fibers of the inferior pharyngeal constric- 
tor and the transverse cricopharyngeus muscle. Other locations 
of acquired pharyngeal diverticula include: (1) the lateral slit 
separating the cricopharyngeus muscle from the fibers of the 
proximal end of the esophagus, through which the recurrent 
laryngeal nerve and its accompanying vessels run to supply the 
larynx; (2) at the penetration of the inferior thyroid artery into 
the hypopharynx; (3) and at the junction of the middle and infe- 
rior constrictor muscles. The unifying theme of these locations 
is that they are sites of potential weakness of the muscular lining 
of the hypopharynx through which the mucosa herniates, lead- 
ing to a “false” diverticulum. The best-substantiated explanation 
for the development of diverticula is that they form as a result 
of a restrictive myopathy associated with diminished compli- 
ance of the cricopharyngeus muscle. Surgical specimens of cri- 
copharyngeus muscle strips from patients with hypopharyngeal 
diverticula demonstrated structural changes that would decrease 
UES compliance and opening.” The cricopharyngeus samples 
from these patients had “fibro-adipose tissue replacement and 
(muscle) fiber degeneration.” Thus, although the muscle relaxes 
normally during a swallow, it cannot distend normally, resulting 
in the appearance of a cricopharyngeal indentation, or bar, during 
a barium swallow (Fig. 44.9). Diminished sphincter compliance 
necessitates increased hypopharyngeal intrabolus pressure to 
maintain trans-sphincteric flow through the smaller UES open- 
ing. The increased stress on the hypopharynx from the increased 
intrabolus pressure may ultimately result in diverticulum forma- 
tion. 


Zenker 
diverticulum 


Cricopharyngeus 


Fig. 44.8 Film from a barium swallow study showing a small Zenker 
diverticulum. Although the point of herniation is midline posterior at 
Killian dehiscence, the diverticulum migrates laterally in the neck as it 
enlarges, because there is no potential space between the posterior 
pharyngeal wall and the vertebral column. 


Cricopharyngeus 


Esophagus 


Trachea 


Fig. 44.9 Film from a barium swallow study showing a cricopharyngeal 
bar in a patient with oropharyngeal dysphagia. The posterior indenta- 
tion of the barium column is caused by a noncompliant cricopharyn- 
geus muscle. (Courtesy Dr. Richard Gore, Evanston, IL.) 


Achalasia 


Achalasia is characterized by impaired LES relaxation with 
swallowing and aperistalsis in the smooth muscle esophagus. 
If there are premature, spastic contractions in the esophageal 
body, the disease is referred to as spastic (type II) achalasia.*+ 
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These physiologic alterations result from damage to the inner- 
vation of the smooth muscle segment of the esophagus (includ- 
ing the LES) with loss of ganglion cells within the myenteric 
(Auerbach) plexus. Several observers report fewer ganglion cells 
and ganglion cells surrounded by mononuclear inflammatory 
cells in the smooth muscle esophagus of achalasics.** The degree 
of ganglion cell loss parallels the duration of disease, likely pro- 
gressing from EGJ outflow obstruction to type II achalasia, to 
type I achalasia, to end-stage achalasia.°>° Type IN achalasia 
seems to have a unique pathogenesis, characterized by myenteric 
plexus inflammation and altered function, but not destruction.’ 

Physiologic studies in achalasics suggest dysfunction consis- 
tent with postganglionic denervation of esophageal smooth mus- 
cle potentially affect excitatory ganglion neurons (cholinergic), 
inhibitory ganglion neurons (NO + VIP), or both (see Fig. 44.4). 
Muscle strips from the circular layer of the esophageal body of 
achalasics contract when directly stimulated by ACh but fail to 
respond to ganglionic stimulation by nicotine, indicating a post- 
ganglionic excitatory defect. However, partial preservation of the 
postganglionic cholinergic pathway is suggested by the observa- 
tions that in some cases, an achalasic’s LES pressure increases 
after administration of the AChE inhibitor edrophonium and 
decreases after administration of the muscarinic antagonist atro- 
pine, crucial observations for understanding why botulinum toxin 
may have some therapeutic benefit (see section on treatment). 
Regardless of excitatory ganglion neuron impairment, it is clear 
that inhibitory ganglion neuron dysfunction is as an early mani- 
festation of achalasia. These neurons mediate deglutitive inhibi- 
tion (including LES relaxation) and the sequenced propagation 
of esophageal peristalsis; their absence offers a unifying hypoth- 
esis for the key physiologic abnormalities of achalasia: impaired 
LES relaxation and aperistalsis. Achalasics have been shown to 
lack NO synthase and have a marked reduction of VIP-staining 
neurons in the gastroesophageal junction. 

There is substantial evidence of impaired esophageal post- 
ganglionic inhibitory innervation in achalasics. Muscle strips 
from the LES do not relax in response to ganglionic stimulation 
by nicotine as they do in normal controls. Furthermore, CCK, 
which normally stimulates the inhibitory ganglion neurons and 
thus reduces LES pressure, paradoxically increases LES pressure 
in achalasics.*’ Impaired inhibitory innervation of the smooth 
muscle esophagus above the LES has been more difficult to dem- 
onstrate because of the absence of resting tone in this region. 
However, in a clever experiment, Sifrim and coworkers used an 
intraesophageal balloon to create a high-pressure zone in the 
tubular esophagus that then relaxed with the onset of deglutitive 
inhibition. This deglutitive relaxation in the esophageal body was 
absent in early, nondilated cases of achalasia.*® 

The ultimate cause of ganglion cell degeneration in idiopathic 
achalasia is gradually being unraveled, with increasing evidence 
pointing toward an autoimmune process in genetically suscep- 
tible individuals.’ Analysis of the myenteric plexus infiltrate in 
achalasia patients revealed that the majority of inflammatory 
cells are either resting or activated cytotoxic T cells. Antibodies 
against myenteric neurons have been detected in sera of achala- 
sia patients, especially in patients with specific HLA alleles. The 
trigger for initiating the autoimmune response leading to the 
development of achalasia remains controversial, but is suspected 
to be a chronic or latent human herpes virus 1 (HSV-1) infec- 
tion.” Interestingly, HSV-1 was also detected in LES tissue from 
nonachalasic organ donors, suggesting that the development of 
achalasia is dependent on both the virus and a genetic predisposi- 
tion. 


Distal Esophageal Spasm (DES) 


Although the diagnosis of DES is often invoked as a cause of 
esophageal chest pain, the entity is actually exceedingly rare with 


most cases of esophageal chest pain attributable to reflux disease 
or achalasia. Historically, the manometric criteria for diagnos- 
ing DES have been nonspecific, leading to over-diagnosis of 
the entity. This has been clarified somewhat with the Chicago 
Classification of high-resolution manometry and the adoption of 
reduced distal latency (DL) of peristalsis as the cardinal abnor- 
mality in DES.°° 

Although DES is clearly a disorder of peristalsis, the majority 
of afflicted patients exhibit normal peristaltic contractions most 
of the time. The neuromuscular pathology responsible for DES is 
unknown and there are no known risk factors. The most striking 
reported pathologic change is of diffuse muscular hypertrophy 
or hyperplasia in the distal esophagus with thickening of up to 2 
cm. However, there are other well-documented cases in which 
esophageal muscular thickening was not found at thoracotomy, 
and still other instances of patients with muscular thickening not 
associated with DES symptoms. 

Despite the absence of defined histopathology, physiologic 
evidence implicates myenteric plexus neuronal dysfunction in 
spasm because the latency of contraction along the smooth muscle 
esophagus is a function of postganglionic myenteric plexus neu- 
rons. Swallow-induced vagal impulses reach the entire smooth 
muscle segment of the esophagus simultaneously, and it is the 
balance of excitatory and inhibitory ganglionic neurons within 
the myenteric plexus that determine the timing of contraction at 
each esophageal locus. Furthermore, experimental evidence sug- 
gests heterogeneity among spasm patients, such that some pri- 
marily exhibit reduced inhibitory interneuron function, whereas 
in others the defect is of excess excitation. 

Defining DES based on the latency of the postdeglutitive con- 
traction puts it in a pathophysiologic continuum with achalasia, 
consistent with documented case reports of patients undergo- 
ing this evolution.®! Furthermore, there are marked similarities 
between spastic achalasia and DES because both are character- 
ized by rapidly propagated contractions in the distal esophagus. 
The differentiating features of vigorous achalasia are involvement 
of the LES and the absence of any normal peristalsis. 


Hypercontractile (Jackhammer) Esophagus 


Vigorous esophageal contractions with normal DL, defined as 
esophageal hypercontractility or jackhammer esophagus in the 
Chicago Classification, can be associated with both dysphagia and 
chest pain. Hypercontractility is thought to be a manifestation of 
either excessive excitatory drive or a reactive compensation for 
outflow obstruction leading to myocyte hypertrophy.® Consistent 
with this, patients with hypercontractility demonstrate height- 
ened sensitivity to cholinergic agonists such as edrophonium. 
Data supporting obstruction as an etiology of hypercontractility 
come from physiologic studies using an inflatable pressure cuff 
implanted around the distal esophagus of cats.°? Small cuff infla- 
tion volumes augmented the amplitude of peristalsis, but with 
larger volumes there was complete disruption of the peristalsis. 

From a clinical perspective, the summary metric for quantify- 
ing distal esophageal contractility in HRM is the distal contractile 
integral (DCI). DCI values greater than 8000 mm Hg*cm®sec 
represent an extreme pattern of hypercontractility, often associ- 
ated with repetitive contractions, rarely seen in normal subjects 
and almost always associated with chest pain and dysphagia. The 
current version of the Chicago Classification labels this condi- 
tion “jackhammer esophagus” when 2 such contractions occur in 
a manometric study.°°> 


Absent Peristalsis 


Impaired peristalsis ranges from weak contractions to absent con- 
tractility as can be seen in achalasia and scleroderma. Although 
absent contractility is often idiopathic, achalasia and scleroderma 
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serve as models that shed some light on its pathogenesis— 
aganglionosis in achalasia (see Fig. 44.4) and myogenic dis- 
ruption in scleroderma. Ultrastructure studies in scleroderma 
patients have reported thickening of capillary basement mem- 
branes and atrophy or fibrosis of the esophageal smooth muscle. 
Hence, weak peristalsis and absent contractility can be related to 
either myogenic or neurogenic processes, similar to elsewhere in 
the GI tract. 


Clinical Features 


Dysphagia is a fundamental symptom of esophageal motility dis- 
orders. Esophageal (as opposed to oropharyngeal) dysphagia is 
suggested by the absence of associated aspiration, cough, naso- 
pharyngeal regurgitation, drooling, pharyngeal residue follow- 
ing swallow, or co-occurring neuromuscular dysfunction (e.g., 
weakness, paresthesia, slurred speech). On the other hand, the 
associated conditions of heartburn, regurgitation, chest pain, 
odynophagia, or intermittent esophageal obstruction suggest 
esophageal dysphagia. An important limitation of the patient his- 
tory in esophageal dysphagia is that a patient’s identification of 
the location of obstruction is of limited accuracy. Specifically, a 
distal esophageal obstruction caused by an esophageal ring, stric- 
ture, or achalasia will often be perceived as cervical dysphagia, 
and patients can correctly localize distal dysfunction only 60% 
of the time. Because of this subjective difficulty in distinguishing 
proximal from distal lesions within the esophagus, an evaluation 
for cervical dysphagia should encompass the entire length of the 
esophagus. 

Another important consideration in patient management 
is that esophageal motility disorders are much less common 
than mechanical or inflammatory etiologies of dysphagia, such 
as tumors, strictures, rings, or esophagitis, be that peptic, pill- 
induced, eosinophilic, or infectious. Historical points suggestive 
of a motor disorder are difficulty with both solids and liquids, 
as opposed to only with solids, which is more suggestive of 
mechanical obstruction. However, the functional consequences 
of mechanical or inflammatory disorders can exactly mimic those 
of primary motility disorders. Thus, as with the evaluation of oro- 
pharyngeal dysphagia, a motility disorder should be considered 
as an etiology for esophageal dysphagia only after exclusion of 
more common diagnoses by endoscopic, histologic, and/or radio- 
graphic examination. 


Achalasia 


Clinical manifestations of achalasia may include dyspha- 
gia, regurgitation, chest pain, hiccups, halitosis, weight loss, 
and aspiration pneumonia. All patients have solid food dys- 
phagia; the majority of patients also have variable degrees of 
liquid dysphagia. The onset of dysphagia is usually gradual, 
and often present for years at the time of presentation. The 
severity of dysphagia fluctuates but eventually plateaus. With 
long-standing disease, there is progressive esophageal dilata- 
tion, and regurgitation becomes frequent with recumbency. 
The regurgitant is often recognized as food that has been 
eaten hours, or even days, previously. It tends to be nonbilious, 
nonacid, and mixed with copious amounts of saliva. Patients 
often fail to recognize the slimy mucoid regurgitant as saliva, 
being unfamiliar with its visual consistency. Chest pain is a 
complaint early in the course of achalasia in approximately two 
thirds of patients. Its etiology is unknown, but is thought to be 
related to the occurrence of esophageal spasm (more recently, 
proposed to be spasm of longitudinal muscle). Treatment of 
achalasia is less effective in relieving chest pain than it is in 
relieving dysphagia or regurgitation. However, unlike dyspha- 
gia or regurgitation, chest pain may spontaneously improve or 
disappear over time. 


With advanced achalasia, up to 10% of cases have bronchopul- 
monary complications as a result of regurgitation and aspiration; 
in some instances, it is these complications rather than dyspha- 
gia that prompts them to seek medical care. Another interesting, 
but fortunately rare, symptom of achalasia is airway compromise 
and stridor as a result of the dilated esophagus compressing the 
membranous trachea in the neck. This is hypothesized to occur 
because the neuromuscular apparatus facilitating UES relaxation 
as part of the belch reflex is compromised. 

It is paradoxical that many achalasics complain of heart- 
burn even after the onset of dysphagia. Although reflux may 
be a common sequela of the treatments for achalasia, it seems 
physiologically inconsistent to simultaneously have dysphagia 
from impaired LES relaxation and reflux from excessive LES 
relaxation. In support of this skepticism, ambulatory 24-hour 
esophageal pH studies of achalasics have only shown periods 
of esophageal acidification caused by the bacterial fermentation 
of retained food in the esophagus, rather than discrete gastro- 
esophageal reflux events.°” Furthermore, it is highly unusual for 
an achalasic to have a tLESR. Rather, they usually exhibit incom- 
plete tLESRs with crural inhibition, esophageal shortening, and 
a profound after-contraction, but devoid of the LES relaxation 
element.°° 


Distal Esophageal Spasm 


The major symptoms of DES are dysphagia and chest pain. 
Weight loss is rare. Dysphagia is usually intermittent and some- 
times related to swallowing specific substances such as red wine 
or liquids at extreme hot or cold temperature. In some instances, 
patients experience episodes of esophageal obstruction while eat- 
ing that persists until relieved by emesis. 

Esophageal chest pain is very similar in character to angina, 
often described as crushing or squeezing in character, radiating to 
the neck, jaw, arms, or midline of the back. Pain episodes may last 
from minutes to hours, but continued swallowing is not always 
impaired. The mechanism producing esophageal pain is poorly 
understood. High-frequency intraluminal ultrasound data sug- 
gest that it may be related to sustained contraction of esophageal 
longitudinal muscle.°” 

Chest pain is also prevalent in patients subsequently found to 
have manometric abnormalities that are insufficient to establish 
a diagnosis of achalasia or DES. Among such individuals, there is 
a high prevalence of reflux and of psychiatric diagnoses, particu- 
larly anxiety and depression.” 


Hypercontractile Esophagus 


The hypercontractile disorders also typically present with chest 
pain and dysphagia, although the dysphagia is less likely to involve 
impaired bolus transit. By definition, contractile latency is normal 
with hypercontractility; hence, peristaltic progression and bolus 
transit are normal. However, the jackhammer pattern is associated 
with prolonged repetitive contractions that can persist long after 
bolus transit (Fig. 44.108). The natural history of hypercontractil- 
ity is unknown, but it is clear that at least in some cases jackham- 
mer patients can have a prolonged and difficult clinical course. 


Absent Contractility 


Patients with absent peristalsis can present with dysphagia or 
symptoms suggestive of severe GERD, such as heartburn, regur- 
gitation, and chest pain. The severity of the presentation is to 
some degree dependent on the function of the EGJ; GERD 
symptoms are much worse when absent peristalsis is accompanied 
by gross EGJ incompetence. Alternatively, with an intact EGJ, 
absent peristalsis may be difficult to distinguish from achalasia, 
owing to the similar symptomatology and physiologic findings. 


CHAPTER 44 Esophageal Neuromuscular Function and Motility Disorders 651 


(A) Normal 


DCl= 3212 mm Hg;sec;c 
DCI= 6508 mm Hg;sec;c 


Length along the esophagus (cm) 


Time (sec) 


(B) Hypercontractile—Jackhammer 


DCl= 20,452 mm Hg;sec;cm 


100 


jo} 


Time (sec) 


Fig. 44.10 Normal and abnormal contractile vigor. A, A normal swallow with a distal contractile interval (DCI) 
of 8212 mm Hgesececm, normal propagation, and a single uniform contraction. B, Swallow with an extremely 
high DCI. This swallow exhibits repetitive contractions without evidence of an EGJ outflow obstruction. This 

is a hypercontractile or “jackhammer” pattern in the Chicago Classification (see Table 44.2). (With permission 


from the Esophageal Center at Northwestern.) 


Differential Diagnosis 


The patient history is crucial in the evaluation of dysphagia. Major 
objectives of the history are to differentiate oropharyngeal dys- 
phagia from esophageal dysphagia, xerostomia (hyposalivation), 
or globus sensation. All are frequently confused with each other. 
Globus sensation, in particular, is frequently confused with dys- 
phagia. Unlike dysphagia, which occurs only during swallowing, 
globus sensation is prominent between swallows. Patients relate 
the nearly constant sensation of having a lump in their throat or 
feeling a foreign object caught in their throat. In some instances 
globus is associated with reflux symptoms, and in others with sub- 
stantial anxiety. It is the linkage with anxiety that led to the older 
nomenclature “globus hystericus.” Unfortunately, studies have 
failed to define an objective anatomic or physiologic cause for 
globus, and we are left with the crucial data being in the history; 
globus sensation persists regardless of the act of swallowing. 


Achalasia 


The differential diagnosis of achalasia includes other esophageal 
motility disorders and diseases of distinct pathophysiology that 
duplicate the functional consequences of achalasia. With respect 
to other motility disorders, there are many similarities between 
DES and achalasia, especially the subtype of spastic achalasia. In 
fact, the only distinction between these entities is the demon- 
stration of incomplete LES relaxation in type HI achalasia and 
there are case reports of DES evolving into spastic achalasia.°! 
However, given the rarity of both conditions and the historical 
heterogeneity on how they are diagnosed, it seems likely that only 
a small minority of achalasia cases are part of a continuum with 
DES. 

With respect to other diseases that duplicate the functional 
consequences of idiopathic achalasia, the main considerations are 
Chagas disease and pseudoachalasia that is associated with infil- 
trative diseases, malignancy, obstruction, or surgery. 


Chagas Disease 


Esophageal involvement in Chagas disease, which is endemic 
in areas of central Brazil, Venezuela, and northern Argentina, 
can be indistinguishable from idiopathic achalasia. An estimated 
20 million South Americans are infected. Due to immigration, 
about 500,000 people in the USA are believed infected. Chagas 
disease is spread by the bite of a reduvid (kissing) bug that trans- 
mits the parasitic protozoan, Trypanosoma cruzi. An acute septice- 
mic phase of the illness follows that varies in severity from going 
unnoticed to being fatal. The chronic phase of the disease devel- 
ops up to 20 years after infection and results from destruction 
of autonomic ganglion cells throughout the body, including the 
heart, gut, urinary tract, and respiratory tract. Chronic cardiomy- 
opathy with conduction system disturbances and arrhythmias is 
the most common cause of death. Within the digestive tract, the 
organs most commonly affected are the esophagus, duodenum, 
and colon. The severity of esophageal dysfunction is directly 
proportional to the degree of intramural ganglion cell loss; 
abnormal peristalsis is first detectable after 50% of ganglion cells 
are destroyed, and esophageal dilatation after 90% are destroyed. 
Paralleling this, the initial dysfunction is confined to the esopha- 
geal body, with LES dysfunction occurring late in the course of 
the disease The most obvious clinical distinction between idio- 
pathic achalasia and esophageal involvement in Chagas disease 
is evidence of additional tubular organ involvement (cardiomy- 
opathy, megaduodenum, megacolon, megarectum, megaureter) 
in Chagas disease.’? With respect to esophageal pathology, the 
2 are otherwise indistinguishable. The diagnosis of Chagas dis- 
ease is made in the acute phase by visualizing the parasite in a 
blood smear. In the chronic phase, the diagnosis is confirmed 
by serologic tests using complement fixation or PCR. The treat- 
ment of the achalasia syndrome in Chagas disease is similar to 
that for idiopathic achalasia. Treatment of the infection itself is 
of limited efficacy in the acute phase and of no proved efficacy 
with chronic disease. 
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Pseudoachalasia 


Neither the radiographic nor the manometric features of achala- 
sia are specific for idiopathic achalasia or achalasia associated with 
Chagas disease. Tumor-related pseudoachalasia, most commonly 
of the gastric cardia, accounts for up to 5% of cases with mano- 
metrically defined achalasia. Pseudoachalasia becomes more likely 
than idiopathic achalasia with advanced age (>50 years), abrupt 
and recent onset of symptoms (<1 year), and early weight loss in 
excess of 7 kg.4* However, even though these criteria make pseu- 
doachalasia more likely, they still have poor predictive value in the 
individual case. It is because of this potential pitfall that a thorough 
anatomic examination (including endoscopy) should be done as 
part of the diagnostic evaluation of every new case of achalasia. 
More than the slightest resistance of passage of the endoscope 
across the EGJ can be a clue to the presence of pseudoachalasia. In 
idiopathic achalasia, the endoscope should pop through with only 
gentle pressure required. If suspicion of pseudoachalasia is high, 
endoscopic biopsy, CT, MRI, or EUS should be considered for 
further evaluation, depending upon the individual circumstances. 
Adenocarcinoma of the EGJ accounts for more than half of 
tumor-associated pseudoachalasia cases, with a myriad of tumors 
(pancreatic, hepatocellular, prostatic, lung, esophageal, and lym- 
phoma) accounting for the remainder.** These tumors produce 
an achalasia syndrome by infiltrating the wall of the esophagus at 
the EGJ, causing a malignant obstruction at the LES, with proxi- 
mal esophageal dilatation. Similarly, pseudoachalasia can result 
from esophageal wall stiffness from an infiltrating disease (eosin- 
ophilic esophagitis, sarcoidosis), vascular obstruction, abdominal 
obesity, opiate effect, or surgery-related obstruction (as discussed 
later).’! Although often discussed in the literature, it is much less 
common that an achalasic syndrome occurs as a paraneoplastic 
syndrome without direct tumor involvement of the EGJ. 


Postsurgical Dysfunction 


Dysphagia is common in the early period following fundoplica- 
tion, and patients are advised to consume soft diets for the first 
2 to 4 postoperative weeks. Dysphagia that persists longer than 
4 weeks should be evaluated with an upper endoscopy or barium 
esophagogram to assess the integrity of the wrap and evaluate 
for possible paraesophageal hernia. Subjects without an overt 
mechanical disruption should be evaluated with manometry to 
assess peristaltic function, EGJ relaxation, and esophageal pres- 
surization to determine whether the wrap is too tight or an 
underlying motility disorder, such as achalasia, exists. Diagnosing 
achalasia in the context of fundoplication can be difficult because 
the key manometric findings (aperistalsis and impaired EGJ 
relaxation) can be identical. 

Bariatric surgery, especially laparoscopic adjustable gastric 
banding, can also be complicated by development of a pseudo- 
achalasia syndrome. A surgical report examined 121 patients 1 
year post procedure and found 14% of them to have esophageal 
dilatation in excess of 3.5 cm. Affected patients developed an 
achalasia-type syndrome with dysphagia and vomiting.” This 
form of pseudoachalasia is usually, but not always, reversible with 
removal of the gastric band.”? 


Distal Esophageal Spasm 


The pain associated with DES can closely mimic that of angina 
pectoris. Given the potentially fatal consequences of myocardial 
ischemia, this must always be considered carefully in the differen- 
tial diagnosis. Features suggesting an esophageal, as opposed to a 
cardiac, etiology of pain include: (1) prolonged nonexertional pain, 
(2) pain that interrupts sleep, (3) meal-related pain, (4) relief with 
antacids, and (5) additional accompanying esophageal symptoms, 


such as heartburn, dysphagia, or regurgitation. However, even 
these features can exhibit overlap with cardiac pain. Furthermore, 
even within the spectrum of esophageal diseases, neither chest 
pain nor dysphagia is specific for DES; both symptoms are also 
characteristic of common esophageal disorders including peptic 
or infectious esophagitis. Hence, only after these more common 
diagnostic possibilities have been excluded by appropriate radio- 
graphic evaluation, endoscopic evaluation, and a therapeutic trial 
of PPIs, should DES be considered. 


Diagnostic Methods 
Endoscopy 


Upper endoscopy should be the first test for evaluating new- 
onset dysphagia, because it combines the ability to detect most 
structural causes of dysphagia with the ability to obtain biop- 
sies. The increasing recognition of eosinophilic esophagitis (see 
Chapter 30) as a confounding clinical entity has increased the 
potential value of biopsies when performing upper endoscopy in 
the evaluation of dysphagia. The endoscopist should have a very 
low threshold for obtaining multiple esophageal mucosal biopsy 
specimens to evaluate for eosinophilic esophagitis in patients 
with dysphagia, even in patients with a normal-appearing esopha- 
geal mucosa. Additionally, should a stricture or mucosal ring be 
detected, dilation can be accomplished in the same endoscopic 
session. However, even though upper endoscopy is an excellent 
tool for evaluating dysphagia, it has substantial limitations in 
assessing extraluminal structures and abnormal esophageal motil- 
ity. It also has the potential to miss subtle obstructing lesions such 
as webs and rings. 


Contrast Imaging 


Contrast studies of the oropharynx and esophagus are use- 
ful in assessing dysphagia if endoscopy is inconclusive. 
Videofluoroscopy is particularly useful for a functional evalua- 
tion of the oropharyngeal phase of swallowing following an exam 
for anatomic explanations. Frequently referred to as a modified 
barium swallow, Logemann has described a protocol compris- 
ing a series of swallow tasks.’ Images are obtained in a lateral 
projection, framed to include the oropharynx, palate, proximal 
esophagus, and proximal airway. These images are then evaluated 
with respect to 4 major categories of oropharyngeal dysfunction: 
(1) inability or excessive delay in initiation of pharyngeal swal- 
lowing, (2) aspiration, (3) nasopharyngeal regurgitation, and (4) 
residue of the ingestate within the pharyngeal cavity after swal- 
lowing. Furthermore, the procedure allows for evaluation of the 
efficacy of various compensatory dietary modifications, postures, 
and swallowing maneuvers in compensating for observed swal- 
lowing dysfunction. 

A barium esophagogram can also provide critical information 
regarding UES function, peristalsis, and bolus clearance through 
the EGJ. With advanced cases of achalasia (Fig. 44.11) the find- 
ings are somewhat obvious, and it is only necessary clinically to 
differentiate between primary and secondary etiologies. How- 
ever, with good technique, normal peristalsis can also be verified. 
Peristalsis is best evaluated in the prone position so that clear- 
ance does not occur by gravity.*+ Peristaltic abnormalities are 
inferred by retrograde escape of the bolus through the peristaltic 
wavefront, resulting in incomplete esophageal emptying. Nor- 
mally the EGJ will become widely patent when the bolus reaches 
this area, and impaired relaxation can be inferred when either a 
smooth tapering is noted at the EGJ or bolus transit across the 
EGJ is impeded. Alternatively, fluoroscopy will occasionally 
demonstrate spastic contractions, evident by a corkscrew appear- 
ance (Fig. 44.12). 
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Type | 


Fig. 44.11 Films from barium 
swallow studies in the 3 subtypes 
of idiopathic achalasia (see Table 
44.2). Note esophageal dilata- 
tion with air-fluid levels (left and 
center panels) and the tapering at 
the EGJ. Radiologic findings can 
be much more subtle in the early 
phases of the disease. The film in 
the right was taken during a timed 
barium esophagram, indicating 
that barium was still retained within 
the dilated esophagus at 5 min. 


Fig. 44.12 Barium esophagogram showing a corkscrew esophagus in 
a patient with symptomatic DES. 


High Resolution Manometry (HRM) 


Esophageal manometry is a test in which intraluminal pres- 
sure sensors are positioned within the esophagus to measure 
the contractile characteristics of the esophagus and segregate it 
into functional regions. The concept of high-resolution esopha- 
geal manometry is to use a sufficient number of pressure sensors 
within the esophagus such that intraluminal pressure can be mon- 
itored as a continuum along the length of the esophagus, much 
as time is viewed as a continuum in line tracings of conventional 
manometry, such as those in Fig. 44.3. When HRM is coupled 
with sophisticated algorithms to display the manometric data as 
pressure topography plots, esophageal contractility is visualized 
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Type Il Type Ill 


with isobaric conditions among sensors indicated by isocoloric 
regions on the pressure topography plots. Fig. 44.3 depicts a nor- 
mal swallow in a pressure topography plot encompassing both 
sphincters and the intervening esophagus; the relative timing 
of sphincter relaxation and segmental contraction as well as the 
position of the transition zone are all readily demonstrated. 

Given the major advances in our understanding of HRM 
over the last 15 years, a new classification was developed using 
the improved accuracy and detail of the new technology. The 
Chicago Classification of esophageal motor disorders was vetted 
and periodically updated by a group of international experts with 
the most recent version (3.0) published in 2015.64 The Chicago 
Classification incorporates standardized metrics to quantify EGJ 
relaxation (integrated relaxation pressure [I[RP]) and peristalsis 
(DCI, DL) into an algorithm to generate 4 broad categories of 
function: (1) disorders with EGJ outflow obstruction, (2) major 
disorders of peristalsis, (3) minor disorders of peristalsis, and (4) 
normal (Fig. 44.13). 

The manometric evaluation of deglutitive EGJ relaxation is 
probably the most important measurement made during clinical 
esophageal manometry. Incomplete EGJ relaxation is an essential 
feature in the diagnosis of achalasia, and achalasia is the motor 
disorder with the most specific treatments. Despite this cardinal 
significance, there was no convention for defining incomplete 
deglutitive EGJ relaxation prior to the Chicago Classification. 
Key to the development of the Chicago Classification was a study 
comparing criteria for detecting impaired deglutitive EGJ relax- 
ation in a large group of patients and control subjects resulting 
in the development of the IRP, with normal being 15 mm Hg or 
less with the manometric device used in that analysis.’ Concep- 
tually, the IRP is the average EGJ pressure for the 4 seconds of 
greatest relaxation within the 10-second period after a swallow 
(see Fig. 44.6). This single measure of deglutitive EGJ relaxation 
exhibited 98% sensitivity and 96% specificity for distinguishing 
well-defined achalasia patients from control subjects and patients 
with other diagnoses.’* 

Apart from improving the sensitivity of manometry in the 
detection of achalasia, HRM has also defined a clinically rel- 
evant subclassification of achalasia.*+ A diagnosis of achalasia 
requires both absent peristalsis and impaired deglutitive EGJ 
relaxation. In its most obvious form (type I), this occurs in the 
setting of esophageal dilatation with negligible pressurization 
within the esophagus (Fig. 44.144). However, despite there 
being no peristalsis, there can still be substantial pressurization 
within the esophagus. In fact, the most common pattern (type 
II) encountered is achalasia with esophageal compression and 
panesophageal pressurization (see Fig. 44.148). The other, less 
common, pattern (type IT) is spastic achalasia, where there is 
a spastic contraction within the distal esophageal segment (see 
Fig. 44.14C). Several subsequent series, including a follow-up 
report on the European randomized controlled trial compar- 
ing laparoscopic Heller myotomy to pneumatic dilation,” have 
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a Achalasia 
IRP > ULN and 100% failed Yes | Type I: No contractility 
1 peristalsis or spasm Type Il: >20% PEP 
Type Ill: >20% spasm (DL <4.5 sec) 


No 


Disorders with EGJ 
outflow obstruction 


Yes EGJ Outflow Obstruction 
<+ Incomplete achalasia 
~ Mechanical obstruction 


IRP > ULN and not 
Type l-lll achalasia 


Distal Esophageal Spasm 
<+ 220% premature (DL <4.5 sec) 
IRP normal and Yes Jackhammer esophagus of peristalsis 
3 Low DL or high DCI or = 20% DCI >8000 mm Hgesececm Renee PAE 
100% failed peristalsis Absent Contractility 
~ No scorable contraction hormallsubjects 
<+ Consider achalasia 


Major disorders 


Ineffective Motility (IEM) 

<+ >50% ineffective swallows 
Fragmented peristalsis 

<+ >50% fragmented swallows 
No and not ineffective 


5 IRP normal and Yes 
>40% effective swallows 
Fig. 44.13 Algorithm for applying the Chicago Classification of esophageal motor disorders. DCI, distal 


contractile interval; DL, distal latency; EGJ, esophagogastric junction; /BC, isobar contour; IRR integrated 
relaxation pressure; PER panesophageal pressurization; ULN, upper limit of normal. (See Table 44.2 for more 


detail.) 
Type | Type Ill 
mm Hg 


Minor disorders 
of peristalsis 
~+Impaired clearance 


IRP normal and Yes 


>50% ineffective swallows 


150 
100 
50 
30 
IRP= 22.3 mm Hg | | 
0 IRP= 29.8 mm Hg | 


5 sec 5 sec 5 sec 


Fig. 44.14 Achalasia subtypes. The 3 subtypes are distinguished by distinct manometric patterns of esopha- 
geal body contractility. In the patient with classic achalasia (Type /), there is no significant pressurization within 
the body of the esophagus and EGu relaxation is impaired; IRP 22.3 mm Hg in this example. A swallow from 
a Type II patient, the “achalasia with compression” subtype, shows rapid pan-esophageal pressurization of the 
fluid column trapped between the sphincters as the esophagus shortens. The pressure topography plot in the 
Type Ill patient is typical of spastic achalasia. Although this swallow is also associated with rapidly propagated 
pressurization, the pressurization is attributable to an abnormal lumen-obliterating contraction. (Modified from 
Pandolfino JE, Kwiatek MA, Nealis T, et al. Achalasia: A new clinically relevant classification by high resolution 
manometry. Gastroenterology 2008; 135:1526-33. With permission from the Esophageal Center at North- 
western.) 
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A: EGJ Outflow Obstruction: 
achalasia phenotype 


mm Hg 


Fig. 44.15 EGU outflow obstruc- 150 
tion. The criteria for EGJ outflow 
obstruction are an elevated IRP 
associated with some preserved 
weak or normal peristalsis, thereby 
not meeting the diagnostic criteria 
for types |, Il, or Ill achalasia. 
Ultimately, this pattern may prove 
to be a phenotype of achalasia, 

as in Panel A (top). This patient, 50 
who also had a large epiphrenic 

diverticulum (Panel A, bottom), 30 
was treated with a laparoscopic 

myotomy and diverticulectomy 

with good result. Alternatively, EGJ 0 
outflow obstruction pattern can 

be associated with mechanical 

obstruction (Panel B). This patient 

had a patulous EGJ and a 9-mm 

endoscope passed with no 

resistance noted. However, the 

IRP was increased, and there was 
compartmentalized pressurization 

between the preserved peristaltic 

contraction and the EGU (Panel B, 

top). The esophagogram (Panel B, 

bottom) revealed a subtle stenosis 

just proximal to the EGJ (arrow), 

where passage of a 12.5-mm bari- 

um tablet was delayed. The patient 

responded to 18-mm balloon dila- 

tion and therapy with a PPI. (With 

permission from the Esophageal 

Center at Northwestern.) 


100 


confirmed the initial observation of that seminal study, that type 
II achalasia is the most responsive to treatment and type III the 
least responsive. 

Patients with impaired EGJ relaxation, defined by an abnormal 
IRP with persistent peristaltic activity failing to meet diagnos- 
tic criteria for achalasia, are categorized as having EGJ outflow 
obstruction in the Chicago Classification.“* From the outset, 
these were recognized to be a heterogeneous group of patients, 
only some of whom benefitted from achalasia treatments.’° Two 
representative examples of EGJ outflow obstruction are illus- 
trated in Fig. 44.15. Hence, in some cases, such as in Fig. 44.154, 
this may be a variant or early presentation of achalasia. However, 
recent series have reported that many patients with EGJ outflow 
obstruction were minimally symptomatic or even asymptomatic, 
that in 20% to 40% of cases the “disorder” resolved spontane- 
ously, and that only 12% to 40% end up being treated as acha- 
lasia.’7:78 

Following the analysis of EGJ relaxation, quantitative fea- 
tures of the distal contraction are analyzed to identify disorders 
of peristalsis. This analysis is largely based on the DCI and DL, 
metrics based on key topographic landmarks: the onset of UES 
relaxation, the first pressure trough (transition zone), and the 
CDP (see Fig. 44.3). The CDP approximates the proximal mar- 
gin of the LES and is identified as the inflection point along the 
30 mm Hg isobaric contour where deceleration occurs, signifying 
the transition from peristalsis to the ampullary emptying.'° ‘The 
interval between UES relaxation and the CDP defines the DL 
of the contraction, as illustrated in Fig. 44.3. DL values of less 


Large diverticulum 
4 cm above EGJ 


B: EGJ Outflow Obstruction: 
obstructing stricture 


Normal 
peristalsis 


IRP= 22.3 mm Hg 


Barium tablet j 


localized 12 mm 


restriction \ 


than 4.5 seconds define premature contractions, likely indicative 
of impaired inhibitory neuronal control to define failed contrac- 
tions (DCI < 100 mm Hg*sec*cm), weak contractions (DCI < 
450 mm Hge*sec*cm), and hypercontractility (DCI > 8000 mm 
Hgesec®cm). 

Following analysis of individual swallows by the criteria out- 
lined earlier, the component results are synthesized into a global 
manometric diagnosis by the criteria detailed in Table 44.2. 
Patients with normal EGJ relaxation, normal integrity, normal 
DL, normal contractile front velocity, and a DCI less than 5000 
mm Hg®sec®cm are normal. The abnormalities encountered are 
described in specific functional terms, with the intent that these 
then be interpreted within the clinical context. The classification 
detailed in ‘Table 44.2 represents the current Chicago Classifi- 
cation version vetted with a consensus approach by the interna- 
tional HRM Working Group.°* 


Intraluminal Impedance Measurement 


Intraluminal impedance monitoring was described more than 
a decade ago as a method to assess intraluminal bolus transit 
without using fluoroscopy. The technique uses an intraluminal 
catheter with multiple, closely spaced pairs of metal rings. An 
alternating current is applied across each pair of adjacent rings, 
and the resultant current flow between the rings is dependent 
on the impedance of the tissue and luminal content between the 
rings. Impedance decreases when the electrodes are bridged by 
liquid and increases when they are surrounded by air. Hence, data 
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TABLE 44.2 Chicago Classification v3.0 of Esophageal Motility 
Disorders 


Diagnosis Diagnostic Criteria 
ACHALASIA 
Type | (classic) 100% failed peristalsis, IRP > ULN 


Type II (with esophageal 100% failed peristalsis and 


compression) panesophageal pressurization with 
220% of swallows; mean IRP > ULN 
Type Ill (Spastic) No normal peristalsis, premature 


contractions with >20% of swallows, 
mean IRP > ULN 


Mean IRP = ULN; sufficient evidence 
of peristalsis such that criteria for 
achalasia are not met 


EGJ outflow obstruction 


Mayor DISORDERS OF PERISTALSIS (PATTERNS NOT OBSERVED IN 

NORMAL INDIVIDUALS) 

DES Mean IRP < ULN, 220% premature 
contractions with DCI >450 mm 

Hgesececm, some normal peristalsis 

may be present 


Hypercontractile (jackhammer) At least 2 swallows with DCI >8000 mm 
esophagus Hgesececm, may involve or even 
localize to the LES 


Mean IRP <10 mm Hg, 100% 
absent contractility (DCI <100 mm 
Hgesececm) 


Absent contractility 


MINOR DISORDERS OF PERISTALSIS (DEFINED BY EXCEEDING STATISTICAL 
Limits OF NORMAL) 
Ineffective esophageal motility 250% ineffective swallows with DCI 


<450 mm Hgesececm 


>30%, but <100% of swallows with 
failed peristalsis 


Frequent failed peristalsis 


Fragmented peristalsis 250% fragmented contractions with 


DCI >450 mm Hgesececm 


Normal Not achieving any of the above 


diagnostic criteria 


DCI, distal contractile interval; DL, distal latency; EGU, esophagogastric 
junction; IRP integrated relaxation pressure (see text). 


from multiple impedance segments reveals the direction, content, 
and completeness of bolus transit. Validation data suggest that 
liquid bolus entry at the level of an electrode pair is indicated by 
a 50% drop in impedance. Return of the impedance tracing to 
50% of baseline correlates with the passage of the tail of the bolus 
on fluoroscopy, also indicated by the contractile upstroke noted 
during manometry. Validation studies against videofluoroscopy 
have shown excellent concordance in ascertaining bolus transit. 
Intraluminal impedance measurement has also recently been 
combined with manometry to assess the efficacy of esophageal 
emptying. With diminishing peristaltic amplitudes, the efficacy 
of emptying decreases. Currently, the main utility for combined 
HRM and impedance is in the assessment of esophageal transit 
abnormalities, particularly rumination and supragastric belching, 
and to assess the severity of esophageal retention in achalasia.’” 


Sensory Testing 


Esophageal sensory nerves play a key role in determining symp- 
toms of esophageal motor diseases, because the esophagus is 
sensitive to a variety of stimuli including mechanical (elicited 
by luminal distention or high-amplitude contractions), chemi- 
cal (acid and/or other constituents of reflux), and tempera- 
ture.*! Typically, the visceral input is not perceived consciously, 
although some patients may experience symptoms attributed to 


hyperalgesia (exaggerated pain perception) or allodynia (percep- 
tion of pain to a stimulus that is usually not painful).’? Esophageal 
symptoms may be described as burning, pressing, pricking, or 
heat sensations. However, symptoms are not specific to a given 
stimulus, and substantial overlap in perception among stimuli is 
common. 

Although the precise mechanism by which an esophageal 
stimulus causes pain or the perception of dysphagia is unclear, 
methodologies devised to evoke or stimulate pain by simulating 
physiologic events are available to assess the possible relation- 
ship between ongoing symptoms and suspected causes. These 
tests typically use forms of distention studies (balloon, barostat, 
impedance planimetry, or volume challenges) or direct mucosal 
stimulation (chemical, electrical, or thermal). Balloon distention 
studies have shown that esophageal distention can provoke chest 
pain and that patients with esophageal chest pain tend to have 
lower pain thresholds compared to controls.*! 

The standard test of chemosensitivity is the Bernstein test 
wherein 0.1 N HCl is perfused in the esophagus to reproduce 
chest pain or heartburn. Typically, acid infusion is alternated 
with saline perfusion in a blinded fashion to increase the objectiv- 
ity of the test, but no standardized protocol exists. Beyond the 
Bernstein test, newer probes have been devised to test esophageal 
responsiveness to thermal challenges and transmucosal electrical 
nerve stimulation. However, although these tools have unques- 
tionably been useful in improving our understanding of the inter- 
action between peripheral receptors and central pain perception, 
their clinical utility remains limited owing to the lack of proto- 
col standardization and the somewhat cumbersome nature of the 
studies. Currently, use of these devices is limited to specialty cen- 
ters, and further refinement will be required before mainstream 
clinical use can be advocated. 


Treatment 
Oropharyngeal Dysphagia 


Management of oropharyngeal dysphagia is focused on 4 specific 
issues: (1) identification of an underlying disease, (2) character- 
ization of a disorder amenable to surgery or dilation, (3) identi- 
fication of specific patterns of dysphagia amenable to swallowing 
therapy, and (4) assessment of aspiration risk. 


Identification of the Underlying Disease 

A potential outcome of the evaluation is the identification of 
an underlying neuromuscular, neoplastic, or metabolic disor- 
der that dictates specific management. For example, dyspha- 
gia can be the presenting symptom in patients with myopathy, 
myasthenia, thyrotoxicosis, motor neuron disease, or Parkinson 
disease. Whether or not treatment of the underlying disorder 
improves swallowing function depends on both the natural his- 
tory of the specific disease and whether or not effective treat- 
ment exists. 


Disorders Amenable to Surgery 

The most common surgical treatment for oropharyngeal 
dysphagia is cricopharyngeal myotomy, but the efficacy of 
myotomy in neurogenic or myogenic dysphagia is variable. 
Most series evaluating the efficacy of myotomy in these cir- 
cumstances are uncontrolled and lack validated (or even 
specific) outcome measures. Thus, although an overall favor- 
able response rate in excess of 60% is reported in this lit- 
erature, there are no validated criteria for patient selection. 
Theoretically, the functional limitation faced by patients with 
neurogenic or myogenic dysphagia is of weak pharyngeal pro- 
pulsion, and the potential benefit of myotomy is that circum- 
stance is less obvious than in the case of obstruction at the level 
of the cricopharyngeus. 
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Patterns of Oropharyngeal 
Swallow Therapy 

Identifying potential treatments for oropharyngeal dysphagia 
begins with definition of the aberrant physiology, as categorized 
in Table 44.1. This is best accomplished with a videofluoroscopic 
swallowing study that first characterizes a patient’s swallow dys- 
function and then proceeds to test the effectiveness of selected 
compensatory or therapeutic treatment strategies. Compensatory 
treatments include postural changes, modifying food delivery or 
consistency, or the use of prosthetics. For instance, head turn- 
ing can eliminate aspiration or pharyngeal residue by favoring 
the more functional side in patients with hemiparesis.’ Similarly, 
diet modifications can reduce the difficulty of the swallow. 
‘Therapeutic strategies are designed to alter the physiology of 
the swallow, usually by improving the range of motion of oral or 
pharyngeal structures to the extent that that is possible using voli- 
tional control. Depending on the severity of the impairment, the 
level of motivation, and the global neurologic integrity, defective 
elements of the swallow can be selectively rehabilitated. For a 
detailed description of the techniques and limitations of swallow 
therapy, the reader is referred to treatises on the topic.’:°° 


Dysphagia Amenable to 


Evaluating Aspiration Risk 

Oropharyngeal dysphagia is responsible for many thousands of 
deaths per year due to aspiration pneumonia. Videofluoroscopy 
is considered the most sensitive test for detecting aspiration, 
reportedly detecting instances not evident by bedside evaluation 
in about 50% of patients. However, despite the logical associa- 
tion between deglutitive aspiration and the subsequent develop- 
ment of pneumonia, this sequence is not inevitable. Nonetheless, 
the balance of evidence suggests that detection of aspiration is a 
predictor of pneumonia risk, and that its detection dictates that 
compensatory swallowing strategies, nonoral feeding, or correc- 
tive surgery be instituted. Whether nonoral feeding eliminates 
the risk of aspiration is controversial, an issue raised by the pro- 
vocative finding that among patients with radiographic aspira- 
tion, pneumonia and death were more frequent among patients 
who received feeding tubes. This suggests that aspiration of oral 
secretions may be essential in controlling pneumonia risk and has 
led some to consider procedures such as tracheostomy to protect 
the airway. 


Hypopharyngeal (Zenker) Diverticula and Cricopharyngeal 
Bar 


The treatment of hypopharyngeal diverticula is cricopharyngeal 
myotomy with or without a diverticulectomy or diverticulopexy. 
Cricopharyngeal myotomy reduces both the resting sphincter 
tone and resistance to flow across the UES. Good or excellent 
results are reported in 80% to 100% of Zenker patients treated 
by transcervical myotomy combined with diverticulectomy or 
diverticulopexy. There are instances in which a limited proce- 
dure would be adequate, but a definitive approach to the prob- 
lem of pulsion diverticula should involve both diverticulectomy 
and myotomy. Diverticulectomy alone risks recurrence because 
the underlying stenosis at the level of the cricopharyngeus is not 
remedied.*° Similarly, myotomy alone risks not solving the prob- 
lem of food accumulation within the diverticulum, with attendant 
regurgitation and aspiration. Small diverticula may, however, dis- 
appear spontaneously following myotomy. A more recent trend 
is to treat Zenker diverticula via either rigid or flexible endos- 
copy. With both techniques, the principle is to divide the sep- 
tum between the lumen of the diverticulum and the lumen of the 
esophagus. The division allows food and liquid to flow out of the 
diverticulum distal to the cricopharyngeus (which was within the 
septum) rather than to accumulate within the diverticulum. This 
procedure is achieved under general anesthesia, with a stapling 
device in the case of rigid endoscopy and under light sedation 


with a needle knife, argon plasma coagulation, or hot biopsy 
forceps in the case of flexible endoscopy. Controlled trials have 
not been done comparing the various procedures, but numerous 
case series suggest that each of them can be efficacious in skilled 
hands.*! 

Whether or not a cricopharyngeal bar in the absence of a 
Zenker diverticulum requires treatment is less clear. Certainly, if 
dysphagia exists and combined fluoroscopic/manometric analysis 
demonstrates reduced sphincter opening in conjunction with an 
elevated upstream intrabolus pressure, there is good rationale for 
treatment. One uncontrolled series suggests that in patients with 
symptomatic bars, dilation with a large-caliber bougie may be 
efficacious in relieving dysphagia, a reasonable treatment option 
prior to myotomy.*” 


Achalasia 


Because the underlying neuropathology of achalasia cannot be 
corrected, the objectives of treatment are compensating for the 
poor esophageal emptying and preventing complications. In prac- 
tical terms, this amounts to reducing LES pressure so that grav- 
ity along with whatever residual esophageal contractility exists 
promotes esophageal emptying. LES pressure can be reduced by 
pharmacologic therapy, forceful dilation, or surgical myotomy. 
Pharmacologic treatments, on the whole, are not very effective, 
making them most appropriate as temporizing maneuvers. 

HRM allows the subtyping of achalasia into 3 distinct pat- 
terns: (I) classic achalasia, (II) achalasia with compression, and 
(I) spastic achalasia (see Fig. 44.14). From a conceptual vantage 
point, types I and II represent a continuum, with type I being 
early disease before the progression of esophageal dilatation 
characteristic of type I. Type IMI, on the other hand, is a subtype 
characterized by spasm of the distal esophagus. The significance 
of these disease subtypes is in how differently they responded to 
therapy. Until recent years, the durable treatment options for 
achalasia were laparoscopic Heller myotomy or pneumatic dila- 
tion. An extensive literature has compared these treatments, cul- 
minating in a multicenter European randomized controlled trial, 
which concluded that both approaches were about 90% effec- 
tive with no statistically significant difference between them.*?:** 
However, that, and all preceding trials, did not consider acha- 
lasia subtype in their design or in their assessment of treatment 
efficacy. Subsequently, a substantial amount of retrospective 
data and a reassessment of the European achalasia trial®’ suggest 
that achalasia subtype is of great relevance in determining treat- 
ment effectiveness. Indeed, in the European achalasia trial, the 
efficacy of pneumatic dilation for treating type II achalasia was 
100%, compared to only 93% for Heller myotomy (p = 0.03). 
In contrast, treatment success in type II achalasia was achieved 
in 40% and 86% of patients for pneumatic dilation and laparo- 
scopic myotomy, respectively, although the numbers were small 
and this difference was not statistically significant. Considering 
the low cost of pneumatic dilation compared to laparoscopic 
myotomy and that the risk of esophageal perforation between 
techniques is comparable (about 1%),*° these findings argue for 
pneumatic dilation as the preferred initial treatment for type II 
achalasia. 

The bulk of the literature pertinent to achalasia treatment is 
composed of uncontrolled case series using a variety of quali- 
tative endpoints as indications of efficacy. As already noted, 
there has been minimal standardization as to the criteria for 
defining achalasia, disease severity, or the technical details of 
how the treatments are performed. Furthermore, some series 
were collected prospectively, some retrospectively, and some a 
combination. Given all of these limitations, there is little merit 
to embarking on a detailed comparison of outcomes among 
techniques. The existing treatment data can be summarized as 
follows. 
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Pharmacologic Therapy 

Smooth muscle relaxants such as nitrates or calcium channel 
blockers, administered sublingually immediately prior to eating, 
can relieve dysphagia in achalasia by reducing the LES pres- 
sure. Amyl nitrite, sublingual nitroglycerin, theophylline, and 
B2-adrenergic agonists have also been tried. The largest reported 
experience has been with isosorbide dinitrate (Isordil) and nifedip- 
ine. However, the side effects of nitrates, particularly headache, 
are common and the efficacy is very limited. Placebo-controlled 
trials have not been reported. With calcium channel blockers 
(mainly nifedipine) the limiting side effects are flushing, dizzi- 
ness, headache, peripheral edema, and orthostasis. Sublingual 
nifedipine (30 to 40 mg/day) administered before meals was stud- 
ied in 29 patients with early achalasia and was significantly bet- 
ter than placebo, with good results in 70% of achalasics followed 
for 6 to 18 months.*’ However, a subsequent placebo-controlled 
crossover trial of nifedipine found minimal benefit.** 

Sildenafil (Viagra) is another smooth muscle relaxant that 
can decrease LES pressure in patients with achalasia by blocking 
phosphodiesterase type 5, the enzyme that metabolizes the cyclic 
guanosine monophosphate induced by NO. A double-blind pla- 
cebo-controlled trial found that 50 mg of sildenafil significantly 
reduced LES pressure and LES relaxation pressure when com- 
pared to placebo.*? The effect peaked at 15 to 20 minutes after 
administration and persisted for less than 1 hour. Although con- 
ceptually appealing, the practicality of using sildenafil clinically is 
limited by its cost and potential side effects. 


Botulinum Toxin Injection 

The initial landmark study of botulinum toxin in achalasia 
reported that intrasphincteric injection of 80 units of botulinum 
toxin decreased LES pressure by 33% and improved dysphagia 
in 66% of patients for a 6-month period.”° Botulinum toxin irre- 
versibly inhibits the release of ACh from presynaptic cholinergic 
terminals, effectively eliminating the neurogenic component of 
LES pressure. However, because this effect is eventually reversed 
by the growth of new axons, it is not a long-lasting therapy. The 
technique involves injecting aliquots of botulinum toxin into 4 
quadrants of the LES with a sclerotherapy catheter. Side effects 
are rare but can include chest discomfort for several days and 
occasional rash. Although many patients initially experience a 
good response, there is minimal continued efficacy at 1 year.?! 
Repeat injection can be effective, but the injections lead to a 
local inflammatory reaction and fibrosis, ultimately limiting that 
strategy. Doses greater than 100 units do not have increased effi- 
cacy.”* Hence, this option is best reserved for older adults or frail 
individuals who are poor risks for definitive treatments. 


Pneumatic Dilation 

Therapeutic dilation for achalasia requires distension of the LES 
to a diameter of at least 3 cm to effect lasting reduction of LES 
pressure, presumably by partially disrupting the circular muscle 
of the sphincter. Only dilators specifically designed to treat acha- 
lasia achieve adequate diameter for lasting benefit; dilation to 
a lesser diameter provides only very temporary benefit at best. 
Rigiflex dilators are available in 3.0-, 3.5-, and 4.0-cm diameters. 
These are long, noncompliant, cylindrical balloons that have 
radio-opaque markings. They are designed to be passed over a 
guidewire and positioned across the LES fluoroscopically. Once 
positioned, the balloon is inflated to full diameter using a hand- 
held manometer taking care to visualize the indentation of the 
sphincter on the balloon surface as it expands. Pneumatic dila- 
tion is commonly done on an outpatient basis with the patient 
under conscious sedation. However, the technique of pneumatic 
dilation is highly variable among practitioners in terms of patient 
preparation, parameters of balloon inflation, and postdilation 
monitoring.” In patients with substantial esophageal retention, 
it is useful to impose a clear liquid diet for 1 or more days prior 


to the procedure. Although there is minimal methodological 
consistency among authors, a cautious approach of beginning 
with a small-diameter dilator (3.0 cm) and progressing to larger 
diameters (3.5 and 4.0 cm) only when the smaller dilator proved 
ineffective is fairly universal. As for inflation pressures, these are 
of minimal relevance with modern noncompliant balloon dila- 
tors, because they do not distend beyond their specified diameter 
regardless of inflation pressure. Hence, it is simply necessary to 
observe under fluoroscopy that the balloon is properly positioned 
to capture the LES, observed as the “waist” of the hourglass- 
shaped balloon silhouette, and that the waist fully effaces as the 
inflation proceeds. 

The major complication of pneumatic dilation is esophageal 
perforation, with a reported incidence ranging between 0% and 
5% and a global average of 1%.*° With most perforations readily 
evident (or at least suspected) within an hour of the procedure 
because of persistent or severe chest pain, fever, or subcutaneous 
emphysema, patients should be observed for signs of an esopha- 
geal leak for at least 2 hours after pneumatic dilation. Alternatively, 
some practitioners routinely obtain a fluoroscopic examination of 
the esophagus following pneumatic dilation to ensure that perfo- 
ration has not occurred. Usually, water-soluble contrast is given 
first, followed by barium. If a perforation appears small and is 
contained or intramural, conservative management consisting 
of hospitalization and close observation while maintaining the 
patient NPO, administering IV antibiotics is appropriate. Larger 
perforations can be closed with endoclips. However, if a perfo- 
ration is substantial, or if worsening chest pain and fever occur, 
surgical repair should be pursued expediently. Patients with a per- 
foration from pneumatic dilation that is recognized and promptly 
treated surgically (within 6 to 8 hours) have outcomes comparable 
to those of patients undergoing elective Heller myotomy.”* 

In instances of an unsatisfactory result following pneumatic 
dilation, it is reasonable to perform a subsequent dilation within 
a matter of weeks, using an incrementally larger dilator. If the 
benefit of the original dilation persisted for a year or more, it is 
common to repeat pneumatic dilation as necessary. The clinical 
efficacy reported for dilation ranges widely from 32% to 98%, 
likely because of the extreme variability in technique, methods for 
assessing treatment outcome, and the acceptability of performing 
repeated dilations over time.” Subsequent response to surgical 
myotomy is not influenced by the history of previous dilatations. 


Heller Myotomy 

Current surgical procedures for treating achalasia are varia- 
tions on the esophagomyotomy described by Heller in 1913. 
Subsequently, this procedure was modified to an anterior myot- 
omy via thoracotomy. The appeal of myotomy is that it offers 
a more predictable method of reducing LES pressure than does 
pneumatic dilatation. Although clearly efficacious, open Heller 
myotomy is associated with considerable morbidity related to the 
thoracotomy. However, adoption of the laparoscopic approach 
for achalasia surgery has largely mitigated this. 

Published series of the efficacy of Heller myotomy in treat- 
ing achalasia report good to excellent results in 62% to 100% 
of patients, with persistent dysphagia in fewer than 10%. The 
laparoscopic approach is associated with similar efficacy, reduced 
morbidity, and shorter hospital stay compared to myotomy via 
thoracotomy, laparotomy, or thoracoscopy. In the past, post- 
myotomy gastroesophageal reflux could be particularly severe; 
however, with the use of PPIs, this is usually easily controlled. 
Thus, laparoscopic Heller myotomy combined with a partial fun- 
doplication (Toupet or Dor) has become the preferred surgical 
procedure for achalasia. An unsatisfactory result following Heller 
myotomy can result from incomplete myotomy, scarring of the 
myotomy, functional esophageal obstruction from the antireflux 
component of the operation, paraesophageal hernia, or severe 
esophageal dilatation. 
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Only 1 multicenter prospective randomized controlled trial 
exists comparing pneumatic dilation to laparoscopic Heller 
myotomy.*’*+ In the European Achalasia Trial, 200 achalasia 
patients were randomized to laparoscopic myotomy with Dor 
fundoplication or pneumatic dilation, allowing for a maximum 
of 3 series of dilations in the pneumatic dilation group. There 
was no difference in success rates after 2 years of follow-up: 92% 
for pneumatic dilation versus 87% for laparoscopic myotomy.** 
Based on that evidence, laparoscopic myotomy and pneumatic 
dilation have comparable success rates, and cogent arguments 
can be made for each of these. Hence, one should assess the avail- 
able local resources, as well as patient preference, in selecting the 
initial therapy. 


Per Oral Endoscopic Myotomy (POEM) 

More recently, a hybrid technique has been developed for treat- 
ing achalasia, essentially using endoscopy to achieve a surgical 
myotomy. This procedure, termed per oral endoscopic myotomy 
(POEM), requires making a transverse mucosal incision in the 
mid-esophagus, entering it, and creating a submucosal tunnel all 
the way to the gastric cardia using a forward-viewing endoscope 
with a transparent distal cap and a triangular dissection knife. 
Once the subcutaneous tunnel is complete, the endoscope is with- 
drawn and selective myotomy of the circular muscle accomplished 
with electrocautery tools for a variable length up the esophagus 
and 2 cm distal to the EGJ onto the gastric cardia. Endoclips are 
then used to seal the entry incision. Initial reports in prospective 
cohorts of achalasia patients treated with the POEM procedure 
reported success rates of greater than 90%, comparable to those 
of laparoscopic Heller myotomy. A recent systematic review and 
meta-analysis comparing outcomes of POEM (1958 patients) and 
LHM (5834 patients) found POEM to be more effective than 
LHM in relieving dysphagia in the short term (mean follow-up 16 
months), but associated with a very high incidence of pathological 
reflux (odds ratio of 9.31 for erosive esophagitis). A random- 
ized controlled trial published as an abstract in 2017 comparing 
POEM with pneumatic dilation found the POEM procedure to 
be more efficacious in terms of therapeutic success, but also more 
likely to result in post-procedure reflux oesophagitis.”° After 1 
year, 92% of the POEM patients (7 = 67) were in clinical remis- 
sion versus 70% after pneumatic dilation (7 = 66) (p < 0.01). 


Treatment Failures 
Persistent dysphagia after achalasia treatment suggests treat- 
ment failure and should be evaluated with some combination of 
endoscopy, high-resolution impedance manometry,” functional 
luminal imaging probe,” and fluoroscopic imaging. Endoscopy 
may detect esophagitis, stricture, paraesophageal hernia, or ana- 
tomic deformity. Impedance manometry may be useful to quan- 
tify persistent or recurrent sphincter dysfunction, distal spasm, 
or esophageal retention. Functional luminal imaging probe study 
can identify a poorly distensive sphincter, even in cases that HRM 
suggests adequate relaxation.” Fluoroscopy is useful both to 
identify anatomic problems and to evaluate esophageal emptying 
using a timed barium swallow, a standardized method of measur- 
ing the height of the esophageal barium column 1 and 5 minutes 
after ingestion.”’ In some instances, these evaluations will lead to 
further intervention. This could potentially be either repeat dila- 
tion, POEM, or Heller myotomy. In patients who have already 
undergone myotomy, detection of a short myotomy or functional 
esophageal obstruction from the antireflux component of the 
surgery may require reoperation, but pneumatic dilation can be 
pursued as an alternative. Reoperation, in general, is less effective 
than an initial operation for any indication in achalasia. 
Occasionally, patients fail to respond to optimally performed 
dilation or myotomy and require alternative treatment. In 
extremely advanced or refractory cases of achalasia, esophageal 
resection with gastric pull-up or interposition of a segment of 


transverse colon or small bowel may be the only option. Indi- 
cations for this intervention include unresolvable obstructive 
symptoms, malnutrition, bleeding, chronic aspiration, cancer, 
and perforation during dilation. Although excellent long-term 
functional results can be achieved, the reported mortality of this 
surgery is about 4%, consistent with esophagectomy done for 
other indications. 


Risk of Squamous Cell Cancer 

Squamous cell carcinoma may develop in the achalasic esophagus. 
The tumors develop many years after the diagnosis of achalasia 
and usually arise in a greatly dilated esophagus with stasis esopha- 
gitis. Symptoms attributable to the cancer can be delayed, and the 
neoplasms are often large and advanced at the time of detection 
raising the issue of surveillance endoscopy. However, an analysis 
of a database encompassing the entire Swedish population of 1062 
achalasics suggests that after discounting incident carcinomas, 
the overall squamous cell cancer risk for achalasics was 17-fold 
compared to age-matched controls, resulting in a 0.15% cancer 
incidence. The authors calculated that if surveillance endoscopy 
was done annually, 406 exams would have to be done in men and 
2220 in women before 1 potentially treatable tumor was found. 
However, even that calculation is optimistic, given that detection 
of a small cancer in a massively dilated esophagus with retained 
food and stasis esophagitis is far from assured. Consequently, the 
latest ASGE guidelines do not advocate routine endoscopic sur- 
veillance for achalasia patients. However, they also state that if 
surveillance was considered, it would be reasonable to begin 15 
years after the onset of achalasia symptoms.!°° 


Diffuse Esophageal Spasm (DES) 


Despite the dogma of treatment with smooth muscle relaxants, 
minimal controlled data exist regarding pharmacologic therapy 
of DES.!°! Long-term studies are not available, and the entire 
basis for this therapy is anecdotal. Furthermore, most instances 
of esophageal chest pain are due to reflux rather than DES, 
and reflux symptoms will likely be made worse by treating with 
smooth muscle relaxants. Uncontrolled trials of small numbers of 
DES patients report clinical response to nitrates, calctum channel 
blockers, hydralazine, and anxiolytics. 

Botulinum toxin injection is an appealing therapeutic approach 
for DES because it blocks cholinergic neural transmission. In a 
randomized controlled trial involving 22 patients with DES or 
nutcracker esophagus, 50% of patients responded to Botox, com- 
pared to 10% injected with saline (P 0.01).!° In a subsequent ret- 
rospective analysis of only the patients diagnosed with HRM, all 
6 with DES had a positive response to Botox at 2 months and the 
response was sustained for more than 6 months in 4 patients.!°? 
However, a case of fatal mediastinitis was reported in a DES 
patient who received Botox, so the procedure cannot be viewed 
as without risk.!* 

Until recently, surgery was rarely entertained in the treat- 
ment of DES because the options were of either a thoracotomy 
with a long myotomy or esophagectomy. However, since 2012, 
well-defined cases of DES have been successfully treated with 
POEM.!® The unique advantage of POEM is that the length 
of myotomy can be extended to potentially involve the entire 
smooth muscle esophagus as gauged by HRM, esophageal wall 
thickening on EUS, or intra-operative FLIP. Supportive of this, 
a recent meta-analysis of uncontrolled POEM series reported a 
weighted pooled response rate of 88% [CI 61% to 97%] in DES 
with the length of myotomy averaging 13.5 cm.!° 


Hypercontractile (Jackhammer) Esophagus 


The same therapeutic options used for DES have also been 
advocated for patients with hypertensive (or hypercontractile) 
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peristalsis. Smooth muscle relaxants such as calcium channel 
blockers and nitrates have been used for these disorders. Although 
they reduce peristaltic amplitude, neither has been shown to 
relieve chest pain or dysphagia in clinical trials. Sildenafil is an 
appealing alternative owing to its profound effect of reducing 
contraction amplitude and potentially reducing the occurrence 
of repetitive contractions.!°’ Again, supportive clinical trial data 
do not exist. Similarly, botulinum toxin injection in the esopha- 
geal muscle, with or without EUS guidance, may be an option for 
patients with refractory symptoms. Finally, similar to the cases 
of spastic achalasia and DES, POEM has recently been proposed 
as a treatment for hypercontractility. The same meta-analysis 
of uncontrolled POEM series discussed above with respect to 
DES also analyzed data on jackhammer and reported a weighted 
pooled response rate of 72% [CI 55% to 83%], notably less than 
the 92% response reported for type II achalasia.!°° 

Because of the potential overlap between hypertensive peri- 
stalsis and GERD and the observation that many of these patients 
have coexistent psychological distress, therapies targeting acid 
secretion, visceral sensitivity, and stress have also been attempted. 
PPIs have been proposed based on the hypothesis that GERD 
can induce chest pain and hypertensive peristalsis. Similarly, 
treatment with low-dose tricyclic antidepressants may reduce 
contractions via the anticholinergic effect and may reduce vis- 
ceral sensitivity. 


Absent Peristalsis 


Although it is biologically plausible that treating an underlying 
disorder associated with absent peristalsis may improve esopha- 
geal motility, no medications have been identified that signifi- 
cantly improve peristalsis in the context of absent peristalsis. 
Consequently, treatments focus on minimizing potential com- 
plications using lifestyle modifications such as postural maneu- 
vers to improve esophageal clearance and drinking liberally with 
meals to facilitate bolus transit. Patients with absent peristalsis 
and an incompetent EGJ (the “scleroderma pattern”) will be vul- 
nerable to severe GERD because they have both a reduced anti- 
reflux barrier and impaired esophageal clearance once reflux has 
occurred (see Chapter 46). These patients often require twice- 
daily PPI therapy. Additionally, these patients are vulnerable to 
pill esophagitis, and care should be taken to avoid potentially 
caustic medications and to convert medications to liquid formu- 
lation, sublingual, or smaller versions to prevent pill esophagitis. 


Esophageal Hypersensitivity 


Therapies for esophageal motor disorders have traditionally 
centered on improving esophageal contractility and emptying. 
However, other than in the instance of achalasia, the efficacy of 
these therapies is very limited. More recently, there has been a 
realization that minor manometric findings formerly interpreted 
as indicative of symptomatic hypercontractile conditions were 
often epiphenomena indicative of hypersensitivity syndromes. 
Hence, there is now substantial interest in developing treatments 
directed at reducing esophageal hypersensitivity, and a number 


of pharmacologic and behavioral therapies have been identified 
to modulate esophageal pain perception. 


Pharmacologic Treatments 

Antidepressants are the most common medications prescribed 
for visceral pain modulation or chest pain of esophageal origin. 
Among the antidepressants, the tricyclic antidepressants are 
the best studied. The mechanism of action for this therapeutic 
benefit is unknown, because these agents have multiple recep- 
tor targets, both centrally and peripherally. Proposed treatment 
with these agents is at lower doses than would be used for mood- 
altering effects and typical starting doses for antidepressants 
(amitriptyline, nortriptyline) are 10 to 25 mg at bedtime, with 
escalations of 10- to 25-mg increments to a target of 50 to 75 
mg. However, as highlighted by a recent randomized controlled 
trial, it is difficult to differentiate the nonspecific effects of tri- 
cyclics from their effects on hypersensitivity.!°* In that trial of 
43 functional heartburn and esophageal hypersensitivity patients 
randomized to treatment with 25 mg ghs imipramine and 40 ran- 
domized to matched placebo, the response rates, judged by a 50% 
reduction in reflux symptoms, were 37.2% and 37.5%, respec- 
tively. However, those treated with imipramine were more likely 
to experience improvement in quality of life as assessed by total 
SF-36 score, which is, after all, the main objective when treating 
functional disorders. 

Experimental data also support the effectiveness of selec- 
tive serotonin reuptake inhibitors in the treatment of esopha- 
geal hypersensitivity. Intravenous citalopram at a dose of 20 
mg was found to significantly reduce both chemical (acid per- 
fusion) and mechanical (balloon distention) esophageal sen- 
sitivity in a randomized double-blinded crossover study.!°” 
Although clinical trials are not yet available, mechanistic stud- 
ies assessing other selective serotonin reuptake inhibitors have 
also yielded encouraging results. Along similar lines, there has 
been substantial interest in developing medications that influ- 
ence serotonin (5-HT) pathways given their effects on gut 
motility and as treatments for nausea. Unfortunately, several 
of these medications have proved to have unacceptable risks 
related to cardiac arrhythmias or gut ischemia that led to their 
withdrawal. 


Nonpharmacologic Treatments 

Although the link among esophageal hypersensitivity, psycho- 
logical factors, and psychiatric abnormalities is unclear, therapy 
focused on reassurance, behavioral modification, and relaxation 
techniques may be helpful. These therapies will most likely bene- 
fit patients with comorbidities such as panic disorder, generalized 
anxiety, and depression. However, it is also possible that thera- 
pies using controlled breathing, relaxation techniques, or hyp- 
notherapy may benefit patients with hypersensitivity by diverting 
mental attention and reducing hypervigilance for visceral stimuli. 
Well-performed prospective trials are necessary to define the 
clinical role of these therapies. 


Full references for this chapter can be found on www.expertconsult.com. 
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MEDICATION-INDUCED ESOPHAGEAL INJURY 


Medication-induced esophageal injury occurs at any age and 
from a variety of commonly used medications. Nevertheless, 
medication-induced esophageal injury is likely underdiagnosed 
in clinical practice for several reasons. First, common and more 
serious problems such as acute coronary syndrome and pulmo- 
nary embolism might be considered initially because of the severe 
chest pain, often pleuritic in nature, associated with pill-induced 
esophagitis. Second, patients may be assumed to be having a 
severe episode of acid reflux, a far more common condition than a 
medication-induced esophageal ulceration. Third, several of the 
medications that cause medication-induced esophagitis are over- 
the-counter medications (e.g., NSAIDs) or may have been taken 
safely for years (e.g., tetracycline) without injury and therefore 
not considered by patients to be a possible contributor to their 
symptoms. Fourth, because it is not routinely reported or rec- 
ognized, medication-induced esophageal injury is considered to 
be uncommon.!” This under recognition can be problematic as 
failure to recognize this entity can lead to failure to discontinue 
the offending agent and lead to extensive and erroneous evalua- 
tion and treatment of other conditions. Under recognition may 
lead to failure to provide the patient proper instruction to avoid 
injury as well, because this chapter provides a detailed overview of 
medication-induced esophageal injury, with particular attention 


Esophageal Disorders Caused by Medications, 


to suspecting this entity both by its symptoms and by the medica- 
tions that are potentially culpable. 


Mechanisms 


Medications cause esophageal injury through several mecha- 
nisms. These can initially be divided into those that cause direct 
injury to esophageal mucosa because of their caustic nature or by 
facilitation of injury through other mechanisms such as induction 
of acid reflux (e.g., calcium channel antagonists). Medications 
directly damage the esophageal mucosa through 1 of 4 known 
mechanisms: (1) production of a caustic acidic solution (e.g., 
ascorbic acid and ferrous sulfate); (2) production of a caustic alka- 
line solution (e.g., alendronate); (3) creation of a hyperosmolar 
solution in contact with esophageal mucosa (e.g., potassium chlo- 
ride); and (4) direct drug toxicity to the esophageal mucosa (e.g., 
tetracycline). For many medications, the mechanism of esopha- 
geal injury does not fall into any of these known categories. Other 
factors may influence the toxicity of the pill, particularly contact 
time, pills coated with gelatinous material,’ sustained-release for- 
mulations, and a wax matrix form of the drug.* Cellulose fiber 
and guar gum pills may swell and lodge in the esophagus, causing 
complete obstruction because of their water-absorbing capacity. 
Finally, medications may cause esophageal injury through induc- 
tion of a systemic reaction that affects the esophagus.’ 

It is commonly assumed that a predisposition to medica- 
tion-induced esophageal injury is due to an anatomic or motil- 
ity disorder of the esophagus or that the medication was taken 
incorrectly, in either case allowing for prolonged exposure of 
the medication to esophageal mucosa. For example, studies have 
shown that patients with left atrial enlargement,° esophageal 
strictures,’ esophageal dysmotility,® and esophageal diverticula? 
(either Zenker or epiphrenic diverticula) have greater risk of pill- 
induced injury. Similarly, in the patient with normal esophageal 
function, the site of drug-induced injury most commonly occurs 
where there are areas of normal hypomotility or extrinsic com- 
pression, such as in the trough zone of the esophagus (where the 
smooth and skeletal muscle overlap) or at the level of the aortic or 
left bronchial impression on the esophagus.!°!! These locations 
of relative stasis allow for a pill, when taken incorrectly, to cause 
injury. However, any part of the esophagus may be involved. 
Methods of taking a medication incorrectly that predispose to 
injury include ingesting a pill without enough water or assum- 
ing a recumbent position or sleeping immediately after pill inges- 
tion, or both. The latter 2 factors are particularly problematic, 
by eliminating the help of gravity in esophageal transit and by 
reducing saliva production and frequent swallowing, which occur 
normally while awake. Importantly, however, many, if not most, 
patients who suffer pill-induced esophageal injury presumably 
have normal esophageal function and do not necessarily ingest 
their medication in a faulty manner. That pill-induced esopha- 
geal injury can occur under “normal” conditions is supported by 
data demonstrating prolonged radiographic retention of capsules 
in the esophagus by normal subjects even when taken with water 
in the upright position.*:!* Capsules may have longer esophageal 
retention times than tablets.!? 
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Fig. 45.1 A, Barium esophagogram showing esophageal ulceration secondary to tetracycline, with the (arrow) 
pointing to an area of ulcerations. B, Endoscopic image of a tetracycline-induced esophageal burn. (A, Cour- 


tesy Dr. Marc Levine, Philadelphia.) 


Clinical Features and Diagnosis 


Patients typically note an acute onset of chest pain, which may 
radiate over the central chest and to the back. The pain is com- 
monly accentuated with inspiration and may be accompanied by 
severe odynophagia, even to small sips of liquids. Some patients 
may complain of a severe acute onset of heartburn-type symp- 
toms. This set of symptoms associated with ingestion of a poten- 
tially injurious medication taken incorrectly (particularly just 
before bedtime without enough water) strongly suggests the 
diagnosis. If objective confirmation of the diagnosis is necessary, 
endoscopy or radiography can be used, although endoscopy is 
considered more sensitive. Findings range from discrete ulcers to 
diffuse severe esophagitis with pseudomembranes, as may be seen 
with bisphosphonates!+ or with sodium polystyrene sulfonate sus- 
pension (Kayexalate), mimicking candidal esophagitis.'> A diffuse 
sloughing appearance of the mucosa, also known as esophageal dis- 
secans superficialis, may also be identified.!° Occasionally, severe 
inflammatory reactions causing stenoses and tumor-like appear- 
ances occur.!7:!8 Similar findings may be seen radiographically, 
particularly when double-contrast radiography is used.!?° The 
range of findings described on esophagography may also include 
solitary or multiple ulcers; small or large ulcerations; ulcers with 
punctate, ovoid, linear, serpiginous, or stellate collections of bar- 
ium; confluent ulcers; or areas of normal-appearing mucosa sepa- 
rating ulcers (Fig. 45.1).!° The occurrence of multiple esophageal 
septa has also been described.*! Rarely, severe complications of 
medication-induced injury occur such as esophagorespiratory 
fistula, esophageal perforation, hemorrhage secondary to ulcer- 
ation, and chronic stricture formation. Pathologically, esophageal 
biopsies in affected areas reveal dilated intercellular spaces and a 
predominance of T lymphocytes and eosinophils in a pattern dif- 
ferent from other causes of esophagitis.’ 


Prevention, Treatment, and Clinical Course 


No specific treatments have been shown to be beneficial in alter- 
ing the course of medication-induced injury. Treatment is aimed 
at symptom control, prevention of superimposed injury from 


acid reflux, maintenance of adequate hydration, and removal of 
the offending medication. Symptom control may be achieved 
topically by local anesthetics such as viscous lidocaine solution. 
Occasionally, narcotics are necessary. Prevention of superim- 
posed reflux is best achieved with a twice-daily PPI, although no 
data show that prevention of acid reflux hastens symptomatic or 
pathologic improvement of pill-induced injury. For patients who 
have severe odynophagia prohibiting adequate oral intake, IV 
hydration may be necessary for a few days. Removal of the cause 
of injury is self-evident, although this is not always easily achieved. 
This is particularly true in clinical situations in which there may 
not be an adequate substitute such as in aspirin prophylaxis for 
cardiovascular disease, bisphosphonates for severe osteoporosis, 
or high-dose NSAIDs for pain from chronic inflammatory arthri- 
tides. No data address the question of whether rechallenge with a 
pill that induced prior esophagitis poses higher risk of recurrent 
injury if the pill is taken with better caution, with the possible 
exception of bisphosphonates. It is also unclear if patients with 
a theoretical underlying risk (e.g., esophageal dysmotility) have 
a greater risk of esophagitis with rechallenge. In the absence of 
stricture formation or catastrophic presentation, most patients 
have clinical resolution of symptoms within 2 to 3 weeks, and 
radiographic resolution has been described in 7 to 10 days.!? 

Because no treatment has been proved effective, it is hoped 
that proper administration of potentially injurious medications 
will help avoid occurrence of esophageal injury. On the basis of 
the sometimes normally slow transit of medications through the 
esophagus, particularly for gelatin capsules and larger tablets,’ 
the following recommendations are made: (1) medications should 
be swallowed with at least 8 ounces of a clear liquid; (2) patients 
should remain upright for at least 30 minutes following ingestion 
of the medication; and (3) in patients with potential underlying 
increased risk for pill-induced injury (e.g., inability to follow the 
previous instructions, poor esophageal motility, anatomic com- 
promise of the esophageal lumen), one should search for alterna- 
tive safer medications or carefully weigh the risks and benefits of 
this medication against the disease for which this medication is 
necessary. 
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BOX 45.1 Medications Commonly Associated with 
Esophagitis or Esophageal Injury 


Antibiotics 
Clindamycin 
Doxycycline 
Penicillin 
Rifampin 
Tetracycline 
Cloxacillin 

Antiviral agents 
Nelfinavir 
Zalcitabine 
Zidovudine 

Bisphosphonates 
Alendronate 
Etidronate 
Pamidronate 

Chemotherapeutic agents 
Bleomycin 
Cytarabine 
Dactinomycin 
Daunorubicin 
5-Fluorouracil 
Methotrexate 
Vincristine 
Crizotinib 

NSAIDs 
Aspirin 
Ibuprofen 
Naproxen 

Other medications 
Ascorbic acid 
Ferrous sulfate 
Lansoprazole 
Multivitamins 
Potassium chloride 
Quinidine 
Theophylline 


Specific Medications 


Several broad categories of medication types cause esophageal 
injury. These include antibiotics, antivirals, NSAIDs, specific 
antiarrhythmic drugs, vitamins, and miscellaneous isolated drugs 
from varied categories. 


Antibiotics (Box 45.1) 


Tetracycline, doxycycline, and their derivatives are by far the most 
common causes of pill-induced esophagitis, with almost as many 
cases reported as all other cases combined.!! Its commonality of 
injury may be more a reflection of how frequently these drugs are 
used rather than a strong propensity of tetracycline to produce 
such injury. This relatively low incidence of esophageal ulceration 
from tetracycline for all users is suggested by a lack of any cases of 
esophageal injury seen in a recent survey of 491 Gulf War veterans 
treated with doxycycline.’ The mechanism of injury is felt to be 
corrosive damage, because tetracycline dissolved in water produces 
a solution with a very low pH.!? Symptoms may be acute in onset”? 
and typically last several days to several weeks. Ulcerations may 
vary in appearance but are typically small and superficial, may have 
a “kissing” appearance, are located in the mid-esophagus just above 
the aortic arch or left mainstem bronchus,!? and have a burn-like 
appearance (see Fig. 45.1). Stricture formation is uncommon. 
Injury from other antibiotics is uncommon and mostly 
documented in case reports. These include clindamycin,’*”° 


rifampin,”° ciprofloxacin,’ penicillins,**?? and cloxacillin but 
the incidence is still exceedingly low given their common use. If 
a history is compatible with pill-induced esophageal injury, any 
antibiotic currently being used should be considered a possible 
culprit, although rare. 

Antiviral agents, particularly those used for treatment of HIV, 
also have been reported to cause medication-induced esophageal 
injury. These include zalcitabine,*° zidovudine,*! and nelfinavir.*? 


Bisphosphonates 


The most rapidly emerging category of medication-induced 
esophagitis has been those injuries secondary to bisphosphonates 
used to treat osteoporosis. This class of medications has in fact 
become the most prevalent cause of medication-induced esopha- 
itis. 

> To date, injury has been reported mostly with alendro- 
nate,!+33-39 but also with etidronate*? and pamidronate.*! 
Although the overall incidence of injury is probably low (<100 
cases reported)'! when considering the millions of patients 
using the medication, injury can be serious and even fatal. 
Unfortunately, reflux-type symptoms are common and can 
be difficult to distinguish from medication-induced mucosal 
injury. Risedronate has low potential for causing esophageal 
injury, if at all.4? Part of this might be explained by the rapid 
esophageal transit and subsequently minimal contact time of 
the drug with esophageal mucosa.*} In 1 study prospectively 
following 255 patients treated with risedronate and under- 
going endoscopy 8 and 15 days later, no patients developed 
esophageal ulceration. This study also underscored the over- 
all safety of bisphosphonates in general in that only 3 of 260 
patients receiving alendronate developed esophageal ulcer- 
ation.*# 

Diagnosis is best made endoscopically, where marked exu- 
dates and inflammation are seen. Biopsies show an intense 
inflammatory exudate and granulation tissue that may contain 
polarizable crystals and multinucleated giant cells.* Stricture 
formation*® occurs in up to one third of patients,'! and life- 
threatening hemorrhage,” Zenker diverticulitis (due to pill 
trapping),*’ and esophageal perforation*> have been reported. 
Patients who sustain injury are described commonly to take the 
bisphosphonate not in accordance with directions (i.e., in the 
upright position with at least 8 ounces of beverage, remaining 
upright for at least 30 minutes). Still, as with other pill-induced 
esophagitides, patients taking the medication correctly may 
sustain esophageal injury. One question frequently answered 
anecdotally, but not clearly addressed scientifically, is whether 
patients with a history of GERD should avoid bisphosphonates. 
Furthermore, if GERD is a risk factor, it is unclear what degree 
of reflux constitutes risk. The decision should weigh the severity 
of osteoporosis and risk of fracture against the risk of esophagi- 
tis. Patients with GERD that predisposes to stasis, such as those 
with stricture or severe ineffective esophageal motility, should be 
particularly cautious. 


NSAIDs 


NSAIDs are another common cause of pill-induced esopha- 
geal injury. Similar to the other common causes of medication- 
induced esophageal injury, they occur in a small fraction of all 
NSAID users. Aspirin, naproxen, indomethacin, and ibuprofen 
account for the majority of cases,!! but most other NSAIDs have 
been reported to cause esophageal injury in case reports. Not sur- 
prisingly, hemorrhage, which may be severe,** is a common com- 
plication of these esophageal ulcers, especially when compared 
with other medication causes of esophagitis. Bronchoesophageal 
fistula has also been reported.” Notably, it is over-the-counter 
use of NSAIDs that is most commonly associated with injury,°° 
in keeping with their more commonly used venue. 
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In a study of 1122 patients hospitalized for GI bleeding, 
any dose of aspirin, including a low dose, was associated with 
increased risk of developing esophagitis.*! Other studies have also 
identified NSAIDs in general as a risk factor for erosive esophagi- 
tis.’ Whether the esophagitis in these studies is all directly due to 
these medications or whether they act synergistically with reflux- 
induced injury is unclear, although one study has suggested that 
aspirin makes the esophageal mucosa more sensitive to acid and 
pepsin.*? 


Other Medications 


Potassium chloride (KCl) pills have been associated with esopha- 
geal injury. Injury can be severe, as documented by reports of 
esophageal stricture formation’? or of perforation into the left 
atrium,°° bronchial artery,’ or mediastinum.** Patients who sus- 
tain esophageal injury from KCI pills commonly report associ- 
ated conditions such as cardiac (including left atrial) enlargement 
or prior cardiac surgery.°?-°! Whether these processes truly pre- 
dispose to pill stasis and injury because of extrinsic esophageal 
compression by the heart or because patients using KC] pills have 
a high prevalence of cardiac disease is unclear. 

Quinidine is another medication with the potential for 
severe esophagitis.!* Endoscopically, quinidine may be associ- 
ated with findings ranging from mild ulceration to a marked 
inflammatory response with edema suggesting carcinoma.!”"!® 
Ferrous sulfate,°’ theophylline,°*.* oral contraceptives,® ascor- 
bic acid,?* mycophenolic acid,® and multivitamins” have caused 
esophageal ulceration. Numerous other medications have been 
reported to cause esophageal ulceration in single case reports. 
Examples include sildenafil,°° phenytoin,!? warfarin,°’ gly- 
buride,’° lansoprazole,’! valproic acid,” chlorazepate,’* capto- 
pril,’* foscarnet,’> deferasirox,’° dabigatran,’’ paracetamol,’® 
and throat lozenges.’?8° 


Chemotherapy-Induced Esophagitis 


Dactinomycin, bleomycin, cytarabine, daunorubicin, 5- 
fluorouracil, methotrexate, vincristine, and chemotherapy 
regimens used in hematopoietic stem cell transplantation may 
cause severe odynophagia as a result of oropharyngeal muco- 
sitis, a process that can also involve the esophageal mucosa.*! 
Esophageal damage is unusual in the absence of oral changes. 
Although mucositis is self-limited in most cases, some patients 
develop oral and esophageal damage that persists for weeks to 
months. Chemotherapy given months after thoracic irradiation 
to the esophagus, particularly doxorubicin, may cause a “recall” 
esophagitis. Vinca alkaloid drugs are neurotoxic, and dysphagia 
may complicate vincristine therapy.*’ Crizotinib, a tyrosine- 
kinase inhibitor used for non-small cell lung cancer, has been 
reported to cause severe ulcerative esophagitis similar to a more 
typical pill-induced esophagitis.®-8° 


Esophageal Injury From Variceal Sclerotherapy 


For many years variceal sclerotherapy was the mainstay of 
therapy for endoscopic control of esophageal variceal bleeding. 
Although it is still an accepted form of therapy, it has been largely 
replaced by several other methods including IV administration of 
octreotide, variceal banding, and transvenous intrahepatic porto- 
systemic shunts. Nevertheless, its continued use by some physi- 
cians, as well as the occurrence of complications that may persist 
for several years, compel the gastroenterologist to recognize its 
various forms of potential esophageal injury. 

Complications from variceal sclerotherapy can be divided into 
2 main categories: gross structural injury and esophageal motility 
alterations. There is a wide range of gross injury from variceal 
injection. Injection of sclerosant into and around varices causes 


necrosis of esophageal tissues and mucosal ulceration; the risk is 
related to the number of injections and the amount of sclerosant. 
Small ulcers appear within the first few days after sclerotherapy 
in virtually all patients; larger ulcers develop in roughly one half 
of patients. Other complications include intramural esophageal 
hematoma,” strictures,’! and perforation.”* Strictures occur in 
approximately 15% of patients undergoing sclerotherapy?!”>:"+ 
and are usually amenable to Savary or balloon dilation. Unusual 
manifestations of sclerotherapy with deep needle penetration 
include pericarditis, esophageal-pleural fistula, pleural effusion, 
and tracheal obstruction due to compression by an intramu- 
ral hematoma.??:° One case of squamous cell carcinoma of the 
esophagus was attributed to a course of variceal sclerotherapy 5 
years earlier.”” 

Several studies have demonstrated abnormal esophageal 
motility after completed courses of sclerotherapy. These abnor- 
malities may be related to wall injury or vagal dysfunction.”* Spe- 
cific motility abnormalities include delay in esophageal transit 
and decreased amplitude and coordination of esophageal con- 
tractions.”+”? There is debate over whether these changes are 
reversible, with different studies demonstrating worsening”*t 
or resolution!” of motility abnormalities over 4 weeks’ time. 
Whether these motility changes reflect the effects of irreversible 
fibrosis or reversible inflammatory neuropathy is unclear. One 
potential consequence of motility dysfunction after sclerotherapy 
is the occurrence of pathologic gastroesophageal reflux, as docu- 
mented by abnormal esophageal pH monitoring!”! and by abnor- 
mal scintigraphy and barium studies.”* Other studies have also 
shown abnormal reflux following sclerotherapy that correlated 
with esophageal dysmotility, and which did not occur in patients 
undergoing band ligation.” Furthermore, the amount of scle- 
rosant injected paravariceally appears to correlate with increased 
acid reflux.!°! 

The only agent that has been shown effective in preventing 
postsclerotherapy strictures and in healing ulcers is sucralfate, 
either alone or in combination with antacids and cimetidine.!0?1% 
Acid suppressive therapy alone, with either H2RAs or PPIs, has 
not been shown to be effective in preventing or healing post- 
sclerotherapy ulcers or strictures. 104105 


ESOPHAGEAL INJURY FROM NASOGASTRIC AND 
OTHER NONENDOSCOPIC TUBES 


NG tubes have long been recognized as a potential source of 
esophageal injury and stricture formation (Fig. 45.2). The puta- 
tive mechanism is gastroesophageal reflux. In patients under- 
going elective laparotomy, recent data have demonstrated an 
esophageal pH of less than 4 for nearly 9 of the first 24 hours 
compared with less than one half hour in a control group without 
tube placement.!°° One study demonstrated an increase in acid 
exposure even in normal volunteers undergoing NG tube place- 
ment.!°7 When strictures occur, they are characteristically long, 
narrow, and difficult to manage endoscopically. Whether general 
use of potent acid-suppressing therapies has decreased the inci- 
dence of these strictures is unknown. 

Respiratory luminal devices have also been reported as poten- 
tial sources of esophageal trauma. Esophageal laceration with use 
of a Combitube,!°* tracheoesophageal fistula with a cuffed tra- 
cheal tube,'° and esophageal perforation from a thoracostomy 
tube!!° or transesophageal echocardiography probes!!! have been 
reported. 

More recently, several authors have reported the occur- 
rence of an atrial-esophageal fistula complicating cardiac radio- 
frequency ablation procedures.!!?-!'” It is estimated to occur in 
0.1% to 0.25% of atrial fibrillation ablation procedures. This 
serious and often fatal complication has been described to occur 
anywhere from 10 days to 5 weeks after ablation. The initial pre- 
sentation includes fever and neurologic abnormalities, the latter 
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Fig. 45.2 A, NG tube-induced stricture demon- 
strated by barium esophagography. B, Endoscopic 
appearance of a tight NG tube-induced stricture. 
(A, Courtesy Dr. Marc Levine, Philadelphia; B, 


A 
courtesy Dr. Gregory G. Ginsberg, Philadelphia.) 


caused by air emboli to the brain from the esophagus through the 
fistula into the left heart. Laboratory studies may reveal leukocy- 
tosis and positive blood cultures. Imaging studies may reveal gas 
bubbles in the left atrium. Although generally fatal due to sepsis 
and upper GI hemorrhage, a recent report describes a patient 
who survived with surgical repair of the fistula,'!> suggesting that 
prompt recognition may reduce mortality. A case of intramural 
esophageal hematoma that resolved with conservative therapy has 
also been described.!!® 

Finally, esophageal perforation may occur from probes used 
for transesophageal echocardiography.!!*""! Perforation may 
occur even without apparent resistance to passing the endoscope 
or a defined anatomic abnormality that would predispose to per- 
foration. 


ESOPHAGEAL INJURY FROM PENETRATING OR 
BLUNT TRAUMA 


Noniatrogenic traumatic injury to the esophagus may occur 
through either penetrating or, less commonly, blunt injuries. 
Blunt trauma resulting in esophageal perforation is exceedingly 
rare; most cases have occurred in the cervical esophagus after 
motor vehicle accidents!”* and sometimes with delayed diagno- 
sis.!?3.!24 Injury may result from the steering wheel,!”> seat belt,!”° 
or even from external vehicular impact.!*’ Cervical esophageal 
transection due to shearing forces experienced with being thrown 
from a motorcycle has also been described.!?’ Penetrating inju- 
ries to the esophagus are usually caused by gunshot or knife 
wounds, although cervical esophageal perforation secondary to 
cervical spine surgery has been well recognized.!”° In general, 
injuries from penetrating wounds are divided into those of the 
cervical and lower esophagus. Perforation of the cervical esopha- 
gus may be diagnosed initially by the finding of extramural air 
on radiographic studies such as lateral views of the neck or CT. 
Gastrografin contrast studies confirm the diagnosis, although this 
test is not always possible in patients with severe traumatic inju- 
ries. Although routine endoscopy is a relative contraindication in 
these patients, intraoperative endoscopy may be a valuable diag- 
nostic tool for the diagnosis of perforation.!*° 

Cervical esophageal penetrating injuries are usually associ- 
ated with concurrent tracheal, carotid, or spinal injury. One area 
of debate in management of these injuries is whether surgical 


exploration is necessary in all patients. The concern in waiting 
is the development of sepsis, airway compromise, or tracheo- 
esophageal fistulae,'*! estimated to occur in approximately 4% 
of penetrating esophageal wounds!*’ and particularly in those 
patients undergoing tracheostomy for tracheal damage. Another 
downside of watchful waiting is the contamination of a previously 
sterile field. This may eliminate the option of primary closure 
and necessitate a 2-step procedure, first with performance of a 
diverting cervical esophagostomy before definitive repair. As a 
result, some investigators continue to recommend an aggressive 
multimodal surgical approach.!’? In contrast, a recent study of 
17 patients with cervical esophageal injury from knife or gunshot 
wounds suggested that conservative management with enteral 
feeding and antibiotics may allow for nonoperative healing. 
A consensus seems to be that in those patients with contained 
small luminal cervical perforation, without sepsis and without the 
need for surgical exploration for other injuries, a conservative 
approach may be tried.!*+ 

For penetrating trauma to the more distal esophagus, simi- 
lar principles apply but with some important differences. First, 
although diagnosis is often made by finding extraesophageal 
air on either chest radiographs or CT (or finding extravasation 
on contrast study of the esophagus), endoscopy may be per- 
formed, particularly for those unstable patients in whom contrast 
esophagography is not practical.'?> Some investigators feel that 
endoscopy should be the diagnostic test of choice.'3° Second, as 
opposed to a more contained perforation that occurs in the neck 
as dictated by its close tissue planes, perforation in the more distal 
esophagus may extend farther into the mediastinum and pleura. 
Also, there is a threat of coexistent injury to the aorta. 

Third, because of the segmental and often variable esophageal 
blood supply (particularly in the distal esophagus), simple clo- 
sure of a perforation is not often adequate owing to wound isch- 
emia and consequent leakage.!*° As a result, esophageal resection 
with esophagogastric anastomosis is often necessary in these 
patients.!*> Fourth, because access to the esophagus through 
the mediastinum is so much more difficult than access through 
the neck, the consequences of perforation into the mediasti- 
num, pleura, or aorta can be more devastating, and the surgery 
required for distal esophageal perforation may be much more 
extensive. As a result, the decision whether to operate is far more 
difficult. Despite these caveats, surgery is not only recommended 


666 PART V_ Esophagus 


in most patients,!*!37 but must be performed in a timely fash- 
ion because there is significantly higher morbidity and mortality 
when surgery is delayed beyond 1 to 12 hours.!*° There may be a 
role for conservative management, with antibiotics and NG tube 
placement bypassing the perforation, in only a select group of 
patients. Finally, although metallic stents have been used success- 
fully for nonoperative management of other causes of esophageal 
perforation,'*’ their role in managing traumatic perforation of 
the esophagus is still evolving. 


ESOPHAGEAL TEARS AND HEMATOMAS 


Mallory-Weiss Syndrome 


Mallory-Weiss syndrome (see Chapter 20) was originally 
described by Doctors Kenneth Mallory and Soma Weiss in 1929, 
who described patients with lacerations of the gastric cardia 
due to forceful vomiting.!*° The laceration is felt to result from 
shearing forces on the gastroesophageal junction and proximal 
stomach as it herniates through the diaphragm because of high 
intra-abdominal pressures due to forceful vomiting.!*!!*? In 
accordance with Laplace’s law, this shearing force has its greatest 
effect when there is a hiatal hernia, thereby exposing a relatively 
large-volume dilated sac to a high wall tension. Thus it is not 
surprising that the majority of patients who sustain a Mallory- 
Weiss tear have a hiatal hernia.'*? Although most tears will occur 
within 2 cm of the gastroesophageal junction, the likelihood 
of a more distal tear in the proximal portion of the stomach is 
increased when a larger hiatal hernia is present. Any bodily action 
that results in an abrupt increase in intra-abdominal pressure and 
gastric herniation may cause a Mallory-Weiss tear. Such actions 
include forceful coughing, straining, hiccupping,!** retching dur- 
ing endoscopy, transesophageal echocardiography, and cardio- 
pulmonary resuscitation.!4!:14-150 Other factors that predispose 
to tearing include alcohol and aspirin use.!4-151,152 

Most patients present with hematemesis, but some present 
with melena alone. Although a classic history includes vomiting 
or retching followed by hematemesis, up to a third of patients 
do not have an antecedent history of vomiting; hematemesis is 
their presenting symptom.!°!:!°* Typically, one laceration is seen 
at the time of endoscopy, most commonly along the lesser curve 
of the cardia, although more than one tear may occur in up to 
10% of patients.'*> Bleeding is typically self-limited, but may be 
massive in up to 10% of patients!® and even fatal.!°? Endoscopy 
is also important not only for diagnosing a tear, but for ruling 
out other upper GI lesions that are found in more than a third 
of patients during the initial endoscopic evaluation. Such lesions 
include peptic ulcers, gastritis or gastropathy, erosive esophagitis, 
esophageal varices, and gastric outlet obstruction. 

Treatment for Mallory-Weiss tear has usually been support- 
ive because of the self-limited nature of the bleed, along with 
attempts to reduce retching and vomiting. More recently, sev- 
eral methods of endoscopic therapy have been used. Injection 
of epinephrine and polidocanol has been shown to significantly 
reduce bleeding and transfusion requirement and to shorten the 
hospital stay.!°* Endoscopic band ligation also has been shown 
to be efficacious!*>:!°° and in one trial was equivalent to injection 
therapy.!°’ Endoscopic clip placement, an endoloop,!>*!5? and 
endoscopic band ligation!®” have also been used as a therapeutic 
alternative for controlling bleeding from Mallory-Weiss tears.!°! 
For patients with persistent bleeding despite endoscopic therapy, 
angiographic embolization through the left gastric artery may be 
used.!? ‘The need for surgical intervention is rare. 


Boerhaave Syndrome 


A more extreme version of an esophageal tear that occurs from 
an acute increase in intra-abdominal pressure and accentuation of 


the intragastric-to-intrathoracic pressure gradient is Boerhaave 
syndrome. In this syndrome, a transmural tear with perforation 
occurs. The perforation specifically occurs at the margin of the 
contact between “clasp” and oblique esophageal fibers.'® Similar 
to Mallory-Weiss syndrome, preceding symptoms such as severe 
vomiting and retching, abdominal straining, blunt trauma, and 
coughing may precipitate this perforation. In addition to acute 
pressure changes at the gastroesophageal junction, some inves- 
tigators have postulated that an abnormal esophageal mucosa 
may predispose to perforation. These conditions include reflux 
esophagitis,!©* Barrett esophagitis with ulceration,!® infectious 
esophagitis, !©°!° and eosinophilic esophagitis. 168-16° 

The clinical presentation is often catastrophic, with shock and 
sepsis due to a large esophageal perforation. Not surprisingly, death 
occurs in up to a third of patients.!”° Because of the acute presenta- 
tion of severe chest pain, it is often confused with acute cardiac or 
pulmonary events, dissecting aortic aneurysm, or pancreatitis,!”! 
often leading to a delay in diagnosis and greater morbidity and 
mortality. Diagnosis is suggested by subcutaneous emphysema 
with crepitus and radiographic findings of pneumomediastinum 
and a left pleural effusion (that may contain salivary amylase, erro- 
neously suggesting pancreatitis) or even a frank empyema. Perfo- 
ration of the esophagus may be confirmed by esophageal contrast 
studies using Gastrografin. Management is generally surgical 
repair and drainage, although successful nonoperative treatment 
with placement of a self-expandable covered metallic stent!’ 
175 and clip,! 76177 and in 2 patients, glue with chest drainage, is 
becoming more commonly used in early detected perforation. 


Spontaneous Esophageal Hematoma 


Spontaneous esophageal hematoma is a rare entity in which an 
abrupt bleed occurs between the mucosa and muscularis propria of 
the esophageal wall, often for a long length of the esophagus. The 
term spontaneous is somewhat of a misnomer as several underlying 
factors have been identified that predispose to hematoma formation. 
These include use of aspirin,!”*!*° an underlying coagulopathy,!*! 
use of anticoagulants including direct thrombin inhibitors, !*?-!*+ 
preeclampsia,'® or abrupt increases in the intra-abdominal-to-intra- 
thoracic pressure gradient such as may occur with forceful vomiting, 
coughing or sneezing,!*° and foreign body ingestion.!*” Not all cases 
have an obvious predisposing factor, however, and do in essence pres- 
ent spontaneously.!** One third of patients classically present with 
a triad of retrosternal chest pain, dysphagia, and hematemesis and 
50% present with at least 2 of these symptoms.!® As in Boerhaave 
syndrome, there is often a delay in diagnosis because of the symptom- 
atic overlap with more common cardiopulmonary catastrophes.!*? 
Interestingly there may be a predisposition to this syndrome in mid- 
dle-aged women, although this association is not uniform. 10-192 

Diagnosis can be made by several means. CT of the chest 
demonstrates a diffusely thickened esophagus and sometimes a 
“double barrel” appearance with obliteration of the esophageal 
lumen.!” MRI also may be an accurate means of making the diag- 
nosis.!°+ Endoscopically, obliteration of the esophageal lumen is 
seen with visualization of a long, deep, friable, blue submucosal 
mass with or without a visible tear.!857 Sometimes it may be diffi- 
cult to distinguish hematoma from an esophageal malignancy.!?° 
Conservative treatment is the mainstay of treatment, maintaining 
the patient without oral intake and monitoring hemodynamic sta- 
tus!*’; it usually takes up to several weeks to fully heal. Progress 
is monitored by repeated CT or endoscopy, usually at one-week 
intervals. The need for surgical intervention is rare. 


ESOPHAGEAL INFECTIONS IN THE 
IMMUNOCOMPETENT HOST (BOX 45.2) 


Esophageal infections are most common in immunocompro- 
mised patients, such as those infected with HIV (see Chapter 35) 
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and those receiving chemotherapy or immunosuppressive ther- 
apies, particularly for hematologic malignancies or following 
organ transplantation (see Chapter 35). Nevertheless, there are 
some esophageal infections that occur in immunocompetent 
hosts. These include infections that (1) are more typically associ- 
ated with immunodeficiency but are occasionally seen in patients 
with intact immune systems; (2) occur in patients with underlying 
esophageal diseases, particularly with those associated with pro- 
longed stasis of luminal content; and (3) involve the esophagus 
because of a localized area of esophageal immune compromise 
such as with the use of inhaled topical steroids for respiratory 
disorders. The types of organisms found in these situations tend 
to be few in number, with Candida the dominant organism. 


Candida albicans 


Candidal organisms are the most common esophageal infec- 
tion in the immunocompetent host. Although several species of 
Candida have been implicated in esophageal infection, including 
Candida tropicalis and Candia guilliermondii,!°° Candida albicans 
accounts for the vast majority. In one large series of 933 patients 
in India with dysphagia or odynophagia, 56 were found to have 
candidal esophagitis of varying severity.!°’ How many patients 
had clear motility disorders or Candida as a commensurate rather 


BOX 45.2 Esophageal Infections in the Immunocompetent 
Host 


Typically associated with immunodeficiency 
HSV 
Candida albicans 
Mycobacterium tuberculosis 
Associated with esophageal stasis (e.g., achalasia, scleroderma) 


Candida albicans 
Associated with use of glucocorticoid inhalers 
Candida albicans 
Other esophageal infections 
Trypanosoma cruzi 
Treponema pallidum 
HPV 


Fig. 45.3 A, Achalasia with candidal infec- 
tion demonstrated by barium esophagogra- 
phy. B, Endoscopic photograph of a dilated 
esophagus with debris and Candida plaques 
(arrow) in a patient with achalasia. (A, Cour- A 
tesy Dr. Marc Levine, Philadelphia.) 


than a pathologic organism is not clear because Candida coloniza- 
tion of the esophagus in healthy ambulatory adults has a reported 
prevalence of approximately 20%.1°8 

Although candidal esophagitis may occur rarely without 
a clear underlying mechanism, one should generally assume a 
predisposing condition, even in the immunocompetent host. 
The most common predisposing conditions are those associated 
with severe stasis such as achalasia or scleroderma (Fig. 45.3). In 
achalasia, infection seems related to severity, with those patients 
who have long-standing disease with marked esophageal dilation 
most at risk. These infections can be very difficult to treat medi- 
cally until effective achalasia therapy, and therefore drainage of 
the esophagus, is provided. Candida esophagitis is seen less often 
in scleroderma with esophageal involvement than in achalasia 
but, similarly, is usually seen in those patients with esophageal 
dilation and poor peristalsis. One risk factor for candidal infec- 
tion in scleroderma might be acid suppression, as suggested by 
1 study of patients with systemic sclerosis, in which the preva- 
lence of Candida esophagitis was 44% (21 of 48 patients) for 
those on no acid suppression, compared with 89% (16 of 18 
patients) among those on potent acid suppressive therapy.!°” 
Topical glucocorticoids (contained in inhalers for treatment of 
asthma) may lead to oropharyngeal and esophageal candidiasis 
in otherwise healthy adults.*°° Likewise, candidal esophagitis 
has been described and must be considered in patients with 
eosinophilic esophagitis treated with swallowed fluticasone.?°!: 
202 Other medical illnesses that predispose to fungal esophagitis 
albeit via impaired immune mechanisms include diabetes mel- 
litus, adrenal insufficiency, alcoholism, and advanced age.’”? 
Also a rare condition known as esophageal intramural pseudodiver- 
ticulosis may be associated with candidal infection.’°* Diagnosis 
of candidal esophagitis can be made by its characteristic endo- 
scopic appearance of white pseudomembranous or plaque-like 
lesions adherent to esophageal mucosa. Confirmation can be 
made by brushing the lesion, followed by cytology or biopsy, in 
which inflammation, hyphae, and masses of budding yeast are 
seen (not usually seen with colonization alone). The entity of 
the “black esophagus” (see later) has also been described with 
candidal esophagitis.” Although not as sensitive as endos- 
copy, candidal esophagitis may be diagnosed by double-contrast 
barium esophagography.’°° The characteristic findings are dis- 
crete plaque-like lesions oriented longitudinally, with linear 
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or irregular filling defects with distinct margins produced by 
trapped barium. Occasionally mass-like lesions and strictures 
may be observed. 

Treatment for most patients who have fungal esophagitis 
and have no immunologic deficiencies is with oral fluconazole 
or a topical antifungal agent. Fluconazole pills (100 to 200 mg/ 
day) are commonly used because they are more convenient than 
topical therapy. The advantage of nonabsorbable topical agents 
is that they are virtually devoid of adverse effects and drug-drug 
interactions. Clotrimazole, a nonabsorbable imidazole, is well 
tolerated when delivered as a 10-mg buccal troche dissolved in 
the mouth 5 times daily for 1 week. Nystatin, a nonabsorbable 
polyene with a different mechanism of action and less palatability 
than clotrimazole, is also effective when used at a dose of 1 or 2 
troches (each containing 200,000 units) 4 or 5 times daily for up 
to 14 days. 


HSV 


Herpes simplex esophagitis has been described in the immu- 
nocompetent host in a wide age range?”’?!! and can represent 
either primary infection or, more commonly, a reactivation of 
latent virus in the distribution of the laryngeal, superior cervical, 
and vagus nerves. It may occur due to close physical contact or 
common exposure’!’ and has been associated with eosinophilic 
esophagitis.*!? All ages are affected, and oropharyngeal lesions 
are found in only 1 in 5 cases. Severe odynophagia, heartburn, 
and fever are the dominant symptoms. Nausea, vomiting, and 
chest pain also may occur. The endoscopic appearance is char- 
acterized by diffuse friability, round or linear ulceration, and 
exudates, mostly in the distal esophagus. Classically, the earliest 
esophageal lesions are rounded 1- to 3-mm vesicles in the mid- to 
distal esophagus, the centers of which slough to form discrete 
circumscribed ulcers with raised edges. These lesions can also be 
appreciated radiographically. The appearance of a “black esopha- 
gus” has also been reported with HSV.2%?!+ HSV esophagitis 
may be diagnosed by several methods. These include (1) charac- 
teristic viral cytopathic effect and/or demonstration of viral par- 
ticles by electron microscopy on esophageal brushing or biopsy; 
(2) isolation by culture of HSV from mucosal biopsies; (3) HSV 
DNA detection in esophageal tissue by PCR; (4) demonstration 
of HSV through techniques of immunohistochemistry in esopha- 
geal tissue; and (5) isolation of HSV from oropharyngeal secre- 
tions in the setting of stomatitis and multiple esophageal ulcers.*!° 
Histologic stains of HSV-infected epithelial cells demonstrate 
multinucleated giant cells, ballooning degeneration, “ground 
glass” intranuclear Cowdry type A inclusion bodies, and margin- 
ation of chromatin. Immunohistologic stains using monoclonal 
antibodies to HSV antigens or in situ hybridization techniques 
may improve the diagnostic yield in difficult cases by identifying 
infected cells that lack characteristic morphologic changes. 

Most patients have self-limited disease paralleling concordant 
nasolabial herpes, if present, but upper GI bleeding and perfora- 
tion have been reported.’”’ Treatment for herpetic esophagitis is 
the same as other herpes simplex infections in the immunocom- 
petent host, such as prompt initiation of a 7- to 10-day course of 
orally administered acyclovir or valacyclovir. Occasionally, severe 
odynophagia necessitates initial treatment with IV acyclovir, 250 
mg/m? every 8 hours and then changing to oral therapy when 
the patient can take oral medication. Given the relative rarity of 
esophageal involvement, however, no outcome data exist specifi- 
cally on treating esophageal herpes simplex infection. 


CMV 


CMV is a member of the herpes virus family and is most com- 
monly associated with esophageal infection in immune com- 
promised patients (see Chapters 35 and 36). A recent case 


series, however, documented esophageal ulceration from CMV 
in 4 apparently immune competent patients.’!° All had a good 
response to antiviral therapy. 


HPV 


HPV is a small double-stranded DNA virus that infects squamous 
epithelium of healthy individuals, producing warts and condylo- 
mata. The virus can be sexually transmitted. Esophageal infec- 
tions with HPV are typically asymptomatic. HPV lesions are most 
frequently found in the mid- to distal esophagus as erythematous 
macules, white plaques, nodules, or exuberant frond-like lesions.?!’ 
In one patient a papilloma developed at a sclerotherapy injection 
site.’!® The diagnosis is made by histologic demonstration of koilo- 
cytosis (an atypical nucleus surrounded by a ring), giant cells, or 
by immunohistochemical stains. Treatment is often not necessary, 
although large lesions have required endoscopic removal. Other 
treatments such as those using systemic interferon (IFN)-a, bleo- 
mycin, and etoposide have yielded varying results.7!? One patient 
had numerous lesions in the esophagus and upper airway that were 
unresponsive to all forms of therapy and was eventually fatal.??° 

HPV infection has been implicated as a risk factor for squa- 
mous cell carcinoma, particularly carcinoma of the uterine cervix. 
An association between HPV and squamous cell carcinoma of 
the esophagus has been demonstrated by PCR or in situ DNA 
hybridization in esophageal tumor specimens from South Africa, 
northern China, and Alaska.??! In contrast, HPV DNA was not 
found in or near esophageal squamous cell carcinomas from the 
continental US, Europe, Japan, or Hong Kong,”??””? and its rela- 
tion to esophageal cancer has been questioned.’** 


Other Infections 


Trypanosoma cruzi 


Chagas disease (see Chapter 113) is the result of progressive 
destruction of mesenchymal tissues and nerve ganglion cells 
throughout the body by T. cruzi, a parasite endemic to South 
America. Abnormalities of the heart, esophagus, gallbladder, and 
intestines are the clinical consequence. Esophageal manifestations 
may appear 10 to 30 years after the acute infection and typically 
include difficulty swallowing, chest pain, cough, and regurgita- 
tion. Nocturnal aspiration is common. Esophageal manometric 
recordings are identical to findings in achalasia, although the 
lower esophageal sphincter (LES) pressure is lower in Chagas dis- 
ease.” Manometric abnormalities of the esophagus can be found 
in asymptomatic seropositive patients.’*° The putative mecha- 
nism for disease is the development of antimuscarinic receptor 
antibodies in response to the infection.” A chagasic esophagus 
may be responsive to nitrates, balloon dilation, or, ultimately, 
myectomy at the gastroesophageal junction.’”* Patients who have 
intractable symptoms or pulmonary complications secondary to 
megaesophagus may be candidates for esophagectomy.’*’ Those 
with long-standing stasis due to Chagas disease often have hyper- 
plasia of esophageal squamous epithelia and are at increased risk 
for esophageal squamous cell cancer as in achalasia. 


Mycobacterium tuberculosis 


Most reports of esophageal M. tuberculosis infections are from 
areas of endemic TB. Esophageal manifestations of TB are 
almost exclusively a result of direct extension from adjacent 
mediastinal structures, but there are well-documented cases of 
primary esophageal TB.?*°?*! The clinical presentation of sec- 
ondary esophageal TB is quite different from those of most 
other causes of infectious esophagitis. Specifically, dysphagia is 
often accompanied by weight loss, cough, chest pain, and fever. 
Subsequent complications include bleeding, perforation, and 
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fistula formation.7*! Choking on swallowing may be indicative of 
an underlying fistula between the esophagus and respiratory tract. 

Other radiographic findings include displacement of the 
esophagus by mediastinal lymph nodes and sinus tracts extending 
into the mediastinum. The presentation may mimic cancer with 
an ulcerating mass lesion and paratracheal adenopathy on CT 
imaging.** Endoscopy is often necessary to confirm active TB; 
caution is advised to prevent infection of medical staff by aerosol- 
ized tubercle bacilli. Endoscopic findings include shallow ulcers, 
heaped-up lesions mimicking neoplasia, and extrinsic compres- 
sion of the esophagus.*** Lesions should be biopsied and brushed 
thoroughly, and specimens should be obtained for acid-fast stain, 
mycobacterial culture, and PCR, in addition to routine studies. 
When extrinsic compression is the only esophageal manifestation 
of TB, the diagnosis must be confirmed by bronchoscopy, medi- 
astinoscopy, or transesophageal FNA cytologic evaluation.?** 
Surgery is sometimes required to repair fistulas, perforations, and 
bleeding ulcers. 


Treponema pallidum 


Syphilis, which became increasingly prevalent in the US in the 
1990s, can rarely cause esophageal disease in immunocompetent 
individuals. Earlier literature described gummas, diffuse ulcer- 
ation, and strictures of the esophagus in tertiary syphilis.7?> The 
diagnosis of syphilitic esophagus should be considered when a 
patient has an inflammatory stricture and other evidence of 


tertiary syphilis. Histologic evaluation may show perivascu- 
lar lymphocytic infiltration; however, specific immunostaining 
should be done if this diagnosis is a possibility. 


Rare Infections 


Viral infections that rarely affect the esophagus in the immunocom- 
petent adult include herpes zoster and EBV,”*°?>” both of which 
may produce ulceration. Cytomegaloviral ulcerative esophagitis has 
also been described in an immunocompetent patient on glucocor- 
ticoids.”** Rare fungal infections of the esophagus include blasto- 
mycosis, presenting as an esophageal mass,” and histoplasmosis, 
through direct extension of mediastinal adenopathy similar to TB.*” 


ACUTE ESOPHAGEAL NECROSIS 


Acute esophageal necrosis (black esophagus) is a rare poorly 
understood disorder. Ischemia and impaired mucosal barrier are 
thought to play a role in its pathogenesis,*+! though other etiolo- 
gies suggested have included severe reflux and CMV.’* Settings 
in which black esophagus have been described include diabetes 
mellitus, hematologic and solid organ malignancy, malnutri- 
tion, renal insufficiency, cardiovascular compromise, trauma, and 
hypercoagulation.*¥ 


Full references for this chapter can be found on www.expertconsult.com. 
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Gastroesophageal reflux (GER) is a physiologic process by which 
gastric contents move retrograde from the stomach to the esoph- 
agus. GER itself is not a disease and occurs multiple times each 
day without producing symptoms or mucosal damage. In contrast, 
GERD is a spectrum of disease usually producing symptoms of 
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heartburn and acid regurgitation. GERD is a consequence of the 
failure of the normal antireflux barrier to protect against frequent 
and abnormal amounts of refluxed material. Most patients have 
no visible mucosal damage at the time of endoscopy, whereas 
others have esophagitis, peptic strictures, or Barrett’s esophagus. 
Other symptoms may include chest pain or evidence of extra- 
esophageal manifestations such as pulmonary, ear, nose, or throat 
symptoms. GERD is a multifactorial process and one of the most 
common diseases of mankind. In 2009 there were 8.9 million out- 
patient clinic visits for GERD in the US, which was the leading 
diagnosis for all GI disorders.! 


EPIDEMIOLOGY 
Prevalence of Symptoms and GERD Complications 


Accurate prevalence rates for GERD are difficult to ascertain 
with precision, because many affected individuals, even those 
with Barrett’s esophagus, have no symptoms. Furthermore, data 
based on objective tests such as endoscopy (i.e., esophagitis) and 
esophageal pH testing are impractical in large screening popula- 
tions.’ 

On the basis of symptoms, the pooled prevalence of at least 
weekly GERD symptoms reported from population-based 
studies worldwide is approximately 13%, but there is consider- 
able geographic variation (Fig. 46.1). Heterogeneity in study 
designs make it difficult to get an accurate measurement, but 
the prevalence of GERD is highest in South Asia and South- 
east Europe (more than 25%) and lowest in Southeast Asia, 
Canada, and France (less than 10%). There are no prevalence 
data from Africa. The prevalence of at least weekly GERD in 
the US is approximately 20%,* but prevalence estimates have 
ranged from 6% to 30% due to variability in questionnaires 
used, including the frequency and the duration of symptoms 
required to define GERD.’ There are approximately 110,000 
hospital admissions annually in the US for GERD. Impor- 
tantly, the prevalence of GERD symptoms in North America, 
Europe, and Southeast Asia has increased by nearly 50% rela- 
tive to the prevalence in the early to middle 1990s but has since 
plateaued.* 

The predominant complications of GERD are reflux esopha- 
gitis, peptic strictures, and esophageal cancer. The true preva- 
lence of esophagitis is very difficult to define because healthy 
subjects rarely undergo upper endoscopy. In 3 population-based 
studies of patients undergoing endoscopy regardless of symp- 
toms, the prevalence of erosive esophagitis ranged from 6.4% 
in China to 15.5% in Sweden.** In asymptomatic subjects, the 
prevalence of erosive esophagitis ranged from 6.1% in China 
to 9.5% in Sweden. Erosive esophagitis may be a transient 
phenomenon—25% of subjects with nonerosive reflux disease 
at baseline had esophagitis on recent endoscopy 2 years later, 
and another study with similar designs found a 10% rate at 5 
years.”:!° Recurrent peptic strictures requiring repeat endoscopic 
dilation decreased from 16% in 1992 to 8% in 2000, possibly 
related to the increased use of PPIs.!! From 2003 to 2006, there 
were approximately 10,570 hospital admissions annually for ero- 
sive esophagitis and 14,000 admissions for esophageal stricture.’ 
Deaths are rare from erosive esophagitis, about 2.1 per million 
in 1988 to 1992.° 


m™ < 10% 
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Fig. 46.1 Prevalence of weekly gastroesophageal reflux symptoms worldwide, based on symptoms at a 
frequency of once a week or more. (From Richter JE, Rubenstein JH. Presentation and epidemiology of gas- 
troesophageal reflux disease. Gastroenterology 2018; 143:1179-87.) 


Demographic Risk Factors 


There are a number of well-recognized risk factors for GERD 
and its complications. Gender is not a factor in North America 
and Europe, but women have a 40% higher rate of GERD symp- 
toms compared with men in South America and the Middle East. 
There is no clear association between gender and peptic stricture,” 
but men are at a greater risk of esophagitis, Barrett’s esophagus, 
and adenocarcinoma than women.!? Advancing age has been 
inconsistently associated with an increase in GERD symptoms 
but is strongly associated with complications of GERD, includ- 
ing esophagitis, esophageal stricture, and Barrett’s esophagus 
with cancer.*»’ In the US, there appears to be a similar prevalence 
of GERD symptoms among different races,!* but whites are at 
a greater risk for erosive esophagitis, Barrett’s esophagus, and 
adenocarcinoma of the esophagus. 


Environmental Risk Factors 


The prevalence of GERD in increasing in Western countries,* 
and the 2 major factors likely to explain the trends are the obesity 
epidemic and decreasing prevalence of Hp-associated gastritis. 
Obesity is a major risk factor for GERD symptoms (odds ratio 
1.73), erosive esophagitis (odds ratio 1.59), Barrett’s esophagus 
(odds ratio, 1.24), and esophageal adenocarcinoma (odds ratio 
2.45).>1 Central obesity, as measured by the waist-to-hip ratio, 
may be more important than BMI in association with complicated 
GERD." Several mechanisms have been proposed to explain 
the association between central obesity and GERD: increased 
intragastric pressure that overwhelms the reflux barrier!* and 
production by the visceral fat of a variety of cytokines includ- 
ing interleukin-6 (IL-6) and TNF-a which may modulate lower 
esophageal sphincter (LES) pressure and contribute to insulin 
resistance.!> Observational studies have shown that reducing the 


BMI by at least 3.5 kg/m? increased the odds for GERD symp- 
toms to resolve by 1.5- to 2.4-fold.!° Randomized trials have 
confirmed that weight loss, especially decrease in waste circum- 
ference, result in improved GERD symptoms and decrease in 
esophageal acid exposure.!° 

In addition to the increasing prevalence of obesity, the fall- 
ing prevalence of Hp gastritis might explain the trends in GERD 
and its complications (see Pathogenesis—Gastric Factors).!’ 
The gastric atrophy associated with Hp infection appears to be 
inversely related to erosive esophagitis,!® Barrett’s esophagus, 
and esophageal adenocarcinoma.!’? However, there is a much 
stronger inverse association in East Asia than in North America 
and equivocal association in Europe. 

There are additional environmental exposures that are associ- 
ated with GERD, but they are relatively weak and unpredictable 
across populations. Certain forms of physical activity may increase 
GER symptoms in susceptible individuals, such as stooped pos- 
ture, bicycle riding, weight lifting, and swimming.*! On the other 
hand, moderate, regular aerobic exercise has been inversely asso- 
ciated with GERD symptoms.”* Tobacco use is weakly associated 
with GERD symptoms in cross-sectional studies (summary odd 
ratio, 1.26). This relationship is supported by an 18-year lon- 
gitudinal study in which decreased tobacco smoking was associ- 
ated with a 3-fold decrease in GERD symptoms when compared 
with individuals who continued to smoke tobacco.’’ Similarly, in 
observational studies, alcohol use was not strongly associated with 
GERD symptoms, (summary odds ratio, 1.11).* Although patients 
often report worse symptoms after red wine than white (perhaps 
related to the tannins in red wine), a randomized trial found that 
red wine had less effect on LES pressure and acid reflux than white 
wine.’* Tobacco is an important risk factor for erosive esophagi- 
tis and esophageal adenocarcinoma, but there is no relationship 
between alcohol and erosive esophagitis or Barrett’s esophagus.’ 
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Along with environmental factors, the epidemiology of 
GERD may be affected by genetics. Family clustering of GERD 
and its complications, especially Barrett’s esophagus, have been 
reported.”*° Two large case-control studies of twins from the 
US and Sweden suggest the genetic liability for GERD in the 
range of 30% to 45%.’’8 The genetic mechanisms are unknown 
but may be related to a smooth muscle disorder associated with 
hiatal hernia, reduced LES pressure, and impaired motility. 


HEALTH CARE IMPACT 


Although rarely a cause of death, GERD is associated with con- 
siderable morbidity and complications, such as esophageal ulcer- 
ation (5%), peptic stricture (4% to 20%), and Barrett’s esophagus 
(8% to 20%).’ Not surprisingly, the burden of GERD on health 
care is great. In 2009, GERD was the most common digestive 
disease diagnosis during ambulatory care visits.! For GI disor- 
ders, GERD was the 13th most common principal diagnosis at 
discharge, with an estimated total number per year of 66,000, a 
2-day median length of stay, and a median cost of $4366.! As a 
secondary discharge diagnosis, it was the most common GI disor- 
der and was listed 4.5 million times, 3-fold higher than any other 
diagnosis.' During the years 2005-2010 in the US, the indication 
for nearly 1 in 4 upper endoscopy exams was to evaluate reflux 
symptoms.’ The total cost per patient in 2005 for PPI therapy 
in the US was estimated to be $2040.°° The economic burden 
may even be higher for patients with suspected extraesophageal 
GERD. During the initial first years, a Vanderbilt study found 
the direct costs were 5.6 times higher for extraesophageal GERD 
patients ($5154) than those reported for typical GERD ($971).*! 

An economic survey from Germany reported that 6% of indi- 
viduals with established GERD missed at least 1 day of work per 
year due to this disorder; 61% of these patients visited their phy- 
sician at least once in the previous year, and 2% were hospital- 
ized specifically for GERD.*? They estimated direct and indirect 
costs of approximately $600 per patient per year. Data from the 
US suggest that GERD has a relatively modest impact on work 
impairment.! A recent multinational survey revealed that workers 
with intense GERD symptoms miss an average of 2 hours of work 
per week as a direct result.* 

GERD has been shown to significantly impair quality of life. 
Not surprisingly, GERD patients who fail to respond to antise- 
cretory therapy have a lower quality of life, both mentally and 
physically, than responders.*+ GERD comorbidities are common 
and include irritable bowel syndrome and psychological distress 
in 36% and 41% of patients, respectively.*> These comorbidi- 
ties can potentiate the negative effect on quality of life seen with 
GERD and may affect the response to treatment with PPIs. 


PATHOGENESIS 


The pathogenesis of GERD is complex, resulting from an imbal- 
ance between defensive factors protecting the esophagus (anti- 
reflux barriers, esophageal acid clearance, tissue resistance) and 
ageressive factors refluxing from the stomach (gastric acidity, 
volume, and duodenal contents). 


Antireflux Barriers 


The first tier of the 3-tiered esophageal defense against acid dam- 
age, the antireflux barriers, is an anatomically complex region 
including the intrinsic LES, diaphragmatic crura, intra-abdomi- 
nal location of the LES, the phrenoesophageal ligaments, and the 
acute angle of His. 

The LES involves the distal 3 to 4 cm of the esophagus and 
at rest is tonically contracted.*° It is the major component of the 
antireflux barrier, being capable of preventing reflux even when 
completely displaced from the diaphragmatic crura by a hiatal 


TABLE 46.1 Modulators of Lower Esophageal Sphincter Pressure 


Increase LES Pressure 


Decrease LES Pressure 


Hormones/ Gastrin CCK 
peptides Motilin Secretin 
Substance P Somatostatin 


Neural agents 


a-Adrenergic agonists 
B-Adrenergic antagonists 
Cholinergic agonists 


Vasoactive intestinal 
peptide 


a-Adrenergic antagonists 
B-Adrenergic agonists 
Cholinergic antagonists 


Foods and Protein Chocolate 
nutrients Fat 
Peppermint 

Other factors Antacids Barbiturates 
Baclofen Calcium channel blockers 
Cisapride Diazepam 
Domperidone Dopamine 
Histamine Meperidine 
Metoclopramide Morphine 


Prostaglandin Fo, 


Prostaglandins E> and lə 


Serotonin 


Theophylline 


LES, Lower esophageal sphincter. 


hernia.*’ The proximal portion of the LES is normally 1.5 to 2 
cm above the squamocolumnar junction, whereas the distal seg- 
ment, about 2 cm in length, lies within the abdominal cavity. 
Anatomic studies attribute this portion of the antireflux barrier to 
a fold-like function related to the opposing sling and clasp fibers 
of the gastric cardia. This location maintains gastroesophageal 
competence during intra-abdominal pressure excursions. Rest- 
ing LES pressure ranges from 10 to 30 mm Hg, with a generous 
reserve capacity because only a pressure of 5 to 10 mm Hg is 
necessary to prevent GER.?8 The LES maintains a high-pressure 
zone by the intrinsic tone of its muscle and by cholinergic excit- 
atory neurons.*” There is considerable diurnal variation in basal 
LES pressure; it is lowest after meals and highest at night, and 
large increases occur with phase III of the migrating motor com- 
plex. It is also influenced by circulating peptides and hormones, 
foods (particularly fat), and a number of drugs. 

The LES lies within the hiatus created by the right crus of 
the diaphragm and is anchored by the phrenoesophageal liga- 
ments, which insert at the level of the squamocolumnar junction 
(Table 46.1). The hiatus is a teardrop shaped canal of about 2 cm 
along its major axis. 

Developmentally, the crural diaphragm arises from the dor- 
sal mesentery of the esophagus and is innervated separately from 
the costal diaphragm. It is inhibited by esophageal distention, by 
vomiting, and during transient LES relaxations (tLESRs), but 
not during swallowing. The crural diaphragm provides extrinsic 
squeeze to the intrinsic LES, contributing to resting pressure 
during inspiration and augmenting LES pressure during periods 
of increased abdominal pressure, such as with coughing, sneez- 
ing, or bending.*’ Crural contractions impose rhythmic pressure 
increases of about 5 to 10 mm Hg on the LES pressure recording. 
During deep inspirations and some periods of increased abdomi- 
nal straining, these changes may lead to pressures of 50 to 150 
mm Hg.?? 

The oblique entrance of the esophagus into the stomach creates 
a sharp angle on the greater curve aspect of the gastroesophageal 
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Fig. 46.2 Example of a transient lower esophageal sphincter relaxation (tLESR) on an esophageal manometry 
study. LES pressure is referenced to gastric pressure, which is indicated by the horizontal dashed line. Note 
that the tLESR persisted for almost 30 seconds, whereas the swallow-induced LESR to the right (Sw) persisted 
for only 5 seconds. Also note the absence of a submandibular electromyographic (EMG) signal during the 


tLESR, which indicates absence of a pharyngeal swallow. Finally, the associated esophageal motor activity is 
different in the 2 types of LESR: the swallow-induced relaxation is associated with primary peristalsis, whereas 


the tLESR is associated with a vigorous, repetitive “off contraction” throughout the esophageal body. (From 
Kahrilas PJ, Gupta RR. Mechanisms of reflux of acid associated with cigarette smoking. Gut 1990; 31:4.) 


junction, the angle of His. This angle has been shown in cadavers 
to create a flap valve effect; however, the contribution to gastro- 
esophageal junction competency remains unclear.*! 


Mechanisms of Reflux 


Reflux usually occurs via 4 mechanisms: tLESR, low LES pres- 
sure, swallow-associated LES relaxation, and straining during 
periods of low LES pressure.” 


Transient Lower Esophageal Sphincter Relaxations 


tLESRs are the most frequent mechanism for reflux in patients 
with healthy sphincter pressures (Fig. 46.2). tLESRs occur inde- 
pendently of swallowing, are not accompanied by esophageal 
peristalsis, persist longer (>10 seconds) than swallow-induced 
LESRs, and are accompanied by inhibition of the crural dia- 
phragm.*? tLESRs account for nearly all reflux episodes in 


healthy subjects and 50% to 80% of episodes in GERD patients, 
depending on the presence of hiatal hernia and severity of associ- 
ated esophagitis (Fig. 46.3).+* However, one study suggests that 
low basal LES pressure, rather than tLESRs, may be the primary 
mechanism of GER in patients with nonreducible hiatal hernias 
(see Fig. 46.3).*° 

tLESRs are not always associated with GER. In normal sub- 
jects, 40% to 60% of tLESRs are accompanied by reflux episodes, 
compared with 60% to 70% in GERD patients.***° Possible fac- 
tors determining whether reflux occurs include abdominal strain- 
ing, presence of a hiatal hernia, degree of esophageal shortening, 
and duration of tLESRs. The dominant stimulus for a tLESR is 
distention of the proximal stomach by either food or gas, which is 
not surprising given that a tLESR is the mechanism of belching. 
Stretch receptors seem to be more relevant than tension recep- 
tors in triggering tLESRs.*? More varying stimuli are dietary 
fat, stress, and subthreshold (for swallowing) stimulation of the 
pharynx.*’ Various drugs may reduce tLESRs, including CCK A 
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Control 
Nonerosive GERD 
Mild esophagitis 
Severe esophagitis 


tLESR Swallow- Absent basal Straining 
induced LES pressure 
LESR 


Fig. 46.3 Percentage of reflux episodes in control subjects and in 
patients with GERD occurring by the following mechanisms: transient 
lower esophageal sphincter relaxation (tLESR), swallow-induced LESR, 
absent basal LES pressure, and straining in the presence of low LES 
pressure. (From Holloway RH. The anti-reflux barrier and mecha- 
nisms of gastro-oesophageal reflux. Ballieres Clin Gastroenterol 2000; 
14:681-99.) 


(CCK-1) receptor antagonists, anticholinergic drugs, morphine, 
somatostatin, nitric oxide inhibitors, 5-hydroxytryptamine 3 
antagonists, and y-aminobutyric acid (GABAg) agonists.*” 

The dominant stimulus for tLESRs is distension of the proxi- 
mal stomach, which activates mechanoreceptors in the intragan- 
glionic lamellar endings of vagal afferents.** These fibers project 
eventually to the brainstem and the dorsal motor nuclei of the 
vagus. These neurons project to the inhibitory neurons localized 
in the myenteric plexus of the distal esophagus. This results in an 
integrated motor response involving LES relaxation, longitudi- 
nal muscle contractions reducing esophagogastric junction (EGJ) 
obstruction and repositioning the LES above the crura, crural 
diaphragm inhibition, and contraction of the costal diaphragm.*” 
Several neurotransmitters are involved in the control of tLESRs 
including GABA, glutamate, and endocannabinoids.*” 


Swallow-Induced Lower Esophageal Sphincter Relaxations 


About 5% to 10% of reflux episodes occur during swallow- 
induced LESRs. Most episodes are associated with defective 
or incomplete peristalsis.*° During a normal swallow-induced 
LESR, reflux is uncommon because (1) the crural diaphragm 
does not relax, (2) the duration of LESR is relatively short (5 to 
10 seconds), and (3) reflux is prevented by the oncoming peri- 
staltic wave (see right side of tracing in Fig. 46.2). Reflux during 
swallow-induced LESRs is more common with a hiatal hernia. 
This may be due to the lower compliance of the EGJ in her- 
nia patients, permitting it to open at pressures equal to or lower 
than intragastric pressure, thereby allowing reflux of gastric juices 
accumulating in the hiatal hernia.**.>! 


Hypotensive Lower Esophageal Sphincter Pressure— 
Strained-Induced or Free Reflux 
GER can occur in the context of a hypotensive LES by either 


strain-induced or free reflux.+°°* Strain-induced reflux occurs when 
a relatively hypotensive LES is overcome by an abrupt increase in 


intra-abdominal pressure from coughing, straining, or bending over. 
‘This type of reflux is unlikely when the LES pressure is greater than 
10 mm Hg and there is no hiatal hernia.*” Free reflux is character- 
ized by a fall in intraesophageal pH without an identifiable change 
in intragastric pressure, usually occurring when LES pressure is 
less than 5 mm Hg. Reflux due to a low or absent LES pressure is 
uncommon, usually observed in patients with end-stage scleroderma 
or after myotomy for achalasia.** Mostly it occurs in patients with 
severe esophagitis, in whom it may account for up to 25% of reflux 
episodes; it rarely occurs in patients without esophagitis.** 

These last 3 reflux mechanisms are nearly always seen in 
association with the presence of a hiatal hernia. These observa- 
tions support the concept that the functional integrity of the EGJ 
depends on the intrinsic LES and extrinsic sphincter function of 
the diaphragmatic hiatus. In essence, GER requires 2 “hits” to 
the EGJ.* Patients with a normal EGJ require inhibition of the 
LES and crural diaphragm for reflux to occur (i.e., tLESRs). In 
contrast, when a hiatal hernia is present compromising the func- 
tion of the crural sphincter, reflux can occur with only relaxation 
of the LES, during periods of LES hypotension, swallowing- 
induced relaxation, and straining.’ !5? 


Hiatal Hernia 


Many individuals demonstrate no evidence of GERD despite the 
presence of a hiatal hernia. Other individuals with no recogniz- 
able hernia have documented GERD due to other factors such 
as excessive or prolonged tLESRs. Nevertheless, hiatal hernia 
occurs in 54% to 94% of patients with reflux esophagitis, a rate 
strikingly higher than that in the healthy population.” Studies 
have also found that in individuals with reflux symptoms, the 
presence of hiatal hernia confers a significantly increased risk of 
erosive esophageal injury.’* Recent epidemiologic data have con- 
firmed the importance of hiatal hernia in patients with Barrett’s 
esophagus and esophageal adenocarcinoma.*° 

The hiatal hernia promotes reflux through several mechanisms 
(Fig. 46.4). Proximal displacement of the LES from the crural dia- 
phragm into the chest reduces basal LES pressure and shortens 
the length of the high-pressure zone; this is primarily due to loss 
of the intra-abdominal LES segment.*? Hiatal hernia eliminates 
the increase of LES pressure that occurs during straining and 
increases tLESR frequency during gastric distention with gas.°%/ 
Hiatal hernias serve as a persistent vestibule for gastric acid (the 
so-called acid pocket). Therefore, there is an increased tendency 
for reflux to occur from the hernia sac during swallow-induced 
LESRs and tLESRs. Hiatal hernias that are large (=3 cm) and non- 
reducible (hernias in which the gastric rugal folds remain above 
the diaphragm between swallows) are especially prone to reflux.°® 

Finally, increased EGJ compliance, especially in GERD 
patients with hiatal hernia, has been identified.°! For the same 
degree of intragastric pressure, the esophageal junction opens at 
a lower pressure and the cross-sectional area is greater and more 
symmetrical as intragastric pressure increases. 

The etiology of a hiatal hernia remains unclear. Familial clus- 
tering of GERD suggests the possibilities of an inherited smooth 
muscle disorder.’’ Animal studies propose that reflux itself causes 
esophageal shortening, promoting the development of a hiatal 
hernia.” Other studies find an association with obesity®” and 
heavy lifting,®! raising the possibilities that over time, chronic 
intra-abdominal stressors may weaken the esophageal hiatus, 
causing the development of a hiatal hernia. This theory is attrac- 
tive because it helps to reconcile the increased prevalence of hia- 
tal hernias as the population grows older.*? 


The Acid Pocket 


Gastric pH is usually around 2 in the fasting state. During meals, 
and for approximately 90 minutes thereafter, the pH remains 
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Fig. 46.4 Schematic diagram showing the effect of a hiatal hernia on 
the antireflux barrier. LES, Lower esophageal sphincter. 


elevated owing to the buffering effects of the food. Herein lies a 
paradox because most episodes of acid reflux occur immediately 
after a meal. This paradox is explained by the identification of a 
zone in the gastric cardia that remains unbuffered, now referred 
to as the acid pocket.>6 This pocket is postulated to be the source 
of acidic refluxate and has a pH considerably lower than the distal 
esophagus and remainder of the stomach after a meal. A subse- 
quent study confirmed that this zone is poorly buffered by a meal 
in both normal subjects and those with symptomatic GERD. In 
GERD patients, the presence of an acid pocket is more common 
than in controls and is larger as a result of extension more distally 
from the LES.® In GERD patients with hiatal hernia, the acid 
pocket is further enlarged because of the proximal migration of 
the LES. In addition, when the acid pocket is located about the 
diaphragm, especially in a hiatal hernia, more than 70% of the 
tLESRs were accompanied by acid reflux. In contrast, less than 
20% of tLESRs were accompanied by acid reflux when the acid 
pocket was below the diaphragm.** 


Esophageal Acid Clearance 


The second tier of protection against reflux damage is esophageal 
acid clearance. This phenomenon involves 2 related but separate 
processes: volume or bolus clearance, which is the actual removal 
of the reflux material from the esophagus, and acid clearance, 
which is the restoration of normal esophageal pH following acid 
exposure through titration with base from saliva and esophageal 
gland secretions. Although the competency of the antireflux bar- 
rier determines the frequency and volume of GER, esophageal 
acid clearance determines the duration of acid exposure to the 
mucosa and probably the severity of mucosal damage. 


Volume Clearance 

Esophageal peristalsis clears acid volume in the upright and 
supine positions but is inoperative during deep rapid eye move- 
ment sleep. Helm and colleagues®® showed that 1 or 2 primary 
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peristaltic contractions completely clear a 15-mL fluid bolus 
from the esophagus. Primary peristalsis is elicited by swallowing. 
Secondary peristalsis, initiated by esophageal distention from 
acid reflux, is much less effective in clearing the refluxate, thus 
offering only an ancillary protective role. 

Peristaltic dysfunction (i.e., failed peristaltic contractions, 
hypotensive or weak [<30 mm Hg] peristaltic contractions that 
incompletely empty the esophagus) increases in frequency with 
the severity of esophagitis. Savarino and colleagues found that 
increasing GERD severity was associated with decreased lower 
distal esophageal amplitude and an increased prevalence of inef- 
fective esophageal motility.°’ Patients with erosive esophagi- 
tis had significantly impaired fluid bolus transit compared with 
patients with nonerosive reflux disease and functional heart- 
burn.°’ Whether esophagitis per se leads to peristaltic dysfunc- 
tion or whether an underlying smooth muscle motility disorder 
of the esophagus predisposes to the development of reflux disease 
is not clear. Animal studies have found that esophageal dysmotil- 
ity associated with active esophagitis is reversible, but esophageal 
dysmotility associated with stricture or extensive fibrosis is irre- 
versible. Clinical observations suggest that impaired motor func- 
tion does not revert to normal following either effective medical 
or surgical therapies. 

Hiatal hernia also can impair esophageal emptying. Concur- 
rent pH recording and scintigraphy above the EGJ showed that 
impaired clearance was caused by re-reflux of fluid from the her- 
nia sac during swallowing.** This impaired clearance was most 
compromised in patients with nonreducing hernia where retro- 
grade flow of fluid from the hernia occurred even during degluti- 
tive relaxation. 

Gravity contributes to bolus clearance when reflux occurs in 
the upright position. At night when supine, this mechanism is 
not operative unless the head of the bed is elevated. This impor- 
tant lifestyle change markedly improves acid clearance time and 
is most beneficial in patients with aperistalsis (e.g., with sclero- 
derma). 


Salivary and Esophageal Gland Secretions 


Saliva is the second essential factor required for normal esopha- 
geal acid clearance. The stimulus for salivation appears to be the 
presence of acid in the proximal esophagus (20 cm above LES).°* 
The normal daily volume of saliva is 1.2 L, which may triple in 
response to persistent esophageal acidification.” Refluxed acid 
activates esophageal chemoreceptors, stimulating the salivary 
glands, and increases peristaltic activity through a neural reflex 
arc mediated by the vagus.’° Saliva is a weak base with a pH of 
6.4 to 7.8.7! However, it easily neutralizes the small amount of 
acid remaining in the esophagus after several peristaltic contrac- 
tions.’! 

Modulation of salivation may contribute to GERD. Decreased 
salivation during sleep is the reason that nocturnal reflux episodes 
are associated with markedly prolonged acid clearance times. 
Xerostomia is associated with prolonged esophageal acid expo- 
sure and esophagitis.’” Cigarette smoking promotes GER. Origi- 
nally attributed to nicotine’s effect on lowering LES pressure, 
cigarette smokers also have hyposalivation, leading to prolonged 
esophageal acid clearance times.” 

In addition to saliva, the aqueous bicarbonate-rich secretions 
of the esophageal submucosal glands dilute and neutralize resid- 
ual esophageal acid.”+ Acid refluxing into the esophageal lumen 
stimulates these glands and helps neutralize the acid, even if swal- 
lowing does not occur.’> 


Tissue Resistance 


Although clearance mechanisms minimize acid contact time with 
the epithelium, even healthy subjects have acid reflux during the 
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Fig. 46.5 Transmission electron micrographs of esophageal epithelium. Normal subjects (A) do not have 
dilated intercellular spaces. In contrast, patients with “bile” reflux (B), nonerosive GERD (C), and erosive GERD 
(D) have dilated intercellular spaces (irregular white spaces). These dilatations appear to be the earliest cellular 
marker of GERD and is independent of the degree of esophagitis. (From Calabrese C, Fabbri A, Bortolotti M, 
et al. Dilated intercellular spaces as a marker of oesophageal damage: Comparative results in gastro-oesopha- 
geal reflux disease with or without bile reflux. Aliment Pharmacol Ther 2008; 18:525-32.) 


day and sometimes at night. Nevertheless, only a few subjects 
experience symptomatic GER, and even fewer suffer GERD. 
This is due to a third tier for esophageal defense known as tissue 
resistance. Conceptually, tissue resistance can be subdivided into 
pre-epithelial, epithelial, and postepithelial factors, which act 
together to minimize mucosal damage from the noxious gastric 
refluxate.’° 

The pre-epithelial defense in the esophagus is poorly devel- 
oped. There is neither a well-defined mucous layer nor buffer- 
ing capacity by the surface cells to secrete bicarbonate ions into 
the unstirred water layer. Esophageal secretion of glycoconjugate 
(predominantly mucin) and prostaglandin E, may play a role in 
pre-epithelial defense.”’ 

The epithelial defenses consist of structural and functional com- 
ponents. Structural components include the cell membranes and 
intercellular junctional complexes of the esophageal mucosa. This 
structure is a 25- to 30-cell-thick layer of nonkeratinized squa- 
mous epithelium functionally divided into a proliferating basal 
cell layer (stratum basalis), a midzone layer of metabolically active 
squamous cells (stratum spinosum), and a 5- to 10-cell-thick layer 
of dead cells (stratum corneum) on the mucosal surface. The 
esophageal mucosa is a relatively “tight” epithelium that resists 
ionic movement at the intercellular, as well as the cellular, level as 
the result of tight junctions and the matrix of lipid-rich glycocon- 
jugates in the intercellular space.” Luminal acid attacks the epi- 
thelial defenses by damaging the intercellular junctions, allowing 
hydrogen ions to enter and acidify the intercellular space. As doc- 
umented by transmission electron microscopy, the intercellular 
spaces expand, and eventually the buffering capacity of this space 


is overwhelmed, leading to acidification of the adjacent cytosol 
via the basolateral membrane.”° The functional components of 
tissue resistance include the ability of the esophageal epithelium 
to buffer and extrude hydrogen ions. Intracellular buffering is 
accomplished by negatively charged phosphates and proteins, 
as well as bicarbonate ions. When the mucosal buffering capac- 
ity is exceeded and intracellular pH falls, the epithelium has the 
capacity to actively remove or neutralize H*. This is possibly by 
the action of 2 transmembrane proteins, one a Na*/H* exchanger 
and the other a Na*-dependent Cl-/HCO3;- exchanger.®*:’? After 
reflux-induced cell acidification, these transporters restore the 
intracellular pH to neutrality by exchanging H* for extracellular 
Nat or by exchanging CI- for extracellular HCO3-, respectively. 
In addition, esophageal cells contain within their membrane a 
Nat-independent Cl-/HCO,- exchanger that extrudes HCO;- 
from the cytoplasm when the intracellular pH is too high.° 
When the epithelial cells are no longer able to maintain intracel- 
lular pH, they lose their ability to volume regulate, cell swelling 
occurs, balloon cells develop, and cell death follows. Additional 
contributors to the epithelial defense include salivary EGF, trans- 
forming growth factor-a, and prostaglandin E}. These factors 
enhance epithelial cell turnover, enhance esophageal mucin pro- 
duction, and modulate bicarbonate secretion.’ Up-regulation of 
transcription of desmosomal proteins that support the epithelial 
cell cytoskeleton also occurs.*? 

Data suggest that dilated intercellular spaces are the earliest 
markers of esophageal epithelial cellular damage (Fig. 46.5).’° 
These alterations arise with exposure to acid and pepsin dur- 
ing GER, but the exact pathway of damage to the intercellular 


junctions remains unclear.*! One possibility is the proteolytic 
degradation of E-cadherin, a key molecule regulating tight junc- 
tion permeability.*? Other noxious contents of the refluxate, such 
as bile acids, are also harmful, and dilated intercellular spaces can 
be induced by acute psychological stress. Dilated intercellular 
spaces can be assessed quantitatively with electron microscopy, 
but they also are recognizable with light microscopy.”° In stud- 
ies by Calabrese and colleagues,** all controls had intercellular 
spaces less than 1.69 um. Symptomatic patients had a mean inter- 
cellular space value and a mean value of the maximum dilated 
intracellular space at least 3 times greater than controls. Statisti- 
cal differences were not observed between esophagitis patients 
and nonerosive GERD patients. The authors speculated that 
increased paracellular permeability could partly explain the 
development of heartburn in the absence of overt esophagitis. 
This hypothesis is supported by the identification of vagal and 
spinal sensory afferent neurons superficially within the intercel- 
lular space.® Importantly, aggressive acid inhibition with PPIs 
leads to complete resolution of the dilated intercellular spaces in 
nearly all patients over 3 to 6 months. These changes correlated 
closely with the resolution of heartburn.** 

The postepithelial defense is provided by the esophageal blood 
supply. Blood flow delivers oxygen, nutrients, and bicarbonate 
and removes H+ and CO), thereby maintaining normal tissue 
acid-base balance. Blood flow to the esophageal mucosa increases 
in response to the stress of luminal acid.*° 


Gastric Factors 


Gastric factors (volume and components of the gastric refluxate) 
are potentially important in the production of reflux esophagitis. 
Gastric acidity determines the degree of potential mucosal dam- 
age of the refluxate. Increases in gastric volume augment the rate 
of tLESRs, making gastric contents more likely to reflux. 


Gastric Acid Secretion 


Acid and pepsin are the key ingredients of the gastric reflux- 
ate producing esophagitis. In animal studies, acid alone causes 
minimal injury at a pH of less than 3, primarily by protein dena- 
turation. However, acid combined with even small amounts of 
pepsin disrupts the mucosal barrier, resulting in increased H+ 
permeability, histologic changes, and hemorrhage.*’ The degree 
of esophageal injury, from nonerosive GERD to Barrett’s esoph- 
agus, parallels the increase in the frequency and duration of acid 
reflux (pH < 4).8®8 Conversely, perfusing the esophagus of ani- 
mals with a pepsin solution at pH 4 to 7.5 produces minimal 
mucosal disruption or change in mucosal permeability.*’ These 
observations are the cornerstone of acid inhibition therapy for 
the treatment of GERD-related esophagitis. However, reflux of 
weakly acidic gastric content may be a major factor in regurgita- 
tion, due to volume delivered into the esophagus and possibly 
heartburn and cough.”° 

Overall, gastric acid secretion is normal in patients with 
GERD.”! On the other hand, the local distribution of acid rather 
than total gastric secretion may be more relevant to the patho- 
genesis of GERD. Data suggest that the gastroesophageal junc- 
tion may escape the buffering effect of meals, remaining highly 
acidic compared with the body of the stomach. This proximal 
acid pocket, discussed earlier, extends from the cardia into the 
distal esophagus. 

Hp infection, especially with the cagA+ virulent strain, has 
the potential to raise or lower gastric acidity, depending on the 
site of infection. Acid output may be decreased by several mecha- 
nisms: (1) infection of the corpus, which can progress to multifo- 
cal atrophic gastritis; (2) increased gastric alkaline (bicarbonate) 
secretion, which returns to normal after Hp eradication; and 
perhaps (3) production of ammonia by the bacteria itself.”* After 
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eradication of Hp, the corpus mucosa can regenerate to normal, 
increasing acid secretion. In Asia, corpus-predominant gastritis is 
common, and eradication therapy in these patients may increase 
the risk of developing GERD. In a study from Japan, the cumu- 
lative prevalence of reflux esophagitis after Hp eradication was 
26%, 33% in those with and 13% in those without corpus atro- 
phic gastritis.” Conversely, Hp antrum-predominant gastritis 
has been shown to be associated with hypergastrinemia and gas- 
tric hypersecretion. Heartburn and regurgitation often improve 
significantly after eradication therapy in patients with antrum- 
predominant gastritis.”* 


Duodenogastric Reflux 


Bile acids can alter the integrity of the mucosal barrier by dis- 
rupting cell function and damaging membrane structure. Animal 
studies demonstrate that conjugated bile acids produce their 
greatest injury in the presence of acid and pepsin, whereas decon- 
jugated bile acids and trypsin are damaging in a more neutral 
environment.” Esophageal exposure to bile is always mixed with 
acid resulting in more severe grades of esophagitis. Analyses of 
the association of acid and bile reflux (quantified using bilirubin 
absorbances) with GERD supports the hypothesis that the pres- 
ence and severity of erosive esophagitis depends primarily on acid 
reflux, whereas Barrett’s esophagus depends on exposure to both 
acid and bile.” 


Delayed Gastric Emptying 


The importance of delayed gastric emptying in the pathogen- 
esis of GERD is controversial. Early studies suggested a rate 
as high as 50%, but more recent studies using a standardized 
4-hour gastric emptying test found an overlap but in 8% to 20% 
of patients.”’ Conceptually, impaired gastric emptying results 
in a greater volume of material in the stomach, which could be 
available to directly reflux into the esophagus due to distention 
of the proximal study. Recent studies with impedance-pH test- 
ing found that acid reflux values were not increased, but consis- 
tent with the reflux of the meal contents, the increase was in the 
postprandial liquid or mixed reflux events and non/weakly acid 
reflux.’ Women and diabetics are more likely to have gastropa- 
resis with secondary reflux. Complaints of abdominal bloating, 
pain, nausea, vomiting, and constipation should be helpful clues 
and manometry often shows a normal LES pressure. 


A New Cytokine-Mediated Mediated Mechanism for 
Esophageal Injury 


Recent animal and human studies suggest a new paradigm for 
esophageal injury—refluxed gastric contents do not directly dam- 
age the esophagus, but rather stimulates esophageal epithelial 
cells to secrete chemokines that mediate damage of esophageal 
tissue. Using a rat model with an esophagoduodenostomy, Souza 
et al.” removed the esophagus at various time points to ana- 
lyze histologically the inflammatory changes. Reflux esophagitis 
started at postoperative day 3 with lymphocytic infiltration of the 
submucosa that eventually progressed to the epithelial surface. 
Basal cell and papillary hyperplasia preceded the development 
of surface erosions—these findings are just the opposite of those 
expected from a caustic chemical injury. In another experiment in 
the same study, exposure of a human esophageal squamous cell 
line to acidified bile salts significantly increased the secretion of 
IL-8 and IL-1 which triggered the migration of T cells and neu- 
trophils. 

In a preliminary study of 12 patients with a history of severe 
esophagitis healed with PPI therapy, the same group!”° observed 
that stopping antacid medications was associated with T lympho- 
cyte predominant esophageal inflammation and basal cell and 
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papillary hyperplasia. These changes occurred at 1 and 2 weeks 
after discontinuing PPIs, neutrophils and eosinophils were few 
or absent on biopsies, and there was not the loss of surface cells 
(i.e., erosions). 


CLINICAL FEATURES 


Classic Symptoms 


Heartburn is the classic symptom of GERD, with patients gener- 
ally reporting a burning feeling rising from the stomach or lower 
chest and radiating toward the neck, throat, and occasionally the 
back.!°! It usually occurs postprandially, particularly after large 
meals or after ingesting spicy foods, citrus products, fats, choc- 
olates, and alcohol. The supine position and bending over may 
exacerbate heartburn. Sleep deprivation as well as psychological 
or auditory stress may lower the threshold for symptom percep- 
tion.!°?,!03 Nighttime heartburn may occur after spontaneous 
conscious awakenings, leading to difficulty in returning to sleep. 
GERD is usually diagnosed symptomatically by the occurrence 
of heartburn 2 or more days a week, although less frequent symp- 
toms do not preclude the disease.!°! Although an aid to diagnosis, 
the frequency and severity of heartburn do not predict the degree 
of esophageal damage.!0! 

Heartburn symptoms can arise from acid reflux, weakly acidic 
reflux, bile reflux, and mechanical stimulation of the esophagus. 
The receptor that mediates the sensation of heartburn during 
acid perfusion has not been identified, although the capsaicin 
receptor, or vanilloid receptor 1 (TRPV1), is a leading candidate. 
TRPV1 is a cation channel that is expressed by sensory neurons, 
and its activation by heat, acid pH, or ethanol may trigger burn- 
ing pain.'°t Weakly acidic reflux, as detected by combined pH 
and impedance technology, appears to produce symptoms when 
there is a large proximal extent reached by the refluxate, large 
reflux volumes, and prolonged acid-clearance times.!™ The 
mechanism that underlies bile acid-induced esophageal symp- 
toms is unknown. Bile acids are postulated to induce the release 
of intracellular mediators via damage to lipid membranes.!°° In 
addition to acid-induced and bile acid-induced esophageal dam- 
age, pepsin can cause direct damage to the esophageal mucosa, 
leading to dilated intercellular spaces and increased esophageal 
mucosal permeability.'°’ Esophageal distention and sustained 
esophageal contractions are other mechanisms proposed to 
explain the symptom of heartburn. Balaban and associates used 
high-frequency endoluminal US to demonstrate a correlation 
between spontaneous chest pain or chest pain induced by edro- 
phonium chloride and sustained esophageal longitudinal muscle 
contractions. 10% 

Regurgitation defined as the “perception of flow or refluxed 
gastric contents into the mouth or pharynx”!°! has been incon- 
sistently described in clinical trials and epidemiologic studies of 
GERD. Among patients with daily regurgitation, LES pressure 
is often low; many patients have associated gastroparesis, and 
esophagitis is common, making this symptom more difficult to 
treat medically than classic heartburn.!°” 

The lack of a gold standard for GERD diagnosis makes it dif- 
ficult to define the accuracy of heartburn and/or regurgitation 
for GERD. The Diamond Study from the United Kingdom 
addressed this question by carefully evaluating 308 patients pre- 
senting to general physicians with suspected GERD.!!° GERD 
was present in 203 patients (66%) defined by endoscopic esopha- 
gitis and/or abnormal 24-hour pH test or positive symptom 
association. Only 49% of GERD patients recorded heartburn or 
regurgitation as their most troublesome symptom for a sensitivity 
and specificity of 63% and 63%, respectively. Reflux question- 
naires did not perform any better. Nor could response of symp- 
toms to PPI treatment (esomeprazole 40 mg for 2 weeks) increase 
diagnostic precision—a positive response to PPIs was observed in 


69% of GERD patients and 51% of patients without GERD.!!! 
Similarly, a well-performed meta-analysis cast doubt of the PPI 
trial, finding that it identified GERD patients with 78% sensitiv- 
ity and 54% specificity.!!? 

Dysphagia is reported by more than 30% of individuals with 
GERD.!! It usually occurs in the setting of long-standing heart- 
burn, with slowly progressive dysphagia for solids. Weight loss 
is uncommon, and patients have good appetites. The most com- 
mon causes are a peptic stricture or Schatzki’s ring, but other eti- 
ologies include severe esophageal inflammation alone, peristaltic 
dysfunction, and esophageal cancer. 

Less common symptoms associated with GERD include water 
brash, odynophagia, burping, hiccups, nausea, and vomiting.!!* 
Water brash is the sudden appearance in the mouth of a slightly 
sour or salty fluid. It is not regurgitated fluid, but rather secre- 
tions from the salivary glands in response to acid reflux.’! Odyno- 
phagia may be seen with severe ulcerative esophagitis. However, 
its presence should raise the suspicion of an alternative cause of 
esophagitis, especially infections or injury from impacted pills. 

Some patients with GERD are asymptomatic. This is particu- 
larly true in older adults, perhaps because of decreased acidity 
of the reflux material in some or decreased pain perception in 
others. Many older adult patients present first with complications 
of GERD because of long-standing disease with minimal symp- 
toms. For example, up to 40% of patients with Barrett’s esopha- 
gus are insensitive to acid at the time of presentation.’ 


Extraesophageal Manifestations 


GER may cause a wide spectrum of conditions, including non- 
cardiac chest pain, asthma, posterior laryngitis, chronic cough, 
recurrent pneumonitis, dental erosions, and disordered sleep.!!” 
Some of these patients have classic reflux symptoms, but many 
are “silent refluxers,” contributing to problems in making the 
diagnosis. Furthermore, it may be difficult to establish a causal 
relationship even if GER can be documented by testing (e.g., pH 
studies) because individuals may simply have 2 common diseases 
without a cause-and-effect relationship. 


Chest Pain 


GER-related chest pain may mimic angina pectoris, having a 
squeezing or burning quality, being substernal, and radiating to 
the back, neck, jaws, or arm. It frequently is worse after meals and 
may worsen during emotional stress. Reflux-related chest pain 
may last for minutes to hours, often resolves spontaneously, and 
may be eased with antacids. The mechanism for GERD-related 
chest pain is poorly understood and is probably multifactorial, 
related to the H* ion concentration, volume, and duration of acid 
reflux; secondary esophageal spasm; and prolonged contractions 
of the longitudinal muscles.!!*!!7 Chest pain episodes which 
occur in association with documented acid reflux events by pH 
testing usually respond well to acid antisecretory therapy.!!° 


Asthma and Other Pulmonary Disorders 


The estimated prevalence of GERD in asthmatics is between 
34% and 89%, depending on the group of patients studied and 
how GERD is defined (e.g., symptoms or 24-hour pH monitor- 
ing).'!? Proposed mechanisms of reflux-induced asthma include 
aspiration of gastric contents into the lungs, with secondary bron- 
chospasm and activation of a vagal reflex from the esophagus to 
the lungs causing bronchoconstriction. Animal!?° and human!?! 
studies report bronchoconstriction after esophageal acidification, 
but the response is mild and inconsistent. The reflux of acid into 
the trachea, as compared with the esophagus alone, predictably 
caused marked changes in peak expiratory flow rates in asthmatic 
patients.!’? Other pulmonary diseases associated with GERD 


Fig. 46.6 Characteristic findings of “reflux laryngitis” in a 31-year-old 
man with hoarseness whose symptoms and signs resolved after PPI 
treatment for 3 months. Black arrows: erythema of the medial arytenoid 
walls. White arrows: red streaks on the true vocal folds. Reflux changes 
in the larynx are usually confined to the posterior portion nearest the 
upper esophageal sphincter (bluish gray ridge behind the arytenoid 
complex). 


include aspiration pneumonia, interstitial pulmonary fibrosis, 
chronic bronchitis, and bronchiectasis. In addition, GER may 
worsen the course of obstructive sleep apnea (OSA) in a subset 
of patients. 1? 

Up to 30% of patients with GERD-related asthma have no 
esophageal complaints. Therefore, there has been enthusiasm 
for empirical treatment for acid reflux in even in asymptomatic 
patients with poorly controlled asthma. Data from randomized 
double-blind trials have failed to support this approach. One trial 
of adults with inadequately controlled asthma despite treatment 
with inhaled corticosteroids and with minimal or no symptoms 
of GER used either 40 mg of esomeprazole twice daily or match- 
ing placebo. Esomeprazole had no measurable impact on the fre- 
quency of poor asthma control events. The authors also found no 
effect of esomeprazole on pulmonary function, airway reactivity, 
nocturnal awakening, or quality of life. Even in the subgroup of 
poorly controlled asthmatics with an abnormal pH study, there 
was no benefit with acid suppression.!*+ A more recent study 
using lansoprazole in children found similar results.!?° In addi- 
tion, children treated with lansoprazole reported more respira- 
tory infections. 16 


Ear, Nose, and Throat Diseases 


Laryngeal inflammation may be associated with a variety of pre- 
senting symptoms, including hoarseness, globus sensation, fre- 
quent throat clearing, recurrent sore throat, and prolonged voice 
warm-up.!?” Ear, nose, and throat signs attributed to GERD 
include posterior laryngitis with edema and redness, vocal cord 
ulcers, granulomas, leukoplakia, and even carcinoma.!** These 
changes are usually limited to the posterior third of the vocal 
cords and interarytenoid areas, both in proximity to the upper 
esophageal sphincter (Fig. 46.6). Animal studies find that the 
combination of acid, pepsin, and conjugated bile acids is very 
injurious to the larynx.!*? Human studies have confirmed that 
increased esophageal acid exposure is significantly more com- 
mon in patients with laryngeal symptoms and signs than in the 
general population.!?’ Although acid suppression is frequently 
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recommended as an empirical treatment for chronic laryngeal 
symptoms, meta-analysis of results from controlled trials using 
PPI therapy failed to find objective improvement compared with 
placebo.!°° 

GERD has been postulated to be a leading cause of chronic 
cough (after sinus problems and asthma).'?! GER increases the 
cough sensitivity reflex (i.e., reduces the cough threshold) in 
patients with chronic cough.!*? However, the importance of this 
association in humans has not been shown in treatment studies, 
which, in sum, have not demonstrated a superiority of PPIs over 
placebo.!*’ Dental erosion, the loss of tooth structure by nonbac- 
terial chemical processes, can be caused by GER and acid sup- 
pressive therapy is helpful in counteracting progression of reflux 
related dental erosions. 14 


Sleep Disorders 


Nocturnal GERD can lead to interruptions in sleep, leading to 
high rates of absenteeism from work and a reduced quality of 
life. PPI therapy has demonstrated superiority over placebo 
in providing relief from nocturnal heartburn and in reducing 
GERD-related sleep disturbances, resulting in improvement 
in sleep quality and work productivity.!*° Epidemiologic stud- 
ies have also found an association between nocturnal GERD 
and OSA.!3’ This was confirmed in a study using pH-imped- 
ance, finding that OSA patients have more episodes of patho- 
logic acid reflux than those without OSA.'*> The mechanism 
for this association remains unclear, although it appears that 
GERD is a consequence of OSA, not the converse. For exam- 
ple, a study found that patients with OSA had more tLESRs 
during sleep related to preceding sleep arousals and shallow 
sleep.!°8 


DIFFERENTIAL DIAGNOSIS 


Symptoms associated with GERD may be mimicked by other 
esophageal and extraesophageal diseases, including achalasia, 
eosinophilic esophagitis (EoE), Zenker’s diverticulum, gastropa- 
resis, gallstones, PUD, functional dyspepsia, and angina pectoris. 
These disorders usually can be identified by failure to respond to 
ageressive PPI therapy and appropriate diagnostic tests. Although 
GERD is the most common cause of esophagitis, other etiolo- 
gies of esophagitis (pills, infections, or radiation injury) need to 
be considered in difficult-to-manage cases, older individuals, or 
immunocompromised patients. 


ASSOCIATED CONDITIONS 


Several medical and surgical conditions can predispose to GERD. 
‘The most common is pregnancy, in which 30% to 80% of women 
complain of heartburn, especially in the first trimester (see 
Chapter 40). Pregnancy increases the risk for reflux by reducing 
LES pressure due to the effects of estrogen and progesterone and 
possibly mechanical factors from the gravid uterus.’ Although 
symptoms may be severe, esophagitis is uncommon, and this 
type of situational GERD is cured with childbirth. Up to 90% 
of patients with scleroderma (PSS or CREST syndrome) have 
GERD due to smooth muscle fibrosis causing low LES pressure 
and weak or absent peristalsis (see Chapter 37). Severe disease is 
common, with up to 38% of patients having esophagitis.!*° Acid 
hypersecretion and increased gastric volume are the major factors 
causing GERD in patients with ZES (see Chapter 34). In these 
patients, the esophagitis and complications are more difficult to 
treat than the ulcer disease.'+! After Heller myotomy or the more 
recent per-oral endoscopic myotomy for achalasia (see Chapter 
44), 10% to 39% of patients may develop GERD.!* In patients 
undergoing bariatric surgery for morbid obesity (see Chapter 8), 
de novo symptoms of GERD may develop postoperatively.'*? 
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BOX 46.1 Tests for Gastroesophageal Reflux Disease 


GERD Questionnaires (RDQ, GERD Q) 
PPI test 

Manometry 

Barium swallow 


Endoscopy 

Histology 

pH monitoring (catheter based or wireless) 
Intraluminal impedance-pH monitoring 
Mucosal impedance 


Finally, prolonged NG intubation may cause reflux esophagitis, 
in part because acid tracks orad along the tube, and because the 
tube mechanically interferes with the LES barrier function (see 
Chapter 45).!44 


DIAGNOSIS 


A large number of tests are available for evaluating patients with 
suspected GERD.!*> Many times these tests are unnecessary 
because the classic symptoms of heartburn and acid regurgitation 
are sufficiently specific to identify reflux disease and begin medi- 
cal treatment. However, this is not always the case, and clinicians 
must decide which tests to choose so as to make a diagnosis in 
a reliable, timely, and cost-effective manner depending on the 
information desired (Box 46.1).!*5 


Empirical Trial of Acid Suppression 


An empirical trial of acid suppression is the simplest method for 
diagnosing GERD and assessing its relationship to symptoms. 
With the advent of PPIs, it has become the first test used in 
patients with classic or atypical reflux symptoms without alarm 
complaints. Symptoms usually respond to a PPI trial in 1 to 
2 weeks. If symptoms disappear with therapy and then return 
when the medication is discontinued, GERD has been estab- 
lished. 

In empirical trials for heartburn, the initial PPI dose was 
high (e.g., omeprazole 40 to 80 mg/day), usually given for at 
least 2 weeks, and a positive response was defined as at least 
50% improvement in heartburn. Using this approach, the PPI 
empirical trial has a sensitivity of 68% to 83% but poor speci- 
ficity for determining the presence of GERD.'*!*’ However, 
these studies were enriched with GERD patients and may not 
represent the general population. For example, the PPI test was 
not as useful in a U.K. primary care setting with a large group of 
patients with a variety of UGI symptoms.!** A positive response 
was observed in 64% of patients with well-documented GERD 
and in 51% of those without GERD—not much better than a 
coin toss. 

An empirical PPI trial for diagnosing GERD offers many 
advantages: the test is office based, easily done, inexpensive, 
and available to all physicians and avoids many needless proce- 
dures. For example, Fass and colleagues!*”? showed a savings of 
more than $570 per patient that was due to a reduction in the 
number of diagnostic tests performed for noncardiac chest pain. 
Disadvantages are few, including a placebo response and uncer- 
tain symptomatic end point if symptoms do not totally resolve 
with extended treatment; however, the false-positive rate may be 
higher in a general practice than previously anticipated.!** Esti- 
mating the diagnostic test characteristics of successful PPI treat- 
ment with 24-hour pH monitoring as the reference standard, one 
study showed a combined estimates of sensitivity and specificity 
of 78% and 54%, respectively, for short-term PPI trial for diag- 
nosing GERD.1!5° 


Endoscopy 


Upper endoscopy is the standard for documenting the presence 
and extent of esophagitis and excluding other etiologies for the 
patient’s symptoms. However, only 20% to 60% of patients with 
abnormal esophageal reflux by pH testing have esophagitis at 
endoscopy. Thus, the sensitivity of endoscopy for GERD is low, 
but it has high specificity at 90% to 95%.15! 

The earliest endoscopic signs of acid reflux include edema and 
erythema, but these findings are nonspecific and dependent on 
the quality of endoscopic visual images.!*! More reliable signs 
are friability, granularity, and red streaks. Friability (easy bleed- 
ing) results from the development of enlarged capillaries near the 
mucosal surface in response to acid. Red streaks extend upward 
from the esophageal junction along the ridges of the esophageal 
folds.!5? Erosions develop with progressive acid injury, charac- 
terized by a shallow break in the mucosa with a white or yellow 
exudate surrounded by erythema. Typically, erosions begin at the 
gastroesophageal junction, occurring along the tops of esopha- 
geal mucosal folds where acid injury is most prone; they may be 
single or multiple. Erosions can also be caused by NSAIDs, heavy 
smoking, and infectious esophagitis.!°! Ulcers reflect more severe 
esophageal damage, being deeper into the mucosa or submucosa 
and either isolated along a fold or surrounding the esophageal 
junction. The most thoroughly evaluated esophagitis classifica- 
tion is the Los Angeles (LA) system, which is now widely used 
throughout the world (Fig. 46.7 and Table 46.2).1°3 

Esophageal capsule endoscopy for the evaluation of reflux 
symptoms has thus far been disappointing. The capsule is 11 by 
26 mm and acquires video images at 14 frames per second. After 
swallowing, images are transmitted to a portable receiver via 
digital radiofrequency. In a study, compared with standard upper 
endoscopy, the capsule had a sensitivity of only 50% for erosive 
esophagitis, 54% for the presence of a hiatal hernia, and 79% for 
the presence of Barrett’s esophagus.!°+ 

Most patients with GERD are treated initially with PPIs and 
without endoscopy. The important exception is the patient expe- 
riencing “alarm” symptoms: dysphagia, odynophagia, weight loss, 
vomiting, and GI bleeding. Here, endoscopy should be performed 
early to diagnose complications of GERD (e.g., strictures) and 
to rule out other entities such as infections, ulcers, cancers, or 
varices. Current guidelines by the American College of Physi- 
cians suggest the major role of endoscopy is to diagnose and treat 
GERD complications, especially peptic strictures, and to define 
Barrett’s esophagus.!>> Other indications include typical GERD 
symptoms that persist despite a 4- to 8-week trial of twice-daily 
PPI therapy, and patients with severe esophagitis after a 2-month 
PPI course, to assess healing and rule out Barrett’s esophagus. 


Esophageal Biopsy 


Like endoscopy, the role of esophageal biopsies in evaluating 
GERD has evolved over the years.!#° Microscopic changes of 
reflux may occur even when the mucosa endoscopically appears 
normal.!°° Classic changes of basal cell hyperplasia and increased 
height of the rete peg, both representing increased epithelial 
turnover of the squamous mucosa, are sensitive but not specific 
histologic findings for GERD.!57 Acute inflammation charac- 
terized by the presence of neutrophils and often eosinophils 
(Fig. 46.8) is very specific for esophagitis; however, the sensitiv- 
ity is low, in the range of 15% to 40%.!°8 Thus, there is little 
value for histologic examination of normal-appearing squamous 
mucosa to identify GERD. However, this dictum recently has 
been tempered by the need to differentiate EoE from GERD, 
particularly in patients complaining of dysphagia.'*’ In young 
patients with dysphagia, especially food impaction, clinical sus- 
picion for EoE is high requiring esophageal biopsies both in 
the distal and proximal esophagus. In patients with classic reflux 


b, 


system (see Table 46.2). 


TABLE 46.2 Los Angeles Endoscopic Classification System for 
Esophagitis 


Grade A One or more mucosal breaks confined to folds, <5 mm 

Grade B One or more mucosal breaks >5 mm confined to folds but 
not continuous between the tops of mucosal folds 

Grade C Mucosal breaks continuous between tops of 2 or more 
mucosal folds but not circumferential 

Grade D Circumferential mucosal break 


esophagitis, biopsies are usually not taken except to exclude 
neoplasm, infection, or bullous skin disease. Therefore, the cur- 
rent primary indication for esophageal biopsies are to define 
Barrett’s epithelium and exclude EoE.!°° When Barrett’s is sus- 


pected, biopsies are mandatory and best done when esophagitis 
is healed (see Chapter 47). 


Esophageal Reflux Testing 


Esophageal reflux monitoring has undergone substantial changes 
in the past 10 years.'+? Wireless pH capsules and the ability to 
measure all forms of reflux, both acid and nonacid are important 


Fig. 46.7 Endoscopic photographs of the 4 grades of esophagitis (A to D) using the Los Angeles classification 
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Fig. 46.8 Histopathology of GERD. Inflammatory cells (eosinophils 
and neutrophils) are interspersed between squamous epithelial cells. 
(Courtesy Edward Lee, MD, Washington, DC.) 


advances in the field of reflux testing. Ambulatory intraesopha- 
geal pH monitoring is still the standard for establishing patho- 
logic acid reflux.!*:161:162 For catheter-based pH testing, the 
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probe is passed nasally, positioned 5 cm above the manometri- 
cally determined LES, and connected to a battery-powered data 
logger capable of collecting pH values every 4 to 6 seconds. An 
event marker is activated by the patient when symptoms, meals, 
and body position changes occur. Patients are encouraged to eat 
normally and engage in regular daily activities, with monitoring 
carried out for 18 to 24 hours. Reflux episodes are defined by 
a pH drop of less than 4. Conventionally measured parameters 
include percent of total time when pH is less than 4, percentage 
of time upright and supine when pH is less than 4, total number 
of reflux episodes, duration of longest reflux episode, and num- 
ber of episodes greater than 5 minutes. The percentage of total 
time pH is less than 4 is the most reproducible measurement for 
GERD, with reported upper limits of normal ranging from 4% 
to 5.5%.!°! Ambulatory pH testing discerns positional variations 
in GER, meal- and sleep-related episodes, and helps relate symp- 
toms to reflux events. 

The first of the 3 new technology advancements in reflux test- 
ing was the catheter-free system (Fig. 46.9, upper panel).'© This 
system uses a wireless pH capsule that is affixed to the esopha- 
geal mucosa with a delivery system that drives a small needle into 
the epithelium. The capsule then transmits pH data to a portable 
receiver using radiofrequency signals. Catheter-free testing is 
now the preferred method of pH testing because monitoring can 
be extended beyond 24 hours (usually 48 hours), and limitations 
on normal daily activities and meals are negligible.!°* Because the 


pH remains above 4.0 


Fig. 46.9 Tracings from 48-hour 
esophageal pH and multichannel 
impedance-pH studies. Top panel 
is a 48-hour pH capsule study in 
a patient with GERD. Meals/drinks 
are shown by the yellow lines, 
supine periods are shown in blue. 
The orange bars represent symp- 
toms that were associated with 
acid reflux. The bottom panels 
are examples of acid and nonacid 
reflux detected by multichannel 
impedance-pH monitoring. A, 
Acid reflux, with a typical pattern 
of sequential impedance drops in 
a retrograde direction, reaching 
the third impedance-measuring 
segment (Z3) and associated with 
an esophageal pH fall to less than 
4.0. B, Nonacid reflux in a patient 
on a PPI who reports an episode 
of regurgitation during this reflux 
episode, with a typical impedance 
pattern of retrograde flow reaching 
Z1 and despite esophageal pH 


Time remaining above 4. 


capsule only accurately measures acid reflux (pH < 4), all studies 
must be performed off PPIs for at least 7 days.16° 

The second technology improvement combines impedance 
with pH testing, allowing the measurement of acid and nonacid 
reflux (see Fig. 46.9, lower panel). The latter is particularly impor- 
tant for patients on PPIs who continue to reflux, but now most 
episodes have pH higher than 4.160 Nonacid reflux is measured by 
the detection of a retrograde bolus of ion-rich fluid in the esopha- 
gus. Refluxates that are a mixture of liquid and air are also readily 
detected. In a large group of normal subjects off PPIs, roughly 
40% of reflux episodes were either weakly acidic (pH 4 to 6.5) 
or alkaline (pH > 6.5).!°° In a multicenter study using combined 
impedance-pH testing, 37% of patients experienced continued 
reflux symptoms despite twice-daily PPI therapy that was due to 
nonacid reflux.!67 

The most recent technologies for detecting GERD mea- 
sure mucosal integrity alteration during endoscopy by detecting 
mucosal impedance changes or based on intraluminal impedance 
testing (nocturnal baseline impedance and post swallow-induced 
peristaltic wave index).'°*-!’! Mucosal impedance measurement 
have identified patients with GERD and EoE with high degree 
of accuracy. It is too early to assess the clinical impact of this new 
technology, but the efficiency of diagnosing GERD without the 
need for prolonged ambulatory testing is promising. The role of 
nocturnal baseline impedance and post swallow-induced peristal- 
tic wave is anticipated to be limited given need for catheter-based 


testing and complicated means of measuring both parameters. 
Finally, salivary pepsin testing and a catheter based transoral pH 
monitoring are purported to help in the diagnosis of extraesopha- 
geal reflux; however, studies on their clinical benefit have shown 
mixed results. !* 

A critical limitation of esophageal pH monitoring is that there 
exists no absolute threshold value that reliably identifies GERD 
patients. Studies comparing patients with endoscopic esophagitis 
who underwent pH tests report sensitivities from 77% to 100%, 
with specificities from 85% to 100%.!*° However, esophagitis 
patients rarely need pH testing; rather, patients with normal 
endoscopy and suspected GERD might benefit most from this 
test. Unfortunately, data on these patients are less conclusive, 
with considerable overlap between controls and nonerosive 
refluxers.!©! Other drawbacks of pH testing include possible 
equipment failure, pH probe missing reflux events because the 
probe is buried in a mucosal fold, and false-negative studies due 
to dietary or activity limitations from poor tolerability of the 
nasal probe. 

Ambulatory reflux pH monitoring is the only test that records 
and correlates symptoms with reflux episodes over extended 
periods of time. However, because only 10% to 20% of reflux 
episodes are associated with symptoms, different statistical analy- 
ses have evolved, attempting to define a significant association 
between symptoms and reflux episodes, including the symptom 
index, symptom sensitivity index, and symptom association prob- 
ability.!’! Unfortunately, no studies have defined the accuracy of 
these symptom scores in predicting response to therapy. Further- 
more, validation studies were done only for heartburn, regurgita- 
tion, and chest pain with acid reflux; there were no studies with 
atypical reflux symptoms or nonacid reflux. More recent studies 
have questioned the validity of symptom association probability 
and have warned against its use especially in those with normal 
reflux parameters.!’?:!’> Therefore, pH testing can define an 
association between complaints and GER, but only treatment tri- 
als address the critical clinical issue of causality. 

Clinical indications for ambulatory reflux monitoring are 
established.!*> Before fundoplication, pH testing should be 
done in patients with normal endoscopy to ensure the pres- 
ence of pathologic acid reflux. After antireflux surgery, per- 
sistent or recurrent symptoms warrant repeat pH testing. In 
these situations, pH monitoring is performed with the patient 
off antireflux medications. Esophageal reflux testing is particu- 
larly helpful in evaluating patients with GERD-like symptoms 
who are resistant to treatment and who have normal or equivo- 
cal endoscopic findings. However, here there is controversy 
whether this should be done on or off PPIs.!6? For this indi- 
cation, impedance-pH testing can be done on PPI therapy to 
define 2 populations: those with and those without continued 
abnormal acid or nonacid exposure times. The group with per- 
sistent GER needs intensified medical therapy, whereas patients 
with symptoms and good reflux control have another etiology 
for their complaints. The off-PPI approach is gaining popularity 
because 50% to 60% of patients with poorly responding symp- 
toms and normal endoscopy do not have GERD. A negative pH 
test off therapy is useful because it directs the diagnostic workup 
toward other causes and enables cessation of unnecessary PPI 
therapy. However, a recent study!”+ found that more than 42% 
of patients with negative tests for acid reflux still continued PPI 
therapy. Finally, ambulatory pH testing may help in defining 
patients with extraesophageal manifestations of GERD. How- 
ever, its most important utility is in ruling out reflux as the cause 
for patients’ persistent reflux. Initially most of these studies 
were done off antireflux medications to confirm the coexistence 
of GERD; however, this does not guarantee symptom causality. 
Therefore, an approach is to first treat aggressively with PPIs, 
reserving pH testing for those patients not responding after 4 to 
12 weeks of therapy.!©° 
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Barium Esophagogram 


The barium esophagogram is an inexpensive, readily available, 
and noninvasive esophageal test.!”> It is most useful in demon- 
strating anatomic narrowing of the esophagus and assessing the 
presence and reducibility of a hiatal hernia. Schatzki’s rings, webs, 
or minimally narrowed peptic strictures may only be seen with 
an esophagogram, being missed by endoscopy, which may not 
adequately distend the esophagus. Giving a 13-mm radiopaque 
pill or marshmallow along with the barium liquid can help to 
identify these subtle narrowings. The barium esophagogram 
allows good assessment of peristalsis and is helpful preoperatively 
in identifying a weak esophageal pump. The ability of barium 
esophagogram to detect esophagitis varies, with sensitivities of 
79% to 100% for moderate to severe esophagitis, whereas mild 
esophagitis is usually missed. Barium testing also falls short when 
addressing the presence of Barrett’s esophagus. The spontaneous 
reflux of barium into the proximal esophagus is very specific for 
reflux, but it is not sensitive. Provocative maneuvers (e.g., leg lift- 
ing, coughing, Valsalva, water siphon) can elicit stress reflux and 
improve the sensitivity of the barium esophagogram, but some 
argue that these maneuvers also decrease its specificity.!”° 


Esophageal Manometry 


As with reflux testing, the advent of multichannel high-resolu- 
tion manometry has revolutionized this esophageal function 
test.!’’ With 32 to 36 pressure transducers spanning the entire 
esophagus, manometry can now accurately assess LES pressure 
and relaxation, as well as peristaltic activity, including contrac- 
tion amplitude, duration, and velocity. However, esophageal 
manometry is generally not indicated in the evaluation of the 
uncomplicated GERD patient, because most have a normal rest- 
ing LES pressure. Esophageal manometry to document adequate 
esophageal peristalsis and exclude variants of achalasia and sclero- 
derma is traditionally recommended before antireflux surgery.!©° 
If the study identifies ineffective peristalsis (low amplitude or 
frequent failed peristalsis) or aperistalsis, then a complete fun- 
doplication may be contraindicated. However, this assumption is 
challenged because reflux control was better, and dysphagia no 
more common, in patients with weak peristalsis after a complete, 
as opposed to a partial, fundoplication.'”* An improvement of 
traditional manometry, combining it with impedance testing, is 
helping to clarify this controversy. Using this technique, a study 
found that less than 50% of patients with ineffective peristalsis 
had a significant delay in esophageal bolus transit measured by 
impedance.'’? Therefore, potentially only these patients with a 
significant physiologic defect in motility will require a modified 
fundoplication. 


CLINICAL COURSE 


The clinical course of GERD depends to a great extent on 
whether the patient has erosive or nonerosive disease. There is 
controversy as to whether GERD exists as a spectrum of disease 
severity or as a categorical disease in 3 distinct groups: erosive, 
nonerosive, and Barrett’s esophagus. Patients tend not to cross 
over from one group to another; in follow-ups ranging from 6 
months to longer than 22 years, less than 25% of patients with 
nonerosive disease evolved over time to having erosive esophagi- 
tis, nearly all to LA grade A/B disease, or to having complications 
of GERD. £180,181 


Nonerosive Disease 


Early studies from tertiary referral centers suggested that the 
majority of GERD patients had esophagitis.'** However, recent 
data suggest that up to 70% of GERD patients have a normal 
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endoscopic examination.!*?.!8* Endoscopy-negative GERD 
patients are more likely to be female, younger, thin, and without 
hiatal hernia, and they have a higher prevalence of functional GI 
disorders.!°> Despite their mild mucosal damage, these patients 
demonstrate a chronic pattern of symptoms with periods of exac- 
erbation and remission.!*° Nonerosive GERD is suspected in the 
patient with typical reflux symptoms and a normal endoscopy 
and confirmed by the patient’s response to antisecretory therapy. 
Esophageal pH testing identifies 3 distinct subsets of nonerosive 
GERD patients. First are the patients with excessive acid reflux 
who usually respond to PPI therapy. Second are the patients with 
normal acid reflux parameters but a good correlation between 
their symptoms and acid reflux episodes. This group represents 
30% to 50% of nonerosive GERD patients and, based on recent 
Rome IV criteria, is classified as “reflux hypersensitivity.”!*7 
These patients probably have heightened esophageal sensitivity 
to acid and are less likely to respond to antireflux therapy.!** The 
third group is characterized by normal acid exposure times and 
poor symptom correlation. This group is classified as “functional 
heartburn.” 187 


Erosive Disease 


Patients with erosive esophagitis tend to be male, older, and 
overweight and are more likely to have hiatal hernias.'** The 
clinical course of these patients with erosive esophagitis is 
more predictable and associated with complications of GERD. 
Longitudinal studies have shown that up to 85% of patients with 
erosive GERD and given no maintenance reflux therapy will 
relapse within 6 months of stopping PPI therapy; the relapse 
rate is highest in patients with more severe grades of esopha- 
gitis (see Table 46.2).18%1°0 Several studies confirm that erosive 
esophagitis patients are prone to reflux complications, including 
ulcers, strictures, and Barrett’s esophagus. In a Finnish study, 
20 patients with erosive GERD treated with lifestyle changes, 
antacids, and prokinetic drugs were followed for a median of 19 
years. Fourteen patients continued to have erosions, and 6 new 
cases of Barretts esophagus were detected.'*° In another more 
recent European study,!*! patients with LA grade C/D esophagi- 
tis developed Barrett’s esophagus over 2 years at a rate of 5.8%, 
compared with only 1.4% for LA grade A/B and 0.5% for noner- 
osive GERD. 


Fig. 46.10 Classic peptic esopha- 
geal stricture demonstrated by barium 
esophagogram (A) and endoscopy (B). 
The film shows a large hiatal hernia 
(HH) common to all GERD strictures. 
The black arrow points to a short, thick 
fibrous stricture associated with multiple 
pseudodiverticula (white arrowheads). 
Although not seen on barium examina- 
tion, the endoscopic view also demon- 
strates circumferential esophagitis (Los 
Angeles grade D). 


COMPLICATIONS 


Hemorrhage, Ulcers, and Perforation 


GERD-related noncancer deaths are rare (0.46 per 100,000 per- 
sons). The most common fatal causes are hemorrhagic esopha- 
gitis, aspiration pneumonia, ulcer perforation, and rupture with 
severe esophagitis.!°! Major hemorrhage and esophageal perfora- 
tion are usually associated with deep esophageal ulcers or severe 
esophagitis.!°? Esophageal perforations are very rare in the PPI 
era but can result in mediastinitis and death. Clinically impor- 
tant hemorrhage has been reported in 7% to 18% of GERD 
patients,!°> and may result in iron deficiency anemia. 


Peptic Esophageal Strictures 


Strictures occur in 7% to 23% of patients with untreated reflux 
esophagitis. They are commonly seen in older men!”* and linked 
to chronic NSAID use.!” Stricture formation is complex, start- 
ing as reversible inflammation with edema, cellular infiltration, 
and vascular congestion, progressing to collagen deposition, and 
ending in irreversible fibrosis. As dysphagia progresses, heart- 
burn often decreases, reflecting the stricture acting as a barrier 
to further reflux. Dysphagia is usually limited to solids. Unlike 
malignant strictures, patients with peptic strictures have a good 
appetite, alter their diet, and lose little weight. 

Peptic strictures are smooth-walled, tapered, circumfer- 
ential narrowings in the lower esophagus, usually less than 1 
cm long but occasionally extend to 8 cm (Fig. 46.10). In these 
unusual cases, the clinician should suspect a predisposing con- 
dition, such as ZES, pill esophagitis, or prolonged NG intu- 
bation.!°+ A mid- to upper esophageal stricture should raise 
concern for Barrett’s esophagus or malignancy. Although once 
controversial, today a Schatzki’s ring is considered a forme 
fruste of an early peptic stricture.!°° All stricture patients 
should undergo endoscopy to confirm the benign nature of the 
lesion and take biopsies to exclude EoE, cancer, and Barrett’s 
esophagus. 


Barrett’s Esophagus 
See Chapter 47. 


TREATMENT OF UNCOMPLICATED DISEASE 


The rationale for GERD therapy depends on a careful defini- 
tion of specific aims.!*’ In patients without esophagitis, the thera- 
peutic goals are to relieve reflux symptoms and prevent frequent 
symptomatic relapses. In patients with esophagitis, the goals are 
to relieve symptoms and heal esophagitis while preventing fur- 
ther relapses and complications. 


Nonprescription Therapies 


Although GERD is common, many sufferers do not seek medical 
care, instead choosing to change their lifestyles and self-medicate 
with over-the-counter (OTC) antacid preparations. These obser- 
vations have led to the “iceberg” model of the GERD popula- 
tion. The vast majority of heartburn suffers are invisible because 
they self-medicate and do not seek professional help; only those 
at the tip of the iceberg, typically patients with severe symptoms 
or reflux complications, are seen by physicians.*! 


Lifestyle Modifications 


Selective lifestyle changes, carefully explained to the patient, 
should be part of the initial management plan and are espe- 
cially helpful in those with mild, intermittent complaints. These 
include elevating the head of the bed, losing weight if overweight, 
restricting alcohol and smoking, making dietary changes, refrain- 
ing from lying down after meals, and avoiding bedtime snacks. 
Physiologic studies show that these maneuvers enhance esopha- 
geal acid clearance, decrease acid reflux—related events, or ease 
heartburn symptoms.!’* Head-of-the-bed elevation can be done 
by using 6- to 8-inch blocks or a foam wedge under the mattress 
to elevate the upper torso. Eating several hours before retiring 
and avoiding bedtime snacks keeps the stomach empty at night, 
thereby decreasing nocturnal reflux episodes. Losing weight aims 
to reduce the incidence of reflux by the “abdominal stress” mech- 
anism. Targeted weight loss may be helpful, whereas discrete 
periods of weight gain can be associated with exacerbation of 
reflux symptoms.!?? Cessation of smoking and alcohol reduction 
is valuable because both agents lower LES pressure, reduce acid 
clearance, and impair intrinsic squamous epithelial protective 
functions.? |7 Reducing meal size and avoiding fats, carminatives, 
and chocolate reduces reflux frequency by decreasing episodes of 
tLESRs, as well as lowering LES pressure.*! In addition, some 
patients complain of heartburn after citrus drinks, spicy foods, 
tomato-based products, coffee, tea, or cola drinks. Stimulation of 
gastric acid secretion or esophageal sensitivity to low pH (or per- 
haps hyperosmolar solutions) may account for these symptoms.” 
However, indiscriminate food prohibition should be avoided but 
rather tailored to individual sensitivity to better promote compli- 
ance. Finally, patients should avoid, if possible, drugs that lower 
LES pressure (see ‘Table 46.1) or promote localized esophagitis, 
such as certain bisphosphonates (see Chapter 45). 

How good are the clinical studies assessing the efficacy of life- 
style changes? In an evidence-based review,’! studies of smok- 
ing, alcohol, chocolate, fatty foods, and citrus products had sound 
physiologic data that their intake can adversely affect symptoms 
or promote reflux on esophageal pH tests. However, there was 
little convincing evidence that cessation of these products pre- 
dictably improved reflux symptoms. Only elevation of the head 
of the bed, left lateral decubitus positioning, and weight loss were 
associated with GERD improvement in case-controlled studies.*! 


Over-the-Counter Medications 


These drugs are used in treating mild, infrequent heartburn 
symptoms triggered by lifestyle indiscretions. Antacids increase 
LES pressure but work primarily by buffering gastric acid, albeit 
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for short periods. Heartburn symptoms are rapidly relieved, but 
patients may need to take antacids frequently, usually 1 to 3 hours 
after meals. Gaviscon, containing alginic acid and antacids, mixes 
with saliva to form a highly viscous solution that floats on the 
gastric pool, acting as a mechanical barrier. Recent studies found 
that the raft colocalized with the postprandial acid pocket and 
displaced it below the diaphragm, resulting in significant sup- 
pression of postprandial acid reflux.™?! A meta-analysis of OTC 
medications found that compared with placebo, antacids showed 
minimal symptomatic improvement (absolute benefit of 8%, 
number to treat [NNT] of 13), whereas Gaviscon was better 
(absolute benefit of 26%, NNT of 4).2°? However, these thera- 
pies do not heal esophagitis, and long-term trials suggest symp- 
tom relief in only 20% of patients.?°*.70+ 

OTC H2RAs are available at doses usually one half the stan- 
dard prescription dose. Although onset of relief is not as rapid 
as with antacids, the OTC H2RAs relieve symptoms for 6 to 10 
hours. Based on a meta-analysis of 3 studies, H2RAs given before 
a provocative meal were superior to placebo (absolute benefit of 
11% to 16%, NNT of 9 to 6) in symptom relief/improvement.?”” 
Therefore, they are particularly useful when taken before poten- 
tially refluxogenic activities. Like antacids, OTC H2RAs are inef- 
fective in healing esophagitis.’ 

The long-term safety and efficacy of PPIs led the FDA to 
approve omeprazole at full dose (20 mg) for OTC use in 2003. 
Drug labeling suggested daily use for only 2 weeks and recom- 
mended physician follow-up for persistent symptoms. Despite 
initial “real world” concerns of abusing this drug, early actual- 
use data support that consumers accurately self-select if OTC 
omeprazole is appropriate for use, comply with a 2-week regi- 
men, and seek physician care for longer-term management of 
frequent heartburn.* 


Prescription Medications 


Patients with frequent heartburn, esophagitis, or complications 
usually see a physician and receive prescription medications. 
Prokinetic drugs attempt to correct the GERD-related motility 
disorders associated with GERD. However, the most clinically 
effective drugs for short- and long-term reflux treatment are acid 
suppressive drugs. 


Prokinetic Drugs 


Until recently, 3 prokinetic drugs were available in the US for 
treating GERD: bethanechol, a cholinergic agonist; metoclo- 
pramide, a dopamine antagonist; and cisapride, a serotonin 
(5-hydroxytryptamine 4) receptor agonist that increases acetyl- 
choline release in the myenteric plexus. These drugs improve 
reflux symptoms by increasing LES pressure, acid clearance, or 
gastric emptying. However, none alters tLESRs, and their effec- 
tiveness decreases with disease severity.” Current prokinetics 
provide modest benefit in controlling heartburn, particularly in 
patients with delayed gastric emptying, but have unreliable effi- 
cacy in healing esophagitis unless combined with acid-inhibiting 
drugs.?°” 

The current use of prokinetic drugs are greatly limited by 
their side-effect profile. Bethanechol commonly causes flush- 
ing, blurred vision, headaches, abdominal cramps, and urinary 
frequency. Metoclopramide, which crosses the blood-brain bar- 
rier, has a 20% to 50% incidence of fatigue, lethargy, anxiety, and 
restlessness and rarely causes tremor, parkinsonism, dystonia, or 
tardive dyskinesia, especially in older patients. Side effects may 
be decreased by reducing the dosing regimen to twice a day, tak- 
ing a larger single dose before dinner or at bedtime, or using a 
sustained-release tablet. Domperidone, another dopamine antag- 
onist not crossing the blood-brain barrier, has fewer side effects, 
primarily hyperprolactinemia and nipple tenderness/discharge. 
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Fig. 46.11 A, Symptom relief time curve over 8 weeks for a PPI or H2RA corrected for patients free of heart- 
burn at baseline. More patients treated with a PPI for 2 weeks were asymptomatic as compared with those 
treated with an H2RA, even after a much longer duration of treatment with the H2RA. B, Esophagitis healing 
time curve for PPI, H2RA, and placebo over 12 weeks. Treatment with a PPI for 4 weeks healed esophagitis in 
more patients than in the other 2 groups over 12 weeks, implying a substantial therapeutic gain. The numbers 
of studies included for each time point and treatment are shown in parentheses. (Data based on meta-analysis 
from Chiba N, Gara CJ, Wilkinson JM, Hunt RH. Speed of healing and symptom relief in grade II to IV gastro- 


Weeks 


esophageal reflux disease: A meta-analysis. Gastroenterology 1997; 112:1798-810.) 


It is not approved for GERD use in the US but is readily avail- 
able from Canada or compounding pharmacies. Cisapride was 
the best prokinetic drug for treating GERD but was withdrawn 
from the U.S. market in 2000 because of reports of serious car- 
diac dysrhythmias (ventricular tachycardia, ventricular fibrilla- 
tion, torsades de pointes, and QT prolongation), with associated 
cardiac arrest and deaths related to possible drug interactions.?°° 

European investigators are rejuvenating interest in prokinetic 
drugs for GERD with studies on macrolides such as azithromy- 
cin. This class of drugs increases gastric emptying, increases LES 
and proximal stomach tone, and, among patients with a small 
hiatus hernia, displaces the acid pocket below the diaphragm.’°” 
Small clinical studies found azithromycin decreased acid reflux 
episodes and total acid exposure in GERD patients with hiatal 
hernia?’ and lung transplant patients.?!° 


Transient Lower Esophageal Sphincter Relaxation 
Inhibitors 


Regulating the frequency of tLESRs is an attractive target for 
GERD treatment because of its pivotal role in all types of reflux 
episodes. Currently, the only medication available that decreases 
tLESRs is baclofen, a GABAg agonist used for many years to 
treat spasticity. Baclofen (5 to 20 mg 3 times daily) significantly 
reduces tLESRs, decreases both acid and duodenal reflux, and 
improves symptoms in GERD patients treated for 4 weeks to sev- 
eral months.*!!7!* The critical issue with baclofen is tolerability. 
Side effects including drowsiness, dizziness, nausea, and vomit- 
ing require discontinuation in up to 20% of patients.?!! Other 
GABAg agonists with improved tolerability have been developed 
(lesogaberan, arbaclofen placarbil) but were abandoned mainly 
because of limited clinical efficacy. For example, lesogaberan 
as add-on therapy to PPIs in patients with refractory GERD 
symptoms resulted in a low, although significant, 16% remission 


rate compared with 8% remission for PPIs alone.’!? Among 150 
patients with frequent heartburn and/or regurgitation, arbaclofen 
placarbil (20, 40, 60 mg twice daily) was no better than placebo 
over 4 weeks in reducing heartburn events.*!* Finally, a negative 
allosteric modulator of mGluRS receptor (ADX 10059) as mono- 
therapy was shown to improve reflux symptoms and decrease 
reflux events but failed to demonstrate significant clinical efficacy 
in refractory GERD patients; further development of this com- 
ponent has been halted.*!° 


H2RAS 


These drugs (cimetidine, ranitidine, famotidine, and _nizatidine) 
are more effective in controlling nocturnal than meal-stimulated 
acid secretion.*!° The 4 H2RAs are equally effective when used in 
proper doses, usually twice a day before meals. GERD trials find 
that heartburn can be significantly decreased by H2RAs, when 
compared with placebo, although symptoms are rarely abolished. 
A comprehensive meta-analysis found that the overall esophagitis 
healing rates with H2RAs rarely exceeded 60% after up to 12 weeks 
of treatment, even when higher doses were used (Fig. 46.11B).?!’ 
Healing rates differ in individual trials, depending primarily on the 
severity of esophagitis being treated: grades I and II esophagitis 
heal in 60% to 90% of patients, whereas grades III and IV heal in 
only 30% to 50% despite high-dose regimens.”!” 

Although PPIs are more effective than H2RAs, nocturnal 
gastric acid breakthrough while on PPI therapy may cause reflux 
symptoms in some patients. H2RAs given at bedtime success- 
fully eliminated this problem in a study, suggesting a new indi- 
cation for H2RAs in the PPI era.?!8 However, this study used 
only a single evening dose and did not account for the tolerance 
that frequently develops to H2RAs over weeks to months.?!? 
This tolerance impairs the effectiveness of chronic nocturnal 
dosing of H2RAs to eliminate nocturnal acid breakthrough,” 


but suggests a useful role in as-needed medications in situations 
in which lifestyle indiscretions may promote nocturnal com- 
plaints. 

The H2RAs are very safe, with a side effect rate of about 4%, 
most of which are minor and reversible?! Serum concentra- 
tions of phenytoin, procainamide, theophylline, and warfarin 
are higher after the administration of cimetidine and, to a lesser 
degree, ranitidine, whereas these interactions are not reported 
with the other 2 H2RAs. H2RAs do not inhibit the antiplatelet 
effect of clopidogrel. 


PPIs 


PPIs inhibit meal-stimulated and nocturnal acid secretion to 
a significantly greater degree than H2RAs??! but rarely ren- 
der patients achlorhydric. After oral ingestion, acid inhibition 
is delayed because PPIs need to accumulate in the parietal cell 
secretory canaliculus to bind irreversibly to actively secreting 
proton pumps.’”? Therefore, the slower a PPI is cleared from 
plasma, the more it is available for delivery to the proton pumps. 
PPIs should be taken before the first meal of the day, when most 
proton pumps become active. Because not all pumps are active 
at any given time, a single PPI dose will not inhibit all pumps. A 
second dose, if necessary, can be taken before the evening meal; 
however, this is an off-label indication. PPIs do not “cure” reflux 
disease, rather they treat GERD in an indirect way by decreasing 
the number of acid reflux episodes. In exchange, the weakly acidic 
(pH > 4) episodes are increased, while the total number of reflux 
episodes and proximal extent are not affected by PPI therapy.!* 

PPIs (omeprazole, lansoprazole, rabeprazole, pantopra- 
zole, and esomeprazole) have superior efficacy compared with 
H2RAs on the basis of their ability to maintain an intragastric 
pH greater than 4 from 10 to 14 hours daily compared with 
approximately 6 to 8 hours daily with the H2RAs.’???> PPIs 
are superior to H2RAs in completely relieving heartburn symp- 
toms in patients with severe GERD, usually within 1 to 2 weeks 
(see Fig. 43.11A).7!7 PPI therapy has been shown in a Cochrane 
meta-analysis to be superior to placebo and H2RAs in nonero- 
sive GERD and for undiagnosed reflux symptoms in primary 
care, although the effect is 20% to 30% lower than in patients 
with esophagitis.?7+77> Unlike heartburn, the GERD symptom 
of regurgitation does not have a robust response to PPIs. In a 
recent review of 7 placebo-controlled trials, the therapeutic gain 
for regurgitation averaged only 17% relative to placebo and was 
at least 20% less than that observed for heartburn.’7¢ 

Controlled studies and a large meta-analysis report complete 
healing of even severe ulcerative esophagitis after 8 weeks in 
more than 80% of patients taking PPIs, compared with 51% on 
H2RAs and 28% receiving placebo (see Fig. 43.11B).?!7??7~?? In 
another recent Cochrane review,” PPIs were superior to H2RAs 
in healing esophagitis at 4 to 8 weeks (risk ratio, 0.47), with an 
NNT of 3. In patients not healing initially, prolonged therapy 
with the same dose or an increased PPI dose usually resulted in 
100% healing.??! Until recently, therapeutic efficacy among PPIs 
was similar. However, large studies have found esomeprazole 40 
mg superior to omeprazole 20 mg and to lansoprazole 30 mg in 
healing esophagitis.”*2,?>> A meta-analysis of 10 randomized clini- 
cal trials*>* comparing esomeprazole to all other PPIs found the 
therapeutic advantage is minimal with LA grade A/B esophagitis 
(NNT of 50 and 33, respectively) and greater with severe LA 
grade C/D esophagitis (NNT of 14 and 8, respectively). This 
superiority is related to higher systemic bioavailability and less 
interpatient variability with esomeprazole. Despite their frequent 
use twice daily in treating GERD, only a recent Japanese study”?° 
documents the superiority of off-label dosing of twice-daily 
PPIs for healing esophagitis over 8 weeks compared with once- 
daily dosing. Healing rates were similar for rabeprazole 20 mg 
twice daily (77%) and 10 mg twice daily (78%) and significantly 
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superior to rabeprazole 20 mg each morning (59%). Several PPIs 
are available in the US for IV use.?*° 

Recent approaches to enhance acid suppression with PPIs 
include immediate-release omeprazole and dexlansoprazole. The 
former contains non-enteric coated omeprazole and an antacid 
that protects the omeprazole from acid degradation in the stom- 
ach and allows for rapid absorption. Immediate-relief omeprazole 
can be dosed on an empty stomach at bedtime and provides more 
rapid control of nighttime gastric pH and nocturnal acid break- 
through than esomeprazole or lansoprazole.’*’” Dexlansoprazole 
MR is the R-enantiomer of lansoprazole, with 2 distinct drug 
release periods (90 minutes and 4 to 5 hours after ingestion) that 
prolong the plasma concentration-time profile, thus extending 
the duration of acid suppression. Precise meal time may not be 
required for optimal efficacy.’**”*? In a recent placebo-controlled 
study among 178 patients receiving twice-daily PPIs, stepping 
down to once-daily dexlansoprazole 30 mg, maintained excellent 
symptom relief over 6 weeks in 88% of patients.?4? 

PPIs are well tolerated, with headaches and diarrhea being the 
most common side effects. Fasting serum gastrin levels increase 
with all the PPIs, but the elevations generally do not exceed the 
normal range and return to baseline values within 1 to 4 weeks 
of drug discontinuation. Omeprazole decreases the clearance of 
diazepam, warfarin, and clopidogrel owing to competition for the 
cytochrome P450 isoenzyme P2C19.7#! 


Maintenance Therapies 


GERD may be a chronic relapsing disease, especially in patients 
with low LES pressure, severe grades of esophagitis, and difficult- 
to-manage symptoms.?™ After esophagitis is healed, recurrence 
within 6 months of stopping medication occurs in more than 
80% of patients with severe esophagitis and in 15% to 30% of 
those with milder esophagitis. 18°24 

Cochrane reviews have identified the superiority of PPIs over 
H2RAs in maintaining the remission of esophagitis over 6 to 
12 months.*** Among 10 randomized trials, the relapse rate for 
esophagitis was 22% on PPIs versus 58% with H2RAs (NNT of 
2.5). The FDA has approved all the PPIs, sometimes at one half 
the acute dose, for maintenance therapy, but only ranitidine 150 
mg twice a day among the H2RAs has maintenance indications 
for mild esophagitis. Many clinicians now place their patients 
with severe disease (daily symptoms, severe esophagitis, or com- 
plications) on chronic PPI therapy indefinitely. The efficacy of 
this approach is supported by open, compassionate-use data, pri- 
marily from the Netherlands and Australia.2*+ In a study of 230 
patients with severe esophagitis healed with 40 mg omeprazole, 
all subjects remained in remission for up to 11 years on mainte- 
nance omeprazole. More than 60% were maintained on omepra- 
zole 20 mg a day, whereas higher doses of 60 mg or more were 
necessary in only 12% of patients, confirming a lack of tolerance 
to PPIs. Relapses were rare (1 per 9.4 years of follow-up), stric- 
tures did not occur, and Barrett’s esophagus did not progress. 

Although PPIs offer the best symptom relief and esophagitis 
healing, many patients do well long term on lower-dose treat- 
ments after having their complaints initially alleviated with 
PPIs. Using this “step-down approach,” a Veterans Affairs study 
reported that 58% of 71 patients on chronic PPIs could be 
switched to H2RAs and/or prokinetics or taken off medication 
completely.**+* Younger age and severe heartburn symptoms pre- 
dicted a PPI requirement. Overall, this approach saved money for 
the health care system. A similar study by the same investigators 
found that 80% of patients using multiple-dose PPIs could be 
stepped down to single-dose PPI, remaining symptom free for 6 
months with considerable cost savings.”*° Hence, the adage “once 
on a PPI, always on a PPI” is not true. Patients who continue to 
have symptoms despite PPI therapy likely have other etiologies 
for their symptoms than GERD. 
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Safety of PPI Therapy 


As a class, PPIs are very safe drugs. Owing to their efficacy and 
safety, the worldwide sales of PPIs approached 14 billion dollars 
in 2009.! The initial concerns about the development of gastric 
carcinoid tumors and colon cancer has not been confirmed.?48:24° 
More recently, the literature has been overwhelmed with reports 
raising concerns about potential adverse events from long-term 
acid suppression.”°” In the US, such reports have led the FDA 
to issue a number of broad-based product warnings (“black box 
warnings”) including all the available PPIs, either prescription 
or OTC. However, these studies are all from retrospective care- 
control studies and demonstrate association, not causality.*>” No 
prospective, observational, or randomized trial can substantiate 
the concerns discussed as follows. 

Fundic gland polyps are the most common gastric polyp found 
at endoscopy. Their association with chronic PPI use has been a 
topic of debate since these drugs were first described. A recent 
study evaluated 599 patients, of whom 322 used PPIs and 107 
had fundic gland polyps.?*! Long-term PPI use was associated 
with up to a 4-fold increase in the risk of fundic gland polyps. 
Low-grade dysplasia was found in one fundic gland polyp. These 
polyps arise because of parietal cell hyperplasia and parietal cell 
protrusions resulting from acid suppression. 

Recent studies confirm that chronic acid suppression may be 
associated with an increased risk of community-acquired pneu- 
monias and enteric infections. In a large Scandinavian popula- 
tion-based study,” the adjusted relative risk for pneumonia 
among current PPI users, compared with those who stopped 
using PPIs, was 1.89. Current users of H2RAs had a 1.63-fold 
increased risk of pneumonia compared with those who stopped. 
A significant positive dose-response relationship was observed in 
the PPI users. Likewise, systematic reviews and meta-analyses 
found an increased risk of enteric infections (Salmonella, Cam- 
pylobacter, and Clostridioides difficile) and of spontaneous bacterial 
peritonitis**>?°+ with acid suppression. The relationship with 
community- and hospital-acquired C. difficile interaction is par- 
ticularly alarming, with PPI use beginning to approach antibiot- 
ics as a risk factor for this infection. 

Chronic use of PPIs is purported to affect the absorption of cal- 
cium, vitamin B,,, magnesium, and iron. A nested case-controlled 
study from the United Kingdom among 13,556 patients found that 
the risk of hip fractures increased with chronic PPI use over 1 year 
(adjusted odds ratio, 1.44), especially patients receiving high-dose 
PPIs (adjusted odds ratio, 2.65). A smaller but still significant risk 
was observed in chronic H2RA users.”*> A large Canadian study”*° 
reached similar conclusions but found the risk for hip fractures 
became apparent only after 5 years of treatment (adjusted odds 
ratio, 1.62) and after 7 years for all osteoporotic fractures (adjusted 
odds ratio, 1.92). However, more recent cross-sectional, longitu- 
dinal, and prospective studies (even done by the same Canadian 
center’>’) do not support these earlier observations, suggesting 
issues of undetected biases and future need for randomized studies 
to address this issue.7°?.75* It has been suggested that if PPIs cause 
osteoporosis, they may interfere with insoluble calcium absorp- 
tion or possibly inhibit the osteoclastic proton transport system, 
potentially reducing bone resorption. 

PPIs could retard the absorption of vitamin Bı? by decreas- 
ing gastric acidity, reducing the release of cobalamin from dietary 
protein, or by promoting SIBO, thereby increasing luminal 
cobalamin consumption. However, cohort and case-control stud- 
ies have not shown a convincing link between PPI use and vita- 
min By) deficiency.7>” 

Most recently a series of case reports (<50 cases) associate 
hypomagnesemia with long-term PPI use.” Symptoms were 
severe, requiring hospitalization; some were resistant to magne- 
sium repletion, but all corrected with discontinuation of PPIs, 
and several cases relapsed when the PPIs were restarted. The 


mechanism for this magnesium loss is unknown; there was no 
identifiable GI or renal source of wasting. 

Dietary iron is primarily nonheme iron and requires acid for 
absorption. Animal studies suggest iron absorption is impaired 
in a low acid state. Patients with hemochromatosis on chronic 
PPI therapy have a significant reduction in yearly volume of 
blood that has to be removed to keep iron studies at appropriate 
levels.2°° On the other hand, patients with gastric acid hyperse- 
cretion due to ZES who required long-term high-dose PPIs to 
reduce acid secretion had no evidence of iron deficiency over 4 
years.70! 

PPIs have been implicated as a cause of acute intestinal 
nephritis. It appears to be a very rare idiosyncratic occurrence 
causing hypersensitivity inflammatory damage to the renal inter- 
stitium and tubules.*°? Chronic renal failure, dementia, and death 
have also been attributed to PPI use; however, the overwhelming 
concern about such associations are potential for confounding.’*? 

In 2009, the FDA issued a warning regarding the potential for 
increased adverse cardiovascular events in patients using PPIs and 
clopidogrel, especially omeprazole, lansoprazole, and esomepra- 
zole. The concern arose from the fact that the antiplatelet activity 
of clopidogrel requires conversion from a prodrug to an active 
metabolite by the CYP2C19 isoenzyme. This is the same path- 
way required for metabolism of some PPIs but not pantoprazole 
or dexlansoprazole. However, the data currently do not conclu- 
sively show a clinically significant drug-drug interaction. A recent 
meta-analysis (27 studies)*® that focused on primary outcomes 
(myocardial infarction, stroke, stent occlusion, or death) and sec- 
ondary outcomes (rehospitalization for cardiac events or revas- 
cularization procedures) found no consistent adverse interaction 
between PPIs and clopidogrel. The only large randomized trial 
demonstrated a significant reduction of GI bleeding events with 
combination clopidogrel-omeprazole therapy versus clopidogrel 
alone (hazard ratio: 0.34), with no significant cardiovascular mor- 
bidity (hazard ratio: 0.99).?°+ 

‘These ever-increasing reports of possible PPI interactions can 
be alarming to the public. Although the current data are relatively 
weak, they increase the obligation of all physicians to prescribe 
PPIs only for appropriate indications, to minimize the use of 
twice-daily PPIs when once-daily therapy will suffice, and to be 
vigilant about long-term continuous use of PPIs, substituting on- 
demand therapy for patients with symptomatic uncomplicated 
GERD. However, it is also important to recognize that most such 
associations are weak and do not suggest a causal link.?°° 


Surgical Therapy 


Only surgical fundoplication corrects the physiologic factors con- 
tributing to GERD and potentially eliminates the need for long- 
term medications. Antireflux surgery reduces acid and nonacid 
GER by increasing basal LES pressure, decreasing tLESRs, and 
inhibiting complete LES relaxation. This is done by reducing 
the hiatal hernia into the abdomen, reconstructing the diaphrag- 
matic hiatus, and reinforcing the LES. The 2 most popular pro- 
cedures, performed laparoscopically through the abdomen, are 
the Nissen 360-degree fundoplication and the Toupet partial 
fundoplication (Fig. 46.12).26 The former is a superior operation 
with better long-term durability, but it causes more postoperative 
dysphagia and gas bloat symptoms.” The typical hospital stay 
is 1 to 2 days, and many patients return to normal activity in 2 
weeks. Patients with more severe disease and a short esophagus, 
suggested by a large nonreducible hiatus hernia, tight stricture, 
or long-segment Barrett’s esophagus, will require a Collis length- 
ening procedure to create a 3- to 5-cm neoesophagus, allowing 
the fundoplication to be placed in the abdomen under minimal 
tension.?% 

Since the advent of the laparoscopic operation, the numbers of 
antireflux operations performed in the USA nearly tripled from 
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Fig. 46.12 Surgical fundoplications used during antireflux surgery. A, The most popular worldwide is the 
360-degree Nissen fundoplication. B, An anterior wrap (e.g., Thal, Dor) is commonly used to prevent gastro- 
esophageal reflux after a Heller myotomy for achalasia. The experience with this repair is limited in patients with 
classical GERD. C, The posterior wrap (Toupet) is popular in patients with poor esophageal motility, because 
postoperative dysphagia is less frequent than after the other operations. Toupet procedure entails is a 220 + 
20-degree wrap. (From Oelschlager BK, Eubanks TR, Pellegrini CA. Hiatal hernia and gastroesophageal reflux 
disease. In: Townsend CM, Beauchamp RD, Foshee JC, et al, editors. Sabiston textbook of surgery: The 
biological basis of modern surgical practice. 18th ed. Philadelphia: Saunders; 2007.) 


11,000 per year in 1985 (open surgery) to a peak of nearly 32,000 
in 1999, but leveled off at around 20,000 cases per year in 2006 
and is continuing to gradually fall.?6826° In a systematic review 
that identified 6 randomized controlled trials involving 449 
patients that compared open and laparoscopic fundoplication,” 
there was no significant difference in recurrence rates between 
the procedures, and laparoscopic fundoplication was associated 
with lower operative morbidity (NNT of 8) and shorter hospital 
stay. 

In the PPI era, symptom resolution on treatment helps predict 
the success of antireflux surgery for classic and atypical symp- 
toms.’’° Antireflux surgery is a reasonable option in (1) healthy 
patients with typical or atypical GERD symptoms well controlled 
on PPIs, desiring alternative therapy because of drug expense, 
poor medication compliance, or fear of possible long-term side 
effects; (2) patients with volume regurgitation and aspiration 
symptoms not controlled on PPIs; and (3) recurrent peptic stric- 
tures in younger patients.?ćć Patients recalcitrant to PPI therapy 
may well have another etiology for their complaints (e.g., pill 
esophagitis, gastroparesis, achalasia, functional heartburn) and 
should be approached cautiously with surgery especially those 
with extraesophageal complaints alone.?”! 

Testing must be done before antireflux surgery. Endoscopy 
is necessary to exclude stricture, Barrett’s esophagus, and dys- 
plasia or carcinoma. A barium esophagogram helps define a 
nonreducible hiatal hernia, a shortened esophagus, and poor 
esophageal motility. Esophageal manometry combined with 
impedance will identify a weak esophageal pump and previ- 
ously misdiagnosed achalasia or scleroderma. In patients with 
nonerosive GERD or those with esophagitis not responding to 
PPI therapy, esophageal pH testing is necessary. Gastric acid 
secretion measurements (if available), fasting serum gastrin 
assay, and gastric emptying tests may be indicated in selected 
patients. Careful testing will result in modification of the origi- 
nal operation or an alternative diagnosis in approximately 30% 
of patients.?” 

Antireflux surgery relieves reflux symptoms and reduces 
the need for stricture dilation in more than 90% of patients, 


but Barrett’s esophagus rarely regresses and the risk of devel- 
oping esophageal cancer is unchanged.’”* In 2 large random- 
ized studies,?’+?’> open and laparoscopic antireflux surgery 
was not found to be superior to PPI therapy, especially when 
dose titration was permitted. For example, in the European 
LOTUS randomized study, the 5-year symptom remission 
rate was 92% (95% confidence interval, 89% to 96%) in 
the esomeprazole group and 85% (95% confidence interval, 
81% to 90%) in the laparoscopic surgery group.’’> Mortality 
is rare (<1%) after antireflux surgery, but new postoperative 
complaints occur in up to 25% of patients, including dyspha- 
gia, gas bloat, diarrhea, and increased flatus.’”° Most symp- 
toms improve over 1 year, but persistent complaints suggest 
too tight a wrap, a displaced fundoplication, or inadvertent 
damage to the vagus nerve. Successful antireflux surgery does 
not guarantee a permanent cure, but long-term studies sug- 
gest continued symptom relief for 20 to 30 years.?’’"7> Best 
surgical results are obtained by experienced surgeons in high- 
volume centers, who report long-term symptom recurrence 
in only 10% to 17% of patients.?° 76-7? However, many 
operations are performed in lower-volume community hospi- 
tals where the results are more variable.*’* From long-term 
follow-up studies, 25% to 62% of patients are back on some 
type of acid-suppressive medication 5 to 15 years after their 
antireflux surgery.?°?:/°50 However, the evidence for recur- 
rent GERD by pH testing is infrequent. 

Tertiary specialized centers are seeing an increased rate of 
fundoplication failures. The most common reasons for fail- 
ure are herniation of an intact fundoplication into the chest, 
“slipped” fundoplication with a recurrent hiatal hernia pos- 
sibly due to a short esophagus, paraesophageal hernia through 
an intact fundoplication, too tight a fundoplication, and mal- 
positioned fundoplication usually on the cardia of the stomach. 
Total breakdown of the fundoplication is now rare.’*! Revi- 
sional antireflux surgery must be performed by very experienced 
surgeons after thorough esophageal testing, because reoperation 
has increased morbidity and mortality compared with the initial 
operation. 
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Novel Endoscopic/Surgical Therapies 


Since their introduction in the late 1990s, a series of endoscopic 
treatments for GERD (Stretta, Endocinch, Enteryx to name a 
few) have failed to show long-term efficacy. Moreover, side effects 
and complications, some fatal, were common with widespread 
use.**? As a result in 2006, the American Gastroenterological 
Association Institute medical position statement recommended 
that “current data suggest that there are no definite indications 
for endoscopic therapy for GERD at this time,”’*? and this was 
recently supported by guidelines from the American College of 
Gastroenterology.*** Most of these devices have been removed, 
although the Stretta had a short reappearance before going into 
a second bankruptcy. Nevertheless, new attempts to endoscopi- 
cally reconstruct a normal esophageal hiatus and competent LES 
continue. The newest approach is the transoral incisionless fun- 
doplication which recreates at 200- to 270-degree value using 
polypropylene fasteners placed endoscopically.*** Initial stud- 
ies show symptom improvement, especially regurgitation and 
decrease use of PPIs. However, over time the fasteners tend to 
dislodge, with a systematic review reporting GERD symptom 
recurrence in 60% of patients with a similar rate back on PPIs 
although usually a lower dose than before treatment.?*° 

Several novel surgical innovations, not altering the anatomy of 
the cardia, can potentially relieve reflux symptoms with minimal 
to no side effects. The first is the magnetic sphincter, which is a 
necklace of titanium beads with magnetic cores placed around the 
cardia, with minimal dissection of the hiatus. When the esopha- 
gus is at rest, the magnetic force augments the LES sufficiently to 
prevent reflux, yet is weak enough to allow peristalsis with swal- 
lowing to open the device. In a 3-year prospective study of 100 
patients with GERD,?*’ 64% normalized their acid reflux val- 
ues, 93% reduced their PPI use by 50%, and 92% had significant 
improvement in quality of life. Dysphagia was frequent, occur- 
ring in 68% of patients postoperatively, 11% at 1 year, and 4% at 
3 years. Six patients had the device removed, 3 because of severe 
dysphagia. This long-term efficacy has been maintained for up to 
5 years with only 15% back on PPIs.?® Device erosion into the 
esophagus or stomach is now being reported but seems to be rare. 

The second surgical innovation is the use of electrical stimula- 
tion to the LES to improve LES pressure without interfering with 
LES relaxation.?® This procedure can be done laparoscopically by 
placing bipolar stitch electrodes in the muscularis propria of the 
LES, connected to an implantable pulse generation in a subcuta- 
neous pocket on the anterior abdomen. A study from Chile*” in 24 
patients with GERD and small hiatal hernias (<2 cm) reported that 
over 6 months, electrical stimulation improved symptom scores by 
75%; 91% of patients were off PPIs, and the median time that the 
esophageal pH was below 4 over a 24-hour period improved from 
10.1% at baseline to 5.1% at 6 months. No patients complained 
of dysphagia, gas bloat, or inability to belch. An FDA randomized 
study with 1-year follow-up is ongoing in the US. 


The potential for these new treatments is exciting, but so as 
not to repeat the fiasco of the era of endoscopic treatments for 
GERD, carefully randomized studies with follow-up for at least 
5 years and meticulous monitoring of the community experience 
with these devices will be required. Furthermore, to date, none 
of the new devices have been compared in randomized studies 
with the gold standard, Nissen fundoplication. For these reasons, 
many private insurers have been slow to adopt reimbursement 
guidelines on these new operations.?*> 


TREATMENT OF PEPTIC ESOPHAGEAL STRICTURES 


Dysphagia in patients with esophageal strictures and rings is 
related to stricture diameter and severity of esophagitis.*?! When 
the esophageal lumen diameter is less than 13 mm, dysphagia is 
common and esophageal dilation is required. Simple short stric- 
tures can be dilated by blind peroral passage of rubber Hurst 
(rounded ends) or Maloney (tapered ends) mercury-filled dilators 
of increasing sizes (16 to 60 Fr; 3 Fr = 1 mm). Complicated lon- 
ger, tighter, or more irregular strictures will require bougienage 
over a guidewire using hollow-centered, Savary, plastic-covered 
polyvinyl dilators or balloon (Gruentzig) dilators.*”? The exten- 
sive use of PPIs has markedly impacted our treatment of peptic 
strictures and esophageal rings. PPIs are superior to H2RAs in 
relieving symptoms of heartburn and dysphagia experienced by 
stricture patients, while reducing the frequency of repeat dila- 
tions and the cost for treating these patients.””> Several studies 
in community and veterans’ hospitals note an approximate 33% 
decline in the incidence of recurrent strictures. The timeline 
for this decrease parallels the marked increase in PPI use since 
1995.294 Another randomized study convincingly showed that 
in patients with symptomatic Schatzki’s rings, maintenance PPI 
therapy after bougienage markedly decreases future relapses of the 
rings.!°° More recalcitrant strictures not responding to PPIs and 
dilation therapy may require intralesional injections of steroids 
or self-expanding plastic stents.’”> Intralesional steroids impede 
collagen deposition and enhance its breakdown, and this therapy 
potentially reduces scar formation. The usual dose is 40 mg/mL 
diluted 1:1 with saline and injected in 0.5-mL aliquots in all 4 
quadrants in the most stenotic portion of the stricture.?”° Self- 
expanding plastic stents are removable and have higher expansive 
force than metal stents, thereby decreasing migration. In patients 
failing other therapies, and prior to surgical intervention, large 
series show 100% success in proper placement and 80% short- 
term relief.?°’ Stents are usually removed after 3 months. Stent 
migration, occurring in 1% of patients, is the most common com- 
plication. For selected patients, esophageal self-dilation may be 
an alternative, avoiding surgery and markedly decreasing health 
care utilization.** 


Full references for this chapter can be found on www.expertconsult.com. 
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Barrett esophagus is the condition in which an abnormal colum- 
nar epithelium that has both gastric and intestinal features and 
that is predisposed to malignancy replaces the stratified squamous 
epithelium that normally lines the distal esophagus.! The condi- 
tion is named for Norman Barrett, an Australian surgeon who 
drew attention to the columnar-lined esophagus in 1950.’ Barrett 
esophagus is a consequence of chronic GERD, which dam- 
ages the esophageal squamous epithelium and causes it to heal 
through a metaplastic process in which columnar cells replace 
reflux-damaged squamous cells. The columnar-lined esophagus 
causes no symptoms, and the condition has clinical importance 
only because it is a risk factor for esophageal adenocarcinoma, a 
tumor whose frequency has increased more than 7-fold over the 
past several decades.’ 


DIAGNOSIS 


Barrett esophagus is diagnosed by endoscopic examination, and 
2 criteria must be fulfilled. First, the endoscopist must ascer- 
tain that columnar epithelium lines 1 cm or greater of the distal 
esophagus. Second, biopsy specimens of that columnar epithe- 
lium must show evidence of metaplasia, which is a change from 
one adult tissue type to another. To ascertain that columnar 
epithelium lines the distal esophagus, the endoscopist first must 
locate the esophagogastric junction (EGJ), which is recognized 
as the most proximal extent of the gastric folds, and then deter- 
mine that columnar epithelium extends 1 cm or greater above the 
EGJ into the esophagus (Fig. 47.1). Endoscopically, columnar 
epithelium has a reddish color and velvet-like texture that can 
be distinguished readily from normal esophageal squamous epi- 
thelium, which is pale and glossy. There is disagreement among 
experts regarding the histologic type of epithelium required to 
confirm that there is metaplasia in the esophagus.! Virtually all 
would agree that the finding of an intestinal-type epithelium with 
goblet cells (which has been called intestinal metaplasia, specialized 
intestinal metaplasia, or specialized columnar epithelium) is clear evi- 
dence of metaplasia. Most published studies on Barrett esophagus 


have used intestinal metaplasia as a requisite diagnostic criterion. 
However, some authorities argue that cardiac-type mucosa, 
which is composed almost exclusively of mucus-secreting cells, 
also is metaplastic,* has malignant predisposition, and can be con- 
sidered diagnostic of Barrett esophagus.’ Although this debate 
remains unresolved, U.S. gastroenterology societies require the 
demonstration of intestinal metaplasia with goblet cells as a diag- 
nostic criterion for Barrett esophagus. 

Barrett esophagus can be further categorized as long segment 
(when the metaplastic epithelium extends at least 3 cm above the 
EGJ) or short segment (when <3 cm of metaplastic epithelium 
lines the distal esophagus).° Short-segment Barrett esophagus, 
which is by far the most common form of the disease, was not 
widely recognized until it was described by Spechler et al. in 
1994.’ Another proposed system for categorizing Barrett esopha- 
gus, the Prague C and M criteria, identifies the circumferential 
(C) and the maximum (M) extent of Barrett metaplasia.” Data 
suggest that the cancer risk in Barrett esophagus varies with the 
extent of the metaplastic lining. 


EPIDEMIOLOGY 


Barrett esophagus typically is discovered during endoscopic 
examinations performed for the evaluation of GERD symptoms 
in middle-aged and older adults.? The average age at the time 
of diagnosis is approximately 55 years. The condition is rare in 
children younger than age 10 and virtually nonexistent in chil- 
dren younger than age 5.!° White men predominate in most 
series, and, for unknown reasons, Barrett esophagus is uncom- 
mon in black and Asian populations,'! although the prevalence 
has increased recently in Asian countries.'? Cigarette smoking is 
also associated with Barrett esophagus.!*> Among adult patients 
who have endoscopic examinations because of GERD symptoms, 
long-segment Barrett esophagus is found in 3% to 5%, whereas 
10% to 20% have short-segment Barrett esophagus. In the gen- 
eral adult population of Western countries, the prevalence of 
Barrett esophagus (predominantly short segment) is between 
1.6% and 6.8% .!415 

Published estimates on the annual incidence of cancer in 
patients with long-segment Barrett esophagus have been as high 
as 2.9%, but a report published in 2000 showed that many of 
those estimates were exaggerated because they were based on 
older, small studies that suffered from publication bias.!° For the 
first decade of the new millennium, it was widely assumed that 
the cancer risk for patients with nondysplastic Barrett esophagus 
was approximately 0.5% per year. However, more recent studies 
suggested that the cancer risk for such patients is even lower, in 
the range of only 0.12% to 0.33% per year.!7° 

The epidemiology of esophageal adenocarcinoma is similar 
to that of Barrett esophagus.?!*+ GERD is strongly associated 
with both conditions, and, like Barrett esophagus, esophageal 
adenocarcinoma affects white men predominantly. Obesity, espe- 
cially with central adiposity, predisposes to both Barrett esopha- 
gus and esophageal adenocarcinoma,’ and the dramatic rise in 
the frequency of obesity in the USA has paralleled a similar rise 
in the prevalence of Barrett cancer. The mechanisms underly- 
ing these associations with obesity are not clear but may relate 
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Fig. 47.1 Endoscopic photograph of Barrett esophagus. The arrows 
mark the EGJ, which is identified endoscopically as the most proximal 
extent of the gastric folds. The reddish color and velvet-like texture of the 
Barrett epithelium contrast sharply with the pale and glossy appearance 
of the esophageal squamous epithelium. Note that the Barrett columnar 
epithelium extends well above the EGJ to line the distal esophagus. 


to the fact that central adiposity predisposes to GERD, perhaps 
by increasing intra-abdominal pressure (see also Chapters 46 and 
48). Obesity also is associated with elevated serum levels of pro- 
proliferative hormones such as insulin-like growth factor I and 
leptin, and with decreased levels of the antiproliferative hormone 
adiponectin, factors that may contribute to carcinogenesis in Bar- 
rett esophagus. 

It has been proposed that the declining frequency of infec- 
tion with Hp in Western populations also may be contribut- 
ing to the rising frequency of esophageal adenocarcinoma (see 
Chapter 48). A number of studies have suggested that Hp infec- 
tion may protect against the development and neoplastic pro- 
gression of Barrett esophagus, perhaps because, in a subset of 
patients, this infection may prevent GERD by decreasing gas- 
tric acid secretion.*! Other factors that appear to protect against 
the development of esophageal adenocarcinoma include the use 
of aspirin and other NSAIDs and the consumption of a diet 
high in fruits and vegetables.??-+ Although cigarette smoking 
and alcohol consumption are very strong risk factors for squa- 
mous cell carcinoma of the esophagus, cigarette smoking only 
modestly increases the risk for esophageal adenocarcinoma and 
alcohol does not appear to affect that risk at all. Finally, it has 
been proposed that the rising incidence of esophageal adeno- 
carcinoma might be due to increased intake of dietary nitrate 
in green leafy vegetables that has resulted from the widespread 
use of nitrate-based fertilizers in Western countries following 
World War IL.?° 


PATHOGENESIS 


Barrett pathogenesis begins with esophageal injury by GERD, 
and patients with long-segment Barrett esophagus often have 
severe GERD (see Chapter 46). Table 47.1 lists some physi- 
ologic abnormalities that have been reported in Barrett patients 
and suggests how those abnormalities might contribute to 
GERD severity. Individual patients may exhibit any, all, or 
none of those abnormalities, and their prevalence in Barrett 
esophagus is disputed. For example, some investigators have 
described normal gastric acid secretion in patients with long- 
segment Barrett esophagus.’’ In addition, many patients with 
short-segment Barrett esophagus have no GERD symptoms 


TABLE 47.1 Proposed Physiologic Abnormalities Contributing to GERD 
in Patients With Barrett Esophagus* 


Abnormality Potential Consequences 


Extreme hypotension of the 
lower esophageal sphincter 


Gastroesophageal reflux 


Ineffective esophageal motility Defective clearance of refluxed material 


Gastric acid hypersecretion Reflux of highly acidic gastric juice 


Duodenogastric reflux Esophageal injury caused by reflux of 


bile acids and pancreatic enzymes 


Decreased salivary secretion 
of EGF 


Decreased esophageal pain 
sensitivity to refluxed 
caustic material 


Delayed healing of reflux-damaged 
esophageal mucosa 


Failure to initiate therapy 


*See Chapter 46 for detailed discussion of these abnormalities. 
EGF, epidermal growth factor. 


and no endoscopic signs of esophagitis. Indeed, one large study 
has suggested that short-segment Barrett esophagus may affect 
approximately 5% of adults, irrespective of the presence of 
GERD symptoms.'* Studies have shown that, even in healthy 
volunteers, the very distal esophagus can be exposed to acid for 
more than 10% of the day.’ Such acid exposure can damage 
the esophagus directly and indirectly when nitrite (generated 
from dietary nitrate) reacts with acid to produce nitric oxide. 
High concentrations of nitric oxide in the distal esophagus 
have been observed in patients with GERD who have ingested 
nitrate.7° 

In Barrett esophagus, reflux-damaged squamous epithelium 
is replaced by an intestinal-type epithelium that, presumably, 
is more resistant to GERD injury. Because intestinal-type cells 
are not found normally in the esophagus, this process must 
involve GERD-induced molecular reprogramming of key 
developmental transcription factors in the progenitor cells- 
giving rise to the metaplasia.*? However, the identity of these 
progenitor cells is not clear, and there are several candidates. 
It has been suggested that Barrett metaplasia develops when 
GERD causes mature esophageal squamous cells to transdif- 
ferentiate into columnar cells or when GERD causes abnor- 
mal differentiation of immature progenitor cells.*° Potential 
esophageal sources for these progenitor cells include basal 
cells of the squamous epithelium, or cells lining the ducts of 
esophageal submucosal glands.>°*! Alternatively, as discussed 
in Chapter 46, Barrett progenitor cells might migrate into 
the reflux-damaged esophagus from the gastric cardia,*? from 
a nest of residual embryonic-type cells that can be found at 
the gastroesophageal junction,” or from a recently described 
population of transitional basal cells located at the squamoco- 
lumnar junction.** Finally, in a rat model of reflux esophagitis, 
Barrett metaplasia was shown to develop from circulating bone 
marrow stem cells.*> Genes up-regulated by reflux esophagi- 
tis that have been proposed to contribute to the squamous-to- 
columnar metaplasia of Barrett esophagus include CDX genes, 
which are known to mediate the differentiation of intestinal 
epithelial cells, and the Hedgehog target genes BMP4 (bone 
morphogenetic protein-4) and FOXA2, which also are involved 
in columnar cell differentiation.*°** 

Barrett epithelial cells appear to be more capable of resist- 
ing reflux-induced esophageal injury than the native squamous 
epithelial cells. Unlike squamous cells, for example, Barrett cells 
secrete mucins and express the tight-junction protein claudin 
18, features that render the epithelium more resistant to acid- 
peptic attack.>?*° Unfortunately, Barrett epithelium also is pre- 
disposed to neoplasia. 


Energy metabolism 
reprogramming 


Self-sufficiency in growth signals 
(i.e., oncogene activation) 


Insensitivity to anti-growth signals 
(i.e., tumor suppressor gene inactivation) 


Evasion of apoptosis 


Barrett cell 
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(i.e., oxidative stress) 
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Fig. 47.2 Molecular biology of neoplasia in Barrett esophagus. The core physiologic attributes of cancer cells 
are shown in blue. The 2 additional pathophysiologic features proposed in 2011 are shown in green. The 
boxes in orange are the facilitating features such as genomic instability and a tumor-promoting microenviron- 
ment that may allow Barrett cells to quickly acquire the physiologic attributes of cancer cells. 


MOLECULAR BIOLOGY OF NEOPLASIA 


During carcinogenesis, Barrett epithelial cells accumulate genetic 
and epigenetic alterations that endow the cells with the core 
physiologic attributes of malignancy proposed by Hanahan and 
Weinberg in 2000 (see Chapter 1).*! Those attributes include 
self-sufficiency in growth signals, insensitivity to antigrowth 
signals, evasion of apoptosis, limitless replicative potential, sus- 
tained angiogenesis, and the abilities to invade adjacent struc- 
tures and to metastasize (Fig. 47.2). More recently, Hanahan and 
Weinberg added 2 additional physiologic hallmarks of malig- 
nancy: the ability to reprogram energy metabolism to support 
continuous proliferation, and the ability to evade destruction by 
immune cells (T and B lymphocytes, macrophages, and natural 
killer cells).¥? 

Numerous genetic alterations have been described during the 
neoplastic progression of Barrett esophagus. Although a single 
such alteration may have multiple disparate effects, conceptually 
it can be useful to classify the alteration according to the major 
physiologic cancer attributes that it endows.*’ For example, the 
expression of oncogenes (e.g., cyclin D1, K-ras), growth factors 
such as transforming growth factor-a and growth factor recep- 
tors such as EGF receptor enable Barrett cells to acquire self- 
sufficiency in growth signals. Insensitivity to antigrowth signals 
occurs primarily through the inactivation of tumor suppressor 
genes (e.g., P53, p16). Inactivation of TP53 also enables cells to 
evade apoptosis. Reactivation of the enzyme telomerase, which 
enables the cells to replace telomeres needed for cell division, 
can endow the cells with limitless replicative potential. Neo- 
plasms can increase their vascular supply by secreting angiogenic 
factors such as vascular endothelial growth factor. Finally, for 
neoplastic cells to invade and metastasize, they must dissociate 
themselves from surrounding cells by disrupting cell adhesion 
proteins such as the cadherins and catenins, and by degrading 
the extracellular matrix through the secretion of enzymes such 
as matrix metalloproteases. 


In Barrett esophagus, the acquisition of these core physiologic 
attributes of malignancy is facilitated by genomic instability and a 
tumor-promoting microenvironment." Barrett epithelial cells dis- 
play genomic instability by gains or losses in segments of chromo- 
somes that alter the cells’ DNA content. Aneuploidy is the condition 
in which there is abnormal cellular DNA content, and aneuploid 
cells are at increased risk for neoplastic progression. Aneuploidy 
can be detected by flow cytometry, by fluorescence in situ hybridiza- 
tion, and by automated image cytometry; the latter 2 techniques are 
more feasible for routine clinical practice.*°*’ In some neoplasms, 
infiltration by immune cells with tumor-promoting effects also 
contributes to the acquisition of malignant attributes, but little is 
known about the tumor-promoting effects of immune cells in Bar- 
rett esophagus.*?** Aneuploidy has been proposed as a biomarker 
for neoplastic progression in Barrett esophagus, as have a number 
of the genetic alterations discussed in the preceding paragraph. 
Although there have been some promising studies, especially those 
using panels of biomarkers,*’ gastroenterology societies presently 
do not endorse the routine clinical use of biomarkers for clinical 
management of patients with Barrett esophagus. 

Recent advances in genomic techniques such as whole-genome 
sequencing and whole-exome sequencing (which is limited to 
gene coding regions) have contributed greatly to knowledge of 
how Barrett cells become tumor cells. Whole-exome sequenc- 
ing of DNA extracted from areas of Barrett metaplasia associated 
with Barrett adenocarcinomas has revealed a frequency of somatic 
mutation in the non-neoplastic metaplasia higher than that found 
in prostate or breast carcinomas and with a mutational pattern 
indicating genomic damage caused by oxidative stress (likely due 
to GERD) (see Fig. 47.2).°° Both the nondysplastic Barrett meta- 
plasia and associated adenocarcinomas exhibit mutations in the 
p53 tumor suppressor gene, evidence that p53 mutations occur 
early in Barrett carcinogenesis. Oncogene activations appear to 
occur later, because they are found only in dysplastic and cancer- 
ous tissues.*° 
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Interestingly, the new genomic techniques have revealed 2 
general pathways for Barrett carcinogenesis: the “traditional 
pathway” (which involves the step-wise accumulation of altera- 
tions in tumor suppressor genes, followed by oncogene activa- 
tion, genomic instability, and malignant transformation) and the 
“oenome-doubled pathway” in which p53 mutation is followed 
by whole genome doubling, leading to genomic instability, onco- 
gene amplification, and malignant transformation) (Fig. 47.3). 
Most tumors in Barrett metaplasia (62.5%) appear to develop 
through the genome-doubled pathway, which can be a far more 
rapid pathway to malignancy than the traditional pathway.*? 
Rapid cancer development through genome doubling might 
explain the frequent failure of endoscopic surveillance to detect 
cancer progression in Barrett esophagus. 

Unlike the aforementioned studies in which somatic muta- 
tions are identified by genomic analyses of tissue specimens, 
genome-wide association studies (GWAS) identify germline 
alterations and typically are performed using DNA in whole- 
blood specimens. GWAS have shown that unrelated subjects 
with Barrett esophagus and esophageal adenocarcinoma have 
substantial overlap of single-nucleotide polymorphisms (SNPs) 
at specific locations in the genome, suggesting a shared genetic 
susceptibility for Barrett esophagus and its cancer.*! More recent 
GWAS analyzing selected SNPs within inflammatory pathways 
have found a significant association between germline variations 
in the cyclooxygenase pathway (specifically in the antioxidant 
microsomal glutathione S-transferase 1 gene) and the develop- 
ment of Barrett esophagus and esophageal adenocarcinoma.** 
Another GWAS explored the association between 7 SNPs 
implicated as risk factors for Barrett esophagus with several well- 
known epidemiologic risk factors for Barrett esophagus (GERD, 
cigarette smoking, and BMI).°* Only an SNP in the FOXP1 gene 
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D p53 
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> 


(which regulates esophageal development) and the presence of at 
least weekly reflux symptoms were found to modify the risk of 
developing Barrett esophagus and esophageal adenocarcinoma. 
The identification of novel gene-environment interactions by 
these new “omics” approaches may well revolutionize our under- 
standing of how Barrett esophagus develops and progresses to 
esophageal adenocarcinoma. 


DYSPLASIA 


Before neoplastic Barrett cells become malignant, some of the 
same genetic and epigenetic alterations that endow the physiologic 
attributes of malignancy also cause morphologic changes in the tis- 
sue that pathologists recognize as dysplasia (Fig. 47.4). Dysplasia 
(also called intraepithelial neoplasia) can be viewed as the histologic 
expression of genetic and epigenetic alterations that favor unreg- 
ulated cell growth.*+°> Dysplasia is recognized by cytologic and 
architectural abnormalities in esophageal biopsy specimens that 
include (1) nuclear changes such as enlargement, pleomorphism, 
hyperchromatism, stratification, and atypical mitoses; (2) loss of 
cytoplasmic maturation; and (3) crowding of tubules and villi- 
form surfaces. Dysplasia is categorized as low grade or high grade 
depending on the degree of histologic abnormalities, with more 
pronounced abnormalities assumed to reflect more severe genetic 
damage and greater potential for carcinogenesis. Pathologists have 
difficulty distinguishing low-grade dysplasia in Barrett esophagus 
from reactive changes caused by reflux esophagitis, and interob- 
server agreement for the diagnosis of low-grade dysplasia may be 
less than 50%. Interobserver agreement is better (approximately 
85%) for high-grade dysplasia, but there is substantial disagree- 
ment among pathologists in distinguishing high-grade dysplasia 
from intramucosal carcinoma (see Chapter 48). 
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Fig. 47.3 Pathways for cancer development in Barrett esophagus. Metaplastic Barrett cells first acquire 
mutations leading to inactivation of p53. In the traditional pathway, step-wise accumulation of alterations in 

the tumor suppressor gene p16, followed by oncogene activation, and genomic instability eventually lead to 
cancer formation. In the genome-doubled pathway, p53-mutant Barrett cells undergo whole-genome doubling, 
followed by genomic instability and oncogene amplification, leading to cancer formation. The genome-doubled 
pathway has been proposed as a more rapid pathway to cancer formation, possibly explaining the failure of 
endoscopic surveillance to detect cancer progression in Barrett esophagus. 


Dysplasia in Barrett esophagus often is associated with visible 
mucosal irregularities, but those irregularities frequently are sub- 
tle and easily missed, especially by nonexperts.°° Furthermore, 
dysplasia can be patchy in its extent and severity. These factors 
contribute to the substantial problem of biopsy sampling error 
in identifying dysplasia. To find dysplasia in Barrett esophagus, 
endoscopists traditionally have used the “Seattle biopsy protocol,” 
a random biopsy sampling system in which 4-quadrant biopsies 
are taken at 1- to 2-cm intervals throughout the length of Bar- 
rett metaplasia.” However, a recent analysis of 2 radiofrequency 
ablation (RFA) trials found that dysplasia is most likely to be pres- 
ent in the proximal half of the Barrett metaplasia segment, sug- 
gesting that future biopsy protocols might be modified to biopsy 
that proximal segment preferentially.** It is clear that the Seattle 
biopsy protocol often misses areas of dysplasia and even cancer. 
A recent systematic review and meta-analysis found that, among 
patients diagnosed with nondysplastic or low-grade dysplastic 
Barrett esophagus on an index endoscopy and who were followed 
for 3 years or more, 25% of those later diagnosed with esophageal 
adenocarcinoma had the cancer discovered within 1 year of the 
index endoscopy.’? This suggests that the cancers were present 
and missed at the time of the index procedure. In older series of 
patients who had esophagectomy performed because endoscopic 
biopsies revealed high-grade dysplasia in Barrett esophagus, inva- 
sive cancer was found in as many as 30% to 40% of the resected 
esophagi.°? However, a critical review of those older studies sug- 
gested that 13% was a more accurate estimate of the frequency of 
invasive cancer in this situation.°! With modern high-definition 
endoscopes and newer diagnostic techniques such as endoscopic 
mucosal resection (EMR, see later), the rate of missing invasive 
cancer in patients found to have dysplasia should be very low. 

A number of advanced imaging techniques have been used 
to facilitate the detection of dysplasia and early cancer in Bar- 
rett esophagus, including chromoendoscopy, autofluorescence 
endoscopy, magnification endoscopy, narrow band imaging, opti- 
cal coherence tomography, Raman detection methods, confocal 
laser endomicroscopy, and volumetric laser endomicroscopy (see 
Chapter 48).°+°?-°+ In the hands of endoscopists with proper 
training and expertise, these advanced techniques can iden- 
tify neoplastic lesions that might not be apparent with routine, 
white-light endoscopy. However, gastroenterology societies do 
not mandate use of these advanced imaging techniques in routine 
clinical practice, and careful endoscopic examination with high- 
definition white-light endoscopy and random 4-quadrant biopsy 
remains the standard of care. 
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Fig. 47.4 Histopathology of dysplasia in Barrett esophagus. This bi- 
opsy specimen taken during endoscopic surveillance shows low-grade 
dysplasia at 11 o’clock and high-grade dysplasia in the center of the 


photomicrograph. 
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The overall incidence of cancer development in patients with 
nondysplastic Barrett esophagus is approximately 0.25% per 
year. One study suggests that patients who have non-neoplastic 
Barrett esophagus develop low-grade dysplasia at the rate of 4.3% 
per year and high-grade dysplasia at the rate of 0.9% per year.®° 
The natural history of low-grade dysplasia in Barrett esophagus 
remains disputed due to difficulties confirming the diagnosis and 
contradictory study results. In one study, 2 expert pathologists 
reviewed pathology slides in 147 patients in whom low-grade 
dysplasia had been diagnosed at community hospitals in the 
Netherlands; the experts confirmed the diagnosis in only 15% 
of cases.°° In those confirmed cases, however, the cumulative risk 
of neoplastic progression was 85% after 9 years. In contrast, an 
American study of 210 patients with low-grade dysplasia followed 
for a mean of 6.2 years found that the rate of progression of only 
0.4% per year and diagnostic consensus among the pathologists 
was not associated with neoplastic progression.®’ For patients 
with high-grade dysplasia, cancers develop at the rate of approxi- 
mately 6% per year.>* 


MANAGEMENT 
Treatment of GERD 


The general approach to the treatment of GERD for patients 
with Barrett esophagus is very similar to that recommended 
for patients who have GERD without Barrett esophagus (see 
Chapter 46). One important difference, however, is that many 
authorities advocate PPI maintenance therapy for patients with 
Barrett esophagus, irrespective of symptoms and endoscopic 
signs of GERD. This practice is based on indirect evidence 
suggesting that acid reflux promotes carcinogenesis in Barrett 
metaplasia and that aggressive control of acid reflux might 
interfere with carcinogenesis.°*-’?, However, this issue remains 
highly controversial because studies on it have yielded contra- 
dictory findings. A meta-analysis of 7 studies, including 2813 
patients with Barrett metaplasia and 317 with Barrett neoplasia, 
found that PPI use was associated with a significantly decreased 
risk of high-grade dysplasia and/or esophageal adenocarcinoma 
(adjusted odds ratio 0.29; 95% confidence interval [CI] 0.12 to 
0.79). However, a subsequent meta-analysis of 9 observational 
studies with 5712 Barrett patients found that the decreased risk 
of esophageal neoplasia associated with PPI use was not sta- 
tistically significant (unadjusted odds ratio 0.43, 95% CI 0.17 
to 1.08),’* and a population-based cohort study of 796,492 
Swedish adults on PPI maintenance therapy has even described 
an elevated overall SIR for esophageal adenocarcinoma of 3.93 
for PPI users (95% CI 3.63 to 4.24).7> Nevertheless, most stud- 
ies suggest that PPIs can reduce the risk of malignant progres- 
sion in Barrett esophagus,’° and the latest guideline on the 
management of Barrett esophagus by the ACG recommends 
that Barrett patients should receive once-daily PPI therapy for 
chemoprevention.” 

Studies using esophageal pH monitoring have shown that 
Barrett patients may be rendered asymptomatic by PPIs given in 
dosages that fail to normalize esophageal acid exposure. In one 
such study of 48 patients with Barrett esophagus, 24 had persis- 
tently abnormal acid reflux during PPI therapy that had abolished 
their GERD symptoms.’* It has been proposed that patients with 
long-segment Barrett esophagus might be unusually resistant to 
PPIs, but one study has suggested that this problem is not due 
to gastric resistance to the antisecretory effects of PPIs.’”? In that 
study, patients with long-segment Barrett esophagus treated with 
high doses of esomeprazole exhibited normal degrees of gastric 
acid suppression, but up to 23% still had abnormal esophageal 
acid exposure. This suggests that the so-called PPI resistance of 
patients with Barrett esophagus is a consequence of their pro- 
found reflux diathesis. 
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It has been proposed that fundoplication might be more effec- 
tive than medical therapy with PPIs for preventing cancer in Bar- 
rett esophagus, but high-quality studies on this issue generally 
have refuted that contention.®®-8 In a recent systematic review 
and meta-analysis of 10 studies comparing cancer risk for patients 
who had surgical or medical treatment for GERD, the overall 
fixed effects model showed that the 2 treatments were similar in 
their effects on cancer risk (IRR 0.76, 95% CI 0.42 to 1.39).4 
However, a subanalysis limited to the 4 most modern studies 
(published after 2000) suggested that surgery was significantly 
better than medical treatment for decreasing the risk of cancer in 
Barrett esophagus (IRR 0.26, 95% CI 0.09 to 0.79). The results 
of these analyses are inconclusive, and, if fundoplication has any 
cancer-preventive benefit over medical therapy, that potential 
advantage to an individual patient is small and does not clearly 
justify the risks of antireflux surgery. We do not feel that antire- 
flux surgery should be performed solely for cancer prevention in 
patients with Barrett esophagus. 


Aspirin and Other NSAIDs 


Much indirect evidence suggests that aspirin and other NSAIDs 
protect against esophageal adenocarcinoma, both by inhibiting 
COX-2 and through mechanisms that are independent of COX-2 
inhibition.®>-87 In vitro, NSAIDs have been shown to decrease 
cellular proliferation, increase apoptosis, and decrease angio- 
genesis.°*-?! In animal models of GERD and Barrett esophagus, 
NSAIDs have been shown to decrease both the development of 
Barrett metaplasia and its progression to cancer.?*-** In patients 
with Barrett esophagus, NSAIDs have been shown to decrease 
proliferation in Barrett metaplasia,”! and aspirin in a dose of 325 
mg daily (in combination with esomeprazole) reduces levels of 
prostaglandin E, in Barrett mucosa.” NSAID use also appears to 
reduce the accumulation of somatic exomic mutations in Barrett 
metaplasia.”° A number of epidemiologic and observational stud- 
ies also have shown that NSAID use is associated with a decreased 
risk of esophageal adenocarcinoma,’’~”? although some contra- 
dictory data have been reported.'°° Medical societies currently 
do not recommend the routine prescription of aspirin or other 
NSAIDs for chemoprevention in patients with Barrett esopha- 
gus, because it is not clear that the potential benefits of NSAIDs 
outweigh their risks of serious GI and cardiovascular side effects. 
However, patients with Barrett esophagus often have cardiovas- 
cular disease and/or cardiovascular risk factors for which aspirin 
therapy is indicated.!°! 


Endoscopic Surveillance for Dysplasia 


Although it is common clinical practice to recommend regu- 
lar endoscopic surveillance to prevent deaths from esophageal 
adenocarcinoma for patients with Barrett esophagus, authorities 
have questioned the wisdom of such surveillance with arguments 
that can be summarized as follows!°’: (1) endoscopy is expensive; 
(2) endoscopy has risks and adverse emotional and financial con- 
sequences; (3) the absolute risk of cancer for patients with Barrett 
esophagus is small, and therefore the large majority of patients 
derive no benefit from endoscopic surveillance; and (4) there 
is no proof, in the form of a randomized controlled trial, that 
endoscopic surveillance for Barrett esophagus prevents esopha- 
geal cancer deaths or prolongs patient survival. Proponents of 
endoscopic surveillance counter these arguments as follows: 
(1) the concept that surveillance for Barrett esophagus can pre- 
vent deaths from esophageal adenocarcinoma is reasonable; (2) 
no proof of efficacy in the form of a randomized controlled trial 
is likely to become available in the foreseeable future; (3) a num- 
ber of observational studies suggest that surveillance is beneficial; 
(4) virtually all published computer models on this issue suggest 
that surveillance can be beneficial; (5) the risks of endoscopy for 


otherwise healthy individuals with Barrett esophagus are very 
small; and (6) no study has shown an overall survival disadvantage 
for patients in surveillance programs. The potentially adverse 
emotional and financial consequences of establishing a diagnosis 
of Barrett esophagus are regrettable but less so than the failure to 
prevent an esophageal cancer. Therefore, the proponents argue 
it is ethically wrong for physicians to forgo the potentially life- 
saving practice of performing endoscopic surveillance for Barrett 
esophagus while awaiting the results of a definitive study that 
may never appear. Presently, gastroenterology societies favor the 
arguments of the proponents and generally recommend surveil- 
lance, with some qualifications.!° 

Because screening large populations of individuals for Barrett 
esophagus is performed primarily to enroll them in unproven 
surveillance programs, it is not surprising that such screening 
is especially controversial (see Chapter 48). The latest guide- 
lines of the American Gastroenterological Association,!°! the 
ASGE,!* the ACG,” the American College of Physicians,!° the 
British Society of Gastroenterology,!° and the European Soci- 
ety of Gastrointestinal Endoscopy!” recommend consideration 
of endoscopic screening for Barrett esophagus only for patients 
who have multiple risk factors for esophageal adenocarcinoma, 
including chronic GERD, age 50 years or older, male gender, 
white race, hiatal hernia, intra-abdominal body fat distribution 
(central obesity), smoking history, and history of Barrett esopha- 
gus or adenocarcinoma in a first-degree relative. Because the risk 
of esophageal adenocarcinoma is so low for women, the ACG 
specifically states that screening for Barrett esophagus in women 
is not recommended but could be considered in individual cases 
of women with multiple risk factors.”” 


Treatment of Mucosal Neoplasia 


Mucosal neoplasms such as high-grade dysplasia and intramuco- 
sal carcinoma in Barrett esophagus traditionally were treated with 
esophagectomy. Presently, most patients with mucosal neoplasia 
are treated with endoscopic eradication therapy (EET), although 
esophagectomy remains a valid option in highly selected cases. 
‘The management of low-grade dysplasia is controversial because 
of uncertainties regarding the diagnosis and the natural history of 
the disorder. Nevertheless, most recent guidelines consider EET 
the treatment of choice for low-grade dysplasia.’7:107:108 


Endoscopic Therapies 


‘There are 2 general types of endoscopic therapies available for the 
treatment of Barrett esophagus: (1) endoscopic ablative therapy, 
which uses heat (delivered by laser, electrocoagulation, argon 
plasma coagulation [Video 47.1], or radiofrequency energy), 
cold (cryotherapy, delivered by spraying cold carbon dioxide or 
nitrous oxide gas), or photochemical energy (photodynamic ther- 
apy [PDT)) to destroy the Barrett epithelium; and (2) endoscopic 
resection including EMR (Video 47.2) and endoscopic submuco- 
sal dissection, in which a diathermic snare or endoscopic knife is 
used to remove a large segment of Barrett mucosa with submucosa. 
After these endoscopic treatments, patients are treated with PPIs 
so that the ablated or resected mucosa can heal with the regrowth 
of normal esophageal squamous epithelium rather than with the 
regeneration of more Barrett mucosa. The ablative therapies 
destroy metaplastic tissue but do not provide a pathology speci- 
men by which to judge the depth of neoplastic invasion and the 
completeness of the ablation. In contrast, EMR and endoscopic 
submucosal dissection provide large tissue specimens that can be 
examined by the pathologist to determine the character and extent 
of the mucosal abnormality and, for neoplastic lesions, the depth 
of involvement and the adequacy of resection. Although early 
studies focused on using either ablation or EMR for the treatment 
of neoplasia in Barrett esophagus, now these 2 techniques often 


are used in combination. The term “EET” is used to describe the 
use of any one or combination of endoscopic modalities with the 
goal of completely eradicating Barrett metaplasia. 

EET can eliminate neoplasms that are confined to the esoph- 
ageal mucosa but cannot cure cancers that have metastasized to 
lymph nodes. For patients with esophageal adenocarcinomas that 
involve the submucosa, the frequency of lymph node metastases 
exceeds 10% and, therefore, EET generally is not advised.!0!!° 
However, even mucosal neoplasms have the potential to metas- 
tasize to lymph nodes. A systematic review on the frequency of 
lymph node metastases in patients with mucosal neoplasms in Bar- 
rett esophagus identified 70 relevant reports that included 1874 
patients who had had esophagectomy performed for high-grade 
dysplasia or intramucosal carcinoma in Barrett esophagus.!!! 
Lymph node metastases were found in only 26 patients (1.39%, 
95% CI, 86% to 1.92%). This low risk makes EET feasible. 


Endoscopic Ablative Therapies (see also Chapter 48) 

An ideal ablative technique would inflict an injury deep enough 
to destroy all abnormal epithelium but not so deep as to cause 
serious complications such as esophageal hemorrhage, perfora- 
tion, and stricture formation. No ablative therapies have achieved 
this ideal, and all have been associated with serious complications. 
Randomized, controlled trials on the treatment of dysplasia have 
been conducted for PDT and RFA. 

For PDT, patients are given a systemic dose of a light-activated 
chemical that is taken up by the esophageal cells. The esophagus is 
then irradiated using a low-power laser that activates the chemical, 
which transfers that acquired energy to molecular oxygen. This 
transfer results in the formation of singlet oxygen, a toxic molecule 
that destroys the abnormal cells and their vasculature. In a multi- 
center randomized trial of PDT using porfimer sodium for high- 
grade dysplasia in Barrett esophagus, 138 patients were treated 
with PDT plus omeprazole 20 mg twice daily and 70 received 
omeprazole 20 mg twice daily alone.!!*:!!? No dysplasia was found 
on repeat endoscopy with biopsy in 77% of the patients treated 
with PDT as compared with 39% of the patients who received 
omeprazole alone (P < 0.0001). During up to 5 years of follow-up, 
15% of the PDT patients developed cancer, compared with 29% 
of those treated with omeprazole alone (P = 0.027). There was no 
procedure-related mortality, but 69% of the patients who received 
PDT developed photosensitivity reactions and 36% developed 
esophageal strictures, which were often difficult to treat. Because 
of this high rate of complications and the difficulty of the proce- 
dure, PDT has largely been abandoned as a treatment for dyspla- 
sia in Barrett esophagus in favor of RFA. 

RFA uses a balloon-based array of closely spaced electrodes 
to deliver radiofrequency (microwave) energy to ablate the 
esophageal mucosa. This system was designed with the intent of 
inflicting a uniform, circumferential thermal injury whose depth 
is controlled by a generator, which can vary the power, density, 
and duration of the energy applied. There are also smaller, radio- 
frequency catheter ablation devices that are used to ablate short 
segments of Barrett metaplasia or residual foci of metaplasia that 
persist after treatment with the balloon-based system. In a mul- 
ticenter, randomized, sham-controlled trial of RFA (the Ablation 
of Intestinal Metaplasia [AIM] dysplasia trial), 127 patients with 
dysplasia in Barrett esophagus (64 low-grade, 63 high-grade) 
were randomly assigned to receive either RFA or a sham endo- 
scopic procedure.!!* Intention-to-treat analysis at 1 year revealed 
complete eradication of dysplasia in 90.5% of patients with low- 
grade dysplasia in the ablation group, compared with 22.7% of 
those in the control group (P < 0.001). Similarly, complete eradi- 
cation was found in 81.0% of patients with high-grade dysplasia 
in the ablation group, compared with 19.0% of those in the con- 
trol group (P < 0.001). Complete eradication of intestinal meta- 
plasia (CE-IM) was found in 77.4% of all patients in the ablation 
groups, compared with 2.3% of those in the control group (P 
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< 0.001). In addition, patients in the ablation group had less pro- 
gression in their degree of neoplasia (3.6% vs. 16.3%, P = 0.03) 
and fewer cancers noted at 1 year (1.2% vs. 9.3%, P = 0.045). 
Serious complications occurred in 6 (7%) of the 84 patients who 
received ablation, including 1 upper GI hemorrhage and 5 esoph- 
ageal strictures, which responded readily to treatment. In the 
European Surveillance versus Radiofrequency Ablation (SURF) 
trial in which 136 patients with low-grade dysplasia confirmed 
by expert pathologists were randomized to receive either RFA 
or endoscopic surveillance, RFA reduced the risk of progression 
to high-grade dysplasia or adenocarcinoma by 25.0% (1.5% for 
ablation vs. 26.5% for control; 95% CI, 14.1% to 35.9%; P < 
0.001) and the risk of progression to adenocarcinoma by 7.4% 
(1.5% for ablation vs. 8.8% for control; 95% CI, 0% to 14.7%; P 
= 0.03).!1° RFA is now widely regarded as the procedure of choice 
for ablating Barrett esophagus with dysplasia, both high grade 
and low grade.!!6!!7 

In endoscopic cryotherapy, a cryogen such as compressed car- 
bon dioxide or liquid nitrous oxide is applied endoscopically to the 
Barrett esophagus, causing rapid tissue freezing and thawing that 
disrupts cell membranes, induces apoptosis, and causes thrombo- 
sis of local blood vessels.!!8 Unlike RFA, cryotherapy causes no 
permanent change in protein structure and, thus, preserves extra- 
cellular collagen matrix architecture. In theory, this might limit 
stricture formation, but the clinical advantage of cryotherapy in 
this regard is not yet established. Cryotherapy also might have 
advantages over RFA for the treatment of bulky lesions. Obser- 
vational studies suggest that cryotherapy has efficacies similar to 
RFA for the eradication of Barrett metaplasia and dysplasia. 119-121 
However, few long-term data are available, and RFA remains the 
most commonly used ablation technique at this time. 


Endoscopic Mucosal Resection (see also Chapter 48 and 
Video 47.2) 

EMR can be performed using a “suck and cut” method in which 
the endoscopist elevates the dysplastic area by injecting fluid into 
the submucosa, after which the elevated mucosa is suctioned into 
a cap that fits over the tip of the endoscope.!”” A polypectomy 
snare is then deployed around the suctioned area to remove it. 
EMR also can be performed by the “band and snare” method that 
uses a ligating device, similar to that used for endoscopic vari- 
ceal ligation, which deploys elastic bands around the suctioned 
mucosal segment without the requirement for prior submucosal 
fluid injection.!? The banded segment is removed using a pol- 
ypectomy snare (see Chapter 48). Available reports on limited 
(noncircumferential) EMR describe few serious complications 
and virtually no procedure-related mortality. However, esopha- 
geal stricturing occurs frequently if EMR is used to remove the 
entire circumferential extent of Barrett epithelium in a single 
endoscopic session. !7* 

Although EMR initially was developed as a therapeutic proce- 
dure, clinicians eventually came to appreciate the value of EMR 
as a procedure for T-staging early neoplasms in Barrett esopha- 
gus. Because of the high risk for lymph node metastases when 
Barrett neoplasms involve the submucosa, accurate T-staging 
of tumors is crucial to determine whether endoscopic therapy is 
feasible. EUS had been considered the most accurate diagnos- 
tic modality for T-staging, but a number of studies have shown 
that EUS has very limited accuracy for T-staging early neopla- 
sia in Barrett esophagus.'’> In contrast, reports have described 
an excellent correlation between preoperative T-staging of early 
Barrett neoplasms using EMR and postoperative T-staging by 
examination of esophagectomy specimens. !?ć As a result, gastro- 
enterology societies now advise that nodular lesions and other 
visible irregularities in Barrett esophagus should be removed by 
EMR for T-staging prior to performing endoscopic ablation. 
If the EMR specimen shows submucosal invasion, then further 
endoscopic therapy is not advised. 
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The long-term data that are available on the efficacy of EMR 
as primary treatment for early cancer in Barrett esophagus are 
limited but impressive. Ell and colleagues performed EMR on 
100 patients with early adenocarcinomas in Barrett esophagus 
(tumor diameter <20 mm, well-differentiated histology, no inva- 
sion of lymphatics or blood vessels, and no evidence of metasta- 
ses, submucosal invasion, or lymph node involvement).!’ There 
were no serious complications, and the calculated 5-year survival 
rate was an extraordinary 98%. However, recurrent or metachro- 
nous cancers were found in 11% of the patients during a mean 
follow-up period of 37 months. The recurrent tumors were 
treated successfully with more endoscopic therapy, but this high 
recurrence rate shows that EMR often leaves behind cells with 
neoplastic potential. 

A study from the Mayo Clinic compared long-term surviv- 
als in patients with high-grade dysplasia who were treated either 
with esophagectomy or with a combination of EMR and PDT.!”8 
There was no statistically significant difference in survival for 
patients treated with either of the therapies, even though 6.2% 
of the patients treated with PDT and EMR were found to have 
a metachronous esophageal cancer during the follow-up period. 

Another report describes the long-term results of endoscopic 
therapies in 349 patients who had high-grade dysplasia or muco- 
sal adenocarcinoma in Barrett esophagus.'*? Endoscopic treat- 
ments included EMR alone for 279 patients, PDT alone for 55, 
EMR and PDT combined for 13, and argon plasma coagulation 
alone for 2 patients. Serious complications of endoscopic therapy 
occurred in 5% of cases (important bleeding in 2 patients, esoph- 
ageal stricture in 15 patients). During a mean follow-up of 64 
months, a complete remission (defined as complete elimination of 
the neoplastic lesion and at least one follow-up endoscopy show- 
ing no neoplasia) was achieved in 97%. The calculated 5-year 
survival rate was 84%, and none of the deaths were from esopha- 
geal cancer. However, metachronous neoplasms were found dur- 
ing the follow-up period in 21%. The investigators noted that a 
major risk factor for these metachronous lesions was failure to 
eradicate the residual, non-neoplastic Barrett epithelium. Meta- 
chronous neoplasms occurred in 17% of 200 patients who had 
their Barrett epithelium ablated after the primary neoplasm was 
removed but in 30% of the 137 patients whose Barrett epithelium 
was not ablated. Based largely on this experience, experts now 
recommend that EET for mucosal neoplasms in Barrett esopha- 
gus should include an attempt to eradicate all the Barrett mucosa, 
not just the apparent foci of neoplasia. 


Status of EET for Dysplasia in Barrett Esophagus 

EET now is widely regarded as the procedure of choice for treat- 
ing mucosal neoplasia in Barrett esophagus, including low-grade 
dysplasia, high-grade dysplasia, and intramucosal carcinoma. 
However, before proceeding with EET for a finding of mucosal 
neoplasia, the Barrett esophagus should be carefully inspected, 
Seattle biopsy protocol specimens should be obtained at 1-cm 
intervals throughout the Barrett metaplasia segment, and any vis- 
ible mucosal irregularities should be removed by EMR, which 
provides crucial staging information. EMR is now considered 
so important that the most recent ACG guideline states specifi- 
cally that “endoscopists who plan to practice endoscopic ablative 
procedures should additionally offer EMR.” The diagnosis 
of dysplasia of any grade in endoscopic pinch biopsy or EMR 
specimens should be confirmed by a pathologist who has special- 
ized expertise in gastrointestinal pathology. If the diagnosis of 
mucosal neoplasia is confirmed, all remaining Barrett metaplasia 
should be ablated (usually with RFA) to minimize the develop- 
ment of metachronous neoplasia. 

EET generally is not recommended when EMR reveals sub- 
mucosal invasion, because of the high frequency of lymph node 
metastases in this situation. However, limited experience in 
expert centers using EET for tumors that had favorable histologic 


features and that penetrated only to the most superficial layer of 
the submucosa has yielded excellent long-term survival results.!*° 
Presently, EET for submucosal neoplasms in Barrett esophagus 
is highly controversial and should be considered an option only 
in expert centers. 

EET has far fewer complications than the once-traditional 
dysplasia treatment of esophagectomy, but EET is far from risk 
free. A recent systematic review and meta-analysis of 37 articles 
comprising 9200 patients who had RFA with or without prior 
EMR found an 8.8% (95% CI 6.5% to 11.9%) pooled rate of 
serious adverse events including esophageal strictures (5.6%, 
95% CI 4.2% to 7.4%), bleeding (1%, 95% CI, 0.8% to 1.3%), 
and perforation (0.6%, 95% CI, 0.4% to 0.9%).!3! Further- 
more, the risk for adverse events was significantly higher when 
RFA was combined EMR than when RFA was used alone (rela- 
tive risk 4.4, P = 0.015). Although esophagectomy has far more 
adverse effects than EET, there is still a role for esophagectomy 
in selected patients with mucosal neoplasia in Barrett esophagus. 
Esophagectomy may be needed in the minority of patients for 
whom EET fails to eradicate the neoplastic mucosa, especially 
those multiple foci of dysplasia scattered throughout long-seg- 
ment Barrett esophagus. Esophagectomy also can be considered 
for patients who are unwilling or unable to adhere to the mul- 
tiple endoscopic treatment sessions and surveillance procedures 
required to ensure treatment efficacy (see later). 

Early reports suggested that a condition called subsquamous 
intestinal metaplasia (SSIM, also called “buried glands”) was 
a complication of EET, but this does not appear to be true.!*? 
SSIM is the condition in which metaplastic glands, presumably 
with malignant potential, are present underneath esophageal 
squamous epithelium in the lamina propria, where they are invis- 
ible to endoscopists. SSIM was thought to be a consequence of 
incomplete endoscopic ablation procedures that eradicated the 
superficial layer of Barrett metaplasia but left behind a deeper 
glandular layer that was “buried” by neosquamous epithelium 
covering the ablation wound. However, recent reports suggest 
that the large majority of patients with Barrett esophagus who 
have never been treated with ablation have SSIM underlying 
esophageal squamous epithelium near its junction with Barrett 
metaplasia.!>133 The pathogenesis and clinical importance of 
SSIM remains unclear. 

When considering EET, both patients and physicians should 
appreciate the importance of follow-up because recurrences of 
both metaplasia and neoplasia are frequent. In a retrospective 
cohort study of 218 patients who were treated with RFA for dys- 
plasia in Barrett esophagus and who achieved CE-IM, 52 (24%) 
experienced recurrence of metaplasia or neoplasia over 540.6 per- 
son-years, an overall recurrence incidence rate of 9.6%/year.'*+ 
Thirty (58%) of those achieved a second CE-IM, and 4 (1.8% 
of total, 7.7% of recurrences) progressed to invasive adenocarci- 
noma, a cancer incidence rate 0.65 %/year. In a systematic review 
and meta-analysis of 39 studies on EET, the pooled incidence of 
any recurrence was 7.5 (95% CI 6.1 to 9.0)/100 patient-years.!*° 
The pooled incidence of metaplasia recurrence rate was 4.8 (95 % 
CI 3.8 to 5.9)/100 patient-years, whereas the dysplasia recurrence 
rate was 2.0 (95% CI 1.5 to 2.5)/100 patient-years. These worri- 
some recurrence rates suggest that all patients treated with EET 
should have surveillance endoscopy even after achieving CE-IM. 

Recurrences of Barrett metaplasia and dysplasia are most fre- 
quent in the first year after achieving CE-IM by EET.!6 Risk 
factors for recurrence include baseline dysplasia, long-segment 
Barrett esophagus, and treatment at low-volume centers.!*’ 
After achieving CE-IM for patients with high-grade dysplasia or 
intramucosal carcinoma in Barrett esophagus, current, opinion- 
based guidelines call for endoscopic surveillance every 3 months 
for the first year, every 6 months in the second year, and annu- 
ally thereafter.” For patients with CE-IM after EET for low- 
grade dysplasia, opinion-based guidelines call for endoscopic 


surveillance every 6 months for the first year and annually there- 
after.’’ A recent study designed to establish evidence-based sur- 
veillance intervals after RFA of Barrett esophagus suggests that 
a much-attenuated schedule of endoscopic surveillance based on 
patient risk factors would provide similar cancer protection, but 
the proposed, evidence-based surveillance program has not yet 
been endorsed by gastroenterology societies.!*° 

After EET, recurrences appear to involve the new squamoco- 
lumnar junction region predominantly. In a study of 198 patients 
who had 2 or more endoscopies performed after RFA had achieved 
CE-IM, investigators performed 4-quadrant biopsies at 1-cm 
intervals throughout the ablated area that was now lined by neo- 
squamous epithelium, and biopsies were taken at the new squa- 
mocolumnar junction.!*? During a mean follow-up of 3 years, 32 
patients (16%) had a metaplasia or neoplasia recurrence. Twenty- 
nine of the 32 recurrences were at the squamocolumnar junction 
or 1 cm above it, and all of 3 recurrences in the more proximal 
esophagus were visible endoscopically. Based on these findings, the 
authors recommended a biopsy protocol involving 8 evenly spaced 
biopsies around the Z-line, 4-quadrant biopsies at 1 and 2 cm above 
Z-line, and more proximal biopsies only for visible abnormalities. 


EET for Nondysplastic Barrett Metaplasia 

Some authorities have proposed that EET should be offered to all 
patients with Barrett esophagus, not just those with dysplasia and 
early cancer.!*° These authorities argue that Barrett metaplasia 
can be neoplastic even if it does not manifest histologic features of 
dysplasia, that the efficacy of endoscopic surveillance as a cancer- 
prevention strategy is questionable, and that the safety and effi- 
cacy of RFA already have been established in high-quality studies 
on the treatment of dysplasia. El-Serag and Graham even have 
argued that the practice of routinely performing polypectomy for 
colorectal polyps found during colonoscopy is intellectually iden- 
tical to ablating nondysplastic Barrett esophagus.'*! 

Despite these interesting arguments, several unresolved issues 
limit support for a policy of EET for patients with nondysplas- 
tic Barrett esophagus. The frequent recurrence of metaplasia 
discussed earlier suggests that EET will not eliminate the need 
for endoscopic surveillance. Other considerations that should 
temper enthusiasm for using EET to treat nondysplastic Barrett 
esophagus include the fact that EET generally requires several 
endoscopic procedures to achieve complete eradication of Bar- 
rett metaplasia, entailing substantial expense and patient incon- 
venience. EET has a considerable rate of complications, and its 
efficacy in reducing the already low rate of cancer development 
in nondysplastic Barrett esophagus has not established. Presently, 
EET is not recommended for the general population of patients 
with Barrett esophagus in the absence of dysplasia.”’ 


Recommendations 


No management strategy for patients with Barrett esophagus 
has been verified by definitive studies demonstrating that it pro- 
longs life or prevents deaths from esophageal cancer. We support 
the general management strategies proposed by the American 
Gastroenterological Association, ACG, and ASGE with minor 
modifications as follows: 
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e Patients with Barrett esophagus should be treated with PPIs 
in whatever dose is necessary to control GERD symptoms and 
eliminate endoscopic signs of reflux esophagitis. Asymptom- 
atic patients without reflux esophagitis can be treated with 
once-daily PPI therapy for chemoprevention. Antireflux sur- 
gery can be considered as an alternative to chronic PPI ther- 
apy for patients concerned about putative adverse PPI effects, 
but antireflux surgery is not clearly superior to PPIs for cancer 
prophylaxis. 

e For patients with nondysplastic Barrett esophagus, the risks 
and benefits of endoscopic surveillance should be presented 
in detailed discussion. Those who opt for surveillance should 
have it performed at intervals of every 3 to 5 years. 

e Surveillance should be performed using high-resolution 
white-light endoscopy. Endoscopists trained in advanced 
imaging techniques may find them useful, but advanced im- 
aging is not required for routine surveillance. The endos- 
copist should inspect the Barrett metaplasia carefully. For 
areas that appear irregular or suspicious for neoplasia, the 
endoscopists should take targeted biopsies or, preferably, 
the suspicious area should be removed by EMR. In addition 
to these targeted specimens, the endoscopist should take 
4-quadrant biopsy specimens every 2 cm throughout the 
length of the Barrett metaplasia. In patients already known 
to have dysplasia, 4-quadrant biopsy specimens should in- 
stead be taken every 1 cm throughout the length of the Bar- 
rett metaplasia. 

e If biopsies are read as “indefinite for dysplasia,” PPI therapy 
should be optimized and endoscopy repeated in approximately 
8 weeks, with biopsy specimens taken at 1-cm intervals. If the 
diagnosis of indefinite for dysplasia persists, management op- 
tions include surveillance endoscopy every 12 months or re- 
ferral to a center with special expertise in managing Barrett 
esophagus. 

e When dysplasia of any grade is first noted, if there is any ques- 
tion regarding the adequacy of the initial examination, an- 
other endoscopy should be performed as soon as feasible with 
extensive biopsy sampling to look for invasive cancer. EMR 
should be performed in areas of mucosal irregularity. The his- 
tology slides should be interpreted by an expert pathologist 
(preferably more than 1 expert). 

e EET is recommended for patients with verified mucosal neo- 
plasia (low-grade dysplasia, high-grade dysplasia, intramuco- 
sal carcinoma) after extensive biopsy sampling and EMR of 
mucosal irregularities. 

e After achieving CE-IM for patients with high-grade dys- 
plasia or intramucosal carcinoma in Barrett esophagus, en- 
doscopic surveillance is performed every 3 months for the 
first year, every 6 months in the second year, and annually 
thereafter. 

e After achieving CE-IM for patients with low-grade dysplasia, 
endoscopic surveillance is performed every 6 months for the 
first year, and annually thereafter. 


Full references for this chapter can be found on www.expertconsult.com. 


>) Video 47.1 APC therapy of dysplastic Barrett esophagus. 


(>) Video 47.2 EMR of high-grade dysplasia in Barrett esophagus. 
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Esophageal cancer is the eighth most common cancer world- 
wide with an estimated 456,000 incident cases representing 
3.2% of all cancer cases diagnosed annually. It is also the sixth 
leading cause of cancer mortality worldwide, accounting for 
approximately 400,000 deaths (5%) of all cancer deaths annu- 
ally.!? In 2018, it is estimated that there were 17,290 new cases 
and 15,850 deaths due to esophageal cancer in the USA.’ The 
lifetime risk of esophageal cancer in the USA is ~1 in 125 men 
and ~1 in 400 women.* Esophageal cancer usually presents at 
an advanced stage, and thus curative treatment is limited and 
the prognosis is poor, with a mortality to incidence ratio of 0.88 
(overall 5-year survival less than 20%).?° Recent data suggest an 
improvement in 5-year survival rates, especially in patients with 
early and locally advanced cancers.*° Esophageal cancer has 2 
main subtypes—esophageal squamous cell carcinoma (ESCC) 
and esophageal adenocarcinoma (EAC); both subtypes are asso- 
ciated with distinct geographic distributions, time trends, and 
risk factors.” 
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CARCINOMAS 
Esophageal Squamous Cell Carcinoma 


ESCC is the most common form of esophageal cancer worldwide 
(Fig. 48.1). Although it is no longer the most common form of 
esophageal carcinoma in Western societies, ESCC continues to 
be the most prevalent type of esophageal cancer in the East, rep- 
resenting 90% of all cancers in most Asian, African, and Eastern 
European countries.® The areas of highest risk for ESCC are in 2 
geographic belts, the Asian esophageal cancer belt across central 
Asia from the Caspian Sea to northern China and a belt on the 
eastern coast of Africa, from Ethiopia to South Africa (see Fig. 
48.1).9:10 

Recent data on the trend of ESCC incidence in the USA 
between 1999 and 2008 indicate substantial regional variations. 
The data reviewed covered 85% of the U.S. population and found 
that the national age-standardized incidence rate for ESCC was 
4.93 per 100,000 in men and 2.30 per 100,000 in women. The 
incidence was highest in patients older than age 65. Over the 
study period, the incidence of ESCC in the USA fell by 3.41% 
and 3.13% per year in men and women, respectively. The major- 
ity (70.8%) of esophageal cancers diagnosed during the study 
period were EAC rather than ESCC.!! 

Although ESCC is more common in men than women, the 
ratio varies among low-risk areas like the USA (4:1) and high 
incidence areas of China and Iran where the ratio is lower, 
approaching or even exceeding 1:1.!* Environmental factors 
may be important in explaining the geographic variability in 
the incidence of ESCC. The etiologies and risk factors vary in 
low- and high-incidence areas.!* A population-attributable risk of 
89% using cigarette smoking, alcoholic beverage consumption, 
and low consumption of fruits and vegetables was reported in a 
study in the USA.'* In contrast, a large cohort study conducted 
in China found that tobacco smoking played little role in ESCC 
risk.! 

In industrialized countries, the 2 most important risk factors 
are tobacco use and excess alcohol consumption (Box 48.1).16-19 
Furthermore, these 2 independent risk factors have a synergis- 
tic effect on cancer incidence. The risk of developing ESCC 
with active tobacco smoking increases 3- to 9-fold.?!?? Although 
the highest risk has been reported with smoking cigarettes, other 
forms of tobacco use such as pipe, cigar, hookah smoking, chew- 
ing tobacco, and the Asian betel quid have also been linked to 
ESCC.” Exposure intensity and longer duration have been 
reported to be associated with the risk of ESCC.*+> Tobacco- 
specific nitrosamines and polycyclic aromatic hydrocarbons are 
thought to be the major carcinogenic substances in tobacco. Alco- 
hol use has been reported to have a slightly lower risk compared 
to tobacco, increasing risk of ESCC by 3- to 5-fold.’! The risk 
increases significantly with alcohol intake above the maximum 
recommended U.S. dietary guidelines of 140 g/week.!* Acetal- 
dehyde, the first metabolite of ethanol metabolism, is a class I 
carcinogen. 

In developing regions, factors such as nutritional deficiencies 
appear to have a stronger relation to the incidence of ESCC.!?7° 
Although the exact mechanism is unclear, low socioeconomic sta- 
tus per se is a risk factor for ESCC, even after adjusting for tobacco, 
alcohol, age, and many potential risk factors.’?7,?° Micronutrient 
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Fig. 48.1 Age-standardized incidence rate (ASR) per 100,000 men of esophageal adenocarcinoma (A) and 
squamous cell carcinoma in men (B). AC, adenocarcinoma; SCC, squamous cell carcinoma. (From Rubenstein 
JH, Shaheen NJ. Epidemiology, diagnosis, and management of esophageal adenocarcinoma. Gastroenterol- 


ogy 2015; 149[2]: 302-17, e1.) 


deficiencies (such as vitamin A, C, and E) are also risk factors.2?>° 
These vitamins are thought to have important antioxidant prop- 
erties, preventing formation of free radicals and nitrosamines. 
However, a 6-year randomized trial conducted in China with 
20-year follow-up showed that multivitamin supplementation did 
not reduce risk in a sub-population of persons at high risk for 
ESCC.?! Other nutritional deficiencies, such as folic acid, zinc, 
and selenium, have also been reported as risk factors for ESCC. 
Decreased intake and impaired metabolism of folate, mostly due 
to gene polymorphisms, have been proposed as risk factors for 
several GI malignancies, including ESCC.** In a case-control 
series, lower serum levels of folic acid were reported of patients 
with ESCC.’? The trace elements zinc and selenium are protec- 
tive against ESCC.*>*> Zinc deficiency is thought to potentiate 
the carcinogenic effect of nitrosamines. Selenium supplemen- 
tation is also thought to have chemo-preventive effects against 
ESCC. After a 10-year follow-up, a study showed that selenium 
supplements (along with -carotene and vitamin E) reduced risk 
of esophageal cancer death by 17% among participants younger 


than 55 years old.*?3° A systematic review of predominantly case- 
control studies demonstrated that higher intake of fruits and veg- 
etables probably decreases the risk of esophageal cancer with each 
increment of 50 g/day of raw vegetables and fruit associated with 
a 31% and 22% decrease in risk of esophageal cancer, respec- 
tively.!* Other dietary factors have also been theorized to increase 
the risk of ESCC. High temperature beverage drinking has been 
associated with increased risk of ESCC in multiple studies, likely 
due to the chronic thermal injury.*” Yerba mate, a hot herbal tea 
commonly consumed in South America, has been found to be a 
risk factor for ESCC.** Other previously reported risk factors, 
such as ingestion of N-nitroso compounds (animal carcinogens 
found in cured meat products and pickles) and Fusarium verticil- 
lioides (a fungus found on maize) have mixed evidence as risk fac- 
tors for developing ESCC.*?+° 

Multiple studies have shown a possible association of ESCC 
and infection with HPV.*! Recently, a large international con- 
sortium performed complex serological analysis for multiple 
HPV serotypes in ESCC cases and control subjects and found 
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BOX 48.1 Risk Factors for ESCC and EAC 


ESCC 
Tobacco 
Alcoholic beverages 
Low consumption of fruits and vegetables 
Low socioeconomic status 
Micronutrient deficiencies 
High-temperature foods 
Achalasia 


Lye ingestionw 
Rare disorders (Plummer-Vinson syndrome, Fanconi anemia, 
and tylosis) 


EAC 


Tobacco 
GERD 
Obesity 


EAC, Esophageal adenocarcinoma; ESCC, esophageal squamous cell 
carcinoma. 


very limited evidence for an association of HPV with ESCC.¥ 
No definitive association can be proved at this time, and further 
investigation is necessary. 

Some esophageal disorders increase the risk of ESCC. As dis- 
cussed in Chapter 44, it is estimated that the prevalence of ESCC 
among patients with achalasia is approximately 5%.‘ Between 
years 1 and 24 after diagnosis of achalasia, the risk is increased 
16-fold, especially in men.* In fact, a large achalasia cohort from 
Sweden was shown to have an increased risk for both ESCC and 
EAC.*° The mechanism is likely due to stasis of food material 
in the esophagus, leading to chronic inflammation. Similarly, as 
discussed in Chapter 28, patients with esophageal strictures from 
lye ingestion have an increased risk of ESCC occurring decades 
after the initial ingestion.*” Patients with esophageal webs, such 
as those with Plummer-Vinson syndrome (iron deficiency ane- 
mia, dysphagia, and post-cricoid webs) and with Fanconi anemia 
(an inherited bone marrow failure linked to several cancers) are 
also at increased risk for ESCC (see Chapter 43).748 

Another rare condition associated with ESCC is tylosis, an 
autosomal-dominant disorder characterized by hyperkeratosis 
of the palms/soles and leukoplakia (see Chapter 25). The tylo- 
sis esophageal cancer gene TOC (RHBDF2) has been localized 
to chromosome 17q25.*? Recent reports have suggested that this 
gene may be epigenetically silenced rather than mutated.*° In one 
report, the risk of developing ESCC in those with this gene was 
95% by the age of 65 years.>! 

Certain factors are protective for ESCC. These include obe- 
sity and frequent use of aspirin and NSAIDs.°?*> 


Esophageal Adenocarcinoma 


EAC is the second most common form of esophageal carcinoma 
worldwide (see Fig. 48.1). The prevalence and incidence of EAC 
has not only changed over time, but geographically as well. ESCC 
used to be the most common type of esophageal cancer in both 
Western and Eastern countries. Based on surgical series, EAC of 
the esophagus was uncommon prior to 1978.°° In Western coun- 
tries, its incidence has markedly increased such that in 1994, EAC 
surpassed ESCC in prevalence in the USA. Today, EAC is the 
predominant type of esophageal cancer in the West. In the USA, 
its incidence among white men rose from 0.5 to 0.9/100,000 in 
the 1970s to 3.2 to 4.0/100,000 over the ensuing 2 decades.*’ This 
shift represents a 463% and 335% increase among white men 
and white women, respectively.’ More recent population-based 


studies carried out from 2003 to 2007 estimated the incidence 
of EAC to be 5.3/100,000.°? EAC was 8 times more common in 
men than women, and 5 times more common in Caucasians than 
African Americans. Furthermore, this rapid increase in the inci- 
dence of EAC is not isolated to the USA; a similar trend has been 
noted in other Western countries such as the United Kingdom, 
Iceland, and Australia.°°-°+ Furthermore, based on mathemati- 
cal predictive models, the incidence of EAC is expected to con- 
tinue to rise till 2030, at which point the predicted incidence of 
EAC will be 8.4 to 10.1 per 100,000 person-years.® The overall 
5-year observed survival rates for EAC is strongly dependent on 
the stage at diagnosis and is among the lowest for all cancers. 
A recent analysis using the USA National Cancer Institute’s 
Surveillance, Epidemiology, and End Results (SEER) registry 
showed that the proportion of EAC that had localized, regional, 
or distant stage disease remained relatively stable (40% of EAC 
patients diagnosed with distant stage disease). Recent data also 
suggest an overall improvement in 5-year survival rates with the 
greatest improvement in patients with localized disease reflecting 
improvements in curative treatment modalities. The relation- 
ships between EAC of the distal esophagus and adenocarcinomas 
of the esophagogastric junction and the gastric cardia are dis- 
cussed in Chapters 47 and 54. 

This geographic change in EAC incidence over time is 
thought to be related to the significant increase in GERD (see 
Chapter 46) and, more importantly, obesity in Western societ- 
ies. The epidemiologic gradient across both Western and East- 
ern countries may be related, in part, to socioeconomic status, 
because high socioeconomic status is more commonly seen in 
EAC, and low socioeconomic status is more commonly seen in 
ESCC.2’°* However, other indicators of improved socioeco- 
nomic status including per capita gross domestic product and 
level of education have not correlated with the observed esopha- 
geal cancer gradient in different parts of the world.°* 

Because the rise in the incidence of EAC has been so dra- 
matic, the possibilities of misclassification and/or over-diagno- 
sis have been raised. A population-based study using data from 
SEER 9, which represented approximately 10% of the U.S. 
population between 1973 and 2001, found that reclassifica- 
tion of EAC to ESCC and adjacent gastric cardia cancer was 
unlikely to change the incidence of EAC. The anatomic distri- 
bution of esophageal cancer has shifted from the upper third 
of the esophagus to the lower third. The lower third of the 
esophagus, the location where adenocarcinoma usually arises, 
was the only esophageal location with an increased incidence. 
Because there had been minimal change in the rates of in situ 
or localized disease and the fact that the mortality of EAC had 
also increased significantly (7-fold, from 2 to 15 deaths/million), 
over-diagnosis was unlikely to explain the marked increase in 
EAC incidence.®° Furthermore, the possibility of heightened 
surveillance with EGD as a potential reason for the observed 
dramatic increase in the incidence of EAC was negated by show- 
ing that the rates of EAC increased in white men and women in 
all stage and age groups.°” 

In general, risk factors affecting EAC incidence are commonly 
seen in economically developed countries.’ Similar to ESCC, 
tobacco is a risk factor for EAC (see Box 48.1).!3:!7!8 Pooled data 
from the international Barrett and Esophageal Adenocarcinoma 
Consortium (BEACON) confirmed association between smok- 
ing and EAC (OR 1.96, 95% CI 1.64 to 2.34). A dose-response 
relationship was also seen; heavy smokers had the highest risk of 
cancer. Furthermore, smoking cessation has been shown to be 
associated with reduced risk of cancer (smoking cessation 210 
years associated with a 30% lower risk of EAC).°* In contrast to 
ESCC, alcohol does not seem to be as strong a risk factor for 
EAC or Barrett esophagus (BE) as it is for ESCC.® Pooled analy- 
sis of 11 studies from BEACON showed no association between 
alcohol consumption and risk of EAC.7° 


GERD is the most important risk factor for the development 
of EAC (see Chapters 46 and 47).’! Although most of the large 
studies are in agreement over the increased risk, the reported risk 
has varied from 4- to 8-fold.”?-”4 A study in Sweden showed that 
the risk of EAC in individuals with recurrent symptoms of GERD 
(at least weekly heartburn and/or regurgitation symptoms) was 
8-fold higher than individuals with less frequent symptoms (OR 
7.7, 95% CI 5.3 to 11.4).” This study also showed that the risk of 
EAC was especially high among individuals with more severe and 
longer-lasting GERD symptoms (OR 43.5, 95% CI 18.3 to 103.5). 
A recent pooled analysis of individual-level data from 5 large pop- 
ulation-based case-control studies in BEACON reported a strong 
dose-dependent relationship between frequency of GERD symp- 
toms and EAC (at least weekly: OR 4.81, 95% CI 3.4 to 6.8; daily 
symptoms: OR 7.96, 95% CI 4.51 to 14). Although GERD is 
a well-established risk factor for EAC, most patients with GERD 
never develop EAC. In fact, the majority of patients with EAC deny 
any substantial prior symptoms of GERD.” It is believed that, in 
predisposed individuals, GERD leads to distal esophageal injury 
resulting in an aberrant healing process resulting in BE. BE is the 
only identifiable premalignant condition for EAC and is defined 
by the replacement of the normal stratified squamous epithelium 
with a columnar-lined distal esophagus with intestinal metaplasia 
(see Chapter 47). BE is seen in ~7% to 15% of individuals with 
GERD and is estimated to be present in 1% to 2% of the general 
adult population.” BE patients have a 10- to 55-fold higher risk of 
EAC; however, progression to EAC from BE has been reported in 
a small percentage of patients (0.12% to 0.3% per year).’’-’? 

Similarly, obesity is another strong risk factor for EAC, and 
this risk increases with higher BMI.®-82 The increased risk 
of EAC in obesity has been estimated to be 2- to 5-fold.® In 
addition, abdominal obesity (independent of the BMI) has been 
shown to be associated with an increased risk of EAC.**+;*° A high 
intake of dietary calories and fat, by itself, is also a risk factor 
for EAC.*° Obesity may increase the risk of hiatal hernia and 
GERD via increased intra-abdominal pressure.’! However, 
abdominal obesity is associated with BE even after adjusting for 
GERD, and obesity is associated with EAC even in the absence of 
GERD symptoms.® In addition to its mechanical effect, abdomi- 
nal obesity is also associated with alterations in circulating levels 
of peptides that are associated with BE and EAC.!%87 Metabolic 
syndrome has been associated with BE and EAC.**:°? In addition, 
studies have also found associations between insulin-like growth 
factor, leptin, and adiponectin with progression of BE to EAC.'° 

The striking male predominance in esophageal cancer has 
raised the question as to whether sex hormones might play a 
role. When male-to-female ratios of EAC and ESCC, diagnosed 
between 1992 and 2006, were calculated, the highest male-to- 
female rate ratio was seen among Hispanics (20.5), followed by 
Caucasians (10.8) and African Americans (7.0). In contrast, the 
male-to-female incidence rate ratios in ESCC were much lower. 
These findings supported the hypothesis that female sex hor- 
mone exposure might play a protective role in the development 
of EAC.” The differences in the risk of EAC among men may 
also be related to differences in use of tobacco or types of obesity. 

Several factors have been reported to have a protective role 
against developing EAC. The prevalence of Helicobacter pylori 
infection (a known risk factor for gastric cancer) has been reported 
to be inversely associated with EAC.?!-°’ This risk reduction has 
been estimated at 50%. The infection appears to decrease EAC 
risk by reducing gastric acidity. Also, as with ESCC, aspirin and 
NSAIDs use appears to be protective in EAC.?*”° Observational 
studies have also shown that the use of PPIs reduces the risk of 
neoplastic progression among BE patients by 71% as shown in 
a systematic review and meta-analysis.” Similarly, statins have 
been shown to reduce the risk of EAC, especially in BE patients.”® 
Finally, an inverse association between fruit and vegetable con- 
sumption and EAC has been shown.’! 
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Pathogenesis 


Human cancers occur in a multistep manner as a result of an 
accumulation of epigenetic changes and genetic alterations (see 
Chapter 1).?”!°° A combination of environmental factors, heredi- 
tary factors, and acquired genetic alterations are likely to be 
important risk factors in the development of esophageal cancer. 
In EAC, there is a gradual accumulation of somatic-cell genetic 
abnormalities that occur during the metaplasia-dysplasia-carci- 
noma sequence in the esophageal epithelium (see Chapters 1 and 
47). The inflammatory microenvironment and somatic genomic 
alterations in stem cell populations are believed to mediate pro- 
gression from BE to EAC.!°! An understanding of the sequence 
of these abnormalities may lead to a more accurate stratification of 
patients according to their individual cancer risk.!°* Because there 
is some evidence to suggest that only patients with a complete 
pathologic response to neoadjuvant therapy have a survival benefit 
(discussed later), a search is underway for prognostic and predictive 
genetic markers that would tailor a more efficacious multimodal 
therapy.!°>-!° ESCC, on the other hand, is thought to arise from 
hyperproliferative epithelium that progresses to low-, intermedi- 
ate-, and high-grade dysplasia (HGD) leading, ultimately, to inva- 
sive cancer.!°°!°” Both concurrent genetic changes and epigenetic 
modifications, in the form of hypermethylation of tumor suppres- 
sor genes, occur frequently in both EAC and ESSC.!0°-1!° 

Although most cases of BE and EAC are sporadic without a 
definite family history, there are several findings that suggest a 
genetic component. These findings include familial clustering, 
the fact that only a subset of patients with GERD develop BE, 
and that the amount of reflux is not an accurate predictor of BE 
development.!!'!!3 In these cases, the risk of developing BE is 
strongly influenced by gene-gene and gene-environment interac- 
tions (see Chapter 47). 

Based on the description of the 6 essential components in 
human carcinogenesis,'!* molecular factors have been described 
for each of these 6 steps in esophageal cancer, as summarized 
below.!!> 


1. Self-sufficiency in growth signals. Cancer cells can either 
make their own growth factors (autocrine effect; see Chapter 4) 
or alter their growth factor receptors and signaling pathways to 
free themselves from exogenous growth-limiting signals. For 
example, expression of the gene for EGF receptor 2 (HER2/ 
neu) is a prognostic factor in esophageal cancer.!!°!!8 HER2/ 
neu gene amplification correlates with shortened patient sur- 
vival and independently predicts poor outcomes in patients 
with EAC.!!? Conversely, low expression of HER2/neu is asso- 
ciated with an improved response to neoadjuvant chemoradio- 
therapy than tumors with high HER2/neu expression.!*° Simi- 
lar effects have been shown for ESCC.!!:!22 Furthermore, in 
ESCC, expression of cyclin D1, a key cell cycle regulator (see 
Chapter 1), has been associated with shorter patient survival 
compared to cyclin D1-negative patients. !?> 

2. Insensitivity to antigrowth signals. Inactivation of tumor 
suppressor genes is an important mechanism by which tumor 
cells become desensitized to antigrowth signals. This may 
happen by mutation, loss of heterozygosity, or promoter hy- 
permethylation.'!> Expression of the tumor-suppressor gene 
TP53 in ESCC is an independent prognostic factor. Tumors 
with low p53 staining are associated with significantly longer 
survival than tumors with high p53 protein expression.!**:!?5 
Also, p21 staining in ESCC has been associated with an im- 
proved survival,!*°!’7 and ESCC patients whose tumors had 
high levels of p16 had longer survival.!?* 

3. Avoidance of apoptosis. Apoptosis (programmed cell death) 
puts a brake on expansion of the cell pool. A tumor’s capability 
to expand is determined not only by its rate of cell prolifera- 
tion but its avoidance of apoptosis. Some important regulators 
of apoptosis include Bax, Bcl-2, and Bcl-X. Expression of these 
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proteins, alone or in combination, correlates with prognosis 
and response to neoadjuvant chemoradiation. !?®!30 Survivin, 
another member of the inhibitor of apoptosis gene family, 
has been found to be a useful predictive factor in neoadjuvant 
therapy for esophageal cancer. Specifically, partial responders 
to neoadjuvant chemotherapy have lower survivin expression 
than nonresponders.!*! Thus, future therapeutic strategies to 
reduce survivin expression or block survivin signaling path- 
ways may increase histopathologic response rates and progno- 
sis. 12? 

4. Uncontrolled replicative potential. Malignant cells, by an 
overexpression of telomerase, destabilize mechanisms that 
limit their proliferative capacity and they thus become resis- 
tant to cellular aging and death. Although there seems to be 
an increase in the expression of the human telomerase reverse 
transcriptase catalytic subunit in the pathogenesis of EAC, 
there are no studies showing any prognostic significance of the 
finding.!33-135 

5. Sustained angiogenesis. Sustained angiogenesis is crucial for 
the development, progression, and eventual metastasis of can- 
cer. Angiogenesis factors such as vascular endothelial growth 
factor (VEGF), COX-2, and fibroblast growth factor receptor 
1 have been suggested as potential prognostic factors in esoph- 
ageal cancer. Of these, VEGF seems to be the most impor- 
tant.!?? High expression of VEGF is an independent, negative 
prognostic factor in ESCC, although a correlation in EAC has 
not been demonstrated.!*° COX-2 is known to increase pro- 
gressively as the tissue progresses through Barrett metaplasia, 
to dysplasia, and to frank EAC.!"? In ESCC, COX-2 overex- 
pression correlates with depth of tumor invasion, tumor stage, 
and reduced survival.” Amplification of fibroblast growth 
factor receptor 1 was shown to be an independent adverse 
prognostic factor in ESCC.!3° Expression of thymidine phos- 
phorylase, another angiogenic factor, predicts an only partial 
response to chemoradiation in patients with ESCC.!*” 

6. Invasion and metastasis. Abnormalities in cell-to-cell adhe- 
sion molecules (i.e., E-cadherin glycoproteins, catenins, and 
matrix metalloproteins) and their inhibitors are associated 
with poor histologic differentiation and greater tumor inva- 
sion and nodal metastasis. 140-142 


Clinical Features 


Patients with EAC and ESCC have a similar clinical presenta- 
tion despite the differences in demographics and risk factors. In 
the early stages, most patients are asymptomatic. However, as the 
disease progresses, progressive dysphagia and weight loss are the 
most common symptoms. The diagnosis is often delayed because 
patients experiencing dysphagia tend to avoid the foods causing 
the symptom and adjust their dietary intake. Dysphagia is initially 
with solids but progresses to liquids in the later stages of the dis- 
ease. Solid food dysphagia typically occurs with an esophageal 
luminal diameter of 13 mm or less. The severity of dysphagia 
and concomitant weight loss from decreased oral intake is pro- 
portional to the degree of luminal obstruction. The point of 
difficulty with swallowing as localized by the patient is a poor 
predictor of the actual location of the mass. Odynophagia is a 
less common symptom and usually indicates the presence of an 
ulcerated lesion. 

Other less common clinical presentations include iron defi- 
ciency anemia, palpable cervical lymphadenopathy, and/or chest 
pain. Chest pain, often radiating to the back, suggests the possi- 
bility of invasion into peri-esophageal structures. ‘Tumor erosion 
can lead to an esophageal-respiratory fistula, which can present 
as refractory cough, recurrent pneumonia, or pleural effusions. 
A rare complication is esophageal-aortic fistula, which can cause 
massive upper GI hemorrhage and exsanguination. Hoarseness is 
another rare presentation due to recurrent laryngeal nerve injury 


Fig. 48.2 Endoscopic image of a mass in the distal esophagus in the 
setting of Barrett esophagus, consistent with adenocarcinoma. 


from the tumor per se or associated lymphadenopathy. Metastatic 
lesions can be found not only in lymph nodes, but also in lungs, 
liver, brain, and bone. 


Diagnosis 


Laboratory tests are nonspecific and can reveal an anemia (iron 
deficiency or chronic disease type), hypoalbuminemia, and/or 
hypercalcemia (usually associated with osteolytic metastasis). 
Although paraneoplastic syndromes are rare with esophageal can- 
cer, ESCC rarely can cause hypercalcemia due to tumoral pro- 
duction of a circulating parathyroid hormone-related protein.!* 
There are no specific serologic markers for esophageal cancer. 

The diagnosis of esophageal cancer is primarily made by 
endoscopic biopsies in a patient presenting with progressive 
dysphagia to solids (Fig. 48.2). The endoscopic appearance is 
similar between advanced ESCC and EAC; however, approxi- 
mately three quarters of all EAC lesions are found in the distal 
esophagus whereas ESCC is more frequent in the proximal to 
middle esophagus. Esophageal cancer can appear as a mass, raised 
nodule, ulceration, depression, stricture, or subtle irregularity 
in the mucosa. It is critical for endoscopists to spend adequate 
time inspecting the esophagus and document landmarks such as 
the gastroesophageal junction, extent of BE using the Prague C 
(circumferential) and M (maximal extent) criteria, the presence 
or absence of extension into the stomach, and the exact location 
of the tumor.'** These data points determine the surgical tech- 
nique used in the management of patients with esophageal can- 
cer. Clear description of morphologic features of tumors may also 
help in determining candidacy for endoscopic eradication thera- 
pies, therapies that have become standard of care in the manage- 
ment of early esophageal cancer (ESCC and EAC). 

Various other imaging modalities can aid in diagnosis. Rou- 
tine chest radiography can reveal nonspecific findings such as 
aspiration pneumonia, a dilated esophagus with an air-fluid level 
(pseudo-achalasia), metastatic lesions in the lung parenchyma, 
pleural effusions, or signs of fistulas. Barium esophagogram can 
be helpful in diagnosis of esophageal cancer. A sign of early can- 
cer with this modality is an abnormal esophageal mucosal lining, 
which can represent a plaque, polypoid lesion, ulceration, or non- 
specific focal irregularity. Advanced tumors may be seen as overt 
masses, strictures with distinct shoulders, or luminal narrowing. 
Although it generally has fallen out of favor owing to widespread 
availability of endoscopy, barium esophagogram can be very 
useful prior to endoscopy in suspected esophageal-respiratory 


Fig. 48.3 Histopathology of esophageal adenocarcinoma specimen 
showing irregular, malignant glands with luminal mucin production 
involving esophageal mucosa, with inflammatory stromal response. A 
component of “signet ring” cells with large cytoplasmic vacuoles and 
eccentric nuclei is seen at the left-center of the image. 200x. (Courtesy 
Dr. Michael Argyres, Denver, Colo.) 
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Fig. 48.4 Histopathology of esophageal squamous cell carcinoma 
showing nests of malignant keratinocytes with glassy cytoplasm, 
nucleoli, and keratin involving esophageal mucosa, with an inflamma- 
tory stromal response. A keratin “pearl” is seen at center of the image. 
100x. (Courtesy Dr. Michael Argyres, Denver, Colo.) 


fistulas. When used for this concern, the endoscopist can have a 
“roadmap” of the anatomy prior to endoscopic stenting. Specific 
care should be taken to use barium as a contrast agent as opposed 
to hyperosmolar agents (diatrizoate meglumine and diatrizoate 
sodium), which carry a risk of severe pulmonary edema and pneu- 
monitis with aspiration. 

CT may demonstrate esophageal wall thickening/irregularity, 
focal esophageal stricture with proximal dilation, or an intralumi- 
nal mass may be seen. Signs of aspiration pneumonia, metastatic 
lesions, lymphadenopathy, and esophageal-respiratory fistula 
may be seen. 

As stated, endoscopy with biopsy has the highest yield for 
diagnosis of esophageal cancer and is the standard for diagno- 
sis (Figs. 48.3 and 48.4). Several imaging modalities have been 
used in the context of 3 major clinical applications: (a) improved 
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detection and identification of patients with early cancer during 
screening and surveillance endoscopy; (b) prediction of histol- 
ogy and real-time diagnosis during endoscopy; and (c) guiding 
endoscopic eradication therapies. Technologic advancements 
have allowed the creation of smaller charge-couple device chips 
that are capable of producing images with high resolution (over 
850,000 to 2.1 million pixels) displayed on monitors with a 16:9 
aspect ratio resulting in superior imaging quality compared to 
standard definition white light endoscopy (WLE). High-resolu- 
tion magnification endoscopes can optically magnify images up 
to 150 times (although not routinely available in the USA). High- 
resolution endoscopy, with or without magnification endoscopes, 
has been shown in several studies to increase the yield for detec- 
tion of dysplasia and early cancer.!*5-14 White-light endoscopy 
overall has a low sensitivity rate of 55% to 63% in the detec- 
tion of early ESCC.!°° The use of high-resolution WLE, where 
available, should be the minimum standard for evaluation of BE 
patients undergoing surveillance or being considered for endo- 
scopic eradication therapy (EET) and for other subtle lesions in 
the esophagus (esophageal squamous dysplasia and early ESCC), 
a practice endorsed by GI society guidelines.!°!:!°? Endoscopic 
findings can vary from relatively normal-appearing mucosa (sub- 
mucosal infiltrative pattern), to ulcers, nodules, and overt masses. 
Several other endoscopic techniques can also help identify areas 
of dysplasia and malignancy, including narrow band imaging, 
chromoendoscopy (conventional or electronic), autofluorescence 
imaging (AFI), and confocal laser endomicroscopy (CLE). The 
chapter on Barrett esophagus discusses these imaging modalities 
in further detail (see Chapter 47). 

Conventional chromoendoscopy involves the use of special stains 
to highlight subtle architectural changes to help direct biopsies 
and predict histology. Lugol’s iodine, methylene blue, acetic acid, 
crystal violet, and indigo carmine are the most commonly used 
stains.!°>-!5+ Lugol’s iodine solution consists of a 0.5% to 3.0% 
aqueous solution of potassium iodide. Iodine stains glycogen- 
containing cells of the normal esophageal epithelium and is not 
taken up by dysplastic or malignant cells that are glycogen depleted 
(“pink color sign”). Chromoendoscopy with Lugol’s iodine stain- 
ing has become the standard of care for screening of ESCC in 
high-risk populations and has been shown to have a high sensitiv- 
ity rate of 89% to 100% with highly variable specificity rates due to 
false positive lesions.!°°:!>> In contrast, methylene blue, acetic acid, 
and indigo carmine staining are more useful in the detection of 
glandular abnormalities, as seen in EAC. These stains are sprayed 
in the esophagus with the intent of improving characterization of 
the mucosa resulting in selective uptake (vital staining—methylene 
blue) or enhancement of mucosal surface pattern (contrast stain- 
ing—indigo carmine, acetic acid). Of importance, there are many 
limitations of conventional chromoendoscopy including: (a) dys- 
plasia and inflammation (esophagitis) are not distinguishable from 
each other; (b) these techniques are generally cumbersome, time- 
consuming, and require dye spraying equipment, (c) difficulty in 
achieving complete and uniform coating of the mucosal surface 
with the dye; (d) inability to detect vascular patterns; (e) conflict- 
ing published data; (f) the need for magnification endoscopy; and 
(g) lack of standardized classification. Conventional chromoendos- 
copy has largely been replaced by optical chromoendoscopy (see 
below) while evaluating patients with Barrett esophagus and EAC. 

Optical chromoendoscopy is another modality to detect signs of 
dysplasia and cancer by using selective light filters to highlight 
subtle architectural and vascular changes in the mucosa. This 
method avoids some of the concerns associated with conven- 
tional chromoendoscopy highlighted above. Several variations 
of electronic chromoendoscopy are available by different manu- 
facturers, but most of the published studies have described the 
use of narrow band imaging (NBI; Olympus, Tokyo, Japan) in 
the setting of BE. NBI is an imaging technique that is based on 
the optical phenomenon that the depth of light penetration into 
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Fig. 48.5 A, High-definition white light endoscopic image of esophageal squamous cell carcinoma showing 
subtle irregularities in the esophagus. B, Narrow band imaging of the same area showing well demarcated 
dark brown area. C, Magnification NBI image showing abnormal intraepithelial papillary capillary loops pattern. 
D, Lugol’s chromoendoscopy with circumferential unstained lesion. 


tissue depends on the wavelength; the shorter the wavelength, the 
more superficial the penetration. Use of blue light with narrow 
band filters enables detailed imaging of the mucosal and vascu- 
lar surface patterns with a high level of resolution and contrast 
without the need for dye chromoendoscopy.!*° NBI is the most 
widely studied electronic chromoendoscopy technique to predict 
histology during surveillance, improve detection of dysplasia, and 
guide endoscopic eradication therapies. An international working 
group of experts recently established a classification system for 
BE using NBI.!*’ A systematic review and meta-analysis showed 
that advanced imaging techniques (conventional and optical 
chromoendoscopy) increased dysplasia or cancer detection by 
34% (95% CI 20% to 56%).!58 

NBI without magnification has been evaluated in the detec- 
tion of ESCC and squamous dysplasia. Endoscopically suspicious 
lesions for early ESCC appear as well-demarcated brown areas 
at NBI without magnification (Fig. 48.5). A prospective com- 
parative study showed that NBI examination was reliable for the 
detection of early ESCC with sensitivity of 88% and specificity 
of 75% 150,159 

AFI involves a technique that uses short-wavelength blue or 
ultraviolet light to stimulate biological fluorophores (e.g., colla- 
gen, porphyrins, flavins, aromatic amino acids) in the esophagus. 


This technology has been mostly used in clinical trials for detect- 
ing BE-associated neoplasia. Pooled analysis from 5 prospective 
trials showed that AFI had little effect on the diagnosis of neo- 
plasia with additional diagnostic value of 2% compared to WLE 
and with a high false positive rate (78%).!°° Given this limited 
additional diagnostic and therapeutic value, AFI is not widely 
used clinically. 

CLE allows real-time, in vivo microscopic imaging of the 
esophageal mucosa. It involves IV administration of a fluorescent 
dye (most commonly fluorescein sodium) that is taken up by nor- 
mal mucosal cells. Fluorescent dye uptake is not seen in dysplastic 
cells, and thus they appear dark. This method creates magnifica- 
tion up to 1000 times. The only commercially available method 
currently for CLE is a probe-based instrument that can be passed 
through an accessory channel on the standard upper endoscope. 
Several prospective randomized controlled studies have reported 
that adding CLE to high-definition WLE significantly improves 
the diagnostic yield for BE-associated neoplasia. !°!:! 

Optical coherence tomography emits near-infrared light to pro- 
vide cross-sectional images of tissue, which also has the potential 
advantage of identifying submucosal lesions. Initial studies showed 
encouraging results for detecting dysplasia, but limitation for its 
use included small field of view and slow imaging processing.!© 


CHAPTER 48 Esophageal Tumors 707 


Fig. 48.6 A, Subtle, well-demarcated nodularity in the upper esophagus at the 6 o’clock position concern- 
ing for early neoplasia. B, Biopsies confirmed squamous high-grade dysplasia. (Courtesy Dr. Jeffrey Kaplan, 
Denver, Colo.) 


Volumetric laser endomicroscopy (VLE) is a second-generation 
optical coherence tomography technique that produces real-time 
cross sectional images of large areas in the esophagus. Nvision- 
VLE (nVLE; NinePoint Medical Inc., Bedford, MA, USA) is 
approved by the Food and Drug Administration and is currently 
commercially available. This device has the ability of laser mark- 
ing of suspicious areas for subsequent treatment. Using a diag- 
nostic algorithm in a prospective cohort, VLE was shown to have 
a sensitivity of 86% (95% CI 69 to 96), specificity of 88% (95% 
CI 60 to 99), and diagnostic accuracy of 87% (95% CI 86 to 88) 
to detect BE-associated dysplasia.!°* This new technology is still 
not widely available. 


Screening and Surveillance 


EAC screening and surveillance are covered under Barrett 
esophagus (see Chapter 47). The histologic precursors of ESCC 
include dysplasia and carcinoma in situ (Fig. 48.6).!°> Given the 
time needed for dysplasia to develop into malignancy, screening 
and surveillance programs are designed to detect these early his- 
tologic precursors in an effort to improve survival. Early-stage 
carcinoma is associated with a substantially improved survival (up 
to 86% at 5 years) when treated surgically.!°° 

The primary screening strategy in areas of high ESCC inci- 
dence involve Lugol’s chromoendoscopy, with endoscopic 
biopsies obtained from the unstained areas. Vital staining with 
Lugol’s is based on the reversible chemical reaction between the 
iodine and glycogen present in normal epithelial cells. Dysplas- 
tic, cancerous, and inflammatory cells are usually devoid of stain 
(because of less abundant glycogen) and targeted biopsies can 
be obtained to confirm dysplasia/malignancy.'°’ As mentioned 
above, Lugol’s chromoendoscopy has a sensitivity and specificity 
of >90%.!>> Some studies showed low specificity of Lugol’s solu- 
tion to detect early ESCC that is likely secondary to difficulty 
differentiating between dysplasia/neoplasia and inflammation, 
but targeted biopsies should be helpful in this situ ation. Vital 
staining with Lugol’s solution, although simple and inexpensive, 
is associated with some limitations, including possible iodine 
allergy, risk of aspiration, or chest pain due to esophageal spasm. 

NBI allows for clearer depiction of capillary networks and 
superficial mucosal patterns. Detailed classifications of these 
abnormalities have been proposed and validated in the identi- 
fication and staging of squamous dysplasia and early ESCC (see 
Fig. 48.5).!© A recent meta-analysis of 18 studies that included 


>1900 patients showed that NBI had a significantly improved 
specificity compared with chromoendoscopy with no difference 
in sensitivity.!° 

Cost-benefit studies have been carried out to assess esopha- 
geal cancer screening strategies.'’” One study found that a strat- 
egy of 1-time screening at age 50 would be the best approach 
in underdeveloped high-risk areas, whereas a 3-time screening 
strategy starting at age 40 (10-year intervals) would be preferable 
in areas with better health care resources.!7! 

A community assignment study in China with 10 years of fol- 
low-up showed a one third reduction in the cumulative ESCC- 
related mortality in communities where 40- to 69-year-old adults 
were screened once by Lugol’s chromoendoscopy compared with 
communities without screening. !7? 

Routine screening for ESCC is also recommended in patients 
with head and neck cancer. A retrospective study from Taiwan 
found a higher prevalence of secondary ESCC in head-and-neck 
cancer patients receiving routine endoscopies compared with the 
non-screening group (4.5% vs. 3%, P = 0.04), with earlier stage 
at diagnosis (P = 0.03).!73 

The current screening guidelines include’: 


1. One-time Lugol’s chromoendoscopy for high-risk Asian and 
African populations beginning at the age of 40. 

2. Endoscopy with Lugol’s or NBI every 6 months to 1 year after 
completion of therapy for head and neck squamous cell cancer, 
for 10 years. 

3. Screening could also be considered for patients at high risk 
(tylosis, achalasia, and caustic injury). 


Other endoscopic techniques covered earlier, such as NBI and 
AFI, have also been evaluated as screening tools. NBI has been 
shown in multiple studies to detect early esophageal lesions based 
on superficial vasculature and surface pattern with excellent sen- 
sitivity and specificity but is still used in conjunction with Lugol’s 
chromoendoscopy.!°* AFI is not sufficiently sensitive for lesions 
smaller than 10 mm, rendering it a less useful test for screening. 174 

Unsedated transnasal endoscopy (TNE) using an ultrathin 
endoscope has been shown to be safe and well tolerated.!”° A 
study of high-risk patients showed that TNE (with or without 
optical chromoendoscopy) has excellent specificity and sensitivity 
for early ESCC.!’° TNE is still not widely available but could be 
an important tool for ESCC screening. 

Additional endoscopic techniques include endocytoscopy 
and high-resolution microendoscopy which allow for real-time 
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Fig. 48.7 American Joint Committee on Cancer (AJCC) TNM staging classification for carcinoma of the esopha- 
gus and esophagogastric junction. T is categorized as either Tis (high-grade dysplasia); T1cancer that invades 
the lamina propria, muscularis mucosae, or submucosa and is subcategorized into T1a (cancer that invades the 
lamina propria or muscularis mucosae) and T1b (cancer that invades the submucosa); T2 cancer that invades 
the muscularis propria; T3 cancer that invades the adventitia; T4 cancer that invades the local structures, and 

is subcategorized as T4a (cancer that invades adjacent structures such as the pleura, pericardium, azygos 

vein, diaphragm, or peritoneum) and T4b (cancer that invades the major adjacent structures, such as the aorta, 
vertebral body, or trachea). N is categorized as NO (no regional lymph node metastasis), N1 (regional lymph 
node metastases involving 1 or 2 nodes), N2 (regional lymph node metastases involving 3 to 6 nodes), and N3 
(regional lymph node metastases involving 7 or more nodes). M is categorized as MO (no distant metastasis) and 
M1 (distant metastasis). (From Rice TW, Ishwaran H, Ferguson MK, Blackstone EH, Goldstraw P. Cancer of the 


esophagus and esophagogastric junction: an eighth edition staging primer. J Thorac Oncol 2017; 12:36-42.) 


pathological examination of the tissue. Limited initial data are 
promising, but these techniques are not widely available.!77178 

Non-endoscopic methods for screening such as the use of 
per-oral balloons and sponges have the advantage of being low 
cost and less invasive compared to endoscopy. However, these 
techniques have been shown to be inadequate owing to the poor 
sensitivities for dysplasia and even invasive carcinoma.!’? Com- 
bining non-endoscopic cytologic samples with biomarker (such 
as P53) may improve the sensitivity of the test.!°° Other non- 
invasive screening methods under investigation include breath 
markers (volatile organic compounds), antibodies to tumor- 
associated antigens, circulating microRNAs, and methylated 
DNA markers. 


Staging 


Staging of esophageal cancer is carried out using the American 
Joint Committee on Cancer staging system (Fig. 48.7), which 
was last updated in 2017 (8th edition).'*! This system not only 
separates staging for EAC and ESSC but also presents 3 classi- 
fications systems separately for EAC and ESCC: the classic ref- 
erence pathologic (pTNM) stage groups (Fig. 48.8), the newly 
introduced post-neoadjuvant pathologic (yp TNM) stage groups 
(Fig. 48.9), and clinical (C TNM) stage groups (Fig. 48.10). This 
staging system recently revised the definition of the esophago- 
gastric junction such that cancers involving it with epicenters no 
more than 2 cm into the gastric cardia are staged as EAC and 


those with >2 cm involvement of the gastric cardia are staged as 
gastric cancers. 

The depth of tumor invasion (T stage) is an important factor 
because the rich lymphatic supply of the esophagus can provide a 
route of metastasis. Superficial cancers are defined as either carci- 
noma in situ (Tis) or T1 tumors. T1 is divided into Tla and T1b 
depending on whether the submucosa is spared or involved, respec- 
tively. Further classification for Tla includes M1 (intraepithelial 
cancer), M2 (invasion into the lamina propria), and M3 (invasion 
to the muscularis mucosa). T1b lesions also can be subdivided 
into SM1 (invasion into the upper third of the submucosa), SM2 
(invasion into the middle third), and SM3 (invasion into the lower 
third). Tis and Tla lesions have a predicted lymph node metastasis 
rate up to 8% compared to T1b lesions, which have up to a 56% 
lymph node metastasis rate.!*?-!8* In addition to the mediastinal 
nodes, lymph node metastases can occur in the neck and upper 
abdomen.!** The risk of lymph node involvement is related to sev- 
eral factors (in decreasing order of frequency): grade II histology, 
SM3 invasion, lymphatic invasion, vascular invasion, SM2 inva- 
sion, and SM1 invasion. In ESCC, the best predictors of lymph 
node invasion are SM3 invasion and vascular invasion, whereas in 
EAC, the most important predictor is lymphatic invasion.!*° Fig- 
ure 48.11 shows correlation of survival and the T stage. 

Staging can be performed by several methods: endoscopy 
with mucosal biopsies, endoscopic resection, multidetector CT 
(MDCT) with 18F-fluoro-2-deoxy-D-glucose PET (18F-FDG- 
PET), and EUS with FNA for cytology. 187188 
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Fig. 48.8 Pathologic stage groups (pTNM) for esophageal adenocarcinoma (A) and squamous cell carcinoma 
(B). (Redrawn from Rice TW, Ishwaran H, Ferguson MK, Blackstone EH, Goldstraw P. Cancer of the esopha- 
gus and esophagogastric junction: an eighth edition staging primer. J Thorac Oncol 2017; 12[1]:36-42.) 


No N1 N2 å N3 M1 
Tis 
G1 
Tia| G2 IVA 
G3 aed | 
G1 | 
Tib| G2 mA | IVA 
G3 IC = | 
T2 | GI IIIA IVA 
G3 
T3 IIIB IVA 
T4a IB MIB 
T4b 
A 
ypTNM 
No N1 N2 N3 M1 


TO 


Tis 


T1 


T2 


T3 


T4a 


T4b 


Fig. 48.9 Postneoadjuvant pathologic stage groups (ypTNM) for 
esophageal adenocarcinoma and squamous cell carcinoma. (Redrawn 
from Rice TW, Ishwaran H, Ferguson MK, Blackstone EH, Goldstraw 
P. Cancer of the esophagus and esophagogastric junction: an eighth 
edition staging primer. J Thorac Oncol 2017; 12[1]:36-42.) 


Endoscopy with Mucosal Biopsies 


The role of endoscopy with mucosal biopsies in staging is to char- 
acterize the intraluminal mucosal extent of the tumor (location) 
and to determine the histologic type (ESCC or EAC) and the 
histologic grade (degree of differentiation).'*? The sensitivity for 
mucosal biopsies reaches 96% when multiple biopsies are taken 
(typically 6 to 8).!°° As discussed earlier, NBI and other advanced 
imaging techniques can be used to obtain a more accurate assess- 
ment of tumor extent. 


Multidetector CT and 18F-FDG-PET 


MDCT and 18F-FDG-PET scans are commonly used in the 
staging of esophageal cancer (Fig. 48.12). Both ESCC and EAC 
have high affinity for 18F-FDG which makes PET scan very help- 
ful in esophageal cancer evaluation. The sensitivity and specificity 
for 18F-FDG-PET in detecting distant metastases in esophageal 
cancer are 71% (95% CI 62 to 79) and 93% (95% CI 89 to 97), 


respectively, whereas for CT they are 52% (95% CI 33 to 72) and 
91% (95% CI 86 to 96), respectively.!?!:!°* Studies have shown 
that CT-PET can identify 5% to 28% with metastatic disease 
especially at sites not detected on CT alone. In addition, restag- 
ing after neoadjuvant therapy seems to be better accomplished 
with FDG-PET/CT than EUS-FNA or MDCT alone.!” 


EUS 


EUS is increasingly used to assess the depth of tumor invasion and 
to distinguish T1 lesions from deeper infiltration. This distinction 
helps to choose candidates for stage-appropriate therapies. EUS 
is the only imaging modality that can clearly delineate the dif- 
ferent esophageal wall layers. It is considered by most experts to 
be the best staging modality for T stage and locoregional lymph 
node (N) staging (Video 48.1). In a meta-analysis, the pooled sen- 
sitivity of EUS for T stages was 80% to 90% with more than 90% 
specificity. The accuracy was higher for more advanced T stages. 
The pooled sensitivity of EUS for N stage was 85% (95% CI, 
82% to 86%). The addition of fine needle aspiration (FNA) of 
equivocal lymph nodes increased the sensitivity of nodal staging 
to 97% (95% CI, 92% to 99%).!°* Endosonographic features of 
malignant lymph nodes include lesions that are hypoechoic with a 
rounded and smooth surface, lesions >10 mm, and lesions located 
in close proximity to the tumor.!”° 


The role of EUS in the initial staging of esophageal cancer 
has been questioned, particularly in superficial tumors.!9°:!97 A 
recent review and meta-analysis found that EUS has good accu- 
racy in staging superficial esophageal cancers overall.!’* Factors 
such as location, histologic type of lesion, EUS method used, and 
the experience of the endosonographer may affect the diagnostic 
accuracy. Recent data from a systematic review and meta-analysis 
that assessed the false positive rate of advanced disease on EUS 
exam at the tumor level (differentiating between Tla and T1b 
disease) showed that the use of EUS in patients with BE with dys- 
plasia and early cancer resulted in a high proportion of patients 
being falsely over-staged and under-staged.!”? Hence, advanced 
techniques such as endoscopic mucosal resection (EMR) and 
endoscopic submucosal dissection (ESD) play a pivotal role in 
determining the true extent of invasion. 

When compared to CT, EUS has better sensitivity and 
specificity for locoregional metastasis.!9°7°° A meta-analysis 
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Fig. 48.10 Clinical stage groups (c TNM) for esophageal adenocarcinoma (A) and squamous cell carcinoma 
(B). (Redrawn from Rice TW, Ishwaran H, Ferguson MK, Blackstone EH, Goldstraw P. Cancer of the esopha- 
gus and esophagogastric junction: an eighth edition staging primer. J Thorac Oncol. 2017; 12(1):36-42.) 
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Fig. 48.12 A, CT scan with distal esophageal thickening (arrow) at site 
of an esophageal cancer. B and C, FDG-PET images showing cor- 
responding intense hypermetabolism in the distal esophagus (B) and in 
a left paraesophageal lymph node (C, arrow). 
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comparing EUS, CT, and FDG-PET showed pooled sensitivi- 
ties for detecting regional lymph node metastasis of 80%, 50%, 
and 57% for the 3 modalities, respectively.!°! A recent case-only 
study of esophageal cancer using the SEER-Medicare linked 
database also showed an improved survival in a cohort of esopha- 
geal cancer patients undergoing EUS staging compared to the no 
EUS or CT-PET group, with the exception of stage 0 disease. 
Receipt of EUS increased the likelihood of receiving endoscopic 
therapies, esophagectomy, and chemoradiation. Multivariable 
Cox proportional hazards models showed that a receipt of EUS 
was a significant predictor for improved survival at 1 year [hazard 
ratio (HR) 0.49, 95% CI 0.39 to 0.59)], 3 years (HR 0.57, 95% CI 
0.48 to 0.66), and 5 years (HR 0.59, 95% CI 0.5 to 0.68) survival. 
This improvement in survival is most likely related to accurate 
staging of patients with esophageal cancer, resulting in appropri- 
ate stage-specific therapies.*"! 


Advanced Techniques 


Other staging modalities that are performed in selected centers 
are EMR, ESD, and minimally invasive staging using laparos- 
copy.” The choice and sequence are dependent on the insti- 
tutional expertise and preference. Conflicting reports on the 
accuracy of EUS in superficial tumors have led some to believe 
that EMR and ESD may be more accurate methods for diagnosis 
and staging.!°°!973 Both methods not only provide tissue for 
assessing the tumor’s depth of invasion (T stage), and possibly 
tumor-free margins, but also provide information on grade of 
differentiation and lymphovascular invasion. EMR and ESD are 
discussed in more detail later. Staging laparoscopy is considered 
optional for tumors in the distal esophagus and at the esophago- 
gastric junction, as it may detect otherwise radiologically occult 
metastasis.?04203 


Treatment 


A multidisciplinary approach to the treatment of esophageal can- 
cer is essential and requires input from experts in surgical oncol- 
ogy, radiation oncology, medical oncology, gastroenterology, 
radiology, pathology, and often palliative care.*°° Tumor loca- 
tion, staging, histologic type, medical comorbidities, and patient 
preference are factors that must be considered for selecting the 
proper treatment. Some general principles can be summarized 
as follows”””: 


e Surgery is the standard treatment for a medically optimized 
surgical candidate with a localized, non-superficial tumor. 

e Fora patient with a localized tumor who is not a surgical can- 
didate, definitive chemoradiation with curative intent may be 
considered. 

e For all others (metastatic disease), palliation is recommended. 


With a wide spectrum of treatment options for esophageal 
cancer, accurate staging is essential to selecting the appropriate 
treatment modality.°* The primary objective is to identify those 
patients who may benefit from neoadjuvant therapy and those with 
widespread metastatic disease who are better candidates for pallia- 
tion. Patient selection is another very important component of the 
management of esophageal cancer. The evaluation should include 
medical comorbidities and the patient’s current performance sta- 
tus, nutrition, and cardiopulmonary function. Pulmonary com- 
plications, pneumonia in particular, are important determinants 
of early postoperative outcome and are associated with more than 
4-fold increase in mortality.7°*!! Interestingly, preoperative 
chemoradiation has been found to be a risk factor for postoperative 
pneumonia.”!! A scoring system involving spirometry results, age, 
and performance status is available to predict cardiopulmonary 
complications.”!° Selection based on mathematical scores may not 
be superior to a physician’s clinical assessment; the 2 methods are 
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complementary.’!? Importantly, the scores obtained may not be 


applicable to all institutions or populations. For example, patients 
with ESCC from Asia have a different risk profile (e.g., pulmonary 
and hepatic comorbidities from smoking and alcohol use) com- 
pared with patients in Western societies with EAC (e.g., cardiac 
risk factors or comorbidities).*!? 

Patients with cervical or cervicothoracic esophageal tumors 
(<5 cm from the cricopharyngeus) are usually poor candidates for 
surgery because of limitations in surgical techniques.*!+ These 
patients are typically treated with definitive chemoradiation, with 
an encouraging response rate in a recent study.?!° 


Surgery 


Resection of the esophagus with en bloc lymphadenectomy is the 
cornerstone of curative therapy for patients with locally advanced 
esophageal cancer.7!° In addition, according to the National 
Comprehensive Cancer Network (NCCN) Guidelines, surgery 
alone is considered the standard of care and treatment of choice 
for T1b and T2 cancers without nodal involvement or distant 
metastasis. Surgery in conjunction with a multimodal approach is 
indicated for T1 to T4a tumors with lymph node metastases.7°* 
The final outcomes for patients undergoing esophagectomy are 
dependent not only on the patient’s stage, comorbidities, and 
performance status, but also on surgical team expertise and center 
volume. Esophagectomy has the potential for high perioperative 
morbidity (40% to 50%) and mortality (3% to 13%).?!7?! One 
recurrent theme in the surgical literature is that center volume 
of esophagectomy is a critical determinant of outcomes.?!6?7.722 
Thirty-day mortality is inversely related to the number of esoph- 
agectomies performed at the center. Treatment in high-volume 
centers with experienced surgeons along with the availability of 
ICU management and early detection of complications play sig- 
nificant roles in differential outcomes. 

The mortality may increase to 20% in low-volume centers 
(<5 esophagectomies per year).’?>-??> The operative mortal- 
ity in high-volume centers (>20 per year) is estimated to be less 
than 2%.’?°?8 In a review of quality of care indicators, patient 
selection and multidisciplinary team management were the most 
important factors influencing outcome in esophageal cancer sur- 


gery.?? 


Techniques 
Several different variations on surgical technique have been 
described for esophagectomy in patients with esophageal cancer. 
The technique used can be influenced by surgical access site (trans- 
thoracic vs. transhiatal), extent of lymphadenopathy, type of anas- 
tomosis desired, type and method of preparation of the esophageal 
conduit, pyloric drainage procedure, and route of reconstruction. 
Most controversies are based on the type of surgical access and 
the extent of lymph node dissection.*° The type of surgical access 
may not only influence the perioperative morbidity and mortality 
but also the ability to perform extensive lymph node dissection.” !4 
Transthoracic approaches include Ivor-Lewis esophagogas- 
trectomy (right thoracotomy and laparotomy), and McKeown 
esophagogastrectomy (thoracotomy, laparotomy, and cervical 
anastomosis). Transhiatal approaches include laparotomy and 
cervical anastomosis.’*!-°>° The reported advantage of the trans- 
thoracic approach is better visualization of the mediastinum, 
which leads to decreased risk of adjacent organ injury, more 
complete cancer resection and lymph node retrieval, and more 
accurate staging.*+ Conversely, those in favor of a transhiatal 
approach note that cure of esophageal cancer is a rare phenom- 
enon achieved in only very early tumors, making esophagec- 
tomy usually a palliative procedure. In this regard, a transhiatal 
approach has a shorter operative time with lower postoperative 
morbidity.’*’ A large population-based study comparing trans- 
thoracic and transhiatal approaches found that the transhiatal 


esophagogastrectomy was associated with lower operative mor- 
tality rate (6.7% vs. 13.1%, P = 0.009), but the long-term survival 
was not different between the 2 approaches.”?! 

Minimally invasive esophagectomy (MIE), which includes 
minimally invasive Ivor-Lewis esophagogastrectomy (laparos- 
copy and limited thoracotomy or thoracoscopy) and minimally 
invasive McKeown esophagogastrectomy (thoracoscopy, lim- 
ited laparotomy or laparoscopy, and cervical incision), has been 
gaining popularity recently.’*’ It is aimed at minimizing surgical 
trauma and perioperative morbidity and mortality. The tech- 
nique requires special training and expertise.?** Minimally inva- 
sive surgery has been shown to have similar oncologic outcomes 
compared to conventional approach.?*’ The advantages of mini- 
mally invasive surgery include less postoperative pain, a decreased 
length of hospital stay, lower need for intraoperative blood 
transfusion, and overall lower cost.?#°?#? A recent prospective 
multicenter trial showed that MIE is safe and feasible with low 
perioperative morbidity and mortality (2.1%).?** Despite encour- 
aging results with MIE, recent population-based studies failed to 
demonstrate superiority of MIE over conventional approach.’*+ 


Lymph Node Dissection 

Lymph node status is an independent predictor of survival in 
esophageal cancer.?* For this reason, aggressive lymphadenec- 
tomy is thought to be essential to reduce locoregional recur- 
rence, improve survival, and obtain a more accurate pathologic 
staging.“*6?47 The number of lymph nodes removed during 
esophagectomy has been shown to be an independent predictor 
of survival.’** In patients undergoing esophagectomy without 
neoadjuvant chemoradiation, the NCCN guidelines recommend 
that 15 or more lymph nodes be removed for adequate staging.*°+ 
However, in patients who undergo neoadjuvant chemoradia- 
tion, the number of lymph nodes does not seem to correlate with 
increased survival.?*” 


Outcomes 

Measurement of short-term clinical outcomes after esophagec- 
tomy for esophageal cancer is difficult to compare among pub- 
lished reports because of the lack of standard methodology and 
other inconsistencies.*>° Moreover, outcomes after esophagec- 
tomy included in the largest thoracic surgical database in the USA 
are far better than the ones reported by other national clinical and 
administrative databases.’>! The most commonly reported com- 
plications are anastomotic leak and postoperative pneumonia. 

A recent updated population-based study on esophageal can- 
cer survival after surgery without neoadjuvant therapy has shown 
that the long-term survival has not improved since 2000. Rather, 
it has remained at 30.5% after 5 years. This survival rate in oper- 
ated patients remained unchanged despite a decrease in the 30-day 
postoperative mortality from nearly 5% to 2%.?°* The improved 
postoperative mortality probably reflects better ICU management 
of complications.’°?7>’ Thus, improvements in surgical techniques 
have not translated into better long-term survival outcomes. 

A substantial fraction of patients with potentially resectable 
tumors have a pathologic complete response after neoadjuvant 
chemoradiation (23% in EAC and 49% in ESCC).?*+ Moreover, 
a recent study that compared surgery to definitive chemoradia- 
tion in patients with resectable ESCC showed that the 5-year 
overall survival was not different for patients with stage I (80% 
vs. 75.8%) and stage II disease (78.2% vs. 74.6%).?>> Another 
study showed similar outcomes between surgery and chemo- 
radiation for stage I disease, but the risk of local recurrence 
(including metachronous lesions) was significantly higher in the 
chemoradiation group. Most recurrences in the chemoradiation 
group were intramucosal carcinoma and were cured after sal- 
vage therapy (mainly endoscopic), as discussed below.**° Studies 
are currently underway to identify patients who can potentially 
avoid surgery. 


Cap EMR 
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Band Ligation EMR 


Fig. 48.13 Techniques for endoscopic mucosal resection. A, Cap-assisted endoscopic mucosal resection 
(EMR). B, Band-ligation EMR. A, adventitia; M, mucosa; MP, muscularis propria; SM, submucosa. 


Endoscopic Treatment 


EET has revolutionized the management of BE-related dyspla- 
sia and early EAC (see Chapter 47) and esophageal squamous 
dysplasia and early ESCC. The role of endoscopic treatment of 
esophageal cancer can be either for curative intent or palliation. 
The former is reserved to mucosal tumors (T 1a) confined to the 
mucosa (M1 or intraepithelial), the lamina propria (M2), or the 
muscularis mucosae (M3). These tumors have an extremely low 
chance of harboring lymph node metastasis. Submucosal tumors 
(T1b) are further classified into SM1 (superficial submucosal 
invasion), SM2 (invasion to center of submucosa), or SM3 (inva- 
sion into the deep submucosa). In contrast to Tla tumors, T1b 
tumors involving the submucosa have a higher risk of lymph node 
metastasis, up to 56% in SM3 tumors.!*3-!84 


Endoscopic Therapy With Curative Intent 

Endoscopic resection techniques and endoscopic ablation therapy 
have been used for treatment of superficial esophageal carcinoma. 
Endoscopic resection has the added advantage of procuring large 
tissue specimens for pathologic diagnosis and accurate cancer stag- 
ing (Fig. 48.13).?°725 Both EMR and ESD allow targeted removal 
of tissue, such as nodular or flat Barrett epithelium with HGD, 
and Tla cancers (Fig. 48.14). The effectiveness and safety of 
EET in eradicating Barrett-related neoplasia, maintaining remis- 
sion, and preventing progression to invasive EAC (primary goal 
of EET) have been demonstrated in multiple studies.?°??°? The 
basic principles of EET with regard to management of Barrett- 
related dysplasia and early EAC are as follows: (a) resection of all 
visible lesions (these are lesions that harbor the highest grade of 
neoplasia); (b) eradication of the remaining BE to reduce the risk 
of metachronous neoplasia; (c) management of immediate adverse 
events such as bleeding, perforation, and long-term adverse events 
such as strictures and recurrence; and (d) enrollment in surveil- 
lance programs after achieving complete eradication.*°! 

EET has now replaced esophagectomy as the standard of 
care for patients with Barrett- related HGD and early (mucosal) 
EAC.” Although there are no randomized controlled trials com- 
paring esophagectomy with EET, results from population-based 
and observational studies have reported comparable outcomes 
(2- and 5-year EAC survival rates) after EET and esophagec- 
tomy, providing confidence in the contemporary management of 
BE-related neoplasia patients with EET. The most recent ASGE 
guideline document on the role of EET recommends against sur- 
gery and favors EET in BE patients with HGD and intramucosal 


cancer.?°? 


The role of EMR as a staging and therapeutic tool in the man- 
agement of BE-related neoplasia is well described. The staging 
superiority of EMR compared with biopsy specimens is related to a 
larger and deeper tissue specimen with limited distortion providing 
the ultimate proof of invasion depth along with improved interob- 
server agreement among pathology using EMR specimens.’**?°? 
A study that followed 1000 patients with Tla esophageal car- 
cinoma for around 5 years showed that EMR was very effective, 
with 94% complete remission rate.*°t A SEER database analysis 
of 1458 patients between 1998 and 2008 with TINO esophageal 
cancer (ESCC and EAC) showed a similar overall survival between 
patients who underwent surgery (64.1%) and patients who under- 
went endoscopic therapy including EMR with or without ablation 
(55.5%).?° High rates of performance of EMR also appears to be a 
significant predictor for a high eradication rates of BE.2°°?°7 

Complications of EMR include bleeding (up to 10%), per- 
foration (<3%), and stricture.2°’?°8 Post-EMR strictures are, for 
the most part, responsive to endoscopic balloon dilation and are 
related to the circumference and length of mucosal resection.?°? 

In light of the encouraging reports with EMR in early esopha- 
geal cancer, patient selection is crucial. Major limiting factors of 
EMR are lymph node involvement, presence of lymphovascular 
invasion, and multifocal disease.?’°’’'Ultimately, the best dis- 
ease-free results with EMR have been reported with non-ulcer- 
ated or nodular mucosal lesions smaller than 20 mm in diameter, 
especially lesions that are well or moderately differentiated, 
intramucosal, and with no lymphovascular invasion.?”?273 

Early enthusiasm for endoscopic treatment led to new tech- 
niques for lesions extending into the submucosa. ESD can poten- 
tially increase the size of the en bloc local resection and remove 
submucosal tumors (Figs. 48.15 and 48.16).’’+ However, these 
lesions have a significant risk of lymph node involvement, and 
thus ESD in this setting would be only diagnostic and not cura- 
tive. Most of the ESD experience comes from Japan where en 
bloc resection rates in ESCC of 100% and curative resection 
rates of 80% have been reported.*’°?’° When comparing ESD 
to EMR in esophageal mucosal cancers 20 mm or less, ESD has 
been found to provide an en bloc resection rate of 100%, whereas 
for EMR it was for 87% (cap-assisted) and 71% (2-channel tech- 
nique). The curative resection rate for ESD was 97%, signifi- 
cantly higher than either EMR technique (71% for cap and 46% 
for 2-channel). Complications of ESD include perforation in 2% 
to 5% and stricture in 5% to 17%.?75-277 

The European Society of Gastrointestinal Endoscopy recom- 
mends that ESD is the preferred method of endoscopic resec- 
tion of ESCC given higher en bloc resection rate and superior 
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esophagus (arrows). 


histological assessment. EMR can be used for lesions <10 mm 
if en bloc resection can be assured. For early EAC and HGD, 
EMR is still the mainstay method of endoscopic resection but 
ESD can be considered for lesions >15 mm, poor-lifting tumors, 
and lesions with high-risk features for submucosal invasion.?/* 

Ablation can be achieved with radiofrequency ablation (RFA) 
or cryotherapy. Each method can be used alone or, more often, 
following EMR or ESD of visible nodules. Photodynamic ther- 
apy is rarely used in clinical practice currently due to high risk of 
adverse reactions (strictures and photosensitivity) and the avail- 
ability of other ablative techniques.’’? RFA is being increasingly 
used in patients with BE-related HGD and low-grade dyspla- 
sia (LGD) and mucosal EAC after EMR is performed for any 
visible lesion (see Chapter 47) and in adenocarcinoma in situ. 
In contrast to photodynamic therapy, RFA is associated with 
fewer complications and better preservation of esophageal func- 
tion.?80-282? Based on data from randomized controlled trials 
and large observational studies, RFA is the most widely used 
technique in the management of BE- related neoplasia patients. 
RFA is not used as commonly in early ESCC, but a few recent 
reports demonstrated efficacy and safety of RFA for the treat- 
ment of early squamous cell neoplasia.?™ Although there is less 
evidence, cryotherapy also seems to be effective in early esopha- 
geal cancers.7*+ 


J 


Fig. 48.14 A to D, Examples of visible lesions detected at high-resolution endoscopy in patients with Barrett 


A major limitation of ablation therapy is that it does not pro- 
vide tissue for further pathologic evaluation and staging. 


Endoscopic Therapy with Palliative Intent 

Endoscopic dilation can be performed for treatment of dyspha- 
gia. However, the effect is typically short-lived and there is an 
increased risk of perforation.**> Endoscopic placement of self- 
expandable metal stent can also be considered with excellent effi- 
cacy to alleviate dysphagia. The stents currently used are mostly 
covered stents due to better efficacy and less re-intervention rate 
(Fig. 48.17).?8° Small-diameter (18 mm) and large-diameter (23 
mm) stents seems to have the same efficacy.*’ Stents can also be 
used in combination with other modalities (chemotherapy, radio- 
therapy, or brachytherapy) to alleviate dysphagia.*** 

Endoscopic placement of gastrostomy or jejunostomy feed- 
ing tubes can help alleviate dysphagia and weight loss. Placement 
of gastrostomy tubes is not recommended in surgical candidates 
given that it may interfere with using the stomach as conduit. 
Moreover, using the pull technique for gastrostomy tube place- 
ment, metastatic seeding of the tube insertion site was reported. 
Direct gastrostomy tube placement may be favored to avoid this 
risk.°? Covered self-expandable metal stent can successfully seal 
a tracheo-esophageal fistula in up to 86% of patients with esopha- 
geal cancer.?”? Caution must be exercised when placing stents in 
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Resection 


Fig. 48.15 Schematic description of the technique of endoscopic submucosal dissection. (Redrawn from Cur- 


rent Gastroenterology Reports 2014; 16[5].) 


the middle third of the esophagus because of the possible extrin- 
sic compression of the airway, which lies just anteriorly.”’! The 
ASGE recommends placement of esophageal stents for fistulas 
because they provide durable and immediate relief.?” 


Chemotherapy and Radiation Therapy 


Neoadjuvant Chemotherapy 

Patients who receive preoperative chemotherapy and then undergo 
surgery and have no residual cancer have a better survival than 
those with residual or persistent cancer.” Results from North 
America and Europe have shown significant 3-year and 5-year 
survival advantages of preoperative (and perioperative) chemo- 
therapy compared to surgery alone.?””?”? These results were seen 
in both ESCC and EAC. A large meta-analysis also showed that 
neoadjuvant chemotherapy was associated with improved survival 
and higher rates of complete (RO) resection." Although neoadju- 
vant chemoradiotherapy is the most common approach for locally 
advanced esophageal carcinoma, perioperative chemotherapy can 
be used as a treatment option for adenocarcinomas of the distal 
esophagus and gastroesophageal junction (GEJ).>”! 


Neoadjuvant Chemoradiotherapy 

Neoadjuvant chemoradiotherapy has become the standard of care 
for locally advanced esophageal cancer in many countries based 
on data from prospective trials and meta-analyses.*°?3 The 
CROSS study (Chemoradiotherapy for Oesophageal Cancer fol- 
lowed by Surgery Study) which included patients with esopha- 
geal cancer (75% with EAC and 23% with ESCC) randomized 
patients to neoadjuvant chemoradiation followed by surgery ver- 
sus surgery alone. This study found that the combined modality 
arm had a longer median survival (49.4 vs. 24.0 months). Patients 
in the chemoradiation arm received perioperative weekly carbo- 
platin, paclitaxel, and 41.4 Gy of radiotherapy followed by sur- 
gery. A lower proportion of patients had a local recurrence in the 
perioperative therapy group compared to the surgery-alone group 
(14% vs. 34%). Histologic tumor type did not affect survival, 


both EAC and ESCC benefited from neoadjuvant chemoradia- 
tion therapy. !0°304 


Neoadjuvant Radiation Therapy 

In contrast to neoadjuvant chemotherapy and chemoradiotherapy 
just discussed, studies have not shown any benefit for preopera- 
tive radiation alone.’ The NCCN recommends that radiation 
therapy alone should be used only for palliative purposes or for 
patients who are not candidates for chemotherapy.?°* Newer 
radiation therapy techniques are aimed at increasing dose deliv- 
ery to the target tissue while reducing toxicity to the surrounding 
organs (heart, lungs, skin). These techniques, such as intensity- 
modulated radiation therapy and proton beam therapy, are still 
being evaluated for efficacy in esophageal cancer patients.306307 


Adjuvant Chemoradiotherapy 

Compared to neoadjuvant chemoradiotherapy, adjuvant chemo- 
radiotherapy does not appear to be effective and a recent network 
meta-analysis showed no survival benefit when compared to sur- 
gery alone.’”’ A retrospective study showed that adjuvant che- 
motherapy after neoadjuvant chemoradiotherapy and surgery was 
not effective in patients with no residual disease or with residual 
non-nodal disease, but was associated with improved survival in 
patients with residual nodal disease.> 


Targeted Therapy 


Patients with EAC should be tested for human epidermal growth 
factor receptor 2 (HER2) on tumor biopsies. If high levels of 
expression are seen, HER2 antibodies such as trastuzumab and 
pertuzumab can be added to the chemotherapy regimen in 
patients with metastatic adenocarcinoma or locally advanced car- 
cinoma where local therapy is not indicated.>”” 

In a recent trial, VEGF receptor 2 antibodies ramucirumab 
showed promising results for patients with advanced GEJ adeno- 
carcinomas refractory to standard chemotherapy regimen and 
was approved by the FDA for this indication.?!° 


716 


PART V_ Esophagus 


oes 


-= , 54 i 
- =? 


Fig. 48.16 A, Distal esophageal nodule at the 1 to 3 o’clock position with biopsies consistent with adenocar- 
cinoma (B). Narrow band imaging of the same area with irregular pit and vascular pattern (C). Mucosal defect 
after endoscopic submucosal dissection (ESD) of the nodular area. D, ESD specimen pinned on a cork board. 


Fig. 48.17 Fully covered esophageal metal stent. 


Immunotherapy 


Another recently FDA-approved therapy is pembroli- 
zumab, an antibody to programmed death ligand-1 (PD-L1). 
Pembrolizumab is approved for refractory adenocarcinomas that 
are PD-L1 positive or for tumors with microsatellite instability or 
that have DNA mismatch repair gene defects.*!! 


Prognosis 


The best predictors of esophageal cancer survival are depth of 
invasion (T stage) and lymph node involvement (N stage).3!?3! 
A retrospective study found that the N stage of esophageal can- 
cer was an independent factor affecting overall and disease-free 
survival (N1 disease-free survival of 13.6%).°!* The 5-year sur- 
vival at presentation for local, regional, and distant disease was 
41%, 23% and 5%, respectively.’ t" The 5-year survival improved 
to above 90% when high-grade dysplasia (cancer in situ) or Tla 
cancer was diagnosed.”* For those with locoregionally advanced 
disease at presentation (>50% of patients), however, their out- 
comes are poor, and most have a recurrence and die within 3 to 
5 years of their diagnosis.*!> In addition to the depth of invasion 
and number of lymph nodes involved, histologic type, degree of 
differentiation, and location of the tumor also have an impact 


on the survival.?*” Despite the recent advances in treatment, the 
most recently reported overall 5-year survival rate is only 19%.’ 

Recent interest in brain metastases from esophageal cancer 
has been reported. Metastatic brain lesions are rare in esophageal 
carcinoma, with a recent report showing incidence of 3.8%.*!¢ 
Most of the reported cases are associated with EAC rather than 
ESCC.316,317 


OTHER MALIGNANT EPITHELIAL TUMORS 


Squamous Cell Carcinoma Variants 


Verrucous carcinoma is a rare variant of ESCC, with less than 
30 reported cases.*!* It is most commonly found in middle- 
aged individuals, and two thirds of affected patients are men. 
Endoscopically, it presents with a papillary or warty appearance. 
The diagnosis requires a high index of suspicion and multiple 
biopsies because histology reveals well-differentiated hyper- 
keratosis and acanthosis with only a small column of neoplastic 
cells.’!8 Despite the fact that these lesions are typically well dif- 
ferentiated and slow growing, they generally have a poor progno- 
sis given the delay in diagnosis. 

Another variant of ESCC is carcinosarcoma (also known as 
pseudosarcoma, spindle cell carcinoma, and polypoid carcinoma). This 
tumor presents with a polypoid appearance and can be solitary or 
multiple. Owing to the exophytic nature of the tumor(s), many 
patients will present with dysphagia or epigastric discomfort. 
Histologically, the tumors have a spindle cell component; they 
tend to have invaded the esophageal wall and spread to regional 
lymph nodes at the time of diagnosis and can metastasize. There- 
fore, these tumors are associated with a poor prognosis (2-year 
survival of 25%).3! 


Small Cell Carcinoma 


Small cell carcinoma of the esophagus is a rare entity, accounting 
for 0.8% to 3.1% of all esophageal malignancies. The tumor is 
highly aggressive, with a very poor prognosis. The average age at 
diagnosis is 65 years, and two thirds of affected patients are men. 
Dysphagia, weight loss, and epigastric pain are the presenting 
symptoms. There is usually a history of tobacco use (90%) and 
alcohol use (70%). The tumor is typically located in the middle 
third (52%) or lower third of the esophagus (35%). More than 
half of affected patients have extensive disease at the time of diag- 
nosis.’?? The optimal management of these patients is not well 
established, but chemotherapy should always be a part of the mul- 
timodality treatment.*?! For a very select group of patients with 
limited disease, resection followed by chemotherapy may provide 
long survival.*?! The median overall survival is only 11 months, 
with a 2-year survival of just 25%.°?° 


Malignant Melanoma 


Primary esophageal melanoma is rare, with just over 300 cases 
described.???3?3 Melanoma accounts for 0.1% to 0.5% of all 
esophageal malignancies.*** Primary esophageal melanoma 
metastasizes early and has a very poor prognosis. Melanocytosis 
at the basal layer of the epithelium caused by basal hyperplasia 
or chronic esophagitis is thought to play an important role in 
its pathogenesis.*”?3"° Melanoma affects men twice as often as 
women; the average age of presentation is close to 60 years.??4 
Dysphagia is the most common symptom. However, because of 
the soft nature of the tumor, symptoms can be delayed, and the 
size of the tumor at presentation is larger than 2 cm in over 90% 
of cases. The most common locations are the middle and distal 
thirds of the esophagus.’?’ Endoscopic characteristics include a 
nonulcerated, pigmented tumor, although the color may vary 
depending on the amount of melanin, and an “amelanotic” variant 
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Fig. 48.18 Esophageal papilloma seen at esophagoscopy. 


has been described.*’ “Satellite” lesions occurring a few centime- 
ters from the primary, larger lesion can be seen and are thought 
to be due to intramural metastasis. Histologically, melanoma can 
be misdiagnosed as poorly differentiated carcinoma owing to the 
lack of melanin granules, and immunohistochemistry may be nec- 
essary for establishing the correct diagnosis.*”* This is an aggres- 
sive disease and the incidence of regional lymph node and distant 
metastasis at presentation is high (40% to 80%).°2° FDG-PET is 
currently the most accepted modality for detecting metastases. It 
is important to distinguish primary from metastatic melanoma, 
because metastatic melanoma (discussed later) can involve the 
esophagus in 4% of cases.*”? Radical resection combined with 
lymphadenectomy is the main treatment approach. The calcu- 
lated 5-year survival rate for primary esophageal melanoma is 
37%.*>9 Age, stage, tumor location, and lymph node involvement 
are independent predictive factors of prognosis.*?! 


BENIGN EPITHELIAL TUMORS 


Squamous Papilloma 


Esophageal papillomas are asymptomatic, benign epithelial 
tumors characterized endoscopically by a solitary, exophytic 
lesion in the lower third of the esophagus (Fig. 48.18). They tend 
to have a white or pink color. They have a soft consistency and 
a smooth or slightly rough surface. Histologically, they reveal 
finger-like projections of connective tissue lined by an increased 
number of squamous cells. The endoscopic differential diagnosis 
includes glycogenic acanthosis, verrucous border of squamous 
cell carcinoma, and verrucous carcinoma.**? Squamous papil- 
lomas are rare, with a reported prevalence ranging from 0.01% 
to 0.43%. Their pathogenesis is uncertain, but it has been 
hypothesized to be related to underlying inflammation (e.g., 
from GERD).**? Another theory of pathogenesis is infection with 
HPV. Papillomas are generally amenable to endoscopic resec- 
tion, mostly using forceps given their small size or mucosectomy 
techniques. Recurrence after resection is uncommon. Malignant 
transformation has been reported in a few cases with multiple 
papillomas (esophageal papillomatosis), but cancer is rare in iso- 
lated lesions.?3433° 

Focal dermal hypoplasia (Goltz syndrome), a rare condition 
usually affecting females, is characterized by multiple abnormali- 
ties of ectodermal and mesodermal structures. Although derma- 
tologic, ocular, and musculoskeletal manifestations dominate the 
clinical picture, esophageal papillomatosis may be present.?36337 
Caused by a mutation in PORCN on the X chromosome, Goltz 
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syndrome has a dominant X-linked inheritance that is usually 
lethal in affected males. Goltz syndrome can be inherited or 
occur de novo. 


Adenoma 


Adenomas of the esophagus are rare and almost exclusively asso- 
ciated with Barrett metaplasia. Although adenocarcinoma is a 
much more frequently recognized lesion associated with Barrett, 
several cases of adenomas have also been reported.*****? They 
characteristically present as polypoid lesions within a segment 
of Barrett in the lower third of the esophagus. Histopathology 
shows dysplastic tubular glands covered by specialized intestinal 
epithelium. Similar to colonic adenomas, these are considered to 
be pre-malignant, and endoscopic resection is recommended for 
diagnosis and treatment. 


Inflammatory Fibroid Polyp 


Inflammatory fibroid polyp (also known as inflammatory pseudo- 
polyp or eosinophilic granuloma) is characterized by a distinct his- 
tology. This includes a submucosal-based polypoid lesion with 
perivascular, concentric fibroblastic proliferation with an increase 
in eosinophils. Most polyps express CD34 and are negative for 
CD117. They most often are found incidentally in the stomach 
and large intestines, followed by the small intestine. The esopha- 
gus is a much less likely location (2% of cases).*4! They are non- 
neoplastic polyps and follow a benign course. 


MALIGNANT NONEPITHELIAL TUMORS 


Lymphoma 


Lymphoma of the esophagus can be primary or secondary, with 
primary lymphoma being far less common. Primary esopha- 
geal lymphoma is defined as a lymphoma having predominantly 
esophageal involvement with only regional lymph nodes affected 
in the absence of disease in peripheral or mediastinal lymph nodes, 
spleen, or liver, and with a normal chest radiograph and WBC 
count.**” Lymphoma accounts for less than 1% of esophageal 
malignancies.*#> Clinically, esophageal lymphoma can present 
with dysphagia, weight loss, GI bleeding, esophageal fistulas, and 
other nonspecific systemic symptoms (e.g., fevers, night sweats, 
fatigue.). Endoscopically, the few cases that are reported describe 
a range of findings including submucosal nodules, masses, ulcer- 
ations, and polypoid lesions. Esophageal lymphomas can be either 
the Hodgkin type or non-Hodgkin lymphoma (NHL). Diffuse 
large B cell lymphoma (DLBCL) is the most common subtype 
of NHL and has been associated with immunosuppressive states 
such as AIDS (see Chapter 32).34 


Sarcoma 
Sarcomas of the esophagus are rare mesenchymal tumors that 
include leiomyosarcomas, gastrointestinal stromal tumors 


(GISTs) (see later and Chapter 33), rhabdomyosarcoma, fibro- 
sarcoma, liposarcoma, fibrous histiocytoma, Kaposi’s sarcoma, 
and choriocarcinoma. Leiomyosarcomas are the most common 
subtype and can be difficult to distinguish from benign leiomy- 
omas. Tumors can be of intraluminal, polypoid, or infiltrative/ 
invasive. Histologically, they consist of interlacing whorls of 
spindle cells with increased mitoses and marked pleomorphism. 
Mucosal biopsy is not a useful diagnostic tool in most cases, 
because these lesions are submucosal. On the other hand, EUS 
with FNA has been shown to be helpful for diagnosis. Lymph 
node involvement occurs in a third of cases. Esophagectomy with 
lymphadenectomy is the mainstay of treatment. Prognosis is poor 
and the 5-year overall survival is 35% 3 


GIST 


GISTs are the most common mesenchymal tumor of the GI tract 
and are discussed in detail in Chapter 33. GISTs occur in the 
esophagus in only 1% to 3% of cases.?46347 Typically they arise 
from the muscularis propria and more specifically, the interstitial 
cells of Cajal. They typically present after the age of 40 and symp- 
toms can include dysphagia, bleeding from ulceration, dyspepsia, 
and weight loss. Endoscopically, they are most often encoun- 
tered as submucosal solitary masses in the distal third of the 
esophagus. GISTs are seen on CT scan as well-circumscribed, 
hypo-attenuating masses.*** EUS is the most accurate imaging 
modality, and can even help predict malignant potential.31?>°° 
On histology, GISTs mostly show characteristic spindle-shaped 
cells with elongated nuclei that express CD117 encoded by the 
KIT gene. CD117 and DOGI positivity is an important differen- 
tiating characteristic because similar lesions, such as leiomyomas 
or other spindle-cell tumors, are typically CD117 and DOG1 
negative. 

As discussed in Chapter 33, the risk of malignant transforma- 
tion of GISTs depends on the size of the GIST and its mitotic 
rate. Characteristics of GISTs with low malignant potential 
lesions include those smaller than 2 cm and a mitotic rate less 
than 5 per 50 high-power field.**! Treatment of GISTs depends 
on size of lesion and stage. Recent reports indicate that ESD 
could become a more frequently used technique to resect small, 
non-advanced lesions.’™ Otherwise, surgical resection is the tra- 
ditionally preferred method of treatment. Tyrosine kinase inhib- 
itors such as imatinib mesylate (Gleevec) are also an option as 
neoadjuvant therapy or for unresectable GISTs (see Chapter 33). 
CT and PET scans have been shown to be useful in monitoring 
patients after treatment.?*? 


Metastases 


Metastases to the esophagus are a rare occurrence. The 2 most 
common cancers to metastasize to the esophagus are melanoma 
and breast cancer. Typically, metastatic lesions cause extrinsic 
compression, with dysphagia a common symptom. EUS with 
FNA cytology can be helpful for diagnosis. Treatment most often 
consists of palliative endoscopic stenting. 


BENIGN NONEPITHELIAL TUMORS 


Leiomyoma 


Leiomyomas are the most common benign esophageal tumors. 
They affect men twice as frequently as women.’** The lesion is 
seen endoscopically as a submucosal solitary mass or masses in 
the middle or distal third of the esophagus. Biopsy is usually non- 
diagnostic because leiomyomas have normal overlying mucosa. 
EUS is the diagnostic test of choice; a leiomyoma is seen typically 
arising from the muscularis propria. Only large (>5 cm), symp- 
tomatic lesions require excision, which can be done endoscopi- 
cally for smaller tumors (using ESD techniques) or surgically.’*> 


Granular Cell Tumor 


Granular cell tumors are most commonly located in the head and 
neck region (including in the oropharynx) and are less common 
in the GI tract. The most common site of GI involvement is the 
esophagus, accounting for 33% of cases. The endoscopic appear- 
ance, location within the esophagus, and number of lesions is 
variable.*°°3>? Typically, granular cell tumors are solitary, sub- 
mucosal lesions with a yellowish appearance, typically in the distal 
esophagus. They are mostly found incidentally on upper endos- 
copy, because most patients are asymptomatic. Histologically, 
granular cell tumors are composed of round or polygonal cells 
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Fig. 48.19 A, Endoscopic image of a giant fibrovascular esophageal polyp (arrow). B, Polyp resected. (Cour- 
tesy Dr. Julie Goddard, Denver, Colo.) 


with abundant eosinophilic cytoplasm. The cells are periodic 
acid-Schiff positive and diastase resistant. They may have a neu- 
ral crest origin, as evidenced by immunohistochemical expression 
of S-100 protein. Although a few cases of malignant transforma- 
tion are reported, the majority of cases are benign.’ Endoscopic 
resection is recommended, has been shown to be safe, and allows 
for a more accurate histologic diagnosis when required.**° 


Fibrovascular Polyp 


Fibrovascular polyps are benign esophageal lesions (Fig. 48.19). 
They are almost exclusively seen in the cervical esophagus, likely 
because of the relatively loose submucosal tissue and redundant 
mucosa in this anatomic region.*>”°9 They are typically pedun- 
culated polyps consisting of blood vessels, adipose cells, and 
stroma covered by normal squamous epithelium. Although most 
cases are diagnosed incidentally, large polyps have been described 
to cause dysphagia and globus sensation. Peculiarly, prolapse of 
fibrovascular polyps out of the mouth has been described as fleshy 
tissue seen after vomiting or retching. Rarely, these polyps can 
cause fatal asphyxiation, and thus endoscopic or surgical removal 
is recommended. Some recommend EUS of larger polyps to 
determine the presence of large blood vessels prior to excision. 


Hamartoma 


Hamartomas are rare lesions in the esophagus. They are typically 
pedunculated polyps that can cause symptoms similar to fibro- 
vascular polyps (i.e., dysphagia, globus sensation, polyp prolapse, 
asphyxiation). Endoscopically, the 2 entities are indistinguish- 
able. However, hamartomatous polyps are much less common 
and have a different histologic appearance. They often contain 
multiple tissue types, including cartilage, bone, adipose tissue, 
smooth muscle, and skeletal muscle. Endoscopic or surgical 
resection is recommended.*°! 


Hemangioma 


Hemangiomas of the esophagus are rare vascular malformations 
that can occasionally present with GI bleeding or dysphagia. There 
are 2 histologic types of esophageal hemangiomas: cavernous and 
capillary. Most lesions are of the cavernous type. Endoscopically, 
they are seen as blue- to red-colored submucosal nodules, which 
often will blanch with compression.*” Interestingly, biopsy has 
not been associated with hemorrhage in reports.*°® Previously, 
surgical resection was the most common method of treatment, 
although endoscopic treatment is possible.** 


Lipoma 


Lipomas are rare benign tumors of the GI tract. Lipomas are 
more commonly found in the colon, small intestine, and stomach 
than in the esophagus. Almost all are asymptomatic and found 
incidentally on endoscopy as slightly yellowish, raised nodules in 
the proximal esophagus. Large, pedunculated esophageal lesions 
can cause dysphagia and asphyxiation. Often, esophageal lipo- 
mas exhibit the “pillow” sign—indentation or cushioning with 
“palpation.” Superficial mucosal biopsies will usually be nondi- 
agnostic. Deeper samples from the submucosa will reveal well- 
differentiated adipocytes. On EUS, a homogeneous, hyperechoic 
submucosal lesion with smooth outer margins is seen. Treatment 
of symptomatic lipomas is endoscopic or surgical resection.’ 
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Video 48.1 EGD and staging EUS of a T3N2 esophageal carcinoma 
with EUS-guided fine needle aspiration of a paraesophageal lymph 
node. 
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EMBRYOLOGY AND ANATOMY OF THE STOMACH 


The stomach, as a J-shaped dilation of the alimentary canal, is 
continuous with the esophagus proximally and the duodenum 
distally. It functions primarily as a reservoir to store large quan- 
tities of recently ingested food, therefore allowing intermittent 
feedings, initiating the digestive process, and releasing its con- 
tents in a controlled fashion downstream to accommodate the 
much smaller capacity of the duodenum. The stomach volume 
ranges from approximately 30 mL in a neonate to 1.5 to 2 L in 
adulthood. 

The stomach is recognizable in the fourth week of gestation 
as a dilation of the distal foregut (Fig. 49.1).! As the stomach 
enlarges, the dorsal aspect grows more rapidly than the ventral 
aspect, therefore forming the greater curvature. Additionally, 
during the enlargement process the stomach rotates 90 degrees 
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around its longitudinal axis, orienting the greater curvature (the 
dorsal aspect) to the left and the lesser curvature (ventral aspect) 
to the right. The combined effects of rotation and ongoing dif- 
ferential growth result in the stomach lying transversely in the 
mid and left upper abdomen. The rotational events also explain 
the vagal innervation of the stomach: the right vagus nerve inner- 
vating the posterior stomach wall (the primordial right side) and 
the left vagus nerve innervating the anterior wall (the primordial 
left side). 

The final location of the stomach is variable owing in part to 
its 2-point fixation at the esophagogastric and gastroduodenal 
junctions, allowing for considerable mobility. The esophagogas- 
tric junction generally lies to the left of the T10 vertebral body, 
1 to 2 cm below the diaphragmatic hiatus. The gastroduodenal 
junction lies at L1 and generally to the right of the midline in 
the recumbent fasted individual. The gastroduodenal junction of 
a distended upright adult may be considerably lower. The left- 
sided and caudal greater curvature may extend below the umbili- 
cus depending on the degree of distention, position, and gastric 
peristaltic phase. 

The greater curvature forms the left lower stomach border, 
whereas the lesser curvature forms the right upper border. Pos- 
teriorly, portions of the pancreas, transverse colon, diaphragm, 
spleen, and apex of the left kidney and adrenal gland bound the 
stomach. The posterior wall of the stomach actually comprises 
the anterior wall of the omental bursa, or lesser peritoneal sac. 
Anteriorly, the liver bounds the stomach, whereas the inner 
aspect of the anterior abdominal wall bounds the anterior left 
lower aspect. 

The stomach is completely invested by peritoneum, 
except for a small bare area at the esophagogastric junction. 
This peritoneum passes as a double layer from the lesser cur- 
vature to the liver as the gastrohepatic portion of the lesser 
omentum and then hangs down from the fundus and greater 
curvature as the greater omentum, extending to the trans- 
verse colon (as the gastrocolic ligament), spleen (as the gas- 
trosplenic ligament), and diaphragm (as the gastrophrenic 
ligament). 

The stomach is divided into 4 regions that can be defined 
by anatomic or histologic landmarks (Fig. 49.2).? Anatomi- 
cally, the cardia is a small ill-defined area of the stomach 
immediately adjacent to its junction with the esophagus. This 
region of the stomach has been the focus of intense investi- 
gation. Controversy exists as to the nature, location, extent, 
and even existence of cardiac mucosa. The fundus projects 
upward, above the cardia and esophagogastric junction. This 
dome-shaped area of the stomach is its most superior portion 
and is in contact above with the left hemidiaphragm and to the 
left with the spleen. The body, or corpus, which is the largest 


CHAPTER 49 Anatomy, Histology, and Developmental Anomalies of the Stomach and Duodenum 


Pharynx (cranial part of foregut) 
Celiac trunk 


Septum transversum 

Spinal cord 

Superior mesenteric artery (SMA) 
Inferior mesenteric artery 


Midgut 
Cloaca (caudal part of hindgut) 


A Yolk stalk 
Dorsal aorta Spleen 
Dorsal abdominal Esophagus 
Stomach wall Dorsal 
Proximal part L P A “~~. mesogastrium 
of stomach 
Celiac trunk 
Foregut artery 
(SMA) 
Ventral 
mesogastrium 
Dorsal artery Pancreas 
B C Duodenum 
Aorta Esophagus 
Pancreas 
Posterior abdominal wall 
Spleen 
Greater curvature 
of stomach Liver 
Omental 
foramen 
Duodenum 
Omental bursa 
(area indicated by 
broken line) Right gastro-omental artery ‘Greater omentum 
D Greater omentum E 
je, Stomach 
Dorsal aorta pmac a bursa 
Level of 
section l Omental bursa 
on right 
i Omental D | 
foramen g orsa F 
mesogastrium 
Dorsal 
a abdominal 
/ wall 
Greater omentum 
Stomach Plane of section Greater omentum 
F G on right 


Fig. 49.1 Development of the stomach and duodenum and formation of the omental bursa (lesser sac) and 
greater omentum. A, Median section of a 28-day embryo. B, Anterolateral view of a 28-day embryo. C, Em- 
bryo approximately 35 days old. D, Embryo approximately 40 days old. E, Embryo approximately 48 days old. 
F, Lateral view of the stomach and greater omentum of an embryo at approximately 52 days. The transverse 
section shows the omental foramen and omental bursa. G, Sagittal section showing the omental bursa and 
greater omentum. The embryology of the duodenum is discussed further in Chapters 55 and 96. (From Moore 
KL, Persaud TVN. The developing human. 7th ed. Philadelphia: WB Saunders; 2003. p 258.) 
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Fig. 49.2 Anatomic regions of the stomach. The line is drawn from the 
incisura angularis along the lesser curvature to an indistinct border be- 
tween the gastric body and antrum along the greater curvature. (From 
Johnson LR. Gastrointestinal physiology. 6th ed. St Louis: Mosby; 
2001. p 76.) 


Fig. 49.3 Film from an UGIS demonstrating the incisura angularis (ar- 
row) on the distal lesser curvature. (Courtesy James W. Weaver, MD.) 


portion of the stomach, is located immediately below and 
continuous with the fundus. The incisura angularis, a fixed, 
sharp indentation two thirds of the distance down the lesser 
curvature, marks the caudal aspect of the gastric body (Fig. 
49.3). The gastric antrum extends from its indistinct border 
with the body to the junction of the pylorus with the duo- 
denum. These gross anatomic landmarks correspond roughly 
with the mucosal histology because antral mucosa (pyloric 
gland mucosa) actually extends from an area on the lesser 
curvature somewhat above the incisura. The pylorus (pyloric 
channel) is a tubular structure joining the duodenum to the 
stomach and contains the palpable circular muscle, namely the 
pyloric sphincter. The pylorus is somewhat mobile owing to 
its enclosure between the peritoneum of the greater and lesser 
omenta but is generally located 2 cm to the right of midline 
at L1. Corresponding motor and secretory functions of these 
regions of the stomach are discussed in detail in Chapters 50 
and 51. 


Vascular Supply and Drainage; Lymphatic Drainage 


The arterial blood supply to the stomach is derived from branches 
of the celiac artery—common hepatic, left gastric, and splenic 
arteries—that form 2 arterial arcades situated along the lesser 
curvature and the lower two thirds of the greater curvature. The 
lesser curvature is supplied from above by the left gastric artery 
and from below by the right gastric artery, a branch of the com- 
mon hepatic artery or gastroduodenal artery (which is a branch 
of the common hepatic artery). The greater curvature below the 
fundus is supplied from above by the left gastroepiploic artery (a 
branch of the splenic artery) and from below by the right gastro- 
epiploic artery (a branch of the gastroduodenal artery). The right 
and left gastroepiploic arteries usually terminate by anastomos- 
ing, therefore completing the greater curvature arterial arcade; 
occasionally they end without anastomosis. The arterial supply to 
the gastric fundus and left upper aspect of the greater curvature is 
via the short gastric arteries, which arise from the splenic artery. 

The venous drainage of the stomach generally accompanies 
the arterial supply, emptying into the portal vein or 1 of its tribu- 
taries, the splenic or superior mesenteric veins. The left and right 
gastric veins drain the lesser curvature of the stomach. The left 
gastric vein is also known as the coronary vein. The right and left 
gastroepiploic veins drain the inferior aspect and a portion of the 
greater curvature of the stomach. The right gastroepiploic vein 
and several more distal veins become the gastrocolic veins, even- 
tually terminating in the superior mesenteric vein. There is no 
gastroduodenal vein. The left gastroepiploic vein becomes the 
splenic vein and later receives the short gastric veins, therefore 
draining the fundus and upper great curvature of the stomach. 

Most of the lymphatic drainage of the stomach eventually 
reaches the celiac nodes after passing through intermediary lymph 
nodes. Lymphatic channels anastomose freely in the gastric wall, 
with lymphatic flow directed through 1-way valves into 1 of 4 
groups of nodes. The inferior gastric region drains into subpylo- 
ric and omental nodes, then the hepatic nodes, terminating in the 
celiac nodes. The splenic or superior aspect of the greater curva- 
ture lymph initially drains into pancreaticosplenic nodes and then 
into celiac nodes. The superior gastric or lesser curvature region 
lymph drains into the left and right gastric nodes adjacent to their 
respective vessels and terminates in the celiac nodes. The hepatic 
or pyloric portion of the lesser curvature lymph drains into the 
suprapyloric nodes, then into the hepatic nodes, and finally into 
the celiac nodes. 


Gastric Innervation 


The autonomic innervation of the stomach stems from the sym- 
pathetic and parasympathetic nervous systems delivered via a 
complex tangle of nerves coursing along the visceral arteries. 

The gastric sympathetic innervation is derived from pregan- 
glionic fibers arising predominantly from T6 to T8 spinal nerves, 
which synapse in the bilateral celiac ganglia with neurons whose 
postganglionic fibers course through the celiac plexus along the 
vascular supply of the stomach. Accompanying these sympathetic 
nerves are afferent pain-transmitting fibers from the stomach and 
motor fibers to the pyloric sphincter. 

‘The parasympathetic innervation is via the right and left vagus 
nerves, which form the distal esophageal plexus, and gives rise to 
the posterior and anterior vagal trunks near the gastric cardia. 
The trunks contain preganglionic parasympathetic fibers, as well 
as afferent fibers from the viscera. Both trunks give rise to celiac 
and hepatic branches before continuing on within the lesser 
omentum slightly to the right of the lesser curvature as the ante- 
rior nerve of Latarjet and the posterior nerve of Latarjet. These 
nerves give rise to multiple gastric branches to the stomach wall, 
where the preganglionic fibers synapse with the ganglion cells 
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Fig. 49.4 Schematic representation of a mucous surface cell. 


in the submucosal (Meissner’s) and myenteric (Auerbach’s) plex- 
uses. From these plexuses, postganglionic fibers are distributed to 
cells and glands and to smooth muscle. 


Tissue Layers of the Stomach 


The luminal surface of the gastric wall forms thick, longitudinally 
oriented folds, or rugae, that flatten with distention. Four layers 
make up the gastric wall: mucosa, submucosa, muscularis propria, 
and serosa. Mucosa lines the gastric lumen, appearing as a smooth, 
velvety, blood-filled lining. The mucosa of the cardia, antrum, 
and pylorus is somewhat paler than that of the fundus and body. 
It is within the fundic and body mucosa that most of the func- 
tional secretory elements of the stomach are located (see Chapter 
51). The submucosa, immediately deep to the mucosa, provides 
the dense connective tissue skeleton of collagen and elastin fibers. 
Lymphocytes, plasma cells, arterioles, venules, lymphatics, and 
the submucosal plexus are also contained within the submucosa. 
The third tissue layer, the muscularis propria, is a combination of 
3 muscle layers: inner oblique, middle circular, and outer longi- 
tudinal. The inner oblique muscle fibers course over the gastric 
fundus, covering the anterior and posterior aspects of the stomach 
wall; the middle circular fibers encircle the body of the stomach, 
thickening distally to become the pyloric sphincter; and the outer 
longitudinal muscle fibers course primarily along the greater and 
lesser curvatures of the stomach. The final layer of the stomach is 
the transparent serosa, a continuation of the visceral peritoneum. 


Microscopic Anatomy 


The gastric mucosal surface is composed primarily of a simple 
layer of columnar epithelial cells 20 to 40 um in height. These 
surface mucous cells (Fig. 49.4), which are similar throughout 
the stomach, contain basally located nuclei, prominent Golgi 
stacks, and dense cytoplasm with especially apically located, 
dense, mucin-containing membrane-bound granules. The cells 
secrete mucus in granules that are released via exocytosis, api- 
cal expulsion, and cell exfoliation. The primary role of mucus, 
along with bicarbonate, is luminal cytoprotection from “the 
elements”: acid, pepsin, ingested substances, and pathogens. 
Cellular renewal time for a gastric surface mucous cell is approx- 
imately 3 days. 


Gastric gland 


Fig. 49.5 Schematic representation of an oxyntic (gastric) gland, with 
mucous surface cells (MSC), mucous neck cells (MNC), enterochromaf- 
fin-like (ECL) cells, somatostatin-containing D cells, parietal cells (PC), 
and chief cells (CC). (From Lloyd KCK, Debas T. The peripheral regula- 
tion of gastric acid secretion. In: Johnson LR, et al, editors. Physiology 
of the gastrointestinal tract, vol 2. 3rd ed. New York: Lippincott-Raven; 
1994.) 


The surface epithelial lining is invaginated by gastric pits, 
or foveolae, that provide the gastric glands access to the gastric 
lumen, with a ratio of 1 pit to 4 or 5 gastric glands. The gastric 
glands of different anatomic regions of the stomach are lined with 
different types of specialized epithelial cells, allowing for differen- 
tiation of these regions by type of gastric gland (see Fig. 49.2). The 
first region, the cardia, is a small transition zone from esophageal 
squamous epithelium to gastric columnar epithelium. The cardia 
has been a controversial histologic area of discussion, with theo- 
ries suggesting that its presence is pathologic. However, recent 
observations concluded that cardiac mucosa develops during ges- 
tation and is present at birth.’ The cardiac glands have a branched 
and tortuous configuration and are populated by mucous, endo- 
crine, and undifferentiated cells. There is a gradual transition 
from cardiac glands to the second region, the acid-secreting seg- 
ment of the stomach. This region encompasses the gastric fundus 
and body and contains the parietal (or oxyntic or fundic) glands. 
Parietal, chief (also known as peptic), endocrine, mucous neck, 
and undifferentiated cells compose the oxyntic glands. The final 
region, corresponding to the antrum and pylorus, contains the 
pyloric glands, composed of endocrine cells, including gastrin- 
producing G cells and mucous cells. 

By far the most numerous and distinctive gastric glands are the 
oxyntic glands (Fig. 49.5), responsible for the secretion of acid, 
intrinsic factor, and most gastric enzymes. These fairly straight 
and simple tubular glands are closely associated in the areas of 
gastric fundus and body. A typical gland is subdivided into 3 
areas: the isthmus (where surface mucous cells predominate), the 
neck (where parietal and mucous neck cells predominate), and the 
base (where chief cells predominate, along with some parietal and 
mucous neck cells). Endocrine cells, somatostatin-containing D 
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Fig. 49.6 Parietal cell. A, Electron photomicrograph. B, Schematic representation. (From Johnson LR. Gastro- 
intestinal physiology. 6th ed. St Louis: Mosby; 2001. pp 78-9.) 


cells, and histamine-secreting enterochromaffin-like (ECL) cells 
(among others) are scattered throughout the oxyntic epithelium 
(see Chapter 4). 

The principal cell type of the oxyntic gland is the parietal cell 
(Fig. 49.6), responsible for the oxyntic mucosal secretion of 3 x 
10* hydrogen ions per second, at a final hydrochloric acid (HCI) 
concentration of approximately 150 mmol/L. Parietal cells bulge 
into the lumina of the oxyntic glands and, as the primary hydrogen 
secretors, have ultrastructural characteristics different from other 
gastric cells: large mitochondria, microvilli lacking in glycocalyx, 
and a cytoplasmic canaliculi system in contact with the lumen. 
In the nonsecreting parietal cell, a cytoplasmic tubulovesicular 
system predominates and short microvilli line the apical canalicu- 
lus. In the secreting state, the tubulovesicular system disappears, 
leaving an extensive system of intracellular canaliculi containing 
long microvilli. Mitochondria occupy approximately 30% to 40% 
of the secreting parietal cell volume, providing energy required 
for acid secretion across apical microvilli (see Fig. 49.6). The so- 
called proton pump—the H*,K*-ATPase—resides in the apical 
microvillus membrane, as does carbonic anhydrase. The apical 
H*,K+-ATPase functions as the proton translocator in gastric 
acid secretion (see Chapter 51). Acid secretion begins within 5 
to 10 minutes of stimulation. Additionally, parietal cells are the 
site of intrinsic factor secretion via membrane-associated vesicle 
transport. 

Closely associated with parietal cells are mucous neck cells, 
which appear singly close to parietal cells or in groups of 2 or 3 
in the oxyntic gland neck or isthmus. Mucous neck cells differ 
from their surface counterparts in their synthesis of acidic, sul- 
fated mucus rather than the neutral mucus. Additionally, mucous 
neck cells have basal nuclei and larger mucous granules around 
the nucleus, rather than apically located granules. Function of the 
2 cell types appears different in that surface mucous cells are cyto- 
protective, whereas the mucous neck cell functions as a stem cell 
precursor for surface mucous, parietal, chief, and endocrine cells. 

Chief cells, also known as zymogen cells, predominate in deeper 
layers of the oxyntic glands. These pyramid-shaped cells play 
a role in synthesis and secretion of pepsinogens I and II. The 
cytoplasm of chief cells has prominent basophilic staining owing 
to abundant ribosomes; these ribosomes are either free in the 


cytoplasm or in association with an extensive endoplasmic reticu- 
lum system. Zymogen granules lie in the apical cytoplasm; their 
contents are released into the gastric lumen following fusion of 
the limiting membrane of the granule with the luminal mem- 
brane. Once in the lumen, pepsinogens are converted to pepsin. 

A variety of endocrine, or enteroendocrine, cells are scattered 
among the cells of the oxyntic glands (see Chapter 4). These cells 
vary in location, being either open or closed relative to the gastric 
lumen. Open endocrine cells have apical membranes containing 
receptors; these open cells discharge their contents by basilar 
exocytosis into the bloodstream, therefore exerting an endocrine 
effect. The closed endocrine cells contain several processes that 
terminate near its target cells, constituting the so-called paracrine 
effect. The oxyntic gland model of the closed cell is the D cell, 
which secretes somatostatin via long processes reaching ECL, 
parietal, and chief cells. 

Enteroendocrine cell types have also been classified by their 
granular staining with silver or chromium. Those cells containing 
granules that reduce silver without pretreatment are called argen- 
taffin cells. Argentaffin cells that stain with potassium dichromate 
are enterochromaffin (EC) cells; most ECs contain serotonin. 
Cells with granules staining with silver only in the presence of a 
reducing agent are called argyrophilic, or ECL, cells. Located pri- 
marily in the oxyntic glands, ECL cells are the only enteroendo- 
crine cells containing histamine. 

The final region of the stomach encompasses the antrum and 
pylorus and contains extensively coiled antral glands composed of 
endocrine and epithelial cells. The epithelial cells are predomi- 
nantly mucous cells, as well as pepsinogen H—secreting mucous 
neck cells. Although also small in number, gastrin-secreting (G) 
cells play a vital physiologic role and are the prototype of the open 
enteroendocrine cell. These cells, which occur either singly or in 
small clusters in the mid- to deep sections of antral glands (Fig. 
49.7A), contain a basilar cytoplasm densely packed with gastrin- 
containing secretory granules (see Fig. 49.78). Gastrin release is 
stimulated by gastric distention, vagal stimulation, dietary amino 
acids and peptides, with rapid appearance of the hormone into 
the bloodstream in the postprandial period (see Chapter 51). 
The apical or luminal surface of the G cell is narrowed into small 
microvilli thought to contain receptors responsible for amino 
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Fig. 49.7 Gastrin (G) cell. A, Scattered G cells (pink) are evident in pyloric glands on this photomicrograph. 
(Immunoperoxidase stain.) B, Schematic. 


acid and peptide stimulation of gastrin release. Significant quan- 
tities of gastrin are also secreted into the gastric lumen; gastrin 
is a known gastric growth and differentiation factor, mediated 
through upregulation of heparin-binding epidermal-like growth 
factor (HB-EGF) in gastric parietal cells.” 

Antral enteroendocrine D cells, found in close association 
with G cells, manufacture somatostatin, a potent inhibitor of gas- 
trin secretion. The D cells are also present in small numbers in 
oxyntic glands. Somatostatin is thought to inhibit acid secretion 
through paracrine (direct action on ECL and perhaps parietal 
cells or indirect action on G cells) or endocrine effects (direct 
action on parietal cells) (see Chapter 51 for more details). 

Immediately deep to the basement membrane of the gastric 
mucosa epithelial layer lies the lamina propria, which contains 
a variety of leukocytes (polymorphonuclear leukocytes, plasma 
cells, lymphocytes, eosinophils), mast cells, fibroblasts, and endo- 
crine-like cells. A few lymphatic channels course through the 
lamina propria. Additionally, the mucosal capillary plexus lies in 
the lamina propria and forms a venular plexus, which communi- 
cates with the venules in the muscularis mucosa. These venules 
eventually empty into veins of the submucosa. 


EMBRYOLOGY AND ANATOMY OF THE DUODENUM 


The duodenum develops during the fourth week of gesta- 
tion from the distal foregut, proximal midgut, and the adjacent 
splanchnic mesenchyme. The junction of the foregut and midgut 
occurs in the second part of the duodenum, slightly distal to the 
major papilla. As the stomach rotates, so too does the duodenum, 
therefore developing a C-shaped configuration. During weeks 5 
and 6 of embryologic development, the duodenal lumen is tem- 
porarily obliterated owing to proliferation of its mucosal lining. 
During the following weeks, luminal vacuolization and degenera- 
tion of some of the proliferating cells result in recanalization of 
the duodenal lumen. Epithelium and glands develop from embry- 
onic endoderm, whereas connective tissue, muscle, and serosa are 
derived from mesoderm. 

The duodenum is the most proximal section of the small 
intestine and is continuous proximally with the pylorus and dis- 
tally with the jejunum. It forms a C-shaped loop around the 
head of the pancreas. The duodenum in adults is approximately 


30 cm long (12 inches, hence its name duodenum) and is subdi- 
vided into 4 sections (commonly termed the first, second, third, 
and fourth parts), whose borders are delineated by angular course 
changes. 

The first part of the duodenum is approximately 5 cm in 
length and courses rightward, upward, and backward from the 
pylorus. The proximal portion of the first part of the duodenum 
is also referred to as the duodenal bulb or cap. Loosely attached to 
the liver by the hepatoduodenal portion of the lesser omentum, 
the first part moves in response to movement by the pylorus. The 
gastroduodenal artery, bile duct, and the portal vein lie poste- 
rior, whereas the gallbladder lies anterior to the first part of the 
duodenum. The second part of the duodenum is 7 to 10 cm in 
length, coursing downward, parallel and in front of the hilum of 
the right kidney and to the right in contact with the pancreatic 
head. Slightly inferior to the midpoint of the second part of the 
duodenum on the posteromedial wall, the nipple-like major duo- 
denal papilla marks the location of the ampulla of Vater, through 
which the pancreaticobiliary ducts empty into the duodenum. On 
the same wall, 2 cm proximal to the major papilla, there may be 
a minor duodenal papilla that forms the opening for the acces- 
sory pancreatic duct. The third part of the duodenum is approxi- 
mately 10 cm in length and courses transversely from right to left, 
crossing the midline anterior to the inferior vena cava, spine, and 
aorta. The superior mesenteric artery and vein course anterior 
to the third part of the duodenum, generally to the right of mid- 
line. The fourth and final section of the duodenum is 5 cm long 
and courses upward to the left of the aorta to reach the inferior 
border of the pancreas. The junction between the duodenum and 
the jejunum (duodenojejunal flexure) is fixed posteriorly by the 
ligament of Treitz. 

The duodenal wall is composed of outer longitudinal and inner 
circular muscle layers. As is the case with the remainder of the 
small intestine, the luminal surface is lined with mucosa, forming 
circular folds known as the plicae circulares or valvulae conniventes. 
An exception to this is the duodenal bulb, distinguished radio- 
graphically and endoscopically by its smooth, featureless mucosa. 

The first few centimeters of the duodenum are shrouded by 
anterior and posterior elements of the peritoneum. The remain- 
der of the duodenum lies posterior to the peritoneum and thus is 
retroperitoneal. 
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Vascular Supply and Drainage; Lymphatic Drainage 


The arterial supply to the duodenum is rich and based on its 
embryonic origin, in that branches of the celiac trunk (as derived 
from foregut) supply the proximal duodenum, whereas the dis- 
tal duodenum (as derived from midgut) is supplied by branches 
of the superior mesenteric artery. From the celiac trunk arises 
the common hepatic artery, from which arises the gastroduo- 
denal artery. The gastroduodenal artery, in turn, branches into 
the superior pancreaticoduodenal artery, which gives off ante- 
rior and posterior branches to the duodenum. These branches 
anastomose with analogous anterior and posterior branches of 
the inferior pancreaticoduodenal artery, a branch of the superior 
mesenteric artery. 

The venous drainage corresponds to the arterial supply, with 
the superior pancreaticoduodenal veins coursing between the 
duodenum and pancreatic head to enter the portal vein. Likewise, 
the inferior pancreaticoduodenal veins empty into either a jejunal 
vein or directly into the superior mesenteric vein. 

The duodenal lymphatic drainage also corresponds to the 
vascular supply. Small anterior and posterior duodenal lymph 
channels drain into the pancreaticoduodenal nodes. From these 
nodes, lymph drains superiorly into the hepatic nodes or inferi- 
orly into superior mesenteric nodes located at the origin of the 
superior mesenteric artery. 


Duodenal Innervation 


As in the case in the stomach, duodenal innervation is provided by 
the sympathetic and parasympathetic nervous systems. The pre- 
ganglionic sympathetic nerves course through the celiac and supe- 
rior mesenteric ganglia, with postganglionic neurons entering the 
duodenal intramural plexuses. Afferent fibers accompany the sym- 
pathetic neurons, primarily carrying fibers for visceral pain sen- 
sation. Parasympathetic fibers, supplied by the hepatic branch of 
the anterior vagus nerve and the mesenteric nerves, synapse with 
Meissner’s and Auerbach’s plexuses in the duodenal wall. 


Microscopic Anatomy 


The duodenum differs dramatically from the gastric mucosa, with 
the change from gastric glands and pits to a mucosa lined with 
villi surrounded by crypts of Lieberkiihn and a submucosa with 
characteristic Brunner’s glands. A single layer of epithelial cells 
provides the interface between the duodenal lumen and mucosa 
in the areas of both villi and crypts. In this epithelial layer are 
contained absorptive cells, Paneth cells (which secrete lysozyme 
and other host defense factors), mucous cells, and endocrine cells. 

The villi in the proximal duodenum have a distorted appear- 
ance, thought to be related to its exposure to gastric acid. In con- 
trast, the villi of the distal duodenum are tall, slender, and very 
regular, similar to those in the jejunum. The ratio of the length of 
villi to crypts in the distal duodenum is 4:1 or 5:1, again similar to 
the ratio in the jejunum. Within the submucosa of the duodenum 
are the branched Brunner’s glands, which secrete an alkaline and 
clear mucus containing bicarbonate, EGF, and pepsinogen II. 
Brunner’s glands are most numerous in the proximal duodenum 
and decrease in number distally. Rather than emptying into the 
duodenum through their own duct system, they empty into the 
duodenum through adjacent intestinal glands. 


CONGENITAL ANOMALIES OF THE STOMACH AND 
DUODENUM 


The congenital anomalies of the stomach and duodenum are 
summarized in Table 49.1. Congenital anomalies of the stom- 
ach are among the least frequently encountered malformations 
of the GI tract. These lesions may present during the neonatal 


period or later in life, depending on the degree of gastric outlet 
obstruction. 


Gastric Atresia 


Gastric atresias generally occur in the antrum or pylorus in 1 of 
3 forms: complete segmental defect, segmental defect bridged 
by a remnant of a fibrous cord, or a membrane (also called a 
web, diaphragm, or septum). These lesions are uncommon, with 
a reported incidence of 1 to 3 per 100,000; membranes comprise 
the majority. Membranes consist of gastric mucosa, muscularis 
mucosa, and submucosa. In contrast, the fibrous cord generally 
lacks mucosal elements but contains normal serosal and muscu- 
lar layers. Membranes may be complete (totally obstructive) or 
incomplete (perforate). For the sake of clarity, incomplete gastric 
membranes, which are by definition not atresias, are also consid- 
ered here. 


Pathogenesis 


The cause of these lesions remains unknown, but the timing 
of a contrary developmental event may determine the type of 
atresia. For example, if there is fusion of redundant endoderm 
before 8 weeks’ gestation (before muscle layer development), 
then discontinuity of gastric wall musculature would result in a 
segmental defect with or without a fibrous cord. On the other 
hand, if redundancy occurs after 8 weeks’ gestation, when muscle 
layers are complete, a simple membrane develops. An alternative 
mechanism—focal ischemia at a critical time in development— 
has been proposed. Finally, failure of recanalization of the gastric 
lumen following temporary obstruction from mucosal prolifera- 
tion has been suggested as a cause, but this is not a viable explana- 
tion because obstruction or recanalization does not occur in the 
stomach (unlike the esophagus and duodenum).° Total epithe- 
lial detachment of gastric mucosa, associated with o¢}4 integrin 
expression deficiency at the junction of epithelial cells and lamina 
propria, has been noted in a child with pyloric atresia.’ 

Genetic factors are also important. In addition to a familial 
form (autosomal recessive), gastric atresia is also associated with 
Down syndrome and junctional epidermolysis bullosa (JEB). In 
the case of epidermolysis bullosa—pyloric atresia—obstructive 
uropathy association, mutations in the a, and 4 integrin subunits 
of the hemidesmosome have been noted.*:? JEB (discussed in 
Chapter 25) is also known as the JEB—pyloric atresia syndrome.'® 

Other associated anomalies are intestinal malrotation, atrial 
septal defect, absent gallbladder, tracheoesophageal fistula, vagi- 
nal atresia, and absent extrahepatic portal vein.!! In addition, gas- 
tric atresia may be associated with multiple intestinal atresias and 
immunodeficiency. ! 


Clinical Features and Diagnosis 


In proximal GI obstruction, polyhydramnios is commonly noted 
during pregnancy. Newborn infants with any variant of gastric 
atresia have signs of gastric outlet obstruction including onset of 
forceful, nonbilious emesis following the first feeding. There may 
be drooling and respiratory distress. The abdomen is generally 
scaphoid unless gastric distention is present. When diagnosis is 
delayed, severe metabolic alkalosis, volume depletion, and shock 
occur; prolonged gastric distention may result in gastric perfo- 
ration. Abdominal radiographs demonstrate gaseous distention 
of the stomach and a gasless intestine. Upper GI contrast study 
shows complete obstruction of the stomach, generally at the level 
of the antrum or pylorus. The type of lesion (e.g., a membrane) 
can be determined only via surgical exploration. 

In the usual case of incomplete antral and pyloric membranes, 
the age of presentation depends on the degree of obstruction; symp- 
toms may therefore develop at any age from infancy to adulthood. 
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Anomaly Incidence Age at Presentation Symptoms and Signs Treatment 
STOMACH 
Gastric, antral, or pyloric 3/100,000, when combined Infancy Nonbilious emesis Gastroduodenostomy, 
atresia with webs gastrojejunostomy 
Pyloric or antral membrane As above Any age Failure to thrive, emesis Incision or excision, pyloroplasty 
(web) 
Microgastria Rare Infancy Emesis, malnutrition Continuous-drip feedings or 
jejunal reservoir pouch 
Gastric diverticulum Rare Any age Usually asymptomatic Usually unnecessary 
Gastric duplication Rare; male:female, 1:2 Any age Abdominal mass, emesis, Excision or partial gastrectomy 
hematemesis; peritonitis if 
ruptured 
Gastric teratoma Rare Any age Upper abdominal mass Resection 
Gastric volvulus Rare Any age Emesis, refusal to feed Reduction of volvulus, anterior 
gastropexy 
Pyloric stenosis (infantile USA, 3/1000 (range, Infancy Non-bilious emesis Pyloromyotomy 
hypertrophic and adult 1-8/1000 in various 
forms) regions); male:female, 4:1 
Congenital absence of the Rare Childhood, adulthood Dyspepsia, if symptomatic Usually unnecessary 
pylorus 
DUODENUM 
Duodenal atresia or 1/20,000 Newborn Bilious emesis, upper abdominal Duodenojejunostomy or 
stenosis distention gastrojejunostomy 
Annular pancreas (see also 1/10,000 Any age Bilious emesis, failure to thrive Duodenojejunostomy 
Chapter 55) 
Duodenal duplication cyst Rare Any age Gl bleeding, pain Excision 
Malrotation and midgut Rare Any age Bilious emesis, upper abdominal Reduction, division of bands, 


volvulus (also see 
Chapters 27 and 98) 


These lesions, except for the presence of membrane perforations, 
are identical to the membranes of gastric atresia. Luminal narrow- 
ing is from the malformation itself as well as from local inflam- 
mation and edema. The primary symptom is vomiting, which in 
infants or children may result in failure to establish normal weight 
gain. In older children and adults, the symptoms may mimic those 
of peptic ulcer disease, with nausea, epigastric pain, and weight loss. 
Diarrhea has been observed, but its physiologic basis is unknown. 
The abdominal radiograph is typically normal, although gastric 
distention may be noted. Occasionally, prenatal diagnosis may be 
suggested by US findings of dilated stomach without polyhydram- 
nios. Definitive diagnosis is established by contrast radiography, 
US, or EGD. Contrast radiography demonstrates the membrane 
as a thin, circumferential filling defect in the antrum or pylorus. 
Careful observation shows contrast material with delayed passage 
through a central defect in the membrane; overall gastric empty- 
ing is delayed. US may demonstrate segmentation of the antrum, 
whereas on EGD a small, fixed opening in the antrum or pylorus 
may be evident, surrounded by a mucosa free of folds. 


Treatment 


Following patient stabilization with fluids, electrolytes, and gas- 
tric decompression, definitive treatment is surgical. Complete 
or incomplete antral membranes are treated by simple excision. 
Pyloric membranes require pyloroplasty. The presence of a con- 
comitant duodenal atresia has been described (also known as wind- 
sock diaphragm [see Chapter 26]), and its presence or absence is 
verified by passage of a catheter distally into the duodenum intra- 
operatively. Endoscopic therapy using a snare, papillotome, laser, 
or dilation via balloon has also been described. In cases involving 


distention possibly resection 


atretic gap, gastroduodenostomy is considered curative. An alter- 
native approach is pyloric sphincter reconstruction via longitu- 
dinal pyloromyotomy, followed by end-to-end anastomosis of 
cul-de-sacs of gastric and duodenal mucosa.!* Gastrojejunostomy 
is not recommended in children because of the risk of marginal 
ulcer. In a retrospective study, a mortality rate exceeding 50% 
was seen and attributed to the associated fetal anomalies and 
sepsis due to variety organisms (Klebsiella, Pseudomonas, and 
Candida species and methicillin-resistant Staphylococcus aureus). 
As previously mentioned, some of the patients had immune defi- 
ciency disorders.!* 


Microgastria 


Microgastria is an extremely rare congenital anomaly of the cau- 
dal part of the foregut. A small, tubular or saccular, incompletely 
rotated stomach is associated with a megaesophagus. Varying 
degrees of the anomaly occur owing to arrested development 
during the 5th week of gestation in differentiation of the greater 
curvature of the stomach such that neither rotation nor fusiform 
dilation of the stomach occurs.! A localized vascular insufficiency 
has been postulated to lead to the development of microgastria 
after the eighth week of gestation.!° The etiology is unknown. 
Fortunately, normal gastric histology is preserved. Micro- 
gastria may occur as an isolated anomaly but more commonly in 
association with other anomalies: duodenal atresia; nonrotation 
of the midgut; ileal duplication; hiatal hernia; asplenia; partial 
situs inversus; or renal, upper limb (microgastria—limb reduc- 
tion anomaly), cardiac, pulmonary, skeletal, or spinal. In isola- 
tion, microgastria is not lethal, but other associated anomalies 
may be. It has been suggested that microgastria in association 
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with limb reduction defects and central nervous system anoma- 
lies has a genetic basis, with an autosomal recessive pattern of 
inheritance.'!’ Chromosome analysis is normal. 


Clinical Features and Diagnosis 


The infant typically presents with postprandial vomiting and 
malnutrition. There may also be diarrhea (a result of rapid gas- 
tric emptying) and dumping syndrome. Respiratory symptoms, 
including respiratory distress at birth and stridor, as well as recur- 
rent pulmonary infections, have been reported. Anemia due to 
iron deficiency may occur because decreased gastric acid secre- 
tion may preclude adequate iron absorption; cobalamin (vita- 
min By) deficiency may follow hyposecretion of intrinsic factor. 
Prenatal US may detect a small stomach and polyhydramnios. 
Contrast radiography shows the megaesophagus and tubular or 
small stomach. The lower esophageal sphincter is poorly defined, 
and esophagogastric reflux is usually severe. 


Treatment 


The medical management of microgastria includes frequent 
small-volume feedings or continuous-drip feedings into the stom- 
ach. An alternative is nocturnal drip feedings via jejunostomy to 
supplement oral intake. Surgical creation of a double-lumen 
Roux-en-Y pouch anastomosed to the greater curvature of the 
stomach has been described. This Hunt-Lawrence jejunal pouch 
has allowed normal growth and development and prevented 
reflux and dumping syndrome.!® One case report described gas- 
tric dissociation for the treatment of congenital microgastria with 
paraesophageal hiatal hernia.!? 


Gastric Diverticulum 


A gastric diverticulum is the rarest type of GI diverticulum. The 
true congenital diverticulum contains all gastric tissue layers and 
is located on the posterior wall of the cardia. The intramural (or 
partial) diverticulum projects into but not through the muscular 
layer, most commonly located along the greater curvature of the 
antrum. The false (or pseudo-) diverticulum is formed by muco- 
sal and submucosal herniation through a defect in the muscular 
wall and lacks muscularis propria. Familial occurrence has not 
been described for any of these lesions. 


Clinical Features and Diagnosis 


Most congenital gastric diverticula are asymptomatic and are inci- 
dental findings on radiography or endoscopy, or at autopsy (see 
Chapter 26). Size varies from 1 to 11 cm. Contrast radiography 
shows a rounded, well-delineated mobile pouch, often with an 
air-fluid level. Emptying of the diverticulum may be delayed. On 
endoscopy, the diverticulum is seen as a well-delineated opening; 
distention by the scope may reproduce symptoms. Unfortunately, 
both upper GI radiologic studies and endoscopy may miss the 
diagnosis due to the typical location at the esophagogastric junc- 
tion. Symptoms may be epigastric or lower chest pain, indiges- 
tion, bleeding, or nonbilious emesis. The differential diagnosis 
includes an acquired gastric diverticulum found in association 
with pancreatitis, gastric outlet obstruction, trauma, ulcer dis- 
ease, or malignancy. Hiatal hernia and hypertrophic gastric folds 
may mimic a diverticulum on contrast studies. Radiology cannot 
distinguish between congenital and acquired diverticula. 


Treatment 


In the case of an incidentally discovered proximal gastric diver- 
ticulum, treatment is unnecessary. If symptoms are thought to be 
consistent with the diagnosis, the diverticulum may be amputated 


or invaginated. Because of the risk of malignancy associated 
with distal gastric diverticula, surgical treatment by amputation, 
invagination, or segmental resection has been recommended. 
Laparoscopic resection following gastroscopic localization has 
been described. 


Gastric Duplication 


Approximately 20% of all GI duplications are gastric. 
Duplication of the stomach can occur in isolation, as a triplica- 
tion (2 gastric duplications in 1 individual), or combined with 
duplications of other structures in the GI tract such as the esoph- 
agus or duodenum. Location is contiguous with the stomach, 
generally along the greater curvature or posterior wall, and con- 
tains all layers of the gastric wall. Gastric and pancreatic mucosa 
lining the duplication are most clinically significant secondary 
to potential complications such as PUD and pancreatitis. The 
duplication rarely communicates with the stomach so for this 
reason, a tubular, fusiform, or spherical cystic mass develops. 
Infrequently, there may be a connection to the colon, pancreas, 
or pancreatic duplication; the connection may be the result of 
an acquired fistula from a penetrating peptic ulcer within the 
gastric duplication. Several embryologic defects have been pro- 
posed as etiologies for duplications, including errors in sepa- 
ration of notochord and endoderm, persistence of embryonic 
diverticula, and persistence of vacuoles within the epithelium 
of the primitive foregut.” Most duplications occur in women 
(65%) and are detected during infancy or childhood (80%), with 
no familial tendency. Aside from concurrent duplications, verte- 
bral anomalies are the second most commonly linked abnormal- 
ity.?! Carcinomas arising in congenital duplications have been 
described in adults. 


Clinical Features and Diagnosis 


The clinical presentation of gastric duplication depends on fac- 
tors such as size, location, and communicating structure (if any). 
Symptoms and signs vary and may include the following: colic, 
abdominal mass, epigastric pain, failure to gain appropriate 
weight, vomiting, occult or frank upper or lower GI bleeding 
secondary to peptic ulceration (the latter occurring via ero- 
sion into the colon), hematobilia via a communication with the 
intrahepatic bile duct, respiratory distress or hemoptysis (per- 
forated cyst fistulized to lung),’” pyloric obstruction, peritonitis 
secondary to rupture, pancreatitis, pancreatic pseudocyst, and 
acute abdomen. In early infancy, symptoms may mimic those 
of hypertrophic pyloric stenosis. Diagnosis is suggested by an 
abdominal radiograph showing displacement and extrinsic 
compression of gastric lumen. Contrast radiography may dem- 
onstrate the duplication via a mass effect on the stomach (Fig. 
49.84), or the cyst may be imaged directly when there is com- 
munication with the GI tract. US (see Fig. 49.88) including pre- 
natal US,” CT (see Fig. 49.8C), MRCP, Tc-99m pertechnetate 
scanning, and EUS may also demonstrate the lesion. Peristalsis 
identified by EUS in a juxtaenteric cyst is specific for a duplica- 
tion cyst and may be considered as a diagnostic feature of this 
condition.?? 


Treatment 


Surgical excision is considered optimal therapy (see Fig. 49.8D); 
laparoscopic resection has been described.** When complete 
excision is not possible, as may be the case when cyst and vis- 
cus have a common muscle layer, debulking, cyst-gastrostomy, 
or partial gastrectomy may be necessary. Additionally, mucosec- 
tomy or mucosal surface ablation should be considered because 
the development of malignancy in enteric duplications has been 
documented in adults. 
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Fig. 49.8 Gastric duplication in a 12-year-old boy with a 1-year history of vomiting and intermittent abdominal 
pain. Physical examination and laboratory studies were normal. A, A film from an UGIS shows an extrinsic 
mass displacing and compressing the antrum and duodenal C loop. B, An US image shows a hypoechoic 
mass behind the gastric antrum and medial to the gallbladder (GB). C, CT shows a circumferential soft-tissue 
thickening displacing and narrowing the antrum. D, An intraoperative picture of the gastric duplication after 


dissection of the stomach and before resection. 


Gastric Teratoma 


Gastric teratomas are benign neoplasms of the stomach that occur 
almost exclusively in males. Gastric teratomas are rare, com- 
prising only 1% of all childhood teratomas. These tumors may 
have their origins in pluripotential cells and contain all 3 embry- 
onic germ cell layers. They are almost always diagnosed during 
infancy owing to their large size. Most are located along the 
greater curvature of the stomach and are extragastric, although 
intramural extension has been reported.” The immature type 
(which includes yolk cell tumor, germinoma, and embryonal 
carcinoma) may infiltrate regional structures, such as omentum, 
regional lymph nodes, and the left lobe of the liver, whereas the 
mature teratoma type does not. In virtually all cases, gastric tera- 
toma is an isolated finding and is not associated with other tumors 
or malformations.?’ 


Clinical Features and Diagnosis 


The typical patient is a male infant with an abdominal mass; mean 
age at presentation is 3.2 months.?8 Vomiting may be present from 
intrinsic compression and GI bleeding due to transmural growth, 
and disruption of gastric mucosa can occur. Polyhydramnios may 
be noted prenatally from gastric obstruction by the mass. The 
newborn infant with a teratoma may be delivered prematurely 
or have respiratory distress on the basis of increased abdominal 
pressure. Delivery may be difficult, putting the infant at risk for 
injuries such as shoulder dystocia. Gastric teratoma associated 
with gastric perforation, mimicking meconium peritonitis, has 


been described.?? Noncontrast radiography demonstrates char- 
acteristic calcifications. US demonstrates solid and cystic areas, 
and CT or MRI confirms the diagnosis and evaluates regional 
infiltration.?® 


Treatment 


Tumor excision with primary gastric repair is the procedure 
of choice and is curative. Partial or even total gastrectomy is 
required for intramural tumor extension. Premalignant changes 
and frank malignant transformation to adenocarcinoma have 
been reported,*”*! and peritoneal gliomatosis has been observed. 
Fortunately, even those cases with malignant histologic features 
or extension into adjacent tissues have an excellent prognosis.”’ 
In the case of immature gastric teratomas, a serum AFP level may 
be useful, especially because of the possibility of recurrence or 
metastasis and the need for adjuvant chemotherapy.*” Recurrence 
of gastric teratoma can occur after 2 decades, long term follow-up 
is important.*? 


Gastric Volvulus 
See Table 49.1 and Chapter 27. 


Infantile Hypertrophic Pyloric Stenosis 


Infantile hypertrophic pyloric stenosis (IHPS) is a form of gas- 
tric outlet obstruction caused by hypertrophy of circular muscle 
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surrounding the pyloric channel. Correction of IHPS is the most 
common abdominal operative procedure during the first 6 months 
of life. Because the muscular hypertrophy and obstruction tend 
to be an evolving process during the postnatal period, IHPS is 
arguably not a true congenital defect.*+ The etiology of IHPS 
remains the subject of speculation. A localized lack of nitric oxide 
synthase, an enzyme associated with smooth muscle relaxation, or 
abnormal neuronal innervation associated with decreased muscle 
neurofilaments, nerve terminals, synaptic vesicle protein, and 
neural cell adhesion molecule?’ has been implicated; however, 
anatomic studies cannot determine whether nitric oxide synthase 
deficiency is a primary or secondary event,*° and nitric oxide syn- 
thase deficiency is only notable in a subset of cases.?” Pacemaker 
cells that regulate GI motility, the interstitial cell of Cajal (dis- 
cussed in the next chapter), are observed only near the submu- 
cosa in IHPS instead of throughout the pylorus.**3? EGF and 
its receptors and heparin-binding EGF-like growth factor are 
markedly increased in smooth muscle cells in THPS,*° but their 
triggers are unknown. 

The incidence of IHPS in the USA is approximately 3 in 1000 
live births, but varies among ethnic groups and regions from 1 to 
8 in 1000 live births. Incidence is highest among whites (espe- 
cially northern Europeans), whereas incidence is lower among 
African Americans and Africans and lowest among Asians. Males 
outnumber females by 4:1 or 5:1. 

Familial clustering of IHPS is widely recognized, with autoso- 
mal dominant forms reported.*! Approximately 50% of identical 
twins are affected, leading credence to the roles of both genetic 
and environmental factors. Male relatives of affected women are 
more likely to develop IHPS, such that siblings and offspring of 
affected women are more likely to develop IHPS than are rela- 
tives of affected men. Others at increased risk are first-born male 
infants, especially those with high birth weights or born to pro- 
fessional parents. IHPS also occurs in association with Turner 
syndrome, trisomy 18, Cornelia de Lange syndrome, esophageal 
atresia, Hirschsprung’s disease, phenylketonuria, and congenital 
rubella syndrome. Multiple reports have described an association 
between early macrolide exposure in infants, including expo- 
sure through breast milk,” and the development of IHPS.*°-+ 
In addition, a recent decline in the incidence of IHPS that par- 
allels that of sudden infant death syndrome has been observed 
and coincides with the recommendation of supine infant sleeping 
position; however, a study in Germany showed regional distri- 
bution of IHPS was different from that of sudden infant death 
syndrome.*6+7 

Five genetic loci have been identified with IHPS via genome- 
wide linkage analysis of families with 2 or more affected individu- 
als: the gene for nitric oxidase synthetase, NOS1 on chromosome 
locus 12q24.2-24.31; 2 loci, IHPS2 (16p12-p13) and JHPSS 
(16q24.3) associated with autosomal dominant forms of the dis- 
ease; IHPS3 (11q14-q22); and IHPS4 (Xq23-q24).** A genome- 
wide association study was performed on 1001 Danish patients 
with IHPS and 2401 healthy controls. Two genes, MBNLI and 
NKX?2-5, were identified and then replicated in other cohort 
studies. 


Clinical Features and Diagnosis 


Infants with IHPS are typically asymptomatic until 3 to 4 weeks 
of age, although a small number may present as early as the first 
week of life. Initially, infants present with mild spitting, which 
progresses to projectile vomiting following feedings. Vomiting 
may be so forceful as to exit through the nostrils, as well as the 
mouth. Emesis may contain “coffee ground” material or small 
amounts of frank blood, but is rarely bilious. Early in the course, 
the infant remains hungry following vomiting episodes but, 
with time, loses interest in feeding and may present wasted and 
severely volume depleted. Decreased urinary and stool output 


Dist = 0.70cm 


Fig. 49.9 Abdominal US image in a 1-month-old infant with idiopathic 
hypertrophic pyloric stenosis demonstrating the sonolucent “donut” of 
pyloric hypertrophy on cross-section. Crossbars measure an abnormal 
(7 mm) muscle thickness. (Courtesy Jeanne Joglar, MD.) 


accompanies volume depletion. Marked metabolic alkalosis devel- 
ops secondary to chloride loss in the vomitus. Infants may be mis- 
diagnosed with formula allergy or gastroesophageal reflux. 

On physical examination the infant with IHPS may appear 
wasted and volume depleted, but the extent is variable and related 
to severity and duration of symptoms. The classic physical signs 
are a palpable pyloric mass and visible peristaltic waves. The 
palpable “olive” is most easily felt in a wasted patient, immedi- 
ately following emesis or aspiration of the stomach. The loca- 
tion of the olive varies from the level of the umbilicus to near 
the epigastrium. The pyloric mass is palpable in 70% to 90% of 
affected infants, depending on the experience and patience of the 
examiner. Emptying the stomach by nasogastric tube placement 
and palpation of the stomach with the infant in the prone posi- 
tion may enhance detection. Peristaltic waves are best observed 
during feeding of the naked infant while the infant is cradled in 
the mother’s left arm. Many infants appear jaundiced due to an 
indirect hyperbilirubinemia related to volume depletion and, per- 
haps, malnutrition. 

When the presentation is typical and the olive palpated, no 
studies are necessary. However, in the minority of infants with 
projectile vomiting, definitive diagnosis requires radiologic stud- 
ies. Non-contrast radiography demonstrates a distended stomach 
with paucity of gas beyond the stomach. Diagnosis is confirmed 
by US of the pylorus, which has supplanted contrast radiogra- 
phy as the diagnostic study of choice for IHPS. Because volume 
depletion may affect the pyloric US measurements, ensuring an 
adequate fluid status may be prudent before US evaluation.°” The 
length of the hypertrophied canal is variable and may range from 
as little as 14 mm to more than 20 mm. The numeric value for 
the lower limit of pyloric muscle thickness has varied in reports in 
the literature, ranging between 3 and 4.5 mm. This appears as a 
characteristic sonolucent “donut” (Fig. 49.9). Many consider the 
numeric value less important than the overall morphology of the 
canal and real-time observations. A negative US study hinges on 
an unequivocal diagnosis of a normal pyloric ring and a disten- 
sible antropyloric portion of the stomach.*! 

When the differential diagnosis includes IHPS, gastroesopha- 
geal reflux, or other upper GI disorders, contrast radiography 
may be the appropriate first test. Contrast radiography must be 
performed carefully, and gastric contents should first be aspi- 
rated. The infant is given barium by nipple and imaged in a 
semiprone position. Characteristic findings include an elongated 
narrow pylorus with the appearance of a “double channel.” There 
is also indentation of the adjacent antrum and duodenum by the 
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Fig. 49.10 Film from an UGIS in a 1-month-old infant with idiopathic 
hypertrophic pyloric stenosis, demonstrating an elongated pylorus and 
antral and duodenal “shoulders” secondary to a mass effect. (Courtesy 
Marcia Pritchard, MD.) 


pyloric mass, producing the so-called shoulders (Fig. 49.10). The 
most common abnormality that mimics IHPS is pylorospasm. 
Diagnosis of IHPS by EGD has been described in which the 
pylorus appears as a cauliflower-like narrowing, through which a 
7.8 mm (external diameter) endoscope cannot be passed*’; how- 
ever, another report on endoscopic diagnosis has refuted these 
claims.’ EGD is also potentially beneficial to evaluate for eosin- 
ophilic gastroenteritis (see Chapter 30), which has been linked to 
pyloric stenosis.°* 


Treatment 


The initial therapy for IHPS is fluid and electrolyte replacement 
to correct volume depletion and hypochloremic metabolic alka- 
losis. Depending on severity, fluid and electrolyte repletion can 
usually be accomplished within 24 hours. Definitive therapy is 
the Ramstedt pyloromyotomy, which entails a longitudinal inci- 
sion through the hypertrophied pyloric muscle down to the sub- 
mucosa on the anterior surface of the pylorus. After spreading the 
muscle, the intact mucosa bulges through the incision to the level 
of the incised muscle. An alternative operation is the pyloric trau- 
mamyoplasty, where the pylorus is grasped with a Babcock clamp 
that disrupts the hypertrophied circular muscles in 2 places.°>® 
Laparoscopic pyloromyotomy with its improved cosmetic results 
and reduced need for analgesics is becoming increasingly popu- 
lar.57°® Although infants may continue to vomit for the first few 
days postoperatively, persistent vomiting is suggestive of inad- 
equate surgery. 

Nonoperative therapy consists of the use of anticholinergic 
medications?’ and paste-consistency feedings until such time that 
the muscle hypertrophy resolves.®” Because of the high failure 
rate, the prolonged recovery period (compared with surgery), 
and the low risk of pyloromyotomy, the nonoperative approach is 
rarely used in the USA. 

The prognosis following surgery is excellent, with the infant 
resuming normal growth and development. Although divergent 
gastric emptying rates have been observed for many years follow- 
ing treatment of IHPS, gastric emptying by scintigraphy using 
radiolabeled liquids or solids was similar in patients treated surgi- 
cally or conservatively versus controls.*” 


Adult Hypertrophic Pyloric Stenosis 


Hypertrophic pyloric stenosis (HPS) rarely occurs in adults; 
there are approximately 200 cases described in the literature. 
Adult HPS has anatomic features identical to the infantile type. 
In adults, pyloric thickening is generally associated with PUD, 
hypertrophic gastropathy,°! or carcinoma. In a few cases, no 
etiology is determined; it is therefore unknown whether these 
are missed infantile cases or whether the hypertrophy occurred 
later in life. There is a family history of IHPS in some cases of 
adult HPS, again suggesting a role for genetic predisposition or 
missed infantile cases. In addition, 80% of adult HPS cases occur 
in men. The resected pylorus demonstrates normal mucosa and 
marked circumferential thickening of the muscularis propria.° 
Microscopically, there are variable degrees of inflammatory 
changes or edema, and degenerative changes in the ganglion cells 
of the myenteric plexus have been reported.°! 


Clinical Features and Diagnosis 


Symptoms of adult HPS are similar to those observed in infancy: 
nausea, mild vomiting, early satiety, and epigastric pain, espe- 
cially after eating. In contrast with the infantile form, the physical 
examination may not be helpful because the pyloric mass is dif- 
ficult to palpate in adults. On contrast radiography, the elongated 
narrow pylorus is again apparent; gastric emptying is delayed, and 
the stomach may be dilated. US is the screening procedure of 
choice; it is generally considered abnormal if the pylorus is 1 cm 
or more thick with persistent elongation of more than 2 cm.°! 
EGD is indicated to differentiate adult HPS from carcinoma or 
chronic peptic ulcer disease. 


Treatment 


Traditionally, surgical pyloromyotomy or resection of the 
involved region has been considered the procedure of choice. 
Because of the risk of a small focus of carcinoma, surgical resec- 
tion of the pylorus has been recommended. Endoscopic balloon 
dilation has also been efficacious in the management of adult 
HPS, but an 80% postprocedure recurrence rate within the first 6 
months has been reported.°? Palliation of pyloric stenosis caused 
by gastric cancer using an endoscopically placed stent has been 
described.“* 


Congenital Absence of the Pylorus 


In this very rare anomaly, the pylorus is closed off like a sac and 
the ostium of the gastric outlet is in an abnormal location along 
the incisura angularis of the lesser curvature (see Table 49.1). 


Duodenal Atresia and Stenosis 


Duodenal atresia and stenosis are congenital defects charac- 
terized by complete and partial obstruction of the duodenum, 
respectively. Atresias occur in various anatomic configurations 
including a blind-ending pouch with no connection to the distal 
duodenum (least common), a pouch with a fibrous cord connect- 
ing to the distal duodenum, or a complete membrane obstruct- 
ing the lumen (most common). Perforate membranes are also a 
cause of duodenal stenosis. All of these lesions occur with greatest 
frequency near the ampulla of Vater, with most lesions (80%) 
occurring distal to this landmark. The overall incidence of the 3 
anomalies combined is approximately 1 per 200,000 live births, 
with a slight predilection for girls. The etiology of these lesions 
may relate to failure to recanalize the duodenal lumen by vacu- 
olization at 8 to 10 weeks’ gestation. This is distinct from atresia 
or stenosis of the jejunum and ileum, which are caused by vascu- 
lar accidents in utero. Duodenal stenosis has been observed in 


732 PART VI Stomach and Duodenum 


sonic hedgehog (shh)—1mutant mice, therefore adding to our under- 
standing that mutations in signaling pathways may play a role in 
this malformation. 

In 2 series of more than 100 cases,°”°® more than 50% of 
affected patients had associated congenital defects including 
pancreatic defects, intestinal malrotation with congenital bands, 
esophageal atresia, Meckel’s diverticulum, imperforate anus, con- 
genital heart disease, central nervous system lesions, renal anom- 
alies, and, rarely, biliary tract anomalies. Trisomy 21 is strongly 
associated with duodenal atresia/stenosis/web in that anywhere 
from 25% to more than 50% of cases occur in infants and chil- 
dren with this chromosomal anomaly. Familial association is rare, 
although isolated case reports suggest a possible genetic associa- 
tion.*!°’ A report of father and son with periampullary obstruc- 
tion due to duodenal stenosis and annular pancreas (in the father) 
and segmental duodenal atresia (in the son) serves as a reminder 
that with increased survival of affected infants, a genetic basis may 
be realized in the future.”° 


Clinical Features and Diagnosis 


The diagnosis of duodenal atresia may be suspected prenatally 
when US demonstrates gastric and proximal duodenal dilation 
and polyhydramnios. Polyhydramnios is present in 33% to 50% 
of cases of duodenal atresia. The absence of gastric and proxi- 
mal duodenal dilation in the presence of polyhydramnios does 
not exclude the diagnosis, because intrauterine emesis may limit 
preobstructive dilation. High-frequency transvaginal transducers 
used in US may overdiagnose intestinal dilation, so longer scan- 
ning is recommended once obstruction is suspected.”! 

The infant with duodenal atresia is often born preterm and 
has early feeding intolerance characterized by vomiting and 
upper abdominal distention. Emesis is usually bilious because 
most lesions occur distal to the entry of the bile duct into the duo- 
denum. Nonbilious emesis is seen in 15% to 20% of cases sec- 
ondary to more proximal obstruction. Any child with trisomy 21 
and vomiting (especially bile-stained) requires further evaluation 
for duodenal stenosis. Duodenal stenosis or a partial membrane 
may present at any age, depending on the degree of obstruc- 
tion. Infants and children present with vomiting, failure to gain 
weight adequately, and/or aspiration. Vomiting may be intermit- 
tent and of variable severity such that symptomatic lesions may 
remain undiagnosed for months to years. Occasionally, diagnosis 
is delayed until adulthood. 

Noncontrast radiographs of the infant with duodenal obstruc- 
tion classically demonstrate the presence of air in the stomach 
and in the first portion of the duodenum—the “double-bubble” 
sign (Fig. 49.11). The absence of air beyond the second bubble 
should be interpreted as probable duodenal atresia. Contrast 
radiography is generally effective in demonstrating atresias, ste- 
nosis, membranes, and other anomalies resulting in external com- 
pression of the duodenum (Fig. 49.12). In addition, normal or 
abnormal rotation and fixation of the bowel can be assessed. The 
ampullary sphincter has been noted to be incompetent in some 
cases. Reflux of contrast medium through the ampulla poses risks 
of developing cholangitis and pancreatitis. Occasionally, upper 
endoscopy is useful in diagnosing or defining a duodenal stenosis 
or membrane. 


Treatment 


A newborn infant suspected of duodenal obstruction should have 
a nasogastric tube placed for decompression, and fluid and elec- 
trolyte abnormalities should be corrected. The surgical approach 
in the past was duodenojejunostomy, but duodenoduodenostomy 
is now preferred.°* The operation has evolved from a side-to- 
side anastomosis to a proximal transverse to distal longitudinal 
(“diamond-shaped”) anastomosis. Associated malrotation is 


Fig. 49.11 Anteroposterior and lateral noncontrast films of an infant 
with duodenal atresia demonstrate the “double-bubble” sign. (Courtesy 
Marcia Pritchard, MD.) 


Fig. 49.12 Film from an UGIS in an infant with a duodenal membrane/ 
web demonstrates dilatation (a) from the pylorus (b) to the third portion 
of the duodenum proximal to the webbed segment of duodenum (with- 
out contrast) (c) and a normal-caliber fourth portion of the duodenum 
(d). (Courtesy Korgun Koral, MD.) 


corrected with a Ladd procedure. A catheter is passed into the 
distal duodenum to investigate for a second obstruction, which 
occurs in approximately 3% of cases. Membranes may be excised 
without anastomosis if the membrane was an isolated finding. 
Balloon dilation has been described for membranous duodenal 
stenosis.” Endoscopic laser resection of membranes has been 
reported; unfortunately, subsequent scar formation has resulted 
in stenosis and the need for surgery.’ Complications that can 
plague patients months to years following primary repair include 
motility problems, megaduodenum, gastroesophageal reflux 
unresponsive to medications, gastropathy, adhesions, and PUD.°* 
A recent study showed that the proximal and distal segments in 
duodenal atresia differ in the neural cells, musculature and distri- 
bution of the interstitial cells of Cajal, which may contribute to 
the onset of postoperative duodenal dysmotility.”° 
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Approximately 12% of patients required revision or another 
intra-abdominal surgery over a 30-year follow-up period.’° Two 
teenagers have presented with choledochal cyst.°’ Megaduode- 
num proximal to the obstruction, with abnormal peristalsis, is a 
common long-term issue, but most patients are asymptomatic. 
For symptomatic patients with megaduodenum, bowel plication 
may be indicated.’ 


Annular Pancreas 


Annular pancreas is an unusual congenital malformation charac- 
terized by a thin ring of pancreatic tissue, most often encircling 
the second portion of the duodenum, contributing in variable 
degrees to obstruction (see Chapter 55). The lesion may pres- 
ent in the neonatal period, in childhood, or adulthood. It is the 
most common congenital anomaly of the pancreas presenting in 
children. Some cases remain asymptomatic and are discovered as 
an incidental finding during ERCP or at autopsy. The anomalous 
tissue is histologically normal and contains a moderately sized 
pancreatic duct. The pancreatic tissue may penetrate the muscu- 
laris of the duodenal wall or remain distinct from the duodenum. 

Several hypotheses exist regarding embryologic origin of 
annular pancreas. Evidence appears to favor Lecco’s 1910 
hypothesis that the ventral pancreatic anlage becomes fixed to the 
duodenal wall before rotation during the fifth week of gestation. 
With subsequent growth and fusion of the dorsal and ventral 
anlagen, a partial (75%) or complete (25%) ring of pancreatic 
tissue is formed.° 

The incidence of the disorder is approximately 1 in 100,000 
live births, but this figure does not account for cases found dur- 
ing adulthood, during ERCP (when it is usually noted as an 
incidental finding), or at autopsy. The true incidence may be as 
high as 1 per 250 live births. In infancy, the incidence is equal 
in male and female infants, whereas in adulthood, men outnum- 
ber women by 2:1. Infant and childhood cases are associated with 
other congenital anomalies in an estimated 40% to 70% of cases, 
including trisomy 21, duodenal atresia, cardiac defects, anorectal 
malformations, Meckel’s diverticulum, tracheoesophageal fistula, 
malrotation, genitourinary malformation, and situs inversus.’® 
In adults, compared with children, it is more common to have 
malrotation, duodenal web, Shatzki’s ring, duodenal atresia, tra- 
cheoesophageal fistula, and genitourinary abnormalities. Also, 
adults are at increased risk of pancreatobiliary neoplasia. In 13 
adults with annular pancreas, 6 had pancreatobiliary neoplasia, 
including 2 with adenocarcinoma of the pancreas, 2 with ampul- 
lary adenoma, and 1 with adenocarcinoma of the gallbladder.’* 
The finding of an annular pancreas in a woman and her child, as 
well as in 2 successive generations, suggests a possible hereditary 
link.’ A recent case report showed that the 6q24.2 microduplica- 
tion of the utrophin gene is a potential risk factor for the develop- 
ment of annular pancreas.*? 


Clinical Features and Diagnosis 


Annular pancreas produces symptoms when tissue obstructs 
the duodenum or biliary tree. Controversy exists as to whether 
the annular pancreas actually plays a role in obstruction. The 
abnormally located pancreatic tissue is a visible indicator of an 
underlying duodenal abnormality that can range from minimal 
duodenal stenosis to atresia.*! Infants may present with high- 
grade obstructive symptoms and signs such as bilious emesis and 
upper abdominal distention indistinguishable from duodenal 
atresia or malrotation with midgut volvulus. During childhood, 
intermittent bilious emesis and failure to thrive are common pre- 
senting symptoms, whereas during adulthood the most common 
symptom is abdominal pain. Other symptoms and signs in adults 
include nausea, vomiting, gastric outlet obstruction, pancreatitis, 
pancreatolithiasis, pancreas divisum, pancreatic mass, gastric or 


duodenal ulcer, or biliary obstruction resulting in jaundice. In the 
adult, symptoms peak in the 3rd to 5th decades. 

Noncontrast radiologic studies of the infant may demon- 
strate the double-bubble sign identical to that seen in duodenal 
atresia (see Fig. 49.10). Contrast radiography should be done to 
ensure that the obstruction is not due to midgut volvulus, which 
is a surgical emergency. In adults, transabdominal US, EUS, CT, 
or MRCP may diagnose annular pancreas. ERCP may demon- 
strate ductular structures consistent with annular pancreas, but 
in some cases it may not be technically feasible owing to duode- 
nal obstruction proximal to the major ampulla. EUS is especially 
useful when prior gastric resection or duodenal obstruction pre- 
cludes ERCP; in addition, a mass may be staged or undergo FNA 
at the time of EUS. The ability to evaluate for mass is a new con- 
sideration, given reports of ampullary carcinoma in association 
with annular pancreas; hence, jaundice should not be attributed 
to annular pancreas until carcinoma is ruled out.*? MRCP, which 
allows spatial resolution of the entire pancreaticobiliary tree, can 
identify the annulus and the duct that surrounds the duodenum. 
Finally, intraoperative diagnosis at laparotomy is not unusual. 


Treatment 


The preferred operative therapy for annular pancreas includes 
duodenoduodenostomy or duodenojejunostomy. Prognosis post- 
operatively is excellent with either, and postoperative deaths 
among infants are generally due to associated anomalies. Division 
or dissection of the pancreatic tissue is not recommended owing 
to the high risk of complications, including pancreatitis, pancre- 
atic fistula, and incomplete relief of symptoms due to intrinsic 
duodenal narrowing. An annular pancreas identified at the time 
of organ procurement has been transplanted along with a long 
segment of duodenum with good results, so that annular pancreas 
can be considered suitable for transplantation.*? 


Duodenal Duplication Cysts 


Duodenal duplication cysts are a rare anomaly, totaling only 7% 
of GI duplications. Most commonly located posterior to the first 
or second portion of the duodenum, these spherical or tubular 
cysts do not generally communicate with the duodenal lumen but 
do share blood supply with the duodenum. Histologic criteria for 
a duodenal duplication cyst include GI mucosa, a smooth muscle 
layer in the wall, and an association with the duodenal wall. The 
mucosa is typically duodenal, but in 15% of cases there is gas- 
tric mucosa and, very rarely, pancreatic tissue is found. Men and 
women are affected equally. Several embryologic theories have 
been postulated, but none explain the diversity of anatomic vari- 
eties." 


Clinical Features and Diagnosis 


Duplications may be clinically silent for years before presenta- 
tion. Presenting signs and symptoms of these cysts are typically 
that of partial gastric outlet obstruction and include vomiting, 
decreased oral intake, periumbilical tenderness, and abdominal 
distention. Conversely, an asymptomatic mass found on physi- 
cal or radiologic examination may be noted first. If heterotopic 
gastric mucosa is present in the duplication, bleeding or perfora- 
tion may be the initial presenting sign. In the neonate, duodenal 
obstruction due to a large duplication cyst has been reported. 
An infected duodenal duplication cyst has been noted as well.*° 
Pancreatitis may occur if the cyst compresses or is in communica- 
tion with the pancreatic duct. Finally, jaundice and duodenoje- 
junal intussusception resulting in small bowel obstruction have 
been described.*® 

Noncontrast, as well as contrast, radiography may demon- 
strate obstruction or compression effect but, in general, findings 
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are nonspecific and only suggestive of the diagnosis. US may 
show unilocular cystic structure with echogenic mucosa sur- 
rounded by thin hypoechoic halo of muscle layer.** Peristaltic 
waves through the cyst may be evident on US. Antenatal US can 
identify suspected cysts. CT may demonstrate an encapsulated, 
noncommunicating cyst posterior to the duodenum. On ERCP, 
a compressible periampullary mass may be seen. 


Treatment 


Surgical therapy should be individualized in accordance with the 
anatomy of the cyst. Because of potential complications, early 
neonatal resection, even for asymptomatic cysts, has been advo- 
cated.*’ Operations that have been performed include local exci- 
sion and cyst-jejunostomy. Mucosal stripping of the common 


muscular wall and resection coupled with removal of free walls 
has been recommended.** This, however, may be complex 
because of the proximity of the cyst to the ampulla and biliary- 
pancreatic confluence. Endoscopic drainage, as well as removal, 
has been successful in adult and pediatric cases. As invasive car- 
cinoma may occur in an adult with a duodenal duplication cyst, 
endoscopic drainage without resection may require reconsidera- 
tion. 


Intestinal Malrotation and Midgut Volvulus 
See Table 49.1 and Chapter 98. 


Full references for this chapter can be found on www.expertconsult.com. 
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Gastric neuromuscular function refers to the contractions, relax- 
ations, and peristaltic activities of the stomach. 

The 3 major neuromuscular activities of the stomach are 
(1) receptive relaxation of the fundus, (2) recurrent peristaltic 
waves of the corpus and antrum, and (3) antral peristalsis with 
antropyloroduodenal coordination. These major neuromuscu- 
lar activities of the stomach accomplish 3 key functions: (1) to 
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receive the ingested food that we eat (receptive relaxation), (2) 
to mill (triturate) the ingested foodstuffs into a nutrient sus- 
pension termed chyme, and (3) to empty the chyme from the 
stomach through the pyloric sphincter into the duodenum in a 
highly regulated fashion. This sophisticated process is necessary 
to maximize further digestion and absorption of the nutrients in 
the small intestine. Neuromuscular dysfunction of the stomach 
results in nausea, early satiety, vomiting of chewed food, and dys- 
regulation of the gastric emptying of solid and liquid nutrients. 
These critical gastric neuromuscular activities and related 
functions are complexly modulated by the CNS, parasympathetic 
nervous system (PNS) and sympathetic nervous system (SNS), 
the interactions of the CNS and the activity of the enteric nervous 
system (ENS), the interstitial cells of Cajal (ICCs) that regulate 
the frequency of smooth muscle contractions and organize peri- 
staltic waves, and the host of neurotransmitters that ultimately 
regulate the contraction and relaxation of gastric smooth muscle. 


ELECTROPHYSIOLOGIC BASIS FOR NORMAL 
GASTRIC NEUROMUSCULAR FUNCTION 


Extracellular Slow Waves and Plateau and Action 
Potentials 


The stomach is a sophisticated sphere of smooth muscle orga- 
nized into circular, longitudinal, and oblique muscle layers. 
Gastric myoelectrical activity (GMA), termed slow waves or 
pacesetter potentials, regulate, control, and pace gastric smooth 
muscle contractions.!? In the normal human stomach the 
slow waves occur at approximately 3 cycles per minute (cpm) 
or between 2.5 and 3.7 cpm.’+ From the pacemaker region on 
the greater curvature of the stomach, between the fundus and 
the proximal corpus, slow waves propagate distally and circum- 
ferentially toward the pylorus every 20 seconds, with highest 
amplitude and velocity (approximately 7 mm/sec) in the distal 2 
to 4 cm of antrum (Fig. 50.1).° The gastric slow waves originate 
from the ICCs.*. 

The depolarization upstroke of the slow wave reduces the 
electrical threshold for circular smooth muscle contraction, and, 
in the appropriate situation, the amplitude of the circular smooth 
muscle contraction increases with the onset of the plateau poten- 
tials and action potentials.” The aborad propagation of slow 
waves linked to plateau potentials (with or without action poten- 
tials) is the electrophysiologic basis of gastric peristaltic waves 
(Fig. 50.2). Thus, the slow waves linked with plateau or action 
potentials propagate through the corpus and antrum and create 
moving “ring contractions” that resolve in the antrum or at the 
pylorus in a terminal antral contraction. The pylorus provides 
an electrical barrier between the 3-cpm slow wave of the distal 
antrum and the 12- to 13-cpm slow wave of the duodenum. 


Intracellular Electrical Recordings From Gastric 
Smooth Muscle Cells 


Intracellular recordings from smooth muscle cells from the dif- 
ferent regions of the stomach (fundus to the midcorpus to the 
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terminal antrum) illustrate the electrophysiologic characteris- 
tics that distinguish these regions (Fig. 50.3).! Key features are 
(1) regional differences in resting membrane potential, which 
range from -48 to -75 millivolts (mV), (2) regional differences 
in threshold for contraction, which range from -52 to -40 mV, 
and (3) the occurrence of plateau potentials with or without spike 
potentials.! The fundic smooth muscle cells are unique because 
their resting membrane potential lies at or above the threshold 
for contraction (-50 mV), a situation that promotes sustained 
smooth muscle contraction and ongoing fundic tone. Inhibitory 
vagal input to the fundus increases during swallowing and results 
in decreasing muscle tone associated with “receptive relaxation” 
and the accommodation of swallowed foodstuffs.”:!° Fundic mus- 
cle tone decreases in proportion to the intensity and duration of 
the inhibitory neural discharge. 

In contrast to the fundus, intracellular recordings from the 
corpus indicate a lower resting membrane potential of -60 mV. 
The rapid upstroke depolarization in these cells is followed by 
a plateau potential that slowly returns to the baseline resting 
electrical potential. The plateau potentials are associated with 
circular muscle contraction activity in the corpus and antrum.! 
The plateau potential may be accompanied by action potentials 
in the corpus and antrum. Extrinsic stimuli such as release of 
acetylcholine or stretch of the stomach wall increases the ampli- 
tude and duration of the plateau potential and the occurrence of 
action potentials, resulting in contractions of varying force, as 
seen in the muscle of the terminal antrum. Depending on the 
excitatory neural stimuli and the amplitude of plateau poten- 
tials and the number of action potentials, peristaltic contraction 
waves of the circular muscle layer vary from very-low-amplitude 
contractions to high-amplitude lumen-occluding contractions. 
At the pylorus, the plateau potentials have long durations with 
superimposed action potentials that result in closure of the 
pyloric sphincter in conjunction with the terminal antral con- 
traction. ! 

The membrane potential and the force of smooth muscle 
contraction also distinguish the fundus, corpus, and antrum (Fig. 
50.4). The resting membrane potential of the fundus is approxi- 
mately -50 mV and produces the sustained contraction and the 
resting tone of the fundus.! This fundic tone ensures a sensi- 
tive response to excitatory or inhibitory stimuli for relaxation 
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Fig. 50.1 Gastric electrical activity 
recorded from electrodes (A to D) po- 
sitioned on the serosa of the stomach 
from the fundus to the antrum. Slow 
waves originate in the pacemaker 
region located at the juncture of the 
fundus and the corpus on the greater 
curvature. Note that the fundus does 
not have slow wave activity (elec- 
trode A). Slow waves propagate 
circumferentially and migrate distally 
to the pylorus approximately every 

20 seconds, or 3 cycles per minute 
(cpm) (dotted lines with arrowheads). 
GMA at 3 cpm can be recorded with 
cutaneous electrodes. The summed 
GMA recorded from electrodes posi- 
tioned on the abdominal surface in the 
epigastrium is termed as EGG, and 
the normal rhythm is 3 cpm. (Modified 
from Koch KL. Electrogastrography. In: 
Schuster M, Crowel M, Koch, KL, edi- 
tors. Atlas of gastrointestinal motility. 
Hamilton, Ontario: BC Decker; 2002. 
pp 185-201.) 
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or further contraction of the fundus. Receptive relaxation dur- 
ing ingestion of food is accomplished by these electrophysiologic 
attributes of smooth muscle in the fundus. In contrast, the rest- 
ing membrane potentials of the corpus and antrum are -60 to 
-70 mV, respectively. In the presence of plateau potentials or 
action potentials the membrane potential reaches -45 mV or less 
and smooth muscle contraction occurs. If the plateau potentials 
have higher amplitude, then contractions of larger amplitude or 
force occur. When the plateau potential and action potentials 
are linked to the propagating slow waves in the antrum (Fig. 
50.5), then the moving ring contractions of the gastric peristaltic 
“waves” are formed. 

In conjunction with terminal antral contractions, the pyloric 
sphincter contraction prevents emptying of gastric content into 
the duodenum and results in retention of solid foodstuffs in the 
stomach. Thus, the peristaltic waves associated with terminal 
antral and pyloric sphincter contraction produce little or no emp- 
tying of the gastric contents from the stomach into the duode- 
num. In contrast, if the pylorus remains open during the gastric 
peristaltic wave, then an aliquot of nutrient chyme is emptied into 
the duodenum. 


Interstitial Cells of Cajal 


ICCs are the “pacemaker cells” for the smooth muscle appa- 
ratus of the GI tract.®!!:!? ICCs originate from c-Kit—posi- 
tive mesenchymal cell precursors.!> ICCs in the stomach are 
located in submuscular, intramuscular, myenteric, and subse- 
rosal layers of the gastric wall.!4-16 Figure 50.6 shows the ana- 
tomic relationships between the ICCs in the myenteric plexus 
(MY-ICCs), the intramuscular ICCs (IM-ICCs), the enteric 
neurons, and the circular smooth muscle cells. MY-ICCs are 
located between the circular and longitudinal muscle layers 
of the stomach and are the ICCs responsible for the genera- 
tion of the slow waves. These ICCs spontaneously generate 
slow waves that are conducted into adjacent smooth muscle 
cells and cause depolarization and contraction of the smooth 
muscle by activating voltage-dependent, dihydropyridine- 
sensitive (L-type) calcium channels.!°!’ Increased amplitude 
of the plateau potential correlates with increased amplitude 
of smooth muscle contraction. The slow waves propagate 
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Fig. 50.2 Gastric slow waves linked 
with plateau potentials (or action po- 
tentials), the electrophysiologic basis 
of gastric peristaltic waves. The 
plateau and action potentials occur 
during circular muscle contractions. 
Peristaltic waves originate in the 
pacemaker area. The frequency 

(3 cycles per minute [cpm]) and 
propagation velocity («14 mm/sec) 
of the gastric peristaltic waves are 
controlled by the slow wave, which 
leads the contraction from the 
proximal corpus to the distal antrum, 
as shown at electrodes A through 
D. The solid black lines and arrows 
indicate the circumferential and 
distal propagation of the peristaltic 
wave, which forms a ring contraction 
(small arrow), indicating a moving 
peristaltic contraction. Peristaltic 
contractions occur 3 times per 
minute, the frequency of the gastric 
slow wave. The increased GMA of 
the plateau potentials and action 
potentials linked with the slow wave 
results in increased amplitude of the 
3-cpm waves recorded in the EGG 
signal (thick black lines). The fundus 
does not participate in the gastric 
peristaltic contractions. (Modified 
from Koch KL. Electrogastrography. 
In: Schuster M, Crowel M, Koch, KL, 
editors. Atlas of gastrointestinal mo- 
tility. Hamilton, Ontario BC Decker; 
2002. pp 185-201.) 
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circumferentially and distally through the ICC network via 
gap junctions and entrain more distal ICCs with slower intrin- 
sic frequencies to the higher slow wave frequency, the normal 
3-cpm pacemaker frequency. 

ICCs are also located within the layers of the circular smooth 
muscle (IM-ICCs), where they integrate and coordinate the 
spread of the slow wave and the smooth muscle contraction initi- 
ated by the MY-ICCs.° Slow waves are not regenerated in the 
smooth muscle cells because the ion channels needed to generate 
and propagate slow waves are not expressed by gastric smooth 
muscle. 

In the corpus and antrum the MY-ICCs and IM-ICCs form 
a continuous lattice-like network of interconnections that extend 
from the pacemaker region circumferentially and aborally to 
the pylorus. The MY-ICCs establish the dominant pacemaker 
frequency, and IM-ICCs carry the slow wave into the circular 
smooth muscle bundles to coordinate circumferential and aboral 
propagation of the contraction wave. 

The ICCs have innate rhythmicity that is based on their 
unique metabolism and fluxes in intracellular and extracellular 
calcium ions.!”!8 The most active area of depolarization and 
repolarization of the ICCs is in the pacemaker area of the stom- 
ach located between the fundus and the proximal corpus. The 
depolarization and repolarization of the ICCs is regenerated and 
propagated through the network of ICCs in a migrating wave 
front that moves from the pacemaker region on the greater curve 
through the corpus and antrum to the pylorus proscribing the 
pathway of gastric peristaltic contractions. Excitatory input to the 
MY-ICC (e.g., cholinergic stimuli, stretch) results in opening of 
calcium channels and depolarization of the smooth muscle cells 
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with IM-ICC activation to coordinate the contractions of the cir- 
cular muscle cells in time and space. Thus, the ICC networks 
provide the control of frequency and propagation velocity for 
the circular muscle contractions that comprise gastric peristalsis 
waves. 

The fundus of the stomach lacks slow waves. The IM-ICCs 
in the fundus have a role in mechanoreception and act as sen- 
sory cells with interconnections to the vagal afferent neurons that 
innervate the fundus.!? Fundic IM-ICCs are also innervated by 
inhibitory vagal neurons that regulate tone in the fandus. !° Thus, 
the ICCs also participate in the relaxation of fundic tone that 
occurs during accommodation. 

Normal human corpus and antrum have more than 5 ICCs/ 
high-power field (HPF).’°?! Depletion of ICCs in the corpus- 
antrum and loss of CD206 macrophages are associated with 
gastroparesis in patients with diabetes mellitus and idiopathic 
gastroparesis (IGP).’"-*? Severe depletion of ICCs is also associ- 
ated with a variety of gastric dysrhythmias ranging from bra- 
dygastrias to tachygastrias and conduction defects.*!”> Patients 
with DGP and loss of ICCs have more gastric electrical dys- 
rhythmias (tachygastria), more upper GI symptoms, and poorer 
response to gastric electrical stimulation (GES) compared with 
patients with normal numbers of ICCs.”? Interruption of ICC 
pathways from nondiabetic mechanisms also results in gastric 
dysrhythmias and ectopic pacemakers that are similar to gas- 
tric dysrhythmias found in patients with diabetes.?* The loss 
of ICCs in DGP in mice is related to inflammatory infiltrates 
of M1 macrophages and increased production of inflamma- 
tory mediators such as interleukin-6, whereas M2 macrophages 
appear to protect ICCs.’>7° 
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Fig. 50.3 Intracellular electrical recordings from smooth muscle from 
the fundus to the pylorus (A through /). Resting membrane potential in 
millivolts (mV) is shown on the vertical axis, and time is shown on the 
horizontal axis. Distinctive electrical characteristics in each region are 
shown: A, Spontaneous electrical activity in the fundic smooth muscle 
is absent. B through E, The resting membrane potential is less nega- 
tive in the smooth muscle in the corpus compared with the antrum 

(F through H). Spontaneous upstroke depolarization is also recorded 

in the corpus and antrum, as well as in the pylorus (/). The upstroke 
depolarization in the smooth muscle is initiated by the interstitial cells of 
Cajal (see text). The upstroke depolarization is followed by the plateau 
potential and repolarization (D through /). The upstroke depolarization 
and plateau potentials are associated with contraction of the smooth 
muscle. Action potentials are superimposed on the plateau potentials in 
the terminal antrum and pylorus (G through I) and are associated with 
increased amplitude of smooth muscle contraction. (From Szurszewski 
JH. Electrophysiological basis of gastrointestinal motility. In: Johnson 
LR, editor. Physiology of the gastrointestinal tract. 2nd ed. New York: 
Raven Press; 1986. p 383.) 


Nervous System Innervation 


As reviewed earlier in Chapter 4, neurons of the ENS populate 
the stomach wall from the fundus to the pylorus.” These neu- 
rons are located in the myenteric plexuses between the circular 
muscle and the longitudinal muscle layers. Neurons of the ENS 
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Fig. 50.4 Relationship between membrane potential in millivolts (mV) 
and force of contraction in grams (gF) in gastric smooth muscle from 
the fundus, corpus, and antrum. The resting membrane potential in 
fundic smooth muscle is approximately -50 mV, a potential that gener- 
ates muscle contraction and “resting tone” in the fundus. The resting 
membrane potential in the antrum smooth muscle is -70 mV, almost 30 
mV below the threshold for smooth muscle contraction. When the rest- 
ing membrane potential reaches —40 or -35 mV, the steep slope of the 
voltage-contraction curve is observed in the corpus and antrum. (From 
Szurszewski JH. Electrophysiological basis of gastrointestinal motility. 
In: Johnson LR, editor. Physiology of the gastrointestinal tract. 2nd ed. 
New York: Raven Press; 1986. p 383.) 


are also located in submucosal and subserosal plexuses. The ENS 
provides local reflex circuits within the gastric wall as follows: 
(1) sensory afferent neurons located in the mucosa are linked to 
(2) interneurons in the myenteric plexus that are linked to (3) 
efferent neurons that innervate the smooth muscle and glands 
to perform the gastric secretomuscular functions.” Release of 
excitatory neurotransmitters such as acetylcholine and substance 
P stimulates smooth muscle contractions, whereas inhibitory 
neurotransmitters such as nitric oxide and vasoactive intestinal 
polypeptide inhibit contractions. These enteric neural circuits 
within the gastric wall are programmed to modulate peristaltic 
contractions (in conjunction with ICC activity described earlier) 
by sequential inhibition of the distal smooth muscle segment and 
contraction of the immediate proximal segment of the stomach 
wall.?82? Serotonin in the bowel wall has a primary role in initiat- 
ing and controlling peristaltic events.”7° 

Neurons of the ENS are located in proximity to the MY- 
ICCs and IM-ICCs.*° The ENS neurons provide additional con- 
trol and modulation of contraction and relaxation of the gastric 
smooth muscle via cholinergic excitation and nitrergic inhibi- 
tory neurotransmission. Neurons of the ENS form gap junctions 
with MY-ICCs and IM-ICCs and provide crucial neural control 
that integrates slow wave activity and smooth muscle activity. 
Thus, postganglionic excitatory and inhibitory neurons innervate 
MY-ICCs to modulate gastric neuromuscular contraction and 
relaxation and provide chronotropic effects on the slow waves. 
Ultrastructural abnormalities in gastric neural cell bodies and 
nerve endings occur in patients with IGP and DGP.?! 

The PNS and SNS modulate gastric neuromuscular activ- 
ity. The vagus nerve provides the PNS input for the stomach, 
although approximately 80% of vagal fibers are afferent neurons. 
The afferent neurons respond to moment-to-moment contrac- 
tion and relaxation (tone) of the stomach wall.* Efferent activity 
of the vagus nerve increases the release of acetylcholine, which 
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Fig. 50.5 Relationships between smooth muscle contraction (tension) 
and membrane potential (MP). In these intracellular recordings from 
antral smooth muscle, the upstroke potential is the rapid depolarization 
(upstroke) event, followed by the plateau phase. The plateau potentials 
are associated with contraction of the smooth muscle cell, as shown in 
panel A. Note that an increase in the amplitude of the plateau potentials 
(red line in panel B) is associated with greater contractility (tension). 
During redepolarization to the resting membrane potential (RMP), the 
contraction resolves. (Modified from Sanders KM, Ordog T, Koh SD, 
Ward SM. Properties of electrical rhythmicity in the stomach. In: Koch 
KL, Stern RM, editors. Handbook of electrogastrography. New York: 
Oxford Press; 2004. pp 13-36.) 


increases the amplitude of gastric contractions and stimulates 
secretion of gastric acid and pepsin. The SNS innervates gastric 
smooth muscle with neurons that travel with the splanchnic vas- 
culature. SNS activity generally elicits inhibitory action on the 
smooth muscle via effects on the myenteric neurons of the ENS.°? 

The release of various hormones, ranging from CCK to gas- 
trin, affects the neuromuscular activity of the stomach. Gut hor- 
mones produce their effect on smooth muscle, ICCs, and ENS, 
as well as vagal efferent or afferent functions. These effects will 
be characterized under fasted and fed conditions and discussed in 
more detail later. 


Gastric Neuromuscular Activity During Fasting 


In the fasting state, electrical and contractile events of the corpus 
or antrum occur in a highly regular pattern termed the migrating 
myoelectrical (or “motor”) complex, or MMC.** The 3 phases of 
the MMC, as described by changes in intraluminal contractions, 
recur approximately every 90 to 120 minutes. Phase 1 is a period 
of quiescence wherein little or no contractile activity is recorded. 
In phase 2 random, irregular contractions occur. Phase 3 of the 
MMC is a burst of regular, high-amplitude phasic contractions 
that last from 5 to 10 minutes (Fig. 50.74). Phase 3 contractions 
are also termed the “activity front.” The activity front migrates 
from the antrum to the ileum, a journey of 90 to 120 minutes’ 
duration. The 3 phases of the MMC occur regularly in the small 
intestine, although approximately 50% of the phase 3 activity 
fronts originate in the stomach and then migrate through the 


small intestine.” The MMCs that originate either in the stomach 
or duodenum travel through the small intestine and terminate 
in the distal ileum. If fasting continues, then another phase 3 
activity front reappears in the antrum or duodenum at the 90- to 
120-minute interval. The high-amplitude, 3-per-minute contrac- 
tions of phase 3 that develop in the distal antrum empty nondi- 
gestible, fibrous foodstuffs that remain in the stomach. 

Cyclic contractile activity associated with the onset of phase 
3 also has been identified in the lower esophageal sphincter, the 
sphincter of Oddi, and the gallbladder. The phase 3 contrac- 
tions correlate with rapid eye movement sleep and are related 
to a larger system of biological clocks.*°>’ MMCs develop after 
vagotomy, indicating that nonvagal mechanisms initiate and sus- 
tain MMC neuromuscular activity. Motilin is released during the 
intense phase 3 contractions that occur in the proximal duode- 
num. 


Gastric Neuromuscular Activity After a Meal 


Three basic gastric neuromuscular activities occur during and 
after ingestion of solid foods: (1) receptive relaxation to accom- 
modate the ingested food, (2) trituration of the ingested solid 
food by recurrent corpus-antral peristaltic waves to produce 
chyme, and (3) antral peristalsis with antropyloroduodenal coor- 
dination to empty chyme in small aliquots into the duodenum in 
a controlled manner for optimal digestion and absorption of the 
nutrients. 


Response to Ingestion of Solid Foods 


The neuromuscular work of the stomach in mixing, milling, 
and emptying food depends upon the physical characteristics, 
volume, and the fat, protein, and carbohydrate content of the 
ingested food. For example, 240 minutes of neuromuscular 
work by the normal stomach is required to empty 90% of a 
255-kcal low-fat, egg substitute sandwich.’ In contrast, only 
35 minutes of gastric neuromuscular work is required to empty 
70% of a 20-kcal 500-mL soup broth meal that was consumed 
in 4 minutes.*? Figure 50.8 illustrates gastric neuromuscular 
activity required to receive, mix, and empty a solid meal. The 
spectrum of gastric work extends from fundic relaxation to gas- 
tric peristalsis to antropyloroduodenal coordination, the work 
that is needed to produce chyme and empty it into the duo- 
denum. Ingestion of food abolishes the fasted state as regular 
3-per-minute gastric peristalsis begins in the corpus and antrum 
to mix the food; in the fed state, a pattern of continuous small 
bowel contractions with short runs of peristalsis over distances 
of 2 to 4 cm optimize digestion and absorption of nutrients (see 
Fig. 50.78). 

Solid food delivered from the esophagus into the fundus is 
associated with receptive relaxation of the fundus, the “work” of 
fundic muscle relaxation. As the fundic smooth muscle relaxes, 
larger amounts of solid or liquid food are accommodated in the 
fundus and proximal corpus with little or no increase in intralu- 
minal pressure. Liquids, in contrast, are immediately distributed 
throughout the antrum and corpus (emptying of liquids is dis- 
cussed in the next section). Relaxation of the fundus occurs before 
the work of trituration in the corpus-antrum and is a vagal nerve— 
mediated event that requires nitric oxide." Figure 50.9 shows an 
example of the changes in intragastric volume during relaxation 
of the fundus and proximal corpus in response to a caloric meal.+! 
Relaxation of the fundus and the stimulation of mechanorecep- 
tors (stretch), mediated through IM-ICCs in the fundic wall, acti- 
vate vagal afferent neurons and vagovagal reflexes. These reflexes 
involve the nucleus of the tractus solitarius and efferent neurons 
from the dorsal motor nucleus of the vagus. Vagal excitatory 
neurons are inhibited and the vagal inhibitory neurotransmit- 
ters nitric oxide and vasoactive intestinal peptide are released to 
accomplish receptive relaxation. 


<— Slow wave propagation in ICC-MY network ———> 
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behaviors traditionally termed “myogenic”. 


Fig. 50.6 Relationships among /CCs, platelet-derived growth factor receptor alpha-positive (PDGFRa*) cells, 
smooth muscle cells (SMC) in the circular muscle layer, and motor neurons of the enteric nervous system. 
ICCs in the region of the myenteric plexus (ICC-MY) are pacemaker cells and spontaneously generate slow 
wave depolarizations. Slow waves conduct to adjacent SMCs via low-resistance junctions (gap junctions) as 
shown by the curved arrow. Depolarization of SMCs leads to activation of L-type calcium channels, Ca?+ entry, 
and contraction of the SMCs coordinated by ICC-intramuscular networks (ICC-IM). Thus, slow waves organize 
the contractile pattern of gastric smooth muscles into a series of phasic and propagating contractions. SMCs 
do not possess the ionic mechanisms necessary to regenerate slow waves, so the amplitude of slow waves 
decreases as slow waves conduct from SMC to SMC in a muscle bundle. Active propagation of slow waves 
from the dominant (i.e., highest frequency) pacemaker along the greater curvature of the gastric corpus to the 
pyloric sphincter requires continuous coupled networks of ICC-MYs, ICC-IMs, and SMCs. ICC-IMs are ICCs 
that lie within the circular layer of smooth muscle bundles. The ICC-IMs appear to be important in mediat- 

ing neurotransmission because they form very close synaptic connections (gap junctions) with the varicose 
terminals of enteric motor neurons (short arrows). Postjunctional neural responses can be conducted from 
IM-ICCs to muscle bundles. Thus, stimulation of excitatory enteric neurons leads to depolarization of ICC-IMs 
and increases the contractile responses of SMCs to slow wave depolarizations initiated by the ICC-MY. Stimu- 
lation of inhibitory enteric neurons causes hyperpolarization and stabilization of membrane potential and tends 
to inhibit contractile responses to slow wave depolarization. PDGFRa* cells are another class of ICCs with 
distribution similar to |CCs that appear to mediate purinergic neurotransmission and SMC responses. Thus, 
these cells—the SMC, ICC, and PDGFRa*—form a syncytium of SIPs that produces rhythmic, stationary, and 


propagative contractions (myogenic) events of the stomach. 


Other factors influence the muscle tone of the fundus. Antral 
distention, duodenal distention, duodenal acidification,” intra- 
luminal perfusion of the duodenum with lipid or protein, and 
colonic distention all decrease fundic tone through various 
reflexes. The gastric reflex is mediated through an arc initiated 
by capsaicin-sensitive afferent vagal nerves and is mediated by 
5-hydroxytryptamine 3 (5-HT>), gastrin-releasing peptide, and 
CCK, receptors. 

Solid foods labeled with technetium are accommodated 
initially in the fundus and proximal corpus, and by obtaining 
frequent scintigraphic images, the distribution of the labeled 
solid meal can be followed over 4 hours using scintigraphic 
methods.’ Figure 50.10 shows that immediately after inges- 
tion of this solid meal, the food is accommodated and the 
majority of the meal is retained in the fundus and proximal 
corpus. Subsequently, contractions of the fundus press por- 
tions of the food into the corpus and antrum for trituration. 


This early postprandial period of accommodation and tritu- 
ration that occurs before gastric emptying of the nutrients is 
termed the /ag phase. The lag phase may last from 45 to 60 
minutes for solid foods, but the duration of the lag depends 
on the thoroughness of chewing the food, the time required to 
ingest the meal, and the components of the meal. For a 255- 
kcal egg substitute test meal that is ingested in a 10-minute 
period, the lag phase is 30 to 45 minutes. 

Once portions of the meal have been triturated into 1- to 
2-mm particles suspended in gastric juice, a linear phase of gas- 
tric emptying of the chyme begins. Recurrent gastric peristaltic 
waves mix saliva, acid, and pepsin with the chewed food and then 
mill the food to produce chyme. The normal peristaltic waves 
occur every 20 seconds, generated by 3-cpm slow waves linked to 
plateau and action potentials. In healthy subjects approximately 
60% of the egg substitute meal has emptied in 2 hours, and more 
than 90% has emptied at 4 hours (Fig. 50.11).>® 
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Fig. 50.7 Antroduodenal motor activity in a healthy subject. A, Fasted state: Phase 3 contractions in the 
antrum (antral) and duodenum (Duo). Intraluminal contractions in the antrum (channels 1, 3, and 5) and the 
duodenum (channels 2, 4, and 6) are shown. A phase 3 activity front with 3-per-minute antral peristaltic 
contractions lasting almost 6 minutes is noted in channels 1, 3, and 5. The phase 3 activity front propagates 
distally and migrates past the duodenal recording ports. The frequency of contractions in the duodenum is 
approximately 11 or 12 per minute, the same as the frequency of the duodenal slow wave. After completion of 
the phase 3 contractions, the quiescence of phase 1 and lack of contractions are seen in the antrum. B, Fed 
state: The subject ingested a standard liquid meal (Ensure). Contractions of variable amplitude are seen in the 
antrum and a series of relatively low-amplitude, irregular contractions are noted in the duodenum, all of which 
represent the fed state and are in marked contrast to phase 3 activity during the fasting state shown in panel 


A. (Modified from Koch KL. The stomach. Manometry. In: Schuster M, Crowell M, Koch KL, editors. Atlas of 
gastrointestinal motility. Hamilton, Ontario: BC Decker; 2002. pp 135-150.) 


During the linear phase of gastric emptying, each peristaltic 
wave empties from 3 to 4 mL of chyme through the open pylorus 
and into the duodenum.*+ Movement of chyme into the duode- 
num is usually, but not always, pulsatile due to the systole-like 
effect of antral peristaltic waves.*+ The volume of chyme deliv- 
ered into the duodenum by each peristaltic wave is modulated by 
the configuration of the peristaltic wave (e.g., depth of contrac- 
tion, length of the peristaltic wave), pressure within the stom- 
ach, and resistance to flow provided by the pyloric sphincter and 
duodenal contractions.*>* The gastric peristaltic wave delivers a 
larger “stroke volume” when the pylorus and the duodenum are 
relaxed to receive the aliquot of chyme, but the overall rate of 
calories delivered each minute to the duodenum is consistent at 
approximately 3 to 4 kcal/min.® 

As time elapses after ingestion of the meal, the chewed/swal- 
lowed food is continually redistributed from the fundus to the 
antrum for trituration. Some gastric peristaltic waves end at vari- 
ous points in the antrum and others end with a terminal antral 
contraction associated with closure of the pylorus that prevents 
the emptying of larger food particles or indigestible solids. These 
terminal antral and pyloric contractions result in delayed empty- 
ing of the solid particles in the corpus and antrum. The terminal 
antrum, the 3 to 4 cm of antrum immediately proximal to the 
pylorus, is also where the slow waves have the greatest amplitude 
and velocity (5). In this manner, solid food particles that require 
further trituration are retained and subjected further to the mill- 
ing effects of the recurrent peristaltic waves. 

The intragastric pressure and intraluminal pH values recorded 
after a healthy subject ingested an egg substitute meal are shown 
in Figure 50.12. Approximately 3.5 hours after the solid meal 
was ingested, high-amplitude contractions (>65 mm Hg) occur 


just before the pH suddenly increases from 1 to 6 as the wireless 
motility/pH capsule is emptied from the acidic antrum into the 
more alkaline environment of the duodenum. After the digestible 
components of the meal are emptied, strong antral contractions 
(phase 3-like contractions) empty the capsule from the stomach 
into the duodenum.*’ Thus, fibrous and indigestible materi- 
als are emptied by high-amplitude antral contractions, whereas 
the digestible nutrients in the chyme are emptied earlier by the 
lower-amplitude peristaltic waves during the linear phase of emp- 
tying.*® 

The pylorus modulates the rate of gastric emptying by several 
mechanisms. Increased pyloric tone and isolated pyloric pressure 
waves prevent gastric emptying and promote retention of food 
for further milling. Pyloric contractions associated with terminal 
antral contractions are common during the lag phase when tritu- 
ration is occurring. Once the linear phase of emptying of solids 
begins, the numbers of isolated pyloric contraction waves dimin- 
ish as chyme is available for emptying via the gastric peristaltic 
waves. Neuromuscular dysfunction of the pyloric sphincter is 
associated with gastroparesis, is more common than previously 
appreciated, and is reviewed later. 


Response to Ingestion of Liquids 


The gastric neuromuscular activity required to mix and empty liq- 
uids from the stomach is distinctly different from the emptying of 
solid foods.*?*?° Figure 50.13 shows 3-dimensional US images 
of the stomach in a healthy subject during the fasting state and 10 
minutes after the subject ingested 500 mL of soup.’ The intragas- 
tric volume was approximately 40 mL during fasting and increased 
to 350 mL 10 minutes after ingestion of the soup, indicating the 
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Fig. 50.8 The spectrum of gastric neuromuscular work after ingestion of a solid meal. To receive the ingested 
solid foods and accommodate the volume of food without increasing intragastric pressure, the fundic smooth 
muscle relaxes (receptive relaxation). The fundus then contracts to empty the ingested solid food into the 
corpus and antrum for trituration and emptying. Recurrent corpus-antral peristaltic waves mill the solids into 
chyme, which is composed of 1- to 2-mm solid particles suspended in gastric juice. Antral peristaltic waves, 
indicated by the ring-like indentation in the antrum, empty 2-4 mL of the chyme through the pylorus and into 
the duodenal bulb at the slow wave frequency of 3 peristaltic contractions per minute. Antropyloroduodenal 
coordination indicates efficient emptying of chyme through the pylorus, which modulates flow of the chyme 
by varying sphincter resistance. Contractions in the duodenum also provide resistance to emptying. (Modi- 
fied from Koch KL. Physiological basis of electrogastrography. In: Koch KL, Stern RM, editors. Handbook of 
electrogastrography. New York: Oxford Press; 2004. pp 37-67.) 


remarkable relaxation of the smooth muscle of the antrum and 
corpus (in addition to the fundic relaxation) that was required to 
accommodate this liquid volume. (In contrast, solid meals are ini- 
tially accommodated and retained primarily in the fandus and prox- 
imal stomach.) Once accommodated, nutrient liquids are emptied 
into the duodenum in a controlled but more rapid rate compared 
with solid foods, which require trituration. Noncaloric liquid meals 
empty without the lag phase in a curve described as monoexponen- 
tial emptying (Fig. 50.14).°°°! Caloric-dense liquids, on the other 
hand, are retained for longer periods in the antrum and are emp- 
tied slower than noncaloric liquids. Liquids are emptied from the 
stomach by a combination of (1) pressure gradients between the 
stomach and the duodenum that produce flow of liquid into the 
duodenum, (2) antral peristaltic contractions that produce a pulsa- 
tile pattern of emptying of liquids from the antrum into the duo- 
denum, and (3) duodenogastric reflux events that modify gastric 
emptying rates.*4+* From a GMA viewpoint, ingestion of water 
until the point of fullness induces a brief “frequency dip” followed 
by return of normal 3-cpm activity recorded noninvasively in the 
electrogastrogram (EGG) (Fig. 50.15).? The rate of gastric emp- 
tying of liquids is influenced by the volume, nutrient content, vis- 
cosity, and osmolarity of the ingested liquid.>?*>#°>! These factors 
affect the neuromuscular activity of the stomach, which ultimately 
produces the rate of emptying. These factors are discussed later. 


REGULATION OF GASTRIC NEUROMUSCULAR 
ACTIVITY AFTER A MEAL 


Gastric emptying rates are regulated to achieve a consistent, 
regular presentation of calories in the form of chyme to the 
duodenum in order to optimize secretion of pancreatic enzymes 


and bile appropriate for digestion of the contents of the chyme. 
Various gastric emptying rates are achieved by variations in the 
neuromuscular armamentarium of the stomach: fundic relaxation 
and contraction, the characteristics of gastric peristaltic contrac- 
tions, temporary suspension of 3-cpm slow waves and the onset 
of gastric dysrhythmias; the coordination of antropyloroduodenal 
contractions and duodenal contractions; pyloric sphincter con- 
traction and relaxation; and duodenal contractions that promote 
duodenogastric reflux. The attributes of a specific meal stimulate 
the appropriate gastric neuromuscular responses that affect the 
rate of gastric emptying. Table 50.1 lists gastric neuromuscular 
factors, meal-related factors, and other factors that modulate the 
rate of gastric emptying. The rate of gastric emptying is decreased 
by the temporary occurrence of gastric dysrhythmias, modulation 
of the amplitude and the propagation distances of antral contrac- 
tions, enhanced contractions of the pylorus, and reduced antro- 
pyloroduodenal coordination. 

Meal-related factors that affect gastric emptying include 
the digestible components of the solids and liquids, fat content 
(nutrient density), viscosity, acid content, volume, osmolality, and 
indigestible foodstuffs. For example, foods with high fat content 
empty slower than foods with high protein or carbohydrate con- 
tent. TGs are mixed with gastric lipase during the initial intragas- 
tric phases of digestion (see Chapter 102) and are broken down to 
fatty acids and monoglycerides or diglycerides before emptying 
into the duodenum.” The duodenum is exquisitely sensitive to 
diet-derived fatty acids. Longer chain fatty acids (C12) exposed 
to the mucosa of the duodenum result in release of CCK. CCK 
relaxes fundic tone, decreases antral contraction, and increases 
pyloric tone, all of which result in delay in gastric emptying. In 
contrast, short- and medium-chain fatty acids (<C12) do not have 
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Fig. 50.9 Gastric accommodation of the fundus and proximal stom- 
ach in a healthy volunteer after a test meal. The intragastric volume, 
measured with a barostat balloon, increases from approximately 200 
mL to approximately 450 mL during the 20 minutes after the meal is 
ingested. As the meal is emptied, the volume within the stomach slowly 
decreases over the 2-hour postprandial period. Relaxation of the proxi- 
mal stomach and accommodation of the meal volume reflect vagal- 
mediated receptive relaxation. (From Tack J, Piessevuax H, Coulie B, 

et al. Role of impaired gastric accommodation to a meal in functional 
dyspepsia. Gastroenterology 1998; 115:1346-52.) 


Fig. 50.10 Gastric emptying of an egg sandwich. One-minute scinti- 
graphic images of a radiolabeled 255-kcal substitute egg meal in the 
stomach at time 0, 30, 60, 120, 180, and 240 minutes after ingestion 
are shown. The yellow and pink areas indicate regions of the stomach 
with higher isotope counts and more food than the other regions. Note 
the persistence of portions of the meal in the fundus at 120 minutes 
after ingestion. The meal is slowly redistributed from the fundus to the 
antrum for trituration and emptying. Only a small amount of the meal 
remains in the stomach by 240 minutes, and most of the labeled eggs 
are in the small intestine. 


these neuromuscular effects on gastric emptying rates.4°>+ CCK 
released from the duodenum also activates CCK, receptors on 
vagal afferent neurons with synapses in the nucleus tractus soli- 
taries.°> Neurons from the nucleus tractus solitarius ascend to 
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Fig. 50.11 Solid phase gastric emptying curve for 123 subjects after 
ingestion of a 255-kcal substitute egg meal, the same meal shown 

in Figure 48.10. Note that only approximately 15% of the eggs are 
emptied in the first 45 minutes, the lag phase of gastric emptying of this 
meal. At 90 minutes, approximately 50% of the meal has been emptied 
and 50% is retained. By 240 minutes, more than 91% of the meal 

has been emptied. (Modified from Tougas G, Eaker EY, Abell TL, et al. 
Assessment of gastric emptying using a low fat meal: Establishment of 
international control values. Am J Gastroenterol 2000; 95:1456-62.) 


the periventricular nucleus of the hypothalamus that participate 
in mechanisms of satiation, and descending vagal efferent neu- 
rons from the dorsal motor nucleus of the vagus inhibit gastric 
emptying and maintain fundic relaxation. The sensitivity of the 
duodenal mucosa to fat and other nutrients led to the concept of 
duodenal tasting and duodenal brake, sensorimotor events that 
modulate gastric emptying of nutrients.” 

Monosaccharides in the duodenum stimulate the release of 
incretins such as glucagon-like polypeptide-1, which promotes 
insulin secretion to match increasing postprandial blood glucose 
levels and decreases antral contractions.°**? In order to harmo- 
nize the relationships between glucose absorption, glycemia, and 
insulin secretion, the gastric emptying of carbohydrates is highly 
regulated. °! Hasler and colleagues showed that hyperglycemia 
decreases antral contractions and increases gastric dysrhythmias, 
a “physiologic” gastric dysrhythmia that decreases the rate of gas- 
tric emptying (Fig. 50.16).°*°? Hyperglycemia increases fundic 
compliance and decreases sensations related to fundic disten- 
tion.*+° Blood glucose levels greater than 220 mg/dL result in 
decreased antral contractions, decreased gastric emptying, and 
induced gastric dysrhythmias,” all of which are gastric neuro- 
muscular activities that reduce gastric emptying and reduce 
further exposure of the duodenum to nutrients. Hypoglycemia 
episodes are also associated with delayed emptying in patients 
with insulin-dependent diabetes.® 

The interaction between nutrients in the lumen and the regu- 
lation of the rate of gastric emptying continues in the later post- 
prandial period as digestion and absorption of nutrients occur 
throughout the small intestine. For example, if diet-derived fatty 
acids or carbohydrates reach the lumen of the ileum, the so-called 
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Fig. 50.12 Gastric contractions and intraluminal gastric pH recordings during the emptying of a 255-kcal egg 
substitute meal, the same meal shown in Figure 50.10, recorded with an ambulatory capsule pH and motility 
device; pH is shown on the right vertical axis, and pressure in mm Hg is shown on the left vertical axis. The pH 
increases to approximately 3 for the first 45 minutes as gastric acid is buffered by the meal. The pH then grad- 
ually decreases to 1, and remains near 1 at about 3 hours after ingestion of the meal. Stomach contractions 
are generally of low amplitude, less than 10 mm Hg after ingestion of the meal. At approximately 3 hours and 
40 minutes after the meal, the recorded pH increases abruptly to 7 and then decreases and remains stable at 
around 6. Prior to the abrupt increase in pH, there is a series of clustered, high-amplitude antral contractions 
(pressure). These antral contractions empty the capsule from the antrum (pH 1) into the duodenum, where the 
pH is 6 or more. The contractions that occurred during the 3 hours and 50 minutes required to empty the meal 


document the neuromuscular work required to triturate and empty this meal in a healthy subject. 


Fig. 50.13 Three-dimensional US reconstructed images from the 
stomach before and after a healthy subject ingested a 500-mL soup 
meal. A, In the fasted state, the intragastric volume is approximately 38 
mL. B, Ten minutes after ingestion of the meal, the stomach volume is 
350 mL. Note that the antrum, corpus, and fundus are now distended, 
indicating the marked relaxation of the smooth muscle required to ac- 
commodate this volume of liquid. (Modified from Gilja OH, Detmer PR, 
Jong JM, et al. Intragastric distribution and gastric emptying assessed 
by 3-dimensional ultrasonography. Gastroenterology 1997; 113:38-49.) 


ileal break is activated and gastric emptying is delayed. Infusion of 

nutrients into the lumen of the ileum delays gastric emptying. 
Regulation of stomach emptying also is achieved by vagus nerve 

and splanchnic nerve activity that modulates the neuromuscular 


activities of the stomach described earlier. Vagal afferent nerves 
“monitor” neuromuscular function in the stomach moment by 
moment, and interactions between afferent vagal nerve activity and 
the nucleus tractus solitarius and synapses with the efferent vagal 
nerve output from the dorsal motor nucleus produce an ongoing 
interaction of CNS excitatory and inhibitory effects on the stom- 
ach. Gastric emptying is delayed during stress. Corticotrophin- 
releasing factor plays a role in the mediation of stress and inhibits 
gastric emptying through central dopamine; and dopamin, and 
vasopressin pathways in the periventricular nucleus.°’ Other fac- 
tors that affect the rate of gastric emptying not already mentioned 
include rectocolonic distention, nausea and vomiting of pregnancy, 
and vection-induced motion sickness.°* Stimulation of various 
areas in the CNS affects gastric neuromuscular function. Illusory 
self-motion (vection) induces antral hypomotility, tachygastria, 
and decreased gastric emptying.®* A series of studies using the 
experience of illusory self-motion, a unique CNS sensory stimula- 
tion, showed that the onset of nausea was associated with tachygas- 
tria and increased levels of plasma vasopressin.°”:”° 

Gender affects the gastric emptying rate of a standard meal. 
Gastric emptying is significantly slower in healthy women com- 
pared with men.’! Gender differences in gastric emptying rates 
may be related to fluctuations in sex hormones, but phases of the 
menstrual cycle (variations in estradiol and progesterone concen- 
trations) have not shown consistent relationships with emptying 
measurements.” The rate of gastric emptying increases as body 
mass index rises, a relationship that may be relevant to the onset 
and maintenance of obesity. 


GASTRIC SENSORY ACTIVITIES 


Free nerve endings in the stomach act as polymodal sensory 
receptors that respond to light touch or pressure, acid, and 
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Fig. 50.14 Gastric emptying of a mixed liquid and solid meal in healthy 
subjects who ingested 300 mL of radiolabeled water with 2 radio- 
labeled eggs and toast. A, Emptying rate for the solid phase of the 
meal. A short lag phase is noted before the linear phase of emptying, 
and by 60 minutes approximately 55% of the meal is emptied (45% is 
retained). The lag phase may be shortened if the subject has taken a 
relatively long time to eat the meal or the solids require little trituration. 
B, Emptying rate for the liquid phase of the meal. Approximately 80% 
of the water is emptied (20% is retained) at 60 minutes, as the liquid is 
rapidly distributed throughout the antrum and corpus. This is consid- 
ered a monoexponential liquid emptying curve. (Modified from Maurer 
AH, Parkman HP, Knight LC, Fisher RS. Scintigraphy. In: Schuster M, 
Crowel M, Koch, KL, editors. Atlas of gastrointestinal motility. Hamilton, 
Ontario: BC Decker; 2002. pp 171-84.) 


other chemical stimuli. Afferent neurons within the stomach are 
termed intrinsic primary afferent neurons, or IPANs.”* Cell bod- 
ies of IPANSs reside in the submucosal or the myenteric plexus 
areas of the stomach wall. IPANs may be activated by serotonin 
release from local enterochromaffin cells.?”:’* The afferent infor- 
mation in the IPANs is used in local reflexes and provides input 
to vagal and splanchnic afferent neurons for vagovagal and spinal 
reflexes, respectively, to subserve transmission of visceral sensory 
information to CNS centers. Vagal afferent neurons whose cell 
bodies reside in the nodose ganglia connect with the nucleus of 
the tractus solitarius and second-order neurons connect with 


higher center of the hypothalamus, and some inputs reach the 
cortex, where they are consciously perceived as visceral sensations 
(stomach emptiness or fullness) or symptoms such as nausea or 
abdominal pain (Fig. 50.17). 

From the SNS, splanchnic or spinal primary afferent neurons 
in the gastric wall mediate pain sensations. Cell bodies of these 
neurons lie in the dorsal horn of the spinal cord with second- 
order neurons that ascend via the spinothalamic and spinore- 
ticular tracks in the dorsal columns. Sensory neurons are thin, 
myelinated A-delta or unmyelinated C fibers. Spinal afferents 
include a population of unmyelinated C fibers. Capsaicin-sensi- 
tive unmyelinated fibers contain neuropeptides such as calcitonin 
gene-related peptide, vasoactive intestinal peptide, somatostatin, 
substance P, and neurokinin A. These fibers are considered to be 
the primary route of transmission for various pain stimuli from 
the gut to the CNS. These nerve fibers may respond to inflam- 
matory mediators that also awaken “silent” nociceptive fibers.” 

In addition to interacting with IPANs, vagal afferent axons 
have multiple connections with the enteric neurons and innervate 
the circular muscle fiber bundles via connections with ICCs.’”+ 
Vagal afferent neurons are also sensitive to chemostimuli via 
mucosal neurons and mechanosensitive neurons and ICCs in the 
muscle layers. CCK receptors on vagal afferent neurons are pri- 
marily activated by physiologic mechanical and chemical stimuli 
from the stomach during fasting and fed conditions. These vagal 
afferents mediate the sensory response to intraluminal acid and 
fat. Acid may have a direct action on the nerve endings them- 
selves.” 

Nausea is a common sensation that is often attributable to 
stomach neuromuscular dysfunction.’ During the illusion of 
self-motion, gastric dysrhythmias develop as healthy individuals 
report nausea.’ Plasma vasopressin levels increase in the subjects 
who develop nausea but do not increase in those who experience 
no nausea.’® This brain-gut, gut-brain interaction during illusory 
self-motion illustrates the temporal relationships between the 
onset of gastric dysrhythmias in the periphery and acute, severe 
nausea experience of the subject. On the other hand, distention 
of the antrum, but not the fundus, with a balloon induces nau- 
sea sensations and gastric dysrhythmias in healthy individuals.’ 
These studies show that gastric dysrhythmias originate in the 
antrum in humans and that stretch of the antral wall is another 
mechanism that elicits gastric dysrhythmias and nausea sensations 
from the stomach. Distention of the gastric antrum and corpus by 
the water-load test (rather than a balloon) also elicits the gastric 
dysrhythmias and nausea in susceptible individuals.°” 


THE STOMACH AND THE REGULATION OF FOOD 
INTAKE, HUNGER, AND SATIETY 


Hunger is a basic human drive, a stressful condition that is 
eliminated or reduced by the ingestion of food. Hunger is also 
described as an uncomfortable “emptiness” of the stomach. The 
ingestion of food elicits relaxation of the stomach musculature 
(receptive relaxation) and accommodation of the physical volume 
of the meal; as these gastric neuromuscular events occur, hunger 
disappears and the comfortable, postprandial sensations of stom- 
ach fullness are experienced. 

The volume of food ingested suppresses hunger and stimu- 
lates the sense of fullness more than the calorie content of the 
meal.*°.5! Infusion of nutrients into the stomach induces a greater 
intensity of fullness or satiety compared with infusion of the 
same nutrients into the duodenum. The suppression of hunger is 
greater when nutrients are taken by mouth, indicating that CNS, 
oropharyngeal, and gastric neuromuscular factors are integrated 
to produce the comforts of normal postprandial stomach full- 
ness.*? 

Healthy individuals usually eat until they are reasonably 
full. The physiologic attributes of postprandial fullness are not 
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Fig. 50.15 Running spectral analysis of the EGG signal and EGG rhythm strips before and after ingestion of a 
water load in a healthy subject. The X-axis shows the frequencies in the EGG signal in cycles per minute (cpm). 
The Y-axis indicates time, and the peaks (or Z-axis) indicate the power of the frequencies contained in the EGG 
signal. The baseline EGG rhythm strip (A) shows 3-cpm activity. The regularity and the amplitude of the 3-cpm 
EGG signal is increased (B) after the subject ingested 750 mL of water (water-load arrow) over a 5-minute 
period. The running spectral analysis shows relatively low-power 3-cpm peaks at baseline (A1). After ingestion 
of the water load, the peaks initially disappear (the frequency “dip”), and then 3-cpm peaks emerge and are 
prominent until the end of the 30-minute recording (B1). This is a normal gastric myoelectrical response to the 
filling of the stomach with water and the subsequent emptying of the water. The 4 graphs in the insert show 
the percentage distribution of EGG power in the 4 relevant frequency ranges during baseline (BL) and the 10, 
20, and 30 minutes after ingestion of the water by the subject (green lines). Normal ranges are shown by blue 
lines. Note the initial decrease in the percentage of normal EGG activity (2.5-3.75 com) 10 minutes after inges- 
tion of the water (the frequency dip), followed by increased percentages in the 3-cpm normal range 20 and 30 
minutes after ingestion of the water. Resp., Respiratory activity. (Modified from Koch KL. Physiological basis 

of electrogastrography. In: Koch KL, Stern RM, editors. Handbook of electrogastrography. New York: Oxford 
Press; 2004. pp 37-67.) 


completely known, but the physical stretch on the stomach walls 
(and changes in intragastric pressure) induced by ingestion of 
food and the secretion of gastric juice are in part responsible.*°.*! 
Subjects experience a dramatic change from the sensation of 
stomach emptiness at baseline to the sensation of stomach full- 
ness after ingesting water over a 5-minute period. The average 
volume of water ingested to achieve fullness is 600 mL; in con- 
trast, patients with functional dyspepsia (FD) ingest, on average, 


only 350 mL to feel full, indicating a disturbance in stomach wall 
relaxation and/or wall tension.°” Similarly, fullness and satiety 
can be achieved by ingesting a nutrient drink until achieving 
maximum tolerated satiety.®? The presence of acid or nutrients 
in the duodenum or an elevated blood glucose level decreases the 
stomach wall tension.*+*5 

The ingestion of a solid meal initially elicits fundic relax- 
ation, and little emptying of the food occurs during the lag phase. 


CHAPTER 50 Gastric Neuromuscular Function and Neuromuscular Disorders 747 


TABLE 50.1 Factors That Modulate the Gastric Emptying Rate 


Factors Effect on Gastric Emptying Rate 


GASTRIC NEUROMUSCULAR 
Tachygastria Delay 


Decreased fundic accommodation Acceleration 
Increased fundic accommodation Delay 
Antral hypomotility Delay 
Pylorospasm Delay 
Antroduodenal dyscoordination Delay 
MEAL RELATED 


Volume Proportional to meal volume 
Increased acidity Delay 
Increased osmolarity Delay 
Nutrient density: fat > protein > Delay 
carbohydrate 
Tryptophan Delay 
Undigestible fibers Delay 


SMALL INTESTINAL 


Fatty acids in duodenum Delay (“duodenal tasting,” 
“duodenal brake”) 


Fatty acids in ileum Delay (“ileal brake”) 
COLONIC 

Constipation, IBS Delay 

OTHER 

Hyperglycemia Delay 
Hypoglycemia Acceleration 
Illusory self-motion (vection) Delay 


Sensations of fullness continue during the lag phase when the 
food is being triturated. Once the linear phase of gastric empty- 
ing begins, there is a progressive perception of decreasing stom- 
ach fullness and increasing stomach emptiness over time. Four or 
5 hours after a solid meal, the stomach is indeed empty and the 
healthy individual feels hungry once again. 

The physiologic mechanisms of hunger and satiety (and stom- 
ach emptiness and fullness) are under intense investigation. In the 
fasting state plasma motilin levels increase during the phase 3 of 
the MMC, but correlations between the sensation of hunger and 
increases of motilin or onset of phase 3 have not been described. As 
discussed in Chapters 4 and 7, ghrelin is a 28—-amino acid peptide 
secreted from endocrine cells of the oxyntic glands in the gastric 
fundus.*° Ghrelin levels also increase in the plasma during fast- 
ing (hunger) and stimulate food intake, probably acting via vagal 
afferent nerves.*’ Orexins or appetite-stimulating peptides are 
synthesized by neurons in the lateral hypothalamus, promote food 
intake, and stimulate gastric contractility (in the rat) by actions 
on the dorsal motor nucleus of the vagus with projections to the 
gastric fundus and corpus.** After ingestion of food, ghrelin levels 
decrease*’ and are profoundly suppressed after gastric bypass sur- 
gery.” Ghrelin also has promotility effects on the stomach and is 
being evaluated for the treatment of gastroparesis.?!:?? 

Other hormones are candidates for important roles in the 
sensation of fullness or satiety, and these hormones are released 
after the ingestion of meals. CCK is released from the duode- 
nal mucosa exposed to fatty acids. CCK receptors participate 
in fullness and nausea sensations elicited by intraduodenal lipid 
and gastric distention.?*.°* Leptin is synthesized in the stomach 
and released after food ingestion; circulating leptin reduces food 
intake via CNS regulation of the arcuate nucleus.”> Glucagon-like 
polypeptide-1 enhances fullness after a standard meal, reduces 
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Fig. 50.16 Electrical recordings from electrodes secured to the mu- 
cosa of the proximal, middle, and distal antrum in a healthy subject. 
A, 3-cycle-per minute (cpm) electrical slow waves in the proximal, 
middle, and distal electrode leads. The slow waves are propagated in 
an aborad direction as indicated by the dotted lines. B, Disruption of 
propagation and the onset of a 5- to 6-cpm tachygastria in the distal 
lead during hyperglycemia (glucose clamping), with a blood glucose 
level of 240 mg/dL. (Modified from Coleski R, Hasler WL. Coupling and 
propagation of normal dysrhythmic gastric slow waves during acute 
hyperglycemia in healthy humans. Neurogastroenterol Motil 2009; 
21:492-99.) 


antral motility, and increases gastric volume.°””° Apolipoprotein 
A-IV is released from the small intestine during absorption of 
TGs and decreases food intake and gastric motility, in part, via 
CCK and vagal afferent pathways.”’ Polypeptide-YY is released 
from the ileocolonic area after meals and is an important media- 
tor of the “ileal brake” effect’ and appetite suppression.??:!° 

The brain and these gut hormones are clearly linked in the 
regulation of food intake and the regulation of gastric neuromus- 
cular activity that produces stomach emptying.°?:!°° The cephalic 
phase of gastric physiology is well known but has not been 
reexplored for many years. The sight, smell, and taste of food 
stimulate central vagal efferent activity that increases gastric acid 
secretion, gastric contractility, and increases 3-cpm GMA. 100-102 
Sham feeding, during which the subject chews and spits out the 
test meal rather than swallowing it, elicits the cephalic-vagal 
reflex. Sham feeding a warm hot dog on a bun elicits enhanced 
3-cpm activity on the EGG, whereas sham feeding a cold tofu 
dog, a food that the subjects considered disgusting, resulted in 
blunted or no increase in the 3-cpm myoelectrical activity (Fig. 
50.18).!°? Thus, sensory and emotional attributes of food during 
the cephalic phase of ingestive behavior also affect the neuromus- 
cular activity of the stomach. 


DEVELOPMENTAL ASPECTS OF GASTRIC 
NEUROMUSCULAR FUNCTION 


Gastric peristalsis appears between 14 and 23 weeks of gesta- 
tion. Grouped or clustered peristaltic waves are evident by 24 
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Fig. 50.17 Afferent and efferent neural connections between the stomach and CNS. The vagus nerve contains 
afferent nerves with A-delta and C pain fibers with cell bodies in the nodose ganglia and connections to the nu- 
cleus tractus solitarius (not shown). Low-threshold mechanoreceptors and chemoreceptors stimulate visceral 
sensations such as gastric emptiness or fullness and symptoms such as nausea and discomfort. These stimuli 
are mediated through vagal pathways and become conscious perceptions of visceral sensations if sensory 
inputs reach the cortex. The splanchnic nerves also contain afferent nerves with A-delta and C fibers that 
synapse in the celiac ganglia with some cell bodies in the vertebral ganglia (T5-T9). Interneurons in the white 
rami in the dorsal horn of the spinal cord cross to the dorsal columns and spinothalamic tracts and ascend to 
sensory areas of the medulla oblongata. These splanchnic afferent fibers are thought to mediate high-threshold 
stimuli for visceral pain. In contrast to visceral sensations, somatic nerves such as those from the skin carry 
sensory information via A-delta and C fibers through the dorsal root ganglia and into the dorsal horn and then 
through dorsal columns and spinothalamic tracts to cortical areas of somatic representation. Changes in gas- 
tric electrical rhythm, excess amplitude contractions, or stretch on the gastric wall are peripheral mechanisms 
that elicit changes in afferent neural activity (via vagal and/or splanchnic nerves) that may reach conscious- 
ness to be perceived as visceral perceptions (symptoms) emanating from the stomach. /ML, intermediolateral 


nucleus; n., nerve. 


weeks.!°+ The neuroregulatory mechanisms responsible for the 
coordination of antropyloroduodenal motility in gastric empty- 
ing are well developed by 30 weeks of gestation.!°° EGG record- 
ings show normal 3-cpm activity in preterm infants delivered at 
35 weeks that are similar to EGG signals recorded in full-term 
infants.!0°!07 On the other hand, EGG recordings from prema- 
ture infants (<35 weeks’ gestation) showed considerable tachy- 
gastria.!°° GMA matures further over the first 6 to 24 months of 
life and achieves full adult values by the end of the first decade. !°* 

The development of ICCs has been studied intensely because 
of the interest in gastric electrical rhythmicity, smooth muscle 
contractions, and gastric dysrhythmias. Labels for the tyrosine 
kinase receptor (c-Kit) and the availability of knock-out mice 
lacking c-Kit have led to increased understanding of the devel- 
opment of ICCs.!° The ICCs demonstrate differential develop- 
ment, with c-Kit expression on ICCs in the MY-ICCs developing 
before birth, whereas ICCs in the deep muscular plexus (IM- 
ICCs) develop after birth.!!0 ENS and ICC networks are not 
fully developed and are poorly coupled at birth, but progressive 


maturity of gastric rhythmicity and contractility occur during 
perinatal development.!°°!°7 The ENS and ICCs in the deep 
muscular plexus are closely related, whereas ICCs in the myen- 
teric plexus can develop normally in the absence of the ENS.!!° 
Loss of ICCs in the pylorus is associated with loss of the inhibi- 
tory neural activity that may contribute to the development of 
pyloric stenosis in infants (see Chapter 49).!!! 


ASSESSMENT OF GASTRIC NEUROMUSCULAR 
FUNCTION 


Gastric Emptying Rate 


Clinical tests currently approved by the FDA to assess gastric 
neuromuscular function are scintigraphy tests to measure the rate 
of gastric emptying, the capsule motility device to measure gastric 
emptying, and EGG devices to measure GMA before and after 
provocative test meals. These tests provide objective assessments 
of different aspects of the neuromuscular activity of the stomach 
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Fig. 50.18 Gastric myoelectrical response to sham feeding with tasty food (A) and “disgusting” food (B). A, Run- 
ning spectral analysis (RSA) of the EGG signal recorded while a healthy subject chewed a warm hot dog and spit 
it out into a paper bag (sham feeding). The increase in amplitude of the peaks in the normal 3-cycle-per minute 


(com) range during sham feeding is the normal response. “Meal 


P 


indicates the actual ingestion of a hot dog. 


B, RSA of the EGG recorded while a healthy subject chewed a cold tofu dog and spit it out (sham feeding). The 
subject felt “disgusted” during the sham feeding effort. Note the lack in increase of 3-cpm peaks during sham 
feeding the tofu dog compared with (A). On both days, the subject then ingested a warm hot dog on a bun at 
“Meal”; note the subsequent increase in peaks at 3 com. (Modified from Stern RM, Crawford HE, Stewart WR, 
et al. Sham feeding. Cephalic-vagal influences on gastric myoelectric activity. Dig Dis Sci 1989; 34:521-7.) 


in health and disease. Results of gastric emptying and GMA tests 
provide objective diagnoses of gastroparesis and gastric dysrhyth- 
mias and provide rational basis for treatments. 


Scintigraphy 


Test meals labeled with radioisotope are available to assess the rate 
of gastric emptying. The seminal solid-phase gastric emptying pro- 
tocol was a multinational study that used a 255-kcal technetium-99m 
(°™Tc)-labeled egg substitute with bread and jam as the standard 
meal.’ Scans were obtained for 1 minute immediately after inges- 
tion of the meal and at 30 minutes, 60 minutes, 120 minutes, 180 
minutes, and 240 minutes in 123 healthy individuals. Delayed gas- 
tric emptying was defined as greater than 60% retention of the meal 
at 120 minutes and greater than 9% retention at 240 minutes. The 
4-hour emptying test was superior to the 2-hour test because almost 
20% of patients with suspected gastroparesis had normal emptying 
at 2 hours but abnormal emptying at 4 hours.!!” 

Pitfalls in the scintigraphic method for solid-phase gastric empty- 
ing studies include both improper binding of the isotope with the test 
meal, which results in rapid or normal emptying, and continuance 
of medications that may stimulate (e.g., metoclopramide) or inhibit 
(e.g., narcotics, anticholinergic agents) gastric smooth muscle con- 
tractions. These medications should be stopped 5 to 7 days before all 
gastric neuromuscular tests, if possible. Radiation exposure for the 
subject occurs with the scintigraphic tests, and multiple tests in the 
same subject are not advisable. Liquid-phase gastric emptying tests 
(GETs) can be performed with indium 111-diethylenetriaminepen- 
taacetic acid, °""Tc-labeled water, or other liquids. Patients with 
unexplained nausea symptoms may have altered emptying of liquid 
meals, even if solid phase emptying is normal.!!3.!!+ 


Capsule Technology 


Gastric emptying time of test meals is obtained from a small 
capsule that measures intraluminal pH and contractions. The 
capsule is swallowed with a standard test meal. During the post- 
prandial period, measurements of luminal pH and contractions 


are transmitted to a receiver worn by the subject. In healthy sub- 
jects, the capsule is emptied from the stomach into the duodenum 
approximately 5 hours after ingestion of the egg substitute meal. 
Emptying of the capsule correlated with 90% emptying of the 
technetium-labeled egg substitute solid meal. The test had very 
good sensitivity and specificity in detecting gastroparesis.!!° 


Breath Tests 


Breath tests indirectly reflect gastric emptying of solid and liq- 
uid test meals. The solid meals are labeled with '3C and include 
BC octanoic acid, 3C acetate, or BC Spirulina platensis. The BC 
octanoic acid breath test has been performed in many experi- 
mental protocols and is used widely in Europe for research and 
clinical studies.!!6 The C-labeled food is emptied from the 
stomach and absorbed in the small intestine. The labeled nutri- 
ents are metabolized in the liver to 13CO;,, excreted in the lungs, 
and detected in breath samples. Breath samples are collected 45, 
90, 120, 150, and 180 minutes after the meal in the 13C Spirulina 
test. C is a stable isotope with no radiation risks. The 1C breath 
tests are generally comparable to scintigraphy.!!’ Pitfalls include 
spurious results in patients with malabsorptive conditions, liver 
diseases, or lung diseases that may preclude normal oxidation and 
excretion of the C-labeled foods. 


US 


‘Transabdominal US techniques are used to measure antral diam- 
eter and antropyloroduodenal function.!!* Three-dimensional 
US methods show the intragastric distribution of the test meal 
and regional variations in gastric volume.*” The technique is ideal 
with a liquid meal. The clinical application is limited by the high 
level of expertise required by the US operators. 


CT and MRI 


These 2 techniques have been used to measure gastric empty- 
ing and demonstrate intragastric distribution of test meals. CT 
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and MRI technologies offer unique anatomic and functional 
views of the stomach in the fasting and postprandial periods.!!” 
Sequential antral contractions can be visualized. Because of 
expense and availability, these techniques are not used in clini- 
cal practice. 


Gastric Contractions 
Antroduodenal Manometry 


Antroduodenal manometry is an invasive technique wherein a 
water-perfused multilumen catheter is placed either through 
the nose or the mouth and advanced to a position where 
the proximal catheter ports are in the distal antrum and the 
distal ports are in the duodenum.*® Placement of the cathe- 
ter requires endoscopic or fluoroscopic aid. The recordings 
typically last for several hours in order to record phases 1, 2, 
and 3 of the MMC and several more hours to record post- 
prandial contractions after the subject ingests a test meal. 
Antroduodenal manometry testing is not only invasive but also 
time intensive and requires extensive assistant or physician 
time for performance of the test and interpretation of the data. 
Intraluminal manometry catheters detect only lumen-occlud- 
ing contractions.!*° Intraluminal pressure transducer devices 
fail to record almost 50% of contractions in the corpus and 
antrum because the majority of postprandial peristaltic waves 
are not lumen-occluding contractions. Manometry catheters 
positioned in the duodenum can detect patterns of neuro- 
pathic or myopathic dysfunction. 


Capsule Technology 


The wireless ingestible capsule described previously measures 
contractions of the stomach wall. After a standard test meal, 
irregular contractions occur at 1 to 3 per minute and are con- 
sistent with manometric recordings from the antrum.!?! Several 
minutes of sustained high-amplitude, antral contractions occur 
prior to the emptying of the capsule into the duodenum and some 
patterns are consistent with phase 3-like contractions recorded 
by antroduodenal manometry. In patients with gastroparesis, 
capsule studies showed a decreased motility index during the 20 
to 30 minutes before emptying of the capsule, but a normal motil- 
ity index in the 10 minutes before the capsule was emptied into 
the duodenum. These studies suggest that normal terminal antral 
contractions may be maintained even in patients with gastropare- 
sis, whereas antral contractility required for trituration of digest- 
ible foodstuffs is abnormal.!7? 


Gastric Myoelectrical Activity 


GMA is recorded noninvasively using electrodes positioned on 
the abdominal surface.*:!?> The signal an EGG summates the 
ongoing GMA: the slow wave activity during fasting and the sum- 
mation of slow wave activity linked to plateau and action potential 
activity during the postprandial period.!’* In response to a water 
load or a nutrient load, the amplitude of the EGG signal increases 
in the normal 2.5- to 3.7-cpm range, as determined by visual and 
computer analysis (e.g., an increase in the percentage of EGG 
power or in the postprandial power ratio in the normal frequency 
range).°*+!7>,176 Pitfalls for recording and analyzing EGGs include 
failure to identify artifact in the signal and harmonics in the com- 
puter analyses. !77 

Changes in the EGG frequency and amplitude are key 
measures. After ingestion of most solid or liquid meals, a so- 
called frequency dip occurs in the first 10 to 15 minutes after 
the meal. The frequency dip reflects changes resulting from 
marked gastric relaxation and accommodation of the test meal 
related to the volume or the temperature of the meal.!?°:!?° 
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Fig. 50.19 Gastric dysrhythmias recorded with EGG methods. 

A, Tachygastria, an abnormally rapid signal at 6 cycles per minute 
(cpm), shown by dots. B and C, Bradygastria at low- or high-amplitude 
1-cpm wave, respectively. The 1-per-minute waves are indicated by the 
solid curved lines, and the smaller waves in the EGG signal represent 
respiratory activity. D, Normal 3-com EGG signal is identified by dots. 


Several minutes after ingestion of the meal, the frequency of 
the EGG signal returns to the middle of the normal 2.5- to 
3.7-cpm range. 

Gastric dysrhythmias are associated with symptoms of nau- 
sea in subjects with motion sickness,’ nausea and vomiting of 
pregnancy, 30.3! FD,>?!32 and gastroparesis.!33-135 Gastric dys- 
rhythmias include 0.5- to 2.5-cpm signals termed bradygastrias 
and 3.7- to 10-cpm signals termed tachygastrias (Fig. 50.19). 
Recordings that have combinations of tachygastria and brady- 
gastrias are termed nonspecific or mixed gastric dysrhythmias.'*+136 
GMA can also be recorded from serosal electrodes placed dur- 
ing surgery or with mucosal electrodes placed during endos- 
copy.™?163:137 Multiple channel serosal recordings using up to 
128 channels have shown 3-cpm myoelectrical signals, as well 
as a variety of gastric dysrhythmias with similarities to cardiac 
dysrhythmias.!**:!3° The amplitude and velocity of the human 
slow wave are greatest in the terminal antrum, the 3 to 4 cm 
of antrum immediately proximal to the pylorus.’ These same 
studies further confirm the normal human slow wave frequency 
ranges from 2.5 to 3.7 cpm. Slow frequencies are also present 
from 1 to 2 cpm (bradygastrias) and from 4 to 9 cpm (tachy- 


gastrias) in patients with nausea with or without gastropare- 
sis.21+139,140 


CHAPTER 50 Gastric Neuromuscular Function and Neuromuscular Disorders 751 


Gastric Relaxation, Accommodation, and Volume 
Barostat Tests 


Due to the spherical shape of the fundus and the proximal stomach, 
standard manometric catheters are not useful in recording intra- 
luminal pressures after meals. The barostat balloon was designed 
to measure changes in tone (or gastric relaxation) and volume in 
the more spherical areas of the proximal stomach.*! Intraballoon 
pressure is maintained with infused air during the baseline or fast- 
ing period with the balloon slightly distended. As the fundus and 
proximal stomach relax in response to the test meal, more air is 
concomitantly infused into the balloon to maintain the established 
baseline intraballoon pressure.!*! The volume of air that is infused 
to maintain baseline pressure is an estimate of the increased gastric 
volume that occurs as the proximal stomach relaxes. 

Barostat studies demonstrate abnormalities in fundic relaxation 
in almost 30% of patients with FD.*! The failure of fundic relax- 
ation correlates with early satiety. Failure of fundic relaxation has 
also been recorded in patients with gastroparesis.*!:!+2,!+3 Because 
the barostat method is invasive and uncomfortable for patients, 
these studies have been limited to the research laboratory. 


Scintigraphy and Other Tests 


Excessive or poor fundic relaxation in response to liquids and sol- 
ids can be demonstrated with scintigraphy, US, and MRI. Single 
photon emission CT is a method that outlines the gastric wall 
before and after ingestion of a meal to determine changes in vol- 
ume of the stomach. This method requires IV injection of 9°™Tc- 
pertechnetate to outline the gastric wall. The accommodation 
response can be identified with single photon emission CT.!*+ 


Non-Nutrient Liquid and Nutrient Drink Satiety Tests 


Non-nutrient liquids (the water-load satiety test) and nutrient drink 
tests are used to assess overall gastric volume or gastric capacity and 
visceral sensations such as nausea, stomach fullness, or satiety in 
response to ingestion of these liquids,’>5-145:146 often in conjunc- 
tion with measures of GMA, accommodation, or emptying. In the 
water-load satiety test, water is consumed over a 5-minute period 
until the subject feels full.*?:!* In the typical caloric drink test, sub- 
jects drink 150 mL of the liquid (e.g., Ensure) every 5 minutes until 
maximum tolerated satiety is achieved, an endpoint that requires 
almost 30 minutes and results in the consumption of 800 to 1000 
mL of the nutrient drink in healthy subjects.!*° In many healthy 
subjects, nausea and gastric dysrhythmia are evoked by the satiety 
drink test. Subjects with FD or gastroparesis ingest much smaller 
volumes of water or nutrient drink and report fullness, indicating 
impaired relaxation and accommodation of the stomach.°?/*3 


Pyloric Sphincter Tests 


The pyloric sphincter is a key regulator of gastric emptying much 
like the lower esophageal sphincter is a key regulator of esopha- 
geal emptying. The pylorus is difficult to study in regards to fast- 
ing and postprandial function in awake subjects. The EndoFLIP 
or endoscopic functional imaging probe (EndoFLIP, Medtronic, 
Minneapolis, MN) is positioned across the pylorus during endos- 
copy to measure pyloric sphincter pressure, diameter, and dis- 
tensibility.!*’ Almost 30% of patients with gastroparesis have 
decreased pyloric distensibility compared with patients with nor- 
mal gastric emptying. 148 


Antroduodenal Manometry 


Antroduodenal manometry has been performed for many years, 
but it is difficult to keep pressure sensors as the catheters within 
the pyloric sphincter zone in a consistent and reliable fashion. 


Histopathologic Studies in Gastric and Pyloric 
Neuromuscular Disorders 


Efforts to define the histopathologic basis of gastric neuromus- 
cular disorders have provided basic knowledge for the evolving 
field of neurogastroenterology. Most of the full-thickness speci- 
mens from the gastric wall have been harvested during the place- 
ment of GES devices or the placement of jejunostomy feeding 
tubes in patients with severe gastroparesis. Endoscopic biopsy 
techniques have been explored that provide full-thickness speci- 
mens that contain elements of circular muscle, ENS neurons, and 
ICCs.'*7150 Histologic abnormalities in smooth muscle, neurons 
of the ENS, number or location of ICCs, and distribution of key 
neural or muscular receptors represent the potential underlying 
mechanisms of disordered gastric smooth muscle relaxation, peri- 
staltic contraction, and gastric slow wave activity. 

Loss of gastric ICCs (MY-ICCs and IM-ICCs) was reported 
in patients with diabetic and IGP.’°!3! Interestingly, similar loss 
of ICCs was shown in diabetic mice, and the ICCs were restored 
with intense insulin therapy, suggesting that the ICCs are not 
entirely destroyed in diabetes but dedifferentiate into immature 
myoblasts during prolonged hyperglycemia.'>! Damage to ICCs, 
ENS, and smooth muscle can also be seen in inflammatory and 
neoplastic conditions.!°-!5° Other studies in humans have shown 
fibrosis of smooth muscle layers but intact myenteric plexus and 
vagus nerve in patients with DGP, loss of ICCs but minimal 
smooth muscle fibrosis, and inflammatory T lymphocyte infiltra- 
tion in myenteric neurons.!5!57 

Full-thickness biopsies from patients with IGP and DGP 
showed marked depletion of ICCs, a range of injury to enteric 
nerve cell bodies and endings, and preserved smooth mus- 
cle.2°?33! Interestingly, more severe ICC depletion and enteric 
nerve injury were seen in the specimens from IGP patients com- 
pared with diabetics.2°?! The gastric smooth muscles in these 
specimens were generally normal. Thus, these disorders may be 
considered Cajalopathies or gastric enteric neuropathies or, more 
likely in most cases, combinations of both. 

Further studies showed an immune infiltrate of CD204 mac- 
rophages was associated with decreased antral ICCs in patients 
with IGP and DGP.”? The loss of ICCs appear to be more severe 
in the antrum compared with the corpus. The increase in CD204 
macrophages was also associated with heme-oxygenase defi- 
ciency and loss of ICCs, whereas replacement of heme-oxygenase 
improved gastric emptying in mice.!** However, a trial of hemin 
infusions in patients with DGP did not improve symptoms or 
gastric emptying.!*’ Restoration of M2 macrophages in animals 
with gastroparesis resulted in increased numbers of ICCs and 
improved gastric emptying,'®? and suggests novel therapeutic 
pathways to treat gastroparesis. 

Finally, histochemical studies showed the pylorus in patients 
with gastroparesis contained decreased numbers of ICCs and 
increased fibrosis compared with control pyloric tissue.!°! These 
studies as well as physiologic studies of decreased distensibility 
of the pylorus in gastroparesis!*7-!#*.!© suggest an important role 
of the pylorus in regulating the rate of gastric emptying and thus 
in the development of gastroparesis. Results from histochemical 
studies of full-thickness gastric and pyloric tissue also provide new 
directions for understanding the neuromuscular dysfunction of 
the stomach and stimulate ideas for novel therapeutic approaches. 


NEUROMUSCULAR DISORDERS OF THE STOMACH 


Gastric neuromuscular disorders encompass a continuum of 
electrical and contractile dysfunction. At the mild end of the 
spectrum are gastric dysrhythmias, which are subtle electrical dis- 
turbances associated with mild to severe nausea symptoms (Fig. 
50.20). Studies showed these patients have a modest depletion 
of ICCs in the range of 3 to 5 ICCs/HPF.'*° Abnormalities in 
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relaxation of the fundus are associated with early satiety. At the 
severe end of the spectrum, antral hypomotility and profound 
gastroparesis are associated with prolonged postprandial full- 
ness, vomiting, bloating, weight loss, and malnutrition that may 
require enteral or parenteral nutritional support. These patients 
have severe depletion of ICCs (0 to 2 ICCs/HPF).’°*? Patients 
with gastroparesis may also have multiple neuromuscular abnor- 
malities: gastric dysrhythmias, dilated antrum, poor fundic relax- 
ation, and gastric hypersensitivity or hyposensitivity due to vagal 
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Fig. 50.20 The spectrum of gastric neuromuscular disorders. Gastric 
neuromuscular disorders range from abnormal fundic relaxation and 
emptying to gastric dysrhythmias and antral hypomotility and gastro- 
paresis. Pyloric sphincter dysfunction, duodenal dysfunction, antroduo- 
denal dyscoordination, and vagal hypersensitivity may all be present 

in some patients with gastric neuromuscular disorders. com, cycles 
per minute. See text for details. (Modified from Koch KL, Stern RM. 
Functional disorders of the stomach. Semin Gastrointest Dis 1996; 
7:185-95.) 


or splanchnic nerve dysfunction. !6:164t Symptoms associated with 
gastric neuromuscular disorders are summarized in Table 50.2. 

The pyloric sphincter is a key pathophysiologic factor in over 
20% of patients with gastroparesis.'° In these patients, the GMA 
is 3-cpm and indicates normal numbers of ICCs in the corpus and 
antrum. Gastroparesis and normal or hypernormal 3-cpm GMA 
are found in patients with fixed obstruction at the pylorus!** and 
in neuromuscular dysfunction of the pylorus. 147:148:166,167 Thus, 
neuromuscular disorders of the stomach reflect a continuum of 
loss of ICCs but include obstructive gastroparesis. 

In the normal stomach 5 or more ICCs/HPF are present, the 
normal GMA is 3 cpm, and test meals are emptied at the normal 
rate.?0-24140 Subjects with chronic unexplained nausea and normal 
gastric emptying have 3 to 4 1CCs/HPF and a variety of gastric dys- 
rhythmias ranging from tachygastrias to bradygastrias and various 
conduction defects (e.g., re-entrant rhythms, conduction blocks).!*° 
Subjects with nausea and vomiting and gastroparesis have more 
severe depletion of ICCs with 0 to 2/HPF and a variety of gastric 
dysrhythmias from tachygastria to bradygastria.?°-**+ Finally, there is 
a subset of patients who have gastroparesis but have normal 3-cpm 
GMA. !34:166.167 These discordant findings (normal or hypernormal 
3-cpm GMA and gastroparesis) indicate normal numbers of ICCs 
in the corpus/antrum, a pattern associated with pyloric dysfunc- 
tion. !34147,148,168 Thus, pyloric dysfunction causing “IGP” may be 
due to (a) fixed, mechanical diseases such as stenosis due to peptic 
ulcer disease!** or cancer,!® or (b) neuromuscular dysfunction such 
as pylorospasm,!°’ poor pyloric distensibility,!*”!4* or poor antropy- 
loroduodenal coordination.!®* Thus, a continuum of ICC depletion 
appears to relate to gastric dysrhythmias and gastric emptying rates 
and associated symptoms (Fig. 50.21). 


Gastroparesis 


Gastroparesis means “paralysis” of the stomach, as defined by the 
delayed rate of emptying of a standard test meal from the stomach 
in the absence of mechanical obstruction. Approximately 90% of 
the patients with gastroparesis have either diabetic, postsurgical, 
or IGP, but fixed obstructive or functional obstructive gastropa- 
resis is important to identify because they are reversible. Table 
50.3 lists the differential diagnosis for gastroparesis. 


TABLE 50.2 Categories of Gastric Neuromuscular Disorders and Treatment Approaches Based on Gastric Electrical and Emptying Test Results 


Category 1 Category 2 


TEST RESULTS TEST RESULTS 


Category 3 
TEST RESULTS 


Category 4 
TEST RESULTS 


Gastric dysrhythmia and Normal 3-cpm gastric rhythm and 
gastroparesis gastroparesis 
DIAGNOSIS DIAGNOSIS 


DIAGNOSIS 


Gastric dysrhythmia and normal 
emptying 


Normal 3-cpm gastric rhythm and 
normal emptying 


DIAGNOSIS 


Severe gastric myoelectrical 
contractile disorder 


Pylorospasm or fixed obstruction at 
the pylorus or duodenum 
Electrocontractile dissociation 


TREATMENT TREATMENT 


TREATMENT 


Gastric myoelectrical disorder Visceral hypersensitivity 


Nongastric causes 


TREATMENT 


Nausea and vomiting diet* Botox/balloon dilation 


Prokinetic therapy Surgery for fixed obstruction 
Antinauseant therapy Nausea and vomiting diet* 
Gastrostomy tube/jejunostomy tube — Prokinetic therapy 

TPN Antinauseant therapy 
Acustimulation 


Endoscopic therapiest 
Gastric electrical stimulation 
Gastric pacemaker 


Nausea and vomiting diet* 
Prokinetic therapy 
Antinauseant therapy 


Nausea and vomiting diet* 

Antinauseant therapy 

Antidepressant therapy 

Drugs for fundic/antral relaxation 

(Further workup for nongastric 
causes, such as atypical GERD, 
cholecystitis, IBS, or disorders of 
the central or autonomic nervous 
system) 


*See Table 50.6. 
tSee Table 50.5. 
cpm, cycles per minute. 


From Koch KL, Hasler WL, Editors. Nausea and vomiting: diagnosis and treatment. Switzerland: Springer International Publishing; 2017. 
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The epidemiology of gastroparesis is just beginning to be 
understood. Data from Olmstead County, Minnesota, indicate 
an age-adjusted prevalence of definite gastroparesis of 9.6 per 
100,000 persons for men and 37.8 per 100,000 for women. The 
incidence was 2.4 per 100,000 for men and 9.8 for women. The 
definite gastroparesis group was established on the basis of stan- 
dard gastric scintigraphy results.!©? In diabetics, the incidence of 
gastroparesis was 1% in type 2 and nearly 5% in type 1, as com- 
pared with 0.1% for nondiabetic subjects in the population of 
Olmstead County.!® Gastroparesis evolves over time in patients 
with diabetes, usually appearing after a duration of 10 years or 
more. In a series from Olmstead County, Minnesota, 5.2% of 
patients with type 1 diabetes and 1.0% of patients with type 2 
diabetes developed gastroparesis over a 10-year period, whereas 
only 0.2% of control subjects developed gastroparesis.!’° In a 
community-based population of patients with type 2 diabetes 
mellitus, 6% of whites and 7% of African Americans had mod- 
erate intensity of symptoms associated with gastroparesis.!7! In 
contrast, in referral centers, gastroparesis is present in almost 
50% of patients with type 1 and 30% of patients with type 2 dia- 
betes mellitus. 172-173 

Hospitalizations related to gastroparesis have increased mark- 
edly since 2000. Many of the admissions for gastroparesis were 
patients with DGP with problems of glycemic control or infec- 
tions.!’* A portion of these admissions were also due to surgical 
implantation of gastric stimulators for diabetic or IGP.!”> 


Diabetic Gastroparesis 


Many patients with long-standing type 1 diabetes mellitus 
develop DGP. These patients often have diabetes for more than 
10 years, erratic and elevated glucose levels, peripheral neuropa- 
thy, nephropathy, and cardiovascular disease.!64175-177 Patients 
with DGP have increased 5-year mortality compared with those 
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without gastroparesis.!7>!78 In a minority of patients the gastro- 
paresis is the initial complication of their diabetes. 

One important manifestation of gastric emptying dysfunc- 
tion in patients with insulin-dependent diabetes is erratic glucose 
control, especially with unexpected hypoglycemic episodes in the 
postprandial period if the usual insulin doses are administered 
before meals. When postprandial insulin levels increase follow- 
ing insulin injection and yet gastric emptying is delayed, nutrient 
delivery into the duodenum and intestinal glucose absorption are 
delayed. Thus, plasma glucose levels decrease in response to the 
insulin treatment and symptomatic hypoglycemia develops unex- 
pectedly.!7” 

Acute hyperglycemia (>220 mg/dL) is associated with tachy- 
gastrias and delayed gastric emptying in healthy subjects and 
in patients with diabetes.6>17°:180 Hyperglycemia is also associ- 
ated with loss of ICCs,!*! antral hypomotility,!*! isolated pyloric 
contractions,!** gastric dysrhythmias,®!’? and impaired proki- 
netic action of prokinetic drugs like erythromycin.'*’ Relatively 
minor increases in the blood sugar level, even elevations within 
the physiologic range, delay gastric emptying in normal volun- 
teers and diabetic patients.!°° Acute hyperglycemia produced 
by glucose clamp methodology elicits fullness, decreased antral 
contractility, gastric dysrhythmias, blunts the contractile pyloric 
response to intraduodenal lipid infusion, and modifies upper GI 
sensations.°?:!79)180 

Gastric neuromuscular abnormalities documented in patients 
with type 1 diabetes include abnormal intragastric distribution 
of food,!*+ reduced receptive relaxation and accommodation,!*> 
reduced incidence of the antral component of the MMC, antral 
dilation, postprandial antral hypomotility,'®! and electrical dys- 
rhythmias.!33-173:186 In patients with DGP, the ICCs are depleted 
and enteric nerve endings are abnormal,”°?! pathologic findings 
that help explain the mechanism of gastric dysrhythmias and 
poor gastric contractile responses to test meals. Loss of the antral 
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Fig. 50.21 Schematic of relationships among /CCs, GMA, gastric emptying is shown. Normal numbers of 
ICCs (>5/high-power field [HPF]) are associated with normal 3-cpm GMA and normal gastric emptying. 
Modest depletion of ICCs (3-4 ICCs/HPF) is associated with gastric dysrhythmias and normal gastric empty- 
ing, whereas severe ICC depletion (1-2 ICCs/HPF) is associated with gastric dysrhythmias and gastroparesis. 
In contrast, in the obstructive gastroparesis subtype, normal 3-cpm GMA is present, and reflects normal 


numbers of ICCs and pyloric dysfunction. 
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TABLE 50.3 Causes of Gastroparesis 
Diagnosis 


IGBI 40 
(20% have obstructive gastroparesis) 


Incidence (%) 


Diabetic gastroparesis (type 1 and 2 diabetes mellitus) 35 
(20% have obstructive gastroparesis) 


Postsurgical gastroparesis (antrectomy, vagotomy, 20 
fundectomy, fundoplication) 

Ischemic gastroparesis <1 

Miscellaneous causes 4 


*Possibly postviral, drug-induced, degenerative, or inflammatory 
processes of enteric nerves, interstitial cells of Cajal, or smooth 
muscle. 


phase 3 contractions results in poor emptying of fibrous debris in 
the stomach and is the neuromuscular basis for the formation of 
bezoars (see Chapter 28). Thus, the progressive neuromuscular 
dysfunction of the diabetic stomach reflects the effects of chronic 
hyperglycemia and superimposed, intermittent hyperglycemia 
episodes on the gastric ENS and ICCs. 

Gastric smooth muscle dysfunction is another mechanism of 
delayed gastric emptying in some patients with diabetes. Gas- 
tric smooth muscle contractility in diabetic rats is reduced in 
response to electrical stimulation.!*’ The inhibitory effect of 
hyperglycemia on stem cell factor has a role in the reduction 
in ICCs and smooth muscle contractility.!°° In humans with 
DGP, the smooth muscle is intact but has a thickened basal 
lamina.’°”! Diabetic patients with gastroparesis were treated 
with insulin pump therapy with continuous glucose monitoring 
for 48 weeks. The Hgb A,, decreased significantly (by 1.1%) 
and the symptoms associated with gastroparesis recorded with 
the Gastroparesis Cardinal Symptoms Index decreased by 23% 
compared with baseline.!*? Thus, aggressive insulin treatment 
in these patients helped glucose control and gastroparesis symp- 
toms.!°? 

Pylorospasm may cause a form of obstructive DGP.167:19%0 In 
these cases the neuromuscular function of the corpus and antrum 
is intact, but functional obstruction at the pylorus due to pylo- 
rospasm or incomplete relaxation of the pylorus causes delayed 
emptying. These patients have normal or increased 3-cpm GMA, 
a discordant finding in patients with gastroparesis that suggests 
the possibility of gastric outlet obstruction from functional or 
mechanical causes at the pylorus (Fig. 50.224; see section on 
Obstructive Gastroparesis later).!°4:!9° 

Almost 25 million people in the USA have type 2 diabetes 
mellitus, and many have unsuspected or subclinical gastropare- 
sis.!°! In tertiary centers, the incidence of gastroparesis in type 
2 diabetes mellitus ranges from 30% to almost 50%.!! Patients 
with type 2 diabetes differ significantly from patients with type 
1 diabetes in that they have insulin resistance, the diabetes 
appears later in life, obesity is common, early satiety is more 
common, gastroparesis is less severe, and the hyperglycemia has 
been present longer before diagnosis compared with patients 
with type 1 diabetes.!?!-!°* In the early stages of type 2 diabetes 
mellitus, gastric emptying may be accelerated.!” A study from 
the National Institutes of Health Gastroparesis Consortium 
showed patients with type 1 diabetes mellitus are younger, have 
more severe delays in gastric emptying, and have more hospi- 
talizations compared with type 2 diabetes mellitus and gastro- 
paresis. Type 2 diabetes mellitus patients with gastroparesis are 
older, have milder delays in gastric emptying, and more severe 
early satiety.!9?.194 

Experimental diabetes in nonobese diabetic mice and in the 
type 2-like diabetes db/db mouse leads to gastroparesis. Neuronal 


nitric oxide synthase (nNOS) is reduced in the diabetic mouse 
stomach and is associated with antropylorospasm and gastropa- 
resis.!°° Notably, nNOS was decreased 40% in human stomach 
tissue from patients with DGP compared with control values.”° 
‘Treatment with insulin or sildenafil restored NOS and was asso- 
ciated with reversal of the delay in gastric emptying in the dia- 
betic mouse. Hypomotility of the fundus and hypercontractility 
of the pylorus were found in db/db mice.!°’ In other studies of 
diabetic mice, the loss of ICCs was associated with electrical dys- 
rhythmias, delayed gastric emptying, and reduced neurotransmis- 
sion in gastric smooth muscle.!”° 


Postsurgical Gastroparesis 


Gastroparesis occurs in a subset of patients undergoing subtle or 
radical stomach operations that range from vagotomy to fundo- 
plication to antrectomy. Truncal vagotomy produces complex 
effects on the neuromuscular function of the stomach. After 
vagotomy, the fundus fails to relax normally after meals, result- 
ing in rapid filling of the antrum.!”? Vagotomy is also associated 
with gastric dysrhythmias,’ decreased antral contractions, and 
poor antropyloroduodenal coordination.?°° Truncal vagotomy 
performed during ulcer operations requires a pyloroplasty to 
reduce sphincteric resistance to antral outflow because antral 
contractions become weak and peristalsis is disrupted. Most 
patients recover from the effects of vagotomy. But in patients 
undergoing extensive resection of the antrum and corpus, pro- 
longed symptoms and chronic gastric neuromuscular dysfunc- 
tion are likely. 

Lower esophageal resection for esophageal cancer includes 
resection of the fundus. The vagus nerves are transected and the 
fundic reservoir is lost. Pyloroplasty is performed to facilitate gas- 
tric emptying, but the loss of the fundus and variable amounts 
of the corpus (that may encompass the pacemaker region) often 
leads to chronic nausea, gastric dysrhythmias, and gastropare- 
sis. Antral resections with Billroth I, Billroth II, or Roux-en-Y 
gastrojejunostomy for gastric tumors or PUD may lead to pro- 
found neuromuscular dysfunction of the stomach.’°!?"" Critical 
amounts of the corpus-antrum (including unknown amounts of 
the gastric wall containing the pacemaker region) required for 
normal gastric neuromuscular activity may be resected, and the 
efficacy of trituration by the corpus and antrum may be markedly 
reduced. Ingested food is retained in the remnant fundus and fails 
to empty into the corpus*”’; the corpus fails to mix and empty 
gastric contents even though the anastomosis is widely patent. 
The Roux-en-Y gastroenterostomy operation may result in the 
Roux syndrome in which postprandial pain, bloating, and nausea 
develop. Delayed gastric emptying is due to “functional obstruc- 
tion” by the Roux limb as the neuromuscular dyssynchrony 
within the Roux limb prevents emptying of the stomach.?°*7 
After vagotomy and antrectomy, patients may develop the dump- 
ing syndrome described later. In the gastric “sleeve” resection 
for obesity, two thirds of the stomach is removed including por- 
tions of the fundus, corpus, and antrum. The pylorus is retained. 
After the sleeve resection, gastric emptying of liquid and solid 
test meals is accelerated, but there are few studies available for 
review,.200207 

Fundoplication is commonly performed to treat gastro- 
esophageal reflux disease that fails to respond to medical 
therapy (see Chapter 46). Postfundoplication gastroparesis 
and early satiety, bloating, prolonged fullness, and nausea may 
occur. These patients have altered fundic relaxation, delayed 
gastric emptying, and gastric dysrhythmias, possibly on the 
basis of vagal nerve injury during or after the fundoplication 
procedure.*0820 Because gastric emptying studies are infre- 
quently performed before this operation, it is not known how 
many of the patients already had gastroparesis before the fun- 
doplication.°” 
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Fig. 50.22 RSA of the EGG in patients with obstructive and idiopathic gastroparesis. A, RSA recording from 

a patient with gastroparesis due to mechanical obstruction at the pylorus secondary to chronic PUD. Note 

the persistent high-amplitude 3-cycle-per-minute (cpm) waves in the EGG rhythm strips and the uniform and 
unvarying peaks at 3 cpm in the RSA, findings that would not be expected in a patient with gastroparesis due 
to electrical and contractile dysfunction. B, RSA and EGG rhythm strips. Recordings in a patient with IGP. Note 
that the EGG rhythm strips show a 7- to 8-cpm tachygastria before (B) and after (A) a water-load test. The 
RSA shows multiple peaks in the 7- to 8-cpm tachygastria range and few peaks in the normal 3-cpm range. 
This patient had electrical and contractile abnormalities of the stomach as documented by the tachygastria 
and gastroparesis. (Modified from Brzana RJ, Koch KL, Bingaman S. Gastric myoelectrical activity in patients 
with gastric outlet obstruction and idiopathic gastroparesis. Am J Gastroenterol 1998; 93:1803-9.) 


Ischemic Gastroparesis 


Chronic mesenteric ischemia is a rare but reversible cause of gas- 
troparesis.’!° These patients present with the symptoms associ- 
ated with gastroparesis. Ischemic gastroparesis is distinct from 
acute mesenteric ischemia, which presents as an abdominal catas- 
trophe with an acute abdomen and gangrenous small intestine 
(see Chapter 118). Chronic mesenteric ischemia is usually due 
to progressive atherosclerosis or hyperplasia of the intima of the 
arteries of the celiac, superior mesenteric, or inferior mesenteric 
artery. Collaterals of these obstructed arteries form over time so 
that neuromuscular function of the stomach is preserved, at least 
for some time. Bypass graft surgery or dilatation of the stenotic 
arteries results in resolution of symptoms, eradication of gastric 
dysrhythmias, and reversal of gastroparesis.?!° Thus, ischemic 
gastroparesis is potentially a reversible form of gastroparesis and 
should be suspected in patients with gastroparesis, weight loss, 
and a history of peripheral vascular disease, cerebral vascular dis- 
ease, or myocardial infarction. An abdominal bruit is present in 
approximately 50% of patients. 

There are other uncommon forms of mesenteric vascular 
compromise (e.g., the median arcuate ligament syndrome) that 
may result in decreased blood flow to the stomach.*!! Release 
of the arcuate ligament and restoration of blood flow have been 
associated with improvement in gastric emptying. On the other 
hand, superior mesenteric artery syndrome is not accepted as a 
cause of mechanical obstruction that leads to gastroparesis, nau- 
sea, and vomiting. 

Patients with idiopathic (discussed below), diabetic, or 
postsurgical gastroparesis may have a subtype of gastropare- 
sis—obstructive gastroparesis due to pyloric dysfunction. This 
subtype is important because endoscopic and surgical treatments 
are directed towards the pylorus. 


Fixed Pyloric Obstruction 

Fixed obstructive gastroparesis refers to delayed emptying due 
to mechanical obstruction at the pylorus or duodenal bulbar or 
postbulbar area by tumor, chronic peptic ulcer or inflamma- 
tion, rings, or webs.!*+!6° The obstructions may be distal to the 


duodenal bulb in the descending and transverse portions of the 
duodenum. These patients have gastroparesis and normal or 
hypernormal 3-cpm GMA."** Figure 50.22A shows an example 
of high-amplitude 3-cpm GMA waves recorded in an EGG test 
in a patient with pyloric outlet obstruction due to chronic PUD 
and fixed narrowing of the pylorus. In these patients the smooth 
muscle, ENS, and ICCs of the corpus-antrum are intact, but the 
normal recurrent gastric peristaltic waves meet sustained resis- 
tance at the point of obstruction (the pylorus) and the emptying 
of solid food is delayed. In contrast, most patients with IGP have 
bradygastria, tachygastria, or mixed gastric dysrhythmias indicat- 
ing both electrical and contractile dysfunction (see Fig. 50.22B). 
However, if patients with IGP or DGP have 3-cpm GMA, then 
causes for the gastroparesis should be considered. Gastroparesis 
may actually be obstructive gastroparesis due to pyloric steno- 
sis or postduodenal bulb cancer.!*+!°° Surgical correction of the 
fixed pyloric obstruction with resection and Billroth I or Billroth 
II gastrojejunostomy is necessary to correct obstructive gastropa- 
resis, although some patients may respond to balloon dilation of 
strictures (see Chapter 53). In patients who have had prolonged 
mechanical obstruction of the pylorus, the stomach may dilate, 
smooth muscle contractions weaken, but 3-cpm GMA is present, 
all which may represent a form of gastroparesis due to electrical- 
contractile dissociation. 


Functional Pyloric Obstruction 

A more subtle type of gastric outlet obstruction occurs in pyloro- 
spasm. The “spasm” of the pylorus may cause postprandial right 
upper quadrant abdominal pain in the setting of gastroparesis- 
like symptoms. Pylorospasm of the pylorus prevents normal gas- 
tric peristaltic waves from empting chyme into the duodenum. 
Dyschalasia was described by Fischer et al. to indicate poor 
antropyloro coordination when the pylorus closes prematurely 
and inhibits emptying.!°° Thus, the rate of gastric emptying is 
delayed and gastroparesis is diagnosed in the presence of pyloric 
dysfunction. However, these patients with gastroparesis have 
normal 3-cpm GMA as recorded in the EGG because the neu- 
romuscular apparatus of the corpus-antrum is intact (Fig. 50.23). 
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Fig. 50.23 EGG rhythm strips from baseline and 30 minutes after the water load test from a patient with IGP. 
The X-axis indicate frequencies in the EGG signal, the Y-axis indicates time, and the Z-axis indicates the power 
of the frequencies represented in the peaks. Clear 3-cycles-per-minute (cpm) waves are seen in the rhythm 
strips (right) and reflect normal slow waves and numbers of |CCs. Computer analysis of the EGG recording 
(left) shows regular 3-cpm peaks in the running spectral analysis. This is the obstructive subtype of gastro- 
paresis with gastroparesis and normal 3-com GMA. Mechanical obstruction at the pylorus was excluded at 


endoscopy. 


In these patients dilatation of the pylorus with a 20-mm balloon 
for 2 minutes or botulinum toxin A injections into the pylorus 
decreased postprandial symptoms.!°’ In patients with more than 
3 successful endoscopic pyloric treatments, pyloroplasty was rec- 
ommended and completed. All patients had improved symptoms 
and increased gastric emptying rates.’!’ Finally, some patients 
with obstructive gastroparesis may have normal 3-cpm EGG sig- 
nals and poor gastric emptying on the basis of “electromechanical 
dissociation.” In these situations it is possible that MY-ICCs or 
IM-ICCs that generate slow waves may be normal, but enteric 
neurons and/or smooth muscle dysfunction are present. 


Idiopathic Gastroparesis 


In over one third of patients, the gastroparesis is idiopathic 
(IGP).?!* Patients with IGP tend to have more abdominal pain 
compared with DGP, but nausea and vomiting are the domi- 
nant symptoms driving visits to gastroenterologists.’!+ In 15% 
of these patients, an acute febrile illness preceded the diagnosis 
of gastroparesis by many months.*!> These “herald” illnesses are 
frequently described as flu-like with fever and nausea and vomit- 
ing. Patients often date the onset of their nausea from that point. 
Norwalk virus, HSV, and EBV infections have been documented 


in patients with sudden-onset gastroparesis and normal immune 
systems, whereas other patients are immunocompromised.7!¢ 
Postviral gastroparesis may resolve completely over 1 to 2 years. 
New histologic studies from the National Institutes of Health 
Gastroparesis Consortium indicate that patients with IGP have 
more severe depletion of ICCs and loss of enteric nerve end- 
ings compared with DGP.”°?! Loss of ICCs in knock-out mice 
is associated with gastric dysrhythmias.’!’ Gastric dysrhythmias 
are common in patients with IGP (see Fig. 50.22B) and indicate 
severe loss of ICCs in the corpus/antrum.?°’? Other historical 
clues to the genesis of IGP are exposures to (1) multiple courses 
of antibiotics (e.g., treatments for chronic ear or sinus infections), 
(2) anesthetic agents for a variety of common operations, and 
(3) food poisoning-like illnesses of unknown cause. However, as 
discussed earlier, almost 20% of patients with IGP have normal 
3-cpm GMA, the functional obstructive subtype of gastroparesis. 

IGP is diagnosed in patients who have dyspepsia-like symp- 
toms, delayed gastric emptying, and gastric dysrhythmias, but 
no primary causes of gastroparesis such as diabetes, ischemia, 
or gastric operations are present. Many other diseases and dis- 
orders, including intestinal pseudo-obstruction (discussed later), 
paraneoplastic diseases, autonomic nervous system abnormali- 
ties, thyroid and adrenal disease, or CNS diseases, may cause or 
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BOX 50.1 Differential Diagnosis of Chronic Nausea and 
Vomiting 


Mechanical GI tract obstruction (pylorus, bile duct, small intestine, 

colon) 

Mucosal inflammation 

Peritoneal irritation 

Carcinomas (e.g., gastric, ovarian, renal, bronchogenic) 

Metabolic/endocrine disorders (diabetic mellitus, hypothyroidism, 
hyperthyroidism, adrenal insufficiency, uremia) 

Medications (anticholinergics, narcotics, L-dopa, progesterone, 
calcium channel blockers, digitalis, NSAIDs, antidysrhythmia 
agents, lubiprostone, cannabis, metformin, amylin analogs) 

Gastroparesis (see Table 50.2) 

Gastric dysrhythmias (tachygastria, bradygastria, mixed) 

CNS disorders (tumors, migraine, seizures, stroke, orthostatic 
intolerance) 

Psychogenic disorders (anorexia nervosa, bulimia nervosa) 


are associated with gastroparesis. If these disorders are identi- 
fied, then the gastroparesis may be secondary to these specific 
diseases. 


Gastric Neuromuscular Dysfunction Associated 
with Other GI Disorders 


FD 


FD symptoms include epigastric discomfort or pain, early sati- 
ety, fullness, nausea, and vomiting in the setting of normal upper 
endoscopy and normal routine laboratory tests. FD is divided 
into an epigastric pain syndrome and postprandial distress syn- 
drome (PDS), the latter comprising 80% of the FD patients.7!* 
One of the dominant symptoms that patients with FD have is 
recurrent and unexplained nausea and vomiting. This is a debili- 
tating symptom with a large differential diagnosis (Box 50.1), and 
these disease categories should be considered in the evaluation 
of the patient with nausea and vomiting. If the patient has one of 
these disorders, then FD is not the diagnosis. Importantly, post- 
prandial distress symptoms are also similar to symptoms associ- 
ated with gastroparesis.7!° 

The gastric pathophysiologic mechanisms that drive FD 
symptoms remains an area of intensive investigation (see Chapter 
14). If endoscopy is normal, then FD symptoms may be caused 
by several neuromuscular disorders of the stomach. For exam- 
ple, gastroparesis is associated with FD symptoms. Eighty-one 
percent of patients with IGP have symptoms similar to those 
defining PDS.*!* The diagnosis in these patients is IGP with 
associated symptoms. Seventeen to 40% of patients with FD have 
gastroparesis, and 40% to 62% have gastric dysrhythmias.°*:!*? 
‘Treatments can be designed to address the several pathophysi- 
ologic abnormalities of gastroparesis. If primary causes for gas- 
troparesis such as functional or fixed pyloric outlet obstruction, 
diabetes, or gastric operations have been excluded, then these 
patients have IGP. 

Studies show patients with FD or gastroparesis-like symp- 
toms have the same symptoms and same severity of symptoms 
as patients with gastroparesis.”!? Improvement in gastric dys- 
rhythmia and FD symptoms was reported in patients treated 
with cisapride.’?°-?* Thus, gastric dysrhythmias themselves are 
potential pathophysiologic mechanisms of FD symptoms and 
are a therapeutic target.” In patients with chronic nausea with 
normal or delayed gastric emptying treated with aprepitant, 
nausea symptoms and tachygastria decreased significantly com- 
pared with placebo.??4 


In other patients with FD, both gastric emptying and GMA 
are normal. Abnormalities in gastric accommodation (relax- 
ation) or gastric hypersensitivity to distention may account for 
FD symptoms in these patients.’*>~?’ Thus, a variety of neuro- 
muscular dysfunctions in different regions of the stomach may be 
present in patients with FD symptoms. 


GERD 


Many patients with typical GERD have additional symptoms of 
early satiety, postprandial fullness, and nausea (see Chapter 46). 
Approximately 30% of patients with GERD also have FD.?!* 
‘Twenty percent to 30% of patients with GERD have delayed 
gastric emptying.?**?? Symptoms associated with gastroparesis 
improved and gastric dysrhythmias reverted to normal 3-cpm 
GMA after treatment of the lower esophageal sphincter with 
radiofrequency ablation (RFA).’*° In some patients, nausea rep- 
resents a subtle, atypical symptom of esophageal acid reflux and 
nausea improves after aggressive acid suppression therapy.” 1 

Lower esophageal sphincter abnormalities, including increased 
numbers of transient lower esophageal sphincter relaxation, may 
contribute to inefficient gastric emptying and gastric dysrhyth- 
mias reported in these patients.”*””>> GERD patients also tended 
to retain solids and liquids in the proximal stomach compared 
with control subjects,”*+ an abnormality that may stimulate exces- 
sive transient lower esophageal sphincter relaxations. RFA treat- 
ment at the lower esophageal sphincter region in patients with 
heartburn and dyspepsia improved heartburn, gastric emptying 
rates, and gastric dysrhythmias.7*” These data suggest in some 
patients with GERD and gastroparesis, treatments of GERD by 
RFA or fundoplication improves the gastric electrical rhythms 
and the rate of gastric emptying. 


Constipation, IBS, and Pseudo-Obstruction 


Gastroparesis, gastric dysrhythmias, GERD, and IBS are all pres- 
ent in some patients and indicate diffuse or pan-GI neuromuscu- 
lar dysfunction.’*> Gastroparesis occurs in 60% of patients with 
constipation-predominant IBS. In a study of 350 patients with 
IGP, 89% were taking proton pump inhibitors and 64% had 
IBS.’'* These patients represent another overlap syndrome of GI 
neuromuscular disorders (see Chapter 122). 

Patients with intestinal pseudo-obstruction syndromes often 
have GERD, gastroparesis, small bowel dysmotility, and colonic 
inertia and reflect the severest form of generalized GI neuro- 
muscular disorders.’>73° Pseudo-obstruction secondary to pro- 
gressive systemic sclerosis (scleroderma) commonly involves 
the esophagus and stomach but may also cause small bowel 
dysmotility and subsequent bacterial overgrowth.’>” Intestinal 
pseudo-obstruction may be due to idiopathic degenerative or 
inflammatory processes involving the smooth muscle or ENS, 
as discussed in Chapters 37 and 124. Pathologic classifications 
of neuromuscular diseases of the GI tract (neuropathies, myopa- 
thies, and ICC abnormalities—Cajalopathies) are evolving.*** 

A variety of neurologic diseases may also involve the stom- 
ach or other regions of the digestive tract and cause pseudo- 
obstruction-like symptoms. These neurologic disorders include 
Ehlers-Danlos syndrome,”?’ postural orthostatic tachycardia syn- 
drome,“ spinal cord and head injuries, amyotrophic lateral scle- 
rosis, myasthenia gravis, a variety of muscular dystrophies, and 
Parkinson disease (see Chapter 37). 


Miscellaneous Conditions 


Patients with gastroparesis-like symptoms and cirrhosis with 
portal hypertension,’*! chronic kidney disease,**? chronic pan- 
creatitis,® or advanced HIV infections’*+ may have underlying 
gastroparesis. Patients with the Rett syndrome, which includes 
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TABLE 50.4 Disorders of Gastric Neuromuscular Activity: Physiology, Pathophysiology, and Symptoms 


Neuromuscular Activity Physiologic Effects 


Pathophysiologic Consequence(s) Pathophysiologic Abnormality Symptoms 


Receptive relaxation Fundic accommodation Excess or poor accommodation nNOS ES 
Vagotomy 
Antral peristalsis Trituration Weak peristalsis ICCs IPF 
Gastric emptying Gastroparesis Enteric neurons 
Vagotomy 
Normal 3-cpm slow wave Normal peristalsis Gastric dysrhythmia (e.g., ICCs Nausea 
Gastric emptying tachygastria) Vagotomy 
Antropyloro-duodenal Normal trituration Pylorospasm nNOS ES, PF, nausea, vomiting 
coordination Gastric emptying Pyloric stenosis PUD 
Normal vagus, ANS, CNS Normal gastric Fundic dysfunction, gastric Vagus function ES, PF, nausea, vomiting 


function neuromuscular function dysrhythmias 


aperistalsis 


ANS imbalance 


ANS, autonomic nervous system; CNS, central nervous system; com, cycles per minute; ES, early satiety; /CCs, interstitial cells of Cajal; n, nerves; nNOS, 
neuronal nitric oxide synthetase; PF, prolonged fullness; PUD, peptic ulcer disease. 


lack of development, autistic behavior, ataxia, and dementia in 
young girls, frequently have failure to thrive and significant gas- 
troparesis and esophageal contraction abnormalities.7+> A variety 
of cancers may have local and systemic effects on the stomach 
neuromuscular apparatus that result in gastroparesis.?*°7*’ The 
neoplastic and paraneoplastic neuropathic syndromes and the 
effects of cytotoxic chemotherapy and radiation may result in 
gastroparesis and affect the patient’s nutrition and intravascular 
volume status. 

Hp infection does not affect the rate of gastric emptying. On 
the other hand, abnormal GMA has been reported in patients 
with Hp gastritis, and the dysrhythmias disappeared after eradi- 
cation of Hp.7** Gastric emptying is delayed in patients with 
anorexia nervosa**? but is normal in patients with bulimia.’*° 
Cyclic vomiting syndrome is an unusual entity in that days of pro- 
found and unremitting nausea and vomiting (that often requires 
hospitalization) are followed by many days or months with vir- 
tually no GI symptoms.”*! Cyclic vomiting syndrome occurs in 
adults as well as in infants.?12°? Some patients with orthostatic 
intolerance present with nausea and symptoms of gastroparesis 
and reflect autonomic nervous system dysfunction and gastric 
neuromuscular dysfunction.*+°75? 


Dumping Syndrome and Rapid Gastric Emptying 


Dumping syndrome occurs in some patients who have had 
vagotomy and pyloroplasty or Billroth I or Billroth II gastro- 
jejunostomy.”>* In these patients, the ingested foods are not 
accommodated and retained in the fundus because of poor fundic 
relaxation. In addition, the foods are not normally triturated by 
peristaltic waves if the pylorus has been incised. Thus, liquid and 
solid nutrients are rapidly emptied or “dumped” into the duode- 
num or jejunum. 

Dumping syndrome can occur in patients who have no his- 
tory of gastric operations. Thus, dumping syndrome may be 
overlooked as a diagnosis by many physicians. Symptoms associ- 
ated with dumping syndrome can mimic the symptoms associated 
with gastroparesis and FD. The dumping syndrome symptoms 
include nonspecific abdominal discomfort, bloating, and nausea 
and vomiting. These symptoms are usually experienced in the 
first hour after ingestion of foods. Sweating and lightheadedness, 
however, may occur and be followed by abdominal cramps and 
diarrhea that occur 2 to 4 hours after the meal and are additional 
clues to the dumping syndrome. Early symptoms are due to the 
distention of the small bowel by rapidly emptied solids and liq- 
uids from the stomach, whereas symptoms that occur later are 
due to rapid absorption of carbohydrates and hyperglycemia that 


is poorly matched in time with secretion of insulin. This mis- 
match of plasma glucose and insulin can result in symptomatic 
hypoglycemia. The rapid small bowel transit and poor absorption 
of the ingested nutrients lead to an osmotic form of diarrhea.?>° 

Patients with no history of gastric operations may also have 
rapid gastric emptying (idiopathic dumping syndrome),’*+ 
including patients with FD.*>* Rapid gastric emptying is present 
when more than 30% of the test meal (a low-fat egg substitute 
meal) is emptied in 30 minutes, or more than 70% is emptied 
at 60 minutes.’ Rapid gastric emptying is associated with early 
stages of type 2 diabetes mellitus (see earlier), ZES, and the vari- 
ety of gastric surgeries described earlier. Idiopathic rapid empty- 
ing is diagnosed in patients with no history of gastric operations 
or other causes. 


DIAGNOSIS OF GASTRIC NEUROMUSCULAR 
DISORDERS 


History 


Patients with gastric neuromuscular dysfunction ranging from 
accommodation defects to gastric dysrhythmias to frank gastropare- 
sis have similar dyspepsia-like symptoms. Most patients with gastric 
neuromuscular disorders have few upper GI symptoms when they 
are fasting. However, the ingestion of meals stimulates the disor- 
dered gastric neuromuscular apparatus, and early satiety, prolonged 
epigastric fullness, epigastric discomfort or pain, mild to severe 
nausea, and vomiting are then experienced.*!* The multiple symp- 
toms are related to neuromuscular disorders of various regions of 
the stomach (Table 50.4). The symptoms of postprandial fullness, 
nausea, distention, and vomiting, are symptoms similar to FD, post- 
prandial distress with nausea, or gastroparesis-like symptoms. 

Patients with IGP have more abdominal pain compared with 
DGP.’!* Patients with type 2 diabetes mellitus and gastroparesis 
have more bloating than patients with type 1 diabetes mellitus 
with gastroparesis. Pain is a dominant symptom in 20% to 30% 
of patients with IGP.*!+75° Nausea and vomiting are the symp- 
toms that lead to medical evaluation in over 85% of patients with 
gastroparesis. Vomitus that contains undigested, chewed food is 
strong evidence for gastroparesis. Prolonged postprandial full- 
ness, weight loss, and female gender are predictive factors for 
gastroparesis.”°’ Bloating is also an important symptom related 
to gastroparesis but may also be due to small bowel or colonic 
dysmotility.’** Patients learn to reduce these postprandial symp- 
toms by adjusting their diet and carry on for months or years 
before they seek medical attention or their physicians recognize 
the possibility of gastroparesis. 
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The Gastroparesis Cardinal Symptom Index is used to quan- 
tify gastroparesis symptoms.”*? Persistent nausea is one of the 
most noxious symptoms of the gastric neuromuscular disor- 
ders. A thorough review of the causes of nausea and vomiting is 
required (see Chapter 15), and an appropriate differential diagno- 
sis should be considered (see Box 50.1).’°?°° Unexplained nausea 
and vomiting due to gastric neuromuscular disorders must be dis- 
tinguished from atypical GERD, regurgitation, and rumination 
syndrome. Atypical GERD may present as unexplained nausea, 
because these patients have little or no heartburn.”*! Regurgita- 
tion is the gentle delivery of gastric content into the esophagus 
and pharynx (and the content is sometimes reswallowed), whereas 
vomiting is the forceful ejection of gastric contents from the 
mouth. Rumination refers to the effortless return of ingested liq- 
uids and solid foods into the mouth without burning, bitter taste, 
or nausea. Patients with rumination have impaired gastric accom- 
modation and a more sensitive relaxation of the lower esophageal 
sphincter pressure in response to gastric distention.2°!7 Rumi- 
nation occurs in healthy adolescents and young adults but was 
previously recognized among children with neural and develop- 
mental disorders. 

Abdominal pain, in contrast to the abdominal discomfort of 
bloating and nausea, occurs in approximately 20% of patients 
with gastroparesis.*°?°+ Any recurrent abdominal pain syn- 
drome in patients must be worked up extensively because the 
nausea and vomiting may be secondary to the specific cause of 
the pain (e.g., epigastric pain associated with nausea and vomit- 
ing may be due to erosive esophagitis). Once the esophagitis is 
diagnosed and treated, the pain and nausea disappear. A specific 
pain syndrome may suggest diagnoses such as cholecystitis, pan- 
creatitis, or SOD. On the other hand, the epigastric discomfort 
or pain in some gastroparesis patients may originate from the 
stomach: excessive muscle tone of the fundus, high-amplitude 
antral contractions, pylorospasm, or hypersensitivity of the 
stomach are potential causes of pain.?® Recurrent retching and 
vomiting often result in abdominal pain, which may be due to 
abdominal muscle and rib tenderness or the abdominal wall syn- 
drome.2%-268 


Physical Examination 


‘The general examination may be normal or reveal signs of volume 
depletion, weight loss, and poor nutrition. Orthostatic changes 
may suggest postural orthostatic tachycardia syndrome.?® Almost 
40% of patients with gastroparesis are overweight or obese.? 13,270 
Inspection of dentition may show erosion of enamel associated 
with chronic GERD or bulimia. Abdominal examination may 
detect masses, organomegaly, and areas of tenderness. Abdominal 
distention and succession splash are rarely present in gastropa- 
resis. Auscultation over the epigastrium may detect bruits that 
indicate stenoses of the celiac or superior mesenteric arteries. 
Pain and tenderness that are precisely localized to healed abdom- 
inal incisions and increase when the head is flexed and anterior 
abdominal muscles are contracted (positive Carnett sign) suggest 
the pain is from an abdominal wall syndrome and not the stom- 
ach.*6°*° Joint laxity may reflect presence of Ehlers-Danlos syn- 
drome.”>? Neurologic examination may reveal nystagmus, facial 
weakness, ataxia, or other abnormalities, which point to primary 
neurologic diseases. 


Standard Tests 


Common causes of nausea and vomiting and postprandial distress 
symptoms are excluded by standard endoscopy, routine labora- 
tory studies, and CT of the abdomen and head.*°° Gastric cancers 
are detected in less than 1% of these patients who undergo endos- 
copy.’’! If these standard tests are normal and symptoms persist, 
the gastric neuromuscular disorders should be considered. 


Noninvasive Tests 


An objective diagnosis of neuromuscular disorders of the stomach 
can be established by the results of GETs and EGG with water 
load satiety test. GETs and EGG are complementary in defining 
different aspects of gastric neuromuscular disorders (see Table 
50.3).°7:132,769 By combining the results of GETs and EGG, 4 
pathophysiologic categories of gastric neuromuscular function 
can be defined and rational treatment approaches designed. The 
categories are (1) gastroparesis with gastric dysrhythmia, (2) gas- 
troparesis with normal gastric electrical rhythm, (3) normal gas- 
tric emptying with gastric dysrhythmia, and (4) normal gastric 
emptying with normal gastric electrical rhythm. The 4 categories 
provide a conceptual framework for understanding the spectrum 
of gastric neuromuscular disorders and providing an approach to 
therapy (see Table 50.2). 

In regards to patients with gastroparesis, there are 2 subsets: 
Category 1 patients have severe neuromuscular dysfunction with 
gastroparesis on GETs and gastric dysrhythmias such as tachy- 
gastria. These patients may have diabetic, idiopathic, or postsur- 
gical gastroparesis. In patients with FD, 17% to 32% have both 
gastric dysrhythmias and gastroparesis.?™>!32136 Patients in cat- 
egory 1 often have more severe symptoms, require many drugs, 
and may require venting gastrostomies, enteral feeding, and gas- 
tric pacing, as discussed later. 

Category 2 patients have gastroparesis and normal or high- 
amplitude 3-cpm EGG signals. These patients may have fixed 
mechanical obstructions of the pylorus and duodenum that are 
reversible with operation.!*+ Patients with a normal-amplitude 
3-cpm pattern and gastroparesis more often have normal endos- 
copy and have pyloric neuromuscular dysfunction that responds 
to endoscopic therapies.'°7 Electromechanical dissociation is also 
a pathophysiologic possibility. 

In regards to patients’ FD or gastroparesis-like symptoms and 
normal gastric emptying, there are 2 subtypes: Category 3 patients 
have symptoms associated with gastroparesis but have normal 
gastric emptying and gastric dysrhythmias.*? These patients 
have gastroparesis-like symptoms,*!? or FD-PDS.?!* Category 3 
patients had a significantly better response to the prokinetic agent 
cisapride than patients with normal EGG recordings.’”° 

Category 4 patients have symptoms associated with gastropa- 
resis but normal gastric emptying and normal GMA. The gas- 
troparesis-like symptoms may be due to poor gastric relaxation 
or gastric visceral hypersensitivity in response to distension with 
the water load or caloric satiety tests. Diagnoses of nongastric 
disorders should also be considered in this patient group. Atypi- 
cal GERD may cause nausea, and a 24-hour pH study will con- 
firm the relationship.”?! A CCK-stimulated gallbladder emptying 
study may document gallbladder dysfunction in the absence of 
cholelithiasis. If postprandial abdominal discomfort/pain and 
disturbed bowel function are present, then IBS should be con- 
sidered. CNS diseases and orthostatic intolerance as causes of 
nausea also should be assessed as outlined in Table 50.1. 


TREATMENT 


If delayed gastric emptying is confirmed, then the causes of gas- 
troparesis should be reviewed (see Table 50.3). The reversible 
obstructive causes of gastroparesis due to fixed pyloric stenosis or 
functional pylorospasm and ischemic gastroparesis due to chronic 
mesenteric ischemia must be excluded because these entities are 
reversible. If gastric emptying is normal, then gastric dysrhyth- 
mia and gastric accommodation disorders may be the neuromus- 
cular disorders that are relevant to the symptoms. Nongastric 
diseases should also be considered. By grouping patients on the 
basis of GET and EGG test results, the pathophysiologic find- 
ings can help in the understanding of symptoms and in develop- 
ing approaches to treatment (see ‘Table 50.2). Treatments listed 
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in Tables 50.5 and 50.6 reflect the broad but limited armamen- 
tarium that ranges from prokinetic agents to endoscopic and elec- 
trical therapies to diet counseling. 


Drug Therapy 
Prokinetic Agents for Corpus and Antrum 


Drugs with prokinetic effects on gastric contractility and anti- 
arrhythmic effects on gastric dysrhythmias are prescribed for 
patients in categories 1 and 3 (see Table 50.5). Patients who 
have gastroparesis and tachygastria have severe electrical and 
contractile abnormalities of the stomach. The treatment 
includes prokinetics, antinauseant therapies, and dietary coun- 
seling.!6+260 

Erythromycin is a macrolide antibiotic and motilin-like mol- 
ecule that increases gastric emptying by stimulating strong phase 
3-like antral contractions.” Erythromycin, however, often 
increases nausea and vomiting symptoms. Metoclopramide, a 
substituted benzamide related to procainamide, is a useful pro- 
kinetic antiemetic but has a “black box” warning. The drug is 
approved only in the USA for use for 2 to 8 weeks in gastro- 
paresis, and meticulous follow-up is needed because metoclo- 
pramide may cause depression, extrapyramidal side effects, and 
irreversible tardive dyskinesia.?’+?’> Domperidone is a dopamine 
antagonist that decreases nausea, corrects gastric dysrhythmias, 
and increases gastric emptying rates.?”6?77 Domperidone may be 
obtained through a compassionate use drug application process 
with the FDA. Cisapride was not approved for gastric emptying 
disorders but increased gastric emptying rates and decreased dys- 
pepsia symptoms in some patients.” Cisapride was withdrawn 
from the market but is available through special compassionate 
use FDA programs. The ghrelin-agonist, relamorelin, stimu- 
lated gastric emptying and decreased symptoms in patients with 
DGP.4/? 


Prorelaxant Agents for Fundus and Pylorus 


Few drugs relax the fundus. Sumitriptan, a 5-HT, antagonist, 
decreases fundic tone but was not better than placebo in reducing 
symptoms in patients with FD.’*° Buspirone relaxes the fundus 
and may decrease postprandial fullness.7*! Trials of dicyclomine 
or calcium channel blockers to decrease fundic tone have not been 
reported. Botulinum toxin relaxes the pyloric sphincter pressure 
and is described later in endoscopic therapy. 


Antinausea Therapy 


Nonspecific approaches to treating nausea and vomiting due 
to gastric neuromuscular disorders include serotonin (5-HT}) 
receptor antagonists such as ondansetron and granisetron (see 
‘Table 50.5). These agents, as well as the phenothiazines and 
antihistamines such as promethazine, dimenhydrinate, and 
cyclizine, are often used for these symptoms, but there are no 
controlled trials in patients with gastric neuromuscular disor- 
ders. Lorazepam or alprazolam or other antianxiety medica- 
tions reduce nausea in some patients.!’>»!’°?*? Dronabinol and 
mirtazapine are other drugs used for nausea, but no controlled 
trial data are available for use in gastroparesis. An uncontrolled 
trial of tricyclic antidepressants alleviated nausea in approxi- 
mately 70% of patients with unexplained nausea,**’ but a recent 
placebo-controlled trial showed that one tricyclic compound, 
nortriptyline, was no better than placebo in reducing symptoms 
of gastroparesis.*** Aprepitant is a neurokinin-1 antagonist that 
significantly decreased nausea and decreased tachygastria in 
patients with normal or delayed gastric emptying and chronic 
nausea.?+ 


Electrical Therapy 
Acustimulation 


Acustimulation (mild electrical stimulation of acupuncture 
points) reduces nausea of pregnancy, nausea due to chemother- 
apy agents, postoperative nausea, and the nausea of motion sick- 
ness*>,?86 and symptoms related to gastroparesis.?°” 


Gastric Electrical Therapies 


Three different methods are being investigated to treat gastropa- 
resis: (1) GES with high-frequency (e.g., 12 cpm) and short-dura- 
tion (300 usec) stimulation, (2) gastric pacing with low-frequency 
(e.g., 3 cpm) and long-duration (300 msec) stimulation, and (3) 
sequential neural electrical stimulation with multiple pairs of 
electrodes positioned on the corpus-antrum. 


Gastric Electrical Stimulator 

GES at 12 cpm during a 12-month period of continuous treat- 
ment significantly decreased nausea and vomiting in patients 
with refractory, idiopathic, diabetic, or postsurgical gastropare- 
sis.7°°9! Stimulating the stomach at 12 cpm (4 times the nor- 
mal slow wave frequency) resulted in improvement in nausea and 
vomiting in patients with gastroparesis.*?? A 12-week placebo- 
controlled cross-over study of GES in DGP showed no benefit, 
but at 12 months, patients with open-label GES had had a signifi- 
cant decrease in symptoms compared with baseline, and gastric 
emptying rates improved at 1 year of treatment.” Uncontrolled 
studies from several centers indicate that 50% to 70% of patients 
treated with GES report a decrease in their chronic nausea and 
vomiting symptoms. Gastroparesis patients with normal 3-cpm 
EGG patterns and more ICCs on gastric biopsies had signifi- 
cantly better symptom response to GES compared with patients 
with tachygastria and fewer ICCs.” Patients with DGP had bet- 
ter symptom responses than patients with IGP.***?! Temporary 
gastric stimulation may help identify GES responders.?” 
Intraoperative measurement of gastric slow waves showed tachy- 
gastrias, bradygastrias, and aberrant initiation and conduction 
abnormalities in 11 of 12 patients with gastroparesis, and may 
help direct pacing and stimulator treatments.”! Complications of 
GES include a 10% incidence of infections in the subcutaneous 
pocket where the device is positioned. There is also a small inci- 
dence of fracture of the electrode wires. 


Gastric Pacing 

Low-frequency gastric stimulation using a 3-cpm stimulus 
to pace or entrain the normal slow wave rhythm in patients 
with gastroparesis seeks to stimulate 3 gastric peristaltic con- 
tractions per minute and improve gastric emptying.*”* In 
13 patients, electrical stimulation at a frequency up to 10% 
higher than the normal 3 cpm, at an amplitude of 4 mA and a 
pulse width of 300 msec, was used to entrain and pace the slow 
waves. Gastric dysrhythmias were eradicated in some patients. 
In a similar study of 9 additional patients, electrical stimula- 
tion was used to entrain the slow wave, and tachygastria was 
converted to normal 3-cpm rhythms in 2 patients.’?° After 1 
month of gastric pacing treatment, gastric emptying was sig- 
nificantly improved, symptoms of gastroparesis were signifi- 
cantly reduced. Adverse events due to gastric pacing devices 
are discomfort at the site of electrical stimulation and fracture 
or dislodgement of the electrodes. 


Sequential Neural Electrical Stimulation 
Sequential neural electrical gastric stimulation is gastric pacing 
that uses a microprocessor to sequentially activate a series of 
electrodes that encircle the distal two thirds of the stomach. The 
stimulation sequence induces propagated contractions that cause 
a forceful emptying of the gastric content.’”° 
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TABLE 50.5 Drug and Nondrug Therapies Used to Treat Symptoms in Patients With Gastric Neuromuscular Disorders 


Therapy 


Mechanisms and Sites of Action 


Dose 


Adverse Effects 


PROKINETIC DRUGS 
Macrolides 
Erythromycin 


Substituted Benzamides 
Metoclopramide 


Domperidone 


Serotonin Agonists 
Cisapride* 


Tegaserod* 


Ghrelin-agonist 
Relamorelin 


PRORELAXANT DRUGS 
Dicyclomine 


Buspirone 
Botulinum toxin (Botox) 


ANTINAUSEA DRUGS 
Serotonin Antagonists 
Ondansetron 


Granisetron 


Phenothiazines 
Prochlorperazine 


Antihistamines 
Promethazine 


Dimenhydrinate 
Cyclizine 
Butyrophenones 
Droperidol 


Antidepressants 
Amitriptyline 
Nortriptyline 
Mirtazapine 
Benzodiazepines/Cannabinoids 
Lorazepam 

Alprazolam 

Dronabinol 

Substance P Agonists 
Aprepitant 

ELECTRICAL THERAPIES 


Acupressure and acustimulation/ 
acupuncture 


Gastric electrical stimulation 


Gastric pacing 


ENDOSCOPIC THERAPIES 
Botox injection into the pylorus 


Motilin receptor agonist 


D, receptor antagonist; 5-HT3- 
receptor antagonist; 5-HT4 
receptor agonist 


D>-receptor antagonist (peripheral) 


5-HT, receptor agonist 


Partial 5-HT, receptor agonist 
Ghrelin-agonist 
Muscarinic antagonist 


5-HT4a agonist 
See Endoscopic Therapies 


5-HTs receptor antagonist 


5-HTs receptor antagonist 


CNS 


CNS, H; receptor antagonist 
H, receptor antagonist 
H, receptor antagonist 


Central dopamine receptor 
antagonist 


CNS sites 


CNS 


Substance P antagonist 


Spinal/vagal afferents? Endorphins 


Vagal afferents? 


Control dysrhythmias, improve gastric 


emptying 


Relax pyloric muscle 


125-250 mg 4 times daily 


5-20 mg before meals and at 
bedtime 


10-20 mg before meals and at 
bedtime 


5-20 mg before meals 
2-6 mg 3 times daily 
To be determined 


10-20 mg before meals 
7.5-15 mg 2 times daily 


4-8 mg 2-4 times daily, either orally 
or IV 


2 mg once daily or 3.1 mg/24-hr 
patch 

5-10 mg 3 times daily 

25 mg twice daily 


50 mg 4 times daily 
50 mg 4 times daily 


2.5-5 mg IV every 2 hr 
25-100 mg at bedtime 


10-75 mg at bedtime 
15 mg at bedtime 


0.5-1 mg 4 times daily 
0.25-0.5 mg 3 times daily 
5-10 mg 2 times daily 


15 mg/day 


Variable N/A 


12 cpm, 330 msec, 5 mA 
3 cpm, 300 psec, 4 mA 


25-50 units per quadrant 


Nausea, diarrhea abdominal cramps, 
rash 


Extrapyramidal symptoms, dystonic 
reactions, anxiety, depression, 
hyperprolactinemia, tardive 
dyskinesia 


Hyperprolactinemia, breast 
tenderness, galactorrhea 
Cardiac dysrhythmias, diarrhea, 

abdominal discomfort 
Diarrhea, abdominal pain 


Glycemic control 


Drowsiness, dry mouth 


Dizziness, headache, nausea 


Headache, increased liver enzymes 


Headache, increased liver enzymes 


Hypotension, extrapyramidal 
symptoms 


Drowsiness 


Drowsiness 


Drowsiness 


Sedation, hypotension 


Constipation 


Constipation 
Weight gain 


Drowsiness, lightheadedness 
Drowsiness, lightheadedness 
Sedation 


Tiredness, hiccups 


Local tenderness 


Pocket infection 


Pocket infection 


None 


Continued 
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TABLE 50.5 Drug and Nondrug Therapies Used to Treat Symptoms in Patients With Gastric Neuromuscular Disorders—cont’d 


Therapy Mechanisms and Sites of Action 


Dose 


Adverse Effects 


Balloon dilation of the pylorus Stretch pyloric muscle 


Radiofrequency ablation at LES Reduce gastroesophageal reflux, 
improve gastric myoelectrical 


activity 
DIET THERAPIES 
Gastroparesis diet Diet based on gastric emptying 
physiology 


High-protein drinks Decreases gastric dysrhythmias 


Gastrostomy Venting paretic stomach 
Jejunostomy Enteral nutritional support 
TPN Bypass paretic stomach 


20 mm balloon, 2 min 


Abdominal pain after dilation 


N/A Transient dysphagia 

See Table 50.6 None 

Unknown None 

N/A See Chapter 6 

N/A See Chapter 6 

As needed Sepsis, thrombosis of central veins 


*Compassionate clearance use only. 


Botox, Botulinum toxin; com, cycles per minute; Ds, dopamine-2; 5-HT, 5-hydroxytryptamine; H;, histamine-1; N/A, not applicable. 


TABLE 50.6 Dietary Therapies of Nausea and Vomiting in Patients with Gastric Neuromuscular Disorders Step-Wise Approach 


Diet Goal 


Foods to Avoid 


STEP 1: SPORTS DRINKS AND BOUILLON 


For severe nausea and vomiting: 
Small volumes of salty liquids, with some 
caloric content to avoid volume depletion 


Chewable multiple vitamin mL/hr 


STEP 2: SOUPS AND SMOOTHIES 


If Step 1 is tolerated: 
Soup with noodles or rice and crackers 
Smoothies with low-fat dairy gain) 
Peanut butter, cheese, and crackers in small 
amounts 
Caramels or other chewy confection 
Ingest above foods in at least 6 small-volume 
meals/day 
Chewable multiple vitamin 


STEP 3: STARCHES, CHICKEN, FISH 


If Step 2 is tolerated: 

Noodles, pastas, potatoes (mashed or baked), 
rice, baked chicken breast, fish (all easily 
mixed and emptied by the stomach) 

Ingest solids in at least 6 small-volume meals/ 
day 

Multiple vitamin (liquid or dissolvable) 


vomiting symptoms 


1000-1500 mL/day in multiple servings (e.g., 
12120-mL servings over 12-14 hr) 
Patient can sip 30-60 mL at a time to reach =120 


Common foods that the patient finds interesting 
and satisfying and that provoke minimal nausea/ 


Citrus drinks of all kinds; highly sweetened drinks 


=1500 calories/day to avoid volume depletion and Creamy, milk-based liquids 
maintain weight (often more realistic than weight 


Fatty foods that delay gastric emptying; red meats 
and fresh vegetables that require considerable 
trituration; pulpy fibrous foods that promote 
formation of bezoars 


From Koch KL, Hasler WL, Editors. Nausea and vomiting: diagnosis and treatment. Switzerland: Springer International Publishing; 2017. 


Endoscopic Therapy 


Endoscopic therapies refer to drug or device therapies delivered 
to the relevant regions of the stomach via endoscopes. The injec- 
tion of botulinum toxin A into the pylorus to decrease sphincter 
pressure and to improve gastric emptying and nausea and vom- 
iting in patients with gastroparesis produced results similar to 
placebo injections.?””~"? However, 33 patients with gastroparesis 
selected on the basis of normal 3-cpm GMA (functional gastric 
outlet obstruction) underwent balloon dilation of the pylorus or 
injection of botulinum toxin and symptoms improved in symp- 
toms in 78% of them.!* Patients with 2 or more successful 
endoscopic pyloric therapies were offered pyloroplasty for more 
durable treatment, and all had improved symptoms and 6 had 
normal gastric emptying.’!” Pyloroplasty for patients undergoing 
GES improved GE and symptoms.*”° Gastric-peroral endoscopic 
myotomy is an advanced endoscopic procedure during which a 
pyloromyotomy is performed for the treatment of gastroparesis. 


Early studies with gastric-peroral endoscopic myotomy indicate 
symptoms and gastric emptying improve after treatment.??!3” 
Normal 3-cpm GMA and GP appear to define this subset of 
patients with functional gastric outlet obstruction due to pylo- 
rospasm or dyschalasia.!°°3°? Assessment of pyloric distensibility 
may help further define subgroups.'** RFA treatment applied to 
the lower esophageal sphincter area in patients with GERD and 
dyspepsia improves GERD but also gastric dysrhythmias and gas- 
tric emptying.”*? 


Diet Therapy 
Dietary Counseling 


Many patients with acute or chronic nausea and vomiting from 
gastric neuromuscular disorders do not know what to eat and 
will benefit from dietary counseling.?°°? Only one third of 
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patients with gastroparesis have had a dietary consultation.” 


In the Nausea/Vomiting (Gastroparesis) Diet, liquid and solid 
foods that are easy for the stomach to mix and empty are pre- 
scribed. This diet is based on gastric emptying principles 
and is a 3-step diet that requires minimal neuromuscular work of 
the stomach as the diet is advanced (see Table 50.6). 

Step 1 is primarily electrolyte solutions that are consumed in 
small amounts over a 24-hour period in order to avoid volume 
depletion. Liquids require less gastric neuromuscular work to 
empty than solid foods. If patients tolerate step 1, then step 2 
may be tried next. Step 2 diet includes soups containing noodles 
or rice. Milk-based creamy soups are avoided. Step 3 emphasizes 
starches and chicken and turkey breast. These solid foods require 
less gastric work to mix and empty compared with fresh vege- 
tables or red meats. Fried and greasy foods are avoided because 
fats delay gastric emptying. A chewable multiple vitamin is taken 
daily in all 3 steps. 


Nutraceuticals 


Liquid protein meals with or without ginger decrease nausea asso- 
ciated with motion sickness and gastric dysrhythmias, nausea of 
pregnancy, and delayed nausea after chemotherapy.*°+?°* These 
protein-based meal therapies have not been formally evaluated in 
patients with gastroparesis or gastric dysrhythmias. 


Other Approaches 


For patients with chronic nausea and vomiting, percutaneous 
endoscopic gastrostomy (PEG) tubes may be placed for periodic 
venting gastric contents to avoid frequent vomiting episodes and 
to improve quality of life. The venting PEG does not treat 
the underlying gastric neuromuscular disorder, but it allows the 
patients to empty the stomach rather than suffer repeated epi- 
sodes of emesis and discomfort. Hospitalizations are reduced.!7° 
Medications and some nutritional liquids may be tolerated when 
given through the gastrostomy tube. Jejunal feeding tubes for 
enteral nutrition may be needed to provide basic caloric support 
for patients with severe nausea and vomiting from gastric neu- 
romuscular disorders. A PEG with J-tube extension usually fails 
because a single vomiting episode may propel the extension tube 
into the stomach. A J-tube placed endoscopically or surgically is 
required (see Chapter 6).*°? TPN via central IV catheters should 
be avoided if at all possible because of the frequent development 
of line sepsis and occasional venous thrombosis. 


Full references for this chapter can be found on www.expertconsult.com. 


REFERENCES 


1. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


Szurszewski JH. Electrophysiological basis of gastrointestinal motil- 
ity. In: Johnson LR, editor. Physiology of the gastrointestinal tract. 
2nd ed. New York: Raven Press; 1986. p 383. 


. Sanders KM, Koh SD, Ward SM. Interstitial cells of Cajal as pace- 


makers in the gastrointestinal tract. Annu Rev Physiol 2006;68:307— 
43. 


. Hinder RA, Kelley KA. Human gastric pacesetter potential: site of 


origin, spread, and response to gastric transection and proximal va- 
gotomy. Am J Surg 1997;133:29-33. 


. Koch KL. Electrogastrography. In: Schuster M, Crowel M, Koch 


KL, editors. Atlas of gastrointestinal motility. Ontario, Canada: BC 
Decker; 2002. pp 185-201. 


. Berry R, Miyagawa T, Paskaranandavadivel N, et al. Functional 


physiology of the human terminal antrum defined by high-resolu- 
tion electrical mapping and computational modeling. Am J Physiol 
Gastrointest Liver Physiol 2016;311:G895-902. 


. Ordog T, Ward SM, Sanders KM. Interstitial cells of Cajal gen- 


erate electrical slow waves in the murine stomach. J Physiol 
1999;518:257-69. 


. Kraichely RE, Farrugia G. Mechanosensitive ion channels in inter- 


stitial cells of Cajal and smooth muscle of the gastrointestinal tract. 
Neurogastroenterol Motil 2007;19:245-52. 


. Lee HT, Hennig GW, Fleming NW, et al. Septal interstitial cells of 


Cajal conduct pacemaker activity to excite muscle bundles in human 
jejunum. Gastroenterology 2007;133:907-17. 


. Cannon WB, Leib CW. The receptive relaxation of the stomach. 


Am J Physiol 1911;29:267-73. 


. Distrutti E, Azpiroz F, Soldevilla A, Malagelada JR. Gastric wall 


tension determines perception of gastric distention. Gastroenterol- 
ogy 1999;116:1035—42. 


. Sanders KM, Ward SM. Kit mutants and gastrointestinal physiol- 


ogy. J Physiol 2007;578:33-42. 


. Horowitz B, Ward SM, Sanders KM. Cellular and molecular ba- 


sis for electrical rhythmicity in gastrointestinal muscles. Annu Rev 
Physiol 1999;61:19-43. 


. Young HM, Ciampoli D, Southwell BR, Newgreen DF. Ori- 


gin of interstitial cells of Cajal in the mouse intestine. Dev Biol 
1996;180:97-107. 


. Komuro T. Structure and organization of interstitial cells of Cajal in 


the gastrointestinal tract. J Physiol 2006;576:653-8. 


. Huizinga JD. Physiology and pathophysiology of the interstitial 


cell of Cajal: from bench to bedside II. Gastric motility: lessons 
from mutant mice on slow waves and innervation. Am J Physiol 
2001;281:G1129-34. 

Sanders KM, Ordog T, Koh SD, Ward SM. Properties of electri- 
cal rhythmicity in the stomach. In: Koch KL, Stern RM, editors. 
Handbook of electrogastrography. New York: Oxford Press; 2004. 
pp 13-36. 

Ward SM, Ordog T, Koh SD, et al. Pacemaking in interstitial cells 
of Cajal depends upon calcium handling by endoplasmic reticulum 
and mitochondria. J Physiol 2000;525:355-61. 

Sanders KM, Koh SD, Ward SM. Interstitial cells of Cajal as pace- 
makers in the gastrointestinal tract. Annu Rev Physiol 2006;68: 
307-43. 

Won KJ, Sanders KM, Ward SM. Interstitial cells of Cajal mediate 
mechanosensitive responses in the stomach. Proc Natl Acad Sci USA 
2005;102:14913-8. 

Grover M, Farrugia G, Lurken MS, et al. Cellular changes in dia- 
betic and idiopathic gastroparesis. Gastroenterol 2011;140:1575-85. 
O’Grady G, Angeli TR, Du P, et al. Abnormal initiation and con- 
duction of slow wave activity in gastroparesis, defined by high-reso- 
lution electrical mapping. Gastroenterol 2012;143:589-98. 

Grover M, Bernard CE, Pasricha PJ, et al. Diabetic and idiopathic 
gastroparesis is associated with loss of CD206-positive macrophages 
in the gastric antrum. Neurogastroenterol Motil 2017;29. 

Lin Z, Sarosiek I, Forster J, et al. Association of the status of intersti- 
tial cells of Cajal and electrogastrogram parameters, gastric empty- 
ing, and symptoms in patients with gastroparesis. Neurogastroen- 
terol Motil 2010;22:56-61. 

Owyang C, Hasler WL. Physiology and pathophysiology of the 
interstitial cells of Cajal: from bench to bedside. VI. Pathogenesis 
and therapeutic approaches to human gastric dysrhythmias. Am J 
Physiol 2002;283:G8-15. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


Choi KM, Kashyap PC, Dutta N, et al. CD206-positive M2 macro- 
phages that express heme oxygenase-1 protect against diabetic gas- 
troparesis in mice. Gastroenterol 2017;138:2399-409. 

Cipriani G, Gibbons SJ, Miller KE, et al. Change in populations of 
macrophages promotes development of delayed gastric emptying in 
mice. Gastroenterol 2018. [Epub ahead of print]. 

Grundy D, Schemann M. Enteric nervous system. Curr Opin Gas- 
troenterol 2007;23:121-6. 

Gershon MD, Tack J. The serotonin signaling system: from basic 
understanding to drug development for functional GI disorders. 
Gastroenterology 2007;132:397-414. 

Huizinga JD. Gastrointestinal peristalsis: joint action of enteric 
nerves, smooth muscle, and interstitial cells of Cajal. Microsc Res 
Tech 1999;47:239-47. 

Horiguchi K, Sanders KM, Ward SM. Enteric motor neurons form 
synaptic-like junctions with interstitial cells of Cajal and the canine 
gastric antrum. Cell Tissue Res 2000;311:299-313. 
Faussone-Pellegrini MS, Pasricha PJ, Bernard CE, et al. Ultra- 
structural differences between diabetic and idiopathic gastroparesis. 
J Cell Mol Med 2011;16:1573-81. 

Ward SM, Sanders KM. Interstitial cells of Cajal: primary targets of 
enteric motor innervation. Anat Rec 2001;262:125-35. 

Anand P, Aziz Q, Willert R, van Oudenhove L. Peripheral and cen- 
tral mechanisms of visceral sensitization in man. Neurogastroen- 
terol Motil 2007;19:29-46. 

Kumar D, Wingate D, Ruckebusch Y. Circadian variation in the 
propagation velocity of the migrating motor complex. Gastroenter- 
ology 1986;91:926-30. 

Kellow JE, Borody TJ, Phillips SF, et al. Human interdigestive mo- 
tility: variations in patterns from esophagus to colon. Gastroenterol- 
ogy 1986;91:386-95. 

Lacey BE, Koch KL, Crowell MD. The stomach. Manometry. In: 
Schuster M, Crowell M, Koch KL, editors. Atlas of gastrointestinal 
motility. Ontario, Canada: BC Decker; 2002. pp 35-150. 

Orr WC, Chen CL. Sleep and the gastrointestinal tract. Neurol 
Clin 2005;23:1007-24. 

Tougas G, Eaker EY, Abell TL, et al. Assessment of gastric emp- 
tying using a low fat meal: establishment of international control 
values. Am J Gastroenterol 2000;95:1456-62. 

Gilja OH, Detmer PR, Jong JM, et al. Intragastric distribution and 
gastric emptying assessed by three-dimensional ultrasonography. 
Gastroenterology 1997;113:38-49. 

Tack J, Demedts I, Meulemans A, et al. Role of nitric oxide in the 
gastric accommodation reflex and in meal induced satiety in hu- 
mans. Gut 2002;51:219-24. 

Tack J, Piessevaux H, Coulie B, et al. Role of impaired gastric ac- 
commodation to a meal in functional dyspepsia. Gastroenterology 
1998;115:1346-52. 

Lu YX, Owyang C. Duodenal acid-induced gastric relaxation is me- 
diated by multiple pathways. Am J Physiol 1999;276:G1501-6. 
Moran TH, Wirth JB, Schwartz GJ, McHugh PR. Interactions be- 
tween gastric volume and duodenal nutrients in the control of liquid 
gastric emptying. Am J Physiol 1999;276:R997-1002. 
Indireshkumar K, Brasseur JG, Faas H, et al. Relative contributions 
of “pressure pump” and “peristaltic pump” to gastric emptying. Am 
J Physiol 2000;278:G604-16. 

Savoye-Collet C, Savoye G, Smout A. Determinants of transpyloric 
fluid transport: a study using combined real-time ultrasound, ma- 
nometry, and impedance recording. Am J Physiol 2003;285:G1147— 
52. 

Schulze K. Imaging and modeling of digestion in the stomach and 
the duodenum. Neurogastroenterol Motil 2006;18:172-83. 

Hasler WL, Coleski R, Chey WD, et al. Differences in intragas- 
tric pH in diabetic vs idiopathic gastroparesis: relation to degree 
of gastric retention. Am J Physiol Gastrointest Liver Physiol 
2008;294:G1384-91. 

Camilleri M. Integrated upper gastrointestinal response to food in- 
take. Gastroenterology 2006; 131:640-58. 

Camilleri M, Malagelada JR, Brown ML, et al. Relation between 
antral motility and gastric emptying of solids and liquids in humans. 
Am J Physiol 1985;249:G580-5. 

Tamas S, Dumitrascu DL, Andreica V, Cotul S. Gastric sequential 
scintigraphy: methodology with liquid isotonic meal. Physiologie 
1988;25:47-51. 


763.e1 


763.e2 References 


51. 


52. 


53. 


54. 


55. 


56. 


57. 


58. 


59. 


60. 


ól. 


62. 


63. 


64. 


65; 


66. 


67. 


68. 


69. 


70. 


71. 


12; 


73. 
74. 
75. 


76. 


Maurer AH, Parkman HP, Knight LC, Fisher RS. Scintigraphy. In: 
Schuster M, Crowel M, Koch KL, editors. Atlas of gastrointestinal 
motility. Ontario, Canada: BC Decker; 2002. pp 171-84. 

Koch KL, Hong S-P, Xu L. Reproducibility of gastric myoelectri- 
cal activity and the water load test in patients with dysmotility-like 
dyspepsia symptoms and in control subjects. J Clin Gastroenterol 
2000;31:125-9. 

Raybould HE, Meyer JH, Tabrizi Y, et al. Inhibition of gastric emp- 
tying in response to intestinal lipid is dependent on chylomicron 
formation. Am J Physiol 1998;274:R1834-8. 

McLaughlin J, Luca MG, Jones MN, et al. Fatty acid chain length 
determines cholecystokinin secretion and effect on gastric motility. 
Gastroenterology 1999;116:46-53. 

Feinle C, D’Amato M, Read NW. Cholecystokinin-A receptors 
modulate gastric sensory and motor responses to gastric distension 
and duodenal lipid. Gastroenterology 1996;110:1379-85. 

Rao SS, Safadi R, Lu C, Schulze-Delrieu K. Manometric responses 
of human duodenum during infusion of HCI, hyperosmolar saline, 
bile, and oleic acid. Neurogastroenterol Motil 1996;8:3 5-43. 

Rao SS, Lu C, Schulze-Delrieu K. Duodenum as an immediate 
brake to gastric outflow: a video fluoroscopic and manometric as- 
sessment. Gastroenterology 1996;110:740-7. 

Imeryuz N, Yegen BC, Bozkurt A, et al. Glucagon-like peptide-1 
inhibits gastric emptying via vagal afferent-mediated central mecha- 
nisms. Am J Physiol 1997;273:G920-7. 

Delgado-Aros S, Kim DY, Burton DD, et al. Effects of GLP-1 on 
gastric volume, emptying, maximum volume ingested, and post- 
prandial symptoms in humans. Am J Physiol 2002;282:G424-31. 
Strader AD, Woods SC. Gastrointestinal hormones and food in- 
take. Gastroenterology 2005;128:175-91. 

Rayner CK, Samsom M, Jones KL, Horowitz M. Relationships of 
upper gastrointestinal motor and sensory function with glycemic 
control. Diabetes Care 2001;24:371-81. 

Hasler WL, Soudah HC, Dulai G, Owyang C. Mediation of hy- 
perglycemia-evoked gastric slow-wave dysrhythmias by endogenous 
prostaglandins. Gastroenterology 1995;108:726-36. 

Coleski R, Hasler WL. Coupling and propagation of normal and 
dysrhythmic gastric slow waves during acute hyperglycemia in 
health humans. Neurogastroenterol Motil 2009;21:492-9. 

Rayner CK, Verhagen MA, Hebbard GG, et al. Proximal gastric 
compliance and perception of distension in type 1 diabetes mellitus: 
effects of hyperglycemia. Am J Gastroenterol 2000;95:1175-83. 
Lysy J, Israeli E, Strauss-Liviatan N, Goldin E. Relationships be- 
tween hypoglycaemia and gastric emptying abnormalities in insulin- 
treated diabetic patients. Neurogastroenterol Motil 2006;18:433- 
40. 

Lin HC, Kim BH, Elashoff JD, et al. Gastric emptying of solid food 
is most potently inhibited by carbohydrate in the canine distal il- 
eum. Gastroenterology 1992;102:793-801. 

Beglinger C, Degen L. Role of thyrotropin releasing hormone and 
corticotrophin releasing factor in stress related alterations of gastro- 
intestinal motor function. Gut 2002;51:i45-9. 

Muth ER, Stern RM, Koch KL. Effects of vection-induced motion 
sickness on gastric myoelectric activity and oral-cecal transit time. 
Dig Dis Sci 1996;41:330-4. 

Xu LH, Koch KL, Summy-Long J, et al. Hypothalamic and gastric 
myoelectrical responses during vection-induced nausea in healthy 
Chinese subject. Am J Physiol 1993;265:E578-84. 

Koch KL, Summy-Long J, Bingaman S, et al. Vasopressin and oxy- 
tocin responses to illusory self-motion and nausea in man. J Clin 
Endocrinol Metab 1990;71:1269-75. 

Bennink R, Peeters M, Van Den Maegdenbergh V, et al. Compari- 
son of total and compartmental gastric emptying and antral motility 
between healthy men and women. Eur J Nucl Med 1998;25:1293-9. 
Caballero-Plasencia AM, Valenzuela-Barranco M, Martin-Ruiz JL, 
et al. Are there changes in gastric emptying during the menstrual 
cycle? Scand J Gastroenterol 1999;34:772-6. 

Costa M, Brookes SJ, Hennig GW. Anatomy and physiology of the 
enteric nervous system. Gut 2000;47(Suppl. IV):iv15-19. 

Gebhart GF. Visceral pain-peripheral sensitisation. Gut 2000;47: 
iv54-5. 

Powley TL. Vagal input to the enteric nervous system. Gut 2000;47: 
iv30-2. 

Stern RM, Koch KL, Andrews PLR, editors. Nausea: MECHA- 
NISMS and Management. New York: Oxford Press; 2011. 


TI: 


78. 


79. 


80. 


81. 


82. 


83. 


84. 


85. 


86. 


87. 


88. 


89. 


90. 


91. 


92. 


93. 
94. 


95: 


96. 


97; 


98. 


99. 


100. 


101. 


102. 


Stern RM, Koch KL, Stewart WR, Lindblad IM. Spectral analysis 
of tachygastria recorded during motion sickness. Gastroenterology 
1987;92:92-7. 

Koch KL, Stern RM, Vasey MJ, et al. Neuroendocrine and gas- 
tric myoelectrical responses to illusory self-motion in humans. Am J 
Physiol 1990;258:E304-10. 

Ladabaum U, Koshy SS, Woods ML, et al. Differential symptom- 
atic and electrogastrographic effects of distal and proximal human 
gastric distension. Am J Physiol 1998;275:G418-24. 

Rolls B, Barnett RA, editors. Volumetrics. Feel full on fewer calo- 
ries. New York: HarperCollins; 2000. 

Delgado-Aros S, Camilleri M, Castillo EJ, et al. Effect of gastric 
volume or emptying on meal-related symptoms after liquid nutri- 
ents in obesity: a pharmacologic study. Clin Gastroenterol Hepatol 
2005;3:997-1006. 

Cecil JE, Francis J, Read NW. Relative contributions of intestinal, 
gastric, oro-sensory influences and information to changes in ap- 
petite induced by the same liquid meal. Appetite 1998;31:377-90. 
Tack J, Caenepeel P, Piessevaux H, et al. Assessment of meal in- 
duced gastric accommodation by a satiety drinking test in health and 
in severe functional dyspepsia. Gut 2003;52:1271-7. 

Lee KJ, Vos R, Janssens J, Tack J. Influence of duodenal acidifica- 
tion on the sensorimotor function of the proximal stomach in hu- 
mans. Am J Physiol 2004;286:G278-84. 

Ladabaum U, Brown MB, Pan W, Tack J. Effects of nutrients and 
serotonin 5-HT3 antagonism on symptoms evoked by distal gastric 
distension in humans. Am J Physiol 2001;280:G201-8. 

Kojima M, Kangawa K. Grehlin: structure and function. Physiol 
Rev 2005;85:495-522. 

Date Y, Murakami N, Toshinai K, et al. The role of the gastric af- 
ferent vagal nerve in ghrelin-induced feeding and growth hormone 
secretion in rats. Gastroenterology 2002;123:1120-8. 

Krowicki ZK, Burmeister MA, Berthoud HR, et al. Orexins in rat 
dorsal motor nucleus of the vagus potently stimulate gastric motor 
function. Am J Physiol 2002;283:G465-72. 

Tschop M, Wawarta R, Riepl RI, et al. Post-prandial decrease of cir- 
culating human ghrelin levels. J Endocrinol Invest 2001;24:RC19- 
21. 

Cummings DE, Weigle DS, Frayo RS, et al. Plasma ghrelin levels 
after diet-induced weight loss or gastric bypass surgery. N Engl J 
Med 2002;346:1623-30. 

Murray CD, Martin NM, Patterson M, et al. Ghrelin enhances 
gastric emptying in diabetic gastroparesis: a double-blind, placebo- 
controlled, crossover study. Gut 2005;54:1693-8. 

Tack J, Depoortere I, Bisschops R, et al. Influence of ghrelin on 
gastric emptying and meal-related symptoms in idiopathic gastropa- 
resis. Aliment Pharmacol Ther 2005;22:847-53. 

Beglinger C, Degen L. Fat in the intestine as a regulator of appe- 
tite—Role of CCK. Physiol Behav 2004;83:617-21. 

Moran TH, Ladenheim EE, Schwartz GJ. Within-meal gut feed- 
back signaling. Int J Obes Relat Metab Disord 2001;25:S39-41. 
Pico C, Oliver P, Sanchez J, Palou A. Gastric leptin: a putative role 
in the short-term regulation of food intake. Br J Nutr 2003;90:735- 
41. 

Delgado-Aros S, Vella A, Camilleri M, et al. Effects of glucagon-like 
peptide-1 and feeding on gastric volumes in diabetes mellitus with 
cardio-vagal dysfunction. Neurogastroenterol Motil 2003;15:435— 
43. 

Glatzie J, Darcel N, Rechs AJ, et al. Apolipoprotein A-IV stimu- 
lates duodenal vagal afferent activity to inhibit gastric motility via a 
CCK1 pathway. Am J Physiol 2004;287:R354-9. 

Cuche G, Cuber JC, Malbert CH. Ileal short-chain fatty ac- 
ids inhibit gastric motility by a humoral pathway. Am J Physiol 
2000;279:G925-30. 

Degan L, Oesch S, Casanova M, et al. Effect of peptide YY3-36 on 
food intake in humans. Gastroenterology 2005;129:1430-6. 

Woods SC. Gastrointestinal satiety signals. I. An overview of gas- 
trointestinal signals that influence food intake. Am J Physiol Gastro- 
intest Liver Physiol 2004;286:G7-13. 

Stern RM, Crawford HE, Stewart W, et al. Sham feeding. Ce- 
phalic-vagal influences on gastric myoelectric activity. Dig Dis Sci 
1989;34:521-7. 

Feldman M, Richardson CT. Role of thought, sight, smell, and taste 
of food in the cephalic phase of gastric acid secretion in humans. 
Gastroenterology 1986;90:428-33. 


103. 


104. 


105. 


106. 


107. 


108. 


109. 


110. 


111. 


H2; 


113. 


114. 


115. 


116. 


117. 


118. 


119. 


120. 


i ad 


122. 


123. 


124. 


125. 


126. 


Stern RM, Jokerst MD, Levine ME, Koch KL. The stomach’s re- 
sponse to unappetizing food: cephalic-vagal effects on gastric myo- 
electrical activity. Neurogastroenterol Motil 2001;13:151-4. 

Sase M, Tamura H, Ueda K, Kato H. Sonographic evaluation of an- 
tepartum development of fetal gastric motility. Ultrasound Obstet 
Gynecol 1999;13:323-6. 

Hassan BB, Butler R, Davidson GP, et al. Patterns of antropyloric 
motility in fed healthy preterm infants. Arch Dis Child Fetal Neo- 
natal Ed 2002;87:F95-9. 

Koch KL, Tran T, Bingaman S, Sperry N. Gastric myoelectrical 
activity in fasted and fed premature and term infants. J Gastrointes- 
tinal Motility 1993;5:41-7. 

Patterson M, Rintala R, Lloyd DA. A longitudinal study of electro- 
gastrography in normal neonates. J Pediatr Surg 2000;35:59-61. 
Cheng W, Tam PK. Gastric electrical activity normalises in the first 
decade of life. Eur J Pediatr Surg 2000;10:295-9. 

Sanders KM, Ordog T, Ward SM. Physiology and pathophysiology 
of the interstitial cells of Cajal: from bench to bedside. IV. Genetic 
animal models of GI motility disorders caused by loss of interstitial 
cells of Cajal. Am J Physiol 2002;282:G747-56. 

Huizinga JD, Berezin I, Sircar K, et al. Development of interstitial 
cells of Cajal in a full-term infant without an enteric nervous system. 
Gastroenterology 2001;120:561-7. 

Vanderwinden JM, Liu H, De Latet MH, Vanderhaeghen JJ. Study 
of the interstitial cells of Cajal in infantile hyperthrophic pyloric ste- 
nosis. Gastroenterology 1996;111:279-88. 

Guo JP, Maurer AH, Fisher RS, Parkman HP. Extending gastric 
emptying scintigraphy from two to four hours detects more patients 
with gastroparesis. Dig Dis Sci 2001;46:24-9. 

Ziessman HA, Okolo PI, Mullin G, Chander A. Liquid gastric emp- 
tying is often abnormal when solid emptying is normal. J Clin Gas- 
troenterol 2009;43:639-43. 

Abell TL, Camilleri M, Donohoe K, et al. Consensus recommenda- 
tions for gastric emptying scintigraphy: a joint report of the Ameri- 
can Neurogastroenterology and Motility Society and the Society of 
Nuclear Medicine. Am J Gastroenterol 2008;103:753-63. 

Kuo B, McCallum RW, Koch KL, et al. Comparison of gastric emp- 
tying of a non-digestible capsule to a radio-labeled meal in healthy 
and gastroparetic subjects. Aliment Pharmacol Ther 2008;27:186— 
96. 


Bromer MQ, Kantor SB, Wagner VA, et al. Simultaneous measure- 
ment of gastric emptying with simple muffin meal using (13C) oc- 
tanoate breath test and scintigraphy in normal subjects and patients 
with dyspeptic symptoms. Dig Dis Sci 2002;47:1657-63. 

Szarka LA, Camilleri M, Vella A, et al. A stable isotope breath test 
with a standard meal for abnormal gastric emptying of solids in the 
clinic and in research. Clin Gastroenterol Hepatol 2008;6:63 5-43. 
Darwiche G, Bjorgell O, Thorsson O, Almer LO. Correlation be- 
tween simultaneous scintigraphic and ultrasonography: measure- 
ment of gastric emptying in patients with type 1 diabetes mellitus. 
J Ultrasound Med 2003;22:459-66. 

Marciani L, Gowland PA, Spiller RC, et al. Effect of meal viscosity 
and nutrients on satiety, intragastric dilution and emptying assessed 
by MRI. Am J Physiol 2001;280:G1227-33. 

Hausken T, Mundt M, Samsom M. Low antroduodenal pressure 
gradients are responsible for gastric emptying of a low-caloric liquid 
meal in humans. Neurogastroenterol Motil 2002;14:97-105. 
Cassilly D, Kantor S, Knight LC, et al. Gastric emptying of a non- 
digestible solid: assessment with simultaneous SmartPill pH and 
pressure capsule, antroduodenal manometry, gastric emptying scin- 
tigraphy. Neurogastroenterol Motil 2008;20:311-9. 

Kuo B, McCallum RW, Koch KL, et al. Comparison of gastric emp- 
tying of a nondigestible capsule to a radio-labelled meal in healthy and 
gastroparetic subjects. Aliment Pharmacol Ther 2008;27:186-96. 
Smout AJ, van der Schee EJ, Grashuis JL. What is measured in elec- 
trogastrography? Dig Dis Sci 1980;25:179-87. 

Koch KL. Electrogastrography. In: Schuster M, Crowell M, Koch 
KL, editors. Atlas of gastrointestinal motility. Ontario, Canada: BC 
Decker; 2002. pp 185-201. 

Koch KL. Physiological basis of electrogastrography. In: Koch KL, 
Stern RM, editors. Handbook of electrogastrography. New York: 
Oxford Press; 2004. pp 37-67. 

Lin C, Chen JD, Schirmer BD, McCallum RW. Postprandial re- 
sponse of gastric slow waves: correlation of serosal recordings with 
the electrogastrogram. Dig Dis Sci 2000;45:645-5 1. 


127. 


128. 


129. 


130. 
131. 


132. 


133. 


134. 


135. 


136. 


137. 


138. 


139. 


140. 


141. 


142. 


143. 


144. 


145. 


146. 


147. 


148. 


149. 


150. 


151. 


References 763.e3 


Verhagen MA, Van Schelven LJ, Samsom M, Smout AJ. Pitfalls in 
the analysis of electrogastrographic recordings. Gastroenterology 
1999;117:453-60. 

Zhu H, Chen JDZ. Gastric distention alters frequency and regular- 
ity but not amplitude of the gastric slow wave. Neurogastroenterol 
Motil 2004;16:745-52. 

Levanon D, Zhang M, Orr WC, Chen JD. Effects of meal volume 
and composition on gastric myoelectrical activity. Am J Physiol 
1998;274:G430-4. 

Koch KL, Stern RM, Vasey M, et al. Gastric dysrhythmias and nau- 
sea of pregnancy. Dig Dis Sci 1990;35:961-8. 

Koch KL, Frissora C. Nausea and vomiting in pregnancy. Gastro- 
enterol Clin North Am 2003;32:201-34. 

Parkman HP, Miller MA, Trate D, et al. Electrogastrography and 
gastric emptying scintigraphy are complementary for assessment of 
dyspepsia. J Clin Gastroenterol 1997;24:214-9. 

Koch KL, Stern RM, Stewart WR, Vasey MW. Gastric empty- 
ing and gastric myoelectrical activity in patients with symptomatic 
diabetic gastroparesis: effects of long-term domperidone treatment. 
Am J Gastroenterol 1989;84:1069-75. 

Brzana RJ, Koch KL, Bingaman S. Gastric myoelectrical activity in 
patients with gastric outlet obstruction and idiopathic gastroparesis. 
Am J Gastroenterol 1998;93:1803-9. 

Chen JD, Lin Z, Pan J, McCallum RW. Abnormal gastric myoelec- 
trical activity and delayed gastric emptying in patients with symp- 
toms suggestive of gastroparesis. Dig Dis Sci 1996;41:1538-45. 
Parkman HP, Hasler WL, Barnett JL, et al. Electrogastrography: a 
document prepared by the gastric section of the American Motility 
Society Clinical GI Motility Testing Task Force. Neurogastroen- 
terol Motil 2003;15:89-102. 

Abell TL, Malagelada JR. Glucagon-evoked gastric dysrhythmias 
in humans shown by an improved electrogastrographic technique. 
Gastroenterology 1985;88:1932-40. 

Koch KL. The electrifying stomach. Neurogastroenterol Motil 
2011;23:815-8. 

O’Grady G, Du P, Cheng LK, et al. The origin and propagation of 
human gastric slow wave activity defined by high-resolution map- 
ping. Am J Physiol 2010;299:585-92. 

Angeli TR, Cheng LK, Du P, et al. Loss of interstitial cells of Cajal 
and patterns of gastric dysrhythmia in patients with chronic unex- 
plained nausea and vomiting. Gastroenterol 2015;149:56-66. 
Mundt MS, Hausken T, Samsom M. Effect of intragastric barostat 
bag on proximal and distal gastric accommodation in response to 
liquid meal. Am J Physiol 2002;283:G681-6. 

Sarnelli G, Caenepeel P, Geypens B, et al. Symptoms associated 
with impaired gastric emptying of solids and liquids in functional 
dyspepsia. Am J Gastroenterol 2003;98:783-8. 

Caldarella MP, Azpiroz F, Malagelada JR. Antro-fundic dysfunc- 
tions in functional dyspepsia. Gastroenterology 2003;124:1220-9. 
Bennink RJ, van den Elzen BD, Kuiken SD, Boeckxstaens GE. 
Noninvasive measurement of gastric accommodation by means of 
pertechnetate SPECT: limiting radiation dose without losing image 
quality. J Nucl Med 2004;45:147-52. 

Jones MP, Hoffman S, Shah D, et al. The water load test: observa- 
tions from healthy controls and patients with functional dyspepsia. 
Am J Physiol 2003;284:G896-904. 

Talley NJ, Camileri M, Burton D, et al. Double-blind, random- 
ized, placebo-controlled study to evaluate the effects of tegaserod 
on gastric motor, sensory and myoelectrical function in healthy vol- 
unteers. Aliment Pharmacol Ther 2006;24:859-67. 

Gourcerol G, Tissier F, Melchior C, et al. Impaired fasting pyloric 
compliance in gastroparesis and the therapeutic response to pyloric 
dilation. Aliment Pharmacol Ther 2015;41:360-7. 

Snape WJ, Lin MS, Agarwal N, Shaw RE. Evaluation of the pylorus 
with concurrent intraluminal pressure and EndoFLIP in patients 
with nausea and vomiting. Neurogastroenterol Motil 2016;28:758- 
64. 

Rajan E, Gostout CJ, Lurken MS, et al. Endoscopic “no hole” full- 
thickness biopsy of the stomach to detect myenteric ganglia. Gastro- 
intest Endosc 2008;68:301-7. 

Othman MO, Davis B, Saroseik I, et al. EUS-guided FNA biopsy of 
the muscularis propria of the antrum in patients with gastroparesis 
is feasible and safe. Gastrointest Endosc 2016;83:327-33. 

Ordog T. Interstitial cells of Cajal in diabetic gastroenteropathy. 
Neurogastroenterol Motil 2008;20:8-18. 


763.e4 References 


152. 


153. 


154. 


155. 


156. 


157. 


158. 


159. 


160. 


161. 


162. 


163. 
164. 


165. 


166. 


167. 


168. 


Zarate N, Mearin F, Wang XY, et al. Severe idiopathic gastroparesis 
due to neuronal and interstitial cells of Cajal degeneration: patho- 
logical findings and management. Gut 2003;52:966-70. 

De Giorgio R, Guerrini S, Barbara G, et al. Inflammatory neu- 
ropathies of the enteric nervous system. Gastroenterology 
2004;126:1872-83. 

Pardi DS, Miller SM, Miller DL, et al. Paraneoplastic dysmotility: 
loss of interstitial cells of Cajal. Am J Gastroenterol 2002;97:1828- 
33. 

Moskovitz DN, Robb KV. Small cell lung cancer with positive an- 
tiHu antibodies presenting as gastroparesis. Can J Gastroenterol 
2002;16:171-4. 

Pande H, Lacy BE, Crowell MD. Inflammatory causes of gastropa- 
resis: report of five cases. Dig Dis Sci 2002;47:2664-8. 

Vittal H, Farrugia G, Gomez G, Pasricha PJ. Mechanisms of dis- 
ease: the pathological basis of gastroparesis—a review of experimen- 
tal clinical studies. Gastroenterol Hepatol 2007;4:336—46. 

Choi KM, Gibbons SJ, Nguyen TV, et al. Heme oxygenase-1 pro- 
tects interstitial cells of Cajal from oxidative stress and reverses dia- 
betic gastroparesis. Gastroenterol 2008;1353:2055-64. 

Bharucha AE, Daley SL, Low PA, et al. Effects of hemin on heme 
oxygenase-1, gastric emptying, and symptoms in diabetic gastropa- 
resis. Neurogastroenterol Motil 2016;28:173 1-40. 

Choi KM, Kashyap PC, Dutta N, et al. CD206-positive M2 macro- 
phages that express heme oxygenase-1 protect against diabetic gas- 
troparesis in mice. Gastroenterol 2010;138:2399-409. 

Bashashati M, Moraveji S, Torabi A, et al. Pathological findings of 
the antral and pyloric smooth muscle in patients with gastroparesis- 
like syndrome compared to gastroparesis: similarities and differ- 
ences. Dig Dis Sci 2017;62:2828-33. 

Malik Z, Sankineni A, Parkman HP. Assessing pyloric sphincter 
pathophysiology using EndoFLIP in patients with gastroparesis. 
Neurogastroenterol Motil 2015;27:524-31. 

Liu N, Abell T. Gastroparesis updates on pathogenesis and manage- 
ment. Gut Liver 2017;11:579-89. 

Koch KL. Unexplained nausea and vomiting. Curr Treatment Op- 
tions Gastroenterol 2000;3:303-13. 

Cengia BT, Stuart PS, Koch KL. Characteristics of patients with 
gastroparesis and normal 3 cycle per minute gastric myoelectrical 
activity (GMA). Gastroenterol 2017;152:S520-1. 

Cengia BT, Stuart PS, Koch KL. Pancreatic adenocarcinoma invad- 
ing the duodenum and presenting as idiopathic gastroparesis with 
nausea and vomiting. ACG Case Rep J 2016;3:e109. 

Wellington J, Scott B, Kundu S, Stuart P, Koch KL. Effect of endo- 
scopic pyloric therapies for patients with nausea and vomiting and func- 
tional obstructive gastroparesis. Auton Neurosci 2017;202:56-61. 
Fisher RS. Gastroduodenal motility disturbances in man. Scand J 
Gastroenterol 1985;109:59-68. 


169. Jung HK, Choung RS, Locke III GR, et al. The incidence, preva- 


170. 


171. 


172. 


173. 


174. 


175. 
176. 
177 


178. 


lence and outcomes of patients with gastroparesis in Olmsted Coun- 
ty, Minnesota, from 1996-2006. Gastroenterol 2009:1225-33. 
Choung RS, Locke III GR, Schleck CD, et al. Risk of gastroparesis 
in subjects with type 1 and type 2 diabetes in the general population. 
Am J Gastroenterol 2012;107:82-8. 

Brown L, Hsu F-C, Xu J, et al. Symptoms associated with gastro- 
paresis in community-based patients with type 2 diabetes mellitus. 
Gastroenterol 2017;152:S517. 

Horowitz M, O’Donovan D, Jones KL, et al. Gastric empty- 
ing in diabetes: clinical significance and treatment. Diabet Med 
2002;19:177-94. 

Koch KL. Diabetic gastropathy: gastric neuromuscular dysfunction 
in diabetes mellitus. A review of symptoms, pathophysiology, and 
treatment. Dig Dis Sci 1999;44:1061-75. 

Wang YR, Fisher RS, Parkman HP. Gastroparesis-related hospital- 
izations in the United States: trends, characteristics and outcomes. 
Am J Gastroenterol 2007;103:313-22. 

Camilleri M, Parkman HP, Mehnaz SA, et al. Clinical guideline: 
management of gastroparesis. Am J Gastroenterol 2013;108:18-37. 
Camilleri M. Novel diet, drugs, and gastric interventions for gastro- 
paresis. Clin Gastroenterol Hepatol 2016;14:1072-80. 

Koch KL, Calles-Escandon J. Diabetic Gastroparesis. Gastroen- 
terol Clin North Am 2015;44:39-57. 

Hyett B, Martinez FJ, Gill BM, et al. Delayed radionucleotide gas- 
tric emptying studies predict morbidity in diabetics with symptoms 
of gastroparesis. Gastroenterol 2009; 137:445-52. 


179. 


180. 


181. 


182. 


183. 


184. 


185. 


186. 


187. 


188. 


189. 


190. 


191. 


192. 
193. 


194. 


195. 


196. 


197. 


198. 


199. 


200. 


201. 


202. 


203. 


Hasler WL, Soudah HC, Dulai G, Owyang C. Mediation of hy- 
perglycemia-evoked gastric slow-wave dysrhythmias by endogenous 
prostaglandins. Gastroenterology 1995;108:727-36. 

Schvarez E, Plamar M, Aman J, et al. Physiological hyperglycemia 
slows gastric emptying in normal subjects and patients with insulin- 
dependent diabetes mellitus. Gastroenterology 1997;113:60-6. 
Malagelada JR, Rees WD, Mazzotta LJ, Go VL. Gastric motor abnor- 
malities in diabetic and postvagotomy gastroparesis: effect on metoclo- 
pramide and bethanechol. Gastroenterology 1980;78:286-93. 

Fraser R, Horowitz M, Dent J. Hyperglycemia stimulates pyloric 
motility in normal subjects. Gut 1991;32:475-8. 

Rayner CK, Su YC, Doran SM, et al. The stimulation of antral mo- 
tility by erythromycin is attenuated by hyperglycemia. Am J Gastro- 
enterol 2000;95:2233-41. 

Troncon LE, Rosa-Silva L, Oliveira RB, et al. Abnormal intragas- 
tric distribution of a liquid nutrient meal in patients with diabetes 
mellitus. Dig Dis Sci 1998;43:1421-9. 

Samson M, Roelofs JM, Akkermans LM, et al. Proximal gastric mo- 
tor activity in response to a liquid meal in type 1 diabetes with auto- 
nomic neuropathy. Dig Dis Sci 1998;43:491-6. 

Soykan I, Lin Z, Sarosiek I, McCallum RW. Gastric myoelectri- 
cal activity, gastric emptying, and correlations with symptoms and 
fasting blood glucose levels in diabetic patients. Am J Med Sci 
1999;317:226-31. 

Takahashi T, Kojima Y, Tsunoda Y, et al. Impaired intracellular 
signal transduction in gastric smooth muscle of diabetic BB/W rats. 
Am J Physiol 1996;270:G411-7. 

Horvath VJ, Vittal H, Lorincz A, et al. Reduced stem cell factor 
links smooth myopathy and loss of interstitial cells of Cajal in mu- 
rine diabetic gastroparesis. Gastroenterology 2006;130:759-70. 
Calles-Escandon J, Koch KL, Hasler WL, et al. Glucose sensor- 
augmented continuous subcutaneous insulin infusion in patients 
with diabetic gastroparesis: an open-label pilot prospective study. 
PLoS One 2018313. 

Mearin F, Camilleri M, Malagelada JR. Pyloric dysfunction in 
diabetics with recurrent nausea and vomiting. Gastroenterology 
1986;90:1919-25. 

Intagliata N, Koch KL. Gastroparesis in type 2 diabetes mellitus: 
prevalence, etiology, diagnosis and treatment. Curr Gastroenterol 
Reps 2007;9:270-9. 

Camilleri M. Diabetic gastroparesis. N Engl J Med 2007;356:820-9. 
Parkman HP, Yates KP, Hasler WL, et al. Similarities and differ- 
ences between diabetic and idiopathic gastroparesis. Clin Gastroen- 
terol Hepatol 2011;12:1056-64. 

Koch KL, Hasler WL, Yates KP, et al. Baseline features and dif- 
ferences in 48 weeks clinical outcomes in patients with gastropa- 
resis and type 1 and type 2 diabetes. Neurogastroenterol Mot 
2016;28:1001-15. 

Bertin E, Schneider N, Abdelli N, et al. Gastric emptying is acceler- 
ated in obese type 2 diabetic patients without autonomic neuropa- 
thy. Diabetes Metab 2001;27:357-64. 

Watkins CC, Sawa A, Jeffrey S, et al. Insulin restores neuronal nitric 
oxide synthase expression and function that is lost in diabetic gas- 
tropathy. J Clin Invest 2000;106:373-84. 

James AN, Ryan JP, Crowell MD, Parkman HP. Regional gastric 
contractility alterations in a diabetic gastroparesis mouse model: ef- 
fects of cholinergic and serotoninergic stimulation. Am J Physiol 
2004;287:G612-9. 

Ordog T, Takayama I, Cheung WK, et al. Remodeling of networks 
of interstitial cells of Cajal in a murine model of diabetic gastropare- 
sis. Diabetes 2000;49:173 1-9. 

Cowley DJ, Vernon P, Jones T, et al. Gastric emptying of solid 
meals after truncal vagotomy and pyloroplasty in human subjects. 
Gut 1972;13:176-81. 

Sun WM, Doran SM, Jones KL, et al. Long-term effects of pyloro- 
myotomy on pyloric motility and gastric emptying in humans. Am J 
Gastroenterol 2000;95:92-100. 

Fich A, Neri M, Camilleri M, et al. Stasis syndromes following 
gastric surgery: clinical and motility features of 60 symptomatic pa- 
tients. J Clin Gastroenterol 1990;12:505-12. 

Eagon JC, Miedema BW, Kelly KA. Postgastrectomy syndromes. 
Surg Clin North Am 1992;72:445-65. 

Le Blanc-Louvry I, Savoye G, Maillot C, et al. An impaired accom- 
modation of the proximal stomach to a meal is associated with symp- 
toms after distal gastrectomy. Am J Gastroenterol 2003;98:2642-7. 


206. 


207. 


208. 


211. 


212. 


213. 


214. 


221. 


222. 


223: 


224. 


225. 


226. 


227. 


. Mathias JR, Fernandez A, Sninsky CA, et al. Nausea, vomiting and 


abdominal pain after Roux-en-Y anastomosis: motility of the jejunal 
limb. Gastroenterology 1985;88:101-7. 


. Vantrappen G, Coremans G, Janssens J, et al. Inversion of the slow 


wave frequency gradient in symptomatic patients with Roux-en-Y 
anastomosis. Gastroenterology 1991;101:1282-8. 

Sista F, Abruzzese V, Clementi M, et al. The effect of sleeve gastrec- 
tomy on GLP-1 secretion and gastric emptying: a prospective study. 
Surg Obes Relat Dis 2017;13:7-14. 

Vives M, Molina A, Danis M, et al. Analysis of gastric physiology 
after laparoscopic sleeve gastrectomy (LSG) with or without antral 
preservation in relation to metabolic response: a randomised study. 
Obes Surg 2017;27:2836-44. 

Scheffer RC, Tatum RP, Shi G, et al. Reduced tLESR elicitation 
in response to gastric distention in fundoplication patients. Am J 
Physiol 2003;284:G815-20. 


. Lindeboom MY, Vu MK, Ringers J, et al. Function of the proximal 


stomach after partial versus complete laparoscopic fundoplication. 
Am J Gastroenterol 2003;98:284-90. 


. Liberski SM, Koch KL, Atnip RG, Stern RM. Ischemic gas- 


troparesis: resolution after revascularization. Gastroenterology 
1990;99:252-7. 

Balaban DH, Chen J, Lin Z, et al. Median arcuate ligament syn- 
drome: a possible cause of idiopathic gastroparesis. Am J Gastroen- 
terol 1997;92:519-23. 

Wellington J, Stuart P, Westcott C, Koch KL. Functional obstruc- 
tive gastroparesis: effect of laparoscopic pyloroplasty on symptoms, 
gastric emptying, and gastric myoelectrical activity. (Submitted). 
Soykan I, Sivri B, Saroseik I, et al. Demography, clinical charac- 
teristics, psychological and abuse profiles, treatment, and long-term 
follow-up of patients with gastroparesis. Dig Dis Sci 1998;43:2398- 
404. 

Parkman HP, Yates K, Hasler WL, et al. Clinical features of idio- 
pathic gastroparesis vary with sex, body mass, symptom onset, de- 
lay in gastric emptying and severity of gastroparesis. Gastroenterol 
2011;140:101-15. 


. Bityutskiy LP, Soykan I, McCallum RW. Viral gastroparesis: a sub- 


group of idiopathic gastroparesis—clinical observations and long- 
term outcomes. Am J Gastroenterol 1997;92:1501-4. 


. Vassalo M, Camilleri M, Caron BL, Low PA. Gastrointestinal 


motor dysfunction in acquired selective cholinergic dysautono- 
mia associated with infectious mononucleosis. Gastroenterology 
1991;100:252-8. 


. Ordog T, Baldo M, Danko R, Sanders KM. Plasticity of electrical 


pacemaking by interstitial cells of Cajal and gastric dysrhythmias in 
W/W/mutant mice. Gastroenterology 2002;123:2028—40. 


. Drossman DA, Hasler WL. RomelIV-Functional GI disorders: dis- 


orders of gut-brain interaction. Gastroenterol 2016;150:1257-61. 


. Pasricha PJ, Colvin R, Yates K, et al. Characteristics of patients with 


chronic unexplained nausea and vomiting and normal gastric empty- 
ing. Clin Gastroenterol Hepatol 2011;9:567—76. 


. Bersherdas K, Leahy A, Mason I, et al. The effect of cisapride on 


dyspepsia symptoms and the electrogastrogram in patients with 
non-ulcer dyspepsia. Aliment Pharmacol Ther 1998;12:755-9. 
Cucchiara S, Minella R, Riezzo G, et al. Reversal of gastric electri- 
cal dysrhythmias by cisapride in children with functional dyspepsia: 
report of three cases. Dig Dis Sci 1992;37:1136—40. 

Rothstein RD, Alavai A, Reynolds JC. Electrogastrography in pa- 
tients with gastroparesis and effect of long-term cisapride. Dig Dis 
Sci 1993;38:15 18-24. 

Koch KL. Gastric dysrhythmias: a potential objective measure of 
nausea. Exp Brain Res 2014;232:2553-61. 

Pasricha PJ, Yates KP, Sarosiek I, et al. Aprepitant has mixed effects 
on nausea and reduces other symptoms in patients with gastropare- 
sis and related disorders. Gastroenterol 2018;154:65-76. 
Boeckxstaens GE, Hirsch DP, van den Elzen BD, et al. Impaired 
drinking capacity in patients with functional dyspepsia: relationship 
with proximal stomach function. Gastroenterology 2001;121:1054— 
63. 

Fischler B, Tack J, De Gucht V, et al. Heterogeneity of symptom 
pattern, psychological factors, and pathophysiological mechanisms 
in severe functional dyspepsia. Gastroenterology 2003;124:903-10. 
Muth ER, Koch KL, Stern RM. Significance of autonomic nervous 
system activity in functional dyspepsia. Dig Dis Sci 2000;45:854— 
63. 


228. 


229. 


230. 


231. 


232. 


233. 


234. 


235. 


236. 


237. 


238. 


239. 


240. 


241. 


242. 


243. 


244. 


245. 


246. 


247. 


248. 


249. 


250. 


251. 


References 763.e5 


McCallum RW, Berkowitz DM, Lerner E. Gastric emptying in pa- 
tients with gastroesophageal reflux. Gastroenterology 1981;80:285— 
91. 

Tack J, Caenepeel P, Arts J, et al. Prevalence of acid reflux in func- 
tional dyspepsia and its association with symptom profile. Gut 
2005;54:1370-6. 

Noar MD, Noar E. Gastroparesis associated with gastroesophageal 
reflux disease and corresponding reflux symptoms may be corrected 
by radiofrequency ablation of the cardia and esophagogastric junc- 
tion. Surg Endosc 2008;11:2440-4. 

Brzana RJ, Koch KL. Intractable nausea presenting as gastroesopha- 
geal reflux disease. Ann Intern Med 1997;126:704-7. 

Koch KL, Xu L, Noar M. Gastric myoelectrical and emptying ac- 
tivity in patients with gastroesophageal reflux disease (GERD) and 
dysmotility-like functional dyspepsia (GERD+): effect of water load 
test [abstract]. Am J Gastroenterol 2001;96:526. 

Harrel SP, Studts JL, Dryden GW, et al. A novel classification 
scheme for gastroparesis based on predominant-symptom presenta- 
tion. Clin Gastroenterol 2008;42:45 5-9. 

Penagini R, Hebbard G, Horowitz M, et al. Motor function of the 
proximal stomach and visceral perception in gastro-esophageal re- 
flux disease. Gut 1998;42:251-7. 

Stranghellini V, Cogliandro RF, de Giorgio R, et al. Chronic intes- 
tinal pseudo-obstruction: manifestations, natural history and man- 
agement. Neurogastroenterol Motil 2007;19:440-52. 

Knowles CH, De Giorgio R, Kapur RP, et al. The London Clas- 
sification of gastrointestinal neuromuscular pathology: report 
on behalf of the Gastro 2009 International Working Group. Gut 
2010;59:882-7. 

Marie L, Levesque H, Ducrotte P, et al. Gastric involvement in sys- 
temic sclerosis: a prospective study. Am J Gastroenterol 2001;96:77-83. 
Blair PJ, Rhee PL, Sanders KM, Ward SM. The significance of in- 
terstitial cells in neurogastroenterology. Neurogastroenterol Motil 
2014;20:294-317. 

Castori M, Morlino S, Pascolini G, et al. Gastrointestinal and nu- 
tritional issues in joint hypermobility syndrome/Ehlers-Danlos syn- 
drome, hypermobility type. Am J Med Genet 2015;169C:54-75. 
Fortunato JE, Larkin ML, Rowe PC, Koch KL. Fludrocortisone 
improves nausea in children with orthostatic intolerance (OJ). Clin 
Auton Res 2011;21:419-23. 

Verne GN, Soldevia-Pico C, Robinson ME, et al. Autonomic 
dysfunction and gastroparesis in cirrhosis. J Clin Gastroenterol 
2004;38:72-6. 

Van Vlem B, Schoonjans R, Vanholder R, et al. Delayed gastric 
emptying in dyspeptic chronic hemodialysis patients. Am J Kidney 
Dis 2000;36:962-8. 

Chowdhury RS, Forsmark CE, Davis RH, et al. Prevalence of gas- 
troparesis in patients with small duct chronic pancreatitis. Pancreas 
2003;26:235-8. 

Neild PJ, Nijran KS, Yazaki E, et al. Delayed gastric emptying in 
human immunodeficiency virus infection: correlation with symp- 
toms, autonomic function and intestinal motility. Dig Dis Sci 
2000;45:1491-9. 

Fortunato JE, Darbari A, Cuffari C, et al. Esophageal motility dys- 
function in children with Rett syndrome, gastroesophageal reflux 
and dysphagia. J Appl Res 2008;8:84—94. 

DiBaise JK, Quigley EM. Tumor-related dysmotility: gastrointes- 
tinal dysmotility syndromes associated with tumors. Dig Dis Sci 
1998;43:1369-401. 

Lee HR, Lennon VA, Camilleri M, Prather CM. Perineoplastic gas- 
trointestinal motor dysfunction: clinical and laboratory characteris- 
tics. Am J Gastroenterol 2001;96:373-9. 

Lin Z, Chen JD, Parolisi S, et al. Prevalence of gastric myoelec- 
trical abnormalities in patients with nonulcer dyspepsia and H. 
pylori infection: resolution after H. pylori eradication. Dig Dis Sci 
2001;46:739-45. 

Abell TL, Malagelada JR, Lucas AR, et al. Gastric electromechani- 
cal and neurohormonal function in anorexia nervosa. Gastroenter- 
ology 1987;93:958-65. 

Koch KL, Bingaman S, Tan L, Stern RM. Visceral perceptions and 
gastric myoelectrical activity in healthy women and in patients with 
bulimia nervosa. Neurogastroenterol Motil 1998;10:3-10. 

Prakash C, Staiano A, Rothbaum RJ, Clouse RE. Similarities in 
cyclic vomiting syndrome across age groups. Am J Gastroenterol 
2001;96:684-8. 


763.e6 References 


252. 


253. 


Li BU, Misiewicz L. Cyclic vomiting syndrome: a brain-gut disor- 
der. Gastroenterol Clin North Am 2003;32:997-1019. 

Tarbell S, Shaltout H, Wagoner A, et al. Relationship among nau- 
sea, anxiety, and orthostatic symptoms in pediatric patients with 
chronic unexplained nausea. Ex Brain Res 2014;232:2645-50. 


. Hasler WL. Dumping syndrome. Curr Treat Options Gastroen- 


terol 2002;5:139-45. 


. Delgado-Aros S, Camilleri M, Cremonini F, et al. Contribu- 


tions of gastric volumes and gastric emptying to meal size and 
postmeal symptoms in functional dyspepsia. Gastroenterology 
2004;127:1685-94. 


256. Jehangir A, Parmkan HP. Chronic opioids in gastroparesis: rela- 


257. 


263. 


264. 


265. 


266. 


267. 


268. 


271. 


272: 


273. 


274. 


275. 


276. 


277. 


tionship with gastrointestinal symptoms, healthcare utilization and 
employment. World J Gastroenterol 2017;23:73 10-20. 

Stanghellini V, Tosetti C, Horowitz M, et al. Predictors of gastro- 
paresis in out-patients with secondary and idiopathic upper gastro- 
intestinal symptoms. Dig Liver Dis 2003;35:389-96. 


. Hasler WL, Wilson LA, Parkman HP, et al. Bloating in gastropa- 


resis: severity, impact, and associated factors. Am J Gastroenterol 
2011;106:492-502. 


. Revicki DA, Rentz AM, Dubois D, et al. Development and valida- 


tion of a patient-assessed gastroparesis symptom severity measure: 
the Gastroparesis Cardinal Symptom Index. Aliment Pharmacol 
Ther 2003;18:141-50. 


. Koch KL, Hasler WL, editors. Nausea and vomiting: diagnosis and 


treatment. Switzerland: Springer International Publishing; 2017. 


. Thumshirn M, Camilleri M, Hanson RB, et al. Gastric mechano- 


sensory and lower esophageal sphincter function in the rumination 
syndrome. Am J Physiol 1998;275:G314-21. 


. Chial HJ, Camilleri M, Williams DE, et al. Rumination syndrome 


in children and adolescents: diagnosis, treatment, and prognosis. 
Pediatrics 2003;111:158-62. 

Cherian D, Sachdeva P, Fisher RS, et al. Abdominal pain is a fre- 
quent symptom of gastroparesis. Clin Gastroenterol Hepatol 
2010;8:676-81. 

Hasler WL, Wilson L, Parkman HP, et al. Importance of abdomi- 
nal pain as a symptom in gastroparesis: relation to clinical factors, 
disease severity, quality of life, gastric retention, and medication 
use. Gastroenterol 2010;138(Suppl. 1):S— 461. 

Hoogerwerf WA, Pasricha PJ, Kalloo AN, Schuster MM. Pain: 
the overlooked symptom in gastroparesis. Am J Gastroenterol 
1999;94:1029-33. 

Carnett JB. Intercostal neuralgia as a cause of abdominal pain and 
tenderness. SGO 1926;12:625-34. 

Srinivasan R, Greenbaum DS. Chronic abdominal wall pain: a fre- 
quently overlooked problem. Practical approach to diagnosis and 
management. Am J Gastroenterol 2002;97:824-30. 

Alnahhas MF, Oxentenko SC, Locke GR, et al. Outcomes of ultra- 
sound-guided trigger point injection for abdominal wall pain. Dig 
Dis Sci 2016;61:572-7. 


. Mehr SE, Barbul A, Shibao CA. Gastrointestinal symptoms in pos- 


tural tachycardia syndrome: a systematic review. Clin Auton Res 
2018 Mar 16. [Epub head of print]. 


. Parkman HP, Yates KP, Hasler WL, et al. Dietary intake and nutri- 


tional deficiencies in patients with diabetic or idiopathic gastropare- 
sis. Gastroenterol 2011;141:486-98. 

Delaney BC, Wilson S, Roalfe A, et al. Cost effectiveness of initial 
endoscopy for dyspepsia in patients over age 50 years: a randomised 
controlled trial in primary care. Lancet 2000;356:1965-9. 

Maganti K, Onyemer K, Jones MP. Oral erythromycin and sympa- 
thetic relief of gastroparesis: a systemic review. Am J Gastroenterol 
2003;98:259-63. 

Dhir R, Richter JE. Erythromycin in the short- and long-term con- 
trol of dyspepsia symptoms in patients with gastroparesis. J Clin 
Gastroenterol 2004;38:237-42. 

Lata PF, Pigarelli DL. Chronic metoclopramide therapy for dia- 
betic gastroparesis. Ann Pharmacother 2003;37:122-6. 

Ganzini L, Casey DE, Haffman WF, McCall AL. The prevalence of 
metoclopramide-induced tardive dyskinesia and acute extrapyrami- 
dal movements. Arch Intern Med 1993;153:1469-75. 

Barone JA. Domperidone: a peripherally acting dopamine 2- recep- 
tor antagonist. Ann Pharmacol 1999;33:429-40. 

Patterson D, Abell T, Rothstein R, et al. A double-blind multi- 
center comparison of domperidone and metoclopramide in the 
treatment of diabetic patients with symptoms of gastroparesis. Am J 
Gastroenterol 1999;94:1230-4. 


278. 


279. 


280. 


281. 


282. 


283. 


284. 


285. 


286. 


287. 


288. 


289. 


290. 


291. 


292. 


293. 


294. 


295. 


296. 


297. 


298. 


299. 


300. 


301. 


Braden B, Enghofer M, Schaub M, et al. Long-term cisapride treat- 
ment improves diabetic gastroparesis but not glycaemic control. Ali- 
ment Pharmacol Ther 2002;16:1341-6. 

Camilleri M, McCallum RW, Tack J, et al. Efficacy and safety of 
relamorelin in diabetics with symptoms of gastroparesis: a random- 
ized, placebo-controlled study. Gastroenterol 2017;153:1240-50. 
Andresen V, Camilleri M. Challenges in drug development for 
functional gastrointestinal disorders. Part 1: functional dyspepsia. 
Neurogastroenterol Motil 2006;18:346-53. 

Tack J, Janssen P, Masaoka T, et al. Efficacy of buspirone, a fandus- 
relaxing drug, in patients with functional dyspepsia. Clin Gastroen- 
terol Hepatol 2012;10:1239-45. 

Parkman HP, Hasler WL, Fisher RS. American Gastroenterologi- 
cal Association technical review on the diagnosis and treatment of 
gastroparesis. Gastroenterology 2004;127:1592-622. 

Prakash C, Lustman PJ, Freedland KE, Clouse RE. Tricyclic anti- 
depressants for functional nausea and vomiting: clinical outcome in 
37 patients. Dig Dis Sci 1998;43:195 1-6. 

Parkman H, Van Natta M, Abell T, et al. Effect of nortryptyline on 
symptoms of idiopathic gastroparesis: the NORIG randomized trial. 
JAMA 2013;310:2640-9. 

Hu S, Stern RM, Koch KL. Electrical acustimulation relieves vec- 
tion-induced motion sickness. Gastroenterology 1992;102:1854-8. 
Stern RM, Jokerst MD, Muth ER, Hollis C. Acupressure relieves 
the symptoms of motion sickness and reduces abnormal gastric ac- 
tivity. Alt Ther Health Med 2001;7:91-4. 

Wang CP, Kao CH, Chen WK, et al. A single-blinded, randomized 
pilot study evaluating effects of electro acupuncture in diabetic pa- 
tients with symptoms suggestive of gastroparesis. J Altern Comple- 
ment Med 2008;14:833-9. 

Abell T, McCallum R, Hocking M, et al. Gastric electrical stimu- 
lation for medically refractory gastroparesis. Gastroenterology 
2003;125:421-8. 

McCallum R, Lin Z, Wetzel P, et al. Clinical response to gastric 
electrical stimulation in patients with post surgical gastroparesis. 
Clin Gastroenterol Hepatol 2005;3:49-54. 

Lin Z, Sarosiek I, Forster J, McCallum RW. Symptom responses, 
long-term outcomes and adverse events beyond 3 years of high-fre- 
quency gastric electrical stimulation for gastroparesis. Neurogastro- 
enterol Motil 2006;18:18-27. 

McCallum RW, Snape W, Brody F, et al. Gastric electrical stimula- 
tion with Enterra improves symptoms from diabetic gastroparesis in 
a prospective study. Clin Gastroenterol Hepatol 2010;8:947-54. 
Familoni BO, Abell TL, Voeller G, et al. Electrical stimulation at 
a frequency higher than basal rate in human stomach. Dig Dis Sci 
1997;42:885-91. 

Anderson S, Ringstrom G, Elvin A, et al. Temporary percutane- 
ous gastric electrical stimulation: a novel technique tested with non- 
established indications for gastric electrical stimulation. Digestion 
2011;83:3-12. 

Lin ZY, McCallum RW, Schirmer BD, Chen JD. Effects of pacing 
parameters in the entrainment of gastric slow waves in patients with 
gastroparesis. Am J Physiol 1998;274:G186-91. 

McCallum RW, Chen JD, Lin Z, et al. Gastric pacing improves 
emptying and symptoms in patients with gastroparesis. Gastroen- 
terology 1998;114:456-61. 

Lin Z, Sarosiek I, Forster J, et al. Two-channel gastric pacing in 
patients with diabetic gastroparesis. Neurogastroenterol Motil 
2011;23:912-€396. 

Lacy BE, Zayat EN, Crowell MD, Schuster MM. Botulinum toxin 
for the treatment of gastroparesis: a preliminary report. Am J Gas- 
troenterol 2002;97:1548-52. 

Bromer MQ, Friedenberg F, Miller LS, et al. Endoscopic pyloric 
injections of botulinum toxin A for the treatment of refractory gas- 
troparesis. Gastrointest Endosc 2005;61:833-9. 

Miller LS, Szych GA, Kantor SB, et al. Treatment of idiopathic gas- 
troparesis with injection of botulinum toxin into the pyloric sphinc- 
ter muscle. Am J Gastroenterol 2002;97:1653-60. 

Davis BR, Sarosiek I, Bashashati M, et al. The long-term efficacy 
and safety of pyloroplasty combined with gastric electrical stimula- 
tion therapy in gastroparesis. J Gastrointest Surg 2017;21:222-7. 
Gonzalez JM, Lestelle V, Benezech A, et al. Gastric per-oral en- 
doscopic myotomy with antropyloromyotomy in the treatment of 
refractory gastroparesis: clinical experience with follow-up and scin- 
tigraphic evaluation (with video). Gastrointest Endosc 2017;85:132- 


302. 


303. 


Malik Z, Kataria R, Modayil R, et al. Gastric per oral nedoscopic 
myotomy (G-POEM) for the treatment of refractory gastroparesis: 
early experience. Dig Dis Sci 2018;22. 

Parrish CR. Nutrition concerns for the patient with gastroparesis. 
Curr Gastroenterol Rep 2007;9:295-302. 


304. Jednak MA, Shadigian EM, Kim MS, et al. Protein meals reduce 


305. 


306. 


nausea and gastric slow wave dysrhythmic activity in first trimester 
pregnancy. Am J Physiol 1999;277:G855-61. 

Levine ME, Muth ER, Williamson MJ, Stern RM. Protein-pre- 
dominant meals inhibit the development of gastric tachyarrhythmia, 
nausea and the symptoms of motion sickness. Aliment Pharmacol 
Ther 2004;19:583-90. 

Lien HC, Sun WM, Chen YH, et al. Effects of ginger on motion 
sickness in gastric slow-wave dysrhythmias induced by circular vec- 
tion. Am J Physiol 2003;284:G481-9. 


307. 


308. 


309. 


References 763.e7 


Levine ME, Gillis MG, Koch SY, et al. Protein and ginger for the 
treatment of chemotherapy-induced delayed nausea. J Alt Comp 
Med 2008;14:545-51. 

Kim CH, Nelson DK. Venting percutaneous gastrostomy in the 
treatment of refractory idiopathic gastroparesis. Gastrointest En- 
dosc 1998;47:67-70. 

Sarosiek I, Davis B, Eichler E, McCallum RW. Surgical approaches 
to treatment of gastroparesis: gastric electrical stimulation, pyloro- 
plasty, total gastrectomy and enteral feeding tubes. Gastroenterol 
Clin North Am 2015;44:15 1-67. 


= 51 Gastric Secretion 


Mitchell L. Schubert, Jonathan D. Kaunitz 


CHAPTER OUTLINE 
FUNCTIONAL ANATOMY..............000ceeeeeaee 764 
PARACRINE, HORMONAL, NEURAL, AND INTRACELLULAR 
REGULATION OF GASTRIC ACID SECRETION.......... 767 
HIStAMIMNGssncee ere wre R AA ne eec et ere eae 768 
Gasthinietry aise cen eters ocr ena nein E ANE 768 
Acetyicholine(ACh errr eer ere rer re 769 
Somatostatime aac acer erasers ies cronies 771 
Miscellaneous Peptides. m me rrr srr rer rr. vn 
Parietal Cell Intracellular Pathways ................ 771 
H+K+-ATPase Inhibitors and Blockers .............. 712 
Integrated Response toa Meal ................... 774 
Hp-Induced Perturbations in Acid Secretion.......... 774 
MEASUREMENT OF GASTRIC ACID SECRETION ....... 775 
INGIGAIONS eet setts ees as nee ener secs 715 
Methods ar E reer een near omen TS 
BAO ie rere E E a mete 776 
MAO anid PAO e a sree ars rena ser tras mores 776 
Sham Feeding—Stimulated Acid Output............. 776 
Meal-Stimulated Acid Output..................... 776 
DISEASES ASSOCIATED WITH INCREASED GASTRIC ACID 
SEGRETION -os sennen eee anaes as 776 
PEPSINOGEN SECRETION ...............0000000ee 777 
GASTRIC LIPASE SECRETION ..............0eeeees 778 
INTRINSIC FACTOR SECRETION. ................... 778 
BICARBONATE SECRETION .................000005 779 
MUCUS SECRETION. «0 0c0cccccecccceseececccccs 779 


GASTRIC CANCER BIOMARKERS IN GASTRIC JUICE .. . 780 


As discussed in the preceding chapter, the stomach is an active 
reservoir that stores, grinds, and slowly dispenses partially 
digested food to the intestine for further digestion and absorp- 
tion. Its main secretory function is the production of hydro- 
chloric acid.! Gastric acid secretion is present on the first day 
of life and increases as infants become more mature.’ By 2 
years of age, acid secretion is similar to that of adults, when 
corrected for body weight.*> Most studies indicate that the 
rate of acid secretion changes little after the second decade of 
life unless there is coexisting disease of the acid-secreting 
glandular mucosa, such as infection with Hp or atrophic gas- 
tritis.+-7 

Acid facilitates the digestion of protein by converting the 
proenzyme pepsinogen to the active proteolytic enzyme pep- 
sin. It also facilitates the absorption of nonheme iron, vitamin 
B,, certain medications (e.g., thyroxin), and calcium, as well as 
prevents bacterial overgrowth, enteric infection, and possibly 
SBP..*-?? 

The stomach also secretes lipase, intrinsic factor (IF), elec- 
trolytes (e.g., bicarbonate [HCO;7], K*, and CI), and mucins 
in addition to a variety of neurocrine, paracrine, and hormonal 
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agents (Fig. 51.1). Neurocrine agents are released from nerve 
terminals and reach their targets via synaptic diffusion (e.g., ace- 
tylcholine [ACh], gastrin-releasing peptide [GRP], vasoactive 
intestinal peptide [VIP], nitric oxide [NO], and pituitary adenyl- 
ate cyclase-activating polypeptide [PACAP]). Paracrine agents 
are released in proximity to their targets and reach them via dif- 
fusion (e.g., histamine and somatostatin). Hormones are released 
into the circulation and reach their targets via the bloodstream 
(e.g., gastrin) (see Chapter 4). 

Gastric mucosal integrity depends on a delicate balance 
between secretion of aggressive (e.g., acid and pepsin) and 
defensive (e.g., bicarbonate and mucin) substances (Fig. 51.2). 
When mucosal defense mechanisms are overwhelmed, ulcer- 
ation may occur. In order to reap the benefits of acid without 
untoward effects, gastric exocrine and endocrine secretion is 
precisely regulated. This is accomplished by a highly coordi- 
nated interaction among a multitude of neural, paracrine, and 
hormonal pathways. 


FUNCTIONAL ANATOMY 


As discussed in Chapter 49, the stomach consists of 3 anatomic 
(fundus, corpus or body, and antrum) and 2 functional (oxyntic 
and pyloric gland) areas (Fig. 51.3). The oxyntic gland area, the 
hallmark of which is the oxyntic cell (oxys, Greek for acid), or 
parietal cell, comprises 80% of the organ (fundus and corpus). 
The pyloric gland area, the hallmark of which is the G or gastrin 
cell, comprises 20% of the organ (antrum). The human stomach 
contains approximately 1 x 10° parietal cells and 9 x 10° gastrin 
cells.2+ There is debate as to whether the cardia, a transition zone 
of 0 to 9 mm between the squamous mucosa of the esophagus 
and the oxyntic mucosa of the stomach, exists as a normal ana- 
tomic structure or develops as a result of abnormal reflux (see 
Chapters 44, 46, and 47). Autopsy and endoscopic studies suggest 
that cardiac mucosa is absent in more than 50% of the general 
population.”° 

The glandular area is organized in vertical tubular units that con- 
sist of an apical pit region, an isthmus, and the actual gland region 
that forms the lower part of the unit; the latter consists of a neck and 
a base (Fig. 51.4). The progenitor cell of the gastric unit, located in 
the isthmus, gives rise to all gastric epithelial cells. In the oxyntic 
gland area, the mucus-producing pit cells migrate upward from the 
progenitor cell toward the gastric lumen. Six acid-producing parietal 
cells are produced in 1 isthmus each month and migrate downward 
to the middle and lower regions of the gland’°; as the cells migrate 
downward they become more senescent and are less active acid secre- 
tors. The turnover time for parietal cells is 54 days in mice and 164 
days in rats.** Besides hydrochloric acid, parietal cells produce IF, 
transforming growth factor (TGF)-a, amphiregulin, heparin-bind- 
ing EGF, sonic hedgehog, hepcidin, and leptin.*’”? Chief (zymo- 
genic) cells predominate at the gland base and secrete pepsinogen 
and leptin.*” Several distinct neuroendocrine cell types are contained 
within the gland, but only some of their products have been assigned 
physiologic functions (see Chapter 4). The cells include D cells 
(somatostatin and amylin), enterochromaffin-like (ECL) cells (his- 
tamine and parathyroid hormone-like hormone), enterochromaffin 
(EC) cells (atrial natriuretic peptide [ANP], serotonin, and adreno- 
medullin), and A-like or Gr cells (ghrelin and obestatin).>! 3’ Soma- 
tostatin-containing D cells possess neural-like cytoplasmic processes 
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Fig. 51.1 Neural, hormonal, and paracrine pathways directly regulating parietal cell acid (H+) secretion. Left, 
Acetylcholine (ACh) released from postganglionic enteric neurons within the oxyntic mucosa, stimulates the pa- 
rietal cell directly via Mg receptors coupled to release of intracellular calcium. Center, Gastrin released from antral 
G cells, travels in the circulation to reach the parietal cell and directly activates CCK subtype 2 (CCK-2) receptors 
which are coupled to release of intracellular calcium. Right, Histamine released from oxyntic ECL cells, diffuses 
to the parietal cell and directly activates histamine subtype 2 (H») receptors, which are coupled to the generation 
of cyclic adenosine monophosphate. Somatostatin (SS7), released from oxyntic D cells, diffuses to the parietal 
cell and directly activates SSTR2, which are coupled to the inhibition of acid secretion. ACh, gastrin, and SST 
also have important indirect actions affecting acid secretion not shown here. +, stimulatory; —, inhibitory. 
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Fig. 51.2 Gastroduodenal offense and defense. Mucosal integrity depends on a delicate balance between ag- 
gressive and defensive factors. When mucosal defense mechanisms are overwhelmed, ulceration may occur. 
CA, carbonic anhydrase; CGRP calcitonin gene-related peptide; H2S, hydrogen sulfide; HCO;-, bicarbonate; 


NO, nitric oxide; ROS, reactive oxygen species. 
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that terminate in the vicinity of parietal and ECL cells (see Fig. 
51.4). The functional correlate of this anatomic coupling is a tonic 
paracrine restraint exerted by somatostatin on acid secretion directly 
as well as indirectly by inhibiting histamine secretion (Fig. 51.5).3°*° 
ECL cells are the dominant neuroendocrine cell type in oxyntic 
mucosa. They constitute 66% of the neuroendocrine cell population 
in rats and 30% in humans. Like somatostatin-containing D cells, 
ECL cells may also possess cytoplasmic processes that terminate in 
close proximity to parietal cells.+! 
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Fig. 51.3 Functional gastric anatomy. The stomach consists of 3 ana- 
tomic (fundus, corpus or body, and antrum) and 2 functional (oxyntic 
and pyloric gland) areas. The hallmark of the oxyntic gland area is the 
parietal cell. The hallmark of the pyloric gland area is the G or gastrin 
cell. 
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Somatostatin-containing D cells are also present in the pyloric 
gland area (see Figs. 51.4 and 51.5), where they exert a tonic para- 
crine restraint on gastrin secretion from G cells.#® The pyloric 
gland also contains EC cells (ANP and serotonin), A-like or Gr 
cells (ghrelin and obestatin), and endocrine cells containing or- 
exin334445 

Chromogranin A (CgA), an acidic glycoprotein, is contained 
within neuroendocrine cells and, as discussed in Chapter 34, 
serum CgA has been used as a sensitive marker for the diagno- 
sis of neuroendocrine tumors (NETs; e.g., carcinoid and gastri- 
noma).*° The bulk of “normal” blood CgA is derived from gastric 
ECL cells. Hence, elevated circulating CgA concentrations are 
also observed in patients with ECL hyperplasia caused by hyper- 
gastrinemia as a result of atrophic gastritis or treatment with PPIs 
for as short as 5 days.“ After discontinuation of PPI therapy, 
serum CgA gradually declines with a half-life of 4 to 5 days.*® 

The stomach is innervated by a neural network, the enteric 
nervous system (ENS), which contains intrinsic neurons (i.e., 
neurons whose cell bodies are contained within the gastric wall) 
(Figs. 51.6 to 51.8). The ENS, the third division of the autonomic 
nervous system (the other 2 being the sympathetic and parasym- 
pathetic), is often referred to as the “little brain” because it con- 
tains as many neurons (=10°) as the spinal cord and can function 
autonomous of central input (see Fig. 51.6).+? Nevertheless, the 
ENS receives input from and sends input to the central nervous 
system via sympathetic and parasympathetic neurons. In rats 
and guinea pigs, most of the intrinsic neural innervation of the 
stomach originates in the myenteric plexus, located between the 
circular and longitudinal muscle layers; the submucosal plexus in 
these species contains only a small number of neurons. Humans, 
in contrast, have a clearly defined submucosal plexus that regu- 
lates gastric secretion and contains a variety of neurotransmitters 
(see Figs. 51.7 and 51.8). 

The vagus nerve is predominantly afferent, containing 80% to 
90% afferent fibers and 10% to 20% efferent fibers. The efferent 
fibers arise from the dorsal motor nucleus in the medulla. They 
are preganglionic and do not directly innervate parietal or neuro- 
endocrine cells but rather synapse with neurons of the ENS. The 
enteric neurons contain a variety of transmitters including ACh, 
GRP, NO, VIP, and PACAP (see Fig. 51.8).°° In the stomach, 
afferent nerve fibers containing calcitonin gene-related peptide 
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Fig. 51.4 Gastric gland anatomy. Somatostatin-containing D cells contain cytoplasmic processes that terminate 
in the vicinity of acid-secreting parietal and histamine-secreting ECL cells in the oxyntic gland area (fundus and 
corpus) and gastrin-secreting G cells in the pyloric gland area (antrum). The functional correlate of this anatomic 


coupling is a tonic paracrine restraint on acid secretion 


by somatostatin that is exerted directly on the parietal cell, 


as well as indirectly by inhibiting histamine and gastrin secretion. ANP. atrial natriuretic peptide. (From Schubert 
ML, Peura DA. Control of gastric acid secretion in health and disease. Gastroenterology 2008; 134:1842-60.) 
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Fig. 51.5 Model illustrating the inhibitory actions of somatostatin (SST) on gastric acid secretion in the oxyntic 
gland area (fundus and body) and the pyloric gland area (antrum). SST-containing D cells are structurally and 
functionally coupled to their target cells: parietal, ECL, and gastrin cells. SST, acting via SSTR2 receptors, 
tonically restrains acid secretion. This restraint is exerted directly on the parietal cell as well as indirectly by 
inhibiting histamine secretion from ECL cells and gastrin secretion from G cells. 
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Fig. 51.6 The autonomic nervous system consists of sympathetic, 
parasympathetic, and enteric divisions. The enteric division consists of 
the myenteric plexus, which primarily regulates motility, and the submu- 
cosal plexus, which primarily regulates secretion. Although the enteric 
division can function autonomously, it receives input from and sends 
projections to the other divisions. 
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Fig. 51.7 The enteric nervous system contains intrinsic neurons, the 
cell bodies of which are contained within the gastric wall. The myenteric 
plexus, which innervates the circular and longitudinal muscle layers, 
regulates motility. The submucosal plexus, which innervates the mu- 
cosa, regulates secretion. 


(CGRP) are of extrinsic origin, with the cell bodies located outside 
the stomach wall! Neurons of the ENS regulate acid secretion 
directly, as is the case for ACh, and/or indirectly by modulating 
the secretion of gastrin from G cells, somatostatin from D cells, 
and possibly histamine from ECL cells (see Fig. 51.8). 
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Fig. 51.8 Functional neural anatomy. The vagus nerve contains pre- 
ganglionic neurons that synapse with enteric nerves (i.e., neurons within 
the wall of the stomach that are part of the enteric nervous system). 
The enteric neurons contain a variety of transmitters, including ACh, 
GRP (or mammalian bombesin), NO, VIP, and PACAP, that regulate 
acid secretion from parietal cells directly and/or indirectly by modulat- 
ing the secretion of gastrin from G cells, somatostatin from D cells, and 
possibly histamine from ECL cells. 


PARACRINE, HORMONAL, NEURAL, AND 
INTRACELLULAR REGULATION OF GASTRIC ACID 
SECRETION 


Parietal cells secrete hydrochloric acid at a concentration of 
approximately 160 mM or pH 0.8. Acid is thought to gain access 
to the lumen via channels in the mucus layer created by the rela- 
tively high intraglandular hydrostatic pressures generated during 
secretion, about 17 mm Hg.’ 

Acid facilitates the digestion of protein and absorption of non- 
heme iron, calcium, and vitamin B42, as well as prevents bacterial 
overgrowth, enteric infection, and possibly SBP.8-1418-22 How- 
ever, when levels of acid (and pepsin) overwhelm mucosal defense 
mechanisms, ulcers occur. To prevent such damage, gastric acid 
must be precisely regulated and produced according to need. 
This is accomplished by a highly coordinated interaction among 
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Fig. 51.9 Model illustrating parietal cell receptors and transduction 
pathways. The principal stimulants of acid secretion at the level of the 
parietal cell are histamine (paracrine), gastrin (hormonal), and ACh (neu- 
rocrine). Histamine, released from ECL cells, binds to Hs receptors that 
activate adenylate cyclase (AC) and generate adenosine 3’,5’- cAMP. 
Gastrin, released from G cells, binds to CCK subtype 2 (CCK-2) recep- 
tors that activate phospholipase C (not shown) to induce the release of 
cytosolic calcium (Ca**). Gastrin stimulates the parietal cell directly and, 
more importantly, indirectly by releasing histamine from ECL cells. ACh, 
released from intramural enteric neurons, binds to muscarinic type 3 (Ma) 
receptors that are coupled to an increase in intracellular calcium. The 
intracellular cAMP- and calcium-dependent signaling systems activate 
downstream protein kinases, ultimately leading to fusion and activa- 

tion of H*+,Kt-ATPase, the proton pump. Somatostatin, released from 
oxyntic D cells, is the principal inhibitor of acid secretion. Somatostatin, 
acting via the SSTR2 receptor, inhibits the parietal cell directly as well as 
indirectly by inhibiting histamine release from ECL cells. +, stimulatory; —, 
inhibitory. 


a number of neural, hormonal, and paracrine pathways. These 
pathways can be activated directly by stimuli originating in the 
brain or reflexively by stimuli originating in the stomach after 
ingestion of a meal, such as mechanical stimulation (e.g., disten- 
tion) or chemical stimulation (e.g., protein and acid). 

The principal stimulants of acid secretion are ACh, released 
from gastric enteric neurons (neurocrine); gastrin, released 
from antral G cells (hormonal); and histamine, released from 
oxyntic ECL cells (paracrine) (Fig. 51.9; also see Fig. 51.1). 
These agents interact with specific G protein-binding receptors 
(M;, CCK-2, and Hh, respectively) that are coupled to 2 major 
signal transduction pathways: intracellular calcium in the case of 
ACh and gastrin, and adenylate cyclase or adenosine 3’,5’-cyclic 
monophosphate (cAMP) in the case of histamine (see Fig. 51.9). 
There is evidence for potentiation (or synergism) between his- 
tamine and either ACh or gastrin, probably as a result of postre- 
ceptor interaction between the 2 signaling pathways.” Caffeine 
stimulates acid secretion via bitter taste receptors (taste type 2 
bitter receptors; TAS2Rs) localized to parietal cells.°* The main 
inhibitor of acid secretion is somatostatin, released from oxyn- 
tic and antral D cells (paracrine) (see Figs. 51.1, 51.5, and 51.9 
Figs. 51.1, 51.5, and 51.9). Each of these agents acts directly on 
the parietal cell as well as indirectly by modulating the secretion 
of neuroendocrine cells (Fig. 51.10). 


Histamine 


Histamine, produced in ECL cells by decarboxylation of 
L-histidine by histidine decarboxylase (HDC), stimulates the 


parietal cell directly by binding to H, receptors coupled to 
activation of adenylate cyclase and generation of cAMP (see 
Fig. 51.9).°> Histamine also stimulates acid secretion indi- 
rectly by binding to H; receptors that inhibit somatostatin 
release from oxyntic D cells (see Fig. 51.10).5657 Gastrin, 
PACAP, VIP, and ghrelin stimulate, whereas somatostatin, 
CGRP, prostaglandins, peptide YY (PYY), and galanin inhibit 
histamine secretion.°*»°? As discussed later, gastrin also exerts 
a direct proliferative effect on ECL cells. ACh has no direct 
effect on histamine secretion.°° 


Gastrin 


Gastrin, the main stimulant of acid secretion during meal inges- 
tion, is produced in G cells of the gastric antrum and, in much 
lower and variable amounts, in the proximal small intestine, colon, 
and pancreas. Gastrin is synthesized as a large precursor molecule 
of 101 amino acids, which is converted to progastrin (80 amino 
acids) by cleavage of the N-terminal signal peptide. Progastrin is 
further processed to yield peptides with C-terminal glycine (i.e., 
G34gly and G17gly). The final processing step involves amida- 
tion to yield G34amide and G17amide. In humans, more than 
95% of secreted gastrins are amidated and about half are tyrosyl- 
sulphated.°? Of the amidated peptides, approximately 85% are 
G17, 5% to 10% G34, and the remainder a mixture of bigger and 
smaller peptides (G71, G-52, G14, and G6). The plasma half-life 
of G34amide is 30 minutes and that of G17amide is 3 to 7 min- 
utes; they are metabolized primarily by the kidney and, in smaller 
amounts, by the intestine and liver.°° Because the metabolism 
of G17 is much faster than that of G34, most gastrin in the cir- 
culation during fasting is G34, whereas after a meal it is G17. 
In patients with renal insufficiency or massive small bowel resec- 
tion, fasting blood levels of G17 and G34 are elevated.°”* The 
test substance pentagastrin is not a naturally occurring peptide 
but rather is a manufactured analog that contains the biologically 
active C-terminus sequence Trp-Met-Asp-Phe-NH). 

Gastrin and CCK belong to the same family of peptides and 
possess an identical carboxyl-terminal pentapeptide sequence 
(-Gly-Trp-Met-Asp-Phe-NH)). Two main classes of gastrin/ 
CCK receptors have been characterized: CCK-1 (formerly 
CCK-A) and CCK-2 (formerly CCKg or CCKj/gastrin). CCK-1 
receptors are specific for CCK, whereas CCK-2 receptors rec- 
ognize both CCK and gastrin with high affinity. Sulfated and 
unsulfated G17 and G34 possess similar affinities for the CCK-2 
receptor which is a classical G protein-coupled receptor. The 
binding of gastrin to the receptor activates phospholipase C, 
which hydrolyzes phosphatidylinositol 4.5 bisphosphate to ino- 
sitol 1,4,5-trisphosphate (IP3) and diacylglycerol.’ IP; mobilizes 
calcium from intracellular stores and diacylglycerol activates 
protein-kinase C isoforms. Gastrin, acting via CCK-2 receptors, 
stimulates the parietal cell directly and, more importantly, indi- 
rectly by releasing histamine from ECL cells (see Figs. 51.9 to 
51.11).”°7! Gastrin regulates the secretion and synthesis of his- 
tamine in a biphasic manner. The first phase involves release of 
stored histamine. The second phase relates to the replenishment 
of histamine stores and involves an increase in HDC activity fol- 
lowed by an increase in HDC gene transcription.’? H, receptor-, 
HDC-, and CCK-2 receptor knockout mice manifest decreased 
acid secretion, especially in response to gastrin.’*-7> 

Although amidated gastrins had been thought to be the only 
forms with biological activity, glycine-extended gastrins may reg- 
ulate the capacity of the parietal cell to respond to secretagogues, 
release histamine from ECL cells, and stimulate proliferation of 
colonic mucosa and colorectal cancers.”°’’ N-terminal progastrin 
fragments (e.g., progastrin fragments 1-35 and 1-19) have been 
reported to inhibit acid secretion in humans. ACh, GRP, PACAP, 
secretin, $2/B3-adrenergic agonists, serotonin, calcium, protein, 
amino acids, amines, capsaicin, and alcoholic beverages produced 
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Fig. 51.10 Model illustrating the neural, hormonal, and paracrine regulation of gastric acid secretion in health 
and disease. Efferent vagal fibers synapse with intramural enteric cholinergic (ACh) and peptidergic (GRP and 
VIP) neurons. In the fundus (oxyntic mucosa), ACh neurons stimulate acid secretion directly as well as indirectly 
by inhibiting somatostatin (SST) secretion, thus eliminating its restraint on parietal cells and histamine-con- 
taining ECL cells. In the antrum (pyloric mucosa), ACh neurons stimulate gastrin secretion directly as well as 
indirectly by inhibiting SST secretion, thus eliminating its restraint on gastrin-containing G cells. GRP neurons, 
activated by luminal protein, also stimulate gastrin secretion. Amino acids and calcium may directly stimulate 
gastrin secretion. VIP neurons, activated by low-grade gastric distention, stimulate SST and thus inhibit gastrin 
secretion. Dual paracrine pathways link SST-containing D cells to parietal cells and to ECL cells in the fundus. 
Histamine released from ECL cells acts via Ha receptors to inhibit SST secretion. This serves to accentuate 
the decrease in SST secretion induced by cholinergic stimuli and thus augments acid secretion. In the antrum, 
dual paracrine pathways link SST-containing D cells to gastrin cells. Release of acid into the lumen of the 
stomach activates extrinsic CGRP sensory neurons that act to restore SST secretion in both the fundus and 
antrum. Acute infection with Hp also activates CGRP neurons to stimulate SST and thus inhibit gastrin (and 
acid) secretion; inhibition of acid facilitates colonization and infection. In patients with duodenal ulcer who are 
chronically infected with Hp, the organism or cytokines released from the inflammatory infiltrate inhibit SST and 
thus stimulate gastrin (and acid) secretion. +, stimulation; —, inhibition. 


by fermentation stimulate gastrin secretion, whereas somatostatin, 
galanin, bradykinin, menin, and adenosine inhibit gastrin secre- 
tion. In addition, at least 2 negative-feedback pathways, mediated 
via release of somatostatin, regulate gastrin secretion. The first is 
activated by luminal acidity and involves sensory CGRP neurons 
(see Fig. 51.10). Low intragastric pH (high intragastric acidity) 
activates CGRP neurons that, via an axon reflex, stimulate soma- 
tostatin cells and thus inhibit gastrin secretion (see Fig. 51.10).78-80 
Conversely, when intragastric pH rises (low intragastric acidity)— 
for example, by administrating antisecretory medications such as 
PPIs or by development of gastric atrophy—somatostatin secre- 
tion is not stimulated, and patients develop hypergastrinemia (see 
Fig. 51.11).! There is some evidence that bacterial overgrowth 
induced by hypochlorhydria may also contribute to hypergastrin- 
emia.*? The second negative-feedback pathway involves a para- 
crine action whereby gastrin directly stimulates somatostatin and 
thus attenuates its own secretion (see Fig. 51.10).°? 

Gastrin also functions as a trophic hormone to stimulate muco- 
sal proliferation. CCK-2 receptors have been localized to the pro- 
genitor zone in oxyntic glands, and chronic hypergastrinemia 
induces proliferation of ECL and parietal cells directly as well as 
indirectly via the autocrine or paracrine action of growth factors 
such as heparin-binding EGF, amphiregulin, TGF-a, metallopro- 
teinases, and regenerating islet-derived 1 (see Fig. 51.11).5+*> Rats 
rendered hypergastrinemic by PPI administration demonstrate a 
5-fold increase in the number of ECL cells and a 1.5-fold increase 
in the number of parietal cells.*° Gastrin acts directly on ECL cells 
in rodents to induce hyperplasia, dysplasia, and eventually neopla- 
sia (carcinoids) (see Fig. 51.11).8” In contrast to rodents, humans 


rarely develop carcinoid tumors in response to hypergastrinemia 
unless other factors are present, such as chronic atrophic gastritis 
or gastrinoma associated with multiple endocrine neoplasia type I 
(MEN-I [see Chapter 34]).°° This may be because gastrin is elevated 
to a lesser degree and many decades of mild hypergastrinemia may 
be necessary to induce carcinoid tumors in humans. Because ECL 
cells contain somatostatin subtype 2 receptors (SSTR2), somatosta- 
tin scintigraphy with |!indium-diethylenetriamine pentaacetic 
acid octreotide is the preferred imaging method to detect carcinoid 
tumors (see Chapter 34).89.° 

Recent studies implicate gastrin in carcinogenesis.”/°* Gastrin 
and its receptor have been identified in various human gastro- 
intestinal adenocarcinomas, including those of the esophagus, 
stomach, pancreas, and colon.”>-° 


Acetylcholine (ACh) 


ACh, released from postganglionic enteric neurons, stimulates the 
parietal cell directly as well as indirectly by inhibiting somatosta- 
tin secretion (see Fig. 51.10). The parietal cell muscarinic recep- 
tor is of the M; subtype.’ Like CCK-2 receptors, M; receptors 
are coupled to activation of phospholipase C, with generation of 
inositol trisphosphate and release of intracellular calcium (see Fig. 
51.9).97-°? Alcoholic beverages produced by fermentation stimulate 
gastric acid secretion, and this effect may be mediated via activation 
of M; receptors.!°? ACh also stimulates acid secretion indirectly by 
activating M, and M, receptors on D cells coupled to inhibition of 
somatostatin secretion, thus removing the tonic restraint exerted 
by this peptide on gastrin, ECL, and parietal cells (see Fig. 51.10). 
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Fig. 51.11 Model illustrating the function and mechanism of gastrin as a secretagogue and trophic hormone 
in the stomach. Left Panel (Normal Secretory Physiology): Gastrin, secreted into the local circulation by G cells 
of the gastric antrum (pyloric mucosa), is the main hormonal stimulant for acid secretion. Acting via CCK-2 
receptors, gastrin stimulates the parietal directly and, more importantly, indirectly by releasing histamine from 
ECL cells. Histamine diffuses to neighboring parietal cells (paracrine pathway) where it binds to histamine H2- 
receptors coupled to generation of cyclic adenosine monophosphate and subsequent activation of the acid 
proton pump, H*/K+-ATPase. Somatostatin (SST), secreted by D cells in the antrum, binds to SST2 recep- 
tors on G cells and exerts a tonic inhibitory paracrine restraint on gastrin secretion. During the interdigestive 
state, a local feedback pathway is activated whereby unbuffered luminal acid (acting via release of CGRP from 
sensory neurons [see Fig. 51.10]) stimulates somatostatin and, thus, inhibits gastrin secretion, maintaining 
acid secretion at economically low levels. Middle Panel (Hypochlorhydria-induced Hypergastrinemia): When 
acid secretion is suppressed (e.g., by potent antisecretory medications or gastric oxyntic atrophy), there is 
lesser stimulation of somatostatin secretion with a reciprocal increase in gastrin secretion; patients develop 
hypergastrinemia. Right Panel (Chronic Hypergastrinemia): As gastrin is also a trophic hormone, especially to 
the oxyntic mucosa, chronic hypergastrinemia, acting via CCK-2 receptors, induces hyperplasia of ECL cells. 
Increased number of histamine-secreting ECL cells is responsible for rebound gastric acid secretion observed 
after abrupt withdrawal of PPIs. In susceptible individuals, chronic hypergastrinemia-induced ECL hyperplasia 
may progress to dysplasia and, eventually, carcinoid tumor. 
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Fig. 51.12 Relationship between luminal pH and gastric somatosta- 
tin secretion. In the isolated mouse stomach, addition of bicaroonate 
(HCO37) to neutralize basal acid secretion or HCI to augment luminal 
acidity causes a corresponding change in somatostatin secretion. 
(From Schubert ML, Edwards NF, Makhlouf GM. Regulation of gastric 
somatostatin secretion in the mouse by luminal acid: A local feedback 
mechanism. Gastroenterology 1988; 94:317-22). 


Somatostatin 


The main inhibitor of acid secretion is somatostatin. Somatostatin 
is synthesized from a 92—amino acid preprosomatostatin precursor 
molecule that is processed to yield somatostatin-14 and somatosta- 
tin-28. Somatostatin-14 is predominantly found in stomach, pan- 
creas, and enteric neurons, whereas somatostatin-28 is the major 
form in small intestine. The half-life of somatostatin-14 is 1 to 3 
minutes, and the half-life of somatostatin-28 is about 15 minutes. 
In the stomach, somatostatin is contained almost exclusively 
in mucosal D cells, which are closely coupled to their target cells 
(gastrin cells in the antrum, parietal and ECL cells in the fandus/ 
body) either directly via cytoplasmic processes or indirectly via 
the local circulation.*”!°! The functional correlate of this ana- 
tomic coupling is a tonic restraint exerted by somatostatin on 
acid secretion from the parietal cell, histamine secretion from the 
ECL cell, and gastrin secretion from the G cell (see Figs. 51.5 
and 51.10).3?-#3,102,103 Removing this restraint (i.e., disinhibition 
or elimination of the influence of an inhibitor), by activation of 
cholinergic neurons, is an important physiologic mechanism for 
stimulating acid secretion (see Fig. 51.10). The biological activ- 
ity of somatostatin is mediated via 6 G-protein-coupled receptors 
termed SSTR1-SSTRS5; the SSTR2 receptor has 2 splice vari- 
ants, termed SSTR2A and SSTR2B. In the stomach, the actions 
of somatostatin are mediated primarily via the SSTR2.104-106 
Gastrin, GRP, VIP, PACAP, £,/f3-adrenergic agonists, secretin, 
CCK, ANP, adrenomedullin, amylin, gastric inhibitory peptide 
or glucose-dependent insulinotropic polypeptide, high concen- 
trations of adenosine, CGRP, phenylalanine, tryptophan, and 
acute infection with Hp stimulate somatostatin secretion, whereas 
ACh, interferon-y, low concentrations of adenosine, glucose, glu- 
tamine, and chronic antral infection with Hp inhibit somatosta- 
tin secretion.!07-!0? As mentioned, an increase in luminal acidity 
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acts to attenuate acid secretion via a pathway involving CGRP 
sensory neurons with release of somatostatin in the antrum and 
the fundus. The change in gastric somatostatin secretion can be 
demonstrated over a range of pH 3 to pH 5, which is within the 
range observed after ingestion of a meal (Fig. 51.12).!!° 


Miscellaneous Peptides 


PACAP, a member of the VIP family of peptides, is present in gas- 
tric enteric neurons. PACAP functions via binding to a PACAP 
receptor termed PACAP type 1 receptor (PAC1) and 2 types of VIP 
receptors, VPAC1 and VPAC2. Acting via PAC1 receptors on 
histamine-containing ECL cells, PACAP stimulates acid secre- 
tion whereas, acting via VPACI receptors on somatostatin-con- 
taining D cells, PACAP inhibits acid secretion.!!!!!* Depending 
upon the relative contribution of these pathways, PACAP has 
variously been reported to stimulate or inhibit acid secretion.!!° 

Ghrelin, the natural ligand for the growth hormone secreta- 
gogue receptor, is present in greatest concentrations in gastric 
oxyntic mucosa and is localized to A-like (or Gr) cells.!'+!!5 Lesser 
amounts are present in the antrum, small intestine, and colon (see 
Chapter 4). The mammalian stomach produces 60% to 80% of 
the body’s ghrelin and gastrectomy produces an immediate 75% 
decrease in plasma ghrelin.!!° Plasma ghrelin concentrations 
increase before meals and decrease postprandially.!!° It is pos- 
tulated that ghrelin triggers premeal hunger and promotes feed- 
ing. Its suppression after Roux-en-Y gastric bypass may, in part, 
contribute to weight loss.!!7 In addition, secretin, endothelin, and 
cannabinoids stimulate ghrelin secretion, whereas Hp infection, 
GRP, CCK, insulin, glutamine, somatostatin, and interferon-y 
decrease ghrelin secretion.!!*-!’° Most studies report that exog- 
enously administered ghrelin stimulates acid secretion. 11-123 The 
stimulatory effect appears to involve the vagus nerve and hista- 
mine, because it is abolished by vagotomy and is associated with 
an increase in HDC messenger RNA (mRNA).!73.!74 

Orexin-A, derived from prepro-orexin by post-transla- 
tional processing, is co-localized with gastrin in human pyloric 
mucosa.!?*;!7> Intracerebroventricular and peripherally admin- 
istered orexin-A stimulate gastric acid secretion.!?®126 In rats 
equipped with a gastric fistula, an orexin receptor 1 antagonist 
inhibits basal and pentagastrin-stimulated acid secretion, imply- 
ing that endogenous orexin-A stimulates acid secretion.!7>.!7¢ 

ANP, CCK, secretin, neurotensin, glucagon-like peptide 1 
(GLP-1), glicentin, oxyntomodulin, PYY, adrenomedullin, amy- 
lin, glucose-dependent insulinotropic polypeptide, leptin, EGF, 
and interleukin (IL)-18 inhibit acid secretion. The effect of each, 
except perhaps for IL-1f, is mediated via release of somatosta- 
tin 33:38127 

The term enterogastrone has been used to describe the intes- 
tinal factor or factors responsible for inhibiting acid secretion in 
response to nutrients in the intestine. Prime candidates include 
CCK, secretin, neurotensin, GLP-1, glicentin, and oxyntomodu- 
lin, because they are present in intestinal mucosa, released into 
the circulation in response to luminal nutrients, and capable of 
inhibiting acid secretion at “physiologic” concentrations. 18-132 
Although it is likely that enterogastrone activity represents the 
combined influence of several of these peptides, the strongest evi- 
dence favors CCK (acting via somatostatin). CCK, produced in I 
cells in the proximal small intestine, is released by luminal protein 
and fat. The acid-inhibitory response to intraduodenal fat is abol- 
ished, in dogs, by pretreatment with a CCK-1 receptor antago- 
nist and, in mice, by knockout of the CCK-1 receptor.!?3-136 


Parietal Cell Intracellular Pathways 


In parietal cells, acid secretion is increased by activation of intra- 
cellular cAMP- and calcium-dependent signaling pathways that 
activate downstream protein kinases, ultimately leading to fusion 
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Fig. 51.13 Model illustrating ion transport and generation of hydro- 
chloric acid (HCI) in the parietal cell. Acid secretion requires a functional 
H*,Kt-ATPase as well as apical and basolateral K+ and Cl- channels, 
transporters, and exchangers. Acid is produced from the hydration 

of CO; to form H+ and HCO;-, a reaction catalyzed by cytoplasmic 
carbonic anhydrase (CA). In the presence of luminal Kt, H+,K+-ATPase 
pumps H* into the lumen in exchange for K+. Apical Kt channels 
(KCNQ1, KCNJ15, and/or KCNJ10) provide the K+ required for the 
functioning of the H*+,K*-ATPase. The source of intracellular K* is the 
basolateral Nat+,K*-ATPase (shown as ~) and the NKCC1. For each 

H+ secreted, an HCO3" exits the cell across the basolateral membrane 
via an anion exchanger (SLC4A2, or AE2). Concurrently with H+, Cl is 
extruded across the luminal membrane via the chloride intracellular 
channel-6 (CLIC-6), cystic fibrosis transmembrane regulator, and/or 
SLC26AQ, resulting in electroneutral HCI secretion. The source of intra- 
cellular CI- is the basolateral cotransporter NKCCI, exchanger SLC4A2 
(AE2), and chloride channel SLO26A7. Recently, 2 K+ exporters have 
been identified on the basolateral membrane that negatively regulate 
acid secretion: the electroneutral K+, CI- cotransporter KCC3a and the 
intermediate Ca?*-activated K+ channel, Kca3.1. (From Chu S, Schubert 
ML. Gastric secretion. Curr Opin Gastroenterol 2012; 28:587-93.) 


and activation of H*,K*-ATPase (the proton pump), with con- 
comitant activation of luminal membrane conductances for K* 
and Cl (Fig. 51.13; also see Fig. 51.9).!37 The H*,K*-ATPase 
actively pumps out H*, as hydronium ions, against a tremen- 
dous concentration gradient (cell interior pH 7.4 or 40 nM; acid 
secreted at pH 0.8 or 160 million nM) in exchange for luminal 
K*. The energy required comes from ATP produced by the pari- 
etal cell’s extensive mitochondrial network. H+,K*-ATPase con- 
sists of an a-subunit that carries out the catalytic and transport 
function of the enzyme!*® and a heavily glycosylated B-subunit 
that protects the enzyme from degradation.!*? Both subunits are 
necessary for trafficking to the apical membrane, and targeted 
knockout of either subunit results in achlorhydria.!*° 

In the resting unstimulated state, H*,K*-ATPase activity is 
sequestered within cytoplasmic tubulovesicles. On stimulation, 
there is a dramatic morphologic transformation as the vesicles 
translocate and fuse with the apical plasma membrane, result- 
ing in a 6- to 10-fold increase in the membrane and the forma- 
tion of the canalicular system (Fig. 51.14). Translocation of the 
H+,K+-ATPase into the canalicular membrane together with the 
presence of luminal K* activates the enzyme.!*! On cessation of 
secretion, the H*,K*-ATPase is retrieved from the apical mem- 
brane and the tubulovesicular compartment is reestablished. 
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Fig. 51.14 Model illustrating the translocation and activation of H+,K+- 
ATPase. In the resting state, H+,K+-ATPase is sequestered within cyto- 
plasmic tubulovesicles and is inactive. On stimulation, the tubulovesicles 
move to and fuse with the apical membrane, forming an extensive cana- 
licular system. Translocation of H+,K+-ATPase into the canalicular mem- 
brane together with the presence of luminal K+ activates the enzyme. 


The precise mechanisms regulating H*,K*-ATPase trafficking 
are not known, but data suggest that it involves vesicular pro- 
teins (e.g., clathrin), actin-based microfilaments, actin-binding 
proteins (e.g., ezrin), small G proteins of the Rab family (e.g., 
Rab10, Rab11, Rab25, and Rab27b), soluble N-ethylmaleimide- 
sensitive factor attachment protein receptor (SNARE) proteins 
(e.g., VAMP-2 and syntaxin 1, 2, 3 and 4), and secretory carrier 
membrane proteins (SCAMPs).!*?-!#° 

Acid secretion requires not only a functional H*,K*-ATPase 
but also apical K* and Cl channels and basolateral HCO;- and 
Cl exchangers.'*° Acid is produced from the hydration of CO; to 
form H* and HCO;,, a reaction catalyzed by cytoplasmic carbonic 
anhydrase (see Fig. 51.13). Because the H*,K*-ATPase is unable to 
pump H+ into the lumen without a parallel uptake of K*, sufficient 
quantities of K* must be delivered to the lumen. This K* recy- 
cling is accomplished by the putative luminal potassium channels 
KCNQI1/KCNE2, KCNJ10 (Kir4.1), and KCNJ15 (Kir4.2).!47148 
KCNQ! is a voltage-activated K* channel that, when modified by 
the small regulatory subunit, KCNE2, becomes voltage insensi- 
tive, constitutively open, and acid activated.'*7° The concentra- 
tion of K* in gastric juice (8 to 12 mM) exceeds plasma K* by 2- to 
4-fold. The basolateral membrane of the parietal cell may contain 
potassium exporters that negatively regulate acid secretion (i.e., the 
electroneutral K*-Cl- cotransporter, KCC3a, as well as the inter- 
mediate Ca?+-activated K* channel, K,,3.1).5!!5? 

For each H* secreted, an HCO;7 ion exits the cell across the 
basolateral membrane via SLC4A2, the anion exchanger 2 (AE2; 
see Fig. 51.13).'3 Asa result of this HCO3/CI exchange, the pH 
within the parietal cell remains only slightly alkaline during acid 
secretion.!°* Rapid entry of HCO;- from parietal cells into blood 
has been referred to as the a/kaline tide. Some of this HCO3;- may 
be taken up and secreted by gastric surface epithelial cells. 

Concurrently with H*, Cl is extruded across the luminal 
membrane via an apical chloride channel, possibly the chloride 
intracellular channel-6, cystic fibrosis transmembrane regulator, 
and/or SLC26A9 (see Fig. 51.13).!°° Chloride enters the cell via 
the basolateral anion exchanger 2 (SLC4A2), the SLC26A7 chan- 
nel, and sodium-2 chloride potassium-cotransporter-1 (NKCC1) 
(see Fig. 51.13),156158 


H+K+-ATPase Inhibitors and Blockers 
PPIs 


PPIs are acid-activated prodrugs that inhibit the action of the 
parietal cell H*K*-ATPase (also termed the proton pump) by 
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Fig. 51.15 Structure of PPIs. PPIs consist of 2 heterocyclic moieties, 
a benzimidazole ring and a pyridine, connected by a methylsulphiny| 
bridge. PPIs are weak bases (pKa 4-5) that accumulate and activate in 
acidic spaces within the body that have a pH less than 4. Once acti- 
vated within the parietal cell canaliculus, the PPI binds covalently with 
certain cysteine residues within the a-subunit of the inserted H*,K*- 
ATPase. 


covalently binding to cysteines accessible from the luminal sur- 
face of the ATPase. Current PPIs (e.g., omeprazole, lansopra- 
zole, rabeprazole, pantoprazole, and esomeprazole) consist of 2 
heterocyclic moieties, a pyridine and a benzimidazole ring, con- 
nected by a methylsulphinyl group (Fig. 51.15). They are weak 
bases (pKa 4 or 5) that concentrate in acidic spaces within the 
body that have a pH less than 4. The pKa of a molecule refers to 
the degree of willingness of the compound to accept or donate a 
proton and is based on a logarithmic scale such that a compound 
with a pKa of 5 is 10-fold more basic than a compound with a 
pKa of 4. When a compound is in an environment with a pH 
equal to its pKa, half the molecules will be protonated and half 
will be nonprotonated. If a compound such as a PPI with a pKa 
of 4 is placed in an environment with a pH less than 1, more than 
99.9% of the molecules will be protonated. PPIs are membrane 
permeable in the nonprotonated form and relatively imperme- 
able in the protonated form. In blood (pH 7.4), PPIs are pre- 
dominantly nonprotonated and thus pass readily into cells (time 
to reach peak plasma concentration, ~2 hours; elimination half- 
life, =1 hour), diffuse through the cytoplasm, and then become 
protonated and trapped, probably as sulfenamides or sulfenic 
acid, in the acid environment of the secretory canaliculus (Fig. 
51.16).!5° As a consequence of the basic pKa of PPIs and “ion 
trapping,” the concentration of PPIs in the secretory canaliculus 
is 100,000- to 1,000,000-fold higher than in the blood. The sulf- 
enamide rapidly reacts with cysteines on the luminally exposed 
a-subunit of the Ht,K*-ATPase to form a covalent (electro- 
chemical) disulfide bond (see Fig. 51.15).!©° Whereas all PPIs 
bind to cysteine 813 of the a-subunit, omeprazole also binds to 
cysteine 892, lansoprazole to cysteine 321, and pantoprazole to 
cysteine 822. Because only the apical-membrane inserted Ht, 
K+-ATPase is susceptible to blockade by PPIs, and an acid envi- 
ronment (pH < 4) is necessary for trapping and converting the 
PPI to its reactive species, the potency of PPIs is decreased when 
administered during the basal (fasting) state or when acid secre- 
tion is inhibited.!61:16 Because most pumps are inserted with 
breakfast, it is recommended that PPIs be taken 30 minutes to 
1 hour before the first meal. If greater inhibition is needed, an 
additional dose should be taken before dinner.!® Recovery from 
inhibition of acid secretion occurs by de novo synthesis of pump 
protein (54 hours in rat). It has been postulated that reduction of 
the cysteine disulfide bonds by reducing agents such as glutathi- 
one (15 hours in rat) could also play a role.'*+ The physiologic 
consequence of acid suppression by a PPI is hypergastrinemia. 
Gastrin is not only a secretagogue but also exerts growth-pro- 
moting effects in normal and neoplastic tissues (see Fig. 51.11). 
In the stomach, hypergastrinemia results in parietal and ECL 
cell hyperplasia, which persist for 2 to 3 months after stopping 
the PPI.!© The clinical consequence is rebound acid secretion 
after discontinuation of long-term PPIs. This may induce dys- 
peptic symptoms in healthy individuals, exacerbate reflux symp- 
toms in patients with GERD, and provoke symptoms in patients 
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Fig. 51.16 Model illustrating the mechanism of action of PPIs. PPIs 
reach the parietal cell from the bloodstream, diffuse through the 
cytoplasm, and accumulate in the acid environment of the secre- 

tory canaliculus. In the canaliculus, the PPI becomes protonated and 
trapped as a sulfenic acid followed by dehydration to a sulfenamide. 
The sulfenamide binds covalently by disulfide bonds to one or more 
cysteines of the H*,Kt-ATPase to inhibit the enzyme. Although all PPIs 
bind to cysteine 813, omeprazole also binds to cysteine 892, lansopra- 
zole to cysteine 321, and pantoprazole to cysteine 822. 


with DU.!° In patients with chronic severe hypergastrinemia, 
PPI-induced ECL hyperplasia may rarely progress to dysplasia 
and development of NET (i.e., ECL carcinoid; see Chapter 34) 
(see Fig. 51.11).!97-!6° The incidence of NETs has increased 
more than 5-fold over the past 25 years and gastric carcinoid, 
derived from histamine-containing ECL cells, is the most fre- 
quent NET of the stomach (see Chapter 34). 

Although PPIs have revolutionized the management of acid- 
related disorders and have become the gold standard for the pre- 
vention of NSAID- and antiplatelet drug-induced gastroduodenal 
ulcer and bleeding, there have been numerous recent publications 
purporting potential harms. Potential serious adverse effects 
include alterations in gut microbiome, bacterial overgrowth, bac- 
terial peritonitis, enteric infection, micronutrient deficiencies, 
chronic kidney disease, cognitive dysfunction, myocardial infarc- 
tion, pneumonia, bone fracture, drug interactions, and death.!”° 
There is relatively strong evidence linking PPIs with alteration 
in the gut microbiome, micronutrient deficiencies (e.g., magne- 
sium, vitamin By), iron, and calcium), and enteric infection. The 
quality of evidence supporting the other associations, however, is 
very low and derived from retrospective observational database 
studies that cannot ascribe cause and effect.!7!!’? When PPIs 
are prescribed appropriately, benefits greatly outweigh poten- 
tial adverse effects. PPIs should be prescribed for patients with 
GERD, especially those with erosive esophagitis and strictures, 
as well as for patients with increased risk of ulcer-related bleeding 
from NSAIDs, aspirin, and dual antiplatelet therapies. In patients 
without a valid indication, PPIs should be discontinued. When 
prescribed long term, PPIs should be used at the lowest effective 
doses and their need periodically reassessed. 


Potassium-Competitive Acid Blockers 


Potassium-competitive acid blockers (such as vonoprazan and 
revaprazan) inhibit the action of the parietal cell H*K*-ATPase by 
competitively blocking the potassium-binding site. Compared to 
PPIs, acid-catalyzed activation is not necessary, onset of action is 
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more rapid (onset, day 1), and bioavailability is unaffected by food 
intake.!’> Vonoprazan is a pyrrole derivative with a pKa of 9, time 
to reach peak plasma concentration of approximately 2 hours, and 
elimination half-life of approximately 7 hours.!’+ Although both 
PPIs and vonoprazan are metabolized in the liver by cytochrome 
P450 (CYP450) enzymes, vonoprazan uses mainly CYP3A4 
whereas PPIs use mostly CYP2C19. Vonoprazan may suppress acid 
secretion to a greater degree than PPIs and, consequently, serum 
gastrin concentrations are 1.5- to 2-fold higher. ECL hyperplasia 
occurs in humans and it remains to be determined whether higher 
gastrin levels will lead to increased development of carcinoid tumors 
in humans. Long-term safety is not known, but changes in the gut 
microbiome and bacterial overgrowth have already been reported 
and increased enteric infection is expected due to the pronounced 
inhibition of acid secretion. Vonoprazan, unlike PPIs, inhibits the 
renal HtK*-ATPase in the medullary collecting ducts, but the sig- 
nificance is not known. Vonoprazan appears to be as effective as 
PPIs for healing peptic ulcers and preventing NSAID-induced pep- 
tic ulcers (see Chapter 53), treating GERD, and eradicating HP. 


Integrated Response to a Meal 


Stimuli originating inside and outside the stomach converge on 
gastric enteric neurons that are the primary regulators of acid 
secretion. The effector neurons comprise cholinergic (ACh) 
and peptidergic (i.e., GRP and VIP) neurons. Although NO 
and PACAP neurons are present in gastric mucosa, their precise 
physiologic roles as regulators of acid secretion are not known. 
The effector neurons act on target cells directly as well as indi- 
rectly by regulating the secretion of gastrin, somatostatin, and 
possibly histamine (see Figs. 51.8 and 51.10). 

During the basal state, acid secretion is maintained at an 
economically low level by the continuous inhibitory restraint 
exerted by somatostatin on the ECL (histamine) and parietal 
(acid) cells in the fundus/body (oxyntic mucosa) and on the G 
(gastrin) cell in the antrum (pyloric mucosa; see Figs. 51.5, 51.9, 
and 51.10). During ingestion of a meal, maximal acid secretion, 
approximately 10-fold above the basal fasting rate, is achieved 
by removing the inhibitory influence of somatostatin while at 
the same time directly stimulating acid and gastrin secretion. 
This is accomplished, in large part, by activation of cholinergic 
enteric neurons (see Fig. 51.10). The thought, sight, smell, and 
taste of food contributes up to 50% of total postprandial acid 
secretion.!’> Anticipation of a meal activates central neurons 
whose input is relayed via the vagus nerve to gastric choliner- 
gic enteric neurons in oxyntic as well as pyloric mucosa.!’° The 
components of the central nervous system include the dorsal 
motor nucleus of the vagus, the nucleus tractus solitarius, and 
the hypothalamus. In the fundus/body, ACh released from cho- 
linergic enteric neurons stimulates the parietal cell directly as 
well as indirectly by eliminating the inhibitory paracrine influ- 
ence of somatostatin on parietal and ECL cells.°°!°? The resul- 
tant increase in histamine stimulates acid secretion directly via 
H, receptors on the parietal cell and indirectly via H; recep- 
tors that mediate suppression of somatostatin secretion (see Fig. 
51.10).°°!77 Thus, histamine, acting via H; receptors, amplifies 
the ability of secretagogues to stimulate acid secretion by sup- 
pressing somatostatin secretion. The net effect of cholinergic 
neurons is suppression of all paracrine inhibitory influence 
(i.e., somatostatin) and enhancement of paracrine stimulatory 
influences (i.e., histamine acting via H, receptors) on parietal 
cells. There is some evidence that PACAP enteric neurons 
may participate in the regulation of acid secretion, perhaps by 
stimulating histamine secretion from ECL cells, but its precise 
physiologic role is not known, !!!-113.178-181 

In the antrum, cholinergic enteric neurons activated by 
anticipation of the meal stimulate gastrin secretion directly as 
well as indirectly by suppressing somatostatin secretion (see Fig. 


51.10).47-#3,182-19F In physiologic concentrations, gastrin stimu- 
lates parietal cells directly and, more importantly, indirectly by 
enhancing the secretion of histamine. 1°5-1%6 

As the meal enters the stomach, the same cholinergic neurons 
are further activated mechanically by high distention and chemi- 
cally by protein components of the food.!°!192197,198 Initially, 
the ingested meal acts as a buffer of secreted acid. The resultant 
decrease in acidity (i.e., increase in pH) further inhibits soma- 
tostatin secretion and thus increases gastrin secretion. Luminal 
protein activates GRP neurons that directly stimulate gastrin 
secretion (see Fig. 51.10).'°!!° The calcium-sensing receptor 
and the L-amino acid receptor (GPRC6A) have been identified 
on G cells, suggesting that G cells may be capable of directly 
sensing luminal proteins and their breakdown products (see Fig. 
51.10).1°%-20! Tt should be noted that suppression of somatostatin 
secretion permits an optimal gastrin response. 

As the meal empties from the stomach, a number of para- 
crine and neural pathways are activated to restore the inhibitory 
influence of somatostatin in the fundus/body and antrum, and 
hence restrain acid secretion (see Fig. 51.10). First, a stimulatory 
paracrine pathway linking gastrin to antral somatostatin cells is 
activated that acts to restore antral somatostatin secretion after 
release of gastrin. Second, there is less activation of cholin- 
ergic neurons by anticipation of the meal as well as by protein 
and distention. Third, as distention decreases, VIP neurons are 
preferentially activated that stimulate somatostatin secretion.!?! 
Fourth, as the buffering capacity of the meal is lost, antral and 
fundic somatostatin cells (via sensory CGRP neurons) become 
exposed to the full stimulatory effect of luminal acid. Fifth, 
enterogastrones released from the small intestine, such as CCK, 
stimulate somatostatin secretion. The resultant increase in fun- 
dic and antral somatostatin secretion attenuates acid and gastrin 
secretion and restores the basal interdigestive state. This state is 
marked by the continuous restraint exerted on ECL (histamine), 
parietal (acid), and G (gastrin) cells by contiguous somatostatin 
cells (see Figs. 51.9 and 51.10). A decrease in this restraint is suf- 
ficient to again initiate acid secretion. 


Hp-Induced Perturbations in Acid Secretion 


Acute infection with Hp results in hypochlorhydria, 
whereas chronic infection results in either hypo- or hyperchlor- 
hydria (Figs. 51.10 and 51.17), depending upon the severity and 
anatomic site of infection. Appreciation of the pathways discussed 
earlier provides some insight into the mechanisms whereby Hp 
colonizes the stomach and may lead to ulceration. 

The decrease in acid secretion during acute Hp infection is 
thought to facilitate survival of the organism and its coloniza- 
tion of the stomach.’°’ The mechanism whereby Hp inhibits acid 
secretion is multifactorial and includes direct inhibition of the 
parietal cell (and perhaps ECL cell) by a constituent of the bac- 
terium (e.g., vacuolating cytotoxin, lipopolysaccharide, or acid- 
inhibitory factor) and indirect inhibition of parietal cell function 
as a result of changes in cytokines as well as hormonal, paracrine, 
and neural regulatory mechanisms.?°°?!! Hp itself interferes with 
the transcription and translation of human H*,K+-ATPase, as 
well as its insertion into the parietal cell apical membrane.? 12:713 
It also elicits secretion of at least 2 cytokines by the host (IL-1f 
and TNF-a) that directly inhibit parietal cell secretion.’!+ Acute 
administration of Hp to rat gastric mucosa activates CGRP sen- 
sory neurons coupled to stimulation of somatostatin and thus 
inhibition of gastrin, histamine, and acid secretion (see Fig. 
51.10).?°%?!5 Activation of neural pathways may offer an expla- 
nation as to how an initial patchy superficial colonization of the 
stomach by Hp induces hypochlorhydria. 

Chronic infection with Hp, on the other hand, may be associ- 
ated with either decreased or increased acid secretion depending 
on the severity and distribution of gastritis (see Fig. 51.17).’!° 
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Acute infection Antral gastritis Pangastritis 
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Fig. 51.17 Model illustrating the consequences of Hp infection on 
gastric acid secretion. Acute Hp infection is associated with increased 
somatostatin (SST) and, thus, decreased gastrin and acid secretion. 
Chronic infection may be associated with either decreased or increased 
acid secretion depending on the severity and distribution of gastritis. 
Most patients chronically infected with Hp manifest a pangastritis and 
exhibit decreased acid secretion. A minority of chronically infected 
patients manifest an antral-predominant gastritis; these patients, who 
are predisposed to duodenal ulcer, produce increased amounts of acid 
as a result of reduced antral SST secretion and a subsequent reciprocal 
increase in gastrin secretion. (From Schubert ML, Peura DA. Control of 
gastric acid secretion in health and disease. Gastroenterology 2008; 
134:1842-60.) 


Most patients chronically infected with Hp manifest a pangas- 
tritis (see Chapter 52) and produce less-than-normal amounts 
of acid.?!’ Reduced acid secretion, initially, is due to functional 
inhibition of parietal cells by either products of Hp itself or, 
more likely, products of the inflammatory process, as discussed 
earlier for acute infection’!*”!9; this process is usually revers- 
ible with eradication of the organism.’”°-?”? In such patients, Hp 
may protect against GERD, Barrett esophagus, and esophageal 
adenocarcinoma, as well as augment the antisecretory effect of 
PPIs.??3*+ In Hp-negative patients, discontinuance of long-term 
(i.e., >8 weeks) PPI therapy may result in rebound acid hyperse- 
cretion, and this may unleash or exacerbate GERD, particularly 
in patients with large hiatal hernias.’??’° Acid hypersecretion 
persists for at least 8 weeks and appears to be due to hypergastrin- 
emia-induced increases in parietal and ECL cell masses.’?’ The 
reason the phenomenon does not occur in Hp-infected individu- 
als who discontinue PPIs may be due to the fact that Hp, as well 
as the cytokines produced by the inflammatory infiltrate, inhibit 
acid secretion and thus mask the rebound. With time, atrophy 
of oxyntic glands with loss of parietal cells may occur in patients 
chronically infected with Hp, resulting in irreversible achlorhy- 
dria (see Chapter 52). 

Autoimmune gastritis, discussed in Chapter 52, is an inflam- 
matory disorder of the oxyntic mucosa characterized by autoan- 
tibodies directed against the parietal cell H*,K*-ATPase, with 
subsequent loss of parietal cells.??*?? H+,K+-ATPase is a major 
autoantigen in a subset of patients infected with Hp, and these 
antibodies may play a role in the subsequent development of atro- 
phic gastritis. It is postulated that antibodies are acquired due to 
molecular mimicry between Hp lipopolysaccharide and H*,K*- 
ATPase, both of which contain Lewis epitopes.” The preva- 
lence of autoimmune gastritis is approximately 2% in the general 
U.S. population but increased 3- to 5-fold in patients with other 
autoimmune disorders such as type 1 diabetes, thyroid disease, 
and PBC.??! 

Itshould be noted that only 10% to 15% of patients chronically 
infected with Hp exhibit increased acid secretion. These patients 
have antral-predominant inflammation and are predisposed to 
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duodenal ulcer (see Chapters 52 and 53). Increased acid secre- 
tion is thought to occur as a result of reduced antral somatostatin 
content with elevated basal and stimulated gastrin secretion (see 
Fig. 51.16).?32-735 The precise mechanism by which somatostatin 
secretion is decreased is not known but may involve cytokines 
induced by the inflammation and/or the production of N*-methyl 
histamine, a selective H3-receptor agonist, by Hp.”6237 One may 
speculate that the H3-receptor agonist could diffuse across the 
antral mucosa to interact with H; receptors on antral somatosta- 
tin cells, causing inhibition of somatostatin secretion and, thus, 
stimulation of gastrin secretion.” In addition, IL-8 and platelet- 
activating factor are up-regulated in Hp-infected mucosa and are 
capable of stimulating gastrin release from isolated G cells.?**73° 


MEASUREMENT OF GASTRIC ACID SECRETION 
Indications 


Gastric secretory testing assesses the basal and maximal 
capacity of the stomach to produce acid. Increased gastric 
acid secretion is seen in the majority of patients with duode- 
nal ulcer disease and in virtually all patients with gastrinoma 
(ZE syndrome [ZES]), whereas very low or absent acid secre- 
tion is seen in chronic atrophic gastritis, pernicious anemia 
(PA), and gastric adenocarcinoma. Clinically, the utility of 
gastric secretory testing has diminished, but it may assist in 
the diagnosis and management of patients with hypergas- 
trinemia (e.g., gastrinoma) and the diagnosis of incomplete 
vagotomy in patients with postoperative recurrent peptic 
ulcer. Demonstrating fasting acid secretion or an acidic fast- 
ing gastric pH excludes achlorhydria as a cause of an elevated 
fasting serum gastrin concentration. Patients with gastrinoma 
demonstrate hypergastrinemia with elevated basal acid output 
(BAO) (see Chapter 34). Gastric secretory testing may also be 
useful in assessing the inhibitory effect of new antisecretory 
medications and, perhaps, in modifying treatment in recalci- 
trant GERD and dyspeptic patients. 


Methods 


Aspiration of gastric juice is the most widely used method for 
measuring acid secretion in humans. Traditionally, this is per- 
formed by positioning an NG tube into the most dependent 
portion of the stomach of a fasted individual. Proper position- 
ing may be verified fluoroscopically or by recovery of more than 
90 mL after injection of 100 mL water. Gastric juice is collected 
by suction. When the tube is properly positioned, only 5% to 
10% of gastric juice escapes collection and enters the duodenum. 
Neutralization by bicarbonate and diffusion of tiny amounts of 
acid back into the mucosa result in a small underestimation of the 
true rate of secretion. More recently, an endoscopic technique 
has been described to measure acid secretion in patients with 
gastrinoma. In this technique, all gastric contents are aspirated 
and discarded, and then a single 15-minute sample of gastric juice 
is collected under direct endoscopic visualization.**° Although 
gastric pH, measured with an electrode or wireless capsule, is 
increasingly being used, it should be noted that this technique 
does not provide a quantitative evaluation of the volume of acid 
produced and, consequently, does not necessarily correlate with 
conventional aspiration techniques. 

The H* concentration in a sample of gastric juice can be 
determined by 1 of 2 methods. First, the specimen can be titrated 
in vitro with a base (e.g., NaOH). The millimoles (mmol) of base 
needed to titrate a volume of gastric juice to an arbitrary pH end- 
point (e.g., 7) represents the “titratable” acidity in mmol/L of the 
sample. The other method is to measure the pH of the sample 
with an electrode. Because pH electrodes measure H* activ- 
ity and not concentration, it is necessary to convert activity to 
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TABLE 51.1 Typical results of gastric secretory testing in health and 
disease 


Basal Acid Output 
(mmol H*/hr) 


Maximal Acid 
Output (mmol H*/hr) 


Average Range Average Range 

HEALTHY SUBJECTS 

en 215 0-10 25 7-50 
Women 1.5 0-5 15 5-30 
DUODENAL ULCER 

en 5.0 0-15 40 15-60 
Women 3.0 0-15 30 10-45 
GASTRIC ULCER 
Men ko 0-8 20 5-40 
Women 1.0 0-5 12 3-25 
GASTRINOMA 
Both sexes 40.5 10-90 65 30-120 


concentration using a table of activity coefficients for H* in gas- 
tric juice.’*! Once the H* concentration of the sample in mmol/L 
is determined by either of these methods, it is multiplied by the 
volume of the sample in liters to determine the acid output dur- 
ing the collection period (e.g., mmol/hr or mmol/kg of body 
weight per hour). 


BAO 


BAO estimates resting acid secretion in the absence of intentional 
and avoidable stimulation. It is expressed as the sum of the mea- 
sured acid output, expressed as mmol H* per hour, for 4 consecu- 
tive 15-minute periods. The upper limit of normal for BAO is 
about 10 mmol H* per hour in men and 5 mmol Ht per hour in 
women (Table 51.1).?#? BAO fluctuates from hour to hour in the 
same person. The lowest BAO occurs between 6 and 11 AM, and 
the highest occurs between 2 and 11 PM. Variation is also related 
to cyclic gastric motor activity, with increased BAO in late gastric 
phase II (migrating motor complex).?*? 


MAO and PAO 


Maximal acid output (MAO) and peak acid output (PAO) esti- 
mate the acid secretory response to an exogenous secretagogue 
such as pentagastrin (subcutaneous or intramuscular at 6 pg/kg 
or continuous IV infusion at 6 ug/kg/hr). Pentagastrin is a man- 
ufactured analog of gastrin that contains the biologically active 
C-terminus sequence. Possible side effects include flushing, nau- 
sea, abdominal pain, dizziness, and palpitations. Unfortunately, 
pentagastrin is no longer available in many countries. 

MAO is the sum of acid output of 4 consecutive 15-minute 
collection periods. PAO is calculated by multiplying by 2 the 
sum of the 2 highest outputs recorded in the 4 test periods. The 
expected range for MAO is 5 to 50 mmol Ht per hour and for 
PAO is 10 to 60 mmol H* per hour. MAO and PAO are higher 
in men and in smokers; they correlate with parietal cell mass (i.e., 
the total number of parietal cells). Typical results for MAO in 
healthy subjects and in disease are shown in Table 51.1. 


Sham Feeding-—Stimulated Acid Output 


The cephalic phase of acid secretion whereby the thought, sight, 
smell, and taste of appetizing food, transmitted via the vagus 
nerve to gastric enteric neurons, stimulates acid secretion can be 
studied by sham feeding.!”>*+ Sham feeding, in which foods are 


chewed then spit out, increases acid secretion to about 50% of 
PAO. Thought and taste appear to play more important roles 
than sight and smell. Cholinergic and GRP neurons are involved 
because the response can be abolished by atropine or a selective 
GRP antagonist.*+> Sham feeding—stimulated acid output can be 
used to diagnose a complete or incomplete vagotomy in patients 
with postoperative recurrent peptic ulcers.?46 


Meal-Stimulated Acid Output 


Continuous in vivo intragastric titration is a research tool used to 
measure acid secretion in response to food in the stomach.?47248 
It measures the gastric and intestinal phases of acid secretion. 
A double-lumen tube is placed in the most dependent part of 
the stomach, and a homogenized meal buffered to pH 5.5 or 5 
is infused into the stomach. Small volumes of gastric contents 
are sampled from one lumen, the pH is measured, and the con- 
tents are returned to the stomach. The second lumen is used to 
infuse sodium bicarbonate to maintain gastric pH at the meal pH. 
The amount of bicarbonate required to keep the pH of gastric 
contents constant is a measure of the postprandial acid secretory 
response. Rates of gastric acid secretion after eating increase rap- 
idly and approach the PAO. 


DISEASES ASSOCIATED WITH INCREASED GASTRIC 
ACID SECRETION 


Duodenal ulcer patients, as a group, manifest increased basal 
and stimulated gastrin and acid production (see Table 51.1).24 
It is recognized that most cases of duodenal ulcer are due to 
antral-predominant infection with Hp (see Chapter 52 and that 
this infection is responsible for the perturbations in acid secre- 
tion observed in these patients. Pentagastrin-stimulated PAO, 
an indicator of functional parietal cell mass, is increased in 
Hp-infected duodenal ulcer patients, as is GRP-stimulated PAO, 
an indicator of the stomach’s functional response to endogenous 
gastrin.?>+750.25! Suppression of somatostatin secretion by the 
infection may be the root cause for these changes (see Figs. 51.10 
and 51.17). Eradication of Hp both restores somatostatin secre- 
tion and lowers basal and stimulated gastrin and acid secretion 
over time to normal levels in most individuals, thus providing a 
permanent cure for duodenal ulcer disease.?33734,250,232-254 

In contrast to duodenal ulcer, gastric ulcer patients, as a group, 
exhibit normal or decreased basal and stimulated acid production 
(see ‘Table 51.1), even though they, too, are often infected with 
Hp. This suggests that altered gastric mucosal defense may be of 
primary pathophysiologic importance (see Chapter 53). Gastric 
ulcers have been classified according to their location and con- 
comitant association with duodenal ulcer.’ Type I ulcers occur 
in the gastric body and are generally characterized by low acid 
secretion. These findings may reflect a greater degree and more 
generalized mucosal inflammation of the oxyntic mucosa with 
reduced functional parietal cell mass. Type II ulcers occur in the 
antrum and are characterized by low, normal, or high acid secre- 
tion. Type II ulcers occur within 3 cm of the pylorus, commonly 
accompany duodenal ulcer, and are characterized by high acid 
output. Type IV ulcers occur in the gastric cardia and are char- 
acterized by low acid secretion.**° Accordingly, the more distant 
a gastric ulcer is from the pylorus, the more likely acid secretion 
will be low. 

A number of uncommon conditions are marked by gastric acid 
hypersecretion and subsequent peptic ulceration (see Chapter 53). 
In patients with systemic mastocytosis, high histamine levels, as a 
result of increased numbers of mast cells, continuously stimulate 
parietal cells to secrete acid.?5” When a portion of gastric antrum 
is retained inadvertently in the afferent remnant after antrectomy 
with Billroth II anastomosis, it is bathed in alkaline secretions, 
leading to decreased somatostatin secretion, hypergastrinemia, 
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Fig. 51.18 Model illustrating the action of gastrin in oxyntic mucosa 
and secretin in pyloric mucosa of stomach in patients with ZES. Gas- 
trin, synthesized and secreted by the gastrinoma into the bloodstream, 
acts via CCK-2 receptors on acid-secreting parietal and histamine- 
secreting ECL cells to increase acid secretion and induce cell prolifera- 
tion. In the antrum, exogenous secretin (i.e., secretin stimulation test 
[see text and Chapter 34]) normally stimulates gastrin secretion directly 
and concomitantly inhibits gastrin secretion by stimulating somatosta- 
tin (SST) secretion, resulting in little or no gastrin release. However, in 
patients with ZES, because the gastrinoma does not contain function- 
ally coupled SST cells, the effect of secretin is solely to stimulate gastrin 
secretion from the tumor. (From Hung PD, Schubert ML, Mihas AA. 
Zollinger-Ellison syndrome. Curr Treat Options Gastroenterol 2003; 
6:163-70.) 


increased acid production, and anastomotic ulceration.*®:!!9258 


Acid hypersecretion also can result from chronic hypercalcemia 
of any cause because calcium directly stimulates gastrin secretion 
from G cells and acid secretion from parietal cells.2°°? 

The best characterized acid hypersecretory condition is 
ZES,*°!° as discussed in Chapter 34. The BAO is almost always 
higher than 15 mmol/hr, and the BAO/PAO ratio, if measured, 
is usually 0.6 or greater (see Table 51.1). Gastrin, synthesized 
by the tumor, is secreted into the bloodstream, where it binds 
to CCK-2 receptors on acid-producing parietal and histamine- 
producing ECL cells to induce acid secretion as well as mucosal 
proliferation. The clinical correlates of mucosal proliferation are 
parietal cell and ECL cell hyperplasia and rugal hypertrophy with 
prominent gastric folds. Although healthy individuals secrete 
mainly G17 followed by G34, ZES patients secrete mainly G34 
followed by G17, as well as increased concentrations of larger 
gastrins. 

Diagnosis and treatment of gastrinoma are discussed in 
detail in Chapter 34. The basis of the secretin test to diagnose 
gastrinoma is that normally somatostatin cells in the antrum 
tonically restrain gastrin secretion from G cells. Secretin stim- 
ulates the G cell directly and, at the same time, inhibits the G 
cell indirectly by stimulating somatostatin secretion; the effect 
of the latter usually dominates, and gastrin is not stimulated to 
a significant degree by secretin (Fig. 51.18). Because the gas- 
trinoma does not contain functionally coupled somatostatin 
cells, the effect of secretin is solely stimulation of gastrin secre- 
tion from the tumor.’°+?°° Almost all gastrinomas also contain 
somatostatin receptors, and somatostatin receptor scintigraphy 
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using !|indium-diethylenetriamine pentaacetic acid-D-phel- 
octreotide (!!!In-DTPA-Phel-Octreotide) is considered the ini- 
tial localization study of choice, with a 71% sensitivity and 86% 
specificity for primary tumors and 92% detection for metastatic 
disease.*°’?°* PPIs are the antisecretory therapies of choice and 
are able to control acid secretion and prevent complications in 
most ZES patients*°’; PCABs may prove to be an alternative. 
Approximately 25% of patients with ZES have MEN-I, an 
autosomal dominant disorder characterized by pancreatic endo- 
crine tumors, along with hyperparathyroidism and pituitary ade- 
noma (see Chapter 33). It is caused by a mutation in the MEN-I 
gene that encodes for the nuclear protein, menin. Menin is pres- 
ent in G cells and functions to inhibit gastrin gene expression.’”° 


PEPSINOGEN SECRETION 


Pepsinogens, which belong to a family of enzymes called gastric 
aspartic proteases, are inactive polypeptide proenzymes known as 
zymogens. They are synthesized primarily in chief cells but also 
in mucous neck cells. Pepsinogens are converted in the gastric 
lumen by gastric acid to pepsins, which contain 2 active-site 
aspartate residues. Once this reaction begins, pepsins can auto- 
catalyze the conversion of pepsinogens to pepsins.’”! Pepsins 
are optimally active at pH 1.8 to 3.5, reversibly inactivated at 
pH 5, and irreversibly denatured at pH 7. Gastric acid not only 
provides an optimum pH for peptic activity but itself denatures 
dietary protein, making it more susceptible to peptic hydroly- 
sis. Thus, acid and pepsin work in concert to promote diges- 
tion of dietary protein. As discussed, partially digested protein 
stimulates gastrin and thus acid secretion.’’? More recent data 
suggest that pepsins may also be important for killing ingested 
bacteria. 17273 

Pepsinogens have been separated into 7 isozymogens. The 5 
fractions (pepsinogen 1 to pepsinogen 5) that electrophoretically 
migrate toward the anode most rapidly at pH 5 are similar immu- 
nologically and referred to as group I pepsinogens (PG I; old term, 
“pepsinogen A”).’+ PG I is expressed in chief and mucous cells 
of the oxyntic mucosa. Migrating slightly behind the PG I are 
2 immunologically similar isozymogens, pepsinogen 6 and pep- 
sinogen 7, that are referred to as group II pepsinogens (PG II; old 
term, “pepsinogen C”). PG II, which represents approximately 
20% of total pepsin content, is expressed in oxyntic and pyloric 
mucosa as well as in duodenal Brunner glands. 

The most important physiologic stimulant for pepsinogen 
secretion is ACh released from cholinergic enteric neurons. 
ACh, acting via Mı and M; muscarinic receptors on chief cells, 
increases cytosolic calcium concentrations.’’> Calcium, in turn, 
activates cytosolic kinases, phosphatases, and NO synthase that 
induce pepsinogen secretion.”’° Other agents capable of stimulat- 
ing pepsinogen secretion from chief cells via the calcium signal- 
ing pathway include CCK, gastrin, and GRP.?77-80 Agents that 
increase cAMP within chief cells, such as isoproterenol, secretin, 
VIP, and histamine, also augment pepsinogen secretion, as do 
agents that activate tyrosine kinase, such as EGF and TGF-a.?” 
Moreover, stomach distention increases pepsinogen secretion 
through a cholinergic pathway coupled with NO secretion into 
the gastric lumen.**! Inhibitors of pepsinogen secretion include 
somatostatin, neuropeptide Y, PYY, and IL-1. Thus, eradication 
of Hp, a bacterium that promotes a host inflammatory response 
with production of IL-1f, can restore pepsinogen secretion.7** 
Optimal pepsinogen secretion also requires a functional sodium-2 
chloride-potassium cotransporter (NKCCI).!°’ 

Serum concentrations of PG I correlate with MAO; serum 
pepsinogens are increasingly being used to noninvasively diag- 
nose gastric atrophy (see Chapter 52).’°?”5+ A linear correlation 
exists between the loss of chief cells in patients with oxyntic atro- 
phy and serum PG I.**5°° Thus, a serum PG I less than 30 pg/L 
or a serum PG I/PG II ratio of 3.0 or less have been used as 
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noninvasive tests to detect oxyntic atrophy.’*’?%* Because hyper- 
gastrinemia is a physiologic response to achlorhydria, a fasting 
serum gastrin concentration more than 400 pg/mL may also sug- 
gest the presence of gastric atrophy. Serum PG I, PG II, PG I/ 
PG II, and gastrin measurements in a large Japanese population 
were analyzed using receiver operating curve analysis to show 
that the diagnostic accuracy is further increased by stratifying 
into Hp positive and negative status.**’ Therefore, PG I, PG I, 
their ratio, and fasting gastrin have been used as serological mark- 
ers to assess atrophy.7*>.28-288 

It should be noted that serum PG I is increased in humans 
treated with PPIs, and serum PG II is increased in patients 
infected with Hp.?°0-2>2 PG I and PG II are both filtered and 
metabolized by the kidney, but serum PG I concentration is 
increased more than PG II concentration in patients with renal 
insufficiency.?”°+ Furthermore, differences may exist between 
Western and Asian populations with regard to PG I and PG H 
concentrations in relation to acid secretion. 

Because PGs are secreted by the stomach, their presence in 
nongastric tissues can signify pathology. For example, the pres- 
ence of pepsin in the esophagus can indicate the presence of 
GERD; its presence in the airway may signify laryngopharyngeal 
reflux. Some data support the uptake of pepsin by epithelial cells 
in the aerodigestive tract, with possible involvement in carcino- 
genesis.?°> 


GASTRIC LIPASE SECRETION 


Gastric lipase, secreted by chief cells of the oxyntic mucosa, 
facilitates the digestion of dietary TGs by hydrolyzing them to 
free fatty acids, diglycerides, and 2-monoglycerides. The proper- 
ties of gastric lipase are quite distinct from those of pancreatic 
lipase. Gastric lipase has a pH optimum of 4.5 to 5.5 (compared 
with 6.5 to 7.4 for pancreatic lipase) and does not require coli- 
pase. Furthermore, protection from peptic proteolysis by an 
N-glycosylated asparagine at residue 308 permits gastric lipase to 
retain its activity in acidic gastric juice (pH 2) despite high gastric 
juice peptic activity.” ?6?97 

Stimulants and inhibitors of gastric lipase are similar to those 
for pepsinogen secretion. Aging has been reported to decrease 
gastric lipase secretion, although data are controversial.*”° In 
humans, increasing the lipid content of the diet causes a cor- 
responding increase in gastric lipase secretion.??? The amount 
of gastric lipase secreted after a meal is small compared to that 
of pancreatic lipase. Nevertheless, the specific activity of gas- 
tric lipase is equal to or greater than that of pancreatic lipase. 
Thus, gastric lipase is capable of digesting 10% to 25% of dietary 
TG. In patients with exocrine pancreatic insufficiency, gas- 
tric lipase secretion is increased 3- to 4-fold and can partly, 
but incompletely, compensate for loss of pancreatic lipase (Fig. 
51.19).3°! A feedback mechanism exists whereby fat in the small 
intestine inhibits gastric lipase secretion by a hormonal pathway, 
with GLP-1 the prime candidate as mediator.>”" 


INTRINSIC FACTOR SECRETION 


IF, a 50-kd glycoprotein secreted by human parietal cells and, to 
a lesser degree, chief cells, is necessary for the optimal absorption 
of cobalamin (vitamin B,7)2°™ 

Although all stimulants (e.g., gastrin, histamine, and ACh) 
and inhibitors (e.g., somatostatin) of gastric acid secretion dis- 
cussed previously have similar effects on IF secretion, secre- 
tion of IF is not specifically coupled to acid secretion. PPIs, for 
example, inhibit acid secretion but have no significant effect 
on basal or stimulated IF secretion.*”* Several reports indicate, 
however, that chronic use of PPIs may decrease serum cobala- 
min concentrations, probably as a result of impaired acid-facili- 
tated peptic release of cobalamin from food proteins.>%°° The 
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Fig. 51.19 Relative outputs of human gastric lipase (left graph), human 
pancreatic lipase (middle graph), and lipolytic activity in duodenal con- 
tents (right graph) in healthy volunteers and patients with chronic pan- 
creatitis with exocrine insufficiency (CP). Note that despite the increase 
of human gastric lipase output in patients with CP, the overall magni- 
tude of the rise is insufficient to fully correct the reduction in duodenal 
lipolytic activity. (From Carrière F, Grandval P, Renou C, et al. Quantita- 
tive study of digestive enzyme secretion and gastrointestinal lipolysis in 
chronic pancreatitis. Clin Gastroenterol Hepatol 2005; 3:28-38.) 


recommended daily allowance of cobalamin is only 2 pg/day; 
total body stores are around 2500 ug. Cobalamin deficiency 
due to antisecretory therapy is therefore rare, owing to incom- 
plete acid suppression by PPIs combined with high overall 
body stores, !2:307:308 

The delivery of cobalamin from food to tissues begins with 
release of cobalamin from dietary protein by the pH-dependent 
activity of pepsin, followed by binding of cobalamin to 2 binding 
proteins that are secreted into gastric juice: IF and haptocorrin (R 
binder).3°%3!° Haptocorrin, also secreted in saliva and bile, binds 
cobalamin more avidly than IF in the acidic gastric lumen, and 
therefore, most cobalamin initially binds to haptocorrin. In the 
duodenum, cobalamin is released from haptocorrin by pancreatic 
trypsin, and the free cobalamin then binds to IF. IF-cobalamin 
complexes are resistant to pancreatic proteolysis and eventually 
bind to a specific receptor on the distal ileal mucosa. This recep- 
tor, cubilin, is expressed in clefts between microvilli and mediates 
endocytosis of the IF-cobalamin complex.*!! Once within the ileal 
enterocyte, IF is degraded by lysosomal enzymes and cobalamin 
binds to transcobalamin. The cobalamin-transcobalamin complex 
is released into the circulation and enters cells by receptor-medi- 
ated endocytosis. Once within cells, cobalamin is dissociated from 
its transport protein and converted to its active forms, methylco- 
balamin and 5-deoxyadenosyl cobalamin. The active forms serve 
as coenzymes for methionine synthase and methylmalonyl—coen- 
zyme A mutase, enzymes involved in methylation of homocyste- 
ine to methionine and the catabolism of branched-chain amino 
acids and odd-chain fatty acids in mitochondria, respectively.’ 1? 

When radiolabeled cobalamin is administered orally after 
a large dose of nonradioactive cobalamin is given parenter- 
ally, patients with IF deficiency excrete much lower amounts of 
radioactive cobalamin in a 24-hour urine collection than do nor- 
mal controls (Schilling test, part I). If IF is administered orally 
together with radioactive cobalamin to IF-deficient patients, uri- 
nary radioactive cobalamin excretion normalizes (Schilling test, 


part ID). In addition to lack of IF, cobalamin deficiency may result 
from achlorhydria or hypochlorhydria (reduced peptic hydrolysis 
of cobalamin from food protein), bacterial overgrowth (cobala- 
min competed for by bacteria), pancreatic insufficiency (impaired 
tryptic cleavage of haptocorrin-cobalamin complex), ileal recep- 
tor defect (cubilin mutation), and ileitis or ileal resection (absent 
IF-cobalamin absorptive site).*!*-*!> 

Secretion of IF far exceeds the amount necessary for cobala- 
min absorption. Thus, in most patients with hypochlorhydria, 
continued IF secretion in low amounts is sufficient to prevent 
cobalamin deficiency. Patients with pernicious anemia (PA) do 
develop cobalamin deficiency. PA affects 2% of individuals older 
than the age of 60.°!° The pathology (autoimmune metaplastic 
atrophic gastritis [see Chapter 52]) involves a chronic inflam- 
matory, mainly lymphocytic, infiltrate of the oxyntic mucosa 
accompanied by loss of parietal and chief cells. The pathogenesis 
involves proinflammatory Thl CD4 T lymphocytes directed 
toward the a- and -subunits of the parietal cell Ht,K*-ATPase, 
accompanied by circulating autoantibodies directed against 
H*,K*-ATPase or IF.2!’~*?! Chronic infection with Hp may play 
a primary role in the immunologic response in some patients. 
It is proposed that Hp-induced inflammation results in break- 
down in tolerance for self-antigens such as H*,K*-ATPase in 
genetically susceptible individuals, or that antibodies are acquired 
due to molecular mimicry between Hp lipopolysaccharide and 
H+,K*-ATPase, both of which contain Lewis epitopes.??8230,322 
Antibodies directed against H*,K*-ATPase are present in 90% 
of patients with PA, although their prevalence may decrease to 
approximately 55% to 80% with progression of autoimmune gas- 
tritis, presumably because of disappearance of Hp and the loss of 
antigenic drive.*!’3?? Genetic factors, such as a Glu~Arg (Q5R) 
mutation in the IF gene, may also predispose individuals to PA.*?? 

Treatment of cobalamin deficiency due to chronic atrophic 
gastritis is with By), either as a monthly injection of 1 mg or high 
daily oral doses of 1 to 2 mg. High oral doses are effective because 
a small amount of cobalamin can be passively absorbed without 
the requirement for IF.!°7+ 


BICARBONATE SECRETION 


Regulation of gastric bicarbonate (HCO3°) secretion has been 
studied much less intensively than has duodenal HCO;- secre- 
tion. The precise function of gastric HCO; secretion is uncer- 
tain given the overwhelming simultaneous secretion of H*. 
Nevertheless, HCO; secretion has been implicated in the for- 
mation of a protective pre-epithelial alkaline layer (see Fig. 51.2). 

Measurement of gastric HCO3° secretion has been impeded 
by the presence of considerable H* secretion, necessitating the 
use of potent antisecretory compounds to eliminate as much acid 
as possible’? or by using measurement methods unaffected by 
the presence of acid. One means of measuring bulk HCO,- secre- 
tion is with the use of inline pH and CO, electrodes, in which 
HCO;- concentration is calculated using the Henderson-Hassel- 
balch equation.*?°377 

Gastric HCO;- secretion is an energy-dependent process. 
The finding that there is virtually no change in gastric electri- 
cal potential difference during HCO;° secretion suggests that 
HCO; transport takes place via an electroneutral ion exchange 
mechanism, probably an exchange of HCO; for Cl-.*”° 
Although several candidate anion exchangers, solute carriers, and 
anion transporters have been localized to gastric cells, includ- 
ing AE2, AE4, SLC4A2, SLC4A4, SLC26A6, SLC26A9, and 
PATI, there is little evidence that gastric surface cells actually 
secrete HCO;-.°2"33> The precise cell responsible for HCO; 
secretion is not known, but the source of some of the HCO;- 
secreted during H* secretion may actually be the parietal cell. 
As discussed previously, for each H* secreted, a HCO37 ion exits 
the parietal cell across the basolateral membrane via the anion 
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exchanger, SLC4A2 (see Fig. 51.13).!5? This HCO,- may alkalin- 
ize the blood that perfuses surface epithelial cells, be taken up by 
sodium bicarbonate cotransporters (NBC1 and NBC2), and then 
be secreted by epithelial cells in an effort to protect them from 
luminal acid.**? The parietal cell may not be the only source of 
HCO,- for surface cells, however, because marked inhibition of 
gastric H* secretion by PPIs does not significantly diminish gas- 
tric HCO; secretion in patients with duodenal ulcer.*** 
Prostaglandin E, analogs stimulate gastric HCO ;~ secre- 
tion,*>3° and blockade of endogenous prostaglandin (PG) 
synthesis reduces gastric HCO37 secretion.**” In mice and rats, 
the prostaglandin E receptor subtype involved in stimulation of 
gastric HCO;- secretion is EP1.°**34° PG-stimulated HCO;- 
secretion in response to focal epithelial damage apparently is 
dependent upon the anion transporter SLC26A9, because it is 
abolished in SLC26A9 knockout mice.*+! Gastric mucosal PG 
synthesis and HCO; secretion decline in older adults.*?-?*+ 
More recently, the gaseous mediators NO and hydrogen sulfide 
along with prostaglandins and capsaicin-sensitive afferent nerves 


have been implicated in the regulation of gastric HCO3-- secre- 
tion 345346 


MUCUS SECRETION 


A firmly adherent viscous mucus gel overlies the gastric surface. 
It is composed of 95% water and 5% extensively cross-linked 
mucin glycoproteins that are products of MUC genes.*+7348 
Ultrastructural studies reveal alternating layers of 2 distinct 
mucin classes, MUCSAC (secreted by surface and pit area epi- 
thelial cells) and MUC6 (secreted from neck and gland cells). 
Observations that the gastroprotective compound geranylgera- 
nylacetone increases MUC6 expression in rat gastric mucosa*"? 
and the gastroprotective compounds lafutidine and rebamipide 
increase mucus thickness and mucin content in humans*>??>! 
suggest that the mucus gel may contribute to mucosal defense. 
Furthermore, Hp inhibits MUC1 secretion and accumulates 
within and disrupts the MUCS5AC-enriched gel layer.*°?>> 
MUCSAC secretion is increased in first-degree relatives of 
subjects with gastric cancer infected with Hp, suggesting that 
mucus secretion may be a marker for a more severe inflammatory 
response to the organism.**+ 

Mucus gel thickness is dynamic (Fig. 51.20). It can be mea- 
sured continuously and noninvasively in living rodents either by 


ee 
Superfusion 


Brunner's —> of 
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Fig. 51.20 Dynamic regulation of duodenal mucus gel thickness in 
response to luminal acid. In the left panel, alkaline mucus secretion and 
the rate of sloughing into the lumen are balanced. Luminal acid creates 
a sudden exocytotic burst of mucus secretion from goblet cells and 
Brunner glands, which thickens the gel (2nd panel). The newly secreted 
mucus sloughs into the lumen at a higher rate, resulting in a new 
steady-state gel thickness (3rd and 4th panels). (Adapted from Kaunitz 
and Akiba, Keio J Med 2002;51:29-35.997) 
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alternately focusing between fluorescently labeled surface epithe- 
lial cells and the mucus gel surface, as delineated by carbon par- 
ticles or by fluorescent microspheres, or by measuring the vertical 
travel of micropipettes between the luminal mucus surface and 
epithelial cell surface.*>>->>® 

A pH gradient at the gastric mucosal surface has been 
observed in a variety of species including humans.**° In most 
cases, the gradient is relatively alkaline at the tissue surface and 
gradually more acidic at distances further from the surface. The 
gradient is dependent on active epithelial bicarbonate secre- 
tion. Although most measurements using microelectrodes 
have reported pH values near neutrality at the gastric mucosal 
surface, more recent measurements using pH-sensitive fluo- 
rescent dyes coupled with ex vivo confocal microscopy report a 
surface pH near pH 4 in guinea pigs and frogs.*°°*°! The obser- 
vation that the steady-state surface pH gradient extends beyond 
the thickness of the mucus gel layer suggests that the unstirred 
layer formed at the interface between the mucus and the aque- 
ous lumen or the interface between the epithelial surface and 
the luminal contents may also enhance mucosal defense by 
restricting convective mixing within the unstirred layer.**° Little 
data support the hypothesis that the overlying mucus is a sig- 
nificant diffusion barrier to protons.*°-*° Physical study of the 
gastric mucus layer with fluorescent beads revealed that gastric 
mucus has a firmly adherent inner layer, in contrast to intesti- 
nal mucus.*®° Proteomic analysis of the mucin core proteins has 
confirmed that gastric mucus is primarily composed of the gene 
product of MUCSAC, with marked differences of O-glycan pat- 
terns between mucins of the gastric mucosa and mucins secreted 
by other segments of the GI tract.3°73°* 

Trefoil factor (TFF) peptides are co-secreted with mucins.*°? 
These are 7- to 12-kd peptides sharing a common structure of 3 
internal disulfide bonds that yield the signature “trefoil” structure 
of 3 internal loops and are designated TFF1, TFF2, and TFF3. 
‘TFFs are pepsin resistant and able to survive intact in the gastric 
lumen.*’ TFF1 is stored in gastric pit and surface mucous cells, 
TFF? in gastric gland mucous cells, and TFF3 in intestinal goblet 
cells.57!-3’5 The concentration of TFF2 in rat gastric mucus is 
approximately 10 pM.371376 

The localization and coordinated secretion of trefoil peptides 
with mucins suggest that they too may be involved in mucosal defe 
nse.>/*377378 Evidence to support this notion includes the follow- 
ing: (1) increased TFF1 expression is observed after administra- 
tion of gastroprotective agents*”’; (2) addition of TFF2 to mucin 
solutions significantly increases their viscosity and elasticity**°**!; 
(3) chronic treatment of rats with PPIs increases the TFF2 con- 
centration in gastric secretions, coincident with promoting repair 
and preventing injury in response to luminal noxious agents**’; 


and (4) TFF2 -/- knockout mice exhibit shortened gastric glands 
with decreased epithelial migration, increased net acid secretion, 
a 4-fold increase in number of lesions after a 12 hour-exposure 
to the nonselective COX inhibitor indomethacin,**’ as well as 
attenuated surface alkalinization following mucosal damage.*** 
TFF proteins have also been implicated in the pathogenesis of 
gastric cancer (see Chapters 1 and 54). In humans, decreased expres- 
sion of TFF1 is associated with accelerated gastric cancer progres- 
sion and poor survival.**? In mice, knockout of TFF1 increased 
susceptibility to premalignant and malignant gastric lesions.**° The 
effect of Hp infection on TFF expression is uncertain, with | report 
showing increased and another decreased expression of TFF2.°°73** 
The clinical significance of the different mucin types has also 
been studied in subjects with constipation, in which decreased 
gastric mucus secretion rate and viscosity was reported.**? 


GASTRIC CANCER BIOMARKERS IN GASTRIC JUICE 


The advent of newer technologies such as reverse transcriptase 
polymerase chain reaction-based measurement of noncoding 
RNAs such as microRNAs (miR) and long-noncoding RNAs 
(IncRNAs) in combination with mass and infrared spectroscopy, 
gas chromatography, and other analytical methods has opened 
up a new field of gastric analysis, where minute amounts of sub- 
stances can be quantified and used diagnostically in clinical diag- 
nosis or as biomarkers. 

Studies have been published describing the test characteristics 
of IncRNAs, miRs, and tryptophan metabolites in the diagnosis 
of gastric cancer.*”-°* These studies were performed using small 
samples of gastric juice collected during a diagnostic endoscopy. 
‘The expression level among Inc RNA in plasma, tumor tissue, and 
gastric juice correlated well, as did the alteration of gastric juice 
IncRNA expression with tumor stage. In one study, in vitro studies 
were used to test the hypothesis that IncRNA-RMRP (RNA com- 
ponent of mitochondrial RNA processing endonuclease) acted as a 
“sponge” for miR-206, a miR involved in cyclin-mediated cellular 
proliferation.>”* Alteration of tryptophan metabolites was reported 
in a study of gastric juice obtained endoscopically from gastric 
cancer and gastritis patients. The authors attributed the observed 
alterations to upregulation of the kynurenine pathway, speculating 
that metabolic alterations of this nature may form the basis for bio- 
marker identification.*?! Because PG expression is associated with 
gastric cancer, the PG I/II in gastric juice combined with gastric 
juice concentrations of melanoma-associated gene (MAGE)>” has 
high specificity and sensitivity for gastric cancer detection.*”° 


Full references for this chapter can be found on www.expertconsult.com. 
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DEFINITIONS 


Patients, clinicians, endoscopists, and pathologists often define 
gastritis differently. Some define it as a symptom complex, oth- 
ers as an abnormal endoscopic appearance of the stomach, and 
still others use the term to connote microscopic inflammation of 
the stomach, usually its mucosa. This last definition of gastritis 
is preferred and is used in this chapter. Other noninflammatory 
conditions of the stomach are referred to as gastropathies. 

There is a weak relationship between histologic gastritis and 
symptoms. In fact, many patients with gastritis are asymptomatic. 
The relationship between microscopic and gastroscopic abnor- 
malities is also imprecise. In a study of 400 patients, histologic 
gastritis was present despite a normal gastroscopic examination 
in 14%; another 20% had an abnormal gastroscopic examina- 
tion without gastritis.! The latter patients (abnormal gastroscopy 
without gastritis) often have reactive gastropathy (discussed later). 

Gastric biopsies must be obtained to be able to diagnose gas- 
tritis. Potential indications for gastroscopic biopsies may include 
patients undergoing EGD for dyspepsia,’ patients with gastric 
erosion(s) or ulcer(s), thick gastric fold(s), gastric polyp(s) or 
mass(es), and for diagnosis of Hp infection (discussed later). Two 
biopsies should be taken from the antrum (lesser and greater cur- 
vatures), one from the incisura angularis, and 2 more from the 
gastric body (lesser and greater curvatures). The biopsy samples 
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from different areas should be placed in separate containers and 
the locations of biopsy sites should be identified for the patholo- 
gist on an accessioning form. Every biopsy represents an excellent 
opportunity for the clinician and pathologist to communicate to 
correlate clinical data, endoscopic findings, and histopathology. 
Errors may occur when the pathologist attempts to interpret 
biopsies without clinical input. 

The Sydney classification system attempted to unify termi- 
nology for endoscopic and histologic gastritis and gastropathy.* 
However, the complexity of the Sydney system and frequent fail- 
ure to obtain adequate numbers of biopsies precluded widespread 
clinical use outside of clinical research studies. This chapter pro- 
vides an etiology-based classification of gastritis and gastropa- 


thies. 


ACUTE GASTRITIS 


Acute gastritis, characterized by dense infiltration of the stomach 
with neutrophilic leukocytes, is rare. This rarity is in distinction 
to the much more common “active” gastritis, where neutrophils 
can be present along with chronic inflammatory cells (lympho- 
cytes, plasma cells), as in Hp gastritis (see later). Most forms of 
acute neutrophilic gastritis are due to infections with invasive 
organisms. 


781 


782 PART VI Stomach and Duodenum 


Phlegmonous (suppurative) gastritis is an infection of the gastric 
submucosa and muscularis propria, often sparing the mucosa.*!? 
Many types of invasive microorganisms have been identified, 
including gram-negative bacilli, anaerobes, gram-positive cocci 
including group A streptococci, and fungi (e.g., mucormyco- 
sis; see later). The gastric phlegmon may simulate a mass. The 
esophagus may also be involved or even be the apparent source 
of the infection. Infection may spread to the adjacent liver and 
spleen with abscess formation. Acute phlegmonous/necrotizing 
gastritis has been associated with a variety of conditions includ- 
ing recent large intake of alcohol, respiratory tract infection, and 
AIDS and other immunocompromised states, including liver 
transplantation. 

An especially severe form of phlegmonous gastritis is emphy- 
sematous gastritis, due to gastric infections with gas-producing 
organisms, such as Clostridium perfringens, E. coli, and S. aureus. 
Gas in the wall of the stomach and in the portal venous system is 
often present (Fig. 52.1). Imaging studies (plain films, CT) show 
gas bubbles conforming to the contour of the stomach, often 
in the form of cystic gas pockets. Although full recovery from 
phlegmonous or emphysematous gastritis may occur, the condi- 
tion may progress to gastric (and esophageal) gas gangrene and 
be fatal. Risk factors for emphysematous gastritis include recent 
gastroduodenal surgery, ingestion of corrosive materials, gastro- 
enteritis, or GI infarction. 

Patients with phlegmonous or emphysematous gastritis 
typically appear septic and present with acute upper abdominal 
pain, peritonitis, purulent ascitic fluid, fever, and hypotension. 


Fig. 52.1 CT of emphysematous gastritis. Abdominal CT image in 

a 67-year-old male diabetic with coronary artery disease and prior 
stroke who was admitted from his nursing home with sudden onset of 
nausea, vomiting, and abdominal pain. Physical examination showed 
diffuse tenderness throughout the abdomen. CT shows curvilinear air 
in the posterior wall of the fluid-filled stomach, as well as portal venous 
gas. He was treated successfully with broad-spectrum antibiotics, with 
resolution of the emphysema documented on a repeat scan 2 weeks 
later. (Courtesy T. Ynosencio, MD, Baylor University Medical Center, 
Dallas, TX.) 


rer. 


Diffuse antral gastritis 


Environmental metaplastic 
atrophic gastritis 


Preoperative diagnosis is possible with plain films, US, or CT. 
Gastroscopy with or without biopsy and culture of gastric con- 
tents may establish the diagnosis. 

Grossly, the stomach wall appears thick and edematous 
with multiple perforations, and the mucosa may demonstrate a 
granular, green-black exudate. Microscopically, the edematous 
submucosa reveals an intense polymorphonuclear infiltrate and 
numerous gram-positive and/or gram-negative bacteria, as well 
as vascular thrombosis. The mucosa may demonstrate extensive 
areas of necrosis. 

The mortality rate of phlegmonous gastritis is close to 70%, 
probably because it is so rare and difficult to diagnose and because 
treatment is initiated too late. The definitive treatment is either 
gastric resection or drainage (source control), combined initially 
with systemic broad-spectrum antibiotics directed against the 
most common organisms (Escherichia coli and other gram-nega- 
tive bacilli, anaerobic and group A streptococci, and Staphylococcus 
aureus). Vancomycin and piperacillin/tazobactam is one empiric 
regimen that can be used. 

Acute phlegmonous gastritis can paradoxically be associated 
with both granulocytic leukemia and with neutropenia. Although 
not as common as neutropenic cecitis (typhlitis) or enterocolitis, 
neutropenic gastritis can be an isolated finding. 

Other forms of acute gastritis are discussed later (see Infec- 
tious Gastritis). 


CHRONIC GASTRITIS 


Chronic gastritis is much more common than acute gastritis, 
although it may be clinically silent. Its prevalence is declining in 
developed countries.?? The major importance of these chronic 
gastritides (including Hp-gastritis) relates to the fact that they 
are risk factors for other diseases such as PUD and gastric neo- 
plasms, including adenocarcinoma and lymphoma (MALToma), 
discussed in detail in other chapters. Non-Hp chronic gastritis 
also occurs not infrequently; its cause is not known in most cases. 
Non-Hp gastritis was less common in African Americans than in 
other races and was associated with PPI use in a predominantly 
male US veteran population.’! 

Three types of chronic gastritis are recognized: diffuse antral 
gastritis which is usually due to Hp infection, environmental 
metaplastic atrophic gastritis (EMAG), and autoimmune meta- 
plastic atrophic gastritis (AMAG; Fig. 52.2 and 52.3). 


Hp Gastritis 


Hp is a gram-negative helical- or spiral-shaped flagellated bacte- 
rium. Infection with Hp typically causes a diffuse antral gastritis 
(see Fig. 52.34). Hp gastritis initially affects the superficial lay- 
ers of the mucosa. In some instances, particularly in childhood, 
the infection is short lived, but the infection usually results in 
chronic active gastritis, which is essentially a lifelong condition 
without treatment. Chemokines induced by Hp infection lead to 


Fig. 52.2 Topographic patterns of 
chronic gastritis. The darker areas 
in the schematic of environmental 
metaplastic atrophic gastritis and 
autoimmune metaplastic atrophic 
gastritis represent areas of focal 
atrophy and intestinal metaplasia. 


Autoimmune metaplastic 
atrophic gastritis 


a persistent acute inflammatory infiltrate with neutrophils and 
other cells (active inflammation) coexisting with cells charac- 
teristic of chronic inflammation (lymphocytes, plasma cells, and 
macrophages). Despite this robust host immune response, the 
bacteria persist in most people who are infected.?? Host factors 
that result in clearance of Hp in some cases of acute infection 
remain largely unknown.?>7+ 

A form of Hp gastritis characterized by mucosal infiltration 
by plasma cells that contain Russell bodies (Russell body gastri- 
tis) has been described.*>7° A form of Hp gastritis that can be 
recognized endoscopically is nodular gastritis, which can resolve 
following eradication of the organism from the stomach.’’?? 
Nodular gastritis/gastropathy is recognized by its chicken-skin 
appearance and can be seen in other conditions, including Crohn 
disease, syphilitic gastritis, lymphocytic (varioliform) gastritis, 
collagenous gastritis (all discussed later), and in AA-amyloidosis.°° 


Epidemiology, Risk Factors, and Transmission 


Hp infection is the most common chronic bacterial infection in 
humans. Estimates suggest that over 50% of the world’s popu- 
lation is infected with the bacterium, including 70% to 80% of 
populations in developing nations. Genetic sequence analysis 
suggests that humans have been infected for more than 60,000 
years corresponding to the time when they first migrated from 
Africa! 

A key risk factor for infection is socioeconomic status dur- 
ing childhood. Infection is commonly acquired at an early age, 
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particularly in developing countries where the majority of chil- 
dren become infected before the age of 10.5773 During early 
childhood, spontaneous clearance of the bacteria is common, 
but often with subsequent reinfection. In older children and 
adults, infection usually persists, so that the prevalence of Hp 
infection can exceed 80% by ages 20 to 30 in the developing 
areas of the world. In developed countries, such as the USA, 
young children can also acquire Hp, but with spontaneous 
clearance there is a lower chance of reinfection, and conse- 
quently, persistent infection is less frequent.*>»*+ In fact, sero- 
logic evidence of Hp infection is uncommon in children before 
age 10, but rises to 10% in adults between 18 and 30 years of 
age, and further increases to 50% in those age 60 or older.*? 
This increased prevalence of infection with age was initially 
thought to represent continuing acquisition throughout adult 
life. However, new adult infection and reinfection are quite 
uncommon, especially in developed countries, where reinfec- 
tion is estimated to occur in less than 0.5% of cases per year. 
Epidemiologic evidence supports childhood-acquired infection 
even in developed nations, and thus the frequency of Hp infec- 
tion for any age group in a locality reflects that particular birth 
cohort’s rate of bacterial acquisition early in life.*> In the USA, 
infection within any age group is less common in whites than 
in African Americans and Hispanics.*> Hispanic immigrants 
and their first-generation children are more likely to harbor 
Hp than their second-generation offspring.*° These differences 
probably relate to factors early in life that are linked to acquir- 
ing infection. 


Fig. 52.3 Histopathology of chronic gastritides. (For normal histology, see Chapter 49.) A, Diffuse antral gastri- 
tis. Chronic inflammation within the lamina propria and neutrophils infiltrating the gastric pit epithelium. This le- 
sion is characteristic of Hp infection (H&E, x400). B, Environmental metaplastic atrophic gastritis. Note several 
glands lined by goblet cells (arrow) (H&E, x200). C, Autoimmune metaplastic atrophic gastritis, with goblet cell 
metaplasia and nests of enterochromaffin-like cells (arrows) (H&E, x400). 
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Housing density, crowded conditions in the home, number 
of siblings, sharing a bed, and lack of hot or running water have 
been linked to higher rates of infection.*>” In Japan, the declin- 
ing prevalence of Hp infection appears to parallel the nation’s 
postwar economic progress with improvement in hygiene and 
sanitation. Among Japanese born before 1950, more than 70% 
are infected compared with 45% born between 1950 and 1960 
and 25% born between 1960 and 1970.** Currently, childhood 
infection in Japan is uncommon. A similar declining prevalence 
is being observed in the USA, suggesting that infection-related 
illnesses such as PUD will decrease as the current birth cohorts 
in developed countries reach older age.*? 

‘Twin studies support a genetic susceptibility to Hp infection, 
because monozygotic twins who were raised in different house- 
holds have a greater concordance of infection than dizygotic 
twins raised separately.t? However, twins growing up together 
have a higher concordance of Hp infection than twins growing up 
separately, suggesting environmental factors are also important 
for acquisition during childhood. 

Humans appear to be the major reservoir of Hp. The precise 
mode of Hp transmission from person to person remains uncer- 
tain, and multiple mechanisms may be operative. Transmission 
of bacteria from gastro-oral, fecal-oral, or possibly oral-oral 
exposure seems the most probable explanation for person-to- 
person spread.***! Within-family clustering of infection (often 
with genetically identical strains of Hp) also supports person-to- 
person transmission.** Infected individuals are also more likely 
to have infected spouses or children than uninfected individuals. 
Support for sibling-to-sibling transmission comes from studies 
reporting that the likelihood of infection is correlated with the 
number of children in the household and that younger children 
were more apt to be infected if older siblings were also infected.*? 
In a study conducted in 6 countries in Latin America, household 
crowding and living with 4 or more children were risk factors for 
infection.!’ Mother-to-child transmission is also quite likely.*++” 

Gastro-oral and fecal-oral transmission of bacteria appear to 
be the dominant mechanisms by which Hp gain access to the 
human host. The bacterium can be cultured from vomitus, aero- 
solized vomitus, and diarrheal stools, suggesting the potential for 
transmission.*? Organism loads are 100-fold higher in vomitus 
when compared with stool and saliva; organisms are also pres- 
ent in aerosolized vomitus out to 1.2 m during the act of vomit- 
ing. Exposure to an infected family member during an acute GI 
illness, especially with vomiting, appears to be a risk factor for 
infection.** Natural transmission could occur through contact 
with infected vomitus during an acute illness*+ or with regurgi- 
tated material from an infected child. Such contact could explain 
the higher concordance of maternal/child Hp infection and the 
presumed child-to-child transmission that occurs in an infant 
daycare setting. 

Especially in developing countries, Hp-contaminated water 
might serve as an environmental source of Hp, because the 
organism can remain viable in water for several days.*° Hp DNA 
can be found in samples of municipal water from endemic areas of 
infection, but whether the Hp detected by PCR are viable organ- 
isms remains to be proved.*! In countries where the prevalence 
of Hp infection is high, children who swim in rivers and streams, 
drink untreated stream water, or eat uncooked vegetables are 
more likely to harbor Hp, providing further indirect evidence of 
an environmental (water-borne) source of organisms. 

How frequently bacteria are transmitted through oral-oral 
contact is not known. Although organisms can be identified in 
dental plaque, periodontal pockets, and saliva, the prevalence is 
low, as is the organism count*”**; thus, it is questionable if the 
mouth can serve as a source or reservoir for Hp. Also, dentists 
and oral hygienists who have occupational exposure to dental 
plaque, periodontal pockets, and oral secretions do not have an 
increased prevalence of Hp infection.”’ In developed countries, 


oral-oral transmission of infection to spouses also appears to be 
uncommon. 

Infected gastric juice may serve as a source of bacterial trans- 
mission.1?°° Iatrogenic infection has also occurred during the 
use of a variety of inadequately disinfected gastric devices, endo- 
scopes, and endoscopic accessories.’ Gastroenterologists and 
nurses appear to be at increased risk for acquiring Hp.*! Man- 
dated universal precautions, hand washing, standardized equip- 
ment disinfection, and use of video-endoscopes that reposition 
the instrument channel away from the mouth may reduce such 
occupational and iatrogenic transmission. 

Although humans are the main reservoir for Hp, domestic 
cats, captive primates, and sheep can also harbor these organ- 
isms. It is possible that these animals actually acquired their Hp 
from human sources. Isolation of viable bacteria from the saliva 
and gastric juice of cats suggests the possibility of transmission 
to humans.” An Hp haplotype persists in the feline species in 
Africa, suggesting that infection may have transitioned to humans 
at some point in the distant past.°! 


Pathogenesis 


A unique aspect of Hp is that this pathogen confers disease despite 
residing in the stomach. Gastric Hp infection per se, however, is 
insufficient to fully explain the wide spectrum of associated gas- 
troduodenal diseases. Pathogenicity and clinical outcome depend 
on both bacterial and host factors. Thus, virulence of Hp relates 
to both bacterial properties allowing colonization and adaptation 
to the gastric environment and to pathophysiologic alterations in 
the host. Studies describing the genome of distinct strains of Hp 
have advanced our understanding of the ecology of the organ- 
ism and the potential bacterial gene expression patterns that can 
affect disease pathogenesis.°?->4 

The pathogenesis of Hp gastritis is complex and not fully 
understood and a detailed description is beyond the scope of this 
chapter. Only key pathogenetic factors will be discussed, with the 
interested reader referred to other sources.*>-’7 

Hp contain 6 to 8 flagella at one end of their bodies and fla- 
gella-mediated motility is one of the few characteristics shown 
to be required for successful Hp colonization of the host.°> The 
organism’s flagella allow rapid migration of Hp to a more favor- 
able gastric location below the gastric mucus layer. 

Exposure of Hp to low gastric pH levels increases expression 
of bacterial genes encoding urease.’ Urease helps Hp adapt to 
the acidic gastric milieu, allowing a more neutral pH to occur 
near the bacteria as its urease splits urea into CO, and ammonia 
(NH3), with the NH; reacting with H* to produce ammonium 
ion (NH,’).°° 

Hp show strict tropism for gastric-type mucosa, including in 
nongastric regions of the GI tract where there is gastric metapla- 
sia. Conversely, Hp do not colonize epithelium in a stomach that 
has undergone intestinal metaplastic change (see later), possibly 
because antimicrobial factors produced by host metaplastic epi- 
thelium select against colonization. This possibility is supported 
by the finding that Hp rarely colonize the deeper portions of the 
gastric glandular mucosa, where antimicrobial O-glycans are 
found.” Metaplasia may also be associated with hypochlorhydria/ 
achlorhydria, encouraging overgrowth of the stomach with other 
(non-Hp) species of bacteria. 

Toll-like receptors (TLRs) are a family of pattern recogni- 
tion receptors with specificity for various bacterial molecules. 
TLRs are components of the host’s innate immune system.*+ 
Lipopolysaccharide PS from Hp stimulates gastric epithelial cell 
and monocyte responses via TLR4 and TLR2.2.64-66,244 

A key interaction between Hp and gastric epithelium is medi- 
ated by a segment of bacterial DNA referred to as the cag patho- 
genicity island (cag PAI). Genes within the cag PAI encode for 
a type IV secretion apparatus, cagE, that allows other bacterial 


macromolecules, such as cagA, to be delivered directly into the 
host cell.5*°’ The cag PAT plays an important role in the patho- 
genesis of chronic Hp gastritis in humans.’?>68 Hp bearing the cag 
PAT are associated with increased interleukin (IL)-8 expression, 
mucosal inflammation, peptic ulceration, and apoptosis com- 
pared to cag PAT-negative strains.°”’0 Mongolian gerbils infected 
with mutated Hp strains lacking cagE exhibit less severe gastritis, 
fewer peptic ulcers, less intestinal metaplasia (IM), and less gastric 
cancer than gerbils infected with the wild-type strain.’! Different 
cagA proteins from distinct geographic Hp populations appear 
to be tyrosine phosphorylated by host cells in different man- 
ners, resulting in variable effects on intracellular signaling.”*-*° 
Such heterogeneity in cagA may lead to different host responses 
that could account for some of the geographic differences seen 
in Hp-associated disease. Although tyrosine phosphorylation of 
the cagA protein may be important, it is not the only mechanism 
whereby this molecule regulates the host response.*°*” 

All strains of Hp possess the vacd gene, and more than half 
of strains produce a vacuolating cytotoxin (VacA).°37> VacA 
attaches to host epithelial cells via an interaction with cellular 
protein-tyrosine phosphatases.” Thus, mice deficient in a pro- 
tein-tyrosine phosphatase do not develop gastric ulceration when 
exposed to Hp that secrete VacA.’* Different vacd alleles have 
been detected in the 5’ signal region (s-region) and in the middle 
region (m-region) of Hp’s vacA gene.” The s-region is present 
as allele s1 (which can be further distinguished as sla, s1b, slc) 
or as allele s2, whereas the m-region is present as allele m1 or 
m2. Production of VacA is designated by the allelic combinations 
(e.g., sl/m1, s1/m2, s2/m1, s2/m2). Specific vacA alleles (s1 and 
m1) are associated with peptic ulceration” and the induction of 
host epithelial cell apoptosis.” 

Other bacterial virulence factors have also been associated 
with a putative increased risk of gastric adenocarcinoma. How- 
ever, studies showing direct cancer causation for any of these bac- 
terial factors in isolation have proved unfruitful. These findings 
support the notion that any bacterial or host factors that increase 
the host inflammatory response to infection may increase the risk 
of gastric cancer and that the degree of mucosal inflammation, 
cell injury, and gastric atrophy is the best determinant of cancer 
risk in an individual patient.”” 

Gastric epithelial cells play an integral part in the host 
response to Hp infection, in addition to being the target of infec- 
tion. Epithelial cell responses to Hp include changes in their 
morphology,*® disruption of their tight junctional complexes,*? 
production of cytokines,’ increased proliferation, enhanced cell 
death via apoptosis, and induction of numerous host genes associ- 
ated with the cellular stress that accompanies infection.”? 

Expression of genes by epithelial cells infected with Hp is reg- 
ulated by transcription factors, particularly nuclear factor-kappa 
B (NF-«B). As discussed in Chapter 2, NF-«B regulates expres- 
sion of a wide variety of proinflammatory cytokines and cellular 
adhesion molecules in response to infection or the local cytokine 
milieu. Enhanced gastric epithelial cell NF-«B activity correlates 
with the intensity of neutrophil infiltration and mucosal IL-8 
levels.48°’ This pathway is of particular interest given that cer- 
tain polymorphisms in the IL-8 gene”? are linked to increased 
mucosal IL-8 expression, inflammation, and other premalignant 
changes associated with gastric cancer. Hp infection appears to 
activate NF-KB in gastric epithelial cell lines through various 
signaling mechanisms, including mitogen-activated protein kina 
ses.47,66,68,9l The mitogen-activated protein kinase cascades regu- 
late a wide range of cell functions, including proliferation, inflam- 
matory responses, and cell survival.°?:°2-?+ 

Oxidative stress also regulates host gene expression during Hp 
infection.”>°° Oxidation of host DNA by reactive oxygen spe- 
cies such as hydroxyl radicals (OH) are thought to play a causal 
role in malignant transformation through the induction of DNA 
damage. For this reason, there is growing interest in the role of 
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antioxidants in cancer prevention or treatment, because Hp infec- 
tion is associated with decreased levels of ascorbic acid, a tissue 
antioxidant scavenger. Moreover, there is evidence that diets high 
in antioxidants”’ or “nutraceuticals” of the isothiocyanate group, 
such as sulforaphane,’® may antagonize oxidative stress and pro- 
tect the host from gastric cancer, perhaps by decreasing inflam- 
mation and attenuating bacterial load. In vitro and in vivo studies 
in Mongolian gerbils show that an N-acetylcysteine, a precursor 
to the antioxidant compound glutathione, reduces Hp gastritis if 
administered early after infection,” but whether this compound 
would reduce carcinogenesis is uncertain. 

Hp strains that express outer inflammatory protein A (OipA) 
are associated with increased bacterial density, higher mucosal 
IL-8 levels,!°° and neutrophil infiltration, as well as more severe 
clinical consequences. !°! 

Peptidoglycan (murein) from Hp’s cell wall can translocate 
into gastric epithelial cells via the cagE encoded by the cag PAI. 
Once inside the host cell, nucleotide-binding oligomerization 
domain-1 recognizes this murein, providing a novel mechanism 
of bacterial sensing.” Binding of murein to nucleotide-binding 
oligomerization domain-1 can lead to activation of NF-«B and 
the subsequent expression of various host genes encoding proin- 
flammatory molecules, as discussed earlier. 

Hp neutrophil-activating protein promotes neutrophil adhe- 
sion to endothelial cells and stimulates chemotaxis of neutrophils 
and monocytes, nicotinamide adenine dinucleotide phosphate 
hydrogen oxidase complex assembly at the plasma membrane, 
and the subsequent production of reactive oxygen intermedi- 
ates.°°!93 Within the inflammatory environment present in Hp 
gastritis, the effects of Hp neutrophil-activating protein on neu- 
trophils can be potentiated by TNF-a and interferon (IFN)-y. 
After epithelial cells undergo apoptosis, phagocytes remove the 
dead cells. Engulfment of necrotic epithelial cells by phagocytes 
may be another important mechanism by which Hp can activate 
a host response.?> 

Recruitment and activation of neutrophils and macrophages 
cause the release of other inflammatory mediators. Increased 
expression of inducible nitric oxide synthase occurs in the 
gastric mucosa during Hp infection.” The nitric oxide (NO) 
produced reacts with superoxide anion (O2-) produced by infil- 
trating neutrophils to form peroxynitrite (ONOO-), a potent 
oxidizing and nitrating agent. NO and ONOO- have antimicro- 
bial effects, but uncontrolled or inappropriate production could 
also play a role in the gastric mucosal cell damage observed dur- 
ing Hp infection. Furthermore, catabolism of urea by Hp urease 
produces NH; and COs, the latter of which can rapidly neu- 
tralize the bactericidal activity of the peroxynitrite by reacting 
with it to form the intermediate ONOOCO,- and then nitrate. 
Urease, thus, may favor Hp colonization by neutralizing some 
host cell responses, but this mechanism also enhances the nitra- 
tion potential of ONOO- and may favor mutagenesis of host 
cell DNA. 

Cytokines induced in macrophages by bacterial urease include 
TNF-a and IL-6,89,!% and IL-6 is also induced by heat shock 
protein 60.9!° Cytokines secreted by epithelial cells comple- 
ment those released by inflammatory cells in the lamina propria. 
Intact bacteria can induce the production of chemokines that 
recruit T cells,!°%?! as well as IL-12°293-107,108 and IL-18,9+!0 
cytokines that favor the selection of Th1 cells, with their char- 
acteristic patterns of cytokine secretion. Th1 cells promote cell- 
mediated immune responses through the production of IFN-y 
and TNF-a, whereas Th2 cells produce IL-4, IL-5, IL-10, and 
transforming growth factor-B (T'GF-f). Th2 cells can promote 
mucosal IgA or IgE responses to helminths and other parasites, 
as well as diminish the inflammation caused by Th1 cytokines. 
Previous studies suggest that the Hp-infected gastric mucosa is 
preconditioned to favor Th1 development over Th2 cell devel- 
opment.?7717 
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T cell (e.g., Th1 cell) activation by Hp infection may con- 
tribute to more severe inflammation and gastroduodenal dis- 
eases. Increased levels of IL-17, a cytokine produced by activated 
CD4 T lymphocytes, are found in the mucosa of Hp-infected 
patients.!!.!!! IL-17, in turn, induces IL-8 expression by gastric 
epithelial cells, thereby enhancing neutrophil recruitment. Acti- 
vation of transcription factors by IL-17 may also contribute to the 
increased levels of numerous other proinflammatory cytokines 
and enzymes observed during Hp infection, such as IL-1, TNF- 
a, and COX-2. IFN-y and TNF-a produced by Th1 cells can 
increase the expression of many genes in the epithelium, includ- 
ing IL-8. These cytokines also enhance bacterial binding® and 
they may also increase bacterial load.!!* In animal models, Th1 
cells increase epithelial cell apoptosis’? as well as inflammation, 
glandular atrophy, and a tendency toward dysplasia.!!> TNF-a, 
IFN-y, and IL-16 also up-regulate gastric epithelial cell Fas anti- 
gen expression.!!+ Because Th1 cells express higher levels of Fas 
ligand (FasL) than Th2 cells, the relative increase in Th1 cells 
during Hp infection may induce epithelial cell death through 
Fas-Fas ligand (FasL) interactions.!!*:!!> This notion is substan- 
tiated by the observation that proton pump- (H*,Kt-ATPase-) 
specific Th1 cells in the gastric mucosa kill target epithelial cells 
via Fas-FasL interactions and may act as effector cells in autoim- 
mune gastritis (discussed later).!!° 

IgA antibodies, normally produced in the GI tract (see Chap- 
ter 2), are highly adapted for mucosal protection, conferring pro- 
tective immunity without activating the complement cascade and 
causing deleterious amounts of cell damage and inflammation. 
‘The number of IgA-producing plasma cells increases in Hp infec- 
tion. However, increased numbers of IgG- and IgM-producing 
plasma cells are also detected, along with activated complement. 
Monoclonal antibodies that recognize Hp can cross-react with 
human and murine gastric epithelial cells.!17-118 Transfer of these 
antibodies to recipient mice induces gastritis,!!” as does the trans- 
fer of B cells that recognize heat shock proteins from individuals 
with MALToma.!!? 

With few exceptions, infection with Hp persists for the life of 
the host unless there is some intervention with antibiotics. This 
observation has led to investigations as to whether immunologic 
tolerance impairs immunity. Several bacterial factors, including 
urease and catalase, thwart innate host responses to infection.’ 
Furthermore, production of arginase by Hp inhibits NO produc- 
tion and may favor bacterial survival,!?° whereas virulent strains 
of Hp impair phagocytosis?! and mucus production.!?? The 
VacA toxin can impair bacterial antigen presentation by macro- 
phages by inhibiting the antigen presentation pathway.!?? More- 
over, Hp produce molecules that mimic host molecules, such 
as Lewis antigens, that theoretically could stimulate T cells to 
release cytokines that help avoid autoimmune reactions. How- 
ever, as already discussed, the cytokine profile associated with Hp 
infection is not one that would be expected to occur in a toler- 
ant environment. For example, IL-4, IL-10, and TGF-f (which 
could mediate an anti-inflammatory effect) are not expressed to 
the same levels as proinflammatory Th1 cytokines such as IFN-y 
and TNF-a.” Because the infected gastric mucosa is character- 
ized by chronic active inflammation, tolerance, if it has occurred, 
may favor persistent infection even though it cannot prevent the 
chronic inflammatory response. 

Genetic heterogeneity in the regions of the host genome 
that controls the magnitude of inflammation is associated with 
gastric cancer development (Chapter 54).!** Polymorphisms in 
the regions controlling IL-1!*> are associated with an increased 
incidence of hypochlorhydria and gastric cancer in Hp-infected 
individuals and decreases the incidence of DU recurrence.!?° 
Increased IL-1 expression may not only drive inflammation but 
also lead to a physiologic change known to precede gastric cancer 
development, because IL-1 potently inhibits gastric acid secre- 
tion (see Chapter 51). Other genes that regulate the magnitude 


BOX 52.1 Some Components of Hp That Are Involved in 
the Pathogenesis of Gastritis 


Cag pathogenicity island (PAI), including cag A and cag E 
Flagella 
HP-neutrophil activating protein (HP-NAP) 


Lipopolysaccharide 

Outer inflammatory protein A (Oip A) 
Peptidoglycan (murein) 

Urease 

Vacuolating toxin A (VacA) 


of the inflammatory response to Hp, including IL-10, TNF-a, 
and IL-8, have also been associated with the sequence of events 
leading to cancer. !77)178 

Elevated fasting and meal-stimulated serum gastrin levels 
are well documented in individuals with Hp infection.’ The net 
effect of Hp infection on gastric acid secretion in an infected indi- 
vidual is variable, however, depending on the duration and distri- 
bution of Hp infection and presence or absence of atrophy of the 
oxyntic glandular mucosa (see Chapters 51 and 53). Hp infection 
also reduces gastric mucin secretion and mucosal hydrophobic- 
ity, abnormalities that can be reversed after eradication of infec- 
tion. Epithelial barrier function is altered during Hp infection 
as a consequence of both direct effects of Hp infection and the 
accompanying inflammatory responses that collectively increase 
epithelial cell proliferation and programmed cell death.” 

Bacterial (Hp)-related factors involved in the pathogenesis of Hp 
gastritis in the host discussed earlier are summarized in Box 52.1. 
Environmental factors can have a moderating role in the Hp-host 
interactions. Such factors as smoking, a high-salt diet, and various 
environmental mutagens can heavily influence both the degree and 
rate of progression of mucosal injury. In Japan, for example, the 
incidence of gastric cancer fell by 60% between 1965 and 1995 
despite no change in the virulence of the most common strain of 
Hp. This dramatic drop has been attributed to societal changes such 
as refrigeration (vs. salt preservation), westernization of the diet, and 
smoking reduction.” 


Diagnosis 


There are endoscopic and nonendoscopic tests available to diag- 
nose Hp infection. Such techniques may detect Hp directly 
(gastric histology, stool bacterial antigen, culture) or indirectly 
(urease detection or antibody response).!?®!30 The appropriate 
method to choose depends on the clinical situation, prevalence of 
infection in the population, pretest probability of infection, test 
availability, and cost. Recent use of antibiotics or PPIs can influ- 
ence the results of certain tests.!>! The commonly used diagnos- 
tic tests and their advantages and disadvantages are summarized 
in Table 52.1. 

Endoscopic tests. Performing EGD solely to obtain gas- 
tric biopsies for the diagnosis of Hp infection is not appropri- 
ate. When EGD is clinically indicated, there are 3 methods to 
identify Hp in a gastric biopsy specimen: biopsy urease testing, 
histology, and culture. The choice of method depends on the 
clinical situation, cost, availability, and test accuracy.!*> For each 
method, either 1 or 2 biopsies are obtained from both the antrum 
and corpus. 

Biopsy urease testing is recommended initially because the 
method is efficient, relatively inexpensive, and generally accu- 
rate.!3!,132 Gastric biopsy material is tested for urease activity by 
placing tissue in a medium containing urea and a pH reagent such 
as phenolphthalein. Hp urease hydrolyzes urea, liberating ammo- 
nia, which produces an alkaline pH and a resultant color change of 
the phenolphthalein test medium.!”° Test results can be positive 
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TABLE 52.1 Tests for Hp Infection 


Endoscopic Tests 


Advantages 


787 


Disadvantages 


Biopsy urease 


Rapid results 
Accurate in patients not using PPIs or antibiotics 
No added pathology cost 


Requires endoscopy 

Less accurate after treatment or in patients 
using PPIs 

Expensive (endoscopy and pathology costs) 

Some interobserver variability 


Histology Excellent sensitivity and specificity, especially with special immunostaining 
Provides additional information about gastric mucosa 
Culture Specificity =100% 


Allows antibiotic sensitivity testing 


Nonendoscopic Tests 


Accuracy affected by PPI and antibiotic use 
Difficult culture protocol 

Not widely available 

Expensive 


Serology (qualitative or 
quantitative IgG) 


Widely available 
Inexpensive 
Good NPV 


Urea breath (13C or 14C) Identifies active infection 


Accuracy (PPV, NPV) not affected by Hp prevalence 


Useful both before and after treatment 


Identifies active infection 
Accuracy (PPV, NPV) not affected by Hp prevalence 
Useful both before and after treatment 


Stool antigen 


Poor PPV if Hp prevalence is low 
Not useful after treatment 


Availability and reimbursement inconsistent 
Accuracy affected by PPI and antibiotic use 
Small radiation dose with'4C test 

Fewer data available 

Accuracy affected by PPI and antibiotic use 
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tion and neutrophils infiltrating the gastric pit epithelium (H&E, x400). B, Immunohistochemistry for Hp showing 
organisms along the gastric epithelial surfaces (arrows). (IHC, x400). 


within minutes to hours. Several urease test kits are commercially 
available, differing only regarding medium (agar gel or membrane 
pad) and testing reagents.’ These kits are generally inexpen- 
sive, but in western centers there may be added costs associated 
with obtaining gastric tissue samples (e.g., up-coding a diagnostic 
endoscopy). Nevertheless, biopsy urease testing is less expensive 
than histology. Sensitivity and specificity of biopsy urease tests 
are 90% to 95% and 95% to 100%, respectively.!??:33 Accuracy 
can be negatively affected by blood in the stomach!** or by use of 
antibiotics, bismuth-containing compounds, or acid antisecretory 
drugs, especially PPIs.!*> Therefore, a negative urease test does 
not exclude Hp infection in an individual taking antisecretory 
medication, a common scenario in patients referred for EGD. 
To improve sensitivity in such patients, stopping the potentially 
problematic medication and delaying EGD for 2 weeks (if pos- 
sible) can be considered, and testing multiple (>2) biopsy samples 
from the antrum and corpus may be attempted. 

Gastric mucosal histology assessment is generally not nec- 
essary to diagnose Hp, but it can provide information regarding 
the severity of mucosal inflammation (see Fig. 52.34) and for the 
detection of Hp-associated precancerous lesions such as metaplastic 


(chronic) atrophic gastritis (discussed later) and dysplasia.!’? Histo- 
logic examination had been considered the gold standard for iden- 
tifying infection, with reported sensitivity and specificity as high as 
95% and 98%, respectively.!>° However, the distribution and den- 
sity of organisms can vary within the stomach, with the potential for 
sampling error, particularly in patients taking antisecretory medi- 
cations. Detection of organisms is common with standard H&E 
staining, but is improved with special stains such as Giemsa, silver, 
Genta, or specific immunohistochemical stains (Fig. 52.4).13036157 

Culture of mucosal biopsies is difficult because Hp is fas- 
tidious and slow growing, requiring specialized media and growth 
environment.!?”:!°° Culturing Hp is not routinely available in con- 
temporary US practice. When culturing gastric mucosal biopsies for 
Hp, tissue should be obtained before biopsy forceps are exposed to 
formalin. Tissue is then placed in a container with only a few drops 
of saline or appropriate media to preserve the specimen during trans- 
port to a local or offsite microbiology facility.!°° Although mucosal 
culture is not generally recommended, culture with antibiotic sensi- 
tivity testing can guide subsequent treatment in patients with refrac- 
tory infection, with the understanding that in vitro sensitivity testing 
does not always predict clinical treatment outcome. 139138 
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Fig. 52.5 The urea breath test (see text for a more complete descrip- 
tion). (From Walsh JH, Peterson WL. Drug therapy: the treatment of 
Hp infection in the management of peptic ulcer disease. N Engl J Med 
1995;333:984-91.) 


Nonendoscopic tests. Serology is the most popular non- 
invasive test in clinical practice and is used for its convenience 
and relatively low cost. As described earlier, infection incites a 
systemic immune response, and enzyme-linked immunosorbent 
assay technology can detect IgG serum antibodies to a variety 
of bacterial antigens.!??3° Tests for IgA and IgM antibodies 
are less reliable, and their use is discouraged.!’” Office-based 
kits that test whole blood can provide results within 30 minutes 
and permit “point of service” testing. Although serology is rela- 
tively inexpensive, noninvasive, and ideally suited to a primary 
care setting, the prevalence of Hp in the population being tested 
influences its accuracy.!*! The sensitivity of serology is generally 
quite high (90% to 100%), but its specificity is variable (76% to 
96%). Therefore, in populations where infection is less common 
(including the USA), the negative predictive value of serology 
is high, but the positive predictive value is not, with many false 
positive results. Use of another test, such as a urea breath test or 
stool antigen (discussed later), is recommended in low-prevalence 
populations before embarking on therapy for Hp. Serology can 
remain positive for months or longer even after successful treat- 
ment of infection; thus, seroconversion (i.e., from a positive to 
negative result), though specific for treatment success, is not a 
practical way of testing for eradication.!*? 

Urea breath testing (UBT) detects active Hp infection and 
is useful for making the diagnosis and for documenting successful 
treatment.!?! UBT relies on bacterial hydrolysis of orally admin- 
istered urea tagged with a carbon isotope, either nonradioactive 
BC or radioactive 4C (Fig. 52.5). Hydrolysis of urea gener- 
ates ammonia and tagged CO, (CO, or !*CO;), which can be 
detected in breath samples.!*° The nonradioactive HC test is pre- 
ferred for children and the rare cases in which pregnant women 
need testing, as opposed to delaying testing until after pregnancy, 
as treatment of Hp in pregnancy is rarely indicated. The radiation 
dose with the 14C test is low (1 uC), equivalent to 1 day of back- 
ground radiation exposure. The specificity of the UBT exceeds 
95%, making false-positive results uncommon. The sensitivity of 
the test is 88% to 95%, with false-negative results reported in 
patients taking antisecretory therapy such as PPIs, bismuth com- 
pounds, or antibiotics. To improve diagnostic accuracy, PPIs, 
bismuth salts, and antibiotics should ideally be stopped 1 to 2 
weeks before UBT. UBT is not accurate in patients who have had 
a gastric resection. 

Stool antigen testing is an immunoassay that detects Hp 
antigens and is the other principal noninvasive modality to 
diagnose active Hp infection and confirm eradication following 


treatment. Overall sensitivity and specificity of the stool antigen 
test are comparable to the UBT (94% and 97%, respectively). A 
rapid Hp stool antigen test is available that permits testing dur- 
ing a clinic visit, but it is slightly less accurate than a traditional 
laboratory-based stool test.'*! The sensitivity of stool testing is 
also reduced by PPIs, bismuth salts, and antibiotics, which can 
decrease bacterial load; thus, similar precautions as described ear- 
lier for UBT are recommended when using stool antigen tests. 

PCR is a sensitive method to detect Hp and to detect antibi- 
otic resistance genes, but it is not yet practical for routine clinical 
diagnosis.!*” It is useful for research purposes to identify bacteria 
in gastric biopsies, stool, or drinking water in a community set- 
ting, to type organisms in epidemiologic or transmission studies, 
and for testing for antibiotic resistance genes. 

When clinically indicated, it is appropriate to confirm success- 
ful eradication of infection with either a UBT or stool antigen 
test. Current USA treatment guidelines (discussed later) suggest 
that all infected individuals should undergo testing to confirm 
successful eradication of infection. !®»!4+ The European guide- 
lines favor offering noninvasive tests to all individuals treated 
for Hp to confirm eradication. Post-treatment endoscopy with 
biopsy is only necessary if a repeat procedure is clinically indi- 
cated. In such patients, sampling multiple areas of the stomach is 
important to avoid missing persistent infection due to alteration 
of the bacterial density and distribution by prior antibiotics and 
antisecretory medications. These tests should not be performed 
sooner than 6 to 8 weeks after completion of treatment, because 
earlier testing might yield false-negative results. Also, medica- 
tions that could affect test results, such as PPIs, should be discon- 
tinued for at least 1 to 2 weeks before testing to improve accuracy. 
The chronic inflammation associated with Hp infection may take 
months and sometimes over a year to subside following eradica- 
tion of the organism, so its presence in biopsy material should not 
be interpreted as persistent infection. 


Chronic Atrophic Gastritis (Gastric Atrophy) 


As discussed in Chapter 49, the gastric mucosa has a rapid rate 
of turnover, with new cells derived from progenitor (stem) cells 
replacing cells that are shed into the lumen or destroyed. This 
process maintains the thickness and the varied cell population of 
glands comprising the oxyntic and antral mucosa. During chronic 
inflammation of the stomach, the rate of cell loss may exceed 
the ability of the stem cells to replace lost cells, and the mucosa 
thins. This is often accompanied by metaplasia of this epithelium 
derived from isthmus-located stem cells.!+° This thinning of the 
mucosa and accompanying metaplasia (most often intestinal, but 
sometimes pseudopyloric, pancreatic, squamous, or ciliated), 
if associated with chronic inflammation, is termed chronic atro- 
phic gastritis, or gastric atrophy. Chronic atrophic gastritis may be 
regional or diffuse and is often patchy (see Fig. 52.2). It is an 
important risk factor for dysplasia and gastric cancer (see Chapter 
54).146,147 

In chronic atrophic gastritis (gastric atrophy),!**-!°° loss of 
specialized cells within gastric glands, such as parietal and chief 
cells, leads to a reduction or absence of their secreted products, 
such as intrinsic factor (IF) and hydrochloric acid (hypochlorhy- 
dria or achlorhydria) as well as pepsinogen, with an increased risk 
of adverse consequences such as vitamin Bız malabsorption, gas- 
tric bacterial overgrowth, and enteric infections. 

An international group of gastroenterologists and pathologists 
(the Operative Link for Gastritis Assessment [OLGA]) attempted 
to stage the risk of progression from chronic atrophic gastritis 
to gastric cancer.!©? OLGA stages 0 through IV are recognized 
(Table 52.2). The OLGA system is based on the assumption that 
gastric cancer risk is related to the degree of gastric glandular 
atrophy.!’°-!73 Others have proposed that IM, easier to recog- 
nize by pathologists than gastric atrophy, can be used in place 


CHAPTER 52 Gastritis and Gastropathy 789 


TABLE 52.2 OLGA and OLGIM Classifications of Cancer Risk in Chronic Gastritis 


OLGA Staging 
Corpus (Body, Fundus) 
ATROPHY None (0) Mid (1) Moderate (2) Severe (3) 
ANTRUM* None (0) STAGE 0 STAGE | STAGE II STAGE II 
Mid (1) STAGE | STAGE | STAGE II STAGE III 
Moderate (2) STAGE II STAGE II STAGE III STAGE IV 
Severe (3) STAGE III STAGE III STAGE IV STAGE IV 
OLGIM Staging 
Corpus (Body, Fundus) 
ANTRUM INTESTINAL METAPLASIA (IM) None (0) Mild (1) Moderate (2) Severe (3) 
None (0) STAGE 0 STAGE | STAGE II STAGE II 
Mild (1) STAGE | STAGE | STAGE II STAGE III 
Moderate (2) STAGE II STAGE II STAGE III STAGE IV 
Severe (3) STAGE III STAGE III STAGE IV STAGE IV 


*Antrum includes the biopsy result from the incisura angularis. 


Modified from Rugge M, Correa P, Di Mario F, et al. OLGA staging for gastritis: a tutorial. Dig Liver Dis 2008;40:650-8; and Capelle LG, de Vries C, Har- 
ingsma J, et al. The staging of gastritis with the OLGA system by using intestinal metaplasia as an accurate alternative for atrophic gastritis. Gastrointesti- 


nal Endoscopy 2010;71:1150-8. 


TABLE 52.3 Spectrum of AMAG and EMAG 


AMAG + AMAG/EMAG Overlap ~ EMAG 
Antibodies to intrinsic factor, Hp gastritis (Current, past) 
parietal cell 


Other autoimmune disorders 
Antral sparing 
ISerum PGI and !PGI/PGIl ratio 


Hypergastrinemia 
(can be marked) 


Gastric carcinoid tumors 


Potentially reversible (Hp Rx) 
Antral involvement 
Serum PG levels more variable 


Normal or slight increase in serum 
gastrin 


PG, pepsinogen. 


of gastric atrophy (OLGIM).!’*!’> However, focusing on IM 
rather than the degree of gastric atrophy may be less sensitive 
in identifying patients at high gastric cancer risk.!’° The Kyoto 
classification system is also used to assess cancer risk, especially 
in Japan.!”’ Subtyping of IM into complete (small intestinal) or 
incomplete (colonic) is of uncertain prognostic value, although a 
literature review suggested a higher cancer risk with the incom- 
plete (colonic) type, especially if the intestinal goblet cells contain 
predominantly sulfomucins as opposed to sialomucins.!7° 

‘Two types of chronic atrophic gastritis are recognized (Fig. 
52.2, and Fig. 52.3B and C): an EMAG, also called multifocal 
atrophic gastritis, and an AMAG, also called diffuse corporal atro- 
phic gastritis. At the 2 ends of the spectrum, these types can be 
distinguished using clinical, laboratory, endoscopic, and histo- 
logic features (Table 52.3). However, in many cases the distinc- 
tion between EMAG (usually due to chronic Hp infection) and 
AMAG (usually due to autoreactive T and B/plasma cells against 
various antigens of the parietal cell) is blurred because of over- 
lapping features. For example, in EMAG the Hp may disappear 
from the stomach over time as the gastric epithelium is replaced 
by metaplastic intestinal epithelium, although serum IgG anti- 
bodies to Hp as a marker of prior infection may persist. Likewise, 
it has been proposed that, through molecular mimicry, antibod- 
ies to Hp can cross react with parietal cell antigens such as the a 
and 6 chains of H*,K*-ATPase (the proton pump) to result in a 
form of AMAG.!7?:!80 The sequence of IM, dysplasia, and gastric 
cancer, first popularized by Correa, is now well accepted and is 
discussed in Chapter 54. The role of endoscopic surveillance in 


patients with gastric IM is controversial, but has been advocated 
by some.!*7.!8! Gastric metaplasia and dysplasia may be visualized 
during gastroscopy, particularly if enhanced imaging methods, 
such as narrow band imaging and chromoendoscopy, are used 
(Fig. 52.6). 


EMAG 


EMAG is characterized by involvement of both the gastric 
antrum and corpus with glandular atrophy and IM (Fig. 52.38). It 
is important for endoscopists to obtain at least 2 biopsies from the 
antrum, | from the incisura angularis, and 2 from the gastric body 
in order for the pathologist to be able to render a diagnosis of 
EMAG. Atrophic gastritis involving the corpus may be associated 
with pseudopyloric metaplasia, in which the mucosa resembles 
antral mucosa but stains for pepsinogen I (PGI), a proenzyme 
normally expressed in corpus mucosa. Other types of metaplasia 
(pancreatic, squamous, and ciliated) may also occur. 

Gastroscopy may show a pale mucosa, shiny surface, and 
prominent submucosal vessels due to mucosal thinning (see 
Fig. 52.6). However, endoscopy is neither sensitive nor specific 
in diagnosing chronic atrophic gastritis, especially in patients 
younger than age 50.148 Magnifying endoscopy and autofluores- 
cence imaging video endoscopy may be more sensitive in detect- 
ing atrophy. !46!47 

The pathogenesis of EMAG is multifactorial, but Hp infection 
plays the most important role and has been incriminated in about 
85% of patients. EMAG can occur early in life in Hp-infected 
individuals. Genetic and environmental factors, especially diet, 
are also important. Certain population groups are predisposed 
to EMAG, including African Americans, Scandinavians, Asians, 
Hispanics, Central and South Americans, Japanese, and Chinese. 
In China, a model has been developed based on gender, general 
health, family history of cancer, and diet/alcohol use to stratify the 
risk of gastric cancer in patients with EMAG and to determine the 
need for screening gastroscopy.'*? IM is a risk factor for dysplasia 
and gastric cancer, usually the intestinal type (see Chapter 54). The 
incidence of gastric neoplasia (dysplasia, cancer) in intestinal meta- 
plastic lesions of the stomach has been estimated to be 1% per year, 
although most of these incident neoplastic lesions were dysplastic 
lesions and not invasive cancers.!>! IM of the gastric mucosa can 
be classified into 3 subtypes depending on the morphology of the 
epithelium and the types of mucins produced.!7° 
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Fig. 52.6 EGDs in patients with metaplastic atrophic gastritis. Left, Note paucity of folds in the antrum (panel 
A), at the incisura (panel B), and along the lesser curvature in the gastric body (panel C). Biopsy sites are 
shown with local bleeding. Narrow-band imaging (panel D), which highlights the mucosal vascular pattern, did 
not suggest dysplasia, nor did 0.8% indigo carmine staining (not shown). Right, Note 2.5 cm area of dysplastic 
epithelium in the antrum (panel A); the dysplastic area has been marked in anticipation of endoscopic submu- 
cosal resection (panel B). (From Gomez JM, Wang AY. Gastric intestinal metaplasia and early gastric cancer in 
the west: a changing paradigm. Gastroenterol Hepatol 2014;10:369-78, with permission.) 


AMAG 


AMAG, also called diffuse corporal atrophic gastritis, is an autoim- 
mune destruction of glands in the corpus of the stomach. AMAG 
is the pathologic process underlying pernicious anemia, an autoim- 
mune disorder typically occurring in patients of northern European 
or Scandinavian background and in African Americans. It may be 
associated with other autoimmune disorders, especially autoim- 
mune thyroiditis. Although some patients with AMAG are asymp- 
tomatic, many complain of dyspepsia with postprandial distress. 13? 

Patients with AMAG exhibit achlorhydria or hypochlorhy- 
dria, hypergastrinemia with antral G-cell hyperplasia secondary 
to low or absent gastric acid, and low serum PGI concentrations 
with low ratios of serum PGI/PGII.'**:!** Affected patients often 
have circulating antibodies to parietal cell antigens and to IF; the 
antibodies to IF are less sensitive for AMAG but more specific, 
whereas antibodies to parietal cell antigens are more sensitive 
but less specific. Autoreactive T cells and subsequent produc- 
tion of autoantibodies against the a and/or ß chains of the Ht, 
Kt-ATPase (ATP4A and ATP4B) by B/plasma cells are thought 
to play a role in the pathogenesis of AMAG.!® Pseudopyloric 
metaplastic (sometimes called spasmolytic polypeptide-express- 
ing metaplasia) and metaplastic pancreatic acinar cells are also a 
feature of AMAG. !86 

Histologically, atrophic glands with extensive IM are confined 
to the corpus mucosa (Fig. 52.3C).!°” Atrophy is usually focal and 
the preserved islands of relatively normal oxyntic mucosa may 
appear polypoid endoscopically or radiologically (pseudopolyps). 
Rarely, AMAG progresses to diffuse (complete) gastric atrophy. 
Hypergastrinemia, a consequence of achlorhydria, is associated 
with enterochromaffin-like cell hyperplasia and gastric carcinoid 
tumors,!|*” discussed in more detail in Chapter 34. 

Antibodies to parietal cell antigens, most notably the H+, K+- 
ATPase, are frequently present in patients with AMAG. These 
antibodies can also be detected in patients with various other 
autoimmune diseases, including type 1 diabetes mellitus!°*+1°° 
and autoimmune thyroid diseases (Graves disease and Hashimoto 
thyroiditis),!°7>* explaining the association of these conditions 
with pernicious anemia. The risk of AMAG is increased 3- to 
5-fold in type 1 diabetic individuals, and some authors have sug- 
gested screening type 1 diabetics with gastroscopy and mucosal 
biopsy. AMAG has also been associated with autoimmune pan- 
creatitis, as well as celiac disease/dermatitis herpetiformis. 162188 

In patients with AMAG, a proportion of the CD4 lympho- 
cytes present in the chronic inflammatory infiltrate within the 
gastric mucosa proliferate in response to Ht, K*-ATPase. Most 
CD4* cells secrete Th1 cytokines such as IFN-y and TNF-a, 
provide help for B cell immunoglobulin production, and enhance 
perforin-mediated cytotoxicity, as well as Fas-Fas ligand-medi- 
ated apoptosis. These factors in combination may contribute to 
gland destruction in AMAG. 

Many patients with AMAG have circulating antibodies to Hp 
and/or have Hp detectable in their gastric-oxyntic mucosa. Thus, 
Hp may play a role in the pathogenesis of AMAG.!*? It appears 
Hp strains producing cagA and VacA are most likely to cause 
AMAG. These particular Hp are often the sim1 VacA subtype 
that also express Lewis blood group antigens X and Y.!°° Lewis 
antigens on the Hp may help camouflage the organism because 
these antigens are also present on human gastric epithelial cells. It 
has been suggested that when antibodies to Lewis antigens X and 
Y from Hp develop, they cross-react with similar antigens on epi- 
thelial cells resulting in AMAG (molecular mimicry). If chronic 
atrophic gastritis with IM develops in such patients over time, the 
prevalence of active Hp infection will then decrease. 

Immune checkpoint inhibitors that block programmed death 
receptors (e.g., PD-1) are being used more often in cancer 
patients, and one such agent, nivolumab, has been reported to 
cause an autoimmune hemorrhagic gastritis.'7! 


CHAPTER 52 Gastritis and Gastropathy 791 


Carditis 


There is often a small rim of gastric glands in the cardia of the 
stomach just below the squamocolumnar junction of the esopha- 
geal and gastric mucosa (see Chapter 49). In an endoscopic study 
of normal volunteers, the majority had a cardiac-type mucosa in 
this region; the remainder had oxyntic mucosa with its special- 
ized parietal and chief cells.!”? Inflammation of a cardiac-type 
mucosa (carditis) has been attributed to both Hp and to GERD. 
Carditis occurring in healthy volunteers is mainly due to infec- 
tion with Hp. However, in patients found to have carditis during 
a diagnostic endoscopy, Hp was present in only 11%. Severity of 
carditis in this diagnostic endoscopy population was more related 
to 24-hour acid exposure of the lower esophagus.!®? Chronic 
atrophic carditis with IM has been proposed to be a precursor of 
adenocarcinoma of the gastroesophageal junction (see Chapters 
46 to 48, and 54). 


OTHER INFECTIOUS GASTRITIDES 


Besides Hp-gastritis, the most common and important gastric 
infection, and acute phlegmonous gastritis which, though rare, is 
life threatening, there are many other infectious forms of gastritis 


that lead to morbidity. 


Viral 
CMV 


CMV is a human herpesvirus (HHV5) that may infect the 
stomach. Although gastric CMV infection may occur in an 
immunocompetent host, infection usually occurs in the immuno- 
compromised.!”* Patients with solid organ or hematopoietic cell 
transplants (see Chapter 36), AIDS (see Chapter 35), cancer, or 
who are taking immunosuppressive drugs (especially glucocorti- 
coids) are at increased risk. 

Patients with CMV infection of the stomach can experience 
epigastric pain with fever and atypical lymphocytosis.!?° Gas- 
tric imaging may reveal marked thickening of gastric folds and 
a rigid and narrowed gastric antrum suggestive of an infiltrating 
antral neoplasm. Gastroscopy may reveal thickened hemorrhagic 
folds with a congested and edematous antral mucosa, covered 
with multiple ulcerations, suggestive of gastric malignancy, sub- 
mucosal antral mass, or PUD. A hypertrophic and/or polypoid 
type of gastritis resembling Ménétrier’s disease (discussed later) 
with protein-losing gastropathy may occur, especially in children, 
including one case with CMV/Hp coinfection.!”° 

Examination of mucosal biopsy specimens shows inflamma- 
tory debris, chronic active gastritis, and enlarged cells with CMV 
inclusion bodies indicative of an active infection (Fig. 52.7A). 
“Owl-eye” intranuclear inclusions are the hallmark of CMV infec- 
tion in routine H&E histologic preparations and may be found in 
vascular endothelial cells, mucosal epithelial cells, and connec- 
tive tissue stromal cells. Multiple granular, basophilic cytoplas- 
mic inclusions may also be present (see Fig. 52.78). When typical 
inclusions are hard to find in H&E-stained sections, immuno- 
histochemical stain for CMV may be helpful. Usual treatment 
is with IV ganciclovir or foscarnet, along with reducing immu- 
nosuppression, if feasible. In patients with AIDS, antiretroviral 
therapy is required to prevent relapse of CMV infection. 


Other Herpesviruses 


Gastritis from HSV-1 (HHV1) or varicella-zoster virus (HHV3) 
is rare.!°7-!° Infected individuals typically experience the ini- 
tial infection at an early age, and the virus then remains dor- 
mant until reactivation. Reactivation has been related to cancers 
(including lymphoma) and to radiation therapy and/or cancer 
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cer with granulation tissue containing several CMV 


inclusions (arrows) (H&E, x600). B, Classic CMV infected cell with cytomegaly, well-formed Cowdry type A 
nuclear inclusion, and granular cytoplasmic inclusions (H&E, x600). 


chemotherapy agents. The typical immunocompromised patient 
with these herpesvirus gastritides may experience nausea, vom- 
iting, abdominal pain, fever, chills, fatigue, and weight loss. 
Barium-air double-contrast radiographs show a cobblestone pat- 
tern, shallow ulcerations with a ragged contour, and an interlac- 
ing network of crevices filled with barium that corresponds to 
areas of ulceration. Gastroscopy reveals multiple, small, raised, 
ulcerated plaques or linear, superficial ulcers in a crisscrossing 
pattern, giving the stomach a cobblestone appearance. Brush 
cytology and biopsies should be performed at the time of endos- 
copy. Brush cytology has the advantage of sampling a wider area 
of mucosa. Grossly, the ulcers are multiple, small, and of uni- 
form size. Microscopically, cytological smears and biopsy speci- 
mens show nonspecific active inflammation, containing scattered 
multinucleated cells with smudged (ground glass) intranuclear 
inclusions. HHV1 and HHV3 show identical histology in tissue. 
Immunohistochemistry, viral culture, or PCR of an appropriate 
swab or tissue specimen is required to differentiate these 2 infec- 
tions.!°° Treatment with acyclovir is reasonable but of unproved 
value. 

EBV (HHV4) is not present in normal gastric mucosa, but 
can be present in the stomach in almost half of the patients with 
gastritis.!°? Whether EBV is a cause of the gastritis in these cases 
is uncertain. EBV infection has been linked to gastritis cystica 
profunda (GCP; discussed later) and with gastric cancer.?”° Infec- 
tious mononucleosis due to acute EBV infection may lead to gas- 
tric lymphoid hyperplasia with atypical lymphocytes.*°! 


Measles 


Measles, caused by rubeola virus, has many GI manifestation, 
including, rarely, gastritis. The characteristic histologic pattern is 
of numerous multinucleated giant cells (Warthin-Finkeldey cells) 
within gastric epithelial and stromal cells, with background mild 
chronic inflammation. 2°? 


Bacterial 
Mycobacteria 


Gastric infection with Mycobacterium tuberculosis is rare?” 
Patients typically present with abdominal pain, nausea and vom- 
iting, GI bleeding from a tuberculous gastric ulcer, anemia, fever, 
and weight loss. Gastric TB may be associated with gastric outlet 
obstruction. Imaging studies reveal an enlarged stomach with a 


narrowed, deformed antrum and pre-pyloric ulcerations. Upper 
endoscopy demonstrates ulcers, masses, or gastric outlet obstruc- 
tion. Duodenal TB can also cause gastric outlet obstruction.?"*+ 
Grossly, the stomach may demonstrate multiple small mucosal 
erosions, ulcers, an infiltrating mass (hypertrophic form), scle- 
rosing inflammatory disease, or pyloric obstruction either by 
extension from peripyloric nodes or by invasion from other 
neighboring organs. Biopsies show caseating granulomas con- 
taining Langhan’s giant cells and rare tiny bacilli, visualized only 
with an acid-fast stain. Treatment is discussed in Chapter 84. 

Although infection with the Mycobacterium avium complex (M. 
avium, M. intracellulare, M. chimaera) is a common opportunistic 
infection among patients with AIDS (see Chapter 35), the stom- 
ach is rarely involved. Microscopically, the gastric mucosa dem- 
onstrates numerous foamy histiocytes containing many acid-fast 
bacilli. Treatment is with a macrolide (clarithromycin or azithro- 
mycin) plus rifampicin and ethambutol. 


Actinomycosis 


Primary gastric actinomycosis is a rare, chronic, progressive, sup- 
purative disease characterized by formation of multiple abscesses, 
draining sinuses, and abundant granulation and dense fibrous tis- 
sue.’”> The presenting symptoms of gastric actinomycosis include 
fever, epigastric pain, epigastric swelling, abdominal wall abscess 
with fistula, and UGI bleeding. Radiographic studies frequently 
suggest a malignant tumor or a peptic (gastric) ulcer. Endoscopy 
is suggestive of a circumscribed and ulcerated gastric carcinoma, 
and the diagnosis can be made with endoscopic biopsy. 

Grossly, the resected stomach demonstrates a large, ill- 
defined, ulcerated mass in the wall of the stomach. Microscopi- 
cally, multiple abscesses show the infective agent, Actinomyces 
israeli, a gram-positive filamentous anaerobic bacterium that 
normally resides in the mouth. A biopsy of a mass containing pus, 
or a biopsy of a draining sinus, may reveal actinomycosis. If the 
disease is recognized only by histologic examination, the prog- 
nosis is good. Prolonged (6- to 12-month) high-dose antibiotic 
treatment with penicillin or amoxicillin/clavulanic acid is recom- 
mended. 


Syphilis 


The incidence of primary and secondary syphilis is increasing 
in the USA, with over 27,000 cases reported in 2016, a 17.6% 
increase compared with 2015.2° Case reports and small case 


Fig. 52.8 Gastric syphilis (syphilitic 
gastritis). Film from an upper GI 
series (A) showing a stricture in the 
mid-stomach (hourglass stomach), 
with antral deformity. Endoscopic 
appearance before (B) and 4 weeks 
after (C) penicillin therapy in another 
patient with gastric syphilis. (Cour- 
tesy Mark Feldman, MD, Dallas, TX.) 


series emphasize the importance of the gastroenterologist and 
pathologist remaining alert to the protean manifestations of 
syphilis and being familiar with the histopathologic pattern of the 
disease.?°7?% Gastric involvement in secondary or tertiary syphi- 
lis is rarely recognized clinically, and its diagnosis by examination 
of endoscopic biopsy specimens has been reported infrequently. 
The features of syphilis in the stomach should be recognized 
because they can provide a window of opportunity for effective 
antibiotic therapy before the disease progresses and causes per- 
manent disability. Syphilitic gastritis can occur in conjunction 
with hepatitis and proctitis.*°’ Gastric syphilis can occur in the 
setting of HIV infection. 

Patients typically present with symptoms of PUD, often with 
UGI bleeding. Diseases that may mimic gastric syphilis include 
PUD and gastric adenocarcinoma, lymphoma, TB, and Crohn 
disease. The acute gastritis of early secondary syphilis produces 
the earliest radiologically detectable signs of the disease, with dif- 
fusely thickened folds that may become nodular, with or without 
ulcers. Strictures in the mid-stomach (“hourglass” stomach) may 
be present (Fig. 52.84). Endoscopy shows numerous shallow, 
irregular ulcers with overlying white exudate and surrounding 
erythema (see Fig. 52.88). The surrounding mucosa may also 
demonstrate a nodular appearance. Gastroscopy may also dem- 
onstrate prominent, edematous gastric folds. 

Grossly, the stomach may be thickened and contracted and 
may show multiple serpiginous ulcers. Partial gastrectomy 
specimens may show compact, thick, mucosal folds and numer- 
ous small mucosal ulcers. Microscopically, biopsies show severe 
gastritis with dense plasma cell infiltrate in the lamina propria, 
varying numbers of neutrophils and lymphocytes, gland destruc- 
tion, vasculitis, and granulomas. Warthin-Starry silver stain or 
modified Steiner silver impregnation stain reveals numerous 
spirochetes. Serum Venereal Disease Research Laboratory and 
Treponema immunofluorescence studies may be positive, and 
PCR may detect the Treponema pallidum gene. Treatment with 
penicillin is highly effective (see Fig. 52.8C). 
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Other Bacteria 


Helicobacter heilmannii are spiral bacteria and an infrequent cause 
of chronic active gastritis; this infection may be a risk factor for 
gastric MALToma.? These organisms, originally known as 
Gastrospirillum hominis, are longer than Hp and have multiple 
spirals. One of these H. heilmannii species, Helicobacter bizzoz- 
eronii, has been isolated from human gastric mucosa.?!? Another 
organism that, like Hp, can stain with the Giemsa reagent is 
Campylobacter hyointestinalis’'! The clinical significance of these 
non-Hp curved bacilli remains to be established. 


Fungal 
Candidiasis 


Fungal colonization of gastric ulcers with Candida species is not 
uncommon.’!” There is debate whether such colonization has any 
clinical significance or whether the organisms in fact aggravate 
and perpetuate gastric ulceration. Endoscopically, gastric ulcers 
associated with Candida albicans colonization tend to be larger in 
diameter and are more often suspected to be malignant than typi- 
cal gastric ulcers. Diffuse superficial erosions may also be noted. 
Radiologic studies show tiny aphthoid erosions, which represent 
the earliest detectable radiographic change in gastric candidiasis. 
Aphthoid ulcers progress to deep linear ulcers. 

Fungal colonization of the GI tract, frequent in patients with 
underlying malignancy and in immunocompromised patients 
who have been treated with antibiotics or glucocorticoids, may 
occur also in immunocompetent patients. Massive growth of 
yeast organisms in the gastric lumen (yeast bezoar) is a poten- 
tial complication of gastric surgical procedures, usually those for 
PUD. Candida infection of the stomach may also occur in alco- 
holic patients. 

Grossly, the gastric mucosa demonstrates tiny erosions, wide- 
spread punctate, linear ulcerations, or gastric ulcers. Microscopically, 
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the layer of necrotic fibrinoid debris demonstrates yeasts or pseudo- 
hyphae. The organisms can be seen in the H&E stain; however, 
special stains such as periodic acid-Schiff-diastase stain or Gomori 
methenamine silver stain may be required. Treatment of the Can- 
dida species per se is usually not necessary, but if symptomatic 
candidiasis is suspected, fluconazole is reasonable but of unproved 
efficacy. 


Histoplasmosis 


Progressive disseminated histoplasmosis is rare, occurring most 
frequently in the very young, the older adult, or in those with 
immunodeficiency. Disseminated histoplasmosis can involve any 
portion of the GI tract, although gastric involvement is uncom- 
mon.?!? Hypertrophic gastric folds, a mass that mimics a gastric 
adenocarcinoma, or gastric ulceration may be associated with 
gastric histoplasmosis. Radiographic studies may demonstrate 
an annular infiltrating lesion of the stomach. Endoscopy may 
demonstrate enlarged and reddened gastric folds. Biopsy speci- 
mens show noncaseating granulomas within a mixed chronic 
inflammatory infiltrate. Gomori Methenamine Silver stains will 
highlight numerous small (2 to 5 pm) round-to-oval yeast forms 
with occasional budding, compatible with Histoplasma capsulatum. 
Treatment with IV liposomal amphotericin B followed by itra- 
conazole for >12 months is appropriate.!+ 


Mucormycosis 


Gastric mucormycosis (also called zygomycosis or phycomtycosis) is 
a rare and highly lethal fungal infection.*!> Risk factors include 
malnutrition, immunosuppression, antibiotic therapy, and severe 
metabolic acidosis, usually diabetic ketoacidosis. Most patients 
present with UGI bleeding or gastric ulcers.7!° Gastric mucor- 
mycosis can be classified as invasive or noninvasive (colonization). 
Deep invasion of the stomach and blood vessel walls by the fun- 
gus characterizes the former (see Acute Gastritis section earlier). 
Abdominal pain is the most frequent presenting complaint. In 
the noninvasive type, the fungus colonizes the superficial mucosa 
without causing an inflammatory response. 

Grossly, surgical specimens from affected patients reveal hem- 
orrhagic necrosis involving the mucosa and gastric wall. Micro- 
scopically, nonseptate 10- to 20-um hyphae branched at right 
angles are present in the tissue and they infiltrate into blood ves- 
sel walls. Treatment is resection of the affected necrotic portion 
of the stomach. Invasive gastric mucormycosis is almost always 
fatal. 


Aspergillosis 


Acute Aspergillus gastritis is rare and can be highly invasive.?!” 


Cryptococcosis 


The stomach and duodenum may be involved in immunocom- 
promised hosts, including patients with AIDS in conjunction 
with cryptococcal meningitis.’!* 


Monascus Ruber 


This form of fungal gastritis acquired by eating dried, salted fish, 
and can result in invasive fungal infection.*!? 


Parasitic (see also Chapters 113 and 114) 
Cryptosporidiosis 


Cryptosporidiosis may rarely involve the stomach.?”° 


Giardiasis 
Giardia lamblia can rarely infect the stomach.”*! An association of 


infection with trophozoites with chronic atrophic gastritis and its 
associated hypochlorhydria has been suggested. 


Strongyloidiasis 


The stomach is rarely affected by Strongyloides stercoralis??? The 
organism may colonize the intact gastric mucosa and may also be 
associated with a bleeding peptic ulcer. Most patients are immu- 
nocompromised. Peripheral blood eosinophilia may be present. 
Diagnosis can be confirmed by endoscopic biopsy, examination 
of stools, or examination of a duodenal aspirate. Disseminated 
strongyloidiasis (hyperinfection) can be rapidly fatal. Treatment 
consists of ivermectin and reducing immunosuppression, if fea- 
sible (see Chapter 114). 


Anisakidosis 


Invasive anisakidosis (formerly, anisakiasis) may occur after the 
ingestion of raw marine fish containing nematode larvae of the 
genus Anisakis. Most cases of anisakidosis have been diagnosed 
in Japan. The parasite may migrate into the wall of the stomach, 
small intestine, or colon.?™ Typically, patients present with spo- 
radic epigastric pain or have no symptoms at all. Gastric perfora- 
tion due to chronic gastric anisakidosis may occur. Some patients 
exhibit a mild peripheral blood eosinophilia. Endoscopy may 
show firm, yellowish submucosal masses with erosions. Imaging 
studies may reveal notched-shadow defects suggestive of a gastric 
tumor. 

Grossly, the stomach demonstrates multiple erosive foci with 
hemorrhage and small 5- to 10-mm gastric lesions in the stom- 
ach wall. Microscopically, sections of the stomach show a marked 
eosinophilic granulomatous inflammatory process with intramu- 
ral abscess formation and granulation tissue. The eosinophilic 
abscess may contain a small worm measuring 0.3 mm in diameter, 
which is the larval form. If the larvae are not detectable by endos- 
copy, the diagnosis may be confirmed serologically. Treatment is 
endoscopic removal of the nematode, followed by albendazole. 
Successful relief of acute dyspeptic symptoms, which can be quite 
severe, has been reported with an over-the-counter medicine 
containing wood cresolate.??4 


Ascariasis 


Although gastric ascariasis is rare, chronic, intermittent gastric 
outlet obstruction caused by Ascaris lumbricoides may occur.’?? 
Gastric ascariasis has also been associated with UGI hemorrhage, 
with endoscopic examination showing several Ascaris worms in 
the stomach and duodenum. Treatment is endoscopic removal, 
followed by mebendazole or albendazole (see Chapter 114). 


Necatoriasis 


Endoscopic discovery, capture, and removal from the stomach of 
the hookworm Necator americanus has been reported.’”° 


Capillariasis 


Eosinophilic gastritis from capillariasis has been reported, per- 
haps linked to ingestion of raw fish.??” 


GRANULOMATOUS GASTRITIDES 


A variety of granulomatous diseases can affect the stom- 
ach.?28,229 In children, the most common of them is Crohn 
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Fig. 52.9 Histopathology of granulomatous gastritis in a patient with 
Crohn disease. A noncaseating granuloma is present within the lamina 
propria (H&E, x200). 


disease (Fig. 52.9), discussed later and in Chapters 115 and 
116. In adults, sarcoidosis (see Chapter 37) and Crohn are the 
most common diseases. Infections with spirochetes (e.g., T. 
pallidum), mycobacteria (e.g., M. tuberculosis), fungi, parasites, 
and the bacterium T. whipplei (see Chapter 109) can also cause 
granulomatous gastritis, as can xanthogranulomatous gastritis 
(XGG; discussed later), foreign bodies, lymphoma, Langerhans 
cell histiocytosis (gastric eosinophilic granuloma), eosinophilic 
granulomatosis with polyangiitis (formerly Churg-Strauss syn- 
drome), chronic granulomatous disease of childhood, and, very 
rarely, granulomatosis with polyangiitis (see Chapter 37). 

An isolated idiopathic granulomatous gastritis also occurs. 
Some of these “idiopathic” cases may eventually evolve into 
Crohn disease or sarcoidosis. Other cases of “idiopathic” gran- 
ulomatous gastritis appear to be due to Hp infection and may 
resolve slowly following appropriate antibiotic therapy, some- 
times leaving a mucosal discoloration.”>” 


Sarcoid 


Sarcoidosis is a systemic granulomatous disease, sometimes 
involving the GI tract, liver, and spleen (see Chapter 37). The 
gastric antrum is the most common portion of the GI tract 
affected in sarcoidosis, being involved in approximately 10% of 
cases.’>! A diagnosis of sarcoid gastritis cannot be made with con- 
fidence in the absence of granulomatous disease in other organs. 

Affected patients, usually in the third to fifth decades of life, 
typically present with epigastric pain, nausea, vomiting, and 
weight loss. Occasionally they present with massive GI hemor- 
rhage. Gastric sarcoidosis may result in pyloric outlet obstruc- 
tion, achlorhydria, and pernicious anemia. Radiographically, 
gastric sarcoidosis may mimic the diffuse form of gastric adeno- 
carcinoma (“linitis plastica”) or Ménétrier’s disease. 

Endoscopy may reveal a narrow distal stomach with multiple 
prepyloric ulcers or erosions, atrophy, thick gastric folds with 
a diffuse cobblestone appearance, or normal mucosa associated 
with microscopic granulomas. Surgical specimens from patients 
with gastric sarcoidosis show a thickened stomach wall with foci 
of erosions and ulcers. Microscopically, mucosal biopsies typi- 
cally show multiple noncaseating granulomas, although granulo- 
mas may be necrotizing.’** As the presence of granulomas in GI 
tissue is a nonspecific finding, special stains should be performed 
to rule out granulomatous infections, particularly TB. In some 
cases, it may be difficult to differentiate gastric sarcoidosis from 
gastric Crohn disease or from isolated idiopathic granulomatous 
gastritis. 
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Glucocorticoid therapy is the cornerstone of treatment for 
gastric sarcoidosis (see Chapter 37). Subtotal gastric resection is 
reserved for patients with obstruction and severe hemorrhage. 


Xanthogranulomatous Gastritis 


XGG is a rare form of gastritis, with less than 15 reported cases 
worldwide. XGG is characterized by marked proliferation of 
foamy histiocytes mixed with acute and chronic inflammatory 
cells, multinucleated giant cells, and fibrosis. The destructive 
inflammatory and fibrotic process may extend into adjacent 
organs and simulate, or coexist with, a gastric neoplasm.?33-233 
An association of XGG with gastric actinomycosis has been 
reported.?6 


DISTINCTIVE GASTRITIDES 
Collagenous 


Collagenous gastritis is rare, and can be associated with collag- 
enous duodenitis, collagenous colitis, lymphocytic colitis, celiac 
disease, and/or autoimmune disorders.?>’2+3 It has also been 
reported in children and adolescents, where it usually is an iso- 
lated phenomenon. In one series, 2 clinical patterns were identi- 
fied. In the children and young adults, the presenting symptoms, 
anemia and epigastric pain, were attributed to the gastritis per 
se. In the older adults (ages 35 to 77), the presenting symptom 
was often diarrhea due to coexisting celiac disease or collagenous 
colitis.2¥ 

UGI barium radiography may demonstrate an abnormal 
mucosal surface with a mosaic-like pattern in the body of the 
stomach, corresponding to mucosal nodularity. Endoscopy may 
reveal multiple diffusely scattered, discrete submucosal hemor- 
rhages, gastric erosions, and coarse folds of the body of the stom- 
ach along the greater curvature. Biopsy specimens from the body 
and antrum of the stomach reveal a patchy, chronic, superficial 
gastritis, focal atrophy, and irregular deposition of collagen 20 
to 75 wm thick in the subepithelial region of the lamina propria 
often containing entrapped capillaries (Fig. 52.10). Tiny erosions 
of the surface epithelium are often present, and the inflammatory 
infiltrate consists of mainly plasma cells, intraepithelial lympho- 
cytes, and eosinophils, together with marked hypertrophy of the 
muscularis mucosa. Little is known about the etiology, natural 
history, and proper treatment of this condition. 


Lymphocytic 


Lymphocytic gastritis*** is characterized by a dense lymphocytic 
infiltration of surface and pit gastric epithelium (Fig. 52.114). 
Lymphocytic gastritis is related to an endoscopic form of gastritis 
known as varioliform gastritis, characterized by nodules, thickened 
folds, and erosions.**> Lymphocytic gastritis in adults is typically 
seen in patients with Hp infection. Hp eradication treatment 
in such patients causes significant improvement in the gastric 
intraepithelial lymphocytic infiltrate, corpus inflammation, and 
dyspeptic symptoms. The relationship between lymphocytic gas- 
tritis and gastric lymphoid hyperplasia, which also is associated 
with Hp infection, is not clear. Patients with gastric MALToma 
have a significantly increased prevalence of lymphocytic gastritis 
due to Hp infection. Thus, lymphocytic gastritis may be a pre- 
cursor of gastric MALToma in patients with Hp infection (see 
Chapters 32 and 54). 

There is compelling evidence that lymphocytic gastritis may 
occur as a manifestation of celiac disease, and also be a marker 
of a more severe and earlier-onset form of celiac disease (see 
Chapter 107).’#>#° Following institution of a gluten-free diet, 
the lymphocytic gastritis slowly resolves in these patients. Other 
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etiologic associations of lymphocytic gastritis include celiac dis- 
ease, HIV infection, Crohn disease, common variable immuno- 
deficiency, and medication.7*7 

Endoscopy in lymphocytic gastritis shows thick mucosal folds, 
nodularity, and aphthous erosion (varioliform gastritis).7+.77* 
Gastric biopsies show expansion of the lamina propria by an 
infiltrate of plasma cells and lymphocytes, with rare neutrophils. 
These findings may be seen in the antral mucosa only, the body 


Masson trichrome, x400.) The subepithelial thickening of the collagen 
band is apparent. (From Wang HL, Shah AG, Yerian LM, et al. Collag- 
enous gastritis: an unusual association with profound weight loss. Arch 
Pathol Lab Med 2004;128:229-32.) 


mucosa only, or both. The surface and superficial pit epithelium 
shows a marked intraepithelial infiltrate with CD3+ T lympho- 
cytes, with flattening of the epithelium and loss of apical mucin 
secretion. 

Lymphomatoid gastropathy’*?>° is due to CD56* natural killer 
lymphocytic infiltration of the stomach, simulating a gastric lym- 
phoma. Most cases have been reported in Japan, where endo- 
scopic screening of healthy individuals for cancer is common. In 
a series with 10 adults (ages 46 to 75), the lesions appeared as 
approximately 1-cm elevated nodules. Gastric symptoms were 
absent. Most lymphomatoid lesions resolved without therapy, 
although the lesions sometimes recurred. Deaths have not been 
reported. 

Chronic active gastritis can also occur in X-linked lymphop- 
roliferative disease.>! 


Eosinophilic 


Eosinophilic gastritis is a frequent component of eosinophilic 
gastroenteritis,”>”~>+ a rare condition of unknown etiology char- 
acterized by eosinophilic infiltration of the GI tract, peripheral 
blood eosinophilia, and GI symptomatology in the absence of 
known causes for eosinophilia (e.g., parasitic infection, cow’s 
milk protein allergy) or another inflammatory GI disorder (e.g., 
IBD). Eosinophilic gastroenteritis is discussed in more detail in 
Chapter 30. 

Eosinophilic gastritis, like eosinophilic gastroenteritis, is 
classified according to the layer(s) of the stomach involved (i.e., 
mucosal disease, muscle disease, and subserosal disease). Gas- 
tric mucosal involvement may result in abdominal pain, nausea, 
vomiting, weight loss, anemia, and protein-losing gastropathy. 
Involvement of the muscular layer generally produces gastric 
outlet obstructive symptoms.?>> Rare patients with subserosal 
eosinophilic disease may develop eosinophilic ascites. 

Radiographic studies of the stomach may demonstrate thick- 
ened mucosal folds, nodularity, or ulcerations. Gastroscopy may 
reveal a normal-appearing mucosa or a hyperemic, edematous 
mucosa with surface erosions or prominent gastric folds. Eosino- 
philic gastritis may simulate gastric cancer. Gastric mucosal biop- 
sies are critical to the diagnosis and show marked eosinophilic 
infiltration, eosinophilic pit abscesses, necrosis with numerous 
neutrophils, and epithelial regeneration (see Fig. 52.118). Abnor- 
mal eosinophilic infiltration, defined as at least 20 eosinophils per 
high-power field, can be either diffuse or multifocal. A diagno- 
sis of eosinophilic gastritis has been proposed for cases in which 
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Fig. 52.11 Histopathology of lymphocytic gastritis (A) and eosinophilic gastritis (B). A, High-power view of 
the antral mucosa shows numerous dark-staining mononuclear cells with striking intraepithelial lymphocytosis 
(H&E, x400). B, Numerous eosinophils are noted within the lamina propria and within the walls and lumens of 
the gastric glands. The patient also had peripheral blood eosinophilia (H&E, x400). (Courtesy Pamela Jensen, 
MD, Dallas, TX.) 


eosinophils infiltrate the surface, foveolar epithelium, the deeper 
mucosa or submucosa, or are associated with other features of 
mucosal damage (e.g., foveolar hyperplasia or architectural dis- 
tortion with significant chronic or active inflammation).’*? A full- 
thickness biopsy of the stomach is necessary to diagnose muscle 
disease. Paracentesis can be performed to diagnose serosal dis- 
ease. 

As discussed in Chapter 30, patients with disabling GI symp- 
toms can be effectively treated with glucocorticoids after other 
systemic disorders associated with peripheral eosinophilia have 
been excluded (e.g., eosinophilic granulomatosis with polyangi- 
itishypereosinophilic syndrome, parasitic infection). Endoscopic 
therapy (e.g., balloon dilation) or surgical intervention may be 
required in patients with gastric outlet obstruction. 


GASTRITIS IN INFLAMMATORY BOWEL DISEASE 


Gastritis is increasingly recognized in adults and, especially, 
pediatric patients with Crohn disease and UC.?55-257 The 2 most 
common histologic abnormalities in IBD-associated gastritis are 
chronic inactive and chronic active gastritis. Focally enhanced 
gastritis and Hp gastritis are less common in these patients. 
Focally enhanced gastritis is characterized by tiny collections 
of lymphocytes and macrophages (histiocytes) surrounding gas- 
tric pits and glands, often with infiltrates of neutrophils as well 
(Fig. 52.12). Focally enhanced gastritis can sometimes be seen in 
Crohn, but not commonly in UC. 


Crohn Disease 


Crohn disease involving the stomach is uncommon,’** and usu- 
ally occurs together with intestinal disease (see Chapters 115 and 
116). Although rare cases may be isolated to the stomach or to 
the stomach and duodenum, a diagnosis of isolated Crohn disease 
of the stomach should be made with caution.”°? Close follow-up 
of such patients is indicated for the subsequent development of 
either Crohn disease in the lower GI tract or of other granuloma- 
tous diseases, such as sarcoidosis. 

Symptoms of gastric Crohn are nonspecific and include nausea 
and vomiting, epigastric pain, anorexia, and weight loss. Radio- 
logic contrast studies of the stomach show antral fold thicken- 
ing, antral narrowing, shallow ulcers (aphthae), or deeper ulcers. 
Involvement of the stomach from adjacent small intestinal or 
colonic disease segments is best visualized by radiologic examina- 
tion. Endoscopy allows better visualization of mucosal defects and 
is characterized by reddened mucosa, irregularly shaped ulcers, 
and erosions in a disrupted mucosal pattern. Nodular lesions 
occur and often have erosions on the top of nodules. An atypi- 
cal cobblestone pattern may be associated with the nodules sur- 
rounded by fissure-like ulceration. The swollen folds, traversed 
by linear furrows or erosive fissures, have been referred to as 
“bamboo-joint like.””° Gastric ulcerations or erosions associated 


Fig. 52.12 Histopathology of 
focally enhanced gastritis. A, Low- 
power view of gastric mucosa 
showing ill-defined nodules of 
inflammatory cells (H&E, x100). 
B, Higher-power view shows a 
mixed infiltrate of lymphocytes, 
eosinophils, and neutrophils fo- 
cally impinging on the glandular 
epithelium (H&E, x400). (Courtesy 
Jonathan Baker, MD, and Pamela 
Jensen, MD, Dallas, TX.) 
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with Crohn disease are most commonly located in the antrum 
and the prepyloric region. In contrast to PUD, where the ulcers 
tend to be round or oval, the ulcerations and erosions of Crohn 
disease are frequently serpiginous or longitudinal. 

The microscopic features of mucosal biopsy or surgical speci- 
mens of gastric Crohn disease can be, but are not always, like 
those in the ileum or colon (see Chapters 115 and 116). They 
include granulomatous inflammation (see earlier section on gran- 
ulomatous gastritis), transmural chronic inflammation, serpigi- 
nous or longitudinal ulcers, and marked submucosal fibrosis (see 
Fig. 52.9). Granulomas may be present in endoscopically normal 
antral mucosa. As mentioned earlier, focally enhanced gastritis is 
also common (see Fig. 52.12). 

Therapy of gastritis in Crohn disease should be driven by 
symptoms and not solely by demonstration of gastritis on mucosal 
biopsy. Double-blinded randomized controlled clinical trials of 
pharmacologic agents are lacking in gastric and duodenal Crohn 
disease. PPI therapy should be the first approach for symptomatic 
patients. The effectiveness of glucocorticoids, amino salicylates, 
immunosuppressive medications such as azathioprine, and bio- 
logic agents such as anti- TNF-a drugs has not yet been demon- 
strated in controlled clinical trials, but there are reports of success 
with infliximab.” Gastric outlet obstruction refractory to medi- 
cal and endoscopic therapy can be treated by gastroenterostomy, 
ideally performed laparoscopically. Treatment of Crohn disease 
is discussed in more detail in Chapters 115 and 116. 


UC 


The prevalence of gastritis is lower in UC than in Crohn disease, 
particularly the prevalence of focally enhanced gastritis, but it 
is greater than in controls without IBD.?°*?56 In approximately 
5% of cases of UC, the endoscopic appearance of the stomach is 
abnormal and similar to the appearance of the rectum and colon 
(see Chapters 115 and 116). Such UC patients with “ulcerative 
gastritis” are characterized by (1) gastric histopathology similar 
to colonic histopathology, (2) little or no response to acid-reduc- 
ing medications (H2RAs or PPIs), and (3) response of the ulcer- 
ative gastritis to standard treatment of UC. All UC patients with 
ulcerative gastritis either had pancolitis or had had a proctocolec- 
tomy; many of the latter also had pouchitis.?61262276 It has been 
speculated that anti-inflammatory drugs such as glucocorticoids, 
commonly used in UC, may treat and thus mask the ulcerative 
gastritis in some patients. 


GASTRITIS CYSTICA PROFUNDA 


GCP is a rare pseudotumor of the stomach characterized by cys- 
tically dilated gastric glands extending through the muscularis 
mucosa into the submucosa.” This lesion can occur as a com- 
plication of partial gastrectomy with gastrojejunostomy for PUD, 
typically occurring at the site of the gastroenterostomy. GCP may 
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Fig. 52.13 Histopathology of gastritis cystica profunda. Note the cystic 
dilatation of numerous gastric glands that extend through the muscula- 
ris mucosae (arrow), simulating a gastric carcinoma (H&E stain). 


also develop in an unoperated stomach and be associated with 
Ménétrier’s disease’? and with gastric cancer.?64-267 Inverted 
hyperplastic gastric polyp may be a variant of GCP. GCP may 
also be iatrogenic after attempted gastric polypectomy.*°° 

Targeted deletion of the p subunit of the apical K* efflux chan- 
nel of the parietal cell leads to a GCP-like lesion in mice with 
invasive gastric cancer.? 

It is generally believed that injury and inflammation within 
the mucosa leads to breaks in the muscularis mucosa and migra- 
tion of epithelium into the submucosa.’”? If present, gastric 
symptoms in GCP are nonspecific. Gastric imaging and endos- 
copy typically demonstrate multiple exophytic gastric masses 
that simulate a malignancy. EUS may assist in the diagnosis 
by demonstrating the cystic nature of the lesions. A diagnosis 
of GCP should lead to a thorough examination for a gastric 
cancer. Whether GCP patients without gastric cancer require 
endoscopic surveillance for subsequent cancer development is 
not clear. 

GCP can be removed by snare polypectomy after submucosal 
injection to elevate the lesion(s). Endoscopic submucosal dissec- 
tion of GCP has also been reported, with removal of coexistent 
early gastric cancer.** In some cases, surgical resection will be 
required. 

Grossly, the gastric mucosal surface demonstrates multiple 
nodules and exophytic masses. On section, the gastric wall is 
thick and multiple cysts are present. Microscopically, the mucosa 
shows foveolar hyperplasia with cystic glands extending through 
a disrupted muscularis mucosa into the submucosa and, rarely, 
into the muscularis propria (Fig. 52.13). There is associated 
chronic inflammation, and splayed muscle bundles lie between 
the dilated glands. 


ALLERGIC GASTRITIS (SEE ALSO CHAPTER 10) 


Infants allergic to cow’s milk protein may manifest hematemesis 
and melena with a wide spectrum of gastritis and gastropathy at 
gastroscopy.~’! Gastric mucosal biopsy in such infants may show 
a neutrophilic and eosinophilic gastritis with mucosal hemor- 
rhage. In contrast, children diagnosed with food allergies by an 
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Fig. 52.14 Histopathology of foveolar hyperplasia, typically seen in 
reactive gastropathies. The gastric pits show an elongated, corkscrew 
appearance (H&E stain). 


open elimination challenge tests have no higher incidence of gas- 
tritis than children without food allergy.’” 


REACTIVE GASTROPATHIES 


The epithelial cells of the gastric mucosa may be damaged by a 
variety of mechanisms that do not produce a significant inflam- 
matory infiltrate. This injury leads to rapid epithelial restitution 
(resurfacing) and to cell regeneration with foveolar hyperplasia. 
Because of the paucity of inflammatory cells, the mentioned 
lesions are better referred to as reactive gastropathy, although 
the older term “acute erosive gastritis” is still sometimes used. 
Reactive gastropathy occurs in approximately 15% of endoscopic 
biopsies of the gastric mucosa. Its incidence increases with age 
and, ironically, with inflammatory conditions elsewhere in the GI 
tract.27 

The endoscopic appearance of the gastric mucosa of patients 
who exhibit reactive gastropathy demonstrates a spectrum of red- 
dish streaks,’’+ subepithelial hemorrhages, mucosal erosions, and 
even acute ulcers. Acute erosions and ulcers are frequently mul- 
tiple, and the base of these lesions often stains dark brown owing 
to exposure of hemoglobin to gastric acid. 

Grossly, most gastric erosions and acute gastric ulcers appear 
as well-defined hemorrhagic lesions 1 to 2 mm in diameter. If the 
insult is severe, the mucosa between the lesions can be intensely 
hemorrhagic. Microscopically, an erosion demonstrates superfi- 
cial lamina propria necrosis. An acute ulcer is an area of necro- 
sis that extends to the muscularis mucosa. Foveolar hyperplasia, 
a sign of epithelial regeneration (Fig. 52.14), is often associated 
with glands that have atypical nuclei that can be misdiagnosed 
as dysplasia or even carcinoma. The diagnosis of neoplasia in a 
background of mucosal necrosis, cellular debris, and granulation 
tissue should be made with utmost caution. The biopsy procedure 
itself may induce tissue hemorrhage; thus, subepithelial hemor- 
rhage should involve more than one fourth of a biopsy specimen 
to be considered significant. In some patients with reactive gas- 
tropathy, the stomach may “light up” during PET scanning.’”> 

The most common causes of reactive gastropathy (acute ero- 
sive gastritis) are discussed later. 


TABLE 52.4 Some Medications, Toxins, and Illicit Drugs That May 
Cause Reactive Gastropathy 


Medications Toxins and Illicit Drugs 
Aspirin, other NSAIDs, and COX-2 Caustic/corrosive agents (see 
inhibitors Chapter 28) 
Bisphosphonates (e.g., alendronate) Cocaine 
Bromazepam (a schedule IV Ethyl alcohol 
benzodiazepine) Heavy metals (e.g., mercury 
Cancer chemotherapy drugs sulfate) 
Fluorides Ketamine (inhaled for 


Iron supplements 
Sodium phosphate (bowel preps) 


recreational use) 
Selenium 
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Fig. 52.15 Histopathology of alcoholic gastropathy. Hemorrhage is 
confined to the superficial portion of the mucosa, with a paucity of 
inflammatory cells (H&E stain). 
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Medications, Toxins, and Illicit Drugs 


Ingestion of aspirin and/or nonaspirin NSAIDs, including 
COX-2-selective inhibitors, are very common causes of reactive 
gastropathy.’”° The relationship between NSAID gastropathy and 
PUD is discussed in Chapter 53. Other medications that can injure 
the stomach are listed in Table 52.4.?77-284 Lanthanum carbonate 
(Fosrenal) is a phosphate binder used in patients with end-stage 
renal disease; the lanthanum phosphate produced can deposit in 
the gastric mucosa, causing whitish spots and tissue histiocytosis.7°+ 

Numerous toxins and illicit drugs can damage the stomach, 
with ethanol being the most common toxin. After acute etha- 
nol ingestion, subepithelial hemorrhages are seen frequently at 
endoscopy, typically without prominent mucosal inflammation 
on biopsy specimens (Fig. 52.15). The combined effect of alcohol 
and aspirin (or an NSAID) is associated with more gastric muco- 
sal damage than that caused by either agent alone. Hemorrhage, 
gastric ulceration, and pyloric or prepyloric perforation due to 
crack cocaine use is well described.** Some other causes of toxin- 
induced reactive gastropathy are listed in Table 52.4. 


Bile Reflux 


Reflux of bile into the stomach is common after operations for 
PUD (see Chapter 53), gastric cancer, and obesity.?86-288 Bile 
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reflux gastropathy also may occur after cholecystectomy7*? or bil- 
iary sphincterotomy, procedures that allow continuous exposure 
of the duodenum to bile with the potential for duodenogastric 
bile reflux. 

Bile reflux gastropathy can also be observed in adult or pedi- 
atric patients who have not had surgery.’”>”? For example, adult 
patients with dyspeptic symptoms, reddish streaks seen at gas- 
troscopy, and reactive gastropathy histologically often have bile 
in their stomachs.?’> Children with proved bile reflux are charac- 
terized mainly as having foveolar hyperplasia.’”° Bile reflux gas- 
tropathy may eventually result in IM.*°? 

Diagnosis of bile reflux gastropathy can be challenging 
because many patients with bile in their stomach have no symp- 
toms. Thus, a combination of clinical, endoscopic, and histologic 
findings is required. There are no universally agreed upon crite- 
ria for diagnosis. A bile reflux index has been proposed based on 
histology (the presence of IM and tissue edema and the absence 
of Hp and chronic inflammation). Using this index, patients with 
GERD were found to have a higher prevalence of bile reflux gas- 
tropathy than controls.’?! A more direct approach has been to use 
a gastric probe to assess the bilirubin concentration in the stom- 
ach (Bilitec 2000),?”? but this is a test for duodenogastric reflux 
rather than gastropathy. 

Endoscopy in patients with bile reflux gastropathy shows 
swelling, redness, erosions, and bile staining of the gastric 
mucosa. It is uncertain whether, in patients with prior gastrec- 
tomy, coexisting Hp gastritis worsens or lessens the endoscopic 
abnormalities.’”>?" Biopsy specimens show foveolar hyperplasia, 
dilated cystic glands, atypical glands that may be misdiagnosed 
as dysplasia or carcinoma, and a paucity of acute and chronic 
inflammatory cells. IM?*? and even gastric atrophy can result and 
may increase the risk of gastric carcinoma in the stomach rem- 
nant (see Chapter 54). Unfortunately, bile-diverting procedures 
performed because of severe bile gastropathy do not reverse IM 
or gastric atrophy. It may, therefore, be worthwhile, at the time 
of the original gastric surgery performed for gastric cancer or 
peptic ulcer, to construct a 30-cm Roux-en-Y limb or perform 
a 10- to 12-cm isoperistaltic jejunal interposition to try to pre- 
vent bile gastropathy and subsequent metaplastic and atrophic 
changes. 

Treatment of bile reflux gastropathy in the intact or operated 
stomach is also challenging and not based on a large number of 
controlled clinical trials.” In one randomized trial of bile 
reflux gastropathy following cholecystectomy, both the PPI rabe- 
prazole (20 mg daily), the antacid hydrotalcite (1 g 3 times daily), 
and especially their combination improved symptoms and gastric 
histopathologic abnormalities, as well as lessened bile reflux as 
assessed by Bilitec 2000 monitoring.’”’ Sucralfate has also been 
used successfully in some studies, but not others.?”°°* In most 
clinical trials, placebo was not given; instead, medications were 
compared to observation alone. Other medical therapies for bile 
reflux gastropathy include ursodiol and cholestyramine.?”>??” A 
recent nonrandomized study found that ursodiol appeared to be 
superior to a PPI.2°8 

In patients who fail medical therapy, surgery is recommended 
if symptoms are severe. For patients with bile reflux gastropathy 
or esophagitis following a truncal vagotomy and gastrojejunos- 
tomy, it has been recommended that the gastrojejunostomy be 
dismantled. For patients with prior Billroth II gastrectomy and 
gastrojejunostomy, a Roux-en-Y diversion can be performed. 
Long-term results of Roux-en-Y biliary diversion in previously 
unoperated and in unoperated patients are good.3°30! 


Stress 


Erosions and acute ulcers of the gastric mucosa may occur rap- 
idly after major physical or thermal trauma, shock, sepsis, or head 
injury. These are often referred to as stress ulcers and are discussed 
in Chapter 53. 
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Radiation 


Injury to the stomach from external ionizing radiation can be 
classified as acute (<6 months) or chronic (>1 year) (see Chapter 
41)3073 Tt is thought that the tolerance level for radiation- 
induced gastropathy is approximately 4500 cGy. With a gastric 
dose of 25500 cGy, most patients will develop clinical evidence 
of gastropathy and/or gastric ulcer formation. Selective internal 
radiation therapy with yttrium-90 microspheres infused into the 
hepatic artery to treat hepatocellular carcinoma (see Chapter 96) 
can also lead to reactive gastropathy. Radiation-induced gastric 
ulcers are usually solitary, 0.5 to 2 cm in diameter, and located 
in the antrum. Massive hemorrhagic gastropathy requiring endo- 
scopic therapy to control the bleeding has been reported. 


Graft-Versus-Host Disease 


Graft-versus-host disease (GVHD) most often occurs after allo- 
geneic bone marrow transplantation and is less common after 
solid organ transplantation (see Chapter 36). Acute GVHD 
occurs between post-transplant days 21 and 100, whereas chronic 
GVHD occurs after day 100. The GI tract (especially the intes- 
tine) is commonly affected in acute GVHD. 

Gastric GVHD is characterized by nausea, vomiting, and upper 
abdominal pain without diarrhea. EGD in GVHD may show 
mucosal loss, erosions, or edema. Gastric mucosal biopsies may 
be necessary to diagnose GVHD in patients without diarrhea and 
in patients with or without diarrhea but with normal rectosigmoid 
biopsy specimens, especially if these patients have UGI symptoms. 
In general, however, rectosigmoid biopsies are more sensitive than 
gastric (or duodenal) biopsies in diagnosing acute GVHD. The 
basic pathologic lesion of gastric GVHD consists of necrosis of 
single cells (apoptotic bodies) in the neck region of the gastric 
mucosa. The necrosis consists of an intraepithelial vacuole filled 
with karyorrhectic debris and fragments of cytoplasm. A 2014 
NIH Conference recently updated the histopathologic diagnostic 
criteria for the major organ systems affected by acute and chronic 
GVHD. Within the stomach the diagnosis is confirmed with 
greater than or equal to one focus of apoptosis per biopsy piece. 
Longstanding GVHD is marked by gland destruction, ulceration, 
and/or submucosal fibrosis. Inflammation is typically minimal.>” 


Ischemia 


Histologic changes consistent with a reactive gastropathy may be 
demonstrated in patients with chronic mesenteric ischemia (see 
Chapter 38).3°6 Chronic ischemic reactive gastropathy as well as 
chronic ischemic gastric ulcers may occur secondary to chronic 
mesenteric insufficiency or in association with atheromatous 
embolization.°7308 Athletes involved in intense physical activity, 
especially long-distance running, may experience recurrent isch- 
emic gastropathy and chronic GI bleeding with anemia.*”” 


Prolapse 


The mucosa of the gastric cardia may prolapse into the esopha- 
geal lumen during retching and vomiting and become injured.*!° 
Barium studies and esophagoscopy may demonstrate the pro- 
lapsed gastric mucosa. The prolapsed, congested mucosa may 
show erosions and superficial ulcerations. One study showed a 
high incidence of pathologic gastroesophageal acid reflux in 
patients with prolapse gastropathy.*!! 


HYPERPLASTIC GASTROPATHIES, INCLUDING 
MENETRIER’S DISEASE 


Hyperplastic gastropathy is a rare condition characterized by 
giant gastric folds associated with epithelial hyperplasia.*!’ Two 


clinical syndromes have been identified: ZE syndrome, which 
is discussed in Chapter 34, and Ménétrier’s disease and an even 
rarer variant of it referred to as hyperplastic, hypersecretory gas- 
tropathy. Figure 52.16A and B demonstrate enlarged gastric folds 
in these 2 conditions. The enlarged gastric folds in Ménétrier’s 
disease are due to foveolar cell hyperplasia, edema, and variable 
degrees of inflammation. 

Ménétrier’s disease is typically but not always associated with 
protein-losing gastropathy (see Chapter 31) and with hypochlor- 
hydria, whereas its rare hyperplastic, hypersecretory variant is 
associated with increased or normal acid secretion and parietal 
and chief cell hyperplasia, with or without excessive gastric pro- 
tein loss. Ménétrier’s disease has been associated with infection 
with Hp, CMV, and HIV.3!3-3!> 

Other conditions more common than Ménétrier’s disease and 
ZE syndrome can also cause enlarged gastric folds,*!* including 
gastric malignancy (adenocarcinoma, lymphoma), granulomatous 
gastritides, gastric varices, and eosinophilic gastritis. Furthermore, 
pachydermoperiostosis (primary hypertrophic osteoarthropathy) 
has been reported to cause a type of hypertrophic gastropathy akin 
to Ménétrier’s disease,*!®?!’ as has primary Sjégren syndrome.?!* 

Patients with Ménétrier’s disease may present with weight 
loss, epigastric pain, vomiting, anorexia, dyspepsia, hematemesis, 
and positive fecal occult blood tests. Ménétrier’s disease may be 
self-limited and may completely resolve in patients younger than 
10 years of age or when it occurs in the postpartum period. CMV 
infections can cause Ménétrier’s disease of childhood.!°° 

The risk of gastric cancer appears to be increased in Ménétri- 
er’s disease (see Chapter 54).’!” A fibrosing variant of the disease 
can mimic linitis plastica gastric cancer.°?° 

‘The mucosa of patients with Ménétrier’s disease demonstrates 
irregular hypertrophic folds that involve the entire gastric corpus. 
‘The mucosa also demonstrates a swollen, spongy appearance subdi- 
vided by creases, creating a picture like cerebral convolutions. Méné- 
trier’s disease can be suspected when EUS shows thickening in the 
second layer of the gastric wall (deep mucosa, normally hypoechoic) 
and can be confirmed histologically by endoscopic mucosal resec- 
tion.*?!?? A polypoid variant of Ménétrier’s disease that resembles 
multiple hyperplastic gastric polyps has been described. 

Gastric resection specimens from patients with Ménétrier’s 
disease typically show large polypoid gastric folds or large cere- 
briform gastric folds with antral sparing (see Fig. 52.16C). In the 
absence of a gastrectomy, a full-thickness gastric mucosal biopsy 
is required to adequately assess the gastric histology in patients 
with hyperplastic gastropathy. The predominant microscopic 
feature of Ménétrier’s disease and hyperplastic, hypersecre- 
tory gastropathy is foveolar hyperplasia with cystic dilation (see 
Fig. 52.16D). The parietal and chief cells may be decreased and 
replaced by mucous glands in typical Ménétrier’s disease. 

The etiology of Ménétrier’s disease is unknown, although 
some cases have undoubtedly been caused by gastric infections 
with CMV or Hp. Concurrence of the disorder in identical 
twin men, who presented at ages 29 and 35, suggests a genetic 
component.’ A germline mutation in SMAD4 associated with 
juvenile polyposis can lead to a mixed hypertrophic/polypoid 
gastropathy.**+ Hyperplasia of surface mucous cells may be due 
to enhanced EGF signaling in the gastric mucosa due to local 
overproduction of TGF-a.*> A unifying working hypothesis 
for juvenile polyposis syndrome and Ménétrier’s disease has 
been proposed.**+ The authors hypothesized a mechanism that 
involves TGF-B-SMAD4 pathway inactivation and TGF-a over- 
expression related to Hp infection.*”> An association between UC 
and Ménétrier’s disease has been proposed.**° 

Ideal treatment of hyperplastic gastropathy is unclear because 
the condition is so rare and controlled trials are lacking. Spon- 
taneous resolution may occur, especially in children. Ganciclo- 
vir can be used in children with Ménétrier’s disease associated 
with CMV gastritis. Hp infection should be sought and treated, 
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Fig. 52.16 Radiologic and histopathologic examples of hyperplastic gastropathy with giant gastric folds. A, 
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Film from an upper GI series in a patient with ZES. B, Film from an upper Gl series in a patient with Ménétrier’s 
disease. C, Total gastrectomy specimen in a patient with Ménétrier’s disease (right: body, revealing hyperplastic 
mucosa and cerebriform folds; /eft: antrum, with relative sparing). D, Histopathology of Ménétrier’s disease 
showing enlarged folds with foveolar hyperplasia, cystically dilated glands, and minimal gastritis. 


if present. Symptoms may improve with antisecretory agents 
(H2RAs or PPIs),**” especially if the patient has ZE syndrome 
or the normogastrinemic hyperplastic, hypersecretory variant 
of Ménétrier’s disease. Gastric antisecretory drugs may reduce 
gastric protein loss by strengthening intercellular tight junctions. 

Some patients with Ménétrier’s disease have responded to 
infusions of cetuximab (Erbitux),?° a monoclonal antibody 
against the EGF receptor (T: 5). Others have responded to 
the somatostatin analog octreotide.’**¥”° Partial or total gastric 
resection is reserved for severe complications including refrac- 
tory or recurrent bleeding, obstruction, severe hypoproteinemia, 
and dysplasia or cancer development. 


PORTAL HYPERTENSIVE GASTROPATHY 


This condition represents an important cause of GI blood loss in 
patients with cirrhosis. Gastric mucosal biopsies show vascular 
ectasia and congestion without a significant degree of inflamma- 
tory infiltrate or reactive gastropathy (see C 20 and 92). 


TABLE 52.5 Effect of Intravenous Cetuximab on the Course of 


Ménétrier’s Disease in 7 Patients Treated at One Institution®2%34! 


Duration of Cetuximab Most Recent Post-Treatment 


Patient (Months or Cycles) Histology Status 
Jl 18 Minimal F Off treatment 
2 15 Minimal F Off treatment 
3 40 Minimal F Still on treatment 
4 9 Normal Gastrectomy 
5 24 Dysplastic Gastrectomy 
lesion 12 mo 
after therapy 
stopped 
6 9 lA Gastrectomy 
i 8 F Gastrectomy 


FH, foveolar hyperplasia. 
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TABLE 52.6 Antimicrobial Drug Resistance in 135 Hp Strains Isolated 
From Patients in Houston 


Antimicrobial Drug % of Strains Resistant (95% Cl) 


Amoxicillin (0) 

Clarithromycin 16% (10%-23%) 
Levofloxacin 31% (23%-39%) 
Metronidazole 20% (13%-27%) 


Tetracycline 1% (0%-2%) 


From Shiota S, Reddy R, Alsarra A, et al. Antibiotic resistance of Helico- 
bacter pylori among male United States veterans. Clin Gastro Hepatol 
2015;13:1616-24. 


DIFFERENTIAL DIAGNOSIS 


The most important disorders that can simulate gastritis and gas- 
tropathy are gastric polyps (neoplastic and non-neoplastic) and 
gastric malignancy (see Chapters 32 and 54). Although CT crite- 
ria have been useful in distinguishing gastritis/gastropathy from 
gastric malignancy, endoscopy and gastric biopsy with review 
by an expert pathologist are the most useful diagnostic proce- 
dures. Increased fluoro-deoxyglucose uptake by the stomach, 
especially the proximal half of the stomach, is seen occasionally 
during PET scanning in patients with reactive gastropathy (acute 
erosive gastritis) and should not be confused with neoplasia.’”> 
Demonstration of B cell clonality (e.g., by immunostaining) can 
also help distinguish gastric marginal zone lymphomas from 
chronic lymphocytic gastritis or lymphomatoid gastropathy. 


TREATMENT 
Hp Infection 


‘The most recent recommendations on treatment of Hp infection 
come from the Toronto consensus conference and an updated 
guideline from the ACG.!*:14 Treatment of Hp infection var- 
ies around the world although certain principles of treatment are 
generally agreed. Specific recommendations in different parts of 
the world generally reflect availability and resistance patterns to 
antimicrobial agents and local concerns about certain Hp-related 
outcomes such as gastric cancer. Major guidelines for the manage- 
ment of Hp infection reflect general management concordance, 
with regional differences.**!~>°! Historically, recommended Hp 
treatment regimens generally included a PPI plus 2 antibiot- 
ics for 10 to 14 days. However, recent recommendations have 
moved toward a standard 14-day treatment duration, as shorter 
treatment durations are associated with reduced effectiveness. 
However, some flexibility in treatment duration is offered in view 
of insufficient evidence from randomized controlled trials to sup- 
port a strong recommendation for a specific treatment duration. 
Furthermore, quadruple combinations of a PPI and 3 antibiotics 
or antimicrobial agents are now generally recommended. !*+ 
Adherence to treatment can be a problem because of the 
requirement of taking multiple medicines and the frequent occur- 
rence of generally mild, medication-related side effects. Patients 
should be counseled about the minor adverse effects (e.g., diar- 
rhea, taste disturbance, cramping) that they may experience and 
about the importance of taking all prescribed medicines together 
for the complete course. Treatment success rates vary among 
countries and regionally within countries, related to antibiotic 
resistance and local ecology.***3*> From a study in Houston, 
resistance rates to 5 antibiotics are shown in Table 52.6. The Hp 
strain was sensitive to all 5 antibiotics in less than 50% of cases.**! 
Ideally, a personalized treatment regimen would be guided 
by knowledge of the specific Hp antibiotic resistance pattern of 


the organism(s) infecting an individual patient. However, such 
information is generally unavailable in contemporary US prac- 
tice because few laboratories offer culturing of the organism 
and assessment of its antibiotic sensitivities. Therefore, it is very 
important to know an individual patient’s personal antibiotic 
history and to have some understanding of local antibiotic resis- 
tance patterns.” The growing problem of antibiotic resistance 
in some regions is driving the development of novel regimens for 
the future. 


Primary Treatments 


The 2017 update of the ACG’s practice guideline included a 
number of regimens as possible primary treatments for Hp infec- 
tion.!* The strength of recommendation and quality of evidence 
given to each regimen are summarized in Table 52.7. A variety 
of “primary” treatments were suggested so that clinicians would 
have some flexibility in choosing the best regimen for an indi- 
vidual patient, assuming some knowledge of the patient’s prior 
antibiotic history. Strong recommendations were made for only 
a small number of primary treatment regimens. Although not all 
currently available PPIs are approved by the U.S. FDA as part of 
treatment regimens for Hp infection, there is no evidence for any 
difference within this class of drugs with respect to efficacy. 

Clarithromycin triple therapy comprises the twice-daily com- 
bination of clarithromycin 500 mg, amoxicillin 1000 mg, and a 
PPI in standard dose taken for 14 days. Patients who are genu- 
inely allergic to penicillin should receive metronidazole 500 mg 3 
times daily in place of amoxicillin (see later for details on penicil- 
lin allergy testing). Although clarithromycin triple therapy was 
once the most frequent and most recommended treatment regi- 
men for Hp infection, it has fallen into disfavor because of ris- 
ing rates of clarithromycin resistance. However, retrospectively 
collected data from a single US center found eradication rates 
of around 79.5% over a 15-year period, with no obvious reduc- 
tion in efficacy seen over time.!* Although still considered by the 
ACG as one of the “primary” treatment regimens, it should not 
be offered to patients who have previously received clarithromy- 
cin (or another macrolide such as azithromycin) for the treatment 
of Hp infection or for another indication. Furthermore, it is not 
recommended for use in regions where the local resistance rate 
of Hp to clarithromycin is estimated to be 15% or higher (e.g., 
see Table 52.8, from Houston). Clarithromycin resistance is best 
considered an absolute phenomenon that cannot be overcome by 
increasing the dose of clarithromycin. 

Bismuth-based quadruple therapy is another recommended 
primary treatment option. It consists of the combination of a 
bismuth salt (e.g., bismuth subsalicylate or bismuth subcitrate), 
tetracycline, metronidazole and a PPI for 10 to 14 days. Because 
this regimen contains neither clarithromycin nor amoxicil- 
lin, it is an appropriate choice for patients who have previously 
used macrolides, who reside in areas with high (=15%) macro- 
lide resistance, and for those who are truly penicillin-allergic. 
The recent lack of availability of generic tetracycline had lim- 
ited the utility of this regimen. However, that issue should now 
have been resolved. The presence of clarithromycin resistance 
does not influence the effectiveness of bismuth-based quadruple 
therapy. A combination capsule containing bismuth subcitrate 
140 mg, metronidazole 125 mg, and tetracycline 125 mg, may 
help to simplify bismuth-based quadruple therapy for patients. 
In 2 separate studies, patients treated with 3 of these combina- 
tion capsules 4 times daily and a PPI twice daily for 10 days had 
comparable eradication rates compared with standard 10-day 
clarithromycin triple therapy (88% vs. 83 %),**> and significantly 
higher efficacy when compared with 7-day clarithromycin triple 
therapy.346347 

Concomitant therapy (also known as nonbismuth-based qua- 
druple therapy) is the quadruple combination of clarithromycin, 
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TABLE 52.7 Summary of First-Line Treatment Regimens as Recommended in the 2017 ACG Clinical Guideline on the Treatment of Hp Infection 


Duration 
First-line Regimen Components (days) Recommendation Level of Evidence Comments 
Clarithromycin triple PPI, clarithromycin 500 mg, and 14 Conditional Low Avoid in patients with prior 
therapy amoxicillin 1000 mg, each twice (For duration, macrolide exposure. 
daily (or, if penicillin allergic, moderate) Avoid in areas where local 
metronidazole 500 mg 3 times daily clarithromycin resistance rate 
in place of amoxicillin) is 215%. 
Bismuth-based PPI twice daily, bismuth subcitrate 10-14 Strong Low Particularly recommended for 
quadruple therapy or subsalicylate 4 times daily, patients with prior macrolide 
tetracycline 500 mg 4 times daily, exposure or proven penicillin 
and metronidazole 250 to 500 mg 3 allergy 
or 4 times daily 
Concomitant therapy PPI, clarithromycin 500 mg, and 10-14 Strong Very low Nitroimidazole may be 
amoxicillin 1000 mg, and a metronidazole or tinidazole 
nitroimidazole 500 mg, each twice 
daily 
Sequential therapy PPI and amoxicillin 1000 mg, both 5-7 Conditional Low Nitroimidazole may be 
wice daily (For duration, very metronidazole or tinidazole 
PPI, clarithromycin 500 mg, and a 5-7 ow 
nitroimidazole 500 mg, each twice 
daily 
Hybrid therapy PPI and amoxicillin 1000 mg, both 7 Conditional Low Nitroimidazole may be 
wice daily (For duration, very metronidazole or tinidazole 
PPI, clarithromycin 500 mg, amoxicillin 7 low) 
1000 mg, and a nitroimidazole 500 
mg, each twice daily 
Levofloxacin triple PPI twice daily, levofloxacin 500 mg 10-14 Conditional Low = 
therapy once daily, and amoxicillin 1000 mg (For duration, very 
wice daily. low) 
Levofloxacin PPI and amoxicillin 1000 mg, each 5-7 Conditional Low Nitroimidazole may be 
sequential therapy twice daily. (For duration, very metronidazole or tinidazole 
PPI and amoxicillin 1000 mg, each 5-7 ow 


wice daily, levofloxacin 500 mg 


once daily, and a nitroimidazole 500 


mg twice daily 


Adapted from Checchi S, Montanaro A, Pasqui L, et al. L-thyroxine requirement in patients with autoimmune hypothyroidism and parietal cell antibodies. 


J Clin Endocrinol Metab 2008;93:465-9. 


TABLE 52.8 Summary of Rescue Treatment Regimens as Recommended in the 2017 ACG Clinical Guideline on the Treatment of Hp Infection 


Duration 
Rescue Regimen (days) Recommendation Level of Evidence Comments 
Bismuth-based quadruple 14 Strong Low Appropriate for patients who failed initial treatment with a 
therapy clarithromycin-based regimen 
(see Table 52.7) 
Levofloxacin 14 Strong Moderate Appropriate for patients who failed initial treatment with a 
triple therapy (For duration, low) clarithromycin-based regimen 
(see Table 52.7) 
Concomitant therapy 10-14 Conditional Very low 
(see Table 52.7) 
Rifabutin triple therapy 10 Conditional Moderate PPI twice daily, rifabutin 300 mg once daily, and amoxicillin 
(For duration, very low) 1000 mg twice daily 
High-dose dual therapy 14 Conditional Low PPI and amoxicillin 750 mg, each 4 times daily 


(For duration, very low) 


Adapted from Checchi S, Montanaro A, Pasqui L, et al. L-thyroxine requirement in patients with autoimmune hypothyroidism and parietal cell antibodies. 


J Clin Endocrinol Metab 2008;93:465-9. 
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amoxicillin, metronidazole (or tinidazole) and a PPI. Although 
it is one of the recommended primary treatments in the 2017 
ACG guideline, there have been no recent US-based clinical tri- 
als assessing its effectiveness. Optimal duration of treatment is 
uncertain; various studies have used it for between 3 and 14 days. 
Current recommendations are that it should be given for between 
10 and 14 days. 

Sequential therapy involves a 2-step regimen, each of 5 to 7 
days in duration. In the first step, a PPI is given with amoxicil- 
lin alone. In the second step, the PPI is given with clarithromy- 
cin and a nitroimidazole (typically tinidazole but possibly also 
metronidazole). This approach was developed in Europe where 
it had been widely adopted. It has not been extensively evalu- 
ated in trials conducted within North America but has not been 
found to be superior to other regimens. Despite its use of clar- 
ithromycin, it was initially thought to have limited effectiveness 
in the treatment of clarithromycin-resistant strains of Hp; in an 
early meta-analysis,*°* sequential therapy eradicated 76.9% of 
clarithromycin-resistant strains, compared to 40.6% with clar- 
ithromycin triple therapy. More recently, however, an updated 
meta-analysis found no significant advantage of sequential ther- 
apy over 14 days of standard triple therapy or 10 to 14 days of 
bismuth-based quadruple therapy.’ Its relative complexity com- 
pared to other treatments and the limited evidence from North 
American trials regarding its lack of superiority over other treat- 
ments limit its utility and attractiveness as a first-line treatment 
option. 

Various “hybrid” regimens have also been developed, which 
essentially comprise a combination of some of the elements 
of sequential and concomitant treatment with corresponding 
increases in complexity. For example, one approach consists of 
giving a PPI and amoxicillin for 7 days, followed by the PPI, 
amoxicillin, a nitroimidazole, and clarithromycin for the next 7 
days. There have been no trials in North America comparing this 
approach with other regimens, although studies in Asia suggest 
it is both efficacious and associated with high levels of treatment 
adherence. 

Except for bismuth-based quadruple therapy, all the regimens 
listed earlier include clarithromycin. In view of the problem of 
clarithromycin resistance, regimens that replace clarithromy- 
cin with an alternative antimicrobial have been developed for 
first-line treatment. The most frequently evaluated alternative 
to clarithromycin has been levofloxacin. Regimens that include 
this fluoroquinolone antibiotic have usually combined it with a 
PPI and amoxicillin. Levofloxacin triple therapy has not been 
formally evaluated as a first-line treatment in North America. 
However, studies from around the world indicate that it has simi- 
lar efficacy as clarithromycin triple therapy but that local rates 
of antimicrobial resistance limit its effectiveness. Levofloxacin 
has also been studied in various sequential regimens in which it 
has essentially taken the place of clarithromycin. However, these 
have not been evaluated in trials conducted in North America. A 
combination of levofloxacin, omeprazole, nitazoxanide (“Alinia”) 
and doxycycline (referred to as “LOAD”) was found to be supe- 
rior to clarithromycin-based triple therapy in a US randomized 
controlled trial.*°+ No further trials have been reported with this 
regimen. 

Treatment-related adverse effects can occur in as many as 
50% of patients taking one of the treatment regimens described 
in Table 52.7, but generally these are mild and do not require 
discontinuation of therapy. Some of the more common adverse 
effects include taste alteration and GI upset with metronidazole 
and clarithromycin, and allergic reactions and diarrhea with 
amoxicillin. In addition, tetracycline should not be prescribed 
to children or women of childbearing potential. Adverse effects 
of Hp treatment have been extensively reviewed.?3738 Counsel- 
ing patients to expect minor adverse effects is likely to improve 
adherence rates.**? 


Rescue Treatments 


Initial treatment of Hp infection fails in up to 25% of patients. 
The most important predictors of failure of treatment are anti- 
biotic resistance and poor adherence to treatment. Because 
patients’ upper GI symptoms after treatment are an unreliable 
guide to success or failure of eradication, it is recommended 
that all patients be re-tested after treatment.!*> Post-treatment 
testing should be with a test of active infection such as the urea 
breath test or fecal antigen test; serologic testing should always 
be avoided after treatment of the infection. Only by the imple- 
mentation of a program of routine post-treatment testing can 
clinicians get some understanding of the success rates of eradi- 
cation treatments in practice. Patients who fail treatment with 
a first-line regimen should be re-treated with a rescue regimen. 
In general, patients should not be treated with a previously used 
combination, particularly those containing clarithromycin or 
levofloxacin. 

For patients with persistent infection following treatment 
with a clarithromycin-based primary regimen, re-treatment with 
either bismuth-based quadruple therapy or levofloxacin-based 
triple therapy is recommended. Table 52.8 summarizes recom- 
mendations about rescue treatment regimens. 

Primary resistance to antibiotics used to treat Hp varies 
widely throughout the world. In the USA, resistance to metro- 
nidazole and clarithromycin have been detected in up to 40% 
and in approximately 11% of strains, respectively. However, 
reliable recent data about Hp antimicrobial resistance from 
within the US remain scarce. Metronidazole and clarithro- 
mycin resistance increase with patient age and are more com- 
mon in women than in men; there are also regional and racial 
differences in resistance rates. Hp resistance to tetracycline 
and amoxicillin remains extremely unusual (<1%).39396357 
Reported rates of resistance among Hp strains isolated from a 
sample of male US veterans are shown in Table 52.6. The low 
frequency of amoxicillin resistance underscores the importance 
of this antibiotic in the treatment of Hp infection. Unlike the 
case with clarithromycin and levofloxacin, it is permissible to 
include amoxicillin in a rescue treatment even if it has been 
part of the initial failed regimen. However, this also highlights 
the problem of amoxicillin “allergy” in contemporary US clin- 
ical practice. Up to 10% of the adult US population may claim 
to be allergic to penicillin(s), which would ordinarily preclude 
the use of amoxicillin as part of a treatment regimen for Hp 
infection. However, up to 90% of those will have negative skin 
testing for penicillin allergy,*® indicating the absence of a true 
sensitivity. Therefore, patients who fail first-line treatment for 
Hp infection and who give a history of penicillin “allergy” 
should ideally be referred to an allergist for formal allergy 
testing. If found to be nonallergic, an amoxicillin-based rescue 
treatment (see Table 52.8) can be safely selected. 

Antibiotic resistance significantly affects the success of clar- 
ithromycin-based triple therapy, but is less important with bis- 
muth-based regimens. Clarithromycin resistance consistently 
affects treatment outcomes, whereas metronidazole resistance 
appears to be more of an in vitro than an in vivo phenomenon 
when metronidazole is used in an appropriate regimen, although 
recent evidence suggests that metronidazole resistance may affect 
efficacy of sequential therapy.**? Resistance to clarithromycin 
appears to be absolute and cannot be easily overcome by increas- 
ing the dose. One of 3 bacterial point mutations within its con- 
served loop of 23S strand of ribosomal RNA (A2143G, A2142G, 
and A2142C) can interfere with ribosomal macrolide binding 
and lead to clarithromycin resistance.!*! The A2143G mutation 
appears to have the greatest adverse effect on treatment and is 
probably the major reason for triple therapy failure. Because test- 
ing for specific mutations is not clinically available, a regimen 
that does not include a macrolide is indicated if clarithromycin 


resistance is suspected or confirmed by culture and sensitivity 
testing. In contrast, resistance to metronidazole appears to be 
a relative phenomenon that can be overcome in most instances 
by using a higher dose (500 mg) or combining the drug with a 
bismuth preparation. A bacterial point mutation(s) that prevents 
reduction of metronidazole to its active metabolite is responsible 
for drug resistance. !31334 

Recurrence of Hp infection includes both reinfection (new 
strain) and recrudescence (original strain). Recrudescence tends 
to dominate in the first year after therapy, and true reinfec- 
tion thereafter. Recrudescence may be associated with a false- 
negative posteradication diagnostic test result at 6 to 8 weeks. 
In a critical review of the global literature, the overall annual 
Hp recurrence risk ranged from 3.4% (95% CI, 3.1 to 3.7) in 
developed countries to 8.7% (95% CI, 8.8 to 9.6) in developing 
countries.*>* In the USA and western Europe, adult reinfection 
is uncommon, probably less than 1% annually. As mentioned 
earlier in this chapter, reinfection tends to be more common 
in children, especially after spontaneous clearance of a primary 
infection, and it is reported to be higher in adults living in 
areas of the world with high Hp prevalence.**? In the largest 
comparative Hp eradication trial to date, conducted in 7 Latin 
American communities, the overall 1-year recurrence rate was 
11.5%, with a range from 6.8% to 18.1% among sites.?60:361 

Over the past few decades, associations of Hp infection with 
several nongastroduodenal diseases have been reported,*° 
including immune thrombocytopenic purpura*®’>°* and iron 
deficiency anemia.*°’ Treatment may be considered in such 
patients. 
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Prevention of Hp Infection 


A 3-dose oral vaccine using the B-subunit of Hp urease (fused 
with the B subunit of E. coli heat-labile enterotoxin as an adju- 
vant) reduced naturally-acquired Hp infection by 72% in the 
first postvaccine year among 4000 initially uninfected Chinese 
children ages 6 to 15. The efficacy of this Hp vaccine waned to 
approximately 55% in the 2nd and 3rd postvaccine years.*’° This 
oral vaccine had a similar adverse effect profile to placebo vac- 
cine. Other vaccine trials in geographic areas with a high preva- 
lence of Hp infection are anticipated. 

A case-control study, also performed in China in a region with 
a very high prevalence of chronic gastritis and gastric cancer, 
found that ingestion of green tea reduced the risk of both gastritis 
and gastric cancer by close to 50%.?7! 


Other Types of Gastritis and Gastropathy 


‘Treatments of non-Hp gastritis and of gastropathies depend on the 
underlying etiology, if one can be identified. Proposed treatments 
of symptomatic patients with idiopathic non-Hp gastritis include 
“sastroprotective” agents,’’?*7> but no such agent is approved for 
treatment of non-Hp gastritis or gastropathy in the USA. 
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An ulcer in the GI tract can be defined as a § mm or larger break in 
the lining of the mucosa, with appreciable depth at endoscopy or 
with histologic evidence of submucosal extension. An erosion is a 
break less than 5 mm. The distinction between an ulcer and an ero- 
sion is somewhat arbitrary. The term PUD is used to include ulcer- 
ations and erosions in the stomach and duodenum from a number 
of causes. These lesions are called “peptic” because the enzyme 
pepsin, proteolytic at an acidic pH (see Chapter 51), plays a major 
role in causing the mucosal breaks, regardless of the inciting agent. 

Decades of research focused on the role of gastric acid 
secretion and the effects of stress, personality type, and 
genetics in the pathogenesis of PUD. The discovery of the 
histamine-2 (H3) receptor and development of H2RAs,! and 
subsequently PPIs, led to major changes in the management 
of PUD. The discovery of Hp and its role in PUD (see Chap- 
ter 52) transformed PUD from a chronic, recurrent disease 
to a curable one.’ Hp infection remains an important cause 
of PUD in the world. In developed countries, frequent use of 
NSAIDs, including low-dose aspirin for cardiovascular indi- 
cations, has emerged as a leading cause of PUD, especially 
among the aging population. 
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EPIDEMIOLOGY 


The epidemiology of PUD has undergone remarkable changes 
in the past 2 centuries. The risk of developing PUD, and dying 
from PUD, increased in successive cohorts born between 1840 and 
1890, and then declined thereafter.’ There was a peak in the inci- 
dence of GU in the first half of the 19th century and a subsequent 
peak in the incidence of DU in the second half of the 19th century. 
Sonnenberg proposed a birth-cohort effect to explain the peaks in 
the incidence of, and mortality from, peptic ulcers. Hp infection 
acquired during childhood or adolescence became manifested as 
peptic diseases in later years. As Hp infection gradually declined in 
the population over time, the prevalence of infection also gradually 
shifted from a younger toward older age groups. The incidence of 
DU and GU has declined in parallel with the decline in the preva- 
lence of Hp infection, likely a result of improved sanitary condi- 
tions and a safer food and water supply. 

Based on physicians’ diagnoses, the annual incidence of PUD 
ranges from 0.14% to 0.19% in developed countries. Based on 
hospital diagnoses, the incidence is lower: 0.03% to 0.17%. The 
prevalence of PUD ranges from 0.12% to 4.7% for physician- 
diagnosed, and from 0.1% to 2.6% for hospital-diagnosed case 
series.t There is a wide geographic variation in the prevalence 
of PUD. In an endoscopic series involving 1022 volunteers from 
Shanghai, China (average age, 48 years), the prevalence of PUD 
was 17.2%, of whom 93% were infected with Hp.* 

The most frequent complication from PUD is bleeding; the 
reported annual incidence of bleeding among populations varies 
from 19 to 57 per 100,000 individuals (=0.02% to 0.06%). Peptic 
ulcer perforation (PULP), less frequent than bleeding, has reported 
incidences of 4 to 14 per 100,000 individuals (0.004% to 0.014%).° 
Along with a decline in uncomplicated PUD cases, there is a similar 
decline in incidence of ulcer complications in recent years. Laine and 
colleagues’ used a national inpatient database to calculate the annual 
incidence of, and mortality from, GI complications during 2001 to 
2009. During this time period, the incidence of peptic ulcer bleeding 
fell from 48.7 to 32.1 per 100,000. Over the same period, the age- 
and sex-adjusted case fatality rates from UGI bleeding decreased 
from 3.8% to 2.7%. In 2009, the case fatality rate for UGI bleeding 
(2.45%) was considerably lower than for UGI perforation (10.7%). 
In a nationwide population-based cohort study of 403,567 Taiwan- 
ese patients, hospitalizations for complicated peptic ulcers decreased 
significantly over a 10 year period’; thus the annual incidence of hos- 
pitalizations for bleeding DU or for perforated DU fell from 108 to 
40 and from 9.8 to 5.8 per 100,000, respectively. A similar decline 
was evident for bleeding and perforated GUs (from 117 to 61 and 
from 11 to 6 per 100,000, respectively). 


ETIOLOGY AND PATHOGENESIS 


The principal risk factors of PUD are Hp infection and NSAID 
use (Fig. 53.1) and as will be discussed, many patients with PUD 
have both of these risk factors. On the other hand, PUD patients 
may have neither of these risk factors (Hp-negative, NSAID- 
negative ulcers); some of these latter patients will have another 
cause of ulcer such as gastrinoma (ZES; see Chapter 34), whereas 
others will have ulcers that are idiopathic. 


None known 
ZES, other 


Y 


infection 


None known 
ZES, other 


Y 


infection 


Duodenal Gastric 


Fig. 53.1 Pie charts depicting conditions associated with PUD. The 
percentages shown are rough approximations based on studies from 
Western countries. The relative contributions of Hp infection and NSAID 
use to peptic ulcer vary considerably among different populations and, 
within populations, vary with age and socioeconomic status. Also, the 
separation depicted in this figure is somewhat artificial because NSAID 
use and Hp infection often coexist. 


Hp Infection 


The prevalence of Hp infection varies widely among countries 
in the world (see Chapter 52). In series reported between 2009 
and 2011, the prevalence of infection ranged from 7% to 87%, 
depending on the methods of diagnosis and the population that 
was sampled. The lowest prevalence was observed in the USA 
and European countries (7% to 33%).’ Those reported from 
Japan and China ranged from 56% to 72%. In general, the rate of 
Hp infection is declining. Feinstein and colleagues studied hos- 
pital discharge records for PUD in the USA between 1998 and 
2005.!° In parallel with a decline in annual hospitalization rates 
for PUD, from 71.1 to 56.5 per 100,000, there was a decrease in 
hospitalization due to Hp-related disease, from 35.9 to 19.2 per 
100,000. The prevalence of Hp infection in patients with bleed- 
ing ulcers remains high. Sanchez-Delgado and colleagues com- 
piled 71 studies containing 8496 patients with bleeding peptic 
ulcers and found an Hp infection rate of 72%. The use of an Hp 
diagnostic test after the index bleed was associated with high Hp 
prevalence.!! 

As discussed in Chapters 51 and 52, Hp causes an antrum- 
predominant gastritis in 10% to 20% of infected patients, which 
results in high gastric acid secretion and an increased risk of DU. 
The increased acid output from the stomach results in increased 
acid load to the duodenum that can result in gastric metaplasia in 
the duodenal bulb.!* Some believe that the metaplastic epithe- 
lium then becomes infected with Hp from the stomach, resulting 
in focal “duodenitis” (technically, gastritis), sometimes followed 
by erosion and ulcer formation. 

Most patients with Hp infection have a pan-gastritis involving 
both the antral and fundic mucosa that lowers gastric acid secre- 
tion!’ and predisposes to GU formation. In these individuals, 
it is proposed that weakened mucosal defense mechanisms (see 
Chapter 51), rather than high acid secretion, are what predisposes 
to gastric ulceration. The role of Hp’s genes and their protein 
products in the pathogenesis of PUD is discussed in Chapter 52. 


Use of Aspirin and Other NSAIDs 


Aspirin is increasingly used on a regular basis for the prevention 
of cardiovascular events, either alone or in combination with a 
platelet adenosine diphosphate inhibitor such as clopidogrel 
(dual antiplatelet therapy). NSAIDs are used on a regular basis 
by approximately 11% of the U.S. population. Regular use of 
NSAIDs increases the odds of GI bleeding up to 5- to 6-fold.'* 
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Serious ulcer-related complications often leading to hospitaliza- 
tion occur in 1% to 4% of NSAID users.!> NSAID users who 
also take aspirin are at an especially high risk for complications. 
In a population-based study from Denmark, the odds ratio for 
GI bleeding in people taking low-dose aspirin alone was 2.6, and 
this ratio increased to 5.6 in patients who were also taking an 
NSAID.!¢ In a national study of mortality associated with a hos- 
pital admission for adverse GI events related to NSAID use in 
Spain, the death rate attributed to NSAID/aspirin use was 15.3 
per 100,000 population compared to 2.5 per 100,000 of the gen- 
eral population.!7 

The gastric and duodenal mucosa have several defense 
mechanisms protecting them from digestion by acid and pep- 
sin (see Chapter 51). NSAIDs cause mucosal damage through 
disruption of mucus phospholipids, cell membranes and by 
uncoupling mitochondrial oxidative phosphorylation, but most 
evidence suggests that NSAIDs damage the gastric and duode- 
nal mucosa by suppression of prostaglandin synthesis.!* COX 
isoforms COX-1 and COX-2 are responsible for the synthesis 
of prostaglandins. COX-1 is expressed in the stomach and helps 
maintain the integrity of gastric epithelium and the mucous 
barrier. COX-2 is not expressed in the healthy stomach but 
is rapidly expressed in response to the cytokines generated by 
inflammatory processes. Conventional NSAIDs such as ibu- 
profen inhibit the COX-1 and the COX-2 isoenzymes more 
or less equally. COX-1 inhibition reduces prostaglandin syn- 
thesis, which leads to a reduction in mucosal defense. Animal 
experiments have found that neutrophil adherence to the gastric 
microcirculation plays a critical role in initiating NSAID injury. 
Neutrophil adherence liberates oxygen-free radicals, releases 
proteases, and obstructs capillary blood flow. Inhibition of neu- 
trophil adherence has been shown to reduce NSAID-induced 
damage. In addition, 2 gaseous mediators, nitric oxide (NO) 
and hydrogen sulfide (H3S), contribute to maintaining the gas- 
tric mucosal barrier. NO and H3S increase mucosal blood flow, 
stimulate mucus secretion, and inhibit neutrophil adherence.!? 
NO-releasing and H)S-releasing derivatives of NSAIDs have 
been shown to protect against gastric damage when compared 
to the parent drugs. Gastric acid plays a secondary but impor- 
tant role by turning superficial mucosal lesions into deeper 
injury, interfering with platelet aggregation, and impairing 
ulcer healing.”° 

Hp infection appears to influence the risk of PUD in patients 
receiving NSAIDs. A meta-analysis showed that Hp infection 
raised the risk of peptic ulcer bleeding more than 6-fold in patients 
receiving long-term NSAIDs, whereas Hp alone and NSAID use 
alone raised the risk by 1.79-fold and 4.85-fold, respectively.’! An 
updated meta-analysis showed similar findings.’? Among patients 
who are about to start NSAID therapy, eradication of Hp reduces 
the subsequent risk of ulcer development.”** A systematic review 
has shown that testing for (and eradication of) Hp lowers the risk 
of peptic ulcers among NSAID users; however, eradication of 
Hp infection alone is insufficient to prevent peptic ulcer bleeding 
in NSAID users at high ulcer risk.7°77 

There is also evidence that Hp infection increases the risk of 
PUD in patients receiving low-dose aspirin. Among Hp-infected 
patients with recent ulcer bleeding who continued to take low- 
dose aspirin, successful eradication of Hp infection resulted in a 
very low risk of recurrent ulcer bleeding, similar to that seen with 
aspirin/omeprazole co-therapy.*° This low risk of ulcer rebleed- 
ing after eradication of Hp was not seen in patients with bleeding 
ulcers who continued to take NSAIDs. In a long-term prospec- 
tive cohort study, Hp-infected low-dose aspirin users (<160 
mg/day) with bleeding ulcers who resumed their aspirin had a 
low risk of recurrent ulcer bleeding after eradication of Hp, a risk 
that was not significantly different from the risk in new aspirin 
users with no history of ulcer disease (<1 bleed per 100 patient- 
years). In contrast, aspirin users with bleeding ulcers but without 
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Stomach and Duodenum 


Fig. 53.2 A, Endoscopic view of a clean-based antral GU in a patient taking an NSAID. Tests for infection with 
Hp were negative. B, Endoscopic view of a DU in a patient with a positive rapid urease test for Hp. There was 


no history of NSAID use. 


Hp infection (past or present) were at high risk of recurrent ulcer 
bleeding with continued enteric-coated aspirin treatment (>5 
bleeds per 100 patient-years). 


Other Causes of Ulcers and Idiopathic Ulcers 


Deep ulcers and perforations of the stomach and duodenum have 
been described in cocaine and methamphetamine users, presum- 
ably due to mucosal ischemia.*? Bisphosphonate therapy has 
also been associated with gastroduodenal ulceration,*® although 
esophageal injury with bisphosphonates is clinically more of a 
concern. There is little, if any, risk for PUD in patients taking 
glucocorticoids.*! In combination with NSAIDs, however, gluco- 
corticoids increase the risk of PUD above the risk with NSAIDs 
alone.** There is also a weak association between use of selective 
serotonin reuptake inhibitor antidepressants and PUD, especially 
in those with concurrent NSAID use. 

Smoking, stress, type A personality, and excessive alcohol 
use are some of the risk factors implicated for PUD. Although 
these factors can contribute to PUD, none has emerged as a sole 
cause of the disease. Hp infection is a confounder that was not 
addressed in earlier studies. 

An uncommon cause of PUD is gastrinoma (ZES) (see 
Chapter 34). Systemic mastocytosis (see Chapter 37) is 
another uncommon condition in which multiple ulcers may 
occur in the stomach or duodenum.*+ Secretion of histamine 
by the mast cells is thought to result in the excessive stimula- 
tion of acid production through the histamine receptor. Asso- 
ciations between PUD and o,-antitrypsin deficiency, chronic 
obstructive lung disease, and chronic kidney disease have been 
described. Several other diseases (e.g., gastric cancer, gastric 
lymphoma, Crohn disease) can cause ulcers that can mimic 
peptic ulcers. Rarer causes of peptic ulcers include eosinophilic 
gastroenteritis, viral infections (e.g., cytomegalovirus), Behcet 
disease in immunocompromised patients, Helicobacter heilmannii 
infection, and ulcers in a Meckel diverticulum with heterotopic 
gastric mucosa. 

With a global decline in the prevalence of Hp infection, the 
proportion of patients with idiopathic ulcers has been increasing. 
Studies in North America have shown that more than 10% of peptic 
ulcers are not associated with Hp infection or the use of NSAIDs. 


Whether the incidence of idiopathic ulcers is increasing or not is 
controversial. It has been argued that only the relative propor- 
tion, but not the true incidence, of idiopathic ulcers has increased 
as a result of a falling incidence of Hp ulcers. However, there are 
prospective data showing that the absolute incidence of idiopathic 
bleeding ulcers has increased by 4-fold. Importantly, patients with 
a history of idiopathic bleeding ulcers have a 4-fold increased risk 
of recurrent ulcer bleeding and more than 2-fold increase in mor- 
tality compared to patients with history of Hp ulcers.** 


CLINICAL FEATURES AND DIAGNOSIS 


‘The predominant symptom of patients with uncomplicated PUD 
is epigastric pain. Pain is typically associated with hunger, occurs 
at night, and is often relieved by food and antacids. Often patients 
complain of dyspeptic symptoms such as a bloated sensation and 
fullness. Some patients complain of heartburn that may or may 
not be accompanied by erosive esophagitis. Chronic NSAID 
users, typically older adult patients, can present with ulcer bleed- 
ing or perforation without prior ulcer symptoms. 

EGD is the procedure of choice for diagnosis of uncompli- 
cated PUD (Fig. 53.24 and B). EGD is more sensitive and spe- 
cific than radiologic studies, such as UGI series with barium. 
Nevertheless, endoscopy is expensive and has the potential for 
complications (see Chapter 42). Therefore, the decision to per- 
form endoscopy in a patient suspected of having PUD is based 
on a number of factors. As discussed later in this chapter and in 
Chapter 20, patients presenting with acute GI bleeding need 
endoscopic evaluation to allow an accurate diagnosis and for the 
administration of endoscopic therapy. Furthermore, patients 
with epigastric pain suggestive of PUD but also with “alarm” 
features such as weight loss or recurrent vomiting may prompt 
concern for gastric malignancy as well as require EGD (Box 
53.1). Ifa DU or GU is found during EGD, gastric mucosal 
biopsies should be obtained for a rapid urease test to diagnose 
Hp infection (see Chapter 52). Biopsies should also be taken 
from the edges of GUs because of risk of gastric cancer. Cus- 
tomarily, if the GU biopsies are benign, EGD is repeated 8 
weeks later to confirm healing of the GU, because up to 4% of 
apparently benign GUs at initial endoscopy are subsequently 
found to be malignant.>®>7 


Dyspeptic upper abdominal symptoms consisting of pain or dis- 
comfort in the upper abdomen are common in clinical practice, 
accounting for 2% to 5% of visits to family practitioners (see Chap- 
ter 14).3° Owing to the high cost and impracticality of subjecting all 
dyspeptic individuals to prompt endoscopy, 2 other nonendoscopic 
strategies (besides UGI series, with its inherent lower sensitivity 
and specificity for PUD) have been proposed as an initial step in the 


BOX 53.1 Alarm Features in Patients With UGI Symptoms* 


Age older than 55 years with new-onset dyspepsia 

Family history of UGI cancer 

Gl bleeding, acute or chronic, including unexplained iron deficiency 
Jaundice 

Left supraclavicular lymphadenopathy (Virchow node) 


Palpable abdominal mass 
Persistent vomiting 
Progressive dysphagia 
Unintended weight loss 


*These features should prompt EGD and often other testing to establish a 
definitive diagnosis (see Chapter 14). 
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management of suspected PUD (Fig. 53.3). The strategies are (1) 
“test-and-treat,” based on a noninvasive diagnosis of Hp infection 
and subsequent eradication therapy when Hp is detected, and (2) 
empirical antisecretory therapy, usually with a PPI. 

Gisbert and Calvet*? reviewed the literature and concluded 
that the Hp test-and-treat strategy will cure most cases of PUD 
and prevent most cases of gastroduodenal disease. A small pro- 
portion of patients with Hp-related functional dyspepsia would 
also improve in their symptoms. The test-and-treat strategy has 
been compared with endoscopy-directed diagnosis in 8 random- 
ized controlled trials (RCTs). These trials differed in how Hp was 
diagnosed, and the upper age cutoff varied from 45 to 55 years. In 
some studies, serology was used for diagnosis of infection, which 
is less specific than '°C urea breath testing (see Chapter 52). The 
background Hp prevalence in the study populations ranged from 
23% to 53%. After a 12-month follow-up, the prevalence of dys- 
peptic symptoms was similar in the 2 groups. In 7 of the 8 trials, 
cost data were reported, and the test-and-treat strategy was less 
expensive because of the many endoscopies avoided. Ford and 
colleagues performed a meta-analysis of 5 RCTs involving 1924 
patients and found a slight benefit at 12 months of prompt EGD 
on dyspeptic symptoms over test-and-treat (risk ratio, 0.95; 95% 
confidence index [CI], 0.92 to 0.99), possibly because a normal 
EGD may have had a reassuring effect in some patients.*” 


< 60 years of age 


Hp 
test and treat 


Positive Negative 
No response 
Response No 
Response 


Response TCA 
or prokinetic 
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Consider 
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Fig. 53.3 ACG and Canadian Association of Gastroenterology (CAG) guideline algorithm for the management 
of undiagnosed PUD. This is also the current management approach for patients with suspected PUD. TCA, 
tricyclic antidepressant. (Adapted from Moayyedi P, Lacy BE, Andrews CN, et al. ACG and CAG clinical guide- 
line: management of dyspepsia. Am J Gastroenterol 2017; 112:988-1013.) 
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According to a joint ACG/Canadian Association of Gastro- 
enterology guidelines, it was recommended that patients with 
uninvestigated dyspepsia who are below 60 years of age should 
have a noninvasive test H and treatment if positive. Those with 
a negative test or do not respond to this approach should receive 
a trial of PPI therapy. Tricyclic antidepressants or prokinetic 
therapies can be tried if they are not responsive to PPI therapy. 
The incidence of UGI malignancies including gastric cancer 
rises with age and, thus, current nonendoscopic management 
strategies are generally reserved for younger patients with upper 
abdominal symptoms. The age after which prompt EGD should 
become routine is debated and, to a substantial degree, depends 
on the epidemiology of UGI cancer in the population under 
consideration. In Western populations, UGI cancer is uncom- 
mon in young individuals, and therefore an age cutoff of 50 or 
55 years is often used. Patients older than age 60 presenting 
with new-onset upper abdominal symptoms suggestive of PUD 
should therefore be referred for EGD. In Asia and Eastern 
Europe, where the incidence of gastric cancer is substantially 
higher than in Western nations, a younger age cutoff may be 
reasonable. 

The Joint ACG/Canadian Association of Gastroenterology 
guidelines on dyspepsia in 2017 recommended that patients with 
uninvestigated dyspepsia who are less than 60 years of age should 
have a noninvasive Hp test and treatment if positive.*”*! Those 
with a negative Hp test or who do not respond to this approach 
should receive a trial of a PPI therapy. Tricyclic antidepressants 
or prokinetic therapies can be tried if the patients are not respon- 
sive to PPI therapy (see Chapter 14 and Fig. 53.3). In areas of 
moderate- to- high Hp prevalence, the test-and-treat strategy 
is preferred. The Maastricht Consensus Conference Report in 
2017 recommended a test-and-treat strategy for uninvestigated 
dyspepsia. This approach is subject to regional Hp prevalence 
and cost-benefit considerations.*°? ‘The test-and-treat strategy 
is, however, not applicable to patients with alarm symptoms or 
to older patients. The ability of alarm features (see Box 53.1) to 
accurately predict malignancy (as opposed to PUD or nonul- 
cer dyspepsia) has, however, been questioned in a review of 15 
studies.’ The sensitivity of alarm symptoms in the diagnosis of 
malignancy varied from 0% to 83% across studies. 


MEDICAL THERAPY OF ACTIVE PEPTIC ULCER 
DISEASE 


Several pharmaceutical agents are available to attempt to heal 
active DUs and GUs. 


Pharmaceutical Agents 
Antacids 


Antacids neutralize gastric acid but their ability to heal ulcers is 
poor. Most physicians do not use antacids as primary therapy to 
heal ulcers but instead recommend their use to relieve dyspeptic 
symptoms. The most common adverse effect of magnesium-con- 
taining antacids is diarrhea. In contrast, aluminum- and calcium- 
containing antacids may cause constipation. All antacids must be 
used with caution, if at all, in patients who have chronic kidney 
disease, in whom magnesium-containing agents can cause hyper- 
magnesemia, calcium-containing antacids hypercalcemia, and 
aluminum-containing antacid neurotoxicity.*+ 


Antisecretory Agents 


Antisecretory therapy is not routinely required for patients with 
uncomplicated Hp ulcers in whom ulcers heal after successful 
eradication of Hp even without antisecretory therapy; however, 
antisecretory drugs play an important role in the management of 


patients with PUD not associated with Hp. The role of antisecre- 
tory drugs in the management of gastrinoma (ZES) is discussed 
in Chapter 34. 


H2Ras 

H2RAs are competitive inhibitors of histamine-stimulated acid 
secretion (see Chapter 51) and markedly suppress basal and meal- 
stimulated acid secretion.*? When administered in the evening, 
H2RAs are effective in suppressing nocturnal acid output.*¢ 
H2RAs are well absorbed after oral dosing, and their absorption 
is not affected by food. Peak blood levels are achieved within 1 to 
3 hours after an oral dose. H2RAs cross the blood-brain barrier 
and the placenta.*”** After oral administration, several H2RAs 
(cimetidine, ranitidine, and famotidine) undergo first-pass hepatic 
metabolism, which reduces their bioavailability by 35% to 60%. 
In contrast, the H2RA nizatidine does not undergo first-pass 
metabolism, and its bioavailability approaches 100% with oral 
dosing. H2RAs are eliminated by a combination of renal excre- 
tion and hepatic metabolism. Dose reductions are recommended 
when the creatinine clearance is below 50 mL/min. Dialysis does 
not remove substantial amounts of H2RAs; thus, dose adjust- 
ments are not necessary for dialysis patients. Dose reductions are 
generally not required for patients with hepatic failure unless it 
is accompanied by chronic kidney disease. Tolerance to the anti- 
secretory effects of H2RAs develops quickly and frequently,*? 
although the mechanism for tolerance is not clear. 

H2RAs are safe and well tolerated. One meta-analysis of ran- 
domized clinical trials concluded that the overall rate of adverse 
effects reported for H2RAs did not differ significantly from pla- 
cebo treatment.’ Nevertheless, a number of untoward effects 
have been described, primarily in anecdotal reports and uncon- 
trolled series. Cimetidine has weak antiandrogenic activity that 
can occasionally cause gynecomastia and impotence.>! 

Both cimetidine and ranitidine bind to the hepatic cytochrome 
P-450 (CYP) mixed-function oxidase system. This binding 
can inhibit the elimination of other drugs that are metabolized 
through the same system, including warfarin, theophylline, phe- 
nytoin, lidocaine, and quinidine.°* In contrast, famotidine and 
nizatidine have no significant avidity for the CYP system. 


PPIs. 
PPIs decrease gastric acid secretion through inhibition of H*, 
K+-ATPase, the proton pump of the parietal cell (see Chapter 
51). These agents are prodrugs that must be activated by acid to 
inhibit the H+, Kt-ATPase. Interestingly, prodrug PPIs are also 
acid-labile compounds that must be protected from degradation 
by gastric acid after oral administration by enteric coating or an 
antacid.°> Absorption of the enteric-coated PPIs may be erratic, 
and peak serum concentrations are not achieved until 2 to 5 hours 
after oral administration. Although the plasma half-life of PPIs is 
short (=2 hours), the duration of acid inhibition is long as a result 
of covalent binding of the active metabolite of the prodrug to the 
H*, K*-ATPase. PPIs undergo significant hepatic metabolism, 
but dose adjustments are not required in patients with significant 
renal or hepatic impairment. There is genetic polymorphism in 
CYP2C19, one of the isoenzymes involved in PPI metabolism. 
Approximately 25% of Asians and 3% of white persons have 
deficient CYP2C19 activity. This polymorphism leads to sub- 
stantially higher plasma levels of omeprazole, lansoprazole, and 
pantoprazole, but not rabeprazole.>%*7>+ 

PPIs, as a result of their requirement for concentration and 
activation in acidic compartments, bind predominantly to those 
proton pumps that are actively secreting acid. With meal stimu- 
lation, 60% to 70% of the proton pumps actively secrete acid; 
thus, PPIs are most effective if they are administered immediately 
before meals. For once-daily dosing, it is recommended that PPIs 
be taken immediately before breakfast.’ Unlike H2RAs, toler- 
ance to the antisecretory effects of PPI therapy has not been seen. 


PPIs, by raising the gastric pH, can affect the absorption of 
a number of drugs. However, this pH effect rarely has clinically 
important effects, except when the PPIs are given with keto- 
conazole or digoxin.°*°’ Ketoconazole requires gastric acid for 
absorption, and this antifungal drug may not be absorbed effec- 
tively if PPIs have also been prescribed. Ifa patient requires both 
a PPI and antifungal therapy, it is recommended that an agent 
other than ketoconazole be chosen. Conversely, an elevated 
gastric pH facilitates absorption of digoxin, resulting in higher 
plasma digoxin levels. For patients treated concomitantly with 
PPIs and digoxin, clinicians should consider monitoring plasma 
digoxin levels. 

Because PPIs are metabolized by the CYP system, they have 
the potential to alter the metabolism of other drugs that are elim- 
inated by CYP enzymes. The potential interaction between PPIs 
and clopidogrel has drawn widespread attention. Clopidogrel, a 
nonaspirin antiplatelet prodrug, is activated by hepatic CYP2C19 
and other CYPs to its active metabolite. PPIs reduce the anti- 
platelet effect of clopidogrel through competitive inhibition of 
CYP2C19. Meta-analysis of observational studies reported a sig- 
nificant increase in major adverse cardiovascular events includ- 
ing cardiovascular deaths among patients receiving concomitant 
PPIs and clopidogrel.°*°? However, an association between PPI 
and clopidogrel use has not been confirmed by prospective stud- 
ies and a large-scale RCT.°.%! Despite the inconsistent findings, 
regulatory authorities in the USA and Europe have issued warn- 
ings against the use of certain PPIs in patients receiving concomi- 
tant clopidogrel. 

There are other concerns about the safety of long-term use 
of PPIs. To date, PPI use has been implicated in many condi- 
tions, including osteoporosis, hypomagnesaemia, gastric cancer, 
enteric infections, interstitial nephritis, pneumonia, dementia, 
and NSAID-enteropathy. Currently, there is no definite evidence 
to suggest that these conditions are attributable to PPI use.™ It 
is possible that a new evidence will emerge to indicate a causal 
relationship. In the meantime, long-term use of PPI without a 
strong indication should be discouraged. 


Potassium-Competitive Acid Blocker 
Potassium-competitive acid blocker (P-CAB) therapy com- 
petes with potassium to inhibit H+, K+-ATPase in parietal 
cells at the final stage of the acid secretory pathway (see 
Chapter 51).°? Unlike PPIs, a P-CAB is acid stable and does 
not require an acidic environment for activation (i.e., a pro- 
drug is not required). To date, vonoprazan is the only P-CAB 
commercially available in Japan and some other countries. 
Vonoprazan exerts a near-maximum inhibitory effect from the 
first dose and its effect lasts for 24 hours.® In 2 phase 3 RCTs, 
vonoprazan (20 mg once daily) was not inferior to lansoprazole 
(30 mg once daily) for the healing of GUs and DUs. RCTs.646° 
‘Two other randomized trials showed that vonoprazan (10 and 
20 mg) was as effective as lansoprazole (15 mg) in preventing 
ulcer recurrence associated with long-term use of NSAIDs and 
low-dose aspirin.©° 


Mucosal Protective Agents 


Sucralfate is a complex aluminum salt of sulfated sucrose. When 
exposed to gastric acid, the sulfate anions can bind electrostatically 
to positively charged proteins in damaged tissue.°”°* Sucralfate 
(1g 4 times daily) is equally effective to H2RAs in healing DUs 
and is approved by the FDA in the USA for this indication. Very 
little (<5%) of sucralfate is absorbed owing to its poor solubility, 
and the drug is excreted via the enteral route. Because of its lack 
of systemic absorption, sucralfate appears to have no systemic 
toxicity. The effect on the accumulation of aluminum in the body 
has not been adequately studied in patients with chronic kidney 
disease treated with sucralfate, and sucralfate is best avoided in 
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this population. Important drug interactions appear to be rare 
and can be avoided if sucralfate is administered at a time separate 
from other medications. 

Colloidal bismuth preparations, such as colloidal bismuth 
subcitrate and bismuth subsalicylate (e.g., Pepto-Bismol), have 
modest efficacy in healing peptic ulcers, but the mechanism is 
unclear.® The bismuth salts form complexes with mucus that 
appear to coat ulcer craters. Bismuth-induced increased muco- 
sal prostaglandin synthesis and bicarbonate secretion have also 
been proposed. Bismuth salts have antimicrobial activity against 
Hp, and bismuth has been approved in the USA by the FDA for 
use, in combination with other agents, for the treatment of Hp 
infection (see Chapter 52). Bismuth is largely unabsorbed and 
excreted in the feces. Colonic bacteria convert bismuth salts to 
bismuth sulfide, which turns the stools black. Trace amounts of 
bismuth are absorbed in the UGI tract, with the bismuth then 
slowly excreted in the urine for 3 months or longer. Short-term, 
standard-dose therapy with bismuth appears to carry little risk 
of toxicity; however, there is the potential for bismuth encepha- 
lopathy with neuropsychiatric symptoms if the agent is given 
for extended periods in high dosage, especially in patients with 
chronic kidney disease. 

Misoprostol is a prostaglandin E; analog approved by the 
FDA for the prevention of NSAID-induced PUD.” The drug 
not only enhances mucosal defense mechanisms but also inhibits 
gastric acid secretion through inhibition of histamine-stimulated 
cyclic 3',5'-cyclic adenosine monophosphate (AMP) produc- 
tion.’! Well absorbed after oral administration, the plasma miso- 
prostol concentration peaks after approximately 30 minutes, with 
a serum half-life of approximately 1.5 hours. The drug has no 
effect on hepatic CYP450. Misoprostol metabolites are excreted 
in the urine, but dose reductions are unnecessary in patients 
with chronic kidney disease. Dose-related diarrhea is the most 
common adverse effect, occurring in up to 30% of patients and 
limiting the usefulness of misoprostol. Diarrhea is related to 
prostaglandin-induced increases in intestinal electrolyte and 
water secretion and/or acceleration of intestinal transit time. 
Administration of misoprostol with food may reduce diarrhea. 
Misoprostol also stimulates uterine smooth muscle and is there- 
fore contraindicated in women who may be pregnant. 


Hp-associated Ulcers 


Treatment of Hp infection is discussed in detail in Chapter 51 
(Tables 51.2 and 51.3). It is well established that curing Hp infec- 
tion not only heals peptic ulcers but also prevents ulcer relapses 
and complications.’*-’> Because Hp infection accounts for 80% 
to 90% of DU cases, testing for the infection in patients with 
DU is mandatory. If the diagnosis of DU is made endoscopically, 
gastric biopsy specimens should be taken to detect Hp infection. 
‘There is good evidence that a 10- to 14-day course of Hp eradi- 
cation therapy is sufficient to heal DUs such that additional anti- 
secretory therapy is not usually required. Follow-up endoscopic 
examination in order to document healing and perform testing 
to document Hp eradication following antibiotic therapy is not 
recommended routinely in patients with uncomplicated DUs. 
However, noninvasive tests such as the urea breath test can be 
used to confirm Hp eradication. Whether antisecretory therapy 
is required after a 7- to 14-day course of Hp eradication therapy 
in patients with GU is somewhat controversial. One week of 
antibacterial therapy without acid suppression effectively heals 
Hp-related GUs.”” In a meta-analysis of GU healing trials, treat- 
ment with Hp eradication therapy produced similar outcomes to 
treatment with an ulcer-healing drug;’> however, in patients with 
large or complicated GUs, additional antisecretory therapy can 
facilitate ulcer healing. Follow-up endoscopy is recommended 
in patients with large or complicated GUs to document healing, 
exclude malignancy, and confirm successful Hp eradication. 
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NSAID Ulcers 
H2RAS 


Conventional doses of H2RAs are more effective in healing 
NSAID-related DUs than GUs. There are limited data on the 
efficacy of H2RAs in healing peptic ulcers if patients continue to 
receive NSAIDs. Therefore, H2RAs are not preferred agents in 
patients with ulcers who require uninterrupted NSAID therapy. 


PPIs 


Current evidence’®’* indicates that PPIs are superior to stan- 
dard-dose H2RAs in healing NSAID-induced peptic ulcers. In a 
randomized comparison of esomeprazole (20 or 40 mg/day) and 
ranitidine (150 mg twice daily) in ulcer patients who continued to 
take NSAIDs, ulcer healing at 8 weeks occurred in 85% and 86% 
of patients given esomeprazole and in 76% of those given raniti- 
dine.’* In another study of patients with NSAID-associated GUs 
who continued to use NSAIDs, ulcer healing at 8 weeks occurred 
in 69% and 73% of patients given lansoprazole (15 or 30 mg/day) 
but in only 53% of those given ranitidine (150 mg twice daily). 


Misoprostol 


In ulcer patients who continued their NSAID, misoprostol healed 
the ulcers in 67% of patients at 8 weeks, compared with only 26% 
of patients treated with placebo.’? However, misoprostol is not 
as effective as PPI therapy in healing NSAID-associated ulcers. 
One randomized trial compared full-dose misoprostol (200 pg 4 
times daily) with omeprazole (20 or 40 mg daily) in DU or GU 
patients who continued NSAID treatment.*° After 8 weeks, DUs 
had healed in 89% of patients receiving either dose of omeprazole 
and in 77% of those receiving misoprostol. Similarly, GUs had 
healed in 87% of those receiving 20 mg of omeprazole, 80% of 
those receiving 40 mg of omeprazole, and 73% of those receiv- 
ing misoprostol. Although misoprostol is seldom used for treat- 
ment or prevention of peptic ulcer nowadays, 2 randomized trials 
have shown that misoprostol is effective for the healing of small 
bowel ulcers and erosions in patients with obscure bleeding taking 
NSAIDs and low-dose aspirin.*!°* 


Other Causes of Ulcers and Idiopathic Ulcers 


When the cause of a peptic ulcer can be identified as other than Hp 
or NSAID use (e.g., gastrinoma), the underlying disorder should 
be treated (see Chapter 34).The treatment of idiopathic, non-Hp, 
non-NSAID ulcers relies on acid antisecretory therapy, usually a 
PPI, which is often given long term (maintenance therapy), much 
as antisecretory therapy is used long term to prevent NSAID- 
induced ulcers in moderate- and high-risk patients (see later). 


REFRACTORY ULCERS 


Most peptic ulcers heal within 8 weeks of initiation of antisecre- 
tory therapy. Nevertheless, in a small but considerable minor- 
ity of patients, the ulcers persist despite conventional treatment. 
Such ulcers can be considered refractory. There is no standardized 
definition for refractory peptic ulcer, making comparisons among 
studies difficult. In some patients with refractory ulcers, symptoms 
of ulcer disease persist and may be severe. In others, the refrac- 
tory ulcer becomes asymptomatic and is only detected at endoscopy 
(e.g., at the 8-week follow-up endoscopy to assess healing of a GU). 

For the patient whose ulcer does not heal despite a trial of 
conventional therapy, the clinician should ask the following ques- 
tions: 


e Has the patient complied with the prescribed treatment? 
e Is the ulcer penetrating the pancreas, liver, or other organ? 


e Is there Hp infection? If antibiotic therapy had already been 
prescribed, the patient should be tested to confirm that the 
infection has indeed been eradicated. If no attempt had been 
made to diagnose and treat Hp infection, it should be made 
now. False-negative test results for Hp should be considered 
(see Chapter 52). 

e Is the patient still taking an NSAID? NSAID use may be sur- 
reptitious. A careful history regarding the use of over-the- 
counter NSAIDs (including low-dose aspirin) should be ob- 
tained, and NSAIDs should be stopped if possible. 

e Does the patient smoke cigarettes? If so, he or she should be 
counseled strongly to discontinue cigarettes. 

e Has the duration of ulcer treatment been adequate? Large ul- 
cers require a longer duration of therapy than small ulcers to 
heal. A large ulcer (e.g., >2 cm) probably should not be con- 
sidered refractory until it has persisted beyond 12 weeks of 
antisecretory therapy. 

e Is there evidence of a hyper-secretory condition? A family his- 
tory of gastrinoma or MEN type I or a personal history of 
chronic diarrhea, hypercalcemia caused by hyperparathyroid- 
ism, or ulcers involving the postbulbar duodenum or proximal 
jejunum suggest a diagnosis of ZES (see Chapter 34). 

e Finally, is the ulcer indeed peptic? Primary or metastatic neo- 
plasms, infections (e.g., cytomegalovirus), cocaine use, eosino- 
philic gastroenteritis, and Crohn disease can cause ulcerations of 
the stomach and duodenum that can mimic peptic ulcers. These 
disorders should be considered and excluded appropriately. 


Treatment options for truly refractory peptic ulcers include 
a more prolonged course of antisecretory therapy, often at dou- 
ble the prior PPI dose. Although uncommon nowadays, elective 
ulcer surgery may be necessary to attempt to heal a symptomatic 
refractory or penetrating ulcer. Surgical options are discussed 
later in this chapter. 


PREVENTION OF ULCER DISEASE 


Most studies of ulcer prophylaxis have used endoscopy endpoints 
(rather than clinical endpoints) to assess the effectiveness of various 
regimens. An “endoscopic ulcer” has been arbitrarily defined as a 
circumscribed mucosal defect having a diameter of 5 mm or more 
with a perceivable depth.*? However, many studies have loosened 
this criterion to include flat mucosal breaks with a diameter of 3 
mm or more as ulcers. The distinction between small ulcers and 
erosions is arbitrary and is prone to interobserver bias. The clini- 
cal relevance of these minor endoscopic lesions is uncertain. It is 
assumed that endoscopic findings roughly correlate with clinical 
outcomes in subjects at low-to-average risk for ulcer complications. 
It is unclear if results of endoscopic studies can be generalized to 
high-risk patients. Because there are few prospective outcome tri- 
als to evaluate the true clinical efficacy of ulcer prophylactic agents, 
clinical judgment relies on data largely using endoscopic endpoints. 

Hp ulcers do not require ulcer prophylaxis if the organism can 
be eradicated from the stomach (see earlier and Chapter 52). Most 
use of ulcer prophylaxis regimens is, therefore, related to preven- 
tion of NSAID ulcers in patients at moderate-to-high ulcer risk. 
The risk factors for NSAID-induced ulcers are listed in ‘Table 
53.1. Pharmaceutical agents that may reduce the development of 
NSAID-induced ulcers are discussed later. Ulcer prophylaxis is 
also frequently used in patients with idiopathic ulcers. Among the 
agents listed, only the antisecretory agents are commonly used in 
the prevention of idiopathic ulcers. 


Antacids 


Many clinicians prescribe antacids as co-therapy for patients tak- 
ing NSAIDs, both to relieve dyspeptic symptoms and to (hope- 
fully) prevent ulcers; however, antacids have no proved efficacy 


TABLE 53.1 Risk Factors for NSAID Ulcers* 


Risk factor Risk ratio 
History of complicated ulcer 1S 

Use of multiple NSAIDs (including aspirin, COX-2 inhibitors) 9 

Use of high doses of NSAIDs T 

Use of an anticoagulant 6.4 
History of an uncomplicated ulcer e 

Age >70 years 5.6 

Hp infection 3.5 

Use of a glucocorticoid DP 


*Not all NSAIDs pose the same risk. 


in the prevention of NSAID-induced ulcers. Antacids may mask 
dyspeptic symptoms, thereby creating a false sense of ulcer 
protection and increasing the risk of silent ulcer complications 
with prolonged NSAID therapy. Co-prescription of antacids in 
patients taking NSAIDs who are at risk for ulcer should be dis- 
couraged. 


H2RAs 


Using standard doses of H2RAs is not effective in preventing 
NSAID-induced GUs,**+*> and, as already mentioned, may be 
harmful. A systematic review® of randomized trials in NSAID 
users concluded that using twice the standard daily dose of H2RA 
significantly reduces the risk of endoscopic NSAID-induced 
DUs and GUs. However, whether high-dose H2RAs prevent 
NSAID-induced ulcer complications is unknown. In contrast, 
H2RAs appear to be more effective for prevention of ulcers asso- 
ciated with low-dose aspirin than with NSAIDs. In a 12 month, 
multi-center randomized trial of low-dose aspirin users at risk for 
recurrent ulcer bleeding, there was no significant difference in 
the incidence rates of recurrent bleeding between patients receiv- 
ing a PPI and patients receiving an H2RA.*? 


Misoprostol 


The efficacy of misoprostol in preventing NSAID-induced ulcers 
has been assessed in RCTs.**°’ A systematic review of these tri- 
als indicated that all doses of misoprostol studied (400 to 800 
ug/day) reduce the risk of NSAID-induced endoscopic ulcers.*° 
However, only full-dose misoprostol (800 pg/day) reduces ulcer 
complications.*° In a randomized double-blind trial in patients 
with rheumatoid arthritis who received NSAIDs, misoprostol (200 
ug 4 times daily) lowered the rate of GI complications by 40% 
(from 0.95% in the placebo group to 0.57% in the misoprostol 
group). However, up to 30% of misoprostol-treated patients in 
this trial experienced GI upset, thereby limiting its clinical use. 
Even though endoscopic studies had suggested that lower doses of 
misoprostol, such as 200 ug 2 or 3 times daily, can prevent NSAID- 
induced ulcers with fewer adverse effects than the full dose,*° such 
low doses of misoprostol fail to prevent ulcer complications.** 


PPIs 


PPIs significantly reduce the risk of endoscopic duodenal and 
GUs.*® The efficacy of PPIs has been compared with that of 
H2RAs and with misoprostol in patients who received NSAIDs. 
‘Two 6-month studies compared omeprazole 20 mg once daily with 
either standard-dose ranitidine (150 mg twice daily) and half-dose 
misoprostol (200 pg twice daily).’°°° Omeprazole was more effec- 
tive than standard-dose ranitidine and comparable with half-dose 
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misoprostol in preventing endoscopic ulcers. The superiority of 
omeprazole over ranitidine in preventing NSAID-related ulcer was 
due to a greater reduction in endoscopic DUs. A posthoc analysis 
revealed that most of the added protection attributable to omepra- 
zole over ranitidine occurred among those with Hp infection. 
Another endoscopic study compared high-dose misoprostol (200 
ug 4 times daily) with 2 doses of lansoprazole (15 and 30 mg daily) 
for the prevention of ulcers in long-term NSAID users without 
Hp infection and with a history of GU.** Misoprostol was more 
effective than either dose of lansoprazole in preventing GU, but 
there was no practical advantage of misoprostol over lansoprazole 
because of the high withdrawal rate in the misoprostol group. In 
a head-to-head endoscopic ulcer prevention study comparing 2 
doses of pantoprazole with 20 mg/day of omeprazole in patients 
with rheumatoid arthritis receiving NSAIDs, the 6-month prob- 
abilities of remaining ulcer free were 91%, 95%, and 93% for 
pantoprazole 20 mg, pantoprazole 40 mg, and omeprazole 20 mg, 
respectively.®? 

‘Two identical multicenter randomized clinical trials compared 
esomeprazole (20 or 40 mg) with placebo in the prevention of ulcers 
in patients taking NSAIDs or COX-2 inhibitors over a 6 month 
period. Patients in both studies were Hp negative, older than age 
60, and had a history of GU or DU. Overall, the rates of ulcers 
were 17.0%, 5.2%, and 4.6% in the groups receiving placebo, 
esomeprazole 20 mg, and esomeprazole 40 mg, respectively.”° 

Whether PPIs can reduce the risk of NSAID-associated peptic 
ulcer bleeding is largely based on observational studies and 1 ran- 
domized trial in high-risk patients. A large-scale, case-control study 
found that PPI therapy was associated with a significant reduction 
in risk of UGI bleeding among chronic NSAID users (relative risk, 
0.13; 95% CI, 0.09 to 0.19).°! The randomized trial compared 
long-term (6 months) omeprazole therapy to 1 week of Hp eradi- 
cation therapy for the prevention of recurrent ulcer bleeding in 
Hp-infected patients with a recent history of NSAID-related ulcer 
bleeding who continued to use naproxen.”” Recurrent ulcer bleed- 
ing occurred in 18.8% of patients undergoing eradication therapy 
compared with only 4.4% of patients receiving omeprazole. 


COX-2 Inhibitors (In Place of NSAIDs) 


COX-2 inhibitors offer the hope of minimizing GI toxicity of 
NSAIDs while preserving their therapeutic effects.?*-°’ In a sys- 
tematic review of randomized trials, when compared with nonse- 
lective NSAIDs the COX-2 inhibitors led to significantly fewer 
gastroduodenal ulcers (relative risk, 0.26; 95% CI, 0.23 to 0.30) 
and ulcer complications (relative risk, 0.39; 95% CI, 0.31 to 0.5), 
as well as fewer withdrawals caused by GI symptoms”; however, 
the sparing effect of COX-2 inhibitors on ulcer development is 
negated by concomitant use of low-dose aspirin.*? 

Current evidence indicates that COX-2 inhibitors are as effec- 
tive as a combination of nonselective NSAIDs combined with a 
PPI in patients at risk for ulcers. In a randomized comparison 
of the NSAID diclofenac plus omeprazole versus celecoxib for 
secondary prevention of ulcer bleeding in patients who either 
were Hp negative or had undergone Hp eradication,” a similar 
proportion of patients had recurrent bleeding in 6 months (6.4% 
in the diclofenac/omeprazole group and 4.9% of patients in the 
celecoxib group). Although the 2 treatments were comparable in 
terms of the incidence of ulcer bleeding, a subsequent follow-up 
endoscopic study showed that 20% to 25% of patients receiv- 
ing either treatment developed recurrent endoscopic ulcers at 6 
months. These findings suggest that neither treatment can elimi- 
nate the risk of recurrent bleeding in very high-risk patients. In 
a 13-month, double-blind randomized trial comparing celecoxib 
alone with celecoxib/esomeprazole in patients with a history of 
NSAID-associated ulcer bleeding, 8.9% of the celecoxib-alone 
group had recurrent ulcer bleeding compared with none of the 
combined therapy group (P = 0.0004).”° 
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TABLE 53.2 Recommendations for Reducing the Risk of NSAID Ulcers as a Function of GI and Cardiovascular Risk 


GI Risk* 


High 


Low Moderate 
Low CV risk NSAID at the lowest effective dose 
High CV riskt Naproxen or celecoxib, plus a PPI 


NSAID plus a PPI, or celecoxib alone 
Naproxen or celecoxib, plus a PPI 


Celecoxib plus a PPI 
Celecoxib plus a PPI if simple analgesics failed 


*Low GI risk denotes no risk factors (see Table 53.1); moderate GI risk denotes 1 or 2 risk factors; high GI risk denotes 23 risk factors, prior complicated 
ulcer, or concomitant use of low-dose aspirin or anticoagulants. All patients with a history of ulcer who require NSAIDs should be tested for Hp, and if 


infection is present, eradication therapy should be given (see Chapter 52). 


tHigh CV risk denotes the requirement for prophylactic low-dose aspirin for primary or secondary prevention of serious CV events. 


CV, cardiovascular. 


Despite the improved gastric safety profile of COX-2 inhibi- 
tors, the cardiovascular risk associated with this new class of 
NSAIDs has been a subject of much concern. In the VIGOR 
study,” the incidence of acute myocardial events, although low, 
was 4 times higher among patients receiving rofecoxib than 
among patients receiving naproxen. Whether this observed dif- 
ference in myocardial infarction rates was related to an anti- 
platelet property of naproxen or to a pro-thrombotic effect of 
rofecoxib was debated. Further data regarding the cardiovascu- 
lar hazards of COX-2 inhibitors were derived from 2 long-term 
studies of colon polyp prevention, using either rofecoxib (the 
Adenomatous Polyp Prevention on Vioxx [APPROVE] study)”® 
and celecoxib (the Adenoma Prevention with Celecoxib [APC] 
study).”? In APPROVE, interim data at 18 months indicated that 
patients who had received 25 mg rofecoxib a day had twice the 
risk of serious cardiovascular events compared with patients who 
received placebo. In 2004, rofecoxib was voluntarily withdrawn 
from worldwide markets in light of this unexpected finding. In 
the APC study, interim data at 33 months showed that serious 
cardiovascular events were significantly more frequent with cele- 
coxib at the high dose of 400 mg twice a day (hazard ratio, 1.9; 
95% CI, 1 to 3.3). The MEDAL program was a pre-specified 
pooled analysis of cardiothrombotic events from 3 trials in which 
patients with osteoarthritis or rheumatoid arthritis were ran- 
domly assigned to etoricoxib (60 mg or 90 mg daily) or diclofenac 
(150 mg daily). After an average treatment of 18 months, rates of 
cardiothrombotic events were similar between the 2 treatment 
groups. 100 

Current evidence suggests that not only COX-2 inhibitors 
but also nonselective NSAIDs, with the exception of full-dose 
naproxen (1000 mg/day), increase cardiothrombotic risk. In a 
meta-analysis of randomized trials of COX-2 inhibitors (data 
mostly derived from rofecoxib and celecoxib), all COX-2 inhibi- 
tors increased the cardiothrombotic risk compared with placebo 
(risk ratio, 1.42; 95% CI, 1.13 to 1.78). This was largely attribut- 
able to an increased risk of myocardial infarction, with little dif- 
ference in other vascular outcomes. A dose-dependent increase 
in cardiothrombotic events was observed with celecoxib. Impor- 
tantly, there was no significant difference in cardiothrombotic 
risk between COX-2 inhibitors and nonselective NSAIDs, with 
naproxen (500 mg twice daily) the only exception. In a meta-anal- 
ysis of observational studies, high-dose rofecoxib (>25 mg a day), 
diclofenac, and indomethacin were associated with an increase in 
cardiothrombotic events, whereas celecoxib did not significantly 
increase the cardiothrombotic risk, although an increased risk 
could not be excluded with doses greater than 200 mg/day.!°! In 
a large-scale, randomized, noninferiority trial of celecoxib versus 
naproxen and ibuprofen in patients with arthritis (mostly osteo- 
arthritis) and with increased cardiovascular risk,!°? more than 
24,000 patients were recruited with a mean treatment duration of 
20 months and a mean follow-up period of 34 months. Celecoxib 
(on average approximately 200 mg/day) was found to be nonin- 
ferior to ibuprofen (approximately 2000 mg/day) or naproxen 


(approximately 850 mg/day) with regard to cardiovascular safety. 
Patients treated with celecoxib had a significantly lower risk of 
adverse GI events than with naproxen or ibuprofen. The risk of 
adverse renal events was also significantly lower with celecoxib 
than with ibuprofen; however, the proportion of patients con- 
tinued on concomitant low-dose aspirin during the study period 
was unclear and very few patients had a history of GI bleed- 
ing. It is, therefore, unclear whether the advantage of celecoxib 
over naproxen or ibuprofen can be extrapolated to patients on 
concomitant aspirin with high risk of GI bleeding. In another 
18-month randomized trial of patients at high risk of both cardio- 
vascular and GI adverse events who required concomitant low- 
dose aspirin and an NSAID, celecoxib plus a PPI was found to be 
superior to naproxen plus a PPI in reducing the risk of recurrent 
ulcer bleeding.!%%: 108 


Assessing Risk and Choice of Agent(s) 


Safe prescription of NSAIDs should be based on assessment of an 
individual patient’s GI and cardiovascular risks. In patients with 
low cardiovascular risk, the therapeutic approach can be stratified 
according to their levels of GI risk as follows (Table 53.2): 


¢ Low ulcer risk: no risk factors. Patients without risk factors 
(see Table 53.1) are at very low risk of ulcer complications 
with NSAID use (©1% per year). Rational use of NSAIDs, 
including avoidance of high doses of NSAIDs and use of a less 
ulcerogenic NSAID (e.g., ibuprofen, diclofenac) at the lowest 
effective dose is a cost-effective approach. 

e Moderate ulcer risk: 1 or 2 risk factors. These patients should 
receive combination therapy with an antiulcer agent (a PPI or 
misoprostol) and an NSAID. Alternatively, substitution with 
celecoxib alone is as effective as the combination therapy men- 
tioned earlier. 


High ulcer risk: 3 or more risk factors, history of ulcer compli- 
cations, or concomitant use of low-dose aspirin, glucocorticoids, 
or anticoagulant therapy. In general, NSAIDs should be avoided 
in these patients, not only because of the high risk of ulcer com- 
plications but also owing to the serious consequences of ulcer 
complications in the presence of comorbidities. Glucocorticoid 
therapy (without NSAID) can be considered if short-term anti- 
inflammatory therapy is required for acute, self-limiting arthritis 
(e.g., gout), because glucocorticoids alone do not increase the 
risk of ulcer. If regular anti-inflammatory therapy is required for 
chronic arthritis, the combination of celecoxib and a PPI offers 
the best GI protection. 

Defining patients with high cardiovascular risk remains arbi- 
trary. The American Heart Association recommends that aspirin 
should be considered in all apparently healthy men and women 
whose 10-year risk for a cardiovascular event is 10% or above.!* 
We consider patients with arthritis to have significant cardiovas- 
cular risk if they are already on aspirin for secondary prophylaxis 
or if they require aspirin for primary prophylaxis according to 


the American Heart Association guidelines. Because the potential 
cardiovascular hazards of COX-2 inhibitors and most nonselec- 
tive NSAIDs, patients with high cardiovascular risk should avoid 
using these drugs, if possible. Ibuprofen can attenuate the cardio- 
protective effect of aspirin, possibly through competitive bind- 
ing to platelet COX-1, and concomitant use of ibuprofen and 
low-dose aspirin, therefore, should be avoided. If an NSAID is 
deemed necessary in patients at high cardiovascular risk, current 
evidence suggests that either celecoxib at moderate dose (200 mg/ 
day) or naproxen can be considered. One major drawback of con- 
comitant use of NSAIDs such as naproxen and low-dose aspirin 
is that the combination will markedly increase the risk of ulcer 
complications; thus, combination of celecoxib and low-dose aspi- 
rin may be the best available option for patients with high GI and 
high cardiovascular risk who require NSAIDs for long term. 

Because Hp infection increases the risk of ulcer complications 
in NSAID users, patients with a history of PUD who require 
NSAIDs for long term should be tested for Hp and, if present, 
the infection should be eradicated. 


COMPLICATIONS AND THEIR TREATMENT 
Bleeding 


Acute UGI bleeding, the most common complication of PUD, is 
discussed in detail in Chapter 20. PUD remains the leading cause 
of acute UGI bleeding.!® Consensus groups have recommended a 
multidisciplinary approach to the care of patients presenting with 
UGI bleeding.'°° Patients with acute UGI bleeding should be 
assessed promptly on presentation. Volume resuscitation should 
take priority and precede endoscopy. Features of liver disease 
should call attention to the possibility of bleeding from esophago- 
gastric varices rather than an ulcer. This distinction has prognostic 
as well as management implications. Variceal hemorrhage carries 
a higher death rate than ulcer bleeding. The possibility of variceal 
hemorrhage calls for specific measures prior to endoscopy, such as 
the use of vasoactive drugs (e.g., octreotide) and antibiotics (e.g., 
cefotaxime) as prophylaxis against infective complications such as 
spontaneous bacterial peritonitis (see Chapters 92 and 93). 


Endoscopic Therapy 


Early endoscopy is generally defined as EGD performed within 
24 hours of the patient’s admission. In patients with signs of 
active UGI bleeding, urgent endoscopy establishes a diagnosis 
and offers a possible intervention. RCTs demonstrated that early 
endoscopy in patients at low risk for rebleeding allowed early 
hospital discharge, reduced resource utilization, and facilitated 
management as outpatients. !°7-!0° Meta-analysis of 18 clinical tri- 
als that compared endoscopic therapy to pharmacotherapy alone 
showed that endoscopic therapy was superior with regard to the 
rates of further bleeding (odds ratio [OR] 0.35; 95% CI, 0.27 to 
0.46), surgery (OR 0.57; 95% CI, 0.41 to 0.81), and, importantly, 
mortality (OR 0.57; 95% CI, 0.37 to 0.89).1!9 

An International Consensus group!** recommended the use 
of a prognostic score to guide patient management. The Rock- 
all scoring system is a composite score using pre- and posten- 
doscopy clinical parameters to predict mortality. The score was 
derived from data gathered from the first National UK Audit.!°” 
The Glasgow Blatchford score (GBS), on the other hand, uses 
only clinical parameters to predict the need for intervention and 
is calculated from patient’s Hgb level and blood urea concentra- 
tion, pulse and systolic blood pressure on admission, the presence 
or absence of melena or syncope, as well as evidence of cardiac or 
hepatic failure.'!° The GBS has been the most widely validated 
score and correlates with clinical outcomes. 

In a multicentre prospective study!!! of 3012 patients, 
the GBS score was the best of the 4 at predicting the need for 
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intervention or death with an area under the receiver operat- 
ing curve (AUROC) of 0.86. A GBS score of 1 appears to be the 
threshold for outpatient management. The GBS score, however, 
does not define a cutoff value above which urgent endoscopy 
becomes mandatory. A significant proportion of patients at low- 
to-median scores require endoscopic treatment. 

At the time of EGD, endoscopic stigmata of bleeding in a 
ulcer not only pinpoint PUD as the source of bleeding but are 
themselves prognostic for patient outcomes (see Chapter 20). 
The commonly used nomenclature is a version modified from 
Forrest and Finlayson’s!'” original description. Laine and Jen- 
sen!!> summarized rates of further bleeding, surgery, and mor- 
tality associated with stigmata of bleeding in prospective trials 
without endoscopic therapy. 


e Type I: Active bleeding: 
Ia: Spurting hemorrhage (Fig. 53.4) 
Ib: Oozing hemorrhage (see Fig. 53.4) 
e Type II: Stigmata of recent hemorrhage: 
Ila: Nonbleeding visible vessel (see Fig. 53.4) 
IIb: Adherent clot (see Fig. 53.4) 
IIc: Flat pigmentation (see Fig. 53.4) 
e Type III: Clean-base ulcers 


Actively bleeding ulcers and ulcers with nonbleeding visible 
vessels (“protuberant discoloration” or a “sentinel clot”) warrant 
endoscopic therapy (see Chapter 20). 

Endoscopic therapy of ulcers with “adherent clots” had been 
controversial. The definition of adherent clot varies with the 
vigor in endoscopic washing. Two randomized controlled stud- 
ies!!4115 and a meta-analysis!'° compared medical therapy to 
endoscopic treatment in ulcer patients with “adherent clots” and 
concluded that clot removal followed by endoscopic treatment of 
the vessel underneath lowers the risk of recurrent bleeding from 
30% to 5%. 

The term sentinel clot, is often used synonymously with visible 
vessel.!'7 It represents a fibrin clot, which plugs the rent in an 
eroded artery. As the ulcer begins to heal, the clot resolves leav- 
ing a flat pigmentation to the ulcer base, which eventually disap- 
pears from the ulcer floor. This evolution of a bleeding vessel 
usually takes less than 72 hours. Ulcers with a flat pigmentation 
or a clean base do not warrant endoscopic therapy. 

Recently, a group from UCLA reported their experience 
with the use of an endoscopic Doppler probe to interrogate 
the ulcer base. In a prospective cohort of 163 patients with 
bleeding ulcers and varying endoscopic stigmata or recent 
hemorrhage, Doppler signals were found in ulcers with minor 
stigmata (adherent clots, 68.4%, and flat pigmentations, 
40.5%).!!8 In a subsequent RCT of 148 patients with bleed- 
ing peptic ulcers, Jensen and associates!!? compared Doppler 
endoscopic probe-guided hemostasis to standard endoscopic 
hemostasis. The 30 day re-bleeding rate was lower with the use 
of a Doppler probe to guide the treatment endpoint (11.1% vs. 
26.3%, P =.02). 

Endoscopic therapeutic modalities are discussed in more 
detail in Chapter 20, and the methods used are discussed briefly 
here. 


Injection Methods 

Endoscopic injection of diluted epinephrine into a bleeding pep- 
tic ulcer works by volume tamponade and local vasoconstriction. 
The technique is easy to learn and is not damaging to tissues. 
Diluted epinephrine, however, does not induce vessel thrombo- 
sis. Recurrent bleeding after injection with diluted epinephrine 
alone occurs in 20% to 30% of patients. Injection with diluted 
epinephrine allows a clear view of the bleeding vessel and should 
then be combined with application of either thermal-coagulation 
or clips. In a meta-analysis, !° addition of a second modality after 
epinephrine injection significantly reduced the rate of recurrent 
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Fig. 53.4 Endoscopic appearances of bleeding peptic ulcers using the Forrest classification. 199 


bleeding (RR 0.57, 0.43 to 0.76), emergency surgery (RR 0.68, 
0.5 to 0.93), and mortality (RR 0.64, 0.39 to 1.06). Improved 
outcomes seem to be more evident in ulcers with active bleeding 
(Forrest type I ulcers). Injection with diluted epinephrine alone 
should no longer be considered an adequate treatment. A second 
treatment to induce arterial thrombosis should be added. 


Thermal Methods 


Thermal methods include contact and noncontact methods. 
Contact thermal methods are more often used. Commonly 
used contact thermal probes are the heater probe and bipolar 
probes. The term coaptive thermal-coagulation emphasizes the 
need for firm mechanical compression of the vessel. Cessation 
of blood flow by compression reduces the “heat-sink” effect 
when heat energy is generated, welding the arterial lumen. 
The main noncontact method is argon plasma coagulation 
(see Chapter 20). 


Mechanical Methods 


The mechanical method of hemoclipping is widely used. 
Tangential applications of clips in treating bleeding posterior 
duodenal bulbar or lesser curvature ulcers with the endoscope in 
a retroflexed position can be technically difficult. In meta-analy- 
ses comparing endoscopic treatment modalities, hemoclips was 
superior to injection alone in rate of hemostasis and comparable 
to thermal coagulation. !°°:!! 

Recently, a multicenter RCT compared the use of over-the- 
scope-clips (OTSC) to standard through-the-scope clips and 
thermal methods in 66 patients with refractory bleeding ulcers.!”? 
The use of OTSC was associated with a reduced rate of further 
bleeding (15.2% vs. 57.6%). OTSC are made of shape memory 
nitinol of up to 13 mm in diameter capable of strong tissue com- 
pression over a wider area. The current standard is the use of 


either through-the-scope hemo-clips or thermal-coagulation 
with or without pre-injection of epinephrine. OTSC appears to 
be a useful rescue when other modalities fail. 


Antisecretory Therapy 


The rationale for antisecretory therapy in bleeding PUD is based 
on the fact that both pepsin activity and platelet aggregation are 
pH dependent. An ulcer stops bleeding when a fibrin or plate- 
let plug blocks the rent in a bleeding artery. When gastric pH 
exceeds 4, pepsin is inactivated, preventing enzymatic digestion of 
blood clots. A gastric pH of 6 or greater is critical for clot stability 
and hemostasis. Labenz and associates!’ studied gastric pH in 
patients with GU or DU who were receiving either a high dose 
of omeprazole (IV bolus 80 mg, followed by 8 mg/hr) or a high 
dose of ranitidine (IV bolus 50 mg, followed by 0.25 mg/kg/hr). 
The gastric pH exceeded 6 with omeprazole 99.9% of the time, 
but less than 50% of the time in patients receiving ranitidine 
(46% of the time in GU patients and 20% of the time in DU 
patients). The PUB study was an international multicenter study 
that enrolled 764 patients with ulcer bleeding. It evaluated use of 
high-dose esomeprazole after endoscopic hemostasis in bleeding 
peptic ulcers. The PPI reduced the rate of recurrent bleeding over 
30 days from 11.6% to 6.4%. In addition, fewer patients given the 
PPI needed further endoscopic therapy, blood transfusion, and 
surgery.!*+ 

A Cochrane Systematic Review of randomized trials that 
compared PPI use to placebo or a H2RA concluded that the use 
of PPI therapy significantly reduces rates of recurrent bleeding 
and surgery but not overall mortality.!*° In a subgroup analysis 
among patients with active bleeding or with a nonbleeding visible 
vessel, a significant reduction in mortality was observed with use 
of PPI (OR 0.53; 95% CI, 0.31 to 0.91). 


The optimal PPI dose to use and the routine of PPI admin- 
istration continue to be controversial. A meta-analysis of RCTs 
that compared low- to high-dose PPI use after endoscopic hemo- 
stasis consisted of trials that included bleeding ulcers with minor 
stigmata of bleeding and clean-based ulcers.!?° The majority of 
studies were underpowered to declare equivalence between low- 
and high-dose PPI. An international consensus group has contin- 
ued to endorse the use of a high-dose PPI, especially in high-risk 
patients. 10+ 

Pre-emptive use of an IV PPI infusion prior to endoscopy was 
studied in a large-scale randomized study.!*’ Patients with overt 
signs of UGI bleeding were randomized to receive either a high- 
dose PPI infusion or placebo. Most (60%) of the patients in this 
cohort were found at EGD to be bleeding from a peptic ulcer. 
The study demonstrated that early PPI infusion down-staged 
endoscopic bleeding stigmata in patients with peptic ulcers and 
thereby reduced the need for endoscopic therapy; thus, there 
were fewer ulcers with active bleeding or with major stigmata 
of recent hemorrhage observed during the following morning’s 
EGD in the PPI group. PPI infusion starts ulcer healing, and 
significantly more clean-based ulcers are seen the next day. The 
study has cost-saving implications, with less endoscopic therapy 
required with the preemptive use of an IV PPI. In patients await- 
ing endoscopy, it is reasonable to start PPI therapy. 


Surgical Therapy 


Effective endoscopic intervention and improved pharmacother- 
apy have greatly reduced the need for emergency ulcer surgery. 
In the USA, the incidence of surgery to control ulcer bleeding 
has continued to decline (from 13.1% in 1993 to 9.7% in 2006), 
while there was an increase in the use of endoscopic treatment 
(12.9% to 22.2%).!?8 In an UK National Audit in 2006, only 2.3% 
of 4478 patients who presented with UGI bleeding required sur- 
gery. Mortality after surgery was 29%.!*? Surgery is indicated in 
patients with bleeding not controlled during endoscopy or with 
further bleeding refractory to endoscopic therapy. Independent 
predictors to recurrent bleeding after endoscopic hemostatic ther- 
apy include hemodynamic instability, comorbid illnesses, active 
bleeding at endoscopy, large ulcer size, posterior DU, or lesser 
curvature ulcer.!>° Often, an attempt at further endoscopic control 
is indicated. A RCT that compared endoscopic re-treatment to 
surgery suggested that the former can secure bleeding in 75% of 
cases and is associated with less procedure-related morbidities. !*! 

The type of emergency operation to be performed for ulcer 
bleeding is controversial. Some surgeons maintain that oversew- 
ing of ulcers alone, combined with acid-suppression therapy, is 
safer than “definitive” surgery using either gastrectomy or vagot- 
omy. Hp eradication and PPIs have provided incentives for sur- 
geons to perform the minimum operation. 

Two RCTs that compared minimal with definitive surgery 
were published before the era of endoscopic hemostasis and PPI 
infusion.!3?5> A UK multicenter study compared minimal sur- 
gery (oversewing the vessel or ulcer excision alone plus IV H2RA 
therapy) with a definitive ulcer operation (vagotomy and pylo- 
roplasty or partial gastrectomy) in patients with bleeding GUs 
or DUs. The trial was aborted because of the high rate of fatal 
recurrent bleeding in those assigned to minimal surgery (7 in 62 
patients, with 6 deaths). Of the 67 patients who received defini- 
tive ulcer surgery, 4 re-bled and none died.!*” In a trial conducted 
by the French Association of Surgical Research, patients with 
DU were randomized to receive oversewing plus vagotomy and 
drainage or partial gastrectomy.!** After oversewing and vagot- 
omy, recurrent bleeding occurred in 10 of 60 patients (17%); 
conversion to a Billroth II gastrectomy was required in 6 of the 
10 patients with recurrent bleeding. In the group of 60 patients 
assigned to undergo partial gastrectomy, only 2 (3%) had re- 
bleeding, and both recovered with conservative treatment. With 
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an intention-to-treat analysis, no differences in overall mortality 
rates or duodenal leak rates were seen. These 2 RCTs suggest 
that simple oversewing with or without vagotomy is associated 
with a higher rate of recurrent bleeding. Exclusion of an ulcer 
or, in the case of GUs, ulcer excision is important in preventing 
recurrent bleeding. In a review of data from the American Col- 
lege Surgeons National Surgical Quality Improvement Program, 
30 day mortality was higher in patients who underwent a simple 
oversewing or ulcer excision (106/498, 21.3%) when compared to 
that after vagotomy with resection or drainage (39/283, 13.8%). 
There was obvious bias in this retrospective analysis. 14 


Angiographic Therapy 


Angiographic embolization of bleeding arteries is a nonoperative 
alternative to surgery in patients with bleeding peptic ulcer. In a 
pooled analysis of 6 retrospective studies comparing angiography 
and surgery, a higher re-bleeding rate was observed after angio- 
graphic treatment (51/178, or 29% vs. 36/241, or 15%; RR 1.82; 
95% CI, 1.20 to 2.67).!°> Mortality was not significantly different 
(17% vs. 23%). When radiology skills are available, angiography 
is often attempted before surgery. A recent RCT that compared 
added embolization to standard treatment after endoscopic hemo- 
stasis did not confirm a mortality benefit of prophylactic emboliza- 
tion.!>° Ina per protocol analysis, rate of further bleeding was lower 
after added embolization (6/96, or 6.2% vs. 14/123, or 11.4%). Ina 
subgroup analysis of ulcers of 15 mm or more in size, embolization 
reduced bleeding from 23.1% to 4.5%. The authors suggested that 
for larger ulcers with significant bleeding, angiographic emboliza- 
tion should be considered after endoscopic hemostasis. 


Perforation 


Perforation of a GU or DU (Fig. 53.5) is a surgical emergency 
that may be the initial manifestation of PUD, especially in 
patients using NSAIDs. Ulcer perforation is associated with a 
mortality approaching 30%. Older adults with significant comor- 
bid illnesses and a delay in performing surgery have the worst 
prognosis. The clinical presentation is one of peritonitis but 
clinical signs can be obscured in older and immunocompromised 
patients (see Chapter 39). 


Medical Therapy 


It has been suggested that a standardized peri-operative man- 
agement protocol can improve outcomes. In a Danish multi- 
center study (n = 2619),!°’ the PULP trial group showed that 
with aggressive and specific treatment of sepsis and, importantly, 


Fig. 53.5 Laparoscopic view of a perforated DU (arrow) with fibrinous 
exudate on the adjacent peritoneum. 
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surgery within 6 hours, mortality was 17% in 117 hospitals 
with strict management protocols and was 27% in 512 hospitals 
without protocols. Other measures include goal-directed fluid 
therapy, general respiratory and circulatory support, intravenous 
broad-spectrum antibiotics, and insertion of a double-barreled 
NG tube, and a urinary catheter. An intravenous PPI is given 
routinely after surgery. 

Nonoperative management of ulcer perforation should sel- 
dom be practiced. It involves NG suctioning, parenteral antibi- 
otics, and IV fluids. In a RCT, Crofts and associates!** assigned 
patients with the presumptive diagnosis of perforated peptic 
ulcers to either conservative treatment or prompt surgery. Over- 
all morbidity and mortality rates (5%) were low and similar in the 
medical and surgical groups. Of the 40 patients assigned to con- 
servative treatment, 11 showed no improvement within 12 hours 
and underwent operation. Three of these 11 patients were found 
to have perforated carcinomas (2 gastric and 1 sigmoid colon). 
Findings of the study highlight common objections to the use of 
non-operative management: uncertainty of the site of perforation, 
the possibility of a perforated GI tumor, and atrophic momentum 
making spontaneous sealing unlikely. Older adults tolerate sepsis 
poorly. Any delay in definitive treatment leads to poor outcomes. 


Surgical Therapy 


Perforated gastroduodenal ulcer carries a high mortality rate. In a 
review of surgery for perforated ulcers between 2011 and 2013 in 
Denmark, the 90-day mortality was 25.5% among 726 patients. 
Re-operation was required in 124 patients (17.1%), approxi- 
mately one third of them caused by persistent leaks. 1° 

Boey and associates!*? identified preoperative shock, major 
medical illnesses, and perforation longer than 12 hours as impor- 
tant adverse prognostic factors. The PULP score was recently 
developed from a cohort of 2668 patients who received surgery in 
11 hospitals across Denmark. Variables included were age greater 
than 65 years, active malignant disease or acquired immunodefi- 
ciency, cirrhosis, glucocorticoid use, perforation more than 24 
hours, shock, raised serum creatinine level, and American Soci- 
ety of Anesthesiologists (ASA) score greater than 1. The PULP 
score was accurate in predicting mortality from ulcer perforation 
(AUROC of 0.83).!*! The score, however, has not been validated 
in centers outside Denmark. 

The controversies in the operative management of perfo- 
rated peptic ulcers have revolved around the choice between 
laparoscopic and open repair and the need for a definitive ulcer 
operation after closure of the perforation (and which definitive 
operation to perform). Treatment also differs for duodenal and 
gastric perforations. Simple closure of a perforated duodenal or 
a juxta-pyloric ulcer with the use of an omental patch is widely 
practiced. 

Meta-analyses of 3 RCTs (2 from Hong Kong and the Dutch 
LAMA Study) that compared laparoscopic to open surgical treat- 
ment of perforated peptic ulcers tends to favor laparoscopic repair 
with respect to rates of abdominal septic complications (OR 0.66; 
95% CI, 0.3 to 1.47), and pulmonary complications (OR 0.43; 
95% CI, 0.17 to 1.12)!#; thus, laparoscopic repair should, at the 
least, be considered not inferior to open repair. There may, how- 
ever, have been selection bias in these RCTs. Poor risk patients 
(those with delayed presentations, shock, and with significant 
comorbidities) may be better suited for a laparotomy. Large per- 
forations (>10 mm) suggest sizable ulcerations and should also be 
managed by laparotomy; often, gastric resections are required in 
such patients. 

GU accounts for approximately 20% of perforated peptic 
ulcers. Epidemiologic data suggest a rising proportion of GUs 
among perforated ulcers, especially in older adult patients who 
use NSAIDs. Patients with perforated GUs are more likely to 
be older and to have significant comorbid illnesses, making their 


prognosis less favorable. As with perforated DUs, there has been 
a debate regarding the choice of surgery for perforated GUs. 
Simple closure should be offered to small perforations at the 
prepyloric area. The optimal treatment of an angular notch GU 
along the lesser curvature should entail an antrectomy and lesser 
curve ulcer excision, followed by either a Billroth type I or I 
reconstruction. The role of vagotomy is unclear. The advocates 
for primary resection in perforated GUs argue that mortality 
rates after gastrectomy are not increased and that the rate of post- 
operative ulcer-related complications is reduced. The arguments 
for primary resection also include the possibility that the ulcer is 
malignant. Malignancy is seen in approximately 6% of perforated 
GUs.!*? In a retrospective series comprising 287 perforated GUs, 
death occurred in 21.5% of patients who underwent patch closure 
alone and in 24.3% of those who underwent gastric resections. !*+ 

In Hp-associated ulcers, Hp eradication reduces the relapse 
of ulceration after patch repair. In a RCT from Hong Kong, 99 
patients after patch repairs for perforated ulcers, were assigned 
to Hp eradication or a course of PPI. At 1 year, there were fewer 
relapses in those given Hp eradication (4.8% vs. 38.1%).!* 
A meta-analysis of 5 RCTs that compared simple closure plus 
Hp eradication to closure alone in patients with perforated DU 
showed that the pooled incidence of ulcer relapse in the year after 
Hp eradication was 5.2% compared to 35.2% in those without 
eradication. These data support the use of simple closure in the 
majority of perforated DUs.!46 


Obstruction 


Gastric outlet obstruction is now an infrequent complication of 
PUD. Its clinical manifestations—nausea and postprandial vom- 
iting, abdominal fullness, pain, and early satiety—are discussed 
in Chapters 15 and 50, as is the diagnostic approach to patients 
presenting with possible gastric outlet obstruction. Gastric out- 
let obstruction should alert clinicians to possible malignancy (see 
Chapter 54). 


Medical Therapy 


Patients with obstructing peptic ulcers are often volume depleted. 
The loss of fluid, hydrogen ions, and chloride ions in the vomitus 
leads to hypochloremic, hypokalemic metabolic alkalosis. The 
patient should be volume resuscitated with normal saline fol- 
lowed by potassium replacement once urine output is adequate. 
In severely malnourished patients, parenteral nutrition should be 
considered. Decompression of the stomach by a large-bore NG 
tube relieves vomiting, helps to monitor fluid loss, and allows the 
stomach to regain its tone. A high-volume, non-bile-stained aspi- 
rate can help distinguish gastric outlet obstruction from a high 
small bowel obstruction. Use of an IV PPI reduces gastric acid 
output, making fluid and electrolyte management easier. PPI 
therapy also initiates ulcer healing, ameliorates inflammatory 
edema, and assists in resolving obstruction. Approximately half of 
patients respond to this management. Improvement is especially 
noticeable in patients with active ulceration and edema. Surgery 
is, therefore, deferred until after an adequate trial of conserva- 
tive management. Other factors that may influence the decision 
to proceed to surgery are chronicity, a history of previous ulcer 
complication, and the patient’s age and general medical condi- 
tion. Furthermore, many authorities argue for initial endoscopic 
dilation before surgery. 


Endoscopic Therapy 


Endoscopic balloon dilation has been used successfully in patients 
with gastric outlet obstruction from PUD (Fig. 53.6).147-149 
During endoscopic examination, the stenosis is traversed by means 
of a biliary-type guidewire with a flexible tip. A low-compliance 


Fig. 53.6 A through-the-scope dila- 
tion of an obstructed pylorus caused 
by an ulcer. The procedure was per- 
formed under fluoroscopic guidance. 
A dual-channel endoscope with a 3.7 
mm therapeutic channel was used. 
A, The stricture was first traversed 
with a biliary-type guidewire (arrow- 
head). A through-the-scope balloon 
was passed over the guidewire across 
the stricture. B, A waist, representing 
the stricture (arrow), was observed 
and was nearly abolished on balloon 
inflation (C). 


through-the-scope balloon is then passed over the guidewire, and 
dilation can be seen through the endoscope. The use of a balloon 
is preferred because its inflation produces a uniform radial force, 
which has a theoretical advantage over the longitudinal shearing 
force associated with the use of conventional dilators. The pro- 
cedure is typically performed with fluoroscopic guidance. A regi- 
men of gradual dilation over 2 or 3 sessions seems sensible. The 
targeted diameter is unclear; many authorities recommend dila- 
tion to 15 mm, which is often associated with relief of symptoms. 
The presence of gastric atony also contributes to symptoms. The 
risk of perforation increases with the size of balloon. Endoscopic 
series reported immediate relief of obstruction in 78% to 100% 
of cases. In a small series of Hp-infected patients, balloon dilation 
followed by Hp eradication led to sustained symptom relief.!°° 


Surgical Therapy 


A variety of operations have been described for obstructing DUs, 
pyloric channel ulcers, and pre-pyloric ulcers. They include 
vagotomy with either a drainage procedure (gastrojejunostomy 
or pyloroplasty) or an antrectomy. In the unusual event of an 
obstructing prepyloric GU, an antrectomy followed by a Billroth 
type I gastroduodenostomy is the procedure of choice. 


STRESS ULCERS 


Stress-related gastric and duodenal mucosal injury (stress 
ulcers) is an illness of the critically ill who are typically cared 
for in an ICU. The etiology of stress ulceration is probably 
related to mucosal ischemia and splanchnic hypo-perfusion 
from shock or low cardiac output. Fortunately, only a small 
proportion of patients with stress-related mucosal lesions have 
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clinically overt GI bleeding. In a cohort study!*! of 2252 ICU 
patients, only 1.5% developed clinically important bleeding. 
Respiratory failure (OR 15.6) and coagulopathy (OR 4.3) were 
independent predictive factors for bleeding stress ulcers. In 
2015, a prospective study!*? of 1034 patients admitted to ICUs 
was published; clinically important GI bleeding occurred in 
2.6% of patients. Those with 3 or more comorbid illnesses, 
liver disease, receiving renal replacement therapy, and with 
a high organ failure score were at risk. Patients in the ICU 
with traumatic brain injuries and burns also belong to a high- 
risk group of developing GI bleeding. Across different studies, 
there appears to be different candidate predictors for bleeding. 
The use of enteral nutrients buffers acid and protects against 
bleeding. 

PPI, H2RA and sucralfate are drugs used for stress ulcer 
prophylaxis. In a network meta-analysis of 57 RCTs (n = 7293), 
Alhazzani and associates!°> showed that PPIs were more effec- 
tive for preventing clinically important bleeding than H2RA (OR 
0.38), sucralfate (OR 0.30), or placebo (OR 0.24). PPIs, how- 
ever, increased the risk of nosocomial pneumonia compared with 
H2RA (OR 1.27), sucralfate (OR 1.65), and placebo (OR 1.52). 
There is concern that acid suppression predisposes patients to 
nosocomial infection probably linked to gut dysbiosis.'°+ A Euro- 
pean multicenter study randomized 3298 ICU patients to receive 
40 mg of intravenous PPI or placebo and found that deaths by 90 
days were similar between groups (31.1% vs. 30.4%). The rate 
of composite adverse events (gastrointestinal bleeding, Clostrid- 
ium difficile infection, pneumonia, or myocardial ischemia) were 
comparable (21.9 vs. 22.6%). There were fewer clinically impor- 
tant bleeding events in the PPI group (2.5 vs. 4.2%).!>° 


Full references for this chapter can be found onwww.expertconsult.com. 
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Gastric cancer remains a major cause of cancer-related mortal- 
ity in the world, despite declining rates of incidence in many 
industrialized countries. In this chapter, we mainly discuss 
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gastric adenocarcinoma, which makes up most of gastric malig- 
nancies. 


EPIDEMIOLOGY 


Gastric cancer is the third leading cause of cancer mortality in the 
world,! although the overall incidence is declining.* In Western 
countries, the incidence of gastric cancer has decreased dramati- 
cally over the past century; in the USA, gastric cancer mortal- 
ity has decreased 87% since 1950 with a similar trend being 
reported in Europe.’ In the USA, the incidence of gastric cancer 
has diminished to approximately 7.6 cases per 100,000 people,* 
whereas as recently as 1945, gastric cancer was the leading cause 
of cancer mortality in men.’ 

There is great geographic variation in gastric cancer inci- 
dence, with the highest incidence rates in the Far East (Fig. 54.1). 
Eastern Europe and Central and South America also have high 
incidence rates, with the lowest incidence rates observed in North 
America, North Africa, South Asia, and Australia.° Although gas- 
tric cancer was common in industrialized countries in the past, 
the latest epidemiologic data indicate that more than 70% of new 
cases of gastric cancer are in developing countries, reflecting a 
more rapid decline in developed countries.! 

In the USA, the median age of diagnosis is 70 years.* In Japan, 
a country with a high incidence of gastric cancer, the mean age of 
diagnosis is roughly a decade earlier, perhaps reflecting lead-time 
bias due to widespread screening. The incidence of gastric can- 
cer in males is approximately twice that in females (Table 54.1).1 
The incidence of gastric cancer in blacks in the USA is nearly 
double that in whites. Native Americans and Hispanics also have 
a higher risk of developing gastric cancer than whites. In contrast 
to the pattern seen with nonjunctional gastric cancers, the inci- 
dence rates of adenocarcinomas at the esophagogastric junction 
(EGJ, formerly “cardia cancer”) are rising,” According to the US 
Surveillance, Epidemiology, and Ends Results (SEER) database, 
these junctional cancers now represent 27% of gastric cancers in 
the USA, up from just 10% in 1975.4 

There are numerous dietary, environmental, and genetic risk 
factors for gastric adenocarcinoma (Box 54.1). The dominant 
risk factor remains, however, infection with Hp and the asso- 
ciated chronic-active inflammation of the gastric mucosa (see 


Chapter 52). 


ETIOLOGY AND PATHOGENESIS 


Gastric cancer can be subdivided using the Laurén classification 
into ? distinct histologic subtypes with different epidemiologic 
and prognostic features (Fig. 54.2).” The intestinal type of cancer 
is characterized by the formation of gland-like tubular structures 
with features reminiscent of intestinal glands. This type of gastric 
cancer is more closely linked to environmental and dietary risk 
factors, tends to be the predominant form in regions with a high 
incidence of gastric cancer, and is the form of cancer that is now 
declining worldwide. The diffuse type of cancer lacks glandular 
structure and consists of poorly cohesive cells that infiltrate the 
wall of the stomach. It is found at the same frequency through- 
out the world, occurs at a younger age, and is associated with a 
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Fig. 54.1 Worldwide incidence per 100,000 population of gastric cancer in men in 2012. (WHO). 


TABLE 54.1 Gastric Cancer Incidence and Mortality Rates per 100,000 
Population (Age-Adjusted) in 2012 


Incidence Mortality 
Male Female Male Female 
Developed countries ISe 6.7 9.2 4.2 
Developing countries 18.1 7.8 14.4 6.5 


Data from Torre LA, Bray F, Siegel RL, et al. Global cancer statistics, 2012. 
CA Cancer J Clin [Internet]. 2015; 65:87-108. Available from http://www 
-Ncbi.nim.nih.gov/pubmed/25651 787 


worse prognosis than the intestinal form. Extensive involvement 
of the stomach by the diffuse type can result in a rigid and thick- 
ened stomach, a condition referred to as /initis plastic (Video 54.1). 
Another key feature of diffuse type cancers are signet-ring cells, 
special mucin-filled cells that are not present in intestinal type 
adenocarcinomas. There are also mixed phenotypes that contain 
heterogenous areas that feature predominantly either intestinal- 
or diffuse-type characteristics. 

Adenocarcinoma of the stomach is also classified into proxi- 
mal tumors (EGJ and gastric cardia) and distal or nonjunctional 
tumors (fundus, body, and antrum of the stomach). Junctional 
cancers can be further classified according to the Siewert classifi- 
cation by the location of the main tumor mass into Type I (1 to 5 
cm above the EGJ), Type II (from 1 cm above to 2 cm below the 
junction), and Type III (2 to 5 cm below the junction) tumors.® 
There is no clear distinction between the genetic and cellular ori- 
gin of adenocarcinomas of the distal esophagus, the EGJ, and a 
subgroup of nonjunctional distal gastric cancers.’ Interestingly, 
with the decreasing incidence of Hp infection, nonjunctional 
tumors have been declining while more proximal tumors have 
been increasing. In a mouse model, it has even been postulated 
that Barrett esophagus-related esophageal cancer and cancer of 
the EGJ have their origins in the gastric cardia.'!° Emerging data 
from gene expression profiling suggest that differences in patho- 
logic appearance and clinical behavior may be due to the presence 
of unique molecular phenotypes. Characterization of the gastric 


cancer genomic landscape reveals the presence of multiple altera- 
tions in the expression of tyrosine kinase receptors, which in con- 
junction with their ligands and downstream effector molecules 
represent potential pathways for future drug development. 

The Cancer Genome Atlas (TCGA) consortium suggested* 
gastric cancer subtypes based on the genomic profile of about 
300 gastric cancers.!! This classification correlated well with the 
clustering of high throughput data of different platforms includ- 
ing epigenome, transcriptome, and proteome analysis. So far, 
there are only little data to support the biological relevance of 
this proposed classification. Previous transcriptome analyses of 
gastric cancers, on the other hand, have demonstrated phenotypic 
clusters with either distinct prognostic outcomes or different 
response to systemic treatment. !%13 

It is believed that the development of intestinal-type gastric 
cancer occurs through a multistep process in which the normal 
mucosa is sequentially transformed into a hyperproliferative epi- 
thelium, followed by metaplastic processes leading to glandular 
atrophy, dysplasia, and then carcinoma. In colon cancer, the evi- 
dence is strong that each step in the transition is associated with 
a specific gene mutation,!* but the evidence that gastric cancer 
follows a comparable sequence of genetic events has been lacking. 
However, in both the intestinal-type gastric cancer and colorec- 
tal cancer, it does appear that DNA mutations are established 
over time in stem cells in the normal human stomach, and that in 
intestinal metaplasia these mutations spread through the stom- 
ach through a process involving crypt fission and monoclonal 
conversion of glands.!° The contention that the pathogenesis of 
intestinal-type gastric cancer is a multistep process is supported 
mainly by the observation that both chronic atrophic gastritis and 
intestinal metaplasia are found in higher incidences in patients 
with intestinal-type cancer and in countries with a high incidence 
of gastric cancer (see Chapter 52).!°-!” 

This multistep model of intestinal-type gastric cancer, devel- 
oped in large part by Pelayo Correa and colleagues,!* postulates that 
there is a temporal sequence of preneoplastic changes that eventu- 
ally lead to the development of gastric cancer. A common feature 
of the initiation and progression to intestinal-type gastric cancer 
is chronic inflammation of the gastric mucosa. Hp infection is the 
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BOX 54.1 Risk Factors for Gastric Adenocarcinoma 


DEFINITE 

Adenomatous gastric polyps* 

Chronic atrophic gastritis 

Cigarette smoking 

Dysplasia* 

EBV 

History of gastric surgery (esp. Billroth II)* 

Hp infection 

Intestinal metaplasia 

GENETIC FACTORS 

Family history of gastric cancer (first-degree relative)* 
Familial adenomatous polyposis (with fundic gland polyps)* 
Hereditary nonpolyposis colorectal cancer* 

Juvenile polyposis* 

Peutz-Jeghers syndrome* 


PROBABLE 


High salt intake 


History of gastric ulcer 

Obesity (adenocarcinoma of the cardia only) 
Pernicious anemia* 

Regular aspirin or other NSAID use (protective) 
Snuff tobacco use 

POSSIBLE 

Diet high in nitrates 

Heavy alcohol use 

High ascorbate intake (protective) 

High intake of fresh fruits and vegetables (protective) 
Low socioeconomic status 

Ménétrier disease 

Statin use (protective) 

QUESTIONABLE 

High green tea consumption (protective) 
Hyperplastic and fundic gland polyps 


*Surveillance for cancer is recommended in patients with this risk factor. 


primary cause of gastric inflammation and the leading etiologic 
agent for gastric cancer (see Chapter 52). Ina subset of patients, the 
inflammatory process leads to the development of atrophic gastritis 
(with loss of glandular tissue) followed by progression to intestinal 
metaplasia, dysplasia, early gastric cancer, and, eventually, advanced 
gastric cancer (Fig. 54.3). Although animal models suggested that 
all stages prior to the development of high-grade dysplasia are 
potentially reversible, there is still ongoing debate what defines the 
“point of no return” for humans from which further progression of 
neoplasia can no longer be prevented.!?? Eradication of Hp has 
the potential to prevent gastric cancer as shown in recent meta- 
analyses.?!?* The preventive effect of eradication is more evident if 
there are no preneoplastic conditions of the gastric mucosa (glan- 
dular atrophy, intestinal metaplasia) at the time of intervention.” 
Hp eradication can prevent further progression of preneoplastic 
conditions, and even a certain degree of regression can be docu- 
mented.** Although it is currently assumed that presence of intes- 
tinal metaplasia is most likely to mark the point of no return, there 
is even an effect of Hp eradication if advanced lesions are present 
(e.g., after endoscopic resection of an early gastric cancer).”° 

Unlike the situation observed with colon cancer, the precise 
genes involved in each step of this progression are still not defined. 
Nevertheless, next-generation sequencing techniques have shown 
that there is more heterogeneity in genetic alterations in gastric 
cancer and cancer of the EGJ than in colon cancer.?6?” Further- 
more, the premalignant stages of gastric cancer are not as readily 
identifiable during endoscopy as those of colon cancer, and many 
gastric carcinomas are very heterogeneous, containing a large per- 
centage of stromal cells. These stromal cells, which also include 
cancer-associated fibroblasts known to promote tumor growth, 
have been reported to show distinct genetic and epigenetic changes 
that may confound tumor analysis.”°? This feature makes charac- 
terization of the timing of specific gene mutations in gastric can- 
cer difficult at best. Currently, the role of chronic inflammation 
in the diffuse type of gastric cancer, as well as the similarities if 
any to the proposed pathway in Fig. 54.3 for the intestinal type of 
cancer, remain to be clarified. One common factor that is related 
to both histological subtypes is a strong association with Hp infec- 
tion, which has shown to directly modify genes involved in DNA 
damage repair (DDR) pathways.*° Modifications of DDR-related 
genes are a common event in gastric carcinogenesis.’ ! 


Fig. 54.2 Histopathology of the 2 types of gastric can- 
cer. A, The intestinal type of gastric adenocarcinoma 

is characterized by the formation of gland-like tubular 
structures mimicking intestinal glands. B, The diffuse 
type of gastric cancer contains singly invasive tumor 
cells that frequently contain abundant mucin and that 
lack any glandular structure. H&E stains. (Courtesy 
Rhonda K. Yantiss, MD, Boston, Mass.) 
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Fig. 54.3 Proposed Correa pathway of pathologic events in gastric 
adenocarcinoma. In well-differentiated, intestinal-type gastric cancer, 
histopathologic studies indicated that chronic Hp infection progresses 
over decades through stages of chronic gastritis, atrophic gastritis, in- 
testinal metaplasia, dysplasia, and cancer. The development of cancer 
has been attributed to alterations in DNA caused by chronic inflamma- 
tion, which is associated with the recruitment and of bone marrow-de- 
rived immune and mesenchymal cells (BM cells) that form a microenvi- 
ronment that favors tumorigenesis. An imbalance between epithelial cell 
proliferation and apoptosis and, in a milieu of atrophy and achlorhydria, 
gastric colonization by enteric bacteria with nitrate reductase activity 
facilitating formation of carcinogenic nitrosamines allow the accumula- 
tion of oncogenic genetic alterations. Corpus-predominant atrophy, or 
the loss of specialized glandular cell types such as parietal and chief 
cells, appears to be the critical initiating step in the progression toward 
cancer. (From Fox JG, Wang TC. Inflammation, atrophy, and gastric 
cancer. J Clin Invest 2007; 117:60-9.) ROS, Reactive oxygen species. 
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Hp Infection (see also Chapter 52) 


Hp is a gram-negative microaerophilic bacterium that infects 
nearly half the world’s population and is recognized as the pri- 
mary etiologic agent for gastric cancer. Indeed, H. plyori has been 
classified as a class I (or definite) carcinogen by the International 
Agency for Research on Cancer, a branch of the WHO. Infection 
with Hp has been found in every population studied, although 
the prevalence is higher in developing countries and most parts 
of East Asia.’ 

The natural history of chronic Hp infection includes 3 pos- 
sible outcomes**: (1) simple gastritis, where patients often remain 
asymptomatic; (2) duodenal ulcer phenotype, which occurs in 
10% to 15% of infected subjects; and (3) gastric ulcer/gastric 
cancer phenotype. The risk for gastric cancer development var- 
ies with the type of background gastritis, but in general, corpus- 
dominant gastritis resulting in a low acid state is mainly associated 
with an increased risk. Hp-induced duodenal ulcer disease is asso- 
ciated with a high gastric acid output as well as a reduced risk 
for developing gastric cancer.** Studies suggest that Hp-infected 
patients develop chronic atrophic gastritis at a rate of 1% to 3% 
per year of infection.!**°3’ Thus, those patients who are geneti- 
cally predisposed to developing atrophic gastritis in response to 
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Hp infection are likely to be also predisposed to gastric cancer. 
Although Hp infection is associated with both diffuse-type and 
intestinal-type adenocarcinomas, we focus in this chapter mainly 
on the mechanisms responsible for the formation of intestinal- 
type adenocarcinoma because they have been better studied. The 
association of Hp with mucosa-associated lymphoid tissue lym- 
phoma is discussed in Chapter 32. 

The increased risk of development of gastric adenocarci- 
noma due to Hp infection depends on multiple factors includ- 
ing host genetic factors, the strain of bacteria (including bacterial 
virulence factors), the duration of infection, and the presence 
or absence of other environmental risk factors (e.g., poor diet, 
smoking). In a Japanese cohort, only those infected with Hp 
developed gastric adenocarcinoma during follow-up (2.9% vs. 
0%; P <0.001).>* Additional cohort studies from China and Tai- 
wan have reported similar findings.*?*? In Western countries, the 
association between Hp and gastric cancer appears to be confined 
to nonjunctional tumors.*! There are data, however, that Hp is 
likely to be also associated with Siewert type III junctional can- 
cers as well as potentially a subgroup of type II tumors.*?* 

A combination of a virulent bacterial strain, a genetically per- 
missive host, and a favorable gastric environment may be neces- 
sary for cancer to occur. Currently, genetic susceptibility factors 
of the human host are studied based on individual genes, but new 
technologies such as next-generation sequencing will enhance 
the identification of host genetic factors. Nevertheless, the most 
important factor appears to be the induction of chronic inflam- 
mation by Hp infection. This leads to an impairment of the epi- 
thelial barrier function of the gastric mucosa, thereby increasing 
the impact of other pathogenic factors (e.g., diet). Several aspects 
of the inflammatory milieu have been implicated as carcinogens; 
they include increased oxidative stress and the formation of oxy- 
gen free radicals, leading to DNA damage, increased CD4+ T 
cells and myeloid cells, and elevated proinflammatory cytokine 
production, all leading to accelerated cell turnover, reduced apop- 
tosis, and the potential for faulty or incomplete DNA repair.** 
Indeed, recent studies suggest that animals with deficient DNA 
repair mechanisms display more severe gastric dysplasia after 
chronic infection with Hp.* As mentioned earlier, Hp is capable 
of directly modifying DDR-related genes and their function.*° 
Thus, evidence to date clearly indicates that the most important 
cofactor in the induction of Helicobacter-related disease is the host 
immune response. Indeed, chronic inflammation has been linked 
to a large number of nongastric cancers. 

Chronic inflammation of the gastric mucosa appears neces- 
sary for the progression through atrophy to gastric cancer. Dis- 
ease mechanisms are difficult to study in human infection, and 
therefore, much of our understanding of the immune response 
to Helicobacter organisms comes from work performed in a mouse 
model. Different inbred strains of mice respond to infection with 
varying degrees of disease susceptibility, and several knockout 
models have helped to elucidate the roles of individual compo- 
nents of the immune response in disease. 

Genetic manipulation of the C57BL/6 susceptible murine 
strain has facilitated detailed study and has thus led to a deeper 
understanding of genetic factors that promote murine gastric can- 
cer, and particularly, the role of the adaptive immune response. 
For example, gastric Helicobacter infection in mice deficient in 
lymphocytes does not result in tissue damage, cell lineage altera- 
tions, or the metaplasia-dysplasia-carcinoma sequence.*°*’ In 
contrast, infection in B cell-deficient mice (which retain a normal 
T cell response) results in severe atrophy and metaplasia identical 
to that seen in infected wild-type mice.*’ Taken together, these 
studies underscore the crucial role of CD4+ T lymphocytes in 
orchestrating gastric neoplasia. 

Susceptible mouse strains, such as C57BL/6, mount a strong 
Thi (T helper cell type 1, expressing interferon [IFN]-y and 
interleukin [IL]-12) type of immune response, whereas resistant 
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strains, such as the BALB/c, have a polarized Th2 response 
(expressing IL-4 and IL-5).*°°° A Th2 response is associated 
with protection from mucosal damage despite the inability to 
eliminate bacterial colonization and, in fact, is often associated 
with higher bacterial colonization rates. Mouse strains such as 
the C3H, which has a mixed Th1/Th2 cytokine profile, show 
intermediate disease, suggesting that cytokines within an immune 
response interact to form a continuum of disease rather than dis- 
crete disease states. More recently, Th17 cells (expressing IL-17), 
have been shown to be an important component of Hp-induced 
gastritis.*! 

Although the composite immune milieu most likely dictates 
disease manifestations, there may be a role for individual cyto- 
kines in both the predisposition to and protection from disease. 
During Helicobacter infection, the Th1 cytokine IFN-y can pro- 
mote or inhibit inflammation-driven cancer of the stomach, sug- 
gesting that a more specific immune response is responsible for 
cancer promotion or surveillance. Although studies in the past 
have suggested that IFN-y might promote the development of 
gastric preneoplasia,” IFN-y overexpression in the stomach at 
low levels was recently shown to be able to suppress gastric cancer 
in models of IL-1B— and Helicobacter felisp-dependent carcinogen- 
esis.” In addition, IFN-y was shown to counteract the develop- 
ment of Th17 cells.” Thus, different composition of the same 
cells and cytokines in the tumor microenvironment can con- 
tribute to a constellation that favors or inhibits carcinogenesis. 
On the other hand, mice lacking IL-10, a cytokine that acts to 
dampen an immune response, demonstrate severe atrophic gas- 
tritis in response to infection.*©>° More recently, genetic murine 
models have illustrated the importance of the IL-6/IL-11 family 
of cytokines in the development of gastric cancer.*+ 

Manipulation of the immune response within wild-type 
strains confirms the central role of the Th1/Th2 response in 
producing disease. For example, infection with the intestinal 
helminth Heligmosomoides polygyrus skews the immune response 
toward Th2 polarization and protects the C57BL/6 host from 
Helicobacter-induced atrophy and metaplasia.’ ‘This mouse model 
mimics both the parasitic infection status and the paradoxical low 
gastric cancer-high Hp infection rates seen in areas of Africa, 
potentially explaining this apparent inconsistency. These obser- 
vations in mice led to human studies in Africa and Latin America 
that confirmed that geographic regions with low gastric cancer 
rates had much higher Th2/Th1 immune responses to Hp.°%°7 
In general, the increased Th2 type responses were found in areas 
where serum IgE levels were high and the prevalence of intesti- 
nal parasitism by helminthes is above 50%. These findings fur- 
ther stress the importance of the host response to infection and 
suggest the possibility that manipulation of the genetically pre- 
determined host cytokine profile in response to environmental 
challenges may lessen or exacerbate the disease process. 

Studies on human tissue have also demonstrated that the 
degree of colonization with Hp depends on various factors, such as 
the presence and activity of regulatory T-cells (Treg) or the initial 
(naive) parietal cell mass (which reflects the acid-secreting capac- 
ity of the gastric body).°** Tregs are associated with increasing 
bacterial colonization,°! chronic inflammatory changes, and the 
expression of immunosuppressive cytokines like IL10, IL17, and 
TGE-6.°” In case of gastric cancer, Tregs are increased both 
in the gastric mucosa and the peripheral blood.°+°° The ratio 
of Th1/Th2-derived cytokines is the highest in asymptomatic 
gastritis, showing a steady decrease in gastric atrophy, intestinal 
metaplasia and intraepithelial neoplasia progression to gastric 
adenocarcinoma. This is associated with a concomitant increase 
of the Treg cell compartment in the peripheral blood as well as 
persistence of CagA positive strains that favors a Treg-mediated 
chronic inflammation.®’ Whereas Hp infection has been unequiv- 
ocally linked to gastric cancer, the development of dysplasia and 
invasive cancer tends to occur at a time when Hp colonization has 


either dramatically declined or, in some cases, has disappeared 
from the stomach altogether. Gastric cancer almost always occurs 
in the setting of prolonged gastric atrophy and hypochlorhydria, 
a condition that predisposes to enteric bacterial overgrowth. 
Although antibiotic eradication therapy targeting Hp delays 
and inhibits development of gastric cancer in mice,’®.°* antibi- 
otics eradicate not only Hp but also other microorganisms that 
colonize the atrophic, hypochlorhydric stomach. Indeed, infec- 
tion of otherwise germ-free INS-GAS mice with Hp resulted in 
delayed progression to gastric cancer compared to Hp-infected 
INS-GAS mice colonized with conventional flora.°? Thus, Hp 
may represent simply the initial, or the most prevalent, microbial 
factor responsible for gastric cancer progression. Ferreira et al. 
reported recently that the gastric microbiota of patients with gas- 
tric adenocarcinomas is significantly different from patients with 
chronic gastritis.” The dominant gastric dysbiosis is character- 
ized by reduced microbial diversity and reduced Hp abundance 
as well as an overrepresentation of bacterial genera that include 
intestinal commensals. With regard to these findings, it is also of 
interest that Hp—when present—dominates the otherwise much 
more diverse gastric microbiome in humans, as well as mice, prior 
to cancer development.’! 

There is a great deal of genetic diversity between strains of 
Hp owing to point mutations, insertions, deletions, and base- 
pair substitutions within the genome. Several strains may infect 
a single individual, and existing strains can undergo mutations 
and change over time.” Despite this genetic diversity, several 
genes are recognized as risk factors for gastric carcinoma, includ- 
ing the cag pathogenicity island, the vacd gene, and the babA2 
gene, being the most relevant and most extensively studied thus 
far among other factors. 

The Hp genome is 1.65 million base pairs and codes for 
approximately 1500 genes, two thirds of which have been assigned 
biological roles.”+ The function of the remaining one third of the 
genome remains obscure, but genome-wide analyses using DNA 
microarray or whole-genome sequencing technology will give a 
broad view of the genome of Hp in the near future. Factors that 
contribute to carcinogenesis include those that enable the bacte- 
ria to effectively colonize the gastric mucosa, those that incite a 
more aggressive host immune response, and those that affect host 
cell-growth signaling pathways. 

Motility toward epithelial cells of the stomach is a vital feature 
of Hp survival tactics. This is ensured by several factors. Spiral- 
ing movement is mediated by the FlaA and FlaB proteins, which 
are designed to navigate the thick gastric mucus. Additionally, 
Hp produces HP1069, a putative collagenase, which modifies the 
extracellular matrix and mucus layer, thus decreasing viscosity 
and allowing bacterial penetration.’>-’° In addition, Hp expresses 
a variety of genes that contribute to buffering of stomach acid in 
order to maintain a relatively neutral pH. This includes a urease 
gene cluster consisting of 7 genes, of which UreA/UreB complex 
(comprising the urease enzyme) codes for 10% of the protein of 
Hp and is vital for its survival. 

The cag pathogenicity island is approximately 40 kb and con- 
tains 31 genes. The terminal gene of this island, cagA, is often used 
as a marker for the entire cag locus. Compared with cagA-neg- 
ative (cagA-) strains, cag-positive (cagA+) strains are associated 
with more severe inflammation, higher degrees of atrophy, and 
a greater chance of progressing to gastric adenocarcinoma.’’*? 
The estimated relative risk has ranged from 2 to as high as 28.4.34 
However, many of the genes adjacent to cagA code for a type 4 
secretion system (TFSS), often viewed as a molecule needle that 
injects bacterial proteins (e.g., cagA) into host cells. The remark- 
able finding that CagA is injected into host cells, where it is phos- 
phorylated by Src- and c-Abl kinases, has raised the possibility 
that CagA could directly promote growth, migration, and trans- 
formation. Indeed, transgenic expression of Hp CagA induces 
both GI and hematopoietic neoplasms in mice.*! Other genes 
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within the pathogenicity island are also believed to be important 
for disease (cagE or picB, cagG, cagH, cagl, cagL, cagM) because 
they appear to be required for in vitro epithelial cell cytokine 
release, although they do not seem to have as great an effect on 
immune cell cytokine activation.**-** These findings may explain 
the attenuated inflammatory response and lower cancer risk with 
cagA- strains in vivo.*>** 

Intracellular phosphorylation of CagA occurs at certain gluta- 
mate-proline-isoleucine-tyrosine-alanine (EPIYA) motifs. Four 
distinct EPIYA motifs are described (EPIYA-A, -B, -C, and -D), 
whose prevalence varies by geographical region.*””° The motifs 
further influence the CagA-induced immune response as well as 
the related cancer risk. The odds ratio for gastric cancer is close 
to 7.3 in the case of 1 EPIYA-C segment and can be up to 51 in 
case of 2 or more segments.”!;”” Also, genetic variations in further 
cagPAlI-related genes have been demonstrated to be associated 
with gastric cancer.” 

All strains of Hp carry the vacd gene, which codes for a pore- 
forming, vacuolating toxin, but expression differs according to 
allelic variation. Approximately 50% of Hp strains express the 
vacA protein, which has been shown to be a very powerful inhibi- 
tor of T cell activation in vitro.?+ Although and cagA map to dif- 
ferent loci within the Hp genome, the vacA protein is commonly 
expressed in cagA+ strains. There are various forms of vacA, and 
the slm1 strains are highly toxigenic. Other bacterial virulence 
factors, such as cagE, may play a role in the modulation of apop- 
tosis and the host inflammatory response, thereby contributing to 
disease manifestations. Indeed, “virulent strains” (cagA+, cagE+, 
and VacA+ slm1) appear to be more potent inducers of proin- 
flammatory mediators than “nonvirulent strains” (cagA-, cagE-, 
and VacA-), possibly explaining the higher association of cagA+ 
strains with gastric cancer.”° 


Dietary Risk Factors 


Numerous dietary factors have been implicated as risk factors for 
gastric cancer. The decline in gastric cancer rates has coincided 
with the widespread use of refrigeration and the concomitant 
higher intake of fresh fruits and vegetables and lower intake of 
pickled and salted foods. Use of refrigeration for more than 10 to 
20 years has been associated with a decreased risk of gastric can- 
cer.!® Lower temperatures reduce the rate of bacterial, fungal, and 
other contaminants of fresh food, as well as the bacterial formation 
of nitrites. Additionally, high intake of highly preserved foods may 
be associated with increased gastric cancer risk,”° potentially due 
to higher contents of salt, nitrates, and polycyclic aromatic amines. 
Much attention has been given to the effects of high nitrate 
intake. When nitrates are reduced to nitrite by bacteria or macro- 
phages, they can react with other nitrogenated substances to form 
N-nitroso compounds that are known mitogens and carcinogens. In 
rats, N-nitroso compounds have been shown to cause gastric can- 
cer. However, studies trying to link N-nitroso exposure to gastric 
cancer risk have been inconclusive, perhaps reflecting the fact that 
nitrate intake does not necessarily correlate with nitrosation levels.”” 
A Swedish cohort study found a nearly 2-fold increased risk of gas- 
tric cancer associated with high dietary nitrate intake.” However, 
separate large cohort studies from Europe did not demonstrate an 
association between nitrate intake and risk of gastric cancer.?*”? 
Another factor implicated in the development of gastric can- 
cer is a diet high in salt (pickled foods, soy sauce, dried and salted 
fish, and meat). High salt intake has been associated with higher 
rates of atrophic gastritis in humans and animals in the setting of 
Helicobacter infection and increases the mutagenicity of nitrosated 
food in animal models.!*-!0° High-salt diets are associated with a 
roughly a 1.5- to 2-fold increased risk of gastric cancer.!°! Cohort 
and case-control studies have also found an increased risk of gas- 
tric cancer associated with processed meat intake.*°!? Possible 
mechanisms include higher bacterial loads, up-regulation of Hp 
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cagA expression, and increased cell proliferation and p21 expres- 
sion. 10,193,104 There is a clear interaction between Hp infection 
and dietary risk factors for gastric cancer leading to a dispropor- 
tional risk increase for Hp-positive subjects with high intake of 
red or processed meat compared to individuals in whom only one 
of these risk factors is present.!% 

Epidemiologic studies have had inconsistent findings with regard 
to fruit and vegetable consumption and risk of gastric cancer.!0°-!0” 
Other foods or dietary factors that have been implicated as poten- 
tial risk factors for gastric cancer are high intake of fried food, foods 
high in fat, high intake of red meat, and aflatoxins. 10110-112 Diets 
with a high intake of fresh fish and antioxidants may be protec- 
tive (also see later).!!!!!3-!!5 However, there are insufficient data to 
make definitive conclusions regarding these factors. 


Cigarette Smoking 


‘Tobacco has long been established as a carcinogen, and numer- 
ous epidemiologic studies have demonstrated an association 
between cigarette smoking and gastric cancer.!!° Several large 
cohort studies from Europe and Asia have reported a significantly 
increased risk of gastric cancer among smokers.!!’-!!” A recent 
meta-analysis found that, compared to never smokers, current 
smokers had a 1.5- to 2-fold increased risk of gastric cancer, both 
for the cardia and noncardia region.!*° The authors also reported 
an increased association with greater amounts of smoking. 

Moist snuff is a smokeless tobacco product promoted as an 
alternative to cigarettes that has reportedly reduced levels of car- 
cinogenic nitrosamines. Nevertheless, results of a Swedish cohort 
study demonstrated a 1.4-fold increased risk of noncardia gastric 
cancer among regular snuff users.!*! Snuff exposure also increases 
the rate of gastric carcinogenesis in Hp-infected mice. !?? 


Alcohol 


Most epidemiologic studies have failed to demonstrate an asso- 
ciation between alcohol consumption and cardia or noncardia 
gastric cancer.!!°123:124 However, several meta-analyses sug- 
gest a small but significant association between heavy alcohol 
use and gastric cancer risk (RR, 1.16-1.87 in selected sub- 
groups).'->-!?5 Although some of these analyses suggest that 
the risk is higher for junctional cancers than more distal gas- 
tric cancer, some authors state the opposite effect. Overall, the 
risk increase seems to be moderate and influenced by multiple 
factors (including tobacco consumption and physical activity). 
Interestingly, alcohol intake may increase the risk of gastric 
cancer in patients with certain polymorphisms of the alcohol 
dehydrogenase gene.!*° 


Obesity 


Obesity is a recognized risk factor for numerous GI malignan- 
cies.!°° Increased BMI is associated with a mild to moderate 
increased risk of gastric cardia cancer, but not noncardia can- 
cer.131-134 Results of the National Institutes of Health-American 
Association of Retired Persons (NIH-AARP) Diet and Health 
Cohort Study demonstrated that morbid obesity (defined as 
a BMI 235) as well as large waist circumference were associ- 
ated with a 2- to 3-fold increased risk of gastric cardia cancer, 
but not noncardia cancer.!*> A separate cohort study from the 
Netherlands also found an increased risk of cardia cancer with 
increasing BMI."*! In a recent analysis of the EPIC cohort data 
from 391,456 individuals with 124 incident esophageal and gas- 
tric adenocarcinomas, neither 193 cardia cancers nor 224 non- 
cardia gastric cancers were associated with BMI.!*° The possible 
association between obesity and cardia cancer risk is likely medi- 
ated by proinflammatory cytokines and adipokines produced by 
intra-abdominal visceral fat.!*7 
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Genetic Factors 


As is true for most malignancies, both genetic and environmental 
factors play important roles in the pathogenesis of gastric can- 
cer. Generally, intestinal-type gastric cancer is considered largely 
due to environmental causes (i.e., Hp infection), whereas diffuse 
gastric cancer is considered a primarily genetic malignancy. In 
the case of intestinal-type gastric cancer, however, assigning rela- 
tive values to environmental and genetic contributions is com- 
plex, given that the major environmental factor, Hp, also tends 
to exhibit familial clustering. Nevertheless, in the future, gastric 
cancer types might rather be classified by genetic alterations 
and grouped to molecular subgroups with distinct carcinogenic 
mechanisms as well as clinical behavior, than to a histologic phe- 
notype.!?8 

Overall, 10% of cases of gastric cancer appear to exhibit famil- 
ial clustering,'*? and family history is likely an independent risk 
factor even after controlling for Hp status.'*:'*! In a cohort study 
of relatives of patients with gastric cancer, siblings had a 2-fold 
increased risk of gastric cancer, adjusted for Hp infection.!? In 
a case-control study from Japan, a positive family history was 
associated with a significantly increased odds of gastric cancer in 
women (OR, 5.10), but not in men.!*? A study from Scandinavia 
showed that having a twin with gastric cancer conferred a mark- 
edly higher relative risk for the disease (RR, 9.9 for monozygotic 
twins and 6.6 for dizygotic twins), leading the researchers to cal- 
culate that heritable factors accounted for 28% of gastric cancers, 
compared with 10% for shared environmental factors and 62% 
for nonshared environmental factors.'*+ A recent meta-analysis 
of 32 studies including more than 80,000 individuals reported an 
increased pooled relative risk of 2.35 (95% CI: 1.96 to 2.81) for 
subjects with a positive family history of gastric cancer; the risk 
was even higher (RR 2.71; 95% CI: 2.08 to 3.53) if first-degree 
relatives had a gastric cancer diagnosis.!* 

Some of the familial clustering seen with intestinal-type gas- 
tric cancer may be related to genetic factors that play a role in the 
host immune response to Hp infection. Data from South Korea 
indicate that individuals with a family history of gastric cancer 
more frequently have both Hp infection and associated atrophic 
gastritis or intestinal metaplasia.!*° In a case-control study from 
Scotland, relatives of patients with gastric cancer had a higher 
prevalence of atrophy and hypochlorhydria, but a similar preva- 
lence of Hp infection, compared with controls.'*’ The greater 
prevalence of atrophy was confined to those patients with Hp 
infection, suggesting the possibility these individuals were per- 
haps exhibiting a more vigorous immune response to Hp. In a 
number of model systems, the development of gastric atrophy 
has been linked to a strong Th1 immune response.””)*>:!*8 Thus, 
it was postulated that candidate disease-susceptibility genes for 
gastric atrophy and cancer might be genes that participate in the 
innate and adaptive immune responses to Hp infection. Inflamma- 
tion is modulated by an array of pro- and anti-inflammatory cyto- 
kines, and several genetic polymorphisms have been described 
that influence cytokine response. With the recently started next- 
generation sequencing approaches, we may be able to determine 
whether families with increased gastric cancer incidence have a 
genetic predisposition for a more carcinogenic immune response. 

One such factor is IL-1f, an important proinflammatory cyto- 
kine and a powerful inhibitor of acid secretion. Indeed, there is 
an association between proinflammatory IL-1 gene cluster poly- 
morphisms ([Z-1B encoding IL-1f, and IL-1RN encoding its 
naturally occurring receptor antagonist, IL-1RA) and neoplastic 
progression in the setting of Hp infection. Individuals with the IL- 
1p -31*C or -511*T and IL-1RN*2/*2 genotypes were shown in 
the study to be at higher risk for developing Hp-dependent hypo- 
chlorhydria and gastric cancer.'*? The increased risk of progres- 
sion to cancer with these genotypes was in the 2- to 3-fold range 
compared with noninflammatory genotypes. The initial report 


was confirmed in other studies.!°°'5+ Subsequently, Hwang and 
colleagues!*> demonstrated that carriers of the [L-1B-511T/T 
genotype or the JL-1RN*2 allele had higher mucosal IL-1 levels 
than noncarriers and also confirmed the association between the 
-511T/T genotype and severe gastric inflammation and atrophy. 
The importance of IL-1 carcinogenesis has now been demon- 
strated in a transgenic study, where stomach-specific expression 
of human IL-1 in transgenic mice led to spontaneous gastric 
inflammation and cancer that correlated with early recruitment 
of myeloid-derived suppressor cells to the stomach.!*° Of note, 
in a mouse model of Barrett esophagus and esophageal and EGJ 
tumors, IL-1f expression in the esophageal squamous epithe- 
lium also led to esophagitis and expansion of cardia stem cells 
forming gastroesophageal tumors, supporting the hypothesis that 
Barrett’s-associated adenocarcinoma arises from the gastric car- 
dia resembling a gastric cancer phenotype. 10 

Additional associations with gastric cancer risk have been 
reported for genetic polymorphisms in TNF-a and IL-10. Pro- 
inflammatory genotypes of TNF-a and IL-10 were each asso- 
ciated with a 2-fold higher risk of noncardia gastric cancer. 
When combined with proinflammatory genotypes of IL-1B 
and IL-1RN, patients with 3 or 4 high-risk genotypes showed a 
27-fold greater risk of gastric cancer.!°’ Additional studies have 
shown that polymorphisms of the Toll-like receptor-4 (TLR- 
4) gene also increases the risk of gastric cancer. Carriers of the 
TLR4+896G polymorphism had an 11-fold increased odds ratio 
for hypochlorhydria, and significantly more severe gastric atro- 
phy and inflammation.!** Accumulated evidence suggests that 
the genetic predisposition to gastric cancer may be largely deter- 
mined by the TLR and cytokine responses to chronic Helicobacter 
infection. Polymorphisms in the TLR1 seem to protect against 
gastric cancer development (OR 0.4; 95% CI: 0.22 to 0.72) and 
are furthermore related to alterations of downstream cytokine 
signaling. !5?,100 

The best described form of hereditary gastric cancer is the 
diffuse type gastric cancer that is seen in the presence of a germ- 
line mutation in the gene CDH1, which encodes the cell adhesion 
molecule E-cadherin. A large New Zealand kindred was found 
to have a germline mutation in the E-cadherin gene, and similar 
mutations have been reported in several additional kindreds, all 
with diffuse-type gastric cancer.'°!-!6* The age of onset of gastric 
cancer in individuals with CDH1 mutations is less than 40 years 
but can be highly variable, and the estimated lifetime risk of gas- 
tric cancer is close to 70%.165-166 Germline CDH1 mutations are 
also associated with familial lobular breast cancer.!67-!° 

A small part of the familial clustering of gastric cancer can be 
attributed to other cancer syndromes. Patients with familial ade- 
nomatous polyposis have a prevalence of gastric adenomas rang- 
ing from 35% to 100%, and their risk of gastric cancer is close to 
10-fold higher than that of the general population.!©? Dysplastic 
lesions in this specific group of patients frequently arise from fun- 
dic gland polyps (Video 54.2) and develop at an early age.!’°!7! 
Fundic gland polyps do not otherwise tend to progress toward 
dysplasia. Patients with hereditary nonpolyposis colorectal cancer 
(HNPCC) syndrome have an approximately 11% risk of develop- 
ing gastric cancer, predominantly of the intestinal type, with a 
mean age at diagnosis of 56 years.'’* Patients with juvenile pol- 
yposis also have a 12% to 20% incidence of gastric cancer.!7*!74 

In addition to the germline genetic alterations described 
earlier, next-generation sequencing techniques such as exome 
sequencing have led to the detection of new molecules and 
mechanisms that are involved in gastric carcinogenesis. In 8% 
to 10% of the gastric cancer patients, somatic mutations were 
identified in the ARIDIA gene (also called BAF250a, SMARCF1, 
or OSA1), an accessory subunit of the SWI-SNF chromatin 
remodeling complex that is involved in processes of DNA repair, 
differentiation, and development.!”*!’® Notably, cancers with 
EBV infection showed mutations of ARIDIA in 73% of the cases. 


CHAPTER 54 


Additionally, ARIDIA mutations were negatively associated with 
mutations in 7P53 and occurred together with PIK3CA muta- 
tions. Patients with ARIDIA alterations had longer recurrence- 
free survival, suggesting that these cancers belong to a molecular 
subgroup with distinct carcinogenic mechanisms as well as clini- 
cal behavior.!7>-!’8 Analysis of somatic copy number aberrations 
have additionally shown significantly amplified genes, includ- 
ing therapeutically targetable kinases such as ERBB2, FGFRI, 
FGFR2, EGFR, and MET in gastric and gastroesophageal cancers. 


TUMOR GENETICS 


Although atrophy and intestinal metaplasia correlate with gastric 
cancer risk, direct cell progression through these stages has not 
been conclusively shown. Indeed, gastric cancer most likely arises 
from stem or progenitor cells present within the gastric mucosa 
rather than directly from terminally differentiated metaplastic 
cells. Investigators have for several decades sought to unravel the 
mutations responsible for gastric cancer initiation and progres- 
sion to uncover a logical progression of acquired mutations akin 
to what is seen in colorectal cancer. However, gastric cancer does 
not follow a pattern like colorectal carcinoma progression, there 
is no clear-cut linear sequence of mutations in gastric cancers, 
and there is an even greater heterogeneity in genetic alterations. 

Although initial studies on large high throughput data focused 
mainly on transcriptome analysis,!’”-!*! the advent of more 
advanced genomic sequencing enables genome-wide analyses of 
the mutational landscape of gastric cancer.!**-!5+ The combined 
efforts of multiple research groups in international consortia 
enabled a more comprehensive integrative analysis of multilevel 
omics-data from large cohorts.®!-138 TCGA consortium pre- 
sented comprehensive data on 5 different platforms for about 300 
gastric cancers. They demonstrated a good correlation of cluster- 
ing between different levels of genomic data as well as epigen- 
etic changes and transcriptome and even proteome analyses.!*° 
Based on their cluster analysis, the authors suggested a 4-group 
classification of gastric cancers, with the first group (EBV) being 
related to EBV infection, showing a dominant epigenetic hyper- 
methylation profile (EBV). The second group (MSI) was positive 
for microsatellite instability (MSI), similar to the MSI subgroup 
of colorectal cancers. The remaining tumors were divided into 
a group (GS) with a low mutation rate and low frequency for 
copy number aberrations, called the “genomically stable” subtype 
and a group (CIN) with high mutation rates and further related 
genomic changes, called the “chromosomally instable” type. It 
is of note the GS group comprised predominantly diffuse-type 
tumors, whereas CIN tumors represented more intestinal-type 
cancers. There were some differences in the distribution of 
these subtypes with regard to location, with CIN tumors show- 
ing higher proportions with more proximal location, which was 
later also confirmed for esophageal adenocarcinomas.9 The clini- 
cal relevance of this classification was suggested by the pattern 
of dominant changes in genes encoding for signaling pathways 
utilized in targeted treatment approaches. The Asian Cancer 
Research Group followed a similar approach in their cohort of 
3000 gastric cancers, although putting more focus on transcrip- 
tome data than the TCGA did.13 Thus, Cristescu et al. pre- 
sented a similar 4-group classification, also reporting properties 
as prognostic predictors for their groups. This classification was 
validated in several independent cohorts, including the group 
of TCGA patients. The actual genomic changes that have been 
described in these comprehensive studies are in line with results 
that have been published previously. 

Aneuploidy is common in gastric cancer (60% to 75%), but 
cytogenetic studies have failed to identify any consistent chro- 
mosomal abnormality. Comparative genomic hybridization 
studies have shown that chromosome arms 4q, 5q, 9p, 17p, and 
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18q exhibit frequent decreases in DNA copy number, whereas 
chromosomes 8q, 17q, and 20q often have increased DNA copy 
number.!®°° 

There is a general consensus that 7P53 is the most commonly 
mutated gene in gastric cancer (60% to 70% of gastric cancers) 
and that mutations in Ras, APC, and Myc are rare.!*°!87 Loss of 
heterozygosity at the APC locus occurs more commonly. Another 
genetic abnormality found at high frequency (60%) is the dele- 
tion or suppression of the fragile histidine triad gene (FHIT), a 
tumor suppressor locus on chromosome 3p. Genes that inhibit 
entry into the cell cycle, such as p16 and p27, show diminished 
expression in nearly one half of gastric cancers.!**-1° Absence 
of p27 expression is associated with a poorer prognosis.!**!9° 
Absence of p16 expression is seen most commonly in poorly dif- 
ferentiated carcinomas but has no measurable impact on progno- 
sis. °t Diminished expression of p16 and p27 occurs in the absence 
of detectable mutations and is believed to be secondary to hyper- 
methylation.!’* Many of these cancers show hypermethylation of 
a number of promoter regions, including the MLH1 promoter 
region, and show the high-level microsatellite instability (MSI- 
H) phenotype (see Chapter 1). Multiple tumor suppressor genes 
have been shown to be methylated in gastric cancers. Emerging 
evidence suggests that these epigenetic changes, including global 
hypomethylation and promoter hypermethylation, occurs quite 
early in gastric carcinogenesis. In addition, it appears that DNA 
methylation changes also occur in the tumor-associated stromal 
fibroblasts, suggesting an important role for the tumor microen- 
vironment. 

Overexpressions or amplifications of a number of growth 
factor pathways has been described, including COX-2 (70%), 
hepatocyte growth factor/scatter factor (HGF/SF) (60%), vas- 
cular endothelial growth factor (VEGF) (50%), c-met (50%), 
amplified in breast cancer-1 (AIB-1) (40%), and B-catenin (25%) 
(Table 54.2).!9° Approximately 15% of gastric cancers have been 
reported to overexpress both EGF and EGF receptor (EGFR), 
consistent with an autocrine mechanism. Mutations in PIC3A, 
a gene that codes for a catalytic subunit of phosphatidylinositol 
3-kinase (PI3K), has been found in up to 25% of gastric cancers 
analyzed.'°° In addition, mutations in genes encoding human 
protein tyrosine phosphatases (PTPs) were found by the same 
laboratory in 17% of gastric cancers, with the protein tyrosinase 
phosphatase receptor type the most frequently altered.!”” 

Gastric-specific tumor suppressor genes TFF1 (Trefoil fac- 
tor 1) and RUNX3 (Runt-related transcription factor 3), which 
have now been identified and may represent “gatekeepers” of the 
gastric cancer pathway, are logical targets for further study.!?*!9? 
Loss of TFF1 has been described in around 50% of gastric car- 
cinomas, and TFF1 knockout mice develop spontaneous gastric 
antral tumors. Mutations of TFF1 have also been described, 
and these enhance gastric cancer cell invasion through signaling 
pathways that include PI3-kinase and phospholipase-C.’°° TFF1 
expression is repressed by STAT-3, and activation of STAT-3 
is also emerging as a key pathway that leads to gastric cancer.54 
RUNX3 most likely suppresses gastric epithelial growth by 
inducing p21 and Bim, attenuates Wnt signaling, and is altered 
in 82% of gastric cancers.””! Investigations into these genes and 
their contributions to the gastric cancer phenotype will prove 
valuable to our understanding of disease progression. 

MSI in dinucleotide repeats secondary to defects in DNA 
mismatch repair genes, such as MLH1 and MLH2 (mutL homo- 
logs 1 and 2), have been mainly implicated in the development 
of colorectal cancer, and in particular the HNPCC syndrome. 
Patients with HNPCC have an 11% incidence of gastric cancer, 
suggesting that MSI may also play a role in the development of 
gastric cancer.!/* MSI is found in 15% to 50% of sporadic gas- 
tric cancers, with a higher prevalence in intestinal type of can- 


cers.?°?~07 Low-level microsatellite activity (e.g., MSI-low) can 
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TABLE 54.2 Genetic Abnormalities in Gastric Adenocarcinoma 


Approximate Gene 


Abnormalities Frequency (%) 
Microsatellite instability 15-50 
DNA aneuploidy 60-75 
DELETION/SUPPRESSION 
p53 60-70 
FHIT (fragile histidine triad gene) 60 
APC (adenomatous polyposis coli gene) 50 
loss of heterozygosity 
DCC (deleted in colorectal cancer gene) 50 


loss of heterozygosity 
DECREASED EXPRESSION DUE TO HYPERMETHYLATION 


p16 =50 
TFF1 (human trefoil factor 1 gene) =50 
p27 <50 
MLH1 (human mutL homolog 1 gene) 15-20 
E-cadherin 50 
AMPLIFICATION/OVEREXPRESSION 

COXx-2 70 
HGF (hepatocyte growth factor) 60 
VEGF (vascular endothelial growth factor) 50 
c-met 50 
AIB-1 (amplified in breast cancer-1) 40 
Beta-catenin 25 
EGFR (EGF receptor gene) iS 
MUTATIONS 

PISK (phosphotidylinositol 3-kinase gene) 25 
PTPAT (protein-tyrosine phosphatase We 


receptor type gene) 


be found in 40% of areas of intestinal metaplasia in patients 
with gastric cancer?’ and in 14% to 20% of adenomatous pol- 
yps.20°207208 MSI-H occurs in only 10% to 16% of gastric can- 
cers. MSI is associated with the less frequent occurrence of TP53 
mutations, well-to-moderately well-differentiated histology, 
and distal location in the stomach. Studies that have examined 
the effect of MSI on patient survival have shown inconsistent 
results.?°*20? When the findings are taken together, it would 
appear that MSI does play a role in the pathogenesis of gastric 
cancer, likely before the development of intestinal metaplasia 
(see Fig. 54.3), and is most commonly due to methylation of the 
MLH1 promoter. 

There are increasing data regarding the genetics of diffuse- 
type gastric cancer.!**:!*4 Several families with hereditary diffuse 
gastric cancer have been found to carry a germline mutation 
in the E-cadherin gene (CDH1).!61-163,210,211 However, muta- 
tions in CDH1 have also been described as a dominant feature 
in sporadic diffuse-type gastric cancer. Further evidence sup- 
porting a role for E-cadherin in the pathogenesis of gastric 
cancer comes from studies showing that suppression of E-cad- 
herin expression occurs in 51% of gastric cancers, with a higher 
percentage found in diffuse-type cancers.*!* Furthermore, 
E-cadherin under-expression is associated with higher rates of 
lymph node metastases and reduced survival.?!3?!+ The over- 
all rates of CDH1 mutations in gastric cancer are low. Thus, 
the decreased expression of E-cadherin seen in gastric cancer is 
likely secondary to hypermethylation of the CDH1 promoter, 
which occurs in 50% of gastric cancers and 83% of diffuse-type 
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gastric cancers.”!> E-cadherin is a transmembrane protein that 
connects to the actin cytoskeleton through a- and f-catenins to 
establish cell polarity and mediates homophilic cellular inter- 
actions.”!°?!7 Decreased expression of E-cadherin is believed 
to promote dissociation of cancer cells from their cell matrix, 
enhancing the migration and invasion of gastric cancer cells. 
Expression of a-catenin is also decreased or absent in 68% of 
gastric cancers.”!® Therefore, E-cadherin appears to act as a 
tumor suppressor gene that may be important in the pathogen- 
esis of diffuse gastric cancer. Other alterations that commonly 
occur in diffuse type gastric carcinoma are alterations in Wnt- 
related genes as well as changes in the Ras homolog gene fam- 
ily, Member A gene (RHOA), which seems to be exclusive to 
this histological subtype.!** 

Perhaps as important as the genetic alterations acquired 
during the progression to gastric adenocarcinoma is the ques- 
tion, “In what target cells do these changes occur?” For a cell to 
accumulate the quantity of genetic changes necessary for auton- 
omous growth, it must be long lived. For these reasons, the cur- 
rent thinking is that a resident tissue stem cell is the target of 
genetic mutations and becomes the “cancer stem cell”—capable 
of autonomous growth and with metastatic potential. Recently, 
several elegant genetic lineage-tracing studies in mice estab- 
lished markers that allow the distinction of 2 different types of 
GI stem cells. Crypt base columnar cells (CBC) are fast-cycling 
stem cells expressing Lgr5 and CD!) (Prom-1).7!?7?° A villin 
transgene has allowed the identification of a multipotent pro- 
genitor located in the lower third of a subset of antral gastric 
glands,”?! whereas multiple intestinal stem cell markers could 
also be identified in the antrum. Interestingly, Lgr5 shows lin- 
eage labeling in some antral gastric glands and in the gastric 
cardia.*”? Slower cycling cells, which are usually found at the 
+4 position of the crypts of the antrum (i.e., the fourth epithe- 
lial cell in the crypt, counting from the bottom of the crypt 
upward), are characterized by a pronounced expression of Bmil 
and Tert.’??”?> Although these 2 types of cells are functionally 
interconnected,”*+ their exact hierarchical relationship remains 
to be identified. Sigal and colleagues demonstrated a direct 
CagA-dependent activation of Lgr5-positive gastric stem cells, 
thus reporting a further mechanism by which H. pylori infec- 
tion induces gastric carcinogenesis.” The same group also sug- 
gested orchestration of epithelial hyperproliferation and gland 
hyperplasia as a response to the infection by cells of the stro- 
mal compartment, mainly myofibroblasts involving Hp-induced 
Wnt signaling.’?6 

In the gastric oxyntic glands, the proliferative zone with the 
gastric stem cell has been localized to the isthmus, the middle 
portion of the tubule, and cells are thought to migrate bidirec- 
tionally to supply gastric surface mucus cells that coat the gastric 
pits, and gastric parietal and zymogenic cells that comprise the 
base of the gland.?”’ The gastric corpus stem cell has not yet been 
identified; none of the markers discussed earlier labels any spe- 
cific cells within the gastric isthmus. Recently, progenitor cells 
(e.g., Krt19+ and TFF2+ cells) have been shown through lineage 
tracing studies to label different gastric progenitor cells.??°77? 
Typically, columnar metaplasia is positive for TFF2 and Krt19. 
Given that intestinal metaplasia arises in the gastric mucosa and 
in the esophagus, it is plausible that a similar stem cell gives rise 
to both. Regardless of their localization (CBC or +4 position) or 
their function, GI stem cells depend on signals from the stem cell 
niche, such as pericryptal myofibroblasts and neighboring dif- 
ferentiated epithelia.” Important signaling pathways required 
for stem cell maintenance and proliferation comprise the Wnt, 
Notch, bone morphogenetic proteins, and Hedgehog path- 
ways.7?! 

There is increasing knowledge on the interaction of the 
local stromal microenvironment with the epithelium. A 


CHAPTER 54 Adenocarcinoma of the Stomach and Other Gastric Tumors 829 


Classic 
Histopathology 


Transcript 
Profiling 


intestinal 


gastric 


metabolic 


Microenvironment 


Genome Profiling / 


Multilevel Data 
Integration 


Implications on: 

- Treatment options 
- Diagnostic markers 
- Prognostic markers 


Fig. 54.4 Molecular stratification of gastric cancer. Displayed is an overview of recent concepts of gastric can- 
cer subtyping. These classifications emerged from data gathered by transcript profiling high throughput study 
as well as next generation sequencing and transcend the classic histopathological classification (left). Early 
transcriptome data suggested dichotomous groups that showed similar features to the classic Lauren types 
(middle, top), before more functional interpretation was enabled by pathway analyses (middle, bottom). Recent 
concepts are usually based on multilevel data integration, but still originate mainly from genome data like The 
TCGA approach (EBV; MSI, microsatellite instability positive cancer; GS, genomically stable cancer; CIN, 
chromosomal instability cancer) or from transcriptome data like the Asian Cancer Research Group (ACRG) ap- 
proach (MSI, microsatellite instability positive cancer; MSS/EMT, microsatellite stable with transcript signature 
for epithelial mesenchymal transition; MSS/TP53+, microsatellite stable with TP53 mutation; MSS/TP53-, 
microsatellite stable with wild type TP53). A special interest lies in the understanding of factors that drive each 


phenotype, mosily the interaction with the tumor microenvironment. 


regulator of the biological behavior of gastric cancer cells are 
cancer-associated fibroblasts, that have been shown to modify 
TGF6-dependent signaling, increasing cellular motility, and, 
therefore, invasiveness.” The density of tumor-infiltrat- 
ing lymphocytes and their vicinity also modifies the tumor’s 
aggressiveness and therefore has an impact on the prognostic 
outcome in patients with adenocarcinomas in the stomach or 
at the EGJ.?***> This factor is partly reflected by the level of 
systemic inflammation.?>° Systemic inflammation can be partly 
mediated by the visceral adipose tissue and it has been dem- 
onstrated that omental adipocytes enhance the invasiveness of 
gastric cancer by activation of PI3K-Akt signaling in the tumor 
cells.?>” 

Besides the valuable data from in vitro and ex vivo mod- 
els, approaches for “virtual microdissection” of next genera- 
tion high throughput and sequencing data are promising to 
enhance our understanding of the network of different cellular 
components and its impact on tumor initiation, promotion, 
and progression (including invasive and metastasizing behav- 


ior) (Fig. 54.4). 


PREMALIGNANT CONDITIONS 
Chronic Atrophic Gastritis 


Chronic atrophic gastritis, which is defined as the loss of special- 
ized glandular tissue in its appropriate region of the stomach, is an 
established morphologic change that occurs along the sequence 
toward the development of gastric cancer.” The presence of 
atrophic gastritis has an annual incidence of progression to gastric 
cancer of approximately 0.1% to 1.0%.73? > The extent of atro- 
phic gastritis within the stomach correlates with risk of progres- 
sion to cancer,**+*¢ and large studies have demonstrated that 
only patients with extensive mucosal atrophic changes at baseline 
develop gastric adenocarcinoma during long-term follow-up.7*” 
There are 2 forms of atrophic gastritis (see Chapter 52). The 
more common is environmental multifocal atrophic gastritis, 
which is associated with Hp infection and more likely to be asso- 
ciated with metaplasia. The presence of Hp infection is associated 
with an approximately 10-fold increased risk of atrophic gastri- 
tis.7*° There is considerable regional variation in the prevalence 
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TABLE 54.3 Padova International Classification System for Gastric Dysplasia 


Category Definition Histologic Description 
| Normal Normal gastric architecture with absent or minimal inflammatory infiltrates 
Reactive foveolar hyperplasia The general architecture is well preserved, with evidence of hyperproliferative epithelium, 
enlarged nuclei, and mitotic figures 
Intestinal metaplasia Type |. Closely resembles the morphology of the small intestine, with absorptive 
enterocytes, well-defined brush borders, and well-formed goblet cells 
Type II. Incomplete metaplasia with irregular mucous vacuoles, absence of brush borders, 
and difficult-to-identify absorptive enterocytes; cells secrete mainly sialomucins 
Type lll. Same as type Il, except cells secrete mainly sulfomucins 
ll Indefinite for dysplasia Unable to discern whether cells are neoplastic or non-neoplastic; usually found in the 
setting of inadequate biopsy specimens and presence of architectural distortion and 
nuclear atypia 
Ill Noninvasive neoplasia Phenotypically neoplastic epithelium that is confined to glandular structures inside the 
basement membrane; includes adenomas 
Should be divided into “low-grade” and “high-grade” 
IV Suspicious for invasive cancer Presence of neoplastic epithelium where invasion cannot be clearly identified 
V Invasive cancer Invasive carcinoma 


Adapted from Rugge M, Correa P, Dixon M, et al. Gastric dysplasia: the Padova International Classification. Am J Surg Pathol 2000; 24:167-76. 


of atrophic gastritis in Hp-infected individuals, with a roughly 
3-fold increase in Asia compared to Western countries.**°? The 
second form of atrophic gastritis, autoimmune metaplastic atro- 
phic gastritis, is associated with anti-parietal cell and intrinsic fac- 
tor antibodies. This form of atrophy is confined to the body and 
fundus. Autoimmune metaplastic atrophic gastritis is associated 
with pernicious anemia and an increased gastric cancer risk, albeit 
not as high as that seen with Hp-induced MAG, owing most likely 
to a lesser degree of inflammation.7*,7°° 

Mechanisms underlying the increased risk of gastric cancer in 
the setting of gastric atrophy may be related to low acid output 
(hypo- or achlorhydria), which predisposes to increased bacterial 
overgrowth with non-Helicobacter organisms, greater formation 
of N-nitroso compounds, and diminished ascorbate secretion 
into the gastric lumen.?! Additionally, circulating gastrin lev- 
els increase in response to the reduced acid output. Gastrin is 
a known growth factor for gastric mucosal cells, and sustained 
elevations of gastrin may contribute to abnormal growth and 
increased risk of neoplastic progression.?°?* 


Intestinal Metaplasia and Dysplasia 


Intestinal metaplasia (IM) can be subdivided into 3 categories, 
as classified by Filipe’s group.?°* Type I (complete) IM contains 
goblet cells that secrete sialomucins and mature, nonsecretory 
absorptive cells. Type 1 IM is not a risk factor for gastric can- 
cer. Type II (incomplete) IM contains few if any absorptive cells, 
columnar “intermediate” cells in various stages of differentiation 
secreting neutral or acidic sialomucins, and goblet cells secreting 
sialomucins and/or occasionally sulfomucins. Type II (incom- 
plete) is less differentiated than type I, with the intermediate 
cells secreting mainly sulfomucins and the goblet cells secreting 
sialo- and/or sulfomucins. Type I or II IM is associated with 
an approximately 20-fold increased risk of gastric cancer.?°>7°° 
Early gastric cancer develops in 42% of patients with type IH IM 
within 5 years of follow-up, suggesting that IM represents a pre- 
cursor lesion for the intestinal form of gastric cancer.?*° A large 
nationwide cohort study from the Netherlands on °% individu- 
als identified a 0.25% annual progression rate toward cancer of in 
patients with gastric IM.” However, whether cancer arises from 
areas of IM or whether IM simply represents a marker for higher 
gastric cancer risk remains unclear, mainly due to the focal and 
patchy appearance of this condition. As is the case with atrophic 
gastritis, the prevalence of IM in Hp-infected individuals is higher 


in Asia (©40%) as compared to the West.?48:24 Although it is gen- 
erally accepted that IM is associated with an increased risk for the 
intestinal type gastric cancer, patients with diffuse type tumors 
also show a high prevalence of IM in the nontumorous gastric 
mucosa.?57:238 

As mentioned earlier, a number of recent studies have revealed 
that intestinal metaplasia is not the only possible metaplastic pre- 
cursor of gastric cancer. Although controversy exists as to the 
sequence and connection of mucosal lineage changes associated 
with increased risk for gastric cancer, there is a general agreement 
that the loss of acid-secreting parietal cells, also known as oxyn- 
tic atrophy, is a prerequisite for induction of metaplasia. Antral- 
ization of the fundus, or the presence of metaplastic glands in 
the fundus with a general phenotype similar to that of the antral 
or pyloric glands (also known as pseudopyloric metaplasia), is fre- 
quently associated with intestinal-type adenocarcinoma. This 
phenotype has also been called spasmolytic polypeptide-expressing 
metaplasia (SPEM)°? and is characterized by the presence of 
trefoil factor 2 (TFF2, or spasmolytic polypeptide) immunoreac- 
tive cells in the gastric fundus, with morphologic characteristics 
resembling those of deep antral gland cells. SPEM was observed 
in association with over 90% of resected gastric cancers in 3 stud- 
ies in the USA, Japan, and Iceland.*°? *°! Data from mice demon- 
strate that Helicobacter-induced expression of TFF2 is associated 
with CD44+ cancer stem cell in the same compartment of the 
gastric mucosa, therefore possibly facilitating further malignant 
progression. SPEM and intestinal metaplasia might share equal 
importance as putative preneoplastic lesions in the stomach. 
Nevertheless, it remains to be determined whether either or both 
these metaplasias can progress to dysplasia or neoplasia. Alter- 
natively, intestinal metaplasia may potentially reflect a further 
benign attempt by the mucosa to increase repair in the face of 
chronic infection and inflammation. 

Histologic assessment of gastric dysplasia and adenocarcinoma 
is based on the Vienna classification, the result of an international 
consensus conference of GI pathologists in 2000 (Table 54.3).? 
The prevalence of gastric dysplasia ranges from as low as 0.5% in 
low-risk areas*® to 20% in high-risk areas.** Prospective studies 
have shown that low-grade dysplasia may regress in up to 60% of 
cases, whereas 10% to 20% progress to high-grade dysplasia (Fig. 
54.5).2667 High-grade dysplasia rarely regresses, and is associ- 
ated with a 2% to 6% annual incidence of progression to gastric 
cancer.7°7768 In a prospective cohort study from the Netherlands, 
the presence of high-grade dysplasia was associated with a 40-fold 
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Fig. 54.5 Histopathology of gastric dysplasia. Left, 
Low-grade dysplasia is characterized by a prolifera- 
tion of neoplastic epithelial cells with nuclear pseu- 
dostratification and hyperchromasia in the absence 

of architectural changes. Right, High-grade dysplasia 
has more severe cytologic abnormalities with abnormal 
architectural features, including irregular fused or cribri- 
form glands and papillae. H&E stains. 


increased risk of progression to gastric cancer. High-grade dys- 
plasia is often associated with synchronous cancer and can be uni- 
or multifocal.?°? 


Gastric Polyps 


The prevalence of gastric polyps in the general population is 
approximately 0.8% to 2.4%.’”°"7! Gastric polyps consist pre- 
dominantly of fundic gland polyps (50%), hyperplastic polyps 
(=40%), and adenomatous polyps (©10%).?7!?” 

The clinical course of fundic gland polyps is gener- 
ally benign, and they are detected with increasing frequency 
in the era of PPI use. In a series of 599 consecutive patients 
who underwent upper endoscopy, use of PPIs for more than 
5 years was associated with a nearly 4-fold increased risk of 
fundic gland polyps.?” The rate of malignant transformation of 
these polyps is generally quite low (1%) and confined to pol- 
yps larger than 1 cm.?’* One notable exception to the benign 
nature of fundic gland polyps is in familial adenomatous polyp- 
osis (Video 54.3). In this group, the prevalence of fundic gland 
polyps ranges from 51% to 88%, with dysplasia present in over 
40% of cases.!70.17! 

Hyperplastic polyps are generally benign, often multiple, and are 
typically observed in the setting of chronic inflammatory condi- 
tions (e.g., chronic atrophic gastritis), pernicious anemia, chronic 
antral gastritis, adjacent to ulcers and erosions, and especially at 
sites of gastroenterostomies. Over time, the polyps may regress, 
remain stable, or increase in size, and they often regress follow- 
ing Hp eradication. Men and women are equally affected, and 
the polyps typically appear in mid- to late-adult life.2”° The rare 
hyperplastic polyps that undergo malignant transformation often 
have areas of dysplasia or intestinal metaplasia and typically form 
a well differentiated intestinal-type cancer.?’+ 

In contrast to other polyps of the stomach, gastric adenomas 
undergo malignant transformation at a high rate. When gastric 
adenomas were followed by serial endoscopy with biopsy, pro- 
gression through dysplasia to carcinoma in situ developed within 
4 years in approximately 11% of cases.?’° Endoscopic biopsy of 
gastric polyps can be associated with significant sampling error.?”7 
The British Society of Gastroenterology published guidelines in 
2010 regarding the management of gastric polyps.” Among the 
recommendations were: (1) all gastric polyps should be at least 
biopsied; (2) all gastric adenomas, symptomatic polyps, and pol- 
yps with dysplasia should be removed; and (3) Hp, if present, 
should be eradicated in patients with hyperplastic or adenomatous 


polyps. Decisions regarding surveillance intervals should be made 
on an individual basis. 


Previous Gastrectomy 


It has been reported by several groups that gastric surgery for 
benign conditions can predispose patients to a higher risk of gas- 
tric cancer, beginning 20 years after the surgery.”’”** The risk 
is greatest for those who underwent surgery before the age of 50 
years, perhaps reflecting the long lag period necessary between 
the operation and the development of cancer.**! The cancers 
tend to occur at or near the surgical anastomosis on the gastric 
side; only rarely do they reside on the intestinal side of the anas- 
tomosis.** 

Numerous theories have been proposed to explain the 
increased propensity for cancer to form at the surgical anasto- 
mosis site. They include hypochlorhydria resulting in bacte- 
rial overgrowth with increased production of nitrites, chronic 
enterogastric reflux of bile salts and pancreatic enzymes (which 
are potent gastric irritants), and atrophy of the remaining fun- 
dic mucosa due to low levels of antral hormones, including gas- 
trin. 18284285 The Billroth II operation with gastrojejunostomy 
predisposes to the development of cancer at a 4-fold higher rate 
than a Billroth I procedure with gastroduodenostomy, suggesting 
that bile reflux may be a significant predisposing factor.?*° Hp and 
associated intestinal metaplasia are found less frequently in post- 
gastrectomy gastric cancers as compared to distal gastric cancers 
in the nonoperative stomach.’*° It is unclear whether screening 
for gastric cancer in this population of patients in areas of low 
cancer incidence would be cost-effective. With the advent of Hp 
eradication therapy as well as PPIs, the number of gastric resec- 
tions for peptic ulcer disease has decreased dramatically, signifi- 
cantly reducing the impact of the postgastrectomy state as a risk 
factor for gastric cancer. 


PUD (see also Chapter 53) 


Large epidemiologic studies have demonstrated a consistently 
increased risk of gastric cancer in patients with a history of a 
gastric ulcer. In a cohort study, Swedish adults who were fol- 
lowed for an average of 9 years, a history of gastric ulcer was 
associated with a 1.8-fold increased risk of gastric cancer.’*’ 
Interestingly, a history of duodenal ulcer was associated with a 
reduced risk of gastric cancer. These findings were replicated in 
a case control study of U.S. veterans.’** The associations were 
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confined to noncardia gastric cancer; there was no associa- 
tion between history of gastric ulcer and cardia cancer.’** It is 
unclear whether gastric ulcers per se predispose to the develop- 
ment of cancer. The increase risk may be mediated by infection 
with Hp, which can lead to atrophic gastritis, intestinal meta- 
plasia, and cancer. 


Ménetrier Disease (see also Chapter 52) 


In a review of case reports, 15% of patients with Ménétrier 
disease had associated gastric cancer,’*’ including several cases 
that documented a progression from dysplasia to cancer.???7?! 
Because of the rarity of Ménétrier disease, it has been difficult to 
study its relationship with gastric cancer in any controlled fash- 
ion, and no recommendations regarding endoscopic surveillance 
can be made. 


SCREENING AND SURVEILLANCE 


The majority of the literature regarding screening for gas- 
tric cancer comes from east Asia, where the prevalence of this 
disease is among the highest in the world.’?* Since 1960, the 
Japanese have been performing mass screening using upper 
GI barium studies followed by endoscopy if any suspicious 
lesions are found, and this continues to represent the recom- 
mended approach based on current Japanese cancer screening 
guidelines.’?’ Japanese researchers have reported a sensitivity of 
66% to 90% and a specificity of 77% to 90% for this screening 
method.?”* However, survey studies have shown that, in clinical 
practice, upper endoscopy is the most widely used screening test 
for gastric cancer in Asia.?°> 

Not surprisingly, studies from Japan have also shown that 
screening results in diagnosis of gastric cancer at earlier stages, 
with 1 study reporting more than half of screened cases diag- 
nosed as stage I.’°° Long-term follow-up data from the Japanese 
Public Health Center cohort showed that subjects who under- 
went screening had a nearly 50% reduced risk of death from 
gastric cancer.’ A separate cohort study from Japan found a 
25% to 35% risk reduction in death from gastric cancer among 
those who participated in gastric cancer screening.’ How- 
ever, similar risk reductions were seen for death from all causes, 
casting a level of uncertainty on the true magnitude of benefit 
associated with screening with respect to preventing death from 
gastric cancer. 

The serum pepsinogen (PG) test is increasingly used to 
screen for patients at highest risk for having preneoplastic gas- 
tric lesions. The stomach produces 2 types of pepsinogens: PGI 
and PGII. In chronic atrophic gastritis, production of PGI is 
reduced due to reduction of the number of gastric chief cells, 
whereas PGI levels remain relatively constant or can sometimes 
even be raised in response to inflammation (see Chapter 52). 
Therefore, both low serum PGI levels (<70 mg/L) and a low 
PGI/II ratio (<3.0) are useful for the identification of patients 
with atrophic gastritis.??* Large prospective cohort studies have 
shown that baseline PGI, PGI/II, and Hp antibody levels com- 
bined can successfully identify patients at highest risk for devel- 
oping gastric cancer for whom referral to endoscopy might be 
appropriate.?? 30 

Screening with upper endoscopy is likely to be cost-effec- 
tive in moderate- to high-risk populations, such as older Asian 
men.>°? However, in populations with a lower incidence of gas- 
tric cancer, screening is less likely to have the same degree of 
beneficial impact. European consensus guidelines recommend 
endoscopic surveillance in patients in whom extensive atrophy of 
the gastric mucosa has been diagnosed.*"* Gastroscopy is recom- 
mended every 3 years in these patients. Despite initial analyses 
that such an approach can be cost-effective, prospective random- 
ized trials are currently underway to support this strategy.°0°°°6 A 


USA recent meta-analysis suggests that this strategy can only be 
cost-effective in low-incidence Western countries when applied 
to selected individuals with further risk factors.?07 


PREVENTION 


Given the lethal nature of gastric cancer and its link to chronic 
infection and inflammation, much attention has been paid to the 
possibility of “chemoprevention” of gastric neoplastic lesions. 
The approach most studied has been Hp eradication, but consid- 
eration has also been given to supplementation with antioxidants 


and the use of NSAIDs and COX-2 inhibitors. 


Eradication of Hp 


Eradicating Hp leads to a decrease of the subsequent risk of gas- 
tric cancer. There is little question that chronic inflammation 
in a variety of organ systems can lead to malignancy and that 
Hp eradication can reduce or alleviate gastric inflammation. Hp 
eradication can lead to decreased oxidative stress and cell pro- 
liferation.’ In addition, limited studies involving eradication 
of gastric Helicobacter organisms in Mongolian gerbils suggest 
that eradication of infection can partially reverse atrophy and 
metaplasia and inhibit progression to gastric cancer.*”? Studies 
in mice confirm the reversibility of metaplasia and prevention 
of gastric cancer with early eradication. With later eradication, 
cancer progression was slowed and cancer mortality dramatically 
decreased.!? 

Nevertheless, definite proof of the cancer-preventing effect 
of Hp eradication by prospective randomized trials in humans 
is lacking. This is partly due to the need for high numbers of 
at-risk patients to be included to achieve adequate power with 
regard to the rare endpoint of incident gastric cancer, and partly 
due to ethical concerns to randomize patients into a study arm 
that would leave them untreated with a class I carcinogen. One 
approach to tackle the first issue has been to examine the effect 
of Hp eradication on premalignant conditions, such as gastric 
atrophy and intestinal metaplasia. Thus, a majority of studies 
has shown a beneficial effect in preventing progression of gas- 
tric disease.*!°3!* In a randomized, placebo-controlled trial from 
China of 587 patients with Hp infection, assignment to eradica- 
tion was associated with a significantly reduced risk of progres- 
sion of intestinal metaplasia (odds ratio, 0.63).>!* In contrast, a 
randomized placebo-controlled trial of Mexican adults did not 
demonstrate a benefit of Hp eradication for the prevention of his- 
tologic progression. 3 

A prospective, randomized placebo-controlled trial in 1630 
“healthy” Hp-positive individuals sought to determine whether 
Hp eradication in a high-risk population in China would reduce 
the incidence of gastric cancer. Although no overall group benefit 
was seen in the group receiving Hp eradication, there was a reduc- 
tion in gastric cancer incidence in the subgroup of patients who 
did not already have precancerous lesions (gastric atrophy, intes- 
tinal metaplasia, or dysplasia) at study initiation. It is possible that 
some of the patients in the eradication arm had passed the earlier 
mentioned “point of no return,” when cellular alterations had suf- 
ficiently accumulated to promote cancer.*!> Recent meta-analysis 
of randomized trials found that Hp eradication is associated with a 
significant 35% reduction in the risk of gastric cancer.’ 

There may even be benefit to Hp eradication after treatment 
of early gastric cancer in light of the high rate of associated mul- 
tifocal dysplasia. In an open-label randomized controlled trial of 
patients with resected early gastric cancer by Fukase et al., Hp 
eradication was associated with a reduction in the risk of develop- 
ment of metachronous gastric cancer (odds ratio, 0.35; 95% CI: 
0.0161 to 0.775). Although there are conflicting results, recent 
meta-analyses support the initial findings of Fukase and col- 
leagues.316317 
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In Western countries, gastric cancer prevention has not been 
extensively pursued due to the lower prevalence of Hp infection 
and decreasing incidence of gastric cancer. However, a cost- 
effectiveness model by Parsonnet and colleagues’!* suggested 
that screening and treatment of Hp infection would be potentially 
cost-effective in the prevention of gastric cancer, particularly in 
high-risk populations, if it was assumed that treatment of Hp 
infection prevented 30% of attributable gastric cancers. Using a 
more conservative 10% reduction in gastric cancer risk, an analy- 
sis from the United Kingdom also concluded that Hp eradication 
was cost-effective.’ 1° 

An alternative option would be population-based vaccination 
against Hp infection. But development of an effective vaccine as 
well as definition of the right timepoint for vaccination have dem- 
onstrated to be difficult. Despite a recent study showing promis- 
ing results, it is not clear yet if a clinically applicable vaccine will 
be available in the near future.?? 


Aspirin and Other NSAIDs, Including COX-2 
Inhibitors 


Among other effects, aspirin and other NSAIDs inhibit cyclo- 
oxygenases. COX-1 is constitutively expressed in the GI tract. 
COX-2 expression is generally not observed in normal GI 
mucosa, but is induced in multiple epithelial malignancies, 
including gastric cancer.**!+’2 COX-2 expression is associated 
with aggressive cell growth in both human and mouse models 
of cancer**>~3*° and has been found to be overexpressed in 70% 
of gastric cancers.*’” In this setting, COX-2 could potentially 
promote the growth of tumors, inhibit apoptosis, and increase 
angiogenesis. COX-2 expression has been reported to be elevated 
in preneoplastic lesions, including both intestinal metaplasia and 
dysplasia, and COX-2 expression appears to diminish after Hp 
eradication.*?® 

Multiple epidemiologic studies have demonstrated a consis- 
tent association between NSAID use and reduced risk of gastric 
cancer.*??33? In a case-control study from Los Angeles County, 
NSAID use for more than 5 years was associated with a reduced 
risk of noncardia gastric cancer (odds ratio, 0.61), and there was 
a significant NSAID dose-related effect.’ A nested case-con- 
trol study using the General Practitioners Research Database 
in the United Kingdom found that long-term users of nonaspi- 
rin NSAIDs had a decreased risk of gastric cancer (odds ratio, 
0.65), although there was no effect of aspirin use on the risk of 
gastric cancer.*** This study was in contrast to a recent study 
in 2 UK cohorts from England and Scotland on 3833 patients 
with gastric cancer and 4654 patients with esophageal cancer.** 
In these cohorts, long-term aspirin use was not associated with 
cancer-specific mortality after diagnosis of gastric cancer (pooled 
adjusted HR, 1.06; 95% CI, 0.85 to 1.32). On the other hand, 
recent meta-analyses reported a significant association between 
any NSAID use and reduced risk of gastric cancer (RR: 0.78, 95% 
CI: 0.72 to 0.85), with broadly similar findings for both acetyl- 
salicylic acid [aspirin] (ASA) and non-ASA NSAIDs and a slightly 
more pronounced effect for noncardia gastric cancer.**+ 

In a randomized controlled trial of Hp-negative patients 
with intestinal metaplasia, there was no difference in the rate of 
regression of intestinal metaplasia after 2 years between patients 
receiving the COX-2 selective inhibitor rofecoxib and placebo.**? 
This trial was limited by the relatively short follow-up period and 
use of premalignant endpoints. In a separate randomized con- 
trolled trial in patients with Hp and histology showing chronic 
atrophic gastritis (or worse), both Hp eradication and 24 months 
of the COX-2 selective inhibitor celecoxib resulted in histologic 
regression, although no additive effect was observed.**° In a sum- 
mary analysis of randomized trials of aspirin versus no aspirin 
for various outcomes, those studies with 10 to 20 years’ follow- 
up reported a reduced risk of gastric cancer in those assigned to 
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aspirin (odds ratio, 0.42).°>’ Further trials in high-risk patients 
are warranted to determine if NSAIDs are effective for gastric 
cancer prevention. 


Statins 


Statins, the widely prescribed class of HMG CoA-inhibiting 
cholesterol-lowering drugs, have been found in numerous epide- 
miologic studies to be associated with decreased risks of various 
malignancies. In addition to their cholesterol-lowering proper- 
ties, statins also have antiproliferative and proapoptotic effects.**® 
A population-based case-control study from Taiwan found a 
significantly reduced risk of gastric cancer in patients prescribed 
statins (odds ratio, 0.68), with greater risk reduction observed 
among those with the highest cumulative statin use.’ In a sepa- 
rate case-control study of diabetics from South Korea, a history of 
statin use was associated with an 80% reduced likelihood of gas- 
tric cancer.*#9 A pharmacy database study from the Netherlands 
found a significant association between statin use and a decreased 
risk of cancer of any type; however, there was no significant asso- 
ciation with gastric cancer, although the number of cases was 
relatively small.*+! Meta-analyses agree on an overall favorable 
profile of statins with regards to gastric cancer risk, showing a risk 
reduction that ranges between 32% to 44%." Interestingly, 
there was no statistically significant difference between Western 
or Asian cohorts with regards to this effect. 

Future randomized controlled trials of various statins in 
patients at high risk for gastric cancer will help define the role of 
this class of drugs as chemopreventive agents. 


Antioxidants 


Chronic inflammatory states such as Hp gastritis can result in the 
generation of free radicals derived from oxygen and nitrogen.**+ 
These free radicals can promote carcinogenesis via numerous dif- 
ferent means, including direct DNA damage and inhibition of 
DNA repair mechanisms, inhibition of apoptosis, and activation 
of cellular proliferation pathways. Antioxidants such as carot- 
enoids and vitamins C and E bind with reactive oxygen and nitro- 
gen species to neutralize their damaging effects. 

Epidemiologic data support a relationship between increased 
antioxidant intake and reduced risk of gastric cancer.?4=4 In a 
nested case-control study from Japan, low plasma beta carotene 
levels were associated with an increased risk of gastric cancer.’ 
A case-control study from Korea found that elevated nitrate/anti- 
oxidant intake ratios were associated with increased risk of gastric 
cancer.’ In a Swedish cohort study, high levels of vitamin A, 
retinol, and alpha and beta carotene intake were associated with a 
50% risk reduction in gastric cancer.**’ A recent meta-analysis on 
the impact of alpha and beta carotene intake analyzed data from 
13 case-control and 8 cohort studies and reported inconsistency 
of the respective results between case-control and cohort stud- 
ies.>°° 

Randomized controlled trials have shown inconsistent effects 
of antioxidant supplementation on gastric cancer risk. In a ran- 
domized placebo-controlled trial of antioxidants (either vitamin 
A, C, or E) in patients with precancerous gastric lesions (non- 
atrophic or atrophic gastritis, intestinal metaplasia, or dysplasia), 
antioxidant supplementation did not result in either reduced 
histologic progression or increased histologic regression.*>! 
A randomized controlled trial in China also found no effect of 
combined vitamin C, E, and selenium supplementation on the 
prevalence of a combined endpoint of atrophic gastritis, intesti- 
nal metaplasia, dysplasia, or cancer.*°* In a 10-year follow-up of 
the General Population Nutrition Intervention Trial in China, 
subjects who received a combination of selenium, vitamin E, and 
beta carotene were found to have reduced mortality from gastric 
cancer.*** Interestingly, Li et al. reported in a systematic analysis 
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of the data available in 2013 that although high dietary intake of 
vitamin C, vitamin E, and alpha and beta carotene resulted in a 
reduced risk for gastric cancer, the actual blood levels of these 
factors were not associated with gastric cancer risk.?™* Given a 
lack of convincing chemopreventive effect as well as the results of 
the Beta Carotene and Retinol Efficacy Trial, in which subjects 
who received beta carotene and vitamin A had an increased risk of 
lung cancer,**? antioxidant supplementation for the prevention of 
gastric cancer cannot yet be recommended. This is in line with a 
recent Cochrane Meta-analysis on the effect of selenium supple- 
mentation on cancer prevention.**° Although there are some data 
from observational studies suggesting a minor decrease in the 
site-specific risk for stomach cancer, studies are heterogeneous 
and prospective randomized controlled trials would be needed to 
support this hypothesis. 


Other Dietary Factors 


Green tea is widely consumed in Asian countries and is hypoth- 
esized to have protective effects against cancer of the upper diges- 
tive tract. Polyphenols and other metabolites present in green 
teas, such as epigallocatechin-3-gallate (EGCG) and other cat- 
echins, have a variety of antitumor effects, including induction 
of apoptosis, inhibition of tumor cell growth and proliferation, 
and reduction in COX-2 expression.*°’-*>? EGCG also has anti- 
oxidant properties and may have anti-inflammatory properties as 
well.360.361 Although case-control studies have shown an inverse 
association between the risk of gastric cancer and the consumption 
of green tea, cohort studies have largely failed to show an associa- 
tion.*%36 One cohort study from Japan did report a reduced risk 
of gastric cancer in women with high green tea consumption, but 
no change in risk among men.*™ A recent meta-analysis of obser- 
vational studies suggested a slightly decreased risk by long-term 
high-dose green tea intake,*®> but in the absence of prospective 
controlled trials, green tea cannot be recommended as chemo- 
prevention for gastric cancer. Similar results are available on the 
effect of garlic consumption.*® 

Adherence to a Mediterranean diet has the potential to reduce 
gastric cancer risk and related mortality by nearly 30% (RR 0.72; 
95% CI: 0.60 to 0.86).°°” A recent model calculation predicted 
that increasing fruit and vegetable intake would prevent a rela- 
tively high proportion of gastric cancer cases by 2025, mostly in 
developing countries.*°* 


CLINICAL FEATURES 


Early gastric cancers are asymptomatic in up to 80% of cases. 
When symptoms do occur, they tend to mimic peptic ulcer dis- 
ease. With advanced gastric cancer, the most common symptoms 
are weight loss (60% of patients) and abdominal pain (~50%).°°? 
Other presenting symptoms include nausea, vomiting, anorexia, 
dysphagia, melena, and early satiety. Pyloric outlet obstruction 
can occur with tumors of the antrum and pylorus, and tumors of 
the cardia can cause dysphagia due to involvement of the lower 
esophageal sphincter and development of pseudoachalasia (see 
Chapter 44).°”? Rarely, paraneoplastic syndromes occur. There 
have been reports of thrombophlebitis (Trousseau sign), neu- 
ropathies, nephrotic syndrome, and DIC.*/!37> Dermatologic 
paraneoplastic syndromes are also uncommon and include hyper- 
pigmented patches in the axilla (acanthosis nigricans; see Chapter 
25) and the sudden onset of seborrheic dermatosis (senile warts) 
and pruritus (sign of Leser-Trélat).°”* 

The physical exam is usually unremarkable. Cachexia and signs 
of bowel obstruction are the most common abnormal findings. 
Occasionally, it is possible to detect an epigastric mass, hepato- 
megaly, ascites, and lower extremity edema.*’”> Laboratory stud- 
ies are generally unrevealing until the cancer reaches advanced 
stages. Anemia and a positive test result for fecal occult blood 


may occur from chronic bleeding of an ulcerated mass. Hypo- 
proteinemia can occur. Liver enzyme values, particularly serum 
alkaline phosphatase levels, can be elevated secondary to hepatic 
metastases. 

Gastric cancer is metastatic at the time of diagnosis in 33% 
of cases.’ The most common sites of metastasis are the liver 
(40%) and peritoneum.’”’ Other sites of spread include perium- 
bilical lymph nodes (Sister Joseph nodule), left supraclavicular 
sentinel nodes (Virchow node), the pouch of Douglas (rectal shelf 
of Blumer), and the ovaries (Krukenberg tumor). Gastric cancer 
has also been reported to metastasize to the kidney, bladder, 
brain, bone, heart, thyroid, adrenal glands, and skin.*”> There 
are reports of unusual presentations of metastatic disease, such 
as shoulder-hand syndrome from bone metastasis, diplopia and 
blindness from orbital and retinal metastases, and virilization due 
to Krukenberg tumors.37°-3*! 


DIAGNOSIS 
Endoscopy 


EGD is currently the procedure of choice for the diagno- 
sis of gastric cancer (Fig. 54.6A). When a nonhealing gastric 
ulcer is found, at least 6 to 8 biopsy specimens from the edge 
and base of the ulcer are recommended.**? The American 
Gastroenterological Association has recommended that an upper 
endoscopy be performed in patients who are older than 55 years 
with new-onset dyspepsia and in patients younger than 55 years 
who have “alarm” symptoms (weight loss, recurrent vomiting, 
dysphagia, evidence of bleeding, anemia).*** Dyspeptic patients 
in whom an empirical trial of PPIs and eradication of Hp do not 
relieve symptoms should undergo prompt endoscopic evaluation 
as well. The basis for these recommendations is the low incidence 
of gastric cancer in individuals younger than 55 years. The yield 
of upper endoscopy for the detection of gastric cancer in patients 
with occult bleeding and a normal colonoscopy will vary, based 
on the patient’s baseline risk of gastric cancer. 

In Japan and other areas of high gastric cancer prevalence, 
chromoendoscopy, magnification endoscopy, and narrow band 
imaging are used alone or in combination as aids in the detection 
of early gastric cancer (see Fig. 54.6B). Distinct irregular mucosal 
surface and vascular patterns have been found to correlate with 
the presence of dysplasia and carcinoma.**+ There are also ongo- 
ing investigations into the utility of newer techniques such as 
autofluorescence and confocal microendoscopy for the diagnosis 
of early gastric neoplasia.**>*° In the past, barium studies have 
been reported to have 60% to 70% sensitivity and 90% specific- 
ity for the detection of advanced gastric cancer.**” Nevertheless, 
upper GI series has been largely replaced by upper endoscopy as 
the initial test of choice for the diagnosis of gastric cancer. 

A classification system has been developed for early gastric 
cancer based on endoscopic appearance,*** the purpose of which 
is to assess early lesions for risk of submucosal invasion as well 
as risk of lymph node spread (Fig. 54.7). The 3 types include 
superficial polypoid (type 0-I), superficial flat/depressed (types 
0-IIa-c), and superficial excavated (type 0-II) lesions. The most 
commonly observed subtype is 0-IIc, the nonpolypoid depressed 
lesion.*** This classification system is used most often in Japan, 
where endoscopic mucosal resection and submucosal dissection 
are frequently performed for early gastric neoplasia. 


CT Gastrography 


Although CT colonography has gained significant attention for 
its potential role as a screening modality for colon polyps and 
colon cancer, CT gastrography has also been studied for the 
diagnosis of early gastric cancer. In a study from South Korea 
of 39 patients with early gastric cancer, CT gastrography had a 
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Fig. 54.6 Endoscopic examples of gastric cancer. A, Ulcerated gastric adenocarcinoma mass lesion. B, Chro- 
moendoscopic view of a superficial depressed gastric cancer, highlighted with indigo carmine (arrow). (A, With 
permission from the Gastrolab Endoscopy Archives. The Wasa Workgroup on Intestinal Disorders, 2008 [Ac- 
cessed 14 Oct 2008, at http://www.gastrolab.net/pa-269.htm]; B, from Toyoda H, Tanaka K, Hamada Y, et al. 
Endoscopic diagnosis of hypopharyngeal, esophageal and gastric neoplasm. Dig Endosc 2006; 18:S41-3.) 


i 


0-lp 0-ls 
Protruded, pedunculated Protruded, sessile 


0-lla 0-llb 0-lIc = 
Superficial, elevated Flat Superficial shallow, 
depressed 
| 
0-lll 
Excavated 


Fig. 54.7 Schematic representation of the major variants of type O neo- 
plastic lesions of the stomach: polypoid (Ip and Is), nonpolypoid (lla, llb, 
and llc), nonpolypoid and excavated (Ill). (From the Paris endoscopic 
classification of superficial neoplastic lesions: esophagus, stomach, and 
colon: November 30 to December 1, 2002. Gastrointest Endosc 2003; 
58:83-43.) 


sensitivity of 73% to 76% and good interobserver reliability (K = 
0.84).38° Only small studies have been performed thus far using 
this imaging modality, and CT gastrography cannot yet be rec- 
ommended for screening outside of the research setting. 


Serum Markers 


To date, no reliable serum marker has been identified with high 
sensitivity and specificity for the diagnosis of gastric cancer. Low 
serum PGI levels, low ratios of PGI to PGI, and hypergastrin- 
emia have been reported in patients with atrophic gastritis and 
intestinal metaplasia, but the results for the detection of gastric 
cancer have been mixed.*””3?! In a study of 17,000 Japanese 
males, a positive PG test (defined as PGI < 50 ug/L, and PGI/ 
II < 3.0) in combination with upper GI series identified gastric 
cancer in only 0.28% of subjects; however, 88% of these cancers 
were early cancers.’”” Additionally, 89% of the cancers identi- 
fied by the PG test alone were early gastric cancers. The major 


limitation of this test is the low specificity for the diagnosis of 
gastric cancer.*”’ Therefore, assessment of serum PG is currently 
being used to identify patients with preneoplastic conditions that 
benefit from further diagnostic testing (e.g., by endoscopy). 

Serum CEA and carbohydrate antigen (CA) 19-9 have both 
been extensively studied for the diagnosis of gastric cancer. The 
sensitivities of these markers are especially low for early gastric 
cancer,*”* and elevated levels are also seen in other epithelial 
malignancies. These tumor markers are frequently elevated in 
recurrent gastric cancer, especially in patients who had elevated 
levels prior to surgical resection.’ The diagnostic quality of 
these markers, however, remains low and they might instead have 
a role as prognostic indicators, because both CEA and CA19-9 
are associated with unfavorable clinical-pathological character- 
istics and poor outcome for gastric cancer patients.’ Other 
studies have identified, among others, TGF-61, CA 72-4, tumor 
M?2-pyruvate kinase, and hepatocyte growth factor as potential 
markers gastric cancer,*?*"! but as for CEA and CA19-9, clinical 
use might be rather found as prognostic indicators, particularly 
for recurrence after surgical treatment.*”” 

Apart from classic serum markers, a recent focus has been 
placed on so-called liquid biopsies, mainly the assessment of 
circulating tumor cells and circulating tumor DNA. Recent 
advancements in enrichment and sequencing approaches enables 
the analysis of these factors which can deliver information on 
mutational profile and tumor heterogeneity even without the 
needs for invasive tissue sampling.t°? Although data on diagnostic 
accuracy and value as prognostic marker are still inconsistent, the 
potential use to guide targeted therapy becomes more interest- 
ing. A prominent example is the assessment for Her2 amplifica- 
tion by analysis of circulating plasma DNA.*+49 This approach 
has the potential to overcome problems of tissue analyses with 
tumor heterogeneity and sampling error.+°° 


CLASSIFICATION AND STAGING 


Several classification systems exist to further define gastric can- 
cer and predict prognosis. As mentioned earlier (see Fig. 54.2), 
gastric cancers can be subdivided into intestinal and diffuse 
types. Gastric cancer can also be divided into early and advanced 
lesions. Early gastric cancer is defined as a cancer that does not 
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Fig. 54.8 Classification of gastric adenocarcinoma by depth of invasion (T classification). In the TNM classifi- 
cation, T denotes depth of invasion: Tis designates carcinoma in situ; T1 tumors are confined to the mucosa 
(T1a) and submucosa (T1b); T2 tumors invade the muscularis propria but not the serosa; T3 tumors penetrate 
the subserosal connective tissue without involving the visceral peritoneum or contiguous structures; and T4 
tumors invade the serosa (visceral peritoneum) and may involve adjacent organs and tissues. In early gastric 
cancer, the disease is confined to the mucosa and submucosa (T1), regardless of nodal involvement. 


invade beyond the submucosa, regardless of lymph node involve- 
ment. This form of cancer has a much higher prevalence in the 
Far East, especially Japan, and carries a very favorable prognosis, 
with 5-year survival rates greater than 90% being reported in Asia 
and greater than 80% in Western countries.*07-7!° 

The most commonly used clinical staging classification system 
for gastric cancer is the TNM system, used by the International 
Union Against Cancer and the American Joint Committee on 
Cancer.*!!+!? In the TNM staging system, T (Tumor) indicates 
the depth of penetration (Fig. 54.8): Tla denotes a tumor that 
invades the lamina propria or mucosa, T1b denotes invasion of 
the submucosa, T2 denotes invasion of the muscularis propria, T3 
denotes invasion of the subserosal connective tissue, T4a denotes 
invasion of the serosa (visceral peritoneum), and T4b denotes 
invasion into adjacent organs or structures. N (Nodes) indicates 
the amount of lymph node invasion: NO denotes no lymph node 
involvement, N1 denotes involvement of 1 to 2 lymph nodes, 
N2 denotes involvement of 3 to 6 lymph nodes, and N3 denotes 
involvement of 7 or more lymph nodes. M (Metastasis) indicates 
the presence of metastases, with MO denoting no metastases 
and M1 denoting distant metastases, including positive perito- 
neal cytology (Table 54.4). In the American Joint Committee on 
Cancer staging manual, cardia cancer (tumors within 5 cm of and 
crossing the GE junction) is now classified together with esopha- 
geal and GE junction tumors.*!” Recent studies have investigated 
reclassification of gastric cancer based on biological characteris- 
tics. The prospect of incorporating tumor biology into staging 
classification systems is intriguing, although future validation 
studies are required for this to occur. 

Accurate staging in gastric cancer is important for treatment 
decisions. EUS is the best-studied modality for the staging of 
gastric cancer and remains the test of choice for assessing tumor 
depth and nodal involvement. However, improvements in image 
quality for both CT and MRI make these studies potential alter- 
natives and adjuncts to EUS. 


EUS 


EUS allows the visualization of the 5 layers of the gastric wall. 
The superficial gastric mucosa is represented by an echogenic 
first layer, and the deeper mucosa by a hypoechogenic second 
layer; the submucosa is represented by an echogenic third layer, 
the muscularis propria as a hypoechogenic fourth layer, and the 


TABLE 54.4 Clinical Staging of Gastric Cancer Based on the TNM 
Classification 


NO N1 N2 N3 M1 (Any N) 
Tis O = 
Til IA IB IA IIB M 
T2 IB IA IIB IIA v 
T3 IIA IIB IA IIIB v 
T4a IIB IA IIIB IlIC v 
T4b IIIB IIIB IIIC IIIC v 
is, in situ; M, metastases; N, node involvement; T, tumor. 
*From Brierley JD, Gospodarowicz MK, Wittekind C, editors. TNM Classifica- 


tion of Malignant Tumours. 8th ed. Hoboken, NJ: Wiley-Blackwell; 2017. 


serosa as an echogenic fifth layer. EUS can also identify and 
biopsy submucosal lesions, such as gastric lymphomas and stro- 
mal tumors. These lesions typically involve thickening of the sub- 
mucosa and muscularis propria and may appear as gastric fold 
thickening on barium studies or endoscopy. 

Based on results of a meta-analysis of EUS for gastric cancer 
staging, EUS has sensitivity of 86% and specificity of 91% to distin- 
guish T1-2 versus [3-4 tumors.’ Intramucosal lesions (Tla) are 
identified with 83% sensitivity and 79% specificity. EUS may be 
particularly useful for identifying early gastric cancer lesions ame- 
nable to endoscopic mucosal resection or submucosal dissectiont!* 
(Fig. 54.9). In terms of N staging, the rate of detection of perigastric 
nodes with EUS is comparable to staging with CT.+!5416 EUS is 
slightly less accurate in the assessment of nodal status as compared to 
depth of tumor invasion, with 69% sensitivity and 84% specificity to 
distinguish positive from negative lymph node status.*!’ A particular 
difficulty with N staging lies in the fact that many small lymph nodes 
can also harbor metastases, and thus understaging can occur. 


CT and PET 


Advances in imaging technology have greatly improved the abil- 
ity of CT to stage gastric tumors. Although not as extensively 
studied as EUS, multidetector row CT (MDCT), by which the 
wall of the stomach can be seen as 3 layers (an inner layer cor- 
responding to the mucosa, an intermediate layer corresponding 
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Fig. 54.9 Gastric cancer staging. A, Endoscopic image of an early gastric cancer showing a 25-mm protrud- 
ing mass located on the posterior wall of the antrum. B, EUS image of the lesion, showing the hypoechoic 
mucosal mass (arrow) with an intact submucosal layer. (From Kim JH, Song KS, Youn YH, et al. Clinicopatho- 
logic factors influence accurate endosonographic assessment for early gastric cancer. Gastrointest Endosc 
2007; 66:901-8.) 


to the submucosa, and an outer layer of slightly higher attenua- 
tion corresponding to the muscularis propria and serosa), appears 
to have comparable accuracy to EUS in terms of both T and N 
staging. The loss of fat planes between the gastric mass and an 
adjacent organ suggests tumor invasion. The accuracy of MDCT 
for overall T staging ranges from 77% to 91%, and discriminates 
serosal involvement with an accuracy of 83% to 100%.#!7-418 
Accuracy with respect to N staging may be as high as 89% with 
MDCT.*!9:420 As with all other imaging modalities, CT has dif- 
ficulty discerning metastases in lymph nodes smaller than 5 mm. 
At present, the role of CT is mainly for the detection of distant 
metastases and as a complement to EUS for assessing regional 
lymph node involvement. It is not yet clear whether EUS or 
MDCT (or the combination) is superior for T and N staging in 
gastric cancer, and the underlying technology continues to evolve 
and improve. 

PET scanning alone is not recommended as a sole imaging 
test for gastric cancer staging, largely because most gastric adeno- 
carcinomas have low F-18 fluorodeoxyglucose (FDG) uptake and 
there are false positives as well (see Chapter 52).#! However, in 
patients initially staged as having localized gastric cancer, com- 
bined PET/CT increases the detection of metastatic disease by 
10%, thus altering clinical management.” 


Laparoscopy with Peritoneal Lavage 


Approximately half of gastric cancer patients with metastatic dis- 
ease have cancer involving the peritoneum.*’’ Current imaging 
techniques such as EUS and CT have limited ability to detect peri- 
toneal dissemination. In fact, up to one third of patients with seem- 
ingly resectable disease will have evidence of peritoneal spread 
at the time of staging laparoscopy.” National Comprehensive 
Cancer Network guidelines recommend consideration of laparos- 
copy with peritoneal lavage for patients with seemingly resectable 
disease in whom neoadjuvant chemotherapy is being consid- 
ered.*?+ However, the USA has been slow to adopt this practice; 
a study using SEER-Medicare data found that only 8% of gastric 
cancer patients who had any surgery underwent laparoscopy.*”° 


Other Imaging Modalities 


MRI with gadolinium has also been used for gastric cancer stag- 
ing. It is similar to CT in its advantages (ability to find distant 


metastases) and weaknesses (need for adequate gastric disten- 
tion). The accuracy of MRI ranges from 90% to 93% for T stag- 
ing and from 91% to 100% for N staging.t!’ However, given the 
small number of studies, MRI cannot yet be advocated as the test 
of choice for staging gastric cancer. 


Restaging after Neoadjuvant Treatment 


The accuracy of restaging gastric cancer after neoadjuvant che- 
motherapy decreases considerably. EUS has less than 50% 
accuracy for both T and N restaging, and similarly disappoint- 
ing results have been reported for post-treatment staging with 
CT.*?° However, the use of preoperative clinical staging to assess 
response to neoadjuvant chemoradiation may correlate well with 
both overall and disease-free survival.*”’ Restaging is therefore 
primarily used to rule out distant metastasis as part of the assess- 
ment for surgical resectability. 


PROGNOSIS AND TREATMENT 


Overall, the 5-year survival rate in the USA from gastric cancer 
is 27% (compared with 64% for colon cancer).4 The TNM clas- 
sification is used to stratify disease into 4 clinical stages (I through 
IV) to predict prognosis in patients treated with gastrectomy (see 
‘Table 54.4). The survival data from Japanese studies are gener- 
ally superior to those seen in Western countries, perhaps because 
of the preference in Japan for extended lymphadenectomy or 
because of less “understaging” than is found in Western coun- 
tries.?° There are data to suggest that large tumor size (>5 cm) 
may be independently associated with worse survival, indepen- 
dent of nodal status or overall tumor stage.*”? 


Surgery 


Surgical resection remains the primary curative treatment for 
gastric cancer. However, survival after surgery alone is poor (20% 
to 50% at 5 years) , necessitating efforts to improve the outcomes 
for this group of patients using perioperative chemotherapy or 
postoperative (adjuvant) chemoradiotherapy. In addition, sur- 
gical resection often provides the most effective palliation of 
symptoms, particularly those of obstruction. In some cases, sur- 
gery is required for diagnosis, as in cases of nonhealing gastric 
ulcers with negative biopsy results and persistent pyloric outlet 


838 PART VI Stomach and Duodenum 


obstruction suggesting an antral carcinoma. Surgery should be 
attempted in most cases of gastric cancer. However, in the pres- 
ence of extensive involvement of diffuse-type cancer (or linitis 
plastica), bulky metastatic disease, retroperitoneal invasion, or 
peritoneal carcinomatosis, or if the patient has severe comorbid 
illnesses, the prognosis may be sufficiently poor to make the value 
of resection questionable. 

Surgery, and laparoscopy in particular, can be useful in the 
staging of cancer. Laparoscopy can help identify primary tumor 
resectability, peritoneal deposits, and appropriate candidates for 
neoadjuvant therapy. Laparoscopic peritoneal lavage has been 
used to detect intraperitoneal free cancer cells. A positive perito- 
neal lavage correlates significantly with eventual development of 
overt peritoneal metastases.*°° 

In general, total gastrectomy is performed for proximal 
gastric tumors and for diffuse gastric cancer, and partial gas- 
trectomy is reserved for tumors in the distal stomach. Large, 
randomized multicenter trials in France and Italy compar- 
ing subtotal with total gastrectomy for adenocarcinoma of the 
antrum found no differences in 5-year survival rates or opera- 
tive mortality.47!? Some centers have argued for performing 
a complete splenectomy with gastrectomy. However, several 
retrospective and prospective studies found that concurrent 
splenectomy increased morbidity and had either no effect on or 
worsened survival.*33434 

The extent of lymphadenectomy accompanying the gastrec- 
tomy has been a subject of debate for many years. The Japanese 
advocate a more extensive lymph node dissection (D2 resection) 
than their Western counterparts (D1 resection) and have higher 
published survival rates. A D2 resection entails resection of the 
nodes of the celiac axis and the hepatoduodenal ligament in addi- 
tion to the perigastric lymph nodes taken in a D1 procedure. The 
differences in reported survival rates may reflect the fact that the 
Japanese have a much higher incidence of early gastric cancer, 
and the more extensive lymph node dissection performed in Japan 
may find more positive lymph nodes, making survival rates of 
Japanese patients with NO staging appear to be higher than those 
of their potentially “understaged” Western counterparts. A large 
multicenter randomized trial from the Netherlands reported no 
significant improvement in 5-year survival and more postopera- 
tive deaths and complications with D2 lymphadenectomy than 
with the more conservative D1 lymphadenectomy.*** In a sub- 
sequent 15-year follow-up of these patients, the investigators 
reported no significant difference in overall survival, although 
there was significantly reduced gastric cancer-related mortality 
in the D2 resection arm (37% vs. 48% in the D1 arm).®6 A Brit- 
ish randomized trial of +°° patients likewise showed no benefit 
from more extensive surgery: 5-year survival rates were 35% for 
D1 resection and 33% for D2 resection.*** At present, data are 
insufficient to support extended lymph node resection in centers 
outside Japan. To prevent “understaging,” the current recom- 
mendation is a minimum D1 lymphadenectomy with removal of 
at least 15 nodes.*7 


Endoscopic Mucosal Resection and Submucosal 
Dissection 


Advances in endoscopic techniques have permitted endoscopic 
mucosal resection (EMR) and endoscopic submucosal dissec- 
tion (ESD) to be used as curative therapies for select early gas- 
tric cancers (EGCs) (Video 54.4). This technique has been used 
widely for intestinal-type cancers in Japan and South Korea, 
where studies have shown that only 3.5% of patients with EGCs 
smaller than 2 to 3 cm have lymph node involvement, making 
these lesions amenable to local therapy. Lesions larger than 4.5 
cm have a greater than 50% chance of spread into the submucosa, 
are associated with “positive” nodes, and are therefore less likely 
to be endoscopically resectable.*** 


The following criteria have been suggested for EMR in gastric 
cancer: (1) the cancer is located in the mucosa and the lymph 
nodes are not involved, as indicated by EUS examination; (2) the 
maximum size of the tumor is less than 2 cm when the lesion is 
slightly elevated (type Ia) and less than 1 cm when the tumor is 
flat or slightly depressed (type IIb or IIc) without an ulcer scar; 
(3) there is no evidence of multiple gastric cancers or simulta- 
neous abdominal cancers; and (4) the cancer is of the intestinal 
type.**? Despite these guidelines, it is generally not possible to 
remove lesions larger than 1.5 to 2.0 cm en bloc by EMR, and 
piecemeal removal of EGC is associated with decreased rates of 
curative resection." 

ESD is a technique developed in Japan and permits en bloc 
resection of larger EGCs, as well as selected tumors with sub- 
mucosal invasion. With ESD, submucosal injection is performed, 
followed by use of endoscopic electrosurgical knives to resect the 
entire tumor (Fig. 54.10).*#! Endoscopic prediction of EGC T 
stage is less accurate than in the colon and lesion margins are less 
distinct. Also, unlike in the colon, lymphatics are found within 
gastric mucosa and gastric lesions do not follow the adenoma- 
carcinoma sequence of transformation. As a result of these dif- 
ferences, en bloc resection by ESD affords the best chance of 
accurate histological staging and potential cure for EGC. In 
addition to an RO resection, ESD allows for more precise his- 
topathologic assessment of depth of invasion and lymphovascu- 
lar involvement and permits appropriate assessment for risk of 
lymph node metastasis. If pre-procedure evaluation does not 
reveal regional lymph node involvement, much larger superficial 
lesions can be resected. The Japanese have developed expanded 
criteria for ESD for early gastric cancer: (1) mucosal intestinal- 
type cancer of any size without ulceration, (2) mucosal intestinal- 
type cancer less than 3 cm with ulceration, and (3) submucosal 
intestinal-type cancer less than 3 cm and with submucosal inva- 
sion less than 500 pm.*#7+43 As experience with this ESD has 
increased, en bloc resection rates are now reported to be over 
90%, with local recurrence rates lower than 3%.*+! Owing to the 
large size of some of the lesions being resected, the risk of gastric 
perforation is relatively high (2% to 6%).**+* However, perfo- 
rations recognized early can generally be treated conservatively 
with closure using endoscopic clipping.**! 

Western guidelines for gastric ESD include both absolute 
and expanded criteria depending on lesion size and morphology. 
Recent gastric ESD studies from Western centers have shown 
comparable outcomes to that of Eastern centers, particularly in 
critical endpoints such as RO resection and complications. In a 
prospective observational study of 191 EGC resected by ESD 
from a single Western referral center, en bloc and RO resection 
rates of 98.4% and 90.2% (for lesions meeting guideline criteria) 
and 89.0% and 73.6% (for lesions meeting expanded criteria), 
respectively, were seen. For patients with EGC but higher risk of 
lymph node involvement and who are poor candidates for surgi- 
cal gastrectomy, combination ESD with laparoscopic lymph node 
dissection may be an alternative approach.**° There are no pub- 
lished randomized clinical trials comparing surgery to endoscopic 
resection for early gastric cancer. 


Chemotherapy 


In Western countries, approximately 75% of patients with gastric 
cancer have disease that has spread to the perigastric lymph nodes 
or have distant metastases at the time of diagnosis.**” Patients 
presenting at early stages are often treated with surgery in com- 
bination with perioperative chemotherapy with curative intent. 
Numerous clinical trials have been performed evaluating the 
role of adjuvant chemotherapy after curative resection for gastric 
cancer.*** The majority of the studies were inconclusive, but a 
series of meta-analyses of these trials suggested a 15% to 20% 
reduction in the risk of death in patients who received adjuvant 
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Fig. 54.10 Endoscopic submucosal dissection for early gastric cancer (EGC). A, Conventional endoscopic 
view showing an EGC type 0-lp at the angularis. B, Endoscopic view after indigo carmine spraying to enhance 
the lesion margin. C, Normal tissue surrounding the lesion has been marked with a needle knife. D, A circum- 
ferential cut around the marking dots has been made with an insulated-tip electrosurgical knife. E, The base 
after en bloc submucosal dissection of the lesion has been performed. F, The specimen stretched and pinned 
on a wood plate before immersion in formalin. (From Lee IL, Wu CS, Tung SY, et al. Endoscopic submucosal 
dissection for early gastric cancers: experience from a new endoscopic center in Taiwan. J Clin Gastroenterol 


2008; 42:42-7.) 


chemotherapy.**5° Randomized trials of cisplatin- or epirubi- 
cin-based adjuvant chemotherapy have largely failed to show a 
benefit.!* The optimal regimen for first-line chemotherapy 
has yet to be clearly established. Whether a 3-drug regimen is 
more effective than a potentially less toxic doublet is a point of 
controversy. Historically, clinical trials have included as a group 
esophageal, EGJ, and gastric adenocarcinomas. Pooling these 
conditions may have hidden relevant location-dependent out- 
comes, although Chau and coworkers demonstrated that, despite 
a slightly better outcome in esophageal and EGJ adenocarci- 
nomas, no statistical differences were found in terms of overall 
survival or response rates in the 3 groups.* Nevertheless, the 
new characterization of esophageal and gastric cancer within the 
TCGA suggests that these tumors are quite different on molecu- 
lar levels and should therefore be likely treated differently and be 
approached in at least different treatment trials. The European 
Organization for Research and Treatment of Cancer Expert 
Panel differentiated treatment and staging recommendations 
for tumors near the GE junction. Preoperative chemoradiation 
was recommended for adenocarcinoma of the esophagogastric 
junction (AEG) type I and II tumors. For AEG type III (cardia) 
tumors, perioperative chemotherapy was suggested as the best 
choice. 

Neoadjuvant chemotherapy appears to benefit patients 
with resectable disease. In the U.K. MAGIC trial, 503 
patients with gastric, gastroesophageal, or distal esopha- 
geal cancer were randomly assigned to undergo surgery 
alone or surgery following neoadjuvant epirubicin, cispla- 
tin, and 5-fluorouracil (SFU). Compared to surgery alone, 


the neoadjuvant group had significantly improved 5-year 
(36% vs. 23%), progression-free, and overall survival.*>+ As a 
result, preoperative (neoadjuvant) chemotherapy is now con- 
sidered an the standard treatment option prior to surgery for 
gastric cancer. In the recent FLOT4-A10 trial, perioperative 
chemotherapy with docetaxel, oxaliplatin, and fluorouracil/ 
leucovorin (FLOT) significantly improved progression-free 
survival and overall survival (OS) among patients with resect- 
able gastric cancers compared with epirubicin, cisplatin, and 
fluorouracil or capecitabine (ECF/ECX), suggesting FLOT 
as a preferred regimen in perioperative treatment of patients 
with adenocarcinomas of the stomach or gastroesophageal 
junction . 


Chemoradiation 


Combined chemoradiation after surgical resection appears to 
be effective at improving progression-free and overall survival 
in gastric cancer. The Intergroup Trial 0116 randomized 603 
patients with gastric or gastroesophageal cancer to undergo sur- 
gery alone or surgery followed by 5FU, leucovorin, and radiation 
therapy. Subjects in the surgery alone group had a shorter median 
survival time (27 months vs. 36 months) and a worse overall and 
relapse-free survival.* Following publication of the results of 
this study, adjuvant chemoradiation became the standard of care 
in the USA, although the optimal chemotherapy regimen is not 
yet clear. Early studies of the use of neoadjuvant chemoradiation 
as well as recent as yet unpublished trials have also shown promis- 
ing results.*°° 
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Intraperitoneal Chemotherapy 


Because systemic chemotherapy is largely ineffective for perito- 
neal metastasis, intraperitoneal (IP) chemotherapy can be con- 
sidered in patients whose tumors are resected for cure but have a 
high likelihood of microscopic residual disease. In a randomized 
trial of 248 patients with gastric cancer, postoperative hyperther- 
mic IP chemotherapy was associated with improved overall sur- 
vival compared to surgery alone.*’’ The treatment benefits were 
most pronounced in patients with stage III and IV disease, serosal 
invasion, and lymph node metastases. Although a second clini- 
cal trial reported similar results,“ other studies have failed to 
demonstrate a benefit of hyperthermic IP chemotherapy. 
A meta-analysis of studies of IP chemotherapy for patients with 
resectable gastric cancer reported a significantly reduced risk of 
death in patients who received hyperthermic IP chemotherapy 
(odds ratio, 0.60).*°! At present, the use of hyperthermic IP che- 
motherapy should be confined to patients enrolled in clinical 
trials. According to data presented at the 2018 Gastrointestinal 
Cancers Symposium in San Francisco, undergoing cytoreduc- 
tive surgery plus hyperthermic intraperitoneal chemotherapy in 
180 patients treated in 19 French centers between 1989 and 2014 
resulted in improved overall survival compared with resection 
alone for 97 patients with gastric cancer with peritoneal carci- 
nomatosis. 


Unresectable Disease 


Unfortunately, up to one third of patients with gastric can- 
cer will have unresectable disease at the time of diagnosis.’”° 
Chemotherapy for locally advanced gastric cancer without distant 
metastases can result in shrinking of the tumor to the point where 
successful curative resection is possible.*6%46 Even when curative 
surgery is not possible, chemotherapy has been shown both to 
improve survival as well as quality of life compared to best sup- 
portive care in this group of patients.*°* Therefore, patients with 
inoperable locally advanced and/or metastatic (stage IV) disease 


Gastric cancer 
(Adenorcarcinoma) 


should be considered for systemic treatment (chemotherapy) to 
improved survival and quality of life compared with best support- 
ive care alone 

A meta-analysis by Wagner and colleaguest®> demonstrated 
a small but significant survival benefit for combination chemo- 
therapies, with a median survival of 8.3 months with combina- 
tion regimens and 6.7 months for single-agent therapies. As 
expected, toxicity was increased in the combination schedules, 
and thus, combination chemotherapy should only be considered 
in patients with good performance status. Doublet combinations 
of platinum and fluoropyrimidines are generally used, and there 
remains controversy regarding the utility of triplet regimens. 
Although there is no single standard of care in advanced gas- 
tric cancer, there is some evidence coming from meta-analyses. 
Drugs related to increased survival in phase III trials are cis- 
platin, docetaxel, and trastuzumab, a monoclonal antibody that 
interferes with the HER2/neu receptor. HER2 is amplified and 
is a key driver of tumorigenesis in 7% to 34% of gastric cancers. 
In the ToGA phase HI multicenter randomized study, patients 
with gastric cancer and HER2 overexpression received chemo- 
therapy and trastuzumab, resulting in a median overall survival 
of 13.8 months, compared with 11.1 months in those treated 
with chemotherapy alone.*°° Further manipulation of this path- 
way using the novel anti- HER2-directed agents pertuzumab and 
T-DM1, in addition to dual EGFR/HER2 blockade with lapa- 
tinib, may yield positive results. Consequently, tumor assessment 
for HER2 overexpression should be performed, and the addition 
of trastuzumab to palliative chemotherapy should be considered 
for every patient with HER2+ gastric adenocarcinoma (Fig. 
54.11). In contrast, targeting of the epidermal growth factor 
receptor (EGFR) pathway in combination with chemotherapy 
in unselected patients has not been fruitful to date. Similarly, 
use of the antiangiogenic monoclonal antibody bevacizumab was 
not successful in a large global randomized trial.4°’+7! Careful 
selection of patient subsets will become a key factor in future 
clinical trials. 
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Several randomized clinical trials have demonstrated efficacy 
of multidrug cisplatin-based regimens.*”?+7> A newer clinical trial 
using the EOX regimen (epirubicin, oxaliplatin, and capecitabine 
[Xeloda]) was found to be noninferior to cisplatin-based regi- 
mens, and had a median survival of 11.2 months.*’+ The ben- 
efit of the EOX regimen is the substitution of oxaliplatin and 
capecitabine for cisplatin and 5FU, respectively, resulting in 
greater convenience, ease of administration, and potentially 
fewer side effects. Second-line chemotherapy may also be supe- 
rior to best supportive care, but again no standard regimens have 
been defined. Monotherapy with docetaxel or irinotecan has been 
shown to be superior to best supportive care,!7>*”’ and a recent 
study showed no superiority of irinotecan over weekly paclitaxel. 
Thus, monotherapy with irinotecan or taxanes such as paclitaxel 
can be considered an option in advanced gastric cancer patients 
as a second-line treatment.*/°The anti- VEGFR-2 monoclonal 
antibody ramucirumab has shown activity in 2 randomized phase 
TI trials. As a single agent, it is associated with a survival benefit 
comparable to cytotoxic chemotherapy in the second-line setting, 
whereas ramucirumab in addition to paclitaxel is associated with a 
survival benefit compared with paclitaxel alone. 

Patients with advanced gastric cancer of the distal antrum or 
pylorus are at risk for developing gastric outlet obstruction. Tra- 
ditionally, surgical gastrojejunostomy was performed for relief 
of symptoms and to allow continued enteral nutrition. With 
the advent of endoscopic stents, duodenal stenting across the 
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obstructing tumor has emerged as a nonsurgical alternative for 
palliation. The results of a literature review of studies evaluating 
gastrojejunostomy versus stenting found no differences in rate of 
technical success (96% to 100%), early and late complications, 
and persistent symptoms.” Recurrent obstructive symptoms 
were more common with stenting. Both gastrojejunostomy and 
endoscopic stenting are acceptable options for the relief of malig- 
nant gastric outlet obstruction. The decision should be based on 
the individual clinical scenario as well as the availability of appro- 
priate surgical or endoscopic expertise. 


MISCELLANEOUS GASTRIC TUMORS 


Gastric lymphomas, GISTs, and neuroendocrine (carcinoid) 
tumors are covered in Chapters 32 to 34. Metastatic disease 
to the stomach can occur with primary tumors of the breast, 
melanoma, lung, ovary, liver, colon, and testicular cancers, with 
breast cancer being the most common.**? Other rare malignant 
tumors that can involve the stomach are Kaposi sarcoma (see 
Chapter 35), myenteric schwannoma, glomus tumor, small cell 
carcinoma, and parietal cell carcinoma.t*!“** Miscellaneous 
benign tumors of the stomach include lipomas (see Video 54.4), 
as well as pancreatic rests (see Chapter 55), xanthelasma, and 
fundic gland cysts. 


Full references for this chapter can be found on www.expertconsult.com. 
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HISTORY OF THE PANCREAS 


Although the identity of the pancreas has been known for some 
time, its critical digestive functions were only recently appre- 
ciated.!? The first description of the pancreas was made by 
the Greek physician Herophilos at around 300 BC. In the late 
first century AD, another Greek authority, Rufus of Ephesus, 
named the organ the “pancreas.” The term literally means “all 
flesh or meat,” which distinguished it from bone or cartilage. 
Unfortunately, the name “kalikreas,” meaning “beautiful flesh,” 
given to the organ by Galen around the same time or shortly 
after Rufus, was not adopted. Nonetheless, Galen thought the 
pancreas served to support and protect overlying blood vessels. 
In the Talmud, the central text of Jewish law, the pancreas was 
referred to as the “finger of the liver.” Vesalius considered the 
organ a cushion for the stomach. In 1642, Wirsung characterized 
the pancreatic ducts of humans, and in 1664, de Graaf discovered 
pancreatic secretions from the pancreatic fistula of dogs. 

The digestive action of pancreatic secretions was discovered 
almost 200 years later. Eberle in 1834, Purkinje and Pappenheim 
in 1836, and Valentin in 1844 observed that pancreatic juice emul- 
sified fat, proteolyzed proteins, and digested starch, respectively. 
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Bernard subsequently demonstrated the combined digestive 
action of pancreatic juice using secretions from pancreatic fistula 
preparations. In 1876, Kuhne introduced the term “enzyme” and 
was the first to isolate trypsin. The concept of enzymes quickly 
led to the identification of pancreatic amylase and lipase. In 1889, 
Chepovalnikoff, a student of Pavlov, discovered enterokinase in 
the duodenal mucosa, an enzyme that is essential for activating 
trypsin and the subsequent cascade of other digestive proteases. 
In 1895, Dolinsky, another of Pavlov’s students, stimulated pan- 
creatic secretion by instilling acid into the duodenum. This led to 
the discovery of secretin in 1902 by Bayliss and Starling, which 
was the first hormone ever to be identified.’ 

The histologic structure of the pancreas was first described in 
1869 by Langerhans. Shortly thereafter, Heidenhain found that 
as the granular region of pancreatic acinar cells disappeared after 
feeding, enzymatic activity in pancreatic juice inversely increased; 
he correctly concluded that the granules contained digestive 
enzyme precursors, or zymogens. In 1875, Friedreich wrote the 
first systematic description of pancreatic diseases, followed by a 
classic account by Fitz on acute pancreatitis in 1889.4 

The pancreas first came to the attention of the Nobel Com- 
mittee in 1905, when Ivan Pavlov was awarded the prize for his 
work on the physiology of digestion, with particular emphasis on 
neural control of the stomach and pancreas. In 1923, Canadians 
Frederick Banting and John Macleod were awarded the prize for 
successfully purifying insulin from the pancreas of dogs. It is nota- 
ble that a medical student, Charles Best, was a co-discoverer and 
shared the prize money with Macleod. In 1946, John Northrop 
co-shared the Nobel Prize for his work on purifying enzymes in 
their crystalline form. Among the pancreatic enzymes, he man- 
aged to crystallize trypsin, chymotrypsin, and carboxypeptidase. 
In 1958, Frederick Sanger received his first Nobel Prize for deter- 
mining the structure of insulin. Sanger, however, is best known 
for his second Nobel Prize, in 1980, for developing a signature 
method for sequencing DNA. In 1974, George Palade, along 
with Albert Claude and Christian de Duve, received the Nobel 
Prize for making seminal discoveries in cell biology. Palade used 
the pancreatic acinar cell, in combination with newly developed 
techniques of differential centrifugation, electron microscopy, 
and pulse-chase, to describe the role of ribosomes along the 
endoplasmic reticulum (rough ER) in synthesizing proteins and 
the transit of proteins through the Golgi apparatus into secre- 
tory pathways.’ In 1977, Rosalyn Yalow received the prize for 
the development of radio-immunoassays of peptide hormones, 
in which the prototype was insulin. She worked with Solomon 
Berson, but he unfortunately died before the Nobel Prize was 
awarded. Most recently, Giinter Blobel won the prize in 1999 
for his work using pancreatic acinar cells to discover intrinsic sig- 
naling mechanisms governing intracellular protein transport and 
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Fig. 55.1 Anatomic relationships of the pancreas. A, Anterior view. 
B, Posterior view. 


localization. These awards demonstrate how the study of the pan- 
creas continues to advance major scientific development. 


ANATOMY 


The pancreas is a soft, elongated, flattened gland that is 12 to 20 
cm in length.° The adult gland weighs between 70 and 110 g. The 
pancreas is coarsely lobulated and covered with fine connective 
tissue, without a true capsule. It is primarily retroperitoneal, lying 
approximately at the level of the L1-L2 lumbar vertebrae. The 
head of the pancreas is on the right, lying within the curvature of 
the duodenum, and the remainder of the pancreas lies obliquely 
in the posterior abdomen, with the tail extending as far as the 
gastric surface of the spleen (Fig. 55.1). 

The anterior surface of the head of the pancreas is adjacent 
to the pylorus, the first part of the duodenum, and the trans- 
verse colon. The posterior surface abuts the hilum and medial 
border of the right kidney, the inferior vena cava and the right 
renal vessels, the right gonadal vein, and the right crus of the 
diaphragm. 

The uncinate process (lingula) is a prolongation of pancre- 
atic tissue that projects off the lower part of the pancreatic head, 
extending upward and to the left. The uncinate process lies ante- 
rior to the aorta and inferior vena cava and is covered superiorly 
by the superior mesenteric vessels that emerge below the neck of 
the pancreas. There is much variation in the size and shape of the 
uncinate process, and it may even be absent altogether. 

The neck of the pancreas is a constricted part of the gland, 
extending from the head of the pancreas toward the left to con- 
nect the head with the body of the pancreas. It is 1.5 to 2 cm long 
and 3 to 4 cm wide. Posterior to the neck of the pancreas lies 


with other intra-abdominal structures. The borders of the pancreas are 
indicated by arrowheads. The splenic vein is indicated by an arrow. 

A, Aorta; C, vena cava; G, incidental gallstone; /, small intestine; K, left 
kidney; L, liver; P, portal vein; S, stomach; V, vertebra. (Courtesy M.P. 
Federle, MD.) 


the confluence of the portal vein with the superior mesenteric 
and splenic veins. Anteriorly it is covered in part by the pylorus 
and peritoneum of the lesser sac. The neck extends to the right 
as far as the anterosuperior pancreaticoduodenal artery from the 
gastroduodenal artery. 

The body of the pancreas runs toward the left side, anterior to 
the aorta. It is retroperitoneal and held against the aorta by the 
peritoneum of the lesser sac. The anterior surface of the body is 
covered by peritoneum of the omental bursa, which separates the 
stomach from the pancreas. The antrum and body of the stom- 
ach and the transverse mesocolon contact the body anteriorly. 
Posterior to the body of the pancreas are the aorta, the origin of 
the superior mesenteric artery, the left crus of the diaphragm, 
the left kidney, the left adrenal gland, and the splenic vein. The 
midline part of the body overlies the lumbar spine, which makes 
this area of the pancreas most vulnerable to abdominal trauma. 
The body passes laterally and merges with the tail of the pan- 
creas, without a discernible junction point. The tail is relatively 
mobile, with its tip usually reaching the hilum of the spleen. It 
is defined somewhat arbitrarily, beginning halfway from the dis- 
tance of the left border of the mesenteric vessels and extending to 
the tip of the pancreas. The tip of the tail is intraperitoneal lying 
between layers of the splenorenal ligament. The relationship of 
the pancreas to important structures in the posterior abdomen is 
seen in Fig. 55.2. 


Ductal Structures 


The main pancreatic duct (of Wirsung) begins near the tail of 
the pancreas. It is formed from anastomosing ductules draining 
the lobules of the gland. It courses left to right and is enlarged by 
additional ducts. Through the tail and body, the duct lies midway 
between the superior and inferior margins and slightly posterior. 
The main duct turns caudal and posterior on reaching the head 
of the pancreas. At the level of the major papilla, the duct turns 
horizontally to join in most cases with the bile duct (Fig. 55.34). 

The duct of Wirsung and the common bile duct empty into 
the duodenum obliquely via the major papilla. The ampulla of 
Vater is the common pancreaticobiliary channel within the 
papilla where the 2 ducts come together, separated by common 
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Fig. 55.3 Anatomic arrangements of the pancreatic duct system. 

A, The most common arrangement. Most of the pancreatic secretion 
empties into the duodenum along with bile through the major papilla. 
The proximal portion of the embryonic dorsal pancreatic duct remains 
patent in about 70% of adults and empties through the accessory pa- 
pilla. B, Pancreas divisum. The embryonic dorsal and ventral ducts fail 
to fuse. Most of the pancreatic secretion empties through the acces- 
sory papilla. Only pancreatic secretions from the uncinate process and 
part of the head of the pancreas (which are derived from the embryonic 
ventral pancreas) drain through the major papilla. 


adventitia. The length of the common channel (when present) 
averages 4.5 mm, with a range of 1 to 12 mm.”* Three circular 
muscle bundles, collectively called the sphincter of Oddi, act as 
sphincters encircling each duct as well as the ampulla of Vater. 
The relationship of the bile duct and the duct of Wirsung at the 
papilla is complex.’"!! By autopsy and ERCP studies, it appears 
that about two thirds to three quarters of the general population 
has a common channel, whereas about one fifth have completely 
separate openings and just under 10% have an interposed sputum 
that separates the 2 ducts. Long common channels or pancreati- 
cobiliary malunion can predispose to pancreatitis or biliary cancer. 

Approximately 70% of the general population has a patent 
accessory duct (of Santorini), which is also known as the minor 
duct (see Fig. 55.3A).'" The accessory duct lies anterior to the 
bile duct and drains into the minor papilla, which lies proximal to 
the major papilla, but is also located in the second portion of the 
duodenum. Up to 10% of people have an interruption between 
the major papilla and the main duct, with drainage into the duo- 
denum occurring via the minor papilla; this variant is called pan- 
creas divisum (see Fig. 55.3B, discussed later). A number of other 
variations in the ducts are encountered. 

The main pancreatic duct is widest at the head of the pan- 
creas, and the duct gradually tapers as it progresses to the tail. 1? 
Upper limits of normal for the pancreatic duct diameter in 
the head (5 mm), body (4 mm), and tail (3 mm) are generally 
accepted, although there are variations based on age in pediatric 


TABLE 55.1 Average Age-Related Pediatric Pancreatic Duct Size, 
Based on US 


Age (Years) PD Duct Size at Body (mm) (Avg + SD) 
1-3 iie OLS 
4-6 11:5) OLS 
7-9 Tey 0il 
10-12 1.78 + 0.17 
13-15 1.92 + 0.18 
16-18 2.05 = 0.15 


Data from Chao, H-C, Lin S-J, Kong M-S, et al. Sonographic evaluation 
of the pancreatic duct in normal children and children with pancreatitis. 
J Ultrasound Med 2000; 19:757-63. 


patients (Table 55.1).!*!7 It is important to know the normal 
size range of the pancreatic duct in order to discern abnormal 
ductal dilation or narrowing, as in chronic pancreatitis. 


Circulation 


The pancreas has a rich circulation that is derived from branches 
of the celiac and superior mesenteric arteries.° The head of the 
pancreas and surrounding duodenum are supplied by 2 pancreati- 
coduodenal arterial arcades. They are formed by the anterior and 
posterior superior pancreaticoduodenal arteries from the hepatic 
branch of the celiac artery that join a second pair of anterior and 
posterior inferior pancreaticoduodenal arteries branching from 
the superior mesenteric artery. All of the major pancreatic arter- 
ies lie posterior to the ducts. 

The course of the splenic artery is posterior to the body and 
tail and loops above and below the superior margin of the pan- 
creas. It gives off the dorsal pancreatic artery, which usually joins 
one of the posterior superior arcades after giving off the inferior 
pancreatic artery. 

The caudal pancreatic artery arises from the left gastroepi- 
ploic artery or from a splenic branch at the spleen. It joins with 
branches of the splenic and great pancreatic arteries and other 
pancreatic arteries. The rich circulation allows the pancreas to 
expeditiously carry out its key endocrine functions of maintaining 
glucose homeostasis by sensing blood glucose concentrations and 
controlling the release of other hormones from the islets. 

In general, the venous drainage of the pancreas is similar to 
the arterial blood supply. It flows into the portal venous system, 
which is formed by the joining of the superior mesenteric and 
splenic veins at the confluence behind the neck of the pancreas. 
The portal vein lies behind the pancreas and in front of the infe- 
rior vena cava. The common bile duct lies anterior to the portal 
vein with the hepatic artery to the left of the common bile duct. 
The splenic vein originates at the hilum of the spleen and curves 
behind the tail of the pancreas and below the splenic artery, to 
the right along the posterior surface of the pancreas. The pancre- 
atic veins drain the neck, body, and tail of the pancreas and join 
the splenic vein. The pancreaticoduodenal veins lie close to their 
corresponding arteries and empty into the splenic or portal veins. 
Because of the close anatomic relationship of the splenic vein 
with the pancreas, inflammatory or neoplastic diseases involving 
the pancreatic body and tail can lead to splenic vein occlusion. 
This in turn can result in retrograde venous drainage toward the 
splenic hilum and then, by way of flow through the short gastric 
and left gastroepiploic veins, can create gastric varices. 


Lymphatic Drainage 


The lymphatics, in general, drain the surface network of lymph 
toward regional nodes and are formed near the larger blood 
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vessels.!® They begin as small periacinar and perilobuar capil- 
lary networks that drain into larger ducts alongside pancreatic 
blood vessels. The superior lymphatic vessels run along the 
upper border of the pancreas closely with the splenic blood ves- 
sels, whereas inferior lymphatic vessels run with the inferior 
pancreatic artery. Superior and inferior lymphatic vessels drain- 
ing the left pancreas, including the tail of the pancreas and left 
half of the body empty into nodes in the splenic hilum. The 
superior lymphatic vessels draining the right pancreas includ- 
ing the neck and right half of the body empty into nodes near 
the upper border of the head of the pancreas. These nodes also 
receive tributaries from the anterior and posterior pancreatic 
surfaces. The remaining regions of the neck and body drain 
toward the right. Overall, the extensive network of blood vessels 
and lymphatics, as well as the ability of tumors to induce angio- 
and lymphangiogenesis, provide ample avenues for pancreatic 
cancer to metastasize. !” 


Innervation 


The visceral efferent innervation of the pancreas is through 
the vagi and the splanchnic nerves by way of the hepatic and 
celiac plexuses. The efferent fibers of the vagi pass through 
these plexuses without synapsing and terminate in parasympa- 
thetic ganglia found in the interlobular septa of the pancreas. 
The postganglionic fibers innervate acini, islets, and ducts. The 
bodies of the preganglionic neurons of the sympathetic efferent 
nerves originate in the lateral gray matter of the thoracic and 
lumbar spinal cord. The bodies of the postganglionic sympa- 
thetic neurons are in the great plexuses of the abdomen. Their 
postganglionic fibers innervate only blood vessels. The auto- 
nomic fibers, both efferent and afferent, are located in proxim- 
ity to the blood vessels of the pancreas. The vagi also carry some 
visceral afferent fibers. 


HISTOLOGY AND ULTRASTRUCTURE 


The pancreas is a compound, finely nodular gland that in its con- 
tour bears some resemblance to the salivary glands. The lobules 
are visible on gross examination and are connected by connective 
tissue septa that contain the ducts, blood vessels, lymphatics, and 
nerves. The basic subunit of the exocrine portion is the acinus, 
which is at its base a spherical mass of dark-staining secretory 
cells called acinar cells (Fig. 55.4). The spherical acinus connects 
to a goblet-shaped neck that is composed of tubular cells called 
duct cells. The inner lumen of the acinus forms the terminal por- 
tion of the secretory duct. 

Corrosive casts of the ductular system formed by retrograde 
injection of latex demonstrate that there is an extensive network 
of ducts of increasing size that drain pancreatic secretions from 
the acinar lumen, through intralobular, interlobular, interlobar, 
and finally into the main pancreatic duct (Fig. 55.5).?° 

The pancreatic ductal system is nonstriated and is lined by 
columnar epithelium. Goblet cells and occasional argentaffin 
cells are also present. The larger ducts have a thick wall consist- 
ing of connective tissue and elastic fibers. The endocrine portion 
consists of the islets of Langerhans, which on H&E staining are 
spherical clusters of light-staining cells. A more detailed descrip- 
tion of each of the main parenchymal cells of the pancreas reveals 
remarkable structure-function relationships. 

By light microscopy, acinar cells are tall pyramidal or colum- 
nar epithelial cells, with their broad bases on a basal lamina and 
their apices converging on a central lumen. In the resting state, 
numerous eosinophilic zymogen granules fill the apical portion 
of the cell. The basal portion of the cells contains 1 or 2 centrally 
located, spherical nuclei and basophilic cytoplasm. The Golgi 
complex lies between the nucleus and zymogen granules and can 
be seen as a clear, nonstaining region. 


Fig. 55.4 Histology of the pancreas. Top, Low-power histologic sec- 
tion of the pancreas showing a ductule (D) and islet (I). (H&E.) Bottom, 
A higher-power section, showing numerous acini (A), which contain 
eosinophilic zymogen granules (ZGs). (Courtesy Abrahim |. Orabi.) 


Fig. 55.5 Scanning electron micrographs of the exocrine pancreatic 
ductal system obtained after filling the pancreatic duct with latex and 
digesting away the pancreatic tissue. The smallest radicles of the ductal 
system are connected to acini. The right panel is a magnified image. 
(From Ashizawa N, Watanabe M, Fukumoto S, et al. Scanning electron 
microscopic observations of 3-dimensional structure of the rat pancre- 
atic duct. Pancreas 1991; 6:542-50.) 
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Fig. 55.6 Electron micrograph of a pancreatic acinus showing acinar 
cells surrounding a central lumen (Lum). The acinar cell nucleus (Nuc) 
and ZGs are easily identified (x3200). (Courtesy Abrahim |. Orabi.) 


The subcellular structure of the acinar cells can be visualized by 
electron microscopy (Fig. 55.6). The most prominent feature of the 
acinar cell is the dense zymogen granules that are concentrated in 
the apical pole. Tight junctions form a belt-like band around the api- 
cal end of the cell and are produced by the apposition of the external 
membrane leaflets of neighboring cells. These junctions prevent 
the reflux of secreted substances from the duct into the intercel- 
lular space.*! Gap junctions, which allow intercellular flow of small 
molecules, are distributed on the lateral cellular membranes and are 
formed by the apposition of larger, disk-shaped membrane plaques. 

Mitochondria are elongate cylindrical structures that appear 
oval in cross-section and contain well-developed cristae and 
matrix granules (Fig. 55.7). They are concentrated in several 
parts of the acinar cells, including as a belt around the zymogen 
granules, the nucleus, and the basolateral membrane.’* Rough 
ER occupies about 20% of the cell volume.?? It takes up most 
of the basal region of the acinar cells and interdigitates with the 
zymogen granules in the apical region. This abundance of rough 
ER allows the acinar cell to synthesize more protein than any 
other parenchymal cell in the body.** The Golgi complex consists 
of flattened, membranous saccules, as well as small vesicles that 
contain flocculent electron-dense material. The Golgi plays an 
important role in the transport of secretory proteins and the for- 
mation of zymogen granules from maturing condensing vacuoles. 

Studies of the chemical composition of the zymogen gran- 
ules have shown that they contain 12 to 15 different digestive 
enzymes, which make up about 90% of the granule protein.” The 
acinar cells undergo cyclic changes in morphology in response 
to meals.’° After a large meal, the zymogen granules are quickly 
emptied into the acinar duct lumen by a specialized form of regu- 
lated secretion called sequential compound exocytosis?’?* In this 
scenario, there is an initial fusion of zymogen granules with the 
apical plasma membrane, followed by sequential granule-granule 
fusion events that connect together multiple vesicles to the apical 
lumen in a beads-on-a-string formation. This process solves the 
problem of rapidly emptying large amounts of granule contents 
from a relatively small region of the cell. 

The apical membrane of the acinar cell constitutes only a small 
portion of total plasma membrane, but its surface area is expanded 
by several short, slender microvilli that are about 0.2 um in length 
and extend into the lumen of the acinus (Fig. 55.8). Thin filaments 
form the axis of the microvilli as well as a network beneath the 
apical plasmalemma. The lumen typically contains flocculent elec- 
tron-dense material that represents the secreted digestive enzymes. 


J e < hs + 
Fig. 55.7 Electron micrograph of portions of an acinar cell. The too 
panel represents a basolateral region showing sheets of rough endo- 
plasmic reticulum (rER). The bottom panel also shows a Golgi complex 
(Go), mitochondria (M), and a ZG (x43,000). (Courtesy Abrahim I. 
Orabi.) 
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Fig. 55.8 Electron micrograph of a centroacinar cell (CAC) and acinar 
cells surrounding a central lumen (Lum). (x9000.) MV, microvilli; ZG, 
zymogen granule. (Courtesy Abrahim |. Orabi.) 


Morphologically distinct cells, called centroacinar cells, bridge aci- 
nar cells with the ductal epithelium. These centroacinar cells are 
pale-staining on H&E staining and smaller than the acinar cells. 
Along the basal surface of the acinar cells, but not extend- 
ing between adjacent cells, is a thin basal lamina, below which 
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Fig. 55.9 Schematic diagram of the insuloacinar portal system illustrat- 
ing the dual blood supply to the exocrine pancreas. (From Goldfine 

ID, Williams JA. Receptors for insulin and CCK in the acinar pancreas: 
Relationship to hormone action. Int Rev Cytol 1983; 85:1.) 


are collagen fibers and a rich capillary network. Efferent nerve 
fibers, derived from the sympathetic and parasympathetic systems, 
penetrate the basal lamina and terminate adjacent to the acinar 
cells. The collagen fibers and other extracellular matrix proteins 
are secreted by a less common resident cell type, the pancreatic 
stellate cell (PSC).?? In the quiescent state, the PSC has baseline 
functions of maintaining the pancreatic microarchitecture and 
even facilitating acinar cell secretion. In its activated state during 
pancreatic injury and inflammation, however, it transforms into 
myofibroblast-like cells that help replenish the matrix necessary 
for recovery or it may even serve as a facultative progenitor cell. 
With persistent injury, it can also cause harm by inducing fibrosis 
due to increased deposition of extracellular matrix proteins, lead- 
ing to chronic pancreatitis (see Chapter 59). The PSC also par- 
ticipates in providing an abundant stromal environment around 
a pancreatic adenocarcinoma, which can limit the effect of cancer 
therapies. Finally, PSCs can also accompany cancer cells to meta- 
static sites to facilitate cancer progression.*” 

The duct cells have electron-lucent cytoplasm containing few 
cytoplasmic organelles.*! They typically contain free ribosomes 
that are abundant in small, round mitochondria. The prevalence 
of mitochondria is necessary for allowing the duct cells to carry 
out their primary function of active ion transport.’ Whereas the 
acinar cells secrete small amounts of sodium chloride-rich fluid, 
the duct cells absorb the chloride and actively secrete bicarbon- 
ate and water to provide the bulk of pancreatic juice. The bicar- 
bonate secreted into the intestine neutralizes gastric acid and 
provides an optimal buffered pH for digestive enzyme function. 
Several enzymes and a multitude of ion channels within the duct 
cells orchestrate this net bicarbonate and water secretion. They 
include carbonic anhydrase and the CFTR. The former enzyme 
can be used to label duct cells. Severe defects in CFTR cause 
pancreatic duct plugging during pancreatic development and 
intrauterine destruction of the exocrine pancreas, with formation 
of cysts and fibrosis; hence the name coined for the disorder is 
“cystic fibrosis” (see Chapter 57). 

The islets of Langerhans number about 1 million in the human 
pancreas. Islets consist of anastomosing cords of polygonal endo- 
crine cells (see Fig. 55.4). Each islet is about 0.2 mm in diameter, 
much larger than an acinus, and separated from the surrounding 
exocrine tissue by fine connective tissue fibers that are continu- 
ous with those of the exocrine gland. Each islet is surrounded and 


penetrated by a rich network of capillaries lined by a fenestrated 
endothelium. The capillaries are arranged in a portal system that 
conveys blood from the islets to the acinar cells (Fig. 55.9). This 
islet-acinar portal axis consists of afferent arterioles that enter the 
islet, form a capillary glomerulus, and leave the islet as efferent 
capillaries passing into the exocrine tissue.” A parallel arte- 
rial system supplies blood directly to the exocrine pancreas, and 
yet this portal system permits the local action of islet hormones, 
especially insulin, on the exocrine pancreas. Acinar cells sur- 
rounding islets of Langerhans (peri-insular acini) are morpholog- 
ically and biochemically different from acini situated farther away 
(tele-insular acini). Peri-insular acini have larger cells, nuclei, and 
zymogen granule regions and different proportions of some of 
the digestive enzymes. The differences appear to be related to the 
findings that acinar cells express insulin receptors and that insulin 
influences acinar growth and secretion. 

There are 5 major cell types in the endocrine pancreas. Beta 
cells are the most numerous, constituting about 50% to 80% of 
the islets. They secrete insulin and amylin. PP cells, also known as 
F cells, make up 10% to 35% and secrete pancreatic polypeptide 
and adrenomedullin. Alpha cells make up 5% to 20% and secrete 
glucagon. The remaining 5% consists of delta cells, which secrete 
somatostatin, and epsilon cells, which secrete ghrelin. Other rarer 
subpopulations of islets make additional hormones such as 
galanin. 


DEVELOPMENT OF THE PANCREAS 
Embryonic and Fetal Development 


The pancreas arises from posterior foregut endoderm.*® Two 
buds form: 1 dorsal and 1 bi-lobed ventral bud. About a month 
into gestation, the foregut evaginates into a condensation of over- 
lying mesenchyme to form the first morphologic evidence of the 
dorsal bud. About a week later, a ventral bud forms as an out- 
pouching of hepatic diverticulum. The ventral bud has a bilobed 
origin, of which the left ventral bud gradually regresses.*” Both 
dorsal and ventral buds undergo elongation of a stalk region and 
branched morphogenesis. At 37 to 42 days into gestation, as the 
duodenum grows, the ventral pancreas rotates around the duode- 
num and fuses with the dorsal pancreas (Fig. 55.10). 

The dorsal pancreas forms the tail, body, and superior portion 
of the pancreatic head. It also contains the dorsal duct that forms 
the distal portion of the main pancreatic duct (of Wirsung) and 
the entire minor accessory duct (of Santorini). The ventral pan- 
creas forms the uncinate process and the inferior part of the head. 
The ventral pancreas’s ventral duct forms the proximal portion of 
the main pancreatic duct (of Wirsung). As mentioned earlier, the 
2 duct systems corresponding to the ventral and dorsal buds fail 
to fuse in up to 10% of the general population. In this situation, 
pancreas divisum, the accessory duct functions as the main conduit 
for drainage of pancreatic juice. The clinical significance of pan- 
creas divisum is discussed later. Failure of the ventral pancreas 
to fully rotate around the duodenum, or persistence of the left 
ventral bud can lead to an annular pancreas, also discussed later. 

After the pancreatic buds fuse, the cellular architecture of 
the pancreas rapidly expands. Notably, all 3 functionally distinct 
parenchymal cell types—acinar, duct, and islet cells—differenti- 
ate from a common pancreatic progenitor lineage. Classic studies 
by Rutter and colleagues have divided pancreatic differentiation 
into 2 distinct phases.** The first, termed the primary transition, 
is defined as the conversion of predifferentiated cells to a proto- 
differentiated state in which low levels of pancreas-specific pro- 
teins are present. The second phase, or the secondary transition, 
is marked by a dramatic rise in pancreatic cell number and pan- 
creas-specific protein synthesis, as well as an acceleration in both 
exocrine and endocrine differentiation. The pancreatic acinar 
cells at this stage develop their characteristic abundance of ER 
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and dense apically localized zymogen granules.” Although the 
dorsal pancreas arises before the ventral, both appear to exhibit 
simultaneous exocrine differentiation according to the 2 phases.40 

In the ontogeny of endocrine cells, glucagon-positive alpha 
cells initially predominate.*! After the secondary transition, how- 
ever, insulin-positive beta cells outnumber all other endocrine 
cell types. In addition, a remarkable morphologic transformation 
occurs in the endocrine lineage. Although they start off as epithe- 
lial cells, it is thought that at this point in development, instead of 
dividing parallel to the basement membrane, they begin to divide 
perpendicular to it and eventually develop into islet units.*? The 
newly oriented cell descendants lose their tight junctions and 
connections to the lumen. The endocrine lineage ultimately 
undergoes a complete epithelial-to-mesenchymal transforma- 
tion, which is a process that to this day ranks among the great 
wonders in developmental biology and at the same time poses a 
major problem of metastasis in cancer biology.” 


Transcription Factors and Extrinsic Signals 


The sequence and signaling factors that guide pancreatic devel- 
opment appear to be strikingly similar across vertebrate species, 
differing mostly in the time to organ formation. Indeed, much of 
our knowledge base is derived from descriptions of mouse devel- 
opment and the ability to perform lineage tracing experiments 
by exploiting transgenic mice. Nonetheless, there is a perpetual 
need to confirm animal models of development from our obser- 
vations of the human condition.*? Research in this field is swiftly 
evolving; here, we highlight some notable mechanisms of devel- 
opment. 

The morphologic changes in the pancreas and the cellular 
growth, expansion, and differentiation of pancreatic progenitors 
are orchestrated by hierarchical signals from 2 distinct sources: 
from within the genome of the cells of the pancreas, notably by a 
host of transcription factors,** and from tissues and structures adja- 
cent to the forming pancreas. Each will be discussed. 


Ventral 
pancreas 


Dorsal 

pancreas 

Fig. 55.10 Stages in the embry- 
onic development of the pancreas. 
A, At about 4 weeks of gesta- 
tion, dorsal and ventral buds are 
formed from the foregut. B, At 
about 6 weeks the ventral pan- 
creas extends toward the larger 
dorsal pancreas. C, By about 7 
weeks, fusion of the dorsal and 
ventral pancreas has occurred and 
Accessory = ductular anastomosis is beginning. 
duct D, At birth, the pancreas is a single 
organ, and ductular anastomosis 


Main —_ is complete. (Modified from Arey 
eee LB. Developmental anatomy: a 

textbook and laboratory manual of 
Head of embryology. 7th ed. Philadelphia: 
pancreas WB Saunders; 1974.) 


Transcription factors are proteins that bind to specific DNA 
sequences. They function to either activate or suppress the 
recruitment of RNA polymerases that are required for transcrip- 
tion. Transcription factors are classified according to their DNA 
binding domains. A summary of a few of the key transcription 
factors in pancreas development is provided. 

Pancreatic and duodenal homeobox 1 (Pdx1), also known as 
insulin promoter factor 1 (Ipf1) or islet/duodenum homeobox 1 (Idx1), 
is the earliest pancreas-specific transcription factor, detected at 5 
weeks of development, before bud formation.*©*” Thus Pdx1 is 
used as a marker of early pancreatic progenitors. Studies of pan- 
creatic development frequently target the Pdxl gene promoter 
for pancreas-specific expression. For example, in the ventral 
foregut, expression of Pdx1 promotes development of the ventral 
pancreas; in comparison, expression of Sox17 without Pdx1 pro- 
motes development of the nearby extrahepatic bile duct. Dele- 
tion of Pdx1 in mice** and humans"? leads to pancreatic agenesis 
(discussed later), highlighting its importance in morphogen- 
esis. Pdxl-deficiency prevents the pancreatic epithelium from 
responding to mesenchymal growth-promoting signals.’ During 
adulthood, Pdx1 expression becomes largely confined to the beta 
cells, where it maintains beta cell identity and binds to and acti- 
vates the insulin promoter.*°°! Conditional inactivation of Pdx1 
in adult mouse beta cells results in diabetes mellitus.** Thus Pdx1 
is required for proper pancreas development as well as beta cell 
function. 

The alpha subunit of pancreas-specific transcription factor 
1 (Ptfla), also known as p48, is a basic helix-loop-helix pro- 
tein that functions as part of a trimeric protein complex, PTF1 
complex, in the regulation of exocrine gene expression.’ It is 
initially coexpressed with Pdx1 and supports the specification of 
all 3 pancreatic cell type precursors, but later becomes confined 
to acinar cells.°+>° Ptfla deficiency in mice results in pancreatic 
agenesis with complete absence of exocrine development, but 
ectopic endocrine cells can still be found.*° In a human pedigree, 
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a truncating single nucleotide mutation in Ptfla led to pancreatic 
and cerebellar agenesis.’ 

Human homeobox gene 9 (HIxb9), also known as motor neu- 
ron and pancreas homeobox 1 (Mnx1), is expressed as early as 
the eighth somite stage in the notochord and pancreatic endo- 
derm. H1xb9-deficient mice have complete agenesis of the dor- 
sal pancreas, but only minimal defects of the ventral portion®®*?; 
however, persistent HIxb9 expression under the control of Pdx1 
also leads to impaired pancreas development.” The dual results 
with H1xb9 highlight a common theme in development, which is 
that a delicate temporal and spatial balance of transcription fac- 
tor expression is essential for proper pancreas development. Post 
development, Hlxb9 expression within the pancreas is maintained 
only in beta cells.**°? 

Neurogenin3 (Ngn3) is a basic helix-loop-helix transcription 
factor that heralds the differentiation of Pdx1-expressing progen- 
itor cells into an endocrine lineage.°! Interestingly, Ngn3 expres- 
sion is downregulated after endocrine differentiation initiates. 
Mice completely deficient in Ngn3 lack pancreatic endocrine 
cells.°? In comparison, patients with a hypomorphic mutation 
in Ngn3 develop a profound congenital diarrhea due to intes- 
tinal loss of Ngn3 causing absence of enteroendocrine cells, but 
they do not succumb to neonatal diabetes.’ Taken together, the 
results suggest that low levels of Ngn3 expression are required for 
endocrine differentiation.“ 

Gata4 and Gata6 are part of a family of zinc-finger transcription 
factors that regulate cell proliferation and differentiation in mul- 
tiple endodermal organs.°° Mutations in GATA4 or GATA6 will 
lead to pancreatic agenesis in humans. Recent studies have found 
Gata6 is expressed in multipotent stem cells. In addition, mice 
models have demonstrated the role of Gata4/6 in maintaining pan- 
creas identity; knockouts drive ventral and dorsal buds to intestinal 
or stomach lineages due to loss of Gata4/6-mediated inhibition of 
Sonic hedgehog (Shh). More recent studies have demonstrated 
the role of Gata6 in functional beta cell differentiation.” 

Additional transcriptions factors involved in exocrine speci- 
fications include Mist1 for acinar cells and Sox9 for duct cells. 
Transcription factors for endocrine pathways are MafA, Isl-1, 
Brn-4, NeuroD, Nkx6.1, Nkx2.2, Pax4, Pax6, and Arx. 

In addition to the critical role of transcription factors expressed 
from within the developing pancreas, fluctuating levels of signaling 
proteins from adjacent tissues and structures also control pancre- 
atic development. Early on, pancreas specification from endo- 
derm requires suppression of Wnt signaling (see Chapter 1) and 
fibroblast growth factor 4 (FGF4) signaling from adjacent meso- 
derm.°*.? In addition, mesodermal retinoic acid signals refine the 
anterior-posterior position in which the pancreas can develop.”°-”” 

The relation of the dorsal and ventral pancreas to their respec- 
tive structures allows them to be specified differently. Early in 
embryonic development, the notochord is in direct contact with 
the dorsal pancreas and controls its development. Removal of the 
notochord prevents expression of pancreatic exocrine and endo- 
crine markers from the dorsal bud, whereas co-culture of noto- 
chord with endoderm initiates and maintains pancreatic gene 
expression.” Signals from the notochord permit dorsal pancreas 
specification by suppressing the expression of anti—pancreatic fac- 
tor Shh, which enables the expression of PDX1.’+7° In contrast, 
development of the ventral pancreas is dependent upon with- 
drawal of FGF signaling from adjacent cardiac mesenchyme.”° 
The expression of factors from other nascent organs adjacent to 
the pancreas, such as the heart, also regulates pancreatic develop- 
ment. At a later period, endothelial tissue such as dorsal aorta 
and the vitelline veins, influence pancreas development.’ In 
addition to points of endodermal-endothelial contact, sphingo- 
sine-1-phosphate secreted by vascular endothelial cells promotes 
dorsal pancreatic budding.”” 

Growth factors secreted by pancreatic mesenchymal cells are 
also important to development of the endodermal primordium.*° 


The presence of mesenchyme, particularly the presence of mes- 
enchymal factor FGF-10, shifts the growth state of pancreatic 
progenitors from differentiation to proliferation. The importance 
of ensuring pancreatic progenitor proliferation is underscored by 
the finding that the final size of the pancreas is determined by the 
original number of progenitor cells present at an early embryonic 
stage.*! Stromal components also influence the pancreas during 
development. For example, neural crest cells that migrate into the 
pancreas influence beta cell number.*” Conversely, it is also likely 
that the pancreas contributes instructive signals to its adjacent 
tissues. 


Reemergence of Embryonic Factors During 
Pancreatic Injury 


Several features of pancreas development are recapitulated in 2 
clinically relevant conditions. In the first scenario, during recov- 
ery from pancreatic injury (e.g., after a bout of acute pancre- 
atitis), several embryonic transcription factors reemerge from 
within the remaining acinar cells to form new ductular com- 
plexes called acinar-to-ductal metaplasia. They precede the onset 
of recovery and regeneration of the pancreas.® In the second 
scenario, pancreatic ductal adenocarcinoma and its noninvasive 
precursor lesion, pancreatic intraepithelial neoplasia, develop 
from a similar process of acinar-to-ductal metaplasia, in addi- 
tion to forcing the transcription of embryonic genes such as 
Notch (in the setting of active pancreatic Kras mutations),*+ or 
by offsetting pathways such as B-catenin.** Thus understanding 
pancreas development will be important toward devising strate- 
gies for enhancing pancreatic recovery and understanding how 
pancreatic anomalies or even some forms of pancreatic cancer 
can arise. 

Another area of emerging interest related to pancreas 
development is the search for stem cell niches or progeni- 
tor pancreatic cells that contribute to pancreatic renewal and 
regeneration.*° Although it is known that acinar cells can divide 
during a process termed adaptive growth,*’ several studies have 
suggested that some of the remaining acinar cells undergo aci- 
nar-to-ductal metaplasia and that this new ductular complex 
functions as progenitors for the neogenesis of the other pancre- 
atic cell types. Some groups maintain that primary duct cells are 
the facultative progenitor.***? Recently, isolated centroacinar 
cells, expressing the marker ALDH1 (aldehyde dehydrogenase), 
were shown to differentiate into both exocrine and endocrine 
cells.°° Others have suggested that an altogether new gland seen 
by electron microscopy as an outpouching from the pancreatic 
duct, called the pancreatic duct gland, functions as a stem cell 
niche.?! As mentioned earlier, there are even suggestions that 
mesenchymal cells such as the PSC can become a progenitor 
cell. These new insights point to the complex environment of 
factors and cells within the pancreas that maintains its integ- 
rity and allows for renewal and regeneration beyond the initial 
period of development. 


DEVELOPMENTAL ANOMALIES 
Annular Pancreas 


Annular pancreas is a congenital anomaly in which a portion of 
the pancreas forms a thin band around the preampullary portion 
of the duodenum, leading to complete or partial bowel obstruc- 
tion (Fig. 55.11). The incidence of annular pancreas is estimated 
to be between 1 in 1000°2-* and 3 in 20,000°5°6 based on retro- 
spective studies of patients undergoing abdominal imaging and 
autopsy, respectively. 

Strong evidence suggests that genetic factors are involved in 
the pathogenesis of annular pancreas. There are reports of annu- 
lar pancreas occurring in siblings” and identical twins,” and a 
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Fig. 55.11 A film from a barium contrast upper GI series demonstrating 
a mid-duodenal stricture (arrow) with proximal dilatation, findings com- 

patible with an annular pancreas. An annular pancreas was identified on 
CT scan and confirmed during surgery. (Courtesy Michael Federle, MD.) 


microduplication on chromosome 6q24.2 encompassing the 
utrophin gene (UTRN) was detected in a mother and her child, 
both of whom were diagnosed with annular pancreas.” 

Moreover, annular pancreas is more common in patients with 
other congenital anomalies such as trisomy 21, cardiac defects, 
malrotation, duodenal atresia, genitourinary anomalies, and tra- 
cheoesophageal fistula.'!°! The role of Hh genes in pancreatic 
organogenesis is discussed earlier in this chapter. Shh and Ihh 
gene defects have shown a 42% to 85% incidence of annular pan- 
creas in mouse models. 102,103 

Although annular pancreas is often diagnosed prenatally or 
during infancy, it is erroneous to consider it solely a disease of 
infancy. A second peak of detection occurs in the fourth through 
seventh decades of life,'°! with symptoms differing dramatically 
in adults compared to children. Pediatric patients not identi- 
fied by prenatal US tend to present with nonbilious emesis and 
feeding intolerance. In contrast, adults present with abdominal 
pain, pancreatitis, evidence of biliary obstruction, or with nausea, 
vomiting, and bloating.'°! Diagnosis in children is suspected by 
findings on abdominal radiographs, US, or upper GI series. In 
adults, CT scan, MRCP, or ERCP may be more commonly used. 
Not infrequently, the diagnosis of annular pancreas is made at 
laparotomy. 

Duodenoduodenostomy appears to be an effective surgical 
treatment for bowel obstruction in these cases and is considered 
the treatment of choice in children and in some adult patients. 
Complex pancreatic surgery is more likely to be required in adults 
compared with children.!°°.!°! Following surgical repair, there 
appears to be an increased risk of acute and recurrent pancreati- 
tis into adulthood.!°!:!° The risk of pancreaticobiliary neoplasia 
is significantly increased in adults with annular pancreas,!°+!0 
and an association with duodenal carcinoma has been reported as 
well.!°6 Thus ongoing cancer screening and surveillance should 
be considered in this population. 


Fig. 55.12 MRCP imaging of a child with recurrent pancreatitis, pan- 
creas divisum, and a type 1 choledochal cyst. 


Pancreas Divisum 


Pancreas divisum (PD) results from a failure of the dorsal and ven- 
tral pancreatic ducts to fuse during embryogenesis (Fig. 55.12), 
resulting in the majority of exocrine secretions draining from 
the relatively smaller dorsal duct of Santorini and minor papilla. 
There are 3 types of pancreas divisum identified.!°” Classic or 
complete divisum, in which there is complete failure of fusion 
between the dorsal duct (Santorini) and ventral duct (Wirsung), 
occurs in 71% of patients with PD. The second type of PD called 
dominant type or dorsal duct pancreas divisum, in which there is 
absence of the ventral duct, occurs in 6% of patients with divi- 
sum. The last type, incomplete pancreas divisum, in which there 
remains a small communication between the ventral and dorsal 
ducts, occurs in 23% of patients. 

Pancreas divisum has been detected in 5% to 10% of the pop- 
ulation in autopsy studies and in a similar percentage of patients 
undergoing ERCP.!°8-110 Several decades ago, Cotton reported 
that 26% of adult patients undergoing ERCP for evaluation of 
recurrent acute pancreatitis were found to have PD,!!! suggesting 
a causative link. A 2011 cross-sectional study concluded that PD 
should be considered a predisposing factor for chronic and recur- 
rent pancreatitis, based on MRI.'!* However, recent papers have 
shown an association between genetic mutations in SPINK] and 
CFTR and PD in symptomatic patients suggesting PD in asso- 
ciation with other risk factors for pancreatic disease has an addi- 
tive effect in development of pancreatic disease.!!>!'* Moreover, 
a recent systematic review found no clear correlation between 
PD and pancreatic disease.!!5 It remains unclear whether PD is 
a cause or a cofactor in the development of pancreatic disease. A 
possible carcinogenic role has also been described in a case report 
of ampullary cancer associated with PD in 2011, followed by a 
retrospective review finding 7.8% of patients with PD had pan- 
creaticobiliary tumors.!!6!!7 

Pancreas divisum can be diagnosed by endoscopic retrograde 
pancreatography, EUS, abdominal CT, or MRCP. Although 
endoscopic retrograde pancreatography is considered the gold 
standard in diagnosing PD, secretin-enhanced MRCP has 
emerged as a potential tool, with a recent study!!8 showing a 
sensitivity of 73.3% and a specificity of 96.8%; MRCP without 
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Fig. 55.13 Endoscopic view of a pancreatic rest in the gastric antrum 
of an 8-year-old boy. Note the central umbilication. 


secretin was nondiagnostic. Although only a minority of patients 
with PD develop symptoms due to their abnormal anatomy, it 
appears that endoscopic or surgical therapy can relieve symptoms 
in some patients with recurrent acute pancreatitis and chronic 
pancreatitis (see Chapter 59). In 2008, a retrospective database 
study of 57 patients with PD undergoing minor papilla endo- 
therapy revealed clinical improvement in 76% with recurrent 
acute pancreatitis, in 42% with chronic pancreatitis, and in 33% 
with pain alone after a median follow-up of 20 months !!°. Long- 
term outcomes were again assessed in a 2009 database study of 
145 patients with PD who underwent minor papilla endother- 
apy. Clinical improvement was achieved in 53% of patients with 
recurrent acute pancreatitis, 18% of patients with chronic pancre- 
atitis, and 41% of patients with pancreatic-type pain, at median 
follow-up of 43 months.!”° Kanth et al. found endotherapy to be 
an effective treatment option for patients with acute recurrent 
pancreatitis in a systematic review of 528 patients.!*! Another 
recent systematic review examined the role of both endoscopic 
and surgical therapy and concluded that while both modalities 
resulted in symptom improvement, surgical therapies led to supe- 
rior outcomes (72% vs. 62.3% symptom improvement). !?? 


Ectopic Pancreatic Tissue 


Ectopic (heterotopic) pancreatic tissue, often referred to as 
a pancreatic rest, occurs in 0.6% to 13.7% of the population 
according to autopsy material. This tissue lacks a physical con- 
nection to the pancreas and has an independent blood supply. 
Pancreatic rests are most commonly found in the stomach (Fig. 
55.13), duodenum, proximal jejunum, and ileum. Less fre- 
quently, it can be found in a Meckel diverticula (6%), or even 
the umbilicus, bile duct, gall bladder, splenic hilum, colon, 
or appendix.!*> Although rarely clinically significant, ectopic 
pancreatic tissue has resulted in pancreatitis,!*+ ulceration and 
bleeding,!”> intussusception,!”¢ and malignancy. 127128 On imag- 
ing, pancreatic rests appear as a smooth, broad-based submuco- 
sal mass with about 45% having a classic central umbilication. 
EUS has been used for accurate preoperative differentiation 
between GISTs and pancreatic rests,!’? and typical features on 
EUS include antral location, mucosal dimple, 3 to 4 layers, and 
lesional duct.!3° When necessary, endoscopic band ligation with 
snare polypectomy can safely resect the lesion(s) if symptoms 
are significant or histologic confirmation is needed.!*! Surgical 
resection is another option, but whether to remove ectopic pan- 
creatic tissue that is found incidentally remains controversial, 


with pancreatic rest having rare malignant potential described 
only in case reports. !?? 


Pancreatic Agenesis 


Pancreatic agenesis is a rare condition that can be complete or 
partial. Mice homozygous for a targeted mutation in the insulin- 
promoter-factor 1 gene (IPFI) are born without a pancreas,** and 
mutations in PDX1 and PTFIA have been reported in humans 
with pancreatic agenesis.*?°’:!33 Most recently and significantly, 
GATA6 mutations were identified in 15 of a cohort of 27 subjects 
with pancreatic agenesis. 134 

Complete pancreatic agenesis is mostly fatal because infants 
are stricken with diabetes and malabsorption, as well as intra- 
uterine growth retardation due to lack of insulin, an important 
intrauterine growth factor.!3°136 Partial pancreatic agenesis, or 
agenesis of the dorsal pancreas, may be less significant clinically 
owing to the presence of some functioning pancreatic tissue. Also 
known as congenital short pancreas, agenesis of the dorsal pancreas 
has been associated with polysplenia and intestinal malrota- 
tion,” renal anomalies,!** and heterotaxy.'*? A recent study has 
also described a new phenotype associated with maturity onset 
diabetes of the young due to variants in PDX1.'*° Pancreatic 
agenesis should be suspected based on clinical findings and can 
be confirmed with MRI. 


Congenital Cysts 


Congenital cysts of the pancreas are rare and may be diagnosed 
at any age, even prenatally by routine US.'*!!” The cysts may 
be solitary or multiple, and are distinguished from pancreatic 
fluid collections by the presence of an epithelial lining. They 
are thought to form due to anomalies in the development of the 
pancreatic ductal system. Typically as permanent ducts develop, 
embryonic ducts regress; however, when the embryonic ducts 
persist, they can become obstructed and fluid filled resulting in 
congenital cysts.!+ 

The clinical presentation is variable, ranging from an inci- 
dental finding on an imaging study to an abdominal mass, with 
or without vomiting, biliary obstruction, or acute pancreatitis. 
Solitary pancreatic cysts are often enteric duplications that may 
be located entirely within the pancreatic parenchyma and may 
communicate with the pancreatic duct.'4* Multiple pancre- 
atic cysts tend to occur in patients with associated anomalies 
and may be seen in systemic disorders such as von Hippel- 
Landau syndrome, Ivemark II syndrome, or polycystic kidney 
disease.'*>:!4° In a review of 15 cases of congenital pancreatic 
cysts, most presented before the age of 2 years, and associated 
anomalies were found in 30% of cases.'*” Congenital pancreatic 
cysts are more often located in the body and tail (62%) of the 
pancreas than in the head (32%).!*8 Surgical therapy consists of 
total excision when possible. Cysts in the pancreatic head may 
be addressed using endoscopic or surgical drainage procedures, 
when necessary. 


Pancreaticobiliary Malunion 


Pancreaticobiliary malunion (PBM) is a congenital malforma- 
tion in which a common channel for bile and pancreatic fluid 
is formed, owing to the absence of a septum between the ducts 
(Fig. 55.14). Bile duct dilation may accompany PBM. The 
abnormal union occurs outside the duodenal wall; thus the influ- 
ence of the sphincter of Oddi is lost, allowing reflux of pancre- 
atic exocrine secretions into the biliary system, and bile into 
the pancreatic duct. Recent data have suggested that a markedly 
elevated amylase concentration can be detected in the bile of 
patients with a common channel of 5 mm or greater.'*? Biliary 
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Fig. 55.14 Choledochal cyst and long common channel visualized by 
ERCP in a 4-year-old female. The common bile duct narrows cross- 
ing through the head of the pancreas secondary to acute and chronic 
pancreatitis. 


stasis, intermixed with refluxed pancreatic secretions, places 
affected patients at increased risk for biliary neoplasms that 
manifest in adulthood.!*° Biliary neoplasms are most frequently 


seen in the gallbladder; however, bile duct neoplasms can also 
occur with increased risk in presence of congenital biliary dila- 
tion, 32.1%, versus 7.3% in patients without biliary dilation. 1! 
Conversely, biliary reflux into the pancreas increases risk for 
acute pancreatitis. 

A classification for PBM has been proposed by dividing it into 
3 types: a pb type, in which the pancreatic duct appears to join 
the bile duct; a bp type, in which the insertion of the bile duct is 
into the pancreatic duct; and a Y type, in which there is a long 
common channel measuring greater than 15 mm in length. 15213 
In large series, the bp and pb types have each been reported to 
be the most common type of PBM.!°4!55 Approximately 15% 
of children with recurrent pancreatitis have this disorder,!5° and 
choledochal cysts are almost universally associated with PBM 
(94% and 100% in 2 series).°*:!5+ Pancreaticobiliary malunion is 
diagnosed by traditional cholangiography (ERCP, intraoperative 
cholangiography, or percutaneous cholangiography), MRCP, or 
helical CT scan. Traditional cholangiography remains the gold 
standard. 

The increased risk of biliary tract malignancy in patients 
with anomalous pancreaticobiliary union is well documented. 
Malunions were seen in 62.5% of adults with gallbladder can- 
cer, in 50% of patients with gallbladder adenomyomatosis, and 
in 33.3% of patients with bile duct cancer.!°+ Moreover, the 
incidence of biliary cancer is 15 to 20 years earlier in patients 
with PBM in comparison to patients without PBM.!°° In Japan, 
high incidences of gallbladder carcinomas were seen in patients 
with PBM, with and without cystic dilation of the bile duct.!°° 
Patients with PBM have increased cellular proliferative activity 
of the gallbladder mucosa, even in early childhood.!*’ Although 
there is controversy concerning management of PBM among 
patients of various ethnic groups,!°*!® given the cancer risk for 
the patient with this anomaly, consideration for cholecystec- 
tomy, resection of the bile duct, and hepaticojejunostomy may 
be advised.1°°!°! 


Full references for this chapter can be found on www.expertconsult.com. 
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The exocrine pancreas has been of considerable interest to physi- 
ologists and other scientists for quite some time; in fact, the first 
demonstration of a hormone action was in the pancreas around 
the turn of the 20th century.! The pancreas has been the major 
organ used to demonstrate general mechanisms of synthesis and 
transport for exportable proteins,” ion and water secretion,™* and 
signaling pathways involved in these processes.’ This chapter 
presents a concise description of the current understanding of 
exocrine pancreatic physiology. 


FUNCTIONAL ANATOMY 


The functional unit of the exocrine pancreas is composed of an 
acinus and its draining ductule (Fig. 56.1).° The ductal epithe- 
lium extends to the lumen of the acinus, with the centroacinar cell 
situated as an extension of the ductal epithelium into the acinus 
(see Chapter 55). The centroacinar cell plays a key role in provid- 
ing progenitor cells for pancreatic cell lineages.’> The ductule 
drains into interlobular (intercalated) ducts, which in turn drain 
into the main pancreatic ductal system. 

The acinus (from the Latin term meaning “berry in a cluster”) 
can be spherical or tubular, as shown in Figure 56.1, or can have 
some other irregular form.° The acinar cells are specialized to 
synthesize, store, and secrete digestive enzymes. Receptors for 
hormones and neurotransmitters that stimulate enzyme secre- 
tion are located on their basolateral membrane.’ The basal aspect 
of the cell contains the nucleus as well as abundant rough endo- 
plasmic reticulum (RER) for protein synthesis (Fig. 56.2, left). 
The apical region of the cell contains zymogen granules, which 
store digestive enzymes. The apical surface of the acinar cell also 
possesses microvilli. Within the microvilli and in the cytoplasm 


underlying the apical plasma membrane is a filamentous actin 
meshwork that is involved in exocytosis of the contents of the 
zymogen granules.’ Secretion is into the lumen of the acinus. 
Tight junctions between acinar cells form a band around the api- 
cal aspects of the cells and act as a barrier to prevent passage of 
large molecules such as the digestive enzymes.!° The junctional 
complexes also provide for the paracellular passage of water and 
ions. 

Another intercellular connection between acinar cells is the 
gap junction. This specialized area of the plasma membrane 
between adjacent cells acts as a pore to allow small molecules 
(molecular weight 500 to 1000 Da) to pass between cells. The gap 
junction allows chemical and electrical communication between 
cells. For example, calcium signaling is coordinated between the 
cells of an acinus with effects on digestive enzyme secretion.!!)7 

The duct epithelium consists of cells that are cuboidal to 
pyramidal and contain the abundant mitochondria necessary for 
energy products needed for ion transport (see Fig. 56.2, right). 
The duct cells as well as the centroacinar cells contain carbonic 
anhydrase, which is important for their ability to secrete bicar- 
bonate.* 


COMPOSITION OF EXOCRINE SECRETIONS 
Inorganic Constituents 


The principal inorganic components of exocrine pancreatic 
secretions are water, sodium, potassium, chloride, and bicarbon- 
ate (Fig. 56.3). The purposes of the water and ion secretions are 
to deliver digestive enzymes to the intestinal lumen and to help 
neutralize gastric acid emptied into the duodenum. Pancreatic 
juice secreted during stimulation with secretin is clear, colorless, 
alkaline, and isotonic with plasma. The flow rate increases from 
an average rate of 0.2 or 0.3 mL/min in the resting (interdiges- 
tive) state to 4.0 mL/min during postprandial stimulation. The 
total daily volume of secretion is 2.5 L. The osmolality of pan- 
creatic juice is independent of flow rate. However, when the pan- 
creas is stimulated by secretin (the major mediator of the greater 
volume output), bicarbonate and chloride concentrations change 
reciprocally (see Fig. 56.3). 

Secretin stimulates secretion by binding to its receptor on 
the basolateral membrane of the duct cell, thus activating ade- 
nylate cyclase and increasing cyclic adenosine monophosphate 
(cAMP); acetylcholine does so by binding to its receptor and 
raising intracellular calcium concentrations.’ The initial events 
with secretin stimulation involve cAMP-dependent and Ca?*- 
dependent chloride (Cl-) channel activation on the luminal 
membrane as well as K* channel activation on the basolateral 
membrane (Fig. 56.4). The cAMP-dependent luminal Cl- 
channel is the CFTR.!*:* Activation of this channel by cAMP 
leads to Cl- secretion into the lumen, where it is coupled to a 
Cl--HCO;- antiport, resulting in an exchange of Cl- for HCO;- 
in the lumen. Evidence suggests that CFTR is also directly 
involved in HCO; secretion.*:+!5:!6 On the basolateral surface 
of the duct cell are a Na*,H* antiport, a Na+, HCO;- cotrans- 
port, 2 ATPases (H*-ATPase and Na*,K*-ATPase), and a K* 
channel. In combination, these various transporters facilitate 
HCO; secretion at the apical surface as well as maintain a neu- 
tral pH within the duct cell.!? Na+ and water are secreted into 
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Fig. 56.1 Regulation of exocrine pancreatic secretion during the intes- 
tinal phase of digestion. Exocrine secretions are regulated by endocrine 
and neurocrine pathways. In addition, the endocrine and neurocrine 
mediators regulate secretion from the acinus and the duct differently. 
For the acinus, CCK, secretin, acetylcholine (ACh), gastrin-releasing 
peptide (GRP), vasoactive intestinal polypeptide (V/P), and substance 

P regulate secretion. (Signaling mechanisms [second messengers] 

are shown in Fig. 56.6.) Secretin and ACh are the major regulators of 
pancreatic bicarbonate secretion from the duct. (Transporters involved 
in ductal secretion are illustrated in Fig. 56.4.) (Adapted from Gorelick F, 
Pandol SJ, Topazian M. Pancreatic physiology, pathophysiology, acute 
and chronic pancreatitis. Gastrointestinal Teaching Project, American 
Gastroenterological Association; 2003.) 
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Fig. 56.2 Ultrastructure of exocrine cells. The ultrastructure of exocrine 
cells reflects their specialized function. The pancreatic acinar cell (left) and 
duct cell (right) are both polarized, with clearly defined apical (luminal), 
lateral, and basal domains. The pancreatic acinar cell has prominent 
basally located rough endoplasmic reticulum for synthesis of digestive 
enzymes and apically located zymogen granules for storage and secre- 
tion of digestive enzymes. The pancreatic duct cell contains numerous 
mitochondria for energy generation needed for its ion transport functions. 
(Adapted from Gorelick F, Pandol SJ, Topazian M. Pancreatic physiology, 
pathophysiology, acute and chronic pancreatitis. Gastrointestinal Teaching 
Project, American Gastroenterological Association; 2003.) 
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Fig. 56.3 Secretion of pancreatic bicarbonate and other electro- 
lytes. With stimulation (i.e., a meal), there is an increase in the flow of 
pancreatic secretions. Furthermore, with rising flow rates there are 
dramatic changes in the concentrations of chloride and bicarbonate in 
pancreatic juice. The increase in bicarbonate concentration results in 
an alkaline secretion. The bicarbonate comes from pancreatic ductal 
epithelial cells. In contrast to acinar cells, the ducts secrete a large 
volume of fluid with a high concentration of bicarbonate. The volume 
of secretion from the acinar cells is believed to be small compared 
with ductal secretion, and with increasing stimulation of the pancreas, 
the concentration of ions approaches that of the ductal secretions. Of 
note, the alkaline secretions from the pancreas, the biliary system, and 
the duodenal mucosa neutralize the acid secretion delivered to the 
duodenum from the stomach. This pH-neutral environment is important 
for optimal digestive enzyme and intestinal mucosal function. (Adapted 
from Gorelick F, Pandol SJ, Topazian M. Pancreatic physiology, patho- 
physiology, acute and chronic pancreatitis. Gastrointestinal Teaching 
Project, American Gastroenterological Association; 2003.) 


the ductal system to counter the electrical and osmotic forces 
resulting from the HCO; secretion. Of importance, muta- 
tional alterations with complete lack of CFTR function result 
in destruction of the exocrine pancreas in childhood, whereas 
mutations with partial function can lead to pancreatitis later in 
life.!8 Also, recent studies show that alcoholism and smoking 
causes inhibition of CFTR function which could play a role in 
causing pancreatitis. !?7° 


Organic Constituents2'~24 


The human pancreas has a large capacity for synthesizing pro- 
tein (mostly digestive enzymes). Box 56.1 lists the major pro- 
teolytic, amylolytic, lipolytic, and nuclease digestive enzymes. 
Some of the enzymes are present in more than one form (e.g., 
cationic trypsinogen, anionic trypsinogen, and mesotrypsino- 
gen). Enzymes that could digest the pancreas are stored in the 
pancreas and secreted into the pancreatic duct as inactive pre- 
cursor forms. As illustrated in Figure 56.5, activation of these 
enzymes takes place in the intestinal lumen, where a brush- 
border glycoprotein peptidase, enterokinase, activates trypsin- 
ogen by removing (by hydrolysis) an N-terminal hexapeptide 


Fig. 56.4 lon transport by the pancreatic duct cell. 
HCO3° is delivered for ultimate secretion by 2 mecha- 
nisms. In one, membrane-diffusible CO; is catalytically 
converted to HCO; and H* by the action of carbonic 
anhydrase, which hydrates CO», thereby forming H2CO3, 
which then dissociates to HCO3;” and H*. The duct 

cell is rich in carbonic anhydrase. In the other Na*, and 
HCO; are cotransported on the basolateral membrane. 
The HCO; is then available for apical secretion by both 
the cystic fibrosis transmembrane conductance regulator 
(CFTR) and CF-HCO;7 anion exchange. Na* and HO are 
delivered to the lumen through intercellular junctions. H* 
is removed from the cell by a basolateral Na*, H* antiport 
and a H*-ATPase to maintain a constant intracellular pH. 
Secretion is activated by increased permeability of apical 
Cl and HCO3° channels and basolateral K* channels 
through agonists (i.e., secretin and acetylcholine) that 
increase cellular cyclic AMP (CAMP) levels (secretin) and 
calcium levels (acetylcholine). (Adapted from Gorelick F, 
Pandol SJ, Topazian M. Pancreatic physiology, patho- 
physiology, acute and chronic pancreatitis. Gastroin- 
testinal Teaching Project, American Gastroenterological 
Association; 2003.) 


BOX 56.1 Pancreatic Acinar Cell Secretory Products 


PROENZYMES* 

Anionic trypsinogen 

Cationic trypsinogen 
Chymotrypsinogen (A, B) 
Kallireinogen 
Mesotrypsinogen 
Procarboxypeptidase A (1, 2) 
Procarboxypeptidase B (1, 2) 
Proelastase 
Prophospholipase A» 


ENZYMES 


Amylase 
Carboxylesterase 
DNase 

Lipase (TG lipase) 
RNase 

Sterol esterase 


*Proenzymes listed are stored in the pancreas and secreted into the duo- 
denal lumen as inactive proenzyme forms. If these enzymes were active 
in the pancreas, they would digest the pancreatic gland. Other enzymes, 
such as amylase and lipase, are stored and secreted in their active forms. 
Adapted from Gorelick F, Pandol SJ, Topazian M. Pancreatic physiology, 
pathophysiology, acute and chronic pancreatitis. Gastrointestinal Teaching 
Project, American Gastroenterological Association; 2003. 


fragment of the molecule (Val-Asp-Asp-Asp-Asp-Lys).?! The 
active form, trypsin, then catalyzes the activation of the other 
inactive proenzymes. 

In addition to the digestive enzymes, the acinar cell secretes 
a trypsin inhibitor, pancreatic secretory trypsin inhibitor. This 
56-amino acid peptide inactivates trypsin by forming a relatively 
stable complex with the enzyme near its catalytic site.*> The func- 
tion of the inhibitor is to inactivate and promote degradation of 
trypsins that are formed autocatalytically in the pancreas or pan- 
creatic juice, thus preventing disorders such as pancreatitis.”° 
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Fig. 56.5 Site of zymogen activation. Trypsinogen, chymotrypsino- 
gen, proelastase, procarboxypeptidase, and prophospholipase A» 

are stored in the pancreas and secreted into the duodenal lumen 

as inactive proenzyme forms. Other enzymes, such as amylase and 
lipase, are stored and secreted in their active forms. The active forms 
of these latter enzymes have no effect on the pancreas because it 
does not contain starch or TG. Activation of the inactive proenzymes 
takes place in the duodenal lumen. There, the brush-border enzyme 
enterokinase converts secreted trypsinogen to trypsin. Trypsinogen and 
the other proenzymes are then converted to active forms by proteolytic 
cleavage by trypsin. (Adapted from Gorelick F, Pandol SU, Topazian M. 
Pancreatic physiology, pathophysiology, acute and chronic pancreati- 
tis. Gastrointestinal Teaching Project, American Gastroenterological 
Association; 2003.) 


FUNCTIONS OF THE MAJOR DIGESTIVE ENZYMES 
Amylase 


Human amylase is secreted by both the pancreas and salivary 
glands. These enzymes digest starch and glycogen in the diet. 
Human salivary and pancreatic amylases have identical enzyme 
activities. However, they differ in molecular weight, carbohydrate 
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content, and electrophoretic mobility.’’ Salivary amylase initiates 
digestion in the mouth and may account for a significant portion 
of starch and glycogen digestion because it is transported with 
the meal into the stomach and small intestine, where it continues 
to have activity. In the stomach, the amylase activity is protected 
from secreted gastric acid by buffering from the meal and by the 
protected alkaline environment of salivary and gastric mucus. 
The action of both salivary and pancreatic amylase is to hydrolyze 
1,4-glycoside linkages at every other junction between carbon 1 
and oxygen. The products of amylase digestion are maltose and 
maltotriose (2- and 3-a-1,4-linked molecules, respectively) and 
a-dextrins containing 1,6-glycosidic linkages, because 1,6-glyco- 
sidic linkages in starch cannot be hydrolyzed by amylase. The 
brush-border enzymes of the enterocyte complete hydrolysis of 
the products of amylase digestion to glucose. The final product, 
glucose, is transported across the intestinal absorptive epithelial 
cell by a Nat-coupled transport (see Chapter 102).78 


Lipases 


The pancreas secretes 3 lipases: lipase (or TG lipase), prophos- 
pholipase Aj, and carboxylesterase (see Box 56.1). Salivary (lin- 
gual) and gastric lipases also contribute to fat digestion but in a 
minor fashion (see Chapter 50). 

Pancreatic lipase binds to the oil-water interface of the TG 
oil droplet, where it acts to hydrolyze a TG molecule to 2 fatty 
acid molecules released from carbons 1 and 3 and a monoglyc- 
eride with a fatty acid esterified to glycerol at carbon 2.7!”° Bile 
acids as well as colipase are important for the full activity of 
lipase. Bile acids aid in the emulsification of TG to enlarge the 
surface area for lipase to act on, and they form micelles with 
fatty acids and monoglycerides, which in turn remove these 
products from the oil-water interface. Colipase is believed to 
form a complex with lipase and bile salts. This ternary complex 
anchors lipase and allows it to act in a more hydrophilic envi- 
ronment on the hydrophobic surface of the oil droplet. 

Phospholipase A) catalyzes the hydrolysis of the fatty acid ester 
linkage at carbon 2 of phosphatidylcholine.”’ This cleavage leads 
to the formation of free fatty acid and lysophosphatidylcholine. 
Carboxylesterase has broad specificity and will cleave cholesterol 
esters, lipid-soluble vitamin esters, TGs, diglycerides, and mono- 
glycerides. Bile salts are also important for the full activity of this 
enzyme.*” 


Proteases 


‘The pancreas secretes a variety of proenzyme proteases that are 
activated in the duodenum by trypsin (see Box 56.1). Trypsin, 
chymotrypsin, and elastase are endopeptidases that cleave spe- 
cific peptide bonds adjacent to specific amino acids.?! Also con- 
tained in pancreatic juice are the carboxypeptidases, which are 
exopeptidases that cleave peptide bonds at the carboxyl terminus 
of proteins. 

The combined actions of gastric pepsin and the pancreatic 
proteases result in the formation of oligopeptides and free amino 
acids. The oligopeptides can be further digested by enterocyte 
brush-border enzymes (see Chapter 102). Free amino acids and 
oligopeptides are transported across the intestinal mucosa by a 
group of Nat- and Ht-coupled transporters.*! It is interesting 
that only certain amino acids (mostly essential amino acids) can 
be measured in the lumen during digestion, indicating that the 
combined action of the proteases is not random and that the 
products result from the combined specificities of the individual 
proteases. These amino acids have greater effects on stimulat- 
ing pancreatic secretion, inhibiting gastric emptying, regulating 
small bowel motility, and causing satiety. Thus the specific pat- 
tern of protease actions leads to physiologic regulation of several 
organs in the GI tract. 


DIGESTIVE ENZYME SYNTHESIS AND TRANSPORT 


Synthesis of digestive enzymes takes place in the internal space 
of the RER (see Fig. 56.2, left)??? The mechanism for transla- 
tion of the cell’s messenger RNA (mRNA) into exportable pro- 
tein is explained by the signal hypothesis. The main feature of 
the hypothesis is that ribosomal subunits attach to mRNA and 
initiate synthesis of a hydrophobic “signal” sequence on the 
NH),-terminal of nascent proteins. This complex then attaches 
to the outer surface of the endoplasmic reticulum, and the signal 
sequence targets the protein being synthesized into the lumen of 
the RER. 

Newly synthesized proteins can undergo modifications in 

the endoplasmic reticulum, including disulfide bridge forma- 
tion, phosphorylation, sulfation, and glycosylation.*> Conforma- 
tional changes resulting in tertiary and quaternary structures of 
the protein also take place in the endoplasmic reticulum. Pro- 
cessed proteins in the RER are transported to the Golgi complex 
where further post-translational modification and concentration 
occur.** Important conformational specificities are required for 
appropriate function and transport of proteins between compart- 
ments. These conformational specificities are facilitated by pro- 
teins called chaperones and foldases, among others. When there is 
an increased demand on the RER for protein synthesis or when 
there is a cell stress that causes unfolding of proteins, the RER 
responds by increasing synthesis of chaperones and foldases, 
ceases synthesis of the proteins, and even degrades unfolded 
proteins using the mechanisms of the unfolded protein response 
(UPR). By keeping proteins in their appropriate conforma- 
tion, the UPR maintains normal transport of proteins between 
compartments of the cell. Importantly, recent studies show that 
one of the mechanisms by which excessive alcohol drinking and 
smoking mediate pancreatitis is through alterations of protein 
folding in the RER combined with inhibition of the UPR.*>~*” 
The Golgi complex also serves the important function of sort- 
ing and targeting newly synthesized proteins into various cell 
compartments. Digestive enzymes are transported to the zymo- 
gen granules, whereas lysosomal hydrolases are sorted to the 
lysosome.??3839 The mechanisms for sorting to the lysosome 
are much better understood compared to those for the zymo- 
gen granule. For the lysosomal pathway, mannose-6-phosphate 
groups are added to oligosaccharide chains on the protein during 
its presence in the cis-Golgi complex. The mannose-6-phosphate 
groups serve as a recognition site for a specific receptor. The 
interaction of the lysosomal enzyme mannose 6-phosphate with 
its receptor leads to formation of vesicles that transport this com- 
plex to the lysosome, delivering the enzyme. In the lysosome the 
enzyme dissociates from the receptor, which in turn cycles back 
to the Golgi complex. 
Secretion of the digestive enzymes occurs by exocytosis.’ 
Exocytosis consists of movement of the secretory granule to the 
apical surface, the recognition of a plasma membrane site for 
fusion, and the fission of the granule membrane-plasma mem- 
brane site after fusion. Studies have demonstrated roles for 
actin-myosin,#-® SNARE (soluble N-ethylmaleimide-sensi- 
tive factor attachment protein receptor) proteins,*++ and gua- 
nosine triphosphate-binding proteins in these processes.1?+46+7 
Intracellular signals generated by agonist receptors as discussed 
later interact with these entities to mediate digestive enzyme 
secretion via exocytosis of zymogen granules. 


Regulation of Protein Synthesis 


The mechanisms involved in regulating expression of diges- 
tive enzymes in the exocrine pancreas have been partially elu- 
cidated. The investigations have addressed the following 2 
questions: First, what accounts for the specific expression of 
digestive enzymes in the pancreas? Second, how do alterations 


in dietary nutrients change the synthesis of specific digestive 
enzymes? For the answer to the first question, genes for diges- 
tive enzymes such as amylase, chymotrypsin, and elastase contain 
enhancer regions in their 5’ flanking nucleotide sequences that 
regulate the transcription of their mRNAs, termed the pancreas 
consensus element.**>! A transcription factor, pancreas transcrip- 
tion factor-1, is present selectively in the exocrine pancreas, binds 
to this region, and is essential for expression of these digestive 
enzymes.’ Thus pancreas transcription factor-1 represents at 
least one of the differentiation-regulated factors that accounts 
for digestive enzyme expression in the pancreas. Regarding the 
second question, numerous studies have demonstrated that the 
relative synthesis rates of specific digestive enzymes change as a 
function of dietary intake. For example, a carbohydrate-rich diet 
results in an increase in synthesis of amylase and a decrease in that 
of chymotrypsinogen,** a lipid-rich diet enhances lipase expres- 
sion,” and an alcohol-rich diet decreases amylase expression.*° 
Several studies have also demonstrated that amylase gene expres- 
sion is regulated by insulin and diet.*° The mechanisms respon- 
sible for this adaptation are only partially understood and include 
both transcriptional and post-transcriptional regulation.°* 


CELLULAR REGULATION OF ENZYME SECRETION 


The mechanism of neurohumoral stimulation of the acinar cell 
has been demonstrated with the use of in vitro preparations of dis- 
persed acinar cells and acini from small animals. Studies involving 
the use of human tissue are limited but emerging importantly in 
physiologic and pathophysiologic studies of the exocrine pan- 
creas =t 

With the use of radiolabeled ligands and specific antago- 
nists, receptors for CCK, acetylcholine, gastrin-releasing pep- 
tide (GRP), substance P, vasoactive intestinal peptide (VIP), and 
secretin have been identified in preparations from several species. 
Furthermore, the molecular structure for each of these receptor 
types has been elucidated from cloning and sequencing.®®ć! Each 
is a G-protein-coupled receptor with 7 hydrophobic domains 
believed to be membrane-spanning segments (see Chapter 4). 
The receptors are on the basolateral plasma membrane of the 
acinar cell. 
Receptors on acinar cells have been divided into 2 categories 
according to the mode of stimulus-secretion coupling (Fig. 56.6). 
In the first category are VIP and secretin. The interaction of these 
agents with acinar cells leads to activation of adenylate cyclase 
and a rise in cellular cAMP, which in turn activates exocytosis 
and enzyme secretion through cAMP-dependent protein kinase 
A.© In the second category are acetylcholine, CCK, GRP, and 
substance P. The actions of these agonists include stimulating 
cellular metabolism of membrane phosphoinositides and raising 
intracellular free calcium concentrations ([Ca2*]i) from mobiliza- 
tion of intracellular stores.6>6t Specifically, the agonist-receptor 
interaction leads to a phospholipase C-mediated hydrolysis of 
phosphatidylinositol 4,5-bisphosphate to 1,2-diacylglycerol and 
inositol 1,4,5-triphosphate (IP3). IP}, in turn, releases calcium 
from endoplasmic reticulum stores. The calcium release into the 
cytosol causes a rapid rise in the concentration of free calcium 
that mediates the secretory response. Calcium release into the 
cytosol is also mediated by ryanodine receptors and by signals 
interacting with the ryanodine receptor, such as calcium and fatty 
acid—coenzyme A (CoA) esters.’ Other molecules involved in 
intracellular calcium release are cyclic adenosine diphosphate— 
ribose and nicotinic acid adenine dinucleotide phosphate. 

The mechanism by which increases in intracellular [Ca?*] 
mediate secretion is not established but involves calmodulin- 
dependent protein kinases and actin-myosin interactions, 
SNARE proteins, and guanosine triphosphate-binding proteins, 
as discussed earlier. The continued stimulation of enzyme secre- 
tion by these agents also depends on the influx of extracellular 
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Fig. 56.6 Receptor-mediated secretion. Pancreatic acinar cell ago- 
nists that stimulate digestive enzyme secretion act through 2 separate 
pathways. In one pathway, agonists such as gastrin-releasing peptide 
(GRP), CCK, and acetylcholine (ACh) mediate secretion through in- 
creases in cellular calcium (Ca?*). In the other pathway, agonists such 
as vasoactive intestinal polypeptide (VIP) and secretin mediate secre- 
tion through increases in cellular cyclic adenosine monophosphate 
(CAMP). Simultaneous increases in both cellular calcium and cAMP af- 
ter stimulation with a combination of agonists have a synergistic effect 
on secretion. That is, the observed response is greater than would be 
expected from the additive responses of the individual agonists acting 
alone. (Adapted from Gorelick F, Pandol SJ, Topazian M. Pancreatic 
physiology, pathophysiology, acute and chronic pancreatitis. Gastro- 
intestinal Teaching Project, American Gastroenterological Association; 
2008.) 


calcium.’° The influx mechanisms involve a complex interplay 
between the internal endoplasmic reticulum and its stores of 
calcium and a set of scaffolding proteins connected to a plasma 
membrane channel.’! The plasma membrane channel necessary 
for influx of calcium is composed of subunits of Orai-1.’? The 
importance of Orai-1 channels is emerging in therapeutics for 
pancreatitis as this channel is highly activated in experimen- 
tal pancreatitis and inhibition of Orai-1 decreases pancreatitis 
severity.” 

The intracellular mechanism of enzyme secretion may also be 
regulated by 1,2-diacylglycerol and protein kinase C,’* as well as 
arachidonic acid.” Specific phosphorylations and dephosphory- 
lations of cellular proteins also occur with cAMP agonists and 
calcium-phosphoinositide agonists.’° The exact roles of these 
events in secretion are not established. 

The ultimate enzyme secretory response of the acinar 
cell to a combination of an agonist that acts through cAMP 
and an agonist that acts through changes in calcium exceeds 
the sum of the 2 individual responses. An example of such a 
combination is VIP or secretin with acetylcholine. The exact 
mechanism of this potentiated response is not known, but it 
probably functions physiologically so that significant quanti- 
ties of secretion occur with a combination of small increases in 
individual agonists. 


ORGAN PHYSIOLOGY 


Human exocrine pancreatic secretion occurs during the fasting 
(interdigestive) state and after ingestion of a meal (digestive). 
The interdigestive pattern of secretion begins when the upper 
GI tract is cleared of food. In an individual who eats 3 meals per 
day, the digestive pattern begins after breakfast and continues 
until late in the day, after the evening meal is cleared from the 
upper GI tract. 
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Interdigestive Secretion 


The interdigestive pancreatic secretory pattern is cyclic and fol- 
lows the pattern of the migrating myoelectric complex (MMC; 
see Chapter 99).77:78 The patterns recur every 60 to 120 minutes, 
with bursts of enzyme secretion temporally associated with the 
periods of increased motor activity in the stomach and duodenum 
(i.e., phases II and II). In addition to pancreatic enzyme secre- 
tion, the secretion of bicarbonate and bile (secondary to partial 
gallbladder contraction) into the duodenum is increased during 
phases II and III of the MMC (see Chapter 64). The underlying 
mechanism involves the cholinergic nervous system as well as the 
hormones motilin and pancreatic polypeptide.’*”? The pancre- 
atic secretion during the interdigestive phase is integral to the 
“housekeeping” function of the MMC (see Chapter 99). 


Digestive Secretion 


Like gastric secretion, exocrine pancreatic secretion with inges- 
tion of a meal is divided into 3 phases: cephalic, gastric, and intes- 
tinal. 

The vagal nerves mediate the cephalic phase of the exocrine 

secretion. The extent of cephalic stimulation of exocrine pancre- 
atic secretion in humans has been evaluated through measure- 
ment of exocrine secretions stimulated by sham feeding (chewing 
and spitting out the food). One study* indicated that sham feed- 
ing stimulated pancreatic enzyme secretion at up to 50% of the 
maximal secretory rate, with no increase in bicarbonate secre- 
tion when acidic gastric secretions were prevented from entering 
the duodenum. When gastric secretions were allowed entry into 
the duodenum, the rate of pancreatic enzyme secretion rose to 
about 90% of maximal, and bicarbonate was also secreted. These 
results suggest that cephalic stimulation specifically increases aci- 
nar secretion in the pancreas, and that a low pH in the duodenum 
(from gastric acid) augments acinar secretion as well as causes 
ductal bicarbonate secretion. 
Acetylcholine is certainly a major neurotransmitter involved in 
mediating cephalic phase pancreatic secretion because cholin- 
ergic antagonists greatly reduce and in some cases abolish sham 
feeding-stimulated pancreatic secretion in humans.*!*? Nerve 
endings containing the peptides VIP, GRP, CCK, and enkepha- 
lins have been identified in the pancreas. Data supporting the 
role of these peptides in the cephalic phase of secretion are stron- 
gest for VIP and GRP.*?*+ Both are released into the pancreatic 
venous effluent with vagal stimulation in animals. Furthermore, 
as discussed earlier, acinar cells have receptors for GRP and VIP 
that mediate enzyme secretion (see Fig. 56.6). The ductal epithe- 
lium also responds to VIP with the secretion of water and bicar- 
bonate.*+ 

The gastric phase of pancreatic secretion results from meal 
stimuli acting in the stomach. The major stimulus is gastric dis- 
tention, which causes predominantly secretion of enzymes with 
little secretion of water and bicarbonate. Balloon distention of 
either the gastric fundus or the antrum results in a low-volume, 
enzyme-rich secretion by way of a gastropancreatic vagovagal 
reflex. 

When gastric juice and contents of a meal enter the duode- 
num, a variety of intraluminal stimulants can act on the intesti- 
nal mucosa to stimulate pancreatic secretion through neural and 
humoral mechanisms. Three gastric processes—secretion of acid, 
pepsin, and lipase; digestion; and emptying—are tightly coupled 
to the mechanisms of the intestinal phase of pancreatic secretion. 
The intestinal phase begins when chyme first enters the small 
intestine from the stomach. It is mediated by hormones and 
enteropancreatic vagovagal reflexes. In contrast to the cephalic 
and gastric phases, there is significant ductal secretion during the 
intestinal phase. Ductal secretion is initiated by hydrogen ions in 
the intestinal lumen. Secretin is released from enteroendocrine 


S cells in the duodenal mucosa when the pH of the lumen is less 
than 4.5.8687 The quantity of secretin released, as well as the vol- 
ume of pancreatic secretion, depend on the load of titratable acid 
delivered to the duodenum. Immunoneutralization of secretin 
with a specific antisecretin antibody decreases meal-stimulated 
pancreatic volume and bicarbonate secretion by as much as 
80%.** The antisecretin antibody also inhibits meal-stimulated 
enzyme secretion by as much as 50%, suggesting that secretin 
also has a role in enzyme secretion, possibly by potentiating the 
action of agonists such as acetylcholine. Thus the complete meal- 
stimulated response results from a combination of mediators. 

During the intestinal phase, pancreatic secretion of diges- 
tive enzymes is mediated by intraluminal fatty acids more than 8 
carbons in length, monoglycerides of these fatty acids, peptides, 
amino acids, and, to a small extent, glucose. The most potent 
amino acids for stimulating pancreatic secretion in humans are 
phenylalanine, valine, methionine, and tryptophan.”? The pan- 
creatic response to peptides and amino acids is related to the total 
load perfused into the intestine rather than the concentration.?!,?” 

The mediators of the enzyme secretory response from intes- 
tinal stimuli are neural and humoral (Fig. 56.7). Truncal vagot- 
omy and atropine markedly inhibit the enzyme (and bicarbonate) 
responses to low intestinal loads of amino acids and fatty acids, 
as well as to infusion of physiologic concentrations of CCK.%?:”* 
These results indicate that vagovagal reflexes mediate enzyme 
secretion and augment bicarbonate secretion stimulated by secre- 
tin. 

CCK is the major humoral mediator of meal-stimulated 
enzyme secretion during the intestinal phase. The circulating 
concentration of CCK rises with a meal,®’ and the main circulat- 
ing form is 58 amino acids in size (CCK-58).” CCK is released 
from the upper small intestinal mucosa by digestion products of 
fat and protein and, to a lesser extent, by starch digestion prod- 
ucts.°? 

In order to explain the interplay between the cholinergic path- 
way and CCK to account for the marked effects of cholinergic 
inhibition on intestinal phase pancreatic secretion, investigations 
have found that CCK activates afferent neurons in the duodenal 
mucosa.”° These afferent neurons activate a vagovagal reflex that 
causes pancreatic enzyme secretion, as illustrated in Figure 56.7. 

The elements of the secretory mechanism during the intestinal 
phase of a meal previously described are activated when standard 
nutrients enter the duodenum. However, the magnitude of stim- 
ulation varies as a function of type of nutrients and site of delivery 
of the nutrients.”’~!0° For example, delivery of an elemental diet 
(protein as amino acids and low fat) causes less pancreatic enzyme 
secretion compared to a standard meal, and delivery of nutrients 
to the jejunum causes less pancreatic secretion than delivery to 
the duodenum. Such information is critical for strategies to pro- 
vide nutrients to patients with pancreatic disorders such as acute 
or chronic pancreatitis. With acute pancreatitis, stimulation of 
the pancreas can exacerbate the severity of the disease; in chronic 
pancreatitis, stimulation of the pancreas can exacerbate pain (see 
Chapters 58 and 59).101 


Feedback Regulation 


In animals, diversion of pancreatic juice from the intestine results 
in augmented pancreatic secretion.!°? On the other hand, intra- 
luminal digestive enzymes have been found to inhibit pancreatic 
digestive enzyme secretion in both animals and humans!0?.!%; 
CCK is involved in this regulation,! leading to the concept 
that intraluminal factors regulating enzyme secretion includes 
the digestive enzymes. It is hypothesized that during a meal, 
when trypsin is occupied by meal proteins, pancreatic secretion 
is enhanced because trypsin is not available to cause feedback 
inhibition. After the meal, trypsin and other digestive enzymes 
are free in the lumen of the intestine and inhibit intestinal CCK 
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Fig. 56.7 Diagram illustrating the several neural and hormonal pathways that mediate meal-stimulated pancre- 
atic secretion that involve CCK. First, meal nutrients such as peptides, amino acids, and fatty acids delivered 
into the duodenum stimulate the local release of CCK from the CCK-containing | cell to the area around the 
basolateral surface of the | cell. The released CCK activates vagal afferent neurons that transmit the signal 

to the dorsal vagal complex, where the sensory information is integrated and vagal efferents are activated. 
Vagal efferents synapse with neurons in the pancreatic ganglia. In turn, via the neurotransmitters acetylcholine 
(ACh), gastrin-releasing peptide (GRP), and vasoactive intestinal polypeptide (VIP), effector neurons arising in 
the pancreatic ganglia activate secretion by pancreatic parenchymal cells. In addition to activating the neural 
pathway, CCK released by the | cell enters the general circulation and may act as a hormone on the pancre- 
atic acinar cells to cause secretion. (Adapted from Gorelick F, Pandol SJ, Topazian M. Pancreatic physiology, 
pathophysiology, acute and chronic pancreatitis. Gastrointestinal Teaching Project, American Gastroenterologi- 
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cal Association; 2003.) 


release and pancreatic enzyme secretion. CCK-releasing factors 
are hypothesized to mediate this effect of trypsin and have been 
described. One is a protein called monitor peptide that is secreted 
by the pancreas.!° Another is called Juminal CCK-releasing fac- 
tor.!°> Both monitor peptide and luminal CCK-releasing factor 
cause CCK release from the entero-endocrine CCK cell (I cell) 
into the blood. These releasing factors are likely mediators of 
the physiologic feedback mechanism for enzyme secretion. It is 
believed that the effects of trypsin described earlier are due to 
degradation of the CCK-releasing factors by trypsin when tryp- 
sin is not bound to meal proteins (see Fig. 4.5 in Chapter 4). 


PANCREATIC SECRETORY FUNCTION TESTS 


Various tests have been devised to measure the secretory function 
of the pancreas in order to diagnose disorders such as chronic 
pancreatitis and pancreatic cancer (Table 56.1).106-108 Of impor- 
tance is the fact that there may be pancreatic disease (i.e., chronic 
pancreatitis) with little effect on function as measured by the tests 
described here. 

Measurements of pancreatic functions have been adapted 
to use with endoscopic procedures and may include measure- 
ments of proteins and protein modifications in pancreatic 
juice.!°7"!!! The function tests fall into 2 general categories: 
direct and indirect. Direct tests of pancreatic secretory func- 
tion involve collection of pancreatic secretions after IV admin- 
istration of a secretagogue or a combination of secretagogues. 
Indirect tests of pancreatic secretory function include mea- 
surement of (1) pancreatic enzymes in duodenal samples after 
nutrient ingestion, (2) products of digestive enzyme action on 
ingested substrates, and (3) pancreatic enzymes in the stool. 
Which pancreatic function test should be used depends on the 
clinical question and the characteristics and availability of the 
test. The exocrine pancreas has a very large functional reserve. 


Maldigestion and malabsorption do not occur until the functional 
capacity, as measured by CCkK-stimulated digestive enzyme 
secretion, is reduced to 5% to 10% of normal.!!” Thus many tests 
relying on the conversion of an ingested substrate by digestive 
enzymes to a measurable product will be insensitive in pancreatic 
disease unless moderate to severe pancreatic insufficiency is pres- 
ent. Therefore, the measurement of duodenal secretory products 
after the IV administration of pancreatic secretagogues provides 
the greatest sensitivity and specificity. The major drawbacks to 
the direct tests are the requirements for duodenal intubation 
and the fact that not all centers are proficient in performing the 
studies properly. Furthermore, improved imaging techniques 
for diagnosing pancreatic disease have greatly decreased the use 
of the tests. On certain occasions, however, direct pancreatic 
function tests may be helpful for diagnosing pancreatic disease. 
Importantly, despite advances in imaging, there are still difficul- 
ties in making the diagnosis of chronic or recurrent acute pan- 
creatitis may be difficult to establish (see Chapters 58 and 59), 
making use of function still relevant and the development of new 
measurements (for example, inflammatory biomarkers) in pan- 
creatic juice an important advance. 110,113,114 


Direct Tests 


Direct tests provide a gold standard for measurement of pancre- 
atic function. Stimulation of secretion has been described most 
commonly with secretin, CCK, or the 2 combined. The com- 
bination provides complete information about acinar and duct- 
ular cell secretions. In the classic description, the stomach and 
duodenum are intubated. The gastric intubation is required to 
remove gastric secretions that would interfere with the ability to 
measure water and bicarbonate secretion from the pancreas. Low 
pH may also alter pancreatic enzyme activity. The duodenal tube 
is used for infusion of a nonabsorbable marker and collection of 
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TABLE 56.1 Pancreatic Secretory Function Tests 


Test Description Advantages Disadvantages Clinical Indications 
DIRECT 
Secretin Measurements of volume and Provide the most Require duodenal intubation and Detection of mild, moderate, or 
HCO; secretion into the sensitive and specific IV administration of hormones; severe exocrine pancreatic 
duodenum after IV secretin measurements of not widely available dysfunction 
exocrine pancreatic 
function 
CCK Measurements of duodenal 


outputs of amylase, trypsin, 
chymotrypsin, and/or lipase 
after IV CCK 


Measurements of volume, 
HCO3-, and enzymes after IV 
secretin and CCK 


Secretin and CCK 


INDIRECT (REQUIRING DUODENAL INTUBATION) 


Measurement of duodenal 
trypsin concentration after 
oral ingestion of a test meal 


Lundh test meal 


hormones 


INDIRECT (TUBELESS) 


Measurement of fat in the stool 
after ingesting meals with a 
known amount of fat 


Fecal fat 


steatorrhea 


Fecal chymotrypsin Measurement of chymotrypsin 
or elastase in the stool 


oral substrates 


FECAL ELASTASE 1 


NBT-PABA Oral ingestion of NBT-PABA 
or fluorescein dilaurate 
with a meal, followed by 
measurements of PABA or 


fluorescein in serum or urine 


Provide simple 


dysfunction 


Fluorescein dilaurate 


Does not require IV 
administration of 


Provides a quantitative 


measurement of 


Do not require IVs, tubes, 
or administration of 


measurements for 
severe pancreatic 


Detection of moderate or 
severe exocrine pancreatic 
dysfunction when a direct 
test cannot be done (¢.g., 
due to limited availability) 


Requires duodenal intubation, a 
test meal, and normal anatomy, 
including small intestinal 
mucosa; not widely available 


Detection of severe exocrine 
pancreatic dysfunction and 
steatorrhea 


Requires sufficient dietary fat 
intake and collection of stool; 
only detects severe pancreatic 
dysfunction 


Detection of severe exocrine 
pancreatic dysfunction 


Insensitive for detecting mild or 
moderate dysfunction 


Detection of severe exocrine 
pancreatic dysfunction 


Do not detect mild or moderate 
dysfunction; results may be 
abnormal in patients with small 
intestinal mucosal disease 


NT-PABA, N-benzoyl-L-tyrosyl-para-aminobenzoic acid. 


pancreatic secretions. The use of a nonabsorbable marker such 
as cobalamin or polyethylene glycol allows the quantitation of 
secretions without the need for complete aspiration of secretions. 
The direct function tests are based on the principle that maximal 
water, bicarbonate, and enzyme secretion are related to the func- 
tional mass of the pancreas. Historically, the secretin test (IV admin- 
istration of secretin, with volume and bicarbonate measurement) 
provided information about the function of the pancreas in various 
clinical settings.!°°!0° Administration of CCK and the measure- 
ment of digestive enzyme secretion also have been used successfully 
to demonstrate pancreatic insufficiency.'!° Currently, the preferred 
test is based on administration of secretin IV and measurement of 
the peak bicarbonate concentration in pancreatic fluid over a 45 
to 60 minute interval using endoscopic suctioning of the pancre- 
atic secretions.!!!!!618 The dose of synthetic secretin (SecroFlo, 
ChiRhoClin, Inc.) is 0.2 pg/kg injected over 1 minute. Measurements 
of bicarbonate concentrations are made in collections over 15-min- 
ute periods for 1 hour. Amylase, trypsin, chymotrypsin, and lipase 
can also be measured.!!>-!!?-!?! Development of measures on inflam- 
matory markers will likely be valuable to determine presence or 
absence of inflammation in the pancreas when function is normal. 


Indirect Tests 
Lundh Test Meal'22 


This meal test is primarily of historical significance and 
designed to determine the effect of a meal on pancreatic secre- 
tion. The Lundh test meal is rarely used in clinical practice 
now but may be used in research settings. The subject ingests 
a 300-mL liquid test meal composed of dried milk, vegetable 
oil, and dextrose (6% fat, 5% protein, and 15% carbohydrate). 
After ingestion of this meal, samples are aspirated from the 
intubated duodenum at intervals for measurement of diges- 
tive enzyme concentration. Usually only trypsin activity is 
measured; however, the additional determination of lipase or 
amylase may improve test sensitivity. The test is not valid in 
patients with mucosal disease (e.g., celiac disease) or altered 
gastroduodenal anatomy (e.g., following a vagotomy and drain- 
age procedure or a Billroth II gastrectomy). Comparisons of 
the Lundh test meal with the secretin-CCK test show that the 
latter is more sensitive in detecting mild forms of pancreatic 
disease, whereas the tests are comparable in more advanced 
pancreatic disease.!°° 


Measurement of Fecal Fat 


Steatorrhea occurs when stimulated lipase output drops to less 
than 5% to 10% of normal.!!? Thus measurement of fat in the 
stools collected for 72 hours in a subject ingesting a diet ade- 
quate in fat (70 to 100 g/day) is considered an effective means 
of diagnosing steatorrhea. Normally 7% or less of ingested fat 
appears in the stool. A simple qualitative microscopic examina- 
tion of a single stool for oil is almost as sensitive as quantitative 
measurements for fat.!°%!3 Because steatorrhea occurs only with 
advanced pancreatic disease, measurement of fecal fat is not use- 
ful in the diagnosis of mild or moderate disease (see Chapter 59). 


Measurement of Fecal Chymotrypsin and Elastase 1 


Fecal chymotrypsin measurements have been used as an indirect 
test of pancreatic function for many years, especially to estab- 
lish pancreatic insufficiency in patients with CF.106108 Such 
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measurements are about 85% sensitive in patients with advanced 
pancreatic dysfunction but are relatively insensitive in patients 
with mild to moderate disease. 

Fecal pancreatic elastase 1 measurement is widely used in 
clinical practice and is abnormal in patients with pancreatic insuf- 
ficiency, but may be normal in patients with mild or moderate 
pancreatic disease from chronic pancreatitis. 14126 

In sum, several of the tests described here are able to detect 
severe pancreatic disease with pancreatic exocrine insufficiency 
and steatorrhea. However, only the direct tests have the capa- 
bility of identifying patients with milder forms of pancreatic 
disease. Recent endoscopic adaptations allow improvements in 
direct function testing. Moreover, advances will be made in spe- 
cific measurements of inflammatory proteins and protein modi- 
fications that occur in pancreatitis. 


Full references for this chapter can be found on www.expertconsult.com. 
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BACKGROUND 


The new paradigm of precision medicine provides a robust frame- 
work for understanding pancreatic diseases and leads to new 
insights into disease mechanisms. This framework has resulted 
in a series of breakthroughs in clinical and translational sciences. 
International consensus has now been reached on a new mecha- 
nistic definition of chronic pancreatitis (CP) that facilitates preci- 
sion medicine.! An international consensus group also concluded 
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that the traditional definition of, and diagnostic criteria for CP 
that is based on identifying irreversible fibrosis in the pancreas, 
precludes the diagnosis of early CP and provides little guidance 
for targeted treatments.’ Thus, a new paradigm is required to 
improve management of pancreatic diseases. 

This chapter focuses on genetics as a key component of pre- 
cision medicine, is predicated on the mechanistic definition of 
CP, and highlights both Mendelian disorders and complex 
genetic conditions affecting the pancreas. The rapidly expanding 
genetic information has been organized into systems and mod- 
els and linked to clinical management considerations when pos- 
sible. This chapter will outline current knowledge of many key 
genes and genetic syndromes that are known to influence human 
health. When possible, the discussion will go beyond genetics to 
discuss principles of precision medicine for pancreatic diseases 
and to guide the clinician in using ge netic data for patients with 
established, suspected, early, or complex pancreatic diseases. 

The traditional (20th century, Western medicine) paradigm 
was based on the germ theory of disease, where one and only one 
factor causes a specific disease. A specific disease is defined in the 
germ theory model using clinicopathologic criteria. A disease 
may be further classified as a syndrome, consisting of a group of 
signs and symptoms that typically occur together to characterize 
and diagnose the disease. Defining a disease as a syndrome does 
not require knowing or addressing the causes, the mechanism, 
the natural course, or the effects of interventions. 

An international effort to define pancreatitis, and specifi- 
cally CP, occurred in 3 “Marseille Symposia” between 1963 and 
1989.3- Because pancreatic tissue is challenging to obtain in liv- 
ing patients, a more pragmatic clinical approach was developed in 
1984 using imaging criteria as a surrogate of fibrosis, known as the 
Cambridge Score.° CP was defined as “a continuing inflammatory 
disease of the pancreas, characterized by irreversible morphologi- 
cal change, and typically causing pain and/or permanent loss of 
function.”° Subsequent definitions and diagnostic criteria followed 
this approach. However, a clinicopathologic approach provides lit- 
tle insight into the underlying mechanism of CP. Thus, after 100 
years of research using the “scientific method” as prescribed in the 
germ theory paradigm (e.g., Koch’s postulates),’ it was conceded 
in 1995 that CP “remains an enigmatic process of uncertain patho- 
genesis, unpredictable clinical course, and unclear treatment.”® 

The 1996 discovery that a mutation in the cationic trypsinogen 
gene (PRSS1) caused hereditary pancreatitis (HP), with pheno- 
types of recurrent acute pancreatitis (RAP) and CP that were sim- 
ilar to common pancreatic inflammatory diseases,”!° introduced 
the concept of genetics to inflammatory diseases of the pancreas. 
However, this concept did not fit into the traditional definition 
of CP nor the diagnostic criteria of demonstrating irreversible 
fibrosis. The discovery of additional genetic risk variants in other 
disease-associated genes further challenged the clinicopathologic 
framework for pancreatic disorders. These facts, plus new obser- 
vations described later, indicate that the traditional approach to 
complex disorders like pancreatitis is inadequate. 

Health care professionals and patients recognized many of the 
shortcomings of the traditional approaches to pancreatitis based 
on tissue fibrosis detected by imaging procedures such as ERCP 
or CT. First, the time between the onset of symptoms and dis- 
ease diagnosis is often 5 to 10 years or more.!}!? During this time 
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the patient may suffer from RAP and progressive pain, undergo 
multiple costly and invasive diagnostic tests, and may seek radi- 
cal treatments that may not be in their long-term interest.’ Sec- 
ond, diagnosis of “early” CP is impossible using imaging alone 
because the sensitive findings for early fibrosis are non-specific for 
CP.?:!3,!4 Third, the clinical course, including disease trajectory, 
complications, and outcomes, using clinicopathologic assessments 
is unpredictable.*!> Fourth, treatment tends to be symptom- 
based and not targeted at the underlying problem so that the dis- 
ease typically continues to progress even while under treatment.?.’ 
Because CP is a complex disorder affecting multiple pathways, 
selecting “fibrosis” as the primary biomarker to define the dis- 
ease and measure progression is problematic. Specifically, imag- 
ing features of fibrosis do not correlate well with pain,'° exocrine 
pancreatic function,!’-’? diabetes mellitus," or disease progno- 
sis!+!5_which are the primary clinical concerns of these patients. 

A new paradigm is needed for early diagnosis and ongoing man- 
agement of syndromes such as pancreatitis that are complex.’ Com- 
plex disorders require that 2 or more independent factors interact 
to cause a disease while the individual factors are neither necessary 
nor sufficient to cause disease alone. A precision medicine para- 
digm is required for complex disorders such as pancreatitis because 
multiple etiologies result in the same pathology, the same pathol- 
ogy results in variable outcomes, and the treatment effects are 
unpredictable. Precision medicine for pancreatic diseases focuses 
on underlying mechanisms rather than case-control associations 
in populations defined by clinicopathologic criteria, modeling, and 
simulation of disease rather than pathologic feature classification, 
and on providing guidance to individuals rather than populations. 
This approach relies on understanding the biology underlying a 
disease, requires the use of disease models that incorporate the 
relevant biological mechanism as well as patient-specific variants, 
and seeks to predict the effects of multiple variables under multiple 
conditions rather than the identification of a single causative factor. 
Although the integration of useful models into relevant models for 
applying precision medicine to many diseases remains a futuristic 
concept, precision medicine for pancreatic diseases is now possible. 

The pancreas serves as an important use-case for precision 
medicine because the pancreas is a simple gland affected by only a 
few environmental and metabolic factors.’ The pancreas has only 
3 types of specialized cells: acinar, duct, and islet. Each cell type 
has one primary function and the molecular mechanisms are well 
described. Furthermore, the pancreas is protected from direct con- 
tact with most environmental insults because of its retroperitoneal 
location (somewhat protected from trauma), sphincter-protected 
duct system (protected from direct contact with the gut luminal 
environment), and its blood supply (protected from the portal 
venous blood coming from the intestine). It is also generally pro- 
tected from most toxic compounds because it does not play a major 
role in xenobiotic detoxification or clearance of waste products. 
The lack of strong, independent environmental factors or other 
agents to directly cause complex inflammatory diseases of the pan- 
creas, such as CP, highlights the importance of other factors such 
as pathogenic genetic variants and disease modifiers, alone or in 
combination. Knowledge of the molecular mechanisms, includ- 
ing the proteins, the genes that code for them, and regulatory 
mechanism(s) within the context of a patient’s existing conditions 
and environment provides the basis for precision medicine. The 
importance of genetic testing for multiple genes in idiopathic RAP 
and CP in adults and children is clinically indicated for diagnosis 
and management of these disorders.*+’ Additional benefit comes 
with the integration of simple and complex genetic findings with 
clinical symptoms, biomarkers, and progressive stages into clini- 
cal practice using new tools and approaches. Precision medicine 
also goes beyond genetics to consider the individual’s exposure to 
the environment (internal and external) and lifestyle.?*’? It endeav- 
ors to redefine our understanding of disease onset and progres- 
sion, treatment response, and health outcomes through the more 


precise measurement of potential contributors.” Although there 
remains a number of hurdles to widespread adoption and utiliza- 
tion of precision medicine for most diseases,’ the new mechanistic 
definition of CP and associated models now makes precision medi- 
cine possible for inflammatory diseases of the pancreas. 

Some remaining challenges include the large number of 
genetic variants to be considered, including disease modifiers, and 
the expertise of genetic laboratory directors who generate clini- 
cal reports for complex non-Mendelian and non-cancerous condi- 
tions and who are trained in anatomical or laboratory pathology or 
Mendelian genetics rather than patient care. Because most patients 
with RAP and/or early CP patients do not have a single etiology, 
a strong family history, distinguishing familial features, or pathol- 
ogy, the traditional context for defining and diagnosing the disor- 
der, or for providing guidance in clinical management is lacking. 
New integrative approaches and useful tools are needed to benefit 
more fully from the new opportunities of precision medicine. 


DEFINITIONS AND TERMINOLOGY 


Precision medicine. Also called personalized or individualized medi- 
cine, it is defined here as the discipline of deciphering the origin 
of disorders that lead to a disease and using targeted therapies to 
minimize dysfunction and maximize health. For complex diseases, 
a disorder is defined as the disruption of the regular or normal func- 
tions, whereas a disease is a pathologic condition that impairs nor- 
mal function of an organ or system and is typically manifested by 
distinguishing signs and symptoms. Acquired diseases of the pan- 
creas indicates that the organ, or system, functions sufficiently for 
a period without disease despite the underlying disorder. However, 
the existence of pathogenic germline mutations within specific sus- 
ceptibility or modifier genes or regulatory regions indicates the exis- 
tence, since conception, of an underlying functional disorder within 
specific biological systems that are required to respond appropri- 
ately under specific conditions. Under some circumstances, such as 
injury or stress that pushes a system beyond a tolerated threshold, 
the cell or gland can no longer compensate for the disorder leading 
to pathologic consequences. The pathologic consequences of the 
combination of pathogenic genetic variants, metabolic conditions, 
environmental stressors, or injuries initiates and drives the patho- 
genic process to disease. Thus, in the absence of disease the patho- 
genic genetic variants represent risk, whereas in the presence of disease 
pathogenic genetic variants help define the disease mechanism. 

Inflammatory diseases of the pancreas. The majority of clini- 
cally significant pancreatic disorders are complex inflammatory 
conditions classified as acute pancreatitis (AP), 1? RAP,?*?> and 
CP.!7+3 In addition, there are rare Mendelian syndromes that 
affect the pancreas in different ways (e.g., exocrine pancreatic 
insufficiency [EPI]), but the stages and management of these 
genetic disorders generally follow the approach to the more com- 
mon pancreatic disorders. 

Acute pancreatitis. AP represents an event triggered by sudden 
pancreatic injury that is followed by sequential inflammatory 
responses (see Chapter 58). RAP has been defined as a syndrome 
of multiple distinct acute inflammatory responses originating 
within the pancreas in individuals with genetic, environmental, 
traumatic, morphologic, metabolic, biologic, and/or other risk 
factors who experienced 2 or more episodes of documented AP, 
separated by at least 3 months.*> 

Chronic pancreatitis. CP is a process with persistent and progres- 
sive pathologic stages that usually begins as AP or RAP and ends 
with immune system-mediated destruction of the pancreas and 
widespread glandular fibrosis and atrophy (see Chapter 59).°7433- 
33 The new mechanistic definition of CP includes the previously 
well-described characteristics of established and advanced CP 
including, “pancreatic atrophy, fibrosis, pain syndromes, duct 
distortion and strictures, calcifications, pancreatic exocrine dys- 
function, pancreatic endocrine dysfunction, and dysplasia.”! In 
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Fig. 57.1 Progressive model of the clinical stages of pancreatitis. Five clinical stages of pancreatitis (A to 
E) are defined by clinical symptoms and biomarkers of disease. The process reflects normal and abnormal 
response to the injury > inflammation= resolution > regeneration sequence. The risk of recurrent symptoms 


within a stage and progression to the next stage is determined by genet 
to recurrent injury or stress. Stage C, Early CP, cannot be diagnosed by 
likelihood of CP can be calculated using a precision medicine approach 


ic and environmental risk factors linked 
traditional imaging criteria, but the 
that integrates the patient’s clinical 


condition, risk levels, and relevant biomarkers. Stages D and E reflect persistent (possibly permanent) damage 


and dysfunction to specific cell types, including chronic inflammatory ce 


Is such as stellate cells producing 


excessive fibrosis, acinar cells, duct cells, islet cells, nerve cells, and metaplasia of regenerating cells. Because 
the cell types have different levels of risk for dysfunction, the features of CP vary between cases. Preventa- 
tive and therapeutic approaches are aimed at Stages C and D (dashed lines) where normal function can be 
salvaged. Stage E reflects loss of function and requires symptomatic (e.g., pain management) or replacement 
therapy (e.g., PERT, insulin). AP-RAP AP and recurrent acute pancreatitis; CP chronic pancreatitis; DM (T3c), 
diabetes mellitus type Illc or pancreatogenic diabetes mellitus; PDAC, pancreatic ductal adenocarcinoma; 
PERT, pancreatic enzyme replacement therapy; SAPE, sentinel acute pancreatitis event. (From Whitcomb DC, 
Frulloni L, Garg P, et al. Chronic pancreatitis: an international draft consensus proposal for a new mechanistic 


definition. Pancreatology 2016; 16:218-224.) 


addition, the essence of CP is defined for the first time as “a patho- 
logic fibro-inflammatory syndrome of the pancreas in individu- 
als with genetic, environmental, and/or other risk factors who 
develop persistent pathologic responses to parenchymal injury 
or stress.”! This definition is linked to a progressive model (Fig. 
57.1) that covers a patient’s lifetime.! The definition also links 
CP specifically to variations in the normal injury > inflammation 
> resolution > regeneration sequence of the acinar or duct cells 
to injury or stressors, providing specificity as to the disorders of 
RAP and leading to CP. The new definition is linked with a pro- 
gressive model that includes AP as the sentinel acute pancreatitis 
event (SAPE)**” and RAP as an important proximal risk factor 
for progressing to CP. The progressive model also anticipates 
Early CP, which cannot be diagnosed by traditional definitions 
of CP.?** Thus, the processes leading to CP can potentially be 
detected early in patients with RAP and/or Early CP before the 
common features of well-established and advanced CP emerge 
and when earlier management is most likely to be effective.” The 
new definitions of RAP?” and CP! are not mutually exclusive, 
and both syndromes can be present at the same time.*? 

Hereditary pancreatitis. HP refers to RAP or CP in an individ- 
ual from a family in which the pancreatitis phenotype appears to 
be inherited through a disease-causing gene mutation expressed 
in an autosomal dominant pattern.*°-*! Individuals with pancre- 
atitis who carry a gene mutation that causes autosomal dominant 
pancreatitis (e.g., PRSS1 p.N291, p.R122H) but who do not have 
a clear family history also have HP. 

Familial pancreatitis. This term refers to pancreatitis from any 
cause that occurs in a family with an incidence that is greater than 
would be expected by chance alone, given the size of the family 
and incidence of pancreatitis within a defined population. Famil- 
ial pancreatitis may or may not be caused by a genetic defect. 


Tropical pancreatitis (TP). TP was previously defined as a 
form of early age-onset, nonalcoholic CP occurring in tropical 
regions” that is often clustered among family members and that 
may have a complex genetic basis.*>-++ With growing knowledge 
of complex genetics, the term “tropical pancreatitis” may become 
obsolete. 

Mendelian syndromes involving the pancreas. These diseases are 
pancreatic disorders following classic Mendelian inheritance pat- 
terns, which are recognized as autosomal dominant (e.g., HP; see 
earlier) or autosomal recessive (e.g., CF) genetic disorders. They 
often effect multiple organs outside the pancreas as illustrated by 
CF, Shwachman-Diamond syndrome (SDS), Johanson-Blizzard 
syndrome, and others. Pearson marrow-pancreas syndrome is a 
rare mitochondrial DNA (mtDNA) breakage syndrome with exo- 
crine pancreatic dysfunction and maternal inheritance. 

Complex pancreatic disorders. These are pancreatic diseases that 
do not follow Mendelian patterns of single-gene genetics. Most 
cases of CP are complex genetic disorders. Complex pancreatic 
disorders, by definition, are established when multiple factors 
must occur together for the phenotype to be expressed, and may 
involve 2 or more genes (polygenic disorders), gene-environment 
interactions, or a combination of factors. Complex genetic dis- 
orders differ from additive genetic effects in which the genetic 
effects at 2 separate loci are equal to the sum of their individual 
effects. In polygenic disorders, the pathogenic alleles from more 
than 1 gene cause a disease in a symbiotic fashion when neither 
of the mutant genes alone is disease causing. Modifier genes are 
not disease causing; instead, they alter a particular aspect of the 
disease process or confer unique phenotypic features to a genetic 
disorder. 
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Models of Pancreatic Biology and Disease 


Fig. 57.1 shows a progressive model of CP that organizes genetic 
and environmental risks and modifying factors, clinical features, 
biomarkers, and complications in response to dysfunction of the 
injury > inflammation > resolution > regeneration sequence.! 
Some patients develop evidence of CP without going through all 
of the steps, but the model still allows for the complex risk profile 
and probabilities of progression to be calculated in most patients. 
The model is agnostic to the mechanism of injury or progres- 
sion through the various stages as long as it includes significant 
injury and/or stress, and inflammation. The later complications 
of fibrosis, pancreatic exocrine insufficiency, diabetes mellitus, 
various chronic pain syndromes, and cancer risk are not surro- 
gates of each other, but represent disease features of different cell 
types or systems linked to the pancreas. 

There are many independent and combined risk factors for 
CP, which become pathogenic once the inflammatory process 
has been initiated (see Fig. 57.1, Stage A). TIGAR-O is an acro- 
nym for classes of etiological factors including Toxic-metabolic, 
Idiopathic, Genetic, Autoimmune, Recurrent acute or severe AP, 
and Obstructive causes.’ An updated TIGAR-O list (Box 57.1) 
organizes the major etiological factors found in an individual 
recognizing that most patients have multiple risk factors. The 
TIGAR-O approach is also integrated into the M-—ANNHEIM 
classification system using a modified acronym.* 


Alcohol and Smoking 


Alcohol use and smoking are important qualitative and quanti- 
tative risk factors for AP, RAP, and CP in adults. Alcohol and 
smoking use alone are not sufficient to cause RAP or CP, but 
they significantly increase risk of disease severity and progres- 
sion in the context of pancreatitis—both at the time of symptom 
onset or diagnosis, and going forward from that point in time. 
Alcohol can be modeled as subjects having or not having alcohol- 
ism, by drinks per day/drinking days per week, by a 3-point scale 
(<2 drinks/day, 2 to 5 drinks/day, or >5 drinks/day), or by other 
standardized scales, and modeled over a lifetime.*64 Smoking 
can be classified as never (smoked <100 cigarettes in a lifetime) 
or ever (smoked >100 cigarettes), and past or current smokers, 
and quantified by packs per day and pack-years of smoking.*°*7 
Use of this approach in the North American Pancreatitis Study II 
(NAPS2)*8° demonstrated that the risk of CP occurs only at or 
above the threshold of 5 alcoholic drinks per day and that smok- 
ing is associated with risk of CP in a dose-dependent fashion that 
is independent of alcohol use. Thus, the effects of alcohol and 
smoking are additive and/or multiplicative. The effect of alco- 
hol and smoking differs between men and women, and between 
people of European and African ancestries.*°*’ Furthermore, the 
quantification and timing of exposure allows for the effects of 
modifier genes on risk of CP in alcohol drinkers and smokers to 
be calculated.°!*7 


SAPE 


The SAPE model of CP was designed to organize pathogenic 
factors leading to CP with the recognition that CP is an acquired 
disease, that asymptomatic subjects harbor various risks for CP 
for years, that an “event” is needed to initiate the pathologic 
process, and that clinically recognized AP is typically the most 
conspicuous event.*° The term “sentinel” refers to the physi- 
cian’s role in anticipating future pathologic damage that may 
require immediate actions to avoid. The consequence of the 
“event” is activation of the immune system, with attraction of 
monocytes (which become resident macrophages), activation 
of stellate cells (which are responsible for fibrosis), and epi- 
genetic or adaptive changes that increase the sensitivity of the 
pancreas to RAP and drive the pathologic processes resulting 


in the characteristic findings of CP.°* The SAPE model was 
proposed**-°° as an alternative to the necrosis-fibrosis model 
of CP,*+ because most patients with CP never had AP with 
significant pancreatic necrosis. Furthermore, the mechanism 
of disease in HP?:!° was incompatible with the protein-plug/ 
lithiasis model of CP.°> The SAPE model therefore acts as a 
framework to analyze the effects of multiple etiologies and 
progressive stages of RAP and CP, as well as investigating dif- 
ferences in pathogenic factors between patients with CP who 
do or do not have a history of AP. 

Multiple cohort studies demonstrate that the SAPE model is 
applicable to the majority of CP patients.°° The risk of progres- 
sion from AP to CP is further defined by environmental and 
genetic factors.°!>7-© Thus, the SAPE model serves an impor- 
tant role within the progressive model to organize the timing 
and nature of pancreatitis within the context of pancreatic dis- 
eases. 


The Acinus: An Exocrine Pancreas Functional Unit Model 


Although physicians typically view the exocrine pancreas as 
a unit, the etiology and mechanism of pancreatitis generally 
begins within either the acinar cell or duct. The distinction is 
important for targeting treatments and developing management 
plans. 

The acinar and duct cells are organized in functional units 
called acini (the plural of acinus) (see Chapter 55). A simpli- 
fied model of the acinus and duct is given in Fig. 57.2. An aci- 
nus (top) is a local organization of acinar cells with the apical 
membrane facing the lumen at the most upstream part of the 
pancreatic duct. The duct (bottom) is an organization of duct 
cells to form a tube that extends from the center of each acini 
to the lumen of the duodenum. The nerves, blood vessels, 
islets, immune cells, and supportive tissue, which are impor- 
tant for various aspects of complex pancreatic disease, are not 
shown here because the initiation of AP originates within the 
context of Fig. 57.2. Many of these factors affecting the aci- 
nar cell or duct interact with each other as a complex, disease 
susceptibility mechanism with different combinations of risk 
factors in different subjects. 


Acinar Cell Dysfunction and Disease 


The acinar cells make up the bulk of the parenchymal mass and 
are responsible for most of the inflammatory diseases of the 
pancreas, either directly or indirectly, as their products are the 
primary contributor to duct content. The principle function of 
the pancreatic acinar cell is to synthesize and secrete pancreatic 
digestive enzymes (see Chapter 56). The process includes the 
synthesis of a range of pancreatic pro-enzyme proteins (zymo- 
gens) in the rough endoplasmic reticulum (RER), transportation 
of the properly folded proteins to the Golgi apparatus for sort- 
ing and packaging in zymogen vesicles, vesicular trafficking of 
the zymogens to the apex, and apical secretion of the zymogens 
into the pancreatic ducts (Fig. 57.3). The process requires large 
amounts of energy for protein synthesis and transport of ions, 
such as calcium, from one compartment to another. 

The maintenance of low calcium concentrations within the 
acinar cells is critical to protecting them from premature tryp- 
sinogen activation. Acinar cell calcium can rise through neu- 
rohormonal hyperstimulation®!°’; high extracellular calcium 
concentrations®’; bile acid reflux, which opens apical membrane 
calcium pathways®*°°; prolonged, high-dose alcohol consump- 
tion, which lowers the threshold for stimulation-induced AP”, 
mitochondrial damage®’; and other factors that regulate intracel- 
lular calcitum.®* Any process that increases acinar cell calcium will 
predispose to AP through a calcium-dependent trypsinogen acti- 
vation and stabilization mechanism.°* 
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BOX 57.1 TIGAR-O Version 2 Classification of Pancreatitis Etiologies 


TOXIC-METABOLIC 
Alcohol-associated 
1-2 drinks/day (low risk) 
8-4 drinks/day (intermediate risk) 
5 or more drinks/day (high risk) 
>occasional—high risk for progression 
Tobacco smoking 
Past smoker (intermediate risk) 
Current smoker (high risk for susceptibility and progression) 
Hypercalcemia 
Hyperparathyroidism 
Other NOS 
Hypertriglyceridemia 
Clinical diagnosis—sporadic or genetics unknown (see below) 
Chronic renal failure 
Medications (see Box 57.2 and Chapters 58 and 59) 
Toxins 
Oxidative stress-generating 
Organotin compounds (e.g., DBTC) 
Other, NOS 
Other 
Post-irradiation 
Other, NOS 


IDIOPATHIC 


Early onset (<35 years of age) 
Late onset (>35 years of age) 
Tropical (obsolete) 
Tropical calcific pancreatitis 
Fibrocalculous pancreatic diabetes 
Other, NOS 


GENETIC 


Suspected (No or limited genotyping available) 
Autosomal dominant (Mendelian inheritance) 
PRSS1 mutations (Hereditary Pancreatitis) 
Carboxyl ester lipase (CEL)— MODY 8 phenotype 
Other, NOS 
Autosomal recessive (Mendelian inheritance) 
CFTR, 2 severe variants in trans (cystic fibrosis) 
CFTR, <2 severe variants in trans (CFTR-RD) 
SPINK1 2 pathogenic variants in trans 
Other, NOS 
Complex genetics—any disease mechanism not included above: 
with pathogenic calcium-sensing receptor (CASA) variants 
with pathogenic CEL variants (non-MODY 8) 
with pathogenic CFTR variants 
with pathogenic CTAC variants 
with pathogenic SPNK7 variants 
Other, NOS 


Modifier Genes (pathogenic-linked variants) 
CLDN2 
SLC26A9 
GGT1 
ABO-—B blood type 
Celiac disease-associated pathogenic variant 
Other, NOS 

Hypertriglyceridemia syndromes (pathogenic-linked variants) 
LPL— lipoprotein lipase deficiency 
APOC2—Apolipoprotein C-Il deficiency 
Other familial chylomicronemia syndrome (FCS) 
Multifactorial chylomicronemia syndrome (MCS) 
Other, NOS 

Rare, non-neoplastic pancreatic genetic variant-associated 
syndromes 
Shwachman-Diamond syndrome 
Johanson-Blizzard syndrome 
Mitochondrial, including Pearson marrow-pancreas syndrome 
Other, NOS 


AUTOIMMUNE PANCREATITIS (AIP) AND IMMUNE DISEASES- 
ASSOCIATED 


Isolated autoimmune chronic pancreatitis 
AIP Type | (isolated to pancreas) 
AIP Type Il 

Immune system disorders associated with pancreatitis 
IgG4-related disease (including AIP Type |). 
Crohn disease—associated pancreatitis 
Ulcerativec—associated pancreatitis 


RECURRENT AND SEVERE ACUTE PANCREATITIS 


Recurrent acute pancreatitis 
Post-necrotic (severe acute pancreatitis) 
Injury subtypes 

Biliary pancreatitis 

Traumatic—with pancreatic necrosis 

Ischemic or perioperative 

Vascular diseases 

Undetermined, or NOS 


OBSTRUCTIVE 


Pancreas divisum 

Sphincter of Oddi dysfunction or stricture 

Main duct pancreatic stones 

Widespread pancreatic calcifications 

Localized mass (excluding desmoplastic reactions) 

Duct strictures —including traumatic without pancreatic necrosis 
Preampullary duodenal wall cysts 

Other, NOS 


TIGAR-O version 2 risks classification. The list updates version 1 proposed in 2001 by Etemad and Whitcomb?’ to reflect new discoveries and clarification of older 


categories. Patients typically have multiple risk factors from the list that contribute to recurrent acute and chronic pancreatitis. All contributing etiologies should be 
documented in each patient. Major changes to the 2001 version include risk stratification according to alcohol and smoking exposure, further definition of hyper- 
triglyceridemia to include genetic risk, limiting idiopathic to age of onset (making tropical pancreatitis a historical category), updating the genetic profile to focus on 
inflammatory disorders that are Mendelian and complex, and specifying modifier genes, celiac disease genes, and hypertriglyceridemia genes. The autoimmune 
disease classification was updated. The RAP Severe AP categories were updated by separating out /njury subtypes to specifically include biliary pancreatitis and 
other extra-acinar cell and extra-duct cell etiologies. See text for abbreviations used. NOS, not otherwise specified. (Modifications by Whitcomb, 2018). 


fa izi and all the other zymogens to their active form (see Chapter 
Trypsin-Dependent Pancreatitis Pathway 56). Activation of digestive enzymes within the pancreas leads 
Acute and CP can be triggered and driven from within the acinar to autodigestion, the release of immune activating molecules, 
cell by several mechanisms. Trypsin is a key to triggering AP. and direct cross-activation of components of the immune sys- 


Trypsin is the master digestive enzyme because it activates itself tem further amplifying the immune response to injury.’ ^6’ 
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Pancreatic Acinus | 


Acini Risks 

Calcium dysregulation 
hypercalcemia 
hyperstimulation 
alcohol 
low ATP levels 


Trypsinogen (PRSS1) related 
unfolded proteins 
gain-of-function mutations 
loss of CTRC inhibition 
loss of SPINK1 inhibition 
acidosis 


Unfolded Protein Response 
CEL variants 
CPA1 variants 
CTRC variants 
PNLIP variants 
PRSS1 variants 


Oxidative Stress 
excisive toxins 
limited antioxidant capacity 


Mitochondrial dysfunction 


(Duodenum) 


zymogen 
granules 


acinar cells 


Duct Risks 


CFTR related 
CFTR variants 
CASR variants 
smoking 


Duct obstruction 
calcium/protein plugs 
mucus (IPMN) 
gallstones 
obstructing tumors 
strictures 

pancreas divisum 


Fig. 57.2 Pancreatic acinus. A model acinus is outlined demonstrating the relationship between the individual 
acinar cells with zymogen granules at the apical membrane, and the duct cells forming the ducts that eventu- 
ally lead to the duodenum. Centroacinar cells have duct-cell physiology but reside within the acini. Pancreatitis 
risk can generally be assigned to the acini (left side list) or duct (right side list). (Illustration property of David C 
Whitcomb, used with permission). /PMN, Intraductal papillary mucinous neoplasm; for other abbreviations, see 


text. 


The importance of trypsin in AP is illustrated by genetically 
engineered trypsin “knockout” mice that are resistant to experi- 
mental AP.”? Thus, minimizing generation of uncontrolled 
trypsin activity within the pancreas is critical to protecting the 
patient from AP. 

Acinar cells synthesize trypsin as the pro-enzyme trypsinogen, 
a zymogen that normally remains inactive until it reaches the 
duodenum and is activated by the duodenal enzyme enterokinase. 
Cationic trypsinogen (PRSS1) is the major form of trypsinogen 
(=65%) followed by anionic trypsinogen (PRSS2, ~30%) and 
mesotrypsin (PRSS3, =5%). 

The trypsinogen molecule has 2 globular domains linked by 
a single connecting chain (Fig. 57.4). Activation of trypsinogen 
normally occurs when enterokinase or trypsin cleave an 8 amino 
acid peptide, the trypsinogen activation peptide (not shown), 
from trypsinogen to form trypsin. 

Trypsinogen also has 2 sites that allow it to be digested by 
proteolytic enzymes. Trypsin can be digested by cleavage at the 
Arg122-Val123 peptide bond by another trypsin molecule or at 
the Leu81-Glu82 peptide bond by another digestive enzyme, 
chymotrypsin C (CTRC).7!;7 

The trypsinogen molecule also has 2 calcium binding pockets 
that determine if the trypsinogen molecule will be activated by 
trypsin (in high calcium concentrations) or destroyed by trypsin 
(in low calcium concentrations). Thus, local calcium concentra- 
tions serve as a critical switch between trypsin activation and 
inactivation.” 


‘Trypsinogen can be prematurely activated to trypsin by auto- 
activation (facilitated by elevated calcium and lower cell pH), by 
another trypsin, by other enzymes in other cellular compartments 
(e.g., lysosomes), and/or other mechanisms.’*’° Furthermore, 
multiple mechanisms of controlling trypsin activity in the wrong 
place at the wrong time have been deduced based on studies of 
humans with idiopathic RAP, cell biology studies, animal models, 
and in vitro experiments. 


Trypsin-Dependent Pancreatitis Pathway 


A variety of genetic variants within genes expressed by the pan- 
creatic acinar cell increase the risk of pancreatitis through inad- 
equate protection from injury by trypsin.*”’7-”? AP is the first 
warning signal of RAP (i.e., SAPE) in the progressive model. 
Most of the genetic variants associated with AP are related to the 
trypsin-dependent pathway (see Fig. 57.3). It follows that genetic 
factors that predispose to AP also predispose the subject to RAP 
and CP. However, other risk factors from within the acinar cell 
can cause CP through pathways that are often independent of the 
trypsin-dependent pancreatitis pathway (discussed later). 

PRSS1: Cationic trypsinogen genetic variants. Gain-of-function 
mutations in the cationic trypsinogen gene have been found to 
cause HP.? Two well described variants, PRSS1, p.N29I and 
p-R122H, cause autosomal dominant HP (discussed later). A 
third variant, p.A16V, has a similar but weaker pancreatitis sus- 
ceptibility risk.5°.8! The locations of the p.R122H and p.N29I 
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Fig. 57.3 Trypsinogen and CFTR synthesis in acinar and duct cells, respectively, with locations of gene muta- 
tion effects. Key; subcellular compartments. Top row: General cell processes occurring within specific com- 
partments. Second row: Depiction of an acinar cell indicating the subcellular location of various compartments 
and activities that are paralleled in the duct cell (not shown). Third row: Acinar cell biology. Gene transcription 
generates RNA. PRSS7-PRSS2 promoter variant decreases gene transcription, whereas copy number variants 
(CNV) increase the number of transcripts. Gene translation occurs in the ribosomes (R) and rough endoplas- 
mic reticulum (RER). Truncation mutations (X) result in failed translation of RNA to protein in the RER. Protein 
quality control (Protein QC) detects defective or unfolded proteins that are ubiquitinated (U) and transferred to 
the proteasome for recycling into amino acids. If the proteins form complex aggregates that obstruct the RER, 
the obstructed section of RER is excised and undergoes autophagy (A). Protein trafficking begins in the Golgi 
and continues with zymogen granules (Z). Trypsinogen can be activated to trypsin with missorting of mol- 
ecules, fusion of zymogen granules with lysosomes (L), or stress conditions, especially with gain-of-function 
PRSS1 mutations (active trypsin [yellow vacuole] within a zymogen granule or mixed compartment). CTRC and 
SPINK1 are synthesized and sorted with trypsinogen and provide protection from trypsin. SPINK1 is upregu- 
lated with stress to provide additional protection. Protein function is normally delayed until the zymogens are 
released from the acinar cell and transported to the duodenum. Fourth Row: Duct cell biology. CFTR variants 
are organized by function groups (Class | to VII) rather than the subcellular location of altered processing. A 
new Class VII was recently proposed'“° for variants resulting in no (or reduced) RNA transcription. Nonsense 


and splice site variants disrupt translation into 


unctional proteins either completely (Class |) or partially (Class 


V). Non-synonymous amino acid substitutions causing misfolding and clearance from the RER are typically 
Class Il. Some variants alter aspects of trafficking and retention on the apical membrane as Class VI variants. 
Some variants result in CFTR molecules on the apical surface that are either nonfunctional (Class III) or have 
diminished function to anion conductance in general, bicarbonate (**), or both (*). (Illustration property of David 


C. Whitcomb, used with permission). 


mutations are shown in relationship to the active site in Fig. 
57.4 and in a trypsin pathogenesis model in Fig. 57.3. The gain- 
of-function mutations are located in regions associated with 
calcium-dependent trypsin regulation and may facilitate tryp- 
sinogen activation or retarding trypsinogen inactivation inde- 
pendent of calcium concentrations. Gain-of-function mutations 
often result in an autosomal dominant inheritance pattern; only 
one of the 2 trypsinogen alleles must code for a super-func- 
tional trypsin in order to cause pancreatitis, thus manifesting 
the phenotype. 

‘Two additional lines of genetic evidence illustrate the impor- 
tance of trypsin in the development of RAP and CP. First, dupli- 
cation of the PRSS1 locus results in copy number variants that 
also predispose to HP through a dose effect.**** Secondly, a 
non-coding promoter region variant in the PRSS1-PRSS2 locus 
diminishes trypsinogen expression, and is protective from RAP 
and CP from a variety of etiologies that are linked to trypsin, 
including alcoholic RAP and CP.*!5+°° A summary of genetic 
variants in PRSS1 and classification of their pathogenicity is 
maintained at www.pancreasgenetics.org. 


PRSS2: Anionic trypsinogen genetic variants. Anionic trypsino- 
gen (PRSS2) is a form of pancreatic trypsinogen that is usually 
expressed at about half the amount as cationic trypsinogen, 
although this ratio may change in some cases. To date, no gain- 
of-function mutations have been identified. However, a loss-of- 
function mutation, PRSS2 p.G191R, is associated with protection 
from pancreatitis.°”°* The mutation introduces an arginine (R) 
into a surface loop of PRSS2, making it a target for immediate 
trypsin-mediated degradation. Susceptibility to the destruction 
of PRSS2 even in high calcium concentrations, which protects 
the natural autolysis site, likely reduces total trypsin levels and is 
therefore protective. 

SPINKI: Pancreatic secretory trypsin inhibitor gene mutations. 
Pancreatic secretory trypsin inhibitor (pancreatic secretory 
trypsin inhibitor (PSTI or serine protease inhibitor, Kazal type 
1 [SPINK1}) is a 56—amino acid peptide that is a suicide inhibi- 
tor of trypsin, which irreversibly blocks the active site (see Fig. 
57.4). SPINKI], synthesized by pancreatic acinar cells along with 
trypsinogen, co-localizes with trypsinogen in zymogen gran- 
ules. Within the pancreas, SPINK1 serves as one of the most 
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SPINK1 


Fig. 57.4 X-ray crystallography-based model of cationic trypsinogen 
(PRSS1) and pancreatic secretory trypsin inhibitor (SPINK7). The 
cationic trypsinogen molecule contains 2 globular domains (blue and 
yellow) joined by a connecting side chain (top of drawing). Trypsinogen 
is activated to trypsin with cleavage of trypsinogen activation peptide 
(TAP), allowing a 3-dimensional conformational change, opening of the 
specificity pocket (S), and high-efficiency enzyme activity at the active 
site (*). The locations of the 2 major PRSS1 mutations (N29, R122) 
associated with hereditary pancreatitis are illustrated. Note the location 
of R122 in the side chain connecting the 2 (blue and yellow) globular 
domains of trypsinogen. The SPINK1 molecule (red) is shown bound 
to trypsin. The location of the major SPINK7 mutation associated with 
idiopathic and familial pancreatitis, N34, is illustrated. (Figure courtesy 
Drs. Andrew Brunskill and William Furey.) 


important lines of defense against prematurely activated tryp- 
sinogen.?:®? 

SPINK1 expression is independent of trypsinogen expression. 
SPINKI is an acute-phase reactant, and serum concentrations 
markedly rise with systemic inflammation.”°.°! Under normal 
conditions in the pancreas, trypsinogen expression levels are 
among the highest of all genes in the pancreas, whereas SPINK1 
levels are very low, resulting in a very limited inhibitory poten- 
tial.’ With pancreatic inflammation the expression of SPINK1 is 
dramatically increased to several times higher than trypsinogen,”” 
potentially resulting in marked reduction in free trypsin activity: 

The SPINK1 p.N34S variant is present in 1% to 4% of most 
populations throughout the world.®”” The variant results in loss 
of SPINKI function. The p.N345S amino acid substitution itself is 
benign, but marks a complex haplotype that interferes with gene 
expression.”* Several other variants of the SPINK] gene also have 
been described.” For instance, the SPINKI IVS3 + 2T greater 
than C pathogenic variant causes exon skipping”® and is most 
commonly found in individuals of Asian ancestry.?’-”? 

SPINKI variants are common in early-onset RAP and CP in 
children,®?!° in familial pancreatitis,” TP, “+ and alcoholic 
CP,!9!:!02 and is often a feature of polygenic pancreatitis—associ- 
ated genotype.ć®!03-105 Thus, pathogenic SPINK] variants may be 
relevant to any etiology of pancreatitis that goes through a trypsin- 
dependent pancreatitis pathway. This hypothesis was tested using 
multiple meta-analyses on SPINK] variant frequencies in subjects 


classified by different proximal etiologic risk.!°° The strongest 
effect of SPINKI p.N34S was in pancreatitis etiologies that were 
linked (high odds ratio, or OR) with the trypsin-dependent path- 
way (idiopathic CP [OR 15] and tropical CP [OR 19}), with weaker 
effects in other etiologies (e.g., alcohol-associated pancreatitis [OR 
5]). Mutant SPINK] will therefore fail to prevent trypsin-associated 
recurrent pancreatic injury. Thus, SPINKI mutations in an unaf- 
fected individual are of minimal importance, whereas the effect of 
a SPINKI mutation in a subject with RAP, and especially when 
associated with PRSS1 or CFTR mutations, is very important. 

There is debate whether SPINKI is a CP susceptibility gene 
or modifier gene, because SPINK] variants are relatively common 
and become pathogenic in the context of other trypsin-activating 
genetic variants. However, some individuals have homozygous or 
compound heterozygous pathogenic SPINKI genotypes without 
other obvious pathogenic factors. In these cases, the effects of com- 
pound pathogenic SPINKI variants appear to be causative (see Iso- 
lated Enzyme and Other Digestive Enzyme-Associated Defects). A 
summary of genetic variants in SPINK] and evidence of their patho- 
genicity is maintained at www.pancreasgenetics.org. 

CTRC: Chymotrypsinogen C variants. CTRC is a calctum-depen- 
dent serine protease that is synthesized along with other zymogens 
in the pancreatic acinar cell. Functional studies on CTRC7!/*/107 
demonstrate that CTRC serves a major role in trypsin degrada- 
tion and that loss-of-function mutations in CTRC disrupt this 
mechanism. Rosendahl and colleagues’! conducted a candidate 
gene analysis of the CTRC gene and identified multiple, rare, loss- 
of-function mutations that were more common in patients with 
CP than controls. Importantly they demonstrated that CTRC 
variants p.R29Q, p.G214R, and p.S239C impaired function.!°° 
These variants are rare and seldom seen in clinical settings.” 

The first genome-wide association study (GWAS) on pancreati- 
tis identified a strong association between the CTRC gene locus and 
pancreatitis.”' The effect was not within the CTRC protein itself, 
although the complex haplotype included a p.G60G synonymous 
variant in the coding region.’ Although the pathogenic c.180C 
greater than T (p.G60G) allele is common in the general popu- 
lation (~11% of alleles), it was significantly associated with con- 
current pathogenic CFTR variants or SPINKI p.N34S (combined 
22.9% vs. 16.1% [10.2% with no alcoholism], OR = 1.92, 95% CI 
= 1.26 to 2.94, P = 0.0023) and with alcoholic vs. non-alcoholic CP 
etiologies (20.8% vs. 12.4%, OR = 1.9, 95% CI = 1.30 to 2.79, P= 
0.0009).** A very high prevalence of CTRC p.G60G variants is also 
seen in CP patients from Poland,!° France,!!° and India.!!! These 
findings suggest that the high-risk complex haplotype interferes 
with the normal and important role of CTRC in degrading intra- 
pancreatic trypsin, possibly by altering gene expression.” 

The effect of the CTRC p.G60G haplotype in alcoholic pan- 
creatitis was especially important. Alcohol and smoking generally 
occurred together, but the frequency of CTRC c.180T (p.G60G) 
in CP, but not RAP, was higher among never drinkers—ever 
smokers (22.2%) than ever drinkers—never smokers (10.8%), sug- 
gesting that smoking rather than alcohol may be the driving factor 
in this association.’ 

The trypsin-dependent pancreatitis pathway also affects chil- 
dren. Analysis on the high-risk CTRC p.G60G haplotype in a 
Polish pediatric population revealed a very high prevalence and 
effect size with a minor allele frequency (MAF) of 32% (vs. 10% 
in controls) and an OR of 23 (P < 0.001).!°? The effect in other 
populations requires further analysis. A summary of genetic vari- 
ants in CTRC and evidence of their pathogenicity is maintained 
at www.pancreasgenetics.org. 


Protein Misfolding-Dependent Pancreatitis Pathway 


DNA sequencing of pancreatic digestive enzymes identified a 
number of genetic variants that caused nonsynonymous muta- 
tions in proteins. Further study of their relative frequency in 
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case and control populations along with functional studies in cell 
lines revealed that when the amino acid substitution causes the 
protein to misfold and increase RER stress, the variants were 
pathogenic.!'” The state of cell activation, level of gene expres- 
sion, degree of misfolding, and propensity to aggregate within 
the RER all influence activation of the unfolded protein response 
(UPR), 113-116 

Protein synthesis is one of the highest resource-using pro- 
cesses of cells, and especially in protein secreting cells. Eukary- 
otic cells require a huge, complex, and highly regulated system to 
monitor protein synthesis, increasing or decreasing global pro- 
tein synthesis based on availability of required nutrients and cell 
stress.!!7-!!° Special proteins called chaperones ensure that newly 
synthesized proteins fold properly, do not aggregate, and go to 
the right subcellular compartment. Chaperones were first iden- 
tified as “heat-shock proteins” because they were markedly up 
regulated after thermal stress, which denatures proteins and trig- 
gers synthesis of more protein-folding support molecules. Com- 
plex protein degradation systems are also maintained including 
the ubiquination-proteosome system that degrades specific mis- 
folded proteins, and the autophagy system that degrades larger 
protein aggregates and cellular debris. Conditions that increase 
the amount of unfolded proteins in the RER trigger the UPR that 
consists of a coordinated translational and transcriptional pro- 
gram aimed at decreasing protein synthesis rates, increasing heat- 
shock proteins synthesis, and priming the cell for autophagy and 
apoptosis. A similar process exists in the mitochondria. Recent 
work on the pancreatic acinar cell demonstrates that unregulated 
trypsin activity (from a Spink3 knock-out mouse!?°), a strong 
UPR response, dysfunction in the autophagy pathway, and/or 
acinar cell mitochondrial dysfunction all contribute to impaired 
autophagy and are major contributors to the pathogenesis of AP 
and CP for multiple proximal etiologies.”°!!?-!?! However, the 
translation between experimental models and human diseases 
requires additional studies. 

Misfolded digestive enzymes: PRSS1, carboxypeptidase A1, CTRC, 
PNLIP. The acinar cell is primarily a protein-synthesizing cell, 
and the primary proteins are zymogens. A growing number 
of cases are being reported where misfolding of new proteins 
appears to be the primary mechanism of disease. This includes 
rare mutations in trypsinogen (PRSS1),'!° carboxypeptidase 
A1,!!6!22 CTRC,!? pancreatic triglyceride lipase (PNLIP),!** and 
others.!!?,!!4 These pathogenic variants require DNA sequencing 
to detect and functional studies to characterize because many of 
the in silico severity molecules are inaccurate for detecting this 
specific type of dysfunction. It may also be possible to identify 
these disorders early in the course of CP and repurpose drugs 
developed for other diseases caused by unfolded proteins to help 
manage these diseases. 

CEL: Carboxyl ester lipase variants and CEL-CELP fusion pro- 
teins. CEL is a digestive enzyme that causes pancreatic pathology 
through several complex processes related to its unique structure 
and adjacent pseudogene (CELP). Two Norwegian kindreds with 
diabetes mellitus and exocrine pancreas dysfunction were found 
to have mutations in exon 11 of the CEL gene.!? Exon 11 encodes 
a variable number of tandem repeats in the carboxyl terminus 
of human CEL. Both kindreds had autosomal dominant diabe- 
tes mellitus, typically diagnosed before the age of 40 years. All 
mutation carriers had low fecal elastase levels, and all 10 subjects 
tested had a low coefficient of fat absorption and decreased fat- 
soluble vitamin levels. None of the family members had a history 
of AP. One family member had an atrophic and fibrotic pancreas 
at autopsy and histology revealed pronounced fibrosis and muci- 
nous metaplasia. A second study using MRI showed that affected 
children demonstrated evidence of lipomatosis of the pancreas 
well before the usual age when diabetes presented in relatives.!”° 
Thus, the CEL genetic variants cause CP. Studies in tissue culture 
suggest that the CEL variants form intracellular aggregates that 


trigger a maladaptive UPR leading to apoptotic cell death as the 
pathophysiology underlying the development of CP.!!*!?¢ 

About 1% of adults have a recombined allele of CEL and its 
pseudogene, CELP. The hybrid gene encodes a predicted chi- 
meric protein of the proximal region of CEL and the distal end 
of CELP including the variable number of tandem repeat region 
of CELP.” The hybrid allele is more than 5-fold enriched in a 
population of Northern Europeans with idiopathic CP indicating 
it is a genetic risk variant for CP. The recombined allele was not 
present in 3 Asian populations. !7° 


Acinar Cell Dysfunction/Failure Without Pancreatitis 


Shwachman-Diamond syndrome gene mutations (SBDS). SDS is 
an autosomal recessive, multisystem Mendelian disorder char- 
acterized by EPI rather than pancreatitis, cyclic neutropenia, 
bone malformation, and other features.!??!3° A previously 
uncharacterized causative gene was discovered and named the 
Shwachman-Bodian-Diamond syndrome gene (SBDS).'’? The 
gene product participates in ribosome maturation, a process criti- 
cal to many cell types. In addition, mutations in other genes such 
as DNA7C21, SRP54, EFL1, and others appear to cause a similar 
syndrome.!*!-!3+ The molecular mechanism of disease and clini- 
cal syndrome will be discussed later. 

JFobanson-Blizzard syndrome (UBR1). Johanson-Blizzard syn- 
drome is an autosomal recessive, multisystem Mendelian char- 
acterized by pancreatic exocrine destruction beginning in utero, 
although milder cases may present later in life.!3%136 Johanson- 
Blizzard syndrome is caused by mutations in UBRI,” which 
encodes one of the E3 ubiquitin ligases that is normally involved 
in removing and degrading various cytosolic digestive enzymes 
from the cell through the proteasome, a system that is critical to 
intracellular amino acid generation.!!’ The clinical spectrum of 
Johanson-Blizzard syndrome is further described later. 


Duct Cell—Related Pancreatitis Mechanisms 


The pancreatic duct system serves 2 important functions. First, 
it connects every acinus to the duodenum for delivery of pancre- 
atic digestive enzymes. Secondly, it generates large volumes of 
sodium bicarbonate to neutralize gastric hydrochloric acid. The 
alkaline pancreatic juice also protects the pancreas from prema- 
ture activation of pancreatic digestive enzymes, and likely other 
protective functions. 

There are 2 general pathologic conditions that link the duct 
to pancreatitis (see Fig. 57.2). The first is failure of the duct cells 
to generate sufficient bicarbonate-rich fluid on demand. The sec- 
ond is duct obstruction (see Fig. 57.2 and Box 57.1). Reduction 
in flow can therefore be caused by low head pressure, high distal 
resistance, or a combination of both. 


Overview of Duct Cell Physiology and Duct- 
Associated Pancreatitis 


The principal function of the proximal (upstream) duct cells is 
to secrete a bicarbonate-rich fluid to flush the zymogens out of 
the pancreas and into the duodenum. The bicarbonate-rich fluid 
serves 2 critical functions. First, pancreatic sodium bicarbon- 
ate secretion buffers the acid secretion from the stomach as it 
enters the duodenum. A feedback mechanism involving release 
of the duodenal hormone secretin perfectly matches bicarbon- 
ate secretion with the hydrochloric acid secretion of the stomach 
(see Chapters 4 and 56). Secondly, the sodium bicarbonate in the 
ducts maintains an alkaline pH which helps keep trypsinogen in 
an inactive confirmation. Duct cell bicarbonate secretion appears 
to be further regulated by protease activated receptors on the 
duct cell as well as calcium sensors and other receptors linked to 
injury and inflammation. 
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Fig. 57.5 Duct cell and bicarbonate secretion. A, Pancreatic acinus demonstrating the anatomical location of 
the duct and duct cells. B, Expanded view of a single duct cell with key transporters and channels required for 
pancreatic sodium bicarbonate secretion. Bicarbonate (HCO3°) is primarily pulled into the duct cell against an 
electrical gradient using the sodium-bicarbonate cotransporter (NBC). The sodium (N+) gradient is maintained 
by the sodium-potassium pump (NK pump), whereas the membrane potential is regulated by potassium (K+) 
channels. With duct cell activation CFTR opens and both chloride (CI-) and bicarbonate begin moving across 
the apical membrane (junction of Panels B and C) based on the electrochemical gradients to reach steady- 
state concentrations. Because the membrane potential is negative (e.g., -60 mv) and both Cl- and HCO37 are 
anions (negative charge), the initial direction of ion flux is cell to luminal. At the same time, it is likely that at the 
tight junction Claudin 4 is replaced by Claudin 2, forming paracellular channels for Na+ and H20. Addition of 
anions into the narrow lumen increases ion concentration and negative charges, drawing sodium and water 
into the lumen and forcing the fluid out of the duct and into the duodenum. As the upstream fluid is replaced 
by sodium and bicarbonate, the chloride concentration drops. With loss of intracellular chloride, WNK1 (an 
intracellular chloride concentration detector) interacts with CFTR to transform it into a bicarbonate conducting 
channel, and inhibits the SLC26A6 chloride-bicarbonate exchanger to limit further chloride loss. When CFTR 
closes, the system reverts to resting state. (Illustration property of David C Whitcomb, used with permission). 


The process of bicarbonate secretion includes the energy- 
dependent transport of anions (chloride and/or bicarbonate) 
across the basolateral membrane of the duct cell to the apical 
membrane and then secreted into the duct (Fig. 57.5). Secretion 
occurs because the addition of anions to the duct lumen increases 
the negative electrical potential in the duct to attract positively 
charged sodium ions into the lumen between the duct cells.138-140 
The addition of sodium and chloride/bicarbonate increases sol- 
ute concentration and osmotic pressure and draws water into the 
duct as well. The duct is a cul-de-sac, and with increasing hydro- 
static pressure the solution is forced out of the acinus, ducts, and 
pancreas and into the duodenum. 

AP and CP can be triggered when the duct flushing mecha- 
nism fails, trypsin is generated, other zymogens are activated, and 
ensuing injury begins. The best-known example of this failure is 
obstruction of the pancreatic duct with a gallstone causing bili- 
ary AP. In addition to obstruction, the pancreas becomes suscep- 
tible to AP with diminished secretion that occurs with mutations 
in CFTR or failure to activate CFTR and flush the duct when 


conditions favoring trypsin activation are present. Environmental 
factors such as cigarette smoking also diminish duct cell function 
and reduce fluid secretion, in part by causing internalization of 
CFTR.!+!!? Cigarette smoking and other environmental factors 
may also cause mucin accumulation or protein plugging.°>!*? 
Taken together, disorders of the duct produce a “plumbing” 
problem, and require different management strategies from aci- 
nar cell-associated mechanisms. 


CF Transmembrane Conductance Regulator Gene 
(CFTR) Variants 


The CFTR gene is the most important molecule for regulating 
pancreatic duct cell function. Loss of functional CFTR mol- 
ecules from biallelic severe pathogenic genetic mutations results 
in CF, which is the only known major, Mendelian (autosomal 
recessive) genetic disorder of the duct cells. The human proximal 
(upstream) pancreatic duct cells use CFTR to secret bicarbonate, 
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Fig. 57.6 CFTR structural domains. The CFTR molecule is a single peptide that forms a regulated anion chan- 
nel through the apical cell membrane of the pancreatic duct cell. CFTR exists in at least 2 conformations (single 
channel and double channel). The molecule is positioned in the cell membrane by 12 transmembrane domains 
(numbered 7 through 12). There are at least 3 major regulatory domains, including nucleotide binding domain 1 
and 2 (NBD1, NBD2) and a regulatory domain (R domain). Several second-messenger systems interact directly 
with these 3 regulatory domains, including ATP and PKA. Calcium, intracellular glutamate, and other second 
messenger systems or factors (not shown) also regulate various aspects of CFTR. CFTR, CF transmembrane 
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conductance regulator; PKA, protein kinase A. 


and there is no alternative—so loss of CFTR results in damage to 
the pancreas that correlates directly with genotype. The pancreas 
is also the first organ to fail in CF patients, and the early CP with 
pseudocyst and fibrosis resulted in the name “cystic fibrosis of 
the pancreas,” now simply referred to as CF. Milder mutations, 
and complex genotypes that include mutations in CFTR cause 
CF-like diseases limited to one or more organs and are called 
CFTR-related disorders, or CFTR-RD. 

The CFTR molecule forms a regulated ion channel expressed 
on epithelial cells in the respiratory system, sweat glands, diges- 
tive tract mucosa, biliary epithelium, pancreatic duct cells, and 
other locations. The primary anions conducted through CFTR 
under physiologic conditions are chloride and, under some con- 
ditions, bicarbonate. The CFTR gene contains 24 exons and 3 
splice variants that code for a single protein of 1480 amino acids. 
The CFTR molecule has 12 membrane-spanning domains, 2 
nucleotide-binding domains (NBD1 and NBD2), and a regula- 
tory domain (R domain) with multiple phosphorylation sites (Fig. 
57.6). Genetic variants causing amino acid substitutions within 
the various domains determine different types of dysfunction, 
which are further divided into different classes (later). 

CFTR-mediated pancreatic fluid secretion is stimulated when 
the duct cell is activated by secretin or vasoactive intestinal pep- 
tide acting on basolateral receptors that increase intracellular cyclic 
adenosine monophosphate (see Chapter 56). The cyclic adenosine 
monophosphate activates protein kinase A-mediated phosphoryla- 
tion of various sites in the R domain, followed by increased anion 
conductance (e.g., chloride, bicarbonate) through the CFTR chan- 
nel. Duct cell stimulation by cholinergic agents or other agonists 
that increase intracellular calcium also potentiate anion secretion. 

CFTR genetic variant classes. CFTR genetics plays a major role in 
disorders of CFTR function, with clinical disease features reflect- 
ing the effect of other factors such as sex, modifier genes, envi- 
ronmental factors, metabolic states, lifestyles, and comorbidities. 
Although about 2000 CFTR variants are known (www.cftr2.org) 
less than 100 comprise the vast majority of clinical cases of CF or 
CFTR-RD. In populations with a Northern European ancestry 
only about 20 variants have a MAF above 0.1% and with only 
p-F508del, p.G551D, p.W1282X, and p.N1303K having a MAF 
greater than 1%.!*+ Other populations have much lower allele 


prevalences for the top variants seen in CF patients including the 
USA where MAF in the ExAC and TOPMED databases have 
the variant associated with p.F508del (rs113993960) at 0.004 
to 0.007, pG542X (rs113993959) at 0.0003 to 0.0004, pG551D 
(rs75527207) at 0.0001 to 0.0003, p.W1282X (rs77010898) at 
0.0003 to 0.0004, p.N1303K (rs80034486) at 0.001 to 0.002, 
p-R5553X (rs74597325) at 0.0001, and p.R117H (1s78655421) 
at 0.0015 to 0.0016 (with variable severity depending on link- 
age with the 5T allele). CFTR variants are classified according 
to impact on the patient phenotype as severe, mild-variable, bor- 
derline, or benign. CFTR variants are also organized into 1 of 5 
mechanistic classes according to their effect on protein produc- 
tion, stability, and channel function (Table 57.1). Class I variants 
include premature stop codons that result in a truncated, non- 
functional protein. Class II variants cause defective processing, 
including p.F508del, due to protein misfolding or other features. 
Class II variants alter CFTR channel regulation and are consid- 
ered gating mutations, as the channel fails to open or stay open. 
Class IV variants affect CFTR channel conductance so that the 
ion flux through the channel occurs, but at a significantly reduced 
level. Class V variants alter the amount of functional CFTR on 
the cell surface due to exon skipping (e.g., the IVS8-TS allele 
causing a high rate of exon skipping) or causing decreased stabil- 
ity. Class I-III are functionally severe, and no or minimal func- 
tional CFTR protein reaches the cell surface. Class IV and V are 
functionally mild-variable and borderline because CFTR protein 
reaches the plasma membrane but does not function adequately. 
A Class VI category has been proposed that represents rapid 
molecule turnover at the cell membrane and Class VII for vari- 
ants that impact generation of mRNA.!* The organization of 
the functional classes along the protein synthesis and processing 
pathway is highlighted in Fig. 57.3 (bottom row). 

CFTR genotypes. The genotype is a combination of the 2 alleles 
at the CFTR locus that define the overall function of CFTR in 
cells, with one allele being inherited from the father and the other 
from the mother. CFTR variants can be on one or both alleles, 
and functionally severe variants must be on both alleles to cause 
CF. If a severe variant is on one allele, then the person is typi- 
cally asymptomatic and considered a carrier—even though cel- 
lular CFTR function is reduced approximately 50%. If a person 
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TABLE 57.1 Classification of CFTR Mutations, Effects, and Potential 


Therapy 
Mutation Defect (% of Pancreatic Therapy/ 
Class (Examples) normal) Dysfunction Approved 
| W1282X Synthesis Severe Readthrough 
G542x 
R553X 
R1162X 
ll F608del Maturation Severe Correctors (+) 
AS61E 0.5% Yes (with 
N1303K 0.0% potentiator) 
G85E 0.2% 
0.5% 
ll G551D Activation Severe Potentiators 
S549R 3.2% Yes 
S549N Yes 
G1244E Yes 
G1349D Yes 
Yes 
IV R117 Conductance Mild Potentiators 
R3834W 20.0% Yes 
R347 3.9% Yes 
READ 1.0% Yes 
A455E 5.6% 
V A455G Abundance Mild Potentiators 
3849+10kbC Yes 
Si Yes 
2789+5G >A 
621+3A >G 
711+3A >G 
VI A455G Stability Mild Stabilizers 
3849+10kbC 
Al 
2789+5G >A 
621+3A >G 
711+3A >G 
VII Del2,3(21kb) No Protein Severe Unrescuable 
1717-1G>A 
1898+1G >A 


Examples to illustrate variants in each CFTR functional class and 
approved therapy in the USA New therapies and expanded 
indications are in a continuous development and approval pipeline so 
therapeutic decisions should be based on the most current updates. 


has 3 or more CFTR gene variants, then at least 2 of them must 
be on the same allele (known as complex alleles). Variants that are 
on the same allele are said to be in cis, whereas those on opposite 
alleles are in trans. If there are multiple pathogenic CFTR vari- 
ants that are all in cis, then the person is a CFTR variant carrier 
and will be asymptomatic unless there are unidentified variants 
on the trans allele (e.g., Class VII) or if they have a complex dis- 
order involving other genes and environmental factors. 

CFTR functional phenotypes. Many of the organs that are affected 
in patients with CF have alternative pathways and protective 
mechanisms that minimize the impact of complete loss of CFTR 
function. The pancreas and sweat gland are 2 exceptions, where 
there is good genotype-phenotype correlation. Because complete 
loss of one CFTR copy has no phenotype, the relative severity of 
bi-allelic pathogenic CFTR variants is defined by the least severe 
variant. Thus, a person with 2 severe CFTR genotypes will likely 
have classic, early-onset CF with pancreatic insufficiency (PI), 
whereas a person with one severe and one mild-variable CFTR 
genotype may have a milder form of CF, later age on onset, and 
pancreatic sufficiency (PS).'*° However, the pancreas is not easily 
studied, and therefore testing CFTR function in an individual is 
typically done by sweat chloride testing. 


Measures of variant CFTR function. Of the approximately 2000 
CFTR variants, a clear majority are tentatively classified as severe, 
mild-variable, borderline, or benign based on the patient pheno- 
type when the unclassified variant is in trans with a known, severe 
variant. The most accurate measure of CFTR protein function is 
to perform site-directed mutagenesis and test the permeability and 
conductance characteristics of the mutant CFTR in an optimized 
cell system under a variety of experimental conditions.!*’!** This 
information provides direct functional insight into the effect of 
protein sequence-altering variants. The sum of the most damag- 
ing variants on each allele (in trans) should hypothetically predict 
the severity of disease in the patient. Although this approach is a 
useful approximation, many other factors contribute to function 
including other pathogenic variants in complex haplotypes, the 
mechanistic role of CFTR and other molecules within various 
organs, modifying factors, epigenetics, environmental factors, 
and so on. Thus, even within patients with similar or identical 
genotypes, such as identical twins,!*? there may be a wide spec- 
trum of phenotypic features or severity. Furthermore, because 
the clinical spectrum of symptoms in patients with CF overlaps 
other non-CF diseases, a diagnosis of CF or CFTR-RD requires 
not only the clinical setting, the family history, and/or the CFTR 
genotype, but also testing of CFTR function in the patient. 

Bicarbonate defective CFTR variants. Phenotyping diseases by 
focusing on one organ may lead to classifying variants as benign, 
whereas they are strongly associated with disease in other organs. 
Such is the case of a class of CFTR variants that are associated 
with pancreatitis but classified as benign by investigators seeing 
patients referred for lung disease. Epithelial cells have an internal 
chloride concentration monitoring receptor called WNK1 that 
regulates the activity of multiple ion channels, transporters, and 
pumps.!°? WNK1 directly regulates CFTR, dynamically chang- 
ing the permeability and conductance characteristics from a chlo- 
ride-type channel to a bicarbonate-type channel.!°! LaRusch and 
colleagues'** demonstrated the critical role of CFTR-dependent 
bicarbonate secretion in the human pancreas based on this para- 
digm and previous mathematical modeling.!** They screened 984 
well-phenotyped pancreatitis cases from the NAPS2 study for can- 
didate mutations in CFTR with bicarbonate-defective conductance 
(CFTR-BD) from among 81 previously described CFTR variants 
in pancreatitis patients. Nine variants (CFTR p.R74Q, p.R75Q, 
p-R117H, p.R170H, p.L967S, p.L997F, p.D1152H, p.S1235R, 
and p.D1270N) not associated with typical CF were associated 
with pancreatitis (OR 1.5, P = 0.002). The variants were cloned 
and tested for chloride and bicarbonate conductance in EK 293T 
cells, and although chloride was normal, bicarbonate permeability 
and conductance were significantly diminished in the presence of 
WNK1. A 3-dimensional model suggests that defective bicarbon- 
ate conductance may be caused by at least 4 mechanisms (Fig. 57.7). 
Molecular dynamics simulations suggest physical restriction of the 
CFTR channel and altered dynamic channel regulation. Because 
several other organs use CFTR to secrete bicarbonate, the NAPS2 
cohort was further evaluated for chronic sinusitis (because bicar- 
bonate is needed for mucus hydration), and male infertility because 
bicarbonate is necessary for vas deference development (avoid- 
ing congenital bilateral absence of the vas deferens; CBAVD) and 
sperm survival. CFTR-BD variants significantly increased risk for 
rhinosinusitis (OR 2.3, P < 0.005) and male infertility (OR 395, 
P < 0.0001). Furthermore, heterozygous CFTR-BD variants plus 
SPINK1 p.N34S variant genotypes were strongly associated with 
pancreatitis without the sinus or infertility effects.!0+!*8 

Sweat chloride testing. Sweat chloride testing remains the most 
reliable, standardized, and widely available functional test of CFTR 
function, because normal sweat gland function is directly dependent 
on CFTR function and because most of the other glands and organs 
linked to the morbidity of CF disease are relatively inaccessible. 12? 
The sweat gland is composed of a secretory coil (eccrine gland) that 
generates an isotonic salt solution and a sweat duct connecting the 
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Fig. 57.7 CFTR structure—bicarbonate variants (CFTR-BD). Panels 
A and B display the CFTR molecule from the side and bottom with 
residues 1-859 in black, residues 860-1480 in blue, the CFTR-BD 
variants are in red, and the shaded region indicates the location of the 
plasma membrane. The various locations of the CFTR-BD variants 
suggest multiple mechanisms including obstruction of the channel, 
altered interactions of the NBDs, altered intracellular signaling, and/ 
or other mechanisms. Panel C is the predicted location of wild-type 
p.D1152 viewed by looking down the barrel of the channel. Panel D is 
the predicted location of the pathogenic variant p.H1152. Panels C and 
D illustrate the effect of CFTR p.D1152H on bicarbonate conductance 
through physical obstruction of the pore for the larger bicarbonate ion. 
The charge distribution around p.D1152H is highlighted with negatively 
charged residue in red and positively charged residues in green. The 
variant residue in Panel D, H1152 (cyan), can move toward the center 
of the channel, thus leading to a constriction in the channel diameter. 
A, channel diameter at the location of wild type and variant residues 
measured in Angstroms; MSD, membrane-spanning domains; NBD, 
nucleotide-binding domains. (From LaRusch J, Jung J, General lJ, 

et al. Mechanisms of CFTR functional variants that impair regulated 
bicarbonate permeation and increase risk for pancreatitis but not for 
cystic fibrosis. PLOS Genetics 2014; 10/4]: e1004376.) 


gland to the skin surface. CFTR and epithelial sodium channels 
(ENaC) are expressed in both the eccrine gland and especially the 
duct, where they absorb chloride and sodium resulting in a hypo- 
tonic (low sodium and chloride concentrations) solution (sweat) 
that evaporates to provide body cooling, without the loss of electro- 
lytes. Normally, the concentration of chloride in sweat is less than 
20 mmol/L, but levels increase with increasing rates of secretion 
and can reach nearly 60 mmol/L in some people.!5? 

In CF, the concentrations of chloride are 3 to 5 times higher 
than normal, with resting concentrations above 60 mmol/L and 
stimulated chloride levels approaching 120 mmol/L. Subjects 
who are heterozygous for severe, CF-causing mutations typically 
have nearly normal sweat chloride testing.!°? Of note, extensive 
genetic testing of some patients with clinical CF and with a very 
abnormal sweat chloride test have only one identifiable patho- 
genic CFTR variant (i.e., they appear to be heterozygous), sug- 
gesting that other important factors that strongly affect CFTR 
function are yet to be identified. Current clinical guidelines for 
the diagnosis of CF include a sweat chloride of 260 mmol/L as 


well as clinical features consistent with CF (including positive 
newborn screening, NBS) and/or a positive family history.!*’ 
Patients with features of CF and an intermediate sweat chloride 
test results of 30 to 59 mmol/L may still have CF.!>? Patients with 
CFTR variants that only affect bicarbonate conductance may be 
missed by sweat chloride testing. 

Sweat chloride testing may also be important in the evalu- 
ation of symptomatic patients who may have undiagnosed CF 
or CFTR-RD. CFTR-RD includes RAP and CP, CBAVD, dis- 
seminated bronchiectasis, and sclerosing cholangitis, alone or 
in combination with other features.!°*!°° When a patient with 
unexplained RAP and/or early CP are found to have likely patho- 
genic CFTR variants, the clinically validated functional test to 
determine if they have CF or CFTR-RD is the sweat chloride 
test. The importance of diagnosing CF or CFTR-RD is high- 
lighted by the availably of new therapies that specifically target 
CFTR function (later). Although secretin-stimulated pancreatic 
function testing also measures CFTR function, the interpreta- 
tion of the results is confounded by the diminished bicarbonate 
concentrations in pancreatic juice in progressive pancreatic dis- 
ease and by environmental factors such as smoking.!°7-!5? 

The Cystic Fibrosis Foundation Clinical Care Guidelines sug- 
gests further evaluation of intermediate sweat chloride levels as 
outlined in Fig. 57.8. The algorithm begins with “clinical presen- 
tation of CF,” which may include patients with elevated immu- 
noreactive trypsinogen levels during NBS in the USA, but who 
have intermediate sweat chloride test results.!°° This approach 
may also be useful with CFTR-RD affecting only the pancreas, 
but the utility of this approach in an adult RAP or CP population 
has not yet been reported. 

Newborn CF screening—CRMS/CFSPID. The vast majority of 
infants with NBS and an intermediate sweat chloride test result 
remained disease free for an indeterminate time. These infants 
have therefore been classified as CF transmembrane conductance 
regulator-related metabolic syndrome in the USA (the “meta- 
bolic syndrome” reflected a billing code issue rather than any 
metabolic feature) and CF screen positive, inconclusive diagnosis 
(CFSPID) in other countries.!°° A new unified definition by a 
US/European consensus group defines CRMS/CFSPID as a fea- 
ture in an infant who has a positive NBS test for CF and either (a) 
a sweat chloride less than 30 mmol/L and 2 CFTR mutations, at 
least 1 of which has unclear phenotypic consequences, or (b) an 
intermediate sweat chloride value (30 to 59 mmol/L) and 1 or 0 
CF-causing mutations.!°° The CF-causing mutations are gener- 
ally defined in the CFTR2 database (www.cftr2.org) with others 
variants classified as mutations of varying clinical consequence 
(MVCC, e.g., Class IV or Class V), non CF-causing mutation 
when the mutation in trans with another CF-causing mutation 
will not result in CF (which does not exclude the possibility that 
the mutation may contribute to CF-like clinical characteristics 
resembling mild CF or CFTR-RD), variants of unknown signifi- 
cance, or benign.'°° Genetic counseling and follow-up clinical 
evaluations by qualified physicians and further testing is recom- 
mended.!°0 

CFTR disease mechanism. The medical approach to CF is 
presented later whereas the mechanism of CFTR in disease is 
discussed here. Severe mutations in both CFTR alleles leading 
to total or near-total loss of CFTR function results in CF. The 
molecular consequences of CF include inability to adequately 
hydrate mucus and other macromolecules, leading to accumu- 
lation of viscid material and inspissated glands. This condition 
results in progressive organ destruction of the pancreas and 
respiratory system, and dysfunction of the liver, intestine, sweat 
glands, and other sites where epithelial cell secretion plays an 
important physiologic role. As noted earlier, the pancreas incurs a 
double risk because most of its proteins are zymogens and trypsin 
activation will lead to recurrent injury and eventually destruction 
of the pancreas through progressive fibrosis. Trypsin-mediated 
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Sweat Chloride Results: 30-59 mmol/L 
with Genetic Testing and Analysis 


No CFTR 
mutations 


Undefined or 
Unknown MVCC 


2 CF-causing 
CFTR mutations 


< 2 CF-causing 
CFTR mutations 


CFTR physiology 
= equivocal or 
unavailable* 


CFTR physiology 
= dysfunction 


CFTR physiology 
= normal 


NBS | Pancreatitis, etc. 


CF Diagnosis een | CRMS/CFSPID CFTR-Related Disorder CF Unlikely 
i} 


Fig. 57.8 CF and CFTR-RD Diagnostic Guidelines. Diagnosis of cystic fibrosis, CRMS/CFSPID, and CFTR- 
RD. Clinical manifestations of CF include positive newborn screening results (VBS), signs and symptoms of 
CF, and/or family history of CF. Evaluation begins with sweat chloride testing. A sweat chloride greater than 

60 mmol/L is diagnostic of CF, and less than 29 mmol/L makes CF unlikely (not shown). Sweat chloride 

of 30 to 59 mmol/L (blue bar) represents an intermediate range and extended CFTR gene analysis and/or 
functional analysis should be considered. If the CFTR genetic testing identifies one pathogenic CFTR variant 
and/or MVCCs and/or undefined variants, then CFTR physiology testing (NPD or ICM) is needed to define a 
final classification of CF, CRMS/CFSPID (in infants), CFTR-related disorder (typically older children or adults), 

or another disorder that is not CF. Note that CRMS/CFSPID category (light yellow box) does not exclude an 
eventual CF diagnosis because clinical features may develop with time or further testing (dashed arrow). The 
dashed arrow is one-way because a diagnosis of CF is almost impossible to erase in the minds of patients and 
their families. Patients with complex genotypes that include one CFTR variant plus another pathogenic variant 
(e.g., in SPINK1, CTRC) may be at high risk of pancreatitis, but are at low risk of CF and may have close to 
normal CFTR physiology by NPD or ICM because this measures overall genotype rather than the function of 
each allele product (classified as CF Unlikely, light blue box). CRMS/CFSPID, cystic fibrosis related metabolic 
syndrome/cystic fibrosis screen positive inclusive diagnosis; /CM, intestinal current measurement; MVCC, 
mutations of varying clinical consequence; NPD, Nasal potential difference. *See text for clinical signs and 
symptoms of the CF syndrome. (Modified from Farrell PM, White TB, Ren CL, et al. Diagnosis of cystic fibrosis: 
consensus guidelines from the Cystic Fibrosis Foundation. J Peds 2017; S4-S15e.1. Illustration property of 
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David C Whitcomb, used with permission.) 


injury and destruction of the pancreas in children with CF is con- 
sistent with this model because the pancreatic pathology in CF 
is pseudocyst formation and fibrosis rather than atrophy alone 
(as expected with duct obstruction).!°! It appears that pancreatic 
gland injury in CF children roughly parallels the expression of 
trypsinogen in the developing acinar cells, which begins at 16 
weeks gestation and gradually increases in concentration until 
birth and through the first 6 months of life when levels mark- 
edly rise.!©?!©3 The resulting histology has many of the features 
of end-stage CP that develops in children and adults, but also 
has striking expanded ducts that appear as multiple protein-filled 
cysts (Fig. 57.9). 

The overall clinical picture in an individual with patho- 
genic CFTR variants depends on the nature of the combined 
CFTR mutations, the genetic background in which the defec- 
tive genes operates (e.g., modifier genes), and environmental fac- 
tors.1°°!61,164 About 70 to 90% of non-Hispanic white patients 
with CF have p.F508del. Distinct mutations are common to 
other ethnic and ancestral groups, including 3120 + 1G greater 
than A which is the second most frequent CF allele in African 
Americans (9.5 to 12.3%),!© the p.R334W mutation which is 
common in Hispanics, and the p.W1282X in Ashkenazi Jews 
(~45 %), 156,166,167 


Patients with 2 CFTRseve'e mutations in trans typically 
develop classic features of CF, with elevated chloride levels in 
sweat glands, PI, recurrent and chronic pulmonary infections, 
and CBAVD in males. Complicating manifestations of severe CF 
can also include meconium ileus, distal intestinal obstruction syn- 
drome (DIOS), gallbladder dysfunction, liver cirrhosis, and other 
GI problems. 

Patients with one severe CFTR mutation (Class I-III, e.g., 
p-F508del) and one mild-variable CFTR mutation (Class IV or 
V, e.g., p-RI17H or p.R334W) typically have CF with PS CF due 
to incomplete loss of CFTR function, partially reduced chloride 
and/or bicarbonate conductance, and subsequent residual duct 
cell function, resulting in acinar cell survival.138-146 This residual 
pancreatic parenchyma with abnormal CFTR function leaves a 
PS-CF patient at high risk for AP and RAP, with an incidence of 
22%.'4° These patients are more likely to have only a subset of 
organs expressing CFTR affected and presenting symptoms may 
occur later in life (teens or 20s). 

Environment and modifier gene variants. Many of the features 
of CF cannot be explained by variations in CFTR sequence. 
Instead, these features are caused by specific environmental 
factors or modifier genes.'*®!°! Environmental factors, such as 
bacterial colonization of the respiratory system, tobacco smoke, 
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Pancreas 


SDA, ` TH 7 a “ 
Fig. 57.9 Histopathology of the pancreas from an autopsy of a child 
with severe features of CF. There are no residual normal ducts or acini. 
Instead, dilated ducts and “cysts” with inspissated material are seen. 
Other cases of CF span the spectrum between this image and chronic 
pancreatitis seen with other forms of pancreatitis, with acinar atro- 
phy, fibrosis, and chronic inflammation. Arrows demonstrate residual 
islets. (From Whitcomb DC. Cystic fibrosis—associated pancreatitis. In: 
Beger HG, Warshaw A, Buchler MW, et al, editors. The pancreas: an 
integrated textbook of basic science, medicine and surgery. Oxford: 
Blackwell; 2008.) 


poor nutritional status,!°° and environmental allergens! contrib- 
ute to the severity of lung disease. The other major factors are 
modifier genes that strongly contribute to the wide range of clin- 
ical features in patients with apparently identical CFTR geno- 

eg, 156,167,170 

In 1998 2 groups!’!:!”? demonstrated that pathogenic CFTR 
variants were also very common in idiopathic and alcoholic CP, 
suggesting that CFTR mutations may be part of a more complex 
trait.104173 Because heterozygous pathogenic CFTR variants are 
common in populations with European ancestry, and because the 
parents of CF children (obligate CFTR mutation carriers without 
CF) do not appear to have an increased incidence of AP or CP 
compared with the normal population,!”* it is likely that a sec- 
ond factor that specifically targets the pancreas is required.*”»!” 
In early-onset idiopathic pancreatitis, this second factor may be a 
genetic variant in SPINK1, CTRC, or CASR, an anatomical factor 
like pancreatic divisum, an environmental factor, or other mech- 
anism.?7:103-105,148,175 Although high-quality treatment trials for 
these patients are still needed, the problem is one of “plumbing” 
and methods to restore lost CFTR function and/or reduce resis- 
tance to pancreatic juice flow should be considered. 


Calcium-Sensing Receptor Gene (CASR) Variants 


Calcium plays multiple roles in pancreatic physiology and patho- 
physiology. On one hand the regulation of intra-acinar cell 
calcium is critical for the prevention of pancreatic injury,!7°!77 
whereas increasing concentrations of calcium in the pancreatic 
duct increases the risk of sustained trypsin activation and pre- 
cipitation as calcium-containing stones. The calcium-sensing 
receptor gene (CASR) is a membrane-bound member of the 
G-protein-coupled receptor superfamily. CaSR plays an impor- 
tant role in calcium homeostasis, as is reflected in its expres- 
sion by cells of the parathyroid gland and renal tubules that are 
involved in the calcium homeostasis. CaSR has been identified 
in human pancreatic acinar and ductal cells, as well as in vari- 
ous non-exocrine tissues,!’* although its functional significance 


in the pancreas has not yet been determined. A possible role of 
the CaSR in the pancreatic duct is plausible by extension of duo- 
denal physiology, noting that CaSR is coexpressed with CFTR 
in bicarbonate-secreting epithelial cells.!’? CaSR activation 
dose-dependently raises intracellular calcium levels which causes 
calcium-dependent CFTR bicarbonate secretion as well as mod- 
ulating other molecules involved in the process.!’? More than 
170 functional mutations (activating and inactivating) have been 
described in the CASR related to familial hypocalcuric hypercal- 
cemia, neonatal severe primary hyperparathyroidism, autosomal 
dominant hypocalcemia, and related hypercalcemic or hypo- 
calcemic disorders.'®° The common CASR variants p.R990G, 
p-A986S, and p.Q1011E are strongly associated with urolithiasis 
and hypercalcuria in various populations. !*! 

In 2003 Felderbauer!* investigated a kindred with familial 
pancreatitis and the SPINK1 p.N34S variant. However, only 2 
of these family members had CP, and both were found to have 
a novel CASR c.518T>C mutation that was linked to hypercal- 
cemia. An association between additional CASR variants, with 
or without SPINKI mutations, was subsequently identified in 
patients in India with TP,!* as well as in the USA in sporadic and 
alcoholic CP in which the CASR p.R990G (rs1042636) variant 
doubles and triples the relative risk, respectively!** (the rs num- 
ber is given because the amino acid number may change based 
on the CASR transcript used). Multiple rare CASR variants were 
also identified in a French cohort!® and the p.A986S variant 
(rs1801725) in multiple Chinese pancreatitis patients.!*° CASR 
p-Q1011E (rs1801726) is also widely studied, but a clear role in 
pancreatic disease has not been established. The finding of differ- 
ent CASR polymorphisms in different populations is intriguing, 
but it appears that the presumed mild hypercalcemia is a cofactor 
for pancreatitis rather than an independent risk factor, as seen in 
animal models of hypercalcemia,°*:!*” or as part of complex func- 
tional genotypes with SPINKI or CFTR or other factors. CASR 
variants that reduce CaSR function may also contribute to pan- 
creatic disease because CaSR also serves as an amino acid recep- 
tor in the duodenum, linking luminal nutrients with release of 
cholecystokinin that subsequently stimulates pancreatic enzyme 
secretion.!*° 


GENES THAT MODIFY INFLAMMATION, 
PROGRESSION TO CHRONIC PANCREATITIS AND 
MODIFIER PHENOTYPES 


A number of pathogenic genetic variants have been identified in 
genes that are associated with the response to injury and inflam- 
mation. The pathogenic effects of these variants do not appear to 
be through causing injury, but rather in altering the response to 
injury or inflammation caused by other etiologies. 


CLDN2-MORC4 


Claudin 2 is a tight junction molecule that is coded for by 
CLDN2. Claudins seal the space between epithelial cells, mark 
the transition between the apical and basolateral membrane, 
and control the paracellular flux of water and electrolytes. The 
human genome has up to 27 claudins, which are generally divided 
into “tight” sealing claudins (e.g., 1, 3, 5, 11, 14, 19) and “leaky” 
pore-forming claudins (e.g., 2, 10, 15, 17).!8° Claudin 2, which is 
inserted into the tight junction in exchange for “sealing” claudins 
during active secretion/absorption or with inflammation, forms 
pores that are permeable to sodium and water.!*?-!?! 

The first GWAS identified a strong association between a large 
complex haplotype at the CLDN2 locus that extended from the 
TBC1D8&B—RIPPLY genes across CLDN2 and the MORC4 genes 
defined by rs7057398 and rs12688220.°! The risk allele is preva- 
lent in the control population (about 26% in European, 36% in 
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Asian, and 2% in African ancestries), suggesting that it may be a 
disease severity modifier. The association with this locus and risk 
of pancreatitis has been replicated in multiple studies in multiple 
non-African ancestral groups.*+*%!°? Claudin-2 is expressed in 
the pancreatic duct and acinar cells and up-regulated in AP.°!:!” 
No mutations in the coding region of CLDN2 link with disease 
risk.5!:!°* MORC4 is a CW-type zinc finger protein and possible 
transcription factor expressed at low levels in most cells, but in 
high levels in testis and placenta.!”°!°° MORC4 expression in the 
pancreas does not appear to change pancreatitis,’! and further 
research is needed to determine possible pathogenicity in pan- 
creatic diseases. RIPPLYI and TBC1D8B are not known to be 
expressed in the pancreas.*! 

The CLDN2 locus (also known as the CLND2-MORC4 locus) 
requires separate analysis of populations by sex because it is 
located on the X chromosome. Males possess one chromosome 
(hemizygous genotype) and females possess 2 (homozygous or 
heterozygous genotypes). Using the NAPS2 cohort Whitcomb 
and colleagues’! modeled male risk allele carriers as homozygous 
(male hemizygote frequency is 0.26) and females who are truly 
homozygous for the risk allele (female homozygote frequency 
is 0.07) and suggested that this may help explain a higher risk 
of CP for males then females. Giri et al. calculated an OR for 
homozygous and heterozygous rs12688220 risk alleles at 14.62 
and 1.51, respectively.8° Comparing CP subsets by alcohol and 
non-alcohol etiology, the CLDN2 high-risk haplotype was shown 
to be strongly associated with alcohol (P = 4 x 10-7), with the 
high-risk allele haplotype seen in 26% of controls, 32% of non- 
alcohol related etiologies, and 43% of alcohol-related pancreati- 
tis,! and with a stronger effect in men (OR 2.66) compared to 
women (OR 1.71).°+ 

The importance of CLDN2 in precision medicine stems from 
the high frequency of the allele in most populations, and the 
strong interaction of the risk allele with alcohol. Although fur- 
ther work needs to be done to better understand the underlying 
mechanisms, these data are useful for risk stratification and coun- 
seling of patients with pancreatitis and alcohol use. 


Hypertriglyceridemia-Associated Gene Variants 


Hypertriglyceridemia is a risk factor for AP, for AP severity, and 
for CP. Pathogenic variants in the lipoprotein lipase gene (LPL) 
serve as a prototype for hypertriglyceridemic disorders associ- 
ated with pancreatitis. Triglycerides (TGs) themselves are not 
directly toxic, but their hydrolysis by lipases (including pancre- 
atic lipases) produce saturated and unsaturated fatty acids that 
are proinflammatory and toxic at high levels to the pancreas and 
other organs. !97:198 

Patients are classified by fasting serum TG levels.!°? The nor- 
mal levels are less than 150 mg/dL (1 mmol = 88.6 mg/dL) with 
hypertriglyceridemia either mild (150 to 199 mg/dL), moderate 
(200 to 999 mg/dL), severe (1000 to 1999 mg/dL), or very severe 
(2000 mg/dL).!°’ The lifetime risk of pancreatitis in patients 
with severe hypertriglyceridemia is about 5% and very severe 
about 10% to 20%, which is significantly higher than the gen- 
eral population lifetime risk of about 0.5% to 1%.7°° While the 
risk of developing AP is primarily seen with severe or very severe 
hypertriglyceridemia (see Chapter 58), in practice the serum TG 
levels vary markedly with diet, and outpatient levels do not cor- 
relate well with levels seen in patients with TG levels seen early 
in AP.70! 

TG levels directly correlate with severity and complications 
of AP. 

In a single-site study of 400 AP patients from Pittsburgh, 
Pennsylvania, USA the rate of persistent organ failure increased 
proportionally to TG levels, with 17% at less than 150 mg/dL, 
30% at 150 to 199 mg/dL, 39% at 200 to 999 mg/dL, and 48% 
at greater than 1000 mg/dL.’ On multivariate analysis risk of 


persistent organ failure increased by OR 2.6 and 4.9 for TGs of 
200 to 999 mg/dL and greater than 1000 mg/dL respectively.?° 
A similar trend was seen among 1539 AP patients in Nanchang, 
Jiangxi, People’s Republic of China. The risk of hypertriglyc- 
eridemia AP is associated with untreated/poorly controlled dia- 
betes mellitus, alcohol abuse, pregnancy, many medications, and 
genetic factors.” Thus, hypertriglyceridemic AP represents a 
complex gene-environment and variable risk complex with the 
potential of being managed thorough precision medicine evalua- 
tion and targeted treatment. 

The genetics of hypertriglyceridemia involves a few familial 
syndromes with TG levels in the thousands, and more complex 
situations requiring a combination of genetic and environmen- 
tal conditions. Familial hyperlipidemias, previously classified as 
Fredrickson Type I, V, and IV, are often associated with RAP. 
Type 1 hyperlipoproteinemia is now known as familial chylomi- 
cronemia syndrome (FCS) and is an autosomal recessive disorder 
associated with pathogenic variants in LPL or other genes. 

LPL. Lipoprotein lipase deficiency*+?°° from mutations in 
LPL?” cause about 80% of the cases of FCS. The diagnosis of 
LPL deficiency is supported by the presence of markedly elevated 
serum TG concentrations and chylomicrons, and can be con- 
firmed with an intravenous heparin test?’ performed when the 
patient is not having an attack of AP. 

Other dyslipidemia genes. FCS can also be seen with loss of 
function mutations in other genes such as apolipoprotein C-H 
(APOC2),°°° APOAS,  glycosylphosphatidylinositol-anchored 
high-density lipoprotein-binding protein 1 (GPIHBP1), and 
lipase maturation factor 1 (LMF1), and in the presence of circu- 
lating inhibitors to the LPL enzyme.* In addition, Johansen 
and colleagues?! conducted a GWAS of patients with dyslipid- 
emia/hypertriglyceridemia and identified common variants with 
strong disease associations in several genes, including APOAS, 
GCKR, LPL, and APOB. 

It is now clear that many patients with familial or sporadic 
hypertriglyceridemia have a complex syndrome, termed multifac- 
torial chylomicronemia syndrome (MCS). Patients with MCS may 
have a combination of a heterozygous loss of function mutation 
and/or likely pathogenic frequent variants in TG-raising genes, 
thus producing severe hypertriglyceridemia as a complex genetic 
disorder.’!! A recent expert panel recommended defining a FCS 
Score to differentiate FCS from MCS, with the assumption that 
this would help determine who was at risk of AP.*!! However, 
this hypothesis has not been adequately tested. 

The relationship between familial hyperlipidemias and CP is 
complex and represents a subset of patients with hypertriglyc- 
eridemic AP. In the NAPS2-CV cohort of 521 well phenotyped 
patients with CP, physicians identified hypertriglyceridemia to 
be the primary etiology in 4% of the cases, and a risk factor in 
another 13%, indicating an increased risk of CP with hypertri- 
glyceridemia to be about 2- to 6-fold.*? In another study of 121 
AP patients with serum TG levels > 500 mg/dL from the Uni- 
versity of Pittsburgh, CP was identified in 16.5% of patients after 
a mean follow-up of 64.7 + 42.8 months.’!’ Taken together, it 
appears that CP can develop in the most severe, prolonged, and 
poorly controlled cases of familial hypertriglyceridemia who suf- 
fer recurrent attacks of AP (e.g., patients with genetic LPL defi- 
ciencies) as well as patients with complex hypertriglyceridemia 
and AP. 


SLC26A9: CF Disease Severity Modifier 


The role of genetic modifiers in pancreatic diseases is well defined 
in CF. Genetic association studies in patients with CF have iden- 
tified a number of modifier genes associated with worse pancre- 
atic disease during newborn screening for CF, and CF-related 
diabetes (CFDM), as discussed later.7!>7!* One of the strongest 
modifying genes in CF is the Solute Carrier Family 26 member 9 
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gene (SLC26A9), a multifunctional ion transporter that functions 
as a Cl-/HCO3- exchange, chloride channel, and sodium chlo- 
ride cotransport?!’ that was originally identified as the primary 
CFDM modifier in a GWAS study.?!° 

SLC26A9 is expressed in high concentrations in the salivary 
glands, stomach, and lung, with lower levels in the kidney, duo- 
denum, pancreas, and other organs. SLC26A9 is not critical to 
pancreatic function; the primary phenotype of knock-out mice is 
complete loss of gastric acid secretion rather than pancreas dys- 
function, indicating an essential role of this channel/transporter 
in gastric acid secretion.”!> However, SLC26A9 cooperates with 
CFTR in many fluid-secreting epithelial cells, and loss of both 
CFTR function and reduction in SLC26A9 function results in 
a much worse CF phenotype.?!214216,217 Patients with CF and 
high-risk SLC26A9 genetic variants have worse pancreatic dis- 
ease,?!4716.218 ag well as a much higher risk of meconium ileus,?!+ 
lung dysfunction,” and other effects.?!°?!° Furthermore, 
patients carrying pathogenic SPC26A9 variants are at high risk 
of DM, as GWAS studies identified SLC2649 SNPs with the 
highest association between CF and DM of all loci in the human 
genome.?!? Although it is clear that other solute carrier family 
genes and other genes also modify CF, other syndromes, and 
diseases with defining pathologic features, SLC26A9 represents 
a prototype of genetic variants that are not associated with a spe- 
cific human disease but make a variety of dysfunctional cell and 
organs systems worse. The opportunity to target these modifiers 
to improve patient disease severity is a goal of future research. 


CF-Related Diabetes Risk 


In non-CF pancreatic diseases, DM represents a common, vari- 
able, and potentially severe complication that likely has multiple 
genetic and environmental risks, as well as anatomical mecha- 
nisms. A non-type 1, non-type 2 DM due to severe, end-stage 
destruction of the pancreas in CP, or surgical removal of some 
or all of the pancreatic parenchyma with obligate reduction of 
the islet cell mass has been called type 3c DM. However, 20% 
to 30% of patients with RAP or earlier stage CP also have DM, 
possibly due to modifiers or other factors rather that loss of the 
entire islets. To investigate the non-genetic risk factors for DM, 
researchers used the NAPS2 cohort to compare demographic and 
disease characteristics from CP patients with or without DM.” 
The risk profile was similar to population controls with type 2 
DM, being more likely if the patient had a family history of DM, 
was of African ancestry, overweight (OR 1.62), or obese (OR 2.8). 
Severity of CP also affected risk as measured by calcifications, 
atrophy, and prior pancreas surgery, with EPI also a significant 
risk (OR 1.9).?> The fact that ancestry and family history signifi- 
cantly affected risk suggest that genetic modifiers contribute to 
DM in CP. 


INTEGRATION OF GENETICS AND PATIENT 
MANAGEMENT 


A precision medicine approach adds to the multidisciplinary train- 
ing and care of the health care industry through the use of new 
technologies. The first technical advance is the organization and 
standardization of health care information for detailed tracking 
of all features, tests, and biomarkers of a patient’s disease journey, 
framed and compared with other patients with overlapping or 
distinct diseases and outcomes.’*””?! To be fully useful this infor- 
mation must be readily available to the patient and various health- 
care providers.’ The second is advancing imaging technology, 
providing structural and functional evidence of disease pathology 
and disease stage. Third is the “omics” revolution, where millions 
of analytes can be measured in a patient within a specific clini- 
cal context. Foremost among these “omics” is deciphering the 
patient’s entire genome, which does not change throughout their 


life and contains powerful predictive implications on how specific 
genes, protein products, cell types, and biological systems are 
likely to work under different conditions. Fourth, the availability 
of research and population data sets linked to new computational 
and analysis tools are needed to provide context and comparisons 
for the rich data sets to advance biomedical discovery.?”°*”? Fifth, 
simple and sophisticated disease models are needed to organize 
the variables within a single patient, and determine the disease 
drivers, disease stage, disease activity, complication susceptibili- 
ties, and targets for treatment.!*-’ Fortunately, simple models 
such as pancreatic duct secretory deficits linked to mutations in 
CFTR can be readily detected by genetic testing, and effective 
targeted treatment strategies have been demonstrated.*”} Finally, 
the “smart phone” and other devices allow the patient to track 
and record their condition and response to therapies continu- 
ally, and to more fully participate in their health care.*° Because 
unique combinations of risk and features of uncommon disorders 
are few, novel approaches are also required to parse the features 
of these complex disorders, such as N-of-one trials, to collect, 
organize, and evaluate the evidences as to whether specific inter- 
ventions are effective under defined conditions.*??*+ 

Consensus recommendations for managing pancreatic disease 
include early diagnosis and structured longitudinal care.’77>?7° 
No consensus exists for diagnosing early CP, although there is 
agreement that it exists and is important. Because the diag- 
nosis of early, mild, non-calcific, or minimal change CP is chal- 
lenging, some experts suggest that patients should be followed 
using a “place-holder” diagnosis of probable CP, or “insufficient 
evidence.”’?’ Clinical data collection and recording should be 
standardized during evaluation and follow up of patients with 
suspected or proven CP.’?> Tracking the function of each com- 
ponent of pancreatic diseases is important because imaging, exo- 
crine function, endocrine function, pain, and cancer risk do not 
correlate well with each other. 

The initial evaluation for suspected or documented pancre- 
atitis patients should address the risk factors (family history and 
genetics, environmental exposures, and clinical setting such as 
prior episodes of AP), differential diagnosis, signs and symptoms, 
and baseline measures of nutrition and pancreatic structure and 
function. The family history (preferably using a standardized 
family tree) should include pancreatitis, pancreatic cancer (PC), 
diabetes mellitus and hypertriglyceridemia, and previous genetic 
testing results considered. If no genetic testing, or an inadequate 
panel of variants was performed, then an extended genetic panel 
should be ordered after appropriate genetic counseling. Alcohol 
and smoking history should be quantified. Anthropomorphic 
measures including height, weight, blood pressure, and heart 
rate should be documented. High-quality imaging of the pan- 
creas with standardized techniques and reporting is required,?** 
and better methods of standardizing and reporting structure and 
physical features, such as fibrosis with elastography or functional 
with secretin-stimulated magnetic resonance cholangiopan- 
creatography (SMRCP) are emerging.*+???-?>! Laboratory tests 
should include serum levels of fat-soluble vitamins (A, D, E, 
K), vitamin B12, minerals, and trace elements, a baseline bone 
mineral density, and screening for diabetes mellitus (e.g., fasting 
glucose, hemoglobin Alc, referral if abnormal).??>3?, Common 
measures of nutrition and inflammation include total protein, 
albumin, ionized calcium, prealbumin, osteocalcin, selenium, 
C-reactive protein, and a lipid panel.” Pancreatic exocrine 
function testing should be included as well. Although there is 
no consensus on the best method, human fecal elastase-1 test- 
ing (in formed stool), secretin-stimulated pancreatic function test 
(in the absence of CFTR mutations), or serum trypsinogen levels 
(in patients without a painful flair) are often used. Pain assess- 
ment should use multidimensional scales measuring its intensity, 
nature and location, frequency, and pain’s impact on mood or 
activity level.’*° 
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As part of a baseline evaluation, the patient should have 
counseling about genetic testing if this has not previously been 
provided. Genetic testing for Mendelian disease has utility for 
identifying the disease-causing variant in affected family mem- 
bers, clarifying etiology and prognosis, and providing information 
for at-risk family members and family planning. However, addi- 
tional considerations are required for complex genetic disorders, 
and the role of a qualified genetic counselor in the evaluation pro- 
cess is different than with Mendelian disorders.’*+ Genetic test- 
ing for risk variants may also clarify disease etiology, outcomes, 
and management strategies. These are particularly important to 
interpret in the context of other risk factors. Patients should be 
specifically counseled prior to testing so that they understand the 
benefits, risks (e.g., life insurance), and limitations, and provide 
informed consent.?** Patients should also be counseled after test- 
ing so that they understand what was identified and what it means 
for them and their family (and provided their test results). Many 
genetic testing companies provide this service. 

Patients should be evaluated at least annually, with assessment 
and documentation of changes in pancreatitis-related symptoms 
or interval hospitalizations, development of new symptoms (par- 
ticularly those that may suggest cancer), functional abnormalities 
(exocrine and/or endocrine insufficiency), morphological changes 
on imaging (if performed), and laboratory testing.’*>*> Patients 
should be asked for symptoms suggestive of EPI, including abdom- 
inal bloating, distention, frequent bowel movements (particularly 
after eating), weight loss, and the presence of steatorrhea.?’? 
Patients with CP should be screened for nutritional deficiencies 
in fat-soluble vitamins, minerals, and trace elements on at least an 
annual basis and be monitored for bone density and treated based 
on assessment of fracture risk.” Although there is insufficient data 
to recommend routine PC screening for patients with CP, clini- 
cians should track for new-onset diabetes mellitus, painless jaun- 
dice, weight loss, or new abdominal pain radiating to the back. 

The emergence of new and established drugs and therapies 
that can be repurposed and used in pancreatic diseases contin- 
ues to be examined and applied to specific problems.*””?? The 
systematic collection of recommended measures of individual 
patients over time will allow the use of these therapies to be stud- 
ied and optimized. 


PANCREATITIS IN CHILDREN 


Once considered uncommon, the incidence of pancreatic disease 
in children appears to be increasing. Increased physician aware- 
ness appears to account for the most of the increase.7*° AP occurs 
in all pediatric age groups including infants.7*’7>* Common 
causes of AP in adults—excessive alcohol use and gallstones—are 
less often seen in children. The majority of cases of RAP and CP 
in children have a structural or genetic basis (Box 57.2).60-100,239 
The genetic factors predisposing to AP appear to be similar to 
those associated with CP and are discussed in detail in the fol- 
lowing sections. 


Acute Pancreatitis 


Etiology. AP (defined earlier) is a sudden inflammatory disease of 
the pancreas with multiple etiologies (see Box 57.2). The most 
common known causes in children are biliary tract disease (10% 
to 30%), medications (25%), systemic disease (33%), trauma 
(10% to 40%), metabolic disease (2% to 7%), and HP (5% to 
8%); 13% to 34% of cases are idiopathic.**” Much of the varia- 
tion in incidence results from studies done at a time when AP was 
underdiagnosed in children. Some of these cases occur in children 
with high-risk genetic alterations, especially pancreatic-specific 
combinations of SPINKI and CFTR mutations.**! Genetic test- 
ing, discussed later, is usually performed after recurrent episodes 
and when other common causes have been excluded. 


Trauma. Trauma is a cause of AP even though the pancreas 
is well protected from minor injury by its retroperitoneal loca- 
tion. The trauma is usually blunt, associated with injuries to other 
abdominal viscera, and becomes evident soon after the injury, 
although injury may apparently precede the manifestation or rec- 
ognition of pancreatitis by several weeks. Injury to the pancreas is 
often not considered in a severely injured or battered child. 

Structural abnormalities. Structural abnormalities are being 
recognized earlier as imaging techniques such as MRI and MRCP 
improve. Pancreas divisum is the most common anatomic aberra- 
tion, although a wide variety of other structural abnormalities of 
the bile and pancreatic duct also have been observed (see Chapter 
55). 

Post-ERCP pancreatitis has been a significant cause of pan- 
creatitis in several series,***>¥ and this etiology is seen wherever 
ERCP is performed in children. The widespread availability 
of MRCP has drastically reduced the use of diagnostic ERCP, 
although ERCP remains invaluable for therapeutic intervention 
(see Chapter 61). 

Biliary tract disease. Gallstone pancreatitis is less common in 
children than in adults and is probably a reflection of the rela- 
tive infrequency of cholelithiasis before puberty.°° However, this 
diagnosis must be considered, regardless of age. 

Medications. Medications remain a frequent cause of AP in 
children, although the disease underlying the prescription must 
also be considered in the differential diagnosis.?**?*® Recent stud- 
ies identified valproate as the most frequent drug associated with 
pancreatitis in children, followed by L-asparaginase, prednisone, 
or 6-mercaptopurine.??74374647 The development of persis- 
tent abdominal pain in a child receiving any medication should 
suggest the possibility of drug-induced pancreatitis. This is con- 
firmed only by documentation of pancreatic disease, improve- 
ment on drug withdrawal, and return of disease when the drug 
is reintroduced. 

Infections. Infections, particularly with viruses,’ are frequently 
associated with childhood pancreatitis. Enteroviruses, particularly 
coxsackievirus, are associated with idiopathic AP.**? Pancreatitis has 
been reported in children with EBV infections.°° Pancreatitis in 
children is often attributed to mumps virus on the basis of abdomi- 
nal pain and an elevated serum amylase value with parotitis.?>! 
Mycoplasma pneumoniae infection and AP, sometimes developing 
a week or 2 later has been documented in multiple cases reports.*** 
Although uncommon in the USA, ascariasis is among the most fre- 
quent causes of pancreatitis in children in regions such as South 
Africa and India; worms can be found within the pancreatic duct. 
Pancreatitis was common in patients with HIV/AIDS, possibly due 
to medications and associated with hyperlipidemia and/or mito- 
chondrial toxicity (see Boxes 57.1 and 57.2, and Chapter 35). 

Systemic diseases. Hemolytic uremic syndrome was the most 
common systemic cause of AP in 2 studies.?+?74? The mechanism 
is unknown and likely multifactorial although uremia from any 
cause is a risk factor for pancreatic injury. SLE”? and Kawa- 
saki disease?™ have been associated with pancreatitis. AP should 
be considered in the ICU when the child is not responding to 
other therapies or appears to have an unexplained acute inflam- 
matory process. AP is also common after organ transplantation 
(see Chapter 36). Pancreatitis is occasionally observed in diabetic 
ketoacidosis’#??¥.75+ and various inborn errors of metabolism.*>° 

Acquired metabolic derangements. The most common metabolic 
derangement associated with development of pancreatic disease 
in children is protein-calorie malnutrition. In severely malnour- 
ished children, pancreatic enzyme secretion is often compromised, 
whereas volume and bicarbonate secretion are preserved. Recovery 
of pancreatic function is said to occur more promptly after kwashi- 
orkor than after marasmus, but in either case the pancreatic disease 
may contribute to malabsorption during convalescence. Vigorous 
early refeeding of malnourished children has been associated with 
the development of clinically significant pancreatitis. Malnutrition 
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BOX 57.2 Causes of Acquired Pancreatitis in Children 


TRAUMA 
ERCP 


Medications 
a-methyldopa 
Antimony (pentavalent) 
Azathioprine 
Azodisalicylate 
Cimetidine 
Cytosine arabinoside 
Didanosine 
Erythromycin 
Estrogen 
Furosemide 
Glucocorticoids 
Isoniazid 

IV lipid emulsion 
Lamivudine 
L-Asparaginase 
6-Mercaptopurine 
Mesalamine 
Metronidazole 
Pentamidine 
Procainamide 
Rifampin 
Sulfasalazine 
Sulfonamides 
Sulindac 
Tetracycline 
Valproic acid 
Zalcitabine 


INFECTIONS 


AIDS/HIV-associated 
Ascariasis 


was considered a major contributing factor to TP, but this has now 
been questioned because TP is observed primarily in well-nour- 
ished patients, often with genetic mutations.*?-4+75¢ 

Clinical features. The diagnosis of AP is based on the syndrome 
of sudden onset of typical abdominal pain with elevation of serum 
amylase or lipase to at least 3 times the upper limit of normal lev- 
els (see Chapter 58).31237:258 The pain is usually supraumbilical, 
worsens with eating, and may be accompanied by nausea, vomit- 
ing, and occasionally jaundice. A transient fever is often present. 
In infants and toddlers, vomiting, fever, irritability, and abdominal 
distention can be presenting symptoms.?*” Normal serum amylase 
values increase with age, which is explained perhaps by the delayed 
appearance of pancreatic isoamylase, which is usually not present 
before the age of 3 months and often not detected until the age of 
11 months; even then it is not present at adult levels until the age 
of 10 years. Salivary isoamylase appears and matures much sooner. 

After the initial episode of AP, recurrent AP is seen in about 
10% of children.?® The most common diagnoses in patients with 
recurrent AP are structural abnormalities, or familial pancreati- 
tis or complex genetic risk.:!0? A careful evaluation aimed at 
identifying or ruling out reversible causes should be undertaken 
to prevent further attacks and to reduce the risk for developing 
CP and its complications.” 


Recurrent Acute Pancreatitis and Chronic 
Pancreatitis 


Once thought to be rare, numerous children with RAP and 
CP are being reported. Improvement in abdominal imaging, 


Coxsackie B virus 
Echovirus 
Enterovirus 
EBV 

HAV 
Herpesviruses 
Influenza A 
Leptospirosis 
Malaria 
Measles 
Mumps 
Mycoplasmosis 
Rabies 

Rubella 
Typhoid fever 


BILIARY TRACT DISEASE 
Pancreas Divisum 


Metabolic Disorders 
CF 

Hypercalcemia 
Hypertriglyceridemia 
Protein-calorie malnutrition 
Reye syndrome 


FAMILIAL DISORDERS 


Miscellaneous Causes 
Congenital partial lipodystrophy 
Diabetic ketoacidosis 
Henoch-Schénlein purpura 
Tropical pancreatitis 

Kawasaki disease 

Perforated duodenal ulcer 

SIE 


physician awareness, and possible change in prevalence demon- 
strated that CP is a major medical problem in children with very 
high costs.?>? 

A recent multinational cross-sectional study of RAP and CP in 
children (International Study Group of Pediatric Pancreatitis: In 
Search for a CuRE; INSPPIRE) provides new insights into this 
complex of pediatric pancreatic disorders beyond CF.!°° Among 
301 cases in the initial cohort the mean and standard deviation 
of the children’s ages was 11.9 + 4.5 years, with 57% female. CP 
was documented in 146 patients and 84% of them reported prior 
recurrent episodes of AP. Hispanic children were more likely 
to have RAP than CP. At least 1 gene mutation in pancreatitis- 
related genes was found in 48% of patients with RAP versus 73% 
of patients with CP (P < 0.001). Children were more likely to 
present with CP than with RAP if they had pathogenic variants 
in PRSS1 (OR 4.2) or SPINK1 (OR 2.30).!°° Pancreatitis-related 
abdominal pain was a major symptom in 81% of children with 
RAP or CP within the previous year, with emergency department 
visits, hospitalizations, and medical, endoscopic, and surgical 
interventions being more common in the CP group.!° 

Children have less exposure to environmental risk factors for 
AP and CP than adults, especially long-standing alcohol use and 
smoking. Demographic and clinical information on children with 
RAP or CP in the INSPPIRE cohort was evaluated for risk fac- 
tors according to age.°? Among 342 cases, 38% of the children 
were less than 6 years of age at first diagnosis, 32% were 6 to 11 
years of age, and 30% were = 12 years of age. Early-onset disease 
was significantly associated with pathogenic genetic variants in 
PRSS1 and CTRC, a family history of AP or CP, biliary cysts, or 
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TABLE 57.2 Hereditary and Congenital Disorders of the Exocrine 
Pancreas and the Associated Gene 


Defective Gene or Protein 


Disorder (Inheritance) 


EXOCRINE PANCREATIC INSUFFICIENCY 


Pancreatic agenesis (see Chapter PDX7 or PTF1A (recessive) 
55) 


CF CFTRS°*/CFTR®" (recessive) 
SBDS (recessive) 

UBR71 (recessive) 

Mitochondrial DNA (mitochondrial) 


Shwachman-Diamond syndrome 
Johanson-Blizzard syndrome 


Pearson marrow-pancreas 


syndrome 
Isolated enzyme deficiency See text 
PANCREATITIS 
Hereditary PRSS7 (autosomal dominant) 
CEL 
Familial SPINK1/SPINK17 (autosomal 
recessive) 
CFTR% or CFTR°YSPINK1 
(complex) 
CFTR-RD CFTRS°*/CFTR™~ (recessive) 
Sporadic CTRC (complex) 
CASR (complex) 
Modifiers CLDN2 
SLC26A9 (CFTR-associated) 
Hypertriglyceridemia Lipoprotein lipase (dominant) 


Apolipoprotein C-II 


Add footnote from prior Table 57.2 and add to it CEL, PRSS1, CLDN2, 
SLC26A9, which are defined in the chapter. 


chronic renal failure.® Later-onset RAP and CP were associated 
with hypertriglyceridemia, ulcerative colitis, autoimmune dis- 
eases, or medication use.® Children with later-onset disease also 
were more likely to visit the emergency department (P < 0.05) or 
have diabetes mellitus (P < 0.01).° 

Recommendations for the evaluation of patients with new- 
onset AP, RAP, and CP continue to evolve. The INSPPIRE 
consortium recently made a series of recommendations for the 
causal evaluation of RAP and CP.**> Systematic evaluation of 
anatomical, metabolic, and genetic causes is recommended, 
including a sweat chloride test or CFTR genetic testing (even 
if newborn screening for CF was negative), PRSS1, CTRC, and 
SPINKI genetic testing and for screening for celiac disease.*?> 
Testing for EPI and related vitamin and nutritional deficien- 
cies, diabetes, and complications should also be evaluated annu- 
ally, 


CLINICAL MANAGEMENT OF MENDELIAN 
DISORDERS OF THE PANCREAS 


Several genes that are critical to pancreatic function manifest 
genetic variations and polymorphisms that lead to Mendelian 
pancreatic disorders, usually with multisystem involvement 


(Table 57.2). 


Cystic Fibrosis 


CF is the most common lethal genetic defect of white popula- 
tions, seen in 1/2500 to 1/3200 live births. Compared to chil- 
dren of European ancestry, the incidence of CF is lower in 
children of African, Native American, Asian, East Indian, or 


TABLE 57.3 Frequency of Selected GI Manifestations in CF* 


Frequency in all Frequency in 


Organ Manifestation Patients (%) Adults (%) 
Pancreas Total achylia 85-90 85-90* 
Abnormal glucose 20-30 20-30 
tolerance 
Partial or normal 10-15 10-15 
function 
Pancreatitis 1-2 (all CF) 2-3 
22% (PS-CF) 
Diabetes mellitus 4-7 4-7 
Intestine econium ileus 10-25 
Rectal prolapse 1-2 
Distal intestinal 3 18 
obstruction 
syndrome 
ntussusception 1 1-2 
Liver Fatty liver a 20-60 
Focal biliary cirrhosis 2-3 11-70 
Portal hypertension 2-3 28 
Biliary Gallbladder abnormal, 25 5-20 
tract nonfunctional, or 
small 
Gallstones 8 10-25 
Bile duct strictures 1-20 1-20 
Esophagus GERD Unknown 80 


*Frequency may depend on the genotype. 
PS-CF, CF with pancreatic sufficiency. 


Middle Eastern backgrounds.*® Prognosis has dramatically 
improved, with the predicted median survival of CF patients 
extending beyond age 47 years.”°! Still, the median age at death 
is about 30 years. Here we focus on manifestations of CFTR 
gene mutations on the pancreas, with briefer discussions of 
intestinal, hepatobiliary, and nutritional problems also seen by 
gastroenterologists (Table 57.3). 

Clinical features. Over 60% of CF patients are diagnosed 
by newborn screening in the USA.*°! In 2016, the median 
age at diagnosis for all patients was 4 months and 67% were 
diagnosed in the first year of life. Around 10% of all patients 
were diagnosed after age 10 and a few were diagnosed after 
age 40. 

Most infants identified by newborn screening are mini- 
mally symptomatic or asymptomatic when screened. Of the 
infants who screen positive for CF, most are easily confirmed 
after demonstration of elevated sweat chloride concentrations 
(Table 57.4) or demonstration of an abnormal nasal bioelec- 
trical response in specific testing protocols that also reflects 
abnormal CFTR function. When performed appropriately, 
these tests are reliable. However, false-positive as well as false- 
negative results may be observed in newborns, in patients with 
malnutrition, with some medications, or if inadequate sweat is 
obtained (see Table 57.4). Thus, most experts insist on using 
the standardized methods performed at CF centers that use 
these testing methods frequently. 

Because of the explosion of new phenotypic and genotypic 
information in patients with CF, the CF Foundation selected 
an international consensus committee to provide recommen- 
dations on the diagnosis of CF,!® in large part by recognition 
that many patients have CFTR-associated abnormalities but 
do not have CF.” The panel concluded that a presumptive 
diagnosis of CF can be made in a patient with a positive new- 
born screen and 2 CF mutations from the CFTR2 mutation list 
(http://cftr2.org/) or signs and symptoms of CF or meconium 
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ileus, but the diagnosis must be confirmed with a positive sweat 
chloride test (>60 mmol/L). The guidelines classified patients 
who did not have CF into 2 groups: CFTR-related metabolic 
syndrome (CRMS) and CFTR-related disease (CFTR-RD), as 
described earlier. 

The clinical features of CF are listed in Box 57.3, and frequen- 
cies of the various GI manifestations of CF are listed in Table 
57.3. The early clinical features are those of maldigestion or 


TABLE 57.4 Sweat Test (Quantitative Pilocarpine lontophoresis): 


Indications and Conditions with High Sweat Electrolyte Levels 


Indications 


Conditions With High Sweat 
Electrolyte Levels 


Siblings with CF 

Chronic pulmonary symptoms 

Persistent cough 

Recurrent respiratory infection 

Bronchitis 

Bronchiectasis 

Lobar atelectasis 

Failure to thrive (stunting of 
growth) 

Rectal prolapse 

Nasal polyposis 

Intestinal obstruction of newborn 

Meconium ileus 

Jaundice in early infancy 

Cirrhosis in childhood or ado- 
lescence 

Portal hypertension 

Adult males with aspermia or 
azoospermia 

Heat stroke 

Hypoproteinemia 

Hypoprothrombinemia 


CF 

Ectodermal dysplasia 

Glycogen storage disease, 
type 1 

Adrenal insufficiency 

Familial hypoparathyroidism 

Fucosidosis 

Pitressin-resistant diabetes 
insipidus 

Mucopolysaccharidosis 

Familial cholestasis syndrome 

Environmental deprivation 
syndrome 

Acute respiratory disorders 
(croup, epiglottitis, viral 
pneumonia) 

Chronic respiratory disorders 
(bronchopulmonary dysplasia) 

a.4-Antitrypsin deficiency 


BOX 57.3 Clinical Manifestations of CF 


UPPER RESPIRATORY 
Sinusitis 


Mucous membrane hypertrophy, nasal polyposis 


LOWER RESPIRATORY 
Atelectasis 

Emphysema 

Infections 


Bronchitis, bronchopneumonia, bronchiectasis, lung abscess 
Respiratory failure, right-sided heart failure 


Gl 

Bile salt deficiency 
Pancreatic insufficiency 
GERD 

PUD 

Meconium ileus 
Volvulus 

Peritonitis 

lleal atresia 


Distal intestinal obstruction syndrome 


Fecal masses 

Intussusception 
Rectal prolapse 
PANCREATIC 


Pancreatitis 
Nutritional failure 


other pancreatic and intestinal manifestations of CFTR mutations 
(discussed later). The phenotype-genotype relationship between 
some childhood disorders and CFTR mutations is often striking, 
with severe CFTR mutations detected in more than 85% of all 
children presenting with PI and in the majority of infants pre- 
senting with meconium ileus.!°+ 

Pulmonary function is normal in patients with CF at birth 
but accounts for much of the morbidity and almost all of the 
mortality associated with CF beyond the neonatal period. The 
severity of lung disease depends on known and unknown factors. 
Genetic and environmental factors contribute proportionally to 
pulmonary function variation in CF,’°? demonstrated by a wide 
variation in severity of lung disease among patients with identi- 
cal CFTR genotypes. Environmental factors may include chronic 
infection with Pseudomonas aeruginosa, nutritional status, tobacco 
smoke, and environmental allergens,!°’ whereas genetic factors 
include variants in inflammatory response genes***? and modi- 
fier genes.70676. 

Pancreatic pathology. Most (85% to 90%) patients with CF 
present with evidence of exocrine pancreatic dysfunction.!*°?° 
Although pancreatic dysfunction in an infant with CF may ini- 
tially appear minimal, it usually progresses to pancreatic exocrine 
failure. When severely affected, the pancreas is shrunken, cys- 
tic, fibrotic, and fatty. Histologically, hyperplasia and eventual 
necrosis of ductular and centroacinar cells, together with inspis- 
sated secretions, lead to blockage of pancreatic ductules and sub- 
sequently encroach on acini, causing flattening and atrophy of 
the epithelium (see Fig. 57.9). Cystic spaces are filled with cal- 
cium-rich eosinophilic concretions. A mild inflammatory reac- 
tion may be present around obstructed acini, and progressive 
fibrosis gradually separates and replaces the pancreatic lobules. 
The islets of Langerhans are spared in most cases until late in the 
process and become concentrated in the shrinking pancreas. Cal- 
cification, although rare, may be apparent on radiographs. US, 
MRI, and CT can document progression of pancreatic disease. 


Diabetes mellitus 

Calcification 

Maldigestion with steatorrhea and azotorrhea 

Vitamin deficiencies 

HEPATOBILIARY 

Mucus hypersecretion 

Gallstones, atrophic gallbladder 

Focal biliary cirrhosis 

Portal hypertension + esophageal varices 

Hypersplenism 

REPRODUCTIVE 

Females: increased viscosity of vaginal mucus, decreased fertility 

Males: sterility; absent ductus deferens, epididymis, and seminal 
vesicles 

SKELETAL 

Retardation of bone age 

Demineralization 

Hypertrophic pulmonary osteoarthropathy 

OPHTHALMOLOGIC 

Venous engorgement 

Retinal hemorrhage 

OTHER 

Salt depletion through excessive loss of salt through skin 

Heat stroke 

Hypertrophy of apocrine glands 
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The pancreas can appear normal, have incomplete or complete 
lipomatosis (most common), be cystic or macrocystic, or appear 
as an atrophic pancreas.”’ Correlation of abnormalities with the 
degree of exocrine dysfunction is poor.’ 

Exocrine pancreas dysfunction and pancreatitis. Patients with CF 
are usually PI, a problem compounded by intestinal pathology, 
high caloric demands, and poor appetite. Fat and protein mal- 
digestion with fecal losses are the primary pancreatic manifes- 
tations of CF, although there may be considerable variation in 
severity from one patient to another. Steatorrhea and azotorrhea 
are generally greater with PI than with mucosal malabsorption. 
EPI may be recognized only when the secretion of lipase and 
trypsin falls to below 10% of normal.?’! Most patients with CF 
exhibit this pattern of PI. RAP may complicate the course of CF 
in patients who do not experience complete loss of pancreatic 
function in infancy. Pancreatitis tends to be more problematic in 
older patients. !*¢ 

Endocrine pancreas dysfunction and diabetes mellitus. Glucose 
intolerance has been reported in 30% to 75% of patients with CF, 
and clinically significant diabetes mellitus occurs in up to 10% of 
young patients. CF-related diabetes mellitus (CFRD) develops 
with increasing age. At 20 years of age, 30% of CF patients will 
require insulin and 40% require insulin by age 30.’”* The devel- 
opment of CFRD differs in etiology and presentation from typi- 
cal type 1 or type 2 diabetes mellitus and may reflect destruction 
of the islets of Langerhans similar to what is observed in other 
forms of CP. However, the severity of the endocrine deficiency 
lags behind the exocrine deficiency because the islets are relatively 
spared until later in the course of pancreatic destruction (see Fig. 
57.9). CFRD is associated with deterioration in both respiratory 
and nutritional status, the development of late microvascular 
complications, and increased mortality.” Experts emphasize the 
need for a multidisciplinary team approach, use of a high-energy 
diet (>100% of the recommended daily intake), and appropriate 
adjustment of insulin doses.” Overnight enteral feedings may be 
necessary to maintain adequate nutrition. The choice of therapies 
should also be carefully considered for maximizing endogenous 
incretins, optimizing metabolism, preserving beta cell function, 
and reducing risk of PC.73? 


Treatment of Pancreatic Dysfunction 


Pancreatic enzyme supplements. Nutrition is a major challenge in 
CF (see Nutrition Management). Treatment of maldigestion 
from pancreatic exocrine failure in CF requires delivery of active 
digestive enzymes to the proximal small intestine with meals 
(see Chapter 59). Numerous pancreatic preparations are avail- 
able, but enzyme activities vary considerably from one product 
to another, and reduced activity of lipase remains a problem for 
some CF patients. Enteric-coated mini-microspheres are the 
preferred form of replacement because they protect the diges- 
tive enzymes from destruction by gastric acid (pH < 4) and are 
effective. The size of the microspheres must be considered. If 
the majority of the spheres are too large (>1 mm), emptying of 
the spheres/enzymes can be delayed until after food is well into 
the small intestine. H2RAs or PPIs, together with uncoated or 
enteric-coated pancreatic enzyme supplements, also should 
be considered, especially because the pancreatic and duodenal 
bicarbonate transport systems that help neutralize gastric acid 
are disrupted. In contrast with other forms of PI, bicarbonate 
secretion within the duodenum and biliary tree is also impaired 
in CF, resulting in a significantly lower-than-normal duodenal 
pH.?’+?75 Thus, without acid suppression, the uncoated enzymes 
are susceptible to inactivation by gastric acid, and enteric-coated 
products may not release their contents.’”* The use of antacids 
containing calcium carbonate or magnesium hydroxide should be 
avoided because they may interfere with the pancreatic enzyme 
supplements. 


Initial therapy for pancreatic exocrine insufficiency in CF 
includes pancreatic enzyme replacement at doses ranging from 
500 to 2000 units of lipase activity per kilogram of body weight 
per meal, given just before a meal and with snacks.’”° The amount 
is usually advanced to 1000 to 2500 units of lipase activity per 
kilogram, with final dosage depending on the age, the degree of 
PI, the amount of fat ingested, and the commercial preparation 
chosen. Adequacy of treatment is typically determined on clinical 
grounds. Frequent, bulky, and fatty stools; excessive bloating and 
flatus; and excessive appetite or inadequate growth velocity are 
signs of inadequate treatment. Even with optimized treatment, 
fat absorption may not return to normal. In large part, inability 
to normalize fat absorption may reflect decreased uptake of fatty 
acids by the abnormal intestinal mucosa.’’’ 

Pancreatic enzyme replacement commonly causes perioral 
and perianal irritation in infants, although less commonly with 
microsphere preparations. Because of the high purine content of 
pancreatic extracts, hyperuricosuria may develop in some patients 
taking large doses of enzyme preparations. Colonic strictures and 
fibrosing colonopathy were reported with very high-dose admin- 
istration of pancreatic enzymes and led to a withdrawal of all the 
high-dose formulations of enzymes. Fibrosing colonopathy, first 
recognized in 1994,78 had nearly disappeared by 1996.7”? 

Vitamin supplements. Fat-soluble vitamin deficiencies (A, D, E, 
and K) may develop in CF as a consequence of fat maldigestion 
and malabsorption.”>*7°° Vitamin A deficiency in CF rarely mani- 
fests with clinical abnormalities or causes eye and skin problems, 
whereas excessive levels of vitamin A can harm the respiratory and 
skeletal systems in children and interfere with the metabolism 
of other fat-soluble vitamins.?*! However, because there are no 
randomized, controlled studies on retinoid supplementation, no 
conclusion on the supplementation of vitamin A in people with 
CF can be made.**! Vitamin D deficiency may occur, affecting 
calcium homeostasis, bone mineralization, inflammation, mood, 
and other extraskeletal effects. Vitamin D levels are affected by 
dietary intake, sunlight exposure, and genetics, and deficiencies are 
more complex than intake alone.??3282283 Supplementation can be 
effective and replacement has been recommended for individual 
patients based on serum measurements.***+*> Vitamin E deficiency 
is common in CF children and can cause a host of conditions such 
as hemolytic anemia, cerebellar ataxia, and cognitive difficulties.’*° 
Although treatment such as water-soluble vitamin E can signifi- 
cantly improve serum vitamin E levels compared with control, 
studies have not yet demonstrated clinical benefit to therapy.7°° 
Vitamin K deficiency with coagulopathy may occur at any age. Its 
manifestations vary from mildly increased bruising or purpura to 
catastrophic hemorrhage and affects bone formation. Supplemen- 
tation of 1 mg vitamin K per day appears to improve osteocalcin 
levels, a marker of bone metabolism, and no harm was identified 
with vitamin K supplementation in a systematic review.7*’ 

All CF patients should receive a multivitamin preparation 
daily, and many require vitamin A, D, E, and K supplements, 
plus pancreatic enzyme replacement therapy (PERT) for patients 
with EPI.7333° Annual monitoring of the serum concentrations 
of fat-soluble vitamins is important in children with CF and is 
recommended.’>? 


Intestinal manifestations 


Because CFTR is expressed at the apical membrane of enterocytes, 
CF significantly affects the GI tract.’** Distal ileal obstruction 
syndrome, intussusception, appendicitis, chronic constipation, 
colonic wall thickening, fibrosing colonopathy, pneumatosis 
intestinalis, GERD, and PUD have been described.?”” 

Pathology. The mucosal glands of the small intestine of 
patients with CF may contain variable quantities of inspissated 
secretions within the lumen but rarely have increased numbers of 
goblet cells. The appendix is often involved and may rarely cause 
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appendicitis or intussusception.*°? Brunner glands may show 
dilation, flattening of epithelial lining cells, and stringy secretions 
within their lumens. The small intestinal mucosa in older CF 
patients often shows widely dilated crypts packed with mucus; the 
mucus frequently appears laminated or may extrude from a gap- 
ing crypt. Bulging goblet cells seem to crowd out the intervening 
columnar epithelium. Variable cellular infiltration may be pres- 
ent in the lamina propria. Mucus in CF is more abundant, stains 
more intensely, and contains more weak acid groups and protein. 

Radiologic features. Radiographic features of the GI tract vary 
widely in CF.’”° Radiographic examination is typically done in 
response to specific symptoms, and both CF-related and non-CF 
related pathologies can be detected. Meconium ileus in infants 
and DIOS in children and adults (described later) are exceptions 
and have clear radiographic appearances.?/07°0,79! 

Intestinal pathophysiology. The changes in small bowel mucosa 
cause physiological dysfunction of the intestine. Various studies 
have demonstrated absorption defects that are apparently unex- 
plained by EPI or that persist after adequate pancreatic replace- 
ment therapy. 

Basal and stimulated duodenal bicarbonate secretion is largely 
dependent on functional CFTR. The same abnormalities in duo- 
denal bicarbonate secretion are also present in CF patients, which 
partially explains the decrease in postprandial pH in the proxi- 
mal duodenum of CF patients, even after pancreas stimulation.*’° 
Unlike the small bowel and respiratory tract, the CFTR defect 
in the colon cannot be compensated by any other chloride chan- 
nel.””? Therefore, the defect in colonic function closely relates to 
the CFTR genotype. 

Lactase deficiency with lactose malabsorption in patients with 
CF merely reflects a normal ethnic- and age-related phenome- 
non. However, patients with adult-type hypolactasia and lactose 
malabsorption may have decreased bone mineral density.?”° 

Meconium ileus. Meconium ileus can be uncomplicated or 
complicated. Complicated meconium ileus includes intestinal 
obstruction with segmental volvulus, atresia, necrosis, perfora- 
tion, meconium peritonitis (generalized), and giant meconium 
pseudocyst formation.”**””> Uncomplicated meconium ileus char- 
acteristically demonstrates a narrow distal ileum with a beaded 
appearance caused by waxy, gray pellets of inspissated meconium, 
beyond which the colon is unused. As many as half of the cases 
of meconium ileus are complicated by volvulus, atresia, or meco- 
nium peritonitis from extravasation of meconium into the perito- 
neal cavity after intestinal perforation; this may manifest clinically 
merely as intra-abdominal calcifications, a meconium pseudocyst, 
generalized adhesive meconium peritonitis, or meconium ascites. 
Fetal volvulus and vascular compromise may cause atresia. 

Characteristic radiologic findings are unevenly distended 
loops of bowel with absent or scarce air-fluid levels.27°.290.29!296 
Small bubbles of gas trapped in the sticky meconium may be 
scattered throughout the distal small bowel.??’ Barium enema 
demonstrates a microcolon and may outline the obstructing 
meconium mass in the distal ileum (Fig. 57.10). Abdominal calci- 
fication reflects meconium peritonitis, and a meconium pseudo- 
cyst may displace loops of bowel. 

Meconium ileus classically manifests with signs of intestinal 
obstruction within 48 hours of birth in an infant who is other- 
wise well; complicated meconium ileus manifests even earlier, 
and infants appear much sicker. Hydramnios is a common pre- 
natal finding. When feedings are initiated, bilious emesis occurs 
with or without abdominal distention. The infant with meconium 
peritonitis often presents with additional signs of abdominal ten- 
derness, fever, and shock.’”’ A family history of CF is helpful in 
establishing the diagnosis. Dilated, firm, rubbery loops of bowel 
may be visible and palpable through the abdominal wall, particu- 
larly in the right lower quadrant. 

Genetic screening for CFTR variants should be performed 
in patients with abnormal prenatal ultrasonographic evidence of 


Fig. 57.10 Film from a barium enema examination in an infant with 
meconium ileus demonstrating a microcolon as well as meconium in 
the distal ileum (arrows). Distended small bowel loops are also noted. 


meconium ileus such as hyperechoic bowel or peritoneal calcifica- 
tions.’”’ If the results indicate normal CFTR genotypes, genetic 
counseling should focus on limits of testing and an expanded 
differential diagnosis, whereas detection of pathogenic CFTR 
alleles in one or more parents or the child should lead to more 
focused counseling on CF.?” 

Meconium ileus was considered invariably fatal until 1948, 
when the first patients were successfully treated by surgery. 
More recent reports indicate a very low operative mortality, and 
long-term survival approaches 90% for uncomplicated meco- 
nium ileus.??” Complicated meconium ileus requires surgical 
therapy.’ 

Various irrigating solutions have been used during the opera- 
tion and postoperatively to dissolve and dislodge the abnormal 
meconium. N-acetylcysteine (Mucomyst), which reduces the 
viscosity of mucoprotein solutions by cleaving disulfide bonds 
in the mucoprotein molecule, and polysorbate 80 (Tween 80), 
a mild industrial detergent and preservative, are now generally 
recognized as safe and effective. For most infants with uncompli- 
cated meconium ileus, nonoperative relief of bowel obstruction 
by enema administration using diluted diatrizoate (Gastrogra- 
fin, Hypaque) or full-strength Omnipaque or Cysto-Conray II 
reduces the length of hospitalization and early respiratory com- 
plications.*°+?” These enemas are hyperosmolar (1900 mOsm/L) 
and work by hydrating the contents of the colon by drawing water 
out of the infant’s body.’?+ Reflux of the enema into the terminal 
ileum is critical for the bowel obstruction to be relieved.?”* How- 
ever, water-soluble hypertonic enemas may cause dangerous fluid 
and electrolyte shifts, especially in small, sick infants, and they can 
cause colonic perforation. In addition, more recent case series sug- 
gest that use of Gastrografin enemas only have success rates of 
36% to 39%.?" A diagnostic barium enema should precede a ther- 
apeutic Gastrografin enema. Infants with CF and meconium ileus 
who survive beyond 6 months of age have the same prognosis as 
any patient with CF and do not tend to have more severe disease. 

DIOS. The DIOS is complete or incomplete intestinal obstruc- 
tion by viscid fecal material in the terminal ileum and proximal 
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colon in patients with CF.*??30° The incidence and prevalence of 
DIOS among CF patients is less than 3%. Recent incidence esti- 
mates in Europe are 5 to 12 episodes/1000 patient-years.30030! 
The European Society for Pediatric Gastroenterology and Nutri- 
tion CF Working Group defined DIOS as “a short history (days) 
of abdominal pain and/or distension and a fecal mass in ileoce- 
cum, but without signs of complete obstruction.”*°! In contrast 
to DIOS, constipation in CF was defined as “abdominal pain and/ 
or distension or a decline in the frequency of bowel movements 
in the last few weeks to months and/or increased consistency of 
stools in the last few weeks or months, while the symptoms are 
relieved by the use of laxatives.”>0! 

Reduced fluid secretion and hydration of the intestinal con- 
tents and delayed or inadequate fat and nutrient digestion con- 
tributes to DIOS, possibly through slow intestinal transit induced 
by nutrient-mediated release of ileal break hormones such as pep- 
tide YY"? Other risk factors for DIOS include a severe geno- 
type, dehydration, history of meconium ileus or DIOS, organ 
transplantation, and CF-related diabetes mellitus.???°° The pos- 
sible role of modifier genes causing meconium ileus has not been 
fully addressed in DIOS. Intussusception and, less frequently, 
volvulus may complicate DIOS. 

DIOS may be the presenting symptom of CF. A clinical 
spectrum from partial or complete obstruction of the bowel by 
abnormal intestinal contents occurs in DIOS: (1) recurrent and 
cramping abdominal pain caused by constipation or fecal impac- 
tion; (2) soft, palpable cecal masses that may eventually pass 
spontaneously; and (3) complete obstruction of the bowel by 
firm, putty-like fecal material in the terminal ileum, right colon, 
or both. Acute onset of vomiting of bilious material with pro- 
gressive, colicky abdominal pain and/or fluid levels in the small 
intestine on abdominal radiography are signs of DIOS with com- 
plete intestinal obstruction.*”? The fecal bolus can be identified 
on barium enema but may have to be differentiated from a cecal 
neoplasm or appendiceal abscess. Abdominal-pelvic CT typically 
shows significant proximal small bowel dilation with inspissated 
fecal material in the distal ileum.*”? The differential diagnosis of 
DIOS includes constipation, appendicitis, appendicular abscess 
or mucocele, intussusception, Crohn disease, adhesions, volvulus, 
fibrosing colonopathy, and malignancy.*”” 

Treatment of DIOS is largely empirical.’???°! Once a sur- 
gical issue, uncomplicated DIOS now usually responds to medi- 
cal management, with less than 5% of patients now requiring 
surgery.°034 A stepwise approach with therapeutic trials of more 
than one modality should be attempted in each patient before a 
consideration of surgery.*°> Vigorous medical therapy includes 
regular oral doses of pancreatic enzymes and stool softeners, 
including polyethylene glycol,*** oral or rectal administration 
of 10% N-acetylcysteine, and Gastrografin enemas if neces- 
sary, although high-quality evidence from randomized trials for 
prevention or treatment is lacking.’ Maintenance treatment 
with oral doses of N-acetylcysteine, increased doses of pancre- 
atic enzymes, and lactulose has been used successfully to prevent 
recurrent episodes of the syndrome. Treatment of this disorder 
with balanced intestinal lavage solutions may also be beneficial. 
Maintenance therapy with polyethylene glycol continues to grow 
in popularity because it is effective and there are few side effects. 


Liver and Biliary Manifestations 


CF liver disease (CFLD) covers a number of liver abnormalities 
seen in patients with CF including hepatic steatosis, elevated serum 
transaminase levels, cholangiopathy, neonatal cholestasis, mul- 
tilobular cirrhosis, and focal biliary cirrhosis.?06:307 Liver disease 
accounted for 2.7% of deaths in CF in 2016.’°! In a large French 
cohort the incidence of CFLD increased by approximately 1% 
every year, reaching 32.2% by age 25 years.*°* In addition, the inci- 
dence of severe CFLD increased only after the age of 5, reaching 


10% by age 30.°° Risk factors for CFLD and severe CFLD are 
male sex, neonatal liver disease, severe CFTR genotypes, pancreatic 
exocrine insufficiency, a history of meconium ileus, and modifier 
genes.7!6308-310 Additional risk factors may predispose CF patients 
to development of hepatobiliary problems and some features over- 
lap with non-CF patients who have non-alcoholic steatosis.*!° 

One study of children with CFLD suggested these patients 
had a more severe CF phenotype than age- and gender-matched 
controls without liver disease.*!! In 2016, gallstones (0.6%), cir- 
rhosis (2.8%), non-cirrhotic liver disease (3.9%), acute hepatitis 
(0.1%), hepatic steatosis (0.4%), and other liver disease (2.0%) 
were reported.*°! Another study found cirrhosis in 28% of adults 
with CF, two thirds of whom had associated portal hyperten- 
sion.*!* The prevalence of liver abnormalities in CF patients with 
PS is markedly lower. 

Liver injury tests may be moderately elevated and fluctuate 
over the course of the illness. Up to 20% of CF patients with PI 
have elevated serum ALT values, and 40% to 50% of patients have 
intermittently increased serum aminotransferase levels. Fasting 
bile acid levels are elevated in many CF patients, and this may be 
among the more sensitive measures of liver function in this disease. 

Bile acid metabolism is disturbed in patients with CF and EPI. 
Fecal bile salt losses are high, often approaching those of patients 
with ileal resection (see Chapter 64). Pancreatic enzyme replace- 
ment improves fat absorption, thereby reducing fecal bile acid 
excretion and steatorrhea. The fractional turnover rate of the bile 
acid pool is increased and the total bile acid pool size diminished 
in the absence of pancreatic enzymes,*!’ whereas the biliary lipid 
composition and saturation index approach those of patients with 
cholelithiasis.*!+ Treatment with pancreatic supplements returns 
abnormal biliary lipid values toward normal. 

Gallbladder and biliary tract. The gallbladder and biliary tract are 
abnormal in approximately 25% of patients with CF, independent 
of age, clinical course, or hepatic pathology. Micro-gallbladders 
are found in 23% and stones or sludge in 8% of patients. Data 
from the Cystic Fibrosis Registry suggest that only about 0.3% of 
individuals with CF eventually require gallbladder surgery.*°! 

Small gallbladders are commonly found, characteristically con- 
taining thick, colorless “white bile.” Mucus is present within the 
epithelial lining cells, and numerous mucus-filled cysts may exist 
immediately beneath the mucosa. The cystic duct may be atrophic 
or occluded with mucus. Obstruction of the hepatic or bile ducts 
by mucous plugs does not occur, but intraductal stones sometimes 
cause obstructive symptoms and predispose to cholangitis. 


Other Manifestations 


Genital abnormalities in male patients. Although male reproduction 
is not a digestive system complication, infertility is among the 
most sensitive phenotypes associated with severe or mild CFTR 
variants and overlaps with CFTR-associated pancreatitis, includ- 
ing bicarbonate defective conductance variants (described earlier). 

The most striking changes in the male genital tract occur in 
the epididymis, the vas deferens, and the seminal vesicles. The 
rete testes are intact. Multiple histologic sections of the spermatic 
cord rarely show patency at more than 1 level. In addition to these 
defects, there is a striking increase in abnormalities associated 
with testicular descent, such as inguinal hernia, hydrocele, and 
undescended testes. Approximately 97% of males with CF are 
sterile as a result of these changes. These defects may be found in 
male infants shortly after birth and may be useful in supporting 
the diagnosis of CF in atypical cases. 

Evaluation of patients with congenital absence of the vas def- 
erens who are not clinically suspected of having CF reveals a high 
frequency of CFTR mutations.’!> Up to 70% of men with the sole 
finding of congenital absence of the vas deferens have a detect- 
able mutation in at least 1 allele of CFTR. Alterations in RNA 
transcription also may be associated with this defect, inasmuch as 
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a mutation, 5T, which reduced functional messenger RNA tran- 
scripts of wild-type CFTR, is found in high frequency in men with 
congenital absence of the vas deferens.*!*> Secretion of bicarbon- 
ate through CFTR is critical to sperm and infertility can occur 
in men with CFTR-BD variants.!** This group of men, without 
other manifestations of CF, are classified as CFTR-RD.!5* 
Cancer risk. With CF patients reaching older ages, a higher risk of 
cancer is being recognized. Cancer tended to occur in the third 
decade of life and involved the esophagus, small and large intes- 
tines, stomach, liver, biliary tract, pancreas, or rectum.?!63!7 A 
recent 20-year study in the USA of almost 42,000 patients demon- 
strated an increased risk of digestive tract cancer, especially after 
transplantation.*!* This same study also found an increased risk 
of lymphoid leukemia and testicular cancer but a decreased risk of 
melanoma. The pathogenesis is uncertain, but an increased risk of 
PC?!’.3!° has also been seen in CF patients as well as patients with 
CP from other causes.*?°>?! This heightened cancer risk should 
be kept in mind as the survival of persons with CF continues to 
increase. Adolescents and adults with unexplained complaints, 
especially relating to the abdominal organs, should be evaluated 
for occult malignancy. A recent consensus panel on colorectal 
cancer screening in CF patients recommended colonoscopy at 
age 40 years with follow-up screening as indicated by individual 
findings.**? Organ transplant recipients should be screened for 
colorectal cancer starting at 30 years of age. 


Nutritional Management 


Nutrition goals. In the routine clinical setting, the nutritional 
management of patients with CF is based on an assessment of 
nutritional requirements (see Chapter 5), considering age, 
height, weight, and anthropometrics for age in children and BMI 
in adults, the severity of lung disease, as well as anorexia, PI, and 
mucosal dysfunction.’>”3> Ideally, an age-appropriate diet that is 
1.1 to 2 times the reference calorie intake for healthy populations 
should be encouraged, with adequate PERT provided (and with 
gastric acid suppression, if indicated) to achieve as normal a fat 
balance as possible.?*” High-calorie, high-fat, and liberal salt diets 
are also encouraged by many CF centers. The role of nutrition 
is important in lung function, as patients with a BMI > the 50th 
percentile tend to have pulmonary function (FEV;) within 80% 
of normal.?3?323 

In 2005, the Cystic Fibrosis Foundation revised the nutri- 
tion classification guidelines to eliminate the use of percentage 
of ideal body weight to define nutritional failure. The guidelines 
were reviewed and updated in 2008.3? For children younger than 
age 2, weight-for-length percentile should be maintained at or 
above the 50th percentile. Up to age 20, BMI = the 50th per- 
centile was recommended. It was also recommended that women 
should have a BMI of 22 kg/m? or greater, and men 23 kg/m? 
or greater. Similar recommendations were given in the ESPEN- 
ESPGHAN-ECFS guidelines on nutrition care for infants, chil- 
dren, and adults with CF in 2016.7? 

Malnutrition in CF can result from a variety of factors that 
increase nutrient loss, reduce energy intake, and increase energy 
expenditure. Increased losses are primarily related to underlying 
PI but are also influenced by conditions such as poorly controlled 
diabetes mellitus, vomiting and/or regurgitation, excess intesti- 
nal mucus, and inadequate bile salt secretion. Energy intake can 
be affected both by disease complications and by psychosomatic 
issues, psychosocial issues, stress, and treatment noncompliance, 
especially in children and adolescents.’*? Severe respiratory symp- 
toms can be accompanied by anorexia, nausea, and vomiting. GI 
symptoms or complications such as abdominal pain, GERD with 
chest pain, anorexia, and vomiting can lead to reduced caloric 
intake. In some patients, clinical depression, physical fatigue, 
a disordered sense of smell (food is unappetizing), and altered 
body image can lead to reduced food intake. Increased energy 


expenditure also frequently accompanies the severe respiratory 
disease of CF and is likely related to variables including chronic 
infections, fever, increased work of breathing, and bronchodila- 
tor medications.”*? 

The optimal dietary intake for a CF patient is greater than the 
RDA of healthy children and adults. To prevent or delay onset 
of nutritional deficits, the ESPEN-ESPGHAN-ECFS guidelines 
on nutrition recommends advising patients on macronutrient bal- 
ance in the diet, with attention to protein and fat intake that is 
sufficient to prevent or delay loss of muscle mass and function. 
In general, intake of energy should be age-appropriate and sup- 
porting normal weight, noting a wide interindividual range from 
about 1.1 to 2 times the reference intake for healthy populations. 
Advice on dietary intake of electrolytes, with supplementation as 
needed; supplementation of fat-soluble vitamins; and prescrip- 
tion of PERT for individuals with PI is also recommended.”*” 

The use of PERT in CF is lifesaving, but the dosing is more 
empiric and may not translate well to recommendations for adult 
patients with CP and EPI. A recent consensus recommendation 
for CF patients who are infants (up to 12 months) was: 2000 to 
4000 U lipase/120 mL formula or estimated breast milk intake 
and approximately 2000 U lipase/g dietary fat in food.?*? For chil- 
dren 1 to 4 years, use 2000 to 4000 U lipase/g dietary fat, increas- 
ing the dose upward as needed (maximum dose 10,000 U lipase/ 
kg/day).?*? For children more than 4 years and adults, start at 500 
U lipase/kg/meal, titrating upward to a maximal dose of 1000 to 
2500 U lipase/kg/meal, or 10,000 U lipase/kg/day, or 2000 to 
4000 U lipase/g dietary fat taken with all fat-containing meals, 
snacks, and drinks.” This would equate to 70,000 to 175,000 
U lipase/meal for a 70 kg patient with CF, which is similar to 
a dose of 72,000 U lipase units per meal shown to be effective 
in improving the coefficient of fat absorption in a double-blind, 
randomized, placebo-controlled, parallel-group trial of pancre- 
atin capsules (3 Creon 24,000).374 

Enteral tube feeding. Even without supporting evidence from 
randomized trials, enteral tube feeding remains a frequent ther- 
apy for malnutrition in CF. About 10% of CF patients require 
supplemental tube feeding.”®! A recent retrospective Belgian CF 
registry study of enteral tube feeding demonstrated that enteral 
tube feeding improved BMI z-score and stabilized the FEV,.*”° 
The finding is in line with prior studies showing an association 
between nutritional status and pulmonary function’? Impor- 
tantly, the registry study found that tube feedings were not 
started until patients already had significantly worse nutritional 
and pulmonary status than the CF cohort as a whole. This obser- 
vation implies that better anticipatory planning and early markers 
of pending nutritional failure are needed. 

The presence and severity of GERD symptoms may influence 
the decision on the preferred route for tube feeding. Some ado- 
lescents learn to pass soft Silastic feeding tubes nightly in order 
to administer nasogastric feedings. Gastrostomy feedings may be 
preferred by some families and patients, especially in younger 
children. Gastrostomy or jejunostomy feedings are instituted at 
the first sign of nutritional failure. Standard formulas are usually 
well tolerated. Nocturnal infusion is encouraged to promote nor- 
mal eating patterns during the day. Initially, 30% to 50% of the 
estimated caloric needs should be provided overnight. Very low- 
fat, elemental formulas may be used without enzyme supplements 
for patients with an enteral feeding tube, and should be given 
by continuous infusion.**° For standard formulas, the approach 
to providing PERT during the feeds is variable. A novel in-line 
cartridge containing immobilized lipase offers another attractive 
option.**’8 Patients receiving enteral feedings should be moni- 
tored for carbohydrate intolerance on at least 2 separate nights 
by measuring blood glucose levels 2 to 3 hours into the feeding 
and at the end of the feeding. Insulin may be required to pre- 
vent hyperglycemia, with adjustment of the insulin dosage during 
acute illness, glucocorticoid therapy, or other changes in health 
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status. In some cases, parenteral nutrition may be necessary, but 
it should be reserved for acute support with a return to some form 
of enteral nutrition as soon as possible. 

Treatment of CFTR functional variants with targeted drug ther- 
apy. After considerable effort to treat CF by increasing functional 
CFTR in the lung through delivery of DNA or protein failed 
to provide long-lasting improvement in humans, efforts turned 
toward recovering function of endogenous CFTR.*”? Using high- 
throughput screens with thousands of small molecules, investiga- 
tors identified compounds that improved endogenous, mutant 
CFTR function.’ The first targeted therapy with one of these 
compounds, VX-770 or ivacaftor (Kalydeco), was directed at the 
third most common CF-causing mutation, p.G551D. VX-770 
improves function of p.G551D CFTR by altering the gating 
function of mutant CFTR to increase the probability of channel 
opening, thereby increasing Cl- secretion.**! In phase II and IM 
clinical trials VX-770 improved predicted FEV}, decreased sweat 
chloride concentration, and decreased the frequency of pulmo- 
nary exacerbations.” Follow-up of a subset of subjects who 
did not have an early response to treatment showed they had long- 
term clinical benefits.*>+ VX-770 was FDA-approved for use in 
patients with a variety of mutations that cause gating dysfunction 
in CFTR.**>33” This population does not include patients carry- 
ing the most common disease-causing variant, CFTR p.F508del. 
That variant causes multiple defects in CFTR folding, trafficking, 
membrane stability, and chloride channel activity. The issue was 
approached by combining VX-770 with VX-809 (lumacaftor), a 
small molecule that facilitates CFTR folding. The combination 
results in a partial rescue of p.F508del CFTR function.*** Clini- 
cal trials of the combination therapy showed improved clinical 
outcomes in patients homozygous for p.F508del CFTR and the 
therapy was approved by the FDA.**? However, it appears that, 
in general, the effects of CFTR enhancers and correctors are not 
mutation specific. Instead, the magnitude of drug response is 
highly correlated with residual CFTR function for the potentia- 
tor ivacaftor, the corrector lumacaftor, and ivacaftor-lumacaftor 
combination therapy, and the effects are additive.*#° About half of 
eligible CF patients take the combination of ivacaftor and luma- 
caftor.?°! Other small molecule combinations are in development 
or trials and improvements in efficacy will likely result.**! 

Prognosis. Survival statistics estimated from data in national CF 
registries are often confusing because different groups use differ- 
ent methods and terminology when reporting survival data.*#” 
The latest estimate of median predicted survival for patients born 
between 2012 and 2016 in the USA is 42.7 years of age.?ć! For 
patients who attain 40 years of age, the median predicted sur- 
vival is almost 60 years of age. Still, for the 373 people who died 
from CF in 2016, their median age was only 29.6 years. Most of 
the morbidity and mortality is related to chronic pulmonary dis- 
ease; respiratory or cardiorespiratory disease contributes to 67% 
of deaths.7°! The relative roles of nutritional support, pancreatic 
enzyme replacement, and aggressive treatment of pulmonary dis- 
ease in improving the quality and duration of life remain under 
study. CF patients with PS have better pulmonary status than 
those with PI, suggesting that the disease is heterogeneous and 
that survival is improved with better nutrition and treatment. 

As survival improves, the problems facing CF patients will 
likely change and begin to spill over into the domain of care- 
takers predominantly focused on the issues of CF adults. These 
medical problems will include such entities as pancreatitis, mal- 
nutrition, cirrhosis with portal hypertension, diabetes mellitus 
with its long-term complications, osteopenia, and reproductive 
issues, as well as all of the more common problems seen in child- 
hood. In the 2016 report from the Cystic Fibrosis Registry, the 
prevalence of bone disease, GERD, sinus disease, asthma, anxi- 
ety, and depression is higher in older patients. CF-related diabe- 
tes is more common in adults than in children (35.1% vs. 6.4%). 
Pulmonary disease is more severe in adults than in children, 


and malnutrition continues to be a problem in adults with CF 
although nutritional outcomes are improving overall.”°! Increas- 
ingly these patients will require evaluation for potential malig- 
nancies of the digestive tract, and evaluation for liver disease or 
other complications that will necessitate the specialized attention 
of a gastroenterologist. 


Hereditary Pancreatitis 


HP is a syndrome of RAP, often leading to CP, that develops in 
an individual from a family in which the pancreatitis phenotype 
appears to be inherited through a disease-causing gene mutation 
expressed in an autosomal dominant pattern.”**? The most com- 
mon cause is a gain-of-function mutation in the cationic tryp- 
sinogen gene (PRSS1) that alters the regulatory domains usually 
controlled by calcium (see Fig. 57.4). Most kindreds with PRSS1 
mutations are from the USA and Europe, with a few from Japan 
and South America but none from southern Asia. Most (65% to 
81%) but not all kindreds with an autosomal dominant-appearing 
inheritance pattern of pancreatitis have PRSS1 mutations.*4> 

Clinical features. The phenotypic features of HP caused by 
PRSSI mutations are confined to the pancreas because the pan- 
creas is the primary site of trypsinogen expression. The primary 
phenotype is RAP, with a subset of patients progressing to CP 
with all of the complications shared with other forms of CP. 

Acute pancreatitis. An attack of AP typically signals the onset 
of disease in patients with HP. The median age for the first 
diagnosis of pancreatitis in a family/cohort of 181 symptomatic 
PRSS1I mutation carriers in the USA was 7 years of age (inter- 
quartile range, 3 to 16; range <1 to 73).!* In France, median 
onset of symptoms was 10 years (range 1 to 73),**° and was 10 
years for PRSS1 p.R122H and 14 years for PRSS1 p.N291 in the 
EUROPAC study.**# AP and RAP are diagnosed and managed as 
with other types of pancreatitis (see Chapter 58). The severity of 
attacks varies. Some families appear to have more severe attacks 
and complications than others.!03+” The vast majority of attacks 
lasted less than 7 days; affected patients averaged 2 (p.R122H) 
or 1.4 (p.N29I) attacks per year. The hospital admission rate 
was significantly greater with p.R122H (0.33 per year) than with 
p-N29I mutations (0.19 per year).’*+ Uncommonly, prolonged, 
persistent, or smoldering AP for which the patient may remain 
hospitalized for weeks or months may occur. 

The penetrance of the pancreatitis phenotype in gene muta- 
tion carriers is incomplete (=80%).!*344+346348 The apparent 
incomplete penetrance and variable expression appear to be 
determined by both genetic and environmental factors.**? For 
example, earlier age of onset and a more severe clinical course 
are seen in patients with additional mutations (e.g., PRSS1 plus 
SPINK1).3°° 

The first episode of AP signals the beginning of a cycle of 
RAP. There are not specific preventative treatments in patients 
with HP to stop progression or minimize severity of attacks. Mul- 
tiple small meals, avoidance of high-fat meals, and use of anti- 
oxidants and vitamins are generally recommended. Both alcohol 
and smoking must be avoided. In a study of 14 HP patients with 
CP, there was a significantly higher serum level of superoxide 
dismutase and lower serum level of vitamin E and selenium than 
in other family members, population controls, or in 7 children 
with non-HP.**! A small open-label trial using antioxidants and 
vitamins appeared to reduce the number of days of pain attacks 
in an HP family.**? In another pilot study of the calcium chan- 
nel blocker amlodipine, the 4 treated patients had a reduction in 
analgesic use and symptom score.” 

Chronic pancreatitis. The onset of CP is currently difficult to 
determine, but the time between the onset of symptoms (usually 
those of AP) and exocrine/endocrine failure has been estimated 
in HP (Fig. 57.11). In the EUROPAC study, the cumulative risk 
of pancreatic exocrine failure was 2.0% at age 10 years, 8.4% at 
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Fig. 57.11 Age of symptom onset in patients with hereditary pancreati- 
tis (HP). Subjects with HP due to PRSS7 R122H mutations usually have 
an early age of onset (before age 20), although first symptoms can 
occur at older ages. A subset of subjects develops exocrine and/or en- 
docrine failure, usually 20 to 30 years after the first symptoms. PRSS7, 
protease, serine 1 (trypsin 1). (From Howes N, Lerch MM, Greenhalf 

W, et al. Clinical and genetic characteristics of hereditary pancreatitis in 
Europe. Clin Gastroenterol Hepatol 2004; 2:252-61.) 


age 20, 33.6% at age 40, and 60.2% at age 70.34 Similar findings 
were observed in France and the USA.!7346 

Pain. Pain is among the most distressing and debilitating fea- 
tures of HP. The pain experience is highly variable, suggesting the 
presence of multiple modifying factors.’*°>>*+ In general, patients 
with constant pain in the context of either RAP or CP typically 
have more pain-related disability/unemployment and significantly 
lower quality-of-life scores.*°5»°° Persistent pancreatic pain signals 
can lead to pain centralization and a chronic pain syndrome that 
is debilitating for the patient and linked with high health resource 
use.3>+355,357358 Patients with severe neuropathic pain may also have 
surgical findings of nerve hypertrophy and increased neural density 
as seen in patients with pancreatitis from other etiologies**?*° that 
is highly resistant to medical therapy. In cases where intractable pain 
in patients with impaired quality of life due to CP or RAP in whom 
medical, endoscopic, or prior surgical therapy have failed, total pan- 
createctomy with islet autotransplantation ([TPIAT) should be con- 
sidered as a potentially effective therapy.*°! Of note, patients with 
PRSS1 variants that undergo a TPIAT have better outcomes if they 
are younger and have shorter duration of disease, likely because 
of less fibrosis and better islet yield.*** In expert centers, patients 
with TPIAT had highly significant improvement in average health- 
related quality of life, based on data from the Medical Outcomes 
Study SF-36 in both mean physical component summary score and 
mental component summary.*® Although further work is being 
done to identify environmental and genetic factors associated with 
pain and targeted therapy, current evidence suggests that earlier 
surgery helps reduce the likelihood of central pain.**+ 

Diabetes mellitus. In the EUROPAC study, the cumulative risk 
of endocrine failure was 1.3% at age 10 years, 4.4% at age 20, 8.5 
% at age 30, and 47.6% by age 50 (see Fig. 57.11).°+* Likewise, 
26% of French HP patients developed diabetes mellitus, with a 
median age of onset of 38 years.**° The cumulative incidence of 
endocrine failure (diabetes) continues to increase after age 50, 
especially in those with the p.N29I variant in at least one study.*** 


Pancreatic cancer. The incidence of PC in patients with HP is 
dramatically increased.!?°443+36° PC appears to develop about 
30 to 40 years after the onset of pancreatitis.°°+33°7 The ini- 
tial estimated cumulative risk of pancreatic cancer by age 70 was 
40% (95% CI 9% to 71%).°°+38 In France the cumulative risk 
of PC at ages 50 and 75 years was 11% and 49% for men and 8% 
and 55% for women.*® However, 2 additional studies with older, 
larger cohorts identified a lower cumulative risk at age 70 years— 
18.8% in the EUROPAC study*** and 7.2% in the USA." 

The reasons for the high incidence of PC are unknown. The 
PRSS1 gene does not appear to play a role in sporadic pancreatic 
cancer,*°’ and our current knowledge of trypsin biology provides 
no rationale for how trypsin may act as an oncogene or other 
cancer-related factor. Rather, the recurrent pancreatic injury 
caused by unregulated trypsinogen activation, and subsequent 
inflammatory response appears to provide an environment that 
is oncogenic in nature.*°7>/° However, although pancreatic intraepi- 
thelial neoplasia (PanIN) lesions occur frequently and early in patients 
with HP, they do not appear to correlate with extent of calcification, 
fibrosis, or inflammation.*”! 

Treatment options for PC are limited and the prognosis 
remains poor despite some recent advances. The most effective 
approach is prevention, with the recognition that early-onset 
pancreatitis is one of the strongest known risk factors for PC. 
The most effective lifestyle target is tobacco smoking, which 
doubles the risk for pancreatic cancer.*?! This doubling of risk 
becomes critically important in individuals with HP, who already 
have an underlying risk of pancreatic cancer that is 50-fold the 
risk of the general population. Indeed, the age- and sex-adjusted 
OR for individuals with HP is doubled by tobacco smoking, and 
the median age of diagnosis of pancreatic cancer is 20 years ear- 
lier in smokers.** In addition to smoking, diabetes mellitus appears to 
be a risk factor of pancreatic cancer in patients with HP>® 

Although HP families have a high cancer risk, no effective 
screening methods have been established. Early detection of PC 
in the anatomically distorted gland of a pancreatitis patient is 
difficult. For this reason, the consensus guidelines of an expert 
panel suggest that if an individual in the PC risk age range is 
contemplating pancreatic surgery, a total pancreatectomy should 
be considered.*’* Younger patients may be offered a TPIAT, but 
due to the risk of transplanting malignant cells, the role of islet 
autotransplantation in older adult patients with long-standing CP 
is uncertain.*°!373 

Diagnosis. Prior to 1996, the diagnosis of HP was based purely 
on clinical criteria, including examination of the family pedigree. 
The discovery of the cationic trypsinogen gene mutations PRSS1 
p-R122H and p.N29I opened the door to molecular diagnosis.:!”7 
Although the majority of kindreds with an autosomal dominant 
pattern of RAP and CP (and/or diabetes mellitus or PC) will 
have gain-of-function PRSS1 mutations, up to 20% of families 
with HP will not have an identifiable PRSS mutation.!23+4346 
PRSS1 duplication variants are also associated with HP.*?*3.374 
The diagnosis requires both clinical signs of otherwise idiopathic 
AP or RAP and either a strong family history or PRSS1 variants 
associated with HP.*! 

Genetic testing. Genetic testing results remain unchanged 
throughout the life of the patient, have implications for future 
descendants and other family members, and may affect social and 
reproductive choices, employment, and insurability.*!+”° Thus, 
the clinician must fully comprehend the implications of testing, 
be prepared to provide pre- and post-test genetic counseling 
to the patient (or refer the patient to a genetic counselor), and 
ensure that informed consent is obtained before testing.!3” 

Reasons for PRSS] mutation testing include verification of 
a clinical suspicion, helping a patient understand or validate his 
or her condition, and assisting individuals to assess their risk of 
pancreatitis and eventually PC. Genetic information may also be 
useful in making life decisions to minimize risk of disease (e.g., 
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reproduction, diet, alcohol, smoking). Identification of an estab- 
lished pancreatitis-associated gene mutation can be valuable in 
expediting an expensive and prolonged evaluation of RAP in chil- 
dren, and may preclude further evaluation of elusive causes of 
pancreatitis in adults. 

The positive and negative predictive value of a genetic test 
in identifying specific mutations is almost perfect with properly 
applied modern techniques.’**>”° Interpretation of test results 
and explanation of their meaning to the patient continue to be 
pivotal issues. Prognosis can be outlined in general terms from 
the clinical discussion earlier, noting that there is significant vari- 
ability and that the effectiveness of future treatments in prevent- 
ing adverse outcomes is unknown. Finally, the mutation-positive 
individual has a 50% chance of passing on the mutation to each 
child. 

A positive test result in a clinically unaffected person is inter- 
preted as an increased risk of pancreatitis, with this risk possibly 
diminishing with age. A negative test result in a family with a 
known mutation in the PRSS/ gene essentially eliminates the risk 
of this genetic form of pancreatitis. If a mutation has not been 
previously identified in the family, a negative test result in an 
unaffected person is considered noninformative because one can- 
not distinguish whether the tested individual is free from genetic 
risk or whether he or she has inherited a different pancreatitis- 
predisposing gene mutation. Up-to-date information should 
always be available through the commercial genetic testing labo- 
ratory. Genetic counseling information can be found through the 
National Society of Genetic Counselors or the American Board 
of Genetic Counseling.’”° 

Genetic testing of children raises unique issues.*’° Unlike an 
adult patient, a child legally cannot provide informed consent. 
Thus, the decision for a child is essentially left to the parents or 
legal guardian. For children age 7 and older, a parent or legal 
guardian may provide consent for genetic testing, although these 
older children should also provide assent to the testing. The pri- 
mary reason for testing children for PRSSI gene mutations is to 
assist in determining the cause of unexplained pancreatitis or to 
confirm suspected pancreatitis in a child at risk for HP, thereby 
limiting further investigations. The testing of asymptomatic chil- 
dren is strongly discouraged because currently there is no clear 
medical benefit in identifying carriers at a young age. Because 
alcohol consumption, fatty foods, and emotional stress have been 
reported to precipitate pancreatitis attacks, and because smoking 
increases the risk of pancreatitis and PC, testing for the purpose 
of encouraging mutation-positive older children to avoid these 
excesses is advocated by some caregivers. However, avoidance 
of fatty foods, alcohol, and tobacco represents excellent general 
health advice for all children and, therefore, provides no compel- 
ling reason for testing. In either case, the personal desires of older 
children to postpone testing or to proceed with testing to relieve 
their own anxieties and learn more about their own health must 
also be carefully considered. 


Familial Pancreatitis 


Familial pancreatitis, in which the initial symptoms occur at a 
young age (e.g., <20 years), is more likely associated with a strong 
genetic risk. Autosomal dominant inheritance patterns are gener- 
ally due to gain-of-function PRSS1 mutations (see earlier). The 
most common causes of autosomal recessive disorders are associ- 
ated with homozygous or compound heterozygous CFTR muta- 
tions (typically including one or more Class IV or V mutations) 
and/or SPINKI mutations, or more complex genotypes. 


Schwachman-Diamond Syndrome 


SDS is a rare autosomal recessive disorder associated with muta- 
tions in the SBDS gene!”? and likely other genes (e.g., DNA7C21, 


BOX 57.4 Clinical Features of Shwachman-Diamond 
Syndrome (Frequency, in %) 


PANCREATIC 


Exocrine pancreatic hypoplasia (91%-100%) 
Steatorrhea (55%-88%) 

HEMATOLOGIC 

Neutropenia (88%-100%) 

Elevated fetal Hgb level (80%) 

Leukopenia (52%) 

Anemia (42%-66%) 

Pancytopenia (44%) 

Thrombocytopenia (24%-34%) 
Myelodysplastic syndromes (8%-33%) 
Leukemia (12%) 

SKELETAL 

Metaphyseal dysostosis (44%) 

Thoracic dystrophy (32%) 

Long-bone tubulation defects (?) 

Short or flared ribs (?) 

Others (<5%) 

GROWTH 

Short statue with normal growth velocity (common) 
OTHER 

Psychomotor delay (common) 

Abnormal liver biochemical test levels (common) 
Myocardial abnormalities (50% at autopsy) 
Mental retardation (83%) 

Diabetes mellitus (<5%) 

Hepatomegaly (<5%) 

Renal tubular dysfunction (?) 

Dental abnormalities (?) 

Ichthyosis (?) 


ELF1, and SRPS54).'°° SDS is characterized by EPI with hemato- 
logic abnormalities (e.g., cyclic neutropenia), skeletal defects, and 
short stature (see Table 57.4).130:377-379 EPI and cyclic neutrope- 
nia are present in most patients. !?077:37° Neutropenia is defined 
as an absolute neutrophil count less than 1500/mL.!3° Numerous 
other features have been reported (Box 57.4). However, a review 
of 37 patients in the North American SDS Registry suggested 
that neutropenia was the most common hematologic abnormality 
at presentation (81%), whereas only half (51%) of the patients 
presented with neutropenia and steatorrhea.**” This registry is 
led by hematologists, so these data may reflect some selection, 
detection, or referral bias. Myelodysplastic syndromes and acute 
leukemias develop in up to a third of patients. 

Severe cases of SDS present in infancy with malabsorption, 
failure to thrive, or recurrent infections. Because of the variable 
expression of pancreatic, hematologic, and other features, diag- 
nosis in mild cases may be delayed.’ //380:381 Several hundred fam- 
ilies, most with a single affected member, have been identified.*”* 

SDS genetic defects. The primary gene linked to SDS is the 
SBDS gene. This gene has 5 exons and encodes a predicted pro- 
tein of 250 amino acids and participates in ribosomal maturation 
and related systems.**” The genetic defect in most cases of SDS is 
caused by gene conversion between the normal SBDS gene with 
a nonfunctional pseudogene designated SBDSP that results in 
a dysfunctional protein product.!*?**? The SBDSP pseudogene 
DNA code is 97% identical to SBDS gene code. Fourteen distinct 
mutations were initially identified in the original kindreds, with 
the most common being the conversion mutations 183-184TA > 
CT and 258 + 2T > C; 183-184TA > CT introduces a premature 
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stop codon, p.K62X, whereas 258 + 2T > C disrupts a donor 
splice site. More than 40 novel genetic variants in SBDS have 
now been found as compound heterozygous genotypes with one 
of the common gene conversion alleles.**? No homozygotes for 
the p.K62X variant have been described, indicating that a func- 
tional SBDS protein is required for survival. Fewer than 10% of 
patients with clinical features of SDS do not have mutations in 
SBDS. Some of these individuals have biallelic genetic variants 
in DNAC721, the protein product of which aids maturation of the 
60S ribosomal subunit.!*! 

SBDS encodes a highly conserved and widely expressed pro- 
tein of 29 kd. Along with guanosine triphosphatase elongation 
factor 6 from the 60S ribosomal subunit, SBDS functions to 
initiate translation.*****> In addition, SBDS likely participates 
in regulating telomerase recruitment to telomeres and, thereby, 
aid in maintaining telomer length.**° The genetic defect results 
in a pancreatic acinar cell defect with markedly reduced zymo- 
gen synthesis and PI rather than susceptibility to pancreatitis. 
Lack of SBDS expression also affects myeloid differentiation 
and increases risk for bone marrow failure and acute myeloid 
leukemia.**° A mouse model of SBDS deficiency shows that the 
protein is required for pancreatic development and function.**’ 
Human embryonic stem cells and induced pluripotent stem cells 
with defects in SBDS manifest deficits in exocrine pancreatic 
and hematopoietic differentiation in vitro, enhanced apoptosis, 
and elevated protease levels in culture supernatants; the deficits 
could be reversed by restoring SBDS protein expression through 
transgene rescue or by supplementing culture media with pro- 
tease inhibitors suggesting protease-mediated autodigestion 
contributes to the pathogenesis of SDS.*** Ataluren, a drug that 
suppresses nonsense mutations originally developed to treat CF, 
restored SBDS expression and stimulated myeloid differentiation 
in hematopoietic cells obtained from patients with SDS.*°? 

Clinical features. The clinical features of SDS are pancreatic 
and hematologic. A wide range of features and degrees of severity 
can now be confirmed by integrating the genotype and pheno- 
type in high-risk families. 

Pancreatic insufficiency. The clinical features of SDS usually 
become evident in the first year of life.!937738!390 Severe PI, 
steatorrhea, and failure to thrive are frequent presenting symp- 
toms, but are not always present or necessary to make a diagno- 
sis.377389,381,391 A normal sweat-chloride concentration (or other 
normal measure of CFTR function) can help distinguish SDS 
from CF!® if genetic testing is not diagnostic.*?? The pancreatic 
lesion appears to begin with developmental failure of the pan- 
creatic acini in utero.!°? Macroscopically, the pancreas appears 
fatty and may be small or normal size. The extensive lipomatous 
changes result in characteristic changes during abdominal imag- 
ing by CT (Fig. 57.12), MRI, or US, ®”94 but these imaging find- 
ings are not always present’? The main pancreatic ducts and islets 
are normal; there is extensive fatty replacement of the pancreatic 
acinar tissue.'°? Serial assessments of exocrine pancreatic func- 
tion reveal persistent deficits of enzyme secretion, but nearly half 
of patients showed moderate age-related improvements after age 
4, resulting in PS,*”’>*! with some pancreatic enzymes (e.g., tryp- 
sin) returning more than others (e.g., amylase). 

Hematologic manifestations. Neutropenia-related infections 
are also an early and potentially serious problem in SDS. The 
neutropenia occurs in a cyclical fashion in two thirds of patients, 
and when tested, the neutrophils appear to have impaired migra- 
tion and chemotaxis,’ although they can still form abscesses.\>° 
SDS patients are susceptible to a variety of bacterial, viral, and 
fungal infections beyond that expected in patients with neutro- 
penia.!3°37? Common infections include otitis media, sinusitis, 
pneumonia, osteomyelitis, urinary tract infections, skin and soft 
tissue infections, and lymphadenitis.!303°° Normochromic, nor- 
mocytic anemia occur in up to 80% of patients.!°° Thrombocy- 
topenia is sometimes present. Patients with pancytopenia have 


Fig. 57.12 CT appearance of the pancreas in a patient with Shwach- 
man-Diamond syndrome. Note that the pancreas (arrow) retains a typi- 
cal size and shape, but it is highly fatty and therefore appears as a very 
low-density structure. (Image courtesy Professor Peter Durie.) 


the worst prognosis.’ Whereas the median age of survival for 
all SDS patients is 35 years, patients with pancytopenia have a 
median life expectancy of only 24 years. Pancytopenia appears at 
a mean age of 6 years and occurs in 10% to 25% of patients.*”° Up 
to a third of SDS patients develop a myelodysplastic syndrome, 
and approximately 10% to 25% develop leukemia, usually acute 
myeloid leukemia.?77:379,381,395 

Growth and development. The birth weight of children with 
SDS is typically low (2.9 + 0.5 kg, 25th percentile),*”” and by 6 
months of age, the mean heights and weights are characteristically 
below the 5th percentile. Thereafter, growth velocity appears 
normal.*’? The short stature is independent of nutrition.!%37? 
Some clinically evident skeletal abnormalities may be present. 
For example, metaphyseal chondrodysplasia and dysostosis may 
be evident in 44% of patients, especially in the femoral head and 
proximal tibia.!°°!©3 Thoracic dystrophy, such as pectus, asphyxi- 
ating thoracic dystrophy, flared ribs, and other skeletal abnor- 
malities also have been described.!3%!93377397 Most patients 
remain below the 3rd percentile for height and weight, although 
some adults reach the 25th percentile for height.'°? Males and 
females are probably affected equally, but males are more likely 
to undergo thorough investigation than females, leading to a mild 
ascertainment bias.37°*! 

Treatment. The treatment of pancreatic exocrine deficiency is 
more straightforward with SDS than with CF, because bicarbon- 
ate secretion in the pancreas and duodenum is spared. Pancreatic 
enzyme replacement should be initiated with an expectation of 
diminished steatorrhea and improved weight gain. Fat-soluble 
vitamins, medium-chain TGs, and other high-calorie supple- 
ments may be needed, as discussed for CF. 

Patients with SDS are typically followed by multidisciplinary 
teams led by a hematologist. During periods of granulocytope- 
nia, febrile episodes should be evaluated and treated with appro- 
priate antimicrobial drugs. Patients with severe neutropenia or 
those suspected to have severe infections should be hospitalized 
and treated with intravenous antibiotics until they improve.’”” 
Chronic use of G-CSF should be considered for recurrent inva- 
sive bacterial and/or fungal infections in the presence of severe 
neutropenia.*’? Patients may respond to an intermittent schedule 
with low doses of G-CSF (e.g., 2 to 3 ug/kg every 3 days) or may 
require higher doses continuously.*’? Hematopoietic stem cell 
transplant remains the only curative therapy for SDS individu- 
als with severe aplastic anemia or malignant transformation.!*° 
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Episodes of bleeding or severe anemia may require blood or 
platelet transfusion.*’? Hip disease should be monitored, with 
surgical intervention if progression occurs. The use of recom- 
binant human growth hormone in this condition has not been 
systematically investigated, but anecdotal reports have shown 
efficacy in accelerating growth. 


RARE GENETIC SYNDROMES WITH PANCREATIC 
PATHOLOGY 


Johanson-Blizzard Syndrome 


Johanson-Blizzard syndrome is a rare autosomal recessive syn- 
drome linked to mutations in the ubiquitin-ligase E3 (UBRI) 
gene. !37398399 The pancreatic component of the syndrome is 
characterized by PI and growth restriction, with lipomatous 
transformation of the pancreas rather than AP. Most mutations in 
UBR1 are nonsense, frameshift, splice-site mutations or small in- 
frame deletions that result in an inactive protein.*”’ Some patients 
have missense mutations or small in-frame deletions that result in 
a milder phenotype.!3>399-#0° A recent study identified exon dele- 
tions or duplications of UBRI in patients with Johanson-Blizzard 
syndrome, thereby extending the genotype of this disorder.*”! 

Ubiquitin-ligase E3 belongs to the N-end rule pathway of an 
intracellular protein degradation system. Digestive serine prote- 
ases, which are known to trigger autodigestion during pancre- 
atitis, are specific substrates of UBR1 and are up-regulated in 
the pancreas when UBRI1 is defective due to loss-of-function 
mutations.!37°°? The predominant and most consistent human 
phenotype, pancreatic exocrine insufficiency, is a consequence of 
intrauterine pancreatitis, resulting in complete gland destruction 
although this is not always the case. The pancreatic involvement 
in Johanson-Blizzard syndrome may be mild and not appar- 
ent until later in life.'*° The murine knockout of UBRI exhib- 
its features that are very similar to the human phenotype, with 
restricted growth, craniofacial abnormalities, and pancreatic exo- 
crine insufficiency. The murine acinar cells have impaired chole- 
cystokinin receptor-stimulated excitation-secretion coupling and 
are more susceptible to experimental pancreatitis than wild-type 
animals and to a more severe systemic inflammatory response in 
the disease course. These findings are consistent with intracellu- 
lar failure to degrade various cytosolic digestive enzymes. 

Patients with Johanson-Blizzard syndrome have preservation 
of ductular output of fluid and electrolytes, like patients with 
SDS and unlike patients with CF.*°* They also have decreased 
acinar secretion of trypsin, colipase, and total lipase, and low 
serum immunoreactive trypsinogen levels, consistent with a pri- 
mary acinar cell defect.*°* Histologically, the pancreatic ducts 
and islets are preserved but are surrounded by connective tissue 
and a total absence of acini. In addition to pancreatic acinar cell 
defects with malabsorption, the syndrome is characterized by 
aplastic alae nasi, deafness, hypothyroidism, dwarfism, absent 
permanent teeth, cardiac anomalies, genitourinary malforma- 
tions, midline ectodermal scalp defects, and imperforate or ante- 
rior anus.!3639?0l There are no hematologic abnormalities as in 
SDS.* Thus far, the association of variants in UBRI with CP 
continues to be investigated.3?973 


Pearson Marrow-Pancreas Syndrome 


Pearson marrow-pancreas syndrome is a rare autosomal dom- 
inant, mtDNA breakage syndrome characterized by refractory 
sideroblastic anemia with vacuolization of marrow precur- 
sors, often with exocrine pancreatic dysfunction.1°+40> Other 
affected organ systems include the kidney (tubulopathy, ami- 
noaciduria, Fanconi Syndrome) liver (hepatomegaly, cytoly- 
sis, and cholestasis), endocrine glands (diabetes mellitus, 
adrenal insufficiency), neuromuscular system, and heart.t0°-407 


Biochemical features include lactic acidosis, low levels of 
plasma citrulline and arginine, and urine with elevated citrul- 
line, lactic/pyruvic aciduria, increased citric cycle intermedi- 
ates, and, occasionally, ketonuria consistent with loss of key 
enzymes in the citric acid cycle and other mitochondrial func- 
tions.40° 

Patients with this syndrome may have transfusion-dependent 
macrocytic anemia in infancy, but all of the bone marrow cell 
lines otherwise appear to be normal. The PI results from pan- 
creatic fibrosis rather than fatty replacement of the acinar cells, 
as in SDS, and is more likely to be associated with diabetes mel- 
litus. The syndrome has a high mortality rate in early childhood; 
patients who survive develop progressive involvement of multiple 
systems, including the liver, kidney, gut, and skin, all of which 
have abnormal mitochondria. 

The molecular defect in Pearson marrow-pancreas syndrome 
was initially identified as a 4977-base pair deletion of mtDNA 
encompassing portions of the genes coding for NADH dehydro- 
genase, cytochrome oxidase, and ATPase.*°* A variety of other 
mitochondrial defects have now been identified,*°°*°’ and these 
deletions appear to be flanked with nucleotide repeats.*°? Cherry 
and colleaguest!? demonstrated that pluripotent stem cells with 
the high burden of deleted mtDNA had differences in growth, 
mitochondrial function, and hematopoietic phenotype when cul- 
tured in vitro compared to control pluripotent stem cells. The 
clinical features and severity of disease appear to correlate with 
the organ distribution and proportion of abnormal mtDNA.4064!! 
Patients who survive may develop features of other mtDNA dele- 
tion syndromes. No specific treatment to correct these abnor- 
malities is yet known. 


Pancreatic Agenesis 


Agenesis of the pancreas is extremely rare and is discussed in 
detail in Chapter 55.412413 Cardiac malformations, gallblad- 
der agenesis, and gut malformations are also common in these 
patients. Intestinal malrotation typically results in aplasia of the 
uncinate process of the pancreas, likely as a developmental prob- 
lem associated with duodenal rotation.*!* 

The differential diagnosis of pancreatic agenesis includes 
transient diabetes mellitus of the newborn, pancreatic hypopla- 
sia, CF, SDS, Johanson-Blizzard syndrome, and other rare dis- 
orders. However, in pancreatic agenesis, the profound endocrine 
and exocrine deficiencies persist, serum C-peptide and glucagon 
levels are undetectable, and the pancreas is absent on imaging 
studies (e.g., MRI). These children are managed as having type 
1 diabetes mellitus (treated with insulin) and severe EPI (treated 
with pancreatic enzyme supplementation). Survival is possible 
with proper diagnosis and treatment. 

Partial pancreatic agenesis of the dorsal pancreas is also 
extremely rare (see Chapter 55). Unlike complete agenesis of the 
pancreas, patients may be asymptomatic or may present with bile 
duct obstruction, pancreatitis or diabetes.*!° Agenesis and hypo- 
plasia of the ventral pancreas is also extremely rare. The lack of 
the ventral and dorsal pancreas has been described in patients car- 
rying mutations in the gene-encoding hepatocyte nuclear factor 1 
homeobox B (HNF-1B).*!° 


Other Rare Syndromes 


Other rare syndromes have been identified that affect the pan- 
creas. Examples include asplenia with cystic liver, kidney, and 
pancreas (Iverson syndrome); “dysplasia” (in the sense of dis- 
turbed development) of the kidney, liver, and pancreas occurs 
without other abnormalities.*!’ Histologically, the pancreas has 
dilated, large, irregular-shaped ducts surrounded by concentric 
loose mesenchyme and prominent areas of fibrosis and atrophy 
of its parenchyma.*!” 
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Isolated Enzyme and Other Digestive Enzyme-Associated 
Defects 


Lipase. Congenital absence of pancreatic lipase is a rare disorder 
accompanied by variable preservation of other enzymes.*!8-420 
No mutations had been identified in this gene in patients sus- 
pected of having lipase deficiency until recently when 2 brothers 
with a novel mutation in PNLIP were reported.**!-#”* Both males 
and females are affected. The earliest and most characteristic 
manifestation of this disease seems to be the passage of stool with 
an unusual amount of readily separable oil, which is often respon- 
sible for soiling. Failure to thrive is only occasionally noted, and 
systemic manifestations are absent. The 2 brothers with a known 
mutation in PNLIP, p.Thr221Met, had clinical evidence of 
CP.*? The mechanism of disease appears to be protein misfold- 
ing and RER stress.!*+ 

Pancreatic lipase activity within duodenal contents in these 
patients is low to absent. Trypsin and amylase activity are some- 
what diminished in some patients, but other parameters of exo- 
crine function (including colipase and phospholipase A activities, 
bicarbonate, and volume secretion) are usually normal. Any resid- 
ual lipase activity has been presumed to be a result of lingual or 
gastric lipase activity. 

In addition to its functional absence, no immunologically 
reactive lipase can be detected,*!* suggesting either the complete 
absence of pancreatic lipase or the occurrence of a major struc- 
tural change affecting both immunogenicity and function. The 
response to exogenous pancreatic enzyme therapy is suboptimal, 
and limitation of dietary fat is often necessary to avoid oily stools 
and incontinence. 

Colipase. Colipase deficiency has been described in male 
offspring of consanguineous and non-consanguineous mar- 
riages.1?>,?4 These patients present with loose stools and steator- 
rhea, but growth and development are normal. Colipase activity 
is markedly reduced, with otherwise normal pancreatic enzyme 
secretion. Fat absorption improves dramatically with the intra- 
duodenal instillation of purified colipase. In studies of patients 
with PI associated with CF and SDS, steatorrhea occurs only 
when lipase and colipase secretion are diminished to less than 2% 
and less than 1% of mean normal values, respectively.*”> To date, 
no genetic variants in CLPS have been associated with colipase 
deficiency. 

Serine protease inhibitor Kazal type 1 (SPINK1) deficiency. Two 
patients with homozygous variants of SPINKI presented with 
infantile EPI.*’° Both patients had loss of function genetic variants 
in SPINK1. One patient had a complete deletion of SPINKI and 
the other had an inverted Alu element inserted into 3’-untrans- 
lated region of SPINKI resulting in undetectable levels of mRNA 
encoding SPINK1. Each patient’s pancreas showed diffuse lipo- 
matosis. Apparently, diabetes was not a feature of the syndrome 
because both patients did well on pancreatic enzyme replacement 
alone. Spink3 (the mouse homolog of SPINKI) deficient mice 
had normal pancreas development until 15.5 days after coitus.!?° 
They then had progressive loss of pancreatic acinar cells until 
death by age 14.5 days, presumably from malnutrition. Together 
these findings suggest that SPINK1 and Spink3 have critical 
functions in the survival or regeneration of pancreatic acinar cells 
separate from their more well-known function to inhibit trypsin. 

Enterokinase deficiency. Although few reports of congenital 
absence of enterokinase (enteropeptidase) have appeared since 
the original description in 1969,’ a familial nature was sug- 
gested by its documentation in siblings.8 DNA sequencing of 


2 families revealed compound heterozygosity for nonsense muta- 
tions in 2 affected siblings and for a nonsense mutation and a 
frameshift mutation in the patient from the second family.*?? 
These patients presented with malabsorption, hypoproteinemia, 
and severe growth restriction. Evaluation included normal amy- 
lase and lipase activities but very low trypsin activity in the duode- 
num, with normal concentrations of sweat electrolytes. Luminal 
trypsinogen could be activated by the addition of exogenous 
enterokinase. Small intestinal morphology and disaccharidase 
levels were normal. Congenital enterokinase deficiency is recog- 
nized in 1% to 2% of infants undergoing evaluation of suspected 
PI although there have been no recent reports of new patients.??° 
Follow-up into adulthood shows that the poor weight gain pres- 
ent in infancy resolves and the patients do not have GI symptoms 
even without PERT.*? 

The steatorrhea associated with enterokinase deficiency may 
be related to a secondary deficiency of phospholipase, the acti- 
vation of which requires trypsin, which in turn is activated by 
enterokinase. Patients with CF and SDS have increased intralu- 
minal but normal mucosal enterokinase activity." Enterokinase 
levels and activity may also theoretically decline with significant 
small intestinal mucosal injury. However, even in untreated celiac 
disease, normal mucosal and normal intraluminal enterokinase 
activities have been reported.**° 


FAMILIAL METABOLIC SYNDROMES ASSOCIATED 
WITH RECURRENT ACUTE AND CHRONIC 
PANCREATITIS 


Familial Hyperparathyroidism With Hypercalcemia 


Hypercalcemia, possibly through trypsinogen activation and 
trypsin stabilization, is associated with AP, RAP, and CP.!*°-#3! 
Most causes are due to major metabolic disturbances such as 
primary hyperparathyroidism, malignancies such as multiple 
myeloma, vitamin D toxicity, sarcoidosis, total parenteral nutri- 
tion, and infusions of perioperative high-dose calcium during car- 
diopulmonary bypass.#!-#3° 

Genetic risk for hypercalcemic AP has been studied. Research 
into the CASR gene suggests that a combination of CASR, 
SPINK1, and/or CFTR variants, plus alcohol or other factors 
are required to target the pancreas as a complex disease result- 
ing in RAP and CP because CASR mutations alone are not suf- 
ficient. 187-184486 A woman with a loss-of-function mutation in 
CYP24A, a gene that encodes a mitochondrial 24-hydroxylase 
that inactivates 1,25(OH), D developed hypercalcemia, nephro- 
lithiasis, nephrocalcinosis, and AP during pregnancy,**’ although 
episodes of AP do not appear to be common in patients with this 
syndrome.*** 


Chylomicronemia Syndromes 
The FCS and MCS were discussed earlier. 
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INCIDENCE AND BURDEN OF DISEASE 


The human and financial burden of acute pancreatitis (AP) con- 
tinues to grow, and it is now one of the most common reason for 
hospitalization with a GI condition.! Many studies demonstrate a 
variable yet consistent increasing worldwide incidence, generally 
in the range of 20 to 40 per 100,000 population.’ Studies from 
Europe suggest an increase overall, with differences in underlying 
etiology based upon the region studied. For example, gallstones 
are the dominant etiology in Southern Europe and alcohol in 
Eastern Europe, with intermediate gallstone-to-alcohol ratios in 
Northern and Western Europe.’ Studies from EDs likewise have 
shown a rise in visits for AP, with a 12% rise in a 6-year period in 
one study; a 15% increase in hospital admissions; and that AP was 
the 12th most common GI condition seen in the ED in 20122 
This continued escalation in ED visits and associated costs appear 
to be driven by younger patients with alcohol-associated and 
acute on chronic pancreatitis. Based on population-based cohort 
studies, globally, AP is the most common pancreatic disease, 
whereas pancreatic cancer is the most lethal.* A large increase 
in pediatric cases also accounts for the rising increase in the inci- 
dence of AP.’ This increase is presumably—as in adults—due to 
the rise in obesity-associated cholelithiasis. However, estimates 
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of incidence are inaccurate because the diagnosis of mild disease 
may be missed and death may occur before diagnosis in 10% of 
patients with severe disease.° Conversely, many patients with 
abdominal pain from other sources who present with a slight ele- 
vation in the serum amylase and/or lipase are falsely diagnosed 
as having AP. 

The rising incidence of AP has likewise been associated with 
increasing costs.’ In 2014 the United States, AP was one of the 
top 3 leading hospital discharge diagnoses, along with GI bleed- 
ing and gallstone disease. There were 279,145 annual admissions, 
with a 30-day readmission rate of 14.3% and 0.7% mortality. The 
health care cost was 2.6 billion dollars. In the same year, there 
were 2834 deaths directly related to AP and 5392 deaths contrib- 
uted to by AP in the USA, making it the 14th most common cause 
of death due to GI diseases. Although the length of hospital stay 
and mortality have decreased from 1997 to 2012 in the USA, the 
mean hospital costs have increased by 120% to nearly $34,000.° 
The overall mortality rate from AP has substantially dropped 
from >10% several years ago to less than 2% in recent years. 17? 
The following sections are written with the main focus on clinical 
management based on recent evidence-based literature and are 
not meant to be an encyclopedic description of the topic. 
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BOX 58.1 2012 Atlanta Classification Revision of Acute 
Pancreatitis ' 


MILD ACUTE PANCREATITIS 


No organ failure 
No local or systemic complications 


MODERATELY SEVERE ACUTE PANCREATITIS 


Pancreas 


Transient organ failure (<48 hr) and/or 
Local or systemic complications* without persistent organ failure 


SEVERE ACUTE PANCREATITIS 
Persistent organ failure (>48 hr)—-single organ or multiorgan 


*Local complications are peripancreatic fluid collections, pancreatic necrosis 
and peripancreatic necrosis (sterile or infected), pseudocyst, and walled- 
off necrosis (sterile or infected). 


DEFINITIONS 


The 1992 Atlanta Symposium!” served physicians involved in car- 
ing for patients with AP well for nearly 2 decades, but subsequent 
advancements about various aspects of the disease necessitated the 
recent consensus revision.'! Whereas AP is best defined physiologi- 
cally as an acute inflammatory process of the pancreas with variable 
involvement of other regional tissues or remote organ systems, AP 
is now defined by a patient meeting 2 of the following 3 criteria!!: 
(1) symptoms (e.g., acute onset epigastric and/or left upper quad- 
rant pain, often radiating to the back) consistent with pancreatitis, 
(2) a serum amylase or lipase level greater than 3 times the upper 
limit of the laboratory’s reference range, and (3) radiologic imaging 
consistent with pancreatitis, usually using CT or MRI. 

Pancreatitis is classified as acute unless there are findings on 
CT, MRI, EUS, or ERCP suggestive of chronic pancreatitis. If 
such findings are present, pancreatitis is classified as chronic pan- 
creatitis, and any further episode of AP is considered an exacer- 
bation of chronic pancreatitis (see Chapter 59). Patients, though, 
can present with an attack of acute on chronic pancreatitis, using 
all 3 criteria as well. 

Once the diagnosis of AP is established, patients are then clas- 
sified based on disease severity. The Atlanta Criteria revision of 
2012!! (Box 58.1) classified severity as mild, moderately severe, or 
severe. Mild AP, the most common form, has no associated organ 
failure, no local or systemic complications, and usually resolves in 
the first week. Moderately severe AP!” is defined by the presence of 
transient organ failure (lasting <48 hours) and/or local complica- 
tions. Severe AP is defined by persistent organ failure (lasting >48 
hours). Local complications include acute peripancreatic fluid col- 
lections, acute necrotic collections (pancreatic and peripancreatic 
necrosis, sterile or infected), pseudocyst, and walled-off necrosis 
(WON; sterile or infected; Figs. 58.1 and 58.2). Other acceptable 
markers of severe pancreatitis include 3 or more of Ranson’s 11 
criteria for nongallstone pancreatitis!’ and an Acute Physiology 
and Chronic Health Evaluation (APACHE-II) score above 8.!* 

Even in the original Atlanta classification, !° certain confusing 
terms like phlegmon (which means different things to different 
specialists) and hemorrhagic pancreatitis were omitted. The term 
hemorrhagic pancreatitis is not a synonym for necrotizing pancre- 
atitis. When occurring early in the course, bleeding may be due 
to venous bleeding from the severe inflammatory process. Later 
and when severe, hemorrhage is more commonly associated with 
pseudoaneurysm formation leading to hemorrhagic collections 
or hemoperitoneum. Interstitial pancreatitis accounts for nearly 
75% to 80% of the cases and, on contrast-enhanced CT scan in 
such patients, the pancreas is perfused well, without any non- 
perfused, low attenuation areas. The terms mild and interstitial 
pancreatitis are used interchangeably, as both are associated with 
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Fig. 58.1 CT showing acute interstitial pancreatitis with diffuse swelling 
of the pancreas (P) and peripancreatic inflammatory changes (arrows). 
The pancreas was well perfused without evidence of necrosis. 

G, gallbladder. 


Fig. 58.2 CT showing acute pancreatic necrosis with focal areas of 
decreased perfusion in the pancreatic parenchyma (arrows) and sur- 
rounding peripancreatic inflammation. The necrosis was estimated to 
involve less than 30% of the pancreas. G, gallbladder. 


a mild course. Necrotizing pancreatitis according to the revised 
Atlanta classification includes both pancreatic and/or peripan- 
creatic necrosis. Approximately 45% of all cases of necrotizing 
pancreatitis involve both pancreatic and peripancreatic tissues, 
with another 45% of cases being isolated peripancreatic necrosis. 
Pure pancreatic necrosis is seen only in about 5% of the cases.!° 
Pancreatic necrosis is diagnosed on CT scan when 230% of the 
pancreatic parenchyma is low-attenuating or nonenhancing. 
Acute peripancreatic fluid collections are seen as low attenua- 
tion areas around the pancreas. If these collections cross the fas- 
cial planes like Gerota fascia, then one should consider them as 
acute peripancreatic necrotic collections rather than simple fluid 


collections. Approximately 30% to 50% of cases of AP, mainly 
the interstitial type, have peripancreatic fluid collections, which 
typically resolve. After a period of approximately 4 weeks, if the 
acute peripancreatic fluid collections persist and develop a wall, 
then they are called a “pseudocyst.” Because most of these col- 
lections resolve, true pseudocysts are uncommon, although most 
of the persistent fluid collections are loosely described as “pseu- 
docyst.” Pseudocysts are located adjacent to or off the body of 
the pancreas. At times, these enzyme-rich fluid-filled sacs can 
be found distantly in the pelvis or chest. When a pseudocyst is 
located within the body of the pancreas, the cyst may contain 
necrotic pancreatic debris on MRI and EUS, even when the 
pseudocyst is fluid appearing with low attenuation on CT. Such 
“pseudocysts” are more correctly called necrotic collections. 
Necrotic collections, which may also be peripancreatic, develop 
a wall after 4 weeks and are then referred to as WON. The term 
pancreatic abscess, defined in the original Atlanta classification, was 
omitted because this is usually the end result of infected necrosis 
and is also rare. Similarly the term infected pseudocyst is also dis- 
couraged as spontaneous infection without intervention is rare. 

Of all these terms, the most important distinction is that 
between pancreatic necrosis and pseudocyst. WON is pancreatic 
necrosis that has liquefied after 5 to 6 weeks.!° Similar to a pseudo- 
cyst, a wall develops. However, whereas a pseudocyst always con- 
tains fluid, pancreatic necrosis, even if walled off early, contains a 
significant amount of debris that only becomes liquefied after 5 to 
6 weeks. Draining WON too early (before 4 weeks) is discouraged 
because the debris is typically thick, often with the consistency of 
rubber, early in the course of the disease. After 4 weeks, WON can 
be treated similarly to a pseudocyst and drained surgically, endo- 
scopically, or percutaneously (see Chapter 61). 


COURSE OF THE DISEASE 


AP appears to have 2 distinct phases. The first phase usually lasts 
a week and is characterized by systemic symptoms that may result 
in organ failure. The pancreatic inflammation may lead to the 
systemic inflammatory response syndrome (SIRS). Infectious 
complications are uncommon in this phase.!’ Fever, tachycardia, 
hypotension, respiratory distress, and leukocytosis are typically 
related to SIRS (Box 58.2). Failure of the respiratory, circulatory 
and renal systems are usually associated with persistent SIRS. GI 
bleeding, liver failure, and coagulation disturbances have been 
included in some older studies, but the revised Atlanta classifica- 
tion!! removed them because they are rare and data regarding 
these complications is sparse. Most organ failure observed in the 
first week is also present on day 1, and at that time, one should 
consider (and treat) the patient as having severe AP. If the organ 
failure persists beyond 48 hours, severe AP is confirmed. If organ 
failure resolves within 48 hours and local complications evolve, 
the case would be classified as moderately severe AP. If no local 
complications are seen, the revised Atlanta classification still clas- 
sifies the patient as moderately severe pancreatitis; however, the 
original description of moderately severe AP described patients 
with local complications but without organ failure.!? Future clas- 
sifications may address patients with simple fluid collections, 
transient organ failure alone and exacerbation of preexisting 
medical comorbidities differently than as moderately severe AP. 
The second phase usually starts after 7 days and is mainly 
characterized by the local complications and ensuing infec- 
tion of such local complications. The organ failure seen in the 
first phase may continue and contribute to late morbidity and 
mortality, usually with infected necrosis. Hence, by definition, 
mild AP is not associated with the second phase, except rare 
patients who continue to have pain without any organ failure 
or local complications. Organ failure occurs in ~5% of intersti- 
tial pancreatitis (often synonymous with mild severity) due to 
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BOX 58.2 Factors Associated With Severe Acute 
Pancreatitis 


PATIENT CHARACTERISTICS 

Age >55 yr! 1:13:210,327 

Obesity (BMI >30 kg/m?)?"9 

Altered mental status?2°.224 

Comorbid disease!! 

Systemic inflammatory response syndrome (SIRS)! 1:20.217,223,224 
Two or more of the following (SIRS criteria) 

Pulse >90/min 

Respirations >20/min or PaCO, <32 mm Hg 


Temperature >38°C or <36°C 
WBC count >12,000 or <4000/mmS or >10% band forms 


LABORATORY FINDINGS 


BUN >20 mg/dL or rising BUN level225 
Elevated serum creatinine level®'4 
Hematocrit >44% or rising hematocrit?! 


IMAGING FINDINGS 


Pleural effusion(s)'9° 
Pulmonary infiltrate(s)'! 
Multiple or extensive extrapancreatic fluid collections°° 


BUN, Blood urea nitrogen level. 


cytokine-mediated SIRS; if organ failure is persistent, then AP 
is considered severe. 

The first phase of AP usually lasts 1 week. During this phase, 
the disease severity is directly related to extrapancreatic organ 
failure from the patient’s SIRS elicited by acinar cell injury. Mul- 
tiple cytokines are involved, including platelet activating factor 
(PAF), TNF-a, nuclear factor KB (NF-«B), and numerous inter- 
leukins (ILs; see Chapter 2). During this first week, the initial 
state of inflammation evolves dynamically, with variable degrees 
of pancreatic and peripancreatic ischemia or edema toward either 
resolution, irreversible necrosis and liquefaction, or the develop- 
ment of fluid collections in and around the pancreas. The extent 
of the pancreatic and peripancreatic changes is usually propor- 
tional to the severity of extrapancreatic organ failure. However, 
organ failure may develop independent of pancreatic necrosis.!° 
Conversely, patients with pancreatic necrosis may have no evi- 
dence of organ failure. The development of organ failure appears 
to correlate with the persistence of the systemic inflammatory 
response cascade (discussed later). 

Approximately 75% to 80%, of patients with AP have a reso- 
lution of the disease process (interstitial pancreatitis) and do not 
enter a second phase. However, in ~20% of patients, a more pro- 
tracted course develops, typically related to the necrotizing pro- 
cess (necrotizing pancreatitis) lasting weeks to months. Mortality 
in this second phase is related to a combination of factors, includ- 
ing organ failure secondary to sterile necrosis, infected necrosis, 
local complications from the severe necrotic process, or compli- 
cations from surgical/minimally invasive intervention. 18-20 

There are 2 time peaks for mortality in AP. Most studies in the 
USA and Europe reveal that about half the deaths occur within 
the first week or 2, usually from multiorgan failure.!**° Death 
can be very rapid. For example, in Scotland about one quarter of 
all deaths occurred within 24 hours of admission, and one third 
within 48 hours.’° After the second week of illness, patients suc- 
cumb to pancreatic infection associated with multiorgan failure. 
Some studies in Europe report a very high late mortality rate 
from infection.”! It is unclear if this is related to endogenous 
infection of the pancreatic necrosis or to surgical interventions 
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for infectious complications. Patients who are older and have 
comorbid illnesses have a substantially higher mortality rate than 
younger healthier patients. In those who survive their illness, 
severe pancreatic necrosis can result in chronic pancreatitis, with 
all of its complications (see Chapter 59).?! 


PATHOGENESIS AND PATHOPHYSIOLOGY 


Most of the published data on the pathogenesis of AP comes 
from work in animal models. Although gallstones and alcohol 
may contribute to 60% of more of AP in humans, there is no 
animal model of for these 2 predisposing causes. Cerulein and 
taurocholate used to induce pancreatitis in animal models does 
not cause human pancreatitis. Despite these limitations, the ana- 
tomic and biochemical abnormalities in AP in animal models 
are similar to humans. Once the process of AP is initiated, the 
subsequent progression of events resulting in local and systemic 
complications are similar regardless of the inciting event. This is 
important because if any drug therapy becomes available to treat 
this disease, it should be administered very early on and be able to 
block the progression of events at that early stage. 

The initial step in the pathogenesis of AP is conversion of 
trypsinogen to trypsin within acinar cells in sufficient quantities 
to overwhelm normal mechanisms to remove active trypsin (see 
Fig. 57.3). Trypsin, in turn, catalyzes conversion of proenzymes, 
including trypsinogen and inactive precursors of elastase, phos- 
pholipase A, (PLA;), and carboxypeptidase, to active enzymes 
(see Chapter 56). Trypsin also may activate the complement and 
kinin systems. Active enzymes autodigest the pancreas and initi- 
ate a vicious cycle of releasing more active enzymes. Normally, 
small amounts of trypsinogen are spontaneously activated within 
the pancreas, but protective intrapancreatic mechanisms quickly 
remove the trypsin. Pancreatic secretory trypsin inhibitor (now 
called SPINK1) binds and inactivates about 20% of the trypsin 
activity. Other mechanisms for removing trypsin involve meso- 
trypsin, enzyme Y, and trypsin itself, which splits and inactivates 
other trypsin molecules. The pancreas also contains nonspe- 
cific antiproteases such as a -antitrypsin and o-macroglobulin. 
Additional protective mechanisms are the sequestration of pan- 
creatic enzymes within intracellular compartments of the acinar 
cell during synthesis and transport and the separation of diges- 
tive enzymes from lysosomal hydrolases as they pass through 
the Golgi apparatus, which is important because cathepsin B can 
activate trypsin from trypsinogen. Low intra-acinar cell calcium 
concentrations also prevent further autoactivation of trypsin. 

In experimental pancreatitis, activation of trypsin occurs 
within 10 minutes, and large amounts of trypsin?’ and increased 
concentrations of trypsinogen activation peptide (TAP) accumu- 
late within the pancreas.***+ TAP is produced when trypsinogen 
is activated to trypsin, and concentrations of TAP in plasma, 
urine, and ascites correlate with the severity of the pancreatic 
inflammatory response, with the highest levels associated with 
acinar cell necrosis and intrapancreatic hemorrhage.*>”° 

Co-localization of pancreatic enzymes in lysosomes, followed 
by acinar cell injury, is an attractive hypothesis for the pathogen- 
esis of AP, but the relevance of such co-localization to the patho- 
genesis of AP is unclear. Activation of trypsinogen occurs before 
biochemical or morphologic injury to acinar cells, in association 
with co-localization of lysosomal enzymes, such as cathepsin B, 
and digestive enzymes, including trypsinogen within unstable 
vacuoles.*°’ Complete inhibition of pancreatic cathepsin B 
activity in vitro prevents trypsinogen activation induced by the 
CCK analog cerulein,?® supporting the co-localization hypoth- 
esis. Thus, complete inhibition of cathepsin B may prevent or 
become a treatment for AP. However, enzyme co-localization 
may occur without inducing significant acinar cell injury.”° 

‘Two other features of experimental AP are (a) early blockade 
of the secretion of pancreatic enzymes while enzyme synthesis 


continues and (b) disruption of the paracellular barrier of aci- 
nar cells and intralobular pancreatic duct (PD) cells. This bar- 
rier disruption facilitates the extravasation of pancreatic enzymes 
from acinar cells and from the duct lumen into interstitial spaces. 
This phenomenon may explain the rapid development of inter- 
stitial edema and the increase in the concentration of pancreatic 
enzymes in the serum.*? 

As discussed in Chapter 57, genetic mutations associated with 
hereditary pancreatitis also lend support to the hypothesis that 
intrapancreatic activation of pancreatic zymogens is central to 
the pathogenesis of AP.*°-*? The mutant trypsins in patients with 
hereditary pancreatitis (usually a R122H or a N29I mutation) 
cause trypsin to be resistant to degradation or causes premature 
trypsinogen activation (gain-of-function mutation), leading to 
autodigestion of the pancreas and episodes of AP. Mutations 
in the CFTR gene have also been implicated in pancreatitis (see 
Chapter 57). The CFTR anion channel allows for chloride and 
bicarbonate secretion into the PDs and thus allows flushing of 
the liberated enzymes and proenzymes into the duodenum (see 
Chapter 56). There are more than 1200 mutations that have 
been described for the CFTR gene. Some of these are consid- 
ered severe and some mild. Homozygous severe mutations 
produce a viscid, concentrated, acidic pancreatic juice, leading 
to ductal obstruction and pancreatic insufficiency in childhood. 
Heterozygotes carrying minor or major mutations may have 
acute recurrent or chronic pancreatitis by altering acinar or duc- 
tal cell function (e.g., alteration of bicarbonate conductance). 
More recently, CFTR mutations associated with pancreas divi- 
sum have suggested a synergistic effect in the pathogenesis of 
AP. Although most patients with pancreas divisum (7% to 10% 
of the general population; see Chapter 55) never develop pan- 
creatic disease, it may be that those persons who also harbor a 
dysfunction of the CFTR transporter are at risk of developing 
pancreatitis when both are present.*? A third genetic abnormality 
associated with pancreatitis is a mutation of the SPINK1 gene.** 
As already noted, SPINK1 protects the pancreatic acinar cell by 
inhibiting prematurely activated trypsin. Mutations of this gene 
presumably limit the activity of this protein, but the exact mecha- 
nism is unclear. 

The pathogenesis of gallstone-related pancreatitis is 
unknown (see Chapter 65). Factors that may initiate gallstone 
pancreatitis include reflux of bile into the PD*>.*° or obstruction 
of the PD at the ampulla from stone(s) or from edema result- 
ing from the passage of a stone.” Reflux of bile into the PD 
could occur when the distal bile and PDs form a common chan- 
nel and a gallstone becomes impacted in the duodenal papilla. 
Alternatively, bile could reflux into the PD from the duodenum 
through an incompetent sphincter of Oddi injured by recent 
passage of a gallstone. 

Experimentally, reflux of bile into the PD, particularly if the 
bile is infected or mixed with pancreatic enzymes, causes pan- 
creatic injury. Mixtures of bile and pancreatic enzymes increase 
the permeability of the main PD, which is associated with local 
parenchymal inflammation.** The common channel theory is 
somewhat problematic because PD pressure is invariably higher 
than bile duct pressure, making bile reflux into the PD unlikely. 
Reflux of bile from the duodenum also is unlikely because pan- 
creatitis does not occur in conditions with easily demonstrable 
reflux, such as after surgical sphincteroplasty or endoscopic 
sphincterotomy. 

A popular theory for the mechanism of gallstone pancreatitis 
is that an impacted gallstone in the distal bile duct obstructs the 
PD, increasing pancreatic pressure, thereby damaging ductal and 
acinar cells. Experiments in the opossum supporting this theory 
are the observations that ligation of the PD causes severe necro- 
tizing pancreatitis,*° and that decompression of the ductal sys- 
tem within 3 days prevents progression to acinar cell necrosis and 
severe inflammation.’ 


The pathophysiology of AP starts with acinar injury that, if 
unchecked, leads to local inflammatory complications, a systemic 
inflammatory response, and even sepsis. Pathophysiologic mech- 
anisms include microcirculatory injury, leukocyte chemoattrac- 
tion, release of pro- and anti-inflammatory cytokines, oxidative 
stress, leakage of pancreatic fluid into the region of the pancreas, 
and bacterial translocation to the pancreas and systemic circula- 
tion. 

The release of pancreatic enzymes damages the vascular endo- 
thelium, the interstitium, and acinar cells.3?*! Acinar injury leads 
to expression of endothelial adhesion molecules (e.g., VCAM-1), 
which further propagates the inflammatory response.** Micro- 
circulatory changes, including vasoconstriction, capillary stasis, 
decreased local oxygen saturation, and progressive ischemia, 
occur early in experimental AP. These abnormalities increase 
vascular permeability and lead to edema of the gland (edema- 
tous or interstitial pancreatitis). Vascular injury could lead to 
local microcirculatory failure and amplification of the pancreatic 
injury. It is uncertain whether ischemia-reperfusion injury occurs 
in the pancreas.*! Reperfusion of damaged pancreatic tissue could 
lead to the release of free radicals and inflammatory cytokines into 
the circulation, which could cause further injury. In early stages 
of animal and human pancreatitis, activation of complement and 
the subsequent release of C5a play significant roles in the recruit- 
ment of macrophages and polymorphonuclear leukocytes.*>+# 
Active granulocytes and macrophages release proinflammatory 
cytokines in response to transcription factors such as NF-«B. 
Proinflammatory cytokines include TNF, IL-1, IL-6, and IL-8, 
and PAF. Proinflammatory cytokines frequently are followed by 
production of anti-inflammatory cytokines (IL-2, IL-10, IL-11) 
that attempt to downregulate inflammation.*+> Other mediators 
of inflammation include arachidonic acid metabolites (prosta- 
glandins, PAF, and leukotrienes), nitric oxide, proteolytic and 
lipolytic enzymes, and reactive oxygen species that overwhelm 
scavenging by endogenous antioxidant systems. These substances 
also interact with the pancreatic microcirculation to increase vas- 
cular permeability, which induces thrombosis and hemorrhage 
and subsequently pancreatic necrosis. A recent study suggests 
that gene polymorphisms that reduce acinar cell glutathione con- 
centrations may lead to increased oxidant stress and more severe 
pancreatitis.*” Meanwhile, ischemia and severe inflammation of 
the gland can lead to disruption of the main and secondary PDs, 
leading to local fluid accumulations within and surrounding the 
pancreas that can eventuate into pseudocysts.*°-*7 

Some patients with severe pancreatic damage develop systemic 
complications, including fever, acute respiratory distress syn- 
drome (ARDS), pleural effusions, renal failure, shock, myocar- 
dial depression, and metabolic complications. SIRS is common in 
patients with AP and is probably mediated by activated pancreatic 
enzymes (phospholipase, elastase, trypsin) and cytokines (TNF, 
PAF) released into the portal circulation from the inflamed pan- 
creas.*° Cytokines reaching the liver activate hepatic Kupffer 
cells, which, in turn, induces hepatic expression and secretion of 
cytokines into the systemic circulation. These cause acute phase 
protein synthesis (e.g., C-reactive protein [CRP], IL-6) and may 
cause SIRS and damage to the kidneys, lungs, and other organs 
leading to multiorgan dysfunction and failure.*? 

ARDS may be induced by active phospholipase A (lecithinase), 
which digests lecithin, a major component of lung surfactant. 
Acute renal failure has been explained on the basis of hypovole- 
mia and hypotension. Myocardial depression and shock are likely 
secondary to vasoactive peptides and release of a myocardial 
depressant factor. Metabolic complications include hypocalce- 
mia, hyperlipidemia, hyperglycemia with or without ketoacidosis, 
and hypoglycemia. The pathogenesis of hypocalcemia is multi- 
factorial and includes hypoalbuminemia (the most important 
cause), hypomagnesemia, calcium-soap formation, hormonal 
imbalances (e.g., involving parathyroid hormone, calcitonin, and 
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glucagon), binding of calcium by free fatty acid-albumin com- 
plexes, intracellular translocation of calcium, and systemic expo- 
sure to endotoxin.” 

Pancreatic infection (infected necrosis and infected pseudo- 
cyst) can occur from the hematogenous route or from translo- 
cation of bacteria from the colon into the lymphatics. Under 
normal circumstances bacterial translocation does not occur, 
because there are complex immunologic and morphologic barri- 
ers to it. However, during AP, these barriers break down, which 
can result in local and systemic infection.*! Penetration of the gut 
barrier by enteric bacteria is likely due to gut ischemia secondary 
to hypovolemia and pancreatitis-induced arteriovenous shunting 
in the gut.*” In canine experimental pancreatitis, luminal Esch- 
erichia coli translocate to mesenteric lymph nodes and to distant 
sites.” In feline experimental pancreatitis, enclosing the colon 
in impermeable bags prevents translocation of bacteria from the 
colon to the pancreas.°* 

More recent studies present strong evidence that, although 
trypsinogen activation to trypsin is likely a necessary first step 
in the inflammatory cascade underlying pancreatitis, sustained 
pancreatic inflammation is dependent on damage-associated 
molecular pattern-mediated cytokine activation causing the 
translocation of commensal (gut) organisms into the circulation 
and their induction of innate immune responses in acinar cells. 
Quite unexpectedly, these studies reveal that the innate responses 
involve activation of responses by nucleotide-binding oligomer- 
ization domain 1 (NOD1), and that such NOD1 responses have 
a critical role in the activation/production of NF-«B and type 
I interferon. Recent advances thus challenge the long-believed 
trypsin-centered understanding of pancreatitis. It is becoming 
increasingly clear that activation of intense inflammatory signal- 
ing mechanisms in acinar cells is crucial to the pathogenesis of 
pancreatitis, which may explain the strong systemic inflammatory 
response in pancreatitis.*® 

Evidence has emerged indicating that smoking is an inde- 
pendent risk factor for AP. Using a stepwise approach, Barreto 
reviewed the effects of the various metabolites of cigarette smoke 
on the constituents of the pancreas (exocrine, endocrine, sneu- 
rohormonal, stellate cells, ductal system) and highlights their 
proven, and potential, mechanisms in triggering AP.*° 

In different animal models of AP, there is a central role 
for mitochondrial dysfunction, and for impaired autophagy 
as its principal downstream effector, in development of AP. 
In particular, the pathway involving enhanced interaction of 
cyclophilin D with ATP synthase mediates L-arginine-induced 
pancreatitis, a model of severe AP the pathogenesis of which 
has remained unknown. Strategies to restore mitochondrial 
and/or autophagic function might be developed for the treat- 
ment of AP.*° 


PREDISPOSING CONDITIONS 


A wide variety of causes of AP have been reported; however, it is 
always difficult to be certain about the cause in a given patient. 
For example, in a patient with alcohol history and gallstones, 
either of the 2 factors or even a combination of both might be 
responsible for the etiology of AP. If the serum ALT level is ele- 
vated in such a patient, then gallstones as the cause may be even 
a stronger consideration. However, an attempt must be made 
in every patient to ascertain a cause by a thorough history and 
physical examination, laboratory tests, and imaging. Before one 
labels an episode as “idiopathic AP,” more specialized tests and 
procedures like secretin-MRCP, EUS, and genetic testing should 
be performed. Although the goal is to eventually reduce the pro- 
portion of cases labeled as idiopathic, it may not be appropriate 
to list conditions as the cause for AP if those conditions are not 
convincingly proved to cause AP (sphincter of Oddi dysfunction, 
pancreas divisum, and others). 
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BOX 58.3 Conditions That Predispose to Acute Pancreatitis 


Obstruction 
Gallstones 
Tumors 
Parasites 
Duodenal diverticula 
Annular pancreas 
Choledochocele 
Alcohol/other toxins/drugs 
Ethyl alcohol 
Methyl alcohol 
Scorpion venom 
Organophosphorus insecticides 
Drugs (see Box 58.4) 
Metabolic abnormalities 
Hypertriglyceridemia 
Diabetes mellitus 
Hypercalcemia 
Infection 
Vascular disorders 
Vasculitis 
Emboli to pancreatic blood vessels 
Hypotension/ischemia 
Trauma 
Postoperative state 
Post-ERCP (see Box 58.5) 
Hereditary/familial/genetic 
Controversial 
Pancreas divisum 
SOD 
Miscellaneous 
Idiopathic 


Pancreas 


Whereas gallstones and alcohol appear to be the cause of AP 
in the majority of cases, many other conditions predispose to AP 
to varying degrees (Box 58.3). Although the following sections 
describe individual causes of AP, it is possible that some of the 
uncommon causes are related to a combination of factors. For 
example, there have been conflicting studies regarding whether 
pancreas divisum is a cause of AP. However, studies have shown 
that a combination of genetic mutations in CFTR in the PD may 
predispose patients with pancreas divisum to the development of 
AP.??® This list of causes will undoubtedly expand, and the num- 
ber of cases diagnosed as “idiopathic” will, hopefully, decrease as 
our understanding of the disease improves. 


Obstruction 
Gallstones 


The most common obstructive process leading to pancreatitis is 
gallstones (see Chapter 65), which cause approximately ~40% to 
60% of cases of AP.°7°? However, only 3% to 7% of patients 
with gallstones develop pancreatitis. Gallstone pancreatitis is 
more common in women than men because gallstones are more 
frequent in women. AP occurs more frequently when stones are 
less than 5 mm in diameter (odds ratio, 4 to 5),°° because small 
stones are more likely than large stones to pass through the cys- 
tic duct and cause ampullary obstruction. Cholecystectomy and 
clearing the bile duct of stones prevents recurrence, confirming 
the cause-and-effect relationship.°! The triad of serum GGT 240 
U/L, ALT 2150 U/L, and lipase =15x ULN within 48 hours of 
presentation have been used as simple clinical predictors of acute 
biliary pancreatitis in children. Children with values falling below 
2 or 3 of these thresholds are very unlikely to have AP due to 


a biliary cause. AP is rare in pregnancy, occurring most com- 
monly in the third trimester, and gallstones are the most common 
cause.®? Gallstones are the dominant etiology of AP in southern 
Europe and alcohol in Eastern Europe with intermediate ratios in 
northern and Western Europe.’** 


Biliary Sludge and Microlithiasis 


Biliary sludge is a viscous suspension in gallbladder bile that may 
contain small (<3 mm) stones (i.e., microlithiasis).© Because small 
stones can hide in biliary sludge, the 2 are commonly referred to 
together as biliary sludge and microlithiasis. Biliary sludge is asymp- 
tomatic in most patients. It is usually composed of cholesterol 
monohydrate crystals or calcium bilirubinate granules.°* On US, 
sludge produces a mobile, low-amplitude echo that does not pro- 
duce an acoustic shadow and that layers in the most dependent 
part of the gallbladder. Sludge may result from functional bile 
stasis, such as that associated with prolonged fasting or TPN, 
or from mechanical stasis, such as occurs in distal bile duct 
obstruction. In addition, the cephalosporin antibiotic ceftriax- 
one can form sludge within the biliary system when its solubility 
in bile is exceeded; this process rarely causes stones,°° and the 
sludge resolves after stopping the drug. Biliary sludge and stones 
accounted for 22% of late-onset AP after liver transplant.°’ A sys- 
tematic review of the role of EUS in idiopathic pancreatitis found 
that approximately 40% of the cases had cholelithiasis, sludge, 
or microlithiasis when transabdominal US, CT, and even ERCP 
had labeled the cases as “idiopathic.””? Although biliary sludge 
is often found in patients with idiopathic AP, the causative asso- 
ciation between biliary sludge and AP is suggested by the results 
of 2 uncontrolled studies, demonstrating that biliary sludge can 
lead to pancreatitis, and that cholecystectomy, papillotomy, or 
ursodeoxycholic acid (ursodiol) therapy reduces recurrent attacks 
of AP.°’9 In these 2 studies, the incidence of biliary sludge in 
presumed idiopathic pancreatitis was 67% and 74%, respec- 
tively. However, other investigators have detected microlithia- 
sis or sludge in less than 10% of patients with recurrent AP.7!72 
Treatment choices include cholecystectomy, ursodeoxycholic 
acid therapy, endoscopic sphincterotomy, or watchful waiting. 


Tumors 


Pancreatic tumors, presumably by obstructing the PD, infre- 
quently cause acute and recurrent AP, especially in individuals 
older than age 40 (see Chapter 60), and AP also increases the risk 
of subsequent pancreatic cancers. Pancreatic cancer was the cause 
for AP in 1.4% ofa recent series of 1609 patients with AP. In this 
series, if the CA 19-9 was higher than 200 units/L, then pancreatic 
cancer was present in 15.8% of those patients with AP.” Although 
progression to chronic pancreatitis from AP would increase the 
risk of subsequent pancreatic cancer, a population-based study 
from Denmark revealed 2- and 5-year absolute risks of pancre- 
atic cancer among patients with AP of 0.68% (95% CI 0.61% 
to 0.77%) and 0.85% (95% CI 0.76% to 0.94%), respectively.’* 
A study from China of 47 patients with pancreatic cancer who 
presented with AP showed that the AP was mild in most patients 
and the median time for the diagnosis of pancreatic cancer as the 
cause of AP was 101 days.” The pooled OR of PC in pancreatitis 
cases diagnosed within 1 year was the highest (pooled OR = 23.3; 
95% CI: 14.0 to 38.9); and the risk in subjects diagnosed with 
pancreatitis for no less than 2, 5, and 10 years were 3.03 (95% 
CI: 2.41 to 3.81), 2.82 (95% CI: 2.12 to 3.76), and 2.25 (95% CI: 
1.59 to 3.19), respectively. Pancreatitis, especially chronic pan- 
creatitis, was associated with a significantly increased risk of PC, 
and the risk decreased with increasing duration since the diagno- 
sis of pancreatitis.’° The most common tumor that presents in 
this manner is intraductal papillary mucinous neoplasm.” This 
review suggested that intraductal papillary mucinous neoplasm 


(both side branch and main duct) was the cause for AP anywhere 
from 12% to 67%. Metastases to the pancreas from other can- 
cers (lung, breast) have also caused pancreatitis.”* Large adeno- 
mas of the major papilla can likewise occasionally be the cause of 
obstructive pancreatitis (see Chapter 69). 


Other Causes 


Other obstructive conditions that are rarely associated with AP 
are discussed elsewhere in other chapters and include choled- 
ochoceles,’? duodenal diverticula,*” annular pancreas,*! and para- 
sitic diseases that obstruct the pancreaticobiliary system, such as 
ascariasis®” or clonorchiasis.*’ Ascariasis obstructing the PD rep- 
resents the leading cause of AP in children (60%)** and accounts 
for 23% of all causes of AP in the Kashmir region of India,® the 
second most common cause of AP in Kashmir.*? 


Ethyl Alcohol and Other Toxins 
Ethyl Alcohol 


Alcohol is the second most common cause of AP after gall- 
stones! and causes at least 30% of the cases.’° Alcohol is the 
most common etiology of chronic pancreatitis in developed 
countries. Prolonged alcohol consumption (more than 4 to 5 
drinks per day for at least 5 years) is required, and the lifetime 
risk of AP in such drinkers is only 2% to 5%.! The relation- 
ship between acute and chronic pancreatitis is very complex, 
particularly in alcoholic chronic pancreatitis. The classic teach- 
ing is that alcohol causes chronic pancreatitis, and that alcoholic 
patients who present clinically with AP already have underlying 
chronic disease.*° This hypothesis was questioned in the 1990s 
when Ammann et al. followed a group of acute alcoholic pancre- 
atitis over a time and by way of surgical pathology demonstrated 
progression from acute to chronic stages.*’ This line of evi- 
dence suggested that alcohol causes AP in early stages without 
underlying chronic pancreatitis, but leads to chronic pancreatitis 
through the “necrosis-fibrosis hypothesis.” Some autopsy stud- 
ies also have demonstrated the occurrence of alcoholic AP with- 
out underlying chronic pancreatitis in a significant proportion 
of such patients. However, a surgical series of 21 patients with 
alcoholic AP showed that all 6 patients with first attack already 
had chronic pancreatitis at the time of first attack.** Thus the 
debate as to whether alcoholic AP only occurs in a gland that 
already has changes of chronic pancreatitis continues. Several 
recent studies (including population-based studies and studies 
in pediatric patients) and meta-analysis clearly demonstrated the 
progression of AP in some patients to recurrent AP and then 
to chronic pancreatitis.°”’! A meta-analysis reported that 10% 
of patients with a first attack of AP (from all causes) and 36% 
of patients with recurrent AP progress to chronic pancreatitis 
and that alcohol, smoking and male sex are risk factors for such 
progression.”” However, these observations do not address the 
controversy as to whether chronic pancreatitis was present at the 
time of first attack of AP but only about the clinical detection of 
chronic pancreatitis subsequently. 


The various mechanisms for chronic pancreatitis include: 


1. The necrosis-fibrosis sequence, suggested by Comfort 
et al., >+ envisions the development of fibrosis from recur- 
rent, perhaps subclinical, bouts of AP. Inflammation and ne- 
crosis from the initial episodes of AP produce scarring in the 
periductular areas, and scarring causes obstruction of the duct- 
ules, leading to stasis within the duct and subsequent stone 
formation. Support for this theory comes from histopathologic 
studies that revealed mild perilobular fibrosis in resolving AP, 
with marked fibrosis with ductal distortion occurring later. It 
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is thought that a stepwise progression occurs to fibrosis from 
recurrent episodes of AP. Support for this theory is seen in a 
clinical study by Ammann and colleagues.*’ In their study, 254 
patients were prospectively followed after the first episode of 
alcoholic pancreatitis. There was a direct correlation between 
the frequency and severity of attacks to the rate of progression 
to chronic pancreatitis. 

2. Direct metabolic-toxic effect of alcohol on acinar cells. 

3. Oxidative stress due to free radicals. 

4. The Sentinel Acute Pancreatitis Event (SAPE) hypothesis 
states that most causes of chronic pancreatitis are due to a 
2-hit model, where a single episode of AP causes infiltration 
of inflammatory cells and activation of pancreatic stellate cells 
and in susceptible individuals with risk factors, further leads 
to fibrosis.” If the inciting factors are removed (e.g., a drug), 
then the pancreas returns to normal. If the inciting factor (e.g., 
alcohol) is not removed, the acinar cells continue to secrete cy- 
tokines in response to the oxidative stress and the stellate cells 
continue to be activated to lay down matrix and collagen. This 
model, using a sentinel event, also represents a time for disease 
modifying therapy, when such therapy becomes available. 


The above theories and animal models do not completely 
explain the development of alcoholic pancreatitis in humans. 
It is quite possible that a proportion of patients will progress 
from acute alcoholic pancreatitis to chronic pancreatitis through 
mechanisms like Sentinel Acute Pancreatitis Event, but the rest 
might develop an unknown indolent fibro-inflammatory response 
that eventually presents clinically as AP. More importantly, the 
development of AP in an alcoholic individual without obvious 
structural damage suggests the possibility that a patient with idio- 
pathic pancreatitis, found to have a history of alcohol use, may be 
inappropriately labeled as having alcoholic AP. It is important for 
clinicians to recognize that alcohol has been better established as 
a cause of chronic pancreatitis than AP. Some level of skepticism 
is likely to be helpful in the evaluation of a patient suspected as 
having acute alcohol-induced pancreatitis in the absence of obvi- 
ous structural damage to the pancreas. 


Other Toxins 


Methyl alcohol,” organophosphorus insecticides,” and the venom 
of the Trinidad scorpion” have been reported to induce AP. The 
mechanism of the latter 2 toxins is thought to be by hyperstimula- 
tion of the pancreas. Cigarette smoking has been shown to be an 
independent risk factor for AP.°?-!°! Although a population study 
from the USA showed smoking to be a risk factor for nongallstone 
AP,! surprisingly a study from Taiwan reported that smoking 
was not associated with an increased risk.!°* In another study, 
smoking was found to be associated with a lower age at the time of 
diagnosis of AP and with a higher rate of recurrence.!” 


Drugs 


Medications are an infrequent but important cause of AP. Although 
there are reports that drug-induced AP accounts for 1% to 4% of 
all cases, these studies are largely unconvincing; drug-induced AP 
probably accounts for less than 1% of cases.!° Although more than 
120 drugs have been implicated, mostly from anecdotal case reports, 
clinicians must be careful not to blame a drug when a patient with 
AP does not have an obvious underlying cause. Many of the pub- 
lished case reports suffer from a combination of inadequate criteria 
for the diagnosis of AP, failure to rule out more common causes, or 
a lack of a rechallenge with the medication. In addition, many case 
reports inappropriately implicate drugs when the latter have been 
administered for very long periods (>6 months) before the onset of 
AP. Drug-induced pancreatitis tends to occur within 4 to 8 weeks 
of beginning a drug. In the absence of well-designed clinical trials, 
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clinicians largely rely on these published case reports for the deter- 
mination that a drug may have caused AP. 

Drug-induced pancreatitis rarely is accompanied by 
clinical or laboratory evidence of a drug reaction, such as 
rash, lymphadenopathy, or eosinophilia. Although a positive 
rechallenge with a drug is the best evidence available for cause 
and effect, it is not proof because many patients with idiopathic 
pancreatitis or biliary microlithiasis have recurrent attacks of 
AP. Therefore, stopping and restarting a drug with recurrence 
of pancreatitis may be a coincidence and not cause and effect. 
Despite the lack of a rechallenge, a drug may be strongly sus- 
pected if there is a consistent latency among the case reports 
between initiating the drug and the onset of AP. Box 58.4 shows 
the drugs whose published case reports demonstrate the great- 
est evidence for causing AP, those with rechallenge evidence or 
with a relatively predictable latency.!°* Some drugs have been 
implicated as causing AP through reporting to the FDA Adverse 
Event Reporting System. However, because the Adverse Event 
Reporting System largely depends on clinicians submitting 
Medwatch reports, the system is plagued by reporting bias. In 
a population-based study from Sweden, increasing the use of 
AP-associated drugs, however, did not have any major impact on 
the observed epidemiological changes in occurrence, severity, or 
recurrence of AP.!% 

There are several potential pathogenic mechanisms for 
drug-induced pancreatitis. The most common is a hypersensi- 
tivity reaction. This tends to occur 4 to 8 weeks after starting 
the drug and is not dose related. On rechallenge with the drug, 
pancreatitis recurs within hours to days. Examples of drugs that 
may operate through this mechanism are 5-aminosalicylates, 
metronidazole, and tetracycline. The second mechanism is the 
presumed accumulation of a toxic metabolite that may cause pan- 
creatitis, typically after several months of use. Examples of drugs 
in this category are valproic acid and didanosine (DDI). Drugs 
that induce hypertriglyceridemia (e.g., thiazides, isotretinoin, 
tamoxifen) are also in this category. Finally, a few drugs may have 
intrinsic toxicity wherein an overdose of them can cause pancre- 
atitis (erythromycin, acetaminophen). There has been significant 
literature in recent years about the risk of AP due to dipeptidyl 
peptidase-4 inhibitors, which are used with increasing frequency 
to treat type 2 diabetes. The published reports were conflicting 
about the risk. A recent meta-analysis of thirteen studies revealed 
a marginally higher risk of AP with DPP-4 inhibitors. However, 
this risk was not observed in cohort studies.!°° Thus further clini- 
cal trials are required to confirm this finding. In a population with 
type 2 diabetes at high cardiovascular risk, there were numeri- 
cally fewer events of AP among patients treated with liraglutide 
(a GLP-1 receptor agonist) regardless of previous history of pan- 
creatitis than in the placebo group. Liraglutide was associated, 
however, with increases in serum lipase and amylase, which were 
not predictive of an event of subsequent AP.!°” A meta-analysis of 
a large number of patients with type 2 diabetes revealed a nearly 
2-fold increased risk of AP.!° 

In general, drug-induced pancreatitis tends to be mild and 
self-limited. The diagnosis should only be entertained after alco- 
hol, gallstones, hypertriglyceridemia, hypercalcemia, and tumors 
(in appropriate-aged patients) have been ruled out. Some medica- 
tions have been shown to cause AP in randomized trials at rela- 
tively high frequencies (e.g., 6-mercaptopurine in 3% to 5% and 
didanosine in 5% to 10%),!!! but many drugs are falsely assigned 
causation and therefore discontinued merely because no other 
cause of the AP is identified by the frustrated clinician. For some 
drugs (e.g., statins), such discontinuation could prove harmful. 
Clinicians should be careful to make a diagnosis of drug-induced 
AP largely based on the absence of an obvious etiology and the 
mere presence of 1 or a few previously published case reports. 
Finally, there is no evidence that any medication causes chronic 
pancreatitis. 


BOX 58.4 Drugs Associated With Acute Pancreatitis* 


Acetaminophen 
5-Aminosalicylic acid compounds (sulfasalazine, azodisalicylate, 
mesalamine) 
L-Asparaginase 
Azathioprine 
Benazepril 
Bezafibrate 
Cannabis 
Captopril 
Carbimazole 
Cimetidine 
Clozapine 
Codeine 
Cytosine arabinoside 
Dapsone 
Didanosine 
Dexamethasone 
Enalapril 
Erythromycin 
Estrogen 
Fluvastatin 
Furosemide 
Hydrochlorothiazide 
Hydrocortisone 
lfosfamide 
Interferon-a. 
Isoniazid 
Lamivudine 
Lisinopril 
Losartan 
Meglumine 
Methimazole 
Methyldopa 
Metronidazole 
6-Mercaptopurine 
Nelfinavir 
Norethindrone/mestrol 
Pentamidine 
Pravastatin 
Procainamide 
Pyritinol 
Simvastatin 
Sulfamethazine 
Sulfamethoxazole 
Stibogluconate 
Sulindac 
Tetracycline 
Trimethoprim/sulfamethoxazole 
Valproic acid 


*Class 1 and class 2 drugs only are listed. Class 1 drugs: 2 or more case 
reports published, absence of other causes of acute pancreatitis, rechal- 
lenge documented in at least 1 report. Class 2 drugs: 4 or more case 
reports published, absence of other causes of acute pancreatitis, consis- 
tent latency in at least 75% of cases published. 

From Badalov N, Baradarian R, Iswara K, et al. Drug induced acute pan- 
creatitis: an evidence based approach. Clin Gastroenterol Hepatol 2007; 
101:454-76. 


Metabolic Disorders 
Hypertriglyceridemia 


Hypertriglyceridemia is perhaps the third most common iden- 
tifiable cause of pancreatitis, after gallstones and alcoholism, 
accounting for anywhere from 2% to 5%! to 20% of cases. A 


systematic review of 31 studies comprising 1340 patients with 
hypertriglyceridemic AP reported that this condition accounts 
for 9% of all cases of AP, and that 14% of patients with signifi- 
cant hypertriglyceridemia will develop AP. Hypertriglyceridemia 
is also implicated in more than half of cases of gestational pan- 
creatitis. Serum TG concentrations above 1000 mg/dL (11 
mmol/L) may precipitate attacks of AP. However, more recent 
studies suggest that the serum TGs may have to be even higher 
to precipitate AP, perhaps above 2000 mg/dL, and with obvious 
lactescent (milky) serum due to increased concentrations of chy- 
lomicrons.!!° 

The pathogenesis of hypertriglyceridemic pancreatitis is 
unclear, but the local release of free fatty acids by pancreatic 
lipase may damage pancreatic acinar cells or endothelial cells.?! 
Release of free fatty acids that induce free radical damage can 
directly injure cell membranes.”” 

Most adults with hyperchylomicronemia have a mild form 
of genetically inherited type I or type V hyperlipoprotein- 
emia and an additional acquired condition known to raise 
serum lipids (e.g., alcohol abuse, obesity, diabetes mellitus, 
hypothyroidism, Cushing syndrome, pregnancy, nephrotic 
syndrome, and drug therapy [estrogen!!! or tamoxifen, gluco- 
corticoids, thiazides, or beta adrenergic blockers]). Typically, 
3 types of patients develop hypertriglyceridemia-induced 
pancreatitis. The first is a poorly controlled diabetic patient 
with a history of hypertriglyceridemia. The second is an alco- 
holic patient with hypertriglyceridemia detected on hospital 
admission. The third (15% to 20%) is a nondiabetic, non- 
alcoholic, nonobese person who has drug- or diet-induced 
hypertriglyceridemia. Drug-induced disease is more likely to 
occur if there is a background of hypertriglyceridemia prior 
to drug exposure. 

Most persons who abuse alcohol have moderate but transient 
elevations of the serum TG level. This condition is likely an epi- 
phenomenon and not the cause of their pancreatitis,!!” because 
alcohol itself not only damages the pancreas (see earlier) but 
also increases serum TG concentrations in a dose-dependent 
manner. Alcoholic patients with severe hypertriglyceridemia 
often have a coexisting primary genetic disorder of lipoprotein 
metabolism. 

Whether hyperlipidemic AP results in more severe disease 
compared with the other causes of AP is not clear.!!> On the other 
hand, a meta-analysis of 15 studies (1564 patients) found a worse 
prognosis compared with non-hypertriglyceridemia causes.!!* 
‘The serum amylase and/or lipase level may not be substantially 
elevated at presentation in patients with hypertriglyceridemic 
pancreatitis (see later). 


Diabetes Mellitus 


Diabetics are at an increased risk for developing AP (see 
Chapter 37).!0° The risk may be due to the increased prevalence 
of gallstones and hypertriglyceridemia in this population. In a 
large study of type 2 diabetic patients (LEADER, Liraglutide 
Effect and Action in Diabetes: Evaluation of Cardiovascular 
Outcome Results), nearly 25% had elevated serum lipase or 
amylase levels without symptoms of AP. The clinician must 
take these data into account when evaluating abdominal symp- 
toms in type 2 diabetic patients.!!5 Patients with diabetes tend 
to develop gallstones due to a combination of concurrent dys- 
lipidemia, leading to cholesterol-supersaturated bile resulting 
in precipitation of cholesterol crystals (see Chapter 65). Also, 
patients with long-standing diabetes often develop bile stasis 
in the gallbladder, leading to the precipitation of cholesterol 
crystals and to gallstones. Epidemiologic studies have confirmed 
the increased risk of AP in the diabetic population.!16-118 The 
diabetic population is also at greater risk for developing severe 
AP because they often have many of the known risk factors 
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for developing severe disease, such as obesity and underlying 
comorbidities. !? 


Hypercalcemia 


Hypercalcemia of any cause is rarely associated with AP. Proposed 
mechanisms include deposition of calcium salts in the PD lumen 
and calcium activation of trypsinogen to trypsin within the 
pancreatic parenchyma.!!? The low incidence of AP in chronic 
hypercalcemia suggests that mechanisms other than the serum 
calcium level per se responsible for pancreatitis (e.g., acute eleva- 
tions of serum calcium). Acute calcium infusion into rats leads 
to conversion of trypsinogen to trypsin, hyperamylasemia, and 
dose-dependent morphologic changes of AP. 

Primary hyperparathyroidism causes less than 0.5% of all cases 
of AP, and the incidence of AP in patients with hyperparathyroid- 
ism varies from 0.4% to 1.5% (Chapter 37).!7° Interestingly, in a 
community-based study there was no increased occurrence of AP 
in patients with hyperparathyroidism and there was no cause and 
effect association.!*! Rarely, pancreatitis occurs with other causes 
of hypercalcemia, including metastatic bone disease, TPN, sar- 
coidosis, vitamin D toxicity, and infusion of calcium in high doses 
during cardiopulmonary bypass. 


Infections 


Although many infectious agents have been proposed as caus- 
ing AP,® these published reports often do not clearly establish 
a causal relationship. The diagnosis of AP caused by an infection 
requires evidence of AP, evidence of an active infection, and the 
absence of a more likely cause of AP. AP has been associated with 
viruses (mumps, coxsackievirus, hepatitis A, B, and C, and several 
herpesviruses, including cytomegalovirus, varicella-zoster, herpes 
simplex, and EBV); the vaccine that contains attenuated measles, 
mumps, and rubella viruses; bacteria (Mycoplasma, Legionella, 
Leptospira, Salmonella, TB, and brucellosis); fungi (Aspergillus, 
Candida); and parasites (Toxoplasma, Cryptosporidia, Ascaris lum- 
bricoides, Clonorchis sinensis). C. sinensis and A. lumbricoides cause 
pancreatitis by blocking the main PD. In patients with AIDS (see 
Chapter 35), infectious agents causing AP include cytomegalo- 
virus, Candida species, Cryptococcus neoformans, Toxoplasma gondii, 
and possibly Mycobacterium avium complex.** 


Vascular Disease 


Rarely, pancreatic ischemia causes AP. In most cases it is mild, 
but fatal necrotizing pancreatitis may occur. Ischemia may result 
from vasculitis (e.g., SLE,!’? polyarteritis nodosa),!’> athero- 
matous embolization of cholesterol plaques after transabdomi- 
nal aortography,!** intraoperative hypotension,!*> hemorrhagic 
shock,!?” ergotamine overdose, and transcatheter arterial cath- 
eter embolization for hepatocellular carcinoma. Also, ischemia 
is 1 possible explanation for pancreatitis after cardiopulmonary 
bypass. In pigs, cardiogenic shock induced by pericardial tam- 
ponade causes vasospasm and selective pancreatic ischemia due 
to activation of the renin-angiotensin system.!*” AP has occurred 
in long-distance runners, which may be on an ischemic basis. 18 


Trauma 


Either penetrating trauma (gunshot or stab wounds) or blunt 
trauma can damage the pancreas.'*? Blunt trauma results from 
compression of the pancreas by the spine, such as in an automo- 
bile accident with compression by the steering wheel. In blunt 
trauma, it is important to determine preoperatively whether there 
is injury to the pancreas because, depending on the severity of 
pancreatic injury, it will be necessary to include the pancreas in 
the surgical plan. Secondly, even in the absence of serious injury 
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to adjacent organs, surgery or endoscopic therapy may be neces- 
sary to treat a pancreatic ductal injury. 

The diagnosis of traumatic pancreatitis is difficult and requires 
a high degree of suspicion. Trauma can range from a mild con- 
tusion to a severe crush injury or transection of the gland; the 
latter usually occurs at the point where the gland crosses over 
the spine. Transection injury can cause acute duct rupture and 
pancreatic ascites. It is impossible to determine on the basis of the 
characteristics of the abdominal pain and tenderness whether the 
pancreas has been injured as opposed to adjacent intra-abdominal 
structures. Serum amylase or lipase activity may be increased in 
patients with abdominal trauma whether or not the pancreas has 
been injured. 

Diagnosis of pancreatic trauma is highly dependent on CT, 
MRI, or MRCP, which may show enlargement of a portion of 
the gland caused by a contusion or subcapsular hematoma, pan- 
creatic inflammatory changes, or fluid within the anterior parare- 
nal space if there is ductal disruption. CT may be normal during 
the first 2 days despite significant pancreatic trauma. If there is 
a strong clinical suspicion of pancreatic injury, or if the CT or 
MRCP scan shows an abnormality, ERCP is required to define 
whether there is PD injury. If the PD is intact and there are no 
other significant intra-abdominal injuries, surgery is not required. 
However, if ERCP reveals duct transection with extravasation of 
pancreatic fluid and there are no other intra-abdominal injuries, 
stenting of the PD across the leak if possible may be curative.'°° 
Serious injuries to the pancreas can be treated with appropriate 
debridement. Associated injuries to the duodenum or bile duct 
can be treated by biliary diversion, gastrojejunostomy, and feed- 
ing jejunostomy. External pancreatic fistulas occur in approxi- 
mately one third of patients after surgery for pancreatic trauma. 
Octreotide may be beneficial after pancreatic injury to decrease 
pancreatic secretion.!*! 

The prognosis in patients with pancreatic trauma is favorable 
if there is no serious injury to other structures (regional blood 
vessels, liver, spleen, kidney, duodenum, and colon). However, 
duct injuries can scar and cause a stricture of the main PD, result- 
ing in obstructive chronic pancreatitis. 


Post-ERCP 


AP is the most common and feared complication of ERCP, asso- 
ciated with substantial morbidity and occasional mortality (see 
Chapter 42). Asymptomatic hyperamylasemia occurs after 35% 
to 70% of ERCPs.'%? Clinical AP occurs in 5% of diagnostic 
ERCPs, 7% of therapeutic ERCPs, and up to 25% in those with 
suspected SOD or in those with a history of post-ERCP pancre- 
atitis (PEP). 

A recent systematic review of 108 randomized controlled tri- 
als (RCTs) with 13,296 patients in the placebo or no-stent arms 
reported an overall incidence of PEP of 9.7%, and the mortality 
rate was 0.7%. Severity of PEP was reported for 8857 patients: 
5.7%, 2.6%, and 0.5% of patients had mild, moderate, and severe 
AP, respectively. The incidence of PEP in 2345 high-risk patients 
was 14.7% (mild, moderate, and severe in 8.6%, 3.9%, and 0.8%, 
respectively, with a 0.2% mortality rate). The incidence of PEP 
was 13% in North American RCTs, compared with 8.4% in 
European and 9.9% in Asian RCTs. ERCPs conducted before 
and after 2000 had a PEP incidence of 7.7% and 10%, respec- 
tively.13+ 

The mechanisms that lead to PEP are complex and not fully 
understood. Rather than a single pathogenesis, PEP is believed 
to be multifactorial, involving a combination of chemical, hydro- 
static, enzymatic, mechanical, and thermal factors. Although 
there is some uncertainty in predicting which patients will develop 
PEP, a number of risk factors acting independently or in concert 
have been proposed as predictors of PEP (Box 58.5).!3>!36 Iden- 
tification of these risk factors for PEP is essential to recognize 


BOX 58.5 Factors That Increase the Risk of Post-ERCP 
Pancreatitis 


PATIENT-RELATED 

Young age, female gender, suspected SOD, history of recurrent 
pancreatitis, history of post-ERCP pancreatitis, normal serum 
bilirubin level 

PROCEDURE-RELATED 

Pancreatic duct injection, difficult cannulation, pancreatic sphinc- 
terotomy, precut access, balloon dilation 

OPERATOR OR TECHNIQUE-RELATED 


Trainee (fellow) participation, nonuse of a guidewire for cannulation, 
failure to use a pancreatic duct stent in a high-risk procedure 


cases in which ERCP should be avoided if possible, or in which 
protective endoscopic or pharmacologic interventions should be 
considered. 

In general, the more likely a patient is to have an abnormal 
bile duct or PD, the less likely the patient will develop PEP.'*® 
Cheng created a 160-variable database that prospectively evalu- 
ated more than 1000 patients from 15 centers in the midwest- 
ern USA.!*+ Their study emphasized the role of patient factors 
including age, SOD, prior history of PEP pancreatitis, and tech- 
nical factors, including number of PD injections, performance 
of a sphincterotomy of the minor papilla, and operator experi- 
ence. The patient most at risk of developing PEP was a woman 
with suspected choledocholithiasis and normal serum bilirubin, 
who underwent a sphincterotomy and no stone was found. In 
this patient population, 27% developed PEP. MRCP and EUS, 
which do not cause pancreatitis, can provide useful information 
(perhaps as accurate as ERCP) in many of these cases and are 
preferred modalities in the initial evaluation of such patients. In 
a study of 2715 therapeutic ERCPs, it was found that the endos- 
copist’s experience reduces patient- and procedure-related risk 
factors for post-ERCP complications. !*° 

Early recognition of PEP may be possible by evaluating 
serum amylase or lipase after the procedure.!*?:!*#9 In a study 
that involved 231 patients, the 2-hour serum amylase and lipase 
were more accurate than a clinical assessment in distinguishing 
nonpancreatitis abdominal pain from post-ERCP AP. Serum 
amylase values above 276 IU/L (reference range, 30 to 70 IU/L) 
and lipase above 1000 IU/L (reference range, 45 to 110 IU/L) 2 
hours after completing the procedure had almost a 100% positive 
predictive value (PPV) for PEP.'*! More recently, Ito and col- 
leagues found that if the serum amylase was normal after 3 hours, 
only 1% of patients developed PEP, compared with 39% if the 
amylase was greater than 5 times the upper limit of normal.!*” 
A serum amylase or lipase alone should not guide a decision of 
whether a patient has PEP, because the disease may unfold over 
the next 24 hours. However, in the presence of abdominal pain, a 
normal serum amylase and or lipase rules out AP at that moment. 

Although there has been an interest in developing medications 
that can prevent PEP, few studies have identified a medication 
worthy of widespread use. A number of drugs have not shown 
any benefit including nitroglycerin, nifedipine, sprayed lidocaine, 
and injected botulinum toxin. The protease inhibitor gabex- 
ate showed some benefit in small trials but is very expensive.!*+ 
Inhibiting exocrine pancreatic secretion by somatostatin was not 
beneficial in many studies, and its analog octreotide reduces only 
hyperamylasemia. 

The 3 major modalities shown to reduce the risk are post- 
ERCP pancreatitis include prophylactic pancreatic stents, pre- 
procedural intravenous fluids, and rectal administration of 
NSAIDs. Pancreatic stent placement clearly decreases the risk of 
PEP in high-risk patients.!** Placement of PD stents has become 


a standard practice for patients who are thought to be at high 
risk for pancreatitis after the procedure (see Box 58.5). PD stent 
placement is effective, presumably by preventing cannulation- 
induced edema that can cause PD obstruction. The rationale 
behind this is the spasm and edema of the ampulla after ERCP 
because of cannulation and cautery results in obstruction and AP. 
Several studies and meta-analysis confirmed the benefit of pro- 
phylactic pancreatic ductal stents in patients at high risk of post- 
ERCP pancreatitis. Prophylactic PD stents are either a 3 French 
or 5 French and can be less than 5 cm or greater than 5 cm in 
length and placed temporarily to cover the 2- to 3-day period of 
ampullary edema. More than 70% of the stents spontaneously 
fell out within 3 to 4 days after providing an access for the bile 
and pancreatic juice during the period of ampullary edema and 
swelling. If a radiograph after a week suggests the stent has not 
migrated, it needs to be removed endoscopically, usually before 
14 days. Stents left longer than that interval can cause chronic 
ductal injury and hence the need for removal. A Swedish national 
registry data from 43,595 ERCP procedures showed that pancre- 
atic stents with a diameter of >5 Fr and a length of >5 cm seems 
to have a better protective effect against post-ERCP pancreati- 
tis, compared with shorter and thinner stents.!*° However, it is 
not possible to determine the exact type of pancreatic stent (apart 
from material, length, and diameter) that has been introduced, so 
their conclusion must be interpreted with caution. If post-ERCP 
pancreatitis is developing in patients who did not get a prophy- 
lactic pancreatic stent or if the stent has migrated and the patient 
is getting severe symptoms, urgent salvage ERCP with de novo 
pancreatic stent placement or replacement of a migrated stent 
is a novel approach in the setting of early PEP, and was associ- 
ated with rapid resolution of clinical pancreatitis and reduction 
in serum levels of amylase and lipase.'*° Guidewire cannulation, 
whereby the biliary or PD is initially cannulated by a guidewire 
inserted through the catheter or sphincterotome, has been shown 
to decrease the risk of pancreatitis with comparable high levels 
(~98%) of cannulation success (see Box 58.5).!4” A meta-analysis 
of patients with difficult cannulation, sole use of the double guide 
wire technique appears to increase the risk of PEP without any 
superiority in achieving biliary cannulation compared with other 
techniques. PD stenting may reduce the risk of PEP when the 
DGT is used.’ The influence of co-intervention in the form of 
peri-procedural NSAID administration is unclear. 

In terms of attenuating the local inflammatory response, the 
most promising results have been seen with NSAIDs. A multi- 
center, double-blind, placebo-controlled, RCT of 602 patients 
undergoing a high-risk ERCP demonstrated a significant reduc- 
tion of PEP when patients were given rectal indomethacin after 
the procedure.!** There have been many studies published on the 
type of NSAID (e.g., diclofenac vs. indomethacin) to adminis- 
ter to high-risk patients as well as all patients undergoing ERCP 
and the timing of such rectal administration (i.e., prior to the 
procedure or after the procedure if the endoscopist feels there 
is a higher risk of PEP because of the nature of the procedure. 
‘Two meta analyses concluded that rectal indomethacin is use- 
ful only for high-risk patients, even when given before the pro- 
cedure.!**:!4? Another meta-analysis suggested pre-ERCP rectal 
indomethacin administration for all patients undergoing ERCP 
without risk of procedural bleeding,!>° and another showed ben- 
efit with rectal indomethacin for all patients undergoing a ERCP 
with unclear timing with regards to the procedure.!*! The most 
recent meta-analysis suggested a benefit of rectal NSAIDs for 
all patients undergoing ERCP given before or after the proce- 
dure.!*’ Thus, it appears that rectal administration of NSAIDs 
mostly indomethacin is definitely useful and probably can be 
given to all patients undergoing ERCP before the procedure 
unless there are specific contraindications. 

Extending the observation that intravenous volume adminis- 
tration with normal saline or lactated Ringer solution has become 
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an important to in the early management of AP (discussed later), 
several studies reported the beneficial effects of both types of fluid 
in preventing PEP. The timing of such administration differed in 
studies, starting before the procedure or during the procedure 
and continuing for variable period postprocedure, depending on 
the PEP risk factors of the patient and the procedure per se. A 
systematic review of peri-procedural IV volume administration 
concluded that there is some evidence to suggest that volume 
administration affords protection against PEP, but study het- 
erogeneity precludes firm conclusions.!°* Adequately powered 
randomized trials are needed to evaluate the preventive effect of 
periprocedural volume administration. Another systematic review 
reported that aggressive periprocedural volume administration 
with lactated Ringer solution can reduce the overall incidence 
of PEP, moderate to severe pancreatitis, and hyperamylasemia; 
shorten the length of hospitalization; and reduce pain.!°+ This 
meta-analyses demonstrated many drawbacks in the studies using 
intravenous volume administration in the perioperative period 
and particularly whether it has an added value in patients receiv- 
ing rectal NSAIDs. Furthermore, the cost-effectiveness of the 
combined approach has not been investigated. To address these 
drawbacks, a randomized controlled adequately-powered trial is 
being planned to assess whether fluid administration schedule and 
fluid type further reduce PEP in patients receiving prophylactic 
rectal NSAIDs.!*° It is hoped that with the ongoing trials the role 
of prophylactic PD stents, rectal NSAID administration, peri- 
procedural fluid therapy, and combinations of these 3 modalities 
will better define their role in preventing PEP. 


Postoperative State 


Postoperative pancreatitis can occur after thoracic or abdomi- 
nal surgery.!°° Pancreatitis occurs after 0.4% to 7.6% of cardio- 
pulmonary bypass operations.!?>!°’ Twenty-seven percent of 
patients undergoing cardiac surgery develop hyperamylasemia, 
and 1% develop necrotizing pancreatitis.!!> Significant risks for 
pancreatitis after cardiopulmonary bypass are preoperative renal 
insufficiency, postoperative hypotension, and administration of 
calcium chloride perioperatively. Pancreatitis occurs after 6% 
of liver transplantations.!°* Mortality from postoperative pan- 
creatitis is said to be higher (up to 35%) than for other forms 
of pancreatitis. Contributors to morbidity and mortality from 
postoperative pancreatitis are delay in diagnosis, hypotension, 
medications (e.g., azathioprine/perioperative calcium chloride 
administration), infections, and comorbidities. Postoperative 
pancreatitis should also be recognized as a pancreas specific com- 
plication after pancreatic surgery.!*” 


Hereditary and Genetic Disorders 


Hereditary pancreatitis, an autosomal dominant disorder with 
variable penetrance, is discussed in Chapter 57. 


Miscellaneous Causes 


AP has been rarely associated with Crohn disease.'°° A recent 
case-control study from Denmark found a 4-fold increase in 
AP in patients with Crohn’s and a 1.5-fold increase in patients 
with UC. This increase has been attributed by some to the use 
of drugs such as 5-aminosalicylates/sulfasalazine and thiopurines 
(azathioprine/6-mercaptopurine; see Box 58.4). Theories to sup- 
port a putative relationship between idiopathic IBD and pancre- 
atitis include that pancreatitis is an extraintestinal manifestation 
of IBD, that duodenal Crohn disease can cause obstruction to 
the flow of pancreatic juice, that granulomatous inflammation in 
Crohn’s can involve the pancreas, or that there is an associated 
autoimmune pancreatitis. A data base of patients with Crohn dis- 
ease from Alberta reported that 6.2% of patients who do were 
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taking thiopurines developed AP.!°! Celiac disease!’ has also 
been described in association with pancreatitis, but the relation- 
ship remains uncertain. It has been suggested that abnormalities 
in the normal barrier of the small bowel seen in patients with 
celiac disease may allow excessive absorption of amylase from the 
intestinal lumen, leading to hyperamylasemia. In the setting of 
abdominal pain in a patient with celiac disease, it is not uncom- 
mon to find elevations in the serum amylase in the absence of 
AP.!° Pancreatitis has been seen in patients after severe burns.'°+ 

Autoimmune pancreatitis (discussed in the next chapter in 
more detail). AP or recurrent AP resulting from autoimmune 
pancreatitis is rare, seen in type II disease, and is associated with 
granulocyte epithelial lesions.!® Investigators have also described 
patients with autoimmune recurrent pancreatitis, especially in 
younger women, often without the classic elevation of serum 
IgG4.16 

As discussed in Chapter 53, PUD (penetrating duodenal or gas- 
tric ulcers) can involve the pancreas and cause pancreatitis that 
may be fatal. Though uncommon nowadays, penetrating ulcer 
as a cause of pancreatitis should be considered in the appropriate 
clinical setting. !67 


Controversial Causes 
Pancreas Divisum 


Pancreas divisum is the most common congenital malformation 
of the pancreas, occurring in 5% to 10% of the general healthy 
population, the vast majority of whom never develop pancreatitis 
(see Chapter 55). Controversy continues to surround the issue 
as to whether pancreas divisum with otherwise normal ductular 
anatomy is a cause of acute recurrent pancreatitis.!°° The pre- 
sumed mechanism of action in those who develop pancreatitis is 
that there is relative obstruction to the flow of pancreatic juice 
through the minor papilla. Arguments in favor of attributing 
pancreatitis to pancreas divisum include: (1) various series from 
ERCP referral centers show that patients referred with recur- 
rent AP have a higher frequency of pancreas divisum than would 
be expected from the general population; (2) multiple observa- 
tional series report that performing endoscopic sphincterotomy 
or placing a stent across the minor papilla reduces the rate of 
recurrent pancreatitis!®; and (3) there is a small randomized 
controlled study suggesting that patients with pancreas divisum 
who undergo duct stenting for 1 year have a lower frequency 
of attacks of pancreatitis than those not stented.!’° Arguments 
against the association include: (1) there are other studies show- 
ing that the incidence of pancreatitis in pancreas divisum patients 
is the same as the general population'”!; (2) the observational 
reports are flawed in that follow-up was not long enough (usually 
only 1 to 2 years) and that recurrent AP is a disease of great vari- 
ability!>!; (3) the single randomized study!”° was flawed in that it 
was not blinded, had only 19 patients, and its patients probably 
had chronic pancreatitis in that they had multiple pain attacks in 
between attacks of AP. In addition, when considering the lack 
of evidence, it is worth considering the high risk of endoscopic 
therapy in causing PEP in patients with pancreas divisum, there- 
fore making the risk-benefit ratio of treating pancreas divisum 
endoscopically questionable. 

The prevalence of genetic abnormalities in patients with 
pancreas divisum and acute recurrent pancreatitis are either the 
same!’! or higher!”* than expected in the general population or 
population of patients with AP of other etiologies, suggesting a 
possible genetic contribution. For example, there appears to be 
a higher incidence of CFTR mutations in patients with pancreas 
divisum who develop AP.!’> Because several authors reported 
associations of SPINK-1 and CFTR mutations in patients with 
AP and pancreas divisum, expert review suggested that idiopathic 
pancreatitis (either acute or acute recurrent) in a patient with 


pancreas divisum is associated with genetic abnormalities and not 
solely due to pancreas divisum. This observation along with the 
finding that minor papilla endoscopic therapy is associated with 
significant amount of complications like stricture should make 
one think carefully before subjecting patients with pancreas divi- 
sum and AP to invasive therapy. Every effort should be made to 
seek other causes of such attacks of AP. Therefore, it may not be 
the presence of pancreas divisum alone that predisposes to AP, 
but other factors may be necessary to precipitate an attack. (See 
the earlier discussion in the section on genetic factors.)!/+ 


SOD (See Chapter 63) 


SOD is also a controversial cause of AP. Investigators who study 
patients with recurrent AP report that SOD (usually defined as a 
basal pancreatic sphincter pressure >40 mm Hg) is the most com- 
mon abnormality discovered, occurring in approximately 35% to 
40% of patients. The main argument in favor of this entity as 
a cause of AP is the many observational series that report that 
endoscopic pancreatic sphincterotomy or surgical sphinctero- 
plasty reduces recurrent attacks of pancreatitis.!’* The arguments 
against SOD as a cause of AP include: (1) the lack of any prospec- 
tive controlled blinded trials in the treatment of this disorder; 
(2) the short duration of follow-up in the observational reports; 
(3) the high risk of pancreatitis (25% to 35%) associated with 
ERCP, sphincter of Oddi manometry, and pancreatic sphinc- 
terotomy in patients with suspected SOD; (4) the extremely 
variable natural history of idiopathic recurrent pancreatitis, 
which may mask the minimal effects of therapy!”°; and (5) the 
relative dearth of data determining the normal range of pancre- 
atic sphincter pressure that is the basis for the pathogenesis of 
SOD.!” Although one could debate if idiopathic recurrent AP 
can be labeled as type 2 SOD, a large number of patients with 
abdominal pain after cholecystectomy, but no objective evidence 
of biliary or pancreatic disease is subjected to ERCP, sphincter of 
Oddi manometry, and biliary and or pancreatic sphincterotomy 
with a diagnosis of type 3 SOD. For patients with type 3 SOD, 
the results of a large rigorously conducted multicenter RCT, the 
EPISOD trial, has been published.!’° The trial concluded that in 
patients with abdominal pain after cholecystectomy undergoing 
ERCP with manometry, sphincterotomy versus sham sphincter- 
otomy did not reduce disability due to pain. These findings do 
not support ERCP and sphincterotomy for these patients. 


CLINICAL FEATURES 


It is difficult to diagnose AP by history and physical examina- 
tion, because clinical features are similar to those of many acute 
abdominal illnesses (Box 58.6). 


History 


Abdominal pain is present at the onset of most attacks of AP. 
Biliary pain may herald or progress to AP. Pain in pancreatitis 
usually involves the entire upper abdomen. However, it may be 


BOX 58.6 Differential Diagnosis of Acute Pancreatitis 


Biliary pain 
Acute cholecystitis 
Perforated hollow viscus (e.g., perforated peptic ulcer) 


Mesenteric ischemia or infarction 
Intestinal obstruction 

Myocardial infarction 

Dissecting aortic aneurysm 
Ectopic pregnancy 


epigastric, in the right upper quadrant, or, infrequently, confined 
to the left side. Pain in the lower abdomen may arise from the 
rapid spread of pancreatic exudation to the left colon. 

Onset of pain is rapid but not as abrupt as that of a perfo- 
rated viscus. Usually it is at maximal intensity in 10 to 20 min- 
utes. Occasionally, pain gradually increases and takes several 
hours to reach maximum intensity. Pain is steady and moderate 
to very severe. There is little pain relief with changing position. 
Frequently, pain is unbearable, steady, and boring. Band-like 
radiation of the pain to the back occurs in half of patients. Pain 
that lasts only a few hours and then disappears suggests a disease 
other than pancreatitis, such as biliary pain or peptic ulcer. Pain 
is absent in 5% to 10% of attacks, and a painless presentation may 
be a feature of serious fatal disease.° 

Ninety percent of affected patients have nausea and vomiting. 
Vomiting may be severe, may last for hours, may be accompanied 
by retching, and may not alleviate pain. Vomiting may be related 
to severe pain or to inflammation involving the posterior gastric 
wall. 


Physical Examination 


Physical findings vary with the severity of an attack. Patients with 
mild pancreatitis may not appear acutely ill. Abdominal tender- 
ness may be mild, and abdominal guarding absent. In severe 
pancreatitis, patients look severely ill and often have abdominal 
distention, especially epigastric, which is due to gastric, small 
bowel, or colonic ileus. Almost all patients are tender in the upper 
abdomen, which may be elicited by gently shaking the abdomen 
or by gentle percussion. Guarding is more marked in the upper 
abdomen. Tenderness and guarding can be less than expected, 
considering the intensity of discomfort. Abdominal rigidity, as 
occurs in diffuse peritonitis, is unusual but can be present, and 
differentiation from a perforated viscus may be impossible in 
these instances. Bowel sounds are reduced and may be absent. 
Additional abdominal findings may include ecchymosis in 1 
of both flanks (Gray Turner sign [Fig. 58.34]) or about the peri- 
umbilical area (Cullen sign [Fig 58.38B]), owing to extravasation 
of hemorrhagic exudate to these areas. These signs occur in less 
than 1% of cases and are associated with a poor prognosis. Rarely 
there is a brawny erythema of the flanks caused by extravasation 
of pancreatic exudate to the abdominal wall. A palpable epigastric 
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mass may appear during the disease from a pseudocyst or a large 
inflammatory mass. 

The general physical examination, particularly in severe pan- 
creatitis, may uncover markedly abnormal vital signs if there are 
third-space fluid losses and systemic toxicity. Commonly, the 
pulse is 100 to 150 beats/minute (sinus tachycardia). Blood pres- 
sure can be initially higher than normal (perhaps due to pain) and 
then lower than normal with third-space losses and hypovolemia. 
Initially the temperature may be normal, but within 1 to 3 days 
it may increase to 101°F to 103°F, owing to the severe retro- 
peritoneal inflammatory process and the release of inflammatory 
mediators from the pancreas.!77 

‘Tachypnea with shallow respirations may be present if the sub- 
diaphragmatic inflammatory exudate causes painful breathing. 
Dyspnea may accompany pleural effusions, atelectasis, ARDS, or 
heart failure. Chest examination may reveal limited diaphragmatic 
excursion if abdominal pain causes splinting of the diaphragm, or 
dullness to percussion and decreased breath sounds at the lung 
bases if there is a pleural effusion. There may be disorientation, 
hallucinations, agitation, or coma,!’* which may be due to alcohol 
withdrawal, hypotension, electrolyte imbalance such as hypona- 
tremia, hypoxemia, fever, or toxic effects of pancreatic enzymes 
on the central nervous system. Conjunctival icterus, if present, 
may be due to choledocholithiasis (gallstone pancreatitis) or bile 
duct obstruction from edema of the head of the pancreas, or from 
coexistent liver disease. 

Uncommon findings in AP include panniculitis with subcu- 
taneous nodular fat necrosis that may be accompanied by poly- 
arthritis (PPP syndrome; see Chapter 25).!’? Subcutaneous fat 
necroses are 0.5- to 2-cm tender red nodules that usually appear 
over the distal extremities but may occur over the scalp, trunk, 
or buttocks. They occasionally precede abdominal pain or occur 
without abdominal pain, but usually they appear during a clinical 
episode and disappear with clinical improvement. 

Some physical findings point to a specific cause of AP. Hepa- 
tomegaly, spider angiomas, and thickening of palmar sheaths 
favor alcoholic pancreatitis. Eruptive xanthomas and lipemia 
retinalis suggest hyperlipidemic pancreatitis. Parotid pain and 
swelling are features of mumps. Band keratopathy (an infiltration 
on the lateral margin of the cornea) occurs with hypercalcemia. 
Microembolization in the retina can lead to typical fundus find- 
ings associated with visual disturbances including blindness. This 


Fig. 58.3 A, Grey Turner sign. Ecchymosis in the left flank of a 57-year-old man with a 1-week history of 
epigastric pain secondary to acute biliary necrotizing pancreatitis. B, Cullen sign: Ecchymosis and subcutane- 
ous edema in the periumbilical area of a 40-year-old man with alcoholic pancreatitis. (Courtesy of Dr. Shilpa 
Sannapaneni, Dallas, TX.) 
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is known as Purtscher retinopathy and can be seen in a variety of 
conditions besides AP.!*° 


DIFFERENTIAL DIAGNOSIS 


The abdominal pain of biliary pain may simulate AP. It is fre- 
quently severe and epigastric, but it typically lasts for several 
hours rather than several days (see Chapter 65). The pain of a per- 
forated peptic ulcer is sudden, becomes diffuse, and precipitates a 
rigid abdomen; movement aggravates pain. Nausea and vomiting 
occur but disappear soon after onset of pain (see Chapter 53). 
In mesenteric ischemia or infarction, the clinical setting often is 
an older person with atrial fibrillation or atherosclerotic disease 
who develops sudden pain out of proportion to physical findings, 
bloody diarrhea, nausea, and vomiting. Abdominal tenderness 
may be mild to moderate, and muscular rigidity may not be severe 
despite severe pain (see Chapter 118). In intestinal obstruction, 
pain is cyclical, abdominal distention is prominent, vomiting per- 
sists and may become feculent, and peristalsis is hyperactive and 
often audible (see Chapter 123). Other conditions that enter into 
the differential diagnosis of AP are listed in Box 58.6. 


LABORATORY DIAGNOSIS 
Pancreatic Enzymes 


In general, the diagnosis of AP relies on at least a 3-fold elevation 
of serum amylase or lipase in the blood.!*! 


Serum Amylase Level 


In healthy persons, the pancreas accounts for 40% to 45% of 
serum amylase activity, the salivary glands accounting for the 
rest. Simple analytic techniques can separate pancreatic and sali- 
vary amylases. Because pancreatic diseases increase serum pan- 
creatic (P) isoamylase, measurement of P-isoamylase can improve 
diagnostic accuracy. However, this test is rarely used. 

The total serum amylase test is most frequently ordered to 
diagnose AP, because it can be measured quickly and cheaply. 
It rises within 6 to 12 hours of onset and is cleared fairly rapidly 
from the blood (half-life, 10 hours). Probably less than 25% of 
serum amylase is removed by the kidneys. It is uncertain what 
other processes clear amylase from the circulation. The serum 
amylase is usually increased on the first day of symptoms, and it 
remains elevated for 3 to 5 days in uncomplicated attacks. Sen- 
sitivity is at least 85%. The serum amylase may be normal or 
only minimally elevated in fatal pancreatitis,’ during a mild attack 
or an attack superimposed on chronic pancreatitis (because the 
pancreas has little remaining acinar tissue), or during recovery 
from AP as amylase is cleared from the circulation. The level may 
return to normal quickly, in just a few days. Serum amylase also 
may be falsely normal in hypertriglyceridemia-associated pan- 
creatitis,'*” because an amylase inhibitor may be associated with 
TG elevations. In this case, serial dilution of serum often reveals 
an elevated serum amylase. Hyperamylasemia is also not specific 
for pancreatitis; it occurs in many conditions. In fact, one half of 
all patients with an elevated serum amylase level may not have 
pancreatic disease.!*! In AP, the serum amylase concentration is 
usually more than 2 to 3 times the upper limit of normal; it is 
usually less than this with other causes of hyperamylasemia.!*? 
However, this level is not an absolute discriminator. Thus an 
increased serum amylase level supports rather than confirms the 
diagnosis of AP. In addition, there are some individuals who have 
persistent hyperamylasemia without clinical symptoms. This has 
been reported to be due to macroamylasemia (discussed later) 
or pancreatic hyperamylasemia on a familial basis.!°* Nonpan- 
creatic diseases that lead to hyperamylasemia include pathologic 
processes in other organs that normally produce amylase (e.g., 


salivary glands, fallopian tubes). Furthermore, mass lesions such 
as papillary cystadenocarcinoma of the ovary, benign ovarian cyst, 
and carcinoma of the lung can cause hyperamylasemia because 
they produce and secrete salivary (S-type) isoamylase. Leakage 
of P-type isoamylase across the intestine with peritoneal amy- 
lase absorption probably explains hyperamylasemia in patients 
with intestinal infarction or GI tract perforation. Renal failure 
can increase serum amylase up to 4 to 5 times the upper limit of 
normal because of decreased renal clearance of this enzyme.!*° 
Patients on hemodialysis tend to have higher serum amylase lev- 
els than those on peritoneal dialysis. In patients with chronic kid- 
ney disease, there is not a clear inverse correlation between the 
creatinine clearance rate and serum levels of amylase, and about 
one third of patients with marked renal insufficiency (low creati- 
nine clearance) have normal pancreatic enzyme levels. 

Chronic elevations of serum amylase (without amylasuria) 
occur in macroamylasemia. In this condition, normal serum amy- 
lase is bound to an immunoglobulin or abnormal serum protein 
to form a complex that is too large to be filtered by renal glom- 
eruli and thus has a prolonged serum half-life.!** Macroamyla- 
semia may lead to a false diagnosis of pancreatic disease, but it 
has no other clinical consequence. The urinary amylase-to-cre- 
atinine clearance ratio (ACCR) increases from approximately 3% 
to approximately 10% in AP.'*° However, even moderate renal 
insufficiency interferes with the accuracy and specificity of the 
ACCR. Other than to diagnose macroamylasemia, which has a 
low ACCR, urinary amylase measurements and the ACCR are 
not used clinically. Macroamylasemia can also be measured 
directly in serum samples. Deliberate contamination of urine 
with saliva, as in Munchausen syndrome, can increase the urine 
amylase, with the serum amylase being normal. This situation can 
be excluded by measuring S-type amylase in the urine. 

In the emergency room, computer order set de-selection of 
amylase but using lipase was an effective tool to reduce non-value- 
added testing and reduce cost while maintaining quality patient 
care and physician choice in patients presenting with abdominal 
pain.!®? The rapid and easy-to-operate amylase assay may have 
potential application in the fields of point-of-care clinical diag- 
nosis, particularly in rural and remote areas where lab equipment 
may be limited.!** 


Serum Lipase Level 


The sensitivity of serum lipase for the diagnosis of AP is similar 
to that of serum amylase and is at least 85%.!°! Lipase may have 
greater specificity for pancreatitis than amylase, however. Serum 
lipase is normal when serum amylase is elevated in nonpancre- 
atic conditions such as salivary gland disease, amylase-producing 
tumors, gynecologic conditions such as salpingitis, and mac- 
roamylasemia. Serum lipase always is elevated on the first day of 
illness and remains elevated longer than does the serum amylase, 
providing a slightly higher sensitivity.'*” Combining amylase and 
lipase does not improve diagnostic accuracy and increases cost. 
Specificity of lipase can suffer from some of the same prob- 
lems as those of amylase, however. In the absence of pancreatitis, 
serum lipase may increase less than 2-fold above normal in renal 
insufficiency.!?° With acute GI conditions that resemble AP,!?! 
serum lipase increases to levels less than 3-fold above normal, 
presumably by absorption through an ischemic, inflamed, or per- 
forated intestine. Rarely, a nonpancreatic abdominal condition 
such as small bowel obstruction can raise the serum lipase (and 
amylase) above 3 times normal. Some believe that serum lipase 
measurement is preferable to that of serum amylase because it is 
as least as sensitive as amylase measurement and more specific, 
whereas others find no clear advantage of one over the other.’ 
Many normal persons have elevations of serum amylase and/ 
or lipase of little clinical significance.!°* Diabetics appear to have 
higher median lipase compared with nondiabetic patients for 


unclear reasons.!”> In this prospective study, it was shown that 
20% of type 2 diabetics had an elevated serum lipase, and 2% had 
a serum lipase of more than 3-fold elevation despite the absence 
of symptoms. However, when evaluating serum amylase, only 5% 
of type 2 diabetics were found to have an elevated level and no 
patient had more than 3-fold elevation. Although the ramifica- 
tions of these findings are unclear, there is a recent study that 
suggested that these low-level elevations in pancreatic enzymes 
may be associated with ductal changes in the pancreas consistent 
with chronic pancreatitis.!°* Although further study is needed, 
extensive evaluation of patients with asymptomatic elevations of 
amylase and lipase in the absence of other clinical findings of AP 
should not be performed. 

It is also possible to analyze serum lipase subtypes such as the 
pancreatic fraction of the lipase. However, in the small study it 
was found that such subtype estimation is not superior to a regu- 
lar lipase assay but can be used as an add-on test if required.!?° 
A report from Australia and New Zealand showed that elevation 
of lipase on day 1 in children with AP predicted a severe disease 
with a sensitivity of 82% but a modest specificity of only 53%.1°6 
Another study also reported that an early 7-fold elevation of lipase 
in pediatric AP had a sensitivity, specificity, positive and negative 
predictive values, and positive and negative likelihood ratios for 
severe disease of 85%, 56%, 46%, 89%, 1.939, and 0.27, respec- 
tively.!°” The overall PPV of hyperlipasemia was 38%. Physicians 
should maintain caution when interpreting 3-fold hyperlipasemia 
in critically ill patients due its relatively low PPV. However, the 
greater lipase cutoff improves its diagnostic value in AP and helps 
to reduce unnecessary imaging in these patients. The most com- 
mon primary diagnoses in non-AP patients with elevated lipase 
included shock, cardiac arrest and malignancy.!?* Elevated serum 
lipase level can have non-pancreatic origins, with liver and renal 
failure being the most frequent.!”? According to a recent study 
with proven AP, lipase was a more sensitive (91%) than amylase 
(62%), with specificity of >91%. Lipase should replace amylase 
as the first-line laboratory investigation for suspected AP.*°° A 
Cochrane systematic review looked at the diagnostic accuracy of 
serum amylase, serum lipase, urinary trypsinogen-2, and urinary 
amylase, either alone or in combination, in the diagnosis of AP 
in people with the acute onset of a persistent, severe epigastric 
pain or diffuse abdominal pain, and found a false negative rate 
of 25% and a false-positive rate of 10%.*°! Serum lipase levels of 
more than 2.5 times the upper limit of normal prior to refeeding 
is a potentially useful threshold to identify patients at high risk of 
developing oral feeding intolerance.” 


Other Pancreatic Enzyme Levels 


During acute pancreatic inflammation, pancreatic digestive 
enzymes other than amylase and lipase leak into the systemic cir- 
culation and have been used to diagnose AP. They include PLA;, 
trypsin/trypsinogen, carboxylester lipase, carboxypeptidase A, 
colipase, elastase, TAP, urinary and serum trypsinogen-2, and 
ribonuclease. None—alone or in combination—are diagnosti- 
cally superior to serum amylase or lipase, and most are not avail- 
able on a routine basis. 


Standard Blood Tests 


The WBC count frequently is elevated, often markedly so in 
severe pancreatitis, and does not generally indicate infection. The 
blood glucose also may be high and associated with high levels 
of serum glucagon. Serum AST, ALT, alkaline phosphatase, and 
bilirubin also may increase, particularly in gallstone pancreati- 
tis. Presumably, calculi in the bile duct account for these abnor- 
malities. However, pancreatic inflammation per se may partially 
obstruct the distal bile duct in AP. Serum aminotransferases may 
help distinguish biliary from alcoholic pancreatitis (see later).?” 
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The decrease in serum calcium often seen in patients with AP 
is mainly related to the decreased serum albumin. As will be 
discussed later, the decrease in calcium is a marker of severity 
because it is carried bound to albumin-rich intravascular fluid that 
extravasates to the peritoneum. Decreased serum calcium is not 
from saponification. The erythrocyte mean corpuscular volume 
has been shown to help differentiate alcoholic from nonalcoholic 
AP? Alcoholic patients tend to have a higher mean corpuscular 
volume due to the toxic effects of alcohol on erythrocyte forma- 
tion in the bone marrow. Serum TG levels increase in AP but 
also with alcohol use, uncontrolled diabetes mellitus, or defective 
TG metabolism. 


DIAGNOSTIC IMAGING 
Abdominal Plain Film 


Findings on a plain radiograph range from no abnormalities in 
mild disease to localized ileus of a segment of small intestine 
(“sentinel loop”) or the colon cutoff sign in more severe disease. 
In addition, an abdominal plain film helps exclude other causes 
of abdominal pain, such as bowel obstruction and perforation. 
Images of the hollow GI tract on an abdominal plain radiograph 
depend on the spread and location of pancreatic exudate. Gastric 
abnormalities are caused by exudate in the lesser sac producing 
anterior displacement of the stomach, with separation of the 
contour of the stomach from the transverse colon. Small intesti- 
nal abnormalities are due to inflammation in proximity to small 
bowel mesentery and include ileus of 1 or more loops of jejunum 
(the sentinel loop), of the distal ileum or cecum, or of the duode- 
num. Generalized ileus may occur in severe disease. Other abnor- 
malities of the hollow GI tract may be present. The descending 
duodenum may be displaced and stretched by an enlarged head 
of the pancreas. In addition, spread of exudate to specific areas 
of the colon may produce spasm of that part of the colon and 
either no air distal to the spasm (the colon cutoff sign) or dilated 
colon proximal to the spasm. Head-predominant pancreatitis 
predisposes to spread of exudate to the proximal transverse colon, 
producing colonic spasm and a dilated ascending colon. Uniform 
pancreatic inflammation predisposes spread of exudate to the 
inferior border of the transverse colon and an irregular haustral 
pattern. Exudate from the pancreatic tail to the phrenicocolic lig- 
ament adjacent to the descending colon may cause spasm of the 
descending colon and a dilated transverse colon. Other findings 
on plain radiography of the abdomen may give clues to etiology 
or severity, including calcified gallstones (gallstone pancreatitis), 
pancreatic stones or calcification (acute exacerbation of chronic 
pancreatitis), and ascites (severe pancreatitis). Gas in the retro- 
peritoneum may suggest a pancreatic abscess. 


Chest Radiography 


Abnormalities visible on the chest roentgenogram occur in 30% 
of patients with AP, including elevation of a hemidiaphragm, 
pleural effusion(s), basal or plate-like atelectasis secondary to 
limited respiratory excursion, and pulmonary infiltrates. Pleural 
effusions may be bilateral or confined to the left side; rarely they 
are only on the right side.’° Patients with AP found to have a 
pleural effusion and/or pulmonary infiltrate on admission are 
more likely to have severe disease.””° During the first 7 to 10 days, 
there also may be signs of ARDS or heart failure. Pericardial effu- 
sion is rare. 


Abdominal US 


Abdominal US is used during the first 24 hours of hospitaliza- 
tion to search for gallstones, dilation of the bile duct due to cho- 
ledocholithiasis, and ascites. Ascites is common in patients with 
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moderate to severe AP as protein-rich fluid extravasates from the 
intravascular compartment to the peritoneal cavity. If the pan- 
creas is visualized by US (bowel gas obscures the pancreas 25% to 
35% of the time), it is usually diffusely enlarged and hypoechoic. 
Less frequently, there are focal hypoechoic areas. There also may 
be US evidence of chronic pancreatitis, such as intraductal or 
parenchymal calcification(s) and dilation of the PD. US is not a 
good imaging test to evaluate extrapancreatic spread of pancreatic 
inflammation or pancreatic necrosis and consequently is not use- 
ful to ascertain severity of pancreatitis. During the course of AP, 
US can be used to evaluate progression of a pseudocyst (discussed 
later). Owing to overlying gas, the diagnosis of cholelithiasis may 
be obscured during the acute attack but may be found after bowel 
gas has receded. Contrast-enhanced US of the pancreas may be 
useful in the future to assess the severity of AP.?07 


EUS and ERCP 


Imaging of the pancreas by EUS during an attack of AP, and for 
weeks following an episode, reveals abnormal signals that are 
typically hypoechoic and indistinguishable from chronic pancre- 
atitis and malignancy. EUS is useful at an early stage in AP to 
detect common bile duct stones and allow proceeding to ERCP 
at the same time, thus avoiding ERCP if the bile duct is clear of 
stones. EUS can also predict severity of AP by alterations in the 
echo texture of the pancreas.’? An RCT in patients at moderate 
or indeterminate risk for choledocholithiasis observed that EUS, 
done for confirmation of choledocholithiasis, avoids unneces- 
sary ERCP in almost half of the cases. EUS done at admission 
can reliably detect pancreatic necrosis and co-existent disorders 
like CBD stones?’ and predict mortality.!° In idiopathic AP, 
recent guidelines and reviews recommend obtaining EUS after 
a period of 8 to 12 weeks to look for causes like microlithiasis 
in the common bile duct, small tumors near the PD causing 
obstruction, chronic pancreatitis presenting as an AP attack, and 
some anatomical abnormalities missed on CT scan.?!! In a recent 
meta-analysis comparing MRCP and EUS in the evaluation of 
idiopathic AP, EUS had a higher diagnostic accuracy than MRCP 
(64% vs. 34%) in establishing an etiology of pancreatitis.” !” 


CT 


CT is the most important imaging test for the diagnosis of AP and 
its intra-abdominal complications.?!3 The 3 main indications for 
a CT in AP are to (1) exclude other serious intra-abdominal con- 
ditions (e.g., mesenteric infarction or a perforated peptic ulcer), 
(2) stage the severity of AP, and (3) determine whether complica- 
tions of pancreatitis are present (e.g., involvement of the GI tract 
or nearby blood vessels and organs, including liver, spleen, and 
kidney).7!* Helical CT is the most common technique. If possi- 
ble, scanning should occur after the patient receives oral contrast, 
followed by IV contrast to identify any areas of pancreatic necro- 
sis. If there is normal perfusion of the pancreas, interstitial pan- 
creatitis is said to be present (see Fig. 58.1). Pancreatic necrosis 
manifested as perfusion defects after IV contrast may not appear 
until 48 to 72 hours after onset of AP (see Fig. 58.2). 

It has been suggested that IV contrast media early in the 
course of AP might increase pancreatic necrosis because iodin- 
ated contrast medium given at the onset of pancreatitis increases 
necrosis in experimental AP in rats.?!? However, it did not do 
so in other animal models. Data in humans are conflicting. Two 
retrospective studies suggested that early contrast-enhanced CT 
worsened pancreatitis,’ ! but this was not corroborated by a third 
retrospective study.?!° 

The severity of AP has been classified into 5 grades (A to 
E) based on findings on unenhanced CT (discussed later).?° 
Although the presence of gas in the pancreas suggests pancre- 
atic infection with a gas-forming organism, this finding can also 


Fig. 58.4 CT showing acute necrotizing pancreatitis. The pancreas (P) 
is surrounded by peripancreatic inflammation that contains bubbles of 
air (arrows) due to sterile necrosis. The patient was not clinically ill, and 
therefore an abscess was not considered likely. G, gallbladder. 


accompany sterile necrosis (Fig. 58.4) with microperforation of 
the gut or an adjacent pseudocyst into the pancreas.*!’ Moreover, 
the great majority of pancreatic infections occur in the absence of 
gas on CT scan. 

Perfusion CT scan is a recent development where IV per- 
fusion of radiocontrast helps detect necrosis at an earlier stage 
compared with conventional CT scan. A multicenter study 
from Japan also showed that perfusion CT predicted persistent 
organ failure, along with early detection of pancreatic necrosis.?!® 
Another development is subtraction CT, where a subtraction 
color map is generated from noncontrast and contrast CTs. This 
technique also allows early detection of necrosis compared with 
conventional CT scan.?!” 


MRI 


MRI provides similar information regarding the severity of pan- 
creatitis, as does CT. However, MRI is superior to CT in assess- 
ing fluid collections by showing the necrotic debris better.??° 
MRI is better than CT, but equal to EUS and ERCP in detecting 
choledocholithiasis.77! MRI also has the advantage over CT in 
better delineating the PD and showing lesions like PD disrup- 
tion or disconnection and stones in the PD. The MRCP contrast 
agent gadolinium??? can cause nephrogenic systemic fibrosis.’ 
However, the risk of nephrogenic systemic fibrosis is very low in 
patients with renal impairment, and newer agents are not associ- 
ated with this disorder. MRI is less accessible and more expensive 
than CT. MRI also requires the patient to remain still during 
capture of images, which typically is much longer than with spiral 
CT. MRCP use prior to ERCP in patients at high risk for cho- 
ledocholithiasis is common and associated with greater length of 
hospital stay, higher radiology charges, and a trend toward higher 
hospital charges.’?+ The use of IV secretin prior to MRCP allows 
a better visualization of the PDs.” This has been shown to be 
particularly useful in the evaluation of patients with idiopathic 
pancreatitis and recurrent pancreatitis.27>,*° Thus, whereas MRI 
and MRCP have a definite role in the management of AP, the 
limitations of this modality need to be recognized. 


DISTINGUISHING ALCOHOLIC FROM GALLSTONE 
PANCREATITIS 


Differentiation between alcoholic and gallstone pancreatitis 
is important because eliminating these etiologies may prevent 


further attacks of pancreatitis. Alcoholic pancreatitis occurs more 
frequently in men approximately 40 years old. The first clinical 
episode usually occurs after 5 to 10 years of heavy alcohol con- 
sumption. By contrast, biliary pancreatitis is more frequent in 
women, and the first clinical episode is often after the age of 40 
years. Recurrent attacks of AP suggest an alcohol etiology, but 
unrecognized gallstones may cause recurrent pancreatitis. Among 
patients with acute biliary pancreatitis discharged from the hos- 
pital without cholecystectomy, 30% to 50% develop recurrent 
AP relatively soon after discharge (average time to recurrent pan- 
creatitis, 108 days). Thus removing the gallbladder in biliary 
pancreatitis is imperative. 

Laboratory tests may help distinguish between these 2 disor- 
ders. The specificity for gallstone pancreatitis of a serum ALT 
concentration greater than 150 IU/L @3-fold elevation) is 96%; 
the PPV is 95%, but the sensitivity is only 48%.°° The serum 
AST concentration is nearly as useful as the ALT, but the total 
bilirubin and alkaline phosphatase concentrations are not as help- 
ful to distinguish gallstone pancreatitis from alcoholic and other 
etiologies. There are differing reports as to whether a high serum 
lipase-to-amylase ratio can differentiate alcoholic from other 
causes of pancreatitis.??*,72? 

Conventional abdominal US should be performed in every 
patient with a first attack of AP to search for gallstones in the 
gallbladder, common duct stones, or signs of extrahepatic bili- 
ary tract obstruction. However, bile duct stones are frequently 
missed by abdominal US, and most stones pass during the acute 
attack. ERCP is limited to patients with severe AP due to gall- 
stones with persistent bile duct obstruction and to those patients 
in whom the stone could not be removed during surgery. In most 
patients with biliary pancreatitis, common duct stones pass and 
no further evaluation is needed. Although the bile duct can be 
imaged with an operative cholangiogram at the time of laparo- 
scopic cholecystectomy performed during the same admission, 
this is not necessary in most patients. 

Many clinicians prefer to evaluate the bile duct prior to sur- 
gery. Because most stones that cause biliary pancreatitis pass, it is 
not clear who should undergo evaluation. ERCP would be inap- 
propriate in a patient with a moderate to low risk of choledo- 
cholithiasis, when the risk of PEP is greater than the benefit of 
ERCP (normal-sized bile duct and normal liver chemistry tests). 
However, if the bile duct is dilated and/or liver chemistry tests are 
elevated, further evaluation prior to surgery may be reasonable. 
Although EUS is an accurate method of detecting bile duct stones 
and has been recommended for evaluating the bile duct prior to 
cholecystectomy, it is rarely needed or used in this setting.?*° It 
should be reserved for the patient who has findings suspicious for 
a retained stone and cannot undergo MRCP. MRCP is as accu- 
rate, but because of its noninvasive approach, it is preferred if a 
clinician has a lower suspicion that a common duct stone may be 
present. If a common duct stone is found at surgery, it is either 
removed during the operation or endoscopically after surgery.”*! 
Laparoscopic exploration of the bile duct is as safe and effective as 
postoperative ERCP in clearing stones from the common duct.??? 


PREDICTORS OF DISEASE SEVERITY 


According to the revised Atlanta classification there are 3 grades 
of severity of AP: mild, moderate, and severe. Nearly 80% of the 
patients have mild AP. Predicting the severity is very important 
during the first 24 to 72 hours, mostly at admission and during 
the first 24 hours. If such prediction suggests moderate or severe 
type of the disease, it may help communicate with the patient 
about the course of the disease; triage them to intensive care or 
step-up unit; and when specific interventions become available, 
administer them early on. A variety of clinical features, labora- 
tory markers, and scoring systems have been described over the 
years to predict severe AP. There has been an extremely limited 
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number of reports predicting moderately severe AP, which has 
been included in the revised Atlanta classification.”*? However, 
despite a large body of literature, no perfect predictor is available 
at the present time. Most predictors have a very high negative 
predictive value but not a useful PPV, and this is because a sig- 
nificant proportion of the patients with AP do not develop mod- 
erately severe or severe disease. From 2 prospectively collected 
cohorts, it was reported that the existing scoring systems seem to 
have reached their maximal efficacy in predicting persistent organ 
failure in AP. Sophisticated combinations of predictive rules are 
more accurate but cumbersome to use, and therefore of limited 
clinical use. Our ability to predict the severity of AP cannot be 
expected to improve unless we develop new approaches.’*+ A 
recent systematic review looking at predictors of persistent organ 
failure (severe AP) and infected pancreatic necrosis observed that 
it is justifiable to use the blood urea nitrogen (BUN) level for 
prediction of persistent organ failure after 48 hours of admission 
and procalcitonin for prediction of infected pancreatic necrosis 
in patients with confirmed pancreatic necrosis.**+ There was no 
predictor of persistent organ failure found that can be justifiably 
used in clinical practice within 48 hours of admission.??> What 
is really required is a system or a marker that has high PPV for 
moderately severe or severe AP. Along the same lines, the most 
recent AGA technical review on early management of AP found 
no studies using a predictive tool that improved clinical out- 
comes.”>° Hence it recommended using clinical judgment and a 
variety of predictive tools in clinical practice. It is for the same 
reason that this particular approach of predicting severity was not 
included in the meta-analysis in the same technical review. Thus 
many of the predictors will be listed below briefly, with added 
information on some predictors that were widely studied. At the 
present time, most of these systems are more useful for research 
purposes and to compare different cohorts, rather than being use- 
ful in directing clinical care. 

Recent guidelines and reviews recommended the following 
predictors at admission to be useful while considered together 
with clinical judgement: advanced age (>60 years), BMI, Charl- 
son’s comorbidity index, pleural effusions or infiltrates on the 
admission chest radiograph, elevated hematocrit, elevated BUN 
level, elevated serum creatinine level, and CRP >15 mg/dL at 48 
hours. 211,237 

The height of elevation of the serum amylase and lipase does 
not correlate with severity. However, in pediatric AP, it was 
reported that a 7-fold elevation of lipase predicted severe dis- 
ease with a sensitivity, specificity, positive and negative predic- 
tive values, and positive and negative likelihood ratios of 85%, 
56%, 46%, 89%, 1.939, and 0.27, respectively.!°7 When AP is 
superimposed on chronic pancreatitis, it is usually less severe than 
AP without chronic pancreatitis. When superimposed on chronic 
pancreatitis, weight loss, advanced age, and comorbidities pre- 
dict severity in a population-based study.’*’ Radial EUS in acute 
biliary pancreatitis showed a significant relationship between the 
severity of AP with diffuse parenchymal edema, periparenchymal 
plastering, and/or diffuse retroperitoneal free fluid accumulation, 
and peri-pancreatic edema, and also predicted mortality.?** In a 
large administrative database, transferred patients with AP have 
more severe disease and higher overall mortality. Mortality is 
similar after adjusting for disease severity. Disease severity, insur- 
ance status, race, and age all influence the decision to transfer 
patients with AP.*>” 

A large number of clinical and laboratory predictors of severity 
have been described in recent years. They include procalcitonin,”*° 
TNF-o,7*! thrombopoetin,** carboxypeptidase-B activation 
peptide, polymorphonuclear elastase, PLA), D-dimer in pedi- 
atric AP,“ higher urinary beta 2 microglobulin to saposin B 
ratio,’*° hepcidin,”*’ elevated levels of soluble B7-H2 (sB7-H2),?** 
copeptin,”*? IL-6,7°° IL-17, IL-23,?°! melatonin,” resistin,?>* 
lower serum lipid concentrations,?°* mean platelet volume,**° 
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presepsin,*°° soluble urokinase-type plasminogen activator recep- 
tor,” urinary neutrophil gelatinase-associated lipocalin,?** the 
LP-PLA2 gene polymorphisms V279F and R92H,?°? genetic 
polymorphisms in TLR3 and TLR6,? increased visceral adipose 
tissue,”°! matrix metalloprotease-8,7° IL13/IFN gamma ratio,” 
antithrombin-III,’* high visceral fat with low skeletal muscle vol- 
ume,”® admission heart rate variability, 66 and others. 

The presence of SIRS at admission and persistence of SIRS 
at 48 hours increases the morbidity and mortality rate. In one 
study, death occurred in 25% of patients with persistent SIRS, 
in 8% with transient SIRS, and in less than 1% without SIRS.?67 

Although severity is now defined by the presence of organ fail- 
ure or anatomic complications of AP, such as pancreatic necrosis, 
prospective systems using clinical criteria have been developed to 
determine disease severity. These systems include the Ranson’s 
and APACHE scores.'3:!* Unfortunately, these scoring systems 
(discussed below) are cumbersome, requiring multiple measure- 
ments. In addition, the systems are not accurate until 48 hours 
after presentation. 


Scoring Systems 


APACHE II has been the most validated system for many years 
and none of the later scoring systems later reported proved to 
be superior in any consistent manner. However, APACHE II is 
cumbersome (like most of the systems) and is very rarely used in 
clinical practice. Most studies used a score of 8 or more as severe 
AP. Ranson and colleagues identified 11 signs that had prognostic 
significance during the first 48 hours. The original list! was ana- 
lyzed in patients who primarily suffered from alcoholic pancre- 
atitis and was then modified 8 years later for those with gallstone 
pancreatitis.’ A score of 3 or more is considered to indicate 
severe AP. The Imrie or Glasgow score?® is a slightly simplified 
list (8 criteria) that is used commonly in the United Kingdom. 
The Pancreas Center at Brigham and Women’s Hospital per- 
formed a series of studies retrospectively and prospectively.?70-272 
The studies were performed on a large database including almost 
37,000 patients from more than 200 hospitals. After careful anal- 
ysis, including a validation study, they determined that a simpler 
system that included only 5 variables could accurately predict 
severity early in the course of the disease. The scoring system, 
referred to as BISAP (Bedside Index for Severity in AP), assigns 
each parameter 1 point: BUN greater than 25 mg/dL, Impaired 
mental status, SIRS, Age older than 60 years, and Pleural effu- 
sion, for a possible total of 5 points. A BISAP score of 4 or 5 is 
associated with a 7- to 12-fold increased risk of developing organ 
failure. BISAP is not superior to APACHE II. Other scoring sys- 
tems include the harmless AP score,?” the Japanese AP severity 
score,2’* and the PANC 3 score.?”° 

APACHE II has stood the test of time and no score is convinc- 
ingly superior to it, but it has the drawback of being cumbersome. 
The simple SIRS score is as good as any of the complex scoring 
systems that are available and is easy, cheap, and readily available 
at the time of admission.!*> SIRS is defined by 2 or more of the 
following 4 criteria: pulse >90 beats/minute, rectal temperature 
<36°C or >38°C, WBC count <4000/mm} or >12,000/mm3, and 
a respiratory rate greater than 20/minute or an arterial PCO, <32 
mm Hg (see Box 58.2). 


CT 


The finding of extensive fluid collections and/or extensive pan- 
creatic necrosis on CT has been correlated with severe disease. 
Balthazar reported that 5 of 37 (13.5%) patients who had grade 
D or E findings on CT died, as opposed to none of 51 who had 
grades B or C findings (Table 58.1). Using the CT severity 
index (CTSI score; see Table 58.1), among those with a score 
of 0 to 6, 3 of 77 (3.8%) died, as compared with 2 of 11 (18%) 


TABLE 58.1 CT Grading System of Balthazar and the CT Severity Index 
(CTSI) 


Balthazar 
Grades Definition Points 
A Normal pancreas consistent with mild (0) 
pancreatitis 
B Focal or diffuse enlargement of the gland, 1 
including contour irregularities and 
inhomogeneous attenuation but without 
peripancreatic inflammation 
Cc Grade B plus peripancreatic inflammation 2 
Grade C plus associated single fluid collection 3 
E Grade C plus 2 or more peripancreatic fluid 4 
collections or gas in the pancreas or 
retroperitoneum 
CTSl=Balthazar Grade Points Plus Necrosis Score* 
Necrosis Score Points 
Absence of necrosis (0) 
Necrosis of up to 33% of the pancreas 2 
Necrosis of 33%-50% 4 
Necrosis of >50% 6 


*Highest attainable CTSI score: 4 (Balthazar grade E) + 6 (necrosis of 
>50%) = 10 points. 


with scores of 7 to 10. The CT grading scores correlate better 
with local complications (pseudocysts and abscesses) than with 
mortality. Among the 37 patients with a grade D or E score, 54% 
developed a local complication, whereas only 2 of 51 (3.9%) with 
grades A through C developed this problem.”!* Thus the data 
do not confirm that the CTSI is any more predictive than the 
grades A through E score. There is controversy in the literature 
as to whether the extent of necrosis on CT predicts organ fail- 
ure.!!5!,16,245-247 A modified CTSI has been found to be more 
useful where a simplified assessment of inflammation and necro- 
sis, as well as assessment of extrapancreatic complications, were 
included.?’6 


Chest Radiography 


A pleural effusion documented within 72 hours of admission by 
chest radiography (or CT) correlates with severe disease.?°>7°° 


TREATMENT (FIG. 58.5) 
Initial Management During the First Week 


There is no specific drug therapy to treat AP and, thus, treatment 
guidelines are mainly for supportive care and for the treatment of 
complications once they develop. However, because of such good 
supportive care, including ICU care and more effective therapy 
of the ensuing complications, the mortality in AP has dropped 
from around 10% to 5% or less from different regions of the 
world. The patient is usually kept NPO until any nausea and 
vomiting have subsided. However, there has been a major change 
in this concept and currently gut rousing and not gut resting is 
the key management.’”” By providing earlier oral intake, the gut 
mucosal barrier is preserved and prevents the undesirable trans- 
location of bacteria from the lumen into circulation. Pain relief 
is an important area in the early management. Opiate analgesics 
like fentanyl and hydromorphone often by a patient-controlled 
anesthesia pump are the most widely used agents.’”* Opiate dos- 
ing is monitored carefully and adjusted on a daily basis accord- 
ing to ongoing needs. Although morphine has been reported to 


Admission to medical/surgical floor 
NPO, IV hydration (250-400 cc/hr) 


Nasal oxygen 


Frequent evaluation of oxygen saturation 
Hematocrit daily/BUN twice daily for 48 hours 
Serum electrolytes daily 


Pain control 


Early refeeding 


Evaluate for etiology 
If gallstones, early cholecystectomy 
If alcohol, address psychosocial issues 
If high serum TG, medical therapy 


Interstitial pancreatitis on CT without 
peripancreatic necrosis: 
Continue supportive care 
Observation 


Consider oral refeeding 
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Early course: 0-72 hr 
Is there organ failure? 


Admission to an ICU 

Same orders as for floor admission 
Central line placement 

Evaluate need for assisted ventilation 
Assess for bile duct obstruction 

If bilirubin rising, consider urgent ERCP 


Later course: >72 hours 


Evidence of severe 
disease or organ failure? 


To ICU if patient not already there 

Observe for biliary sepsis; if present, 
consider emergency ERCP 

Enteral feedings (NJ or NG) 

CT to evaluate for necrosis 


Pancreatic/peripancreatic necrosis on CT: 
Continue supportive care 
Enteral feedings 
If infection suspected, consider 
antibiotics 


Late course: 7-28 days 
Patient improving? 


If on antibiotics, consider FNA 
of pancreas for culture and 
change of antibiotics 

If not on antibiotics and FNA 
negative, keep off antibiotics 


Beyond 28 days 


Fig. 58.5 Algorithm for the management of acute 
pancreatitis at various stages in its course. BUN, 


Consider refeeding 
If patient cannot tolerate feedings, 
consider necrosectomy 


Patient improving? 


Consider necrosectomy by 
endoscopic, radiologic, or 
surgical means 


blood urea nitrogen; NJ, nasojejunal. 


increase sphincter of Oddi tone and to increase serum amylase,””? 


its use to treat the pain of pancreatitis has not been shown to 
adversely affect outcome. NG intubation is not used routinely 
because it is not beneficial in mild pancreatitis. It is used only to 
treat gastric or intestinal ileus or intractable nausea and vomiting. 
Similarly, routine use of PPIs or H2RAs have not been shown to 
be beneficial. 

The patient should be carefully monitored for any signs of 
early organ failure such as hypotension (systolic blood pressure 
less than 110 mm Hg despite IV volume administration), pul- 
monary failure (oxygen saturations less than 90% despite maxi- 
mally possible oxygen replacement therapy by nasal cannula or 


face mask), or renal insufficiency (serum creatinine greater than 
2 mg/dL despite maximal intravenous volume administration) 
by closely following vital signs and urine output. Tachypnea 
should not be assumed to be due to abdominal pain. Monitor- 
ing oxyhemoglobin saturation and, if needed, arterial blood gas 
measurement is advised, and oxygen supplementation is man- 
datory if there is hypoxemia. Any patient who exhibits signs of 
early organ dysfunction should be considered for a transfer to 
an ICU. Admission to an ICU is a practice that differs in differ- 
ent centers. Although many patients are managed on the floor in 
the USA (unless need for respiratory or blood pressure support 
is required), outside the USA early signs of organ failure (like 
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increasing oxygen requirements, intravenous fluids for maintain- 
ing the blood pressure, or renal replacement therapy) are indica- 
tions for ICU or step-up unit care. 


Intravenous Fluid and Electrolyte Resuscitation 


As the inflammatory process progresses early in the course of 
the disease, there is an extravasation of protein-rich intravascular 
fluid into the peritoneal cavity and retroperitoneum, resulting in 
hemoconcentration and decreased renal perfusion with the asso- 
ciated elevation in the BUN level and, later, the serum creatinine 
level. Subsequently, the decreased perfusion pressure into the 
pancreas leads to microcirculatory changes that result in pancre- 
atic necrosis. Thus an admission hematocrit of more than 44% 
and a failure of the admission hematocrit to decrease at 24 hours 
have been shown to be predictors of necrotizing pancreatitis,”°° 
and an elevation and/or rising BUN is associated with increased 
mortality.” The relationship of hematocrit and BUN, markers 
of intravascular volume, to severity of AP implies that the oppo- 
site is also true. Early vigorous IV volume repletion for the pur- 
pose of intravascular resuscitation is of foremost importance. The 
goal is to provide enough intravascular volume to decrease the 
hematocrit and the BUN, thereby increasing pancreatic perfu- 
sion. This is one of the extensively studied management strate- 
gies in AP over the years. Intravenous volume administration has 
been widely recommended by experts and in various guidelines, 
although there is significant variation in the various aspects of 
such intravenous volume administration in these guidelines and 
reviews.”7!!80782 Haydock et al. in a systematic review observed 
that the level of evidence of such an important area in the man- 
agement is at best very poor.?® The various aspects of such intra- 
venous volume administration include the type of fluid, total 
amount given, rate, timing, duration, and the weight to moni- 
tor the therapy. It not surprising that a national survey in New 
Zealand found that there is significant variation in intravenous 
volume administration in AP, that aggressive volume administra- 
tion is prescribed mostly for organ failure and there is no adher- 
ence to the published guidelines.**+ Lactated Ringer solution is 
supposed to reduce intracellular acidosis in the pancreas and thus 
the tryptic activity. A small RCT showed a benefit with lactated 
Ringer solution over normal saline with regards to a decrease in 
SIRS score as well as CRP levels, but not in any of the important 
clinical outcomes.**° 

An AGA technical review” reported the meta-analysis of 
many eligible studies on the role of intravenous volume admin- 
istration therapy in the early management of AP as follows: 
“In conclusion, there is insufficient evidence to state that goal- 
directed therapy, using various parameters to guide fluid admin- 
istration, reduces the risk of persistent single or multiple organ 
system failure, infected (peri-) pancreatic necrosis or mortality 
from AP. There is also no RCT evidence that any particular type 
of fluid therapy (e.g., lactated Ringer’s) reduces the risk of mor- 
tality or persistent single or multiple organ failure. The addition 
of hydroxyethyl starch to usual intravenous fluids does not reduce 
the risk of mortality, and may increase the risk of persistent mul- 
tiple organ system failure in AP.” Based on this meta-analysis, the 
accompanying AGA guidelines suggested goal directed therapy 
for fluid management but cautioned the quality of evidence is 
very low and future trials have to address the various aspects of 
such therapy in the early management of AP.” Despite these 
limitations for practical purposes, one could suggest a fluid rate of 
5 to 10 mL per kilogram body weight per hour or 250 to 500 mL 
per hour of probably lactated Ringer solution, preferably during 
the first 24 hours after admission. Besides clinical monitoring for 
volume overload, hourly urine output, decreases in hematocrit 
and BUN/serum creatinine levels may be used for directing such 
therapy with very minimal need for invasive monitoring. Agents 
like hydroxyethyl starch should not be used. 


Respiratory Care 


Because of the common and indolent nature of hypoxemia affect- 
ing patients with AP, current guidelines recommend the initial 
routine use of nasal cannula oxygen in all patients with AP.?87 

Supplemental oxygen, ideally by nasal prongs or by face mask 
if needed, is given to maintain oxygen saturations well over 90%. 
If nasal or face mask oxygen fails to correct hypoxemia or if there 
is fatigue and borderline respiratory reserve, noninvasive posi- 
tive pressure ventilation or endotracheal intubation and assisted 
mechanical ventilation are required early. 

US of the nondependent lung can reliably detect evolving 
respiratory dysfunction in AP. This simple bedside technique 
shows promise as an adjunct to severity stratification.” ARDS 
is associated with severe dyspnea, progressive hypoxemia, and 
increased mortality. It generally occurs between the second and 
seventh day of illness (but can be present on admission) and con- 
sists of increased alveolar capillary permeability causing inter- 
stitial edema. Chest radiography may show multilobar alveolar 
infiltrates. Treatment is endotracheal intubation with positive 
end-expiratory pressure ventilation, often with low tidal volumes 
to protect the lungs from volutrauma. No specific treatment will 
prevent or resolve ARDS. Noninvasive positive pressure ven- 
tilation in the early phases of ARDS?** and continuous renal 
replacement therapy have also been reported to be useful in the 
treatment of ARDS in AP.?® After recovery, pulmonary struc- 
ture and function usually return to normal. 


Cardiovascular Care 


Cardiac complications of severe AP include heart failure, myo- 
cardial infarction, cardiac dysrhythmia, and cardiogenic shock. 
An increase in cardiac index and a decrease in total peripheral 
resistance may be present and respond to infusion of crystalloids. 
If hypotension persists even with appropriate fluid resuscitation, 
intravenous vasopressors may be required. 


Metabolic Complications 


Hyperglycemia may present during the first several days of severe 
pancreatitis but usually disappears as the inflammatory process 
subsides. Blood sugars fluctuate, and insulin should be admin- 
istered cautiously. Leptin levels were associated with persistent 
hyperglycemia early in the course of AP in one study from New 
Zealand.?”? Hypocalcemia is mainly due to a low serum albumin. 
Serum albumin is lost as albumin-rich intravascular fluid extrava- 
sates into peritoneum and retroperitoneum, as well as the nega- 
tive phase reactant effect on reducing albumin synthesis during 
the acute illness phase. This albumin loss causes a decrease in 
the calcium normally bound to the albumin. Because this loss is 
nonionized, hypocalcemia is largely asymptomatic and requires 
no specific therapy. However, reduced ionized serum calcium 
may occur and cause neuromuscular irritability. If hypomagne- 
semia coexists, it inhibits the release of parathyroid hormone; 
magnesium replacement should restore serum calcium to nor- 
mal in such instances. Causes of magnesium depletion include 
loss of magnesium in the urine, stool, or vomitus or deposition 
of magnesium in areas of fat necrosis. Once the serum magne- 
sium is normal, signs or symptoms of neuromuscular irritability 
may require administering IV calcium gluconate, as long as the 
serum potassium is normal and digitalis is not being given. IV 
calcium increases calcium binding to myocardial receptors, which 
displaces potassium and may induce a serious dysrhythmia. 


Antibiotics 


Antibiotics are sometimes given in AP as prophylactic antibi- 
otics (before a documented infection) or for the treatment of 


established infection. Necrosis of the pancreas and peripancreatic 
tissues (necrotizing pancreatitis) can become infected (infected 
pancreatic necrosis), with increased mortality.??!°* The role of 
antibiotics in established infection of the pancreas or extrapan- 
creatic sites is not controversial. Imipenem, fluoroquinolones 
(ciprofloxacin, ofloxacin, pefloxacin), and metronidazole emerged 
as the drugs that achieved the highest inhibitory concentrations 
in pancreatic tissue, However, their prophylactic role in pre- 
dicted moderately severe or severe AP or in established necro- 
tizing pancreatitis is where significant controversy exists. Most 
recent guidelines do not recommend prophylactic antibiotics.?*” 

Future studies should have a large enough sample size to see 
assess the benefit of prophylactic antibiotics in either predicted 
moderately severe or severe or necrotizing pancreatitis. Particu- 
lar subsets such as extensive necrosis with or without organ fail- 
ure should be assessed for possible benefit. 


Urgent ERCP 


The question of early removal of a possibly impacted gallstone in 
improving the outcome of gallstone pancreatitis remains a con- 
troversial issue. Because the obstruction by a stone at the level 
of ampulla due to a stone is the main mechanism postulated in 
acute biliary pancreatitis, it is appealing to remove the stone by 
ERCP to help the patient recover. ERCP in a patient with bili- 
ary pancreatitis can be urgent or elective before cholecystectomy. 
Urgent ERCP has been variously defined as within 24 hours, 48 
hours, or 72 hours. For mild biliary AP, same-admission laparo- 
scopic cholecystectomy is the standard therapy, and before such 
procedure an elective ERCP or intraoperative cholangiography 
are the choices. The most recent guidelines recommended urgent 
ERCP within 72 hours for cholangitis and possibly for persistent 
biliary obstruction defined by elevated liver tests and/or the pres- 
ence of a stone in the common bile duct on imaging.””!! One 
report suggested that in acute biliary pancreatitis, urgent ERCP 
within 24 to 48 hours is indicated if the patient has cholangitis, 
total serum bilirubin >5 mg/dL, clinical deterioration (worsening 
pain and white cell count and worsening vital signs), or a stone 
documented in the common bile duct on imaging.*”’ 

A recent AGA technical review reported a meta-analysis 
on 8 RCTs of urgent ERCP in acute biliary pancreatitis, com- 
prising 935 patients.” This report found no benefit of urgent 
ERCP in acute biliary pancreatitis with regard to single organ 
failure or multiple organ failure, infected peripancreatic necro- 
sis, occurrence of necrotizing pancreatitis, or mortality. In the 
only study available with small number of cholangitis patients, 
there was no difference with urgent ERCP. Most recent stud- 
ies try to exclude patients with proven cholangitis, as ERCP is 
the standard of care in those patients. However, the definition 
and description of cholangitis varied among the studies, making 
interpretation difficult. There was a slightly reduced hospital stay 
with urgent ERCP. Hence one could cautiously conclude that the 
role of urgent ERCP in acute biliary pancreatitis is probably in 
those patients with cholangitis. In order to obtain good evidence, 
the report suggested that future trials should be powered to see 
if urgent ERCP helps in subgroups like those with cholangitis, 
documented biliary obstruction, and predicted severe AP with 
clear definition for all the 3 subgroups. 


Nutrition 


For decades, keeping patients NPO was the rule in the manage- 
ment of patients with AP. However, fasting adversely affects 
the gut mucosal barrier and facilitates translocation of bacteria 
from the lumen of the gut to extraluminal tissues, including the 
inflamed pancreas, with a resultant increase in morbidity and 
mortality. Thus the concept of gut rousing by nutrition and not 
gut resting by fasting became the practice in some centers.””’ It 
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is acommon observation that in mild (or interstitial) pancreatitis, 
most patients are dismissed from the hospital within 5 days. Two 
reports in patients with mild disease suggested that early refeed- 
ing improved outcome and allowed earlier discharge.*”*?”> On 
the other hand, a meta-analysis of 3 studies showed that early 
refeeding prolonged the hospitalization.’”° 

The question of whether an elevated serum amylase or lipase 
level should influence the clinician to prolong the time until 
refeeding has been addressed in one study: 116 patients with AP 
were fed at the clinician’s discretion, and 21% developed pain 
on refeeding 250 kcal/day.’”’ If the serum lipase level was more 
than 3-fold elevated, clinical relapse rate with refeeding was 39%, 
compared with 16% in those with a lipase <3-fold elevated. Nev- 
ertheless, most of the patients with 3-fold elevated serum lipase 
levels did not have a recrudescence of their pain on refeeding. 
Another meta-analysis reported that serum lipase levels of 2.5 fold 
or higher are associated with oral feeding intolerance.’ In order 
to clarify the role of early feeding, there have been several trials in 
these patients that compared various feeding recommendations, 
including NPO, clear liquid diet, soft diet, low-fat solid diet, and 
full solid diet. Investigators also looked at starting feeding after 
pancreatic enzymes normalize versus starting immediately. 

In mild AP, RCTs reported that it is possible to feed patients 
immediately,?°+ even with a full solid diet?’ without standard 
practice of NPO initially, and others reporting that feeding can 
be with low fat solid diet versus clear liquids’”° or soft diet ver- 
sus clear liquids,” immediately without waiting for the pain to 
subside or the enzymes to normalize. Even in severe AP, patients 
who were fed early with low volume oral feeds had significantly 
less infection, need for intervention, and ICU and hospital stay.7"° 
Based on 11 RCTs, an AGA technical review and AGA guide- 
lines recommended early feeding (usually within 24 hours) for all 
patients with AP (mild, moderately severe, and severe) as tolerated 
by the patient.”*:!3> However, if there is significant nausea and 
vomiting or ileus, then one may have to wait until they subside. 

In predicted severe and in established moderately severe, 
severe and necrotizing pancreatitis as well as in some cases of 
mild AP TPN has been studied with an intention to put the 
bowel to rest. The meta-analysis of 11 RCTs revealed increased 
harm with TPN compared with enteral or oral feeding with 
regard to single and multiple organ failure and infected necro- 
sis,” and AGA guidelines gave a strong recommendation based 
on moderate quality of evidence, which in AP enteral nutrition is 
preferred to TPN if the patient is not able to tolerate oral feed- 
ing for prolonged period.**° Thus currently TPN is indicated in 
AP in those who are not able to take oral diet for a long time and 
if enteral feeding is not possible or not tolerated. Even in estab- 
lished necrotizing pancreatitis or predicted severe AP, it has been 
shown that it is possible to feed them orally very quickly without 
the need for any artificial nutrition. Some reports suggested in 
predicted severe or established necrotizing pancreatitis starting 
enteral nutrition early on, preferably in the first 24 hours, may 
be beneficial. However, an RCT did not support the superior- 
ity of such immediate enteral nutrition in predicted severe AP 
compared with on-demand enteral nutrition after 3 days. Thus 
a diagnosis of moderately severe or severe AP usually takes 3 to 
5 days to firmly establish, and at that time if oral feeding is not 
possible, nasogastric or nasojejunal feeding may be considered.’?” 
It is very clear that nasogastric and nasojejunal feeds are equally 
effective: a meta-analysis of 3 RCTs did not show any difference 
between the 2 modalities of enteral nutrition.2>’ However, there 
are many methodological problems in these trials, and in one trial 
the nasojejunal route was actually postpyloric feeding. There are 
some theoretical advantages of nasojejunal feeding, particularly 
in that it provides more rest to the pancreas via the ileal break 
mechanism. Hence at this time the current guidelines recom- 
mend either nasogastric or nasojejunal feeding for patients with 
AP if oral intake is not possible for prolonged periods. 
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In summary, in patients with AP regardless of severity, once 
can initiate a clear liquid diet immediately if vomiting is not pro- 
nounced. Advancing to a low-fat diet can be instituted quickly 
if eating does not exacerbate pain or cause vomiting. For those 
patients who can do not tolerate anything by mouth due to vom- 
iting and/or worsening pain after 3 to 5 days, a low-fat diet given 
by nasogastric tube and, if not tolerated, a postpyloric feeding 
should be given. One should rarely require TPN. 


Other Non-Interventional Treatments 


In one trial a single brief alcohol counselling during admission is 
superior to subsequent outpatient counseling in terms of reduction 
in overall admissions. This approach is further supported by stud- 
ies that suggested the benefit of such counseling in certain chronic 
alcohol-related diseases. Another recent study suggested that the 
brief intervention during hospitalization is not sufficient, par- 
ticularly in younger individuals with high Alcohol Use Disorders 
Identification Test (AUDIT) scores that indicate heavy alcoholism 
and high rates of recurrence.*°! High rates of recurrence of acute 
alcoholic pancreatitis were observed in the 4-year follow-up in the 
study after the brief intervention during hospitalization. Along the 
same lines, smoking cessation counseling is important. 


Interventional Treatments 
Cholecystectomy 


These include urgent (24 to 72 hours) ERCP, elective ERCP 
before cholecystectomy for gallstones, and cholecystectomy as 
the definitive treatment. The role of urgent ERCP was discussed 
earlier and in Chapter 61. 

The recurrence of further attacks of AP is 18% in 6 weeks if 
cholecystectomy is not performed at the time of index attack of 
biliary pancreatitis.*°’ In the past, surgeons were not prepared 
to operate on the gallbladder during an attack of AP due to 
concerns about inflammation in the abdomen at the time of 
surgery. However, in patients with mild, interstitial pancre- 
atitis, the experience with cholecystectomy evolved, and more 
recent guidelines recommend same-admission cholecystec- 
tomy for cases of mild and interstitial pancreatitis.”?!! These 
guidelines also recommended waiting and performing interval 
cholecystectomy subsequently in moderately severe to severe 
(necrotizing) pancreatitis. The recommendations varied from 
after the inflammation subsides, and all the fluid collections 
stabilize to 6 weeks after the attack. A recent RCT where cho- 
lecystectomy was performed within 72 hours of randomiza- 
tion in patients with acute biliary pancreatitis compared with 
cholecystectomy performed after 25 to 30 days demonstrates 
a significantly reduced number of pancreaticobiliary complica- 
tions and readmissions with early surgery but no difference 
in mortality (see the previous discussion). There was also no 
difference in the rate of conversion to open cholecystectomy. 
In high-risk patients who cannot undergo cholecystectomy 
and in necrotizing pancreatitis patients waiting for interval 
cholecystectomy, a biliary sphincterotomy can prevent further 
attacks of AP but would not prevent biliary events like biliary 
pain and acute cholecystitis. A recent report observed that in 
patients who underwent same admission cholecystectomy with 
a mistaken diagnosis of mild, interstitial pancreatitis, the sub- 
sequent evolution of their necrotizing pancreatitis had worse 
outcomes (e.g., infected pancreatic necrosis) compared with 
age- and sex-matched necrotizing pancreatitis patients who 
had not undergone such same admission cholecystectomy.’ 
If the patient is diagnosed as having interstitial acute biliary 
pancreatitis and is being evaluated for same admission chole- 
cystectomy, and if the white count is elevated before such cho- 
lecystectomy, a repeat CT scan should be performed in order 


Fig. 58.6 CT showing walled-off pancreatic necrosis. A 5.4-cm pus- 
filled fluid collection (arrows) with the tip of an aspirating needle in its 
lumen is seen. The abscess is anterior to the pancreas (P) and medial 
to the stomach (S). A right sub-hepatic fluid collection (F) is present. 


to detect necrotizing pancreatitis that had not manifested on 
the initial CT scan. 


Interventions for Pancreatic Fluid Collections 


After the initial phase of 2 weeks, pancreatic fluid collections 
appear to become more demarcated and develop a wall, usually by 
4 weeks. As acute (peri-)pancreatic fluid collections usually have 
resolved by that time, those that persist and have a wall usually 
represent WON rather than pseudocysts (Fig. 58.6). The mere 
presence of these local complications is not any indication for 
intervention. Approximately two thirds of patients with necrotiz- 
ing pancreatitis resolve without any interventions. The indica- 
tions for minimally invasive drainage or debridement have been 
clarified further and include infected (peri) pancreatic necrosis, 
obstruction of the GI or biliary tract, persistently unwell state 
with loss of weight and debility, disconnected PD syndrome, and 
complications such as perforation of a hollow viscus or a fistu- 
lous tract. An RCT of endoscopic drainage versus surgical cyst 
gastrostomy for symptomatic pseudocysts in AP found that sur- 
gical cyst gastrostomy was not superior to endoscopic therapy; 
however, endoscopic therapy was associated with shorter hospital 
stay, better mental and physical health of the patient, and reduced 
costs."+ For a long time, pancreatic fluid collections were treated 
by open necrosectomy in those with signs of infection of such col- 
lections or whose clinical condition was worsening. Subsequently, 
an RCT demonstrated that operating early (within 2 weeks) 
increases mortality and morbidity,” and subsequent recommen- 
dations emphasized operating later in the course after the fluid 
collections develop a wall, which is usually around 4 weeks. 

The types of necrosectomy operations that have been recom- 
mended include necrosectomy with closed continuous irrigation 
via indwelling catheters, necrosectomy with closed drainage with- 
out irrigation, or necrosectomy and open packing. A large body 
of reports favored minimally invasive treatments like percutane- 
ous, video-assisted retroperitoneal, laparoscopic, endoscopic, and 
combination methods over open surgical necrosectomy because 
of less morbidity and mortality.°°° One RCT showed superior- 
ity of the minimally invasive step-up approach with percutane- 
ous drainage initially and later video-assisted retroperitoneal 


drainage over surgical necrosectomy.’”’ A meta-analysis found 
that although the minimally invasive route has certain advantages 
over open necrosectomy, the heterogeneity of 1 RCT and 3 other 
reports suggested a need for more better conducted trials.>°* This 
was followed by another RCT by the same group that demon- 
strated the superiority of endoscopic intervention over surgi- 
cal necrosectomy.*”? The most recent RCT by the same group 
compared endoscopic intervention to videoscopic retroperitoneal 
intervention and demonstrated reduced complications like fistula 
and hospital stay with endoscopic intervention, with similar mor- 
tality and other major complications.*!° 

Disconnected PD syndrome is an entity when a significant 
amount of pancreatic body necrosis disconnects the PD in the 
proximal and distal segments. The diagnosis is made usually by 
necrosis of the middle part of the pancreas initially, a persistent 
fluid collection in the area of necrosis, complete cutoff of the 
PD on ERCP in the same region, and a viable enhancing distal 
segment of the pancreas. Following the initial reports that this 
complication needs long-term pigtail catheter drainage (transgas- 
tric or transduodenal) into the fluid collections, recent reports 
have confirmed this recommendation.*!! A recent large series 
of 167 patients reported that these patients more often required 
hybrid interventions (endoscopic ultrasound-guided multigate/ 
dual modality technique, endoscopic/percutaneous sinus tract 
necrosectomy) when compared with patients without discon- 
nected PD.*!? Although a self-expanding metal stent can be used 
for short duration of 3 weeks, subsequent treatment would be 
pigtail catheters either from a single entrance from the stomach 
into the fluid collection or multiple gait ways for better egress of 
pancreatic secretions. 

The most frequently used minimally invasive technique for 
drainage or debridement of pancreatic fluid collections on a 
worldwide basis is percutaneous drainage. However, in recent 
years, the endoscopic approach is becoming very popular. 
Although a laparoscopic approach has advantages of completing 
the procedure, most of the time in 1 session, and also address- 
ing other issues like cholecystectomy at the same time, this 
approach has not been embraced by many laparoscopic surgeons 
and the literature on this method is very limited. It is also not 
clear whether drainage initially and subsequent debridement and 
necrosectomy*!*!> or upfront debridement and necrosectomy 
to minimize the treatment sessions*!° is the preferred approach. 


Other Complications 
GI Bleeding 


GI bleeding may arise from lesions not directly related to the 
local inflammatory aspects of pancreatitis, such as peptic ulcer 
or Mallory-Weiss tear. Alternatively, bleeding can be due to 
the inflammatory aspects of the pancreatitis (Box 58.7). The lat- 
ter is thought to occur from the irritative effects of liberated 
activated enzymes on vascular structures or pressure necrosis of 
inflammatory debris or fluid collections on surrounding struc- 
tures. Rupture of the splenic artery, splenic vein, or portal vein 
has been reported, with high mortality.’ !” Temporizing treat- 
ments with interventional radiologic techniques are used, fol- 
lowed by more definitive surgical ligation and resection. Acute 
and chronic inflammatory processes of the pancreas can lead to 
thrombosis of the adjacent splenic vein, which can lead to gastric 
varices, with or without esophageal varices. These varices can 
rupture, leading to massive bleeding (see Chapters 20 and 92). 
‘Treatment of variceal rupture can be endoscopic, with banding 
of varices or splenectomy, which is curative. Pseudocysts can 
be complicated by pseudoaneurysm formation, which can usu- 
ally be seen by dynamic contrast-enhanced CT (Fig. 58.7). If 
these bleed, arteriography with embolization is the treatment 
of choice. Pseudoaneurysms are also being increasingly seen in 
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BOX 58.7 Complications of Acute Pancreatitis 


LOCAL 


Pseudocyst 
Sterile necrosis (peripancreatic, pancreatic, or both) 
Infected necrosis (peripancreatic, pancreatic, or both) 
Abscess 
GI bleeding 
Pancreatitis-related 
Splenic artery rupture or splenic artery pseudoaneurysm 
rupture 
Splenic vein rupture 
Portal vein rupture 
Splenic vein thrombosis leading to gastroesophageal variceal 
bleeding 
Pseudocyst or abscess hemorrhage 
Post-necrosectomy bleeding 
Nonpancreatitis-related 
Mallory-Weiss tear 
Alcoholic gastropathy 
Stress-related mucosal gastropathy 
Splenic complications 
Infarction 
Rupture 
Hematoma 
Splenic vein thrombosis 
Fistulization to or obstruction of the small intestine or colon 
Hydronephrosis 


SYSTEMIC 


Respiratory failure 

Renal failure 

Shock 

Hyperglycemia 

Hypocalcemia 

DIC 

Fat necrosis (subcutaneous nodules) 
Retinopathy 

Psychosis 


necrotizing pancreatitis before an episode of GI bleeding occurs. 
When a pseudoaneurysm is detected, it is important to treat it 
before it bleeds because it does not have all 3 layers of a regular 
artery and hence likely to rupture with high-frequency. A high 
degree of success with interventional radiology and emboliza- 
tion has been reported.*!* If this is not successful, percutane- 
ous thrombin injection is also a possibility before resorting to 
open surgery which is done very rarely nowadays. Rarely, bleed- 
ing into the PD occurs (hemosuccus pancreaticus), but this is 
more common in chronic pancreatitis (see Chapter 59). Post- 
necrosectomy bleeding is common and can be caused by overly 
aggressive debridement or the placement or the use of noncom- 
pliant drainage tubes next to vascular structures or long-term use 
of metallic stents. 


Splenic complications 


Splenic complications of pancreatitis include splenic pseudocysts, 
splenic vein thrombosis, splenic infarction and necrosis of the 
spleen, splenic rupture, and hematoma.*!? Some of these com- 
plications can be life threatening and require emergency sple- 
nectomy (see Box 58.7). Splanchnic venous thrombosis occurs in 
1.8% of patients with AP.*”° Anticoagulation is safe in patients 
without bleeding complications. Use of anticoagulation is recom- 
mended for a period of 3 to 6 months if there are no underlying 
hypercoagulable conditions.*7! 
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Fig. 58.7 CT showing a pancreatic pseudocyst with acute hemor- 
rhage. A 10-cm pancreatic pseudocyst (P) containing high-density (45 
Hounsfield units) material (arrows) representing acute blood is seen. 
The pseudocyst is compressing the stomach (S). These findings were 
confirmed at surgery. 


Bowel Compression or Fistula Formation 


Pressure necrosis from inflammatory debris from the tail of the pan- 
creas can obstruct or fistulize into the small or large bowel. The 
most common site is the left colon. Treatment is frequently surgical. 


Long-Term Sequelae of Acute Pancreatitis 


Exocrine and endocrine insufficiency after an attack of AP is 
common. A systematic review found that 15% of patients with AP 
developed new onset diabetes mellitus within 12 month period 
after the acute event and a >2-fold risk at 5 years.” Pancreatic 


exocrine insufficiency occurs in 40% of individuals with newly 
diagnosed prediabetes or diabetes mellitus after AP.*2> A recent 
meta-analysis revealed that 10% of patients with AP and 36% of 
those with recurrent AP developed subsequent chronic pancre- 
atitis.”” 


Abdominal Compartment Syndrome (see Chapter 11) 


Abdominal compartment syndrome (ACS) is defined as a sus- 
tained intra-abdominal pressure greater than 20 mm Hg (typi- 
cally determined by a pressure-recording catheter in the urinary 
bladder) that is associated with the development of organ dys- 
function or failure.*’+ The incidence of ACS in AP may be 
increasing because of the more widespread use of aggressive IV 
volume repletion, allowing more fluid to sequestrate into the 
peritoneum.’*? A systematic review found that 38% of patients 
with AP developed ACS**°; 11% of these received percutaneous 
drainage as initial treatment, and 74% received decompressive 
laparotomy. ACS is associated with increased morbidity and mor- 
tality in AP. Another review suggested that the ACS is an epiphe- 
nomenon observed in severe AP patients with organ failure rather 
than the cause of organ failure.*”¢ 


Miscellaneous Complications 


Pancreatic encephalopathy consists of a variety of central nervous 
system symptoms occurring in patients with AP, including agita- 
tion, hallucinations, confusion, disorientation, and coma. A simi- 
lar syndrome may be due to alcohol withdrawal, and other causes 
are possible, such as electrolyte disturbances (e.g., hyponatremia) 
or hypoxia. Purtsher retinopathy (discrete flame-shaped hemor- 
rhages with cotton wool spots) can cause sudden blindness.!*! It 
is thought to be due to microembolization in the choroidal and 
retinal arteries. 


Full references for this chapter can be found on www.expertconsult.com. 
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Chronic pancreatitis is a syndrome, encompassing a spectrum 
of conditions which culminate in a similar phenotype. The 
traditional definition of chronic pancreatitis has been based 
on histology, demonstrating chronic and irreversible damage 
to the pancreas. Chronic inflammation, fibrosis, and eventual 
destruction of ductal, exocrine (acinar cell), and endocrine (islets 
of Langerhans) tissue (Fig. 59.1) characterize the histology of 
chronic pancreatitis, producing varying degrees of symptoms 
and structural and functional derangements of the gland. This 
definition, using histologic criteria, is of very limited clinical 
value. Pancreatic tissue is rarely available to clinicians. Some 
patients may have histologic evidence of chronic pancreatitis, 
and yet have no symptoms or complications from the disease. In 
addition, the histologic features of chronic pancreatitis are often 
focal, such that a small biopsy, even if available, might miss the 
disease. Finally, the histologic features that are seen in chronic 
pancreatitis are not unique, and may be seen in other conditions 
(such as normal aging, social use of alcohol, smoking, long- 
standing diabetes, and others). Chronic pancreatitis may also 
be defined based on clinical features (abdominal pain, exocrine 
insufficiency [steatorrhea], or endocrine insufficiency [diabetes 
mellitus]) or on imaging techniques including US, CT, EUS, 
MRI, MRCP, and ERCP. Defining chronic pancreatitis on the 
basis of imaging studies is also imperfect, because the morpho- 
logic changes detected by these modalities may take years to 
develop. Indeed, many of the findings of these imaging studies 
can be normal or near normal early in the clinical course. Early 
diagnosis of chronic pancreatitis, at a time when some effective 
therapy might be administered, is therefore often difficult or 
impossible.! Diagnostic criteria that rely on imaging findings are 
a mixture of diagnostic and staging criteria, determining both 
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presence and severity of disease. These staging systems also tend 
to lump together all etiologies, thereby obscuring differences 
that might be important to clinicians. 

These definitions have also made an implicit assumption, that 
acute pancreatitis and chronic pancreatitis are entirely separate 
entities, when in fact there is now abundant evidence document- 
ing the evolution in many patients from acute to chronic pan- 
creatitis (see Chapter 58). In modern paradigms of pathogenesis, 
acute pancreatitis is a necessary first step to developing chronic 
pancreatitis. It is most accurate to think of the 2 conditions as 
separate ends of the same spectrum; acute pancreatitis is an event, 
whereas chronic pancreatitis is an ongoing process of variable 
tempo and outcome. 

Chronic pancreatitis is best defined as a syndrome, recogniz- 
ing the importance of etiology, the difficulty of obtaining pan- 
creatic tissue, and the lack of sensitivity of currently available 
diagnostic tools.!* The syndrome is characterized by a constella- 
tion of features including exposure to known risk factors, genetic 
background, symptoms, derangements in pancreatic exocrine or 
endocrine function, structural changes visible on imaging studies, 
and, if available, histology. The features may vary from patient to 
patient, and like all syndromes the presence of just one feature is 
often insufficient for diagnosis. 


EPIDEMIOLOGY 


Chronic pancreatitis can be demonstrated in up to 5% of autop- 
sies.>+ Similar, though less pronounced, histologic features are 
seen even more commonly. Determining the prevalence of 
chronic pancreatitis from this type of autopsy data is misleading 
because these individuals may not have had clinical symptoms of 
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of pancreatic islets. (Hematoxylin and eosin.) 


chronic pancreatitis during life. Long-standing alcohol use, even 
in moderate amounts, can lead to histologic changes of chronic 
pancreatitis without symptoms or clinical features of chronic pan- 
creatitis.’-? Similarly, aging, smoking, chronic kidney disease, and 
long-standing diabetes mellitus can induce histologic changes 
within the pancreas that are difficult to distinguish from those of 
chronic pancreatitis.*°!9 Making a diagnosis solely on the basis 
of histology or autopsy data will therefore overestimate the rate 
of clinically significant chronic pancreatitis. 

Estimates of annual incidence of chronic pancreatitis in sev- 
eral retrospective studies range from 5 to 12 cases per 100,000 
population.!!-!° In the USA, the incidence rate is approximately 5 
to 8/100,000,!+!7!8 and appears to be increasing over time. The 
prevalence of chronic pancreatitis is about 50/100,000.!+?° In 
most studies, alcohol abuse accounts for one-half or more of all 
cases of chronic pancreatitis.!* These epidemiologic data demon- 
strate substantial geographic variation.!+!*~° The variation may 
partly be due to differences in alcohol consumption in different 
populations, but another part of the variation in incidence rates 
may merely reflect different diagnostic approaches and different 
diagnostic criteria. 

Chronic pancreatitis is more common in men and is most 
commonly a disease of middle age, with most patients diagnosed 
above the age of 40.1417 Chronic pancreatitis accounts for sub- 
stantial morbidity and health care costs. Approximately 26,000 
hospital admissions to non-federal hospitals with a first-listed 
diagnosis of chronic pancreatitis occur yearly; in more than 
80,000 yearly admissions, chronic pancreatitis is listed as one 
of the discharge diagnoses.'*!%7!-*+ The prognosis of chronic 
pancreatitis is variable and is driven largely by the presence of 
ongoing alcoholism in persons with chronic alcoholic pancreatitis 
and equally by concomitant tobacco use.!*!7!1° One can estimate 
prognosis from such features as need for medical care or hos- 
pitalization or from the development of complications, reduced 
quality of life, or mortality. 

Data on the quality of life of patients with chronic pancreati- 
tis?>-3° document that the presence of abdominal pain and conse- 
quences of ongoing alcohol abuse (in those with alcoholic chronic 
pancreatitis) are the dominant negative influences on quality 
of life and that, not surprisingly, quality of life is substantially 
worse for such patients than for the general population.*? Pain 
is a dominant cause of reduced quality of life, and continuous 
pain, even if of lesser severity than episodic pain, is associated 
with the greatest negative impact.’”* Mortality in patients with 


chronic pancreatitis is influenced by the presence of tobacco and 
alcohol abuse.'*+!7 In one large multicenter study, the standard- 
ized mortality ratio was 3.6:1 (i.e., those with a diagnosis of any 
form of chronic pancreatitis died at 3.6 times the rate of age- 
matched controls), and older subjects, those who smoked, and 
those with alcoholic chronic pancreatitis had the most significant 
reduction in survival.*! Continuing alcohol use raised mortality 
risk by an additional 60%. Similar rates of increased mortality 
have been observed in other studies.!7°* Overall, 10-year survival 
in patients with chronic pancreatitis is about 70%, and 20-year 
survival about 45%. The cause of death in patients with chronic 
pancreatitis usually is not the pancreatitis itself but other medi- 
cal conditions commonly associated with smoking, continued 
alcohol abuse, pancreatic carcinoma, and postoperative compli- 
cations. !#3? 


PATHOLOGY 


The different etiologies of chronic pancreatitis usually produce 
similar pathologic findings (see Fig. 59.1), particularly as the 
disease progresses. In early chronic pancreatitis the damage is 
varying and uneven. Areas of interlobular fibrosis are seen, with 
the fibrosis often extending to the ductal structures. Infiltration 
of the fibrotic area and lobules with lymphocytes, plasma cells, 
mast cells, and macrophages is seen.?>*+ The ducts may con- 
tain eosinophilic protein plugs. In affected lobules, acinar cells 
are surrounded and replaced by fibrosis. The islets are usually 
less severely damaged until very late in the course of the disease. 
Features of acute pancreatitis also may be seen, such as edema, 
acute inflammation, and acinar cell or fat necrosis. As the dis- 
ease progresses, fibrosis within the lobules and between lobules 
becomes more widespread. The pancreatic ducts become more 
abnormal with progressive fibrosis, stricture formation, and dila- 
tion. The ductal protein plugs may calcify and obstruct major 
pancreatic ducts. Ductal epithelium may become cuboidal, may 
develop atrophy or squamous metaplasia, or may be replaced by 
fibrosis entirely. Activated pancreatic stellate cells may be identi- 
fied in close association with fibrosis. 

These histologic features are found in most forms of long- 
standing chronic pancreatitis. Many of these changes, in particu- 
lar perilobular fibrosis and ductal metaplasia, are also commonly 
seen in patients of advanced age without chronic pancreatitis, and 
in patients with long-standing diabetes mellitus.*-°!° Obstructive 
chronic pancreatitis (associated with obstruction of the main pan- 
creatic duct by a tumor or stricture) can differ slightly, in that 
the histologic changes are limited to the gland upstream of the 
obstruction and protein precipitates and intraductal stones are 
not usually seen.** 

Autoimmune chronic pancreatitis can demonstrate 2 unique 
histological patterns.’>** In one form (Type 1) a more robust 
lymphoplasmacytic infiltrate, including plasma cells, is seen and 
these are usually positive when stained for immunoglobulin G 
subtype 4 (IgG4). Obstructive phlebitis affecting the major and 
minor veins and a whorled (storiform) fibrosis pattern are also 
characteristic, a pattern termed lymphoplasmacytic sclerosing 
pancreatitis. Type 1 autoimmune pancreatitis (AIP) is consid- 
ered a manifestation of IgG4-related disease.*? A second pattern 
(Type 2) termed idiopathic duct-centric chronic pancreatitis is 
characterized by neutrophilic infiltration and the absence of IgG4 
positive plasma cells.>” With time, the pattern may assume a more 
end-stage chronic pancreatitis appearance and become indistin- 
guishable from other forms of chronic pancreatitis. 


PATHOPHYSIOLOGY 


The pathophysiology of chronic pancreatitis remains incom- 
pletely understood. The pathophysiologic processes must ulti- 
mately account for the features of chronic pancreatitis, including 


loss of parenchymal cells, self-sustaining chronic inflammation, 
and fibrosis. Any proposed mechanism must therefore include 
explanations for cellular necrosis or apoptosis, initiation and 
maintenance of inflammatory cell activation, and fibrogenesis by 
pancreatic stellate cells.” The pancreas, like all other organs, has 
a limited repertoire of responses to injury and although it is not 
likely that all of the various etiologies share a similar pathophysi- 
ology, the end histologic result is similar. The study of mecha- 
nisms of disease is hampered by the difficulty of obtaining tissue 
in humans and the relative lack of animal models of chronic pan- 
creatitis, as opposed to acute pancreatitis.*° 

Alcoholic chronic pancreatitis has been most extensively stud- 
ied.#!-4 No single theory explains adequately why less than 5% 
of heavy alcohol users develop chronic pancreatitis.'!++> Genetic 
differences may certainly play an important role (Chapter 57). 
Alcohol is metabolized by the liver and the pancreas. In the liver 
the main end product of oxidative alcohol metabolism is acetal- 
dehyde. In the pancreas, an alternative pathway produces fatty 
acid ethanol esters (FAEEs). Alcohol and its metabolites like 
FAEE have direct injurious effects on pancreatic acinar cells. 
Increased membrane lipid peroxidation, a marker of oxidative 
stress and free radical production, can be seen in animal models 
and human alcoholic chronic pancreatitis. In addition FAEEs are 
able to induce sustained elevations in cytosolic calcium in acinar 
cells, a mechanism shared by other experimental causes of pan- 
creatitis.t° Alcohol may also lead to pathologic increases in aci- 
nar cell sensitivity to physiologic stimuli such as cholecystokinin 
(CCK),*° or to other pathologic exposures such as smoking.*46 
The interaction of smoking and alcohol exposure is an increas- 
ingly recognized risk factor for chronic pancreatitis.'++> Chronic 
alcohol ingestion in animal models also alters expression of mul- 
tiple genes in acinar cells, which could increase the sensitivity to 
physiologic stress and up-regulate the expression and activity of 
enzymes involved in cell death. Alcohol can promote the inflam- 
matory responses involved in pancreatitis.*!+” These multiple 
effects of alcohol on the acinar cell are complemented by alcohol 
injury to ductal cells. Finally, alcohol and its metabolites appear 
to stimulate the pancreatic stellate cell.41:45:47-49 These cells, as in 
the liver, appear to be the final common pathway for fibrosis.*°"? 

Pancreatic stellate cells are found in association with the acini. 
‘They are typically found in the periacinar space, with long cyto- 
plasmic processes extending to the acini themselves, but are also 
present in smaller numbers in association with blood vessels and 
ducts. Quiescent pancreatic stellate cells are recognized by the 
presence of vitamin A lipid droplets in the cytoplasm. When 
activated, they assume a stellate or myofibroblastic appearance, 
express smooth muscle actin, and lose the lipid droplets. This 
activation is necessary for the cell to begin to secrete extracel- 
lular matrix and produce fibrosis within the gland. Activation of 
pancreatic stellate cells can occur by alcohol or one of its metabo- 
lites, but also occurs in response to both inflammatory cytokines 
that are released following pancreatic acinar cell necrosis and to 
reactive oxygen species.*’/~+” In addition, growth factors (plate- 
let-derived growth factor, transforming growth factor-f1), hor- 
mones, intracellular signaling molecules, transcription factors, 
and angiotensin II can activate pancreatic stellate cells. Activated 
pancreatic stellate cells are found in areas of extensive necro- 
sis and inflammation in acute pancreatitis, in human as well as 
animal tissues. These activated pancreatic stellate cells produce 
autocrine factors that maintain the activated phenotype. In addi- 
tion to their role in secretion and modulation of the extracellu- 
lar matrix, pancreatic stellate cells can proliferate in response to 
stimulation, migrate to areas of inflammation, and participate in 
phagocytosis. Activation of pancreatic stellate cells is likely occur- 
ring through multiple mechanisms in alcoholic (and other forms 
of) chronic pancreatitis. 

Chronic alcohol ingestion may produce chronic pancre- 
atitis by additional mechanisms. Longtime alcohol use leads 
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to the secretion of a pancreatic juice rich in protein and low 
in volume and bicarbonate. These characteristics favor the 
formation of protein precipitates, which are present early in 
the evolution of alcoholic chronic pancreatitis. These precipi- 
tates may calcify, leading to the formation of pancreatic ductal 
stones and producing further ductal and parenchymal injury 
upstream from these stones. In most patients, however, these 
protein precipitates and ductal stones do not appear to cause 
the initial pancreatic injury but may facilitate disease progres- 
sion. 

There have been several hypotheses for the pathophysiology 
of chronic pancreatitis that attempt to interweave these observa- 
tions into a coherent paradigm. One hypothesis focuses on the 
concept that ductal obstruction (from strictures or stones) is the 
cause rather than the effect of chronic pancreatitis. This hypoth- 
esis, the ductal obstruction hypothesis, is not consistent with 
most clinical and experimental evidence and with few exceptions 
(such as the rare condition of obstructive chronic pancreatitis) 
is not applicable to human chronic pancreatitis. A second para- 
digm, the toxic-metabolic hypothesis, focuses primarily on the 
role of alcohol and its metabolites (or smoking or other toxins) 
and their ability to damage the pancreas and activate pancre- 
atic stellate cells. A third model that has been proposed is the 
necrosis-fibrosis hypothesis, which holds that the occurrence 
of repeated or severe episodes of acute pancreatitis with cellu- 
lar necrosis or apoptosis eventually leads to the development of 
chronic pancreatitis as the healing process replaces necrotic tis- 
sue with fibrosis. This last hypothesis has significant supporting 
evidence from some natural history studies that document the 
more common development of chronic pancreatitis in patients 
with more severe and more frequent acute attacks of alcoholic 
pancreatitis.°”°> The concept that multiple clinical or subclinical 
attacks of acute pancreatitis lead to chronic pancreatitis is cer- 
tainly being reinforced by observations in both animal models”? 
and in humans.!7 

It is not clear why only a small subset (<5%) of chronic alco- 
holics develop chronic pancreatitis.'t Some of the many possible 
explanations might include the presence of important co-toxins, 
differences in the genetic or epigenetic background, or differences 
in the microenvironment in the pancreas. Tobacco use is one very 
important cofactor for the development of alcoholic chronic pan- 
creatitis. 1454-60 There are also unexplained racial differences in 
the rates of alcoholic chronic pancreatitis.!>616? Multiple muta- 
tions have been identified in several forms of chronic pancreatitis, 
suggesting a complex genetic background that provides the rela- 
tive predisposition to develop chronic pancreatitis (see Chapter 
57). Mutations in the cystic fibrosis transmembrane conductance 
regulator (CFTR), cationic trypsinogen gene (PRSS1 gene), ser- 
ine protease inhibitor Kazal Type 1 (SPINK1, a trypsin inhibitor), 
chymotrypsin C, calcium-sensing receptor gene, carboxypepti- 
dase A-1 (CPA1), caryl ester lipase, claudin-2 (CLDN2/MORC), 
and many others have been identified.® These mutations and 
the many more yet to be identified may be adequate in and of 
themselves to produce pancreatitis (at this point only PRSS1 sat- 
isfies that requirement) or may only predispose to disease. These 
mutations are discussed in detail in Chapter 57 but are useful to 
consider here as a basis for the current paradigm of pathogenesis. 
This paradigm conceptualizes a complex genetic background that 
provides the predisposition to disease.!7.°+ This genetic back- 
ground may include mutations in genes that code for digestive 
enzymes, protease-enzyme inhibitors, ion channels, tight junc- 
tion proteins, and a variety of others including genes that affect 
the metabolism of environmental toxins (e.g., tobacco, alcohol), 
genes that have a role in inflammation or fibrosis, and others yet 
to be discovered. Only one mutation (PRSS1 gain-of-function 
mutation seen in families with hereditary pancreatitis) is sufficient 
to produce pancreatic damage in most or all who carry it, but even 
this causes variable disease severity. The majority of mutations 
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identified provide only a predisposition to disease. On this 
complex polygenic background is overlaid some environmental 
insult, such as chronic alcohol use, smoking, or some trigger for 
an initial episode of pancreatitis (e.g., gallstones, hypertriglyceri- 
demia). This applies physiologic stress to the acinar, ductal, and 
stellate cells. This stress may be insufficient to produce injury or 
may produce cellular injury, necrosis, or apoptosis. The initiat- 
ing event for necrosis appears to be the premature activation of 
digestive enzymes within the acinar cell, either by the toxic effect 
of the environmental insult or the underlying etiology. Inflam- 
mation follows the necrosis, and this necro-inflammatory process 
may progress or resolve. This event is essentially an episode of 
acute pancreatitis, although it may or may not be symptomatic. 
In some individuals, the situation may never progress beyond this 
stage and the process resolves. In others, continued cell metabolic 
and oxidative stresses (a second hit) or some other trigger could 
produce continuing or repeated acinar and ductal cell injury with 
necrosis. This explains the high risk for chronic pancreatitis in 
those with repeated episodes of acute pancreatitis.©° This process, 
as is the case in the liver, would be associated with the activation 
of stellate cells and the production of extracellular matrix, with 
the ultimate formation of fibrosis. Fibrosis could start a vicious 
circle by causing additional acinar cell ischemia and continuing 
to drive the process. This type of hypothesis could theoretically 
explain many forms of chronic pancreatitis. This framework 
seems to fit the developing experimental and clinical data and 
is a useful way in which to think about the pathophysiology of 
chronic pancreatitis: as a disease associated with a variety of dif- 
ferent genetic predispositions, a variety of disease triggers, mul- 
tiple intervening modifiers, and a similar final common pathway 
producing pancreatic injury and fibrosis, ultimately with organ 
failure. These genetic predispositions, environmental triggers, 
and modifiers are individually neither necessary nor required for 
disease development, but work in concert in individual patients 
to produce disease.* 


ETIOLOGY 
Alcohol 


In Western countries, alcohol is the cause of at least 50% of all 
cases of chronic pancreatitis. !4!649°9,0.5-7! The risk of alcoholic 
chronic pancreatitis increases logarithmically with rising alcohol 
use, but there is no true threshold value below which the disease 
does not occur.!*+ Alcohol accounts for approximately 40% of 
the attributable risk for chronic pancreatitis and alcohol appears 
to increase the risk of pancreatic injury from other causes of 
chronic pancreatitis.'+°°’! In countries with widespread alco- 
hol consumption, it may be difficult to determine with certainty 
whether alcohol contributed to disease. In nearly all patients 
with alcoholic chronic pancreatitis, at least 5 years (and in most 
patients more than 10 years) of intake exceeding 4 to 5 drinks 
per day are required before the development of chronic pancre- 
atitis.!+9.69 Some studies suggest that moderate alcohol intake 
may actually be protective.’ Men are more likely than women to 
develop alcoholic chronic pancreatitis, possibly due to increased 
alcohol usage or perhaps to other genetic factors.°? Only 2% to 
5% of heavy drinkers ultimately develop chronic pancreatitis, 
suggesting important cofactors.!**> Potential cofactors include 
genetic polymorphisms and mutations,°*’” a diet high in fat and 
protein,’*,”* the type of alcohol or manner of ingestion,!+/+-76 
an associated relative deficiency of antioxidants or trace ele- 
ments,’”’8 and smoking.!455-60.79,80 Of these, smoking appears to 
be the strongest association. In some studies, 90% of those who 
develop alcoholic chronic pancreatitis are also chronic smok- 
ers.!+9/-69,79,80 Smoking also appears to predispose to more rapid 
development of pancreatic calcification.*!** There are also racial 
differences in the risk for development of alcoholic pancreatitis, 
perhaps suggesting some difference in the ability to detoxify envi- 
ronmental toxins or alcohol or other genetic or epigenetic fac- 
tors. Although the risk of alcoholic chronic pancreatitis is higher 
in blacks, data from self-reported surveys of alcohol use find that 


BOX 59.1 Classification of Chronic Pancreatitis 


TOXIC-METABOLIC 


Alcohol 

Tobacco 

Hypercalcemia 

Hypertriglyceridemia 

Chronic renal failure 

IDIOPATHIC 

Tropical calcific pancreatitis 
Fibrocalculous pancreatic diabetes 

Early-onset idiopathic 

Late-onset idiopathic 


GENETIC 


Autosomal dominant 

Hereditary pancreatitis (PRSS7 mutations) 
Autosomal recessive or modifier genes 

CFTR mutations 

SPINK1 mutations 

Chymotrypsin C mutations 

Claudin mutations 

Calcium sensing receptor gene 

Carboxy ethyl lipase 

Others 


AUTOIMMUNE PANCREATITIS 


IgG4-related systemic disease, type 1 
lgG4-related systemic disease, type 2 


RECURRENT AND SEVERE ACUTE PANCREATITIS 


Postnecrotic (after severe necrotizing pancreatitis) 
Vascular disease/ischemia 


OBSTRUCTIVE 


Benign pancreatic duct obstruction 
Traumatic stricture 
Stricture after severe acute pancreatitis 
Ampullary obstruction 
Sphincter of Oddi stenosis 
Celiac disease 
Crohn disease 
Duodenal wall cyst 
Pancreas divisum 
Malignant pancreatic duct obstruction 
Ampullary carcinoma 
Duodenal carcinoma 
Pancreatic ductal adenocarcinoma 
Intraductal papillary mucinous neoplasm 
ASYMPTOMATIC PANCREATIC FIBROSIS 
Chronic alcohol use 
Old age 
Chronic kidney disease 
Diabetes mellitus 
Previous radiotherapy 


Ig, Immunoglobulin G; PRSS7, protease serine 1 gene; SPINK1, serine protease inhibitor, Kazal Type 1 gene. 


the proportion of blacks who drink alcohol or smoke is similar to 
that in whites. 1461,62 

Many patients with chronic pancreatitis due to alcohol have an 
early phase of recurrent attacks of acute pancreatitis, which may 
last 5 or 6 years, followed by the later development of chronic 
pain or exocrine or endocrine insufficiency.” It has been believed, 
based on several large natural history studies, that most patients 
who present with their first attack of acute alcoholic pancreati- 
tis have already developed histologic chronic pancreatitis. Up 
to 40% of patients presenting with acute alcoholic pancreatitis, 
however, do not progress to clinically identifiable chronic pan- 
creatitis (calcification and exocrine or endocrine insufficiency) 
even with very long follow-up, and may not even have recurrent 
attacks. !473,7>,83-86 Based on autopsy studies and functional stud- 
ies*’ however, it is likely these patients actually have histologic 
evidence of chronic pancreatitis, although they may not have 
developed a recognizable chronic clinical illness. Binge drink- 
ing does not appear to be associated with these acute episodes,** 
although some studies suggest an attack may occur shortly after 
stopping drinking.©°76*? 

Not all patients with alcoholic chronic pancreatitis present 
with acute episodes of pancreatitis. Less than 10% of patients 
present with exocrine or endocrine insufficiency in the absence 
of abdominal pain.!+*-9 Some present with chronic pain in the 
absence of antecedent acute attacks of pain. Cessation of alcohol 
use after the onset of alcoholic pancreatitis appears to diminish 
the rate of progression to exocrine insufficiency and endocrine 
insufficiency but does not halt it.!* Stopping alcohol does seem 
to reduce the chance of recurrent attacks of acute alcoholic pan- 
creatitis in those who have not yet developed obvious chronic 
pancreatitis.*° 

The prognosis of alcoholic chronic pancreatitis is rela- 
tively poor, and mortality is generally greater than that seen 
in chronic pancreatitis of other etiologies.!*+!73!32 Quality of 
life is also substantially diminished. Pain generally continues 
for years, although it may spontaneously remit. Exocrine and/ 
or endocrine insufficiency develops in many patients, although 
this process may take several years. In one large natural history 
study, exocrine insufficiency developed in 48% of patients at 
a median of 13.1 years after presentation, whereas endocrine 
insufficiency developed in 38% after a median of 19.8 years 
after presentation.°’ Diffuse pancreatic calcifications developed 
in 59% at a median of 8.7 years after diagnosis. Other studies 
have noted more rapid and more frequent development of calci- 
fications, exocrine insufficiency, and endocrine insufficiency.* 


Tobacco 


Exposure to tobacco smoke can induce pancreatic damage in 
animals.*°#° The risk is more than 3-fold for smokers of more 
than one pack per day.'+°+© Smoking may account for up to 
25% of the attributable risk for chronic pancreatitis, and is par- 
ticularly injurious in those who also drink.!#>%6°.’9.89 Smoking is 
common in patients with alcohol-induced chronic pancreatitis, 
is associated with an increased risk for pancreatic calcifications, 
and smoking cessation after the clinical onset of chronic pancre- 
atitis reduces the risk of subsequent calcifications. 143459,60,81,82,90 
There is strong evidence that smoking is an independent risk fac- 
tor for chronic pancreatitis.!*!°°/-° Smoking is also associated 
with a much higher rate of secondary pancreatic cancer and over- 
all mortality in patients with chronic pancreatitis.!+!831,32 


Tropical Pancreatitis 


Tropical pancreatitis is one of the more common forms of chronic 
pancreatitis in certain areas of southwest India, although its inci- 
dence is decreasing. It has been rarely reported from a number of 
other areas, including Africa, southeast Asia, and Brazil. Tropical 
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pancreatitis is generally a disease of youth and early adulthood, 
with a mean age at onset of 24 years.”!®6 More than 90% of 
patients have the illness before 40 years. The overall prevalence 
from surveys in an endemic area (southern India) is 1 in 500 to 1 in 
800 population.” Tropical pancreatitis used to account for about 
70% of all cases of chronic pancreatitis in southern India, whereas 
alcohol is a more dominant cause in the north. Recent reports have 
noted that there is a shift toward older age at presentation, less 
malnutrition, and less severe diabetes.’*?° Most recent reviews 
also now note that alcohol and smoking are gradually becoming 
the most common cause of chronic pancreatitis in India.”*-°° 

Tropical pancreatitis classically manifests as abdominal pain, 
severe malnutrition, and exocrine or endocrine insufficiency. 
One striking feature is the propensity to diabetes, and endocrine 
insufficiency appears to be an inevitable consequence of tropical 
chronic pancreatitis (often classified as a specific cause of diabetes 
called fibrocalculous pancreatic diabetes). Exocrine insufficiency 
is also very common. Large pancreatic calculi develop in more 
than 90% of patients. The pathology is characterized by these 
large intraductal calculi along with marked dilation of the main 
pancreatic duct and gland atrophy. 

The pathophysiology of tropical pancreatitis is unknown, but 
recent analyses point to a strong genetic component, with muta- 
tions in the SPINK1, CFTR, CTRC, and CLDN2/MORC being 
most common.?’-”? Environmental triggers for the disease that 
have been proposed include protein-calorie malnutrition, deficien- 
cies of trace elements and micronutrients coupled with oxidative 
stress (via xenobiotics, industrial pollutants, diet, or nutritional 
deficiency), cyanogenic glycosides present in cassava (tapioca—a 
main dietary component), viral and parasitic infections, and others. 


Genetic 


Only one type of mutation appears sufficient to cause chronic 
pancreatitis: mutations in PRSSI in families with hereditary 
pancreatitis.©>.°+67,°8 All other identified mutations (discussed in 
Chapter 57) and polymorphisms should be considered as cofac- 
tors, mutations that predispose to disease by increasing suscepti- 
bility to environmental toxins, or as modifier genes that increase 
the pace or severity of disease. It is likely that mixtures of poly- 
morphisms and mutations work together to determine the sus- 
ceptibility to disease. The most commonly identified mutations 
occur in the PRSSI (cationic trypsinogen), SPINKI (trypsin 
inhibitor), and CFTR genes, with others identified less frequently 
including chymotrypsin C, CPA1, carboxy ethyl lipase, and 
claudin-s (CLDN2/MORC). Several studies have suggested that 
certain less severe CFTR gene mutations and SPINKI mutations 
may be associated with “idiopathic” chronic pancreatitis. CFTR 
gene mutations have been identified in up to half of patients 
with idiopathic chronic pancreatitis.ć>!0 This proportion is far 
greater than expected within this population. Analysis of these 
data has suggested that the combination of a more severe CFTR 
mutation on one chromosome with a mild mutation on the other 
is particularly associated with chronic pancreatitis (see Chapter 
57). The mechanisms by which these mutations cause or contrib- 
ute to chronic pancreatitis is thought to involve several potential 
pathways,!°!.!°° including trypsin-dependent pathways leading 
to activation of digestive enzymes within the acinar cells (e.g., 
PRSS1, SPINKI); ductal obstruction through inadequate fluid 
and bicarbonate flow (e.g., CFTR); and protein misfolding lead- 
ing to ER stress (e.g., CPA1). Genetic testing for these mutations 
and others is commercially available. 


Autoimmune Pancreatitis 


AIP refers to 2 different chronic inflammatory and fibrosing dis- 
eases of the pancreas,***7:!93,10+ which are responsive to steroid 
treatment (Box 59.2). The pancreas in patients with Type 1 AIP 
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BOX 59.2 Characteristics of Type 1 and Type 2 Autoimmune Pancreatitis 


Feature Type 1 AIP 


Histologic features Lymphoplasmacytic infiltration 


Dense periductal infiltrate without damage to ductal 


epithelium 
Storiform fibrosis 
Obliterative phlebitis 


Abundant (>10 cells/HPF) IgG4-positive cells 


Type 2 AIP 


Lymphoplasmacytic and neutrophilic infiltration 
around ducts 

Destruction of duct epithelium by neutrophils 
(granulocytic epithelial lesion) 

Obliterative phlebitis rare 

No IgG4-positive cells 


Fibroinflammatory process may extend to peripancreatic 


region 
Average age at presentation 60-70 years 


Gender predominance Male 


Obstructive jaundice (75%) 
Acute pancreatitis (15%) 


Usual clinical presentations 


Pancreatic imaging Diffuse pancreatic enlargement (40%) 


Focal pancreatic enlargement (60%) 


IgG4 Elevated in serum (=% of patients) 
Positive in staining of involved tissues 


Other organ involvement Biliary strictures 
Sialoadenitis 
Retroperitoneal fibrosis 
Pseudotumors 

Kidney 

Lung 

Others 


Associated diseases 


Long-term outcome Frequent relapses 


Ig, Immunoglobulin G. 


is densely infiltrated with immune cells including plasma cells and 
CD4-positive T-cells. In Type 1 AIP, many of these plasma cells 
(Fig. 59.2A) express IgG4 on their surface. Elevations in serum 
levels of IgG-4 can also be seen in many patients with Type 1 
AIP. IgG-4 is unable to crosslink antigens and does not activate 
the classical complement cascade, and no specific target of the 
IgG-4 has been consistently identified. It is not clear that the 
IgG-4 is involved in the pathogenesis of disease, and some data 
suggest it may be anti-inflammatory in patients with AIP and the 
related condition of IgG4-related disease.!°° Experimental evi- 
dence suggests a complex mechanism involving both humoral 
and cellular immunity.**3%!° Fibrosis, sclerosis, and oblitera- 
tive phlebitis are characteristically seen in the pancreas in asso- 
ciation with the dense chronic inflammatory infiltrate in Type 1 
AIP.35>8 Although this inflammatory infiltrate is present in the 
pancreas, similar infiltrates may be seen in the bile duct, salivary 
glands, retroperitoneum, lymph nodes, kidney, prostate, ampulla, 
and occasionally organs.?®103;106-108 More than 10 IgG4-positive 
plasma cells per high power field in biopsy specimens of the pan- 
creas is consistent with the diagnosis of Type 1 AIP,>%?%+103.108 
but this number varies depending on the organ that is biopsied. 
The fibrosis is usually storiform, or present in a whirling pattern 
resembling the spokes of a wheel. Venous channels are obliter- 
ated by the dense inflammatory infiltrate. This pattern has been 
termed lymphoplasmacytic sclerosing pancreatitis. 

Type 1 AIP may occur in an isolated pancreatic form but is 
more commonly associated with extra-pancreatic manifesta- 
tions, in a condition termed IgG4-related disease (Figs. 59.2 and 
59,3),39:103,106-108 "The most common extra-pancreatic conditions 
identified include biliary strictures, hilar lymphadenopathy, scle- 
rosing sialadenitis, retroperitoneal fibrosis, and tubulointerstitial 


40-50, but may present in young adults and even 
children 


Equal 


Obstructive jaundice (60%) 
Acute pancreatitis (83%) 


Diffuse pancreatic enlargement (15%) 
Focal pancreatic enlargement (85%) 


Not associated 


Not associated 


IBD 


Rare or no relapse 


nephritis.!°7!°° Biopsies of these organs will reveal a similar inflam- 


matory infiltrated rich in IgG4-positive plasma cells. Involvement 
of other organs occurs in at least 60% of patients with Type 1 
ATP!93,107,108 and may occur before, after, or at the same time as 
the pancreatic disease. A number of conditions are now included 
as a manifestation of IgG4-related disease including Mikulicz syn- 
drome (in which a massive IgG.-positive mononuclear infiltrate 
is seen in the salivary and lacrimal glands), Kiittner tumor (sub- 
mandibular glands), Riedel thyroiditis, eosinophilic angiocentric 
fibrosis (orbits and upper respiratory tract), multifocal fibrosclero- 
sis, inflammatory pseudotumors, mediastinal and retroperitoneal 
fibrosis, periaortitis, inflammatory aortic aneurysm, and idiopathic 
hypocomplementemic tubulointerstitial nephritis.3?:!0% 10° 

A second form of AIP, termed Type 2, is characterized by a dif- 
ferent histologic pattern termed idiopathic duct centric pancreatitis. 
‘Type 2 AIP is more common in western countries but even here is 
less common than Type 1, accounting for less than 20% of all cases 
of AIP.!°3 Type 2 AIP demonstrates neutrophilic infiltration in the 
pancreas with microabscesses (granulocyte-epithelial lesions), and 
obliterative phlebitis is rare(Table 59.1).*637 Type 2 AIP is limited 
to the pancreas and is not associated with an infiltration of IgG4- 
positive plasma cells in the pancreas nor with elevations in serum 
levels of IgG4. Type 2 AIP may however be seen in association with 
underlying IBD (15% to 30% of patients with Type 2 AIP). 

Type 1 AIP is seen more commonly in men (2:1) and usu- 
ally manifests in middle age or beyond.**!°3 More than 85% of 
patients present after the age of 50 years and the mean age of 
presentation is 70. Type 2 AIP presents at a younger age and may 
even present in young adults and children. The most common 
initial presentation for both forms of AIP is painless obstruc- 
tive jaundice due to obstruction of the intrapancreatic bile duct 
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Fig. 59.2 Autoimmune pancreatitis. A, Histopathology of a pancreatic resection specimen demonstrating a 
robust lymphoplasmacytic infiltrate involving the larger pancreatic ducts. (Hematoxylin and eosin.) B, Cholan- 
giogram demonstrating a smooth stricture involving the intrapancreatic portion of the bile duct. C, CT shows 

a dilated pancreatic duct without pancreatic parenchymal atrophy. D, Pancreatogram reveals a moderately 
dilated pancreatic duct with diffuse areas of irregularity and alternating areas of stenosis and dilatation. There is 
an area of more dominant stricture in the pancreatic head. (Courtesy of C. Mel Wilcox, MD, Birmingham, AL.) 


(see Fig. 59.2B). Jaundice may occur from compression of the 
bile duct by the enlarged pancreas or by infiltration of the bili- 
ary tree (IgG4 cholangitis). A less common initial presentation is 
acute pancreatitis, and this is most common in those with Type 
2 AIP. Additional symptoms may include weight loss, vomiting, 
and glucose intolerance. Although pain is not frequently present, 
abdominal and referred back pain may occur. These clinical fea- 
tures, coupled with imaging studies demonstrating diffuse or focal 
pancreatic enlargement (see Fig. 59.2C), often raise the suspicion 
of pancreatic adenocarcinoma. In studies in patients who under- 
went pancreatic resection for presumed pancreatic carcinoma but 
were found to have no malignancy in the resected specimen, up to 
10% show evidence of AIP.!°:!!° In Type 1 AIP, jaundice or cho- 
lestasis may also occur due to additional strictures of the proximal 
biliary tree. A pattern similar to that seen in PSC is seen, with a 
predilection for involvement of the hilar region. The pattern may 
mimic not only PSC but also cholangiocarcinoma. The disease, 
unlike classic PSC, is not typically associated with inflamma- 
tory bowel disease and is steroid-responsive. Additional com- 
mon clinical manifestations of Type 1 AIP include a sclerosing 
sialadenitis (usually presenting as bilateral symmetrical swelling 


of the salivary glands), retroperitoneal fibrosis (most commonly 
presenting as hydronephrosis due to entrapment of the ureters), 
renal mass, tubulointerstitial nephritis, lymphadenopathy (par- 
ticularly mediastinal, cervical, and abdominal), prostatitis, scle- 
rosing cholecystitis, interstitial pneumonia, and pseudotumors of 
the liver, lung, prostate, and pituitary.!°%-10% 

The radiographic features of the pancreas are similar for 
Type 1 and Type 2 AIP. Abdominal US usually shows a diffusely 
enlarged and hypoechoic pancreas. The appearance on EUS is 
similar. CT most commonly reveals a diffusely enlarged sausage- 
shaped pancreas (see Fig. 59.2C) in which enhancement with the 
intravenous contrast agent is delayed and prolonged*>7°:!03,10%,111 
some patients may have a capsule-like low-density rim around 
the pancreas in delayed images. Focal swelling can also occur, 
mimicking a pancreatic mass. Additional CT findings, such as 
contiguous fibrosis and inflammation extending into the ret- 
roperitoneum or surrounding the retroperitoneal vessels, can 
also raise a suspicion of carcinoma. MRI of the pancreas also 
may reveal this diffuse pancreatic enlargement, typically with 
decreased T1-weighted intensity and increased T2-weighted 
intensity.!°°!!! MRCP can be very helpful in identifying the 
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A, Cuff-like periductal lymphoplasmacytic infiltration with normal surrounding pancreatic parenchyma. (Hema- 
toxylin and eosin, x20.) B, Prominent periductal infiltrate. (Hematoxylin and eosin, x200.) C, Plasma cell-rich, 
mixed infiltrate around bile ducts. (Hematoxylin and eosin, x200.) D, Another example of a cuff-like infiltrate 
with periductal fibrosis. (Hematoxylin and eosin, x20.) (Courtesy Dr. Pamela Jensen, Dallas, TX.) 


biliary strictures and in visualizing the pancreatic duct, which is 
also abnormal in AIP.**!08.!11,112 EUS may demonstrate a dif- 
fusely enlarged and hypoechoic gland.!! The use of EUS-guided 
fine-needle aspiration of the gland is usually not diagnostic,!!* 
although there are case-reports of EUS-guided core biopsy being 
diagnostic.!!5 

One of the hallmarks of both types of AIP is diffuse or segmental 
irregularity and narrowing of the pancreatic duct (see Fig. 59.2D). 
The duct may be diffusely narrowed and thread-like, or may 
instead demonstrate alternating areas of stricture and normal 
caliber or dilated duct.?®103,111,116 MRCP is often able to identify 
the pancreatic duct abnormalities but may not be able to visualize 
the duct if it is thread-like and diffusely affected. ERCP is better 
able to visualize the pancreatic duct,!!° but carries more risk and 
cost than MRCP. Some patients may have a more focal segmental 
or isolated area of pancreatic duct narrowing, in a pattern more 
suggestive of malignancy. Some studies in which a second ERCP 
has been performed note progression from a segmental form to 
diffuse form in the absence of glucocorticoid treatment. With 
time, and particularly in those with untreated or relapsing dis- 
ease, the disease may burn out and lead to pancreatic gland atro- 
phy and calcification. At that point, it is indistinguishable from 
other forms of chronic pancreatitis. Studies from Japan note that 
up to 6% of all patients evaluated for chronic pancreatitis have 
AIP, and the overall prevalence is estimated to be 4.6 per 100,000 
persons.*?:!!7 Very few other epidemiologic estimates exist. 


The disease is usually suspected based on clinical and imag- 
ing features. In Type 1 AIP, laboratory evaluation may reveal 
elevations in serum immunoglobulins, seen in one half to two 
thirds of cases, especially in IgG,4. Although various cut-offs have 
been used, current consensus diagnostic guidelines use levels of 
IgG4 more than 2 times the upper limit of normal.**!°3 Eleva- 
tion in serum IgG4 is not specific for AIP and may also be seen in 
occasional patients with pancreatic adenocarcinoma. A variety of 
other autoantibodies have also been reported, including antinu- 
clear antibodies, anti-lactoferrin antibodies, anti-carbonic anhy- 
drase II antibodies, anti-smooth muscle antibodies, rheumatoid 
factor, and antimitochondrial antibody. These autoantibodies do 
not have the sensitivity of IgG, and hence are inferior for diag- 
nostic purposes. These serologic markers of disease are absent in 
those with Type 2 AIP. 

There are several systems for diagnosis of Type 1 AIP. An 
international consensus conference developed criteria which are 
now widely used across the world.** The proposed international 
consensus criteria are included in Table 59.1. They use 5 criteria 
including imaging of the pancreas and pancreatic duct, serology, 
other organ involvement, histology (if available), and response 
to steroid trial. This system allows patients to be categorized 
as definitive or probable Type 1 AIP, depending on the mix of 
criteria present. It should be noted that whereas Type 1 AIP 
can be diagnosed with reasonable accuracy without a pancre- 
atic biopsy, the diagnosis of Type 2 AIP almost always requires 


TABLE 59.1 International Consensus Diagnostic Criteria for Type 1 Autoimmune Pancreatitis 


Criteria 


Level 1 Evidence 
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Level 2 Evidence 


P: Parenchymal imaging 


D: Ductal imaging (ERCP or MRCP) 


S: Serology 
OOl: Other organ involvement 


H: Histology of pancreas 


Rt: Response to steroids 


Diagnosis 


Typical imaging: 
Diffuse enlargement of pancreas with delayed enhancement 
With or without rim-like enhancement or pancreas 


Long (>% of the length of pancreatic duct) stricture, or 
Multiple strictures without upstream dilation of pancreatic duct 


IgG4 >2 x upper limit of normal 


Histology of extrapancreatic organ involvement (at least 
3 of 4 below) 
Marked lymphoplasmacytic infiltration with fibrosis 
Storiform fibrosis 
Obliterative phlebitis 
Abundant IgG4-positive cells 
OR 
Imaging evidence of extrapancreatic organ involvement 
(any) 
Segmental/multiple proximal or proximal and distal bile 
duct strictures 
Retroperitoneal fibrosis 


Lymphoplasmacytic sclerosing pancreatitis on core biopsy or 
resection specimen (at least 3) 
Periductal lymphoplasmacytic infiltrate without granulocytic 
infiltration 
Obliterative phlebitis 
Storiform fibrosis 
Abundant (>10 cells/HPF) IgG4-positive cells 


Indeterminate imaging: 
Segmental or focal enlargement of pancreas 
With delayed enhancement 


Segmental or focal narrowing of pancreatic duct 
Without marked (>5 mm) upstream dilation of 
pancreatic duct 


IgG4 1-2 x upper limit of normal 


Histology of extrapancreatic organ involvement, 
including bile duct or ampullary biopsies 
Marked lymphoplasmacytic infiltration and 
Abundant IgG4-positive cells 
OR 
Physical or radiologic evidence 
Symmetrically enlarged salivary or lacrimal 
glands 
Renal involvement consistent with AIP 


Lymphoplasmacytic sclerosing pancreatitis on 
core biopsy (at least 2) 

Periductal lymphoplasmacytic infiltrate without 
granulocytic infiltration 

Obliterative phlebitis 

Storiform fibrosis 

Abundant (>10 cells/HPF) |gG4-positive cells 


Rapid (2 wk) radiologically demonstrable resolution or marked improvement in pancreatic/extrapancreatic 


manifestations 


Primary Basis of Diagnosis Imaging Evidence 


Collateral Evidence 


Definitive type 1 AIP 


Histology 
Imaging 


Typical/indeterminate 


Typical 
Indeterminate 


Indeterminate 


Response to steroids 


Indeterminate 


Any non-D level 1/level 2 

Two or more from level 1 

Level 1 S/OOI or level 1 D +level 2 S/ 
OOI/H 


Level 2 S/OOI/H + Rt 


Probable Type 1 AIP 


The diagnosis of Type 2 AIP requires typical imaging with either histologic confirmation or both the presence of IBD and a response to steroids. 


AIP, Autoimmune pancreatitis; /gG4, immunoglobulin G subtype 4. 


From Chari ST, Kloeppel G, Zhang L, et al. Histopathologic and clinical subtypes of autoimmune pancreatitis: the Honolulu consensus document. Pancre- 
atology 2010; 10:664—72; Shimosegawa T, Chari ST, Frulloni L, et al. International consensus diagnostic criteria for autoimmune pancreatitis: Guidelines of 
the International Association of Pancreatology. Pancreatology 2011; 40:352-8. 


pancreatic biopsy or resection. Making an accurate diagnosis 
of AIP requires that it be differentiated from pancreatic can- 
cer.109,110,118-120 "This is particularly important, as pancreatic 
cancer is far more common than AIP. Features which are espe- 
cially concerning for malignancy include a dilated pancreatic 
duct, a single high-grade pancreatic duct stricture with upstream 
atrophy of the gland, or a low-density focal mass on CT imag- 
ing. These imaging features are unfortunately not highly sensi- 
tive and specific, and making the distinction between AIP and 
pancreatic cancer may require a pancreatic core biopsy, a trial 
of steroids, or a pancreatic resection. Prior to initiating a trial 
of glucocorticoid therapy, vigorous efforts should be made to 
exclude malignancy. In some cases this is not possible, and some 
possibility of underlying malignancy may remain. A typical sce- 
nario might be a middle-aged man with obstructive jaundice 
and an enlargement of the pancreatic head, in whom ERCP and 
EUS with tissue sampling have been inconclusive. In this set- 
ting, there may be concern in delaying the ultimate diagnosis of 
malignancy for a therapeutic trial of glucocorticoids. Response 
to glucocorticoid therapy, however, is usually obvious within 2 
to 4 weeks and such a trial is not unreasonable if follow-up is 
close. 


Autoimmune chronic pancreatitis may progress rapidly, from 
the initial symptoms to end-stage chronic pancreatitis, within 
months. There is some evidence that early therapy with gluco- 
corticoids may prevent subsequent disease complications. 10-1?! 
Glucocorticoid therapy usually produces rather dramatic improve- 
ment with rapid resolution of both symptoms and radiographic 
abnormalities. There are no clear recommendations for glucocor- 
ticoid dose, although 0.6 to 1 mg/kg has been suggested. !03-1089,121 
A common starting dose is 40 mg of prednisone daily. Repeat 
pancreatic imaging at 2 to 4 weeks is prudent, to assess for clini- 
cal and radiographic response. Once a response is clear-cut (usu- 
ally by 4 weeks), tapering of the prednisone dose at a rate of 5 
to 10 mg/week is typical, for a total treatment duration of 10 to 
12 weeks. Complete serologic response (normalization of serum 
IgG,4) may not be apparent for several months, although decreases 
may be seen within 4 weeks. Between 30% and 50% of patients 
with Type 1 AIP experience a relapse after glucocorticoid ther- 
apy.!°.!71 Relapse usually involves recurrent biliary obstruction 
with cholestatic liver chemistries or frank jaundice. Patients with 
Type 2 AIP relapse very rarely, if at all. Relapse in Type 1 AIP 
may be managed by a repeat course of glucocorticoids followed 
by maintenance at a low dose of prednisone (e.g., 5 to 10 mg/day). 
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Immunomodulators, such as azathioprine, have been used with 
variable success in steroid-dependent patients to allow steroids to 
be tapered and stopped.!?! In those that relapse on azathioprine or 
in those who cannot tolerate it, continuing the steroids is effective 
and Rituximab may be used in especially refractory cases. !0-108,121 
Glucocorticoid therapy may improve not only the structural 
abnormalities of the pancreas but also exocrine and endocrine pan- 
creatic function (and salivary function if it is affected). Improve- 
ment in function is variable, depending on the level of fibrosis 
and atrophy already established when therapy is initiated. Clinical 
relapses after resection (e.g., pancreaticoduodenectomy) are rare. 


Obstructive 


Chronic obstruction of the main pancreatic duct by tumors, scars, 
ductal stones, duodenal wall cysts, or stenosis of the papilla of 
Vater or the minor papilla can produce chronic pancreatitis in the 
parenchyma upstream of the obstruction. Obstruction of the pan- 
creatic ducts may also be an important contributor to other forms 
of chronic pancreatitis (i.e., obstruction of small or large ductal 
branches by protein precipitates in alcohol-induced chronic pan- 
creatitis). Obstructive chronic pancreatitis, however, refers to a 
distinct entity produced by a (generally) single dominant narrow- 
ing or stricture of the main pancreatic duct. A number of entities 
can produce obstructive chronic pancreatitis. Acquired stric- 
tures of the main pancreatic duct can occur as a consequence of 
tumor obstruction from adenocarcinoma, islet cell tumor, intra- 
ductal papillary mucinous tumors, or ampullary neoplasms (see 
Chapter 60). Benign strictures may also develop after a severe 
attack of acute pancreatitis, particularly an episode associated 
with significant pancreatic necrosis (see Chapter 58). Blunt and 
penetrating trauma to the pancreas can lead to pancreatic duct 
strictures, most commonly in the midbody of the gland where the 
duct crosses the spine. Each of these processes can be associated 
with chronic pancreatitis in the gland upstream from the obstruc- 
tion. The pathology in obstructive chronic pancreatitis is one of 
diffuse interlobular and intralobular fibrosis, usually equally and 
symmetrically distributed in the affected region. 

Pancreas divisum is a common normal variant, occurring in 
approximately 4% to 11% of the population (see Chapter 55). In 
rare patients with this anomaly, the minor papilla may be inad- 
equate to allow free flow of pancreatic juice into the duodenum, 
possibly causing acute episodes of pancreatitis. Pancreas divisum 
is not considered a primary cause of chronic pancreatitis. Large 
natural history studies have failed to identify a clear link between 
pancreas divisum and either acute or chronic pancreatitis. 
Patients with pancreas divisum who do develop pancreatic dis- 
ease often have coexistent underlying genetic mutations that ma 
explain the pancreatitis, rather than the effect of divisum.!?7/7? 
Dysfunction of the sphincter of Oddi, like pancreas divisum, is 
most often proposed as a cause of acute or recurrent acute pan- 
creatitis rather than chronic pancreatitis. The response to sphinc- 
ter ablation in patients with chronic pancreatitis and presumed 
sphincter of Oddi dysfunction or pancreas divisum is unpredict- 
able, but generally poor. Surgical textbooks have long cautioned 
against sphincteroplasty as sole therapy for chronic pancreatitis, 
recognition of the general lack of efficacy of sphincter ablation in 
this situation. 


Miscellaneous 
Recurrent or Severe Acute Pancreatitis 


Chronic pancreatitis can develop after a severe attack of acute 
pancreatitis, usually with associated pancreatic necrosis, or the 
need for debridement. Recurrent milder episodes of acute pan- 
creatitis of any etiology may also eventually lead to the develop- 
ment of a chronic inflammatory response within the pancreas, 


the activation of pancreatic stellate cells, and chronic pancre- 
atitis. One example of this is hypertriglyceridemia. Elevations 
of serum triglyceride values greater than 1000 mg/dL can pro- 
duce acute pancreatitis, which is often severe. Many of these 
patients will have repeated clinical and subclinical attacks of 
acute inflammation, and some will ultimately develop chronic 
pancreatitis. 124,125 

It appears that after an initial attack of acute pancreatitis, 
around 10% of patients will be diagnosed with chronic pancreati- 
tis.!+>? Predictors of chronic pancreatitis include multiple relaps- 
ing attacks, smoking, and alcohol use.!**°->? In patients with any 
etiology of severe acute pancreatitis complicated by substantial 
pancreatic necrosis, features of chronic pancreatitis may also 
develop (see Chapter 58).'+!°!?9 Of note pancreatic exocrine 
and endocrine insufficiency may develop even more commonly. 
Around 25% of patients will develop pancreatic exocrine insuf- 
ficiency after an attack of acute pancreatitis, with alcohol etiology 
and severe and necrotizing pancreatitis being the major predic- 
tors.’ Diabetes mellitus or prediabetes develops in around one 
third of patients after an attack of acute pancreatitis, although 
the risk factors for this are not as well established as for exocrine 
pancreatic insufficiency.!*° Taken together these data suggest a 
higher rate of subsequent chronic pancreatitis after acute pancre- 
atitis than is commonly appreciated. 

Chronic pancreatitis, including exocrine and endocrine 
insufficiency, can develop after significant pancreatic necro- 
sis and especially in those undergoing necrosectomy. In one 
study, patients with necrotizing biliary pancreatitis who did not 
undergo necrosectomy had exocrine insufficiency and endocrine 
insufficiency less commonly than those who did (13% vs. 58% 
and 26% vs. 75%, respectively, for exocrine and endocrine insuf- 
ficiency).!*° Thus, even in the absence of necrosectomy, severe 
necrotizing pancreatitis may lead to chronic pancreatitis and to 
exocrine and endocrine insufficiency. Persistent decreases in pan- 
creatic function testing may be seen in up to 80% of patients after 
recovery from necrotizing pancreatitis.'*° Residual strictures of 
the pancreatic duct are also not uncommon after severe acute 
pancreatitis, and they may also contribute to the development 
of chronic pancreatitis in glands upstream from the stricture. In 
others, a prolonged and smoldering clinical course ultimately 
leads to chronic pancreatitis. 


Asymptomatic Pancreatic Fibrosis 


There are several situations in which histologic evidence of 
chronic pancreatitis, and specifically fibrosis, may be seen in 
the absence of clinical chronic pancreatitis. Older adults may 
develop histologic changes within the pancreas that resemble 
chronic pancreatitis.**° ERCP may also demonstrate changes in 
the pancreatic duct consistent with chronic pancreatitis in these 
patients.!?1132 These structural changes do not usually cor- 
respond to functional disturbances of pancreatic function or to 
clinical features of chronic pancreatitis.!*” Chronic alcohol users 
who do not have clinical chronic pancreatitis commonly have his- 
tologic evidence of chronic pancreatitis.”° 

The incidence of acute pancreatitis is increased in patients 
undergoing hemodialysis, and some evidence suggests that 
chronic pancreatitis may also be seen with greater frequency in 
this population. Imaging and autopsy data note changes consis- 
tent with chronic pancreatitis in up to 1 in 5 individuals in the 
absence of clinical.133-134 Chronic renal failure appears to fre- 
quently produce asymptomatic pancreatic fibrosis. Changes in 
pancreatic morphology and function are also common in patients 
with long-standing diabetes.!° The pancreas is smaller than 
normal, particularly in patients with Type 1 diabetes.!”!3 The 
pancreatic duct is abnormal in 40% to 50% of diabetic patients 
when studied by ERCP, with abnormalities suggestive of chronic 
pancreatitis.!5°!>7 Pancreatic function, as defined by fecal elastase 


measurements!”!38 or by more formal direct pancreatic function 
testing,!*? is abnormal in 40% to 50% of patients. The reason 
for these associations is not clear, whether the diabetes is caus- 
ing the changes in the pancreas or vice versa. Because insulin is a 
trophic factor for the exocrine pancreas, and because diabetes can 
produce microvascular angiopathy, insulin deficiency and long- 
standing diabetes together could explain the pancreatic damage. 
Although these measures of pancreatic structure and function 
may be present, they are usually not responsible for symptoms 
and these patients do not routinely merit treatment with pancre- 
atic enzymes.!° Smoking is a strong risk factor for chronic pan- 
creatitis, and autopsy studies reveal that smoking also produces 
pancreatic fibrosis,'*° particularly intralobular fibrosis. 

These observations may be combined to suggest that a wide 
variety of disease states and normal wear and tear (e.g., normal 
aging, chronic alcohol ingestion, smoking) on the pancreas may 
produce damage that by histologic criteria resembles chronic 
pancreatitis, but is not sufficient to cause symptoms and is not 
severe enough to cross the diagnostic threshold of labeling that 
patient as having this disease. This concept will be discussed fur- 
ther under “Diagnosis.” 


Idiopathic 


Idiopathic pancreatitis accounts for 10% to 30% of all cases of 
chronic pancreatitis,!#°°?:!4!!¥ but this varies depending on the 
population and location. Idiopathic disease is particularly com- 
mon in women; in some studies it is the most common etiology 
in women.!*! However, many patients are probably mislabeled as 
having idiopathic disease. Given that there is no reliable method 
of determining alcohol ingestion and that there is not an absolute 
threshold of ingestion for pancreatitis, some of these patients cer- 
tainly suffer from at least some toxicity from alcohol. Similarly, 
some of these idiopathic cases occur in patients with known and 
unknown genetic abnormalities, ?*:!00-!0,!43.!4 particularly those 
with onset in young adulthood.!*+ Some of what we formerly 
labeled idiopathic is instead autoimmune. In many previous stud- 
ies, smoking was not included as a potential etiologic agent and 
so smoking may also account for a significant proportion of these 
patients. Interpreting the literature on idiopathic chronic pancre- 
atitis is therefore difficult because most studies of this entity are 
probably dealing with cases with several different etiologies. 

Idiopathic chronic pancreatitis appears to occur in 2 forms, an 
early-onset type that manifests in the late second or third decade 
of life and a late-onset form that appears in the sixth or seventh 
decade of life.°:!4? Early-onset idiopathic chronic pancreatitis 
has a mean age at onset of around 20 years. There appears to be 
an equal gender distribution. Pain is the predominant feature of 
this disease, occurring in up to 96% of patients, a higher rate than 
in either alcoholic or late-onset chronic pancreatitis. Pancreatic 
calcifications, exocrine insufficiency, and endocrine insufficiency 
(i.e., diabetes) are extremely rare at presentation (<10%) and 
develop very slowly thereafter. The mean time to calcification 
in this group is 25 years, to exocrine insufficiency 26 years, and 
to endocrine insufficiency 27.5 years. Complications of chronic 
pancreatitis (pseudocyst, abscess, biliary obstruction, and duode- 
nal obstruction) occur in about 20% of patients, whereas surgery 
(primarily for abdominal pain) is ultimately needed in 60%. Thus, 
early-onset idiopathic chronic pancreatitis is a disease character- 
ized by severe pain but much delayed development of structural 
(calcifications) or functional (exocrine or endocrine insufficiency) 
evidence of chronic pancreatitis. The delay may make diagno- 
sis quite difficult because most available diagnostic tools rely on 
these structural or functional abnormalities. 

Late-onset idiopathic chronic pancreatitis manifests less com- 
monly as pain. In the best-documented series,°? only 54% of 
patients presented with pain, although 75% ultimately experi- 
enced pain. The median age of onset is 56 years, and the disease 
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occurs equally in men and women. Exocrine insufficiency (22%) 
and endocrine insufficiency (22%) were present not infrequently 
at the time of diagnosis, ultimately occurring in 46% and 41% of 
cases, respectively. The median time to development of exocrine 
insufficiency and endocrine insufficiency was 16.9 and 11.9 years, 
respectively. Life-table analysis suggested that with very long fol- 
low-up (>30 years), exocrine insufficiency will ultimately develop 
in 75%, endocrine insufficiency in 50% to 60%, and diffuse pan- 
creatic calcifications in 90% of patients.6®14 The disease there- 
fore tends to be one of a comparatively painless course associated 
with the frequent development of pancreatic calcifications, exo- 
crine insufficiency, and endocrine insufficiency. Aging itself can 
be associated with the development of structural changes within 
the pancreatic parenchyma and duct that are indistinguishable 
from those seen in late-onset chronic pancreatitis,!** so the dis- 
tinction between normal aging and late-onset idiopathic chronic 
pancreatitis may not always be clear. 


CLINICAL FEATURES 
Abdominal Pain 


Abdominal pain is the most common clinical problem in patients 
with chronic pancreatitis, and the symptom that most detracts 
from quality of life.2>-*°!4° Severe pain decreases appetite and 
limits food consumption, contributing to weight loss and mal- 
nutrition. Chronic severe pain leads to a dramatic reduction in 
quality of life,?>3°!46 loss of social functioning, the potential for 
addiction to narcotic analgesics, !*”!4* and increased rates of sui- 
cide.!*? In the USA, about half of all patients with chronic pan- 
creatitis are treated with opioids.'*’ Intractable pain is the most 
common reason for hospitalization, endoscopic intervention, and 
surgery in patients with chronic pancreatitis. There is no single 
characteristic pain pattern. Pain is most commonly described as 
being felt in the epigastrium, often with radiation to the back. 
Pain is usually described as boring, deep, and penetrating and is 
often associated with nausea and vomiting. Pain may be relieved 
by sitting forward or leaning forward, by assuming the knee-chest 
position on one side, or by squatting and clasping the knees to the 
chest. Pain may worsen after a meal and often is nocturnal. 

The natural history of abdominal pain varies and is difficult 
to predict. As an example, many patients with chronic pancreati- 
tis initially present with episodes of pain interspersed with peri- 
ods of feeling relatively well. During these more acute episodes 
of pain, such a patient may be labeled as having acute relapsing 
pancreatitis. As time passes, pain may become more continuous, 
and the diagnosis of chronic pancreatitis more obvious. Of note, 
elevations in levels of amylase or lipase may not occur with pain- 
ful flares, especially in long-standing chronic pancreatitis. Some 
patients may present with the more gradual onset of constant 
abdominal pain, and some may have no pain. Once pain devel- 
ops, it commonly changes over time in character, severity, and 
timing. Depending on the etiology of chronic pancreatitis, 50% 
to 90% of patients experience pain during the course of the dis- 
ease. !475-30,150-154 Some of these observational studies document 
a decrease in pain over time in some patients, although the tim- 
ing and the magnitude of this decrease vary among the studies. 
In one study, pain relief appeared to occur most commonly at 
the time of development of diffuse pancreatic calcifications, exo- 
crine insufficiency, and endocrine insufficiency. Other studies 
have not found this same correlation, but many have noted a less 
pronounced tendency for pain to “burn out” over time.6°70,150-154 
Pain may eventually decrease in around half of patients. Some 
of the pain relief is due to surgery for pain or complications, 
but pain relief over very long follow-up is also seen in medically 
treated patients in approximately similar proportions.®*-!5> The 
pain pattern in an individual patient, however, is not accurately 
predictable, and the pain may worsen, stabilize, or improve over 


928 PART VII Pancreas 


time. The judgment of therapeutic efficacy for any treatment for 
chronic pancreatitis must take into account this extremely vary- 
ing natural history of pain.!°°!>? 

The proposed causes of pain in chronic pancreatitis are var- 
ied but can be distilled to the following 2 primary mechanisms: 
(1) increased pressure, ischemia, and inflammation in the pan- 
creas, and (2) injury to and alterations in function of peripheral 
and central nociceptive nerves. In many chronic pain conditions, 
including chronic pancreatitis, one can also classify pain as noci- 
ceptive pain (due to actual or threatened damage to non-neural 
tissue, and the activation of nociceptors) and neuropathic pain 
(pain caused by a lesion or disease of the somatosensory nervous 
system). 156,157,160 


Increased Pressure with Ischemia and Inflammation 


One proposed mechanism of pain is tissue ischemia, driven by 
increased pressure within the pancreatic duct or parenchyma. 
Several lines of clinical and experimental evidence point to 
increased pressure within the pancreatic duct or parenchyma 
as being important in the genesis of pancreatic pain. Pancreatic 
ductal and tissue pressures are usually elevated in patients with 
chronic pancreatitis undergoing surgery for chronic pain.161-163 
Elevations in pancreatic ductal pressure measured during ERCP 
have also been documented in some patients with painful chronic 
pancreatitis.'°+!°> Surgical drainage of the pancreatic duct leads 
to a reduction in pressure to normal levels and is associated with 
pain relief.!61-16 However, pancreatic duct pressures may not be 
different in those with and without pain,'® and a reduction in 
pressure after endoscopic stenting does not correlate with pain 
relief.!°¢ 

Increased pressure within the pancreatic duct would be 
expected to be related to obstruction of the pancreatic duct, either 
in the main duct or in side branches. The presence of a pancreatic 
duct stricture and upstream pancreatic duct dilation might be an 
accurate indicator of a group of patients with increased pressure 
and therefore pain. However, there is not a relationship between 
pancreatic duct strictures or ductal dilation and pain.!°6:137,167,168 
Nonetheless, patients with a dilated pancreatic duct or pancreatic 
duct stricture are most likely to experience pain relief from endo- 
scopic or surgical therapy. 

‘The mechanism by which increased pressure could cause pain 
is speculative but may be related to pancreatic tissue ischemia. In 
animal models of chronic pancreatitis, increased pancreatic pres- 
sure is associated with reductions in pancreatic blood flow, tissue 
oxygen tension, and interstitial pH. In these models pancreatic 
secretagogues lead to a further decrease in pancreatic blood flow 
(rather than the normally expected increase), decreased capillary 
filling, and worsening tissue ischemia. These observations are 
consistent with those seen in a compartment type syndrome.! 
Small studies in humans with chronic pancreatitis undergoing 
surgery also demonstrate lower pancreatic tissue pH than patients 
without chronic pancreatitis.'°’ Pancreatic blood flow, measured 
at ERCP with the use of platinum electrodes, is also lower in 
patients with chronic pancreatitis compared with controls.!”° 
Tissue ischemia that is worsened by secretory stimulation of the 
pancreas may therefore be the mechanism by which elevations in 
tissue pressure cause pain. 

Inflammation in the pancreas, with the release of inflam- 
matory mediators, also likely contributes to pain. In particu- 
lar, trypsin released from damaged acinar cells and tryptase 
released from resident mast cells can activate proteinase acti- 
vated receptor 2 (PAR-2) and sensitize the response of tran- 
sient receptor vanilloid active fibers, releasing substance P as 
a key molecule in pain signaling.!°°!© It is noteworthy that 
during painful flares, there may not be elevations in serum lev- 
els of lipase or amylase or imaging evidence of acute pancreatic 
inflammation. 


Alterations in Peripheral and Central Nociceptive Nerves 


The perception of pain requires signaling through nociceptive 
neurons. Morphologic studies in patients with chronic pancreati- 
tis demonstrate increases in the diameter and number of intrapan- 
creatic nerves, foci of inflammatory cells associated with nerves 
and ganglia, and damage to the perineural sheath.156,160,171,172 
The disruption of the perineural sheath may allow inflammatory 
mediators to gain access to the neural elements. Regardless of 
the local events in and around the pancreas causing pain, percep- 
tion of the pain message requires communication with the central 
nervous system. The innervation of the pancreas is complex, with 
both visceral somatic and autonomic nerves. Dendrites of the 
pancreatic nociceptive sensory afferents travel with sympathetic 
nerves from the pancreas and reach the celiac ganglia, although 
no synapse is made there. These dendritic fibers continue, bun- 
dled as the left and right greater splanchnic nerves, to the sympa- 
thetic trunk ganglia, before reaching the first cell body, located 
in the dorsal root ganglia in spinal cord segments T5 through 
T9-T10. Projections of these dorsal root neurons often traverse 
upward and downward for several spinal segments before enter- 
ing the dorsal horn of the spinal cord. Afferent pain fibers may 
cross the midline in several of these connections, accounting 
for the midline perception of pancreatic pain. Axons from the 
first-order dorsal root ganglion cell bodies have 2 distinct path- 
ways. Some project to the dorsal horn of the spinal cord and may 
release a variety of mediators including substance P, calcitonin 
gene-related peptide, and glutamate onto second-order neurons 
that project to the thalamus via the spinothalamic white matter 
columns. These may then synapse with third-order neurons that 
project to the somatosensory cortex (for cognitive integration of 
pain) and to the limbic system and hypothalamus (for affective 
and autonomic integration of pain). A second pathway for projec- 
tions involves synapses within the same level of the spinal cord 
with sympathetic efferent cell bodies that project back down the 
splanchnic nerves to the celiac plexus, with second-order sympa- 
thetic neurons projecting back to the pancreas. Vagal afferents 
may also carry noxious stimuli from the pancreas (especially for 
stretch). 

Noxious stimulation of these pathways can occur through a 
variety of mechanisms. Pressure, ischemia, inflammation, heat, 
and other classic stimuli can activate these pathways. The accu- 
mulation of inflammatory mediators and nerve injury can sen- 
sitize the nerve, making it hyper-responsive.!°°!©!7> There is 
an increase in nociceptive neurotransmitters (e.g., substance P, 
calcitonin gene-related peptide) in interlobular and intralobular 
nerve bundles in patients with chronic pancreatitis.!©°!”> The 
close spatial relationship between intrapancreatic nerves and 
inflammatory cells supports the additional mechanism of neuro- 
immune interaction. Expression of nerve growth factor and one 
of its receptors (TrkA) is seen in patients with painful chronic 
pancreatitis and in animal models of chronic pancreatitis.!7*.!”+ 
Nerve growth factor is one of the key molecules involved in 
sensitization.!73:!’4 Endogenous proteases, like trypsin, can also 
activate and sensitize sensory neurons in the pancreas, a process 
mediated through the protease- activated receptor-2 (PAR-2). 
Another activator of PAR-2 is tryptase, a mast cell product. 160-173 
Interestingly, mast cells are seen commonly in pancreatic tissue 
specimens from patients with chronic pancreatitis. The exact 
mechanisms by which the inflammatory cells and their prod- 
ucts and intrapancreatic neurons interact in chronic pancreatitis 
remain to be fully clarified, although the data suggest that the 
production of sensitizing factors near pancreatic nerves alters 
sensory neuron form and function. 

In addition, there is substantial evidence from studies of 
other types of chronic pain that chronic peripheral nerve injury 
or inflammation leads to changes in nociceptive processing 
that involve both the spinal cord and central nervous system. 


Chronic pain can produce a centrally sensitized pain state in 
which elimination of the original source of pain may not relieve 
pain. !°°-!00,175,176 In this situation, pain may occur in response 
to innocuous or physiologic stimuli (allodynia) or may respond 
in an exaggerated fashion to stimuli that are painful (hyperal- 
gesia). These phenomena depend on changes at both the spi- 
nal cord level and the brain. A number of studies document 
changes in central nervous system structure and function in 
patients with chronic pancreatitis.!°°!6.!77,!/8 These changes 
include altered central processing of nociceptive inputs, altered 
pain thresholds, and altered brain micro- and macrostructure. 
Some examples of these changes in patients with chronic pan- 
creatitis compared to normal healthy controls include reorga- 
nization of the insula, secondary somatosensory cortex, and 
cingulate cortex, with abnormal neuronal excitability of these 
neural networks.'©° Numerous structural changes can also be 
documented including reduced thickness of cortical volume in 
areas of visceral pain processing, abnormal EEGs, and abnor- 
mal functional MRI of the brain.!5°!° The central nervous sys- 
tem reorganization and plasticity underlying hyperalgesia and 
allodynia are likely major factors limiting the effectiveness of 
treatments for pain. Nowhere is this fact made more obvious 
than in the patient who continues to have pancreatic pain after 
a total pancreatectomy. Pain is complex, and no single mecha- 
nism is likely to be present in all patients, implying that no 
single therapy will be effective. 


Other Causes of Pain 


In addition to these 2 main mechanisms, a variety of other con- 
tributors to pain should be considered. Complications of chronic 
pancreatitis may cause pain in their own right. These complica- 
tions include duodenal obstruction, bile duct obstruction, a pseu- 
docyst, and secondary pancreatic carcinoma. These usually have 
specific therapy. Hyperstimulation of the pancreas via CCK has 
also been postulated as a potential cause of pain because serum 
levels of CCK may be elevated in chronic pancreatitis and stim- 
ulation of the pancreas by CCK could increase pressure within 
the gland or facilitate basolateral rather than apical secretin of 
enzymes. Reducing serum CCK levels is the proposed mecha- 
nism for the use of non-enteric coated pancreatic enzymes to 
reduce pain. 


Steatorrhea (Exocrine Pancreatic Insufficiency) 


‘The human pancreas has substantial exocrine reserve. Steatorrhea 
does not usually occur until pancreatic lipase secretion is reduced 
to less than 10% of the maximum output.!’? Steatorrhea is there- 
fore a feature of far-advanced chronic pancreatitis, in which most 
of the acinar cells have been injured or destroyed, but may also 
be seen with blockage of the pancreatic duct, after pancreatic sur- 
gery, and after an attack of necrotizing acute pancreatitis. With 
advanced chronic pancreatitis, maldigestion of fat, protein, and 
carbohydrates will occur. Azotorrhea (protein maldigestion) also 
occurs when secretion of proteases is less than 10% of normal. 
Affected patients may present with diarrhea and weight loss. 
Some patients may note bulky foul-smelling stools or may even 
note the passage of frank oil droplets. Unlike in small bowel dis- 
eases associated with malabsorption, watery diarrhea, excess gas, 
and abdominal cramps are less common in patients with chronic 
pancreatitis. This difference may be due to better-preserved car- 
bohydrate absorption and small bowel and colonic function in 
patients with chronic pancreatitis and exocrine insufficiency than 
in those with small intestinal diseases such as celiac disease. Even 
when there is significant loss of fat in stool, most patients pass 
only 3 or 4 stools daily and some may pass only one. 

In general, fat maldigestion occurs earlier and is more severe 
than protein or carbohydrate maldigestion. There are several 
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explanations for this phenomenon. First, fat digestion depends 
primarily on pancreatic lipase and colipase, although gastric 
lipase is able to hydrolyze up to 20% of dietary fat. Second, lipase 
output decreases earlier and more substantially as chronic pancre- 
atitis progresses compared with the secretion of other pancreatic 
enzymes such as trypsin or amylase. Third, lipase is more sensi- 
tive to acid destruction than other pancreatic enzymes. As bicar- 
bonate secretion decreases in chronic pancreatitis and duodenal 
pH drops, lipase in particular is inactivated. Fourth, in addition to 
lipase inactivation, the low duodenal pH also predisposes to pre- 
cipitation of bile salts, thereby preventing the formation of mixed 
micelles and further interfering with lipid digestion and absorp- 
tion. Fifth, lipase is more sensitive to digestion and degradation 
by pancreatic proteases than other digestive enzymes. 

The median time to development of exocrine insufficiency in 
chronic pancreatitis has been reported to be as low as 5 years,®* 
but most studies report longer duration of disease prior to devel- 
opment of steatorrhea. In one large natural history study, the 
median time to development of exocrine insufficiency was 13.1 
years in patients with alcoholic chronic pancreatitis, 16.9 years in 
patients with late-onset idiopathic chronic pancreatitis, and 26.3 
years in patients with early-onset idiopathic chronic pancreati- 
tis. With very long follow-up, approximately 50% to 80% of 
patients with chronic pancreatitis eventually have exocrine insuf- 
ficiency.°8-70,145 

Significant weight loss is uncommon despite maldigestion. 
Patients generally increase their caloric intake to compensate for 
stool losses. In addition, gastric lipase (acid stable) may partially 
compensate for the loss of pancreatic lipase.!*° Weight is usually 
maintained despite the fact that the resting energy expenditure is 
generally increased in patients with chronic pancreatitis. Weight 
loss is most commonly seen during painful flares that prevent 
adequate oral intake because of pain, nausea, or vomiting. Weight 
loss may also occur as a result of the development of a concomi- 
tant disease such as small bowel bacterial overgrowth (SIBO, 
see Chapter 105) or pancreatic or extra-pancreatic malignancy. 
Finally, weight loss may occur in patients who develop financial 
difficulties, suffer from chronic severe alcoholism, or lose social 
support because these may contribute to inadequate caloric and 
protein intake. Substantial weight loss should lead to an inves- 
tigation of these potential causes. More subtle weight loss and 
other complications of maldigestion are more common.!*!-!°6 

Deficiencies of fat-soluble vitamins develop in patients with 
chronic pancreatitis and steatorrhea.!*?-!*’ Significant vitamin D 
deficiency and osteopenia and osteoporosis occur in patients with 
chronic pancreatitis. !**-!8° These studies demonstrate osteopenia 
in 40% of patients and osteoporosis in another 25% of patients 
with chronic pancreatitis and steatorrhea.'** Deficiencies of 
water-soluble vitamins and micronutrients are less common 
and generally seen only as a consequence of inadequate intake. 
Despite the fact that vitamin B; absorption requires intact pan- 
creatic function to degrade R-factor from dietary cobalamin, 
vitamin B,, deficiency is quite rare in patients with chronic pan- 
creatitis. 

The presence of exocrine insufficiency, in addition to the met- 
abolic consequences noted above, is also associated with increased 
overall mortality in patients with chronic pancreatitis. !°°!?! 


Diabetes Mellitus (Pancreatic Endocrine 
Insufficiency) 


Like exocrine insufficiency, endocrine insufficiency is a conse- 
quence of long-standing chronic pancreatitis and is especially 
common after pancreatic resection and in tropical (fibrocalcific) 
pancreatitis. Islet cells appear to be relatively resistant to destruc- 
tion in chronic pancreatitis (see Fig. 59.1).!°? When diabetes 
develops, the mechanism is more complex than just a simple loss 
of beta cells due to the progressive destruction of islets.!93-!97 
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Various factors make diabetes due to chronic pancreatitis (and 
pancreatic cancer) different than either classic type 1 or type 
2 diabetes, and pancreaticogenic diabetes is defined as type 3c 
diabetes.!°’ Type 3c diabetes is characterized by low levels of 
insulin and counter-regulatory hormones (particularly glucagon 
and pancreatic polypeptide), rare ketosis, and frequent treatment 
induced hypoglycemia.!%*-!°’ About half of patients with chronic 
pancreatitis who develop diabetes will require insulin.!” Unlike 
type 1 diabetes, insulin-producing beta cells and glucagon-pro- 
ducing alpha cells are both injured. This combination increases 
the risk of prolonged and severe hypoglycemia with overvigorous 
insulin treatment, owing to the lack of a compensatory release of 
glucagon. !°4,198 

Diabetes mellitus appears to be almost as common as steator- 
rhea in patients with far-advanced chronic pancreatitis. In one 
study the median times to development of diabetes in patients 
with alcoholic, late-onset idiopathic, and early-onset idiopathic 
chronic pancreatitis were 19.8, 11.9, and 26.3 years, respec- 
tively.’ Other studies have noted shorter median times of 6 to 
10 years.6®70:19:200 Ultimately with long-term follow-up, 40% to 
80% of patients with chronic pancreatitis have diabetes, depend- 
ing on etiology.ć®ć° Those with chronic pancreatitis who undergo 
pancreatic surgery have higher rates of both exocrine and endo- 
crine insufficiency.?°!*°? Microangiopathic complications are as 
common in patients with diabetes associated with chronic pan- 
creatitis as in patients with type 1 diabetes with similar duration 
of disease. 174704 


PHYSICAL EXAMINATION 


Very few of the physical examination findings are diagnostic or 
specific for chronic pancreatitis. Patients may appear undernour- 
ished with sarcopenia, and may demonstrate mild to moderate 
abdominal tenderness. In those with more advanced disease, 
weight loss and malnutrition may be more evident. Rarely, a 
palpable mass is found, indicating a pseudocyst. Jaundice may be 
observed in the presence of coexistent alcoholic liver disease or 
bile duct compression within the head of the pancreas. A palpable 
spleen may also rarely be found in patients with thrombosis of 
the splenic vein as a consequence of chronic pancreatitis or in 
patients with portal hypertension due to coexistent chronic liver 
disease. In some patients with AIP, evidence of a coexistent auto- 
immune feature, such as salivary gland enlargement or lymphade- 
nopathy, may be found. 


DIAGNOSIS 


A variety of diagnostic tests for chronic pancreatitis are avail- 
able. These diagnostic tests are usually separated into those that 
are designed to detect abnormalities of pancreatic function and 
those that detect abnormalities of pancreatic structure (Table 
59.2). Before considering these tests in more detail, it is useful 
to remember that in almost all patients, chronic pancreatitis is 
a slowly progressive disease. In the early stages within the pan- 
creas, chronic inflammation, cellular necrosis and apoptosis, and 
activation of pancreatic stellate cells have all developed, but these 
features of chronic pancreatitis remain visible only on histology. 
With progressive fibrosis and loss and destruction of tissue, the 
disease becomes more evident. Abnormalities of pancreatic struc- 
ture or function may take years or even decades to develop, or 
may not develop at all.!267-70,104,205 All available diagnostic tests 
are most accurate in far-advanced disease, when obvious func- 
tional or structural abnormalities have developed. Conversely, to 
greater or lesser degrees, all diagnostic tests are less accurate in 
less advanced or early chronic pancreatitis. 

Functional abnormalities in chronic pancreatitis include 
exocrine insufficiency (maldigestion and steatorrhea) and endo- 
crine insufficiency (type 3c diabetes mellitus). In addition, some 


TABLE 59.2 Available Diagnostic Tests for Chronic Pancreatitis® 


Tests of Pancreatic Structure Tests of Pancreatic Function 


EUS Direct hormonal stimulation (with 
pancreatic stimulation by secretin 
or cholecystokinin or both): 

Using oroduocdenal tube 
Using endoscopy 


MRI with MRCP, with or without 
secretin stimulation 


Fecal elastase 


CT Serum trypsinogen (trypsin) 
ERCP 

Abdominal US 

Plain abdominal x-ray 


Fecal chymotrypsin 
Fecal fat 
Blood glucose level 


*Ranked in estimated order of decreasing sensitivity for each category. 


diagnostic tests measure maximum stimulated secretory capac- 
ity of the pancreas, which appears to become abnormal before 
there is failure of exocrine or endocrine function.?®®?06 Structural 
abnormalities that can be diagnostic include changes within the 
main pancreatic duct (dilation, strictures, irregularity, pancre- 
atic ductal stones), side branches of the pancreatic duct (dilation, 
irregularity), or pancreatic parenchyma (lobularity of the gland, 
alterations in echogenicity, cysts, stones, atrophy, and others). 
Patients with alcoholic chronic pancreatitis, hereditary chronic 
pancreatitis, tropical pancreatitis, and late-onset idiopathic 
chronic pancreatitis are most prone to development of these 
abnormalities of function or structure, although the process may 
still take several years. These changes develop particularly slowly, 
and sometimes not at all, in patients with early-onset idiopathic 
chronic pancreatitis. 1077 

The determination of the sensitivity, specificity, and accuracy 
of any of these diagnostic tests requires that the test result be com- 
pared with some gold standard, a test that gives reliable and certain 
evidence as to the presence or absence of disease. In the case of 
chronic pancreatitis, this gold standard has been pancreatic his- 
tology (see Fig. 59.1). Unfortunately, the histologic changes are 
not uniform throughout the gland,” so that findings in a biopsy 
specimen may be misleading. Even more important, obtaining 
pancreatic tissue carries risk and is seldom performed solely for 
diagnosis. In addition, similar histologic findings may be encoun- 
tered in patients without clinical features of chronic pancreatitis, 
such as with aging, social alcohol use, smoking, and diabetes.*-!°.!>2 
Given the lack of a functional gold standard, substitutes for the 
gold standard include other diagnostic tests or long-term follow- 
up. Most studies have not monitored patients diagnosed with early 
chronic pancreatitis or possible early chronic pancreatitis (patients 
in whom diagnostic tests are not unequivocally positive) for long 
enough to establish the presence or absence of chronic pancreatitis 
with certainty. Another potential substitute for the gold standard 
is some other diagnostic test, and in fact, new diagnostic tests are 
often compared with such modalities as ERCP, EUS, CT, MRI, 
and pancreatic function tests, or composites of these. 

In patients with chronic pancreatitis and far-advanced struc- 
tural or functional abnormalities, little else can mimic these 
abnormalities, and essentially all diagnostic tests are accurate. 
The situation is quite different in patients with early or less 
advanced or minimal-change chronic pancreatitis, and even more 
so in patients with suspected or possible chronic pancreatitis, in 
whom these easily identifiable structural or functional abnormali- 
ties are lacking.!7°?°" In this situation, only tests of maximum 
sensitivity have a chance of enabling a diagnosis, and the lack 
of a gold standard can lead to diagnostic confusion and difficult 
decision making. In addition to choosing a diagnostic test on the 
basis of sensitivity and specificity, clinicians must consider the 


availability, cost, and risk of each of these tests to maximize diag- 
nostic information and minimize risk. These issues are discussed 
here in relation to each of the available diagnostic tools. 


Tests of Pancreatic Function 


Tests of pancreatic function can be divided into those that directly 
measure pancreatic function by measuring the output of enzymes 
or bicarbonate from the pancreas and those that measure the 
released enzymes indirectly (through its action on a substrate or 
its level in blood or stool). 


Direct Tests 


Direct hormonal stimulation tests are believed to be the most 
sensitive function tests for chronic pancreatitis.!2°°-?°° These 
tests require placement of a tube or endoscope in the duodenum, 
stimulation of pancreatic secretions (usually with secretin, but in 
some cases with CCK), and collection of pancreatic secretions for 
analysis (bicarbonate concentration in the case of secretin infu- 
sion, enzyme secretion in the case of CCK). A few studies have 
compared the results of these hormonal stimulation tests with 
pancreatic histology with overall sensitivities ranging from 67% 
to 88%.2!! The largest study compared histology with com- 
bined secretin-CCK testing in 108 patients.” There was a lin- 
ear correlation of stimulated bicarbonate output with histologic 
severity of chronic pancreatitis. Although mean peak bicarbonate 
concentration was in the normal range (>80 mEq/L) in 69 patients 
with normal or equivocal histology, mean bicarbonate concentra- 
tion was 70, 63, and 50 mEq/L in those with mild, moderate, and 
severe histologic chronic pancreatitis, respectively. The overall 
sensitivity of hormonal stimulation testing in this study was 67%, 
with a specificity of 90% and overall accuracy of 81%. When the 
analysis was restricted to the 29 patients with moderate or severe 
histologic changes of chronic pancreatitis, the sensitivity of hor- 
monal stimulation testing rose to 79%. In this same group of 29 
patients, the sensitivity of ERCP was 66%. 

In comparisons with ERCP, direct hormonal stimulation tests 
appear to be somewhat more sensitive for the diagnosis of chronic 
pancreatitis. The values for sensitivity of pancreatic function test- 
ing range from 74% to 97%, with specificity ranging from 80% 
to 90%.208-217 In these studies the 2 tests agree in about 3 quar- 
ters of patients, although some studies note higher rates of con- 
cordance. Most studies also note a general correlation between 
increasing structural abnormalities and progressive abnormalities 
of hormone stimulation test results, although the relationship is 
not exact. Most of these studies also identify patients with dis- 
cordant results—patients with abnormal ERCPs and normal hor- 
monal stimulation test results as well as those with normal ERCPs 
and abnormal hormonal stimulation test results. In 4 studies the 
percentage of patients with an abnormal hormonal stimulation 
test result and a normal ERCP ranged from 3% to 20%.7!07!5 
Three small studies have followed such patients whose diagnosis 
was based solely on an abnormal hormonal stimulation test result 
and found development of chronic pancreatitis on follow-up in 
90% of patients.’!’7! These data point out that direct pancreatic 
function testing appears to be able to identify a group of patients 
with chronic pancreatitis who have functional abnormalities of 
stimulated secretion but who do not (yet) have ERCP-identifi- 
able structural abnormalities. Conversely, most of these studies 
also report patients with normal hormonal stimulation test results 
and abnormal ERCPs. This group of patients is generally less 
common, averaging less than 10% in several studies. Long-term 
follow-up in a small group of such patients noted development 
of chronic pancreatitis in 0% to 26%.?17-219 These studies point 
out that in situations in which results of the 2 tests disagree, hor- 
monal stimulation testing appears to be somewhat more sensitive 
and specific than ERCP.”70"! 
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Some experts have suggested that the pancreas has such reserve 
that 30% to 50% damage to the gland is necessary before direct 
pancreatic function tests yield reliably positive results. Despite 
their theoretical advantages, direct pancreatic function tests have 
a number of limitations. First, they have not been well standard- 
ized across institutions offering the test. Second, they are avail- 
able at only a very few referral centers and so are not available to 
the majority of clinicians seeing patients with chronic pancreatitis. 
Third, it can be difficult for patients to tolerate unsedated place- 
ment of an oroduodenal tube for the hour or more required for the 
test. Fourth, accurate measurement of bicarbonate concentrations 
or enzyme output may be challenging. False-positive results have 
been reported in patients who have undergone Billroth II gastrec- 
tomy, in patients with diabetes, celiac disease, and cirrhosis, and 
in patients recovering from a recent attack of acute pancreatitis. 

A direct pancreatic function test is most useful in patients with 
presumed chronic pancreatitis in whom easily identifiable struc- 
tural and functional abnormalities have not been demonstrated 
on more widely available diagnostic modalities such as CT or 
MRI, or when these imaging studies are equivocal. This type of 
test is most useful in ruling out chronic pancreatitis in patients 
who present with a chronic abdominal pain syndrome suggestive 
of chronic pancreatitis, saving these patients the label of chronic 
pancreatitis with its negative repercussions and the risk of such 
diagnostic tests as ERCP. !:205.207,220 

There are variations of direct pancreatic function tests that 
may be easier for patients to tolerate (by sedating them) and 
might be able to be made more widely available. One variation 
is to collect pancreatic secretions at the time of ERCP by place- 
ment of a catheter directly in the pancreatic duct (the so-called 
intraductal secretin test). This test typically samples pancreatic 
output for only 15 minutes, to minimize the likelihood of ERCP- 
induced pancreatitis. It is not standardized and does not appear 
to be as accurate as standard direct pancreatic function testing??? 
probably because of the rather brief collection time. A common 
variation of pancreatic function testing is to use sedation and a 
standard upper endoscope to take the place of the usual oroduo- 
denal tube, with analysis of bicarbonate output using the regular 
hospital laboratory. This variation attempts to bypass the dif- 
ficulties limiting the widespread application of standard direct 
pancreatic function tests, such as passage of the collection tube 
in unanesthetized patients and need for a dedicated laboratory to 
measure the bicarbonate concentration by back-titration. Unlike 
the intraductal secretin test, this endoscopic variation appears 
to be nearly, although not quite, as accurate as standard direct 
pancreatic function testing.?°°7?°.?73-225 The initial descriptions 
of this test used a 60-minute collection with timed aspirates of 
duodenal fluid every 15 minutes. This is a long time to keep a 
patient sedated and an endoscopy room occupied, although it 
may be possible to shorten the test and only collect samples at 30 
and 45 minutes after secretin injection?"°*?°7 with only mini- 
mal loss of sensitivity. Another variation of the test is to mea- 
sure lipase output rather than bicarbonate output, with CCK as 
the secretagogue.*?* This variation appears to be less accurate 
than secretin-based pancreatic function testing. Like traditional 
pancreatic function testing, endoscopic-based pancreatic func- 
tion tests have been compared to alternative diagnostic tests like 
ERCP,” with an overall agreement in 86% of patients and a 
high negative predictive value for endoscopic pancreatic func- 
tion testing. The value of pancreatic function tests, whether 
traditional or endoscopic, lies in their high sensitivity and con- 
sequent ability to rule out chronic pancreatitis.?09220,225,230 Cur- 
rent practice is to administer 0.2 pg/kg of recombinant secretin, 
with samples collected via a Dreiling tube or endoscope over 
45 to 60 minutes, in 15-minute aliquots or samples. The fluid 
samples are analyzed for bicarbonate concentration; an abnor- 
mal test is defined as all samples with bicarbonate concentration 
less than 80 mEq/L. 
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Indirect Tests 


The desire to develop indirect tests of pancreatic function is an 
outgrowth of the complexity, discomfort, and limited availability 
of direct pancreatic function testing. Indirect tests generally mea- 
sure pancreatic enzymes in blood or stool. Tests that measure the 
effect of pancreatic enzymes on an orally administered substrate 
with collection of metabolites in blood, breath, or urine are of 
historical interest or only available as research tools. 


Serum Trypsinogen 

Serum trypsinogen (often called serum trypsin) can be measured 
in blood and provides a rough estimation of pancreatic func- 
tion. Abnormally low levels of serum trypsinogen can be seen in 
patients with advanced chronic pancreatitis with steatorrhea.”?! 
Serum trypsin is not decreased in patients with other forms of 
steatorrhea, but low levels of serum trypsinogen may be seen in 
patients with pancreatic ductal obstruction, including malignant 
obstruction. The test is available through commercial laborato- 
ries, but each have different normal ranges. 


Pancreatic Enzymes in Stool 

Low concentrations of chymotrypsin or elastase in stool can 
reflect inadequate delivery of these pancreatic enzymes to the 
duodenum. Both can be measured on random samples of stool. 
Fecal chymotrypsin is low in most patients with chronic pancre- 
atitis and steatorrhea. Fecal chymotrypsin is available from com- 
mercial laboratories. False-positive results have been reported in 
other malabsorptive conditions (celiac disease, Crohn disease), in 
diarrheal diseases in which the stool is diluted, and in severe mal- 
nutrition. Because the test is usually normal in patients without 
steatorrhea, it is reliably positive only in advanced chronic pan- 
creatitis. Fecal elastase-1 has significant advantages over fecal chy- 
motrypsin in that it is much more stable in passage through stool 
and is easier to measure. Levels less than 200 pg/gram of stool are 
considered abnormal and suggestive of exocrine pancreatic insuf- 
ficiency. Levels less than 100 ug/gram of stool are considered 
evidence of exocrine pancreatic insufficiency. The test is reason- 
ably accurate in more advanced chronic pancreatitis.!9!707732733 
Fecal elastase-1 can be falsely low due to dilution in other diseases 
causing diarrhea, such as short bowel syndrome and small bowel 
bacterial overgrowth. The test should be performed on a solid or 
semi-solid stool specimen. Fecal elastase measurement is available 
through reference laboratories in the USA. 


Fecal Fat Excretion 

Maldigestion of fat occurs after 90% of pancreatic lipase secretory 
capacity is lost. An evaluation of pancreatic lipase action is the mea- 
surement of fecal fat excretion during a 72-hour collection of stool. 
Although theoretically quite simple, the test is difficult to perform 
in practice. The patient must follow a diet containing 100 g/day 
of fat for at least 3 days before the test and the 3 days after the 
test, and complete collection of the sample is difficult to achieve. In 
health, less than 7 g of fat (7% of the ingested dose) should be pres- 
ent in stool. Measuring fecal fat requires that the dietary content 
of fat be known exactly, which is difficult to ascertain. A qualitative 
analysis of fecal fat can also be performed with a Sudan II stain of a 
random specimen of stool. The finding of more than 6 globules per 
high-power field is considered a positive result, but as with fecal 
fat excretion, the patient must be ingesting adequate fat to allow 
measurable steatorrhea. Sudan III staining of stool is positive only 
in patients with substantial steatorrhea.20/:2°8 


Tests of Pancreatic Structure (Imaging) 
Plain Abdominal Radiography 


The finding of diffuse (but not focal) pancreatic calcifications on 
plain abdominal films is quite specific for chronic pancreatitis. 


Focal calcifications may be seen in cystic and islet cell tumors 
of the pancreas, and in peripancreatic vascular calcifications. 
Calcifications occur late in the natural history of chronic pan- 
creatitis and may take from 5 to 25 years to develop.°/%!* 
Calcifications are most common in alcoholic, late-onset idio- 
pathic, hereditary, and tropical pancreatitis and far less common 
in early-onset idiopathic pancreatitis. Acceleration of the clini- 
cal course of chronic pancreatitis, and subsequent calcifications, 
are particularly common in patients who smoke.?3-58:84,85,234 
Calcifications are not static once they develop and may in fact 
wax and wane over time.?*+735 


Abdominal US 


US has been widely studied as a diagnostic tool for chronic 
pancreatitis. This modality is limited in that the pancreas (and 
particularly the pancreatic head) cannot be adequately visual- 
ized in many patients owing to overlying bowel gas or body 
habitus. Ultrasonographic findings indicative of chronic pan- 
creatitis include dilation of the pancreatic duct, shadowing 
pancreatic ductal stones, gland atrophy, irregular gland mar- 
gins, pseudocysts, and changes in the parenchymal echotex- 
ture (see Table 59.2). Most studies suggest a sensitivity of 
50% to 80% with a specificity of 80% to 90%.7*° In a study 
comparing transabdominal ultrasonography with CT, ERCP, 
and EUS, the accuracy of US was 56%.?>7 In this study, some 
abnormality (such as changes in parenchymal echotexture) was 
noted on US in 40% of patients who had a normal pancreas as 
defined by the other diagnostic tests. A large screening study 
of transabdominal US in Japan encompassing 130,000 exami- 
nations found increased echogenicity, mild dilation of the pan- 
creatic duct, small cystic cavities, and even ductal calcification 
in the absence of clinical features of chronic pancreatitis.’>* 
The majority of these abnormalities could not be attributed 
to chronic pancreatitis and were instead attributed to aging. 
These studies would suggest that there is a large spectrum of 
ultrasonographic findings in normal individuals and that it can 
be difficult to distinguish normal (or age-related) variability 
from chronic pancreatitis if the visualized changes are mild. 
Although relatively inexpensive and safe, transabdominal US 
is not generally useful in the evaluation of patients with sus- 
pected chronic pancreatitis. The finding of a normal pancreas 
or moderate to marked changes of advanced chronic pancreati- 
tis can be diagnostic, but mild changes of chronic pancreatitis 
are less specific and must be interpreted in light of the clinical 
history and the patient’s age. US can be useful in screening for 
complications of chronic pancreatitis (e.g., pseudocyst or bile 
duct obstruction) and in evaluating for other conditions that 
might mimic the symptoms of chronic pancreatitis (i.e., biliary 
tract disease). 


CT 


The overall sensitivity of CT for chronic pancreatitis is between 
75% and 90%, with a specificity of 85% or more.?36:237:23? CT is 
able to image the pancreas in essentially all patients and hence has 
a substantial advantage over US. Table 59.3 outlines the diagnostic 
abnormalities seen on CT in chronic pancreatitis. Most studies of 
diagnostic CT in chronic pancreatitis have not used state-of-the- 
art CT technology. Like all diagnostic tests, CT is most accurate in 
advanced chronic pancreatitis after substantial structural changes 
have developed (Fig. 59.4). Although CT is more expensive than 
US and exposes the patient to ionizing radiation, it is more sensi- 
tive and more specific. One finding of unknown significance is the 
presence of fatty replacement of the pancreas.”4°’4! This condi- 
tion, variously termed fatty pancreas, pancreatic lipodystrophy, 
non-alcoholic fatty pancreas disease, and others, may be related to 
metabolic syndrome, obesity, aging, or other unknown factors and 
is in itself not a specific finding of chronic pancreatitis. 


TABLE 59.3 Grading of Chronic Pancreatitis by US or CT 


Grade US or CT Findings 

Normal No abnormal findings on a good-quality study 
visualizing the entire gland 

Equivocal One of the following: 


Mild dilatation of the pancreatic duct (2-4 mm) in 
the body of the gland 
Gland enlargement <2-fold normal 


Mild-moderate One of the preceding findings plus at least one of 
the following: 

Pancreatic duct dilatation (+4 mm) 

Pancreatic duct irregularity 

Cavity (ies) <10 mm 

Parenchymal heterogeneity 

Increased echogenicity of duct wall 

Irregular contour of the head or body 

Focal necrosis or loss of parenchyma 


Mild/moderate features plus one or more of the 
following: 

Cavity (ies) >10 mm 

Intraductal filling defects 

Calculi/pancreatic calcification 

Ductal obstruction (stricture) 

Severe duct dilatation or irregularity 

Contiguous organ invasion 


Severe 


Adapted from Sarner M, Cotton PB. Classification of pancreatitis. Gut 
1984; 25:756. 


MRI 


MRI, coupled with MRCP is as accurate, and probably more so, 
than CT in patients with chronic pancreatitis.7°°7>?*”, MRCP 
results agree with ERCP results in about 90% of cases.??0:225 
Agreement between MRCP and ERCP is less common in 
areas where the pancreatic duct is small (tail of pancreas and 
side branches) or when the ductal changes are more subtle. 
Improved visualization of the pancreatic duct can be achieved 
by administering secretin.?>°?*"-"* In addition, signal intensity 
(usually on T1 imaging) and arterial enhancement ratios can 
be obtained, using gadolinium as a contrast agent, which may 
improve the ability to image the gland.?®?46 Finally, a qualita- 
tive or semi-quantitative assessment of fluid output from the 
pancreas to the duodenum can be made during MRCP after 
secretin injection (S-MRCP), which may allow estimation of 
pancreatic secretory function.?#?74748 Secretin-MRCP has 
been compared with endoscopic-based pancreatic function test- 
ing.” Abnormalities on MRCP were seen in 8/23 patients with 
a normal pancreatic function test, suggesting secretin-MRCP 
may have a significant false-positive rate. Some analyses suggest 
that just measuring volume after secretin stimulation, instead 
of bicarbonate concentration, is too inaccurate to be clinically 
useful.7#? One study also compared MRI findings with histol- 
ogy in a group of patients undergoing total pancreatectomy 
for non-calcific chronic pancreatitis.” Using a cut-off of > 2 
MRI features only reached 65% sensitivity, and 89% specificity. 
The strongest predictors of chronic pancreatitis were pancre- 
atic duct irregularity, T1-weighted signal intensity, and duo- 
denal filling after secretin. Advancements in MR image analysis 
will continue to improve the image quality of MRCP, which in 
the future will equal ERCP in accuracy. Like ERCP, however, 
MRCP will be inaccurate in patients without significant ductal 
abnormalities. Although MRI is widely available, not all centers 
have the capacity to perform high-quality MRCP or S-MRCP. 


ERCP 


Pancreatography has been considered the most specific and sensi- 
tive test of pancreatic structure. It also has the advantage over all 
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Fig. 59.4 CT demonstrating several large, densely calcified stones (ar- 
rows) within a markedly dilated pancreatic duct in long-standing chronic 
pancreatitis. 


previously discussed tests in that therapy (e.g., pancreatic duct 
stenting, stone extraction) may be administered. The disadvan- 
tage, however, is that ERCP is the riskiest diagnostic test, with 
complications occurring in at least 5% of patients (in as many as 
20% of certain subgroups) and a mortality rate of 0.1% to 0.5%. 
In most studies in patients with chronic pancreatitis, the sensi- 
tivity of ERCP is between 70% and 90%, with a specificity of 
80% to 100%.?7!:736237 Thus, chronic pancreatitis can exist in the 
absence of any visible changes within the pancreatic duct.!?7!% 
221,229,236,251,252 

The diagnostic features of chronic pancreatitis on ERCP are 
listed in Table 59.4. These were developed at an international 
consensus conference held more than 30 years ago.’}>+ The 
diagnosis is based on abnormalities seen in the main pancreatic 
duct and the side branches. ERCP is highly sensitive and specific 
in patients with advanced disease. The appearance of a massively 
dilated pancreatic duct with alternating strictures (the chain-of- 
lakes appearance) is characteristic of the most advanced chronic 
pancreatitis (Fig. 59.5). Less dramatic pancreatographic changes 
are less definitive and specific (Fig. 59.6). The accurate interpre- 
tation of an ERCP requires a study of adequate quality (filled to 
the second generation of the side branches and without signifi- 
cant movement artifact) and the capability to obtain radiographic 
images of high resolution. Many pancreatograms do not meet 
these criteria for an adequate study.??! An underfilled pancreatic 
duct can appear to have an irregular duct margin (leading to over- 
diagnosis of chronic pancreatitis) or might not delineate changes 
within the inadequately filled side branches (leading to under- 
diagnosis of chronic pancreatitis). 

‘The pancreatic duct abnormalities characteristic of chronic pan- 
creatitis can be seen in other conditions. The most common is the 
effect of aging on the pancreatic duct. Although pancreatic function 
is well preserved in normal aging, impressive abnormalities may 
develop in the pancreatic duct. They include focal or diffuse dilata- 
tion of the main pancreatic duct and its side branches, the develop- 
ment of cystic cavities, and even ductal calculi.!31:132:221,255,256 Tn 
the large screening US study mentioned previously, 50% of all cal- 
cification and more than 80% of ductal dilation and cystic lesions 
seen were believed to be attributable to aging, not chronic pan- 
creatitis.?*> Whether these changes represent the consequences of 
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TABLE 59.4 Cambridge Grading of Chronic Pancreatitis on Endoscopic 
Retrograde Pancreatography 


Grade Main Pancreatic Duct Side 
Branches 
Normal Normal with filling of duct to side Normal 
branches 

Equivocal Normal <3 Abnormal 
Mild Normal 23 Abnormal 
Moderate Abnormal 23 Abnormal 
Severe Abnormal with at least 1 of the following: 23 Abnormal 


Large cavity (>10 mm) 
Obstruction or stricture 

Filling defect(s) 

Severe dilatation or irregularity 


Adapted from Axon ATR, Classen M, Cotton PB, et al. Pancreatography in 
chronic pancreatitis: international definitions. Gut 1984; 25:1107-12. 


Fig. 59.5 Endoscopic retrograde pancreatogram showing a markedly 
dilated pancreatic duct with alternating strictures and dilatation. This 
“chain-of-lakes” appearance is diagnostic of chronic pancreatitis. 


the normal wear and tear on the pancreas during life is not known. 
‘Temporary changes in the pancreatic duct may also occur after an 
episode of acute pancreatitis and may take months to resolve.??! 
Pancreatic carcinoma may produce changes within the pancre- 
atic duct that resemble those of chronic pancreatitis. Finally, the 
placement of pancreatic duct stents can produce new abnormalities 
within the pancreatic duct that mimic chronic pancreatitis and that 
may not entirely resolve after stent removal.??1257:258 Pancreatic 
stents are placed to prevent post-ERCP pancreatitis. These tem- 
porary, very small-caliber stents used for these purposes appear to 
rarely produce these ductal changes.’°? 

There is significant potential for substantial interobserver and 
intraobserver variability in the interpretation of ERCP.”?! The 
initial consensus conference identified some abnormalities such 
as a dilated pancreatic duct, abnormal duct contour, and abnormal 
side branches but did not define absolute criteria to differenti- 
ate normal from abnormal or normal variant.*>+ In one study, 74 
postmortem pancreatograms were submitted to 6 experienced 
endoscopists.!*! They were asked to judge whether the pancrea- 
togram demonstrated chronic pancreatitis, and the severity of the 
abnormalities. The pancreas was then examined for histologic 
correlation. All 6 endoscopists correctly identified the 5 subjects 
with chronic pancreatitis. In the remaining 69 subjects, there was 


Fig. 59.6 Endoscopic retrograde pancreatogram demonstrating subtle 
changes limited to the side branches (arrows) in a patient in whom a 
direct pancreatic function (secretin) test indicated chronic pancreatitis. 
These subtle findings are generally not sufficient for a definitive diagno- 
sis of chronic pancreatitis. 


no histologic evidence of chronic pancreatitis. Depending on the 
observer, between 42% and 98% of these pancreatograms were 
read as demonstrating chronic pancreatitis, largely based on mild 
abnormalities within the main duct and side branches. The mis- 
taken interpretations were felt to be due to age-related changes 
within the pancreas. Another study attempted to estimate intrao- 
bserver variability by submitting 51 pancreatograms to 4 expert 
endoscopists on 3 separate occasions.*°° Each endoscopist was 
consistent in his or her own 3 reports in 47% to 95% of cases 
(yielding a rate of intraobserver variability as high as 53%). Much 
of the intraobserver and interobserver variability in ERCP evalu- 
ations is related to the interpretation of mild or subtle pancreato- 
graphic changes rather than dramatic abnormalities. This is the 
most substantial clinical problem related to ERCP as a diagnostic 
tool; subtle or minor abnormalities of the pancreatic duct are quite 
nonspecific and are not reliable markers of chronic pancreatitis. 
Given the risk of ERCP and the availability of alternative meth- 
ods to image the pancreatic duct (MRCP or EUS), ERCP should 
not be used as a diagnostic tool in patients with presumed chronic 
pancreatitis. ERCP should only be used when therapy is planned. 


EUS 


EUS allows a highly detailed examination of pancreatic paren- 
chyma and the pancreatic duct by overcoming the imaging prob- 
lems in transabdominal US (such as intervening gas in the bowel 
lumen). The traditional diagnostic system (MST or minimal 
standard terminology) is based on the presence of abnormalities 
in the pancreatic duct and the parenchyma (Table 59.5). These 
features may be individually classified as none, minimal, mod- 
erate, or extensive but in practice are generally only graded as 
present or absent, and the total number of features is used as the 
score. The sensitivity and specificity of the test is determined by 
the threshold total score used to define chronic pancreatitis. A 
large range of threshold scores have been used, ranging from 1 
to 6. Most studies have used the presence of 3 or more features 
to define a positive result.23%°!76!°3 A second diagnostic sys- 
tem termed the Rosemont criteria is also used for EUS diagno- 
sis of chronic pancreatitis (see Table 59.5). This was developed 


TABLE 59.5 Diagnosis of Chronic Pancreatitis on EUS 
Standard MST EUS Grading System 


Parenchymal abnormalities Hyperechoic foci Major features 
Hyperechoic strands 
Lobularity of contour 
Cysts 

Ductal abnormalities Main duct dilatation Minor features 


Main duct irregularity 

Hyperechoic ductal 
walls 

Visible side branches 

Calcification 
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Rosemont Criteria for EUS Diagnosis 


Hyperechoic foci with shadowing (Major A) 
Main pancreatic duct calculi (Major A) 
Lobularity with honeycombing (Major B) 


Lobularity without honeycombing 
Hyperechoic foci without shadowing 
Stranding 

Cysts 

rregular main pancreatic duct contour 
Main pancreatic duct dilation 
Hyperechoic duct margin 

Dilated side branches 


In the standard EUS system, each finding counts equally and the score is the total number of findings. In the Rosemont system, the diagnostic strata are 


as follows: 
Most consistent with chronic pancreatitis 1 
1 
2 
Suggestive of chronic pancreatitis 1 


ajor A feature and 23 minor features or 
ajor A feature and 1 Major B feature or 
ajor A features 


ajor A feature and <8 minor features or 


Major B feature and =3 minor features or 
25 minor features 


Indeterminate for chronic pancreatitis 8-4 minor features or 
Major B feature with <3 minor features 


Normal 


through expert consensus and includes major and minor criteria, 
with an attempt to provide semi-quantification of severity. Initial 
studies of these new criteria have not documented improvements 
in interobserver agreement or test accuracy.7>?70!-74 

EUS has been compared with pancreatic histology in a limited 
number of patients. One study compared EUS features with histol- 
ogy in 71 patients who underwent surgical therapy for presumed 
chronic pancreatitis.*® Utilizing a cut-off of more than 3 EUS cri- 
teria, the sensitivity of EUS was 83% and the specificity was 57%. In 
a subgroup with more advanced histologic evidence of chronic pan- 
creatitis by histology, the sensitivity was 83% and specificity 80%. 
No single EUS criteria predicted fibrosis better than any other, but 
there was a general correlation between the number of EUS criteria 
and the histologic severity of disease. Another study in 42 patients 
who underwent EUS prior to pancreatic surgery (largely for carci- 
noma) determined a cut-off of more than 4 EUS criteria had a sensi- 
tivity of 90% and specificity of 86%.*°° A study in 25 patients noted 
that pancreatic fibrosis correlated with the EUS score and that an 
abnormal EUS (4 criteria) had a sensitivity of 84%.°° A study of 
50 patients with chronic abdominal pain undergoing total pancre- 
atectomy for non-calcific chronic pancreatitis compared Rosemont 
criteria to histology.*°* There was noted to be relatively close cor- 
relation between MST and Rosemont systems, but rather poor cor- 
relation of either system with histology. In the analysis, more than 
half of those with a normal Rosemont score had histologic evidence 
of chronic pancreatitis, whereas 80% of those with “indeterminate” 
features had chronic pancreatitis, and almost all of those with “sug- 
gestive” features had chronic pancreatitis. A study using EUS-guided 
‘Tru-cut biopsy of the pancreas noted poor agreement between EUS 
and histology, but the histologic specimens obtained were small and 
likely not representative of the entire gland.” 

EUS and ERCP agree in about 80% of patients.??1236,251,270-274 
EUS has also been compared with standard and intraductal 
direct pancreatic function testing. The agreement between 
these tests varies widely in these studies, ranging from 10% to 
90% .271225,251,273-275 This variability is partly related to the sever- 
ity of disease and spectrum bias. The agreement is best in those 
with more advanced disease. In one study the sensitivity of EUS 
for advanced chronic pancreatitis (classic findings on ERCP and 
an abnormal pancreatic function test) was good (sensitivity of 


<2 minor features 


73% and specificity of 81% using more than 3 criteria), but the 
sensitivity for less advanced chronic pancreatitis was only 10%.’”° 

In the majority of instances in which EUS findings disagree 
with results of other diagnostic tests, it is the EUS findings that 
are abnormal when the other tests are normal.’’° This speaks to 
the question of the specificity of EUS. Specificity is determined 
by the cut-off chosen. Specificity is degraded by other condi- 
tions that can mimic the EUS findings of chronic pancreatitis. 
This may be a substantial conundrum, because EUS changes of 
chronic pancreatitis are frequently encountered. The edema asso- 
ciated with a recent episode of acute pancreatitis can make duct 
margins and intralobular septa more apparent, which will reduce 
specificity.2>! Age-related changes can be observed in the pan- 
creas by EUS that mimic the changes of chronic pancreatitis.*”7 
Chronic alcohol and tobacco use can produce similar changes, in 
the absence of clinical chronic pancreatitis.*>!7”*%° In one study 
39% of patients with unexplained dyspepsia had 5 or more EUS 
features of chronic pancreatitis, and 34% of controls had 3 or 
more features.’*! It is unlikely that chronic pancreatitis is present 
or will develop in all or even most of these patients. 

The diagnosis of chronic pancreatitis by EUS is based on the 
interpretation of sonographic images. There is only moderate 
interobserver variation in this interpretation.”>!’*? Intraobserver 
agreement seems to be high, unlike ERCP.’*? What also remains 
to be determined is whether the presence of 3 or 4 (or fewer) 
EUS features, in the absence of corroborating information from 
other diagnostic tests, is adequate for a conclusive diagnosis of 
chronic pancreatitis to be made.?7!?2>776754285 Resolution of 
this issue will require long follow-up of patients, given the lack 
of a useful gold standard, and some studies show limited ability 
of EUS to predict the ultimate development of clear-cut chronic 
pancreatitis.’”° Advances in EUS imaging including the use of 
contrast, digital image analysis, and EUS elastography are being 
studied but have not yet been shown to improve diagnostic accu- 
racy,”®> and these techniques may have the most applicability to 
assessing mass lesions in the pancreas.!!° 

EUS is highly accurate in patients with advanced chronic 
pancreatitis (Fig. 59.7). An EUS score of greater than 5 (using 
MST criteria) is relatively specific for chronic pancreatitis. A 
completely normal or near normal EUS (0 to 2 criteria) makes 
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Fig. 59.7 EUS image of the pancreatic body in a patient with chronic 
pancreatitis. The markers on the dilated pancreatic duct demonstrate 
hyperechoic margins, one of the diagnostic features of chronic pancre- 
atitis. The parenchyma surrounding these markers demonstrates hyper- 
echoic strands and foci, additional features of chronic pancreatitis. 


chronic pancreatitis unlikely.2*+7*° EUS scores of 3 or 4 should 
be considered indeterminate and should be interpreted in light 
of the patients’ clinical features and with recognition of the effect 
of alcohol, tobacco, age, and other associated conditions (diabe- 
tes, chronic kidney disease) that can mimic the changes of chronic 
pancreatitis. 


DIAGNOSTIC STRATEGY 


The diagnosis of chronic pancreatitis is most often suspected 
due to the presence of an abdominal pain syndrome, and less 
commonly due to a suspicion of exocrine (diarrhea, steatorrhea, 
weight loss) or endocrine insufficiency (diabetes mellitus). In the 
subgroup with suspected exocrine or endocrine insufficiency, the 
disease is likely to be long-standing, and most available diagnos- 
tic tests will be able to detect this relatively far-advanced disease. 
Because other conditions may mimic chronic pancreatitis (pancre- 
atic malignancy, intraductal papillary mucinous neoplasms, cystic 
neoplasms) a high-quality cross-sectional imaging test is necessary 
to rule out these other possible diseases. A high-quality CT scan 
using multidetector technology and a pancreatic protocol or an 
MRI with MRCP are the best initial diagnostic tests.27!725754285 
Many of these patients may have already had a routine abdominal 
CT (often through an emergency department) but have not had 
a high-quality CT (or MRI with MRCP), so it may be worth- 
while to repeat them if the previous studies are of low quality. If 
the CT or MRI does not demonstrate chronic pancreatitis, then 
tests of maximum sensitivity should be used next. Because direct 
pancreatic function tests are not widely available, EUS is the most 
reasonable next step. Hormonal stimulation pancreatic function 
testing, if available, could logically be used next if EUS findings 
are equivocal.!*!78+ This may require referral of the patient to 
a center performing function tests. ERCP should not be used for 
diagnostic purposes. If the diagnosis remains in doubt, follow-up 
over time with periodic re-assessment may be the only diagnos- 
tic approach. New diagnostic biomarkers are needed, and large 
studies are underway to identify predictors of the development of 
chronic pancreatitis and its complications.’*° 


TREATMENT 
Abdominal Pain 


Pain is the most common and most debilitating symptom of 
chronic pancreatitis as well as the one most often requiring medi- 
cal care. The initial evaluation of pain should focus on identify- 
ing associated conditions for which specific therapy exists. These 
conditions can include pancreatic pseudocyst, duodenal (and pos- 
sibly bile duct) compression, superimposed pancreatic carcinoma, 
and gastroparesis. Cross-sectional imaging can be helpful in iden- 
tifying some of these complications in addition to assessing for 
alternative diagnoses that might mimic chronic pancreatitis. In 
addition to identifying (or suggesting) the presence of specifically 
treatable complications, CT or MRI can be very useful in identi- 
fying patients with substantial abnormalities of pancreatic struc- 
ture (particularly a dilated pancreatic duct). Identifying patients 
with a dilated pancreatic duct is useful in differentiating those 
patients who are most likely to benefit from endoscopic or surgi- 
cal therapy. Very few randomized trials, and even fewer placebo- 
controlled trials of therapy for pain exist, so the evidence base 
supporting most interventions is quite weak.!**:5° From what is 
known in chronic pancreatitis pain trials, the placebo response in 
these patients is at least 20% .?87 


Medical Therapy 


Analgesics 

The majority of patients with chronic pancreatitis require some 
form of analgesia.'*’7 Some patients’ pain may be managed with 
acetaminophen or aspirin, but most require more potent narcotic 
agents. There is a risk of addiction to narcotics with the use of these 
agents. The risk of addiction is not defined and is estimated to be 
about 10% to 30%,!*” but may be higher. Efforts to minimize nar- 
cotic use are appropriate, but narcotics should not be withheld in 
patients with severe pain. Strategies to minimize the risk of overuse 
of narcotics and addiction include having a single physician take 
responsibility for prescriptions, ongoing counseling, monitoring 
of prescriptions, and regular clinic visits. The use of a pain clinic 
may or may not be helpful. Pain management clinics that focus on 
non-narcotic approaches are most useful in patients with chronic 
pancreatitis. 

Ifnon-narcotic agents fail, it is appropriate to begin with lower- 
potency opioid agents like tramadol. Tramadol is a dual-action 
analgesic, with mu-opioid agonistic and monoaminergic proper- 
ties. High dosages of tramadol are equivalent to oral morphine 
in treating chronic pancreatitis, with fewer effects on gut motil- 
ity. 126207288 More potent narcotics are required in some patients, 
but should follow the standard guidelines of the WHO pain relief 
ladder.!56:207 In this situation it is useful to gradually increase the 
dosage or potency while focusing the patient on the goal of control 
of pain to an acceptable level rather than complete relief of pain. 
Adjunctive agents can also be considered in patients who need 
more potent narcotics. Many of these patients are depressed, and 
coexistent depression lowers pain threshold. Chronic pancreatic 
pain can lead to abnormal spinal cord gating in nociceptive neu- 
rons, a centrally sensitized pain state, with hyperalgesia and allo- 
dynia.!°°!73-176 Tricyclic antidepressants can be useful adjuncts, 
not only by treating depression and potentially modulating central 
pain perception but also because they have direct effects on pain 
and potentiate the effect of narcotics. Other antidepressants such 
as serotonin reuptake inhibitors (SSRIs) and combined serotonin 
and norepinephrine reuptake inhibitors (e.g., duloxetine) may also 
have this effect.!°%!9? Finally, the gabapentinoids (apd subunit 
voltage-gated N-type calcium channel inhibitors) gabapentin and 
pregabalin are used in a variety of chronic pain states as an adjunct 
to narcotics. In one randomized trial in patients with chronic pan- 
creatitis requiring narcotics for pain control, pregabalin reduced 


pain at a dosage of up to 300 mg twice daily.!°%!>78° There 
may be a role of sensory testing to determine the patients with 
hyperalgesia or allodynia, to predict response to gabapentoids.?”° 
Side effects of gabapentinoids are common, including dizziness 
and a feeling of being intoxicated. The other adjunctive agents 
have not been rigorously studied, but they are commonly used 
in patients with continued severe pain from chronic pancreatitis, 
in an attempt to improve pain control and minimize the dosage 
and potency of narcotics. Given the increasing recognition of neu- 
ropathic mechanisms of pain in chronic pancreatitis using these 
types of agents appears reasonable. No data exists on the use of 
medical marijuana in these patients. 


Cessation of Alcohol and Tobacco 

Continued alcohol abuse hastens the development of pancreatic 
dysfunction in patients with chronic pancreatitis, although even 
complete abstinence does not prevent progression.*? Also, contin- 
ued alcohol abuse, along with smoking, increases mortality.!+!73! 
There are therefore good reasons to encourage patients to stop 
drinking and smoking separate from any effect on abdominal pain. 
Most studies, but not all, have documented an apparent decrease 
in pain or painful relapses in patients who stop drinking alcohol. 
In a summary of these studies, pain continued in 26% of absti- 
nent patients, compared with 53% of those who continued to 
drink.?*! In a study of the natural history of chronic pancreatitis, 
continued alcohol abuse was associated with a higher risk of painful 
relapses.?”? These data support that abstinence has some beneficial 
effect on pain, but the magnitude of the effect is probably only 
modest. Cessation of smoking appears to have even more benefits, 
in both preventing tobacco-induced illness and in reducing the risk 
of secondary pancreatic carcinoma.!*!752-552% In particular, stop- 
ping smoking during a phase of acute relapsing pancreatitis reduces 
the subsequent risk of developing chronic pancreatitis. 


Antioxidants 

Damage by free radicals is one mechanism for pancreatic damage 
in alcoholic and other forms of chronic pancreatitis. Patients with 
chronic pancreatitis (particularly alcoholic) have evidence of oxi- 
dant stress and reduced antioxidant capacity.°7:!00)1562% Oxidant 
stress is also a strong activator of pancreatic stellate cells.*7*? There 
are 2 relatively large placebo-controlled trials of antioxidants.?”*?° 
In one large study from India,’”? a significant reduction in number 
of painful days/month was seen in the antioxidant group (7.3 fewer 
days per month, compared to 3.2 fewer in the placebo group). This 
trial recruited subjects who were relatively young, underweight, 
and suffered from mainly idiopathic or tropical pancreatitis. The 
trial used a combination of selenium, beta-carotene, vitamin C, 
vitamin E, and methionine. The second trial from the UK?” used 
higher dosages of the same antioxidants, but recruited a population 
that was older, was not malnourished, and suffered from chronic 
pancreatitis mainly due to alcohol and smoking. This trial demon- 
strated no benefit from antioxidant therapy, despite improvements 
in serum levels of these antioxidants. A review of all the available 
evidence noted a slight reduction in overall pain score.?”’ The 
overall effect of antioxidants is therefore limited, and they are not 
widely used in the USA.?° 


Pancreatic Enzyme Therapy 

Pancreatic secretion is under feedback control by the presence 
of pancreatic proteases and nutrients in the duodenum. The use 
of pancreatic enzymes to reduce pain is based on the ability of 
these agents to activate this feedback control system in a way to 
reduce pancreatic secretion. Delivering proteases to the duode- 
num or very proximal jejunum can suppress pancreatic secretion. 
This action is due to the ability of the proteases in this segment 
of small bowel to reduce CCK release, by destroying an intestinal 
CCK-releasing factor, which is one of the primary stimulants of 
CCK release in the presence of nutrients. In patients with chronic 
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pancreatitis, the lack of delivery of proteases to the duodenum 
could allow more CCK-releasing factor to escape denaturing. 
As a result, one would expect higher levels of CCK-releasing 
factor within the duodenum and higher serum levels of CCK. 
Higher levels of circulating CCK could stimulate the pancreas 
to secrete, with this stimulation potentially leading to pancreatic 
pain by raising pancreatic duct or tissue pressure or by forcing 
digestive enzymes into the interstitium if secretion is occurring 
against pancreatic ductal obstruction. The oral administration of 
pancreatic enzymes could restore normal feedback suppression of 
pancreatic secretion by providing active serine proteases in the 
duodenum, which could again denature the CCK-releasing fac- 
tor, thereby reducing the hyperstimulation and relieving pain. 

As described in Chapter 56, pancreatic secretion of volume 
and bicarbonate is not controlled by the presence of prote- 
ases within the duodenum. Also, pancreatic secretion is under 
humoral as well as neural control. Therefore, suppressing 
pancreatic enzyme release by administering oral enzyme sup- 
plements is not likely to produce complete suppression of secre- 
tion, and the magnitude of the effect on secretion could vary 
from patient to patient. The presence of this feedback control 
system, which can control pancreatic enzyme secretion, is well 
documented in humans without chronic pancreatitis as well as 
in some patients with chronic pancreatitis.7”? One marker of 
this disordered feedback system might be elevations in serum 
CCK in patients with chronic pancreatitis, particularly those 
with pain. Elevations in serum CCK are seen in only some 
patients with chronic pancreatitis. It is likely that this disor- 
dered feedback, as in all presumed causes of pain, is potentially 
only important in a subgroup of patients. 

Several small randomized, prospective, double-blind trials have 
attempted to delineate the effectiveness of orally administered pan- 
creatic enzymes to decrease pain in patients with chronic pancre- 
atitis. Two studies using enzymes in non-enteric-coated (tablet) 
form reported a benefit"! Four other studies using enteric- 
coated microsphere preparations showed no benefit.’ ™305 The 
difference between these studies may reflect patient selection but 
may also reflect the different choice of enzyme preparations (Table 
59.6). The feedback-sensitive part of the small bowel appears to be 
the most proximal portion, and enteric-coated preparations may 
not release the majority of their proteases until they reach the more 
distal small bowel. Non-enteric-coated enzymes might therefore 
be needed for adequate delivery of serine proteases to the duode- 
num. Analyses of these studies combing the 2 enzyme types con- 
cluded that enzymes do not reduce pain,°°3°” but the combined 
analysis methodology may not be appropriate in this instance given 
the proposed mechanism just discussed. Nonetheless, enzymes are 
used widely to treat pain in these patients.??* Because non-enteric- 
coated enzymes can be inactivated by gastric acid, the concomi- 
tant use of an agent to suppress gastric acid or neutralize acid is 
required. In the 2 studies that demonstrated effectiveness, patients 
with less advanced disease (without a dilated pancreatic duct, cal- 
cifications, and steatorrhea), women, and patients with idiopathic 
chronic pancreatitis had the best response. There is only one non- 
enteric coated preparation in the US. A dosage of approximately 
150,000 units of protease 4 times daily (2 tablets of Viokace 20,800 
4 times daily with meals and at night) is used. A trial of enzymes for 
pain is rarely successful in those with advanced chronic pancreati- 
tis with diffuse calcifications or a dilated pancreatic duct, although 
these patients often need enzyme replacement for pancreatic exo- 
crine insufficiency. 


Endoscopic Therapy (see Chapter 61) 


The primary goal of endoscopic therapy is to improve drainage 
of the pancreatic duct by relieving ductal obstruction. Endoscopic 
therapy is limited to a subgroup of patients with amenable pan- 
creatic ductal anatomy. These are generally patients with a dilated 
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pancreatic duct (> 5 mm) with a single or dominant stricture, or 
an obstructing stone, in the head of the pancreas, with dilation of 
the pancreatic duct upstream of the obstruction. It is important to 
remember, however, that some patients with pancreatic duct dila- 
tion have little or no clinical symptoms,!°* and that a dilated duct 
does not necessarily correlate with elevations in duct pressure. 
Strictures and calculi in the upstream body or tail of the gland 
are not generally amenable to endoscopic therapy as they are too 
far from the tip of the endoscope to allow therapy. Specific endo- 
scopic therapies that have been studied are pancreatic sphincter- 
otomy, stent placement, and stone extraction (sometimes coupled 
with lithotripsy). The individual contribution of each of these 
therapies is difficult to quantify because they are usually per- 
formed together. 


Pancreatic Duct Sphincterotomy 


Pancreatic duct sphincterotomy is required for larger-caliber pan- 
creatic stent placement and for pancreatic duct stone extraction. 


TABLE 59.6 Enzyme Products for the Treatment of Chronic Pancreatitis 


Product Formulation Lipase Content/Pill or 
Capsule (USP Units) 

Creon Enteric-coated porcine 8,000, 6,000, 12,000, 24,000, 
capsule 36,000 

Zenpep Enteric-coated porcine 8,000, 5,000, 10,000, 15,000, 
capsule 20,000, 25,000, 40,000 

Pancreaze Enteric-coated porcine 4,200, 10,500, 16,800, 
capsule 21,000 

Pertzye Enteric-coated porcine 4,000, 8,000, 16,000 
with bicarbonate 

Viokace Non-enteric coated porcine 10,440, 20,880 


tablet* 


*Non-enteric coated agents require co-treatment with a histamine-2 
receptor antagonist or proton pump inhibitor to avoid denaturation of 
enzymes by gastric acid. 

The total dosage of lipase per meal should be titrated based on 
response, but usually requires 40,000 to 90,000 units of lipase per 
meal and one half that amount with snacks. The dosage should be 
split equally during the meal. 
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This may be performed with a pull-type sphincterotome or 
with a needle-knife sphincterotome over a small-caliber pancre- 
atic duct stent.” Both techniques are used depending on local 
preferences. Major papilla pancreatic sphincterotomy alone as a 
therapy would be applicable only in patients in whom long-stand- 
ing cicatricial stenosis of the sphincter has produced obstructive 
chronic pancreatitis, a form of chronic pancreatitis that is exceed- 
ingly rare. There is no evidence to support sphincter of Oddi 
dysfunction as a cause or contributor to chronic pancreatitis, 0? 
and its contribution to acute relapsing pancreatitis remains con- 
troversial.’ 1011 There are no data to support the performance of 
sphincter of Oddi manometry and manometry-guided therapy in 
patients with chronic pancreatitis. Very rarely, patients with pan- 
creas divisum present with marked upstream dilation of the dorsal 
pancreatic duct and chronic pancreatitis. Sphincterotomy of the 
minor papilla over a stent in this setting may be useful, but minor 
papilla sphincterotomy for chronic pain in the absence of dor- 
sal pancreatic ductal dilation is ineffective. In addition, patients 
with symptomatic pancreatitis and pancreas divisum often have 
underlying genetic mutations that explain the pancreatitis, "123 
making the role and effect of endoscopic therapy even more dif- 
ficult to define. 


Stent Placement 

Stent placement in the pancreatic duct, discussed in detail in 
Chapter 61, is most often performed to dilate and bypass an 
obstructing stricture (Fig. 59.8). A number of retrospective case 
series of stent therapy from expert centers report endoscopic suc- 
cess (successful placement of the stent) in close to 90% and pain 
improvement in about one half to two thirds of patients.?!?->!4 
The high rates of endoscopic success reflect the high degree of 
expertise from these centers and the stringent patient selection, 
but successful endoscopic therapy may not lead to pain relief. In 
the largest multicenter report involving more than 1000 patients, 
57% of patients with a single dominant stricture in the head of 
the pancreas who underwent stenting had significant improve- 
ment in pain at a mean follow-up of 4.9 years, with an additional 
19% noting significant pain improvement but still requiring 
ongoing endoscopic therapy.*!? Complications of stent therapy 
occur in about 20% of patients, with a mortality rate of 0.6% 31- 
314 The most commonly reported complications are clogging of 
stents (producing recurrent pain, attacks of acute pancreatitis, or 
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Fig. 59.8 ERCP in a patient with chronic pancreatitis. A, A dilated pancreatic duct with a single dominant 
stricture in the head of the pancreas and upstream dilatation are seen. B, A stent has been placed across the 


stricture. 


pancreatic sepsis), inward stent migration (which may require 
surgical extraction), and ductal perforation. New stent-induced 
strictures of the pancreatic duct occur in these patients, but are 
generally not of clinical significance (unlike those who develop 
these strictures in a normal preexisting duct). 

One might assume that patients with pain relief after stent 
placement would be those with high pancreatic duct pressures 
and that stent therapy reduced this pressure. In one study that 
measured pain relief and pancreatic duct pressure after stent- 
ing, 3 of 9 patients with normal pressure at the end of the 
stenting period still had pain, whereas none of 4 patients with 
continued high pressure in the pancreatic duct still had pain.!® 
Pain improvement is similar whether pancreatic duct diameter 
(a surrogate marker for a decrease in pancreatic duct pres- 
sure) decreased or not after stenting, and pain relief may not 
be affected by occlusion of the stent.!° It does not seem that 
the response to stent therapy is predictable from measurements 
of intraductal pressure or by the initial duct diameter. The 
decision to remove the stents entirely is therefore most often 
based on symptoms, rather than changes in duct diameter of 
drainage. Even in expert centers, about 1 in 4 patients requires 
surgery for failure of endoscopic therapy.!°%?!?-3!4 Symptoms 
recur in one third to one half of patients after an initial clinical 
response. 


Pancreatic Duct Stone Removal 

The endoscopic removal of pancreatic duct stones can be diffi- 
cult and is possible in only a subset of patients. Multiple stones, 
large stones, stones in the body and tail of the gland, stones in 
side branches, impacted stones, or stones behind a tight pancre- 
atic duct stricture are generally not manageable with endoscopic 
techniques. The removal of large or impacted stones requires 
lithotripsy, using extracorporeal shock-wave lithotripsy (ESWL) 
primarily, or intraductal lithotripsy devices. There is no close 
correlation between the presence of pancreatic duct stones and 
pain, and many patients with pancreatic ductal stones have no 
pain. Most retrospective case series report success rates in care- 
fully selected patients in whom endoscopic stone extraction 
seems feasible. In an analysis of 27 published studies on ESWL 
encompassing 3189 patients, complete duct clearance ranged 
from 16% to 88%,°*!> with an average of about 71%. Partial duct 
clearance occurred in an additional 22%, and stones reformed 
in around 20% over follow-up.’!> Pain relief was measured with 
variable metrics in the studies analyzed, with 53% being pain- 
free at follow-up, 33% having improved but moderate pain at 
follow-up, and 10% having ongoing severe pain. The rate of 
symptom improvement is thus greater than the rate of complete 
stone clearance. In a randomized trial comparing ESWL alone 
to ESWL followed by endoscopic removal of stones, pain relief 
was similar in both groups.*!° In this trial, pain relapse during 2 
years of follow-up was 38% in the ESWL arm and 45% in the 
ESWL plus endoscopy arm. Treatment costs were 3 times higher 
in the ESWL plus endoscopy group. These data suggest that 
ESWL may be able to reduce the size of stones to the point that 
they are not obstructing, or that there is some other effect on 
pancreatic pain separate from the ability to fragment pancreatic 
stones. Some guidelines recommend ESWL alone as an appro- 
priate therapy for pancreatic ductal stones greater than 5 mm in 
patients with painful chronic pancreatitis.!°°’* Complications of 
lithotripsy are infrequent, occurring in less than 10%.*!> Devices 
now also exist to perform pancreatoscopy with small scopes, and 
perform lithotripsy under direct visualization. Limited data exist 
on the effectiveness of this approach.*!7 


Combined Endoscopic Therapy 

Although the endoscopic therapies just discussed were pre- 
sented as separate endoscopic techniques, a combination of these 
therapies is usually needed to manage patients with chronic 
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pancreatitis. These patients are those with amendable ductal 
anatomy, and hence represent only a subset of patients with 
chronic pancreatitis. In large case series, endoscopic therapy is 
successful in about two thirds of patients, using variable measures 
of pain relief.!56:285,313,314,318 There are small randomized trials 
comparing endoscopic with surgical therapy for chronic pancre- 
atitis with amenable ductal anatomy. One trial randomized 72 
patients to endoscopic therapy (pancreatic sphincterotomy, stent 
therapy, or stone removal) or surgical therapy (pancreatic duct 
drainage or pancreatic resection).’!? At 1 year of follow-up, rates 
of pain relief were similar. However, at 5 years of follow-up, par- 
tial pain relief or absence of pain was seen in 86% of the surgical 
group and 61% of the endoscopic group. In addition, the surgical 
group had gained more weight, and rates of diabetes were similar. 
This trial has been criticized in that the endoscopic therapy may 
have been less aggressive than optimal (some patients only under- 
went pancreatic duct sphincterotomy) and the surgical therapy 
was more aggressive than might be typical (80% underwent 
pancreatic resection), as well as for a number of methodological 
weaknesses. This trial used pseudo-randomization and was not 
analyzed on an intention to treat analysis. A second randomized 
trial compared a more aggressive endoscopic approach (includ- 
ing ESWL as needed) to a more routine surgical procedure (pan- 
creaticojejunostomy or modified Puestow operation).*?°>?! This 
trial was stopped early when only 39 patients were entered, due to 
better outcome in the surgical group. At a median follow-up of 2 
years, patients randomized to surgery had a lower pain score and 
better physical health on quality-of-life measurement. Complete 
or partial pain relief was seen in 32% of the endoscopic group and 
75% of the surgical group. At 5 years of follow-up 68% of the 
patients in the endoscopy group required additional endoscopic 
or surgical therapy for pain relief, compared to 5% in the sur- 
gery group?! with continued advantage in pain relief in the sur- 
gery group. Quality of life and residual pancreatic function were 
comparable between groups. These data suggest that surgical 
therapy is somewhat more effective and more durable than endo- 
scopic therapy,” although the numbers are quite small. This is 
a conclusion that should be discussed with patients who are con- 
sidering these options. Many patients will still choose endoscopic 
therapy out of a desire to avoid surgery. Only a subset of patients 
with chronic pancreatitis and specific ductal anatomy are candi- 
dates for endoscopic therapy, including a dilated pancreatic duct 
(usually >5 mm) and an obstructing stricture or stone in the head 
of the pancreas. The endoscopic treatment of complications such 
as bile duct strictures and pseudocysts is discussed latert and in 
Chapter 61. 


Surgical Therapy 


Surgical therapy in chronic pancreatitis is most commonly con- 
sidered for intractable abdominal pain for which medical therapy 
has failed. Other indications for surgery in these patients are 
complications involving adjacent organs or structures (duodenal, 
splenic venous, or biliary complications), failure of endoscopic or 
radiologic management for pseudocysts, internal pancreatic fistu- 
las, and exclusion of malignancy despite an extensive evaluation. 
Surgical options for pain are pancreatic ductal drainage, resection 
of all or part of the pancreas, and both. The choice of surgical 
procedure depends in large part on the ductal anatomy, presumed 
pathogenesis of pain, and associated complications as well as local 
surgical preferences and expertise.7°373-75 

Ductal drainage procedures are the least technically demand- 
ing and preserve the most pancreatic parenchyma. The rationale 
for these procedures is to relieve ductal obstruction and reduce 
pancreatic pressures, thereby relieving pain. Pancreatic ductal 
drainage procedures generally require dilation of the pancreatic 
duct to more than 5 mm, a diameter that allows relatively easy 
identification and anastomosis.**? This operation is considered 
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in patients with a dilated pancreatic duct but without an inflam- 
matory mass in the head of the pancreas. The most commonly 
performed procedure is the lateral pancreaticojejunostomy or 
Partington-Rochelle modification of the Puestow procedure. In 
this procedure the pancreatic duct is opened longitudinally and 
anastomosed to a defunctionalized limb of small bowel, which 
is connected with a Roux-en-Y anastomosis. This limb also can 
be used to decompress any coexisting pseudocysts. At the time 
of the operation, ductal strictures can be incised and stones can 
be readily removed as needed. The procedure also can be per- 
formed in the absence of a dilated pancreatic duct (normal duct 
Puestow procedure or “V-plasty”), but the efficacy for relieving 
pain is believed to be less.*?* The procedure can be performed 
laparoscopically. The operative mortality for a modified Puestow 
procedure is extremely low.*”? 

No randomized trials comparing a modified Puestow proce- 
dure with other surgical therapies have been conducted. Imme- 
diate pain relief is seen in approximately 3 quarters of carefully 
selected patients.*?>375 With long-term follow-up, about half 
continue to experience pain relief. The explanation for this 
decline in effectiveness is unknown but may reflect closure of 
the anastomosis, pain originating in the undrained segments of 
the head of the pancreas, or the development of other sources 
of pain (neural inflammation, central nervous system sensitiza- 
tion, duodenal or bile duct obstruction, etc.). There is thus a 
tradeoff between the simplicity and low risk of this procedure 
and the gradual deterioration of pain relief over time. Exocrine 
and endocrine functions are generally unaffected by this surgical 
procedure per se but appear to continue to deteriorate as in un- 
operated patients. 

In an attempt to overcome the modest early and substan- 
tial late failure rates of simple drainage procedures, approaches 
combining resection of the pancreas with drainage of the pan- 
creatic duct have been developed. These have focused particu- 
larly on the head of the pancreas because this is felt to be the 
pacemaker of the disease by many surgeons. A routine longitu- 
dinal pancreaticojejunostomy does not completely decompress 
the ducts in the head of the gland, the duct of Santorini, and 
the small ducts draining the uncinate process. Some patients 
may have an associated inflammatory mass of the head of the 
pancreas, making drainage of the pancreatic duct within the 
head of the pancreas more difficult. In addition, resection of the 
head of the pancreas may be necessary in patients with a large 
inflammatory mass of the head that compresses and obstructs 
the duodenum or the bile duct. Options to deal with these prob- 
lems include resection of the head of the pancreas (pancreati- 
coduodenectomy [Whipple operation], duodenum-preserving 
Whipple operation, or duodenum-preserving pancreatic head 
resections [DPPHR]) and combinations of ductal drainage with 
local resection of all or part of the pancreatic head.*”’ It should 
be noted that improved pain relief after these surgical proce- 
dures involving pancreatic resection may be partially explained 
by the denervation of visceral pancreatic afferent nerves dur- 
ing more extensive dissection rather than better drainage of the 
pancreatic ducts in the head of the pancreas. 

Whipple resection or duodenum-preserving Whipple resec- 
tion produces pain relief in 65% to 95% of patients.2°>?? Whip- 
ple operations are generally considered in patients with disease 
limited to the head of the pancreas, particularly those with a large 
inflammatory mass of the pancreas in whom malignancy is also 
being considered. Associated biliary or duodenal obstruction, 
seen more commonly in these patients with inflammatory masses 
of the head of the pancreas, can also be treated at the time of the 
resection. These operations have higher morbidity and mortality 
than simple ductal drainage operations. Although the mortality in 
high-volume centers is less than 3%, early postoperative compli- 
cations (primarily disruptions of normal motility and pancreatic 
duct leaks) can occur in up to half of cases. Surgical mortality is 


higher if the inflammatory mass occludes or compresses major 
arteries or veins. 

Several procedures have been developed to resect all or part of 
the head of the pancreas without the disruptions of GI physiology 
seen with traditional Whipple operations and to limit the amount 
of pancreatic tissue removed. The DPPHR, variant developed by 
Beger, is performed by resecting the pancreatic head but spar- 
ing the duodenum, and covering the site with a defunctional- 
ized Roux-en-Y jejunal limb to allow drainage of pancreatic and 
biliary secretions.**° Modifications of this procedure were subse- 
quently developed to avoid dissecting around the portal and supe- 
rior mesenteric veins (and the associated bleeding risk) and to 
limit the amount of pancreatic tissue (in particular islet cells) that 
is removed. In one modification, developed by Frey, less of the 
head of the pancreas is cored out, leaving the bile duct and peri- 
pancreatic vessels undisturbed.**” This approach is coupled with 
a longitudinal incision of the pancreatic duct in the body and tail 
of the pancreas and the overlaying of a long jejunal anastomosis 
covering both the opened duct and the cored-out head. A third 
operation, termed the Berne procedure, uses a pancreatic head 
resection without longitudinal duct incision, but leaves a narrow 
layer of pancreatic tissue against the duodenum and retropancre- 
atic vessels.*78 

There have been several randomized trials and meta-anal- 
yses comparing one of the Whipple operations with DPPHR 
(either the Frey or Beger procedure).??329:330 In short-term 
follow-up, these procedures appear to have equivalent efficacy 
in relieving pain, with more diabetes seen in those undergo- 
ing Whipple procedures. In long-term follow-up this advan- 
tage of a DPPHR may be lost. Randomized trials comparing 
the Beger with the Frey operations however show similar rates 
of postoperative complications, efficacy, and long-term qual- 
ity of life. Postoperative complications are more common than 
with a simple modified Puestow procedure, but both short- and 
long-term pain relief is superior. In the USA a limited number 
of surgeons are trained in these variations of DPPHR. Lapa- 
roscopic and robotic-assisted approaches are possible for most 
of these operative approaches for both benign and malignant 
pancreatic diseases.’>!332 The complications occurring after 
surgery for chronic pancreatitis vary with the operation cho- 
sen. They include pancreatic fistula, wound infection, delayed 
gastric emptying, intra-abdominal abscess, pancreatitis, cholan- 
gitis, and bile leak. 

The optimal timing of surgery is not known. In the past, sur- 
gery was considered a last option and considered when other 
therapy (medical and endoscopic) has failed to provide sufficient 
pain relief. Some analyses have suggested earlier surgery, before 
patients have developed hyperalgesia and/or opiate dependence, 
would be preferable.?3334 A randomized trial is in process to 
assess this.’ 

The surgical therapy of chronic pancreatitis may also involve 
some less commonly used operations. In some patients with dis- 
ease limited to the body and tail of the pancreas, typically after 
trauma to the pancreatic duct in the body of the pancreas with 
upstream obstructive chronic pancreatitis, resection of the body 
and tail may be considered. Total or near-total pancreatectomy 
with concomitant islet cell auto-transplantation is being per- 
formed more frequently. It is most commonly considered in 
patients with intractable pain and a non-dilated pancreatic duct. It 
is imperative that these patients are accurately diagnosed as having 
chronic pancreatitis, as they often do not have clear-cut imaging 
evidence of chronic pancreatitis prior to surgery.77°7>75?68 Islet 
cell auto-transplantation, if successful, can salvage sufficient islets 
to avoid diabetes. In practice, insulin independence is achieved in 
about 40% of patients, with pain relief in 80% of patients.?36337 
The risk of postoperative diabetes is dependent on the yield 
of islet cells at the time of the pancreatectomy. Islet yields are 
reduced in those patients with previous pancreatic surgery.?°°>?® 


Total pancreatectomy with islet cell autotransplantation is also 
used in pediatric pancreatitis (particularly genetic forms). At the 
current time, it remains mainly a salvage operation for patients 
with overwhelming pain, in whom other options have failed. 

In caring for patients who have undergone surgery for chronic 
pancreatitis, it is important to remember that exocrine insuffi- 
ciency and endocrine insufficiency can develop as a consequence 
of the surgery as well as the ongoing disease process. Exocrine 
insufficiency in particular may escape detection because symp- 
toms may be mild. Steatorrhea can develop in 30% to 40% of 
patients undergoing simple drainage procedures and in up to two 
thirds of those undergoing pancreatic resections.!?!33? The use 
of pancreatic enzyme supplements after pancreatic surgery leads 
to better absorption of nutrients and should be considered for 
most (or all) patients after surgery for chronic pancreatitis. The 
development of endocrine insufficiency (diabetes) after surgery 
for chronic pancreatitis is also common but not invariable, occur- 
ring as a consequence of pancreatic resection and progressive dis- 
ease. 


Nerve Blocks and Neurolysis 


The celiac plexus transmits visceral afferent impulses from the 
upper abdominal organs, including the pancreas. The greater, 
lesser, and least splanchnic nerves travel from the celiac plexus 
and then pass through the diaphragm to reach the spinal cord. 
Attempts to block the transmission of nociceptive stimuli have 
met with limited success. Celiac plexus block (usually using a 
combination of a glucocorticoid and a long-acting local anesthetic 
like bupivacaine) and celiac plexus neurolysis (using an injec- 
tion of absolute alcohol) can be administered by CT- or EUS- 
guided techniques, but EUS guidance is safer, more effective, and 
more long-lasting than that delivered under CT guidance.340-342 
Despite that advantage, EUS-guided celiac plexus block is used 
infrequently due to the unpredictable response and short-lived 
effect.’® Celiac plexus neurolysis has been used in pancreatic 
carcinoma, but is not recommended for patients with chronic 
pancreatitis. Current guidelines do not recommend celiac plexus 
block or neurolysis for painful chronic pancreatitis. !36707;285 

Interfering with nerve transmission through the splanchnic 
nerves might also block central perception of nociceptive inputs. 
This generally involves sectioning the greater splanchnic nerve 
on one or both sides. This can be performed through a thora- 
coscopic approach. Pain relief after thoracoscopic splanchnicec- 
tomy averages about 50% at 1 year and drops to 25% with longer 
follow-up.°*+34> The lack of response might be explained by 
the multiple spinal levels that receive input from the splanchnic 
nerves and the tremendous variation in the number of splanchnic 
roots, which makes complete neurotomy difficult. This therapy is 
rarely performed. 

Another approach to minimizing nociception focuses on the 
central nervous system and pain perception. This has included 
therapy with centrally acting agents like SSRIs and gabapen- 
tinoids as discussed above, but also spinal cord stimulation 
and trans-cranial magnetic stimulation of pain centers in the 
brain.!°°346347 These are novel approaches, but their overall 
effectiveness remains to be determined. 


Treatment of Pain 


There are a variety of approaches to managing pain. The first 
step is to make sure the diagnosis is correct, which may be chal- 
lenging in less-advanced chronic pancreatitis. It is prudent to 
assess for specifically treatable complications that might cause 
pain, such as gastric, duodenal, or biliary obstruction, pseudocyst, 
or secondary cancer.??:348 Before beginning therapy, it is helpful 
to quantify the severity, character, and temporal nature of pain, 
and the impact on quality of life. For most patients, an attempt at 
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medical therapy utilizing formal structured alcohol and smoking 
abstinence programs and low-potency analgesics should be tried 
first. The addition of pancreatic enzymes and antioxidants as part 
of medical therapy may be tried, although the data supporting 
their effectiveness in reducing pain is limited. In those with an 
inadequate response, more potent narcotic analgesics coupled 
with an adjunctive agent (SSRI or gabapentinoid) should be con- 
sidered. If this is ineffective, the next therapeutic decision hinges 
on whether the pancreatic duct is dilated greater than 5 mm. 
In those with a dilated pancreatic duct, endoscopic or surgical 
therapy should be considered. The choice of endoscopic or surgi- 
cal therapy, and the type of surgical therapy, depends on patient 
choice, available expertise, and pancreatic anatomy. In those 
with a non-dilated pancreatic duct, continued medical therapy is 
appropriate, with consideration of total pancreatectomy and islet 
cell autotransplantation only for very selected patients. 


Maldigestion and Steatorrhea 


Although patients with chronic pancreatitis may maldigest fat, 
protein, and carbohydrates, it is fat maldigestion that is the prin- 
cipal clinical problem. It has been estimated that 90,000 USP 
units of lipase delivered to the intestine with each meal should 
be sufficient to eliminate steatorrhea.!7°191:207 This corresponds 
to approximately 10% of the normal lower limit of pancreatic 
output of lipase. A number of factors limit the effectiveness of 
commercially available enzyme supplements. Pancreatic enzyme 
supplements vary in enzyme content. The lipase content of com- 
mercially available preparations ranges from 3000 to 40,000 USP 
units of lipase per pill or tablet. Five brand-name products are 
now available (see ‘Table 59.6), and generic forms of pancreatic 
enzymes are not available. 

Much of the lipase may not reach the small bowel in an active 
form, being denatured by gastric acid or destroyed by proteases. 
Most commercially available enteric-coated enzyme preparations 
use a microsphere size that is too big to empty from the stomach 
in synchrony with the food. These enteric-coated microspheres 
may also not release their enzyme contents until they reach the 
distal jejunum or ileum, too distal for efficient fat digestion and 
absorption. Finally, the enzyme preparations are of relatively low 
potency, so many pills or tablets must be taken with each meal 
and snack. This requirement can have a major negative influ- 
ence on compliance. Finally, these are costly agents and can cost 
patients up to $2000/monthly. These factors all interfere with the 
effective treatment of steatorrhea. Even in clinical studies, cor- 
rection of fat digestion to normal levels is uncommon.**? 

The goal of managing steatorrhea is to assure that at least 
90,000 USP units of lipase are present with each meal in the pran- 
dial and postprandial phase. It may not be necessary to administer 
that amount in every patient, as many patients still have some 
residual pancreatic secretion and because gastric lipase may par- 
tially compensate for the loss of pancreatic lipase.!®° A starting 
dose of 40,000 to 50,000 is common, with upward titration based 
on effect. Many patients are under-treated,!?!3°°3>? including 
those who are at highest risk after pancreatic surgery or resec- 
tion for chronic pancreatitis.**? If the non-enteric-coated prepa- 
ration is chosen, concomitant suppression of gastric acid with 
a histamine-2 receptor antagonist or proton pump inhibitor is 
necessary. The effectiveness of enzyme supplementation is gen- 
erally gauged by clinical parameters, including improvement in 
stool consistency, loss of visible fat in the stool, and gain in body 
weight. Performing a 72-hour fecal fat analysis before the start 
of and during therapy, to prove effectiveness, is rarely needed 
but can be considered in those who do not show the expected 
response. It is important to periodically evaluate for deficiencies 
of fat-soluble vitamins, particularly vitamin D, and to assess for 
the presence of osteopenia or osteoporosis with a bone mineral 
density test.!*?-!9!207,552 Appropriate enzyme therapy improves 
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nutritional status, body weight, quality of life, and, possibly, 
mortality.!? There are numerous dietary recommendations for 
chronic pancreatitis, usually using very low-fat diets. There is no 
evidence that these diets are less likely to cause pain than other 
diets, and very low-fat diets may lead to worsening fat-soluble 
vitamin deficiencies. A heart-healthy or Mediterranean diet is 
reasonable, with avoidance of foods which cause symptoms. 

There are several potential explanations for failure of enzyme 
therapy for steatorrhea. The most common is inadequate dose, 
often due to patient noncompliance with the number of pills, or 
the cost of pills, that must be taken. Changing to a more potent 
preparation to reduce the number of pills taken can be helpful. It 
is also important to make sure that acid suppression has been pre- 
scribed and is being used by patients on the non—enteric-coated 
preparation. The enteric-coated preparations are not typically 
co-administered with an agent to reduce gastric acid. In some 
patients, the enteric-coated preparations may release enzymes in 
the mid or distal small bowel and this delayed release may not 
be sufficient to effectively treat steatorrhea. Adding an agent to 
suppress gastric acid can force these enteric-coated preparations 
to open more proximally in the small intestine and improve fat 
digestion in some patients, and can be considered in those that 
are not responding to therapy. The enzymes should be taken 
spread out over the course of the meal.!?!>°? It is occasionally 
useful to change from one formulation to another (e.g., chang- 
ing from enteric-coated preparations to a combination of a non- 
enteric-coated preparation plus an agent to suppress acid) or to 
raise the dose higher than 90,000 USP units of lipase per meal, 
if the response is still not satisfactory. If all these measures fail 
to achieve the desired effect, it is appropriate to search for alter- 
native diagnoses that could also produce malabsorption, such as 
celiac disease, or SIBO which may be a particular problem in 
these patients.*°>°* The mechanism of SIBO in these patients 
is unknown but is likely related to abnormalities in small bowel 
motility (induced by the disease or by narcotic analgesics); the 
common use of proton pump inhibitor therapy, which facili- 
tates bacterial overgrowth in the stomach; previous pancreatic 
and intestinal surgery; and possibly a decrease in the bactericidal 
capacity of pancreatic juice. Finally, if all these measures fail, one 
can replace dietary fat with medium-chain triglycerides, which do 
not require lipolysis (and hence lipase) for absorption. 


Diabetes Mellitus 


Periodic monitoring for the development of diabetes is appro- 
priate in patients with chronic pancreatitis. A yearly fasting glu- 
cose level and hemoglobin AIC are appropriate.!**7°” Residual 
functional f-cell mass can be estimated by measuring C-peptide 
levels. Although many patients may have diabetes as a conse- 
quence of islet destruction, about half of the risk of diabetes in 
these patients are typical risk factors for Type 2 DM.?°5 Diabetes 
mellitus is an independent predictor of mortality in patients 
with chronic pancreatitis. Morbidity and mortality due to dia- 
betes mellitus may occur from progressive microangiopathic 
complications or from more dramatic complications, such as 
treatment-induced hypoglycemia (in those with inadequate glu- 
cagon reserve and particularly in those who are malnourished). 
193-196 Ketoacidosis is unusual. Some patients show response to 
the use of an oral hypoglycemic, such as a sulfonylurea, thia- 
zolidinedione, metformin, or other agents. Metformin is pre- 
ferred, as there is circumstantial evidence that it may lower 
the risk of secondary pancreatic carcinoma.!® Insulin is often 
needed, however, and patients with chronic pancreatitis tend to 
have lower insulin requirements than patients with type 1 dia- 
betes mellitus.!?°!°° Overvigorous attempts at tight control of 
blood glucose value may be associated with disastrous complica- 
tions of treatment-induced hypoglycemia.!’* Attempts at tight 
control of blood glucose value are indicated in one subgroup, 


however—patients with hyperlipidemic pancreatitis—in whom 
the diabetes is usually a primary illness and tight control of blood 
glucose makes control of serum lipids possible. In long-standing 
diabetes, appropriate monitoring for nephropathy, retinopathy, 
and neuropathy is indicated. 


COMPLICATIONS 
Pseudocyst 


Pseudocysts are fluid-filled and walled-off cavities contain- 
ing pancreatic fluid. They occur in about 25% of patients with 
chronic pancreatitis, and are most commonly seen in alcoholic 
chronic pancreatitis.*°°>°? The most common symptom associ- 
ated with a pseudocyst is abdominal pain, which occurs in the 
majority of symptomatic patients. Less common manifestations 
are a palpable mass, nausea and vomiting (due to compression 
of the stomach or duodenum), jaundice (due to compression of 
the bile duct), and bleeding. Some patients are asymptomatic. 
Elevations in serum lipase and amylase values are found in at least 
one half of patients, and a persistent elevation in serum lipase or 
amylase can be a clue to the presence of a pseudocyst. The diag- 
nosis of pseudocyst is generally made through imaging studies, 
including US, CT, MRI, and EUS. The advantages of CT and 
MRI in this setting are visualization of the capsule of the pseudo- 
cyst, which can be used to gauge the maturity of the collection, 
and determination of the relation of the pseudocyst to the stom- 
ach and duodenum, which can be useful in the choice of therapy. 
MRI can also give some additional information on the character 
of the contents of the collection, in particular whether it is mainly 
fluid or a mixture of fluid and solid material. Pseudocysts occur 
outside the pancreas and contain very little solid material.*°° This 
differentiates them from walled-off necrosis, containing fluid 
and solid material and replacing the normal pancreas. ERCP is 
not required for diagnostic purposes, although around 70% of 
pseudocysts communicate with the pancreatic duct.’*’°* ERCP 
is associated with an approximately 15% chance of infection of 
a previously uninfected pseudocyst, so this procedure should be 
undertaken only after antibiotics have been administered and 
therapy is imminent. 

The natural history of pseudocysts in chronic pancreatitis is 
not fully defined. Overall, complications of pseudocysts occur 
in 20% to 40% of cases. Complications include compression of 
large peripancreatic vessels, stomach, or duodenum; infection; 
hemorrhage; and development of a fistula. Many pseudocysts 
will remain without symptoms or complications. Unlike fluid 
collections and pseudocysts associated with acute pancreatitis, 
those occurring in a background of chronic pancreatitis resolve 
far less commonly. Despite that, treatment is not necessary in 
all patients. Patients who have minimal or no symptoms and no 
complications should be managed conservatively.**/>°°3°! Symp- 
tomatic or complicated pseudocysts require therapy. Pseudocysts 
occurring in the setting of chronic pancreatitis are generally 
mature at the time of their diagnosis (they have a visible capsule 
of granulation tissue surrounding them on CT or MRD), and a 
delay in therapy is not needed to allow the pseudocyst capsule 
to mature. 

Therapy for symptomatic, complicated, or rapidly enlarg- 
ing pseudocysts can be surgical, percutaneous, or endoscopic. 
Percutaneous tube drainage of pseudocysts is possible if a safe 
tract to the collection can be identified. Percutaneous drainage 
of pancreatic pseudocysts complicating chronic pancreatitis is 
discouraged owing to the widely held view that such cysts are 
frequently associated with ductal obstruction downstream from 
the fluid collection, making the risks of fistula formation along 
the tract and of pseudocyst recurrence or chronic fistula after 
removal of the tube unacceptably high. The long-term success 
of percutaneous drainage is still unknown but is certainly rela- 
tively low. Re-accumulation of the collection after tube removal 


is the rule. Complications, which occur in less than 10% to 15% 
of cases, include bleeding, infection of the cavity, and formation 
of a draining fistula along the tube tract. 

Endoscopic therapy of pseudocysts is possible if the fluid col- 
lection can be accessed through the papilla or through the wall 
of the stomach or duodenum. The route chosen depends on the 
location of the pseudocyst. Transpapillary drainage is possible 
for smaller pseudocysts in the head of the gland that commu- 
nicate with the pancreatic duct. All others that are amenable to 
endoscopic therapy are better managed with endoscopic cysto- 
gastrostomy or cystojejunostomy, depending on their location. 
Success rates of 80% to 90% are routinely reported.**!3°+ Many 
centers use endoscopic therapy as first-line therapy. The compli- 
cation rate is about 10%.°°!°°+ Most complications are related 
to transmural stent placement and include bleeding (which may 
occasionally be massive), perforation, and infection of previously 
uninfected collections. Using EUS to assess for large vessels 
between the gut lumen and the pseudocyst, and a direct EUS- 
guided puncture to avoid nearby vessels reduces complications. 
Antibiotic coverage and readily available surgical backup are 
essential if endoscopic therapy is undertaken. Typically, stents 
are left in place for several weeks, or longer, to allow the pseudo- 
cyst to decompress. Most, but not all pseudocysts are amenable 
to endoscopic therapy. The long-term success rate of endoscopic 
therapy is not well defined but appears to be as good as surgical 
techniques. 

Surgical therapy usually involves cyst decompression into a 
loop of small bowel or stomach, often coupled with a pancreatic 
ductal drainage procedure (e.g., modified Puestow procedure). 
Surgical therapy has a long-term success rate of around 90% 
and an operative mortality of less than 3%.*°> Although pseu- 
docysts recur after surgery in only about 10% of cases, pain may 
return in up to one half with long-term follow-up. This is true 
of all therapies for pseudocysts, in that pain from the underlying 
chronic pancreatitis may also occur in the absence of a pseudo- 
cyst. Surgical therapy is also necessary in patients who experience 
severe complications of less-invasive endoscopic or percutaneous 
treatments. Cystogastrostomy and cystojejunostomy can be per- 
formed with laparoscopic techniques.*°’ One small prospective 
randomized trial compared EUS-guided pseudocyst drainage 
to open surgical cystogastrostomy, and found no difference in 
pseudocyst recurrence and that endoscopic therapy was associ- 
ated with shorter hospital stays, better quality of life, and lower 
costs.*°° No studies have directly compared laparoscopic with 
endoscopic techniques.°°73°° 

It has been noted that failure of percutaneous drainage of pseu- 
docysts is often associated with a stricture of the pancreatic duct 
downstream (toward the duodenum) from the pseudocyst or a 
significant disruption of the duct. These features predict prompt 
recurrence after the tubes are removed. Endoscopic therapy is 
prone to a similar problem unless these anatomic problems are 
dealt with. MRCP can be used to identify patients with pancre- 
atic duct strictures or major disruptions who are at increased risk 
of recurrence. Although not a routine practice at all centers, per- 
formance of ERCP in association with (immediately before or 
after) EUS-guided pseudocyst drainage may be considered.>°*3°t 
The goal of the ERCP is to identify a pancreatic duct stricture 
or large duct disruption and treat this with a bridging stent. This 
might reduce the risk of pseudocyst recurrence after removal of 
the transenteric pseudocyst stents. In some patients in whom this 
is not possible, trans-enteric stents have been left in place indefi- 
nitely*®*-?° but the long-term safety of this approach is not known. 

Pseudocysts account for 90% of all cystic collections associated 
with the pancreas. Areas of walled-off pancreatic necrosis (in the 
setting of acute pancreatitis) can appear cystic on CT scans, but have 
a different therapeutic approach than a pseudocyst.>°? A number of 
other cystic collections can mimic the appearance of a pseudocyst, in 
particular cystic neoplasms (Box 59.3, and see Chapter 60). 
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BOX 59.3 Cystic Collections within the Pancreas 


Pseudocyst (70%-90%) 


Cystic neoplasms 
(10%-15%) 


Mucinous cystadenoma and 
cystadenocarcinoma 

Intraductal papillary mucinous 
neoplasm 

Serous cystadenoma 

Serous cystadenocarcinoma 

Solid pseudopapillary tumor 
Acinar cell cystadenocarcinoma 
Choriocarcinoma 

Teratoma 

Islet cell tumors with cystic 
degeneration 

Pancreatic ductal adenocarcinoma 
Polycystic disease of the pancreas 
(isolated or associated with polycystic 
disease of the kidneys) 

von Hippel-Lindau disease 

Simple true cyst 

Dermoid cyst 


True cysts (rare) 


Miscellaneous cystic 
lesions (very rare) 


Lymphoepithelial cyst 
Endometrial cyst 

Macrocyst associated with cystic 
fibrosis 

Retention cyst 

Parasitic cyst (Echinococcus 
granulosus or Taenia solium) 


GI Bleeding 


GI bleeding in the setting of chronic pancreatitis may develop 
from a variety of causes. Some are not related to chronic pancre- 
atitis, such as bleeding from a Mallory-Weiss tear, esophagitis, 
peptic ulcer disease, and varices from concomitant alcoholic cir- 
rhosis. Others occur as a direct result of the pancreatitis, most 
notably bleeding from a pancreatic pseudocyst, pseudoaneurysm, 
and portal or splenic vein thrombosis. 

Bleeding may occur from the wall of a pseudocyst. Bleed- 
ing occurs from small vessels (venous, capillary, or arteriole) in 
the wall, which can lead to expansion of the pseudocyst and fur- 
ther rupture of these small vessels.*°’ Blood may remain in the 
pseudocyst or may reach the gut via a spontaneous pseudocyst 
decompression into the GI lumen or into the pancreatic duct 
(hemosuccus pancreaticus).*”° Bleeding from small vessels in the 
wall of the pseudocyst is generally of low volume but is often 
associated with increased abdominal pain due to expansion of the 
pseudocyst. 


Pseudoaneurysm 


Pseudoaneurysms form as a consequence of enzymatic and pres- 
sure digestion of the muscular wall of an artery by a pseudocyst. 
The pseudoaneurysm may rupture either into the pseudocyst 
(converting the pseudocyst into a larger pseudoaneurysm) or 
directly into an adjacent viscus, peritoneal cavity, or pancreatic 
duct. Pseudoaneurysmal bleeding may complicate 5% to 10% 
of all cases of chronic pancreatitis with pseudocysts, although 
pseudoaneurysms may be seen in up to 21% of patients 
with chronic pancreatitis undergoing angiography.*°?37137 
Pseudoaneurysms are also seen after pancreatic surgery. Many 
visceral arteries may be involved, the splenic artery being most 
common, followed by gastroduodenal or pancreaticoduodenal 
arteries. Once bleeding occurs, the mortality is at least 40% 
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being related both to the severity of the blood loss and to the 
presence of coexisting conditions. Although death from a pseu- 
docyst is rare, more than half the overall mortality of pseudo- 
cysts is due to hemorrhage. 

Bleeding from a pseudoaneurysm may be slow and intermit- 
tent or acute and massive. Common presentations are abdomi- 
nal pain (due to the enlargement of the pseudocyst), unexplained 
anemia, and overt GI bleeding (if the blood can reach the gut 
lumen through the pseudocyst or through the pancreatic duct). In 
many cases, an initial self-limited bleed occurs (so-called sentinel 
bleed), followed hours or days later by a massive exsanguinating 
hemorrhage. The initial self-limited nature of the bleed may be 
due to transient tamponade of the bleeding within the confines 
of the pseudocyst. The presence of unexplained blood loss or any 
amount of GI bleeding in a patient with pancreatitis or a known 
pseudocyst should immediately raise the possibility of a pseudoa- 
neurysm. Ifa pseudoaneurysm is suspected in the setting of upper 
GI blood loss, an urgent upper endoscopy should be undertaken. 
If no obvious bleeding site is seen, pseudoaneurysm formation 
should be considered. Rarely, blood may be seen issuing from the 
ampulla (hemosuccus pancreaticus), but the absence of this find- 
ing does not rule out pseudoaneurysm. 

The next step in the evaluation should be an emergency CT 
scan with intravenous contrast. The finding of high-density 
material within a pseudocyst on the initial noncontrast images 
is highly suggestive of a pseudoaneurysm, as is a circular opaci- 
fying structure within the low-attenuation pseudocyst after the 
intravenous administration of contrast agent (Fig. 59.9). It is 
prudent to avoid oral administration of a contrast agent so that 
it will not interfere with angiography if required. In most cen- 
ters, such a CT finding is followed immediately by angiography 
to define and embolize the pseudoaneurysm. Once a pseudoa- 
neurysm has been identified, it should be treated whether or 
not it has caused bleeding. Angiographic embolization or stent- 
graft placement has largely replaced primary surgery’’!3/ 
which is reserved for cases in which these therapies have failed. 


Variceal Bleeding From Splenic Vein Thrombosis 


Variceal bleeding may complicate chronic pancreatitis because of 
either associated alcoholic cirrhosis or thrombosis of the splenic 
(and, less commonly, portal) vein. Thrombosis of the splenic vein 
is most common and produces a segmental or left-sided portal 
hypertension.’ Decompression of splenic venous outflow occurs 
through the short gastric veins to the coronary vein, producing 
prominent variceal channels in the gastric cardia and fundus. 
Depending on the venous anatomy, esophageal varices may also 
be produced, although they are generally smaller than the gastric 
varices. The natural history of gastric varices in this setting is not 
known, but the overall risk of bleeding is less than with esopha- 
geal varices due to cirrhosis.*° The risk of gastric variceal bleed- 
ing is around 10% or less.’ Therapy is therefore not required 
in the absence of bleeding. Should bleeding occur, splenectomy 
is curative. Endoscopic control of bleeding is possible with gastric 
varices, utilizing cyanoacrylate injection or other techniques. 


Bile Duct Obstruction 


The distal bile duct is enclosed within the posterior portion of 
the head of the pancreas. Inflammatory and fibrotic conditions 
of the head of the pancreas, as well as cancer or a pseudocyst in 
this location, can compress this intrapancreatic bile duct, lead- 
ing to abnormal liver chemistry values, jaundice, biliary pain, or 
cholangitis. Symptomatic bile duct obstruction occurs in about 
10% of patients. The ductal stricture can be suspected from cho- 
lestatic liver chemistry values, CT or US findings of biliary ductal 
dilation, or both. ERCP characteristically demonstrates a long 
tapered stenosis of the distal bile duct (Fig. 59.10). 


Fig. 59.9 CT scan demonstrating a pseudocyst containing a pseu- 
doaneurysm (arrow) that is opacified following intravenous injection of 
contrast agent. 


Fig. 59.10 A retrograde cholangiogram showing a smooth stricture of 
the bile duct (arrows) as it passes through the head of the pancreas in 
a patient with chronic pancreatitis. 


The occurrence of cholangitis is an absolute indication for 
therapy. The presence of abnormal liver chemistry values or 
jaundice is not so straightforward because those most affected 
are alcoholic patients, and alcoholic (and other intrinsic) liver 
disease can also produce substantial abnormalities in liver chem- 
istry values. The clinical, biochemical, and even radiologic 
features are not always sufficient to distinguish biliary stenosis 
from intrinsic liver disease.*’* Liver biopsy may be necessary to 
determine the choice of therapy. An asymptomatic stenosis of 
the intrapancreatic bile duct, in the absence of symptoms, jaun- 
dice, or progressive abnormalities in liver chemistry values, can 
often be followed conservatively. If there is a concern about the 
development of secondary biliary cirrhosis, a liver biopsy should 
be performed. In patients with jaundice or biliary pain, in the 
absence of alternative explanations (i.e., intrinsic liver disease), 
therapy should be undertaken. Definitive therapy of bile duct 
obstruction usually involves surgical biliary bypass with cho- 
ledochojejunostomy or choledochoduodenostomy. Many of 
these patients may have a large inflammatory mass of the head 


of the pancreas and undergo concomitant resection (Whipple 
operation or duodenum preserving pancreatic head resection). 
One study suggested that hepatic fibrosis due to chronic bili- 
ary obstruction may actually decrease after successful surgical 
decompression.*’> Although endoscopic plastic stent therapy for 
biliary obstruction due to chronic pancreatitis is generally tem- 
porarily effective (see Chapter 61), the long-term success is rela- 
tively low.’”° Placement of one or more plastic stents to treat bile 
obstruction is relatively simple, but the long-term management 
is complicated by the need for multiple stent exchanges over 
many months to years, and stent migration and obstruction are 
common. Long-term endoscopic stent therapy usually requires 
the use of either multiple plastic stents, or a fully-coated metal 
stent, with treatment times of 6 to 12 months.’”’’° Long-term 
response is far less than surgical biliary bypass. The development 
of a bile duct stenosis in a patient with chronic pancreatitis may 
also signal the development of a pancreatic malignancy.!!° EUS 
is useful in this setting to attempt to differentiate benign from 
malignant strictures. 


Duodenal Obstruction 


Approximately 5% of patients with chronic pancreatitis experi- 
ence symptomatic duodenal stenosis. Fibrosis in the head of 
the pancreas, often associated with an inflammatory mass, is 
the most common explanation. Pancreatic malignancy superim- 
posed on chronic pancreatitis can present in the same manner.!!° 
Symptoms of duodenal obstruction include nausea, vomiting, 
weight loss, and abdominal pain. Coexistent obstruction of the 
bile duct may occur. The diagnosis is best made with CT using 
oral contrast or an upper GI barium study, because the extent of 
duodenal stenosis is often underestimated at the time of endos- 
copy. Because the degree of stenosis may improve with resolution 
of some of the inflammation, a trial of conservative therapy may 
be worthwhile. Surgical therapy is required for those in whom 
conservative management fails. The simplest approach is a bypass 
with a gastrojejunostomy, which may be performed with lapa- 
roscopic techniques. This may be coupled with drainage of the 
bile duct and/or pancreatic duct (lateral pancreaticojejunostomy). 
Resection of the head of the pancreas with a duodenum preserv- 
ing pancreatic head resection or Whipple procedure may also be 
considered in select patients with a large inflammatory mass of 
the head of the pancreas,*?*3> or in those in whom malignancy 
is also being considered. 


Pancreatic Fistulas 
External Fistulas 


External pancreatic fistulas occur most commonly as a conse- 
quence of surgical or percutaneous therapy for chronic pancre- 
atitis or pseudocyst.*/?38° It has been estimated that perhaps 
half of such fistulas heal with complete bowel rest and paren- 
teral hyperalimentation. The most common complications are 
abscess and bleeding. There is some evidence that the addi- 
tion of octreotide, in a dosage of 100 ug subcutaneously every 
8 hours, can hasten closure of such fistulas. Successful medi- 
cal treatment, even with octreotide, can take many weeks. The 
placement of an endoscopic stent across the site of ductal dis- 
ruption is effective at closing the fistula rapidly. Up to 75% of 
pancreaticocutaneous fistulas may be effectively treated with 
endoscopic techniques,*’?**° although this approach may need 
to be coupled with percutaneous drainage of intra-abdominal 
fluid collections. In patients in whom endoscopic therapy fails or 
cannot be performed, surgical treatment can involve pancreatic 
resection (if the fistula is in the tail) or a fistulojejunostomy, in 
which the fistula tract is “capped” with a defunctionalized limb 
of jejunum.3”? 
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Internal Fistulas 


Internal pancreatic fistulas occur mainly in the setting of chronic 
pancreatitis after rupture of a pseudocyst or after pancreatic 
trauma. The fluid may track to the peritoneal cavity (pancreatic 
ascites) or into the pleural space (pancreatic pleural effusion) or 
rarely to an adjacent hollow organ (stomach or duodenum or 
colon). The site and track of the fistula can usually be appreciated 
on MRCP. Affected patients may not complain of symptoms of 
chronic pancreatitis but may instead note abdominal distention 
or shortness of breath, depending on the site of fluid accumula- 
tion. Although such fistulas occur in advanced chronic pancre- 
atitis there may not be a clear-cut history of recent symptomatic 
pancreatitis. The diagnosis can be established through documen- 
tation of high levels of amylase within the respective fluid, typi- 
cally more than 4000 U/L. 

Conservative treatment, consisting of complete bowel rest, 
parenteral hyperalimentation, paracentesis or thoracentesis, 
and octreotide, is effective in some internal pancreatic fis- 
tulas.*’? If the leak is in the body or head of the pancreas, 
a pancreatic duct stent covering the fistula site is highly 
effective. In some cases, merely bridging the ampulla with a 
short pancreatic duct stent may be enough to heal the fistula. 
Endoscopic therapy is less effective but still worthwhile if the 
leak is from the tail, but is ineffective if the leak is present 
upstream from a complete blockage of the pancreatic duct 
(excluded pancreatic tail syndrome). In this situation, resec- 
tion or surgical drainage of the distal pancreas is required, 
and MRCP is used preoperatively to delineate the ductal 
anatomy for surgical planning. 


Malignancy 


The risk of pancreatic cancer is higher with all forms of chronic 
pancreatitis (see Chapter 60). The lifetime risk for pancreatic 
cancer in patients with chronic pancreatitis is about 4%, with an 
estimated relative risk of 13.'+313238! The risk of pancreatic can- 
cer is highest in patients with hereditary pancreatitis, those who 
smoke, and those who have coexistent diabetes. !4:!97381-38+ 

At present, there is no completely reliable way to differentiate 
chronic pancreatitis alone from chronic pancreatitis complicated 
by adenocarcinoma.!'!° The symptoms and signs may be similar 
(abdominal pain, weight loss, jaundice). In the absence of wide- 
spread metastases, imaging studies such as CT, US, and even ERCP 
may be unable to establish the diagnosis. EUS is most accurate, 
but finding a small hypoechoic tumor within a diseased gland with 
preexisting altered echotexture can be difficult. However, EUS is 
superior to CT for detection of coexistent malignancy particularly 
when the lesion is small. EUS also has the substantial advantage of 
allowing directed tissue biopsy of any suspicions lesions. 

Tumor markers may be helpful in attempting to differenti- 
ate chronic pancreatitis from cancer. CA 19-9, the tumor marker 
most commonly used for pancreatic adenocarcinoma, is elevated 
in the serum in 70% to 80% of patients with adenocarcinoma of 
the pancreas.** Biliary obstruction and cholangitis can also raise 
CA 19-9 levels. The use of any of these techniques for surveil- 
lance is not cost-effective in the general population of patients 
with chronic pancreatitis, although they may be useful in families 
with hereditary pancreatic cancer and hereditary pancreatitis. In 
some patients, laparoscopy or laparotomy is required to deter- 
mine the presence or absence of coexistent pancreatic carcinoma. 
In those with a benign pseudotumor who undergo resection to 
rule out malignancy, a variant of autoimmune chronic pancreati- 
tis is often found.>*:!!0 

Extra-pancreatic cancers are also increased in patients with 
chronic pancreatitis, These cancers, particularly those of the 
upper digestive tract and lungs, are probably related to the effect 
of concomitant tobacco use. !4-17:3 1,32 
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Dysmotility 


Gastroparesis and antroduodenal dysmotility are seen in patients 
with chronic pancreatitis,>*°>*’ as a consequence of perigas- 
tric inflammation, hormonal changes associated with chronic 
pancreatitis (e.g., increases in plasma CCK), pancreatic sur- 
gery with reconstruction, or a side effect of narcotic analgesics. 
Gastroparesis is clinically important because it may produce 


symptoms occasionally indistinguishable from those of the dis- 
ease and may interfere with the effective delivery of pancreatic 
enzymes.°*’ Gastroparesis should be considered in patients with 
early satiety, nausea, vomiting, and weight loss. 


Full references for this chapter can be found on www.expertconsult.com. 
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The most common malignancy arising from the pancreas is a 
ductal adenocarcinoma.! Pancreatic adenocarcinoma is a highly 
lethal malignancy representing 3% of all cancer cases in the USA 
but representing 7% of all cancer deaths. There were approxi- 
mately 53,760 new cases with 43,090 deaths expected in 2017.7 
Despite its relatively low incidence compared with other malig- 
nancies, it represents the 4th leading cause of cancer death in men 
and women and is expected to become the 2nd leading cause of 
cancer death by 2030.! The 5-year survival rate for newly diag- 
nosed pancreatic adenocarcinoma remains 8%.*> Numerous fac- 
tors have made the usual strategies of early detection and better 
treatment options an ongoing challenge. 


Epidemiology 
Incidence 


In the period between 2003 and 2014, the incidence rate of pancre- 
atic cancer (PC) remained stable in the USA, with a slight elevation 
in the white population.* PC is a disease of aging, with the median 
age at diagnosis of 71 years, with many cases diagnosed before the 
age of 65. It is rarely seen before the age of 45, with its incidence 
rising sharply after the age of 50. There is a slight male predomi- 
nance with a higher incidence in blacks compared to whites.* 


Populations at Risk 


There are a number of risk factors associated with the develop- 
ment of PC. Certain risk factors are immutable: advanced age, 


*Lalan Wilfong contributed to a previous version of this chapter. 
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male gender, African American race and family history, whereas 
other risk factors are accrued over time or are environmental 
(obesity, smoking, alcohol use, chronic pancreatitis). The vast 
majority of PCs are sporadic in nature. Approximately 5% to 
10% of cases are associated with familial PC syndromes, defined 
as those with 2 or more first-degree family members with PC. 
Patients with a familial PC syndrome tend to be younger at diag- 
nosis (median age 64 to 65 years). Table 60.1 summarizes some 
of the genetic syndromes associated with an increased risk of PC. 

Increased risk of PC has been associated with a number of inher- 
ited gene mutations: BRCA2, CDKN2A, ATM, mismatch repair 
enzyme instability as present in Lynch syndrome, PALB2, STK11, 
PRSS1, and SPINK2. CDKN2A and BRCA?2 are the most prominent 
inherited gene mutations associated with inherited PC, with BRCA2 
mutations representing the most common gene mutation.**° 

Familial atypical multiple mole melanoma (FAMMM) is an auto- 
somal dominant condition defined by a mutation of tumor suppres- 
sor gene CDKN2A. Normally, CDNKN2A encodes the p16 protein 
preventing phosphorylation and activation of the retinoblastoma 
gene. Patients with FAMMM are at risk for melanoma and PC.’ 

Hereditary pancreatitis (see Chapter 57), commonly caused by 
an autosomal dominant mutation in the PRSS gene, is associated 
with a near 50% incidence of PC by age 74.° Patients with other, 
non-hereditary forms of chronic pancreatitis also have a higher 
likelihood of developing PC. Smoking and alcohol use are risk 
factors that may synergize with chronic pancreatitis to influence 
tumor development.’ Individuals with Peutz-Jeghers syndrome 
with STKI1 gene mutations, discussed in Chapter 126, have a 
cumulative risk of PC by age 65 to 70 of 11% to 36%.!° 

Screening for PC has represented a difficult proposition owing 
to the low incidence of disease, cost and expertise necessary for 
imaging, and relatively low sensitivity of imaging modalities. The 
most efficient mechanism to increase the positive predictive value 
of screening would be to identify high-risk populations. Currently, 
family history and the presence of defined gene mutations represent 
the most effective mechanisms to identify high-risk populations.!! 
The number of first-degree relatives (FDRs) with PC strongly 
influences an individual’s cancer risk. The risk of PC is increased 
6.4-fold with 2 affected FDRs and 32-fold with 3 FDRs.!” 

The 2013 International Cancer of the Pancreas Screening 
(CAPS) consortium has agreed that individuals with 3 or more 
blood relatives with PC, with at least 1 affected FDR, should be 
considered for screening. Those with at least 2 affected FDRs 
should also be considered for screening. Individuals with 2 
affected blood relatives with PC, with at least 1 FDR, can be 
considered for screening. Patients with specific mutations should 
be considered for screening: Peutz-Jeghers regardless of family 
history and BRCA2/PALB2/p16/ patients with Lynch syndrome 
who have an FDR with PC should be considered for screening. 
Agreed-upon screening modalities include MRI/MRCP and 
EUS." There is no consensus age to initiate screening, although 
the AGA suggests screening begins at the age of 35 in patients 
with hereditary pancreatitis or 10 years before the age of the 
index case in the setting of familial PC.!* 
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TABLE 60.1 Historical Features and Genetic Syndromes Associated with an Increased Risk of Pancreatic Cancer 


History Mutated Gene Relative Risk Individual Risk by Age 70 
None None 1 0.5% 
Breast cancer BRCA2 3.5-10 5% 
BRCA1 2 1% 
FAMMM syndrome TP16 (CDKN2A) 20-34 10%-17% 
23 FDRs with PC Unknown 32 16% 
Hereditary pancreatitis PRSS1 50-80 25%-40% 
Peutz-Jeghers syndrome STK11/LKB1 132 30%-60% 
HNPCC syndrome MLH1, MSH2, others Unknown <5% 
Young age-onset PC FANC-C, FANC-G, others Unknown Unknown 
Family X Palladin Unknown Unknown 


FAMMM, familial atypical multiple mole melanoma; FDRs, first-degree relatives; HNPCC, hereditary nonpolyposis colorectal cancer; X, a single family in 


which familial pancreatic cancer was studied. 


Modified from Hruban R, Pitman M, Klimstra D. Ductal adenocarcinoma. AFIP atlas of tumor pathology. Tumors of the pancreas. Washington, D.C.: Ameri- 


can Registry of Pathology; 2007. pp 111-64. 
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Fig. 60.1 Distribution of positive findings on initial cross-sectional pan- 
creatic imaging in asymptomatic, at-risk relatives of patients with pan- 
creatic cancer over age 35. Six relatives underwent surgical resection; 
two had IPMN, two had carcinoma in situ (PanIN 2 in one and PanIN 

3 in another), one had a T3NO PC, and one had a serous cystic neo- 
plasm. /PMN, intrataductal papillary mucinous tumor; PaNin, pancreatic 
intraepithelial neoplasia; PD, pancreatic duct. (Modified from Ludwig E, 
Olson SH, Bayuga S, et al. Feasibility and yield of screening in relatives 
from familial PC families. Am J Gastroenterol 2011; 106:946-54.) 


One registry of 309 asymptomatic at-risk relatives over age 
35 offered participants MRCP followed by EUS if lesions were 
found. Out of the 109 relatives who had completed at least initial 
screening, 9 had a significant abnormality by EUS confirmation, 
with an overall diagnostic yield of 8.3% in at-risk relatives (Fig. 
60.1).!5 A different strategy used mRNA biomarkers in saliva to 
identify specific profiles of molecular changes. A logistic regres- 
sion model using a combination of 4 mRNA biomarkers could 
differentiate resectable PC from non-cancer with 90% sensitivity 
and 95% specificity.!° 


Environmental Factors 


The most significant environmental factor in PC, and possibly 
the only one that has been firmly established, is cigarette smok- 
ing. Meta-analysis data have demonstrated a 1.7 relative risk (RR) 
for smokers. The risk for PC remains elevated for up to 10 years 
after cessation of smoking. The risk seems to be dose dependent, 
with risk rising with every 5 cigarettes smoked daily.!’ Smoking is 
likely a contributing cause in 20% to 25% of all PCs.!® 


Obesity has been associated with an increased incidence of PC. 
The 2012 World Cancer Research Fund Panel directly linked 
increased body mass, abdominal girth and abdominal weight to 
PC.!° There is a consistent increase in risk of PC with an increase 
in BMI.?° 

Dietary constituents appear to have less influence as an envi- 
ronmental risk factor for PC than was initially found on popula- 
tion studies. There is some evidence that a high intake of red or 
processed meat may slightly increase the risk of development of 
PC.?! A protective effect of dietary folate has not been supported 
by recent analysis.” There is limited evidence from case-control 
studies supporting a protective effect of fruit and vegetable con- 
sumption on PC.73.7+ 

Diabetes mellitus is associated with an increased risk of PC.?° 
Longstanding diabetes, greater than 10 years, has been associated 
with an increased risk of PC. Cohort analysis has demonstrated an 
8-fold increased risk of PC versus age-matched patients without 
diabetes mellitus.’ One fourth of patients are diabetic at the time 
of diagnosis, with another 40% experiencing prediabetic glucose 
elevations.” The causal relationship between diabetes and tumor 
induction is not known. Loss of islet cell mass to a small tumor 
burden should not be sufficient to cause endocrine insufficiency in 
most patients with PC, and glucose tolerance sometimes improves 
in patients who have undergone tumor resection.’ GLP-1 mimetic 
drugs (e.g., exenatide) and inhibitors of GLP-1 metabolism (DPP4 
inhibitors, e.g., sitagliptin) used in type 2 diabetes mellitus (see 
Chapter 4), have been associated with a nearly 3-fold increased risk 
of PC, unlike other classes of oral antidiabetic agents.”? 


Pathology 


As reviewed in Chapter 55, different epithelial cell types are 
found in the normal pancreas: (1) acinar cells, which account for 
approximately 80% of the gland volume; (2) ductal cells, com- 
prising 10% to 15%; and (3) endocrine (islet) cells, compris- 
ing approximately 1% to 2%. More than 95% of the malignant 
neoplasms of the pancreas arise from the exocrine elements of 
the gland (ductal and acinar cells) and demonstrate features con- 
sistent with adenocarcinoma. Endocrine neoplasms account for 
only 1% to 2% of pancreatic tumors and are discussed in Chapter 
34. Nonepithelial pancreatic malignancies are exceedingly rare.*° 

The recent sequencing of the PC genome will eventually 
allow an integrated histologic-molecular classification system to 
emerge. The WHO classification of pancreatic exocrine tumors 
remains in wide use (Box 60.1).>! 
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BOX 60.1 WHO Classification of Primary Tumors of the 
Exocrine Pancreas 


Benign 

i. Serous cystadenoma 

ii. Mucinous cystadenoma 

iii. Intraductal papillary mucinous adenoma 

iv. Mature cystic teratoma 

Borderline (uncertain malignant potential) 

i. Mucinous cystic tumor with moderate dysplasia 

ii. Intraductal papillary mucinous tumor with moderate 
dysplasia 

iii. Solid pseudopapillary tumor 

. Malignant 

i. Ductal adenocarcinoma 
Osteoclast-like giant cell tumor 

iii. Serous cystadenocarcinoma 

iv. Mucinous cystadenocarcinoma (noninvasive or invasive) 
Intraductal papillary mucinous carcinoma (noninvasive or 
invasive) 

i. Acinar cell carcinoma 
ii. Pancreatoblastoma 
. Solid pseudopapillary carcinoma 
ix. Miscellaneous carcinomas 


Data from Hruban R, Pitman M, Klimstra D. Ductal adenocarcinoma. AFIP 
atlas of tumor pathology. Tumors of the pancreas. Washington, D.C.: 
American Registry of Pathology; 2007. pp 111-64. 


Ductal adenocarcinoma accounts for 85% to 90% of pancre- 
atic tumors.*°! Autopsy series have shown that 60% to 70% of 
these tumors are located in the head of the gland, 5% to 10% 
in the body, and 10% to 15% in the tail. On gross examination, 
these tumors appear as firm masses with poorly defined margins 
blending into the surrounding pancreatic and peri-pancreatic tis- 
sue. The average size of carcinomas in the head of the pancreas 
is 2.5 to 3.5 cm, compared with 5 to 7 cm for tumors in the body 
or tail. Differences in tumor size at presentation are related to the 
earlier development of symptoms and signs in proximal tumors 
than in distal neoplasms. 

Tumors in the head of the gland often obstruct the dis- 
tal bile duct and pancreatic duct. Ductal obstruction of these 
structures results in jaundice and symptoms of chronic pan- 
creatitis, respectively. Pancreatic pathologic changes observed 
include duct dilatation and fibrous atrophy of the pancreatic 
parenchyma. Some tumors can involve the ampulla of Vater or 
duodenum. Extrapancreatic extension into the retroperitoneal 
tissues is almost always present at the time of diagnosis and can 
result in invasion of the portal vein or the superior mesenteric 
vessels and nerves. Neoplasms of the tail of the pancreas are not 
associated with biliary or pancreatic duct obstruction. Extrapan- 
creatic extension in distal tumors causes invasion of the spleen, 
stomach, splenic flexure of the colon, or left adrenal gland. In 
patients with advanced disease, metastases to the lymph nodes, 
liver, and peritoneum are common; the lung, pleura, and bone 
are less commonly involved.** 

Microscopically, ductal adenocarcinomas are graded as 
well, moderately, or poorly differentiated.*? Well-differen- 
tiated tumors show irregular tubular neoplastic glands with 
mild cellular atypia, low mitotic activity, and significant 
mucin production. Loss of differentiation results from lack 
of cellular arrangement into glandular structures, increases 
in cellular atypia and mitotic activity, and cessation of mucin 
production. Several studies using multivariate analysis have 
demonstrated that histologic grading correlates with survival 
after resection.*? 


TABLE 60.2 Commonly Affected Signaling Pathways and the Most 
Commonly Affected Genes from These Pathways in Pancreatic Cancer 
Signaling Pathway Affected Gene(s) (Chromosomal Region) 
TP53 (17p) 

TP53 (17p) 


CDKN2A/p16 (9p) 
CCND1 (11413) 


Apoptosis 
DNA damage repair 
G1/S phase transition 


Cell-cell adhesion 


Regulation of invasion CDH (16q22 ) 
Integrin signaling 
Homophilic cell 


adhesion 


Embryonic signaling - 
Notch pathway 

Hedgehog pathway 

Wnt pathway 


MAPK signaling K-ras2 (12p) 
c-Jun N-terminal kinase SMAD4/DPC4 (18q) 
ERK 
TGF-B signaling 


Adapted from Ottenhof N, de Wilde R, Maitra A, et al. Molecular char- 
acteristics of pancreatic ductal adenocarcinoma. Pathol Res Int 2011; 
2011:620601. 


Ductal adenocarcinomas elicit a strong desmoplastic reac- 
tion that is responsible for their hard consistency on gross 
inspection. In contrast with chronic pancreatitis, intraductal 
calcifications are only rarely found. Pancreatic ducts outside 
the area of neoplasia may demonstrate papillary hyperplasia 
or mucinous cell hypertrophy. The significance of these find- 
ings is unknown. Microscopic extension of tumor is often evi- 
dent in lymphatic channels and perineural spaces. Metastasis 
of tumors in the head of the pancreas to first-echelon lymph 
nodes in the pancreaticoduodenal basin is common. Celiac and 
para-aortic lymph node involvement can be observed in locally 
advanced disease. 

Several immunohistochemical markers have diagnostic useful- 
ness in mucin-producing tumors, including pancreatic adenocar- 
cinoma. Among the better-known markers are MUC1, MUC3, 
MUC4, CEA, CA 19-9, DuPan 2, and CA 125° These mark- 
ers are unable to differentiate between tumors of pancreatic and 
extrapancreatic origins, limiting their usefulness in the evaluation 
of liver metastases of unknown primary; however, they are partic- 
ularly useful in separating neoplastic from non-neoplastic ductal 
changes and in distinguishing ductal from acinar or neuroendo- 
crine tumors. Cytokeratins are other useful markers in differen- 
tiating between acinar, ductal, and islet cell tumors. Although all 
ductal adenocarcinomas stain for cytokeratins 7, 8, 18, and 19, 
most acinar and neuroendocrine tumors do not stain for cyto- 
keratin 7.°° 


Molecular Pathology and Genetic Alterations 


Pancreatic tumorigenesis is the result of a complex series of events, 
likely combining the effects of multiple intracellular genetic 
mutations with an altered inflammatory extracellular microenvi- 
ronment. PC is thought to develop in a stepwise manner from a 
non-malignant precursor lesion, referred to as pancreatic intraepi- 
thelial neoplasia (PanIN), through progressive cellular and nuclear 
atypia to invasive adenocarcinoma. This histopathologic progres- 
sion is mediated through a series of potentially inherited and 
acquired genetic alterations over time (Table 60.2).*+ Recently, 
gene sequencing of pancreatic adenocarcinomas has implicated 
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changes in the SWI/SNF chromatin remodeling complex, spe- 
cifically the subunit BRG1. BRG1, when associated with KRAS, 
has led to intraductal papillary mucinous neoplasm and invasive 
adenocarcinoma.*? 

KRAS is an oncogene where activating mutations represent 
the most common gene mutation present in pancreatic adeno- 
carcinomas. An activating mutation in KRAS is detected in 
approximately 30% of early neoplasms and 95% of advanced 
malignancy.** 

Mutations in KRAS allows for constitutive activation and dys- 
regulation within the mitogen-activated protein kinase and AKT 
pathways leading to uncontrolled cellular proliferation and sur- 
vival.3° 

KRAS codon 12 mutations have been demonstrated to be 
an early acquired mutation in the transition from normal tissue 
through non-malignant neoplastic lesions, Pan-In, to invasive 
adenocarcinoma.*’ Due to their relatively common prevalence 
in pancreatic neoplasia, KRAS targets represent a potential early 
detection test as well as a possible target for treatment. 

CDKN2A, a tumor-suppressor gene, is an acquired mutation 
generally found in advanced rather than early Pan-IN muta- 
tions. Loss of the CDKN2A gene product, p16, has been asso- 
ciated with uncontrolled cyclin D1 activation. Loss of the p16 
gene product has been associated with progressive histologic dys- 
plasia.** Mutations in the tumor-suppressor genes SMAD4 and 
TP53 are found almost exclusively in high-grade PanINs. The 
TP53 protein product, p53, is integral in DNA repair and apop- 
tosis. Loss of TP53 leads to uncontrolled cell growth of poten- 
tially damaged cells.*” 

Progression of neoplastic cells to invasive malignancy often 
occurs via clonal evolution through the acquisition of mutations. 
As detailed earlier, there are a number of mutations that occur 
concomitantly with KRAS mutations: CDKN2A/p16, TP53, 
SMAD4. Genetically engineered mouse models have reca- 
pitulated this spectrum of lesions experimentally. For example, 
progression of PanIN lesions from grade 1 through grade 3 to 
invasive carcinoma has been linked to a stepwise presence of 
an increasing number of genetic mutations (Fig. 60.2).*° Better 
understanding of the cascade of events requires analysis of not 
only individual cellular alterations but also cell-cell interactions 
and microenvironmental forces. Global genomic sequencing of 
human pancreatic adenocarcinoma revealed the extreme com- 
plexity of tumor genetics, but did identify a core set of only 12 
cellular signaling pathways and processes that were each altered 
in up to 100% of the tumors.*! 

Genome sequencing of patients with widespread disease 
revealed genetic heterogeneity in the metastatic clonal pop- 
ulations distinct from the primary carcinoma. Quantitative 
analysis of the timing of these mutations showed a decade lag 
between the initiating mutation and the birth of the primary 
cancer cell. Another 5 years were required for the metastatic 
ability, with subsequent patient death in approximately 2 
years.” The number of the 4 major driver genes was signifi- 
cantly correlated with disease-free survival and overall sur- 
vival, important information that is independent of traditional 
clinical staging. These data imply a much longer window of 
opportunity to diagnose and eventually intervene in a disease 
with such a dismal outcome, using currently available diagnos- 
tic and treatment schemes.*? 

The desmoplastic stroma, long-described histologically in 
pancreatic adenocarcinoma, may be permissive to tumor growth 
and block delivery of therapeutic agents. Poor vascularity of the 
matrix and the various cytokine and other immune modula- 
tors suggest areas for future therapeutic approaches, with local 
inflammation being a key factor.** A clinical correlation has been 
noted in genetic polymorphisms in inflammatory-related genes. 
Single nucleotide polymorphisms (SNPs) in inflammatory path- 
way genes MAPKS8IP1 and SOCS3 were associated with a 10- or 


6-month survival advantage, respectively, in carriers of 1 minor 
allele, and a 2-year survival advantage if both minor alleles were 
present. 


Clinical Features 


Most patients with PC experience symptoms late in the course 
of disease. The lack of early symptomatology leads to delays in 
diagnosis, and most patients present with unresectable masses or 
metastatic disease. Tumors of the head of the pancreas produce 
symptoms earlier in the course of disease. In contrast, tumors of 
the distal gland are characterized by their “silent” presentation, 
with physical findings appearing only after extensive local growth 
or widely metastatic disease has developed. Clinical signs and 
symptoms can offer clues to the resectability of pancreatic tumors 
(Table 60.3).%¢ 

Tumors of the pancreas often present with signs of biliary 
obstruction such as jaundice, dark urine, light/clay colored stool, 
pruritis, scleral icterus, pancreatitis, and cholangitis. Owing to 
the fact that obstruction symptoms occur earlier with pancre- 
atic head tumors, caused by the proximity to the pancreatic duct, 


Normal duct 
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Fig. 60.2 Pancreatic precursor lesions and genetic events involved 
in pancreatic progression to adenocarcinoma. Pictured are 3 known 
human pancreatic ductal adenocarcinoma (PDAC) precursor lesions: 


PanIN, MCN, and IPMN. The PanIN grading scheme is shown on the 
left; increasing grades (1 through 3) reflect increasing atypia, eventually 
leading to frank PDAC. The right side illustrates the potential progres- 
sion of MCN and IPMN to PDAC. The genetic alterations documented 
in pancreatic adenocarcinomas also occur in PanlN, and to a lesser 
extent in MCN and IPMN, in an apparent temporal sequence, although 
these alterations have not been correlated with the acquisition of spe- 
cific histopathologic features. The various genetic events are listed and 
divided into those that occur predominantly early or late in PDAC pro- 
gression. Asterisks indicate events that are not common to all precursor 
lesions (e.g., telomere shortening and BRCA2 loss are documented 

in PanilN, and LKB7 loss is documented in a subset of PDACs and 
IPMNs). IPMN, intraductal papillary mucinous neoplasm; MCN, muci- 
nous cystic neoplasm; Pan/N, pancreatic intraepithelial neoplasia. (From 
Hezel AF, Kimmelman AC, Stanger BZ, et al. Genetics and biology of 
pancreatic ductal adenocarcinoma. Genes Dev 2006; 20:1218-49.) 
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patients with body/tail tumors present symptomatically with 
more advanced disease. Patients with concomitant obstruction 
of the pancreatic duct may also show pancreatic exocrine insuf- 
ficiency in the form of steatorrhea and malabsorption. 

Pain can be a major symptom in many patients with PC. Pain 
is primarily caused by invasion of the celiac or superior mesenteric 
arterial plexus.“ The pain is of low intensity, dull, and vaguely 
localized to the upper abdomen. In advanced disease, pain may 
be localized to the middle and upper back. The pain may also 
be postprandial and lead patients to reduce their caloric intake, a 
situation that ultimately results in weight loss or cachexia. 

Other non-specific symptoms include nausea, fatigue, anorexia, 
and weight loss. These symptoms may or may not be caused by 
tumor involvement of the duodenum, causing partial obstruction. 
Diabetes and pancreatitis of varying severity can occur in PC. 
Diabetes mellitus and glucose intolerance is present in approxi- 
mately 85% patients at diagnosis, 55% to 85% diagnosed in the 
2 years preceding diagnosis.** Acute pancreatitis is an uncommon 


TABLE 60.3 Demographic Features and Presenting Symptoms 
and Signs in Patients with Unresectable (Palliated) and Resectable 
(Resected) Pancreatic Cancer 


Palliated (N = 256) Resected (N = 512) 


DEMOGRAPHIC FEATURES 


Age, average (yr) 64.0 65.8 
Men/women 57%/43% 55%/45% 
Race 91% white 91% white 
SYMPTOMS AND SIGNS (%) 

Abdominal pain 64 36* 
Jaundice 57 12" 
Weight loss 48 43 
Nausea/vomiting 30 18° 

Back pain 26 24 


*P = 0.001 vs. palliated group. 

Modified from Sohn T, Lillemoe K, Cameron J, et al. Surgical palliation of 
unresectable periampullary adenocarcinoma in the 1990s. J Am Coll 
Surg 1999; 188:658-66 


Arterial phase 


initial manifestation of PC. Pancreatic duct obstruction by tumor 
can lead to hyperlipasemia, often mild clinical pancreatitis, and 
should raise clinical suspicion in an older adult patient who pres- 
ents with acute pancreatitis without another clear etiology. 


Diagnosis 
US and CT 


Transabdominal US is frequently the first modality used in many 
patients with PC who present with jaundice. US is useful to eval- 
uate the presence of gallstones and confirm biliary dilation. CT 
is the method of choice for diagnosis and staging of PC. Recent 
improvements in this technology have greatly increased the reso- 
lution by faster and thinner section imaging. A multiphase imag- 
ing technique obtains pre-contrast, peak pancreatic parenchymal 
phase, and peak liver portal venous phase images. The early phase 
delineates the tumor, whereas the late phase enhances the vascu- 
lar relationships and liver metastases.*? Overall sensitivity of CT 
for PC is 86% to 97%, but sensitivity for lesions less than 2 cm 
is near 77%.*8 

The pancreatic CT protocol consists of dual-phase scan- 
ning using IV and oral contrast agents. The first, early arterial 
phase, scan is obtained at 25 seconds after IV contrast injection 
and offers visualization of the arterial anatomy for surgery.’ The 
second, arterial (pancreatic) phase scan is obtained 40 seconds 
after administration of IV contrast agent. At this time, maximum 
enhancement of the normal pancreas is obtained, allowing iden- 
tification of nonenhancing neoplastic lesions (Fig. 60.34). The 
third, portal venous phase scan is obtained 70 seconds after injec- 
tion of IV contrast agent and allows accurate detection of liver 
metastases and assessment of tumor involvement of the portal 
and mesenteric veins (see Fig. 60.38). 

Longstanding CT criteria for unresectability of a pancreatic 
tumor are as follows: (1) distant metastasis (e.g., to liver, perito- 
neum, or other sites), (2) encasement of the celiac axis or supe- 
rior mesenteric artery, and/or (3) occlusion of the portal vein 
or superior mesenteric vein, although venous reconstruction is 
challenging this criteria. CT has demonstrated a sensitivity of 
55% to 97% and specificity of 91% to 100% in detecting vas- 
cular invasion. Regarding resectability, CT has demonstrated 
a sensitivity of 76% to 92% and specificity of 82% to 100%.** 


< 
Portal venous phase 


Fig. 60.3 Pancreatic CT protocol in a patient with pancreatic cancer. A, Arterial phase showing a nonenhanc- 
ing lesion in the head of the pancreas (arrows). B, Venous phase showing a noninvolved fat plane around the 


portal vein (arrows). 
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Some patients (5% to 15%) predicted to have resectable disease 
according to these CT criteria are found at laparoscopy to have 
unresectable lesions.*! Another equal-sized group of patients 
that appear resectable by CT criteria are found to be unresect- 
able at exploratory surgery, usually by virtue of a T4 lesion. Such 
patients clearly do not benefit from surgical exploration, and their 
identification by preoperative imaging remains a challenge. 


ERCP 


ERCP is a key tool in the diagnosis of various tumors of the peri- 
ampullary region.” The majority of these tumors originate from 
the pancreas (85%), and less commonly from the distal bile duct 
(6%), ampulla (4%), or duodenum (4%). ERCP allows visual- 
ization of the pancreaticobiliary tree to distinguish benign (e.g., 
calculous) from malignant causes of obstruction. A “double-duct 
sign” on ERCP, representing strictures in biliary and pancreatic 
ducts, is classically found in many patients with PC (Fig. 60.4). 

Tissue sampling can be obtained during ERCP via forceps 
biopsy or brushing. Specialized ductoscopes are now available at 
high volume centers to interrogate biliary lesions. Tumors of the 
distal bile duct may also be sampled via brush biopsy for routine 
cytology or genetic analysis.” Most experts recommend a com- 
bined approach, both brushings and forceps biopsy, to increase 
sensitivity of diagnostic ERCP.*° There are limited data compar- 
ing EUS with FNA to ERCP with cytology. Retrospective data 
demonstrate a higher sensitivity, specificity, accuracy for EUS 
FNA versus ERCP alone with lower toxicity profile.°* In centers 
where EUS is available, the main role for ERCP has become pal- 
liative, relieving biliary obstruction via stent placement. 


EUS 


Since the early 1990s, EUS has been the most accurate single test 
for the diagnosis of PC.°> EUS offers visualization of the pancreas 
via the stomach and the duodenum, with numerous studies show- 
ing a higher specificity and sensitivity than CT for detecting pan- 
creatic masses (Fig. 60.5). In the last decade, advances in CT scan 
technology, with increased spatial resolution using multi-planar 


Fig. 60.4 ERCP showing strictures of the bile duct (open arrow) and 
pancreatic duct (closed arrow) in a patient with pancreatic cancer. The 
bile duct is markedly dilated proximal to the bile duct stricture. 


reconstruction and thin slice selection, have improved sensitivity 
and accuracy in assessing vascular invasion and predicting tumor 
resectability. Retrospective and prospective observational data 
have demonstrated superior accuracy using EUS in the diagnosis 
of PC versus MDCT.*®°*’ Until prospective, head-to-head com- 
parative studies using state-of-the-art imaging are performed, 
the most sensitive method for detection of small tumors remains 
EUS. The ability to add FNA (EUS-FNA) cytology at the time 
of EUS enhances the overall accuracy by providing specificity to 
the most sensitive imaging modality.* 

EUS demonstrates significant benefit in small, potentially 
resectable, lesions. EUS has demonstrated a higher sensitivity 
than CT or MRI in the detection of tumors <3 cm.” EUS can 
be very beneficial to assess clinical scenarios where PC suspicion 
is high but MDCT fails to detect a lesion. Retrospective data 
demonstrated a high sensitivity and accuracy in diagnosing PC in 
patients with a high clinical suspicion of PC but absence of a mass 
on CT imaging.°° 

EUS is highly operator dependent and demands significant 
experience before reaching user proficiency.°! EUS-FNA has a 
very low false-positive rate; however, in the lesions of greatest 
surgical interest, a relatively high false-negative rate continues to 
confound the decision to proceed to surgery. A negative cytol- 
ogy in the appropriate clinical setting should not preclude explo- 
ration. Lastly, EUS provides no information regarding metastatic 
disease, and complementary CT or MRI is required for complete 
pretreatment staging of disease. 

Today, EUS retains a prominent role in the evaluation of 
some patients with suspected PC, but EUS is not necessary for all 
patients. It is unlikely to change surgical decision making in the 
patient presenting with typical findings who is resectable by CT 
criteria, unless a different tumor type is suspected. EUS may also 
allow stratification of patients for surgical resection versus neo- 
adjuvant treatment in borderline resectable disease, or to enroll 
patients in the expanding studies of neoadjuvant therapy. 


MRI 


Multiple recent developments in MRI have led to its increasing 
use in the evaluation of pancreatic tumors, and several recent 
studies have shown results that rival those of CT. High field 
strengths greater than 1.5 T, liver-specific contrast agents, and 
diffusion-weighted imaging all contribute to improved imaging. 
MRI offers greater soft tissue contrast compared to CT, lead- 
ing to a greater sensitivity in detection of non-contour deforming 
lesions.°+ 


Fig. 60.5 EUS image of pancreatic cancer showing the needle during 
biopsy of the tumor. 
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PC typically has the appearance of an ill-defined mass with 
varying intensity. The tumor is typically hypointense on fat- 
suppressed T1, with variable intensity on T2-weighted images. 
Multiple acquisition sequences are required for full assessment 
of both the primary tumor and any distant disease.°° MRI offers 
better assessment of CT isoattenuating lesions, small tumors, 
hypertrophied pancreatic head, and focal infiltration of the 
parenchyma.“*javascript:Lesions that are isoattenuating on CT 
may show only secondary signs such as gland atrophy or pan- 
creatic duct dilation, yet may be seen with 79.2% sensitivity on 
MRI.“ MRI with MRA techniques using gadolinium contrast 
enhancement can demonstrate vascular involvement by tumor, 
with sensitivity equal to CT in assessing resectability.°? Unlike 
CT, MRI does not involve radiation and uses an iodine-free con- 
trast agent that cannot be used in the setting of renal insufficiency 
but has rare renal toxicity. 

MRCP can also be obtained at the time of MRI. MRCP uses 
heavily T2-weighted images that emphasize fluid-containing 
structures such as ducts, cysts, and peripancreatic fluid collections. 
Images obtained are highly comparable with those obtained with 
ERCP and readily demonstrate pancreatic ductal obstruction, 
ectasia, and calculi. In contrast to ERCP, MRCP is noninvasive 
and does not require injection of contrast into the pancreati- 
cobiliary tree, avoiding possible complications such as allergic 
reaction, pancreatitis, or infection. No therapeutic or diagnostic 
intervention can be performed with MRCP, and patients requir- 
ing endoscopic therapy or biopsy do not benefit from MRCP. 


PET/CT 


PET is a noninvasive imaging tool that provides metabolic and 
semiquantitative data rather than pure morphologic information 
on tumors. This diagnostic method is based on greater uptake 
of radio-labeled glucose by tumor cells as compared to normal 
pancreatic parenchyma. The radioactive glucose analog !*F- 
FDG is administered IV, followed by detection of FDG uptake 
by the PET scanner. Hybrid PET/CT is done with a concurrent 
non-contrast CT to enhance spatial interpretation. The normal 
pancreas is not usually visualized by PET scan. In contrast, pan- 
creatic carcinoma appears as a focal area of increased uptake in 
the pancreatic bed. Hepatic metastases may also appear as “hot 
spots” within the liver. Owing to the lack of anatomic detail, PET 
scanning does not have a clear role as a diagnostic modality for 
PC. A recent study showed no improvement in detection rate 
by PET/CT when compared to contrast-enhanced multidetec- 
tor CT.’ PET/CT may also be useful in assessing tumor recur- 
rence after pancreatic resection, when scar tissue or postoperative 
changes may be difficult to differentiate from recurrent carci- 
noma.®* Finally, PET/CT can be of benefit in assessing tumor 
response to primary or neoadjuvant chemotherapy, which may 
lead to alteration in clinical management.” 


US- and EUS-Guided Aspiration Cytology 


FNA cytology of the pancreas has been one of the major 
advances in the management of patients with pancreatic tumors. 
CT-guided biopsy has been used for more than 30 years and is 
regarded as a safe, reliable procedure, with a reasonable sensitiv- 
ity and virtually no false-positive results. Experience with EUS- 
guided FNA shows similar results. Even in patients with a mass 
without obstructive jaundice, a diagnostic accuracy of 97.6% can 
be achieved.’” When a patient is deemed to have unresectable or 
metastatic PC, CT- or EUS-guided FNA biopsy is indicated for 
histologic confirmation of disease, unless a palliative surgical pro- 
cedure is required. Even if the diagnosis of chronic pancreatitis 
is reasonably eliminated, proof of malignancy may exclude other 
rare benign diseases of the pancreas, such as TB and sarcoidosis. 
FNA cytology and immunohistochemistry can usually distinguish 


between adenocarcinoma and other pancreatic tumors, such as 
neuroendocrine tumors and lymphomas, and may lead to a dif- 
ferent treatment plan. 

In the hands of experienced surgeons, tissue diagnosis is not 
a prerequisite to proceeding with surgery in most patients with 
appropriate clinical and CT findings and potentially resectable 
tumors, unless the patient is entering a neoadjuvant research pro- 
tocol. The false-negative rate is high enough that a negative FNA 
result cannot reliably exclude malignancy. The smaller, poten- 
tially curable tumors are most likely to be missed by CT-guided 
FNA or EUS-FNA. Diagnostic tests that do not change the treat- 
ment algorithm lead to significant added cost and delay time to 
surgical intervention.’! 


Serum Tumor Markers 


A wide variety of tumor markers have been proposed for PC but, 
currently, the only one with any practical usefulness is serum CA 
19-9. Although not suitable for screening, this marker is a valu- 
able adjunct in PC for diagnosis, prognosis, and monitoring of 
treatment. 

For diagnosing PC, the sensitivity and specificity of CA 19-9 
varies with the threshold values. One of the major caveats of 
this tumor marker is a low positive predictive value, particularly 
among asymptomatic individuals. One study demonstrated that 
a level of 37 units/ml was the most accurate cutoff in differen- 
tiating benign from malignant pancreatic disease. At this level 
the reported sensitivity and specificity was only 77% and 87%, 
respectively.” The presence of jaundice, especially with cholan- 
gitis, and very high ca 19-9 values can be found in the absence of 
malignancy (false-positive results). In addition, the small number 
of patients with a negative Lewis blood group phenotype (Le[a-], 
Le[b-]) do not express the CA 19-9 antigen (5% to 10% of the 
population), possibly resulting in false-negative results.” 

CA19-9 levels do have prognostic value in the setting of 
resectable disease. High levels of preoperative ca 19-9 have been 
demonstrated to be associated with higher potential for occult 
metaststatic disease at the time of staging laparoscopy.’+ The cur- 
rent ASCO guidelines are not to use ca-19-9 levels as a marker 
of resectability. A recent study of 260 PC patients who under- 
went resection found that patients with normalization of CA 
19-9 within 6 months had twice the mean survival of those with 
persistent elevations (29.9 vs. 14.8 months; P = 0.0004). Patients 
with postoperative levels above 90 U/mL did not benefit from 
adjuvant chemotherapy.” A chemotherapy trial in patients with 
metastatic disease found that decreases in CA 19-9 correlated 
with an increased response rate, progression-free survival, and 
overall survival. Future trials should include CA 19-9 measure- 
ments to further validate its role in predicting outcome. 


Staging 


The American Joint Committee on Cancer (AJCC) staging sys- 
tem for PC is shown in Table 60.4.76 The system was last revised 
in 2010, and no further modifications were made to segregate 
unresectable (T4, stages III and IV) from resectable disease (T1- 
3, stages I and II). Several limitations of the staging system still 
exist. First, accurate evaluation of lymph node status cannot be 
performed without surgical intervention; this drawback may lead 
to understaging of locally advanced disease in patients who are 
not candidates for laparotomy. Second, the margins of resection, 
which carry great prognostic significance, are not taken into con- 
sideration when assigning clinical stage. As a result of these and 
other shortcomings, the AJCC staging system has found limited 
clinical applicability.” 

Staging of PC is predicated on the identification of 4 distinct 
patient groups. The first group involves those presenting with 
metastatic disease. Surgery does not benefit these patients in view 
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TABLE 60.4 TNM System and American Joint Committee on Cancer 
Staging of Pancreatic Cancer 


TUMOR (T) 

IPX Primary tumor cannot be assessed 

TO No evidence of primary tumor 

Tis Carcinoma in situ (includes grade Ill pancreatic 
intraepithelial neoplasia [PanIN]) 

1 Tumor limited to the pancreas, <2 cm in greatest 
dimension 

T2 Tumor limited to the pancreas, >2 cm in greatest 
dimension 

TS Tumor extends beyond the pancreas but without 
involvement of the celiac axis or the superior 
mesenteric artery 

T4 Tumor involves the celiac axis or the superior 


mesenteric artery (unresectable primary tumor) 
LYMPH NODE METASTASES (N) 


NX Regional lymph nodes cannot be assessed 
NO No regional lymph node metastasis 
N1 Regional lymph node metastasis 
DISTANT METASTASES (M) 
xX Distant metastasis cannot be assessed 
(0) No distant metastasis 
1 Distant metastasis 
AJCC STAGING 
Stage O Tis NO o 
Stage IA Ti NO 0 
Stage IB T2 NO 0 
Stage IIA T3 NO MO 
Stage IIB T N1 (0) 
T2 N1 (0) 
T3 N1 MO 
Stage III T4 N1 (0) 
Stage IV Any T Any N 1 


From Greene FL, Compton C, Fritz A, et al. Exocrine pancreas. AJCC 
cancer staging manual. 7th ed. New York: Springer-Verlag; 2010. pp 
241-47. 


of their short survival, and chemotherapy is their principal treat- 
ment modality other than palliative care measures. The second 
group comprises patients who have locally advanced unresect- 
able disease but no metastases. These patients may benefit from 
neoadjuvant chemoradiation and, according to their treatment 
response, may be candidates for subsequent surgical explora- 
tion.” A third group defined as borderline resectable are more 
likely to benefit from neoadjuvant therapy.’? The fourth group 
consists of patients with clearly resectable disease for whom 
prompt surgical treatment should be advocated unless they are 
enrolled in an experimental neoadjuvant treatment protocol. 

A minimal staging workup for a patient with PC should 
include a physical exam and a CT or MRI of the abdomen and 
pelvis. As discussed earlier, multiphase contrast CT or MRI/ 
MRA are comparable and extremely accurate in identifying unre- 
sectable disease.®*.°° In borderline cases and in planning for pre- 
operative therapy, EUS may complement CT by allowing further 
assessment of vascular invasion and tissue sampling; however, CT 
imaging fails to correctly predict resectability in 25% to 30% of 
patients.°° In most cases, missed lesions are beyond the resolu- 
tion of current radiologic imaging, including small implants on 


the peritoneal surfaces of the liver, abdominal wall, stomach, 
intestine, or omentum. Successful detection of such tumor dis- 
semination depends on access to the peritoneal cavity and visual 
inspection, which, at present, can be achieved only by laparos- 
copy or laparotomy. 

Published data demonstrate that approximately 25% of 
patients in whom localized disease is demonstrated by CT also 
have unsuspected metastatic implants.’? For many of these 
patients, laparoscopy can prevent unnecessary surgical explora- 
tions to assess tumor resectability. The staging procedure adds 
only a few minutes to a planned therapeutic operation and con- 
sists of a simple diagnostic laparoscopy with biopsy of suspicious 
nodules. Enthusiasm for collection of peritoneal washings for 
cytologic analysis requiring a second anesthetic exposure has 
waned because a positive lavage did not seem to predict survival, 
although this may change as neoadjuvant approaches are explored. 
The combination of CT scan and selective staging laparoscopy 
has enhanced the identification of patients with metastatic, local- 
ized unresectable, and resectable PC and has helped in stratifying 
patients to different treatment protocols. A current algorithm for 
the diagnosis and staging of PC should include laparoscopy for 
all patients with tumors in the body and tail of the pancreas (in 
which the frequency of unsuspected metastases approaches 50%) 
and for patients with tumors larger than 2 cm in the head of the 
pancreas, because the yield of laparoscopy is proportional to the 
size of the primary tumor.*! 


Treatment 
Surgical Therapy 


Surgical resection is the most effective curative treatment for 
PC.® The vast majority of patients present with advanced dis- 
ease; therefore only approximately 15% to 20% of patients are 
candidates for pancreatectomy.’”*”*> Unfortunately, even in the 
most optimal situation, the median survival rate of a resected 
PC treated with adjuvant chemotherapy ranges from 20 to 23 
months.** RO resection, absence of affected lymph nodes, and 
tumor size represent the strongest prognostic indicators.*>»°° 

Indications for resection in locally advanced disease are cur- 
rently in a state of flux, although the goal of any surgical inter- 
vention should be a RO resection. The current NCCN guidelines 
define resectability as an absence of arterial (common hepatic, 
superior mesenteric, celiac axis) involvement with no contact 
with the SMV-PV or less than or equal to 180° contact with- 
out vein contour irregularity.*° Distant disease, most commonly 
presenting as malignant ascites or metastasis to the liver, perito- 
neum, or periaortic lymph nodes, is an absolute contraindication 
to resection. 

Relative contraindications to resection include encasement or 
occlusion of the superior mesenteric vein or portal vein, or direct 
extension of disease to the celiac axis, superior mesenteric artery, 
vena cava, or aorta. Recently, vascular resection and reconstruc- 
tion is finding increasing application because RO resections can be 
achieved in selected cases if direct extension to the vein is the only 
limitation to complete resection of locally advanced disease.*’ 

Routine preoperative ERCP and biliary duct stenting to 
relieve jaundice has not been shown to decrease postoperative 
morbidity and mortality, and the procedure may increase the 
likelihood of surgical infectious complications.’ Several stud- 
ies suggest increased mortality of pancreaticoduodenectomy in 
the setting of hyperbilirubinemia; however, stenting of the bili- 
ary system and subsequent improvement in liver function tests 
has not been proven to decrease the mortality rate.® Therefore, 
routine preoperative biliary stenting in patients with resectable 
tumors (as assessed by CT) cannot be recommended. Patients 
with deep jaundice and an expected delay prior to curative-intent 
surgery are potential candidates for temporary biliary drainage, 
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Fig. 60.6 Diagram of the pylorus-preserving pancreaticoduodenecto- 
my. A pancreatic stent is shown in the pancreatic duct. (From Jimenez 
RE, Fernandez-del Castillo C, Rattner DW, et al. Outcome of the pan- 
creaticoduodenectomy with pylorus preservation or with antrectomy in 
the treatment of chronic pancreatitis. Ann Surg 2000; 231:293-300.) 


as are patients with jaundice entering preoperative (neoadjuvant) 
therapy). In patients too frail to withstand an operation or with 
unresectable disease, endoscopic biliary stenting, preferably with 
expandable metal stents, offers excellent palliation.”°.”! 

The most common operation for PC is pylorus-sparing pan- 
creaticoduodenectomy (Fig. 60.6), which removes primarily the 
head of the pancreas en bloc with the duodenum, distal bile duct, 
and proximal jejunum, with pancreaticojejunal anastomosis.” 
Primary total pancreatectomy for ductal adenocarcinoma had 
been advocated to avoid the development of a pancreatic fistula; 
however, the concept of a total pancreatectomy has largely been 
abandoned because management of complications of the pancre- 
aticojejunal anastomosis, a source of considerable morbidity, has 
improved. A total pancreatectomy may be of benefit in bulky local 
disease in other less-aggressive primary pancreatic neoplasms, 
such as intrapancreatic papillary mucinous neoplasm (IPMN) 
and pancreatic endocrine tumors. Exocrine insufficiency is easily 
treated, and continuing improvements in diabetic management 
have made the challenge of brittle diabetes in the apancreatic 
state less difficult. Other extensions to the standard Whipple 
procedure, such as addition of extended retroperitoneal lymph- 
adenectomy, have shown no significant survival benefit. The 
decision to extend the resection beyond the traditional anatomic 
border of the pancreatic neck, based on intraoperative frozen sec- 
tion, has been thoroughly evaluated. Even if the initial R1 margin 
was an RO on permanent section of the additional resection, there 
was no improvement in survival compared to patients with an 
R1 resection.” Multiple randomized clinical trials demonstrated 
prolonged surgical time, increased bleeding and postoperative 
mortality, but no survival benefit.?*”? 

Previously, pancreaticoduodenectomy (Whipple procedure) 
was associated with high morbidity and mortality rates. Many 
contemporary large series now consistently show mortality rates 
of under 3%, with a concomitant decrease in complications over 
the last 5 decades.!° Despite the significant improvements in sur- 
gical resection, postoperative morbidity rates are still as high as 
30% to 60%.!°! Pancreatic fistula, historically the most common 
complication after the Whipple procedure, is seen in approxi- 
mately 22% to 26% of patients.!°? Numerous potential endog- 
enous and surgical risk factors have been evaluated as causes of 


pancreatic fistula: age, gender, body mass index, diabetes, cardio- 
vascular factors, disease site, pancreatic remnant texture, size of 
the pancreatic duct, anastamotic technique, and intraoperative 
blood loss. A diagnosis of fistula can be made with CT or ultra- 
sound imaging.!°? Treatment consists of continuing aggressive 
nutritional support with enteral nutrition as opposed to paren- 
teral nutrition. Enteral nutrition has demonstrated improved 
outcomes versus parenteral nutrition with more rapid closure of 
fistula, higher rate of closure, and faster recovery.!°+ Improved 
outcomes have also been linked to the development of centers 
of excellence for pancreatic surgery, where surgeons can develop 
greater expertise. A study using the Medicare database from the 
1990s showed a 4-fold increase in mortality when comparing 
pancreaticoduodenectomy performed in hospitals with low vol- 
ume (<1 case/year) to high-volume (>5 cases/year) hospitals.!°° 
Controversy continues over the role of institutional volume as 
an independent predictor of mortality for pancreaticoduodenec- 
tomy. No clear consensus has arisen from various studies from 
largely administrative data sources. Overall, operative mortal- 
ity rates for high-risk procedures have fallen in the USA since 
the 1990s for several reasons. Individual surgeon experience, 
rather than annual institutional or surgeon volume, may drive 
outcomes.!° Significant predictors of mortality were age, per- 
formance status, and malnutrition rather than hospital volume 
in 1 recent study.!°’ Minimally invasive and robotic techniques 
have been used in an attempt to decrease the significant morbid- 
ity of pancreaticoduodenectomy. To date, these procedures, in 
selected patients, have equivalent outcomes in major morbidity 
and mortality, with slightly shorter length of stay offset by higher 
readmission rates. The prolonged operative time (427 vs. 360 
minutes) and costs have not yet been offset by decreased rates of 
fistula formation or delayed gastric emptying.!°° 

The implementation of new technology has led to increased 
operative times. The American College of Surgeons National 
Surgical Quality Improvement Program found that longer oper- 
ative time is independently associated with worse perioperative 
outcomes. All morbidities increased in a stepwise manner with 
increasing operative time, independent from known preoperative 
risk factors.!°” These findings suggest that operative time is a rel- 
evant risk parameter for quality improvement. 

Despite improved outcomes, pancreatectomy is still under- 
used in the USA for treatment of PC. A cohort study of patients 
with early-stage PC by Bilimoria and colleagues, using the 
National Cancer Data Base from 1995 to 2004, identified that 
38.2% of patients with potentially resectable disease were not 
offered surgery.!!° Surgery was less likely to be offered to patients 
who were older than 65 years, black, of low socioeconomic status, 
less educated, or had cancer involving the head of the pancreas. 
The study also reported differences in outcomes between patients 
with stage I disease who underwent pancreatectomy versus those 
not offered surgery, with median survivals of 19.3 months versus 
8.4 months, respectively (Fig. 60.7). The availability of surgery as 
a predictor of survival was emphasized in a study that found that 
29% of black patients never received a surgical evaluation, and 
those seen were still less likely to have surgery. Although black 
patients had decreased survival in an unadjusted model, race had 
no significant effect on survival when adjusted for resection.!!! 
These data may reflect both a nihilistic attitude toward the effec- 
tiveness of pancreatic surgery and disparities in availability of 
health care options. 

Ultimately, prognosis for PC remains poor, even after poten- 
tially curative surgery in appropriately selected patients. Five- 
year survival rates after resection remain approximately 25%,!! 
with median survival between 12.7 and 24.1 months based on 
stage.'!> Despite decreases in procedure-associated early mor- 
tality and improved 1-year survival, long-term survival has been 
similar over 3 decades.!!+ Recent advances in surgical technique 
and perioperative care have likely approached their maximum 
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Fig. 60.7 Five-year survival rate for pancreatic adenocarcinoma 
comparing patients who underwent pancreatectomy for clinical stage | 
disease (n = 2746), those who were not offered surgery despite having 
clinical stage | disease (n = 3644), and those with stage Ill or IV disease 
who did not undergo surgery (n = 68,521). (Modified from Bilimoria 

K, Bentrem DJ, Ko CY, et al. National failure to operate on early stage 
pancreatic cancer. Ann Surg 2007; 246:173-80.) 


survival benefit. Surgery alone is limited by the biological behav- 
ior of the tumor and the anatomic boundaries for complete 
resection. Microscopic margins may be a marker of tumor biol- 
ogy more than a reflection of surgical inadequacy.!!°-116 Major 
improvements in long-term outcomes await concerted effort in 
multimodal therapy, likely driven by immunotherapy and the 
rapidly evolving molecular targeted therapies.4++ 


Adjuvant and Neoadjuvant Therapy 


For the 15% to 20% of patients who have resectable tumors, sur- 
vival remains poor, with 5-year survival rates of 10% to 30%. 
Survival may be improving over time with better surgical tech- 
niques, improved postoperative care, and adjuvant therapy. Risk 
factors for recurrent disease include positive margins, lymph 
node involvement, high-grade tumors, and primary tumor size 
greater than 2.5 cm.!!7:!!8 Adjuvant therapy is defined as treat- 
ment given after surgery to prevent cancer recurrence. PCs most 
commonly recur with distant metastatic disease, with only 15% 
of recurrences isolated to the local tumor bed.!!’ This has led to 
an ongoing debate about the role of adjuvant radiation therapy in 
addition to chemotherapy. 

From 1980 to 2000, adjuvant chemoradiation, chemotherapy 
given concurrently with radiation, was the standard of care after 
potentially curative PC resection. These recommendations were 
based on the results of a small study conducted by the Gastro- 
intestinal Tumor Study Group (GITSG) between 1974 and 
1982.120 The study randomized 43 patients after surgery to either 
observation alone or chemoradiation with 4000 cGy of external 
beam radiation, with a concurrent bolus of 5-fluorouracil (5-FU) 
as a radiosensitizer. Median survival in the treated group was 21 
months, which was significantly longer than the 11-month median 
survival in the untreated group. The GITSG study was criticized 
for its small sample size and lack of statistical power; however, a 
separate study by the Norwegian PC Trial group showed similar 
results and supported a survival benefit for adjuvant treatment. !?! 

In 1999 the results of a study by the European Organization 
for Research and Treatment of Cancer (EORTC) questioned the 


TABLE 60.5 Median, 2-Year, and 5-Year Survival Rates of Patients with 
Resected Pancreatic Cancer in Postoperative Adjuvant Therapy Trials 


Trial Median (months) 2 yr (%) 5 yr (%) 
GITSG 21 24 19 
EORTC Vol 30 20 
ESPAC-1 20.1 30 21 
CONKO-001 22 34 2215 
RTOG (5-FU group) 16.9 22 18 
RTOG (Gem group) 20.6 31 22 


5-FU, 5-fluorouracil; Gem, gemcitabine. 

Adapted from Regine WF, Winter KA, Abrams RA, et al. Fluorouracil vs 
gemcitabine chemotherapy before and after fluorouracil-based chemo- 
radiation following resection of pancreatic adenocarcinoma: a random- 
ized controlled trial. JAMA 2008; 299:1019. 


value of adjuvant chemoradiation in PC.!?? Similar to the study 
design by the GITSG, the EORTC randomized 114 patients 
after surgery to observation or chemoradiation (4000 cGy exter- 
nal beam radiation and concurrent continuous-infusion 5-FU). 
The median survival was only 4.5 months longer in the treat- 
ment group than in the observation group (17.1 vs. 12.6 months, 
respectively), and this difference was not statistically significant. 
Likewise, the projected 2-year survival was not significantly dif- 
ferent between the 2 groups (37 vs. 23 months, respectively). 

Further controversy ensued after the results of a larger 
289-patient study by the European Study Group for PC 
(ESPAC-1 trial) were released in 2001.!7 The ESPAC-1 study 
had a complicated design that randomized patients after surgery 
to 4 groups: observation, chemotherapy, chemoradiation, or 
chemoradiation plus chemotherapy. The results showed no dif- 
ference in median survival between patients receiving chemora- 
diotherapy and those who did not (15.5 vs. 16.1 months). Even for 
patients with positive resection margins, thought to be the most 
appropriate candidates for adjuvant chemoradiation, this treat- 
ment did not have a survival impact. In a subset analysis of those 
patients who received chemotherapy only, the 2-year survival was 
30%, which suggested a benefit of chemotherapy alone. Results 
of the ESPAC-1 trial are validated by its large sample size, but 
have generated great controversy; criticism points mainly to the 
study’s convoluted randomization scheme, interrupted course of 
radiation, and pooling of data for statistical analysis. 

Gemcitabine has been shown to be a more effective drug for 
treating PC than 5-FU, used in the earlier studies. RTOG 9704 
evaluated the use of gemcitabine given prior to 5-FU-based 
chemoradiation, followed by additional gemcitabine. This trial 
showed a trend toward improved 5-year survival (22% vs. 18%) 
with the addition of gemcitabine, but this difference was not sta- 
tistically significant.!*+ 

Many have questioned the role of adjuvant radiation therapy 
per se, because this modality is used mainly to decrease the risk 
of local recurrence. Although modern radiation techniques have 
improved the quality of radiation, which limits toxicities, most 
patients still succumb to metastatic disease. For this reason, stud- 
ies have been conducted using chemotherapy alone (Table 60.5). 
The largest of these is the CONKO study, which randomized 
368 patients after surgery to gemcitabine alone or no treatment. 
This trial showed an improvement in median survival to 22.8 
months from 20.2 months, and 5-year survival increased from 
9% to 21%.'?> In 2017, the ESPAC-4 trial was released compar- 
ing an adjuvant gemcitabine/capecitabine combination regimen 
to gemcitabine alone in 730 patients. The results demonstrated 
an improvement in median overall survival of 28.0 months ver- 
sus 25.5 months for the combination arm.!*° Unfortunately, no 
trial has definitively compared adjuvant chemotherapy alone to 


CHAPTER 60 Pancreatic Cancer, Cystic Pancreatic Neoplasms, and Other Nonendocrine Pancreatic Tumors 


957 


TABLE 60.6 Epidemiologic and Biological Characteristics of Pancreatic Cystic Neoplasms 


Malignant Potential and Natural 


% Of Cystic Neoplasms History 


Neoplasm Sex Predilection Peak Decade of Life 

Serous cystadenoma Female 7th 

Mucinous cystic Female 5th 
neoplasm 

Intraductal papillary Equal 6th-7th 
mucinous neoplasm 

Solid pseudopapillary Female 4th 
neoplasm 

Cystic endocrine Equal 5th-6th 
neoplasm 

Ductal adenocarcinoma Slight male 6th-7th 
with cystic predominance 
degeneration 

Acinar cell Male 6th-7th 
cystadenocarcinoma 


32-39 Resection is curative; serous 


cystadenocarcinoma is extremely rare 


10-45 Resection is curative, regardless of 
the degree of epithelial dysplasia; 
poor prognosis when invasive 


adenocarcinoma is present 


21-33 Excellent prognosis for lesions showing 
only adenomatous and borderline 
cytologic atypia; poor prognosis when 


invasive adenocarcinoma is present 


<10 Indolent neoplasm with rare nodal and 
extranodal metastases; excellent 
prognosis when completely resected 


<10 Similar to that of solid neuroendocrine 
neoplasm (see Chapter 33) 


<1 Dismal prognosis, similar to that of solid 
adenocarcinoma 


<1 Similar to that of solid type; aggressive 
neoplasm with slightly better prognosis 
than ductal adenocarcinoma 


Modified from Brugge W, Lauwers G, Sahani D, et al. Cystic neoplasms of the pancreas. N Engl J Med 2004; 351:1218-26. 


chemotherapy plus radiation. RTOG 0848 is currently accru- 
ing resected PC patients to adjuvant gemcitabine/erlotinib fol- 
lowed by observation or 5FU/radiation therapy or capecitabine/ 
radiation therapy. Current guidelines from the National Cancer 
Center Network recommend adjuvant therapy with either che- 
motherapy alone or chemotherapy plus chemoradiation.!*”? Some 
centers are now using neoadjuvant therapy, defined as treat- 
ment given prior to surgery. This modality has gained greater 
acceptance in borderline resectable patients, patients who oth- 
erwise are risk for margin positive resection. The definition of 
borderline resectable patients varies but generally encompasses 
the group of patients with mesenteric vasculature involvement 
without evidence of distant disease. The putative benefits of neo- 
adjuvant therapy are to increase the likelihood that patients with 
resectable disease receive chemotherapy, to downstage border- 
line resectable disease, to increase the likelihood of a negative 
margin resection, and to potentially avoid surgery in patients har- 
boring subclinical metastatic disease on presentation and to treat 
micrometastatic disease. Options for neoadjuvant therapy include 
radiation, chemotherapy, sequential therapy, concurrent therapy 
or a blended regimen. Numerous studies have been reported 
or are currently undergoing accrual (Table 60.6). Neoadjuvant 
therapy is still considered investigational, given the lack of ran- 
domized data. Both the NCCN and ASCO guidelines consider a 
regimen of neoadjuvant therapy for borderline disease a reason- 
able treatment option. 


Palliative Procedures 


The goal of palliative care as defined by the World Health 
Organization “is achievement of the best quality of life for 
patients and their families” (www.who.int.foyer.swmed.edu/can 
cer/palliative/definition). Early intervention in malignancy has 
been associated with improved quality of life as well as length of 
life. 

Obstructive jaundice presents in 80% of patients during 
the course of the disease. Historically, surgical biliary-enteric 
bypass was standard practice; however, owing to the high risk of 


gastric/duodenal obstruction, this management pattern fell out 
of favor.!?? Over the last decade, endoscopic and percutaneous 
approaches have become commonplace (see Chapters 61 and 70). 
The use of palliative surgical bypass procedures has dramatically 
declined owing to the fact that preoperative imaging has led to 
fewer explorations of patients with unresectable or occult meta- 
static disease. Concurrent with endoscopic palliation, improve- 
ment in computed tomography using thin slice cross section 
imaging, has led to fewer subclinical unresectable disease patients 
going to surgery.!?? Palliative endoscopic procedures are well 
tolerated and performed on an outpatient basis. In experienced 
hands, endoscopic biliary and duodenal stent placement has a 
success rate of better than 90%, with a low procedure-related 
mortality. ’! Differences in survival between patients palliated 
endoscopically versus surgically for obstructive jaundice likely 
reflect the greater comorbidities and worse functional status in 
patients treated endoscopically. 132 

Two types of biliary stents are available: plastic and self- 
expandable metallic stents. The plastic stents are preferred for 
short-term use and require exchange every 3 months to pre- 
vent complications from stent occlusion or cholangitis. Self- 
expandable metal stents and silicon covered stents have improved 
long-term patency rates when compared with plastic stents and 
are more durable for long-term applications, such as in patients 
receiving neoadjuvant chemoradiation. 13134 Plastic stents are no 
longer necessary for patients who may become surgical candidates 
owing to the fact that covered metal stents are easily removed at 
operation.!*> 

Traditionally, duodenal obstruction has been treated surgi- 
cally via gastrojejunostomy. A comparison of outcomes in asymp- 
tomatic patients undergoing attempted resection of surgically 
demonstrated, unresectable, periampullary masses who undergo 
prophylactic surgical bypass versus no bypass demonstrated pro- 
phylactic gastrojejunostomy was associated with decreased risk 
of late gastric outlet obstruction, with no difference in postop- 
erative complications or length of hospital stay.!*° Certainly, any 
study in this setting has inherent bias because patients with less 
comorbidity and better functional status are likely to undergo 
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surgical intervention. The use of expandable metallic stents to 
relieve malignant duodenal obstruction has shown success, and 
this modality may be used increasingly in the future.!3 1137 Read- 
mission for stent dysfunction in either the biliary or duodenal 
application is more common than for failure of surgical bypass, 
but the total number of inpatient days was not reduced in the 
surgically bypassed patients. 1° 

Pain in inoperable PC is a common problem, with 80% of 
affected patients experiencing severe pain.'’? Pain in inoper- 
able PC can be difficult to control with opioid administration 
and is associated with a number of toxicities. Celiac plexus 
block or celiac plexus neurolysis can be performed surgically, 
percutaneously or via EUS guidance. Chemical neurolysis by 
EUS was 73% effective in improving pain.!*° A single injec- 
tion was found to be adequate, with similar response rates.!+! 
A prospective laparoscopic study showed decreased pain scores 
without improvement in functional scales.!*? Thoracic splanch- 
nicectomy is an alternative approach to interrupt this pain path- 
way.' The efficacy of these procedures is moderate, with the 
largest randomized trial done in patients undergoing EUS for 
cancer diagnosis and staging. This study also showed significant 
pain relief but no significant decrease in morphine consump- 
tion, improvement in quality of life, or increase in survival (see 
Chapter 61).!4 


Treatment of Advanced Disease 


Distant Metastatic Disease 

Single agent chemotherapy has represented the mainstay of 
therapy for metastatic PC. Gemcitabine alone has historically 
been the standard of care for metastatic PC; however response 
rates are low at 6% to 10%.14:146 Gemcitabine was approved 
based on a landmark trial that showed decreased disease-related 
symptoms, including pain and weight loss.'*’ For years after 
this trial, studies of other combinations with chemotherapy, 
targeted therapy, or immunotherapy did not show a statisti- 
cally significant improvement in survival. In 2007, a random- 
ized phase 3 study of gemcitabine, alone or with erlotinib, was 
the first to show a statistically significant survival advantage 
for combination therapy over gemcitabine alone.!** Median 
survival improved from 5.91 to 6.24 months in favor of the 
addition of erlotinib. Many questioned whether this 10-day 
increase in median survival was a clinically meaningful benefit. 
The next step forward in treatment came with the publication 
of a study randomizing patients to receive combination ther- 
apy with FOLFIRINOX (folinic acid, fluorourcil, irinotecan, 
oxaliplatin) versus gemcitabine.'*? This trial showed a marked 
improvement in survival, from 6.8 months to 11.1 months, in 
favor of the combination regimen (Fig. 60.8). As one could sur- 
mise, toxicities with this regimen were significantly higher than 
with gemcitabine alone. A study presented in 2013 showed that 
the combination of gemcitabine and albumin-bound paclitaxel 
(nab-paclitaxel) improved survival from 6.8 months with gem- 
citabine alone to 8.5 months with the combination.!°? Current 
recommendations for treatment of patients with metastatic dis- 
ease include combination therapy with either FOLFIRINOX 
or with gemcitabine plus nab-paclitaxel for those patients with a 
good performance status who can tolerate combination therapy, 
or gemcitabine alone for those who cannot. 


Unresectable/Borderline Resectable Non-Metastatic 
Disease 

Borderline resectable disease is localized disease that is unlikely 
to be resected with an RO resection due to proximity or direct 
involvement of venous and/or arterial vasculature. Treatment 
of this population of patients has not been well defined. For 
those cancers that are defined as borderline resectable, NCCN 
recommends avoidance of upfront surgery and multimodality 
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Fig. 60.8 Kaplan-Meier estimates of overall survival rates in patients 
with metastatic pancreatic cancer according to treatment with gem- 
citabine or FOLFIRINOX. (Modified from Bilimoria K, Bentrem DJ, Ko 
CY, et al. National failure to operate on early stage pancreatic cancer. 
Ann Surg 2007; 246:173-80.) 


therapy with neoadjuvant chemotherapy and/or chemoradiation. 
Opinions regarding neoadjuvant therapy for borderline resect- 
able disease are mostly based on retrospective data. The data 
have demonstrated increased response rates, resectability and RO 
resection.!°!:!>? Recent studies in borderline or locally advanced 
disease using neoadjuvant FOLFIRINOX or gemctibine/abrax- 
ane with or without sequential chemoradiotherapy noted impres- 
sive results, with resectability rates of 60.80% and RO resection 
rates of 80% to 90% among resected patients.!®-163 Patients 
undergoing resection had similar progression-free and overall 
survival rates as compared to historical comparisons of patients 
undergoing primary surgical resection.!°t More prospective data 
are necessary to delineate the true risks and benefits of neoadju- 
vant therapy. 

For disease that is clearly unresectable upon presentation, 
traditional therapy has been defined by chemotherapy and 
chemoradiotherapy. Autopsy series have demonstrated that 
30% OT patients die due to complications from local progres- 
sion as opposed to metastatic disease.'°” A number of studies 
have used chemotherapy, chemoradiotherapy or sequential 
therapy as modalities to control disease or potentially down 
stage disease. These studies have been defined by a heterog- 
enous study population and older, less efficacious chemotherapy 
regimens.!°° Studies are currently ongoing using gemcitabine/ 
nab-paclitaxel or FOLFIRINOX, regimens associated with 
higher response rates. 

The true benefits of radiotherapy are not well defined. 
A GITSG trial comprising 43 patients with locally advanced PC 
treated with either chemotherapy or chemoradiotherapy demon- 
strated a 10-week survival benefit for the combination regimen 
at the cost of severe toxicity.!°7 Two more recent trials using 
concurrent chemoradiotherapy both demonstrated severe toxic- 
ity; however, an FFCD trial demonstrated a decrease in median 
survival, whereas an ECOG trial demonstrated a survival ben- 
efit for the respective concurrent chemoradiotherapy arms. 168-16 
Finally, the LAP 07 trial randomized patients to an induction 
gemcitabine versus gemcitabine/erlotinib. Of the 442 patients 
initially enrolled, 269 demonstrated stability after induction che- 
motherapy and were randomized to the same dose chemotherapy 
continuation or capecitabine/RT. The final data demonstrated 
no difference in overall survival, and improved local control for 
the radiation arm at the expense of increased toxicity.!’? Based 
on these aforementioned studies and other studies, the Ameri- 
can Society of Oncology recommends induction chemotherapy 
for locally advanced disease, with a consideration for subsequent 
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Fig. 60.9 Imaging studies show- 
ing a mucinous cystic neoplasm of 
the tail of the pancreas. Left, The 
cyst is seen clearly on CT (arrow). 
Right, An EUS image demon- 
strates septae and loculations 
within the cyst not clearly seen on 
CT. Arrows denote the neoplasm 
delineated by EUS. EUS allows 
sampling of the cyst fluid. 


concurrent chemoradiotherapy for those who do not progress 
after induction therapy.!7! 

Newer treatment modalities, including better definition of 
treatment fields and dose sculpting has allowed improvement in 
toxicity while maintaining dose intensity. Typically nodal drain- 
age basins were included in the radiation field due to the approxi- 
mate 30% risk of nodal spread.!”* To minimize toxicity, current 
studies are localizing radiation to the primary tumor and avoiding 
elective nodal irradiation.!7> Intensity-modulated radiation ther- 
apy allows sculpting of the radiation around the tumor field.!’+ 
More recently, stereotactic body radiation therapy (SBRT) has 
demonstrated promise and could set a new standard. SBRT uses 
high doses per fraction given over limited doses in a conformal 
fashion, with phase II data demonstrating high local control rates 
with well-controlled toxicity.!’> Currently, there are no studies 
comparing IMRT to SBRT. 


CYSTIC TUMORS OF THE PANCREAS 


Cystic tumors of the pancreas are relatively uncommon, account- 
ing for less than 10% of pancreatic neoplasms.!”° Diagnosis of 
cystic lesions of the pancreas has increased dramatically, second- 
ary to the widespread availability and improved resolution of 
cross-sectional imaging.'’? MRI series have found a prevalence 
up to 20%, with a cumulative prevalence of 40% in patients older 
than 70.178 A recent review of 24,000 abdominal CT and MRI 
studies at 1 institution during an 8-year period revealed that pan- 
creatic cysts were present in 1.2% of patients, and 60% of these 
were likely to be cystic neoplasms.!’? Mucinous cystic neoplasms 
(MCNs), serous cystadenomas (serous cystic neoplasms [SCNs]), 
and IPMNs comprise more than 80% of the primary cystic neo- 
plasms of the pancreas. Accurate recognition of these lesions is 
important because of their ability to masquerade as pancreatic 
pseudocysts, and their high cure rate following surgical treatment 
(see Chapter 59). 

Patient evaluation after discovery of a cystic lesion of the pan- 
creas should initially be directed toward exclusion of a pancreatic 
pseudocyst. Clinical findings often direct further investigation. 
As opposed to cystic neoplasms, pseudocysts lack an epithelial 
lining and represent collections of pancreatic secretions that have 
extravasated from a duct disrupted by inflammation or obstruction 
(see Chapters 58 and 59 ). Patients with pseudocysts often have 
a history of acute or chronic pancreatitis, or abdominal trauma, 
whereas most patients with cystic tumors lack such antecedent 
factors. Characteristics that favor a diagnosis of pseudocyst over 
cystic neoplasms include lack of septae, loculations, solid compo- 
nents, or cyst wall calcifications on CT or MRI. For pseudocysts, 
ERCP or MRCP traditionally demonstrates communication 


between the cyst and the main pancreatic duct. Evaluation of 
pseudocyst fluid reveals high levels of amylase, which is atypi- 
cal for cystic tumors unless they have communication with the 
pancreatic duct. 

Ifa diagnosis of pancreatic pseudocyst can be ruled out, evalu- 
ation should subsequently focus on identifying those tumors that 
require surgical resection because of actual or potential malig- 
nancy. As opposed to ductal adenocarcinoma, cystic neoplasms 
with malignant potential are slow growing, and favorable prog- 
noses have been reported even in the setting of malignant degen- 
eration. Tumors with malignant potential include MCN, IPMN, 
solid pseudopapillary tumors (SPTs), and cystic islet cell tumors. 
Serous cystadenomas, in contrast, are almost universally benign; 
they represent approximately one third of all pancreatic cystic 
neoplasms. The initial challenge is to segregate benign from 
potentially malignant cystic tumors (see later). The more diffi- 
cult task is to separate premalignant from invasive tumors, both 
to avoid overtreatment in older-adult, high-risk patients and to 
focus surveillance imaging in a cost-effective manner to facilitate 
a safe -operative strategy. 

The diagnostic examination of choice is an MRI of the abdo- 
men with MRCP. If an MRI cannot be completed then a CT 
with pancreatic protocol is a good alternative. These imaging 
techniques enable tumor localization and, sometimes, discrimi- 
nation between pseudocysts and cystic neoplasms. ERCP is use- 
ful for the diagnosis of IPMN and allows procurement of biopsy 
samples by brushings. EUS allows detailed characterization of 
the cyst wall, identifying fine structures such as septa, papilla, or 
wall nodules (Fig. 60.9). Additionally, FNA of the cyst contents is 
possible with EUS. Cyst fluid analysis is helpful in the evaluation 
of cystic neoplasms (Table 60.7).!7° 


Mucinous Cystic Neoplasms 


MCNs are rare cystic tumors of the pancreas, in most series 
less common than IPMNs and SCNs.!*° Some studies sug- 
gest the prevalence of MCNs to be approximately half that of 
IPMNs.!*!:!8* MCNs are very female predominant, with a 20:1 
female:male ratio, and are confined to the body and tail of the 
gland in more than 95% of cases. They are solitary, mucin-con- 
taining, multiloculated or unilocular lesions with a thick fibrotic 
wall (Fig. 60.10).!83 

A MCN should be suspected when a CT or MRI of the 
abdomen shows a cyst within the body or tail of the pancreas 
in a middle-aged woman. MCNs are well-defined, thin-walled 
solitary cysts that can be unilocular or multilocular. They lack 
communication with the main pancreatic duct, differentiating 
it from IPMN.!**+ EUS is indicated when clinical and imaging 
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TABLE 60.7 Analysis of Cyst Fluid in Various Cystic Lesions of the Pancreas 


Parameter Pseudocyst Serous Cystadenoma MCN-benign MCN-malignant IPMN 

Viscosity Low Low High igh High 

Amylase level High Low Low Low High 

CEA level Low Low High igh High 

CA 72-4 level Low Low Intermediate igh Intermediate to high 
Cytologic findings Histiocytes Cuboidal cells with glycogen- Columnar mucinous Adenocarcinoma cells Columnar mucinous 


rich cytoplasm 


epithelial cells with 
variable atypia 


epithelial cells with 
variable atypia 


IPMN, intraductal papillary mucinous neoplasm; MCN, mucinous cystic neoplasm. 


aee M 


Fig. 60.10 Multiloculated mucinous cystic neoplasm of the tail of the 
pancreas. 


characteristics deviate from this classic pattern. EUS can identify 
septations and cyst wall nodules in more detail than MRI or CT, 
and allows cyst wall biopsy and cyst fluid aspiration for analysis. 
Cyst fluid analysis generally reveals thick and mucoid material, 
low fluid amylase, elevated tumor markers (CEA), and mucinous 
epithelial cells by cytology. These findings may help in differ- 
entiating MCN from serous cystadenomas (low fluid CEA) and 
IPMN (high fluid amylase) (see Table 60.7). 

For many years, MCNs have been misidentified as IPMNs 
and vice versa. This has led to confusion regarding the true 
clinical and pathologic features of MCNs. The International 
Association of Pancreatology put forward guidelines to accu- 
rately differentiate an MCN from IPMN. !* These guidelines 
require the histologic presence of ovarian-type stroma within 
the tumor to establish the diagnosis of MCN. Using this cri- 
terion, MCNs and IPMNs are now recognized as 2 distinct 
neoplasms with different genetics, biological behaviors, and 
prognosis. !® 

MCNs are very female predominant, with a 20:1 female-to- 
male ratio, and are confined to the body and tail of the gland in 
more than 95% of cases. They are solitary, mucin containing, 
multilocular, or unilocular lesions with a thick fibrotic wall.!*? 
Mean age at presentation is 50 years. In older series, most 
patients complained primarily of abdominal pain or a palpable 
mass. The wide availability of CT and MRI scanning has led to 
an increasing percentage of tumors being identified as incidental 
findings. 

A MCN should be suspected when a CT or MRI of the 
abdomen shows a cyst within the body or tail of the pancreas 
in a middle-aged woman. If MRCP is done, there should be no 


communication between the pancreatic duct and the cyst itself. 
EUS is indicated when clinical and imaging characteristics devi- 
ate from this classic pattern. EUS can identify septations and cyst 
wall nodules in more detail than MRI or CT, and allows cyst wall 
biopsy and cyst fluid aspiration for analysis. Cyst fluid analysis 
generally reveals thick and mucoid material, low fluid amylase, 
elevated tumor markers (CEA), and mucinous epithelial cells by 
cytology. These findings may help in differentiating MCN from 
serous cystadenomas (low fluid CEA) and IPMN (high fluid amy- 
lase) (see Table 60.7). 

Owing to the inherent potential for malignancy in MCNs, sur- 
gical resection is advocated for all of them. Distal pancreatectomy 
with or without splenectomy is the procedure of choice, given 
that most tumors are located in the body or tail of the gland. A 
laparoscopic approach is acceptable and results in less blood loss 
and shorter length of stay, with no difference in operative time, 
morbidity, or mortality.'°%!8’ Excision of lymph nodes beyond 
those immediately adjacent to the pancreas is not necessary, 
given that lymph nodes metastases are rarely, if ever, observed. 
In cases of small or benign-appearing lesions, enucleation can be 
performed without risk of local recurrence and with no mortality. 
The significant risk of a temporary fistula is acceptable to allow 
parenchymal preservation and avoid pancreatic insufficiency in 
low-risk tumors.!® Central pancreatectomy can also preserve 
pancreatic function and allow complete excision of lesions that 
encroach on the main pancreatic duct and prevent safe enucle- 
ation.!8? 

Five-year survival rates are excellent for benign or border- 
line MCNs, where the reported cure rate is 100%.!*5:!8° Given 
that MCNs are never multifocal, long-term surveillance is not 
required for patients with resected noninvasive tumors. For inva- 
sive MCNs, 5-year survival rates range from 30% to 63% in 
resected tumors. 183,188 


Serous Cystadenomas 


Serous cystadenomas are predominantly benign tumors with lit- 
tle risk of malignant behavior. The clinical presentation of serous 
cystadenomas is similar to that of MCNs, occurring mostly in the 
body or tail of the pancreas in women (75%) with a mean age of 
62 years.!° An association with von Hippel-Lindau disease has 
also been noted. Historically, most patients presented with vague 
abdominal pain or discomfort, but a significant number can pres- 
ent with a palpable mass when the tumor has attained a large size 
(10 to 25 cm). Currently, the majority are found as incidental 
asymptomatic tumors detected during evaluation for other unre- 
lated conditions.!?! 

Macroscopically, serous cystadenomas consist of well-circum- 
scribed pancreatic neoplasms that, on cross-section, show numer- 
ous tiny cysts separated by delicate fibrous septa, giving them a 
honeycomb appearance (Fig. 60.11).!°? The cysts are filled with 
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Fig. 60.11 Serous cystadenoma of the tail of the pancreas. A, At surgery, most of the pancreatic parenchyma 
has been replaced by a cystic neoplasm. B, Cut surface shows multiple cysts and a central fibrotic scar. 

C, Histopathology showing cysts containing serous fluid and lined by bland cuboidal cells rich in glycogen 
(H&E). 


clear watery fluid and are often arranged around a central stel- 
late scar that may be calcified. The pathognomonic CT image is 
that of a spongy mass with a central “sunburst” calcification, but 
this finding occurs in only 10% of patients (Fig. 60.12A).!/° EUS 
may allow better resolution of the honeycomb structure than CT 
(see Fig. 60.12B). Macrocystic variants occur and tumors may 
undergo cystic degeneration, leading to confusion with pseudo- 
cysts or MCNs.!” Cyst fluid analysis characteristically reveals 
low viscosity, low levels of CEA, and negative cytology (see Table 
60.7). 

Unlike MCNs, serous cystadenomas are considered benign 
tumors. Rare case reports of serous cystadenocarcinomas exist 
but constitute less than 3% of known cases.!** Surgical resec- 
tion is the treatment of choice for symptomatic lesions. Options 
for resection depend on tumor location and include distal pan- 
createctomy with or without splenectomy, Whipple procedure, 
middle pancreatectomy, or enucleation. 

Serous cystadenomas may be safely observed if asymptomatic. 
Observation carries the risk of continued growth, which may lead 
to complications such as hemorrhage, mass effect causing obstruc- 
tive jaundice and pancreatic duct obstruction with exocrine insuf- 
ficiency, or gastric outlet obstruction.!?> Two different growth 
patterns have been documented, clustering into slow (1 mm/year) 
and more rapid (5 mm/year).!°° Tumor size at presentation was 
not a useful determinant of faster growth rates. Another series of 
patients followed for a mean of 42 months found that tumor size 
correlated with subsequent growth rate.!?” Although almost all 
asymptomatic patients can be safely followed with surveillance 
imaging, the new onset of symptoms, worsening of symptoms, or 
rapid enlargement of the mass should raise the index of suspicion 
for serous cystadenocarcinoma and consideration for surgical 


treatment.!°° Large-diameter tumors located in the head of the 
pancreas were more likely to exhibit aggressive behavior and 
require resection.!”” 


Intraductal Papillary Mucinous Neoplasms 


Since their initial description in 1982 the incidence of IPMNs has 
been rapidly rising owing to increased use of cross sectional imag- 
ing. Most IPMNs are diagnosed incidentally with true preva- 
lence unknown, ranging from 0.0008% to 10% in patients older 
than 70 years.’°!° Increased awareness about this disease and 
its differentiation from chronic pancreatitis, coupled with refine- 
ments in diagnostic imaging, have led to an explosion of “new” 
cases being recognized and reported. A variety of terms have been 
applied in reference to these tumors and include mucinous ductal 
ectasia, intraductal mucin-producing tumor, intraductal cystadenoma, 
pancreatic duct villous adenoma, and intraductal papillary neoplasm. 
Since 1996, however, both the WHO and the Armed Forces 
Institute of Pathology have uniformly referred to this entity as 
IPMNs.?°3 

IPMNs of the main duct represent papillary neoplasms within 
the main pancreatic duct showing mucin hypersecretion that often 
leads to duct dilation and chronic obstructive pancreatitis (Fig. 
60.13). IPMNs are considered premalignant pancreatic lesions, 
and histologically their epithelium may demonstrate areas rang- 
ing from hyperplasia to carcinoma within a single tumor. Based 
on their histologic characteristics, IPMNs are generally classi- 
fied into the following groups: benign (adenoma), borderline, or 
malignant.” The malignant group is further subclassified into 
noninvasive (carcinoma in situ) and invasive carcinoma based on 
extension beyond the basement membrane. The prevalence of a 
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Fig. 60.12 Imaging studies showing a serous cystadenoma of the body and tail of the pancreas. A, CT show- 
ing its spongy appearance and calcification. B, EUS shows the honeycomb appearance of a 4.5 x 4.8 cm 
serous cystadenoma. (Courtesy Michael Nunez, MD, Dallas, TX.) 


Fig. 60.13 Histopathologic view of a malignant intraductal papillary 
mucinous neoplasm. A papillary tumor is growing within the pancreatic 
duct. Note the surrounding lakes of mucin in the pancreas. At the right 
of the picture is the duodenum, which is focally invaded by the muci- 
nous tumor at the top right (H&E low power). 


malignant neoplasm was 64% in main duct IPMN and 18% in 
patients with branch duct IPMN.?° 

Clinically, IPMNs occur with equal frequency in men and 
women, with a median age at diagnosis of approximately 65 years. 
Approximately 75% of patients are symptomatic, with abdominal 
pain and weight loss being the most common complaints. A his- 
tory of recurrent pancreatitis is given by 20% of patients, and 
acute pancreatitis is found in approximately 25% at presentation. 
No constellation of symptoms allows preoperative identifica- 
tion of the malignant variants of IPMNs; however, patients with 
malignant neoplasms are more likely to be older and more likely 
to present with jaundice or new-onset diabetes.’ 


Fig. 60.14 CT showing an intraductal papillary mucinous neoplasm 
(IPMN) affecting the head of the pancreas. 


Evaluation of patients with IPMNs includes CT or MRI of 
the abdomen and MRCP and, less commonly today, ERCP. CT 
often demonstrates dilation of the pancreatic duct, with or with- 
out an associated cystic mass. Duct dilation is often so impressive 
that it may mimic MCNs on CT (Fig. 60.14). MRI finds mural 
nodules (60% vs. 4%) and wall enhancement (74% vs. 21%) more 
frequently in malignant versus benign or borderline IPMN. 
Evaluation by ERCP typically shows a patulous ampulla of Vater 
with extruding mucus, a finding that is pathognomonic for main 
duct IPMNs. Other findings during pancreatography include 
main duct dilation, filling defects caused by viscid mucus or 
tumor nodules (Fig. 60.15), and communication between cystic 
areas and the main pancreatic duct. 

Adequate treatment of IPMNs requires pancreatic resec- 
tion, which successfully relieves symptoms and prevents tumor 
progression to invasive carcinoma. Pancreaticoduodenectomy is 
the treatment of choice for most patients, given the predomi- 
nance of IPMNs in the head of the pancreas, but distal pancre- 
atectomy is indicated for lesions in the body or tail of the gland. 
Intraoperative frozen sections are necessary to rule out malig- 
nancy at the resection margin, but the finding of low-grade dys- 
plasia at the margin should not lead to total pancreatectomy. 
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Fig. 60.15 ERCP showing an intraductal papillary mucinous neoplasm. 
Multiple filling defects are seen in the proximal pancreatic duct (solid 
arrows). Bile duct obstruction, treated with a stent, can also be seen 
(open arrow). 


Residual ductal dysplasia did not predict the development of 
invasive disease or reduced survival.?°’ Confirming the concept 
of IPMN as a genetic field defect, dysplasia at the margin was 
associated with recurrence in the remnant gland, but this was 
not at the resected margin.*°* When IPMNs involve the entire 
ductal system, total pancreatectomy is the only curative surgical 
option. 

Prognosis after resection of IPMN is excellent, with 5-year 
disease-specific survival of at least 75%, predicted by the pres- 
ence or absence of invasion at primary resection. Factors asso- 
ciated with worse outcome in patients with invasive histology 
include lymph node metastases, lymphovascular invasion, peri- 
neural invasion, and positive margins.” Disease recurrence in 
the pancreatic remnant is often seen after resection of nonin- 
vasive IPMNs. One study found 21% of patients had recur- 
rence at a median follow-up of 46 months.?°* After resection 
for benign IPMNs, the prevalence of both new IPMNs and 
invasive cancer increases over time. During a mean follow-up 
of 73 months, 20% of 153 margin-negative patients had recur- 
rence lesions; three of these 31 had invasive cancer.2°” Another 
institution found the estimated chances of recurrence of an 
invasive tumor were 0%, 7%, and 38% at 1, 5, and 10 years, 
respectively.?!° These figures underscore the importance of 
indefinite close surveillance and postoperative imaging for 
those even without invasive tumors. Patients with recurrent 
disease localized to the pancreas can benefit from completion 
pancreatectomy.7>7!0 


Solid Pseudopapillary Tumors 


SPTs of the pancreas are rare neoplasms first described in 1934 
and account for less than 10% of the cystic tumors of the pan- 
creas.!© Women are more frequently affected than men (10:1 
ratio). In general, this is a disease of young women in their 30s, 
with very few cases (5%) reported in adults older than 50 years.?!! 
Several pediatric series can be found in the literature, and these 
patients (age range, 1 to 18 years) account for at least 20% of all 
known cases.”!? 

The most common clinical presentation is abdominal pain, 
found in 67% to 81% of patients.’!>?!* The second most 


common finding is a large abdominal mass, which is the principal 
complaint in 35% of patients. At least 15% of tumors are discov- 
ered as incidental findings, often during routine physical exams 
or during evaluation after trauma.7!! As for other cystic lesions of 
the pancreas, evaluation with either CT or MRI (Fig. 60.16) and 
consideration for EUS-FNA provides sufficient information to 
direct clinical management.?!>7!° 

Most (60%) pseudopapillary tumors are found in the body 
and tail of the pancreas. The tumors can be quite large at pre- 
sentation, with 34% of patients having masses larger than 10 cm 
in diameter. Grossly, small tumors are relatively solid, whereas 
larger variants show significant cystic degeneration. Microscopi- 
cally, a mixture of solid, pseudopapillary, and hemorrhagic pseu- 
docystic areas are observed. Uniform neoplastic tumor cells are 
seen separated by vascular hyalinized stroma.?!” 

Although most SPTs demonstrate benign behavior, these 
tumors are considered to be lesions of uncertain malignant 
potential. A large meta-analysis of published series found a 20% 
frequency of solid pseudopapillary carcinoma.”!! Current criteria 
for malignancy include perineural invasion, angioinvasion, inva- 
sion of adjacent tissues, or metastases.”!! The most common site 
of metastasis is the liver, and metastatic disease is observed in 5% 
to 10% of patients at presentation. 

Despite their female predominance, no association to estrogen 
receptors has been identified in SPTs. Other common mutated 
genes in pancreatic carcinogenesis, such as K-ras and TP53, 
are also absent in these tumors. Instead, SPTs show abnormal 
expression of E-cadherin (see Chapter 1). Although normal cells 
show E-cadherin expression within the cell membrane, 100% of 
SPTs show complete loss of E-cadherin expression in the cells or 
abnormal localization of E-cadherin to the cell nucleus.?!8 These 
findings are not related to mutations in the E-cadherin gene, 
but rather to abnormal expression of partner molecules such as 
B-catenin and p120.7!? Molecular studies found that 90% of cases 
had a point mutation of exon 3 in the B-catenin gene.??? This 
finding is of diagnostic use, and loss of cell-to-cell adhesion may 
help to explain the cystic degeneration observed in this neoplasm. 

Overall, SPTs are very slow-growing neoplasms, with overall 
survival better than 90%. Complete resection is the treatment 
of choice, and resection of synchronous or interval metastases is 
also recommended when possible.?!*?! A 100% 5-year survival 
following RO resection in all patients was achieved in 1 multi- 
institutional review.*!’ Prolonged survival has also been reported, 
even in the presence of metastatic disease.?!!??! No significant 
data are available about adjuvant treatment for SPTs. 

In 2018, the ACG published updated guidelines on the diag- 
nosis and management of the various pancreatic cystic lesions dis- 
cussed in this section.??? 


OTHER PANCREATIC TUMORS 


Other nonendocrine tumors of the pancreas include acinar cell 
carcinomas, lymphomas, and sarcomas. Acinar cell carcinomas 
are extremely rare, representing 1% to 2% of pancreatic tumors. 
Clinical presentation may be indistinguishable from pancreatic 
ductal adenocarcinoma. CT of acinar cell carcinomas have sev- 
eral features that can differentiate them from ductal adenocar- 
cinoma, including large size without biliary or pancreatic duct 
dilation, exophytic morphology, and an enhancing capsule.” A 
minority of these patients (10% to 15%) may present with the 
lipase hypersecretion syndrome, with high serum lipase levels and 
peripheral fat necrosis observed clinically.’”+ The lipase hyperse- 
cretion syndrome is often present in the setting of liver metasta- 
sis and is considered an unfavorable prognostic factor. Overall, 
acinar cell carcinomas are considered an aggressive malignancy, 
and 50% of cases present with liver metastasis; however, prog- 
nosis appears to be better than for ductal adenocarcinoma. In 
a recent study of acinar cell carcinomas using the Surveillance, 
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Epidemiology, and End Results (SEER) database, 5-year survival 
was 22% for patients with unresectable disease and 72% for those 
with resectable disease.’*> In patients with limited metastatic dis- 
ease, an aggressive approach including synchronous and meta- 
chronous liver resection had equal survival to those patients with 
localized disease.??° 

Primary pancreatic lymphoma represents less than 0.7% of all 
pancreatic malignancies, and less than 1% of all extranodal non- 
Hodgkin’s lymphomas (see Chapter 32).?7 Non-Hodgkin lym- 
homa with secondary pancreatic involvement is more common. 
Patients with primary pancreatic lymphoma have no peripheral or 
mediastinal lymphadenopathy, no hepatic or splenic involvement, 
and a normal WBC count.’?* FNA biopsy with flow cytometry is 


Fig. 60.16 Cross-sectional im- 
age (A) and coronal CT image 

(B) showing an extensive solid 
pseudopapillary tumor of the pan- 
creas in a 16-year-old female. An 
RO resection was obtained after 

a common femoral vein graft was 
used to replace a long segment of 
portal vein and superior mesen- 
teric vein involvement. 


highly accurate in establishing the diagnosis.’’? Identification of 
primary pancreatic lymphoma is important because treatment is 
primarily non-surgical (see Chapter 31). Treatment usually con- 
sists of a combination of chemotherapy and radiation therapy, 
and cure rates near 30% are reported in the literature.” A few 
patients with small tumors, thought to represent carcinomas, 
have been treated with surgery alone and have had excellent sur- 
vival. Rarely, tumors may metastasize to the pancreas, most com- 
monly renal carcinoma. 
Pancreatic endocrine tumors are discussed in Chapter 34. 


Full references for this chapter can be found on www.expertconsult.com. 
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Since the first report of ERCP and endoscopic biliary sphinc- 
terotomy in 1974, there have been numerous advances in ERCP 
techniques. Less invasive diagnostic modalities including EUS, 
CT, and MRCP have replaced diagnostic ERCP. However, 
therapeutic ERCP remains useful for the treatment of pancre- 
atic diseases, and continually evolves. This chapter reviews the 
endoscopic treatment of acute pancreatitis and its complica- 
tions, as well as the endoscopic treatment of recurrent acute 
pancreatitis, chronic pancreatitis, pancreatic cancer, and pan- 
creatic cysts. 


ACUTE PANCREATITIS 


When a patient presents with acute pancreatitis, the role of 
endoscopy is limited to 2 situations: first, those patients with 
gallstone-induced pancreatitis (see Chapters 58 and 66) and, 
second, to provide nutritional support via enteric feeding (see 
Chapter 6). Gallstone pancreatitis is caused by transient or sus- 
tained impaction of sludge or a stone within the common channel 
of the ampulla of Vater. ERCP and biliary sphincterotomy are 
used to improve the outcome of gallstone pancreatitis by removal 
of an impacted stone and subsequent relief of pancreatic ductal 
obstruction. Early studies of patients with acute gallstone pancre- 
atitis suggested that ERCP and sphincterotomy within 72 hours 
of admission improved outcomes in patients with clinically severe 
acute pancreatitis.! Meta-analyses have not, however, demon- 
strated that early routine ERCP significantly affects mortality 
and local or systemic complications of pancreatitis, regardless of 
predicted severity. However, there is support for current recom- 
mendations that early ERCP should be considered in patients 
with coexisting cholangitis or biliary obstruction.” Thus ERCP 
is best reserved for patients with suspected biliary obstruction, 
based on hyperbilirubinemia and evidence of clinical cholangitis, 
because it is unlikely that the ampulla is obstructed in the pres- 
ence of a normal serum bilirubin.’ Less invasive imaging modal- 
ities that can evaluate bile duct stones in patients with severe 
biliary pancreatitis include CT, MRCP,’ and EUS.’ These tests 
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can help select patients for ERCP if bile duct stones are iden- 
tified, and prevent unnecessary ERCP and the risk of potential 
adverse events.”:!° If bile duct stones are not identified during 
ERCP performed for acute gallstone pancreatitis, there are no 
data to guide whether an empiric biliary sphincterotomy should 
be performed. Sphincterotomy can reduce the risk of recurrent 
acute pancreatitis and cholangitis prior to cholecystectomy.!! 
However, early laparoscopic cholecystectomy (within 3 days) in 
mild biliary pancreatitis, without waiting for normalization of 
liver enzymes, can improve outcomes and decrease the need for 
subsequent ERCP.'? Indeed early cholecystectomy is considered 
the standard of care.!* In those patients who do not undergo cho- 
lecystectomy, ERCP with biliary sphincterotomy reduces the risk 
of recurrent gallstone pancreatitis. '* 

Evidence supports early enteral feeding for patients with 
severe acute pancreatitis, based on randomized prospective stud- 
ies. Lower-cost and fewer infectious complications are seen with 
enteral feeding as compared to parenteral nutrition (see Chapter 6). 
NG feeding appears to be as effective as tubes placed beyond the 
ligament of Treitz,!° although the latter are preferred in patients 
who do not tolerate NG feeding owing to gastric retention from 
severe duodenal edema. There are a variety of endoscopic tech- 
niques for placing nasojejunal feeding tubes in the setting of acute 
pancreatitis, including transnasal endoscopy.!**! 


LOCAL COMPLICATIONS OF ACUTE PANCREATITIS 
(ALSO SEE CHAPTER 58) 


There are a variety of local complications that can arise as a 
complication of acute pancreatitis with defined nomenclature.*? 
These include peri-pancreatic fluid collections, pancreatic and 
peripancreatic necrosis (sterile or infected), and pseudocyst and 
walled-off necrosis (WON; sterile or infected). Patients with 
well-demarcated symptomatic and/or infected collections that 
are in close proximity (apposition) to the gastric or duodenal wall 
can be treated with endoscopic drainage.” Acute peripancreatic 
fluid collections form early in the course of acute pancreatitis 
and usually resolve without therapy. Acute pseudocysts arise as a 
sequela of acute pancreatitis, require at least 4 weeks to encapsu- 
late, and are devoid of significant solid debris. Acute pancreatic 
pseudocysts usually form as a result of a pancreatic ductal leak 
(Fig. 61.1). Alternatively, areas of pancreatic and peripancreatic 
fat necrosis may liquefy over time and become a pseudocyst.** 
Despite the requirement of at least 4 weeks for a pseudocyst to 
encapsulate, it is important to realize that in some patients with 
significant early acute pancreatic necrosis (>30% necrosis), the 
pancreatic and peripancreatic necrosis may evolve into a collec- 
tion that radiographically resembles a pseudocyst.’ These collec- 
tions contain significant solid debris, and endoscopic treatment 
of them using typical pseudocyst drainage methods often results 
in infectious complications because of contamination and inad- 
equate removal of solid debris.?°* 


Pseudocysts 


Drainage of an acute pseudocyst is indicated for treatment of 
symptomatic pseudocysts that may or may not be infected’? and 
for progressive enlargement on imaging studies. Symptoms and 
signs from an acute pseudocyst include abdominal pain (often 
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exacerbated by eating), weight loss, gastric outlet obstruction, 
obstructive jaundice, and pancreatic duct leakage, which may 
result in pancreatic ascites or pancreatic fistulae.*? Pseudocysts 
may be drained through the papilla (transpapillary), through the 
gastric or duodenal wall (transmurally), or by using a combina- 
tion of these modalities.’ 1? 


Transpapillary Drainage 


If the pseudocyst communicates with the main pancreatic duct, place- 
ment of a pancreatic duct stent with or without pancreatic sphinc- 
terotomy is effective, especially for smaller pseudocysts (<5 to 6 cm) 
that are not otherwise approachable transmurally.**++ The proximal 
end of the stent (toward the pancreatic tail) may directly enter the 
pseudocyst, bridge the area of leak into the pancreatic duct upstream 
from the leak, or lie completely downstream to the leak. Bridging 
the leak is the preferred approach because it restores ductal continu- 
ity and appears to be more effective (Fig. 61.2).°°3° Transpapillary 
drainage avoids bleeding or perforation that may occur with trans- 
mural drainage. However, pancreatic stents may induce scarring of 
the main pancreatic duct in patients with a normal duct.*” 


Transmural Drainage 


There is no standardized approach to transmural pseudocyst drain- 
age. Transmural drainage is performed by entering the collection 


Fig. 61.1 Illustration depicting the mechanism of formation of an acute 
pancreatic pseudocyst. Limited necrosis of the main pancreatic duct 
produces a leak with accumulation of enzyme-rich fluid. 


using a needle without electrocautery or using an electrocautery 
device (e.g., needle knife, cystotome, cautery-enhanced lumen- 
apposing metal stent [LAMS])** EUS-guided drainage is preferred 
over non-EUS-guided drainage to prevent adverse events such 
as bleeding and perforation.*” Although the superiority of EUS- 
guided versus non-EUS-guided drainage has not been clearly 
demonstrated,*? data support its routine use during transmural 
drainage," especially when non-EUS-guided drainage fails.** 
EUS-guided entry is successful in more than 95% of patients and 
has low adverse event rates.+°-+° ‘Traditionally, once the pseudo- 
cyst cavity is successfully entered, the transmural tract is balloon 
dilated to 8 to 10 mm in diameter to allow placement of 1 or 2 
double pigtail 10-French stents (Fig. 61.3).*? Covered self-expand- 
able stents have been used instead of, and in addition to, plastic 
stents.°°->* A novel LAMS has been recently developed to mitigate 
many of the limitations of traditional drainage techniques.” Two 
FDA-approved LAMS stent delivery systems are available for the 
management of pancreatic fluid collections, one which requires 
placement via traditional drainage techniques (i.e., step 1-punc- 
ture, step 2-guidewire placement, step 3-tract dilation, step 4-stent 
deployment) and the other which is fitted with an electrocautery 
tip allowing simultaneous puncture and tract dilation, followed 
by stent deployment, without the need of guidewire placement in 
select circumstances. 

Following uncomplicated attempted endoscopic drainage, a 
follow-up CT is obtained 4 to 6 weeks after the procedure. All 
internal stents are endoscopically removed after documented 
radiographic pseudocyst resolution. Success rates, recurrence 
rates, and adverse event rates of endoscopic drainage of pan- 
creatic pseudocysts are variable, likely because many published 
reports are heterogeneous, including patients with both acute and 
chronic pseudocysts, as well as “pancreatic abscesses.” In addition, 
some patients underwent transpapillary drainage, others under- 
went transmural drainage, and some underwent both interven- 
tions. Nonetheless, cumulatively, successful drainage is achieved 
in approximately 75% to 90%, with adverse event rates of about 
5% to 10% and pseudocyst recurrence rates of 5% to 20% .5+°° 


Walled-off necrosis 


Pancreatic necrosis is nonviable pancreatic parenchyma, usu- 
ally associated with peripancreatic fat necrosis. Its earliest form 
is detected on contrast-enhanced CT by demonstrating areas 
of non-enhancing pancreatic parenchyma. Pancreatic necrosis 
is frequently accompanied by major pancreatic ductal disrup- 
tions. Over the course of several weeks, the area of necrosis 


Fig. 61.2 Illustration depicting transpapillary drainage of a pancreatic pseudocyst. A, Pancreatogram showing a 
leak off a side branch of the main pancreatic duct (arrows). B, A pancreatic duct stent is in place across the leak. 


may continue to evolve and expand, containing both liquid and 
solid debris (Fig. 61.4). The initial term for this late collection 
was organized pancreatic necrosis? but it is now more commonly 
referred to as walled-off necrosis. These terms are used to differen- 
tiate the late form of necrosis from the early (acute) phase of pan- 
creatic necrosis. The CT appearance of WON may be mistaken 
as an acute pseudocyst.75:78:°657 

The indications for and timing of drainage of sterile WON 
are controversial. Endoscopic drainage cannot be performed 
until the process becomes organized. Indications for drainage 
of sterile WON are refractory abdominal pain, gastric outlet 


Fig. 61.3 Endoscopic transduodenal drainage of a pancreatic pseu- 
docyst. A, The pseudocyst was entered and a guidewire coiled into 
the cyst. A dilating balloon has been inflated across the duodenal wall. 
B, Two double pigtail stents have been placed into the cyst. 
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obstruction, or failure to thrive (i.e., continued systemic illness, 
anorexia, and weight loss) at 4 or more weeks after the onset 
of acute pancreatitis.’ Because endoscopic drainage of WON 
is more technically difficult, it carries a higher rate of adverse 
events, and tends to involve more severely ill patients. The deci- 
sion to endoscopically intervene when the process is sterile must 
be carefully considered.?*°? Alternative management options to 
endoscopic drainage include nutritional support with parenteral 
or enteral jejunal feeding and non-endoscopic drainage methods 
such as percutaneous and surgical drainage, including minimally 
invasive surgical techniques.’ The management option selected 
is usually based on local expertise and severity of comorbid medi- 
cal illnesses. Ideally, these patients are best managed by a multi- 
disciplinary approach. 

Because of the need to evacuate solid material, the endoscopic 
approach to drainage of WON differs from drainage of pseu- 
docysts. The endoscopic approach has evolved significantly. In 
general, the transpapillary approach alone is inadequate because 
it does not allow removal of solid debris. The transmural drain- 
age approach is most commonly used, as it allows for removal of 
liquefied contents and solid debris. Early iterations of transmural 
drainage techniques include the use of transnasal irrigation tubes 
placed alongside transmurally placed stents in order to lavage 
solid debris.*®60 Alternative approaches have used percutaneous 
endoscopic gastrostomy tubes to provide a method of placing 
irrigation tubes into the necrotic cavity and to avoid uncomfort- 
able transnasal tubes.?®61:62 In general, nasocystic irrigation is no 
longer routinely used. 

One approach for removal of necrotic debris is to perform 
direct endoscopic necrosectomy. This is performed by dilating 
the transmural tract with large-caliber balloons (up to 20 mm), 
or accessing a previously placed LAMS, then passing a forward- 
viewing endoscope through the tract directly into the necrotic 
cavity (Fig. 61.5).7*-3.64 Snares, grasping forceps, and other acces- 
sories are then used to remove solid debris.°° This approach has 
been shown in a retrospective study to be superior to the irrigation 
approach. Nevertheless, repeat procedures are often needed to 
debride residual necrotic material, and to attempt to treat underly- 
ing pancreatic ductal disruptions in hopes of preventing a discon- 
nected pancreatic duct. Current strategies for the management 
of WON include placement of large diameter LAMS (to allow 
egress of fluid and facilitate direct endoscopic necrosectomy, if 
necessary) (Figs. 61.6 and 61.7).°’ Direct endoscopic necrosec- 
tomy is not routinely performed, and is reserved for those patients 
who fail to improve or demonstrate clinical deterioration. 

Drainage of pancreatic necrosis is associated with a higher 
adverse event rate and longer hospital stay,*! whereas patients 
with pseudocysts from acute pancreatitis tend to have less severe 
ductal abnormalities and fewer recurrences. 

Infected pancreatic necrosis is an indication for drainage. Per- 
cutaneous FNA may be required to determine the bacteriologic 
status prior to intervention.°® 


Recurrent Acute Pancreatitis 


Recurrent acute pancreatitis presents a diagnostic and thera- 
peutic challenge. In about 10% of such cases, it is not possible 
to establish the etiology of the disease.%”’° Multiple factors dis- 
cussed in other chapters may be involved with episodes of recur- 
rent acute pancreatitis, including alcohol use, microlithiasis, 
SOD, pancreas divisum, hereditary pancreatitis, CF and other 
gene mutations, choledochocele, annular pancreas, anomalous 
pancreaticobiliary junction, ampullary lesions, pancreatic tumors, 
and autoimmune pancreatitis. 

EUS is considered an important tool for evaluating for possible 
causes of recurrent acute pancreatitis.”! EUS allows detection of 
gallstones, sludge, and microlithiasis’* within the pancreaticobili- 
ary system that can direct treatment toward cholecystectomy or 
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Fig. 61.4 A, Illustration depicting walled-off (organized) pancreatic necrosis (WON). B, CT of a patient with 
WON. Successful endoscopic therapy using direct necrosectomy was performed (see Fig. 61.5). 
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Fig. 61.5 Direct endoscopic necrosectomy performed in the patient depicted in Fig. 61.4. A, Endoscopic view 
from inside the necrotic cavity; an indwelling pigtail stent is seen with surrounding necrotic debris. B, Necrotic 
solid material is being withdrawn from the cavity through the posterior gastric wall with a snare. 


therapeutic ERCP. In addition, a diagnosis of autoimmune pancre- 
atitis can be suspected based on imaging findings and confirmed by 
EUS-FNA or core biopsies.”*:’* In patients with otherwise unex- 
plained recurrent acute pancreatitis after exhaustive clinical and 
laboratory evaluation and EUS, the measurement of pancreatic 
sphincter pressure by ERCP with pancreaticobiliary manometry 
can allow the diagnosis of pancreatic SOD.”°’° Subsequent bili- 
ary and pancreatic sphincterotomy (when elevated sphincter pres- 
sures are identified) may prevent recurrent attacks of pancreatitis. 
It should be noted that the role of pancreatic SOD as a cause of 
recurrent pancreatitis is highly controversial. 

Pancreas divisum is present in up to 10% of the population 
(see Chapter 55) and results from failure of the dorsal and ventral 
pancreatic ducts to fuse.”’ The role of pancreas divisum as a cause 
of pancreatitis is controversial’ but may contribute in a subset 
of patients as the minor papilla produces functional obstruction 
to the flow of pancreatic secretions. Pancreas divisum can be 


diagnosed by CT, MRI, or EUS.” Secretin MRCP may predict 
which patients have functional minor papilla obstruction.*° Pan- 
creas divisum is confirmed by cannulation of the minor papilla, 
which can be facilitated by IV administration of secretin. Endo- 
scopic minor papilla sphincterotomy in properly selected patients 
without extensive changes of chronic pancreatitis can reduce or 
prevent further attacks of acute pancreatitis.*!-*? 


CHRONIC PANCREATITIS (SEE ALSO CHAPTER 59) 


A variety of endoscopic interventions can be performed in patients 
with symptomatic chronic pancreatitis (Box 61.1).°+ 


Pancreatic Ductal Endotherapy 


Pancreatic duct strictures and pancreatic duct stones frequently 
coexist, cause obstruction to the main pancreatic duct, and may 


Fig. 61.6 Fluoroscopic image following placement of a lumen-appos- 
ing metal stent (LAMS) into a pancreatic fluid collection to facilitate 
drainage. A double pigtail plastic stent can also be seen within the 
LAMS to prevent adverse events such as stent migration or bleeding. 


Fig. 61.7 Endoscopic image following EUS-guided placement of a 
lumen-apposing metal stent into a pancreatic fluid collection with sub- 
sequent drainage of purulent material. 


BOX 61.1 Endoscopic Therapies for Chronic Pancreatitis 


Pancreatic sphincterotomy 
Extraction of pancreatic duct stones 
Dilation of pancreatic duct strictures 


Dilation of biliary strictures 

Treatment of pancreatic duct leaks resulting in ascites or pleural 
effusions 

Drainage of pancreatic pseudocysts 

Placement of biliary and pancreatic stents 
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contribute to abdominal pain and episodes of acute pancreatitis 
superimposed on chronic pancreatitis. Endoscopic therapy of 
pancreatic duct strictures is performed with balloon or catheter 
dilation followed by placement of 1 or more plastic pancreatic 
stents (Fig. 61.8).663485 Stents are exchanged and remain in place 
for a variable period of time. 

In adults, pancreatic sphincterotomy and stone removal can rarely 
be successfully performed using standard biliary stone removal tech- 
niques, because the stones are calcified and usually impacted within 
side branches and pancreatic duct strictures. Extracorporeal shock- 
wave lithotripsy, if available, can be used to fragment stones prior 
to or without endoscopic removal,*+*°** and is essential if large, 
obstructive stones are to be removed. Intraductal lithotripsy (laser 
or electrohydraulic) under pancreatoscopic guidance has also been 
used to fragment and remove obstructing stones.’ Pancreatic endo- 
therapy has a high rate of initial technical success.” In some series, 
long-term clinical success has been achieved in two thirds of patients 
without need for surgery and with a significant reduction in annual 
rate of hospitalizations for pain.*®?! 

Two prospective randomized studies comparing endotherapy 
and surgery for patients with painful obstructive chronic pancre- 
atitis have been performed.?””> Endotherapy was associated with 
a higher number of procedures, and pain improvement was seen 
more often in the surgical groups. However, there were limita- 
tions to endotherapy in both of these studies—namely, lack of 
availability of extracorporeal shock-wave lithotripsy in one study 
and less aggressive endoscopic stricture therapy in another.”* 

In cases where transpapillary approaches are not possible for 
treatment of pancreatic duct obstruction because of impassable 
stones or strictures within the pancreatic head, EUS-guided 
transgastric pancreatic duct puncture can be performed.” This 
can facilitate a rendezvous procedure or provide transgastric or 
transduodenal ductal stent placement.’ 


Pseudocysts 


The mechanism of formation of a chronic pseudocyst is differ- 
ent than an acute pseudocyst. As discussed in Chapter 59, chronic 
pseudocysts arise as a sequela of chronic pancreatitis and down- 
stream pancreatic ductal obstruction from fibrotic strictures or 
stones (Fig. 61.9).°8 This results in a pancreatic ductal blowout 
(leak) and accumulation of pancreatic fluid. These collections 
do not contain solid debris and usually do not arise as a result 
of acute inflammatory processes. The endoscopic approach to 
chronic pancreatic pseudocysts is similar to that described earlier 
for acute pseudocysts. The main difference is that the underlying 
ductal abnormalities may lead to recurrences if left untreated.””)!” 


Biliary Strictures 


The fibrosing process within the pancreatic head can encase 
the distal bile duct and result in formation of a biliary stricture. 
Possible sequelae include hepatic fibrosis (secondary biliary cir- 
rhosis) and cholangitis. Balloon dilation and endoscopic inser- 
tion of multiple side-by-side plastic stents or a fully covered 
self-expandable metal stent (SEMS) across the biliary stricture 
may result in stricture resolution.®®!01-103 Patients with noncal- 
cific chronic pancreatitis appear to respond better to biliary stric- 
ture dilation than those with calcific pancreatitis. Endoscopic 
insertion of biliary stents can be used for treatment of benign 
biliary strictures due to chronic pancreatitis in several situations: 
(1) preoperative placement for relief of jaundice or cholangitis, 
(2) temporary placement when biliary obstruction occurs fol- 
lowing recent acute pancreatitis superimposed on chronic pan- 
creatitis, and (3) long-term therapy of refractory strictures.!°+ 
Placement of fully covered SEMS with removal at 3 to 6 months 
has resulted in the resolution of biliary strictures that were due 
to chronic pancreatitis in up to 80% of patients. It must be 
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Fig. 61.8 Endoscopic treatment of a pancreatic duct stricture. A, Initial pancreatogram showing a stricture in 
the head of the pancreas (arrow) with upstream ductal dilatation. B, Balloon dilation of the stricture (note the 
waist). C, Placement of 2 side-by-side plastic stents. D, A follow-up pancreatogram showing improvement in 


the stricture. 


Fig. 61.9 Illustration depicting the mechanism of formation of a chronic 
pancreatic pseudocyst. Obstruction of the main pancreatic duct results 
in an upstream leak and pseudocyst formation. 


emphasized that SEMS are not FDA approved for benign biliary 
disease and may be difficult or impossible to remove. Uncovered 
SEMS should not be used in the setting of a benign biliary stric- 
ture secondary to chronic pancreatitis. 


Refractory Pain 


Patients with refractory pain from chronic pancreatitis may ben- 
efit from EUS-guided celiac plexus block. Unfortunately, this 
effect is short-lived and requires additional therapy; such therapy 
given by pain specialists or by EUS is not widely used, given this 
limited if any efficacy. 109-106 


PANCREATIC DUCT LEAKS 


Pancreatic duct leaks and pancreatic duct disruptions may occur as 
sequelae of acute or chronic pancreatitis (see Chapters 58 and 59), 
as well as after pancreatic surgery (Fig. 61.10) and trauma. Leaks 
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Fig. 61.10 Endoscopic treatment of a pancreatic duct leak due to chronic pancreatitis. A, Stricture in the 
head of the pancreas (arrow). B, Side-branch leak upstream from the stricture (arrow). C, A pancreatic stent is 


placed across the leak site. 


can arise from the tail, body, or head of the pancreas. Fluid can 
then track laterally (toward the spleen), medially toward the duo- 
denum or bile duct, into the lesser sac, or into the mediastinum or 
abdomen, with resultant pleural effusions and ascites, respectively. 

External leaks (pancreaticocutaneous fistulas) usually occur 
following pancreatic surgery or percutaneous drainage of pancre- 
atic fluid collections. External fistulae are identified by output of 
high amylase fluid. 

Most pancreatic leaks that occur after pancreatic surgery 
are already controlled by indwelling surgical drains. Many 
of these leaks will close over time, and endoscopic therapy 
is generally reserved for persistent or refractory leaks. 107,108 
In the absence of a surgical drain, endoscopic therapy is per- 
formed to treat symptomatic leaks. Internal leaks that are 
associated with clinical deterioration or symptoms require 
intervention. !°” 

Endoscopic intervention for pancreatic duct leaks is similar 
to that described for pancreatic pseudocysts and necrosis. In the 
setting of a large pancreatic fluid collection, transmural drainage 
of the collection may be undertaken, with or without concomi- 
tant transpapillary therapy. This will control the leak internally. 
In the absence of a pancreatic fluid collection, the treatment is 
transpapillary pancreatic duct stent placement to promote inter- 
nal drainage.?0110,111 


Transpapillary therapy is performed with the intent of cross- 
ing the site of the leak,” although it is not feasible when leaks 
follow pancreatic tail resection or are located in the pancreatic 
tail. In this situation, the tip of the stent is positioned downstream 
to the site of leakage. 

In patients with external drains in whom endoscopic therapy 
is being performed to allow drainage removal, success depends 
on the size of the external drain as compared with the size of the 
internal stent. Downsizing, clamping, or removing the external 
drain after successful endoscopic stent placement can promote 
internal drainage and fistula closure. A variety of gluing agents 
have been used to seal pancreatic fistula and leaks,!!? although 
these agents are not FDA approved and have the potential for 
occlusion of the main pancreatic duct. 


PANCREATIC CANCER (SEE ALSO CHAPTER 60) 


Endoscopic treatment of pancreatic cancer primarily involves 
palliation of malignant biliary obstruction via ERCP placement 
of transpapillary biliary stents (see Chapters 60, 69, and 70). In 
select patients, placement of a stent into the pancreatic duct can 
relieve abdominal pain from pancreatic ductal obstruction.!!> In 
addition, some pancreatic cancer patients with pancreatic duc- 
tal obstruction will develop pseudocysts or leaks; endoscopic 
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pancreatic duct stent placement across the pancreatic duct stric- 
ture can be useful. Pancreatic cancer can produce gastric outlet 
obstruction due to duodenal invasion by tumor in 15% to 20% 
of patients.!'+!!5 Endoscopic placement of uncovered SEMS in 
the is an effective palliative method, with more rapid return of 
per oral intake but with an increased risk of occlusion and need 
for reintervention as compared with surgical bypass.!!©!!7 EUS- 
guided gastroenterostomy whereby the stomach is anastomosed 
to the duodenum or jejunum using a LAMS is a newer nonsurgi- 
cal intervention for the palliation of gastric outlet obstruction.!!® 
Combined palliation of malignant biliary and duodenal obstruc- 
tion is also feasible.?’:!!%!20!2! Pancreatic cancer pain can be 
treated by EUS-guided celiac plexus block using ethanol to allow 
permanent ablation of the ganglion. This treatment appears to 
be effective and sustainable. !+!°> EUS-guided fiducial placement 


can be used in patients undergoing radiation therapy for treat- 
ment of pancreatic cancer. Gold fiducials are placed at several 
locations at the tumor margin to aid in localization during image- 
guided radiation therapy. 


PANCREATIC CYSTS 


There are a wide variety of pancreatic cysts and cystic neoplasms, as 
discussed in Chapter 60. CT, MRI, and EUS allow differentiation 
and direction of management toward observation or surgery.!?>.!7+ 
Increasing data suggest that EUS injection into specific types of 
cysts may be a useful nonsurgical alternative in the future.!*° 


Full references for this chapter can be found on www. expertconsult.com. 
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In this chapter, the embryologic and anatomic characteristics of 
the bile ducts and gallbladder are reviewed, with a focus on infor- 
mation useful for diagnosing and treating biliary tract disease 
and understanding the anomalies and congenital malformations 
of these structures. Biliary tract disease in infants and children 
is considered because many of the disorders that occur early in 
life are due to abnormal morphogenesis or adversely affect the 
process of development. 


Anatomy, Histology, Embryology, Developmental 
Anomalies, and Pediatric Disorders of the Biliary 


EMBRYOLOGY OF THE LIVER AND BILIARY TRACT 


‘The human liver is formed from 2 primordia (Fig. 62.1): the liver 
diverticulum and the septum transversum (see also Chapter 71).! 
Proximity of cardiac mesoderm, which expresses fibroblast growth 
factors (FGFs) 1, 2, and 8, and bone morphogenetic proteins cause 
the foregut endoderm to develop into the liver. The liver diverticu- 
lum forms through the proliferation of endodermal cells at the cra- 
nioventral junction of the yolk sac with the foregut and grows into 
the septum transversum in a cranioventral direction. Surrounding 
mesoderm and ectoderm participate in the hepatic specification of 
the endoderm to hepatoblasts, via signaling from mesodermal tis- 
sues, including ligands of bone morphogenic protein, Wnt, and 
FGF families of proteins.! After their specification and migration 
into the septum transversum, hepatoblasts undergo proliferation 
and migration between 26 and 32 days of gestation in the process 
of forming an organ bud.!* The homeodomain transcription fac- 
tors hematopoietically expressed homeobox (Hhex) and Prospero 
homeobox protein 1 (Prox1), in the anterior endoderm and hepatic 
diverticulum, are required for the migration of hepatoblasts into 
the septum transversum that precedes liver growth and morpho- 
genesis.*> Another homeodomain protein, Hlx, is necessary for 
hepatoblast proliferation. At the 5-mm stage, a solid cranial por- 
tion (hepatic) and a hollow caudal portion of the diverticulum can 
be clearly distinguished. The large hepatic portion differentiates 
into proliferating cords of hepatocytes and the intrahepatic bile 
ducts. Hepatocyte nuclear factor (HNF)4a expression drives fur- 
ther hepatocyte differentiation and epithelial transformation into 
the characteristic sinusoidal architecture.° 

Bipotential hepatoblasts express alpha fetoprotein and markers 
for hepatocytes such as albumin and for keratin and cholangiocytes 
(cytokeratin 19, CK19). The transcription factor sex-determin- 
ing region Y-box 9 (SOX9) is the earliest specific biliary marker 
detected in endodermal cells that line the hepatic diverticulum. Its 
expression disappears as soon as hepatoblasts invade the septum 
transversum but reappears in cells of the biliary lineage throughout 
the development.! This early change occurs on the eighteenth day 
of gestation and corresponds to the 2.5-mm stage of the embryo. 
The homeobox gene Hhex is essential for proper hepatoblast dif- 
ferentiation and bile duct morphogenesis.’ Members of the trans- 
forming growth factor (TGF)-B, Wnt, FGF, Hippo, GATA, 
FOXA, ONECUT2, and HNF3/forkhead transcription factor 
families and HNF6 are also required for formation and differentia- 
tion of gut endoderm tissues.*+ The septum transversum consists 
of mesenchymal cells and a capillary plexus formed by the branches 
of the 2 vitelline veins. At the 3- to 4-mm stage, between the third 
and fourth weeks of gestation, the growing diverticulum projects as 
an epithelial plug into the septum transversum. 
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Fig. 62.1 Stages in embryologic development of the liver, gallbladder, extrahepatic ducts, pancreas, and duo- 
denum. A, 4 weeks. B and C, 5 weeks. D, 6 weeks. (From Moore KL. The developing human. Philadelphia: 


WB Saunders; 1973.) 


The intrahepatic bile ducts develop from primitive hepato- 
cytes around branches of the portal vein.?+ The process is initi- 
ated near the hilum of the liver and progressively asymmetrically 
toward the periphery through a series of remodeling stages.>° 
Cholangiocytes are associated with the basement membrane 
throughout bile duct development, suggesting that cholan- 
giocytes receive morphogenic signals from components of the 
extracellular matrix, including laminin and type IV collagen.’* 
A ring of hepatocytes in proximity to the portal vein branches 
first transform into bile duct-type cells. A second layer of primi- 
tive hepatocytes is similarly transformed and produces a circular 
cleft around the portal vein that is lined on both sides by bile 
duct epithelial cells.’ This double-walled cylinder with a slit-like 
lumen, the ductal plate, can be detected at 9 weeks of gestation. 
Thus the entire network of interlobular and intralobular bile 
ductules develops from the limiting plate. The periportal mes- 
enchyme secretes TGF-ß and produces a portal-to-parenchymal 
gradient of TGF-6 signaling, with the highest activity near the 
mesenchyme.!° The mesenchyme also produces Jagged1, which 
via cell-cell contacts induces Notch2-mediated signaling in the 
differentiating biliary cells. TGF-ß and Notch signaling, in coop- 
eration with other signaling pathways, stimulate sequential dif- 
ferentiation of the 2 layers of biliary cells (ductal plate) to induce 
asymmetrical tubulogenesis.!° Secreted factors of the Wnt family 
also regulate differentiation of hepatoblasts to biliary cells. Bile 
ducts develop according to 2 axes: ducts mature along their radial 
axis, and they also grow in length according to an axis that extends 
from the hilum of the liver to the periphery of the liver lobes. 

In sections of the 10-mm embryo, many of the liver cords are 
traversed by double-walled canals that branch and are morpho- 
logically indistinguishable from bile capillaries of the adult. These 


structures differ from those of the adult in that they are bounded 
by 6 or more liver cells instead of 2. The process of differentiation 
of bile ductular epithelial cells (cholangiocytes) from primitive 
hepatocytes has been documented in humans using immunohisto- 
chemical staining with several anticytokeratin antibodies. During 
the phenotypic shift toward bile duct—type cells, hepatocytes first 
display increased reactivity for CKs 8 and 18 and express CK19 
at 20 to 25 weeks’ gestation.'° Cholangiocyte-mesenchymal cell 
interaction is important for the formation of bile ducts. During 
the transition from ductal plates to bile ducts, portal myofibro- 
blasts expand significantly and surround newly formed bile ducts. 
Periportal connective tissue, corticosteroid hormones, and basal 
laminar components may play important roles in the differentia- 
tion of bile ducts. The ductal plate structure requires extensive 
remodeling through a process of reabsorption, possibly through 
apoptosis, to yield the characteristic anastomosing system of bili- 
ary channels that surround the portal vein. Proteins that appear 
to have a role in the promotion of apoptosis, specifically Fas anti- 
gen and c-Myc, are consistently detected in primitive intrahe- 
patic ductal cells.!! Lewis antigen, which is expressed in damaged 
and apoptotic cells, is also present. Bcl-2 protein, an inhibitor of 
apoptosis, is not found in early stages of intrahepatic bile duct 
cell development but becomes detectable later. Computed three- 
dimensional (3D) reconstruction of the developing ductal plate 
has shown that the ductal plate remodeling process starts at the 
porta hepatis at approximately 11 weeks’ gestation and progresses 
toward the periphery of the liver.!? The process is in large part 
completed at term, but even at 40 weeks’ gestation, some of the 
smallest portal vein branches may not be accompanied by an indi- 
vidual bile duct and may still be surrounded by a (discontinuous) 
ductal plate. Ductal plate malformation is a common feature of 


CHAPTER 62 Anatomy, Histology, Embryology, Developmental Anomalies, and Pediatric Disorders of the Biliary Tract 975 


pediatric biliary disorders and may be initiated at distinct stages of 
bile duct morphogenesis, owing to defects in ductal plate remod- 
eling, abnormal differentiation of hepatoblasts into ductal plate 
cells, or abnormal maturation of primitive ductal structures. !°!? 

The extrahepatic bile ducts, bile duct (common bile duct), cys- 
tic duct, and gallbladder arise from a region of ventral foregut 
proximate to the liver and ventral pancreas and share a common 
origin with the ventral pancreas but not the liver. Development 
of the extrahepatic biliary system precedes that of intrahepatic 
bile ducts. The extrahepatic system (but not intrahepatic bile 
ducts) are derived from a progenitor cell expressing the tran- 
scription factor pancreatic-duodenal homeobox 1 (Pdx1).!* The 
Sox17 transcription factor is an important determinant of how 
cells within the Pdx1 domain are assigned to the 2 different fates 
of pancreas or extrahepatic biliary system. Appropriate segrega- 
tion of extrahepatic biliary system and ventral pancreatic lineages 
is also regulated by hairy and enhancer of split-1 (Hes1), a tran- 
scriptional effector of Notch signaling.! 

The primitive extrahepatic bile duct maintains continuity with 
the ductal plate, from which intrahepatic bile ducts are eventually 
formed.’ Contrary to long-held concepts of biliary development, 
no “solid stage” of endodermal occlusion of the bile duct lumen is 
found at any time during gestation. At 16 mm, the cystic duct and 
proximal gallbladder are hollow, but the fundus of the gallbladder 
is still partially obstructed by remnants of the epithelial plug. The 
gallbladder is patent by the third month of gestation. Further 
development until birth consists primarily of continued growth. 
The characteristic folds of the gallbladder are formed toward the 
end of gestation and are moderately developed in the neonate. 
Bile secretion starts at the beginning of the fourth month of ges- 
tation; thereafter, the biliary system continuously contains bile, 
which is secreted into the gut and imparts a dark green color to 
the intestinal contents (meconium). 


ANATOMY AND HISTOLOGY 
Bile Ducts 


The adult human liver has more than 2 km of bile ductules 
and ducts. Quantitative computer-aided 3D imaging has esti- 
mated the volume of the entire macroscopic duct system of 
human liver to be a mean of 20.4 cm.!*!> In these studies, the 
mean internal surface of 398 cm? is magnified approximately 
5.5-fold by the presence of microvilli and cilia at the apical 
surfaces of cholangiocytes that play an important role in the 
regulation of cholangiocyte functions. These structures are 
far from being inert channels; they are capable of modifying 
biliary flow and composition significantly in response to hor- 
mones such as secretin.!°!” A general feature of bile ductules 
is their anatomic intimacy with portal blood and lymph ves- 
sels, which potentially allows selective exchange of materials 
between compartments. No major ultrastructural differences 
exist between cholangiocytes lining small and large bile ducts, 
but the functional properties of cholangiocytes are heteroge- 
neous.!’ For example, large, but not small, intrahepatic bile 
ducts are involved in secretin-regulated bile ductal secretion.!® 
Correspondingly, the secretin receptor and chloride-bicarbon- 
ate exchanger messenger RNAs have been detected in large, 
but not small, intrahepatic bile duct units.!’ 

Bile secretion begins at the level of the bile canaliculus, the 
smallest branch of the biliary tract.!? Its boundaries are formed 
by a specialized membrane of adjacent apical poles of liver cells. 
The canaliculi form a meshwork of polygonal channels between 
hepatocytes with many anastomotic interconnections.!” Bile then 
enters the small terminal channels (the canals of Hering), which 
have a basement membrane and are lined partly by hepatocytes 
and partly by cholangiocytes.!* The canals of Hering provide 
a conduit through which bile may traverse the limiting plate 


by a layer of cuboidal epithelial cells that are joined by tight junctions 
(long arrow) and demonstrate a microvillar architecture on their luminal 
surface (short arrow). (From Jones AL, Springer-Mills E. The liver and 
gallbladder. In: Weiss L, editor. Modern concepts of gastrointestinal 
histology. New York: Elsevier; 1984. p 740.) 


of hepatocytes to enter the larger perilobular or intralobular 
ducts.2°?! These smallest of biliary radicles are less than 15 to 20 
um in diameter, with lumens surrounded by cuboidal epithelial 
cells. At the most proximal level, one or more fusiform-shaped 
ductular cells may share a canalicular lumen with a hepatocyte; 
gradually, the ductules become lined by 2 to 4 cuboidal epithe- 
lial cells as they approach the portal canal.'? Bile flows from the 
central lobular cells toward portal triads (from zone 3 to zone 1 
of the liver acinus) (see Chapter 71). The terminal bile ductules 
are thought to proliferate as a result of chronic extrahepatic bile 
duct obstruction.?! 

The interlobular bile ducts form a richly anastomosing net- 
work that closely surrounds the branches of the portal vein.??4 
These bile ducts (Fig. 62.2) are initially 30 to 40 um in diameter 
and are lined by a layer of cuboidal or columnar epithelium that 
displays a microvillar architecture on its luminal surface.'? The 
cells have a prominent Golgi apparatus and numerous vesicles 
that likely participate in exchange of substances among cyto- 
plasm, bile, and plasma through the processes of exocytosis and 
endocytosis.!’ These ducts increase in caliber and possess smooth 
muscle fibers within their walls as they approach the hilum of 
the liver. The muscular component may provide the morpho- 
logic basis for the narrowing of the ducts at this level, as observed 
on cholangiography.** Because the ducts become progressively 
larger, the epithelium becomes thicker, and the surrounding 
layer of connective tissue grows thicker and contains many elastic 
fibers. These ducts anastomose further to form the large hilar 
intrahepatic ducts, which are 1 to 1.5 mm in diameter and give 
rise to the main hepatic ducts. 

The common hepatic duct emerges from the porta hepatis 
after the union of the right and left hepatic ducts, each of which 
is 0.5 to 2.5 cm long (Fig. 62.3).257° The confluence of the right 
and left hepatic ducts is outside the liver in some 95% of cases; 
uncommonly, the ducts merge inside the liver, or the right and 
left hepatic ducts do not join until the cystic duct joins the right 
hepatic duct.*° Because the hepatic ducts leave the porta hepa- 
tis, they lie within the 2 serous layers of the hepatoduodenal 
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ligament. This sheath of fibrous tissue binds the hepatic ducts 
to the adjacent blood vessels. In the adult, the common hepatic 
duct is about 3 cm long and is joined by the cystic duct, usually 
at its right side, to form the common bile duct (or simply bile 
duct).?° The length and angle of junction of the cystic duct with 
the common hepatic duct are variable. The cystic duct enters the 
common hepatic duct directly in 70% of patients; alternatively, 
the cystic duct may run anterior or posterior to the bile duct and 
spiral around it before joining the bile duct on its medial side. 
The cystic duct may also course parallel to the common hepatic 
duct for 5 to 6 cm and enter it after running posterior to the first 
portion of the duodenum. 

In humans, the large intrahepatic bile ducts at the hilum (1- to 
1.5-mm diameter) have many irregular side branches and pouches 
(150- to 270-um diameter) that are oriented in one plane, cor- 
responding anatomically to the transverse fissure.!? Smaller 
pouches of the side branches are also found. Many side branches 
end as blind pouches, but others, particularly at the hilum, com- 
municate with each other. At the bifurcation, side branches from 
several main bile ducts connect to form a plexus. The functional 
significance of these structures is unknown. The blind pouches 
may serve to store or modify bile, whereas the biliary plexus pro- 
vides anastomoses that may allow exchange of material between 
the large bile ducts. 

The anatomy of the hepatic hilum is particularly important 
to the surgeon (see also Chapter 71). A plate of fibrous connec- 
tive tissue in the hepatic hilum includes the umbilical plate that 
envelops the umbilical portion of the portal vein, the cystic plate 
in the gallbladder bed, and the Arantian plate that covers the 
ligamentum venosum.’° Histologic examination of the sagit- 
tal section of the hilar plate reveals abundant connective tissue, 
including neural fibers, lymphatic vessels, small capillaries, and 
small bile ducts. The bile ducts in the plate system correspond 
to the extrahepatic bile ducts, and their lengths are variable in 
every segment.”° 
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Similar to the intestine, the cystic, common hepatic, and bile 
ducts possess mucosa, submucosa, and muscularis.*+ The ducts 
are lined by a single layer of columnar epithelium. Mucus-secret- 
ing tubular glands can be found at regular intervals in the submu- 
cosa, with openings to the surface of the mucosa. The common 
bile duct is 6.0 to 8.0 cm long, runs between layers of the lesser 
omentum, and lies anterior to the portal vein and to the right of 
the hepatic artery.” The bile duct is normally 0.5 to 1.5 cm in 
diameter.?! The wall of the extrahepatic bile duct is supported 
by a layer of connective tissue with an admixture of occasional 
smooth muscle fibers. The smooth muscle component is con- 
spicuous only at the neck of the gallbladder and at the lower end 
of the bile duct. The bile duct passes retroperitoneally behind the 
first portion of the duodenum in a notch on the back of the head 
of the pancreas and enters the second part of the duodenum. The 
duct then passes obliquely through the posterior medial aspect 
of the duodenal wall and joins the main pancreatic duct to form 
the ampulla of Vater (see Fig. 62.3). The mucous membrane 
bulge produced by the ampulla forms an eminence, the duodenal 
papilla. In 10% to 15% of patients, the bile and pancreatic ducts 
open separately into the duodenum. The bile duct tapers to a 
diameter of 0.6 cm or less before its union with the pancreatic 
duct.’° 

As they course through the duodenal wall, the bile and pan- 
creatic ducts are invested by a thickening of both the longitudi- 
nal and circular layers of smooth muscle (see Fig. 62.3) of the 
sphincter of Oddi (see also Chapter 63).*” There is considerable 
variation in this structure, but it is usually composed of several 
parts: (1) the sphincter choledochus—circular muscle fibers that 
surround the intramural portion of the bile duct immediately 
before its junction with the pancreatic duct; (2) the sphincter pan- 
creaticus, which is present in approximately one third of persons 
and surrounds the intraduodenal portion of the pancreatic duct 
before its juncture with the ampulla; (3) the fasciculi longitudi- 
nales—longitudinal muscle bundles that span intervals between 
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the bile and pancreatic ducts; and (4) the sphincter ampullae— 
longitudinal muscle fibers that surround a sparse layer of circular 
fibers around the ampulla of Vater.*+ The sphincter choledochus 
constricts the lumen of the bile duct and, thus, prevents bile flow. 
Contraction of the fasciculi longitudinales shortens the length of 
the bile duct and, thus, promotes the flow of bile into the duo- 
denum. The contraction of the sphincter ampullae shortens the 
ampulla and approximates the ampullary folds to prevent reflux of 
intestinal contents into the bile and pancreatic ducts. When both 
ducts end in the ampulla, however, contraction of the sphincter 
may cause reflux of bile into the pancreatic duct.’ 

The intrahepatic and extrahepatic bile ducts are highly depen- 
dent on arterial blood supply for oxygenation. An abundant anas- 
tomotic network of blood vessels from branches of the hepatic 
and gastroduodenal arteries supplies the bile duct.??+?* The 
supraduodenal portion of the duct is supplied by vessels running 
along its wall inferiorly from the retroduodenal artery and supe- 
riorly from the right hepatic artery. Injury to these blood vessels 
can result in bile duct ischemia and stricturing.*° 

The surface of the intrahepatic and extrahepatic bile ducts 
is drained by fine venous plexuses that communicate with each 
other.?!? A fine reticular epicholedochal venous plexus lies on 
the surface of the bile ducts, and a paracholedochal venous plexus 
lies outside the bile ducts and courses parallel to the ducts. 

An extraordinarily rich plexus of capillaries surrounds bile 
ducts as they pass through the portal tracts.” Blood flowing 
through this peribiliary plexus empties into the hepatic sinusoids 
via the interlobular branches of the portal vein. The peribiliary 
plexus may modify biliary secretions through the bidirectional 
exchange of proteins, inorganic ions, and bile acids between 
blood and bile. Because blood flows in the direction (from the 
large toward the small ducts) opposite to that of bile flow, the 
peribiliary plexus presents a countercurrent stream of biliary- 
reabsorbed substances to hepatocytes. 

The intrahepatic arteries, veins, bile ducts, and hepatocytes 
are innervated by adrenergic and cholinergic nerves. In the auto- 
nomic nervous system, there are a number of regulatory peptides, 
such as neuropeptide tyrosine, calcitonin gene-related peptide, 
somatostatin, vasoactive intestinal polypeptide, enkephalin, and 
bombesin. Neuropeptide tyrosine-positive nerves present in 
extrahepatic bile ducts may serve to regulate bile flow by auto- 
crine or paracrine mechanisms. 

The lymphatic vessels of the hepatic, cystic, and proximal 
portions of the bile duct empty into glands at the hilum of the 
liver.“+ Lymphatics draining from the lower portion of the bile 
duct drain into glands near the head of the pancreas. 


Gallbladder 


The gallbladder (see Fig. 62.3) is a storage reservoir that allows 
bile acids to be delivered in a high concentration and in a con- 
trolled manner to the duodenum for the solubilization of dietary 
lipid (see Chapter 64).’*”° It lies in a fossa on the undersurface of 
the right lobe of the liver.?? This distensible pear-shaped struc- 
ture is 3 cm wide and 7 cm long in the adult and has a capacity of 
30 to 50 mL.” The gallbladder has a thin muscular layer with the 
smooth muscle cells largely oriented around the circumference 
of the gallbladder. The absorptive surface of the gallbladder is 
enhanced by numerous prominent folds. The gallbladder is cov- 
ered anteriorly by an adventitia that is fused with the capsule of 
the liver. On its posterior aspect and at the apex, it is covered by 
the visceral peritoneum. The portions of the gallbladder are the 
fundus, body, infundibulum, and neck.*+ The anterior portion of 
the fundus is located at the level of the right lateral border of the 
musculus rectus abdominis and the ninth costal cartilage. The 
posterior aspects of the fundus and body lie close to the trans- 
verse colon and duodenum, respectively; with perforation of the 
gallbladder, gallstones can readily penetrate these structures.?*° 


The infundibulum is an area of tapering between the gallblad- 
der body and neck. Hartmann pouch is a bulging of the inferior 
surface of the infundibulum that lies close to the neck of the gall- 
bladder. Gallstones can become impacted in Hartmann pouch, 
thereby obstructing the cystic duct and producing cholecystitis.” 
Extensive inflammation in Hartmann pouch can lead to obstruc- 
tion of the adjacent common hepatic duct (Mirizzi syndrome) 
(see Chapter 65). 

The gallbladder is connected at its neck to the cystic duct, 
which empties into the bile duct (see Fig. 62.3).?? The cystic duct 
is about 4 cm long and maintains continuity with the surface 
columnar epithelium, lamina propria, muscularis, and serosa of 
the gallbladder. The mucous membrane of the gallbladder neck 
forms the spiral valve of Heister, which is involved in regulating 
flow into and out of the gallbladder. 

The gallbladder is supplied by the cystic artery, which usually 
arises from the right hepatic artery.?™! The artery divides into 
2 branches near the neck of the gallbladder: a superficial branch 
that supplies the serosal surface and a deep branch that supplies 
the interior layers of the gallbladder wall. Variations in the origin 
and course of the cystic artery are common.’ Because the cystic 
artery is an end artery, the gallbladder is particularly susceptible 
to ischemic injury and necrosis that result from inflammation or 
interruption of hepatic arterial flow. 

The cystic vein provides venous drainage from the gallbladder 
and cystic ducts and commonly empties into the portal vein and 
occasionally directly into the hepatic sinusoids.*+’? The lymph 
vessels of the gallbladder are connected with the lymph vessels 
of Glisson capsule. Subserosal and submucosal lymphatics empty 
into a lymph gland near the neck of the gallbladder.** Sympa- 
thetic innervation of the gallbladder originates from the celiac 
axis and travels with branches of the hepatic artery and portal 
vein. Visceral pain is conducted through sympathetic fibers and 
is frequently referred to the right subcostal, epigastric, and right 
scapular regions. Branches of both vagus nerves provide parasym- 
pathetic innervation that likely contributes to the regulation of 
gallbladder motility.’+ 

The gallbladder is lined by a mucosa that manifests multiple 
ridges and folds and is composed of a layer of columnar epithelial 
cells. The gallbladder wall consists of a mucosa, lamina propria, 
tunica muscularis, and serosa.” The tunica muscularis is thick and 
invested with an interlocking array of longitudinal and spiral smooth 
muscle fibers. Tubuloalveolar glands are found in the region of the 
neck of the gallbladder and are involved in mucus production.’”*? 
The Rokitansky-Aschoff sinuses are invaginations of the surface epi- 
thelium that may extend through the muscularis.** These structures 
can be a source of inflammation, most likely as a result of bacte- 
rial stasis and proliferation within the invaginations. The ducts of 
Luschka may be observed along the hepatic surface of the gallblad- 
der and open directly into the intrahepatic bile ducts rather than into 
the gallbladder cavity. These structures are thought to represent a 
developmental anomaly, and when they are present in the gallblad- 
der bed may be a source of a bile leak after cholecystectomy.’? 


DEVELOPMENTAL ANOMALIES 
Extrahepatic Ducts 


Accessory bile ducts are aberrant ducts that drain individual seg- 
ments of the liver; they may drain directly into the gallbladder, 
cystic duct, right and left hepatic ducts, or bile duct.’>*> In rare 
cases, the right hepatic duct may connect to the gallbladder or 
cystic duct. These anomalies must be recognized on cholangiog- 
raphy in order to prevent inadvertent transection or ligation of 
bile ducts during surgery. 

Complete duplication of the bile duct occurs rarely. In most 
cases, separate ducts drain the right and left hepatic lobes and 
open into the duodenum.’? 
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Variation in the drainage and course of the cystic duct is com- 
mon.” Duplication of the cystic duct may also be encountered. 
The cystic duct is absent in most cases of agenesis of the gallblad- 
der (see later); rarely, the duct alone may be absent, and the gall- 
bladder empties directly into the common hepatic duct. 


Gallbladder 


Most structural anomalies of the gallbladder are of no clinical 
importance, but occasionally the abnormal gallbladder may be a 
predisposing factor for bile stasis, inflammation, and formation of 
gallstones.?>> Gallbladder disease in an anomalous or malposi- 
tioned gallbladder may cause diagnostic confusion. 

Agenesis of the gallbladder may be an isolated anomaly or occur 
in association with other congenital malformations.’ The abnor- 
mality has a frequency at autopsy of 0.04% to 0.13% and likely 
reflects a lack of development of the gallbladder bud or failure of the 
normal process of vacuolization. Incomplete vacuolization of the 
solid endodermal cord during development can result in congenital 
strictures of the gallbladder or cystic duct. Ectopic tissues of foregut 
endodermal origin, including gastric, hepatic, adrenal, pancreatic, 
and thyroid tissues, may be found within the gallbladder wall. 

A double gallbladder is another rare malformation that occurs 
in 1 to 5 per 10,000 persons in the general population.*>** The 
2 gallbladders may share a single cystic duct, forming a Y-shaped 
channel, or each may have a distinct cystic duct that enters the 
bile duct separately.*> Vesica fellea triplex, or triplication of the 
gallbladder, is another rare congenital anomaly.*> Multiple gall- 
bladders are usually discovered because of cholelithiasis, sludge, 
cholecystitis, or neoplasia. Bilobed gallbladders and gallbladder 
diverticula are other rare anomalies. A single gallbladder may be 
divided by longitudinal septa into multiple chambers, probably 
secondary to incomplete vacuolization of the solid gallbladder 
bud during morphogenesis.** Diverticula and septations of the 
gallbladder may promote bile stasis and gallstone formation. 

Various malpositions of the gallbladder have been described.**+ 
Rarely, the gallbladder lies under the left lobe of the liver, to the left 
of the falciform ligament. This defect likely results from migration 
of the embryonic bud from the hepatic diverticula to the left rather 
than to the right.” Some researchers have proposed that a sec- 
ond gallbladder may develop independently from the left hepatic 
duct, with regression of the normal structure on the right. In other 
cases, a caudal bud that advances farther than the cranial bud may 
become buried within the cranial structure, creating an intrahe- 
patic gallbladder. It is thought that if the caudal bud lags behind 
the movement of the cranial bud, a floating gallbladder results. In 
this setting, the gallbladder is covered completely with peritoneum 
and suspended from the undersurface of the liver by mesentery to 
the gallbladder or cystic duct; the gallbladder is abnormally mobile 
and prone to torsion. Rarely, gallbladders have been found in the 
abdominal wall, falciform ligament, and retroperitoneum.*+ 

Several forms of “folded” gallbladders have been described. 
In one variant, the fundus appears to be bent, giving the appear- 
ance of a “Phrygian cap.”*+ The gallbladder is usually located in 
a retroserosal position, and the anomaly is thought to result from 
aberrant folding of the gallbladder within the embryonic fossa. 
Aberrant folding of the fossa during the early stages of devel- 
opment can result in kinking between the body and the infun- 
dibulum of the gallbladder. Kinked gallbladders probably do not 
lead to clinical symptoms but may be a source of confusion in the 
interpretation of imaging studies.** 


APPROACH TO DISORDERS OF THE BILIARY TRACT 
IN INFANTS AND CHILDREN 


General Features 


Cholestatic liver disease results from processes that interfere 
with either bile formation by hepatocytes or bile flow through 


BOX 62.1 Biliary Tract Disorders in Infants and Children 


DISORDERS OF THE BILE DUCTS 

Allograft rejection 

Bile duct obstruction due to pancreatic disease (inflammatory or 
neoplastic) 

Bile plug syndrome 

Biliary helminthiasis 

Caroli disease 

Choledochal cysts 

CF 

Extrahepatic biliary atresia 

Graft-versus-host disease 

Idiopathic bile duct stricture (possibly congenital) 


Paucity of intrahepatic bile ducts (syndromic and nonsyndromic) 

Post-traumatic bile duct stricture 

Sclerosing cholangitis (IBD-associated, 
immunodeficiency-related, neonatal) 

Spontaneous perforation of bile duct 

Tumors intrinsic and extrinsic to the bile duct 


DISORDERS OF THE GALLBLADDER 
Acalculous cholecystitis 

Acute cholecystitis 

Acute hydrops of the gallbladder 
Anomalies 

Cholelithiasis 

Chronic cholecystitis 

Tumors 


TABLE 62.1 Relative Frequencies of Various Disorders of Neonatal 
Cholestasis 


Disorder Frequency (%) 
Idiopathic neonatal hepatitis 30-35 
Extrahepatic biliary atresia 30 
a.,-Antitrypsin deficiency 7-10 


Intrahepatic cholestatic syndromes (Alagille syndrome, 5-6 
progressive familial intrahepatic cholestasis, others) 


Hepatitis (CMV, rubella, HSV, others) 3-5 
Choledochal cyst 2-4 
Bacterial sepsis 2 


Endocrinopathy (hypothyroidism, panhypopituitarism) =1 


Galactosemia =1 
Inborn errors of bile acid metabolism =1 
Other metabolic disorders =1 


the intrahepatic and extrahepatic biliary tract. A number of these 
disorders are due to defective ontogenesis or a failure of post- 
natal adaptation to the extrauterine environment. Box 62.1 pro- 
vides a list of disorders that affect the biliary tract and occur in 
both infants and older children; they are discussed later in this 
chapter. There is a particular emphasis on neonatal cholangiopa- 
thies and the unique aspects of biliary disease in the older child. 
The general features of the many cholestatic liver diseases of the 
neonate are similar, and a central problem of pediatric hepatol- 
ogy is differentiating intrahepatic from extrahepatic cholestasis 
(Table 62.1).%° The treatment of metabolic or infective liver dis- 
eases and the surgical management of biliary anomalies require 
early diagnosis. Even when effective treatment is not possible, 
infants and children with progressive liver disease benefit from 
optimal nutritional support and medical management of chronic 
liver disease before they are referred for LT. 
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Because of the immaturity of hepatobiliary function, the 
number of distinct disorders that exhibit cholestatic jaundice 
may be greater during the neonatal period than at any other 
time of life (see Box 62.1).57°* Genomic sequencing is iden- 
tifying new defects that were previously labeled as idiopathic 
neonatal hepatitis. Liver dysfunction in the infant, regardless of 
the cause, is commonly associated with bile secretory failure and 
cholestatic jaundice. Although cholestasis may be traced to the 
level of the hepatocyte or the biliary apparatus, in practice there 
may be considerable overlap among disorders with regard to 
the initial and subsequent sites of injury. For example, damage 
to the biliary epithelium is often a prominent feature of neo- 
natal hepatitis due to CMV infection. Mechanical obstruction 
of the biliary tract invariably produces liver dysfunction and in 
the neonate may be associated with abnormalities of the liver 
parenchyma, such as giant cell transformation of hepatocytes. 
Whether giant cells—a frequent nonspecific manifestation 
of neonatal liver injury—reflect the noxious effects of biliary 
obstruction or whether the hepatocytes and the biliary epi- 
thelium are damaged by a common agent during ontogenesis, 
such as a virus with tropism for both types of cells, is unknown. 
Another common histologic variable that often accompanies 
neonatal cholestasis is bile ductular paucity or a diminution in 
the number of interlobular bile ducts.*’ This finding may be 
of primary importance in patients with Alagille syndrome and 
may also occur as an occasional feature of many other disorders, 
including idiopathic neonatal hepatitis, congenital CMV infec- 
tion, and a -antitrypsin deficiency. Serial liver biopsies usually 
show a progressive decrease in the number of bile ductules per 
portal tract, with a variable amount of associated inflammation 
and fibrosis. 


Diagnosis 


In most infants with cholestatic liver disease, the condition 
appears during the first few weeks of life. Differentiating con- 
jugated hyperbilirubinemia from the common unconjugated 
physiologic hyperbilirubinemia of the neonate or the pro- 
longed jaundice occasionally associated with breast-feeding 
is essential.4° The possibility of liver or biliary tract disease 
must be considered in any neonate older than 14 days with 
jaundice (see also Chapter 77). The stools of a patient with 
well-established biliary atresia are acholic, but early in the 
course of incomplete or evolving biliary obstruction, the stools 
may appear normal or only intermittently pigmented. Life- 
threatening but treatable disorders such as bacterial infection 
and a number of inborn errors of metabolism must be excluded. 
Success of surgical procedures in relieving the biliary obstruc- 
tion of biliary atresia or a choledochal cyst depends on early 
diagnosis and surgery. 

‘The approach to evaluation of an infant with cholestatic liver 
disease is outlined in Box 62.2. The initial assessment should 
promptly establish whether cholestatic jaundice is present and 
assess the severity of liver dysfunction. A more detailed investiga- 
tion may be required and should be guided by the clinical features 
of the case. All relevant diagnostic tests need not be performed in 
every patient. US may promptly establish a diagnosis of a cho- 
ledochal cyst in a neonate with jaundice and, thus, obviate the 
need to exclude infectious and metabolic causes of liver disease. 
Numerous routine and specialized biochemical tests and imaging 
procedures have been proposed to distinguish intrahepatic from 
extrahepatic cholestasis in infants and thereby avoid unnecessary 
surgical exploration.*°:*! Standard liver biochemical tests usually 
show variable elevations in serum direct bilirubin, aminotrans- 
ferase, alkaline phosphatase, and lipid levels. Unfortunately, no 
single test has proved to have satisfactory discriminatory value, 
because at least 10% of infants with intrahepatic cholestasis have 
bile secretory failure sufficient to lead to an overlap in diagnostic 
test results with those suggestive of biliary atresia.*” The presence 


BOX 62.2 Evaluation of the Infant With Cholestasis 


HISTORY AND PHYSICAL EXAMINATION 


Details of family history, pregnancy, presence of extrahepatic 
anomalies, and stool color 


TESTS TO ESTABLISH THE PRESENCE AND SEVERITY OF 

LIVER DISEASE 

Fractionated serum bilirubin analysis 

Liver biochemical tests (AST, ALT, alkaline phosphatase, 
5’-nucleotidase, GGTP) 

Tests of liver function (prothrombin time, partial thromboplastin 
time, coagulation factors, serum albumin level, serum ammonia 
level, serum cholesterol level, blood glucose) 


TESTS FOR INFECTION 


CBC 

Bacterial cultures of blood, urine, and other sites if indicated 

Viral cultures 

Serologic tests (HBsAg, TORCH, EBV, parvovirus B19, HIV, others) 
Paracentesis if ascites 


METABOLIC AND GENETIC STUDIES 


a.4-Antitrypsin level and phenotype if level is reduced 

Metabolic screen (urine and serum amino acids, urine organic 
acids) 

Urine for reducing substances 

Red blood cell galactose-1-phosphate uridyl transferase activity 

Serum iron and ferritin levels 

Sweat chloride analysis 

Thyroid hormone, thyroid-stimulating hormone (evaluation of 
hypopituitarism as indicated) 

Urine and serum analysis of bile acids and bile acid precursors 

Genetic studies for Alagille syndrome and progressive familial 
intrahepatic cholestasis 


IMAGING STUDIES 


US of liver and biliary tract (first) 

Hepatobiliary scintigraphy 

MRCP 

Radiography of long bones and skull for congenital infection and of 
chest for lung and cardiac disease 

Percutaneous or endoscopic cholangiography (rarely indicated) 


PROCEDURES 


Bone marrow examination and skin fibroblast culture for suspected 
storage disease 

Duodenal intubation to assess fluid for bile pigment 

Percutaneous liver biopsy (for light and electron microscopic ex- 
amination, enzymologic evaluation) 

Exploratory laparotomy and intraoperative cholangiography 


HBsAg, Hepatitis B surface antigen; STS, serologic test for syphilis; TORCH, 
toxoplasmosis, other, rubella CMV, herpes. 


of bile pigment in stools is sometimes cited as evidence against 
biliary atresia, but coloration of feces with secretions and epithe- 
lial cells that have been shed by the cholestatic patient may be 
misleading. 

US can be used to assess the size and echogenicity of the 
liver. Even in neonates, high-frequency real-time US can usually 
define the presence and size of the gallbladder, detect stones and 
sludge in the bile ducts and gallbladder, and demonstrate cys- 
tic or obstructive dilatation of the biliary system. Extrahepatic 
anomalies can also be identified. A triangular cord or band-like 
periportal echogenicity (>3 mm in thickness), which represents a 
cone-shaped fibrotic mass cranial to the portal vein, appears to be 
a specific ultrasonographic finding in the early diagnosis of biliary 
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atresia.®*+ The gallbladder “ghost” triad, defined as gallbladder 
length less than 1.9 cm, lack of smooth or complete echogenic 
mucosal lining with an indistinct wall, and irregular or lobular 
contour, has been proposed as an additional criterion for biliary 
atresia. 

CT provides information similar to that obtained by US but 
is less suitable in patients younger than 2 years of age because 
of exposure to radiation, the paucity of intra-abdominal fat for 
contrast, and the need for heavy sedation or general anesthesia.*> 

MRCP, performed with T2-weighted turbo-spin echo 
sequences, is widely used to assess the biliary tract in all age 
groups. In a 1999 study, MRCP reliably demonstrated the bile 
duct and gallbladder in normal neonates. In some patients with 
biliary atresia, nonvisualization of the bile duct and demonstra- 
tion of a small gallbladder have been characteristic MRCP find- 
ings. Another study found that MRCP is 82% accurate, 90% 
sensitive, and 77% specific for depicting extrahepatic biliary atre- 
sia. Contrary to previous reports, false-positive and false-negative 
findings occur with MRCP. Differentiation of severe intrahepatic 
cholestasis from biliary atresia may be difficult because the ability 
of MRCP to delineate the extrahepatic biliary tract depends on 
bile flow.t° MRCP can accurately define choledochal cysts and 
has emerged as the procedure of choice in the diagnosis of PSC. 

The use of hepatobiliary scintigraphic imaging agents such as 
9mTc¢e iminodiacetic acid derivatives may be helpful in differen- 
tiating extrahepatic biliary atresia from other causes of neona- 
tal jaundice.** Unfortunately, a 1997 study showed that in 50% 
of patients who had a paucity of interlobular bile ducts but no 
extrahepatic obstruction, biliary excretion of radionuclide was 
absent.*” In patients who had idiopathic neonatal hepatitis, 25% 
also demonstrated no biliary excretion. Nevertheless, the modal- 
ity remains useful for assessing cystic duct patency in patients 
with a hydropic gallbladder or cholelithiasis. 

ERCP may be useful in evaluating children with extrahepatic 
biliary obstruction and has been performed successfully in chole- 
static neonates.*! Considerable technical expertise is required of 
the operator to complete this procedure in infants. Most neonates 
require general anesthesia for a satisfactory examination. Percu- 
taneous transhepatic cholangiopancreatography may be of value 
in visualizing the biliary tract in selected patients,** but the tech- 
nique is more difficult to perform in infants than in adults because 
the intrahepatic bile ducts are small and because most disorders 
that occur in infants do not result in dilatation of the biliary tract. 
Interventional ERCP is commonly used to dilate biliary strictures 
and to remove common bile duct stones in children. 

Percutaneous liver biopsy is particularly valuable in evaluating 
cholestatic patients and can be undertaken in even the smallest 
infants with only sedation and local anesthesia.*? For example, 
a diagnosis of extrahepatic biliary atresia can be made based on 
clinical and histologic criteria in 90% to 95% of patients. When 
doubt about the diagnosis persists, the patency of the biliary tract 
can be examined directly by a minilaparotomy and operative 
cholangiography. In a meta-analysis of various diagnostic meth- 
ods used in 11 studies involving 646 patients, the accuracy rate of 
percutaneous liver biopsy was better than that of all noninvasive 
methods, with a pooled sensitivity of 98% (95% CI 96% to 99%), 
specificity of 93% (95% CI 89% to 95%), a positive predictive 
value of 93.0%, and a negative predictive value of 97.7% .°° Liver 
biopsy is also valuable in demonstrating bile duct paucity or bili- 
ary damage from drugs or viruses. 


PEDIATRIC DISORDERS OF THE BILE DUCTS 
Biliary Atresia 


Biliary atresia is characterized by complete obstruction of bile 
flow as a result of the destruction of all or a portion of the extra- 
hepatic bile ducts.*! As part of the underlying disease process or 


as a result of biliary obstruction, concomitant injury and fibrosis 
of the intrahepatic bile ducts also occurs to a variable extent. 


Epidemiology 


The disorder occurs in 1 in 10,000 to 15,000 live births in the 
USA and accounts for approximately one third of cases of neona- 
tal cholestatic jaundice (see Table 62.1). It is the most frequent 
cause of death from liver disease and reason for referral for LT 
in children («50% of all cases).” The cause of biliary atresia is 
unknown. The disease is not inherited, and there have been sev- 
eral reports of dizygotic and monozygotic twins discordant for 
biliary atresia. In a study of 461 patients in France, seasonality, 
time clustering, and time-space clustering could not be dem- 
onstrated.*+ Reports of familial cases have been rare; in most, a 
detailed histologic description of the extrahepatic biliary tract 
was not provided to exclude narrowing or hypoplasia of the bile 
duct associated with severe intrahepatic cholestasis. In the mul- 
tistate case-controlled National Birth Defects Prevention Study 
conducted between 1997 and 2002, babies born to non-Hispanic 
black mothers were at greater risk than those born to non-His- 
panic white mothers.*> 


Etiology and Pathogenesis 


Several mechanisms have been proposed to account for the pro- 
gressive obliteration of the extrahepatic biliary tract.°° There is 
no evidence that biliary atresia results from a failure in morpho- 
genesis or recanalization of the bile duct during embryonic devel- 
opment. Clinical features support the concept that in most cases, 
injury to the biliary tract occurs after biliary morphogenesis, usu- 
ally after birth. There is little support for an ischemic origin of 
extrahepatic bile duct injury. Support for potential toxin-induced 
injury is based on the finding that ingestion of a plant isoflavo- 
noid was associated with the development of biliary atresia in 
livestock and in a zebrafish model.’ Congenital infections with 
CMV, group C rotavirus, EBV, and reovirus 3 occasionally have 
been implicated.°° In one study, 56% of patients with biliary atre- 
sia had significant increases in interferon (IFN)-y-producing liver 
T cells in response to CMV, compared with minimal responses to 
other viruses and with a control group, thereby suggesting peri- 
natal CMV infection as a plausible initiator of bile duct damage 
in some patients.°* 

Genome-wide association and other genomic studies have 
identified GPCI as a biliary atresia susceptibility gene.°? This 
gene encodes glypican 1-a heparan sulfate proteoglycan, which 
regulates Hedgehog signaling and inflammation. Liver samples 
from patients with biliary atresia had reduced levels of apical 
GPCI in cholangiocytes, compared with samples from controls. 
Another genome-wide association study identified a susceptibility 
locus for biliary atresia on locus 10q24.2 that had a strong associ- 
ation with X-prolyl aminopeptidase P1(XPNPEP1) and ADD3.°° 
XPNPEP1 is expressed in biliary epithelia and is involved in the 
metabolism of inflammatory mediators. ADD3 encodes adducin, 
a membrane skeletal protein that functions in regulating epithe- 
lial cell-cell adhesions and is highly expressed in fetal livers. 

Oligonucleotide-based gene chip analysis of complementary 
RNA from livers of infants with biliary atresia has demonstrated a 
coordinated activation of genes involved in lymphocyte differen- 
tiation and inflammation. There is increasing evidence for the 
roles of autoimmunity, dysregulated cellular, humoral, and innate 
immunity, and T-regulatory cell function in a mouse model and 
in patients with biliary atresia (see Chapter 2).°! Pre- or perina- 
tal viral infection likely causes cholangiocyte apoptosis, release of 
antigens, and aberrant MHC class II expression in extrahepatic 
and intrahepatic bile ducts in a genetically susceptible host.°° 
Viral, native, or altered bile duct antigens are phagocytosed and 
processed by macrophages or dendritic cells and presented to naive 
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T cells. Activated CD4* T cells elicit an IFN-y-induced macro- 
phage response and activation of cytotoxic CD8* T cells and B 
cells. Release of inflammatory mediators including TNF-a, nitric 
oxide, and reactive oxygen species by macrophages, autoantibod- 
ies by plasma cells, and granzyme, perforin, and IFN-y by CD8* 
T cells contribute to cholangiocyte injury through apoptotic or 
necrotic pathways (see Chapters 1 and 72). The regulatory T cell 
(Treg) subset of CD4* T cells, responsible for controlling T cell- 
mediated immune responses to pathogens, is deficient in infants 
with biliary atresia, and this deficiency may exacerbate bile duct 
injury.*° Hepatic stellate cells (myofibroblasts) and fibroblasts are 
activated, thereby causing fibrosis of the intra- and extrahepatic 
bile ducts. The resulting cholangiocyte injury, inflammation, 
and fibrosis lead to complete bile duct obstruction. How these 
events are coordinated, why the disease occurs only in the first 
few months of life, why a minority of infants with perinatal viral 
infections develop biliary atresia, and why the disease does not 
recur in a transplanted liver are unanswered questions. 

Circulating markers of inflammation persist in biliary atresia 
and are largely unaffected by portoenterostomy (see later), with 
clear progressive elevation in both type 1 T helper (Th1) effec- 
tors interleukin-2 and IFN-y, some type 2 T helper (Th2) effec- 
tors (interleukin-4), as well as a macrophage marker (TNF-a). 
Increased expression of soluble cell adhesion molecules, sICAM-1 
and sVCAM-1, are also found and likely reflect ongoing recruit- 
ment of circulating inflammatory or immunocompetent cells into 
the liver and biliary system.° Whether this immune response is 
induced by a viral infection or reflects a genetically programmed 
response to an infectious or environmental exposure remains 
unknown. 

Extrahepatic anomalies occur in 10% to 25% of patients and 
include cardiovascular defects, polysplenia, malrotation, situs 
inversus, and bowel atresias.®*°t Some patients who have het- 
erotaxia, including an infant with biliary atresia and polysplenia, 
have been found to have loss-of-function mutations in the CFC1 
gene.®-°° This gene encodes a protein called CRYPTIC, which 
is involved in establishing the left-right axis during morphogen- 
esis. In contrast, limited studies of infants with biliary atresia and 
heterotaxia have not found mutations in the INV gene, which is 
also involved in determining laterality.°’ In a microarray analy- 
sis of liver tissue from infants with a so-called embryonic form 
of biliary atresia in which extrahepatic malformations and early 
onset of cholestatic jaundice occur, a unique pattern of expression 
of genes involved in chromatin integrity and function (Smarca-1, 
Rybp, and Hdac3) and overexpression of 5 imprinted genes (Igf2, 
Peg3, Peg10, Meg3, and IPW) was found, implying a failure to 
down-regulate embryonic gene programs that influence the 
development of the liver and other organs.°* Fagged1 (the gene 
defective in Alagille syndrome [see later]) missense mutations 
have been identified in 9 of 102 patients with biliary atresia and 
are associated with a poor prognosis.°” 


Pathology 


Histopathologic findings on initial liver biopsy specimens are 
of great importance in the management of patients with biliary 
atresia.°'> Early in the course, hepatic architecture is generally 
preserved, with a variable degree of bile ductular proliferation, 
canalicular and cellular bile stasis, and portal tract edema and 
fibrosis (Fig. 62.4).5> The presence of bile plugs in portal tracts 
is highly suggestive of large-duct obstruction. Furthermore, bile 
ductules show varying injury to the biliary epithelium, includ- 
ing swelling, vacuolization, and even sloughing of cells into the 
lumen. Portal tracts have variable amounts of infiltrating inflam- 
matory cells, and in approximately 25% of patients, giant cell 
transformation of hepatocytes may be seen to a degree observed 
more commonly in neonatal hepatitis. Bile ductules occasion- 
ally may assume a ductal plate configuration, suggesting that the 


disease has interfered with the process of ductular remodeling 
that occurs during prenatal development.” Biliary cirrhosis may 
be present initially or may evolve rapidly over the first months of 
life, with or without successful restoration of bile flow.’! 

The morbid anatomic characteristics of the extrahepatic 
bile ducts in biliary atresia are highly variable. Kasai proposed 
a useful classification of the anatomic variants.’? Three main 
types have been defined based on the site of the atresia. Type I 
is atresia of the common bile duct with patent proximal ducts. 
Type II atresia involves the hepatic duct, with cystically dilated 
bile ducts at the porta hepatis. In type Ha atresia, the cystic and 
bile ducts are patent, whereas in type Ib atresia, these struc- 
tures also are obliterated. These forms of biliary atresia have 
been referred to as “surgically correctable” but unfortunately 
account for less than 10% of all cases. Ninety percent or more 
of patients have type II atresia, involving obstruction of the 
common hepatic, right and left hepatic, and cystic ducts, with- 
out cystically dilated hilar ducts. The entire perihilar area is 
in a cone of dense fibrous tissue. The gallbladder is involved 
to some extent in about 80% of patients. The type III variant 
has been characterized as “noncorrectable,” in that there are no 
patent hepatic or dilated hilar ducts that can be readily used for 
a biliary-enteric anastomosis. 

Complete fibrous obliteration of at least a portion of the 
extrahepatic bile ducts is a consistent feature found on micro- 
scopic examination of the fibrous remnant.’? Other segments of 
the biliary tract may demonstrate lumens with varying degen- 
eration of bile duct epithelial cells, inflammation, and fibrosis 
in the periductular tissues (see Fig. 62.4). In most patients, bile 
ducts within the liver that extend to the porta hepatis are pat- 
ent during the first weeks of life but are destroyed progressively, 
presumably by the same process that damaged the extrahepatic 
ducts and by the effects of biliary obstruction. In more than 20% 
of patients, concentric tubular ductal structures similar to those 
observed in ductal plate malformations are found, indicating that 
the disease process interfered with the normal remodeling of the 
biliary tract. 


Clinical Features 


Most infants with biliary atresia are born at term after a normal 
pregnancy and have a normal birth weight.” Female infants are 
affected more commonly than male infants. The perinatal course 
is typically unremarkable. Postnatal weight gain and development 
usually proceed normally. Jaundice is observed by the parents or 
the physician after the period of physiologic hyperbilirubinemia. 
Prolonged jaundice may be erroneously attributed to breast- 
feeding.’* The possibility of liver or biliary tract disease must 
be considered in any neonate older than 14 days with jaundice. 
The stools of a patient with well-established biliary atresia are 
acholic, but early in the course the stools may appear normally 
pigmented or only intermittently pigmented. Screening for bili- 
ary atresia in Taiwan by the use of a stool color card given to 
parents has decreased the number of late referrals for evaluation 
of cholestasis.’° 

The liver is typically enlarged, with a firm edge palpable 
2 to 6 cm below the right costal margin.” The spleen is usu- 
ally not enlarged early in the course but becomes enlarged 
as portal hypertension develops. Ascites and edema are not 
present initially, but coagulopathy may result from vitamin K 
deficiency. 

Laboratory studies initially reveal evidence of cholestasis, with 
a serum total bilirubin level of 6 to 12 mg/dL, at least 50% of 
which is conjugated.°* A study in 2011 showed that over one half 
of patients with biliary atresia have elevated direct bilirubin lev- 
els shortly after birth, suggesting a perinatal onset of disease.” 
Serum aminotransferase, GGTP, and alkaline phosphatase levels 
are moderately elevated. 
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cholestasis, multinucleated giant cells (arrow), and portal tract inflammation. (H&E, x400.) B, Expanded portal 
tract with portal fibrosis, bile ductular proliferation (thin arrows), and a bile plug in the bile duct (thick arrow). 
(Masson trichrome, x250.) C, Proximal common hepatic duct in the porta hepatis, with sloughing of biliary 
epithelium, concentric fibrosis of the bile duct wall, lymphocytic infiltration around the duct, and a narrowed 
but patent lumen. (H&E, x150.) D, Remnant of a bile duct with complete obliteration of the lumen (arrow) and 
concentric fibrosis of the duct wall. (H&E, x40.) (From Sokol RJ, Mack C, Narkewicz MR, Karrer FM. Patho- 
genesis and outcome of biliary atresia: current concepts. J Pediatr Gastroenterol Nutr 2003;37:4—21. Used 


with permission.) 


Treatment 


The initial workup for biliary atresia usually includes percutane- 
ous liver biopsy to assess for histologic evidence of biliary obstruc- 
tion (bile duct proliferation, bile duct plugs, portal tract fibrosis). 
When the possibility of biliary atresia has been raised by clinical, 
pathologic, and imaging findings, exploratory laparotomy and 
operative cholangiography are necessary to document the site of 
obstruction and direct attempts at surgical treatment.??”7 Patent 
proximal portions of the bile ducts or cystic structures in the 
porta hepatis allow conventional anastomosis with a segment of 
bowel in approximately 10% of patients. In most patients who 
have obliteration of the proximal extrahepatic biliary tract, the 
preferred surgical approach is the hepatoportoenterostomy pro- 
cedure developed by Kasai (Fig. 62.5).’*”? The distal bile duct 
is transected, and the fibrous bile duct remnant is dissected to 
an area above the bifurcation of the portal vein. The dissec- 
tion then progresses backward and laterally at this level, and the 
fibrous cone of tissue is transected flush with the liver surface, 
thereby exposing an area that may contain residual microscopic 
bile ducts. The operation is completed by the anastomosis of a 
Roux-en-Y loop of jejunum around the bare edge of the tran- 
sected tissue to provide a conduit for biliary drainage. Multiple 
attempts at re-exploration and revision of nonfunctional conduits 


should be avoided.*! Adjuvant therapy with glucocorticoids and 
UDCA as a choleretic agent is widely prescribed postopera- 
tively,**-°? but in a prospective double-blind randomized placebo- 
controlled trial, glucocorticoids did not reduce the need for LT 
after a Kasai portoenterostomy.** 


Prognosis 


The prognosis of untreated biliary atresia is extremely poor; 
death from liver failure usually occurs within 2 years.” Data 
from numerous pediatric surgeons and practice settings in the 
USA disclosed a 5-year actuarial survival rate of 48% among 670 
patients who had a Kasai operation (Fig. 62.6).°° Several large 
series from Europe, Japan, and the USA have demonstrated 
similar or slightly better results.*’-°° In a 2003 report from the 
Japanese Biliary Atresia Registry, jaundice resolved in 57% of 
patients after the Kasai operation, and the overall 5- and 10-year 
survival rates were 75.3% and 66.7%, respectively.*’ At the time 
of the report, 57 of 108 patients had survived for 10 years with- 
out LT. In a series of all patients with biliary atresia identified 
in France over a period of 10 years (1986 to 1996), the over- 
all survival rate of those treated with the Kasai operation and, 
if necessary, LT was 68%.°° The 10-year actuarial survival rate 
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Fig. 62.5 The Kasai operation for biliary atresia. A 35- 
to 40-cm Roux-en-Y anastomosis is made to the porta 
hepatis after surgical excision of the atretic extrahepatic 
biliary tract and a cone of fibrous tissue from the porta 
hepatis. Multiple small but patent bile ducts may be 
uncovered by this dissection and drained into the Roux 
loop. An enlarged depiction of the anastomosis of the 
jejunal loop to the porta hepatis is shown on the left. (Fig- 
ure drawn and kindly provided by Dr. Frederick Ryckman, 
Cincinnati, OH.) 
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Fig. 62.6 Actuarial survival of 670 infants with extrahepatic biliary 
atresia who underwent Kasai portoenterostomy (blue line) and 88 who 
underwent no operation or only an exploratory laparotomy for biliary 
atresia (red line). Average length of follow up was 5 years. The differ- 
ence in survival between groups is statistically significant (P = 0.001). 
(From Karrer FM, Lilly JR, Stewart BA, et al. Biliary atresia registry: 1976 
to 1989. J Pediatr Surg 1990;25:1076-80.) 


in patients with their native livers was 29%, a figure similar to 
the 31% compiled from 750 published cases by the authors. 
The Childhood Liver Disease Research Network (ChiLDReN), 
a multicentered consortium to study biliary atresia in the USA 
and Canada, reported on 219 children with biliary atresia who 
were alive with their native livers approximately 10 years after the 
Kasai portoenterostomy. Over 98% of these patients had clini- 
cal or biochemical evidence of chronic liver disease.8? Therefore, 
children with biliary atresia derive long-term benefit from the 
Kasai portoenterostomy procedure, although most have persist- 
ing liver dysfunction. Progressive biliary cirrhosis may result in 
death from hepatic failure or the need for LT despite an appar- 
ently successful restoration of bile flow. 


Several factors have been found to contribute to the varying 
outcome after hepatic portoenterostomy. The age of the patient 
at the time of surgery is most critical.°”**:°! In several series, 
bile flow was reestablished in 80% to 90% of infants who were 
referred for surgery within 60 days of birth.®””? Resolution of 
jaundice may still occur with diagnosis after 90 days of age, but 
long-term survival is compromised even in the era of LT.’! Ina 
prospective U.S. study of 244 infants, the risk of transplantation 
or death was increased in patients with porta hepatis atresia, a 
nonpatent common bile duct, biliary atresia splenic malforma- 
tion syndrome, ascites, and a nodular liver.” Independent prog- 
nostic factors for overall survival in the large French study were 
performance of the Kasai operation and age less than 45 days at 
surgery; complete atresia of extrahepatic bile ducts and poly- 
splenia syndrome were associated with a less favorable outcome. 
‘The experience of the surgical center was also important.*® 

Prognostic factors include the level of the serum total biliru- 
bin at 3 months post-Kasai portoenterostomy. If the total biliru- 
bin is <2 mg/dL at 3 months post-Kasai procedure, then one can 
predict that the patient will not need LT in the first 2 years of life. 
If the total bilirubin is =>6 mg/dL at that time point, then there is 
a high likelihood of the need for LT within 2 years.?*"° Prehilar 
bile duct structures of at least 150 to 400 um, particularly if lined 
with columnar epithelium, have not been consistently associated 
with a favorable prognosis.”+°’ Substantial hepatocyte injury, as 
indicated by lobular disarray and giant cell transformation on liver 
biopsy specimens, has been associated with a poor outcome. The 
presence of ductal plate malformation on liver biopsy specimens 
also predicts poor bile flow after hepatoportoenterostomy. The 
quantity of the bile flow has been correlated with the total area of 
the biliary ductules identified in the excised porta hepatis speci- 
men.”*.°? The rate of progression of the underlying bile ductular 
and liver disease also limits survival.’ !-100 The disorder is not lim- 
ited to the extrahepatic biliary tract and can be associated with 
progressive inflammation and destruction of the intrahepatic bile 
ducts and eventual cirrhosis.*! Recurring episodes of ascending 
bacterial cholangitis, which are most frequent during the first 2 
years after surgery, can contribute to the ongoing bile duct injury 
and even lead to re-obstruction.!°! Cholangitis develops primar- 
ily in infants who have some degree of bile drainage, probably 
because of the access to ascending infection provided by patent 
bile ducts in the porta hepatis. Prophylactic oral antibiotics are 
often used to prevent recurrent cholangitis after a Kasai porto- 
enterostomy, but controlled trials of this approach have not been 
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done.!°* Growth failure has been associated with the need for LT 
or death by 2 years of age. Esophageal variceal hemorrhage alone 
is not an absolute indication for urgent LT in patients with good 
bile drainage and preserved liver synthetic function. !0104 

LT is essential in the management of children in whom por- 
toenterostomy does not successfully restore bile flow, referral is 
late (probably at 120 days of age or later), and end-stage liver 
disease develops eventually despite bile drainage.**:!9!°° In the 
USA, approximately 80% of patients with biliary atresia will 
require LT by the age of 18 years, and biliary atresia accounts 
for 40% to 50% of all liver transplants performed in children. 
The portoenterostomy is thought to make LT technically more 
difficult as a result of intra-abdominal adhesions and the various 
enteric conduits that are encountered!°’; however, with the use of 
reduced-size liver allografts and living-related donors, one-year 


survival rates of better than 90% can be expected (see Chapter 
97) 105,108,109 


Spontaneous Perforation of the Bile Duct 


Spontaneous perforation of the bile duct is a rare but distinct cho- 
lestatic disorder of infancy.!!° The perforation usually occurs at 
the junction of the cystic and bile ducts. The cause is unknown, 
but there may be evidence of obstruction at the distal end of the 
bile duct secondary to stenosis or inspissated bile.!!! Congenital 
weakness at the site of the perforation and injury produced by 
infection also have been suggested. Spontaneous bile duct perfo- 
ration can be associated with type I and VI choledochal cysts and 
acute pancreatitis. 

Most infants appear healthy prior to the perforation. Clini- 
cal signs, including jaundice, acholic stools, dark urine, and asci- 
tes, typically occur during the first months of life.!!! The infant 
also may experience vomiting and lack of weight gain. Progres- 
sive abdominal distention is a usual feature; bile staining of fluid 
within umbilical or inguinal hernias may be observed. 

Mild-to-moderate conjugated hyperbilirubinemia with mini- 
mal elevation of serum aminotransferase levels is typical. Abdom- 
inal paracentesis reveals clear, bile-stained ascitic fluid, which 
usually is sterile. US reveals ascites or loculated fluid in the RUQ; 
the biliary tract is not dilated. Hepatobiliary scintigraphy dem- 
onstrates the free accumulation of isotope within the peritoneal 
cavity.!!! 

Operative cholangiography is required to demonstrate the 
site of the perforation.'!? Surgical treatment may involve sim- 
ple drainage of the bilious ascites and repair of the site of the 
perforation.'!* If the perforation is associated with obstruction 
of the bile duct, however, drainage via a cholecystojejunostomy 
may be required. Portal venous thrombosis has been reported as 
a complication, possibly related to the irritative effects of bile or 
a biloma compressing the portal vein. 


Bile Plug Syndrome 


A plug of thick, inspissated bile and mucus also may cause 
obstruction of the bile duct.'!?:!!* Otherwise healthy infants 
have been affected, but the condition occurs more commonly 
in sick, premature infants who cannot be fed and require pro- 
longed parenteral nutrition. The pathogenesis may involve 
bile stasis, fasting, infection, and an increased bilirubin load. 
The cholestasis associated with massive hemolysis, or the 
inspissated bile syndrome, may have been a variant of the bile 
plug syndrome but is now infrequent with the advent of mea- 
sures to prevent and treat Rh and ABO blood group incom- 
patibilities. The clinical presentation may resemble that of 
biliary atresia. US may show dilated intrahepatic bile ducts. 
Exploratory laparotomy and operative cholangiography are 
usually required for diagnosis. Simple irrigation of the bile 
duct is curative.!!> 


Choledochal Malformations 
Epidemiology and Classification 


Choledochal malformations are not really cysts, because they 
are not enclosed epithelialized structures. These congenital 
anomalies will continue to be referred to as choledochal cysts for 
historical reasons but are likely heterogeneous in etiology and 
have in common a spectrum of focal or diffuse extrahepatic bile 
ductal dilatation with varying degrees of intrahepatic involve- 
ment.!!°!!7 Choledochal cysts are not familial, and female chil- 
dren are affected more commonly than male children. Cases 
have been described in utero and in older adult patients, but 
approximately two thirds of patients seek medical attention 
before 10 years of age. 

The classification proposed by Todani and colleagues 
(Fig. 62.7) is cited frequently.!!*-!!° Several varieties of type 
I cysts, accounting for 80% to 90% of cases, exhibit segmen- 
tal or diffuse fusiform dilatation of the bile duct. Type I 
cysts consist of a true choledochal diverticulum. Type HI 
cysts consist of dilatation of the intraduodenal portion of the 
bile duct, or choledochocele. Type IV cysts may be subdi- 
vided into type IVa, or multiple intrahepatic and extrahepatic 
cysts, and type IVb, or multiple extrahepatic cysts. The type 
IVb variant is either uncommon or may overlap with type I. 
Whether type V, or Caroli disease, which consists of single or 
multiple dilatations of the intrahepatic ductal system, should 
be viewed as a form of choledochal cyst is unsettled.!!?:!?° 

The incidence of type 1 and IV choledochal cysts in 
Western populations has been estimated to be 1:100,000 
to 1:150,000. The incidence may be as high as ~1:10,000 in 
some Asian countries. Choledochal diverticula (type II cysts) 
and choledochoceles (type IH cysts) are much less common 
(~1:1,000,000),!!6117 


Etiology 


The cause of choledochal malformations has not been estab- 
lished.!!’ Congenital weakness of the bile duct wall, a primary 
abnormality of epithelial proliferation during embryologic ductal 
development, and congenital obstruction of bile ducts have been 
suggested.!!®!?! A relationship to other obstructive cholangiopa- 
thies (e.g., biliary atresia) has been proposed but not proved. In 
a gene sequencing study of 33 patients with choledochal malfor- 
mations, no single gene defects were detected, but 21 potentially 
damaging de novo pathogenic variants were found that could 
affect developmental processes of the hepatobiliary tract even in 
a compound heterozygote state.!?? A high frequency (40%) of 
pancreaticobiliary malunion (anomalous union of the pancreatic 
and bile ducts), which may allow reflux of pancreatic secretions 
into the biliary tract, has been described (see Chapter 55).!?* This 
process may result in progressive injury to the developing ductal 
system, with subsequent weakness and dilatation. Choledochal 
cysts may be associated with other developmental anomalies, 
including colonic atresia, duodenal atresia, imperforate anus, 
pancreatic arteriovenous malformation, multiseptate gallbladder, 
ventricular septal defect, aortic hypoplasia, pancreatic divisum, 
pancreatic aplasia, focal nodular hyperplasia of the liver, and con- 
genital absence of the portal vein. Choledochal cysts have also 
been found in some patients with autosomal recessive polycystic 
renal disease (see Chapter 96).!7+ 


Pathology 


The dilated biliary segments are composed of a fibrous wall; there 
may be no epithelial lining or a low columnar epithelium.!!” Mild 
chronic inflammation may be present. Complete inflammatory 
obstruction of the terminal portion of the bile duct is common in 
infants who have a choledochal cyst. 
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Fig. 62.7 Classification of choledochal 
malformations according to Todani 
and colleagues.''? fa, Common type; 
lb, segmental dilatation; /c, diffuse 
dilatation; //, diverticulum; ///, choled- 
ochocele; /Va, multiple cysts (intra- 
and extrahepatic); IVb, multiple cysts 
(extrahepatic); V, single or multiple 
dilatations of the intrahepatic ducts 
(Caroli disease). (From Savader 

SJ, Benenati JF, Venbrux AC, et al. 
Choledochal cysts: classification and 
cholangiographic appearance. AJR 
1991;156:327-31.) 


Liver biopsy specimens in the affected neonate show features 
typical of large-duct obstruction.!!’ Findings may mimic those 
observed in extrahepatic biliary atresia. Portal tract edema, bile 
ductular proliferation, and fibrosis may be prominent. A pat- 
tern of biliary cirrhosis may be observed in older patients with 
long-standing biliary obstruction. Carcinoma of the cyst wall may 
occur by adolescence (see Chapter 69).123,126 


Clinical Features 


The infantile form of choledochal cyst disease must be distin- 
guished from other forms of hepatobiliary disease of the neonate, 
particularly biliary atresia.!!° The disorder often appears during 
the first months of life, and as many as 80% of patients have chole- 
static jaundice and acholic stools.!!’ Vomiting, irritability, and fail- 
ure to thrive may occur. Examination reveals hepatomegaly, and in 
about half of patients an abdominal mass is palpated. In a series of 
72 patients diagnosed postnatally, 50 (69%) exhibited jaundice that 
was associated with abdominal pain in 25 or with a palpable mass in 
3; 13 (18%) had abdominal pain alone, and 2 (3%) had a palpable 
mass alone. In a 2008 series, adults were more likely to exhibit 
abdominal pain (97% vs. 63%; P < 0.001), and children were more 
likely to experience jaundice (71% vs. 25%, P = 0.001).!° In older 
patients, epigastric pain may be due to pancreatitis. Intermittent 
jaundice and fever may result from recurrent episodes of cholan- 
gitis. The classic triad of abdominal pain, jaundice, and a palpable 
abdominal mass is observed in less than 20% of patients.!”° 

Choledochal cysts may undergo spontaneous perforation, par- 
ticularly when bile flow is obstructed. Progressive hepatic injury 
can occur during the first months of life as a result of biliary 
obstruction caused by poor bile flow, sludge, protein plugs, and 
stones composed of fatty acids and calcium.!?’ 


Diagnosis 


The diagnosis of a choledochal malformation is best established 
by US (Fig. 62.8).45128 Several reports have demonstrated that 


Fig. 62.8 Ultrasonographic demonstration of a type | choledochal cyst 
in an infant with cholestasis. A large cystic mass in the RUQ is shown 
on this transverse scan. The point of juncture of the cyst with the bile 
duct is delineated by the arrow. 


antenatal US can be used to detect a choledochal cyst in the 
fetus. Sequential ultrasonographic examinations have allowed the 
study of the evolution of choledochal cysts during pregnancy. In 
the older child, percutaneous transhepatic cholangiography or 
ERCP may help define the anatomic features of the cyst; its site 
of biliary origin, including an anomalous arrangement of the pan- 
creaticobiliary junction; and the extent of both extrahepatic and 
intrahepatic disease, including the presence of intraductal stric- 
tures and calculi.!?8 MRCP is used to evaluate the extent of the 
cyst and defects within the biliary tract and to detect pancreatico- 
biliary malunion.!?? MRCP has been less effective than ERCP for 
detecting minor ductal abnormalities and small choledochoceles in 
adults.!3° In practice, most pediatric surgeons rely on an operative 
cholangiogram to define the extent of intrahepatic and extrahe- 
patic disease. !!7 
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Treatment 


The preferred treatment is surgical excision of the cyst 
with reconstruction of the extrahepatic biliary tract.!!7!!? 
Laparoscopic surgery is feasible in many cases. Biliary drainage is 
usually accomplished by a choledochojejunostomy with a Roux- 
en-Y anastomosis. Excision of the cyst reduces bile stasis and the 
risk of cholangitis and cholangiocarcinoma. The overall risk of 
cancer has been reported to be 10% to 15%, is greatest in type 
I and IV forms, and increases with age. Simple decompression 
and internal drainage should be done only when the complicated 
anatomic characteristics do not allow complete excision. Long- 
term follow up is essential because recurrent cholangitis, lithiasis, 
anastomotic stricture, and pancreatitis may develop years after 
the initial surgery. 


Hepatic Fibrocystic Disease 


Nonobstructive saccular or fusiform dilatation of the intrahe- 
patic bile ducts is a rare congenital disorder.!*!:!°* In the pure 
form, known as Caroli disease, dilatation is classically segmental 
and saccular and associated with stone formation and recurrent 
bacterial cholangitis. A more common type, Caroli syndrome, is 
associated with a portal tract lesion typical of congenital hepatic 
fibrosis (CHF).!3?-3+ Dilatation of the extrahepatic bile ducts 
(choledochal cysts) also may be present. Renal disease occurs in 
both forms, renal tubular ectasia occurs with Caroli disease, and 
both conditions can be associated with autosomal recessive poly- 
cystic kidney disease (ARPKD) or, rarely, autosomal-dominant 
polycystic kidney disease.!?> Mutations in the polycystic kidney 
and hepatic disease 1 gene (PKHD1) have been identified in 
patients with ARPKD (see Chapter 96).'°° The gene encodes a 
large protein (4074 amino acids) called fibrocystin to reflect the 
main resulting structural abnormalities in liver and kidney. The 
protein shares structural features with the hepatocyte growth fac- 
tor receptor and appears to belong to a superfamily of proteins 
involved in regulating cell proliferation, adhesion, and repulsion. 
Fibrocystin is localized to the primary cilia of renal epithelial cells 
and cholangiocytes, suggesting a link between ciliary dysfunction 
and cyst development. Joubert syndrome, Meckel-Gruber syn- 
drome, Bardet-Biedel syndrome, Jeune syndrome, and phospho- 
mannomutase-deficiency (a congenital disorder of glycosylation) 
are other rare genetic disorders that affect the structural or func- 
tional components of the primary cilia and can be associated with 
CHF. 


Pathology 


The intrahepatic cysts are in continuity with the biliary tract and 
lined by epithelium that may be ulcerated and hyperplastic.'*! 
The cysts may contain inspissated bile, calculi, and purulent 
material. 

Liver biopsy specimens may reveal normal tissue or features 
of acute or chronic cholangitis. Portal tract edema and fibrosis 
may be present. In cases associated with CHF, findings associated 
with the ductal plate malformation can be expected; the lumen 
of the portal bile duct forms an epithelium-lined circular cleft 
surrounding a central vascularized connective tissue core, or a 
series of bile duct lumens are arranged in a circle around a central 
fibrous tissue core. 


Clinical Features 


Patients usually seek medical attention during childhood and ado- 
lescence because of hepatomegaly and abdominal pain.!**-!*° The 
disorder appears in the neonate as renal disease or cholestasis. 136 
The saccular or fusiform dilatation of bile ducts predisposes to 
stagnation of bile, leading to the formation of biliary sludge and 


Fig. 62.9 Cholangiographic findings in Caroli disease. Percutaneous 
cholangiography reveals multiple cystic lesions throughout a markedly 
enlarged liver. Cystic lesions are in continuity with bile ducts. The extra- 
hepatic bile ducts are normal. (From Kocoshis SA, Riely CA, Burrell M, 
Gryboski JD. Cholangitis in a child due to biliary tract anomalies. Dig 
Dis Sci 1980;25:59-65.) 


intraductal lithiasis. Fever and intermittent jaundice may occur 
during episodes of bacterial cholangitis. Hepatosplenomegaly is 
found in cases associated with CHF; affected patients may bleed 
from esophageal varices.!>! Polycystic kidneys may be palpable. 

CHF may take several forms. A portal hypertensive presen- 
tation is most common with esophageal variceal hemorrhage in 
childhood. A cholangitic form is characterized by cholestasis and 
recurrent cholangitis. Patients may also display a mixed pheno- 
type with features of both portal hypertension and cholangitis. 
Biliary disease may be very subtle or even latent, and not easily 
defined by liver biochemical testing or imaging. 

In a prospective study of 73 patients with CHF and ARPKD 
(age, 1 to 56 years; mean, 12.7 years), initial symptoms related to 
the liver occurred in 26.1? Splenomegaly was observed early in 
life and was present in 60% of children younger than 5 years of 
age. The platelet count was the best predictor of the severity of 
portal hypertension. Biliary abnormalities were present in 70% 
(40% with Caroli syndrome, 30% with isolated dilatation of the 
common bile duct). The variability in severity of liver and kidney 
was not explainable by the specific PKHD1 mutation. In a review 
of hepatic complications of ARPKD compiled from the litera- 
ture, portal hypertension was documented in 45% and recurrent 
cholangitis in 54% of 788 patients.!*+ Owing to the abnormal 
biliary tract in CHF, cholangitis can occur even in the absence of 
Caroli syndrome. 

Liver biochemical tests may have normal results or show mild- 
to-moderate elevations of serum bilirubin, alkaline phosphatase, 
and aminotransferase levels. 132-14 Liver synthetic function is well 
preserved, but repeated episodes of infection and biliary obstruc- 
tion within the cystic bile ducts eventually may lead to hepatic 
failure. A reduced maximal concentrating capacity is the most 
frequently abnormal renal function test finding; variable eleva- 
tions of blood urea nitrogen and serum creatinine levels reflect 
the severity of the underlying kidney disease.!*° 


Diagnosis 


US, MRCP, and CT are of great value in demonstrating the cystic 
dilatation of the intrahepatic bile ducts.!33137-138 Increased liver 
echogenicity reflects the underlying fibrosis in this condition. 
Renal cysts or hyperechogenicity of papillae may be detected. 
Percutaneous or endoscopic cholangiography (Fig. 62.9) usu- 
ally demonstrates a normal bile duct with segmental saccular 
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dilatations of the intrahepatic bile ducts.!? Rarely, the process 
may be limited to one lobe of the liver. Liver biopsy is rarely 
required for diagnosing CHF. 


Prognosis and Treatment 


The clinical course is often complicated by recurrent episodes of 
cholangitis!**!>; sepsis and liver abscess may occur. The prog- 
nosis in the setting of persistent or recurrent infection is poor. 
Calculi frequently develop within the cystically dilated bile ducts 
and can complicate the treatment of cholangitis. Patients who 
have extensive hepatolithiasis may experience intractable abdom- 
inal pain. Removal of stones by surgery, endoscopy, or lithotripsy 
usually is not feasible. Hepatic resection is indicated for disease 
limited to a single lobe.!*° Surgical drainage procedures gener- 
ally are not effective and may complicate later LT. Therapy with 
UDCA has been used successfully to dissolve intrahepatic stones. 
Cholangiocarcinoma may develop within the abnormal bile 
ducts.'*! Portal hypertension and variceal bleeding may predomi- 
nate in patients with CHF and Caroli disease.'*° End-stage renal 
disease develops in some patients who have associated polycystic 
kidney disease. LT is an option in patients who have extensive 
disease and frequent complications, including refractory cholan- 
gitis.!47 


Nonsyndromic Paucity of the Interlobular Bile Ducts 


A paucity of interlobular bile ducts may be an isolated and 
unexplained finding in infants and children with idiopathic 
cholestasis or a feature of a heterogeneous group of disor- 
ders that include congenital infections with rubella and CMV 
and genetic disorders such as o -antitrypsin deficiency and 
inborn errors of bile acid metabolism.!*?:!** Bile duct paucity 
has been observed in some cases of Williams and Noonan 
syndromes.'**.!*° Paucity of interlobular bile ducts has been 
defined as a ratio of the number of interlobular bile ducts to 
the number of portal tracts of less than 0.4.1%147 At least 10 
portal tracts should be examined on a liver biopsy specimen to 
be confident that bile duct paucity is present. The structural 
abnormality has also been referred to as “intrahepatic biliary 
atresia” or “intrahepatic biliary hypoplasia”; however, these 
terms imply more insight into the pathogenesis of ductular 
paucity than currently prevails. Cases may arise from true bili- 
ary dysgenesis but more often result from active injury and loss 
of bile ducts.!®!47 Bile duct paucity may occur without associ- 
ated developmental anomalies and without a documented intra- 
uterine infection or genetic disorder, but this idiopathic form 
of nonsyndromic bile duct paucity is likely to be heterogeneous 
in cause, with extremely variable clinical features and progno- 
sis.!*+ Cholestasis typically develops early in infancy and may be 
associated with progressive liver disease. 

The development of bile duct paucity beyond the neonatal 
period is often referred to as the vanishing bile duct syndrome. 
Liver damage may be progressive, leading to death or LT. This 
disorder is heterogeneous in etiology, which includes infection, 
ischemia, adverse drug reactions, autoimmune diseases, allograft 
rejection, and malignancy. Amoxicillin-clavulanic acid and trim- 
ethoprim/sulfamethoxazole are drugs associated with vanishing 
bile duct syndrome in children (see Chapter 88).!*° 


Syndromic Paucity of the Interlobular Bile Ducts 
(Alagille Syndrome, or Arteriohepatic Dysplasia) 


Syndromic paucity of interlobular bile ducts (Alagille syndrome, 
or arteriohepatic dysplasia) is the most common form of familial 
intrahepatic cholestasis. This disorder is characterized by chronic 
cholestasis, a decreased number of interlobular bile ducts, and a 
variety of other congenital malformations. !*?)!°° 


Etiology 


An autosomal-dominant mode of transmission with incomplete 
penetrance and variable expressivity has been established from 
family studies.!°! A partial deletion of the short arm of chromo- 
some 20 was detected in some patients and led to identification of 
the Alagille syndrome gene. Mutations in the jagged] ({AG1) gene 
have been identified in approximately 94% of affected patients 
and include total gene deletions as well as protein truncating, 
splicing, and missense mutations.!°? J4G1 encodes a ligand in 
the Notch signaling pathway that is involved in cell fate determi- 
nation during development.!*? Mutations in the gene encoding 
the Notch2 receptor have been found in patients with Alagille 
syndrome who are negative for 74G/ mutations.!°* Similar to 
patients with 74G1 mutations, patients with Notch2 receptor 
gene mutations demonstrate highly variable expressivity of the 
affected systems but generally have liver disease. THBS2, which 
encodes thrombospondin 2, has been identified in a genome-wide 
association study as a candidate genetic modifier for severe liver 
disease. Thrombospondin 2 is expressed in bile ducts and peri- 
portal regions of mouse liver and affects Jag-Notch signaling.!*° 

There appears to be no phenotypic difference between 
patients with deletion of the entire JAGI gene and those with 
intragenic mutations. The disorder may affect only one family 
member; such cases may represent spontaneous mutations of the 
JAGI gene. Alternatively, it is possible that the variability in gene 
expression is so great that minimally affected family members are 
not diagnosed. A 1994 analysis of 33 families collected through 
43 probands corroborated the autosomal-dominant inheritance 
and concluded that the rate of penetrance is 94% and that 15% 
of cases are sporadic; however, expressivity was variable, and 26 
persons (including 11 siblings) exhibited minor forms of the dis- 
ease.!°° 


Pathology 


The hallmark of this condition is a paucity of interlobular bile 
ducts.!*’ Paucity may be defined as a significantly decreased 
ratio of the numbers of interlobular portal bile ducts to portal 
tracts (<0.4).!#° The histologic features during the first months 
of life may overlap with those of neonatal hepatitis, in that there 
can be ballooning of hepatocytes, variable cholestasis, portal 
inflammation, and giant cell transformation. Often the number 
of interlobular bile ducts is not decreased on initial liver biopsy 
specimens, but bile duct injury consisting of cellular infiltration 
of portal tracts contiguous to interlobular bile ducts, lymphocytic 
infiltration and pyknosis of biliary epithelium, and periductal 
fibrosis may be evident. Serial biopsy specimens from an indi- 
vidual patient may initially show bile duct proliferation, followed 
later in life by a paucity of bile ducts (Fig. 62.10).'°’ Paucity of 
interlobular bile ducts is usually apparent after 3 months. Mild 
periportal fibrosis also may be present, but progression to cir- 
rhosis is uncommon. The extrahepatic bile ducts are patent but 
usually narrowed or hypoplastic. Ultrastructural studies have 
demonstrated the accumulation of bile pigment in the cytoplasm 
near lysosomes and vesicles of the outer convex space of the Golgi 
apparatus. The bile canaliculi most often appear to be structurally 
normal, but in some cases, they may appear to be dilated, with 
blunting and shortening of microvilli. 


Pathogenesis 


The mechanisms involved in the pathogenesis of bile duct pau- 
city and cholestasis are unsettled. Also unknown is how the 
hepatobiliary disease relates to the multiplicity of congenital 
anomalies found in other organ systems. Mice homozygous for 
the Jag] mutation die of hemorrhage early during embryogen- 
esis and exhibit defects in remodeling of the embryonic and yolk 


988 PARTVIII Biliary Tract 


ducts. A portal triad in the liver, with a distinct artery and vein but with 
no bile duct, is shown in this low-power photomicrograph. (Masson 
trichrome stain.) (From Portmann BC, Roberts EA. Developmental 
abnormalities and liver disease in childhood. In: Burt AD, Portmann BC, 
Ferrell LD, editors. MacSween’s pathology of the liver. 6th ed. London: 
Churchill Livingstone Elsevier; 2012. p 121.) 


sac vasculature.!>* The strong J4G1 expression during human 
embryogenesis, both in the vascular system and in other mes- 
enchymal and epithelial tissues, implicates abnormal angiogen- 
esis in the pathogenesis of Alagille syndrome and particularly 
the paucity of interlobular bile ducts. In human embryos, J4G1 
is expressed in the distal cardiac outflow tract and pulmonary 
artery, major arteries, portal vein, optic vesicle, otocyst, bran- 
chial arches, metanephros, pancreas, and mesocardium; around 
the major bronchial branches; and in the neural tube.!>? All these 
structures are affected in Alagille syndrome. Many of the J4G1 
mutations generate premature termination codons, and many of 
these mutations produce a truncated protein that exerts a dom- 
inant-negative effect on Notch signaling.!6 Although a vascular 
basis for the anomalies in Alagille syndrome seems possible, the 
precise mechanisms leading to bile duct paucity remain unknown. 
Notch signaling has an important role in the differentiation of 
biliary epithelial cells and is essential for their tubular formation 
during intrahepatic bile duct development.'®! There is evidence 
that a lack of branching and elongation of bile ducts during post- 
natal liver growth contributes to peripheral bile duct paucity and 
cholestasis. 16? 

It is of great interest to note that profound cholestasis can 
occur in this disorder during the neonatal period, even when the 
interlobular bile ducts are not decreased in number. By contrast, 
later in life when cholestasis may be less severe as judged by clini- 
cal and biochemical criteria, interlobular bile ducts may be unde- 
tectable on liver biopsy specimens. 


Clinical Features 


Chronic cholestasis of varying severity affects 95% of 
patients.!>!.!©3 Jaundice and clay-colored stools may be observed 
during the neonatal period and become apparent in most patients 
during the first 2 years of life. Intense pruritus may be present 
by 6 months of age.!*? The liver and spleen are often enlarged. 
During the first years of life, xanthomata appear on the extensor 
surfaces of the fingers and in the creases of the palms and popli- 
teal areas. Dysmorphic facies (Fig. 62.11) are usually recognized 
during infancy and become more characteristic with age. The 
forehead is typically broad, the eyes are deeply set and widely 
spaced, and the mandible is somewhat small and pointed, impart- 
ing a triangular appearance to the face. The malar eminence is 
flattened, and the ears are prominent. Extrahepatic anomalies 


Fig. 62.11 Facial appearance in syndromic paucity of the intrahepatic 
bile ducts. (Photograph courtesy Dr. Binita Kamath, Philadelphia, PA.) 


have been described with this syndrome, but the phenotypic 
expression varies considerably. In a 1999 series of 92 patients, 
cholestasis occurred in 96%, cardiac murmur in 97%, butterfly 
vertebrae in 51%, posterior embryotoxon (mesodermal dysgen- 
esis of the iris and cornea) in 78%, and characteristic facies in 
96% of patients.!® Short stature is a regular feature but is only 
partially due to the severity of chronic cholestasis. Growth hor- 
mone insensitivity associated with elevated circulating levels of 
growth hormone-binding protein has been described in these 
patients.!°+ Mild-to-moderate mental retardation affects 15% 
to 20% of patients. Congenital heart disease occurs in most 
patients, and peripheral pulmonic stenosis is observed in about 
90%.163:165 Systemic vascular malformations are widespread and 
associated with a risk of intracranial bleeding. Osseous abnor- 
malities include a decreased bone age, variable shortening of 
the distal phalanges, and vertebral arch defects (e.g., butterfly 
vertebrae, hemivertebrae, decrease in the interpedicular dis- 
tance). Ophthalmologic examination may reveal eye anomalies, 
including posterior embryotoxon, retinal pigmentation, and iris 
strands. Renal abnormalities and hypogonadism also have been 
described.!°!!6+ 

Laboratory studies reveal an elevation of total serum bilirubin 
levels (usually 2 to 8 mg/dL) during infancy and intermittently 
later in life.!63166 Approximately 50% of the total serum bilirubin 
is conjugated. Serum alkaline phosphatase, GGTP, and 5’-nucle- 
otidase levels may be extremely high and correlate somewhat 
with the degree of cholestasis. Serum aminotransferase levels are 
mildly to moderately increased. Serum cholesterol levels may be 
200 mg/dL or higher, and serum triglyceride concentrations may 
range from 500 to 1000 mg/dL. Total serum bile acid concentra- 
tions are markedly elevated, but the bile acid profiles in serum, 
urine, and bile do not differ qualitatively from those seen in other 
cholestatic disorders. 


Prognosis and Treatment 


The clinical course is marked by varying degrees of cholestasis, 
sometimes worsened by intercurrent viral infections. Morbidity 
may result from pruritus, cutaneous xanthomata, and neuro- 
muscular symptoms related to vitamin E deficiency. Treatment 
involves providing an adequate caloric intake, preventing or cor- 
recting fat-soluble vitamin deficiencies, and symptomatic mea- 
sures to relieve pruritus (see Chapters 21 and 91). The long-term 
prognosis depends on the severity of the liver disease and asso- 
ciated malformations.!® Of 80 patients who had this disorder 
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and were followed by Alagille and associates, 21 patients died, 
but only 4 died as a result of liver disease.!*? Partial external 
biliary diversion may be effective for treating severe pruritus 
and hypercholesterolemia in patients without cirrhosis who do 
not respond to medical therapy.!°”!°* In another series of 92 
patients, the mortality rate was 17%.16 Factors that contributed 
significantly to mortality were hepatic disease or transplantation 
(25%), complex congenital heart disease (15%), and intracranial 
hemorrhage (25%). HCC may occur.!® A serum total bilirubin 
level above 6.5 mg/dL, conjugated bilirubin above 4.5 mg/dL, 
and cholesterol above 520 mg/dL in children younger than 5 
years of age are likely to be associated with severe liver disease 
in later life.!’° In a retrospective review of 268 patients, vascular 
anomalies such as intracranial aneurysms accounted for 34% of 
the mortality.!”! On the basis of these studies, the 20-year pre- 
dicted life expectancy is roughly 75% for all patients, 80% for 
those not requiring LT, and 60% for those who require LT. 
In a study of 168 patients with liver disease, actuarial survival 
rates with a native rather than transplanted liver were 51% 
and 38% at 10 and 20 years, respectively, and overall survival 
rates were 68% and 62%, respectively.!’? Neonatal cholestatic 
jaundice was associated with poorer survival with a native liver. 
Survival and candidacy for LT may be limited by the severity of 
associated cardiovascular anomalies. Of the 467 children in the 
UNOS database transplanted for Alagille syndrome, one- and 
5-year patient survival rates were significantly lower in patients 
with Alagille syndrome than in those with biliary atresia (82.9% 
and 78.4% vs. 89.9% and 84%, respectively). Death from graft 
failure, neurologic disease, and cardiac complications was signifi- 
cantly more frequent in patients with Alagille syndrome than in 
those with biliary atresia. 173-174 


PSC 


PSC is a rare progressive disease of the biliary tract characterized 
by inflammation and fibrosis of the intrahepatic and extrahepatic 
biliary ductal systems, leading eventually to biliary cirrhosis.! 5-176 
Epidemiologic studies report a PSC prevalence in children of 15 
cases per million children in North America.!’’ Only aspects of 
PSC that are of particular importance to infants and children are 
discussed here (see Chapter 68 for a detailed discussion of PSC). 

PSC is a pathologic process that occurs in the absence of 
choledocholithiasis or a history of bile duct surgery. Sclerosing 
cholangitis may present uncommonly in the neonatal period; it 
may present later with features of autoimmunity (PSC), often 
in association with IBD; it may also occur with other disorders, 
including Langerhans cell histiocytosis, immunodeficiency, pso- 
riasis, and CF (known as secondary sclerosing cholangitis etiolo- 
gies). In adults, carcinoma of the bile ducts must also be excluded; 
however, this complication is rarely reported in children. A mul- 
ticentered analysis of 781 children with PSC revealed that 61% 
were male, 76% had IBD, 33% had overlap with autoimmune 
hepatitis, and 13% had small-duct PSC. Portal hypertension and 
biliary complications developed in 38% and 25%, respectively, 
after 10 years of disease.!7* 

The onset of PSC has been reported in the neonatal period!”’; 
in such cases, cholestatic jaundice and acholic stools have been 
observed within the first 2 weeks of life. The presenting features 
are virtually identical to those of extrahepatic biliary atresia, but 
percutaneous cholecystography discloses a biliary system that is 
patent and exhibits rarefaction of segmental branches, stenosis, 
and focal dilatation of the intrahepatic bile ducts. The extrahe- 
patic bile ducts may be involved. Jaundice subsides spontaneously 
within 6 months, but later in childhood all patients have clini- 
cal and biochemical features consistent with biliary cirrhosis and 
portal hypertension.!”’ In contrast to PSC in adults and older 
children, PSC in neonates has not been associated with intestinal 
disease. 


Neonatal ichthyosis and sclerosing cholangitis is a distinct 
syndrome caused by mutations of CLDN1 encoding claudin-1, a 
tight-junction protein. In this disorder, cholestasis is proposed to 
be due to the absence of claudin-1, leading to increased paracel- 
lular permeability and bile duct injury secondary to paracellular 
bile regurgitation.'*° The severity of liver disease is highly vari- 
able.!*! Therapy with UDCA may be of benefit and may delay 
the progression of the disease. LT does not affect the cutaneous 
manifestations of the disease and should be reserved for progres- 
sive liver disease. 

IBD-associated PSC usually occurs in patients with UC, 
although cases have been reported in patients with Crohn dis- 
ease.'’® The bowel symptoms can precede, occur simultaneously 
with, or appear years after the diagnosis of PSC. As in adults, 
treatment of the bowel disease, including colectomy, does not 
influence the progression of PSC. Celiac disease has also been 
associated with PSC.'°? 

Lesions similar to those of PSC have been defined by chol- 
angiography in Langerhans cell histiocytosis, but the process 
is caused by histiocytic infiltration and progressive scarring of 
portal tracts, with resulting distortion of intrahepatic bile ducts. 
Cholestasis can occur before the diagnosis of Langerhans cell his- 
tiocytosis has been established but most often is found later.!*? 
Children with Langerhans cell histiocytosis may have involve- 
ment of multiple organs, with diabetes insipidus, bone lesions, 
skin lesions, lymphadenopathy, and exophthalmos. Chemother- 
apy does not affect the course of the biliary tract disease. LT has 
been successful in several children who experienced progression 
to end-stage liver disease.!** 

Sclerosing cholangitis appears to develop in some children 
with a variety of immunodeficiencies, both cellular and humoral. 
Cryptosporidia and CMV have been found concurrently in the 
biliary tract in some of these patients, as well as in adults with 
AIDS (see Chapter 35).!8° Treatment of the associated infection 
has no proven effect on the biliary tract disease. 

Immunoglobulin (Ig) G4-related sclerosing cholangi- 
tis associated with elevated serum IgG4 levels is the biliary 
manifestation of a multisystem fibroinflammatory disorder in 
which affected organs have a characteristic lymphoplasmacytic 
infiltrate of IgG4-positive cells (see Chapter 68). It has rarely 
been reported in children, usually in association with autoim- 
mune pancreatitis (see Chapter 59). In contrast to PSC, the 
disorder is not associated with IBD, commonly presents with 
obstructive jaundice, and responds to therapy with glucocor- 
ticoids.!*° 

Typically, adult patients with PSC exhibit fatigue, weight loss, 
pruritus, RUQ pain, and intermittent jaundice. In children, the 
clinical presentation is more variable; the most common symp- 
toms are abdominal pain, jaundice, and lethargy.!”°!7” Physical 
examination sometimes reveals hepatomegaly, which may be 
associated with splenomegaly, conjunctival icterus, and, rarely, 
ascites. 

There is no definitive diagnostic test for PSC; the diagnosis is 
based on a combination of biochemical, histologic, and imaging 
data.!® The serum alkaline phosphatase and GGTP levels are 
often elevated in children with PSC, and serum aminotransferase 
levels may be mildly elevated.!*”:!7° Hyperbilirubinemia is seen in 
less than half of pediatric patients. Serum autoantibodies, includ- 
ing ANA and smooth muscle antibodies, may be found in some 
patients.!°” Atypical ANCA with perinuclear fluorescence may be 
detected in two thirds of children. Because the biliary findings of 
CF can mimic PSC, genetic testing for CFTR gene mutations 
should be considered (see Chapter 57). 

On liver biopsy specimens, the histologic findings may be 
suggestive of PSC but usually are not diagnostic. Characteristic 
concentric periductal (“onion skin”) fibrosis may be present later 
in the course of the disease, but more often only neoductular pro- 
liferation and fibrosis are found.!** 
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Differentiating PSC from autoimmune hepatitis, particu- 
larly in the presence of circulating nonorgan-specific autoanti- 
bodies and hepatic features on liver biopsy specimens, may be 
difficult.!’° In 25% to 30% of cases, an overlap syndrome may 
occur in children, with both hepatic and cholestatic serum liver 
biochemical test results and with histologic features of autoim- 
mune hepatitis and PSC (see Chapter 90).!7> Serologic findings 
include the presence of ANA, smooth muscle antibodies, and 
anti-liver-kidney microsome type 1 antibodies and perinuclear 
ANCA.!®? 

The diagnosis of PSC is established by cholangiography. 
MRCP is the method of choice for visualizing the intrahepatic 
and extrahepatic bile ducts and is comparable to ERCP find- 
ings and significantly less invasive than ERCP.'?° Irregularities 
of the intrahepatic and extrahepatic ducts can be found, includ- 
ing alternating strictures and areas of dilatation that produce a 
beaded appearance. Involvement of the intrahepatic bile ducts 
predominates in patients whose condition appears after the neo- 
natal period. Occasionally, a dominant stricture of the extrahe- 
patic ducts or papillary stenosis is found. Small-duct PSC with a 
normal cholangiogram but histologic features of PSC occurs in 
10% to 15% of children.!7*.!?! 

The prognosis of PSC in children is guarded.!’!78 The clini- 
cal course of the disorder is variable but usually progressive. In 
a 1994 series of 56 children, the median survival from onset of 
symptoms was approximately 10 years, similar to that reported 
in adults.!° In another study of 52 children, the median survival 
free of LT was 12.7 years.'’° Analysis of survival factors at pre- 
sentation indicates that older age, splenomegaly, and a prolonged 
prothrombin time predict a poor outcome.!’? HCC also may 
occur, but cholangiocarcinoma, an important complication of 
adult PSC, has rarely been reported in children.!7* 

The treatment of PSC in children is unsatisfactory.!°* No con- 
trolled trials have shown convincingly that any medical therapy 
improves histologic characteristics and prolongs survival. Ther- 
apy with UDCA in adults and children has led to an improvement 
in clinical symptoms and in liver biochemical test abnormalities, 
but a long-term benefit of treatment on survival has not been 
demonstrated and high doses have been detrimental in adults 
with PSC.!77-!%4 In limited studies, oral vancomycin has been an 
effective treatment for concomitant PSC and IBD in children, 
possibly related to its effect as an antibiotic and its immunomodu- 
latory properties.!°° Endoscopic dilation of a dominant stricture 
may be required. 

LT is an important option for patients who experience pro- 
gression to end-stage liver disease, recurrent bacterial cholangi- 
tis, or intractable pruritus. Long-term results in children appear 
to be comparable to those for age-matched children who undergo 
transplantation for other indications.!°° PSC recurs after trans- 
plantation in 10% to 27% of patients. 176196 
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Medical Management of Chronic Cholestasis 


Cholestatic liver disease in children adversely affects nutritional 
status, growth, and development, and these adverse effects con- 
tribute to morbidity and mortality. In a child with chronic (and 
sometimes progressive) cholestatic liver disease, efforts should be 
directed to promoting growth and development and minimizing 
discomfort. 1” 

Protein-energy malnutrition leading to growth failure is an 
inevitable consequence of chronic liver disease in 60% of chil- 
dren. 197-19% Steatorrhea is common in children with cholestasis, 
as a result of impaired intraluminal lipolysis, solubilization, and 
intestinal absorption of long-chain triglycerides. Medium-chain 
triglycerides do not require solubilization by bile salts before 
intestinal absorption and, thus, can provide needed calories when 
administered orally in one of several commercial formulas or as 
an oil supplement. 


Morbid conditions resulting from fat-soluble vitamin defi- 
ciencies can be prevented in large part in cholestatic children.’ 
The liquid multiple fat-soluble preparation made with tocopheryl 
polyethylene glycol-1000 succinate to promote absorption has 
been studied prospectively in infants with biliary atresia because 
of ease of administration and presumed efficacy. However, bio- 
chemical fat-soluble vitamin insufficiency is observed commonly 
in infants with biliary atresia and persistent cholestasis despite 
administration of this preparation. Individual vitamin supple- 
mentation and careful monitoring are warranted in infants with 
biliary atresia, especially those with total serum bilirubin levels 
greater than 2.0 mg/dL.*! 

Because metabolic bone disease, manifesting as rickets and 
pathologic fractures, can result from vitamin D deficiency, vita- 
min D should be provided as D, (5000 IU/day) or as 25-hydroxy- 
cholecalciferol (3 to 5 mg/kg/day). Supplements of elemental 
calcium (50 to 100 mg/kg/day) and phosphorus (25 to 50 mg/ 
kg/day) also may be required. Bone mass can be reduced in cho- 
lestatic children even with normal serum 25-hydroxyvitamin D 
levels, possibly related to impaired insulin-like growth factor I 
production by the liver.?°” 

Xerophthalmia, night blindness, and thickened skin have been 
reported in patients who have vitamin A deficiency. Oral supple- 
ments of vitamin A, 5000 to 25,000 IU/day, should be adminis- 
tered.2 

Vitamin K deficiency and associated coagulopathy may be 
treated initially with an oral water-soluble supplement adminis- 
tered in doses of 2.5 to 5 mg twice weekly to as much as 5 mg 
daily. Children who do not respond or who have serious bleeding 
require intramuscular injections of vitamin K (see Chapter 94).?° 

Chronic deficiency of vitamin E may produce a disabling 
degenerative neuromuscular syndrome characterized by are- 
flexia, ophthalmoplegia, cerebellar ataxia, peripheral neuropathy, 
and posterior column dysfunction.’°° The onset can be observed 
within the first 2 years of life. Because serum vitamin E levels 
may be elevated spuriously in the presence of hyperlipidemia, 
the ratio of serum vitamin E to total serum lipids is most use- 
ful in monitoring the patient’s vitamin E status; deficiency in a 
child younger than 12 years of age, for example, is indicated by 
a ratio of less than 0.6. The child may not respond to massive 
doses of standard vitamin E preparations (150 to 200 IU/kg/day). 
Therapy with intramuscular d/-alpha-tocopherol (50 mg/day) or 
the water-soluble form of vitamin E, d-alpha-tocopherol polyeth- 
ylene glycol-1000-succinate (15 to 25 TU/kg/day), is effective.?° 

Xanthomata and pruritus may cause substantial discomfort. 
Pruritus may be observed by 3 months of age.*°* The success of 
most therapies for pruritus depends on the presence of patent bile 
ducts that allow bile acids and other biliary constituents to reach 
the intestinal lumen. Biliary diversion has been used as a success- 
ful alternative to relieve intractable pruritus in some patients with 
intrahepatic cholestasis.2°+?° The antibiotic rifampin, through 
up-regulation of pathways for biotransformation and biliary 
excretion, and the choleretic bile acid UDCA have been used for 
the treatment of pruritus, with varying degrees of success.?06-208 
Because of evidence that a component of pruritus may be of cen- 
tral neurogenic origin mediated by the opiate receptor system, 
opioid receptor antagonists such as naltrexone have been effec- 
tive in some patients with severe pruritus unresponsive to other 
agents; however, side effects, withdrawal symptoms, and the lack 
of experience in children limit the general use of these medica- 
tions. The nonabsorbable anion exchange resin cholestyramine 
may be used to bind bile acids, cholesterol, and presumably 
other potentially toxic agents in the intestinal lumen.?06-208 This 
medication may lower serum lipid levels and bind the substances 
involved in the pathogenesis of pruritus. A dose of 0.25 to 0.5 
g/kg/day is administered before breakfast or in divided doses 
before meals to relieve severe pruritus and xanthomata.?°+ Cho- 
lestyramine is relatively unpalatable, however, and carries modest 
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risks of intestinal obstruction due to inspissation of the drug, as 
well as hyperchloremic acidosis. The bile acid-binding efficacy of 
colesevelam, a novel bile acid sequestrant that is taken in a more 
palatable tablet form, is superior to cholestyramine,’”’ but its use 
in cholestatic liver disease has been limited (see Chapters 64 and 
91). Pruritus has also been treated with exposure to ultraviolet B 
light. 


PEDIATRIC DISORDERS OF THE GALLBLADDER 
Cholelithiasis 
Epidemiology 


Cholelithiasis is uncommon in otherwise healthy children 
and usually occurs in patients who have a predisposing condi- 
tion.7!°7) An ultrasonographic survey of 1570 persons (aged 6 
to 19 years) detected gallstones in only 2 female subjects, aged 
13 and 18 years.’'+?!5 None of those in the study population had 
undergone cholecystectomy. The overall prevalence of gallstone 
disease was 0.13% (0.27% in females). Most cases come to light 
near the time of puberty, but gallstones have been reported at 
any age, including during fetal life. Pigmented gallstones pre- 
dominate in infants and children.*!* Conditions associated with 
an increased risk of cholelithiasis are listed in Table 62.2. Analysis 
of data combined from 2 large series of 605 pediatric patients 
is informative?!®?!’; 53% of patients reported symptoms, and 
18% presented with a complication (e.g., pancreatitis, choledo- 
cholithiasis, acute calculous cholecystitis) as the first indication 
of cholelithiasis. An underlying condition or risk factor could 
be identified in 60% of patients.?!6?17 Obesity is assuming an 
increasingly important role as a risk factor for gallstone disease 
in children.?!® 


Pathogenesis 


An in-depth discussion of the pathogenesis of gallstones can be 
found in Chapter 65; certain factors may assume greater impor- 
tance during infancy and childhood.?!*?!9 An increased fre- 
quency of calculous cholecystitis is reported in sick premature 
infants, who often undergo a period of prolonged fasting without 
frequent stimulation of gallbladder contraction and who require 
periods of prolonged parenteral nutrition. Many of these patients 
have complicated medical courses that include frequent blood 
transfusions, episodes of sepsis, abdominal surgery, and use of 
diuretics and narcotic analgesics. Limited analyses of gallstones 
in such cases generally have shown the presence of mixed cho- 
lesterol-calcium bilirubinate stones. In the critically ill infant, 
there may be a continuum from the common occurrence of an 
enlarged, distended gallbladder filled with sludge to the eventual 
development of cholelithiasis. As in adults, the incidence of gall- 
stones is increased in children with disease or prior resection of 
the terminal ileum. In a 2007 series, 24% of 30 children with 
gallstones had calcium carbonate stones, which previously were 
considered rare.??0 

Black pigment gallstones commonly occur in patients who 
have chronic hemolytic disorders.’?! These stones are pre- 
dominantly composed of calcium bilirubinate, with substantial 
amounts of crystalline calcium carbonate and phosphate. In sickle 
cell disease, the risk of gallstones increases with age and occurs in 
at least 14% of children younger than age 10 and 36% of those 
between age 10 and 20 (see Chapter 37).*? The polymorphism in 
the promoter of the uridine diphosphate-glucurony] transferase 
1A1 (UGTIA1) gene that underlies Gilbert syndrome, a chronic 
form of unconjugated hyperbilirubinemia (see Chapter 21), 
appears to be a major genetic risk factor, increasing the frequency 
and leading to an earlier age of onset of gallstones in patients with 


sickle cell disease.??? 


TABLE 62.2 Risk Factors for the Development of Gallstone Disease in 
Children 


Risk Factor Example 


Hemolytic disease Hereditary spherocytosis 
Sickle cell disease 


Thalassemia 


Neonatal or congenital 
condition 


Choledochal cyst 
Necrotizing enterocolitis 
Parenteral nutrition 
Prematurity 


ABCB4 mutations (MDR deficiency) 
ABCB11 mutations 

ABCG5/G8 mutation 

CF 

Gilbert syndrome 

Trisomy 21 


Genetic disorder 


Insulin resistance 
Obesity 


Crohn disease 
Liver disease and cirrhosis 


Nutritional condition 


Systemic disorder 


Sepsis 
Medication Cephalosporins 
Diuretics 
Surgery Cardiac surgery (hemolysis on 


cardiopulmonary bypass) 
lleal resection 
Neonatal bowel resection 


Miscellaneous Biliary dyskinesia 


Cancer or leukemia therapy 


ABC, ATP-binding cassette; MDR, multidrug resistance. 
Modified from Svensson J, Makin E. Gallstone disease in children. Semin 
Pediatr Surg 2012;21:255-65. 


The genetic factors that lead to cholelithiasis have not yet 
been defined in children. Polymorphisms in genes encoding the 
biliary cholesterol transporter ATP-binding cassette (ABC) G5/ 
G8 and the phospholipid transporter (ABCB4) have been lim- 
ited to gallstone disease in adults (see Chapter 65). The nuclear 
receptor subfamily 1, group H, member 4 (NR1H#4) gene, which 
encodes the nuclear bile salt receptor farnesoid X receptor, is 
another candidate gene for cholesterol gallstone susceptibility. 
Low phospholipid—associated cholelithiasis occurs in association 
with ABCB4 mutations (multidrug resistance 3 deficiency) and 
low biliary phospholipid concentrations that lead to symptom- 
atic and recurring cholelithiasis. Patients may show intrahepatic 
lithiasis, sludge, or microlithiasis along the biliary tract.’*+ 

Obstructive jaundice in infants can also be caused by brown 
pigment cholelithiasis.?*>7° Brown pigment stones are com- 
posed of varying proportions of calcium bilirubinate, calcium 
phosphate, calcium palmitate, cholesterol, and organic mate- 
rial. Unconjugated bilirubin accounts for a large percentage of 
the total bile biliary pigments. In several cases, bile has had high 
B-glucuronidase activity and on culture has grown an abundant 
population of several bacteria. Pigment gallstones are postulated 
to have formed spontaneously in these infants who had bacterial 
infections of the biliary tract. 

Patients who have no identifiable cause of cholelithiasis are 
more likely to be female, older, and obese; have a family history 
of gallbladder disease; and have a greater likelihood of adult-like 
symptoms. Gallstones were detected in 10 of 493 obese children 
(2%; 8 girls, 2 boys).’’’ Cholesterol gallstones predominate in 
these patients. Insights into the pathogenesis of gallstones have 
been gained through careful studies of Pima Indians, who have an 
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extraordinarily high prevalence of cholesterol gallstones. Highly 
saturated bile has not been detected among Pima Indians younger 
than age 13 years, but bile saturation increases significantly in 
both sexes during pubertal growth and development.?** In this 
population, the sex-related difference in the size of the bile acid 
pool begins during puberty; young men show a significant rise 
in the size of the bile acid pool with age, whereas young women 
show only a slight rise. Because cholesterol gallstones are asso- 
ciated with smaller bile acid pools, the divergence in bile acid 
pool size between the 2 sexes also may account for the sex-related 
difference in the frequency of gallstones that begins during ado- 
lescence. 

Prolonged use of high-dose ceftriaxone, a third-generation 
cephalosporin, has been associated with the formation of cal- 
cium-ceftriaxone salt precipitates in the gallbladder. The process, 
also called biliary pseudolithiasis, is observed in 30% to 40% of 
children treated with the drug for severe infections.’*? Patients 
may complain of abdominal pain and exhibit signs of intrahepatic 
cholestasis. Biliary sludge and gallbladder precipitates are found 
on US. The problem generally resolves spontaneously with dis- 
continuation of the drug. 


Clinical Features 


Most gallstones are found in the gallbladder. Children have a 
lower incidence of bile duct stones than adults. Most patients 
are asymptomatic; the gallstones are discovered either inciden- 
tally during investigation of another problem or during screening 
because the patient has a condition associated with a high risk of 
cholelithiasis.’!> Patients may complain of intermittent abdom- 
inal pain of variable severity; the pain may be localized to the 
RUQ in older children but is generally poorly localized in infants. 
The physical examination findings are usually unremarkable. 
Tenderness in the RUQ suggests cholecystitis, as occurs when 
a stone migrates to the neck of the gallbladder and obstructs the 
cystic duct. Infants may exhibit irritability, cholestatic jaundice, 
and acholic stools.?!3 

Liver biochemical test results are usually normal.?!? Plain 
films of the abdomen may reveal calculi, depending on the cal- 
cium content of the stone. US is considered the most sensitive 
and specific imaging technique for demonstrating gallstones. 
Hepatobiliary scintigraphy is a valuable adjunct; failure to visual- 
ize the gallbladder provides evidence of acute cholecystitis (see 
later). 


Treatment 


Cholecystectomy remains the treatment of choice in patients who 
have symptoms or a nonfunctioning gallbladder.’!> Laparoscopic 
cholecystectomy is done frequently in children and infants as 
young as 10 months.” Operative cholangiography and explo- 
ration of the bile duct may be indicated on the basis of clinical 
imaging and operative findings. If choledocholithiasis is dem- 
onstrated prior to laparoscopic cholecystectomy in the older 
child and adolescent, then endoscopic sphincterotomy and stone 
extraction may be done first. 

In asymptomatic patients without biochemical abnormalities 
(“silent gallstones”), management poses a more difficult prob- 
lem. Epidemiologic studies and radiocarbon dating of gallstones 
in adults indicate a lag time of more than a decade between ini- 
tial formation of a stone and development of symptoms.?*! In 
patients who have underlying disorders such as hemolysis or ileal 
disease, cholecystectomy may be carried out at the same time as 
another surgical procedure. To prevent the potential complica- 
tions of cholecystitis and choledocholithiasis, elective laparo- 
scopic cholecystectomy has become the norm in children with 
chronic hemolytic anemias and asymptomatic cholelithiasis.**? 
In cases associated with hepatic disease, severe obesity, or CF, 


the surgical risk of cholecystectomy may be substantial, and clini- 
cal judgment must be applied. In these cases, the patient should 
be counseled about the nature of the disease and the symptoms 
that may develop. Spontaneous resolution of cholelithiasis and 
even bile duct stones has been reported in infants. In a study with 
ultrasonographic follow up, resolution of gallstones occurred 
in 16.5% of symptomatic children and in 34.1% of infants.*!° 
Because recurrence of lithiasis is rare in infants, cholecystectomy 
may not be required; however, patients with obstructive cholesta- 
sis are at risk of sepsis and cholangitis and should undergo sur- 
gery. 

Biliary microlithiasis and associated clinical symptoms may 
occur in children. Biliary imaging studies are typically normal. 
EUS may demonstrate microlithiasis of the gallbladder. Laparo- 
scopic cholecystectomy is usually curative.?>? 

Little experience with alternative therapies for gallstones (e.g., 
medical dissolution with oral bile acid administration, shock- 
wave lithotripsy) has been reported in children. UDCA therapy is 
of no value in treating the predominantly pigment stones found 
in this age group but may be of value in patients with multidrug 
resistance 3 deficiency..*+ UDCA failed to dissolve radiolucent 
gallstones in 10 children with CF.7*+ 


Calculous Cholecystitis 


Cholelithiasis may be associated with acute or chronic inflamma- 
tion of the gallbladder (see Chapter 65).7!°?!!?!3 Acute cholecys- 
titis is often precipitated by impaction of a stone in the cystic duct. 
A progressive increase in pressure in the gallbladder secondary to 
fluid accumulation, the presence of stones, and the chemical irritant 
effects of bile acids can lead to progressive inflammation, congestion, 
and vascular compromise. Infarction, gangrene, and perforation can 
occur. Proliferation of bacteria within the obstructed gallbladder 
lumen can contribute to the process and lead to biliary sepsis. 

Chronic calculous cholecystitis is more common than acute 
cholecystitis. It may develop insidiously or after several attacks 
of acute cholecystitis. The gallbladder epithelium commonly 
becomes ulcerated and scarred. 


Clinical Features 


The acute onset of RUQ pain is a constant feature of acute cho- 
lecystitis.*> The pain may be poorly localized in infants. Nausea 
and vomiting are frequent. Children have a higher frequency of 
jaundice (50%) than do adults. The patient may appear acutely ill 
with shallow respirations and may be febrile, particularly if bacte- 
rial infection is superimposed. Guarding of the abdomen is com- 
mon, and palpation usually elicits RUQ tenderness; Murphy’s 
sign may be present. 

The onset of chronic cholecystitis is usually more indolent. 
The clinical course may be marked by recurrent episodes of upper 
abdominal discomfort. Older patients may experience intolerance 
to fatty foods. Episodes of RUQ pain may develop in 64% of chil- 
dren with cholelithiasis and no cystic or bile duct obstruction and 
is most likely due to chronic cholecystitis. Physical examination 
may yield negative findings or disclose local tenderness over the 
gallbladder and a positive Murphy’s sign. 

In acute cholecystitis, the white blood cell count is often ele- 
vated, with a predominance of polymorphonuclear leukocytes.7!? 
Serum bilirubin and alkaline phosphatase levels may be increased. 
Serum aminotransferase levels may be normal, but high eleva- 
tions, suggestive of hepatocellular disease, can occur early with 
acute obstruction of the bile duct. 

In patients with chronic cholecystitis, results of a complete 
blood count and liver biochemical tests are usually normal. In 
patients with an acute or chronic presentation, a plain film of the 
abdomen may demonstrate calcifications in the RUQ.?!3 Abdom- 
inal US is extremely useful in detecting stones in the gallbladder, 
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may show thickening of the gallbladder wall, and may demon- 
strate dilatation of the biliary tract secondary to obstruction of 
the bile duct by a stone that has migrated from the gallbladder. 
MRCP may demonstrate similar findings but usually requires 
general anesthesia in infants and young children.?*° Hepatobili- 
ary scintigraphy is rarely necessary in the acutely ill patient but 
may be of value in demonstrating a malfunctioning gallbladder in 
patients with chronic cholecystitis. 


Treatment 


The acutely ill patient should be treated with intravenous flu- 
ids, analgesics, and broad-spectrum antibiotics. Cholecystectomy 
should be performed as soon as fluid deficits are corrected and 
infection is controlled.’>’ High-risk acutely ill patients may ben- 
efit from percutaneous drainage via a transhepatic cholecystos- 
tomy; surgical results are excellent (see Chapter 66). Care should 
be taken to exclude bile duct stones by operative cholangiography 
and, if necessary, exploration of the duct. Laparoscopic bile duct 
exploration for choledocholithiasis can be safely performed in 
children at the time of cholecystectomy and can clear all bile duct 
stones in most patients.7** 

Cholecystectomy is also the treatment of choice for patients 
with chronic calculous cholecystitis. Laparoscopic cholecystec- 
tomy is the preferred approach for most patients.73?74° 


Acalculous Cholecystitis 


Acalculous cholecystitis is an acute inflammation of the gall- 
bladder without gallstones (see Chapter 67).?#! The disorder is 
uncommon in children but has been associated with infection 
or severe systemic illness. Pathogens have included streptococci 
(groups A and B); Leptospira interrogans, gram-negative organ- 
isms such as Salmonella and Shigella species and Escherichia coli; 
and parasitic infestations with Ascaris species or Giardia lamblia. 
The disorder may occur rarely in infections with HAV or HEV. 
In immunocompromised patients, pathogens such as Isospora belli, 
CMV, Cryptosporidium, Aspergillus, and Candida species should 
be considered.**? Acalculous cholecystitis may follow abdominal 
trauma and has been observed in patients with systemic vascu- 
litis, including polyarteritis nodosa, systemic lupus erythema- 
tosus, Henoch-Schénlein purpura, Churg-Strauss vasculitis, 
and Kawasaki disease; however, in these conditions, gallbladder 
distention without inflammation also may occur. Congenital 
narrowing or inflammation of the cystic duct or external com- 
pression by enlarged lymph nodes has been associated with the 
disorder in children. 

The pathogenesis of acalculous cholecystitis is multifacto- 
rial. Biliary stasis and localized ischemia damage the gallbladder 
mucosa and may lead to gallbladder gangrene, empyema, and 
perforation. 

Clinical features of acute acalculous cholecystitis include 
RUQ or epigastric pain, nausea, vomiting, fever, and occasion- 
ally jaundice.*** RUQ guarding and tenderness are present; a ten- 
der gallbladder is sometimes palpable. The findings may be less 
apparent in infants or critically ill patients, because the presenta- 
tion may be obscured by the underlying illness. 

Laboratory evaluation may reveal elevated serum levels of 
alkaline phosphatase and conjugated bilirubin. Leukocytosis may 
occur. US discloses an enlarged, thick-walled gallbladder that 
may be distended with sludge but contains no calculi.’*? Pericho- 
lecystic fluid and intramural air may also be seen. 

Some children may present with chronic symptoms of RUQ 
pain and nausea or vomiting.**! The WBC count and results of 
liver biochemical tests are usually normal. Most patients demon- 
strate abnormal gallbladder function on radionuclide hepatobili- 
ary scanning. These patients generally have chronic inflammation 
in the gallbladder and require cholecystectomy. 


Many patients with acalculous cholecystitis respond to nonop- 
erative management with nasogastric suction, intravenous fluids, 
and antibiotics with resolution of clinical and imaging find- 
ing. Cholecystectomy will be required in cases associated with 
increasing gallbladder wall thickening and distension and with 
persistence of the nonshadowing echogenic materials or sludge in 
the gallbladder and of pericholecystic fluid.?*!2® The diagnosis 
is confirmed at laparotomy. The gallbladder is usually inflamed, 
and cultures of bile may yield positive results for the offend- 
ing bacteria or contain parasites. The gallbladder may become 
gangrenous. Percutaneous cholecystostomy drainage may be an 
alternative approach in critically ill patients except in cases of 
gallbladder perforation or gangrene. 


Acute Hydrops of the Gallbladder 


Acute noncalculous, noninflammatory distention of the gall- 
bladder may be observed in infants and children.?*+?+> The 
gallbladder is not acutely inflamed, and cultures of the bile 
are usually sterile. The absence of gallbladder inflammation 
and generally benign prognosis distinguish acute hydrops 
from acute acalculous cholecystitis. There may be a general- 
ized mesenteric adenitis of lymph nodes near the cystic duct 
without mechanical compression. A temporal relationship to 
other infections, including scarlet fever and leptospirosis, has 
been observed in some cases.’*° Acute hydrops has been associ- 
ated with Kawasaki disease and Henoch-Schénlein purpura.’*” 
Similar to acalculous cholecystitis, the disorder can occur in 
children on prolonged parenteral nutrition. In some cases, a 
cause is not identified. 

Acute hydrops is associated with the acute onset of cramp- 
ing abdominal pain and often nausea and vomiting.’*” Fever and 
jaundice may be present. The RUQ is usually tender, and the 
distended gallbladder may be palpable. 

Liver biochemical test levels may be mildly elevated. The 
WBC count may be elevated. Some of these changes can be 
due to associated disorders such as scarlet fever or Kawasaki 
disease. US reveals an enlarged, distended gallbladder without 
calculi. 

The diagnosis of acute hydrops is confirmed in many patients 
at laparotomy.**” Cholecystectomy obviously is required if the 
gallbladder appears gangrenous. Pathologic examination of the 
gallbladder wall usually shows edema and mild inflammation. Bile 
cultures are usually sterile. These benign findings have led some 
surgeons to treat acute hydrops by a simple cholecystostomy 
instead of a cholecystectomy,’*’ but treatment of gallbladder 
hydrops is frequently nonsurgical, with a focus on supportive care 
and management of the intercurrent illness. In most patients, par- 
ticularly in children on total parenteral nutrition in whom enteral 
feeding has been initiated, the process subsides spontaneously. 
US has been useful in establishing the diagnosis and following the 
spontaneous resolution of gallbladder distention. The prognosis 
is excellent. Gallbladder function can be expected to return to 
normal in most cases.7+7 


Gallbladder Dyskinesia 


Gallbladder, or biliary, dyskinesia is recognized as a cause of 
chronic abdominal pain in children. The diagnosis is suggested 
by the presence of postprandial abdominal pain, the absence of 
cholelithiasis, and an abnormal ejection fraction on cholecysto- 
kinin-stimulated hepatobiliary scintigraphy. Pain relief after cho- 
lecystectomy has been variable in several reports.”** Gallbladder 
ejection fractions of less than 35% to 50% have sometimes been 
considered abnormal and an indication for surgery (see Chapters 
63 and 67). However, there is no consensus regarding diagnos- 
tic criteria for biliary dyskinesia in children, and symptoms often 
overlap with functional dyspepsia.7”” 
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Gallbladder dyskinesia was the most common indication for 
surgery in 62 (58%) of 107 children who underwent cholecys- 
tectomy in one experience.’*? In another published report of 
51 children who underwent laparoscopic cholecystectomy for 
gallbladder dyskinesia after exclusion of more common GI dis- 
orders, 27 of 38 (71%) patients available for follow up experi- 
enced complete relief of symptoms.°! The presence of nausea, 
upper abdominal pain, and a gallbladder ejection fraction of less 
than 15% most reliably predicted benefit from cholecystectomy 


(positive predictive value of 93%). Histologic evidence of 
chronic cholecystitis was found in only 10 of 27 (41%) chil- 
dren with complete relief of symptoms and was not an inde- 
pendent predictor of a successful outcome. The presence of 
chronic inflammation in these patients suggests they may have 
had a chronic acalculous cholecystitis rather than gallbladder 
dysmotility. 


Full references for this chapter can be found on www.expertconsult.com. 
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ANATOMY AND PHYSIOLOGY 


The gallbladder is a distensible pear-shaped reservoir, the func- 
tion of which is to store bile and deliver it to the duodenum for 
digestion (see Chapter 62). It is located along the undersurface of 
the liver and composed of 3 regions: the fundus, body, and neck. 
Gallbladder filling and emptying occur in both the interdigestive 
and postprandial periods. Emptying of bile into the duodenum in 
response to the presence of food in the upper GI tract is regulated 
primarily by CCK. 

The sphincter of Oddi (SO) is composed of layers of 
smooth muscle that are embedded in, but functionally sepa- 
rate from, the muscle of the duodenal wall and that serve as a 
4- to 10-mm high-pressure zone (see also Chapter 62). The 
SO comprises 3 parts: a small segment (sphincter ampullae) 
that covers the common channel formed by the union of the 
bile and pancreatic ducts (when a common channel is pres- 
ent); a second small portion (sphincter pancreaticus) that sur- 
rounds the beginning of the main pancreatic duct; and the 
largest portion (sphincter choledochus) that covers the distal 
bile duct (Fig. 63.1). In addition, the fasciculi longitudinales 
are muscle bundles that span intervals between the bile and 
pancreatic ducts. The SO functions primarily as a resistor, 
with tonic contraction that limits bile flow during the inter- 
digestive period. It also serves as a pump, with phasic con- 
tractions that facilitate the flow of bile into the duodenum, 
perhaps serving a housekeeping function for the distal bile 
duct. The SO participates in the migrating motor complex, 
with motilin-induced increases in the frequency and ampli- 
tude of sphincter contractions shortly before and during 
bursts of intense duodenal contractions. 

The complex neurohormonal control of biliary motility 
involves sympathetic, parasympathetic, spinal, and enteric 
nerves.! Almost every neurotransmitter in the enteric ner- 
vous system has been identified in the biliary tract. Reflex 
pathways between the gallbladder and SO coordinate the flow 
of bile.’ 


Biliary Tract Motor Function and Dysfunction 


FUNCTIONAL GALLBLADDER DISORDER 


Although acalculous gallbladder pain has been attributed to dys- 
motility, the correlation is far from perfect. Gallbladder stasis 
clearly predisposes to sludge and stone formation, but whether 
gallbladder dysfunction (or dyskinesia)—delayed emptying of 
the gallbladder in the absence of stones or sludge—causes biliary 
symptoms remains unclear. Based on a single small randomized 
controlled trial (RCT) and several observational studies, delayed 
gallbladder emptying has been reported to predict pain relief after 
cholecystectomy; however, this finding remains controversial.’*° 
Delayed gallbladder emptying occurs in normal asymptomatic 
persons and is even more common in patients with functional GI 
disorders.”!° It also appears to be associated with many unrelated 
diseases such as obesity and diabetes mellitus. Dysmotility may be 
an important contributor to gallbladder inflammation, which is 
present in many resected acalculous specimens, but confirmation 
of a gallbladder source of symptoms based on histologic diagnosis 
of chronic cholecystitis* has been disputed.!! 

A meta-analysis of 9 studies’ and a systematic review of 23 
studies® concluded that existing evidence does not support gall- 
bladder ejection fraction as a predictor of symptom relief after 
cholecystectomy (see Chapter 67). Other smaller meta-analyses, 
however, have demonstrated a statistically significant benefit 
associated with cholecystectomy in symptomatic patients with 
gallbladder dysfunction.'*!> Despite the controversial nature of 
this diagnosis, gallbladder dysfunction is the primary indication 
for cholecystectomy in up to 20% of adults and 50% of pediatric 
patients in the USA.!*:!> Indeed, cholecystectomy for acalculous 
biliary pain is 3.5 times more frequent in the USA than in other 
developed countries, suggesting that it is over-used.'° 
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Fig. 63.1 Anatomy of the sphincter of Oddi. Note the 3 portions of the 
sphincter of Oddi: the sphincter ampullae (Surrounding the short com- 
mon channel), the sphincter pancreaticus, and the sphincter choledo- 
chus (the largest portion). 
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Patients who experience typical biliary pain but have no evi- 
dence of gallstones on transcutaneous US should undergo EUS 
to look for microlithiasis and sludge. If the result of EUS is nega- 
tive, but the clinical history is classic for biliary-type abdominal 
pain, no further evaluation may be needed, because many patients 
with biliary pain, no stones on US, and normal gallbladder motil- 
ity experience symptomatic improvement after cholecystec- 
tomy.!’ If the pain history is atypical, the patient is likely to have 
a functional abdominal pain syndrome, and surgery should not be 
offered. If the clinical history is neither classic nor atypical, then 
gallbladder emptying may be assessed with scintigraphic imaging 
during intravenous infusion of CCK, although, as mentioned ear- 
lier, the ability of this test to predict response to cholecystectomy 
remains highly controversial. 

A multidisciplinary consensus panel unanimously agreed that 
a large, multicenter RCT comparing surgery with conservative 
management in patients with typical biliary pain, a normal gall- 
bladder ultrasound result, and abnormal CCK cholescintigraphy 
is necessary.!* Although, as mentioned earlier, the most natural 
role for this test may be in the evaluation of patients with nei- 
ther classic nor atypical symptoms, the panel recommended that 
if CCK cholescintigraphy is considered, it should be reserved for 
patients with typical biliary pain (i.e., those meeting Rome IV 
Consensus Committee criteria [see Chapters 12, 14, 22, and 67]) 
who are not experiencing symptoms or hospitalized at the time 
of the test. Indeed, a prospective study of 93 subjects with a low 
gallbladder ejection fraction showed that patients with typical 
biliary pain had a substantially higher likelihood of responding to 
cholecystectomy than those with atypical symptoms (odds ratio 
22.3, P <0.001).!° Conversely, some studies have demonstrated 
spontaneous symptom improvement without cholecystectomy in 
patients with atypical symptoms.”° The panel also recommended 
against making clinical decisions based solely on the provocation 
of pain by CCK infusion. !® 


SPHINCTER OF ODDI DYSFUNCTION 

Definition 

SOD is a benign, noncalculous obstructive disorder that occurs 
at the level of the SO. The pathogenesis of SOD can be divided 
into 2 subtypes: SO stenosis, which results from passive obstruc- 
tion at the SO caused by fibrosis, inflammation, or both; and SO 
dyskinesia, which results from intermittent obstruction caused 
by sphincter muscle spasm. These 2 mechanisms of functional 
obstruction at the SO are not mutually exclusive. The term 


ampullary stenosis has generally been used interchangeably with 
the SO stenosis subtype. 


Epidemiology 


The frequency of manometrically detected SO hypertension in 
patients with an intact gallbladder has not been well studied. 
Elevated basal SO pressure has been observed in 40% of patients 
with gallbladder stones, regardless of whether abdominal pain 
or elevated serum liver enzyme levels were present.”! It has also 
been reported that 70% of 81 patients with biliary-type pain and 
an intact gallbladder but no gallstones had delayed gallbladder 
emptying, SOD, or both.”” By contrast, a basal SO pressure ele- 
vation of greater than 30 mm Hg was not found in 50 asymptom- 
atic volunteers without gallstones.” 

The frequency of SO hypertension in postcholecystectomy 
patients with persistent or recurrent biliary-type pain has been 
better studied but depends on the criteria for patient selec- 
tion. Pain resembling preoperative biliary pain occurs in 10% 
to 20% of postcholecystectomy patients.“t The most common 
explanation for this pain is that the preoperative symptoms were 
not caused by gallbladder disease. The most likely diagnosis in 


TABLE 63.1 Clinical Associations with SOD 


Definite Biliary-type pain after cholecystectomy 
Probable Biliary-type pain in a patient with an intact gallbladder 
Possible After LT 


AIDS-associated viral and protozoal infections 
Chronic pancreatitis 

Hyperlipidemia 

Idiopathic recurrent acute pancreatitis 


Opium use 


this group of patients is a functional GI disorder such as IBS or 
functional dyspepsia. SOD has been reported in 9% to 14% of 
patients evaluated for postcholecystectomy pain.’> When other 
causes of postcholecystectomy pain have been excluded and 
SO manometry (SOM) has been performed in a more carefully 
screened group, the frequency of SOD has been reported to be 
30% to 60%.”° 


Clinical Features 


SOD has been associated with 3 clinical conditions: (1) persis- 
tent or recurrent biliary-type pain following cholecystectomy; 
(2) recurrent idiopathic (unexplained) pancreatitis; and (3) bili- 
ary-type pain in patients with an intact gallbladder but without 
cholelithiasis. SOD generally occurs spontaneously but has also 
been described with increased frequency in patients who have 
undergone LT,” have AIDS,’ are chronic opium users,’? or 
have hyperlipidemia (Table 63.1).*° 

Although biliary SOD has been diagnosed in all age groups, 
it is most common in middle-aged women. The female prepon- 
derance varies from 75% to 90%. The pain is typical of bili- 
ary pain; it is severe and occurs in the epigastrium or the RUQ 
and may radiate to the back or right shoulder blade. The pain 
is generally episodic, lasts more than 30 minutes, and occurs at 
least once a year.*! The Rome Consensus Committee has pro- 
posed diagnostic criteria for SO disorder, based predominantly 
on expert opinion (http://www.romecriteria.org/criteria).*? 
Although these criteria may be helpful in selecting patients who 
are most likely to benefit from intervention, they require pro- 
spective validation. 

Because ERCP remains the only reliable diagnostic and thera- 
peutic intervention for SOD, and brings with it substantial risks, 
defining the clinical characteristics that reliably predict the pres- 
ence of SOD and the response to sphincter ablation is of paramount 
importance. Limited data suggest that patients are more likely to 
respond if their pain is intermittent, accompanied by nausea and 
vomiting, and absent for at least 1 year after cholecystectomy.*? 
Transient elevations of serum aminotransferase levels during 
attacks of pain support the diagnosis of SOD.** A poor response to 
sphincterotomy (see later) has been associated with delayed gastric 
emptying, daily opioid use, and age less than 40 years.*> These pre- 
dictors, however, have not been rigorously validated and, with the 
exception of elevated liver biochemical test levels, do not appear to 
play a clear role in clinical practice. An ongoing multicenter pro- 
spective cohort study (The RESPOnD Study) aims to rigorously 
characterize patients with suspected SOD who undergo ERCP 
with the ultimate objective of defining clinical and procedural char- 
acteristics associated with response to therapy. 


Classification 


Patients with suspected biliary SOD have historically been clas- 
sified into 3 categories based on diagnostic criteria, which have 
undergone modification, known as the Milwaukee classification 


TABLE 63.2 Modified Milwaukee and Rome IV Classification Systems 
for Biliary SOD 


Modified Milwaukee Rome IV Features 
Biliary type | SO stenosis Biliary pain 
Duct diameter >9 mm 
Serum ALT or AST 
elevation 
Biliary type II Functional biliary Biliary pain 
sphincter disorder One of the objective 
criteria noted above 
Biliary type Ill Functional pain Biliary pain only 


SO, sphincter of Oddi. 


system. This system was embraced in clinical practice because of 
its perceived ability to predict the outcome of biliary sphincter 
ablation (Table 63.2). 

According to the modified Milwaukee classification system, 
type I SOD is diagnosed in patients with biliary-type pain, serum 
liver enzyme (aminotransferase or alkaline phosphatase) eleva- 
tions (more than 1.1 times the upper limit of normal [ULN]), 
and bile duct dilatation to a diameter greater than 9 mm. Type 
II SOD is defined as biliary-type pain and either elevated liver 
enzyme levels or a dilated bile duct. Type HI SOD is defined 
as biliary-type pain without any of the other objective abnor- 
malities. This classification system does not require that the liver 
enzyme elevations correlate with attacks of pain, although such 
an association may be a predictor of response to treatment.** 

A similar classification system for possible pancreatic SOD has 
been proposed (see later).*° Patients with pancreatic SOD type I 
have pancreatic-type pain, a serum amylase or lipase level of at 
least 1.1 x the ULN on one occasion, and pancreatic duct dila- 
tation (>6 mm in the head and >5 mm in the body); those with 
pancreatic SOD type II have pain and one of the other 2 criteria; 
and those with pancreatic SOD type HI have pancreatic-type pain 
only. However, no evidence exists to support this classification 
system, and a diagnosis of pancreatic SOD is generally consid- 
ered only in the setting of unexplained recurrent pancreatitis. 

A landmark multicenter RCT published in 2014 (the EPISOD 
trial) demonstrated no medium- or long-term benefit associated 
with ERCP and sphincterotomy in patients with suspected type 
IHI SOD.*’ On the basis of this study as well as the overall evi- 
dence, the Rome Consensus Committee and others have called 
for a reclassification of SOD subtypes.** Under the new paradigm, 
type III SOD is abandoned because it does not appear to repre- 
sent a sphincter disorder. Abnormal small bowel interdigestive 
motor activity?’ and duodenal visceral hyperalgesia in response 
to duodenal (but not rectal) distention” in this group of patients 
suggest the presence of a functional abdominal pain syndrome. 

Patients with both elevated liver enzyme levels and a dilated bile 
duct—traditional type I SOD—are considered to have a mechanical 
obstruction at the level of the SO, and the physiologic term, SO ste- 
nosis, is proposed. Patients with less convincing, but at least transient, 
evidence of biliary obstruction—traditional type I SOD—are now 
termed functional biliary sphincter disorder (FBSD), implying an ele- 
ment of SO spasm. This new classification system better represents 
our current state of understanding but requires some clarification 
regarding the overlap between SO stenosis and FBSD. Prospective 
validation using rigorously collected clinical outcomes data will be 
necessary to define the implications of this novel classification system. 


Diagnosis 
Noninvasive Tests 


Evaluation of patients in whom SOD is suspected is initi- 
ated with liver biochemical testing, serum amylase and lipase 
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measurements, and often abdominal imaging with either abdomi- 
nal US, CT, or MRCP. Physical examination findings are usu- 
ally normal, although mild RUQ or epigastric tenderness may be 
present. Standard evaluation, including routine endoscopic and 
imaging studies, and therapeutic trials for more common causes 
of abdominal pain, such as GERD, NAFLD, and IBS, have usu- 
ally been undertaken as well. 

Noninvasive diagnostic tests for SOD include biliary scin- 
tigraphy; fatty meal, CCK, or secretin-stimulated US; secretin- 
stimulated MRI; and secretin-stimulated EUS. The performance 
characteristics of these tests have largely been validated by SOM, 
which has been recognized increasingly as an inadequate gold 
standard (see later),>”*! thereby limiting their applicability to 
clinical practice. 

Biliary scintigraphy can be used to assess the flow of bile 
into the duodenum and has been proposed as a safe screening 
test before SOM.*? Although scintigraphy findings are usually 
positive in patients with dilated bile ducts and high-grade biliary 
obstruction, the modality lacks sufficient sensitivity in patients 
with lower-grade or intermittent obstruction of the SO.® After a 
lipid-rich (fatty) meal or intravenous administration of CCK, the 
bile duct may dilate under pressure if the SO is dysfunctional, and 
this change can be detected on transcutaneous US. Compared 
with SOM in postcholecystectomy patients, fatty meal US has 
a sensitivity of 21% and a specificity of 97% for SOD.**+ Simi- 
larly, after stimulation by intravenously administered secretin, 
the pancreatic duct may dilate, and this test, therefore, can be 
used to assess pancreatic sphincter dysfunction (see later). Com- 
pared with SOM, secretin-stimulated US testing has a sensitivity 
of 88% and a specificity of 82% for SOD in patients with recur- 
rent acute pancreatitis.*> 

Secretin-stimulated magnetic resonance pancreatography has 
also been used to assess pancreatic outflow obstruction in patients 
with idiopathic acute recurrent pancreatitis. Preliminary reports 
have shown high specificity but low sensitivity rates compared 
with SOM.464 Similarly, in one study, secretin-stimulated EUS 
showed limited sensitivity in the evaluation of patients with 
recurrent pancreatitis and manometrically proved SOD.** 

Therefore noninvasive diagnostic tests for SOD lack sufficient 
accuracy to drive clinical decision-making and do not yet play a 
clear role in the diagnostic algorithm for this condition. 


Invasive Tests 


ERCP remains the gold standard for the diagnosis and treatment 
of SOD, although patients in whom this diagnosis is suspected 
have the highest rates of procedural complications. Such patients 
have a three-fold increase in the risk of post-ERCP pancreatitis, 
with absolute rates exceeding 25% if prophylactic interventions 
are not implemented.*” Although the prophylactic placement of 
a temporary pancreatic stent and administration of an NSAID 
rectally reduce the risk of post-ERCP pancreatitis,>°°? substan- 
tial morbidity and occasional mortality still occur in patients who 
undergo ERCP for SOD. Therefore, ERCP should be reserved 
for persons who have severe or debilitating symptoms in whom 
the risk-benefit ratio is most favorable. Although alternative bili- 
ary imaging methods, such as MRCP and EUS, are safer than 
ERCP for excluding stones, tumors, and pancreas divisum, they 
cannot diagnose (or be used to treat) SOD. Occasionally, an 
intra-ampullary neoplasm may mimic SOD. If there appears to 
be excess tissue in the ampulla after endoscopic sphincterotomy, 
biopsy specimens of the area should be obtained.** 


Sphincter of Oddi Manometry 


SOM is usually performed during ERCP, although it can be 
done in the operating room or via a percutaneous approach. A 


landmark RCT of patients with suspected type II biliary SOD 
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conducted by Geenen and colleagues*+ suggested that SOM 
predicts improvement in pain after endoscopic sphincterotomy. 
Patients with a basal SO pressure >40 mm Hg had a clinical 
response rate of 91%, compared with a 25% rate in patients with 
a high basal pressure in whom a sham sphincterotomy was per- 
formed. For patients with a normal SO pressure, the response 
to sphincterotomy was only 42% and similar to that after the 
sham procedure (33%). These results were reproduced in a sec- 
ond controlled study of patients with type II SOD and an ele- 
vated sphincter pressure.°> In this study, clinical improvement 
was demonstrated in 11 of 13 patients treated with sphincter- 
otomy, compared with 5 of 13 control subjects treated with sham 
sphincterotomy. There was no difference in pain improvement 
between sphincterotomy and sham treatment in patients with 
manometric abnormalities other than an elevated basal SO pres- 
sure, namely, “tachyoddia” (increased phasic wave frequency), 
increased retrograde contractions, and a paradoxical response to 
CCK. 

Although these promising early findings had a major impact 
on clinical practice, the use of SOM as a diagnostic tool has 
increasingly been questioned. Some uncontrolled studies have 
suggested that more easily measurable criteria, such as elevated 
liver enzyme levels and biliary dilatation, are superior in predict- 
ing a response to sphincter ablation.°° Other studies have sug- 
gested that manometry is highly specific for diagnosing SOD 
but may lack sensitivity; lack of sensitivity may account for the 
42% symptom response rate to sphincterotomy in patients with 
biliary SOD type II and normal manometric results. The lack 
of sensitivity may also explain the relatively low rate of abnor- 
mal SOM results (65% to 85%) in patients with type I biliary 
SOD, in whom the response rate to sphincterotomy is greater 
than 90%.°’ Another possible explanation for the insensitivity of 
SOM is that short-term observation of sphincter pressure may 
not detect intermittent spasm that is not occurring at the time of 
the procedure. Two studies have shown that a second SOM may 
be abnormal in 40% to 60% of persistently symptomatic patients 
with an initially normal SOM result.°*»? Manometry was not 
reproducible or predictive of any outcome in the aforementioned 
EPISOD trial.*7+! 

As a result, SOM is progressively being abandoned in clinical 
practice.°? When performed, it is generally used for diagnosing 
traditional type If SOD or pancreatic SOD (see later) or for 
assessing the presence of residual sphincter muscle in patients 
with recurrent symptoms after a prior sphincterotomy. Abnor- 
mal basal sphincter pressures are usually concordant for the 2 
ducts but may occur in only the biliary or pancreatic portion 
of the sphincter.°! Increased basal sphincter pressure is more 
likely to be confined to the bile duct in persons with elevated 
serum liver enzyme levels and more likely to be confined to the 
pancreatic duct in patients with pancreatitis.’ For patients in 
whom the clinical indication for SOM is biliary pain and not 
idiopathic pancreatitis, and in whom biliary SOM produces 
normal findings, some authorities avoid pancreatic intervention 
entirely to reduce the frequency of pancreatitis. Other experts 
have historically advised studying both ducts in all patients, 
with the intention of performing dual sphincterotomies if 
either duct is hypertensive, regardless of whether the indica- 
tion is biliary pain or idiopathic pancreatitis. However, the 
enthusiasm for “dual sphincterotomy” to treat SOD has been 
tempered by the results of clinical trials.*”.°? When the clini- 
cal indication for SOM is idiopathic recurrent pancreatitis and 
pancreatic sphincterotomy is contemplated, abnormal pancre- 
atic manometry has traditionally been considered mandatory to 
justify the acute (post-ERCP pancreatitis) and long-term (pan- 
creatitis or pain due to pancreatic sphincter restenosis) risks of 
pancreatic sphincterotomy, but this practice is also changing. 
Further studies are clearly needed to determine the role of and 
approach to SOM. 


Other ERCP-Based Diagnostic Interventions 


Placement of a pancreatic or biliary stent on a trial basis to pre- 
dict a response to subsequent sphincterotomy and injection of 
botulinum toxin into the SO have been proposed as alternative 
methods of diagnosing SOD.°+® Although preliminary data have 
suggested utility to these approaches, the need for multiple pro- 
cedures, with their attendant risks, and the risk of stent-induced 
pancreatic ductal damage have limited their widespread appli- 
cation. Further studies are necessary to define the role of these 
approaches, if any, in the diagnostic algorithm for SOD. 


Treatment 
Medical Therapy 


Dietary and medical therapy for suspected or documented SOD 
has undergone minimal study. Some providers recommend a 
low-fat diet to reduce pancreaticobiliary stimulation, although 
no data are available to substantiate this approach. Nifedipine, 
nitrates, octreotide, antispasmodics, phosphodiesterase type 5 
inhibitors, transcutaneous nerve stimulation, and electroacu- 
puncture have been shown to lower basal SO pressure, although 
consistent clinical outcomes data are lacking. Two short-term, 
placebo-controlled crossover studies showed that 75% of patients 
with suspected or documented SOD experienced statistically less 
pain with use of oral nifedipine.ćć67 A subsequent study, however, 
demonstrated that slow-release nifedipine provided no clinical 
benefit but increased cardiovascular side effects compared with 
placebo.®* A prospective study of nitrates in SOD published in 
abstract form revealed reduction in pain, but therapy was also 
limited by side effects.°? Another prospective study demon- 
strated that the combination of trimebutine (an antispasmodic) 
and nitrates (sublingual or transdermal) improved pain associated 
with SOD at rates comparable with that for sphincter ablation.”° 
Additional studies are clearly necessary to establish the role of 
pharmacotherapy for SOD; however, in light of the benign nature 
of SOD, medical therapy should be attempted in all patients with 
less severe manifestations of SOD before sphincter ablation is 
offered. A trial of antispasmodics or a low-dose tricyclic antide- 
pressant (to reduce visceral hypersensitivity) is often attempted in 
these patients. Patients with FBSD and more severe pain are less 
likely to respond to medical therapy and can be considered for an 
initial trial of endoscopic therapy. 


Sphincterotomy 


‘The most common reason for considering the diagnosis of SOD 
is biliary-type pain in a postcholecystectomy patient. When SOM 
is performed in this patient population and the findings are abnor- 
mal, abdominal pain is relieved after sphincterotomy in 90% to 
95% of patients with traditional type I biliary SOD (sphincter 
stenosis) and 85% of those with traditional type I SOD (FBSD). 
When the SOM result is normal, pain relief after sphincterotomy 
still occurs in 90% to 95% of patients with type I biliary SOD. 
Because SOM findings may be misleading in these cases (they are 
normal in 14% to 35% of patients), SOM is not clinically indi- 
cated for patients with type I biliary SOD. Rather, endoscopic 
sphincterotomy should be performed empirically. 

Pain relief after sphincterotomy occurs in 35% to 42% of 
patients with type II biliary SOD and normal SOM results. 
Although this response rate is similar to that in sham-treated 
controls, a true clinical response likely occurs in a few patients. 
Therefore, although sphincterotomy is indicated in patients with 
type II SOD and abnormal SOM findings, whether SOM is truly 
required to justify sphincterotomy in this group has been increas- 
ingly challenged. Based on the aforementioned data pertaining to 
the performance characteristics of SOM, most authorities now 


advocate empirical biliary sphincterotomy in patients with tra- 
ditional type II SOD (FBSD). This strategy has the advantage 
of providing therapy to those patients with a normal SOM result 
who respond to sphincterotomy, but this advantage comes at 
the expense of potential additional procedure-related complica- 
tions, such as bleeding and perforation. A decision-analysis model 
revealed that a strategy of empirical sphincterotomy by an expe- 
rienced biliary endoscopist in patients meeting criteria for type II 
SOD is cost effective compared with an SOM-driven strategy.”! 
Prospective studies are necessary to determine if the risks of 
empirical sphincterotomy in patients with FBSD are offset by the 
clinical and economic benefits. 

The treatment of patients with former type III SOD has always 
been controversial. Many therapeutic endoscopists have tradi- 
tionally avoided ERCP with manometry in this patient popula- 
tion because of the perceived unfavorable risk-benefit ratio. The 
highly anticipated findings of the EPISOD trial have affirmed the 
sentiment that ERCP has no role in the management of patients 
with postcholecystectomy pain and no objective findings. 

Few studies have addressed SOD in patients with biliary- 
type pain, an intact gallbladder, and no gallstones. Whether 
cholecystectomy is pathophysiologically responsible for the 
development of SOD or whether patients with SOD are simply 
more likely to have undergone cholecystectomy because of the 
nature of their symptoms, is unclear. Cholecystectomy has been 
postulated to unmask pre-existing subclinical SOD by removing 
the reservoir that serves to decompress the extrahepatic bili- 
ary system during SO spasm.”” Further, nerves that travel from 
the gallbladder to the SO via the cystic duct are severed during 
cholecystectomy, potentially leading to altered SO motility.” 
Limited data, however, suggest that SOD may occur in patients 
with an intact gallbladder. A small case series of patients with 
documented SO hypertension and an intact gallbladder who 
were treated with sphincterotomy demonstrated that 43% 
had long-term pain relief; some additional patients eventually 
improved following cholecystectomy.’* Clearly, more informa- 
tion is needed on how to assess and treat this challenging group 
of patients. 


Failure of Response to Biliary Sphincterotomy 


Possible explanations for a lack of response to biliary sphincterot- 
omy in patients with SOD are listed in Box 63.1. The most likely 
explanation is that the pain was not of pancreaticobiliary origin 
but was caused instead by altered intestinal motility or visceral 
hypersensitivity.1° Alternatively, the biliary sphincterotomy may 
have been inadequate, or restenosis may have occurred.” The 
likelihood of clinical success of further biliary endoscopic treat- 
ment or of surgical sphincteroplasty in such cases is unknown. 
Patients who experience recurrent symptoms reminiscent of 
their original SOD pain following a period of significant relief 
after sphincterotomy may benefit from repeat ERCP to deter- 
mine whether the sphincter is adequately ablated and to exclude 
restenosis, although the initial response in some of these patients 
was likely due to the placebo effect. The role of residual pan- 
creatic sphincter hypertension as a source of continuing pain in 
the absence of pancreatic abnormalities is dubious. Some experts 


BOX 63.1 Possible Causes for Failure to Achieve Pain 
Relief after Biliary Sphincterotomy in Patients 
with Presumed SOD 


Inadequate initial sphincterotomy 

Nonpancreaticobiliary pain, especially functional GI disease 
Occurrence of restenosis 

Subtle chronic pancreatitis with a normal pancreatogram 
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advocate initial dual sphincterotomies to prevent this problem, 
although the reintervention rate for persistent or recurrent pain 
has not been different from that for historical controls in whom a 
single sphincterotomy (of one duct) was performed.”° 

Finally, some patients in whom SOD is suspected and who 
have shown no response to biliary sphincterotomy may have 
“minimal-change” chronic pancreatitis. EUS may demonstrate 
parenchymal and ductal changes associated with chronic pancre- 
atitis in these patients (see Chapter 59).77 


SPHINCTER OF ODDI DYSFUNCTION IN 
PANCREATITIS 


Idiopathic Recurrent Acute Pancreatitis 


Impaired flow through the SO can result in transient or sustained 
elevation of pancreatic duct pressure, leading to parenchymal 
injury and subsequent inflammation. Although pancreatic duct 
obstruction due to a stone or tumor can cause acute pancreatitis, 
whether SO stenosis or spasm can serve as the obstructive pro- 
cess in a first attack of idiopathic pancreatitis is unknown. For 
repeated episodes of pancreatitis, it is possible that the index epi- 
sode of idiopathic pancreatitis leads to sphincter fibrosis and/or 
inflammation that induces or contributes to subsequent attacks. 
Regardless of whether it was truly the inciting cause, SO hyper- 
tension has been identified in 31% to 78% of patients with idio- 
pathic recurrent acute pancreatitis (IRAP).36:63:78 

ERCP is commonly offered at referral centers for the evalu- 
ation and treatment of patients with IRAP that is unexplained 
despite standard evaluation and EUS and/or MRCP. Existing data 
suggest that ERCP-based interventions may eliminate or reduce 
future attacks of pancreatitis in 50% to 60% of patients.°*7?.°° 
This benefit, however, has not been rigorously proved and must 
be weighed against the significant risks of the procedure. A single 
attack of unexplained pancreatitis, or even 2 attacks separated by 
several years, is not sufficient to warrant ERCP, because many 
patients will not have further episodes.’® 

Patients referred for endoscopic therapy, however, gener- 
ally experience crippling symptoms and are desperate and eager 
to undergo ERCP. Given the vulnerable nature of this patient 
population and the costs and risks of the intervention, a method- 
ologically rigorous RCT of ERCP versus sham endoscopy (EUS) 
for IRAP is desperately needed to guide clinical decision making. 

When ERCP is performed in patients with IRAP, the techni- 
cal approach to the procedure varies among experts and is based 
on weak evidence. Common strategies include dual biliary and 
pancreatic manometry (followed by selective sphincterotomy), 
empirical biliary sphincterotomy and pancreatic manometry, or 
empiric dual sphincterotomy (given the diagnostically equivo- 
cal nature of manometry). A randomized trial has suggested that 
biliary sphincterotomy alone (which also reduces pancreatic duct 
pressure by ablating the common sphincter) yields results equiva- 
lent to those for dual sphincterotomy in patients with abnormal 
pancreatic manometry.’ Although this study was underpowered, 
its findings are appealing because pancreatic sphincterotomy car- 
ries a higher risk of acute and long-term complications, including 
papillary restenosis (which can occasionally lead to a course that 
is worse than the original problem). Therefore some endoscopists 
have adjusted their practices toward empirical biliary sphincter- 
otomy alone at the time of the index ERCP and reserve pancre- 
atic manometry and endotherapy for an inadequate response to 
biliary therapy. Clearly, additional research is necessary, and any 
randomized trial of ERCP for IRAP should compare biliary and 
dual sphincterotomy and correlate manometric findings with 
response to sphincter ablation. 

EUS should be performed before considering the diagnosis 
of pancreatic SOD in the 10% to 30% of acute pancreatitis cases 
that remain unexplained despite initial evaluation to assess for 
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anatomic abnormalities in the pancreaticobiliary system that may 
predispose to or cause acute pancreatic inflammation, such as 
occult stones or sludge in the gallbladder or bile duct, an unrec- 
ognized pancreatic or ampullary neoplasm, a pancreatic ductal 
abnormality (pancreas divisum, anomalous pancreaticobiliary 
union), or chronic pancreatitis. In aggregate, existing studies sug- 
gest that EUS may uncover a definitive or potential etiology of 
AP in 30% to 80% of patients with a previously negative workup, 
depending in part on how many attacks the patient has experi- 
enced and whether the gallbladder is present.*!°? 

For the patient with an intact gallbladder and frequent 
episodes of unexplained pancreatitis, options include biliary 
sphincterotomy or empirical cholecystectomy, with the implica- 
tion that microlithiasis is the likely cause (see Chapters 58 and 
65).°3 Given the accuracy of EUS for excluding microlithia- 
sis, however, biliary sphincterotomy has been favored because 
it addresses both SOD and biliary crystal disease that may be 
undetected by EUS. 


Chronic Pancreatitis 


SOD has been described in 40% to 87% of patients with chronic 
pancreatitis.*t Whether SOD is the result of chronic inflamma- 
tion or independently plays a role in the pathogenesis of chronic 
pancreatitis is not known. Uncontrolled studies suggest that 
endoscopic pancreatic sphincterotomy improves pain in approxi- 
mately 50% of patients with chronic pancreatitis and documented 
pancreatic hypertension.***° In the absence of solid evidence, 
however, whether ERCP with SOM should be offered to patients 
with chronic pancreatitis and recurrent episodes of acute inflam- 
mation or with chronic pain alone, or not at all, remains to be 
determined. In some cases, pancreatic sphincterotomy must be 
performed to facilitate other therapeutic maneuvers, such as pan- 
creatic ductal stone extraction and stricture dilation. Overall, the 
role of SOD in chronic pancreatitis remains limited. 


Full references for this chapter can be found on www. expertconsult.com. 
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Bile formation is essential for intestinal lipid digestion and 
absorption, cholesterol homeostasis, and hepatic excretion of 
lipid-soluble xenobiotics, drug metabolites, and heavy metals.! 
The process of bile formation depends on hepatic synthesis and 
canalicular secretion of bile acids, the predominant organic 
anions in bile, and maintenance of hepatic bile formation is 
essential for normal liver function. Bile acids also undergo an 
efficient enterohepatic circulation, with most of the bile acids 
in bile having previously transited the small intestine and been 
returned to the liver for secretion by hepatocytes. As a result, 
disturbances in the synthesis, biliary secretion, or intestinal 
absorption of bile acids have profound effects on bile forma- 
tion and hepatic and gastrointestinal physiology. Identification 
of the enzymes, transporters, and regulatory factors respon- 
sible for bile acid biosynthesis and enterohepatic cycling has 
advanced our understanding of genetic and acquired disorders 
of bile formation and secretion.* In addition, the recogni- 
tion that bile acids act as hormones that signal via nuclear and 
G-protein-coupled receptors has provided new insights into the 
pathogenesis of and potential treatments for bile acid-related 
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hepatobiliary and intestinal disorders. This chapter reviews the 
current knowledge of bile acids and their function, synthesis, 
secretion, and enterohepatic circulation. Available bile acid- 
based therapies are also discussed. 

Bile is a complex, lipid-rich micellar solution that is isos- 
motic with plasma and composed primarily of water, inorganic 
electrolytes, and organic solutes such as bile acids, phospho- 
lipids (mostly phosphatidylcholine [PC]), cholesterol, and bile 
pigments (Table 64.1). Bile also contains extracellular vesicles, 
which carry hepatocyte or cholangiocyte-derived proteins, lip- 
ids, and RNA molecules.’ The relative proportion of the major 
organic solutes in bile is illustrated in Fig. 64.1. The volume of 
hepatic bile secreted is estimated to range from 500 to 600 mL 
per day, and bile acids are the most abundant organic compo- 
nents. Active secretion of bile acids and other solutes across the 
hepatocyte canalicular membrane creates an osmotic gradient, 
allowing water and small solutes to enter the biliary space by 
solvent drag. In healthy humans, canalicular secretion of bile 
acids is efficient and remarkably concentrative; the intracellular 
monomeric concentration of bile acids is estimated to be in the 
low micromolar range in the hepatocyte and more than 1000 
umol/L in canalicular bile. After canalicular secretion, bile acids 
travel down the biliary tract and are stored and concentrated 
in the gallbladder. In response to a meal, the gallbladder con- 
tracts and empties its content into the duodenum. The bile acids 
then travel down the length of the small intestine, where they 
facilitate the digestion and absorption of fats, activate intestinal 
receptors, and stimulate the production of gut hormones. Bile 
acids undergo limited absorption in the proximal small intes- 
tine and are actively absorbed in the terminal ileum. The bile 
acids are then returned to the liver in the portal circulation, 
transported across the hepatocyte sinusoidal membrane, and 
resecreted into bile.* 

The physiologic functions of bile acids in the liver and GI 
tract are multiple. First, bile acids induce bile flow and hepatic 
secretion of biliary lipids (phospholipid and cholesterol). The 
vectorial movement of bile acids from blood into the bile cana- 
liculus generates an osmotic water flow and is a major determi- 
nant of bile formation. Second, bile acids facilitate the digestion 
of dietary fats and are essential for the intestinal absorption 
of cholesterol and fat-soluble vitamins. They also aid intesti- 
nal absorption by solubilizing dietary lipids and lipid digestion 
products as mixed micelles to promote their aqueous diffusion 
and delivery to the intestinal mucosa. Fat-soluble vitamins (A, 
D, E, and K) are poorly absorbed in the absence of bile acid 
micelles, and disturbances in the synthesis, hepatic secretion, or 
enterohepatic cycling of bile acids lead to fat-soluble vitamin 
deficiency. Along with their major role in dietary lipid absorp- 
tion, bile acids may also facilitate intestinal assimilation of pro- 
tein by accelerating protein denaturation and its subsequent 
digestion by pancreatic proteases. Third, bile acids play an inte- 
gral role in maintaining cholesterol homeostasis. Bile acids are 
essential for the absorption of biliary and dietary cholesterol 
from the small intestine. Conversely, bile acids promote cho- 
lesterol elimination from the body by several different mecha- 
nisms. For example, cholesterol catabolism to bile acids balances 
fecal bile acid loss, and this pathway accounts for almost half 
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TABLE 64.1 Composition of Hepatic Bile 


Component Concentration 
ELECTROLYTES AND MINERALS (MMOL/L) 

Sodium 140-160 
Potassium 3-8 
Chloride 70-120 
Bicarbonate 20-50 
Calcium 1-5 
Phosphate 1-2 
METALS (uMOL/L) 

Magnesium 1-3 

Iron 18-52 
Copper 12-21 
ORGANIC CONSTITUENTS (MMOL/L) 

Bile acids 5-50 
Bilirubin (total) 1-2 
Phospholipid (lecithin) 0.5-20.0 
Cholesterol 0.5-1.0 
Glutathione 3-5 
Glucose 0.2-1.0 
Urea 2.2-6.5 
Protein (g/dL) 0.2-3.0 


Values obtained from measurements of human bile are drawn from Albers 
CJ, Huizenga JR, Krom RA, et al. Composition of human hepatic bile. 
Ann Clin Biochem 1985;22:129-32; Keulemans YC, Mok KS, de Wit LT, 
et al. Hepatic bile versus gallbladder bile: a comparison of protein and 
lipid concentration and composition in cholesterol gallstone patients. 
Hepatology 1998;28:11-6; and Ho KJ. Biliary electrolytes and enzymes 
in patients with and without gallstones. Dig Dis Sci 1996;41: 2409-16. 


of the cholesterol eliminated each day. Bile acids also facilitate 
biliary secretion of cholesterol, thereby promoting its passage 
into the intestinal lumen for excretion. Finally, bile acids have a 
role as cholesterol acceptors in the intestinal lumen to promote 
direct transintestinal cholesterol excretion.t° Bile acids contrib- 
ute to intestinal antimicrobial defenses through direct bacterio- 
static actions of bile acids or bile acid—fatty acid mixed micelles. 
Bile acids also signal, via receptors in the gut, induction of the 
production of antimicrobial factors and enhance mucosal bar- 
rier integrity, thereby reducing small bowel bacterial translo- 
cation and inflammation.°° Beyond their role in antimicrobial 
defense, bile acids function in the gut to shape the structure of 
the microbiome.’ Conversely, the intestinal microbiome is able 
to metabolize and biotransform bile acids, thereby significantly 
altering the physicochemical and signaling properties of the bile 
acid pool.*:? These gut microbiota-bile acid interactions have 
been linked to the regulation of host metabolism as well as dis- 
ease complications or disease progression in pathophysiologic 
conditions such as metabolic syndrome, NAFLD, and hepatic 
cirrhosis. Conjugated bile acids are fully soluble as calcium salts 
and prevent formation of insoluble calcium precipitates that 
promote development of gallstones in the biliary tract and gall- 
bladder. Bile acids also protect against development of kidney 
stones by preventing enteric hyperoxaluria.’!° Bile acids func- 
tion as hormones that signal through nuclear and G-protein- 
coupled receptors to regulate their enterohepatic circulation 
and metabolism. In addition, bile acid signaling also contributes 
to the regulation of hepatic metabolism, gut motility, and fat, 
glucose, protein, and energy homeostasis.!!-!* 
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Fig. 64.1 Top, Typical solute composition of hepatic and gallbladder 
bile in healthy humans. Bile acids are the primary solute in bile, consti- 
tuting approximately 67% of bile. Phospholipids account for approxi- 
mately 22%, cholesterol 4%, bilirubin 0.3%, and protein 4.5% of bile. 
Biliary bile acid composition is shown in the bottom left. Cholic acid, 
chenodeoxycholic acid, and deoxycholic acid constitute more than 
95% of the biliary bile acids, and virtually all the biliary bile acids are in 
conjugated form. The proportion of biliary lithocholic acid and UDCA 
varies but rarely exceeds 5%. The majority of lithocholic acid in bile is 
present in sulfated form. When administered in therapeutic doses, the 
proportion of UDCA in bile may rise to as much as 40%. Fecal bile acid 
composition is shown in the bottom right. Fecal bile acids are almost 
entirely unconjugated because of bacterial deconjugating enzymes in 
the colon and consist primarily of the dehydroxylated bile acids, deoxy- 
cholic acid, and lithocholic acid (see Fig. 64.2). 


BILE ACID SYNTHESIS AND METABOLISM 


Bile acids are synthesized from cholesterol in pericentral hepa- 
tocytes of the hepatic acini. In this process, cholesterol, a lipo- 
philic compound, is converted into a water-soluble product. In 
humans, the newly synthesized bile acids are cholic acid (CA), 
a trihydroxy-bile acid with hydroxy groups at the C-3, C-7, and 
C-12 positions, and chenodeoxycholic acid (CDCA), a dihy- 
droxy-bile acid with hydroxyl groups at the C-3 and C-7 posi- 
tions (Fig. 64.2). The newly synthesized bile acids are termed 
primary bile acids to distinguish them from the products of bacte- 
rial metabolism, which are termed secondary bile acids. The kinet- 
ics of bile acid synthesis and turnover in humans is summarized 
in Table 64.2. Under normal physiologic conditions, hepatic bile 
acid synthesis ranges from 0.2 to 0.6 g/day but can be induced 
to maximal levels of 4 to 6 g/day after small bowel resection. 
Hepatic bile acid synthesis involves 2 major pathways, the “clas- 
sical” neutral pathway (cholesterol 7a-hydroxylase pathway) that 
favors CA biosynthesis and the “alternative” acidic pathway (oxy- 
sterol 7a-hydroxylase pathway) that favors CDCA biosynthesis.’ 
In the classical pathway, the enzyme cholesterol 7a-hydroxylase 
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Fig. 64.2 Bile acid synthesis and metabolism. The primary bile acids are synthesized from cholesterol in 
the liver by 2 major pathways, the “classical” neutral pathway (CYP7A1/CYP8B7 pathway) that favors cholic 
acid and the “alternative” acidic (CYP27/CYP7B1) pathway that favors chenodeoxycholic acid. Secondary 
metabolism of bile acids includes 7a-dehydroxylation by the intestinal flora, deconjugation by the intestinal 


flora, epimerization of the 3a- and 7a-hydroxyl groups by the intestinal flora, hepatic reduction of the 7-oxo 
derivative of chenodeoxycholic acid to 7-oxo lithocholic acid, and hepatic re-epimerization of 3ß-hydroxy bile 
acids. Bile acids are also sulfated primarily at the C-3 position by the liver and kidney. CYP, cytochrome P450; 
CYP7AT, cholesterol 7a-hydroxylase; CYP7B7, oxysterol 7a-hydroxylase; CYP8B7, sterol 12a-hydroxylase; 


CYP27, sterol 27-hydroxylase. (Adapted with permission from Dawson PA. Bile formation and the enterohe- 
patic circulation. In: Johnson LR, Ghishan FK, Kaunitz JD, et al, editors. Physiology of the gastrointestinal tract. 
5th ed. London: Academic Press; 2012. p 1466.) 
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TABLE 64.2 Pool Size and Kinetics of Individual Bile Acids in Healthy Subjects 


Fractional turnover Hepatic synthesis Daily input from primary 


Bile acid Pool size (mg) rate (days~') (mg/day) bile acids (mg/day) 
Cholic acid 500-1500 0.2-0.5 120-400 — 

Deoxycholic acid 250-800 0.1-0.4 (0) 40-200 
Chenodeoxycholic acid 500-1200 0.2-0.4 100-250 — 

Lithocholic acid 50-150 0.8-1.0 (0) 50-100 

Total 1300-3650 — 220-650 90-300 


Values for measurements of bile acid pool size, turnover, synthesis, and daily input are drawn from Vlahcevic ZR, Miller JR, Farrar JT, et al. Kinetic and pool 
size of primary bile acids in man. Gastroenterology 1971;61:85-90; Cowen AE, Korman MG, Hofmann AF, et al. Metabolism of lithocholate in healthy 
man. Il. Enterohepatic circulation. Gastroenterology 1975;69:67-76; Everson GT. Steady-state kinetics of serum bile acids in healthy human subjects: 
single and dual isotope techniques using stable isotopes and mass spectrometry. J Lipid Res 1987;28:238-52; Berr F, Pratschke E, Fischer S, et al. 
Disorders of bile acid metabolism in cholesterol gallstone disease. J Clin Invest 1992;90:859-68; Hulzebos CV, Renfurm L, Bandsma RH, et al. Measure- 
ment of parameters of cholic acid kinetics in plasma using a microscale stable isotope dilution technique: application to rodents and humans. J Lipid Res 


2001 ;42:1923-9. 


(cytochrome P450 7A1 [CYP7A1]) converts cholesterol directly 
into 7a-hydroxycholesterol. In the alternative pathway, cho- 
lesterol is first hydroxylated on the side chain by C-24, C-25, 
or C-27 sterol hydroxylases. The major oxysterol species is 
27-hydroxycholesterol, which is then acted on by the oxysterol 
7a-hydroxylase (CYP7B1). 

The overall process of bile acid biosynthesis is complex, 
involving 17 different enzymes divided into 2 broad groups.’ The 
first group performs modifications to the sterol ring structure, 
whereas the second group modifies the sterol side chain. Sterol 
ring modifications precede side chain changes in the classical 
pathway, whereas side chain modifications occur before or dur- 
ing changes to the sterol ring structure in the alternative pathway. 
Of the 2 major biosynthetic pathways, the classical (CYP7A1) 
pathway is quantitatively more important in adult humans. This 
conclusion is supported by the finding that bile acid production 
is decreased by almost 90% in an adult patient with an inher- 
ited mutation in the CYP7A1 gene. The alternative pathway may 
be dominant in neonates, as evidenced by the low expression of 
CYP7A1 in newborns and the finding of severe cholestatic liver 
disease in children with inherited CYP7B1 mutations. 

The rate-limiting step for the classical pathway is the enzyme 
CYP7A1. Bile acid feedback inhibition of CYP7A1 is well estab- 
lished experimentally; bile acid synthesis is decreased after admin- 
istration of hydrophobic bile acids and increased by interruption 
of the enterohepatic circulation following ileal resection or 
administration of bile acid sequestrants.!> The molecular mecha- 
nisms responsible for the negative feedback regulation of the 
CYP7A1 pathway involve the liver and small intestine and have 
been elucidated. For the major pathway, bile acids act as ligands 
for the farnesoid X receptor (FXR) in ileal enterocytes to induce 
synthesis of an endocrine polypeptide hormone, fibroblast growth 
factor-19 (FGF 19; rodent ortholog is FGF15). FGF19 is secreted 
into the portal circulation and acts on hepatocytes through its cell 
surface receptor, a complex of the -klotho protein and FGF4- 
receptor (FGFR4), to repress CYP7A1 expression and bile acid 
synthesis. In addition to regulation via FGF19, bile acids in the 
hepatocyte signal via FXR to repress CYP7A1 mRNA expression 
through indirect transcriptional and post-transcriptional mecha- 
nisms.!°!’ At the transcriptional level, FXR increases expression 
of the orphan nuclear receptor small heterodimer partner (SHP), 
which interferes with the activity of hepatocyte nuclear factor 4a 
(HNF4a) and liver receptor homolog 1 (LRH-1), transcription 
factors required for CYP7A1 expression. At the post-transcrip- 
tional level, FXR increases expression of the RNA binding pro- 
tein ZFP36L1, which promotes turnover of the CYP7A1 mRNA. 
These complex molecular titrations link bile acid synthesis to 
changes in intestinal as well as hepatic bile acid levels. 


For the alternative pathway of bile acid synthesis, the primary 
mechanism for regulation appears to be post-transcriptional. 
This involves cholesterol delivery by members of the steroido- 
genic acute regulatory protein family to the inner mitochondrial 
membrane, the site of sterol 27-hydroxylation. However, the 
alternative pathway can also be regulated transcriptionally by bile 
acids. In that pathway, bile acids act via FXR to induce expression 
of MAP bZIP transcription factor G (formerly v-maf avian mus- 
culoaponeurotic fibrosarcoma oncogene homolog G [MafG]}), 
which represses transcription of genes important for the alterna- 
tive bile acid biosynthetic pathway such as CYP27A1 and CYP7B1 
but does not affect expression of CYP7A1.'* The receptors and 
protein factors that regulate the biosynthesis and enterohepatic 
cycling of bile acids are summarized in Table 64.3. 

Before secretion into the bile canaliculus, both CA and CDCA 
are N-acyl amidated by the addition of glycine or taurine on their 
side chain, a process commonly termed conjugation. This conjuga- 
tion makes the bile acid more hydrophilic and increases the acidic 
strength of its side chain, in essence converting a weak acid (pK, 
=5.0 for the unconjugated bile acid) to a strong acid (pK, =3.9 
for the glycine conjugate; pK, =2.0 for the taurine conjugate). 
The major function of conjugation to glycine or taurine is to 
decrease the passive diffusion of bile acids across cell membranes 
during their transit in the enterohepatic circulation. As a result, 
efficient uptake and export of conjugated bile acids requires the 
presence of specific membrane carriers. Compared with uncon- 
jugated bile acids, conjugated bile acids are also more soluble at 
acidic pH and more resistant to precipitation in the presence of 
high concentrations of calcium. The net effect of conjugation 
is to maintain high intraluminal concentrations of bile acids in 
the biliary tract, gallbladder and small intestine to facilitate lipid 
solubilization, digestion, and absorption. The physiologic signifi- 
cance of this bile acid modification is illustrated by the finding 
that patients with inherited defects in bile acid conjugation pres- 
ent with fat-soluble vitamin malabsorption and steatorrhea and 
respond favorably to administration of conjugated bile acids such 
as glycocholic acid.!?7° 

Metabolism of bile acids by the gut microbiota begins in the 
small intestine. Although most of the conjugated bile acids secreted 
into the small intestine are efficiently absorbed intact, gut bacte- 
ria-derived bile salt hydrolases will remove the glycine or taurine 
group from =15% of the bile acids in the small intestine. These 
deconjugated bile acids can pass into the colon or be absorbed by 
passive or active mechanisms from the small intestine and returned 
to the liver, where they are reconjugated to glycine or taurine and 
resecreted into bile along with newly synthesized bile acids. This 
process of intestinal deconjugation and hepatic reconjugation is a 
normal part of bile acid metabolism. An additional modification 


TABLE 64.3 Proteins and Genes Involved in the Regulation of Bile Acid 
Synthesis and Enterohepatic Cycling 


Description and function of protein in bile acid 


Protein (Gene) metabolism 


FXR (NR1H4) Bile acid-activated nuclear receptor; regulation of 
bile acid synthesis, transport, and metabolism 
HNF4a (NR2A7) Nuclear receptor; positive regulator of CYP7a1 


expression and hepatic bile acid synthesis 


LRH-1 (NR5A2) Nuclear receptor; positive regulator of CYP7a1 


expression and hepatic bile acid synthesis 


SHP (NROB2) Nuclear receptor; negative feedback regulation 
of hepatic bile acid synthesis by antagonizing 
HNF4a and LRH-1; regulation of bile acid 
transport and metabolism 

PXR (NR112) Bile acid and xenobiotic-activated nuclear receptor 


involved in detoxification of secondary bile acids 


VDR (NR111) Vitamin D and bile acid-activated nuclear receptor; 


involved in detoxification of LCA 


CAR (NA7/3) Xenobiotic-activated nuclear receptor involved in 
detoxification of secondary bile acids 

MafG (MAFG) Transcription factor; negative regulator of bile acid 
synthesis and transport 

FGFR4 (FGFR4) Membrane receptor; negative feedback regulator of 
CYP7A1 and hepatic bile acid synthesis 

ZFP36L1 RNA binding protein; negative regulator of CYP7a1 

(ZFP36L1) expression and hepatic bile acid synthesis 


B-klotho (KLB) Membrane co-receptor associated with FGFR4; 
confers liver specificity to FGFR4-FGF19 
pathway; negative feedback regulator of 


CYP7A1 and hepatic bile acid synthesis 


Protein growth factor; secreted by ileum, liver, and 
gallbladder in response to bile acids; regulator 
of hepatic bile acid synthesis via the FGFR4:p- 
klotho complex 


FGF19 (FGF19) 


TGR5 (GPBAR7) Bile acid-activated G-protein coupled receptor; 
mediates the systemic actions of bile acids; 


regulates intestinal motility, metabolism 


CAR, constitutive androstane receptor; FGF79, fibroblast growth factor 
19; FGFR4, fibroblast growth factor receptor 4; FXR, farnesoid 
X-receptor; HNF4a, hepatocyte nuclear factor 4 alpha; LCA, 
lithocholic acid; LRH-7, liver receptor homolog 1; MafG, MAF bZIP 
transcription factor G (formerly v-maf avian musculoaponeurotic 
fibrosarcoma oncogene homolog Q); PXR, pregnane X-receptor; 
SHP, small heterodimer partner; TGR5, Takeda G protein-coupled 
receptor; VDR, vitamin D receptor; ZFP36L17, zinc finger protein 36- 
like 1. 


of bile acids carried out by the gut microbiota is epimerization of 
the a-hydroxyl groups to generate their corresponding -hydroxy 
derivatives (“iso” bile acids), such as isolithocholic acid and iso- 
deoxycholic acid.?! Although potentially abundant in the cecal or 
colonic contents of some individuals, these gut-derived iso-bile 
acids have not been the subject of extensive investigation and 
their physiologic or clinical significance are still unclear. The 
7a-hydroxy group of CDCA is also epimerized by the gut micro- 
biota to form the 3a,7ß-dihydroxy bile acid UDCA.” After being 
absorbed from the intestine, UDCA is conjugated to glycine or 
taurine in the liver and circulates as a minor component, normally 
less than 5%, of the bile acid pool. Note that in addition to being 
generated by the gut microbiota as a minor secondary bile acid, 
UDCA is also administered therapeutically for various forms of 
cholestatic liver disease (see Chapter 91).?? 

A fraction of the circulating bile acid pool escapes absorp- 
tion from the small intestine and passes into the colon, where 
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deconjugation continues almost to completion. In the colon, a small 
subset of the gut bacteria is able to efficiently remove the hydroxyl 
group at the C-7-position (7a-dehydroxylation), thereby converting 
CA to deoxycholic acid (DCA), a dihydroxy bile acid with hydroxyl 
groups at the C-3 and C-12 positions, and converting CDCA to lith- 
ocholic acid (LCA), a monohydroxy bile acid with a hydroxyl group 
at position C-3 (see Fig. 64.2).?? Although other gut microbiome- 
catalyzed bile acid modifications such as deconjugation, epimeriza- 
tion, and oxidation can be reversed by host enzymes in the liver, 
bile acids are not rehydroxylated at the C-7-position in humans.’* 
Therefore this bacterial reaction is particularly important for shap- 
ing the composition and properties of the bile acid pool. The colon 
absorbs about 50% of the DCA as well as a portion of the LCA 
formed. After returning to the liver, DCA is reconjugated to glycine 
or taurine and circulates with the primary bile acids, whereas LCA 
is reconjugated and sulfated.” Hepatic reconjugation of bile acids 
returning in the enterohepatic circulation is extremely efficient, so 
virtually all the endogenous biliary bile acids (primarily CA, CDCA, 
DCA, and UDCA) are in conjugated form. Bacterial deconjugation 
and dehydroxylation of bile acids in the colon is also efficient, so the 
feces contain primarily unconjugated secondary bile acids and only 
small amounts (<15%) of other bile acid species (see Fig. 64.1).’° 

Several pathways exist for host metabolism of secondary bile 
acids, including hepatic re-epimerization of B-hydroxy iso-bile 
acids, hepatic reduction of 7-oxo-lithocholate to form CDCA or 
UDCA, and hydroxylation, glucuronidation, or sulfation of bile 
acids (see Fig. 64.2). The modification of bile acids by sulfation 
or glucuronidation blocks their intestinal and renal reabsorption, 
and these sulfated or glucuronidated species are rapidly lost from 
the circulating pool of bile acids. Sulfation is particularly signifi- 
cant for metabolism of LCA. Unmodified LCA is intrinsically 
hepatotoxic, and sulfation of LCA at the 3-hydroxy position has- 
tens its elimination from the body, thereby playing an important 
hepatoprotective role.?”” In addition to sulfation or glucuronida- 
tion, bile acids can be hydroxylated at other sites on their sterol 
rings, including the C-1, C-2, C-4, or C-6 positions. Under nor- 
mal physiologic conditions in adults, these polyhydroxylated bile 
acids are typically present at only very low levels. However, these 
unusual bile acid species are present at higher levels in newborns, 
in patients after bariatric surgery, and in patients with choles- 
tatic liver disease. Expression of the hepatic phase 1 and phase 2 
enzymes responsible for the hydroxylation and sulfation of bile 
acids is induced by LCA or agents such as rifampin by a tran- 
scriptional mechanism involving the xenobiotic-sensing nuclear 
receptors pregnane X receptor (PXR) and constitutive androste- 
rone receptor (CAR) (see also Chapter 88). 


THE ENTEROHEPATIC CIRCULATION 


The anatomic components of the enterohepatic circulation are 
the liver, biliary tract, gallbladder, small intestine, portal venous 
circulation, and, to a lesser extent, colon and systemic circulation 
(Fig. 64.3). At a fundamental level, the enterohepatic circulation 
of bile acids can be considered to consist of a series of storage 
chambers (gallbladder and small intestine), valves (sphincter of 
Oddi and ileocecal valve), mechanical pumps (small intestine), 
and chemical pumps (hepatocyte, cholangiocyte, and ileocyte). 
Efficient intestinal reabsorption and hepatic extraction of bile 
acids enable an effective recycling and conservation mechanism 
that largely restricts bile acids to the intestinal and hepatobiliary 
compartments. During fasting, bile acids move down the biliary 
tract and are concentrated approximately 10-fold in the gallblad- 
der, resulting in lower levels of bile acids in the small intestine, 
portal vein, systemic circulation, and liver. However, basal rates 
of hepatic bile acid secretion are maintained, and enterohepatic 
cycling continues for that portion of the bile acid pool that is not 
sequestered in the gallbladder. In response to a meal, cholecys- 
tokinin is released from the intestinal mucosa and acts on the 
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Fig. 64.3 Enterohepatic circulation of bile acids showing the individual transport proteins responsible for bile 
acid (BA) transport across epithelia of various cells, including hepatocytes, cholangiocytes, ileocytes (ileal 
enterocytes), and renal proximal tubule cells. A~, anion; ASBT (gene symbol SLC70A2), apical sodium bile 
acid transporter; BSEP (ABCB11), bile salt export pump; NTCP (SLC10A7), Nat-taurocholate cotransporting 
polypeptide; OATP, organic anion transporting polypeptide; OST, organic solute transporter. (Adapted with 
permission from Shneider BL. Intestinal bile acid transport: biology, physiology, and pathophysiology. J Pediatr 


Gastroenterol Nutr. 2001 ;32:407-17.) 


biliary tract to relax the sphincter of Oddi and stimulate gallblad- 
der contraction. A concentrated solution of mixed micelles (bile 
acids, phospholipids, and cholesterol) then passes via the bile duct 
from the gallbladder bile into the small intestine. In the intesti- 
nal lumen, these micelles facilitate fat digestion and absorption by 
stimulating the action of pancreatic lipase on triglyceride, solubi- 
lizing the hydrolytic products such as long chain saturated fatty 
acids and shuttling these hydrophobic lipids across the unstirred 
water layer to the mucosal surface. During digestion of a large 
meal, the gallbladder remains contracted, and bile acids secreted by 
the liver bypass the gallbladder and empty directly into the duode- 
num. During this period, the intraluminal bile acid concentration 
in the small intestine is 5 to 10 mmol/L, well above the threshold 
concentration of approximately 1.5 mmol/L that is required for 
micelle formation. During the interdigestive period, the sphincter 
of Oddi contracts and the gallbladder relaxes, causing a larger frac- 
tion of the bile acids secreted into bile to enter the gallbladder for 
storage. This is controlled in part by bile acids, which act directly 
by activating TGRS, a G-protein-coupled receptor and indirectly 
by stimulating the ileal synthesis and release of FGF19, a polypep- 
tide hormone that induces gallbladder relaxation.** In general, the 
enterohepatic cycling of bile acids accelerates during digestion and 
slows between meals and during overnight fasting. This pulsatile 


rhythm of bile acid secretion is maintained even after cholecystec- 
tomy. When the gallbladder is absent, bile acids are stored in the 
proximal small intestine during fasting, with the intestinal migrat- 
ing motor complex driving the distal movement of the intralumi- 
nal bile acid pool (see Chapter 99). Following ingestion of a meal, 
small intestinal contractions accelerate and propel the stored bile 
acids to the distal ileum, where they are actively reabsorbed and 
carried back to the liver for resecretion into bile. 

The enterohepatic cycling of bile acids is extremely efficient, 
less than 10% of the intestinal bile acids escape reabsorption and 
are eliminated in the feces. Bile acids are absorbed from the small 
intestine by passive absorption down the length of the intestine 
and by active transport in the terminal ileum.’? In adult humans, 
the enterohepatic circulation maintains a bile acid pool size of 
approximately 2 to 4 g. The bile acid pool cycles 2 to 3 times 
per meal, and the intestine may reabsorb between 10 and 30 g of 
bile acid per day. Approximately 0.2 to 0.6 g of bile acid escapes 
reabsorption and is eliminated in the stool each day. Hepatic 
conversion of cholesterol to bile acid balances fecal excretion to 
maintain the bile acid pool size. The kinetics of bile acid turnover 
in humans is summarized in Table 64.2. 

An enterohepatic circulation of bile acids is advantageous 
because it results in the accumulation of a large mass of detergent 


molecules that can be used repeatedly during digestion of a sin- 
gle meal or multiple meals throughout the day. The presence 
of an ileal active transport system and enterohepatic circulation 
dissociates hepatic bile acid secretion from bile acid synthesis, 
thereby improving the efficiency of intestinal nutrient digestion 
and absorption. Because bile acid secretion induces hepatic bile 
flow, maintenance of the enterohepatic circulation also promotes 
continuous secretion of bile. The dissociation of bile acid bio- 
synthesis from intestinal delivery is also aided by the presence of 
a gallbladder because the availability of a concentrative storage 
reservoir permits bile acids to be delivered in a controlled fashion 
at high concentrations to the duodenum. The ileal bile acid trans- 
porter and gallbladder are complementary rather than redundant, 
and they function together to conserve bile acids. In the presence 
of a gallbladder but absence of an active ileal bile acid transporter, 
the bile acids secreted into the intestine would not be efficiently 
reabsorbed. Emptying of the gallbladder contents would neces- 
sarily be followed by a refractory period during which the supply 
of bile acids is insufficient to promote efficient lipid digestion and 
absorption. The refractory period would last until hepatic syn- 
thesis restores the bile acid pool. 


HEPATIC BILE ACID TRANSPORT AND BILE 
SECRETION 


Bile formation involves the secretion of osmotically active inor- 
ganic and organic solutes into the canalicular space and biliary 
tract lumen by hepatocytes and the biliary epithelial cells (cholan- 
giocytes) and has been studied using metabolically inert markers 
such as mannitol or erythritol. Hepatocyte canalicular bile forma- 
tion is traditionally divided into 2 components: bile acid—depen- 
dent bile flow (bile flow relating to bile acid secretion) and bile 
acid—independent flow (bile flow attributed to active secretion of 
inorganic electrolytes and other solutes), which account respec- 
tively for approximately 60% and 40% of spontaneous basal bile 
flow.! Hepatic ATP-dependent carriers actively secrete bile 
acids into the canalicular lumen, where they form aggregates and 
mixed micelles that are too large to diffuse back across the para- 
cellular junctions that line the canaliculi. Compounds such as the 
conjugated bile acids that are actively pumped across the canalic- 
ular membrane generate bile flow and are termed primary solutes. 
Besides bile acids, primary solutes include glutathione, conjugated 
bilirubin, heavy metals, and conjugates of various metabolites and 
xenobiotics. Water, plasma electrolytes, calcium, glucose, amino 
acids, bicarbonate, and other low-molecular-weight solutes that 
flow into the canaliculus in response to the osmotic gradient are 
termed secondary solutes. The choleretic activity of each primary 
solute is defined as the volume of bile flow induced per amount of 
solute secreted. For natural bile acid species, the choleretic activ- 
ity ranges from 8 to 40 uL of bile flow induced per micromole of 
bile acid secreted. The secretion of other primary solutes besides 
bile acids such as glutathione and bicarbonate by the hepatocyte 
and biliary epithelium also contributes to bile formation. Newly 
secreted hepatic canalicular bile is modified during its transit 
through the biliary tract via the action of cholangiocytes. The 
ductular modifications to canalicular bile include (1) the absorp- 
tion of solutes such as glucose, amino acids, and bile acids; (2) the 
movement of water through specific channels (aquaporins) and 
paracellularly; and (3) the secretion of solutes such as bicarbonate 
and chloride. The contribution of this ductular secretion varies 
among species, with estimates suggesting that it may account for 
up to 30% of bile flow in humans but less than 10% of bile flow 
in animals such as rats.! 


Bile Acid—Independent Bile Flow 


Hepatocyte canalicular bile flow is also generated by active secre- 
tion of primary solutes besides bile acids. Reduced glutathione 


CHAPTER 64 Bile Secretion and the Enterohepatic Circulation 


1007 


(GSH) and bicarbonate (HCO3°) constitute major components 
of the bile acid-independent fraction of bile flow. The ATP- 
dependent canalicular secretion of GSH and GSH conjugates 
via the multidrug resistance-associated protein 2 (MRP2) 
is important at several levels. In addition to being secreted at 
high concentrations into bile, intraluminal catabolism of GSH 
by GGTP and dipeptidases raises the solute concentration and 
contributes to the osmotic driving force for canalicular bile for- 
mation. Besides the ATP-dependent secretion of organic anions 
into bile, hepatocyte and cholangiocyte ATP-independent secre- 
tion of bicarbonate via the HCO;-/Cl- anion exchanger AF2 is 
important for the bile acid-independent bile flow. The majority 
of this HCO;- secretion occurs at the level of the bile duct epi- 
thelial cells in response to stimulation by a variety of hormones 
and neuropeptides, such as secretin, vasoactive intestinal peptide, 
and bile acids.*° 


Cholehepatic Shunt Pathway 


The term cholehepatic shunt was coined by Alan Hofmann to describe 
the cycle whereby unconjugated dihydroxy bile acids in bile are 
passively absorbed by cholangiocytes and returned via the venous 
drainage directly to the hepatocyte for uptake and resecretion into 
bile. Absorption of the protonated unconjugated bile acid mol- 
ecule generates a bicarbonate anion, which together with hepatic 
resecretion of the bile acid produces a bicarbonate-rich choleresis. 
‘This cycle was proposed to explain the increased bile flow observed 
after administration of therapeutic doses of unconjugated C-24 
dihydroxy bile acids such as UDCA or unconjugated side chain- 
shortened C-23 bile acid analogs such as norUDCA.*! Although 
the proposal is conceptually sound and in general agreement with 
existing data, the intrahepatic location and passive nature of the 
cholehepatic shunt cycle have made it difficult to study or prove. 
In addition, because ductal bile normally contains almost all conju- 
gated bile acids under normal physiologic conditions, the contribu- 
tion of cholehepatic shunting of unconjugated bile acids to bile flow 
was originally thought to be negligible. The subsequent discovery 
that the biliary epithelium expresses the apical sodium-dependent 
bile acid transporter (ASBT; gene symbol SLCI0A2) and the 
organic solute transporter OSTa-OST (gene symbols SLCS1A 
and SLC51B) offered a potential mechanism for active cholehepatic 
shunting of conjugated bile acids. However, the significance of this 
pathway in humans still remains to be determined. Indeed, the role 
of ASBT in the biliary epithelium may be to permit cholangiocytes 
to sample biliary bile acid concentrations to activate cellular signal- 
ing pathways rather than to transport significant quantities of bile 
acids.*” 


Hepatic Bile Acid Transport 


More than 90% of the bile acids secreted into bile are derived 
from the recirculating pool. To maintain this process, hepato- 
cytes must transport bile acids efficiently from the portal blood 
into bile. This vectorial trans-hepatocellular movement of bile 
acids is a concentrative transport process that is driven by a dis- 
tinct set of primary (ATP-dependent), secondary (Na* gradient 
dependent), and tertiary (OH-- or HCO;--dependent anion 
exchange) transport systems at the sinusoidal and canalicular 
plasma membranes. Bile acid flux through the liver and the num- 
ber of participating hepatocytes vary. In the fasting state, uptake 
of bile acids is highest in the periportal hepatocytes (closest to 
the portal venules), whereas during feeding, more distal hepato- 
cytes in the liver acinus are recruited to participate. Conversely, 
production and secretion of newly synthesized bile acids is high- 
est in pericentral hepatocytes (closest to the central vein). In this 
fashion, the periportal hepatocytes transport a larger fraction of 
the bile acid pool and are thought to be major drivers of bile acid- 
dependent bile flow. 
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The concentration of bile acids in the portal blood of healthy 
humans is 20 to 50 pmol/L. Uptake by the liver is typically 
expressed as fractional extraction, or first-pass extraction, and 
represents the percentage of bile acids removed during a single 
passage through the hepatic acinus. The fractional extraction of 
bile acids from sinusoidal blood ranges from 50% to 90% and 
remains constant irrespective of systemic bile acid concentrations. 
The hepatic fractional extraction is related to bile acid structure 
and albumin binding and is highest (80% to 90%) for hydrophilic 
conjugated bile acids such as conjugated CA and lowest (50% to 
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60%) for unconjugated hydrophobic protein-bound bile acids 
such as CDCA. Due to the rapid differential hepatic clearance, 
the concentration of total bile acids in the systemic circulation 
is low, averaging 2 to 5 pmol/L and 5 to 15 pmol/L in the fast- 
ing and fed states, respectively, and the bile acid composition in 
the systemic circulation does not strictly mirror that of the other 
compartments in the body.*? 

The major transport proteins that function to maintain the 
enterohepatic circulation of bile acids have been identified and 
are shown in Fig. 64.3 and 64.4. The general properties of these 
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Fig. 64.4 Hepatocyte and cholangiocyte transporters important for bile acid secretion. At the sinusoidal 
membrane of hepatocytes, the Nat-taurocholate cotransporting polypeptide (VTCP; gene symbol SLC10A7) 
mediates the uptake of conjugated bile acids. Sodium-dependent uptake of bile acids through the NTCP is 
driven by an inwardly directed sodium gradient generated by the Na*/ Kt-ATPase, and the membrane potential 


is generated in part by a Kt channel. The Nat-independent bile acid uptake is mediated by the organic anion- 
transporting polypeptides OATP1B1 (SLCO1B7) and OATP1B3 (SLCO7B3). The sinusoidal membrane also 
contains a sodium-hydrogen exchanger and a sodium-bicarbonate cotransporter (symporter). At the cana- 
icular membrane, bile acids are secreted via the bile salt export pump (BSEP; ABCB17), whereas sulfated or 
glucuronidated bile acids are secreted via the multidrug resistance—associated protein 2 (MRP2; ABCC2). The 
canalicular membrane also expresses ATP-dependent export pumps that transport phospholipid (multidrug 
resistance protein 3, MDR3; ABCB4), cholesterol and plant sterols (ABCG5/ABCG8), and drug metabolites 
MDR1; ABCB7) into bile. The canalicular membrane expresses ATP-independent transporters, including the 


Niemann-Pick C1 Like 1 (NPC1L1) protein that imports sterols, chloride channels, and the chloride-bicarbon- 
ate anion exchanger isoform 2 (AE2) that secretes biocarbonate. FIC7 (ATP8B7) is a P-type ATPase mutated in 
progressive familial intrahepatic cholestasis type 1. Within the cholangiocytes of the large bile ducts, conjugat- 
ed bile acids are absorbed by the apical Na*-dependent bile acid transporter (ASBT; SLC70A2). Bile acid may 
then exit at the basolateral surface into the hepatic arterial circulation via the heteromeric transporter OSTa- 
OSTB or an ATP-dependent carrier, MRP3 (ABCC3). Cholangiocytes also express a variety of other carriers 
important for modifying bile, including the CFTR, AE2 for secretion of bicarbonate, and numerous aquaporin 
isoforms to facilitate water movement. A-, anion; BA-, bile acid anion; Chol, cholesterol; OA-, organic anion; 
OC*, organic cation; PL, phospholipid. (Adapted with permission from Wagner M, Zollner G, Trauner M. New 
molecular insights into the mechanism of cholestasis. J Hepatol 2009;51:565-80.) 
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carriers are listed in Table 64.4. Because of their importance for 
bile secretion, the bile acid transporters are highlighted; however, 
the hepatocyte sinusoidal and canalicular membranes also express 
specialized transport proteins for a wide spectrum of endogenous 
and exogenous compounds.** 


Hepatic Sinusoidal Na*-Dependent Bile Acid Uptake 


The uptake of conjugated bile acids at the sinusoidal (basolat- 
eral) membrane is predominantly mediated (>80%) by a second- 
ary active Na*-dependent transport system, which is driven by 
the basolateral Na*,K*-ATPase that maintains the prevailing 
out-to-in Nat gradient. Although important for conjugated bile 
acids, Na*-dependent transport accounts for less than half of 
the uptake of unconjugated bile acids such as CA and UDCA. 
The major transporter responsible for hepatocytic Nat-coupled 
uptake of bile acids is the Na*-taurocholate cotransporting 
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polypeptide (NTCP; gene symbol SLC10A1). Inherited defects 
in the NTCP gene are associated with greatly elevated (25 to 
100-fold) plasma levels of conjugated bile acids in the absence of 
jaundice, pruritus, or other signs of liver disease.*>° In addition 
to being the major hepatic bile acid uptake transporter, NTCP 
has been identified as a cell surface receptor on hepatocytes for 
the binding and entry of HBV and HDV (see Chapters 79 and 
81).°7 A naturally-occurring variant in NTCP, which converts a 
serine at position 267 to a phenylalanine (c.800C>T; 1s229665 1; 
p-Ser267Phe), leads to nearly complete loss of bile acid trans- 
port activity. This variant, which is prevalent in Asian popula- 
tions (minor allele frequency ranging from 3.1% to 9.2%) has 
an attenuated ability to support viral entry. The variant is associ- 
ated with increased resistance to HBV infection. These findings 
have stimulated efforts to target NTCP for the development of 
viral entry inhibitors to block de novo HBV infection or reduce 
viral load in chronic HBV-infected patients. 


TABLE 64.4 Location and Function of Transport Proteins Involved in Bile Formation and the Enterohepatic Circulation of Bile Acids 


Transporter (Gene) Location 


Function 


Hepatocyte 

NTCP (SLC70A7) 
OATP1B1 (SLCO7B7) 
OATP1B3 (SLCO7B3) 
Nat,K*-ATPase 


Basolateral membrane 


Basolateral membrane 


Basolateral membrane 


Basolateral membrane 


BSEP (ABCB71) Canalicular membrane 
MDR3 (ABCB4) Canalicular membrane 
ABCG5/ABCG8 Canalicular membrane 
NPC1L1 Canalicular membrane 


FIC1 (ATP8B1) Canalicular membrane 


Bile Acid-Dependent Bile Flow 


Na+-dependent bile acid and xenobiotic uptake 
Nat-independent bile acid and xenobiotic uptake 
Nat-independent bile acid and xenobiotic uptake 
Secretion of 2 Nat in exchange for 3 K+ 
ATP-dependent bile acid export 

\T P-dependent phosphatidylcholine export 


erol import 


A 
ATP-dependent sterol export 
S 
A 


\TP-dependent aminophospholipid flipping 


Bile Acid-Independent Bile Flow 


OATP1B1, 1B3, 2B1 Basolateral membrane 


MRP2 (ABCC2) Canalicular membrane 


Sinusoidal Bile Acid Export 


RP3 (ABCC3) Basolateral membrane 
MRP4 (ABCC4) Basolateral membrane 
OSTa-OSTB Basolateral membrane 


SLC51A, SLC57B) 


Cholangiocyte Ductular Secretion 


Aquaporin 1 (AQP7) Apical membrane 
Aquaporin 4 (AQP4) Basolateral membrane 
AE2 (SLC4A2) Apical membrane 
CFTR (ABCC7) Apical membrane 
ASBT (SLC10A2) Apical membrane 
lleal Enterocyte 

ASBT (SLC10A2) Apical membrane 
NPC1L1 Apical membrane 
OSTa-OSTB Basolateral membrane 
(SLC51A, SLC51B) 

MRP3 (ABCC3) Basolateral membrane 


Nat-independent transport of organic anions, 
cations, and neutral steroids 


ATP-dependent transport of glucuronide, glutathione, 
and sulfate conjugates 


ATP-dependent export of bile acids and glucuronide 
conjugates 


ATP-dependent export of glutathione and bile acids 


Bile acid export 


Water transport 

Water transport 

HCO 3° secretion in exchange for CI- 
Cl secretion 


Bile acid uptake (cholehepatic shunt) 


Na+-dependent bile acid uptake 
Sterol import 
Bile acid export 


Bile acid export 


ABC, ATP-binding cassette; AE2, chloride-bicarbonate anion exchanger isoform 2; ASBT, apical Na* bile acid transporter; BSEP, bile salt export pump; 
FIC1, P-type ATPase mutated in progressive familial intrahepatic cholestasis type 1; MDR, multidrug resistance protein; MRP, multidrug resistance- 
associated protein; VPC1L1, Niemann-Pick C1 Like 1; NTCP, Na*-taurocholate cotransporting polypeptide; OATP, organic anion transporting 


polypeptide; OST, organic solute transporter; SLC, solute carrier. 
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Hepatic Sinusoidal Na*-Independent Bile Acid 
Uptake 


Unconjugated bile acids such as CA are taken up predominantly 
in a Na*-independent fashion by members of the organic anion- 
transporting polypeptide (OATP) gene family (gene symbol 
SECO, in which “SLC” and “O” are designations for solute car- 
rier and OATP, respectively). Unlike the Na*-cotransporters 
such as NTCP and ASBT, the driving force responsible for 
OATP-mediated solute uptake is not well understood, and sol- 
ute transport may be bidirectional. Potential transport mecha- 
nisms include facilitative diffusion and electroneutral exchange 
that couples solute uptake to bicarbonate or GSH efflux.** 
Human OATPIB1 (gene symbol SLCOI1B1; original pro- 
tein name OATP-C) and OATP1B3 (gene symbol SLCO1B3;, 
original protein name OATP8) are expressed primarily in liver 
and account for the majority of hepatic Na*-independent bile 
acid clearance. However, in addition to bile acids, OATP1B1 
and OATP1B3 also transport a wide variety of organic anions 
and solutes, including bilirubin glucuronides (see Chapter 21), 
steroid metabolites (estradiol-176-glucuronide, dehydroepian- 
drosterone-3-sulfate, and estrone-3-sulfate), arachidonic acid 
products (prostaglandin E,, thromboxane B», and leukotriene 
C4), diagnostic dyes (such as bromosulfophthalein and indocya- 
nine green [ICG]), and drugs (such as rifampin, statins, digoxin, 
and fexofenadine). Notably, combined loss of SLCOIBI and 
SLCO1B3, which are adjacent genes on human chromosome 12, 
causes Rotor syndrome, a rare and benign hereditary conjugated 
hyperbilirubinemia distinct from Dubin-Johnson syndrome.*? 
Although the plasma clearance of unconjugated bile acids has 
not been measured in human subjects deficient in OATP1B1/ 
OATP1B3, mice deficient in the orthologous Oatpla/1b genes 
show defective hepatic clearance of unconjugated but not con- 
jugated bile acids.*? Moreover, loss of OATP1B3 alone is suf- 
ficient to delay ICG clearance, thereby yielding an abnormal 
ICG retention test result in subjects with otherwise normal 
laboratory values and normal liver biopsy specimens.*? Because 
the bile acid pool is composed mostly of conjugated bile acids, 
which are taken up by hepatocytes in a sodium-dependent fash- 
ion, these broad-specificity OATPs in humans may be more 
important for hepatic clearance of non-bile acid metabolites 
and xenobiotics. Indeed, inherited polymorphisms in the OATP 
genes influence drug metabolism and contribute to some forms 
of drug toxicity.t! 


Hepatic Sinusoidal Bile Acid Efflux 


Unconjugated, conjugated, or modified (sulfated, glucuronidated, 
and polyhydroxylated) bile acids are also effluxed from across the 
hepatocyte basolateral (sinusoidal) membrane into the space of 
Disse by the heteromeric organic solute transporter, OSTa- 
OST$, members of the MRP family including MRP3 (gene sym- 
bol ABCC3) and MRP4 (gene symbol ABCC4), and possibly other 
carriers. After their efflux, the conjugated or unconjugated bile 
acids are carried in sinusoidal blood to more pericentral hepato- 
cytes for reuptake and secretion into bile.*” This process dynami- 
cally recruits additional hepatocytes from zones 2 and 3 within 
the liver lobule to maintain the clearance and secretion of bile 
acids into bile, thereby safeguarding vulnerable zone 1 peripor- 
tal hepatocytes. In addition, the modified bile acids generated by 
hepatocyte phase 1 or phase 2 metabolism are also effluxed across 
the sinusoidal membrane and pass into the systemic circulation, 
where they can be filtered by the kidney and excreted in urine. 
These hepatoprotective mechanisms, which also include down- 
regulation of the major liver bile acid uptake transporters, are an 
important part of the adaptive response to conditions of bile acid 
overload. 


Canalicular Bile Acid Transport 


Because bile acids are potent detergents, their hepatocellular 
uptake and export must be carefully balanced to avoid intracellular 
accumulation and cytotoxicity. Regardless of their uptake mecha- 
nism, returning as well as newly synthesized bile acids are shuttled 
to the canalicular membrane for secretion into bile by the ATP- 
dependent bile salt export pump (BSEP; gene symbol ABCB11). 
The role of BSEP as the major canalicular membrane bile acid 
transporter was confirmed by identification of ABCB11 mutations 
in patients with progressive familial intrahepatic cholestasis type 2 
(PFIC2), a hepatic disorder characterized by impaired biliary bile 
acid secretion (see Chapter 77).*+ Although bile acids are the major 
physiologic substrate, a variety of other compounds can interact 
with BSEP as nonsubstrate inhibitors to potentially impede bile 
acid export. This list of compounds includes drugs such as cyclo- 
sporin, rifampin, troglitazone, bosentan, and glibenclamide, and 
direct inhibition of BSEP may be an important mechanism under- 
lying some forms of drug-induced hepatoxicity (see Chapter 88).*° 


INTESTINAL AND RENAL BILE ACID TRANSPORT 
Intestinal Bile Acid Transport 


Numerous observations indicate that the terminal ileum is the 
major site of bile acid reabsorption. For example, there is little 
drop in intraluminal bile acid concentrations prior to the ileum, 
and bile acid malabsorption occurs after ileal resection. Studies 
using in situ perfused intestinal segments to measure bile acid 
absorption demonstrated that ileal bile acid transport is a high- 
capacity system and sufficient to account for the biliary output 
of bile acids. Ileal active transport is the major route of conju- 
gated bile acid uptake, particularly for the more hydrophilic and 
taurine-conjugated species. In the proximal small intestine, a 
fraction of the glycine-conjugated bile acids are protonated and 
can undergo nonionic passive diffusion when the intraluminal pH 
becomes transiently acidic during digestion. In addition, metabo- 
lism by the gut microbiota in the small intestine and colon gener- 
ates unconjugated hydrophobic bile acids, which are weak acids 
and are passively absorbed if they remain in solution. 


Renal Bile Acid Transport 


A fraction (10% to 50%, depending on the bile acid species) of 
the bile acids returning in the portal circulation escapes hepatic 
first-pass extraction and spills into the systemic circulation. The 
binding of bile acids to plasma proteins reduces glomerular fil- 
tration and minimizes urinary excretion of bile acids. In healthy 
humans, the kidney filters approximately 100 pmol of bile acids 
each day. Remarkably, only 1 to 2 umol are excreted in the urine 
because of highly efficient tubular reabsorption. Even in patients 
with cholestatic liver disease, in whom plasma bile acid concen- 
trations are significantly elevated, the 24-hour urinary excre- 
tion of nonsulfated bile acids is much less than the quantity that 
undergoes glomerular filtration. Subsequent studies have shown 
that bile acids in the glomerular filtrate are actively reabsorbed 
from the renal tubules, and this process contributes to the rise in 
serum bile acid concentrations in patients with cholestatic liver 
disease. As in the ileum, the renal proximal tubule epithelium 
expresses a Na* gradient—driven transporter that functions as a 
salvage mechanism to conserve bile acids. 


Molecular Mechanisms 


Bile acids are transported actively across the ileal brush- 
border membrane by the well-characterized apical sodium 
bile acid transporter (ASBT; gene symbol SLC10A2). The 


relationship among the hepatic, biliary, ileal, and renal Na*—bile 
acid cotransport systems was resolved with the cloning of the 
bile acid carriers from those tissues. The liver and ileum express 
distinct, but related, Nat—bile acid cotransporters, NTCP and 
ASBT, whereas the ileal enterocyte, renal proximal tubule cell, 
and cholangiocyte all express the ASBT. The driving force for 
ASBT-mediated bile acid uptake across the apical brush border 
membrane includes the negative intracellular potential, as well 
as the inwardly directed Na* gradient and paracellular flow of 
Na* from the intestinal submucosa back into the lumen.*° The 
ASBT transports all the major species of bile acids but does not 
appear to transport modified bile acids or unrelated solutes. The 
finding that ASBT gene mutations are responsible for primary 
bile acid malabsorption, a disorder associated with intestinal 
bile acid malabsorption and steatorrhea, demonstrated that 
most intestinal bile acid absorption in humans is mediated by 
the ASBT.*” 

The ileal bile acid binding protein (IBABP; gene symbol 
FABP6) is a member of the fatty acid binding protein family 
and an abundant cytosolic protein in ileal enterocytes. Although 
not essential, IBABP is involved in the transcellular transport of 
bile acids, as evidenced by a partial impairment of ileal bile acid 
absorption in IBABP-deficient mice.** The transporter respon- 
sible for bile acid export across the basolateral membrane of the 
ileal enterocyte, cholangiocytes, and renal proximal tubule cell 
has been identified. The heteromeric organic solute transporter, 
OSTa-OSTS§, is expressed on the basolateral membrane of ileal 
enterocytes, hepatocytes, cholangiocytes, and renal proximal 
tubule cells and transports bile acids as well as a variety of organic 
anions and drugs. Inherited mutations in the human OST gene 
(SLC51B) have been identified as a cause of congenital chronic 
diarrhea, a phenotype similar to that observed in patients with 
ASBT mutations.*” 


DISORDERS OF THE ENTEROHEPATIC CIRCULATION 


Cholestasis is defined as interruption of the normal process of 
bile formation and is classically subdivided into intrahepatic cho- 
lestasis, a fanctional defect in bile formation at the level of the 
hepatocyte, and extrahepatic cholestasis, an obstruction to bile flow 
within the biliary tract. Impaired hepatic transport of bile acids 
and other organic solutes is a prominent feature of both inher- 
ited and acquired forms of cholestatic liver disease. Disorders 
of the enterohepatic circulation are generally classified into the 
following 4 categories: (1) defects in bile acid formation (synthe- 
sis and conjugation); (2) defects in membrane transport of bile 
acids (uptake and secretion); (3) disturbances involving bacterial 
transformation (deconjugation and dehydroxylation); and (4) 
disturbances in movement through or between organs (bile acid 
circulation).°° 

Specific diagnosis of rare inherited bile acid biosynthetic 
defects is made by analysis of body fluids (urine, blood, and bile) 
using methods such as fast atom bombardment ionization-mass 
spectrometry and electrospray ionization-tandem mass spec- 
trometry.’ The biosynthetic disorders present with markedly 
reduced or complete absence of CA and CDCA and greatly 
elevated concentrations of atypical bile acids in bile, serum, and 
urine. Elevated fasting serum bile acids have also been noted as 
an early marker of intrahepatic cholestasis of pregnancy (ICP). 
However, measurement of total serum bile acid concentrations 
without profiling the individual bile acids and bile acid intermedi- 
ates appears to offer little, if any, benefit over conventional liver 
biochemical tests in the diagnosis or management of most forms 
of liver disease or bile acid malabsorption. Targeted or whole 
exome sequencing is being used to diagnose inherited disorders 
of bile acid synthesis and transport that are associated with GI or 
liver disease.*?*! 
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Bile Acid Synthesis 


Bile acid synthesis from cholesterol is required to maintain the 
bile acid pool in the enterohepatic circulation. Although inher- 
ited defects in biosynthesis are rare, these disorders serve to illus- 
trate the importance of bile acid synthesis for normal hepatic and 
intestinal function. The effects of a block in bile acid synthesis 
include depletion of the bile acid pool by fecal excretion, loss 
of bile acid—dependent bile flow, decreased biliary excretion of 
cholesterol and xenobiotics, malabsorption of fat and fat-soluble 
vitamins, and accumulation of cytotoxic bile acid biosynthetic 
intermediates. Inherited defects in 11 of the enzymes and 1 trans- 
porter involved in bile acid biosynthesis have been reported. 
The list includes cholesterol 7a-hydroxylase (CYP7A1), sterol 
27-hydroxylase (CYP27A 1), oxysterol 7a-hydroxylase (CYP7B1), 
3f-hydroxy-A5-C;7-steroid oxidoreductase (HSD3B7), A4-3- 
oxosteroid 5f-reductase (AKRID1), 2-methylacyl-coenzyme A 
racemase (AMACR), acyl-CoA oxidase 2 ACOX2, D-bifunctional 
protein (HSD17B4), sterol carrier protein X (SCP2), bile acid- 
CoA ligase (SLC27A5), bile acid coenzyme A:amino acid N-acyl- 
transferase (BAAT), and the peroxisomal ATP-binding cassette 
(ABC) transporter (ABCD3)2. In addition to these specific 
defects, disorders that disrupt peroxisome biogenesis such as 
Zellweger syndrome also affect bile acid synthesis because the 
bile acid side chain modification steps occur in the peroxisome 
(see Chapter 77). 

A single enzyme defect is usually not sufficient to block pro- 
duction of all bile acids, because multiple biosynthetic pathways 
exist. Clinically, patients with bile acid synthesis defects typically 
present with steatorrhea, growth retardation, sequelae associ- 
ated with fat-soluble vitamin malabsorption, and mild to severe 
liver disease. Although serum GGTP levels are elevated in some 
other forms of cholestasis, GGTP levels are typically normal in 
the cholestatic patient with a bile acid biosynthesis defect because 
the block occurs prior to canalicular secretion. Depending on the 
step in the pathway and the nature of the mutation, the conse- 
quences of bile acid biosynthesis defects can vary, with the most 
severe producing neonatal cholestatic liver disease or neurologic 
disease later in life. For example, cerebrotendinous xanthoma- 
tosis (CTX) is a rare, inherited disease caused by mutations in 
the mitochondrial enzyme sterol 27-hydroxylase (CYP27A1). In 
CTX, the alternative pathway for bile acid synthesis is blocked, 
and production of bile acids is diminished but not eliminated. 
CTX can present with cholestatic liver disease in early infancy 
but is generally characterized by progressive neurologic dis- 
turbances, premature atherosclerosis, cataracts, and tendinous 
xanthomas later in life. The most commonly reported defect in 
bile acid synthesis is 3B-hydroxy-A5-C,,-steroid oxidoreductase 
(HSD3B7) deficiency, which affects both the classical and alter- 
native pathways for bile acid biosynthesis. The disease is charac- 
terized by progressive intrahepatic cholestasis and accumulation 
of abnormal bile acids. Clinical manifestations include unconju- 
gated hyperbilirubinemia, jaundice, serum aminotransferase ele- 
vations, steatorrhea, fat-soluble vitamin deficiency, pruritus, and 
poor growth. The progression of disease is variable but ultimately 
results in cirrhosis and hepatic failure in a high proportion of 
affected persons. Bile acid replacement therapy by administration 
of bile acids such as CA beginning early in life has been reported 
to be efficacious for bile acid biosynthetic defects, although its 
clinical utility in Zellweger spectrum may be limited (see also 
Chapter 77).°?°3 


Membrane Transport of Bile Acids and Biliary Lipids 


A growing number of disorders have been found to be associated 
with mutations in genes important for bile acid and organic solute 
transport.°? These disorders are summarized in Table 64.5 and 
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TABLE 64.5 Disorders of the Enterohepatic Circulation Associated With Inherited Transporter Defects 


Defective 
Protein(s) (gene) 


Disorder Transporter defect 


Features 


PROGRESSIVE FAMILIAL INTRAHEPATIC CHOLESTASIS 
Type 1 Aminophospholipids 


Type 2 Bile acids 


Type 3 Phosphatidylcholine 


BENIGN RECURRENT INTRAHEPATIC CHOLESTASIS 


FIC1 (ATP8B1) 


BSEP (ABCB11) 


MDR3 (ABCB4) 


Progressive cholestasis, elevated serum bile acid 
levels, pruritus, low or normal serum GGTP levels, 
pancreatitis, intestinal malabsorption, hearing loss 


Progressive cholestasis, jaundice, giant cell formation, 
lobular and portal fibrosis, hepatobiliary malignancy, 
low or normal serum GGTP levels 


Cholestasis, extensive bile duct proliferation and 
periportal fibrosis, high serum GGTP levels 


Type 1 Aminophospholipids FIC1 (ATP8B7) Periodic attacks of cholestasis, elevated serum bile acid 
levels, pruritus, low or normal serum GGTP levels, 
malabsorption, hearing loss 

Type 2 Bile acids BSEP (ABCB7 1) Periodic attacks of cholestasis, cholelithiasis, low or 
normal serum GGTP levels, hepatosplenomegaly 

LPAC Phosphatidylcholine MDR3 (ABCB4) Cholelithiasis, intrahepatic hyperechoic foci, biliary 
cirrhosis, high serum GGTP levels 

INTRAHEPATIC CHOLESTASIS OF PREGNANCY 

Phosphatidylcholine MDR3 (ABCB4) Cholestasis in third trimester of pregnancy, fetal loss and 
prematurity, high serum GGTP levels 
Bile acids BSEP (ABCB7 1) Cholestasis in third trimester of pregnancy, fetal loss and 


DUBIN-JOHNSON SYNDROME 
Organic anion conjugates 
ROTOR SYNDROME 


Organic anion conjugates 


SITOSTEROLEMIA 
Cholesterol, phytosterols 


PRIMARY BILE ACID MALABSORPTION 
Bile acids 


MRP2 (ABCC2) 


OATP1B1 (SLCO1B1) 
OATP1B3 (SLCO7B3) 


ABCG5, ABCG8 


ASBT (SLC10A2) 
OSTB (SLC51B) 


prematurity, normal serum GGTP levels 


Jaundice, benign conjugated hyperbilirubinemia 


Jaundice, benign conjugated hyperbilirubinemia, delayed 
clearance of cholephilic anions such as BSP and ICG 


Xanthomas, hypersterolemia, coronary artery disease 


Chronic diarrhea, steatorrhea, fat-soluble vitamin 
malabsorption 


ABC, ATP-binding cassette; ASBT, apical Na*—bile acid transporter; BSEP, bile salt export pump; BSP, bromosulfophthalein; FIC7, P-type ATPase 
mutated in progressive familial intrahepatic cholestasis type 1; /CG, indocyanine green; LPAC, low-phospholipid-associated cholelithiasis; MDR, 
multidrug resistance protein; MAP, multidrug resistance-associated protein; OST, organic solute transporter. 


include PFIC, benign recurrent intrahepatic cholestasis (BRIC), 
ICP, low phospholipid-associated cholelithiasis (LPAC), Dubin- 
Johnson syndrome, Rotor syndrome, sitosterolemia, primary bile 
acid malabsorption, and forms of congenital diarrhea. 

PFIC type 1 (PFIC1; formerly called Byler’s disease) manifests 
primarily as chronic intrahepatic cholestasis and coarse granular 
bile in patients with low or normal serum GGTP levels. The gene 
defect in patients with PFIC1 was mapped to chromosome 18 in 
the same region where a similar but milder disease phenotype, 
BRIC, had been localized. A combined search identified a P-type 
ATPase, designated FIC1 (gene symbol ATP8B1), as the defec- 
tive gene product responsible for PFIC1, some forms of BRIC, 
and Greenland familial cholestasis. P-type ATPases are distinct 
from ABC transporters and constitute a large family that includes 
ion pumps such as the Na*/K*-ATPase, the Ca’+-ATPase, 
and the copper-transporting Wilson disease gene product. An 
analysis of the spectrum of ATP8B1 mutations in patients with 
PFIC1 and BRIC revealed that mutation type and location in the 
gene generally correlate with clinical severity. More innocuous 
ATPS8B1 missense mutations are common in BRIC (BRIC type 
1), whereas nonsense, frame-shifting, and large deletion muta- 
tions are more common in PFIC1.** FIC1 is an aminophospho- 
lipid (phosphatidylserine) flippase that functions to help maintain 
the asymmetric distribution of lipids between the inner and outer 


leaflet of the plasma membrane, and its activity requires the coex- 
pression of an accessary protein CDC50A, which promotes the 
trafficking of FIC1 to the plasma membrane.’ In humans, the 
FIC1 protein is expressed in many tissues, including the pan- 
creas, small intestine, urinary bladder, adrenal, stomach, pros- 
tate, and inner ear. The expression and activity of FIC1 in these 
extrahepatic tissues is likely associated with the high frequency 
of diarrhea, pancreatitis, bacterial pneumonia, sweat electrolyte 
abnormalities, and hearing loss in patients with PFIC1 disease 
and the persistence of these extrahepatic symptoms in PFIC1 
patients following LT.°®°’ Although the mechanisms responsible 
for cholestasis associated with FIC1 deficiency remain to be fully 
elucidated, results from the ATP8B1 mutant mouse indicate that 
loss of aminophospholipid flippase activity makes the canalicular 
membrane more susceptible to damage from hydrophobic bile 
acids. Medical management options for PFIC1 and BRIC type 1 
include UDCA, rifampin, and supplementation with fat-soluble 
vitamins. Surgical management is indicated for patients who do 
not respond to medical therapy, and partial external biliary diver- 
sion (PEBD) is recommended.°** In those patients who have not 
developed cirrhosis, PEBD improves growth and liver function, 
while reducing pruritus and slowing progression of hepatic fibro- 
sis. LT leads to the resolution of cholestasis in PFIC1 patients 
but does not improve, and may even worsen, hepatic steatosis.°° 


PFIC2 (also called BSEP deficiency) is associated with low bile 
acid secretion, progressive cholestasis, low or normal serum GGTP 
levels, lobular and portal fibrosis, hepatic giant cell transformation, 
and the lack of bile duct proliferation on examination of liver his- 
tology. The disease has been mapped to chromosome 2q24, and 
the defective gene (ABCBI1) has been shown to encode the can- 
alicular BSEP protein. The mutations in ABCB11 impact BSEP 
protein synthesis, cellular trafficking, or stability, and the absence 
of BSEP protein or canalicular membrane expression correlate 
with increased disease severity and poorer treatment outcomes.’? 

Patients with PFIC2 present as infants with high serum bile 
acid levels, intractable pruritus, intestinal malabsorption, failure 
to thrive, and cholestasis, and they ultimately develop fibrosis 
and end-stage liver disease before adulthood. In addition to cho- 
lestasis, severe BSEP deficiency significantly increases the risk for 
hepatobiliary malignancy, including HCC and cholangiocarci- 
noma.°®>’ The treatment of PFIC2 is similar to that for PFIC1, 
with nutritional support, fat-soluble vitamin-supplementation, 
UDCA, rifampin, and PEBD providing symptomatic relief for 
mild disease. The use of drugs that function as chaperones to 
facilitate folding and targeting of forms of BSEP with specific 
missense mutations may also have therapeutic potential. Ulti- 
mately, LT is required for most patients with severe forms of 
the disease. However, recurrent low-GGTP cholestasis has been 
reported in PFIC2 patients following LT, as a result of the devel- 
opment of inhibitory antibodies to BSEP.°! 

PFIC3 (also called MDR3 deficiency) is quite distinct from the 
other PFIC subtypes. Serum GGTP levels are markedly elevated 
in these patients, and liver histologic examination shows extensive 
bile duct proliferation and portal and periportal fibrosis.°’ The 
most common clinical presentation includes cholestasis, pruritus, 
jaundice, hepatomegaly, splenomegaly, and portal hypertension, 
and PFIC3 may be associated with an increased risk of cholan- 
giocarcinoma. The defect in PFIC3 lies in MDR3 (gene sym- 
bol ABCB4), a canalicular membrane ABC transporter that is 
responsible for PC secretion into bile.®* In PFIC3, hepatic bile 
acid secretion is not directly impaired, but biliary PC transport 
is greatly diminished. In bile, PC normally forms mixed micelles 
with bile acids and acts to buffer their cytotoxic detergent proper- 
ties. In the absence of biliary phospholipid, the hydrophobic bile 
acids are toxic and cause cholestatic liver damage.”* In addition to 
the early and severe clinical presentation of children with PFIC3, 
homozygous or heterozygous genetic variants in ABCB4 are also 
associated with a milder phenotype that may not be symptomatic 
until adulthood. For example, heterozygous or less severe muta- 
tions in ABCB4 are associated with LPAC, and ICP (see Table 
64.5 and Chapter 40). Medical treatment for PFIC3 includes 
UDCA and rifampin but is not satisfactory as long-term therapy 
for the majority of PFIC3 patients, for whom LT is curative. 

In addition to a progressive intrahepatic cholestatic pheno- 
type, ABCB11 missense mutations have been found in patients 
with a milder disease similar to BRIC (see earlier and Table 
64.5). Unlike the form of BRIC that is associated with ATP8B1 
mutations, patients with BRIC caused by ABCB11 mutations lack 
extrahepatic symptoms such as pancreatitis and are more likely 
to form gallstones. On the basis of these findings and consistent 
with the genetic classification of PFIC into subtypes, BRIC can 
be subclassified as types 1 and 2, corresponding to ATP8B1- and 
ABCB11-mutation associated forms, respectively. The ABCB11 
mutations associated with milder disease may also confer an 
increased risk for the development of ICP.° 

Most of the forms of PFIC that have been character- 
ized involve the hepatocyte canalicular membrane transport- 
ers described earlier. Mutations in other genes that result in a 
PFIC-like presentation have been identified. The affected gene 
products and the associated clinical presentations include (1) 
the tight junction protein TJ2, which results in low or normal 
GGTP.-associated cholestasis; (2) the bile acid-activated nuclear 


CHAPTER 64 Bile Secretion and the Enterohepatic Circulation 


1013 


receptor FXR, which results in neonatal cholestasis and end-stage 
liver disease; (3) myosin 5B (MYOS5B), which cause microvillus 
inclusion disease but may present with a low or normal GGTP- 
associated cholestasis in the absence of recurrent diarrhea; and (4) 
UNC-45 myosin chaperone A (UNC45A). 


Bile Acid Biotransformation (Deconjugation 
and Dehydroxylation) 


Gut microbiota—mediated bile acid deconjugation begins in the 
small intestine and is increased in patients with small intestinal sta- 
sis and bacterial overgrowth. The unconjugated bile acids are less 
soluble than their glycine or taurine conjugates and precipitate in 
the gut lumen or are absorbed passively if they remain in solution. 
As a result, extensive bacterial deconjugation reduces the intralumi- 
nal concentration of bile acids available to form micelles with dietary 
lipids in the small intestine. In healthy humans, bile acid deconju- 
gation continues in the colon. The unconjugated bile acids can 
undergo 7a-dehydroxylation to yield DCA and LCA, secondary bile 
acids that have been associated with GI and liver disease. The level 
of DCA in bile varies considerably among individuals, ranging from 
almost undetectable levels to more than half of the biliary bile acids. 
The production of DCA is controlled by colonic levels of the bile 
acid 7a-dehydroxylating bacteria and by the colonic transit time, 
which can be affected by diet and factors that alter gut motility.’ 


Bile Acid Circulation 
Biliary Obstruction and Biliary Fistula 


Biliary obstruction caused, for example, by a gallstone or chol- 
angiocarcinoma leads to retention of hepatic bile acids, which 
may cause hepatic necrosis or apoptosis. A portion of the retained 
bile acids is modified by sulfation, and both sulfated and unsul- 
fated bile acids are regurgitated from hepatocytes back into the 
systemic circulation. Despite increased urinary excretion of bile 
acids, plasma concentrations of bile acids rise as much as 20-fold. 
When biliary obstruction is complete, bile acids are not secreted 
into the small intestine, and intestinal malabsorption of fat-solu- 
ble vitamins and steatorrhea results. Secondary bile acids are not 
formed, and fecal bile acid output diminishes. 

In a patient with a biliary fistula, bile acids are diverted from 
entering the small intestine. Because bile acid biosynthesis is con- 
trolled by negative feedback, bile acid synthesis rises markedly, 
up to 20-fold. Hepatic function is not impaired, although the flux 
of bile acids through the liver is decreased substantially because 
maximal bile acid synthesis (4 to 6 g/day) is less than the normal 
flux in the presence of an intact enterohepatic circulation (12 to 
18 g/day). As in biliary obstruction, lower bile acid concentrations 
in the small intestine result in malabsorption of fat-soluble vita- 
mins. Absorption of dietary fats, especially dietary triglycerides 
that contain long-chain saturated fatty acids, is also decreased. 


Cholecystectomy 


Despite removal of an important site for storing and concen- 
trating bile acids, the overall effect of cholecystectomy on bili- 
ary bile acid secretion is small, and bile acid homeostasis is not 
altered substantially.©° In the absence of a gallbladder, the bile 
acid pool is stored in the small intestine during the fasting state. 
After ingestion of a meal, the bile acid pool moves to the terminal 
ileum, where it is actively absorbed and returned to the liver via 
the portal circulation. Increased dehydroxylation of CA to DCA 
has been reported and may be secondary to an increased entero- 
hepatic cycling of bile acids in the fasting state. Diarrhea is one of 
the most common symptoms after cholecystectomy.*’ In a subset 
of these patients, the movement of the bile acid pool to the small 
intestine may overwhelm ileal transport or the gut-liver signaling 
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mechanisms that control hepatic bile acid synthesis, thereby 
leading to bile acid diarrhea.°* The affected patients generally 
respond to administration of a bile acid sequestrant (see later). 


lleal Resection 


Resection of the terminal ileum causes intestinal bile acid mal- 
absorption. If the resection is short (<100 cm), the effect on bile 
acid metabolism is minimal because increased hepatic bile acid 
biosynthesis balances fecal loss. Excess amounts of unabsorbed 
bile acids enter the colon and act to inhibit water absorption 
or induce secretion, thereby resulting in mild, watery diar- 
rhea.°* Symptomatic response is obtained with the administra- 
tion of a bile acid sequestrant. When 100 cm or more of ileum is 
resected, including the ileocecal valve, hepatic bile acid secretion 
diminishes because maximal synthesis is considerably less than 
the normal hepatic secretion rate. The bile acid pool becomes 
progressively depleted during the day, and intestinal fat malab- 
sorption appears because of the lack of micelles and loss of intes- 
tinal mucosal surface. The increased fatty acid flux through the 
colon inhibits water absorption and results in severe diarrhea 
that responds poorly to bile acid sequestrants. If the diarrhea is 
of sufficiently large volume and accompanied by malabsorption 
of other nutrients, the patient may be diagnosed as having short 
bowel syndrome. Therapy is complex and has only limited suc- 
cess. In some patients, fecal weight and frequency are reduced by 
elimination of fat from the diet. Other therapies include admin- 
istration of conjugated bile acids, glutamine, and growth factors 
such as analogs of glucagon-like peptide-2.°° 


Bile Acid-Induced Diarrhea 


The enterohepatic circulation conserves bile acids efficiently, 
thereby maintaining bile flow and adequate intraluminal bile acid 
concentrations for micellar solubilization and absorption of lipids. 
Symptomatic bile acid-induced diarrhea (sometimes abbreviated 
BAD and classified as 4 types; see Chapter 16) resulting from fail- 
ure of the active intestinal transport component is most commonly 
caused by ileal resection or diseases involving the ileum such as 
Crohn disease (type 1). Bile acid-induced diarrhea is associated 
also with conditions such as chronic pancreatitis, celiac disease, 
diabetes mellitus, CF, and the use of NSAIDs (which may cause 
distal intestinal ulcers and strictures). A common and likely under- 
diagnosed condition is the presence of bile acid-induced diarrhea 
in patients with diarrhea-predominant IBS or a functional diarrhea 
(type 2).°° In these patients, evidence suggests that the bile acid 
diarrhea is secondary to hepatic overproduction of bile acids rather 
than defective ileal absorption. Mechanistically, this may be sec- 
ondary to alterations in gut-liver signaling and the FXR-FGF19 
pathway for the regulation of hepatic bile acid synthesis (see also 
Chapter 16). Postcholecystectomy diarrhea is considered a form of 
bile acid-induced diarrhea (type 3). Finally, mutations in the ASBT 
gene are responsible for a rare form of congenital or primary bile 
acid malabsorption (type 4), and these patients present early in 
infancy with chronic diarrhea, steatorrhea, fat-soluble vitamin 
malabsorption, and poor growth. However, ASBT mutations are 
not responsible for the vast majority of cases of bile acid diarrhea.” 

An excess flux of bile acids into the colon increases the local 
concentration of dihydroxy bile acids, which act to cause diarrhea 
by altering electrolyte balance and accelerating large bowel transit. 
Water transport in the colon is critical for the regulation of intesti- 
nal fluid and electrolyte balance and is the ultimate determinant of 
diarrhea. Bile acids play a role in colonic water transport apparently 
by increasing chloride secretion in the perfused colon by an inosi- 
tol 1,4,5-triphosphate and calctum—dependent mechanism. Trihy- 
droxy bile acids have no effect, but dihydroxy bile acids induce net 
fluid secretion at high concentrations and block absorption of fluid 
and water at low concentrations. To induce net secretion, bile acids 


must (1) have an appropriate structure (hydrophobic dihydroxy 
bile acids, DCA or CDCA); (2) be present in high concentrations 
(>1.5 mm) in the aqueous phase; and (3) exist in an environment 
with the appropriate alkaline pH (fecal pH >6.8). 


BILE ACID-BASED THERAPY 
Bile Acid Replacement Therapy 


Bile acid replacement therapy is used to correct a bile acid defi- 
ciency, which may be caused by rare inborn errors of bile acid 
biosynthesis or depletion of the bile acid pool. In patients with 
impaired bile acid biosynthesis and normal bile acid conjugation 
(amidation), administration of unconjugated CA suppresses the 
synthesis of cytotoxic bile acid precursors, restores the input of 
primary bile acids into the enterohepatic circulation, and pro- 
vides long-term benefit.°? However, in those rare patients with 
inherited defects in bile acid conjugation, administration of 
a conjugated bile acids such as glycocholic acid is required for 
treatment.?? Although used for other indications, administra- 
tion of UDCA alone is not recommended in this setting because 
it does not suppress endogenous synthesis of the cytotoxic bile 
acid precursors. In patients with severe bile acid malabsorption 
or short bowel syndrome, bile acid replacement therapy partially 
corrects the impairment of micellar solubilization and absorption 
of fat in the proximal small intestine. 


UDCA 


Because of its safety and lack of hepatotoxicity, UDCA remains 
the most widely used form of bile acid therapy.’! After oral 
administration, UDCA accumulates and ultimately consti- 
tutes up to 40% of the circulating bile acid pool, displacing the 
more hydrophobic endogenous bile acids. UDCA was originally 
administered and approved by the FDA for gallstone dissolution 
but was not widely used for that purpose because of the success 
of laparoscopic cholecystectomy. However, the use of UDCA 
to prevent gallstones will likely undergo a mild resurgence to 
treat the increased symptomatic cholelithiasis observed after 
bariatric surgery as the number of these procedures continues 
to increase.’* The FDA has also approved bile acid therapy for 
treatment of PBC (see Chapter 91). In PBC, UDCA appears 
to stimulate biliary bicarbonate secretion to protect against bile 
acid-induced ductular damage, delay the progression of fibrosing 
cholangiopathy, reduce the need for LT, and improve survival.’ 
UDCA therapy has some benefit for ICP and has favorable 
effects in other conditions such as low phospholipid—associated 
cholelithiasis.’+-’> Moreover, combination therapy with the lipid- 
lowering agent bezafibrate or the FXR agonist obeticholic acid 
(see later) has been shown to improve cholestasis in patients with 
PBC with an inadequate response to UDCA alone.’® 77 
norUDCA is a chemical analog of UDCA with one less carbon 
atom in its side chain. As a result of this modification, nor UDCA 
is resistant to conjugation with taurine or glycine and under- 
goes significant cholehepatic shunting. Therapy with nor-UDCA 
is effective in treating peribiliary fibrosis in the MDR2/Abcb4 
knockout mouse, an animal model of PSC, and was tested suc- 
cessfully in a phase 2 clinical trial in patients with PSC.”® 


Bile Acid Receptor Agonists and Antagonists 


The identification of the regulators of bile acid synthesis and 
transport together with the design of bile acid receptor ligands 
has led not only to the development of novel drugs for cho- 
lestatic liver diseases (e.g., obeticholic acid, FGF19 mimetics) 
but also to renewed interest in the therapeutic uses of bile acids 
and derivatives to modulate fat, glucose, protein, and energy 
homeostasis in the metabolic syndrome and its complications 


(see Chapter 87).3! The FXR agonist obeticholic acid was 
shown to improve cholestasis in treatment-naive patients with 
PBC and in those with only a partial response to UDCA (see 
Chapter 91).’? Adverse effects included pruritus and a reduction 
in plasma HDL levels.*° 


BILE ACID SEQUESTRANTS AND TRANSPORT 
INHIBITORS 


Bile acid sequestrants are positively charged polymeric resins 
that bind bile acids in the intestinal lumen to decrease the aque- 
ous concentration and the efficiency of intestinal conservation 
of bile acids. In patients with mild bile acid diarrhea, bile acid 
sequestrants provide symptomatic relief by lowering the con- 
centration of free bile acids in the colon. Bile acid sequestrants 
also are used to decrease pruritus in patients with cholestasis, 
presumably by reducing the concentration of bile acids or other 


CHAPTER 64 Bile Secretion and the Enterohepatic Circulation 


1015 


anionic biliary constituents in the systemic circulation. The 
clinical evidence supporting the use of bile acid sequestrants as 
a treatment for cholestatic pruritus is weak, and efficacy is only 
modest at best.*! In addition to the older preparations, chole- 
styramine and colestipol, more potent sequestrants with superior 
bile acid-binding properties have been developed. Colesevelam 
is a newer bile acid sequestrant approved by the FDA for the 
treatment of hypercholesterolemia and for the improvement of 
glycemic control in adults with type 2 diabetes mellitus. 

An alternative to luminal sequestration of bile acids with 
binding resins is direct inhibition of the ileal ASBT. An ASBT 
inhibitor has been approved for use in the treatment of chronic 
constipation in Japan, and several potent ASBT inhibitors are in 
preclinical or clinical development for the treatment of choles- 
tatic liver disease.*,* 


Full references for this chapter can be found on www.expertconsult.com. 
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Cholesterol cholelithiasis is one of the most prevalent and costly 
digestive diseases in Western countries. At least 20 million 
Americans (12% of adults) have gallstones.!-!! The prevalence 
of gallstones appears to be rising due to the epidemic of obesity, 
associated with insulin resistance and the metabolic syndrome. 
Each year, roughly 1 million new cases are discovered.!*-!* 
Although many gallstones are “silent,” about one third eventually 
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cause symptoms and complications.!* An estimated 700,000 cho- 
lecystectomies are performed for gallstone disease, and medical 
expenses for the treatment of gallstones exceeds $6 billion annu- 
ally.’ In addition, unavoidable complications of gallstones result 
in 3000 deaths (0.12% of all deaths) per year.! In the USA, per- 
sons with gallstone disease have increased cardiovascular disease, 
cancer, and overall mortality.!° 


TYPES OF GALLSTONES 


Based on chemical composition and macroscopic appearance, 
gallstones are divided into 3 types: cholesterol, pigment, and rare 
stones» + 17 The majority (75%) of gallstones in the USA and 
Europe are cholesterol stones,! which consist mainly of cho- 
lesterol monohydrate crystals and precipitates of amorphous 
calcium bilirubinate, often with calcium carbonate or phosphate 
in one of the crystalline polymorphs. These stones are usually 
subclassified as either pure cholesterol or mixed stones that con- 
tain at least 50% cholesterol by weight. The remaining gallstones 
are pigment stones that contain mostly calcium bilirubinate and 
are subclassified into 2 groups: black pigment stones (=20%) 
and brown pigment stones (=4.5%). Rare gallstones (©0.5%) 
include calcium carbonate stones and fatty acid—calcium stones. 
Gallstones also are classified by their location as intrahepatic, gall- 
bladder, and bile duct (choledocholithiasis) stones. Intrahepatic stones 
are predominantly brown pigment stones. Gallbladder gallstones 
are mainly cholesterol stones, with a small group of black pig- 
ment stones. Bile duct stones are composed mostly of mixed cho- 
lesterol stones. 


EPIDEMIOLOGY 


Investigations of gallstone prevalence are more common than 
those of gallstone incidence because of the nature of the statisti- 
cal analyses. Prevalence is often defined as the number of cases 
of gallstones at any one point or period of time divided by the 
population at risk of forming stones. Incidence is usually defined as 
the number of new cases of gallstones occurring in a time period 
divided by the population at risk of forming stones. Therefore, 
the determination of incidence requires that investigation for 
gallstones be performed at a minimum of 2 different times—that 
is, at the beginning and at the end of an interval of time. By con- 
trast, prevalence can be determined by sampling at only one point 
in time—for example, at US screening or autopsy. 

Although determining the true incidence of gallstones in a 
given population is not easy, a large study of the incidence of 
gallstones in the Danish population has been performed.!® The 
5-year incidence of gallstones was 0.3%, 2.9%, 2.5%, and 3.3% 
for Danish men, and 1.4%, 3.6%, 3.1%, and 3.7% for Danish 
women ages 30, 40, 50, and 60, respectively. Women have a 
higher incidence than men at ages 30 and 40 years, but the dif- 
ference declines with increasing age. These incidence rates may 
reflect an interaction between genetic and environmental factors 
on gallstone formation in the specific populations studied because 
they are in accordance with estimated prevalence rates reported 
for Denmark and other populations.!? In a major Italian study, 
the incidence of gallstones was obtained at 10 years’ follow-up 
in an originally gallstone-free cohort in the town of Sirmione.”° 
This study revealed that new cases of gallstones developed at a 
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rate of 0.5% per year. Although age, female gender, parity, obe- 
sity, and hypertriglyceridemia were associated with gallstones in 
the cross-sectional prevalence study of Sirmione, multivariate 
analysis of risk factors for the formation of gallstones in the lon- 
gitudinal study identified only age and obesity as risk factors. 

Differences in the incidence of gallstone formation among 
different populations are striking, suggesting that genetic fac- 
tors play a crucial role in the pathogenesis of cholesterol gall- 
stones. Pathogenic factors are likely to be multifactorial and to 
vary among populations. Most relevant studies have found that 
the prevalence of gallstones in women ranges from 5% to 20% 
between the ages of 20 and 55, years and from 25% to 30% after 
the age of 50 years. The prevalence in men is approximately half 
that of women of the same age. 

US screening or autopsy data are often used to estimate the 
prevalence of gallstone disease in different populations, as illus- 
trated in Fig. 65.1. Although US screening cannot be used to 
distinguish cholesterol from pigment stones, 70% to 80% of 
detected gallbladder gallstones are assumed to be cholesterol 
stones. 

The prevalence of gallstones in American Pima Indians was 
investigated by oral cholecystography (OCG).’”! The well-studied 
Pima Indians in southern Arizona exhibit a high prevalence of gall- 
stones, which occur in 70% of the women after the age of 25 years. 
Subsequently, real-time US was used for screening in nationally 
representative samples of civilian Mexicans, Hispanic white Amer- 
icans, non-Hispanic white Americans, and non-Hispanic black 
Americans of both genders ages 20 to 74. The cross-sectional 
prevalence rates of gallstones were found to be highest in certain 
tribes of Native Americans (e.g., Pima Indians), higher in Hispanic 
Americans than in whites, and lowest in black Americans. !* 

Fig. 65.2 shows the world distribution of cholesterol gall- 
stones. American Pima Indians are an extremely high-risk 
population. Other high-risk populations include Native Ameri- 
can groups in North and South America and Scandinavians, of 
whom 50% develop gallstones by age 50. By contrast, African 
populations show the lowest risk of gallstones. The prevalence 
of gallstones in Asian populations is intermediate. Within a 
given population, first-degree relatives of index cases of per- 
sons with gallstones are 4.5 times as likely to form gallstones 
as matched controls, thereby underscoring the importance of 
genetic predisposition. 
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Epidemiologic and clinical studies have found that cholesterol 
gallstones occur infrequently in childhood and adolescence, 
and the prevalence of cholesterol gallstones increases linearly 
with age in both genders and approaches 50% at age 70 years 
in women.”??? Furthermore, older adults are at higher risk for 
complications of gallstones, and mortality from surgery is often 
unacceptably high in patients older than 65 years. Cholesterol 
saturation of bile is significantly higher in older Swedes and 
Chilean women than in younger controls, and age correlates 
positively with an increased hepatic secretion rate of biliary 
cholesterol.’+7> In animals, aging has been shown to be associ- 
ated with increased cholesterol gallstone formation as a result of 
increased biliary secretion and intestinal absorption of choles- 
terol, decreased hepatic synthesis and secretion of bile salts, and 
reduced gallbladder contractility.”° 

Epidemiologic investigations have found, and clinical studies 
have confirmed, that at all ages, women are twice as likely as men 
to form cholesterol gallstones. The difference between women 
and men begins during puberty and continues through the child- 
bearing years because of the effects of female sex hormones!’ and 
differences between the sexes in metabolism of cholesterol by the 
liver in response to estrogen. Human and animal studies have 
shown that estrogen increases the risk of cholesterol gallstones by 
augmenting hepatic secretion of biliary cholesterol, thereby lead- 
ing to an increase in cholesterol saturation of bile.?7-30 


Diet 

Epidemiologic investigations have shown that cholesterol chole- 
lithiasis is prevalent in populations that consume a Western diet 
consisting of high amounts of total calories, cholesterol, saturated 
fatty acids, refined carbohydrates, proteins, and salt, as well as a 
low amount of fiber. The prevalence of cholesterol gallstone dis- 
ease is significantly higher in North and South American as well as 
European populations than in Asian and African populations.>*! 
Several clinical studies have found an association between the 
increased incidence of cholesterol gallstones in China and west- 
ernization of the traditional Chinese diet.*” In Japan, cholesterol 
cholelithiasis was once rare, but since the 1970s, the adoption 
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of Western-type dietary habits has led to a markedly increased 
incidence.*? 


Pregnancy and Parity 


Pregnancy is a risk factor for the development of biliary sludge 
and gallstones.*+ During pregnancy, bile becomes more litho- 
genic because of a significant increase in estrogen levels, which 
result in increased hepatic cholesterol secretion and supersatu- 
rated bile. In addition, gallbladder motility is impaired, with a 
resulting increase in gallbladder volume and bile stasis. These 
alterations promote the formation of sludge and stones in the 
gallbladder.*> Increased progestogen concentrations also reduce 
gallbladder motility. Because plasma concentrations of sex hor- 
mones, especially estrogen, increase linearly with duration of 
gestation, the risk of gallstone formation is high in the third tri- 
mester of pregnancy. Increasing parity is probably a risk factor 
for gallstones, especially in younger women. 


Rapid Weight Loss 


Rapid weight loss is a well-known risk factor for the formation of 
cholesterol gallstones.*° As many as 50% of obese patients who 
undergo gastric bypass surgery form biliary sludge and eventu- 
ally gallstones within 6 months after surgery. Gallstones also 
develop in 25% of patients who undergo strict dietary restric- 
tion. Furthermore, about 40% of these patients display symp- 
toms related to gallstones within the same 6-month period. The 
mechanisms by which rapid weight loss causes gallstone forma- 
tion include enhanced hepatic secretion of biliary cholesterol 
during caloric restriction, increased production of mucin by the 
gallbladder, and impaired gallbladder motility. Gallstones may 
be prevented in this high-risk population by prophylactic admin- 
istration of UDCA, which, in a dose of 600 mg/day, has been 
reported to reduce the prevalence of gallstones from 28% to 3% 
in obese patients on a very-low-calorie diet (see later).>” 


TPN 


TPN is associated with the development of cholelithiasis and 
acalculous cholecystitis. As early as 3 weeks after initiation of 
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TPN, biliary sludge often forms in the gallbladder because of 
prolonged fasting. In addition, the sphincter of Oddi may fail 
to relax, leading to preferential flow of bile into the gallbladder. 
Approximately 45% of adults and 43% of children form gall- 
stones after 3 to 4 months of TPN.**? Because patients who 
receive TPN often have serious medical problems and are not 
good candidates for abdominal surgery, prophylactic treatment 
to prevent gallstones should be prescribed if no contraindication 
exists. CCK octapeptide administered twice daily via an IV line 
to patients on long-term TPN has proved to be safe and cost 
effective*? and should be used routinely in TPN-treated patients. 


Biliary Sludge 


Biliary sludge is a crucial intermediate stage in the pathogenesis 
of both cholesterol and pigment gallstones because it facilitates 
crystallization and agglomeration of solid plate-like cholesterol 
monohydrate crystals, as well as precipitation of calcium biliru- 
binate, and ultimately develops into macroscopic stones.*!*? In 
addition, biliary sludge can induce acute cholecystitis, cholangi- 
tis, and acute pancreatitis. Furthermore, biliary sludge is associ- 
ated with many conditions that predispose to gallstone formation, 
including pregnancy, rapid weight loss, spinal cord injury, long- 
term TPN, and treatment with octreotide.’ Although biliary 
sludge is reversible in most cases, it persists or disappears and 
reappears in 12% to 20% of affected persons and eventually leads 
to gallstones. UDCA treatment of patients with persistent bili- 
ary sludge decreases the frequency of clinical complications of 
biliary sludge (see later). 


Drugs 


Estrogens 

Most, but not all, relevant clinical studies have shown that use of 
oral contraceptive steroids and conjugated estrogens in premeno- 
pausal women doubles the prevalence of cholesterol gallstones. 1°44 
Moreover, in a large French study of 45,984 postmenopausal 
women, use of hormone replacement therapy was associated with 
an increased risk of cholecystectomy (hazard ratio [HR], 1.10); 
the increase in risk was limited to women who received unop- 
posed estrogen (HR, 1.38).*° 


Administration of estrogen to postmenopausal women and 
estrogen therapy to men with prostatic carcinoma have similar 
lithogenic effects.+*° Therefore, estrogen has been proposed to 
be an important risk factor for the formation of cholesterol gall- 
stones. In mice, the hepatic estrogen receptor a, but not f, plays 
a crucial role in cholesterol gallstone formation in response to 
estrogen.’’ The hepatic estrogen receptor a, which is activated by 
estrogen, interferes with the negative feedback regulation of cho- 
lesterol biosynthesis by stimulating the sterol-regulatory element 
binding protein-2 (SREBP-2) pathway, with the resulting acti- 
vation of the SREBP-2-responsive genes in the cholesterol bio- 
synthetic pathway.*? These alterations lead to increased hepatic 
secretion of newly synthesized cholesterol and supersaturation 
of bile, thereby predisposing to precipitation of solid choles- 
terol monohydrate crystals and formation of gallstones. More- 
over, genetic analysis in mice reveals that the G protein-coupled 
receptor 30 (GPR30), a novel estrogen receptor, is a gallstone 
gene named Lith18. GPR30 exerts a synergistic lithogenic action 
with estrogen receptor a to enhance estrogen-induced gallstone 
formation.*’ In addition, estrogen induces a decrease in plasma 
LDL cholesterol levels and an increase in plasma HDL choles- 
terol concentrations. The decrease in plasma LDL levels is a 
result of increased expression of the hepatic LDL receptor, which 
increases the clearance of plasma LDL. The increased uptake of 
LDL by the liver may also result in increased secretion of cho- 
lesterol into bile. High levels of estrogen may induce gallbladder 
hypomotility and consequently bile stasis. 


Lipid-Lowering Drugs 

Lipid-lowering drugs may influence the formation of gallstones 
because they regulate key pathways in cholesterol and bile salt 
metabolism. Clofibrate is a lipid-lowering drug associated with 
gallstone formation. Clofibrate induces cholesterol supersatu- 
ration in bile and diminishes bile salt concentrations by reduc- 
ing the activity of cholesterol 7a-hydroxylase (the rate-limiting 
enzyme in bile salt synthesis of classical pathway) (see Chapter 
64).48 The 3-hydroxy-3-methylglutaryl coenzyme A (HMG- 
CoA) reductase inhibitors (statins) reduce the biliary cholesterol 
saturation index (CSI), but their role in the prevention or therapy 
of gallstone disease requires further investigation in humans.*? 
The potent cholesterol absorption inhibitor ezetimibe prevents 
formation of cholesterol gallstones and facilitates dissolution of 
gallstones in gallstone-susceptible C57L mice. Ezetimibe may 
also act as a potent biliary cholesterol-desaturating agent in 
patients with gallstones.°°°'! Cholestyramine and nicotinic acid 
have no association with gallstone formation. 


Octreotide 

‘The somatostatin analog octreotide increases the prevalence of 
gallstones when administered to patients as treatment for acro- 
megaly, with approximately 28% of treated acromegalic patients 
forming gallstones. Acromegalic patients who are treated with 
octreotide display dysfunctional gallbladder motility, sluggish 
intestinal transit, and increased colonic deoxycholic acid forma- 
tion and absorption," all of which facilitate formation of choles- 
terol gallstones. 


Ceftriaxone 

The third-generation cephalosporin ceftriaxone has a long dura- 
tion of action, with much of the drug excreted in the urine. 
Approximately 40% of the drug, however, is secreted in an unme- 
tabolized form into bile, where its concentration reaches 100 to 
200 times that of the concentration in plasma and exceeds its 
saturation level in bile. Once its saturation level is exceeded, cef- 
triaxone complexes with calcium to form insoluble salts, thereby 
resulting in formation of biliary sludge. Up to 43% of children 
who receive high doses of ceftriaxone (60 to 100 mg/kg/day) have 
been reported to form biliary sludge, and about 19% of these 


CHAPTER 65 Gallstone Disease 1019 


patients experience biliary symptoms.” The sludge usually disap- 
pears after ceftriaxone is discontinued. 


Lipid Abnormalities 


Epidemiologic investigations have shown that plasma HDL 
cholesterol levels are inversely correlated with the prevalence 
of cholesterol gallstones.*+ By contrast, hypertriglyceridemia is 
positively associated with an increased prevalence of gallstones.’ 
These seemingly independent variables are actually interrelated 
because high plasma TG levels tend to increase with increasing 
body mass and are inversely correlated with plasma HDL levels. 
Interestingly, high plasma total and LDL cholesterol levels are 
not likely to be risk factors for the formation of gallstones. 


Systemic Diseases 


Obesity and Insulin Resistance 

Obesity is a well-known risk factor for cholelithiasis, and the 
prevalence of gallstone is rising with the worldwide obesity epi- 
demic and the increasing incidence of insulin resistance.°°>’ A 
large prospective study of obese women demonstrated a strong 
linear association between BMI and the prevalence of choleli- 
thiasis.** In this study, the risk of gallstones was 7-fold higher 
in women with the highest BMI (>45 kg/m’) than in nonobese 
control women. Obesity is associated with increased hepatic 
secretion of cholesterol into bile, possibly because of higher 
enzymatic activity of HMG-CoA reductase and increased cho- 
lesterol synthesis in the liver. As a result, gallbladder bile is more 
lithogenic in obese than in nonobese persons, and a higher ratio 
of cholesterol to solubilizing lipids (bile acids and phospholipids) 
is observed in the former group. These alterations predispose to 
cholesterol crystallization and gallstone formation. Gallbladder 
motility is often impaired in obese persons, thereby promoting 
mucin secretion and accumulation, as well as cholesterol crystalli- 
zation. The effect of pronucleating and antinucleating factors on 
cholesterol crystallization and gallstone formation in gallbladder 
bile warrants further investigation in obese and nonobese sub- 
jects. 


Diabetes Mellitus 

Patients with diabetes mellitus have long been considered to be at 
increased risk of developing gallstones because hypertriglyceride- 
mia and obesity are associated with diabetes mellitus and because 
gallbladder motility is often impaired in patients with diabe- 
tes mellitus.” Proving that diabetes mellitus is an independent 
risk factor for gallstones has been difficult, however. Mice with 
hepatic insulin resistance induced by liver-specific disruption 
of the insulin receptor are markedly predisposed to formation 
of cholesterol gallstones.’ Hepatic insulin resistance promotes 
hepatic secretion of biliary cholesterol by increasing expression 
of the hepatic cholesterol transporters Abcg5 and Abcg8 through 
the forkhead transcription factor FoxO1 pathway. It also reduces 
expression of the bile salt synthetic enzymes, particularly oxys- 
terol 7a-hydroxylase, thereby resulting in a lithogenic bile salt 
profile. 


Diseases of the Ileum 

Disease or resection of the terminal ileum has been found to be 
a risk factor for gallstone formation. For example, intestinal bile 
salt absorption is often impaired in patients with Crohn disease, 
who are at increased risk of gallstones.°! The loss of specific bile 
salt transporters (e.g., ileal apical sodium-dependent bile acid 
transporter) in the terminal ileum may result in excessive bile salt 
excretion in feces and a diminished bile salt pool size, presumably 
with a consequent increase in the risk of cholesterol gallstones. 
These changes may also lead to formation of pigment gall- 
stones because increased bile salt delivery to the colon enhances 
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solubilization of unconjugated bilirubin, thereby increasing bili- 
rubin concentrations in bile. 


Spinal Cord Injuries 

Spinal cord injuries are associated with a high prevalence of gall- 
stones, which have been reported in some 31% of such patients, 
who have an annual rate of biliary complications of 2.2%. 
Although the complication rate associated with gallstones in 
patients with spinal cord injuries is at least 2-fold higher than 
the rate of gallstones in the general population, the relative risk 
is still low enough that prophylactic cholecystectomy is prob- 
ably not justified. The mechanisms responsible for the associa- 
tion between spinal cord injuries and gallstone formation remain 
unclear. Gallbladder relaxation is impaired in these patients, 
but gallbladder contraction in response to a meal is normal. 
Therefore, the increased risk of gallstones is unlikely to be due 
to biliary stasis alone. 


NAFLD 

Both gallstone disease and NAFLD are highly prevalent in the 
general population and often co-exist in the same populations 
(see Chapter 87). These epidemiologic and clinical studies raise 
the possibility that both disorders could be casually related, 
similar risk factors influence the natural history of NAFLD and 
gallstone disease, or NAFLD is indeed an independent risk fac- 
tor for cholesterol cholelithiasis. Although many clinical studies 
have investigated the association between NAFLD and gall- 
stone disease, the results have been variable.°?-6* The relation- 
ship among insulin resistance (evaluated with the homeostatic 
model assessment), liver fibrosis, NASH, and gallstone disease 
has been studied in morbidly obese patients with NAFLD 
before bariatric surgery.°’ The prevalence of NASH is 18% in 
a morbid obese population with gallbladder disease. The third 
large U.S. National Health and Nutrition Examination Survey 
(NHANES) between 1988 and 1994 investigated 12,232 sub- 
jects by US and reported an association between gallstone dis- 
ease, with a prevalence of 7.4% for gallstones and 5.6% for 
cholecystectomy, and NAFLD, with a prevalence of 20.0%.°° 
The prevalence of NAFLD was significantly higher in the group 
that underwent cholecystectomy (48.4%) and in the gallstone 
group (34.4%) than in the gallstone-free group (17.9%). These 
findings suggest that both conditions are tightly associated with 
metabolic disturbances such as obesity, insulin resistance, dys- 
lipidemia, and the metabolic syndrome. 


Celiac Disease 

Celiac disease is a chronic, small intestinal, autoimmune enter- 
opathy caused by an intolerance to dietary gluten in genetically 
predisposed individuals (see Chapter 107). Clinical studies have 
found that, because of defective CCK release from the proximal 
small intestine caused by enteropathy in patients with celiac dis- 
ease before they start a gluten-free diet, gallbladder emptying in 
response to a fatty meal is impaired.°”-’? Lack of CCK markedly 
enhances susceptibility to cholesterol gallstones via a mecha- 
nism involving dysmotility of both the gallbladder and the small 
intestine.” Because a gluten-free diet can significantly improve 
celiac enteropathy, early diagnosis and therapy in celiac patients 
is crucial for preventing the long-term impact of CCK defi- 
ciency on biliary and intestinal function. When gluten is rein- 
troduced in the diet, clinical and histologic relapse often occurs 
in patients with celiac disease. Moreover, some patients do not 
respond well to a gluten-free diet. Patients with celiac disease 
should routinely undergo US to determine whether gallblad- 
der motility function is preserved and whether biliary sludge (a 
precursor to gallstones) is present in the gallbladder. Impaired 
intestinal CCK secretion is the link between celiac disease and 
cholesterol gallstone disease.’* Because neither epidemiologic 
investigations of gallstone prevalence rates in patients with 


celiac disease nor clinical studies of the impact of celiac disease 
on the pathogenesis of gallstones have been reported, whether 
celiac disease is an independent risk factor for gallstone disease 
remains largely unknown. 


Protective Factors 
Statins 


Use of statins has been associated with a decreased risk of gallstone 
disease in 2 large case-control studies. The first study compared 
27,035 patients with gallstone disease who required cholecys- 
tectomy with 106,531 matched controls and showed a benefit to 
long-term statin use (>20 prescriptions filled and use of statins 
for >1.5 years)’; statin use was associated with a decreased risk of 
gallstone disease requiring cholecystectomy (adjusted odds ratio 
[OR], 0.64). Similar results were observed in a population study 
from Denmark of 32,494 patients with gallstone disease matched 
with 324,925 controls.’° The odds ratios of having gallstone dis- 
ease in current and prior users of statins (>20 prescriptions filled) 
were 0.76 and 0.79, respectively, compared with controls. 


Ascorbic Acid 


The observation that deficiency of ascorbic acid (vitamin C) is 
associated with the development of gallstones in guinea pigs 
prompted investigation of the relationship between ascorbic 
acid levels and gallstones in humans. Serum ascorbic acid lev- 
els have been correlated with clinical or asymptomatic gallstones 
in 7042 women and 6088 men who were enrolled in the third 
NHANES.” Among women, but not men, each standard devia- 
tion increase in serum ascorbic acid levels was associated with a 
13% lower prevalence rate of clinical gallbladder disease. 


Coffee 


In a 10-year follow-up of 46,000 male health professionals, sub- 
jects who consistently drank 2 to 3 cups of regular coffee per day 
were approximately 40% less likely to develop symptomatic gall- 
stones.” Drinking 4 or more cups per day was even more ben- 
eficial (relative risk 0.55), but there was no benefit to drinking 
decaffeinated coffee. A similar benefit to regular coffee was noted 
in a cohort study involving 81,000 women.’? 


COMPOSITION AND ABNORMALITIES OF BILE 
Physical Chemistry of Bile 
Chemical Composition of Bile 


Cholesterol, phospholipids, and bile salts are the 3 major lipid 
species in bile, and bile pigments are minor solutes. Cholesterol 
accounts for up to 95% of the sterols in bile and gallstones; the 
remaining 5% of the sterols are cholesterol precursors and dietary 
sterols from plant and shellfish sources. 

Concentrations of cholesteryl esters are negligible in bile and 
account for less than 0.02% of total sterols in gallstones. The 
major phospholipids are lecithins (phosphatidylcholines), which 
account for more than 95% of total phospholipids; the remain- 
der consists of cephalins (phosphatidylethanolamines) and a trace 
amount of sphingomyelin. Phospholipids constitute 15% to 25% 
of total lipids in bile. Lecithins are insoluble amphiphilic mole- 
cules with a hydrophilic zwitterionic phosphocholine head group 
and hydrophobic tails that include 2 long fatty acyl chains. Biliary 
lecithins possess a saturated C-16 acyl chain in the sv-1 position 
and an unsaturated C-18 or C-20 acyl chain in the sn-2 position. 
The major molecular species of lecithins (with corresponding 
frequencies) in bile are 16:0 to 18:2 (40% to 60%), 16:0 to 18:1 


(5% to 25%), 18:0 to 18:2 (1% to 16%), and 16:0 to 20:4 (1% 
to 10%). Lecithins are synthesized principally in the endoplas- 
mic reticulum of the hepatocyte from diacylglycerols through the 
cytidine diphosphate-choline pathway. The common bile salts 
typically contain a steroid nucleus of 4 fused hydrocarbon rings 
with polar hydroxyl functions and an aliphatic side chain conju- 
gated in amide linkage with glycine or taurine. In bile, more than 
95% of bile salts are 58,C-24 hydroxylated acidic steroids that are 
amide-linked to glycine or taurine in an approximate ratio of 3:1. 
Bile salts constitute approximately two thirds of the solute mass 
of normal human bile by weight. The hydrophilic (polar) areas 
of bile salts are the hydroxyl groups and conjugated side chain of 
either glycine or taurine, and the hydrophobic (nonpolar) area is 
the ringed steroid nucleus. Because they possess both hydrophilic 
and hydrophobic surfaces, bile salts are highly soluble, detergent- 
like, amphiphilic molecules. Their high aqueous solubility is due 
to their capacity to self-assemble into micelles when a critical 
micellar concentration is exceeded. 

The primary bile salts are hepatic catabolic products of cho- 
lesterol and are composed of cholate (a trihydroxy bile salt) and 
chenodeoxycholate (a dihydroxy bile salt) (see Chapter 64). The 
secondary bile salts are derived from the primary bile salt species 
by the action of intestinal bacteria in the ileum and colon and 
include deoxycholate, ursodeoxycholate, and lithocholate. The 
most important of the conversion reactions is 7a-dehydroxylation 
of primary bile salts to produce deoxycholate from cholate and 
lithocholate from chenodoxycholate. Another important conver- 
sion reaction is the 7a-dehydrogenation of chenodeoxycholate to 
form 7a-oxo-lithocholate. This bile salt does not accumulate in 
bile but is metabolized by hepatic or bacterial reduction to form 
the tertiary bile salt chenodeoxycholate (mainly in the liver) or its 
7B-epimer ursodeoxycholate (primarily by bacteria in the colon). 

Bile pigments are minor solutes and are formed as a meta- 
bolic product of certain porphyrins. They account for roughly 
0.5% of total lipids in bile by weight. They are mainly bilirubin 
conjugates with traces of porphyrins and unconjugated bilirubin. 
Bilirubin can be conjugated with a molecule of glucuronic acid, 
which makes it soluble in water. In human bile, bilirubin mono- 
glucuronides and diglucuronides are the major bile pigments. 
Other bile pigments are monoconjugates and diconjugates of 
xylose, glucose, and glucuronic acid and various homoconjugates 
and heteroconjugates of them. 

Proteins and inorganic salts are also found in bile. Albumin 
appears to be the most abundant protein in bile, followed by 
immunoglobulins G and M, apolipoproteins AI, AII, B, CI, and 
CII, transferrin, and a)-macroglobin. Other proteins that have 
been identified but not quantitated in bile include EGF, insulin, 
haptoglobin, CCK, lysosomal hydrolase, and amylase. Inorganic 
salts detected in bile include sodium, phosphorus, potassium, cal- 
cium, copper, zinc, iron, manganese, molybdenum, magnesium, 
and strontium. 


Physical States of Biliary Lipids 


Cholesterol is nearly insoluble in water, and the mechanism by 
which cholesterol is solubilized in bile is complex because bile is 
an aqueous solution. The 2 main types of macromolecular aggre- 
gates in bile are micelles and vesicles, which greatly enhance the 
solubilization of cholesterol in bile. 

Bile salts are soluble in an aqueous solution because they are 
amphiphilic, in that they have both hydrophilic and hydrophobic 
areas. This unique property of bile salts is dependent on the num- 
ber and characteristics of the hydroxyl groups and side chains, as 
well as the composition of the particular aqueous solution. When 
bile salt concentrations exceed the critical micellar concentra- 
tion, their monomers can spontaneously aggregate to form simple 
micelles. The simple micelles (=3 nm in diameter) are small, disk- 
like, and thermodynamically stable aggregates that can solubilize 
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cholesterol. They can also solubilize and incorporate phospholip- 
ids to form mixed micelles that are capable of solubilizing at least 
triple the amount of cholesterol compared with that solubilized 
by simple micelles. Mixed micelles (4 to 8 nm in diameter) are 
large, thermodynamically stable aggregates composed of bile 
salts, phospholipids, and cholesterol. Their size depends on the 
relative proportion of bile salts and phospholipids. The mixed 
micelle is a lipid bilayer with the hydrophilic groups of the bile 
salts and phospholipids aligned on the “outside” of the bilayer, 
interfacing with the aqueous bile, and the hydrophobic groups 
on the “inside.” Therefore, cholesterol molecules can be solubi- 
lized on the inside of the bilayer away from the aqueous areas on 
the outside. The amount of cholesterol that can be solubilized is 
dependent on the relative proportions of bile salts, and the maxi- 
mal solubility of cholesterol occurs when the molar ratio of phos- 
pholipids to bile salts is between 0.2 and 0.3. Furthermore, the 
solubility of cholesterol in mixed micelles is enhanced when the 
concentration of total lipids in bile is increased. 

When model and native biles are examined by quasi-elastic 
light-scattering spectroscopy and electron microscopy, it is found 
that, besides micelles, vesicles solubilize cholesterol in bile. 
Biliary vesicles are unilamellar spherical structures that contain 
phospholipids, cholesterol, and little if any bile salts. Vesicles are 
substantially larger than either simple or mixed micelles (40 to 100 
nm in diameter) but much smaller than liquid crystals @500 nm 
in diameter) that are composed of multilamellar spherical struc- 
tures. Because vesicles are present in large quantities in hepatic 
bile, they could be secreted by hepatocytes. Unilamellar vesicles 
are often detected in freshly collected samples of unsaturated 
bile and are physically indistinguishable from those identified in 
supersaturated bile. Dilute hepatic bile, in which solid cholesterol 
crystals and gallstones never form, is always supersaturated with 
cholesterol because vesicles solubilize biliary cholesterol in excess 
of what could be solubilized in mixed micelles. Cholesterol-rich 
vesicles are remarkably stable in dilute bile, consistent with the 
absence of cholesterol crystallization in hepatic bile. The unila- 
mellar vesicles can fuse and form large multilamellar vesicles (also 
known as /iposomes or liquid crystals). Solid cholesterol monohy- 
drate crystals may nucleate from multilamellar vesicles in concen- 
trated gallbladder bile. 

Vesicles are relatively static structures that are affected by sev- 
eral factors, including biliary lipid concentrations and the relative 
ratios of cholesterol, phospholipids, and bile salts. The relative 
concentrations of these 3 important lipids in bile are influenced 
by their hepatic secretion rates, which vary with fasting and feed- 
ing. For example, during the fasting period, hepatic output of 
biliary bile salts is relatively low. As a result, the ratio of choles- 
terol to bile salts is increased, and more cholesterol is carried in 
vesicles than in micelles. By contrast, with feeding, hepatic output 
of biliary bile salts is increased, and more cholesterol is solubi- 
lized in micelles than in vesicles. In addition, when the concentra- 
tion of bile salts is relatively low, especially in dilute hepatic bile, 
vesicles are relatively stable, and only some vesicles are converted 
to micelles. By contrast, with increasing bile salt concentrations 
in concentrated gallbladder bile, vesicles may be converted com- 
pletely into mixed micelles. Because relatively more phospho- 
lipids than cholesterol can be transferred from vesicles to mixed 
micelles, the residual vesicles are remodeled and may be enriched 
in cholesterol relative to phospholipids. If the remaining vesicles 
have a relatively low ratio (<1) of cholesterol to phospholipids, 
they are relatively stable, but if the ratio of cholesterol to phos- 
pholipids in vesicles is greater than 1, vesicles become increas- 
ingly unstable. These cholesterol-rich vesicles may transfer 
some cholesterol to less cholesterol-rich vesicles or to micelles 
or may fuse or aggregate to form larger (~500 nm in diameter) 
multilamellar vesicles (i.e., liposomes or liquid crystals). Liquid 
crystals are often visible by polarizing light microscopy as lipid 
circular droplets with characteristic birefringence in the shape of 
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a Maltese cross. Liquid crystals are inherently unstable and may 
form solid plate-like cholesterol monohydrate crystals, a process 
termed cholesterol nucleation. Therefore, nucleation of cholesterol 
monohydrate crystal results in a decrease in the amount of cho- 
lesterol contained in vesicles but not in micelles, and vesicles may 
serve as the primary source of cholesterol for nucleation. 

Under normal physiologic conditions, bile is concentrated 
gradually within the biliary tract so that the bile salt concentration 
approaches its critical micellar concentration. When this occurs, 
bile salts begin to modify the structure of phospholipid-rich vesi- 
cles that are secreted into bile by hepatocytes. These interactions 
signify the start of a complex series of molecular rearrangements 
that ultimately lead to formation of simple and mixed micelles. In 
supersaturated bile, 2 pathways result in formation of cholesterol- 
rich vesicles from phospholipid-rich vesicles at the canalicular 
membrane of hepatocyte. Because bile salts solubilize phospho- 
lipids more efficiently than cholesterol, cholesterol-rich vesicles 
may form when bile salts preferentially extract phospholipid mol- 
ecules directly from phospholipid-rich vesicles. The alternative 
pathway is the rapid dissolution of phospholipid-rich vesicles 
by bile salts with the production of unstable mixed micelles that 
contain excess cholesterol. Structural rearrangements of these 
unstable micellar particles result in the formation of cholesterol- 
rich vesicles. 


Phase Diagrams and Cholesterol Solubility in Bile 


In the 1960s, Small and colleagues defined the maximal solubility 
(saturation) limits for cholesterol in model quaternary bile sys- 
tems that consisted of varying proportions of cholesterol, phos- 
pholipids, bile salts, and water.*°-** The relative proportions (as 
molar percentages) of the 3 lipids in bile play a critical role in 
determining the maximal solubility of cholesterol. When the rel- 
ative proportions of the 3 lipids at a fixed total lipid concentration 
are plotted in a triangular coordinate, the solubility of cholesterol 
for any given solute concentration can be determined.” The tri- 
angular coordinate diagram also illustrates the physical phases of 
cholesterol in bile. For example, the phase diagram shown in Fig. 
65.3 is specific for a total lipid concentration of 7.5 g/dL, which 
is typical of human gallbladder bile.*’** For hepatic bile, with a 
typical total lipid concentration of 3 g/dL, the phase boundaries 
would be different, with a smaller micellar zone, all phase bound- 
aries shifted to the left, and an expanded 2-phase zone on the 
right (i.e., region E in Fig. 65.3). The effect of total lipid concen- 
tration on cholesterol solubilization in the micellar zone explains 
why hepatic bile tends to be more saturated with cholesterol than 
is gallbladder bile in the same subject. Because hepatic bile con- 
tains a large number of cholesterol-phospholipid vesicles that are 
relatively stable, solid plate-like cholesterol monohydrate crystals 
never occur in hepatic bile. 

Equilibrium phase diagrams can also be used to predict the 
phases in which solid cholesterol crystals can be found at equi- 
librium.** Although the equilibration process starts after hepatic 
bile is secreted from hepatocytes and flows into the biliary tract, 
the evolution to cholesterol monohydrate crystals occurs only in 
gallbladder bile. For example, in unsaturated bile, all cholesterol 
can be solubilized in both simple and mixed micelles, and rela- 
tive biliary lipid compositions are located in the micellar zone of 
the phase diagram. By contrast, in supersaturated bile, cholesterol 
cannot be completely solubilized by simple and mixed micelles, 
and relative biliary lipid compositions are located outside the 
micellar zone of the phase diagram. Under these circumstances, 
high vesicular cholesterol concentrations and high total lipid con- 
centrations in bile can work together to produce the solid crys- 
talline phase. Therefore, with typical physiologic lipid ratios, at 
equilibrium, cholesterol monohydrate crystals are present with 
saturated simple and mixed micelles or with saturated micelles 
plus vesicles that have become multilamellar liquid crystals. The 
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Fig. 65.3 Equilibrium phase diagram of a cholesterol-phospholipid 
(lecithin)-mixed bile salt system (87°C, 0.15 M NaCl, pH 7.0, total 
lipid concentration 7.5 g/dL) showing positions and configuration of 
crystallization regions. Components are expressed in moles percent. 
The 1-phase micellar zone at the bottom is enclosed by a solid an- 
gulated line, and above it, 2 solid lines divide the 2-phase zones from 
a central 3-phase zone. Based on the solid and liquid crystallization 
sequences present in the bile, the left 2-phase and central 3-phase 
regions are divided by dashed lines into regions A to D. The number 
of phases represents the equilibrium state. The phases are cholesterol 
monohydrate crystals and saturated micelles for crystallization regions 
A and B; cholesterol monohydrate crystals, saturated micelles, and 
liquid crystals for regions C and D; and liquid crystals of variable com- 
position and saturated micelles for region E. Of note is that decreases 
in temperature (37°C > 4°C), total lipid concentration (7.5 g/dL > 2.5 
g/dL), and bile salt hydrophobicity (8a,12a-8a,7a-80,7a,120—-3a, 7B- 
hydroxylated taurine conjugates) progressively shift all crystallization 
pathways to lower phospholipid contents, retard crystallization, and 
reduce micellar cholesterol solubilities. These changes generate a 
series of new condensed-phase diagrams with an enlarged region E. 
(Reproduced with permission from Wang DQ, Carey MC. Complete 
mapping of crystallization pathways during cholesterol precipitation 
from model bile: influence of physical-chemical variables of patho- 
physiologic relevance and identification of a stable liquid crystalline 
state in cold, dilute, and hydrophilic bile salt-containing systems. J 
Lipid Res 1996;37:606-30.) 


final physical state of bile is also influenced by the ratio of the 
concentration of bile salts to that of phospholipids and the overall 
hydrophilic-hydrophobic balance of both bile salt and phospho- 
lipid species. 

Within the micellar zone (see Fig. 65.3), bile is a visually clear, 
stable solution that is considered unsaturated because all choles- 
terol can be solubilized in thermodynamically stable simple and 
mixed micelles. At the boundary line of the micellar zone, bile is 
saturated because all the solubilizing capacity for cholesterol is 
used and no further cholesterol can be carried in micelles. Out- 
side the micellar zone, bile is supersaturated because excess cho- 
lesterol cannot be solubilized by micelles*?*° and exists in more 
than 1 phase (micelles, liquid crystals, and solid monohydrate 
crystals); the solution is visually cloudy. Obviously, relatively 
stable unilamellar cholesterol-phospholipid vesicles solubilize a 
significant proportion of cholesterol outside the micellar zone. 
The term metastable zone refers to the area in the phase diagram 
(above but near the micellar zone) in which bile is supersaturated 


with cholesterol but may not form solid cholesterol monohydrate 
crystals even after many days. The diagram also suggests that 
when the quantity of cholesterol in bile exceeds that which can 
be solubilized by the available bile salts and phospholipids, solid 
plate-like cholesterol monohydrate crystals precipitate in bile. 
Furthermore, the proportional distance outside the micellar zone 
directed along an axis joined to the cholesterol apex is often cal- 
culated as the CSI (or lithogenic index).*° Therefore, the degree 
of saturation of bile with cholesterol can be quantitated. A CSI 
for a sample of bile can be estimated directly from the diagram or 
calculated by using a formula. The CSI is the ratio of the actual 
amount of cholesterol present in a bile sample to the maximal 
amount of cholesterol that can be dissolved in it. Bile that has 
a CSI of 1 is saturated; bile with a saturation index less than 1 
is unsaturated; and bile with a saturation index greater than 1 is 
supersaturated. The degree of saturation can also be expressed 
as percent saturation by multiplying the saturation index by 100. 
For example, at the boundary of the micellar zone, bile is satu- 
rated, and the CSI is 100%. Supersaturated bile has a CSI above 
100%, and unsaturated bile has a CSI below 100%. The CSI val- 
ues are also useful for predicting the proportion of lipid particles 
and the metastable and equilibrium physical states in bile. 


Hepatic Secretion of Biliary Lipids 
Source of Lipids Secreted in Bile 


The supply of hepatic cholesterol molecules that can be recruited 
for biliary secretion depends on the balance of input and out- 
put of cholesterol and its metabolism in the liver (Fig. 65.4) (see 
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also Chapters 64 and 72). Input is related to the amount of cho- 
lesterol (both unesterified and esterified) taken up by the liver 
from plasma lipoproteins (LDL > HDL > chylomicron remnants) 
plus de novo hepatic cholesterol synthesis. Output is related to 
the amount of cholesterol disposed of within the liver by con- 
version to cholesteryl ester (to form new VLDL and for stor- 
age) minus the amount of cholesterol converted to primary bile 
salts. An appreciable fraction of cholesterol in bile may also be 
derived from the diet via apolipoprotein E-dependent delivery 
of chylomicron remnants to the liver. Under low or no dietary 
cholesterol conditions, bile contains newly synthesized choles- 
terol from the liver and preformed cholesterol that reaches the 
liver in several different ways. Approximately 20% of the cho- 
lesterol in bile comes from de novo hepatic biosynthesis, and 
80% is from pools of preformed cholesterol within the liver. De 
novo cholesterol synthesis in the liver uses acetate as a substrate 
and is mainly regulated by the rate-limited enzyme HMG-CoA 
reductase. This enzyme can be up- or down-regulated depending 
on the overall cholesterol balance in the liver. An increase in the 
activity of this rate-limiting enzyme leads to excessive cholesterol 
secretion in bile. The major sources of preformed cholesterol are 
hepatic uptake of plasma lipoproteins (mainly HDL and LDL 
through their receptors on the basolateral membrane of hepa- 
tocytes). Consistent with their central role in reverse cholesterol 
transport, HDL particles are the main lipoprotein source of cho- 
lesterol that is targeted for biliary secretion. Under conditions 
of a high cholesterol diet, dietary cholesterol reaches the liver 
through the intestinal lymphatic pathway as chylomicrons and 
then chylomicron remnants, after chylomicrons are hydrolyzed 
by plasma lipoprotein lipase and hepatic lipase. The synthesis of 
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Fig. 65.4 Uptake, biosynthesis, catabolism, and biliary secretion of cholesterol at the hepatocyte level. Hepatic 


uptake of cholesterol is mediated by the LDL receptor (LDLR), by scavenger receptor class B type | (SR-B/) 
for HDL, and by the chylomicron remnant receptor (CMRR) for chylomicron remnants (CMR). Biosynthesis 

of hepatic cholesterol (CH) from acetate is regulated by the rate-limiting enzyme 3-hydroxy-3-methylglutaryl- 
coenzyme A reductase (HIVGCR). Part of the cholesterol is esterified by acyl-coenzyme A:cholesterol acyl- 
transferase (ACAT) for storage in the liver. Some of the cholesterol is used for the formation of VLDL, which is 
secreted into the blood. The ABC transporter ABCA7 may translocate, either directly or indirectly, cholesterol 
and phospholipids to the cell surface, where they appear to form lipid domains that interact with amphipathic 
a-helices in apolipoproteins. This interaction solubilizes these lipids and generates nascent HDL particles that 
dissociate from the cell. A proportion of cholesterol is used for synthesis of bile salts (BS) via the classical and 
alterative pathways, as regulated by 2 rate-limiting enzymes, cholesterol 7a-hydroxylase (CYP7A7) and sterol 
27-hydroxylase (CYP27A7), respectively. Hepatic secretion of biliary cholesterol, bile salts, and phospholipids 
(PL) across the canalicular membrane is determined by 3 lipid transporters, ABCG5/G8, ABCB11, and ABCB4, 
respectively. The Niemann-Pick C1-like 1 (WPC7L7) protein may have a weak role in taking cholesterol back 
from hepatic bile to the hepatocyte. A vesicle is shown in the canaliculus. 
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new cholesterol in the liver is reduced and comprises only about 
5% of biliary cholesterol. Overall, the liver can systematically 
regulate the total amount of cholesterol within it, and any excess 
cholesterol is handled efficiently. 

Although biliary phospholipid is derived from the cell mem- 
branes of hepatocytes, the composition of biliary phospholipid 
differs markedly from that of hepatocyte membranes. The mem- 
branes of hepatocytes contain phosphatidylcholines (lecithins), 
phosphatidylethanolamines, phosphatidylinositols, phosphati- 
dylserines, and sphingomyelins. The major source of phospha- 
tidylcholine molecules destined for secretion into bile is hepatic 
synthesis. A fraction of biliary phosphatidylcholines may also 
originate in the phospholipid coat of HDL particles. From 10 to 
15 g of phospholipids are secreted into bile each day in humans. 

More than 95% of bile salt molecules, after secretion into 
bile, return to the liver through the enterohepatic circulation by 
absorption mostly from the distal ileum via an active transport 
system such as apical sodium-dependent bile acid transporter 
and organic solute transporters a and B (see Chapter 64). Conse- 
quently, newly synthesized bile salts in the liver contribute only a 
small fraction (<5%) to biliary secretion and compensate for bile 
salts that escape intestinal absorption and are lost in feces. Fecal 
excretion of bile salts is increased when the enterohepatic circula- 
tion of bile salts is partially or completely interrupted by surgery, 
disease states, or drugs (e.g., bile salt-binding resins such as cho- 
lestyramine). Complete interruption of the enterohepatic circu- 
lation results in up-regulation of bile salt synthesis in the liver, 
which restores bile salt secretion rates to approximately 25% of 
their usual values. Cholesterol from 2 sources serves as substrate 
for bile salt synthesis: cholesterol that is newly synthesized in the 
smooth endoplasmic reticulum and cholesterol that is preformed 
outside the smooth endoplasmic reticulum. The first step in this 
process is catalyzed by cholesterol 7a-hydroxylase. In the basal 
state, bile salt synthesis uses principally newly synthesized cho- 
lesterol as a substrate. When de novo cholesterol biosynthesis is 
suppressed by long-term therapy with an HMG-CoA reductase 
inhibitor such as a statin, preformed cholesterol originating from 
plasma lipoprotein substitutes for newly synthesized cholesterol. 


Biliary Lipid Secretion 


Bile salts have been shown to stimulate hepatic secretion of 
vesicles, which are always detected in freshly collected hepatic 
bile.85”88 When cultured under specified conditions, rat hepato- 
cytes form couplets with isolated “bile canaliculi” at the interface 
between adjoining cells. With the use of laser light-scattering 
techniques, vesicle formation can be observed within these bile 
canaliculi after exposure to bile salts. In addition, rapid fixation 
techniques and electronic microscopy have provided direct mor- 
phologic evidence of vesicle formation and secretion at the outer 
surface of the canalicular membrane of hepatocytes.*”.°? Most, if 
not all, bile salts are thought to enter canalicular spaces as mono- 
mers, whereas biliary phospholipids and cholesterol enter as unil- 
amellar vesicles (see Fig. 65.4). A study on the molecular genetics 
of sitosterolemia (see Chapter 64) has shown that efflux of biliary 
cholesterol from the canalicular membrane of the hepatocyte is 
a protein-mediated process. Two plasma membrane proteins— 
ATP-binding cassette (ABC) sterol transporters ABCG5 and 
ABCG8—promote cellular efflux of cholesterol. The signifi- 
cance of this process for bile formation has been examined in 
genetically modified mice in which overexpression of the human 
ABCGS and ABCGS8 genes in the liver was shown to increase the 
cholesterol content of gallbladder bile.’'-°> Despite a reduced 
prevalence of gallstones, formation of gallstones is still observed 
in Abcg5/g8 double-knockout mice, as well as in Abcgd or Abcg8 
single-knockout mice fed a lithogenic diet.?!-°> These findings 
strongly support the existence of an ABCG5/G8-independent 
pathway for hepatic secretion of biliary cholesterol and its role in 


formation of cholesterol gallstones. The Niemann-Pick C1-like 
1 (NPCILI) protein is expressed in the canalicular membrane of 
hepatocytes as well as the apical membrane of enterocytes; how- 
ever, its expression levels are significantly lower in the liver than 
in the small intestine in humans. These observations suggest that 
hepatic NPC1L1 may have a weak role in the regulation of bili- 
ary cholesterol secretion.” In addition, scavenger receptor class 
B type I (SR-BD) is localized in sinusoidal and possibly canalicular 
membranes of hepatocytes, and in transgenic and knockout mice 
fed a chow diet, biliary secretion of cholesterol varies in pro- 
portion to hepatic expression of SR-BI and to the contribution 
of SR-BI to sinusoidal uptake of HDL cholesterol destined for 
secretion into bile.°”.° Attenuation of the SR-BI, however, does 
not influence gallstone formation in mice. These results suggest 
that although HDL cholesterol is a principal source of biliary 
cholesterol in the basal state, uptake of cholesterol from chylo- 
micron remnants appears to be the major contributor to biliary 
cholesterol hypersecretion during diet-induced cholelithogenesis 
in the mouse.” 

Deletion of the Abchb4 gene completely inhibits hepatic secre- 
tion of biliary phospholipids in mice,” suggesting that ABCB4 
could be responsible for the translocation, or “flip,” of phospha- 
tidylcholine from the endoplasmic (inner) to ectoplasmic (outer) 
leaflet of the canalicular membrane bilayer of hepatocytes and 
that the action of ABCB4 may form phosphatidylcholine-rich 
microdomains within the outer membrane leaflet. Although the 
ectoplasmic leaflet of the canalicular membrane is cholesterol- 
and sphingomyelin-rich and is relatively resistant to penetration 
by bile salts, bile salts may promote vesicular secretion of bili- 
ary cholesterol and phosphatidylcholine. Bile salts may partition 
preferentially into these areas to destabilize the membrane and 
release phosphatidylcholine-rich vesicles because detergent-like 
bile salt molecules within the canalicular space could interact 
with the canalicular membrane. Mutations of the ABCB4 gene in 
humans result in the molecular defect underlying type 3 progres- 
sive familial intrahepatic cholestasis, as well as low phospholipid- 
associated cholelithiasis (see Chapter 77).!00.!0! 

Biliary bile salts include those that are newly synthesized in the 
liver and those that undergo enterohepatic cycling. The precise 
molecular mechanism of bile salt secretion is not known, although 
it involves ABCB11, a bile salt export pump (see Chapter 64).10?-104 
Although hepatic secretion of biliary bile salts directly affects cho- 
lesterol-phospholipid vesicle secretion, whether bile salt secretion 
is coupled to cholesterol and phospholipid secretion at a molecular 
level remains unknown. The relationship between bile salt secre- 
tion and cholesterol secretion is curvilinear: At low bile salt secre- 
tion rates (usually <10 pmol/hr/kg), more cholesterol is secreted 
per molecule of bile salt than at higher rates. Although bile salt 
secretion rates are not low in normal subjects, they may diminish 
during prolonged fasting, during the overnight period, and with 
substantial bile salt losses, as occur with a biliary fistula or ileal 
resection when the liver cannot compensate sufficiently by increas- 
ing bile salt synthesis. At high bile salt secretion rates, for example, 
during and after eating, biliary cholesterol saturation is less than 
that during interprandial periods. In laboratory animals, biliary 
secretion of organic anions does not influence bile salt secretion 
but does inhibit hepatic secretion of phospholipids and cholesterol 
into bile because organic anions bind bile salts within bile cana- 
liculi and prevent interactions with the canalicular membrane of 


hepatocytes. 


PATHOPHYSIOLOGY 


Fig. 65.5 shows interactions of 5 primary defects that lead to 
formation of cholesterol gallstones: (1) certain genetic factors, 
including LITH genes, (2) hepatic hypersecretion of biliary cho- 
lesterol, (3) gallbladder hypomotility, (4) rapid phase transitions 
of cholesterol, and (5) certain intestinal factors. These defects act 
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Fig. 65.5 Five primary defects work together to promote formation 

of cholesterol gallstones. The 5 defects are genetic factors and LITH 
(gallstone) genes, hepatic hypersecretion of cholesterol, gallblad- 

der hypomotility, rapid phase transitions, and intestinal factors. The 
hypothesis proposed is that hepatic hypersecretion of biliary cholesterol 
is the primary defect and is the outcome, in part, of a complex genetic 
predisposition. Downstream effects include gallbladder hypomotility 
and rapid phase transitions (see Fig. 65.3). A major result of gallbladder 
hypomotility is alteration in the kinetics of the enterohepatic circulation 
of bile salts (intestinal factors). Alterations in intestinal factors result in 
increased cholesterol absorption, as well as reduced bile salt absorp- 
tion, that leads to abnormal enterohepatic circulation of bile salts and 

a diminished biliary bile salt pool size. Not only does gallbladder hypo- 
motility facilitate cholesterol nucleation and crystallization, but it also 
allows the gallbladder to retain solid plate-like cholesterol monohydrate 
crystals. Although a large number of candidate L/TH genes have been 
identified in mouse models and many human LITH genes have been 
discovered, their contributions to gallstone pathogenesis require further 
investigation (see Table 65.1). 


together to facilitate cholesterol nucleation and crystallization 
and ultimately promote formation of cholesterol gallstones. 


Hepatic Hypersecretion of Biliary Cholesterol 


Hepatic hypersecretion of biliary cholesterol plays a primary role 
in the pathogenesis of cholesterol gallstone formation. By defini- 
tion, supersaturated bile contains cholesterol that cannot be solu- 
bilized at equilibrium by bile salts and phospholipids. Cholesterol 
supersaturation could result from (1) excessive hepatic secretion 
of biliary cholesterol, (2) decreased hepatic secretion of biliary 
bile salts or phospholipids with relatively normal cholesterol 
secretion, or (3) a combination of hypersecretion of cholesterol 
and hyposecretion of the solubilizing lipids. With the passage of 
time and in the presence of heterogeneous pronucleating agents 
(usually mucin gel), cholesterol supersaturation leads to precipi- 
tation of solid plate-like cholesterol monohydrate crystals in bile, 
followed by agglomeration and growth of the crystals into mature 
and macroscopic stones. 


Rapid Cholesterol Nucleation and Crystallization 


Cholesterol nucleation and crystallization is a process by which 
solid plate-like cholesterol monohydrate crystals precipitate 
from supersaturated bile. The crystals can be detected by polar- 
izing light microscopy in a sample of bile previously rendered 
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crystal-free (“isotropic”).!°° Bile from patients with cholesterol 
gallstones and from certain normal controls is supersaturated 
with cholesterol, and the degree of cholesterol supersaturation 
is not a reliable predictor of gallstones. On the other hand, rapid 
in vitro cholesterol nucleation and crystallization from the isotro- 
pic phase of gallbladder bile distinguishes the lithogenic bile of 
patients with cholesterol gallstones from cholesterol-supersatu- 
rated bile of nongallstone control subjects.!°° The phase diagram 
of cholesterol, phospholipids, and bile salts discussed earlier (see 
Fig. 65.3) is often used to study the phase transitions where meta- 
stable intermediates form. Five crystallization pathways can be 
identified on the basis of the phospholipid-to-bile salt ratio, total 
lipid concentration, bile salt species (hydrophilic and hydropho- 
bic properties), temperature, and CSI.**.'!°° Furthermore, these 
crystallization pathways have been confirmed in fresh human and 
mouse gallbladder biles.5>!06-107 In Fig. 65.3, which shows the 
cholesterol-phospholipid—mixed bile salt model bile system, the 5 
distinct crystallization pathways are designated A to E, with each 
representing a different sequence of phase transitions, including 
an anhydrous cholesterol pathway and a liquid crystalline path- 
way that leads to formation of solid plate-like cholesterol mono- 
hydrate crystals.*?.!°° Transient arc-like crystals appear in some 
of the pathways and are consistent with crystalline anhydrous 
cholesterol.!0°:!°? Why anhydrous cholesterol crystals should 
precipitate in an aqueous environment is unknown, but they are 
characteristic of the pathways that seem to originate from unila- 
mellar, as opposed to multilamellar, vesicles. In these pathways, 
the critical nucleus may be a unilamellar vesicle that could con- 
tain liquid anhydrous cholesterol molecules in its core, possibly 
reflecting internal nucleation. In essence, these early vesicular 
“nuclei” may already have initiated the nucleation cascade by 
the time bile enters the gallbladder. The current paradigm for 
cholesterol nucleation and crystallization, based principally on 
observations from video-enhanced polarized light microscopy, 
suggests that biliary vesicles must fuse or at least aggregate to 
form crystalline cholesterol monohydrate. Because cholesterol 
nucleation and crystallization are apparently initiated in vesi- 
cles, the stability of the vesicle determines the stability of bile. 
Unstable vesicles can fuse, aggregate, and grow into multilamel- 
lar liquid crystalline structures (liposomes) in which cholesterol 
crystallizes out of solution. Furthermore, evidence from quasi- 
elastic light-scattering spectroscopy shows that nucleation of 
solid cholesterol crystals may occur directly from supersaturated 
micelles in conjugated deoxycholate-rich bile in vitro without an 
intervening vesicle or liquid crystalline phase. 

In bile with the lowest phospholipid content (region A in Fig. 
65.3), arc-like crystals with a density (d = 1.030 g/mL) consistent 
with anhydrous cholesterol appear first and evolve via helical and 
tubular crystals to form plate-like cholesterol monohydrate crys- 
tals (d = 1.045 g/mL).®108:10 With higher phospholipid contents 
(region B), cholesterol monohydrate crystals appear earlier than 
arc-like crystals and other transitional crystals. With typical phys- 
iologic phospholipid contents (region C), early liquid crystals (d = 
1.020 g/mL) are followed by cholesterol monohydrate crystals; 
subsequently, arc-like and other intermediate crystals appear. 
With still higher phospholipid contents (region D), liquid crys- 
tals are followed by cholesterol monohydrate crystals only. At the 
highest phospholipid mole fractions (region E), liquid crystals are 
quite stable and no solid crystals form. Decreases in temperature 
(37°C > 4°C), total lipid concentration (7.5 g/dL > 2.5 g/dL), 
and bile salt hydrophobicity (30,120-30,7a73a,7a,120->30,7f- 
hydroxylated taurine conjugates) progressively shift all crystalli- 
zation pathways to lower phospholipid contents, reduce micellar 
cholesterol solubilization, and retard crystallization.°*.!0° 

Cholesterol crystallization pathways and sequences in human 
gallbladder bile are identical to those of model bile samples 
matched for appropriate physical-chemical conditions, and in 
the physiologic state 3 of the 5 sequences observed in model 
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bile samples are found in human and mouse gallbladder biles.!°° 
Notably, the kinetics of all these phase transitions are faster in 
lithogenic human bile than in identically patterned model bile 
samples, most likely a result in part of the combined influences 
of increased levels of cholesterol, secondary bile salts, and mucin 
glycoproteins.** In addition, biliary lipid, inorganic salt, and pro- 
tein factors may be important in stabilizing supersaturated bile. 
Nonprotein factors that retard cholesterol nucleation and crys- 
tallization include (1) a total lipid concentration less than 3 g/dL, 
(2) reduced hydrophobicity of the bile salt pool, (3) low bile salt- 
to-phospholipid ratios, (4) low cholesterol-to-phospholipid ratios 
in vesicles, and (5) low total calcium ion concentrations. The 
states opposite to these conditions accelerate cholesterol nucle- 
ation and crystallization.!!° 


Imbalance of Pronucleating and Antinucleating 
Factors 


Cholesterol crystallization is significantly more rapid in the 
gallbladder bile of patients with gallstones than in that of con- 
trol subjects even though CSI values are similar. These find- 
ings imply that lithogenic bile may contain pronucleating agents 
that accelerate crystallization or that normal bile may contain 
antinucleating agents that inhibit crystallization. Furthermore, 
bile may contain both accelerators and inhibitors of crystalliza- 
tion, and imbalances between them can induce rapid cholesterol 
crystallization in gallbladder bile in patients with cholesterol 
gallstones. !!!-112 

Mucin was the first biliary protein shown to promote cho- 
lesterol crystallization.!!? The mucin-producing cells of the 
gallbladder secrete mucin that serves as a protective layer over 
the mucosa in the normal physiologic state. Mucin or mucin 
glycoproteins are large molecules that consist of a protein core 
and many carbohydrate side chains.!'* An important property of 
mucin is its ability to form a gel phase in higher concentrations, 
and the gel has greatly increased viscosity compared with the sol 
(soluble) phase. 

Gallbladder mucins, a heterogeneous family of O-linked gly- 
coproteins, are divided into 2 classes: epithelial and gel-forming 
mucins.!*> The epithelial mucins, which are produced by mucin 
gene 1 (MUC1), MUC3, and MUC4, are not able to form aggre- 
gates and are integral membrane glycoproteins located on the 
apical surface of epithelial cells.!!°!!° The gel-forming mucins 
MUC2, MUCSAC, and MUCS5B, which are secreted by spe- 
cialized gallbladder mucin-producing cells, provide a protective 
coating on the underlying mucosa.!!°!!° They form disulfide- 
stabilized oligomers or polymers, a phenomenon that accounts 
for their viscoelastic properties. Mucins from different organs 
vary in carbohydrate side chain, protein composition, and charge 
but generally have similar properties. Mucins have hydrophilic 
domains to which many water molecules bind. They have an 
overall charge and are capable of binding other charged species 
such as calcium. Hydrophobic domains in the mucin molecule 
(on the nonglycosylated regions of the polypeptide core) allow 
binding of lipids such as cholesterol, phospholipids, and bilirubin. 

Gallbladder mucins play an important role in the early stages 
of gallstone formation and are a potent pronucleating agent for 
accelerating cholesterol crystallization in native and model biles. 
Indeed, hypersecretion of gallbladder mucins is a prerequisite 
for gallstone formation, and increased amounts of gallbladder 
mucins are consistently observed in gallbladder bile of several 
animal models of gallstones.!°7!!:?° Mucins are also found 
within gallstones, where they act as a matrix for stone growth.!?! 
The mucins in gallstones have been found to extend from the 
amorphous center to the periphery in either a radial or lami- 
nated fashion. Mucins are also a major component of sludge in 
the gallbladder, and sludge has been shown to be a precursor of 
gallstones. Therefore, 2 roles in the formation of gallstones have 


been proposed for mucins: (1) a pronucleating agent for accel- 
erating the nucleation and crystallization of cholesterol from 
saturated bile and (2) a scaffolding for the deposition of solid cho- 
lesterol monohydrate crystals during the growth of stones. 

The synthesis of mucin glycoproteins that are secreted by the 
mucin-producing cells of the gallbladder and bile ducts may be 
regulated by mucosal prostaglandins derived from arachidonic 
acid-containing biliary phospholipids.''* During gallstone for- 
mation, the gallbladder hypersecretes mucins, mostly as a result 
of stimulation by some components of saturated bile. Then, the 
carbohydrate groups of the polymers of mucins avidly bind water 
to form gels. The hydrophobic polypeptides in the core of mucin 
glycoproteins can also bind bilirubin and calcium in bile. The 
resulting water-insoluble complex of mucin glycoproteins and 
calcium bilirubinate provides a surface for nucleation of choles- 
terol monohydrate crystals and a matrix for the growth of stones. 

Mucin secretion and accumulation in the gallbladder is deter- 
mined by multiple mucin genes. Targeted disruption of the Muc1 
gene reduces MUCI1 mucin in the gallbladder of mice, thereby 
leading to a decrease in susceptibility to cholesterol gallstone for- 
mation.!* Also, expression levels of the gallbladder MucSac gel- 
forming mucin gene are significantly reduced in Muc1-knockout 
mice in response to a lithogenic diet. As a result, cholesterol 
crystallization and the development of gallstone formation are 
significantly retarded. These findings suggest that gene-gene 
interactions between the Muc? and MucSac genes might affect 
mucin secretion and accumulation in the gallbladder. Further- 
more, increased gallbladder epithelial MUC1 mucin enhances 
cholelithogenesis, mostly by promoting gallbladder cholesterol 
absorption and impairing gallbladder motility in mice that are 
transgenic for the human MUC1 gene; this lithogenic mechanism 
is completely different from that associated with the gel-forming 
mucins.!7> Collectively, these findings support the concept that 
inhibition of the secretion and accumulation of not only the gel- 
forming mucins but also the epithelial mucins in the gallbladder 
may completely prevent formation of cholesterol gallstones. 

Many glycoproteins that bind reversibly to concanavalin A- 
Sepharose also speed up cholesterol crystallization.!** These 
glycoproteins include aminopeptidase N, immunoglobulins, 
aj-acid glycoprotein, phospholipase C, fibronectin, and hapto- 
globin. Other pronucleating agents are the amphipathic anionic 
polypeptide fraction/calctum-binding protein, albumin-lipid 
complexes, and group II phospholipase A. Nonprotein compo- 
nents of bile also expedite cholesterol crystallization. Calcium 
bound to micelles and vesicles in bile may accelerate cholesterol 
crystallization by promoting fusion of cholesterol-rich vesicles. 
Precipitation of calcium salts in bile that is supersaturated with 
calcium salts and cholesterol may lead to rapid cholesterol crys- 
tallization, an effect enhanced by the presence of mucins. The 
rapidity of cholesterol crystal formation also varies in proportion 
to the deoxycholate content of bile and is related to the effect 
of deoxycholate on the equilibrium phase relationships of biliary 
lipids. The degree of cholesterol supersaturation of bile may also 
be a determinant of rapid crystallization of cholesterol. 

Several inhibitors of cholesterol crystallization have been 
identified, including apolipoproteins AI and AȚI, a 120-kd gly- 
coprotein, a 15-kd protein, and secretory immunoglobulin A and 
its heavy and light chains.!?>-!?” Apolipoproteins AI and ATI may 
prolong crystal detection time of supersaturated model bile. Apo- 
lipoproteins AI and AII are present in a fraction of human bile 
that may inhibit cholesterol nucleation and crystallization. Pre- 
cholecystectomy treatment with the hydrophilic bile acid UDCA 
for 3 months prolongs the crystal detection time of bile in patients 
with cholesterol gallstones, thereby suggesting that UDCA could 
be an antinucleating factor.5®>!?8-0 UDCA may exert its effect 
by stabilizing vesicles, perhaps by enhancing the incorporation 
of apolipoprotein AI into (or onto) the vesicles. In addition, a 
potential antinucleating factor from normal human gallbladder 


bile is detected by lectin affinity chromatography and high-per- 
formance liquid ion-exchange chromatography and found to be 
a slightly acidic glycoprotein with an apparent molecular size of 
120 kd. The protein may inhibit growth of solid cholesterol crys- 
tals by attaching to the most rapidly growing microdomains on 
a crystal face and interfering with further solute attachment. It 
is still uncertain whether only 1 or several antinucleating factors 
exist and how they may inhibit the initiation of cholesterol crystal 
formation, but unilamellar vesicles have been proposed to be the 
key sites of action. 

In summary, although many biliary proteins besides mucin gel 
have been proposed as either pronucleating or antinucleating fac- 
tors influencing cholesterol nucleation and crystallization in bile, 
their in vivo roles (if any) in the pathogenesis of cholesterol gall- 
stone formation remain unclear. Furthermore, proteolysis of sol- 
uble biliary glycoproteins does not influence the detection time 
of cholesterol monohydrate crystals either in normal or abnormal 
gallbladder and hepatic biles, and soluble biliary proteins may not 
play an important pathophysiologic role in cholesterol crystal- 
lization. 


Gallbladder Dysfunction 


Under normal physiologic conditions, frequent gallbladder con- 
tractions occur throughout the day. Between meals, the gallblad- 
der stores hepatic bile (with an average fasting volume of 25 to 
30 mL in healthy subjects). Following a meal, depending on the 
degree of neurohormonal response, the gallbladder discharges a 
variable amount of bile.!?! Studies using a combination of cho- 
lescintigraphy and US have found that after a meal, the gallblad- 
der empties immediately and refills repeatedly.!*! By contrast, an 
increased fasting gallbladder volume, as well as incomplete emp- 
tying and high residual gallbladder volume, is often observed in 
patients with cholesterol gallstones, regardless of whether they 
have tiny or large stones or simply lithogenic bile. In patients 
with cholesterol gallstones and gallbladder motility abnormali- 
ties, inflammation in the gallbladder wall is usually mild and 
cannot account for the impaired dynamics of the gallbladder. 
Furthermore, the poor interdigestive gallbladder filling is consis- 
tent with delivery of a greater percentage of lithogenic bile from 
the liver directly into the small intestine, leading to augmenta- 
tion of the enterohepatic effects of increased recycling and bile 
salt hydrophobicity. These observations show that emptying and 
filling of the gallbladder are affected in patients with gallbladder 
hypomotility.!°!!5? Clinical investigations have confirmed that 
gallbladder hypomotility is associated principally with the forma- 
tion of cholesterol gallstones, although a milder degree of gall- 
bladder dysmotility, in the absence of an enlarged gallbladder in 
the fasting state and any gallbladder inflammation, is also found in 
patients with pigment gallstones.!*> In patients with cholesterol 
gallstones, impaired gallbladder motility persists in the stone-free 
gallbladder following successful extracorporeal shock-wave litho- 
tripsy and oral bile acid dissolution therapy (see later).'°+!3° The 
degree of impairment of gallbladder emptying has been found to 
increase in proportion to the cholesterol content of gallbladder 
bile, even in healthy subjects without gallstones. These findings 
imply that excess cholesterol molecules in the gallbladder wall 
may act as myotoxic agents. 

In vitro studies have found that compared to that in con- 
trol subjects, gallbladder function in patients with cholesterol 
gallstones shows abnormalities in the binding of agonists such 
as CCK to plasma membrane CCK-1 receptors (CCK-1R), 
alterations in the contraction of isolated smooth muscle cells, 
and decreased contractility of isolated smooth muscle strips and 
whole gallbladder preparations. In particular, signal transduction 
in response to binding of agonists is impaired. Defects in con- 
tractility associated with cholesterol gallstones are reversible at an 
early stage and are mainly due to accumulation of excess biliary 
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cholesterol in the membranes of gallbladder smooth muscle cells. 
This mechanism appears to explain why gallbladder emptying 
is impaired before gallstones are formed in animal models at a 
time when bile is supersaturated with cholesterol. In addition, the 
intracellular mechanisms of smooth muscle contraction seem to 
be intact in human gallbladder muscle cells from patients with 
cholesterol gallstones. These findings support the hypothesis that 
increased absorption of cholesterol from the gallbladder lumen 
is associated with gallbladder smooth muscle dysfunction. This 
alteration may induce stiffening of sarcoplasmic membranes sec- 
ondary to an increase in cholesterol content of the membranes. 
As a result, when CCK binds to its receptor on smooth muscle 
cells of the lithogenic gallbladder, G proteins are not activated 
and gallbladder motility is impaired.!°°3” 

Gallbladder hypomotility could precede gallstone formation. 
Gallbladder stasis induced by the hypofunctioning gallbladder 
could provide the time necessary to accommodate nucleation of 
cholesterol crystals and growth of gallstones within the mucin gel 
in the gallbladder.!°8-13° Furthermore, the viscous mucin gel that 
forms in the gallbladder lumen may contribute to hypomotility 
by impairing gallbladder emptying mechanically, possibly at the 
level of the cystic duct. In particular, sludge contains calcium, 
pigment, bile salts, and glycoproteins and could serve as a nidus 
for nucleation and crystallization of cholesterol or precipitation 
of calcium bilirubinate. The high prevalence of cholelithiasis in 
patients receiving long-term TPN (see earlier) highlights the 
importance of gallbladder stasis in the formation of gallstones. 140 
For example, 49% of patients with Crohn disease who are on 
TPN have gallstones, whereas only 27% of patients with Crohn 
disease alone have gallstones. During TPN, the gallbladder does 
not empty completely because the stimulus (ingestion of meals) 
for CCK release is eliminated. As a result, bile stagnates and 
sludge develops in the gallbladder, thereby enhancing gallstone 
formation. Daily IV administration of CCK can completely pre- 
vent gallbladder dysmotility and eliminate the inevitable risk of 
biliary sludge and gallstone formation. In addition, slow empty- 
ing and increased volume of the gallbladder, as measured by US, 
often occur during pregnancy and during administration of oral 
contraceptives, 2 conditions that predispose to formation of gall- 
stones (see earlier).?°7? 

Concentration of bile by the gallbladder increases choles- 
terol solubility but also enhances cholesterol nucleation and 
crystallization in bile and may thereby contribute to gallstone 
formation.!*!!#" In addition to concentrating bile, the normal 
gallbladder can acidify bile. Acidification increases the solubility 
of calcium salts (e.g., bilirubinate, carbonate), which may be pro- 
moters of nucleation and crystallization of cholesterol; therefore, 
defective acidification may promote the formation of gallstones. 

Differential absorption rates of cholesterol, phospholipids, 
and bile salts by the gallbladder epithelial cells may reduce cho- 
lesterol saturation of bile in normal subjects; however, the gall- 
bladder epithelium of patients with cholesterol gallstones loses 
the capacity for selective absorption of biliary cholesterol and 
phospholipids.!*?.!* Impaired lipid absorption by the gallbladder 
may contribute to gallstone formation by sustaining cholesterol 
supersaturation of bile during storage.!*? The physical-chemical 
fate of cholesterol absorbed by the gallbladder may be similar to 
that which occurs during the development of an atherosclerotic 
plaque. In all likelihood, cholesterol molecules are absorbed con- 
tinuously by the gallbladder mucosa from supersaturated bile,!*° 
and the unesterified cholesterol molecules diffuse rapidly to the 
muscularis propria because the gallbladder lacks an intervening 
muscularis mucosae and submucosa. Because the gallbladder 
apparently does not synthesize lipoproteins for exporting cho- 
lesterol to plasma, excess unesterified cholesterol molecules are 
removable from gallbladder mucosa and muscle only by esterifi- 
cation and storage or back diffusion into bile.!*7 In the lithogenic 
state, back diffusion of cholesterol molecules into bile is blocked 
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because gallbladder bile is continuously saturated. As a result, 
gallbladder mucosal acyl-coenzyme A:cholesterol acyltransfer- 
ase (ACAT) esterifies most, but not all, cholesterol molecules. 
As in an atherosclerotic plaque, mucosal and muscle membranes 
apparently become saturated with cholesterol and coexist with 
stored cholesteryl ester droplets. Furthermore, the unesterified 
cholesterol molecules become intercalated within the membrane 
bilayer of muscle cells, a process that may alter the physical state 
of phospholipid molecules, as reflected by their increased rigidity. 
Consequently, gallbladder motility function is impaired because 
signal transduction in response to CCK is markedly dimin- 
ished. In addition, excess cholesterol molecules absorbed from 
the lithogenic bile may be direct stimulants to proliferative and 
inflammatory changes in the mucosa and lamina propria of the 
gallbladder.!?! 


Intestinal Factors 


The high efficiency of intestinal cholesterol absorption corre- 
lates significantly with the prevalence of cholesterol gallstones in 
inbred strains of mice, and gallstone-susceptible C57L mice dis- 
play significantly higher intestinal cholesterol absorption than do 
gallstone-resistant AKR mice.'*® These observations show that 
high dietary cholesterol intake and high efficiency of intestinal 
cholesterol absorption are 2 independent risk factors for cho- 
lesterol gallstone formation. Differences in the metabolism of 
chylomicron remnant cholesterol between C57L and AKR mice 
may account for lithogenic bile formation in the former, and the 
cholesterol absorbed from the small intestine provides an impor- 
tant source for biliary cholesterol hypersecretion in mice fed a 
lithogenic diet.!*” 

Altered intestinal motility also may have a role in gallstone 
formation. Delayed or impaired small intestinal transit is asso- 
ciated with enhanced intestinal cholesterol absorption, bili- 
ary cholesterol secretion, and gallstone formation in CCK-1 
receptor-knockout mice.'*? The association of impaired colonic 
motility with increased biliary deoxycholate levels is found in 
some patients with cholesterol gallstones. Evidence for a causal 
relationship among impaired intestinal motility, deoxycholate 
formation, and bile lithogenicity comes from studies in humans 
and mice. Clinical studies have found that acromegalic patients 
treated with octreotide (a known risk factor for cholesterol 
gallstone disease [see earlier]) display a prolonged colonic tran- 
sit time, high levels of biliary deoxycholate concentration, and 
rapid precipitation of cholesterol crystals.!°°-!°> Furthermore, 
higher levels of biliary deoxycholate are associated with increased 
amounts of Gram-positive anaerobic bacteria and increased 
activity of 7a-dehydroxylase in the cecum of patients with cho- 
lesterol gallstones compared with control subjects who have 
no stones.!°* Biliary deoxycholate and cholesterol concentra- 
tions can be lowered by antibiotic treatment that reduces fecal 
7a-dehydroxylation activity. Compared with resistant AKR mice, 
gallstone-susceptible C57L mice also have higher biliary levels of 
deoxycholate, which are associated with cholesterol supersatura- 
tion and gallstone formation.!0”!55 Chronic intestinal infection 
has been proposed to be a potential risk factor in the pathogen- 
esis of cholesterol gallstones. A mouse study has shown that dis- 
tal intestinal infection with a variety of enterohepatic Helicobacter 
species (but not Hp) is essential for nucleation and crystallization 
of cholesterol from supersaturated bile.!°°!>’ These Helicobacter 
species also have been identified in the bile and gallbladder tis- 
sue of Chilean patients with chronic cholecystitis.!°° Whether 
chronic intestinal infection has a direct pathogenic role in the 
formation of cholesterol gallstones requires further investigation. 

In patients with Crohn disease and those who have undergone 
intestinal resection or total colectomy, gallbladder bile is super- 
saturated with cholesterol, and cholesterol crystals are prone to 
precipitate and form gallstones.!°? The enterohepatic circulation 


of bile salts is probably impaired in these patients, so hepatic 
secretion of biliary bile salts is greatly reduced and the solubi- 
lization of cholesterol in bile is decreased. Moreover, Crohn 
disease may lead to impaired enterohepatic cycling of bilirubin, 
with increased biliary bilirubin levels and precipitation of calctum 
bilirubinate, thereby providing a nidus for cholesterol nucleation 
and crystallization.6?160 


Growth of Gallstones 


Findings in patients who have cholesterol crystals but no gall- 
stones in the gallbladder suggest that the growth of cholesterol 
crystals into gallstones does not always follow crystallization. 
Stone growth may represent a second critical stage in gallstone 
formation that results from delayed emptying of the gallbladder. 
When multiple gallstones are found in the gallbladder, they often 
are equal in size, indicating that cholesterol crystallization for this 
family of stones occurred simultaneously and the stones grew at 
the same rate. By contrast, stones of unequal size could repre- 
sent different generations. The amorphous material in the cen- 
ter of stones contains bilirubin, bile salts, mucin glycoproteins, 
calcium carbonate, phosphate, copper, and sulfur, which could 
have provided a required nidus for cholesterol nucleation and 
crystallization. Solid plate-like cholesterol monohydrate crystals 
could assemble about this nidus. Formation of a nidus and subse- 
quent stone growth could be determined by mucins, other biliary 
proteins, and the cholesterol saturation of bile. The growth of 
stones is likely a discontinuous process punctuated by deposition 
of rings of calcium bilirubinate and calcium carbonate. Because 
cholesterol monohydrate crystals often aggregate randomly in 
amorphous groupings and layer radially and concentrically, cho- 
lesterol stones consist of radially or horizontally oriented choles- 
terol crystals embedded within an organic matrix. In the outer 
portion of stones, cholesterol monohydrate crystals are oriented 
perpendicularly to the surface.!°! Throughout the formation of 
gallstones, mucins could provide a matrix on which gallstone 
growth occurs. Furthermore, concentric pigmented rings sepa- 
rate layers of cholesterol monohydrate crystals that have different 
axial orientations. The chemical composition of these rings often 
resembles the center of gallstones, and the rings may reflect cyclic 
deposition of calcium bilirubinate, other calcium salts, and mucin 
glycoproteins. 


GENETICS 


Evidence for a genetic component of cholesterol gallstone dis- 
ease in humans is mostly indirect and based on geographic and 
ethnic differences, as well as on family and twin studies.?!:!0?-10? 
A genetic predisposition is clearly present in the Pima and certain 
other North and South American Indians, who display the high- 
est prevalence rate (=48%) of gallstones in the world.*!162-16° By 
contrast, the overall prevalence of gallstones in white American 
and European populations is about 20%. The lowest rates (<5 %) 
are observed in African populations, and intermediate rates are 
found in Asian populations (5% to 20%), as shown in Figs. 65.1 
and 65.2. Although some independent risk factors (e.g., aging, 
gender, parity, obesity, insulin resistance, some drugs, rapid 
weight loss) for gallstone formation have been found,?63060,170-172 
none can explain the striking differences in the prevalence of gall- 
stones among different populations, thereby suggesting a genetic 
contribution to the etiology of the disease.>° 

Gallstones are more frequent by a ratio of 3:1 in siblings 
and other family members of affected persons than in spouses 
or unrelated controls.!°t Using US to detect gallstones in first- 
degree relatives of index patients, Gilat and colleagues!” found 
a 21% prevalence rate in first-degree relatives compared with 
9% in matched controls. Sarin and coworkers!°’ also observed a 
prevalence that was 5 times higher in relatives than in controls. 


Furthermore, cholesterol supersaturation is higher in fasting 
duodenal bile of older sisters of patients with cholesterol gall- 
stones than in controls.!°* Cholesterol synthesis rates, bile satu- 
ration levels, and gallstone prevalence rates are also significantly 
higher on pair-wise correlations in monozygotic than in dizygotic 
male twins.!©? Despite these observations, a mode of inheritance 
that fits a Mendelian pattern cannot be shown in most cases. 

Study of populations with different incidence rates of gall- 
stones but living in the same environment should provide insights 
into genetic mechanisms of the disease. Unfortunately, intermar- 
riages between 2 populations result in a rapid loss of the original 
genetic background within a few generations and make such stud- 
ies impossible. With use of pedigree data to explore the genetic 
susceptibility to symptomatic gallbladder disease in a Mexican- 
American population of 32 families, heritability (i.e., the propor- 
tion of the phenotypic variance of the trait that is due to genetic 
effects) has been estimated to be 44%.!73 A variance component 
analysis in 1038 persons from 358 families in the USA has deter- 
mined the heritability of symptomatic gallbladder disease to be 
29%.174 A large study of 43,141 twin pairs in Sweden has pro- 
vided conclusive evidence for the role of genetic factors in the 
pathogenesis of cholesterol gallstones.!7 In this study, concor- 
dance rates were significantly higher in monozygotic twins than 
in dizygotic twins, with genetic factors accounting for 25% of the 
phenotypic variation between twins. 

Evidence that human gallstones may be caused by a single 
gene defect came initially from a study by Lin and colleagues,!”° 
who reported that among 232 Mexican-Americans, a variant of 
the cholesterol 7a-hydroxylase (CYP7A1) gene was associated 
with gallstones in men but not in women. CYP7A1 is an attrac- 
tive candidate gene because it encodes the rate-limiting enzyme 
in hepatic bile salt synthesis of the classical pathway and because 
bile salts are essential for forming bile and for keeping choles- 
terol molecules solubilized in simple and mixed micelles in bile. 
Pullinger and colleagues found a link between another single 
gene defect of CYP7A1 and cholesterol gallstones associated with 
hypercholesterolemia resistant to HMG-CoA reductase inhibi- 
tors in 2 male homoyzgotes.!7* 

Missense mutations in the ABCB4 gene, which encodes the 
phosphatidylcholine transporter in the canalicular membrane 
of hepatocytes, are the basis of a particular type of cholelithia- 
sis.?'78 The disorder is characterized by intrahepatic sludge, 
gallbladder cholesterol gallstones, mild chronic cholestasis, a 
high cholesterol-to-phospholipid ratio in bile, and recurrent 
symptoms after cholecystectomy.!’-!®! Lack of biliary phospho- 
lipids caused by the Abch4 deletion in the liver is a critical risk 
factor for cholesterol gallstone disease in mice by significantly 
reducing cholesterol solubility in bile through disruption of the 
liquid crystalline pathway, whereas it leads to more rapid cho- 
lesterol crystallization via the anhydrous crystalline pathway.!*? 
These findings provide novel insights into the pathophysiologic 
mechanisms by which cholesterol gallstones are rapidly formed in 
patients with the ABCB4 mutations, thereby leading to low phos- 
pholipid-associated cholelithiasis, a rare biliary disease caused by 
a single-gene mutation. Moreover, in patients with hepatolithia- 
sis, a common disease in Asia, low expression of ABCB4 and low 
levels of phosphatidylcholine transfer protein occur together, 
with markedly reduced phospholipid concentrations in bile (see 
Chapter 68).!® Additionally, HMG-CoA reductase activity is 
increased and CYP7A1 activity is reduced in patients with gall- 
stones compared with control subjects. In this disorder, the for- 
mation of cholesterol-rich intrahepatic stones could be induced 
by decreased hepatic secretion of biliary phospholipids in the 
setting of increased cholesterol synthesis and decreased bile salt 
synthesis. 

Because gallbladder hypomotility favors gallstone formation, 
the genes for CCK and the CCK-1R, which regulate gallblad- 
der motility, are attractive candidates.!*”!’! Genetic variation in 
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CCK-IR is associated with gallstone risk, and an aberrant splicing 
of CCK-1R, which is predicted to result in a nonfunctional recep- 
tor, has been found in a few obese patients with gallstones. 184185 
A search for mutations or polymorphisms in the CCK-1R gene in 
patients with gallstones has been unsuccessful, however.!*° 

Some studies have reported that certain polymorphisms of the 
apolipoprotein (APO)E and APOB genes and the cholesteryl ester 
transfer protein, all of which are involved in carrying cholesterol 
in plasma, are associated with gallstone formation. The APOE 
polymorphisms are the most extensively studied polymorphisms 
in patients with gallstones, but reports concerning the protec- 
tive role of the £4 allele against gallstones have been inconsis- 
tent.!87-191 The e2 allele appears to protect against gallstones, and 
the degree of dietary cholesterol absorption in the intestine varies 
with the APOE isoform (£4 > £3 > €2). Also, the fecal excretion of 
cholesterol tends to be higher in persons with the APOE2 phe- 
notype than in those with the APOE3 or APOF4 phenotypes.!” 
In a study of polymorphisms at the APOB, APOAI, and choles- 
teryl ester transfer protein gene loci in patients with gallbladder 
disease, a polymorphism of the cholesteryl ester transfer protein 
gene, in relation to another HDL lowering factor, was found to 
be associated with cholesterol gallstones.!°’ Also, a link was found 
between the X+ allele of the APOB gene and an increased risk 
of cholesterol gallstones.!°* A genome-wide association study in 
a large cohort of patients with gallstones from Germany!” and 
a linkage study in affected sibling pairs!”° identified a common 
variant (D19H) of the sterol transporters ABCG5 and ABCG8 
on the canalicular membrane of hepatocytes as a risk factor for 
gallstones. Subsequently, many studies have shown that ABCG8 
variants (T400K, D19H, A632V, M429V, C54Y) and ABCG5 
variants (Q604E) may be important risk factors for gallstone 
formation in European, Asian, and Chilean Hispanic popula- 
tions,197-203 

‘Table 65.1 summarizes progress in identifying LITH genes 
and the major classes of candidate genes for cholesterol and pig- 
ment gallstones in humans.*! Although some candidate genes 
have been found in humans, their roles in cholelithogenesis merit 
further investigation. In general, genes that contribute to choles- 
terol gallstone formation include those that encode (1) hepatic 
and intestinal membrane lipid transporters, (2) hepatic and intes- 
tinal lipid regulatory enzymes, (3) hepatic and intestinal intracel- 
lular lipid transporters, (4) hepatic and intestinal lipid regulatory 
transcription factors, (5) hepatic lipoprotein receptors and related 
proteins, (6) hormone receptors in the gallbladder, and (7) biliary 
mucins. 

Based on mouse and human studies, the concept has been 
proposed that hepatic hypersecretion of biliary cholesterol is 
induced by multiple LITH genes, with insulin resistance as part 
of the metabolic syndrome interacting with cholelithogenic envi- 
ronmental factors to cause the phenotype.*°+?° These studies 
strongly suggest that cholesterol gallstone disease is determined 
by multiple LITH genes and that the susceptibility to gallstones is 
a dominant trait not only in mice, but also in humans. 

Changes in the expression and function of 1 of several ABC 
transporters in the canalicular membrane may influence gallstone 
formation by inducing an alteration of biliary lipid secretion and 
bile composition. In addition, mutations in genes that encode 
several lipoprotein receptors and related proteins that determine 
the uptake of HDL and LDL and in several intracellular proteins 
that transport biliary lipids through the cytosol of hepatocytes, 
as well as transcription factors that regulate hepatic cholesterol 
and bile salt metabolism and biliary lipid secretion, may cause 
formation of cholesterol gallstones. Mutations in genes that affect 
CCK, the CCK-1R (see earlier), and the secretion and properties 
of mucin may also play a role in the pathogenesis of gallstones. A 
large case-control study?’ has found that increased hepatic bio- 
synthesis and fecal excretion of cholesterol may precede choles- 
terol gallstone formation and may be key metabolic features in 


TABLE 65.1 Human Gallstone (L/TH) Genes and Gene Products That Have Been Identified as of 2019 


Inheritance pattern 


Chromosome Gene Rare Familial Common 
Gene symbol Gene name location variants monogenic oligogenic polygenic Potential mechanism(s) 
CHOLESTEROL STONES 
Lipid Membrane Transporters 
ABCG5/G8 ATP-binding cassette transporters G5/G8 2p21 ABCG8 — — + Biliary cholesterol secretion 
p.D19H 
(rs1188753) 
ABCB4 ATP-binding cassette transporter B4 Koz Multiple — F = Biliary phospholipid secretion 
ABCB11 ATP-binding cassette transporter B11 2q24 Multiple + = = Biliary bile salt secretion 
SLC10A2 (IBAT) Solute carrier family 10, member 2 (Ileal 13033 c.878-105A>G — + + Intestinal bile salt absorption 
sodium-dependent bile salt transporter) (rs9514089) 
SLCO1B1 (OATP1B7) Solute carrier organic anion transporter 12p12 p.P155Thr — — + Intestinal bile salt absorption 
family, member 1B1 (rs11045819) 
TM4SF4 Transmembrane 4 3q25.1 = TBD TBD superfamily member 4 
Lipid Regulatory Enzymes 
CYP7A1 Cholesterol 7a-hydroxylase (Cytochrome 8q11-qi2 Promoter + — + l The rate-limiting enzyme for bile 
P450 7A1) SNP-204A>C salt biosynthesis in the classical 
pathway 
UGT1A1 Bilirubin UDP-glucuronyl transferase 2q37 Promotor = — + T Hepatic bilirubin conjugation 
A(TA)7TAA 
SULT2A1 Sulfotransferase 19q13.33 rs2547231 = = oD ? sulfate conjugation and 
detoxification of bile salts family 
2A, member 1 
GCKR Glucokinase 2023.3 rs1260326 — — + T Altered glucose homeostasis, 
cholesterol synthesis regulatory 
protein 
Intracellular Lipid Regulatory Transporter 
CETE Cholesteryl ester transfer protein 16q12-q21 RFLP — — + Hepatic cholesterol uptake from 
increased HDL catabolism 
Lipid Regulatory Transcription Factor 
NR1H4 (FXR) Nuclear receptor 1H4 (Farnesoid X 12q23.1 Promoter SNPs — — + Conversion of cholesterol into 
receptor) —1G>T and bile salts 
-20647T>G, Biliary cholesterol secretion 
IVS7-31 A>T 
Lipoprotein Receptors and Related Genes 
APOA1 Apolipoprotein A1 11q23-q24 -75G>A, RFLP = = sF T Biliary cholesterol secretion 
secondary to increased reverse 
cholesterol transport 
APOB Apolipoprotein B 2p24-p23 c.2488C>T, + — + T Biliary cholesterol secretion 
c.4154G>A secondary to reduced hepatic 
VLDL synthesis 
T Intestinal cholesterol absorption 
APOC1 Apolipoprotein C1 19q13.2 RFLP — — + Tt APOC1 remnant-like particle 


cholesterol 


O€0l 


MA LYWd 


ey, Aelg 


LRPAP1 


Hormone Receptors 
CCK1R (CCKAR) 


ESR2 (ERB) 
AR 
ADRB3 


BLACK PIGMENT STONES 
ANK1 


CFTR (ABCC7) 


G6PD 
GPI 
PKLR 
HBA1/2 
HBB 


UGTIA1 


BILIARY TRACT STONES 
COMT 


CXCR2 


IL8 
NOS2 


RNASEL 


LDL receptor-related protein-associated 


protein 1 


Cholecystokinin 1 receptor (CCK A receptor) 


Estrogen receptor 2 


Androgen receptor 
B3-Adrenergic receptor 


Ankyrin 1 


CF transmembrane regulator 


Glucose-6-phosphate dehydrogenase 
Glucose-6-phosphate isomerase 


Pyruvate kinase 


lemoglobin alpha chain complex 


lemoglobin beta chain complex 


Bilirubin UDP-glucuronyl transferase 


Catechol-O-methyltransferase 


Chemokine (C-X-C motif) receptor 2 


Interleukin-8 


Nitric oxide synthase 2 


Ribonuclease L 


4p16.3 


4p15.1-p15.2 


4923.2 
Xq12 
8p12 


8p11.1 


7931.2 


Xq28 
19q13.1 
1q21 
1613.3 


11p15.5 


2q37 


22q11.21 


2q35 


4q13-q21 
17q11.2-q12 


1q25 


Intron 5 insertion/ 
deletion 
(rs11267919) 


RFLP 


c.1092+3607(CA), 


c.172(CAG), 
p.R64W (rs4944) 


Multiple 
Aq31 


Multiple 
p.Leu3839Pro 
p.R510Q 
HbH 


p.E26K (HbE) 
p.E6V (HbS) 


Promotor 
A(TA)7TAA 


Exon4—76C>G 
rs4818) 


c.811C>T 
rs2230054) 
C.1235T>C 
rs1126579) 


-351A>T (rs4073) 


Exon16+14C>T 
12297518) 


Exon1-96A>G 
rs486907) 


t Hepatic cholesterol uptake from 
chylomicron remnants via LRP 


l Gallbladder and small intestinal 
motility 


Hepatic cholesterol biosynthesis 
l Gallbladder motility 
Gallbladder motility 


Spherocytosis — hemolysis 


T Enterohepatic bilirubin circulation 
l Bile pH 
Fecal bile salt excretion 


Hemolysis 
TBD 
TBD 


a-Thalassemia/ B-thalassemia 
intermediate/minor/sickle cell 
disease > hemolysis 


TBD 


T Hepatic bilirubin conjugation 


T Estrogen levels 


TBD 


T IL8 expression > inflammation 
TBD 


TBD 


LRP, Low-density lipoprotein receptor-related protein; RFLP, restriction fragment length polymorphism; SNP, single nucleotide polymorphism; TBD, to be determined; UDP, uridine diphosphate. 
Adapted with permission from Krawczyk M, Wang DQ, Portincasa P, et al. Dissecting the genetic heterogeneity of gallbladder stone formation. Semin Liver Dis 2011;31:157-72. 
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some ethnic groups at high risk of gallstones. This study strongly 
suggests that inhibiting both hepatic synthesis and intestinal 
absorption of cholesterol to reduce biliary output of cholesterol 
may be a therapeutic strategy for genetically defined subgroups of 
persons at high risk for gallstones.7°° 

The factors that regulate intestinal membrane lipid trans- 
porters, lipid regulatory enzymes, intracellular lipid transport- 
ers, and lipid regulatory transcription factors may influence 
the amount of cholesterol of intestinal origin that contributes 
to biliary secretion by the liver. Direct evidence for the role 
of intestinal factors in mouse gallstones comes from a study of 
ACAT2-knockout mice.” Because of the deletion of the Acat2 
gene, the lack of cholesteryl ester synthesis in the small intestine 
significantly reduces intestinal cholesterol absorption and leads 
to complete resistance to diet-induced cholesterol gallstones. 
Furthermore, the potent cholesterol absorption inhibitor 
ezetimibe prevents gallstones by effectively reducing intesti- 
nal absorption and biliary secretion of cholesterol and protects 
gallbladder motility by desaturating bile in mice.5°?!° More- 
over, ezetimibe significantly reduces biliary cholesterol satura- 
tion and retards cholesterol crystallization in bile of patients 
with gallstones.’ Therefore, reduced intestinal absorption of 
cholesterol or hepatic uptake of chylomicron remnants may 
induce a decrease in biliary cholesterol secretion and satura- 
tion. In addition, reduced expression levels of the genes that 
encode the ileal apical sodium-dependent bile acid transporter 
(ASBT), the cytosolic ileal lipid binding protein (ILBP), and 
organic solute transporters a and p (OSTa and $B) may contrib- 
ute to gallstone formation by decreased ileal bile acid reabsorp- 
tion and an altered bile acid pool and composition in female 
and nonobese patients with gallstones compared with control 
subjects (see Chapter 64).?!!7!? The single nucleotide polymor- 
phism rs9514089 in the ASBT gene (gene symbol SLC10A2) 
has been identified as a susceptibility variant for cholelithiasis in 
humans,” ! although the effect of 759514089 genotype on gall- 
stone risk was not replicated in Sorbs.’!* Further analyses in 
larger cohorts are required to evaluate the role of genetic vari- 
ants of SLC10A2 as a risk factor for gallstone formation. 


PIGMENT STONES 


Although the pathogenesis of black and brown pigment gallstones 
is not as well understood as that of cholesterol gallstones, and 
each type of stone probably has a distinctive pathogenesis, both 
types of pigment stones result from abnormalities in the metabo- 
lism of bilirubin and are pigmented as a result of bilirubin pre- 
cipitation.?!>*!’ In general, the bile of patients with either type 
of pigment stones contains an excess of unconjugated bilirubin, 
analogous to the saturation of bile with cholesterol in patients 
with cholesterol stones.’!* Also, both types of pigment stones 
are composed primarily of bile pigment and contain a matrix of 
mucin glycoproteins. In black stones, however, the pigment is 
predominantly an insoluble highly cross-linked polymer of cal- 
cium bilirubinate, whereas in brown stones, the main pigment is 
monomeric calcium bilirubinate. The 2 types of pigment stones 
also differ in radiodensity, location within the biliary tract, and 
geographic distribution. 

Results of studies of susceptibility genes for pigment stones 
are summarized in Table 65.1. Several candidate genes enhance 
the formation of pigment stones by increasing enterohepatic 
cycling of bilirubin. Persons with Gilbert syndrome have mild, 
chronic, unconjugated hyperbilirubinemia in the absence of 
liver disease or overt hemolysis because of reduced expression 
of bilirubin uridine diphosphate glucuronyl transferase 1 (gene 
symbol UGT1A1), which is due to an abnormality in the pro- 
moter region of the gene for this enzyme (see Chapter 21).7!? 
A genome-wide association study has identified a variant of the 
UGTIALI gene as a major risk factor for gallstone disease in 


humans.’*? The UGTIAI1 promoter variant increases the sus- 
ceptibility to pigment stone formation in patients with sickle cell 
disease or CF.??1-224 A regression analysis has shown that serum 
bilirubin levels and the prevalence of gallstones are strongly 
associated with the number of UGT1A1 promoter [TA] repeats 
in patients with sickle cell disease, with each additional repeat 
correlating with an increase in serum bilirubin levels of 21% 
and in cholelithiasis risk of 87%.’*? Moreover, UGT1A1 gene 
variants in linkage disequilibrium with the variant are associated 
with the risk of developing cholesterol gallstones. These find- 
ings imply that the supersaturation of bile with bilirubin may be 
a risk factor for the formation of both pigment and cholesterol 
gallbladder stones. As discussed earlier, increased biliary bili- 
rubin levels and enhanced precipitation of calcium bilirubinate 
in bile provide a critical nidus for cholesterol nucleation and 
crystallization. 

The frequency of gallstones in patients with CF is 10% to 
30% compared with less than 5% in age-matched control sub- 
jects, but biliary cholesterol saturation does not differ between 
patients with and without gallstones. In fact, gallstones in patients 
with CF are generally black pigment stones (i.e., composed of 
calcium bilirubinate with an appreciable cholesterol admixture) 
but rarely cause symptoms. In a mouse (AF508 mutant) model of 
CF, increased fecal bile salt loss induces more hydrophobic bile 
salts in hepatic bile and augments enterohepatic cycling of bili- 
rubin.” These alterations lead to hyperbilirubinbilia and signifi- 
cantly higher levels of all bilirubin conjugates and unconjugated 
bilirubin, followed by hydrolysis and precipitation of divalent 
metal salts of unconjugated bilirubin in bile. In addition, lower 
gallbladder bile pH values and elevated levels of calcium biliru- 
binate ion products in bile increase the likelihood of supersatu- 
rating bile with bilirubin and forming black pigment gallstones. 
The pancreatic duodenal homeobox gene-1 (Pdx1) is required for 
proper development of the major duodenal papilla, peribiliary 
glands, and mucin-producing cells in the bile duct and for main- 
tenance of the periampullary duodenal epithelial cells during the 
perinatal period (see Chapter 62). Loss of the major duodenal 
papilla allows duodenobiliary reflux and bile infection, resulting 
in formation of brown pigment stones in Pdx1-knockout mice, 
and treatment with antibiotics significantly reduces the frequency 


of brown pigment stones.??6 


Black Stones 


Black pigment stones are formed in uninfected gallbladders, 
particularly in patients with chronic hemolytic anemia (e.g., 
f-thalassemia, hereditary spherocytosis, sickle cell disease), inef- 
fective erythropoiesis (e.g., pernicious anemia), ileal diseases 
(e.g., Crohn disease) with spillage of excess bile salts into the 
large intestine, extended ileal resections, and liver cirrhosis. 
These alterations promote formation of black pigment stones 
because higher colonic bile salt concentrations enhance the solu- 
bilization of unconjugated bilirubin, thereby increasing bilirubin 
concentrations in bile.??” The resulting unconjugated bilirubin 
is precipitated as calcium bilirubinate to form stones.’?* This 
type of stone is composed of either pure calcium bilirubinate or 
polymer-like complexes consisting of unconjugated bilirubin, 
calcium bilirubinate, calcium, and copper. Mucin glycoproteins 
account for as much as 20% of the weight of black pigment 
stones. A regular crystalline structure is not present in this type 
of stone. 

For hepatic secretion, bilirubin is first mono- or digluc- 
uronidated by UGT1A1 and subsequently secreted by ABC 
transporter C2 (ABCC2), also called multidrug-resistance associ- 
ated protein 2 (MRP2) (see Chapters 64 and 77). Under normal 
physiologic conditions, unconjugated bilirubin is not secreted 
into bile. Although bilirubin glucuronides are hydrolyzed by 
endogenous ($-glucuronidase, unconjugated bilirubin constitutes 


less than 1% of total bile pigment, primarily because the activ- 
ity of the enzyme is inhibited by B-glucaro-1,4-lactone in the 
biliary tract.2*??3° The unifying predisposing factor in black 
pigment stone formation is hepatic hypersecretion of bilirubin 
conjugates (especially monoglucuronides) into bile. In the pres- 
ence of hemolysis, hepatic secretion of these bilirubin conjugates 
increases 10-fold. Unconjugated monohydrogenated bilirubin 
is formed by the action of endogenous B-glucuronidase, which 
coprecipitates with calcium as a result of supersaturation. A 1% 
hydrolysis rate may give rise to high concentrations of unconju- 
gated bilirubin that often greatly exceed the solubility of biliru- 
bin in bile. A defect in acidification of bile may also be induced 
by gallbladder inflammation or the reduced buffering capacity of 
sialic acid and sulfate moieties in the mucin gel. The reduction in 
buffering capacity facilitates supersaturation of calcium carbon- 
ate and calcium phosphate that would not occur at a more acidic 
pH. Gallbladder motility defects are not observed in patients with 
black pigment stones. 


Brown Stones 


Brown pigment stones are composed mainly of calcium salts 
of unconjugated bilirubin, with varying amounts of choles- 
terol, fatty acids, pigment fraction, and mucin glycoproteins, as 
well as small amounts of bile salts, phospholipids, and bacte- 
rial residues. Brown pigment stones may be easily distinguished 
grossly from black pigment stones by their reddish brown to 
dark brown color and lack of brightness. Their shape is irregular 
or molded and occasionally spherical. Most of the stones are 
muddy in consistency, and some show facet formation. Brown 
pigment stones are either smooth or rough without any surface 
luster and are soft, fragile, and light in comparison with other 
gallstones. The cut surface is generally a stratified structure 
(lamellation) or is amorphous without the radiating crystalline 
structure seen in cholesterol stones. Almost invariably, brown 
pigment stones have a lamellated cross-sectional surface with 
calcium bilirubinate-rich layers alternating with calcium palmi- 
tate-rich layers. 

Brown pigment stones are formed not only in the gallblad- 
der but also commonly in other portions of the biliary tract, 


Fig. 65.6 Proposed mechanisms for the patho- 
genesis of brown pigment stones. Under normal 
physiologic conditions, unconjugated bilirubin 

is not secreted into bile. Although modest hy- 
drolysis of bilirubin glucuronides by endogenous 
B-glucuronidase occurs, unconjugated bilirubin con- 
stitutes less than 1% of total bile pigment, mostly 
because the activity of B-glucuronidase is inhibited 
by B-glucaro-1,4-lactone in the biliary system. The 
presence of excess bacterial B-glucuronidase, 
however, overcomes the inhibitory (—) effect of B- 
glucaro-1,4-lactone, which results in hydrolysis of 
bilirubin glucuronide into free bilirubin and gluc- 
uronic acid. Free bilirubinate combines with calcium 
to yield water-insoluble calcium bilirubinate. In 
addition, phospholipase A, liberates free fatty acids 
such as palmitic and stearic acids from phospholip- 
ids, and bile salt hydrolases produce unconjugated 
bile salts from glycine or taurine-conjugated bile 
salts. Dead bacteria and/or parasites could act 

as nuclei that accelerate precipitation of calcium 
bilirubinate. The mucin gel in the gallbladder can 
trap these complex precipitates and facilitate their 
growth into macroscopic stones. 
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especially in intrahepatic bile ducts. Formation of brown pigment 
stones requires the presence of structural or functional stasis of 
bile associated with biliary infection, especially with Escherichia 
coli.”>! These stones are quite prevalent in Asia, where Clonorchis 
sinensis and roundworm infestations are common, and parasitic 
elements have been considered to be kernels of brown pigment 
stone formation (see Chapter 84).’*” Bile stasis predisposes to 
bacterial infection as well as accumulation of mucins and bacte- 
rial cytoskeletons in the bile ducts. Bile stasis may be induced 
by bile duct stenosis and bacterial infection caused by infestation 
of parasites and their ova.’*> As the incidence of biliary infec- 
tions has decreased in Asian populations prone to development of 
brown pigment stones, the ratio of cholesterol stones to pigment 
stones has also changed in these populations. The percentage of 
brown pigment stones in Japan has fallen from 60% to 24% since 
the 1950s, and similar changes have been reported from other 
Asian countries.7**-73° 

Enteric bacteria produce f-glucuronidase, phospholipase A, 
and conjugated bile acid hydrolase. Activity of B-glucuronidase 
results in production of unconjugated bilirubin from bilirubin 
glucuronide; phospholipase A, liberates palmitic and stearic acids 
from phospholipids; and bile acid hydrolases produce unconju- 
gated bile salts from glycine or taurine-conjugated bile salts. Par- 
tially ionized saturated fatty acids, unconjugated bilirubin, and 
unconjugated bile salts may precipitate as calcium salts. Mucin 
gel can trap these complex precipitates and facilitate their growth 
into macroscopic brown pigment stones. Fig. 65.6 shows the pos- 
tulated mechanisms underlying the formation of brown pigment 
stones. Under normal physiologic conditions, bilirubin in bile 
exists mainly as bilirubin glucuronide, which is soluble in aque- 
ous media. Bile also contains -glucuronidase of tissue origin, 
the activity of which is inhibited by B-glucaro-1,4-lactone, which 
is also formed in the liver. If infection with E. coli occurs, the 
concentration of bacterial 6-glucuronidase increases significantly 
and exceeds the inhibitory power of B-glucaro-1,4-lactone. As a 
result, bilirubin glucuronide is hydrolyzed to produce unconju- 
gated bilirubin and glucuronic acid; the former is water-insoluble 
and combines with calcium to form calcium bilirubin at its car- 
boxy] radical, thereby leading to the formation of brown pigment 
gallstones. 
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NATURAL HISTORY 


The natural history of gallstones is typically described in 2 sepa- 
rate groups of patients: those who have symptoms and those who 
are asymptomatic. Autopsy studies clearly show that the vast 
majority of patients with gallstones are asymptomatic and remain 
so. Ascertaining the true frequency of complications in persons 
with asymptomatic stones (as well as those with symptomatic 
stones) is critical to providing rational, cost-effective recommen- 
dations regarding therapy (see later). Unfortunately, the informa- 
tion available on the natural history of gallstones has been sparse 
and somewhat varied.?*’7>” 


Asymptomatic Stones 


The study that changed our understanding of the course and appro- 
priate therapy of gallstone disease was performed by Gracie and 
Ransohoff.?*’ They monitored 123 University of Michigan faculty 
members for 15 years after they had been found to have gallstones 
on routine screening US. At 5, 10, and 15 years of follow-up, 10%, 
15%, and 18% of the patients, respectively, had become symptom- 
atic, and none had experienced serious complications. ‘The inves- 
tigators suggested that the rate at which biliary pain develops in 
persons with asymptomatic gallstones is about 2% per year for 5 
years and then decreases over time. Biliary complications devel- 
oped in only 3 patients in this study, and all complications were 
preceded by episodes of biliary pain. In fact, biliary pain, not a 
biliary complication, is the initial manifesting symptom in 90% of 
people with previously asymptomatic gallstones.’>’ Therefore, in 
patients with asymptomatic stones, the frequency of complications 
is low, and prophylactic cholecystectomy is not necessary. 

Subsequent studies have reported slightly higher rates of bili- 
ary pain and complications in patients with initially asymptom- 
atic gallstones,?** but only 1 was a long-term and prospective 
study.” The Group for Epidemiology and Prevention of Chole- 
lithiasis (GREPCO) in Rome reported the courses of 151 subjects 
with gallstones, 118 of whom were asymptomatic on entering the 
study. In those who were initially asymptomatic, the frequency of 
biliary pain was 12% at 2 years, 17% at 4 years, and 26% at 10 
years, and the cumulative rate of biliary complications was 3% at 
10 years.”>? 

In a 1987 study, incidental gallstones were discovered in 285 
(21%) of 1371 patients from Norway who had not had a cholecys- 
tectomy.7*° Twenty-four years later, a follow-up study included 
134 of the patients who had gallstones.**! Gallstones were pres- 
ent on US in 25 of 89 patients (28% overall, 31% of women and 
25% of men), and there was no correlation between initial size 
and number of gallstones and persistence of stones on follow-up. 
Nine of 134 patients (7%) had undergone cholecystectomy, as 
had 5 of 91 patients who had died prior to follow up (6%). Dur- 
ing follow up, abdominal pain developed in 44%, and 29% had 
what were deemed to be functional abdominal complaints. This 
study illustrates again both the frequent resolution and relatively 
benign nature of asymptomatic gallstone disease. 


Stones in Patients With Diabetes Mellitus 


Diabetic patients have been considered at increased risk of gall- 
stone complications; however, the natural history of gallstones 
in diabetic patients follows the same pattern observed in non- 
diabetic persons. A prospective study of patients with insulin- 
resistant diabetes mellitus showed that after 5 years of follow-up, 
symptoms had developed in 15% of the asymptomatic patients.?*? 
Moreover, the complication and mortality rates were compa- 
rable to those in studies of nondiabetic patients with gallstones. 
Therefore, prophylactic cholecystectomy is not recommended in 
patients with insulin-resistant diabetes mellitus and asymptom- 
atic gallstones. 


Symptomatic Stones 


The cardinal symptom of gallstones is biliary pain (“colic”), 
which is described as pain in the RUQ often radiating to the back, 
with or without nausea and vomiting. The pain is usually not true 
colic (see Chapter 11) and is almost never associated with fever. 
The natural history of symptomatic gallstones has a more aggres- 
sive course than that of asymptomatic stones. The U.S. National 
Cooperative Gallstone Study showed that in persons who had an 
episode of uncomplicated biliary pain in the year before enter- 
ing the study, the rate of recurrent biliary pain was 38% per 
year. Other investigators have reported a rate of recurrent 
biliary pain as high as 50% per year in persons with symptom- 
atic gallstones.’*+ As noted earlier, biliary complications are also 
more likely to develop in persons with symptomatic gallstones. 
The risk of biliary complications is estimated to be 1% to 2% per 
year and is believed to remain relatively constant over time.** 
Therefore, cholecystectomy should be offered to patients after 
biliary symptoms develop. In patients with high operative risk, an 
alternative approach is close observation, because 30% will have 
no further episodes of biliary pain. 


Special Patient Populations 


The clinical manifestations of gallstones are shown schematically 
in Fig. 65.7 and summarized in more detail in Table 65.2.746-250 
Biliary pancreatitis is discussed in Chapter 58. Although the stan- 
dard approach to asymptomatic gallstones is observation, some 
patients with asymptomatic gallstones may be at increased risk 
of complications and may require consideration of prophylactic 
cholecystectomy. 

An increased risk of cholangiocarcinoma and gallbladder car- 
cinoma has been associated with certain disorders of the biliary 
tract and in some ethnic groups (e.g., Native Americans) (see 
Chapter 69). Risk factors include choledochal cysts, Caroli dis- 
ease, pancreaticobiliary malunion (also referred to as anomalous 
union of the pancreatic and biliary ducts, in which the pancre- 
atic duct drains into the bile duct), large gallbladder adenomas, 
and porcelain gallbladder (see Chapters 55, 62, and 67). Patients 
at increased risk of biliary cancer may benefit from prophylac- 
tic cholecystectomy. If abdominal surgery is planned for another 
indication, an incidental cholecystectomy should be performed. 

Pigment gallstones are common and often asymptomatic in 
patients with sickle cell disease. Prophylactic cholecystectomy is 
not recommended, but an incidental cholecystectomy should be 
considered if abdominal surgery is performed for other reasons. 
Some authorities recommend combined prophylactic splenec- 
tomy and cholecystectomy in young asymptomatic patients with 
hereditary spherocytosis if gallstones are present. 

Morbidly obese persons who undergo bariatric surgery are 
at high risk of complications of gallstones (see Chapters 7 and 
8). These patients have a frequency of gallstones of greater than 
30%. An incidental cholecystectomy is recommended at the time 
of surgery. 

Some investigators have proposed that patients with inciden- 
tal cholelithiasis who are awaiting heart transplantation undergo 
a prophylactic cholecystectomy irrespective of the presence or 
absence of biliary tract symptoms because they are at increased 
risk of post-transplant gallstone complications.**! A retrospective 
study that addressed this issue in renal transplant recipients, how- 
ever, concluded that complications of gallstones could be man- 
aged safely after symptoms emerged.??? 


DIAGNOSIS 


Imaging studies play a central role in the diagnosis of gallstones 
and associated conditions. ‘Table 65.3 shows the wide array of 
imaging techniques available to evaluate the biliary tract.?33-256 


Stone intermittently obstructing 
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Stone impacted in the cystic 


the cystic duct, causing intermittent duct, causing acute cholecystitis (10%) 


biliary pain (20%) 


Asymptomatic stone (75%) 


Fig. 65.7 Schematic depiction of the natural 
history and complications of gallstones. 
Percentages indicate approximate frequencies 
of complications that occur in persons with 
gallstones, based on natural history data. The 
most frequent outcome is for the patient with 
a stone to remain asymptomatic throughout 
life (7). Biliary pain (2), acute cholecystitis (3), 
cholangitis (5), and pancreatitis (5) are the 
most common complications. Mirizzi syndrome 
(4), cholecystoenteric fistula (6), Bouveret 
syndrome (6), and gallbladder cancer (7) 

are uncommon. (The sum of percentages is 
>100% because patients with acute cholecys- 
titis generally have had prior episodes of biliary 
pain.) 


carcinoma (<0.1%) 


outlet obstruction) 
(<0.1%) 


Each modality has its strengths and limitations, and the methods 
vary widely in relative cost and risk to the patient. With the pos- 
sible exception of US, none of the modalities should be ordered 
routinely in the evaluation of a patient with suspected gallstone 
disease; rather, the diagnostic evaluation should proceed in a 
rational stepwise fashion based on the individual patient’s symp- 
toms, signs, and results of laboratory studies (see later). 

Notably absent from the list of imaging studies of the biliary 
tract is the plain abdominal film. Although useful on occasion 
for evaluating patients with abdominal pain, plain abdominal 
films are limited by a lack of sensitivity and specificity. Only 
50% of pigment stones and 20% of cholesterol stones contain 
enough calcium to be visible on a plain abdominal film. Because 
80% of gallstones in the Western world are of the cholesterol 
type, only 25% of stones can be detected by simple radio- 
graphs. Plain abdominal films have their greatest usefulness in 
evaluating patients with some of the unusual complications of 
gallstones (e.g., emphysematous cholecystitis, cholecystenteric 
fistula, gallstone ileus) or in detecting a porcelain gallbladder 
(see later). 


US 


Since its introduction in the 1970s, US examination of the biliary 
tract has become the principal imaging modality for the diagnosis 
of cholelithiasis. US requires only an overnight or 8-hour fast, 
involves no ionizing radiation, is simple to perform, and provides 
accurate anatomic information. It has the additional advantage of 
being portable and thus available at the bedside of a critically ill 
patient.?*® 

The diagnosis of gallstones relies on detection of echogenic 
objects within the lumen of the gallbladder that produce an 
acoustic shadow (Fig. 65.84). The stones are mobile and gen- 
erally congregate in the dependent portion of the gallbladder. 
Modern US can detect stones as small as 2 mm in diameter rou- 
tinely. Smaller stones may be missed or may be confused with 


Long-standing cholelithiasis, 
resulting in gallbladder 


Stone eroding through the gallbladder 
into the duodenum, resulting in a 
cholecystoenteric fistula 

(prerequisite for gallstone ileus) 

and leading in some cases to 
Bouveret’s syndrome (gastric 


Stone in the cystic duct 
compressing or fistulizing into 
the common hepatic duct, causing 
Mirizzi syndrome (<0.1%) 


Stone impacted in the distal bile duct, causing 
jaundice, biliary-type pain, and the risk of ascending 
cholangitis or acute biliary pancreatitis (5%) 


biliary sludge (layering echogenic material that does not cast an 
acoustic shadow).?>” 

The sensitivity of US for detection of gallstones in the gall- 
bladder is greater than 95% for stones larger than 2 mm.?58 The 
specificity is greater than 95% when stones produce acoustic 
shadows. Rarely, advanced scarring and contraction of the gall- 
bladder around gallstones make locating the gallbladder or the 
stones impossible, raising the possibility of gallbladder cancer. 
The contracted gallbladder filled with stones may give a “double- 
arc shadow” or “wall-echo shadow” sign, with the gallbladder 
wall, echogenic stones, and acoustic shadowing seen in imme- 
diate proximity. If the gallbladder cannot be identified ultraso- 
nographically, then a complementary imaging modality such as 
OCG or abdominal CT is warranted. 

US is the standard for the diagnosis of stones in the gallblad- 
der but is distinctly less sensitive for the detection of stones in the 
bile duct (common bile duct).”°? Because of the proximity of the 
distal bile duct to the duodenum, luminal bowel gas often inter- 
feres with the US image, and the entire length of the bile duct 
cannot be examined.” As a result, only about 50% of bile duct 
stones are actually seen on US.?°* The presence of an obstruct- 
ing bile duct stone, however, can be inferred when a dilated duct 
is found in the absence of cholecystectomy. Because ERCP has 
uncovered a rising frequency of falsely negative US results, the 
upper limit of normal of the diameter of the bile duct has declined 
from 10 mm to 6 mm. Even so, inferring choledocholithiasis from 
a dilated bile duct on US has a sensitivity of only 75%. 

US is quite useful for diagnosing acute cholecystitis.7°! Peri- 
cholecystic fluid (in the absence of ascites) and gallbladder wall 
thickening to more than 4 mm (in the absence of hypoalbumin- 
emia) are suggestive of acute cholecystitis (see Fig. 65.82). Unfor- 
tunately, in the critical care setting, these nonspecific findings are 
seen frequently in patients with no other evidence of gallbladder 
disease.*°! A more specific finding is the so-called sonographic 
Murphy sign, in which the ultrasonographer elicits focal gall- 
bladder tenderness under the ultrasound transducer. Eliciting a 
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Biliary Tract 


Biliary pain 


Acute cholecystitis 


TABLE 65.2 Pathophysiology, Clinical Manifestations, Diagnosis, and Treatment of Gallstone Disease? 


Choledocholithiasis 


Cholangitis 


Pathophysiology 


Symptoms 


Physical findings 


Laboratory 
findings 


Diagnostic 
studies (see 
Table 65.3 
for details 
on imaging 
studies) 


Natural history 


Treatment (see 
Chapters 66 
and 70) 


Intermittent obstruction of the 
cystic duct 

No acute inflammation of the 
gallbladder 


Severe, poorly localized, 
epigastric or RUQ visceral 
pain growing in intensity 
over 15 min and remaining 
constant for 1-6 h, often 
with nausea 

Frequency of attacks varies 
from days to months 

Gas, bloating, flatulence, and 
dyspepsia are not related 
to stones 


Mild-to-moderate epigastric/ 
RUQ tenderness during an 
attack, with mild residual 
tenderness lasting days 

Often, findings are normal 


Usually normal 

Elevated serum bilirubin, 
alkaline phosphatase, or 
amylase levels suggest 
coexisting BD stones 


US 

Oral cholecystography 

Meltzer-Lyon test (see 
Chapter 67) 


After the initial attack, 30% 
of patients have no further 
symptoms 

Symptoms develop in the 
remainder at a rate of 
6% per year, and severe 
complications at a rate of 
1%-2% per year 


Elective laparoscopic 
cholecystectomy, possibly 
with IOC 

ERCP for stone removal or BD 
exploration if IOC shows 
stones 


Impacted stone in the cystic duct 

Acute inflammation of the 
gallbladder 

Secondary bacterial infection in 
= 50% 


75% of cases are preceded by 
attacks of biliary pain 

Visceral epigastric pain gives way 
to moderately severe localized 
pain in the RUQ, back, right 
shoulder, or, rarely, chest 

Nausea with some vomiting is 
frequent 

Pain lasting >6 h favors 
cholecystitis over biliary pain 
alone 


Fever, but usually to <102°F unless 
complicated by gangrene or 
perforation 

Right subcostal tenderness with 
inspiratory arrest (Murphy sign) 

Palpable gallbladder in 33% of 
patients, especially those having 
their first attack 

Mild jaundice in 20%; higher 
frequency in older adults 


Leukocytosis with band forms is 
common 

Serum bilirubin level may be 2-4 
mg/dL, and aminotransferase 
and alkaline phosphatase 
levels may be elevated even in 
the absence of a BD stone or 
hepatic infection 

Mild serum amylase and lipase 
elevations are seen even in the 
absence of pancreatitis 

lf serum bilirubin is >4 mg/dL or 
amylase or lipase is markedly 
elevated, a BD stone should be 
suspected 


US 
Hepatobiliary scintigraphy 
Abdominal CT 


50% of cases resolve 
spontaneously in 7-10 days 
without surgery 

Left untreated, 10% of cases are 
complicated by a localized 
perforation and 1% by a free 
perforation and peritonitis 


Laparoscopic cholecystectomy, 
possibly with IOC if feasible; 
otherwise open cholecystectomy 

BD exploration or ERCP for stone 
removal if IOC shows stones 


Stone passed from the 
gallbladder via the 
cystic duct or formed 
in the BD 

Intermitted obstruction of 
the BD 


Often asymptomatic 

Symptoms (when 
present) are 
indistinguishable from 
biliary pain 

Predisposes to 
cholangitis and acute 
pancreatitis 


Often findings are 
completely normal 
if the obstruction is 
intermittent 

Jaundice with pain 
suggests stones; 
painless jaundice and 
a palpable gallbladder 
favor malignancy 


Elevated serum 
bilirubin and alkaline 
phosphatase levels 
are seen with BD 
obstruction 

Serum bilirubin level 
>10 mg/dL suggests 
malignant obstruction 
or coexisting 
hemolysis 

A transient “spike” 
in serum 
aminotransferase or 
amylase (or lipase) 
levels suggests the 
passage of a stone 


ERCP. 

EUS 

MRC 
Percutaneous THC 


The natural history is 
not well defined, but 
complications are 
more common and 
more severe than for 
asymptomatic stones 
in the gallbladder 


Stone removal at the 
time of ERCP, followed 
in most cases by 
early laparoscopic 
cholecystectomy 


A stone in the BD causing 
bile stasis 

Bacterial superinfection of 
stagnant bile 

Early bacteremia 


Charcot triad (pain, jaundice, 
and fever) is present in 
70% of patients 

Pain may be mild and 
transient and is often 
accompanied by chills 

Mental confusion, lethargy, 
and delirium suggest 
sepsis 


Fever in 95% 

RUQ tenderness in 90% 

Jaundice in 80% 

Peritoneal signs in 15% 

Hypotension and mental 
confusion (forming 
Reynolds pentad in 
combination with Charcot 
triad) coexist in 15% and 
suggest gram-negative 
sepsis 


Leukocytosis in 80%, but 
the remainder may have a 
normal WBC count with or 
without band forms 

Serum bilirubin level is >2 
mg/dL in 80% 

Serum alkaline phosphatase 
level is usually elevated 

Blood cultures are usually 
positive, especially during 
chills or a fever spike; 

2 organisms are grown 
in cultures from half of 
patients 


ERCP. 
Percutaneous THC 


A high mortality rate if 
unrecognized, with death 
from septicemia 

Emergency decompression 
of the BD (usually by 
ERCP) improves survival 
dramatically 


Emergency ERCP with stone 
removal or at least biliary 
decompression 

Antibiotics to cover gram- 
negative and possibly 
anaerobic organisms and 
Enterococcus spp. 

Subsequent cholecystectomy 


aSee Chapter 58 for a discussion of biliary pancreatitis. 


BD, Bile duct; /OC, intraoperative cholangiography; MRC, magnetic resonance cholangiography; THC, transhepatic cholangiography. 


TABLE 65.3 Imaging Studies of the Biliary Tract 


Technique 
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Condition Tested For Findings/Comments 


US 


EUS 


Oral cholecystography* 


Cholescintigraphy 
(hepatobiliary 
scintigraphy; 
hydroxyiminodiacetic 
acid or diisopropyl 
iminodiacetic acid 
scan) 


ERCP 


MRCP. 


CT 


Cholelithiasis 


Choledocholithiasis 


Acute cholecystitis 


Choledocholithiasis 


Cholelithiasis 


Acute cholecystitis 


Choledocholithiasis 


Cholelithiasis 


Choledocholithiasis 


Complications of 
gallstones 


Stones manifest as mobile, dependent echogenic foci within the gallbladder lumen with acoustic shadowing 
Sludge appears as layering echogenic material without shadows 

Sensitivity >95% for stones >2 mm 

Specificity >95% for stones with acoustic shadows 

Rarely, a stone-filled gallbladder may be contracted and difficult to see, with a “wall-echo-shadow” sign 
Best single test for stones in the gallbladder 


Stones are seen in the BD in only =50% of cases but can be inferred from the finding of a dilated BD 
(>6 mm diameter), with or without gallstones, in another =25% of cases 


Can confirm, but not exclude, BD stones 


Sonographic Murphy sign (focal gallbladder tenderness under the transducer) has a positive predictive 
value of >90% in detecting acute cholecystitis when stones are seen 


Pericholecystic fluid (in the absence of ascites) and gallbladder wall thickening to >4 mm (in the 
absence of hypoalbuminemia) are nonspecific findings but are suggestive of acute cholecystitis 


Highly accurate for excluding or confirming stones in the BD 


Concordance of EUS with the ERCP diagnosis =95%; many studies suggest slightly higher sensitivity 
rates for EUS than for ERCP 


Specificity =97% 
Positive predictive value =99%, negative predictive value =98%, accuracy =97% 


With experienced operators, EUS can be used in lieu of ERCP to exclude BD stones, particularly 
when the clinical suspicion is low or intermediate 


Considered for patients with low to moderate clinical probability of choledocholithiasis 
Stones manifest as mobile filling defects in an opacified gallbladder 


Sensitivity and specificity exceed 90% when the gallbladder is opacified, but nonvisualization occurs 
in 25% of studies and can result from multiple causes other than stones 


Opacification of the gallbladder indicates cystic duct patency 


May be useful in the evaluation of acalculous gallbladder diseases such as cholesterolosis and 
adenomyomatosis (see Chapter 67) 


Assesses patency of the cystic duct 
A normal scan shows radioactivity in the gallbladder, BD, and small bowel within 30-60 min 


A positive result is defined as nonvisualization of the gallbladder, with preserved hepatic excretion of 
radionuclide into the BD or small bowel 


Sensitivity is =95% and specificity is ~90%, with false-positive results seen in fasted critically ill patients 


With cholecystokinin stimulation, the gallbladder “ejection fraction” can be determined and may help 
evaluate patients with acalculous biliary pain (see Chapter 67) 


A normal scan result virtually excludes acute cholecystitis 
ERCP is the standard diagnostic test for stones in the BD, with sensitivity and specificity of 95% 


Use of ERCP to extract stones (or at least drain infected bile) is lifesaving in severe cholangitis and 
reduces the need for BD exploration at the time of cholecystectomy 


Recommended for patients with a high clinical probability of choledocholithiasis 


When contrast agent flows retrograde into the gallbladder, stones appear as filling defects and can be 
detected with a sensitivity rate of ~80%, but US remains the mainstay for confirming cholelithiasis 


A rapid, noninvasive modality that provides detailed bile duct and pancreatic duct images equal to 
those of ERCP 


Sensitivity =93% and specificity =94%, comparable with those for ERCP 


Useful for examining nondilated ducts, particularly at the distal portion, which often is not well 
visualized by US 


Adjacent structures such as the liver and pancreas can be examined at the same time 
Recommended for patients with low to moderate clinical probability of choledocholithiasis 


Not well suited for detecting uncomplicated stones but excellent for detecting complications such as 
abscess, perforation of gallbladder or BD, and pancreatitis 


Spiral CT may prove useful as a noninvasive means of excluding BD stones; some studies suggest 
improved diagnostic accuracy when CT is combined with an oral cholecystographic contrast agent 


@Performed infrequently. 
BD, Bile duct. 
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Fig. 65.8 (A) Typical ultrasonographic appearance of cholelithiasis. 

A gallstone is present within the lumen of the gallbladder (GB), with 
acoustic shadow behind it. With repositioning of the patient, stones will 
move, thereby excluding the possibility of a gallbladder polyp. (B) Cho- 
lelithiasis in the setting of acute cholecystitis. Multiple gallstones can be 
seen within the gallbladder lumen, with associated acoustic shadowing. 
In addition, the gallbladder wall is thickened (arrowheads). (Courtesy 
Julie Champine, MD, Dallas, TX.) 


sonographic Murphy sign is somewhat operator dependent and 
requires an alert patient. Presence of the sign has a positive pre- 
dictive value of greater than 90% for detecting acute cholecystitis 
if gallstones are present.” US may help localize other abdominal 
diseases, such as abscesses or pseudocysts, that may be in the dif- 
ferential diagnosis. 


EUS 


EUS is highly accurate for detecting choledocholithiasis. More 
invasive and more expensive than standard US, EUS has the 
advantage of being able to visualize the bile duct from within 
the GI lumen and is comparable to ERCP in this respect. 
Intraluminal imaging provides several advantages over transab- 
dominal US, including closer proximity to the bile duct, higher 
resolution, and lack of interference by bowel gas or abdominal 
wall layers (Fig. 65.9). In several studies, EUS had a positive pre- 
dictive value of 99%, negative predictive value of 98%, and accu- 
racy rate of 97% for the diagnosis of bile duct stones compared 
with ERCP.2% 26+ If bile duct stones are found on EUS, endo- 
scopic removal of the stones is necessary, and it can be argued 
that ERCP should be the initial study if choledocholithiasis is 
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Fig. 65.9 EUS with a radial sector scanning endoscope, demonstrating 
choledocholithiasis. The bile duct (BD) is shown extending to the level 
of the gallbladder (GB) (top) and distally (A and B). The greatest diam- 
eter of the BD is 12 mm (8), and the duct tapers distally to a diameter 
of 7 mm (C). Within the distal BD, a gallstone is clearly visualized (C). 
Note the proximity of adjacent structures to the BD and the ease with 
which these structures are resolved by EUS. Conf, Confluence of portal 
and splenic veins; PD, pancreatic duct; PV, portal vein. 


strongly suspected. Nevertheless, several studies that compared 
EUS with ERCP have found both techniques to be accurate for 
confirming or excluding choledocholithiasis, with EUS having 
advantages in both safety and cost.?65-267 

EUS has also been found to be superior to MRCP (or sim- 
ply magnetic resonance cholangiography [MRC]) in detect- 
ing the presence or absence of bile duct stones (see later). The 
major benefit of EUS in patients with a clinical suspicion of 


choledocholithiasis is the ability to avoid unnecessary ERCP 
and sphincterotomy, which is not without risk. Use of EUS to 
determine if ERCP is indicated may avoid a significant number of 
ERCPs and result in fewer complications. A systematic review of 
randomized controlled trials compared EUS-guided ERCP with 
ERCP alone for detection of bile duct stones.*°* Patients ran- 
domized to EUS were able to avoid ERCP in 67% of cases and 
had lower rates of complications and pancreatitis compared with 
those randomized to ERCP alone (OR, 0.35 and 0.21, respec- 
tively). EUS failed to detect bile duct stones in only 2 of 213 
patients (0.9%). Therefore, EUS is considered an appropriate 
modality for excluding bile duct stones, especially if the pretest 
probability of finding stones is low to intermediate. 


Oral Cholecystography 


Once the mainstay of imaging studies of the gallbladder, OCG 
now has limited application as a secondary approach to identifying 
stones in the gallbladder.*°* The only useful clinical indications 
for OCG are the evaluation of patients in whom medical disso- 
lution of stones or lithotripsy is being considered (see Chapter 
66)°° and the evaluation of patients for unsuspected gallbladder 
disease, such as adenomyomatosis or cholesterolosis, when US 
has been nondiagnostic (see Chapter 67). 


Cholescintigraphy 


Cholescintigraphy (hepatobiliary scintigraphy) is a radionuclide 
imaging test of the gallbladder and biliary tract that is most useful 
for evaluating patients with suspected acute cholecystitis.” By 
demonstrating patency of the cystic duct, cholescintigraphy can 
exclude acute cholecystitis rapidly (within 90 minutes) in a patient 
who presents with abdominal pain.?’!’? The procedure can be 
performed on an emergency basis in a nonfasting patient after 
IV administration of gamma-emitting °™Tc-labeled hydroxyl 
iminodiacetic acid (HIDA) or diisopropyl iminodiacetic acid 
(DISIDA), which is taken up rapidly by the liver and secreted 
into bile.*>+ As shown in Fig. 65.10, serial scans after injection 
normally should show radioactivity in the gallbladder, bile duct, 
and small intestine within 30 to 60 minutes.*!¢ In the past, imag- 
ing of jaundiced patients with this technique was limited, but use 
of DISIDA may allow imaging of the biliary tract in a patient with 
a serum bilirubin value as high as 20 mg/dL. 

An abnormal, or “positive,” scan result is defined as nonvi- 
sualization of the gallbladder, with preserved excretion into the 
bile duct or small intestine. The accuracy of the test for detecting 
acute cholecystitis is 92%, superior to that for US. False-positive 
results occur primarily in fasting or critically ill patients, in whom 
gallbladder motility is decreased. The reduction in gallblad- 
der motility leads to greater water resorption, which results in 
a gelatinous bile. In critically ill patients, cholestasis and hepa- 
tocyte dysfunction result in reduced clearance of radionuclide 
imaging agents. Although nonvisualization of the gallbladder 
because of cystic duct obstruction is the hallmark of acute chole- 
cystitis, pericholecystic hepatic uptake of radionuclide is a useful 
secondary sign.” 

In some patients (e.g., those with chronic cholecystitis, liver 
disease, or choledocholithiasis), imaging of the gallbladder by 
radionuclide scanning is delayed for several hours, and scan- 
ning must be repeated in 4 or more hours to confirm absence of 
acute cholecystitis. This delay in visualization of the gallbladder 
is problematic in the acutely ill patient but has largely been over- 
come with the administration of IV morphine sulfate to patients 
in whom the gallbladder fails to be visualized within 60 min- 
utes. Morphine raises the pressure within the sphincter of Oddi, 
thereby leading to the preferential flow of bile into the gallblad- 
der if the cystic duct is not obstructed. Another scan is obtained 
30 minutes after injection of morphine, and if the gallbladder is 
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Fig. 65.10 Cholescintigraphy demonstrating an obstructed cystic duct 
characteristic of acute cholecystitis. The gamma-emitting radioisotope 
diisopropyl iminodiacetic acid is injected intravenously, rapidly taken 

up by the liver (at 5 minutes), and excreted into bile (at 20 minutes). 
Sequential images show the isotope quickly entering the duodenum 
(at 45 minutes) and passing distally in the small intestine without ever 
being concentrated in the gallbladder. Failure of the gallbladder to be 
visualized as a hot spot within 30 to 60 minutes constitutes a positive 
result and implies obstruction of the cystic duct. 


visualized, cystic duct obstruction, and hence acute cholecystitis, 
is excluded. The gallbladder may not be visualized in approxi- 
mately half of critically ill patients even after injection of mor- 
phine, thereby leading to false-positive cholescintigraphy results. 

Although primarily a tool for evaluating acutely ill patients with 
suspected acute cholecystitis, cholescintigraphy after administra- 
tion of CCK may be useful in identifying patients with chronic 
acalculous biliary pain who are likely to benefit from empirical 
cholecystectomy (see Chapter 67). An additional important role 
for cholescintigraphy is the noninvasive detection of bile leakage 
from the cystic duct as a complication of cholecystectomy (see 
Chapter 66).?74 


ERCP 


ERCP is one of the most effective modalities for detecting cho- 
ledocholithiasis.?’> The technique is discussed in more detail in 
Chapter 70. Stones within the bile duct appear as filling defects 
and can be detected with a sensitivity of around 95% (Fig. 
65.11).7”° Care should be taken to avoid inadvertent injection 
of air into the biliary tract,” because bubbles may mimic gall- 
stones. The specificity of ERCP for the detection of bile duct 
stones is approximately 95%. 

The therapeutic applications of ERCP have revolutionized 
the treatment of patients with choledocholithiasis’’”® and other 
bile duct disorders (see Chapter 70). As the use of EUS and MRC 
has increased, the role of ERCP in the diagnosis of choledocholi- 
thiasis has changed considerably. A National Institutes of Health 
consensus conference has recommended the use of ERCP only 
when the clinical probability of choledocholithiasis is high (i.e., 
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Fig. 65.11 ERCP demonstrating choledocholithiasis with dilatation 
of the bile duct to 15 mm and 3 filling defects representing stones 
(arrows). 


Fig. 65.12 Abdominal CT demonstrating emphysematous cholecystitis 
with associated cholelithiasis. Pockets of gas (yellow arrow), resulting 
from a secondary infection with gas-forming organisms, are present 
within the wall of the gallbladder (GB). (Courtesy Julie Champine, MD, 
Dallas, TX.) 


when the need for therapeutic intervention is likely). For diag- 
nosis of choledocholithiasis alone, EUS and MRC are equal in 
accuracy to ERCP.?”? 


CT and MRI 


In patients with cholelithiasis or choledocholithiasis, CT has 
been used principally for detecting complications such as peri- 
cholecystic fluid in acute cholecystitis, gas in the gallbladder wall 
(suggesting emphysematous cholecystitis), gallbladder perfora- 
tion, and abscesses (Fig. 65.12). Helical (or spiral) CT cholan- 
giography (CTC) with use of an oral cholecystographic contrast 
agent has been studied for the detection of choledocholithia- 
sis.?80281 Although CTC is still inferior to ERCP imaging for 
detecting bile duct stones, it may reveal other surrounding patho- 
logic abnormalities.7* 


Fig. 65.13 MRCP demonstrating choledocholithiasis. Within the bile 
duct (BD) are 2 filling defects representing gallstones. GB, Gallbladder. 
(Courtesy Charles Owen, III, MD, Dallas, TX.) 


MRC is highly useful for imaging the bile duct and detecting 
gallstones. This modality is especially useful for detecting abnor- 
malities in the most distal extrahepatic portion of the bile duct 
when the duct is not dilated; this region is often not well visual- 
ized by transabdominal US.??? With the advent of laparoscopic 
cholecystectomy, an easy, quick, and preferably noninvasive 
method of excluding bile duct stones is needed. MRC permits 
construction of a 3-dimensional image of the bile duct with a high 
sensitivity for detecting bile duct stones (Fig. 65.13).7°°7°7 In a 
systematic review that compared MRC with diagnostic ERCP for 
detection of choledocholithiasis, MRC had a sensitivity of 93% 
and a specificity of 94% .7°° 


CLINICAL DISORDERS 
Biliary Pain and Chronic Cholecystitis 


Biliary pain is the most common presenting symptom of chole- 
lithiasis, and about 75% of patients with symptomatic gallstone 
disease seek medical attention for episodic abdominal pain. In 
patients who present with a complication of gallstones, such as 
acute cholecystitis, a history of recurrent episodes of abdominal 
pain in the months preceding the complication is often elicited. 


Pathogenesis 


Biliary pain (conventionally referred to as biliary “colic,” a mis- 
nomer) is caused by intermittent obstruction of the cystic duct by 
one or more gallstones. Biliary pain does not require that inflam- 
mation of the gallbladder accompany the obstruction. The term 
“chronic cholecystitis” to describe biliary pain should be avoided 
because it implies the presence of a chronic inflammatory infil- 
trate that may or may not be present in a given patient. Indeed, 
the severity and frequency of biliary pain and the pathologic 
changes in the gallbladder do not correlate.**> The most com- 
mon histologic changes observed in patients with biliary pain are 
mild fibrosis of the gallbladder wall with a chronic inflammatory 
cell infiltrate and intact mucosa. Recurrent episodes of biliary 
pain can also be associated with a scarred, shrunken gallbladder 
and Rokitansky-Aschoff sinuses (intramural diverticula). Bacteria 
can be cultured from gallbladder bile or gallstones themselves in 


about 10% of patients with biliary pain, but bacterial infection 
is not believed to contribute to the symptoms (see Chapter 67). 


Clinical Features 


Biliary pain is visceral in nature and thus poorly localized.**° In a 
typical case, the patient experiences episodes of upper abdominal 
pain, usually in the epigastrium or RUQ, but sometimes in other 
abdominal locations. Ingestion of a meal often precipitates pain, 
but more commonly no inciting event is apparent. The onset 
of biliary pain is more likely to occur during periods of weight 
reduction and marked physical inactivity such as prolonged bed 
rest than at other times. 

The term “biliary colic,” used in the past, is a misnomer because 
the pain is steady rather than intermittent, as would be suggested 
by the word colic. The pain increases gradually over a period of 15 
minutes to an hour and then remains at a plateau for an hour or 
more before slowly resolving. In one third of patients, the onset 
of pain may be more sudden, and on rare occasions, the pain may 
cease abruptly. Pain lasting more than 6 hours suggests acute cho- 
lecystitis rather than simple biliary pain (see Chapter 11). 

In order of decreasing frequency, biliary pain is felt maxi- 
mally in the epigastrium, RUQ, LUQ, and various parts of the 
precordium or lower abdomen. Therefore, the notion that pain 
not located in the RUQ is atypical of gallstone disease is incor- 
rect. Radiation of the pain to the scapula, right shoulder, or lower 
abdomen occurs in half of patients. Diaphoresis and nausea with 
some vomiting are common, although vomiting is not as pro- 
tracted as in intestinal obstruction or acute pancreatitis. Like 
patients with other kinds of visceral pain, the patient with biliary 
pain is usually restless and active during an episode. 

Complaints of gas, bloating, flatulence, and dyspepsia, which 
are common in patients with gallstones, are probably not related 
to the stones themselves. These nonspecific symptoms are found 
with similar frequencies in persons without gallstones. Accord- 
ingly, patients with gallstones whose only symptoms are dys- 
pepsia and other nonspecific upper GI tract complaints are not 
candidates for cholecystectomy. Physical findings are usually nor- 
mal, with only mild to moderate gallbladder tenderness during an 
attack and perhaps mild residual tenderness lasting several days 
after an attack. 


Diagnosis 


In a patient with uncomplicated biliary pain, laboratory param- 
eters are usually normal. Elevations of serum bilirubin, alkaline 
phosphatase, or amylase levels suggest coexisting choledocholi- 
thiasis.. 

In general, the first, and often the only, imaging study recom- 
mended in patients with biliary pain is US of the RUQ. Despite 
the impressive diagnostic accuracy of US, a clinically important 
stone is occasionally missed and the correct diagnosis delayed 
because of the large number of patients who undergo US for any 
reason.” Given the relatively benign natural history of biliary 
pain, patients with suspected gallstones but a negative US result 
can safely be observed, with further diagnostic testing reserved 
for those in whom symptoms recur.**” 


Differential Diagnosis 


The differential diagnosis of recurrent episodic upper abdomi- 
nal symptoms includes reflux esophagitis, peptic ulcer, pancre- 
atitis, renal colic, diverticulitis, carcinoma of the colon, IBS, 
radiculopathy, and angina pectoris (see Chapter 11). Usually a 
carefully taken history assists in narrowing the differential diag- 
nosis. In a study of 1008 patients who underwent cholecystec- 
tomy for gallstones, clinical features associated with biliary pain 
(“episodic gallbladder pain”) were episodic pain (usually once a 
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month or less), pain lasting 30 minutes to 24 hours, pain during 
the evening or at night, and the onset of symptoms 1 year or less 
before presentation.*** Xanthogranulomatous cholecystitis is a 
rare aggressive variant of chronic cholecystitis characterized by 
grayish-yellow nodules or streaks, representing lipid-laden mac- 
rophages, in the gallbladder wall; it may present as acute jaundice. 


Treatment 


Patients with recurrent uncomplicated biliary pain and docu- 
mented gallstones are generally treated with elective laparoscopic 
cholecystectomy (see Chapter 66). Acute biliary pain improves 
with administration of meperidine, with or without ketorolac or 
diclofenac. Aspirin taken prophylactically has been reported to 
prevent gallstone formation as well as acute attacks of biliary pain 
in patients with gallstones, but long-term use of other NSAIDs 
does not prevent gallstone formation.7°°75! 


Acute Cholecystitis 


Acute cholecystitis is the most common complication of gallstone 
disease. Inflammation of the gallbladder wall associated with 
abdominal pain, RUQ tenderness, fever, and leukocytosis is the 
hallmark of acute cholecystitis. In approximately 90% of cases, 
the underlying cause is obstruction of the outlet of the gallbladder 
by a gallstone in the cystic duct, gallbladder neck, or Hartmann 
pouch.’?! In the remaining 10% of cases, cholecystitis occurs in 
the absence of gallstones (acalculous cholecystitis [see Chapter 67)). 
Acute cholecystitis caused by gallstones is a disease of young, oth- 
erwise healthy women and generally has a favorable prognosis, 
whereas acute acalculous cholecystitis occurs more commonly in 
critically ill patients and is associated with high morbidity and 
mortality rates. 


Pathogenesis 


Acute cholecystitis generally occurs when a stone becomes 
embedded in the cystic duct and causes chronic obstruction, 
rather than transient obstruction as in biliary pain.*’! Stasis of 
bile within the gallbladder lumen results in damage of the gall- 
bladder mucosa, with consequent release of intracellular enzymes 
and activation of a cascade of inflammatory mediators. 

In animal studies, if the cystic duct is ligated, the usual result 
is gradual absorption of the gallbladder contents without the 
development of inflammation2”’; the additional instillation of a 
luminal irritant (e.g., concentrated bile or lysolecithin) or trauma 
from an indwelling catheter is required to cause acute cholecys- 
titis in an obstructed gallbladder. Phospholipase A is believed to 
be released by gallstone-induced mucosal trauma and converts 
lecithin to lysolecithin. Although normally absent from gall- 
bladder bile, lysolecithin is present in the gallbladder contents 
of patients with acute cholecystitis.2?> In animal models, instal- 
lation of lysolecithin into the gallbladder produces acute cho- 
lecystitis associated with increased protein secretion, decreased 
water absorption, and evidence of WBC invasion associated with 
elevated production of prostaglandins E and F,a. Administra- 
tion of indomethacin, a COX inhibitor, has been shown to block 
this inflammatory response. Studies of human tissue obtained 
at cholecystectomy have demonstrated enhanced prostaglandin 
production in the inflamed gallbladder. Additionally, administra- 
tion of IV indomethacin and oral ibuprofen to patients with acute 
cholecystitis has been shown to diminish both luminal pressure in 
the gallbladder and pain”? 

Supporting evidence for the role of prostaglandins in the 
development of acute cholecystitis comes from a prospective 
study in which patients who presented with biliary pain were ran- 
domized to receive diclofenac (a prostaglandin synthetase inhibi- 
tor) or placebo.?”* Ultimately, acute cholecystitis developed in 9 
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of 40 patients who received placebo, whereas episodes of biliary 
pain resolved in all 20 patients who received diclofenac. These 
data suggest a chain of events in which obstruction of the cystic 
duct in association with 1 or more intraluminal factors damages 
the gallbladder mucosa and stimulates prostaglandin synthetase. 
The resulting fluid secretion and inflammatory changes promote 
a cycle of further mucosal damage and inflammation.*”* 

Enteric bacteria can be cultured from gallbladder bile in 
roughly one half of patients with acute cholecystitis.?”> Bacteria 
are not believed to trigger the actual onset of acute cholecystitis, 
however. 


Pathology 


If examined in the first few days of an attack of acute cholecystitis, 
the gallbladder is usually distended and contains a stone embed- 
ded in the cystic duct.’”° After the gallbladder is opened, inflam- 
matory exudate and, rarely, pus are present. Later in the attack, 
the bile pigments that are normally present are absorbed and 
replaced by thin mucoid fluid, pus, or blood. If the attack of acute 
cholecystitis is left untreated for a long period but the cystic duct 
remains obstructed, the lumen of the gallbladder may become 
distended with clear mucoid fluid, a condition known as hydrops 
of the gallbladder. 

Histologic changes range from mild acute inflammation with 
edema to necrosis and perforation of the gallbladder wall. Sur- 
prisingly, the severity of histologic changes correlates little with 
the patient’s symptoms.*”° If the gallbladder is resected for acute 
cholecystitis and no stones are found, the specimen should be 
carefully examined histologically for evidence of vasculitis or cho- 
lesterol emboli, because these systemic disorders may manifest as 
acalculous cholecystitis (see Chapter 37). 


Clinical Features 


Approximately 75% of patients with acute cholecystitis report 
prior attacks of biliary pain (see Table 65.2).2°7 Often, such a 
patient is alerted to the possibility that more than simple biliary 
pain is occurring by the prolonged duration of the pain. If biliary 
pain has been constant for more than 6 hours, acute cholecystitis 
should be suspected. 

In contrast to uncomplicated biliary pain, the physical find- 
ings can, in many cases, suggest the diagnosis of acute chole- 
cystitis. Fever is common, but body temperature is usually less 
than 102°F unless the gallbladder has become gangrenous or 
has perforated (Fig. 65.14). Mild jaundice is present in 20% of 
patients with acute cholecystitis and 40% of older adult patients. 
Serum bilirubin levels are usually less than 4 mg/dL.?°* Bilirubin 
levels above this value suggest the possibility of bile duct stones, 
which may be found in 50% of jaundiced patients with acute 
cholecystitis. Another cause of pronounced jaundice in patients 
with acute cholecystitis is Mirizzi syndrome, which is associated 
with inflammatory obstruction of the common hepatic duct (see 
later). 

The abdominal examination often demonstrates right subcos- 
tal tenderness with a palpable gallbladder in a third of patients; 
a palpable gallbladder is more common in patients having a first 
attack of acute cholecystitis. Repeated attacks usually result in a 
scarred, fibrotic gallbladder that is unable to distend. For unclear 
reasons, the gallbladder is usually palpable lateral to its normal 
anatomic location. 

A relatively specific finding of acute cholecystitis is a Mur- 
phy sign?’ During palpation in the right subcostal region, pain 
and inspiratory arrest may occur when the patient takes a deep 
breath that brings the inflamed gallbladder into contact with the 
examiner’s hand. The presence of a Murphy sign in the appropri- 
ate clinical setting is a reliable predictor of acute cholecystitis, 
although gallstones should still be confirmed by US. 


Fig. 65.14 US demonstrating a complex fluid collection adjacent to the 
gallbladder (GB), consistent with gallbladder perforation. (Courtesy Julie 
Champine, MD, Dallas, TX.) 


Natural History 


The pain of untreated acute cholecystitis generally resolves in 7 
to 10 days.” Not uncommonly, symptoms remit within 48 hours 
of hospitalization. One study has shown that acute cholecystitis 
resolves without complications in about 83% of patients but 
results in gangrenous cholecystitis in 7%, gallbladder empyema 
in 6%, perforation in 3%, and emphysematous cholecystitis in 
fewer than 1%.300 


Diagnosis 


Perhaps because it is so common, acute cholecystitis is often at 
the top of the differential diagnosis of abdominal symptoms and 
is actually overdiagnosed when clinical criteria alone are consid- 
ered. In a prospective series of 100 patients with RUQ pain and 
tenderness and suspected acute cholecystitis, this diagnosis was 
correct in only two thirds of cases. The clinician must therefore 
use laboratory and imaging studies to confirm the presence of 
acute cholecystitis, exclude complications such as gangrene and 
perforation, and look for alternative causes of the clinical find- 
ings. 

‘Table 65.3 shows the most common laboratory findings in 
acute cholecystitis.*?? Leukocytosis with a shift to immature neu- 
trophils is common. Because a diagnosis of bile duct stones with 
cholangitis is usually in the differential diagnosis, attention should 
be directed to results of liver biochemical tests.*?* Even without 
detectable bile duct obstruction, acute cholecystitis often causes 
mild elevations in serum aminotransferase and alkaline phospha- 
tase levels. As noted earlier, the serum bilirubin level may also 
be mildly elevated (2 to 4 mg/dL), and even serum amylase and 
lipase values may be elevated nonspecifically. A serum bilirubin 
value above 4 mg/dL or amylase value above 1000 U/L usually 
indicates co-existing bile duct obstruction or acute pancreatitis, 
respectively, and warrants further evaluation. 

When the level of leukocytosis exceeds 15,000/mm’?, particu- 
larly in the setting of worsening pain, high fever (temperature 
>102°F), and chills, suppurative cholecystitis (empyema) or per- 
foration should be suspected, and urgent surgical intervention 
may be required. Such advanced gallbladder disease may be pres- 
ent even if local and systemic manifestations are unimpressive. 

US is the single most useful imaging study in acutely ill patients 
with RUQ pain and tenderness. It accurately establishes the pres- 
ence or absence of gallstones and serves as an extension of the 
physical examination. The presence of a sonographic Murphy sign, 
defined as focal gallbladder tenderness under the transducer, has 


a positive predictive value greater than 90% for detecting acute 
cholecystitis if gallstones are also present, the operator is skillful, 
and the patient is alert.>°! Additionally, US can detect nonspecific 
findings suggestive of acute cholecystitis, such as pericholecystic 
fluid and gallbladder wall thickening greater than 4 mm. Both 
findings lose specificity for acute cholecystitis if the patient has 
ascites or hypoalbuminemia.?*>3” 

Because the prevalence of gallstones is high in the population, 
many patients with nonbiliary tract diseases that manifest as acute 
abdominal pain (e.g., acute pancreatitis and complications of pep- 
tic ulcer) may have incidental and clinically irrelevant gallstones. 
The greatest usefulness of cholescintigraphy in these patients is 
its ability to exclude acute cholecystitis and allow the clinician 
to focus on nonbiliary causes of the patient’s acute abdominal 

ain.?*8 A normal cholescintigraphy result shows radioactivity in 
the gallbladder, bile duct, and small intestine within 30 to 60 min- 
utes of injection of the isotope. With rare exceptions, a normal 
result excludes acute cholecystitis due to gallstones. Several stud- 
ies have suggested that the sensitivity and specificity of scintigra- 
phy in the setting of acute cholecystitis are approximately 94% 
each. However, sensitivity and specificity are reduced consider- 
ably in patients who have liver disease, are receiving parenteral 
nutrition, or are fasting. These conditions can lead to a false-pos- 
itive result, defined as the absence of isotope in the gallbladder 
in a patient who does not have acute cholecystitis. If a positive 
result is defined as the absence of isotope in the gallbladder, then 
a false-negative result is defined as filling of the gallbladder with 
isotope in the setting of acute cholecystitis, a situation that virtu- 
ally never occurs. Therefore, scintigraphy should not be used as 
the initial imaging study in a patient with suspected cholecystitis 
but rather should be used as a secondary imaging study in patients 
who already are known to have gallstones and in whom a nonbili- 
ary cause of acute abdominal pain is possible.>? 

The greatest usefulness of abdominal CT in patients with 
acute cholecystitis is to detect complications such as emphyse- 
matous cholecystitis and perforation of the gallbladder. At the 
same time, CT can exclude other intra-abdominal processes that 
may engender a similar clinical picture. For example, abdominal 
CT is highly sensitive for detecting pneumoperitoneum, acute 
pancreatitis, pancreatic pseudocysts, hepatic or intra-abdominal 
abscesses, appendicitis, and obstruction or perforation of a hol- 
low viscus. Abdominal CT usually is not warranted in patients 
with obvious acute cholecystitis, but if the diagnosis is uncertain 
or the optimal timing of surgery is in doubt, CT may be invalu- 
able. 


Differential Diagnosis 


The principal conditions to consider in the differential diagnosis 
of acute cholecystitis are appendicitis, acute pancreatitis, pyelo- 
nephritis or renal calculi, peptic ulcer, acute hepatitis, pneu- 
monia, hepatic abscess or tumor, and gonococcal or chlamydial 
perihepatitis. These possibilities should be considered before a 
cholecystectomy is recommended. 


Treatment 


The patient in whom acute cholecystitis is suspected should be 
hospitalized. The patient is often hypovolemic from vomiting 
and poor oral intake, and fluid and electrolytes should be admin- 
istered intravenously. Oral feeding should be withheld and an 
NG tube inserted if the patient has a distended abdomen or per- 
sistent vomiting. 

In uncomplicated cases of acute cholecystitis, antibiotics need 
not be given. Antibiotics are warranted if the patient appears toxic 
or is suspected of having a complication such as perforation of 
the gallbladder or emphysematous cholecystitis. Broad-spectrum 
antibiotic coverage is usually indicated to cover gram-negative 
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organisms and anaerobes, with multiple possible regimens. The 
most commonly used regimens include piperacillin-tazobactam, 
ceftriaxone plus metronidazole, or levofloxacin plus metronida- 
zole. 

Definitive therapy of acute cholecystitis consists of cholecys- 
tectomy. The safety and effectiveness of a laparoscopic approach 
in the setting of acute cholecystitis have been demonstrated (see 
Chapter 66).3 


Choledocholithiasis 


Choledocholithiasis is defined as the occurrence of stones in the bile 
ducts. Like stones in the gallbladder, stones in the bile ducts may 
remain asymptomatic for years, and stones from the bile duct are 
known to pass silently into the duodenum, perhaps frequently. 
Unlike stones in the gallbladder, which usually become clinically 
evident as relatively benign episodes of recurrent biliary pain, 
stones in the bile duct, when they do cause symptoms, tend to 
manifest as life-threatening complications such as cholangitis and 
acute pancreatitis (see Chapter 58). Therefore, discovery of cho- 
ledocholithiasis generally should be followed by an intervention 
to remove the stones (see Chapter 70). 


Etiology 


Gallstones may pass from the gallbladder into the bile duct or 
form de novo in the duct. Generally, all gallstones from one 
patient, whether from the gallbladder or bile duct, are of one type, 
either cholesterol or pigment. Cholesterol stones form only in 
the gallbladder, and any cholesterol stones found in the bile duct 
must have migrated there from the gallbladder. Black pigment 
stones, which are associated with old age, hemolysis, alcoholism, 
and cirrhosis, also form in the gallbladder but only rarely migrate 
into the bile duct. The majority of pigment stones in the bile duct 
are the softer brown pigment stones. These stones form de novo 
in the bile duct as a result of bacterial action on phospholipid 
and bilirubin in bile (see earlier).*°° They are often proximal to 
a biliary stricture and are frequently associated with cholangitis. 
Brown pigment stones are found in patients with hepatolithiasis 
and recurrent pyogenic cholangitis (see Chapter 68).>°° 

Fifteen percent of patients with gallbladder stones also have 
bile duct stones. Conversely, of patients with ductal stones, 95% 
also have gallbladder stones.*°” In patients who present with 
choledocholithiasis months or years after a cholecystectomy, 
determining whether the stones were overlooked at the earlier 
operation or have subsequently formed may be impossible. In 
fact, formation of pigment stones in the bile duct is also a late 
complication of endoscopic sphincterotomy.*”* In a study of 
the long-term consequences of endoscopic sphincterotomy in 
more than 400 patients, the cumulative frequency of recurrent 
bile duct stones was 12%; all the recurrent stones were of the 
brown pigment type, irrespective of the chemical composition 
of the original gallstones. This observation suggests that sphinc- 
terotomy permits chronic bacterial colonization of the bile duct 
that results in deconjugation of bilirubin and precipitation of 
pigment stones. 

Stones in the bile duct usually come to rest at the lower end 
of the ampulla of Vater. Obstruction of the bile duct raises bile 
pressure proximally and causes the duct to dilate. The pressure in 
the bile duct is normally 10 to 15 cm H,O and rises to 25 to 40 cm 
H2O with complete obstruction. When the pressure exceeds 15 
cm H,O, bile flow decreases, and at 30 cm H,O, bile flow stops. 

The bile duct dilates to the point that dilatation can be 
detected on either US or abdominal CT in about 75% of cases. 
In patients who have had recurrent bouts of cholangitis, the bile 
duct may become fibrotic and unable to dilate. Moreover, dilata- 
tion of the duct is sometimes absent in patients with choledocho- 
lithiasis because the obstruction is low-grade and intermittent. 
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Clinical Features 


The morbidity of choledocholithiasis stems principally from bili- 
ary obstruction, which raises biliary pressure and diminishes bile 
flow. The rate of onset of obstruction, its extent, and the amount 
of bacterial contamination of the bile are the major factors that 
determine resulting symptoms. Acute obstruction usually causes 
biliary pain and jaundice, whereas obstruction that develops 
gradually over several months may manifest initially as pruritus 
or jaundice alone.*°” If bacteria proliferate, life-threatening chol- 
angitis may result (see later). 

Physical findings are usually normal if obstruction of the bile 
duct is intermittent. Mild to moderate jaundice may be noted 
when obstruction has been present for several days to a few 
weeks. Deep jaundice without pain, particularly with a palpable 
gallbladder (Courvoisier sign), suggests neoplastic obstruction of 
the bile duct, even when the patient has stones in the gallbladder. 
With longstanding obstruction, secondary biliary cirrhosis may 
result, leading to physical findings of chronic liver disease. 

As shown in Table 65.2, the results of laboratory studies may 
be the only clue to the presence of choledocholithiasis.*!° With 
bile duct obstruction, serum bilirubin and alkaline phosphatase 
levels both increase. Bilirubin accumulates in serum because 
of blocked excretion, whereas alkaline phosphatase levels rise 
because of increased synthesis of the enzyme by the canalicular 
epithelium. The rise in the alkaline phosphatase level is more 
rapid than and precedes the rise in bilirubin level.*!! The abso- 
lute height of the serum bilirubin level is proportional to the 
extent of obstruction, but the height of the alkaline phosphatase 
level bears no relation to either the extent of obstruction or its 
cause. In cases of choledocholithiasis, the serum bilirubin level 
is typically in the range of 2 to 5 mg/dL?” and rarely exceeds 
12 mg/dL. Transient “spikes” in serum aminotransferase or 
amylase levels suggest passage of a bile duct stone into the duo- 
denum. The overall sensitivity of liver biochemical testing for 
detecting choledocholithiasis is reported to be 94%; serum levels 
of GGTP are elevated most commonly but may not be assessed 
in clinical practice.*!! 


Natural History 


Little information is available on the natural history of asymp- 
tomatic bile duct stones. In many patients, such stones remain 
asymptomatic for months or years, but available evidence sug- 
gests the natural history of asymptomatic bile duct stones is less 
benign than that of asymptomatic gallstones.30?>! 


Diagnosis 


US actually visualizes bile duct stones in only about 50% of 
cases,”? whereas dilatation of the bile duct to a diameter greater 
than 6 mm is seen in about 75% of cases. US can confirm, or at 
least suggest, the presence of bile duct stones but cannot exclude 
choledocholithiasis definitively. EUS, although clearly more 
invasive than standard US, has the advantage of visualizing the 
bile duct more accurately. EUS can exclude or confirm choledo- 
cholithiasis with sensitivity and specificity rates of approximately 
98% as compared with ERCP.** 

ERCP is the standard method for diagnosis and therapy of 
bile duct stones,*!’ with sensitivity and specificity rates of about 
95%. When the clinical probability of choledocholithiasis is low, 
however, less invasive studies such as EUS and MRCP should be 
performed first (see earlier).”’’ 

Percutaneous transhepatic cholangiography (THC) is also an 
accurate test for confirming the presence of choledocholithiasis. 
The procedure is most readily accomplished when the intra- 
hepatic bile ducts are dilated and is performed primarily when 
ERCP is unavailable or has been technically unsuccessful. 


Laparoscopic US may be used in the surgical suite immediately 
before mobilization of the gallbladder during cholecystectomy. 
Laparoscopic US may be as accurate as surgical cholangiography 
in detecting bile duct stones and may thereby obviate the need 
for the latter.?!4 


Differential Diagnosis 


Symptoms caused by obstruction of the bile duct cannot be dis- 
tinguished from those caused by obstruction of the cystic duct. 
Therefore, biliary pain is always in the differential diagnosis in 
patients with an intact gallbladder. The presence of jaundice or 
abnormal liver biochemical test results strongly points to the bile 
duct rather than the gallbladder as the source of the pain. 

In patients who present with jaundice, malignant obstruction 
of the bile duct or obstruction from a choledochal cyst may be 
indistinguishable clinically from choledocholithiasis (see Chap- 
ters 62 and 69). AIDS-associated cholangiopathy*!’ and papillary 
stenosis should be considered in HIV-positive patients with RUQ 
pain and abnormal liver biochemical test results (see Chapter 35). 


Treatment 


Because of its propensity to result in serious complications such 
as cholangitis and acute pancreatitis, choledocholithiasis warrants 
treatment in nearly all cases.'° The optimal therapy for a given 
patient depends on the severity of symptoms, presence of coexist- 
ing medical problems, availability of local expertise, and presence 
or absence of the gallbladder. 

Bile duct stones discovered at the time of a laparoscopic chole- 
cystectomy present a dilemma to the surgeon. Some surgeons may 
attempt laparoscopic exploration of the bile duct. In other cases, 
the operation can be converted to an open cholecystectomy with 
bile duct exploration, but this approach results in greater morbid- 
ity and a more prolonged hospital stay. Alternatively, the lapa- 
roscopic cholecystectomy can be carried out as planned, and the 
patient can return for ERCP with removal of the bile duct stones. 
Such an approach, if successful, cures the disease but runs the risk 
of necessitating a third procedure, namely a bile duct exploration, 
if the stones cannot be removed at ERCP. In general, the greater 
the expertise of the therapeutic endoscopist, the more inclined the 
surgeon should be to complete the laparoscopic cholecystectomy 
and have the bile duct stones removed endoscopically.’ 16 

In especially high-risk patients, endoscopic removal of bile 
duct stones may be performed without cholecystectomy. This 
approach is particularly appropriate for older adult patients with 
other severe concurrent illnesses.*!’ Cholecystectomy is required 
subsequently for recurrent symptoms in only 10% of patients. 
Surgical management and endoscopic treatment of gallstones are 
discussed in detail in Chapters 66 and 70, respectively. 


Cholangitis 


Of all the common complications of gallstones, the most seri- 
ous and lethal is acute bacterial cholangitis. Pus under pressure 
in the bile ducts leads to rapid spread of bacteria via the liver into 
the blood, with resulting septicemia. Moreover, the diagnosis of 
cholangitis is often problematic (especially in the critical early 
phase of the disease) because clinical features that point to the 
biliary tract as the source of sepsis are often absent.** Table 65.2 
delineates the symptoms, signs, and laboratory findings that can 
aid in an early diagnosis of cholangitis. 


Etiology and Pathophysiology 


In approximately 85% of cases, cholangitis is caused by a stone 
embedded in the bile duct, with resulting bile stasis.’ 18 Other causes 
of bile duct obstruction that may result in cholangitis are neoplasms 


(see Chapters 60 and 69), biliary strictures (see Chapters 68 and 70), 
parasitic infections (see Chapters 68 and 84), and congenital abnor- 
malities of the bile ducts (see Chapter 62). This discussion deals 
specifically with cholangitis caused by gallstones in the bile duct. 

Bile duct obstruction is necessary but not sufficient to cause 
cholangitis. Cholangitis is relatively common in patients with 
choledocholithiasis and nearly universal in patients with a post- 
traumatic bile duct stricture but is seen in only 15% of patients 
with neoplastic obstruction of the bile duct. It is most likely to 
result when a bile duct that already contains bacteria becomes 
obstructed, as in most patients with choledocholithiasis and stric- 
ture but in few patients with neoplastic obstruction. Malignant 
obstruction is more often complete than obstruction by a stric- 
ture or a bile duct stone and less commonly permits reflux of bac- 
teria from duodenal contents into the bile ducts.*!” 

The bacterial species most commonly cultured from the bile 
are E. coli, Klebsiella, Pseudomonas, Proteus, and enterococci. Anaer- 
obic species such as Bacteroides fragilis and Clostridium perfringens 
are found in about 15% of appropriately cultured bile speci- 
mens. Anaerobes usually accompany aerobes, especially E. coli. 
The fever and shaking chills of cholangitis are due to bacteremia 
from bile duct organisms. The degree of regurgitation of bacteria 
from bile into hepatic venous blood is directly proportional to the 
biliary pressure and, hence, the degree of obstruction.’ For this 
reason, decompression alone often effectively treats the illness. 


Clinical Features 


The hallmark of cholangitis is Charcot triad, consisting of RUQ 
pain, jaundice, and fever (see Table 65.2). The full triad is present 
in only 70% of patients.*!? The pain of cholangitis may be sur- 
prisingly mild and transient but is often accompanied by chills and 
rigors. Older adult patients in particular may present solely with 
mental confusion, lethargy, and delirium. Altered mental status 
and hypotension in combination with Charcot triad, known com- 
monly as Reynolds pentad, occur in severe suppurative cholangitis. 

On physical examination, fever is almost universal, occurring 
in 95% of patients, and usually greater than 102°F. RUQ tender- 
ness is elicited in about 90% of patients, but jaundice is clinically 
detectable in only 80%. Notably, peritoneal signs are found in 
only 15% of patients. The combination of hypotension and men- 
tal confusion indicates gram-negative septicemia. In overlooked 
cases of severe cholangitis, intrahepatic abscess may manifest as a 
late complication (see Chapter 84). 

Laboratory study results are often helpful in pointing to the 
biliary tract as the source of sepsis. In particular, the serum biliru- 
bin level exceeds 2 mg/dL in 80% of patients. When the bilirubin 
level is normal initially, the diagnosis of cholangitis may not be 
suspected.*!* The WBC count is elevated in 80% of patients. In 
many patients who have a normal WBC count, examination of 
the peripheral blood smear reveals a dramatic shift to immature 
neutrophil forms. The serum alkaline phosphatase level is usu- 
ally elevated, and the serum amylase level may also be elevated if 
pancreatitis is also present. 

In the majority of cases, blood culture results are positive for 
enteric organisms, especially if culture specimens are obtained 
during chills and fever spikes. The organism found in the blood is 
invariably the same as that found in the bile. 


Diagnosis 


The principles of imaging diagnosis of cholangitis are the same 
as those for choledocholithiasis. Stones in the bile duct are seen 
ultrasonographically in only about 50% of cases!*! but can be 
inferred by detection of a dilated bile duct in about 75% of cases 
(see Table 65.3). Normal US findings do not exclude the pos- 
sibility of choledocholithiasis in a patient in whom the clinical 
presentation suggests cholangitis.’ 
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Abdominal CT is an excellent test for excluding complications 
of gallstones such as acute pancreatitis and abscess, but standard 
abdominal CT is not capable of excluding bile duct stones. EUS 
and MRC, as noted earlier, have a much higher accuracy rate 
than CT for detecting and excluding stones in the bile duct. 

ERCP is the definitive test for the diagnosis of bile duct 
stones and cholangitis. Moreover, the ability of ERCP to estab- 
lish drainage of infected bile under pressure can be lifesaving. If 
ERCP is unsuccessful, percutaneous THC can be performed (see 
Chapter 70). 


Treatment 


In cases of suspected bacterial cholangitis, blood culture speci- 
mens should be obtained immediately and therapy started with 
antibiotics effective against the likely causative organisms.*?° In 
mild cases, initial therapy with a single drug (e.g., cefoxitin 2.0 g 
IV every 6 to 8 hours) is usually sufficient. In severe cases, more 
intensive therapy (e.g., gentamicin, ampicillin, and metronida- 
zole or a broad-spectrum agent such as piperacillin-tazobactam 
3.375 g IV every 6 hours or, if resistant organisms are suspected, 
meropenem 1 g IV every 8 hours) is indicated. 

The patient’s condition should improve within 6 to 12 hours, 
and in most cases, the infection comes under control within 2 to 
3 days, with defervescence, relief of discomfort, and a decline in 
WEC count. In these cases, definitive therapy can be planned on an 
elective basis. If, however, after 6 to 12 hours of careful observation, 
the patient’s clinical status declines, with worsening fever, pain, 
mental confusion, or hypotension, the bile duct must be decom- 
pressed immediately.’ If available, ERCP with stone extraction, 
or at least decompression of the bile duct with an intrabiliary stent, 
is the treatment of choice. Controlled studies in which ERCP and 
decompression of the bile duct were compared with emergency 
surgery and bile duct exploration have shown dramatically lower 
morbidity and mortality rates in patients treated endoscopically.*!° 
The surgical treatment and endoscopic management of cholangitis 
are discussed in detail in Chapters 66 and 70, respectively. 


UNCOMMON COMPLICATIONS 


‘Table 65.4 describes the clinical manifestations, diagnosis, and 
treatment of several uncommon complications of gallstone dis- 
ease. 


Emphysematous Cholecystitis 


Patients who have emphysematous cholecystitis present with the 
same clinical manifestations as patients with uncomplicated acute 
cholecystitis, but in the former, gas-forming organisms have sec- 
ondarily infected the gallbladder wall. Pockets of gas are evident 
in the area of the gallbladder fossa on plain abdominal films, US, 
and abdominal CT (see Fig. 65.13).3?! Emphysematous chole- 
cystitis often occurs in diabetic persons or older men who do not 
have gallstones, in whom atherosclerosis of the cystic artery with 
resulting ischemia may be the initiating event (see Chapter 67). 
Emergency antibiotic therapy with anaerobic coverage and early 
cholecystectomy are warranted because the risk of gallbladder 
perforation is high. 


Cholecystoenteric Fistula 


A cholecystoenteric fistula occurs when a stone erodes through the 
gallbladder wall (usually the neck) and into a hollow viscus. The 
most common entry point into the bowel is the duodenum, fol- 
lowed in frequency by the hepatic flexure of the colon, the stomach, 
and the jejunum. Symptoms are initially similar to those of acute 
cholecystitis, although at times the stone may pass into the bowel 
and may be excreted without causing any symptoms.*”” Because the 
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TABLE 65.4 Uncommon Complications of Gallstone Disease 


Complication Pathogenesis 


Clinical features 


Diagnosis/Treatment 


Emphysematous 
cholecystitis 


Secondary infection of the 
gallbladder wall with 
gas-forming organisms 
(Clostridium welchii, 
Escherichia coli, and 
anaerobic streptococci) 

More common in older adult 
diabetic men; can occur 
without stones (see Chapter 
67) 


Erosion of a (usually large) stone 
through the gallbladder wall 
into the adjacent bowel, most 
often the duodenum, followed 
in frequency by the hepatic 
flexure, stomach, and jejunum 


Cholecystoenteric 
fistula 


Mirizzi syndrome An impacted stone in the 
gallbladder neck or 
cystic duct, with extrinsic 
compression of the 
common hepatic duct from 


accompanying inflammation 


Symptoms and signs similar to those 
of severe acute cholecystitis 


Symptoms and signs similar to those 
of acute cholecystitis, although 
sometimes a fistula may be 
Clinically silent 

Stones >25 mm, especially in older 
adult women, may produce a 
bowel obstruction, or “gallstone 
ileus”; the terminal ileum is the 
most common site of obstruction 

Gastric outlet obstruction (Bouveret 
syndrome) may occur rarely 


Jaundice and RUQ pain 


Plain abdominal films may show gas in the 
gallbladder fossa 

US and CT are sensitive for confirming gas 

Treatment is with IV antibiotics, including 
anaerobic coverage, and early 
cholecystectomy 

High morbidity and mortality rates 


Plain abdominal films may show gas in the biliary 
tract and/or a small bowel obstruction in 
gallstone ileus, as well as a stone in the RLQ if 
the stone is calcified 

Contrast UGIS may demonstrate the fistula 

A fistula from a solitary stone that passes may 
close spontaneously 

Cholecystectomy and bowel closure are curative 

Gallstone ileus requires emergency laparotomy; 
the diagnosis is often delayed, with a resulting 
mortality rate of =20% 


ERCP demonstrates dilated intrahepatic ducts 
and extrinsic compression of the common 
hepatic duct and possible fistula 

Preoperative diagnosis is important to guide 
surgery and minimize the risk of BD injury 


or fistula 
Porcelain Intramural calcification of the No symptoms attributable to the Plain abdominal films or CT show intramural 
gallbladder gallbladder wall, usually in calcified wall per se, but carcinoma calcification of the gallbladder wall 
association with stones of the gallbladder is a late Prophylactic cholecystectomy is indicated to 
complication in =20% (see prevent carcinoma 
Chapter 69) 
BD, Bile duct. 


biliary tract is decompressed, cholangitis is not common, despite 
gross seeding of the gallbladder and bile ducts with bacteria. The 
diagnosis of a cholecystoenteric fistula is suspected from imaging 
evidence of pneumobilia and may be confirmed by barium contrast 
studies of the upper or lower GI tract; often the precise anatomic 
location of the fistula is not identified until surgery. 

If the gallstone exceeds 25 mm in diameter, it may manifest 
(especially in older adult women) as a small intestinal obstruction 
(gallstone ileus); the ileocecal area is the most common site of obstruc- 
tion.*”? In such cases, a plain abdominal film may show the pathog- 
nomonic features of pneumobilia, a dilated small bowel, and a large 
gallstone in the right lower quadrant. Unfortunately, the diagnosis 
of a gallstone ileus is often delayed, with a resulting mortality rate 
of approximately 20%. Bouveret syndrome is characterized by gastric 
outlet obstruction resulting from duodenal impaction of a large gall- 
stone that has migrated through a cholecystoduodenal fistula.’** 


Mirizzi Syndrome 


Mirizzi syndrome is a rare complication in which a stone embed- 
ded in the neck of the gallbladder or cystic duct extrinsically 
compresses the common hepatic duct, with resulting jaundice, 
bile duct obstruction, and in some cases a fistula.??26 Typically 
the gallbladder is contracted and contains stones. ERCP usu- 
ally demonstrates the characteristic extrinsic compression of the 
common hepatic duct. Treatment is traditionally by an open 
cholecystectomy, although endoscopic stenting and laparoscopic 
cholecystectomy have been performed successfully. Preoperative 


diagnosis of Mirizzi syndrome is important so that bile duct 
injury can be avoided (see Chapter 66).*?’ 


Porcelain Gallbladder 


Strictly speaking, porcelain gallbladder, defined as intramural calci- 
fication of the gallbladder wall, is not a complication of gallstones 
but is mentioned here because of the remarkable tendency of car- 
cinoma to develop as a late complication of gallbladder calcifica- 
tion (specifically, a gallbladder with focal rather than diffuse wall 
calcification).*?° The diagnosis of a porcelain gallbladder can be 
made with a plain abdominal film or abdominal CT, which shows 
intramural calcification of the gallbladder wall. In occasional 
persons, hypersecretion of calcium into bile results in a “milk of 
calcium” or “limy” bile that can mimic the imaging features of 
porcelain gallbladder. Prophylactic cholecystectomy, preferably 
through a laparoscopic approach, is indicated to prevent subse- 
quent development of carcinoma, which may otherwise occur in 
up to 20% of cases (see Chapter 69).7? 
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Many options are available for the treatment of patients with 
symptomatic gallstone disease. Improvements in endoscopic, 
radiologic, and chemical therapies for gallstones have enhanced 
the overall management of these patients. Nevertheless, surgery 
remains the most important therapeutic option. Laparoscopic 
cholecystectomy is the standard method for the management of 
patients with biliary pain and complications of gallstone disease, 
such as acute cholecystitis, gallstone pancreatitis, and choledo- 
cholithiasis (see also Chapter 65). 


MEDICAL TREATMENT 


Medical treatment of gallstone disease was first proposed by Schiff 
in Italy in 1873.! Dabney of Virginia first reported the effective 
treatment of gallstones with bile acids in 1876, an observation 
later confirmed by Rewbridge of Minnesota in 1937.2 Despite 
these initial reports, the use of medical dissolution treatment did 
not gain acceptance until large clinical series were reported in the 
1970s. Contact dissolution of gallstones with solvents and percu- 
taneous cholecystolithotomy techniques also have been reported, 
but these modalities have not proved superior to oral dissolution, 
shock-wave lithotripsy, or laparoscopic cholecystectomy and have 
been abandoned. The mainstay of current nonsurgical treatment 
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of gallstone disease is oral dissolution with UDCA, with or with- 
out extracorporeal shock-wave lithotripsy. 

Although nonsurgical treatment of gallstones has proved 
effective in carefully selected patients, only a limited number of 
patients are candidates for this treatment option. Nonsurgical 
treatments are effective only in patients with small, radiolucent 
cholesterol gallstones. Significant admixtures of pigment or cal- 
cium salts make stones indissoluble. In addition, long-term suc- 
cess with medical treatment of gallstones occurs only in patients 
in whom the lithogenic disturbance that led to gallstone forma- 
tion is transient. For most patients, gallstone formation repre- 
sents an imbalance in biliary lipid excretion, gallbladder stasis, or 
infection of the bile (see Chapter 65). In these patients, success- 
ful dissolution is followed by recurrence of gallstones in 30% to 
50% of patients within 5 years.*~° Therefore, the proper choice of 
treatment must take into account the type and severity of symp- 
toms, physical characteristics of the stones, gallbladder function, 
and characteristics and preference of the patient. 


Dissolution Therapy 


The rationale for oral dissolution therapy is the reversal of 
the condition that led to formation of cholesterol gallstones, 
namely, the supersaturation of bile with cholesterol (see Chapter 
65). Cholesterol stones dissolve if the surrounding medium 
can solubilize the cholesterol in the stones. Both chenodeoxy- 
cholic acid and UDCA dissolve gallstones by decreasing bili- 
ary cholesterol secretion and desaturating bile. These agents 
encourage the removal of cholesterol from stones via micellar 
solubilization, formation of a liquid crystalline phase, or both. 
Chenodeoxycholic acid was the first bile acid used for gallstone 
dissolution but has been abandoned because of side effects, 
including diarrhea and increased serum aminotransferase and 
cholesterol levels. UDCA is well tolerated and is currently 
used in oral dissolution regimens. In randomized comparisons, 
UDCA was just as effective as chenodeoxycholic acid alone or in 
combination with UDCA.°* 

The rate of stone dissolution is a function of (1) thermody- 
namic forces, including the degree of bile desaturation and con- 
centration of UDCA in bile; (2) kinetic forces, including stirring 
of bile; and (3) the surface-to-volume ratio of the stones. Oral 
dissolution targets the thermodynamic forces.’ Because small 
stones have a smaller surface-to-volume ratio, they respond more 
quickly and reliably to oral dissolution therapy. The use of oral 
dissolution therapy does not address the problem of gallblad- 
der stasis.!° Although prokinetic agents, including a-adrenergic 
antagonists, clarithromycin, and domperidone, have been shown 
to increase gallbladder motility, their use in preventing and treat- 
ing gallstones has been shown to be ineffective.!!-! 


Patient Selection 


Selection of patients for oral dissolution therapy is a func- 
tion of the stage of gallstone disease, gallbladder function, and 
characteristics of the stones. Selection criteria are summarized 
in Box 66.1. Oral dissolution therapy should be considered for 
patients with uncomplicated gallstone disease, including those 
with mild, infrequent biliary pain. Patients with asymptomatic 
gallstones should not be treated with either dissolution therapy 
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or surgery because the natural history of most asymptomatic 
stones is to remain asymptomatic. Patients with severe or fre- 
quent biliary pain and patients with complications of gallstones, 
including cholecystitis, pancreatitis, and cholangitis, should not 
be treated with oral dissolution therapy; these patients should be 


BOX 66.1 Selection Criteria for Oral Bile Acid Dissolution 
Therapy 


STAGE OF GALLSTONE DISEASE 
Symptomatic (biliary pain) without complications 
GALLBLADDER FUNCTION 


Opacification of gallbladder on oral cholecystography (patent cystic 
duct) 


Normal result of stimulated cholescintigraphy (normal gallbladder 
emptying) 

Normal result of functional US (normal gallbladder emptying after a 
test meal) 


STONE CHARACTERISTICS 


Radiolucent 
Isodense or hypodense to bile and absence of calcification on CT 
Diameter <10 mm (<6 mm optimal) 


á 


referred for surgery as soon as possible (see later). In addition, the 
gallbladder must function, and the cystic duct must be patent to 
allow unsaturated bile and stones to clear from the gallbladder. 
The patency of the cystic duct has generally been evaluated by 
oral cholecystography. More recently, stimulated cholescintigra- 
phy and functional US have been used. These latter modalities 
assess cystic duct patency as well as gallbladder function. 

The characteristics of the stones play an important role in 
determining the efficacy of dissolution treatment. Oral dissolu- 
tion therapy works only on cholesterol stones. Although verify- 
ing the composition of gallstones can be difficult, the appearance 
of stones on plain films or CT images can be useful. Cholesterol 
stones are radiolucent on plain films, and they are hypodense 
or isodense to bile and lack stone calcification on CT images.!* 
During oral cholecystography, the specific gravity of cholesterol 
stones is less than or equal to that of contrast-enriched bile, 
thereby resulting in stone buoyancy. The number of stones does 
not influence the success of oral dissolution therapy; however, 
only patients with stones that occupy less than half of the gall- 
bladder volume should be considered for treatment. Although 
oral dissolution therapy has been effective in stones up to 10 
mm in diameter, results are best in stones less than 5 mm in 
size.!>!6 The ideal stones for oral dissolution treatment are 
shown in Fig. 6 
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Fig. 66.1 A and B, Gallstones for which oral dissolution therapy is appropriate. A, US showing small gallstones 
(arrow); B, multiple small cholesterol stones. C and D, Gallstones for which oral dissolution therapy is inappro- 
priate: C, radiopaque gallstones on a plain film; D, large pigmented gallstones. 


Therapeutic Regimens 


UDCA (ursodiol) is the preferred drug for oral dissolution treat- 
ment. It is taken in a dose of 10 to 15 mg/kg of body weight per 
day. Nighttime dosing is more effective and is associated with 
better patient adherence than mealtime dosing.!’ Unlike cheno- 
deoxycholic acid (chenodiol), UDCA is well tolerated and has no 
important side effects. Treatment should continue until stone 
dissolution is documented by 2 consecutive negative ultrasono- 
grams at least 1 month apart. Treatment should be stopped if the 
patient does not tolerate the drug or experiences a complication 
of gallstones during therapy or if the stones fail to dissolve after 
6 months or dissolve only partially after 6 months with lack of 
progression to complete dissolution by 2 years. 


Efficacy 


With UDCA, complete dissolution is achieved in 20% to 70% of 
patients. The variability in the reported response rates is a func- 
tion of differences in patient selection, doses of bile acid, treat- 
ment times, and diagnostic techniques used to document stone 
dissolution. A meta-analysis of all randomized trials of dissolu- 
tion treatment showed stone dissolution in 37% of patients.* The 
frequency of stone dissolution was 29% for stones larger than 10 
mm, 49% for stones smaller than 10 mm, and 70% for stones 
less than 5 mm. The time to resolution varies among patients, 
with a median rate of 0.7 mm per month.’ Improvement in symp- 
toms occurs before stones have dissolved completely. In addition, 
long-term treatment has been reported to decrease the risk of 
biliary pain and acute cholecystitis, independent of gallstone 
dissolution.'° Despite initial dissolution of stones in properly 
selected patients, the rate of gallstone recurrence after oral disso- 
lution therapy is 50% after 5 years, with most recurrences within 
the first 2 years.™>!8 This observation illustrates that other fac- 
tors relevant to gallstone formation, such as gallbladder stasis and 
superinfection, are not addressed by dissolution treatment. The 
risk of recurrence is lower in patients with a solitary stone than in 
those with multiple stones. 


Extracorporeal Shock-Wave Lithotripsy 


The rationale for shock-wave lithotripsy is to diminish the sur- 
face-to-volume ratio of a stone, thereby increasing the efficacy of 
oral dissolution therapy and decreasing stone size to allow small 
stones and debris to pass directly from the gallbladder into the 
intestine without causing symptoms. The technique involves the 
delivery of focused high-pressure sound waves to gallstones. Four 
types of lithotripters have been developed: underwater spark- 
gap, piezoelectric crystal, electromagnetic membrane, and, most 
recently, laser lithotriptors. Regardless of the energy source, the 
shock waves from the lithotriptor are delivered from an underwa- 
ter source to the soft tissue. Passage of the shock wave through 
the soft tissue does not diminish the energy wave significantly. 
Passage of the shock wave through the anterior and posterior 
walls of the stone liberates compressive and tensile forces and 
causes cavitation at the anterior surface of the stone, thereby 
leading to stone fragmentation. Factors that influence fragmen- 
tation include the size, microcrystalline structure, and architec- 
ture of the stone. Although the composition of the stone does not 
influence successful lithotripsy, only cholesterol stone fragments 
are dissolved effectively by bile acid therapy, which can be used in 
combination with lithotripsy. 


Patient Selection 


Because shock-wave lithotripsy is usually combined with oral dis- 
solution therapy, patient selection criteria for shock-wave litho- 
tripsy are similar to those for oral dissolution treatment and are 
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BOX 66.2 Selection Criteria for Extracorporeal Shock-Wave 
Lithotripsy 


STAGE OF GALLSTONE DISEASE 
Symptomatic (biliary pain) without complications 
GALLBLADDER FUNCTION 


Opacification of gallbladder on oral cholecystography (patent 
cystic duct) 
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Normal result of stimulated cholescintigraphy (normal gallbladder 
emptying) 

Normal result of functional US (normal gallbladder emptying after a 
test meal) 


STONE CHARACTERISTICS 


Radiolucent 

Isodense or hypodense to bile and absence of calcification on CT 
Single 

Diameter <20 mm 


summarized in Box 66.2. Gallbladder function and cystic duct 
patency are required and are demonstrated by oral cholecystogra- 
phy, functional US, or stimulated cholescintigraphy. Lithotripsy 
should be considered only for patients with mild, uncomplicated 
biliary pain. Pregnant patients and patients on anticoagulants 
should not undergo lithotripsy. Shock-wave lithotripsy is reserved 
for patients with a solitary stone, measuring less than 2 cm in 
size.!??° Because only cholesterol stones are reliably cleared by 
the addition of oral dissolution therapy, stones should have imag- 
ing features, such as radiolucency, suggestive of cholesterol stones. 


Therapeutic Approach 


Patients are usually given sedatives and analgesics or anesthe- 
tized and placed in the prone position to minimize the distance 
between the energy source and the stones and to eliminate inter- 
ference from intestinal gas and the costal margin. Targeting 
and monitoring for fragmentation are accomplished with US.7! 
Multiple treatment sessions are often required to achieve maxi- 
mum pulverization. Factors that predict the success of lithotripsy 
include the degree of fragmentation and gallbladder empty- 
ing.” Fragmentation depends on stone characteristics and the 
dose of the shock wave. Important stone characteristics include 
the size and number of stones as well as their structure and the 
presence of calcification.” The energy of shock waves, number 
of shock waves per session, and number of sessions also influence 
the success rate.2°*” UDCA, 10 to 15 mg/kg of body weight per 
day, is administered orally to dissolve stone fragments, especially 
when residual stone fragments are larger than 2 mm in size, gall- 
bladder function is poor, or the gallbladder has not cleared small 
fragments within 3 to 6 months of lithotripsy. An example of suc- 
cessful combined treatment is shown in Fig. 66.2. 


Efficacy 


The percentages of patients who are free of stones after 6 and 
12 months is 47% to 77% and 68% to 84%, respectively.’ 
28-32 Follow-up data reveal cumulative recurrence rates of 27%, 
41%, and 54% at 3, 5, and 10 years, respectively.’ Recurrence is 
most often related to the presence of lithogenic bile and gallblad- 
der dysmotility, rather than patient variables such as gender, age, 
and weight. Factors that predict higher rates of treatment failure 
include stone size larger than 16 mm, multiple stones, and stones 
with a CT density greater than 84 Hounsfield units.** Recurrent 
stones are usually small and multiple and cause recurrent biliary 
pain. Maintenance therapy with UDCA after lithotripsy is not 
cost-effective and has not been shown to be effective.’ 
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Fig. 66.2 US of a gallbladder with a single stone before 
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(A), 1 day after(B), and 6 weeks after (C) extracorpo- 


real shock-wave lithotripsy. Multiple small stone fragments seen 1 day after lithotripsy (B) have disappeared 6 


weeks after lithotripsy (C). 


Side effects of lithotripsy include petechiae of the skin at the site 
of shock-wave delivery (8%), hematuria (4%), and liver hematomas 
(<1%). No long-term liver biochemical abnormalities have been 
noted. Biliary pain develops in approximately one third of patients; 
cystic duct obstruction develops in 5%; and complications of stone 
passage, such as biliary pancreatitis, develop in less than 2%.’ 

Lithotripsy is more cost-effective in older adults than in the 
young and less cost-effective in patients with multiple stones 
than in those with a single stone. When combined with UDCA, 
lithotripsy is at least as cost-effective as open cholecystectomy for 
patients with small stones and less cost-effective for those with 
large stones.*°>” When lithotripsy is compared with laparoscopic 
cholecystectomy, patients who undergo laparoscopic cholecys- 
tectomy experience a greater incremental improvement in quality 
of life at 6 months, whereas those who undergo lithotripsy have 
higher rates of recurrent stones and biliary symptoms.*® 


Bile Duct Stones 


Extracorporeal shock-wave lithotripsy has also been used in the 
management of choledocholithiasis. Intracorporeal electrohydrau- 
lic lithotripsy has been shown to be effective in this setting as well. 
‘These treatment options are reserved for patients who fail conven- 
tional endoscopic measures (see Chapter 70), mechanical lithotripsy, 
or surgical treatment of choledocholithiasis (see later). Appropriate 
indications for shock-wave lithotripsy are large stones impacted in 
the bile duct that are not amenable to endoscopic extraction, intra- 
hepatic stones, stones above a biliary stricture, cystic duct remnant 
stones, and bile duct stones associated with Mirizzi syndrome (com- 
pression of the common hepatic duct) (see Chapter 65). Selection 
of patients for shock-wave treatment of bile duct stones is similar to 
that for treatment of uncomplicated gallbladder gallstones. 

The success rate for treatment of bile duct stones is 70% to 
90%.>°*+ Most patients require endoscopic extraction of large 
stone fragments following treatment. Mild, transient hemobilia 
occurs in 10% of patients, and biliary sepsis develops in 4% fol- 
lowing the procedure. Other complications are similar to those 
seen after lithotripsy for gallbladder stones. Because of the poten- 
tial for septic complications, preprocedure endoscopic, nasobili- 
ary, or percutaneous biliary drainage is performed. Antibiotics 
are given to minimize the risk of biliary sepsis. 


SURGICAL TREATMENT 


Approximately 700,000 cholecystectomies are performed for 
gallstone disease in the USA each year; the vast majority are 
performed using laparoscopic techniques. For example, 7888 
cholecystectomies were performed in Utah in 2005; 96% of 
these operations were laparoscopic cholecystectomies, and 
4% were open procedures. A review of the National Hospital 
Discharge Database from 1997 to 2006 showed that 12% of 


cholecystectomies were performed by an open approach. Of 
those procedures done laparoscopically, the rate of conversion 
to open cholecystectomy is 5% to 10%.*°* Patients with com- 
plicated gallstone disease, including acute cholecystitis, gallstone 
pancreatitis, and choledocholithiasis, are more likely than those 
with uncomplicated disease to require an open cholecystectomy 
or conversion from a laparoscopic to an open approach.*° Despite 
the increased reliance on minimally invasive techniques in the 
care of these patients, open cholecystectomy continues to play an 
important role in the management of complications of gallstones. 


Open Cholecystectomy 


Karl Langenbuch, a surgeon in Berlin, is credited with performing 
the first cholecystectomy in 1882. Since then, cholecystectomy 
has remained the main therapeutic option for the management 
of patients with gallstones, largely because of its remarkable suc- 
cess in relieving symptoms and its low morbidity. In prospective 
studies, 90% to 95% of patients who undergo cholecystectomy 
experience substantial or complete relief of their symptoms.** *” 
Cholecystectomy is more effective in relieving biliary pain than 
in relieving nonspecific GI symptoms, including dyspepsia and 
flatulence. 


Technique 


The technique of open cholecystectomy has not changed sub- 
stantially since its first description. With the surgeon standing on 
the patient’s right side, a right subcostal (Kocher) incision is made 
2 fingerbreadths below the right costal margin. Alternatively, a 
midline incision may be used. After exploring the abdomen and 
taking down any adhesions to the gallbladder, the gallbladder is 
dissected from the gallbladder fossa in a retrograde fashion, from 
the fundus down to the infundibulum. When the gallbladder has 
been mobilized, the cystic artery and duct are readily identified. 
A cholangiogram may be performed to look for bile duct stones 
or to confirm the anatomy. The cystic duct and artery are ligated 
and divided. An alternative approach is to perform a dissection 
of the triangle of Calot structures, as is done during laparoscopic 
cholecystectomy (see later), prior to removing the gallbladder 
from the liver. The triangle of Calot is the space bordered by 
the cystic duct, cystic artery, and inferior edge of the gallblad- 
der. Dissection and identification of these structures permits safe 
division of the cystic duct and minimizes the chance of bile duct 
injury. The abdominal incision is then closed. Closed suction 
drains are rarely indicated after cholecystectomy. 


Results 


The risk of open cholecystectomy has declined over the years. 
The overall mortality rate of cholecystectomy in 35,373 patients 
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TABLE 66.1 Mortality Rates for Open Cholecystectomy as a Function of the Clinical Setting 


Clinical Setting of Cholecystectomy (% Mortality) 


Reference Years No. of Patients 


Biliary Pain 


Acute Cholecystitis Bile Duct Exploration 


52 1962-1966 
53 1977-1981 
54 1932-1978 
55 1989 


28,621 1.5 
13,854 0.4 
11,808 0.5 
42,474 0.02 


3.5 N/A 
1.6 2.3 
29 3.5 
0.26 N/A 


N/A, Not available. 


operated on before 1932 was 6.6%.°° This rate decreased to 1.8% 
by 1952.°! Since then, the overall mortality rate for cholecystec- 
tomy has averaged about 1.5%. The mortality rate is consider- 
ably lower in patients operated on electively for biliary pain, with 
an average of less than 0.5% (Table 66.1)?>+ The risk of death 
is several-fold higher when cholecystectomy is performed as an 
emergency for acute cholecystitis and when bile duct exploration 
is required (see Table 66.1). Additionally, the mortality rate is 
directly proportional to the patient’s age (Fig. 66.3). In a report 
of the entire Danish experience with cholecystectomy from 1977 
to 1981, patients under 50 years of age had a risk of death of 
0.028% from elective cholecystectomy”; the rate rose to 5.56% 
in patients older than 80 years of age. The experience in the USA 
has been similar. Of 11,808 patients who underwent cholecystec- 
tomy at the New York Hospital-Cornell Medical Center between 
1932 and 1978, the risk of death from elective cholecystectomy 
for chronic cholecystitis was 0.1% in patients less than 50 years of 
age and 0.8% in those 50 years of age or older.** In a later series, 
the overall mortality rate of 42,474 patients who underwent cho- 
lecystectomy in 1989 in California and Maryland was 0.17%.°° 
In this series, the mortality rate in patients less than 65 years of 
age was 0.03%, compared with more than 0.5% in patients 65 
years of age and older. Likewise, the morbidity rate, mean length 
of hospital stay, and average hospital charges were significantly 
higher in the older patients than in the younger group. Most 
mortality following cholecystectomy is related to cardiac disease, 
particularly myocardial infarction. 

Major complications after open cholecystectomy are infre- 
quent. In a large survey of 28,621 patients who underwent cho- 
lecystectomy in the 1960s, complications occurred in 4.0%.°? 
Subsequent studies have confirmed a 4.0% to 5.0% rate of 
perioperative morbidity.°°°* Most complications are relatively 
minor, such as wound infections or seromas, urinary retention 
or infection, and atelectasis. Complications related specifically 
to cholecystectomy include bile leaks, bile duct injury, and acute 
pancreatitis. Of these complications, bile duct injury is the most 
serious and often requires endoscopic therapy and, in some cases, 
complicated and technically difficult surgical repair. Alterna- 
tively, bile duct injury can lead to benign biliary stricture forma- 
tion and bile duct obstruction with secondary biliary cirrhosis and 
liver failure. The rate of bile duct injury during open cholecys- 
tectomy is not known precisely but has been estimated to be 1 in 
200 to 600 cases.°?. In general, bile duct injuries are preventable 
complications and are commonly the result of inadequate surgical 
training, unrecognized variations in bile duct anatomy, or mis- 
identification of normal anatomy. Unusual amounts of bleeding, 
severe inflammation, and emergency operations do not play as 
great a role in these injuries as might be supposed. 


Laparoscopic Cholecystectomy 


After the first reports in the late 1980s, laparoscopic cholecystec- 
tomy rapidly gained acceptance as the technique of choice for the 
management of the patient with biliary pain and complications 
of gallstones. The benefits of this minimally invasive approach 
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Fig. 66.3 Relationship between age and mortality from open chole- 
cystectomy. Data include all patients operated on in Denmark between 
1977 and 1981. (Data from Bredesen J, Jorgensen T, Andersen TF, 

et al. Early postoperative mortality following cholecystectomy in the 
entire female population of Denmark, 1977-1981. World J Surg 1992; 
16:530-5.) 


compared with open cholecystectomy, including lower overall 
morbidity and mortality and quicker return to normal activi- 
ties, are well established. Historically, laparoscopic cholecystec- 
tomy was an outgrowth of diagnostic laparoscopy and the early 
efforts of gynecologists at operative laparoscopy. The develop- 
ment of laparoscopic cholecystectomy was predicated on techni- 
cal advances in miniaturized video cameras and other specialized 
equipment. Advances in instrument and equipment design and 
manufacture have led to significant improvements in the safety 
and utility of minimally invasive surgery in the treatment of most 
GI diseases, especially gallstone disease. 


Technique 


Laparoscopic cholecystectomy is performed under general anes- 
thesia. Prophylactic antibiotics are not administered routinely to 
patients with uncomplicated gallstone disease, including biliary 
pain.®! Patients with potential infectious complications of gall- 
stones, including acute cholecystitis and cholangitis, and patients 
with long-standing symptoms or advanced age should receive 
antibiotics if these agents have not been started already before 
surgery. Sequential compression stockings are used to reduce the 
risk of lower extremity thromboembolism. 

To view the abdominal contents and provide room for instru- 
ments, a space is developed by inducing a pneumoperitoneum 
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with carbon dioxide, which is a nonflammable, physiologically 
benign gas. Pneumoperitoneum is achieved by either a closed 
technique in which a Veress needle is inserted into the peri- 
toneum through a small incision, followed by placement of an 
operating trocar, or by a direct, open technique in which the 
operating trocar is placed directly into the abdomen under direct 
visualization through a small incision. After the pneumoperito- 
neum has been established, a trocar is placed at the umbilicus and 
a laparoscope is introduced. Three additional trocars are placed 
in the upper abdomen under direct vision for inserting operating 
instruments and retractors. 

The current technique of laparoscopic cholecystectomy is 
best described as “the critical view of safety” approach,” as sum- 
marized in Fig. 66.4. In this approach, the entire hepatocystic 
triangle is dissected, exposing the cystic duct and artery, infun- 
dibulum of the gallbladder, and junction of the gallbladder and 
cystic duct, before a cholangiogram is performed or the cystic 
duct and artery are divided. The assistant retracts the gallblad- 
der fundus cephalad, anterior to the liver, and the infundibulum 
laterally. The surgeon, operating through the epigastric port, 
identifies and dissects the cystic duct and artery circumferentially. 
Special care must be taken to identify the junction of the cystic 
duct and gallbladder, to ensure that the bile duct has not been 
isolated inadvertently. Cholangiography is performed via can- 
nulation of the cystic duct. If the cholangiogram shows normal 
anatomy and no evidence of choledocholithiasis, the cholangio- 
catheter is removed and the cystic duct and artery are divided 
between small metal clips. The gallbladder is then dissected out 
of the liver bed and delivered through the umbilical incision, usu- 
ally with a specimen retrieval bag. Care is taken to avoid perfora- 
tion of the gallbladder during its dissection from the liver because 
the spillage of gallstones and bile has been shown to increase the 
risk of postoperative fever and intra-abdominal abscess forma- 
tion.® The operation concludes with evacuation of the pneumo- 
peritoneum and closure of the incisions. 

In the 2010s, laparoscopic cholecystectomy has been per- 
formed by some surgeons using a single-incision laparoscopic 
surgery approach in which the operating surgeon introduces 
the laparoscope and surgical instruments into the abdomen via 
a single operating port placed at the umbilicus. This technique 
has the advantage of improved cosmetics over the traditional 
4-port laparoscopic approach. The single-incision laparoscopic 
surgery procedure has not gained wide acceptance because of 
longer operating times, higher cost, a higher rate of wound com- 
plications and hernias, and, possibly, a higher rate of bile duct 
injury.6+66 


Rationale for Cholangiography 


Cholangiography during laparoscopic cholecystectomy has 2 
main purposes. First, the cholangiogram may detect unsuspected 
bile duct stones. Second, the cholangiogram confirms the sur- 
geon’s impression of the anatomy of the biliary tract. In the era 
before laparoscopic cholecystectomy, the value of routine chol- 
angiography during cholecystectomy was debated, with some 
surgeons arguing in favor of its selective use.6” This debate con- 
tinues in the laparoscopic era. Routine cholangiography has been 
criticized because of its relatively low yield, failure to identify all 
retained stones, occasional false-positive results, cost, and risk. 
Nevertheless, 8% to 16% of all patients with cholelithiasis har- 
bor bile duct stones. Routine use of operative cholangiography 
detects unsuspected bile duct stones in about 5% of patients who 
undergo cholecystectomy and detects anatomic ductal abnor- 
malities in 12%.6 During laparoscopic cholecystectomy, the 
2-dimensional video image and inability to palpate structures 
of the porta hepatis make identification of the cystic duct—bile 
duct junction problematic. Cholangiography plays an especially 
important role in delineating bile duct anatomy prior to division 


of any important structures. Large population studies from 
Australia and Sweden have demonstrated the importance of rou- 
tine intraoperative cholangiography in decreasing the frequency 
of major bile duct injuries.°”,’° The rate of bile duct injury during 
laparoscopic cholecystectomy when routine cholangiography is 
performed is 0.2% to 0.4%, compared with 0.4% to 0.6% when 
cholangiography is not performed routinely.’! Routine cholangi- 
ography is cost-effective when the cost associated with bile duct 
injuries is considered.’* In addition, routine cholangiography 
permits earlier identification of intraoperative bile duct injuries, 
if they occur,” and thereby improves the rate of repair. 

Despite these observations in favor of routine cholangiogra- 
phy, the low frequency of unsuspected bile duct stones and low 
rate of bile duct injury serve as the basis for most surgeons adopt- 
ing a selective approach to using cholangiography. Cholangiog- 
raphy is done when the history is suggestive of possible bile duct 
stones (e.g., pancreatitis, cholangitis, elevated liver biochemical 
test levels, bile duct stones seen on preoperative imaging) or 
when intraoperative confirmation of ductal anatomy is aided by 
the addition of cholangiography. 


Results 


Several large series have described experiences with laparoscopic 
cholecystectomy (Table 66.2).7+5 A review of the experience 
with laparoscopic cholecystectomy in the USA showed an opera- 
tive mortality rate of 0.06%. Internationally, operative mortal- 
ity rates have ranged from 0% to 0.15%. Conversion to an open 
procedure was required in 2.2% of patients in the USA and 3.6% 
to 8.2% internationally, generally because of inflammation that 
precludes safe dissection of the porta hepatis. Major morbidity 
occurred in approximately 5% of patients, and bile duct injuries 
occurred in 0.14% to 0.5%. Operating time ranged from 1 to 
2 hours, with most patients undergoing same-day surgery and 
outpatient surgery in elective cases. Most patients return to full 
activities, including work, within one week. 

No randomized prospective trials have compared the results 
of laparoscopic cholecystectomy with those of open cholecys- 
tectomy in the USA, nor are any likely. Patient enthusiasm for 
the laparoscopic approach and the rapid acceptance of the pro- 
cedure by surgeons have made direct, controlled comparison of 
the 2 procedures difficult. Nonrandomized data from the USA 
and small, randomized trials from other countries support the 
contention that the laparoscopic approach is superior to the 
open approach.°*-*+-*° In these analyses, the main benefits of the 
laparoscopic approach have included a shortened hospital stay, 
decreased pain, reduced disability, quicker return to normal 
physical and social activity, and lower costs. Population studies 
have shown a substantial decline in cholecystectomy-related mor- 
tality rates following the introduction of the laparoscopic tech- 
nique (Table 66.3).*? 

Against the perceived benefits of laparoscopic cholecystectomy 
over the open approach is concern about unacceptably high com- 
plication rates, especially for bile duct injury. Although the exact 
frequency of bile duct injury around the world is not known, 2 
lines of evidence suggest that the rate has declined. First, regional 
studies have demonstrated a decrease in the rate of bile duct 
injury as overall experience with laparoscopic cholecystectomy 
has increased (Fig. 66.5).°%°! Curiously, however, the frequency 
of bile duct injury does not continue to fall with increasing experi- 
ence of the individual surgeon, but rather plateaus.?!-’? Although 
bile duct injuries are more common early in an individual sur- 
geon’s experience, they still occur in the hands of seasoned sur- 
geons, albeit at a lower rate. As overall experience has increased, 
the rate of bile duct injury for laparoscopic cholecystectomy has 
approximated that seen with open cholecystectomy. Second, the 
number of patients with bile duct injury treated at tertiary referral 
medical centers has declined since the early days of laparoscopic 
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Fig. 66.4 Laparoscopic cholecystectomy. A, Gallbladder in situ. B, Cephalad retraction of the fundus toward 
the right shoulder exposes the infundibulum of the gallbladder. C, Retraction of the infundibulum toward the 
right lower abdominal quadrant opens the hepatocystic triangle, which is the area bordered by the cystic duct, 
gallbladder edge, and liver edge. D, Division of the peritoneum overlying the anterior and posterior aspects of 
the hepatocystic triangle exposes “the critical view of safety.” E, Cholangiogram catheter in the cystic duct. FA 
Normal cholangiogram. G, Gallbladder removed from the gallbladder fossa with electrocautery. 
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TABLE 66.2 Outcomes of Laparoscopic Cholecystectomy 


Reference No. of Patients Morbidity Rate (%) Mortality Rate (%) Bile Duct Injury (%) Conversion* Rate (%) 
74 AS) 6.7 0.15 0.33 5.2 
15 6,076 4.3 0.12 0.86 6.8 
76 13,833 4.3 0.14 0.59 5.3 
78 2,201 4.3 ©; 0.14 4.3 
79 114,005 5.4 0.06 OLS 2.2 
80 33,563 8.5 0.09 0.2 35 
81 56,591 N/A N/A 0.42 N/A 
82 3,285 Oa 02 0:25 3.6 
83 22,953 14.6 0.3 0.3 5.3 


‘To open cholecystectomy. 


TABLE 66.3 Cholecystectomy-Related Mortality in Maryland Before (1989) and After (1992) the Introduction of Laparoscopic Cholecystectomy 


Variable 1989 1992 % Change 
Number of cholecystectomies 7,416 9,993 +35 
Crude rate of cholecystectomies per 1000 population 1.57 2.04 +30 
Operative mortality rate (%) 0.84 0.56 -33 
Number of deaths 62 56 -10 


Data from Steiner CA, Bass EB, Talamini MA, et al. Surgical rates and operative mortality for open and laparoscopic cholecystectomy in Maryland. N Engl J 


Med 1994;330:408-8. 
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Fig. 66.5 Effect of a surgeon’s experience on the risk of bile duct injury 
during laparoscopic cholecystectomy. The dramatic decline in risk as 
experience is gained has been attributed to a “learning curve.” (Data 
adapted from Moore MJ, Bennett CL. The learning curve for laparo- 
scopic cholecystectomy. The Southern Surgeons Club. Am J Surg 
1995;170:55-9.) 


cholecystectomy.”* Introduction of laparoscopic cholecystectomy 
in the USA was rapid and may have exceeded the capability of the 
medical educational system to train all practitioners adequately. 
The initial relatively high rate of bile duct injury has been ascribed 
to a “learning curve” and is a cautionary example for other new 
technologies that may be introduced into medical practice. 


Concern has been raised about the increased use of laparo- 
scopic cholecystectomy for gallstone disease when compared 
with historical rates for open cholecystectomy. In a defined 
health maintenance organization population in Pennsylvania, the 
rate of cholecystectomy increased from 1.35 per 1000 enrollees in 
1988, just before the introduction of the laparoscopic approach, 
to 2.15 per 1000 enrollees in 1992, just after its introduction.” 
No contemporaneous changes in the rates of herniorrhaphy or 
appendectomy were observed. Similarly, statewide data from 
Maryland showed that the rate of cholecystectomy rose from 1.69 
per 1000 residents in 1987 to 1989 to 2.17 per 1000 residents 
in 1992,5 and Scottish nationwide data showed a 20% increase 
in the age-standardized rate of cholecystectomy.”° The reasons 
for the increases in use are not yet clear but most likely include 
expanding indications of cholecystectomy to include nonstone 
gallbladder disease indications for cholecystectomy (see Chap- 
ter 67). The consensus of experts in the field is that selection of 
patients for cholecystectomy should not be altered by the avail- 
ability of the laparoscopic approach. 


CHOICE OF TREATMENT 


Several factors influence the choice of treatment for symptomatic 
gallstone disease, including the stage of gallstone disease, char- 
acteristics of the stone, gallbladder function, and preference of 
the patient. For patients with uncomplicated biliary pain, treat- 
ment options include surgery and oral dissolution with or without 
lithotripsy. Surgery has the advantage of dealing with the under- 
lying causes of gallstones—stasis and lithogenic bile—regardless 
of the number, size, and type of stones. Although oral dissolution 
therapy is effective in treating selected patients, the low morbid- 
ity rate associated with laparoscopic cholecystectomy negates 
any potential advantages of nonsurgical treatment. In addition, 
nonsurgical treatment is less desirable because of the duration of 
treatment and, most importantly, the high likelihood of recur- 
rent stones. Patient selection also has a significant bearing on the 


choice of treatment. Some patients are not candidates for chole- 
cystectomy or general anesthesia or choose not to have surgery. 
Only in these patients should medical treatment be offered. All 
other patients should be encouraged to undergo laparoscopic 
cholecystectomy for symptomatic gallbladder pain. For patients 
with complications of gallstones, laparoscopic cholecystectomy 
with or without cholangiography is the preferred treatment; open 
cholecystectomy is reserved for patients who are not candidates 
for a successful and safe laparoscopic cholecystectomy. 


INDICATIONS FOR TREATMENT 
Asymptomatic Gallstones 


Decisions regarding the management of the patient with asymp- 
tomatic gallstones must be predicated on knowledge of the natu- 
ral history of the condition, as discussed in Chapter 65. In general, 
patients with asymptomatic gallstones should be reassured that 
life-threatening complications are uncommon and that symptoms 
related to the stones develop in only a minority of patients.?”-!0! 
In the event that an asymptomatic patient becomes symptomatic, 
the initial presentation is most often with uncomplicated biliary 
pain. In fact, most patients in whom complications of gallstones 
develop have antecedent biliary pain.!°? Decision analysis calcu- 
lations suggest that the risks of cholecystectomy in the asymp- 
tomatic patient approximate the potential benefit in preventing 
future serious sequelae of gallstones.!°? These calculations were 
based on historical data regarding the outcome of open cholecys- 
tectomy; the rate of serious sequelae of gallstones was determined 
from long-term follow up of a group of male faculty members at 
a major midwestern university. Whether these data are applicable 
to the more common female patient considering laparoscopic 
cholecystectomy today is not known. Nevertheless, the strategy 
of prophylactic cholecystectomy in all asymptomatic patients 
probably has no major advantage over the recommendation that 
cholecystectomy be limited to symptomatic patients.!04! In 
addition, studies that have analyzed health-related quality of life 
do not support cholecystectomy for asymptomatic patients.!° 

In certain subgroups, the benefits of prophylactic cholecys- 
tectomy for asymptomatic gallstones may outweigh the risks. 
Native Americans, for example, appear to have a rate of gallstone- 
associated gallbladder cancer high enough to justify prophylactic 
cholecystectomy.! In recipients of heart and lung transplants, 
complications of gallstone disease carry a high morbidity rate, and 
prophylactic cholecystectomy may be indicated.!°7:!°° Curiously, 
renal transplant patients with asymptomatic gallstones have a low 
risk of complications related to gallstone disease and, therefore, 
should not be considered for prophylactic cholecystectomy (see 
later).!°7!!9 The risks of complications of gallstone disease in chil- 
dren may outweigh the risk of cholecystectomy (see later). Inci- 
dental cholecystectomy is not indicated in asymptomatic patients 
undergoing bariatric or other types of abdominal surgery.!!! 

Diabetic persons have been thought to be particularly prone 
to gallstone formation and to complications from the stones. 
Morbidity and mortality rates for diabetic patients who undergo 
emergency operations for complications of gallstone disease have 
also been thought to be excessive. These perceptions have not 
been borne out, however, when confounding variables, such as 
hyperlipidemia, obesity, cardiovascular disease, and chronic kid- 
ney disease, are taken into account.!!* Therefore, prophylactic 
cholecystectomy in an asymptomatic diabetic patient with gall- 
stones is not warranted.'!> Data do support early intervention 
in diabetic patients in whom symptoms develop because these 
patients are at an increased risk of developing gangrenous cho- 
lecystitis.!'* Therefore, the severity of complications may be 
higher when complications of gallstones arise in diabetic than in 
nondiabetic patients. 


CHAPTER 66 Treatment of Gallstone Disease 1055 


Biliary Pain and Chronic Cholecystitis 
Patient Selection 


Most operations for biliary tract disorders are performed to relieve 
symptoms related to intermittent obstruction of the cystic duct by 
gallstones. This constellation of symptoms, including intermittent 
epigastric or RUQ pain, nausea, and vomiting has been termed 
biliary pain (“biliary colic” in the past) (see Chapters 11 and 65). 
Histologically, gallbladders from patients experiencing repeated 
attacks of biliary pain usually, but not always, show fibrosis and 
mononuclear cell infiltration that are characteristic of chronic cho- 
lecystitis. Furthermore, patients with biliary pain are more likely 
than patients with asymptomatic stones to experience complica- 
tions of gallstones. Cholecystectomy is indicated in these symp- 
tomatic patients. As with any operation, the potential benefits in 
terms of relief of symptoms and prevention of future complications 
must be weighed against the risk of surgery. Fortunately, the physi- 
ologic stress of cholecystectomy is minimal, and the operation may 
be undertaken safely even in older adults and the infirm. In the 
poorly compensated cirrhotic patient, the risk of cholecystectomy 
is substantially higher.!'> Surgery in this setting is justified only 
if the symptoms are severe, complications arise, or the cirrhosis 
is well compensated!!® !!7 (see Chapters 73 and 74).When chole- 
cystectomy is performed for uncomplicated biliary pain, routine 
perioperative antibiotics are seldom indicated.!!® 


Evaluation 


The diagnosis of biliary pain is generally suspected from the 
clinical history (see Chapters 11 and 65). Few important findings 
specific to gallstone disease are elicited on physical examination; 
most patients with uncomplicated biliary pain have no tender- 
ness between episodes of pain. Few preoperative laboratory tests 
are routinely necessary, although liver biochemical tests should be 
performed to screen for unsuspected choledocholithiasis if the sur- 
geon does cholangiography on selected patients rather than rou- 
tine cholangiography on every patient. Imaging evaluation can be 
limited to US in most patients with biliary pain. US has a high sen- 
sitivity (95%) and specificity (98%) in this setting and is also use- 
ful for detecting gallbladder inflammation—which is suggested by 
thickening of the gallbladder wall and pericholecystic fluid—and 
dilatation of the bile ducts. Ancillary tests, including oral cholecys- 
tography, MRCP, ERCP, or CCK scintigraphy, are useful for con- 
firming the diagnosis in the unusual patient in whom gallstones are 
suspected but US is negative or in evaluating patients suspected of 
having complicated gallstones. In patients with atypical symptoms, 
EGD, CT, or both, may be performed to exclude other disorders 
such as esophagitis, PUD, or an occult neoplasm. 


Acute Cholecystitis 


Management of the patient with acute cholecystitis begins with 
IV hydration and restoration of tissue perfusion and electrolyte 
balance. IV antibiotics are indicated because bile or gallblad- 
der wall cultures are positive for bacteria in more than 40% of 
patients.!! A cephalosporin such as cefoxitin is satisfactory for 
mildly to moderately ill patients, but in more severe cases, broad- 
spectrum antibiotics, such as piperacillin-tazobactam or a third- 
generation cephalosporin with metronidazole, should be given. 
If gangrenous or emphysematous cholecystitis is suspected, an 
agent effective against anaerobic organisms should be included. 
If source control is achieved with surgery, postoperative antibi- 
otic therapy is not indicated in patients with mild-to-moderate 
cholecystitis.!!° For patients with severe infection, intraoperative 
perforation of an infected purulent gallbladder, or gangrenous 
cholecystitis, antibiotics should be continued postoperatively. 
Subsequent management depends on the certainty of the 
diagnosis, severity of the attack, and general condition of the 
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TABLE 66.4 Early Versus Delayed Open or Laparoscopic Cholecystectomy for Acute Cholecystitis: Combined Results From 7 Randomized Trials 


Timing of Total Mean Hospital 

Cholecystectomy No. of Patients Mortality Rate (%) Bile Duct Injuries Stay (Days) Failure of Regimen* 
Earlyt 378 0 0 9.6 N/A 

Delayed* 364 2.0 0 17.8 26% 


*Failure is defined as a worsening of acute symptoms requiring early surgery. 

tWithin days of presentation. 

After 6-8 weeks. 

N/A, Not applicable. 

Data from Johansson M, Thune A, Nelvin L, et al. Randomized clinical trial of open versus laparoscopic cholecystectomy in the treatment of acute cholecystitis. 
Br J Surg 2004;92:44-9. Jarvinen HJ, Hastbacka J. Early cholecystectomy for acute cholecystitis: a prospective randomized study. Ann Surg 1980;191:501 - 
5. Lahtinen J, Alhava EM, Aukee S. Acute cholecystitis treated by early and delayed surgery. A controlled clinical trial. Scand J Gastroenterol 1978;13:673-8. 
Linden WVD, Sunzel H. Early versus delayed operation for acute cholecystitis. A controlled clinical trial. Am J Surg 1970;120:7-13. Lo CM, Liu CL, Fan ST, 
et al. Prospective randomized study of early versus delayed laparoscopic cholecystectomy for acute cholecystitis. Ann Surg 1998;227:461-7. McArthur P, 
Cuschieri A, Sells RA, Shields R. Controlled clinical trial comparing early with interval cholecystectomy for acute cholecystitis. Br J Surg 1975;62:850-2. Lai 
PB, Kwong KH, Leung KL, et al. Randomized trial of early versus delayed laparoscopic cholecystectomy for acute cholecystitis. Br J Surg 1998;85:764-7. 


patient. If cholecystitis is severe and complications such as perfo- 
ration appear imminent, cholecystectomy should be undertaken 
urgently. If the nature of the symptoms is uncertain, surgery may 
be indicated to establish the diagnosis. Conversely, the older 
adult patient with concurrent illnesses such as heart failure may 
benefit from an initial nonoperative approach. 

In the past, the timing of cholecystectomy for the typical 
patient with acute cholecystitis was controversial. Multiple pro- 
spective randomized controlled clinical trials have compared the 
strategies of early (within 3 days of presentation) and delayed 
(after 6 to 8 weeks) surgery for acute cholecystitis (Table 66.4).*>: 
120-126 A meta-analysis of these trials has shown that, for the aver- 
age patient, early operation is preferable because the total length 
of hospitalization and costs are reduced, morbidity is less, and 
deaths related to progressive acute cholecystitis are prevented.!?’ 
Early operation does not appear to increase the major risks of 
cholecystectomy, such as bile duct injury, substantially. 

Despite initial concerns as to its safety in acute cholecystitis, 
laparoscopic cholecystectomy is feasible in most cases. Techni- 
cal problems are encountered occasionally in patients with severe 
inflammation that obscures identification of the structures of the 
hepatocystic triangle or with coagulopathy. In these settings, an 
alternative approach to total cholecystectomy, such as laparo- 
scopic subtotal fenestrating or reconstituting cholecystectomy 
or use of an open approach, may be necessary.!?8 Cholangiog- 
raphy is particularly valuable in patients with acute cholecysti- 
tis to confirm the ductal anatomy. The benefits of laparoscopic 
cholecystectomy in patients with biliary pain, including decreased 
incisional pain, shortened hospital stay, and more rapid return to 
work, also apply to patients with acute cholecystitis. 

For the high-risk patient with severe concurrent illnesses, such 
as liver, pulmonary, or heart failure, cholecystostomy (gallbladder 
drainage) is preferable to cholecystectomy. Operative cholecys- 
tostomy has been superseded by a percutaneous approach in most 
patients. After the patient has recovered from the attack of acute 
cholecystitis, laparoscopic cholecystectomy should be performed 
if the patient’s overall condition permits it. Alternatively, residual 
stones can be removed via the cholecystostomy tube, and the patient 
may be managed expectantly. Recurrent biliary symptoms develop in 
approximately half of all patients treated with a cholecystostomy.!?? 
An example of a patient best managed by percutaneous cholecys- 
tostomy is shown in Fig. 66.6. The indication for a percutaneous 
cholecystostomy is the patient’s high surgical risk rather than the 
severity of the acute cholecystitis or appearance of the gallbladder on 
an imaging study. More recently, endoscopic transmural gallblad- 
der drainage has shown to be as effective as percutaneous drainage 
in decompressing the gallbladder in patients deemed to be unfit for 
surgery.!°° In this procedure, the gallbladder is drained by placing an 
endoluminal stent connecting the gallbladder to the viscera, usually 
the duodenum. Patients should not undergo endoscopic transmural 


drainage if there is a possibility they may become candidates for sur- 
gery in the future, because surgery would then entail repairing a hole 
in the duodenum in addition to the removal of the gallbladder. 

Acute cholecystitis in diabetic patients is associated with a sig- 
nificantly higher frequency of infectious complications, such as 
sepsis, compared with nondiabetic patients.!*! Cholecystectomy 
should be performed expeditiously in this group of patients. Simi- 
larly, acute cholecystitis in older adults may have a deceptively 
benign clinical presentation but is associated with high rates of 
occult severe acute cholecystitis including empyema and gan- 
grene. Factors associated with gangrenous or emphysematous 
cholecystitis include male gender, diabetes mellitus, cardiovascu- 
lar disease, and an initial WBC count in excess of 15,000/mm}. 
As with diabetic patients, early cholecystectomy is warranted in 
older adult patients to ensure prompt control of infection. The 
routine use of surgical drainage catheters after laparoscopic cho- 
lecystectomy for acute cholecystitis is not warranted and may be 
deleterious. 11 


Acalculous Cholecystitis 


Acute cholecystitis that occurs in the absence of gallstones is 
termed acalculous cholecystitis (see Chapter 67). Most commonly, 
acalculous cholecystitis occurs in a patient hospitalized for other 
serious illnesses, such as trauma, burns, or major surgery. It may 
develop in outpatients, among whom older adult male patients 
with peripheral vascular disease appear to be at highest risk. 1? 
Acalculous cholecystitis may also complicate the treatment of 
patients with AIDS (see Chapter 35).!3? 

The pathophysiology of acalculous cholecystitis is unclear, but 
biliary stasis caused by fasting, alterations in gallbladder blood 
flow, activation of factor XII, prostaglandins, and endotoxin all 
may play roles (see Chapter 67). Sludge is generally present in the 
gallbladder and may obstruct the cystic duct. Gangrene, empyema, 
and perforation of the gallbladder complicate the course of acalcu- 
lous cholecystitis more commonly than they complicate the course 
of acute cholecystitis caused by gallstones. In some series, the fre- 
quency of these complications has approached 75%.!3+ 

Cholecystectomy has been the mainstay of therapy for acal- 
culous cholecystitis. Prompt removal of the gallbladder is par- 
ticularly important when gangrene or empyema is suspected and 
when perforation is imminent. In some patients, however, the risk 
of surgery is high because of the severity of their underlying ill- 
ness. These patients may be managed initially with placement of 
a percutaneous tube cholecystostomy under ultrasound guidance. 
Most patients treated with tube cholecystostomy recover. Those 
in whom evidence of intra-abdominal sepsis develops or persistent 
obstruction of the cystic duct is seen on cholangiography require 
cholecystectomy. 
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ICU stay for multisystem organ failure after surgery for a perforated viscus. A, CT showing acute cholecys- 
titis with gallbladder wall thickening and pericholecystic fluid (arrow). B, Cholangiogram via a percutaneous 
cholecystostomy (small arrow) showing a gallstone impacted at the neck of the gallbladder (large arrow). A 
cholecystostomy tube was left in place, and the patient improved clinically. 


Emphysematous Cholecystitis 


Emphysematous cholecystitis is an uncommon condition charac- 
terized by infection of the gallbladder wall by gas-forming bacte- 
ria, particularly anaerobes (see Chapter 65). Diabetes mellitus has 
been cited as a risk factor. Gangrene and perforation commonly 
complicate the course of emphysematous cholecystitis. The treat- 
ment of emphysematous cholecystitis is prompt laparoscopic 
cholecystectomy after restoration of fluid and electrolyte balance. 
Antibiotics are indicated, with coverage directed against Gram- 
negative rods and anaerobic bacteria. 


Gallstone Pancreatitis 


The pathophysiology and clinical presentation of patients with 
gallstone pancreatitis are discussed in Chapters 58 and 65. Initial 
management of patients with gallstone pancreatitis includes fluid 
resuscitation, bowel rest, and monitoring for complications. 
Most patients have a relatively mild illness that resolves clinically 
within 1 week with conservative management. 

The presence of cholelithiasis should be determined by US 
early in the course of the treatment of a patient with acute pan- 
creatitis. If cholelithiasis is present, laparoscopic cholecystectomy 
generally should be performed prior to the patient’s discharge from 
the hospital. In the past, cholecystectomy early in the course of 
gallstone pancreatitis carried significant risk. For that reason, the 
timing of cholecystectomy was delayed for 1 to 2 months to allow 
resolution of the inflammatory process. A major disadvantage of 
this delayed approach was that up to one half of patients had fur- 
ther attacks of pancreatitis during the observation period. It is now 
recognized that cholecystectomy may be performed safely during 
the same hospitalization when the clinical signs of pancreatitis have 
resolved.!*>:!°6 This approach shortens the total duration of illness 
and hospitalization.!*° Additionally, it prevents recurrent pancre- 
atitis. Cholangiography should be performed during the cholecys- 
tectomy to exclude residual bile duct stones, as recommended by 
the International Association of Pancreatology.!* 

In patients with severe or necrotizing pancreatitis, cholecystec- 
tomy is delayed for several weeks to allow (1) patients to recover 
from the sequelae of pancreatitis; (2) inflammation of the hepatodu- 
odenal ligament to decrease, thereby permitting safe dissection; and 
(3) identification of the small subset of patients in whom pancreatic 
pseudocysts develop and may require additional surgical treatment. 
In patients with concomitant cholangitis or with persistent cholesta- 
sis complicating severe pancreatitis, endoscopic sphincterotomy and 


clearance of the bile duct is indicated.'** This approach is less mor- 
bid than early surgery with bile duct exploration (see Chapter 70). 


Special Problems 
Gallstone Disease During Pregnancy 


Occasionally, gallbladder disease is first noted or becomes more 
troublesome during pregnancy. The most common clinical presen- 
tations in this setting are worsening biliary pain and acute cholecys- 
titis. Jaundice and acute pancreatitis caused by choledocholithiasis 
are rare. Imaging evaluation of symptoms suggestive of biliary tract 
disease can nearly always be limited to US. The potential terato- 
genic effects of conventional radiography and radionuclide scan- 
ning make these techniques unjustified in the pregnant patient. 

In the past, cholecystectomy during pregnancy was discouraged 
because of the fear of complications such as spontaneous abortion 
and preterm labor in operated women in the first and third trimes- 
ters of gestation, respectively. In addition, pregnancy was formerly 
considered an absolute contraindication to laparoscopic surgery 
because of concern about potential trocar injury to the uterus and 
the unknown effects of pneumoperitoneum on the fetal circula- 
tion. Improvements in anesthesia and tocolytic agents appear to 
have made abdominal surgery safer during pregnancy. Several large 
case series have suggested that cholecystectomy may be undertaken 
during pregnancy with minimal fetal and maternal morbidity. 139140 
Even though proved safe, laparoscopic cholecystectomy is performed 
during pregnancy only when necessary. Indications include compli- 
cated gallstone disease, including acute cholecystitis and pancreatitis, 
when the underlying disease poses a threat to the pregnancy or when 
the mother is unable to maintain adequate nutrition. In these sce- 
narios, the risk to the pregnancy from the underlying disease exceeds 
the risk to the pregnancy of surgery. Surgery is probably safest dur- 
ing the second trimester, when the risk of fetal loss and teratogenicity 
that may occur in the first trimester and the risk of preterm labor that 
may occur in the third trimester are both low. 


Gallstone Disease During Childhood 


Gallstone disease in the pediatric population appears to be 
increasing in frequency. Chronic hemolysis leading to pigment 
gallstones is the cause in about 20% of patients.!*! A history 
of prolonged fasting with total parenteral nutritional support 
is an increasingly important risk factor. Ileal disorders or pre- 
vious bowel resection increase the risk of gallstone develop- 
ment. Management of childhood cholelithiasis must take into 
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account the type of stone (pigment or cholesterol), presence or 
absence of symptoms, and underlying risk factors such as TPN. 
Cholecystectomy is indicated in all symptomatic patients with 
gallstones. The management of asymptomatic gallstones is less 
clear. Gallstones in infants who are receiving total parenteral 
nutrition occasionally resolve following reinstitution of oral feed- 
ings. Therefore, observing the asymptomatic infant in this setting 
for up to 12 months seems reasonable. Persistent gallstones and 
asymptomatic pigment stones (which do not resolve spontane- 
ously) are best treated with laparoscopic cholecystectomy. 


Mirizzi Syndrome 


Mirizzi syndrome refers to common hepatic duct obstruction 
resulting from compression by a gallstone impacted in the cystic 
duct. Two types of Mirizzi syndrome were originally described. !* 
In type I, the hepatic duct is compressed by a large stone impacted 
in the cystic duct or Hartmann pouch. Associated inflammation 
may contribute to the obstruction and formation ofa stricture in the 
central section of the extrahepatic bile duct. In type I], the calculus 
has eroded into the common hepatic duct to produce a cholecys- 
tocholedochal fistula. Mirizzi syndrome is rare, occurring in about 
1% of all patients who undergo cholecystectomy. Most patients 
present with repeated bouts of pain, fever, and jaundice. US gen- 
erally reveals gallstones with a contracted gallbladder and moder- 
ate intrahepatic ductal dilatation with normal extrahepatic biliary 
anatomy. MRCP and ERCP are useful in delineating the hepatic 


duct anatomy. The typical findings are a dilated intrahepatic bili- 
ary tract, with a normal-sized bile duct, secondary to obstruction at 
the level of the cystic duct insertion into the common hepatic duct. 
The appearance of the obstruction and surrounding inflammation 
may be confused with a Klatskin tumor (see Chapter 69). 

The possibility of Mirizzi syndrome should be considered dur- 
ing a difficult cholecystectomy. Management of type I Mirizzi 
syndrome includes cholecystectomy with or without bile duct 
exploration. In the presence of severe inflammation, in which 
identification of the anatomy is difficult, partial cholecystectomy 
with postoperative endoscopic sphincterotomy to ensure clearance 
of bile duct stones is preferable. Management of type II Mirizzi 
syndrome is based on the extent of compromise of the common 
hepatic duct and bile duct. To guide surgical treatment, type I 
Mirizzi syndrome has been reclassified as types II, II, and IV. Type 
TI is present when less than one third of the bile duct is involved by 
the fistula, type HI when one third to two thirds is involved (Fig. 
66.7), and type IV when more than two thirds is involved. Types II 
and II Mirizzi syndrome can be treated with partial cholecystec- 
tomy, removal of the calculous, and choledochoplasty as needed. 
Roux-en-Y hepaticojejunostomy is required to repair a large defect 
as seen in type IV Mirizzi syndrome.!*” 


Gallstone lleus 


Gallstone ileus is an uncommon form of intestinal obstruction 
caused by impaction of a large gallstone in the intestinal lumen. 


Fig. 66.7 Type Ill Mirizzi syndrome. A, CT showing a large gallstone impacted in the infundibulum of the gall- 
bladder (arrow). B, MRCP showing a large gallstone impacted in the infundibulum of the gallbladder (arrow). C, 
ERCP showing obstruction of the common hepatic duct by a large intraluminal gallstone consistent with a cho- 
lecystocholedochal fistula (arrow). D, Intraoperative photograph of the anterior wall of the gallbladder removed 
with the edge of the remaining medial gallbladder wall highlighted by white lines. A fistula (containing a blue 
biliary stent placed during ERCP) between the common hepatic duct and the medial wall of the gallbladder 
infundibulum is seen (arrow), with 50% disruption of the common hepatic duct integrity, consistent with type III 
Mirizzi syndrome. The inset shows the causative 3-cm gallstone. 


Bouveret syndrome refers to impaction of a gallstone in the distal 
duodenum or at the pylorus with resulting symptoms of gastric 
outlet obstruction. Gallstone ileus represents a true mechanical 
obstruction rather than a defect in motility, as the name “ileus” 
would suggest. The median age of affected patients is more than 
70 years. Most are women. Gallstone ileus is the cause of intes- 
tinal obstruction in less than 1% of patients younger than 70 
years in age but nearly 5% of those 70 years of age or older.!*3 
Symptoms are typical of mechanical intestinal obstruction and 
include cramping abdominal pain, vomiting, and abdominal dis- 
tention. Only a minority of patients have symptoms suggestive 
of acute cholecystitis, but half are known to have a history of 
gallstones.!** Liver biochemical test levels are elevated in 40% of 
patients, but overt jaundice is rare. Plain abdominal films reveal 
an intestinal gas pattern compatible with intestinal obstruction in 
most patients. Pneumobilia is present in about half of all patients, 
and the aberrant gallstone is visible in a minority. Upper or lower 
GI barium studies may occasionally identify the site of obstruc- 
tion or the fistula, but these tests are unnecessary in most cases. 
US is useful for confirming the presence of cholelithiasis and may 
allow visualization of the fistula. 

The pathophysiology of gallstone ileus involves erosion of a 
gallstone, generally over 2.5 cm in diameter, into the intestinal 
lumen via a cholecystoenteric fistula. The fistula occurs most 
commonly in the duodenum and less often in the colon. As the 
gallstone is passed down the length of the intestine, it obstructs 
the lumen intermittently. Characteristically, complete obstruc- 
tion occurs in the ileum, where the lumen is narrowest. The 
obstruction has been described as “tumbling” because the symp- 
toms wax and wane during the passage of the stone. 

Management should be directed initially at restoration of fluid 
and electrolyte balance, followed by exploratory laparotomy. 
A laparoscopic approach is technically feasible and effective. 
Removing the stone via a small enterotomy relieves the intesti- 
nal obstruction. A search should be made for additional stones. 
Bowel resection is necessary only when perforation or intesti- 
nal ischemia has occurred. Cholecystectomy with closure of the 
cholecystoenteric fistula, the connection between the gallbladder 
and adjacent duodenum, is not necessary because the gallbladder 
decompresses itself of stones through the fistula. More impor- 
tantly, surgery may be technically difficult and morbid, and many 
fistulas close spontaneously with time.'*+ Mortality rates in this 
high-risk patient population are high, averaging 15% to 18%. 
Gallstone ileus recurs in about 5% of patients. 


Incidental Cholecystectomy 


Occasionally, gallstones are identified unexpectedly before or 
during another operation. When this happens, incidental cho- 
lecystectomy should be considered at the time of the original, 
planned, procedure and discussed during the informed con- 
sent process. The rationale for incidental cholecystectomy is 
to prevent later development of symptomatic gallstone disease, 
including early postoperative acute cholecystitis. Another jus- 
tification often cited is that some operations make subsequent 
endoscopic or surgical intervention to treat gallstone-related 
complications difficult, as is the case with gastrectomy or gas- 
tric bypass for obesity (see Chapters 8 and 53). As expected, 
addition of a cholecystectomy increases the risk of postopera- 
tive complications. The decision to proceed with an inciden- 
tal cholecystectomy is based on an assessment of the expected 
benefits and risks. 

As discussed previously, the typical patient with gallstones 
tends to remain asymptomatic. On long-term follow up, symp- 
toms develop in 18% to 35% of these initially asymptomatic 
persons.?7:!03.10+ Certain groups, however, are at higher risk. 
Patients with large (>2.5 cm) gallstones and those with cal- 
cification of the gallbladder wall (porcelain gallbladder) have 
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an increased risk for the development of acute cholecystitis, 
gallstone ileus, and gallbladder cancer. In these patients, inci- 
dental cholecystectomy is warranted.'*>-!47 In patients with 
sickle cell disease, who are at risk for the development of pig- 
ment gallstones because of chronic hemolysis, distinguishing 
the clinical presentation of a sickle cell crisis from acute cho- 
lecystitis may be difficult, and incidental cholecystectomy is 
indicated in these patients.!** Similarly, patients with other 
hemolytic anemias, such as f-thalassemia, are at high risk 
for the development of gallstones, and a high percentage of 
them become symptomatic.!*? Cholecystectomy appears war- 
ranted for asymptomatic patients with stones if splenectomy 
is undertaken for the hemolytic anemia. Finally, laparotomy 
for reasons other than cholecystectomy is associated with a 
high frequency of postoperative biliary symptoms if a gallblad- 
der that contains stones is left in situ. Of 68 asymptomatic 
patients with stones who underwent laparotomy in one study, 
54% became symptomatic postoperatively, and 22% required 
cholecystectomy within 30 days.!°0!5! 

The risk of adding incidental cholecystectomy to another 
abdominal procedure appears to be low.!*? If the patient is in oth- 
erwise reasonable health, the primary operation has proceeded 
smoothly, and operative exposure is adequate, incidental chole- 
cystectomy can be done safely at the time of another operation, 
including colectomy. The risk does not appear to be increased in 
older adults. The risk of postoperative wound infections, how- 
ever, may be increased in some cases by the addition of an inci- 
dental cholecystectomy.!>? 


CHOLEDOCHOLITHIASIS 


Choledocholithiasis may be detected when gallbladder stones are 
discovered during an evaluation for biliary tract symptoms, dur- 
ing cholecystectomy, or after a cholecystectomy. Several man- 
agement options are available, including oral dissolution therapy, 
interventional radiologic and endoscopic techniques, and surgery 
(see Chapter 70). Which management strategy is most appropri- 
ate for a given patient depends on the clinical situation in which 
the stones have been identified (jaundice, cholangitis, pancreati- 
tis, or absence of symptoms), status of the gallbladder, and age 
and general condition of the patient. Additional factors to con- 
sider are the expertise of the available surgical, endoscopic, and 
radiologic specialists. 


Choledocholithiasis Known Preoperatively 


When choledocholithiasis is known to be present preoperatively, 
an acceptable approach is to clear the bile duct by endoscopic 
sphincterotomy and then proceed with laparoscopic cholecystec- 
tomy. An alternative approach is an open or laparoscopic chole- 
cystectomy with bile duct exploration. In the era of laparoscopic 
cholecystectomy and endoscopic stone retrieval, laparoscopic bile 
duct exploration has been performed less commonly than open 
bile duct exploration was performed during the open cholecys- 
tectomy era.!°* Laparoscopic bile duct exploration via either a 
transcystic duct approach or direct incision of the bile duct is a 
technically demanding procedure. When performed by an expe- 
rienced surgeon, however, the success rate for clearing the duct 
of stones ranges from 83% to 97%.155-157 Decision analyses and 
randomized trials have shown that laparoscopic cholecystectomy 
with bile duct exploration via either a transcystic or transcho- 
ledochal approach results in lower rates of morbidity and mor- 
tality as well as a shorter hospital stay, quicker return to health, 
and lower number of procedures than preoperative endoscopic 
retrieval followed by laparoscopic cholecystectomy.!°*+!°° The 
decision to proceed with the surgery-only approach depends 
greatly on the experience and technical skill of the surgeon and his 
or her team. If a surgeon lacks adequate training or appropriately 
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trained staff and equipment, a 2-stage (surgical and endoscopic) 
approach is preferable. 


Choledocholithiasis Identified During 
Cholecystectomy 


If unsuspected choledocholithiasis is identified by cholangiogra- 
phy during laparoscopic cholecystectomy, the following 3 options 
are available: (1) conversion to an open operation with bile duct 
exploration; (2) laparoscopic bile duct exploration; and (3) comple- 
tion of the laparoscopic cholecystectomy with postoperative endo- 
scopic sphincterotomy and stone extraction. An algorithm of these 
options is shown in Fig. 66.8. Factors that influence this decision 
include the number and location of bile duct stones, presence of 
associated ductal pathology, and skill and experience of the surgeon 
and endoscopist. Completion of the laparoscopic cholecystectomy 
with postoperative endoscopic sphincterotomy is satisfactory for 
most patients and has the advantage of preserving the minimally 
invasive approach. Endoscopic sphincterotomy may be techni- 
cally unsuccessful, however, in 5% to 10% of patients—even in the 
hands of a skilled endoscopist—and complete clearance of stones 
from the bile duct is possible in only 84% to 89% of patients.!°° 
In such patients, a second attempt may be required. Increasing 
experience has shown that laparoscopic bile duct exploration is safe 
and effective. Stone clearance rates average 95%, with an operative 
mortality rate of 0.5 %.135-158-160 Laparoscopic bile duct exploration 
compares favorably with endoscopic sphincterotomy in terms of 
efficacy, cost, and safety.!°! 

As with open bile duct exploration, laparoscopic bile duct 
exploration is done preferably through a transcystic approach, 
in which the bile duct is explored, and stones are removed via 
an incision in the cystic duct. On rare occasions in which the 
stones are too large or located above the insertion of the cystic 
duct into the bile duct, a transcholedochal approach is needed. 
This approach involves exploration of the bile duct and removal 
of stones via an incision directly into the bile duct. The incision 
in the bile duct must be closed with sutures, often over a T-tube 
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BD stone 


Laparoscopic 
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Successful 
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postop ERCP/ES 


Reoperate for 
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) 


Fig. 66.8 Suggested algorithm for the management of bile duct (BD 
stones found unexpectedly during laparoscopic cholecystectomy (lap chole). 
BDE, bile duct exploration; ERCP/ES, ERCP/endoscopic sphincterotomy; 
postop, postoperative. 
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to prevent stricturing of the bile duct, especially when the duct 
is small and suture closure in the absence of a T-tube may lead 
to a stricture that is difficult to dilate. Therefore, a small bile 
duct is a contraindication to direct transcholedochal exploration. 
‘T-tubes are also left in the bile duct when evacuation of stones 
is incomplete to allow biliary decompression and percutaneous 
stone extraction by an interventional radiologist. 


Choledocholithiasis Identified After 
Cholecystectomy 


Choledocholithiasis identified in patients who previously have 
undergone cholecystectomy is best managed with endoscopic 
sphincterotomy and stone extraction. If a T-tube is still present 
from a recent bile duct exploration, radiologic extraction of the 
stone via the T-tube tract is usually possible. Surgery is rarely 
required in this situation, but if required, an open bile duct explo- 
ration is usually performed because access to the bile duct via the 
cystic duct is lost after cholecystectomy. 


BILE DUCT INJURY AND STRICTURE 


Benign bile duct strictures are often the result of iatrogenic injury 
during cholecystectomy. A minority of strictures are the sequelae of 
chronic pancreatitis, PSC, prior bile duct surgery including resec- 
tion and transplantation, and choledocholithiasis. Operative injury 
to the bile duct during cholecystectomy may occur because of mis- 
interpretation of the biliary ductal anatomy; inaccurate placement 
of clips, sutures, or cautery to control hemorrhage; tenting of the 
bile duct during control of the cystic duct; and ineffective retraction 
and exposure. These injuries commonly occur during an otherwise 
uneventful cholecystectomy and may be unnoticed by the surgeon. 

Bile duct injury presents in 1 of 3 patterns. In the first pattern, 
the bile duct has been completely occluded, and jaundice develops 
rapidly in the early postoperative period after cholecystectomy. In 
the second pattern, the injury is manifested by the development 
of bile ascites that results from transection of an extrahepatic bile 
duct, ineffective placement or dislodgement of cystic duct ligatures, 
or a bile leak from the gallbladder fossa as a result of a divided cys- 
tohepatic duct or duct of Luschka. A bile leak is often associated 
with an infected bile collection in the subhepatic space. In the third 
pattern, partial bile duct obstruction leads to intermittent episodes 
of pain, jaundice, or cholangitis, usually within 2 years of the cho- 
lecystectomy. The 3 patterns of injury are illustrated in Fig. 66.9. 

In the early postoperative period following laparoscopic chole- 
cystectomy, the clinician should suspect the possibility of bile duct 
injury in any patient with persistent abdominal pain, nausea, and 
fever. The differential diagnosis of bile duct obstruction in a patient 
with a history of cholecystectomy, whether in the early postoperative 
period or remote from surgery, consists mainly of bile duct stricture 
and choledocholithiasis. Stricture and choledocholithiasis may be 
difficult to differentiate on clinical grounds because the symptoms, 
signs, and liver biochemical test levels may be identical. 

The imaging evaluation of a patient with suspected bile duct 
injury and/or stricture usually begins with US to identify dilated 
ducts or a subhepatic fluid collection or biloma. In the early 
postoperative period, a technetium-labeled radionuclide scan 
may expeditiously and noninvasively demonstrate patency of 
the biliary tract and exclude a bile leak. If these studies suggest 
bile duct injury, ERCP is indicated to define the lesion. The 
initial goals of management include control of subhepatic infec- 
tion, usually via percutaneous drainage of any fluid collection, 
and biliary drainage, either via an endoscopic or transhepatic 
route (see Chapter 70). Following control of infection and bili- 
ary drainage, complete cholangiography, by ERCP transhepatic 
cholangiography, is necessary to define the anatomy and plan 
reconstruction. 
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Fig. 66.9 Three common patterns of bile duct injury during laparoscopic cholecystectomy. With the first pattern 
(A and B), the patient may present with a biloma or bile ascites from a cystic duct stump leak (arrow in A) or a bile 
leak from a duct of Luschka (arrow in B). With the second pattern (C and D), the patient presents with jaundice, 
with or without a bile leak, as a result of excision of the bile duct secondary to misinterpretation of the bile duct 
for the cystic duct. These problems usually involve injury to the confluence of the hepatic ducts and to the right 
hepatic artery as well. C, An ERCP showing surgical clips occluding the bile duct (arrow); D, the corresponding 
transhepatic cholangiogram demonstrating excision of the hepatic duct confluence (arrow). With the third pattern 
(E and F), the patient presents with jaundice caused by a stricture resulting either from a surgical clip placed on 
the bile duct instead of the cystic duct or from a thermal injury. E, An ERCP showing a stricture from a surgical 
clip (arrow); F the corresponding transhepatic cholangiogram showing the bile duct stricture (arrow). 


Most patients with a bile duct injury or benign postoperative Roux-en-Y choledochojejunostomy or hepaticojejunostomy. 
biliary stricture are best managed with surgical repair. Although The principles of a successful repair include complete dissection 
numerous operations have been described, the best results are of the injured or strictured segment, creation of a tension-free 


obtained with resection of the damaged duct and an end-to-side anastomosis, accurate mucosa-to-mucosa approximation of the 
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anastomosis with fine absorbable suture material and unscarred 
proximal ductal tissue, and preservation of the ductal blood 
supply. The mortality rate of operations to correct benign bili- 
ary strictures averages 0% to 2%. The risk of surgery is related 
directly to the presence of risk factors such as cirrhosis, renal 
failure, uncontrolled cholangitis, age, and malnutrition. The 
long-term results of biliary reconstruction for a benign bile 
duct stricture are good, with cure achieved in 85% to 98% of 
patients.!©7-!6> Results are worse in patients with high strictures 
or cirrhosis. In those with high strictures, special techniques may 
be necessary to obtain healthy ductal tissue that is uninvolved in 
the inflammatory process for anastomosis; liver resection may 
be required. Recurrent strictures pose technical difficulties, but 
satisfactory results are still achieved in about 75% of patients.!°° 

Postoperative strictures may be treated with endoscopic or 
percutaneous balloon dilation with or without stent placement 
provided the remaining duct has not been disrupted. Benign post- 
operative strictures often can be managed endoscopically with 
placement of plastic, removable stents. Although several endo- 
scopic procedures are often required, good results can be achieved 
in appropriately selected patients (see Chapter 70). No random- 
ized prospective trials have compared surgical, endoscopic, and 
radiologic approaches. In one nonrandomized trial, long-term 
bile duct patency was achieved in 88% of patients treated with 
hepaticojejunostomy compared with 55% of those who under- 
went balloon dilation, but stents were not used.!°” No procedure- 
related mortality was observed. In view of the excellent long-term 
results and low mortality rate of hepaticojejunostomy in experi- 
enced hands, surgery should be offered as the initial treatment to 
all fit patients with a bile duct stricture. Nonoperative manage- 
ment is best reserved for patients with biliary cirrhosis, significant 
comorbid illness, or high recurrent strictures. 


POSTCHOLECYSTECTOMY SYNDROME 


Postcholecystectomy syndrome refers to the occurrence of abdominal 
symptoms that often resemble biliary pain following cholecys- 
tectomy (see also Chapters 63 and 65). The term is misleading 
because it encompasses a wide spectrum of biliary and nonbili- 
ary disorders that are rarely related to the operation itself. The 
frequency of such symptoms following cholecystectomy ranges 
from 5% to 40%.#%168-171 The most common postoperative 
symptoms are dyspepsia, flatulence, and bloating, which usu- 
ally antedate the cholecystectomy. Other patients have persis- 
tence of RUQ or epigastric abdominal pain. A small percentage 
of patients with postcholecystectomy symptoms present with 
severe abdominal pain, jaundice, or emesis; investigation is 
much more likely to reveal a distinct, treatable cause in this 
group of patients than in those with mild or nonspecific symp- 
toms. If the symptoms arise early in the postoperative period, 
bile peritonitis secondary to iatrogenic biliary injury must 
be suspected. 

The differential diagnosis of symptoms after cholecystectomy 
includes extraintestinal disorders such as cardiac ischemia, non- 
biliary GI conditions such as PUD, biliary disorders such as cho- 
ledocholithiasis, functional illnesses such as IBS, and psychiatric 
diseases (Box 66.3). The clinician must carefully consider the 
possibility of nonbiliary causes of pain and direct the evaluation 
appropriately. 


Choledocholithiasis 


Bile duct stones are the most common cause of postcholecys- 
tectomy symptoms. They may be residual stones overlooked 
at the time of cholecystectomy or, less frequently, stones that 
have formed primarily in the bile duct. The natural history of 
choledocholithiasis is not known, but in some patients, these 
stones clearly can cause biliary-type pain, jaundice, pancreatitis, 


BOX 66.3 Causes of Abdominal Pain After Cholecystectomy 


BILIARY CAUSES 


Biliary stricture 

Biliary tract malignancy 
Choledocholithiasis 
Choledochocele 
Cystic duct remnant 
SOD 


PANCREATIC CAUSES 
Pancreatitis 
Pseudocyst 
Malignancy 


OTHER GI DISORDERS 
Esophageal motor disorders 
GERD 

IBS 

Intestinal malignancy 
Intra-abdominal adhesions 
Mesenteric ischemia 

PUD 


EXTRAINTESTINAL DISORDERS 


Coronary artery disease 
Intercostal neuritis 
Neurologic disorders 
Psychiatric disorders 
Wound neuroma 


or cholangitis. The diagnosis of choledocholithiasis is suggested 
by the clinical picture. Liver biochemical test values, particularly 
the alkaline phosphatase level, may be elevated. US may show 
a dilated bile duct, but visualization of the stone is uncommon. 
MRCP and ERCP may confirm the presence of ductal stones and 
exclude other possibilities such as a bile duct stricture or tumor. 
Endoscopic sphincterotomy with stone extraction is curative in 
most patients.!7 


Cystic Duct Remnant 


In some patients, the cause of postcholecystectomy symptoms 
has been attributed to pathology in the cystic duct remnant 
(or stump) or small retained portion of the gallbladder.173-174 
Abnormalities that have been described include cystic duct 
stones, fistulas, granulomas, and neuromas. Associated bile duct 
stones are common. Although the existence of such a syndrome 
has been controversial, in one randomized trial, complete exci- 
sion of the cystic duct during cholecystectomy was associated 
with fewer postoperative sequelae than a standard operative 
technique in which a portion of the cystic duct was left in situ.!7° 
In the era of laparoscopic cholecystectomy, the cystic duct is 
divided closer to its origin from the gallbladder to minimize the 
risk of bile duct and right hepatic artery injury that may arise 
from dissection at the insertion of the cystic duct into the com- 
mon hepatic duct; as a result, the frequency of cystic duct rem- 
nant syndrome may be higher.!”° MRCP and ERCP are useful 
for delineating the biliary anatomy in patients with suspected 
cystic duct remnant pathology. Treatment is with surgical exci- 
sion of the cystic duct remnant. 


SOD 


Up to 10% of patients with postcholecystectomy pain are found 
to have a structural or functional abnormality of the sphincter 
of Oddi (see Chapter 63).!’7!78 Structural problems have been 


referred to as sphincter stenosis, which is characterized by a fixed 
narrowing of the sphincter in association with an elevated basal 
sphincter pressure. The stenosis may occur as a result of trauma 
such as passage of gallstones, instrumentation, pancreatitis, or 
infection. Functional or motility disorders have been referred 
to as biliary or sphincter of Oddi dyskinesia and ampullary spasm 
and more recently sphincter disorder. Biliary manometry in these 
patients reveals elevated sphincter pressure resulting from abnor- 
mal tonic or phasic smooth muscle contractions. Because the 
cause of this disorder is unknown, and in many cases a distinction 
between a structural or functional process cannot be made, the 
generic term sphincter of Oddi dysfunction is preferred. 

Clinical manifestations of SOD include biliary-type pain, 
jaundice, and pancreatitis. ERCP findings of a dilated bile duct 
and delayed (> 45 minutes) drainage of contrast medium from 
the bile duct are typical. The combination of biliary-type pain, 
abnormal liver biochemical test levels, and a dilated bile duct is 
highly predictive of a response to endoscopic sphincterotomy.!”? 
In patients in whom the diagnosis is not as clear, biliary manom- 
etry is indicated. Treatment is with endoscopic sphincterotomy. 
Selected patients may require transduodenal sphincteroplasty and 
septoplasty (see Chapter 63).!°° 


GALLSTONES, CHOLECYSTECTOMY, AND CANCER 


A number of reports have demonstrated an association between 
either gallstones or cholecystectomy and the development of can- 
cers in organs as diverse as the gallbladder, bile ducts, stomach, 
colon, breast, and uterus. Whether a causal relationship exists 
between gallbladder disease or its treatment and the develop- 
ment of these malignancies is unclear. Common environmental 
factors, perhaps dietary, may influence the rates of all these dis- 
eases. On the other hand, alterations in the composition of bile in 
patients with gallstones could influence the development of car- 
cinoma. Moreover, cholecystectomy increases the enterohepatic 
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circulation of bile acids, which increases mucosal exposure to 
potentially carcinogenic secondary bile acids such as deoxycholic 
acid (see Chapter 64). 


Biliary Tract Cancer 


The strongest association between gallstones and cancer is with 
cancers of the biliary tract itself, particularly gallbladder carci- 
noma (see Chapter 69). Most patients with gallbladder cancer 
have gallstones, and epidemiologic data show a strong rela- 
tionship between the 2 diseases. The risk of gallbladder can- 
cer is greater in patients with large gallstones than in those 
with small gallstones, in those with multiple gallstones than a 
single gallstone, and in Native Americans.!*!"!*} Calcification 
of the gallbladder wall, or porcelain gallbladder, is also associ- 
ated with gallbladder cancer.!*+ A weaker statistical association 
exists between gallstones and cholangiocarcinoma, and a causal 
relationship is suggested by the finding that the risk is lower in 
patients who undergo cholecystectomy than in those whose gall- 
stones are untreated. 185-186 


Colorectal Cancer 


Studies from the early 1980s identified a statistical association 
between cholecystectomy and the subsequent development of 
colorectal cancer, particularly in the right colon.!*”-!8? The magni- 
tude of the risk of colorectal cancer, although statistically significant, 
was low (relative risk 1.5 to 2.0). Subsequent studies have disputed 
the association, attributed it to the gallstones rather than cholecys- 
tectomy, or shown that the increased frequency of colon cancer 
occurs too soon following cholecystectomy to be causal (see Chapter 
127).!9!9! These findings should not represent a deterrent to cho- 
lecystectomy in a patient with a clear indication for the procedure. 


Full references for this chapter can be found on www.expertconsult.com. 
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Although gallstones and their complications account for most 
cholecystectomies,! a consistent 15% of these operations are 
performed in patients without gallstones.” In these patients, the 
majority of cholecystectomies are performed as treatment for 1 of 
2 distinct clinical syndromes: acalculous biliary pain and acalcu- 
lous cholecystitis. As shown in ‘Table 67.1, acalculous biliary pain 
is generally a disorder of young, predominantly female, ambula- 
tory patients and mimics calculous biliary pain. Acute acalculous 
cholecystitis is typically a disease of immobilized and critically ill 
older men with coexisting vascular disease. Because the clinical 
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Acalculous Biliary Pain, Acute Acalculous 
Cholecystitis, Cholesterolosis, Adenomyomatosis, 


features and prognosis of these 2 entities are quite different, they 
are considered separately in this chapter. Three typically asymp- 
tomatic conditions of the gallbladder—cholesterolosis, adeno- 
myomatosis, and gallbladder polyps—are also reviewed. 


ACALCULOUS BILIARY PAIN 


Definition and Clinical Features 


Biliary pain (or biliary “colic”) is typically characterized by intense 
epigastric or right upper quadrant pain that starts suddenly, rises 
in intensity over a 15-minute period, and continues at a steady pla- 
teau for 30 minutes or more before slowly subsiding. The localiza- 
tion of pain to the right hypochondrium or radiation to the right 
shoulder is the most specific finding for a biliary tract origin.* The 
attacks of pain are frequently precipitated by ingestion of a meal 
and may be accompanied by restlessness, nausea, or vomiting. 
Between attacks, the physical findings are usually normal, with the 
possible exception of residual upper abdominal tenderness. 

When a patient presents with such a history and US confirms 
the presence of gallstones, the management is straightforward— 
namely, elective cholecystectomy (or rarely an attempt at medical 
dissolution of the stones; see Chapters 65 and 66). In comparison, 
the management of acalculous biliary pain represents a significant 
challenge. Patients with acalculous biliary pain have clinical fea- 
tures and biliary-type pain similar to those of patients with chole- 
lithiasis, but a normal gallbladder on US and normal serum levels 
of liver and pancreatic enzymes.*+° Acalculous biliary pain may 
stem from a spectrum of overlapping disorders, including chronic 
acalculous cholecystitis and gallbladder dysmotility (biliary dyski- 
nesia), which share symptomatology but differ in the pathologic 
findings of the resected gallbladder. In patients with acalculous 
biliary pain, symptomatic improvement following cholecystec- 
tomy is variable. 


Epidemiology and Pathophysiology 


US-negative biliary pain is common in population studies, with 
reported frequencies of approximately 7% in men and 20% 
among women.° Acalculous biliary pain is predominantly a dis- 
order of young women. In one series of more than 100 patients, 
83% were female, and the mean age was approximately 30 years.’ 

The cause of the acalculous biliary pain syndrome is not 
known, but indirect evidence suggests that several different etiol- 
ogies may culminate in the same clinical presentation. Stimulated 
duodenal bile from patients with acalculous biliary pain is more 
dilute with respect to both bile acids and phospholipids than bile 
from patients with gallstones or from control women without bil- 
iary symptoms.’ The low bile acid concentration may be related 
to the sluggish or incomplete gallbladder contraction that has 
been observed in patients with acalculous biliary pain. The lower 
molar percentage of phospholipids supports the hypothesis that 
biliary phospholipids are hydrolyzed to free fatty acids, which 
incite inflammation. 
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TABLE 67.1 Comparison of Acalculous Biliary Pain and Acute Acalculous Cholecystitis 


Acalculous Biliary Pain 


Acute Acalculous Cholecystitis 


Epidemiology Female preponderance (80%) 


Young to middle-aged ambulatory patient 


Risk factors are similar to those for cholelithiasis (i.e., obesity 


and multiparity) 


Clinical features 
pain 
Physical findings are usually normal 
Laboratory findings are usually normal 


Diagnostic tests US shows no stones and usually a normal gallbladder 


Episodic RUQ or epigastric pain identical to calculous biliary 


Male preponderance (80%) 

A critically ill older adult patient in an ICU 

Risk factors are preexisting atherosclerosis, recent surgery, 
and hemodynamic instability 


Unexplained sepsis with few localizing signs; rapid 
progression to gangrene and perforation 

Physical examination may show fever; RUQ tenderness is 
present in only 25% 

Leukocytosis and hyperamylasemia may be present 


See Table 67.2 


Stimulated cholescintigraphy using CCK to measure the GBEF may 
identify patients who are likely to improve after cholecystectomy 


Treatment Elective cholecystectomy may be considered for patients with 
classic biliary pain or a GBEF <35% and persistent symptoms 
not suggestive of underlying functional GI disease 

Prognosis Good; attacks resolve spontaneously or with cholecystectomy 


Urgent cholecystostomy or emergency cholecystectomy 
for gangrene or perforation 


Poor; mortality rate of 10%-50% related to underlying 
comorbid diseases 


GBEF, gallbladder ejection fraction. 


The striking preponderance of young, fertile women among 
patients with acalculous biliary pain closely parallels the epide- 
miology of cholelithiasis, suggesting that the 2 conditions have 
similar risk factors. Some studies have shown that up to half of 
patients with acalculous biliary pain actually have microscopic 
cholelithiasis in resected gallbladder specimens,® indicating that 
the original US was falsely negative. Several studies have shown 
that a subset of patients with acalculous biliary pain have histo- 
logic evidence of cholesterolosis in their resected gallbladders 
(see later).? Although usually an incidental pathologic finding, 
cholesterolosis of the gallbladder may, in some patients, dis- 
rupt normal gallbladder contraction and result in biliary pain. In 
other patients, the resected gallbladder demonstrates significant 
inflammation, characteristic of chronic acalculous cholecystitis.!° 

Finally, acalculous biliary pain is listed as a functional GI dis- 
order by a multinational working committee of GI investigators 
(Rome IV classification [see Chapter 122]), with the implication 
that a pathologic lesion is not required for the diagnosis.* In 
patients with a histologically normal gallbladder, a lack of coor- 
dination between gallbladder contraction and sphincter of Oddi 
relaxation or gallbladder dysmotility (also called functional gall- 
bladder disorder) may cause biliary pain (see Chapter 63). The 
strong link between acalculous biliary pain and other functional 
bowel disorders suggests that visceral hypersensitivity may be a 
common cause of biliary pain in patients with a normal gallblad- 
der.° 


Diagnosis and Treatment 


As described earlier, the symptoms of acalculous biliary pain may 
be indistinguishable from those of cholelithiasis. A careful review 
of the patient’s complaints should confirm that the symptoms are 
genuinely suggestive of biliary pain rather than dyspepsia, heart- 
burn, cramping abdominal pain, or flatulence.’ If the symptoms 
are consistent with biliary pain, a detailed review of the US results 
with a radiologist is warranted. Although gallstones greater than 2 
mm are unlikely to be missed (the sensitivity of US for detecting 
stones exceeds 95%), other US evidence of gallbladder disease 
may be overlooked if the primary focus is to exclude stones. In 
patients with typical biliary symptoms and a negative US result, 
further assessment of the biliary tract with EUS, MRCP, or 
secretin-enhanced MRCP may be of benefit.!! Patients with ade- 
nomyomatosis of the gallbladder or small cholesterol polyps may 


have biliary pain that is relieved by cholecystectomy (see later). 
Determining when and in whom to pursue cholecystectomy for 
patients with biliary pain and a normal US result presents a chal- 
lenge (see Chapter 63). 


Stimulated Cholescintigraphy 


A recommended, although still controversial, approach to deter- 
mining which patients with acalculous biliary pain are likely to 
benefit from cholecystectomy involves calculation of a gallblad- 
der ejection fraction (GBEF) using cholescintigraphy (see also 
Chapter 63). An IV-administered radiolabeled hepatobiliary 
agent (e.g., °™ T'c-diisopropyl iminodiacetic acid) is concentrated 
in the gallbladder, and a computer-assisted gamma camera mea- 
sures activity before and after stimulation of gallbladder con- 
traction with a slow IV infusion of CCK over 30 minutes. The 
GBEF is defined as the change in activity divided by the baseline 
activity. Studies in healthy volunteers have shown that normal 
GBEF averages 75% and virtually always exceeds 35%.° Fatty 
meal cholescintigraphy is a less costly alternative to the CCK- 
stimulated test and uses oral fat intake (typically half-and-half 
milk) to stimulate gallbladder contraction physiologically; normal 
values for GBEF tend to be lower than those for CCK-stimulated 
cholescintigraphy. 12-13 

Fewer than one half of patients with acalculous biliary pain have 
a depressed GBEF, but most of those who do have a depressed 
GBEF continue to have symptoms when followed for as long as 
3 years. If cholecystectomy is performed in these patients, histo- 
logic evidence of chronic cholecystitis is found in approximately 
90%, cystic duct narrowing in 80%, and cholesterolosis in 30%.1? 
Long-term symptom relief following cholecystectomy may occur 
in more than 50% of patients with an abnormal GBEF*:!*+)>; 
however, up to 50% of patients managed without surgery also 
experience symptom relief.!° In one study of patients with a 
GBEF less than 35% and atypical symptoms, 30% experienced 
spontaneous resolution of symptoms, whereas 57% of those with 
persistent symptoms experienced symptom resolution following 
cholecystectomy.!”:!° In the single randomized, controlled trial 
of cholecystectomy as treatment for biliary pain in patients with a 
depressed GBEF, all 11 patients who underwent cholecystectomy 
reported resolution of their symptoms over an average follow-up 
period of 54 months. The 10 patients in the group randomized to 
no surgery continued to experience symptoms.’ 
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Patients with acalculous biliary pain and a normal GBEF also 
have a variable, although generally benign, course. Some are 
found to have a nonbiliary cause of the symptoms, and in others 
the pain resolves with time. Cholecystectomy has not typically 
been recommended for patients with acalculous pain and a nor- 
mal GBEF, although the frequency of symptom relief following 
cholecystectomy in this population may be equivalent to that of 
patients with a depressed GBEF who undergo cholecystectomy.!? 
As a result, although the GBEF is used commonly to evaluate 
patients with acalculous biliary-type pain, it is not a reliable pre- 
dictor of the response to cholecystectomy. As a general rule, 
typical biliary pain tends to resolve more reliably following cho- 
lecystectomy than do atypical symptoms such as bloating or dys- 
pepsia. This observation raises the question as to whether surgery 
should be recommended based on symptoms, without scintigra- 
phy, and suggests a period of observation or medical management 
before a decision to operate is made, to allow the possibility that 
the symptoms will resolve. 

As stimulated cholescintigraphy has been used earlier in the 
evaluation of patients with biliary pain (sometimes immediately 
after US fails to demonstrate gallstones), patients with nonbili- 
ary or self-limiting diseases have not been weeded out, and the 
positive predictive value of the test has declined.?° A low GBEF 
is not specific for functional gallbladder disease and can occur in 
asymptomatic, healthy persons, those with IBS, and persons tak- 
ing medications that affect GI motility, including calcium chan- 
nel blockers, oral contraceptives, and H2RAs. The test should 
be used when there is a high pretest probability of gallbladder- 
related symptoms and after other diagnoses have been ruled out. 
Experts recommend that patients with biliary pain and normal 
US undergo serum liver biochemical testing, pancreatic enzyme 
measurement, and upper endoscopy to exclude other causes of the 
symptoms.”! If these tests fail to provide an alternative explana- 
tion, the patient should be observed for several months to allow 
the possibility of spontaneous resolution of symptoms before 
undergoing cholescintigraphy. In patients with atypical symp- 
toms or other functional GI complaints, treatment of visceral 
hypersensitivity should be considered (see Chapters 12, 14, 22, 
and 122). 

An apparent consequence of the diagnostic uncertainty asso- 
ciated with acalculous biliary pain is a dramatic increase in the 
rate of cholecystectomy for acalculous biliary pain, particularly in 
young and insured persons and since the advent of laparoscopic 
surgery. The rate of cholecystectomy for gallstone disease has 
declined in the same population.”? 


ACUTE ACALCULOUS CHOLECYSTITIS 
Definition 


Acute acalculous cholecystitis is acute inflammation of the gall- 
bladder in the absence of stones. Acute cholecystitis resulting 
from calculi is discussed in Chapter 65. The term acalculous cho- 
lecystitis has been questioned as incorrectly suggesting that the 
disease is simply cholecystitis without stones. Instead, the term 
necrotizing cholecystitis has been proposed to reflect the distinct eti- 
ology, pathology, and prognosis of the disease.?? 


Epidemiology 


Acute acalculous cholecystitis accounts for 5% to 10% of cho- 
lecystectomies performed in the USA. In fact, of the cholecys- 
tectomies performed in postoperative or hospitalized patients 
recovering from trauma or burns, more than half are for acalcu- 
lous disease.’* In one series, acalculous cholecystitis occurred in 
0.19% of surgical ICU admissions and accounted for 14% of all 
cases of acute cholecystitis.*> 


Less commonly, acute acalculous cholecystitis may occur 
in the absence of antecedent trauma or stress, especially in 
children,”° older adult patients with coexisting vascular dis- 
ease,”’ bone marrow transplant recipients, patients receiving 
chemotherapy,”* and patients with AIDS.*’ In some cases, 
specific infectious causes can be identified, such as Salmonella 
spp.,°0 Staphylococcus aureus, |! CMV, Zika virus’? in immuno- 
compromised patients,” and EBV in children.*° Systemic 
vasculitides such as polyarteritis nodosa, SLE, Henoch- 
Schénlein purpura, and eosinophilic granulomatosis with 
polyangiitis (Churg-Strauss syndrome) may manifest as acute 
acalculous cholecystitis caused by ischemic injury to the 
gallbladder.*> Several cases of acute acalculous cholecystitis 
have been observed during alemtuzumab therapy for multiple 
sclerosis.** Finally, acute acalculous cholecystitis has been 
recognized increasingly in otherwise healthy people without 
any risk factors.*°>° As a group, patients with acute acalcu- 
lous cholecystitis are more likely to be old men, in contrast 
to patients with cholecystitis caused by calculi, cases of which 
cluster in younger women.’> 


Pathogenesis 


Most cases of acute acalculous cholecystitis occur in the setting 
of prolonged fasting, immobility, and hemodynamic instability. 
The gallbladder epithelium, although normally a robust tissue, 
is exposed continuously to one of the most noxious agents in 
the body: a concentrated solution of bile acid detergents. In 
the course of a normal day, the gallbladder empties the con- 
centrated bile several times and is replenished with dilute (and 
presumably less noxious) hepatic bile. With prolonged fasting, 
the gallbladder is not stimulated by CCK to empty, and con- 
centrated bile stagnates in the gallbladder lumen.*” In addi- 
tion, the gallbladder epithelium has relatively high metabolic 
energy requirements in order to absorb electrolytes and water 
from the bile. Therefore, in an immobile, fasting patient with 
splanchnic vasoconstriction (often resulting from septic shock 
in a patient in an ICU), ischemic and chemical injury to the 
gallbladder epithelium may occur.** A study that compared the 
microcirculation of gallbladders removed for gallstone disease 
with those removed for acute acalculous cholecystitis showed 
that the capillaries barely filled in gallbladders associated with 
acalculous cholecystitis, indicating that disturbed microcircu- 
lation and ischemia may play an important role in its patho- 
genesis.°” 

Inappropriate activation of factor XII (demonstrated to initi- 
ate gallbladder inflammation in animals)*? and local release of 
prostaglandins in the gallbladder wall*!? have also been impli- 
cated in the tissue injury associated with acalculous cholecysti- 
tis. In animal models, tissue destruction can be attenuated by 
inhibiting prostaglandin synthesis with indomethacin. Expres- 
sion of tight junction proteins in the gallbladder epithelium of 
patients with acute acalculous cholecystitis differs from that 
in patients with calculous cholecystitis, perhaps reflecting the 
role of increased gallbladder wall permeability in the systemic 
inflammatory response.*’ Infection of the gallbladder mucosa 
with bacteria, usually Gram-negative enteric organisms and 
anaerobes, is thought to be a secondary event in acute acal- 
culous cholecystitis, following rather than causing the initial 
injury. 

One postulated explanation for the rising incidence of acute 
acalculous cholecystitis, particularly in younger patients, is obe- 
sity and the accompanying increase in gallbladder wall fat, which 
has been demonstrated to interfere with gallbladder emptying in 
animal models. In one study, 16 patients with acute acalculous 
cholecystitis had significantly more gallbladder wall fat than nor- 
mal subjects without cholecystitis. 
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Clinical Features 


The clinical features of acute acalculous cholecystitis often dif- 
fer from those of acute cholecystitis caused by stone disease. 
Although RUQ pain, fever, localized tenderness overlying the 
gallbladder, and leukocytosis may be evident in classic presen- 
tations, such as those of younger outpatients, some or all of 
these features are commonly lacking in older adult postoperative 
patients.*° Symptoms or signs referable to the RUQ are initially 
absent in 75% of cases. Unexplained fever, hypotension, leuko- 
cytosis, or hyperamylasemia may be the only clue that something 
is amiss. 

Compared with the clinical course of typical calculous chole- 
cystitis, that of acute acalculous cholecystitis is more fulminant. 
By the time the diagnosis has been made, at least half of the 
patients have experienced a complication of cholecystitis, such as 
gangrene or a confined perforation of the gallbladder.*748 Empy- 
ema of the gallbladder and ascending cholangitis may further 
complicate cases in which bacterial superinfection of the gallblad- 
der has occurred. Because the disease often occurs in debilitated 
patients and complications occur rapidly, the mortality rate of 
acute acalculous cholecystitis is high, ranging from 10% to 50%, 
as compared with a 1% mortality rate in patients with calculous 
cholecystitis. Such high mortality rates have led some investiga- 
tors to propose that empirical cholecystostomy be considered in 
gravely ill patients in the ICU in whom no source of sepsis can 
be found.*” 


Diagnosis 


The rapid development of complications in acute acalculous 
cholecystitis makes early diagnosis critical for avoiding exces- 
sive mortality. Unfortunately, the lack of specific clinical findings 
that point to the gallbladder, combined with a confusing clini- 
cal picture related to antecedent surgery or trauma, makes early 
diagnosis difficult. For older adult patients at risk, a high index 
of suspicion for biliary tract sepsis is the best hope for early rec- 
ognition and treatment. Table 67.2 delineates several diagnostic 
criteria for acute acalculous cholecystitis. 


US 


In the evaluation of patients with suspected acute acalculous 
cholecystitis, US offers the distinct advantage of being widely 
available and easily transportable to the bedside.’ Three US 
findings indicative of gallbladder disease are a (1) thickened 
gallbladder wall (defined as > 4 mm) in the absence of ascites 
or hypoalbuminemia, (2) sonographic Murphy’s sign (defined 
as maximum tenderness over the US-localized gallbladder), 
and (3) pericholecystic fluid collection. A thickened gallblad- 
der wall (Fig. 67.1) is not specific for cholecystitis but in the 
proper clinical setting is suggestive of gallbladder involvement 
and should prompt further evaluation. A sonographic Murphy’s 
sign is operator dependent and requires a cooperative patient 
but, when present, is a reliable indicator of gallbladder inflam- 
mation.*! A pericholecystic fluid collection indicates advanced 
disease. Sensitivity rates of US for detecting acute acalculous 
cholecystitis have been reported to range from 67% to 92%, 
with a specificity of more than 90%.°° 

Investigators have proposed a US scoring system to improve 
the diagnostic accuracy of US in critically ill patients.°? Two 
points are given for distention of the gallbladder or thickening 
of the gallbladder wall, and one point each is given for “striated” 
thickening (alternating hypoechoic and hyperechoic layers) of the 
gallbladder wall, sludge, and pericholecystic fluid. Scores of 6 or 
higher accurately predict acalculous cholecystitis. 

One group evaluated the routine use of US for early detec- 
tion of acalculous cholecystitis in the ICU. In a group of 53 
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TABLE 67.2 Diagnostic Criteria for Acute Acalculous Cholecystitis 


Technique Findings 


Clinical 
evaluation 


RUQ tenderness, if present, supports the diagnosis 
but is lacking in 75% of cases 

Unexplained fever, hypotension, leukocytosis, or 
hyperamylasemia is frequently the only finding 


US Thickened gallbladder wall (>4 mm) in the absence of 
ascites and hypoalbuminemia (Serum albumin <3.2 
g/dL) 
Sonographic Murphy's sign (maximum tenderness 
over the US-localized gallbladder) 
Pericholecystic fluid collection 
Bedside availability is a major advantage 


OV Thickened gallbladder wall (>4 mm) in the absence of 

ascites and hypoalbuminemia 

Pericholecystic fluid, subserosal edema (in the 
absence of ascites), intramural gas, or sloughed 
mucosa 

The best test for excluding other intra-abdominal 
diseases but requires moving the patient to a 
scanner 


Hepatobiliary 
scintigraphy 


Nonvisualization of the gallbladder with normal 
excretion of radionuclide into the bile duct and 
duodenum indicates a positive result for acute 
cholecystitis 

Results in critically ill, immobilized patients may be 
falsely positive because of viscous bile 

Better at excluding than confirming acute cholecystitis 


Fig. 67.1 US demonstrating thickening of the gallbladder wall to 17 mm 
(denoted by asterisks) characteristic of acute acalculous cholecystitis. 
Point tenderness was noted when the transducer was pressed onto the 
abdomen over the gallbladder (sonographic Murphy’s sign). The diagno- 
sis was confirmed at surgery. (Courtesy David Hurst, MD, Dallas, TX.) 


mechanically ventilated patients, 3 men were diagnosed with 
acute acalculous cholecystitis by US findings and clinical fea- 
tures; however, gallbladder abnormalities were also detected in 
30% of patients without acalculous cholecystitis. US should be 
performed in patients with a high pretest probability of acute 
acalculous cholecystitis.” 
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CT 


CT findings suggestive of cholecystitis are similar to US findings 
and include gallbladder wall thickening (>4 mm), pericholecystic 
fluid, subserosal edema (in the absence of ascites), intramural gas, 
and sloughed gallbladder mucosa. The sensitivity and specific- 
ity of these findings for predicting acute acalculous cholecystitis 
at surgery exceed 95%. CT is also superior to US in detecting 
disease elsewhere in the abdomen that could be the cause of a 
patient’s fever or abdominal pain.’ An obvious disadvantage of 
CT is that it cannot be performed at the bedside, which is nec- 
essary in many critically ill patients. Several investigators have 
emphasized that CT is complementary to US and may detect 
gallbladder disease in high-risk patients with normal US findings. 


Hepatobiliary scintigraphy 


Hepatobiliary scintigraphy may be useful for excluding cystic 
duct obstruction in patients with clinical features suggestive of 
acute cholecystitis. Under normal conditions, [V-administered 
radionuclide is taken up by the liver, secreted into bile, concen- 
trated in the gallbladder (where it produces a “hot spot” on a 
scan), and emptied into the duodenum. A positive scan result for 
cystic duct obstruction is defined as failure of filling of the gall- 
bladder despite the normal passage of radionuclide into the duo- 
denum. In suspected calculous cholecystitis, the pathogenesis of 
which involves obstruction of the cystic duct by a stone, filling of 
the gallbladder on scintigraphy virtually excludes cholecystitis as 
the cause of the patient’s symptoms.” 

Hepatobiliary scintigraphy is less precise in acute acalculous 
cholecystitis. Gallbladder and cystic wall edema can cause an 
obstructive picture similar to that of calculous cholecystitis on 
scintigraphy. Patients with acute acalculous cholecystitis have 
often fasted for prolonged periods, a state that can result in con- 
centrated, viscous bile that flows poorly through the cystic duct 
and causes a false-positive hepatobiliary scan result. Most patients 
with acute acalculous cholecystitis (in contrast to those with cal- 
culi) do not have an obstructed cystic duct; hence, hepatobiliary 
scans can be falsely negative as well.°° The sensitivity of the test 
may exceed 90%, but the lack of specificity in fasted, critically ill 
patients limits the usefulness of the test primarily to excluding 
acute acalculous cholecystitis rather than confirming the diagno- 
sis. A study in which US and cholescintigraphy were performed in 
critically ill patients found cholescintigraphy to be useful for the 
early diagnosis of acute acalculous cholecystitis, whereas US alone 
did not permit an early decision regarding the need for surgery.°” 

In an effort to improve the accuracy of biliary scintigraphy, 
investigators have proposed the use of morphine-augmented choles- 
cintigraphy, in which morphine sulfate is administered IV (0.05 to 
0.1 mg/kg) to increase resistance to the flow of bile through the 
sphincter of Oddi and, hence, “force fill” the gallbladder if the 
cystic duct is patent to reduce the likelihood of a false positive 
result.’ Although this test may exclude cholecystitis as a cause of 
sepsis, it is difficult to perform in critically ill patients. 


Treatment 


In light of the rapid progression of acute acalculous cholecystitis to 
gangrene and perforation, early recognition and intervention are 
required. Supportive medical care should include restoration of hemo- 
dynamic stability as well as antibiotic coverage for Gram-negative 
enteric organisms and anaerobes if biliary tract infection is suspected. 


Surgical Cholecystectomy and Cholecystostomy 


In the past, the definitive therapeutic approach to acute acalculous 
cholecystitis was emergency laparotomy and cholecystectomy 
(see Chapter 66). Subsequently, laparoscopic cholecystectomy 


became the standard surgical approach, but more recently radio- 
graphically guided percutaneous cholecystostomy has been used 
more frequently because patients are often too unstable to tol- 
erate anesthesia and surgery.°?” If necessary, definitive chole- 
cystectomy can be undertaken after cholecystotomy when the 
patient is stable. 


Percutaneous Cholecystostomy 


Several investigators have reported favorable results with the 
US-guided percutaneous transhepatic placement of a cholecys- 
tostomy drainage tube, coupled with IV administration of anti- 
biotics, as definitive therapy in patients in whom surgery poses 
a high risk.*”°!? This approach controls acute acalculous cho- 
lecystitis in 85% to 90% of patients and has a complication rate 
of approximately 10%. The short-term mortality rate of patients 
undergoing cholecystostomy is high but reflects the high mortal- 
ity of the underlying disease rather than that of the procedure. 
Most patients with acute acalculous cholecystitis can be treated 
with percutaneous drainage; if the postdrainage cholangiogram is 
normal, the catheter can be removed, and subsequent cholecys- 
tectomy is unlikely to be necessary.°! 


Transpapillary or Transmural Endoscopic Cholecystostomy 


Some critically ill patients with suspected acute acalculous cho- 
lecystitis are poor candidates for US-guided percutaneous chole- 
cystostomy, typically because of massive ascites or uncorrectable 
coagulopathy. Such patients may benefit from an endoscopic 
approach in which the cystic duct is selectively cannulated dur- 
ing ERCP with an obliquely angled guidewire that tracks along 
the lateral wall of the bile duct and facilitates cannulation of the 
cystic duct. If the wire can negotiate the spiral valves within the 
cystic duct successfully, a pigtail stent is deployed in the gall- 
bladder, and the other end is brought out through a nasobiliary 
catheter or left to drain internally into the duodenum (a “dou- 
ble-pigtailed” stent). The risk of bleeding is low if a sphinc- 
terotomy is not performed. Because the gallbladder is in close 
proximity to the GI tract, EUS-guided transmural placement of a 
covered, self-expandable, lumen-apposing metal stent is also used 
as a treatment for acalculous cholecystitis, with reported success 
rates of 97%.°* This approach is used most often in patients with 
advanced liver disease and ascites; it may be associated with less 
pain than a percutaneous procedure. 

Successful intubation of the gallbladder via ERCP can be 
achieved in 90% of attempts, and drainage and lavage of the vis- 
cous black bile and sludge from the gallbladder result in clinical 
resolution in most of these critically ill patients. The endoscopic 
techniques may be more cumbersome and expensive than US 
placement of a cholecystostomy tube and should be reserved for 
patients who would not tolerate a percutaneous approach or who 
have coagulopathy.® 


CHOLESTEROLOSIS 

Definition 

Cholesterolosis is an acquired histologic abnormality of the gall- 
bladder epithelium characterized by excessive accumulation of 
cholesterol esters and TG within epithelial macrophages (Fig. 
67.2). Clinicians generally encounter the lesion only as an inci- 
dental pathologic finding after surgical resection of the gallblad- 
der, although the diagnosis may be suspected in certain patients 
before surgery. 

Cholesterolosis, as well as adenomyomatosis of the gallblad- 
der (see later), has been classified as one of the “hyperplastic 
cholecystoses,” a term introduced in 1960 to describe several dis- 
eases of the gallbladder thought to share the common features 
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Lipid-laden 
foamy 
macrophages 


Cholesterol polyp 


Fig. 67.2 Schematic representation of a normal gallbladder, diffuse cholesterolosis, and a cholesterol 

polyp. Note the distribution of lipid-laden foamy macrophages in cholesterolosis and the cholesterol polyp. 
The diffuse form of cholesterolosis (center; see also Fig. 67.3) accounts for 80% of cases and generally causes 
no symptoms. Cholesterol polyps (right), present in 10% of cases of cholesterolosis, are typically small, fragile 
excrescences that have a tendency to ulcerate or detach spontaneously from the mucosa. Combined diffuse 
cholesterolosis and cholesterol polyps account for 10% of cases. Although usually asymptomatic, these pol- 
yps have been associated with biliary pain and even acute pancreatitis. 


of mucosal hyperplasia, hyperconcentration and hyperexcretion 
of dye on cholecystography, and absence of inflammation.*’ 
The proponents of this concept believed that biliary pain, in the 
absence of gallstones, could be explained by the presence of one 
of the hyperplastic cholecystoses. Other investigators, citing the 
lack of a common etiology and the nonspecificity of the clinical 
features, have recommended that the term hyperplastic cholecys- 
toses be abandoned. 


Epidemiology 


Depending on whether gross or microscopic criteria are used for 
diagnosis, the frequency of cholesterolosis in autopsy specimens 
has ranged from 5% to 40%. A large autopsy series involving 
more than 1300 cases in which each gallbladder was examined 
microscopically found the frequency of cholesterolosis to be 
12%.°° When surgically resected gallbladders were examined, the 
frequency was, not surprisingly, about 50% higher (18%) than 
that found in autopsy material.°’ The incidence of cholesterolosis 
has not been calculated because its onset is rarely known. 

The epidemiology of cholesterolosis is analogous to that of 
cholesterol gallstone disease,” in that similar groups of persons 
are predisposed; however, the 2 lesions occur independently and 
do not necessarily coexist in the same person. Like gallstone dis- 
ease, cholesterolosis is uncommon in children and shows a marked 
predilection for women until the age of 60 years. After that, the 
gender differences are less pronounced. No racial, ethnic, or geo- 
graphic differences in prevalence have been described, although 
if the analogy with cholesterol gallstone disease is extended, the 
prevalence would be expected to be higher in Western than non- 
Western societies. Obesity also appears to be a risk factor for cho- 
lesterolosis; a frequency of 38% has been observed in gallbladders 
resected during weight loss surgery.”! 


Pathology 


Cholesterolosis is defined pathologically by the accumulation of 
lipid (cholesteryl esters and TG) within the gallbladder mucosa. 
The 4 patterns of lipid deposition are as follows”: 


Diffuse: The lipid is distributed throughout the epithelial lining 
of the gallbladder and ends abruptly at the cystic duct. This 
pattern accounts for 80% of all cases. 

Cholesterol polyps: The excess lipid is confined to one or more areas 
of the epithelium that eventually form excrescences into the lu- 
men of the gallbladder. Isolated cholesterol polyps in the absence 
of diffuse cholesterolosis account for about 10% of the total cases. 

Combined diffuse cholesterolosis and cholesterol polyps: Choles- 
terol polyps occur on a background of diffuse cholesterolosis. 
This pattern accounts for about 10% of cases. 

Focal cholesterolosis: Excess lipid deposition is limited to a small 
area of the mucosa. 


Gross Appearance 


When the gallbladder is inspected visually at the time of laparot- 
omy or laparoscopy, a diagnosis of cholesterolosis can be made in 
20% of the cases on the basis of the gross appearance of the gall- 
bladder mucosa as seen through the translucent serosal surface. 
When the gallbladder is opened, the mucosa characteristically 
has pale, yellow linear streaks running longitudinally, giving rise 
to the term strawberry gallbladder (although the mucosa is usually 
bile stained rather than red). When cholesterolosis is diagnosed 
at the time of surgical resection of the gallbladder, gallstones are 
also present in 50% of cases. If the diagnosis of cholesterolosis is 
made at autopsy, stones are present in only 10%,°° demonstrating 
that the 2 disease processes are independent of each other. 
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Fig. 67.3 Histopathology of diffuse cholesterolosis. Note the hyper- 
plastic, elongated villi, and the foamy macrophages (arrows). (H&E.) 
(Courtesy Pamela Jensen, MD, Dallas, TX.) 


Microscopic Appearance 


Hyperplasia of the mucosa is invariably present and is described 
as marked in 50% of cases. Usually, the hyperplasia is of the vil- 
lous type. The most prominent feature is an abundance of mac- 
rophages within the elongated villi. Each macrophage is stuffed 
with lipid droplets and has a characteristic appearance of a foam 
cell (Fig. 67.3). In milder cases, the foam cells are limited to the 
tips of the villi (accounting for the linear streaks seen on gross 
examination); with more severe involvement, the foam cells may 
fill entire villi and spill over into the underlying submucosa. 
Although extracellular deposits of lipid are rare, small yellow par- 
ticles (lipoidic corpuscles) representing detached masses of foam 
cells are occasionally seen floating in the bile. 


Pathogenesis 


The cause of the accumulation of cholesteryl esters and TG in 
cholesterolosis remains obscure.’? Postulated mechanisms are 
that the cholesterol is derived from the blood”? or that mechani- 
cal factors that impede emptying of the gallbladder lead to local 
deposition of lipid.’+ Data have shown unequivocally that the 
gallbladder epithelium is capable of absorbing cholesterol from 
the bile, as might be expected in epithelium that is embryologi- 
cally and histologically similar to intestinal absorptive cells.’>»”° 
Moreover, the cholesterol in gallbladder bile is already in the 
ideal physical state for absorption (i.e., a mixed micelle). The 
question remains as to why, in some patients, resorbed biliary 
cholesterol is esterified and then stored in foamy macrophages 
as cholesterolosis.’’ Like cholesterol stones, cholesterolosis is 
frequently, but not always, found in gallbladders exposed to bile 
that is supersaturated with cholesterol.” The 2 disorders (cho- 
lesterolosis and stone disease), both of which lead to the ectopic 
accumulation of cholesterol, probably share common pathogenic 
mechanisms (e.g., the secretion of abnormal bile) but progress 
independently in a given patient, depending on other factors 
such as the presence of nucleating proteins in bile and the rate 
of mucosal esterification of cholesterol.’? Cholesterolosis is not 
associated with high serum cholesterol levels.” 


Clinical Features 


Cholesterolosis usually does not cause symptoms, as is evident 
by how frequently autopsy specimens show the lesion in patients 
who never had biliary symptoms. On occasion, individual patients 


have dull, vague RUQ or epigastric pain that resembles biliary 
pain and are found subsequently to have cholesterolosis without 
stones or gallbladder inflammation after cholecystectomy. Of 
the patients who undergo cholecystectomy for the syndrome of 
acalculous biliary pain, pain is more likely to resolve in those in 
whom incidental cholesterolosis is found on pathologic examina- 
tion of the gallbladder than in those in whom cholesterolosis is 
not found.’ 

In a retrospective surgical series of nearly 4000 gallblad- 
ders removed by cholecystectomy, 55 cases of acalculous cho- 
lesterolosis were identified.°° The investigators found that 
nearly one half of the patients with cholesterolosis had pre- 
sented with recurrent pancreatitis of unknown etiology and 
speculated that small cholesterol polyps had detached from 
the gallbladder wall and transiently obstructed the sphincter 
of Oddi, thereby provoking the acute pancreatitis. In 5 years 
of postoperative follow-up, pancreatitis did not recur. These 
investigators and others*!;*? have suggested that cholesterolo- 
sis (or, more specifically, cholesterol polyps) should be con- 
sidered in the differential diagnosis of idiopathic pancreatitis. 
A retrospective review of 6868 patients who underwent cho- 
lecystectomy, of whom 18% (1053) had cholesterolosis, has 
challenged this theory: when patients with gallstones were 
excluded from this population, not a single patient had expe- 
rienced pancreatitis.°? 


Diagnosis 


Diffuse cholesterolosis (which, as noted earlier, constitutes 80% 
of cases) is only rarely detectable by either US or oral cholecys- 
tography. In the polypoid form, however, polyps of sufficient 
size have a characteristic appearance on US as single or mul- 
tiple, nonshadowing, fixed echoes that project into the lumen 
of the gallbladder.** Most of the polyps are small (2 to 10 mm). 
The polyps can be identified accurately as cholesterolosis pol- 
yps by EUS, which demonstrates a characteristic aggregation 
of hyperechoic spots.™® On oral cholecystography, the polyps 
appear as small, round radiolucencies in the lumen of the opaci- 
fied gallbladder and are best demonstrated after the gallblad- 
der has emptied partially and abdominal compression has been 
applied. 


Treatment 


Because cholesterolosis is only rarely diagnosed before resection 
of the gallbladder, treatment is usually not a consideration. In the 
rare case of polypoid cholesterolosis diagnosed on US or chole- 
cystography, the absence of biliary tract symptoms argues against 
any intervention. If the patient has symptoms consistent with bili- 
ary pain or pancreatitis, a cholecystectomy is indicated.*° There is 
no medical therapy for cholesterolosis. 


ADENOMYOMATOSIS 
Definition 


Adenomyomatosis (an unwieldy term that obscures its meaning) 
of the gallbladder is an acquired, hyperplastic lesion character- 
ized by excessive proliferation of surface epithelium with invagi- 
nations into the thickened muscularis or even more deeply.*° The 
literature on this condition is complicated by the use of a number 
of different terms to describe the same lesion, the most common 
of which are adenomyoma (used when the lesion is localized to 
the gallbladder fundus), Rokitansky-Aschoff sinuses (familiar but 
anatomically incorrect), and adenomyosis.*’ Despite the prefix 
adeno-, the lesion is generally benign and unrelated to adenoma- 
tous epithelia elsewhere in the GI tract. Simple adenomyomatosis 
is not thought to have the potential for malignant transformation. 
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Epidemiology 


The prevalence of adenomyomatosis of the gallbladder varies 
greatly according to the criteria used for diagnosis and whether 
resected gallbladders or autopsy specimens are examined. In 
a large series of more than 10,000 cholecystectomy specimens, 
Shepard and associates** found only 103 cases of adenomyomato- 
sis, for a frequency of about 1%. The lesion is more common in 
women than men by a 3:1 ratio, and the prevalence rises with age. 
Neither ethnic nor geographic differences in prevalence have 
been described. 


Pathology 


A review of the normal histologic architecture of the gallblad- 
der and Rokitansky-Aschoff sinuses is useful for understand- 
ing the pathology of adenomyomatosis (Fig. 67.4). Unlike the 
small intestine, the gallbladder has no muscularis mucosa, and 
the lamina propria abuts directly on the muscular layer. In child- 
hood, the epithelial layer is cast up into folds and supported by 
the lamina propria. As the gallbladder ages, the valleys of the 
epithelial layer may deepen so that they penetrate into the mus- 
cular layer and form Rokitansky-Aschoff sinuses. These sinuses 
are acquired lesions present in about 90% of resected gallblad- 
ders. If Rokitansky-Aschoff sinuses are deep and branching and 
are accompanied by thickening (hypertrophy) of the muscular 
layer, a diagnosis of adenomyomatosis can be made. Rupture 
of Rokitansky-Aschoff sinuses is thought to underlie the rare 
entity «anthogranulomatous cholecystitis, in which the gallbladder 
is involved in an inflammatory process with lipid-laden macro- 
phages (see Chapter 65). 


Gross Appearance 


Adenomyomatosis may involve the entire gallbladder (diffuse 
or generalized adenomyomatosis) or, more commonly, may be 
localized to the gallbladder fundus, in which case the lesion is 
often termed adenomyoma. On rare occasions, the process may be 
limited to an annular segment of the gallbladder wall (segmental 
adenomyomatosis) and may give rise to luminal narrowing and 
a “dumbbell-shaped” gallbladder (Fig. 67.5). In any case, the 
involved portion of the gallbladder wall is thickened to 10 mm 
or more, and the muscle layer is 3 to 5 times its normal thick- 
ness. On cut sections, cystic dilatations of the Rokitansky-Aschoff 
sinuses are evident and may be filled with pigmented debris or 
calculi. 


Fig. 67.4 Schematic representa- 
tion of a normal gallbladder, a 
Rokitansky-Aschoff sinus, and 
adenomyomatosis. Rokitansky- 
Aschoff sinuses, which are present 
in about 90% of resected gallblad- 
ders, consist of invaginations of the 
epithelium into the muscle layer to 
produce tiny intramural diverticula. 
By themselves, they have no clinical 
significance. A histologic diagnosis 
of adenomyomatosis requires that 
the Rokitansky-Aschoff sinuses be 
deep, branching, and accompanied 
by hypertrophy of the muscle layer. 


Adventitia 


Normal gallbladder 


Muscle layer 
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Microscopic Appearance 


Hyperplasia of the muscle layer is invariably present, and the epi- 
thelial lining occasionally undergoes intestinal metaplasia. Mild 
chronic inflammation is often present. 


Pathogenesis 


The pathogenesis of adenomyomatosis is unknown. Increased 
intraluminal pressure in the gallbladder from mechanical 
obstruction (e.g., an obstructing calculus, kink in the cystic duct, 
congenital septum) has been postulated to result in cystic dilata- 
tion of the Rokitansky-Aschoff sinuses, subsequent hyperplasia 
of the muscle layer, and adenomyomatosis.°° Like pressure- 
related colonic diverticula, Rokitansky-Aschoff sinuses are most 
likely to be found where the muscle layer is weakest (at the site 
of a penetrating blood vessel). Nevertheless, evidence of outflow 
obstruction of the gallbladder is not always found; for example, 
calculi are present in only about 60% of cases of adenomyoma- 
tosis.® Some investigators have proposed that adenomyomatosis 
is a consequence of chronic inflammation, but inflammation is 
not always present, particularly when the lesion is localized to 
the fundus.*? Finally, several investigators have noted an asso- 
ciation between adenomyomatosis and anomalous pancreatico- 
biliary ductal union (see Chapters 55 and 62). In one study, one 
half of the patients with adenomyomatosis had pancreaticobiliary 
malunion (anomalous pancreaticobiliary ductal union),”” and 
in another study, one third of patients with pancreaticobiliary 
malunion had adenomyomatosis.”! The pathogenic link between 
these 2 peculiar entities is unclear. 


Clinical Features 


Adenomyomatosis, like cholesterolosis, usually causes no symp- 
toms and is typically an incidental finding at autopsy or surgical 
resection. As noted earlier, gallstones are present in more than 
half of the resected gallbladders that are found to have adeno- 
myomatosis; in these cases, the symptoms can be ascribed to the 
stones. Uncommonly, acalculous adenomyomatosis appears to 
cause symptoms indistinguishable from the biliary pain of chole- 
lithiasis. 

On rare occasions, adenocarcinoma of the gallbladder has 
been found in association with adenomyomatosis (Fig. 67.6)”; 
however, the malignancy is often far removed from the local- 
ized area of adenomyomatosis, and the association has been 
thought to be coincidental rather than causal. Nevertheless, 


Rokitansky-Aschoff sinus Adenomyomatosis 
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several reports of adenocarcinoma occurring in an area of gall- 
bladder wall involved with adenomyomatosis have created diag- 
nostic uncertainty on US or cholecystography.”* A retrospective 
review of more than 3000 resected gallbladders revealed a 
significantly higher frequency (6.4%) of gallbladder cancer in 
gallbladders with the segmental form of adenomyomatosis than 
would have been expected by chance alone. The investigators 
proposed that segmental adenomyomatosis should be consid- 
ered a potentially premalignant lesion.** A second review of 
gallbladder cancers associated with segmental adenomyomatosis 
revealed a spectrum of cytologic atypia in the specimens ranging 
from hyperplastic to malignant epithelium, suggestive of neo- 
plastic progression.” 

When simple adenomyomatosis of the gallbladder is discov- 
ered incidentally, the lesion is likely to be benign. If there is any 
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Fig. 67.6 A, Gross pathologic appearance of a gallbladder adenomyoma involved by adenocarcinoma. B, 
Histopathology shows a moderately differentiated adenocarcinoma of the gallbladder undermining the mucosa 
of the adenomyoma (H&E). (Courtesy Aviva Hopkowitz, MD, Dallas, TX.) 


suspicion of an associated mass lesion, particularly one greater 
than 10mm, or if segmental adenomyomatosis is found, however, 
a thorough radiologic evaluation of the gallbladder is warranted, 
and cholecystectomy should be considered. 


Diagnosis 


As noted previously, adenomyomatosis is frequently diagnosed 
only after resection and direct examination of the gallbladder; 
however, several specific radiologic and US findings may, if pres- 
ent, allow the diagnosis to be made preoperatively. 

On oral cholecystography (see Chapter 65), the mural diver- 
ticula that constitute Rokitansky-Aschoff sinuses may fill with 
contrast material and produce characteristic radiopaque dots that 
parallel the margin of the gallbladder lumen.”° Localized, fundal 
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Fig. 67.5 Schematic representa- 
tion showing the different patterns 
of adenomyomatosis. Most of the 
cases are localized to the fundus 
of the gallbladder (in which case 
the lesion is termed an adenomy- 
oma); generalized and segmental 
patterns are much less common. 
An adenomyoma is usually 10 to 
20 mm in diameter and may be 
largely confined to the wall or may 
project into the lumen to produce 
a polypoid lesion. 
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es 
Fig. 67.7 Oral cholecystogram showing segmental adenomyoma- 
tosis in a 28-year-old man with postprandial epigastric pain radiating 
through to the back. The film demonstrates an annular segment of the 
gallbladder wall (arrowhead) involved with adenomyomatosis, which 
has produced a constriction of the lumen. Although no gallstones were 
present, a cholecystectomy was performed, and the patient’s symp- 
toms were relieved. (Courtesy W. J. Kilman, MD, Dallas, TX.) 


adenomyomatosis (adenomyoma) may manifest as a filling defect 
in the fundus, whereas segmental adenomyomatosis may appear 
as a circumferential narrowing of the gallbladder lumen (Fig. 
67.7). As is the case with cholesterolosis, the radiologic findings 
in adenomyomatosis are best appreciated when the gallbladder 
has partially emptied of contrast material and external pressure 
has been applied during the examination.”° 

Although US has largely replaced oral cholecystography in 
the evaluation of the gallbladder, the US findings in adeno- 
myomatosis are less specific. A thickened gallbladder wall (+4 
mm) is not specific for adenomyomatosis and can also be seen in 
many other conditions such as liver disease with ascites.”” Care- 
fully performed studies in which radiologic and US findings 
of adenomyomatosis were correlated with pathologic findings 
have shown that diffuse or segmental thickening of the gall- 
bladder wall in association with intramural diverticula (seen as 
round anechoic foci) accurately predicts adenomyomatosis.”® If 
the intramural diverticula (dilated Rokitansky-Aschoff sinuses) 
are filled with sludge or small calculi, the lesions may appear 
echogenic with acoustic shadowing or a reverberation artifact.”” 
Contrast-enhanced US has greater sensitivity for characteriz- 
ing adenomyomatosis.!°° Similarly, EUS may demonstrate the 
characteristic finding of multiple microcysts, corresponding to 
the proliferated Rokitansky-Aschoff sinuses.*> CT and MRI 
findings in adenomyomatosis include differential enhancement 
of gallbladder wall layers,!°! detection of Rokitansky-Aschoff 
sinuses within a thickened gallbladder wall,!°* and subserosal 
fatty proliferation.!°> In a study of 20 patients with surgically 
proved adenomyomatosis who underwent preoperative US, 
helical CT, and MRI, the diagnostic accuracies of the 3 modali- 
ties were 66%, 75%, and 93%, respectively.!°* In patients in 
whom the diagnosis is uncertain, MRI is the most accurate 
modality for differentiating adenomyomatosis from a malig- 
nant gallbladder lesion.!° In one case report, an adenomyoma 
without histologic evidence of cancer was the cause of a false- 
positive finding on 18-fluorodeoxyglucose PET, likely because 
of the associated inflammatory activity. 106 
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Treatment 


In the absence of biliary tract symptoms, adenomyomatosis 
requires no treatment. If the patient has biliary pain and radio- 
graphic or US evidence of adenomyomatosis with calculi, a 
cholecystectomy is indicated. A more difficult clinical problem 
arises when a patient is symptomatic and has suspected adeno- 
myomatosis but no stones.” In such cases, the more extensive 
or severe the adenomyomatosis appears to be, the more likely 
that the symptoms are related to the lesion and that the patient 
will benefit from cholecystectomy. Fear of malignant transfor- 
mation is not a reason to operate, unless imaging suggests a 
possible mass or perhaps shows the segmental form of adeno- 
myomatosis. 


GALLBLADDER POLYPS 


Definition 

The term polyp of the gallbladder is used to describe any mucosal 
projection into the lumen of the gallbladder.!°’ The vast majority 
of gallbladder polyps are the result of lipid deposits or inflamma- 
tion, rather than a neoplasm. Because the nature of a polyp can- 
not be defined without histologic evaluation, however, clinicians 
must decide whether concern about malignancy is sufficient to 
recommend cholecystectomy based on indirect information such 
as the imaging appearance of the polyp, patient demographics, 
and symptoms. 


Epidemiology 


The frequency of gallbladder polyps, defined either pathologi- 
cally or radiologically,!°* ranges from 1% to 4%, but may be as 
high as 5% to 10% in some populations. Often, a gallbladder 
polyp is an incidental finding at the time of cholecystectomy. 
With the increasing use of imaging in clinical practice, inci- 
dental gallbladder polyps are detected more frequently than in 
the past. 


Pathology 


Polyps of the gallbladder may be classified as shown in Table 67.3 
as either non-neoplastic (95% of all gallbladder polyps) or neo- 
plastic.!0 


Cholesterol Polyps 


Cholesterol polyps are the most common type of gallblad- 
der polyp. They are variants of cholesterolosis that result from 
infiltration of the lamina propria with lipid-laden foamy mac- 
rophages. The pathogenesis of cholesterol polyps is discussed 
in the section on cholesterolosis (see earlier). Cholesterol pol- 
yps are typically small (<10 mm in diameter), pedunculated pol- 
yps that are attached to the mucosa by a thin, fragile stalk.! 
Frequently, detached tiny cholesterol polyps are found floating in 
the bile when the gallbladder is opened after cholecystectomy. !!° 
Although they may be solitary in 20% of cases, the mean number 
of cholesterol polyps present in one series was 8.!!! The multi- 
plicity of polyps generally indicates cholesterol polyps and pre- 
dicts benignity. 


Adenomyomas 


Adenomyomatosis of the gallbladder localized to the fundus may 
produce a hemispheric projection into the lumen that resembles 
a polyp. Such a lesion has come to be known as an adenomyoma, 
although it is not neoplastic in origin. The pathogenesis of an 
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TABLE 67.3 Types of Gallbladder Polyps 


Relative 
Frequency (%) 


Size Range 


Histologic Type Neoplastic (mm) 


Number of 


Polyps Comments 


Cholesterol polyp (a 60 No 2-10 
polypoid form of 


cholesterolosis) 


Adenomyoma (a 25 No 10-20 
localized form of 


adenomyomatosis) 


Inflammatory polyp 10 No 


Adenoma 4 Yes 5-20 


Miscellaneous =i Yes 5-20 


neoplasms 


adenomyoma is discussed in the section on adenomyomatosis (see 
earlier). The lesion is usually approximately 15 mm in size, and its 
bulk is confined to the muscular wall of the gallbladder.!°° 


Inflammatory Polyps 


Inflammatory polyps are small sessile lesions that consist of gran- 
ulation and fibrous tissue infiltrated with lymphocytes and plasma 
cells. The average size is 5 to 10 mm. A solitary polyp is found 
in 50% of cases, and 2 to 5 polyps are found in the remainder.!° 
When discovered at the time of cholecystectomy, an inflamma- 
tory polyp is almost always an incidental finding. 


Adenomas 


In light of the high frequency of adenomatous polyps in the 
GI tract, gallbladder adenomas are surprisingly uncommon. 
Their frequency in resected gallbladder specimens is only about 
0.15%! 

Adenomas are typically solitary, pedunculated masses from 5 
to 20 mm in diameter. They may occur anywhere in the gall- 
bladder. When multiple, as they are in approximately one third 
of cases, 2 to 5 polyps are usually present. Histologically, they 
are classified as either papillary or nonpapillary. The former type 
consists of a branching, tree-like skeleton of connective tissue 
covered with tall columnar cells, whereas the latter consists of a 
proliferation of glands encased by a fibrous stroma. On rare occa- 
sions, the entire gallbladder mucosa may undergo adenomatous 
transformation that results in innumerable tiny mucosal polyps 
termed multicentric papillomatosis. Notably, gallstones are present 
in half of cases of adenomatous polyps.!°” 


Multiple (average 
of 8) 


May detach and behave clinically as a stone; may 
cause biliary pain, bile duct obstruction, or 
pancreatitis 

Surgery is not required unless the patient is symptomatic 


1 Always localized to the gallbladder fundus 
Forms a hemispheric projection into the lumen with the 
bulk confined to the muscular wall 
Surgery is not required unless the patient is symptomatic 
or a neoplasm cannot be excluded 


1 in half of cases; 
2-5 in the 
remainder 


Consists of granulation tissue and fibrous tissue with 
lymphocytes and plasma cells that infiltrate the lamina 
propria 

Surgery is not required 

1 in two thirds of 
cases; 2-5 in 
the remainder 


A rare lesion, found in only 0.15% of resected 
gallbladders 

Usually is pedunculated and coexists with stones in one 
half of cases 

The only polyp in the gallbladder with a premalignant 
potential; the frequency of progression from adenoma 
to carcinoma is much lower than that for colon polyps 

Virtually all adenomas with a focus of carcinoma are >12 
mm in diameter; lesions <10 mm can be monitored 
with US 

For lesions 10-18 mm in size, laparoscopic 
cholecystectomy should be considered in good 
surgical candidates 

For lesions >18 mm in size, open rather than 
laparoscopic cholecystectomy should be considered 
because invasive cancer is more likely and extended 
resection may be required 


1 Extremely rare lesions (see text), with frequencies of 
<0.10% of polyps 


Unlike the colon, in which adenomas are much more common 
than adenocarcinomas, the gallbladder is affected less commonly 
by adenomas than by carcinomas (by a 1:4 ratio). The frequency of 
progression from adenoma to adenocarcinoma is not well defined. 
In a series of more than 1600 consecutive cholecystectomies from 
Japan, 18 of the operated patients were found to have gallbladder 
adenomas.!!" Seven of the adenomas contained foci of carcinoma. 
In the same series, 79 cases of invasive carcinoma were found; 15 
(19%) of the lesions were thought to have residual adenomatous 
tissue within the cancer, suggesting that the initial lesion may have 
been an adenoma. Notably, all the adenomas that contained foci of 
carcinoma were larger than 12 mm—a finding that suggests that 
large adenomas may represent premalignant lesions. 


Miscellaneous Polyps 


Although a wide variety of benign lesions may manifest as polyps 
in the gallbladder, these lesions are rare. Fibromas, leiomyomas, 
and lipomas of the gallbladder are extraordinarily rare, particu- 
larly considering how commonly they are found elsewhere in the 
GI tract. Neurofibromas, carcinoids,!!* and heterotropic gastric 
glands occur even less frequently.!!> Taken together, the com- 
bined frequency of nonadenomatous neoplastic polyps of the gall- 
bladder is considerably less than 1 per 1000 resected specimens. !9° 


Clinical Features and Diagnosis 


Polyps of the gallbladder typically do not cause symptoms. They 
are often noted as an incidental finding during cholecystectomy 
for gallstones or by imaging studies performed for other indica- 
tions. In the exceptional case in which a polyp (without gallstones) 
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Fig. 67.8 US (right longitudinal view) showing a gallbladder polyp 

in a 55-year-old woman with mild biliary pain. A 4-mm luminal filling 
defect is demonstrated (arrow). It does not cast an acoustic shadow 
and is fixed to the gallbladder wall. The findings are consistent with a 
gallbladder polyp, although the histology cannot be predicted from the 
ultrasonogram. A cholecystectomy demonstrated multiple cholesterol 
polyps, one of which was unusually large. (Courtesy R. S. Harrell, MD, 
Dallas, TX.) 


is identified ultrasonographically or radiographically because of 
symptoms, the clinical symptomatology may resemble that of 
biliary pain, although classic features (e.g., intense epigastric or 
RUQ pain starting suddenly, rising in intensity over a 15-min- 
ute period, and continuing at a steady plateau for several hours 
before slowly subsiding) may be absent. Rare instances of acute 
acalculous cholecystitis as well as hemobilia have been ascribed to 
benign gallbladder polyps.!!° 

The accuracy of US for the detection of gallbladder polyps 
is generally reported to be 80%, with higher accuracy rates 
when gallstones are not present; however, as many as one 
third of patients with gallbladder polyps identified on US have 
no polyp in the gallbladder at cholecystectomy. In one study 
of 213 patients undergoing cholecystectomy for the question 
of a gallbladder neoplasm on US, 83% of lesions measuring 5 
mm or less on imaging were not present on pathologic exami- 
nation, !!7 

The histologic types of gallbladder polyps cannot be distin- 
guished on clinical grounds alone. Nor do US and cholecysto- 
graphic findings predict histology reliably (Fig. 67.8).°’ Although 
the sensitivity of transabdominal US may be as high as 80% for 
detecting polyps, its accuracy in characterizing the type of polyp 
may be as low as 20%.!!°!! EUS is a more sensitive and spe- 
cific method for diagnosing gallbladder polyps. One study com- 
paring transabdominal US and EUS found that the diagnostic 
accuracy of EUS for differentiating polyp types exceeded 90%.!7° 
Several studies have shown that an EUS scoring system that 
incorporates the size, number, shape, and echogenicity of pol- 
yps and polyp margins may predict the neoplastic potential of 
gallbladder polyps; color Doppler flow on EUS may also predict 
malignancy.!?°-!?3 Several cases in which preoperative 18-fluoro- 
deoxyglucose PET accurately predicted the presence of malig- 
nant tumor of the gallbladder in patients with gallbladder polyps 
have been reported.!*4 

Other studies have evaluated clinical and imaging predictors 
of malignancy. Aside from polyp size (>10 mm), patient age above 
60 years is the strongest predictor of neoplastic disease. The pres- 
ence of concurrent gallstones is also associated with a higher risk 
of malignancy.!?> Single polyps and symptomatic polyps may be 
more likely to be malignant than multiple polyps and asymptom- 
atic polyps, respectively. 


1075 


Natural History 


The few studies that have attempted to define the natural history 
of untreated gallbladder polyps highlight the benign nature of 
most polyps and support a “watch and wait” approach in most 
cases.!*° On the basis of records at the Mayo Clinic, one study 
identified approximately 200 patients in whom cholecystograms 
demonstrated gallbladder polyps and immediate cholecystectomy 
was not performed.!?’ After 15 years of follow-up, symptoms suf- 
ficient to warrant surgery developed in fewer than 10% of the 
patients, and none of the patients available for follow-up had evi- 
dence of gallbladder cancer. 

One group of investigators performed annual or semiannual 
US for a 5-year period on 109 patients with polyps smaller than 
10 mm. During this time, gallbladder cancer developed in no 
patient, and the polyp exhibited no growth in more than 88% of 
patients. !?° 

Another study identified 224 patients with gallbladder pol- 
yps, 95% of which were predicted to be cholesterol polyps on 
the basis of the US appearance and the remainder of which were 
classified as “polypoid lesions of uncertain benignity.”!”° After an 
average follow-up of 9 months, all the polyps thought initially to 
be benign remained the same size or were proven to be benign at 
cholecystectomy. Two thirds of the polypoid lesions in which a 
benign nature was uncertain were found to be adenomas or carci- 
nomas when the gallbladder was resected. These findings suggest 
that most gallbladder polyps are benign, and that high-risk polyps 
often have an identifiable characteristic such as larger size. 

Other studies have suggested that the 10-mm diameter cut- 
off value for cholecystectomy may be too high, because prema- 
lignant or malignant gallbladder lesions may rarely be found in 
persons with polyps that were initially 6 to 9 mm in size.3°13! A 
study from China of 1446 patients with US-detected polyps who 
subsequently underwent cholecystectomy examined predictors of 
malignancy.!*? In this group, the frequencies of polyp types were 
as follows: cholesterol polyps 87.1%; benign, noncholesterol 
polyps 11.2%; and malignant polyps 1.7%. Most of the benign, 
noncholesterol polyps were adenomas, and more than half were 
less than 10 mm in size. The investigators found that age above 
50 years, symptoms, size greater than 10 mm, and gallstones were 
independent predictors of a malignant polyp. A single polyp that 
was 8 mm in size proved to be malignant, but the majority of 
malignant polyps (83%) were larger than 15 mm. These data 
suggest that large, symptomatic gallbladder polyps, particularly 
when associated with gallstones, should be managed with cho- 
lecystectomy. However, application of these data for the man- 
agement of small, asymptomatic polyps in a low-risk population 
is complicated. The investigators recommend regular imaging 
surveillance for 5 years for patients who do have polyps with- 
out high-risk characteristics, with the frequency of surveillance 
depending on polyp size. 

Another large study evaluated 1204 patients with gallbladder 
polyps on imaging who subsequently underwent cholecystectomy 
(n = 194) or surveillance (7 = 1010).!°? The mean polyp size was 6.9 
mm. In 28% of patients, polyps grew during the 2 years of follow- 
up. Malignant polyps were significantly larger than benign lesions, 
with a mean size of 27.5 mm versus 12.3 mm, respectively. Of con- 
cern, 5% of malignant lesions were only 3 to 5 mm in size, and 
8% were 5 to 10 mm in size. The authors concluded that surgery 
should be considered as definitive treatment for patients with pol- 
yps that are 3 to 10 mm in size. However, the patients in this study 
were selected for surgery based on risk, including polyp growth or 
suspicion for malignancy, so the relatively high risk of malignancy 
may have been anticipated; 20% of this group had malignancy. 
The study also included symptomatic patients and those with gall- 
stones, so there may have been other known predictors of risk for 
malignancy and indications for cholecystectomy. 
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Treatment 


Patients with biliary pain and US evidence of both polyps and 
stones in the gallbladder should undergo elective cholecystectomy. 
The decision is more complicated for patients in whom gallblad- 
der polyps without concurrent gallstones are discovered. For these 
patients, the decision to operate depends on the severity of symp- 
toms, confidence of the clinician that the symptoms are biliary in 
origin, and US features (particularly the size) of the polyp. 

Because polyps 10 mm in size or larger have a greater likeli- 
hood of being cancerous, elective laparoscopic cholecystectomy 
should be considered in acceptable surgical candidates with 
asymptomatic polyps of this size.!°+!3¢ In a patient who is a 
poor surgical risk with a polyp that is 10 mm or larger, periodic 
monitoring for polyp growth (perhaps every 6 months) with 
US or additional characterization with EUS may be reason- 
able.134136 Polyps larger than 18 mm in diameter pose a signifi- 
cant risk of malignancy and should prompt cholecystectomy, if 
possible. One study found that lesions of this size often contain 
advanced, invasive cancer that involves the serosal surface of the 
gallbladder and requires a more extensive dissection than can be 
accomplished by laparoscopy.!*” As a result, the investigators 
advocate open cholecystectomy for these large polypoid lesions 
of the gallbladder. 

How best to manage patients with polyps that are 6 to 9 mm 
in size is debated. In this generally low-risk population, periodic 
surveillance for polyp growth or change may be prudent. One 
group of investigators has recommended transabdominal US 
evaluation 3 to 6 months after the initial discovery of such polyps 
to exclude a rapidly growing tumor, followed by ongoing sur- 
veillance at 6- to 12-month intervals. The optimal duration of 


surveillance is unknown. Other investigators have advocated cho- 
lecystectomy for polyps of this size, given the small but definite 
risk of neoplasia, but this approach is aggressive.!*°.13? 

Many experts now recommend no routine surveillance for 
asymptomatic polyps smaller than 6 mm, because polyps of this 
size have been demonstrated to be benign in large studies.!*” 
Historically, experts have recommended repeating US in 6 to 
12 months after the diagnosis, followed by repeat examination at 
intervals of 6 to 12 months for 1 to 2 years to confirm stability in 
polyp size for all polyps smaller than 10 mm.'*° By contrast, more 
conservative radiologic guidelines recommend surveillance for 5 
years, with annual surveillance for polyps 6 to 9 mm in size and at 
1, 3, and 5 years for polyps smaller than 6 mm.!4! 

The best practice for gallbladder polyp surveillance needs 
clarification. A cost-benefit analysis in the United Kingdom has 
reported an estimated cost of $9.7 million over 20 years to survey 
all patients with gallbladder polyps by US every 6 months. US 
surveillance might save an estimated 5.4 lives per year, assuming 
all neoplastic polyps become malignant (a course that is not well 
proved). Given the rarity of gallbladder cancer, the cost of uni- 
versal gallbladder polyp surveillance may not be justifiable; the 
cost-effectiveness might be improved by limiting surveillance to 
polyps between 5 and 10 mm in size.!” 

‘The recommendations for following small gallbladder polyps 
expectantly may not apply to patients with PSC, in whom the 
risk of malignancy in polypoid lesions of the gallbladder may be 
as high as 60% (see Chapter 68).1® In this high-risk population, 
cholecystectomy for polyps smaller than 10 mm should be con- 
sidered. 


Full references for this chapter can be found on www.expertconsult.com. 
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Sclerosing cholangitis encompasses a spectrum of cholestatic 
conditions that are characterized by patchy inflammation, 
fibrosis, and destruction of the intrahepatic and extrahepatic 
biliary tract. These conditions are typically chronic, progres- 
sive disorders in which persistent biliary damage may lead to 
biliary obstruction, biliary cirrhosis, and hepatic failure, with 
associated complications. The first description of sclerosing 
cholangitis is credited to Delbet in 1924.! Although consid- 
ered for many years to be a rare disorder, the advent of ERCP 
in the 1970s and magnetic resonance cholangiography (MRC) 
has allowed an improved understanding of the true prevalence 
of this disorder and facilitated careful study of its natural his- 
tory. Nevertheless, many aspects of sclerosing cholangitis 
remain poorly understood; most notably lacking are a detailed 
knowledge of its etiology and medical therapy with proven 
effectiveness. 

Many distinct conditions may lead to the cholangiographic 
appearance of sclerosing cholangitis, a diffuse stricturing and seg- 
mental dilatation of the biliary system. The most common and 
best described is PSC, a disorder that usually occurs in association 
with IBD, either UC or Crohn colitis. PSC may also be associ- 
ated with a wide variety of fibrotic, autoimmune, and infiltrative 
disorders, although whether such associations imply a common 
pathogenesis or represent epiphenomena is unclear. The term 
secondary sclerosing cholangitis (SSC) refers to a syndrome that is 
similar to PSC but develops as a consequence of a known disease 
or injury (Table 68.1). 


PRIMARY SCLEROSING CHOLANGITIS 


The original description of PSC was of an “obliterative cholangi- 
tis” of the extrahepatic biliary tract with diffuse thickening of the 
wall and narrowing of the lumen.’ Early descriptions noted the 
predominance of men in the third and fourth decades of life and 
the association with UC. However, increasingly the features of 
PSC have been seen in a variety of clinical settings with variable 
sub-phenotypes. The classic form of PSC, now often referred 
to as Jarge-duct PSC, occurs predominantly in men (male:female 
ratio 3:2), is co-existent with IBD in 60% to 80% of cases, and 


Primary and Secondary Sclerosing Cholangitis 


typically presents with cholestasis. The IBD typically is a mild and 
asymptomatic pancolitis with ileitis and rectal sparing. The asso- 
ciation between PSC and IBD appears to be greater in Northern 
latitudes, although, even there, the frequency of non-IBD PSC 
is increasing. The natural history of large-duct PSC ranges from 
rapidly progressive to indolent. The mean liver transplant-free 
survival has been reported to be from 12 (in earlier reports) to 
more than 20 years.’ Large-duct PSC is the most common and 
best described type and is strongly associated with the HLA A*01, 
B*08, DRB1*03 haplotype. 

Small-duct PSC is a term used to describe a small group of 
patients who present with clinical, biochemical, and histologic 
features compatible with PSC but who lack the typical chol- 
angiographic findings of PSC. These patients account for 5% 
to 20% of all patients with PSC.°° In some series, but not 
others, IBD has been required for the diagnosis. Persons with 
small-duct PSC without IBD have different HLA haplotypes 
from those with large-duct PSC, suggesting that the entities are 
distinct.!° In the past, many of these patients may have been 
labeled as AMA-negative PBC or autoimmune cholangiopathy. 
In 3 studies with extended follow-up of patients with small-duct 
PSC, 12% to 17% of patients progressed to classic large-duct 
PSC.°* Cholangiocarcinoma did not develop in any patient 
over a median follow up of 63 to 126 months, and survival in the 
small-duct PSC group was better than that of matched control 
patients with classic PSC.6-8 

Depending on the criteria used, from 1% to 53.8% of patients 
with PSC may be diagnosed with overlapping features of auto- 
immune hepatitis (AIH). With use of a standardized scoring sys- 
tem for the diagnosis of AIH (see Chapter 90), 7.5% of patients 
with PSC are characterized as “definite” or “probable” ATH, but 
there remains no agreed on diagnostic criteria for PSC-AIH 
overlap.!!-12 These patients may present with significant eleva- 
tions of serum aminotransferase levels and histologic findings 
consistent with ATH, or they may present as a typical case of 
AIH that subsequently becomes cholestatic with the develop- 
ment of sclerosing cholangitis. In some cases, PSC-AIH overlap 
may respond to immunosuppressive treatment. Importantly, 
autoantibodies including ANA and smooth muscle antibodies 
(SMA) are frequent in patients with PSC without evidence of 
ATH. In addition, 10% or more of patients with ATH may have 
cholangiographic features consistent with PSC on MRC.!3.!+ 

Populations of special interest include children and non-Cau- 
casian persons with PSC. PSC in children appears to have many of 
the same features as PSC in adults, namely a male predominance 
and strong association with IBD.!° However, childhood PSC 
appears to be much more responsive to medical treatment (see 
later) and has a higher frequency of overlap with AIH, sometimes 
referred to as autoimmune sclerosing cholangitis.'’ Most studies of 
PSC have been performed in Northern European populations or 
populations of Northern European descent, leading some to con- 
clude that PSC is a disease of Caucasians. However, the incidence 
and prevalence of PSC among African Americans appears to be 
at least as great as those of Caucasians.!°!* In African Ameri- 
cans, the male predominance is less striking and the rate of IBD 
is lower. HLA-DR3, which is strongly associated with PSC in 
European populations, is rare among African Americans and is 
not associated with PSC in African American patients listed for 
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TABLE 68.1 Causes of Secondary Sclerosing Cholangitis 


Pediatric Benign Malignant 

Biliary atresia Autoinflammatory Ampullary adenocarcinoma 
CF Eosinophilic cholangitis Cholangiocarcinoma 
Congenital bile duct abnormalities Mast cell cholangitis Gallbladder cancer 
Histiocytosis X Sarcoidosis HCC 

Ichthyosis with sclerosing cholangitis latrogenic bile duct injury Lymphoma 

Neonatal sclerosing cholangitis Cholecystectomy Metastatic cancer 


Primary and secondary immunodeficiency 

Progressive familial intrahepatic cholestasis 
type 3 

Sickle cell disease 


Infectious 


Vascular 


LT (anastomotic and nonanastomotic strictures) 


AIDS cholangiopathy 
Recurrent pyogenic cholangitis 


Pancreatic adenocarcinoma 


ntra-arterial chemotherapy 
schemic cholangiopathy 


Portal hypertensive biliopathy 


Vasculitis 
Other 


Biliary inflammatory pseudotumor 
Cholelithiasis (Mirizzi syndrome) 


Chronic pancreatitis 


LT, although an association with HLA-B8 is shared between 
both Caucasian and African American patients.!” 


Epidemiology 


Determination of the true incidence and prevalence of PSC is 
complicated by the variable presentation of the disease, inconsis- 
tent diagnostic criteria, and referral bias inherent in many pub- 
lished studies. Data from large cohorts of patients suggest that 
the incidence of PSC in North America and Northern Europe 
is approximately one to 1.5 cases per 100,000 person-years, with 
a prevalence of 6 to 16 cases per 100,000.!°7! Estimates of the 
prevalence of PSC in other parts of the world are limited but 
thought to be lower.”? The reported prevalence of PSC may 
underestimate the true prevalence, because early data were col- 
lected before the widespread use of MRI and MRCP, studies 
were population-based, and a specific International Classification 
of Diseases code for PSC was lacking. 

Although PSC has been diagnosed in neonates and as late as the 
eighth decade of life, most patients present between the ages of 25 
and 45 years, with a median age of diagnosis ranging from 36 to 
39 years.t+5703 Approximately two thirds of patients with PSC are 
men, but in the subset of patients without IBD, the male-to-female 
ratio is lower.” Women with PSC are generally older at diagnosis. 
PSC is also associated with nonsmoking, but whether this effect is 
independent of IBD remains controversial.’*?° Coffee consump- 
tion and, among women, the use of hormone therapy have been 
associated with a reduced risk of PSC.2778 


Etiology and Pathogenesis 


The etiology and pathogenesis of PSC remain poorly understood. 
Genetic, environmental, and immunologic factors appear to play 
key roles in disease susceptibility, and progression of disease may 
be dependent on cholestasis. Currently, the most attractive model 
of disease pathogenesis postulates that PSC represents an immuno- 
logic reaction that develops in genetically susceptible persons who 
are exposed to an environmental or toxic trigger, such as bacterial 
cell wall products. Any theory of the pathogenesis of PSC must 
explain the strong association with IBD and address the unique 
relationship between the intestinal tract and the liver as well as the 
role of nutrients, bile acids, and immune cells. 


Genetic Factors 


The importance of genetic factors in the pathogenesis of PSC 
was demonstrated by a 9- to 39-fold increase in the risk of the 


disease among siblings and an association with specific HLA hap- 
lotypes.”° Early studies identified strong associations with HLA 
B8 and DR3, and subsequent studies have led to the identifica- 
tion of additional disease genes on the basis of genome wide 
association studies in several thousand patients.?°** Over 20 risk 
genes have been identified with sufficient validation (Table 68.2), 
but they account for only a fraction of the estimated PSC sus- 
ceptibility. The majority of identified loci have been associated 
with other immune-mediated diseases, including UC and Crohn 
disease.*> In addition, 33 genes have been implicated at a lower 
level of significance based on an a priori assumption that there 
is an overlap in the genetic associations between PSC and other 
immune-mediated disease, so called pleiotropy. 

Despite these advances, the HLA haplotype associations 
remain the most significant. These findings are not explained 
simply by the association between PSC and IBD because HLA 
B8 and DR3 are not overrepresented in patients with IBD with- 
out PSC. The subsequent development of molecular genotyping 
demonstrated that the extended HLA haplotypes that are most 
strongly associated with PSC are as follows!”>?+!: 


B*08:01; 
DRB1*03:01-DQA1*05:01-DQB1*02:01; 
DRB1*13:01-DQA1*01:03-DQB1*06:03; 
DRB1*15:01-DQA1*01:02-DQB1*06:02; and 
DRB1*01:01-DQA1*01:01. 


Haplotypes associated with protection from PSC include the 
following: 


DRB4*01:03-DRB1*04:01-DQA1*03-DQB1*03:02; 
DRB4*01:03-DRB1*07:01-DQA1*02:01-DQB1*03:03; and 
DRB4*02:02-DRB1*11:01-DQA1*05:01-DQB1*03:01. 


HLA-B*08 and DRB1*13:01 have been associated with small- 
duct PSC only in patients who also have IBD, suggesting that 
small-duct and large-duct PSC are genetically related.!° How- 
ever, unique HLA associations including HLA-B*07 and HLA- 
DRB1*15 have been associated with PSC patients with elevated 
immunoglobulin (Ig)G4 levels.*” 

Identifying the causative gene or genes responsible for the 
HLA association in PSC remains challenging. Fine mapping of the 
region and modeling of the effects of variants on the HLA-DR 
peptide binding groove have implicated changes in residues 37 and 
86 in the HLA-DR$ chain that affect the binding of peptide anti- 
gens to be presented by class H molecules.*° Other studies have 
implicated HLA-C and HLA-B variants that have been associated 
with PSC and can act as inhibitory ligands for killer immunoglobu- 
lin receptors (KIRs) on natural killer (NK) cells.+4#* Further, an 


TABLE 68.2 PSC Risk Alleles 
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Chromosome Polymorphism* Odds Ratio Candidate Gene(s) Reference 
ESTABLISHED 
1 rs3748816 tee i TNFRSF14, MMEL1 34 
2 rs6720394 1.6 BCL2L11 Si 
2 rs7426056 1583 CD28, CTLA4 35 
2 rs7556897 0.85 CCL20 ag 
2 rs4676410 1.38 GPR35 36 
3 rs3197999 1.33 USP4, MST1 35 
3 rs80060485 1.44 FOXP1 38 
4 rs17032705 118 NFKB1 San 
4 rs13140464 is Nee heey 35 
6 rs3099844 4.8 HLA-B 30 
rs2844559 4.7 
6 rs56258221 1.23 BACH2 35 
10 rs4147359 1.24 IL2RA 35 
1 rs7937682 tele SIK2 35 
1 rs663743 1.20 CCDC88B 38 
12 rs11168249 RS HDAC7 35 
12 rs12369214 0.85 RFX4, RIC8B 347 
12 rs3184504 118 SH2B38, ATXN2 35 
16 rs725613 1.20 CLEC16A 38 
16 rs11649613 1.19 CLEC16A Cay 
18 rs1452787 Ors TCF4 36 
18 rs1788097 115 CD226 35 
19 rs60652743 1.25 PRKD2, STRN4 35 
al rs1893592 122 UBASH3A 38 
21 rs2836883 1.28 PSMG1 35 
POSSIBLE 
2 rs7608910 112 PUS10 38 
2 rs11676348 1.14 TGR5, CXCR2 38 
8 rs2042011 0.92 RN7SKP226 38 
10 182497318 0.01 EIF2S2P3 38 
10 rs10748781 113 NKX2-3 38 
iil rs559928 0.88 - 38 
16 rs7404095 0.91 PRKCB 98 
18 rs12968719 ie PTPN2 38 
19 rs679574 tO FUT2 $8 


*Most important polymorphisms are in bold. 


HLA-independent association with the NOTCH4 gene in the class 
IN region has been reported.*? Notably, genetic studies to date 
have been limited to northern European populations. In African 
Americans listed for LT (in whom HLA-DR3 is rare), no associa- 
tion between HLA-DR3 and PSC was found, but a strong associa- 
tion with HLA-B8 was present.!” 

In addition to HLA, at least 22 other genes have been asso- 
ciated with PSC through genome-wide association studies, 
with most having roles in the function of innate and adaptive 
immune responses, particularly T-cell responses.*>3’ Only 
half of the PSC-associated genes are also associated with UC, 
Crohn disease, or both. In fact, although the genetic correlation 
between PSC and IBD is generically strong (r = 0.56), the cor- 
relation with UC is much weaker (r = 0.29), and that with Crohn 
disease was not found to be statistically significant (r = 0.04).>* 
In addition, network analysis has not identified any common 


functional pathways to suggest a specific mechanism that pre- 
disposes to both IBD and PSC. Furthermore, many genes asso- 
ciated with PSC are also associated with classic autoimmune 
diseases (pleiotropy) such as RA and type 1 diabetes mellitus. 
Despite these advances, less than 10% of the heritability of PSC 
can be explained by the genes identified to date. 

Genetic modifiers of disease progression in PSC are even 
less well documented. Several studies have investigated HLA 
haplotypes and clinical outcomes, but the findings have been 
inconsistent, likely due to the small cohort sizes. An analysis 
of genome-wide association studies data from 3402 patients 
did not find an association between time to clinical events and 
the HLA haplotype. However, there was a significant associa- 
tion with rs853974 on chromosome 6, with the AA genotype 
being protective compared with the GG and AG genotypes 
(hazard ratios of 0.46 and 0.55, respectively).*> The rs853974 
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polymorphism is located near the R-spondin 3 (RSPO3) gene, 
which is highly expressed in cholangiocytes, suggesting a 
potential mechanistic role in PSC disease progression. 


Immunologic Factors 


Despite the strong clinical and genetic evidence of an immuno- 
logic basis for PSC, the precise targets and immune responses 
that lead to PSC have yet to be delineated. Whether PSC is 
similar to classic autoimmune diseases in which there is targeted 
destruction of tissue directed at a specific self-antigen or more 
akin to an autoinflammatory disease such as IBD in which there 
is an abnormal innate immune response to antigens of the intes- 
tinal flora activating an adaptive immune response is unclear. A 
popular hypothesis linking IBD with PSC is that PSC is trig- 
gered by bacteria or pathogen-associated molecular patterns such 
as lipopolysaccharide that enter the portal circulation through 
an inflamed, permeable intestine (“leaky gut”) (see Chapter 2). 
Pathogen-associated molecular patterns activate macrophages, 
dendritic cells and NK cells through pattern recognition recep- 
tors, including Toll-like receptors and CD14, leading to the 
secretion of cytokines. NK cells are activated in turn by interleu- 
kin (IL)-12 and promote recruitment and activation of lympho- 
cytes via TNF-a, IL-18, and CXCL8. NK cells may be activated 
by MHC class I chain-related gene products MICA and MICB, 
which are stress-induced proteins that can promote the cyto- 
toxic function of NK, NKT, and yéT cells through the NKG2D 
receptor. 

Macrophages uniquely accumulate in the sinusoidal and peri- 
sinusoidal spaces in PSC and, as key cells in the transition from 
innate to adaptive immune responses, may play a major role in 
PSC. Compared with normal subjects, the liver in patients with 
PSC has been shown to have a significantly greater number of 
CD68 and/or myeloperoxidase-positive cells in the portal areas.*° 
In addition, macrophage stimulating protein 1, a circulating 
pre-protein and suppressor of macrophages, has been linked by 
genetic studies to susceptibility to PSC. Further, GPBARI is a 
cell surface receptor for bile acids on macrophages, biliary epi- 
thelial cells (BEC), and intestinal epithelial cells that suppresses 
macrophage function.*-# Notably, variants of the GPBAR1 gene 
that reduce or abolish the encoded protein function have been 
associated with PSC.°° 

Although genetic studies have implicated adaptive immune 
response, little is known about the functional abnormalities in 
PSC. Immunohistochemical studies have defined the infiltrate in 
PSC livers to consist primarily of nonactivated memory CD8* 
T cells that express the gut-homing integrin a4$7concentrated 
around portal tracts. T cells also localize to areas of fibrosis 
along with mucosal-associated invariant T cells, invariant T cells 
enriched in the human liver with the capacity to recognize bac- 
terial antigens and produce IL-1 and IL-17, among other cyto- 
kines.°! Notably, PSC peripheral blood mononuclear cells have a 
significantly greater IL-17 response after stimulation with Entero- 
coccus faecalis or Candida albicans, and IL-17A-producing cells are 
prominent in PSC livers.° 

The number of peripheral regulatory T cells (Tregs), which 
are important mediators of resolution of immune activation, is 
reduced in patients with PSC compared with healthy controls 
and patients with PBC or UC, with the most pronounced reduc- 
tions in patients homozygous for the PSC risk allele in the IL2RA 
gene.” The function of peripheral Tregs has also been found to 
be impaired in patients with PSC compared with controls. The 
number of Tregs is also reduced in PSC livers compared with PBC 
livers,’ although a greater frequency of peripheral CD4*CD25+* 
T cells has been found in UC patients with PSC compared with 
UC patients without PSC.°>+ It should be noted, however, that 
prior reports have documented a reduced frequency of peripheral 
and tissue Tregs in both PBC and UC patients relative to healthy 


and disease controls, suggesting that changes in Tregs may be a 
generic feature of inflammatory diseases.°° >’ 

The gene encoding CD28, a costimulatory molecule for 
T-cell activation, survival, and proliferation, has been genetically 
associated with PSC, and CD4*CD28- T cells are enriched in 
the liver compared with the periphery in patients with PSC. In 
addition, CD4*CD28- T cells were more frequent in PSC livers 
compared with PBC, NASH, and normal livers.’ These CD28- 
T cells were activated memory cells with intracellular stores of 
cytotoxic molecules and expressed adhesion molecules and che- 
mokine receptors that promote tissue infiltration and localization 
to bile ducts and were also able to activate BEC in vitro. 


Lymphocyte Trafficking 


Recognition of the common mechanisms of liver and gut lym- 
phocyte trafficking has led to an improved understanding of the 
link between IBD and PSC as well as the observation that PSC 
may develop years after total colectomy. Evidence suggests that 
adhesion molecules and chemokine receptors that are normally 
restricted to the gut are expressed in the PSC liver, leading to the 
recruitment of lymphocytes of intestinal origin.°*°! In the intes- 
tine, recruitment of lymphocytes involves activation by dendritic 
cells in gut-associated lymphatic tissue, resulting in lymphocyte 
expression of the «487 integrin and the CCR9 chemokine recep- 
tor, which are dependent on mucosal addressin in cell adhesion 
molecule-1 (MAdCAM-1) and chemokine ligand 25 (CCL25), 
respectively. In PSC, not only were MAdCAM-1 and CCL25 
expressed in the portal vein and sinusoidal endothelium,” but also 
CCR9+ liver lymphocytes were specifically increased in patients 
with PSC compared with those with PBC. Also, approximately 
20% of lymphocytes from PSC livers expressed CCR9 compared 
with less than 2% in normal or PBC livers.°° The expression of 
MAdCAM.-1 in the liver appears to be mediated by deamination 
of methylamine by vascular adhesion protein 1, a semicarbazide- 
sensitive amine oxidase expressed in the human liver.® In the 
presence of TNF-a, methylamine induces the expression of func- 
tional MAdCAM-1 on hepatic endothelial cells and is associated 
with increased adhesion of lymphocytes from patients with PSC 
to hepatic vessels. 


Dysbiosis 


The study of intestinal and biliary microbiota in PSC may help 
to explain the important link between the gut and liver in PSC. 
Several studies have documented alterations in the composition 
of intestinal bacteria, bacteriophage, and fungi in UC and Crohn 
disease, most commonly a decrease in the diversity of the popula- 
tion along with some specific alterations in the members of the 
population (findings reminiscent of the “hygiene hypothesis” of 
autoimmunity). Dysbiosis is also frequently found in patients with 
chronic liver diseases, especially those with advanced cirrhosis. In 
addition, bile acids can significantly impact the microbiome in 
PSC and IBD.** However, studies to date suggest that the intes- 
tinal microbiota of patients with PSC are distinct from those in 
patients with IBD.°*-” In fact, patients with PSC with IBD tend to 
have microbiota more closely related to patients with PSC with- 
out IBD than to those with IBD alone. In addition to the intesti- 
nal microbiota, the biliary microbiota may also be altered in PSC. 
The fucosyltransferase-2 gene (FUT2) is involved in protein gly- 
cosylation, and genetic variants leading to truncated FUT2 pro- 
teins, so-called nonsecretors, have been linked to PSC and Crohn 
disease. Interestingly, microbes in the bile in PSC varied by FUT2 
genotypes, with Firmicutes spp. being significantly increased and 
Proteobacteria spp. significantly decreased among nonsecretors. 
Experimental evidence that this dysbiosis is a cause of PSC rather 
than a consequence is limited to the Mdr2-null mouse model of 
sclerosing cholangitis in which germ-free mice had higher serum 


alkaline phosphatase, aspartate aminotransferase, and bilirubin 
levels compared with conventionally housed Mdr2-null mice.” In 
addition, hepatic fibrosis, ductular reaction, and ductopenia were 
significantly more severe in the germ-free environment. No dif- 
ferences in primary bile acids were detected, and not surprisingly, 
secondary bile acids were absent in the germ-free environment. 
Although this study does not identify a specific alteration in the 
microbiota, it suggests that there may be an interaction between 
bile acids and intestinal bacteria that exacerbates PSC. 


Toxic Bile Theory 


Although genetic evidence does not support a role for bile as 
an initiator of PSC, several lines of evidence suggest that bile 
is important in the progression of PSC. Bile is a complex mix- 
ture of bile acids, bilirubin, cholesterol, phospholipids, and pro- 
teins for which several protective mechanisms have evolved (see 
Chapter 64). Changes in the composition of bile, decreased bile 
flow, and increased biliary pressure in PSC may all disrupt the 
normal homeostasis and lead to the formation of toxic bile. BEC 
are protected from bile by dilution and alkalization, the so-called 
“bicarbonate umbrella.” In addition, mixed micelles with phos- 
photidylcholine and cholesterol prevent bile acid toxicity. These 
mechanisms can be compromised by impairment of transport- 
ers responsible for maintaining the bile acid/phospholipid ratio 
(MDR3 [multidrug resistance protein 3] or BSEP [bile salt export 
pump]) or bicarbonate excretion and hydration of bile (CFTR 
or AE2 [anion exchange protein 2]). Alternatively, bile stasis, a 
frequent phenomenon in PSC, may lead to formation of toxic bile 
and exacerbation of bile duct injury. 

Support for the toxic bile acid theory comes primarily from 
the Mdr2-null mouse.’*”° Targeted disruption of Mdr2 leads to 
sclerosing of the biliary tract with extra- and intrahepatic biliary 
strictures and dilatations onion-skin type periductal fibrosis, and 
focal obliteration of bile ducts similar to that seen with primary 
and SSC in humans.’ Variants of the human orthologue of Mdr2 
(MDR3 or ABCB4 [ATP-binding cassette subfamily B, member 4]) 
in humans are associated with intrahepatic cholestasis of preg- 
nancy and gallbladder disease in an autosomal dominant fashion 
and progressive familial intrahepatic cholestasis type 3 in a rare 
autosomal dominant condition (see Chapter 64). In addition, 
some rare variants have been associated with sclerosing chol- 
angitis, 78 but genetic studies have not found any association 
between genetic variants in ABCB4 and susceptibility to PSC.” 
In addition, PSC patients with normal serum bilirubin levels have 
been shown to have normal biliary excretion of bile acids and lip- 
ids, suggesting that the toxic bile theory may only play a role in 
the later stages of PSC.7?8° 


Biliary Epithelial Cells 


The role of BEC in the pathogenesis of PSC remains unclear, 
but an understanding of the function of BEC in the recruitment 
and activation of immune cells suggests that BEC are active par- 
ticipants rather than innocent bystanders. When activated, BEC 
express a host of receptors, cytokines, and chemokines that can 
orchestrate a number of immunologic processes. In addition 
to MHC class II antigens, BEC express CD1d and can present 
lipid antigens to NK T cells.8! CD1d is downregulated in PSC. 
Toll-like receptors are also expressed on BEC, and IgG found in 
the sera of some PSC patients and directed against BEC induce 
the expression of TLR4 and TLR9 on BEC in culture.* In fact, 
treatment of BEC with PSC sera containing anti-BEC antibodies 
induce secretion of granulocyte-macrophage colony-stimulating 
factor, IL-1, and IL-8. However, the target(s) of these anti-BEC 
antibodies remains unknown. BEC expression of adhesion mol- 
ecules such as intracellular adhesion molecule-1 could also play a 
role in the recruitment of T lymphocytes.*? 
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Infectious and Antigenic Factors 


Attempts to identify infectious or other antigenic factors in the 
gut that may enter the liver via the portal venous system via a 
“leaky gut” and induce PSC have so far been unfruitful. Bile cul- 
tures are positive in a majority of patients with PSC but appear 
to be linked primarily to endoscopic intervention.** In addition, 
bacterial endotoxin has been shown to accumulate in BEC in 
patients with PSC and PBC.*° 


Clinical, Laboratory, and Imaging Features 
PSC and IBD 


The relationship between PSC and IBD is striking and incom- 
pletely understood. Although early studies suggested that 
approximately 80% of patients with PSC had concomitant IBD, 
subsequent data have shown that the frequency of IBD in patients 
with PSC is 65% to 70%.*!°7! Across all series of patients with 
PSC and IBD, nearly 80% have UC, with fewer than 20% having 
Crohn disease.*1°-21 Conversely, PSC is present in 2.4% to 4.0% 
of all patients with UC and 1.4% to 3.4% of those with Crohn 
disease.**°° The association with IBD is stronger with more 
extensive colonic involvement; the frequency of PSC is approxi- 
mately 5.5% in those with pancolitis, in contrast to 0.5% in those 
with only distal colitis.°° PSC is not thought to occur in asso- 
ciation with Crohn disease isolated to the small intestine. Racial 
differences may exist, with concomitant IBD seen in only 58.8% 
to 60.5% of African Americans with PSC and 21% of Japanese 
patients with PSC.!7.!8.87 

Unlike other extraintestinal manifestations of IBD, such as 
uveitis and erythema nodosum, PSC typically progresses indepen- 
dently of IBD,** and, in fact, PSC may be diagnosed years after 
total proctocolectomy for UC.*?.° The colitis of PSC is often 
extensive, although clinically quiescent, regardless of whether it 
is classified as UC or Crohn disease.’!-?? Inflammation is more 
pronounced in the right than left colon. In addition, PSC patients 
who have undergone proctocolectomy and ileal pouch-anal anas- 
tomosis have a higher frequency of pouchitis.”*-”° Crohn disease 
associated with PSC is not typically associated with strictures or 
fistulas but is restricted to the colon. In fact, the lower frequency 
of pancolitis in Crohn disease versus UC could explain the appar- 
ent lower frequency of PSC in Crohn disease compared with UC. 

Although older reports demonstrated no histologic” or chol- 
angiographic” differences between patients with or without IBD, 
subsequent studies have shown that the presence and type of IBD 
affects the outcomes of PSC. Patients with concurrent UC have a 
much earlier age of onset and much higher rates of hepatobiliary 
cancer, LT, and death.??.”? 

Some patients without overt symptoms of IBD may have sub- 
clinical histologic changes detected in the colon or may develop 
overt colitis at a later date.’ Therefore a high index of suspicion 
for the emergence of IBD is warranted, and colonoscopy with 
random biopsies of the colonic mucosa is recommended in all 
patients with a new diagnosis of PSC. 


Symptoms 


The initial clinical presentation of PSC can be quite varied and 
may run the gamut from asymptomatic elevations of serum alka- 
line phosphatase levels to decompensated cirrhosis with jaundice, 
ascites, hepatic encephalopathy, or variceal bleeding. The most 
common symptoms at the time of presentation include jaundice, 
fatigue, pruritus, and abdominal pain.!°°!% Other associated 
symptoms may include fever, chills, night sweats, sleep distur- 
bances, and weight loss (Table 68.3). Increasingly, PSC is diag- 
nosed at an asymptomatic or minimally symptomatic stage. Large 
series have shown that 15% to 44% of patients with PSC are 
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TABLE 68.3 Most Common Symptoms and Signs at the Time of 
Diagnosis of PSC 


Symptom Frequency (%) 
Fatigue 65-75 
Abdominal pain 24-72 
Pruritus 15-69 
Fever/night sweats 13-45 
None 15-44 
Weight loss 10-34 
SIGN 

Jaundice 80-73 
Hepatomegaly 34-62 
Splenomegaly 32-34 
Hyperpigmentation 14-25 
Ascites 4-7 


Data from Wiesner R, Grambsch P, Dickson E, et al. Primary scleros- 
ing cholangitis: Natural natural history, prognostic factors and survival 
analysis. Hepatology 1989; 10:430-6; Farrant J, Hayllar K, Wilkinson 
M, et al. Natural history and prognostic variables in primary sclerosing 
cholangitis. Gastroenterology 1991; 100:1710-17; Broome U, Olsson 
R, Loof L, et al. Natural history and prognostic factors in 305 Swed- 
ish patients with primary sclerosing cholangitis. Gut 1996; 38:610-15; 
Okolicsanyi L, Fabris L, Viaggi S, et al. Primary sclerosing cholangitis: 
Clinical presentation, natural history and prognostic variables: An Ital- 
ian multicentre study. Eur J Gastroenterol Hepatol 1996; 8:685-91; 
Feldstein A, Perrault J, El-Youssif M, et al. Primary sclerosing cholangitis 
in children: A long-term follow-up study. Hepatology 2003; 38:210-17; 
Porayko M, Wiesner R, LaRusso N, et al. Patients with asymptomatic 
primary sclerosing cholangitis frequently have progressive disease. 
Gastroenterology 1990; 98:1594-602. 
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because of routine liver biochemical screening in patients with 
IBD as well as the widespread availability of MRCP and ERCP 
for the evaluation of elevated serum alkaline phosphatase levels. 

Symptoms of PSC are often intermittent. Episodes of pruri- 
tus, jaundice, abdominal pain, and fever are typically interspersed 
with asymptomatic periods of varying duration.!°° The inter- 
mittency of the symptoms is thought to reflect episodic biliary 
obstruction caused by microlithiasis and sludge. These episodes 
of obstruction may predispose to cholestasis and induce an acute 
inflammatory reaction. 


Physical Examination 


Physical findings may be normal in patients with PSC, particu- 
larly in those who are asymptomatic. When physical abnormali- 
ties are present, the most common are hepatomegaly, jaundice, 
and splenomegaly (see ‘Table 68.3). Skin findings are common 
and include cutaneous hyperpigmentation, excoriations result- 
ing from pruritus, and xanthomata. As liver disease progresses, 
spider telangiectasias, muscle atrophy, peripheral edema, ascites, 
and other signs of advanced liver disease may appear (see Chapter 
74), 100,101 


Laboratory Findings 


Chronic elevation of serum alkaline phosphatase levels, typically 
3 to 5 times the upper limit of normal, is the biochemical hallmark 
of PSC. A normal alkaline phosphatase level, however, may be 
found in up to 6% of patients with cholangiographically proved 
PSC.!07-108 Tn some cases, an advanced histologic stage has been 
demonstrated on a liver biopsy specimen despite normal serum 


alkaline phosphatase levels.!°* Serum aminotransferase levels are 
typically elevated, although rarely above 4 to 5 times the upper 
limit of normal, except in the pediatric population, in the setting 
of acute cholangitis, or in overlap with ATH.11-109.110 The serum 
bilirubin level may be normal or elevated and often fluctuates. 
When the serum bilirubin level is elevated, the bilirubin is pre- 
dominantly conjugated. Reductions in the serum albumin level 
and prolongation of the prothrombin time may reflect hepatic 
synthetic dysfunction with advanced liver disease. In addition, 
malnutrition and underlying IBD may lower serum albumin lev- 
els. Vitamin K malabsorption related to cholestasis may play a 
role in prolonging the prothrombin time. Other nonspecific con- 
sequences of cholestasis are elevations in serum copper, serum 
ceruloplasmin, and hepatic copper levels, increased urinary cop- 
per excretion, and elevated serum cholesterol levels. 

Several immunologic markers and serum autoantibodies are 
found in most patients with PSC, although none is specific for the 
disease. Hyperglobulinemia is frequent; serum IgM levels are ele- 
vated in up to 50% of patients, and IgG and IgA levels may also 
be elevated.!°° Autoantibodies are commonly detected in patients 
with PSC.!!! ANA, often in low titer, may be detected in 24% to 
53% of patients. SMA are found in 13% to 20% of patients, but 
AMA are found in less than 10%.!!"? Most commonly found in 
patients with PSC are ANCA (specifically perinuclear ANCA, or 
pANCA),!!° which are detected in 65% to 88% of patients and 
appear to react to a heterogeneous group of antigens.!!*!!5 These 
antigens have been found to represent neutrophil nuclear enve- 
lope proteins predominantly, and the corresponding antibodies 
have been referred to as antineutrophil nuclear antibodies.'!® 
ANCA are not specific for PSC and are also commonly found 
in patients with IBD as well as in a large number of patients with 
AIH.!!6 ANCA positivity has been associated with younger age 
at the diagnosis of PSC, lower frequency of cholangiocarcinoma, 
and higher prevalence of HLA-B*08 and DDRB1*03 in the Nor- 
wegian population.!!’ In contrast to granulomatosis with poly- 
angiitis, titers of pANCA do not appear to correlate with disease 
activity or severity.!!> Furthermore, the presence of autoantibod- 
ies does not appear to differ in patients with and without IBD. 
Anticardiolipin antibodies are detected in 66% of patients with 
PSC, and the titer has been reported to correlate with disease 
severity.!!7!'? In children, ANA, pANCA, and SMA are pres- 
ent in roughly 50%, 66%, and 45%, respectively.!° In general, 
despite the high frequency of autoantibodies in patients with 
PSC, a clear association between the presence of these antibodies, 
pathogenesis of the disease, and prognosis or response to treat- 
ment (see later) remains unproved. Measurement of autoantibod- 
ies is, therefore, of limited clinical value in patients with PSC. 


Imaging 


Cholangiography by ERCP, MRCP, or percutaneous transhe- 
patic cholangiography (THC) establishes a diagnosis of PSC 
and provides information regarding the distribution and extent 
of disease. The characteristic cholangiographic findings include 
multifocal stricturing and ectasia of the biliary tract. Areas of 
narrowing are interspersed with areas of normal or near-normal 
caliber and areas of poststenotic dilatation. The result is a clas- 
sic “beaded” appearance to the biliary tract. The strictured seg- 
ments are usually short, annular, or band-like in appearance (Fig. 
68.1), although longer confluent strictures may be seen in more 
advanced disease. Localized segments of dilated ducts may have 
a saccular or diverticular appearance. Major areas of focal, tight 
narrowing known as dominant strictures, may be seen and often 
involve the bifurcation of the hepatic duct.'!® At times, diffuse 
involvement of the intrahepatic biliary tract may give a pruned 
appearance that is difficult to distinguish from the diffuse intrahe- 
patic duct attenuation seen in patients with cirrhosis of any cause; 


Fig. 68.1 Films from an ERCP in 2 patients with PSC. A, ERCP with 
contrast injected through a balloon catheter (seen in the distal bile 
duct). The intrahepatic ducts are mainly affected and show diminished 
arborization (pruning), with diffuse segmental strictures alternating 
with normal-caliber or mildly dilated duct segments (cholangiectasis), 
resulting in a beaded appearance. B, Imaging features include diffuse 
irregularity of the intrahepatic ducts, multiple short strictures and chol- 
angiectasis, small diverticula in the wall of the common hepatic duct 
(arrow), and clips from a prior cholecystectomy. 


irregularity of the duct wall or concomitant involvement of the 
extrahepatic bile duct supports a diagnosis of PSC. 

Both the extrahepatic and intrahepatic bile ducts are abnormal 
in approximately 75% of cases. Isolated intrahepatic ducts involve- 
ment may be observed in 15% to 20% of cases.86-102119 Isolated 
abnormalities of the extrahepatic biliary tract are rarer, reported 
in approximately 6% or less of patients.!°°-!07!!9 The cystic duct 
and gallbladder may be involved in up to 15% of patients but may 
not be well visualized on routine cholangiography.!*° Nonspe- 
cific gallbladder abnormalities are reported in 41% of patients 
with PSC and include a thickened gallbladder wall, gallbladder 
distension, cholelithiasis, cholecystitis, and gallbladder mass 
lesions.!*! Pancreatic duct irregularities similar to those seen in 
chronic pancreatitis may rarely be noted.!?? Periportal lymphade- 
nopathy is common, detected in up to 77% of patients, but it is 
nonspecific and not indicative of malignancy.!?>:!*4 

MRI with MRCP is considered the modality of choice for 
the diagnosis of PSC,!!*:!?5.!26 and recommendations have been 
published to standardize its use.!*’ In addition to identifying the 


CHAPTER 68 Primary and Secondary Sclerosing Cholangitis 1083 


cholangiographic changes that support a diagnosis of PSC, MRI 
can provide prognostic information based on hepatic dysmorphy, 
spleen size, features of portal hypertension, and parenchymal and 
bile duct wall enhancement patterns.!!? MR elastography can be 
added to MRI with MRCP and allows staging of hepatic fibrosis 
(see Chapter 74).!?8 Vibration-controlled transient elastography 
has also been studied in PSC, and liver stiffness measurements 
were found to correlate with the stage of fibrosis, with accuracy 
for the diagnosis of advanced fibrosis and cirrhosis superior to 
the ASTYplatelet ratio, FIB-4 score, and Mayo risk score (see 
Chapters 74 and 80).!2? Optimal liver stiffness cut-off values for 
fibrosis stages in PSC of greater than or equal to F1, greater than 
or equal to F2, greater than or equal to F3, and F4 were 7.4 kilo- 
pascals (kPa), 8.6 kPa, 9.6 kPa, and 14.4 kPa, respectively. 


Histology 


Gross and histologic specimens from the extrahepatic bile ducts 
demonstrate a diffusely thickened, fibrotic duct wall. The fibro- 
sis is accompanied by a mixed inflammatory infiltrate that may 
involve the epithelium and biliary glands.'3°!>! Florid hyperpla- 
sia of the biliary glands with accompanying neural proliferation 
has been described.'3? Examination of PSC explants removed at 
the time of LT has demonstrated areas of thin-walled saccular 
dilatation, termed cholangiectasias, that correspond to the beaded 
appearance on cholangiography.!*? 

A wide range of liver biopsy findings may be seen in patients 
with PSC, and histologic findings are not typically diagnos- 
tic for PSC. The characteristic bile duct lesion is a fibro-oblit- 
erative process that may lead to an “onion-skin” appearance of 
concentric fibrosis surrounding medium-sized bile ducts (Fig. 
68.2); however, this finding is seen in less than one half of biopsy 
specimens.!3°!3! The smaller interlobular and septal bile duct 
branches may be entirely obliterated by this process, resulting in 
fibro-obliterative cholangitis. This finding is present in only 5% to 
10% of biopsy specimens but is thought to be virtually pathog- 
nomonic of PSC.! In this process, the biliary epithelium may 
degenerate and atrophy and be replaced entirely by fibrous cords. 
Other characteristic histopathologic findings may include bile 
duct proliferation, periductal inflammation, and ductopenia. The 
degree of inflammation can be quite variable but is typically a 
portal-based mixture of lymphocytes, plasma cells, and neutro- 
phils with a periductal focus. Lymphoid follicles or aggregates 
may also be seen.!3?:!3 

Many of the histologic findings of PSC are nonspecific and 
may be seen in other disorders; in particular, distinguishing 
PSC from PBC may be difficult. In one study, histologic exami- 
nation could classify only 28% of patients who had 1 of the 2 
diseases.!3+ When lymphocytic interface hepatitis is prominent, 
the distinction from AIH may be challenging, especially because 
hypergammaglobulinemia and autoantibodies may be present in 
both conditions.!!:!°> When severe cholestasis develops, hepatic 
copper accumulation can be dramatic and may mimic that seen in 
Wilson disease (see Chapter 76).!*° 

Common histologic staging systems used in chronic viral 
hepatitis, such as the METAVIR and Ishak scoring systems (see 
Chapters 74 and 80), have not been well studied in PSC. The 
system most widely used in patients with PSC was described by 
Ludwig and colleagues in 198117 and is essentially the same as a 
system previously described for staging PBC (see Chapter 91). In 
stage 1 (portal stage) changes are confined to the portal tracts and 
consist of portal inflammation, connective tissue expansion, and 
cholangitis. Stage 2 (periportal stage) is characterized by expan- 
sion of inflammatory and fibrotic processes beyond the confines 
of the limiting plate, resulting in interface hepatitis (“piecemeal 
necrosis”) and periportal fibrosis. Depending on the degree of 
biliary obstruction, ductular proliferation and cholangitis may 
be of varying severity. Stage 3 (septal stage) is characterized by 
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Fig. 68.2 Liver histopathology in PSC. A, A segmental bile duct is oblit- 
erated by fibrosis (arrow), demonstrating “fibro-obliterative cholangitis” 
(H&E, x200). B, A medium-sized bile duct is surrounded by concentric 
fibrosis with an onionskin appearance (H&E, x400). (Courtesy Matthew 
Yeh, MD, PhD, Seattle, Wash.) 


fibrous septa that bridge one portal tract to the next. Bridging 
necrosis may occasionally be seen but is uncommon. Stage 4 (cir- 
rhotic stage) implies progression to biliary cirrhosis. The degree 
of inflammatory activity may subside as the stage of the disease 
progresses, and focal bile ductular proliferation may be striking. 

The Ishak system of histologic staging commonly used for 
chronic viral hepatitis ranges from 0 to 6 and has been studied in 
PSC in a more limited fashion,!**!*! and even less studied is the 
use of the METAVIR fibrosis stage.!’? A system for staging PBC 
proposed by Nakanuma and colleagues!*”, developed originally 
for PBC, incorporates bile duct loss and cholestasis measured 
by orcein-positive granules in addition to fibrosis. The actual 
Nakanuma stage is the sum of the scores for the last 3 features: 
stage 1 is a score of 0, stage 2 is 1 to 3, stage 3 is 4 to 6, and 
stage 4 is 7 to 9. Although the Nakanuma, Ishak, and Ludwig 
histologic staging systems are all associated with transplant-free 
survival and time to LT in patients with PSC, the Nakanuma 
system showed the most robust associations, with the degree of 
fibrosis and orcein-positive granules deposition being the most 
discriminative features. 140141 

Only one study has reported the interobserver agreement 
in histologic staging in PSC.'*° Among 6 pathologists scoring 
119 biopsies using the Ludwig, Ishak, and Nakanuma systems, 


agreement was substantial, with a kappa index (k) of 0.62, 0.64, 
and 0.67, for the Ludwig, Ishak, and Nakanuma fibrosis score, 
respectively. Notably, the agreement was only moderate (« = 
0.56) for the composite Nakanuma score. In addition, Ishak and 
Ludwig stages were highly correlated (r = 0.93, p < 0.001). 

The progression of histologic stage over time has been exam- 
ined in a single observational study and several clinical trials in 
which liver biopsy findings were included as an end point. In 
the only observational, longitudinal study of histologic progres- 
sion, Angulo and colleagues examined 307 liver biopsy specimens 
from 107 PSC patients with a median time between biopsies of 
11 months. Using a Markov model, they estimated the rates of 
progression for patients with stage 2 disease to be 42%, 66%, 
and 93% at 1, 2, and 5 years, respectively.!*> Similarly, progres- 
sion from stage 2 to 4 (biliary cirrhosis) was estimated to occur in 
14%, 25%, and 52%, after 1, 2, and 5 years, respectively. Regres- 
sion of stage was observed in 15% of patients. 

Unlike observational studies, clinical trials provide prospec- 
tively collected biopsies at defined intervals with less chance of 
treatment bias. Overall, these studies have not demonstrated 
significant changes in histologic stage over 1 to 5 years.144-146 
Even when considered as progression, regression, or no change, 
the majority of patients have no change in histologic stage, with 
similar proportions demonstrating either progression or regres- 
sion.!38:!47-152 The most detailed assessment of histologic fibrosis 
progression in PSC comes from a randomized controlled trial of 
simtuzumab, a monoclonal antibody directed against lysyl oxi- 
dase-like 2 (see later). Two hundred twenty-five PSC patients 
were enrolled in a 2-year randomized trial of simtuzumab or pla- 
cebo with liver biopsies performed at baseline and annually.!*? 
Mean hepatic collagen content ranged from 4.5% to 6.3% and 
did not change significantly over the course of 2 years, regard- 
less of treatment assignment. Biopsy specimens were also staged 
for fibrosis by the Ishak system, and of 216 subjects with evalu- 
able liver biopsy specimens, 74 (34%) had no change, 80 (37%) 
progressed at least one stage, and 62 (29%) regressed at least one 
stage. In addition, 30 of the 191 (16%) without cirrhosis at entry 
progressed to cirrhosis over 2 years. 


Diagnosis 


No standardized criteria for the diagnosis of PSC have been 
universally adopted. The diagnosis of PSC is based on typical 
cholangiographic findings in the setting of consistent clinical, 
biochemical, serologic, and histologic findings, as well as exclu- 
sion of secondary causes of sclerosing cholangitis. The charac- 
teristic cholangiographic findings are multifocal stricturing and 
ectasia of the biliary tract. Areas of narrowing are interspersed 
with areas of normal or near-normal caliber and of poststenotic 
dilatation. Isolated extrahepatic bile duct involvement is rare, 
whereas isolated changes of the intrahepatic bile ducts have been 
reported in 20% to 28% of cases. Dominant strictures, defined 
as strictures with a diameter of less than 1.5 mm of the common 
bile duct or less than 1.0 mm of a hepatic duct within 2 cm of the 
bifurcation, develop at a cumulative frequency of 36% to 57%. 
Almost 90% of patients with PSC have abnormal gallbladders, 
with bile duct stones found in 8% to 26%.!%3 

Historically, ERCP was considered the standard for establish- 
ing a diagnosis of PSC and may remain the most sensitive test, but 
it carries risks of bleeding, perforation, infection, and pancreatitis 
in up to 10% in patients with PSC.!18:154 MRCP (or MRC) has 
largely replaced ERCP for diagnostic cholangiography as a result 
of improvements in image quality and the noninvasive nature of 
MRCP (Fig. 68.3). A meta-analysis that included 6 large stud- 
ies found that MRC is sufficiently sensitive and specific in most 
cases of PSC and, thus, is the more appropriate first-line diag- 
nostic test.!°° However, ERCP should be performed if there is a 
high index of suspicion and if MRC is negative or equivocal.!!® 


Fig. 68.3 A, Reconstructed 
MRCP images in a patient with 
PSC. The intrahepatic biliary 
radicles are diffusely abnormal 
and characterized by pruning and 
a beaded appearance. There is 

a dominant stricture at the level 

of the distal bile duct (arrows) 
indicated by a signal void on MRI. 
B, A percutaneous cholangiogram 
in the same patient. Note the high- 
grade, dominant, distal bile duct 
stenosis (arrows) with a markedly 
enlarged gallbladder, suggest- 

ing that the stricture involves the 
insertion of the cystic duct. Similar 
findings could be seen in a patient 
with a distal cholangiocarcinoma. 


In addition, ERCP has the potential for advanced diagnostic and 
therapeutic interventions, including brush cytology, intraductal 
biopsy and US, cholangioscopy, and confocal endomicroscopy for 
the diagnosis of cholangiocarcinoma, as well as balloon or cathe- 
ter dilation of strictures, biliary stent placement, sphincterotomy, 
and stone removal. Percutaneous THC may also yield diagnostic 
images and allow therapeutic intervention but requires percuta- 
neous puncture and may be technically difficult if the intrahepatic 
bile ducts are not sufficiently dilated (see Chapter 70). 

Patients with IBD and a cholestatic pattern of liver biochemi- 
cal test elevations should undergo imaging of the hepatobiliary 
system by MRC due to the relatively high pretest probability 
of PSC (see Chapters 21 and 73). US or CT may be useful for 
planning further diagnostic and therapeutic strategies in selected 
patients, but they are insufficient for a diagnosis of PSC. If the 
MRC is of good quality and nondiagnostic, then liver biopsy to 
diagnose small-duct PSC, or another liver disease should be con- 
sidered. ERCP should be used in patients in whom the diagnosis 
remains uncertain, there is concern for malignancy, or therapeu- 
tic dilation of a stricture is anticipated (Fig. 68.4). 


Differential Diagnosis 


In a patient with IBD and a cholangiogram characteristic of 
sclerosing cholangitis, the diagnosis of PSC can be made with 
confidence. However, secondary causes of sclerosing cholangitis 
must be excluded, especially in the absence of IBD (Table 68.4). 
Although differences between the features of primary and SSC 
have been described, they are not sufficiently specific to make an 
accurate diagnosis (see Table 68.1).!!® 

Choledocholithiasis and cholangiocarcinoma may both 
develop in conjunction with, or independent of, PSC. In the 
presence of extensive choledocholithiasis or diffuse cholangiocar- 
cinoma, identifying underlying PSC may be difficult. Cholangio- 
graphic findings in patients with cirrhosis from causes other than 
PSC may at times be mistaken for PSC; however, cholangiog- 
raphy in cirrhotic patients without PSC typically shows diffuse 
intrahepatic attenuation of bile ducts without the ductal irregu- 
larity or stricturing seen in patients with PSC. 
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Cholestasis 
Negative AMA 
Nondiagnostic US 


MRCP 


Nondiagnostic 


Diagnostic 


Diagnostic 


Nondiagnostic 
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Nondiagnostic 
Diagnostic 


Small-duct PSC 


Fig. 68.4 Diagnostic algorithm for PSC. Patients typically present with 
cholestasis. Common causes of cholestasis can be excluded by US. 
The absence of AMA generally excludes PBC. In the absence of sec- 
ondary causes of sclerosing cholangitis, an MRCP may be diagnostic 
of PSC. If the MRCP is nondiagnostic, then ERCP and/or liver biopsy 
should be performed to confirm the diagnosis of PSC and exclude 
other causes of cholestasis such as AMA-negative PBC. 


PBC isa chronic cholestatic condition that shares some clinical 
features with PSC (see Chapter 91); however, PBC predominantly 
affects middle-aged women, has no association with IBD, and is 
associated strongly with high titers of AMA. Although liver his- 
tologic findings in the 2 disorders may overlap (see earlier),'** the 
distinction between the 2 is readily apparent on cholangiography. 
Patients with advanced PBC may demonstrate smooth tapering 
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TABLE 68.4 Cholangiographic Features in PSC and SSC 


Disease Features 


Acute bacterial Multifocal intrahepatic and extrahepatic bile 


cholangitis duct strictures, slight biliary dilatation, 
diverticular outpouchings, “pruned tree” 
appearance 
AIDS-related Multiple intrahepatic bile duct strictures, 
cholangiopathy stones, biliary abscesses 


Caustic cholangitis 
(e.g., FUDR) 


Proximal intrahepatic bile duct strictures, 
bile duct necrosis, biliomas, abscesses, 
biliary cast 


IgG4-related sclerosing 
cholangitis 


Localized intrahepatic bile duct strictures, 
irregularities of bile duct wall 


Ischemic cholangiopathy Stricture of the distal bile duct, papillitis, 


acalculous cholecystitis 


Portal biliopathy Multifocal central bile duct strictures, bile 
duct wall thickening with visible lumen, 
pancreatic abnormalities compatible with 


autoimmune pancreatitis 


PSC Central and extrahepatic bile duct 


irregularities 


FUDR, floxuridine; IgG4, immunoglobulin G4. 


and narrowing of the intrahepatic bile ducts, but ductal irregu- 
larity or strictures are not seen and extrahepatic biliary strictures 
do not occur. AMA-negative PBC may be difficult to distinguish 
from small-duct PSC because serologic profiles and cholangio- 
graphic findings may overlap, but the demographic and histologic 
features of the 2 disorders are distinct. Furthermore, the pres- 
ence of PBC-specific ANA, such as anti-gp210 and anti-sp100, 
may help diagnose AMA-negative PBC (see Chapter 91).'%° 
IgG4-sclerosing cholangitis, also known as IgG4-related cholangi- 
tis, and sometimes seen with autoimmune pancreatitis, should also 
be excluded (see later).!°’ 


Natural History and Prognostic Models 


PSC is a heterogeneous disease, with multiple clinically recog- 
nized phenotypes, that progresses at variable rates toward one or 
many of possible outcomes. The disease may be considered to 
progress through the following 4 clinical phases, although some 
phases may not develop or be apparent in an individual patient: 


1. Subclinical phase: Patients may have cholangiographic evidence 
of PSC but normal serum liver biochemical values and no 
symptoms. These patients are typically identified as a result 
of incidental findings on imaging studies or through screening 
of individuals with long-standing IBD.!°7:!5* Follow-up MRI 
evaluation suggests that this form of subclinical PSC progress- 
es very slowly, if at all. 

2. Asymptomatic phase: Patients remain asymptomatic but have 
biochemical abnormalities, typically elevation of serum alka- 
line phosphatase levels with variable elevations of serum bili- 
rubin and aminotransferase levels. 

3. Symptomatic phase: Symptoms of cholestasis or liver injury, or 
both, develop. Pruritus, fatigue, symptoms of cholangitis, and 
jaundice may occur, often in combination. 

4. Decompensated cirrhosis: The final phase is characterized by 
worsening symptoms and complications of end-stage liver dis- 
ease, such as ascites, encephalopathy, and variceal bleeding. 


This model of disease progression provides a useful frame- 
work for understanding the variability of the natural history in 
studies of patients with PSC. 


Asymptomatic PSC 


Asymptomatic patients with PSC make up 15% to 44% of 
cohorts examined in published studies.!°’:!°° Some reports have 
suggested that asymptomatic patients typically have a benign 
course of disease. In a cohort of 305 Swedish patients with PSC, 
of whom 44% were asymptomatic at presentation, only 22% 
developed symptoms during a median follow-up period of 69 
months.!°? Median survival for the whole group was 12 years 
and significantly better for patients who were asymptomatic 
compared with those who were symptomatic at presentation. By 
contrast, Porayko and colleagues!” followed 45 asymptomatic 
patients with PSC for a median of 6.25 years, and during the 
surveillance period, liver failure, resulting in LT or death, devel- 
oped in 13 (31%). Overall, symptoms developed in 24 (53%), 
and progressive liver disease, demonstrated by new symptoms or 
signs, worsening cholangiographic findings, or progressive liver 
histologic abnormalities, developed in 34 (76%) patients. The 
Kaplan-Meier estimate of median survival free of liver failure in 
this study was 71% at 7 years for the asymptomatic patients, sig- 
nificantly lower than the 96% expected on the basis of an age-, 
sex-, and race-matched USA control population. Differences in 
the rates of progression between these studies may be the result 
of differences in patient populations, possibly due to referral bias, 
the definition of “asymptomatic,” and the duration of clinical 
follow-up. 


Symptomatic PSC 


The prognosis of patients with symptoms at the time of diag- 
nosis is generally worse than that of asymptomatic patients.!°° 
The clinical stage is more likely to be advanced at the time 
of diagnosis in symptomatic patients, who have more severe 
biochemical derangements, more abnormalities on cholangi- 
ography, and a higher histologic stage on liver biopsy speci- 
mens than asymptomatic patients. Farrant and colleagues!®! 
described the natural history of PSC in 126 patients, of whom 
84% were symptomatic. After a median follow-up of 5.8 years, 
the estimated median survival was 12 years. Similar findings 
were reported in a large Swedish study; patients who were 
symptomatic at the time of entry into the study had a signifi- 
cantly worse-than-expected survival (9.3 years) than asymptom- 
atic patients. !0? 


Overall Prognosis 


The estimated overall prognosis of PSC has changed over time. 
Whether this is due to a change in the behavior of the disease, 
diagnosis of milder cases, or more representative sampling of 
patients is not clear. For example, a study of 174 patients with 
PSC in the Netherlands!*? suggested a better overall progno- 
sis, with a median expected survival of 18 years compared with 
prior studies. The reason for improved survival in this study 
is not known, but patient data were predominantly from the 
1990s, compared with data from the 1970s and 1980s in the 
other studies described earlier. Although therapeutic advances 
were not dramatic in the interim, earlier diagnosis in the 1990s 
may have led to differences in patient selection that appeared 
to affect outcomes. In agreement with this study, a large pop- 
ulation-based study from the Netherlands that included 590 
patients estimated median transplant-free survival time to be 
21.2 years in nontransplant centers compared with 13.2 years 
among patients followed at transplant centers, suggesting a 
strong influence of referral bias.t Consistent with these findings 
is a median transplant-free survival of 14.5 years reported in 
the large International PSC Study Group registry of over 7000 
patients, including those diagnosed several decades earlier and 
all from specialized centers.*> By contrast, a patient-reported 
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TABLE 68.5 Independent Predictors of Survival and Prognostic Index Formulas Used in Natural History Models of PSC 


Amsterdam-Oxford 


Mayo Clinic Model’ King’s College Model!’ Multicenter Model®4® Revised Mayo Model*? Model'® 
PREDICTORS OF SURVIVAL 
Age Age Age Age Age 
Bilirubin Hepatomegaly Bilirubin Bilirubin Bilirubin 
Histologic stage Histologic stage Histologic stage Albumin Albumin 
Hgb Splenomegaly Splenomegaly AST AST 
IBD Alkaline phosphatase Variceal bleeding Alkaline phosphatase 
Platelets 
PSC subtype 
PROGNOSTIC INDEX FORMULA* 
R=0.06 x age + 0.85 x R = 1.81 x hepatomegaly R = 0.535 x log,(bilirubin) + R = 0.03 x age + 0.54 x PI = 0.323 x PSC subtype + 


loge(min[bilirubin or 10]) + 
4.39 x loge(min[Hgb or 12]) 
+ 0.51 x histologic stage + 
1.59 x indicator for IBD 


COMMENTS 
3 risk groups identified: low, — 
intermediate, and high 


+ 0.88 x splenomegaly 

+ 2.66 x log(alk phos) + 
0.58 x histologic stage 

+ 0.04 x age 


patients 


0.486 x histologic stage 
+ 0.041 x age + 0.705 x 
splenomegaly 


Based on data from 426 


log,(bilirubin) + 0.54 x 0.018 x age at diagnosis 

log.(AST) + 1.24 x variceal -2.485 x albumin + 2.451 x 

bleeding — 0.84 x albumin platelets + 0.347 x AST 
+ 0.337 x total bilirubin 


Based on data from 529 
patients, from 5 centers; 
does not require liver biopsy 


Based on 692 patients 


*Age expressed in years; albumin in g/dL; alkaline phosphatase in U/L; AST in U/L; bilirubin in mg/dL; Hgb in g/dL. Values for IBD, hepatomegaly, 
splenomegaly, and variceal bleeding are 1 if present and 0 if absent. PSC subtype is 1 if large-duct and O if small-duct. 
Alk phos, Alkaline phosphatase; min, minimum of; P/, prognostic index; R, risk score. 


registry of just over 800 patients estimated the median trans- 
plant-free survival to be 21 years.’ 

In general, older age at the time of diagnosis, male gender, 
large-duct PSC (as opposed to small-duct disease), and co-exist- 
ing UC (in contrast to Crohn disease or no IBD) are associated 
with an increased likelihood of death or LT.” In addition, a 
growing body of evidence suggests a role for the serum alkaline 
phosphatase level as a prognostic marker in PSC. Several studies 
indicate that patients in whom the serum alkaline phosphatase 
level remains persistently normal or at least less than 1.5 times 
the upper limit of normal are less likely to reach a clinically rele- 
vant end point, including liver decompensation, LT, liver-related 
death, and even cholangiocarcinoma. 160-164 


Small-Duct PSC 


Three studies initially examined the extended clinical follow- 
up in patients with small-duct PSC. A combined cohort of 83 
patients was compared with 157 age-and gender-matched con- 
trols with large-duct PSC.’ Twenty-two percent of patients with 
small-duct PSC progressed to large-duct disease over a median 
period of 7.4 years. Twenty patients with large-duct PSC devel- 
oped cholangiocarcinoma, but the only case of this malignancy 
among patients with small-duct PSC was noted after the subject 
had progressed to large-duct PSC. In addition, patients with 
small-duct disease had a longer mean transplant-free survival 
(13 vs. 10 years). Therefore in some cases, small-duct PSC may 
represent an early stage of PSC and progress to large-duct PSC, 
but it does not seem to be associated with cholangiocarcinoma. 
Small-duct PSC is associated with better long-term survival than 
classic PSC. 


PSC in Children 


PSC has a progressive course in children as well. In a large 
international study that included 781 children with PSC from 
36 institutions, the median age at diagnosis was 12 years; 39% 
were female, and 76% had co-existing IBD.!°? Large-duct 


PSC was present in 87% and associated with ATH in one-third 
of the patients. Complications of portal hypertension were 
present in 5% of patients at the time of diagnosis of PSC and 
in 38% after 10 years. Transplant-free survival was 88% at 5 
years and 70% at 10 years. Interestingly, eight children devel- 
oped cholangiocarcinoma at a median of 6 years after their 
diagnosis. 


Prognostic Models 


Natural history studies have provided insight into the specific 
clinical, biochemical, and histologic features of PSC that may 
influence prognosis. Although early studies described individual 
factors that were associated with poor survival in PSC, subsequent 
studies used multivariate regression analysis techniques, such as 
Cox proportional hazards analysis, to develop more sophisticated 
mathematical models to predict survival. The first model was pre- 
sented in 1989 by Wiesner and colleagues,!”° and was based on 
age, serum bilirubin level, hemoglobin value, presence or absence 
of IBD, and histologic stage. With this model, 3 risk groups (low, 
intermediate, high) were identified, and predicted survival curves 
were shown to be similar to observed survival curves. Since then, 
other models have been developed, and the original Mayo Clinic 
model was revised, as detailed in Table 68.5. More recently, the 
Amsterdam-Oxford model was developed based on 692 patients 
with PSC.!° This model uses 7 variables—the PSC subtype, age 
at diagnosis, serum albumin, platelet count, and AST, alkaline 
phosphatase, and bilirubin levels—within the first few years after 
diagnosis to predict long-term transplant-free survival. 

The Child-Pugh classification may also be used to predict 
survival in patients with PSC (see Chapter 92). Shetty and col- 
leagues!©° found that Kaplan-Meier 7-year survival rates for 
patients with Child-Pugh class A, B, and C cirrhosis caused by 
PSC were 89.8%, 68%, and 24.9%, respectively. Subsequent 
evaluation, however, suggested that the Child-Pugh classification 
is less accurate than the revised Mayo risk model, especially for 
patients with early-stage PSC.!67 


1088 PART VII Biliary Tract 


A validated prognostic model taking into consideration the 
cholangiographic aspects of PSC is lacking. In 2002, Ponsioen 
and colleagues incorporated the Amsterdam cholangiography 
staging system, based on the type and severity of intrahepatic and 
extrahepatic involvement on ERCP, into a model to calculate a 
prognostic index.!°* The cholangiographic staging was correlated 
inversely with survival, confirming the prognostic value for chol- 
angiographic findings. More recently, a French group described 
the radiologic course of PSC by 3-dimensional MRI with MRCP 
and created a scoring system to predict the course of the dis- 
ease! l’; variables associated with disease progression were dilata- 
tion of the intrahepatic bile ducts, hepatic dysmorphy, and portal 
hypertension if MRI was performed without gadolinium and 
hepatic dysmorphy and parenchymal enhancement heterogeneity 
if gadolinium was used. However, high interobserver variability 
complicates the interpretation of ERCP and MRCP findings and 
makes actual scoring of each variable difficult. 

Despite the cumbersome nature of the mathematical formulas 
used in the various natural history models, these models can be 
useful in the clinical care of patients with PSC. They may facili- 
tate selection for and timing of LT by comparing predicted sur- 
vival with readily available post-LT survival rates. The availability 
of multiple models with differing prognostic variables, however, 
may be confusing in clinical practice. The models also may not 
account for other clinical events, such as the development of 
cholangiocarcinoma or variceal bleeding, that may affect prog- 
nosis in patients with PSC. Further refinement of these prognos- 
tic models, including consensus on the use of specific prognostic 
variables, may ultimately clarify their role in clinical practice. 


Complications 
Cholestasis 


The complications associated with all causes of chronic cho- 
lestasis may develop in patients with PSC (see also Chapters 21 
and 91). Pruritus is one of the most common symptoms of PSC 
and may adversely affect a patient’s quality of life.™!6°-172 Severe 
excoriations and debilitating symptoms may develop. The patho- 
genesis of pruritus in chronic cholestasis is poorly understood, 
and response to therapy is inconsistent (see Chapter 91). The 
accumulation of bile acids in the plasma and tissue of cholestatic 
patients has been cited as a potential cause of pruritus, and the 
pruritus of cholestasis has typically been treated with oral admin- 
istration of bile-acid binding resins such as cholestyramine. Not 
all patients with elevated serum bile acid levels itch, however, and 
there is no correlation between the degree of bile acid elevation 
and the intensity of itching. In addition, pruritus is frequently 
intermittent, despite the relative stability of serum bile acid lev- 
els. Several lines of evidence suggest that cholestasis is associated 
with an increased level of endogenous opioids. In animal mod- 
els, cholestasis is associated with an increase in plasma levels of 
endogenous opioids.!’> In humans, cholestatic patients may expe- 
rience opiate withdrawal-like symptoms after the administration 
of an opioid antagonist. In addition, administration of naloxone 
and naltrexone, which have opioid antagonist properties, has 
been reported to relieve pruritus in cholestatic patients in small 
clinical trials.!74175 

Increased concentrations of serotonin, histamine, and proges- 
terone metabolites have also been implicated in the pathogenesis 
of pruritus, although the level of evidence is low. More recently, 
lysophosphatidic acid has emerged as an important neurotrans- 
mitter involved in the mediation of cholestatic itch. Activity of 
autotaxin, the enzyme that synthesizes lysophosphatidic acid 
from lysophosphatidylcholine, correlates with the presence and 
intensity of cholestatic itching as well as with effectiveness of 
therapeutic interventions for itching.!”° 


Nutritional deficiencies may complicate chronic cholestasis in 
patients with advanced PSC. Intestinal absorption of the fat-solu- 
ble vitamins A, D, E, and K is particularly affected and is thought 
to be related to decreased intestinal concentrations of conjugated 
bile acids, with one study reporting deficiencies of vitamins A, 
D, and E in 40%, 14%, and 2% of patients enrolled in a clinical 
trial and in 82%, 57%, and 43% of patients being evaluated for 
LT.” Concomitant diseases such as IBD, chronic pancreatitis, 
and celiac disease may also contribute to intestinal malabsorp- 
tion. Clinical consequences include night blindness (vitamin A 
deficiency) and coagulopathy (vitamin K deficiency). 

The importance of metabolic bone disease, also referred to 
as hepatic osteodystrophy, is often underrecognized in patients with 
PSC. Two forms of metabolic bone disease may develop: osteo- 
malacia and osteoporosis. With improvements in nutritional 
management, osteomalacia (decreased bone mineralization) is 
now relatively rare, and most bone disease in cholestatic patients 
is osteoporosis. Bone mineral density is significantly lower in 
patients with PSC than in age- and sex-matched controls.!7*; one- 
third of patients with PSC have bone mineral density below 1.0 
standard deviation in the hip or spine, with a relatively high rate 
of nonvertebral fragility fractures (18%).!7? The pathogenesis of 
bone density loss in PSC and other chronic cholestatic liver dis- 
eases is unknown. Intestinal malabsorption of vitamin D is prob- 
ably not the primary abnormality, because serum vitamin D levels 
are often normal and vitamin D repletion does not usually have a 
major impact on the severity of osteoporosis. Longstanding con- 
comitant IBD is an independent risk factor for osteoporosis in 
this population, and the use of glucocorticoids may play a role in 
exacerbating bone loss. 


Biliary Stones 


Cholelithiasis and choledocholithiasis are more common in 
patients with PSC than in the general population. Gallstones, 
often pigmented calcium bilirubinate stones, are found in approx- 
imately 25% of patients with PSC (see Chapter 65).!?! Biliary 
strictures may predispose to bile stasis and intraductal sludge 
and stone formation. US has only an intermediate sensitivity 
for detecting intraductal stones. Therefore patients with PSC 
and worsening cholestasis or jaundice should undergo diagnos- 
tic ERCP (with the anticipation of a therapeutic intervention) to 
distinguish biliary stone disease from the development of a domi- 
nant stricture or cholangiocarcinoma. 


Cholangiocarcinoma 


Cholangiocarcinoma is a feared complication of PSC arising 
from bile duct epithelium (see Chapter 69). PSC is a premalig- 
nant condition of the biliary tract, analogous to the relationship 
between UC and carcinoma of the colon. The lifetime risk of 
developing cholangiocarcinoma in patients with PSC ranges 
between 5% and 20% with the greatest risk in the first year fol- 
lowing the diagnosis of PSC, followed by a 0.5% to 1.5% annual 
frequency.*73:180,181 Tumors are most commonly found in the 
common hepatic duct and perihilar region but may involve only 
the bile duct, intrahepatic ducts, and cystic duct. Since the intro- 
duction of LT, cholangiocarcinoma has become the leading cause 
of death in patients with PSC. Risk factors for the development 
of cholangiocarcinoma in patients with PSC include older age, 
male sex, large-duct PSC, and UC, whereas small-duct PSC and 
Crohn disease or absence of IBD appear to be protective.??.!8°-!83 
Serum alkaline phosphatase levels at or near normal may also be 
protective against the development of cholangiocarcinoma.!*+!®> 

The pathogenesis of cholangiocarcinoma in PSC is poorly 
understood. Although cholangiocarcinoma may complicate any 
stage of the disease, chronic inflammation is thought to predis- 
pose to epithelial dysplasia and an increased risk of malignant 


transformation. A role for proinflammatory cytokines in stimu- 
lating oxidative DNA damage and inactivation of DNA repair 
processes has been postulated. 

Biliary malignancy should be suspected when a patient with 
PSC exhibits clinical deterioration with worsening jaundice, 
weight loss, or abdominal pain; however, a benign dominant 


Fig. 68.5 Cholangiographic progression of cholangiocarcinoma 
complicating PSC. This 43-year-old man with a history of mild UC for 3 
years presented with pruritus and an elevated serum alkaline phospha- 
tase level. A, Initial ERCP showed mild, diffuse changes compatible 
with uncomplicated PSC. Several short, annular strictures and cholan- 
giectasias are present in the intrahepatic ducts (arrows), with a single, 
short, annular stricture of the bile duct. The cystic duct is not filled. B, A 
second ERCP was performed 7 months later after progressive jaundice 
and weight loss developed rapidly. Now a 2-cm mass is projecting into, 
and obstructing, the common hepatic duct (arrows). A catheter has 
been passed beyond the obstructing mass. There is marked dilatation 
of the left main duct proximal to the obstruction; the right main duct is 
completely occluded. 


CHAPTER 68 Primary and Secondary Sclerosing Cholangitis 1089 


stricture without cholangiocarcinoma may present identically. 
The diagnosis of cholangiocarcinoma presents a particular chal- 
lenge in patients with PSC. A malignant biliary stricture may be 
indistinguishable from the underlying PSC on cholangiogram 
(Fig. 68.5). Because of the tendency of cholangiocarcinoma to 
grow in sheets as opposed to a discrete mass, cross-sectional 
imaging with CT or MRI has low sensitivity for detection of 
cholangiocarcinoma. 

Carbohydrate antigen 19-9 (CA19-9) has been the most 
extensively tested potential serum marker for cholangiocar- 
cinoma. CA19-9 is a glycolipid expressed by many different 
cancers, and serum levels can be increased during cholestasis. 
Although an optimal cut-off value of 129 U/mL demonstrated 
sensitivity of 78% and specificity of 98% in one study, another 
study using a cut-off of 20 U/mL demonstrated a sensitivity of 
78% and specificity of 67%. In addition, CA19-9 requires Lewis 
blood group antigen expression, which 5% to 10% of the popula- 
tion lack. Further, variants of the fucosyltransferases genes FUT2 
and FUT3 affect serum levels of CA 19-9. Adjusting for these 
genotypes with different cut-off values may improve the sensitiv- 
ity of CA19-9.186 

Obtaining an adequate tissue sample presents a particular chal- 
lenge in the diagnosis of cholangiocarcinoma. Brush cytology by 
ERCP is highly specific for the diagnosis of cholangiocarcinoma; 
however, the sensitivity of this approach is less than 60%.!87-188 
The introduction of intraductal biopsies was expected to increase 
the detection of biliary malignancies, but this expectation has not 
been substantiated. Early studies suggested that combining brush 
cytology and biopsy increased the sensitivity for the identification 
of malignancy to 70%.!*° The sensitivity of cytologic examina- 
tion may be increased by the use of specialized techniques such as 
fluorescent in situ hybridization, or FISH, to identify aneusomy, 
an equivalent of aneuploidy.!”°.!°! The presence of an increased 
number of copies of chromosomes 3, 7, or 17 and/or deletion 
of 9p21 increases the sensitivity of cytology to 89%,!°? which 
may be improved with a specific set of pancreatobiliary FISH 
probes.!?? An approach that includes cytology, biopsy, and FISH 
was reported to have an overall sensitivity of 82%, specificity of 
100%, positive predictive value of 100%, and negative predictive 
value of 87%.!°+ Other modalities including EUS, intraductal 
US, and cholangioscopy may improve the diagnostic accuracy of 
tissue sampling (see Chapter 69). 

The development of cholangiocarcinoma is an ominous sign, 
with a median survival of 5 months after diagnosis.!°>!°° Due to 
the high rate of recurrence of cholangiocarcinoma after LT, few 
patients with cholangiocarcinoma are considered candidates to LT 
(see Chapter 69). In addition, up to 10% of patients with PSC who 
undergo LT may be found to have an occult cholangiocarcinoma.!”° 

Screening for cholangiocarcinoma in patients with PSC 
remains controversial without strong evidence that survival is 
improved. Nevertheless, the incidence of cholangiocarcinoma in 
patients with PSC is high and the consequences are significant, and 
some guidelines have recommended annual screening with US or 
MRCP combined with measurement of serum CA 19-9 levels.!*¢ 

Patients with PSC are also at increased risk for the develop- 
ment of gallbladder cancer and, in patients with cirrhosis, HCC. 
Although prior estimates of the frequency of gallbladder cancer 
in PSC have been 3% to 14%,!%’ an analysis of over 7000 patients 
with PSC from an international consortium found the frequency 
of gallbladder cancer and HCC in patients with PSC to each be 
only 0.8%.” Still, professional societies in both North America 
and Europe have recommended annual screening for gallbladder 
cancer using US (see also Chapters 69 and 96).17°-176 


Colonic Neoplasia 


A growing body of evidence suggests that patients with concomi- 
tant PSC and UC are at significantly higher risk for developing 
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colonic neoplasia (dysplasia or carcinoma) than patients with 
UC alone.*!°° UC alone is known to be associated with an 
increased risk of colonic dysplasia and carcinoma (see Chapter 
116); the duration and extent of disease are the strongest associ- 
ated risk factors. In a population-based study of 590 cases of PSC 
in the Netherlands, the cumulative risk of high-grade dysplasia 
or colorectal cancer after 10, 20, and 30 years from the diag- 
nosis of PSC was 3%, 7%, and 13%, respectively. The risk of 
colorectal cancer in PSC patients with UC was increased 9-fold 
compared with an age- and gender-matched population and 
10-fold compared with UC controls.* Notably, colorectal cancer 
occurred at a younger age in PSC-IBD patients compared with 
patients with UC, and surveillance colonoscopy was associated 
with lower colorectal cancer-related mortality. In a large longi- 
tudinal collaborative study from the USA and the Netherlands, 
1911 patients with colonic IBD were evaluated for develop- 
ment of advanced colorectal neoplasia. Although the degree of 
inflammation and the rate of low-grade dysplasia did not differ 
between groups, patients with PSC-IBD had a 2-fold increased 
risk of developing advanced colorectal neoplasia compared with 
patients without PSC." In addition to PSC, increasing age and 
active colonic inflammation were independent risk factors for 
colorectal neoplasia. Additionally, the rate of development of 
advanced neoplasia following a diagnosis of low-grade dysplasia 
was 2.5 times higher in patients with PSC-IBD. Patients with 
PSC and UC are also more likely than patients with UC alone 
to have synchronous sites of dysplasia in the colon. A system- 
atic review including 14 surveillance studies of patients with UC 
and low-grade dysplasia confirmed that PSC, invisible dysplasia, 
distal location, and multifocal low-grade dysplasia are associated 
with dysplasia progression to colorectal cancer.??! PSC patients 
without IBD do not appear to be at increased risk of colorectal 
cancer.* 

The mechanisms by which PSC confers an added risk of 
colonic neoplasia are not well understood. A high colonic con- 
centration of secondary bile acids may play a role because patients 
with UC and colonic dysplasia or carcinoma have higher fecal 
bile acid concentrations than patients with UC who do not have 
dysplasia or carcinoma.” This theory is supported by the higher 
frequency of right-sided colon cancer in patients with UC and 
PSC than in those with UC alone. Remarkably, the composition 
of gut microbiota in patients with PSC-IBD differs significantly 
from that of patients with IBD alone, with decreased diversity 
of and enrichment in organisms from the Ruminococcus and 
Fusobacterium genera.ć66/71 Furthermore, unique correlations 
between gut microbiota and stool bile acids in patients with PSC- 
IBD are described. 

Increased colonic secondary bile acid concentrations may also 
explain the possible chemoprotective effect of UDCA against the 
development of colonic neoplasia. Two studies have reported that 
UDCA use is associated with a lower risk of colonic dysplasia or 
cancer in patients with UC and PSC? UDCA may confer 
protection against colonic neoplasia by reducing colonic concen- 
trations of secondary bile acids, as well as by affecting expression 
of protein kinase C isoforms, metabolism of arachidonic acid, and 
expression of COX-2.70°78 On the other hand, a nested cohort 
study of patients with PSC enrolled in a double-blind, placebo- 
controlled trial of high-dose UDCA found that patients treated 
with UDCA had a significantly higher risk of developing colorectal 
neoplasia than did those treated with placebo.*” Given these con- 
flicting data, UDCA is not currently recommended for chemopre- 
vention of colorectal neoplasia in patients with PSC and IBD.'”° 

Patients with PSC who have UC should undergo surveil- 
lance for the detection of colonic dysplasia or cancer every 
1 to 2 years,'*° beginning at the time of diagnosis of PSC. As 
in patients with UC alone, multiple mucosal biopsy specimens 
should be obtained (see Chapter 116). Although targeted biop- 
sies using chromoendoscopy increase the rate of detection of 


neoplasia, random biopsies detect an additional 20% of neoplas- 
tic sites and should be performed in association with chromoen- 
doscopy.?!° Surveillance should continue even after LT, because 
these patients remain at increased risk of colonic neoplasia.? 11-213 
Patients without known IBD should undergo a colonoscopy at 
the time PSC is diagnosed. In these patients, multiple biopsies 
should be obtained to exclude microscopic evidence of colitis. If 
biopsies are negative, a repeat colonoscopy may be considered at 
5-year intervals.” 14 


Peristomal Varices 


Varices at the stoma may develop in up to a quarter of PSC 
patients who have undergone proctocolectomy with ileostomy for 
IBD.?" These varices may bleed spontaneously, and the bleed- 
ing may be dramatic. Treatment modalities that may initially be 
effective in achieving hemostasis include injection sclerotherapy, 
coil embolization, surgical stomal revision, and TIPS placement 
(see Chapter 92).?!6-218 Nevertheless, recurrent bleeding is com- 
mon, and LT should be considered to relieve portal hypertension 
and treat the underlying liver disease. 


Treatment 


Except for LT, no specific therapy has proved effective for treating 
PSC. The objectives of management prior to liver decompensa- 
tion should be the treatment of complications, such as bacterial 
cholangitis and pruritus, prevention of osteoporosis and nutritional 
deficiencies, and early diagnosis of malignancies, including cholan- 
giocarcinoma, gallbladder cancer, and colon cancer. Once the liver 
disease is advanced, then evaluation for LT should be initiated. 


Medical Treatment of the Underlying Disease 


A wide variety of medications have been studied in patients with 
PSC with only a few randomized, placebo-controlled trials of sig- 
nificant size (Table 68.6). In addition, the defined study end points, 
whether clinical, biochemical, histologic, or a mathematical risk 
score, have varied greatly among published studies. Consensus 
on the surrogate end points that should be included in clinical 
trials has been established and should improve the likelihood 
of successful drug development.’!’?? Nevertheless, no current 
medical treatment has been shown to alter the natural course of 
PSC. 

UDCA has been the most extensively studied drug in patients 
with PSC through several controlled clinical trials.??!-’?? The 
mechanisms by which UDCA is thought to exert a beneficial effect 
in cholestatic conditions include protection of cholangiocytes 
against cytotoxic hydrophobic bile acids, stimulation of hepatobili- 
ary secretion, protection of hepatocytes against bile acid-induced 
apoptosis, and induction of antioxidants (see also Chapter 91).?29.730 
Although the majority of clinical trials have demonstrated improve- 
ment in serum liver biochemical test levels, none has demonstrated 
a survival benefit or delay in the requirement for LT. In addition, 
there have been no benefits to UDCA with regard to fatigue, pru- 
ritus, or development of cholangiocarcinoma. 

Because of the disappointing results with standard-dose 
UDCA, several groups studied the use of UDCA up to 30 mg/ 
kg daily, twice the dose recommended for PBC.?”>’?* A large 
study of 219 Scandinavian patients randomized to 17 mg/kg/ 
day to 23 mg/kg/day of UDCA or placebo for 5 years failed to 
show any difference in transplant-free survival. The investigators 
were unable to recruit the number needed to adequately power 
the study, and only 18 of 219 patients reached the end point over 
5 years, reflecting the inherent difficulty with PSC clinical tri- 
als. The results of a prospective, placebo-controlled random- 
ized trial of UDCA in a dose of 25 to 30 mg/kg/day for 6 years, 
however, demonstrated a higher risk of death, need for LT, and 


TABLE 68.6 Randomized Controlled Trials of Drug Therapy for PSC* 
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Drug Year N Treatment Duration of Trial Outcome Reference 
Colchicine 1995 84 Colchicine (1 mg) vs. placebo 36 mo No benefit in histology, liver 50 
biochemistries, or clinical 
outcomes 
UDCA 1997 105 UDCA (13-15 mg/kg/day) vs. 24 mo No benefit in time to treatment failure 145 
placebo (composite of death, LT, cirrhosis, 
histologic progression >2 stages, 
decompensated cirrhosis, liver 
biochemistries, or symptomatic 
progression) 
Improved liver biochemistry 
UDCA 2001 26 UDCA (20 mg/kg/day) vs. 24 mo Improved liver biochemistries, 138 
placebo reduced histologic and 
cholangiographic progression 
UDCA plus 2004 80 UDCA/metronidazole (600-800 36 mo Improved liver biochemistries, Mayo 150 
Metronidazole mg/day) vs. UDCA/placebo risk score (see Table 68.5), and 
histology, but not cholangiography 
UDCA 2005 219 UDCA (17-23 mg/kg/day) vs. 60 mo No benefit in transplant-free survival, 9°! 
placebo liver biochemistries, or quality of 
life 
UDCA 2008 3i UDCA (10 vs. 20 vs. 30 mg/kg/ 24 mo Improved liver biochemistries and isi 
day) Mayo risk score (high dose only) 
UDCA 2009 150 UDCA (28-30 mg/kg/day) vs. 60 mo No benefit, increased adverse events 146 
placebo 
Vancomycin or 2013 35 Vancomycin (125 or 250 mg 3 mo Improved liver biochemistries and 2 
Metronidazole daily) vs. metronidazole (250 Mayo risk score with lower 
vs. 500 mg 3 times daily) dose of metronidazole and with 
vancomycin 
nor-UDCA 2017 161 nor-UDCA (500 mg/day, 1000 12 wk Reduced alk phos levels (12.3%, to 235 


mg/day, or 1500 mg/day) vs. 
placebo 


26.0% reduction compared with 
1.2% increase with placebo) 


*Trials with more than 20 subjects. 
Alk phos, Alkaline phosphatase. 


development of varices in patients receiving high-dose UDCA 
compared with those receiving placebo.’*! Nevertheless, posthoc 
analyses of these studies have suggested that patients in whom 
liver biochemical test levels improve may obtain some clinical 
benefit,!©:!6* and withdrawal of UDCA has been associated with 
deterioration in serum biochemical liver test levels and the Mayo 
risk score (see earlier) in addition to increased pruritus.?*? 

Several newer bile acid—modulating agents have shown 
promising initial results in improving liver biochemical test lev- 
els. These have included mor-UDCA, a Cz; homolog of UDCA 
with potent choleretic activity??? that, in preclinical studies, 
showed significant anticholestatic, anti-inflammatory, and 
antiproliferative properties %4 with less toxicity than UDCA. 
In a multicenter phase 2 clinical trial in Europe, mor- UDCA 
improved serum alkaline phosphatase levels regardless of prior 
UDCA use.?*> Other therapies under study include receptor 
agonist, which regulate bile acid homeostasis and other meta- 
bolic processes. 

The immunologic basis of PSC would appear to make immu- 
nosuppressive therapy a reasonable treatment option. Gluco- 
corticoids, administered both orally and via nasobiliary lavage, 
have not shown a clear benefit in uncontrolled studies.?36:237 Oral 
budesonide has been evaluated in an uncontrolled pilot study in 
21 patients with PSC but was not effective and resulted in signifi- 
cant loss of bone mass.” In a small prospective, controlled trial 
of methotrexate, no biochemical, histologic, or cholangiographic 
differences between therapy with placebo were seen after 2 years 
of treatment.’** A study of tacrolimus demonstrated significant 


biochemical improvement after 1 year but no change in cholan- 
giographic or histologic severity.”*? Neither infliximab nor etan- 
ercept, both of which are TNF-a inhibitors, showed a benefit in 
patients with PSC.15?,740 

Antibiotics have been used with no clear benefit but remain 
under study. In 14 pediatric patients with PSC treated with oral 
vancomycin, all had improvement in liver biochemical test lev- 
els, especially those without cirrhosis.*#! The same investigators 
subsequently found that oral vancomycin improved liver histol- 
ogy and imaging finding, while increasing plasma levels of trans- 
forming growth factor-§ (TGF-B) and peripheral Tregs, thereby 
suggesting an immunomodulatory mechanism.’ In adults, oral 
vancomycin demonstrated a modest reduction in serum alkaline 
phosphatase levels over 12 weeks of treatment.’*’ Despite these 
promising results, the potential harm from indiscriminate altera- 
tions in gut flora, as illustrated by the Mdr2-null mouse raised 
in a germ-free environment, should temper enthusiasm for their 
widespread use.” 

Other approaches under study include antifibrotic medica- 
tions, but to date none has shown significant benefit. Combi- 
nation therapy targeting several pathways may be needed for 
effective therapy in PSC. Historically, combinations of various 
agents such as azathioprine, glucocorticoids, UDCA, and antibi- 
otics have been studied in a limited fashion.**475-!5° The results 
of these studies have been mixed, with some showing no benefit 
and others demonstrating histologic improvement in small num- 
bers of patients. Moreover, combination therapy increases the 
risk of adverse drug reactions. 


1092  PARTVIII Biliary Tract 


Medical Treatment of Complications 


An important component in the medical care of patients with 
PSC is the management of complications of the disease, includ- 
ing pruritus, nutritional deficiencies, and bacterial cholangitis. 
Pruritus should be managed as in other cholestatic conditions (see 
Chapter 91), including counseling on the exacerbating effects of 
heat and other stimuli on pruritus. Anion-exchange resins such as 
cholestyramine, colestipol hydrochloride, or colesevelam are con- 
sidered first-line therapy, although compliance is a problem due 
to their relative unpalatability, constipating effects, and interfer- 
ence with the absorption of other medications. Rifampin may be 
an effective and safe alternative for patients who do not respond 
to conservative measures and resins.**° Opiate antagonists such 
as naloxone and naltrexone have also been shown to be effective 
for cholestatic pruritus, although self-limited episodes of opioid 
withdrawal-like symptoms may occur.!7+!75.247.248 Selective sero- 
tonin reuptake inhibitors (SSRIs) have shown limited efficacy.’”” 
Patients who are unresponsive to these measures and who do 
not obtain relief from endoscopic or percutaneous drainage (see 
later) may need to be considered for plasmapheresis or nasobili- 
ary drainage. LT was considered for intractable pruritus in the 
past but is unlikely to be a viable option unless a suitable living 
donor is available. 

Patients with PSC should be screened for nutritional deficien- 
cies by measurement of fat-soluble vitamin levels and the INR. 
In most patients, vitamin supplements are given orally, but a par- 
enteral route may be necessary in patients with severe intestinal 
fat malabsorption. Along with vitamin D deficiency, osteopenia 
is frequent in patients with PSC, and the severity is unrelated 
to the severity of liver disease.” Therefore patients with PSC 
should be screened at diagnosis and every 2 to 3 years for min- 
eral bone deficiency. If osteopenia is detected, vitamin D (1000 
TU/day) and calcium (1 to 1.5 g/day) repletion should be started, 
whereas bisphosphonate therapy should be considered in those 
with osteoporosis. !*> Prolongation of the INR is more likely to be 
the result of advanced liver disease than of vitamin K deficiency, 
although a trial of oral vitamin K is warranted in patients with 
coagulopathy (see Chapter 94). 

Bacterial cholangitis is a frequent complication of PSC and 
occurs in approximately 10% of patients annually. In addition to 
the risk of spontaneous bacterial cholangitis, patients with PSC 
are at high risk of cholangitis following biliary instrumentation 
and should receive antibiotic prophylaxis following any biliary 
procedure, usually with a 5- to 7-day course of a fluoroquino- 
lone, cephalosporin, or a beta-lactamase inhibitor. There are no 
established criteria for the diagnosis of bacterial cholangitis in 
PSC; established criteria such as the Tokyo Guidelines for acute 
cholangitis (see Chapter 65) rely on abnormal liver biochemi- 
cal test levels and are not applicable in PSC. Bacterial cholan- 
gitis in patients with PSC can be indolent and the illness should 
be suspected in the presence of fever, leukocytosis, RUQ pain, 
or a worsening of liver biochemical test levels. Although some 
patients have recurring bouts of bacterial cholangitis that can 
be debilitating, bacterial cholangitis did not increase the risk 
of waitlist mortality in a multicenter study of patient with PSC 
listed for LT.2°! Patients with recurring cholangitis may benefit 
from long-term suppressive antibiotic prophylaxis with rotating 
courses of amoxicillin-clavulanic acid, ciprofloxacin, and/or trim- 
ethoprim/sulfamethoxazole every 3 to 4 weeks. 


Endoscopic Management 


In select patients, endoscopic therapy for PSC carries the poten- 
tial to relieve jaundice, pruritus, and abdominal pain; improve 
biochemical cholestasis; decrease the frequency of episodes of 
bacterial cholangitis; and improve bile flow. In theory, improved 
long-term biliary patency could slow the progression of the 


disease and prevent or delay biliary cirrhosis, but studies of endo- 
scopic intervention in patients with PSC have been small, ret- 
rospective, and uncontrolled. Therefore routine endoscopic 
therapy in PSC is not recommended. 

Patients who are most likely to benefit from endoscopic inter- 
vention are those with a known or suspected dominant stricture, 
defined as a stenotic area with diameter less than or equal to 1.5 
mm in the bile duct or less than or equal to 1 mm in the hepatic 
duct,?? particularly if they present with worsening jaundice or 
pruritus, cholangitis, or abdominal pain. Dominant strictures 
are associated with reduced transplant-free survival’? and mul- 
tiple studies have reported significant improvements in clinical, 
biochemical, and cholangiographic end points in patients with a 
dominant stricture treated with endoscopic therapy,”>+?>* usu- 
ally balloon dilation with or without temporary stent placement. 
Sphincterotomy is controversial because it can result in further 
sclerosis of the distal biliary tract and increase the risk of bac- 
terial cholangitis. Despite an increased risk of periprocedural 
bleeding, especially in cirrhotic patients, sphincterotomy may 
protect against post-ERCP pancreatitis in those who are likely to 
undergo multiple ERCPs with complex cannulation. 

Choledocholithiasis should be considered in patients with 
worsening cholestasis. In as many as 30% of the cases, small 
stones may be missed by ERCP and regarded as wall irregu- 
larities, consistent with PSC.*°? Use of direct cholangioscopy 
enables the detection of these stones and the use of lithotripsy, 
if needed. Direct visualization with cholangioscopy is also use- 
ful for the evaluation of dominant strictures and allows targeted 
biopsies, which improve overall diagnostic accuracy compared 
with ERCP.?° 

Placement of a biliary stent after balloon dilation appears to 
increase the risk of complications compared with balloon dilation 
alone.?6!:154 Professional society guidelines recommend avoiding 
routine placement of a stent for dominant biliary strictures in 
PSC, although short-term stenting (<2 weeks) may be required 
for tight strictures.!!*.!?° Importantly, patients with PSC should 
receive antibiotic prophylaxis prior to undergoing ERCP, with 
continuation of treatment for 3 to 5 days after the ERCP. 

Three studies have suggested that progression of the underly- 
ing disease process may be slowed by endoscopic therapy of a 
dominant stricture. Baluyut and colleagues*® performed gradu- 
ated and balloon dilation, with or without stent placement, in 63 
patients with PSC, with a median follow-up of 34 months, and 
observed a 5-year survival that was significantly better than the 
survival predicted by the revised Mayo risk score (see Table 68.5). 
Stiehl and colleagues*®? performed endoscopic balloon dilation 
and occasional stent placement in 52 patients with PSC in whom 
a dominant stricture developed while the patients were on ther- 
apy with UDCA. Actuarial survival free of LT at 3, 5, and 7 years 
was significantly better than that predicted from the multicenter 
model score (see Table 68.5). An extension of this study that 
included 96 patients suggested that there was an improvement 
in LT-free survival with dilation.*° Finally, a retrospective study 
by Gluck and colleagues*® reported that patients who underwent 
endoscopic therapy had a significantly higher survival rate than 
predicted by the revised Mayo model score at 3 and 4 years. 

Endoscopic therapy in PSC has important limitations, includ- 
ing increased risks of complications of ERCP, such as pancreati- 
tis, cholangitis, worsening cholestasis, and perforation, with an 
overall rate of 7.3% to 10%. Patients with diffuse intrahepatic 
biliary stricturing and no dominant stricture are less likely to 
derive benefit from endoscopic intervention and may be at higher 
risk of post-ERCP cholangitis.* If ERCP is performed in expert 
hands and only for specific indications such as worsening jaun- 
dice, pruritus, or cholangitis—that is, for the subgroup of patients 
who are most likely to benefit from therapy—the risks in patients 
unlikely to benefit will be minimized (see Chapter 70).?°° In light 
of the limitations of the studies suggesting a benefit and the risks 


of biliary manipulation in PSC, routine endoscopic intervention 
for stricture management remains controversial. 


Percutaneous Management 


Percutaneous THC with balloon dilation, stenting, or both, can 
also be undertaken to treat biliary strictures in patients with PSC. 
This approach is typically recommended only when endoscopic 
intervention is contraindicated or unsuccessful because of the 
added risks of bleeding and bile peritonitis, as well as patient dis- 
comfort associated with percutaneous intervention (see Chapter 
70). 


Surgical Management 


Biliary Surgery 

The role of biliary surgery in PSC has diminished considerably 
with improvements in endoscopic therapy and the advent of LT. 
Resections of a dominant stricture of the bile duct or near the 
hepatic bifurcation followed by hepaticojejunostomy or choledo- 
chojejunostomy have been the most commonly performed opera- 
tions.?67-26 Postoperative mortality is increased significantly in 
patients with PSC and cirrhosis. In addition, biliary surgery may 
complicate future LT. Currently, biliary surgery in patients with 
PSC is rarely indicated and should be reserved for the small sub- 
set of patients who have early-stage PSC and biliary strictures that 
are not amenable to endoscopic or percutaneous intervention. 


LT 

LT is the only therapy that has been shown conclusively to 
improve the natural history of PSC. In addition, quality of life 
improves after LT.*’°”7! As for other liver diseases, the proce- 
dure is recommended for patients with PSC in whom decompen- 
sated cirrhosis and complications of portal hypertension develop 
(see Chapter 97). Recurrent cholangitis, intractable pruritus, and 
early-stage perihilar cholangiocarcinoma are infrequent indica- 
tions for LT. The percentage of adult liver transplants performed 
for PSC in the USA has been stable, fluctuating between 4.0% 
and 4.8%, since 2005.7”? Although early studies suggested that 
patients undergoing LT for PSC should have a Roux-en-Y bile 
duct anastomosis, this dogma has been challenged. Several stud- 
ies now indicate that a duct-to-duct anastomosis is associated 
with lower rates of post-transplant cholangitis and late-onset 
nonanastomotic strictures compared with a Roux-en-Y anasto- 
mosis, while maintaining similar patient and graft survival rates 
(see Chapter 97).273-275 

Patient and graft survival after LT for PSC is excellent.27°?7* 
A large single-center experience demonstrated 1-, 5-, and 10-year 
actuarial patient survival rates of 93.7%, 86.4%, and 69.8%, 
respectively. Corresponding graft survival rates were 83.4%, 
79.0%, and 60.5%.?”° Overall survival rates after LT for PSC 
are significantly better than those for any other disease except 
PBC.*’°?°° Recipient factors that have been associated with a 
worse prognosis after LT for PSC are older age, decreased serum 
albumin level, renal failure, Child-Pugh class C cirrhosis, and 
advanced UNOS status.?”?78!5? 

The presence of cholangiocarcinoma has a major impact on 
the outcome after LT for PSC. Early studies demonstrated that 
even in cases in which cholangiocarcinoma was discovered inci- 
dentally in the explant, recipient survival was poor, with a 1-year 
survival rate of 30% in one series.?°? On the basis of such studies, 
cholangiocarcinoma was generally considered a contraindication 
to LT. Another report confirmed the poor post-LT outcome in 
patients with known cholangiocarcinoma but suggested a good 
survival rate for those who had a small cholangiocarcinoma found 
incidentally at the time of transplantation.’’> Subsequent stud- 
ies have demonstrated 1- and 5-year survival rates of 65% to 
82% and 35% to 42%, respectively, after LT in patients with 
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cholangiocarcinoma.***?*> A collaborative study that included 
data from 12 centers in the USA showed a 65% rate of recur- 
rence-free survival after 5 years when patients underwent external 
radiation, brachytherapy, radiosensitizing therapy, and/or che- 
motherapy prior to LT (see Chapter 69).*°° 

Biliary strictures commonly recur after LT for PSC and may 
represent recurrent PSC. In addition to recurrent PSC, potential 
causes of biliary strictures after LT include ABO blood group 
incompatibility, hepatic artery occlusion, chronic ductopenic 
graft rejection, Roux-en-Y-related cholangitis, and preserva- 
tion-related ischemia. The diagnosis of recurrent PSC has been 
proposed to be confined to those patients who have a consistent 
cholangiographic pattern and compatible liver histology showing 
fibrous cholangitis, fibro-obliterative lesions, biliary fibrosis, or 
biliary cirrhosis, and who lack other risk factors for biliary stric- 
tures, such as hepatic artery occlusion, ABO incompatibility, or 
ductopenic graft rejection, or who develop nonanastomotic stric- 
tures within 90 days of transplantation.’*’ With these stringent 
criteria, the frequency of recurrent PSC after LT ranges from 
5.7% to 59.1% after 2.6 to 9.1 years.777778788:78929029l Although 
multiple risk factors have been identified for the development 
of recurrent PSC, including active IBD prior to transplantation 
and use of tacrolimus-based immunosuppression, none has been 
universally confirmed. In addition, several studies suggest that 
colectomy before LT is associated with reduced rates of recur- 
rent PSC.?*°??%3 Unfortunately, no specific therapy has been 
shown to treat or prevent recurrent PSC effectively after LT, and 
a report from the United Kingdom demonstrated a substantial 
increase in the risk of graft failure or death among patients with 
recurrent PSC.” Following LT, up to one third of patients with 
PSC will develop progressive disease leading to death or the need 
for retransplantation. 

The effect of LT on the course of underlying IBD and risk 
of subsequent colonic neoplasia remains an area of investigation. 
The clinical course of IBD after LT has varied greatly among 
studies.277729+297 A study from Mayo Clinic of 151 patients 
with PSC-IBD and an intact colon at the time of transplanta- 
tion found that, despite transplant-related immunosuppression, 
37.1% required escalation of therapy for IBD, 57.6% had a stable 
course, and 5.3% improved during a median follow-up of 10 
years.””* In this study, use of tacrolimus-based immunosuppres- 
sion was associated with a worsening IBD course, whereas use 
of azathioprine was protective. Of 84 patients with PSC without 
IBD at the time of transplantation, 26.2% developed de novo 
IBD, and use of mycophenolate mophetil appeared to increase 
this risk. A large single-center study”? showed that LT was 
associated with an increased risk of colectomy, although other 
studies have refuted this finding. The risk of colorectal neopla- 
sia is generally agreed to be increased after LT in patients with 
UC,? 71477 although this finding has not been confirmed in all 
studies. Annual surveillance colonoscopy is recommended after 
LT for PSC in patients with UC. 


SECONDARY SCLEROSING CHOLANGITIS 


A number of diseases other than PSC may present with biliary 
features similar to those of PSC and are referred to collectively 
as SSC (see Table 68.1). Frequently, SSC is caused by ischemia 
or biliary injury after cholecystectomy or LT. With the initial 
introduction of laparoscopic cholecystectomy, the rate of iat- 
rogenic biliary injury rose from 0.1% to 0.2% for open chole- 
cystectomy to 0.8% to 1.4%. However, as the laparoscopic 
procedure has gained widespread use, biliary injury has occurred 
at rates similar to those for open cholecystectomy.*°! At one time, 
AIDS cholangiopathy was a common finding, occurring in up to 
26% of AIDS patients and usually seen only in patients with a 
CD4 count below 100/mm?, but it also has become rare as HIV 
treatment has improved. Cryptosporidium, Microsporidium, CMV, 
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and other organisms have been isolated from the bile of affected 
patients (see Chapter 35).307303304305 By contrast, the frequency 
of biliary strictures following LT appears to be increasing due 
to the increased risk associated with the use of marginal donors, 
deceased donors after cardiac death, and partial LT, including 
live-donor LT, with anastomotic strictures occurring in 5% to 
25% and nonanastomotic strictures in 10% to 15% of patients.>°° 

Other causes of SSC include a number of inflammatory con- 
ditions such as sarcoidosis, eosinophilic cholangitis, and IgG4- 
related sclerosing cholangitis.!*” Exposure of the bile ducts to 
toxins such as intra-arterial floxuridine*’’ and formaldehyde 
administered to treat a hydatid cyst, when the cyst communi- 
cates with the biliary tract,” can produce the cholangiographic 
appearance of SSC (see Table 68.4, and Chapters 84 and 88). 

Sarcoidosis frequently affects the liver and, in rare cases, 
has been reported to cause cholestasis and features resembling 
PSC.” Eosinophilic cholangitis is an extremely rare disorder 
characterized by a dense transmural infiltrate of eosinophils.*!° 
Mast cell infiltration of the bile ducts is common in a variety of 
disorders that cause SSC as well as in PSC and in a case report has 
been associated with systemic mastocytosis.*!! 

Toxins and vascular insults can also lead to SSC. In addi- 
tion to hepatic artery thrombosis after LT,*!? SSC in critically 
ill patients has been described following burns and sepsis and is 
believed to have a similar vascular basis.’ 1" Rare cases of impaired 
hepatic artery perfusion from polyarteritis nodosa have also been 
described.*'+ Extrinsic compression of the bile duct, portal bili- 
opathy, and portal cavernoma cholangiopathy associated with 
extrahepatic portal vein obstruction are not true examples of scle- 
rosing cholangitis but can have a similar appearance on imag- 
ing3! 


IgG4-Related Sclerosing Cholangitis 


IgG4-related sclerosing cholangitis, also known as IgG4- 
associated cholangitis or IgG4 sclerosing cholangitis, is a phe- 
notype of IgG4-related disease, which is characterized by a 
lymphoplasmacytic infiltrate of IgG4 plasma cells and eosino- 
phils along with obliterative phlebitis and storiform fibrosis.*!° 
The underlying pathogenesis of IgG4-sclerosing cholangitis is 
believed to be an antigen-driven immune response that drives B 
cells to produce IgG4 along with secretion of profibrotic cyto- 
kines by activated T cells.*!’ In one study, long-term exposure 
to solvents and industrial gases was linked to the development 
of IgG4-sclerosing cholangitis, suggesting that an environmental 
agent may lead to the development of a neoantigen that drives 
the immune response.*!* A type 2 helper T-cell (Th2) cytokine 
profile, including IL-4 and IL-13 as well as transforming growth 
factor-B and IL-10 production, has been proposed to be mediated 
by plasma cell-derived RANKL (receptor activator of nuclear 
factor kappa-B ligand)-activating myeloid-derived suppressor 
cells that in turn suppress T-cell proliferation and induce Th2 
differentiation.’ 1°20 

Patients with IgG4-related sclerosing cholangitis are usually 
over 60 years of age and predominantly male. Involvement of the 
pancreas or other organs, including sialadenitis is frequent, but 
there is no association with IBD. The prevalence and incidence 
of IgG4-sclerosing cholangitis are not known, but the disorder 
appears to be rare. 

The appearance of IgG4-related sclerosing cholangitis can 
be identical to that of PSC or suggest cholangiocarcinoma, lead- 
ing to missed diagnosis (see Table 68.4).!18321-323 The diagnosis 
of IgG-4 related sclerosing cholangitis should be considered in 
all cases of suspected PSC or cholangiocarcinoma, especially 
in older men without IBD, and should be based on histology, 
imaging, serology, other organ involvement, and response 
to glucocorticoid therapy, so-called HISORt criteria, which 
were originally developed for the diagnosis of autoimmune 


pancreatitis (see Chapter 59).3** Although serum IgG4 levels 
are elevated in approximately 10% of patients with PSC (a phe- 
nomenon that appears to be linked to specific HLA alleles),” 
the serum IgG4 level tends to be lower in patients with PSC 
than in those with IgG4-related sclerosing cholangitis, with lev- 
els greater than 4 times the upper limit of normal being 100% 
specific for IgG-4 related sclerosing cholangitis.**> Further, 
serum IgG4 levels are not elevated in up to 30% of cases of 
IgG4-related sclerosing cholangitis. Confidence in the diagno- 
sis of IgG4-related sclerosing cholangitis can be made if high 
numbers of IgG4-positive lymphocytes (>20 per high-powered 
field) are identified in pinch biopsies obtained from the major 
papilla or bile duct.!57326327 

The treatment of IgG4-sclerosing cholangitis is similar to 
that of autoimmune pancreatitis and includes glucocorticoids, to 
which more than 95% will respond.*?! However, relapse is fre- 
quent and often requires long-term maintenance therapy with 
azathioprine or other immunosuppressant. Development of cir- 
rhosis or cholangiocarcinoma is rare, and the long-term progno- 
sis is excellent. 


Recurrent Pyogenic Cholangitis 


Recurrent pyogenic cholangitis (RPC) is a form of SSC that was first 
described by Digby in 1930 and defined by Cook and colleagues 
as a syndrome characterized by recurrent bacterial cholangi- 
tis, intrahepatic pigment stones, and biliary strictures, possibly 
leading to chronic liver disease and cholangiocarcinoma.*?*>*? 
RPC has also been called “oriental cholangiohepatitis,” “Hong 
Kong disease,” “biliary obstruction syndrome of the Chinese,” 
and hepatolithiasis. Although the prevalence has been decreas- 
ing, RPC remains most common in Southeast Asia and can also 
be found in immigrants to Western countries. Men and women 
are affected equally, and rural residence and lower socioeconomic 
status appear to be risk factors,**°?*! suggesting that the changing 
epidemiology may be related to the adoption of a Western-style 
diet with a higher protein content; improved hygiene, and reduc- 
tion in disease burden related to Clonorchis sinensis and Ascaris 
lumbricoides, infections often cited as contributors to RPC (see 
Chapter 84). 

Infection with C. sinensis, Opisthorchis species, and A. lum- 
bricoides is endemic in the same geographic region where RPC 
is prevalent, suggesting an important role of these infections. 
However, patients with RPC do not appear to have an increased 
frequency of these infections compared with the general popu- 
lation, and approximately one half of patients with RPC demon- 
strate no evidence of infection.**”-*** Furthermore, some parts 
of Asia with a high prevalence of RPC have low or undetectable 
rates of infection with C. sinensis.>*> Bacterial infections have 
also been proposed as a cause of RPC, and portal bacteremia, 
possibly related to GI infection and bacterial translocation, has 
been associated with low socioeconomic status and malnutri- 
tion.*?! Diets low in saturated fat have been implicated due to 
the potential to reduce gallbladder contractility and promote 
stone formation. 


Clinical Features and Diagnosis 


Patients with RPC often present with symptoms of acute bacte- 
rial cholangitis, including fever, RUQ pain, and jaundice, also 
referred to as Charcot triad (see Chapter 65).°*° Patients may 
also present with abdominal pain or pancreatitis. Imaging find- 
ings in patients with RPC are characteristic, with the major- 
ity of patients (75% to 80%) having intrahepatic stones, with 
predominant involvement of the left hepatic duct (Fig. 68.6). 
Dilatation of the bile ducts is found almost universally. The 
central bile ducts are dilated disproportionately, with abrupt 
tapering and attenuation of more peripheral bile ducts within 


Fig. 68.6 CT in a patient with a history of recurrent pyogenic chol- 
angitis. Note the severe right-sided intrahepatic biliary dilatation with 
obvious intraductal calculi (arrow). 


the liver. The presence of bile duct calculi is usually associated 
with intrahepatic bile duct dilatation and downstream stric- 
tures.°°’ Direct cholangiography, whether performed by the 
percutaneous or endoscopic route, allows localization of intra- 
hepatic stones and strictures and placement of drains or extrac- 
tion of stones. In a comparison with direct cholangiography, 
MRCP identified all dilated bile ducts and 98% of focal duct 
strictures and intraductal stones; however, only 44% to 47% 
of segmental bile duct abnormalities were identified by direct 
cholangiography. Therefore MRCP is the preferred diagnostic 
test.°3° In 82 patients in whom cholangiocarcinoma was asso- 
ciated with RPC, cholangiocarcinoma tended to be located in 
atrophic segments associated with biliary calculi and was often 
accompanied by portal vein occlusion or narrowing.*?” 

Patients who present with an initial episode of cholangitis 
associated with intrahepatic stones and strictures should undergo 
evaluation for infection with Clonorchis and Opisthorchis spe- 
cies, particularly if the patient comes from or has traveled to 
an endemic area. The diagnosis of a parasitic infection is made 
by the identification of eggs in fecal specimens; concentrated 
stool may be required. Eggs are present in stool after 4 weeks 
of infection.” Duodenal or biliary fluid may also demonstrate 
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eggs or— intact worms. Peripheral eosinophilia may be present 
in cases of parasitic infection and may be associated with elevated 
serum IgE levels.**° 


Treatment 


Antibiotic therapy should be initiated promptly, once cultures of 
blood and bile (if accessible) have been obtained. In those with 
parasitic infection, treatment with an antihelminthic agent is 
indicated in patients with evidence of active parasitic infection 
(see also Chapter 84). 

In patients with evidence of cholangitis and dilated intra- and 
extra-hepatic bile ducts, ERCP is the preferred interventional 
procedure. ERCP with sphincterotomy, with or without place- 
ment of a nasobiliary drain or percutaneous biliary drainage, may 
be required to remove bile duct stones and traverse strictures (see 
Chapter 70). Several studies have reviewed the success of various 
nonoperative interventions for the initial management of patients 
with RPC presenting acutely. Sperling and colleagues**° com- 
pared outcomes in 41 patients with RPC based on whether they 
underwent therapeutic ERCP, hepatobiliary surgery, or no inter- 
vention. Symptoms recurred in 62% of patients who underwent 
only diagnostic ERCP but half as often in those treated with ther- 
apeutic ERCP or surgery. Therapeutic ERCP was particularly 
effective in patients with disease involving the extrahepatic bile 
ducts and was comparable in efficacy to surgery. Patients with 
disease involving both the right and left hepatic duct branches 
tend to undergo more imaging studies, percutaneous cholangio- 
grams, and endoscopic or surgical procedures.**! 

Hepaticojejunostomy has been a commonly used surgical pro- 
cedure for the treatment of intrahepatic stones in patients with 
RPC.** Laparoscopic biliary bypass surgery has been proposed 
as a technically feasible and effective option for patients with 
RPC343.344 


Prognosis and Complications 


The natural history of RPC has not been well documented. 
Recurrent cholangitis is common recurring in 25% at 3 years and 
37% at 5 years.*#> Secondary biliary cirrhosis may develop and 
require LT. Cholangiocarcinoma is associated with RPC with a 
cumulative frequency of 3% to 9% (see Chapter 69).346 
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Biliary malignancies comprise the vast majority of biliary neo- 
plasms and are divided into 3 categories: (1) carcinomas of the 
intra- and extrahepatic bile ducts (cholangiocarcinomas), (2) 
carcinoma of the gallbladder, and (3) carcinoma of the ampulla 
of Vater.! In the USA and other Western nations, biliary malig- 
nancies are rare. Cholangiocarcinomas are further classified into 
intrahepatic, perihilar, and distal cholangiocarcinoma on the basis 
of their anatomic location within the biliary treetract. In certain 
parts of the world, however, their prevalence rates are high, mak- 
ing them leading causes of cancer death in these regions. Biliary 
cancers are highly aggressive with dismal prognoses. 


CHOLANGIOCARCINOMA 


Cholangiocarcinoma is an epithelial carcinoma with differenti- 
ated features of biliary epithelium that arises from the intra- and 
extrahepatic biliary tract.’ It is the most common bile duct tumor 
and second most common primary hepatic malignancy (after 
HCC [see Chapter 96]). Since the 1970s, the incidence of chol- 
angiocarcinoma has increased worldwide.>° 

On the basis of their location within the biliary tract, chol- 
angiocarcinomas are divided into intrahepatic, perihilar, and 
distal subtypes. Each anatomic subtype has a distinct epidemi- 
ology, pathogenesis, risk factors, management, and prognosis.” 1 
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Intrahepatic cholangiocarcinomas arise within the liver paren- 
chyma and above the second-order bile ducts (see Chapter 62). 
Perihilar or hilar cholangiocarcinomas arise between second- 
order bile ducts and the insertion of the cystic duct. Distal chol- 
angiocarcinomas arise below the insertion of the cystic ductl 
(Fig. 69.1A).? Perihilar cholangiocarcinomas, also referred to as 
Klatskin tumors, are described clinically according to the Bismuth- 
Corlette classification as types I to IV (see Fig. 69.1B). Type I 
cholangiocarcinomas involve the common hepatic duct distal 
to the union of the right and left hepatic ducts; type II tumors 
involve the union of the right and left hepatic ducts; type IMa 
tumors involve the union of the right and left hepatic ducts and 
extend up the right hepatic duct; type Ib tumors involve the 
union of the right and left hepatic ducts and extend up the left 
hepatic duct; and type IV tumors are multifocal or involve the 
biliary confluence and extend up the right and left hepatic ducts. 
The natural course of cholangiocarcinoma is aggressive, with a 
median survival of less than 24 months following diagnosis.’ 


Epidemiology 


Cholangiocarcinoma is the most common biliary and the second 
most common primary hepatic malignancy.* It accounts for less 
than 2% of all malignancies but is the ninth most common GI 
malignancy. Hepatobiliary malignancies account for 13% and 
3% of overall cancer-related mortality in the world and in the 
USA, respectively; 10% to 20% of these deaths are caused by 
cholangiocarcinoma.’ 

Global incidence rates for cholangiocarcinoma are heteroge- 
neous. The highest incidence is observed in Southeast Asia, with 
age-adjusted incidence rates up to 113 per 100,000 population, 
and the lowest incidence is observed in Australia, with rates as low 
as 0.1 per 100,000 population.!°:!! In the USA, ethnic differences 
in the age-adjusted incidence of cholangiocarcinoma have been 
observed, with the highest rates observed in patients of Asian and 
Hispanic descent (3.3/100,000 and 2.8/100,000, respectively) and 
the lowest in African Americans (2.1/100,000).° The incidence of 
cholangiocarcinoma and age-adjusted mortality rates are higher 
for males than females. Worldwide, the average age at diagnosis 
is around 50 years.®10 In Western industrialized nations, most 
cases are diagnosed in patients over the age of 65 years, and chol- 
angiocarcinoma is uncommon before the age of 40 years, except 
in patients with PSC (see Chapter 68).°:!° 

The majority of cholangiocarcinomas are either perihilar 
(50% to 60%) or distal (20% to 30%) tumors, whereas intra- 
hepatic cholangiocarcinomas account for only approximately 
20% of all cholangiocarcinomas.'” Since the 1980s, an increase 
in the incidence of intrahepatic cholangiocarcinomas and a con- 
comitant decrease in the incidence of perihilar and distal chol- 
angiocarcinomas has been reported in multiple studies.'? These 
trends may, in part, be explained by misclassification of perihilar 
tumors as intrahepatic. According to the Surveillance, Epidemi- 
ology, and End Results database in the USA, the age-adjusted 
incidence rate for intrahepatic cholangiocarcinomas increased 
between 1990 and 2001, whereas the incidence rate for peri- 
hilar and distal cholangiocarcinomas decreased over this time 
period. The second edition of the International Classification of 
Disease for Oncology classified Klatskin tumors as intrahepatic. 
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Fig. 69.1 Classification of cholan- 
giocarcinoma. A, Anatomic clas- 
sification of intrahepatic, perihilar, 
and distal cholangiocarcinoma. 

B, Bismuth-Corlette classification 
of hilar cholangiocarcinoma as 
types | to IV. Tumor is depicted in 
yellow and normal bile ducts in 
green. (Modified from Blechacz 
BR, Komuta M, Roskams T, Gores 
GJ. Clinical diagnosis and stag- 
ing of cholangiocarcinoma. Nat 
Rev Gastroenterol Hepatol 2011; A 
8:512-22.) 
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In the third edition published in 2001, Klatskin tumors were 
reclassified as extrahepatic. 1 


Etiology 


In the majority of cases, the etiology of cholangiocarcinoma is 
unknown. Several risk factors have been identified (Box 69.1). 
These risk factors are characterized by their association with 
inflammation and cholestasis; however, studies exploring the 
association of risk factors with cholangiocarcinoma are frequently 
limited by inter- and intracontinental heterogeneity and inaccu- 
racies of cancer registries, such as classification of cholangiocarci- 
noma with other biliary malignancies and HCC. 


Established Risk Factors 


Although there are several known risk factors for cholangio- 
carcinoma, most cases are sporadic and occur in the absence 
of a known risk factor. PSC is one of the most common risk 
factors for cholangiocarcinoma (see Chapter 68); however, 
only 10% of cholangiocarcinomas are attributed to PSC. In 
patients with PSC, the annual incidence of cholangiocarci- 
noma is 0.6% to 1.5%, and the 30-year cumulative incidence 
is 20%.° A new diagnosis of PSC should heighten suspicion for 
cholangiocarcinoma; 27% to 37% of biliary tract cancers are 
detected within the first year of the diagnosis of PSC.° Other 
cholangiopathies have also been found to be risk factors for 
cholangiocarcinoma. Patients with Caroli disease and chole- 
dochal cysts, in particular types I and IV, have an up to 50-fold 
increased risk of cholangiocarcinoma, with lifetime incidence 
rates of 6% to 30% (see Chapter 62). Cyst excision reduces 
but does not eliminate the risk for the development of cholan- 
giocarcinoma.’ Hepatolithiasis with recurrent pyogenic chol- 
angitis carries a 10% risk of cholangiocarcinoma (see Chapter 
68).!* Recurrent bacterial cholangitis in the setting of a biliary- 
enteric drainage procedure has also been associated with the 
development of cholangiocarcinoma.!* Other risk factors for 
cholangiocarcinoma include biliary infections with Opisthorchis 
viverrini and Clonorchis sinensis, which are endemic in East Asia 
(see Chapter 84).!5 Carcinogens such as thorotrast (used as a 
radiologic contrast agent in the past) and dioxins have been 
associated with an increased risk of cholangiocarcinoma (see 
Chapter 89).!¢ 
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BOX 69.1 Risk Factors for Cholangiocarcinoma 


DEFINITE 


Caroli disease 

Choledochal cyst 
Hepatolithiasis 

Opisthorchis viverrini infection 
PSC 


Thorotrast 


PROBABLE 

Biliary-enteric drainage procedures 
Cirrhosis 

Clonorchis sinensis infection 
Heavy alcohol consumption 
Hepatitis C 

Toxins (dioxins, polyvinyl chloride) 


Possible Risk Factors 


The association between cholangiocarcinoma and IBD (UC 
or Crohn disease) is controversial and likely influenced by 
the presence and duration of PSC; therefore, it is unclear if 
the presence of IBD confers additional risk for cholangiocar- 
cinoma in patients with PSC.8 Association studies between 
cholangiocarcinoma and viral hepatitis have shown intercon- 
tinental inconsistencies. Intrahepatic cholangiocarcinoma has 
been associated with HCV and HBV infection and cirrhosis, 
whereas perihilar cholangiocarcinoma has been associated 
only with cirrhosis (see Chapter 96).6®!7 Obesity, diabetes 
mellitus, and NAFLD have been associated with an increased 
risk of cholangiocarcinoma, but the data are inconsistent.*:!® 
The incidence of these conditions has been increasing in 
Western industrialized nations, a trend that could account 
for the increasing incidence of intrahepatic cholangiocar- 
cinomas in these countries. Heavy alcohol consumption has 
been associated both with intrahepatic and with perihilar and 
distal cholangiocarcinoma and is thought to be a likely risk 
factor. 917;18 
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Pathology 


Cholangiocarcinoma is a paucicellular, highly desmoplastic 
tumor. Macroscopically, intrahepatic cholangiocarcinomas can 
have 3 subtypes: mass-forming, periductal-infiltrating, and intra- 
ductal growth type. The mass-forming type is the most common 
type of intrahepatic cholangiocarcinoma, accounting for more 
than 85% of cases.?°7! 

The mass-forming type tends to invade the hepatic paren- 
chyma, with invasion of the lymphatics at advanced stages, 
whereas the periductal-infiltrating type spreads along the Glisson 
sheath via the lymphatics.”! Macroscopically, perihilar cholangio- 
carcinomas have a periductal-infiltrating, nodular, or intraductal 
growth pattern, with the periductal-infiltrating subtype being the 
most common. Because perihilar cholangiocarcinomas have a 
tropism for bile, the initial growth pattern is typically periductal, 
and with tumor progression, a mass lesion is formed resulting in a 
mass-forming and periductal-infiltrating lesion.” Intraductal- 
papillary adenocarcinomas spread superficially along the biliary 
mucosa without deep invasion of the fibromuscular wall layers and 
have a better prognosis than nonpapillary cancers!°; metastases to 
regional and peripancreatic lymph nodes are frequently observed 
with this type. Histologically, 90% of cholangiocarcinomas are 
adenocarcinomas. Other histologic types include intestinal-type 
adenocarcinoma, clear cell adenocarcinoma, signet-ring cell car- 
cinoma, adenosquamous carcinoma, squamous cell carcinoma, 
and small cell carcinoma.** 


Pathogenesis 


The pathogenesis of cholangiocarcinoma is complex and likely 
related to inflammation in the microenvironment, environmental 
factors, and genetic aberrations of the tumor cells (both acquired 
and germline). Most available information relates to genetic aber- 
rations, including analysis of the transcriptome, copy number 
variations, DNA methylation, microRNA profiling, and somatic 
mutations.*>-*° The most comprehensive resource on genetic 
aberrations is The Cancer Genome Atlas integrated genomic analy- 
sis of cholangiocarcinomas that were predominantly intrahepatic, 
liver-fluke negative, and hepatitis virus negative.” Inactivating 
mutations in tumor suppressor genes including ARID1A, 
ARID 1B, BAP1, tumor protein p53 (7P53), and phosphatase and 
tensin homolog (PTEN) and gain-of-function mutations in the 
oncogenes isocitrate dehydrogenase (IDH) 1 and 2, BRAF, and 
KRAS were identified in these tumors.’® Discrete carcinogenic 
risk factors may impact the pattern of somatic aberrations in 
cholangiocarcinomas. For instance, liver fluke-related cholangio- 
carcinomas have a higher frequency of 7P53 mutations, whereas 
IDH1, IDH2, and BAP! mutations occur more frequently in non- 
liver fluke-related cholangiocarcinomas.”* 

The repertoire of genomic alterations in cholangiocarcinoma 
varies by anatomic subtype. The frequencies of molecular aber- 
rations in fibroblast growth factor receptor (FGFR) 1-3, IDH 1 
and 2, and BAP] are higher in intrahepatic cholangiocarcinoma, 
whereas the frequencies of mutations of ARIDIB, PBRM1, and 
protein kinase cyclic AMP-activated catalytic subunit alpha 
(PRKACA) and beta (PRKACB) are higher in distal and perihilar 
cholangiocarcinomas.*° Inactivating mutations in E74-like ETS 
transcription factor 3 (ELF3) occur preferentially in distal chol- 
angiocarcinoma (Table 69.1).?? 

Deregulation of FGF signaling with consequent carcinogenesis 
occurs in a spectrum of malignancies, including cholangiocarci- 
noma. Gene fusions of FGFR2, a receptor tyrosine kinase, result 
in its ligand-independent activation. FGFR2 gene fusions are pres- 
ent in 11% to 14% of intrahepatic cholangiocarcinomas.*°? The 
discovery of these gene fusions is notable because they are often 
targetable driver mutations. [DH mutations are relatively common 
genetic aberrations in cholangiocarcinoma that are observed in 


TABLE 69.1 Molecular Aberrations in Cholangiocarcinoma 


Cholangiocarcinoma 
Subtype 


Intrahepatic 


Molecular Aberration 


Fibroblast growth factor receptor (FGFR) 2 
gene fusions 

Isocitrate dehydrogenase (IDH) 1/2 mutations 

Mcl-1 amplification 

MET-hepatocyte growth factor (HGF) 
overexpression 

BAP1 inactivating mutations 

ARID1A inactivating mutations 

PTPNS activating mutations 

KRAS activating mutations 

PIK8CA activating mutations 


Perihilar HER2 amplifications 

ERBB2 genetic aberrations 

Protein kinase cyclic AMP-activated catalytic 
subunit alpha (PRKACA) and beta 
(PRKACB) gene fusions 

KRAS activating mutations 

PIK3CA activating mutations 


Distal E74-like ETS transcription factor 3 (ELF3) 
inactivating mutations 
ERBB3 mutations 
KRAS activating mutations 
PIK3CA activating mutations 


23% to 28% of intrahepatic cholangiocarcinomas.**** IDH1 and 
IDH2 are enzymes that catalyze the reaction leading to generation 
of a-ketoglutarate. Point mutations of IDH and IDH2 result in an 
increase in 2-hydroxyglutarate, an oncometabolite that promotes 
extensive epigenetic aberrations in malignancy.*+> Clinical trials 
of small molecule inhibitors of FGFRs and of IDH1 and IDH2 for 
cholangiocarcinoma are being undertaken. 


Clinical Features and Diagnosis 


The diagnosis of cholangiocarcinoma is challenging because 
the presentation is often insidious, and the results of diagnostic 
studies are frequently nonspecific. A multidisciplinary approach 
that includes clinical evaluation and laboratory, endoscopic, and 
imaging studies is required (Figs. 69.2 and 69.3).°° 

Intrahepatic cholangiocarcinomas manifest predominantly 
with abdominal pain and systemic symptoms such as cachexia, 
malaise, and fatigue. Perihilar and distal cholangiocarcinomas 
manifest in most cases with painless jaundice secondary to malig- 
nant biliary obstruction. In 10% of patients, bacterial cholangi- 
tis is the initial presenting symptom. An “atrophy-hypertrophy” 
complex can be documented by physical examination as palpable 
hypertrophy of the contralateral, unaffected lobe of the liver, 
with atrophy of the affected lobe as a result of vascular encase- 
ment and bile ductal obstruction. 

Laboratory analysis may reveal evidence of obstructive cho- 
lestasis. In cases of indeterminate strictures, immunoglobulin G4 
(IgG4) cholangiopathy should be ruled out serologically and with 
biliary samples (see Chapters 59 and 68). The most commonly 
used serum tumor marker in cholangiocarcinoma is CA 19-9. In 
patients with PSC, the sensitivity and specificity of CA 19-9 for 
the diagnosis of cholangiocarcinoma are 79% and 98%, respec- 
tively, when the cutoff value is 129 U/mL. In patients without 
PSC, the sensitivity is 53% with a cutoff value of 100 U/mL.°’ 
High levels of CA 19-9 levels (>1000 U/mL) have been associated 
with metastatic cholangiocarcinoma.*’ It is important to note that 
patients who do not express Lewis antigen on red blood cells or 
in body fluids (approximately 5% to 10% of the general popula- 
tion) have undetectable serum CA 19-9 levels.’ Significant CA 
19-9 elevations can occasionally be observed in patients with 
bacterial cholangitis and choledocholithiasis (see Chapter 65). 


CHAPTER 69 Tumors of the Bile Ducts, Gallbladder, and Ampulla 


Malignant-appearing 
intrahepatic mass on CT or MRI 


Obvious history of extrahepatic 
primary malignancy 


Evaluate for 
metastatic 
disease 


Arterial phase rim 
enhancement of mass 
plus delayed venous 
phase enhancement on 
imaging 


Arterial phase 
enhancement of mass 
plus venous phase 
“washout” on imaging 


Suspicion of intrahepatic 
cholangiocarcinoma 


Resectable? 


Fig. 69.2 Algorithm for the diagnosis of intrahepatic cholangiocarcinoma. 
In cases of an intrahepatic mass lesion and in the absence of Known ex- 
trahepatic primary malignancy, dynamic imaging with either CT or MRI of 
the liver should be performed. Contrast enhancement of a mass through- 
out the arterial phase with “washout” in the portal venous phase indicates 
an HCC. Contrast rim enhancement of a mass throughout the arterial 
phase and delayed portal venous enhancement should raise the suspicion 
of an intrahepatic cholangiocarcinoma; in such cases, the resectability 

of the tumor should be determined. If the lesion is deemed resectable, 

the patient should be referred for surgical resection without biopsy. If an 
intrahepatic cholangiocarcinoma is deemed unresectable, a biopsy should 
be performed to confirm the diagnosis and guide appropriate treatment. 


Notably, up to one third of patients with an elevated serum CA 
19-9 level do not have cholangiocarcinoma.”” 


Intrahepatic Cholangiocarcinoma 


Intrahepatic cholangiocarcinoma often presents as a mass lesion 
in the liver. In the presence of cirrhosis, it can be challenging to 
differentiate intrahepatic cholangiocarcinoma from HCC. In the 
assessment of intrahepatic lesions more than 2 cm in diameter, 
dynamic CT and MRI (Fig. 69.4) are helpful for distinguishing 
cholangiocarcinoma from HCC based on progressive contrast 
enhancement through the venous, arterial, and delayed venous 
phases in cholangiocarcinomas compared with the washout phe- 
nomenon observed in HCCs (see Chapter 96).*°* An initial rim 
or peripheral arterial enhancement pattern in the early phases of 
dynamic CT or gadolinitum-enhanced MRI with progressive cen- 
tripetal enhancement in delayed phases is characteristic of intra- 
hepatic cholangiocarcinoma.*!” 

CT is used primarily for preoperative planning; it provides 
information on vascular and other anatomic structures, and its 
accuracy in the assessment of resectability is 60% to 88%.* The 
sensitivity of CT for detection of nodal N2 metastases (see later) 
is only 54%. PET/CT has a sensitivity and specificity of 95% 
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and 83%, respectively, in the assessment of intrahepatic cholan- 
giocarcinomas.** In intrahepatic cholangiocarcinoma, a tissue 
diagnosis should be limited to nonresectable cases because dif- 
ferentiation from HCC will affect the choice of therapy. 


Perihilar and Distal Cholangiocarcinoma 


An essential diagnostic tool for perihilar and distal cholan- 
giocarcinomas is cholangiography, which provides both ana- 
tomic information and material for a tissue diagnosis. Several 
approaches can be used, including ERCP, percutaneous tran- 
shepatic cholangiography (THC), and MRCP (Fig. 69.5). The 
choice of ERCP or percutaneous THC depends on the location 
of a suspicious biliary stricture, local expertise, and accessibility 
of the stricture to the technique. Either ERCP or percutane- 
ous THC provides information on intrabiliary tumor extension 
and allows cytologic sampling and therapeutic intervention for 
malignant biliary obstruction. Such interventions are not possi- 
ble with MRCP, but this technique is noninvasive and provides 
additional information on the extent of the tumor, vascular 
encasement, the relation of the primary tumor to surround- 
ing structures, and intra- as well as extrahepatic metastases.*° 
Cross-sectional imaging should be performed prior to cholan- 
giography to help guide decisions regarding biliary drainage. 
MRI with MRCP is currently the best imaging technique for 
estimating the extent of biliary neoplastic invasion in perihi- 
lar cholangiocarcinoma, whereas CT is superior in detecting 
vascular enhancement and assessing resectability.*° For peri- 
hilar cholangiocarcinomas, the sensitivity and specificity of 
PET are only 69% and 67%, and the sensitivity for the detec- 
tion of local lymph node metastases is only 13% to 38%.47:48 
False-positive PET results can be observed in the setting of 
inflammation.** Therefore, its use in perihilar lesions should 
be limited to cases that are indeterminate with regard to extent 
and other features (including malignancy) after other studies 
have been performed. Mass lesions are unusual in distal cholan- 
giocarcinomas, and frequently these tumors are grouped with 
perihilar cholangiocarcinomas in clinical studies; therefore, the 
same laboratory and imaging criteria should be applied as for 
perihilar cholangiocarcinoma. 

EUS can contribute additional information about tumor 
dimension and anatomic location in relation to surrounding 
structures. Compared with CT or MRI, EUS has a higher tumor 
detection rate particularly in distal cholangiocarcinoma.*’ In 
addition, EUS provides information about regional lymphade- 
nopathy and allows sampling of lymph nodes by FNA. Biopsy 
of the primary lesion via EUS is highly discouraged, however, 
because of the potential for tumor cell spread, especially if LT is 
a therapeutic option.*! 

As for most malignancies, a tissue diagnosis of cholangio- 
carcinoma is desirable; however, a pathologic diagnosis is chal- 
lenging because of the tumor’s paucicellular character. Tissue is 
difficult to obtain, and cellular reactive changes resulting from 
inflammation often complicate the diagnosis. The most com- 
mon technique for collecting tumor tissue in patients with peri- 
hilar and distal cholangiocarcinoma is brush cytology during 
ERCP.>'* Although conventional cytology has a high specificity 
(100%), it is limited by low sensitivity (43%).°? Fluorescence 
in situ hybridization (FISH) has been demonstrated to increase 
the sensitivity and specificity of cytology for diagnosing chol- 
angiocarcinoma in patients with and without PSC.*’ Because 
chromosomal instability is a hallmark of cancer, the FISH assay 
is used for the assessment of chromosomal aneusomy (gains 
or losses of chromosomes) via the use of fluorescently labeled 
DNA probes. An optimized FISH probe set (targeting the 1q21, 
7p12, 8q24, 9p21 loci) has enhanced sensitivity and specificity 
(93% and 100%, respectively) for the detection of pancreatico- 
biliary malignancies.** 
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Clinical suspicion of cholangiocarcinoma 


Serum CA 19-9 level 
ERCP with brush cytology, 
FISH, DIA 


Dominant stricture 
plus at least one of 
the following: 

CA 19-9 =129 U/mL 
Pos. biopsy, cytology, 
or FISH polysomy 


Indeterminate results 


FISH 


Mass 
Vascular 
encasement 


Significant 
concern 


Negative 


Minimal 
concern 


Management of 
cholangiocarcinoma 


Newer techniques for diagnosing cholangiocarcinoma include 
cholangioscopy, intraductal US, and confocal laser endomicros- 
copy.™ A limited number of prospective studies in a small number 
of patients have demonstrated an improvement in diagnostic accu- 
racy with cholangioscopy-directed biopsy compared with biliary 
brushings of indeterminate strictures.” Therefore, these techniques 
are not yet established in routine practice and should be reserved 
for cases that remain unconfirmed after use of the aforementioned 
methods when the level of suspicion for cholangiocarcinoma is high. 


Staging 


Staging systems of malignancies aim to provide guidance in prog- 
nostication and treatment. Several staging systems exist for intra- 
hepatic, perihilar, and distal cholangiocarcinomas; unfortunately, 
none of these has proved to be optimal. A modification was intro- 
duced in the American Joint Committee on Cancer (AJCC)/the 
Union for International Cancer Control (UICC) TNM system 
in 2009, by assigning a separate staging system to each cholan- 
giocarcinoma type.” New and promising staging systems have 
been developed but require validation. 157° 

Independent prognostic factors for intrahepatic cholangio- 
carcinomas include the number of tumors, vascular invasion, and 
lymph node metastases.°® Three staging systems exist for intrahe- 
patic cholangiocarcinoma and differ primarily in their T-staging 
approach: (1) the AJCC/UICC TNM staging system, (2) the 
Liver Cancer Study Group of Japan staging system, and (3) the 
National Cancer Center of Japan staging system.!? Of these 3 
staging systems, only the AJCC/UICC TNM staging system 
(Table 69.2) has shown a correlation between stage and survival, 
but the system is limited by its requirement for a tissue diagnosis 
for the Tis (carcinoma in situ) and T4 stages.°7°? 


Observation 


CA 19-9 <129 U/mL 
No dominant stricture 
Neg. biopsy, cytology, 


Fig. 69.3 Algorithm for the diagnosis of perihilar cholangio- 
carcinoma. In cases of clinically suspected perihilar cholangio- 
carcinoma, a serum CA 19-9 level, ERCP, and conventional as 
well as molecular cytologic analysis of endoscopically-obtained 
biliary brushings of malignant-appearing areas should be 
performed. If the results of these tests are normal or negative, 
close follow up of the patient is recommended. Management 
of cholangiocarcinoma should be prompted by identification of 
a dominant stricture, a serum CA 19-9 level above 129 U/mL, 
or a biopsy or cytology result that is positive for carcinoma or 
polysomy. In indeterminate cases, gadolinium-enhanced MRI of 
the liver is recommended. If a mass lesion or vascular encase- 
ment is identified, management of cholangiocarcinoma should 
be initiated. If the MRI study is negative but clinical concern 
about cholangiocarcinoma persists, PET can be performed. 

If “hot spots” are identified on PET (positive result), treatment 
for cholangiocarcinoma should be initiated. If the PET result is 
negative, close follow up of the patient is recommended. If MRI 
is negative and cholangiocarcinoma is considered unlikely, the 
patient can be followed expectantly. DIA, Digital image analysis; 
FISH, fluorescence in situ hybridization; neg., negative; pos., 
positive. 


Independent prognostic factors for perihilar cholangiocar- 
cinomas include tumor differentiation, lymph node metastases, 
and negative (RO) surgical resection margins. Four major staging 
systems for perihilar cholangiocarcinoma are the Bismuth-Cor- 
lette classification," the Memorial Sloan-Kettering Cancer 
Center (MSKCC) staging system,°! the AJCC/UICC TNM 
staging system,’ and the Mayo Clinic staging system.°? The 
Bismuth-Corlette classification was developed for guiding sur- 
gical treatment and is not a staging system; it does not provide 
prognostication and is not designed to correlate with surgical 
outcomes. Although the MSKCC staging system (Table 69.3) 
showed a correlation between T stage and RO, N2, and M1 
status, it was not able to distinguish resectable from unresect- 
able disease reliably. Unlike the other 3 systems that use opera- 
tive information, the Mayo Clinic staging system (Table 69.4) 
is based on nonoperative information at the time of diagnosis. 
Therefore, the Mayo Clinic staging system can be used to pre- 
dict survival in patients with unresectable disease. Moreover, 
this system had better prognostic performance, demonstrated by 
greater concordance statistics, compared with the AJCC/UICC 
system (Table 69.5).°? Independent prognostic factors for distal 
cholangiocarcinomas include the depth of tumor invasion; lymph 
node metastasis; perineural, microscopic vascular, and pancreatic 
invasion; and RO resection. Lymph node metastases are more 
commonly observed with this type of cholangiocarcinoma than 
with the others. The AJCC/UICC TNM staging system is the 
only staging system for distal cholangiocarcinomas (Table 69.6). 
As outlined earlier, the separation of perihilar from distal chol- 
angiocarcinomas is an improvement over previous versions, as 
is the redefinition of the T stages. This staging system provides 
prognostic information, which requires validation, but does not 
guide management. 
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Fig. 69.4 Imaging of intrahepatic cholangiocarcinoma. A gadolinium- 
enhanced MRI with ferumoxide in a patient with an intrahepatic 
cholangiocarcinoma is depicted. The arrows point to the tumor in the 
T2-weighted images. A, Axial view. B, coronal view. 


Treatment 
Intrahepatic Cholangiocarcinoma 


Surgical Resection and LT 

The only curative treatment option for cholangiocarcinoma is 
surgical extirpation. Surgical outcomes have improved substan- 
tially in the 2000s because of careful patient selection, with lower 
surgical mortality rates and higher rates of RO resection.°* 
Solitary intrahepatic cholangiocarcinomas can be resected by 
hepatic segmentectomy or lobectomy. Up to 54% of patients are 
unresectable at the time of presentation, and approximately 30% 
of those deemed resectable are found to be unresectable at the 
time of surgery. Recurrence rates following resection are as high 
as 62%.°+ Overall 5-year survival rates after resection of intrahe- 
patic cholangiocarcinoma range from 22% to 42%. RO resection 
is achieved in 63% of patients, and 5-year survival rates of 40% 
to 63% have been reported after RO resection. Surgery-associated 
morbidity and mortality rates are 35% and 5%, respectively. 1-66 
Survival is positively correlated with RO resection, negative lymph 
node metastasis status (NO), solitary tumor, younger age, and bet- 
ter performance status. 164,65,67 Neither neoadjuvant nor adju- 
vant therapy achieves a statistically significant survival benefit.°:°’ 
Intrahepatic cholangiocarcinoma has traditionally been consid- 
ered a contraindication to LT due to poor outcomes. However, 
LT may be an option in a subset of cirrhotic patients with “very 
early” intrahepatic cholangiocarcinoma (single tumors <2 cm in 
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Fig. 69.5 Imaging of perihilar cholangiocarcinoma. A, Film from an 
ERCP in a patient with perihilar cholangiocarcinoma demonstrating 
dominant strictures of the biliary tract consistent with Bismuth-Corlette 
type IV. B, Gadolinium-enhanced MRI with ferumoxide in the same 
patient. The arrow points to the biliary tumor seen on a T2-weighted 
image. C, PET/CT scan of the same patient. The biliary tumor is seen 
as an enhancing region (arrow). 


diameter).°* In one study, patients with very early intrahepatic 
cholangiocarcinoma had a 5-year survival of 65%, compared with 
45% for patients with advanced disease (single tumor >2 cm or 
multifocal disease).°’ 


Locoregional Therapies 
In patients with advanced, unresectable intrahepatic cholan- 
giocarcinoma, locoregional therapies represent an alternative 
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TABLE 69.2 TNM and AJCC/UICC Staging Systems for Intrahepatic Cholangiocarcinoma 


TNM Stage Criteria 

Tx Primary tumor cannot be assessed 

TO No evidence of primary tumor 

lis Carcinoma in situ (intraductal tumor) 

Tia Solitary tumor <5 cm without vascular invasion 

T1b Solitary tumor >5 cm without vascular invasion 

T2 Solitary tumor with vascular invasion OR multiple tumors, with or without vascular invasion 

T3 Tumor perforating the visceral peritoneum 

T4 Tumor involving the local extrahepatic structures by direct invasion 

Nx Regional lymph nodes cannot be assessed 

NO No regional lymph node metastases 

N1 Regional lymph node metastases present 

MO No distant metastases 

M1 Distant metastases 

AJCC/UICC Stage Tumor Node Metastasis 

0 Tis NO MO 

A Tia NO MO 

B T1b NO MO 

| 12 NO MO 

IA T3 NO MO 

IIB T4 NO MO 
Any T N1 MO 

v Any T Any N M1 


AJCC, American Joint Committee on Cancer; UICC, Union for International Cancer Control 


TABLE 69.3 MSKCC Staging System for Perihilar Cholangiocarcinoma 


TABLE 69.4 Mayo Clinic Staging System for Perihilar 


Stage Criteria Cholangiocarcinoma 

T Tumor involving biliary confluence + unilateral Stage Criteria 
extension to secondary radicles | Unean meS BEN 

Tf Tumor involving biliary confluence + unilateral ECOG performance status O 
extension to secondary radicles Serum CA 19-9 level (U/mL) <1000 

AND Ipsilateral portal vein involvement + ipsilateral o vascular encasement 

hepatic lobe atrophy o metastasis 

T3 Tumor involving biliary confluence + bilateral ll nicentric mass <3 cm 


extension to secondary radicles 

OR Unilateral extension to secondary radicles + 
contralateral portal vein involvement 

OR Main or bilateral portal vein involvement 


MSKCC, Memorial Sloan Kettering Cancer Center 


treatment option. Transarterial chemoembolization (TACE) is 
associated with a median overall survival of 12 to 15 months in 
patients with advanced intrahepatic cholangiocarcinoma.’? The 
safety and effectiveness of transarterial radioembolization using 
yttrium-90 microspheres are comparable to those of TACE.’! 


Perihilar and Distal Cholangiocarcinoma 


Surgical resection is also the treatment of choice for perihilar and 
distal cholangiocarcinomas in the absence of PSC (Box 69.2). 
Perihilar cholangiocarcinomas are resected by lobar or extended 
lobar hepatic and biliary duct resection with regional lymphadenec- 
tomy and Roux-en-Y hepaticojejunostomy. Occasionally, resect- 
ability can be achieved by preoperative portal vein embolization, 


U 
ECOG performance status 1-2 
Serum CA 19-9 level (U/mL) <1000 
Vascular encasement present 

o metastasis 


Il Unicentric mass >3 cm or multicentric 
ECOG performance status 0-2 
Serum CA 19-9 level (U/mL) =1000 
Lymph node metastasis present 


IV ECOG performance status 3-4 
Peritoneal (or other organ) metastasis present 


ECOG, Eastern Cooperative Oncology Group 


resulting in compensatory hyperplasia of the contralateral hepatic 
lobe. This technique allows extended partial hepatectomy because 
of the increased volume of the remnant liver.®? Surgical treatment 
of distal cholangiocarcinoma is performed by a Whipple resection. 
Five-year survival rates in NO patients after RO resection are 20% 
to 67% for perihilar and 27% to 37% for distal cholangiocarcino- 
mas; outcomes have improved in the 2000s.6%7? Unfortunately, RO 
resectability rates are generally less than 50%.6%>67 Surgical mortality 
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TABLE 69.5 TNM and AJCC/UICC Staging Systems for Perihilar Cholangiocarcinoma 


TNM Stage Criteria 
Tx Primary tumor cannot be assessed 
TO No evidence of primary tumor 
Tis Carcinoma in situ 
Ti Tumor confined to the bile duct, with extension up to the muscle layer of fibrous tissue 
T2a Tumor invades beyond the wall of the bile duct to surrounding adipose tissue 
T2b Tumors invades adjacent hepatic parenchyma 
T3 Tumor invades unilateral branches of the portal vein or hepatic artery 
T4 Tumor invades main portal vein or its branches bilaterally 
OR Tumor invades the common hepatic artery 
OR Tumor invades unilateral second-order biliary radicles, with contralateral portal vein or hepatic artery involvement 
Nx Regional lymph nodes cannot be assessed 
NO No regional lymph node metastases 
N1 Regional lymph node metastases (<3 lymph nodes) (includes hilar, cystic duct, common bile duct, hepatic artery, 
posterior pancreatoduodenal, and portal vein lymph nodes) 
N2 Regional lymph node metastases (24 lymph nodes) 
o No distant metastases 
Distant metastases 


AJCC/UICC Stage Tumor Node Metastasis 
0) is o MO 
71 0 MO 
l T2a-b 0 MO 
IIA TS (0) MO 
IIB T4 (0) MO 
IIC Any T 1 MO 
VA Any T 2 MO 
VB Any T Any N M1 


AJCC, American Joint Committee on Cancer; UICC, Union for International Cancer Control 


rates are approximately 10% for perihilar cholangiocarcinomas and 
3.0% for distal cholangiocarcinoma.!67:72:73 Neither adjuvant nor 
neoadjuvant chemotherapy or radiation therapy has been shown 
to be effective and, therefore, is not recommended in patients with 
perihilar or distal cholangiocarcinomas who undergo resection.’* 
In patients with PSC, surgical resection of a cholangiocarcinoma 
may be complicated by liver failure or a second cholangiocarcinoma, 
which has a tendency to develop in the area of a biliary-enteric anas- 
tomosis.”>»”° Therefore, patients with PSC and perihilar cholangio- 
carcinoma are considered nonresectable and should be considered for 
LT instead of resection. In the past, LT was not an option for patients 
with perihilar cholangiocarcinoma, because 5-year survival rates fol- 
lowing transplantation were only 23% to 26%.”> Subsequently, new 
LT protocols were developed, consisting of neoadjuvant external 
beam radiation therapy with concurrent systemic 5-fluorouracil che- 
motherapy, followed by brachytherapy and oral maintenance che- 
motherapy with capecitabine until transplantation. Five- and 10-year 
recurrence-free survival rates in patients completing this treatment 
regimen successfully have been 65% and 59%, respectively; post- 
transplant rates of recurrence and all-cause mortality have been 20% 
and 22%, respectively.’’ In patients without PSC, the selection crite- 
ria include a radial diameter of the perihilar tumor of less than 3 cm, 
absence of intra- or and extrahepatic metastases, and nonresectability. 


Chemotherapy, Radiation Therapy, and Targeted Therapy 


No curative medical therapies for cholangiocarcinoma are avail- 
able. A variety of chemotherapeutic agents such as gemcitabine, 


other antimetabolites, taxanes, platinum analogs, anthracyclines, 
and mitomycin have been evaluated as single or combination 
therapies. The only chemotherapeutic drug approved by the FDA 
for cholangiocarcinoma is gemcitabine. In 2010, the Advanced 
Biliar-y Cancer-02 (ABC-02) trial’® showed a statistically signifi- 
cant 3-month overall and progression-free survival benefit for gem- 
citabine-cisplatin combination therapy compared with gemcitabine 
alone. The only adverse effect that was more severe in patients in 
the combination treatment arm was hematologic toxicity; however, 
patients with cirrhosis were not included in the trial.” Therefore, 
gemcitabine plus cisplatin has become the standard of care for 
unresectable cholangiocarcinoma in noncirrhotic patients.’? 

No large randomized controlled trials have evaluated the 
benefit of radiation therapy in unresectable cholangiocarcinoma. 
Therefore, the use of radiation therapy remains controversial.’ 

Targeted agents have achieved significant prolongation of sur- 
vival when used to treat other cancers, such as HCC and renal cell 
carcinoma. Targeted agents (i.e., FGFR and IDH inhibitors) are 
being evaluated in clinical trials for cholangiocarcinoma. Large 
randomized controlled trials in patients with cholangiocarcinoma 
with a primary endpoint of survival, rather than tumor response 
alone, are needed. 


Palliative Treatment 


Patients with cholangiocarcinoma commonly experience cholesta- 
sis, abdominal pain, and cachexia, which limit the quality of life. 
Therefore, palliative treatments are essential in the management of 
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TABLE 69.6 TNM and AJCC/UICC Staging Systems for Distal Cholangiocarcinoma 


TNM Stage Criteria 

Tx Primary tumor cannot be assessed 

Tis Carcinoma in situ (intraductal tumor) 

T1 Tumor invades the bile duct wall with a depth <6 mm 

T2 Tumor invades the bile duct wall with a depth of 5-12 mm 

T3 Tumor invades the bile duct wall with a depth >12 mm 

T4 Tumor involves the celiac axis, superior mesenteric artery, and/or the common hepatic artery 

Nx Regional lymph nodes cannot be assessed 

NO No regional lymph node metastases 

N1 Regional lymph node metastases (<3 lymph nodes) 

N2 Regional lymph node metastases (24 lymph nodes) 

MO No distant metastases 

M1 Distant metastases 

AJCC/UICC Stage Tumor Node Metastasis 

(0) Tis NO MO 

i (0) MO 

A T1 il MO 
A T2 (0) MO 
B te | MO 
B TE 0-1 MO 
IA iit 2 MO 
IA T2-3 2 MO 
IB T4 NO-2 MO 
v Any T Any N M1 


AJCC, American Joint Committee on Cancer; UICC, Union for International Cancer Control 


BOX 69.2 Criteria for Unresectability of Perihilar 
Cholangiocarcinoma 


Atrophy of one liver lobe with encasement of the contralateral 
portal vein branch 

Atrophy of one liver lobe with contralateral secondary biliary radicle 
involvement 


Bilateral portal vein branch encasement 

Bilateral hepatic artery encasement 

Distant lymph node metastases 

Hilar cholangiocarcinoma, Bismuth-Corlette type IV 
Intrahepatic or distant metastases 

PSC 

Significant comorbid conditions 


patients with cholangiocarcinoma. Options for restoration of biliary 
drainage include endoscopic, percutaneous, and surgical techniques. 
Endoscopic and percutaneous methods are based on placement of 
biliary stents (see Chapter 70), whereas surgical approaches create 
a bypass via a choledocho- or hepaticojejunostomy. The efficacies 
of comparable endoscopic and surgical approaches are similar, but 
the mortality rate, frequency of procedure-related complications, 
and duration of hospital stay are higher for surgical palliation.” 
The decision to pursue endoscopic or percutaneous biliary stent 
deployment is based on the anatomic location of the malignant 
stricture (see Chapter 70). Although unilateral restoration of bile 
flow is generally sufficient, bilateral restoration of biliary drainage 
has been associated with increased survival.®°*! Cross-sectional 
imaging is critical before a stent is placed to avoid attempts at 


endoscopic drainage of an atrophic lobe or a lobe in which adequate 
drainage is not feasible. Retrograde injection of dye without drain- 
age carries a high risk of iatrogenic bacterial cholangitis, which can 
be severe. Early intervention in a patient with malignant biliary 
obstruction is recommended because the time to normalization of 
the serum bilirubin level doubles from 3 to 6 weeks when the serum 
total bilirubin level is greater than 10 mg/dL.*? 

External beam radiation and intraoperative or intraductal 
brachytherapy have been suggested for palliative treatment.*? 
No large, prospective randomized controlled trials providing 
sufficient evidence for the use of these techniques in cholangio- 
carcinoma, however, have been conducted. Although a few ret- 
rospective studies have suggested a survival benefit with TACE, 
no large, prospective randomized controlled trials providing suf- 
ficient evidence of the efficacy of TACE, or other locoregional 
therapies, in cholangiocarcinoma have been performed.**+ 


GALLBLADDER CARCINOMA 


Gallbladder carcinoma is the second most common primary bili- 
ary malignancy and the fifth most common malignancy of the GI 
tract. Like other biliary malignancies, gallbladder carcinoma is 
diagnosed at an advanced stage in the majority of cases. In only 
one third of the cases is a diagnosis of gallbladder carcinoma made 
prior to surgical exploration.” The growth kinetics of gallbladder 
carcinoma are faster than those for cholangiocarcinoma, and, in 
general, gallbladder carcinoma is diagnosed at a later stage than 
ampullary carcinoma (see later). Gallbladder carcinoma is not ame- 
nable to medical or radiation therapy, and surgical resection is the 
only potentially curative treatment. Unfortunately, only a minor- 
ity of patients are surgical candidates at the time of diagnosis. The 
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prognosis of gallbladder carcinoma is dismal, with 5-year survival 
rates of 0% to 10% and a median survival of less than 6 months. 
More aggressive surgical approaches have been advocated. 


Epidemiology 


The distribution of gallbladder carcinoma is geographically hetero- 
geneous, and is 2 to 3 times as common in females as males.*®*7 
‘The average age at diagnosis is 65 years, and the peak incidence is 
observed in the seventh and eighth decades of life. The highest inci- 
dence of gallbladder cancer globally is in northern India and south- 
central Chile with age-standardized incidence rates of 27/100,000 
in females and 12/100,000 in males.*° Incidence rates are also high 
in Asia and certain Eastern European countries such as Poland.** 
Gallbladder carcinoma is rare in Western European countries and 
the USA, with an age-adjusted incidence rate of 1.4 per 100,000 
from 1973 to 2009.® In the USA, gallbladder cancer has a signifi- 
cantly higher incidence rate in females than males (1.7/100,000 ver- 
sus 1/100,000).*” Compared with Caucasians, Native Americans and 
Alaska Natives have a significantly higher incidence of gallbladder 
carcinoma (ethnic incidence rate ratio of 4.5 for males and 5.4 for 
females).”” Global incidence rates of gallbladder carcinoma parallel 
the incidence rates of cholelithiasis (see Chapter 65). Overall, the 
incidence of gallbladder carcinoma in the USA has decreased in most 
ethnic subgroups (the rate has been steady in African Americans) 
since 1990.7)! Similar trends have been observed across Europe, 
Canada, and Japan.?” Although there has been speculation that the 
declining incidence may be related to an increased number of cho- 
lecystectomies during the same period, an association between cho- 
lecystectomy rates and the incidence of gallbladder carcinoma has 
not been found,?*.”+ The age-adjusted mortality rate for gallbladder 
carcinoma in the USA between 2000 and 2005 was 0.7 per 100,000, 
with an overall decrease since 1990.’ The highest mortality rate (35 
per 100,000) has been reported in southern Chile.” 


Etiology 


The cause of gallbladder carcinoma is not well understood but is 
thought to be multifactorial. Several risk factors for gallbladder 
carcinoma have been described (Box 69.3). The primary risk fac- 
tor for gallbladder carcinoma is cholelithiasis (see Chapter 65). 
Gallstones are found in 65% to 90% of patients with gallblad- 
der carcinoma. Populations with high rates of cholelithiasis also 
have high rates of gallbladder carcinoma. Autopsy-based studies 
from Chile have suggested a 7-fold increased risk of gallbladder 
carcinoma in patients with cholelithiasis, whereas epidemiologic 
studies in the USA have observed only a marginally signifi- 
cant 3-fold increased risk of gallbladder carcinoma in men with 


BOX 69.3 Risk Factors for Gallbladder Carcinoma 


Aflatoxin 

Carcinogens* 

Cholangiocarcinoma 

Cholelithiasis (stone size >1 cm) 

Chronic Salmonella Typhi or Paratyphi carrier status 
First-degree relative with gallbladder cancer 

IBD 


Intrahepatic biliary dysplasia 

Lynch syndrome 

Pancreaticobiliary malunion 

Porcelain gallbladder 

PSC 

Segmental adenomyomatosis in patients 260 years of age 


*Methylcholanthrene, O-aminoazotoluene, nitrosamines, possibly others. 
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cholelithiasis.”*”> Gallbladder carcinoma actually develops in only 
1% to 3% of patients with cholelithiasis, and 20% of patients 
with gallbladder carcinoma do not have evidence of cholelithiasis. 
Therefore, a prophylactic cholecystectomy in an asymptomatic 
patient with gallstones to prevent gallbladder carcinoma cannot 
be recommended. A positive correlation between the risk of gall- 
bladder carcinoma and the size and number of gallstones has been 
reported but likely reflects the duration of cholelithiasis.”° No dif- 
ferences in the risk of gallbladder carcinoma have been observed 
with different types of gallstones. Porcelain gallbladder (extensive 
calcification of the gallbladder wall) is a classic, albeit controver- 
sial, risk factor for gallbladder carcinoma.”’ Although an increased 
risk of gallbladder carcinoma has been reported in patients with 
a porcelain gallbladder, the risk may be limited to patients with 
selective mucosal calcification (types II and II porcelain gallblad- 
der) rather than those with diffuse mucosal calcification (type I).°° 

Adenomatous polyps of the gallbladder constitute another risk 
factor for gallbladder carcinoma (see Chapter 67). The risk cor- 
relates positively with the size, type, and growth rate of the polyps. 
Patients with adenomatous polyps that are greater than 1 cm in 
size, sessile, and associated with gallstones, exhibit a rapid increase 
in size, demonstrate arterial flow on Doppler US, or are symptom- 
atic are at increased risk of malignant transformation and warrant 
prophylactic cholecystectomy.’””? Pancreaticobiliary malunion, 
or anomalous union of the pancreaticobiliary ductal system 
(AUPBD), has been associated with the development of gallblad- 
der carcinoma (see Chapter 55).!° In this congenital defect, the 
pancreatic and bile ducts unite outside the duodenal wall in a long 
common channel. The anomaly is most prevalent in Asia, particu- 
larly Japan, and leads to cholestasis and reflux of pancreatic secre- 
tions into the gallbladder, with resulting chronic inflammation of 
the mucosa. The frequency of biliary tract cancer, especially gall- 
bladder carcinoma, is high in patients with AUPBD, with some 
series reporting a frequency of approximately 50%.!°° However, 
the frequency can vary from 10% to 38%, depending on the pres- 
ence or absence of associated bile duct dilatation.!°! Patients with 
an associated choledochal cyst have a lower frequency of gallblad- 
der carcinoma than those without a choledochal cyst.'°! Patients 
with AUPBD are usually 10 years younger at the time of diagnosis 
of gallbladder carcinoma and have a lower frequency of choleli- 
thiasis than those without AUPBD."'°! On the basis of the signifi- 
cantly increased risk of gallbladder carcinoma, several Japanese 
hepatobiliary oncology associations have recommended prophy- 
lactic cholecystectomy in patients with AUPBD.*”!°! 

PSC has been associated with gallbladder carcinoma, and 
studies have reported that adenocarcinoma of the gallbladder 
develops in up to 20% of patients with PSC and that 40% to 
60% of gallbladder masses in patients with PSC are malignant. 0? 
Therefore, patients with PSC and a gallbladder mass of any size 
should undergo cholecystectomy or be monitored closely for 
gallbladder carcinoma (see Chapters 67 and 68). 

Adenomyomatosis of the gallbladder is characterized by 
microscopic invaginations (Rokitansky-Aschoff sinuses) of the 
mucosa with cyst formation in the muscularis propria (see Chap- 
ter 67). A large Japanese study showed an increased frequency of 
gallbladder carcinoma in patients 60 years of age or older with 
segmental adenomyomatosis of the gallbladder.!°> In general, 
however, adenomyomatosis is viewed as a benign condition. 

Other conditions associated with gallbladder carcinoma 
include IBD, intrahepatic biliary dysplasia, and cholangiocarci- 
noma.!°? Chronic carriers of Salmonella Typhi or Paratyphi have 
been shown to be at increased risk for the development of gall- 
bladder carcinoma.!"* Other bacteria such as Escherichia coli and 
Hp have also been associated with gallbladder carcinoma, but the 
data are not conclusive. First-degree relatives of patients with 
gallbladder carcinoma have a relative risk of 13.9 for developing 
this malignancy.!° Exposure to aflatoxin, a known liver carcino- 
gen, has been linked to gallbladder carcinoma.!°'°* Patients who 
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have higher plasma levels of aflatoxin adducts have an odds ratio 
for gallbladder carcinoma development of 7.61 compared with 
patients who have lower levels.!°7:!°° Other carcinogens, includ- 
ing methylcholanthrene, O-aminoazotoluene, and nitrosamines, 
have been identified in animal models of gallbladder carcinoma. 
Other potential carcinogens include mustard oil, products of free 
radical oxidation, and secondary bile acids. Obesity has been sug- 
gested to be a risk factor for gallbladder carcinoma, especially in 
women,!”? but the independence of obesity from cholelithiasis as 
a risk factor has not been shown. 


Pathology 


From 80% to 95% of gallbladder carcinomas are adenocarci- 
nomas; the majority of these are moderately to well differen- 
tiated.'!° Adenocarcinomas are further divided into papillary, 
tubular, and nodular variants, with the papillary adenocarci- 
nomas being the least aggressive form.!!! Less common types, 
in order of frequency, include undifferentiated or anaplastic 
carcinoma, squamous cell carcinoma, and adenosquamous car- 
cinoma. Rare types include carcinoids, small cell carcinomas, 
malignant melanomas, lymphomas, and sarcomas.!!! Sixty per- 
cent of gallbladder carcinomas are located in the gallbladder 
fundus, 30% are found in the body, and 10% are found in the 
gallbladder neck.!!° Analogous to cholangiocarcinoma, the pap- 
illary form of gallbladder carcinoma has a lower potential for 
invasion and metastatic spread to lymph nodes.!!! Gallbladder 
carcinoma spreads via direct invasion, lymphatic or hematog- 
enous metastasis, perineural invasion, and intraperitoneal or 
intraductal invasion. Lymphatic tumor cell spread is determined 
by the physiologic gallbladder lymphatic plexus, including the 
first-level lymph nodes along the biliary tract (cystic duct, bile 
duct, and hepatic duct), followed by pancreaticoduodenal lymph 
nodes, as well as lymph nodes along the common hepatic artery 
and celiac axis. Lymph node metastases are described in 54% 
to 64% of patients and correlate with the depth of invasion. 
Gallbladder carcinoma has a predisposition to involve the liver 
bed because of venous drainage, predominantly into hepatic seg- 
ments IVb and V (see Chapter 71), and the anatomic proximity 
that allows direct hepatic invasion. Perineural spread is observed 
in 24% and intraductal spread in 19% of cases. 


Pathogenesis 


Gallbladder carcinoma can develop from foci of mucosal dyspla- 
sia or carcinoma in situ that progress to adenocarcinoma or from 
an adenoma-carcinoma sequence similar to that seen with colon 
cancer (see Chapter 127).1!12-114 Foci of dysplasia and carcinoma 
in situ are frequently found adjacent to gallbladder carcinoma in 
surgically resected gallbladder specimens and are thought to be 
precursors of invasive adenocarcinoma.** The time of progres- 
sion of dysplasia to carcinoma is estimated to be 10 to 15 years.!!3 
The major pathogenic factor is inflammation. 

Whole-exome and targeted gene sequencing studies have 
helped define the mutational landscape of gallbladder carcinoma. 
These analyses indicate that gallbladder carcinomas are geneti- 
cally distinct from cholangiocarcinomas.!!*:!!° In one cohort, 
whole-exome and ultradeep sequencing identified mutations in 
the ErbB family of proteins in 35.8% of cases.'!> Moreover, cases 
with ErbB pathway mutations had a worse outcome. Similarly, 
molecular characterization of biliary tract cancer including gall- 
bladder carcinoma identified frequent activation of the epidermal 
growth factor receptor (EGFR) family of genes (EGFR, ERBB2, 
ERBB3) in gallbladder carcinoma, as well as somatic telomerase 
reverse transcriptase (TERT) promoter mutations.’° Mutations in 
the tumor suppressor gene TP53 have been reported in 47.1% to 
59% of gallbladder carcinomas in different series.!!5:!!° Activat- 
ing mutations of PIK3CA have been reported in 5.95 to 12.5% of 


gallbladder carcinomas.!!®!!7 PIK3CA mutations lead to activa- 
tion of the PI3K pathway-AKT pathway, which mediates onco- 
genesis in a spectrum of malignancies. Other genetic aberrations 
encountered in gallbladder carcinoma include CDKN2A/B loss 
(5.9% to 19%) and mutations in KRAS (4% to 13%), as well as in 
ARIDIA (13%) and NRAS (6.3%).!16 
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Fig. 69.6 Imaging of gallbladder carcinoma. A, Axial CT view of the ab- 
domen. Cholelithiasis is seen inferior to the gallbladder mass (arrow). B, 
Coronal view of the same patient. C, US in the same patient showing a 
large mass (arrow) originating from the gallbladder wall and protruding 
into the lumen. 
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Clinical Features and Diagnosis 


In 47% to 78% of patients, gallbladder carcinoma is found inci- 
dentally during cholecystectomy for presumed benign disease, 
reflecting the initial clinically silent nature of this malignancy.!!® 
Incidentally diagnosed gallbladder carcinomas generally are lower 
in stage than symptomatic carcinomas at the time of diagnosis and 
are associated with better median survival rates.!!® 

Common clinical presentations include biliary or abdomi- 
nal pain and jaundice secondary to direct invasion of the biliary 
ducts or metastasis to the hepatoduodenal ligament. Weight loss, 
abdominal distention, or other symptoms resulting from compres- 
sion or invasion of adjacent organs indicate more advanced disease. 

CEA and CA 19-9 are the most commonly used tumor markers 
for gallbladder carcinoma.!!? At a cutoff at 4.0 ng/mL, an elevated 
serum CEA level has a sensitivity and specificity of 50% and 93%. 
The sensitivity and specificity of an elevated serum CA 19-9 level at 
a cutoff of 20 U/mL are 79% and 79%.!11°:120 These tests aid in diag- 
nosis but should not be relied on because levels can be elevated in 
inflammatory conditions and other GI and gynecologic malignan- 
cies; moreover, a subset of the population does not produce CEA. 

Abdominal US is often one of the first imaging studies per- 
formed in a patient who presents with the aforementioned symp- 
toms. The sensitivity and accuracy of US for gallbladder carcinoma 
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are 85% and 80%, respectively; early cancers, especially sessile pol- 
yps, can be missed. Typical imaging presentations of gallbladder 
carcinoma include focal or diffuse mural thickening of the gall- 
bladder, an intraluminal mass greater than 2 cm in size that origi- 
nates in the gallbladder wall, and a subhepatic mass that replaces 
or obscures the gallbladder and often invades adjacent organs (Fig. 
69.6). Findings indicative of the malignant nature of a gallblad- 
der lesion include irregular, asymmetrical mural thickening greater 
than 1 cm in depth and a nodular or smooth intraluminal mass 
greater than 1 cm in size, with fixation to the gallbladder wall, that 
is not displaced by the patient’s movements and has no acoustic 
shadow. In indeterminate cases, Doppler US can be attempted to 
differentiate a malignant from a benign gallbladder lesion on the 
basis of the pattern of the color signal, blood flow velocity, and 
resistive index (a measure of resistance to arterial blood flow).!?! 

MRI and CT can be helpful in the diagnosis if the US find- 
ings are indeterminate. Helical CT has an 83% to 86% accuracy in 
assessing the local extent, with better performance in T2 and higher 
stages (see later), and is, thus, helpful in preoperative planning. 1-123 
The role of PET in gallbladder carcinoma is evolving and not rou- 
tine.'*+ The sensitivity of PET for detecting gallbladder carcinoma 
is only 75% to 78%.!*>!?6 Its main impact is in the detection of 
distant metastases that result in a change in management.** 


TABLE 69.7 TNM and AJCC/UICC Staging Systems for Gallbladder Carcinoma 


TNM Stage Criteria 
Tx Primary tumor cannot be assessed 
TO No evidence of primary tumor 
Tis Carcinoma in situ 
Tia Tumor invades lamina propria 
T1b Tumor invades muscularis propria 
T2a Tumor invades perimuscular connective tissue on the peritoneal side, without involvement of serosa 
T2b Tumor invades perimuscular connective tissue on the hepatic side, without direct extension into the liver 
TE Tumor perforates the serosa 
AND/OR 
Tumor directly invades the liver 
AND/OR 
Tumor invades one other adjacent organ (i.e., stomach, duodenum, colon, pancreas, omentum, extrahepatic bile 
ducts) 
T4 Tumor invades the portal vein or hepatic artery 
OR Tumor invades 22 extrahepatic organs or structures 
Nx Regional lymph nodes cannot be assessed 
NO No regional lymph node metastases 
N1 Regional lymph node metastases (<3 lymph nodes) 
N2 Regional lymph node metastases (24 lymph nodes) 
MO No distant metastases 
1 Distant metastases 
AJCC/UICC Stage Tumor Node Metastasis 
0 Tis (0) MO 
71 (0) MO 
IA T2a (0) MO 
IB T2b (0) MO 
IIA T3 (0) MO 
IIB T1-3 1 MO 
VA T4 0-1 MO 
VB Any T 2 MO 
Any T Any N M1 


AJCC, American Joint Committee on Cancer; UICC, Union for International Cancer Control 
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Staging 


Staging systems for gallbladder carcinoma include the Nevin- 
Moran classification system and the Japanese Biliary Surgical 
Society staging system. The most commonly used staging system is 
the TNM system described by the AJCC and UICC (Table 69.7). 
The TNM-based staging system correlates with survival. Reported 
5-year survival rates for patients with stages 0, I, II, IM A, M B, IV 
A, and IV B gallbladder carcinoma are 80%, 50%, 28%, 8%, 7%, 
4%, and 2%, respectively. In the 2018 version of the AJCC/UICC 
staging system, stage T2 was separated into T2a (tumor location 
on the peritoneal side of gallbladder) and T2b (tumor location on 
the hepatic side of the gallbladder).*’ In comparing different prog- 
nostic and therapeutic studies, it is important to account for differ- 
ences in the version of the applied staging system. 


Treatment 


Surgery is the only potentially curative therapeutic option for 
gallbladder carcinoma.'?’ Only 15% to 47% of patients are can- 
didates for surgical resection at the time of diagnosis because the 
stage of the disease is advanced in most cases. Contraindications 
to resection include multiple hepatic or distant metastases, gross 
vascular invasion or encasement of major vessels, malignant asci- 
tes, and poor functional status.!!° Direct invasion of the colon, 
duodenum, or liver is not considered an absolute contraindica- 
tion to surgical resection. The goal of surgical treatment is an RO 
resection, defined as negative margins and nodal dissection one 
level past microscopically involved lymph nodes. RO resection in 
gallbladder carcinoma has been shown to correlate with survival 
and with significantly increased 5-year survival rates!!*.!?°; how- 
ever, RO resection is achieved in only 36% to 49% of patients 
undergoing surgical exploration or re-exploration. 118-128 

Surgical procedures with curative intent include (1) simple 
cholecystectomy; (2) extended or radical cholecystectomy with 
additional resection of greater than 2 cm of the gallbladder bed 
plus lymphadenectomy of the hepatoduodenal ligament behind 
the second part of the duodenum, head of the pancreas, and 
celiac axis; (3) extended cholecystectomy with hepatic, segmental, 
or lobar resection; (4) extended cholecystectomy with extensive 
para-aortic lymph node resection; and (5) extended cholecys- 
tectomy with bile duct resection or pancreaticoduodenectomy. 
The surgical approach is dictated by the extent of tumor. Less 
than 10% of patients with gallbladder carcinoma are diagnosed 
with Tis and Tla tumors. At these stages, gallbladder carcino- 
mas can be treated with simple cholecystectomy, with 5-year 
survival rates of 85% to 100%. A few reports have also favored 
simple cholecystectomy for stage 1b gallbladder carcinoma and 
have reported similar survival rates after either simple or radi- 
cal cholecystectomy.!?”!39 Up to 15% of patients with stage 1b 
gallbladder carcinoma, however, are positive for lymph node 
metastases, compared with 2.5% of patients with stage la gall- 
bladder carcinoma.!*! Also, higher recurrence rates have been 
observed after simple (vs. radical) cholecystectomy; therefore, 
radical cholecystectomy is recommended for stage 1b gallbladder 
carcinoma. ! 1-134 

Invasion of the muscularis propria, as in stage T2 tumors, 
requires radical cholecystectomy, resulting in 5-year survival rates 
of 59% to 90%, compared with 17% to 40% with simple chole- 
cystectomy. !35-137 Tt is important to note that the risk of tumor 
invasion and mode of cancer spread in T2 gallbladder carcinoma 
is influenced by whether the tumor is located on the hepatic or 
peritoneal side of the gallbladder. Patients with T2 gallbladder 
carcinoma with tumors on the hepatic side have higher rates 
of vascular invasion, neural invasion, and nodal metastasis than 
those with tumors on the peritoneal side (51% versus 19%, 33% 
versus 8%, and 40% versus 17%, respectively).!** Therefore, the 
updated AJCC/UICC staging system has divided T2 gallbladder 


carcinoma into T2a and T2b, on the basis of tumor location on 
the peritoneal or hepatic side of the gallbladder, respectively.’ 

The surgical approach to stage T3 and T4 tumors (tumors 
invading beyond the serosa) is controversial. Some studies have 
shown no 5-year survival benefit after radical cholecystectomy for 
stage T3 and T4 tumors, but other studies have reported 5-year 
survival rates of 15% to 63% and 7% to 25%, respectively.!°” 
Because of the poor prognosis of gallbladder carcinoma and the 
possibility of a survival benefit, as well as prolongation of survival 
until recurrence, a radical surgical approach to these advanced- 
stage gallbladder carcinomas is recommended by many centers. 

When gallbladder carcinoma is diagnosed during laparoscopy, 
the procedure should be converted to an open procedure, and 
the laparoscopic port sites should be resected because tumor may 
recur at these sites secondary to iatrogenic dissemination.!*° Fur- 
ther surgical management then depends on the tumor stage, as 
outlined earlier and in Fig. 69.7. When gallbladder carcinoma is 
diagnosed postoperatively, further management depends on the 
tumor stage and the presence or absence of tumor at the margins 
of the surgical specimen. The likelihood of finding residual dis- 
ease at reexploration has been reported to be 50%, 61%, 85%, 
and 100% for stages T1, T2, T3, and T4 tumors, respectively, in 
the initial specimen.!!* Neoadjuvant or adjuvant therapies do not 
provide a survival benefit and are not recommended. »!!8 

The standard of care for patients with unresectable gallbladder 
carcinoma is chemotherapy with gemcitabine combined with cispla- 
tin. This recommendation is based largely on the ABC-02 trial (see 
earlier), which included 149 patients with gallbladder carcinoma and 
showed an improvement in overall survival of 3.6 months, similar to 


Diagnosis of 
gallbladder cancer 


Re-exploration 
Resectable Unresectable 


No further 
treatment 
if margins 
are negative 


Radical 
cholecystectomy 


Palliative 
treatment 


Fig. 69.7 Algorithm for the management of gallbladder carcinoma discov- 
ered intra- or postoperatively at laparoscopic cholecystectomy. In cases in 
which pathologic examination of the cholecystectomy specimen identifies 
a stage T1a tumor with negative surgical margins, no further treatment is 
indicated. If the tumor is found to be a stage T1b tumor or the margins 

of resection are positive for malignant tissue, re-exploration for further 
resection is indicated. Similarly, patients with gallbladder carcinoma found 
to be stage T2, T3, or T4 should undergo surgical re-exploration. If re- 
exploration reveals resectable gallbladder carcinoma, radical cholecystec- 
tomy should be performed. If the tumor is deemed unresectable, palliative 
management is indicated. When postoperative staging reveals metastatic 
spread, palliative management is indicated. M, metastasis stage; T, tumor 
stage. (Modified from Misra S, Chaturvedi A, Misra NC, Sharma ID. Carci- 
noma of the gallbladder. Lancet Oncol 2003;4:167-76.) 
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that for cholangiocarcinoma.’* Other chemotherapeutic agents and 
gemcitabine-based combination therapies (with oxaliplatin, 5-fluo- 
rouracil [5-FU], or capecitabine) and targeted agents (cetuximab, 
erlotinib, or bevacizumab) have been assessed in smaller studies but 
have failed to show outcomes superior to those for the combina- 
tion of gemcitabine and cisplatin, which, therefore, remains first-line 
treatment for unresectable gallbladder carcinoma. In general, gall- 
bladder carcinoma is considered radioresistant.’”” 


AMPULLARY CARCINOMA 


Carcinomas of the ampulla of Vater belong to the family of periam- 
pullary carcinomas. This family includes carcinomas of the duode- 
num, ampulla of Vater, distal bile duct, and pancreas (see Chapter 
60). Ampullary carcinomas are the second most common form of 
periampullary carcinoma (after pancreatic head cancer). The dis- 
tinction between the different forms is important because ampullary 
carcinomas are often diagnosed earlier than the others and, there- 
fore, at a resectable stage, thereby resulting in a better prognosis.!+! 


Epidemiology 


Ampullary carcinomas are rare, accounting for fewer than 1% of 
all GI cancers and 4% to 8% of periampullary carcinomas. The 
annual incidence has been estimated to be 0.6 per 100,000 popu- 
lation.!*!!7 Peak incidence is in the 7th decade of life. There 
is a slight male predominance, with a male-to-female ratio of 
1.48:1.!*3 Racial heterogeneity has been observed; the vast major- 
ity of patients are Caucasian, followed by patients of Hispanic 
and Asian descent. African Americans have the lowest incidence 
rates in the USA.!*! The incidence of ampullary carcinoma has 
increased by 0.9% annually in the USA since the 1970s.!¥ 


Etiology 


Although the etiology of ampullary carcinomas is unknown in the 
majority of cases, several conditions have been associated with this 
malignancy, mostly in case reports or small series. Familial adeno- 
matous polyposis (FAP) is an important risk factor for the develop- 
ment of ampullary carcinomas, (see Chapter 126).!** Periampullary 
carcinoma is the second most common cause of death (after 
colon cancer) in patients with FAP. Usually, periampullary carci- 
noma arises later than colorectal carcinoma in this patient group 
but earlier in comparison with sporadic ampullary carcinomas.'** 
Screening for upper GI neoplasms (polyps or carcinoma) at regu- 
lar intervals of 6 months to 4 years, depending on the degree of 
duodenal polyposis, is, therefore, recommended in patients with 
FAP.!*+* Similarly, increased rates of ampullary carcinoma have 
been described in patients with Gardner syndrome, a variant of 
FAP (see Chapter 126).!*° Lynch syndrome (hereditary nonpolyp- 
osis colorectal cancer) does not appear to predispose to ampullary 
carcinoma (see Chapter 127).!4° Other genetic diseases reported 
to predispose to the development of ampullary carcinoma include 
neurofibromatosis type 1 and Muir-Torre syndrome.!*7!48 As in 
cholangiocarcinoma, chronic liver fluke infection has been reported 
to be a risk factor for ampullary carcinoma (see Chapter 84).!#” 


Pathology 


The ampulla of Vater is an anatomically complex area that con- 
sists of the papilla, common pancreaticobiliary channel, distal bile 
duct, and distal main pancreatic duct. Macroscopically, ampullary 
carcinomas are classified into the following 3 types: (1) intramural 
protruding (intra-ampullary), (2) extramural protruding (periam- 
pullary), and (3) ulcerating ampullary.!** The ulcerating type is 
usually diagnosed at an advanced stage and has the highest rate of 
lymph node metastasis. Consistent with its anatomic heterogene- 
ity, the ampulla includes several different histologic cell types, such 
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as epithelia of the common pancreaticobiliary channel, bile duct, 
pancreatic duct, or duodenal mucosa, Brunner glands, and aberrant 
pancreatic acini in the wall of the bile duct. The most common site 
of cellular atypia is found in the area of the common pancreatico- 
biliary channel, followed by the pancreatic duct, duodenal epithe- 
lium, and Brunner glands.'*? Seventy-five percent of all ampullary 
neoplasms are adenocarcinomas, 20% are benign adenomas, and 
5% are neuroendocrine tumors.!°” Adenocarcinomas account for 
90% of ampullary malignancies; the rest include unusual types, 
such as mucinous, signet-ring cell, and undifferentiated carcino- 
mas.!*° Histopathologically, 90% of ampullary adenocarcinomas 
can be classified into pancreaticobiliary or intestinal types.!°!:!>? 
Histomolecular phenotyping of ampullary carcinomas based on 
histologic subtype and immunohistochemical expression of cau- 
dal-type homeodomain transcription factor 2 (CDX2) and Mucin 
1 (MUCI!) staining may have prognostic value. In 2 different 
series, patients with a pancreaticobiliary histomolecular pheno- 
type (CDX2 negative, MUCI1 positive) had worse outcomes than 
patients with an intestinal phenotype (CDX2 positive, MUC1 
negative)!*>-!>>; however, a subsequent study did not identify prog- 
nostic differences between the 2 subtypes.!°° 


Pathogenesis 


The majority of ampullary carcinomas follow an adenoma-carci- 
noma sequence. In 30% to 91% of ampullary carcinomas, residual 
adenomatous tissue is found.'*? Although precursor lesions can 
develop from intestinal as well as pancreaticobiliary-type tissue, 
carcinomas of the intestinal type typically develop from adenomas, 
whereas pancreaticobiliary and ulcerating carcinomas often lack 
a precursor lesion.!” The intestinal and pancreaticobiliary types 
have distinct molecular alterations. KRAS alterations are more fre- 
quent in pancreaticobiliary type, whereas adenomatous polyposis 
coli (gene alterations are a more frequent occurrence in the intes- 
tinal type.!°’ Other genetic aberrations include TP53 mutations, 
ERBB2 amplification, and CDKN2A loss.!°’ Based on in-depth 
genomic analyses of ampullary carcinomas, the frequency of driver 
gene mutations differs between the intestinal and pancreatobiliary 
types, although there is significant overlap for common mutations, 
including KRAS, TP53, SMAD4, and CTNNB1.!°° Notably, ELF3 
has been identified as a novel mutated driver tumor suppressor gene 
in ampullary carcinoma. Inactivating mutations of ELF3, a member 
of the ETS transcription factor family that encodes an E26 trans- 
formation-specific transcription factor, are present in 10% to 12% 
of ampullary carcinomas.’”:!>* ELF3 inactivation promotes motility 
and invasion of epithelial cells.'** 


Clinical Features and Diagnosis 


Like the other periampullary and biliary malignancies, ampullary 
carcinomas present initially with obstructive jaundice in 70% to 
82% of cases. Pancreaticobiliary ampullary carcinomas in partic- 
ular have been reported to present initially with obstructive jaun- 
dice.!5! Because of their anatomic location, cholestasis develops 
at an earlier stage than do other periampullary and biliary malig- 
nancies, and the resectability rate is, therefore, higher at the time 
of diagnosis. Anicteric patients may present with bacterial chol- 
angitis. Rare patients have “silver stools” as a result of the combi- 
nation of acholic stools that result from bile duct obstruction and 
bleeding of the tumor. When obstructive cholangitis is suspected, 
further diagnostic evaluation is similar to that for other biliary 
malignancies. Immunohistochemical analysis has shown high 
expression of CEA and CA 19-9 in the tumor.!°? Elevated serum 
concentrations of CEA and CA 19-9 have been detected in 11% 
to 29% and 41% to 63%, respectively, of patients with ampullary 
carcinomas. Elevations of these serum tumor markers have been 
associated with tumor recurrence and lower rates of disease-free 
survival in univariate but not multivariate analyses.!°?!© 
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Usually, ampullary carcinomas are diagnosed by endoscopy on 
the basis of their macroscopic appearance and findings on biopsy 
specimens (Fig. 69.8). Subsequent diagnostic tests are directed 
toward an assessment of resectability and detection of metastases. 
As for other biliary and periampullary carcinomas, imaging tech- 
niques such as CT and MRI are commonly used in this setting.!°! 
On MRI with MRCP, ampullary carcinoma is usually seen as a dis- 
crete, hypodense mass on T2-weighted images. Occasionally, the 
tumor can present as irregular thickening around the bile duct or 
bulging into the duodenum. Frequently, dilatation of both the bile 
and pancreatic ducts (“double-duct sign”) or only the bile duct is 
seen; dilatation of the pancreatic duct alone is rarely seen.'°! Addi- 
tion of diffusion-weighted imaging to conventional MR imaging 
enhances detection of ampullary carcinoma.!6 Often, EUS is used 
in the preoperative evaluation. Its accuracy for detecting invasion 
of adjacent organs is 80% to 90%, and its sensitivity and specificity 
for detecting vascular invasion are 73% and 90%, respectively. 163164 
The role of PET in ampullary neoplasms has not been well studied. 


Staging 


Ampullary carcinomas are classified according to the AJCC/ 
UICC TNM classification (Table 69.8).°’ Five-year survival rates 
have been reported to be 49%, 40%, 44%, 33%, 26%, 16%, and 
4% for stages 0, I A, I B, II A, II B, MI, and IV, respectively. 
The T stage was shown to be predictive of survival in a univariate 
analysis but not in a multivariate analysis.!°!!© The risk of lymph 


Fig. 69.8 Endoscopic appearance of ampullary carcinoma. A catheter 
was placed in the ampulla of Vater for biliary drainage after a sphincter- 
otomy was performed. 


TABLE 69.8 TNM and AJCC/UICC Staging Systems for Ampullary Carcinoma 


TNM Stage Criteria 
1x Primary tumor cannot be assessed 
TO No evidence of primary tumor 
Tis Carcinoma in situ 
Tla Tumor limited to ampulla of Vater or sphincter of Oddi 
T1b Tumor invades beyond the sphincter of Oddi and/or into the duodenal submucosa 
T2 Tumor invades into the duodenal muscularis propria 
T3a Tumor invades pancreas (<0.5 cm) 
T3b Tumor extends >5 cm into the pancreas 
ae extends into the peripancreatic soft tissue without involvement of the celiac axis or superior mesenteric artery 
sli invades the duodenal serosa without involvement of the celiac axis or superior mesenteric artery 
T4 Tumor involves the celiac axis, superior mesenteric artery, and/or the common hepatic artery 
Nx Regional lymph nodes cannot be assessed 
NO No regional lymph node metastases 
N1 Regional lymph node metastases (<3 lymph nodes) 
N2 Regional lymph node metastases (24 lymph nodes) 
MO No distant metastases 
M1 Distant metastases 
AJCC/UICC Stage Tumor Node Metastasis 
0 Tis NO MO 
A Tia NO MO 
B T1b-2 NO MO 
IA T3a NO MO 
IB T3b NO MO 
IA T1-3 N1 MO 
IIB T4 Any N MO 
Any T N2 MO 
v Any T Any N M1 


AJCC, American Joint Committee on Cancer; UICC, Union for International Cancer Control 
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node metastases, however, has been reported to increase with 
increasing T stage. Overall, 42% to 60% of patients are found to 
have lymph node metastases at the time of surgery.!66167 Nodal 
involvement is a negative predictor of overall survival, with 9% 
to 47% 5-year survival rates for node-positive compared with 
59% to 63% for node-negative disease.!°”.!° Other independent 
predictors of survival by multivariate analysis are lymphovascular 
invasion, perineural invasion, advanced stage, and pancreatico- 
biliary type of tumor.!91,159.169 


Treatment 


Surgical resection is the only curative treatment for ampullary car- 
cinomas. In contrast to the other biliary malignancies, however, 
77% to 93% of ampullary carcinomas are resectable at the time 
of diagnosis.!!7° The standard surgical approach is pancreatico- 
duodenectomy. Outcomes are good in the absence of lymph node 
metastases, with 5-year survival rates of 59% to 78%.!/!17 In 
the presence of lymph node-positive disease, the prognosis wors- 
ens significantly, with 5-year survival rates of 16% to 25% 171-173 
Extracapsular lymph node involvement results in further worsen- 
ing of the prognosis, with a 5-year survival rate of only 9%. Node 
microinvolvement has been reported to be an adverse prognostic 
factor, and immunohistochemical analysis of resected nodes has 
been recommended.!’* Limited surgical or endoscopic papillec- 
tomy has been reported but is not recommended, because recur- 
rence rates are higher than with pancreaticoduodenectomy.! A 
retrospective analysis of patients who received preoperative che- 
motherapy with or without radiotherapy did not show a mor- 
tality benefit nor an improvement in 5-year overall survival.!”° 
Therefore, further studies are needed to evaluate the role of neo- 
adjuvant therapy in ampullary carcinoma. 

Two large randomized controlled trials have evaluated the 
benefit of adjuvant chemotherapy and chemoradiation therapy. 
The Johns Hopkins—Mayo Clinic collaborative study showed 
a significant improvement in outcome in lymph node-positive 
patients with adjuvant 5-FU-based chemoradiation, with an 
increase in the 5-year survival rate from 6% to 28%.! Simi- 
larly, the European Study Group for Pancreatic Cancer-3 peri- 
ampullary cancer trial reported a median survival of 58 months 
in patients who received adjuvant 5-FU plus folinic acid and 71 
months in patients who received gemcitabine, compared with 41 
months in those who did not receive adjuvant chemotherapy; the 
benefit of adjuvant chemotherapy reached statistical significance 
after correction for independent prognostic factors.'’° Subse- 
quent meta-analyses have reported conflicting results, with one 
demonstrating a significant reduction in the risk of death (hazard 
ratio 0.75) in patients receiving adjuvant chemoradiotherapy!” 
and the other showing no survival benefit for adjuvant therapy.!”* 
Nevertheless, adjuvant chemotherapy or chemoradiation may 
have a role in a subset of patients with ampullary carcinoma, in 
particular those with lymph node-positive disease. 

The benefit of chemotherapy or radiation therapy for patients 
with unresectable ampullary carcinoma has not been evaluated 
in large, randomized controlled trials. Treatment trials have 
included patients with various types of periampullary cancers, 
including 20 patients with ampullary carcinoma in the ABC-02 
trial described earlier.’* In the absence of randomized controlled 
trials of sufficient numbers of patients with unresectable ampul- 
lary carcinoma, the roles of chemotherapy and radiation therapy 
are not defined. 

Palliative treatment should be directed at alleviating tumor- 
associated complications, with the goal of optimizing the patient’s 
quality of life. Obstructive cholestasis is a major cause of morbid- 
ity and can usually be treated palliatively either by endoscopic or 
percutaneous placement of a biliary stent or by a surgical bypass 
similar to that carried out for other biliary or periampullary 
malignancies. 
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BOX 69.4 Tumors of the Biliary Tract Other than 
Adenocarcinoma 


GALLBLADDER 

Benign 

Adenoma 

Granular cell tumor 

Mesenchymal tumor (lipoma, leiomyoma, hemangioma, lymphan- 
gioma) 

Paraganglioma 

Malignant 


Adenosquamous carcinoma 

Neuroendocrine tumor (carcinoid) 

Small cell carcinoma 

Spindle cell sarcomatoid carcinoma 

Others (angiosarcoma, carcinosarcoma, Kaposi sarcoma, leiomyo- 
sarcoma, malignant fibrous histiocytoma, melanoma, metastatic 
tumors, non-Hodgkin lymphoma, rhabdomyosarcoma) 


Tumor-Like Lesions 


Adenomyoma/adenomyomatosis 
Cholesterol polyp 

Heterotopia (gastric, pancreatic, liver, adrenal, thyroid) 
Inflammatory polyp 

BILE DUCTS 

Benign 

Adenofibroma 

Adenoma 

Adenomyoma 

Ciliated hepatic foregut cyst 
Cystadenoma and cystadenocarcinoma 
Granular cell tumor 

Hamartoma 

Neuroma 

Serous cystadenoma 

Solitary or multiple cysts 

Malignant 

Embryonal (botryoid) rhabdosarcoma 
Leukemia 

Lymphoma 

Melanoma 

Metastatic tumor 

Neuroendocrine tumor (carcinoid) 
Paraganglioma 


Precursor Lesions 

Dysplasia (intraepithelial neoplasia/atypical hyperplasia) 

Intraductal papillary mucinous tumor of the bile duct (biliary 
papillomatosis) 


OTHER TUMORS OF THE BILIARY TRACT 


Other neoplastic diseases may involve the biliary tract (Box 69.4). 
Their inclusion in the differential diagnosis of biliary tumors is 
essential because management differs depending on the tumor 
type. Tumors of neuroectodermal origin, such as carcinoids (see 
Chapter 34) and paragangliomas, are rare and typically nonfunc- 
tioning.’ They are most commonly located in the ampulla of 
Vater. Occasionally, carcinoids develop in the extrahepatic biliary 
tract, predominantly in the bile duct. Patients are usually female 
and young. Primary carcinoids of the biliary tract constitute less 
than 1% of all GI carcinoids and usually are not associated with 
the carcinoid syndrome.!*°.!8! Approximately one third of patients 
have metastases at diagnosis. The treatment of choice is surgical 
resection, and the prognosis is generally good.!*?-!*+ Patients with 
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paragangliomas often present with GI bleeding; only 25% present 
with jaundice. Their malignant potential has been estimated to be 
33%, and some investigators recommend pancreaticoduodenec- 
tomy as the treatment of choice.!*° Granular cell tumors, which 
are of neuronal derivation, are extremely rare; only a few cases have 
been described. Usually, they are located in the extrahepatic bili- 
ary tract, particularly at the junction of the cystic duct and the bile 
duct.!®° Occasionally, they can cause biliary obstruction, as occurs 
when they are located in the hepatic hilum.!*° Because of their 
benign character, resection is usually curative.'*” Rarely, neuromas 
of the extrahepatic biliary tract develop after cholecystectomy. !** 
Mesenchymal tumors, such as lipomas, leiomyomas, hemangio- 
mas, and lymphangiomas, have been described in the gallbladder. 
In general, mesenchymal tumors are extremely rare and restricted 
to case reports. Lymphangiomas are often asymptomatic and 
detected incidentally; however, they can increase in size and result 
in abdominal pain or jaundice. US, CT, and MRI with MRCP aid 
in the preoperative diagnosis. Usually, lymphangiomas manifest 
as a multilocular, fluid-filled, cystic mass with thin walls and septa 
and show enhanced signal density with administration of a contrast 
agent.!*? Most of the reported cases have been treated successfully 
with surgical resection, including cholecystectomy, if the tumor is 
located within the gallbladder, or endoscopic resection if the tumor 
is in the area of the ampulla of Vater.!°°-!?? Hamartomas have also 
been reported in the area of the ampulla of Vater and have been 
resected successfully by endoscopy. !°* 

Heterotopia of the gallbladder may be caused by gastric, pan- 
creatic, hepatic, adrenal, or thyroid tissue. Clinical complications 
such as hemorrhage are extremely rare.'”°!° Benign bile duct 
lesions include adenomas, cystadenomas, adenofibromas, cysts, 
and granular cell tumors. Adenomyomas are found more com- 
monly in the ampulla of Vater. Cystadenomas are more common 
in women and manifest primarily with abdominal pain. They 
are found predominantly in the intrahepatic biliary tract and are 
characterized on US by papillary extrusions of the wall and septa. 
They are considered premalignant because of their potential to 
transform into cystadenocarcinomas; therefore, the treatment of 
choice is complete resection.!?-!”” 

Malignant tumors of the biliary tract other than cholan- 
giocarcinoma include cystadenocarcinomas, lymphomas, and 
malignant melanomas. These malignancies arise primarily in 
the extrahepatic bile ducts. Cystadenocarcinomas can be dis- 
tinguished morphologically from cholangiocarcinomas by their 
cystic character.” They are rarely located in the gallbladder.”°! 
Symptoms are nonspecific, and CT and MRI can be helpful in 
making the diagnosis. The treatment of choice is surgical resec- 
tion.??! Malignant melanoma of the biliary tract is uncommon 
and should prompt investigation for a cutaneous melanoma, 
because cases of metastatic spread to the bile ducts have been 


described.?°??°> Lymphomas can occasionally involve the extra- 
hepatic biliary tract and are often mistaken for cholangiocar- 
cinoma.?04205 In general, biliary lymphomas are very rare and 
account for less than 1% of lymphomas.?°>?°° Few reports exist 
of follicular lymphomas originating in the extrahepatic biliary 
tract and gallbladder. Often, these tumors are diagnosed after 
resection. Embryonal rhabdomyosarcoma of the biliary tract 
is extremely rare in adults but is the most common malignant 
tumor at this anatomic location in children.?°” Frequently, it 
is misdiagnosed preoperatively as a choledochal cyst.?08 Com- 
plete surgical resection is rarely possible, and a multidisciplinary 
approach to treatment is recommended. The prognosis of bili- 
ary rhabdosarcomas is good, with reported 5-year survival rates 
of up to 78%.2 

Precursor lesions for cholangiocarcinoma include high-grade 
dysplasia and intraductal papillary mucinous tumor of the bile duct 
(IPNB). High-grade dysplasia of the bile ducts may be a harbinger 
of cholangiocarcinoma, particularly in patients with PSC.210=213 
Patients with high-grade dysplasia are more likely to have FISH 
polysomy compared with those with low-grade dysplasia or no 
dysplasia.’!! A metaplasia-dysplasia-carcinoma sequence has been 
described in PSC-associated cholangiocarcinoma’!’; however, the 
management of PSC patients with high-grade dysplasia remains 
a challenge. A conservative approach, which includes observation 
and intensive surveillance with serial MRCPs and/or ERCPs, is 
typically used in the USA. In countries with favorable organ allo- 
cation, LT has been proposed as the treatment of choice for high- 
grade dysplasia arising in the setting of PSC.?!° 

IPNB encompasses intraductal papillary cholangiocarcinoma 
and precursor lesions such as biliary papillomatosis and biliary 
intraductal papillary mucinous neoplasm.’!* Biliary papilloma- 
tosis, a rare disease with high malignant potential, is character- 
ized by numerous papillary adenomas in the biliary tract.7!> The 
clinical presentation of IPNB includes recurrent abdominal pain, 
jaundice, and acute cholangitis. Because IPNB is a diffuse/multifo- 
cal entity, MRCP or ERCP is used to delineate its extent within 
the biliary tract.*!° Patients with IPNB should be considered for 
surgical resection due to the high malignant potential of these 
lesions.*!7 
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Endoscopic therapy and radiologic treatment of biliary dis- 
ease have evolved in separate but parallel manners. Endoscopic 
therapy is performed using ERCP and EUS-guided tech- 
niques. ERCP is performed primarily by endoscopists trained 
in a gastroenterology fellowship program, but in some centers 
it is performed by surgeons. ERCP is one of the most techni- 
cally demanding endoscopic procedures, and for the success- 
ful management of complex cases the learning curve is steep. 
EUS-guided therapies are done almost exclusively by gastro- 
enterology-trained endoscopists and have seen an expansion in 
utility as new indications for their use have been demonstrated. 
Radiologic therapy of the biliary tract is performed via a percuta- 
neous approach by interventional radiologists. The 3 approaches 
should be seen as complementary rather than competitive. The 
decision to proceed with an endoscopic or radiologic approach 
is often based on local expertise; other considerations include 
physician referral patterns, the location of a lesion within the 
biliary tract, failure of one method, and altered anatomy as a 
result of prior surgery. 


Endoscopic and Radiologic Treatment of Biliary 


IMAGING OF THE BILIARY TRACT 


Imaging of the biliary tract is of utmost importance in planning 
the management approach to patients with biliary disorders, 
regardless of whether an endoscopic or percutaneous approach is 
taken, and is discussed briefly in this context. 


Transabdominal US 


Noninvasive imaging of the biliary tract frequently begins with 
transabdominal US, which provides a global picture of the liver 
and is nearly universally available. There is no radiation expo- 
sure, and contrast agents are not required. Intrahepatic ductal 
dilatation can be visualized easily, and the size of the bile duct 
can be documented. US also provides imaging of the gallblad- 
der and detects gallstones (see Chapter 65). For detection of 
choledocholithiasis, US has a high specificity, but the sensitivity 
does not exceed 68% and is often lower than 50%.!= The sensi- 
tivity decreases if the stones are small and the bile ducts are not 
dilated. US is highly accurate (78% to 98%) for detecting extra- 
hepatic biliary obstruction; however, the pretest probability of 
choledocholithiasis greatly affects the utility of the test.t When 
used in conjunction with clinical and laboratory evaluation, US 
allows differentiation between liver parenchymal disease and 
extrahepatic biliary obstruction with a reasonable sensitivity and 
high specificity (see Chapter 21). US is less accurate, however, at 
defining the level and cause of obstruction, with accuracy rates 
ranging from 27% to 95% and 23% to 88%, respectively.’ In 
addition, US is limited in the ability to distinguish malignant 
from benign causes of obstruction. These limitations may be 
pronounced in obese patients due to the increased distance the 
ultrasound wave must travel, thereby reducing the resolution 
and depth of the image. Advances in US have included 3- and 
4-dimensional imaging,’ use of contrast agents,° and elastogra- 
phy (see Chapter 74). 


MRCP and Multidetector CT Cholangiography 


MRCP is an MRI study (and thus noninvasive) that is dependent 
on the high T2-signal characteristics of bile, which produce a 
high-intensity bright signal on the resulting image. Solid mate- 
rial such as choledocholithiasis will appear as well-defined, dark 
filling defects within the bile duct. MRI does not require admin- 
istration of oral or IV contrast material. For the detection of cho- 
ledocholithiasis, MRCP has a sensitivity ranging from 81% to 
100%, a specificity ranging from 96% to 100%, and high overall 
diagnostic accuracy (Fig. 70.1).’-? False-positive results may arise 
from pneumobilia. In addition, MRCP is highly accurate in dem- 
onstrating the presence of benign and malignant strictures!®1! 
and allows a thorough evaluation of the intrahepatic bile ducts. 
In patients suspected of having biliary complications after LT 
(see Chapter 97), IV administration of mangafodipir trisodium 
(Teslascan, Amersham Health, Princeton, NJ) may be used. This 
agent is excreted primarily in the bile and may improve imag- 
ing sensitivity for post-liver transplant biliary leaks and stric- 
tures.!* In addition, MRI can be performed with an IV contrast 
agent, such as gadodiamide (Omniscan, GE Healthcare, UK) 
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or gadopentetate dimeglumine (Magnevist, Bayer Healthcare, 
Leverkusen, Germany or MultiHance, Bracco, Princeton, NJ), 
to detect and characterize mass lesions in the liver, porta hepatis, 
or pancreas. Contraindications to MRI include a cardiac pace- 
maker, an automatic implantable cardioverter defibrillator, and 
some types of cerebral aneurysm clips. A particular concern about 
gadolinium-based IV contrast agents is that they may precipitate 
nephrogenic systemic fibrosis, a rare scleroderma-like disease 
manifested by hardening of the skin and fibrotic changes that 
affect multiple organs. The cause remains unclear, but reports 
suggest that patients with preexisting kidney disease (renal fail- 
ure) are at greatest risk.!>!4 Avoiding gadolinium and using lower 
doses in patients with renal insufficiency reduce the risk. 

Multidetector CT cholangiography (MDCT) with multipla- 
nar reformation is a CT -based imaging study. MDCT combines 
rapid-volume acquisition and thin-slice imaging. Water is used 
as an oral contrast agent for the biliary tract, and IV iodinated 
contrast is also administered. Images acquired in the axial plane 
can be reconstructed sagittally or coronally and reformatted 3 
dimensionally. The IV contrast dye is not excreted in bile but 
enhances adjacent surrounding visceral structures such as the 
liver, pancreas, and other soft tissues. Bile ducts thus appear as 
low-attenuation structures that are best visualized if dilated. Fol- 
lowing surgical resection of malignant tumors involving the liver 
and bile ducts, MDCT is preferred over MRCP due to a high 
spatial resolution and ability to demonstrate small anastomotic 
tumor recurrences.!° The sensitivity and specificity of MDCT 
for bile duct strictures are 85.7% and 100%, respectively.!’ 
MDCT also has a high sensitivity and specificity for the detec- 
tion of bile duct stones, although diagnostic accuracy decreases 
considerably when calculi are small or similar in intensity to 
bile.’ MDCT has the disadvantage of exposing the patient to 
the potentially harmful effects of ionizing radiation and contrast 
injection. 


Diagnostic EUS 


Diagnostic EUS uses an echoendoscope which has an ultrasound 
transducer located at its tip and emits high-frequency acoustic 


Fig. 70.1 Choledocholithiasis on MRCP and ERCP. 
A, MRCP showing a filling defect in distal bile duct 
(arrow). B, Corresponding ERCP with the same filling 
defect. 


Fig. 70.2 EUS image demonstrating choledocholithiasis. Note a single 
stone in the middle third of the bile duct. Stones have a hyperechoic 
interface with the EUS transducer and postacoustic shadowing. 


waves to the surrounding tissues. Either a radial scanning EUS 
or a linear array EUS is used depending on the images desired 
and the potential for needle aspiration and biopsy. EUS exami- 
nation of the biliary tract can be performed by a transgastric 
or transduodenal approach. Aside from extrapancreaticobiliary 
structures, the transgastric approach provides images of the pan- 
creatic neck, body, and tail, as well as the gallbladder and left 
intrahepatic ducts, whereas the transduodenal approach allows 
imaging of the pancreatic head, gallbladder, ampulla, and bile 
duct. On EUS, choledocholithiasis demonstrates hyperechoic 
foci with acoustic shadowing (Fig. 70.2). EUS has a sensitivity 
and specificity of 95% and 97%, respectively, for the detection of 
choledocholithiasis!?”° and is highly accurate for determining the 
cause of extrahepatic biliary obstruction, with a sensitivity of 97% 
and a specificity of 88%. EUS has the ability to distinguish differ- 
ent causes of malignant obstruction. In particular, EUS is more 
sensitive (93% to 100%) than CT (5% to 77%), transabdomi- 
nal US (50% to 67%), MRI (50% to 67%), and ERCP (90%) 
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Fig. 70.3 Fluoroscopic images of EUS-guided choledochoduodenostomy (CD) in a patient with malignant 
biliary obstruction due to metastatic melanoma. A, Radiographic image showing contrast material injection into 
the biliary tract through a 19-gauge needle. A stricture is seen in the distal bile duct. B, Radiographic image 
showing lumen-apposing metal CD stent in place. A 10-mm by 6-cm fully covered metal stent was placed 
through the CD stent into the bile duct, and a 7-Fr plastic stent was placed within the fully covered metal stent. 


for the detection of pancreatic tumors (see Chapters 60 and 61). 
EUS is less invasive than ERCP and has no associated radiation 
or contrast exposure. EUS combined with FNA permits tissue 
diagnosis of masses and lymph nodes. EUS may be preferred 
over MRCP in some patients, particularly those with contrain- 
dications to MRI, and morbid obesity. MRCP may be favored 
over EUS in patients with altered surgical anatomy, particularly 
Roux-en-Y and Billroth II anatomy where the endoscope cannot 
be advanced to the area of interest to provide images. In patients 
with symptomatic cholelithiasis and an intermediate probability 
of choledocholithiasis, both EUS and MRCP are acceptable pre- 
operative imaging modalities.’! 


ERCP 


ERCP has evolved from a purely diagnostic to an almost exclu- 
sively therapeutic procedure. ERCP is commonly performed 
using moderate sedation,” although in most centers in the USA it 
is carried out with anesthesia support, especially in more severely 
ill patients and in cases anticipated to be complex. Patients who 
receive propofol-based anesthesia for ERCP may have a faster 
recovery time than those who receive other forms of general 
anesthesia.” ERCP is performed with a side-viewing duodeno- 
scope that allows identification of the major papilla. The bile 
duct is cannulated under endoscopic and fluoroscopic guidance. 
A variety of catheters, guidewires, and stents are available to allow 
therapeutic interventions to be performed. Diagnostic ERCP is 
now considered obsolete and reserved for facilitating manometry 
in patients with suspected SOD (see Chapter 63) and in those 
with a possible diagnosis of PSC when other imaging techniques 
are nondiagnostic (see Chapter 68).?*?° 


EUS-Guided Biliary Drainage 


In tertiary centers EUS-guided biliary drainage (EUS-BD) has 
increasingly become an alternative method of biliary decompres- 
sion in patients who fail standard ERCP or in whom ERCP is not 
possible,?’->° as may occur because of surgically altered anatomy, 
gastric outlet obstruction, periampullary diverticulum, or inabil- 
ity to advance a guidewire beyond the biliary obstruction.’ 1? 


Although percutaneous transhepatic biliary drainage has con- 
ventionally been performed in cases of failed ERCP, it is associ- 
ated with high morbidity and reduced quality of life (see later).*? 
The most common approaches to EUS-BD are a transgastric 
approach to the intrahepatic biliary system and a transduode- 
nal approach to the extrahepatic biliary system. The therapeu- 
tic procedures include EUS-guided choledochoduodenostomy 
(EUS-CD), EUS-guided cholecystoduodenostomy, EUS-guided 
hepaticoenterostomy (EUS-HE), and EUS-guided rendezvous 
(EUS-RV) and require technical proficiency in both EUS and 
ERCP. 

EUS-CD consists of transduodenal puncture of the extrahe- 
patic bile duct with an FNA needle under EUS guidance, followed 
by advancement of a guidewire into the biliary tract, dilation of the 
tract, and placement of a stent with the proximal portion in the first 
part of the duodenum.*+> Various biliary access and fistula dila- 
tion methods have been described, and the choice of each depends 
on institutional and endoscopist preferences. One meta-analysis 
of EUS-CD found a technical success rate of 94% and an early 
adverse event (AE) (complication) rate of 19%.>° Self-expandable 
metal stents are typically preferred over plastic stents because of 
prevention of bile leaks and increased durability and patency. 

EUS-guided cholecystoduodenostomy is used for both pri- 
mary gallbladder drainage in patients unfit to undergo cholecys- 
tectomy and secondary gallbladder drainage to allow removal of 
a previously placed, temporary percutaneous cholecystostomy 
tube (Video 70.1). The procedure consists of FNA puncture of 
the gallbladder neck through the wall of the duodenum followed 
by guidewire placement into the gallbladder. Typically, lumen- 
apposing metal stents are used to create an anastomosis between 
the organs, with a decreased risk for stent migration (Fig. 70.3). 
A plastic pig tail stent is often placed within the metal stent to 
prevent stent occlusion.*” 

EUS-HE consists of transgastric or transjejunal (in the case of 
surgically altered anatomy) FNA puncture of a branch of the left 
intrahepatic bile duct followed by advancement of a guidewire into 
the biliary system and stent placement (Fig. 70.4).’* Color Doppler 
is used to detect interposing vessels so that these may be avoided, 
and biliary puncture is confirmed by aspirating bile and/or injec- 
tion of contrast to perform cholangiography. EUS-HE can be used 
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Fig. 70.4 Fluoroscopic images of EUS-guided hepaticogastrostomy (HG) in a patient who had undergone surgical 
hepaticojejunostomy after a bile duct injury during laparoscopic cholecystectomy. A, Radiographic image showing 
injection of contrast material into the biliary tract through a 19-gauge needle. An obstructing stone is seen proximal 
to the hepaticojejunostomy. B, Radiographic image showing the HG stent in place. Through the HG stent, a 7-Fr 
plastic stent was placed into the right biliary system across the bifurcation after balloon dilation. 


as definitive therapy, as in palliation of malignant biliary obstruc- 
tion, for preoperative decompression, or as a portal for downstream 
therapy, including antegrade stent placement.?°40 

EUS-RV is used in cases of failed ERCP as a means to aid can- 
nulation and/or guidewire placement on a repeat attempt at ERCP. 
The procedure consists of EUS-guided puncture of the biliary sys- 
tem from either the stomach or duodenum followed by a cholan- 
giogram and guidewire placement into the biliary system.*! The 
guidewire is advanced beyond the ampulla and into the duodenum. 
Following fluoroscopic confirmation of guidewire placement, the 
echoendoscope and needle are removed, while the guidewire posi- 
tion is maintained. One of 2 approaches can next be performed. 
In the first, a duodenoscope is inserted alongside the guidewire 
and advanced to the ampulla, where the guidewire is found and 
used to assist in cannulation. Alternatively, the distal end of the 
guidewire can be grasped using a forceps or snare and withdrawn 
through the mouth, either through the accessory channel or along 
with the endoscope; a duodenoscope can then be back-loaded over 
the guidewire and advanced to the ampulla. By either method, the 
ultimate aim is to endoscopically provide relief of obstruction. +-+ 
The technique is most useful for enabling biliary cannulation and 
stone removal in patients with a large periampullary diverticulum. 

The choice of EUS-BD modality depends on both patient and 
provider characteristics and is often determined by the preference of 
the endoscopist. It has been proposed that EUS-RV should be ini- 
tially attempted if the ampulla is accessible, followed by EUS-CD or 
EUS-HE as a salvage procedure if the guidewire cannot be advanced 
to the desired location.** EUS-CD or EUS-HE may be attempted 
initially if the ampulla is inaccessible. Both strategies appear to be 
equally effective and safe in patients with failed ERCP.*° A grow- 
ing body of evidence suggests that EUS-BD may be equivalent to 
ERCP as a primary therapy for malignant biliary obstruction when 
performed by an endoscopist with experience in both modalities.47* 


ENDOSCOPIC TREATMENT 


Bile Duct Stones 


ERCP is usually performed in patients with known choledocho- 
lithiasis or in those with at least a moderate clinical suspicion of 
choledocholithiasis (see Chapter 65).* In patients with gallblad- 
der stones and a low clinical suspicion of choledocholithiasis, 


a noninvasive imaging study (MRCP, MDCT) or EUS is pre- 
ferred to minimize the potential for complications of ERCP.’ 
In patients with a low clinical suspicion of choledocholithiasis 
in whom cholecystectomy is planned, intraoperative cholangi- 
ography can be performed, and, if stones are identified, laparo- 
scopic exploration and stone removal can be undertaken. ERCP 
can then be reserved for patients in whom the stones are not 
extracted.® 

The standard method for stone removal is endoscopic biliary 
sphincterotomy to allow enlargement of the papilla and subse- 
quent extraction of stones with a balloon or basket (Fig. 70.5). 
With this approach, more than 80% of all stones can be removed 
successfully.°? Larger stones may require additional removal 
techniques (discussed later). Precut sphincterotomy, whereby an 
incision is made on the papilla prior to cannulation and/or wire 
guidance, may be used in cases in which cannulation by conven- 
tional means has failed and is not associated with an increased risk 
of AEs when performed by a skilled endoscopist.*! 

An alternative to biliary sphincterotomy is balloon dilation of the 
papilla (balloon sphincteroplasty), which can be performed using 
small-diameter balloons (4 to 8 mm).°? The technique was intro- 
duced as a way to preserve sphincter of Oddi function, especially 
in young patients. The stones are removed using balloon or bas- 
ket techniques. Most of the literature on balloon sphincteroplasty 
comes from outside the USA. Two meta-analyses of randomized 
trials of balloon sphincteroplasty versus sphincterotomy have shown 
that the rates of pancreatitis and need for mechanical lithotripsy are 
significantly higher, but the risk of bleeding is significantly lower, 
with balloon sphincteroplasty than with sphincterotomy.>**+ In 
the USA, the only randomized trial that compared balloon sphinc- 
teroplasty and sphincterotomy was closed prematurely because of 2 
deaths in young patients from post-ERCP pancreatitis after sphinc- 
teroplasty.>° Sphincteroplasty still remains, however, an alternative 
approach in patients with coagulopathy,” persons with underlying 
cirrhosis (particularly Child-Pugh class C°* [see Chapters 74 and 
92]), and those with altered anatomy (e.g., Billroth II gastrojeju- 
nostomy [see Chapter 53]), in which sphincterotomy is technically 
difficult.’ Measures to reduce the risk of pancreatitis such as pro- 
phylactic placement of a pancreatic stent and administration of rectal 
indomethacin should be used in such cases.>°*7 

Removal of large bile duct stones (defined arbitrarily as 21.5 
cm in diameter) may require techniques in addition to those 
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Fig. 70.5 Endoscopic images during removal of a bile duct stone. A, A bulging papilla consistent with an 
impacted stone is seen. B, After endoscopic sphincterotomy, the stone is extracted. 


described earlier to be removed successfully. One such technique 
is lithotripsy. One form of lithotripsy is mechanical lithotripsy, 
in which the stone is captured in a specialized large basket and 
crushed (Fig. 70.6).° The fragments are removed using standard 
extraction techniques. Another form of lithotripsy is intraductal 
lithotripsy, which is performed by fragmenting stones under 
direct cholangioscopic visualization using a laser or electrohy- 
draulic catheter.” Direct visualization is necessary to ensure 
the lithotripsy device is directed at the stone and not the bile 
duct wall. The combination of biliary sphincterotomy and large- 
diameter (12 to 20 mm) balloon dilation has been used to remove 
large stones and decrease the need for mechanical lithotripsy 
(Video 70.2). This large-diameter dilation method appears to 
be safe and not associated with an increased risk of post-ERCP 
pancreatitis. If large stones cannot be removed, a biliary stent 
is placed to relieve the obstruction (Video 70.3).°! Additional 
procedures can then be undertaken electively to remove residual 
stones. 


Bile Leaks 


As discussed previously, bile leaks arise as a result of postsurgical 
complications and trauma. Laparoscopic cholecystectomy car- 
ries an incidence rate of bile duct injury from 0.06% to 0.3%. 
Most commonly, postcholecystectomy leaks arise from either the 
cystic duct or duct of Luschka (see Chapter 62). These smaller 
leaks can usually be managed with biliary sphincterotomy alone, 
placement of a plastic biliary stent (7 to 10 Fr), or both. This 
approach diverts bile away from the leak into the duodenum and 
negates the effect of the otherwise high-pressure biliary sphinc- 
ter. More complex leaks usually require placement of one or more 
large-caliber plastic biliary stents in combination with biliary 
sphincterotomy (Fig. 70.7).°+ The use of a removable, covered 
self-expanding metal stent (SEMS) for treatment of refractory 
leaks has also shown clinical utility.65-66 


PSC 


Patients with PSC may benefit from endoscopic intervention to 
treat a dominant stricture or biliary lithiasis (see Chapter 68).67 
Patients with a dominant bile duct stricture usually present with 


progressive biliary obstruction; however, considerable overlap 
exists between the symptoms of cholangiocarcinoma and those 
of a benign dominant stricture.®* For this reason, cholangiocar- 
cinoma must always be considered in patients with PSC. Routine 
brush cytology has a low sensitivity in these patients, but fluo- 
rescence in situ hybridization has been shown to have a high 
sensitivity for the detection of cholangiocarcinoma (see Chapter 
69); however, the specificity is low in the absence of a dominant 
stricture.’” Choledochoscopy (cholangioscopy) may improve the 
detection of malignancy in these patients.’! Probe-based confo- 
cal laser endomicroscopy has been used in the diagnosis of inde- 
terminate biliary strictures.” This technology requires injection 
of fluorescein contrast and use of a specialized probe that allows 
real-time visualization of cellularity. Criteria for interpretation 
have been proposed for the use of probe-based confocal laser 
endomicroscopy; however, more data are needed before this 
technique can be recommended routinely.” 

Endoscopic treatment of a dominant stricture involves bal- 
loon dilation, often in combination with short-term (<8 weeks) 
placement of a large-bore (10-Fr) stent (Fig. 70.8). Endpoints 
following endoscopic therapy have included clinical, biochemi- 
cal, and radiologic improvement, with success rates ranging from 
65% to 100%.7* 


Benign Biliary Strictures 


Benign biliary strictures are caused by a variety of disorders (Box 
70.1), and the response to therapy varies by etiology. Endoscopic 
therapy consists of balloon dilation under fluoroscopic guidance 
followed by placement of biliary stents. The goal of endoscopic 
therapy is long-term biliary decompression; however, it may 
serve as a bridge to surgery if minimally invasive methods are 
ineffective.’> Endoscopic stents may be plastic or a fully covered 
SEMS. An uncovered SEMS creates irreversible tissue hyperpla- 
sia and stent embedment, precluding removal, and therefore they 
are not used for benign biliary strictures. Conversely, a fully cov- 
ered SEMS allows temporary placement and may be used in the 
treatment of benign biliary strictures.’° Insertion of a single plas- 
tic stent is relatively easy and cost-effective; however, this advan- 
tage is counterbalanced by a short duration of patency and a low 
rate of long-term success. An alternative method uses multiple 
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Fig. 70.6 Mechanical lithotripsy of a bile duct stone. A, Endoscopic retrograde cholangiogram showing a large 
stone (arrow). B, Lithotripsy basket crushing the stone. C, Follow-up cholangiogram shows clearance of the 


stone from the bile duct. 


Fig. 70.7 Intrahepatic bile leak after a hepatectomy treated endoscopi- 
cally. A, Contrast extravasation (long arrow) is seen near the percutane- 
ous drain; an internal biliary stent (short arrows) is placed. B, Follow-up 
cholangiogram shows resolution of the leak. 


large-bore plastic stents (10- to 11.5-Fr) inserted in the biliary 
tract at regular intervals for up to 1 year (Fig. 70.9),’”-7? A SEMS 
has a larger diameter and longer patency rate and requires fewer 
endoscopic sessions for stricture resolution than plastic stents. 
The use of a large-diameter (10-mm) covered SEMS may be an 
alternative to multiple plastic stents; the SEMS leads to dilation 
of the stricture over time and is typically removed after 3 to 6 
months, although some data suggest that they may stay in place 
up toa year.*° Results using this approach have been encouraging, 
but use of a SEMS in benign disease is limited to benign biliary 
strictures due to chronic pancreatitis and only for a limited dwell 
time.*! Chronic pancreatitis produces distal bile duct strictures 
that are usually refractory to endoscopic therapy with a single 
plastic stent, particularly in patients with calcific chronic pan- 
creatitis (see Chapter 59).8* Multiple plastic stents can be placed 
as described earlier. Use of a covered SEMS is approved for the 
treatment of chronic pancreatitis-induced bile duct strictures.*? 


Indeterminate Biliary Strictures 


Some biliary strictures cannot be readily classified as benign or 
malignant on the basis of imaging studies and tissue sampling. 
Tissue sampling techniques at ERCP consist of wire-guided bili- 
ary brush cytology and intraductal forceps biopsy.*?** Additional 
techniques that can be used to assess indeterminate strictures 
include EUS, intraductal US,** choledochoscopy with or without 
directed biopsy,*®> and probe-based confocal laser endomicros- 
copy.** In a small percentage of patients, the diagnosis remains 
unclear. In some patients, the final diagnosis can only be estab- 
lished during long-term follow-up or at surgical exploration, 
resection, or, in the case of PSC, LT. 


Malignant Biliary Strictures 


Endoscopic relief of malignant biliary obstruction can be 
achieved either by a transpapillary route, with placement of a 
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Fig. 70.8 Endoscopic therapy of PSC. A, Cholangiography demonstrating irregular strictures of the right and 
left hepatic ducts with intrahepatic stones. B, Balloon dilation of the left hepatic duct. C, Balloon dilation of the 
right hepatic duct. D, Bilateral plastic biliary stents are placed. E, Follow-up cholangiogram with the balloon 


occlusion technique shows marked improvement. 


BOX 70.1 Principal Causes of Benign Biliary Strictures 


Chronic pancreatitis 
Postoperative 


Bile duct resection with a choledochocholedochal anastomosis 
Laparoscopic cholecystectomy 
els 

PSC 


large-bore plastic stent (10-Fr) or a SEMS across the malignant 
stricture, or by EUS, with EUS-BD, such as a CD or HE. The 
approach to the patient depends on the location of the stricture 
(distal to the bifurcation of the common hepatic duct, perihi- 
lar, or hilar) and anatomic constraints, such as gastric outlet 


obstruction or surgically altered biliary or GI anatomy (see 
Chapter 69). 


Distal Bile Duct Strictures 


Pancreatic head cancer is the most common cause of distal bile 
duct obstruction (see Chapters 60 and 61). In patients with known 
pancreatic cancer in whom surgical resection (pancreaticoduo- 
denectomy) is planned, routine preoperative ERCP for biliary 
decompression is discouraged. Several studies have shown that 
this approach does not improve surgical outcome and increases 
overall morbidity and AEs (complications) from ERCP that may 
delay or prevent surgical resection.*° The indications for preop- 
erative ERCP include acute cholangitis and severe pruritus.*’ In 
addition, stent placement is indicated when neoadjuvant chemo- 
radiation is administered, because the time to surgical resection 
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Fig. 70.9 Endoscopic treatment of a choledochocholedochal anasto- 
motic stricture with multiple stents. A, Cholangiography demonstrating 
a stricture (arrow) at the anastomosis. B, Balloon dilation of the stric- 
ture. C, Multiple plastic stents are placed. D, Follow-up cholangiogram 
shows improvement. 


is usually prolonged and a reduction in the serum bilirubin level 
is needed to allow chemotherapy. In this situation, the use of a 
short-length SEMS (covered or uncovered) appears to be the 
best option; data show a high rate of stent occlusion in patients 
with pancreatic cancer who undergo preoperative chemoradia- 
tion when plastic stents are placed compared with a SEMS.** An 
uncovered SEMS is removed along with the tumor at the time 
of surgical resection. SEMS placement in patients with pancre- 
atic cancer regardless of resectability may be cost-effective when 
compared with placement of plastic stents.°?-?! 

ERCP with biliary stent placement is an established alterna- 
tive to palliative surgical bypass and can be performed safely as 
an outpatient procedure.”” The comparative studies of endos- 
copy and surgery for palliation of distal biliary obstruction were 
performed using plastic stents, prior to the advent of the SEMS. 


The main limitation of plastic stent placement is stent occlusion 
as a result of bacterial biofilm or reflux of vegetable matter.” 
Therefore, in the comparative trials of surgery and endoscopy, 
the shorter length of initial hospital stay in the endoscopy group 
was offset by the need for subsequent hospitalizations and repeat 
ERCP to manage stent occlusion. Median time to stent occlu- 
sion for a standard large-bore plastic stent is approximately 3 
months. Stent occlusion results in recurrent jaundice, usually 
with cholangitis. Use of SEMS has overcome the problem of 
bacterial biofilm, and randomized controlled trials have shown 
superior patency rates for a SEMS compared with plastic stents 
(Fig. 70.10).°* Despite the significantly higher cost of a SEMS, its 
use is cost-effective regardless of anticipated survival.” Occlusion 
of an uncovered SEMS is generally managed easily with place- 
ment of a plastic stent or a new SEMS within the existing one. 
Covered metal stents were developed in an attempt to prevent 
occlusion caused by tumor overgrowth and tissue hyperplasia; a 
meta-analysis has demonstrated a patency rate of 304 days for 
covered compared with 141 days for uncovered stents.”° The cov- 
ered SEMS is associated with a higher rate of stent migration and 
possibly an increased risk of acute cholecystitis.?”"* 


Perihilar Biliary Obstruction 


Perihilar strictures may be caused by cholangiocarcinoma or 
metastatic disease. The clinical success rates for achieving ade- 
quate palliation for perihilar tumors is less than that for distal 
bile duct tumors.”? A primary consideration in the palliation of 
hilar strictures is whether to stent only one side (unilateral) or to 
place stents in both the left and right intrahepatic ducts (bilat- 
eral). Technical success rates for bilateral endoscopic stent place- 
ment are lower. Most patients with perihilar obstruction will be 
adequately palliated when only one side of the liver is drained 
(unilateral drainage); this decreases the risk of contaminating the 
contralateral side because it is not accessed.!°° Patients in whom 
contrast dye has been instilled in both the left and right biliary 
systems require stenting of both sides to prevent progressive 
cholangitis.!°! A pre-ERCP abdominal CT may reveal atrophy of 
one lobe of the liver, and this lobe should specifically be avoided 
at ERCP because contamination will require drainage to prevent 
cholangitis but will not likely aid palliation. Alternatively, MRI 
with MRCP can define the biliary anatomy prior to ERCP. 

Not as firmly established is whether a metal stent prolongs 
palliation compared with a plastic stent for perihilar tumors, as is 
the case for distal bile duct strictures (see earlier). In a prospec- 
tive single-arm pilot study of metal stent placement in 17 patients 
with Bismuth type II and IM perihilar cholangiocarcinoma (see 
Chapter 69), median stent patency was 12 months.!°? A noncom- 
parative, single-arm study showed that insertion of a Wallstent 
(a type of metal stent) is safe and feasible and achieves successful 
palliation without the need for further biliary re-intervention in 
the majority (69%) of patients with nonresectable perihilar chol- 
angiocarcinoma. 103 In a prospective observational cohort study 
of patients with perihilar tumors treated with a plastic stent or a 
metal stent, patients in whom a metal stent was placed had signifi- 
cantly lower rates of postprocedural complications and need for 
percutaneous drainage.!"* This finding suggests that metal stents 
may offer the same benefits for perihilar biliary obstruction as 
they do for distal biliary obstruction. !° 

Few comparative studies of endoscopic and percutaneous 
approaches to perihilar tumors have been published (see later). 
One study of the outcome following endoscopic and percutane- 
ous treatment of perihilar cholangiocarcinoma with use of only 
a SEMS found that the rate of successful biliary decompression 
was significantly higher in the group in whom a SEMS was placed 
percutaneously than in the group in whom it was placed endo- 
scopically.!°° The median survival of patients in whom biliary 
drainage was successful initially, regardless of which procedure 
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Fig. 70.10 Endoscopic palliation of obstructive jaundice 
caused by an unresectable pancreatic cancer. A, Chol- 
angiography demonstrating an obstructive stricture in the 
distal bile duct. B, Film immediately after deployment of a 
self-expandable metal stent. 


was performed, was much longer than that of patients in whom 
biliary drainage was not achieved. In addition, after successful bil- 
iary decompression had been achieved, the median survival and 
duration of stent patency were similar in the 2 groups. 

In summary, in patients with unresectable perihilar cholan- 
giocarcinoma who undergo ERCP for palliation, it is reasonable 
to provide unilateral stent placement with contrast injection con- 
fined to the side of drainage. One stent, either plastic or metal, 
is usually adequate for achieving palliation!°’; however, a SEMS 
appears to offer better palliation than a plastic stent. !0°:!0 Finally, 
from an endoscopic perspective, achieving successful drainage is 
more difficult technically for perihilar tumors than for nonhilar 
tumors. 

Photodynamic therapy (PDT) has been used for palliation 
of patients with unresectable perihilar cholangiocarcinoma in 
whom jaundice does not resolve after endoscopic placement of 
a plastic stent.!!° Significant improvements in cholestasis, quality 
of life, and survival (as compared with historical controls) have 
been demonstrated with PDT"!!!.!" and can be maintained for an 
extended period.!! The relevant studies were performed outside 
the USA, in countries in which smaller, more flexible laser fibers 
were available. Nevertheless, trials of PDT in the USA have 
shown promising results.!!+-!!° PDT for cholangiocarcinoma is 
generally confined to selected centers with expertise in this pro- 
cedure. Unfortunately, the cost of PDT has risen so dramatically 
that it is often not feasible to administer. 

Intraductal radiofrequency ablation has also been used to 
treat cholangiocarcinoma.!!’ 10-Fr diameter flexible probes can 
be passed to the stricture and used with standard electrosurgical 
generators. Preliminary data have been promising, and this tech- 
nology has the potential to replace PDT.118-119 


SOD 


SOD was historically classified as type I, I, and IM based on 
varying degrees of imaging and laboratory abnormalities (see 
Chapter 63).!2!?! All types are characterized by intermittent 
biliary-type abdominal pain. Sphincter of Oddi manometry may 
be performed during ERCP by passing a water-perfused or solid- 
state catheter into the bile duct or pancreatic duct to measure the 
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biliary or pancreatic sphincter pressure, respectively. SOD type I 
(sphincter stenosis) is associated with objective abnormalities in 
laboratory test results, often during an attack, and an abnormally 
dilated extrahepatic bile duct on an imaging study. SOD type I 
(sphincter dysfunction) is associated with either abnormal labora- 
tory test results or a dilated bile duct. SOD type III was charac- 
terized by pain alone; however, this diagnosis has largely been 
discarded in clinical practice due to the lack of objective findings 
to support its existence. !?? 

Along with changes in understanding of SOD, treatment for 
the condition has changed substantially. The EPISOD study by 
Cotton and colleagues was a large randomized clinical trial of 
patients with postcholecystectomy pain and little or no objec- 
tive evidence for biliary obstruction, with patients randomized to 
sphincterotomy or sham intervention.”° In this study, endoscopic 
sphincterotomy was actually worse than sham intervention in 
preventing recurrence of abdominal pain. For this reason, routine 
ERCP is not recommended for patients with SOD and certainly 
not for patients with pain only in the absence of objective criteria. 
Patients with postcholecystectomy pain should be evaluated for 
another etiology of their pain or potentially a complication of the 
prior surgery. 


Surgically Altered Anatomy 


In the past, patients with surgically altered upper GI tract anat- 
omy have undergone percutaneous approaches to study the 
biliary tract. The most difficult anatomy encountered is follow- 
ing Roux-en-Y gastric bypass (see Chapter 8). In such patients, 
alternative approaches include unique endoscopic techniques, |”? 
EUS-guided approaches,!”* or a combined endoscopic and lapa- 
roscopic-assisted approach.'?° The endoscopic approach to the 
biliary tract in patients with surgically altered anatomy often 
involves the use of long-length endoscopes, including balloon- 
assisted and spiral enteroscopes. Disadvantages to this approach 
include increased procedure duration, low technical success rates, 
forward-viewing optics, and a reduced toolset for therapeutic 
intervention.'*° The rise of therapeutic EUS has expanded the 
endoscopic options for treating biliary obstruction in patients 
with surgically altered anatomy and may be preferential to an 
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enteroscopy-assisted approach. In one study of patients with 
surgical anatomy and biliary obstruction, the technical success 
rate was 65.3% with enteroscopy-assisted ERCP and 98% with 
EUS-BD.!”’ Because purely endoscopic approaches are techni- 
cally demanding and labor intensive, they are often performed 
only in tertiary centers. 

Alternately, a laparoscopic approach, whereby the duodeno- 
scope is introduced transabdominally through a trocar placed into 
the excluded stomach with a surgeon’s assistance, has a technical 
success rate of up to 98%.!?° This approach requires the coor- 
dination of multiple specialty providers and the need to sterilize 
equipment and can be challenging due to the often low quality of 
fluoroscopy available within the operating room. This approach 
is further complicated by a relatively high rate of abscess forma- 
tion at the access site.!*” Despite these limitations, laparoscopic- 
assisted ERCP is a frequently used alternative to percutaneous 
transhepatic cholangiography (THC) (see later) and may be the 
preferred modality at centers without access to novel EUS thera- 
pies. 


Adverse Events 


Five major types of AEs of ERCP may occur!*?: sedation related, 
pancreatitis, bleeding, perforation, and infection. Reported rates 
of post-ERCP pancreatitis vary because of differences in patient 
selection and operator technique and experience. Patients at 
highest risk are young, otherwise healthy women, especially 
those with known or suspected SOD.'3! Older adults and those 
with chronic pancreatitis or pancreatic cancer have lower rates of 
pancreatitis. Prophylactic placement of a stent into the main pan- 
creatic duct reduces the risk of pancreatitis in high-risk patients 
and nearly eliminates the risk of severe pancreatitis.'*? Pancreatic 
duct stenting is generally recommended when bile duct can- 
nulation is challenging and when the pancreatic duct has been 
inadvertently cannulated.'*? Rectally administered prophylac- 
tic NSAIDs have been shown to reduce the risk of post-ERCP 
pancreatitis!*+ and may be preferable to the use of a prophylac- 
tic stent or the combination of a stent and rectal NSAID.135:136 
Bleeding may occur after biliary sphincterotomy. Risk factors for 
postsphincterotomy bleeding include coagulopathy and institu- 
tion of anticoagulation within 72 hours of sphincterotomy.!*7 
Perforation of the duodenum occurs in less than 1% of patients 
and may require surgical management, especially when the lat- 
eral duodenal wall is injured.!**:'3? Infection occurs primarily in 
patients in whom drainage of the biliary tract after ERCP is inad- 
equate. Such patients include those with extensive intrahepatic 
PSC or advanced perihilar tumors and those who have undergone 
a failed stent placement for biliary obstruction. A lower ERCP 
volume by an endoscopist also appears to be associated with a 
lower success rate and higher AE rate (see also Chapter 42).140 
For this reason, efforts are underway to create standardized train- 
ing in EUS and ERCP, along with methods to assess procedural 
proficiency.!*! 


PERCUTANEOUS TRANSHEPATIC CHOLANGIOGRAPHY 


Percutaneous THC is an invasive diagnostic test and can be 
therapeutic, if necessary. In light of the array of noninvasive 
imaging studies, percutaneous THC is rarely performed for diag- 
nostic purposes. Subsequent decompression of biliary obstruc- 
tion, removal of a stone, balloon dilation of a stricture, and 
transhepatic catheter or stent placement can be performed. The 
procedure is generally reserved for patients in whom ERCP is 
precluded because of difficult endoscopic access across a biliary- 
enteric (Roux-en-Y) anastomosis, gastric bypass, or extrahepatic 
biliary stricture that cannot be traversed endoscopically (see ear- 
lier). In some institutions percutaneous biliary drainage is pref- 
erentially performed for relief of biliary obstruction in patients 


with a complex hilar tumor. Serious procedure-related AEs such 
as bleeding, sepsis, or bile leakage occur in 2% to 4% of cases.!¥ 
The procedure generally can be performed with moderate seda- 
tion.'** Broad-spectrum IV antibiotics are usually administered 
prophylactically. !* 


Technique 


Review of the CT and MRI results prior to percutaneous THC 
can help determine the best approach (i.e., from the right or left 
side) and the location of the dominant dilated ducts and help avoid 
unintentionally traversing adjacent structures, such as the colon. 
Dilated bile ducts on the left side may be easily accessible with a 
minimal number of needle passes with use of transabdominal US 
guidance from a subxiphoid approach.'* A standard right-sided 
approach is used most frequently, however, and is performed 
from an intercostal approach, usually via the mid-axillary region 
below the tenth intercostal space. A greater number of punctures 
increase the risk of a pneumothorax or biliary pleural effusion. 
From either side, the procedure is initiated by advancing a 
22-gauge needle under fluoroscopic guidance centrally toward 
the liver hilum and gently injecting contrast as the needle is 
withdrawn slowly. The initial use of such a small needle reduces 
hepatic trauma as well as the likelihood of bleeding despite the 
potential need for multiple needle passes to cannulate a bile duct, 
particularly when the bile ducts are not dilated. US guidance or 
CT guidance can be used to access nondilated bile ducts. !+°:!47 
When a bile duct is cannulated, diagnostic cholangiography 
can be performed. Isolated ducts, because of strictures or stones 
that do not communicate with the rest of the biliary tract, may 
need to be opacified via additional needle passes. If the proce- 
dure is only diagnostic, and biliary obstruction is not evident, the 
needle is simply withdrawn. If the biliary system is obstructed, 
however, serious consideration should be given to traversing the 
obstruction and leaving a decompressive “external-internal” tube 
in place; abandoning an obstructed biliary system may lead to bile 
leakage from the puncture site. The risk of hepatic arterial injury 
is reduced by using a peripheral intrahepatic bile duct for final 
access. If the duct cannulated initially is too central (the larger 
branches of the hepatic artery tend to be more central), a more 
peripheral duct should be chosen for access into the biliary tract. 
Frequently, use of a second needle to puncture a more peripheral 
duct is required, and the initial needle is used to opacify and visu- 
alize this new and safer access duct. A 0.018-inch “micro” wire is 
then advanced via the needle into the biliary tract and the access 
system “upsized” by the passage of catheters of increasing diam- 
eter over the wire. When access is gained, the obstruction can 
be traversed and an external-internal biliary placed (Fig. 70.11). 
These tubes provide drainage holes positioned above the level 
of obstruction; the distal pigtail is configured within the small 
intestine. The size of the tube usually ranges from 8 to 12 Fr. 
A larger tube may yield better decompression, but care must be 
taken not to place a tube large enough to obstruct the drainage of 
smaller ducts, particularly in the setting of PSC, in which many 
of the obstructed ducts are not dilated. If the obstruction cannot 
be traversed during the initial attempt, a drainage catheter can 
be left proximal to the obstruction in the biliary tract (external 
drainage), and subsequent attempts to traverse the obstruction 
can be made via this access after several days of drainage. This 
delay often allows inflammation to decrease and increases the 
likelihood that the catheter can subsequently be internalized. 
Generally, the external-internal drainage tube is left to external 
drainage until fever or blood in the biliary tract resolves. Capping 
the external end of the tube to permit internal drainage decreases 
biliary fluid losses, which can be more than 1 L/day, and prevents 
associated dehydration or electrolyte abnormalities. Bile samples 
obtained during the initial procedure can be sent for culture or 


cytology. 
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Fig. 70.11 Schematic showing percutaneous 
transhepatic cholangiography. A, A peripheral bile 
duct is identified and entered with a needle (ar- 
row). B, A guidewire is passed through the needle 
across the obstructing lesion into the duodenum. 
C, The needle has been withdrawn. D, An internal- 
external catheter is inserted over the guidewire. 


C 


A contraindication to percutaneous THC is coagulopathy. 
Generally, the procedure is thought to be safe with an INR of 
less than 1.8 and platelet count greater than 50,000/mm? (see 
Chapter 94). Any abnormalities are generally corrected immedi- 
ately before the procedure. Marked ascites between the liver and 
puncture site increases the risk of bile leakage, whereas a tortuous 
biliary catheter course may lead to malposition of the catheter or 
difficulty with future manipulations. In the presence of a substan- 
tial amount of perihepatic ascites, a preprocedure paracentesis 
can be performed or US guidance can be used to place a small 
temporary peritoneal drainage catheter adjacent to the liver for 
the duration of the procedure. Biliary sepsis can be minimized by 
avoiding overdistention of the bile ducts and limiting the num- 
ber of manipulations during the procedure. As soon as a tube is 
placed, it can be used as an access for further manipulations or 
interventions. 

Following initial biliary decompression, further intervention 
should be avoided until fever and sepsis have resolved. Patients 
need to be monitored closely for the first 24 to 48 hours following 
the procedure. Brisk bleeding around the catheter site, through 
the catheter itself, or from the GI tract suggests the possibility of 
hepatic arterial injury.'** Presentation of a hepatic artery pseu- 
doaneurysm can be delayed, sometimes for a week or 2 after the 
initial procedure. Persistent bleeding that results in a profound 
fall in the hemoglobin level or hemodynamic instability should be 
investigated with hepatic angiography and embolization when an 
injured vessel is recognized. A small amount of blood in the bili- 
ary tube or bile ducts following the original procedure, or during 
subsequent manipulations, is frequently self-limited and clears 
within 1 or 2 days. 


Postoperative Biliary Strictures 


Postoperative strictures may occur following laparoscopic cho- 
lecystectomy, major hepatic resection, and LT at a choledocho- 
choledochal anastomosis or within an intrahepatic duct as a result 
of ischemia or recurrent PSC (see Box 70.1 and Chapters 66, 68, 
and 97). Postoperative biliary strictures may be described using 
either the Strasberg classification for bile duct injuries, which 
encompasses all postoperative bile duct injuries, or Bismuth 
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classification, which is specific to hilar strictures (see Chapter 
69).149150 Dilation of a postoperative or other benign biliary 
stricture can be performed endoscopically or percutaneously via 
THC or through a mature, surgically placed T-tube tract (see 
Chapter 66). Maturation of the T-tube tract usually requires 6 
weeks, and therefore, external drains cannot be removed prior 
to this time. 

Percutaneous THC and biliary balloon dilation may be per- 
formed at the same session in the absence of clinical signs of chol- 
angitis or sepsis. An 8- or 10-Fr transhepatic tube is left in place, 
and the patient returns for repeat cholangiography 6 weeks later, 
at which time further stricture dilation is performed if bile duct 
narrowing of 30% or greater persists. The tube is then repeatedly 
upsized to a 12-Fr tube to facilitate healing of the stricture at a 
larger diameter. If the stricture resolves on follow-up, the biliary 
tube can be removed; otherwise, a similar procedure should be 
performed after 6 to 8 weeks. 

In one of the largest series published with long-term follow- 
up, percutaneous biliary balloon dilation was performed in 85 
patients with a benign biliary stricture.!°! In the 75 patients with 
follow-up, 205 percutaneous procedures were performed during 
112 treatments of 84 biliary strictures. Stricture balloon dilation 
from 8 to 12 mm was performed. Procedures were repeated at 
2- to 14-day intervals until cholangiography demonstrated free 
drainage of contrast material to the small intestine and no resid- 
ual stenosis. An external-internal biliary drain was left in place for 
a mean of 14 to 22 days and removed if the patient did well when 
the catheter was clamped and had a normal cholangiogram. All 
procedures were technically successful. A total of 52, 11, 10, and 2 
patients underwent a total of 1, 2, 3, and 4 dilations, respectively. 
Major complications occurred in 2% of procedures: 2 subphrenic 
abscesses, 1 hepatic arterial pseudoaneurysm, and 1 case of hemo- 
bilia. The probability that clinically significant restenosis did not 
develop at 5, 10, 15, 20, and 25 years was 0.52, 0.49, 0.49, 0.41, 
and 0.41, respectively, after the first treatment, and 0.43, 0.30, 
0.20, 0.20, and 0.20, respectively, after the second treatment. 
No significant difference was found in the rate of restenosis for 
strictures at anastomotic and nonanastomotic sites. Overall, 56 of 
75 patients (75%) had successful management with percutaneous 
therapy. 
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Fig. 70.12 Percutaneous therapy for recurrent PSC after LT in a patient who has a hepaticojejunostomy. 
A, Initial puncture and passage of a guidewire into the jejunum. B, Balloon dilation of the right and left hepatic 
ducts. C, Follow-up cholangiogram with an indwelling internal-external biliary catheter. 


Following LT, percutaneous THC is used for treating compli- 
cations in patients with a duct-to-duct anastomosis and especially 
in patients in whom hepaticojejunostomy has been performed; 
these latter anastomoses frequently cannot be accessed via an endo- 
scopic approach (see Chapter 97). Hepaticojejunal anastomosis is 
performed at the time of LT in children, patients with PSC, and 
reoperation for a complication of a duct-to-duct (choledocho- 
choledochal) biliary anastomosis and in living-related liver trans- 
plants.!°? For treatment of both duct-to-duct and hepaticojejunal 
anastomotic strictures, percutaneous therapy provides a high non- 
operative success rate.!>3-!>> In addition, in those patients in whom 
the bile duct is approachable via ERCP but who fail an endoscopic 
approach, a percutaneous approach is often successful.!*° 


PSC 


Most nonsurgical therapeutic interventions for PSC are now per- 
formed via ERCP (see earlier and Chapter 68). In the past, per- 
cutaneous therapy for a dominant stricture using balloon dilation 
followed by biliary drain placement for 2 to 3 months was found 


to be highly effective for treating obstructive biliary symptoms in 
patients with PSC,!°’ but is less effective in patients with jaundice 
for more than 6 months because of liver parenchymal dysfunc- 
tion. Subsequently, only case reports of percutaneous therapy for 
PSC have appeared in the literature.'** In our experience, per- 
cutaneous therapy is useful for patients with a dominant stric- 
ture that cannot be accessed endoscopically (Fig. 70.12). In these 
cases, a guidewire or catheter passed percutaneously can be left 
in the duodenum to facilitate future endoscopic access (see later). 


Bile Leaks 


Bile leaks are almost always postsurgical in etiology and arise 
from anastomotic (e.g., following LT) and nonanastomotic sites. 
The latter include cut surfaces of the liver and bile ducts follow- 
ing hepatectomy and laparoscopic injury. Percutaneous manage- 
ment may include drainage of free bile from the peritoneal cavity 
and of localized bile collections (bilomas), as well as placement of 
a biliary catheter above or across the leaking site to allow success- 
ful closure in the majority of cases.!°?-!¢! 
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Either in conjunction with or as alternative to percutaneous 
therapy, ERCP is effective in the management of bile leaks and 
results in resolution rates of 90% or higher.!°:!® The procedure 
may be performed with sphincterotomy alone,!°*+!° plastic bili- 
ary stent placement with or without out sphincterotomy,!66-168 
and placement of a fully covered SEMS.!6°170 Regardless of 
approach, the therapeutic mechanism in ERCP relates to the 
equalization of pressures in the bile duct and duodenum, so that 
bile can flow antegrade into the duodenum. 1”! 


Bile Duct Injury 


Widespread performance of laparoscopic cholecystectomy has 
led to an increased frequency of major bile duct injuries (see 
Chapter 66). Other causes of bile duct injury include bile duct 
exploration or biliary injury resulting from abdominal surgery or 
trauma. Percutaneous transhepatic biliary drain placement can be 
used as primary treatment of the injury or to augment surgical 
repair.!’* Misra and colleagues!” retrospectively evaluated 51 
patients who underwent percutaneous biliary management fol- 
lowing laparoscopic cholecystectomy-related bile duct injuries 
over a 10-year period; 45 had undergone operative repair prior 
to referral. Overall, 46 of the 51 were initially managed percu- 
taneously, and 5 were managed percutaneously following failed 
hepaticojejunostomy. Nonoperative percutaneous management 
with balloon dilation resulted in an overall success rate of 58.8% 
at a mean follow-up of 76 months. 


Bile Duct Stones 


Bile duct stones can be managed endoscopically via ERCP (see 
earlier) or percutaneously via cholecystostomy tubes, percutane- 
ous placed drains, or surgical T-tubes (see later). Gallbladder tube 
or T-tube tracts require approximately 6 weeks to mature prior to 
use. In many cases, bile duct stones can be cleared percutaneously 
by dilating the papilla from an antegrade approach.!”+!7> The 
stones, which may require mechanical fragmentation, are flushed 
into the duodenum. The percutaneous catheter is replaced 
for several days and then removed. With this approach, the 
described stone clearance rate is 94% or greater.!’+!7° In some 
cases, particularly in the setting of complex intrahepatic stones, 
a small-caliber choledochoscope can be passed through a mature 
percutaneous tract. Stones are then fragmented using a variety 
of techniques, with a high rate of success (see Chapter 66).!77"!78 


Malignant Biliary Obstruction 


Stents can be placed percutaneously for relief of malignant bili- 
ary obstruction, either preoperatively or for palliation. Stents are 
composed of either rigid plastic or self-expanding metal. The 
SEMS was designed to avoid occlusion from bacterial biofilm, 
which invariably occurs in plastic stents and results in the need 
for reintervention (see earlier). 

Distal bile duct strictures (e.g., caused by pancreatic head can- 
cer) are preferably managed via ERCP (see earlier) because endo- 
scopic stent placement is less painful than percutaneous stent 
placement and is associated with fewer complications based on an 
older randomized trial.!’? Percutaneous stent placement can eas- 
ily be achieved in these patients, however, and may be required 
in the case of failed or inadequate endoscopic therapy.!8° Mul- 
tiple interventions are often needed to place plastic stents prior 
to final internalization of the stent because large-bore (210-Fr) 
stents require dilation of a tract through the liver, which often 
cannot be accomplished in one stage. Bleeding, which occurs 
with such aggressive dilation, often requires maintenance of an 
external catheter to drain blood within the biliary tract. Com- 
pared with a plastic stent, percutaneous placement of a SEMS 
has been associated with significantly longer stent patency, a 
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reduction in the need for re-intervention, and shorter hospital 
stays.'*! In addition, advantages of a SEMS when placed percu- 
taneously are the availability of small-diameter pre-deployment 
delivery systems, so that the percutaneous tract does not require 
dilation, and the capability for stent insertion in one step.!°!:!*? In 
a randomized trial of endoscopic versus percutaneous palliation 
of malignant bile duct obstruction in which metal biliary stents 
were placed percutaneously in one step and plastic stents were 
placed endoscopically, percutaneous placement of a SEMS was 
associated with a 34% lower rate of recurrent biliary obstruc- 
tion,!® although these differences may be related to the type of 
stent rather than the approach. 

Relief of perihilar biliary obstruction (e.g., caused by perihi- 
lar cholangiocarcinomas, or Klatskin tumors) is more difficult to 
achieve endoscopically than is relief of distal bile duct obstruction 
(see earlier). Several studies have suggested that the percutaneous 
approach to these tumors is superior to the endoscopic approach, 
with a lower rate of postprocedure cholangitis.!0°!°° 

The covered SEMS was designed to improve stent patency 
by reducing the frequency of occlusion resulting from tumor 
ingrowth and tissue hyperplasia. Studies have shown promising 
results,'®+!®> although no randomized trials of covered versus 


uncovered stents placed via the percutaneous approach have been 
published. 


PERCUTANEOUS CHOLECYSTOSTOMY TUBE 
PLACEMENT 


The standard treatment of acute calculous cholecystitis is cho- 
lecystectomy (see Chapters 65 and 66). Even with the advent of 
laparoscopic cholecystectomy, some patients are still not surgical 
candidates. Percutaneous cholecystostomy tube placement is a 
minimally invasive way to treat these patients and can be per- 
formed with a local anesthetic or with moderate sedation. Tube 
placement enables immediate decompression of the gallbladder. 
Bile samples obtained during tube placement can be used to guide 
antimicrobial therapy, and the tube can be used for cholangiog- 
raphy to confirm cystic duct obstruction or, if the cystic duct 
becomes patent, bile duct obstruction. Percutaneous gallbladder 
therapy is useful for the management of severe acute calculous 
cholecystitis as a nonoperative approach in older adults or per- 
sons who are poor candidates for surgery and as a way to avoid 
emergency surgery and allow subsequent laparoscopic cholecys- 
tectomy. "6198 

The utility of percutaneous cholecystostomy tube placement is 
counterbalanced by several factors, including patient discomfort, 
the need to manage an external tube, and associated complica- 
tions, including catheter dislodgement, cellulitis, fistula forma- 
tion, and infection. For this reason, it is best used as a temporary 
solution.!® Although the intent of percutaneous cholecystostomy 
tube placement is usually to provide a bridge to cholecystectomy 
or for potential removal after clinical improvement, the tube may 
become permanent when operative risk is excessive due to under- 
lying medical comorbidities and/or the presence of factors that 
increase the risk of recurrent cholecystitis after removal of the 
drain. In these cases, long-term percutaneous drain placement 
can result in significant pain, inconvenience, and cosmetic disfig- 
urement and in a decrease in the patient’s quality of life.!”° 

For cases in which cholecystostomy tube removal is challeng- 
ing due to the aforementioned reasons, internalization of gall- 
bladder drainage by EUS-guided therapy may be possible.!?! In 
this method, the gallbladder is punctured under EUS guidance 
from the stomach or duodenum and a lumen-apposing metal stent 
is deployed to create an anastomosis between the organs.!°?!193 
After this procedure, percutaneous drains can subsequently be 
removed without risk of recurrent cholecystitis. 

Alternatively, stones in the gallbladder, cystic duct, or bile 
duct can be managed percutaneously. The mature percutaneous 
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Fig. 70.13 Percutaneous management of calculous cholecystitis. A, A percutaneous catheter is placed into 
the gallbladder. Multiple gallstones are present. B, A large-caliber tube allows extraction of stones. C, Com- 
plete clearance of gallstones is demonstrated. 


tract can be dilated, after which the stones can be extracted 
(Fig. 70.13). Patients with intrahepatic gallbladders and small, 
shrunken, thick-walled gallbladders are not candidates for this 
approach. Despite the high success rate of percutaneous stone 
removal, stones can recur.!"+ 

An additional challenge in patients in an ICU is the manage- 
ment of suspected acute acalculous cholecystitis (see Chapter 67). 
A Murphy sign can be difficult, if not impossible, to demonstrate, 
particularly in an intubated or unresponsive patient. Delayed 
diagnosis and treatment can lead to gallbladder gangrene and 
perforation and to mortality. In patients in whom the clinical sus- 
picion for acute acalculous cholecystitis is high, a gallbladder tube 
should be placed percutaneously. If the gallbladder is the source of 
the patient’s clinical problem, the cholecystostomy tube remains 
in place for 6 weeks when a mature tract allows safe removal. In 
one study of 55 critically ill patients with suspected acute acalcu- 
lous cholecystitis who underwent percutaneous gallbladder tube 


placement, clinical improvement was seen in 58.7% within 24 
hours and 95.7% within 72 hours.!°° Recurrence of acute acalcu- 
lous cholecystitis after cholecystostomy tube removal is less than 
3% at 8 years.!°° 


COMBINED PERCUTANEOUS AND ENDOSCOPIC 
APPROACHES 


In some situations in which ERCP is unsuccessful but the bile 
duct still needs to be accessed endoscopically, a combined percu- 
taneous-endoscopic approach can be undertaken, a so-called ren- 
dezvous procedure (Fig. 70.14).!°’ An example is a patient with 
a large duodenal diverticulum and a bile duct stone. If the diver- 
ticulum prevents endoscopic biliary access, a guidewire is passed 
percutaneously into the duodenum; the patient is then brought to 
the ERCP suite, and an ERCP is repeated. The wire is grasped 
by a forceps, and accessories are passed over the wire, thereby 
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allowing sphincterotomy and stone extraction. A similar method 
may be performed with EUS guidance for guidewire placement 
(see earlier).!°° The technique is not needed for most malignant 
strictures, which can be managed entirely with a percutaneous 
approach if the endoscopic approach fails. 


Full references for this chapter can be found on www.expertconsult.com. 


Fig. 70.14 Schematic of a combined percutaneous and endoscopic 
approach to the biliary tract. The guidewire is passed into the duode- 
num and identified endoscopically (inset), after which it is grasped with 
a snare and pulled through the endoscope and out through the mouth, 
thereby providing access to the biliary tract. 


Video 70.1 EUS-guided cholecystoduodenostomy 
Video 70.2 Balloon dilation and stone removal 
Video 70.3 Stent placement for defiant bile duct stones 
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The liver develops at 3 to 4 weeks’ gestation as an outgrowing 
diverticulum of proliferating endodermal cells from the ventral 
wall of the foregut in response to signals from the adjacent devel- 
oping heart (Fig. 71.1).!? In the fourth week, 2 buds can be rec- 
ognized in the hepatic diverticulum: the cranial bud becomes the 
liver and the hilar biliary tract, whereas the caudal bud develops 
into a superior bud that forms the gallbladder and cystic duct and 
an inferior bud that forms the ventral pancreas.’+ 

Initially, the liver bud is separated from the mesenchyme of 
the septum transversum by basement membrane.! Shortly, how- 
ever, this basement membrane is lost, E-cadherin expression is 
down-regulated in hepatic cells, and cells delaminate from the 
bud and invade the septum transversum as cords of hepatoblasts— 
bipotential cells that differentiate into hepatocytes and cholangio- 
cytes.’° As they invade the septum transversum mesenchyme, 
hepatoblasts intermingle with endothelial cells, an interaction 
that appears critical for hepatic morphogenesis.! 

Hepatic differentiation is highly dependent on signals from 
the cardiogenic mesoderm and septum transversum mesen- 
chyme, which produce fibroblast growth factor (FGF) and bone 
morphogenetic protein, respectively.” The control of hepato- 
cytic differentiation is complex and involves several transcription 
factors at various stages of development. For example, GATA4 
and forkhead box A (FoxA) are involved in developmental “com- 
petence” because they have the ability to interact with compacted 
chromatin and act as “pioneer” factors that can mark domains 
of chromatin as competent to be expressed in response to later 
developmental cues such as FGF®’ Prospero homeobox protein 
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1 (Prox1) may be involved in down-regulation of E-cadherin, 
because mutant hepatoblasts maintain high levels of E-cadherin 
and fail to degrade the matrix surrounding the liver bud.° Ter- 
minal differentiation of hepatocytes requires the overlapping 
interaction of a group of transcription factors including hepato- 
cyte nuclear factor (HNF)16, FoxA2, HNFla, HNF4a1, HNF6, 
and liver receptor homolog (LRH)-1.°’ These cross-regulating 
factors form a dynamic transcriptional network by binding to 
each other’s promoters and to the promoters of other hepatic 
transcription factors, creating synergistic interdependence as 
hepatocyte maturation proceeds.’ The contribution of Wnt sig- 
naling and -catenin is complex and stage dependent. During 
early development, canonical Wnt/f-catenin signaling represses 
hematopoietically-expressed homeobox (Hhex), another early 
transcription factor in hepatic development; therefore, early in 
the process, Wnt must be suppressed in the anterior endoderm 
to facilitate commitment of the endoderm to a hepatic fate. After 
specification, Wnt signaling promotes hepatogenesis.®* 

By most accounts, the extrahepatic biliary system develops orig- 
inally as a solid structure that becomes canalized at the end of the 
fifth week.? However, it may develop ab initio as a hollow structure, 
refuting the concept that biliary atresia results from a failure of 
the bile duct to canalize.? Extrahepatic biliary tract development 
may require the expression of sex determining region Y-box 17 
(SOX17), which is regulated by the homolog of hairy/enhancer-of- 
split (Hes1).° Another transcription factor involved in extrahepatic 
biliary development is Hhex; in Hhex null embryos, the bile duct is 
replaced by tissue resembling duodenum.° Either the extrahepatic 
and intrahepatic biliary systems merge at the hepatic hilum or they 
maintain luminal continuity from the start.” 

Intrahepatic biliary development begins at 6 weeks when a 
subset of hepatoblasts close to the portal mesenchyme strongly 
express biliary-specific antigens (see Chapter 62).!° These biliary 
precursor cells form a continuous single-layered ring around the 
portal mesenchyme, called the ductal plate. This plate becomes 
partly bilayered in the next step with the cells closest to the portal 
mesenchyme maintaining a biliary phenotype and those closest 
to the parenchyma resembling hepatoblasts, a process known as 
transient asymmetry.!','? A period of remodeling follows in which 
focal dilatations appear between the 2 cell layers and eventually 
form lumens. The parts of the ductal plate not involved in the 
formation of ducts regress by apoptosis, and, around the time 
of birth, the remaining ducts are incorporated into the portal 
mesenchyme.!° Incorporation and elongation of ducts begins in 
the hilum and extends to the periphery of the liver.!!!? At birth, 
the most peripheral small portal tracts require an additional 4 
weeks before the ductal plates develop into bile ducts.’ Similarly, 
bile canaliculi develop their fully mature appearance during the 
perinatal and early postnatal period, even though the major bile 
transporters are expressed at the midgestational age.’ 
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The switch in phenotype of hepatoblasts to cholangiocytes 
requires the coordinated activity of various signaling systems and 
transcription factors. The earliest sign of biliary differentiation is 
expression of SOX9, a transcription factor that regulates the timing 
of biliary duct development.ć The Wnt/p-catenin signaling system 
may also play a temporal role in the commitment of hepatoblasts 
to biliary epithelial cells. HNF-6 and HNFIf also regulate bili- 
ary differentiation; mice deficient in these factors show cystic dys- 
genesis of the biliary tract and abnormalities in the hepatic arterial 
branches.!! The developing ducts produce vascular endothelial 
growth factor (VEGF), which cooperates with angiopoietin-1 
produced by hepatoblasts to promote arterial vasculogenesis and 
recruit mural pericytes to the developing arteries.!! The mainte- 
nance of duct structure during the elongation phase requires that 
mitoses be aligned uniformly along the axis of the duct, a process 
called planar cell polarity, which is controlled by noncanonical Wnt 
signaling and is defective in fibropolycystic liver disease.!! 

Two signaling systems have emerged as critical to biliary dif- 
ferentiation and restriction of biliary differentiation to a periportal 
location. Transforming growth factor-B (T'GF-f) generated by 
portal mesenchyme stimulates hepatoblasts to switch to a biliary 
phenotype, and TGF- signaling is greater near the portal vein and 
less in the parenchyma.'!!* The Notch pathway is also involved 
in bile duct development; Jagged1 expressed in portal vein mes- 
enchyme interacts with Notch2 on hepatoblasts to induce biliary 
differentiation at the expense of hepatocyte differentiation.!!-! 
Notch signaling is also instrumental in biliary tubulogenesis. In its 
absence, formation of the ducts beyond the monolayer ductal plate 
is impaired.° Mutations in the gene that codes for Jagged-1 are 
associated with Alagille syndrome (see Chapter 62). 

Mesothelial cells and submesothelial cells derived from the 
septum transversum migrate inward from the liver surface and 
give rise to stellate cells, portal fibroblasts, and perivascular 
mesenchymal cells.'+'> Kupffer cells, the tissue-resident macro- 
phages of the liver, arise from yolk sac-derived erythromyeloid 
precursors rather than from hematopoietic stem cells (HSCs) in 
the bone marrow.!° In mice embryos, erythromyeloid precursors 
develop in the yolk sac, migrate to and colonize the fetal liver, and 
give rise to fetal erythrocytes, macrophages, granulocytes, and 
monocytes. Seeding of the liver by monocyte precursors appears 
to be regulated by sinusoidal endothelial cells.!’ Subsequently, 
HSC-derived cells replace erythrocytes, granulocytes, and mono- 
cytes, but Kupffer cells are only minimally replaced in adult mice. 
Similarly, the fetal liver is the major site of hematopoiesis in 
humans before the bone marrow matures. 


Hepatic Stem Cells and Maturational Lineages 


The existence of hepatic stem cells in the mature liver has been 
debated, with various cell populations proposed to serve this 
function. The broader consensus is that the mature liver contains 
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Fig. 71.1 Embryology of the liver. A, At the 
3-mm embryo stage, the liver bud forms 

in response to signals from the developing 
heart. B, At the 5-mm stage, the hepato- 
blasts penetrate the septum transversum. 


a population of hepatic stem cells that are not equivalent to 
embryonic stem cells (hepatoblasts) but are similar in that they 
are self-renewing, proliferative, and bipotential (i.e., capable of 
generating hepatocytes and cholangiocytes).!*-7 

These stem cells express epithelial cell adhesion molecule, 
neural cell adhesion molecule, and cytokeratin 19 and weakly 
express albumin, but not AFP.!*!? They likely also express 
the Wnt target gene leucine-rich-repeat-containing G-pro- 
tein-coupled receptor 5.7! These stem cells are found in the 
canals of Hering and generate hepatocytes and cholangiocytes 
in response to liver injury.'*!? They decline in number with 
advancing age.!? When grown in culture, they produce cords 
of hepatoblast-like cells that more strongly express albumin, 
express epithelial cell adhesion molecule, AFP, and intracellular 
adhesion molecular 1, have reduced cytokeratin 19 expression, 
and lose neural cell adhesion molecule.!* By contrast, commit- 
ted progenitor cells are diploid, unipotent, immature cells that 
give rise to only one adult cell type. They are either intermedi- 
ate hepatocytes that express albumin and hepatic enzymes or 
small cholangiocytes (“oval cells”) that line canals of Hering, 
intrahepatic bile ducts, and bile ductules.!’”° Diploid adult cells 
can undergo 6 or 7 rounds of division before reaching subculti- 
vation capacity.!? 


Vascular Development 


During early development, there are 3 major venous systems in 
the embryo, 2 extraembryonic and 1 intraembryonic. The extra- 
embryonic venous systems are the omphalomesenteric (vitelline) 
and umbilical (placental) veins, and the intraembryonic system 
includes the cardinal veins that drain the venous blood of the 
embryo to the heart.?? These systems converge into the sinus 
venosus, a quadrangular cavity that is incorporated into the heart; 
the vitelline and umbilical veins drain into the sinus venosus via 
hepatocardiac channels. 

The developing liver eventually incorporates the vitelline 
and umbilical veins, which become enclosed by dividing hepa- 
toblasts and develop asymmetrically.” At this time, sinusoids 
enter from the sinus venosus to form a sinusoidal network. 
The right umbilical vein regresses, whereas the left umbilical 
vein forms 2 left-right shunts, one with the right vitelline vein 
(the portal sinus) and one with the right hepatocardiac chan- 
nel (the venous duct).? These shunts direct placenta-derived 
arterial blood from the umbilical vein to the inferior vena cava, 
bypassing the liver.?? After formation of these shunts, portal 
vein branches develop from the intrahepatic portions of the 
vitelline and umbilical veins. The portal sinus and parts of the 
left umbilical vein give rise to the left portal vein, whereas the 
right vitelline vein gives rise to the right portal vein.” After 
birth, the obliterated prehepatic segment of the left umbili- 
cal vein becomes the round ligament of the liver (ligamentum 
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teres hepatis) in the free edge of the falciform ligament, and 
the ductus venosus collapses and becomes the ligamentum 
venosum.?? 

The arterial supply of the liver begins as an offshoot of the 
celiac trunk at around the eighth week of gestation. By the 10th 
week, the first arterial radicles are visible in the central portion of 
the liver, and by the 15th week, they reach the periphery of the 
liver.’? As discussed earlier, development of the arterial supply is 
closely coordinated with bile duct development. The processes 
of vasculogenesis and vascular remodeling are dependent on 
stage-specific expression of angiogenic growth factors VEGF and 
angiopoietin by ductal plate cells and hepatoblasts, respectively, 
and by their receptors in developing endothelial and perivascular 
smooth muscle cells.**+ 

Sinusoidal endothelial cells are derived in part from a com- 
mon endothelial/blood cell progenitor called “hemangioblasts,” 
initially located in the vitelline and umbilical veins, and in part 
from the endocardium of the sinus venosus.’> Endothelial cell 
maturation occurs between the 5th and 12th week of gesta- 
tion. During that time, sinusoidal endothelial cells between the 
hepatocyte plates acquire fenestrae, lose expression of typical 
endothelial markers CD34 and CD31, and become invested by 
a perisinusoidal matrix rich in tenascin and poor in laminins.” 
These alterations may be necessary to adapt the liver to its hema- 
topoietic function during fetal life.’ 


ANATOMY 


Parietal peritoneum covers the liver except for the bare area, 
where the liver comes in direct contact with the diaphragm and is 
suspended by fibrous tissue and the hepatic veins.*° The perito- 
neal reflections that surround the bare area comprise the superior 
and inferior coronary ligaments and the right and left triangular 
ligaments, which attach the liver to the diaphragm; these avascu- 
lar attachments are not true ligaments but are in continuity with 
Glisson capsule.’ 

Traditionally, 4 lobes are distinguished in the liver based on 
its external appearance: right, left, caudate, and quadrate. On 
the anterior surface, the falciform ligament divides the liver into 
the right and left anatomic lobes. On the inferior surface, the 
quadrate lobe is defined by the gallbladder fossa, porta hepatis, 
and ligamentum teres hepatis. The caudate lobe is delineated 
by the inferior vena cava groove, porta hepatis, and ligamentum 
venosum fissure.?’ Although these lobes are convenient and well 
known, they are not true functional lobes.?’ 

The true right and left lobes of the liver are of roughly 
equal size and are divided not by the falciform ligament, but 
by a plane passing through the bed of the gallbladder and the 
notch of the inferior vena cava. This plane, which has no exter- 
nal indications, is called the Cantlie line.2°?® Based on arterial 
blood supply, portal venous blood supply, biliary drainage, and 
hepatic venous drainage, the liver is divided into right and left 
functional lobes, each of which is divided into 2 segments, and 
these are further subdivided into 2 subsegments.*° Several sys- 
tems of subdivision have been proposed, but the most widely 
used systems are those of Couinaud, which follows the distri- 
bution of portal and hepatic veins,” and Healey and Schroy, 
which follows the distribution of bile ducts.*° In these systems, 
the subsegments are numbered from 1 to 8, with the caudate 
lobe being subsegment 1 and the others following in a clockwise 
pattern (Fig. 71.2).78 

The liver receives approximately 70% of its blood supply and 
40% of its oxygen from the portal vein and 30% of its blood sup- 
ply and 60% of its oxygen from the hepatic artery.*! The portal 
vein is formed from the confluence of the superior mesenteric 
vein and the splenic vein. At the hilum, the portal vein divides 
into right and left branches, upon which the right and left lobes 
of the liver are based.?”?? Although Couinaud’s scheme holds 
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Fig. 71.2 Segmental anatomy of the liver based on the Couinaud 
terminology. Eight segments are identified. A, anterior view. B, inferior 
view. IVC, Inferior vena cava. 


that the right and left portal veins branch to supply 8 venous ter- 
ritories, there is a wide variation in the number of second-order 
branches of the right and left portal veins.*> The hepatic artery 
commonly arises from the celiac trunk, although occasionally it 
arises from the superior mesenteric artery.*? A common variant 
is a left hepatic artery that branches from the left gastric artery 
and a right hepatic artery branch that arises from the superior 
mesenteric artery.*” Within the hilum, the hepatic artery lies 
anterior to the portal vein and to the left of the bile duct. In 
the liver, arteries, portal veins, and bile ducts are surrounded by 
a fibrous sheath, the Glissonian sheath, whereas hepatic veins 
lack this structure.*° Three major hepatic veins drain into the 
inferior vena cava, although in 60% to 85% of persons, the left 
and middle veins unite to enter the inferior vena cava as a single 
vein .26.27,32 

The extrahepatic biliary tract is composed of the common hepatic 
duct, cystic duct, gallbladder, and right and left hepatic ducts. The 
right and left hepatic ducts drain the right and left lobes of the liver, 
respectively. The fusion of the right and left hepatic ducts gives rise 
to the common hepatic duct. The caudate lobe usually drains to the 
origin of the left hepatic duct or to the right hepatic duct. The cystic 
duct usually drains into the lateral aspect of the common hepatic 
duct below its origin to form the bile duct (or common bile duct).3+ 


Nerves 


Sympathetic or adrenergic nerve fibers form a rich plexus around 
blood vessels and, to a lesser extent, bile ducts.’ Fibers from the 
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Fig. 71.3 Normal portal tract with a portal vein (upper left) and paired 
arteriole and bile duct (center); the bile duct is to the left of the arteriole 
in the portal tract. (Masson trichrome, x200.) 


plexus supply the lobules where they run along sinusoidal walls, 
predominantly in the periportal region.*> Parasympathetic (cho- 
linergic) nerve fibers innervate extrahepatic and intrahepatic 
branches of the hepatic artery, portal vein, and hepatic vein, but 
only a few fibers reach hepatocytes.***° Intrinsic nerves regulate 
hepatic blood flow, glucose and lipid metabolism, food intake, 
and liver regeneration.*’ With the advent of LT, however, the 
importance of the hepatic nervous system has been questioned, 
given the adequate functioning of the denervated allograft.°*® 


Lymphatics 


Superficial lymphatics from the convex surface of the liver run 
through the right or left triangular ligament and the falciform 
ligament. They cross the diaphragm to enter precardiac, supe- 
rior phrenic, and juxtaesophageal lymph nodes or travel along- 
side the right or left inferior phrenic artery to the celiac nodes.’ 
Superficial lymphatics from the visceral surface of the liver 
mostly run to the hepatic lymph nodes. From the caudate lobe, 
lymph vessels drain into precaval nodes. Deep lymphatic vessels 
leave the liver at the porta hepatis to drain into the foraminal 
node at the epiploic foramen and the superior pancreatic nodes. 
Lymphatic vessels that leave the liver with the hepatic veins con- 
tinue in the wall of the inferior vena cava.*? 


HISTOLOGY 


The majority of the liver is composed of hepatocytes arranged in 
plates or “muralium” 1 or 2 cells thick, separated by sinusoids (see 
Chapter 72). Hepatocytes appear as polygonal cells with round 
nuclei of varying sizes with frequent binucleate cells. Portal tracts 
within the parenchyma contain a branch of the hepatic arteri- 
ole, portal vein, and bile duct running together as a triad and 
accompanied by nerve fibers and lymphatic vessels (Fig. 71.3). 
Terminal hepatic arterioles and terminal portal venules originate 
from portal tracts and supply blood to the sinusoids. The sinu- 
soids lead mixed portal and arterial blood from the portal tract to 
the terminal hepatic venules (also known as central veins). These 
terminal hepatic venules drain into sublobular veins, then into 
hepatic veins, and eventually to the vena cava. 

The terminal portal venules do not possess a muscle layer and 
so have no inlet sphincters at their junction with sinusoids; how- 
ever, large endothelial cells at that junction bulge their nuclei into 
the lumen and, by means of contraction, control blood flow into 


the sinusoids.** A similar outlet sphincter-like activity occurs at 
the site where the sinusoid connects with the terminal hepatic 
vein.’ In contrast to terminal portal venules, terminal hepatic 
arterioles are invested by smooth muscle and are capable of form- 
ing presinusoidal sphincters.** 

Sinusoidal endothelial cells are specialized endothelial cells that 
form the barrier between blood and hepatocytes (see Fig. 71.1). 
They are fenestrated and lack a basement membrane, constituting 
a relatively “leaky” barrier.’> The size of fenestrae varies across the 
lobule (with larger fenestrae toward the centrilobular region) and 
dynamically with physiological states. Endothelial cells also regu- 
late sinusoidal vascular tone via paracrine regulation of stellate cell 
contractility.” In response to injury, sinusoidal endothelial cells 
lose their fenestrae and acquire a basement membrane (i.e., they 
become “capillarized”). The resulting increase in shear stress acti- 
vates the transcription factor Kruppel-like factor 2 (KLF2), leading 
to release of the vasoconstrictive agent endothelin-1.’> Decreased 
permeability and increased vasoconstriction lead to increased sinu- 
soidal pressure and contribute to development of portal hyperten- 
sion (see Chapter 74). Lining the sinusoids are Kupffer cells, which 
are more numerous, larger, and more phagocytically active in the 
periportal region.*! Their major role is to clear blood of senescent 
red blood cells and toxic endogenous and exogenous substances.*? 
Kupffer cells also handle LDL and produce lymphokine mediators 
that direct hepatocyte protein synthesis, inflammatory mediators, 
and hepatocyte-protective prostaglandins.** 

Hepatic stellate cells, formerly known as “Ito cells” or fat- 
storing cells, are perisinusoidal cells that, in their quiescent 
state, are the main site of vitamin A storage.** They encircle the 
sinusoidal wall and may regulate the width of the lumen. When 
hepatic stellate cells are activated in the setting of liver inflamma- 
tion and injury, they transform into myofibroblasts that express 
desmin and smooth muscle actin and synthesize extracellular 
matrix.>! Activated hepatic stellate cells are the main effectors of 
liver fibrosis in chronic liver diseases. 

A perisinusoidal space, the space of Disse, remains between 
the sinusoidal lining and the vascular pole of hepatocytes and 
communicates with the sinusoidal space through multiple fenes- 
trations.’ This space contains plasma and collagen types I, II, 
IV, and V, which act as the scaffolding of the organ.** The space 
of Mall is a space between the periportal hepatocytes and portal 
connective tissue. Lymphatic fluid accumulates in the space of 
Disse and then passes into the space of Mall before draining into 
lymphatic vessels.*!+! Lymphatic vessels form a network in the 
portal spaces in association with branches of the hepatic artery.*® 

Whereas the basolateral membrane of hepatocytes faces the 
sinusoid, the apical membrane faces the bile canaliculus. Cana- 
liculi direct bile to the terminal canals of Hering, which are lined 
partly by hepatocytes and partly by cholangiocytes.*” The canals 
of Hering do not stop at the limiting plate of the portal tract 
but extend into the periportal region of the lobule. The canals of 
Hering pass into bile ductules, which are lined entirely by cholan- 
giocytes.” The ductules in turn connect to the smallest interlob- 
ular bile ducts. Interlobular bile ducts connect to septal bile ducts 
and then into hepatic bile ducts. Histologically, the smaller ducts 
are lined by cuboidal cells, whereas the larger ducts are lined by 
columnar epithelial cells. 


Organization of Liver Parenchyma 


The classic lobule of the liver was described in 1833 by Kiernan 
as a hexagon with a central vein at its center and portal tracts at 
3 corners. Because many glands have a duct as the center of their 
functional unit, Mall envisioned the basic unit of the liver to be 
the portal unit, defined at its center by a portal tract and at its 
periphery by central veins.’ The liver acinus was defined in 1954 
by Rappaport as the parenchyma around terminal afferent por- 
tal and arterial vessels that supply this group of hepatocytes with 
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Fig. 71.4 Schematic drawing of liver architecture. At the left is the clas- 
sic hepatic lobule, with the central vein as its center and portal tracts at 
3 corners. Near the middle is the portal unit, with the portal tract at its 
center and central veins and nodal points at its periphery. At the right 

is the liver acinus, the center of which is the terminal afferent vessel (in 
the portal tract) and the periphery of which is drained by the terminal 
hepatic venule, or central vein. Zones 1, 2, and 3 extending from the 
portal tract to the terminal hepatic venule are shown. CV, Central vein; 
N, nodal point; THV, terminal hepatic venule; P, portal tract. 


blood. At the periphery of the acinus lies the terminal hepatic ven- 
ule (the “central vein”) which drains several acini.** In this model, 
the following 3 zones exist: (1) the periportal zone (zone 1), which 
is supplied by blood with high oxygen content; (2) the intermedi- 
ate zone (zone 2); and (3) the perivenular zone (zone 3), which 
receives blood that is relatively low in oxygen content.** The 
acinus represents a functional and structural unit that facilitates 
the description of lesions such as bridging necrosis and fibrosis 
(Fig. 71.4). 

In 1982, Matsumoto and Kawakami presented a view of liver 
architecture based on its angioarchitecture.’ In this concept, the 
portal and hepatic venous systems are divided into a conducting 
portion, which delivers and drains blood from the parenchyma, 
and a parenchymal portion, which is the basis for the primary lob- 
ule. The parenchymal portion of the portal and hepatic venous 
systems consists of minute side branches that originate as orderly 
rows along the terminal branches of the conducting portion. 
The portal venous branches divide several times more often than 
the hepatic venous branches, thereby creating a larger number 
of portal venous channels for each hepatic venous channel. The 
final ramifications of the portal venous system are known as sep- 
tal branches. The “central vein,” meanwhile, is actually 6 to 8 
draining venules that individually face a corresponding inflow 
unit. The conical cluster of hepatocytes fed by a septal branch 
and drained by a hepatic vein branch forms a “primary lobule.” 
Several primary lobules together form a classic lobule. 

Matsumoto and Kawakami also noted that the sinusoids that 
arise from the septal branches have a transverse course near the 
portal tract before turning radially to the central vein, and this 
bed of transverse sinusoids forms a sickle-shaped “inflow front” 
for perfusion of the lobule that differs from the linear supply pro- 
posed by the acinus model (Fig. 71.5).*? The convex aspect of the 
sickle abuts a portal tract, its arms extend along septal branches, 
and the concave aspect faces the central vein. This arrangement 
defines 2 zones: the peripheral part of the classic lobule composed 


Fig. 71.5 Drawing that compares liver blood flow in the 3 zones of the 
acinus model with Matsumoto’s concept of liver architecture. Accord- 
ing to the model by Matsumoto, sinusoids that abut portal tracts and 
terminal afferent vessels (septal branches) form a hemodynamically 
equipotential sickle-shaped perfusion front (dotted lines). This model 
conforms to the concept of the classic lobule rather than to the acinus. 
Zones 1, 2, and 3 of the hepatic acinus are labeled. PT, Portal tract; 
THV, terminal hepatic venule. 


of adjoining sickle-shaped areas and the centrilobular portion 
bound by these sickle-shaped areas. Immunohistochemical stud- 
ies of hepatic enzymes highlight the presence of a continuous 
periportal network around portal tracts and terminal afferent ves- 
sels and a distinct concentric perivenous area around the central 
vein, supporting the idea that liver architecture resembles the 
classic lobule more than the acinus.** 

The zonal arrangement of the lobule gives rise to functional 
heterogeneity of hepatocytes in the lobule, or “metabolic zona- 
tion”; that is, hepatocytes in different zones carry out different 
metabolic programs.*** Zonation has been demonstrated for 
the metabolism of carbohydrates, lipid, amino acids, ammonia, 
and xenobiotic compounds. For example, gluconeogenesis occurs 
largely in the periportal region (zone 1), whereas glycolysis 
occurs predominantly in the centrilobular region (zone 3). Zona- 
tion may be more complex than traditionally envisioned, with 
nonmonotonic distribution of some enzymes.*? The regulatory 
mechanisms underlying metabolic zonation are complex, but a 
key factor is the oxygen gradient across the lobule, which leads to 
differential expression of genes involved in metabolic pathways 
via oxygen-responsive transcription factors known as hypoxia- 
inducible factors.°° The Wnt/B-catenin and Hedgehog signaling 
pathways also play important roles and exhibit substantial cross- 
talk with hypoxia-inducible factors.*°°! Metabolic zonation and 
its dysregulation likely underlie the zonal distribution of some 
liver diseases in humans, such as NASH, which primarily affects 
the centrilobular region.’? 


DEVELOPMENTAL ANOMALIES 
Riedel Lobe 


Riedel lobe denotes a prominent right liver lobe that extends 
below the level of the umbilicus. Riedel lobe is an anatomic varia- 
tion that occurs more often in women than in men. It may be 
mistaken for an abdominal mass. Liver biochemical test levels are 
normal, and the diagnosis is established by US.” 
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Abernethy Malformation 


The Abernethy malformation is a congenital extrahepatic por- 
tocaval shunt. Two types of shunts are known to occur. In a 
type 1 shunt, portal blood is diverted completely into the infe- 
rior vena cava, with absence of the portal vein. This type of 
shunt occurs more often in girls than in boys; is associated with 
other congenital abnormalities such as cardiac defects, biliary 
atresia, and polysplenia; may manifest with hypergalactosemia, 
hyperbilirubinemia, hyperammonemia, or variceal bleeding; 
and may be complicated by the formation of hepatic tumors 
such as focal nodular hyperplasia (see Chapter 96).*+ Type 1 
Abernethy malformation can be further divided into subtype 


la, in which the superior mesenteric vein and the splenic vein 
do not join and thus there is no anatomic portal vein, and sub- 
type 1b, in which the superior mesenteric vein and splenic vein 
do join to form a portal vein, which then drains into a sys- 
temic vein.°*»* In type 2 Abernethy malformation, the portal 
vein is intact, but a side-to-side anastomosis with the inferior 
vena cava leads to shunting; technically, therefore, type 2 is 
not a true absence of the portal vein. A type 2 shunt occurs in 
both girls and boys and is not associated with other malforma- 
tions.>+°¢ 


Full references for this chapter can be found on www.expertconsult.com. 
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Hepatic parenchymal cells (hepatocytes and cholangiocytes) and 
nonparenchymal cells (hepatic sinusoidal endothelial cells, stel- 
late cells, Kupffer cells, and pit cells) have distinct functions that 
are integrated through extensive cross-talk. These cells are highly 
polarized. The distinctive polarization pattern of hepatocytes is 
unique among glandular epithelial cells. Maintenance of hepato- 
cyte polarization requires energy-consuming processes and is key 
to the wide array of liver functions. Hepatocytes are organized 
into functional zones: zone 1 (periportal), zone 2 (midzonal), and 
zone 3 (pericentral) (see Chapter 71). Gene expression and dif- 
ferential function of hepatocytes in the different zones appear to 
be regulated by a gradient of cell signaling molecules. Although 
adult hepatocytes are normally relatively quiescent, they retain a 
lifelong capacity for massive regeneration following liver injury or 
loss of volume. The critical role of bile acid signaling as a part of 
the bile acid-farnesoid X receptor-fibroblast growth factor axis in 
liver regeneration, and eventual cessation of proliferation when a 
body weight-appropriate liver mass is achieved, is being revealed. 
In addition to its synthetic and secretory functions, the liver plays 
a central role in energy metabolism of the body by orchestrating 
the synthesis, utilization, and catabolism of carbohydrates, pro- 
teins, and lipids. The liver’s molecular “clock” synchronizes the 
body’s energy needs to the availability of nutrients. 


LIVER CELL TYPES AND ORGANIZATION 


Liver cells can be classified into 3 groups: parenchymal cells, 
including hepatocytes and bile duct epithelia; sinusoidal cells, 
which are composed of hepatic sinusoidal endothelial cells and 
Kupffer cells (hepatic macrophages); and perisinusoidal cells, 
which consist of hepatic stellate cells and pit cells. Hepatocytes 


comprise 60% of the adult liver cell population, representing 
approximately 78% of the tissue volume (see Chapter 71).! 


Parenchymal Cells 
Hepatocytes 


Hepatocytes are large polyhedral cells approximately 20 to 30 
um in diameter.’ Consistent with their high synthetic and meta- 
bolic activity, hepatocytes are enriched in organelles. About 30% 
of human hepatocytes are binucleate. Hepatocytes are polar- 
ized epithelial cells. Their plasma membranes have 3 distinct 
domains: (1) the sinusoidal surface (~37% of the cell surface) 
that comes in direct contact with plasma through the fenestrae of 
the specialized hepatic sinusoidal endothelial cells; (2) the cana- 
licular surface (~13% of the cell surface) that encloses the bile 
canaliculus (BC); and (3) contiguous surfaces. By analogy with 
glandular epithelia, the sinusoidal, canalicular, and contiguous 
plasma membrane domains are also termed basolateral, apical, 
and lateral surfaces, respectively. The sinusoidal and canalicular 
surfaces contain microvilli, which greatly extend the surface area 
of these domains. 


Polarity 

The unique type of polarization of hepatocytes differs from that 
of other epithelial cells, such as epithelia of the intestines, bile 
duct, or renal tubules, that are polarized in the plane of the tis- 
sue.* By contrast, in hepatocytes, “apical” plasma membranes of 2 
adjacent cells join to enclose the BC, which is the smallest tribu- 
tary of the bile duct system. 

Maintenance of both structural and functional polarity of 
hepatocytes requires mitochondrial energy production, which 
is regulated by 5’ adenosine monophosphate-activated protein 
kinase. Structural polarity is supported by (1) the extracellular 
matrix, which, in addition to serving as an attachment scaffold, 
functions as a signaling platform needed for maintenance of the 
differentiated phenotype of hepatocytes; and (2) desmosome 
(tight junction) proteins, such as claudin 1 and tight junction 
protein 2, that delimit the bile canalicular space. Functional 
polarity of hepatocytes is conferred by distinctive localization of 
various solute carriers, ion channels, water channels, and ATP- 
driven pumps in specific plasma membrane domains. Basolateral 
membrane proteins traffic directly to this domain after their 
synthesis in the endoplasmic reticulum and modification in the 
Golgi apparatus and the trans-Golgi network (TGN). Some of 
these proteins are monotopic in that they anchor only to the 
inner leaflet of the plasma membrane bilayer via glycosylphos- 
phatidylinositol, whereas others are polytopic in that they tra- 
verse the membrane bilayer. Canalicular monotopic glucosyl 
phosphatidylinositol-terminated proteins such as 5’-nucleotid- 
ase initially traffic from the TGN to the basolateral domain and 
are transported from there to the canalicular domain via apical 
recycling endosomes. By contrast, canalicular polytopic trans- 
porters such as the ATP-binding cassette (ABC) proteins traffic 
from the TGN to the canalicular membrane either directly or 
via apical recycling endosomes. Protein cargo destined for apical 
and basolateral sites are thought to be sorted at the TGN and 
possibly at additional sites.’ 
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Plasma Membranes 

Plasma membranes consist of lipid bilayers composed of glycero- 
phospholipids, cholesterol, and sphingolipids that act as a barrier 
to water and most polar substances.*: © The inner and outer leaf- 
lets of the plasma membrane differ in lipid, protein, and carbohy- 
drate composition, reflecting their functional differences. Proteins 
within the leaflets mediate transport of specific molecules and serve 
as a link with cytoskeletal structures and the extracellular matrix. 
Hepatocyte plasma membranes consist of 36% lipid, 54% protein, 
and 10% carbohydrate by dry weight. The outer leaflets of hepato- 
cyte plasma membranes are enriched in carbohydrates. 

Lipid rafts are microdomains (~50 nm diameter) of the outer 
leaflets of the plasma membrane that are highly enriched in cho- 
lesterol and sphingolipids.’ These are coupled to cholesterol-rich 
microdomains in the inner leaflet by an unknown mechanism. 
Raft lipids and associated proteins diffuse together laterally on 
the membrane surface. Some surface receptors become associated 
with the rafts on binding to a ligand, or lead to “clustering” of 
smaller rafts into larger ones. Lipid rafts are important in signal 
transduction, apoptosis, cell adhesion and migration, cytoskel- 
etal organization, and protein sorting during both exocytosis and 
endocytosis (see later). Some viruses enter cells via the lipid rafts. 

Membrane proteins perform receptor, enzyme, and transport 
functions.’ Integral membrane proteins traverse the lipid bilayer 
once or more or are buried in the lipid. Additional “extrinsic” 
protein molecules are associated with the plasma membrane. 
Membrane proteins can rotate or diffuse laterally but usually do 
not flip-flop from one leaflet to another. Concentration of spe- 
cific membrane proteins is maintained by a balance between their 
synthesis and degradation as a result of shedding of membrane 
vesicles, proteolytic digestion within the membrane, or internal- 
ization into the cell. Receptor proteins internalized into the cell 
may be degraded or recycled to the cell surface. 

The space between the endothelia and the sinusoidal villi is 
termed the space of Disse (see Chapter 71). In this space, there 
is bidirectional exchange of liquids and solutes at the sinusoidal 
surface between the plasma and hepatocytes. In many cases, the 
molecular transfer is augmented by proteins that facilitate diffu- 
sion along a downhill concentration gradient or use AT P-derived 
energy to actively pump molecules into the space of Disse. The 
fluid in the space of Disse drains into hepatic lymphatics, which 
lead to liver hilum lymphatics, cisterna chyli, the thoracic duct, 
and, eventually, the central venous circulation. Excess fluid in the 
space of Disse gains access to Glisson capsule on the liver surface 
and “sweat out” to form ascites. 

Cell Functions. Hepatocytes are organized into sheets (seen 
as cords in 2-dimensional sections) separated by occluding 
(“tight”), communicating (“gap”), and anchoring junctions (Fig. 
72.1). Tight junctions or desmosomes form gasket-like seals 
around the bile canaliculi, thereby permitting a concentration 
difference of solutes between the cytoplasm and BC. Desmosomes 
are specialized membrane structures that anchor intermediate 
filaments to the plasma membrane and link cells together. 
Gap junctions are subdomains of contiguous membranes of 
hepatocytes that comprise approximately 3% of the total surface 
membrane. They consist of hexagonal particles with hollow cores, 
termed connexons, made up of 6 connexin molecules.’ Connexons 
of one cell are joined to those of an adjacent cell to form a radially 
symmetrical cylinder that can open or close the central channel. 
Gap junctions are involved in nutrient exchange, synchronization 
of cellular activities, and conduction of electrical impulses. 


Cytoskeleton 

The hepatocyte cytoskeleton supports the organization of subcel- 
lular organelles, cell polarity, intracellular movement of vesicles, 
and molecular transport.!® 1! It is comprised of microfilaments, 
microtubules, and intermediate filaments, as well as cytoskele- 
ton-associated proteins.!* Intermediate filaments are polymers 
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Fig. 72.1 The spatial relationship among the different cell types of the 
liver. Sinusoidal plasma comes in direct contact with hepatocytes in the 
space of Disse. The endothelial cells are fenestrated and lack a base- 
ment membrane. Kupffer cells are located in the lumen of the sinusoid, 
where they are in direct contact with the sinusoidal endothelial cells and 
portal blood. Stellate cells are situated between the endothelial cells 
and hepatocytes and come into direct contact with both cell types. 

The hepatocytes are joined with each other by tight junctions and the 
communicating gap junctions. The canalicular domain of the plasma 
membrane of 2 adjacent hepatocytes encloses the bile canaliculus. 


of fibrous polypeptides (cytokeratins and lamins) that provide 
structural support to cells. In addition, neurofilaments appear 
in injured hepatocytes and form Mallory bodies (also termed 
Mallory-Denk bodies or Mallory hyaline). Hepatocytes express 
2 cytokeratins, CK8 and CK18. Bile duct epithelial cells express 
these proteins and CK19. Plectin is a giant protein that cross- 
links intermediate filaments to each other and to the plasma 
membrane, microtubules, and actin filaments. 

Microtubules are hollow tubular structures (with an outer 
diameter of 24 nm) composed of polymerized dimers of a- and 
6-tubulin that are involved in intracellular transport and cellular 
organization.!: '+ Microtubules serve as tracks for the movement 
of cytoplasmic vesicles, mediated by the adenosine triphosphatase 
(ATPase)-powered motor proteins kinesin, dynein, and dynamin. 
Depolymerization of the microtubules, by, for example, colchi- 
cine treatment inhibits plasma protein secretion without affecting 
protein synthesis. Microtubules participate in cellular organiza- 
tion by interacting with the Golgi apparatus, intermediate fila- 
ments, and F-actin.!° They also maintain the integrity of the 
surface membrane during canalicular contraction.!° 

Microfilaments are composed of double helical F-actin strands, 
which are polymers of G-actin. A large number of actin-associ- 
ated proteins control the polymerization, depolymerization, and 
splicing of F-actin. Together with myosins, actins maintain the 
integrity of the cell matrix, facilitate bile canalicular contraction, 
and control tight junction permeability. Microfilaments are also 
important for receptor-mediated endocytosis (RME) and several 
transport processes. Collapse of the cellular structure of hepato- 
cytes during apoptosis and formation of apoptotic bodies may be 
related to remodeling of the actin cytoskeleton of hepatocytes.!” 


Nucleus 
The nuclei of hepatocytes are relatively large and have promi- 
nent nucleoli. The 2 concentric nuclear membranes are stabilized 


These proofs may contain color figures. Those figures may print black and white in the final printed book if a color print product has not been planned. The color figures will appear in color 
in all electronic versions of this book. 


by networks of intermediate filaments, 1 inside the inner mem- 
brane and 1 outside the outer membrane.'* The outer nuclear 
membrane is in direct continuity with the ER membranes. The 
perinuclear space between the 2 nuclear membranes surrounds 
the nucleus and is continuous with the ER lumen. The nuclear 
membrane contains pores through which molecules are selec- 
tively transported to and from the cytoplasm. The ribonucleo- 
protein network and the perinucleolar chromatin radiate from 
the nucleolus. 

The nuclear chromatin contains the chromosomes and asso- 
ciated proteins. The chromosomes are comprised of a series of 
genes, interspersed with intragenic DNA. The DNA is tran- 
scribed into RNA, which undergoes multiple processing steps, 
giving rise to messenger RNA (mRNA) molecules that are trans- 
located across the nuclear pores into the cytoplasm, where they 
become associated with ribosomes. Nuclear DNA also encodes 
additional RNA types that have accessory roles in protein synthe- 
sis and other functions. Ribosomal RNAs (rRNAs) are encoded 
by DNA within the nucleolus. Transfer RNA (tRNA) binds to 
amino acids and provides a necessary link between the nucleic 
acid code and sequential amino acid incorporation in the growing 
protein chain during translation. Other RNAs are involved in the 
processing of mRNA, rRNA, and tRNA molecules. Just before 
cell division, both the DNA and protein components of chroma- 
tin are duplicated. The 2 copies of each duplicated chromosome 
are separated and distributed precisely so that the 2 daughter cells 
each receive a complete set of genes. 

Transport Between the Nucleus and the Cytoplasm. Pores 
of the nuclear envelope are associated with a large number of 
proteins, which are organized in an octagonal symmetry.!? The 
nuclear pore complex (NPC) is a large macromolecular assembly 
that protrudes into both the cytoplasm and the nucleoplasm. 
Bidirectional nucleocytoplasmic transport occurs through the 
central aqueous channel in NPCs.’ Histones, DNA and RNA 
polymerases, transcription factors, and RNA processing proteins 
are selectively transported into the nucleus from the cytoplasm, 
where they are synthesized, whereas tRNAs and mRNAs are 
synthesized in the nucleus and exported to the cytoplasm through 
the NPCs. 

Often, the export and import processes are interrelated. For 
example, ribosomal proteins are imported into the nucleus from 
the cytoplasm and, after assembly with ribosomal RNA, are 
exported to the cytoplasm as a ribosomal subunit. Proteins con- 
taining nuclear localization motifs that consist of specific cationic 
amino acid sequences are recognized by pore complex receptors, 
termed importins or karyopherins, and are rapidly transported 
into the nucleus via an energy-consuming process powered by 
specific ATPase/guanosine triphosphatase (GTPase) enzymes. In 
other cases, large molecules diffuse slowly through the nuclear 
pores and are retained in the nucleus by binding to specific intra- 
nuclear sites. Molecules that are smaller than 5 kd diffuse freely 
across the nuclear pores. 


Endoplasmic Reticulum 

The ER is the largest intracellular membrane compartment, 
consisting of membranous tubules or flattened sacs (cisternae) 
that enclose a continuous lumen or space and extend throughout 
the cytoplasm.*! The domain of the ER in which active pro- 
tein synthesis occurs has attached ribosomes and is termed the 
rough ER. The other domain, termed smooth ER, is devoid of 
ribosomes and is the site of lipid biosynthesis, detoxification, 
and calcium regulation. The nuclear envelope is a specialized 
domain of the ER.?? 


Golgi Complex 

The Golgi complex consists of a stack of flat sac-like membranes 
(cisternae) that are dilated at the margins.*? Many proteins syn- 
thesized in the rough ER are transported to the Golgi apparatus 
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in protein-filled transition vesicles. The aspect of the Golgi com- 
plex facing the ER is the cis face; the opposite side is termed the 
trans face. Glycoproteins are thought to be transported between 
the Golgi sacs via shuttle vesicles. The highly mannosylated gly- 
cosyl moiety of proteins that are N-glycosylated in the ER are 
processed in the Golgi sacs into mature forms. Some other pro- 
teins are O-glycosylated in the Golgi complex. These proteins are 
then sorted for transport to appropriate cellular organelles (see 
later discussion of exocytosis and endocytosis).** 


Lysosomes 

Lysosomes consist of a system of membrane-bound sacs and 
tubules that contain hydrolytic enzymes that are active at pH 
4.5 to 5.7.26 The ATPase-powered proton pump maintains the 
acid pH by importing hydrogen ions into the lysosomal lumen.** 
Lysosomal enzymes are glycoproteins with N-linked oligosaccha- 
rides. Following synthesis in the ER, the carbohydrate moieties 
are modified in the Golgi apparatus, where their mannose resi- 
dues are phosphorylated. Recognition of these mannose 6-phos- 
phate (M6P) groups by the M6P receptor in trans-Golgi stacks?’ 
results in their segregation and translocation into late endosomes, 
which transform into lysosomes.?® 29 


Mitochondria 

Mitochondria constitute about 20% of the cytoplasmic volume of 
hepatocytes and are responsible for cellular respiration.>°>* They 
contain the enzymes of the tricarboxylic acid (TCA) cycle, fatty 
acid oxidation, and oxidative phosphorylation.*!*? Mitochondria 
conserve the energy generated by oxidation of substrates as high- 
energy phosphate bonds of ATP. In addition, parts of the urea 
cycle, gluconeogenesis, fatty acid synthesis, regulation of intra- 
cellular calcium concentration, and heme synthesis take place in 
the mitochondria, which also play a key role in programmed cell 
death, or apoptosis (see later).** 

The outer smooth surface membrane of the mitochondrion is 
functionally different from the inner membrane, which is highly 
folded to form cristae. Mitochondria are positioned at major 
sites of ATP utilization by translocation along microtubules. In 
addition to soluble enzymes, the mitochondrial matrix includes 
large intramitochondrial granules that store calcium and other 
ions and smaller granules that contain mitochondrial ribosomes. 
Mitochondrial DNA, embedded within the matrix, encodes a 
number of mitochondrial proteins. The remaining mitochondrial 
proteins are encoded by nuclear genes. 

Glycolysis and fatty acid oxidation in the mitochondria gen- 
erate chemical intermediates that feed into the TCA cycle of 
energy-yielding reactions.*>:>6 The TCA cycle breaks down ace- 
tyl coenzyme A (acetyl CoA) into 3 molecules of nicotinamide 
adenine dinucleotide (NADH), 1 molecule of flavin adenine 
dinucleotide (FADH,), and 2 molecules of carbon dioxide. Elec- 
trons derived from NADH and FADH, drive an electron trans- 
port pathway in the inner mitochondrial membrane, leading to 
ATP production. Passage of electrons across the inner mitochon- 
drial membrane to the space between the inner and outer mem- 
brane generates a proton gradient that drives ATP synthesis.>*’ 


Peroxisomes 

Peroxisomes are spherical-appearing structures that enclose a 
matrix that contains a lattice or crystalline core.** Peroxisomes 
are abundant in hepatocytes and are thought to be essential for 
life. Several oxidative catabolic reactions, as well as anabolic reac- 
tions, take place in peroxisomes, which provide important links 
between the metabolism of carbohydrates, lipids, proteins, fats, 
and nucleic acids. 


Exocytosis and Endocytosis 
Exocytosis and endocytosis are pathways involved in export- 
ing, importing, and intracellular trafficking of molecules. The 
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addition of new proteins and lipids to the plasma membrane by 
exocytosis and removal of membrane components into cyto- 
plasmic compartments by endocytosis keep the cell surface in 
a state of dynamic polarization. During exocytosis, secreted 
proteins, synthesized in the ER, pass sequentially through the 
cis-, medial-, and trans-Golgi stacks and the TGN and finally 
appear at the cell surface.*” 4 This vectorial transport through 
the Golgi stacks occurs via vesicles that are coated by proteins 
termed coatamers, or COP (COPI and COPII), which are dis- 
tinct from clathrin (see later).t! + Guanosine triphosphate- 
guanosine diphosphate (GIP-GDP) exchange factors and 
GTP-activating proteins that are specific for each type of vesicle 
stimulate membrane binding and catalytic activation of small 
GTPases. 

Once bound to the membrane, GTPases induce recruitment 
of COP proteins. In the ER, the first coat protein to be recruited 
is COPII, and vesicular/tubular clusters are formed. These clus- 
ters are thought to coalesce to form a complex tubular network, 
termed the ER/Golgi intermediate compartment. Acquisition of 
COPI proteins by the membranes of this tubular network results in 
the formation of vesicles that carry out bidirectional protein trans- 
port to and from the Golgi stacks. Some vesicles that emerge from 
the exit side of the Golgi apparatus, termed the TGN, can trans- 
port multiple protein molecules simultaneously and release them 
together into the extracellular medium. Other types of vesicles that 
carry membrane proteins and enzymes destined for specific intra- 
cellular organelles also pass through this secretory pathway. These 
vesicles are sorted at the TGN, and vesicles carrying specific cargo 
are delivered to appropriate target organelles.*? 

Endocytosis is the import of extracellular macromolecules 
by processes that include pinocytosis, phagocytosis, RME, and 
caveolar internalization.*+ Pinocytosis refers to nonselective 
bulk-phase uptake of extracellular fluid via engulfment by plasma 
membrane invaginations. Phagocytosis is the ingestion of par- 
ticles as well as regions of the cell surface. In contrast to these 
nonspecific modes of uptake, RME is a mechanism of uptake of 
specific molecules (ligands). After the ligands bind to their spe- 
cific cell surface receptors, the ligand-receptor complexes con- 
centrate in “pits” that are coated on the cytoplasmic surface by 
3-pronged structures (triskelions) composed of 3 heavy chains 
and 3 light chains of clathrin. The assembled coats consist of a 
geometric array of 12 pentagons and a variable number of hexa- 
gons, depending on the size of the coat. The coated pits pinch 
off into the underlying cytoplasm as coated vesicles.’ In the next 
step, the vesicles lose their clathrin coat and are termed endo- 
somes. Endosomal vesicles travel along microtubules and can take 
3 distinct pathways. Some endosomes return to the cell surface, 
and the contained ligand-receptor complexes are secreted out of 
the cells by a process termed diacytosis. Transferrin is a prototype 
ligand for diacytosis. Some other ligands, such as immunoglobu- 
lin A (IgA) oligomers, may traverse the cells to be secreted into 
bile along with the receptor. This process is termed transcytosis. 

The best studied type of RME is the classical endocytotic 
pathway, in which the interior of the endosome is acidified by 
the action of a proton pump, thereby leading to ligand-receptor 
uncoupling.*” By mechanisms that have not been elucidated fully, 
the dissociated ligands and receptors are sorted into different ves- 
icles. The ligand-containing vesicles proceed to lysosomes, where 
the ligand is degraded by lysosomal hydrolases. A majority of the 
ligand-free receptors translocate to the cell surface and replenish 
the receptor pool. Some receptors, such as the insulin receptor, 
do not undergo recycling and are rapidly degraded in lysosomes. 
In addition to the recruitment of clathrin, initiation of the for- 
mation of endocytotic vesicles requires adaptor proteins, particu- 
larly AP-2, which localizes between the lipid bilayer and clathrin. 
Non-scaffold proteins, such as the GTPases and dynamin, are also 
important in the conversion of a coated pit to a coated vesicle. This 
function of dynamin requires association with a protein termed 


amphiphysin. Genetic, cell biological, and biochemical studies 
are identifying additional proteins that are required for clathrin 
coat and vesicle formation (reviewed by Stockert*’). In addition to 
physiologic ligands, many viruses use RME to enter cells. 

Internalization via caveolae is another pathway by which mac- 
romolecules can enter cells. Binding of caveolin to the cytoplas- 
mic aspect of cholesterol-rich lipid rafts on the plasma membrane 
generates 50- to 60-nm flask-shaped invaginations of the plasma 
membrane. These invaginations bud off into the cytoplasm to 
form vesicles, termed caveolae or plasmalemmal vesicles. Caveolae 
perform several functions, including signal transduction, calcium 
regulation, non—clathrin-dependent internalization, and tran- 
scytosis. Glucosyl phosphatidylinositol-anchored proteins, the 
B-adrenergic receptor, and tyrosine kinase are concentrated in 
caveolae.** 


Functional Zonation of Hepatocytes 
Hepatocytes are organized in metabolic zones within the liver 
cell plates in a manner that optimizes their metabolic function to 
internalize molecules arriving through the portal vein and hepatic 
artery and to biotransform, synthesize, and secrete products into 
the systemic circulation via the hepatic vein and to the intestine 
through the bile ducts (see Chapter 71). The functional unit of 
the liver consists of a row of 15 to 25 hepatocytes extending from 
the periportal region (zone 1) toward the central vein (zone 3 or 
pericentral). For example, hepatocytes in zone 1 that are exposed 
to highly oxygenated blood are enriched in enzymes involved in 
energy-demanding functions, such as gluconeogenesis and urea 
production, whereas zone 3 hepatocytes specialize in glycolysis 
and xenobiotic metabolism. Correspondingly, zone 1 hepatocytes 
express Ass110, As110, Alb8, and cyp2f29, whereas zone 3 hepa- 
tocytes express G/u/ and Cyp2e19 in a nearly mutually exclusive 
manner. In addition, zone 2 (midzonal) hepatocytes are enriched 
in the expression of certain genes, such as Hamp and Hamp2 (that 
encode hepcidin, a liver hormone that regulates systemic iron lev- 
els [see Chapter 75]), Igfbp2, Mup3, and Cyp8b1. Overall, nearly 
half of all genes expressed in hepatocytes are spatially zonated.*? 
The developmental mechanism of hepatic zonation appears 
to be based on the spatial separation and functional antagonism 
between the adenomatous polyposis coli gene product expressed 
in zone 1 cells and f-catenin in zone 3, which is activated by Wnt 
signaling from endothelial cells in zone 3. In the absence of Wnt 
signals, a degradation complex that contains the products of the 
tumor suppressor genes adenomatous polyposis coli and axins 
and the kinases GSK-3ß and CK1 promotes phosphorylation 
and subsequent degradation of B-catenin. The lack of -catenin 
signaling in zone 1 and an ascending gradient of the signaling 
toward zone 3 is thought to generate and maintain the zonation 
of gene expression and function of the liver.°° 


Bile Duct Epithelial Cells 


Bile duct epithelial cells, or cholangiocytes, consist of large and 
small subpopulations of cells, the cell volumes of which corre- 
late roughly with the diameter of the intrahepatic bile ducts (see 
Chapter 62). Large cholangiocytes have a relatively more devel- 
oped ER and a lower nucleus-to-cytoplasmic ratio than do small 
cholangiocytes.>! Low expression of cytochrome P450 (CYP)- 
dependent monooxygenase activity imparts a survival advantage 
to the small cholangiocytes against injury by chemicals. For 
example, CYP2E1-mediated formation of toxic intermediates of 
carbon tetrachloride leads to the loss of large cholangiocyte func- 
tion after administration of the pro-toxin, whereas small cholan- 
giocytes are resistant to the toxin. 


Secretory and Absorptive Functions 
Bile ducts are not mere passive conduits for biliary drainage 
but play an active role in the secretion and absorption of biliary 
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components, as well as regulation of the extracellular matrix 
composition. Cholangiocytes are highly polarized. A sodium- 
dependent bile salt transporter (ABAT), located at the apical 
(luminal) surface of cholangiocytes, mediates the uptake of con- 
jugated bile acids, whereas an alternatively spliced truncated form 
of the protein (ASBT), located at the basolateral surface, mediates 
sodium-independent efflux of bile acids (see Chapter 64). The 
sodium-dependent glucose transporter (SGLT1), located at the 
apical domain, and GLUT1, a facilitative glucose transporter 
on the basolateral domain, are responsible for glucose reabsorp- 
tion from bile. Aquaporin-1 at the apical and basolateral surfaces 
constitutes a water channel that may mediate hormone-regulated 
transport of water into bile. The purinergic receptor (P>,) stimu- 
lates chloride ion efflux. Activation of apical P2, by ATP, which 
is secreted into the bile by hepatocytes, mobilizes Ca?* stores, 
thereby stimulating Cl- efflux from cholangiocytes. The large, 
but not the small, cholangiocytes express secretin and soma- 
tostatin receptors, the chloride/bicarbonate exchanger, and the 
CFTR, which may enable this population of cholangiocytes to 
modulate water and electrolyte secretion in response to secretin 
and somatostatin.* 


Primary Cilia 

Cholangiocytes are the only liver cells with primary cilia. 
“Primary” bile secreted by hepatocytes is subsequently modified 
by cholangiocytes, which modulate the fluidity and alkalinity of 
bile by secreting Cl- and HCO3- and by absorbing bile salts, glu- 
cose, and amino acids, followed by passive movement of water 
into or out of the bile duct lumen along osmotic gradients. These 
functions require sensing the flow rate, osmolality, and composi- 
tion of bile, which is provided by primary cilia of cholangiocytes. 
Each cholangiocyte has 1 primary cilium that consists of a shaft, 
termed the axoneme, which is composed of 9 peripheral microtu- 
bule doublets arranged around a hollow central core. The axo- 
neme is attached to a centriole-derived microtubule organizing 
center, termed the basal body. Axonemes of large cholangiocytes 
are 7.35 + 1.32 um long, whereas those of small cholangiocytes 
are approximately half as long. The primary cilium extends from 
the apical (luminal) plasma membrane into the bile duct lumen 
and is, therefore, positioned strategically to serve as a mechano- 
receptor, osmoreceptor, and chemoreceptor that modulates the 
secretory and absorptive functions of cholangiocytes in response 
to the pulsatile flow of primary bile.’ 


Sinusoidal Cells 
Hepatic Sinusoidal Endothelial Cells 


Hepatic sinusoidal endothelial cells (HSECs) account for 20% 
of total liver cells. HSECs are derived from hemangioblasts and 
endocardium of the sinus venosus. These cells are distinguished 
from capillary endothelial cells by the presence of fenestrae (pores) 
in their flat, thin extensions, which form sieve plates. Unlike cap- 
illary endothelial cells, HSECs do not form intracellular junc- 
tions and simply overlap each other (see Fig. 72.1). The presence 
of fenestrae and the absence of a basement membrane make these 
cells the most permeable of all endothelial cells of the mammalian 
body and permit plasma to enter the space of Disse and come in 
direct contact with the sinusoidal surface of hepatocytes.** Sieve 
plates are surrounded by microtubules, and the diameter and 
number of the fenestrae are actively controlled by the actin-con- 
taining components of the cytoskeleton in response to changes in 
the chemical milieu.*> Thus, the specialized endothelial lining of 
hepatic sinusoids serves as a selective barrier between the blood 
and the hepatocytes. HSECs can secrete prostaglandins and a 
wide variety of proteins, including interleukin (IL)-1 and IL-6, 
interferon, TNF-a, and endothelin. HSECs regulate hepatic vas- 
cular tone, which helps maintain a low portal venous pressure 
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despite major increases in hepatic blood flow during digestion. 
HSECs keep hepatic stellate cells quiescent, thereby inhibiting 
intrahepatic vasoconstriction and development of fibrosis. By vir- 
tue of an abundance of scavenger receptors and mannose recep- 
tors, HSECs have a high endocytotic capacity and clear several 
metabolites and microbial products.*° 


Role in Liver Regeneration 

Following loss of liver mass due to acute liver injury or partial 
hepatectomy, hepatic vascular endothelial growth factor (VEGF) 
expression increases, which stimulates bone marrow sinusoi- 
dal progenitor cell proliferation and their mobilization to the 
circulation, followed by engraftment in liver sinusoids and dif- 
ferentiation to mature HSECs. VEGF stimulates liver regenera- 
tion through production of hepatocyte growth factor (HGF) by 
HSECs, which leads to the proliferation of both hepatocytes and 
HSECs. Additionally, increased shear stress resulting from por- 
tal blood flow into a smaller liver volume stimulates HSECs to 
produce nitric oxide (NO), which in turn augments the effect of 
HGF on hepatocytes. Platelets recruited to the liver after partial 
hepatectomy adhere to HSECs and stimulate secretion of mol- 
ecules that are important in hepatocyte and HSEC proliferation 
and survival. 


Kupffer Cells 


Kupffer cells are specialized tissue macrophages that account for 
80% to 90% of the total population of fixed macrophages in the 
body. These cells are derived from bone marrow stem cells or 
monocytes and are highly active in removing particulate matter 
and toxic or foreign substances that appear in the portal blood 
from the intestine.” Kupffer cells are located in the sinusoidal 
lumen and are in direct contact with endothelial cells (see Fig. 
72.1). They possess bristle-coated micropinocytic vesicles, fuzzy- 
coated vacuoles and worm-like structures that are special features 
of cells that are active in pinocytosis and phagocytosis. An abun- 
dance of lysosomes reflects their prominent role in degrading 
substances taken up from the bloodstream. Kupffer cells secrete 
a variety of vasoactive toxic mediators, which may be involved in 
host defense mechanisms and in pathophysiologic processes in 
some liver diseases. Kupffer cells increase in number and activity 
in chemical, infectious, or immunologic injury to the liver.** 


Perisinusoidal Cells 
Hepatic Stellate Cells 


Hepatic stellate cells (HSCs) are also known as Ito cells, vita- 
min A-storing cells, fat-storing cells, and lipocytes. These cells 
are a part of the stellate cell system, which includes similar cells 
in the pancreas, lung, kidney, and intestine. HSCs are located 
between the endothelial lining and hepatocytes (see Fig. 72.1). 
These mesenchymal cells represent 5% to 8% of all liver cells 
and are important sources of paracrine, autocrine, juxtacrine, 
and chemoattractant factors that maintain homeostasis in the 
microenvironment of the hepatic sinusoid. Microfilament and 
microtubule-enriched flat cytoplasmic extensions of quiescent 
stellate cells store vitamin A-enriched lipid droplets and spread 
out parallel to the endothelial lining, thereby contacting sev- 
eral cells.’ HSCs express receptors for retinol-binding protein, 
which mediates the endocytosis of retinol-binding protein-reti- 
nol complexes.” 

After chronic liver injury, the slender star-shaped HSCs 
become activated to elongated myofibroblasts. They lose retinoids 
and up-regulate the synthesis of extracellular matrix components, 
such as collagen, proteoglycan, and adhesive glycoproteins. Stel- 
late cell activation is the central event in hepatic fibrosis.°! Activa- 
tion of HSCs is initiated by paracrine stimulation by neighboring 
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HSECs, Kupffer cells, other endothelial cells, and hepatocytes, 
as well as platelets and leukocytes. Endothelial cells participate 
in activation by producing cellular fibronectin and by convert- 
ing the latent form of TGF-f to its active, profibrogenic form. 
Binding of TGF-P to its receptor on HSCs plays a critical role 
in stellate cell activation. Binding of bacterial lipopolysaccharides 
(LPS) arriving to the liver from the intestine to Toll-like receptor 
4 (TLR4) enhances the effect of TGF-f on HSCs by 2 different 
mechanisms.” First, increased chemokine expression by HSCs 
results in chemotaxis of Kupffer cells, which secrete TGF-B. Sec- 
ond, binding of LPS to TLR4 activates nuclear factor kappa B 
(NF-xB) via the adapter protein MyD88 (myeloid differentiation 
response protein), thereby down-regulating the TGF-f pseudo- 
receptor BAMBI (bone morphogenetic protein and the activin 
membrane-bound inhibitor) and thereby sensitizing the HSCs to 
TGF-f signaling. The 3-dimensional structure of the extracel- 
lular matrix modulates the shape, proliferation, and function of 
HSCs, probably by signal transduction via binding to cell surface 
integrins, followed by changes in cytoskeleton assembly. 

Activation of HSCs is perpetuated by the continued effect of 
these stimuli, leading to several discrete changes in cell behavior, 
such as proliferation, contractility, overexpression of extracellu- 
lar matrix proteins (e.g., collagens I, HI, IV, V, and VI, laminin; 
tenascin; undulin; hyaluronic acid; and proteoglycans), matrix 
degradation by release of metalloproteinases, and release of leu- 
kocyte chemoattractants and cytokines. The overall number of 
HSCs increases during fibrosis because of a change in the bal- 
ance between proliferation and apoptosis, which is influenced by 
soluble growth factors and the matrix. 


Pit Cells 


Pit cells, the natural killer (NK) cells of the liver, are located 
mainly within the sinusoidal lumen, close to Kupffer cells. They 
have the appearance of large lymphocytes and are adherent to the 
sinusoidal wall, often anchored with villous extensions (pseudo- 
pods).° In the human liver, pit cells have pronounced polarity, 
abundant cytoplasm that contains dense granules, a conspicuous 
cytocenter, and a locomotory shape characterized by hyaloplas- 
mic pseudopods and a uropod (a tail-like structure that forms 
on the trailing end of a moving cell). The cytoplasmic granules 
appear as pits by microscopy, hence the name pit cells. Pit cells 
are short-lived and are replenished from extrahepatic sources. 

In common with circulating NK cells, the pit cells express 
OX-8 antigen, and some express asialoganglioside gangliotet- 
rasylceramide (asialo-GMr1). Pit cells do not express the pan- 
T-cell marker, OX-19, which is expressed by circulating NK 
cells. Although the source of pit cells remains debated, they are 
antigenically related to NK cells of other viscera. Pit cells have 
tumor cell-killing activity in the liver and are also thought to 
remove virus-infected liver cells. Their per-cell cytolytic activity 
is greater than that of circulating NK cells. Pit cells may also have 
a role in controlling the growth and differentiation of liver cells 
and possibly in liver graft rejection. 


INTEGRATION OF THE FUNCTIONS OF THE DIFFERENT 
CELL TYPES 


Functional integration of the various groups of liver cells occurs 
through direct cell-to-cell communication (e.g., via gap junc- 
tions), paracrine secretion that affects neighboring cells, cell sig- 
naling, interaction with the extracellular matrix, and generalized 
response to endocrine and metabolic fluxes.°° Hepatocytes and 
HSECs lack a continuous basement membrane, and the spatial 
relationship of the cells is maintained through interaction with 
the extracellular matrix. Anchoring to the extracellular matrix is 
important for the survival of hepatocytes. Anchoring also pro- 
vides traction for movement and permits liver cells to receive 


signals from matrix components and matrix-bound growth fac- 
tors. Hepatic extracellular matrix components are produced dur- 
ing development along the migration path of the hepatocytes and 
exhibit unique patterns of distribution and organization. HSCs, 
hepatocytes, and, to some extent, endothelial cells are major pro- 
ducers of the extracellular matrix in the liver. Excess deposition of 
connective tissue causes changes in hemodynamic properties and 
eventually impairs liver function.°! 


Cell-Matrix Interactions 


Cell-matrix interactions in the liver are important in maintain- 
ing hepatocyte morphology and proliferation. For example, when 
plated on a flat layer of collagen, hepatocytes synthesize DNA 
at a level that is 4-fold higher than occurs when they are grown 
on gels composed of basement membrane proteins. The type of 
matrix determines the level of expression of albumin and other 
hepatocyte-specific gene products in cultured hepatocytes.° 66 
On the other hand, cell-cell and cell-matrix interactions deter- 
mine the level of synthesis and deposition of hepatic extracellular 
matrix proteins by the various types of liver cells. Such interac- 
tion also modulates the production of specific enzymes and their 
inhibitors that mediate remodeling of the extracellular matrix. 

Integrin and non-integrin receptors mediate the interaction 
of liver cells with extracellular matrix. Integrins bind to extra- 
cellular matrix proteins at specialized cell attachment sites that 
often contain the arginine-glycine-aspartate motif, thereby facili- 
tating attachment of the extracellular matrix to the intracellular 
cytoskeleton network. This attachment results in changes in cell 
shape, spreading, and migration. Integrins also influence cell pro- 
liferation, differentiation, survival, apoptosis, and gene expres- 
sion via signal transduction.°”: 68 Non-integrin surface receptors 
mediate cell attachment by different mechanisms. 


Components of the Extracellular Matrix 


Components of the extracellular matrix include collagens, non- 
collagenous glycoproteins, and proteoglycans. The liver contains 
5 types of collagen (I, II, IV, V, and VI) and 7 classes of noncol- 
lagenous glycoproteins (fibronectin, laminin, entactin/nidogen, 
tenascin, thrombospondin, SPARC [secreted protein, acidic, and 
rich in cysteine], and undulin). Hepatic extracellular matrix also 
includes a large number of proteoglycans and glycosaminogly- 
cans, such as membrane-associated syndecan, thrombomodulin, 
and betaglycan, and extracellular matrix-associated versican, big- 
lycan, decorin, fibromodulin, and perlecan.°: 6° 


REGENERATION AND APOPTOSIS OF LIVER CELLS 


Regeneration 


Normal adult hepatocytes divide infrequently, with fewer than 1 
in 10,000 hepatocytes undergoing mitosis at any given time—yet 
the liver possesses a unique capacity to replace tissue mass after 
liver injury or loss of liver mass. The capacity of the liver to regu- 
late its own growth is evident following LT, when the size of the 
transplanted organ increases or decreases as appropriate to the 
size of the recipient. Such finely regulated hyperplasia of the liver 
is also seen after successful single-lobe LT in children.’ 
Hepatic regeneration has been studied extensively in rodents. 
Following resection of two thirds of the liver in rats, the residual 
liver cells proliferate and restore the liver mass within days to 
weeks. Although generally termed “regeneration,” this process is, 
in fact, restorative hyperplasia because the total liver mass, rather 
than the lobulated anatomic configuration, is reconstituted. In 
the rat, DNA synthesis peaks at 24 hours after partial hepatec- 
tomy, when approximately 35% of hepatocytes are in cell cycle. 
Cell division occurs 6 to 8 hours after DNA synthesis. The time 
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frame of DNA synthesis varies from species to species. For exam- 
ple, in mice, maximum DNA synthesis occurs 36 to 40 hours after 
hepatic resection. Because 80% to 95% of hepatocytes undergo 
mitosis, liver mass is restored after 1 or 2 cell divisions. All classes 
of hepatocytes, including diploid, tetraploid, and octaploid cells, 
participate in this quasi-synchronized proliferation, either by 
mitosis of mononucleated cells or by cytokinesis of binucleated 
or tetranucleated hepatocytes, after DNA synthesis in all nuclei. 
Interestingly, adult hepatocytes, rather than liver progenitor 
cells, contribute to liver regeneration after partial hepatectomy. 
Only when the proliferation of adult hepatocytes is inhibited 
because of certain toxic or physical injuries do progenitor cells, 
often termed oval cells, proliferate. The oval cells are thought to 
give rise to both hepatocytes and bile duct epithelial cells.”! 


Hippo-Yap Pathway of Regulation of Hepatocyte Mitosis 


The Hippo pathway regulates cell proliferation by contact inhi- 
bition of cell proliferation, differentiation, and tissue homeosta- 
sis by controlling the stability of the transcriptional coactivators 
Yes-associated protein (YAP) and transcriptional coactivator with 
PDZ-binding motif (TAZ). A phosphorylation cascade, the mam- 
malian Ser/Thr kinase Mst1 and Mst2 (Hippo in Drosophila) acti- 
vate another kinase, Lats 1/2, that phosphorylates YAP and TAZ, 
causing them to be excluded from the nucleus, retained in the 
cytoplasm, and degraded. Several mechanisms that sense disrup- 
tion of adherens junctions, loss of epithelial polarity, alteration of 
cell shape, and mechanical stress inactivate this phosphorylation 
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cascade, thereby permitting the unphosphorylated YAP and TAZ 
to accumulate in the nucleus, where they interact with the DNA- 
binding TEAD transcription factors, as well as many other tran- 
scription factors, to turn on the expression of growth-promoting 
and apoptosis-inhibiting genes. Thus, the Hippo-Yap pathway is 
an integrator of several prominent signaling pathways, including 
the Wnt, G protein-coupled receptor, EGF, bone morphoge- 
netic protein/TGFß, and Notch pathways, that are involved in 
cell proliferation following loss of cell mass and cell quiescence 
once the tissue volume is reconstituted.’ 


Growth Factors That Mediate Hepatic Regeneration 


Following loss of liver mass due to acute liver injury or partial 
hepatectomy, compensatory hypertrophy of the liver requires 
sequential proliferation of the vascular bed and the hepatocytes. 
Initially, HSECs regenerate in response to increased hepatic 
VEGF expression, which may expand and recruit bone mar- 
row sinusoidal progenitor cells that differentiate into HSECs. 
VEGF stimulates liver regeneration through production of HGF 
by HSECs, and NO produced in HSECs enhances the effect of 
HGF on hepatocytes. Additional signals from nonparenchymal 
cells (Fig. 72.2),> 7*4 as well as LPS and intestine-derived cyto- 
kines, stimulate Kupffer cells and HSECs to produce TNF-a and 
IL-6. Growth factors, such as HGF, are released from stores in 
the hepatic matrix and also secreted by HSECs, whereas EGF 
is secreted into portal blood by epithelial cells of the proxi- 
mal small intestine and salivary glands.” Hormones such as 
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Fig. 72.2 A, The cell cycle of hepatocytes in response to liver injury or loss of liver mass. Quiescent hepato- 
cytes (Go) rapidly enter G4 after loss of liver mass (e.g., partial hepatectomy), along with expression of immedi- 
ate early genes. This phase is followed sequentially by the expression of delayed early genes and cyclins. DNA 
synthesis (S phase) reaches a peak in 24 hours in rats and 36 to 40 hours in mice. Shortly thereafter, the cell 
enters G and undergoes mitosis (M). B, The sequence of signals that leads to liver regeneration following liver 
damage or partial hepatectomy. Intestine-derived lipopolysaccharides (LPS) and cytokines in the portal venous 
blood activate Kupffer cells and endothelial cells, which release TNF-a and interleukin-6 (IL-6). These signals 
lead to the activation of nuclear factor kappa B (NF-«B), also Known as posthepatectomy factor (PHF), and 
STATS (signal transducer and activator of transcription-3), without the need for new protein synthesis. Hepatic 
growth factor (HGF) is released by hepatic stellate cells and also may be derived from storage sites following 
matrix degradation. Endothelial growth factor (EGF), secreted by proximal small intestinal and salivary gland 
epithelial cells, as well as insulin, triiodothyronine (T3), and norepinephrine serve as cooperative factors for 
transition of hepatocytes through G, to the S phase. Immediate early (IE) genes and transcription factors (TFs), 
including AP-1 and Myc, are expressed as the hepatocyte enters the initial phase of G4. Delayed early genes 
and cyclins are expressed later in G4. TGF-f, which inhibits hepatocyte DNA synthesis, is blocked during the 
proliferative phase. Removal of the block at the end of the cell cycle may be one of the factors that permit the 
hepatocyte to return to the quiescent state. AP-7, Activator protein-1; cdks, cyclin-dependent kinases. (Data 
from Taub R. Liver regeneration: from myth to mechanism. Nat Rev Mol Cell Biol 2004;5:836-47.) 
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triiodothyronine (T3), insulin, and norepinephrine are important 
cooperative factors in liver regeneration.” 

Early as well as late changes occur in the expression of extra- 
cellular matrix components and the enzymes that modulate them. 
The mitotic phase is mostly completed in 3 days, and the liver mass 
is restituted in about 7 days. Liver cells return to their quiescent 
state when the liver mass is restored to the original size, give or 
take approximately 10%. A balance between mitosis and apoptosis 
(see later) fine tunes the restoration of hepatic mass. The strictly 
self-limited nature of hepatocyte replication suggests that strong 
regulatory pressures are present that favor replicative repression. 
The ability of the liver to regulate its size is dependent on signals 
generated outside the liver, such as hormonal or metabolic signals, 
as well as internal signals generated within the liver.’! Signals for 
cessation of growth of the regenerating liver are understood less 
well than those governing hepatocellular replication. 


Gene Expression During Hepatic Regeneration 


The regenerative process is a cascade of events that move cells 
from their resting Gp phase through the G; phase, S (DNA 
synthesis) phase, G, phase, and then to the M (mitotic cell divi- 
sion) phase (see Fig. 72.2) (see Chapter 1). Expression of a large 
number of genes is induced or down-regulated after partial hepa- 
tectomy at the transcriptional or post-transcriptional level.” 75 
‘The sequence of activation of various genes during liver regen- 
eration has been elucidated by studies using partial hepatectomy 
and gene knockout mice that lack specific cytokines. These genes 
include cell cycle genes, metabolic genes, genes coding for extra- 
cellular matrix proteins, growth factors, cytokines, and transcrip- 
tion factors. Chronologically, these genes can be grouped into 
immediate early genes, delayed early genes, and cell cycle—asso- 
ciated genes. Expression of these genes is modulated by signal 
transduction pathways that receive and transduce stimuli for cell 
replication and tissue remodeling. 


Immediate Early Genes 

Immediate early genes are activated almost immediately after 
partial hepatectomy without the need for protein synthesis. More 
than 70 immediate early genes have been identified, and more 
are expected to be discovered by microarray analysis of gene 
expression following partial hepatectomy. Many of these imme- 
diate early genes are involved in metabolic processes not directly 
linked to DNA synthesis. In addition to the proto-oncogenes, 
c-fos, c-jun, c-myc, and c-ets, the immediate early genes include 
transcription factors, such as NF-«B, signal transducer and acti- 
vator of transcription-3 (STAT3), activator protein-1 (AP-1), C/ 
EBP£ (CCAAT enhancer binding protein $), insulin-like growth 
factor-binding protein-1, phosphatases, cyclic AMP responsive 
promoter element modulator gene (CREM), X-box—binding pro- 
tein 1 (XBP-1), and metabolic genes such as phosphoenolpyru- 
vate carboxykinase (PEPCK) and glucose-6-phosphatase. 

In the quiescent liver, NF-KB remains in the cytosol and is 
inactivated by binding to its inhibitor (IkB). Binding of TNF to 
its cell surface receptor initiates a signaling cascade that culmi- 
nates in phosphorylation of IB, causing the release of NF-KB 
and its translocation to the nucleus and resulting in transcrip- 
tional activation of more than a dozen genes likely to be involved 
in the immediate early response. The IL-6 gene is one of the 
targets of NF-«B. IL-6 is a strong inducer of STAT3 activation 
and is thought to play an important role in hepatic regeneration. 
C/EBPa expression is down-regulated during liver regeneration, 
whereas C/EBP£ expression is induced. C/EBPa may repress 
hepatocyte replication by inhibiting the proteolytic degradation 
of the cell cycle inhibitor p21 and by reducing E2F complexes 
containing the retinoblastoma protein p107. On the other hand, 
C/EBP activates the expression of mitogen-activated protein 
kinase phosphatase (MKP-1), Egr-1 transcription factor, and the 


cell cycle proteins cyclin B and E. CREM and XBP-1 participate 
in the regulation of liver regeneration through their effect on 
cAMP-responsive genes. 


Delayed Early Genes 

Delayed early genes are transcribed after the immediate early 
gene response but before the cell cycle genes reach maximum 
levels of expression. The expression of these genes occurs during 
the Gp~G, phase transition and is dependent on protein synthe- 
sis. This group of genes includes those that encode HRS/SRp40 
(a splicing factor and modulator of alternative splicing of RNA 
transcripts) and the anti-apoptotic gene bcl-x. By contrast, the 
pro-apoptotic genes BAK, BAD, and BAX are initially down-reg- 
ulated after partial hepatectomy and are induced at a later time. 


Cell Cycle Genes 

Cyclins and cyclin-dependent kinases (cdks) are expressed during 
cell cycle progression from the G; through S to M phase. During 
the G; phase, cdks catalyze the phosphorylation of retinoblas- 
toma gene protein (pRb), causing its dissociation from the E2F 
family of proteins. This dissociation eliminates the repression of 
gene expression by pRb. In regenerating mouse liver cyclin D1, 
mRNA is expressed before DNA synthesis, whereas the expres- 
sion of cyclin E mRNA coincides with DNA synthesis. Cyclin 
D1 forms a complex with cdk4, which causes phosphorylation of 
pRb, resulting in E2F activation. Cyclin D1 may also sequester 
the cell cycle inhibitor p27. 


Integration of Cytokine and Growth Factors in 
Regeneration 


The early, reversible phase of liver regeneration, during which 
hepatocytes can enter the cell cycle by moving from the quiescent 
Gp state to early G; phase, is termed priming.” This phase is ini- 
tiated by the effect of cytokines, the best studied of which include 
TNF-a and IL-6. Generation of reactive oxygen species as a con- 
sequence of the acute metabolic changes and release of LPS that 
occur in response to the loss of hepatic functional mass may have 
a role in triggering the initial cytokine response. During prim- 
ing, NF-KB and STATS are activated, and AP-1 and C/EBP are 
expressed. Together, these factors lead to the immediate early 
gene expression response after partial hepatectomy (see earlier). 
The priming events sensitize hepatocytes to growth factors. In 
the absence of growth factors, the cells cannot move past a certain 
“restriction point” in G4. 

The second phase of liver regeneration, termed progression, 
requires HGF and TGF-a as well as cyclins D1 and E. During 
the progression phase, the cells move past the restriction point in 
G; to S and beyond. 

When the peak level of cyclin D1 expression is reached, cells 
progress autonomously through the cell cycle, without further 
need for growth factors. Expression of HGF, TGF-a, and prob- 
ably EGF increase after partial hepatectomy. These factors are 
the direct mitogens for liver regeneration. EGF binds to both the 
EGF receptor and the TGF-a receptor, and c-met is the receptor 
for HGF. Growth hormone, thyroid hormones, and parathyroid 
hormone are permissive for liver regeneration, whereas insulin 
and norepinephrine are considered adjuvant factors.” 


Hepatocyte Growth Factor and C-met 

Major sources of HGF in the liver are Kupffer cells and HSCs. 
HGF is produced as a single 87- to 90-kd pro-protein by non- 
parenchymal cells and is cleaved into approximately 64-kd and 
32-kd peptides that form heterodimers.’!: ’> HGF mRNA levels 
are increased 12 to 24 hours after partial hepatectomy in rats. 
Elevated levels of HGF have been observed in the serum of 
patients with ALF, thus suggesting an important role for HGF 
in regeneration of human liver. C-met, the HGF receptor, is a 
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heterodimer consisting of a 145-kd B-chain and a 45-kd a-chain, 
linked by disulfide bonds. The 2 polypeptide chains of c-met are 
also derived from proteolytic cleavage of a single precursor pro- 
tein. The B-chain contains the transmembrane region and the 
intracellular tyrosine kinase domain. HGF binding to the extra- 
cellular domain of c-met activates tyrosine kinase, thereby initiat- 
ing a signal transduction pathway. 


Programmed Cell Death 


Programmed cell death, or apoptosis, is an integral part of hepatic 
regeneration. Apoptosis is involved in a fine tuning and remodel- 
ing process that results in reconstruction of the hepatic architec- 
ture. Apoptosis results in the removal of damaged, senescent, or 
supernumerary cells, without altering the cellular microenviron- 
ment. Loss of function of pro-apoptotic proteins, overexpression 
of anti-apoptotic proteins, or loss of apoptotic signaling in cells 
can lead to the survival of DNA-damaged cells, which can lead in 
turn to several forms of cancer.’° 

Apoptotic signals can originate within the cells through mech- 
anisms that sense DNA damage and inappropriate proliferative 
signals. In some cases, the apoptotic signals come from other cells 
in at least 3 ways.’’ First, cells recognized as foreign or as patho- 
gens may receive apoptotic signals from immune mediator cells. 
Second, the nurturing signals of neighboring cells or extracel- 
lular matrix may be lost, thus resulting in apoptosis of anchor- 
dependent cells. Third, some cells undergo apoptosis in response 
to certain growth factors such as TGF-B1. 

In contrast to necrosis, apoptosis is an active process that cul- 
minates in cell death. During the latent phase of apoptosis, the cell 
undergoes molecular and biochemical change but remains mor- 
phologically intact. In the execution phase, a series of dramatic 
structural changes take place that culminate in the fragmentation 
and condensation of the cell into membrane-enclosed apoptotic 
bodies. Initially, a variety of stimuli, including DNA damage, 
growth factor withdrawal, toxins, or radiation, trigger the apop- 
totic pathway. The signal is transduced by a series of defined 
protein-protein interactions. Finally, cell death is executed by the 
activation of specific proteases called caspases that cleave multiple 
substrates, leading to DNA fragmentation, chromatin condensa- 
tion, cell shrinkage, and membrane blebbing. The apoptotic cell 
may be phagocytosed or simply lose contact with neighboring 
cells. Apoptosis does not cause an acute inflammatory reaction. 
All these morphologic features of apoptosis contrast with those 
of necrosis, in which the cell swells and releases proinflammatory 
material into the neighboring space.’° 

The 2 major apoptotic pathways include activation of cell 
surface death receptors’’ and mitochondrial permeability transi- 
tion.’® At least 6 different cell surface molecules can function as 
death receptors. One of the best characterized death receptors is 
Fas (also known as Apol or CD95). Fas belongs to the family of 
TNF receptors. Binding of Fas to Fas ligand leads to an inter- 
action between the cytoplasmic domain of the Fas receptor and 
the death domain of the adaptor protein, FADD (Fas-associated 
protein with death domain), which in turn recruits and activates 
procaspase-8. Once activated, caspase-8 activates downstream 
caspases such as caspase-3. The second major pathway involves 
mitochondria and is triggered by various toxic insults. Either Bax 
or Bak opens channels and thereby releases the electron transport 
protein cytochrome c and other proteins from the intermembra- 
nous space into the cytoplasm. Cytochrome c binds the scaffold- 
ing protein Apafl. The C-terminal portion of Apafl is a negative 
regulator of apoptosis. The N-terminal region contains a caspase 
recruitment domain and an ATPase domain. Binding of cyto- 
chrome c and deoxyadenosine triphosphate (AATP) removes the 
negative regulatory influence of the C-terminus of Apaf1, thereby 
permitting binding and autoactivation of caspase 9. Activated cas- 
pase 9, in turn, activates caspases-3 and -7, thus initiating cell 
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death. In addition, permeabilization of the mitochondrial outer 
membrane results in the loss of function of the electron trans- 
port chain, which is essential for most mitochondrial functions, 
including ATP generation. 


Expression of Genes Involved in Apoptosis During Liver 
Regeneration 


Liver regeneration is a complex process that involves a balance 
of cell replication, apoptosis, and remodeling and is orchestrated 
by a number of molecular mediators. Genes involved in apopto- 
sis are actively expressed in the regenerating liver. These genes 
include the inducing genes c-fos, c-jun, c-myc, TP53, BAK, BAD, 
BAX, and TGF-ß; the apoptosis inhibitory genes, Bcl-2, Bcl-X_,, 
TRPM-2/clusterin; and the Rb gene. Some of these genes are also 
involved in cell proliferation through regulation of the cell cycle. 


PROTEIN SYNTHESIS AND DEGRADATION IN 
THE LIVER 


Hepatic Gene Expression 


Compared with most organs, the liver expresses a large num- 
ber of genes. Over 90% of plasma proteins and about 15% of 
the total protein mass of the body are produced in the liver.” 
As in all mammalian cells, gene expression is initiated by tran- 
scription of the gene into an RNA transcript, mediated by RNA 
polymerase II. The nascent RNA is modified by capping of the 
5’-terminus with 7-methylguanosine, excision of the noncoding 
intervening sequences (introns), splicing together of the coding 
sequences (exons), and, in most cases, addition of polyadenylate 
at the 3’-end. The processed mRNA is actively transported out 
of the nucleus. In the cytoplasm, association of the mRNA with 
the 40s ribosomal subunit and methionine RNA requires several 
initiation factors, a cap binding protein, and ATP hydrolysis. 

Once this initiation complex is formed, the 60s ribosomal sub- 
unit is recruited and polypeptide chain elongation proceeds as 
specific tRNAs recognize corresponding codons and sequentially 
attach appropriate amino acids. Chain elongation requires elon- 
gation factors and energy provided by GTP hydrolysis. Cessa- 
tion of translation at the stop codons requires recognition by a 
termination factor. In most cases, the nascent protein is processed 
by cleavage of an amino terminal signal peptide. Many proteins 
undergo further proteolytic cleavage, cotranslational glycosyl- 
ation, and modification of the carbohydrate moieties in the Golgi 
apparatus, before being secreted or transported to other intracel- 
lular organelles (see earlier). 

Gene expression is regulated at multiple levels. Gene tran- 
scription is regulated by the state of the chromatin, which 
determines the accessibility of specific genes to the transcrip- 
tion machinery, and binding of specific transcription factors 
that promote or repress gene transcription. Post-transcriptional 
regulation can involve differential splicing, modulation of mRNA 
stability and efficiency of translation, protein folding, association 
with self or other proteins, or phosphorylation or other forms 
of protein modification. Modulation of protein degradation is 
another important mechanism that regulates net protein content. 
All of these modes of regulation are active in liver cells and are 
areas of intensive investigation. 

Some genes expressed in hepatocytes, loosely termed “house- 
keeping genes,” are expressed in many other organs as well. In 
addition, the expression of many other genes occurs preferen- 
tially or uniquely in the liver. Expression of these liver-specific 
genes permits the liver to perform essential functions of the 
body, including secretion of plasma proteins, gluconeogenesis, 
glycogen storage, glucose metabolism, cholesterol homeostasis, 
bile salt production, and detoxification of endogenous metabo- 
lites and exogenous substances. A series of cis-acting elements 
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TABLE 72.1 Some Serum Proteins Produced by the Liver 


Molecular Weight Association With Levels During an 
Protein (Daltons) Function Liver Disease Acute-Phase Response 
a4-Acid 40,000 Inhibits proliferating response of peripheral = ncreased 
glycoprotein lymphocytes to mitogens 
(orosomucoid) 

Albumin 66,500 Binding protein, osmotic regulator Decreased in chronic liver Decreased 
disease 

AFP 66,300 Binding protein Increased in HCC Decreased 

a4-Antichymotrypsin 68,000 Inhibits chymotrypsin-like serine proteinase — ncreased 

a.,-Antitrypsin 54,000 Inhibitor of elastin Missense mutations ncreased 
associated with liver 
disease 

Ceruloplasmin 132,000 Ferroxidase Decreased in Wilson ncreased 
disease 

Complement C3 185,000 Complement pathway - ncreased 

Complement C4 200,000 Complement pathway — ncreased 

C-reactive protein 118,000 Binds pathogens and damaged cells to — ncreased 

initiate their elimination 

Ferritin 450,000 Intracellular iron storage Increased in ncreased 
hemochromatosis 

Fibrinogen 340,000 Precursor to fibrin in hemostasis, wound Decreased in chronic liver ncreased 

healing disease 

Haptoglobin =100,000 Binds hemoglobin released by hemolysis — ncreased 

Serum amyloid A 9000 Unknown — ncreased 

Transferrin 79,500 lron-binding protein Increased in iron deficiency Decreased 


Data from Katz N, Jungermam K. Metabolic heterogeneity of the liver. In: Tavoloni N, Berk PD, editors. Hepatic transport and bile secretion: physiology and 
pathophysiology. New York: Raven Press; 1993. p 55; and Putnan FW. Progress in plasma proteins. In: The plasma proteins: structure, function, and 


genetic control. Orlando: Academic Press; 1984. p 45. 


in specific genes mediate their hepatocyte-preferred expres- 
sion.®® These cis-acting DNA elements bind different families of 
HNEs. Although none of these factors is entirely liver-specific, 
high levels of liver-preferred gene expression occur only in the 
presence of combinatorial interaction of these transcription fac- 
tors. Maintenance of hepatocyte-enriched expression of specific 
transcription factors involves cross-regulation by other unrelated 
liver-enriched transcription factors. Some of the transcription 
factors involved in hepatocyte specificity are also important in 
hepatic tissue specification during embryogenesis. Many of the 
transcription factors are normally located in the cytoplasm. 
Binding of hormones or cytokines to their respective cell sur- 
face receptors causes conformational changes in the cytoplasmic 
domain of these receptors, often through phosphorylation. Such 
conformational changes lead to a series of events that eventually 
result in the translocation of specific transcription factors to the 
nucleus and their binding to the respective cis-acting elements 
in the regulatory regions of genes. Thus, extracellular signals are 
transduced to a series of intracellular events, culminating in the 
induction or repression of gene expression. 

Regulation of gene transcription is the most important, but 
not the only, mechanism by which gene expression is modulated. 
Stability of the RNA, translational regulation, and post-transla- 
tional modifications can all affect the steady-state concentration, 
intracellular or extracellular location, and activity of a given gene 
product. The major plasma proteins synthesized and secreted by 
the liver are shown in Table 72.1. 


Nuclear Receptors 


Modulation of metabolic pathways and detoxicating mechanisms 
according to the needs of the body often requires coordinated 


up-regulation or repression of the expression of a set of genes. 
In many cases, such coordination is mediated by nuclear recep- 
tors, such as retinoid X receptor (RXR), liver X-receptor (LXR), 
farnesoid X-receptor (FXR), constitutive androstane receptor 
(CAR), peroxisome proliferator activator receptor (PPAR), and 
thyroid hormone receptor (TR).*! For example, expression of 
proteins that mediate bilirubin uptake by hepatocytes, intracel- 
lular storage of bilirubin, glucuronidation of bilirubin, and bile 
canalicular excretion of bilirubin glucuronides may all be regu- 
lated by CAR (see Chapter 21). Nuclear receptors mediate induc- 
tion or repression of genes by small nonprotein molecules. For 
example, phenobarbital binds to CAR in the cytoplasm, leading 
to the translocation of CAR to the nucleus and thereby result- 
ing in simultaneous induction of multiple genes that have CAR- 
binding elements in their cis-regulatory regions. Similarly, bile 
acids bind to FXR, fibrates bind to PPAR, and thyroid hormones 
bind to TR. In most cases, nuclear receptors function by form- 
ing heterodimers with RXR, although some nuclear receptors can 
function as homodimers. 


Protein Folding 


Proteins that are destined for export to intracellular membranes 
or secretion into the plasma are translocated into the ER, where 
folding takes place prior to secretion through the Golgi appara- 
tus.** The ER contains a number of molecular chaperones and 
folding catalysts that promote efficient folding. All chaperones 
enable and promote protein folding and assembly, but their spe- 
cific functions differ. Many chaperones work in tandem with one 
other. Some molecular chaperones bind to nascent chains as they 
emerge from the ribosome and protect aggregation-prone hydro- 
phobic regions. Other chaperones are involved in later stages of 
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folding, particularly for complex proteins that include oligomeric 
species and multimolecular assemblies. 

In addition to promoting proper folding, chaperones play 
an important role in the “quality control” of proteins through 
a complex series of glycosylation and deglycosylation processes 
and prevention of misfolded proteins from being secreted from 
the cell.’ The unfolded or misfolded proteins are targeted for 
degradation through the ubiquitin-proteasome pathway.*+ Up to 
one half of all polypeptide chains fail to satisfy the quality con- 
trol mechanism in the ER, and for some proteins, such as the 
CFTR, the success rate is even lower. The proportion of mol- 
ecules that misfold is increased greatly in mutant proteins with 
amino acid substitutions. Some molecular chaperones are able to 
rescue misfolded proteins to provide them another opportunity 
to fold correctly. Under some circumstances, chaperones can 
solubilize proteins that have aggregated because of misfolding. 
In some cases, energy for such active intervention may be derived 
from ATP hydrolysis. Many molecular chaperones, such as the 
heat shock protein, are up-regulated in stressful situations, when 
protein misfolding is more prone to occur. 

In addition to molecular chaperones, several classes of fold- 
ing catalysts accelerate steps in the folding process. For example, 
peptidylprolyl isomerases increase the rate of cis/trans isomeri- 
zation of peptide bonds involving proline residues, and protein 
disulfide isomerases enhance formation and reorganization of 
disulfide bonds within proteins. 


Protein Catabolism 


Like protein synthesis, proteolysis is a major process that con- 
tributes to body protein turnover. The autophagic-lysosomal 
pathway and the ubiquitin/proteasome pathway are the 2 major 
means of protein degradation. The autophagic-lysosomal mecha- 
nism is responsible for bulk degradation of endogenous pro- 
teins, as well as degradation of other cellular components such 
as RNA, carbohydrates, and lipids. This pathway may serve as a 
cell restructuring mechanism. The autophagy system is regulated 
physiologically by plasma levels of the amino acids leucine, gluta- 
mine, tyrosine, phenylalanine, proline, methionine, tryptophan, 
and histidine, probably through binding to cell surface receptors 
and subsequent intracellular signaling. Protein kinase cascades 
such as mechanistic target of rapamycin, Erk, elF2a, and others 
may be involved in the regulation of autophagy. Amino acids may 
exert their effects through these pathways in combination with 
insulin.*> Chaperone-mediated autophagy (CMA) is a selective 
mechanism for the degradation of altered cytosolic proteins in 
lysosomes. Synthesis of a lysosomal receptor that is critical for 
CMA declines in aged animals, thereby leading to the accumula- 
tion of altered proteins and eventually leading to the character- 
istic functional alterations in the aging liver and other organs. 
In transgenic mice, in which the abundance of the lysosomal 
receptor for CMA is retained until advanced age, less damaged 
proteins accumulate intracellularly, and liver functions are main- 
tained at youthful levels.*° 

The ubiquitin/proteasome pathway is the principal mecha- 
nism for turnover of normally short-lived proteins in mamma- 
lian cells.5” Ubiquitin is a small protein that can link covalently 
to itself or to other proteins, either as monomers or as chains 
of polyubiquitin. Ubiquitin is added to a target protein by ubiq- 
uitin-activating, ubiquitin-conjugating, and ubiquitin-ligating 
enzymes. The first function attributed to ubiquitin was the cova- 
lent binding to misfolded proteins, thereby directing proteasome- 
dependent proteolysis. Ubiquitin and ubiquitin-related proteins 
are also known to direct specific proteins through the endocytotic 
pathway by modifying cargo proteins, as well as by regulating 
components of the cytoplasmic protein trafficking machinery. By 
regulating the turnover of mitotic cyclins, ubiquitination plays an 
important role in cell cycle regulation.®® 8° 
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Although the ubiquitin/proteasome pathway has generally 
been considered to be a separate process from the lysosomal 
proteolysis mechanism, ubiquitination is sometimes required for 
lysosomal proteolysis. A subset of endocytosed proteins must be 
conjugated to ubiquitin as a trigger for internalization from the 
plasma membrane.” °! ‘Thus, ubiquitin conjugation appears to 
be important in several protein trafficking steps, including endo- 
cytosis. The primary structure of the protein to be degraded 
contains amino acid sequences, such as hydrophobic amino acid 
clusters or N-terminal motifs, that specify its stability. The sec- 
ondary structure may also determine its conformational stabil- 
ity or expose the hydrophobic regions to the environment. At a 
tertiary level, proteasomes can degrade only soluble proteins, but 
not protein aggregates. Although most misfolded soluble pro- 
teins are degraded by proteasomes, when the proteasomal sys- 
tem is saturated, such proteins can be degraded by micro- and 
macroautophagy. Another level of cross-talk between the protea- 
somal degradation and autophagy is related to the type of ubiq- 
uitin or ubiquitin-like protein that is attached to the protein to 
be degraded. Misfolded or damaged proteins are first detected 
by the chaperone/co-chaperone system. Proteins misfolded dur- 
ing synthesis or denatured by processes such as heat shock, oxi- 
dation, or glycation become attached to co-chaperones, such as 
C-terminus of Hsp70-interacting protein and Bcl-2-associated 
athanogene proteins that function as molecular switches that 
direct the misfolded proteins to the proteasomal or autophagic 
pathways for degradation. A consequence of early identification 
by chaperone/co-chaperone complexes is the attachment of a 
tag, usually ubiquitin, to the protein to be degraded. The type of 
ubiquitination may direct the substrate toward one or the other 
degradative pathway. For example, polyubiquitin chains linked to 
lysine-48 of a protein may target the substrate to the proteasome, 
whereas those linked to lysine-63 may target it to the autophagic 
pathway.”?. 


HEPATIC NUTRIENT METABOLISM 


The liver is at the hub of numerous metabolic pathways and pro- 
vides energy continuously to the entire body through its ability 
to store and modulate the availability of systemic nutrients.” In 
turn, the metabolic function of the liver is regulated by hormones 
secreted by the pancreas, adrenals, thyroid, and adipose tissue, 
as well as neuronal inputs. A liver-adipose tissue-brain-pancreas 
axis,” as well as a gut-brain-liver axis,” orchestrates the manage- 
ment of the energy supply to body tissues. In addition to serving 
as a store for excess energy as lipids, the adipose tissue, particu- 
larly visceral fatty tissue that drains into the portal circulation, 
plays an active role in hepatic energy metabolism by releasing 
free fatty acids (FFAs) into plasma and releasing a series of adi- 
pokines that either increase or decrease insulin sensitivity in the 
liver and other tissues.°* During nutrient absorption (fed state), 
the liver regulates nutrient flux as the absorbed nutrients are 
metabolized, modified for storage in the liver and fatty tissue, or 
made available to other organs as an energy source. During fast- 
ing, the energy supply is maintained from the stored fuel and by 
synthesis. Starvation induces breakdown of TG in adipose tissues 
into FFAs and glycerol. FFAs reduce insulin sensitivity, thereby 
affecting glucose metabolism in muscles and the liver. FFAs bind 
and activate PPARs in liver and other tissues, thereby affecting 
their gene expression.”° In the hepatocyte, most of the acetyl CoA 
produced by oxidation of FFA is used to synthesize ketone bodies 
(e.g., acetoacetate and f-hydroxybutyrate) that are released into 
the circulation and used as an energy source by many periph- 
eral tissues. The glycerol released by TG hydrolysis is used by 
the liver for the synthesis of glucose, which is the only source of 
energy for neurons and red blood cells (RBCs), or of TG. The 
TG is packaged into VLDLs (see later) and returns to the adipose 
tissue.” 
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The role of a gut-brain-liver axis in glucose homeostasis has 
also been established.®? In rats, lipids arriving in the intestine give 
rise to long-chain fatty acyl-coenzyme A by the action of acyl- 
CoA synthase, which sends an afferent signal to the nucleus of 
the solitary tract in the hindbrain through the vagus nerve. This 
signal leads to N-methyl-d-aspartate ion channel-dependent glu- 
tamatergic neurotransmission through the efferent vagal fibers 
that supply the liver, thereby resulting in a reduction in glucose 
production by the liver that precedes the actual post-absorptive 
glucose influx from the intestine. Thus, the rapid gut-brain-liver 
communication helps prevent excessive fluctuation of the blood 
glucose level. Unfortunately, this mechanism becomes inopera- 
tive with continued intake of excessive calories for several days. 
Detailed reviews of hepatic nutrient metabolism are available 
elsewhere.”® 


Carbohydrates 


Glucose is the primary energy source for the brain, erythrocytes, 
muscle, and renal cortex. Maintaining adequate circulating levels 
of glucose is essential for the CNS, which normally uses glucose 
as its major metabolic fuel. After a person fasts for 24 to 48 hours, 
the brain can use ketones as a metabolic fuel, thereby reducing 
its glucose requirement by 50% to 70%.°° The liver is the prin- 
cipal organ that maintains total carbohydrate stores by synthesiz- 
ing glycogen and generating glucose from precursors.”” Glucose 
is synthesized from nonoxidative metabolic products of glucose 
(pyruvate and lactate) that are generated predominantly by RBCs 
and from amino acid precursors that are derived predominantly 
from muscle during prolonged starvation or exercise. 


Circadian Rhythm of Gluconeogenesis 


Circadian clocks align nutrient availability-related behavior and 
energy metabolism with the diurnal cycle.!°° The mammalian 
circadian clock consists of heterodimeric complexes of the tran- 
scription factor locomotor output cycles kaput (CLOCK) and 
the brain and muscle Arnt-like protein 1 (BMAL1), which initi- 
ate expression of period (PER)1/2 and cryptochrome (CRY)1/2. 
PERI/2 and CRY1/2 represses the transcriptional activity of 
CLOCK by feedback inhibition. In addition, Bmall expression 
is stimulated by retinoid-related orphan receptors (RORs) and 
repressed by nuclear hormone receptor REV-ERBa (also known 
as NR1D1). Degradation of PER and CRY shortens the length 
of circadian period, whereas stabilization of CRY lengthens the 
period. In addition to repressing CLOCK, CRY1 suppresses 
hepatic gluconeogenesis by regulating CREB (cAMP response 
element-binding protein)/cAMP signaling via rhythmic repres- 
sion of glucocorticoid receptor and decreasing levels of nuclear 
FoxO1 that down-regulates expression of gluconeogenic genes. 
Ubiquitination-mediated proteasomal degradation of CRY1 is 
known to be regulated by multiple factors. Studies on rodents 
have shown that macroautophagy affects the circadian clock by 
selectively degrading CRY1. Degradation of CRY1 removes its 
inhibitory effect on gluconeogenesis at a time of the day when 
rodents rely on gluconeogenesis, thus synchronizing CRY1 deg- 
radation with the need for maintaining blood glucose levels when 
nutrients are not available. A high-fat diet accelerates CRY1 
autophagy, thereby contributing to obesity-associated hypergly- 
cemia.!0! 


Regulation of Glucose Uptake and Efflux From the 
Hepatocyte 


Glucose is a critical molecule in the metabolic pathway because 
it can be converted to amino acids, fatty acids, or glycogen, the 
major storage form of glucose. Glucose enters hepatocytes via the 
glucose transporter-2, which facilitates the diffusion of glucose 


across the sinusoidal membrane.!°* Glucose transporter-2 differs 
from other members of the glucose transporter family in that it 
is independent of metabolic conditions or insulin levels. Because 
of the low-affinity, high-capacity characteristics of glucose trans- 
porter-2, intrahepatic glucose concentration is determined by the 
plasma glucose level, which, in turn, is regulated by glucokinase 
activity (see later).!°? Glucose transporter-1, which is present in 
the brain, RBCs, and hepatocytes, particularly in zone 3, is a low- 
capacity, high-affinity glucose transporter that permits glucose 
uptake by hepatocytes when the circulating glucose concentra- 
tion is low. Increased expression of glucose transporter-1 during 
fasting enhances glucose uptake by hepatocytes. Hepatocellular 
glucose homeostasis is maintained by interlinking pathways that 
are regulated by multiple signals, which prevent competing path- 
ways from operating at the same time.!° Fig. 72.3 illustrates 
these pathways and the modulating influences that control the 
metabolic flux of glucose and other sugars, such as fructose. 


Formation of Glucose-6-Phosphate 
Rapid conversion of glucose to glucose-6-phosphate (glucose- 
6-P) modulates the glucose concentration within the hepatocyte, 
thereby regulating influx or efflux of glucose from the hepato- 
cyte.”” Glucose-6-P is a nodal branch point compound that can 
enter 3 independent metabolic pathways: (1) synthesis of glyco- 
gen, which can be mobilized rapidly during fasting; (2) anaerobic 
glycolysis via the Embden-Meyerhof pathway, which generates 
pyruvate or lactate as a substrate for the TCA (Krebs) cycle in 
mitochondria; or (3) the pentose-phosphate shunt, which gener- 
ates reducing equivalents necessary for anaerobic glycolysis and 
fatty acid synthesis. The pentose-phosphate shunt is regulated 
by the activity of mitochondrial glucose-6-P dehydrogenase.!° 
Conversion of glucose to glucose-6-P is catalyzed by hexoki- 
nase, which accepts several different hexose substrates, and glu- 
cokinase (GK, also termed hexokinase type 4 or D), which is 
expressed predominantly in the liver and pancreas and is specific 
for glucose.!°5 

A low-affinity, high-capacity system, GK is not inhibited by 
the reaction product, glucose-6-P. Therefore, the level of GK 
activity regulates hepatocellular glucose concentration, which 
determines the net uptake of glucose by hepatocytes from hepatic 
sinusoidal plasma. GK is activated by insulin and inhibited by glu- 
cagon.” Mutations in the GK gene are associated with rare cases 
of maturity-onset diabetes of young adults (MODY).!% Fructose- 
1-phosphate modulates GK activity by regulating the inhibitory 
activity of a GK regulatory protein.!° The regulation of GK by 
fructose is thought to prevent futile cycling between glucose and 
glucose-6-P that consumes ATP. Starvation decreases GK activ- 
ity, thereby promoting glucose efflux from the hepatocyte. 


Conversion of Glucose-6-Phosphate to Glucose 
Conversion of glucose-6-P to glucose is catalyzed by glucose- 
6-phosphatase (glu-6-Pase), a multisubunit enzyme with its active 
site located within the ER lumen.!°’ Thus, glucose-6-P needs to 
traverse the ER membrane to be dephosphorylated. Inherited 
deficiency of glu-6-Pase causes glycogen storage disease type 
Ia (see Chapter 77).!°7 Glucose-6-P transport is mediated by a 
microsomal transport protein, which, when defective, causes type 
Ib glycogen storage disease. As expected, glu-6-Pase activity is 
increased by starvation, resulting in an increase in hepatocellular 
glucose concentration and consequent efflux of glucose into the 
sinusoidal space by the bidirectional glucose transporter-2. 
Glucose-6-P can enter the pentose monophosphate shunt 
that generates the reduced form of nicotinamide dinucleo- 
tide phosphate. The other possible metabolic fate of glucose- 
6-P is conversion to fructose 6-P, which can enter the fructose 
6-P-fructose 1,6-diphosphate (fructose-1,6-P,) pathway. Fruc- 
tose-1,6-P; modulates the activity of pyruvate kinase (PK), 
which can affect substrate cycling in the subsequent pyruvate 
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Fig. 72.3 Hepatic carbohydrate and lipid metabolism. Gluconeogenic pathways are identified by dashed 
lines. 6-Fru Kinase/Pase, 6-phosphofructo-2-kinase/fructose-2,6-biphosphatase; 6 PF-1-K, 6-phosphofructo- 
1-kinase; ATP, adenosine triphosphate; CoA, coenzyme A; CPT, carnitine palmitoyltransferase; FAD, flavine 
adenine dinucleotide; FADH, reduced flavine adenine dinucleotide; Fru-1-K, hepatic fructokinase; Fruc-7,6- 
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diphosphate glucose. (Data from Piklis SJ, Granner DK. Molecular physiology of the regulation of hepatic 
gluconeogenesis and glycolysis. Annu Rev Physiol 1992;54:885-909.) 


(PYR)-phosphoenol pyruvate (PEP) pathway. These opposing 
enzyme reactions regulate the formation of gluconeogenesis 
precursors and glycolysis. 

The relative production of fructose 6-P and fructose- 
1,6-P, is regulated by the opposing action of 6-phosphofructo- 
1-phosphokinase (6-PK-1-K) and fructose-1,6-bisphosphatase 
(fruc-1,6)Pase).?? Within this cycle is a unique enzyme: 6-phos- 
phofructo-2-kinase/fructose-2,6-biphosphatase (6-fru kinase/ 
Pase). This enzyme, which combines the properties of both a 
6-PF-2K and its corresponding phosphorylase enzyme activity, 
produces the regulatory product fructose-2,6-P . Fructose-2,6-P, 
is a potent activator of 6-PF-1-K and inhibitor of fruc-1,6)Pase. 
Moreover, it favors the formation of the fructose-1,6-P, product. 
The enzyme is regulated by both hormonal and nutrient regu- 
lations and serves as another modulator of glucose metabolism. 
During starvation, when fructose-2,6-P, levels are low, gluco- 
neogenesis is enhanced. On the other hand, high levels of 6-fru 
kinase/Pase found during refeeding and insulin administration 
promote glycolysis and fatty acid synthesis. The phosphorylation 


status of the 6-fru kinase/Pase is regulated by the cAMP-depen- 
dent kinase site and phosphatase 2A activity. 

From fructose-1,6-P3, a sequence of 4 biochemical reactions 
leads to the formation of PEP with generation of 8 molecules 
of ATP.” PEP can then be metabolized into PYR as part of the 
third regulatory cycle in glucose metabolism. Pyruvate kinase, 
which transforms PEP to PYR, generates 2 ATP molecules. PYR 
is another nodal branch point in the metabolic pathway, from 
which it can undergo further metabolism in mitochondria to 
form acetyl-CoA. Thereafter, it can undergo aerobic metabolism 
by the TCA cycle. In this pathway, PYR may be metabolized ulti- 
mately to water and carbon dioxide, with the production of 15 
molecules of ATP per molecule of PYR. Other products of the 
TCA cycle are also precursors for fatty acid (citrate) or amino 
acids by means of oxaloacetate formation. Fructose-1,6-P) is also 
an inducer of PK.!°* In the reverse reaction, PYR is metabolized 
to oxaloacetate, which is a precursor to the amino acid L-aspar- 
tate. Oxaloacetate is converted by the energy-dependent activity 
of phosphoenolpyruvate carboxykinase (PEPCK), an important 
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regulator of gluconeogenesis. PEPCK expression is inhibited by 
insulin at the transcriptional level’® 108 and is up-regulated during 
fasting and in persons with diabetes mellitus. 


Hepatic Metabolism of Galactose and Fructose 


Lactose, a major disaccharide present in human and cow milk, is 
split into glucose and galactose. Galactose can be converted to 
glucose-6-P, after which it can be used for glycogen synthesis; or it 
can be oxidized further to form PYR or acetyl-CoA for additional 
energy generation or fatty acid synthesis.” Galactose is initially 
phosphorylated by galactokinase to form galactose-1-phosphate 
(galactose-1-P). In the presence of uridine diphosphoglucose 
(UDPG), further metabolism by uridyltransferase forms glucose- 
1-phosphate (glucose-1-P) and UDP-galactose. UDP-galactose 
can be epimerized by UDP-glucose-4-epimerase to form UDP- 
glucose, which is a precursor to glucose-1-P. Glucose-1-P can 
be converted to glucose-6-P. Thus, like glucose, galactose can 
participate in the glycolytic pathway. 

Fructose, an abundant sugar in the diet, is absorbed by the 
intestinal epithelium by a sodium-independent carrier distinct 
from the intestinal glucose transporter. It is converted to fructose- 
1-phosphate (fructose-1-P) by hepatic fructokinase (Fru-1-K), 
using either ATP or GTP as a cofactor. Fructose-1-P activates 
GK activity by removing the inhibitory regulatory protein. Fruc- 
tose-1-P does not enter the gluconeogenic pathway but is further 
metabolized by fructose-1-phosphate aldolase to form 2 trioses: 
dihydroxylacetone phosphate and _ glyceraldehyde-3-phosphate. 
Dihydroxylacetone phosphate may be isomerized to glyceral- 
dehyde phosphate and enter the glycolytic pathway or may be 
reduced to glyceraldehyde-3-phosphate and provide the glycerol 
backbone for triacylglycerol and phospholipids. Glyceraldehyde- 
3-phosphate may be combined with dihydroxylacetone phosphate 
by aldolase B ultimately to form fructose-1,6-P>. Depending on 
the metabolic requirements of the liver, fructose-1,6-P) can be 
used for gluconeogenesis and glycogen synthesis or may be sub- 
jected to glycolysis, ultimately resulting in the formation of lactate. 
Because fructose enters the carbohydrate cycle at the second regu- 
latory step, fructose is a better substrate for lipogenesis in the liver 
than is glucose. Aldolase B deficiency results in hereditary fructose 
intolerance as a result of excess fructose-1-P build-up. Treatment 
consists of avoidance of sucrose and fructose in the diet. 


Glycogen Formation 


Glycogen stored in the liver is the main source of rapidly avail- 
able glucose for the glucose-dependent tissues, such as RBCs, ret- 
ina, renal medulla, and brain.!°? Hepatic glycogen stores contain 
up to a 2-day supply of glucose before gluconeogenesis occurs, 
mainly from lactate, a 3-carbon end-product of anaerobic glucose 
metabolism.”*: !10 Hepatic gluconeogenesis produces up to 240 
mg of glucose a day, which is approximately twice the metabolic 
need of the RBCs, retina, and brain. The 3-carbon precursors 
generated by anaerobic metabolism from muscle, intestine, liver, 
or RBCs may account for up to 50% of the glycogen pool formed 
during nonabsorptive states. Alanine, another major glucose pre- 
cursor, is generated by the catabolism of muscle proteins, which 
is a major cause of muscle wasting during prolonged fasting. 
Glycogen stored in muscle is used locally and cannot be exported 
out of the cell because muscles lack glu-6-Pase. The relative con- 
tribution of each of the precursors to glycogen synthesis depends 
on the nutritional status, amount, and route of glucose adminis- 
tration (oral vs. IV) and on hormonal regulation. 

Rapid switching between glycogen synthesis and breakdown 
is mediated by a cascade of enzymes that are regulated by local 
nutrients and hormones.” Glycogen phosphorylase, which is 
activated by phosphorylation, catalyzes the breakdown of gly- 
cogen subunits, and glycogen synthase, which is activated by 


dephosphorylation, catalyzes the addition of UDP-glucose to the 
expanding glycogen chain. In addition, glucose and glucose-6-P 
are allosteric activators of the synthase enzyme, whereas glucose 
binding inactivates the phosphorylase. 

Glycogen exists as 2 distinct populations consisting of pro- 
glycogen, with a molecular weight of approximately 4 x 10°, and 
macroglycogen, with a molecular weight of 1 x 10’, the concen- 
trations of which depend on the relative activities of enzymes 
favoring proglycogen formation (phosphorylase and debranching 
enzymes) and those favoring glycogenin formation (branching 
enzymes). The ability of glycogenin to initiate the formation of 
glycogen is important in hepatic carbohydrate metabolism. The 
existence of these 2 distinct pools of glycogen permits subtle con- 
trol of glucose levels, and their relative contributions could have a 
physiologic role in disease states such as diabetes mellitus. 


Regulation of Glycolytic-Gluconeogenic Pathways 


The glycolytic-gluconeogenic pathways are regulated by hor- 
monal signals and the relative availability of nutrients. Insulin 
up-regulates the expression of genes that encode the glycolytic 
enzymes and represses the expression of metabolic enzymes 
responsible for gluconeogenesis. Glucagon, catecholamines, glu- 
cocorticoids, and growth hormone increase cellular cAMP lev- 
els, thereby augmenting the gluconeogenic pathway. In many 
cases, post-transcriptional mRNA stabilization or degradation, 
post-translational phosphorylation or end-product inhibition, or 
allosteric modulation contributes to the relative abundance or 
activity of specific enzymes.” 108 Glucose and fructose modu- 
late the enzyme activities by direct inhibition or by allosteric 
modulation of the enzymes. In the fed state, high activity of GK, 
6-PF-1-K, and PK induced by insulin favors formation of PYR, 
with low activity of PEPCK and other gluconeogenic enzymes. 
During fasting, the fall in plasma insulin levels removes the inhi- 
bition of the gluconeogenic enzymes PEPCK and fruc-1,6-P,ase. 
Simultaneously, an increase in glucagon and B-adrenergic agonists 
raises intracellular cAMP levels, leading to inhibition of 6-PK-2 
kinase activity and stimulation of fruc-2,6-Pase, thereby reducing 
fructose-2,6-P, concentration and activation of fruc-1,6-P ase, 
with a net increase in gluconeogenesis. After a prolonged fast, glu- 
coneogenesis is further stimulated by an increase in the supply of 
substrate and alterations in the concentration of various enzymes. 


Carbohydrate Metabolism in Cirrhosis 


Patients with cirrhosis have an increased frequency of hypergly- 
cemia and relative hyperinsulinemia.'!! The hyperglycemia may 
be explained by decreased glucose uptake by muscle and reduced 
glycogen storage in liver and muscle. These changes lead to 
insulin resistance, which causes an increase in plasma insulin lev- 
els. Other causes of relative insulin resistance include increased 
serum FFA levels that can inhibit glucose uptake by muscle, 
altered second messenger activity after insulin binds to its recep- 
tor, and increased serum concentrations of cytokines that result 
from elevated serum levels of LPS. Increased levels of glucagon 
and catecholamines may be contributing factors. The net result 
is impaired nonoxidative use of glucose with decreased storage 
of glycogen and impaired uptake of glucose by muscle, thereby 
causing a relative insulin-resistant state similar to that found in 
patients with diabetes mellitus and obesity. 


Lipids 

Fatty acids are an important energy source for the liver and serve 
as an efficient fuel store within and outside the liver because oxida- 
tion of fatty acids yields the highest ATP production of any meta- 
bolic fuel.” In addition, most organs are capable of using fatty 
acids as a fuel.!!? The liver plays a central role in regulating the 
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body’s total fatty acid needs. Excess glucose can be converted to 
fatty acid for future use and stored at distal sites such as adipose tis- 
sue and delivered by lipoproteins (see later). TG are stored in the 
cytoplasm of hepatocytes, where they are enclosed in a monolayer 
of phospholipids to form lipid droplets, which are important in the 
energy balance of the cell and the whole organism. Under condi- 
tions of excess lipid accumulation in the hepatocyte, for example, 
in overnutrition, the risk of acquiring insulin resistance increases. 
Lipid droplet formation may require a family of PPARa-induced 
ER proteins, termed fat-inducing transcripts 1 and 2 (FIT-1 and 
FIT-2).!! Beta oxidation of fatty acids in mitochondria and per- 
oxisomes has different physiologic consequences.!!* Furthermore, 
fatty acids are structural components of cell membranes and are 
important in cellular function and cell anchoring. The regulation 
of fatty acid synthesis and transport of fatty acids to other organs 
in association with lipoproteins constitutes another critical role of 
the liver in managing the metabolic needs of the entire body. 


Fatty Acid Synthesis 


Fatty acid synthesis occurs in the cytosol and is regulated closely 
by the availability of acetyl-CoA, which forms the basic subunit 
of the developing fatty acid carbon chain.” Acetyl-CoA is synthe- 
sized predominantly in mitochondria and is derived mainly from 
carbohydrate metabolism, with a small fraction coming from 
amino acids.® 14 15 Acetyl-CoA is condensed with oxaloacetate to 
form citrate, which is exported from the mitochondria and is then 
cleaved by the cytosolic ATP citrate lyase to produce oxaloacetate 
and acetyl-CoA. Conversion of acetyl-CoA to malonyl-CoA by 
the action of acetyl-CoA carboxylase is the first step in fatty acid 
synthesis. Acetyl-CoA carboxylase is the key enzyme in regulat- 
ing fatty acid synthesis because it provides the necessary building 
blocks for elongation of the fatty acid carbon chain.!!° 

Malonyl-CoA is used by a set of enzymatic activities contained 
within a single peptide chain that comprises the remarkable fatty 
acid synthase system.” Malonyl-CoA binds to acyl carrier pro- 
tein. Catalytic activity is contained within 2 distinct domains 
that catalyze sequential condensation, reduction, dehydroge- 
nation, and reduction, which constitute the fatty acid synthetic 
cycle. Two nicotinamide dinucleotide phosphate molecules are 
required for each 2-carbon unit that is added to the growing fatty 
acid chain. After completion of the first cycle, the 4-carbon butyl 
group is transferred from acyl carrier protein to a peripheral 
thiol, thereby allowing it to accept the next malonyl-CoA group 
to restart the entire cycle. The cycle continues for an additional 6 
or 7 rounds until a carbon-16 (palmitate) or carbon-18 (stearate) 
fatty acid is synthesized. Fatty acid-CoA is then released and used 
for other metabolic pathways. 

Further elongation of the fatty acid chain can occur either in 
the mitochondrion or within the microsomal membrane.” In the 
mitochondrion, the first step is mediated by enoyl-CoA reduc- 
tase. Microsomal elongation uses malonyl-CoA to increase the 
size of fatty acyl-CoA in a process that involves 4 separate enzy- 
matic reactions. The elongation ability of microsomes is tissue 
dependent and serves the needs of specific organs. The fatty acid 
chain elongates until an appropriate length has been achieved, 
and the fatty acid is then esterified with glycerol to form TG. 
These newly formed TG can be transported by lipoproteins to 
distal sites for storage and use. In situations of excess carbohy- 
drates, PYR can be converted to acetyl-CoA by the mitochondrial 
pyruvate dehydrogenase complex to serve as fatty acid precursors, 
although lipogenesis from carbohydrates consumes about 25% of 
the energy contained in the carbohydrates. 


Beta Oxidation of Fatty Acids 


Fatty acid beta oxidation is an important source of energy for many 
organs, including the liver. Beta oxidation occurs in mitochondria 
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and peroxisomes, and the process requires transport of substrates 
across the membranes delimiting these organelles. 


Mitochondrial Beta Oxidation 

Fatty acids are translocated across the mitochondrial membranes 
by first undergoing fatty acyl-CoA formation by the activity of 
distinct fatty acyl-CoA synthetases that are specific for short-, 
medium-, or long-chain fatty acids in the mitochondrial outer 
membrane.” !!° In the inner mitochondrial membrane, conju- 
gation of fatty acyl-CoA with carnitine is catalyzed by carnitine 
palmitoyltransferase I, with formation of fatty acylcarnitine, 
which is translocated into the mitochondrion, in exchange for 
free carnitine, by an integral inner membrane protein, fatty 
acylcarnitine:carnitine translocase.!!’ Inside the mitochondrion, 
a reverse reaction mediated by carnitine palmitoyltransferase II 
releases fatty acyl-CoA, which is now a substrate for beta oxida- 
tion. The first step that is unique to beta oxidation is formation 
of trans-enol fatty acid, which is generated by acyl-CoA dehydro- 
genase. Acyl-CoA dehydrogenase transfers 2 electrons to flavin 
adenine dinucleotide (FAD), which then transfers them to the 
electron transport chain in the mitochondrion. 3-Keto fatty acyl- 
Co then undergoes a series of sequential reactions to acetyl-CoA 
and fatty acyl-CoA, which undergo another round of beta oxida- 
tion. Acetyl-CoA can enter the TCA cycle, thereby generating 12 
ATP, or it can enter the 3-hydroxyl methyl glutaryl-CoA cycle to 
form ketone bodies. Only mitochondria in the liver are capable 
of forming ketone bodies. Regulation of mitochondrial beta oxi- 
dation lies with fatty acylcarnitine formation, which is catalyzed 
by carnitine palmitoyltransferase I.!!7 Malonyl-CoA, the basic 
subunit of fatty acid synthesis, is a potent inhibitor of carnitine 
palmitoyltransferase I and thus prevents beta oxidation and fatty 
acid synthesis from occurring concurrently. 


Peroxisomal Beta Oxidation 

Peroxisomes have lesser capacity than mitochondria for beta oxi- 
dation of fatty acid. The relative contribution of peroxisomes to 
beta oxidation depends on the fatty acid chain length and admin- 
istration of peroxisome proliferators. In contrast to fatty acid 
oxidation in the mitochondrion, initial fatty acyl-CoA formation 
within the peroxisome does not require fatty acyl carnitine for- 
mation for entry into peroxisomes. During the next metabolic 
step, in which trans-enoy]l fatty acyl-CoA is formed, another sig- 
nificant difference occurs in the peroxisomes as compared with 
mitochondria: 2 electrons produced are transferred to FAD to 
form FADH3, which is then transferred directly to oxygen to 
form hydrogen peroxide. Hydrogen peroxide is detoxified by cat- 
alase to form water and oxygen. (In the mitochondrion, electrons 
are delivered to the mitochondrial electron transport system, 
which ultimately generates water and ATP.) The significance of 
this difference lies in both lack of ATP production and genera- 
tion of hydrogen peroxide in the peroxisomes, which in the pres- 
ence of transitional metals can yield toxic hydroxyl radicals and 
can promote lipid peroxidation and oxidant injury. 

NADH generated in subsequent reactions needs to be 
removed from the peroxisomes, whereas in mitochondria NADH 
can enter the electron transport cycle and generate additional 
ATP molecules. Peroxisomal enzymes can only metabolize long- 
chain fatty acids with a minimal chain length of 10 carbons and 
a maximal length of 24 carbons. As in mitochondria, beta oxida- 
tion in peroxisomes proceeds similarly by 2-carbon acetyl-CoA 
cleavage until octanoyl-CoA is formed. Octanoyl-CoA is then 
combined with carnitine to form fatty acyl carnitine, which can 
be transported by the mitochondrial inner membrane transporter 
and undergo completion of beta oxidation. Acyl-CoA formed in 
peroxisomes by beta oxidation of fatty acids can diffuse out of the 
peroxisomes after formation of acetyl carnitine.!!’ 

The regulation of peroxisomal metabolism of fatty acids 
appears to be solely at the level of substrate availability, which 
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may be regulated by a family of soluble fatty acid binding proteins 
(FABPs) present in the cytosol of all cells. The peroxisomal path- 
way provides a supply of acetyl-CoA that does not require citrate 
formation and that can be used in fatty acid synthesis. Because 
the initial electron transfer is not coupled to the mitochondrial 
electron transport system, peroxisomal fatty acid oxidation is less 
efficient than mitochondrial beta oxidation and may provide a 
means of eliminating fatty acids with energy loss. Peroxisomes 
proliferate on administration of a large number of hypolipidemic 
agents, such as clofibrate, with a resulting 5- to 10-fold increase 
in the relative contribution of peroxisomal fatty acid beta oxida- 
tion. Because peroxisomal beta oxidation produces less ATP than 
does beta oxidation in mitochondria, a relative increase in per- 
oxisomal fatty acid beta oxidation can lead to a reduction in lipid 
mass and to weight loss. This pathway also provides a means of 
generating hydrogen peroxide, which can be used by catalase for 
the oxidation of substrates such as ethanol. 

Increased TG synthesis, reduced synthesis of lipid transport 
proteins (see later), and a decreased level of beta oxidation can 
result in the accumulation of fat within hepatocytes (steatosis). A 
classic example of this process is alcoholic steatosis, which occurs 
when a large percentage of the total caloric intake is derived 
from ethanol (see Chapter 86). Alteration in the redox potential 
with excess NADH produced by ethanol metabolism results in 
an increased NADH/NAD ratio, which favors the formation of 
a-glycerol phosphate, which in turn promotes TG formation. In 
addition, a decrease in NAD content in mitochondria may reduce 
fatty acid beta oxidation, thereby contributing to fatty acid accu- 
mulation.!!® 


Lipoproteins 


Apolipoproteins (apo), which are synthesized by the liver, in 
combination with TG, phospholipids, cholesterol, and choles- 
terol esters, constitute circulating lipoproteins, which mediate 
the transport of lipids from the liver into the plasma and from the 
plasma into the liver and other tissues. The liver also expresses 
cell surface receptors for circulating lipoproteins and modulates 
plasma levels of these important macromolecules.!!” 


Types 

Lipoproteins were originally classified according to their relative 
density, which is inversely related to their particle size. Listed 
in increasing order of density are the following: chylomicrons, 
VLDL, intermediate-density lipoprotein IDL), LDL, and HDL. 
Density differences in these particles reflect the type and amount 
of specific lipids and the proportion of protein present within 
these lipoprotein fractions.!!’ Specific apolipoproteins bind lipids 
to form lipoproteins, which are modified by enzymes in plasma or 
endothelial cells and act as ligands for specific lipoprotein recep- 
tors that mediate their uptake by target tissues. 

The lipid components are in constant dynamic flux because of 
delivery of lipids and cholesterol to cells, transfer to other lipopro- 
teins (mediated by lipid transfer proteins), and catalysis by lipo- 
lytic enzymes. TG are the major lipids contained in chylomicrons 
that are generated in the intestinal epithelial cells and VLDL 
produced in the liver. They are the energy source for peripheral 
tissues and components of cellular membrane structures. Cho- 
lesterol is the major lipid in LDL and HDL. Cholesterol, unlike 
TG, is not used as a fuel source but as a structural component of 
membranes and as a precursor for steroid hormones. Trafficking 
of cholesterol is usually in the form of cholesteryl ester, which 
is generated in the plasma by the activity of lecithin-cholesterol 
acyltransferase (LCAT) (see later). 

Tangier disease, a rare autosomal recessive disorder charac- 
terized by the accumulation of cholesteryl esters in reticuloen- 
dothelial cells, including the tonsils, thymus, and lymph nodes, 
as well as liver, spleen, and gallbladder, in combination with the 


near absence of serum HDL cholesterol, is now recognized to be 
caused by mutations in the ATP-binding cassette transporter Al 
(ABCA1), a member of the ABC supergene family.!?° Affected 
patients classically present with enlarged, orange-colored tonsils 
and have a 4- to 6-fold increased risk of atherosclerotic heart dis- 
ease (see Chapter 37). Although the function of the transporter 
is not completely known, its location at the plasma membrane 
suggests that it mediates the active transport (“flipping”) of cho- 
lesteryl ester from the inner to the outer leaflet of the plasma 
membrane, from which it can be transferred to apolipoproteins 
and secreted.!*° 


Apolipoproteins 

The major apolipoproteins associated with TG transport are 
apoB-100, which is synthesized in the liver, and apoB-48, which 
is synthesized in the intestine.!*! Both proteins are translated 
from the same mRNA. In human intestinal epithelium, the apoB 
mRNA undergoes post-transcriptional RNA editing, which gen- 
erates a stop codon by cytidine deamination that results in the 
translation of a form of apoB that is approximately 48% of the 
size of the full-length apoB-100 generated in the liver. The car- 
boxy-terminal domain that is absent in apoB-48 is essential for 
binding to the LDL receptor. Unlike the apoB-100-containing 
VLDL, chylomicron remnants, which contain apoB-48, are rap- 
idly cleared from plasma and do not give rise to LDL.”! 

ApoC is synthesized predominately in the liver, with minor 
expression in the intestine and other organs, and is composed of 
3 different gene products that may inhibit the uptake of chylo- 
micron remnants by the liver. ApoC-1 is a minor component of 
VLDL, HDL, and IDL and is of unknown function. ApoC-II is 
present in VLDL, IDL, HDL, and chylomicrons and is an essen- 
tial activator of lipoprotein lipase (LPL) (see later). Inherited 
deficiency of apoC-II causes hypertriglyceridemia. ApoC-HI is 
present in IDL, HDL, and chylomicrons and may be an inhibitor 
of LPL activity. 

ApoE is synthesized in the liver and is found on all lipopro- 
teins. ApoE is important for removal of lipoprotein remnants in 
the serum, can bind to the LDL receptor and other membrane 
proteins, and is important in targeting lipoproteins to specific 
receptors on peripheral cells. Three major alleles of the apoE 
gene exist (e2, £3, and £4), with the e3 allele being the most 
abundant and the ¢2/e3 genotype being the most frequent. Each 
allele possesses a different ability to bind to the LDL receptor. 
Absence of apoE leads to reduced clearance of chylomicron and 
VLDL remnants, resulting in elevated plasma levels and a con- 
sequent increase in the risk of atherosclerosis.'*? ApoE is also 
important in lipid transport in the CNS especially after neuronal 
injury. Inheritance of a single apoe4 allele is associated with a 6- 
to 8-year earlier onset of Alzheimer disease than that associated 
with the €3/e3 genotype.!?4 

ApoA-I and -II are synthesized in the liver and intestine. 
ApoA-l is the major component of HDL lipoproteins. In a lipid- 
poor state, apoA-I accepts cholesterol from the cell membrane. 
ApoA-lI is a key activator of LCAT, which enhances choles- 
terol esterification in the plasma, and the absence of a specific, 
conserved region in apoA-I causes loss of its LCAT activating 
property. ApoA-II is another component of HDL. ApoA-IV is a 
minor constituent synthesized in the intestine.!7> 


Lysosomal Hydrolysis of TG via Autophagy 

TG and cholesterol are stored in the cytoplasm as lipid drop- 
lets. During nutrient deprivation, TG in the lipid droplets are 
hydrolyzed, generating FFAs that are oxidized to provide energy. 
Hydrolysis of the droplet enclosed occurs through autophagy, 
which is a known cellular response to starvation. By analogy with 
mitophagy (autophagy of damaged mitochondria), this process 
was termed macrolipophagy, which links autophagy with lipid 
metabolism. !”° 
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Lipolytic Enzymes 

LPL is synthesized in fat and muscle cells and is located in the 
luminal surface of the capillary bed of adipose, lung, and mus- 
cle tissues.!?” LPL catalyzes lipolysis of TG present in VLDL, 
chylomicrons, or HDL. LPL is stimulated by fasting, fatty acids, 
hormones, and catecholamines. Persons who are homozygous 
for LPL deficiency present with severe hypertriglyceridemia in 
childhood and pancreatitis. 

Hepatic TG lipase (HTGL) is another member of the lipase 
family. It is synthesized in the liver and binds to the luminal 
surface of hepatic endothelial cells. It is involved in lipolysis 
of VLDL or IDL and thus plays a major role in LDL forma- 
tion. HDL may be another substrate for HTGL activity. Inher- 
ited deficiency of LPL leads to accumulation of large particles 
containing both apoB-100 and apoB-48, with almost complete 
absence of smaller apoB-containing lipoprotein. In animal stud- 
ies, inhibition of HTGL results in accumulation of VLDL and 
IDL, with the enrichment of HDL in TG. 


Lipid Transport Proteins 

In plasma, lipid exchange between particles is facilitated by 
the activity of LCAT and cholesteryl ester transfer protein 
(CETP).'*’ LCAT is synthesized in the liver, and apoA-I is a 
cofactor for LCAT activity. CETP is synthesized predominantly 
in the liver and circulates in association with HDL. CETP medi- 
ates the exchange of cholesteryl esters from HDL with TG from 
chylomicrons or VLDL. The activity of LCAT in combination 
with the lipid transfer proteins, CETP and phospholipid transfer 
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protein, is essential for the transfer of cholesterol from nonhe- 
patic tissue to the liver. !?7 


Intestinal and Hepatic Lipid Transport 


The liver functions as the hub for receiving fatty acids and cho- 
lesterol from the diet and peripheral tissues, packages them into 
lipoprotein complexes, and releases the complexes into the cir- 
culation (Fig. 72.4). Following absorption by intestinal epithelial 
cells, fatty acids are formed into TG, and cholesterol is esteri- 
fied. Both lipids are packaged into nascent chylomicrons com- 
posed predominantly of TG (85% to 92%), phospholipids (6% to 
12%), cholesteryl ester (1% to 3%), fat-soluble vitamins, and the 
following apolipoproteins (1% to 3%): apoB-48, apoA-I, apoA- 
I, and apoA-IV.!** Nascent chylomicrons enter the interstitial 
space and are carried into the systemic venous circulation via 
the thoracic duct. In the interstitial space, chylomicrons acquire 
apoC-II, which activates LPL, thereby promoting TG release. 
TG release may be reduced by acquisition of apoC-III, which 
may inhibit LPL activity. The addition of apoE is critical for tar- 
geting the chylomicron remnant, which can then be taken up by 
hepatocytes through the chylomicron remnant receptor. 

Release of TG by LPL and extraction by peripheral tissues 
increases the relative cholesteryl ester concentration in chylomi- 
cron remnants, which are taken up by hepatocytes via a hepa- 
tocyte membrane transporter that recognizes a binding domain 
on apoE. The endocytosed chylomicron remnants are targeted 
to lysosomes, where they are degraded. Inherited mutations of 
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the binding domain of apoE reduce chylomicron remnant clear- 
ance. When chylomicron excretion is delayed, as occurs with 
mutations of the binding domain of apoE or reduced LPL activ- 
ity or apoC-II levels, chylomicron remnants that accumulate in 
the serum may be taken up by endothelial cells or macrophages, 
which transform into foamy cells. The foamy cells are precursors 
of fatty streaks and atheromas. Increased VLDL secretion result- 
ing from excess fatty acid absorption can also compete with the 
chylomicron remnant uptake system. 

Fatty acids released from adipocytes by the action of intracel- 
lular hormone-sensitive lipase are bound to serum albumin and 
transported to other tissues including the liver, where they are 
used for synthesis of phospholipids and TG.!”? The liver synthe- 
sizes cholesterol from low-molecular-weight precursors. Hepatic 
cholesterol synthesis is regulated by the rate-limiting enzyme 
3-hydroxyl-3- methylglutaryl coenzyme A reductase (HMG-CoA 
reductase). Lipids are exported from the liver as VLDL particles, 
which are the major carriers of plasma TG during nonabsorptive 
states.” Lipids may be stored temporarily in the liver as fat drop- 
lets and cholesteryl esters, excreted directly into bile, or metabo- 
lized into bile acids. The liver is the major site of sterol excretion 
from the body and is the site of bile acid synthesis (see Chapter 64). 

The coordinated input, synthesis, and excretion of sterols 
require complex regulation of multiple enzymatic pathways. 
Bile acids returning to the liver via the enterohepatic circula- 
tion modulate these enzyme activities. Bile acids recycle 6 to 10 
times per day via the enterohepatic circulation and use specific 
transmembrane transporters at apical and basolateral domains 
of hepatocyte plasma membrane, as well as intracellular binding 
proteins.!*° In the terminal ileum, a great majority of the bile 
acid molecules are reabsorbed via a sodium-dependent bile acid 
transporter. Bile acids are also important in micellization of fats 
for intestinal absorption and as coactivators of bile acid—depen- 
dent lipase activity. FXR, a member of the sterol nuclear receptor 
family, binds to and is activated by bile salts. Heterodimers of 
activated FXR and RXR modulate the coordinated regulation of 
multiple genes that encode key bile salt transporters, such as the 
sodium-dependent taurocholate pump (NTCP) at the sinusoidal 
domain of hepatocytes, bile salt export pump at the canalicular 
domain, intestinal bile acid transporter in the terminal ileum, and 
cholesterol-7a-hydroxylase in hepatocytes (see Chapter 64).!3! 


Transport of ApoB-Containing Lipoproteins 

In the fasting state, VLDL, which is synthesized in the liver, 
replaces chylomicrons as the major transporter of TG and cho- 
lesterol. In addition to the full-length apoB-100, VLDL con- 
tains TG (taken up from plasma or synthesized in the liver), 
cholesteryl esters (exogenous or endogenous), and phospho- 
lipids. During fasting, fatty acids in VLDL are derived 
predominantly from the activity of hormone-sensitive lipase 
in adipocytes, whereas after a meal, dietary fatty acids are the 
major source. Fatty acids may be taken up by hepatocytes by 
passive diffusion or via fatty acid transport proteins in the sinu- 
soidal domain of the cell membrane. In hepatocyte cytosol, fatty 
acids are stored bound to the abundant 12-kd FABP family, 
which may direct fatty acids to specific subcellular targets, such 
as the smooth ER for VLDL synthesis or peroxisomes for beta 
oxidation. FABPs are transcriptionally regulated by peroxisome 
proliferating agents (e.g., fibrates), suggesting that their role is 
physiologic in global lipid metabolism. 

ApoB-100 is the predominant transport carrier in VLDL; 
apoC-I, C-II, C-III, and apoE arise from other lipoproteins 
within the serum. ApoB-100 synthesis and VLDL secretion are 
regulated by the availability of cotransported lipids and sterols 
in the smooth ER. ApoB-100 synthesis may change dramati- 
cally without alteration in apoB-100 mRNA levels.!*’ Following 
synthesis in the smooth ER, apoB-100 interacts with newly syn- 
thesized TG and cholesteryl esters that enter the ER via specific 


membrane transporters. The apoB-lipid complex is translocated 
into the lumen, transported through the Golgi apparatus, and 
secreted into the sinusoidal space as VLDL. When the lipid 
components are not available, apoB-100 undergoes degradation 
in the ER. During periods of low plasma TG levels, the liver 
secretes smaller IDL-like particles or even LDL-type particles. 
In the plasma, the activity of LPL and HTGL removes TG 
from VLDL, generating progressively smaller and denser IDL 
and LDL particles. Conversion of IDL to LDL requires the activ- 
ity of apoE. LDL particles become enriched in cholesteryl esters, 
both by removal of TG and acquisition of cholesteryl esters from 
other lipoproteins, predominantly HDL, with release of apoC 
to HDL. LDL is subsequently removed from the circulation by 
LDL receptors in the liver and peripheral tissues. Subpopulations 
of VLDL that begin as large VLDL undergo lipolysis and are 
converted to IDL, which is taken up via the LDL receptor. 


Transport of ApoA-Containing HDL 

HDL, another major class of lipoproteins secreted by the liver, 
appears to have a protective role against atherosclerosis. HDL is 
a heterogeneous population of lipoproteins that can be separated 
by sophisticated analytic centrifugation techniques. Nascent 
HDL is formed in the liver and intestine by lipolysis of VLDL 
and chylomicrons, respectively, with modification by peripheral 
tissue. The major protein constituents of HDL are apoA-I and 
apoA-I, with minor amounts of apoA-IV, apoC, apoE, and oth- 
ers.!>+ In humans, apoA-I is synthesized in the liver and intestine. 
Nascent apoA-containing lipoprotein complexes that appear as 
discoid particles can be transformed into HDL particles in the 
serum by the action of LCAT and the lipid transfer proteins 
CETP and phospholipid transfer protein. 

The HDL; subclass is particularly important because these 
cholesterol-poor particles are able to deliver cholesterol extracted 
from peripheral membranes and provide a substrate for plasma 
LCAT activity. Cholesteryl esters formed by LCAT are extremely 
hydrophobic and move into the core of the lipoprotein complex, 
thereby providing space on the surface of the lipoprotein for 
extraction of additional cholesterol from cell membranes. This 
complex enlarges with increasing amounts of cholesteryl esters, 
which can accommodate apoC-II and C-HI, thereby resulting 
in HDL, formation. CETP removes esterified cholesterol from 
HDL in exchange for TG, which are eventually hydrolyzed by 
HTGL, thereby regenerating small HDL. Acquisition of apoC- 
II also promotes LPL activity, thereby increasing lipolysis. 7’ 

‘The movement of apolipoproteins between HDL and chylo- 
microns allows the recycling of lipids and proteins between these 
2 pools. Cholesterol and phospholipids are also transferred to the 
chylomicrons as TG are released by LPL activity to local tissues. 
As the remnant is further processed, apoC-II and apoC-II, phos- 
pholipids, and cholesterol are transferred back to HDL. TG that 
are transferred from VLDL and chylomicrons to HDL are more 
accessible to lipolysis by endothelial-based lipases because of 
their smaller size. With the removal of TG, these particles revert 
to HDL; and apoC-II, after which apoC-II and apoE recycle to 
chylomicrons and VLDL. 


Lipoprotein Receptors 


The major lipoprotein receptors for LDL, chylomicron rem- 
nants, HDL, and the scavenger receptor are members of the 
larger LDL receptor supergene family.!*> These receptors share 
4 major structural features: (1) cysteine-rich complement-type 
repeats; (2) EGF precursor-like repeats; (3) a transmembrane 
domain; and (4) a cytoplasmic domain.!*° 


LDL Receptor 
The LDL receptor exists as an oligomeric surface glycopro- 
tein that plays a pivotal role in LDL clearance and cholesterol 
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homeostasis. It binds ligands at the cell surface, after which the 
ligand-receptor complex is internalized via the classic endo- 
cytotic pathway. The ligand dissociates from the receptor in 
acidic endosomal vesicles. Subsequently, the ligand is delivered 
to lysosomes for degradation and the receptor returns to the 
surface. The LDL receptor is present on all cell types; how- 
ever, the liver contains approximately 70% of the total body 
pool of LDL receptors. The LDL receptor recognizes apoE 
and apoB-100, but not apoB-48. ApoE-containing chylomicron 
remnants, VLDL, LDL, IDL, and HDL can all be taken up via 
the LDL receptor. Approximately two thirds of LDL is cleared 
by this receptor. Homozygous deficiency of the functional LDL 
receptor occurs in approximately 1 in 1 million persons and is 
associated with accelerated atherosclerosis manifesting in child- 
hood (familial hypercholesterolemia). LDL receptors are highly 
conserved among species.'*> After ligand binding, LDLR is 
internalized into hepatocytes by clathrin-dependent endocyto- 
sis, which requires the clathrin-associated sorting protein ARH 
(autosomal recessive hypercholesterolemia). LDLR-containing 
endosomes are either recycled to the plasma membrane, where 
LDLR is reused, or directed to lysosomes, where it is degraded. 
In an ARH-dependent fashion, proprotein convertase subtili- 
sin/kexin type 9 (PCSK9) directs LDLR to lysosomes, thereby 
preventing its recycling. Blocking PCSK9 activity, for example 
using monoclonal antibodies, increases the concentration of 
LDLR at the sinusoidal plasma membrane, thereby increasing 
LDL internalization and degradation. In addition, in primate 
livers, ubiquitin ligase inducible degrader of the LDLR (IDOL) 
stimulates proteolysis of the receptor protein in a variety of tis- 
sues. IDOL-mediated LDLR degradation is not ARH depen- 
dent but requires ESCRT (the endosomal-sorting complex 
required for transport machinery) that directs LDLR to the 
lysosomes.!!? 


VLDL Receptor 

The VLDL receptor has a high-sequence homology with the 
LDL receptor but is expressed predominantly in extrahepatic tis- 
sues such as heart, muscle, and fat. Unlike the LDL receptor, the 
VLDL receptor does not bind to apoB and may serve specifically 
to take up TG-rich apoE-containing lipoproteins, such as VLDL 
or IDL. 35 136 


Chylomicron Remnant Receptor 

The chylomicron remnant receptor accepts apoE as a ligand. 
Chylomicron remnants are removed from the circulation exclu- 
sively by the liver, probably because these large complexes can 
penetrate the unique sinusoidal vascular space. The multifunc- 
tional, @-macroglobulin/LDL receptor-related protein (LRP) 
is the chylomicron remnant receptor.” LRP is present in liver, 
brain, and muscle. In cultured cells, LRP is able to mediate the 
endocytosis of apoE-containing chylomicron remnants. Mice that 
lack LRP in the liver do not have hepatic chylomicron remnant 
uptake, confirming that LRP is the major chylomicron remnant 
receptor. Unlike the LDL receptor, LRP is able to bind a num- 
ber of unrelated ligands, such as lipoprotein, proteinase-inhibitor 
complex, and protein-lipid complex. 


LDL Scavenger Receptor 

Ligands for the scavenger receptor A (SR-A) include lipopoly- 
saccharides, polyanionic lipids, and LDL in which some of the 
free lysine residues have been chemically modified.’ These 
receptors exist in 2 forms as trimeric integral membrane gly- 
coproteins in endothelial cells, macrophages, and Kupffer cells. 
Oxidized LDL is internalized via the scavenger receptors but is 
metabolized poorly in macrophages, leading to the accumulation 
of cholesteryl esters within the cell. Monocytes, which migrate 
into lipid-enriched atherosclerotic lesions, can also be induced to 
express the scavenger receptor. 
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HDL Receptor 

A high-affinity HDL binding protein has been identified in the 
plasma membrane of hepatocytes, macrophages, adrenal cells, 
and adipocytes.!3* These receptors appear to recognize specifi- 
cally apoA present in HDL particles. The HDL receptor does 
not mediate endocytosis but allows only selective delivery of lip- 
ids to and from the HDL lipoproteins. By mediating the transfer 
of cholesterol from the plasma membrane to the HDL lipopro- 
tein, the HDL receptor facilitates reverse cholesterol transport. 
The HDL receptor is a class B scavenger receptor, referred to as 
SR-B1.!** This receptor is most abundant in the liver, ovaries, 
and adrenal glands—organs previously shown to be the prin- 
cipal sites of cholesterol uptake from HDL in vivo. HDL is a 
major source of cholesterol secreted in bile. Overexpression of 
SR-B1 in mouse liver increases biliary cholesterol secretion and 
reduces plasma HDL.!° Conversely, deficiency of this receptor 
results in decreased biliary cholesterol secretion.!*° 


Derangement of Lipid Metabolism in Liver Disease 


The most common lipid abnormality in patients with chronic 
liver disease is hypertriglyceridemia (plasma levels of 250 to 500 
mg/dL), which is found in patients with alcoholic or viral liver 
disease and tends to resolve when the liver disease improves. 
Excess ethanol ingestion causes predominantly hypertriglyceri- 
demia, due to increased fatty acid synthesis and decreased beta 
oxidation of fatty acids, resulting from increased NADH produc- 
tion by alcohol metabolism. Moderate alcohol ingestion is associ- 
ated with increased HDL; levels, which may reduce the risk of 
atherosclerosis. LDL, HDL, and total serum cholesterol levels 
decrease progressively with cirrhosis advancing from Child class 
A to class C (see Chapters 74 and 92). The serum cholesterol level 
may be a useful prognostic marker in patients with noncholestatic 
liver diseases. !*! 

Cholestatic disorders manifest with a distinct pattern of dys- 
lipoproteinemia because of the retention of cholesterol, phos- 
pholipids, and bile salts that are normally secreted in bile.!*? A 
prolonged increase in total serum cholesterol and lipid levels, 
as seen in PBC, for example, can be associated with formation 
of xanthomata (see Chapter 91). Within the LDL fraction of 
the serum of cholestatic patients, 3 distinct lipoproteins can 
be identified: 6 -lipoprotein (TG rich), also known as lipopro- 
tein Y (LP-Y), lipoprotein X (LP-X), and normal LDL. LP-Y 
appears to be a remnant of a TG-rich lipoprotein that is dis- 
tinct from IDL. Cholestatic patients with elevated TG levels 
often have clear (not lipemic) serum because most of the TG 
are contained in LP-Y and LDL. LP-X is a complex composed 
of equimolar amounts of excess phospholipid and cholesterol 
in combination with albumin and certain members of the apoC 
family. The phospholipid flippase activity of multidrug resis- 
tance protein-3 (MDR3), also termed ATP-binding cassette 
protein B4 (ABCBA) (see Chapter 64), is essential for LP-X for- 
mation. Mice lacking mdr2 (the murine homolog of MDR3) are 
unable to form LP-X during cholestasis caused by complete bile 
duct obstruction. !* 

In patients with chronic parenchymal liver disease, plasma 
cholesteryl ester levels are often reduced, a finding that sug- 
gests that LCAT activity is diminished because of impaired 
hepatic synthesis. Alternatively, decreased LCAT activity may 
result from reduced apoC-II levels or release of cholesteryl ester 
hydrolase from damaged hepatocytes, with conversion of choles- 
teryl esters to cholesterol. Chronic dyslipoproteinemia in these 
patients can also lead to alterations in cellular membrane lipids, 
resulting in formation of abnormal RBCs, such as echinocytes, 
and altered membrane function with potential pathophysiologic 
consequences. 


Full references for this chapter can be found on www.expertconsult.com. 
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When appropriately ordered and interpreted, serum liver bio- 
chemical tests, the so-called “liver function tests” or “liver 
chemistries,” can be useful in the evaluation and management 
of patients with liver disorders. The term /iver biochemical tests 
is preferable to /iver function tests because the most commonly 
used tests—the aminotransferases and alkaline phosphatase— 
do not measure a known function of the liver. These tests have 
the potential to identify liver disease, distinguish among types 
of liver disorders, gauge the severity and progression of liver 
dysfunction, and monitor response to therapy. Understanding 
the shortcomings of these tests, however, is important. No test 
can accurately assess the liver’s total functional capacity; bio- 
chemical tests measure only a few of the thousands of biochemi- 
cal functions performed by the liver. Furthermore, considered 
individually, these tests lack sensitivity and specificity for liver 
injury; a battery of tests must be used to evaluate the liver. The 
standard battery of tests that is most helpful in assessing liver 
disease includes total and direct bilirubin, albumin, prothrom- 
bin time, and the serum enzymes: ALT, AST, alkaline phospha- 
tase (ALP), and occasionally GGTP and 5’ nucleotidase (5’NT). 
Interpretation of these results in concert with careful history 
taking and a physical examination may suggest a specific type of 
liver injury, thereby allowing a directed evaluation, risk assess- 
ment for surgical procedures, and estimation of prognosis. Other 
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more specialized tests include quantitative tests of liver function 
and a growing number of options to assess the degree of hepatic 
fibrosis. 


BILIRUBIN (SEE CHAPTER 21) 
Metabolism 


Bilirubin is a breakdown product of heme (ferroprotoporphyrin 
IX). About 4 mg/kg body weight of bilirubin is produced each 
day, nearly 80% from the breakdown of hemoglobin in senescent 
red blood cells and prematurely destroyed erythroid cells in the 
bone marrow and the remainder from the turnover of hemopro- 
teins such as myoglobin and cytochromes distributed through- 
out the body.! The initial steps of bilirubin metabolism occur 
in reticuloendothelial cells, predominantly in the spleen. Heme 
is converted to biliverdin by the microsomal enzyme heme oxy- 
genase. Biliverdin is then converted to bilirubin by the cytosolic 
enzyme biliverdin reductase. 

Bilirubin formed in reticuloendothelial cells is lipid soluble 
and virtually insoluble in water. In order to be transported in 
blood, unconjugated bilirubin must be solubilized. The process 
is initiated by reversible, noncovalent binding to albumin, which 
has both high-affinity and lower-affinity binding sites for uncon- 
jugated bilirubin. The unconjugated bilirubin-albumin complex 
passes readily through the fenestrations in the endothelium lin- 
ing the hepatic sinusoids into the space of Disse, where the bili- 
rubin dissociates from albumin and is taken up by hepatocytes 
via a protein-mediated, facilitated process, possibly mediated by a 
liver-specific organic anion transport protein. 

After entering the hepatocyte, unconjugated bilirubin is 
bound in the cytosol to a number of proteins, including pro- 
teins in the glutathione S-transferase superfamily.” These pro- 
teins serve to reduce efflux of bilirubin back into the serum and 
present the bilirubin for conjugation. The enzyme bilirubin 
uridine diphosphate glucurony] transferase (B-UGT) found in 
the endoplasmic reticulum solubilizes bilirubin by conjugating 
it to glucuronic acid to produce bilirubin monoglucuronide 
and diglucuronide.* The now hydrophilic bilirubin diffuses to 
the canalicular membrane for excretion into the bile canaliculi. 
Conjugated bilirubin is transported across the canalicular mem- 
brane by the multidrug resistance—associated protein 2 (MRP2) 
via an ATP-dependent process.+ This is the only energy- 
dependent step in bilirubin metabolism and explains why even 
patients with ALF have a predominantly conjugated hyper- 
bilirubinemia. Once in the bile, conjugated bilirubin passes 
undisturbed until it reaches the distal ileum and colon, where 
bacteria containing B-glucuronidases hydrolyze conjugated bil- 
irubin to unconjugated bilirubin, which is further reduced by 
bacteria to colorless urobilinogen.’ The urobilinogen is either 
excreted unchanged, oxidized and excreted as urobilin (which 
has an orange color), or absorbed passively by the intestine into 
the portal venous system. The majority of the absorbed urobi- 
linogen is re-excreted by the liver. A small percentage filters 
across the renal glomerulus and is excreted in urine. Uncon- 
jugated bilirubin is never found in urine because in the serum 
it is bound to albumin and not filtered by the glomerulus. The 
presence of bilirubin in urine indicates conjugated hyperbiliru- 
binemia and hepatobiliary disease. 


Measurement 


The terms direct and indirect bilirubin, which correspond roughly 
to conjugated and unconjugated bilirubin, respectively, derive 
from the original van den Bergh reaction.° Serum bilirubin is still 
measured in clinical laboratories by some modification of this 
method.’ In this assay, bilirubin is exposed to diazotized sulfanilic 
acid. The conjugated fraction of bilirubin reacts promptly, or 
“directly,” with the diazo reagent without the need for an acceler- 
ant and thereby allows measurement of the conjugated bilirubin 
fraction by photometric analysis within 30 to 60 seconds. The 
total bilirubin is measured 30 to 60 minutes after the addition 
of an accelerant such as alcohol or caffeine. The unconjugated, 
or indirect, fraction is then determined by subtracting the direct 
component from the total bilirubin. 

Newer and more accurate methods of measuring bilirubin, 
such as high-performance liquid chromatography, have been 
developed but are generally not available because they are more 
difficult to perform and do not add additional information beyond 
that provided by the diazo method in most clinical situations. 
‘These newer methods allow the identification of delta bilirubin— 
conjugated bilirubin tightly linked to albumin through covalent 
binding. Delta bilirubin is found in cases of prolonged and severe 
elevation of serum conjugated bilirubin levels, and because of the 
strength of the covalent binding, the half-life of delta bilirubin is 
that of albumin, 14 to 21 days, which far exceeds the usual serum 
half-life of bilirubin of 4 hours. The identification of delta biliru- 
bin explains why the decline in serum bilirubin in some patients 
with prolonged jaundice seems to lag behind clinical recovery 
and why some patients with conjugated hyperbilirubinemia do 
not have bilirubinuria. 

Using the diazo method, normal values of total serum biliru- 
bin are between 1.0 and 1.5 mg/dL, with 95% of a normal popu- 
lation falling between 0.2 and 0.9 mg/dL.* Normal values for the 
indirect component are between 0.8 and 1.2 mg/dL. The diazo 
method, however, tends to overestimate the amount of conju- 
gated bilirubin, particularly within the normal range. As a result, 
“normal” ranges for conjugated bilirubin have crept upward over 
time. In general, if the direct acting fraction is less than 15% 
of the total, the bilirubin can be considered to be entirely indi- 
rect. The most frequently reported upper limit of normal for 
conjugated bilirubin is 0.3 mg/dL. The presence of even a mild 
increase in conjugated bilirubin in the serum should raise the 
possibility of liver injury. The measurement and fractionation of 
serum bilirubin in patients with jaundice does not allow differ- 
entiation between parenchymal (hepatocellular) and obstructive 
(cholestatic) jaundice. 

The magnitude and duration of hyperbilirubinemia have not 
been critically assessed as prognostic markers. In general, the 
higher the serum bilirubin level in patients with viral hepatitis, 
the greater the hepatocellular damage and the longer the course 
of disease. Patients may die of ALF, however, with only a mod- 
est elevation of serum bilirubin. The total serum bilirubin level 
correlates with poor outcomes in alcoholic hepatitis and is a criti- 
cal component of the MELD score, which is used to estimate 
survival of patients with end-stage liver disease (see later and 
Chapter 97). Pretreatment levels of serum bilirubin and bilirubin 
levels during treatment are associated with prognosis in patients 


with PBC.’ 


Approach to the Patient with an Elevated Level 


Hyperbilirubinemia may be the result of overproduction of bili- 
rubin through excessive breakdown of hemoglobin; impaired 
hepatocellular uptake, conjugation, or excretion of bilirubin; or 
regurgitation of unconjugated and conjugated bilirubin from 
damaged hepatocytes or bile ducts. The presence of conjunctival 
icterus suggests a total serum bilirubin level of at least 3.0 mg/ 
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Fractionate 
bilirubin 


215% direct 
(often >50% direct) 


<15% direct 


Dubin-Johnson Evaluate for 


or Rotor hemolysis: 


syndrome haptoglobin, LDH, 
peripheral blood 
smear 
Negative Positive 
Review drugs: Hemolytic 
(e.g., rifampin, disorders 
probenecid) (See Table 73.1) 
No culprit 
medications 


Inherited disorders: 
Gilbert or 


Crigler-Najjar syndrome, 
types 1 or 2 


Fig. 73.1 Evaluation of an isolated elevation of the serum bilirubin level. 


dL but does not allow differentiation between conjugated and 
unconjugated hyperbilirubinemia. Tea- or cola-colored urine 
may indicate the presence of bilirubinuria and thus conjugated 
hyperbilirubinemia. 

The evaluation of the patient with an isolated elevation of the 
serum bilirubin level is quite different from that of the patient 
with an elevated bilirubin associated with elevated liver enzyme 
levels; the latter suggests either a hepatocellular or cholestatic 
process, as discussed later. The first step in the evaluation of a 
patient with an isolated elevation of the serum bilirubin level is to 
fractionate the bilirubin to determine if it is conjugated or uncon- 
jugated (Fig. 73.1). If less than 15% of the total is conjugated, one 
can be assured that virtually all the serum bilirubin is unconju- 
gated. Overproduction of bilirubin as a result of excessive break- 
down of hemoglobin can occur with any of a number of inherited 
or acquired disorders (Table 73.1). The patient’s medication his- 
tory should be reviewed for drugs that can cause impaired hepa- 
tocellular uptake of bilirubin. If no cause is identified, a genetic 
enzyme deficiency that results in impaired conjugation of biliru- 
bin, the most common of which is Gilbert syndrome, is likely. 

As discussed in Chapter 21, Gilbert syndrome is common, with 
a reported frequency of 6% to 12% (see Table 21.2). A mutation 
in the TATAA element in the 5’ promoter region of the BPUGT 
gene results in a reduction in enzyme activity to approximately 
one third of normal. The mildly elevated indirect serum hyper- 
bilirubinemia seen in Gilbert syndrome is generally of no clini- 
cal consequence. This benign clinical course contrasts with those 
of much rarer conditions, Crigler-Najjar syndrome types I and 
II (see Table 21.2). The mutations in these conditions result in 
significantly reduced B-UGT activity: less than 10% in Crigler- 
Najjar type II and complete absence of enzyme activity in Crigler- 
Najjar type I, leading to much greater elevations of unconjugated 
serum bilirubin to levels that carry an increased risk of kernicterus. 

When isolated hyperbilirubinemia is associated with a conju- 
gated fraction of over 15%, and typically over 50%, the diagnosis 
is either the uncommon Dubin-Johnson syndrome or the even 
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TABLE 73.1 Causes and Mechanisms of Isolated Hyperbilirubinemia in 
Adults 


Cause Mechanism 


INDIRECT HYPERBILIRUBINEMIA 


Hemolytic Disorders Overproduction of bilirubin 


Inherited 
Red cell enzyme defects (e.g., glucose- 
6-phosphate dehydrogenase 
deficiency) 
Sickle cell disease 
Spherocytosis and elliptocytosis 


Acquired 
Drugs and toxins 
Hypersplenism 
Immune mediated 
Paroxysmal nocturnal hemoglobinuria 
Traumatic: macro- or microvascular 
injury 


Ineffective Erythropoiesis Overproduction of bilirubin 


Cobalamin deficiency 
Folate deficiency 
Profound iron deficiency 
Thalassemia 


Drugs: Rifampin, Probenecid Impaired hepatocellular 


uptake of bilirubin 


Inherited Conditions Impaired conjugation of 


bilirubin 
Crigler-Najjar syndrome types | and Il 
Gilbert syndrome 
Other 
Hematoma and massive blood transfusion Overproduction of bilirubin 
DIRECT HYPERBILIRUBINEMIA 
Inherited Conditions 


Dubin-Johnson syndrome 
Rotor syndrome 


Impaired excretion of 
conjugated bilirubin 


rarer Rotor syndrome (see Fig. 73.1, Tables 21.2, and 64.5). The 
defect in Dubin-Johnson syndrome is in the gene that encodes 
MRP2. A 2012 study identified the defect in Rotor syndrome as 
co-existing deficiencies of the organic anion transporting poly- 
peptides OATP1B1 and OATP1B3 (see Chapter 64).!° In both 
Dubin-Johnson and Rotor syndromes, excretion of conjugated 
bilirubin across the bile canalicular membrane is reduced, result- 
ing in an increase in the conjugated serum bilirubin level. Neither 
syndrome is associated with adverse clinical outcomes. Additional 
genetic disorders of bile acid transport that may be associated 
with hyperbilirubinemia are discussed in Chapters 64 and 77. 


AMINOTRANSFERASES 


The serum aminotransferases (also called transaminases), the most 
sensitive markers of acute hepatocellular injury, have been used 
to identify liver disease since the 1950s.''! ALT (formerly serum 
glutamic pyruvic transaminase, or SGPT) and AST (formerly 
serum glutamic oxaloacetic transaminase, or SGOT) catalyze 
the transfer of the a-amino groups of alanine and L-aspartic acid, 
respectively, to the a-keto group of ketoglutaric acid. AST, found 
in cytosol and mitochondria, is widely distributed throughout the 
body; it is found, in order of decreasing concentration, in liver, 
cardiac muscle, skeletal muscle, kidney, brain, pancreas, lung, 
leukocytes, and erythrocytes. ALT, a cytosolic enzyme also found 
in many organs, is present in greatest concentration by far in the 
liver and is, therefore, a more specific indicator than AST of liver 


injury. Increases in serum values of the aminotransferases reflect 
either damage to tissues rich in these enzymes or changes in cell 
membrane permeability that allow ALT and AST to leak into 
serum; hepatocyte necrosis is not required for the release of ami- 
notransferases, and the degree of elevation of the aminotransfer- 
ases in serum does not correlate with the extent of liver injury.!* 

Aminotransferases have no function in serum and act like 
other serum proteins. They are distributed in plasma and inter- 
stitial fluid and have half-lives measured in days. The activity of 
ALT and AST at any moment reflects the relative rate at which 
they enter and leave the circulation. They are probably cleared 
by cells of the reticuloendothelial system, with AST cleared more 
rapidly than ALT. 

Normal values for aminotransferases in serum vary widely 
among laboratories, but values gaining general acceptance are 
equal to or below 30 U/L for men and 19 U/L for women. 
The inter-laboratory variation in the normal range is the result 
of technical issues; no reference standards exist to establish the 
upper limits of normal for serum ALT and AST levels. There- 
fore, each reference laboratory is responsible for identifying a 
locally defined reference population or for using a normal range 
first established in the 1950s.!! The normal range is defined as 
the mean of the reference population plus 2 standard deviations; 
approximately 95% of a uniformly distributed population will 
fall within this “normal” range. Some investigators have recom- 
mended revisions of normal values for the aminotransferases with 
adjustments for sex and BMI, but others have raised concern 
about the potential costs and unclear benefits of implementing 
such a change.!-17 A longitudinal analysis observed that serum 
levels of ALT decrease with age, independent of sex, alcohol 
use, BMI, diabetes mellitus, serum TG levels, and other factors 
known to affect ALT levels, thereby prompting the investiga- 
tors to suggest that clinicians consider a patient’s age, especially 
in older adults, when interpreting serum ALT levels.!8 A serum 
aminotransferase level below the lower limit of normal is of no 
clinical importance; it has been reported in patients with chronic 
kidney disease on hemodialysis and is believed to be caused in 
part by vitamin B, deficiency. 


Approach to the Patient with an Elevated Level 


Serum aminotransferase levels are typically elevated in all forms 
of liver injury; levels up to 300 U/L are nonspecific. In certain 
circumstances the degree and pattern of elevation of the amino- 
transferases, evaluated in the context of a patient’s characteristics, 
symptoms, and physical examination findings, can suggest par- 
ticular diagnoses and direct the subsequent evaluation (Box 73.1). 
The differential diagnosis of marked elevations of aminotrans- 
ferase levels (>1000 U/L) includes viral hepatitis (A to E), toxin- 
induced liver injury, DILI, ischemic hepatitis, and less commonly, 
autoimmune hepatitis, acute Budd-Chiari syndrome, ALF caused 
by Wilson disease, and acute obstruction of the biliary tract. 

The ratio of AST to ALT in serum is helpful in a few specific 
circumstances—perhaps most importantly in the recognition of 
alcohol-associated liver disease. If the AST level is less than 300 
U/L, a ratio of AST to ALT of more than 2 suggests alcohol- 
associated liver disease, and a ratio of more than 3 is highly sug- 
gestive of alcohol-associated liver disease.!? The ratio results from 
a deficiency of pyridoxal 5’-phosphate in patients with alcohol- 
associated liver disease; ALT synthesis in the liver requires pyri- 
doxal phosphate more than AST synthesis does.?? When a patient 
with chronic alcohol-associated liver disease sustains a superim- 
posed liver injury, particularly acetaminophen hepatotoxicity, the 
aminotransferase levels can be strikingly elevated, yet the AST/ 
ALT ratio is maintained. 

Elevated AST and ALT levels may also be seen in muscle dis- 
orders. The degree of elevation is typically less than 300 U/L, but 
in rare cases, such as rhabdomyolysis, levels typically observed 


BOX 73.1 Causes of Elevated Serum Aminotransferase 
Levels? 


CHRONIC, MILD ELEVATIONS, ALT > AST (<150 U/L OR 5 x 
NORMAL) 

Hepatic 

a.4-Antitrypsin deficiency 
Autoimmune hepatitis 

Chronic viral hepatitis (B, C, and D) 
Hemochromatosis 

Medications and toxins 

Steatosis and steatohepatitis 
Wilson disease 

Nonhepatic 

Celiac disease 

Hyperthyroidism 

SEVERE, ACUTE ELEVATIONS, ALT > AST (>1000 U/L OR > 
20-25 x NORMAL) 

Hepatic 

Acute bile duct obstruction 

Acute Budd-Chiari syndrome 
Acute viral hepatitis 

Autoimmune hepatitis 

Drugs and toxins 


Hepatic artery ligation 
Ischemic hepatitis 
Wilson disease 


SEVERE, ACUTE ELEVATIONS, AST > ALT (>1000 U/L OR 

>20-25 x NORMAL) 

Hepatic 

Medications or toxins in a patient with underlying alcohol-associated 
liver injury 

Nonhepatic 

Acute rhabdomyolysis 

Chronic, mild elevations, AST > ALT (<150 U/L, <5 x normal) 

Hepatic 

Alcohol-associated liver injury (AST/ALT >2:1, AST nearly always 
<300 U/L) 

Cirrhosis 

Nonhepatic 

Hypothyroidism 

Macro-AST 

Myopathy 

Strenuous exercise 


aVirtually any liver disease can cause moderate aminotransferase elevations 
(5-15 x normal). 


in patients with acute hepatocellular disease can be reached. In 
cases of acute muscle injury, the AST/ALT ratio may initially 
be greater than 3:1, but the ratio quickly declines toward 1:1 
because of the shorter serum half-life of AST.*! The ratio typi- 
cally is close to 1:1 in patients with chronic muscle diseases. 

Although the AST/ALT ratio is typically less than 1 in patients 
with chronic viral hepatitis and NAFLD, a number of investiga- 
tors have observed that, as cirrhosis develops, the ratio rises and 
may become greater than 1. Studies have shown that an AST/ 
ALT ratio of greater than 1 has a high specificity (94% to 100%) 
but a relatively low sensitivity (44% to 75%) as an indicator of 
cirrhosis in patients with chronic hepatitis C.?? The increase in 
AST/ALT ratio with the development of cirrhosis is believed to 
result from impaired functional hepatic blood flow, with a conse- 
quent decrease in hepatic sinusoidal uptake of AST.” 
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The majority of patients evaluated for elevated serum ami- 
notransferase levels are asymptomatic and have mild elevations 
(<5-fold) identified during routine screening. The first step in 
the evaluation of mildly elevated serum aminotransferase levels 
is to repeat the test to confirm persistence of the elevated value. 
If the aminotransferase level remains elevated, the recommended 
evaluation is illustrated in Fig. 73.2. The next step is to take a 
careful history focused on identifying all of the patient’s medica- 
tions, including over-the-counter (OTC) medications, comple- 
mentary and alternative medications (CAM), and substances of 
abuse. Correlating the use of medications temporally with the 
laboratory abnormalities will sometimes reveal a specific culprit. 
Almost any medication, including OTC medications, CAM, and 
substances of abuse, has the potential to elevate serum amino- 
transferase levels. Relatively common offending agents include 
NSAIDs, antibiotics, hydroxymethylglutaryl-coenzyme A reduc- 
tase inhibitors (statins), antiepileptics, and anti-B medications 
(see Chapter 88). The association between use of a medication 
and liver enzyme elevations is readily established by stopping the 
medication and observing return of the enzyme levels to nor- 
mal. Rechallenge with the suspect medication followed by a rise 
in serum aminotransferase levels is confirmatory but often not 
undertaken. Muscle disease should also be excluded by obtaining 
serum creatine kinase and aldolase levels. 

The next step in the evaluation is to assess the patient for 
the more common and treatable causes of liver disease, includ- 
ing chronic hepatitis B and C, hemochromatosis, autoimmune 
hepatitis, Wilson disease, and NAFLD. Although autoimmune 
hepatitis is commonly considered a disease of young to middle- 
aged women, it also is seen in men and has been reported in all 
ethnic groups (see Chapter 90). The clinical onset of Wilson 
disease is usually between 3 and 55 years of age; the diagnosis 
should be considered initially in all patients age 40 or younger 
and those older than age 40 with aminotransferase elevations that 
remain unexplained after other causes are excluded (see Chapter 
76). NAFLD is the most common cause of elevated serum ami- 
notransferase levels in the USA (see Chapter 87), but there is no 
specific laboratory test for NAFLD. 

If testing for the more common causes fails to provide a diagno- 
sis, the less common causes of liver disease, such as a -antitrypsin 
deficiency, and extrahepatic causes of persistently elevated liver 
enzyme levels, such as thyroid disease and celiac disease, should 
be sought. A meta-analysis of 11 studies has shown that unde- 
tected celiac disease is a potential cause of otherwise unexplained 
elevated serum aminotransferase levels in 3% to 4% of cases (and 
thus a more common explanation than Wilson disease).”* If test- 
ing for these disorders is negative, the decision to perform a liver 
biopsy is determined by the degree of aminotransferase elevation, 
with the recognition that in most cases the results of the biopsy 
are unlikely to alter management. 


ALKALINE PHOSPHATASE 


The term alkaline phosphatase applies generally to a group of 
isoenzymes distributed widely throughout the body.’> The 
isoenzymes of greatest clinical importance in adults are in the 
liver and bone because these organs are the major sources of 
serum ALP. Other isoenzymes originate from the placenta, 
small intestine, and kidneys. In the liver, ALP is found on the 
canalicular membrane of hepatocytes; its precise function is 
undefined. ALP has a serum half-life of approximately 7 days, 
and although the sites of degradation are unknown, clearance of 
ALP from serum is independent of either patency of the biliary 
tract or functional capacity of the liver. Hepatobiliary disease 
leads to increased serum ALP levels through induced synthesis 
of the enzyme and leakage into the serum, a process mediated 
by bile acids.”° 

A number of individual physiologic variations in serum ALP 
levels have been identified. Patients with blood groups O and B 
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History: 
review medications, 
including OTC drugs 

and CAM, 
alcohol, and illicit 
drug use 


Stop potential toxins 
Follow response of 
aminotransferase 
levels 


HCV RNA 
HCV genotype 


Ferritin 
HFE gene testing 
Liver biopsy 


CK and aldolase 
to exclude 


muscle disease 


HBeAg, anti-HBe 
HBV DNA 


Liver biopsy 


History unrevealing 
Anti-HCV 


HBsAg, Anti-HBs, 
Anti-HBc, Anti-HCV, 
Iron, TIBC 
ANA, SMA, SPEP 

Ceruloplasmin 
(age <40) 
RUQ US 


Iron 
saturation >45% 


ANA+ and/or 
SMA+ 


T Globulins 
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Fig. 73.2 Evaluation of asymptomatic elevation of serum aminotransferase levels. a;-AT, a;-antitrypsin; ANA, 
antinuclear antibodies; Anti-HBc, antibody to hepatitis B core antigen; Anti-HBe, antibody to hepatitis B e 
antigen; Anti-HBs, antibody to hepatitis B surface antigen; Anti-HCV, antibody to HCV; CAM, complementary 
and alternative medicines; CK, creatine kinase; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface anti- 
gen; HFE, hemochromatosis; OTC, over-the-counter; SMA, smooth muscle antibodies; SPEP, serum protein 
electrophoresis; TIBC, total iron binding capacity, TFTs, thyroid function tests; TTG, tissue transglutaminase; 


ULN, upper limit of normal. 


have elevations in serum ALP levels caused by release of intesti- 
nal ALP after a fatty meal.’” This observation is the basis for the 
recommendation by some authorities that the serum ALP level be 
checked in the fasting state. An increased serum ALP level of intes- 
tinal origin is seen in benign familial elevation of the serum ALP. 
Serum ALP values vary with age. Male and female adolescents have 
serum ALP levels twice the level seen in adults; the level corre- 
lates with bone growth, and the increase in serum is in bone ALP. 
Although the level of serum ALP increases after 30 years of age in 
both men and women, the increase is more pronounced in women 
than in men; a healthy 65-year-old woman has a serum ALP level 
50% higher than that of a healthy 30-year-old woman.** The rea- 
son for this difference is not known. Ina person with isolated eleva- 
tion of the serum ALP level, the serum GGTP or 5’NT is used to 
distinguish a liver from a bone origin of the ALP elevation (see 
later). A low serum ALP level may occur in patients with Wilson 
disease, especially those presenting with ALF and hemolysis, pos- 
sibly because of reduced activity of the enzyme owing to displace- 
ment of the cofactor zinc by copper (see Chapter 76 ). 


GGTP 


GGTP is found in the cell membranes of a wide distribution of 
tissues including liver (both hepatocytes and cholangiocytes), kid- 
ney, pancreas, spleen, heart, brain, and seminal vesicles. It is pres- 
ent in the serum of healthy persons. Serum levels are not different 
between men and women and do not rise in pregnancy. Although 
an elevated serum GGTP level has high sensitivity for hepatobi- 
liary disease, its lack of specificity limits its clinical utility. The 
primary use of serum GGTP levels is to identify the source of an 
isolated elevation in the serum ALP level; GGTP is not elevated 
in bone disease (Fig. 73.3).?? GGTP is elevated in patients tak- 
ing antiepileptics, including phenytoin, carbamazepine, valproic 
acid, and barbiturates, as well as some drugs used in antiretroviral 


Fractionate ALP | Bone origin 
or 5'NT level evaluatio 


Liver origin 


Review drug list 
AMA 
ACE level 
RUQ US 


ACE level Bile ducts 


dilated 


Evaluation 
elevated unrevealing 


Consider MRCP 
liver biopsy Liver biopsy 


Fig. 73.3 Evaluation of an isolated elevation of the serum alkaline 
phosphatase level. ACE, Angiotensin-converting enzyme; ALP, alkaline 
phosphatase; 5NT, 5’ nucleotidase. 


AMA+ 


therapy, such as non-nucleoside reverse transcriptase inhibitors 
and the protease inhibitor abacavir.?°>? 

Serum GGTP levels are also elevated in patients who drink 
alcohol, and some experts have advocated use of the GGTP level 
for identifying unreported alcohol use (see Chapter 86). The sen- 
sitivity of an elevated serum GGTP level for alcohol use ranges 
from 52% to 94%, but a low specificity limits its usefulness for 
this purpose.’ One study has suggested an association between 
high serum GGTP levels and the risk of HCC.** Other poten- 
tial uses of the GGTP level have been described. The GGTP 
level had a negative predictive value of 97.9%—higher than that 
for ALP, total bilirubin, ALT, and AST—for detecting bile duct 
stones in patients undergoing laparoscopic cholecystectomy.*> 


Review drug list 
RUQ US 


Ducts not dilated: 
intrahepatic cholestasis 


Ducts dilated: 
extrahepatic cholestasis 


CT 
ERCP 


AMA, ACE levels 


Viral serologies: 
HAV, HBV, HCV, 
EBV, CMV 


AMA+ Evaluation 
negative 


Liver MRCP 
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Fig. 73.4 Evaluation of cholestatic liver enzyme elevations. 
ACE, Angiotensin-converting enzyme. 


An isolated GGTP level was associated with an elevated mortal- 
ity risk in 560,000 insurance applicants and with metabolic syn- 
drome, diabetes mellitus, and cardiovascular disease.*° 


5’-Nucleotidase 


5’NT is associated with the canalicular and sinusoidal plasma 
membranes; its function is undefined. 5’NT is also found in 
the intestine, brain, heart, blood vessels, and endocrine pan- 
creas. Serum levels of 5’NT are unaffected by sex or race, but 
age affects the level; values are lowest in children and increase 
gradually, reaching a plateau at approximately 50 years of age. 
As with GGTP, the primary role of the serum 5’NT level is to 
identify the organ source of an isolated serum ALP elevation (see 
Fig. 73.3). The 5’NT level is not increased in bone disease and is 
increased primarily in hepatobiliary disease. 


Approach to the Patient with an Elevated Level 


The first step in the evaluation of a patient with an isolated and 
asymptomatic elevation of the serum ALP is to identify the tissue 
source (see Fig. 73.3). The most precise way of doing this is via 
fractionation through electrophoresis; each isoenzyme of ALP 
has a different electrophoretic mobility.*’ Tests used in the past 
that involved heat and urea denaturation of ALP are neither sen- 
sitive nor specific. An acceptable alternative method is to check 
either the serum GGTP or 5’NT level; elevation of either veri- 
fies that the elevated ALP is the result of hepatobiliary disease. 
A normal 5’NT level, however, does not rule out the possibility 
of hepatobiliary disease, because the 5’NT and ALP do not nec- 
essarily increase in parallel in early or mild hepatic injury, thus 
making GGTP the preferred test. 

The primary value of an elevated serum level of ALP of liver 
origin is to allow the recognition of a cholestatic disorder (i.e., a 
disorder associated with impaired bile flow, often with jaundice). In 
general, a serum ALP elevation out of proportion to the level of the 
aminotransferases suggests a cholestatic disorder (see Chapter 21). 
A 4-fold elevation of the serum ALP is seen in approximately 75% 
of patients with chronic cholestasis, both intrahepatic or extrahe- 
patic, whereas lesser elevations are nonspecific and can occur in a 
wide range of conditions. Fig. 73.3 and 73.4 illustrate the recom- 
mended evaluation of cholestatic liver enzymes—either an isolated 
ALP elevation (see Fig. 73.3) or a disproportionate elevation of the 
ALP compared with the aminotransferases (see Fig. 73.4). 

Central to the evaluation of an elevated ALP level is imag- 
ing of the biliary tract. Absence of dilated intrahepatic bile ducts 
focuses the search on intrahepatic causes of cholestasis (Box 73.2), 
whereas dilated ducts should lead to an evaluation of extrahepatic 
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causes of cholestasis (Box 73.3). As with elevated aminotransfer- 
ase levels, the evaluation of intrahepatic causes of cholestatic liver 
enzymes begins with a carefully taken history of medication use, 
including OTC medications, CAM, and drugs of abuse, and tem- 
poral correlation of their use with elevation of the liver enzyme 
levels. Withdrawal of the offending agent and resolution of the 
liver enzyme elevations is sufficient to confirm the diagnosis, and 
a liver biopsy is generally not required. The rate of improvement 
can be slow, and if bile duct destruction has developed (“vanish- 
ing bile duct syndrome”), the changes may be irreversible. 

PBC is a classic autoimmune disease. The immunologic injury 
is characterized by T cell-mediated destruction of the intrahe- 
patic bile ducts. Although predominantly a disease of middle- 
aged women, with a median age at diagnosis of approximately 
50 years, 5% to 10% of affected patients are men. The reported 
age range is 22 to 93 years. AMA are found in serum in 95% of 
patients and are diagnostic in combination with cholestatic serum 
liver enzymes; a liver biopsy specimen that demonstrates charac- 
teristic histologic findings is confirmatory (see Chapter 91). 

PSC is a disease of altered immunity marked by inflammation 
and fibrosis of the intra- or extrahepatic bile ducts, or both. The 
disorder is strongly associated with IBD and is found most com- 
monly in younger men. The diagnosis is confirmed by cholangi- 
ography, either MRCP or ERCP (see Chapter 68). 

Granulomatous liver disease can be caused by a number of 
disorders (see Box 73.2). Infectious etiologies must be excluded 
because the treatment for many of the other causes of granulo- 
matous liver disease is immunosuppressive therapy. Sarcoidosis 
is the most common etiology. The diagnosis is based on typical 
extrahepatic manifestations and, in some cases, an elevated angio- 
tensin-converting enzyme level. Hepatic involvement, however, 
is uncommonly the impetus for initiating therapy for sarcoidosis 
(see Chapter 37). 

Viral hepatitis, particularly cases caused by EBV and CMV, can 
manifest with a prominent cholestatic liver enzyme pattern (see 
Chapter 83). A number of familial conditions produce intrahe- 
patic cholestasis (see Table 64.5). Progressive forms of these dis- 
orders manifest in childhood, whereas the benign forms—benign 
recurrent intrahepatic cholestasis types 1 and 2—can manifest for 
the first time in adulthood (see Chapter 77). Other intrahepatic 
causes of cholestatic liver enzymes are listed in Box 73.2. 

If imaging shows intrahepatic ductal dilatation, the evaluation 
focuses on the extrahepatic biliary tract to identify an intrinsic or 
extrinsic cause of biliary obstruction (see Box 73.3). The evalua- 
tion often includes an ERCP for tissue acquisition and placement 
of a biliary stent if obstruction is present (see Chapter 70). CT 
provides assessment for an extrinsic process, and tissue acquisi- 
tion can be performed with CT or EUS guidance. 


TESTS OF HEPATIC SYNTHETIC FUNCTION 
Albumin 


Quantitatively the most important plasma protein, albumin 
accounts for 75% of the plasma colloid oncotic pressure and is 
synthesized exclusively by hepatocytes. The average adult pro- 
duces approximately 15 g/day and has 300 to 500 g of albumin 
distributed in body fluids. The liver has the ability to double the 
rate of synthesis in the setting of rapid albumin loss or a dilutional 
decrease in the serum albumin concentration.’ The half-life of 
albumin is 14 to 21 days; there are multiple sites of degradation, 
including skin, muscle, liver, and kidney, as well as leakage in 
the gut. Albumin synthesis is regulated by changes in nutritional 
status, osmotic pressure, systemic inflammation, and hormone 
levels.*? Therefore, the differential diagnosis of serum hypoal- 
buminemia, in addition to hepatocellular dysfunction, includes 
malnutrition, excessive loss from protein-losing enteropathy or 
nephrotic syndrome, chronic systemic inflammatory conditions, 
and hormonal imbalances. 
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BOX 73.2 Intrahepatic Causes of Cholestatic Liver Enzyme Elevations in Adults 


DRUGS? 


Bland cholestasis 

Anabolic steroids 

Estrogens 

Cholestatic hepatitis 

Angiotensin-converting enzyme inhibitors: captopril, enalapril 
Antimicrobials: amoxicillin-clavulanic acid, ketoconazole 
Azathioprine 

Chlorpromazine 

NSAIDs: sulindac, piroxicam 

Granulomatous hepatitis 

Allopurinol 

Antibiotics: sulfonamides 

Antiepileptics: carbamazepine, phenytoin 
Cardiovascular agents: hydralazine, procainamide, quinidine 
Phenylbutazone 

Vanishing bile duct syndrome 

Amoxicillin-clavulanic acid 

Chlorpromazine 

Dicloxacillin 

Flucloxacillin 

Macrolides 

PBC 

PSC 

GRANULOMATOUS LIVER DISEASE 

Infections 

Brucellosis 

Fungal: histoplasmosis, coccidioidomycosis 

Leprosy 

Q fever 

Schistosomiasis 

TB, Mycobacterium avium complex, bacillus Calmette-Guérin 
Sarcoidosis 

Idiopathic granulomatous hepatitis 


aCategorized by histologic pattern. Drug lists are not meant to be comprehensive. 


Other 

Crohn disease 

Heavy metal exposure: beryllium, copper 
Hodgkin disease 

VIRAL HEPATITIS 

HAV 

HBV and HCY, including fibrosing cholestatic hepatitis 
HDV 

HEV 

EBV 

CMV 

IDIOPATHIC ADULTHOOD DUCTOPENIA 
GENETIC CONDITIONS 

Progressive familial intrahepatic cholestasis 
Type 1 (formerly Byler disease) 

Type 2 

Type 3 

Benign recurrent intrahepatic cholestasis 
Type 1 

Type 2 

CF 

MALIGNANCY 

HCC 

Metastatic disease 

Paraneoplastic syndrome 

Non-Hodgkin lymphoma 

Prostate cancer 

Renal cell cancer 

INFILTRATIVE LIVER DISEASE 
Amyloidosis 

Lymphoma 

INTRAHEPATIC CHOLESTASIS OF PREGNANCY 
TPN 

GRAFT-VERSUS-HOST DISEASE 

SEPSIS 


BOX 73.3 Extrahepatic Causes of Cholestatic Liver Enzymes in Adults 


INTRINSIC 


AIDS cholangiopathy 
Ampullary cancer 
Ascariasis 

Autoimmune pancreatitis 
Cholangiocarcinoma 
Choledocholithiasis 
CMV 

Cryptosporidiosis 
Immune-mediated duct injury 
Infections 

Malignancy 


aSee Chapters 65 and 66. 


The long half-life of albumin in serum accounts for its unre- 
liability as a marker of hepatic synthetic function in acute liver 
injury. Serum albumin levels less than 3 g/dL in a patient with 
newly diagnosed hepatitis should raise suspicion of a chronic pro- 
cess. Serum albumin is an excellent marker of hepatic synthetic 
function in patients with chronic liver disease and cirrhosis, with 
the exception of patients with cirrhosis and ascites, who may 


Microsporidiosis 
Parasitic infections 
PSC 

EXTRINSIC 
Gallbladder cancer 
Malignancy 
Metastases, including portal adenopathy from metastases 
Mirizzi syndrome 
Pancreatic cancer 
Pancreatic pseudocyst 
Pancreatitis 


have normal or increased albumin production but an increased 
volume of distribution that results in a low serum albumin level. 
Albumin has no utility as a screening test in patients for whom 
there is low suspicion of liver disease; a study in which the serum 
albumin level was measured in 449 consecutive patients yielded 
56 abnormal results, of which only 2 (0.4%) were of clinical 
importance.?? 


Prothrombin Time 


Clotting is the end result of a complex series of enzymatic reac- 
tions involving clotting factors, all of which are produced in the 
liver except factor VIII, which is produced by vascular endothelial 
cells. The prothrombin time is a measure of the rate at which 
prothrombin is converted to thrombin, reflecting the extrinsic 
pathway of coagulation (see Chapter 94). Factors involved in the 
synthesis of prothrombin include H, V, VH, and X. The INR is 
used to express the degree of anticoagulation on warfarin therapy. 
The INR standardizes prothrombin time measurement accord- 
ing to the characteristics of the thromboplastin reagent used in 
a particular laboratory; the initial measurement is expressed as 
an international sensitivity index (ISI), which is then used in cal- 
culating the INR. Because the ISI is validated only for patients 
taking a vitamin K antagonist, concern has been raised about the 
validity of using the ISI (and INR) in patients with chronic liver 
disease.*! Two studies have demonstrated, in fact, that the ISI, as 
currently determined, is not accurate for calculating the INR in 
patients with cirrhosis, and the investigators have proposed that 
specific ISI and INR determinations using control patients with 
liver disease can eliminate interlaboratory variability in calculat- 
ing the INR in patients with cirrhosis. + 

A prolonged prothrombin time can be caused by a number of 
conditions besides reduced hepatic synthetic function: congenital 
deficiency of clotting factors, vitamin K deficiency (vitamin K is 
required for normal functioning of factors II, VII, IX, and X), 
and DIC. DIC can be identified by measuring a factor VII level 
in serum; the level is decreased in DIC and normal or increased 
in liver disease. Vitamin K deficiency is identified by demonstrat- 
ing that IV administration of vitamin K (e.g., 10 mg) leads to 
improvement in the prothrombin time; a 30% or more improve- 
ment in the prothrombin time is consistent with hypovitamino- 
sis K. Oral vitamin K may not be absorbed by the intestine in 
patients with jaundice (see Chapter 94). 

Measurement of the prothrombin time in patients with liver 
disease is most useful in cases of acute liver disease. Unlike the 
serum albumin, the prothrombin time allows an assessment of 
current hepatic synthetic function; factor VII has the shortest 
serum half-life (6 hours) of all the clotting factors. The prothrom- 
bin time has prognostic value in patients with acute acetamino- 
phen- and nonacetaminophen-related liver failure (see Chapter 
95), as well as alcoholic hepatitis (see Chapter 86). The INR, 
along with total serum bilirubin and creatinine levels, are compo- 
nents of the MELD score, which is used to allocate donor organs 
for LT (see Chapter 97). The MELD score accurately predicts 
survival in patients with decompensated cirrhosis (see later). 

The prothrombin time is not an accurate measure of bleeding 
risk in patients with cirrhosis, because it assesses only the activity 
of procoagulant clotting factors, not anticoagulant factors such 
as protein C and antithrombin, the production of which is also 
reduced in cirrhosis. The partial thromboplastin time (PTT) 
assesses the intrinsic pathway of the coagulation cascade. The 
PTT can be prolonged in patients with advanced cirrhosis, but 
prolongation of the PTT is less sensitive than the PT for detect- 
ing coagulopathy. 


TESTS TO DETECT HEPATIC FIBROSIS 


Although liver biopsy is the standard for the assessment of hepatic 
fibrosis, noninvasive measures of hepatic fibrosis have been devel- 
oped and have shown promise (see Chapters 74 and 80).*+ These 
measures include single serum biochemical markers that poten- 
tially reflect the activity level of hepatic fibrogenesis (hyaluronic 
acid [or hyaluronan] is the best to date) and multiparameter tests 
aimed at detecting and staging the degree of hepatic fibrosis (>20 
such tests are described in the literature). 
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Hyaluronic acid is a glucosaminoglycan produced in mesen- 
chymal cells and widely distributed in the extracellular space. 
Typically degraded by hepatic sinusoidal cells, serum levels of 
hyaluronic acid are elevated in patients with cirrhosis as a result of 
sinusoidal capillarization (see Chapter 92). A fasting hyaluronic 
acid level greater than 100 mg/L had a sensitivity of 83% and 
specificity of 78% for the detection of cirrhosis in patients with 
a variety of chronic liver diseases.*? Hyaluronic acid has been 
shown to be useful for identifying advanced fibrosis in patients 
with chronic hepatitis C, chronic hepatitis B, alcohol-associated 
liver disease, and NASH.*° Preoperative serum hyaluronic acid 
levels also have been shown to correlate with the development of 
hepatic dysfunction after hepatectomy.*” 

FibroTest (marketed as FibroSure in the USA) is the best 
evaluated of the multiparameter blood tests. The test incorpo- 
rates haptoglobin, bilirubin, GGTP, apolipoprotein A-1, and 
a)-macroglobulin and has been found to have high positive and 
negative predictive values for diagnosing advanced fibrosis in 
patients with chronic hepatitis C (see Chapter 80). One study 
showed that use of a higher index cutoff led to a sensitivity of 
90%, specificity of 36%, positive predictive value of 88%, and 
negative predictive value of 40% for the diagnosis of bridging 
fibrosis in patients with chronic hepatitis C.*° The test has similar 
performance characteristics in patients with chronic hepatitis B 
and alcohol-associated liver disease and has been shown to predict 
advanced fibrosis in patients taking methotrexate for psoriasis.*” 
The newer FIBROSpect II assay (subsequently FIBROSpect 
HCV and FIBROSpect NASH) incorporates hyaluronic acid, 
tissue inhibitor of metalloproteinase 1, and a-macroglobulin. 
In a group of patients with chronic hepatitis C, FIBROSpect I 
had a sensitivity of 72% and a specificity of 74% for identifying 
advanced fibrosis.°° 

Vibration-controlled transient elastography, marketed as 
FibroScan, as well as acoustic radiation force impulse elastog- 
raphy, uses US waves to measure hepatic stiffness noninvasively 
(see Chapter 74). Central to the development of this technique 
were the principles that fibrosis leads to increased stiffness of 
hepatic tissue and that a shear wave will propagate faster through 
stiff material than through elastic material.°! The US transducer 
emits a low-frequency (50 Hz) shear wave, and the amount of 
time required for the wave to go through a set “window” of tissue 
is measured.*” The window of tissue is 1 cm by 4 cm—100 times 
the area of an average liver biopsy specimen. A meta-analysis 
showed that transient elastography performed best at differen- 
tiating cirrhosis from absence of cirrhosis but was less accurate 
for the estimation of lesser degrees of fibrosis.” Transient elas- 
tography has been shown to be accurate for identifying advanced 
fibrosis in patients with chronic hepatitis C, PBC, hemochroma- 
tosis, NAFLD, and recurrent chronic hepatitis after LT°+>” and 
was approved by the FDA in 2013 for use in patients with liver 
disease. 

Magnetic resonance elastography (MRE) is another noninva- 
sive technique that has been approved by the FDA. The shear 
elasticity of the liver is measured after low-frequency (65 Hz) 
waves are transmitted into the right lobe of the liver. In one 
study,’ MRE was found to be superior to transient elastography 
for staging liver fibrosis in patients with a variety of chronic liver 
diseases, but it is more expensive. 


QUANTITATIVE LIVER FUNCTION TESTS 


Quantitative function tests have been developed in the hope of 
evaluating the excretory or detoxification capacity of the liver 
more specifically than the serum bilirubin level. Although these 
tests lead to improved sensitivity, their lack of specificity and 
often cumbersome methodology have limited their widespread 
acceptance, except in research settings. 
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Indocyanine Green Clearance 


Indocyanine green (ICG) is a nontoxic dye that is cleared exclu- 
sively by the liver; 97% of an administered dose (0.5 mg/kg given 
as an IV bolus) is excreted unchanged into bile. ICG can be 
measured directly by spectrophotometry. Noninvasive methods 
(dichromatic earlobe densitometry and fingertip optical sensors) 
generate data that appear to correlate well with levels determined 
by blood sampling. Possible uses of ICG include the assessment 
of hepatic dysfunction, measurement of hepatic blood flow, and 
prediction of clinical outcomes in patients with liver disease. 
Unfortunately, measurement of ICG has proved to be insensitive 
for detecting hepatic dysfunction and is inaccurate for measuring 
blood flow in patients with cirrhosis because of decreased ICG 
extraction by the diseased liver. Although ICG measurement has 
shown some promise for predicting outcomes in certain clinical 
situations such as burn patients, it has not been used widely out- 
side of research protocols.°? 


Galactose Elimination Capacity 


The galactose elimination capacity (GEC) has been studied as a 
measure of functional hepatic mass. Galactose is given as a single 
IV bolus (0.5 g/kg), and blood samples are collected. Patients 
with cirrhosis and chronic hepatitis have reduced galactose clear- 
ance from serum as compared with healthy controls. In a study 
of 781 patients with newly diagnosed cirrhosis and a decreased 
GEC, the GEC was a strong predictor of short- and long-term 
all-cause and cirrhosis-related mortality.“ 


Caffeine Clearance 


Caffeine clearance tests quantify functional hepatic capacity by ass- 
essing the activity of cytochrome P450 1A2, N-acetyltransferase, 
and xanthine oxidase. Caffeine is given orally (200 to 366 mg), and 
levels are measured in blood, urine, saliva, breath, or scalp hair. 
The alternative (nonblood measurement) methods correlate well 
with the plasma clearance method. Tobacco use increases caffeine 
clearance, and drug interactions can affect results. Increasing age 
correlates with decreased caffeine clearance. Overnight salivary 
caffeine clearance has been shown to correlate with ICG mea- 
surements and galactose clearance as well as with results of the 
aminopyrine breath test (see later).°! 


Lidocaine Metabolite Formation 


Lidocaine is metabolized to its major metabolite monoethyl- 
glycinexylidide (MEGX) by the hepatic cytochrome P450 sys- 
tem.°? Serum samples are taken 15, 30, and 60 minutes after IV 
administration of lidocaine (1 mg/kg). Neither MEGX forma- 
tion nor galactose elimination was found to be superior to the 
Child-Turcotte-Pugh (CTP) (see Chapter 92) or MELD score 
(see Chapter 97) in predicting prognosis in patients with cirrhosis 
secondary to viral hepatitis (see later).°? Other studies have sug- 
gested that a decline in MEGX concentration correlates well with 
histologic worsening in patients with chronic liver disease. 


Aminopyrine Breath Test 


The C and !*C aminopyrine breath tests (ABTs) measure 
hepatic mixed-function oxidase mass. The radioactive methyl 
groups of aminopyrine undergo demethylation and eventual 
conversion to labeled CO,, which is then exhaled and can 
be measured. After an overnight fast, a known dose of 1°C 
aminopyrine (1 to 2 pCi) is administered orally, and breath 
samples are taken every 30 minutes for 4 hours; some inves- 
tigators check a single sample at either 1 or 2 hours. Healthy 


subjects excrete 6.6% + 1.3% of the administered dose in the 
breath in 2 hours; patients with hepatocellular injury excrete 
considerably less. The degree of decrease in excretion of ami- 
nopyrine overlaps considerably in patients with all types of 
severe liver disease, including cirrhosis, chronic hepatitis, 
alcohol-associated liver disease, and HCC.° Although data 
have been conflicting regarding the ability of this test to pre- 
dict survival in patients with chronic liver disease, a study in 
2012 of 50 patients showed that the ABT accurately predicted 
the risk of disease progression in patients with HCV-related 
chronic hepatitis. 


BILE ACIDS 


Bile acids are synthesized from cholesterol in hepatocytes, conju- 
gated to glycine or taurine, and secreted into bile (see Chapter 64). 
After passage into the small intestine, most bile acids are actively 
reabsorbed. The liver efficiently extracts bile acids from the portal 
blood. In healthy persons, all bile acids in serum emanate from the 
reabsorption of bile acids in the small intestine. Maintenance of 
normal serum bile acid concentrations depends on hepatic blood 
flow, hepatic uptake, secretion of bile acids, and intestinal transit. 
Serum bile acids are sensitive but nonspecific indicators of hepatic 
dysfunction and allow some quantification of functional hepatic 
reserve. Serum bile acid levels correlate moderately well with the 
results of ABTs in patients with chronic hepatitis.°’ Unfortunately, 
the correlation between serum bile acid levels and the histologic 
severity of chronic hepatitis and alcohol-associated liver disease is 
poor.°* Serum bile acid levels are elevated in patients with chole- 
static liver diseases but normal in patients with Gilbert syndrome 
and Dubin-Johnson syndrome and can be used to make the dis- 
tinction. Although decreased serum bile acid levels are highly 
specific indicators of liver dysfunction, they are not as sensitive as 
initially hoped. 


SPECIFIC APPLICATIONS OF LIVER BIOCHEMICAL 
TESTING 


Liver biochemical tests have been used to monitor for and assess 
the severity of DILI, assess operative risk, identify candidates for 
LT, and direct donor organ allocation. 


DILI 


Most drugs that are hepatotoxic cause idiosyncratic liver 
injury, defined as injury that is unpredictable, occurs at therapeu- 
tic drug levels, and is infrequent (see Chapter 88). The estimated 
frequency of idiosyncratic DILI for any particular medica- 
tion ranges from 1 in 1000 to 1 in 100,000. These reactions are 
marked by a variable latency period ranging from 5 to 90 days, 
or even longer.°? Other drugs produce dose-dependent toxicity. 
‘These injuries are predictable, have a high incidence, and gener- 
ally have a well-understood mechanism. Acetaminophen is the 
classic example of a drug that causes dose-dependent liver injury. 
The dose of acetaminophen exceeds 15 g, almost 4 times the rec- 
ommended daily dose, in 80% of cases. Acetaminophen doses 
within the therapeutic range (<4 g/day) can be sufficient to cause 
liver injury in susceptible persons, such as those who use ethanol 
chronically. The King’s College criteria identify patients with a 
poor prognosis from acetaminophen-induced liver injury: those 
with an arterial pH below 7.3 or those with an INR above 6.5, 
serum creatinine level above 3.4 g/dL, and stage 3 to 4 hepatic 
encephalopathy (see Chapters 88 and 95).’° 

Most occurrences of DILI are mild and respond promptly to 
drug withdrawal with complete resolution. Isolated elevation of 
the serum aminotransferase levels, even to values greater than 3 
times the upper limit of normal, is associated with a favorable 


outcome. When aminotransferase elevations are associated with 
clinical jaundice (so-called Hy’s Law, after the late Dr. Hyman 
Zimmerman), the risk of mortality is increased to as high as 10% 
(see Chapter 88).”! 


Surgical Candidacy and Organ Allocation 


Patients with acute and chronic liver disease are potentially at 
increased risk of morbidity and mortality if they undergo surgery. 
The risk depends on the etiology of the liver disease, severity of 
the liver disease, and planned operation.” Although routine pre- 
operative liver biochemical testing is not recommended in oth- 
erwise healthy people, the identification of unexpected elevated 
liver enzyme levels should prompt a postponement of surgery 
until the cause of the abnormalities has been identified. A retro- 
spective analysis found that patients with acute viral hepatitis who 
undergo laparotomy had an operative mortality rate of approxi- 
mately 9.5%.’ Elective surgery should be postponed in patients 
with acute hepatitis. The surgical risk in patients with chronic 
hepatitis correlates with the severity of histologic inflammation 
in the liver. Those with only portal inflammation and interface 
hepatitis have low operative risk, whereas those with panlobular 
hepatitis have an increased risk. The etiology of chronic hepatitis 
does not influence outcome. 

Examination of histology is also critical in assessing the surgical 
risk in patients with alcohol-associated liver disease. Hepatic ste- 
atosis alone is associated with a low operative risk, whereas alco- 
holic hepatitis is associated with a mortality rate as high as 55% 
in patients undergoing portosystemic shunt surgery, for example. 
A period of abstinence of 3 to 6 months before elective surgery is 
recommended in these patients. Few data exist for surgical risk in 
patients with NAFLD, but the mortality rate appears to correlate 
with the severity of steatosis in patients undergoing liver resec- 
tion. Steatohepatitis may carry a higher risk than that for steatosis. 

An estimated 10% of patients with advanced liver disease 
undergo surgery in the last 2 years of their lives. Cirrhosis is asso- 
ciated with increased operative risk, particularly with certain types 
of surgery, including hepatic resection, other abdominal opera- 
tions, and cardiothoracic surgery. The data evaluating the surgical 
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risk in these patients were derived retrospectively but point con- 
sistently toward the usefulness of the CTP scoring system for 
predicting perioperative mortality. Two studies performed more 
than 10 years apart examined mortality after abdominal surgery 
in cirrhotic patients and reported nearly identical rates of mortal- 
ity for patients with Child-Pugh class A, B, and C cirrhosis: 10%, 
30% to 31%, and 76% to 82%, respectively’*:”*+; however, lower 
mortality rates have since been reported with greater use of lapa- 
roscopic surgery at an expert center.”° In general, surgery may be 
undertaken in patients with Child-Pugh class A cirrhosis, whereas 
the medical condition of patients with Child-Pugh class B cirrho- 
sis should be optimized prior to planned surgery. The mortality 
rate in patients with Child-Pugh class C cirrhosis is prohibitive, 
and surgery should be avoided. 

The MELD score was created originally to predict survival in 
patients with cirrhosis and portal hypertension undergoing place- 
ment of a TIPS.’° The score has subsequently been validated 
as an accurate predictor of survival in patients with advanced 
liver disease. The MELD score incorporates 3 objective vari- 
ables into a mathematical formula: 9.57 x log.(creatinine) + 3.78 
x log,(total bilirubin) + 11.2 x log,INR) + 6.43. The working 
range is 6 to 40, and the score has been shown to correlate with 
mortality in patients undergoing surgery other than LT, includ- 
ing hepatic resection, other abdominal procedures, and cardiac 
surgery.’’-’? The MELD score is used most often for prioritiz- 
ing the allocation of donor organs for LT.® After implementa- 
tion of the MELD score for prioritizing organ allocation, the 
number of deaths among patients on the wait list decreased (see 
Chapter 97). 

In 2016, the serum sodium was added to the MELD score 
equation for the purpose of organ allocation: MELD + 1.32 x (137 
- Na) - [0.033 x MELD x (137 - Na)]. It was shown that doing 
so increases the predictive accuracy for determining death on the 
transplant waiting list.*! Furthermore, investigators showed that 
implementation of the MELD-Na score would prevent 7% of 
waiting-list deaths.® The use of the MELD-Na score in assessing 
surgical risk (other than LT) has not been studied. 


Full references for this chapter can be found on www.expertconsult.com. 
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Cirrhosis, a final pathway for a wide variety of chronic liver dis- 
eases (Box 74.1), is a pathologic entity defined as diffuse hepatic 
fibrosis with the replacement of the normal liver architecture by 
nodules. The rate of progression of chronic liver disease to cir- 
rhosis may be quite variable, from weeks in patients with com- 
plete biliary obstruction to decades in patients with chronic 
hepatitis C. Cirrhosis is one of the leading causes of mortality in 
the USA and particularly afflicts persons in the most productive 
years of their lives. Acute-on-chronic liver failure (ACLF) is also 
discussed in this chapter, and the protean complications of cir- 
rhosis (Box 74.2) are discussed in other chapters (see Chapters 
21, 92, 93, 94, and 96). 


PATHOGENESIS 


The liver cell type most implicated in the pathogenesis of liver 
fibrosis is the hepatic stellate cell. In normal liver, the hepatic stel- 
late cell is viewed as a pericyte that lies abluminal to the sinusoidal 
endothelial cell in the space of Disse! (see Chapter 71). On activa- 
tion, a hepatic stellate cell transforms into a myofibroblast (Fig. 
74.1).? Activation is characterized by increases in the expression 
of smooth muscle actin, motility, and contractility. Most impor- 
tantly for the development of liver fibrosis, the stellate cell begins 
to generate various forms of matrix, which lead to liver fibrosis.’ 
Fibronectin is the earliest form of matrix produced by stellate 
cells, which ultimately produce other forms of matrix, includ- 
ing collagen type 1.* Matrix deposition in turn leads to further 
hepatic stellate cell activation and changes in the hepatic angio- 
architecture.’ The canonical pathways that are most implicated 
in activation of the hepatic stellate cell include kinase activation 
pathways mediated through platelet-derived growth factor, trans- 
forming growth factor-f, and integrin signaling pathways. 

In addition to the hepatic stellate cell, other cells, including 
the portal fibroblast,+ may ultimately culminate in the myofibro- 
blast phenotype that deposits collagen matrix. The portal fibro- 
blast resides closer than hepatic stellate cells to the portal tract 
and is implicated in the liver fibrosis that develops in response to 
portal-based cholestatic injury, as in PBC and PSC.* It is hypoth- 
esized that epithelial cell injury in the periportal region leads to 
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transformation of portal fibroblasts into myofibroblasts. Other 
studies suggest that hepatic stellate cells may be responsible for 
fibrosis even in biliary forms of liver injury.! 

Cell types other than myofibroblasts are also important in the 
fibrosis process. For example, epithelial cell injury is the initiating 
step in most forms of liver injury that leads to fibrosis. Injury to 
epithelial cells, either through apoptosis, inflammation, or sterile 
necrosis, culminates in the recruitment and activation of hepatic 
stellate cells.’ The macrophage is also important in fibrosis owing 
to release of inflammatory cytokines, which in turn lead to trans- 
activation of hepatic stellate cells into myofibroblasts. Macro- 
phages are a complex target because some subclasses promote 
fibrosis whereas others are required for fibrosis resolution.’ Stud- 
ies have also indicated an important role for the sinusoidal endo- 
thelial cell in fibrosis development. Sinusoidal endothelial cells 
act through autocrine and paracrine signaling pathways to partic- 
ipate in angiogenesis. Angiogenesis may lead to fibrosis through 
paracrine release of hepatic stellate cell activating molecules from 
angiogenic sinusoidal endothelial cells. Therefore, multiple cell 
types in the liver participate in fibrogenesis, although the hepatic 
stellate cell is most directly implicated in this process because of 
its abundant capacity to produce matrix. 


DIAGNOSIS 


Although cirrhosis is strictly speaking a histologic diagnosis (Fig. 
74.2), a combination of clinical, laboratory, and imaging features 
can help confirm a diagnosis of cirrhosis. Several physical find- 
ings suggestive of cirrhosis result in part from alterations in the 
metabolism of estrogen by the cirrhotic liver. An intense red col- 
oration of the thenar and hypothenar eminences suggests palmar 
erythema. Terry’s nails are characterized by proximal nail bed 
pallor, which can also involve the entire nail plate, with predomi- 
nant involvement of the thumb and index finger. Clubbing of the 
fingernails may result from the presence of arteriovenous shunts 
in the lung as a result of portal hypertension. Gynecomastia is the 
enlargement of the male breast with palpable tissue. Spider telan- 
giectasias (or angiomata) are dilated arterioles characterized by a 
prominent central arteriole with radiating vessels. Compression 
of the central arteriole with a pinhead results in blanching fol- 
lowed by reformation of the “spider” after release of pressure on 
the arteriole. In general, more than 2 to 3 spider telangiectasias 
are considered abnormal. Dilated abdominal veins (caput medu- 
sae) with flow away from the umbilicus, toward the inferior vena 
cava in the infraumbilical area and toward the superior vena cava 
in the supraumbilical area, suggest intrahepatic portal hyper- 
tension. On the other hand, dilatation of veins in the flank with 
blood draining toward the superior vena cava suggests inferior 
vena caval obstruction. Parotid enlargement is also a feature of 
cirrhosis, especially alcohol-associated cirrhosis. 

Patients with a history of chronic liver disease with gastro- 
esophageal varices, ascites, or hepatic encephalopathy are likely 
to have cirrhosis, and liver biopsy is not essential in such cases 
for confirming cirrhosis. In patients with a diagnosis of chronic 
liver disease without these complications, physical findings of an 
enlarged left hepatic lobe with splenomegaly, along with the cuta- 
neous stigmata of liver disease described earlier, suggest cirrho- 
sis, especially in the setting of thrombocytopenia and impaired 


BOX 74.1 Causes of Cirrhosis 


VIRAL 

HBV 

HCV 

HDV 
AUTOIMMUNE 
Autoimmune hepatitis 
PBC 

PSC 

TOXIC 

Alcohol 

Arsenic 


METABOLIC 


a4 Antitrypsin deficiency 
Galactosemia 
Glycogen storage disease 


Hemochromatosis 

NAFLD and NASH 

Wilson disease 

BILIARY 

Atresia 

Stone 

Tumor 

VASCULAR 

Budd-Chiari syndrome 

Cardiac fibrosis 

GENETIC 

CF 

Lysosomal acid lipase deficiency 
IATROGENIC 

Biliary injury 

Drugs: high-dose vitamin A, methotrexate 


hepatic synthetic function (e.g., hypoalbuminemia, prolongation 
of the prothrombin time). If physical and laboratory findings 
are not suggestive of cirrhosis, imaging studies can help make a 
diagnosis of cirrhosis. A small nodular liver with splenomegaly 
and intra-abdominal collaterals and the presence of ascites on 
abdominal US (or other cross-sectional imaging study) suggests 
cirrhosis (Fig. 74.3). A number of commercially available tools 
combine hematologic parameters, liver biochemical tests, and 
serologic markers to determine the degree of hepatic fibrosis.° In 
general, these tools are useful for discriminating early from late 
stages of fibrosis but not between individual stages of fibrosis (see 
Chapters 73 and 80). 

Where available, vibration-controlled transient elastogra- 
phy (or fibroelastography), acoustic radiation force impulse 
(ARFI) elastography (another form of US elastography),° or 
magnetic resonance elastography (MRE) can help confirm a 
diagnosis of cirrhosis. On transient elastography, a liver stiff- 
ness measurement (measured in kilopascals) of greater than 14 
kPa suggests cirrhosis, with values greater than 21 kPa asso- 
ciated with portal hypertension and its complications,’ and 
posthepatectomy complications.’ Moreover, esophageal vari- 
ces are unlikely if the hepatic stiffness is less than 19.5 kPa.* 
ARFI imaging values greater than 2.6 m/sec suggest cirrho- 
sis; moreover, ARFI imaging is more easily performed than 
transient elastography.° On MRE, liver stiffness values greater 
than 5.9 kPa suggest cirrhosis, and a liver biopsy is typically 
not required to confirm the diagnosis. Increasing spleen stiff- 
ness on US elastography or MRE is associated with the onset 
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BOX 74.2 Principal Complications of Cirrhosis 


PORTAL HYPERTENSION 
Ascites 

Variceal bleeding 
MALIGNANCY 
Cholangiocarcinoma 

HCC 

BACTERIAL INFECTIONS 


Bacteremia 

CDI 

Cellulitis 

Pneumonia 

SBP 

Urinary tract infection 
CARDIOPULMONARY DISORDERS 
Cardiomyopathy 

Hepatic hydrothorax 
Hepatopulmonary syndrome 
Portopulmonary hypertension 
GI DISORDERS 

Gl bleeding 

Nonvariceal 


Variceal 
Protein-losing enteropathy 
Venous thrombosis 


RENAL DISORDERS 


Hepatorenal syndrome 
Other causes of acute kidney injury 


METABOLIC DISORDERS 


Adrenal insufficiency 
Hypogonadism 
Malnutrition 
Osteoporosis 


NEUROPSYCHIATRIC DISORDERS 


Depression 
Hepatic encephalopathy 


HEMATOLOGIC DISORDERS 


Anemia 
Hypercoagulability 
Hypersplenism 
Impaired coagulation 


UNCLEAR ETIOLOGY 


Erectile dysfunction 
Fatigue 
Muscle cramps 


of portal hypertension.’ It is important to emphasize that liver 
stiffness is overestimated in the postprandial state and in the 
presence of hepatic inflammation, cholestasis, and right-sided 
heart failure. 

Liver biopsy has long been the gold standard for diagnosing 
cirrhosis but is associated with costs and procedure-related risks, 
albeit infrequently (see Chapter 21). The major concerns regard- 
ing the use of a liver biopsy to diagnose cirrhosis includes sam- 
pling error and interobserver disagreement in the estimation of 
the extent of fibrosis. The ideal combination of clinical findings 
and routine laboratory tests to determine whether a patient has cir- 
rhosis without the need for a liver biopsy has been addressed in a 
systematic fashion.’ The most commonly used scoring systems are 
outlined in ‘Table 74.1. Others are also used in practice, in some 
cases for assessment of fibrosis in a specific liver disease such as 
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l release of cytokines by Kupffer cells 


| Apoptosis and release of paracrine molecules 
E AA by sinusoidal endothelial cells leads 
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C i Hepatic stellate cell x =e (or portal fibroblasts) into myofibro- 
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lease of matrix proteases can also 
lead to resolution of fibrosis (see 
text for details). 


Fig. 74.2 Histologic stages of hepatic fibrosis. A, A normal portal tract containing a portal vein branch, hepatic 
artery branch, and interlobular bile duct. The acinar parenchyma shows mild steatosis but no fibrosis. This is 
stage 0 fibrosis. (H & E.) B, A Masson trichrome stain highlights in blue a normal (minimal) amount of collagen 
in a portal tract in stage O. C, In stage 1 (of 4), there is a significant increase in collagen (fibrosis) in the portal 
tract. (H & E.) D, The fibrosis in stage 1 is highlighted in blue by a Masson trichrome stain. The fibrosis expands 
the portal tract but does not involve the surrounding periportal acinar parenchyma. E, Periportal fibrosis charac- 
terizes stage 2. Expansion of the portal tract by fibrosis in blue is seen. The collagen is not confined to the por- 
tal tract but also extends to involve the surrounding periportal acinar parenchyma (arrows). (Masson trichrome 
stain.) A In stage 3, bridging fibrosis is seen. Multiple portal tracts demonstrate increased fibrosis in blue and 
connect with one another, forming fibrous bridges (arrows). (Masson trichrome stain.) G, In cirrhosis (stage 4), 
the normal liver architecture is completely distorted and replaced by regenerative nodules that are separated by 
fibrous septa in blue. (Masson trichrome stain.) (Images courtesy Taofic Mounajjed, MD, Rochester, Minn.) 
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chronic hepatitis C, and have varying performance characteristics 
(see Chapters 73 and 80). A serum ASTYplatelet ratio index (APRI) 
of greater than 2 suggests cirrhosis, as does a Bonacini cirrhosis dis- 
criminant score of 7 or greater. A Bonacini score of less than 3 or 
a Lok index of less than 0.2 argues against a diagnosis of cirrhosis. 
Ascites and a platelet count of less than 160,000/mm} render the 
diagnosis of cirrhosis more likely, whereas the absence of hepa- 
tomegaly of a firm liver and a platelet count of 160,000/mm} or 
greater make cirrhosis unlikely. Transient elastography is superior 
to tests like APRI in the diagnosis of cirrhosis in patients with hep- 
atitis C, hepatitis B, NAFLD, and alcohol-associated liver disease. 


NATURAL HISTORY 


Cirrhosis has traditionally been classified as compensated or decom- 
pensated. The development of complications of variceal hemor- 
rhage, ascites, encephalopathy, jaundice, or HCC characterizes 
decompensated cirrhosis. In compensated cirrhosis, these com- 
plications are absent. Four clinical stages of cirrhosis have been 
proposed: stages 1 and 2 represent compensated cirrhosis, and 
stages 3 and 4 represent decompensated cirrhosis. Stage 1 cirrho- 
sis is characterized by absence of both ascites and varices; stage 
2 cirrhosis is characterized by the presence of varices without 
bleeding and the absence of ascites; stage 3 cirrhosis is charac- 
terized by ascites with or without esophageal varices; and stage 
4 cirrhosis is characterized by variceal bleeding with or without 
ascites. In the future, staging of cirrhosis may consider not only 


clinical and histologic parameters, but also hemodynamic and 
biological data.!° Most deaths in patients with cirrhosis occur as a 
result of hepatic decompensation leading to hepatic and extrahe- 
patic organ failure; however, in the compensated stages, the most 
common cause of death is cardiovascular disease, followed by 
stroke, malignancy, and renal disease.!! Complications of portal 
hypertension, HCC, and sepsis!” are the usual causes of mortality 
in patients with decompensated cirrhosis. Infection is now rec- 
ognized as a distinct stage in the natural history of cirrhosis and 
associated with poor survival even after clearance of the infec- 
tion. An alternative pathway to multiple organ failure and death, 
ACLF, has been recognized in patients with cirrhosis (see later). 


PROGNOSIS 


Chronic liver disease is the 12th leading disease cause of death 
in the USA. Among persons 45 to 64 years of age, cirrhosis is 
the third leading cause of death. As compared with the general 
population, persons with compensated cirrhosis have a 5-fold 
increased risk of death, whereas patients with decompensated 
cirrhosis have a 10-fold increased risk. The median survival in 
patients with compensated cirrhosis is 9 to 12 years, compared 
with 2 years in those with decompensated cirrhosis. 

In a nationwide Danish population study, the overall survival 
probability in patients with cirrhosis was 66% at 1 year, 38% at 5 
years, and 22% at 10 years.! The majority of deaths were related 
to cirrhosis. Most deaths among patients with compensated 
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Fig. 74.3 Imaging in cirrhosis. A, A transverse US image of the right lobe of liver demonstrates the character- 
istic heterogeneous liver parenchyma with surface nodularity (arrows). B, Axial contrast-enhanced CT image 
shows a nodular left lobe of the liver (white arrow). Note the gastric and esophageal varices (black arrow) and 
splenomegaly (asterisk). C, Images from T2-weighted and D, contrast-enhanced T1-weighted MRIs show hy- 
pointense siderotic nodules (white arrows) and an enlarged left lobe and splenomegaly. E, Contrast-enhanced 
MRI shows a heterogeneous liver with an enlarged left lobe. F A stiffness map from magnetic resonance 
elastography shows increased stiffness of the liver (dotted outline), with a mean stiffness value of 9.2 kPa. The 
normal liver stiffness value is less than 2.93 kPa. (F From Yin M, Talwalker JA, Glaser KJ, et al. Assessment 
of hepatic fibrosis with magnetic resonance elastography. Clin Gastroenterol Hepatol 2007; 5:1207-13. Other 
images courtesy Sudhakar Venkatesh, MD, Rochester, Minn.) 


TABLE 74.1 Commonly Used Scores for Predicting Cirrhosis 
APRI* 
(AST/upper limit of normal AST) x (100/platelet count [x 103/mms}]) 


BONACINI CIRRHOSIS DISCRIMINANT SCORE (CDS)* 
Platelet score + ALT/AST ratio score + INR score 
Score Platelets (x 103/mms) 


0 >340 

1 280-340 
2 220-279 
3 160-219 
4 100-159 
5 40-99 

6 <40 


LOK INDEX: 
exp (log odds)/[1 + exp (log odds)] 
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ALT/AST ratio INR 
Soi <1.1 
1.2-1.7 1.1-1.4 
0.6-1.19 >1.4 
<0.6 > 


log odds = -5.56 — (0.0089 x platelet count [x103/mm?]) + (1.26 x AST/ALT ratio) + (6.27 x INR) 


“Higher values of the APRI increase the likelihood of cirrhosis, and lower values decrease the likelihood of cirrhosis. 
tThe modified Bonacini CDS has a range of possible values from O to 11; higher scores identify patients with a higher likelihood of cirrhosis, and lower 


scores identify patients with a lower likelihood of cirrhosis. 


The Lok index is an odds ratio normalized to possible values between O and 1; a higher fraction (i.e., probability) increases the likelihood of cirrhosis, 
whereas a lower fraction reduces the likelihood of cirrhosis. (See also http://www.haltctrial.org/cirrhosis. html.) 
Adapted from Udell JA, Wang CS, Tinmouth J, et al. Does this patient with liver disease have cirrhosis? JAMA 2012;307:832-42, with permission. 


cirrhosis occurred as a result of transition to a decompensated 
state. In the Danish study,!* the median survival in patients 
without complications was 48 months, with a 1-year survival 
rate of 83% in those with compensated cirrhosis, 80% in those 
with variceal bleeding, 71% in those with ascites, 51% in those 
with ascites and variceal bleeding, and 36% in those with hepatic 
encephalopathy. 

Prognosis depends not only on the clinical stage of the dis- 
ease but also on the presence of comorbidities. Generic scores to 
determine mortality risk include the Child-Turcotte-Pugh score 
(Child-Pugh class) and the MELD score and its modifications 
(see Chapters 73 and 97), as well as von Willebrand factor levels!* 
(see Chapter 94). Levels of von Willebrand factor antigen greater 
than 315% are associated with an increased risk of decompensa- 
tion. Measuring the hepatic vein pressure gradient (HVPG) (see 
Chapter 92) is a useful tool to assess prognosis but is invasive and 
expensive, making repeated measurements impractical. 

In the aging cirrhosis population, the combination of aging 
and aging-related comorbidities (e.g., diabetes mellitus, sarco- 
penia, coronary artery disease) also contribute to negative out- 
comes. The term frailty refers to a state of decreased physiologic 
reserve and increased vulnerability to health stressors. A key com- 
ponent of frailty is sarcopenia. Frailty negatively impacts morbid- 
ity, duration of hospitalization, and days in an ICU, as well as LT 
wait-list mortality.° 

Infection and renal failure are commonly associated with mor- 
tality in patients with cirrhosis (see Chapters 93 and 94). Patients 
with an infection have a 4-fold increase in mortality compared 
with cirrhotic patients without an infection.'> Patients with renal 
failure have a 7- to 8-fold increased risk of death compared with 
patients without renal failure.!° 

Because the majority of deaths in patients with cirrhosis are due 
to progression to a decompensated state, it is important to deter- 
mine the risk of progression to decompensated cirrhosis. The 
10-year probability of decompensation from a compensated state is 
58%. The annual rate of decompensation varies with the etiology 
of liver disease; it is 4% for patients with HCV-related cirrhosis, 
6% to 10% in those with alcohol-associated cirrhosis (and even 
higher if they continue to drink actively), and 10% in those with 


HBV-related cirrhosis.!” The risk of decompensation is also associ- 
ated with the serum albumin level, MELD score, and HVPG. An 
HVPG less than 10 mm Hg has a 90% negative predictive value 
for the development of clinical decompensation over 4 years.!® An 
increase in MELD score and a decrease in the serum albumin level 
are also associated with decompensation. 


TREATMENT 


Management of compensated cirrhosis includes surveillance 
for HCC with US of the liver every 6 months (see Chapter 96), 
screening for esophageal varices by EGD (see Chapters 20 and 
92), cessation of alcohol use, weight loss, and other lifestyle 
changes, although the cost-effectiveness of screening for HCC in 
patients with alcohol-associated cirrhosis has been questioned. 1° 
Weight loss is associated with a reduction in portal pressure and 
reduced risk of hepatic decompensation’; however, abdominal 
exercises that increase intra-abdominal pressure and the risk for 
variceal hemorrhage should be avoided. Immunization against 
HAV, HBV, pneumococcal pneumonia, and influenza is rec- 
ommended. Live-attenuated vaccines are not contraindicated in 
patients with cirrhosis. The progression of compensated cirrho- 
sis to a decompensated state may be delayed by treatment of the 
underlying cause of cirrhosis (e.g., chronic hepatitis B and C),’° 
abstinence from alcohol, and weight loss. Patients with chronic 
viral hepatitis who use statins have a reduced risk of hepatic 
decompensation and mortality.® The use of low molecular weight 
heparin may delay decompensation even in patients without 
portal vein thrombosis but is currently not recommended (see 
Chapter 85). 

In general, acetaminophen in doses of up to 2 g daily may be 
used in persons with cirrhosis (see Chapter 88). Aspirin and other 
NSAIDs should be avoided in patients with decompensated cir- 
rhosis, including those with ascites. Aminoglycosides are contra- 
indicated, but other antibiotics are acceptable, as are statins for 
treatment of hyperlipidemia. In patients with diabetes mellitus, 
oral hypoglycemic agents may be used if the cirrhosis is compen- 
sated, but in patients with decompensated cirrhosis, insulin is pre- 
ferred. Patients with cirrhosis have protein-calorie malnutrition, 
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and frequent high-calorie small meals, as well as bedtime snacks, 
are recommended. Fat-soluble vitamins and zinc levels should be 
monitored, with replacement if required. 

Problems that occur in patients with cirrhosis for which 
there are no clear management solutions include fatigue, mus- 
cle cramps, and sexual dysfunction. Fatigue is a major factor in 
reducing a patient’s quality of life and may be a manifestation 
of covert encephalopathy. Fatigue is more common in patients 
with obesity, depression, and sleep apnea. A search for reversible 
causes of fatigue, including anemia and thyroid disease, should 
be conducted. Muscle cramps also impair the patient’s quality 
of life and are independent of age, disease severity, and diuretic 
use. Unfortunately, no effective therapy is available to alleviate 
muscle cramps. Erectile dysfunction is a common problem, but 
agents such as phosphodiesterase inhibitors typically used for the 
treatment of erectile dysfunction may be ineffective in patients 
with cirrhosis. Women with cirrhosis infrequently become preg- 
nant. Pregnant women with cirrhosis require coordinated care 
by a team that includes a high-risk obstetrician, hepatologist, and 
endoscopist, because of the increased risk of variceal bleeding in 
the third trimester of pregnancy.’ Finally, depression occurs in 
30% to 40% of patients with cirrhosis, especially in those patients 
with hepatitis C, and is associated with obesity, diabetes melli- 
tus, and sleep disorders. Selective serotonin reuptake inhibitors 
and mirtazapine are safe and effective agents for the treatment of 
depression in patients with cirrhosis. 


Reversal of Fibrosis 


In the future, treatment of cirrhosis will involve reversal of hepatic 
fibrosis and prevention of hepatic decompensation using a com- 
bination of drugs aimed at reducing portal pressure and hepatic 
inflammation.*! Evidence to indicate that fibrosis is reversible 
has come from clinical observations in humans and experimen- 
tal studies in animal models of liver fibrosis. Human evidence 
that fibrosis is reversible is based on the observation that fibrosis 
improves in response to control of the underlying disease process. 
For example, patients with liver fibrosis secondary to chronic 
biliary obstruction in whom the obstruction is relieved show 
improvement in hepatic histology. The same occurs in patients 
who have undergone successful therapy for chronic viral hepati- 
tis. In animal models, genetic disruption of fibrogenic signaling 
pathways prevents or reverses liver fibrosis (or both).’? A number 
of compounds have also been shown to reverse or prevent liver 
fibrosis in animal models,”’ but fibrosis is easier to prevent or 
reverse in animal models than in humans. 

Specific factors and pathways that have been studied as medi- 
ators of fibrosis reversal include angiotensin, nuclear receptors, 
receptor tyrosine kinases, integrins, and matrix-degrading pro- 
teases.’ These pathways broadly aim to reverse the myofi- 
broblast state of hepatic stellate cells by inducing senescence, 
deactivation, or apoptosis (see Fig. 74.1)? and have been stud- 
ied in preclinical models; however, evidence of their clinical 
utility in humans is as yet lacking. 

A number of limitations have precluded successful antifi- 
brosis therapy in humans. One limitation is the lack of effec- 
tive tools to precisely assess fibrosis noninvasively.’? Despite 
advances in US elastography and MRE, most clinical trials 
still require liver biopsy, which is invasive and unappealing 
to patients. Resolution of fibrosis may take years to achieve, 
further complicating trial design. In addition, development of 
fibrosis is a multifactorial process, and it is challenging to target 
the correct cell selectively with a specific pharmacologic inter- 
vention. Although early stages of fibrosis may be amenable to 
resolution, advanced stages of fibrosis may not be reversible, 
owing to fixed angioarchitectural changes. Progress in both 
study design and efficacy is exemplified by a clinical trial of 
cenicriviroc for NASH fibrosis.!° 
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Fig. 74.4 Types (A, B, and C) and precipitants of acute-on-chronic liver 
failure. Decompensated cirrhosis is characterized by jaundice, ascites, 
variceal bleeding, and/or hepatic encephalopathy. (Modified from Jalan 
R, Yurdaydin C, Bajaj JS, et al. Toward an improved definition of acute- 
on-chronic liver failure. Gastroenterology 2014;147:4-10.) 


ACUTE-ON-CHRONIC LIVER FAILURE 


ACLF has been proposed as an additional pathway in the natural 
history of patients with chronic liver disease. Following a precipi- 
tating event that is not always identifiable, patients may develop 
hepatic and extrahepatic multiorgan failure leading to death. The 
key features of ACLF are underlying chronic liver disease, a pre- 
cipitating event, hepatic and extrahepatic organ failure, and high 
mortality risk. 


Definition 

There are considerable differences among the various defini- 
tions of ACLF proposed by various professional societies, 
largely because precipitating events leading to hepatic and extra- 
hepatic organ failure are different in the East (HBV reactiva- 
tion, HEV superinfection in patients with chronic liver disease, 
and alcohol-associated hepatitis) and in the West (alcohol- 
associated hepatitis, bacterial infection).'! The major reason, 
however, for a lack of agreement is that the pathophysiology 
of the process has not been ascertained, and the condition is 
defined based on the observed clinical presentation. A working 
definition of ACLF is “a condition in patients with underlying 
chronic liver disease with or without cirrhosis that is associated 
with mortality within 3 months in the absence of treatment of 
the underlying liver disease, liver support, or liver transplanta- 
tion.”!* ACLF may be further divided into 3 types depending on 
the underlying liver disease, namely: type A, underlying chronic 
liver disease without cirrhosis; type B, underlying compensated 
cirrhosis; and type C, underlying decompensated cirrhosis 
(Fig. 74.4). An unmet need is to define ACLF as an entity 
distinguishable from chronic liver disease, compensated cirrho- 
sis, and traditional decompensated cirrhosis by a distinct patho- 
physiology and identification of a diagnostic symptom, sign, or 
confirmatory test. 


Epidemiology 


Since the 1990s, the number of hospitalizations for ACLF and for 
complications of cirrhosis has increased. In a nationwide study, 
more than 5% of all hospitalizations in patients with cirrhosis 
were for ACLF, and the number has been rising.'t More than 
two thirds of these patients had an infection, with an in-hospital 
mortality rate of approximately 50%. Surviving patients are at 
a significant risk for readmission following discharge from the 
hospital.!> Therefore, there is an increasing incidence of ACLF, 
high prevalence of infection, unacceptably high mortality, signifi- 
cant costs, and risk of readmission. In fact, mortality in patients 


with ACLF is higher than that for patients with ALF after 1 week 
of hospitalization. The high mortality risk persists as opposed to 
the risk of mortality in patients with ALF, which returns to base- 
line in approximately 3 weeks.'° In addition, approximately one 
half of patients with ACLF listed for LT are either delisted or 
deceased within 6 months.!7 


Pathophysiology 


The gut microbiome plays an important role in liver disease, 
especially following an alcohol binge that results in translocation 
of bacterial products into the circulation.!*® Patients with ACLF 
have more prominent features of systemic circulatory dysfunc- 
tion and systemic inflammation than patients with decompen- 
sated cirrhosis.'? Levels of markers of cell death are also more 
marked.*? This inflammatory state becomes more pronounced 
with progression of the ACLF. The mechanisms of inflammation 
are unclear but include sterile inflammation secondary to precipi- 
tating factors such as excessive alcohol-induced hepatocyte death 
and inflammation secondary to bacterial infections. 

Bacterial infection is the most common precipitating factor 
of ACLF in the West. Host factors, including age, genetic fac- 
tors, and comorbidities, and pathogen-related factors, including 
the virulence and load of bacteria, and production of patho- 
gen-associated molecular patterns, result in propagation of the 
inflammatory state (see Chapter 2).’* Nevertheless, routine use of 
antibiotics in patients with cirrhosis with the goal of preventing 
complications of cirrhosis is not currently recommended.?! 

The role of the immune system in the pathogenesis of ACLF 
is evolving. Patients with ACLF have significant suppression of 
the innate immune system.’? It has been hypothesized that the 
severity of disease is related to failed immune tolerance. There 
is also a compensatory anti-inflammatory response resulting in 
immunosuppression with enhanced susceptibility to secondary 
infections and organ failure.’* 


Clinical Features and Prognosis 


Patients have features of the systemic inflammatory response syn- 
drome, with fever, tachycardia, tachypnea, and leukocytosis. They 
also have manifestations of organ failure that are summarized in 
‘Table 74.2. The number of organ failures in turn determines 
prognosis and is captured in the different scoring systems.7*7>7° 
In the simplest terms, the presence of 2 or more extrahepatic 
organ failures is associated with a poor prognosis. Renal failure as 
an extrahepatic organ failure is defined as the presence of type 1 
hepatorenal syndrome or the need for renal replacement therapy; 
brain failure as grade 3 to 4 hepatic encephalopathy; circulatory 
failure as the need for pressor support; and respiratory failure as 
the need for ventilatory support (see Chapter 94). The in-hospital 
mortality rate with 2 organ failures is 27%; with 3 organ failures 
65%; and with 4 organ failures 97%. 


Treatment 


It is unclear at this time whether ACLF can be prevented. The 
patient with ACLF is best managed by a multidisciplinary team 
with expertise in critical care and LT.’’ The various interventions 
that are carried out once ACLF is diagnosed are summarized in 
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TABLE 74.2 Clinical 
Chronic Liver Failure 


anifestations of Organ Failure in Acute-on- 


Organ Failure Manifestations 


Adrenal gland ypotension 

Bone marrow Suppression 

Brain lepatic encephalopathy grade 3-4 

Circulatory eed for vasopressor support 

Kidneys Type 1 hepatorenal syndrome or need for renal 
replacement therapy 

Liver Loss of metabolic function with hypoglycemia, 
lactic acidosis, hyperammonemia, 
coagulopathy 

Lungs Acute lung injury and/or acute respiratory distress 


syndrome requiring ventilatory support 


Modified from Bernal W, Wendon J. Acute liver failure. N Engl J Med 
2014; 370:1170-1. 


TABLE 74.3 Management of Acute-on-Chronic Liver Failure 


Pathophysiology Intervention 


Liver failure Hepatic regenerative therapy; artificial and 


bioartificial liver support and/or LT 


Precipitating events: 

Alcohol-associated hepatitis Glucocorticoids 
Extrahepatic organ failure Organ support 
Hepatitis B Antiviral agent 
Infections Antibiotics 


Table 74.3. The goals of management of patients with ACLF 
include treating precipitating events (e.g., alcohol-associated 
hepatitis, HBV infection) and aggressive support of the failing 
organs. The effectiveness of current organ supportive therapy is, 
however, questionable. For example, patients with hepatorenal 
syndrome and advanced ACLF have a poor response to terlipres- 
sin (see Chapter 94).’° Hepatic regenerative therapy and artificial 
liver support are considered as bridges to LT, but bioartificial 
liver support has thus far not been proven to be effective (see 
Chapter 95). Studies specifically targeting patients with ACLF 
have not demonstrated improvement in mortality with the use of 
liver support devices.*?>° Hepatic regenerative therapy is promis- 
ing; a combination of granulocyte-colony stimulating factor and 
erythropoietin has been shown to decrease the risk of mortality in 
patients with decompensated cirrhosis.*! 

LT offers the only hope of long-term survival to patients with 
ACLF (see Chapter 97). Patients with multiple organ failures, 
however, may be too sick for LT.*? In selected patients (especially 
those with alcohol-associated hepatitis) in whom LT has been 
carried out, long-term results have been good.” Future directions 
include a more acceptable and universal definition of ACLF, early 
diagnosis of sepsis, effective treatment of severe alcohol-associ- 
ated hepatitis, hepatic regenerative therapies, and short-term as 
well as long-term artificial and bioartificial liver support. 


Full references for this chapter can be found on www.expertconsult.com. 
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‘Trousseau was the first to describe a case of hemochromatosis in 
the French pathology literature in 1865.! Almost 25 years later, in 
1889, von Recklinghausen, thinking that the disease was a blood 
disorder that caused increased skin pigmentation, introduced the 
term hemochromatosis (“blood color disease”).! In 1935, Sheldon 
published a monograph describing all 311 cases of the disease that 
had been reported in the world’s literature to that point, including 
several from his own records. He recognized that hemochroma- 
tosis was an inborn error of iron metabolism and that the patho- 
logic manifestations of the disease were caused by increased iron 
deposition in the affected organs.! In 1976, Simon and cowork- 
ers? demonstrated that the gene for hereditary hemochromatosis 
(HH) was linked to the HLA region on the short arm of chromo- 
some 6. The benefit of early diagnosis on survival was shown in 
a classic paper by Niederau and colleagues,’ who demonstrated 
that if HH was identified and treated before the development 
of cirrhosis or diabetes mellitus, survival of affected patients was 
equivalent to that of an age- and gender-matched population. 

In 1996, the HFE gene was identified on chromosome 6, 
thereby permitting genetic testing for mutations that are respon- 
sible for the vast majority of cases of HH.* The most common 
causative HFE mutation is C282Y. Several prospective popula- 
tion studies have shown that the frequency of the C282Y homo- 
zygous state is approximately 1 in 250 in white populations of 
northern European descent.’ It is now recognized that C282Y 
homozygosity has incomplete clinical penetrance, with a strong 
male predominance for symptomatic disease.° HH is character- 
ized by increased intestinal iron absorption that results from low 
expression of the iron-regulatory protein hepcidin.*”” In addition 
to the discovery of HFE and hepcidin, several additional genes 
and proteins involved in the regulation of iron homeostasis have 
been identified, contributing to a better understanding of cel- 
lular iron uptake and release. Mutations in some of these genes 
will cause iron overload disorders with features similar to those 
of HFE-associated HH. Moreover, numerous clinical and patho- 
physiologic studies have led to improved diagnosis, family screen- 
ing, and new insights into normal and abnormal iron homeostasis. 
If diagnosed early and treated appropriately, patients with HH 
can be expected to have a normal lifespan. Publications from the 
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AASLD and the European Association for the Study of the Liver 
provide expert guidelines for the evaluation and management of 
HH.®*.’ Nevertheless, some controversies remain.!9 A set of rec- 
ommendations for the management of HFE-associated HH with 
consideration of differences in official guidelines was published 
by the Hemochromatosis International Meeting in 2017.1 


CAUSES OF IRON OVERLOAD 


HH comprises several inherited disorders of iron homeostasis 
characterized by increased intestinal iron absorption that results 
in tissue iron deposition (Box 75.1). The term primary hemochro- 
matosis has sometimes been used to describe these disorders to 


BOX 75.1 Iron Overload Conditions 


HEREDITARY HEMOCHROMATOSIS (HH) 

HFE-Related HH (Type 1) 

C282Y homozygosity 

C282Y/H63D compound heterozygosity 

Other HFE mutations 

Non-HFE-Related HH 

Hemojuvelin (HJV) mutations (type 2A) 

Hepcidin (HAMP) mutations (type 2B) 

Transferrin receptor 2 (TFR2) mutations (type 3) 

Ferroportin (SLC40A7) mutations (type 4) 
Loss-of-function mutations 
Gain-of-function mutations 

African iron overload 


SECONDARY IRON OVERLOAD 
lron-Loading Anemias 


Aplastic anemia 
Chronic hemolytic anemia 
Pyridoxine-responsive anemia 


Pyruvate kinase deficiency 
Sideroblastic anemia 
Thalassemia major 


Parenteral Iron Overload 

lron-dextran injections 

Long-term hemodialysis 

Red blood cell transfusions 

Chronic Liver Disease 

Alcohol-associated liver disease 

Hepatitis B 

Hepatitis C 

NASH 

Porphyria cutanea tarda 

Portacaval shunt 

Insulin Resistance Syndrome With Iron Overload 
Dietary Iron Overload 

MISCELLANEOUS 

Aceruloplasminemia 

Congenital alloimmune hepatitis (neonatal hemochromatosis) 
Congenital atransferrinemia 


distinguish them from iron overload due to disorders of eryth- 
ropoiesis or repeated transfusions. The liver is always the prin- 
cipal recipient of most of the excess iron and is always involved 
in symptomatic HH. Other involved organ systems include the 
pancreas, pituitary, and heart, as well as joint spaces. 

The most common form of HH by far is HFE-related 
HH.>~7:!2-!4 Jt is an autosomal recessive disorder usually identi- 
fied in adults of northern European ancestry. Most patients who 
present with HH are homozygous for the C282Y mutation of 
HFE. Rare HFE variants are the most frequent cause of HH in 
patients negative for the C282Y mutation.!>:!° The most impor- 
tant of these is H63D; about 10% of persons who are compound 
heterozygotes (C282 Y/H63D) have iron overload. 

Other non-HFE-related forms of HH are less common and 
include mutations in the genes for hemojuvelin (HJV), hepci- 
din (HAMP), transferrin receptor 2 (7FR2), and ferroportin 
(SLC40A1).'7-!° Mutations in HJV and HAMP result in more 
severe iron overload and generally manifest in childhood as 
“juvenile HH.” The more common form of juvenile HH is due to 
mutations in the HJV gene on chromosome 1q; this gene encodes 
the protein hemojuvelin, which is an important regulator of hep- 
cidin expression. Mutations in the hepcidin gene HAMP produce 
a rare form of juvenile HH; hepcidin is a hepatic peptide hormone 
that acts to down-regulate dietary iron absorption and cellular 
iron release (see later). Mutations of the gene TFR2 produce an 
autosomal recessive form of HH that is clinically similar to HFE- 
related HH, although it may present somewhat earlier. TFR2 
appears to be a sensor of circulating iron that serves to upregulate 
hepatocellular hepcidin expression as the transferrin saturation 
(TS) increases. Mutations in the gene for the iron exporter fer- 
roportin result in 2 different forms of iron overload, depending 
on whether they impair ferroportin function or impair hepcidin- 
mediated ferroportin down-regulation (i.e., whether they are 
loss- or gain-of-function mutations).!7-!° Loss-of-function muta- 
tions decrease the cell surface localization of ferroportin, thereby 
reducing its ability to export iron. The result is iron deposition 
primarily in macrophages. This disorder is sometimes termed 
classical ferroportin disease and differs from the other forms of HH; 
unlike other forms of HH, the hepatic iron loading is primarily 
in Kupffer cells, rather than hepatocytes. This category of fer- 
roportin mutations generally is not pathogenic. The second cat- 
egory includes gain-of-function mutations that abolish normal 
hepcidin-mediated ferroportin down-regulation (internalization 
and degradation). In this situation, excess iron is released by fer- 
roportin from enterocytes and macrophages, and the distribution 
of excess iron is similar to that in other forms of HH (primarily 
within liver parenchymal rather than Kupffer cells). 

African iron overload (Bantu siderosis) is observed primar- 
ily in sub-Saharan Africa and is considered to be the result of 
a non—HFE-related genetic susceptibility to excessive dietary 
iron intake.!”?! In many cases, the source of the excess dietary 
iron appears to be related to iron pots used in the production 
of a fermented maize beverage. In contrast to HFE-related HH, 
iron accumulation in African iron overload is predominantly in 
Kupffer cells rather than liver parenchymal cells. A similar sus- 
ceptibility to iron overload may affect certain African Americans 
as well.'® The ferroportin Q248H mutation has been identified in 
some individuals with African iron overload!’ and may be associ- 
ated with decreased hepcidin sensitivity.” 

There are forms of iron overload due to excess dietary iron 
absorption in which the underlying cause is indirectly related 
to iron metabolism. These are considered forms of secondary 
iron overload (see Box 75.1).!* Causes of secondary iron overload 
include disorders of erythropoiesis, some types of liver disease, 
and the rare condition congenital atransferrinemia. Ineffec- 
tive erythropoiesis results in the erythroblast production of the 
hormone erythroferrone,*? which down-regulates hepcidin and 
causes excess dietary iron absorption and hepatocellular iron 
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loading. Iatrogenic parenteral iron overload occurs in the setting 
of repeated erythrocyte transfusions. In this setting, iron deposi- 
tion is found initially in the reticuloendothelial system (Kupffer 
cells). In patients with ineffective erythropoiesis who require 
red blood cell transfusions, parenchymal and reticuloendothe- 
lial iron overload coexist because these people have a stimulus 
for increased iron absorption and receive iron in the form of 
red blood cell transfusions. Congenital alloimmune hepatitis is 
responsible for most cases of neonatal hemochromatosis.’* In these 
cases, immune-mediated liver injury in the fetus is associated 
with the development of iron overload. Treatment with IVIG 
during pregnancy markedly slows or prevents the development 
of this condition. 


PATHOPHYSIOLOGY 


The pathophysiology of HFE-associated HH can be described as 
the following: (1) increased intestinal absorption of dietary iron 
due to (2) decreased expression of the iron-regulatory hormone 
hepcidin, secondary to (3) altered function of the HFE protein, 
with consequent (4) iron-induced tissue injury and fibrogenesis. 


Intestinal Iron Absorption 


An increase in intestinal iron absorption is a pathogenic charac- 
teristic of HFE-related HH.*~”:!> Understanding the pathogenesis 
of HH, therefore, requires a review of the determinants of duode- 
nal iron absorption. Because there are no important physiologic 
mechanisms to regulate iron loss, iron homeostasis depends on 
a tight linkage between body iron requirements and intestinal 
iron absorption. Nearly all absorption of dietary iron occurs in 
the duodenum, where iron may be taken up as either ionic iron 
or heme.*> The absorption of both forms of iron is increased in 
patients with HFE-related HH. 

Absorption of ionic iron across the enterocyte occurs in 2 
stages: uptake across the apical membrane and transfer across 
the basolateral membrane (Fig. 75.14). Before uptake, ionic iron 
must be reduced from the ferric to the ferrous state; this step is 
accomplished by ferric reductases that are expressed on the lumi- 
nal surface of duodenal enterocytes. The ferrous iron crosses the 
apical membrane via divalent metal transporter 1. Iron taken up 
by the enterocyte may be stored as ferritin (and excreted in the 
feces when the senescent enterocyte is sloughed) or transferred 
across the basolateral membrane to the plasma. This latter pro- 
cess occurs via the transporter ferroportin. The basolateral trans- 
fer of iron requires oxidation of iron to the ferric state by the 
ferroxidase hephaestin. Uptake of heme occurs by a transporter 
whose identity remains uncertain. Once internalized, the heme 
is degraded and the liberated iron is handled by the enterocyte 
in the same manner as absorbed ionic iron. Patients with HFE- 
related HH demonstrate increased basolateral transfer of iron 
from the enterocytes to the plasma. This increased transfer may 
be the driving force behind the increased expression of the other 
genes participating in intestinal iron absorption seen in HH, for 
example, higher duodenal expression of ferroportin and diva- 
lent metal transporter 1. The major regulator of intestinal iron 
absorption is the peptide hormone hepcidin. 


Hepcidin 


Hepcidin is an iron-regulatory hormone that plays a central role 
in iron homeostasis by coordinating iron absorption, mobiliza- 
tion, and storage to meet the iron requirements of erythropoi- 
esis and other iron-dependent processes (see Fig. 75.1B).?>-8 
Hepcidin is expressed predominantly in hepatocytes and is 
secreted into the circulation. It binds to ferroportin, which is 
highly expressed on macrophages and the basolateral surface of 
enterocytes, thereby causing ferroportin to be internalized and 
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Fig. 75.1 Iron absorption pathway in duodenal enterocytes and the role of hepcidin. A, Duodenal enterocytes 
are the major site of iron absorption. Before uptake, dietary ionic iron requires reduction from the ferric (FeS*) to 
the ferrous (Fe?+) state. This is accomplished by ferric reductases that are expressed on the luminal surfaces 
of enterocytes. Ferrous iron is taken up by the apical divalent metal transporter 1 (DMT-1). Iron may be stored 
within the cell as ferritin, and then lost with the sloughed senescent enterocyte, or transferred across the baso- 
lateral membrane to the plasma. This latter process occurs via the transporter ferroportin and requires oxida- 
tion of iron back to the ferric state by the ferroxidase hephaestin, followed by transport of iron to red blood 
cells and tissues by transferrin. B, Hepcidin is produced by the liver and secreted into the blood. HFE protein, 
hemojuvelin (HJV), and transferrin receptor 2 (TFR2) may participate in the hepatic iron-sensing mechanism 
that regulates hepcidin expression. Hepcidin reduces iron release by macrophages (and thereby increases 
macrophage iron stores) and also reduces iron absorption by duodenal enterocytes to decrease the amount of 
dietary iron in the circulation. In HFE-related hereditary hemochromatosis, loss of functional HFE protein leads 
to aberrant hepatocellular sensing of plasma iron, inappropriately low levels of hepcidin, diminished macro- 


Iron absorption 
by enterocytes 


phage iron stores, and greater duodenal iron absorption. MW, Molecular weight. 


degraded, thus inhibiting iron export. Hepcidin expression is reg- 
ulated by total body iron, erythropoiesis, hypoxia, and inflamma- 
tion. Excess iron and inflammation induce hepcidin expression, 
which, in turn, results in decreased intestinal iron absorption and 
diminished iron release from macrophages. By contrast, hepci- 
din expression is decreased by iron deficiency, erythropoiesis, 
and hypoxia, with resulting increases in iron absorption from the 
intestine and release of iron from macrophages. 

In all types of HH, iron overload results from impairment 
in the hepcidin regulatory pathway. In humans and mice, muta- 
tions or knockout of the genes for HFE, HJV, hepcidin, or TFR2 
decrease hepcidin expression, with a resulting increase in intes- 
tinal iron absorption via ferroportin-mediated iron transfer.?>>° 
Studies have revealed that iron-induced regulation of hepcidin 
expression involves a bone morphogenetic protein 6 (BMP6)- 
dependent signaling pathway.”>’’?* BMP6 binds to specific 
receptors on hepatocytes, thereby triggering SMAD protein- 
dependent activation of hepcidin expression. Selective inhibi- 
tion of BMP signaling abrogates iron-induced upregulation of 
hepcidin. HJV is a BMP coreceptor and facilitates the binding 
of BMP6 to its receptor; knockout of the HJV gene markedly 
decreases BMP6 signaling and hepcidin expression and causes 
iron overload. 

The inflammatory cytokine interleukin-6 up-regulates hepci- 
din via signal transducer and activator of transcription-3 (STAT3) 
signaling, causing iron retention in macrophages and decreased 
intestinal iron absorption. The resulting hypoferremia plays 
a major causal role in the anemia of chronic disease.?>* Reac- 
tive oxygen species inhibit hepcidin expression via a CCAAT/ 
enhancer-binding protein o—mediated mechanism, which may 
contribute to the hepatic iron loading associated with alcohol-asso- 
ciated liver disease and chronic hepatitis C.*! The development of 


minihepcidins—small peptides that mimic the action ofhepcidin— 
opens the possibility of a new therapeutic approach to iron over- 
load disorders caused by a low hepcidin state.** 


HFE Protein 


The discovery that mutations in the HFE gene were responsible 
for the vast majority of cases of HH led to intense investigation 
into the gene product.’ The HFE gene encodes a 343—amino 
acid protein consisting of a 22—amino acid signal peptide, large 
extracellular domain, single transmembrane domain, and short 
cytoplasmic tail (Fig. 75.2).+ The extracellular domain of HFE 
protein consists of 3 loops (a, a2, and a3), with intramolecular 
disulfide bonds within the second and third loops. The structure 
of the HFE protein is similar to that of other MHC class I pro- 
teins, but evidence indicates that HFE protein does not participate 
in antigen presentation. Like MHC class I molecules, however, 
HFE protein is physically associated with 6j-microglobulin (see 
Fig. 75.2). The major mutation responsible for HH results in the 
substitution of tyrosine for cysteine at amino acid 282 in the o3 
loop (C282Y) and abolishes the disulfide bond in this domain.* 
Loss of this disulfide bond interferes with the interaction of 
HFE protein with £-microglobulin, and the C282Y mutant 
protein demonstrates decreased presentation at the cell surface, 
increased retention in the endoplasmic reticulum, and acceler- 
ated degradation. A second mutation associated with HH results 
in the change of a histidine to an aspartate at position 63 in the a 
chain (H63D). This mutation has less biological impact than the 
C282Y mutation. 

Despite intensive investigation, the molecular mechanisms 
by which HFE influences iron-dependent regulation of hepcidin 
remain unclear.*+ HFE can bind to the classic transferrin receptor 
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Fig. 75.2 Schematic model of HFE protein in association with Bp- 
microglobulin at the cell surface. The 3 extracellular domains of HFE 
protein are designated a4, a2, and a3. Bo-Microglobulin is physically 
associated with the ag domain. HFE protein also contains a trans- 
membrane domain and a short intracellular domain. Positions of the 2 
common HFE mutations, C282Y and H63D, are shown. 


TFR1,” and this interaction could be involved in iron sensing 
and hepcidin regulation. In addition, HFE and TFR2 may inter- 
act with each other*? and possibly in a supercomplex with HJV,*° 
suggesting another way that these proteins might play a role in 
iron-dependent BMP signaling to hepcidin. Most recently, HFE 
has been found to interact with the BMP type 1 receptor Alk3 
to modulate signaling between BMPs and hepcidin.*” Regardless 
of the mechanism, it is clear that functional loss of HFE in the 
hepatocyte leads to inappropriately low hepcidin expression rela- 
tive to body iron status. 


lron-Induced Tissue Injury and Fibrosis 


Another major pathophysiologic mechanism in HH relates to the 
liver damage that results from iron overload. The excess ferro- 
portin-mediated dietary iron absorption and reticuloendothelial 
cell iron release seen in HH results in plasma iron concentra- 
tions that exceed the binding capacity of transferrin. As a conse- 
quence, non-transferrin-bound iron is found in the circulation. 
Non-transferrin-bound iron is readily taken up by hepatocytes, 
likely by a member of the ZIP family of metal transporters.** The 
hepatocellular iron loading is associated with hepatic fibrosis and 
cirrhosis in advanced HH. A number of studies of experimental 
hepatic iron overload have identified iron-dependent lipid per- 
oxidation and associated impairment of membrane-dependent 
functions of mitochondria, microsomes, and lysosomes.*? A 
relationship between iron-induced lipid peroxidation and fibro- 
sis has been shown in several studies.**! One hypothesis is that 
iron-induced lipid peroxidation occurs in hepatocytes and causes 
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TABLE 75.1 Clinical Features of Hereditary Hemochromatosis in 3 
Studies From Different Time Periods 


1959-19832 Before 199043 1990-199544 
VARIABLE 
Case selection Symptomatic Family screening Screening 
method index cases, by HLA typing chemistry 
family panels, 
screening family 
screening 
Number of patients 163 37 40 
Men 145 19 26 
Women 18 18 14 
Mean age (yr) 46 Men: 49 Men: 46 
Women: 53 Women: 47 
Age range (yr) 18-77 11-79 23-73 
SYMPTOMS (%) 
Weakness or 83 19 25 
lethargy 
Abdominal pain 58 3 3 
Arthralgias 43 40 13 
Loss of libido, 38 32 12 
impotence (% of 
men) 
None 9 46 73 
FINDINGS (%) 
Hepatomegaly 83 3 18) 
Skin pigmentation 15 o 
Diabetes mellitus 55 11 
Elevated serum 62 2m 33 
aminotransferase 
levels 
Cirrhosis 69 3 13* 


*Five of 40 patients had cirrhosis; one had concomitant chronic hepatitis 
C, and one had alcohol-associated liver disease. 


hepatocellular injury or death. Kupffer cells may become acti- 
vated by products released from injured iron-loaded hepatocytes 
and produce profibrogenic cytokines, which can, in turn, stimu- 
late hepatic stellate cells to synthesize larger amounts of collagen, 
thereby leading to pathologic fibrosis.1-#! 

Studies of iron-induced tissue damage in organs other than 
the liver, such as the heart, pancreas, and endocrine glands, 
have been limited. Studies in myocardial cells have shown 
functional abnormalities resulting from iron-induced peroxi- 
dation. 


CLINICAL FEATURES 


Many patients with HFE-related HH come to medical attention 
without any symptoms or physical findings. They are identified as 
homozygous relatives of probands during family screening stud- 
ies or by the results of serum iron studies in routine screening 
blood chemistry panels (Table 75.1).*°*++ Nevertheless, the clini- 
cian should know the typical clinical manifestations in patients 
who do present with symptomatic disease. Most patients with 
symptomatic HFE-related HH are 40 to 50 years of age at the 
time of detection. Although C282Y homozygosity is distributed 
equally between men and women, the clinical penetrance is much 
lower in women, as a result of iron loss from normal menses and 
childbirth, as well as possible gender-related disease modifier 
genes (Table 75.2).4-°° 
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TABLE 75.2 Clinical Penetrance of C282Y Homozygosity in Women and 


Men 

Finding Women (%) Men (%) 
lron-overload-related disease*5° il 28 

Liver fibrosis4548-50 0-5 11-18 
Cirrhosis5:46,48-50 0-2 1-12 
Abnormal metacarpophalangeal 2-12 4-26 


joints*548.50 


*Defined as iron overload accompanied by at least one of the following 
conditions: HCC, liver fibrosis or cirrhosis, characteristic arthropathy, 
raised serum aminotransferase levels, or diagnosis due to symptoms 
of hereditary hemochromatosis. 


When patients present with symptoms, the most common are 
weakness and lethargy, arthralgias, abdominal pain, and loss of 
libido or potency in men.>*! Patients with HFE-related HH may 
have nonspecific RUQ abdominal pain that is most likely caused 
by hepatic capsular distention. Hepatomegaly is found on physi- 
cal examination in a majority of patients; splenomegaly and other 
complications of chronic liver disease, including ascites, edema, 
and jaundice, may be present. Diabetes mellitus has decreased in 
frequency with earlier diagnosis of hemochromatosis and is typi- 
cally not seen in the absence of cirrhosis (see later). Detection 
of the often-subtle bronzed or slate-gray skin pigmentation of 
HFE-related HH requires astuteness on the part of the clinician 
(see later). Organ damage and symptoms are usually related to 
the extent of iron loading. When patients are identified prospec- 
tively by either family or population screening, the frequency of 
patients who are asymptomatic increases dramatically.~°° 

All patients with HFE-related HH who have an elevated serum 
ferritin value should also have increased hepatic iron stores, but the 
extent of hepatic iron loading is often not high enough to cause liver 
damage. In the late 1960s, cirrhosis was found in more than 50% of 
the patients identified with HH’; in studies from the 1970s through 
the 1990s, cirrhosis was found in only 5% to 10% of patients.*>+4 
Subsequent population screening studies have reported an even 
lower frequency of cirrhosis in C282Y homozygotes.*°#?5° Serum 
aminotransferase elevations are usually mild. With regular phle- 
botomy and depletion of excess iron stores (see later), elevated liver 
enzyme values typically revert to normal. When HFE-related HH 
is diagnosed and treated before the development of hepatic fibrosis 
or cirrhosis, long-term hepatic abnormalities do not develop. When 
HFE-related HH is detected after cirrhosis has developed, how- 
ever, HCC can occur even after successful phlebotomy,’ thereby 
emphasizing the importance of early diagnosis and treatment. 

Other clinical manifestations that can occur relate to the level 
of iron loading in nonhepatic organs. In older series, diabetes mel- 
litus was a common complication of pancreatic iron loading,’ but 
in subsequent series in which the diagnosis of HFE-related HH 
was made earlier in its course, diabetes mellitus has rarely been 
present.**+* Other endocrinologic abnormalities are loss of libido 
and impotence in men, owing to both primary testicular failure 
and gonadotropin insufficiency resulting from the effects of iron 
on pituitary function,’ and occasionally hypothyroidism; adre- 
nal function is typically normal. Other endocrinologic effects can 
occur as a result of complications of cirrhosis (see Chapter 94). 

Cardiac manifestations occur rarely because patients are now 
diagnosed earlier in the course of HFE-related HH than in the 
past. Cardiomyopathy, atrial and ventricular dysrhythmias, and 
heart failure can occur.°* Characteristic of the arthropathy of 
HFE-related HH are changes in the second and third metacar- 
pophalangeal joints. Joint space narrowing, chondrocalcino- 
sis, subchondral cyst formation, osteopenia, and swelling of the 
joints may be seen.°! Unfortunately, the arthritic symptoms of 


HFE-related HH typically do not improve with phlebotomy. The 
skin pigmentation of HFE-related HH, which can be subtle, is 
characterized by either a bronze discoloration due to predominant 
melanin pigmentation or a gray pigmentation resulting from iron 
deposition in the basal layers of the epidermis.°! The frequencies 
of certain infections, including those caused by Vibrio vulnificus, 
Listeria monocytogenes, Yersinia enterocolitica, and Yersinia pseudotu- 
berculosis, are increased in iron-loaded patients, although still rare. 


DIAGNOSIS 


The requirements for diagnosis of HH have changed since the 
availability of HFE mutation analysis. As in the past, the disor- 
der should be considered in any patient with typical symptoms 
or abnormal screening iron test results. If the physical examina- 
tion or family history raises suspicion, then the appropriate serum 
iron tests along with HFE mutation analysis should be obtained. 
With the advent of genetic testing, the need for liver biopsy has 
diminished. In symptomatic patients, as discussed earlier, the 
most common symptoms are fatigue, malaise, RUQ abdominal 
pain, and arthralgias. Less commonly, symptoms of chronic liver 
disease, diabetes mellitus, and heart failure are identified. Because 
many of these symptoms are nonspecific or are related to other 
common diseases, HH is often overlooked by clinicians. 

In the early 1990s, patients with HH commonly presented 
after the discovery of abnormal results of screening blood chem- 
istry tests obtained as part of routine health maintenance or for 
another reason.*+ Many commercial laboratories added iron and 
total iron-binding capacity (TIBC), with TS calculated as iron 
+ TIBC x 100%, to their panel of screening serum chemistry 
tests, and in many patients, a TS was obtained inadvertently even 
though the test had not been specifically ordered. In one series, 
62% of patients newly identified between 1990 and 1995 came to 
medical attention in this way.** Another 14% of cases were iden- 
tified through screening of family members of a known proband. 
Therefore, up to 75% of patients came to medical attention by 
way of screening laboratory tests. The majority of these patients 
were asymptomatic and had no physical findings of HH, and 
the frequency of end-stage complications of HFE-related HH, 
such as cirrhosis and diabetes mellitus, was much lower than that 
reported in earlier series of patients who presented with symp- 
toms of the disease.** In 1998, the Health Care Finance Admin- 
istration (now the Centers for Medicare and Medicaid Services) 
stopped providing reimbursement for screening tests of any kind, 
and since then, fewer American patients with HH have been 
identified through routine screening. 

When the possibility of HFE-related HH has been consid- 
ered, the diagnosis is relatively straightforward. Measurements 
of serum iron and TIBC (or transferrin), with calculation of TS, 
and serum ferritin should be obtained (Table 75.3). Studies have 
shown that it is not necessary for blood samples to be drawn 
in the fasting state. A TS value greater than 45% is an early 
phenotypic manifestation of HFE-related HH. As a result, TS 
may be a more sensitive and specific test for HFE-related HH 
than serum ferritin, which can be normal in young persons with 
HFE-related HH or elevated in unaffected persons for a variety 
of reasons, including various types of necroinflammatory liver 
disease (e.g., chronic viral hepatitis, alcohol-associated liver 
disease, NASH), certain malignancies, and other inflammatory 
conditions. An elevated serum ferritin level with a normal TS 
value in a person who has an inflammatory disorder generally 
suggests that the person does not have HFE-related HH. On the 
other hand, an elevated TS value with a normal ferritin value 
in a young person does not exclude HFE-related HH. A large 
North American population screening study demonstrated that 
one in 227 white persons was homozygous for the C282Y muta- 
tion, but only 57% and 88% of the female and male homozy- 
gotes, respectively, had an elevated ferritin value.*’ This finding 


TABLE 75.3 Representative Iron Measurements in Serum and Liver and 
HFE Mutation Analysis Findings in Patients with Phenotypic HFE-Related 
Hereditary Hemochromatosis 


Value/Result in 


Normal Value/ HFE-Related 


Test Result Hemochromatosis 
SERUM 
Iron 
(ug/dL) 60-180 180-300 
(umol/L) 11-32 32-54 
Transferrin saturation (%) 20-45 45-100 
Ferritin 
Men (ng/mL; pg/L) 20-200 300-3,000 
Women (ng/mL; pg/L) 15-150 250-3,000 
LIVER 
Iron staining 0, 1+ 3+, 4+ 
Iron concentration 
(ug/g dry weight) 300-1 ,500 8,000-30,000 
(umol/g dry weight) 5-27 53-536 
Hepatic iron index ([umol/g a >1.9 
dry weight] + age in years) 
HFE MUTATION ANALYSIS 
wt/wt C282Y/C282Y 
C282Y/wt C282Y/H63D 
H63D/wt 
wt, Wild type. 


indicates that a higher proportion of C282Y homozygotes do 
not express iron overload than had previously been thought. 
The proportion of the nonexpressing cohort that will subse- 
quently show evidence of iron loading is uncertain. In a longitu- 
dinal follow-up study of patients identified by genetic screening, 
progressive iron loading, as indicated by rising serum ferritin 
levels, developed in 40% of C282Y homozygotes.*° 

As soon as serum iron parameters have been determined to 
be abnormal, HFE mutation analysis should be performed. If 
the patient is a C282Y homozygote or a compound heterozy- 
gote (C282Y/H63D) and has a serum ferritin level lower than 
1000 ng/mL and normal liver enzyme values, a liver biopsy is not 
needed.*°-5* If, however, the serum ferritin value is higher than 
1000 ng/mL or liver enzymes are elevated, liver biopsy is indi- 
cated. If liver biopsy is determined to be appropriate, sufficient 
tissue for histopathologic evaluation and biochemical measure- 
ment of the hepatic iron concentration (HIC) should be obtained. 
With the advent of genetic testing, liver biopsy is performed solely 
to assess the damage (if any) to the liver. A proposed algorithm 
for evaluating people for possible HFE-related HH is shown in 
Fig. 75.3. Ifa liver biopsy is not performed, evidence of advanced 
fibrosis can be obtained noninvasively by a number of available 
liver fibrosis tests or elastography (see Chapters 74 and 80). 

When a liver biopsy specimen is obtained, Perls’ Prussian 
blue stain is used for the determination and localization of stor- 
age iron. Iron stores in HFE-related HH are typically found in 
periportal hepatocytes, with little or no iron found in Kupffer 
cells (Fig. 75.4).°° In patients with a higher HIC, iron distribu- 
tion becomes panlobular, and storage iron can be seen in Kupffer 
cells and bile duct cells. Grade 1 or 2 Perls’ Prussian blue staining 
can be seen in specimens from normal livers or specimens from 
patients with very early HH confirmed by HFE mutation analy- 
sis. Grade 3 stainable iron occasionally can be seen in specimens 
from patients with alcohol-associated cirrhosis or end-stage liver 
disease, in which iron staining correlates poorly with HIC. In the 
absence of other disorders, grade 3 to 4 stainable iron in an HFE 
pattern is consistent with HFE-related HH. 
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In addition to histochemical staining, biochemical iron mea- 
surement in the liver is important (see Table 75.3). Typically, 
patients with HFE-related HH who present with symptoms have 
an HIC greater than 10,000 ug/g (dry weight) (normal <1500 
ug/g); HIC values may be more than 30,000 ug/g. Fibrosis and 
cirrhosis are usually not seen until the HIC exceeds 20,000 
ug/g.°° In patients with both HFE-related HH and other forms 
of chronic liver disease, such as alcohol-associated liver disease or 
chronic viral hepatitis, increased fibrosis or cirrhosis can occur at 
a much lower HIC and at a younger age.°!? In asymptomatic or 
younger patients with early HFE-related HH, HIC is increased 
to a lesser degree and is often much less than 10,000 ug/g. 

A common diagnostic dilemma occurs when it is not clear 
whether a patient has liver disease with abnormal iron param- 
eters or HFE-related HH with elevations in serum liver enzyme 
levels. In this setting, HFE mutation analysis is extremely useful. 
If the patient is a C282Y homozygote or a compound hetero- 
zygote (C282Y/H63D), the iron loading is most likely caused 
predominantly by the genetic abnormality. On the other hand, 
if the patient has underlying non-HH liver disease, is a C282Y 
heterozygote, is an H63D heterozygote or H63D homozygote, 
or has neither HFE mutation, the iron loading is likely caused 
by the underlying liver disease, perhaps with a minor contribu- 
tion from the HFE genotype. In the past, the hepatic iron index 
(HIC in pmol/g + the patient’s age in years) was used to distin- 
guish HH (+1.9) from secondary iron overload (<1.9).*° With 
HFE mutation analysis, the value of the hepatic iron index has 
diminished. 

CT, MRI, and magnetic susceptibility testing have all been 
proposed as techniques to quantify the HIC without the need for 
a liver biopsy (Fig. 75.5). Magnetic susceptibility testing is avail- 
able in only a few centers in the USA and Europe as a research 
tool. In early studies, CT and MRI were generally not reliable 
for detecting mild iron overload, but newer MRI techniques have 
shown improved sensitivity.°>°+ Use of MRI for detecting and 
quantifying hepatic iron is occasionally useful. 


TREATMENT 


The treatment of HFE-related HH is relatively straightforward; 
most patients can be treated with routine therapeutic phlebotomy 
(Box 75.2). Ideally, diagnosis and initiation of treatment should 
begin before the development of hepatic fibrosis or cirrhosis; if 
they are, patients will have a normal lifespan. Each unit of whole 
blood (500 mL) contains approximately 200 to 250 mg of iron, 
depending on the hemoglobin concentration; therefore, C282Y 
homozygotes who have 10 to 20 g of excess storage iron require 
extended phlebotomy regimens (40 to 80 units of blood removed). 
Most patients can tolerate weekly phlebotomy of 1 unit of whole 
blood, and occasional younger patients can tolerate the removal 
of 2 or 3 units per week. Treatment with a PPI reduces intestinal 
absorption of nonheme iron and may decrease the phlebotomy 
requirement. 

Some older patients and occasional patients with a coexisting 
underlying hematologic disorder resulting in anemia can toler- 
ate phlebotomy of only 0.5 unit per week or every other week. 
The iron-chelating drug deferoxamine is used in patients with 
HFE-related HH and cardiac manifestations or in patients who 
cannot tolerate phlebotomy. Deferoxamine, 20 to 50 mg/kg/day, 
is administered 5 days per week as a continuous subcutaneous 
infusion (over a 12-hour period each day) via a portable pump. 
Deferasirox (Exjade), a once-daily oral iron chelator, appears 
to be effective in the treatment of HH.° Negative aspects of 
therapy with deferasirox include potentially serious side effects 
(hepatic failure, GI bleeding, renal injury) and expense, especially 
when compared with phlebotomy. 

The FDA has approved another oral iron chelator, deferiprone 
(Ferriprox), to treat patients with thalassemia who have iron over- 
load due to blood transfusions and an inadequate response to prior 
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Fig. 75.3 Algorithm for the evaluation of possible HFE-related hereditary hemochromatosis in a person with a 


negative family history. wt, Wild type. 
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Fig. 75.4 Histopathology of HFE-related hereditary hemochromatosis. A, This liver biopsy specimen was ob- 
ained from a 47-year-old C282Y homozygous woman who presented with a transferrin saturation of 63% and 
a serum ferritin level of 1190 ng/mL. The hepatic iron concentration (HIC) was 9840 ug/g with a hepatic iron 
index of 3.7. At low power, iron deposition is seen to be much greater in the periportal zone (acinar zone 1) (ar- 
rows) than in the centrilobular zone (acinar zone 3). (Perls’ Prussian blue; x100.) B, At a higher magnification of 
a specimen from another patient with HFE-related hereditary hemochromatosis, iron deposition is seen to be 
primarily in hepatocytes arranged in cords, with less iron accumulation in reticuloendothelial (Kupffer) cells that 
ine the intervening sinusoids. In patients with a higher HIC, iron deposition becomes panlobular, and storage 
iron can be seen in the Kupffer cells and bile duct cells. (Perls’ Prussian blue.) (A, Courtesy Elizabeth M. Brunt, 


Pe. oa ~ 


MD, St. Louis, Mo.; B, courtesy Edward Lee, MD, Washington, DC.) 


chelation therapy. Deferiprone is associated with agranulocytosis 
in about 1.7% of treated patients and has not undergone clinical 
trials in patients with HH. Therefore, phlebotomy remains the 
therapy of choice for HH, and in patients who cannot tolerate 
phlebotomy, iron chelation with deferoxamine may be used. 
Although not absolutely necessary, obtaining a TS value and 
serum ferritin level every 2 to 3 months is useful for predicting 
the eventual return of iron stores to normal. Typically, the serum 
ferritin level falls progressively as hepatic iron stores decrease, 
whereas TS usually remains elevated until just before iron stores 


return to normal. In uncomplicated cases, the ferritin level drops 
by about 30 ng/mL with each unit of blood removed. 

When the iron stores have reached a level in the low-normal 
range, the serum ferritin level should be between 50 and 100 
ng/mL and the TS less than 50%. At this point, maintenance 
phlebotomies every 2 to 3 months are required in most patients. 
The rate of reaccumulation of iron varies among individuals, and 
patients may require regular maintenance phlebotomy at more or 
less frequent intervals. Occasional patients do not reaccumulate 
iron, for reasons that are unknown. 


Fig. 75.5 MRI of a patient with hemochromatosis. This T2-weighted 
image shows low signal intensity in the liver due to the magnetic sus- 
ceptibility effects of iron, compared with normal signal intensity in the 
spleen. In secondary iron overload the spleen would also have low sig- 
nal intensity due to increased iron deposition in reticuloendothelial cells. 


BOX 75.2 Treatment of HFE-Related Hereditary 
Hemochromatosis 


Perform phlebotomy of 500 mL (1 unit) of whole blood weekly un- 
less the hematocrit value drops below 37%. 
Check the transferrin saturation (TS) and ferritin levels at 2- to 


8-month intervals to monitor response (optional). 

When the iron stores are depleted (ferritin between 50 and 100 ng/ 
mL and TS <50%), proceed to maintenance phlebotomy of 1 
unit of whole blood every 2-3 months. Aim to keep the TS below 
50%; if successful, the ferritin level should remain between 50 
and 100 ng/mL. 


PROGNOSIS 


The prognosis for patients with HFE-related HH is improved 
significantly by therapeutic phlebotomy.*°’ Life expectancy is 
reduced in patients who present with cirrhosis or diabetes mel- 
litus, and the risk of death from HCC is increased in patients 
with HFE-related HH. HCC is usually seen only in patients who 
already have cirrhosis. Established cirrhosis typically does not 
reverse with phlebotomy, but many patients will have a decrease 
in hepatic fibrosis with aggressive treatment.** Unfortunately, 
neither arthritis nor hypogonadism improves; however, manage- 
ment of diabetes mellitus may become easier after iron removal. 
That hypogonadism and arthritis fail to improve suggests an 
effect that does not involve iron toxicity, but rather an as yet 
unknown effect of low hepcidin levels. 

The value of surveillance for HCC in cirrhotic patients with 
HH is controversial because the cost-effectiveness of the surveil- 
lance approaches has not been validated. Most authorities suggest 
imaging (US or CT) with or without a serum AFP measurement 
every 6 months in cirrhotic patients with HFE-related HH. 
With improved methods of detection and treatment of small, 
early HCCs (e.g., radiofrequency ablation, chemoembolization, 
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resection, LT), surveillance is generally recommended (see 
Chapter 96). 

When diagnosis and treatment are delayed and complica- 
tions of end-stage liver disease develop, LT may be necessary 
(see Chapter 97). In the era before HFE genotyping was avail- 
able, studies addressing the outcome of iron-loaded patients 
after LT reported that the survival rate was substantially lower 
than that for other patients. Significant hepatic iron loading 
is now known to occur in 35% to 78% of patients with end- 
stage liver disease, regardless of the cause of cirrhosis.°* Only 
about 10% of patients with iron overload and end-stage liver 
disease are C282Y homozygotes.°? Two studies have analyzed 
post-LT outcome in patients with confirmed HFE-related HH 
and found 5-year survival rates of 34% and 55%, which were 
lower than the overall post-LT survival rate of 72% to 75%.707! 
The most common causes of death were infections, cardiovas- 
cular complications, and recurrence of HCC. The 5-year sur- 
vival rate for patients with non-HH iron overload was higher 
(63%) than that for patients with HFE-related HH (34%) but 
still somewhat reduced compared with the survival rate of all 
patients undergoing LT.”° If iron overload of any cause is diag- 
nosed early, it should be treated to reduce the chance of death 
following LT. 

Unfortunately, HFE-related HH or secondary iron over- 
load resulting from liver disease is often not diagnosed before 
LT. One factor that may contribute to the increased post-LT 
mortality in patients with undiagnosed or untreated HFE-related 
HH is the extent of iron deposition in extrahepatic sites, such as 
the heart. A high index of suspicion for iron overload in patients 
with end-stage liver disease should lead to improved diagnosis 
and prompt institution of phlebotomy or iron-chelation therapy 
before LT. These changes in management should reduce the fre- 
quency of postoperative complications and improve long-term 
post-LT survival. 


FAMILY SCREENING 


When a proband with HFE-related HH has been identified and 
therapy has been initiated, the clinician still has a responsibility 
to the patient’s family.’? Assessment of both HFE genotype and 
phenotype (serum ferritin and TS) is recommended for all first- 
degree relatives of a proband. Relatives identified as C282Y 
homozygotes or compound heterozygotes (C282 Y/H63D) who 
have elevated serum ferritin levels should undergo therapeutic 
phlebotomy. Liver biopsy should be used to detect potential 
fibrosis or cirrhosis in C282Y homozygotes or compound het- 
erozygotes with ferritin levels greater than 1000 ng/mL or if 
another concomitant liver disease is suspected. Relatives who 
are C282Y heterozygotes are not at risk for progressive iron 
overload in the absence of another liver disease (e.g., NASH, 
viral hepatitis, alcohol-associated liver disease). For children 
of a proband, HFE genotyping of the other parent is recom- 
mended, although the possibility of genetic discrimination 
and stigmatization of this person must be acknowledged and 
considered. If the other parent does not carry the C282Y or 
H63D mutation (i.e., HFE genotype of wild type/wild type), 
then the children are not at risk for iron loading and need not 
undergo HFE genotyping. For children or other relatives who 
are C282Y homozygotes or compound heterozygotes with nor- 
mal serum ferritin levels, it is appropriate to measure serum 
ferritin levels yearly and initiate phlebotomy therapy if ferritin 
values become elevated. 


Full references for this chapter can be found on www.expertconsult.com. 
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Copper, a component of numerous essential enzymes, is toxic to 
cells when present in excess. Dietary intake of copper generally 
exceeds the trace amount required physiologically, and mecha- 
nisms to control influx and efflux from cells must maintain an 
appropriate balance. The 2 main human disorders of copper 
transport are Menkes disease, an X-linked defect in transport of 
copper from the intestine that leads to generalized copper defi- 
ciency, and Wilson disease, an autosomal recessive disorder of cop- 
per overload. Wilson disease (hepatolenticular degeneration) was 
first described in 1912 by Kinnier Wilson as a familial disease 
characterized by progressive, lethal neurologic dysfunction with 
liver cirrhosis and a corneal abnormality, the Kayser-Fleischer 
ring.! Wilson also observed that some younger siblings of typi- 
cal patients died of liver disease without experiencing neurologic 
abnormalities. In this disease, inadequate hepatic copper excre- 
tion leads to copper accumulation in the liver, brain, kidney, and 
cornea. For years, based on somewhat limited data, the estimated 
prevalence in most populations has been set at approximately 1 in 
30,000; however, it is becoming evident that the allele frequency 
may be greater than that implied by this estimate.? Moreover, 
Wilson disease may demonstrate incomplete penetrance, thus 
making it inherently difficult to determine the frequency of the 
allele. 


COPPER METABOLISM 


Dietary copper is absorbed in the proximal small intestine. 
Loosely bound to albumin, and also to histidine and az- 
macroglobulin, copper is distributed to a variety of tissues. 
Portal blood flow directs most copper to the liver. Trace 
amounts of copper are required for essential enzymes that 
affect connective tissue and elastin cross-linking (lysyl oxi- 
dase), free radical scavenging (superoxide dismutase), electron 
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transfer (cytochrome oxidase), pigment production (tyrosi- 
nase), and neurotransmission (dopamine fB-monooxygenase). 
Copper is a key component of cytochrome c oxidase, which is 
complex IV of the electron transport chain in mitochondria. 
Molecular copper is never free within a cell. Copper in hepa- 
tocytes and other cells is bound to metallochaperones, low- 
molecular-weight proteins that specifically deliver copper to 
a target molecule. Metallothioneins and glutathione also bind 
intracellular copper. 

In the liver, copper is incorporated into apoceruloplasmin to 
produce ceruloplasmin (also called holo-ceruloplasmin). More 
than 90% of the copper in plasma is an integral part of ceru- 
loplasmin, an 2-glycoprotein that contains 6 molecules of cop- 
per and has a molecular weight of 132 kd. The normal serum 
concentration of ceruloplasmin in adults, as measured by immu- 
nochemical or enzymatic techniques, is 200 to 400 mg/L, rising 
from a very low level at birth to 300 to 500 mg/L in the first years 
of life and then settling to adult levels. Because it is an acute- 
phase reactant, ceruloplasmin levels are elevated by inflammation 
(including inflammatory hepatic disease), pregnancy, and the use 
of exogenous estrogen. Most ingested copper is excreted via the 
bile; a very small fraction is excreted in urine. When intestinal or 
liver cells are overloaded with copper, metallothioneins, a class 
of low molecular-weight cysteine-rich proteins, are induced and 
sequester copper in a nontoxic form. The normal pathways of 
copper transport in the body and in the hepatocyte are shown in 
Figs. 76.1 and 76.2. 


MOLECULAR PATHOGENESIS 


Our knowledge of the pathogenesis of Wilson disease increased 
dramatically with the identification of the gene associated with 
Menkes disease and the one associated with Wilson disease. The 
gene that is abnormal in Menkes disease (ATP7A), which was 
cloned by using a chromosomal breakpoint in an affected female 
patient, was found to be related to bacterial copper-resistance 
genes. Cloning of the gene in which mutations result in Wilson 
disease (ATP7B) was accomplished by a combination of linkage 
analysis, physical mapping of the relevant region of chromosome 
13q14, and recognition of its extensive homology with the Menkes 
disease gene.** The coding region of the ATP7B gene is 4.1 kilo- 
bases in length, with messenger RNA of about 8 kilobases; the gene 
is distributed over 80 kilobases. The product, ATP7B (known as 
the Wilson ATPase), is a membrane-bound copper-transporting P4- 
type ATPase that consists of 1443 amino acid residues and has a 
molecular mass of 160 kd. The structure*>-° comprises 6 metal- 
binding domains (previously referred to as “copper-binding units”) 
in the amino-terminus “tail”; a phosphatase P-domain, an ATP- 
binding N-domain, and an actuator A-domain; 8 transmembrane 
segments forming a pore; and a partially-disordered carboxy termi- 
nus that includes a trileucine motif important for intracellular traf- 
ficking (Fig. 76.3). All functionally important regions of the gene 
are conserved between bacteria and yeast. Mutations in the ATP7B 
gene result in retention of copper in the liver. The Long-Evans 
cinnamon (LEC) rat, the LPP rat derived from the LEC rat, and 
both versions of the toxic milk (tx) mouse have mutations in their 
homologous ATP7B genes and are thus suitable models for the 
study of Wilson disease mechanisms and therapies.’"!° A knockout 
mouse (Atp7b~“), developed by introducing a mutation in Azp7b to 
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exclude exon 2, fails to produce Atp7b, the murine version of the 
Wilson ATPase.!! A mouse with a targeted loss of Atp7b expres- 
sion in the liver has been developed. 1? 

Although ATP7A is expressed in many tissues, the gene that is 
abnormal in Wilson disease, ATP7B, is expressed predominantly 
in the liver and kidney, with minor expression in brain, lungs, and 
placenta.’ In the liver, the Wilson ATPase has 2 principal intra- 
cellular functions: synthesis of enzymatically active ceruloplasmin 
and biliary excretion of copper. It is localized in the trans-Golgi 
network and traffics to cytoplasmic vesicles in the presence of 
increased copper. When intracellular copper concentrations are 
elevated, the Wilson ATPase is found near the apical (bile cana- 
licular) membrane in hepatocytes, consistent with its proposed 
function of facilitating excretion of copper via bile.!? Evidently, 
the Wilson ATPase also serves a sensing function for ambient 
hepatocellular copper concentration. The role of copper, and 
indirectly the Wilson ATPase, in lipid metabolism is an impor- 
tant area of investigation. 141 

Additional proteins are involved in the intracellular disposi- 
tion of copper. Loosely bound to intracellular metallochaperones 
(also called copper chaperones), copper is transported to specific pro- 
teins, such as superoxide dismutase in the cytoplasm and various 
copper-containing proteins in mitochondria. The metallochaper- 
one antioxidant 1 copper chaperone (ATOX1) transports copper 
to the Wilson ATPase. Based on initial reports, the interactome 
for the Wilson ATPase includes COMMD1, glutaredoxin, dyn- 
actin p62, PLZF (promyelocytic leukemia zinc finger) protein, 
clusterin (apolipoprotein j), and the Niemann-Pick protein C1, 
in addition to ATOX1. However, with high-throughput testing, 
the interactome has proved to be more extensive.!° The gene 
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Fig. 76.2 Model of a hepatocyte showing the major proteins in the copper transport pathway. Low-molecular- 


weight metallochaperones (ATOX1 [antioxidant 1 copper chaperone], COX17 [cytochrome c oxidase 17], and 
CCS [copper chaperone for superoxide dismutase]) deliver copper (Cu) to specific target proteins (ATP7B, 
cytochrome oxidase, and superoxide dismutase, respectively). SCO1 (synthesis of cytochrome c oxidase 1) 
transports copper across the mitochondrial membrane. ATP7B (shown as a channel) traffics from the trans- 
Golgi network (TGN) to cytoplasmic vesicles that deliver copper to the bile canaliculus. 
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Fig. 76.3 A model of the Wilson ATPase, the product of ATP7B. The features conserved in both the Menkes 
ATPase and the Wilson ATPase include the metal-binding region, which is comprised of 6 metal-binding domains 
(MBD1-6), shown as tan cylinders, and the actuator (vertical blue ellipse), phosphorylation (yellow outline), and 
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translocation pathway is shown as 8 purple cylinders that span the membrane. Movement of copper is from the 
cytoplasm into the lumen. Numerous mutations occur in functionally important regions. The positions of common 
missense mutations, H1069Q and R778L, are shown. (Model modified from Bull PC, Cox DW. Wilson disease 
and Menkes disease: new handles on heavy-metal transport. Trends Genet 1994;10:246-52.) 


COMMD1 (initially called MURRI) was identified through the 
study of inherited hepatic copper toxicosis in Bedlington terriers. 
Affected dogs show clinical variability that ranges from death or 
hepatic disease at 2 to 3 years of age to less severe chronic disease 
to a high hepatic copper level. The proposed defective canine 
gene was identified by positional cloning; the gene has a deletion 
of one exon in some,!” but not all, affected dogs. Although the 
genetic mechanism for Bedlington terrier copper toxicosis may 
be more complicated than simply COMMD1 dysfunction, the 
disease in Bedlington terriers has highlighted other genes that 
may be involved in response to excess copper. COMMD1 has 
been found to interact with the amino-terminal end of the Wil- 
son ATPase and play an important role in its vesicular traffick- 
ing; COMMD1 may also enhance Wilson ATPase proteolysis. 
Additionally, COMMD1 interacts with the X-linked inhibitor of 
apoptosis, which can also bind copper.!® 


PATHOLOGY 


In the earliest stages, before cirrhosis develops, histologic find- 
ings in the liver include steatosis, focal necrosis, glycogenated 
nuclei in hepatocytes, and sometimes apoptotic bodies. As paren- 
chymal damage progresses, possibly through repeated episodes of 
lobular necrosis, periportal fibrosis develops. Cirrhosis is usually 
macronodular. 

Early in the course of Wilson disease, hepatocellular cop- 
per is bound mainly to metallothionein and is distributed 
diffusely in the cytoplasm of hepatocytes; therefore, histo- 
chemical stains for copper are negative. As the disease pro- 
gresses, the copper content exceeds the storage capacity of 


metallothionein, and copper is deposited in lysosomes. Lyso- 
somal aggregates of copper can be detected by special stain- 
ing techniques for copper or copper-binding protein (e.g., 
rubeanic acid and orcein, respectively). In the cirrhotic liver, 
some areas may have no stainable copper at all. If the clinical 
presentation mimics autoimmune hepatitis (see later), a liver 
biopsy specimen may reveal classic histologic features such 
as interface hepatitis. Inflammation may be severe. Mallory- 
Denk bodies may be found. In patients who present with 
classic Wilsonian ALF (see later), histologic findings confirm 
preexisting liver disease, often cirrhosis, and parenchymal 
copper is located mainly in Kupffer cells rather than hepa- 
tocytes. 

Changes in hepatocellular mitochondria, identified with elec- 
tron microscopy, are an important feature in Wilson disease.!? 
The mitochondria vary in size, and the numbers of dense bodies 
in mitochondria may be increased. The most striking change is 
dilatation of the tips of the mitochondrial cristae as a result of 
separation of the inner and outer membranes of the cristae, with 
widening of the intercristal space until the appearance is irregu- 
larly cystic. The crista resembles a tennis racquet if only the tip 
is dilated. This finding, although not entirely specific for Wilson 
disease, can be helpful diagnostically, even in young and mini- 
mally affected patients. Involvement of hepatocytes may be not 
uniform, and abnormalities may be found in some hepatocytes in 
some lobules and not in others. The mitochondrial changes are 
probably a consequence of oxidative damage from excessive cop- 
per in hepatocytes.” Indeed, mitochondrial damage due to cop- 
per accumulation appears to be an early and critical component 
of the disease mechanism in Wilson disease.”! 


CLINICAL FEATURES 


The clinical presentation of Wilson disease is highly variable. 
The disease can present clinically at any age. Hepatic Wilson 
disease has been identified in toddlers and in patients older than 
age 60. Therefore, age is no longer a criterion for diagnosis. 
Nevertheless, most patients present between 3 and 55 years of 
age. The clinical presentation may be as chronic or acute (some- 
times rapidly progressive) liver disease, a progressive neurologic 
disorder without clinically prominent hepatic dysfunction, iso- 
lated acute hemolysis, or psychiatric illness. The clinical variabil- 


ity makes confirmation of the diagnosis difficult.” 


Hepatic Presentation 


The hepatic presentation of Wilson disease is more common in 
younger patients than in older patients. Wilson disease should be 
considered as a possible diagnosis in any child, symptomatic or 
not, with hepatomegaly, persistently elevated serum aminotrans- 
ferase levels, or evidence of fatty liver. Symptoms may be vague 
and nonspecific, such as fatigue, anorexia, or abdominal pain. 
Occasional patients present with a self-limited clinical illness 
that resembles acute hepatitis, with malaise, anorexia, nausea, 
jaundice, elevated serum aminotransferase levels, and abnormal 
coagulation test results. Some patients have a history of episodic 
self-limited jaundice, likely caused by hemolysis due to direct 
toxicity of copper to the erythrocyte membrane. Patients may 
present with decompensated chronic liver disease with hepato- 
splenomegaly, ascites, a low serum albumin level, and persistently 
abnormal coagulation test results. Rare patients have isolated 
splenomegaly without hepatomegaly. Many of these findings 
relate to portal hypertension as a consequence of Wilson disease 
rather than to the metabolic disorder itself. 

Wilson disease may present in children and young adults with 
clinical liver disease indistinguishable from autoimmune hepatitis 
(see Chapter 90).*+ As in autoimmune hepatitis, the onset may be 
acute. Fatigue, malaise, arthropathy, and rashes may occur; labo- 
ratory findings include elevated aminotransferase levels, a greatly 
increased serum immunoglobulin (Ig)G concentration, and 
detectable nonspecific autoantibodies, such as ANA and smooth 
muscle (anti-actin) antibodies. Wilson disease must be specifi- 
cally ruled out because the treatment of the 2 diseases is entirely 
different. With appropriate treatment, the long-term outlook for 
patients with Wilson disease that manifests as autoimmune hepa- 
titis appears to be favorable, even if cirrhosis is present. 

Wilson disease may present as ALF, with severe coagulopa- 
thy and encephalopathy (see Chapter 95). In some patients, 
encephalopathy is not initially present but develops within a few 
days of clinical presentation. Frequently, the ALF has a highly 
characteristic clinical picture, reflecting the role of copper excess 
in the disease mechanism. In this “classic Wilsonian acute liver 
failure,” acute Coombs-negative intravascular hemolysis is pres- 
ent, and renal failure may develop. In contrast to ALF of other 
etiologies, Wilsonian ALF typically features disproportionately 
low aminotransferase levels (usually much less than 1500 U/L) at 
the onset of clinically apparent disease. The serum alkaline phos- 
phatase level is in the normal range or even low for the patient’s 
age, and the serum bilirubin level is often extremely elevated as a 
result of hemolysis. In adults who present with classic Wilsonian 
ALF, a calculation based on simple biochemical tests (in “Ameri- 
can” units) can be helpful in making the diagnosis, specifically 
the combination of a ratio of the alkaline phosphatase to the total 
bilirubin level of less than 4 and a ratio of AST to ALT level of 
greater than 2.2.” The serum ceruloplasmin level is not diagnos- 
tically informative in this situation (see later). Slit-lamp examina- 
tion may reveal Kayser-Fleischer rings. Urinary copper excretion 
is greatly elevated. These patients require urgent LT because 
they do not respond well to chelation treatment; albumin dialysis 
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and related apheresis techniques may serve as temporary proce- 
dures until LT can be performed (see later and Chapters 95 and 
97)2° This presentation of Wilson disease is not rare; affected 
patients account for approximately 3% of persons transplanted 
for ALF (see Chapters 95 and 97). 

Some patients with Wilson disease have fatty liver—simple 
steatosis or histologic features suggestive of NASH (see Chapter 
87). Differentiation of Wilson disease from the highly prevalent 
NAFLD is critical but can be problematic. The simplest diagnos- 
tic approach is to measure basal 24-hour urinary copper excretion; 
it is low in NAFLD, whereas the majority of patients with Wilson 
disease have a level >40 pg/24 hr (see later).?”?8 These clinical 
findings are supported by the observation that hepatic copper 
concentrations are decreased in a mouse model of NAFLD.”? 

Recurrent bouts of hemolysis may predispose to the devel- 
opment of gallstones. Cirrhosis, if present, may be a further 
predisposing factor. Children with unexplained cholelithiasis, 
particularly bilirubinate stones, should be tested for Wilson dis- 
ease. Compared with other chronic liver diseases, Wilson disease 
is infrequently complicated by HCC or cholangiocarcinoma.*?*! 
HCC has been reported in a child with Wilson disease.** 

In patients who have predominantly hepatic disease, evi- 
dence of subtle neuropsychiatric involvement can often be found. 
Mood disturbance (mainly depression, but sometimes impulsive 
or neurotic behavior), deterioration in school performance or 
handwriting, and clumsiness may be identified by careful direct 
questioning. A soft whispery voice (hypophonia) is another early 
feature of neurologic involvement. 


Neurologic Presentation 


The neurologic presentation of Wilson disease tends to occur in 
the second and third decades or later but has been reported in 
children as young as 6 to 10 years of age. Most patients with a 
neurologic presentation have hepatic involvement, albeit often 
asymptomatic. Neurologic involvement follows 1 of 2 main 
patterns: a movement disorder or rigid dystonia. A movement 
disorder tends to occur earlier and includes tremors, poor coor- 
dination, and loss of fine motor control. Spastic dystonic disor- 
ders generally develop later, with mask-like facies, rigidity, gait 
disturbance, and pseudobulbar involvement such as dysarthria, 
drooling, and swallowing difficulty. Rarely, patients present with 
peripheral neuropathy or dysautonomia. Seizures are uncom- 
mon, and intellect is not impaired. Imaging of the brain is impor- 
tant for assessing neurologic Wilson disease, and results may be 
abnormal in the absence of overt neurologic symptoms. Magnetic 
resonance imaging is the most sensitive modality. Clinical rat- 
ing scales (Unified Wilson’s Disease Rating Scale and Global 
Assessment Scale for Wilson’s Disease) have been developed at 
2 different centers: they have differing areas of emphasis but are 
valuable for systematic assessment.*+ 


Psychiatric Presentation 


As many as 20% of patients may present with purely psychiatric 
symptoms." These symptoms are highly variable, although 
depression is common. Phobias and compulsive behaviors have 
been reported; aggressive or antisocial behavior may also be 
found. Delayed diagnosis is an important problem with psychi- 
atric Wilson disease. 


Ocular Signs 


The Kayser-Fleischer ring is caused by copper deposition in 
Descemet’s membrane of the cornea. Copper is actually distrib- 
uted throughout the cornea, but fluid streaming favors accumula- 
tion near the limbus, especially at the superior and inferior poles, 
and eventually circumferentially around the iris. Kayser-Fleischer 
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rings are visible on direct inspection only when iris pigmentation 
is light and copper deposition is heavy. A careful slit-lamp exami- 
nation is mandatory. Copper deposition in the lens (sunflower 
cataract), which does not interfere with vision, may be seen on 
slit-lamp examination and, like Kayser-Fleischer rings, disappears 
with chelation therapy. Kayser-Fleischer rings may be absent in 
40% to 60% of patients with exclusively hepatic involvement and 
in asymptomatic patients. Most patients with a neurologic or 
psychiatric presentation of Wilson disease have Kayser-Fleischer 
rings; only 5% do not. Kayser-Fleischer rings are not specific for 
Wilson disease; they may be found occasionally in patients with 
other types of chronic liver disease, usually with a prominent 
cholestatic component, such as PBC, PSC, or familial cholestatic 
syndromes. In rare persons with Kayser-Fleischer rings found 
incidentally, Wilson disease should be excluded. 


Involvement of Other Systems 


Wilson disease can be accompanied by various extrahepatic dis- 
orders apart from neurologic disease. Self-limited episodes of 
hemolytic anemia can result from the sudden release of copper 
into the blood. Renal disease, mainly Fanconi syndrome, may 
be prominent. Findings include microscopic hematuria, amino- 
aciduria, phosphaturia, and defective acidification of the urine. 
Nephrolithiasis has also been reported. Arthritis, mainly affecting 
the large joints, may occur as a result of synovial copper accumu- 
lation. Other musculoskeletal problems include osteoporosis and 
osteochondritis dissecans. A so-called osseomuscular presentation 
has been reported mainly in India. Vitamin D-resistant rickets may 
develop as a result of the renal damage. Copper deposition in skel- 
etal muscle can cause rhabdomyolysis. Copper deposition in the 
heart can lead to cardiomyopathy or cardiac arrhythmias. Sudden 
death in Wilson disease has been attributed to cardiac involvement 
but is rare. Endocrine disorders can occur. Hypoparathyroidism 
has been attributed to copper deposition. Amenorrhea and tes- 
ticular problems appear to result from Wilson disease itself, not 
from cirrhosis. Infertility or repeated spontaneous abortion may 
signal Wilson disease. Pancreatitis, possibly resulting from copper 
deposition in the pancreas, may also occur. 


DIAGNOSIS 


The patient with chronic liver disease, tremor or dystonia, and 
Kayser-Fleischer rings is readily diagnosed on clinical grounds, 
but such patients are uncommon. A diagnostic scoring system (the 
Leipzig scoring system)** has had limited evaluation?’#°; however, 
it provides some guidance as to diagnostic strategy. Suggestive 
clinical symptoms are often the main prerequisite for diagnos- 
ing Wilson disease, and laboratory investigations may provide 
confirmation. Kayser-Fleischer rings should be sought through 
a careful slit-lamp examination, repeated if necessary. Lack of 
Kayser-Fleischer rings does not exclude the diagnosis of Wilson 
disease. Serum aminotransferase levels are usually mildly to moder- 
ately elevated. Serum levels of AST may be much higher than those 
of ALT, possibly reflecting damage to hepatocyte mitochondria. 


Tests 


A summary of biochemical features in Wilson disease in com- 
parison with normal persons is shown in Table 76.1. The classic 
feature of a low ceruloplasmin concentration has proved less typi- 
cal than previously thought, partly because hepatic inflammation 
may be sufficient to elevate serum ceruloplasmin levels. Also, the 
normal range for serum ceruloplasmin is increased in very young 
children. The method of measuring ceruloplasmin is likely the 
most important reason for finding normal ceruloplasmin levels in 
patients with Wilson disease. Immunologic methods, which are 
used in most laboratories, measure both apoceruloplasmin and 


TABLE 76.1 Biochemical Parameters in Normal Adults and in Patients 
with Wilson Disease 


Normal Adults Wilson Disease* 


Serum ceruloplasmin (mg/L) 200-350 ~0-200 
(mg/dL) 20-35 ~0-20 
Serum copper (g/dL) 7-15 19-64 
(umol/L) 11-24 3-10 
Basal 24-hr urinary copper 
(ug/day) <40 >40-10,000 
(umol/day) <0.6 >0.6 
Liver copper (ug/g dry weight) 20-50 >250 (possibly >70) 
*For all the assays, results in homozygotes and heterozygotes may 


overlap. 


holo-ceruloplasmin and typically overestimate the true amount of 
functional ceruloplasmin in plasma. The oxidase assay, although 
technically less convenient for laboratories that perform auto- 
mated testing, provides a more reliable measure of ceruloplasmin 
for diagnosis because the assay measures enzymatically active, 
copper-containing ceruloplasmin. This method permits an accu- 
rate estimate of non-ceruloplasmin-bound copper*! and can also 
indicate possible early copper deficiency in treated patients.” 

Serum ceruloplasmin measurement by itself is not an adequate 
diagnostic test for Wilson disease. A low serum level of cerulo- 
plasmin is not unique to Wilson disease; synthesis of cerulo- 
plasmin may be reduced in other types of chronic liver disease, 
intestinal malabsorption, nephrotic syndrome, and malnutrition. 
Furthermore, a subnormal ceruloplasmin concentration is found 
in at least 10% of heterozygotes for Wilson disease. Neverthe- 
less, an impressively low ceruloplasmin concentration (<10 mg/ 
dL) strongly suggests Wilson disease. Complete absence of 
ceruloplasmin is found in hereditary aceruloplasminemia, a rare 
autosomal recessive condition that is associated with neurologic, 
retinal, and pancreatic degeneration caused by iron accumula- 
tion in the brain, retina, and pancreas, respectively. Anemia 
and an elevated plasma ferritin level are observed. Aceruloplas- 
minemia has confirmed the important function of ceruloplasmin 
as a ferroxidase that oxidizes iron for transport from ferritin to 
transferrin. Targeted disruption of the ceruloplasmin gene in a 
mouse model has confirmed the critical role of ceruloplasmin in 
transporting iron out of cells.** Rarely, patients with Wilson dis- 
ease who undergo rigorous chelation therapy over decades may 
resemble those with hereditary aceruloplasminemia if ceruloplas- 
min oxidase activity is reduced to undetectable levels.* The con- 
currence of Wilson disease and mutation-confirmed hereditary 
hemochromatosis has been reported.*+7 

In patients with Wilson disease, the serum copper concentra- 
tion is low, in parallel with the low serum ceruloplasmin level. 
The non-ceruloplasmin-bound copper concentration, which 
can be estimated by subtracting the amount of copper associated 
with ceruloplasmin from the total serum copper, is elevated. The 
amount of ceruloplasmin-bound copper (in g/dL) is estimated 
by multiplying the serum ceruloplasmin (in mg/dL) by 3.15 (the 
amount of copper, in pg, per mg of ceruloplasmin). In normal 
persons the non-ceruloplasmin-bound copper concentration 
is less than 15 g/dL. In Wilson disease, the concentration of 
non-ceruloplasmin-bound copper is more than 20 pg/dL, and 
even 10 times higher in patients with classic Wilsonian ALF with 
intravascular hemolysis. The usefulness of this calculation, which 
is highly dependent on the accuracy of the copper and cerulo- 
plasmin measurements, is limited; it cannot serve as a diagnostic 
criterion.t* Methods are being developed to measure non-ceru- 
loplasmin-bound copper concentration directly.*? A fairly simple 
test has been developed for measuring exchangeable copper in 
the plasma compartment: the percentage of exchangeable copper, 


compared with total copper, appears to provide accurate diagnos- 
tic data.°°! Despite the linguistic convention, what is measured 
is not actually “free” copper, because copper in the plasma com- 
partment is always loosely bound to albumin and various amino 
acids. Conceptually, the point is that this copper is bioavailable, 
and calling it “exchangeable” copper has merits. 

Serum uric acid and phosphate concentrations may be low in 
patients with untreated Wilson disease, reflecting renal tubular 
dysfunction. Urinalysis may show microscopic hematuria; if pos- 
sible, aminoaciduria, phosphaturia, and proteinuria should be 
quantified. 

Studies of basal urinary copper excretion, preferably with 3 
separate 24-hour collections, have proved useful for diagnosis. 
Urinary copper excretion reflects the non-ceruloplasmin-bound 
copper concentration in plasma. The collection must be com- 
plete, and the volume and total creatinine excretion should be 
measured; precautions against contamination with copper in the 
collection process are essential. The basal 24-hour urinary copper 
excretion is elevated at least 2 to 3 times normal in the vast major- 
ity of patients; however, the conventional diagnostic criterion of 
greater than 100 pg/day (>1.6 pmol/day), although typical, is not 
sufficiently sensitive. A patient with a basal 24-hour urinary cop- 
per excretion of greater than 40 pg/day (>0.6 wmol/day) requires 
further investigation for Wilson disease.*? Heterozygotes usually 
have a normal basal 24-hour urinary copper excretion, although 
the value may be borderline abnormal in some cases. Although 
a normal person may excrete as much as 20 times the baseline 
level of copper after administration of D-penicillamine, a patient 
with symptomatic Wilson disease will excrete considerably more. 
In the standard provocative test with administration of D-penicil- 
lamine, urinary copper excretion of 25 umol (1600 pg) or more 
per 24 hours is diagnostic of Wilson disease; however, the test 
lacks sensitivity for diagnosing Wilson disease and for identifying 
asymptomatic affected siblings.*+ 

Hepatic tissue copper concentration, which usually is measured by 
neutron activation analysis or atomic absorption spectrometry, may 
provide important diagnostic information. A hepatic copper content 
greater than 250 ug/g dry weight of liver is considered diagnostic 
of Wilson disease. On the basis of a large series of genetically diag- 
nosed patients, a value of greater than 70 ug/g dry weight has been 
proposed as a better diagnostic threshold, although some specificity 
is lost.?” Hepatic parenchymal concentrations of less than 40 ug/g 
dry weight in a large enough sample are regarded as strong evidence 
against a diagnosis of Wilson disease. Liver biopsy samples must be 
collected without extraneous copper contamination, but in general, 
ordinary disposable liver biopsy needles can be used. Importantly, the 
sample submitted must be adequate—at least 1 cm in length. In the 
early stages of Wilson disease, when copper is distributed diffusely 
in the liver cell cytoplasm, this measurement may clearly indicate 
hepatic copper overload. In later stages of hepatic Wilson disease, 
the measurement of hepatic copper is less reliable because copper is 
distributed unequally in the liver (see earlier). Moreover, liver biopsy 
may not be safe in such patients because of coagulopathy or ascites; a 
transjugular biopsy may be performed, or hepatic copper measure- 
ment may be omitted. Some heterozygotes have minor elevations 
of liver tissue copper. An elevated hepatic copper concentration is 
not specific for Wilson disease; patients with chronic cholestasis 
or Indian childhood cirrhosis may also have elevated hepatic cop- 
per levels. Specifically, patients with multidrug resistance protein 3 
(MDR3) deficiency may be misdiagnosed as having Wilson disease 
because of severe hepatic copper retention (see Chapter 64)°5-°8; 
genetic diagnosis is the least invasive way to distinguish the 2 dis- 
eases (see later). 


Approach 


In view of the numerous available diagnostic tests, a methodi- 
cal approach is required. The classic patient with Wilson disease, 
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whether displaying hepatic or neurologic findings, may be con- 
sidered as someone between 6 and 40 years of age with a serum 
ceruloplasmin level less than 5 mg/dL (<50 mg/L) and definite 
Kayser-Fleischer rings. Many patients are not classic. Age is 
no longer a meaningful diagnostic criterion. In the presence of 
chronic liver disease (indicated by hepatomegaly or biochemical 
abnormalities) or typical neurologic symptoms, the combination 
of a low serum ceruloplasmin level (<140 mg/L)*? and elevated 
basal 24-hour urinary copper excretion (>40 pg/day) is highly 
suggestive of Wilson disease. Typical ocular findings complete 
the clinical diagnosis but are not essential. A percutaneous liver 
biopsy is useful for assessing the severity of liver damage and mea- 
suring parenchymal copper concentration, which is regarded by 
some to be the sine qua non for the diagnosis of Wilson disease. 
This procedure, however, may have to be delayed in patients with 
severe liver dysfunction. Other clinical entities in the differential 
diagnosis must be appropriately excluded. Ultimately, molecu- 
lar genetic analysis is the only convincing and reliable diagnostic 
procedure. 


Mutation Analysis 


More than 600 reported mutations in the ATP7B gene have been 
detected in many different populations since the original muta- 
tions were described. Many of these mutations are recorded in 
the Wilson Disease Mutation Database (http://www.wilsondis 
ease.med.ualberta.ca/database.asp), which includes references 
and population sources.°° The usual approach to detection of a 
mutation is high-throughput sequencing of either selected or all 
exons of the gene, supplemented by sequencing of the promoter 
region, close examination of exon/intron boundaries, and exclu- 
sion of large deletions by multiplex ligation-dependent probe 
amplification technology. Although identification of a mutation 
is technically straightforward, care must be taken that the change 
detected causes disease and is not a rare normal variant, particu- 
larly for single amino acid missense mutations. Because of the 
similarity between yeast and mammalian copper transport sys- 
tems, yeast and cell assay systems have been developed for the 
functional assessment of variants.°!-°? Alternatively, structural 
changes in the Wilson ATPase protein due to a gene alteration 
can be assessed in silico. Of the various algorithms available for 
this purpose, the SIFT (sorting intolerant from tolerant) score 
(which predicts whether an amino acid substitution affects func- 
tion) works best for ATP7B and its gene product.°t Most patients 
with Wilson disease are compound heterozygotes, with a dif- 
ferent mutation of ATP7B on each allele. The identification of 
one mutation may be adequate to confirm the diagnosis, if char- 
acteristic clinical symptoms and biochemical features are pres- 
ent and if the one mutation detected is clearly established as a 
disease-causing mutation. Complete genetic characterization is 
preferred. With current analytical techniques, 2 mutations can be 
found in more than 95% of affected patients. 

The majority of mutations in ATP7B identified to date are 
missense mutations. Small deletions, insertions, nonsense, and 
splice-site mutations occur throughout the gene. Large gene 
deletions, which are found in about 20% of patients with Menkes 
disease, occur rarely in persons with Wilson disease, and the 
mutation spectrum for ATP7A in Menkes disease is different 
from that for ATP7B.© Various ethnic groups have different spe- 
cific mutations. The histidine1069glutamine (H1069Q) mutation 
is present, at least in the heterozygous state, in 35% to 75% of 
Europeans with Wilson disease.’ Exon 8 of the gene is particu- 
larly rich in mutations in European populations. The mutation 
arginine778leucine (R778L) is common in Chinese populations. 
Mutation detection is more challenging in Japanese and Medi- 
terranean populations, in whom no mutation is present in high 
frequency. In populations with ethnic homogeneity or in which 
a limited spectrum of mutations is established, testing strategies 
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can identify the mutations in most patients. A prominent example 
is Sardinia, where the disease frequency is 1 in 7000 live births” 
and a mutation in the 5’-untranslated region predominates. In 
populations with a limited number of mutations, use of a custom- 
ized “Wilson disease chip”® may be cost effective. Targeted next- 
generation sequencing approaches are also in development.” 

Genetic diagnosis is important for identifying simple hetero- 
zygotes. Someone who is clinically normal, has only mild signs 
of the disease, or has a late age of onset could be a heterozygote 
carrying only one mutated allele. Heterozygotes have not been 
known to develop clinical disease or require treatment. Current 
data relating to possible incomplete penetrance of ATP7B muta- 
tions suggest that it is equally likely that such a person has an 
atypical presentation of Wilson disease. Correct genetic diagno- 
sis is thus critical. 

Efforts to identify clear patterns of correlation between geno- 
type and phenotype have been largely disappointing in Wilson 
disease. Nevertheless, important high-level genotype-phenotype 
correlations may exist. ATP7B mutations resulting in absent or 
totally nonfunctional Wilson ATPase are associated with severe, 
usually hepatic, disease.””.’! Gene deletions, duplications, non- 
sense mutations, and splice-site mutations may prevent the for- 
mation of the gene product almost completely and thus produce 
a severe defect. Such truncating mutations have been associated 
with absent holo-ceruloplasmin production and the early onset 
of clinical disease’? or with classic Wilsonian ALF.” The com- 
mon H1069Q mutation tends to be associated with neurologic 
disease and young-adult onset’*; however, this mutation has been 
reported in homozygotes as young as 9 years of age with hepatic 
disease. The positions of this and R778L (see earlier) are shown 
in Fig. 76.3. Many mutations occur in exons 5-10 and exons 
13-20,’°.> which encode metal-binding domain 6, transmem- 
brane segments, and the ATP loop. 

With the opportunity of confirming a diagnosis of Wilson dis- 
ease by direct identification of mutations, the spectrum of mani- 
festations of Wilson disease has been found to be even wider than 
previously recognized. No individual biochemical test is reliable 
for the identification of patients. In some cases, even all combina- 
tions of tests prove inadequate for a diagnosis. The use of molec- 
ular tests in patients with any clinical symptoms of the disease 
may soon become routine and is already feasible as the primary 
diagnostic intervention in populations in which the repertoire 
of ATP7B mutations is relatively limited (e.g., Iceland, Sardinia, 
Gran Canaria in the Canary Islands, the Aegean island of Kalym- 
nos). Such populations may also be suitable for local newborn 
screening programs. Mutation analysis should also be carried out 
to distinguish asymptomatic patients from heterozygotes. 


Diagnosis of First-Degree Relatives 


If mutations have been identified in a patient, mutational analy- 
sis is easily carried out in first-degree relatives (siblings, parents, 
and offspring) by direct testing for the mutations found in the 
patient. If mutations have not been identified, accurate diagnosis 
can be achieved using markers flanking the gene. The most useful 
genetic markers are stretches of dinucleotides or trinucleotides 
that show extensive variability in the normal population, so that 
parents within any one family will carry different alleles of these 
markers. This variability allows the tracking of the disease gene as 
it segregates within families, as shown in Fig. 76.4. It is important 
that informative markers flank the gene, because an erroneous 
diagnosis could result if markers on only one side of the gene are 
informative and a recombinant event has occurred close to the 
gene. The combination of markers, or haplotype, reliably indi- 
cates the genetic status within the family. According to marker 
studies or genetic diagnosis, an occasional person considered as a 
result of biochemical testing to have a high probability of being 
an asymptomatic patient has been shown to be a heterozygote. 
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Fig. 76.4 Diagnostic use of polymorphic DNA microsatellite markers 

for siblings of a confirmed patient with Wilson disease. DNA markers 

are listed on the left in centromeric to telomeric order. Three markers are 
usually adequate for an unambiguous result: D138314, D138S301, and 
D13S316. Numbers represent alleles of each marker listed. The proband 
(arrow) and asymptomatic sibling confirmed as affected are shown as 
filled circles. WND, Original (prelimary) designation for ATP7B. 


Therefore, confirmation of the genotype is highly recommended 
before treatment is initiated. Conversely, if the clinical diagnosis 
of a heterozygote is uncertain, genetic diagnosis can be highly 
informative. 

In the absence of genetic analysis, screening should include 
physical examination, liver biochemical tests, serum copper and 
ceruloplasmin measurements, a basal 24-hour urinary copper 
determination, and a careful slit-lamp examination. Children 6 
years of age or younger who appear to be unaffected should be 
rechecked at yearly intervals over the next 5 to 10 years. Genetic 
screening with the use of flanking markers, or by direct muta- 
tion analysis, however, is the most reliable way to identify an 
affected first-degree relative when the patient’s DNA is available 
for mutation analysis. For deceased patients, tissue from autopsy 
or biopsy material can be used. 

Accumulating data indicate that the incidence of Wilson dis- 
ease in children of patients with Wilson disease is higher than 
predicted. Therefore, screening of all first-degree relatives, not 
just siblings, is mandatory. 


TREATMENT 


Three treatments for Wilson disease are generally recognized: 
D-penicillamine, trientine, and zinc salts (Table 76.2).’° Chelation 
with tetrathiomolybdate remains experimental but close to clinical 
application (see later). With effective lifelong chelation treatment, 
most patients live normal, healthy lives. Starting treatment early is 
critical, and the outcome is best for patients in whom the disease is 
diagnosed and treatment begun when the patient is asymptomatic. 
Whether routine institution of chelation or zinc therapy in infancy 
(<2 years of age) is advantageous or deleterious remains unknown. 
The potential role for gene transfer therapy is uncertain; however, 
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TABLE 76.2 Recommendations for the Treatment of Wilson Disease 


Tests for Monitoring 


Dose* Side Effects 


Initial: 1-1.5 g/day (adults) or 20 mg/kg/day (children) 


Drug Tests for Monitoring Efficacy 


D-Penicillamine 24-hr urinary copper: 200-500 pg (3-8 pmol)/ CBC; urinalysis; skin 


(+ pyridoxine divided into 2 or 3 doses day as target examination 
25 mmg Cei) Maintenance: 0.75-1 g/day as needed 24-hr urinary copper: 200-500 pg (3-8 pmol)/ 
to maintain cupruresis day as target 
Trientinet Initial: 1-1.5 g/day divided into 2 or 3 doses* Same as for D-penicillamine CBC; iron studies 
Maintenance: 0.75-1.2 g/day divided into 2 or 3 doses Same as for D-penicillamine 
Zinc Initial: 50 mg elemental zinc 3 times 24-hr urinary copper: <75 pg Serum zinc level 
daily (adults)$ (1.2 umol)/day as target Serum AST and ALT levels 
Maintenance: titrate the dose based on 24-hr urinary copper: <75 ug 


efficacy monitoring data1 


(1.2 umol)/day as target 


*All medications should be taken 1 hour before or 2 hours after mealtime if possible, but the timing of the dose may have to be adjusted to enhance 


consistent adherence to treatment. 
tRequires refrigeration. 


The dose of trientine in children is not established (approximately 20 mg/kg/day in divided doses). 

SThe dose of zinc in children is not established. Typical dosing is 25 mg of elemental zinc 3 times daily until adult stature (50 kg body weight) is achieved, 
when the adult dose of 50 mg of elemental zinc 3 times daily is used. The dose is not well defined for children younger than 5 years. The dose in 
children can also be titrated to achieve optimal 24-hr urinary copper excretion. 

The 24-hr urinary copper excretion reflects total body copper load and thus can be used to monitor zinc treatment even though zinc does not cause 


cupruresis. 


success with the adeno-associated vector serotype 8 in the Atp7b~- 
mouse has been reported.” Dietary treatment alone is ineffec- 
tive, but most patients should eliminate copper-rich foods from the 
diet. These foods include organ meats, shellfish, nuts, chocolate, 
and mushrooms. Vegetarians require specific dietary counseling. 
If the concentration of copper in the patient’s drinking water is 
believed to be high, the water should be analyzed, and a copper- 
removing device installed in the plumbing system. 
D-Penicillamine, introduced in 1956 by J.M. Walshe, is effec- 
tive in most patients with Wilson disease. Penicillamine, which is 
the sulfhydryl-containing amino acid cysteine substituted with 2 
methyl groups, greatly increases urinary excretion of copper; only 
the D-penicillamine form is used clinically. Studies in the LEC rat 
model indicate that D-penicillamine inhibits the accumulation of 
copper in hepatocellular lysosomes and solubilizes copper for mobi- 
lization from these particles, but not from cytoplasmic metallothio- 
neins.’? In addition to its chelating action, D-penicillamine inhibits 
collagen cross-linking and has some immunosuppressive properties. 
The neurologic status of patients with mainly neurologic symp- 
toms may worsen initially after treatment with D-penicillamine is 
started®*’; most, but not all, recover with cautious continued use of 
D-penicillamine. Substituting trientine or zinc reduces this risk of 
a poor outcome, but all these drugs entail some possibility of neu- 
rologic deterioration. Starting with a low dose of D-penicillamine 
and increasing the dose slowly over 2 to 4 weeks may help avoid this 
adverse effect. A febrile reaction with rash and proteinuria devel- 
ops in some patients within 7 to 10 days of beginning treatment. 
Although D-penicillamine can be restarted slowly along with gluco- 
corticoids, changing to an alternative chelator is preferred. 
D-Penicillamine, although highly effective, can cause seri- 
ous side effects. Adverse reactions involving the skin include 
various types of rashes, pemphigus, and elastosis perforans ser- 
piginosa. Hypothyroidism has been reported. Other side effects 
vary from minor (loss of taste, GI upset, arthralgias) to severe 
(proteinuria, leukopenia, thrombocytopenia). Aplastic anemia 
occurs rarely and does not always reverse when D-penicillamine 
is stopped. Nephrotic syndrome, Goodpasture syndrome, a 
myasthenia syndrome, and a systemic disease that resembles SLE 
have all been reported. These severe side effects require imme- 
diate discontinuation of D-penicillamine and use of a different 
chelator. Whether lifelong treatment with D-penicillamine is 
free of adverse consequences is not entirely clear. Patients who 


have taken D-penicillamine for 30 to 40 years may have chronic 
skin changes with loss of elastic tissue. Whether the antifibrotic 
effect weakens other connective tissues is not known. Theoreti- 
cally, chronic depletion of other trace metals may occur. In view 
of these side effects, maintenance therapy with D-penicillamine 
should be at the lowest effective dose. 

Trientine, or triethylenetetramine dihydrochloride, is the usual 
second-line treatment for patients who are intolerant of D-peni- 
cillamine. Trientine differs chemically from D-penicillamine in 
lacking sulfhydryl groups. Copper is chelated by forming a stable 
complex with the 4 constituent nitrogens in a planar ring. Tri- 
entine increases urinary copper excretion and may interfere with 
intestinal absorption of copper. Trientine is a less potent chelator 
than D-penicillamine, but the difference is not clinically important. 
Trientine produces little significant toxicity in patients with Wil- 
son disease—apart from causing occasional gastritis and inducing 
iron deficiency, apparently by chelating dietary iron. Bone mar- 
row suppression is rare. Adverse effects of D-penicillamine resolve 
and do not recur during treatment with trientine.*! Neurologic 
deterioration after treatment with trientine is begun has rarely 
been reported. Trientine is highly effective, even in patients with 
advanced liver fibrosis or as initial treatment in children.” 

Oral zinc, used in Europe since the 1970s,** has been investi- 
gated extensively as a treatment modality in North America. Its 
mechanism of action is entirely different from that of the chela- 
tors. In pharmacologic doses, zinc interferes with the absorption 
of copper from the GI tract and increases the excretion of copper 
in the stool. The postulated mechanism of action is through the 
induction of metallothionein in enterocytes. The metallothionein 
has a greater affinity for copper than for zinc and preferentially 
binds copper from the intestinal contents. Once bound, the cop- 
per is not absorbed but is lost in the feces as enterocytes are shed 
during normal turnover. Zinc may interfere with lipid peroxida- 
tion and enhance the availability of glutathione. 

Problems with zinc therapy include gastritis, which is a com- 
mon side effect, and uncertainty about dosing. Using a zinc salt 
other than zinc sulfate may minimize gastritis; most zinc salts are 
equally acceptable for the treatment of Wilson disease. Food inter- 
feres with the effectiveness of zinc, and some investigators recom- 
mend that no food be eaten for 1 hour before or after a dose of 
zinc is taken. This dosing regimen tends to increase the severity 
of gastritis and may be sufficiently inconvenient to compromise 
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adherence, as in adolescents. An alternative approach is to be less 
rigorous about avoiding zinc at mealtimes and to titrate the dose 
according to the urinary copper excretion. Treatment with zinc 
appears to have few other side effects.’ Rare patients experience an 
immediate deterioration in hepatic Wilson disease when started on 
zinc. Long-term studies suggest that zinc is more effective in neu- 
rologic Wilson disease than in hepatic Wilson disease.*°.*+ Despite 
interest in use of zinc as primary therapy for hepatic Wilson dis- 
ease, its preferred role is as maintenance therapy. 

Long-term treatment requires regular, sometimes close, follow- 
up. Laboratory tests include a CBC, measures of renal function 
including urinalysis, and liver biochemical tests. The adequacy of 
treatment is assessed by measurement of basal 24-hour urinary cop- 
per excretion, which should be high with either oral chelator (200 to 
500 g/day or 3 to 8 pmol/day) and low with zinc (30 to 75 ug/day 
or 0.5 to 1.2 pmol/day). Undetectable copper in a 24-hour urine col- 
lection suggests overtreatment. The patient must be asked specifi- 
cally about general well-being and adherence to the drug regimen. 
With zinc treatment, adherence can be checked by measurement of 
24-hour urinary zinc excretion (>2 mg/day) or serum zinc (>12.5 ug/ 
dL). Elevated serum aminotransferase levels that were previously 
normal may signal nonadherence and evidence of ongoing hepatic 
damage. Patients diagnosed while still asymptomatic may be at 
greater than average risk for lapsing into nonadherence. 

For patients who present with decompensated chronic liver 
disease, combining zinc with a conventional chelator (preferably 
trientine) has become a popular treatment strategy even in the 
absence of extensive validation. The 2 types of treatments must 
be temporally dispersed through the day, with at least 4 to 5 hours 
between administration of the 2 drugs, or else they may neutral- 
ize each other’s effect. This intensive short-term induction regi- 
men is best suited to patients with severe hepatic or neurologic 
disease*> and remains semi-investigational. Some patients with 
severe hepatic Wilson disease fail on this regimen and require 
urgent LT, arrangements for which should be in place. 

Ammonium tetrathiomolybdate was investigated as treatment 
of severe neurologic Wilson disease because, unlike D-penicilla- 
mine, it is not associated with early neurologic deterioration.*° 
Tetrathiomolybdate interferes with the absorption of copper 
from the intestine and binds to plasma copper with high affinity. 
Unlike D-penicillamine, tetrathiomolybdate has been found in 
LEC rats to remove copper from metallothionein at low doses.*’ 
Within the plasma compartment, tetrathiomolybdate forms a 
highly stable tripartite complex with albumin, effectively trap- 
ping the copper.” It appears that the copper is excreted via bili- 
ary excretion of these complexes. The problem with ammonium 
tetrathiomolybdate was insufficient chemical stability. A new for- 
mulation, bis-choline tetrathiomolybdate, has excellent stability 
and is pharmacologically equivalent to ammonium tetrathiomo- 
lybdate. Phase 2 clinical testing has suggested that it is effective 
in Wilson disease.*? Although tetrathiomolybdate is regarded 
as nontoxic, bone marrow suppression and hepatotoxicity are 
noteworthy adverse effects. Its role in treating hepatic Wilson 
disease is not established. More detailed information about the 
total-body disposition of copper and molybdate is needed. Such 
a potent copper-binding drug could produce copper deficiency. 

Other potential treatments for Wilson disease are on the hori- 
zon. One is a peptide produced by Methylosinus trichosporium, this 
methanobactin has high affinity for copper and has been shown 
to reverse ALF in the LPP rat.” A different approach involves 
inhibiting specific mitogen-activated protein kinase pathways in 
hepatocytes in order to rescue certain mutant Wilson ATPases 
(e.g., H1069Q, R778L) that are misfolded and caught in the 
endoplasmic reticulum.!° Another innovative therapy involves 
enhancing liver X receptor action in hepatocytes.!* 

Antioxidants may help prevent tissue damage. Studies in cop- 
per-loaded animals and in patients with Wilson disease indicate 
that copper enhances free radical production in tissues and may 


thereby cause liver damage.’! Based on anecdotal data, the anti- 
oxidant a-tocopherol may be beneficial adjunctive treatment for 
patients with hepatic decompensation. 

For pregnant patients with Wilson disease, treatment must be 
continued throughout pregnancy. Postpartum hepatic decom- 
pensation may occur if treatment is stopped completely during 
pregnancy. Although many pregnancies during treatment with 
D-penicillamine have been successful, the drug is officially classified 
as a teratogen. Occasional reports of severe collagen defects in the 
offspring of a patient treated with D-penicillamine may be caused 
in part by copper deficiency as a result of prolonged aggressive 
treatment, as well as the teratogenic effects of D-penicillamine.”” 
‘Treatment with zinc may be less likely to produce adverse effects 
on developing collagen in the fetus. The safety of trientine dur- 
ing pregnancy is unknown, apart from favorable anecdotal reports. 
Judicious reduction of the dose of D-penicillamine or trientine by 
approximately 25% to 50% of the pre-pregnancy dose is advisable, 
especially if delivery by cesarean section is anticipated. 


PROGNOSIS 


Patients with clinically evident Wilson disease are generally regarded 
as having a good prognosis if the disease is diagnosed promptly and 
treated consistently. An asymptomatic first-degree relative who is 
diagnosed on biochemical or genetic grounds and treated before 
any sign of clinical impairment generally has the best long-term out- 
look. Patients with early hepatic disease have a generally favorable 
prognosis provided treatment is consistent and well tolerated. Severe 
neurologic disease may not entirely resolve on treatment. 

The role of LT in Wilson disease is limited (see Chapters 95 
and 97). ALF in a patient with Wilson disease necessitates LT. 
Accruing clinical reports suggest that some sort of apheresis (e.g., 
plasma exchange) may effectively bridge these patients to trans- 
plantation or, rarely, obviate the need for LT.”°4 Patients with 
severe liver disease unresponsive to drug therapy may also proceed 
to LT. The outcome is favorable, with 1-year survival rates of 80% 
to 90% and excellent survival beyond 1 year.”*-°° Severe neurologic 
disease may improve after LT, but published experience is incon- 
clusive”? and LT cannot be recommended for neurologic Wilson 
disease. Patients with neurologic or psychiatric manifestations of 
Wilson disease appear to have poor outcomes after LT and adhere 
poorly to medical regimens.” LT should be reserved for patients 
who present with severe, decompensated liver disease that is unre- 
sponsive to therapy or with ALF. Live-donor LT, even when the 
graft is from a family member who is a simple heterozygote, yields 
adequately functioning grafts.”*”? If the donor is the brother or 
sister of the patient, mutational analysis of his or her ATP7B gene 
should be performed to exclude asymptomatic Wilson disease. 

Patients with Wilson disease who stop taking chelating treat- 
ment (or zinc) have a poor prognosis. New neurologic abnormali- 
ties, such as dysarthria, may develop. Rapidly progressive hepatic 
decompensation has been observed and occurs on average within 
3 years, and as early as 8 months, after treatment is stopped. The 
liver damage is usually refractory to reinstitution of chelation 
therapy. Such patients require LT. 

The quality of life of patients with Wilson disease may be 
compromised by drug toxicity. Anecdotal observations suggest 
that damage to collagen may accrue over decades in patients who 
are maintained indefinitely on D-penicillamine, but the risk has 
not been assessed adequately. Deficiencies in trace metals may 
develop with the use of any chelator, but whether these defi- 
ciencies are clinically important is not yet clear. Abnormal iron 
metabolism, leading to hepatic iron overload and anemia, can be 
predicted if serum ceruloplasmin oxidase activity is zero. Patients 
should be encouraged to maintain a healthy lifestyle, including 
avoidance of alcohol and obesity. 


Full references for this chapter can be found on www.expertconsult.com. 
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Metabolic liver diseases may manifest as acute, life-threatening 
illnesses in the neonatal period or as chronic liver disease in 
adolescence or adulthood, with progression to liver failure, cir- 
rhosis, or HCC. In a 2015 report of the Scientific Registry of 
Transplant Recipients, 13% of all liver transplants in the USA 
were performed because of complications resulting from meta- 
bolic liver disease.! When the pediatric population alone was ana- 
lyzed, approximately 22% of the liver transplants performed in 
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children from 2011 to 2013 were for complications of metabolic 
or genetic liver disease. Nontransplant treatment options have 
become available that may, in certain cases, obviate the need for 
LTS 


CLINICAL FEATURES OF METABOLIC LIVER DISEASE 


The diverse presenting features of metabolic liver disease are 
listed in Box 77.1. Certain metabolic liver diseases in young 
patients may mimic other illnesses, such as acute infections and 
intoxications. By contrast, the older patient with metabolic liver 
disease may present with symptoms and signs of chronic liver 
disease. Because metabolic diseases can resemble multiple other 
disorders, a high index of suspicion is required. Evaluation of any 
infant presenting with cholestasis should include a consideration 
of metabolic liver disease. Any patient with progressive neuro- 
muscular disease, developmental delay, or regression of devel- 
opmental milestones also requires evaluation. Metabolic liver 
disease should be an immediate consideration in patients of all 
ages with elevated serum aminotransferase levels and one or more 
of the presenting features in Box 77.1. 

A detailed history can often raise the possibility of metabolic 
liver disease. A family history of consanguinity, multiple miscar- 
riages, or early infant deaths may suggest a metabolic derange- 
ment. Close relatives with undiagnosed liver disease, progressive 
neurologic or muscle disease, or undiagnosed developmental 
delays should also raise suspicion. Introduction of certain foods 
may correlate with the onset of symptoms, as in patients with urea 
cycle defects (UCDs), galactosemia, or fructosemia. A history of 
specific dietary aversions may be revealing. 

Recommended initial screening tests are listed in Box 77.2. 
Because patients with metabolic liver disease often present with 
acute and recurrent symptoms and because the characteristic 
laboratory abnormalities for many of these illnesses may normal- 
ize between acute episodes, diagnostic studies should be obtained 
when the patient is experiencing symptoms. In enigmatic cases, 
serum and urine samples should be obtained during the acute ill- 
ness and saved (frozen) for definitive studies, if available. A liver 
biopsy can be valuable. In addition to biopsy specimens for stan- 
dard histology, a frozen specimen should be saved for biochemical 
assessment and a sample prepared for later electron microscopic 
study to look at the subcellular organelles, which may exhibit 
characteristic changes in some metabolic disorders. The increas- 
ing availability of molecular diagnostic testing allows genotypic 
evaluation for some diseases to complement phenotypic diagnosis. 


o.,-ANTITRYPSIN DEFICIENCY 


Deficiency of a ,-antitrypsin (a,-AT) is transmitted in an autoso- 
mal recessive fashion and leads to an increased risk of lung and 
liver disease. This deficiency is one of the most common genetic 
diseases in the world and the second most common metabolic 
disease affecting the liver (after hereditary hemochromatosis [see 
Chapter 75]).° 


Pathophysiology 


The prototypical member of the serpin family of prote- 
ase inhibitors (Pis), a;-AT binds with and promotes the 
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BOX 77.1 Presenting Features of Metabolic Liver Disease 


Symptoms 
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Coma 

Developmental delay 

Growth failure 

Hyperammonemic symptoms 
Hypoglycemic symptoms 

Neurologic or motor skill deterioration 
Recurrent vomiting 

Seizures 


Ascites 

Abdominal distension 
Cardiac dysfunction 
Cataracts 
Dysmorphic features 
Hepatomegaly 
Hypotonia 

Jaundice 

Short stature 
Splenomegaly 
Unusual odors 


Other findings Acidosis 
ALF 
Cholestasis 
Ketosis 


Rickets 


BOX 77.2 Screening Laboratory Studies for Metabolic Liver 
Disease* 


Ammonia 

Anion gap calculation 
Bile acids 
Coagulation profile 
Electrolytes 

Ferritin 

Fractionated bilirubin 
GGTP 

Glucose 


Lactatet 


Peripheral blood smear 
Pyruvate? 

Uric Acidt 

Bile acids 

Organic acids 

Orotic acid 

Reducing substances 


*Specimens of serum and urine during acute episodes should be saved for 
later studies. 
tObtain if the patient is acidotic or has neurologic symptoms. 


degradation of serine proteases in the serum and tissues. The 
most important serine protease is pulmonary neutrophil elas- 
tase, which is inhibited by a,-AT through formation of a tight 
1:1 a;-AT-to-elastase complex. Therefore, the primary role of 
a,-AT is to prevent extracellular matrix degradation by neu- 
trophil elastase in the lungs. The pathogenesis of aj-AT lung 
disease reflects a loss of function mechanism. In persons with the 
phenotype PiZZ, serum o,-AT levels are reduced to less than 
15% of the normal serum concentration of 85 to 250 mg/dL. 
Consequently, there is relative uninhibited neutrophil elastase 


activity and resulting emphysema. The accumulation of small 
amounts of abnormal a,-AT Z polymers in the lungs has also 
been shown to promote inflammation and contribute to inter- 
stitial lung disease.’"* 

Allelic a;-AT mutant variants produce Pi gene products that 
can be distinguished from the normal product by electropho- 
retic methods; the normal allelic representation is designated 
PiM. The PiZ variant produces a mutant a ,-AT Z protein that 
contains a single amino acid replacement of glutamine with a 
lysine residue due to a mutation at position 342 of the a,;-AT 
(SERPINA1) gene. Homozygosity at the PiZ allele is the most 
common and classic pathologic form of a,;-AT deficiency and 
is capable of leading to liver and lung disease. Approximately 
125 naturally occurring variants of o,-AT have been described. 
Although most of these variants are either of no clinical sig- 
nificance or are extremely rare, some variants—PiS(liyama), 
PiM(Duarte), and PiM(Malton)—have been reported to be 
associated with liver injury and even cirrhosis.’ Additional 
variants that have demonstrated liver abnormalities include the 
PiP(Brescia), PiM(Wurzburg), PiKing’s, and PiS alleles, often 
with compound heterozygosity.”?:!9 

Under normal circumstances, a,-AT is produced in the rough 
endoplasmic reticulum (ER) of hepatocytes and is targeted to the 
secretory pathway via the Golgi apparatus. Structural misfold- 
ing and polymerization of the mutant o,-AT Z protein causes its 
aberrant retention in the hepatocyte ER with a resulting gain of 
function defect that leads to cirrhosis. Several mechanisms of liver 
injury in a ,-AT deficiency have been proposed. 

The failure of proteins to properly exit the ER results in 
many diseases. When misfolding occurs, several physiologic 
responses normally ensue. Often, unfolded or misfolded pro- 
teins are tagged for degradation via ER-associated degradation 
(ERAD), in which chaperones and associated factors recognize 
and target substrates for retrotranslocation to the cytoplasm, 
where they are degraded by the ubiquitin-proteasome machin- 
ery. If continued accumulation of incorrectly folded proteins 
occurs, a complementary ER quality control mechanism, the 
unfolded protein response, is usually triggered.”!! Autophagy is 
a third pathway that reduces ER stress from abnormal protein 
aggregation. If ERAD efficiency is compromised, autophagy- 
mediated destruction occurs whereby portions of the ER along 
with protein aggregates are engulfed in double-membrane 
structures called autophagosomes and delivered to the lysosome 
for degradation.!* Indeed, each of these pathways has been 
mechanistically linked to the development of a,-AT-associated 
liver disease. Studies have demonstrated impaired interaction 
between abnormal Z-type protein and its ERAD-associated 
molecular chaperone calnexin, thereby resulting in retention 
of polymers in the ER.!14 Additionally, ERAD defects con- 
founded with other misfolding protein variants, such as the 
HFE variant H63D, have been reported to increase the risk 
of liver damage in a-AT deficiency.'! Others have shown that 
PiZ polymers within the ER are not associated with normal 
unfolded protein response activation,!!!> but rather with a sec- 
ondary ER overload response pathway that results in the pro- 
inflammatory release of interleukin-6 and interleukin-8, which 
are thought to contribute to the development of liver injury in 
a,-AT deficiency.!° Autophagy is activated by the intracellular 
accumulation of PiZ, and the use of autophagy enhancer drugs 
has been shown to mitigate the accumulation and proteotoxicity 
of misfolded PiZ polymers in a Caenorhabditis elegans model of 
ay-AT deficiency.!7-!” 


Clinical Features 


Although the prevalence of the classic a,-AT deficiency allele, 
PiZ, is highest in populations derived from northern European 
ancestry, many racial subgroups are affected worldwide, and 


millions of persons have combinations of deficiency alleles (i.e., 
PiSS, PiSZ, or PiZZ).?°-? In the USA, the overall prevalence 
of deficiency allele combinations is approximately 1 in 4126 for 
PiZZ and 1 in 1018 for PiSZ.*°?! Mounting evidence suggests 
that heterozygous o,-AT deficiency states in adults can contrib- 
ute to the development of cirrhosis, chronic liver failure, and 
HCC. Furthermore, heterozygosity may exacerbate the chronic 
liver disease caused by obesity and alcohol abuse in adults, as well 
as cholestatic liver diseases in children.?*74 

In the most unbiased epidemiologic study of a,-AT deficiency 
to date, reported by Sveger,’> 200,000 Swedish infants were 
screened for a,-AT deficiency, 184 were found to have abnor- 
mal allelic forms of a ,-AT (127 PiZZ, 2 PiZnull, 54 PiSZ, and 
1 PiSnull), and 6 (5 PiZZ and 1 PiSZ) died in early childhood, 
but only 2 of cirrhosis. About 10% of newborns with o,-AT 
deficiency (PiZZ) present with cholestasis, and as many as 50% 
continue to have elevated serum aminotransferase levels at age 3 
months; most are clinically asymptomatic.?>7° Liver disease does 
not develop in patients with null o,-AT phenotypes, whereas 
early-onset emphysema develops in all of them.?” Nevertheless, 
investigations using the C. elegans model have demonstrated pro- 
teotoxic effects from null variants. The investigators concluded 
that because the mechanism of degradation of null variants is dif- 
ferent from that of PiZ polymers, the mechanism of proteotoxic- 
ity is likely to be different as well.”® 

Wide variation exists in the severity of liver disease among 
patients with the classical form of a,-AT (PiZZ) deficiency, and 
little is known about the factors that predispose affected persons 
to a severe, progressive decline in hepatic function.?? Even chil- 
dren in whom cirrhosis develops can have highly variable pro- 
gression to end-stage liver disease (ESLD).*° Moreover, siblings 
with PiZZ have variable degrees of liver involvement, in a study 
reported by Hinds and colleagues, 5 of 7 children with PiZZ- 
associated a-AT deficiency who required LT had siblings with 
PiZZ who lacked persistent liver involvement.*! Therefore, addi- 
tional factors must be involved in determining the severity of 
liver disease in a,-AT deficiency.*” ER mannosidase I and sortilin 
have been identified as possible genetic modifier candidates that 
contribute to the development of liver disease in PiZZ homozy- 
gotes.?334 

Of 150 patients with a,-AT deficiency from Sveger’s origi- 
nal study?’ who subsequently underwent evaluation at age 16 and 
18 years, none had physical examination findings of liver disease. 
Elevated serum aminotransferase or GGTP levels were found in 
fewer than 20% of patients with a PiZZ phenotype and in fewer 
than 15% of those with a PiSZ phenotype.’° By the third decade 
of life, analysis of this same cohort showed that 6% of PiZZ and 
9% of PiSZ patients had a marginal increase in serum ALT lev- 
els.3> A separate analysis of 647 patients with a PiZZ phenotype 
found that 49% had slight increases in aminotransferase levels 
when a stricter cutoff for normal levels was used, suggesting small 
amounts of ongoing liver injury.*° 

Although liver disease is often mild during infancy and 
childhood, patients with o,-AT deficiency have an increased 
risk of developing cirrhosis and HCC. A study of 57 PiZZ 
adults with lung disease revealed that 63% had findings of 
chronic liver disease by conventional liver biochemical testing 
and liver US.*’ A further analysis of 3 large U.S. LT databases 
revealed that the vast majority, 77.2%, of liver transplants 
performed in patients with a diagnosis of a,-AT deficiency, 
occurred in adults. The authors concluded that a,-AT defi- 
ciency-associated liver disease is predominantly an age-depen- 
dent degenerative disease and that pediatric cases represent 
outliers with particularly powerful, as yet unidentified, modi- 
fying factors.** Therefore, the diagnosis of a,-AT deficiency 
should be considered in any patient presenting with noninfec- 
tious chronic hepatitis, hepatosplenomegaly, cirrhosis, portal 
hypertension, or HCC. 
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intensely periodic acid—Schiff (PAS) positive (PAS after diastase diges- 
tion). (From Burt A, Portmann B, Ferrell L. MacSween’s pathology of the 
liver. 6th ed. Philadelphia: Churchill Livingstone Elsevier; 2012.) 


Histopathology 


Histopathologic features of a,-AT deficiency change as the 
patient ages. In infancy, liver biopsy specimens may show bile 
duct paucity, bile duct proliferation, intracellular cholestasis with 
or without giant cell transformation, mild inflammatory changes, 
or steatosis, with few of the characteristic periodic acid—Schiff- 
positive, diastase-resistant globules.*? These inclusions, which 
result from polymerized o,-AT Z protein, are most prominent 
in periportal hepatocytes and may also be seen in Kupffer cells. 
Immunohistochemistry with monoclonal antibody to o,-AT Z 
can also be performed to verify the diagnosis. As the patient ages, 
these changes may resolve completely or progress to chronic 
hepatitis or cirrhosis. 


Diagnosis 


a,-AT is considered a hepatic acute-phase reactant, and its release 
may be stimulated by stress, injury, pregnancy, or neoplasia. Because 
these factors can influence a,-AT production, even in patients with 
the PiZZ phenotype, the diagnosis of a ,-AT deficiency should be 
based on phenotype analysis and not solely on the serum a,-AT 
level.’ A liver biopsy specimen, although not universally recom- 
mended, can confirm the diagnosis (Fig. 77.1). Commercial tests 
are available to detect the most common mutant alleles by PCR 
analysis of genomic DNA. In addition, molecular genetic testing, 
sequence analysis, and deletion/duplication analysis can be per- 
formed quickly to identify common and rare disease variants.*” 

Generalized recommendations to enhance the detection a- 
AT deficiency are available*®*!; however, targeted approaches 
have achieved a much higher rate of detection.4? Adults with 
chronic lung disease and siblings of affected patients with lung 
or liver disease should be targeted for screening, and appropriate 
education and genetic counseling should be offered to patients 
with a;-AT deficiency identified by screening.*” 


Treatment 


No current disease-specific therapies are available for the hepatic 
manifestations of a,;-AT deficiency, and the initial treatment 
remains symptomatic care. The importance of providing fat- 
soluble vitamin supplementation, when indicated, adequate 
nutrition, and counseling to avoid obesity, alcohol, smoking, and 
second-hand smoke cannot be overemphasized. As the patho- 
physiology is increasingly elucidated, more therapeutic targets 
are being identified.** 
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Understanding the role of autophagy and other mechanisms 
involved in the clearance of misfolded proteins has led to inves- 
tigations to assess the role of autophagy-enhancer medications 
(e.g., carbamazepine, rapamycin)*+*+ and the use of viral vec- 
tors that can deliver transcription factors that lead to increased 
autophagic activity.*° These approaches have demonstrated the 
ability to reduce intracellular inclusions and fibrosis in animals, 
and future human-based studies are warranted.*’ Alternatively, 
targeting pathways to increase the secretion of the misfolded 
protein products may also prove beneficial. Suberoylanilide 
hydroxamic acid has been shown to promote secretion of the Z 
protein from epithelial cell lines.*” 

The use of RNA interference molecules has demonstrated the 
ability to target the mRNA that encodes Z variant and prevent its 
production. This approach has been shown to decrease circulat- 
ing levels of a,-AT in both mice and non-human primates,**-#* 
with reduction, reversal, and prevention of liver disease in mice.** 
Monoclonal antibody technology has been shown to enable small 
molecule intervention that potentially can both block the forma- 
tion of aberrant polymers (thereby decreasing the accumulation 
of intracellular misfolded proteins) and increase the secretion of 
Z protein that retains inhibitory activity against neutrophil elas- 
tase.?” 

Collectively, these approaches have the potential to decrease 
hepatocellular accumulation of the misfolded a,-AT variants and 
ameliorate the injurious stimuli. Additional technologies includ- 
ing the use of stem cell technology, likely in combination with 
gene editing techniques such as CRISPR (clustered regularly 
interspaced short palindromic repeats), will surely play a role in 
future efforts to better understand and treat a,-AT deficiency. 

aı-AT deficiency remains the most common genetic liver dis- 
ease for which LT is performed. Severe progressive liver disease 
due to a,-AT deficiency is most common in adult males, thereby 
suggesting that the mechanisms of liver disease injury are simi- 
lar to those for other age-dependent degenerative diseases, with 
severe pediatric disease suggested to be influenced by powerful 
modifiers.’* LT not only replaces the injured organ, but also cor- 
rects the metabolic defect, thereby preventing further progres- 
sion of systemic disease. LT has proved to be a highly effective 
intervention for those with the most severe phenotypes, with 
5-year survival rates ranging between 83% and 90% for children 
and adults.°°°! Although data are lacking on the risk of HCC 
in patients with liver disease due to a,-AT deficiency, a prudent 
approach is to follow the AASLD guidelines for surveillance: liver 
US every 6 months in patients with cirrhosis, with or without an 
accompanying serum AFP determination.** 

Replacement therapy with purified a,-AT is the only treat- 
ment option approved by the FDA for lung disease associated 
with a,-AT deficiency. Patients who receive replacement therapy 
have a slower rate of decline in lung tissue and function than 
untreated patients. This therapy does not benefit a,-AT defi- 
ciency-associated liver disease. 


GLYCOGEN STORAGE DISEASES 


More than 12 distinct inborn disorders of glycogen metabo- 
lism have been described, but only 3 are associated with serious 
liver disease: glycogen storage disease (GSD) types I, II, and 
IV.” Other GSDs may cause hepatomegaly or liver histologic 
changes but generally do not cause clinically important liver dis- 
ease. The overall incidence of GSD types I, II, and IV is esti- 
mated to range from 1 in 50,000 to 1 in 100,000 in the general 
population. 

Glycogen metabolism occurs in many tissues, but the areas of 
clinical importance are the muscle, liver, and polymorphonuclear 
neutrophils. The body uses glycogen to store glucose and as a 
ready reserve when systemic glucose is required (see Chapter 72). 
Glycogen is composed of long-chain glucose molecules arranged 
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Fig. 77.2 Pathway of glycogen synthesis and glycogenolysis. Enzymes 
are shown in italics. UDP, uridine diphosphate. 


in a linear 1,4 linkage. Eight to 10% of the glucose molecules 
are attached in a 1,6 linkage to form branching chains, which 
permit efficient storage of glucose while minimizing the impact 
on intracellular osmolality. The substrates for glycogen synthe- 
sis, glucose-6-phosphate (Glu-6-P) and glucose-1-phosphate, are 
derived from several pathways, including fructose and galactose 
metabolic cycles, as well as gluconeogenesis and glycogenolysis 
(Fig. 77.2). 


Type | 


GSD type I, the most common inborn error of glycogen metab- 
olism, results from deficiency of a 2-component enzyme sys- 
tem involved in the transport of Glu-6-P from the cytosol into 
the ER by Glu-6-P translocase (encoded by the ubiquitously 
expressed SLC37A4 gene, GSD type Ib) and subsequent cleav- 
age of Glu-6-P by glucose-6-phosphatase (Glu-6-Pase, encoded 
by the G6PC1 gene, GSD type Ia), located on the luminal side 
of the ER. Clinical and molecular genetic observations have 
disclosed 2 subtypes of GSD type I, Ia, and Ib, that account 
for virtually all cases.°+ The clinical phenotype with respect to 
liver disease is similar in the 2 forms; however, patients with 
GSD type Ib often have intermittent severe neutropenia and 
polymorphonuclear leukocyte (neutrophil) dysfunction, making 
them prone to recurrent episodes of severe bacterial infections 
and Crohn-like intestinal disease.°+ Loss of function of an iso- 
form of Glu-6-Pase encoded by the G6PC3 gene, although also 
ubiquitously expressed, leads to severe congenital neutropenia 
type 4, an autosomal recessive condition.*° 

Disruption of the function of Glu-6-Pase (type Ia) or Glu- 
6-P translocase (type Ib) inhibits the use of glucose in gluco- 
neogenesis, glycogenolysis, and the metabolism of fructose or 
galactose. This inability to release stored glucose leads to hypo- 
glycemia within 90 to 180 minutes of the last orally ingested 
glucose. Lactate and fatty acid metabolism and glycolytic path- 
ways are then used as sources of energy. 


Clinical Features 


Most patients with GSD type I present in infancy with symptoms 
of metabolic derangement, such as lethargy, seizures, or coma as 
a result of profound hypoglycemia or metabolic acidosis, a pro- 
truding abdomen caused by hepatomegaly, muscular hypotonia, 
and delayed psychomotor development.** 

Physical signs invariably include hepatomegaly, usually with a 
normal-sized spleen. Patients in whom the disease is poorly con- 
trolled for a long time exhibit short stature and growth failure 
and may be prone to adiposity. Delayed bone age and reduced 
postpubertal bone mineral density are common.*° Xanthomas can 
appear after puberty and localize to the elbows, knees, buttocks, 
or nasal septum, the last leading to epistaxis. Patients with GSD 
type I are susceptible to a wide spectrum of neurologic injury that 
may result in epilepsy, hearing loss, and abnormal neuroimaging 
findings, likely a result of recurrent episodes of hypoglycemia.*” 

Other metabolic and extrahepatic comorbidities can be seen. 
Lactic acid levels can reach 4 to 8 times normal; the accompanying 
metabolic acidosis may manifest as muscle weakness, hyperventi- 
lation, malaise, headache, or recurrent fever. Hyperuricemia is 
common and may lead to gout, arthritis, or progressive nephrop- 
athy. Nephromegaly secondary to increased glycogen deposition 
is common, and with advancing age, progressive renal disease, 
hypertension, and renal failure requiring dialysis and transplan- 
tation may develop. Because of hypoglycemia, patients have 
chronically high serum levels of glucagon with depressed levels 
of insulin. Hypertriglyceridemia and hypercholesterolemia are 
present in both GSD Ia and GSD Ib (but more prominently in 
GSD Ia) and may account for the greater frequency of xanthoma 
formation. Hypercalcemia during acute metabolic decompensa- 
tion has been observed. Bleeding dysfunction, manifest as recur- 
rent epistaxis, easy bruising, oozing after dental surgeries, and 
menorrhagia, can be seen secondary to impaired platelet function 
or acquired von Willebrand—like disease.*+°* 

Patients with GSD type Ib often also have severe intermittent 
neutropenia and neutrophil dysfunction as well as high platelet 
counts. Crohn-like IBD often occurs in patients with GSD type 
Ib at the time of severe neutropenia, and patients are prone to 
severe bacterial infections, with abscess formation throughout 
the body.’ No correlation has been found between the severity 
of bacterial infections or degree of neutropenia and the molecular 
defect in Glu-6-P transport activity in humans with GSD type Ib, 
suggesting that other as yet unknown factors, such as modifying 
genes, define the ultimate disease phenotype. 


Hepatic Involvement 


Hepatomegaly in GSD type I results from increased glycogen 
storage in the liver, as well as a large degree of fatty infiltration; 
the latter likely develops because of a wide array of perturbations 
in lipid metabolism, including increased free fatty acid flux into 
the liver.°! Patients demonstrate mild elevations in serum amino- 
transferase levels but generally do not develop cirrhosis or liver 
failure. 

Hepatocellular adenomas develop in 22% to 75% of patients, 
as early as 3 years of age but most commonly in the second 
decade of life, and tend to increase in both size and number as 
the patient ages (see Chapter 96). In hepatocellular adenomas 
in GSD type I, B-catenin mutations have been reported in 28%, 
but differ from sporadic adenomas in that hepatic nuclear fac- 
tor la inactivation has not been observed; inflammatory-type 
adenomas may also occur®’ (see Chapter 96). In rare instances, 
adenomas can transform to HCC; unfortunately, serum AFP 
and carcinoembryonic antigen levels, as well as features of the 
lesions on hepatic imaging, are not predictive of malignant trans- 
formation.“t Whether poor metabolic control increases the risk 
of hepatocellular adenoma formation in patients with GSD type 
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Ia is controversial.©> In some patients, hepatocellular adenomas 
have been demonstrated to regress and disappear after adequate 
nutritional therapy, but in general, the course is unpredictable, 
especially in nonadherent patients. Because imaging and serum 
marker levels are unreliable in predicting malignant transforma- 
tion in this patient population, it is uncertain whether resection 
of an adenoma or LT is preferable. 


Diagnosis 


In suspected cases of GSD type I, mutation analysis is the first 
choice for diagnosis. Complete G6PC sequencing is usually 
performed first; unless neutropenia is present, in which case 
SLC37A4 sequencing should be pursued.’ Although liver biopsy 
is no longer necessary when GSD type 1 is suspected, Glu-6-Pase 
activity can be analyzed on snap-frozen liver tissue. Deficient 
enzyme activity confirms the diagnosis of GSD type Ia. Targeted 
mutation analysis is useful for prenatal diagnosis and carrier test- 
ing for patients with a known family mutation and may be useful 
when knowledge of common mutations for specific ethnic groups 
is available.* Multigene panels that include G6PC, SLC37A4, 
and other genes of interest are available.” 


Treatment 


GSD type I is a multisystem disorder best managed by a team of 
health care professionals with experience in managing the mul- 
tiple aspects of the disease. Management centers on preventing 
the acute metabolic derangements and potential long-term com- 
plications and enabling the patient to attain normal psychologi- 
cal development and a good quality of life. In general, a primary 
physician with expertise in metabolic disorders should coordinate 
the patient’s care with other specialists, including a metabolic 
dietician, nephrologist, geneticist, endocrinologist, hepatologist, 
genetic counselor, neurologist, and cardiologist, depending on 
the clinical manifestations.*+ 

Consensus guidelines for the management of GSD type I 
have been proposed.** Maintaining blood glucose levels at 
70 mg/dL or greater is important to achieve good metabolic 
control. Levels should be kept consistent to avoid hypogly- 
cemia and fluctuations in the blood glucose levels. In infants 
and children, the avoidance of fasting for more than 3 to 4 
hours is critical, because hypoglycemia and its accompanying 
complications often can develop. In older children and ado- 
lescents, fasting up to 5 to 6 hours may be safe. Regular blood 
glucose monitoring is critical to establish an optimal regimen. 
Offering smaller, more frequent meals and avoiding sucrose, 
fructose, and galactose are generally recommended. Access via 
nasogastrostomy or a surgically placed gastrostomy tube is rec- 
ommended for emergencies and overnight gastric feeds. Raw, 
uncooked cornstarch is often introduced between 6 and 12 
months of age for management. General guidelines for dosing 
are 1.6 g of cornstarch per kilogram of body weight every 3 to 
4 hours for young children and 1.7 to 2.5 g of cornstarch per 
kilogram every 4 to 5 hours for older children, adolescents, and 
adults. Some adults may require only one dose of cornstarch at 
bedtime to maintain their glucose levels.®* Overnight admin- 
istration of modified cornstarch has demonstrated the abil- 
ity to prevent hypoglycemia more effectively than uncooked 
cornstarch.® Because optimal glycemic control is not always 
possible and the risk of severe hypoglycemia is high if deliv- 
ery of glucose is interrupted inadvertently, serum lactate levels 
should be kept at the high end of normal, because lactate is an 
alternative fuel for the brain. Multivitamins, calcium, and vita- 
min D supplementation are necessary because of the restricted 
nature of the diet. Importantly, both undertreatment (resulting 
in hypoglycemia) and overtreatment (resulting in insulin resis- 
tance) can be harmful.>* 
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Patients should undergo regular monitoring for the devel- 
opment of liver adenomas, especially after the onset of puberty. 
Although good metabolic control may lead to regression of the 
adenomas, there remains the risk of transformation to HCC, par- 
ticularly when the size or number of lesions increase rapidly or 
the vascularity increases. An abdominal US should be performed 
at baseline and then every 12 to 24 months. Additional imaging 
modalities such as CT, MRI, or contrast-enhanced US can be 
considered to characterize suspicious lesions. Percutaneous eth- 
anol injection, radiofrequency ablation, and partial liver resec- 
tion are treatment options for liver adenomas (see Chapter 96).*+ 
Monitoring for the development of renal comorbidities in patients 
with GSD type I should include US assessment to determine kid- 
ney size and growth, as well as the presence of nephrolithiasis 
or nephrocalcinosis. Urinalysis, urine electrolyte determination, 
and glomerular filtration rate (GFR) determinations should be 
assessed regularly. Angiotensin-converting enzyme inhibitors can 
be used in the setting of hyperfiltration (sustained estimated GFR 
>140 mL/min/1.73 m2) and when either microalbuminemia or 
proteinuria occur.*+ 

The presence of anemia should prompt investigation for 
nutritional causes, adenomas, enterocolitis, and occult blood loss. 
Severe anemia should trigger an evaluation for adenomas in GSD 
type Ia and enterocolitis in GSD type Ib. Neutropenic patients 
with GSD type Ib should be treated with granulocyte colony- 
stimulating factor, particularly if there is associated fever, infec- 
tions, or enterocolitis.°+ 

Adenoviral-mediated gene replacement therapy of recom- 
binant Glu-6-Pase in both murine and canine models of GSD 
type Ia deficiency has led to encouraging results and may be an 
option in humans in the future”; however, the adenoviral vector 
genomes have been shown to be gradually lost over the weeks 
following vector administration.’' Hepatocyte transplantation 
has been performed successfully in patients with GSD type I, but 
long-term outcomes are lacking.” LT has corrected the meta- 
bolic error in patients with GSD type I and permitted normal- 
ization of fasting tolerance and catch-up growth; however, other 
extrahepatic comorbidities such as renal disease and neutropenia 
persist and progress.’+ 


Type Ill 


GSD type III results from mutations in the AGL gene with result- 
ing deficiency in the glycogen-debranching enzyme (GDE) and 
leads to the accumulation of limit dextrin units, which restrict 
subsequent glucose release by phosphorylase. Because deficiency 
of GDE does not interfere with metabolism of Glu-6-P, patients 
with GSD type III retain effective mechanisms for gluconeogen- 
esis. Therefore, the clinical course is milder than in patients with 
GSD type I, and patients can fast for longer periods; most survive 
into adulthood. In infancy, however, GSD type III may be indis- 
tinguishable from GSD type I. 

GDE possesses 2 independent catalytic activities, an amylo- 
1,6-glucosidase and oligo-1,4-1,4 glucan transferase. Both activ- 
ities are deficient in the 2 main clinical subtypes of GSD type 
II, types Ia and IIIb. Differential expression of 4 major GDE 
mRNA isoforms in liver and muscle tissue distinguishes the 2 
types: type IIIa affects liver and muscle and accounts for 80% of 
patients, and type IIb affects the liver only and accounts for 15% 
of patients. Rare isolated loss of 1 of the 2 GDE activities has 
been observed (i.e., glucosidase activity in type IIc and transfer- 
ase activity in type IIId).”>.” 


Clinical Features 


Persons with GSD type III typically exhibit hypoglycemia, hep- 
atomegaly, and growth failure. Liver enlargement results from 
increased glycogen deposition, not fatty infiltration. The liver 


may show fibrotic septa that rarely lead to frank cirrhosis and 
ESLD. Serum lactate and uric acid levels are normal, and ami- 
notransferase levels are increased only moderately until advanced 
liver disease occurs. Hyperlipidemia may be present but is not as 
pronounced as in GSD type I. Patients have normal responses to 
fructose and galactose loading. 

Patients with GSD type III may also display progressive skel- 
etal, cardiac, and bulbar muscle weakness, which worsens with 
activity, and muscle wasting.” Nephromegaly is not seen, 
but ventricular hypertrophy or cardiac arrhythmias may occur; 
frequent cardiac evaluation and monitoring are recommended. 
Hepatomegaly and ketotic hypoglycemia accompanied by ele- 
vations in serum aminotransferase and creatinine kinase (rep- 
resenting muscle injury) levels are suggestive of GSD type III. 
Identifying pathogenic AGL variants confirms the diagnosis with 
both targeted single gene testing and multigene panels avail- 
able. If genetic testing does not confirm the diagnosis, direct 
enzyme analysis of peripheral leukocytes, muscle, or liver tissue 
can be performed.’> Comorbidities in GSD type III are common, 
including cardiac complications in 58%, neuromuscular compli- 
cations in 34%, and hepatic complications in 11% of patients.’* 


Treatment 


A high-protein, low-carbohydrate diet has been suggested to nor- 
malize metabolic activity, ensure normal growth, restore muscle 
function, and minimize hepatomegaly. This diet provides ade- 
quate substrates for gluconeogenesis while reducing the need for 
glycogen storage. Unlike GSD type I, patients with GSD type HI 
need not avoid fructose and galactose, because these sugars can 
be used for energy production. Patients with refractory hypogly- 
cemia or persistent hepatomegaly may require a nighttime con- 
tinuous infusion or cornstarch, as is used for GSD type I. LT 
has been successful but is usually not necessary for patients with 
GSD type II, even in those with evidence of cirrhosis, if liver 
synthetic function remains well preserved. Following transplan- 
tation, extrahepatic complications such as heart and muscle dys- 
function persist.’>»’° 


Type IV 


Deficiency of the branching enzyme is seen in GSD type IV, a 
rare syndrome also known as amylopectinosis. Glycogen and amy- 
lopectin accumulate in hepatocytes, leading to hepatomegaly, 
abdominal distention, and failure to thrive, most commonly dur- 
ing infancy. Signs of liver disease, when present, predominate 
later in the disease course. Several variable forms of GSD type IV 
have been observed: a fatal perinatal neuromuscular subtype, which 
presents in utero with fetal akinesia deformation sequence, poly- 
hydramnios, and hydrops, with fetal death generally occurring 
in the neonatal period; a congenital neuromuscular subtype, which 
presents in the newborn period with profound hypotonia, respi- 
ratory distress, and dilated cardiomyopathy, with death usually 
in early infancy; a classic (progressive) hepatic subtype in which the 
child appears normal at birth but rapidly develops failure to thrive 
with hepatomegaly, liver dysfunction, hypotonia, and dilated car- 
diomyopathy, with death from liver failure usually by 5 years of 
age; a nonprogressive hepatic subtype in which children demonstrate 
liver dysfunction that does not progress; and a rare childhood neu- 
romuscular subtype in which clinical features may not present until 
the second decade and the clinical course is variable.” Genotype- 
phenotype analyses of the branching enzyme gene have revealed 
a high degree of molecular heterogeneity without clear clinical 
associations.°0.*! 

Hypoglycemia is relatively uncommon, and responses to 
fructose and galactose challenges are normal. Serum lactate and 
pyruvate levels are normal, and serum aminotransferase lev- 
els are typically elevated in the hepatic subtypes. Progressive 
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Fig. 77.3 Histopathology of a liver biopsy specimen from a patient with glycogen storage disease 

type IV. A, At low power, the loss of the normal trabecular hepatic architecture is seen. (H & E, x20.) 

B, A higher-power photomicrograph shows the accumulation of “ground-glass” cytoplasmic inclusions 
within the hepatocytes; this finding is a consequence of abnormal intracellular processing of amylopectin- 
like material. (H & E, x100.) 


macronodular cirrhosis is present with an abundance of periodic 
acid-Schiff—positive deposits (amylopectin) in hepatocytes (Fig. 
77.3). Cirrhosis may progress to liver failure, and, rarely, adeno- 
mas and HCC may develop.® The diagnosis of GSD type IV 
can be made by direct enzyme analysis of liver tissue or fibro- 
blasts. Molecular testing may reveal mutations of the GBE/ gene 
in which pathological variants are known to cause GSD type IV. 
Most patients die within the first 3 years of life if the disease 
is untreated. Diets high in protein and low in carbohydrate have 
been associated with improved growth but have had little effect on 
liver involvement. LT results in correction of the metabolic error 
and normal growth for most patients; however, persistence of 
amylopectin deposits in the heart (with progressive cardiomyopa- 
thy leading to death) and leukocytes has been described in a small 
subset of patients. A mouse model of GSD type IV has been 
established,*+ with systemic correction of the disease achieved 
with adenoviral-mediated therapy.*> Human trials are awaited. 


CONGENITAL DISORDERS OF GLYCOSYLATION 


Congenital disorders of glycosylation (CDGs) comprise a group 
of inherited defects in the enzymes that synthesize the glycan moi- 
ety of glycoproteins or the macromolecules that affect intracellu- 
lar trafficking and functioning of glycoproteins.*° The CDGs can 
be divided into 4 groups: (1) disorders of protein N-glycosylation, 
(2) disorders of protein O-glycosylation, (3) disorders of lipid 
glycosylation, and (4) disorders of other glycosylation pathways 
and of multiple glycosylation pathways.*’ More than 130 CDGs 
involving both asparagine (N)- and serine/threonine (O)-linked 
protein glycosylation have been reported.***? The clinical spec- 
trum is broad, impacting every organ system. Many of these dis- 
orders lead to dysfunction of the liver, intestine, or both.”? 

Protein glycosylation is complex and involves multiple enzy- 
matic steps and subcellular compartments.”! Secretory glycopro- 
teins with altered carbohydrate moieties in patients with CDGs 
include coagulation factors, albumin and other binding proteins, 
growth hormone, apolipoproteins, insulin, and thyroxine-bind- 
ing globulin. Because protein glycosylation occurs in all cells, it 
is not surprising that patients with a CDG exhibit multisystem 
abnormalities, often dominated by central nervous system mani- 
festations.”! 


In general, potential glycosylation disorders can be assessed 
with biochemical biomarkers; however, markers do not identify 
the genetic defect. The use of advanced mass spectrometry to 
detect abnormalities in serum transferrin is the best marker for 
detecting most disorders affecting the N-glycosylation pathway.” 

Hepatic dysfunction in patients with CDG is present in 
about 22% of patients.” In general, liver involvement in CDG 
is mild, with hepatic steatosis and fibrosis typically seen on 
light microscopy; on electron microscopy, lysosomal vacuoles, 
termed mzyelosomes, with concentric electron-dense membranes 
and variable electron-lucent and electron-dense material, are 
noted. Patients uncommonly can progress to cirrhosis and liver 
failure.” 

A simplified nomenclature system uses a nonitalicized gene 
name followed by CDG; for example, CDG-Ia is PMM2-CDG 
(see later).°° Two main groups of protein N-glycosylation disor- 
ders, I and II, have been delineated on the basis of characteristic 
isoelectric focusing patterns of serum transferrin, a marker pro- 
tein for this group of disorders. Group I disorders involve aber- 
rant processing of lipid-linked oligosaccharides before transfer to 
protein targeted for glycosylation and include the 3 most com- 
mon and best characterized types of CDG (types Ia, Ib, and Ic). 
Clinical features in common among these 3 disorders are pro- 
tein-losing enteropathy, coagulopathy (both procoagulant and 
anticoagulant states), feeding difficulties, and hepatomegaly.”° In 
patients with genetic diseases affecting protein N-glycosylation in 
the ER, liver symptoms in distinct subtypes of autosomal reces- 
sive disease have been reported to overlap with those of polycystic 
liver disease (see Chapter 96).”* 

CDG type Ia (PMM2-CDG) is caused by defects in phos- 
phomannomutase (PMM), an enzyme that converts mannose- 
6-phosphate to mannose-1-phosphate (Fig. 77.4). Multiple 
distinct mutations have been found in the PMM2 gene; most 
patients are compound heterozygotes for mutations that likely 
preserve some residual PMM enzymatic activity, thereby sug- 
gesting that complete loss of PMM activity is incompatible with 
life. Targeted disruption of the Prm2 gene in the mouse leads to 
early embryonic lethality.” Patients with PMM2-CDG typically 
have severe neurologic abnormalities, dysmorphisms (inverted 
nipples, abnormal fat distribution, and esotropia), and congenital 
hepatic fibrosis and steatosis.” 
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Fig. 77.4 Pathway of mannose metabolism. Enzymes are shown in 
italics. GDP, guanosine diphosphate. 


Patients with CDG type Ib (MPI-CDG) have a defect in phos- 
phomannose isomerase, which converts fructose-6-phosphate to 
mannose-6-phosphate (see Fig. 77.4). In addition to intractable 
diarrhea, protein-losing enteropathy, and congenital hepatic fibro- 
sis, recurrent episodes of hyperinsulinemic hypoglycemia and 
cyclic vomiting have been reported.” Neurologic symptoms are 
usually absent, and dysmorphic features are less common than in 
CDG type Ia. Many patients with CDG type Ib have been treated 
effectively with dietary mannose, making CDG type Ib the only 
specifically treatable form of CDG, although liver fibrosis can 
develop despite improvement in clinical symptoms.” LT has been 
shown to be beneficial in a few patients with full clinical recovery.” 

Transient hepatomegaly, without congenital hepatic fibrosis, 
has been noted in patients with CDG type Ic (ALG6-CDG); oth- 
erwise, the clinical features of CDG type Ic are similar to but 
milder than those of CDG type Ia.” Patients with CDG type 
Th (ALG8-CDG) may also manifest protein-losing enteropathy 
with chronic diarrhea, hepatic fibrosis, and variable degrees of 
hepatic dysfunction.”° Children with untyped cases of CDG have 
been found to have isolated cryptogenic chronic liver disease, 
mild coagulopathy, and mild portal fibrosis and focal steatosis on 
liver biopsy specimens. !°° 

Group II CDGs involve defects that affect the processing 
of N-linked glycoproteins.°° Most types result from defects in 
enzymes involved in the trimming of protein-bound oligosac- 
charides and the subsequent addition of terminal sugars. Patients 
have marked dysmorphic features and severe developmental 
delay. Two infants with hepatosplenomegaly, progressive jaun- 
dice, severe epilepsy, recurrent infections, and heart failure have 
been shown to have mutations in a subunit of the conserved 
oligomeric Golgi complex that result in disruption of glycosyl- 
ated protein intracellular trafficking. Another CDG type II dis- 
order with liver involvement has been reported in an infant with 
recurrent infections, chronic diarrhea, progressive cirrhosis, and 
normal hepatic excretory and synthetic function.!°! 

Any patient with unexplained congenital hepatic fibrosis, protein- 
losing enteropathy, or a procoagulant tendency should be evaluated 
for CDG. Initial screening is with a serum transferrin level with 
isoelectric focusing, followed by confirmatory enzymatic analysis in 
fibroblasts, leukocytes, or liver tissue.” If the diagnosis of CDG type 
Tb is confirmed, oral mannose therapy should be initiated. 
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Fig. 77.5 Pathway of heme synthesis. The location of the enzymatic 
deficiency in the various forms of porphyria is noted. On the left, 

the enzymes are shown in italics. On the right, abbreviations for the 
cutaneous porphyrias are shown in italics and blue, and those for the 
acute porphyrias are shown in roman typeface. ADD, 5-aminolevulinic 
acid (ALA) dehydratase deficiency; A/P, acute intermittent porphyria; 
CEP, congenital erythropoietic porphyria; CoA, coenzyme A; EPP, 
erythropoietic protoporphyria; HCP, hereditary coproporphyria; HEP, 
hepatoerythropoietic porphyria; PBG, porphobilinogen; PCT, porphyria 
cutanea tarda; VP, variegate porphyria. 


PORPHYRIAS 


The porphyrias are a diverse group of metabolic diseases that 
result from deficiencies in enzymes involved in the heme syn- 
thetic pathway. 


Pathophysiology 


The metabolic pathways of heme synthesis are essentially the 
same in the 2 tissues in which heme synthesis primarily occurs, 
the liver (15% to 20%) and the bone marrow (75% to 80%), 
although synthetic control may be different in these tissues. The 
rate-limiting step in hepatic heme synthesis begins with the con- 
version of glycine and succinyl coenzyme A (CoA) to 5-aminolev- 
ulinic acid (ALA) by the action of ALA synthase (Fig. 77.5). ALA 
synthase activity is decreased by the end-product of the pathway, 
heme, and is increased by substances that induce hepatic cyto- 
chrome P450 enzymes. Six additional enzymatic steps convert 
ALA to protoporphyrin IX (see Fig. 77.5). In the final step of the 
pathway, protoporphyrin IX is coupled to ferrous iron by fer- 
rochelatase to create heme. Enzyme deficiencies arising from any 
of the 8 steps of the heme synthetic pathway lead to clinically 
apparent porphyria.!° 


TABLE 77.1 The Porphyrias 


Acute Porphyrias 


Enzymatic Defect 


Mode of Inheritance 
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Clinical Findings 


Site of Expression 


Substances Detected in 
Urine and/or Stool 


Acute intermittent PBG deaminase Autosomal dominant 
porphyria 
ALA dehydratase ALA dehydratase Autosomal recessive 
deficiency 
Hereditary Coproporphyrinogen Autosomal dominant 
coproporphyria oxidase 
Variegate porphyria Protoporphyrinogen Autosomal dominant 
oxidase 


CUTANEOUS PORPHYRIAS 


Congenital Uroporphyrinogen III Autosomal recessive 
erythropoietic cosynthase 
porphyria 

Erythropoietic Ferrochelatase Various 
protoporphyria 

Hepatoerythropoietic  Uroporphyrinogen Ill Autosomal recessive 
porphyria decarboxylase 


Autosomal dominant or 


eurologic 


eurologic 


leurologic, cutaneous 


leurologic, cutaneous 


Cutaneous 


Cutaneous, rarely 
neurologic 


Cutaneous 


Cutaneous 


Liver 


Liver 


Liver 


Liver 


Bone marrow 


Liver, bone marrow 


Liver, bone marrow 


Liver 


Urine: ALA < PBG 


Urine: ALA 


Urine: ALA > PBG, 
coproporphyrin 
Stool: coproporphyrin 
Urine: ALA > PBG, 
coproporphyrin 
Stool: coproporphyrin, 
protoporphyrinogen 


Urine and stool: 
coproporphyrin | 


Stool: protoporphyrin, 
coproporphyrin 

Urine: uroporphyrin, 
7-carboxylate porphyrin 

Stool: isocoproporphyrin 


Urine: uroporphyrin, 
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Porphyria cutanea tarda Uroporphyrinogen III 


decarboxylase acquired 


7-carboxylate porphyrin 
Stool: isocoproporphyrin 


ALA, 5-aminolevulinic acid; PBG, porphobilinogen. 


The porphyrias are commonly classified according to clini- 
cal features into 2 main groups: acute porphyrias, which are due 
to hepatic overproduction of the porphyrin precursors and char- 
acterized by dramatic, potentially life-threatening neurologic 
symptoms, and cutaneous porphyrias, which result from overpro- 
duction of photosensitizing porphyrins and typically cause few 
or no neurologic symptoms but instead give rise to a variety of 
severe skin lesions (Table 77.1). In 5 of the porphyrias, the liver 
is the major site of expression; in 2 others, both the liver and 
bone marrow are involved; and in one only the bone marrow is 
involved.!° 


Acute Porphyrias 


The symptoms and signs of the acute neurovisceral attacks that 
occur in the 4 acute porphyrias vary considerably. Abdominal 
pain is present in more than 90% of patients, followed in fre- 
quency by tachycardia and dark urine in about 80% of patients. 
Neuropsychiatric features include hysteria, depression, psychosis, 
confusion, hallucinations, seizures, and coma, although little evi- 
dence suggests that chronic psychiatric illness occurs. An inability 
to concentrate may be the initial presenting complaint.'°? Other 
features are constipation, extremity pain, paresthesias, nausea, 
vomiting, urinary retention, hypertension, peripheral sensory 
deficits (often in a “bathing trunk” distribution), and weakness 
leading to ascending paralysis or quadriplegia. These neurologic 
attacks appear to be related to the overproduction of ALA and 
porphobilinogen (PBG), which leads to higher serum and tissue 
levels of these neurotoxic products. 

Acute episodes are about 5 times more common in women 
than men and may be precipitated by many factors, most com- 
monly drugs, alcohol ingestion, and smoking.!°* Other incit- 
ing factors are fasting, infections, and pregnancy; some women 
report greater problems during the luteal phase of their menstrual 
cycles. The disease is clinically latent in 65% to 80% of patients. 


ALA dehydratase deficiency is a rare syndrome with autoso- 
mal recessive transmission in which the enzyme activity is less 
than 3%. The enzyme activity is 50% of normal in carriers, who 
are asymptomatic. Affected patients have severe, recurrent neu- 
rologic attacks that may be life threatening. They excrete large 
amounts of ALA in their urine. LT was reported to result in com- 
plete resolution of symptoms in one patient with ALA dehydra- 
tase deficiency.! 

The 3 remaining acute porphyrias—acute intermittent por- 
phyria (AIP), hereditary coproporphyria (HCP), and variegate 
porphyria (VP)—result from partial deficiency of the enzymes 
PBG deaminase, coproporphyrinogen oxidase, and protopor- 
phyrinogen oxidase, respectively. All 3 disorders are inherited in 
an autosomal dominant fashion with variable expression. AIP is 
the most common, with the prevalence of mutations in Western 
populations of approximately one carrier per 2000 persons, and 
manifests primarily as derangements in the autonomic nervous 
system or as a psychiatric disorder.!°?:!°° VP is more common in 
South Africa than elsewhere. Although HCP and VP give rise to 
neurologic symptoms similar to those of AIP, cutaneous lesions 
also occur in HCP and predominate in VP.!°7 


Cutaneous Porphyrias 


The cutaneous porphyrias differ from the acute porphyrias in 
that affected patients exhibit few or no neurologic symptoms. In 
these illnesses, excess porphyrins or porphyrinogens are depos- 
ited in the upper dermal capillary walls, where these photoreac- 
tive compounds cause tissue damage that manifests as cutaneous 
vesicles and bullae in areas exposed to light or excessive mechani- 
cal manipulation. Scarring, infection, pigment changes, and 
hypertrichosis can follow and even lead to severe mutilation. 
Porphyria cutanea tarda (PCT), the most common of the 
porphyrias, typically involves an 80% reduction in activity of the 
enzyme uroporphyrinogen HI decarboxylase. Patients usually 
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present after 40 years of age. Two types of PCT are recognized. 
Type I PCT affects 80% of patients and is a sporadic (acquired) 
form in which the enzyme deficiency is restricted to the liver. 
Type II, which affects the other 20% of patients, is familial and 
inherited in an autosomal dominant fashion with incomplete pen- 
etrance; the enzyme deficiency occurs in all tissues.!°° Symptoms 
develop in fewer than 10% of patients with type II PCT. Type 
I PCT is associated strongly with high alcohol intake, estrogen 
therapy, and systemic illnesses, including systemic lupus ery- 
thematosus, diabetes mellitus, chronic kidney disease, and HIV 
infection. HCV infection is also a known susceptibility factor for 
PCT. HCV infection, which increases oxidative stress in hepato- 
cytes and suppresses hepcidin production, increases iron absorp- 
tion from the intestine and is associated with 50% to 70% of cases 
of PCT in the USA.!° The frequency of mutations of the HFE 
gene, which causes hereditary hemochromatosis, is increased in 
patients with types I and II PCT, and these mutations are suscep- 
tibility factors for clinical expression of the PCT phenotype (see 
Chapter 75).!!° Iron overload enhances oxidation of uroporphy- 
rinogen to uroporphomethene, an inhibitor of uroporphyrinogen 
HI decarboxylase activity, thereby explaining the association of 
increased oxidative stress and the unmasking of the PCT pheno- 
type.!!! This association is consistent with pathologic findings in 
liver biopsy specimens from patients with PCT, of whom 80% 
have siderosis, 15% have cirrhosis, and most have evidence of 
iron overload. Patients usually do not show signs of overt clinical 
liver disease, apart from elevated serum aminotransferase levels. 

Hepatoerythropoietic porphyria (HEP) is a rare form of por- 
phyria with a pathogenesis like that of PCT. HEP results from 
pathogenic variants in the uroporphyrinogen III decarboxylase 
gene with resulting uroporphyrinogen IMI decarboxylase defi- 
ciency, yielding less than 10% of normal enzyme activity. The 
cutaneous lesions, which resemble those of PCT and are charac- 
terized by blistering skin lesions, hypertrichosis, and scarring, are 
typically severe and mutilating. The disease usually manifests in 
the first year of life. As the patient ages, the dermatologic mani- 
festations may subside, but liver disease, characterized by a non- 
specific hepatitis, worsens.!!? 

Congenital erythropoietic porphyria (CEP) is a rare form of 
porphyria with autosomal recessive transmission that is caused 
by deficiency of uroporphyrinogen II cosynthase, which mainly 
affects erythropoietic tissue. Patients typically present in the first 
year of life with blisters and disfiguring skin lesions in exposed 
areas and may present with pink urine and photosensitivity. As 
patients age, erythrodontia, a pathognomonic red or brownish 
discoloration of the teeth, is commonly seen. CEP can be distin- 
guished clinically from HEP by the presence in some cases of a 
Coombs-negative hemolytic anemia, which can be quite severe. 
Splenomegaly is common. Gain-of-function mutations in the 
ALA synthase 2 (ALAS2) gene in patients with CEP suggest that 
ALAS? is a modifier gene for CEP disease by increasing the flux 
of ALA production.!!? 

Erythropoietic protoporphyria (EPP) is caused by partial defi- 
ciency of the enzyme ferrochelatase, the final step in the heme 
synthetic pathway. EPP is the second most common type of 
porphyria and has been thought to be inherited in an autosomal 
recessive manner.!!*!!5 Although the bone marrow is the pre- 
dominant source of excess protoporphyrin, with a variable con- 
tribution from the liver and other tissues, the skin is the primary 
site of deposition of this phototoxic compound in patients with 
EPP. Therefore, the principal clinical manifestation is exquisite 
photosensitivity, which may present during infancy and can lead 
to a wide spectrum of symptoms (e.g., itching, burning, pain) and 
to scars and lichenification of the skin. Vesicles are rare. Patients 
with EPP may have a mild hypochromic, microcytic anemia.!!* 

Clinical liver disease, reported in the patient’s medical his- 
tory or determined by elevated serum aminotransferase levels, 
has been reported in up to 33% of patients with EPP and results 


from progressive hepatic accumulation of protoporphyrin.!!+!!¢ 
Liver disease typically occurs after age 30 but has been described 
in children. The liver appears black and nodular, with hepato- 
cellular necrosis, portal inflammation, cholestasis, and extensive 
deposits of dark brown pigment in hepatocytes, Kupffer cells, 
and biliary structures; birefringence of pigment deposits is seen 
on polarization microscopy.!!’ Biochemically, total erythrocyte 
protoporphyrin (ePPIX) levels can be measured. Increased lev- 
els have been shown to be a significant determinant of disease 
severity and liver dysfunction. Patients with higher ePPIX levels 
(>2000 pg/dL) should be monitored more closely for evidence of 
liver disease.!!+ 


Hepatic Involvement 


Hepatic involvement in porphyria is variable; in general, patients 
with acute porphyria may have elevated serum aminotransferase 
and bile acid levels, with further increases during acute episodes. 
Liver biopsy specimens may show steatosis and iron deposition. 
Although these changes are minor, patients with acute porphyria 
are at increased risk for the development of primary liver can- 
cers. 118 


Diagnosis 


The approach to the diagnosis of the porphyrias is summarized 
in Table 77.1. Clinical features alone are usually not specific 
enough to confirm a diagnosis or distinguish among the vari- 
ous forms of porphyrias. The diagnosis of porphyria should be 
considered in patients with recurrent bouts of severe abdominal 
pain, dark urine, constipation, and neuropsychiatric disturbances 
or in patients with typical dermatologic findings. To differentiate 
among the different porphyrias, urine and stool samples should 
be obtained for porphyrin studies and a urine specimen collected 
for quantitative ALA and PBG determinations. 

In AIP, elevated PBG levels in urine or plasma are specific, 
reaching up to 150 times the upper limit of normal during an 
acute flare.!°? Patients with HCP and VP excrete high levels of 
ALA and PBG in the urine; in contrast to those with AIP, these 
patients excrete more ALA than PGB. A “spot” urine test to 
detect urinary PBG is recommended to diagnose the acute por- 
phyrias, except for the rare patient with ALA dehydratase defi- 
ciency.!!° Fecal coproporphyrins are increased in both HCP and 
VP, whereas only in VP is the amount of fecal protoporphyrin 
also increased. 

Once a diagnosis of porphyria is biochemically confirmed, 
gene sequencing should be performed.!*° Many gene mutations 
have been identified for several acute porphyrias, including AIP, 
VP, and HCP. Specific gene sequencing can be performed in 
the setting of a specific biochemical profile, and when results are 
incomplete or not definitive, multigene panels are available.'° 
Given the high degree of genetic heterogeneity, the lack of clear 
genotype-phenotype correlations, and the failure to find muta- 
tions in 5% to 10% of families with available techniques, genetic 
testing is not recommended as a general screening tool.!°°.!70 If 
an index case of porphyria is identified, screening of asympto- 
matic family members, together with appropriate genetic coun- 
seling, may be helpful. 


Treatment 


The overall survival of patients with acute porphyria is good. 
Consensus guidelines for the treatment of acute porphyria attacks 
are available.!!’?! Generous fluid and glucose administration 
(preferably 10% dextrose in 0.45% saline) is recommended dur- 
ing acute attacks and can elicit the “glucose effect” that dimin- 
ishes ALA synthase activity. Antiemetic agents, analgesic agents, 
and, if indicated, antiseizure medications are administered.!°* IV 


administration of hematin, a congener of heme, is the only cur- 
rent specific treatment for acute attacks. The medicine is gener- 
ally effective at a dose of 3 to 4 mg/kg given once per day, with a 
notable decrease in PBG levels by day 3 of treatment. Resolution 
of pain and nausea typically follows, and patients can be dis- 
charged once weaned from narcotics and tolerating oral intake.!° 
Notably, hematin has several shortcomings, including instability 
in solution, the need for rapid infusion following constitution, the 
requirement for use of a large vein or central catheter for admin- 
istration, negative effects on platelet function and coagulation, 
and the potential for hepatic iron buildup, with resulting iron 
overload-induced injury.!°? Therefore, alternatives to the use of 
IV hematin are being developed. Both viral vector gene therapy 
and small interfering RNA approaches are under investigation. 
Small studies in humans have been performed with each approach. 
A pilot investigation using viral gene therapy demonstrated the 
therapy to be well tolerated from a safety perspective, but no effect 
on levels of ALA or PBG was seen following delivery of a normal 
hydroxymethylbilane synthase gene.!?? A phase 1 study of small 
interfering RNA therapy directed against ALA synthase 1, which 
aimed to reduce production of ALA, demonstrated decreased 
expression of ALA synthase 1 within 24 hours and lasting for 
at least 1 month.'° Future efforts to determine the efficacy in 
patients with recurrent acute attacks may enable improved clinical 
management for patients with these devastating diseases. 

Recommendations for the long-term management of acute 
hepatic porphyrias are also available.!?? A baseline physical 
examination, including complete dermatologic and neurologic 
assessments, and laboratory testing should be performed. Iron 
deficiency, not related to the porphyria, is common and should 
be treated when present, because it can contribute to chronic 
symptoms.!? Patients should be monitored for the development 
of porphyria-related nephropathy, typically manifest as chronic 
tubulointerstitial nephropathy or focal cortical atrophy.!’*!?° 
Important in the overall management of patients with porphyria 
is the identification, with subsequent avoidance or elimination, of 
precipitating factors that can trigger or worsen an acute attack. 
Particular attention should be paid to medications that have been 
demonstrated to be unsafe or risky in patients with porphyria, 
and publicly available drug databases are available (http://www. 
porphyriafoundation.com/drug-database, http://www.drugs- 
porphyria.org/). LT has been successful in patients with severe, 
intractable disease that has not responded to more traditional 
therapeutic approaches. Because of the associated increase in 
morbidity and mortality and because of the risk of reaccumula- 
tion of toxic metabolites in the graft, LT should be considered 
a treatment of last resort.!2°!?”-30 Because of the increased fre- 
quency of HCC, patients with AIP with recurrent attacks or past 
symptoms should undergo surveillance liver imaging at 6- to 
12-month intervals after age 50 (see Chapter 96).!7° 

Patients with AP and advanced renal disease tolerate and ben- 
efit from renal transplantation. Some patients with both repeated 
attacks and end-stage renal disease have undergone combined 
liver-kidney transplantation.!3! 

The dermatologic sequelae of porphyrias are best managed 
with sunlight avoidance. The wavelengths of light that excite 
the porphyrins (410 nm) are common to many light sources, 
and patients affected by porphyria are at risk from exposure not 
only to sunlight, but also to household and fluorescent lights. 
Furthermore, because this wavelength passes through window 
glass, patients are also sensitive to indoor sunlight. Patients must 
therefore use special sunscreen lotions that block rays in the 400- 
to 410-nm range. Skin trauma should be minimized as much as 
possible; early treatment of skin infections can decrease scarring. 
Special screens may be especially useful for protection against 
indoor lighting. Some patients have incurred severe or lethal 
internal burns during surgery, including LT; therefore, appro- 
priate precautions must be taken. 10132 
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Treatment of PCT initially consists of removal of any 
offending agent. Historically, treatment has included phle- 
botomy to decrease iron overload and hepatic siderosis. This 
approach, combined with restriction of alcohol, tobacco, and 
estrogen, has been shown to produce remission.!"? In patients 
who cannot tolerate or who have adverse reactions to phle- 
botomy, chelation therapy has demonstrated some efficacy. 1? 
An alternative to iron depletion therapy is chloroquine, which 
complexes within hepatocytes to mobilize porphyrins to facili- 
tate its urinary excretion, but the drug is potentially hepato- 
toxic and caution is indicated in patients with cirrhosis or renal 
insufficiency.!*+ The efficacy of chloroquine has been variable 
in patients with PCT who are homozygous for mutations in the 
HFE gene; for these patients, phlebotomy should be first-line 
therapy.!°* Importantly, two thirds of patients with PCT have 
HCV coinfection and reports have suggested that eradication 
of HCV can lead to resolution of the skin manifestations of 
PCT.!*> Treatment strategies for HEP are similar to, but have 
not been as successful as, those for PCT. 

Several therapeutic interventions have been reported to lead 
to varying degrees of clinical improvement in patients with EPP, 
but long-term resolution has not been demonstrated. Based 
on the observation that skin-related symptoms are inversely 
related to skin pigmentation, agents such as oral f-carotene 
have been suggested to improve sunlight intolerance; however, 
systemic reviews have found insufficient evidence to confirm 
efficacy.!°° Newer agents such as afamelanotide, a congener of 
a-melanocyte-stimulating hormone, which increases produc- 
tion of eumelanin to darken the skin, has shown benefit in phase 
3 controlled studies.!?7138 LT has been carried out in patients 
with EPP and ESLD with mixed results, as the erythropoietic 
defect persists and the allograft remains at risk for EPP-related 
damage.!*”!49 A retrospective review of all 20 patients with EPP 
who have undergone LT in the USA revealed unique periopera- 
tive complications, including light-induced tissue damage in 4 
patients and neuropathy in 6, as well as recurrent EPP-associ- 
ated liver disease in 65% of patients who survived more than 
2 months. Overall patient and graft survival rates were statisti- 
cally similar to those for all other patients transplanted in the 
USA during the same period.!*! Similar results were reported 
in a European study of 34 liver transplant recipients with EPP- 
associated liver disease.!*° Therefore, LT must be considered 
symptomatic therapy, except in patients with ALF, given the 
high risk of recurrent disease in the graft and the added risk of 
intraoperative photodynamic injury to internal organs. Hemato- 
poietic stem cell transplantation, which can correct the under- 
lying enzymatic defect, performed after LT has been reported 
to be successful in both children and adults with EPP-induced 
ESLD.!42,143 


TYROSINEMIA 


Four known human diseases are caused by enzymatic deficien- 
cies in the catabolic pathway for the amino acid tyrosine: alkap- 
tonuria and hereditary tyrosinemia (HT) types I, H, and HI. 
Although all the enzymes involved in this pathway are found 
in the liver, only HT-1 leads to progressive liver dysfunction. 
Formerly known as hepatorenal tyrosinemia, HT-1 also affects 
other organ systems, in particular the kidneys and peripheral 
nerves. A disease with autosomal recessive transmission, HT-1 
has a worldwide incidence of about 1 in 100,000. The incidence 
is higher in northern Europe (1 per 8000) and in the Saguenay- 
Lac-St. Jean region of Quebec, Canada (1 per 1846), where a 
founder effect has been documented.'** Advances in our under- 
standing of the pathophysiology of the disease process and 
new treatment options, such as an inhibitor of an early step in 
the degradation pathway, have improved the clinical course of 
affected persons dramatically. 
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Pathophysiology 


The pathway for tyrosine metabolism is shown in Fig. 77.5. The 
enzymatic defect in patients with tyrosinemia has been identi- 
fied in fumarylacetoacetate hydrolase (FAH), the final step in the 
tyrosine degradation process. More than 100 mutations in FAH 
have been found in patients with HT-1, but no clear correlation 
between FAH genotype and HT-1 phenotype has been appreci- 
ated.!*5 FAH deficiency leads to accumulation of the upstream 
metabolites fumarylacetoacetate (FAA) and maleylacetoacetate, 
which are then converted to the toxic intermediates succinylace- 
toacetate (SAA) and succinylacetone (SA). FAA has been shown 
to deplete blood and liver of glutathione, the consequence of 
which may be augmentation of the mutagenic potential of FAA. 
SA inhibits renal glucose and amino acid transport and the degra- 
dation of ALA to PBG, probably via direct modification of amino 
acids in enzyme active sites. SA also inhibits DNA ligase activity 
in fibroblasts isolated from patients with HT-1.!*° Over time, the 
combined effects of high levels of FAA and SA on the integrity of 
DNA and cellular repair mechanisms may account for increased 
chromosomal breakage in fibroblasts isolated from patients with 
HT-1, as well as an increased risk of HCC.!*7 


Clinical and Pathologic Features 


Patients with HT-1 present either acutely with liver failure or 
with chronic liver disease, with or without HCC. In the acute 
form of HT-1, patients manifest liver disease in the first 6 months 
of life; symptoms include those associated with severe hepatic 
synthetic dysfunction, such as hypoglycemia, ascites, jaundice, 
and coagulopathy, as well as anorexia, vomiting, and irritability. 
Laboratory studies show elevations of serum aminotransferase, 
GGTP, and bilirubin levels and decreased levels of coagulation 
factors. Serum tyrosine, methionine, and AFP levels are elevated. 
Analysis of the urine may reveal phosphaturia, glucosuria, hype- 
raminoaciduria, renal acidosis, and increased excretion of SA, 
SAA, ALA, and phenolic acids. The acute form of HT-1 is poten- 
tially fatal within the first 2 years of life. In a multicenter study, 
van Spronsen and associates showed that 77% of patients with 
tyrosinemia presented before the age of 6 months. The 1- and 
2-year survival rates were 38% and 29%, respectively, if patients 
presented between birth and 2 months of age, and 74% and 74%, 
respectively, if they presented between 2 and 6 months. Survival 
for both time intervals rose to 96% if the first symptoms appeared 
after age 6 months. The cause of death was usually recurrent 
bleeding and liver failure; however, HCC and neurologic crisis 
accounted for some deaths.!#* 

Patients with the chronic form of HT-1 classically have symp- 
toms that are similar to, but milder than, those with an acute 
presentation; serum aminotransferase levels as well as plasma 
tyrosine and methionine levels may be within the normal range. 
These patients usually present after one year of age with hepato- 
megaly, rickets, nephromegaly, hypertension, and growth retar- 
dation. They also are likely to have neurologic problems and to 
develop HCC. The pathologic changes in the liver differ between 
the acute and chronic forms of the disease. In the acute form, 
the liver may appear enlarged with a pale nodular pattern or may 
be shrunken, firm, and brown. Micronodular cirrhosis, fibrotic 
septa, bile duct proliferation and plugging, steatosis, pseudoaci- 
nar and nodular formations, and giant cell transformation may 
be found on histologic examination. Varying amounts of FAH 
enzyme activity have been found in liver tissue from patients with 
HT-1 because of spontaneous reversion of FAH gene mutations. 
Patients with the chronic form of the disease have a higher level 
of reversion and a lower frequency of liver dysplasia.!** In the 
chronic form of tyrosinemia, the liver appears enlarged, coarse, 
and nodular. In histologic specimens, micronodular and mac- 
ronodular cirrhosis may be present, as may steatosis, fibrotic 


septa, and a mild lymphoplasmacytic infiltrate. Cholestasis is less 
pronounced than in the acute form of HT-1. Large- or small- 
cell dysplasia may be present, reflecting premalignant changes. 
Because of the nodular changes, identification of progression to 
HCC can be difficult. The serum AFP value is elevated before 
HCC develops, and measurement of AFP is not helpful in the 
diagnosis. Imaging is required to screen for HCC. 

Renal involvement is nearly universal in patients with tyrosin- 
emia. Findings include a decreased GFR, proximal renal tubular 
dysfunction, nephromegaly, phosphaturia (which is responsible 
for the development of rickets), glucosuria, and aminoaciduria. 
The toxic metabolites SA and SAA are thought to have a direct 
effect on kidney function. Some patients progress to renal fail- 
ure and require renal transplantation.'*? One third of patients 
develop cardiomyopathy, most commonly interventricular septal 
hypertrophy, which is reversible with either medical or surgical 
management of the disease.!*° 

The neurologic manifestations may be the most concerning 
feature in older patients with tyrosinemia; affected patients may 
experience porphyria-like symptoms with neurologic crises.'*! 
Further complications include delayed neurodevelopment and 
attention deficit disorders, which have been reported to occur 
despite early diagnosis and treatment. 152-13 


Diagnosis 


Diagnosis and treatment recommendations are available.!°* The 
diagnosis of tyrosinemia should be suspected in any child with 
neonatal liver disease or a bleeding diathesis or in any child older 
than one year with undiagnosed liver disease, rickets, or a hepatic 
mass. The diagnosis is suggested by increased serum tyrosine, 
methionine, phenylalanine, and AFP levels. Elevated serum and 
urine SA and urine ALA levels are regarded as pathognomonic 
for tyrosinemia. The diagnosis can be confirmed with an assay 
for FAH in lymphocytes, erythrocytes, skin fibroblasts, or liver 
tissue. Molecular genetic approaches and targeted mutation anal- 
ysis are becoming more widely available and are recommended, 
if possible, for all cases in which SA elevations are detected on 
newborn screening. 

Prenatal diagnosis can be performed by determining SA lev- 
els in amniotic fluid or by measuring FAH activity in chorionic 
villus biopsy specimens. If the specific gene mutation in a fam- 
ily is known, early genetic diagnosis can be made from chorionic 
villus biopsy specimens as well.'*> Improved newborn screening 
methodologies measure SA in addition to amino acid levels in 
dried blood specimens. HT-1 is included in both the Secretary 
of Health and Human Services’ Recommended Uniform Screen- 
ing Panel and the American College of Medical Genetics and 
Genomics core panel of conditions for which every newborn in 
the USA should be screened.!>*15¢ 


Treatment 


In 1992, Lindstedt and associates published data on the treat- 
ment of tyrosinemia with the herbicide 2-(2-nitro-4-trifluoro- 
methylbenzoyl)-1,3-cyclohexanedione (NTBC).!°” Later, Holme 
and Lindstedt published the results of a large, long-term study 
of 220 patients with HT-1 who were treated with this agent 
for up to 7 years.!°> NTBC, known as nitisinone (Orfadin), is 
a potent inhibitor of 4-hydroxyphenylpyruvate dioxygenase, one 
of the initial steps in tyrosine metabolism (Fig. 77.6). Blocking 
the degradation of tyrosine to its downstream toxic metabolites 
(FAA, SA, and SAA) was postulated to lead to improved hepatic 
function. Treated patients exhibited improved liver synthetic 
function, as reflected by a shortening of the prothrombin time, 
as well as decreased serum aminotransferase levels and a reduc- 
tion in liver parenchymal heterogeneity and nodules on imag- 
ing. In addition, serum AFP and ALA levels decreased and renal 
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tubular dysfunction reversed.!*? Therefore, elevated AFP levels 
in a patient receiving NTBC therapy should raise concern about 
the patient’s nonadherence to therapy or the development of 
HCC.! 

Long-term results have demonstrated continued improve- 
ment in all parameters noted in the earlier reports, as well as a 
reduction in the need for LT.!°! Cognitive impairment result- 
ing in learning problems may be a complication of long-term use 
of NTBC in this patient population, possibly from the effects of 
chronic hypertyrosinemia.!°*? NTBC should be started as soon 
as the diagnosis of HT-1 is suspected, starting at 1 mg/kg/day. 
The total calculated amount of NTBC should be divided into 2 
doses daily in the first year of life. Thereafter, single daily dosing 
can be considered.!°* Use of NTBC requires careful clinical and 
biochemical monitoring. A rapid liquid chromatography coupled 
with negative electrospray ionization tandem mass spectrometry 
method has been developed and validated for the quantification 
of NTBC in heparinized human plasma.'® The minimum dose 
of NTBC should be used to achieve a blood concentration of 40 
to 60 pmol/L and/or blood SA level within the normal range of 
the reference laboratory.!*+ 

LT retains a role in the management of HT-1 in patients with 
malignancy or decompensated liver disease refractory to NTBC 
or in those for whom NTBC is not available.!5+ When indicated, 
LT provides a metabolic cure. A review of 125 patients with 
HT-1 in the UNOS database who were transplanted before 2008 
showed 1- and 5-year survival rates of 90.4% .!°+ 


UREA CYCLE DEFECTS 


The urea cycle consists of 5 enzymes that, through several steps, 
process ammonia derived from amino acid metabolism to urea. 
Genetic defects in each of these enzymes have been reported, and 
their overall incidence has been estimated to be 1 in 35,000 births, 
although partial defects may make the number much higher.!® 
Although the syndromes related to the UCDs are not associated 
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with serious liver injury, the basic genetic defect is located within 
the liver, and the manifestations can mimic those of other meta- 
bolic liver diseases. 


Pathophysiology 


The steps of the urea cycle are illustrated in Fig. 77.7. Carbamyl 
phosphate synthetase (CPS) I forms carbamyl phosphate from 
ammonium and bicarbonate. This step requires the cofactor 
N-acetyl glutamate, which is synthesized from N-acetyl CoA and 
glutamic acid by N-acetyl glutamate synthetase. Ornithine trans- 
carbamylase (OTC) combines carbamyl phosphate with ornithine 
to form citrulline. A second nitrogen enters the cycle as aspartate, 
which combines with citrulline by the action of argininosuccinate 
synthetase (AS) to form argininosuccinate, which is then converted 
to arginine and fumarate by argininosuccinase, or argininosucci- 
nate lyase (AL). Arginase then catalyzes the breakdown of argi- 
nine to urea and ornithine in the final step of the pathway. Several 
amino acid transporters, such as citrin, an aspartate/glutamate car- 
rier protein that supplies aspartate to the urea cycle, are involved 
in shuttling metabolites into the urea cycle.166 

CPS II, through the pyrimidine synthetic pathway, leads to 
the formation of orotic acid. Excess carbamyl phosphate can be 
used by this pathway if a block occurs distal to OTC in the meta- 
bolic pathway. Excess nitrogen in the form of amino acids can be 
shunted to alternative pathways of waste-nitrogen excretion by 
the medicinal use of sodium benzoate and sodium phenylacetate, 
leading to the generation of hippurate and phenylacetylgluta- 
mine, respectively. 

Enzymatic defects have been identified in all 5 steps of the 
urea cycle. Deficiency of 4 of the enzymes is transmitted through 
autosomal recessive inheritance, whereas OTC deficiency is 
transmitted as an X-linked trait. More than 417 different muta- 
tions in the OTC gene give rise to OTC deficiency, the most 
common UCD.!*? Numerous defects in the other enzymes or 
amino acid transporters of the cycle (e.g., N-acetylglutamate 
synthetase, citrin) have been characterized as well.!° More- 
over, numerous mRNA instability mutations have been found in 
patients with CPS I deficiency.!° 

A UCD has 2 main biochemical consequences: Arginine 
becomes an essential amino acid (except in arginase deficiency 
[see later]), and nitrogen accumulates in a variety of molecules, 
some of which can have deleterious toxic effects. 


Clinical Features 


The spectra of clinical presentations in patients with any of the 
UCDs are virtually identical; in the neonatal period, these dis- 
orders classically manifest as acute life-threatening events. Later 
presentations (>30 days) have been reported in up to two thirds 
of patients,!6®>!70 and late-onset adult presentations have been 
reported in cases associated with an illness or dietary change!” 117? 
or with psychiatric symptoms, which may be the initial present- 
ing feature.!’> With the neonatal presentation, affected infants 
appear normal for the first 24 to 72 hours until they are exposed 
to their first feeding, which provides the initial protein load that 
fosters ammonia production. Symptoms include irritability, 
poor feeding, vomiting, lethargy, hypotonia, seizures, coma, and 
hyperventilation, all secondary to hyperammonemia.!”* Initially, 
neonates may be mistakenly thought to have sepsis, despite the 
absence of perinatal risk factors, and thus diagnostic labora- 
tory testing can be delayed.!’> Plasma ammonia levels should be 
obtained whenever an evaluation for sepsis is initiated in a neo- 
nate; levels may exceed 2000 pmol/L (3400 mg/dL), with normal 
levels of 50 umol/L (85 mg/dL) or less. 

For all age groups, overall survival decreases as the peak 
plasma ammonia level rises for a given episode of hyperammo- 
nemia, with survival rates of 98% and 47% for peak ammonia 
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levels of less than 200 pmol/L and greater than 1000 pmol/L, 
respectively.!’° Newborns have a survival rate of 73% after their 
presenting episode of hyperammonemia, whereas patients older 
than 30 days of age have a survival rate of 98%. Male patients 
with OTC deficiency have a survival rate of 91% following an 
episode of hyperammonemia, a rate significantly less than those 
(93% to 98%) of all other forms of UCDs. Blood gas analysis 
shows respiratory alkalosis secondary to the hyperventilation 
caused by the effects of ammonia on the central nervous system. 
Blood urea nitrogen levels are typically low but can be elevated 
during times of dehydration or hypoperfusion. Serum levels of 
liver enzymes are usually normal or minimally elevated, although 
ALF, reflected in severe coagulopathy not corrected by vitamin 
K, has been reported in up to 50% of patients. 176177 

OTC deficiency is the most common UCD (57% to 62%), 
followed by argininosuccinic aciduria (AL deficiency, 11.5% to 
18%) and citrullinemia (AS deficiency, 13% to 19%).!7° Male 
patients with OTC deficiency have been diagnosed as late as 40 
years of age with varied phenotypic presentations. As many as 
20% of female carriers of OTC deficiency can have symptoms, 
which may be severe and fatal, although most female carriers have 
no symptoms or report only nausea after high-protein meals.!° 
Late-onset CPS deficiency has also been described,!”* and the 
adult form of AS deficiency is relatively common in Japan. 17° 

Symptoms and signs of late-onset UCDs, especially OTC and 
CPS deficiencies, include episodic irritability, lethargy, or vom- 
iting; self-induced avoidance of protein such as milk, eggs, and 
meats; and short stature or growth delays. Neurologic symptoms, 
which can also be episodic, include ataxia, developmental delays, 
behavioral abnormalities, combativeness, biting, confusion, hal- 
lucinations, headaches, dizziness, visual impairment, diplopia, 
anorexia, and seizures. Acute hyperammonemic episodes can 
resemble Reye syndrome (see Chapter 88). Such episodes can be 
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precipitated by high-protein meals, viral or bacterial infections, 
medications, trauma, or surgery. Infants may present after being 
weaned from breast milk to infant formulas, which have a higher 
protein content. Female adult-onset UCD, such as OTC and 
CPS deficiencies, have been reported to occur during pregnancy 
and in the postpartum periods secondary to increased physiologic 
stress and comorbidities such as hyperemesis gravidum. 180,181 
Citrin deficiency, caused by mutations in the SLC25A13 
gene, can manifest in newborns as neonatal intrahepatic cho- 
lestasis caused by citrin deficiency (NICCD), in older children 
as failure to thrive and dyslipidemia caused by citrin deficiency, 
and in adults as recurrent hyperammonemia and neuropsychiat- 
ric symptoms in citrullinemia type II (CTLN2).!*? NICCD is 
associated with a history of low birth weight with growth restric- 
tion and transient intrahepatic cholestasis, hepatomegaly, diffuse 
fatty liver, and parenchymal cellular infiltration associated with 
hepatic fibrosis, variable liver dysfunction, hypoproteinemia, 
decreased coagulation factors, hemolytic anemia, and/or hypo- 
glycemia.'*? Biochemically, NICCD has been shown to have 
significantly different indices from children with biliary atresia 
or idiopathic neonatal cholestasis with higher serum bile acid 
levels, lower aminotransferase levels, and lower direct bilirubin 
levels compared with disease controls.'** Other specific findings 
include increases in blood or plasma concentration of ammonia, 
plasma or serum concentration of citrulline and arginine, plasma 
or serum threonine-to-serine ratio, and serum concentration of 
pancreatic secretory trypsin inhibitor.'** In most patients with 
NICCD, all biochemical abnormalities resolve spontaneously 
or with minimal dietary restrictions (e.g., the use of lactose- 
free formulas); however, several affected infants have required 
LT before one year of age. Therefore, jaundiced infants with 
multiple abnormal newborn metabolic screen results must be 
observed closely because of the risk for development of ESLD 
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TABLE 77.2 Laboratory Values in Urea Cycle Defects 
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caused by NICCD; a chubby face outside the realm of nor- 
mal may be a diagnostic clue.!84 The diagnosis can be made by 
sequence analysis of the SLC25A13 gene. 


Diagnosis 


Suggested guidelines for the diagnosis and management of the 
UCDs are available.!’+ Ultimately, a high index of suspicion is 
required for prompt diagnosis of UCDs. Symptoms can mimic 
those of other acute neonatal problems, such as infections, sei- 
zures, and pulmonary or cardiac disease. Later presentations can 
mimic other behavioral, psychiatric, or developmental disorders. 
The first clue may be an elevated serum ammonia level with near 
normal serum aminotransferase levels and without metabolic aci- 
dosis. Therefore, if a UCD is considered, the following labora- 
tory measurements should be obtained: serum ammonia, arterial 
blood gases, urine organic acids, serum amino acids, and urinary 
orotic acid; Table 77.2 reviews the expected results. 

Urinary organic acid profiles are typically normal in patients 
with UCDs; however, the plasma amino acid profiles are distinc- 
tive, with abnormal levels of arginine, ornithine, and citrulline. 
Citrulline levels are barely detectable in OTC or CPS deficien- 
cies but markedly raised in AS and AL deficiencies. AL defi- 
ciency can be distinguished from AS deficiency by the finding of 
argininosuccinic acid in the plasma and urine. OTC deficiency 
is differentiated from CPS deficiency by excessive urinary excre- 
tion of orotic acid. Direct enzyme analysis can be performed and 
can be useful in patients who have a partial deficiency or who 
present in adulthood. Early neonatal diagnosis leads to improved 
survival, so prenatal enzyme and genetic linkage analysis can be 
carried out in family members of known carriers to aid in early 
diagnosis.!*° 


Treatment 


All external protein intake should be discontinued in infants pre- 
senting acutely with a suspected or confirmed UCD. An attempt 
should be made to restore serum ammonia levels to normal. The 
use of oral lactulose to lower the nitrogen load has not been stud- 
ied in this patient population. Given the extremely high ammonia 
levels often encountered, continuous arteriovenous hemodialysis 
or hemofiltration is frequently required. Exchange transfusions 
and peritoneal dialysis are ineffective. Alternative pathways for 
waste nitrogen disposal should be used, specifically IV adminis- 
tration of sodium benzoate and sodium phenylacetate; however, 
sodium benzoate should be used with caution in patients with 
cirrhosis, because a paradoxical rise in blood ammonia levels has 
been observed.!*° Oral phenylbutyrate can be substituted for 
phenylacetate to improve palatability. 

Arginine, carnitine, and long-chain fatty acids are usually 
present in low levels in these patients and should be supple- 
mented.!7*:!87 Low-dose arginine (100 mg/kg/day) together 
with an ammonia scavenger is effective in repleting arginine 
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stores, maintaining low ammonia levels, and minimizing liver 
enzyme elevations compared with high-dose arginine (500 mg/ 
kg/day), although consensus guidelines recommend an interme- 
diate dose of arginine (250 mg/kg/day).!741858 Once the patient 
stabilizes, low levels of dietary protein, 0.5 to 1 g/kg, may be 
introduced, with progressive increases as tolerated to provide 
sufficient protein for growth and tissue repair while minimiz- 
ing urea production. Further therapy and protein restriction 
are then tailored to the patient; those with a severe disorder 
may need essential amino acids to supplement their protein 
intake. Long-term dietary treatment for UCD has been shown 
to vary significantly among conditions and centers. Further 
studies examining the outcome of treatment compared with 
the type of dietary therapy and nutritional support received are 
needed. 189190 

The outcome for patients who present with hyperammo- 
nemic coma and a delayed diagnosis is poor.!’° The level of 
ammonia at the time of the first hyperammonemic episode is 
a rough guide to the eventual neurodevelopmental outcome. !°! 
The sooner the hyperammonemia is treated and the correct 
diagnosis is made, the better the long-term survival; however, 
for patients who survive the neonatal period, there remains a 
high risk of recurrence of severe hyperammonemic crises, often 
during intercurrent viral infections, which correspond to a high 
mortality rate. !°? 

Patients with a UCD and deterioration or lack of improve- 
ment despite therapy have undergone either orthotopic or aux- 
iliary LT successfully (see Chapter 97), with normalization of 
enzyme activity and ammonia levels, restored ability to tolerate 
a normal diet, and survival rates of 93%, 89%, and 87% at 1, 5, 
and 10 years, respectively.!” LT, if considered, should ideally 
be done before neurologic damage is permanent, because the 
patient’s neurologic status is not thought to improve after 
transplantation. A possible exception to this is in patients trans- 
planted before the age of one year, in whom developmental, 
and possible neurocognitive, outcomes may improve.!9+!9° 
Hepatocyte transplantation has demonstrated some success 
in patients with UCDs; however, metabolic cure has not been 
achieved. 196,197 

The importance of identifying the deleterious mutation in a 
patient with a UCD will likely become increasingly important not 
only as a means of allowing carrier testing and prenatal diagnosis, 
but also as an aid to treatment decisions. For example, patients 
with a mutation that results in the most severe OTC deficiency 
(e.g., abolished enzyme activity) may benefit preferentially from 
immediate LT to prevent severe mental retardation or death, 
whereas those with a mutation that leads to milder disease may be 
better managed medically with dietary restrictions and ammonia 
scavengers to facilitate growth before possible LT. Although the 
use of gene therapy has an ominous history with the UCDs,!® its 
use may need to be reconsidered in the future as success in cor- 
recting the underlying metabolic abnormalities has been demon- 
strated in knock-out mice.!°? 
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Arginase Deficiency 


At least 2 forms of arginase activity occur in humans. Arginase 
I predominates in the liver and red blood cells, and arginase I 
is found predominantly in kidney and prostate. Arginase defi- 
ciency involving arginase I is the least common of the UCDs. 
Hyperammonemia is unusual in affected persons, but hyperam- 
monemic coma and death have been reported.*°° Clinical features 
are distinct from those of the other UCDs. The disease is charac- 
terized by indolent deterioration of the cerebral cortex and pyra- 
midal tracts, leading to progressive dementia and psychomotor 
retardation, spastic diplegia progressing to quadriplegia, seizures, 
and growth failure. The syndrome is often confused with cerebral 
palsy.?°! 

Laboratory studies may reveal elevated blood arginine val- 
ues, mild hyperammonemia, and a mild increase in urine orotic 
acid excretion. Many guanidine compounds may accumulate in 
the blood and cerebrospinal fluid of these patients, which could 
play an important pathophysiologic role, and guanidinoacetate, a 
well-known potent epileptogenic compound, has demonstrated 
usefulness as a target for the therapeutic monitoring of patients 
with arginase deficiency.” Varying amounts of urea are still pro- 
duced in these patients secondary to the compensatory elevated 
expression of arginase II in the kidneys that ameliorates the clini- 
cal disorder. The diagnosis is confirmed by enzymatic analysis, 
which can be performed prenatally on cord blood samples. Treat- 
ment consists of protein restriction and, when needed, sodium 
phenylbutyrate.*” 


BILE ACID SYNTHESIS AND TRANSPORT DEFECTS 


The pathways for bile acid synthesis and the mechanism of bile 
acid transport within the hepatobiliary system are complex, 
involving several enzymes and regulated transport processes 
located in multiple subcellular fractions of the hepatocyte (see 
Chapter 64). With advances in molecular biology, genetics, and 
mass spectrometry, several different inborn errors in bile acid 
synthesis and transport have been identified as causes of clini- 
cal disease.” The classification of these disorders has been clari- 
fied, particularly in the clinically heterogeneous subset of cases 
that comprise progressive familial intrahepatic cholestasis (PFIC) 
syndromes. For some of the disorders, this progress has led to 
improved diagnosis and life-saving therapy. 

PFIC refers to a heterogeneous group of autosomal-recessive 
disorders that disrupt bile formation and present with cholesta- 
sis of hepatocellular origin. Historically, the diagnosis of PFIC 
has been imprecise; broad criteria have included the presence of 
chronic, unremitting intrahepatic cholestasis, exclusion of iden- 
tifiable metabolic or anatomic disorders, and characteristic clini- 
cal, biochemical, and histologic features.?°* Other symptoms and 
signs are severe pruritus, hepatomegaly, wheezing and cough, 
short stature, delayed sexual development, fat-soluble vitamin 
deficiency, and cholelithiasis. Affected persons exhibit severe and 
progressive intrahepatic cholestasis, usually manifesting within 
the first few months of life and often proceeding to cirrhosis and 
ESLD by the second decade of life. 

Specific types of PFIC due to defective bile acid synthesis 
or transport have been identified, and each is associated with 
mutations in enzymes or hepatocellular transport-system genes 
involved in bile formation. With the discovery of these specific 
defects and the development of sophisticated biochemical and 
molecular methodology and gene mutation analysis, precise 
characterization is now possible using techniques such as mass 
spectrometry, multigene cholestasis panels, and DNA sequenc- 
ing by capillary electrophoresis. These complementary tests 
allow rapid, sensitive, and cost-effective bile acid profiling and 
mutation screening to aid clinical diagnosis in patients with 
intrahepatic cholestasis. Patients believed previously to have 


TABLE 77.3 Inborn Errors of Bile Acid Synthesis and Transport 


DEFECTS IN BILE ACID SYNTHESIS 

Alterations of the enzymes 
involved in modification of the 
steroid ring 


36-hydroxy-A®-C>7-steroid 
oxidoreductase deficiency 
(HSD3B7) 

A*-3-oxosteroid 5B-reductase 
deficiency (AKR1D1) 

Oxysterol 7a-hydroxylase deficiency 
(CYP7B1 

Cholesterol 7a-hydroxylase 
deficiency (CYP7A1) 

12a-hydroxylase deficiency 
(CYP8B1 


CTxX-sterol 27-hydroxylase 
deficiency (CYP27A1) 

2-methylacyl-CoA racemase 
deficiency (AMACAR) 

Bile acid—CoA: amino acid 
N-acyltransferase deficiency 
(BAAT) 

Bile acid-CoA ligase deficiency 
(BACL; SLC27A5) 

Sterol 25-hydroxylase deficiency 
(CH25H) 


Peroxisomal biogenesis disorders 

Zellweger syndrome 

Neonatal adrenoleukodystrophy 

Infantile Refsum disease 

Rhizomelic chondrodysplasia 
punctata 

Disorders with loss of a single 
peroxisomal function 

Generalized hepatic synthetic 
dysfunction 

ALF (multiple causes) 

Neonatal iron storage disease 

Tyrosinemia 

Disorders of cholesterol metabolism 

Smith-Lemli-Opitz syndrome 
(DHCR7) 


DEFECTS IN BILE ACID OR PHOSPHOLIPID TRANSPORT 


PFIC type l: FIC1 deficiency 

(ATP8B7, or FIC1) 

Byler disease 

Benign recurrent intrahepatic 

cholestasis 

Greenland familial cholestasis 

PFIC type II: BSEP deficiency 

(ABCB11) 

PFIC type Ill: MDR3 deficiency 
(ABCB4) 

TJP2 deficiency (TJP2) 

Farnesoid X receptor (NR1H4) 

Myosin VB (MYO5B) 


Alterations of the enzymes 
involved in modification of the 
side chain 


Organelle or cell injury 


Corresponding genes are shown in italics. 

BSEP, bile salt export pump; FIC7, familial intrahepatic cholestasis 
1; MDR, multidrug resistance protein; PFIC, progressive familial 
intrahepatic cholestasis; TJP, tight junction protein. 


idiopathic neonatal hepatitis or an undiagnosed familial hepatitis 
syndrome may now be diagnosed accurately. Table 77.3 lists the 
known errors of primary and secondary bile acid synthesis and 
transport. 


Bile Acid Synthesis Defects 


Defects in bile acid synthesis due to mutations in genes that encode 
the enzymes responsible for primary bile acid formation may 
have profound effects on hepatic and GI function and integrity. 
Disorders in bile acid synthesis and metabolism can be broadly 


classified as primary or secondary. Primary enzyme defects involve 
congenital deficiencies in enzymes responsible for catalyzing key 
reactions in the synthesis of cholic acid and chenodeoxycholic acid 
(CDCA). The primary defects include cholesterol 7a-hydroxylase 
(CYP7A1) deficiency, 3f-hydroxy-C7-steroid oxidoreductase 
deficiency, A*-3-oxosteroid 5f-reductase deficiency, oxysterol 
7a-hydroxylase deficiency, 27-hydroxylase deficiency or cerebro- 
tendinous xanthomatosis (CTX), 2-methylacyl-CoA racemase 
deficiency, trihydroxycholestanoic acid CoA oxidase deficiency, 
amidation defects involving a deficiency in the bile acid-CoA 
ligase, and a side-chain oxidation defect in the 25-hydroxyl- 
ation pathway for bile acid resulting in an overproduction of bile 
alcohols. Secondary metabolic defects that impact primary bile 
acid synthesis include peroxisomal disorders, such as cerebro- 
hepatorenal syndrome of Zellweger and related disorders, and 
Smith-Lemli-Opitz syndrome. Typical biochemical abnormali- 
ties detected in patients with bile acid synthetic defects include 
elevated serum aminotransferase and conjugated bilirubin levels 
with normal GGTP levels; serum cholesterol concentrations are 
also usually normal. 

These disorders respond well to replacement and displace- 
ment therapy.?°° Such therapy is based on the principle that 
inborn errors of bile acid biosynthesis lead to underproduction of 
normal trophic and choleretic primary bile acids and overproduc- 
tion of hepatotoxic primitive bile acid metabolites.?°” Replace- 
ment therapy is effective with cholic acid and potentially with 
UDCA. The former bypasses the enzymatic block and provides 
negative feedback to earlier steps in the synthetic pathways, 
whereas the latter displaces toxic bile acid metabolites and serves 
as a hepatobiliary cytoprotectant.?°° 


Diagnosis 


Marked alterations in urinary, serum, and biliary bile acid com- 
position and concentration may be found in infants and children 
with severe liver disease of any etiology. Therefore, determining 
whether these changes are primary or secondary to the liver dys- 
function may be difficult, and a detailed biochemical evaluation is 
necessary. Initially, defects in bile acid synthesis were discovered 
with the use of liquid secondary ionization mass spectrometry; 
specifically, fast atom bombardment ionization mass spectrome- 
try allowed direct analysis of bile acids from a drop of urine. More 
advanced mass spectrometry approaches, including electrospray 
ionization tandem mass spectrometry, as well as gene sequencing 
techniques, have subsequently been applied. The mass spectra 
generated permit accurate identification of the absence of pri- 
mary bile acids and presence of atypical bile acids specific to each 
primary defect.* 


Disorders of Enzymes Involved in Modification of the 
Steroid Ring 


The most common inborn error of bile acid biosynthesis is 
3B-hydroxy-A>-C),-steroid dehydrogenase/isomerase  (3ß- 
HSD) deficiency. This disorder is caused by deficient activity of 
the second step in the bile acid synthetic pathway, the conversion 
of 7a-hydroxycholesterol into 7a-hydroxy-4-cholesten-3-one. 
This reaction is catalyzed by a microsomal 3B-hydroxy-A>-C)7- 
steroid oxidoreductase; deficiency of this enzyme results in the 
accumulation of 7a-hydroxycholesterol within the hepatocyte. 
The normal primary bile acids (cholic acid and CDCA) are not 
formed; instead, C4-bile acids that retain the 3B-hydroxy-A>- 
structure are synthesized. Affected patients may present with 
pruritus, jaundice, hepatomegaly, steatorrhea, and fat-soluble 
vitamin deficiencies.?°’7°? Reports of 3B-HSD deficiency in 
adults not only highlights the clinical utility of homozygosity 
mapping in diagnosing autosomal recessive metabolic disorders, 
but also illustrates the wide variation in expressivity that occurs 
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in 36-HSD deficiency and underscores the need to consider a 
bile acid synthetic defect as a possible cause of liver disease in 
patients of all ages.7!° 

At+-3-Oxosteroid 5f-reductase (AKR1D1) deficiency was first 
described in monochorionic twins born with marked and progres- 
sive cholestasis.’!! This cytosolic enzyme is responsible for the 
conversion of 7a-hydroxy- and 7a,12a-dihydroxy-4-cholesten-3- 
one into the corresponding 3-oxo-5$ (H) analogs. Deficiency of 
A*-3-oxosteroid 5f-reductase usually leads to neonatal cholesta- 
sis, which rapidly progresses to synthetic dysfunction and liver 
failure’!!! Cholesterol 7a-hydroxylase (CYP7A1) deficiency 
is associated with hypertriglyceridemia and gallstone disease in 
adults; it does not present as cholestatic disease. 


Disorders of Enzymes Involved in Side-Chain Modification 


Aberrant bile acid side-chain hydroxylation and oxidation may be 
manifested as neurologic disease and/or fat-soluble vitamin mal- 
absorption; in general, liver disease is mild in affected patients 
(see Table 77.3).713 

CTX, sterol-27-hydroxylase deficiency, is a rare autosomal 
recessive neurologic disease. Clinical symptoms and signs include 
adult-onset progressive neurologic dysfunction (i.e., ataxia, 
dystonia, dementia, epilepsy, psychiatric disorders, peripheral 
neuropathy, and myopathy) and premature non-neurologic man- 
ifestations (i.e., tendon xanthomas, childhood-onset cataracts, 
infantile-onset diarrhea, premature atherosclerosis, osteoporosis, 
and respiratory insufficiency).?'* CTX is caused by a mutation in 
the sterol 27-hydroxylase gene (CYP27A1) and has been treated 
with CDCA (see Chapters 64 and 65).7!° The classical symptoms 
and signs, namely elevated levels of cholestanol and bile alcohols 
in serum and urine, abnormal brain MRI, and the mutation in the 
CYP27A] gene confirm the diagnosis of CTX.?!*+ Prompt diagno- 
sis and initiation of CDCA treatment is important in preventing 
neurologic damage and deterioration. After significant neuro- 
logic pathology is established, the effect of treatment is limited 
and deterioration may continue.*!° 

2-Methylacyl Co-A racemase deficiency has been identified in 
an infant presenting with mildly elevated liver enzyme levels and 
low serum 25-hydroxy-vitamin D and vitamin E concentrations.”!7 

Finally, bile acid synthesis culminates in conjugation with 
glycine and taurine, and genetic defects in conjugation and ami- 
dation have been identified using mass spectrometry analysis of 
urine, bile, and serum samples and sequence analysis of the genes 
encoding bile acid-CoA:amino acid N-acyltransferase and bile 
acid—CoA ligase (gene symbol SLC2745).?1? Affected persons 
exhibit fat-soluble vitamin deficiency and growth failure, indicat- 
ing the importance of bile acid conjugation in lipid absorption. In 
some patients, liver disease with features of a cholangiopathy has 
been present. Oral glycocholic acid therapy has been shown to 
be safe and effective in improving growth and fat-soluble vitamin 
absorption in children and adolescents with these disorders.”!* 


Peroxisomal Disorders 


Peroxisomes are responsible for beta oxidation in the final steps of 
bile acid synthesis to yield the primary bile acids, cholic acid and 
CDCA. Defects in peroxisomal assembly and function have a sig- 
nificant impact on bile acid synthesis, because peroxisomes con- 
tain multiple enzymes required for the oxidation and conjugation 
of bile acids. The peroxisomopathies encompass a diverse group 
of genetic disorders caused by impairment in one or more per- 
oxisomal functions. These disorders are subdivided into 3 main 
groups: (1) peroxisome biogenesis disorders (PBDs) that cause 
multiple abnormalities, (2) single peroxisomal protein (enzyme) 
deficiencies that result in limited dysfunction, and (3) single 
peroxisomal substrate transport deficiencies.*!? PBDs comprise 
a group of disorders that share similar clinical and biochemical 
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features; this group includes Zellweger syndrome (ZS), neonatal 
adrenoleukodystrophy (NALD), infantile Refsums disease (IRD), 
and rhizomelic chondrodysplasia punctata, which is character- 
ized by severe rhizomelic shortening of the limbs, severe skeletal 
abnormalities, cataracts, and facial abnormalities.?!? 

PBDs are caused by defects in any of at least 14 different PEX 
(or peroxin) genes, which encode proteins involved in peroxisome 
assembly and proliferation. The single peroxisomal enzyme defi- 
ciency group consists of D-bifunctional protein and phytanoyl- 
CoA hydroxylase (adult Refsum disease) deficiencies, among 
others. The single peroxisomal substrate transport deficiency 
group consists of only one disease, X-linked adrenoleukodystro- 
220 

These neurometabolic diseases are highly variable in age of 
onset and severity, with clinical and biochemical consequences 
dependent on the specific function of the affected protein in per- 
oxisomal metabolism. The spectrum includes death in infancy, 
rapid functional decline, slow decline over a long term, and an 
apparently stable course. Leukoencephalopathy may be detected 
on cerebral MRI.??! 

Liver histologic changes are frequent in patients with per- 
oxisomal disorders.’?? Collectively, a comparison of different 
patients (and mouse models of disease) does not provide an 
unambiguous picture of the histologic findings. Whereas accu- 
mulating bile acid intermediates seem to underlie liver damage 
and failure with some disorders,”!’’?} comparable levels do not 
elicit pathology in other instances.’?+-?76 

Zellweger spectrum disorders (ZSD) include 3 separate enti- 
ties considered different presentations within the same clinical 
and biochemical spectrum: ZS, NALD, and IRD.?!? The mul- 
tiple features of ZSD include distinctive dysmorphic features 
(hypertelorism, large anterior fontanelle, deformed earlobes), 
neonatal hypotonia, impaired hearing, retinopathy, cataracts, sei- 
zures, and skeletal changes. Patients with ZS often die within the 
first years of life, whereas those with NALD and IRD often reach 
their teens and even early adulthood.’!? Hepatomegaly is com- 
mon, and the progressive liver disease that develops in patients 
with ZS is similar to that identified in other errors of bile acid 
synthesis.*”’ Peroxisome biogenesis involves multiple PEX genes 
and requires the targeting and importation of cytosolic proteins 
into the peroxisomal membrane and matrix. Importation of pro- 
teins fated for the peroxisomal matrix requires guidance from 
1 of 2 peroxisome-targeting signals, PTS1 and PTS2. Patients 
with ZSD display defects in the importation of proteins that use 
PTS1 and PTS2, whereas patients with rhizomelic chondrodys- 
plasia punctata have a defect in the importation of proteins that 
use PTS2.778 

The most common disorder of peroxisomes, adrenoleukodys- 
trophy, is included in the second group of peroxisomopathies. 
This disorder results from a defect in the peroxisomal adreno- 
leukodystrophy protein, which is a member of the ATP-binding 
cassette (ABC) superfamily of membrane transporters (see Chap- 
ter 64). NALD, a distinct genetic disorder of autosomal reces- 
sive inheritance, must be distinguished from ZS and X-linked 
adrenoleukodystrophy; all 3 conditions lead to storage of very- 
long-chain fatty acids. Clinical features in NALD, present at 
birth, include hypotonia, severe psychomotor delay, and failure 
to thrive. 

These disorders are associated with multiple clinical abnor- 
malities and a wide range of biochemical abnormalities. They 
are diagnosed through a combination of biochemical and histo- 
logic assessment, such as a search for very-long-chain fatty acids 
and ultrastructural abnormalities in tissue biopsy specimens, and 
genetic confirmation of suspected patients can be performed by 
sequencing candidate genes.?!? DNA testing for PBDs may be 
used for carrier testing of relatives, early prenatal diagnosis or 
preimplantation genetic diagnosis, and counseling in families 
with a risk of recurrence for one of these disorders. 


Bile Acid Transport Defects 


The study of intrahepatic cholestasis syndromes has enhanced 
our understanding of hepatic excretory function and bile acid 
metabolism (see Chapter 64). The spectrum of diseases associ- 
ated with mutations in genes involved in bile acid transport 
physiology is large and growing. The precise terminology used 
to describe these disorders continues to evolve as well (see Table 
77.3). Historically, the PFIC family of diseases included a group 
of rare disorders presumably caused by specific defects in bile 
secretion. The 3 classic disorders of bile acid transport defects 
included familial intrahepatic cholestasis 1 (FIC1) disease (Byler 
disease, PFIC1), bile salt export pump (BSEP) disease (PFIC 2), 
and multidrug resistance protein 3 (MDR3) disease (PFIC 3).?°° 
However, it was long suspected that additional genetic defects 
related to bile acid transport may be responsible for a similar 
phenotype, and at least 3 subsequent genetic diseases associated 
with low-GGTP intrahepatic cholestasis have been identified, 
including mutations in the genes for tight junction protein 2 
(TJP2), myosin VB, and the nuclear bile acid farnesoid X recep- 
tor (FXR).73!?3+ Diagnosis has been aided by the development 
of a several resequencing chips that efficiently identify the most 
common disease-causing mutations. 

FIC1 disease (also called PFIC type I, or PFIC1) encompasses 
a continuum comprising intermediate phenotypes of at least 3 
disease states: Byler disease, which generally presents in infancy 
and leads to progressive cholestasis often associated with severe 
pruritus; benign recurrent intrahepatic cholestasis (BRIC) type I, 
which gives rise to recurrent episodes of intrahepatic cholestasis 
beginning in childhood or adulthood that can last days to months 
and resolve spontaneously without causing detectable lasting liver 
damage; and intrahepatic cholestasis of pregnancy (ICP) type 1, 
which is a transient cholestasis limited to pregnancy with com- 
plete resolution after delivery.” The occurrence of extrahepatic 
features in patients with FIC1 disease, including chronic diar- 
rhea, deafness, and pancreatic insufficiency, suggests a biological 
cell function for the FIC1 protein. 

In patients with FIC1 disease, serum GGTP and cholesterol 
levels are normal or mildly elevated, and levels of bile acids are 
elevated in the serum and low in the bile. Serum aminotransfer- 
ase and bilirubin levels are mildly elevated as well. Impaired bile 
acid transport in the intestine may account for the striking malab- 
sorption and diarrhea in some patients. These intestinal clinical 
features do not resolve after LT and may worsen as cholestasis is 
improved and the terminal ileum is exposed to a normal bile acid 
constitution. Histology of liver tissue from patients with FIC1 
disease typically shows bland canalicular cholestasis, with varying 
degrees of hepatocellular ballooning and giant cell transforma- 
tion; portal fibrosis and eventually cirrhosis may be seen later in 
the course of the disease. (The liver histology of patients with 
BRIC type I and ICP type 1 is classically normal.) On electron 
microscopic evaluation of liver tissue from patients with FIC1 
disease, characteristic coarse, granular bile deposits are seen in 
the canaliculus (“Byler’s bile”).7>° 

FIC1 disease is caused by mutations in the ATPSB1 gene 
(initially named the FIC] gene) that encodes the FIC1 protein, 
a P-type adenosine triphosphatase involved in ATP-dependent 
aminophospholipid transport.” FIC1 protein is expressed on 
the hepatocyte canalicular membrane and in many other organs, 
including the intestine and pancreas. The mechanisms by which 
FIC1 protein dysfunction leads to the phenotype of low-GGTP 
cholestasis remains uncertain. Two pathophysiologic mecha- 
nisms have been proposed. The first involves the maintenance 
of canalicular membrane integrity via the enrichment of phos- 
phatidylserine and phosphatidylethanolamine on the inner leaflet 
of the plasma membrane, including microvilli formation. In dis- 
ease states, FIC1 dysfunction results in an abnormal constitution 
of lipids at the canalicular membrane with resulting disruption 


of the biliary secretion of bile acids, which explains the reduced 
biliary bile acid concentrations found in patients with FIC1 dis- 
ease.” The second proposed mechanism stems from the finding 
that impaired ATP8B1 function can down-regulate the FXR, a 
nuclear receptor involved in the regulation of bile acid metabo- 
lism, with subsequent down-regulation of BSEP protein in the 
liver and up-regulation of bile acid synthesis and of the apical 
sodium bile salt transporter in the intestine (see Chapter 64).7*° 

BSEP disease (PFIC type II, or PFIC2) is caused by a wide 
spectrum of mutations in the ABCBII gene, which encodes 
an ABC protein that serves as the canalicular BSEP, the major 
transport protein governing the secretion of bile acids from 
hepatocytes into bile.2*” BSEP, which is expressed exclusively 
in hepatocytes, is localized to the canalicular membrane and is 
therefore responsible for the bile salt-dependent bile flow, gov- 
erning the transport of monovalent bile acids (see Chapter 64). 

Patients with the progressive form of BSEP disease present 
with high serum bile acid levels, but low or low-normal serum 
GGTP levels, and usually have intense pruritus, jaundice, poor 
weight gain, and hepatosplenomegaly.’*? In addition, geneti- 
cally distinct forms of BRIC and ICP (type ID are associated 
with mutations in ABCB11. Patients with BRIC type II com- 
monly have cholelithiasis and lack other extrahepatic manifes- 
tations.?*7 

Early in the course of BSEP disease, nonspecific giant cell 
hepatitis is found on histologic examination of the liver, and on 
electron microscopy amorphous bile deposits are seen in the can- 
aliculi. For unclear reasons, patients with clinically severe, non- 
remitting intrahepatic cholestasis ascribed to ABCB11 mutations 
associated with absence or severe deficiency of BSEP expression 
have an increased risk of developing malignancies of the hepa- 
tobiliary system, such as hepatoblastoma, HCC, and cholangio- 
carcinoma.?*° Children who undergo orthotopic LT for severe 
BSEP deficiency are at risk for post-transplantation episodes of 
cholestatic dysfunction that mimics the original disease second- 
ary to the development of BSEP antibodies post-transplanta- 
tion.” This phenomenon has been termed antibody-induced 
BSEP deficiency, and remission can be achieved by intensifying 
immunosuppressive therapy or adding antibody-depleting medi- 
cations to the regimen. 

MDR3 disease (PFIC type II, or PFIC3) is caused by muta- 
tions in the ABCB4 gene that encodes the MDR3 glycoprotein, 
an ABC phosphatidylcholine translocase expressed on the cana- 
licular membrane of hepatocytes.?*? This phospholipid translo- 
cator is involved in biliary phospholipid (phosphatidylcholine) 
excretion.”*> MDR3 deficiency is thought to lead to cholestasis via 
decreased excretion of cytoprotective biliary phospholipids, leav- 
ing an increased pool of cytotoxic, detergent biliary bile acids that 
are not inactivated by phospholipids and giving rise to subsequent 
bile duct damage and proliferation and release of GGTP into the 
serum. 

Patients with MDR3 disease present with several disease 
phenotypes as well, ranging from neonatal cholestasis to the 
later presentation of cirrhosis, intrahepatic and gallbladder 
lithiasis, ICP, adult-onset ductopenic cholestatic liver disease, 
drug-induced cholestasis, and some cases of transient neona- 
tal cholestasis, adult idiopathic cirrhosis, and cholangiocarci- 
noma.?3?49 Patients with MDR3 deficiency present with high 
serum levels of GGTP and bile acids as well as bile ductular 
proliferation on routine microscopy. Some female patients with 
ICP have been shown to be heterozygous carriers of a mutation 
in ABCB4; other nongenetic factors are likely required for full 
expression of the disease.7*° 

Identifying the genetic causes of cholestasis has led to advance- 
ments in the understanding of the pathophysiology of liver dis- 
eases. Other chronic intrahepatic cholestatic diseases with known 
genetic components include North American Indian childhood 
cirrhosis, which is caused by a single point mutation in the cirhin 
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gene encoding a nucleolar protein of unknown function,**! neo- 
natal icthyosis sclerosing cholangitis due to mutations in the gene 
encoding claudin-1,7 neonatal sclerosing cholangitis due to 
mutations in the gene encoding doublecortin domain—contain- 
ing 2 protein,’* and arthrogryposis-renal dysfunction-cholestasis 
syndrome due to mutations in the VP533B (vacuolar protein sort- 
ing 33B) gene. Yet in many individuals, particularly those with 
normal-GGTP progressive cholestasis, genetic mutations have 
not been identified,*** and novel gene sequencing techniques are 
being applied to elucidate the genetic causes. 

Collectively, these efforts have led to the discovery of new 
genes for which dysfunction or absence of the encoded protein 
results in the phenotype of progressive cholestasis. Homozygous, 
truncating mutations in 77P2 with resulting absence of the TJP2 
(also known as zona-occludens-2) has been reported in children 
with severe liver disease, often requiring LT.**+?*> Mutations in 
NR1H4, which encodes FXR, a bile acid-activated nuclear hor- 
mone receptor that regulates bile acid metabolism through its 
promotion of BSEP trafficking to the canalicular membrane, can 
cause cholestatic liver disease.**! Clinical features of severe, persis- 
tent NR1H4-related cholestasis include neonatal onset with rapid 
progression to ESLD, vitamin K-independent coagulopathy, 
low-to-normal serum GGTP activity, elevated serum AFP levels, 
and undetectable liver BSEP expression.’*! In a similar fashion, 
defects in myosin VB, encoded by MYOSB, previously identified 
as disease-causing mutations in children with microvillus inclu- 
sion disease, have been shown to impair the targeting of BSEP to 
the canalicular membrane, thereby resulting in hampered bile acid 
secretion and cholestasis. The intractable diarrhea that defines 
microvillus inclusion disease can be absent or mild, and MYOS5B 
deficiency has been hypothesized to underlie up to 20% of previ- 
ously undiagnosed cases of low-GGTP cholestasis.” 

Classically, individuals with genetic-causing mutations result- 
ing in cholestasis have presented in the neonatal period; however, 
as newer developments have been made, an expanded role for 
mutations in these genes has been identified in the development 
of both cryptogenic cholestasis in adults and in ICP.?46 


Treatment 


Symptomatic improvement in pruritus, optimization of nutri- 
tional status, and management of complications of chronic liver 
disease constitute the main medical approaches to treatment in 
patients with disorders of bile acid transport.**” Supportive treat- 
ment requires supplementation of fat-soluble vitamins (A, D, 
E, and K) and administration of medium-chain TGs, which are 
absorbed independently of bile acids. Antipruritic agents such 
as UDCA, rifaximin, hydroxyzine, cholestyramine, naloxone, 
and sertraline have demonstrated varying degrees of success (see 
Chapter 91).?*° Surgical interruption of the enterohepatic cir- 
culation by ileal exclusion or partial biliary diversion has been 
shown to be well tolerated and generally, although not uniformly, 
results in improvement in pruritus and cholestasis**?; however, 
the presence of cirrhosis at the time of diversion has been associ- 
ated with poor outcomes, and recurrent, self-limited cholestasis 
episodes can occur.’*’ If all else fails, LT can lead to good overall 
outcomes, with normalization of bile acid synthesis and growth, 
even in patients who receive a live-donor organ from a potentially 
heterozygous parent.” Extrahepatic manifestations of FIC1 
deficiency, such as diarrhea, can worsen after transplantation. 
The resulting malnutrition has been linked to the development of 
fatty infiltration of the liver graft that can progress to the devel- 
opment of cirrhosis and require retransplantation. In these rare 
cases, internal and external biliary diversions have demonstrated 
some success in ameliorating the disease process.’*? Additionally, 
antibody-induced BSEP deficiency can occur following trans- 
plantation for PFIC2, particularly in patients with severe truncat- 
ing or early deleterious mutations. 
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TABLE 77.4 Hepatobiliary Disease in Patients with CF 


Specific to CF Hepatic 
Focal biliary cirrhosis with 
inspissation 
Multilobular biliary cirrhosis 
with inspissation 
Biliary 
icrogallbladder 
Mucocele 
ucous hyperplasia of the 
gallbladder 


Secondary to extrahepatic Hepatic (associated with cardio- 
disease pulmonary disease) 
Centrilobular necrosis 
Cirrhosis 
Pancreatic 
Fibrosis (leading to bile duct 
compression/stricture) 


Increased in frequency in patients 
with CF 


Hepatic 
Drug hepatotoxicity 
Fatty liver 
Neonatal cholestasis 
Viral hepatitis 
Biliary 
Biliary sludge 
Cholangiocarcinoma 
Cholelithiasis 
Sclerosing cholangitis 


Modified from Balistreri WF. Liver disease in infancy and childhood. In: 
Schiff ER, Sorrell MF, Maddrey WC, editors. Schiff’s diseases of the liver. 
9th ed. Philadelphia: Lippincott-Raven; 1999. p 1379. 


CYSTIC FIBROSIS 


Defects in the CFTR protein, found on the apical surface of chol- 
angiocytes, lead to a wide spectrum of hepatobiliary conditions 
collectively referred to as CF-associated liver disease (CFLD).”*! 
Although the pulmonary manifestations of CF historically have 
dominated the all-cause mortality, improvements in lung disease 
management have resulted in an increased frequency of extrapul- 
monary complications, and CFLD is now the third leading cause 
of mortality in patients with CF.?° 


Clinical and Pathologic Features 


The clinical features of CFLD are varied and have been noted to 
include liver enzyme elevations, hepatic steatosis, neonatal cholesta- 
sis, focal biliary cirrhosis (FBC), multilobular cirrhosis, gallbladder 
abnormalities, and cholangiopathy”’’; however, liver involvement 
in CF is not a universal feature of the disease. Although CF has 
been identified in fewer than 2% of patients with neonatal cholesta- 
sis, the diagnosis should be considered in any infant who presents 
with neonatal jaundice. Up to 30% of patients may have clinical or 
symptomatic liver disease after the neonatal period. In subjects with 
CFLD, disease usually develops early in childhood (approximately 
10 years of age) and is more common in boys than in girls.’*? 
Hepatobiliary diseases noted in patients with CF can be 
grouped into 3 categories (Table 77.4). The pathognomonic 
lesion of CF is FBC, with and without evidence of portal hyper- 
tension; an increasing frequency of noncirrhotic portal hyper- 
tension has been reported in patients with CF.?°*?>> At autopsy, 
FBC has been identified with a frequency of 11% to 50%.?*? Pro- 
gression to multilobular biliary cirrhosis occurs in 5% to 10% 
of patients with CF and leads to symptoms associated with por- 
tal hypertension, such as splenomegaly and variceal bleeding.’»° 
Hepatic steatosis also develops in roughly half of patients but 
does not appear to correlate with outcome. Biliary abnormalities 


range from microgallbladder, which is largely asymptomatic and 
is found in up to 20% of patients, to cholelithiasis and cholangio- 
carcinoma.’ The presence of liver disease does not necessarily 
correlate with the severity of pulmonary disease. 


Pathophysiology 


The pathogenesis of CFLD is complex. The pathognomonic lesion 
of CF, FBC, presumably results from defective function of the 
CFTR protein and is thought to result from obstruction of small 
bile ducts leading to chronic inflammatory changes, bile duct pro- 
liferation, and portal fibrosis. CFTR dysfunction has been shown 
to lead to fibrotic liver disease in a murine model.’** An addi- 
tional mechanism by which a defective CFTR protein is thought 
to induce biliary disease is through a complex relationship among 
CFTR, Toll-like receptor 4, and the Rous sarcoma oncogene cel- 
lular homolog (Src). Under normal physiologic conditions, CFTR 
acts to regulate Toll-like receptor 4, which in turn inhibits Src 
activity. When CFTR is defective, however, Src can self-activate, 
leading to increased production of inflammatory cytokines and a 
loss of epithelial barrier function, thereby resulting in increased 
biliary epithelial inflammation and permeability.’°” 

Although all patients with CF express defective CFTR in 
cholangiocytes, not all develop CFLD. There is no association 
between specific CFTR mutations and CFLD.*° The variable 
occurrence and clinical course of liver disease in patients with CF 
suggest that other genetic or environmental factors are involved 
in disease expression. For example, the aj-AT Z allele has been 
shown to be a risk factor for liver disease and portal hypertension 
in patients with CF,’°! and hepatic expression of certain genes 
correlates with the severity of fibrosis.*°’ Differential expres- 
sion of a number of genes is associated with hepatic fibrogenesis, 
including down-regulation of collagens, matrix metalloprotein- 
ases, and chemokines, thereby providing evidence of a transcrip- 
tional basis for the pathogenesis of CFLD.7° 


Diagnosis 


A joint National Institutes of Health and Cystic Fibrosis 
Foundation Clinical Research Workshop on CFLD suggested 
criteria to diagnose progressive liver disease in patients with 
CF.?>? If 2 or more of the following are present, a diagnosis of 
CFLD is established: (1) hepatomegaly (e.g., liver edge palpable 
>2 cm below the costal margin) and/or splenomegaly, confirmed 
by US; (2) elevations of ALT, AST, and GGTP above the labo- 
ratory upper limits of normal for greater than 6 months, after 
excluding other causes of liver disease; (3) ultrasonographic evi- 
dence of coarseness, nodularity, increased echogenicity, or portal 
hypertension, as described earlier; and (4) liver biopsy specimens 
showing FBC or multilobular cirrhosis (if liver biopsy is per- 
formed). Additional areas of focus and key points of interest in 
the field are the expansion of the definition to include patients 
with noncirrhotic portal hypertension and the incorporation of 
new technologies, such as ultrasound elastography, and novel 
serologic biomarkers to more accurately diagnose CFLD.?*! 


Treatment 


Children with CF should be screened yearly with physical exami- 
nation, liver biochemical and function tests, and abdominal imag- 
ing to assess for CFLD.*® Those with suspected CFLD should 
be evaluated by a hepatologist to exclude other causes of liver 
disease. Once a diagnosis of CFLD is established, the inclusion of 
the liver specialist on a multidisciplinary care team is important 
for future management and potential interventions. Nutrition is 
a critical area of focus because fat malabsorption may be exac- 
erbated by the cholestasis of CFLD. Additionally, optimizing 
overall liver health, through avoidance of alcohol, hepatotoxic 


medicines, and herbal and dietary supplements and vaccinations 
against hepatotropic viruses should be encouraged. The mainstay 
of treatment is to mitigate the complications of portal hyperten- 
sion and cirrhosis. Although UCDA therapy is commonly pre- 
scribed, few trials have assessed its effectiveness, and evidence to 
justify its routine use in CF is insufficient.**+ In some patients 
with CF, however, treatment with UDCA improves liver bio- 
chemical test levels, but the evidence that the drug halts progres- 
sion to cirrhosis is inconclusive.?>” 

Because patients with CF rarely have true hepatocellular dys- 
function, the role of LT is often reserved for patients with clini- 
cally significant complications related to their portal hypertension. 
Clarity regarding the appropriateness for candidacy and optimal 
timing of transplantation is lacking, and guidelines are needed. 

The published data on LT reveal discrepancies relating to 
improved lung function, nutritional status, and quality of life in 
patients with CFLD.?”? Long-term outcomes following LT are 
acceptable but are inferior to the outcomes of transplantation for 
other diseases. One study suggested that LT was neither ben- 
eficial nor detrimental to pulmonary function in patients with 
CF.2® A portosystemic shunt can be an effective treatment in 
patients with variceal bleeding; long-term outcomes are compa- 
rable to those for patients who undergo LT.?° 


MITOCHONDRIAL LIVER DISEASES 


Many diseases associated with liver dysfunction have been 
attributed to defects in mitochondrial function. In addition to 
defects in mitochondrial enzymes involved in the urea cycle or 
energy metabolism, several mitochondrial hepatopathies involve 
respiratory chain/oxidative phosphorylation/electron transport 
defects or alterations in mitochondrial DNA (mtDNA) levels. 
The mitochondrial genome is especially vulnerable to oxidative 
injury not only because of its spatial relationship to the respi- 
ratory chain, but also because of its lack of protective histones 
and of an adequate excision and recombination repair system. 
mtDNA is inherited almost entirely from the maternal ovum; 
therefore, many primary mitochondrial deficiencies are inher- 
ited in a dominant fashion. Many nuclear genes, however, such 
as DNA polymerase-y (POLG), thymidine kinase 2 (TK2), deoxy- 
guanosine kinase (DGUOK), SCO1, BCSIL, and MPV17, encode 
proteins critical to maintaining proper amounts of mtDNA and 
to allowing normal mitochondrial respiratory function. Most 
mitochondrial diseases with primary involvement of the liver are 
caused by nuclear rather than mitochondrial gene mutations.?67 

Mitochondrial respiratory chain disorders can affect 1 in 
5000 births, with liver involvement occurring in 10% to 20% of 
patients.?°’° Striking heterogeneity of clinical features, rang- 
ing from single-organ involvement to multisystem disease, can 
lead to a delayed or missed diagnosis and can confound thera- 
peutic decision-making, for example, with respect to the advis- 
ability of LT. This heterogeneity of clinical presentations is likely 
due to the observations that mitochondrial quantity and function 
are uniquely influenced by both nuclear and mtDNA, and cells 
in various tissues can contain different mixtures of normal and 
abnormal mitochondrial genomes (heteroplasmy).’°” 

The diagnosis of a mitochondrial respiratory chain defect 
should be considered in a patient with liver disease who has unex- 
plained neuromuscular symptoms, including a seizure disorder; 
involvement of seemingly unrelated organ systems; a rapidly 
progressive course; or a chronic course that proves to be a diag- 
nostic dilemma.’°’ In about 80% of patients, symptoms appear 
before age 2. The plasma lactate level and the ratio of lactate to 
pyruvate are often elevated, especially when the presentation is 
insidious.’°’?°? Given the complex array of tests that are useful 
for establishing a diagnosis of a mitochondrial hepatopathy, a 
tiered approach to the diagnostic workup has been proposed. The 
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results of early screening tests, such as an acylcarnitine profile 
or urine organic acid levels, may provide clues to abnormalities 
in energy metabolism and may subsequently guide confirmatory 
testing to establish a molecular diagnosis. In selected cases, tar- 
geted exomic sequencing of a patient’s mitochondrial genes and a 
subset of nuclear genes or whole exome sequencing may lead to a 
definitive diagnosis.?’°.77! 

Infantile liver failure has been reported in numerous mito- 
chondrial disorders, including cytochrome c oxidase deficiency, 
caused by mutations in the SCO1 or BCSIL genes; succinyl- 
CoA enzyme deficiency, caused by mutations in the SUCLGI 
genes; mutations in the TRMU gene encoding the mitochon- 
drial-specific tRNA-modifying enzyme; and mutations in the 
TSFM gene encoding the mitochondrial translation elongation 
factor EFTs.’”?74 Although an elevated serum lactate and/or 
lactate-to-pyruvate ratio is often identified as a key features of 
these disorders, the clinical use of these markers in the setting 
of ALF may be less specific.?”> Infants with Alpers-Huttenlocher 
syndrome (progressive neuronal degeneration in childhood with 
liver disease ascribed to mitochondrial dysfunction) experience 
vomiting, hypotonia, seizures, and liver failure, often beginning 
by 6 months of age. Frequently, the liver disease is unsuspected 
clinically and becomes evident late in the course of the disease. 
Alpers-Huttenlocher syndrome has been shown to be caused by 
mutations in POLG and in the FARS2 gene encoding a mitochon- 
drial phenylalanyl transfer RNA synthetase.’”° Alternatively, in 
mtDNA depletion syndrome (caused by mutations in the POLG, 
DGUOK, or MPV17 genes), hypoglycemia, acidosis, and liver 
failure develop early in infancy, and neurologic abnormalities are 
less prominent.?”7 

Navaho neurohepatopathy has been shown to be caused by 
mtDNA depletion and a defect in the MPV17 gene product, 
which is involved in mtDNA maintenance and regulation of oxi- 
dative phosphorylation.’”*’”? Other multisystemic mitochondrial 
diseases with liver involvement are Pearson’s marrow-pancreas 
syndrome (caused by large deletions of mtDNA segments) and 
chronic diarrhea and intestinal pseudo-obstruction with liver 
involvement.?*° 

Liver biopsy specimens in mitochondrial disorders typically 
show macrovesicular and microvesicular steatosis, with increased 
density and occasional swelling of mitochondria on electron 
microscopy. Immunohistochemical techniques are used more fre- 
quently (e.g., to diagnose cytochrome c oxidase deficiency). Cho- 
lestasis may be present, and conditions associated with chronic 
liver disease can show micronodular cirrhosis. Lactic acidemia may 
be constant, intermittent, or absent in mitochondrial disorders.?*! 
Direct measurement of the enzymatic activity of the respiratory 
chain electron transport protein complexes can be performed on 
frozen tissue from the organ that expresses the clinical disease, 
although skin fibroblasts and lymphocytes may also be used. Few 
academic centers around the world can perform the assays for mito- 
chondrial respiration (polarographic studies) or mtDNA analysis. 

No known effective therapy that alters the course of disease 
has been developed for mitochondrial respiratory chain disor- 
ders. Strategies proposed to delay the progression of these disor- 
ders include the use of antioxidants such as vitamin E or ascorbic 
acid; electron acceptors and cofactors, such as coenzyme Q10, 
thiamine, or riboflavin; and supplements proposed to work by 
other mechanisms, such as carnitine, creatine, or succinate. A 
Cochrane systemic review, however, failed to show any clear evi- 
dence to support their general use in mitochondrial disorders, but 
specific diseases, such as coenzyme Q deficiency, may respond to 
treatment.?*°*? LT has generally been contraindicated in these 


patients, but some reports have demonstrated successful out- 
comes.269:270,280 


Full references for this chapter can be found on www.expertconsult.com. 
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Hepatitis A is the most common form of acute viral hepatitis 
worldwide.! It is a self-limited infection caused by a cytopathic, 
nonenveloped, single-stranded RNA virus that is transmitted 
primarily by the fecal-oral route by contaminated food or water 
and sometimes results in epidemic outbreaks.!7 HAV was first 
characterized in 1973, when scientists detected the virus in stools 
of human volunteers who were infected with HAV.’ The ensu- 
ing development of sensitive and specific serologic assays for 
the diagnosis of HAV infection and the isolation of HAV in cell 
culture? permitted understanding of the epidemiology of HAV 
infection and, ultimately, control of the disease. 


VIROLOGY 


In 1982, HAV was classified as an enterovirus belonging to the 
Picornaviridae family. Subsequent determination of the sequence 
of HAV nucleotides and amino acids led to the creation of a new 
genus, Hepatovirus.) HAV has an icosahedral shape, measures 27 
to 28 nm in diameter, is able to survive in acidic environments but 
is inactivated when heated to 85°C for 1 minute. HAV is capable 
of surviving in sea water (4% survival rate), dried feces at room 
temperature for 4 weeks (17% survival), and live oysters for 5 days 
(12% survival).° HAV has only 1 known serotype and no antigenic 
cross-reactivity with the hepatitis B, C, D, or E virus or human 
pegivirus (see Chapters 79 to 83). The HAV genome consists of a 
positive-sense RNA that is 7.48 kb long, single-stranded, and linear 
(Fig. 78.1). 

The onset of HAV replication in cell culture systems takes 
from weeks to months. Primate cells, including African green 
monkey kidney cells, primary human fibroblasts, human diploid 
cells, and fetal rhesus kidney cells, are favored for cultivation of 
HAV in vitro. Two conditions control the outcome of HAV repli- 
cation in cell culture.’ The first is the genetic makeup of the virus; 
HAV strains mutate in distinct regions of the viral genome as 
they become adapted to cell culture. The second is the metabolic 
activity of the host cell at the time of infection. Cells in culture, 
although infected simultaneously, initiate HAV replication in an 
asynchronous manner. This asynchronicity may be caused by dif- 
ferences in the metabolic activity of individual cells, but definitive 
evidence of cell-cycle dependence of HAV replication is lacking.* 
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An initial step in the life cycle of a virus is its attachment to a 
cell surface receptor. The location and function of these receptors 
determine tissue tropism. Little is known about the mechanism of 
entry of HAV into cells. Some work has suggested that HAV could 
infect cells by a surrogate-receptor binding mechanism (involving 
a nonspecified serum protein). HAV infectivity in tissue culture has 
been shown to require calcium and to be inhibited by the treatment 
of the cells with trypsin, phospholipases, and B-galactosidase.? A 
surface glycoprotein, HAVcr-1, on African green monkey kid- 
ney cells has been identified as a receptor for HAV. Blocking of 
HAVer-1 with specific monoclonal antibodies prevents infection 
of otherwise susceptible cells. Experimental data suggest that 
HAVcr-1 not only serves as an attachment receptor but may also 
facilitate uncoating of HAV and its entry into hepatocytes.!° 

Once HAV enters a cell, the viral RNA is uncoated, cell host 
ribosomes bind to viral RNA, and polysomes are formed. HAV 
is translated into a large polyprotein of 2227 amino acids. This 
polyprotein is organized into 3 regions: P1, P2, and P3. The P1 
region encodes structural proteins VP1, VP2, VP3, and a puta- 
tive VP4. The P2 and P3 regions encode nonstructural proteins 
associated with viral replication (see Fig. 78.1). 

The HAV RNA polymerase copies the plus-RNA strand. The 
RNA transcript, in turn, is used for translation into proteins, 
which are used for assembly into mature virions. Down-regulation 
of HAV RNA synthesis appears to occur as defective HAV par- 
ticles appear.'! In addition, a group of specific RNA-binding pro- 
teins has been observed during persistent infection.!* The origin 
and nature of these proteins is unknown, but they exert activity on 
the RNA template and are believed to play a regulatory role in the 
replication of HAV.!? 

Human HAV strains can be grouped into 4 different geno- 
types (1, I, III, and VID, whereas simian strains of HAV belong 
to genotypes IV, V, and VI.!+ Despite the nucleotide sequence 
heterogeneity, the antigenic structure of human HAV is highly 
conserved among strains. The HAV VP1/2A and 2C genes are 
thought to be responsible for viral virulence, as demonstrated by 
experiments in which the genotypes and phenotypes of viruses 
were compared after animals were infected with 1 of 14 chime- 
ric virus genomes derived from 2 infectious cDNA clones that 
encoded a virulent HAV isolate and an attenuated HAV isolate 
(HM175 strain), respectively. 

Among the many strains of HAV, the HM175 and CR326 
human HAV strains were used for production of commercially avail- 
able vaccines. In 1978, strain HM175 was isolated from human feces 
from Australian patients in a small outbreak of hepatitis A. CR326 
was isolated from Costa Rican patients infected with HAV. The 
nucleotide and amino acid sequences showed 95% identity between 
the 2 strains. Vaccines prepared from these strains are thought to 
provide protection against all relevant human strains of HAV. 

Variations in the HAV genome are thought to play a role in 
the development of ALF during acute HAV infection. The 5’ 
untranslated region of the HAV genome was sequenced in serum 
samples from 84 patients with HAV infection, including 12 with 
ALF.!6 The investigators observed fewer nucleotide substitu- 
tions in the HAV genome from patients with ALF than in those 
from patients without ALF (P < .001). The differences were most 
prominent between nucleotides 200 and 500, suggesting that 
nucleotide variations in the central portion of the 5’ untranslated 
region influence the clinical severity of HAV infection. 
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Fig. 78.1 Genomic organization of HAV. VP. Viral protein; VPg, 5’ termi- 
nal protein. (From Levine JE, Bull FG, Millward-Sadler GH, et al. Acute 
viral hepatitis. In: Millward-Sadler GH, Wright R, Arther MJP, editors. 
Wright's liver and biliary disease. 3rd ed. London: WB Saunders; 1992. 
p 679.) 


EPIDEMIOLOGY 


Acute hepatitis A is a reportable infectious disease in all 50 
states, as well as the District of Columbia and in U.S. territories. 
Incidence steadily declined by more than 95% from 1995 to 2011. 
In 2011, 1376 cases of acute HAV infection were reported, cor- 
responding to a rate of infection of 0.4 cases per 100,000, com- 
pared with 6 cases per 100,000 in 2001!”'* The decrease in rates 
of HAV infection is, in large part, caused by the expanded use 
of the HAV vaccine (see later). In 2006, the Centers for Disease 
Control and Prevention (CDC) recommended routine vaccina- 
tion of children in all 50 states. 

Although the impact of HAV vaccination has been profound, 
coverage rates for the complete HAV vaccination series remain 
below rates for other routine childhood vaccines. In the USA 
in 2014, the HAV vaccination rate in children 19 to 35 months 
of age for the first dose was 87%, but only 57.5% of children 
received a second dose.!? More than 90% of persons who receive 
the 2-dose vaccination series will have persistent antibodies for 
40 years, compared with 11 years if only 1 dose is received.??”! 
The frequency of HAV antibodies in 32,502 Air Force recruits 
from 2013 to 2014 was greater than 50% in recruits from Alaska, 
Nevada, Utah, Arizona, and New Mexico. The frequency of 
HAV antibodies in recruits from the remaining 45 states was 
below 50%, with those from 16 states having rates lower than 
35%.? This low rate of adult HAV immunity in a low-endemic 
nation has resulted in susceptibility to infection from sporadic 
food-associated outbreaks or person-to-person transmission in a 
large portion of the adult population. 

From 2012 to 2018, the number of cases of HAV infection 
in the USA has fluctuated owing to large outbreaks. By 2018, 
the number of HAV infections in the USA surged by 28% com- 
pared with 2016 levels.” Five states reported large outbreaks over 
that time period, the largest occurring in southern California 
with 704 cases (the largest outbreak in 20 years).7*?+ The most 
notable city, San Diego, reported 587 cases, 402 hospitalizations, 
and 20 deaths. After the governor declared a state of emergency, 
San Diego and the California Department of Public Health 
addressed the outbreak successfully by providing epidemiologic 
analysis and monitoring; immunizing individuals experiencing 
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homelessness and other high-risk populations; addressing home- 
less encampment hygiene and sanitation; and treating high-risk 
HAV-contaminated environmental surface areas with a sodium 
hypochlorite application.’* 

Historically, in the USA, the highest rate of reported disease 
has been among children 5 to 14 years of age. A rapid rate of 
disease decline among children has occurred since implementa- 
tion of vaccination. When rates of HAV infection are compared 
between 2012 and 2016 by age groups, all groups saw an increase 
in rate except persons 0 to 9 years of age (0.1 cases per 100,000 in 
2016). Persons 20 to 29 and 30 to 39 years of age had the highest 
rate (0.9 cases per 100,000), likely explained by a low prevalence 
of HAV antibodies in these groups. A transition has also occurred 
in the reported risk-exposure behaviors for persons with HAV 
infection; international travel was the most common risk factor 
from 2001 to 2007, whereas food and waterborne outbreaks were 
the most common in 2018.75 

Globally, 1.5 million people are infected with HAV annu- 
ally.?° The distribution of the virus is dependent upon socioeco- 
nomic factors such as housing, sanitation, vaccination programs, 
and water quality. With improvements in these factors, disease 
susceptibility has shifted from children to older adults.” HAV 
infection generally follows 1 of 3 epidemiologic patterns.*’7* 
In countries where sanitary conditions are poor, most children 
are infected at an early age. Although earlier seroepidemiologic 
studies routinely showed that 100% of preschool children in 
these countries had detectable antibodies to HAV (anti-HAV) 
in serum, presumably reflecting previous subclinical infection, 
subsequent studies have shown that the average age of infection 
has risen rapidly to 5 years and older, when symptomatic infec- 
tion is more likely. The second epidemiologic pattern is seen in 
industrialized countries where the prevalence of HAV infection 
is low among children and young adults. The third epidemiologic 
pattern is observed in closed or semiclosed communities, such as 
some isolated communities in the South Pacific, where HAV is 
capable (through epidemics) of infecting the entire population, 
which then becomes immune. Thereafter, newborns remain sus- 
ceptible until the virus is reintroduced into the community.”” 

The primary route of transmission of HAV is the fecal-oral 
route, by either person-to-person contact or ingestion of con- 
taminated food or water. Although rare, transmission of HAV 
by a parenteral route has been documented after transfusion of 
blood??*° or blood products.*! Cyclical outbreaks among people 
who inject drugs, users of noninjection illicit drugs, and men who 
have sex with men (up to 10% may become infected in outbreak 
years) have been reported.*? Clinical sequelae of HAV infection 
are more severe in older than younger adults; therefore, devel- 
oped countries with low endemicity and recent outbreaks have 
experienced high rates of hospitalization and increased costs.’ 

HAV is resistant to warming, freezing, drying, and acidic envi- 
ronments and has prolonged viability in feces, soil, and sewage. In 
the USA, efforts to provide effective sanitation services and facili- 
ties that offer maintenance of healthy personal hygiene habits in 
populations such as those affected by homelessness have been 
effective in combating transmission via fecal-oral contact with 
contaminated food and water or person-to-person contact during 
outbreaks.*”3? Successful initiatives that address homelessness 
and higher rates of completion of childhood vaccination series 
will have the most profound and durable impact on the frequency 
of HAV infection and other infectious outbreaks in the USA.**+ 


PATHOGENESIS 


After HAV is ingested and survives gastric acid, it traverses the small 
intestinal mucosa, reaches the liver via the portal vein, and is taken 
up by hepatocytes. In hepatocytes, virus particles replicate, assem- 
ble, and are secreted into the biliary canaliculus, from which they 
pass into the bile duct and back to the small intestine, with eventual 
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excretion in the feces. The enterohepatic cycles of the virus lifecycle 
continue until neutralizing antibodies and other immune mecha- 
nisms interrupt the cycle.*>° 

The pathogenesis of HAV-associated hepatocyte injury is 
not completely defined. The lack of injury to cells in cell culture 
systems suggests that HAV is not cytopathic. Immunologically 
mediated cell damage is more likely. The emergence of anti- 
HAV could result in hepatic necrosis during immunologically 
mediated elimination of HAV. 


CLINICAL FEATURES 


Infection with HAV does not result in chronic infection but in 
an acute self-limited episode of hepatitis. Rarely, acute hepatitis 
A can have a prolonged or a relapsing course and, occasionally, 
profound cholestasis can occur.*” The incubation period is com- 
monly 2 to 4 weeks, rarely up to 6 weeks. The mortality rate is 
low in previously healthy persons. Morbidity can be substantial in 
older children and adults. 

The most common clinical feature of cases of hepatitis A 
reported to the CDC in 2010 was jaundice in 68.1% of patients. 
The rates of hospitalization and death were 42.5% and 1%, 
respectively, possibly reflecting a reporting bias in favor of more 
severe cases. Adults and older adults are more likely to have pro- 
found hepatocellular dysfunction, require hospitalization, and 
have higher mortality rates.’ The increased morbidity and mor- 
tality in older adults may be caused by the reduced regenerative 
capacity of the liver with advanced age, increased comorbidity, 
and a decline in immune function, including decreased antibody 
affinity to antigens.*? By contrast, the rate of hospitalization in a 
younger population of active-duty U.S. Armed Forces members 
with acute HAV infection from 1991 to 2011 was 1.3 per 100,000 
person-years. Because of a 1996 Department of Defense directive 
to provide HAV vaccine to all active-duty and reserve members, 
with the goal of immunization of the entire force by end of 1998, 
the rate of hospitalization fell to 0.2 to 0.7 per 100,000 patient- 
years from 2000 to 2011.7° 

Patients with HAV infection usually present with 1 of the fol- 
lowing 5 clinical patterns: (1) asymptomatic without jaundice; 
(2) symptomatic with jaundice and self-limited after approximately 
8 weeks; (3) cholestatic, with jaundice lasting 10 weeks or more*’; 
(4) relapsing, with 2 or more bouts of acute hepatitis occurring 
over a 6- to 10-week period; and (5) ALF. Children younger than 
2 years of age are usually asymptomatic; jaundice develops in only 
20% of them, whereas symptoms develop in most children (80%) 
5 years of age or older. HAV infection with prolonged cholestasis 
is a rare variant but occasionally leads to invasive diagnostic pro- 
cedures (inappropriately) because the diagnosis of acute hepatitis 
may not be readily accepted in patients who have jaundice for 
several months, even in the presence of detectable anti- HAV of 
the immunoglobulin (Ig)M class (see later).>” A relapsing course 
is observed in 10% to 15% of patients with acute hepatitis A 
within a 6-month period after acute illness has resolved; however, 
this variant (or any other) does not result in the development of 
chronic HAV infection.*! Shedding of HAV in stool has been 
documented during the relapse phase.** Neither the cholestatic 
variant nor relapsing hepatitis A is associated with an increase in 
mortality. 

In a retrospective observational multicenter study of 47 
patients with acute HAV infection during the prodrome phase 
(from 3 to 30 days after infection), the most common symptoms 
were fever (87%), malaise (74%), and jaundice (62%).? Addi- 
tional prodromal symptoms included fatigue, weakness, anorexia, 
nausea, vomiting, and abdominal pain. Less common symptoms 
were fever, headache, arthralgias, myalgias, and diarrhea.+* Dark 
urine precedes other symptoms in approximately 90% of infected 
persons, a symptom that occurs within 1 to 2 weeks of the onset 
of prodromal symptoms. Symptoms of hepatitis may last from a 


few days to 2 weeks and usually decrease with the onset of clinical 
jaundice. RUQ tenderness and mild liver enlargement are found 
on physical examination in 85% of patients; splenomegaly and 
cervical lymphadenopathy are each present in 15%. 

Complete clinical recovery is achieved in 60% of affected per- 
sons within 2 months and in almost everyone by 6 months. The 
overall prognosis of acute hepatitis A in otherwise healthy adults 
is excellent. Potentially fatal complications (e.g., ALF) develop in 
a small minority of patients. 

Acute hepatitis A, unlike hepatitis E (see Chapter 82), is not 
associated with a higher mortality rate in pregnant women; how- 
ever, in a retrospective review of 13 cases of acute HAV infection 
during the second and third trimesters of pregnancy, gestational 
complications including premature contractions, premature rup- 
ture of membranes, placental separation, and vaginal bleeding 
developed in 9 patients (69%). In 8 of these patients, complica- 
tions led to preterm labor at a median of 34 gestational weeks 
(range, 31 to 37 weeks).+ 

Acute HAV infection must be differentiated by appropriate 
serologic testing from other causes of acute viral hepatitis, auto- 
immune hepatitis (AIH), and other causes of acute nonviral hepa- 
titis. In some cases, the diagnosis may be difficult to make because 
the patient may harbor another viral infection, such as chronic 
hepatitis B or chronic hepatitis C, with superimposed acute HAV 
infection. 


ALF Caused by HAV Infection 


ALF due to HAV is rarely seen in children, adolescents, or young 
adults. The case-fatality rate in 2008 was calculated by the CDC 
to be 0.02 per 100,000 population, with the highest mortality 
rates in persons older than 75 (0.12 deaths per 100,000 popula- 
tion). Mortality rates were similar between blacks and other peo- 
ple of color, who had rates slightly higher than those of whites. 
From 2004 to 2008, the mortality rate of acute hepatitis A was 
consistently higher among male patients than female patients.*° 
In addition to age, risk factors for ALF and mortality include 
underlying liver disease and chronic viral hepatitis.*’ Clinical pre- 
dictors of ALF-associated mortality in a 2012 study were a serum 
creatinine level greater than 2 mg/dL, total bilirubin greater than 
9.6 mg/dL, and albumin less than 2.5 g/L. Of these predictors, a 
serum creatinine level greater than 2 mg/dL had the best sensitiv- 
ity and specificity for predicting ALF and mortality.’ ALF caused 
by HAV becomes manifest in the first week of illness in approxi- 
mately 55% of affected patients and during the first 4 weeks in 
90%; the onset of ALF rarely occurs after 4 weeks of illness.+# 
Late hepatic failure has been reported to occur in 1 patient 79 
days after the onset of symptoms of HAV infection, with long- 
term survival achieved after live-donor LT (see Chapter 97).** 

The contribution of HAV infection to ALF has been reported 
to be greater in populations classified as hyperendemic for HAV. 
In a report from India, where 276 patients with ALF were seen 
between 1994 and 1997, 10.6% of the cases among adults were 
caused by HAV. HAV had been responsible for only 3.5% of 
cases among 206 patients with ALF seen in the same community 
from 1978 to 1981.4? Although 2 reports since the late 1990s have 
described a decline in the number of cases of acute viral hepatitis 
among patients with ALF in the USA,°°*! this decline is attribut- 
able principally to the control of HBV infection. 


Extrahepatic Manifestations 


Extrahepatic manifestations are less frequent in acute HAV infec- 
tion than in acute HBV infection and consist most commonly 
of an evanescent rash (14%) and arthralgias (11%) and, uncom- 
monly, of leukocytoclastic vasculitis, glomerulonephritis, and 
arthritis, in which immune-complex disease is believed to play 
a pathogenic role. Cutaneous vasculitis is typically seen on the 
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Fig. 78.2 Typical course of a case of acute hepatitis A. Anti-HAV, anti- 
body to HAV; IgM, immunoglobulin M. (From Hoofnagle JH, DiBisceglie 
AM. Serologic diagnosis of acute and chronic viral hepatitis. Semin 
Liver Dis 1991; 11:73-83.) 


legs and buttocks; skin biopsies reveal the presence of IgM anti- 
HAV and complement in blood vessel walls. The arthritis also 
appears to have a predilection for the lower extremities. Both vas- 
culitis and arthritis have been associated with cryoglobulinemia, 
although cryoglobulinemia in general is more frequently associ- 
ated with HCV infection. Cryoglobulins in acute hepatitis A have 
been shown to contain IgM anti-HAV. Other rare extrahepatic 
manifestations that may be immune-complex related include 
toxic epidermal necrolysis, fatal myocarditis, renal failure in the 
absence of liver failure, optic neuritis, transverse myelitis, poly- 
neuritis, and cholecystitis. Hematologic complications include 
thrombocytopenia, aplastic anemia, and red-cell aplasia. Patients 
with more protracted illness appear to have a higher frequency of 
extrahepatic manifestations. 


Autoimmune Hepatitis after Acute Hepatitis A 


Several viruses have been reported to trigger the onset of AIH 
(see Chapter 90). In rare cases, acute hepatitis A has been fol- 
lowed by the development of type 1 ATH. ATH may also result in 
the detection of IgM anti-HAV for a prolonged period of time. 
Genetic predisposition is thought to play a role.°?->” 


DIAGNOSIS 


Acute hepatitis A is clinically indistinguishable from other forms 
of viral hepatitis. The diagnosis of infection is based on detection 
of specific antibodies against HAV (anti-HAV) in serum (Fig. 
78.2). A diagnosis of acute hepatitis A requires demonstration of 
IgM anti-HAV in serum. The test result is positive from the onset 
of symptoms’? and usually remains positive for approximately 4 
months.*° Some patients may have low levels of detectable IgM 
anti-HAV for more than a year after the initial infection.*° IgG 
anti-HAV is also detectable at the onset of the disease, remains 
present usually for life, and after clinical recovery is interpreted as 
a marker of previous HAV infection (as demonstrated by a posi- 
tive result on a commercial assay for total anti- HAV and negative 
result for IgM anti-HAV). 

Testing for HAV RNA is limited to research laboratories. 
HAV RNA has been detected in serum, stool, and liver tissue. 
Viral RNA can be amplified by PCR methodology.’ With a PCR 
assay, HAV RNA has been documented in human sera for up to 
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21 days after the onset of illness.** The use of HCV RNA testing 
has been described in a report of 76 French patients with acute 
HAV infection seen between January 1987 and April 2000°*; 19 
had ALF, 10 of whom required LT and 1 of whom died while 
awaiting LT. The HAV RNA status was determined in 39 of the 
50 patients in whom sera and clinical data were available, includ- 
ing the 19 with ALF. HAV RNA was detected in 36 of these 50 
patients (72%). The presence of low-titer HAV RNA in patients 
with severe acute hepatitis may signal an ominous prognosis and 
the need for early referral for LT. As in other studies, the geno- 
type of HAV did not seem to play a role in the severity of clinical 
manifestations.°” 


PREVENTION AND TREATMENT 


Recommendations concerning immunoprophylaxis against HAV 
were published by the CDC in December 1999 for persons in 
groups at increased risk for hepatitis A or its adverse conse- 
quences. In 2006, these recommendations were updated by the 
Advisory Committee on Immunization Practices (ACIP), which 
specifically recommended routine vaccination of children in the 
USA.” The overall strategy is to protect persons from disease 
and to lower the incidence of HAV infection in the USA. The 
available monovalent vaccines were initially licensed for use in 
children older than age 2 but are now licensed for use after age 
12 months.” The decline in incidence rates, not surprisingly, 
has been greater in children than in adults, effectively removing 
children as a high-risk population and potentially removing the 
primary reservoir for the virus in the USA.!*? Box 78.1 lists the 
populations now considered to be at highest risk of HAV infec- 
tion. In June 2012, the WHO recommended deferring large-scale 
vaccination programs in highly endemic countries where almost 
all persons are asymptomatically infected with HAV in childhood, 
thereby effectively preventing clinical hepatitis A in adolescents 
and adults. In countries with intermediate HAV endemicity (or in 
those with high endemicity and rapidly improving socioeconomic 
status), a relatively large proportion of the adult population is sus- 
ceptible to HAV infection, and large-scale HAV vaccination is 
likely to be cost-effective and is recommended. In countries with 
low or very low endemicity, the WHO has recommended tar- 
geted vaccination to provide individual health benefits. Groups 
for which vaccination should be offered include travelers to areas 
of intermediate or high endemicity, persons who require lifelong 
blood product transfusions, men who have sex with men, persons 
with chronic liver disease, workers in contact with non-human 
primates, and people who inject drugs.’° 

No specific medications are available to treat acute hepatitis A; 
symptomatic treatment is the rule. Historically, attention to sani- 
tation and administration of serum immune globulin (IG) have 
been the mainstays of preventing HAV infection. The availability 
of excellent HAV vaccines, the high cost of IG, and the short- 
term protection of IG through passive immunity have signifi- 
cantly limited the use of IG for pre-exposure prophylaxis. IG is 
still indicated in susceptible individuals traveling to intermediate 
or high endemic areas in less than 2 weeks (Table 78.1).°! 

In June 2007, the HAV vaccine was approved for use in the 
postexposure prophylaxis of immunocompetent persons, 12 
months to 40 years of age, without chronic liver disease.ć? This 
new indication for the HAV vaccine was based on results of a 
study that compared the efficacy of the HAV vaccine with that of 
IG for postexposure prophylaxis against HAV infection. Clinical 
hepatitis A developed in 4.4% of subjects in the vaccine group 
compared with 3.3% of those in the IG group.® Analysis revealed 
no statistical difference between the 2 groups (95% confidence 
interval, 0.70 to 2.67) but likely excluded persons with asymp- 
tomatic infection. In the vaccine group, 162 persons with IgM 
HAV in serum were excluded, compared with 50 persons in the 
IG group, because of either a lack of symptoms or absence of 
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an elevated serum ALT level of at least 2 times the upper limit 
of normal. The possibility exists that a number of persons with 
asymptomatic hepatitis A still posed an infectious risk to others. 
Although both HAV vaccine and IG appear to be effective when 
administered within 2 weeks of exposure to HAV, advantages of 
the HAV vaccine include long-term protection (when a second 
dose is subsequently administered), a good safety record, and 
wide availability.** Postexposure prophylaxis with IG is still indi- 
cated in infants younger than 12 months of age and can be con- 
sidered in individuals greater than 40 years of age; however, the 
vaccine is likely also effective in the latter group (see Table 78.1). 
In July 2017, prescribing recommendations for IG (GamaSTAN 
S/D [manufactured by Grifols Therapeutics, Inc., Clayton, NC], 
the only IG approved by the FDA for HAV prophylaxis) were 
updated taking into account the decreased concentration of HAV 
IgG (and thus IgG potency) among donors (see Table 78.1).°! 

‘Taking into consideration data from Canada and the United 
Kingdom, where the HAV vaccine has been used for postexposure 
prophylaxis since the early 2000s, the ACIP concluded that the HAV 
vaccine is safe and comparable to IG in protecting recipients against 
clinical hepatitis A. The ACIP guidelines allow persons who have 
recently been exposed to HAV, and who have not been vaccinated 
previously, to be given a single dose of single-antigen HAV vaccine 
or IG (0.01 mL/kg) as soon as possible within 2 weeks of expo- 
sure. The standard vaccine schedule is detailed in Table 78.2.6162 
Although IG is considered safe, the perception is widespread that it 
poses a risk because it is a blood-derived product. IG can cause fever 
and myalgias, just as the vaccine can, but pain at the injection site is 
usually more pronounced with IG than with the vaccine. Postexpo- 
sure prophylaxis with IG can be administered at the same time as 
initiation of active immunization with the vaccine. 

The HAV vaccine was first licensed in the USA in 1995; 2 
inactivated HAV vaccines are commercially available. Extensive 
use of the vaccines in clinical trials and postmarketing surveil- 
lance support the safety and efficacy of these products. HAVRIX 


BOX 78.1 Groups at High Risk of HAV Infection 


Healthy persons who: 
Travel to endemic areas 
Work in occupations for which the likelihood of exposure is high 
Have infected family members 


Adopt infants or children from an endemic area 
Men who have sex with men 
Persons who have tested positive for HIV 
Persons with chronic liver disease 
Persons with a clotting factor disorder 
People who inject drugs or users of noninjection illicit drugs 


TABLE 78.1 Dosing Instructions for Immune Globulin for HAV Prophylaxis® 


is manufactured by GlaxoSmithKline Biologicals, Rixensart, 
Belgium, and VAQTA is manufactured by Merck & Co Inc., 
West Point, Pennsylvania. Both vaccines are derived from HAV 
grown in cell culture. The final products are purified and for- 
malin-inactivated; they contain alum as an adjuvant. The basic 
difference between the 2 commercially available vaccines is the 
HAV strain used for preparation. HAVRIX was prepared with 
the HM175 strain, whereas VAQTA was prepared with the 
CR326 strain.°>° The difference is of little practical importance 
because both vaccines are safe and immunogenic. The doses and 
schedule of immunization are shown in Table 78.2. After vacci- 
nation with HAVRIX, anti-HAV is estimated to remain detect- 
able in serum for approximately 40 years; immunity may last 
longer.?? Among adults, the most common local side effects have 
been soreness at the injection site (56%), headache (14%), and 
malaise (7%). In children, the most common side effects have 
been soreness at the injection site (15%), feeding problems (8%), 
headache (4%), and induration at the injection site (4%).*7 

In the USA, during November 2012, the Vaccine Adverse 
Event Reporting System received 20,057 reports of unexplained 
adverse events after immunization with the HAV vaccine alone or 
in combination with other vaccines. Of the 20,057 reports, 1230 
were considered serious and included Guillain-Barré syndrome, 
immune thrombocytopenic purpura, elevated serum aminotrans- 
ferase levels, and seizures in children.*” No reported serious event, 
however, could be attributed definitively to the HAV vaccine, and 
the reported rates did not exceed the expected background rates. 
For example, the general population incidence of Guillain-Barré 
syndrome ranges from 0.5 to 2.4 cases per 100,000 person-years, 
and among adult HAV vaccine recipients, the incidence of Guil- 
lain-Barré was 0.2 cases per 100,000 person-years.*? 

Acombined formulation of hepatitis A and B vaccines (TWIN- 
RIX, GlaxoSmithKline Biologicals, Rixensart, Belgium) is avail- 
able and has an excellent record of efficacy and safety.°” Although 
some long-term studies have shown persistence of anti- HAV in 
children and adolescents, seroconversion rates for TWINRIX 
are apparently lower in children 1 to 6 years of age than those for 
standard monovalent vaccines.®* Currently, therefore, TWIN- 
RIX is approved only for persons 18 years of age and older. 

As a result of the reduction in endemic cases of hepatitis A in 
the USA, a large proportion of patients who now become infected 
with HAV are nonimmune adults traveling to endemic areas. 
Even if medical advice is sought before travel, the time is usually 
insufficient for completing the standard immunization schedule. 
HAVRIX and VAQTA are approved by the FDA for use in an 
accelerated vaccination schedule before planned travel. If given 
at least 2 weeks before travel, a single dose of either monovalent 
vaccine results in protective anti-HAV titers.’ IG is still indi- 
cated and highly effective passive immunity to those traveling in 
less than 2 weeks. In 2008, the FDA also approved an acceler- 
ated vaccination schedule for TWINRIX that can be completed 


Simultaneous Administration of 


Indication Circumstance(s) Dose HAV Vaccine 
Pre-exposure prophylaxis 1 month of travel* to begin in <2 weeks 0.1 mL/kg Yes!* 
2 months of travel* to begin in <2 weeks 0.2 mL/kg Yes" 
>2 months of travel* to begin in <2 weeks 0.2 mL/kg (Repeat every 2 months) Yes'* 
Postexposure prophylaxis <12 months and >40 years of age 0.1 mL/kg Yes", but only if >12 months of age 


Chronic liver disease 
Contraindication to HAV vaccine 
Immunocompromised person 


*Travel to area of intermediate or high HAV endemicity 
tVaccine should be administered in a separate anatomic site from immune globulin in infants >12 months and adults <40 years of age 
Except when the vaccine is contraindicated (e.g., because of an allergy) 


TABLE 78.2 Recommended Vaccines for HAV* 


CHAPTER 78 Hepatitis A 


Vaccine Schedule Age (years) Dose Volume (mL) Dosing Schedule 
HAVRIX Standard 1-18 (20) EEW 0.5 0, 6-12 months 
Standard >18 1440 ELU 1 0, 6-12 months 
Accelerated zil Single age-appropriate dose Age appropriate >2 weeks prior to travelt 
Postexposure prophylaxis =i Single age-appropriate dose Age appropriate <2 weeks after exposure! 
VAQTA Standard 1-18 25 U 0.5 0, 6-18 months 
Standard >18 50 U il 0, 6-18 months 
Accelerated >1 Single age-appropriate dose Age appropriate >2 weeks prior to travel! 
Postexposure prophylaxis? 21 Single age-appropriate dose Age appropriate <2 weeks after exposure! 
TWINRIX Standard 218 720 ELU HAV, 20 mg HBV il 0, 1, 6 months 
Accelerated 218 720 ELU HAV, 20 mg HBV 1 0, 7, 21-30 dayst 
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*Vaccines are injected intramuscularly into the deltoid muscle. 


Timing of the booster dose (necessary for long-term protection): VAQTA, 6 months; HAVRIX, 6-12 months; TWINRIX, 12 months. 


Not FDA approved. 
ELU, enzyme-linked immunoassay (ELISA) units; U, units. 


within 30 days, with a booster at 12 months, after studies showed 
equivalent protection when TWINRIX was compared with stan- 
dard and alternative schedules of the individual monovalent vac- 
cines. After one year, HAV seroconversion rates were 100%, and 
HBV seroconversion rates were 96.4% to 100% with TWIN- 
RIX.°-”0 The TWINRIX accelerated schedule is being consid- 
ered for use in new inmates at correctional facilities in the USA, 
where high-risk activities place the inmates at risk for both HAV 
and HBV infections.’! Dosing schedules are shown in Table 78.2. 

Another population that may have an increased risk of con- 
tracting HAV infection appears to be close contacts of newly arriv- 
ing international adoptees. In 2009, the CDC provided updated 
recommendations for use of the HAV vaccine in this population 
after receiving case reports of new HAV infections among persons 
in close contact with new international adoptees, including a case 
of ALF in a nontraveling household contact of an asymptomatic 
adoptee from Ethiopia. From 1998 to 2008, some 18,000 chil- 
dren were adopted from foreign countries by families in the USA; 
99.8% of those children were from countries considered to be of 
high or intermediate endemicity for HAV. Given these data, the 
CDC now recommends vaccination of all previously unvaccinated 
persons who anticipate close personal contact with an international 
adoptee from a country of high or intermediate endemicity during 
the first 60 days following arrival of the adoptee in the USA.” 


Immunization Against HAV in Patients with Chronic 
liInesses 


Persons with chronic liver disease are at an increased risk of 
HAV-related morbidity and mortality if they acquire HAV infec- 
tion. Therefore, pre-exposure prophylaxis with the HAV vaccine 
has been recommended for patients with chronic liver disease 
who are susceptible to HAV.” This recommendation should 
be extended to patients awaiting LT as well as those who have 
already undergone LT, although the immunogenicity of the 
HAV vaccine is reduced in such persons. ’* 


An episode of acute hepatitis in a patient with underlying 
chronic liver disease poses the risk of considerable morbid- 
ity and mortality. Although current guidelines recommend 
immunization against HAV for all patients with chronic liver 
disease,** the results of several cost-effectiveness analyses 
have been conflicting. A report published in 2000 found that 
saving the life of one patient with HCV infection through 
HAV vaccination would cost 23 million Canadian dollars,’° 
although some of the assumptions in this report have been 
challenged.” Two other studies of patients with chronic 
hepatitis C showed a decided benefit to immunization against 
HAV.’778 The methods used in these studies were dissimilar, 
and some analyses may have been insensitive to the incidence 
of HAV or may have underestimated the economic and soci- 
etal costs of a case of ALF. Universal immunization against 
HAV during childhood, before the possible occurrence of 
chronic liver disease, offers the greatest promise of prevent- 
ing HAV infection.”’ 

Patients infected with HIV should be vaccinated against 
HAV. The response to vaccination, however, may be reduced 
because of a blunted immune system. Earlier studies have sug- 
gested HAV seroconversion rates above 97% in HIV-infected 
children on antiretroviral therapy*®; however, another study 
found that a CD4* count of less than 25/mm? and an HIV viral 
load of more than 400 copies/mL predicted a reduced sero- 
conversion rate.®! Although the discrepancies among studies 
can be explained in part by different sensitivities of assays for 
anti-HAV, it appears that the more immunosuppressed a per- 
son is, the less likely the person is to respond to vaccination. 
In this population, consideration should be given to checking 
post-vaccination IgG anti-HAV titers to assess immunity. Small 
studies have shown limited additional benefit to a third dose of 
HAV vaccine in persons who fail to respond to the standard vac- 
cine schedule.*! 


Full references for this chapter can be found on www.expertconsult.com. 
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An estimated 260 million persons in the world today are chroni- 
cally infected with HBV.!The majority of these individuals will 
not experience complications, but 15% to 40% will have seri- 
ous sequelae such as cirrhosis or HCC, and many will die pre- 
maturely.™ It is estimated that chronic HBV infection results in 
over 887,000 deaths per year globally.! The number of HBV- 
related deaths due to cirrhosis and liver cancer has increased by 
33% from 1990 to 2013.4 In the USA, the rate of ALF attrib- 
utable to hepatitis B has been declining, as has the number of 
cases listed for LT for chronic liver failure.’ This decline is most 
likely due to broader vaccination and use of antiviral therapy. 
Unfortunately, these favorable trends are counterbalanced by a 
continuing increase in new cases of chronic hepatitis B and HCC 
in the Western world, mainly due to immigration from high 
endemic regions.*.° 
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Effective vaccines against HBV have been available since the 
early 1980s, but perinatal and early life exposures continue to 
be major sources of infection in much of the developing world 
because of limited resources that preclude a policy of univer- 
sal vaccination for newborns. From a global perspective, wide- 
spread implementation of early-life vaccination programs in 
high- and intermediate-risk countries will ultimately have the 
greatest impact on liver disease-related mortality in future 
generations. Promiscuous sexual contact and injection drug 
use account for most new cases of hepatitis B in adults in low- 
prevalence areas such as the USA and Western Europe. Even 
in these areas, however, a further reduction in the incidence of 
acute infections will remain a challenge in the future because 
persons in these risk groups greatly underutilize vaccination. 
The WHO has implemented a strategy to eliminate hepatitis B 
and C infection globally through increased vaccination, screen- 
ing, and treatment.’ 


EPIDEMIOLOGY 
Geographic Distribution and Sources of Infection 


The prevalence of HBV infection varies markedly around 
the world. In highly endemic regions such as Southeast Asia 
(excluding Japan), China, and much of Africa, 6% or more of 
the population are chronic HBV carriers, and the lifetime risk 
of infection ranges from 60% to 80%.° In these high-risk areas, 
perinatal transmission and horizontal spread among children 
are the major means of transmission. Approximately 60% of 
the world’spopulation resides where HBV is highly endemic.’ 
Regions of intermediate risk include parts of southern and 
Eastern Europe, the Middle East, Japan, the Indian subconti- 
nent, much of the former Soviet Union, and northern Africa. 
In these areas, the lifetime risk of infection is between 20% and 
60%. Horizontal transmission occurs among a broad age range, 
but neonatal exposure is also presumed to be common. Areas of 
low prevalence include North America, Western Europe, cer- 
tain parts of South America, and Australia, where the lifetime 
risk of HBV infection is less than 20% and transmission is pri- 
marily horizontal between young adults. Sexual transmission is 
the main mode of transmission in Europe and North America, 
but injecting drug use continues to be a major contributor to 
new cases as well. 

Perinatal transmission accounts for most new infections in 
the world and is believed to account for at least half of all hepa- 
titis B surface antigen (HBsAg)-positive carriers. Sixty percent 
to 90% of hepatitis B e antigen (HBeAg)-positive mothers typi- 
cally have a high level of viremia (“viral load”) and transmit the 
infection to their offspring, whereas mothers who are positive 
for antibody to HBeAg (anti-HBe) transmit the disease less fre- 
quently (5% to 15%) (see later). Fortunately, the incidence of 
new infections and childhood HCC has diminished greatly in 
countries such as Taiwan, where universal vaccination has been 
in place for decades.!° 


Infectivity 


HBV is transmitted efficiently by percutaneous and mucous 
membrane exposure to infectious body fluids. The virus is 50 to 
100 times as infectious as HIV and 10 times as infectious as HCV. 
A high viral load indicates a higher risk not only of transmission 
from mother to child, but also after needlestick exposure and in 
the setting of household contact. HBV DNA has been detected 
by sensitive techniques such as PCR in most body fluids, except 
for stool that has not been contaminated with blood. Although 
HBV replicates primarily in hepatocytes, the presence of repli- 
cative intermediates and virally encoded proteins in other sites, 
such as the adrenal gland, testis, colon, nerve ganglia, and skin, 
suggests that a vast extrahepatic reservoir for infectious virus 
exists.'! Small amounts of HBV DNA have been demonstrated in 
peripheral mononuclear cells and liver tissue years after apparent 
resolution of chronic infection.!>! Extrahepatic localization of 
low levels of replicating virus may also explain the relatively high 
rate of HBV transmission from organ donors positive for anti- 
body to hepatitis B core antigen (anti-HBc) (see later).!* 


Prevalence 


In several highly endemic countries, the prevalence of hepatitis 
B is decreasing due to improved socioeconomic status, univer- 
sal vaccination programs, and, possibly, effective antiviral ther- 
apy.!> Estimates of the prevalence of chronic HBV infection in 
the USA vary from 875,000 to 2.2 million persons.!617 Of all 
recent immigrants to the USA, an estimated 60% were born 
in regions of intermediate or high HBV prevalence. This find- 
ing explains why most chronic HBV infections in the USA are 
imported (Fig. 79.1).216 

In contrast to the growth of new cases of chronic hepatitis B, 
a decline in acute cases of hepatitis B since the 1990s has been 
the result of universal vaccination of newborns, adult vaccina- 
tion programs for high-risk persons, changes in sexual lifestyle, 
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Fig. 79.1 Estimated number of cases of chronic HBV infection import- 
ed into the USA by WHO region of origin, from 1974 to 2008. (Modified 
from Mitchell T, Armstrong GL, Hu Du, et al. The increasing burden of 
imported chronic hepatitis B— United States, 1974-2008. PLoS One 
2011;6:e27717, with permission of author.) 
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refinements in blood screening procedures, and the availability of 
virus-inactivated blood components.'* Health care workers have 
experienced a striking decline in HBV infection owing to high 
rates of vaccination. 

In much of the developed world, the highest incidence of 
acute cases continues to be in sexually active young adults. Since 
1995, most cases of acute hepatitis B reported to the Centers for 
Disease Control and Prevention (CDC) were caused by intimate 
contact among heterosexuals, followed by injection drug use and 
sex between men.!? In the USA, the most common risk factor 
among people with new HBV infections is injection drug use 
related to the opioid abuse epidemic. Rates of new HBV infec- 
tion are highest among adults 30 to 49 years of age, reflecting 
low HBV vaccination coverage among adults at risk.?? Cases of 
hepatitis B continue to result from hemodialysis, acupuncture, 
artificial insemination, and, rarely, blood transfusion, but these 
cases account for a small contribution to the overall number of 
newly established acute infections. 

Data from the CDC indicate that over 95% of pregnant 
women in the USA are tested for HBsAg, and infant vaccine cov- 
erage levels are up to 93%. Despite these encouraging figures, 
however, the CDC also estimates that approximately 1000 new 
cases of hepatitis B in newborns each year result from a missed 
birth dose or failure to complete the vaccine schedule (see later).?! 


Acute Hepatitis B 


The age at which a person becomes infected with HBV is the 
principal determinant of the clinical outcome. Perinatal expo- 
sure leads to the chronic HBV carrier state in as many as 95% 
of persons because of immunologic tolerance to the virus (see 
later). By contrast, children exposed during the first 5 years of 
life have a 30% chance of developing chronic HBV. Only 2% to 
5% of adults with an intact immune system become chronically 
infected.’ 

‘Two thirds of patients with acute hepatitis B have an asymp- 
tomatic or subclinical illness that goes unrecognized. In the other 
third, acute hepatitis, ranging from mild to moderate in sever- 
ity, develops, with ALF occurring in 1%. Although uncommon, 
hepatitis B accounts for 7% of all cases of ALF (see Chapter 95).7? 
Rapid viral elimination may result in clearance of HBsAg from 
serum by the time of initial presentation. In these cases, the accu- 
rate diagnosis of acute hepatitis B may require testing with immu- 
noglobulin M (IgM) anti-HBc (see later). 

The rate of spontaneous survival in ALF caused by HBV is 
only approximately 20%. LT has resulted in survival rates of 50% 
to 60%. Recurrent disease in the allograft is uncommon because 
of the successful application of hepatitis B immune globulin 
(HBIG) and antiviral agents (see later and Chapter 97). 


Chronic Hepatitis B 


Progressive liver disease (including cirrhosis and HCC) can be 
expected to develop in one quarter to one third of people who 
acquire infection in the first few years of life. An estimated 
15% to 25% of predominantly middle-aged or older men who 
acquired infection early in life ultimately die of liver-related 
causes. Outcomes are related to host (age, male gender, genetic 
background, immune status) and viral (serum HBV DNA level, 
HBV genotype, mutation patterns) factors. HCC is 4 times as 
likely to develop in males as in females. 

The presence of active viral replication and long-standing 
necroinflammatory liver disease caused by HBV strongly influ- 
ences the rate of progression to cirrhosis. The major determi- 
nant of survival is the severity of liver disease when the patient 
first comes to medical attention.** Cirrhosis is associated with 
decreased survival and an increased frequency of HCC. Prior to 
the advent of antiviral therapy, 5- and 20-year survival rates of 
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55% and 25%, respectively, were reported in patients with HBV- 
related cirrhosis, compared with 97% and 63%, respectively, for 
those with mild (noncirrhotic) disease.” In one study, an 84% 
5-year survival rate was reported for patients with compensated 
HBV-related cirrhosis, compared with 14% for patients with cir- 
rhosis complicated by ascites, jaundice, encephalopathy, or a his- 
tory of variceal bleeding (see Chapters 74 and 92).7° Multivariate 
analyses in several large cohort studies have identified age, ascites, 
hyperbilirubinemia, and renal dysfunction as correlating inde- 
pendently with survival in patients with HBV-related cirrhosis. 
Therefore, early hepatic decompensation is an immediate indica- 
tion for antiviral therapy as well as evaluation for LT (see later). 

Clearance of HBsAg from serum in patients with early HBV- 
related cirrhosis has been associated with an excellent progno- 
sis, including improvement in liver histology and function, a 
decreased risk of viral reactivation, and improved long-term sur- 
vival.2+ HBsAg clearance, however, is not an absolute safeguard 
against the future development of HCC in persons who have pre- 
existing cirrhosis.’/ 


VIROLOGY 


HBV is a small DNA virus that belongs to the Hepadnaviridae 
family. Other members of this family are HBV-like agents that 
infect the woodchuck, ground and tree squirrels, woolly monkey, 
crane, heron, Ross goose, and duck. HBV is a small (3.2-kilobase 
[kb]) virus with a DNA genome that has a relaxed, circular, par- 
tially double-stranded configuration (Fig. 79.2). The genome is 
composed of 4 open reading frames (ORFs) and has a compact 
design in which several genes overlap and use the same DNA to 
encode different viral proteins. The 4 viral genes components 


3.5 kb RNA 


0.7 kb RNA 


include the core, surface, X, and polymerase genes. The core 
gene encodes the core nucleocapsid protein, which is important 
in viral packaging and production of HBeAg. The surface gene 
encodes the pre-S1, pre-S2, and S proteins (comprising the large 
[L], middle [M], and small [S] surface proteins). The X gene 
encodes the X protein, which has transactivating properties and 
may be important in hepatic carcinogenesis. The polymerase 
gene has a large ORF (=800 amino acids) and overlaps the entire 
length of the surface ORF. It encodes a large protein with func- 
tions that are critical for packaging and DNA replication (includ- 
ing priming, RNA- and DNA-dependent DNA polymerase, and 
RNase H activities). 


Viral Replication 


Although HBV is a DNA virus, replication occurs through an 
RNA intermediate and requires an active viral reverse transcrip- 
tase/polymerase enzyme (Fig. 79.3). The mutation rate is higher 
for HBV than for other DNA viruses (with an estimated 1013 
to 10!5 point mutations per day). Complete HBV genomic 
sequencing has identified a large number of mutations within 
the HBV genome, many of which are silent or do not alter the 
amino acid sequence of encoded proteins. Because of genomic 
overlap, however, some of the silent mutations in one ORF (e.g., 
the polymerase gene) may result in an amino acid substitution 
in an overlapping ORF (surface gene), although with uncertain 
clinical implications. 

HBV replication begins with encapsidation of the pregenomic 
RNA through complex interactions between host and viral pro- 
teins.°? HBV DNA polymerase reverse transcribes the pregenomic 
RNA into a negative-strand HBV DNA, which in turn serves as 


Fig. 79.2 The molecular structure and organization of 
HBV. Note the overlapping ORFs of the viral genome 
and its major transcripts (wavy lines). The genome is 
partially double stranded with 4 overlapping ORFs, or 
genes. The S gene encodes the viral surface envelope 
protein (hepatitis B surface antigen, HBsAg) and is 
composed of the pre-S1, pre-S2, and S regions. The 
core gene (C) consists of the precore (Pre-C) and core 
regions, which give rise to the HBeAg and core pro- 
tein, respectively. The polymerase (P) gene overlaps 
the entire S gene, and mutations in this region may, in 
theory, give rise to changes in the HBsAg protein that 
affect neutralization by antibody to HBsAg. The fourth 
gene (X) encodes an incompletely understood protein, 
hepatitis B X protein (HBX). Two 11-base-pair direct 
repeats (DR1 and DR2) are required for strand-spe- 
cific HBV DNA synthesis during viral replication. AAA, 
polyadenosine tail at 3’ end of RNA. 
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Fig. 79.3 Life cycle of HBV. The receptor for viral entry has not been identified, but studies have suggested 
that sodium taurocholate cotransporting polypeptide (NTCP) is likely to be the receptor for binding the HBsAg 
protein. Once inside the hepatocyte, the virus undergoes uncoating, and the HBV genome enters the nucleus, 
followed by repair of the single-stranded DNA strand and formation of the covalently closed circular (ccc) DNA 
template. Viral transcripts are formed for the HBsAg, DNA polymerase, X protein, and RNA pregenome; the 
pregenome and polymerase are incorporated into the maturing nucleocapsid and removed after translation. 
The surface protein enveloping process occurs in the endoplasmic reticulum. Some of the nonenveloped 
nucleocapsid recirculates back to the nucleus, and the cycle begins again. Excess tubular and spherical forms 
of HBsAg are secreted in great abundance and outnumber complete virions in serum by a factor of 10° or 
more. HBsAg, hepatitis B surface antigen. (Yan H, Zhong G, Xu G, etal. Sodium taurocholate cotransporting 
polypeptide is a functional receptor for human hepatitis B and D virus. Elife 2012;1:e00049.) 


the template for positive-strand synthesis to form a partially dou- 
ble-stranded genome. Concurrent with HBV DNA synthesis, the 
nucleocapsid undergoes maturation and, through an incompletely 
understood mechanism, interacts with the S protein to initiate 
viral assembly in the endoplasmic reticulum. S protein is synthe- 
sized in the endoplasmic reticulum, where monomer aggregates 
that exclude host membrane proteins subsequently bud into the 
lumen as subviral particles. When formed, HBsAg undergoes gly- 
cosylation in the endoplasmic reticulum and the Golgi apparatus. 
Noninfectious subviral particles (spherical and filamentous forms 
of HBsAg) are secreted in great abundance when compared with 
mature virions. These subviral HBsAg particles exceed virions in 
number by a variable factor of 10? to 10° and can accumulate up to 
concentrations of several 100 pg/mL in serum.*” 


Genotypes 


A genetic classification based on comparisons of complete genomes 
has demonstrated 10 genotypes (designated A through J) and 
numerous subtypes of HBV (Box 79.1).°! These classifications are 
defined as a divergence in the entire HBV genomic sequence of 
8% or more. Genotype A is the predominant genotype in northern 
Europe and the USA. Genotypes B and C are confined to popula- 
tions in eastern Asia and the Far East, but changes in immigra- 
tion patterns have resulted in an influx of Asian HBV carriers with 
these genotypes into the USA.*? Genotype D is found worldwide 
but is especially prevalent in the Mediterranean area, Middle East, 
and southern Asia. Genotype E is indigenous to western areas of 
sub-Saharan Africa, and genotype F prevails in Central America. 


BOX 79.1 Geographic Distribution and Proposed Clinical 
Associations of HBV Genotypes (A-J) 


GEOGRAPHIC DISTRIBUTION 


A: Northwestern Europe, North America, Central Africa 

B: Southeast Asia, including China, Japan, and Taiwan (prevalence 
is increasing in North America) 

C: Southeast Asia (prevalence is increasing in North America) 

D: Southern Europe, Middle East, India 

E: West Africa 

F: Central and South America, USA (Native Americans), Polynesia 

G: USA, France, Germany 

H: Central and South America 

|: Vietnam and Laos 

J: Ryuku, Japan 

PROPOSED CLINICAL ASSOCIATIONS 


Shorter time to HBeAg seroconversion and higher probability of 
HBsAg loss: B > C 

Response to treatment with interferon-a: A > B > C > D 

Precore/core promoter mutant frequency: B and D > A and C 

Active liver disease activity and risk of progression: C > B 

Evolution to chronic liver disease: non-A > A 

HCC risk: B > C in younger age group in Taiwan, but C > B in older 
age group in Japan 


HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen. 
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Cases of genotype G have been reported in the USA and France. 
Genotype H has been described in Mexico. Genotypes I and J are 
the most recently discovered and have been observed in Vietnam 
and the Ryukyu Islands in Japan, respectively.*! 

Clinical associations appear to exist with the various geno- 
types (see Box 79.1). The strongest clinical associations appear 
to be that (1) HBeAg seroconversion occurs earlier in patients 
with HBV genotype B than in those with genotype C, and (2) the 
response to therapy with interferon (IFN) is better with geno- 
types A and B than with C and D (see later).*+ The viral genotype 
also has implications for the frequency of precore and core muta- 
tions (see later) and may have an effect on the frequency of HCC. 
There is no compelling evidence that genotypes affect the HBV 
DNA response to nucleoside analogs (see later). 

The clinical associations with the various genotypes have become 
increasingly clear but have not led to specific recommendations for 
routine testing because genotype classification does not generally 
lead to a difference in management. One exception to this rule, 
however, occurs when a patient is being considered for pegylated 
IFN (PegIFN) therapy. In patients who are suitable candidates 
based on age and other factors (see later), genotype testing may have 
clinical value because genotypes A and B are associated with higher 
rates of a sustained virologic response and HBsAg clearance.?> 


Mutations 


Most mutations in the HBV genome that are identified by com- 
paring nucleotide sequences with those of wild-type HBV are 
silent or do not alter the amino acid sequence in a particular 
ORF. Some mutations have potentially important disease asso- 
ciations, however, and are described later. 


Hepatitis B Surface Antigen 


HBsAg gene mutants result from a primary mutation in the 
HBsAg gene or a mutation in the overlapping DNA polymerase 
gene arising during nucleoside antiviral therapy (see later). Once 
the mutation appears, mutated virions can become selected 
immunologically as the dominant form of the virus. 

Mutations in the HBsAg gene between amino acid positions 124 
to 147 are potentially important because this region of the HBsAg 
gene includes the major “a” epitope that binds to neutralizing anti- 
body to HBsAg (anti-HBs). The mutation can lead to failure to 
detect HBsAg by commercial assays, which depend on binding to 
anti-HBs, and to failure of neutralization by HBIG or of vaccination. 

Infection with HBsAg gene-mutant HBV is accompanied by 
detection of anti-HBc. Serum HBV DNA levels can vary to the 
same extent seen in HBsAg carriers (see later). These mutants need 
to be distinguished from cases of “occult” hepatitis B, which has been 
linked to cryptogenic cirrhosis and an increased risk of HCC3%?7 
In occult HBV infection, HBsAg-negative persons have detectable 
HBV DNA in serum.*° Some of these persons may lack evidence of 
other serologic markers of infection (e.g., anti- HBc). Occult HBV 
infection is thought to result from active suppression of viral repli- 
cation by the host immune system; as a result, when HBV DNA is 
detectable in serum, it is present in low levels (<200 IU/mL). 

Large-scale vaccination programs in regions endemic for 
HBV have revealed a 2% to 3% frequency of vaccine-escape 
HBsAg mutants. It remains controversial whether additional 
mutants will be further selected in the future and increase the 
risk for widespread vaccine failure, but most available evidence 
does not support this scenario. The importance of HBsAg gene 
mutants for HBIG failure after LT is less controversial. 


Precore, Basal Core Promoter, and Core 


Mutations in the precore and basal core promoter regions of the 
HBV genome can influence the production of HBeAg. A precore 
mutation results in a stop codon at nucleotide 1896 that abolishes 


the synthesis of HBeAg,** whereas mutations in the basal core pro- 
moter at nucleotides 1762 and 1764 decrease HBeAg synthesis by 
approximately 70% while maintaining pregenomic RNA levels.*? 
Both types of mutations have been observed in cases of severe 
hepatitis, which has been attributed to the loss of the immune- 
tolerizing effects of HBeAg (see later). The presence of core pro- 
moter mutations has been linked to an increased risk of HCC, and 
a higher frequency has been found in patients infected with HBV 
genotype C.*! Precore and basal core promoter mutants have been 
described in the same patients and are particularly common in 
Asian and South European patients harboring HBV genotypes B, 
C, and D. A large serosurvey of HBV carriers residing in the USA 
has found that precore and core promoter mutations are common 
(frequencies of 27% and 44%, respectively). Both mutant forms 
of HBV were observed to occur far more commonly in HBeAg- 
negative patients (precore mutation in 38% of HBeAg-negative vs. 
9% of HBeAg-positive patients; core promoter mutation in 51% 
vs. 36%).*° In addition to these mutations, upstream mutations in 
the core gene can influence immunologic responses to HBV. Core 
gene mutations have been shown to block recognition of HBV by 
cytotoxic T lymphocytes (CTLs), a key mode of viral clearance. 
Therefore, the mutations contribute to HBV immune escape and 
possibly influence the response to IFN.*!4? Core gene mutations 
within the immunodominant epitopes of the HBV nucleocapsid 
also can affect CD4* T-cell reactivity. 

In patients with perinatally acquired chronic hepatitis B, a 
prolonged immune tolerant phase with minimal to absent hepatic 
necroinflammatory activity is typically seen for the first 20 to 30 
years of HBV infection. Sequencing studies have demonstrated 
stable core gene sequences during this phase. Precore muta- 
tions are also uncommon during this phase. Core gene mutations 
become more common as patients pass from the immune active 
phase and undergo HBeAg seroconversion, at which time a grow- 
ing number of mutations are observed in the region of the core 
gene that includes many B- and T-cell epitopes. Both precore 
stop codon mutants and core gene mutants have been associated 
with a poor response to IFN therapy.” 


HBV DNA Polymerase 


‘The polymerase gene encodes a DNA polymerase enzyme needed 
for encapsidation of viral RNA into core particles, conversion of 
the pregenomic viral RNA into a negative strand of viral DNA 
(reverse transcription), and conversion of this first HBV DNA 
strand into a second DNA strand of positive polarity. In general, 
the HBV reverse transcriptase function of the polymerase gene 
is highly conserved because major mutations that impair the effi- 
ciency of viral replication lead to selection pressure against such 
variants. As indicated earlier, HBV has low replication fidelity, 
however, meaning that it has a propensity to mispair nucleotide 
bases when it reverse transcribes viral RNA to DNA. HBV DNA 
polymerase also lacks any proofreading activity, so it cannot repair 
its mistakes. Therefore, when a nucleotide base is misplaced, it 
remains in the growing viral DNA strand as a base mutation, and 
the new HBV DNA genome has a different sequence from the 
original (wild-type) genome. The overall error rate of HBV DNA 
polymerase is estimated to be 1 per 10,000 nucleotides copied, 
which translates to the potential for 10 million base-pair errors 
per day in an infected person. All possible single-base mutations 
can be produced in a 24-hour period, although many such muta- 
tions will yield nonviable viruses.*° 

Single or double nucleotide substitutions alter the amino acid 
sequence in the reverse transcriptase domain of the HBV DNA 
polymerase enzyme, thereby decreasing binding of drugs to its 
active site. Mutations in the HBV polymerase gene can lead to 
clinically apparent resistance to nucleoside analog therapy when- 
ever there is both decreased susceptibility to the antiviral drug 
and sufficient replication fitness to allow continued propagation 
in the expanding viral population (“quasispecies”). 


High levels of viral replication and high mutability of the 
virus allow the emergence of single and even double polymerase 
mutants as a minor component of the viral quasispecies even 
before antiviral therapy is begun. Because of the limitations in sen- 
sitivity of currently available molecular assays (e.g., the line probe 
assay), these mutants are not detectable until they constitute at 
least 5% to 10% of the entire viral population. Ultradeep pyro- 
sequencing is a technique with the ability to detect HBV mutants 
that constitute less than 1% of the total population.** It is expected 
that the advent of next-generation sequencing will further dissect 
viral genome variability, thereby opening avenues to individual- 
ized precision medicine.*> Persistent infection with drug-resistant 
HBV has been associated with progression of disease and blunting 
of hepatic histologic improvement with antiviral therapy.*° Severe 
flares of hepatitis have also been reported in conjunction with the 
emergence of drug-resistant mutants,’ and acquisition of these 
mutants may lead to rapidly progressive liver disease after LT.*° 
Horizontal transmission of these mutants also has been described. 


PATHOGENESIS 


HBV is generally not a cytopathic virus, and the severity of HBV- 
associated liver disease is considered related to the intensity of the 
host immunologic response to the virus. Whereas both cellular 
and humoral immune responses are needed for effective clearance 
and long-term protection against reinfection, the cellular immune 
response appears to be the arm principally involved in the patho- 
genesis of disease. The immunologic response to HBV encom- 
passes both an innate, or nonantigen-specific, response (e.g., 
natural killer cells and IFNs)*? and an adaptive immune response, 
including antibodies to viral antigens, HLA class [-restricted 
CD# T cells, and HLA class I-restricted CD8* CTLs.’ Induction 
of the antigen-specific T-cell response is thought to occur in lym- 
phoid organs, where the host T cells encounter viral peptide anti- 
gens (or epitopes) that are presented by antigen-presenting cells 
such as dendritic cells, B cells, and macrophages.*! This process 
results in the maturation and expansion of T cells that are specific 
for these viral epitopes and is followed by their migration to the 
liver, where they perform their effector function. 

During acute HBV infection, HBV spreads through the liver 
without causing clinically overt liver inflammation until it reaches 
a logarithmic phase of replication.°* At this point, HBV-specific 
T cells are detectable and most HBV DNA molecules are cleared 
from the liver via noncytopathic mechanisms mediated by cyto- 
kines that are released by liver-infiltrating HBV-specific CD8* 
cells.’ Cell-mediated immune responses are efficient in self-lim- 
ited infection because the responses are vigorous, multispecific, 
and oriented toward type 1 helper T-cell functions. In contrast, 
persons with chronic HBV infection exhibit infrequent, narrowly 
focused, and weak HBV-specific T-cell responses that fail to 
clear HBV from infected hepatocytes.*+ In chronic hepatitis B, 
the majority of mononuclear cells in liver infiltrates of patients at 
any given time are non-antigen-specific.°° 

CD8* CTLs are the primary mediator of HBV clearance*® and 
higher frequencies of HBV-specific T cells correlate with better 
control of HBV replication in chronically infected patients.” 
However, the antiviral function of CD8+ CTLs can also contribute 
to immunopathology by inducing chemokines that drive nonspe- 
cific mononuclear inflammatory infiltrates observed during hepa- 
titis.” To be recognized by the CD8* CTLs, targeted hepatocytes 
must present viral epitopes as short peptides that have been endog- 
enously processed and fit within the peptide-binding groove of the 
class I MHC molecules. The binding of the CTL T-cell receptor 
to the peptide-MHC complex on the hepatocyte surface can then 
result in the direct killing of the infected cell and release of potent 
antiviral cytokines by the activated CTL. Although hepatocytes 
express MHC -I, there is little evidence that they express MHC-II or 
are directly recognized by MHC class I-restricted CD4* helper T 
cells. CD4 T cell activation requires the appropriate presentation 
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of viral peptides in the context of class I MHC molecules, which 
may occur in lymphoid tissues or liver-resident antigen-presenting 
cells such as dendritic cells, Kupffer cells, and endothelial cells. The 
CD# cells produce antiviral cytokines and provide help in stimulat- 
ing neutralizing antibody production. Antibody neutralization lim- 
its intrahepatic spread of virus during primary infection and serves 
an important role in preventing reinfection. 


NATURAL HISTORY 


Five phases of chronic hepatitis B have been described: 
(1) HBeAg-positive chronic HBV infection (immune toler- 
ance), (2) HBeAg-positive chronic hepatitis B (immune clearance), 
(3) HBeAg-negative chronic HBV infection (inactive carrier 
state), (4) HBeAg-negative chronic hepatitis B (reactivation), 
and (5) the HBsAg-negative phase (Fig. 79.4). These consecu- 
tive phases are much more likely to be apparent in patients with 
acquisition of chronic hepatitis B early in life. The newer nomen- 
clature is based on the description of the 2 main characteristics of 
chronicity: infection (no inflammation) versus hepatitis (inflam- 
mation).°! 

HBeAg-positive chronic HBV infection is often the earliest phase 
to be recognized when there is a history of infection at birth or 
the first few years of life. It is characterized by HBeAg positivity, 
high levels of HBV DNA (2107 IU/mL), low or normal levels 
of serum aminotransferases, and minimal or no necroinflamma- 
tion or fibrosis in the liver. During this phase, the rates of HBeAg 
loss are low. Experiments in transgenic mice suggest that HBeAg 
induces a state of immunologic tolerance to HBV in neonates.” 
Perinatal transmission of HBeAg is considered one of several 
potential mechanisms underlying the immune-tolerance phase. 

HBeAg-negative chronic hepatitis B often begins after sev- 
eral decades of HBV infection and is characterized by elevated 
serum aminotransferase levels, lower HBV DNA levels than in 
HBeAg-positive chronic HBV infection, and histologic evidence 
of chronic hepatitis. The trigger mechanisms for this apparent 
immunologic activation against HBV are poorly understood, 
but CD8* CTL-mediated lysis of infected hepatocytes has been 
shown to occur. The duration of this phase varies and frequently 
lasts many years. Continued pressure by the host immune system 
against the virus may result in HBeAg seroconversion (loss of 
HBeAg with the development of anti-HBe in serum). The mean 
annual rate of spontaneous HBeAg seroconversion generally 
ranges from 8% to 15% in older children or adults with elevated 
serum ALT levels; however, the rate is considerably lower among 
Asian children and immunocompromised persons.** 

HBeAg-positive chronic HBV infection is the third phase and 
occurs in most patients who undergo HBeAg seroconversion. 
This phase is characterized by normalization of serum ALT and 
low (<2000 IU/mL) or nondetectable serum HBV DNA levels 
(see Fig. 79.4). Over time, hepatic necroinflammation and fibro- 
sis subside.°+ The inactive phase may last a lifetime. 

HBeAg-negative chronic hepatitis B develops after reactivation, 
which may occur spontaneously because of a loss of immunologic 
control over viral replication or may be due to immunosuppressive 
drug therapy (see later). Reactivation is defined by the reappear- 
ance of high levels of HBV DNA in serum and often a noticeable 
rise in serum ALT levels. Therefore, HBeAg seroconversion does 
not always indicate quiescent disease. As many as 30% of per- 
sons who undergo HBeAg seroconversion enter into a subsequent 
phase of active disease that is caused by the selection of HBeAg- 
negative mutants (precore mutation, core promoter mutation, or 
a combination of both).® At least 50% of these persons exhibit 
fluctuations in HBV DNA and aminotransferase levels, and rec- 
ognition of active disease and exclusion of the inactive HBsAg car- 
rier state (see later) may require serial assessment of both serum 
HBV DNA, quantitative HBsAg, and aminotransferase levels. 

The HBsAg-negative phase is the last phase and is character- 
ized by a negative test for HBsAg and a positive test for antibody 
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B Old terminology Immune tolerant HBeAg positive Inactive carrier chronic hepatitis HBsAg-negative phase 
Fig. 79.4 Natural history of and new nomenclature for patients with chronic HBV infection. The course is shown 
graphically in A, and the criteria for each phase are shown in B. Particularly in patients who are infected early in 
life, the first phase is HBeAg-positive chronic HBV infection (previously known as the immune tolerant phase). 


After decades of normal serum ALT and high HBV DNA levels, this phase evolves to HBeAg-positive chronic 
hepatitis B (previously Known as the immune reactive phase) of variable duration. In this phase, there is ac- 

tive viral replication (high serum HBVDNA levels) and inflammation (high serum ALT levels) and an indication for 
antiviral therapy. Ultimately, patients enter a spontaneous or therapeuticallyinduced phase of HBeAg-negative 
chronic HBV infection (previously known as the inactive carrier state), with minimal disease activity, which can 

last indefinitely. At the time of HBeAg seroconversion, however, immunologic pressure may select for a viral 
mutant (precore, core promoter, or both), which is incapable of producing HBeAg antigen. Viral and serum 

ALT levels typically fluctuate during this phase of HBeAg-negative chronic hepatitis B, and antiviral treatment is 
usually indicated. The last phase, which is the HBsAg-negative phase, (previously known as the HBsAg-negative 
phase) is characterized by negative HBsAg in serum and the presence of antibodies to HBcAg (anti-HBc), with or 
without detectable antibodies to HBsAg (anti-HBs). This phase is considered functional cure of HBV infection. If 
the patient has not entered this phase and is not treated, late disease complications often occur. The relative time 
dimensions of each phase are shown; note that there may be significant overlap of features among the various 


phases. 


Anti-HBe, antibody to HBeAg; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen. (Data from 
*Lok AS, Zoulim F, Dusheiko G, Ghany MG. Hepatitis B cure: from discovery to regulatory approval. J Hepatol 


2017;67:847-61.) 


tEuropean Association for the Study of the Liver. Electronic address: easloffice@easloffice.eu. EASL 2017 
Clinical Practice Guidelines on the management of hepatitis B virus infection. J Hepatol 2017;67:370-98. 
+HBV DNA levels can be between 2000 and 20,000 IU/mL in some patients without signs of chronic hepatitis. 
SPersistently or intermittently, based on the traditional upper limit of normal (~40 IU/L). 


to HBcAg (anti-HBc), with or without detectable antibody to 
HBsAg (anti-HBs). In rare cases, the absence of HBsAg could be 
related to the sensitivity of the assay used for detection. Patients 
in this phase have normal ALT values and almost always unde- 
tectable serum HBV DNA. Covalently closed circular HBV 
DNA (cccDNA) can still be detected in the liver (see later). 

If the active hepatitis phases remain untreated, cirrhosis can 
be anticipated to develop in at least 20% of cases. Various factors 
have been determined to increase the risk of cirrhosis, and, of 
these, older age, male gender, the stage of fibrosis at presentation, 


and ongoing HBV replication are perhaps the most important 
clinically. Combined infection with HDV (see Chapter 81), HCV 
(see Chapter 80), or HIV, as well as concomitant alcohol abuse, 
has also been linked to a higher rate of development of cirrhosis 
and HCC. 

When cirrhosis develops, 2 major complications may occur: 
hepatic decompensation and HCC. The estimated annual fre- 
quency of developing hepatic decompensation in HBV-associ- 
ated cirrhosis is 5% to 8%; the annual rate of HCC is 2% to 
4%.°’ Factors associated with an increased risk of HCC include 


BOX 79.2 Persons with HBV Infection for whom HCC 
Screening is Recommended 


African American carriers over 20 years of age 
Asian female carriers over 50 years of age 
Asian male carriers over 40 years of age 


Carriers who have a family history of HCC 

Persons who are coinfected with HDV, HCV, or HIV 

Persons with HBV cirrhosis (at any age) 

Persons with persistent active infection (high serum levels of HBV 
DNA and evidence of ongoing liver injury) 


male gender, age 45 years or greater, having a first-degree relative 
with HCC, the presence of cirrhosis, HBeAg positivity, reversion 
from anti-HBe to HBeAg positivity, and increased HBV DNA 
levels regardless of the HBeAg state.°* Many of these risk factors 
are part of the risk scores that have been developed for predicting 
the occurrence of HCC in persons with chronic hepatitis B.°” 
HCC can still develop in HBsAg-positive persons with none of 
the identified risk factors, but less frequently. In addition, HCC 
can occur in cirrhotic patients who have undergone HBsAg sero- 
conversion, and all patients with cirrhosis need continued surveil- 
lance (Box 79.2 [see Chapter 96]).’° 


Serum ALT as a Surrogate Marker for Disease 
Activity 

The serum ALT level has been used conventionally as a measure 
of disease activity in patients with chronic hepatitis B. A serum 
ALT level within the normal laboratory reference range, how- 
ever, has been shown to be an imperfect surrogate marker for lack 
of disease activity. Clinical laboratories base their range of nor- 
mal values on blood donors without known liver disease, but this 
population may include persons who are obese, consume alcohol, 
and have diabetes mellitus, each of which tends to increase the 
apparent upper limit of normal (ULN). For purposes of guid- 
ing management of chronic hepatitis B, a ULN for serum ALT 
of 35 U/L for males and 25 U/L for females is recommended.’° 
Studies in Asia and the USA have shown that as many as 20% to 
30% of Asian HBV carriers with persistently normal serum ALT 
levels and serum HBV DNA levels over 2000 IU/mL (roughly 
equivalent to 10,000 copies/mL) have grade 2 or greater inflam- 
mation and stage 2 or greater fibrosis (on scales of 0 to 4) on 
a liver biopsy specimen.’! HBeAg-negative Asian HBV carriers 
with high-normal serum ALT levels by standard reference ranges 
tend to be older, have a greater frequency of serum HBV DNA 
levels in excess of 2000 IU/mL, and have a higher frequency of 
basal core promoter HBV mutations—all features that can be 
associated with adverse long-term outcomes.’* Therefore, liver 
biopsy or a noninvasive determination of hepatic fibrosis can be a 
useful tool to ensure that the severity of underlying liver disease is 
not underestimated in such persons (see Chapters 73, 74, and 80). 


HBV DNA Level and Long-Term Complications 


Population-based Asian cohort studies have established that the 
serum HBV DNA level is the single best predictor of future pro- 
gression to cirrhosis and HCC in HBV-infected persons.”*:’* In 
the prospective REVEAL-HBV natural history cohort study, 
over 3600 untreated HBV (HBsAg-positive) carriers from 
‘Taiwan were followed for more than 11 years. Of these, 60% 
were male, 40% were older than age 50, 85% were HBeAg 
negative, and 95% had normal serum ALT levels using standard 
reference ranges. The calculated relative risks for cirrhosis and 
HCC were shown to correlate with the level of HBV DNA on 
entry into the study when compared with a reference population 
of HBV carriers with undetectable serum HBV DNA.’+ Even 
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serum HBV DNA levels as low as 10,000 copies/mL (equivalent 
to 2000 IU/mL) were associated with a higher relative risk of cir- 
rhosis and HCC. The relative risk was highest (hazard ratio of 10) 
in persons with a serum HBV DNA level that was greater than 
20,000 [U/mL and intermediate (hazard ratio of 3.8) in persons 
in whom the serum HBV DNA level decreased spontaneously 
from greater than 100,000 copies/mL at the time of enrollment 
to less than 2000 IU/mL at the last point of follow-up. These data 
can be interpreted to mean that both the duration and level of 
viremia are important risk factors for the development of HCC. 
The data also suggest that suppression of serum HBV DNA lev- 
els, whether spontaneous or induced by antiviral therapy, lowers 
the risk of HCC. 

Some authorities recommend that Asian men 50 years of age 
or older with serum HBV DNA levels 20,000 IU/mL or greater 
receive long-term therapy with a nucleoside (or nucleotide) analog 
to prevent HCC, even if serum ALT values are normal.” Addi- 
tional support for this recommendation can be found in a land- 
mark study in which more than 600 Asian patients with advanced 
fibrosis and a serum HBV DNA level greater than 20,000 IU/ 
mL were randomized in a ratio of 2:1 to active treatment with the 
nucleoside analog lamivudine or placebo.”° Disease progression 
and HCC occurred significantly less frequently in the group of 
patients randomized to lamivudine. 


CLINICAL AND PATHOLOGIC FEATURES 
Acute Hepatitis B 


The incubation period of acute hepatitis B varies from a few weeks to 
6 months (average, 60 to 90 days), depending on the amount of repli- 
cating virus in the inoculum. In many patients, particularly children, 
acute hepatitis B remains asymptomatic. The disease may be more 
severe in patients coinfected with other hepatitis viruses and in those 
with established underlying liver disease.’’ Acute infections are her- 
alded by malaise, nausea, vomiting, and, in 10% to 20% of patients, 
a prodrome of fever, arthralgias or arthritis, and rash, which is most 
commonly maculopapular or urticarial. This prodrome results from 
circulating HBsAg-anti-HBs complexes that activate complement 
and are deposited in the synovium and walls of cutaneous blood ves- 
sels. These features generally abate before the manifestations of liver 
disease and peak serum aminotransferase elevations are observed. 
Jaundice develops in only about 30% of patients. 

Clinical symptoms and jaundice generally disappear after 1 
to 3 months. In general, elevated serum ALT levels and serum 
HBsAg titers decline and disappear together, and in approxi- 
mately 80% of cases, HBsAg disappears by 12 weeks after the 
onset of illness. IgM anti-HBc is the best viral biomarker to con- 
firm acute hepatitis B and to distinguish it from chronic infection. 
Persistence of HBsAg after 6 months implies development of a 
chronic infection state, with only a small likelihood of recovery 
during the next 6 to 12 months. 

Serum aminotransferase levels of 1000 to 2000U/L are typi- 
cal during acute hepatitis B, with the ALT higher than the AST 
level. In patients with icteric hepatitis, the rise in serum bilirubin 
levels often lags behind the rise in ALT levels. The peak ALT level 
does not correlate with prognosis; the prothrombin time (INR) is 
the best indicator of prognosis. If ALF develops, patients usually 
present within 4 weeks of the onset of symptoms and have associ- 
ated multiorgan dysfunction, coagulopathy, encephalopathy, and 
high mortality rates if they are not treated with prompt antiviral 
therapy and LT. Patients older than 40 years of age appear to be 
more susceptible than younger persons to “late-onset” liver fail- 
ure, which occurs several months after the onset of acute symp- 
toms and is associated with encephalopathy and renal dysfunction. 
The pathogenic mechanisms of this severe form of HBV-related 
hepatitis are poorly understood but are presumed to involve mas- 
sive immune-mediated lysis of infected hepatocytes and possibly 
impaired regeneration of new hepatocytes (see Chapter 95). 
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Chronic Hepatitis B 


A history of acute or symptomatic hepatitis is often lacking in 
patients with chronic HBV infection. When symptoms are pres- 
ent, fatigue tends to predominate over other constitutional symp- 
toms, such as poor appetite and malaise. Patients may remain 
asymptomatic even during periods of reactivated hepatitis. In 
other instances, particularly when superimposed on cirrhosis, 
reactivation of HBV infection may be associated with frank jaun- 
dice and signs of liver failure. 

Physical examination may be normal, or hepatosplenomegaly 
may be found. In decompensated cirrhosis, jaundice, ascites, and 
peripheral edema are common. During exacerbations of disease, 
serum ALT levels may be as high as 1000 U/L or more, and the 
clinical and laboratory picture is indistinguishable from that of 
acute hepatitis B, including the presence in serum of IgM anti- 
HBc in some cases. Progression to cirrhosis should be suspected 
whenever hypersplenism, hypoalbuminemia (in the absence of 
nephropathy), or a high INR is found. The serum AST level is 
often higher than the serum ALT level in patients with advanced 
cirrhosis. 


Extrahepatic Manifestations 


Although uncommon, extrahepatic syndromes can occur with 
chronic and acute hepatitis B. They are important to recog- 
nize because they may occur without clinically apparent liver 
disease and can be mistaken for independent disease processes 
in other organ systems. The pathogenesis is not completely 
understood but likely involves an aberrant immunologic 
response to extrahepatic viral proteins.” Many of the extrahe- 
patic manifestations are observed in association with circulat- 
ing immune complexes that activate serum complement. Serum 
complement levels are generally low, and antiviral therapy may 
be beneficial in reducing the amount of immunologically acti- 
vating viral antigens. 


Arthritis-Dermatitis 

The arthritis-dermatitis prodromal manifestations of acute hepa- 
titis B must be distinguished from inflammatory forms of arthri- 
tis, because glucocorticoid therapy, if mistakenly given to these 
patients, can lead to enhanced HBV replication, and abrupt with- 
drawal of these agents may be associated with a potentially severe 
flare in disease activity. 


Polyarteritis Nodosa 

As many as 30% of patients with polyarteritis nodosa are 
infected with HBV, but the disorder develops in less than 1% of 
patients with chronic HBV infection. This association has been 
reported predominantly in North America and Europe but less 
so in Asia, where HBV is acquired perinatally. Typical features 
include arthralgias, fever, rash, abdominal pain, renal disease, 
hypertension, mononeuritis multiplex, and CNS abnormalities. 
Plasmapheresis may be useful, but the best therapeutic responses 
have also been observed with antiviral agents, given alone or in 
combination with plasmapheresis or immunosuppressive therapy. 


Glomerulonephritis 

Several types of glomerular lesions have been described in 
patients with chronic HBV infection; membranous glomerulo- 
nephritis and membranoproliferative glomerulonephritis are the 
most common.’? Renal biopsy specimens have demonstrated 
immune-complex deposition and cytoplasmic inclusions in the 
glomerular basement membrane. Nephrotic syndrome is the 
most common presentation of HBV-associated glomerulone- 
phritis. The diagnosis requires the presence of immune-complex 
glomerulonephritis in a renal biopsy specimen and the demon- 
stration of glomerular deposits of one or more HBV antigens, 


such as HBsAg, HBcAg, or HBeAg, by immunohistochemistry. 
The renal disease typically resolves in months to several years 
in children. Resolution may occur after HBeAg seroconver- 
sion. The natural history of HBV-related glomerulonephritis 
in adults has not been well defined, but several reports suggest 
that glomerular disease is often slowly and relentlessly progres- 
sive." Successful treatment has been accomplished with IFN-a 
and has been linked to long-term control of HBV replication.*! 
‘Therapy with nucleoside (or nucleotide) analogs has also resulted 
in improved renal function and diminished proteinuria.*” 


Cryoglobulinemia 

Type II cryoglobulins consist of a polyclonal IgG and mono- 
clonal IgM with rheumatoid factor activity, whereas type IM 
cryoglobulins contain polyclonal IgG and IgM. Type II and 
type III cryoglobulinemia have been associated with hepatitis B, 
but the association, unlike that with hepatitis C, is uncommon. 
Cryoglobulinemia may be associated with systemic vasculitis 
(purpura, arthralgias, peripheral neuropathy, and glomerulone- 
phritis) but is often asymptomatic. Nucleos(t)ide analog therapy 
has been used successfully to treat symptomatic cryoglobuline- 
mia.*? 


Histopathologic Features 


Chronic HBV infection is characterized by mononuclear cell 
infiltration in the portal tracts. Periportal inflammation often 
leads to the disruption of the limiting plate of hepatocytes (inter- 
face hepatitis), and inflammatory cells often can be seen at the 
interface between collagenous extensions from the portal tracts 
and liver parenchyma (referred to as active septa). During reac- 
tivated hepatitis B, lobular inflammation is more intense and 
reminiscent of that seen in acute viral hepatitis. Steatosis is not a 
feature of chronic hepatitis B, as it is of chronic hepatitis C. 

The only histologic feature noted on routine light microscopy 
that is specific for chronic hepatitis B is the presence of ground- 
glass hepatocytes (Fig. 79.5). This morphologic finding results 
from accumulation of HBsAg particles (20 to 30 nm in diameter) 
in the dilated endoplasmic reticulum. Because of high levels of 
cysteine in HBsAg, ground-glass cells have a high affinity for 
certain dyes, such as orcein, Victoria blue, and aldehyde fuchsin. 
Ground-glass hepatocytes may also be seen in HBV carriers, in 
whom they may be detected in up to 5% of cells. When present 
in abundance, ground-glass hepatocytes often reflect a high level 
of viral replication. Immunofluorescence and electron micro- 
scopic studies have shown HBcAg inside the hepatocyte nuclei of 
affected cells. During periods of intense hepatitis activity, cyto- 
plasmic core antigen staining is generally observed. After success- 
ful treatment of HBV infection with a nucleos(t)ide analog, the 
cytoplasmic core antigen staining often disappears, but nuclear 
core antigen staining due to persistence of the HBV cccDNA 
transcriptional template may remain. 


Acute Flares and Reactivation 


Chronic hepatitis B is often punctuated by sudden flares of dis- 
ease activity that are characterized by a precipitous increase in 
serum aminotransferase levels. Although a uniform biochemical 
definition of a flare is lacking, it has frequently been described 
as an increase in serum ALT levels to at least 2 to 3 times the 
baseline value and at least 100 IU/mL. Flares are an important 
part of the natural history of hepatitis B because they can lead 
to histologic progression when they occur repeatedly and are 
moderate or severe. Acute flares in chronic hepatitis B occur in 
association with a number of circumstances (Table 79.1). Most 
flares are preceded by an increase in viral replication, which 
stimulates an enhanced cellular immune response that targets 
virus-infected hepatocytes. The mechanisms behind the increase 
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Fig. 79.5 Histopathology of HBV infection. A, Photomicrograph showing ground-glass inclusions in hepato- 
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cytes. These inclusions represent large amounts of hepatitis B surface antigen (HBsAg) in the endoplasmic re- 
ticulum. (H&E, x630.) B, Immunohistochemical stain for HBsAg. Note that the brownish inclusions correspond 
to the ground-glass inclusions seen in A. (x630.) (Courtesy Dr. Gist Farr, New Orleans, LA.) 


in viral replication are unknown in many instances and are pre- 
sumed to be due to the weakening of immune control over viral 
replication or to the emergence replication-fit viral mutants such 
as core promoter mutants or drug-resistant mutant HBV (see ear- 
lier). Flares following viral relapse after nucleos(t)ide analogs are 
stopped have been well described. Irrespective of the cause of the 
increased viral replication, however, the biochemical abnormali- 
ties usually occur coincident to or immediately after an increase 
in serum HBV DNA levels. 


Spontaneous Flares 

Spontaneous flares have been observed in patients with HBeAg- 
positive chronic hepatitis B, in whom they occur in 5% to 10% 
of patients annually, and in those with HBeAg-negative chronic 
hepatitis B, in whom fluctuations of both serum HBV DNA and 
ALT levels are common. It is not clear if severe physical or emo- 
tional stress can weaken the immune system and lead to a second- 
ary increase in viral replication. 

In persons who acquire HBV infection early in life, flares 
become more common during adulthood. In this situation, the 
flares are almost certainly host-driven rather than virally medi- 
ated, and although poorly understood, they are most likely the 
result of a change in the regulation of viral antigen-specific T 
cells. 


Immunosuppressive Therapy—-Induced Flares 

Reactivation of hepatitis B with flares of serum aminotransferase 
levels is a well-recognized complication of cytotoxic or immuno- 
suppressive therapy, including conventional cancer chemother- 
apy and potent biologic response modifiers that are used to treat 
rheumatic, gastrointestinal, and skin disorders.***° Although 
many drugs have been reported to induce HBV reactivation 
(HBV-r), they tend to fall into one of several classes of agents 
(Table 79.2). Suppression of the normal immunologic responses 
to HBV during therapy leads to enhanced viral replication and 
is thought to result in widespread infection of hepatocytes. In 
general, the more potent the immunosuppression, the higher 
the level of viral replication and, thus, the greater the potential 
for serious clinical consequences. The literature provides ample 
evidence for HBV-r leading to severe hepatitis, death from ALF, 
and delay or inability to continue treatment for the underlying 
disease. When reactivation occurs in the setting of cancer chemo- 
therapy or systemic treatment for a severe autoimmune disorder, 


the patient may not be eligible for salvage LT. A growing body of 
evidence shows benefit to screening all patients in need of immu- 
nosuppressive drug therapy for HBsAg and anti-HBc and prophy- 
lactically treating HBsAg-positive patients with antiviral therapy. 
Reactivation of hepatitis B is discussed later in the chapter. 


Antiviral Therapy-Induced Flares 
Antiviral treatment of chronic hepatitis B can be associated with 
ALT increases and flares of hepatitis in several circumstances. 
Flares may occur during IFN or nucleos(t)ide analog therapy, 
after withdrawal of nucleos(t)ide analogs or glucocorticoid ther- 
apy, and in association with the emergence of lamivudine-, adefo- 
vir-, entecavir-, or telbivudine-resistant mutants. 

During Interferon Therapy 
IFN-induced flares of chronic hepatitis B occur in approximately 
one third of treated patients and result from the immunostimula- 
tory properties of the drug. Flares occur with conventional and 
pegylated formulations of IFN (see later and Chapter 80) and 
have been reported to occur more frequently in patients infected 
with HBV genotype A than with other genotypes. This finding 
may explain the higher rate of sustained virologic response and 
HBsAg clearance seen in this group of patients.°° Serum ALT 
flares have been shown to be a predictor of sustained virologic 
response and may be especially important in achieving a sustained 
virologic remission in patients with a high level of viremia.5”** 
Flares that occur in patients with advanced liver fibrosis have 
been associated with clinical deterioration, and, as a result, IFN 
should be used cautiously in patients with cirrhosis and should 
not be used in patients with decompensated cirrhosis. 

During Nucleos(t)ide Analog Therapy 
The registration studies for all nucleos(t)ide analogs have detected 
ALT flares during treatment in less than 10% of patients, and 
these flares were no more common or severe than those occur- 
ring in untreated patients. Whether a reduction in viral burden 
results in a transient restoration of immune competence is con- 
troversial, but the interaction does not appear to be clinically 
important. Serum aminotransferase increases are generally brief, 
even with continuation of therapy.°? 

After Withdrawal of a Nucleos(t)ide Analog 
Serum ALT flares occur in more than 40% of patients after with- 
drawal of nucleos(t)ide analog therapy. These flares are thought to 
be caused by rapid resurgence of HBV, and, although generally well 
tolerated, they may be associated with serious clinical exacerbations 
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TABLE 79.1 Differential Diagnosis of Hepatitis Flares in Persons with 
Chronic Hepatitis B 


Cause of Flare Comment 


Spontaneous Factors that precipitate viral replication and 


loss of immune control are unclear 


Immunosuppressive 
therapy 


Flares are often observed during or shortly 
after withdrawal of the agent; preemptive 
antiviral therapy is required 


Antiviral therapy for 
HBV 


Interferon Flares may be observed within the first 3 mo 
of initiating therapy in 30% of patients 
and may herald HBeAg seroconversion in 


some patients 
Nucleos(t)ide analog = 


During treatment Reinforce patient education to improve 


medication adherence 


Antiviral resistance Mainly an issue for agents that have a low 
genetic barrier to resistance such as 
lamivudine and telbivudine 

Confirm genotypic resistance with resistance 


testing 


Off treatment Flares indicate clinical relapse (re-elevation 
of serum ALT levels andre-appearance 
of HBV DNA in serum in those previously 


virally suppressed) 


Flares can occur as a result of the 
direct toxicity of ART or with immune 
reconstitution; HBV increases the risk of 
antiretroviral drug hepatotoxicity 


HIV coinfection 


Alcohol overuse 

Autoimmune liver disease 

Drug and toxin-induced liver injury 
NAFLD 


Fluctuations in serum ALT levels are common 
in HBeAg-negative patients who harbor 
these variants 


Other liver diseases 


Precore and core 
promoter mutants 


Coinfection with HCV HBV may be suppressed in HCV-coinfected 
patients 

Beware of HBV reactivation in coinfected 
patients undergoing DAA therapy for HCV 


infection 


Coinfection with HDV BV is typically suppressed in HDV 
coinfected patients 
igher risk of liver disease progression 


requires close monitoring 


ART, antiretroviral therapy; HBeAg, hepatitis B e antigen. 


in patients with advanced liver disease. Reinstitution of the original 
therapy is usually associated with a decline in HBV DNA levels. 
In selected HBeAg-negative patients, stopping nucleos(t)ide ana- 
log therapy may induce a temporary increase in serum HBV DNA 
levels accompanied by a flare followed by a profound decline in 
HBsAg levels and sometimes HBsAg loss.”” 

During Other Antiviral Therapy 
Serum ALT flares occur in patients coinfected with HIV and 
HBV who receive antiretroviral therapy (ART).”! The cause 
of these flares can be multifactorial. One of the most common 
causes is immunologic reconstitution due to the effectiveness 
of ART.” Patients with low CD4 counts before ART therapy 
and high HBV DNA levels are often at greatest risk for this syn- 
drome, and ALF may occasionally result.” 

HBV infection increases the risk of hepatotoxicity from ART, 
usually within 6 months after the initiation of treatment, and 
hepatotoxicity should be suspected if serum aminotransferase 


TABLE 79.2 Risk of HBV Reactivation Associated with Various 
Immunosuppressive Agents and Regimens 


Risk* 
HBsAg-negative/ 
HBsAg-positive anti-HBc- 
Medication Patient positive Patient 
Anti-CD20 B cell-depleting High Hight 
agents (rituximab, 
ofatumumab) 
Hematopoietic stem cell High Moderate 
transplantation 
Anthracycline (doxorubicin, High Moderate 
epirubicin) 
High-dose prednisone (>20 mg High Moderate 
daily) for >4wk 
Anti-CD 52 (alemtuzumab) High Low 
Anti-TNF (infliximab, Moderate Moderate 
adalimumab) 
Cytokine or integrin inhibitors Moderate Moderate 
(abatacept, natalizumab, 
ustekinumab, vedolizumab) 
Tyrosine kinase inhibitor Moderate’ Moderate® 
(imatinib, nilotinib, sorafenib) 
Cytotoxic chemotherapy Moderate Low 
Low-dose prednisone (<10 mg Moderate Low 
daily) for >4 wk 
Antirejection regimens for solid | Moderate Low 
organ transplant 
Traditional immunosuppressive Low Low 
therapy: 
azathioprine, methotrexate, 
6-mercaptopurine 
Any dose of glucocorticoid Low Low 
for <1 wk 
Intra-articular glucocorticoids Low Low 


*See Box 79.3. 

TAASLD classifies risk as moderate. 

+AASLD classifies risk as low. 

SAASLD classifies risk as undefined. 

Anti-HBc, antibody to hepatitis B core antigen; HBsAg, hepatitis B 
surface antigen. 


elevations occur despite an appropriate decline in HBV DNA 
levels. Affected HIV-infected patients may also be particularly 
susceptible to ALT flares because of a higher risk of infection 
with other hepatitis viruses. 

In patients coinfected with HBV and HCV, there is a poten- 
tial risk for HBV-r and flare after HCV clearance using DAAs 
(see Chapter 80).°t HBsAg-positive individuals who undergo 
DAA treatment for HCV infection should, therefore, be moni- 
tored for HBV DNA levels every 4 to 8 weeks until 3 months post 
treatment, and concomitant HBV nucleos(t)ide analog therapy 
should be considered even when there is no treatment indica- 
tion for HBV monoinfection. HBsAg-positive patients with 
detectable serum HBV DNA at baseline may also be considered 
for empiric HBV therapy. HBsAg-negative, anti-HBc-positive 
patients treated for HCV infection have a much lower risk of 
HBV-r, which should be considered if serum ALT levels increase 
or fail to normalize during or after DAA treatment.°!,”° 


Flares Associated with Genotypic Variation 
Chronic infection with precore mutant HBV is often associated 


with periodic flares of liver cell necrosis interspersed with periods 
of normal serum ALT and low serum HBV DNA levels. These 


flares have been attributed to rises in the concentration of precore 
mutants in the liver and changes in the ratio of concentrations of 
precore to wild-type HBV. 

Mutations in the basal core promoter region of the HBV 
genome are associated with increased histologic evidence of 
liver inflammation and viral replication. Multiple exacerbations 
of hepatitis resulting from reactivated HBV infection have been 
described in patients with basal core promoter mutations, either 
alone or in association with precore mutations. 


Flares Caused by Infection With Other Viruses 

Patients with chronic HBV infection may exhibit severe flares in 
serum aminotransferase levels and even frank liver failure when 
superinfected with another hepatotropic virus, such as HAV, 
HCV, or HDV. Increased mortality has been reported when 
HDV superinfection is superimposed on chronic hepatitis B, and 
chronic HDV infection is often associated with frequent fluctua- 
tions in serum aminotransferase levels (see Chapter 81). 

Acute hepatitis C superimposed on chronic hepatitis B has been 
reported to be as clinically severe as HDV superinfection and has 
been associated with high rates of liver failure (34%) and death 
(10%).” In a study involving 240 Chinese HBV carriers, those who 
became superinfected with HEV had a significantly higher rate of 
complications, including liver failure and death (33% vs. 2%), when 
compared with those who became superinfected with HAV.”° 


DIAGNOSIS 


HBsAg appears in serum 2 to 10 weeks after exposure to HBV and 
before the onset of symptoms or elevation of serum aminotransfer- 
ase levels. In self-limited acute hepatitis, HBsAg usually becomes 
undetectable after 4 to 6 months. Persistence of HBsAg for more 
than 6 months implies evolution to chronic HBV infection. 

The disappearance of HBsAg is followed several weeks later by 
the appearance of anti-HBs. In most patients, anti-HBs persists 
for life and provides long-term immunity. In some patients, anti- 
HBs may not become detectable after disappearance of HBsAg, 
but these patients do not appear to be susceptible to recurrent 
HBV infection.” Anti-HBs may not be detectable during a win- 
dow period of several weeks to months after the disappearance of 
HBsAg. During this period, the diagnosis of acute HBV infection 
is made by the detection of IgM anti-HBc in serum. 

Coexistence of HBsAg and anti-HBs in serum has been 
reported in approximately 10% to 20% of HBV carriers. The 
mechanisms of this finding are not clear but most likely relate to 
antibodies formed against minor variants of the HBsAg protein. 
The presence of these heterotypic antibodies is not associated with 
specific risk factors or changes in clinical course and may occur in 
patients with or without active liver disease and viral replication. 

Anti-HBc is detectable in acute and chronic HBV infection. 
During acute infection, anti-HBc is predominantly of the IgM 
class and is usually detectable for 4 to 6 months after an acute 
episode of hepatitis and rarely for up to 2 years. IgM anti-HBc 
may become detectable during exacerbations of chronic hepatitis 
B and can even be used as a surrogate for active viral replication. 
Anti-HBc of the IgG class is found in persons who recover from 
acute hepatitis B and in those who progress to chronic infection. 

In low endemic areas of the world such as the USA, isolated 
anti-HBc in serum has been detected in 1% to 4% of the gen- 
eral population. Less than 5% of these patients can be anticipated 
to have HBV DNA detectable in serum (occult viremia).”* By 
contrast, isolated anti-HBc may be found in more than 50% of 
patients in highly endemic regions of the world, and 10% to 30% 
of patients with this finding may have HBV DNA detectable in 
serum.””:!0° Isolated reactivity for anti-HBc may occur in a num- 
ber of other clinical situations (Table 79.3). Perhaps the most clin- 
ically important is a false-positive test result, which is usually very 
weakly reactive and may not be reproducible. Failure to appreciate 
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TABLE 79.3 Possible Interpretations of an Isolated Positive Test Result 
for Antibody to Hepatitis B Core Antigen (Anti- HBc) 


Interpretation Comments 


Resolved or remote 
infection 


Common in persons who come from 
endemic areas of the world where 
acquisition of infection is frequent early 
in life 

Serum HBV DNA is usually undetectable 


False-positive result Weakly positive anti-HBc 


Repeat serology in 3-6 mo 


Window period of acute 
hepatitis B 


IgM anti-HBc is positive during this phase 
HBsAg and HBV DNA are also positive in 
this phase 


Occult infection An uncommon variant of chronic hepatitis B 
associated with progressive liver damage 
Serum HBV DNA is typically detectable in 


low levels 


HBsAg, hepatitis B surface antigen; /g, immunoglobulin. 


this possibility in patients who have no apparent risk of exposure 
to HBV may result in needless consultation, inappropriate exclu- 
sion from vaccination, and, unfortunately, rejection of the person 
from blood or organ donation. Such individuals often have a pri- 
mary rather than anamnestic response to HBV vaccination. 
HBeAg is a viral protein that is found in serum early during 
acute HBV infection. HBeAg reactivity usually disappears at the 
time of or soon after the peak in serum aminotransferase levels, 
and persistence of HBeAg 3 or more months after the onset of 
illness indicates a high likelihood of transition to chronic HBV 
infection. The finding of HBeAg in the serum of an HBsAg- 
positive carrier indicates a high level of viral replication and 
greater infectivity for intimate contacts. Nearly 90% of patients 
with HBeAg-positive chronic hepatitis B have been found to have 
serum HBV DNA levels persistently above 20,000 [U/mL.10! 
Serum HBV DNA values can be as high as 10!?-!3 [U/mL during 
the HBeAg-positive chronic infection (immune tolerant phase). 
By contrast, anti-HBe-positive patients have much lower serum 
HBV DNA levels, with the highest values being found in those 
with persistently or intermittently elevated serum ALT levels. 
HBV DNA is a crucial component in the evaluation of HBV 
infection. Most clinical laboratories use a quantitative real-time 
PCR assay with a sensitivity of 5 to 10 IU/mL and a dynamic range 
of at least 7 log;)[U/mL. The quantification of serum HBV DNA 
is commonly used to evaluate a patient’s candidacy for antiviral 
therapy and to monitor response during treatment. Patients with a 
high serum HBV DNA level (>2x108 IU/mL) at baseline respond 
less commonly to therapy with PegIFN than do those with lower 
levels.!°? By contrast, baseline serum HBV DNA levels have not 
been shown to correlate with response to nucleos(t)ide analog ther- 
apy because of the more potent inhibition of viral replication by 
these agents. Monitoring of HBV DNA levels at key intervals such 
as 12 and 24 weeks of therapy allows prediction of the likelihood 
of HBeAg clearance with both PegIFN and nucleos(t)ide analog 
therapy. In the past, reappearance of HBV DNA in serum dur- 
ing treatment predominantly suggested that drug resistance had 
occurred.!°> This is not the case, however, with high-genetic bar- 
rier nucleos(t)ide analog therapy, during which the reemergence 
of HBV DNA more likely signals poor adherence to therapy.°! 
HBV genotypes A through J have distinct geographical distribu- 
tions (see earlier) and are of importance in assessing the progression 
of HBV-related disease, the risk of HCC, and serologic response to 
both PegIFN and nucleos(t)ide analog therapy. Genotype testing 
is unfortunately not licensed and therefore rarely used in the USA. 
Assays for quantification of HBsAg have become commer- 
cially available and are licensed in many parts of the world.!°* 


1228  PARTIX Liver 


HBsAg reflects cccDNA activity in HBeAg-positive patients but 
not in HBeAg-negative patients, in whom HBsAg is also derived 
from integrated DNA.’ HBsAg levels vary by HBV genotype 
and over the different phases of HBV infection. In clinical prac- 
tice, HBsAg is used in HBeAg-negative patients to distinguish 
true inactive disease (HBsAg level <1000 IU/mL) from relaps- 
ing disease.°° HBsAg levels also provide prognostic information 
with regard to the risk of the progression of liver disease and 
HCC. 

Clinical trials in both HBeAg-positive and HBeAg-negative 
patients have demonstrated a rapid decline in HBsAg concen- 
tration during PegIFN therapy and a much slower decline dur- 
ing the first few years of nucleos(t)ide analog therapy.!°° High 
negative predictive values at week 12 (>90%) have led to vali- 
dated stopping rules that would avoid unnecessary extension of 
PegIFN therapy in both HBeAg-positive and -negative patients 
and prompt initiation of a different treatment regimen. 106-107 In 
the setting of nucleos(t)ide analog treatment, a greater than 1 
log decline in HBsAg levels has been predictive of HBsAg loss, 
and HBsAg levels of less than 100 IU/mL have been associated 
with a sustained off-treatment response following consolidation 
treatment in HBeAg-negative patients.*? 


TREATMENT 


Eight antiviral agents have been approved for the treatment 
of chronic hepatitis B in North America. These include IFN-a 
(standard and PegIFN) and the nucleos(t)ide analogs lamivudine, 
adefovir, telbivudine, entecavir, tenofovir disoproxil fumarate 
(TDF), and tenofovir alafenamide (TAF). Nucleos(t)ide analogs 
target HBV replication through inhibition of the reverse tran- 
scriptase function of HBV DNA polymerase, whereas PegIFN has 
both antiviral and immunomodulatory activities. Most patients 
on treatment receive nucleos(t)ide analogs due to their excellent 
safety record, oral route of administration, and tolerability com- 
pared with PegIFN. First-line nucleos(t)ide analogs include TDF, 
entecavir, or TAF owing to high antiviral potency and a high 
genetic barrier to resistance.!°°-!!° These agents are particularly 
useful in the management of patients with advanced liver disease, 
whereas PegIFN can further decompensate liver function and 
cause life-threatening infections. PegIFN offers a shorter dura- 
tion of treatment (6 to 12 months) but is less desirable for many 
patients, because it is given by injection only and has unpleasant 
side effects. 


Goals 


The ultimate goals for treatment of patients with chronic hepa- 
titis B include arrest of progression of liver disease, prevention 
of late complications, and improvement in survival. Several 
studies have now documented the long-term benefits of treat- 
ment, such as reversal of cirrhosis and reductions in the fre- 
quency of HCC and the need for LT.!!!!!? Classical endpoints 
of treatment include suppression of serum HBV DNA, HBeAg 
seroconversion in HBeAg-positive patients, serum ALT nor- 
malization, and histologic improvement. Each of these end- 
points may be achieved with long-term suppression of viral 
replication using PegIFN or nucleos(t)ide analogs. However, 
the most desirable endpoint is HBsAg loss or seroconver- 
sion, which has been associated with improved survival.1!3-114 
Unfortunately, fewer than 10% of patients treated with PegIFN 
or an oral agent will achieve HBsAg loss.!!°116 Therefore, 
there remains an urgent need to develop new therapies that can 
induce a “functional cure” of HBV (sustained HBsAg loss) for 
the majority of chronic HBV patients. Missed opportunities 
for HBV screening and confusion regarding the indications for 
treatment of HBV infection have impeded fulfillment of the 
goals of treatment.!!7!!8 


Barriers 


The WHO has set a goal of Viral Hepatitis Elimination by 2030. 
This goal targets a 90% reduction in the incidence of chronic 
viral hepatitis and 65% reduction in liver-related mortality due to 
chronic HBV and HCV infection.’ In order to fulfill the goal of 
global hepatitis elimination, most countries will need to improve 
efforts in HBV screening, diagnosis, and treatment. 

Barriers to care for HBV patients include lack of patient 
awareness of liver disease and the need for life-long monitor- 
ing and treatment in some cases. Many immigrant populations 
with chronic hepatitis B come from highly endemic countries, 
and some do not readily seek health care and may be reluctant 
to start treatment due to cultural, language, and financial barri- 
ers. Social stigma remains an important issue for HBV-infected 
persons, who may be embarrassed or fearful of the diagnosis and 
worry about spreading infection to other family members.!!7-!!” 
Another barrier to long-term antiviral treatment is the cost of 
therapy for many patients who have limited financial resources. 
In many countries, only a minority of patients has access to 
private medication insurance, and most patients require public 
reimbursement or must pay out of pocket for medications.!*° The 
availability of generic antiviral medications has led to significant 
cost savings and improved access to treatment for many patients, 
and low-cost versions of antiviral medications will reduce the need 
to import drugs for personal use from other countries. Language 
barriers may impede efforts in patient education, particularly 
with regard to monitoring of liver disease, the need for treatment, 
and adherence to long-term treatment.!?! Strategies to combat 
these impediments include the development of patient-centered 
education programs delivered in the patient’s native language and 
the creation of language-specific peer-support groups. 


Indications 


Many factors are involved in the decision to start treatment of 
chronic hepatitis B, and the decision is often a difficult one. The 
challenge is to identify persons at risk for the development of 
complications of chronic hepatitis B. Key factors to be consid- 
ered include high serum HBV DNA levels, elevated serum ALT 
levels, and evidence of advanced hepatic fibrosis or cirrhosis.! 
Other important factors include the patient’s HBeAg status, HBV 
genotype, age, and medical comorbidities. Before starting long- 
term antiviral therapy, the patient must be able to afford and be 
willing to take long-term treatment. For many, treatment may be 
of indefinite duration, and they must therefore adhere to lifelong 
monitoring with serial blood samples and periodic abdominal US. 


HBV DNA 


Several large, long-term prospective studies have correlated serum 
HBV DNA levels at recruitment with clinical outcomes.!?>-!?> 
These studies have each concluded that the risks of developing 
cirrhosis and HCC and of liver-related mortality increase with 
higher serum HBV DNA levels at recruitment and with per- 
sistence of high HBV DNA levels during follow-up. Typical 
patients in these studies were middle-aged Asian men who were 
HBeAg-negative, and the proportion of patients under age 30 
was small. Therefore, in HBeAg-negative patients over age 30, 
the serum HBV DNA level is a good predictor of adverse out- 
comes. This may also be true in older HBeAg-positive patients, 
but the findings do not apply to younger HBeAg-positive patients 
with normal serum ALT levels. 


ALT 


Many studies have shown a correlation between serum ALT 
levels and outcome, but the association was not as strong as for 


serum HBV DNA levels. In particular, patients with a serum ALT 
level within the normal range were also at risk for the develop- 
ment of cirrhosis and HCC if the serum HBV DNA concentra- 
tion was higher than 10* copies/mL (=2000 IU/mL). The serum 
ALT level is an imperfect marker of liver disease in persons with 
chronic hepatitis B. Several studies from East Asia have clearly 
demonstrated that higher serum ALT levels correlate with worse 
liver disease outcomes.!?°!’ In a study from Hong Kong of 3233 
untreated patients with HBV infection, those with normal and 
even subnormal serum ALT levels were found to have the lowest 
risk of HBV-related complications.'*° These and other studies 
suggest that the ULN for serum ALT used in many laboratories 
may be too high for carriers of chronic hepatitis B. Therefore, 
the 2018 AASLD guidance for chronic hepatitis B endorses the 
ULN for serum ALT of 35 and 25 U/L for males and females, 
respectively.!°° HBV-infected patients with normal or near nor- 
mal serum ALT levels may still be at risk for significant liver dis- 
ease progression and may warrant treatment. 


Liver Fibrosis 


In order to reduce overtreating patients who may be at lower 
risk of developing significant liver disease, other markers of sig- 
nificant liver disease should be assessed prior to starting therapy. 
Approaches can include noninvasive markers of fibrosis such 
as transient or ultrasound elastography or serum-based fibrosis 
markers (e.g., FibroSure, FIB-4, APRI, ELF [Enhanced Liver 
Fibrosis] score) (see Chapters 74 and 80) or liver biopsy evidence 
of at least more than mild fibrosis and/or inflammation. For 
example, a liver stiffness score of greater than 10 kPa on transient 
elastography has been correlated with cirrhosis in HBV-infected 
patients, and a FibroTest (FibroSure) score greater than 0.8 is 
thought be a marker of advanced fibrosis (>stage 3 fibrosis).!78-12° 
Transient mild serum ALT elevations may not be associated 
with significant disease, but persistent or prolonged serum ALT 
elevations for more than 3 to 6 months are more likely to be 
associated with significant liver injury. Therefore, some form of 
fibrosis assessment in patients with normal serum ALT levels is 
necessary to determine the presence of hepatic fibrosis to make 
an informed treatment decision. 

For both HBeAg-positive and HBeAg-negative patients, 
treatment should be considered when the HBV DNA is higher 


Fig. 79.6 Algorithm for the selection of pa- 
tients with chronic hepatitis B for antiviral 
therapy. Indications for antiviral treat- 

ment include persistently elevated serum 
ALT levels greater than the ULN, serum 
HBV DNA levels greater than or equal to 
2000 IU/mL, and some degree of hepatic 
fibrosis. For patients who have normal 
serum ALT levels or HBV DNA levels less 
than 2000 IU/mL, additional assessment, 
including liver biopsy, to exclude other 
causes of liver disease may be neces- 
sary. “First-line agents for HBeAg-positive 
patients: PeglFN, TDF, TAF, or enteca- 

vir; first-line agents for HBeAg-negative 
patients: TDF, TAF, or entecavir. HBeAg, 
hepatitis B e antigen; Peg/FN, pegylated 
interferon; TAF, tenofovir alafenamide; TDF 
tenofovir disoproxil fumarate. 


No treatment 
Monitor every 3 
mo with 
serum ALT 
and HBV DNA 


Serum HBV DNA <2000 IU/mL 
Serum ALT normal Serum ALT elevated Serum ALT normal 
for 3-6 mo 
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than 2000 IU/mL. Older studies suggested that progressive liver 
damage occurs once the serum HBV DNA level increases above 
a level of approximately 2000 [U/mL.!3°!3! Although liver injury 
is uncommon if the serum HBV DNA level is below 2000 IU/ 
mL, some patients may have HBV-induced liver disease at low 
viral loads. In this setting, liver biopsy may be needed to exclude 
an alternative diagnosis and to confirm viral-induced liver injury. 
‘Table 79.1 shows the differential diagnosis of an elevated serum 
ALT level in patients known to have chronic hepatitis B. Further- 
more, serum HBV DNA levels may fluctuate, so that repeated 
measurements are required. A serum HBV DNA level greater 
than 2000 IU/mL accompanied by an elevated serum ALT level 
in an HBeAg-negative chronic hepatitis B patient and warrants 
treatment; this form of chronic hepatitis B is associated with 
more advanced liver disease and rarely remits completely. 


Timing 

Young adults who are HBeAg-positive usually have high viral 
loads (>107 IU/mL), with variable serum ALT levels.!*2:!°> These 
patients usually have no or minimal liver disease on liver biopsy 
specimens. Those who have elevated ALT levels may not require 
immediate treatment because they may undergo spontaneous 
HBeAg seroconversion. It is often difficult to predict, however, 
which individuals will lose HBeAg with remission of disease prior 
to the development of significant liver injury. HBeAg-positive 
patients with a normal serum ALT level and high viral load 
(immune tolerant phase, or HBeAg-positive chronic infection) 
generally do not warrant treatment but instead should undergo 
regular monitoring as per current treatment guidelines. Figure 
79.6 provides an algorithm for identifying individual patients 
who require antiviral treatment. 

Treatment guidelines vary in their ALT and HBV DNA thresh- 
olds for initiation of antiviral therapy.!°*!!° The AASLD recom- 
mends starting therapy when the serum ALT level is persistently 
above 2x ULN (ULN, 35 U/L for men and 25 U/L for women), 
whereas other guidelines recommend therapy when the serum 
ALT level is greater than 1x ULN. Serum HBV DNA levels above 
2000 IU/mL are thought to be associated with progression of liver 
disease and serve as the threshold to start therapy, according to 
European Association for the Study of Liver Disease guidelines. 
Although liver biopsy is not mandatory to stage fibrosis, treatment 


HBsAg-positive 
HBeAg-positive or negative 


Serum HBV DNA 22000 IU/mL 


Serum ALT 
elevated for 3-6 


mo 
Evidence of 
hepatic fibrosis 


Exclude other Monitor every 3 


causes of liver mo. 
Assess for 
hepatic fibrosis 


disease 


(liver biopsy, 
elastography) 
and treat’ if 
significant fibrosis 
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is recommended in those with more than mild hepatic fibrosis 
(>stage 2 fibrosis by METAVIR [see Chapters 74 and 80]). Non- 
invasive assessment of fibrosis, such as transient elastography, MR 
elastography, or serum markers of fibrosis, may be helpful when 
liver biopsy is either not possible or contraindicated (see earlier).!*+ 

In summary, the decision to treat requires consideration 
of several factors: the patient’s age, serum HBV DNA levels, 
HBeAg status, and evidence of significant liver disease in the 
form of persistent or intermittent elevation of the serum ALT 
level, significant hepatic fibrosis or inflammation on a liver biopsy 
specimen, or evidence of significant hepatic fibrosis on nonin- 
vasive assessment. Ultimately, patient adherence to therapy and 
follow-up will have a major impact on the success of antiviral 
treatment for chronic hepatitis B. 


Drugs 


The latest generation of nucleos(t)ide analogs—TDF, TAF, and 
entecavir—are highly potent and have a high genetic barrier to resis- 
tance. They are effective when used as monotherapy in both HBeAg- 
positive or HBeAg-negative patients. In most treatment guidelines, 
TDF, TAF, entecavir, and PegIFN are recommended as first-line 
treatment options. !°°-!!9 However, in resource-constrained regions 
of the world, less preferable agents such lamivudine and adefovir 
are often used due to their lower cost and availability. 


PegIFN and nucleos(t)ide analogs each have advantages and 
disadvantages that should be considered when making a treat- 
ment decision, as outlined in Table 79.4. One major advantage of 
PegIFN is that treatment duration is limited to 6 to 12 months, 
and virologic responses tend to be quite durable, especially in 
patients with HBeAg-positive hepatitis B.135136 However, the 
drug must be administered subcutaneously and has been associ- 
ated with unpleasant side effects. The shorter duration of treat- 
ment is an important factor for younger patients of childbearing 
potential who wish to be medication-free during the family 
planning years. Table 79.5 illustrates the relative potency of the 
different antiviral agents from various clinical trials in a non- 
head-to-head comparison. 


Nucleoside and Nucleotide Analogs 


Nucleos(t)ide analogs have become the standard of care for 
treatment of most patients with treatment-naive and treat- 
ment-experienced chronic hepatitis B. The lack of side effects 
and high efficacy of first-line agents such as TDF, TAF, and 
entecavir make them particularly attractive. Approximately 
70% and 95% HBeAg-positive and HBeAg-negative patients, 
respectively, will achieve undetectable HBV DNA during the 
first year of treatment with TDF.!*’ Virologic responses pro- 
gressively increase with longer duration of therapy, although 


TABLE 79.4 Advantages and Disadvantages of Pegylated Interferon-a (PeglFN-a) Compared with Nucleos(t)ide Analog Therapy 


Agent Advantages 


Disadvantages 


PegIFN-a Finite duration of treatment (6-12 mo) 
Immunomodulatory and antiviral properties 
Higher rate of HBsAg loss or seroconversion 

compared withnucleos(t)ide analogs 
Durable off-treatment response 


Lack of known resistance mutations 


Nucleos(t)ide analogs Excellent long-term safety 

Convenient oral administration 

Potent and rapid viral inhibition 

Negligible risk of antiviral resistance among 
treatment-naive patients receiving first-line 


therapy (entecavir or tenofovir) 


Subcutaneous injection 

Frequent unpleasant side effects 

Loss of HBsAg in only a small minority of patients depending on HBV genotype 

Potential risk of ALT flares in patients with advanced liver fibrosis 

Contraindicated in advanced/decompensated cirrhosis, uncontrolled 
autoimmune disease, and mood disorders 

Relative contraindication in older patients and those with comorbid illnesses 

High cost of therapy 


Slight risk of nephropathy with nucleotide analogs (adefovir, tenofovir) 

Antiviral resistance with low-genetic barrier drugs (lamivudine, telbivudine) 

Long-term/indefinite duration of treatment needed for both HBeAg-positive and 
HBeAg-negative patients 

High cost of therapy (over many years) 


HBsAg, hepatitis B surface antigen. 


TABLE 79.5 Results of First-Line Therapies for Treatment-Naive Patients with Chronic Hepatitis B After 1 Year of Treatment 


HBeAg-Positive Chronic Hepatitis B (Immune Active Phase) 


Outcome (%) PegIFN-a* ETV TDF TAF 

Viral suppression 32 (<4 log IU/mL) 67 (<60 IU/mL) 66 (<60 IU/mL) 64 (<29 IU/mL) 

HBeAg loss 34 22 2i 14 

ALT normalization 41 68 68 72 

Histologic response 49 72 74 N/A 

HBsAg loss 3 2 3 1 
HBeAg-Negative Chronic Hepatitis B (Reactivation Phase) 

Outcome (%) PegIFN-c ETV TDF TAF 

Viral suppression 43 (<3 log IU/mL) 90 (<60 IU/mL) 71 (<60 IU/mL) 94 (<29 IU/mL) 

ALT normalization 59 78 76 83 

Histologic response 56 70 n2 N/A 

HBsAg loss 4 <1 6) 6) 


*End of follow-up at 24 wk post treatment 


ETV, entecavir; N/A, not available, Peg/FN, pegylated interferon; TAF, tenofovir alafenamide; TDF, tenofovir disoproxil fumarate. 


TABLE 79.6 Choice of Nucleoside or Nucleotide Analog for HBV Infection 


Clinical Situation First-Line Therapy 


Second-Line Therapy 
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Comment 


Treatment-naive Entecavir or TDF or TAF Telbivudine Discontinue telbivudine if HBV DNA is still detected in 
serum at wk 24 
Prior lamivudine or telbivudine Switch to TDF or TAF Entecavir Entecavir resistance is facilitated by resistance to either 
exposure lamivudine or telbivudine 
Proved lamivudine resistance Switch to TDF or TAF Add adefovir* Addition of adefovir late in the course may not control 
viral replication 
Proved adefovir resistance Switch to entecavir TDF or TAF Adefovir-resistance reduces susceptibility to TDF 
Primary drug failure with both Switch to TDF or TAF or Telbivudine Suspect nonadherence if lamivudine had been used; 
lamivudine and adefovirt entecavir see telbivudine precaution above 
Proved entecavir resistance Switch to TDF or TAF Add adefovir* — 
Proved telbivudine resistance Switch to TDF or TAF Add adefovir* = 


Persistent low-level viremia during 
treatment with high-genetic 
barrier drug 


or switch to one of the 
others 


Treatment-naive, reduced GFR Entecavir or TAF 


(<60 mL/min) 


Continue TDF, TAF, or entecavir None 


Telbivudine 


Nonadherence should be considered; resistance 
testing may be necessary 


See telbivudine precaution above 


*Whenever a high-genetic barrier drug option is not available. 
tSee text for definition of primary drug failure. 


GFR, Glomerular filtration rate; TAF, tenofovir alafenamide; TDF, tenofovir disoproxil fumarate. 


a small minority of patients may have persistently low-level 
viremia or viral “blips” after several years of continuous ther- 
apy. The most likely explanation for these occurrences is 
nonadherence to long-term therapy, which occurs in at least 
10% to 15% of patients.!*?'!49 The serum HBV DNA level 
usually declines with education of the patient on the impor- 
tance of adherence to treatment. Antiviral resistance is dis- 
tinctly uncommon with TDF, TAF, and entecavir. In fact, 
no antiviral-resistant mutation has been identified in patients 
on TDF after 7 years of treatment.!*! Table 79.6 highlights 
first-line nucleos(t)ide analog therapy in a number of clinical 
situations. 


Lamivudine 

Lamivudine was the first HBV antiviral agent to be approved for 
use. It has an excellent long-term safety record and relatively high 
antiviral potency. Its major disadvantage is the rapid develop- 
ment of mutations in the YMDD (tyrosine-methionine-aspartic 
acid-aspartic acid) active site of the HBV polymerase: 20% in 
year 1, 35% in year 2, and greater than 75% in year 4.14218 For 
this reason, lamivudine is no longer recommended as first-line 
therapy for most patients; however, it is still used widely in the 
Asia-Pacific region.'** There are some clinical settings in which 
short-term treatment with lamivudine may still be acceptable, 
such as inactive HBV disease in patients undergoing cancer che- 
motherapy or prevention of mother-to-child transmission of 
HBV during pregnancy. 


Adefovir Dipivoxil 

Adefovir is a nucleotide analog with antiviral activity against 
both wild-type and lamivudine-resistant HBV. Due to its lim- 
ited potency, primary treatment failure was observed in 30% 
of patients.'** Reversible nephrotoxicity was reported in about 
one third of patients after only 1 year of treatment. Moreover, 
reverse transcriptase (rt) mutations causing resistance to adefo- 
vir (rttA181V/T or rtN236T) were documented in nearly 30% of 
patients by the end of 5 years of continuous therapy.!*° For these 
reasons, adefovir is not recommended for treatment of HBV 
infection. Side effects of adefovir include reversible nephrotoxic- 
ity and, rarely, Fanconi syndrome. 


Emtricitabine 

Structurally similar to lamivudine, emtricitabine also inhib- 
its HBV DNA polymerase and HIV reverse transcriptase. 
Emtricitabine is not FDA-approved for use in hepatitis B but 
is approved in a combined tablet with tenofovir for HIV infec- 
tion. Due to its structural similarity to lamivudine, it is cross- 
resistant and is not an option for lamivudine-resistant salvage 
therapy.!*7 


Entecavir 
Entecavir is a guanosine analog that is more potent than lamivu- 
dine and has a very high genetic barrier to resistance, requiring 
2 to 3 additional HBV polymerase mutations superimposed on the 
backbone ofa preexisting lamivudine-resistant mutation. Entecavir 
resistance was found in only 2% of treatment-naive patients dur- 
ing 5 years of continuous treatment, as opposed to greater than 
50% in lamivudine-refractory patients.!*°:!49 Entecavir at a dose of 
0.5 mg daily is recommended in treatment-naive patients, whereas 
a dose of 1 mg is prescribed in patients who have lamivudine- 
resistant HBV infection; however, entecavir is not the preferred 
option for lamivudine-resistant HBV due to risk for the long-term 
development of entecavir resistance. TDF is preferred for the 
treatment of lamivudine-resistant HBV due to its nonoverlapping 
resistance profile.!0°!!0 

In a long-term real-world cohort study of Chinese patients 
treated with entecavir, 99% of patients maintained suppres- 
sion of serum HBV DNA, 98% normalized serum ALT levels, 
and 82% achieved HBeAg seroconversion.!°° Resistance to 
entecavir was reported in only 1% of patients during long- 
term follow-up. Although only 2% to 3% patients lost HBsAg, 
predictors of HBsAg loss included baseline quantitative 
HBsAg levels less than 100 [U/mL and on-treatment annual 
HBsAg decline of greater than 0.2 log IU/mL. Entecavir is 
safe and well tolerated with rare side effects, which include 
lactic acidosis. 


Telbivudine 

Telbivudine is a nucleoside analog that is more potent than lami- 
vudine in both HBeAg-positive and HBeAg-negative patients.!°! 
Unfortunately, genotypic resistance was found in 5% and 11% of 
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patients after 1 and 2 years of telbivudine, respectively, demon- 
strating a resistance profile that was only slightly better than that 
of lamivudine.!>? Due to cross-resistance with lamivudine, it can- 
not be used as salvage therapy in this setting. Telbivudine is not a 
preferred treatment for HBV infection in North America because 
of the high rate of resistance and the side effect of myopathy in 
20% to 30% of patients. 


Tenofovir Disoproxil Fumarate 

TDF is a nucleotide analog inhibitor of reverse transcriptase 
similar to adefovir, but it is significantly more potent, as shown 
in randomized clinical studies. TDF has demonstrated efficacy 
in patients with treatment-naive HBeAg-positive and HBeAg- 
negative chronic hepatitis B.!*” Large phase 3 studies reported 
that HBV DNA suppression to less than 69 IU/mL was 
achieved in over 99% of HBeAg-positive and -negative patients 
after 7 years. Serum ALT normalization occurred in 80% of 
patients, HBeAg loss was reported in 59% of HBeAg-positive 
patients, and HBsAg loss occurred in 12% of patients after 7 
years.!*! At the end of 5 years of treatment, 80% of patients 
had improvement in liver histology.'>> Seventy-five percent of 
patients with cirrhosis at baseline had at least a 2-point reduc- 
tion in Ishak fibrosis score after long-term TDF therapy. 
Importantly, no confirmed cases of antiviral resistance to TDF 
have been documented after 7-8 years of continuous treat- 
ment.'*+ Interestingly, HBsAg loss occurred in 10% to 15% of 
mainly Caucasian patients during the same period of treatment. 
Predictors of HBsAg loss included a decline in HBsAg levels on 
treatment, HBV genotype A, and a shorter duration of chronic 
infection (<4 years). TDF (or TAF) is recommended in HBV- 
HIV coinfection as the backbone of an antiretroviral therapy 
regimen (see later). TDF has been associated with reversible 
nephrotoxicity and hypophosphatemia in up to 2% to 4% 
patients treated with long-term treatment, and, rarely, Fanconi 
syndrome has been reported.!*> 


Tenofovir Alafenamide 

TAF, a novel prodrug of tenofovir, is given at a lower dose (25 
mg daily) than TDF but is delivered more efficiently into hepa- 
tocytes. In large phase 3 studies of HBeAg-positive and HBeAg- 
negative treatment-naive patients, TAF was compared with TDF 
for 2 to 3 years, followed by 5 years of open-label TAF.!56,157 
Although virologic (HBV DNA <29 IU/mL) and serologic 
responses were similar between the 2 groups, higher rates of 
serum ALT normalization were seen after one year of treatment 
in those randomized to TAF. Importantly, TAF is superior to 
TDF in terms of renal safety as measured by serum creatinine 
and glomerular filtration rate and bone safety as shown by dual- 
energy x-ray absorptiometry scans. In patients taking TDF who 
were switched to TAF, not only was viral suppression maintained, 
but also improvement in renal function and bone mineral den- 
sity and higher rates of serum ALT normalization were observed 
within 6 to 12 months.!°* 


Treatment Response and Endpoints 

Typically, randomized controlled trials of HBV antiviral therapy 
have defined biochemical, virologic, and histologic endpoints 
at one year (48 weeks) of treatment to evaluate the response. 
Biochemical response is defined as normalization of serum ALT 
levels according to central laboratory values; virologic response 
is defined as undetectable serum HBV DNA; and histologic 
response is a 2-point or greater improvement in the necroin- 
flammatory score without worsening fibrosis. Serologic response 
requires HBeAg loss or seroconversion to anti-HBe for HBeAg- 
positive patients. The more elusive endpoint is functional cure of 
HBV, defined as loss of serum HBsAg, with or without appear- 
ance of anti-HBs, and undetectable serum HBV DNA. Sterilizing 
or virologic cure of HBV requires not only undetectable serum 


HBsAg and HBV DNA but also loss of cecDNA from the hepa- 
tocyte nucleus.!°? 

HBeAg seroconversion occurs in only 15% to 20% after 
one year of nucleos(t)ide analog therapy. This rate increases to 
30% in year 2 and plateaus at 40% by year 5.141-15? Treatment 
is continued indefinitely for those who do not achieve HBeAg 
seroconversion, especially for those with underlying cirrhosis, 
because relapse is almost universal in those who discontinue 
therapy before HBeAg loss or seroconversion occurs. Predictors 
of HBeAg seroconversion include pretreatment serum ALT ele- 
vation, HBV genotype, and absence of cirrhosis at baseline. For 
patients who lose HBeAg, treatment consolidation is recom- 
mended for at least one year after HBeAg first becomes unde- 
tectable, because this strategy has been shown to reduce the risk 
of relapse following treatment withdrawal and to maximize the 
durability of the response.!°*-!!° For chronic HBeAg-negative 
patients, long-term or maintenance therapy is recommended 
because relatively high rates of virologic (reappearance of serum 
HBV DNA) and clinical (reappearance of serum HBV DNA in 
association with elevated ALT levels) relapse have been seen 
after treatment withdrawal despite several years of suppressive 
treatment.!©? Treatment guidelines recommend continuing 
therapy in these patients until HBsAg loss or seroconversion 
occurs. However, in a small randomized study of tenofovir 
withdrawal in HBeAg-negative noncirrhotic patients, 19% of 
patients who stopped therapy went on to achieve HBsAg loss, 
indicating that there may be a subset of patients who may safely 
stop nucleos(t)ide analog therapy with unexpectedly favorable 
outcomes, particularly in those with profound reductions in 
serum HBsAg levels off therapy.!°! 

Primary nonresponse is defined as a 1 log or less reduction in 
serum HBV DNA levels at 24 weeks of antiviral therapy.'°* Based 
on a database of prescription utilization, at least 10% to 15% of 
patients fail to take their medication appropriately and miss one 
or more doses each month.'*? Antiviral resistance testing is rec- 
ommended for those receiving agents with a low genetic barrier 
to resistance to differentiate between resistance and medication 
nonadherence. Counseling for those found to be nonadherent is 
recommended. For patients not responding to lamivudine or tel- 
bivudine at week 24, treatment can be switched to a more potent 
agent such as TDF, TAF, or entecavir (in the absence of lami- 
vudine resistance) and the serum HBV DNA level repeated in 3 
months, as suggested by the HBV roadmap concept of response- 
guided therapy.'® Primary nonresponse is extremely unusual in 
those receiving high potency agents such as TDF, TAF, or ente- 
cavir as the first-line therapy. For those who experience virologic 
breakthrough (increase in serum HBV DNA by 1 log [U/mL 
from nadir) on TDF, switching to entecavir is reasonable (and 
vice versa). !08 

A small proportion of patients on TDF, TAF, or entecavir 
will have a slower virologic response and remain viremic after the 
first year of treatment. In the TDF registration trials, patients 
who had detectable serum HBV DNA after one year of treatment 
had the option of treatment intensification with emtricitabine 
or continued TDF monotherapy.!*’ After an additional year 
of treatment, the proportion of patients who achieved a serum 
HBV DNA level less than 69 IU/mL was similar at 70% in both 
groups. Therefore, treatment guidelines recommend continued 
treatment without intensification for patients who have detect- 
able HBV DNA in serum after one year of treatment with high- 
genetic barrier drugs such as TDF or entecavir. By contrast, for 
those receiving low—-genetic barrier drugs such as lamivudine, 
adefovir, or telbivudine, persistent viremia may indicate antiviral 
resistance in treatment-adherent patients. In the setting of per- 
sistent viremia on lamivudine or telbivudine, switching to TDF 
or TAF is appropriate, whereas entecavir is a suitable alterna- 
tive for those who remain viremic on adefovir, as outlined in 
Table 79,6100 


Monitoring 

Patients who undergo treatment with anucleos(t)ide analog 
should be followed with serial ALT and HBV DNA assessments 
at 3-month intervals until they achieve undetectable serum HBV 
DNA levels. Once serum HBV DNA is undetectable or less than 
10 to 20 IU/mL, follow-up intervals can be extended to every 6 
months for those receiving treatment with a drug of high genetic 
barrier to resistance with demonstrated adherence to therapy. 
Quantitative HBsAg levels, if available, and HBeAg status can be 
measured every 6 months on therapy to detect HBsAg decline 
and HBeAg loss or seroconversion in HBeAg-positive patients. 
Serum creatinine (or glomerular filtration rate) and phosphate 
levels are recommended every 3 to 6 months for those receiving 
treatment with TDF. Bone density assessment using dual-energy 
x-ray absorptiometry scans is not routinely measured in patients 
on TDF, unless the patient has several risk factors for osteopo- 
rosis. 


Duration of Therapy 
In HBeAg-positive patients, treatment guidelines recommend con- 
tinuing treatment for at least 12 months after HBeAg seroconversion 
to minimize the chance of virologic relapse. High rates of relapse 
and reverse seroconversion were reported among patients who did 
not receive an adequate duration of consolidation therapy. 164165 
The optimal duration of treatment in HBeAg-negative 
patients is unknown; for most patients, this will mean many years 
of continuous antiviral therapy. Relapse rates are high (>80%) 
among patients who discontinue treatment after only 2 years of 
therapy, and there are no adequate stopping rules in this group 
of patients. Guidelines recommend HBsAg loss as a treatment 
endpoint for HBeAg-negative patients, effectively committing 
many of them to lifelong treatment.?™!08-110 However, European 
guidelines suggest that treatment withdrawal may be possible in 
HBeAg-negative patients who have been virally suppressed for 
3 to 4 years on nucleos(t)ide analog therapy.!°? Low quantita- 
tive HBsAg levels (<100 IU/mL) may be helpful in predicting 
a sustained off-treatment response.!°° A small study of HBeAg- 
negative noncirrhotic patients who were virally suppressed and 
randomized to stop TDF therapy showed that up to 20% were 
able to lose HBsAg off therapy, compared with no HBsAg loss 
in those who continued TDF, thereby suggesting that treatment 
withdrawal in a subset of patients may be safe and effective.!°! 


Durability of Response 


The durability of response following HBeAg seroconversion 
in HBeAg-positive nucleos(t)ide analog-treated patients is 


TABLE 79.7 Characteristics of Antiviral-Resistant HBV Infection 
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approximately 70% at one year post treatment but may drop to 
50% at 3 years post treatment.!°’ Factors associated with higher 
rates of relapse include a shorter duration of consolidation 
therapy, HBV genotype, baseline HBV DNA levels, and quan- 
titative HBsAg levels.'°+!® Unfortunately, virologic relapse 
is almost universal in HBeAg-negative patients, and clinical 
relapse (elevated serum HBV DNA levels and ALT flares) rates 
are approximately 50% in HBeAg-negative patients, after treat- 
ment discontinuation even after long-term viral suppression.!°° 
In a study of HBeAg-negative European patients (with mainly 
HBV genotype D infection), a durable response rate greater 
than 60% was reported after treatment withdrawal following 
4 years of tenofovir, suggesting that HBV genotype and treat- 
ment duration are important factors that affect the durability of 
response to antiviral therapy.!°! 

HBsAg loss is distinctly uncommon in Asian patients with 
chronic hepatitis B, irrespective of treatment used. In a long- 
term study of tenofovir versus adefovir for HBeAg-positive and 
HBeAg-negative patients, 15% of Caucasian patients compared 
with 0% of Asians experienced HBsAg loss.!*’ Similarly, a real- 
world study of 222 patients with chronic hepatitis B in Hong 
Kong treated with continuous entecavir for 7 years reported a 
2.5% cumulative rate of HBsAg loss, suggesting that long-term 
treatment is necessary for the majority of Asian patients with 
chronic hepatitis B.!°° 


Antiviral Resistance 

Antiviral resistance in HBV infection has become a minor issue 
owing to use of agents with a high barrier to resistance such as 
TDF, TAF, and entecavir. However, lamivudine-resistant HBV 
is common in some countries, and a working knowledge of anti- 
viral resistance mutations and resistance profiles is required to 
properly select initial and salvage therapies. When genotypic 
resistance develops, particularly to lamivudine, secondary muta- 
tions may occur that may reduce susceptibility to other antiviral 
agents.! Table 79.7 summarizes specific HBV polymerase resis- 
tance mutations, rates of resistance, and management strategies 
for patients with resistance to common nucleos(t)ide analogs in 
current use. 

Testing Monitoring for antiviral resistance requires regular 
assessment of serum HBV DNA levels. Resistance is suspected 
when a rise in the HBV DNA level by at least! log IU/mL occurs 
in a treatment-adherent patient. Genotypic resistance can be 
confirmed by various methods, such as population sequencing, 
reverse hybridization, clonal analysis, and ultradeep sequencing 
methods. Common polymerase mutations known to confer 


Nucleos(t)ide Analog to Which HBV is Resistant 


Characteristic Lamivudine Adefovir Entecavir Telbivudine TDF/TAF 
Reverse transcriptase rtL180M + tA181V/T + rtL180M + rtL180M + None known 
(rt) mutations rtM204V/1 tN236T rtM204V/1 + rtM204V/1 
rtS202l1 
rtM250V 
Rate of resistance Yr 1: 20% Yr 1: 9% Yr 1: 0% VAP ls OZ Yr 1: O%T 
Yr 4: 75% Yr 3: 30% Yr 3: 1% V225% Yr 8: 0%t 
Overlapping Emtricitabine Tenofovir* Lamivudine Lamivudine None 
resistance to other Telbivudine Emtricitabine Telbivudine 
drugs Entecavir Telbivudine Entecavir 
Drug(s) to switch to TDF or TAF Entecavir, TDF, or TAF TDF or TAF TDF or TAF Entecavir 


*Partial resistance to TDF. 
tResistance rates for TDF. No resistance to TAF was reported at 2 years. 
TAF, tenofovir alafenamide; TDF, tenofovir disoproxil fumarate. 
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resistance can be detected by a commercially available reverse 
hybridization assay (InnoLipa, Innogenetics, Belgium). This 
method can detect drug-resistant HBV that constitutes at least 
10% of the viral population.!”? Ultradeep sequencing has a 
greater sensitivity and detects minor variants that constitute less 
than 1% of the total HBV quasispecies.!7! 

Clinical Outcomes Adverse clinical outcomes have been 
reported in patients in whom antiviral resistance develops. There 
is considerable evidence that the benefits of viral suppression are 
lost when resistance occurs.!7>!173 Acute flares of hepatitis related 
to lamivudine- or adefovir-resistant HBV infection can occur, 
and these flares may be fatal, particularly in cirrhotic patients. 
Therefore, the development of resistance to antiviral agents is a 
strong indication to change therapy. Early detection of antiviral 
resistance is important to avoid ALT flares and decompensation 
of liver disease. Table 79.7 shows the substitutions in the HBV 
polymerase gene that are associated with resistance to various 
agents. !/+ 

Lamivudine Resistance Resistance to lamivudine mono- 
therapy occurs commonly: 15% to 20% at year 1, 30% at year 
2, 50% at year 3, and greater than or equal to 75% at year 
4.14 Adverse clinical outcomes such as loss of initial response, 
reduced HBeAg seroconversion, hepatic decompensation, and 
death have been reported in patients in whom lamivudine re- 
sistance develops; however, many of the relevant studies were 
performed before effective salvage therapy such as tenofo- 
vir was available. A randomized study of 280 patients with 
chronic HBV with documented lamivudine-resistant mutations 
(rtL180M + rtM204V/I) compared TDF versus TDF plus em- 
tricitabine (Truvada) for 5 years.'7> Patients had received a 
mean of 4 years of lamivudine prior to enrollment, and 10% 
had evidence of cirrhosis. Rates of virologic suppression were 
identical between the 2 groups (83%), and the rate of HBeAg 
seroconversion was relatively low (15%) after 5 years. HBsAg 
loss or seroconversion was observed in only 7 patients. Data 
from this study and others suggest that there is no benefit to 
combination antiviral treatment compared with TDF mono- 
therapy and that TDF is the treatment of choice for lamivu- 
dine-resistant HBV infection. 

Entecavir Resistance Entecavir resistance requires a lami- 
vudine-resistant backbone (YMDD mutation, see earlier). The 
YMDD mutation alone decreases entecavir potency but is not 
sufficient to produce resistance. Nevertheless, in the presence 
of mutations rtM204V and rtL180M, one or more additional 
mutations (rtl69T, rtT184G, rtS202I, rtM250V) are able to 
confer resistance to entecavir.!”° In the registration studies of 
entecavir in lamivudine-resistant patients, entecavir resistance 
mutations were detected in a small proportion of patients at 
baseline prior to the introduction of entecavir. As a result, ge- 
notypic resistance was identified in 7% and viral breakthrough 
in 1.6% patients at the end of the first year of therapy.!*° This 
rate increased to more than 30% at the end of the third year of 
therapy. By contrast, in nucleoside-naive subjects, resistance to 
entecavir occurred in only 1% patients after 3 years.!’” There- 
fore, preexisting lamivudine-resistant entecavir-treated patients 
are at risk of developing resistance to entecavir, and, for this 
reason, entecavir should not be used to rescue patients with 
lamivudine-resistant HBV. 

In a small study of patients in South Korea with lamivudine 
and entecavir resistance, TDF demonstrated similar efficacy 
compared with TDF plus entecavir, with serum HBV DNA 
levels less than 15 [U/mL in 71% and 73% of patients, respec- 
tively.!’* Therefore, entecavir resistance can be salvaged by TDF 
and most likely also by TAF. 

Tenofovir Resistance To date, there have been no confirmed 
cases of TDF or TAF resistance in HBV monoinfected patients 
after 7-8 years of continuous TDF and 2 years of TAF therapy.!** 
In fact, there is no known signature HBV polymerase mutation 


for tenofovir. A case report documented an rtA194T substitution 
in an HBV-HIV coinfected patient, but the clinical significance 
of this mutation in HBV monoinfected patients is unclear. In 
registration trials of TDF, among 4% of patients who did not 
achieve undetectable HBV DNA levels, population sequencing 
failed to reveal any conserved site changes, although resistance 
surveillance is ongoing.!*” 

Although TAF has not been formally studied in antiviral-resis- 
tant patients in a dedicated study, a small number of patients in 
the registration studies were found to have lamivudine, adefovir, 
or entecavir-resistant mutation at baseline. The response to TAF 
compared with TDF was similar. Based on in vitro studies and 
case reports, TAF is expected to have significant activity against 
common antiviral-resistant mutations. One case report has sug- 
gested that TAF is a suitable alternative to TDF for multidrug- 
resistant HBV infection.’ 

Multidrug Resistance The most common form of multidrug 
resistance in clinical practice is lamivudine and adefovir resistance 
(rtM204V/I + rtN236T or rtA181T/V), because this combination 
of agents has been available for the longest time. In a small study 
of lamivudine-resistant HBV-infected patients with persistent 
viremia on adefovir, 95% achieved rapid viral suppression using 
TDF as salvage therapy.'®® In a case report, a patient with 
multidrug resistance was rescued with TAF, which led to virologic 
suppression within 6 months.!”? In a study of entecavir and/or 
adefovir-resistant HBV-infected patients, virologic suppression 
was found in the vast majority of those who received a TDF- 
based rescue regimen,!’* and no resistance mutation to TDF 
was detected over the 3-year period. Taken together, these data 
suggest that TDF or TAF is safe and effective for the treatment of 
multidrug-resistant HBV infection. 


Interferon-alpha (IFN-a) 


IFN-a has antiviral and immunomodulatory properties and may 
induce long-term immunologic control. Potential advantages of 
IFN compared with nucleos(t)ide analogs include a finite dura- 
tion therapy and lack of antiviral resistance.!*° On the other hand, 
major disadvantages include unpleasant systemic side effects 
(fatigue, fever, chills, depression, cytopenias) and the route of 
administration (subcutaneous injection). 

PegIFN-a has supplanted standard IFN in clinical practice 
because of its once-weekly dosing schedule and evidence of at 
least equal efficacy.!*! PegIFN is approved by the FDA for both 
HBeAg-positive and HBeAg-negative chronic hepatitis B for 
48 weeks in a dose of 180 ug weekly. IFN is contraindicated in 
pregnant women and in patients with decompensated cirrhosis, 
although fully compensated cirrhotic patients (normal liver syn- 
thetic function and no evidence of portal hypertension) may be 
considered for treatment. 


HBeAg-Positive Chronic Hepatitis B 

HBeAg seroconversion occurs in 25% to 40% of IFN-treated 
patients. !?®182 In long-term follow-up studies of up to 8 years, 
the durability of IFN-induced HBeAg seroconversion has 
been high (70% to 80%).!*%-!8> However, HBsAg clearance 
occurs in only 5% to 7% patients." IFN-induced HBeAg 
seroconversion is associated with improved overall and com- 
plication-free survival.!86-18° Several reports have demon- 
strated that the frequency of HCC is reduced in IFN-treated 
patients. 


HBeAg-negative Chronic Hepatitis B 

PegIFN-a with or without lamivudine for 48 weeks was effective 
in HBeAg-negative patients.!°° Suppression of serum HBV DNA 
levels to less than 400 copies/mL (80 IU/mL) at the end of treat- 
ment was achieved in 63% of PegIFN-treated patients, whereas 
only 19% had durable viral suppression 24 weeks after stopping 


therapy. The combined endpoint of serum ALT normalization 
and a serum HBV DNA level less than 20,000 copies/mL (~4000 
IU/mL) was achieved in 36% of the PegIFN-treated group at 
24 weeks of follow-up. HBsAg loss was reported in only 4% of 
patients at week 72. 


Treatment Endpoints and Durability 

A composite endpoint of HBeAg loss and low serum HBV DNA 
(<20,000 IU/mL) level was used in the definition of a sustained 
virologic response in several trials of PegIFN, because undetect- 
able HBV DNA occurs less frequently with IFN-based therapy 
than with nucleos(t)ide analog therapy.!*”!°° The durability of 
the response to PegIFN is related to heightened immune con- 
trol of HBV infection and is estimated to be approximately 80% 
of HBeAg-positive patients when evaluated many years later.!*° 
Unfortunately, a sustained response to IFN has been reported in 
only 20% to 30% of the HBeAg-negative patients.!7! 


Predictors of Response and Stopping Rules 

Given the modest response rates and potential systemic side 
effects associated with PegIFN, predictors of response are 
needed in order to select optimal treatment candidates. In addi- 
tion, robust stopping rules limit therapy in those unlikely to 
respond and reduce the potential for side effects. Predictors of 
nonresponse to PegIFN include high viral loads (serum HBV 
DNA >2x107 IU/mL), low serum ALT (<2 x the ULN), age over 
40 years, male gender, and presence of cirrhosis. HBV geno- 
types C and D compared with A and B are associated with lower 
rates of HBeAg seroconversion. Quantitative HBsAg levels on 
treatment have been shown to be an on-treatment predictor of 
response to PegIFN. In a study of over 800 HBeAg-positive 
patients, a serum HBsAg level greater than 20,000 IU/mL at 
week 24 of PegIFN was associated with a 99% negative pre- 
dictive value for response (defined as HBeAg loss with a serum 
HBV DNA level <2000 IU/mL) and is a criterion for discon- 
tinuation of therapy.!”” 


Peginterferon Plus Nucleos(t)ide Analogs 

Various combinations of PegIFN plus nucleos(t)ide analogs 
have been studied in which both agents were started simultane- 
ously or PegIFN was added in patients who were virally sup- 
pressed on nucleos(t)ide analog therapy or a switch to PegIFN 
from nucleos(t)ide analog therapy was made.!*?:!°° In a large 
study, over 700 HBeAg-positive or negative noncirrhotic 
patients were randomized to receive PegIFN-a2a (180 pg/week, 
subcutaneously) of 2 different durations: TDF plus PegIFN for 
48 weeks or TDF alone for 120 weeks or PegIFN alone for 48 
weeks.!!° HBsAg loss at week 72 was achieved in 9% of subjects 
who received combination therapy, which was statistically sig- 
nificantly higher than the 3% with PegIFN monotherapy and 
0% with TDF patients. Although HBsAg loss in the combina- 
tion group was the highest in genotype A patients, a decline in 
serum HBsAg levels greater than 3.5 log IU/mL at week 24 was 
associated with a positive predictive value of 85% and a negative 
predictive value of 99% for HBsAg loss at week 72, suggesting 
the utility of these parameters as stopping rules for combination 
PegIFN plus nucleos(t)ide analog therapy. Based on this study, 
combination therapy of PegIFN and nucleos(t)ide analogs can- 
not be recommended in general clinical practice. 


Nucleos(t)ide Analog Combinations 


Combination oral nucleos(t)ide analog therapy has been inves- 
tigated in a number of studies in order to explore the potential 
for improved virologic and/or biochemical outcomes compared 
wtih monotherapy. In a single-center study in which combi- 
nation lamivudine plus adefovir was compared with lamivu- 
dine alone, no difference in HBV DNA suppression, HBeAg 


CHAPTER 79 HepatitisB 1235 


seroconversion, or serum ALT normalization was observed.!?? 
However, resistance to lamivudine was significantly lower in the 
combination group compared with monotherapy. In another 
study, combination lamivudine plus telbivudine was less effec- 
tive than telbivudine alone for all endpoints,!** possibly due to 
antiviral antagonism. 

In a large randomized open-label, multicenter study of ente- 
cavir plus TDF compared with entecavir alone, nucleos(t)ide 
analog-naive patients were randomized by HBeAg status to com- 
bination therapy versus monotherapy.!”° A similar proportion of 
individuals achieved the primary endpoint of a serum HBV DNA 
level less than 50 IU/mL at week 96 in the entecavir plus TDF 
arm and the entecavir alone arm (83.2% vs. 76.4%). However, in 
the subset of HBeAg-positive patients with a baseline HBV DNA 
level greater than 8 log;j[U/mL, a greater proportion of those 
treated with combination therapy achieved a serum HBV DNA 
level less than 50 IU/mL at week 96. Rates of HBeAg loss were 
similar in the 2 treatment groups. No difference in the overall 
low rates of HBsAg loss was observed. 

In another study, combination antiviral treatment using 
TDF plus emtricitabine compared with TDF alone for 192 
weeks was used to treat HBeAg-positive patients with a high 
viral load and normal serum ALT levels (immune tolerant). 16 
Seventy-six percent of patients in the TDF plus emtricitabine 
group achieved a serum HBV DNA level less than 69 [U/mL 
at week 192 versus 55% in the TDF group (P = 0.016). How- 
ever, only 3 patients experienced HBeAg seroconversion, all 
in the TDF group, and no HBsAg loss occurred during the 
study. This study clearly demonstrated that antiviral treat- 
ment in immune tolerant patients led to a lower than expected 
rate of HBeAg seroconversion, and its findings support the 
notion that these patients should be observed rather than 
receive immediate nucleos(t)ide analog therapy. Future long- 
term studies in large populations should demonstrate whether 
treating immune-tolerant patients will eventually reduce the 
frequency of liver cirrhosis or HCC. 

Taken together, these data demonstrate no convincing ben- 
efit of combination compared with nucleos(t)ide analog mono- 
therapy for routine use in patients with chronic hepatitis B. 
Nevertheless, combination nucleos(t)ide analog therapy remains 
a consideration if only antiviral agents with a low genetic barrier 
to resistance are available. 


Special Populations 


Special populations of HBV-infected patients include pregnant 
carriers, those with severe acute exacerbations of HBV infection, 
compensated and decompensated cirrhotic patients, and those 
with viral coinfection (HIV, HCV, and HDV). 


Pregnant Women 


Mother-to-child transmission of HBV remains the most 
important route of HBV transmission in endemic countries. !°7 
Therefore, all pregnant women should undergo screening for 
HBV in the first trimester of pregnancy. The highest risk period 
for HBV transmission is thought to occur intrapartum, although 
intrauterine transmission may also occur. Pregnant women found 
to be HBsAg-positive will require further testing, including full 
HBV serology, serum HBV DNA, and liver biochemical tests. 
Infants born to HBsAg-positive mothers must receive immuno- 
prophylaxis with HBIG and the first dose of HBV vaccine within 
12 hours of birth. The remaining doses of the HBV vaccine are 
given to the infant at 2 and 6 months of age (see later). ‘Testing 
for immunity (anti-HBs) in the infant can be performed after the 
age of 9 to 12 months. Failure of immunoprophylaxis has been 
reported in up to 10% to 30% of women who are highly viremic 
during pregnancy. 18199 
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For women who become pregnant on nucleos(t)ide analog 
therapy, treatment is continued throughout the pregnancy pro- 
vided the patient is receiving TDF, telbivudine, or lamivudine. 
The safety of other agents such as entecavir and adefovir has not 
been established, so women of childbearing age who are contem- 
plating pregnancy, especially in those who cannot discontinue 
therapy with these regimens (advanced liver disease or HBeAg- 
positive without seroconversion) should be switched to safer 
agents. An algorithm for the management of HBV during preg- 
nancy is illustrated in Figure 79.7. 

Highly viremic mothers with a serum HBV DNA level greater 
than 200,000 IU/mL should receive antiviral prophylaxis early in 
the third trimester of pregnancy starting at week 30 to 32 with 
nucleos(t)ide analogs that are safe in pregnancy (TDF, telbivu- 
dine, or lamivudine).!°°-!!° Treatment may be continued until the 
day of delivery or up to one month postpartum. Antiviral pro- 
phylaxis in pregnancy combined with immunoprophylaxis of the 
newborn has been shown to reduce the risk of viral transmission 
from mother to child from approximately 10% with immuno- 
prophylaxis alone to 0%. In a randomized study performed in 
China, TDF starting at week 32 until one month postpartum was 
compared with placebo in a group of 200 mother-baby pairs. All 
infants received standard of care HBIG and HBV vaccination.!”” 
TDF was generally well tolerated during pregnancy and mother- 
to-child transmission was significantly lower in the TDF group 
(0% vs. 7%). In another study, immunoprophylaxis was admin- 
istered within one hour of birth, and a total of 4 doses of HBV 
vaccine were given. With this intensive regimen, which cannot 
practically be initiated in most clinical settings internationally, no 
benefit of TDF prophylaxis was observed." Based on the excel- 
lent safety and high potency of TDF in pregnancy, most guide- 
lines recommend the use of antiviral prophylaxis in pregnancy 


when the HBV DNA level is above 5 log IU/mL. Other high-risk 


HBsAg-positive pregnant carrier 


Serum HBV DNA 
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transmission 


Start TDF, telbivudine, 
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mother at week 28-32 
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HBV vaccine to infant within 
12 hr of delivery 


situations requiring antiviral prophylaxis include previous birth 
of a HBsAg-positive child, obstetric risk factors such premature 
rupture of membranes, preterm labor, or invasive testing such as 
amniocentesis.70! 

HBsAg-positive women not currently on treatment who are 
found to have elevated liver enzyme levels and a high viral load 
during pregnancy may start nucleos(t)ide analog treatment before 
the third trimester. In this setting, the goal is to treat the maternal 
liver disease and prevent obstetric complications such as preterm 
labor or intrauterine growth restriction. Treatment is continued 
in the postpartum period until the usual endpoints are achieved 
(see earlier). Postpartum flares of HBV infection may occur in 
up to 20% of women, and monitoring serum liver enzyme and 
HBV DNA levels in the first 3 to 6 months postpartum is recom- 
mended.?” 

From a safety perspective, TDF and telbivudine are FDA cate- 
gory B drugs and have not been associated with harmful effects to 
mother or baby. Use of lamivudine (FDA category C) is also rea- 
sonable.°?2 Data from the U.S. Antiretroviral Pregnancy Reg- 
istry of mainly HIV-positive women have confirmed the safety of 
TDF: the rate of congenital anomalies on TDF is no higher than 
that in the general population (2%).?” A systematic review and 
meta-analysis evaluated 26 studies enrolling 3622 pregnant vire- 
mic HBV carriers who received antiviral treatment in the second 
or third trimester of pregnancy.!’” Lamivudine, telbivudine, and 
TDF effectively reduced mother-to-child transmission by 70%, 
as reflected by HBsAg and HBV DNA undetectability in the 
infant at 6 to 12 months of age. Moreover, antiviral therapy did 
not increase adverse outcomes in mother or baby. IFN, including 
PegIFN, is contraindicated in pregnancy. Although breastfeeding 
while on nucleos(t)ide analog therapy is officially contraindicated 
because small amounts of drug can be detected in breast milk,?"° 
adverse events have not been observed thus far. 


Serum HBV DNA 
<200,000 IU/mL 
(<5 log IU/mL) 


Lower risk for 
maternal-to-child 
transmission 


Fig. 79.7 Algorithm for the treatment of HBsAg-positive 
mothers during pregnancy. The goal of treatment in 
highly viremic mothers is to lower the serum HBV DNA 
level by several log; IU/mL by the time of delivery to 
minimize the chance of newborn infection. The choice 
of antiviral agent is limited to those that are safe in preg- 
nancy and include TDF, telbivudine, and lamivudine. 
These agents can be continued postpartum if neces- 
sary, but breastfeeding is not recommended in this 
setting. See text for further details about drug selection. 
HBIG, hepatitis B immune globulin; TDF tenofovir 
disoproxil fumarate. 


Severe Acute Hepatitis 


Symptoms of severe acute hepatitis B include deep jaundice, 
nausea, vomiting, RUQ abdominal tenderness, and possibly 
confusion. In general, a high rate (>95%) of virologic clearance 
(HBsAg loss) occurs in immune-competent adults, and nucleos(t) 
ide analog treatment is not routinely required. For patients who 
have acute hepatitis B without evidence of liver dysfunction, close 
monitoring with weekly bloodwork and without immediate treat- 
ment is recommended. On the other hand, in those in whom ALF 
develops (hepatic encephalopathy, INR >1.5, and total bilirubin 
>3 mg/dL), mortality ranges from 30% to70% in the absence of 
LT (see Chapter 95),?07208 and antiviral treatment may be neces- 
sary to stabilize liver function, avoid LT, and improve survival. 
Nucleos(t)ide analog therapy in this situation is generally safe, 
and preferred agents include TDF, TAF, entecavir, or lamivu- 
dine, but PegIFN is contraindicated in patients with abnormal 
liver function. The optimal duration of therapy is unknown, and 
the endpoint of therapy is confirmed by HBsAg loss or serocon- 
version. 


Cirrhosis 


Nucleos(t)ide analog therapy is safe and effective in patients with 
cirrhosis and advanced liver disease. In a study of HBV-infected 
patients in Taiwan with advanced liver disease and a high viral 
load, those who received lamivudine showed improvement in the 
Child-Turcotte-Pugh score (see Chapters 74 and 97) and fewer 
complications, including HCC and hepatic decompensation, 
compared with those who received placebo.!!! Although the ben- 
efit for those with HBV cirrhosis and a lower viral load is unclear, 
existing guidelines recommend that this group be treated. 
Preferred agents in patients with cirrhosis are the same as those 
for noncirrhotic patients (TDF, TAF, or entecavir), and the dura- 
tion of therapy in this group of patients is indefinite. PegIFN can 
be considered for those with well-compensated cirrhosis but not 
for those with decompensated disease. Long-term antiviral sup- 
pression with TDF or entecavir has been associated with regres- 
sion of cirrhosis.!°>7° In a study of 348 patients who underwent 
liver biopsies at baseline and year 5 and who responded to long- 
term therapy with TDF, continuous treatment resulted in regres- 
sion of cirrhosis in 75% at year 5.!°> A reduction in fibrosis by at 
least one stage was observed in over 60% of responders to TDF 
over 5 years. Although there is no direct evidence from prospec- 
tive clinical trials demonstrating a reduction in the risk of HCC 
associated with nucleos(t)ide analog therapy, amassed data from 
retrospective studies and modeling have found that the risk of 
HCC is reduced in treated patients compared with historical con- 
trol groups. !!2:199.210 

For patients with decompensated HBV cirrhosis, prompt 
initiation of nucleos(t)ide analog therapy is essential regardless 
of the serum HBV DNA level, so long as HBV DNA is detect- 
able. Nucleos(t)ide analog treatment has been shown in several 
studies to improve liver function and liver-related survival. In 
an uncontrolled study of patients with decompensated HBV 
cirrhosis treated with lamivudine for 19 months, 65% had sig- 
nificant improvement in liver function and subsequently did not 
require LT.*!! In another study, liver transplant-free survival was 
above 80% in those who received long-term nucleos(t)ide analog 
therapy.?!* Combination therapy with TDF plus emtricitabine 
has been compared with TDF monotherapy in a small study of 
decompensated HBV-infected patients, but combination therapy 
showed no benefit in terms of antiviral suppression or stabiliza- 
tion of liver disease.” Improvement in liver function generally 
requires 6 to 9 months of therapy, and lifelong treatment is rec- 
ommended in the setting of advanced liver disease. 

In general, nucleos(t)ide analog therapy is safe and well tol- 
erated in patients with decompensated cirrhosis. Recommended 
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agents include TDF, TAF, and entecavir. Renal function is a 
major predictor of survival in this population, and renal func- 
tion must be monitored closely in those receiving TDF. If the 
serum creatinine level rises on TDF treatment, a dose adjust- 
ment is required; switching to TAF or entecavir are other reason- 
able options. In a small case series, lactic acidosis was reported 
in HBV-infected patients with advanced cirrhosis (MELD score 
>20, see Chapter 97) receiving entecavir treatment.?!* Although 
it is unclear whether the lactic acidosis was indeed related to 
entecavir, this study underscores the need for close monitoring 
of patients with decompensated cirrhosis to detect changes in 
liver function and to exclude treatment side effects. Moreover, 
ultrasound screening for HCC is key in the management of this 
high-risk patient population, irrespective of response to antiviral 
treatment (see Chapter 74). 


HBV-HIV Coinfection 


With improved control of HIV disease with ART, liver disease 
has emerged as one of the leading causes of death in patients with 
HIV infection (see Chapter 35).*!> HBV coinfection is estimated 
in approximately 10% of patients living with HIV infection. 
Progression of liver disease to cirrhosis and HCC is acceler- 
ated in HBV-HIV coinfection. Therefore, guidelines from the 
Department of Health and Human Services recommend therapy 
for HBV infection in all HBV-HIV coinfected patients irre- 
spective of the CD4 count with ART that is active against both 
viruses.7!° Recommended regimens include a tenofovir-based 
regimen (TDF or TAF) in combination with either lamivudine 
or emtricitabine to avoid the development of HIV resistance 
to tenofovir. Switching to such a regimen is recommended in 
patients on an antiretroviral regimen that does not include an 
HBV-active drug. Conversely, ART that includes an HBV-active 
medication such as TDF or TAF should not be discontinued due 
to the risk of HBV relapse. Adding entecavir for treatment of 
HBV infection is reasonable in those in whom HIV is suppressed, 
although there have been case reports of entecavir-resistant HIV 
polymerase mutations. 


HBV-HCV Coinfection 


When compared with monoinfected patients, HBV-HCV coin- 
fected patients tend to have more severe liver injury and a higher 
risk of cirrhosis.7!’ Optimal treatment is directed toward the 
more active infection, which is obvious in most cases (see also 
Chapter 80). HBV-HCV coinfected patients often exhibit high- 
level HCV viremia and suppressed HBV DNA or vice versa. 
Cases of HBV-r among HBV-HCYV coinfected individuals dur- 
ing or after HCV DAA therapy have been reported.’!* Studies 
from Asia have shown that patients at highest risk are those who 
are HBsAg-positive and who have advanced liver fibrosis.?!? Such 
patients should receive prophylaxis against HBV-r when receiving 
HCV DAA therapy. By contrast, those who are HBsAg-negative 
but anti-HBc-positive may be monitored with serum HBV DNA 
levels measured at least once during DAA therapy, with initiation 
of HBV treatment when the serum HBV DNA level increases 
by 1 log IU/mL. These studies underscore the importance of 
screening for HBV prior to treatment of HCV infection and the 
need for monitoring HBV during HCV DAA therapy. 


HBV-HDV Coinfection 


HBV-HDYV coinfection is believed to be the most severe form of 
viral hepatitis with a high risk of complications such as cirrhosis, 
HCC, and need for LT (see Chapter 81).’7°?? Coinfection with 
HDV should be suspected in HBsAg-positive patients from areas 
endemic for HDV, such as Mongolia, Western Africa, Eastern 
Europe, and South America, those who have advanced liver 
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disease at an early age (<40 years), and elevated serum ALT lev- 
els despite very low or undetectable serum HBV DNA levels.??? 
Other risk groups include immunosuppressed patients, men who 
have sex with men, and persons who inject drugs. HDV infec- 
tion should also be suspected in patients with chronic hepatitis B 
on nucleos(t)ide analog therapy who have persistently elevated 
serum ALT levels despite adequate suppression of HBV. The 
diagnosis of HDV coinfection is made by detection of anti-HDV 
in serum, and active disease is confirmed by a positive HDV RNA 
testing in a reference laboratory, because commercial assays are 
not available. 

The only approved therapy for HBV-HDV coinfection is 
PegIFN given for at least 48 weeks. The goals of therapy are 
ALT normalization, which correlates with serum HDV RNA 
suppression and histologic improvement in liver necroinflam- 
mation and fibrosis. Unfortunately, a sustained response occurs 
in only 20% to 50% patients after one year of treatment with 
PegIFN, and late relapses are common.’?*’?> Nucleos(t)ide 
analog therapy does not directly affect HDV replication, but 
a proportion of patients may experience a reduction in HBsAg 
levels, which negatively impacts the HDV life cycle. Studies 
using adefovir alone or in combination with PegIFN failed to 
show any incremental benefit in HDV RNA suppression.’?> 
Therefore, there is an urgent need to develop more agents for 
the treatment of HBV-HDV coinfection. HDV entry inhibitors 
such as Myrcludex-B, which binds to the sodium taurocholate 
cotransporting polypeptide (NTCP), and HDV prenylation 
inhibitors (e.g., lonafarnib) are in early-phase clinical studies 
and show some promise.’7° 


HBV Reactivation During Immunosuppressive 
Therapy 


The definition of HBV-r has varied across different studies, and 
its incidence has, thus, been difficult to estimate. HBV-r can be 
defined as an increase in HBV DNA replication (e.g.,>1 log) from 
baseline or reappearance of HBV DNA in serum and/or HBsAg 
seroreversion (reappearance of HBsAg in the serum) in HBsAg- 
negative persons, sometimes followed by elevation of serum ami- 
notransferase levels, with or without jaundice or other signs of 
liver failure.??’??8 The risk of HBV-r is higher in HBsAg-positive 
individuals receiving immunosuppressive therapy compared with 
HBsAg-negative, anti- HBc-positive individuals but also depends 
on the specific immunosuppressive regimen and the presence of 
underlying cirrhosis. 


Screening 


Given the high prevalence of hepatitis B in many populations, 
and the potential for poor clinical outcomes associated with 
HBV-r in patients receiving immunosuppressive therapy, screen- 
ing for HBV has been recommended by both the American 
Society of Clinical Oncology”? and the AGA??? guidelines for 
high-risk patient populations only, whereas the AASLD rec- 
ommends screening all patients who undergo immunosuppres- 
sive therapy.!°° Recommended serologic screening tests include 
HBsAg and anti-HBc. In HBsAg-positive patients, testing for 
serum HBV DNA, HBeAg, and anti-HBe should follow108-110,144 
to further characterize the status of underlying HBV infection. 


Risk Stratification 


The risk of HBV-r depends on the baseline serologic status of 
HBV and on the type of immunosuppressive therapy. In general, 
the risk of HBV-r is highest in HBsAg-positive individuals at 
baseline and much lower in HBsAg-negative, anti-HBc-positive 
individuals. Moreover, different immunosuppressive agents are 
associated with different risks of inducing HBV-r. The highest 


BOX 79.3 Recommendations for Antiviral Prophylaxis to 
Prevent a Flare of HBV Infection Based on Risk 
Assessment 

High risk (>10%): Prophylaxis for at least 6 months after 

discontinuation of immunosuppressive 

therapy (or for 12 months for B-cell deplet- 
ing agents). 


Moderate risk Prophylaxis for 6-12 months after discon- 
tinuation of immunosuppressive therapy. 
Consider monitoring if the patient prefers. 
The frequency of monitoring is not well 


defined; every 1-3 months is suggested. 


(1%-10%): 


Low risk (<1%): Prophylaxis not recommended. Rou- 
tine monitoring is recommended. The 
frequency of monitoring is not well defined; 


every 1-3 months is suggested. 


risk is associated with the use of anti-CD20 monoclonal antibod- 
ies (e.g., rituximab, ofatumumab, obinutuzumab), and the low- 
est risk is associated with the use of conventional and weaker 
immunosuppressants such as azathioprine or methotrexate.7*! 
Immunosuppressive medications and cytotoxic agents that have 
been associated with HBV-r are listed according to their esti- 
mated risk category in Box 79.3 and Table 79.2. 

In most reports, the rates of HBV-r have varied from 10% 
to 50% in HBsAg-positive patients,?*!7>? and 3% to 41% in 
HBsAg-negative, anti-HBc-positive patients receiving cyto- 
toxic chemotherapy.’**3+ The median time to reactivation 
was 3 months after the last dose of rituximab, or approximately 
after 6 doses of rituximab, although late reactivation beyond 6 
months after the last dose of rituximab was reported in 29% of 
patients.?*” Because of the high risk of HBV-r in patients receiv- 
ing anti-CD20 agents, the FDA issued a Black Box Warning for 
rituximab in 2013.73 

Glucocorticoids have also been identified as an independent 
predictor of HBV-r in many studies. These agents are thought to 
increase viral replication by acting on a glucocorticoid-respon- 
sive element found in the HBV genome and may be associated 
with an initial decrease in the serum ALT level. A significant 
flare in ALT levels is typically seen 4 to 6 weeks after withdrawal 
of glucocorticoids.*>° Because glucocorticoids are often used 
in combination with other immunosuppressive agents, the risk 
attributable to high-dose glucocorticoids alone remains diffi- 
cult to determine, but estimates vary from 30% to 70%.237-?3? 
By contrast, HBV-r is uncommon in patients who have received 
low-dose glucocorticoids (<20 mg of prednisone per day for less 
than 4 weeks).??! 

Traditional immunosuppressants such as methotrexate, aza- 
thioprine, and 6-mercaptopurine have a low risk of HBV-r, 
less than 1% based mainly on case reports. Higher risk (18%) 
has been associated with the use of anthracycline agents such 
as doxorubicin, especially in patients with breast cancer.?*!740 
There have been increasing reports of HBV-r in patients receiv- 
ing TNF inhibitors such as infliximab or adalimumab, from 
0% to 40% in HBsAg-positive patients,?*!24 compared with 
only 0% to 5% in HBsAg-negative patients? 1243:24; however, 
there is a paucity of data from prospective studies in this patient 
population. 

Even fewer data are available for novel targeted therapies, 
including abatacept, ustekinumab, natalizumab, vedolizumab, 
imatinib, and nilotinib. An AGA technical review estimated 
a moderate risk (1% to 10%) with these agents based on case 
reports and underlying biological plausibility. 


Antiviral Prophylaxis 


Several small randomized controlled trials and large cohort stud- 
ies have demonstrated the efficacy of antiviral therapy, mainly with 
lamivudine or entecavir, in preventing HBV-r.?45-247 Several meta- 
analyses and systematic reviews have also reported a significant 
reduction in HBV-r, by 80% to 100%, while also decreasing the risk 
of HBV-associated hepatitis.2**’4? Overall mortality, however, did 
not decrease, suggesting that overall survival is likely related to the 
prognosis of the underlying malignancy. Little is known about the 
effect of interrupting immunosuppressive therapy because of HBV- 
r, but a meta-analysis demonstrated a reduced rate of need to inter- 
rupt chemotherapy in patients who received HBV prophylaxis.’°° 

Lamivudine has been used widely as prophylaxis because of its 
relatively low cost, excellent safety profile, and short-term effi- 
cacy. However, lamivudine has been associated with a high risk 
for the development of antiviral resistance mutations (rtM204V/I 
+ rtL180M) after prolonged use (see earlier).!*? Therefore, 
highly potent antiviral agents with a high barrier to resistance 
(e.g., TDF or entecavir) are the preferred agents suggested by 
current guidelines. 108-110 

In a randomized controlled trial of entecavir versus lamivudine 
in HBsAg-positive patients with diffuse large B-cell lymphoma 
treated with R-CHOP (rituximab-cyclophosphamide, doxoru- 
bicin, vincristine, prednisone) in China, reduced rates of HBV-r 
(6.6% vs. 30%, P = 0.001), HBV-related hepatitis (0% vs. 13%, 
P = 0.003), and interruption of chemotherapy (1.6% vs. 18.3%, 
P = 0.002), respectively, were reported.?°! Entecavir treatment 
and lower stages of lymphoma were associated with a lower risk 
of HBV-r. No randomized controlled trials have compared TDF 
with lamivudine, but based on available data, TDF is superior to 
lamivudine and at least equipotent to entecavir. Therefore, lamivu- 
dine should only be considered in patients receiving a short course 
of immunosuppressive therapy (<6 to 12 months) who have a low 
baseline serum HBV DNA level (<2000 IU/mL). Otherwise, TDF 
or entecavir should serve as the preferred agent for prophylaxis. 


Timing and Duration of Prophylaxis 


Ideally, antiviral therapy should be initiated prior to the start 
of immunosuppressive therapy, but the exact time required has 
not been well established.?*.73! Prophylaxis should be initi- 
ated at least one week before the start of immunosuppression in 
HBsAg-positive patients, and the same is likely true for HBsAg- 
negative, anti-HBc-positive patients who require prophylaxis. 
Some experts recommend a reduction in serum HBV DNA levels 
to less than 3 logs [U/mL before immunosuppressive therapy is 
started, if possible. 108-110,230 

The duration of prophylactic antiviral therapy also depends on 
the type of immunosuppressive therapy, baseline HBV DNA level, 
and severity of underlying liver disease. In general, antiviral therapy 
should be continued for at least 6 to 12 months after withdrawal of 
immunosuppression; most guidelines extend this duration to more 
than 12 months with B-cell depleting anti-CD20 agents. 108-110,230,231 
For hematopoietic stem cell or solid organ transplant patients, 
antiviral therapy may need to continue indefinitely, because these 
patients will likely remain on chronic immunosuppressive medica- 
tions, and there have been reports of delayed HBV-r (see Chapter 
36). In HBsAg-positive patients with a serum HBV DNA level 
greater than 2000 IU/mL or those with underlying cirrhosis, anti- 
viral therapy should be given for a prolonged duration, according 
to current treatment guidelines for cirrhotic noncancer patients and 
until the usual treatment endpoints are reached (see earlier). 


Deferred Therapy 


In a study of HBsAg-positive patients with lymphoma treated 
with R-CHOP who were randomized to delayed lamivudine 
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therapy, HBV serology, including serum HBV DNA and HBsAg, 
was monitored monthly to detect early HBV-r.2°? HBV-r was 
detected in 56% of patients in the delayed treatment group com- 
pared with 12% of patients in the prophylaxis group. These data 
confirm the efficacy of prophylaxis but also demonstrate that 
delayed treatment of HBsAg-positive patients may be an option, 
provided that very close monitoring is feasible. However, close 
monitoring is expensive and difficult to obtain in real-world prac- 
tice and therefore generally not recommended in HBsAg-positive 
patients treated with immunosuppressive therapy. On the other 
hand, monitoring alone is recommended for HBsAg-negative, 
anti-HBc-positive patients receiving immunosuppressive agents 
that have a moderate or low risk of HBV-r.!08-110,730,231 


Future Treatments 


Available antiviral therapies effectively suppress viral replication, 
normalize serum liver enzyme levels, improve hepatic fibrosis, and 
even reduce the risk of complications such as HCC. However, the 
vast majority of patients cannot be cured with current treatments, 
which are unable to eradicate or silence cecDNA.'® A functional 
cure of HBV is defined as HBsAg loss and, unfortunately, occurs 
in only 2% to 10% of patients with chronic hepatitis B treated 
with available antiviral agents.!°° Therefore, novel antiviral 
agents, likely in combination, targeting multiple steps in the viral 
life cycle will be required to achieve cure of HBV infection in 
most patients. In view of therapeutic advances that have led to 
a cure for chronic hepatitis C (see Chapter 80), there has been a 
renewed interest in achieving cure of HBV infection using novel 
antiviral and immunomodulating agents in clinical development. 


Entry Inhibitors 


HBV and HDV enter the hepatocyte after binding to the 
receptor NTCP. Therefore, blocking or silencing NTCP is 
a potential strategy to treat chronic hepatitis B. Myrcludex-B 
is a novel entry inhibitor that has been studied in HBV and 
HBV-HDYV coinfected patients. Although a decline in serum 
HBV DNA levels and normalization of serum ALT levels were 
observed, no significant reduction in HBsAg levels was seen, 
suggesting that this agent is effective in preventing new hepato- 
cyte infection but less effective in eliminating already infected 
hepatocytes.” 


cccDNA Silencing 


Following viral entry into the hepatocyte, the HBV virion 
undergoes unpackaging, and the HBV DNA is delivered to 
the hepatocyte nucleus. Relaxed circular DNA must be con- 
verted to cccDNA, which is maintained in the nucleus and 
contributes to viral persistence. A number of enzymes, includ- 
ing zinc finger nucleases, have been shown to inhibit cecDNA 
conversion from relaxed circular DNA and to directly degrade 
and to epigenetically modify cccDNA.**+ The CRISPR (clus- 
tered regularly interspaced short palindromic repeats)-asso- 
ciated 9 system (cas9) represents another group of cccDNA 
silencing molecules that can target and theoretically eliminate 
cccDNA from infected hepatocytes. Although this group of 
novel agents is promising, they remain in an early phase of 
clinical testing. 


Small Interfering RNA 


Small interfering RNA (siRNA) are small molecules that bind to 
and silence HBV viral messenger RNA, thereby reducing transla- 
tion of viral proteins. Because HBV replicates via an RNA inter- 
mediate, it is susceptible to targeting by siRNA. A significant drop 
in serum HBsAg levels has been observed with HBV-targeted 
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siRNA. With longer therapy and combination with other antivi- 
rals or immune modifying agents, the decrease in HBsAg levels 
could contribute to a functional cure.”° 


Core Protein Assembly Modulators 


Core protein assembly modulators or allosteric modifiers are a 
new class of antiviral agent that target assembly of the HBV cap- 
sid. Their primary mechanism of action is prevention of HBV 
encapsidation and blockade of viral replication, thereby resulting 
in empty capsids that contain no viral genome. A secondary anti- 
viral mechanism involves inhibition of de novo cccDNA forma- 
tion via capsid disassembly, thereby reducing the replenishment 
of cccDNA inside the hepatocyte. Core protein assembly modu- 
lators or allosteric modifiers in combination with other classes 
of antiviral agents show promise in reducing serum HBV DNA 
and HBV RNA levels. Whether this strategy alone will lead to a 
functional cure is uncertain.?*° 


HBsAg Release Inhibitors 


HBsAg is produced in vast excess in HBV carriers, but the precise 
reason for overproduction of this viral protein is unclear. Most 
HBsAg exists in the form of subviral particles, which contain no 
viral DNA or RNA. HBsAg is thought to act to exhaust T cells, 
thereby leading to immune tolerance to the virus and evasion of 
immune attack. Therefore, significant reductions in HBsAg lev- 
els may restore host immunity to HBV. Although the first studies 
with HBsAg release inhibitors have been promising, confirma- 
tion in well-designed controlled trials is needed.?°’ 


Immune Modulation 


Several approaches to restore HBV specific immune responses 
are under investigation. Toll-like receptors (TLRs) normally rec- 
ognize pathogens such as HBV and stimulate innate and adap- 
tive immunity through endogenous production of IFN in the 
liver. TLR agonists upregulate IFN-stimulating genes to inhibit 
viral replication, whereas HBV attempts to downregulate expres- 
sion of TLR. A TLR-7 agonist resulted in IFN-stimulated gene 
expression, but no significant reduction in HBsAg levels was 
observed.” A TLR-8 agonist has demonstrated potent immuno- 
modulatory activity in early clinical testing. Retinoic acid induc- 
ible gene-I plays a key role in innate immunity by detecting HBV 
pregenomic RNA and inducing the production of type II IFN in 
the liver. Retinoic acid inducible gene-I agonists could serve as a 
part of a combination regimen with a nucleos(t)ide analog that 
will increase the number of patients achieving a functional cure 
of HBV infection.?°? 

The lack of a T-cell mediated response in chronic HBV is 
due partly to the expression of coinhibitory receptors and to the 
expression of immunosuppressive cytokines. Checkpoint inhibi- 
tors have been shown to restore antitumor adaptive immunity 
and are being investigated to revitalize HBV-specific T cells and 
thus reverse immune exhaustion.*° Interesting results have been 
obtained in animal models and human studies. The main con- 
cerns of this approach are the potential induction of uncontrolled 
hepatitis flares and autoimmunity. Several therapeutic vaccines 
designed to boost CD8* T-cell responses against HBV have been 
evaluated with limited success, but new vaccine formulations are 
under clinical evaluation.” 


PREVENTION 


Immunoprophylaxis against HBV can be by passive immuniza- 
tion using HBIG or active immunization using HBV vaccine. 
Active immunization gives long-term immunity, whereas passive 
immunization confers only immediate and short-lived protection. 


Hepatitis B Immune Globulin 


HBIG is prepared from plasma that is known to contain high 
titers of anti-HBs. Numerous clinical trials have established the 
efficacy of HBIG in preventing HBV infection in high-risk per- 
sons, such as hemodialysis patients, sexual partners of persons 
with chronic hepatitis B, and newborn infants of HBsAg-positive 
mothers within 12 hours of birth along with simultaneous vac- 
cination. HBIG licensed in the USA has an anti-HBs titer of 
1:100,000. In Europe, several preparations of HBIG with differ- 
ent concentrations and pharmacokinetic properties are available. 
HBIG is safe, although rare anaphylactic reactions can occur. 
Myalgias, rash, and arthralgias have also been reported and are 
believed to result from formation of antigen-antibody complexes. 


Hepatitis B Vaccine 


Currently marketed HBV vaccines use recombinant DNA technol- 
ogy by introducing the S gene encoding HBsAg into the genome 
of yeast cells. Three vaccines are available in the USA: Recombivax 
HB (Merck, licensed in 1986), Engerix-B (GlaxoSmithKline, 
licensed in 1989), and HEPLISAV-B (DynaVax, licensed in 2017). 
No serious side effects of the HBV vaccine have been reported. 
Aluminum hydroxide is used as an adjuvant in these vaccines. The 
HBV vaccine is administered intramuscularly in the deltoid muscle 
of adults and the anterolateral thigh of neonates and infants. 

HBV vaccines typically achieve an anti-HBs titer greater than 
100 mIU/mL. Antibody titers greater than 100 mIU/mL confer 
100% protection against HBV infection, and a lower antibody 
titer (up to 10 mIU/mL) is seroprotective in most instances. Peak 
antibody titers and persistence of antibody levels vary among 
different persons. The titers drop steadily over the first 2 years 
after vaccination, sometimes to levels below 10 mIU/mL. Studies 
in different populations have demonstrated that anti-HBs titers 
decrease to nonprotective levels in at least 25% to 50% of recipi- 
ents over a period of 5 to 10 years.*°! 

Although protective anti-HBs response rates after HBV 
vaccination occur in approximately 90% patients, a number of 
factors can reduce the antibody response. Five percent to 8% 
of HBV vaccine recipients do not achieve detectable anti-HBs 
levels (“nonresponders”). Smoking, obesity, injection into the 
buttock, chronic liver disease, presence of HLA-DR3, DR7, 
and DQ? alleles, absence of the HLA-A2 allele, and older age 
may be associated with reduced immunogenicity. Such “hypore- 
sponders” may benefit from a higher dose of vaccine. Response 
rates are also lower in immunocompromised patients, such as 
transplant recipients, those receiving chemotherapy, and those 
with end-stage liver disease. In a study of 62 cirrhotic patients 
on the liver transplant waiting list undergoing 3-dose HBV 
vaccination, the response rate was only 44% but increased to 
62% after additional booster doses were administered. ‘These 
findings indicate that persons with chronic liver disease should 
undergo vaccination prior to the development of cirrhosis.?” 
Only 50% to 60% of hemodialysis patients respond adequately 
to vaccination. Therefore, patients with chronic liver and kidney 
disease should be vaccinated early during their disease course, 
before progression of the disease, to ensure an optimal response 
to vaccination. 

Although HBV vaccination is recommended for patients with 
HIV infection, response rates appear to be decreased in this 
population. In a large randomized study of stable HIV-infected 
patients on antiretroviral therapy, the proportion of patients 
given a 4-dose HBV vaccine regimen who had a durable response 
(anti-HBs >10 mIU/mL) was 71%.?° A high-level response (anti- 
HBs >100 mIU/mL) was observed in 42% of the patients. 

Because HBV vaccination results in strong immunologic 
memory capable of preventing infection even in patients with 
low or undetectable antibody titers, a booster vaccine dose in 


immunocompetent adults and children is not recommended. 
On the other hand, high-risk patients such as those undergo- 
ing hemodialysis should receive a booster dose when anti-HBs 
titers drop below 10mIU/mL.?* Data from Taiwan demon- 
strated a surprisingly high rate of HBsAg positivity in adoles- 
cents who were vaccinated at birth, especially those born to 
HBeAg-positive mothers who did not receive HBIG or who 
had fewer than 4 doses of vaccine, suggesting that maternal 
viral load was very high at the time of birth and that perhaps 
a booster dose may be needed at age 15 or older in some indi- 
viduals.7°> 


Vaccination Schedule 


The typical vaccination schedule is 0, 1, and 6 months after birth. 
High anti-HBs titers are achieved in over 95% of individuals 
after the third dose of vaccine. However, the HELPISAV-B vac- 
cine requires only 2 doses given 1 month apart. Seroprotection 
rates of 91% to 95% were reported by week 24 after vaccination 
in adults.*° In immunocompromised patients and those under- 
going hemodialysis, 4 vaccine doses are recommended, with the 
fourth dose given to maximize the anti-HBs titer response. If 
vaccination is interrupted, the second dose should be adminis- 
tered as soon as possible after the first.’°’ If the third dose is not 
given on schedule, it should be given at least 2 months after the 
second dose. 

In the USA and HBV-endemic countries, the HBV vaccine 
is administered to all infants and children as a part of a universal 
immunization program. Unfortunately, although more than 160 
countries have proposed and approved universal infant vaccina- 
tion, not all have the financial resources to implement such a pro- 
gram that incorporates affordable or free vaccination.*°° 

Combination HBV vaccines with diphtheria-pertussis-tetanus 
(DPT) and Haemophilus influenzae type B (Hib) (DTPw-HB/ 
Hib) are in use for immunization of infants. The other compo- 
nent antigens do not reduce the immunogenicity against HBV.?°” 
Adolescents who have not been vaccinated in infancy or child- 
hood should also be vaccinated. 


Postexposure and Perinatal Prophylaxis 


‘Table 79.8 lists recommendations for prophylaxis after exposure 
to a known HBsAg-positive source. Postexposure vaccination 


TABLE 79.8 Recommended Postexposure Prophylaxis for HBV 
According to the Vaccination Status of the Exposed Person 


Vaccination Status 


of Exposed Person Recommended Prophylaxis 


BIG (0.06mL/kg) and initiate 
hepatitis B vaccine series 


Unvaccinated 


Previously vaccinated: 
Known responder* 
Known nonresponder 


No action required 

BIG x 2 doses (1 mo apart) 

OR 

BIG x 1 dose and initiate HBV 
revaccination 


Test for anti-HBs 

Anti-HBs titer >10 mIU/mL: no 
action required 

Anti-HBs titer <10 mIU/mL: HBIG 
x 1 dose and administer vaccine 
booster dose 


Antibody response unknown 


*Anti-HBs =10 mIU/mL. 
Anti-HBs, antibody to hepatitis B surface antigen; HBIG, hepatitis B 
immune globulin; HBsAg, hepatitis B surface antigen. 
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should be considered for any percutaneous, ocular, or mucous 
membrane exposure. The type of immunoprophylaxis is deter- 
mined by the HBsAg status of the source and the vaccination- 
response status of the exposed person. If a patient is a known 
responder to previous vaccination, then no further action is 
required. 


Bivalent Vaccine 


A combined HAV and HBV vaccine has been licensed commer- 
cially (TWINRIX, GlaxoSmithKline, Research Triangle Park, 
NC) and has been shown to be highly immunogenic and pro- 
tective against both viruses. This vaccine offers ease of admin- 
istration for persons at increased risk of both HAV and HBV 
infection, such as world travelers, men who have sex with men, 
and those with underlying chronic liver disease.?”° 


Recommendations 


In 2018, updated recommendations for HBV vaccination from 
the CDC included universal infant vaccination, revaccination of 
nonresponder infants, serologic testing of infants whose mater- 
nal HBsAg status is unknown, HBV DNA testing in all HBsAg- 
positive pregnant women, and vaccination of patients with 
chronic liver disease.*’! Previously, the CDC had also recom- 
mended HBV vaccination in persons 19 to 59 years of age with 
diabetes mellitus type 1 or 2, although diabetic patients over 60 
years of age may also benefit from HBV vaccination.?” 


HBsAg-Positive Health Care Workers 


Although HBV transmission from a health care worker to a 
patient is considered rare in the USA because of HBV vaccination 
and strict adherence to universal precautions, the CDC has pub- 
lished recommendations for the management of HBsAg-positive 
health care workers and students.?”? Health care providers must 
be aware of their HBV and other bloodborne virus status, and 
those who lack HBV immunity should receive HBV vaccination 
followed by routine testing for anti-HBs to verify immunity. If 
anti-HBs remains undetectable, repeat vaccination is recom- 
mended as well as testing for HBsAg and anti-HBc, in order to 
identify those with active HBV infection. 

The exact threshold for HBV infectivity necessary for trans- 
mission from health care worker to patient is unknown, but it 
is thought to be in the range of 2000 to 8000 IU/mL, regard- 
less of HBeAg status. Nevertheless, HBsAg-positive health care 
providers are generally able to maintain their current form of 
practice, but review by an independent panel is recommended 
for those who perform exposure-prone procedures. Prenotifi- 
cation of patients of the health care provider’s HBV status is 
not recommended for fear of stigmatization and avoidance by 
the provider of regular serologic monitoring and appropriate 
antiviral treatment if needed. CDC and Canadian guidelines do 
not prohibit HBsAg-positive health care providers or students 
from practicing or studying medicine or dentistry if they are 
otherwise qualified and agree to HBV DNA monitoring in some 
circumstances.?’+ 

Exposure-prone procedures are defined as those in which 
surgical access is difficult or situations in which a needlestick 
injury is likely to occur. These include procedures that involve 
digital palpation of a needle tip or other sharp object in a closed 
cavity in which visualization is poor. For persons who perform 
exposure-prone procedures, such as surgeons, dentists, obstetri- 
cians/gynecologists, and surgical residents, an independent panel 
of experts must review their practice and HBV DNA results 
every 6 months. Regular activities can be maintained if serum 
HBV DNA levels are documented to be less than 1000 IU/mL. 
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If HBV DNA is above this threshold, performance of exposure- 
prone procedures is temporarily suspended until the HBV DNA 
level is documented to drop below 1000 IU/mL, either spontane- 
ously or with antiviral therapy. Health care workers who perform 
exposure-prone procedures may opt to start long-term antiviral 
treatment in order to maintain viral suppression that permits reg- 
ular clinical activities, even though they may not meet the usual 
criteria for initiation of treatment. On the other hand, for health 


care workers and students who do not perform exposure-prone 
procedures, no special oversight by the panel is required. 
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More than 71 million people worldwide are chronically infected 
with HCV.!? In the USA, conservative estimates suggest that 
more than 1.9 million people live with HCV’ Unfortunately, 
HCV successfully evades the host immune response in 50% 
to 90% of acutely infected persons, thereby leading to chronic 
infection in the majority of cases. The natural history of hepatitis 
C varies greatly; reasons for this heterogeneity remain incom- 
pletely understood but are related to viral, host, and environ- 
mental factors. Chronic HCV infection can lead to cirrhosis and 
HCC; HCV-related mortality increased dramatically after 1995, 
plateaued around 2002, and has been rapidly increasing since 
2003, owing to the aging HCV population.+° Complications 
of HCV-related cirrhosis remain a leading indication for LT in 


the USA and Europe. With the introduction of highly effective 
DAA therapy, the frequency of these complications is expected to 
decline by 2030. 

Chronic hepatitis C is the only chronic viral infection that 
can be cured by antiviral therapy. Importantly, successful anti- 
viral treatment can prevent short- and long-term complications 
of HCV infection in many patients.’ Substantial progress in 
understanding the HCV replication cycle, along with develop- 
ment of the replicon system and crystallization of the HCV 
proteins, has enabled the development of new therapeutic 
agents that target discrete steps in the viral lifecycle, culminat- 
ing in highly potent well-tolerated interferon (IFN)-free ther- 
apy. Combination therapy with DAAs has altered the treatment 
landscape dramatically, affording sustained virologic response 
(SVR) at 12 weeks (SVR12) rates (defined as absence of HCV 
RNA in serum 12 weeks after discontinuation of treatment) in 
excess of 95% for most patients. An SVR12 is almost always 
associated with an SVR at 24 weeks (SVR24, defined as absence 
of HCV RNA in serum 24 weeks after discontinuation of treat- 
ment, which was the prior decision point for determining cure 
with IFN-based therapy) and durable long-term eradication of 
the virus.*!! The term SVR now implies an SVR12. 


VIROLOGY 
Structure 


The HCV virion is an enveloped virus that is 50 nm in diameter.!” 
The 2 envelope proteins, E1 and E2, heterodimerize and assemble 
into tetramers, creating a smooth outer layer, which has a “fishbone” 
configuration with icosahedral symmetry. The envelope proteins 
are anchored to a host cell-derived lipid bilayer envelope membrane 
that surrounds the nucleocapsid. The nucleocapsid is believed to 
be composed of multiple copies of the core protein and forms an 
internal icosahedral viral coat that encapsulates the genomic RNA." 
HCY circulates in various forms in the serum of an infected host, 
including (1) virions that are bound to VLDL and LDL and appear 
to represent the infectious fraction; (2) virions bound to immuno- 
globulin (Ig); and (3) free virions. 


Genomic Organization 


HCV is a single-stranded positive-sense RNA virus that belongs 
to the Flaviviridae family and has been classified as the sole mem- 
ber of the genus Hepacivirus.'* The genome of HCV contains 
approximately 9600 nucleotides with an open reading frame 
(ORF) that encodes one large viral polypeptide precursor of 
about 3000 amino acids. The HCV ORF is flanked upstream 
by a 5’ untranslated region (UTR) that functions as an internal 
ribosome entry site to direct cap-independent translation (i.e., 
without the addition of an extra ribonucleotide to the 5’ end of 
the viral messenger RNA) and downstream by a 3’ UTR that is 
critical for initiation of new RNA strand synthesis.!° The 5’ and 
portions of the 3’ UTR are the most conserved regions of the 
HCV genome. 


Viral Replication and Life Cycle 


Although peripheral blood mononuclear cells, B cells, T cells, and 
dendritic cells have been reported to support HCV replication, 
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Fig. 80.1 Putative life cycle of HCV. (See text for details and Fig. 80.2 for functions of the HCV proteins.) C, 
core; E, envelope; NS, nonstructural; RdRp, RNA-dependent RNA polymerase. (Reproduced with permission 
from Pawlotsky JM, Chevaliez S, McHutchison JG. The hepatitis C virus life cycle as a target for new antiviral 


therapies. Gastroenterology 2007; 132:1979-98.) 


hepatocytes are the major site of viral replication.!©!’ HCV entry 
involves the attachment of envelope proteins E1 and E2 to cell 
surface molecules (Fig. 80.1).!° The expression and function of 
CD81, a member of the tetraspan superfamily, is essential for HCV 
entry into hepatocytes.!? In addition, human scavenger receptor 
class B type 1, a selective importer of cholesteryl esters from HDL 
into cells, has been shown to interact with E2 and is also essential 
for HCV entry.?? Whereas CD81 and scavenger receptor class B 
type 1 are required early in the process of viral entry, claudin-1, 
a tight junction component that is highly expressed on hepato- 
cytes, and occludin are required later in the cell entry process.?! 
Heparin sulfated proteoglycans and LDL have also been shown to 
be involved in HCV cell entry.’*+ Additional cellular factors and 
receptors suggested to be required for viral entry include EGF?’ 
and Niemann-Pick C1-Like 1, a cholesterol uptake receptor. 
Once HCV attaches to the cell, endocytosis of the bound virion 
is presumed to occur, as with other flaviviruses. A pH drop in the 
vesicle causes conformational changes in the glycoproteins that 
lead to fusion of the viral and cellular membranes”° and release of 
viral RNA into the cytoplasm. In the cytosol, the 5’ UTR func- 
tions as an internal ribosome entry site, which directs the RNA to 


its docking site on the endoplasmic reticulum and mediates cap- 
independent internal initiation of HCV polyprotein translation 
by recruiting both cellular proteins, including eukaryotic initia- 
tion factors 2 and 3, and viral proteins.’’ The large polyprotein is 
co- and post-translationally processed proteolytically into at least 
11 viral proteins, including both structural (nucleocapsid [C], 
or p21; envelope 1 [E1], or gp31; and envelope 2 [E2], or gp70) 
and nonstructural (NS2, NS3, NS4A, NS4B, NS5A, and NS5B) 
proteins (Fig. 80.2). The functions of these specific nonstructural 
proteins are described later in the chapter. 

After polyprotein processing, NS4B expression causes the 
membrane alterations that are seen on electron microscopy known 
as a membranous web.’® The replication complex associates viral 
proteins, cellular components, and nascent RNA strands. HCV 
replication is catalyzed by the NS5B RNA-dependent RNA 
polymerase (RdRp). The positive-strand genomic RNA serves 
as a template for the synthesis of a negative-strand intermedi- 
ate. The negative-strand RNA serves as a template for production 
of numerous strands of RNA of positive polarity that are used 
for polyprotein translation and synthesis of new intermediates of 
replication and that are packaged into new virus particles.”” 
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Fig. 80.2 Schematic representation of the HCV polyprotein. The structural proteins C (core), E1, and E2 (enve- 
lope proteins) are cleaved from the polyprotein by the host signal peptidase. o7, a viroporin protein, is cleaved 
by the endoplasmic reticulum signal peptidase and forms an ion channel that is essential for assembly and 
release of infectious virions. The NS2 cysteine protease autocatalytically cleaves itself from the polyprotein (first 
arrow). The NS3 protease cleaves the remainder of the nonstructural proteins: NS3 (serine protease and RNA 
helicase), NS4A (NS8 protease cofactor), NS4B, NS5A (RNA binding site), and NS5B (RNA-dependent RNA 
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polymerase (second, third, fourth, and fifth arrows)). 


Finally, viral particle formation is initiated by the interaction 
of the core protein with genomic RNA in the endoplasmic reticu- 
lum.*° By analogy with pestiviruses, HCV packaging and release 
are likely to be inefficient because much of the virus remains in 
the cell. Following release, viral particles may infect adjacent 
hepatocytes or enter the circulation, where they are available for 
infection of another cell or host. 


Virus Protein Function 


The large polyprotein generated by translation of the HCV 
genome is cleaved by cellular and viral proteases to form struc- 
tural and nonstructural proteins. The structural proteins are sep- 
arated from the nonstructural proteins by the short membrane 
peptide p7, believed to be a viroporin, a protein that plays a role 
in viral particle maturation and release.*! The crystal structures 
of most of the ORF proteins have been elucidated and have led to 
an understanding of protein interactions and functions. Although 
these proteins are most important for viral replication, some also 
interact with host proteins and may facilitate persistence of the 
virus by impairing the host immune response. 

The core protein is first cleaved from the large polypeptide 
and then further processed by a host signal peptidase.”? In infec- 
tious HCV virions, the core protein forms the viral nucleocapsid 
and binds RNA. The core protein has been found attached to 
lipid rafts and the endoplasmic reticulum, and it translocates into 
the nucleus. When core protein attaches to lipid rafts, it recruits 
nonstructural proteins, thereby resulting in the assembly of infec- 
tious virions. The core protein can also interact with the host 
immune system by inactivating the RNA silencing activity of 
Dicer, a cellular endoribonuclease that produces small interfering 
RNA to bind and target HCV RNA for destruction by the cell.*? 
The core protein can also bind to Janus kinase-1 JAK1) and JAK2 
and alter the activation of signal transducer activator of transcrip- 
tion (STAT) proteins, leading to impairment of IFN produc- 
tion.’ Extracellularly, core protein inhibits T-cell activation 
and proliferation, possibly by down-regulating co-stimulatory 
molecules on dendritic cells.** Specific polymorphisms in core 
protein have also been associated with intracellular lipid accumu- 
lation*>; this may be the result of facilitation of phosphorylation 
of insulin receptor substrate-1, thereby leading to insulin resis- 
tance.*° Mutations in core protein have also been associated with 
an increased risk of HCC in patients; core protein alone can cause 
HCC in transgenic mice.’ 

E1 and E2 proteins are cleaved from the polypeptide by host 
signal peptidase.** The 2 proteins form highly glycosylated het- 
erodimers and then tetramers that are essential for viral assembly 
(see earlier). They also mediate cell entry by binding to surface 
receptors.*’ Subsequently, they are responsible for fusion between 
the host cell membrane and the viral envelope. Because E1 and 
E2 are expressed on the surface of the virion, they are targets of 


host antibodies. The first 27 amino acids of E2 form hypervari- 
able region 1 (HVR1); alterations in HVR1 are believed to be an 
attempt by the virus at antibody-mediated immune evasion. 

P7 is cleaved by the endoplasmic reticulum signal peptidase 
and forms an ion channel. This viroporin protein is essential for 
efficient assembly and release of infectious virions but not for cell 
entry. 

NS2 complexes with NS3 and zinc to form a cysteine prote- 
ase, with 2 composite active sites, that autocatalytically cleaves 
NS2 from NS3.*° No other function of NS2 has been discovered 
to date. NS3 has several functions in addition to complexing with 
NS2 for autocatalytic cleavage of the NS2-NS3 site.*° Its func- 
tion as a serine protease is markedly enhanced by its association 
with NS4A. The enzyme results in cleavage of the polyprotein at 
the NS3-NS4A, NS4A-NS4B, NS4B-NSSA, and NS5A-NS5B 
sites.*! The NS3 protease also cleaves and thereby destroys the 
function of Cardif and TRIF (Toll/interleukin receptor domain- 
containing adapter-inducing IFN-f), which are intermediates 
in 2 separate pathways of host-cell IFN secretion in response to 
viral infection.**-*> This property may have a significant effect in 
impairing the host response to HCV infection. Finally, a portion 
of the NS3 protein functions as a helicase that unwinds viral RNA 
as well as host DNA. The helicase function is dependent on ATP, 
may require dimerization of NS3, and progresses in discrete steps 
like an inchworm.*° NS4A complexes with NS3 and functions to 
stabilize the protease and helicase activities and anchor the com- 
plex to the endoplasmic reticulum membrane.*t!” It also regu- 
lates hyperphosphorylation of NS5A.*° The only known function 
of NS4B is to induce the formation of the membranous web on 
which HCV transcription occurs.*? NSS5A binds zinc and forms 
homodimers that are bound to the endoplasmic reticulum mem- 
brane.” NSSA is essential for viral replication and is believed to 
provide an RNA-binding site within the replication complex.°? In 
addition, NS5A inhibits apoptosis in infected cells,>!°? and some 
mutations confer improved sensitivity to IFN therapy.” NS5B 
is the viral RdRp.*! The crystal structure elucidates the tunnel 
of the enzyme that directs single-stranded RNA into the active 
site.* It can synthesize both negative-strand HCV RNA tem- 
plates and positive-strand HCV RNA genomes. 


Genotypes and Quasispecies 


HCV has an inherently high mutational rate that results in con- 
siderable heterogeneity throughout the genome. This high muta- 
tional rate is in part a consequence of the RdRp of HCV, which 
lacks 3’- to 5’-exonuclease proofreading ability that ordinar- 
ily would remove mismatched nucleotides incorporated during 
replication. An average of one error occurs for every 10* to 10° 
nucleotides copied. This phenomenon is favored by a high viral 
turnover rate; 10!° to 10! virions are produced per day.” The 
estimated half-life of HCV in serum is only about 45 minutes.*° 
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A substantial proportion of newly synthesized viral genomes 
have alterations. Because of the functional differences in HCV 
proteins, genetic variation in some parts of the genome confers 
advantages by evading or inhibiting the host immune system, 
whereas other mutations may be lethal to the virus if they lead to 
defective replication machinery. Therefore, genetic variation is 
distributed irregularly along the genome. Each new genetic vari- 
ant is produced in a single cell and may or may not spread through 
the liver and into the serum. The result is not only genetic diver- 
sity in the serum, but also compartmentalization of variant virions 
in different parts of the liver and perhaps in extrahepatic sites. 

Because of the vast genetic variation, a classification scheme 
was devised whereby viral sequences are given a genotype and sub- 
type. The first division used to describe the genetic heterogeneity 
of HCV is the viral genotype, which refers to genetically distinct 
groups of HCV isolates that have arisen during the evolution of 
the virus. Nucleotide sequencing has shown variation of up to 
34% between genotypes.’ The most conserved region (5’ UTR) 
has a maximum nucleotide sequence divergence of 9% between 
genotypes, whereas the highly variable regions that encode the 
envelope proteins (E1 and E2) exhibit a nucleotide sequence 
divergence of 35% to 44% between genotypes. The sequences 
cluster into 7 major genotypes (designated by numbers), with 
sequence similarities of 60% to 70%, and more than 67 subtypes 
(designated by a lower-case letter) within these major genotypes, 
with sequence similarities of 77% to 80%.°* In this scheme, the 
first variant, which was cloned by Choo and colleagues, is desig- 
nated type la? The HCV genotype is an intrinsic characteristic 
of the infecting HCV strain and does not change over time; there- 
fore, the genotype only needs to be determined once in an infected 
person. Mixed-genotype infections may be seen and reflect either 
coinfection with more than one HCV virus or methodologic 
problems in genotype testing. In addition, intergenotypic HCV 
recombinants have been described®; these are thought to arise 
because of recombination between different genotypes in patients 
with repeated exposure. The recombination events have been 
reported to occur in or between NS2 and NS3.°! 

Global geographic differences exist in the distribution of HCV 
genotypes, as well as in the mode of acquisition. In the USA, gen- 
otype la is the most prevalent, accounting for approximately 46% 
of HCV infections, followed by genotype 1b in 26%, genotype 2 
in 11%, genotype 3 in 9%, and genotype 4, 5, 6, or mixed/other 
in less than 8%.! Racial differences are seen in the prevalence of 
genotypes; approximately 90% of African Americans are infected 
with HCV genotype 1, whereas only 70% of whites and 71% of 
Hispanics are infected with genotype 1.° In Europe, the most 
prevalent genotype is 3 (41%), followed by 1b (40%), 1a (13%), 
and Ic/other (18%).! Genotype 4 is found mainly in Egypt, the 
Middle East, and Central Africa.!? In Egypt, approximately 6.5 
to 7% of the population is infected with HCV, and more than 
90% have HCV genotype 4.164 Genotype 5, although origi- 
nally isolated in South Africa, is also seen in specific regions of 
Europe (France and Belgium) and the Middle East (Lebanon 
and Syria).!°° Genotype 6 is found predominantly in Asia. The 
distribution of genotypes is ever changing with immigration and 
alterations in the primary modes of viral transmission. Therefore, 
the frequencies of viral genotypes change over time. 

In the era of IFN-based therapy, HCV genotype was an impor- 
tant predictor of response to treatment. Although HCV genotype 
as a predictor of treatment outcome is less relevant with DAA- 
based therapy, HCV genotype is still important, because some 
DAAs only have activity against specific HCV genotypes (see 
later). HCV genotype may also play a role in disease progression 
and complications of chronic HCV infection. Specifically, HCV 
genotype 3 has been associated with faster liver fibrosis progres- 
sion,°° as well as with an increased risk of cirrhosis and HCC.°’ 

The second component of genetic heterogeneity is guasispecies 
generation.’ Quasispecies are closely related, yet heterogeneous, 


sequences of HCV RNA within a single infected person that 
result from mutations that occur during viral replication. The 
rate of nucleotide changes varies significantly among the different 
regions of the viral genome. The highest proportion of mutations 
are found in the E1 and E2 regions, particularly in HVR1. Even 
though this region represents only a minor part of the E2 region, 
it accounts for approximately 50% of the nucleotide changes and 
60% of the amino acid substitutions within the envelope region. 
The development of quasispecies may be one mechanism by 
which the virus escapes the host’s immune response and establishes 
persistent infection.°* During acute infection or during treatment, 
lack of diversity in the quasispecies is associated with viral clear- 
ance, and the development of numerous quasispecies is associated 
with viral persistence.® In acute disease, patients in whom genetic 
variation in the HVR1 region develops after antibody serocon- 
version progress to chronic disease, whereas those in whom such 
genetic variation does not develop are more likely to achieve viral 
clearance.®* Genetic variation before seroconversion does not 
correlate with outcome, indicating that quasispecies formation 
results from antibody-mediated immune pressure. Interestingly, 
no intrinsically IFN-resistant variants of HCV have been defined, 
indicating that both viral and host factors play important roles in 
determining whether the virus persists or is cleared. An increased 
number of quasispecies has also been associated with more rapid 
progression to cirrhosis and the development of HCC.” 


EPIDEMIOLOGY 
Incidence and Prevalence 


The worldwide prevalence of HCV infection, based on detection 
of HCV RNA in serum, is estimated to be 1%, with more than 
71 million people infected chronically.'! The overall worldwide 
prevalence increased from 1990 to 2010.1 Marked geographic 
variation exists, with infection rates ranging from 0.1% in the 
Netherlands, Fiji, and Samoa, to 0.9% in the USA, 6.3% in 
Egypt, and 7% in Gabon.! In 2002, between 3.2 and 5 million 
persons were infected with HCV in the USA’!; however, these 
estimates were based on HCV seroprevalence (presence of anti- 
HCV antibody only). More recent studies estimate the viremic 
prevalence to be 2.9 million, which has been stable since 2006, 
although this is likely to change with the advent of highly potent 
IFN-free DAA therapy.!7? The highest seroprevalence in dif- 
ferent age groups shifted from 35 to 44 years (2.5%) to 55 to 
64 years in 2005 (2.7%).! It had therefore been recommended 
that all persons born between 1945 and 1965 be tested for anti- 
HCV.” In 2020, the Centers for Disease Control and Prevention 
(CDC) recommended that all adults over age 18 and all preg- 
nant women be tested for anti-HCV unless they are in a setting 
in which the prevalence of HCV infection is less than 0.1%7**. 
The prevalence is higher in males (2.1%) than in females (1.1%), 
and in African Americans (3%) than in whites (1.5%). Other 
risk factors for HCV infection are injection drug use,’* blood 
transfusion before the implementation of routine blood prod- 
uct screening in many countries in 1992, more than 50 lifetime 
sexual partners, family income below the poverty level, occu- 
pational exposure, and being born in an endemic country. The 
prevalence of HCV infection in the USA may be underestimated 
because the National Health and Nutrition Examination Survey 
data did not evaluate persons who are homeless, incarcerated, or 
in the military. Trends in the epidemiology of HCV infection 
suggest an increase in prevalence in young drug-using persons.” 

Worldwide, 3 different epidemiologic patterns of HCV infec- 
tion have emerged: (1) previous exposure through health care 
with a peak prevalence in older persons; (2) exposure through 
injection drug use, the major risk factor since data first became 
available in about 1960, with a peak prevalence among middle- 
aged persons; and (3) ongoing high levels of infection in areas 
where high rates of infection occur in all age groups. 


Given the factors that influence viral diversity (see earlier), 
estimating the site of origin and age of HCV by phylogenetic 
analysis is difficult. The best estimate is that HCV originated 
in western and sub-Saharan Africa.’° Subsequent global spread 
probably occurred coincident with trade and human migration. 
Evolution of the virus led to a geographic distribution of geno- 
types, so that genotypes 1, 2, and 3 are most common in North 
America and Europe, genotype 4 is most common in the Middle 
East, and genotype 6 is most common in Southeast Asia. In Japan, 
HCV transmission transitioned from constant to exponential 
growth in the 1920s, and the prevalence of HCV infection is high- 
est in older persons.” In Japan, and later in southern and eastern 
Europe, health care-related procedures—particularly reuse of 
contaminated syringes—played a major role in viral spread. In the 
USA, Australia, and other developed countries, peak prevalence 
is in persons 40 to 49 years of age, and analysis of risk factors 
suggests that most HCV transmission occurred between the mid- 
1980s and the mid-1990s, through injection drug use. In Egypt, 
the spread of HCV increased exponentially from the 1930s to the 
1980s because of mass vaccination campaigns with reuse of medi- 
cal equipment.® In Egypt and other developing countries, high 
rates of infection are observed in all age groups, suggesting that 
an ongoing risk of HCV acquisition exists. 

In the USA, there have been distinct changes in the epide- 
miology of acute HCV infection. The incidence of acute HCV 
peaked in 1989, gradually declining over the following 15 years, 
before stabilizing from 2006 until 2010.78 The peak incidence 
was estimated to be 180,000 cases per year in the mid-1980s, but 
the rate declined to less than 20,000 cases.’”? Many factors have 
contributed to the falling incidence of acute hepatitis C. In the 
1980s, when blood was purchased from donors, 2% to 10% of 
blood units were infected with HCV, leading to a high rate of 
transfusion-acquired HCV infection.®® The institution of vol- 
unteer blood donation, creation of recombinant clotting factors, 
and implementation of HCV blood testing (between 1990 and 
1992) dramatically decreased transfusion-acquired HCV infec- 
tion. However, since 2011, the incidence of acute hepatitis C has 
increased 4-fold, particularly in the 18- to 39-year-old age group 
(a 400% increase in 18- to 29-year-olds and 325% increase in 
30- to 39-year-olds),*! attributable to the opioid injection drug 
use epidemic.*” 

An important mechanism of transmission worldwide has been 
the lack of sterilization of medical instruments such as syringes. 
Although the incidence of HCV transmission by medical instru- 
ments has also decreased markedly, the risk has not been elimi- 
nated, even in the USA. New HCV infections in the USA and 
other developed countries occur primarily as a result of injection 
drug use. 


Transmission 


Modes of transmission of HCV can be divided into percutaneous 
(blood transfusion and needlestick inoculation) and nonpercuta- 
neous (sexual contact and perinatal exposure). Patients are often 
unwilling to disclose percutaneous risk factors, and therefore 
apparent nonpercutaneous transmission may represent occult 
percutaneous exposure. 


Percutaneous Transmission 


Blood transfusion (before the introduction of screening) and 
injection drug use are the most clearly documented risk factors 
for HCV infection. Following the introduction of anti-HCV 
screening of blood donors between 1990 and 1992, the number 
of transfusion-related cases of HCV infection declined sharply to 
the point that less than 1 case occurs per 2,000,000 units trans- 
fused, virtually eliminating transmission of HCV by blood trans- 
fusion.® In many countries, blood products are assayed directly 
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for HCV RNA by “mini-pool” testing, although not all devel- 
oping countries implement blood product screening; therefore, 
post-transfusion associated HCV infection remains a risk in these 
regions. 

Injection drug use has always been the major route of HCV 
acquisition in the USA and accounts for the majority of newly 
acquired HCV cases.*!°* The frequency of HCV infection in 
persons who inject drugs (PWID) ranges from 57% to 90%.7478 
Although risk factors for HBV and HIV infection overlap with 
those for HCV infection, the prevalence of HCV infection in this 
population is the highest among the 3 viruses. The majority of 
PWID become anti-HCV positive within 6 months of initiating 
injection drug use with shared paraphernalia. 

Chronic hemodialysis is also associated with increased rates 
of HCV infection. The frequency of anti-HCV in patients on 
hemodialysis ranges from less than 10% in the USA to 55% to 
85% in Jordan, Saudi Arabia, and Iran.*+ Serologic assays for 
anti-HCV may underestimate the frequency of HCV infection in 
this relatively immunocompromised population, and HCV RNA 
testing may be necessary for accurate diagnosis.*° 

Occupational transmission may occur from infected patients to 
health care workers. Anti-HCV seroconversion rates are approxi- 
mately 0.3% to 4% in longitudinal studies of health care workers 
after percutaneous inoculation from anti-HCV-positive sources, 
although the risk is dependent on the type of needle (hollow vs. 
solid, infusion vs. withdrawal), volume of inoculum, depth of 
injury, time the body fluid has spent ex vivo, level of viremia (viral 
load), and HIV status of the inoculating body fluid.**** Although 
less common, transmission of HCV may also occur from health 
care workers to patients.°? Because acute HCV infection is often 
subclinical, nosocomial transmission may occur with greater fre- 
quency than has been recognized previously. Strict adherence to 
universal precautions to protect health care workers and patients 
is critically important. No treatment has been proved effective for 
post-exposure prophylaxis, and no data support such treatment 
even if it were available. 


Nonpercutaneous Transmission 


Nonpercutaneous modes of HCV transmission include sexual 
practices and childbirth. Available evidence indicates that trans- 
mission by nonpercutaneous routes occurs but is inefficient. From 
10% to 20% of patients with HCV infection report that their only 
risk factor is sexual exposure to a partner with HCV infection. 
Most seroepidemiologic studies, however, have demonstrated 
anti-HCV in only a small proportion of sexual contacts of HCV- 
infected persons. In a large prospective study of monogamous 
seronegative partners of HCV-infected patients who denied anal 
intercourse and intercourse during menstruation, no instances 
of HCV transmission of a virus with the same gene sequence 
occurred over a 10-year period of time.”? Similarly, a study in 
which 500 anti-HCV-positive persons and their long-term het- 
erosexual partners were followed identified only 3 couples (0.6%) 
with concordant viral strains.?! The calculated maximum HCV 
transmission rate was | per 190,000 sexual contacts (0.07% per 
year). Therefore, many of the cases presumed to be the result of 
sexual transmission are likely the result of other, perhaps unre- 
ported or unrecognized, exposures. If the index sexual partner 
is infected with HIV or the partners engage in high-risk sexual 
practices (e.g., anal intercourse), however, the transmissibility of 
HCV is increased.” 

The incidence of acute hepatitis C has been reported to 
have increased in HIV-infected men having sex with men in 
the 2000s in different regions of the world, including the USA, 
Australia, and Europe.” Permucosal risk factors including spe- 
cific sexual practices and mucosally administered drugs have 
been suggested to be responsible for the increase in incidence of 
HCV transmission. 
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Compared with the high efficiency of perinatal transmission of 
HBV infection (see Chapter 79), the risk of perinatal transmission of 
HCV infection is low, averaging 5.1% to 6.7% for HCV-monoin- 
fected patients and 2 to 3 times higher for HCV-HIV coinfected 
patients.”*°> Mothers with a high serum level of HCV RNA (high 
viral load) are more likely to transmit HCV to their infants, a find- 
ing that may explain why infants born to mothers with HCV-HIV 
coinfection are at higher risk of HCV infection. The use of anti- 
retroviral therapy (ART) in HCV-HIV coinfected mothers may 
decrease the risk of perinatal transmission of both HIV and HCV.” 
Data regarding the risk associated with vaginal delivery as opposed 
to cesarean delivery are uncontrolled, but evidence for a higher risk 
of HCV transmission with vaginal delivery is unconvincing. This 
issue remains controversial, and some authorities recommend elec- 
tive cesarean section before membrane rupture.”* 

Although little data exist, the risk of HCV transmission from 
breastfeeding is negligible to small. The CDC and international 
societies have concluded that breastfeeding by HCV-infected 
mothers is generally safe.°° Because anti-HCV can be acquired 
passively by the infant, testing for HCV RNA is required if the 
diagnosis of HCV infection is suspected. Infants of infected 
mothers should not undergo serologic testing for anti-HCV 
before 18 months of age, because maternal antibodies may persist 
in the infant’s serum and lead to diagnostic confusion. 


Sporadic HCV Infection 


The source of transmission is unknown in up to one third of 
cases of HCV infection. Such sporadic HCV infection probably 
results from an undisclosed or unrecognized percutaneous route 
of infection. This presumption is supported by the observation 
that intranasal cocaine use is not considered a major risk factor 
for HCV transmission (although it was considered a risk factor 
in the past).”’ HCV infection can be acquired from noncom- 
mercial tattooing and body piercing when equipment is reused, 
shared, or improperly sterilized. Commercial tattooing is now 
well controlled and likely conveys little risk of HCV infection. 
Iatrogenic transmission of HCV is well documented in a variety 
of circumstances, most notably via contaminated multi-use vials 
and inadequately sterilized multi-use instruments and syringes, as 
seen with schistosomal treatment campaigns in Egypt.” 


PATHOGENESIS 


Determinants of persistence of HCV include (1) the evasion of 
immune responses through several viral mechanisms; (2) inad- 
equate induction of the innate immune response; (3) insufficient 
induction or maintenance of an adaptive immune response; 
(4) the production of viral quasispecies; and (5) the induction 
of immunologic tolerance or exhaustion.””:!°° Chronic hepatitis 
develops in 50% to 90% of persons with acute HCV infection. In 
the minority of patients in whom acute HCV resolves spontane- 
ously, an early and multispecific T-cell response occurs.!°! This 
response can be detected up to 20 years after resolution of infec- 
tion!” and may contribute to protection in the case of subsequent 
exposures to HCV. Although the immune response is essential in 
preventing viral persistence, in those without viral clearance the 
immune response mediates hepatic cell destruction and fibrosis. 


Viral Mechanisms 


In chronically infected patients, the pathogenesis of liver damage 
is largely immune mediated. In a small subset of immunocompro- 
mised HCV-infected patients among both HIV-infected patients 
and organ transplant recipients, however, a syndrome termed 
fibrosing cholestatic hepatitis develops (see Chapter 97).!0?!°4 Such 
cases are thought to result from direct viral hepatotoxicity of 
infected cells, because viral levels are typically greater than 30 


million copies/mL and hepatocytes contain enormous concentra- 
tions of virus and viral proteins.!°° Survival in such patients has 
been poor. 

The majority of patients with HCV infection have a variable 
immune response that, although inadequate to eradicate acute 
infection, appears to regulate the vigor of persistent infection 
and avoid the development of fibrosing cholestatic hepatitis. The 
immune response to HCV is incompletely understood because 
animal models that recapitulate human disease and immunology 
are not readily available,!°° and therefore most studies in humans 
rely on observations in peripheral blood rather than the hepatic 
immune environment. 


Immune-Mediated Mechanisms 


HCV infection elicits an immune response in the host that 
involves both an initial innate response and a subsequent adap- 
tive response. The innate response is the first line of defense 
against the virus and includes several arms such as natural killer 
(NK) cell activation and cellular antiviral mechanisms triggered 
by pathogen-associated molecular patterns recognized by the cell 
(see Chapter 2). These processes can lead to apoptosis of infected 
cells within the first few hours of infection. NK cells, as the effec- 
tor cells of the innate immune system, also produce TNF-f and 
IFN-a, cytokines that are critical for dendritic cell maturation 
and subsequent induction of adaptive immunity. NK cells can 
also attack virus-infected cells directly, as do other immune cells 
by different effector molecules.!°* Subsequently, however, the 
virus initiates a number of mechanisms that undermine the abil- 
ity of the host to control the infection. 

Virus-related disruption of the innate, and later adaptive, 
immune response occurs at several levels. NK cell function is 
slowed possibly because NK cell-mediated cytotoxicity and pro- 
duction of cytokines are interrupted when the HCV E2 protein 
binds its cellular receptor CD81.!°? Expression of TNF-related 
apoptosis-inducing ligand on NK cells correlates with disease 
activity in both acute!!° and chronic!!! hepatitis C, thereby sug- 
gesting that NK cells have a direct role in the immunopatho- 
genesis of hepatitis C. Pathogen-associated molecular patterns 
activate several cellular processes, including the JAK-STAT 
(Janus kinase-signal transducer and activator of transcription) 
proteins pathway and Toll-like receptor-3, activation of both 
of which ultimately results in production of cellular IFNs, IFN- 
stimulated genes (ISGs), and IFN-regulated factors that convey 
antiviral properties to the cell. NS3/4 protease degrades TRIF, 
an essential intermediate in this pathway, and cleaves IFN pro- 
moter stimulator-1, an intermediate in the signaling cascade, to 
block activation of IFN when retinoic inducible gene-1 binds 
viral intermediates.!!” In addition, HCV core protein promotes 
STAT-1 degradation, inhibits STAT-1 phosphorylation, pro- 
motes suppressor of cytokine signaling induction (an inhibitor 
of JAK-STAT signaling), and impairs ISG factor-3 (ISGF3), a 
heterotrimer of STAT-1, STAT-2, and IFN-f promoter stim- 
ulator (IRF-9) from binding to the promoter regions of IFN- 
stimulated response elements, thereby inhibiting transcription of 
IFN response genes. Even when IFN response genes are acti- 
vated, NS5A and E2 both can disrupt protein kinase R function 
to suppress translation, thereby allowing viral replication to con- 
tinue.!!? In addition, NS5A inhibits 2’-5’-oligoadenylate synthe- 
tase, which is expressed in response to HCV infection and leads to 
HCV RNA degradation. Taken together, HCV is able to disrupt 
the innate immune response at several levels, and these strategies 
appear to be pivotal in establishing the chronicity of infection. 

The ability of HCV to impair the innate immune response pre- 
vents development of a vigorous adaptive immune response to the 
infection. NK cells do not adequately activate dendritic cells, and as 
a result, the priming of CD8* and CD4* T cells in HCV-infected 
patients is inadequate.'!? Even if an adequate T-cell response is 


created, HCV-infected patients have a large number of regulatory 
T cells in their portal tracts!'*; intrahepatic immune regulation by 
these cells has not been demonstrated but is presumed. 

HCV-specific T cells are enriched at the site of viral replica- 
tion, with an increased number in the liver when compared with 
the peripheral blood.!!* CD8* lymphocytes predominate, sug- 
gesting that cytotoxic T lymphocytes are the main perpetrators 
of hepatocellular injury. The T-cell immune response in the liver 
may result in direct lysis of infected cells and inhibition of viral 
replication by secreted antiviral cytokines.”” 

Whereas the cellular immune response plays a pivotal role 
in the pathogenesis of HCV infection, the importance of the 
humoral immune response is less clear. Antibodies to viral pro- 
teins are produced and do not appear to correlate with the stage 
of infection or immune reactivity. Furthermore, administration 
of high-titer HCV-enriched or HCV-specific Ig has little effect 
on viral levels or persistence in humans. 

In summary, viral products play an integral role in the immune 
regulation that leads to chronic infection instead of viral clear- 
ance. Both the virus and the immune response probably play a 
role in the development of hepatocellular injury. The mecha- 
nisms by which hepatocellular injury leads to hepatic fibrosis are 
discussed in Chapter 74. 


CLINICAL FEATURES 
Acute Hepatitis C 


HCV accounts for an estimated 20% of cases of acute hepa- 
titis. Acute hepatitis C is rarely seen in clinical practice, how- 
ever, because nearly all cases are asymptomatic. Within 7 to 21 
days after viral transmission, HCV RNA becomes detectable 
in serum.!!¢ Longer incubation periods can occur, especially in 
cases in which only a small amount of virus has been transmit- 
ted. These data suggest that the duration of the incubation period 
may vary among different transmission routes. HCV RNA lev- 
els rise rapidly in serum after infection, followed by a delayed 
increase in serum ALT levels 4 to 12 weeks after infection, indic- 
ative of hepatic injury. Serum ALT levels frequently reach values 
more than 10 times the upper limit of normal, with concomi- 
tant rises in the serum bilirubin level in some inidividuals (Fig. 
80.3).!!7 Some patients also develop clinical symptoms 2 to 12 
weeks after viral transmission, but the majority of patients remain 
asymptomatic during the acute phase and most infected persons 
do not become aware of their disease. Therefore, it is not easy 
to study the early phase of HCV infection. Several studies have 
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Fig. 80.3 Typical course of acute HCV infection followed by recovery. 
Symptoms may or may not be present during acute infection. Anti- 
HCV, antibody to HCV. (Modified from the Centers for Disease Control 
and Prevention, www.cdc.gov/hepatitis/Resources/Professionals/Traini 
ng/Serology/training.htm#one.) 
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investigated patients recruited during the acute symptomatic 
phase of HCV infection, and 80% of the patients have presented 
with diverse symptoms.!!* Even in symptomatic patients, how- 
ever, most of the clinical symptoms are nonspecific. Commonly 
reported symptoms include fatigue, nausea, abdominal pain, loss 
of appetite, mild fever, itching, and myalgia. Jaundice, which is 
the most specific liver-related symptom, develops in 50% to 84% 
of patients with clinically overt acute HCV infection. ALF caused 
by HCV has been reported in only single cases, in contrast to 
infections with other hepatotropic viruses (see Chapter 95). The 
presentation may be more apparent and the clinical course more 
severe when acute HCV infection occurs in patients who drink 
large amounts of alcohol or have coinfection with HBV or HIV. 

The rate of viral persistence after acute infection ranges from 
45% to more than 90%. Age and gender clearly influence the risk 
of chronicity, with younger and female patients having the lowest 
rates of chronicity. Other factors that may play a role include the 
source of infection and size of inoculum (chronicity may be less com- 
mon in PWID than in those who acquire HCV infection by blood 
transfusion), immune status of the host (chronicity rates are higher 
in persons with immunodeficiency states such as agammaglobulin- 
emia and HIV infection), and the patient’s race (rates of viral persis- 
tence are higher in African Americans than in whites and Hispanic 
Americans in the USA).!!° Finally, the rate of spontaneous clearance 
is higher in symptomatic patients in whom jaundice develops during 
acute infection than in those who remain asymptomatic. !7° 

Single nucleotide polymorphisms (SNPs) close to the IFN 
lambda-3, or interleukin 28B, gene (IFN-/3, IL28B) have been 
found to be associated with the outcome of acute hepatitis C. The 
IFN-A3 gene is located on chromosome 19 and encodes IFN-A3. 
Ge and colleagues reported a significant role for a specific SNP 
in the IFN-A3 gene region (rs12979860 CC) in the response 
to pegylated IFN-a-based therapy for chronic hepatitis C in 
2009.1?! Shortly thereafter, Thomas and colleagues identified a 
major contribution for the same SNP in spontaneous clearance 
of acute HCV infection.!*? Subsequently, these findings were 
confirmed by other investigators in different cohorts.!7°!? An 
association between clearance of acute HCV infection and the 
IFN-13 genotype may differ, however, between symptomatic and 
asymptomatic patients, because the CC IFN-A3 polymorphism 
was associated with spontaneous recovery only in nonicteric 
patients in a cohort of East German women exposed to HCV ina 
single-source outbreak in the late 1970s.!7° 


Chronic Hepatitis C 


Serum ALT levels are usually elevated in patients with chronic 
HCV infection. Because levels commonly fluctuate, however, as 
many as half of patients may have a normal ALT level at any 
given time.!?4 The ALT level may remain normal for prolonged 
periods of time in about 20% of cases, although transient eleva- 
tions occur even in these cases.!*+ Persistently normal ALT levels 
are more common in women, and such cases typically are associ- 
ated with lower serum HCV RNA levels and less inflammation 
and fibrosis on liver biopsy specimens. 

Most patients with chronic hepatitis C are asymptomatic 
before the onset of advanced hepatic fibrosis. Patients who have 
been diagnosed with chronic infection, however, often complain 
of nonspecific symptoms such as fatigue, vague abdominal pain, 
or depression, and they consistently score lower than HCV- 
negative persons in all aspects of health-related quality of life 
(HRQOL).!?> Whether the decrease in HRQOL is related to 
viral factors, social factors (e.g., injection drug use), social stig- 
matization, or worry related to the diagnosis itself is unclear. 
Nevertheless, HRQOL scores improve if the patient achieves a 
sustained response to antiviral therapy. Less common symptoms 
may include arthralgias, paresthesias, myalgias, sicca syndrome, 
nausea, anorexia, and difficulty with concentration. The severity 
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of these symptoms may be, but is not necessarily, related to the 
severity of the underlying liver disease. 


Extrahepatic Manifestations 


Patients with HCV infection may present with extrahepatic con- 
ditions, or these manifestations may occur in patients known to 
have chronic HCV infection. Classification of the extrahepatic 
manifestations of HCV is shown in Box 80.1 and is based on the 
strength of available data to prove a correlation. Types 2 and 3 
cryoglobulinemia, characterized by polyclonal IgG plus mono- 
clonal IgM and polyclonal IgG plus polyclonal IgM, respectively, 
can both be caused by HCV infection. Among HCV-infected 
patients, 19% to 50% have cryoglobulins in serum, but clinical 
manifestations of cryoglobulinemia are reported in only 5% to 
10% of these patients and are more common in patients with cir- 
rhosis. Symptoms and signs include fatigue, arthralgias, arthritis, 
purpura, Raynaud phenomenon, vasculitis, peripheral neuropa- 
thy, and nephropathy. The diagnosis is clear when a rheumatoid 
factor is detected, cryoglobulins are present, and complement 
levels are low in serum; however, the reliability of cryoglobulin 
measurements is dependent on proper handling and processing 
of the sample.!”° 

Glomerular disease generally manifests as cryoglobulinemic 
nephropathy, membranoproliferative glomerulonephritis, and 
membranous nephropathy. Cryoglobulinemic nephropathy man- 
ifests as hematuria, proteinuria, edema, and renal insufficiency 
of varying degrees and features of membranoproliferative glo- 
merulonephritis on renal biopsy specimens. At diagnosis, 20% 
of patients with type 2 cryoglobulinemia have renal involvement, 
and renal involvement develops in another 35% to 60% over 
time. In about 15% of patients, cryoglobulinemic nephropathy 
progresses to end-stage kidney disease requiring dialysis. 

As HCV infection drives these extrahepatic manifestations, 
treatment of the underlying HCV infection should be consid- 
ered in patients with symptomatic cryoglobulinemia. There are 
limited data regarding the use of IFN-free DAA regimens to 
treat extrahepatic manifestations of HCV, the majority of which 
involved treatment with the first-generation protease inhibi- 
tors combined with PegIFN/RBV, which are no longer recom- 
mended. However, given the high efficacy of the newer IFN-free 
DAA regimens, consensus guidelines recommend treatment 
of extrahepatic manifestations with IFN-free DAA regimens as 
per standard HCV infection treatment guidelines.!*’ In addition 
to antiviral therapy for HCV infection, monoclonal antibody 


BOX 80.1 Extrahepatic Manifestations of HCV Infection 


PROVED 


Autoimmune thyroiditis 

B-cell non-Hodgkin lymphoma 
Lichen planus 

Mixed cryoglobulinemia 
Monoclonal gammopathies 
Porphyria cutanea tarda 


POSSIBLE 

Chronic polyarthritis 

Diabetes mellitus 

Idiopathic pulmonary fibrosis 
Noncryoglobulinemic nephropathies 
Sicca syndrome 

Thyroid cancer 

Renal cell carcinoma 

Vitiligo 


therapy targeting B cells (anti-CD20 therapy with rituximab) 
has been shown to be useful for HCV-related cryoglobulinemia, 
particularly in patients with severe renal disease, because ritux- 
imab reduces B-cell clones that are responsible for producing 
cyroglobulins.!?®!2? Although this approach has been shown to 
be effective in randomized controlled studies when used alone or 
in combination with IFN plus RBV, rituximab is not licensed for 
treatment of extrahepatic manifestations of HCV. Prednisone, 
cyclophosphamide, other chemotherapeutic agents, and plas- 
mapheresis have been used with variable success; however, these 
approaches do not treat the underlying HCV infection. 

Patients with vasculitis due to HCV infection may benefit 
from low-dose interleukin-2 therapy. This cytokine may promote 
the survival of immunosuppressive regulatory T cells.!°° 

HCV infection is associated with the development of B-cell non- 
Hodgkin lymphoma and monoclonal gammopathy of uncertain 
significance.'*! The relative risk of lymphoma is small (1.28) in the 
USA.!?? The most prevalent forms of lymphoma found in patients 
infected with HCV are follicular lymphoma, chronic lymphocytic 
lymphoma, lymphoplasmacytic lymphoma, and marginal zone lymph 
oma.!?1 Type 2 cryoglobulinemia evolves into lymphoma over time 
in 8% to 10% of patients. Despite the known association of HCV 
infection with lymphoma, HCV RNA does not integrate into the 
host genome and therefore HCV cannot be considered a typi- 
cal oncogenic virus. Rather, HCV shows lymphotropism and may 
facilitate the development and selection of abnormal B-cell clones 
by chronic stimulation of the immune system. In addition, genetic 
rearrangements in B cells, specifically the Bcl2/Jy rearrangement 
and the t(14;18) translocation, have been found in HCV-infected 
patients in some,!** but not all,!*# studies. 

Other extrahepatic manifestations of HCV infection include 
porphyria cutanea tarda, lichen planus, and sicca syndrome. In 
addition, insulin resistance and diabetes mellitus have been thought 
to be associated with HCV infection, although the association has 
been questioned. The SVR to antiviral therapy for HCV infec- 
tion is reduced in insulin-resistant patients; however, if HCV can 
be eradicated, insulin resistance often improves, an observation 
that further supports the relationship between HCV infection and 
insulin resistance.'*> Although associations between HCV infec- 
tion and both thyroid cancer and idiopathic pulmonary fibrosis 
have been described, data about the effect of HCV eradication on 
disease progression are lacking. A myriad of other conditions has 
been observed in association with HCV infection, but a true link 
has not been firmly established for these disorders (see Box 80.1). 

Although not associated with disease, seropositivity for 
autoantibodies (e.g., ANA with a titer greater than 1:40 in 9%, 
smooth muscle antibodies with a titer greater than 1:40 in 20%, 
anti—liver-kidney microsomal antibodies in 6%) is found in many 
HCV-infected persons.!*° Therefore, the diagnosis of an autoim- 
mune condition in a patient with HCV infection can never be 
based on serology alone. 

The spectrum of extrahepatic manifestations may adversely 
impact the overall survival of HCV-infected persons. The pro- 
spective Taiwanese population-based R.E.V.E.A.L.-HCV (Risk 
Evaluation of Viral Load Elevation and Associated Liver Disease/ 
Cancer) study, in which almost 24,000 adults 30 to 65 years of age 
were followed, demonstrated that HCV-infected persons had not 
only increased liver-related mortality, but also higher mortality 
from extrahepatic diseases compared with anti-HCV-negative 
persons. !37 


DIAGNOSIS 


Several immunologic and molecular assays are used to detect 
and monitor HCV infection. The presence of anti-HCV in high 
titer in serum (generally an enzyme immunoassay [EIA] ratio > 9) 
indicates exposure to the virus but does not differentiate among 


acute, chronic, and resolved infection. Anti-HCV usually persists 
for many years in patients after spontaneous resolution of infec- 
tion or an SVR following antiviral therapy. Anti-HCV titers may 
decline over time, however, and can become undetectable 5 to 
20 years after HCV clearance.!**:!9? Serologic assays are used 
initially for diagnosis, whereas virologic assays are required for 
confirming infection, monitoring response to treatment, and 
evaluating immunocompromised patients. 


Indirect Assays 


EIAs detect antibodies against different HCV antigens. The time 
course of the development of symptoms, detection of anti-HCV, 
and appearance of HCV RNA after acute infection is shown in 
Fig. 80.3. Three generations of EIAs have been developed. The 
third-generation EIAs detect antibodies against HCV core, NS3, 
NS4, and NS5 antigens as early as 7 to 8 weeks after infection, 
with sensitivity and specificity rates of 99%.!#° Despite ongoing 
viral replication, serologic test results can be negative in patients 
who are on hemodialysis or are immunocompromised. Because 
the performance characteristics of third-generation EIAs are so 
good, confirmation with a recombinant immunoblot assay is no 
longer required. Instead, patients who are anti-HCV positive 
should undergo HCV RNA testing to determine if they have 
active viremia or have cleared the infection. 


Direct Assays 


Quantitative, highly sensitive, “real-time” HCV RNA tests rep- 
resent the state of the art for determining HCV viremia in anti- 
HCV-positive persons.'*! The lower limit of detection of most 
assays varies from 10 to 15 international units ((U)/mL.!*? These 
assays have a linear dynamic range of 1 to 7 logy) [U/mL and are 
the preferred testing method in practice. Transcription-mediated 
amplification is also extremely sensitive, but available assays are 
not quantitative in the lower dynamic range of the test. The 
advantages of these very sensitive tests include positivity within 1 
to 3 weeks after acute infection and detection of low-level resid- 
ual infection during antiviral therapy. 

A disadvantage of all quantitative tests is the lack of compara- 
bility among different assays. Although conversion to a standard 
IU/mL concentration attempted to resolve such discrepancies, 
results are still variable. Reported conversion factors vary from 
0.9 copies/mL to 5.2 copies/mL per IU/mL. For this reason, 
the same laboratory and assay are recommended during antiviral 
treatment monitoring. 

A cheaper and faster alternative to nucleic acid testing for 
HCV RNA to confirm HCV viremia is the HCV core antigen 
assay. Fully automated immunoassays have been developed that 
detect the HCV core antigen, and the assays have proved to be 
robust across HCV genotypes and in different patient popula- 
tions,!¥.!4+ but with major limitations in sensitivity. Therefore, 
the assay cannot be used to monitor response to antiviral therapy 
and make decisions regarding therapy. If viremia needs just to be 
confirmed, however, HCV core antigen testing is a reasonable 
alternative to HCV RNA testing. 


HCV Genotype 


Identifying the genotype and subtype of HCV is important 
because some DAA regimens are only recommended for certain 
HCV genotypes and subtypes. HCV genotyping can be accom- 
plished by several methods. The most accurate approach uses 
PCR methodology and direct sequencing of the NS5B or El 
region; however, this approach is not practical in clinical practice. 
HCV genotyping can be performed by evaluating type-specific 
antibodies and has a 90% concordance in immunocompetent 
patients when results are compared with sequence analysis of the 
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HCV genome. Testing can also be accomplished with reverse 
hybridization to genotype-specific probes, restriction fragment 
length polymorphism analysis, or PCR amplification of the 5’ 
noncoding region of the HCV genome. These tests have 92% 
to 96% concordance with the correct genotype; genotype 1 is 
identified with the highest accuracy. Because of mutations in the 
regions studied, errors in subtype identification occur in 10% 
to 25% of cases regardless of the technique used. A line-probe 
assay (INNO-LiPA) using genotype-specific probes for reverse 
transcription of the 5’ portion of the HCV genome is the most 
popular commercial assay for HCV genotyping. 


Selection of Serologic and Virologic Tests 


For patients at low risk for HCV infection, a negative result of an 
EIA for anti-HCV is sufficient to exclude HCV infection. HCV 
RNA testing should be performed to confirm active infection if a 
positive anti-HCV test is returned. In high-risk patients, such as 
those with an elevated serum ALT level who have a known risk 
factor for HCV, have experienced recent exposure, or are either 
immunocompromised or on dialysis, a positive anti-HCV result 
is sufficient to confirm HCV infection; however, HCV RNA 
testing should also be performed to confirm that the infection is 
active. If the anti-HCV result is negative, then HCV RNA testing 
should be performed in patients with a recent exposure in case the 
anti-HCV result is falsely negative because of insufficient time 
for anti-HCV to develop or immunocompromise in the host with 
failure to produce sufficient anti-HCV.”° 


LIVER BIOPSY AND NONINVASIVE ASSESSMENT OF 
FIBROSIS 


The risk of progressive hepatic injury from HCV infection varies 
considerably, with some patients showing little or no progression 
after decades of infection and others progressing rapidly to cir- 
thosis.!* The presence or absence of cirrhosis also influences the 
choice and duration of treatment; therefore, an assessment of the 
degree of liver injury is recommended in all patients with HCV 
infection. For many years, this assessment was performed by per- 
cutaneous liver biopsy (Box 80.2), but noninvasive methods are 
now used for initial assessment of liver fibrosis stage, with liver 
biopsy reserved when noninvasive markers are indeterminate, 
noninvasive test results are incongruent with other noninvasive 
liver fibrosis markers or with the clinical picture, or other causes 
of liver disease need to be excluded. 

Several histologic scoring systems have been used to quantify 
hepatic injury into discrete grades of inflammation and stages of 
fibrosis (Fig. 80.4) (see also Chapters 73 and 74). The first sys- 
tem used was the Histology Activity Index described by Knodell 
and colleagues. The components of this system include periportal 
inflammation and necrosis (graded as 0 to 10), lobular inflam- 
mation and necrosis (0 to 4), portal inflammation (0 to 4), and 
fibrosis (0 to 4). This scoring system combines inflammation 
and fibrosis into one score. Scheuer created a simplified scoring 
system that separates grade of inflammation from stage of fibro- 
sis: portal inflammation and interface hepatitis (0 to 4), lobular 


BOX 80.2 Reasons to Perform a Liver Biopsy in a Patient 
with Hepatitis C 


Assessment of the need for surveillance for HCC 
Evaluation for concomitant liver diseases 


Guidance for decisions regarding treatment of hepatitis C 

Staging of fibrosis, including when noninvasive fibrosis markers are 
incongruent with other methods of noninvasive fibrosis assess- 
ment or with the clinical picture 
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activity (0 to 4), and fibrosis stage (0 to 4). The Ishak system is a 
modification of Knodell’s system but separates histologic grade 
from fibrosis stage. Ishak’s fibrosis scores range from 0 to 6 (1 or 
2, portal fibrotic expansion; 3 or 4, bridging fibrosis; 5 or 6, cir- 
rhosis) (see Fig. 80.4). The higher number of stages of fibrosis has 
made the Ishak system popular for scoring progression of fibrosis 
in clinical trials. The METAVIR scoring system is the most pop- 
ular in practice; it is simpler than all the aforementioned systems. 
Inflammation is graded from 0 to 4 (none, mild, moderate, and 
severe), and fibrosis is staged from 0 to 4 (1, portal fibrotic expan- 
sion; 2, portal fibrosis with septa formation; 3, bridging fibrosis; 
4, cirrhosis) (see Fig. 80.4). 

Although examination of liver biopsy specimens is still consid- 
ered the gold standard for establishing the grade of inflammation 
and stage of fibrosis, limitations of liver biopsy include (1) associ- 
ated morbidity (pain occurs in as many as 30% in some series, and 
hemorrhage or bile leak occurs in 0.3% of patients) and mortality 
(0.03%); (2) cost; (3) poor patient acceptance; (4) intraobserver 
and interobserver variability in the interpretation of findings 
(with current scoring systems, intraobserver and interobserver 


System 

Fibrosis Knodell METAVIR Ishak 
None 0 0 || 
Portal 1 1 
Periportal 2 2 
Bridging: focal =] | 

diffuse 3 3 

marked 
Cirrhosis 4 4 


Fig. 80.4 Comparison of the Knodell, METAVIR, and Ishak hepatic 
fibrosis staging systems. The METAVIR staging system is similar to the 
Scheuer system. Portal, periportal, bridging, and cirrhosis describe the 
degree (stage) of fibrosis (See also Fig. 80.5). 


concordance for staging fibrosis among hepatopathologists is 
=90% and 85%, respectively); (5) inaccuracy in the interpreta- 
tion of findings, particularly for the diagnosis of cirrhosis (with 
a false-negative rate of 15%); and (6) sampling error (a 33% dif- 
ference in 1 stage of fibrosis and 2.4% difference in 2 stages of 
fibrosis is seen in simultaneously obtained biopsy specimens from 
the right and left hepatic lobes).!#°!*” Interobserver and intra- 
observer variability is increased when inexperienced pathologists 
use a complicated scoring system to evaluate liver tissue. Sam- 
pling error is especially common when small biopsy specimens 
are obtained. A biopsy should be done with at least a 16-gauge 
needle, be 15 to 20 mm or more in length, and contain at least 6 
portal triads, although 11 or greater is considered optimal.!*°.!4? 

Because of the limitations of liver biopsy, several noninvasive 
tests to estimate fibrosis have been developed (Table 80.1) (see 
also Chapter 74). FibroSure (or FibroTest) is a noninvasive mea- 
sure of fibrosis that creates a composite score, adjusted for gen- 
der and age, derived from the serum levels of «-macroglobulin, 
haptoglobin, apolipoprotein A-1, GGTP, and total bilirubin.!*” 
The test accurately categorizes patients with stage 0 and 1 fibrosis 
and those with cirrhosis; however, it is less useful in patients with 
intermediate scores. The AST-to-platelet ratio index (APRI) is 
used primarily to diagnose or exclude cirrhosis.!°° In an initial 
evaluation, 81% of cirrhotic patients were accurately excluded 
with an APRI score of 0.5 or less; however, the index does not 
discriminate among lower levels of fibrosis. 

Additional techniques and instruments (e.g., transient elas- 
tography, acoustic radiation force impulse imaging, magnetic 
resonance elastography) are now available to determine liver 
stiffness (see Chapter 74). The most frequently used system is 
transient elastography (FibroScan) to assess liver stiffness, which 
correlates with the amount of hepatic fibrosis. In a meta-analysis, 
the area under the receiver operating curve (an estimate of accu- 
racy) of FibroScan for predicting cirrhosis was 0.94.!°! Com- 
bining transient elastography with serum markers increases the 
accuracy of predicting fibrosis and cirrhosis and may avoid liver 
biopsy in many patients.!5?'53 Although noninvasive testing has 
improved dramatically, all available tests have limitations. Most 
importantly, the degree of hepatic inflammation is not assessed 
by these tests, and inflammation may significantly alter noninva- 
sive test results. Moreover, although cirrhosis is accurately pre- 
dicted by several noninvasive tests, the finer discrimination of 
the fibrosis score is not as reliable as examination of liver biopsy 
specimens. 


TABLE 80.1 Performance of Noninvasive Tests for Predicting Hepatic Fibrosis in Patients with Hepatitis C 


Number of Fibrosis Histologic Fibrosis PPV for 
Patients Staging (F) Stages Sensitivity Specificity Fibrosis- Test 
Test Studied System Compared (%)* (%)* Cirrhosis (%) Accuracy (%)t 
APRI 270 Ishak FO-2 vs. F3-6 41 95 88 70 
FO-4 vs. F5-6 89 75 Sm wu 
FibroSure 339 METAVIR FO-1 vs. F2-4 100 22 50 Si 
FO-2 vs. F3-4 70 95 91 84 
Transient 327 METAVIR FO-1 vs. F2-4 56 91 88 68 
elastography 
(FibroScan) 
FO-3 vs. F4 86 96 78 94 


*Sensitivity and specificity for distinguishing higher stages of fibrosis from lower stages of fibrosis. 


tAccuracy = (sensitivity) (prevalence) + (specificity) (1 — prevalence). 
APRI, AST-to-platelets ratio index; PPV, positive predictive value. 


Data from Wai CT, Greinson JT, Fontana RJ, et al. A simple noninvasive index can predict both significant fibrosis and cirrhosis in patients with chronic 
hepatitis C. Hepatology 2003;38:518-26; Imbert-Bismut F, Ratziu V, Pieroni L, et al. Biochemical markers of liver fibrosis in patients with hepatitis C virus 
infection: a prospective study. Lancet 2001;357:1069-75; and Ziol M, Handra-Luca A, Kettaneh A, et al. Noninvasive assessment of liver fibrosis by mea- 
surement of stiffness in patients with chronic hepatitis C. Hepatology 2005;41:48-54. 


Regardless of the degree of serum aminotransferase elevations, 
a determination of the stage of liver fibrosis, either by liver biopsy 
or noninvasive methods, is recommended in patients undergo- 
ing initial assessment of chronic hepatitis C. Liver biopsy is not 
required when cirrhosis is already suggested by clinical findings 
(e.g., ascites, splenomegaly, spider telangiectasias, low platelet 
count, prolonged prothrombin time) or imaging (e.g., nodularity 
of the liver, evidence of portal hypertension). It is also not indi- 
cated following successful antiviral therapy, although histology 
generally improves significantly over time following eradication 
of HCV (see later) Surveillance for HCC and varices is recom- 
mended for all patients with cirrhosis, including patients who 
achieve an SVR12 with antiviral therapy, because these patients 
remain at increased risk (see Chapters 92 and 96).!>* 


NATURAL HISTORY 


Once chronic HCV infection is established, spontaneous HCV 
clearance rarely occurs. Chronic hepatitis C can cause continuous 
liver damage, resulting in liver cirrhosis and subsequently HCC 
(Fig. 80.5). The individual course of liver disease is highly vari- 
able. Patients may report symptoms such as RUQ discomfort, 
nausea, fatigue, myalgia, arthralgias, or weight loss. All of these 
clinical features are nonspecific, however, and are not associated 
with the severity of liver injury. Most liver-related symptoms are 
restricted to patients with advanced cirrhosis. 

The most feared complication of chronic HCV infection is 
liver-related mortality due to decompensated liver cirrhosis (see 
Chapters 74 and 92-94) or development of HCC (see Chapter 
96). Studies published since the 1990s have shown remarkably 
different frequency rates of cirrhosis. Whereas very low rates 
of cirrhosis were reported in some cohorts like young women 
infected in the late 1970s through receipt of contaminated anti- 
D immune globulin,!*> cirrhosis has been described in up to 
69% of patients in hospital-based settings.!°° In a meta-analysis, 
Thein and colleagues calculated that in a large number of stud- 
ies that have been published, cirrhosis developed on average in 
16% of patients within 20 years after the onset of HCV infec- 
tion.!>” Cirrhosis was attributable to HCV infection in 27% of 
cases, with a wide range among studies (14% to 62%) that can 
be explained by regional differences and the presence of cofac- 
tors, 119,158 

A key challenge in clinical practice is to identify persons at 
high risk for disease progression who may require more imme- 
diate antiviral therapy. Several factors reported to influence the 
liver-related outcomes of chronic hepatitis C remain controver- 
sial (Table 80.2; see next section). Still, some of these factors may 
help estimate the risk of cirrhosis and identify groups of patients 
who require immediate antiviral treatment. 


Acute HCV | 55%-89% Chronic over 20 years 
infection HCV infection 


Fig. 80.5 Natural history of HCV infection. 
Hepatic decompensation includes ascites, 
hepatic encephalopathy, variceal hemorrhage, 
hepatorenal syndrome, or hepatic synthetic 
dysfunction. 
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Factors Associated with Progression 


Age is one of the most important risk factors for fibrosis progres- 
sion in chronic HCV infection (see Table 80.2). A longer dura- 
tion of infection has also been associated with a higher stage of 
liver fibrosis, but HCV infection acquired during childhood seems 
to follow a milder course.!*? Overall, the development of HCV- 
related cirrhosis seems to be a dynamic process that accelerates 
exponentially with increasing age. The mechanisms by which pro- 
gression of fibrosis accelerates with aging are not well defined. 
Changes in the regenerative capacity of the liver, alterations in the 
immune system, and telomere shortening may play roles. A higher 
risk for fibrosis progression in patients older than 40 years has 
been described in patients with various causes of liver disease.'°° 
Some studies, but not others, have suggested that older age in gen- 
eral, and more specifically older age at the time of infection, is a 
risk factor for progression of fibrosis.!°!-!° Overall, cirrhosis has 
been predicted to develop in most patients with hepatitis C by 
about 65 years of age, irrespective of the age at infection. 164 
Some studies have suggested that the mode of viral transmis- 
sion may influence the degree of liver damage; however, the role 
of the route of transmission in fibrosis progression remains con- 
troversial. By contrast, female gender seems to be protective, and 
fibrosis progression is much faster in HCV-infected men, thereby 
suggesting that hormonal factors may be important in the regu- 
lation of liver fibrosis.!°> Genetic factors also play a role in the 
development of cirrhosis. Histologic activity and the frequency 
of cirrhosis are lower in African Americans than in Caucasians. !66 
Several specific genes have been suggested to be involved in fibro- 
sis progression; these include certain variants of the HLA class I 
and II antigens.'®’ A cirrhosis risk score based on polymorphisms 
in 7 genes has been proposed for patients with HCV infection!®*; 


TABLE 80.2 Factors Associated with Progression of Hepatic Fibrosis in 
Patients with Chronic HCV Infection 


Established Possible Not Associated 


Age > 40 years 
Alcohol consumption 
HBV coinfection 
HIV coinfection 
lmmunosuppressed state 
Insulin resistance 
Marijuana use 
Obesity 
Schistosomiasis 
Severe hepatic 
necroinflammation 
Smoking 
White race 


Increased hepatic 
iron concentration 

Male gender 

Serum ALT level 


Viral genotype 
Viral load 


Hepatic 
decompensation 


3% per year 


2%-24% 


1%-4% per year 
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this score was able to predict fibrosis progression in patients with 
initially mild chronic hepatitis C.16° 

Elevated serum aminotransferase levels are used widely as a 
surrogate for ongoing intrahepatic inflammation, and elevated 
serum ALT levels during chronic hepatitis C are associated with 
an increased risk of liver fibrosis progression.!’° Lower progres- 
sion rates of fibrosis are reported in patients with normal serum 
ALT levels, but normal levels do not exclude the possibility of 
fibrosis progression. !7+ 

Differences in the natural history of hepatitis C have been 
reported for different HCV genotypes. Several studies have 
described accelerated disease progression in patients infected 
with HCV genotype 3,17! which is consistent with higher 
reported mortality rates in patients infected with HCV genotype 
3.172 Flares of hepatitis seem to occur more frequently in HCV 
genotype 2 infection and may result in a more severe course of 
liver disease.!”> By contrast, viral load is not related to the degree 
of liver damage or fibrosis.!’* 

Hepatic steatosis is a histologic hallmark of chronic hepatitis 
C. Several studies have shown that steatosis is linked to the stage 
of liver fibrosis in patients with chronic HCV infection.!7! Some 
studies suggest that HCV infection itself can trigger hepatic ste- 
atosis as well as NASH, and HCV infection may cause insulin 
resistance. There is also evidence for a direct association between 
HCV infection and hepatic steatosis. The strongest association 
exists between HCV genotype 3 infection and steatosis, and 
a direct molecular effect has been shown in a mouse model in 
which HCV genotype 3 is expressed.!7° 

Mild to moderately increased hepatic iron stores are associ- 
ated with more advanced liver fibrosis. A consistent relationship 
between C282Y or H63D heterozygosity (see Chapter 75) and 
increased progression of fibrosis in patients with HCV infection 
has not been established, however. A reduction in hepatic iron 
concentrations does not reduce the risk of progression of fibrosis 
or improve the response to antiviral treatment.!’° 

Excessive alcohol consumption is clearly an independent 
major cause of cirrhosis, and chronic alcohol intake of more than 
50 g/day is associated with a remarkable increase in the risk of cir- 
rhosis in HCV-infected patients. On the other hand, coffee con- 
sumption has been reported to have a beneficial effect on overall 
mortality from HCV infection in population-based studies, and 
drinking coffee has been associated with a more favorable course 
of liver disease in general.!’’ Freedman and colleagues have also 
shown that greater coffee consumption correlates with a lower 
stage of liver fibrosis, reduced fibrosis progression, less steatosis 
and insulin resistance, and lower serum ALT levels; the best out- 
comes occur in persons who drink 3 or more cups per day.!77!78 


HCC 


The incidence of HCC has been rising rapidly in the industrial 
countries since the 1980s (see Chapter 96). In the USA, the 
incidence of HCC is 3 times higher than in 1975,!’? and the 
global HCV epidemic has contributed to the rising incidence 
of HCC worldwide. Overall, chronic hepatitis C is respon- 
sible for approximately 25% of cases of HCC worldwide, with 
particularly high prevalence rates in East Asia.’’ Because the 
development of HCC in HCV-infected patients is an indolent 
and age-dependent process, the peak incidence of HCV-related 
HCC has not been reached yet in Europe and the USA, where 
the majority of infections occurred in the 1970s and 1980s. In 
some European countries such as Italy, however, the peak rate of 
HCC-related mortality may have been reached.!*° In contrast to 
chronic hepatitis B, HCC due to HCV usually does not develop 
in noncirrhotic livers, although HCC may be detected in some 
patients in whom cirrhosis has not yet developed. Lok and col- 
leagues reported an HCC frequency rate of 0.8% per year in 


noncirrhotic patients with chronic hepatitis C who had advanced 
liver fibrosis!*'; however, the risk is much higher in patients with 
cirrhosis, with a rate of 1.4% to 4.9% per year.181-183 The overall 
5-year risk of HCC has been reported to be as high as 7% to 30% 
in patients with HCV-related cirrhosis.!*+!®° The appearance 
of HCC is frequently the first clinical complication of HCV- 
related cirrhosis and often occurs before hepatic decompensation 
becomes evident. 

Risk factors for the development of HCC in patients with 
chronic HCV infection are similar to those associated with the 
development of cirrhosis. For example, older age is related to a 
higher frequency of HCC, and male gender and substantial alco- 
hol consumption are well-established risk factors. Moreover, type 
2 diabetes mellitus has been identified as an important indepen- 
dent risk factor.!86187 Coinfection with HBV increases the risk of 
HCC. Importantly, the various risk factors act synergistically to 
enhance the overall risk of HCC. Genetic factors also contribute 
to the development of HCC. Kumar and colleagues performed a 
genome-wide association study in 721 persons with HCV-related 
HCC and showed that a SNP (1s2596542) at the gene encod- 
ing MICA (major histocompatibility class I polypeptide-related 
sequence A) was strongly associated with the development of 
HCC in HCV-infected persons.'** Conversely, coffee consump- 
tion has been associated with a reduced risk of HCC.!*? 


TREATMENT 


IFN-a monotherapy was approved for the treatment of chronic 
hepatitis C, then known as non-A, non-B hepatitis, before HCV 
was even identified. Substantial advances have been made since 
then with the introduction of prolonged treatment periods, lon- 
ger-acting pegylated formulations of IFN, the oral guanosine 
analog RBV, and, most recently, the DAAs. The development of 
the replicon system and crystallization of the HCV nonstructural 
proteins (see earlier) paved the way for characterization of the 
HCV life cycle, generation of high throughput models for drug 
development, and, ultimately, the development of DAAs.!°0-194 
In 2011, the first DAAs, telaprevir and boceprevir, were approved 
for the treatment of chronic HCV genotype 1 infection, and in 
2013, simeprevir (another protease inhibitor) and sofosbuvir (a 
first-in-class nucleotide polymerase inhibitor) were approved, all 
initially used in combination with PegIFN and RBV. The devel- 
opment of highly potent, well-tolerated IFN-free DAA regimens, 
many of which have been approved by the FDA, has resulted in a 
complete shift in the treatment paradigm of hepatitis C. As treat- 
ment has been evolving, the choice of agents will likely change 
from being increasingly highly individualized, based on the avail- 
ability of DAAs, HCV genotype, and stage of liver disease, to a 
single regimen that is applicable to all patients. 


Goals 


The primary goal of therapy for HCV infection is eradication of 
the virus. A consequence of achieving this goal is prevention of 
liver-related deaths associated with the development of decom- 
pensated cirrhosis and HCC. SVR—the absence of detectable 
virus in blood 12 weeks after completion of therapy—is an excel- 
lent surrogate marker for the resolution of HCV infection. Late 
relapses are rare. Long-term follow-up studies confirm sustained 
responses in more than 99% of cases if the patient is HCV RNA 
negative in serum 12 weeks after completion of DAA therapy.*"!! 
SVR is also associated with a reduction in hepatic inflammation 
and regression of fibrosis during IFN plus RBV therapy (Fig. 
80.6).!°5 Moreover, an improvement in HRQOL has been docu- 
mented in patients successfully treated with IFN plus RBV.!?° 
Data regarding these endpoints during DAA therapy are limited 
owing to the more recent implementation of these regimens and 
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Fig. 80.6 Reversal of cirrhosis in 38 patients with chronic hepatitis C 
who achieved a sustained virologic response to antiviral therapy. F1 to 
F4 indicate stages of fibrosis, with F4 being cirrhosis. (Redrawn from 
D’Ambrosio R, Aghemo A, Rumi MG, et al. A morphometric and immu- 
nohistochemical study to assess the benefit of a sustained virological 
response in hepatitis C virus patients with cirrhosis. Hepatology 2012; 
56:532-43.) 


thus limited long-term follow-up; however, elastography fibrosis 
scores improve following successful DAA therapy, although it is 
unclear if this represents true regression of fibrosis or resolution 
of hepatic inflammation. 197-198 

Antiviral treatment prevents the development of clinical end- 
points. A significant reduction in liver-related deaths and hepatic 
decompensation can be observed following SVR with DAAs 
even in patients who already have advanced liver fibrosis. !°°-206 
A reduction in the frequency of HCC has also been documented 
in patients who respond during antiviral therapy.?°37°7 An SVR is 
also associated with improved overall survival in patients who had 
advanced fibrosis or liver cirrhosis at the time of therapy.”7°?2° 
In particular, an SVR following PegIFN/RBV has been associ- 
ated with a lower frequency of end-stage renal failure,?°* cardio- 
vascular disease,?0®20° and cerebrovascular disease.2°%20 


Indications and Contraindications 


The development of highly efficacious and well-tolerated IFN- 
free DAA regimens, together with the clear benefit of HCV 
eradication on all-cause and liver-related mortality and quality 
of life, means that antiviral therapy should be considered in all 
patients with chronic hepatitis C. Furthermore, with the increas- 
ingly broad range of IFN-free and many RBV-free DAA regi- 
mens with different pharmacokinetic and drug-drug interaction 
(DDI) properties available, there are very few clinical scenarios 
for which treatment is contraindicated, with the exceptions being 
early acute HCV infection, decompensated cirrhosis with a high 
MELD score in a patient waitlisted for LT (see later and Chapter 
97), and pregnancy. 

Because RBV is a teratogen, unwillingness of the patient and 
his or her partner to practice adequate contraception and avoid 
pregnancy during treatment and for 6 months after the discon- 
tinuation of therapy is an absolute contraindication to starting or 
continuing a DAA regimen that includes RBV. There are insuf- 
ficient data regarding the safety of the new DAAs in pregnancy, 
and, therefore, they are not recommended during pregnancy. 
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Virologic Response 


During IFN-based therapy, the rate of HCV clearance from the 
circulation was an important predictor of subsequent SVR24. 
Predictors of an SVR included a rapid virologic response (RVR, 
negative HCV RNA level at treatment week 4) and a complete 
early virologic response (negative HCV RNA level at treat- 
ment week 12). However, with the extremely potent DAAs, 
the majority of patients achieve an RVR during DAA therapy. 
Furthermore, failure to attain an RVR does not preclude sub- 
sequent SVR12 with DAA-based therapy.?!°7!! The AASLD/ 
Infectious Diseases Society of America (IDSA) Guidance recom- 
mends HCV RNA testing at treatment week 4, not to determine 
treatment stopping rules, but to ensure treatment adherence.*!” 


Drugs 
Interferon 


IFN-based regimens became the cornerstone of antiviral ther- 
apy for HCV infection in the late 1980s. IFNs are naturally 
occurring glycoproteins that exert a wide array of antiviral, 
antiproliferative, and immunomodulatory effects. Pegylated 
IFNs consist of IFN bound to a molecule of polyethylene gly- 
col (PEG) of varying length. The large size of the molecule 
increases the half-life of the IFN, thereby allowing once-weekly 
dosage. Two pegylated IFNs are licensed for use in the USA 
and elsewhere. The first is 40-kd peginterferon alfa-2a, used in 
a fixed dose of 180 pg per week. The second is 12-kd peginter- 
feron alfa-2b, prescribed according to the patient’s body weight 
in a dose of 1.5 ug/kg per week. Pegylated IFNs replaced stan- 
dard IFN, used in the past, and resulted in a significant increase 
in the SVR.?!3 The use of IFN has been succeeded by IFN-free 
DAA regimens. 


Ribavirin 

RBV is an oral guanosine analog with activity against DNA and 
RNA viruses. When RBV is used in combination with IFN, 
the end-of-treatment response improves and the relapse rate 
decreases. Several mechanisms to explain the synergistic effect 
of RBV when administered in combination with IFN have been 
proposed, including (1) alterations of the cytokine milieu leading 
to a change from a type 2 T-helper cell (Th2) to a Th1 immune 
response; (2) depletion of intracellular guanosine triphosphate 
through inhibition of the host enzyme inosine monophosphate 
dehydrogenase; (3) inhibition of the action of the HCV RdRp; 
(4) induction of lethal mutagenesis during HCV RNA replication; 
and (5) increasing responsiveness to type I IFNs.’!+ RBV generally 
is well tolerated, although it results in a dose-dependent hemolytic 
anemia. The dose administered is based on the patient’s weight, 
and the patient’s Hgb level must be monitored during treatment. 
Furthermore, in patients with a history of cardiopulmonary dis- 
ease who cannot tolerate a sudden fall in the Hgb level, RBV must 
be used with caution, if at all. In addition, RBV is teratogenic; 
patients taking RBV and their partners are required to avoid preg- 
nancy during therapy and for 6 months after cessation of the drug. 
RBV has a long cumulative half-life in serum and is excreted by the 
kidneys; as a result, it can lead to severe side effects, particularly 
hemolysis, in patients with kidney disease. The dose of RBV must 
be adjusted for renal function, and the drug should be adminis- 
tered with extreme caution to patients with a creatinine clearance 
less than 50 mL/min. RBV is not removed by hemodialysis. RBV 
is still used in some IFN-free DAA regimens in more difficult to 
treat patient populations, such as genotype 3 HCV infection, cir- 
rhosis, and prior treatment failure. 
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DAAS 


Novel DAAs against HCV include compounds that target the 
HCV NS3/NS4A protease, the HCV NS5A protein, and the 
HCV NSSB polymerase. These drugs inhibit HCV replication 
by interfering with the respective steps in the HCV life cycle. An 
ideal DAA regimen should have activity against all HCV geno- 
types; have high antiviral potency and good oral bioavailability, 
allowing once daily dosing; possess few drug-drug interactions 
(DDIs); be well tolerated with minimal toxicity; and have a high 
barrier to resistance. In contrast to IFN plus RBV, resistance to 
DAAs, either baseline resistance or resistance selected during 
DAA therapy, is a well-known consequence of DAA therapy that 
has implications for the success of certain treatment regimens 
and for retreatment following DAA failure. There are 2 factors to 
consider regarding the barrier to resistance: the genetic barrier, 
which is the number of amino acid substitutions required to con- 
fer resistance, and the fitness of the resistance-associated substi- 
tution (RAS), which is the ability of the RAS to sustain replication 
and be selected within the quasispecies (Box 80.3). 

Many of these DAAs are now available as coformulated fixed- 
dose combinations (FDCs), allowing for once-daily dosing of a 
single pill for several of the approved IFN-free DAA regimens. 
The properties of each DAA class and approved DAAs are listed 
in Table 80.3. 


NS3/4A Protease Inhibitors (-previrs) 

HCV NS3/4A protease inhibitors generally have high antiviral 
potency but differ in respect to the development of resistance. 
Most of the compounds show better response rates in HCV geno- 
type 1b than in genotype la infection.”!> Boceprevir and telapre- 
vir were the first 2 DAAs approved by the FDA in 2011; however, 
these agents were associated with significant toxicity and limited 
HCV genotype antiviral activity and required twice-daily or 3 
times daily dosing with a large pill burden. Subsequently, the 


BOX 80.3 Regimens for which RAS Testing may be 
Considered in Certain Situations 


ELBASVIR/GRAZOPREVIR 

NS5A RAS testing is recommended for all HCV genotype 1a 
patients considered for elbasvir/grazoprevir. If resistance is present, 
the duration of therapy should be extended (see text) or an alterna- 
tive regimen should be considered. 

SOFOSBUVIR/LEDIPASVIR 

NS5A RAS testing is recommended for HCV genotype 1a patients 
who are treatment-experienced and are being considered for so- 
fosbuvir/ledipasvir. If an NS5A RAS is detected that confers greater 
than 100-fold reduced activity to ledipasvir, an alternative regimen 
should be considered. 


SOFOSBUVIR/VELPATASVIR 


NSSA RAS testing is recommended for HCV genotype 3 patients 
who have underlying cirrhosis or are treatment-experienced if so- 
fosbuvir/velpatasvir is being considered. If the Y93H NS5A RAS is 
present, ribavirin should be added or an alternative regimen should 
be considered. 

DACLATASVIR/SOFOSBUVIR 

NSSA RAS testing is recommended for HCV genotype 3 patients 
who have underlying cirrhosis or are treatment-experienced if 
sofosbuvir plus daclatasvir is being considered. If the Y93H NS5A 
RAS is present, ribavirin should be added or an alternative regimen 
should be considered. 


RAS, resistance-associated substitutions 


second wave of first-generation protease inhibitors, simeprevir 
and faldaprevir, were developed with more favorable safety pro- 
files and dosing schedules; simeprevir was approved by the FDA 
in 2013. These protease inhibitors were used in combination with 
PegIFN and RBV and have been superseded by second-gener- 
ation protease inhibitors in combination with other DAAs that 
have the added advantage of extended HCV genotype activity. 
FDA-approved protease inhibitors are simeprevir, paritaprevir 
(boosted with ritonavir), grazoprevir, glecaprevir, and voxila- 
previr; these agents are all used in combination with DAAs from 
other classes. 


NSSA Inhibitors (-asvirs) 

NSSA inhibitors are characterized by very high antiviral potency 
at picomolar doses. The cross-genotype efficacy of these agents 
varies, with greater genotypic coverage with the second-generation 
than first-generation NS5A inhibitors. Approved and second- 
generation NSSA inhibitors include daclatasvir, ledipasvir, ombi- 
tasvir, and elbasvir, velpatasvir, and pibrentasvir. 


NSS5B Polymerase Inhibitors (-buvirs) 

HCV NSSB polymerase inhibitors are categorized as nucleoside 
or nucleotide analog and non-nucleoside polymerase inhibitors. 
Non-nucleoside polymerase inhibitors are the weakest class 
of compounds against HCV because of a low barrier to resis- 
tance. Most drugs in this class are active mainly against HCV 
genotype 1b and to a lesser extent against HCV genotype la. 
Different domains in the polymerase protein can be targeted by 
non-nucleoside polymerase inhibitors, and theoretically, use of 
a combination of different non-nucleoside polymerase inhibi- 
tors is possible. Importantly, there is also no cross-resistance 
between drugs targeting different polymerase domains.’!° The 
only FDA-approved non-nucleoside inhibitor is dasabuvir. In 
contrast, the nucleos(t)ide analogs are active across all HCV 
genotypes and have a high barrier to resistance. Nucleos(t)ide 
analog RAS may emerge but have very low fitness and do not 
expand rapidly, because they cause a chain termination and 
thereby block HCV replication. A triphosphorylated agent is 
usually required for activity. The first compound tested in a large 
number of patients was mericitabine.!”7!® Unfortunately, the 
compound had only modest antiviral activity, and relapses after 
treatment and breakthroughs during treatment were observed 
frequently in phase 2 trials when mericitabine was used in com- 
bination with protease inhibitors. The first approved nucleotide 
NS5B polymerase inhibitor was sofosbuvir, which has pangeno- 
typic activity and a very high barrier to resistance.*!” 


Approved DAAs in Common Use 
Sofosbuvir 

Sofosbuvir is a pangenotypic NS5B nucleotide inhibitor that is 
administered as a single 400-mg tablet or as part of an FDC with 
other DAAs (discussed later), with or without food. Sofosbuvir 
is predominantly excreted renally (80%), mostly as an active 
metabolite. Therefore, dose reduction is recommended in 
patients with an estimated glomerular filtration rate (eGFR) 
less than 30 mL/min/1.73m*. No dose adjustment is required 
with severe hepatic impairment, thereby allowing sofosbuvir 
to be administered in patients with decompensated cirrhosis. 
Sofosbuvir is well tolerated, and when used in combination with 
RBV, the most common adverse events were fatigue and headache. 
Although sofosbuvir is not metabolized extensively by the liver, 
it is transported by P glycoprotein (P-gp); therefore, sofosbuvir 
should not be co-administered with strong inducers of P-gp, 
such as rifampin, carbamazepine, phenytoin, or St. John’s Wort. 
Hepatic decompensation with lactic acidosis has been reported in 
patients with advanced fibrosis (compensated and decompensated 
cirrhosis) treated with sofosbuvir plus RBV. This is thought to be 
due to mitochondrial toxicity caused by RBV, because sofosbuvir 
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TABLE 80.3 Properties of Classes of DAAs 
Genotype Barrier to Drug-Drug 
Coverage Potency Resistance Interactions Metabolism Approved Drugs* 
NS3/4A Protease Inhibitors + tO ++ ++ tO +++ + tO ++ ++ tO +++ Hepatic Simeprevir 
(-previrs) Grazoprevir 
Paritaprevir 
Glecaprevir 
Voxilaprevir 
NS5A inhibitors + to +++ +++ + to ++ + to ++ Hepatic Daclatasvir 
(-asvirs) Ombitasvir 
Elbasvir 
Ledipasvir 
Velpatasvir 
Pibrentasvir 
Nucleoside NSS5B inhibitors +++ +++ +++ + Renal Sofosbuvir 
(-uvirs) 
Non-nucleoside NSS5B inhibitors + + to ++ + ++ Hepatic Dasabuvir 


(-uvirs) 


*In order of approval 
+, lowest; +++, highest. 


has not been convincingly linked to mitochondrial toxicity, or to 
lactic acidosis, which is known to occur in the context of hepatic 
decompensation.??° 

Although the precise mechanism is still not fully known, 
sofosbuvir is contraindicated in patients receiving amiodarone, 
because severe and life-threatening bradycardia within hours to 
weeks of co-administration has been reported. If a sofosbuvir- 
containing DAA regimen is planned for a patient on amiodarone 
and the amiodarone can be safely discontinued, the DAAs should 
be delayed for at least 3 months after cessation of amiodarone, 
due to its long half-life. Caution is recommended with other anti- 
arrhythmics. 

Sofosbuvir/Ledipasvir 
The combination of sofosbuvir (see earlier) plus the NS5A 
inhibitor ledipasvir is administered as a 2-drug FDC of sofosbuvir 
400 mg and ledipasvir 90 mg as a single, once-daily tablet, with or 
without food. In contrast to sofosbuvir, ledipasvir is metabolized 
predominantly in the liver and excreted unchanged in bile. 
However, ledipasvir can be given safely to patients with severe 
hepatic impairment with no significant effect on plasma ledipasvir 
levels or pharmacokinetics. Because sofosbuvir is renally excreted, 
this regimen is not recommended for patients with severe renal 
impairment (eGFR <30 mL/min/1.73 m°). The most frequently 
reported adverse events were fatigue and headache. Both ledipasvir 
and sofosbuvir are transported by P-gp and breast cancer resistance 
protein (BCRP), and therefore, potent P-gp/BCRP inducers 
will lower sofosbuvir and ledipasvir levels. Because this regimen 
contains sofosbuvir, the same DDIs that exist with sofosbuvir 
alone apply to this FDC. Rosuvastatin co-administration is not 
recommended because of inhibition of OATP by ledipasvir, and 
careful monitoring for statin-related adverse events is required with 
use of other HMG-CoA reductase inhibitors. Medications that 
alter gastric pH such as antacids, H2RAs, and PPIs may also affect 
ledipasvir levels, because ledipasvir becomes less soluble as gastric 
pH increases. In real-world experiences with this regimen, SVR 
rates were slightly lower in patients receiving high-dose PPIs.??! 
Therefore, H2RAa and PPIs should be dosed 12 hours apart from 
sofosbuvir/ledipasvir, with a maximal daily dose equivalent of 40 
mg for famotidine or 20 mg for omeprazole. Sofosbuvir/ledipasvir 
can be administered with antiretrovirals with the exception of 
tenofovir and ritonavir/cobicistat-containing regimens due to an 
increase in tenofovir levels, which require monitoring. 

Elbasvir/Grazoprevir 
The combination of the NS5A inhibitor elbasvir 50 mg and 
the NS3/4A protease inhibitor grazoprevir 100 mg is available 


as a single FDC tablet administered once daily, with or without 
food. Both grazoprevir and elbasvir are partially metabolized by 
CYP3A4 and predominantly excreted in bile and feces. Both are 
extensively bound to plasma proteins. Grazoprevir exposure is 
increased greatly with severe hepatic impairment, and therefore, 
like all protease inhibitors, the drug is contraindicated in patients 
with Child-Pugh class B or C cirrhosis. This regimen is safe in 
patients with severe renal failure. The most common adverse 
events are headache and fatigue. Relevant DDIs to consider are 
inducers of CYP3A and P-gp, including some antiretrovirals (see 
Table 80.4). 
Sofosbuvir/Velpatasvir 
Sofosbuvir 400 mg and the next-generation NS5A inhibitor 
velpatasvir 100 mg are coformulated in a single FDC tablet given 
once daily, with or without food. The combination has pangeno 
typic coverage. Velpatasvir undergoes hepatic metabolism by 
CYP2B6, CYP2C8, and CYP3A4 and is also transported by P-gp, 
BCRP, and, to a small extent, OATPIB1. Velpatasvir can be 
administered to patients with severe hepatic impairment without 
alterationsin velpatasvir plasma concentration or pharmacokinetics. 
‘The major adverse events reported with this FDC were headache, 
fatigue, and nausea, and their frequencies were similar to those 
reported in the placebo arm. Due to CYP metabolism and P-gp/ 
BCRP binding of velpatasvir, potent CYP and P-gp inducers 
are contraindicated with this regimen (see ‘Table 80.4). As with 
ledipasvir, the solubility of velpatasvir decreases with increasing 
gastric pH levels; therefore, recommendations regarding use of 
antacids, H2RAs, and PPIs as outlined for sofosbuvir/ledipasvir 
therapy should also be followed with sofosbuvir/velpatasvir. 
Sofosbuvir/Velpatasvir/Voxilaprevir 

Sofosbuvir 400 mg, velpatasvir 100 mg, and the NS3/4A protease 
inhibitor voxilaprevir 100 mg coformulated as a single 3-drug 
FDC tablet is administered once daily with food. This FDC has 
pangenotypic activity. Voxilaprevir is metabolized extensively 
in the liver by CYP3A4 and, like velpatasvir, is an inhibitor of 
P-gp, BCRP, OATP1B1, and OATP1B3. As with all protease 
inhibitors, voxilaprevir exposure is significantly higher with 
moderate and severe hepatic impairment, and therefore, the 
drug is not recommended in patients with Child-Pugh class B 
cirrhosis and contraindicated in those with Child-Pugh class 
C cirrhosis. The most frequently reported adverse events 
with this triple regimen were headache, diarrhea, and nausea, 
suggesting increased additional GI toxicity with voxilaprevir. 
Because these agents are metabolized by CYP3A4 and are 
inhibitors of transporter proteins, DDIs occur with substrates 


TABLE 80.4 Drug-Drug Interactions with DAAs 


Co-administered 


Drug Class 


Anesthetics, 
muscle 
relaxants 


Analgesics 


Antihelminitics 


Antiarrhythmics 


Antibiotics 


DAA 


Daclatasvir 


Metamizole 


Amiodarone 
Digoxin 
Dronedarone 
Quinidine 


Chloramphenicol 
Clarithromycin 
Erythromycin 
Isoniazid 
Rifabutin 
Rifampicin 
Rifapentine 
Telithromycin 
Troleandomycin 


Elbasvir/ 
Grazoprevir 


Fentanyl 
Metamizole 
Oxycodone 


Amiodarone 
Dronedarone 
Quinidine 


Bedaquiline 
Isoniazid 
Rifabutin 
Rifampicin 
Rifapentine 
Rifaximin 
Telithromycin 
Troleandomycin 


Glecaprevir/ 
Pibrentasvir 


Alfentanil 
Fentanyl 
Hydrocodone 
Metamizole 
Oxycodone 


Amiodarone 
Digoxin 
Dronedarone 
Quinidine 


Bedaduiline 
Clarithromycin 
Erythromycin 
Isoniazid 
Rifabutin 
Rifampicin 
Rifapentine 
Rifaximin 
Telithromycin 
Troleandomycin 


Sofosbuvir/ 
Ledipasvir 


Buprenorphine 
Fentanyl 


Amiodarone 
Digoxin 
Dronedarone 
Quinidine 


Bedaquiline 
Isoniazid 
Rifabutin 
Rifampicin 
Rifapentine 
Telithromycin 


PrOD Sofosbuvir 


Bupivacaine 
Ketamine Tizanidine 


Alfentanil = 
Buprenorphine 
Codeine 
Dextropropoxyphene 
Diamorphine 
Dihydrocodeine 
Fentanyl 
Hydrocodone 
Hydromorphone 
Meloxicam 
Metamizole 
Morphine 
Oxycodone 
Tramadol 


Albendazole = 
Ivermectin 
Praziquantel 


Amiodarone 
Dronedarone 


Amiodarone 
Bepridil 
Digoxin 
Disopyramide 
Dofetilide 
Dronedarone 
Flecainide 
Lidocaine 
Propafenone 
Quinidine 
Vernakalant 
Isoniazid 
Rifabutin 
Rifampicin 
Rifapentine 


Bedaquiline 
Chloramphenicol 
Clarithromycin 
Clindamycin 
Erythromycin 
Isoniazid 
Moxifloxacin 
Rifabutin 
Rifampicin 
Rifapentine 
Rifaximin 
Telithromycin 
Troleandomycin 


Sofosbuvir/ 
Velpatasvir 


Buprenorphine 
Metamizole 


Amiodarone 
Digoxin 
Dronedarone 
Quinidine 


Isoniazid 
Rifabutin 
Rifampicin 
Rifapentine 
Troleandomycin 


Sofosbuvir/Velpatasvir/ 
Voxilaprevir 


Buprenorphine 
Metamizole 


Amiodarone 
Digoxin 
Dronedarone 
Quinidine 


Clarithromycin 
Erythromycin 
Isoniazid 
Rifabutin 
Rifampicin 
Rifapentine 
Rifaximin 
Telithromycin 
Troleandromycin 
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Anticoagulants, 
antiplatelets, 
fibrinolytics 


Anticonvulsants 


Antidepressants 


Antidiabetics 


Antifungals 


Apixaban 
Dabigatran 
Edoxaban 
Eltrombopag 
Rivaroxaban 
Ticagrelor 
Warfarin 


Carbamazepine 
Eslicarbamazepine 
Oxcarbazepine 
Perampanel 
Phenobarbital 
Phenytoin 
Primidone 
Zonisamide 


Nefazodone 


Canagliflozin 
Repaglinide 


Isavuconazole 
Itraconazole 
Ketoconazole 
Miconazole 
Posaconazole 
Voriconazole 


Apixaban 
Dabigatran 
Edoxaban 
Eltrombopag 
Phenprocoumon 
Rivaroxaban 
Ticagrelor 
Warfarin 


Carbamazepine 
Eslicarbamazepine 
Oxcarbazepine 
Phenobarbital 
Phenytoin 
Primidone 
Rufinamide 


Ketoconazole 


Acenocoumarol 
Apixaban 
Dabigatran 
Edoxaban 
Eltrombopag 
Fluindione 
Phenprocoumon 
Rivaroxaban 
Ticagrelor 
Warfarin 


Carbamazepine 
Eslicarbamazepine 
Oxcarbazepine 
Phenobarbital 
Phenytoin 
Primidone 
Rufinamide 


Glibenclamide 
Repaglinide 
Vildagliptin 


Ketoconazole 
Posaconazole 


Apixaban 
Dabigatran 
Edoxaban 
Phenprocoumon 
Rivaroxaban 
Ticagrelor 
Warfarin 


Carbamazepine 
Eslicarbamazepine 
Oxcarbazepine 
Phenobarbital 
Phenytoin 
Primidone 
Rufinamide 
Zonisamide 


Canagliflozin 


Miconazole 


Acenocoumarol Warfarin 
Anagrelide 
Apixaban 
Clopidogrel 
Dabigatran 
Dipyridamole 
Edoxaban 
Fluindione 
Phenprocoumon 
Prasugrel 
Rivaroxaban 
Ticlopidine 
Warfarin 


Carbamazepine 
Clonazepam 
Eslicarbamazepine 
Ethosuximide 
Lacosamide 
Lamotrigine 
Oxcarbazepine 
Perampanel 
Phenobarbital 
Phenytoin 
Primidone 
Rufinamide 
Sultiame 
Tiagabine 
Valproate 


Phenytoin 
Primidone 


Bupropion = 
Clomipramine 
Desvenlafaxine 

Dosulepin 

Imipramine 

Mirtazapine 

Sertraline 

Trazodone 

Venlafaxine 


Canagliflozin = 
Glibenclamide 

Gliclazide 

Pioglitazone 

Repaglinide 

Rosiglitazone 

Saxagliptin 


Griseofulvin - 
Isavuconazole 

Itraconazole 

Ketoconazole 

Posaconazole 

Voriconazole 


Carbamazepine 
Oxcarbazepine 
Phenobarbital 


Rufinamide 


Apixaban 
Dabigatran 
Edoxaban 
Eltrombopag 
Rivaroxaban 
Ticagrelor 
Warfarin 


Carbamazepine 
Eslicarbamazepine 
Oxcarbazepine 
Phenobarbital 
Phenytoin 
Primidone 
Rufinamide 


Empagliflozin 
Repaglinide 


Apixaban 
Dabigatran 
Edoxaban 
Eltrombopag 
Fluindione 
Phenprocoumon 
Rivaroxaban 
Ticagrelor 
Warfarin 


Carbamazepine 
Eslicarbamazepine 
Oxcarbazepine 
Phenobarbital 
Phenytoin 
Primidone 
Rufinamide 


Empagliflozin 
Repaglinide 
Vildagliptin 


Continued 
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Co-administered 
Drug Class DAA 
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Sofosbuvir/Velpatasvir/ 
Voxilaprevir 


Sofosbuvir/ 
Velpatasvir 


Sofosbuvir/ 
Ledipasvir PrOD 


Elbasvir/ 
Grazoprevir 


Glecaprevir/ 


Daclatasvir Pibrentasvir Sofosbuvir 


Antihistamines 


Antimigraine 
agents 


Antiprotozoals 


Antipsychotics, 
neuroleptics 


Bilastine 
Cetirizine 
Fexofenadine 


Artemisinin 
Artesunate 
Dihydroartemisinin 
Mefloquine 
Primaquine 
Quinine 


Paliperidone 


Bilastine 


Dihydroergotamine 
Ergotamine 
Methylergonovine 


Artemisinin 
Artesunate 
Dihydroartemisinin 
Quinine 


Aripiprazole 
Pimozide 
Quetiapine 


Astemizole 
Bilastine 
Fexofenadine 
Terfenadine 


Dihydroergotamine 
Ergotamine 
Methylergonovine 


Mefloquine 
Quinine 


Aripiprazole 
Clozapine 
Paliperidone 
Pimozide 
Quetiapine 
Thioridazine 


Bilastine 


Dihydroergotamine 


Ergotamine 


Methylergonovine 


Mefloquine 
Quinine 


Paliperidone 
Pimozide 


Astemizole = Bilastine Bilastine 


Chlorphenamine 
Fexofenadine 
Loratadine 
Terfenadine 


Dihydroergotaminene 


Eletriptan 
Ergotamine 
Frovatriptan 
Methylergonovine 
Zolmitriptan 


Artemether 
Artemisinin 
Artesunate 
Atovaquone 
Dihydroartemisinin 
Halofantrine 
Lumefantrine 
Mefloquine 
Proguanil 

Quinine 


Aripiprazole 
Asenapine 
Chlorpromazine 
Chlorprothixene 
Clozapine 
Flupentixol 
Fluphenazine 
Haloperidol 
lloperidone 
Olanzapine 
Perazine 
Pimozide 
Quetiapine 
Risperidone 
Thioridazine 
Trifluoperazine 
Ziprasidone 
Zuclopenthixol 


Artemesinin 
Artesunate 
Dihydroartemisinin 


Fexofenadine 


Artemesinin 
Artesunate 
Dihydroartemisinin 
Mefloquine 
Quinine 


Paliperidone 


Anxiolytics, Amobarbital 
hypnotics, 
sedatives 

B receptor Carvedilol 
antagonists 

Bronchodilators — 

Calcium Amlodipine 
channel Diltiazem 
blockers Felodipine 

Nicardipine 
Nifedipine 
Nisoldipine 
Verapamil 

Cancer Dasatinib 

therapies Erlotinib 
Everolimus 
lrinotecan 
Lapatinib 
Methotrexate 
Mitoxantrone 
Nilotinib 
Temsirolimus 
Vinorelbine 


Amobarbital 
Clotiapine 
Midazolam 


Felodipine 


Bosutinib 
Brentuximab 
vedotin 

Erlotinib 
Everolimus 
Imatinib 
lrinotecan 
Lapatinib 
Methotrexate 
Mitoxantrone 
Nilotinib 
Temsirolimus 
Vinblastine 
Vincristine 
Vinorelbine 


Amobarbital 
Clotiapine 


Carvedilol 


Theophylline 


Diltiazem Verapamil 


Bosutinib 
Brentuximab 
vedotin 

Doxorubicin 
Erlotinib 
Everolimus 
Imatinib 
rinotecan 
Lapatinib 
Methotrexate 
Mitoxantrone 
Nilotinib 
Sunitinib 
Vinblastine 
Vincristine 
Vinorelbine 


Amobarbital 
Clotiapine 
Midazolam 


Carvedilol 


Amlodipine 
Diltiazem 
Felodipine 


Erlotinib 
Everolimus 
lrinotecan 
Lapatinib 
Mitoxantrone 
Temsirolimus 
Vinorelbine 


Alprazolam Amobarbital Amobarbital 
Amobarbital 
Bromperidol 
Buspirone 

Clobazam 
Clorazepate 

Clotiapine 

Diazepam 

Estazolam 

Flurazepam 
Lorazepam 
Lormetazepam 
Midazolam (oral) 
Midazolam (parenteral) 
Oxazepam 

Quazepam 

Triazolam 

Zaleplon 

Zopiclone 


Bisoprolol = Carvedilol 
Carvedilol 
Labetalol 


Oxprenolol 


Formoterol = = 
Salmeterol 
Theophylline 


Amlodipine = Diltiazem 
Diltiazem 

Felodipine 

Nicardipine 

Nifedipine 

Nisoldipine 

Nitrendipine 

Verapamil 


Erlotinib 
Everolimus 
Imatinib 
Irinotecan 
Lapatinib 
Methotrexate 
Mitoxantrone 
Nilotinib 
Tamoxifen 
Temsirolimus 
Vinblastine 
Vincristine 
Vinorelbine 


Bortezomib = 
Bosutinib 
Brentuximab vedotin 
Cisplatin 
Dasatinib 
Erlotinib 
Etoposide 
Everolimus 
Gefitinib 
Imatinib 
Irinotecan 
Lapatinib 
Letrozole 
Mitoxantrone 
Nilotini 
Oxaliplatin 
Sorafenib 
Sunitinib 
Tamoxifen 
Temsirolimus 
Vinblastine 
Vincristine 
Vinorelbine 


Amobarbital 


Carvedilol 


Diltiazem Verapamil 


Erlotinib 
Everolimus 
Imatinib 
Irinotecan 
Lapatinib 
Methotrexate 
Mitoxantrone 
Nilotinib 
Tamoxifen 
Temsirolimus 
Vinblastine 
Vincristine 
Vinorelbine 


Continued 
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TABLE 80.4 Drug-Drug Interactions With DAAs—cont’d 


Co-administered 
Drug Class 


Contraceptives, 
hormone 
replacement 


Erectile 
dysfunction 


GI agents 


Hepatitis 
nucleos(t)ide 
analogs 


Herbal, 
supplements, 
vitamins 


HIV entry/ 
integrase 
inhibitors 


HIV NNRTIs 


DAA 
Elbasvir/ Glecaprevir/ Sofosbuvir/ Sofosbuvir/ Sofosbuvir/Velpatasvir/ 
Daclatasvir Grazoprevir Pibrentasvir Ledipasvir PrOD Sofosbuvir Velpatasvir Voxilaprevir 
= = Estradiol = Desogestrel = Estradiol Estradiol 
Ethinylestradiol Dienogest Ethinylestradiol 
Estradiol 
Ethinylestradiol 
Norethisterone 
E = g = Sildenafil - = = 
Tadalafil 
Vardenafil 
Aprepitant Cisapride Cimetidine Aluminum Aprepitant Aluminium Aprepitant Aluminium hydroxide 
Cimetidine Loperamide Cisapride hydroxide Cisapride hydroxide Cimetidine Antacids 
Loperamide Domperidone Antacids Domperidone Antacids Esomeprazole Cimetidine 
Droperidol Cimetidine Droperidol Famotidine Esomeprazole 
Esomeprazole Cisapride Esomeprazole Lansoprazole Famotidine 
Famotidine Esomeprazole Lansoprazole Omeprazole Lansoprazole 
Lansoprazole Famotidine Naloxegol Pantoprazole Loperamide 
Loperamide Lansoprazole Omeprazole Rabeprazole Omeprazole 
Omeprazole Loperamide Pantoprazole Ranitidine Pantoprazole 
Pantoprazole Omeprazole Rabeprazole Sulfasalazine Rabeprazole 
Rabeprazole Pantoprazole Sulfasalazine Ranitidine 
Ranitidine Prucalopride Sulfasalazine 
Sulfasalazine Rabeprazole 
Ranitidine 
= = = TDF = = TOE TDF 
Grapefruit juice St. John’s Wort St. John’s Wort St. John’s Wort Diosmin St. John’s Wort St. John’s Wort St. John’s Wort 


Serenoa repens 
St. John’s Wort 


Elvitegravir/cobi/ 
FTC/TAF 

Elvitegravir/cobi/ 
FTC/TDF 


Delavirdine 
Efavirenz 
Etravirine 
Nevirapine 
Rilpivirine 


Elvitegravir/cobi/ 
FTC/TAF 

Elvitegravir/cobi/ 
FTC/TDF 


Efavirenz 
Etravirine 
Nevirapine 


Bictegravir/FTC/TAF 


Efavirenz 
Etravirine 
Nevirapine 


Elvitegravir/cobi/ 
FTC/TDF 


Efavirenz 


Grapefruit juice 
Serenoa repens 
St. John’s Wort 


Bictegravir/FTC/TAF 
Elvitegravir/cobi/FTC/TAF 
Elvitegravir/cobi/FTC/TDF 
Maraviroc 


Delavirdine 
Efavirenz 
Etravirine 
Nevirapine 
Rilpivirine 


Elvitegravir/cobi/ 
FTC/TDF 


Efavirenz 
Etravirine 
Nevirapine 


Elvitegravir/cobi/FTC/TDF 
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HIV NRTIs 


HIV protease 
inhibitors 


Hypertension, 
heart failure 
agents 


ATZ 
Cobi/ATV/DRV 
Fosamprenavir 
Indinavir 
Ritonavir 
Saquinavir 
Tipranavir 


Aliskiren 
Bosentan 
Isradipine 
Olmesartan 
Ranolazine 


Illicit, recreational — 


ATZ 
Cobi/ATV/DRV 
DRV 
Fosamprenavir 
Indinavir 
Lopinavir 
Nelfinavir 
Ritonavir 
Saquinavir 
Tipranavir 


Ambrisentan 
Bosentan 
Candesartan 
Eplerenone 
Isradipine 
Prazosin 
Ranolazine 


Gamma- 


hydroxybutyrate 


ATZ 
Cobi/ATV/DRV 
DRV 
Fosamprenavir 
Indinavir 
Lopinavir 
Nelfinavir 
Ritonavir 
Saquinavir 
Tipranavir 


Aliskiren 
Ambrisentan 
Bosentan 
Candesartan 
Enalapril 
Eplerenone 
Irbesartan 
Isradipine 
Olmesartan 
Prazosin 
Ranolazine 
Telmisartan 


Gamma- 


hydroxybutyrate 


TDF 


Cobi/ATV/DRV 
Lopinavir 
Tipranavir 


Aliskiren 
Eplerenone 
Irbesartan 
Isradipine 
Ranolazine 


FTC/TAF - 


ATZ Nelfinavir 
Cobi/ATV/DRV Tipranavir 
DRV 

Fosamprenavir 

Indinavir 

Lopinavir 

Nelfinavir 

Ritonavir 

Saquinavir 

Tipranavir 


Aliskiren = 
Ambrisentan 
Benazepril 
Bosentan 
Clonidine 
Doxazosin 
Enalapril 
Eplerenone 
Furosemide 
ndapamide 
rbesartan 
sradipine 
Vvabradine 
Lacidipine 
Lercanidipine 
Macitentan 
Olmesartan 
Ranolazine 
Riociguat 
Sildenafil 
Tadalafil 
Telmisartan 
Treprostinil 
Valsartan 
Xipamide 


Amphetamine = 
Cannabis 
Cocaine 
Ecstasy 
Gamma-hydroxybutyrate 
Lysergic acid 
diethylamide 
Mephedrone 
Methamphetamine 
Phencyclidine 


TDF 


Tipranavir 


Bosentan 
Prazosin 


TDF 


ATZ 
Cobi/ATV/DRV 
DRV 
Fosamprenavir 
Indinavir 
Lopinavir 
Nelfinavir 
Ritonavir 
Saquinavir 
Tipranavir 


Aliskiren 
Ambrisentan 
Bosentan 
Candesartan 
Enalapril 
Irbesartan 
Isradipine 
Olmesartan 
Prazosin 
Ranolazine 
Telmisartan 
Valsartan 


Continued 
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TABLE 80.4 Drug-Drug Interactions with DAAs—cont’d 


Co-administered 


Drug Class DAA 
Elbasvir/ Glecaprevir/ Sofosbuvir/ Sofosbuvir/ Sofosbuvir/Velpatasvir/ 
Daclatasvir Grazoprevir Pibrentasvir Ledipasvir PrOD Sofosbuvir Velpatasvir Voxilaprevir 
Immunos- = Cyclosporine Cyclosporine = Cyclosporine = = Cyclosporine 
uppressants Sirolimus Sirolimus Mycophenolate Sirolimus 
Tacrolimus Tacrolimus Sirolimus Tacrolimus 
Tacrolimus 
Lipid-lowering Atorvastatin Atorvastatin Atorvastatin Atorvastatin Atorvastatin = Atorvastatin Atorvastatin 
agents Fluvastatin Fluvastatin Ezetimibe Fluvastatin Ezetimibe Fluvastatin Ezetimibe 
Lovastatin Gemfibrozil Fluvastatin Lovastatin Fluvastatin Lovastatin Fluvastatin 
Pitavastatin Lovastatin Gemfibrozil Pitavastatin Gemfibrozil Pitavastatin Lovastatin 
Pravastatin Rosuvastatin Lovastatin Pravastatin Lovastatin Rosuvastatin Pitavastatin 
Rosuvastatin Simvastatin Pitavastatin Rosuvastatin Pitavastatin Simvastatin Pravastatin 
Simvastatin Pravastatin Simvastatin Pravastatin Rosuvastatin 
Rosuvastatin Rosuvastatin Simvastatin 
Simvastatin Simvastatin 
Miscellaneous Activated charcoal Activated charcoal Activated charcoal Activated charcoal Activated charcoal Activated Activated charcoal Activated charcoal 
agents Colchicine Colchicine Colchicine Colchicine Atomoxetine charcoal Colchicine Colchicine 
Cholestyramine Cholestyramine Cholestyramine Cholestyramine Bromocriptine Cholestyramine  Cholestyramine Cholestyramine 
Conivaptan Dexamfetamine Dexamfetamine Dexamfetamine Carisoprodol Lumacaftor/ Dexamfetamine Dexamfetamine 
Dexamfetamine Eliglustat Eliglustat Glycerol Cilostazol ivacaftor Glycerol Glycerol phenylbutyrate 
Glycerol Flibanserin Flibanserin phenylbutyrate Clomiphene Modafinil phenylbutyrate Lofexidine 
phenylbutyrate Glycerol Glycerol Lofexidine Colchicine Orlistat Lofexidine Lumacaftor/ivacaftor 
Lanreotide phenylbutyrate Phenylbutyrate Lumacaftor/ Cholestyramine Sevelamer Lumacaftor/ Modafinil 
Levothyroxine Lofexidine Lofexidine ivacaftor Conivaptan Strontium ivacaftor Orlistat 
Lofexidine Lumacaftor/ Lumacaftor/ Modafinil Cyclobenzaprine ranelate Modafinil Sevelamer 
Lumacaftor/ ivacaftor ivacaftor Orlistat Dexamfetamine UDCA Orlistat Strontium ranelate 
ivacaftor Modafinil Modafinil Sevelamer Donepezil Sevelamer UDCA 
Modafinil Orlistat Orlistat Strontium ranelate Eliglustat Strontium ranelate 
Orlistat Strontium ranelate Strontium ranelate UDCA Flibanserin UDCA 
Sevelamer UDCA UDCA Glycerol phenylbutyrate 
Strontium ranelate Isotretinoin 
UDCA Lantreotide 
Levothyroxine 
Lofexidine 
Lumacaftor/ivacaftor 
Minoxidil 
Modafinil 
Orlistat 
Sevelamer 


Strontium ranelate 


v9OSL 


JON] XI LYWd 


Oxytocics Mifepristone Ergometrine Ergometrine Ergometrine Ergometrine (ergonovine) — = - 
(ergonovine) (ergonovine) (ergonovine) Mifepristone 


Parkinsonism = = = = Rasagiline = = - 
agents Ropinirole 


Steroids Dexamethasone = Dexamethasone = Betamethasone = = = 
Budesonide 
Ciclesonide 
Clobetasol (topical) 
Dexamethasone 
Fludrocortisone 
Flunisolide 
Fluticasone 
Hydrocortisone (topical) 
Methylprednisolone 
Mometasone 
Prednisolone 
Triamcinolone 


Urologic agents — = = = Alfluzosin = = - 
Dutasteride 
Tamsulosin 
Tolterodine 


Blue, Potential weak interaction; orange, potential interaction; red, significant interaction—do not co-administer 
ATV, atazanavir; cobi, cobicistat; DRV, darunavir; FTC, emtricitabine; NNATI/s, non-nucleoside reverse transcriptase inhibitors; NRT/s, nucleoside reverse transcriptase inhibitors; PrOD, paritaprevir/ 
ritonavir/ombitasvir and dasabuvir; TAF, tenofovir alafenamide; TDF, tenofovir disoproxil fumarate. 
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of these transporters and potent inducers of CYP3A4, including 
antiretrovirals (see Table 80.4). Rosuvastatin, in particular, is 
contraindicated because co-administration was associated with 19- 
fold higher plasma levels of rosuvastatin. Sofosbuvir/velpatasvir/ 
voxilaprevir is contraindicated in women taking ethinylestradiol- 
based contraception due to the risk of elevations in serum ALT 
levels. Because this regimen also contains velpatasvir, DDIs with 
agents that increase gastric pH are also relevant. 
Glecaprevir/Pibrentasvir 

‘The combination of the NS3/4A protease inhibitor glecaprevir 100 
mg and the NSSA inhibitor pibrentasvir 40 mg are coformulated as 
a 2-drug FDC tablet given as 3 tablets once daily with food. Both 
drugs are excreted predominantly in the bile and are inhibitors of 
the transporter proteins P-gp, BCRP, OATP1B1, and OATP1B3. 
Because of significantly higher glecaprevir exposure in patients 
with moderate and severe hepatic impairment, this combination is 
contraindicated in those with Child-Pugh class B and C cirrhosis. 
The regimen is safe in patients with severe renal impairment, 
including patients with end-stage renal disease (ESRD) with and 
without dialysis. As with many other DAAs, DDIs include strong 
inducers of P-gp and CYP3A4, including antiretrovirals (see 
Table 80.4). The solubility of glecaprevir decreases as gastric pH 
increases; however, dose modification is not required for doses of 
PPIs equivalent to omeprazole 40 mg per day; higher doses have 
not been formally studied. 


Acute Hepatitis C 


Although postexposure prophylaxis against HCV is not effec- 
tive, treatment of acute HCV infection is effective.??? However, 
early treatment of acute HCV was more important in the IFN 
era when various cohort studies demonstrated higher (+85%) 
response rates if acute hepatitis C was treated with IFN early 
after acquisition than when HCV infection was chronic and 
response rates were only 54% to 56% overall.’’? Because a 
substantial proportion of patients may clear the acute infec- 
tion spontaneously without any antiviral intervention, different 
strategies have been proposed to avoid unnecessary treatment, 
particularly with IFN.''*??? The patients IFN-43 genotype 
can provide an indication as to whether a patient is more or 
less likely to recover spontaneously’***; however, the posi- 
tive predictive value of [FN-A3 testing is below 90%, and treat- 
ment decisions cannot be based solely on the patient’s [FN-A3 
genotype. A prospective randomized trial compared immediate 
treatment of acute hepatitis C with PegIFN alone and a delayed 
approach of starting combination therapy with PegIFN and 
RBV after 12 weeks in those patients who did not become HCV 
RNA negative spontaneously.*?> Delayed therapy resulted in 
a lower SVR rate on an intention-to-treat analysis but gave 
similar response rates on an “adherence-to-therapy” analysis. 
Therefore, delayed therapy is effective, but early treatment has 
advantages because fewer patients are lost to follow up. Data are 
emerging on the efficacy of IFN-free DAA regimens for both 
acute HCV monoinfection’**?** and acute HCV infection in 
HIV-positive individuals’???30; however, these studies are small, 
and consensus on the optimal treatment regimen, timing of ini- 
tiation of therapy, treatment duration, and cost-effectiveness”?! 
has not been established. 

A reasonable approach for managing acute hepatitis C is to 
monitor the serum HCV RNA for at least 12 to 16 weeks before 
DAA treatment is considered to allow adequate time for sponta- 
neous clearance. Treatment of acute hepatitis C in the context of 
HIV coinfection is similar to that for patients with HCV monoin- 
fection.’??730.232 Given the high efficacy and favorable safety pro- 
files of the DAA regimens, the same regimens used for chronic 
HCV infection are recommended in acute HCV infection (see 
later).??!* IFN-based regimens are no longer recommended. 


Chronic Hepatitis C 


In contrast to most other chronic viral infections, cure of HCV 
infection is possible. HCV has an entirely cytoplasmic life cycle; 
therefore, suppression of viral replication in the absence of resis- 
tance can cure HCV-infected cells. 

Until 2011, the standard of care for the treatment of HCV 
infection was the combination of a PegIFN plus RBV. However, 
IFN-based therapy was associated with poor overall cure rates 
(54% to 56%),*%3> with significant toxicity leading to dis- 
continuation of therapy in 14% of patients. In addition, many 
patients were either ineligible for or intolerant of IFN, thereby 
limiting treatment options in these patients. 

The first DAAs (telaprevir, boceprevir, simeprevir, and sofos- 
buvir) were developed as “triple” therapy to be used in combi- 
nation with PegIFN plus RBV.62# Although SVR rates were 
higher, limitations included restricted HCV genotypic activ- 
ity, additional toxicity beyond PegIFN/RBV, poor response in 
cirrhotic patients and prior null responders, and RAS consid- 
erations, as well as a requirement for PegIFN/RBV eligibility. 
Subsequently, combination IFN-free DAA regimens were devel- 
oped (see earlier). IFN-based regimens are no longer recom- 
mended for treatment of HCV infection. 

Combinations of DAAs that target distinct and complementary 
steps in the HCV life cycle (see Fig. 80.1) have revolutionized the 
treatment of HCV infection, yielding SVR rates in excess of 95% 
with minimal toxicity. The first proof-of-concept study showing 
an SVR in 4 patients with chronic hepatitis C with an IFN-free 
DAA combination therapy was published in 2012.24 The com- 
pounds investigated were the HCV NSSA inhibitor daclatasvir 
and the HCV NS3 protease inhibitor asunaprevir. SVR rates were 
only 22% (2/9) in HCV genotype 1a patients; however, SVR rates 
were considerably higher in HCV genotype 1b patients (90% for 
treatment-naive patients and 82% for patients who were prior 
nonresponders to or ineligible for IFN), * providing proof-of- 
concept that IFN-free therapy can cure HCV, but that the efficacy 
of all-oral combination regimens may differ among HCV geno- 
types and subtypes. Since this study, many DAAs have undergone 
clinical development, 13 of which have been approved by the FDA 
as of early 2020 (5 protease inhibitors, 6 NSS5A inhibitors, and 2 
NS5B inhibitors). The oldest IFN-free DAA regimens are HCV 
genotype specific, whereas the more recently approved IFN-free 
regimens have pangenotypic coverage. IFN-free DAA regimens 
are discussed in the context of each HCV genotype/subtype, pres- 
ence or absence of cirrhosis, and treatment history, because these 
factors are important considerations when choosing an IFN-free 
DAA regimen. Special populations, including persons with decom- 
pensated cirrhosis, HCV recurrence following LT, and renal 
impairment are discussed later. 

The 13 DAAs approved by the FDA for the treatment of 
chronic hepatitis C infection include the NS3/4A protease inhibi- 
tors simeprevir, paritaprevir (ritonavir boosted), grazoprevir, 
glecaprevir, and voxilaprevir; the NS5A inhibitors daclatasvir, 
ombitasvir, ledipasvir, elbasvir, velpatasvir, and pibrentasvir; and 
the NSSB inhibitors sofosbuvir and dasabuvir (see ‘Table 80.3). 
Pangenotypic drugs or FDCs include sofosbuvir, sofosbuvir/ 
velpatasvir, sofosbuvir/velpatasvir/voxilaprevir, and glecaprevir/ 
pibrentasvir. Genotype-specific drugs or FDCs include sofosbu- 
vir/ledipasvir, and elbasvir/grazoprevir. RBV can be added to some 
IFN-free DAA regimens in more difficult-to-treat populations, 
such as HCV genotype 3 cirrhotic patients. 


Genotype 1 


Several FDA-approved IFN-free DAA regimens are recom- 
mended for HCV genotype 1 patients, based on HCV subtype, 
treatment history, presence or absence of cirrhosis, and, for some 
regimens, the presence or absence of baseline NS5A RAS. 


Treatment-Naive Genotype la 
As of early 2020, there were 4 recommended IFN-free DAA regi- 
mens for HCV genotype la patients without and with compen- 
sated cirrhosis that all have similar efficacy (Table 80.5). 

Sofosbuvir/Ledipasvir 
Noncirrhotic and Compensated Cirrhotic Patients. The FDC of 
sofosbuvir (400 mg)/ledipasvir (90 mg) once daily for 12 weeks is 
approved for HCV genotype la infection in patients without cir- 
rhosis based on data from the phase 3 registrations studies, ION- 
1746 and ION-374’. ION-1°46 investigated HCV genotype 1 (la 
and 1b) patients, including patients without and with (16%) com- 
pensated cirrhosis, treated with sofosbuvir/ledipasvir for 12 or 24 
weeks with and without RBV. SVR12 rates were 97% to 99% 
across all treatment arms and HCV subtypes, indicating that 12 
weeks of sofosbuvir/ledipasvir without RBV was sufficient. SVR12 
rates were similar among HCV genotype 1la-infected patients 
without and with compensated cirrhosis (98% and 97%, respec- 
tively). Therefore, this regimen is recommended in both noncir- 
rhotic and compensated cirrhotic HCV patients with genotype la 
HCV. ION-3?*’ investigated whether the duration of therapy with 
sofosbuvir/ledipasvir could be shortened and compared 8 weeks 
of sofosbuvir/ledipasvir with and without RBV versus 12 weeks of 
sofosbuvir/ledipasvir in treatment-naive HCV genotype 1-infected 
patients. Compensated cirrhotic patients were excluded from this 
study. In an intention-to-treat analysis, there was no difference in 
SVR12 among the treatment arms (93% to 95%), although relapse 
rates were numerically higher in the 8-week treatment arm irre- 
spective of RBV use. A post hoc analysis of the 8-week RBV-free 
arm revealed higher relapse rates in patients with high viral loads 
(>6 million IU/mL) at baseline. Although this was a post hoc analy- 
sis, these data led to the recommendation that 8 weeks of sofos- 
buvir/ledipasvir without RBV is sufficient in noncirrhotic HCV 
genotype 1 treatment-naive patients with a baseline HCV RNA 
level less than 6 million IU/mL. Real-world clinical experience has 
confirmed the similar efficacy rates of 8 and 12 weeks of sofosbu- 
vir/ledipasvir for this group of patients. 

Elbasvir/Grazoprevir 
Noncirrhotic and Compensated Cirrhotic Patients Without Baseline 
NSSA RAS. The FDC of elbasvir (50 mg)/grazoprevir (100 mg) 
once daily for 12 weeks is also approved for HCV genotype la 
infection based on data from the phase 3 C-EDGE study.?** 
‘Treatment-naive patients with HCV genotypes 1, 4, and 6 were 
randomized to receive elbasvir/grazoprevir for 12 weeks versus 
placebo for 12 weeks followed by 12 weeks of elbasvir/grazopre- 
vir. The SVR12 rate in patients with HCV genotype 1a infection 
was 92%. SVR12 rates were similar across all groups enrolled in 
the study (94% in noncirrhotics and 97% in compensated cirrhot- 
ics). SVR12 rates were significantly lower in HCV genotype la 
patients with baseline NS5A RAS, particularly in HCV genotypela 
patients with cirrhosis. Therefore, treatment extension to 16 weeks 
is recommended in noncirrhotic HCV-1a patients with baseline 
NSSA RAS to elbasvir. This combination is not recommended in 
cirrhotic HCV-1a patients with NS5A RAS to elbasvir. 

Sofosbuvir/Velpatasvir 
Noncirrhotic and Compensated Cirrhotic Patients. The FDC of 
sofosbuvir (400 mg)/velpatasvir (100 mg) given once daily for 12 
weeks is a pangenotypic regimen approved for HCV genotype la 
infection based on the ASTRAL-1 study.*? This study evaluated 
sofosbuvir/velpatasvir for 12 weeks in patients with HCV geno- 
types 1 through 6, without and with compensated cirrhosis (19% 
cirrhotic patients). The overall SVR12 rate in HCV genotype la 
infection was 98% and was similar in patients who did and did not 
receive RBV. Overall SVR12 rates were comparable in patients 
with compensated cirrhosis (99%). Interestingly, with this regi- 
men, the presence of baseline NS5A RAS (>15%) did not impact 
SVR12 rates.?50 

Glecaprevir/Pibrentasvir 
Noncirrbotic Patients. The NS3/4A protease inhibitor glecap- 
revir (100 mg) plus the NSSA inhibitor pibrentasvir (40 mg) is 
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a pangenotypic regimen available as an FDC tablet adminis- 
tered as 3 tablets once daily for 8 weeks in noncirrhotic HCV 
genotype la infection based on the SURVEYOR-I/IP?! and 
ENDURANCE-‘1 trials.?°? Both 8 and 12 weeks of this FDC reg- 
imen were evaluated. SVR12 rates were 99% for the 8-week arm 
and 99.7% for the 12-week arm, demonstrating noninferiority 
in noncirrhotic HCV genotype la-infected patients. Therefore, 
8 weeks of glecaprevir/pibrentasvir is recommended for noncir- 
rhotic patients with HCV genotype 1a infection. 

Compensated Cirrhotic Patients. The same FDC regimen of 
glecaprevir/pibrentasvir for 12 weeks has also been evaluated in 
compensated cirrhotic patients in the EXPEDITION-1 study.” 
SVR12 rates were 98% in HCV genotype la-infected patients 
with compensated cirrhosis; only 1 patient experienced relapse. 


Treatment-Naive Genotype 1b 

The same 4 recommended IFN-free DAA regimens for HCV 
genotype la patients are also recommended to treat HCV geno- 
type 1b infection, all of which have similar efficacy (see Table 
80.5). 

Sofosbuvir/Ledipasvir 
Noncirrhotic and Compensated Cirrhotic Patients. The FDC of 
sofosbuvir (400 mg)/ledipasvir (90 mg) once daily for 12 weeks is 
also approved for HCV genotype 1b infection in patients without 
and with compensated cirrhosis based on data from the phase 3 
registrations studies, ION-1?46 and ION-3.7*” As mentioned ear- 
lier, SVR12 rates in the ION-1 study*#° were 97% to 99% across 
all treatment arms and were similar irrespective of HCV subtype 
and fibrosis stage. Similar to HCV genotype la infection, a post 
hoc analysis of the ION-3 study”*+’ demonstrated that therapy 
could be shortened to 8 weeks only in noncirrhotic patients with 
an HCV RNA level less than 6 million IU/mL. Real-world clini- 
cal experience has subsequently demonstrated similar efficacy 
rates for 8 and 12 weeks of sofosbuvir/ledipasvir. 

Elbasvir/Grazoprevir 
Noncirrhotic and Compensated Cirrhotic Patients. The FDC of 
elbasvir (50 mg)/grazoprevir (100 mg) once daily for 12 weeks is 
also approved for HCV genotype 1b infection based on data from 
the phase 3 C-EDGE study.’** SVR12 rates were 99% in HCV 
genotype 1b patients (higher than in HCV genotype la infec- 
tion), and was similar among patients without and with compen- 
sated cirrhosis. Baseline NS5A RAS did not affect SVR12 rates in 
HCV genotype 1b-infected patients. 

Sofosbuvir/Velpatasvir 
Noncirrbotic and Compensated Cirrhotic Patients. The FDC of 
sofosbuvir (400 mg)/velpatasvir (100 mg) given once daily for 
12 weeks is also approved for HCV genotype 1b infection based 
on the ASTRAL-1 study.7*? The SVR12 rate in HCV genotype 
1b-infected patients was 99% and was similar in patients who did 
and did not receive RBV and among noncirrhotic and cirrhotic 
patients. 

Glecaprevir/Pibrentasvir 
Noncirrbotic Patients. Glecaprevir (100 mg) plus pibrentas- 
vir (40 mg) administered as 3 tablets once daily for 8 weeks is 
also approved for HCV genotype 1b infection based on the 
SURVEYOR-1 and ENDURANCE-1 trials.7°!7>? Both 8 and 
12 weeks of this FDC regimen were evaluated in HCV geno- 
type 1b noncirrhotic patients. SVR12 rates were 100% for HCV 
genotype 1b patients in both arms, demonstrating that 8 weeks is 
sufficient in noncirrhotic patients. 

Compensated Cirrhotic Patients. The same FDC regimen of 
glecaprevir/pibrentasvir for 12 weeks has also been evaluated in 
compensated cirrhotic patients in the EXPEDITION-1 study.” 
All cirrhotic patients with HCV genotype 1b achieved an SVR12. 


PegIFN/RBV Treatment-Experienced Genotype la 

Four recommended IFN-free DAA regimens have been approved 
by the FDA for noncirrhotic HCV genotype 1a-infected patients 
who have previously received IFN (standard or pegylated) with or 


1268 PARTIX Liver 


TABLE 80.5 DAA Regimens for HCV Genotype 1 Infection 


Regimen Duration (Weeks) Fibrosis Stage SVR12 (%) Study 
TREATMENT-NAIVE 
Genotype 1a Recommended 
Elbasvir (50 mg)/grazoprevir (100 mg) 12 FO-3, F4 92 C-EDGE**8 
Glecaprevir (300 mg)/pibrentasvir (120 mg) 8 FO-3 97-99 SURVEYOR-1/11251; 
ENDURANCE-1252 
Glecaprevir (300 mg)/pibrentasvir (120 mg) 12 F4 99 EXPEDITION-1253 
Sofosbuvir (400 mg)/ledipasvir (90 mg) 8i F0-3 94 ION-3247 
Sofosbuvir (400 mg)/ledipasvir (90 mg) 12 FO-3, F4 99 ION-124 
Sofosbuvir (400 mg)/velpatasvir (100 mg) 12 FO-3, F4 98 ASTRAL-1249 
Genotype 1a Alternative 
Elbasvir (50 mg)/grazoprevir (100 mg) 16? FO-3, F4 100 C-EDGE:248 
Genotype 1b Recommended 
Elbasvir (50 mg)/grazoprevir (100 mg) 2 FO-3, F4 99 C-EDGE?48 
Glecaprevir (300 mg)/pibrentasvir (120 mg) 8 FO-3 100 SURVEYOR-I/II25": 
ENDURANCE-1252 
Glecaprevir (300 mg)/pibrentasvir (120 mg) 12 F4 100 EXPEDITION- 1252 
Sofosbuvir (400 mg)/ledipasvir (90 mg) 8* FO-3 94 ION-3247 
Sofosbuvir (400 mg)/ledipasvir (90 mg) 12 FO-3, F4 97-99 ION-1248 
Sofosbuvir (400 mg)/velpatasvir (100 mg) 12 FO-3, F4 99 ASTRAL-1249 
PEGIFN/RBV TREATMENT-EXPERIENCED 
Genotype 1a Recommended 
Elbasvir (50 mg)/grazoprevir (100 mg) 12% FO-3, F4 94 C-EDGE255,344 
Glecaprevir (300 mg)/pibrentasvir (120 mg) 8 F0-3 99.7 ENDURANCE-1252 
Glecaprevir (300 mg)/pibrentasvir (120 mo) 12 F4 99 EXPEDITION-1 29° 
Sofosbuvir (400 mg)/ledipasvir (90 mg) 12 FO-3 95-100 ION-2254 
Sofosbuvir (400 mg)/velpatasvir (100 mg) 12 FO-3, F4 98 ASTRAL-1249 
Genotype 1b Recommended 
Elbasvir (50 mg)/grazoprevir (100 mg) 12 FO-3, F4 100 C-EDGE?55.384 
Glecaprevir (300 mg)/pibrentasvir (120 mg) 8 FO-3 99 ENDURANCE-1252 
Glecaprevir (300 mg)/pibrentasvir (120 mg) 12 F4 99 EXPEDITION- 1253 
Sofosbuvir (400 mg)/ledipasvir (90 mg) i2 FO-3 95-100 ION-2254 
Sofosbuvir (400 mg)/velpatasvir (100 mg) 12 FO-3, F4 99 ASTRAL-1249 
NS3/4A PROTEASE INHIBITOR PLUS PEGIFN/RBV TREATMENT-EXPERIENCED 
Genotype 1 Recommended 
Sofosbuvir (400 mg)/velpatasvir (100 mg) 12 FO-3, F4 100 ASTRAL-1249 
Sofosbuvir (400 mg)/ledipasvir (90 mg) 12 FO-3, F3 94-96 ION-2254 
Glecaprevir (300 mg)/pibrentasvir (120 mg) 12 FO-3, F4 92 MAGELLAN-1297 
Genotype 1 Alternative 
Elbasvir (50 mg)/grazoprevir (100 mg) plus weight- 12 FO-3 96 C-SALVAGE®"! 
based RBV 
Elbasvir (50 mg)/grazoprevir (100 mg) plus weight- 16% FO-3, F4 96 C-SALVAGE®"' 
based RBV 
Sofosbuvir (400 mg)/ledipasvir (90 mg) plus weight- 12 F4 100 SIRIUS?258 
based RBV Pianko et al.312 
DAA TREATMENT-EXPERIENCED, EXCLUDING NS5A INHIBITORS 
Genotype 1 Recommended 
Sofosbuvir (400 mg)/velpatasvir (100 mg)/voxilaprevir 12 FO-3,1 F41 97 POLARIS-4258 
(100 mg) 
Glecaprevir (300 mg)/pibrentasvir (120 mg) 12 FO-3, F4 99 for FO-3 ENDURANCE- 1252 
89-91 for F4 EXPEDITION- 1292 
MAGELLAN- 1297 
Sofosbuvir (400 mg)/velpatasvir (100 mg) 12 FO-3,8 F4§ 96 POLARIS-4258 


TABLE 80.5 DAA Regimens for HCV Genotype 1 Infection—cont’d 


Regimen Duration (Weeks) 
Genotype 1 Alternative 
Sofosbuvir (400 mg)/ledipasvir (90 mg) plus weight- 12 
based RBV 
NS5A INHIBITOR TREATMENT-EXPERIENCED 
Genotype 1 Recommended 
Sofosbuvir (400 mg)/velpatasvir (100 mg)/voxilaprevir 12 
(100 mg) 
Genotype 1 Alternative 
Glecaprevir (800 mg)/pibrentasvir (120 mg) ie 
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Fibrosis Stage SVR12 (%) Study 
FO-311 98-100 Osinusi et al.313 
Wyles et al.314 
FO-3, F4 95 (1a) POLARIS- 1258 
100 (1b) 
EOS Ral 91 MAGELLAN- 1297 


*If baseline HCV RNA <6 million IU/mL in HCV monoinfection only 
tIn patients without baseline NS5A RAS 

ln patients with baseline NS5A RAS 

SHCV genotype 1b patients only 

SIHCV genotype 1a patients only 

Excluding simeprevir failures 

“Excluding DAA regimens that included a protease inhibitor 


FO-3, METAVIR fibrosis stages O to 3; F4, METAVIR fibrosis stage 4, compensated; Peg/FN, pegylated interferon; RAS, resistance-associated substitutions; 
RBV, ribavirin; SVR12, sustained virologic response 12 weeks after completion of therapy. 


without RBV. In addition, 3 FDA-approved IFN-free DAA regi- 
mens are recommended, with 1 alternative regimen, for compen- 
sated cirrhotic HCV genotype la patients who have failed IFN/ 
RBV therapy (see Table 80.5). 

Sofosbuvir/Ledipasvir 
Noncirrhotic Patients. The FDC of sofosbuvir (400 mg)/ledipas- 
vir (90 mg) for 12 weeks is recommended in HCV genotype la 
noncirrhotic patients who have previously received PegIFN with 
or without RBV based on the ION-2 study.’** Patients received 
12 or 24 weeks of sofosbuvir/ledipasvir with or without RBV. 
In noncirrhotic HCV genotype 1 patients, the SVR12 rates 
ranged from 95% to 100%, and were similar in the 12-week and 
24-week arms with or without RBV, irrespective of HCV sub- 
type. Therefore, 12 weeks of sofosbuvir/ledipasvir without RBV 
is recommended in PegIFN/RBV treatment-experienced HCV 
genotype la-infected patients. In compensated cirrhotic patients, 
sofosbuvir/ledipasvir with the addition of RBV is an alternative 
regimen (see later). 

Elbasvir/Grazoprevir 
Noncirrhotic and Compensated Cirrhotic Patients without Baseline 
NSSA RAS. The FDC of elbasvir (50 mg)/grazoprevir (100 mg) 
once daily for 12 weeks has been approved for HCV genotype 
la noncirrhotic and compensated cirrhotic patients with previous 
PegIFN/RBV treatment failure based on the C-EDGE study.**° 
Patients received 12 or 16 weeks of elbasvir/grazoprevir with or 
without RBV. The SVR12 rate was 94% in the 12-week arm irre- 
spective of RBV use. Furthermore, SVR12 rates were similar in 
the 16-week arms with and without RBV (97% vs. 95%, respec- 
tively). As in HCV genotype la treatment-naive patients, SVR12 
rates were significantly lower in patients with baseline NS5A RAS 
(52% SVR12). Therefore, 12 weeks of elbasvir/grazoprevir with- 
out RBV is recommended in HCV genotype 1a-infected patients 
without baseline NS5A RAS who previously failed PegIFN/RBV, 
irrespective of fibrosis stage. 

Sofosbuvir/Velpatasvir 
Noncirrhotic and Compensated Cirrhotic Patients. The FDC of 
sofosbuvir (400 mg)/velpatasvir (100 mg) once daily for 12 weeks 
has been approved for noncirrhotic and compensated cirrhotic 
HCV genotype la patients who have previously failed PegIFN/ 
RBV therapy based on the ASTRAL-1 study.’#? The SVR12 
rate in noncirrhotic PegIFN/RBV treatment-experienced HCV 
genotype 1-infected patients was 98%. Overall SVR12 rates were 
similar in noncirrhotic and compensated cirrhotic patients (99%). 
Therefore, 12 weeks of elbasvir/grazoprevir is recommended in 


noncirrhotic and compensated cirrhotic PegIFN/RBV treat- 
ment-experienced patients with HCV genotype 1a infection. 

Glecaprevir/Pibrentasvir 
Noncirrhbotic Patients. The FDC of glecaprevir (100 mg)/pibren- 
tasvir (40 mg) administered as 3 tablets once daily for 8 weeks 
is approved for noncirrhotic HCV genotype la PegIFN/RBV 
treatment-experienced patients based on the ENDURANCE-1 
study.*°? Noncirrhotic patients were randomized to receive 8 or 
12 weeks of glecaprevir/pibrentasvir. SVR12 rates were 99.1% in 
the 8-week arm and 99.7% in the 12-week arm, demonstrating 
that 8 weeks is sufficient in HCV genotype La-infected noncir- 
rhotic patients. 

Compensated Cirrhotic Patients. In compensated cirrhotic 
patients, 12 weeks of the FDC of glecaprevir (100 mg)/ 
pibrentasvir (40 mg) administered as 3 tablets once daily is 
recommended based on the EXPEDITION-1 study.” The 
SVR12 rate in HCV genotype 1 patients was 99%, with all but 
one patient achieving SVR12. Therefore, 12 weeks of glecaprevir/ 
pibrentasvir is recommended in compensated cirrhotic patients. 

Alternative IFN-Free DAA Regimens 
Alternative regimens for HCV genotype la-infected patients 
with compensated cirrhosis who are PegIFN/RBV treatment- 
experienced listed in Table 80.5, is sofosbuvir/ledipasvir with 
weight-based RBV for 12 weeks. 


PegIFN/RBV Treatment-Experienced Genotype 1b 

Four IFN-free DAA regimens have been approved by the FDA, 
for noncirrhotic HCV genotype 1b-infected patients who have 
previously received IFN (standard or pegylated) with or without 
RBV. In addition, 3 FDA-approved IFN-free DAA regimens 
and 1 alternative regimen for the treatment of HCV genotype 
1b-infected PegIFN/RBV treatment-experienced patients with 
compensated cirrhosis can be used (see Table 80.5). 

Sofosbuvir/Ledipasvir 

Noncirrhotic Patients. The FDC of sofosbuvir (400 mg)/ledipasvir 
(90 mg) once daily for 12 weeks is FDA approved for HCV geno- 
type 1b-infected PegIFN/RBV treatment-experienced patients 
without cirrhosis based on the ION-2 study.*>+ ION-2 evalu- 
ated 12 or 24 weeks of sofosbuvir/ledipasvir with and without 
RBV. SVR12 rates in noncirrhotic HCV genotype 1-infected 
patients were 95% to 100%, irrespective of HCV subtype and 
were similar with and without the addition of RBV and in the 12- 
and 24-week arms. Therefore, 12 weeks of sofosbuvir/ledipasvir 
is recommended in HCV genotype 1b-infected noncirrhotic 
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patients previously treated with PegIFN/RBV. In compensated 
cirrhotic patients, sofosbuvir/ledipasvir with the addition of RBV 
is an alternative regimen (see later). 

Elbasvir/Grazoprevir 
Noncirrbotic and Compensated Cirrhotic Patients. The FDC of elbas- 
vir (50 mg)/grazoprevir (100 mg) for 12 weeks is recommended 
in HCV genotype 1b-infected noncirrhotic and compensated cir- 
rhotic patients previously treated with PegIFN/RBV based on 
the C-EDGE study.” In this study, 12 and 16 weeks of elbasvir/ 
grazoprevir with or without RBV were evaluated in HCV geno- 
type 1-infected patients previously treated with PegIFN/RBV. 
This study also included patients with compensated cirrhosis. 
SVR12 rates were similar among all 4 treatment arms (94% to 
97%), irrespective of fibrosis stage. Therefore, 12 weeks of elbas- 
vir/grazoprevir without RBV is recommended. 

Sofosbuvir/Velpatasvir 
Noneirrhotic and Compensated Cirrhotic Patients. The FDC 
of sofosbuvir (400 mg)/velpatasvir (100 mg) for 12 weeks is 
approved for noncirrhotic and compensated cirrhotic HCV 
genotype lb PegIFN/RBV treatment-experienced patients 
based on the ASTRAL-1 study.**? This study evaluated 12 or 24 
weeks of sofosbuvir/velpatasvir with or without RBV in patients 
infected with HCV genotype 1, 2, 4, 5, or 6, including those 
with compensated cirrhosis. The SVR12 rate was 99% in HCV 
genotype 1b patients (treatment-naive and treatment-experi- 
enced). Furthermore, overall SVR12 rates were similar among 
noncirrhotic and compensated cirrhotic patients (99%) and in 
treatment-naive and treatment-experienced patients (99%). 
Therefore, 12 weeks of sofosbuvir/velpatasvir is recommended 
in HCV genotype 1b-infected patients previously treated with 
PegIFN/RBV, without and with compensated cirrhosis. 

Glecaprevir/Pibrentasvir 
Noncirrhotic Patients. The FDC of glecaprevir (100 mg)/pibren- 
tasvir (40 mg) administered as 3 tablets once daily is approved 
for HCV genotype 1b-infected PegIFN/RBV treatment-experi- 
enced patients without cirrhosis based on the ENDURANCE-1 
study.’>* In this study, glecaprevir/pibrentasvir for 8 or 12 weeks 
was investigated in HCV genotype 1-infected PegIFN/RBV 
treatment-experienced patients without cirrhosis. SVR12 rates 
were 99% in the 8-week arm and 99.7% in the 12-week arm, 
demonstrating noninferiority of the 8-week arm. Therefore, 
8 weeks of glecaprevir/pibrentasvir is recommended in HCV 
genotype 1-infected noncirrhotic patients previously treated with 
PegIFN/RBV. 

Alternative IFN-Free DAA Regimens 
Alternative regimens for HCV genotype 1b-infected patients 
with compensated cirrhosis who are prior PegIFN/RBV treat- 
ment-experienced listed in Table 80.5 include PrOD for 12 
weeks, simeprevir plus sofosbuvir for 12 weeks, and daclatasvir 
plus sofosbuvir for 12 weeks in noncirrhotic patients and PrOD 
for 12 weeks and sofosbuvir/ledipasvir plus RBV for 12 weeks. 


NS3/4A Protease Inhibitor Plus PegIFN/RBV Treatment- 
Experienced Genotype 1 
‘Three FDA recommended and 1 alternative IFN-free DAA regi- 
mens for HCV genotype 1 (la and 1b) noncirrhotic patients who 
have previously been treated with a first-generation NS3/4A pro- 
tease inhibitor plus PegIFN/RBV are available. In compensated 
cirrhotics, there are 2 FDA approved regimens and 2 alternative 
regimens (see Table 80.5). 

Sofosbuvir/Ledipasvir 
Noncirrbotic Patients. The FDC of sofosbuvir (400 mg)/ledipasvir 
(90 mg) once daily for 12 weeks is recommended for NS3/4A pro- 
tease inhibitor plus PegIFN/RBV treatment-experienced, HCV 
genotype 1-infected noncirrhotic patients based on the ION-2 
study.™”*4 Among all HCV-1 treatment-experienced patients 
(PegIFN/RBV or PegIFN/RBV plus an NS3/4A protease inhibi- 
tor), the SVR12 rates were 94% and 96% for the 12-week arm 


with and without RBV, respectively, and 99% for the 24-week 
arm with and without RBV. Relapse rates were higher in com- 
pensated cirrhotic patients; therefore, 12 weeks of sofosbuvir/ 
ledipasvir is recommended in noncirrhotic NS3/4A protease 
inhibitor plus PegIFN/RBV treatment-experienced HCV geno- 
type 1-infected patients. 

Sofosbuvir/Velpatasvir 
Noncirrbotic and Compensated Cirrhotic Patients. The FDC sofos- 
buvir (400 mg)/velpatasvir (100 mg) once daily for 12 weeks is 
also approved for HCV genotype 1 noncirrhotic and compen- 
sated cirrhotic patients previously treated with NS3/4A protease 
inhibitor plus PegIFN/RBV therapy, based on the ASTRAL-1 
study.?*# The SVR12 rate in these patients was 100%, irrespec- 
tive of fibrosis stage. 

Glecaprevir/Pibrentasvir 
Noncirrhotic and Compensated Cirrhotic Patients. The FDC of gle- 
caprevir (100 mg)/pibrentasvir (40 mg) administered as 3 tablets 
once daily for 12 weeks is also recommended in HCV genotype 
1-infected patients with compensated cirrhosis and without cirrho- 
sis with prior NS3/4A protease inhibitor plus PegIFN/RBV fail- 
ure, based on the MAGELLAN-1 study.*5” In MAGELLAN-1, 
DAA-experienced HCV genotype 1-infected patients received 12 
or 16 weeks of glecaprevir/pibrentasvir. The overall SVR12 rates 
were similar in the 12-week and 16-week arms (89% vs. 91%, 
respectively). When considering only patients who had received 
protease inhibitors and not other DAAs, the SVR12 rate was 
100% in both arms. 

Alternative IFN-Free DAA Regimens 
The alternative regimen for noncirrhotic and compensated cir- 
rhotic HCV genotype 1-infected NS3/4A protease inhibitor 
treatment-experienced patients is elbasvir/grazoprevir plus RBV 
for 12 weeks without baseline NS5A RAS and 16 weeks with 
baseline NS5A RAS (see Table 80.5). Sofosbuvir/ledipasvir plus 
RBV is also an alternative regimen in HCV genotype 1-infected 
compensated cirrhotic patients with prior NS3/4A protease 
inhibitor exposure. 


Sofosbuvir (without an NSSA_ Inhibitor) Treatment- 
Experienced Genotype 1. 
Two IFN-free DAA regimens for HCV genotype 1a-infected 
and 2 IFN-free DAA-regimens for HCV genotype 1b-infected 
noncirrhotic and compensated cirrhotic patients who have previ- 
ously received a sofosbuvir-containing regimen without an NS5A 
inhibitor are recommended. An additional alternative regimen 
for HCV genotype 1-infected noncirrhotic patients who have 
received an NS5A inhibitor-containing regimen that did not con- 
tain simeprevir is available (see Table 80.5). 
Sofosbuvir/Velpatasvir/Voxilaprevir 
The FDC of sofosbuvir (400 mg)/velpatasvir (100 mg)/voxilaprevir 
(100 mg) once daily for 12 weeks is approved in HCV genotype 
la-infected patients with compensated cirrhosis and without 
cirrhosis who have previously failed an IFN-free DAA regimen 
that included sofosbuvir without an NSSA inhibitor, based on 
the POLARIS-4 study.” In this study,” noncirrhotic and 
compensated cirrhotic patients who had previously received 
sofosbuvir without an NS5A inhibitor were randomized to 12 
weeks of sofosbuvir/velpatasvir/voxilaprevir (triple therapy) or 
sofosbuvir/velpatasvir (dual therapy). SVR12 rates were 97% in the 
triple therapy arm compared with 90% in the dual therapy arm, 
with more relapses in those treated with sofosbuvir/velpatasvir. 
Glecaprevir/Pibrentasvir 
‘The FDC of glecaprevir (100 mg)/pibrentasvir (40 mg) administered 
as 3 tablets once daily for 12 weeks is also recommended for HCV 
genotype | (la or 1b) noncirrhotic and compensated cirrhotic 
patients previously treated with sofosbuvir-containing regimens, 
based on the ENDURANCE-1,7°2, EXPEDITION-1,?** and 
MAGELLAN-1?°? studies. ENDURANCE-1?* evaluated 8 and 
12 weeks of glecaprevir/pibrentasvir in noncirrhotic treatment- 


naive and treatment-experienced (including prior sofosbuvir [but 
not NS5A] failure) patients with HCV genotype 1 infection. 
Overall SVR12 rates were 99.1% and 99.7% for the 8- and 12- 
week arms, respectively; however, only 3 patients enrolled in the 
study had a history of prior treatment with a sofosbuvir-containing 
regimen. EXPEDITION-1?*> enrolled HCV genotype 1, 2, 4, 
5, or 6 patients with compensated cirrhosis, including patients 
who had previously failed sofosbuvir-containing DAA regimens. 
Patients received 12 weeks of glecaprevir/pibrentasvir. SVR12 
rates were 99% in HCV genotype 1-infected patients, with one 
HCV genotype la patient in the 8-week arm experiencing viral 
relapse. In MAGELLAN-1,?°? HCV genotype 1- and 4-infected 
patients with prior DAA exposure, including simeprevir plus 
sofosbuvir and NSSA inhibitor failure, received 12 or 16 weeks 
of glecaprevir/pibrentasvir. Although the study was small, 
overall SVR12 rates were similar in both arms (89% vs. 91%, 
respectively). SVR12 rates were lower in patients with a history 
of prior NSSA exposure (88% to 94%) compared with NS3/4A 
protease inhibitor exposure alone (100%). Therefore, based 
on these limited data, 12 weeks of glecaprevir/pibrentasvir is 
recommended for patients who have failed sofosbuvir-containing 
treatment regimens. 

Sofosbuvir/Velpatasvir 
The FDC of sofosbuvir (400 mg)/velpatasvir (100 mg) without 
voxilaprevir is recommended for HCV genotype 1b-infected 
noncirrhotic and compensated cirrhotic patients who previously 
failed sofosbuvir but not NS5A-containing regimens, based on 
the POLARIS-4 study,’ which evaluated the triple therapy 
regimen of sofosbuvir/velpatasvir/voxilaprevir versus dual 
therapy with sofosbuvir/velpatasvir in this patient population. 
SVR12 rates were similar in the triple therapy arm compared 
with the dual therapy arm (96% vs. 95%, respectively). By con- 
trast, SVR12 rates were lower in the dual therapy arm in HCV 
genotype la-infected patients; therefore, triple therapy is recom- 
mended for the HCV genotype 1a patients. 

Alternative IFN-Free DAA Regimen 
The alternative regimen for HCV genotype 1 sofosbuvir (but not 
NSSA inhibitor or simeprevir failures) treatment-experienced 
noncirrhotic patients is sofosbuvir/ledipasvir plus RBV for 12 
weeks (see Table 80.5). 


NSSA Inhibitor Treatment-Experienced 

Unlike the NS3/4A RAS, which are generally less fit and are 
overtaken by wild-type replication-fit virus and therefore 
disappear within months following unsuccessful NS3/4A- 
containing DAA therapy, the NS5A RAS that are selected 
during NS5A-containing DAA regimens have high replication 
fitness and therefore persist as the dominant virus in the qua- 
sispecies for years, even after selection pressure from NS5A 
inhibitors is removed.’°°?°! This observation has implications 
for re-treatment of patients who have previously failed NS5A- 
containing regimens. One FDA approved and one alternative 
IFN-free DAA regimen for HCV genotype 1-infected patients 
with and without compensated cirrhosis who have previously 
received an NS5A inhibitor-containing regimen are available 
(see Table 80.5). 

Sofosbuvir/Velpatasvir/Voxilaprevir 

The FDC of sofosbuvir (400 mg)/velpatasvir (100 mg)/voxilapre- 
vir (100 mg) once daily for 12 weeks is approved for HCV genotype 
1-infected, noncirrhotic and compensated cirrhotic NS5A inhibi- 
tor treatment-experienced patients based on the POLARIS-1 
trial.”8 In POLARIS-1, NS5A inhibitor-experienced noncir- 
rhotic and compensated cirrhotic patients with HCV genotypes 
1 to 6 received 12 weeks of sofosbuvir/velpatasvir/voxilaprevir. 
The majority of patients had previously received ledipasvir (51%) 
or daclatasvir (27%). SVR12 rates were high in HCV genotype 
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la- (95%) and HCV genotype 1b (100%)-infected patients. In 
addition, overall SVR12 rates were similarly high irrespective of 
the presence of baseline NSSA RAS (97% with NS5A RAS and 
97% with NS3 plus NS5A RAS). SVR12 rates were numerically 
lower in compensated cirrhotics (93% for cirrhotics vs. 99% for 
noncirrhotics). These data support the use of this triple DAA reg- 
imen for NSSA inhibitor treatment-experienced HCV genotype 
1-infected patients without and with compensated cirrhosis. 
Alternative IFN-Free DAA Regimen 

The alternative IFN-free regimen for HCV genotype 1-infected 
noncirrhotic and compensated cirrhotic patients who previ- 
ously received an NS5A inhibitor is glecaprevir/pibrentasvir for 
an extended 16 weeks, except in patients who have previously 
received a protease inhibitor (see Table 80.5). 


Genotype 2 


Several FDA-approved IFN-free DAA regimens are recom- 
mended for HCV genotype 2-infected patients; recommended 
regimens depend on treatment history and presence or absence 
of compensated cirrhosis. 


‘Treatment-Naive 
‘Two recommended IFN-free DAA regimens are approved by the 
FDA for the treatment of HCV genotype 2 infection in treat- 
ment-naive patients (Table 80.6). 

Sofosbuvir/Velpatasvir 
Noncirrhotic and Compensated Cirrhotic Patients. The FDC of 
sofosbuvir (400 mg)/velpatasvir (100 mg) once daily for 12 weeks 
is recommended for treatment-naive HCV genotype 2-infected 
patients without and with compensated cirrhosis based on the 
ASTRAL-17*? and ASTRAL-2 studies.” ASTRAL-1*? evalu- 
ated sofosbuvir/velpatasvir for 12 weeks in treatment-naive and 
treatment-experienced patients with compensated cirrhosis and 
without cirrhosis and HCV genotype 1, 2, 4, 5, or 6 infection. In 
HCV genotype 2-infected patients, the SVR12 was 100%. In the 
ASTRAL-2 study,’ treatment-naive HCV genotype 2-infected 
patients without and with compensated cirrhosis (14%) received 
sofosbuvir/velpatasvir or sofosbuvir plus RBV for 12 weeks. 
Overall SVR12 rates were slightly higher in patients receiving 
sofosbuvir/velpatasvir (99%) compared with sofosbuvir plus 
RBV (94%). Efficacy was similar among noncirrhotic (99%) and 
compensated cirrhotic (100%) patients. Therefore, sofosbuvir/ 
velpatasvir for 12 weeks is recommended for treatment-naive 
HCV genotype 2-infected patients irrespective of fibrosis stage. 

Glecaprevir/Pibrentasvir 
Noncirrhotic Patients. The FDC of glecaprevir (100 mg)/pibren- 
tasvir (40 mg) administered as 3 tablets once daily for 8 weeksis also 
approved for treatment-naive HCV genotype 2-infected noncir- 
rhotic patients based on the ENDURANCE-2, SURVEYOR-I, 
and SURVEYOR-II studies.””!?6 ENDURANCE-2 evalu- 
ated 12 weeks of glecaprevir/pibrentasvir in treatment-naive 
and treatment-experienced HCV genotype 2 patients without 
cirrhosis. The SVR12 rate was 99%; no virologic failure was 
observed, and the one patient who did not achieve an SVR12 
was lost to follow up at post-treatment week 4 (this patient did 
achieve an SVR4). SURVEYOR-I and SURVEYOR-II?*!° 
were dose-finding studies that varied the duration of treatment 
(8 and 12 weeks), protease inhibitor dose, and use of RBV in 
noncirrhotic patients with all HCV genotypes. SVR12 rates 
ranged from 96% to 100% across all arms, and the efficacy was 
equivalent in the 8- and 12-week arms and RBV-containing 
and RBV-free arms. Therefore, 8 weeks of the glecaprevir (100 
mg)/pibrentasvir (40 mg), administered as 3 tablets once daily, 
is recommended for HCV genotype 2-infected patients without 
cirrhosis. 
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Compensated Cirrhotic Patients. The FDC of glecaprevir (100 
mg)/pibrentasvir (40 mg) administered as 3 tablets once daily 
for 12 weeks is approved for treatment-naive HCV genotype 
2 patients with compensated cirrhosis based on data from the 
EXPEDITION-1 study.’ This study enrolled treatment-naive 
and IFN-experienced patients infected with HCV genotype 1, 2, 
4, 5, or 6 with compensated cirrhosis. The SVR rate in HCV 
genotype 2-infected patients was 100%. 


PegIFN/RBV Treatment-Experienced 

Two recommended IFN-free DAA regimens for HCV genotype 
2-infected noncirrhotic and compensated cirrhotic patients pre- 
viously treated with PegIFN/RBV are available (see Table 80.6). 

Sofosbuvir/Velpatasvir 
The FDC of sofosbuvir (400 mg)/velpatasvir (100 mg) once daily 
for 12 weeks is FDA approved for the treatment of HCV geno- 
type 2-infected patients with compensated cirrhosis and with- 
out cirrhosis who previously failed PegIFN/RBV, based on the 
ASTRAL-2 study.’ In the ASTRAL-2 study,” HCV genotype 
2-infected patients previously treated with PegIFN/RBV were 
randomized to sofosbuvir/velpatasvir or sofosbuvir plus RBV for 
12 weeks. Overall SVR12 rates were higher in patients receiving 
sofosbuvir/velpatasvir (100% vs. 81% in sofosbuvir/velpatasvir 
and sofosbuvir plus RBV, respectively). Few treatment-experi- 
enced patients with compensated cirrhosis were included, but the 
SVRI12 rate in these patients was 100%. 
Glecaprevir/Pibrentasvir 

Noncirrbotic Patients. The FDC of glecaprevir (100 mg)/pibren- 
tasvir (40 mg) administered as 3 tablets once daily for 8 weeks is 
approved for HCV genotype 2-infected patients without cirrhosis 
who previously failed PegIFN/RBV, based on the SURVEYOR-I 
and SURVEYOR-II studies.’>!» SURVEYOR-I was a dose-ranging 
study of glecaprevir/pibrentasvir for 12 weeks in HCV genotype 1- 
to 6-infected treatment-naive and treatment-experienced patients 
without cirrhosis. SURVEYOR-I evaluated glecaprevir/pibrentas- 
vir for 8 weeks in HCV genotypes 1- to 6-infected treatment-naive 
and treatment-experienced noncirrhotic patients. SVR12 rates were 
96% to 100% in SURVEYOR-I and 98% in SURVEYOR-IH, and 
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SVR rates were similar irrespective of treatment history. 
Compensated Cirrhotic Patients. The FDC of glecaprevir (100 
mg)/pibrentasvir (40 mg) administered as 3 tablets once daily for 
12 weeks is approved for HCV genotype 2-infected compensated 
cirrhotic PegIFN/RBV treatment-experienced patients based on 
the EXPEDITION-1 study.?® In EXPEDITION-1, compensated 
cirrhotic treatment-naive and _ treatment-experienced HCV 
genotype 1, 2, 4, 5, or 6 patients received 12 weeks of glecaprevir/ 
pibrentasvir. The SVR12 rate in HCV genotype 2-infected 
patients was 100%. Therefore, 12 weeks of glecaprevir/pibrentasvir 
is recommended in HCV genotype 2-infected patients with 
compensated cirrhosis who have previously failed PegIFN/RBV. 


Sofosbuvir Treatment-Experienced 
Two IFN-free DAA regimens for HCV genotype 2-infected 
patients with compensated cirrhosis or without cirrhosis who 
have previously failed sofosbuvir plus RBV or sofosbuvir plus 
PegIFN/RBV are approved (see Table 80.6). 

Sofosbuvir/Velpatasvir 
The FDC of sofosbuvir (400 mg)/velpatasvir (100 mg) once daily 
for 12 weeks is approved for sofosbuvir treatment-experienced 
HCV genotype 2-infected patients with compensated cirrho- 
sis and without cirrhosis based on the POLARIS-4 study.”°* In 
POLARIS-4, HCV genotype 1, 2, 3, or 4 patients, including 
compensated cirrhotic patients and prior sofosbuvir failures, 
were randomized to receive triple therapy with sofosbuvir/vel- 
patasvir/voxilaprevir or dual therapy with sofosbuvir/velpatasvir 
for 12 weeks. SVR12 rates were 97% in the dual therapy arm 
and 100% in the triple therapy arm. Therefore, dual therapy is 
recommended in HCV genotype 2-infected patients who have 
previously been treated with sofosbuvir but not NS5A-containing 
regimens. 

Glecaprevir/Pibrentasvir 
‘The FDC of glecaprevir (100 mg)/pibrentasvir (40 mg) administered 
as 3 tablets once daily for 12 weeks is recommended in HCV geno- 
type 2-infected patients with compensated cirrhosis and without 
cirrhosis who have previously failed sofosbuvir plus RBV, based on 
limited data from the ENDURANCE-2 and EXPEDITION-1?°? 


Regimen Duration (Weeks) Fibrosis Stage SVR12 (%) Study 
TREATMENT-NAIVE 
Glecaprevir (300 mg)/pibrentasvir (120 mg) 8 FO-3 96-100 SURVEYOR-I/II251:285 ENDURANCE-1252 
Glecaprevir (300 mg)/pibrentasvir (120 mg) 12 F4 100 EXPEDITION-1253 
Sofosbuvir (400 mg)/velpatasvir (100 mg) 12 F0-3, F4 99-100 ASTRAL-1249 ASTRAL-2262 
PEGIFN/RBV TREATMENT-EXPERIENCED 
Glecaprevir (300 mg)/pibrentasvir (120 mg) 8 FO-3 96-100 SURVEYOR-1/II251:268 
Glecaprevir (300 mg)/pibrentasvir (120 mg) 12 F4 100 EXPEDITION-1253 
Sofosbuvir (400 mg)/velpatasvir (100 mg) 12 FO-3, F4 100 ASTRAL-2262 
SOFOSBUVIR PLUS RBV TREATMENT-EXPERIENCED 
Sofosbuvir (400 mg)/velpatasvir (100 mg) 12 FO-3, F4 97 POLARIS-425° 
Glecaprevir (800 mg)/pibrentasvir (120 mg) 12 FO-3, F4 99-100 ENDURANCE-2 EXPEDITION- 125° 
SOFOSBUVIR PLUS NS5A TREATMENT-EXPERIENCED 
Sofosbuvir (400 mg)/velpatasvir (100 mg)/ 12 FO-3, F4 100 POLARIS- 1258 
voxilaprevir (100 mg 


FO-3, METAVIR fibrosis stages O to 3; F4, METAVIR fibrosis stage 4, compensated; Peg/FN, pegylated interferon; RBV, ribavirin; SVR72, sustained virologic 


response 12 weeks after completion of therapy. 


studies. ENDURANCE-2 enrolled HCV genotype 2-infected non- 
cirrhotic patients, including a small number of patients who had pre- 
viously failed sofosbuvir plus RBV. After 12 weeks of glecaprevir/ 
pibrentasvir, the overall SVR12 rate in HCV genotype 2-infected 
patients was 99%, and all sofosbuvir-experienced patients achieved 
SVR12. EXPEDITION- 17°? enrolled HCV genotype 1, 2, 4, 5, or 6 
patients with compensated cirrhosis, including prior sofosbuvir plus 
PegIFN/RBV failures. Patients received 12 weeks of glecaprevir/ 
pibrentasvir; the SVR12 rate in HCV genotype 2-infected patients 
was 100%. Therefore, 12 weeks of glecaprevir/pibrentasvir is rec- 
ommended in HCV genotype 2-infected noncirrhotic and compen- 
sated cirrhotic patients with previous sofosbuvir failure. 


NSSA Inhibitor Treatment-Experienced 
One IFN-free DAA regimen is recommended for HCV genotype 
2-infected patients without or with compensated cirrhosis who 
have previously failed an NS5A inhibitor-containing regimen 
based on the POLARIS-1 trial (see Table 80.6).758 
Sofosbuvir/Velpatasvir/Voxilaprevir 
Sofosbuvir (400 mg)/velpatasvir (100 mg)/voxilaprevir (100 mg) 
as a single FDC tablet once daily is approved for HCV-2 patients 
who have previously received an NS5A inhibitor containing regi- 
men, except for patients who previously received glecaprevir/ 
pibrentasvir. In POLARIS-1,2°* HCV genotype 1-6-infected 
patients with prior exposure to NSSA inhibitor-containing DAA 
regimens, including patients with compensated cirrhosis, received 
sofosbuvir/velpatasvir/voxilaprevir for 12 weeks. In HCV geno- 
type 2-infected patients, the SVR12 rate was 100%, although 
only 5 HCV genotype 2 patients were enrolled. 


Genotype 3 


Several IFN-free DAA regimens are approved by the FDA for 
HCV genotype 3 patients; recommended regimens depend on 
treatment history, presence or absence of cirrhosis, and, in cir- 
rhotic patients for some regimens, the presence or absence of 
baseline NS5A RAS (Table 80.7). 


‘Treatment-Naive 

‘Two IFN-free DAA regimens are approved for HCV genotype 3 
treatment-naive patients without cirrhosis. (see ‘Table 80.7). Two 
IFN-regimens and 2 alternative regimens are recommended for 
HCV genotype 3 treatment-naive patients with cirrhosis. 


Sofosbuvir/Velpatasvir 
Noncirrhotic and Compensated Cirrhotic Patients. The FDC of 
sofosbuvir (400 mg)/velpatasvir (100 mg) for 12 weeks has been 
approved for the treatment of HCV genotype 3 infection in non- 
cirrhotic and compensated cirrhotic patients, based on data from 
the ASTRAL-3 study.?° Treatment-naive and treatment-experi- 
enced patients received either sofosbuvir/velpatasvir for 12 weeks 
or sofosbuvir plus RBV for 24 weeks. In treatment-naive patients, 
SVR12 rates were significantly higher in the sofosbuvir/velpatasvir- 
treated patients for both noncirrhotic (98% for sofosbuvir/velpa- 
tasvir vs. 90% for sofosbuvir plus RBV) and compensated cirrhotic 
patients (93% for sofosbuvir/velpatasvir vs. 71% for sofosbuvir plus 
RBV). Sixteen percent of participants had baseline NS5A RAS, 
and SVR12 rates were lower in these patients (SVR12 88% with 
baseline NS5A RAS vs. 97% without baseline NS5A RAS). The 
Y93H NS5A RAS is associated with reduced velpatasvir activity; 
the SVR12 rate in patients with this RAS was 84%. Therefore, in 
compensated cirrhotic HCV genotype 3 patients, baseline NSSA 
RAS testing is recommended, and if present, RBV should be added 
or an alternative DAA regimen should be considered. 
Glecaprevir/Pibrentasvir 

Noncirrhotic Patients. The FDC of glecaprevir (100 mg)/pibren- 
tasvir (40 mg) administered as 3 tablets once daily for 8 weeks is 
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approved for HCV genotype 3-infected patients without cirrho- 
sis based on the ENDURANCE-3?*” study. ENDURANCE-3 
compared 8 and 12 weeks of glecaprevir/pibrentasvir with sofos- 
buvir plus daclatasvir for 12 weeks in treatment-naive noncir- 
rhotic HCV genotype 3-infected patients. SVR12 rates were 
similar among all 3 treatment arms (95% for both glecaprevir/ 
pibrentasvir arms and 97% for daclatasvir plus sofosbuvir). 
Therefore, glecaprevir/pibrentasvir for 8 weeks is recommended 
in HCV genotype 3 noncirrhotic patients. 

Compensated Cirrhotic Patients. ‘The FDC of glecaprevir/ 
pibrentasvir 3 tablets once daily is also approved for HCV genotype 
3 infection in compensated cirrhotics; however, the recommended 
treatment duration is 12 weeks based on the SURVEYOR-II 
study. The SURVEYOR-II study (part 3) evaluated glecaprevir/ 
pibrentasvir for 12 or 16 weeks in treatment-naive and treatment- 
experienced HCV genotype 3-infected patients with compensated 
cirrhosis. SVR12 rates were not significantly different across 
all treatment arms, ranging from 91% to 98%. Therefore, 
glecaprevir/pibrentasvir for 12 weeks is recommended in HCV 
genotype 3-infected compensated cirrhotic patients. 

Alternative IFN-Free DAA Regimens 
The 2 alternative regimens for treatment-naive HCV genotype 3 
compensated cirrhotic patients with the Y93H RAS present are 
sofosbuvir/velpatasvir plus weight-based RBV or sofosbuvir/vel- 
patasvir/voxilaprevir for 12 weeks (see ‘Table 80.7). 


PegIFN/RBV Treatment-Experienced 
One recommended and 2 alternative IFN-free DAA regimens are 
available for noncirrhotic HCV genotype 2-infected patients pre- 
viously treated with PegIFN/RBV. In addition, there are 2 rec- 
ommended and 2 alternative IFN-free DAA regimens for HCV 
genotype 3-infected compensated cirrhotic patients previously 
treated with PegIFN/RBV (see Table 80.7). 
Sofosbuvir/Velpatasvir 
The FDC of sofosbuvir (400 mg)/velpatasvir (100 mg) once daily 
for 12 weeks is approved for HCV genotype 3-infected patients 
without cirrhosis who have previously been treated with PegIFN/ 
RBV based on the ASTRAL-3 study.? In ASTRAL-3,? 
HCV genotype 3-infected treatment-naive and PegIFN/RBV 
treatment-experienced noncirrhotic and compensated cirrhotic 
patients were randomized to 12 weeks of sofosbuvir/velpatasvir or 
24 weeks of sofosbuvir plus RBV. In the treatment-experienced 
patients, SVR12 rates were 91% in noncirrhotic and 89% in com- 
pensated cirrhotic patients, which was lower than that in treat- 
ment-naive noncirrhotic patients (SVR12 98%). However, the 
SVR12 rate with sofosbuvir/velpatasvir was significantly higher 
than with 24 weeks of sofosbuvir plus RBV (71% in noncirrhotic 
and 58% in compensated cirrhotic, treatment-experienced HCV 
genotype 3-infected patients). Baseline NS5A RAS, particularly 
the Y93H substitution, also significantly reduced SVR12 rates 
(84%); therefore, this combination is not recommended in HCV 
genotype 3-infected cirrhotic treatment-experienced patients. 
Glecaprevir/Pibrentasvir 
The FDC of glecaprevir (100 mg)/pibrentasvir (40 mg) 3 tab- 
lets daily for 16 weeks is recommended in HCV genotype 3 
cirrhotic PegIFN/RBV treatment-experienced patients based 
on the SURVEYOR-CII study.?°!7°? HCV-3 treatment-naive 
or treatment-experienced patients with compensated cirrhosis 
received 12 or 16 weeks of glecaprevir/pibrentasvir, respectively. 
SVR rates were 98% in the treatment-naive patients receiving 
12 weeks of glecaprevir/pibrentasvir and 96% in treatment-expe- 
rienced patients receiving 16 weeks of glecaprevir/pibrentasvir. 
Therefore, 16 weeks is recommended in cirrhotic Peg-IFN/RBV 
treatment-experienced patients. 
Sofosbuvir/Velpatasvir/Voxilaprevir 
The FDC of sofosbuvir (400 mg)/velpatasvir (100 mg)/voxi- 
laprevir (100 mg) once daily for 12 weeks is also recommended 
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TABLE 80.7 DAA Regimens for HCV Genotype 3 Infection 


Regimen Duration (Weeks) Fibrosis Stage SVR12 (%) Study 
TREATMENT-NAIVE 

Recommended 

Glecaprevir (300 mg)/pibrentasvir (120 mg) 8 FO-3 95 ENDURANCE-3252 
Glecaprevir (300 mg)/pibrentasvir (120 mg) 12 F4 91-98 SURVEYOR-II764 
Sofosbuvir (400 mg)/velpatasvir (100 mg 12 FO-3, F4t 98 ASTRAL-3262 
Alternative 

Sofosbuvir (400 mg)/velpatasvir (100 mg)/Voxilaprevir (100 mg) 2 F4 96 POLARIS-326" 
Sofosbuvir (400 mg)/velpatasvir (100 mg) plus weight-based RBV 12 (54l 95 ASTRAL-3262,263 
PEGIFN/RBV TREATMENT-EXPERIENCED 

Recommended 

Sofosbuvir (400 mg)/velpatasvir (100 mg 12 FO-3t 91 ASTRAL-3262 
Glecaprevir (300 mg)/pibrentasvir (120 mg) 16 F4 91-98 SURVEYOR-II?°* 
Sofosbuvir (400 mg)/velpatasvir (100 mg)/voxilaprevir (100 mg) 12 F4 96 POLARIS-3?63 
Alternative 

Elbasvir (50 mg)/grazoprevir (100 mg) plus sofosbuvir (400 mg) 12 F4 100 C-ISLE 
Glecaprevir (300 mg)/pibrentasvir (120 mg) 16 FO-3 95-96 SURVEYOR-II25' 
Sofosbuvir (400 mg)/velpatasvir (100 mg)/voxilaprevir (100 mg) 12 F0-3 96-97 POLARIS-3263 
Sofosbuvir (400 mg)/velpatasvir (100 mg) plus weight-based RBV 12 F4 96 Pianko et al.312 
DAA TREATMENT-EXPERIENCED, EXCLUDING NS5A INHIBITORS 

Recommended 

Glecaprevir (300 mg)/pibrentasvir (120 mg) 16 FO-3, F4 97 SURVEYOR-II764:265 
Sofosbuvir (400 mg)/velpatasvir (100 mg)/voxilaprevir (100 mg) 12 FO-3 95 POLARIS-1258 
DAA TREATMENT-EXPERIENCED, INCLUDING NS5A INHIBITORS 

Recommended 

Sofosbuvir (400 mg)/velpatasvir (100 mg)/voxilaprevir (100 mg) plus 12 FO-3, F4 93-99 POLARIS-1 258 


weight-based RBV 


*If Y93H NS5A RAS is present. 
tIn patients without baseline Y93H RAS. 


FO-3, METAVIR fibrosis stages O to 3; F4, METAVIR fibrosis stage 4, compensated; Peg/FN, pegylated interferon; RBV, ribavirin; SVR72, sustained virologic 


response 12 weeks after completion of therapy. 


in HCV genotype 3-infected PegIFN/RBV treatment-experi- 
enced compensated cirrhotic patients, based on the POLARIS-3 
study.*°? In POLARIS-3, PegIFN/RBV treatment-experienced 
patients received 12 weeks of triple therapy; the SVR12 was 96%. 
Alternative IFN-Free DAA Regimens 

The 2 alternative IFN-free regimens in HCV genotype 3 
PegIFN/RBV treatment-experienced patients without cirrhosis 
are glecaprevir/pibrentasvir for 16 weeks and sofosbuvir/velpa- 
tasvir/voxilaprevir in patients with the Y93H NSSA RAS (see 
‘Table 80.7). In patients with compensated cirrhosis, the alter- 
native regimens are elbasvir/grazoprevir plus sofosbuvir for 12 
weeks*®° or sofosbuvir/velpatasvir plus RBV for 12 weeks. 


DAA Treatment-Experienced, Excluding NS5A Inhibitors 
There are 2 approved IFN-free DAA regimens in HCV genotype 
3-infected noncirrhotic and compensated cirrhotic patients who 
have previously been treated with DAAs (excluding NS5A inhibi- 
tors) (see Table 80.7). 
Sofosbuvir/Velpatasvir/Voxilaprevir + Ribavirin 

The FDC of sofosbuvir (400 mg)/velpatasvir (100 mg)/voxilapre- 
vir (100 mg) once daily for 12 weeks is recommended for HCV 
genotype 3-infected noncirrhotic and compensated cirrhotic 
patients who have previously failed a DAA-containing regi- 
men (excluding an NSSA inhibitor), based on the POLARIS-1 
study.” In POLARIS-1,*>* DAA-experienced (including NS5A 
inhibitor-experienced) noncirrhotic and compensated cirrhotic 
patients with HCV genotypes 1 to 6 received sofosbuvir/velpatas- 
vir/voxilaprevir for 12 weeks. The SVR12 rate in HCV genotype 


3-infected patients was 95%. SVR12 rates were high in patients 
with baseline NS5A RAS (97%). The overall SVR12 rate among 
all HCV genotype patients enrolled in the study was numeri- 
cally lower in compensated cirrhotic patients (93% vs. 99% in 
compensated cirrhotic and noncirrhotic patients, respectively); 
therefore, the addition of weight-based RBV is recommended in 
DAA-experienced HCV genotype 3-infected patients with com- 
pensated cirrhosis. 
Glecaprevir/pibrentasvir 

The FDC of glecaprevir (100 mg)/pibrentasvir (40 mg), adminis- 
tered as 3 tablets once daily, is also recommended in HCV geno- 
type 3 DAA treatment-experienced (excluding NS5A inhibitors) 
patients with and without cirrhosis. In SURVEYOR-II 64265, 
HCV genotype 3 patients with or without cirrhosis who had 
previously received sofosbuvir-based regimens without an NSSA 
inhibitor received 16 weeks of glecaprevir/pibrentasvir; the 
SVR12 was 97% irrespective of baseline fibrosis stage. Therefore, 
16 weeks of glecaprevir/pibrentasvir is recommended in HCV 
genotype 3 treatment-experienced (with DAA but not NS5A 
inhibitors) HCV genotype 3 patients with and without cirrhosis. 


NSSA Inhibitor DAA Treatment-Experienced Patients 

There is 1 recommended IFN-free DAA regimen recommended 

in HCV genotype patients previously treated with an NS5A 

inhibitor-containing regimen. 
Sofosbuvir/Velpatasvir/Voxilaprevir + Ribavirin 

The FDC of sofosbuvir (400 mg)/velpatasvir (100 mg)/voxila- 

previr (100 mg), once daily for 12 weeks, is also recommended 


for HCV genotype 3-infected noncirrhotic and compensated 
cirrhotic patients who have previously failed an NS5A inhibitor- 
containing DAA regimen, based on the POLARIS-1 study.?°° 
The SVR12 rate was 95%. Patients who experienced relapse 
were patients with cirrhosis; therefore, the addition of weight- 
based RBV is recommended in HCV genotype 3 NSSA inhibitor 
treatment-experienced patients with cirrhosis. 


Genotype 4 


Several FDA-approved IFN-free DAA regimens are recom- 
mended for HCV genotype 4-infected patients; recommended 
regimens depend on treatment history and presence or absence 
of compensated cirrhosis (Table 80.8). 
Sofosbuvir/velpatasvir/voxilaprevir 
Glecaprevir/pibrentasvir 
The FDC of glecaprevir (100 mg)/pibrentasvir (40 mg), adminis- 
tered as 3 tablets once daily, is also recommended in HCV geno- 
type DAA treatment-experienced (excluding NS5A inhibitors) 
patients with and without cirrhosis. In SURVEYOR-II??®, 
HCV genotype 3 patients with or without cirrhosis who had 
previously received sofosbuvir-based regimens without an 
NS5A inhibitor received 16 weeks of glecaprevir/pibrentas- 
vir; the SVR12 was 97% irrespective of baseline fibrosis stage. 
Therefore, 16 weeks of glecaprevir/pibrentasvir is recommended 
in HCV genotype 3 treatment-experienced (DAA but not NS5A 
inhibitors) patients with and without cirrhosis. 


Treatment-Naive 

Four FDA-approved IFN-free DAA regimens are recommended 
for HCV genotype 4-infected treatment-naive patients without 
and with cirrhosis (see Table 80.8). 

Sofosbuvir/Velpatasvir 
Noncirrhotic and Compensated Cirrhotic Patients. The FDC of 
sofosbuvir (400 mg)/velpatasvir (100 mg) given once daily is a 
pangenotypic regimen that is approved for HCV genotype 4 
infection based on the ASTRAL-1 study.” This study evalu- 
ated sofosbuvir/velpatasvir for 12 weeks in patients with HCV 
genotypes | to 6 without cirrhosis and with compensated cirrho- 
sis (19%). The overall SVR12 rate in HCV genotype 4-infected 
patients was 100%. Overall SVR12 rates among all patients 
enrolled were comparable in patients without cirrhosis and with 
compensated cirrhosis (99%). With this regimen, the presence 
of baseline NSSA RAS (in >15%) did not impact SVR12 rates.’*° 

Glecaprevir/Pibrentasvir 
Noncirrhotic Patients. The FDC of glecaprevir (100 mg)/pibren- 
tasvir (40 mg) administered as 3 tablets once daily for 8 weeks is 
approved for treatment-naive patients with HCV genotype 4 infec- 
tion based on the SURVEYOR-1,2>' ENDURANCE-4,2°? and 
SURVEYOR-IP’” noncirrhotic trials, and the EXPEDITION- 12°? 
compensated cirrhotic trial. In SURVEYOR-I*! the SVR12 
rate was 100% in HCV genotype 4 treatment-naive noncirrhotic 
patients. Similarly, in ENDURANCE-4, the SVR12 rate in HCV 
genotype 4 noncirrhotic patients was 99%. SURVEYOR-IP® 
evaluated shortened therapy with 8 weeks of glecaprevir/pibrentas- 
vir. The SVR12 rate was 93%; there was no virologic failure, and 
the patients who did not achieve SVR12 in the intention-to-treat 
analysis were all lost to follow up. Therefore, 8 weeks of glecaprevir/ 
pibrentasvir is recommended for treatment-naive HCV genotype 
4-infected patients without cirrhosis. 

Compensated Cirrhotic Patients. The FDC regimen of 
glecaprevir/pibrentasvir for 12 weeks is recommended for HCV 
genotype 4-infected treatment-naive patients with compensated 
cirrhosis based on the EXPEDITION-1 trial.” The SVR12 rate 
was 100% in HCV genotype 4-infected treatment-naive patients 
with compensated cirrhosis. 

Sofosbuvir/Ledipasvir 
Noncirrhotic and Compensated Cirrhotic Patients. The FDC of 
sofosbuvir (400 mg)/ledipasvir (90 mg) once daily for 12 weeks 
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is approved for HCV genotype 4 infection in patients without 
cirrhosis based on data from the SYNERGY study and a small 
open-label study. In SYNERGY, treatment-naive and treat- 
ment-experienced HCV genotype 4-infected patients, including 
patients with compensated cirrhosis, received sofosbuvir/ledi- 
pasvir for 12 weeks. The SVR12 rate was 92%. Similarly, in the 
study by Abergel and colleagues, the SVR12 rate in treatment- 
naive patients was 95%. 
Elbasvir/Grazoprevir 

Noncirrbotic and Compensated Cirrhotic Patients. The FDC of elbas- 
vir (50 mg)/grazoprevir (100 mg) once daily for 12 weeks is also 
approved for HCV genotype 4 infection based on data from the 
C-EDGE study*** and a pooled-analysis from the elbasvir/grazo- 
previr phase 2/3 programs. In C-EDGE,”** treatment-naive patients 
with HCV genotypes 1, 4, and 6 were randomized to receive elbas- 
vir/grazoprevir for 12 weeks versus placebo for 12 weeks followed 
by 12 weeks of elbasvir/grazoprevir. The SVR12 rate in HCV 
genotype 4-infected patients was 100% in the C-EDGE study,7** 
and 96% in the pooled analysis. Overall SVR12 rates were similar 
across all enrolled patients. In contrast to HCV genotype 1a infec- 
tion, baseline NS5A RAS did not affect SVR12 rates. 


PegIFN/RBV Treatment-Experienced 
Four approved IFN-free DAA regimens are available for HCV 
genotype 4 patients without cirrhosis who have failed PegIFN/ 
RBV. In addition, there are 3 approved and 1 alternative IFN- 
free DAA regimens for HCV genotype 4 patients with compen- 
sated cirrhosis who have failed PegIFN/RBV (see Table 80.8). 

Sofosbuvir/Velpatasvir 
The FDC of sofosbuvir (400 mg)/velpatasvir (100 mg) once daily 
for 12 weeks is recommended for HCV genotype 4 patients with- 
out and with compensated cirrhosis who have previously failed 
PegIFN/RBV, based on the ASTRAL-1 study.” In ASTRAL-1, 
HCV genotypes 1, 2, 4, 5, and 6 patients with compensated cir- 
rhosis and without cirrhosis who had previously received PegIFN/ 
RBV received sofosbuvir/velpatasvir for 12 weeks. The SVR12 
rate in HCV genotype 4-infected patients was 100%. SVR12 rates 
were similar irrespective of fibrosis stage (99% in both noncir- 
rhotic and compensated cirrhotic patients) or treatment history 
(99% in treatment-naive and treatment-experienced patients). 

Glecaprevir/Pibrentasvir 
The FDC of glecaprevir (100 mg)/pibrentasvir (40 mg) admin- 
istered as 3 tablets once daily for 8 weeks is recommended in 
noncirrhotic HCV genotype 4-infected patients previously 
treated with PegIFN/RBV; 12 weeks is recommended in com- 
pensated cirrhotic HCV genotype 4-infected patients previ- 
ously treated with PegIFN/RBV, based on SURVEYOR-II??! 7°? 
and EXPEDITION-1.?*3 In SURVEYOR-II (part 2),?5' HCV 
genotype 4-infected treatment-naive and treatment-experienced 
noncirrhotic patients received 12 weeks of glecaprevir/pibren- 
tasvir. The overall SVR12 rate in all HCV genotype 4-infected 
patients was 100%. In SURVEYOR-II (part 4), HCV geno- 
type 4 treatment-naive and treatment-experienced noncirrhotic 
patients received 8 weeks of glecaprevir/pibrentasvir. The overall 
SVR12 rate was 93%; there were no virologic failures, and the 
3 patients who failed to achieve SVR12 were all lost to follow 
up. In EXPEDITION-1,7°> HCV genotypes 1-, 2-, 4-, 5-, and 
6-infected compensated cirrhotic treatment-naive and treatment- 
experienced patients received 12 weeks of glecaprevir/pibrentas- 
vir. The overall SVR12 rate in HCV genotype 4-infected patients 
was 100%. Therefore, 8 weeks of glecaprevir/pibrentasvir is 
recommended in noncirrhotic and 12 weeks is recommended 
in compensated cirrhotic PegIFN/RBV treatment-experienced 
patients with HCV genotype 4 infection. 

Elbasvir/Grazoprevir 
The FDC of elbasvir (50 mg)/grazoprevir (100 mg) once daily for 
12 weeks is also recommended for both noncirrhotic and com- 
pensated cirrhotic HCV genotype 4-infected patients who have 
previously relapsed following PegIFN/RBV, based on integrated 
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TABLE 80.8 DAA Regimens for HCV Genotype 4 Infection 


Regimen Duration (Weeks) Fibrosis Stage SVR12 (%) Study 

TREATMENT-NAIVE 

Recommended 

Glecaprevir (300 mg)/pibrentasvir (120 mg) 8 FO-3 93-100 SURVEYOR-I/I252:268 
ENDURANCE- 1268 

Glecaprevir (300 mg)/pibrentasvir (120 mg) 12 F4 100 EXPEDITION- 125° 

Sofosbuvir (400 mg)/velpatasvir (100 mg) 12 FO-3, F4 100 ASTRAL-1249 

Elbasvir (50 mg)/grazoprevir (100 mg) 12 FO-3, F4 96-100 C@-EDGE#*8.264 

Sofosbuvir (400 mg)/ledipasvir (90 mg) 12 FO-3, F4 92-95 SYNERGY268 
Abergel et al.2°9 

PEGIFN/RBV TREATMENT-EXPERIENCED 

Recommended 

Sofosbuvir (400 mg)/velpatasvir (100 mg) 12 FO-3, F4 100 ASTRAL-1249 

Glecaprevir (300 mg)/pibrentasvir (120 mg) 8 FO-3 93-100 SURVEYOR-II252.268 
ENDURANCE- 1268 

Glecaprevir (300 mg)/pibrentasvir (120 mg) 12 F4 100 EXPEDITION-12°° 

Elbasvir (60 mg)/grazoprevir (100 mg) 12 FO-3,* F4* 89 C-EDGE55.270 

Sofosbuvir (400 mg)/ledipasvir (90 mg) 12 FO-3 91 SYNERGY?268 
Abergel et al.2°9 

Alternative 

Elbasvir (50 mg)/grazoprevir (100 mg) plus weight-based RBV 16 F0-3,t F4t 92 C-EDGE*:392,583 

Sofosbuvir (400 mg)/ledipasvir (90 mg) plus weight- 12 F4 92-100 SYNERGY268 

based RBV Abergel et al.269 

DAA TREATMENT-EXPERIENCED, INCLUDING NS5A INHIBITORS 

Recommended 

Sofosbuvir (400 mg)/velpatasvir (100 mg)/voxilaprevir (100 mg) 12 FO-3, F4 97 POLARIS-1/425° 


*Patients with virologic relapse following PegIFN/RBV only. 


tPatients with virologic breakthrough or nonresponse following PegIFN/RBV only. 
FO-3, METAVIR fibrosis stages O to 3; F4, METAVIR fibrosis stage 4, compensated; Peg/FN, pegylated interferon; RBV, ribavirin; SVR72, sustained virologic 


response 12 weeks after completion of therapy. 


results from the phase 2 and 3 programs for this regimen.?°* The 
overall SVR12 rates across all HCV genotype 4 treatment-expe- 
rienced patients was 88% with elbasvir/grazoprevir for 12 weeks, 
93% with elbasvir/grazoprevir plus RBV for 12 weeks, 60% 
with elbasvir/grazoprevir for 16 weeks, and 100% with elbasvir/ 
grazoprevir plus RBV for 16 weeks. In a subanalysis according to 
prior response to PegIFN/RBV, SVR12 rates were significantly 
lower in prior partial or nonresponders and those who experi- 
enced breakthrough compared with prior relapsers. Therefore, 12 
weeks of elbasvir/grazoprevir is recommended in HCV genotype 
4-infected PegIFN/RBV prior relapsers with compensated cir- 
rhosis and without cirrhosis. This regimen is not recommended 
for prior partial or nonresponders and those who experienced 
breakthrough with PegIFN/RBV; therapy should be extended to 
16 weeks with the addition of RBV in these patients (alternative 
regimen). 
Sofosbuvir/Ledipasvir 

The FDC of sofosbuvir (400 mg)/ledipasvir (90 mg) once daily 
for 12 weeks is approved for HCV genotype 4-infected noncir- 
rhotic patients previously treated with PegIFN/RBV; the addi- 
tion of weight-based RBV is recommended in compensated 
cirrhotic patients, based on the SYNERGY study and data from 
sofosbuvir/ledipasvir phase 2 studies. Sofosbuvir/ledipasvir for 12 
weeks resulted in overall SVR12 rates of 100% in HCV geno- 
type 4-infected treatment-experienced noncirrhotic and compen- 
sated cirrhotic patients in SYNERGY and 91% in the open-label 
phase 2 study. Therefore, 12 weeks of sofosbuvir/ledipasvir is 
recommended in HCV genotype 4 noncirrhotic patients previ- 
ously treated with PegIFN/RBV. Due to the very small number 


of compensated cirrhotic patients included in these studies, it is 

recommended that weight-based RBV be added in these patients. 
Alternative IFN-Free DAA Regimens 

The alternative IFN-free DAA regimen for HCV genotype 4 

PegIFN/RBV treatment-experienced compensated cirrhotic 

patients is paritaprevir/ritonavir/ombitasvir plus RBV for 12 

weeks and is sofosbuvir/ledipasvir plus RBV. 


DAA Treatment-Experienced 

One IFN-free DAA regimen is approved for HCV genotype 
4-infected noncirrhotic and cirrhotic patients who have previ- 
ously failed DAAs, including regimens containing an NSSA- 
inhibitor) (see Table 80.8). 

Sofosbuvir/Velpatasvir/Voxilaprevir. ‘The FDC of sofosbuvir 
(400 mg)/velpatasvir (100 mg)/voxilaprevir (100 mg) once daily 
for 12 weeks is approved for the treatment of HCV genotype 
4-infected patients, without cirrhosis and with compensated 
cirrhosis, who have previously failed a DAA regimen, including 
those containing an NSSA inhibitor, based on the POLARIS-1 
and POLARIS-4 studies.’ In POLARIS-4,7°* HCV genotype 
1 to 6 noncirrhotic and compensated cirrhotic patients who 
had previously received DAAs other than an NSSA inhibitor 
were randomized to sofosbuvir/velpatasvir/voxilaprevir (triple 
therapy) or sofosbuvir/velpatasvir (dual therapy) for 12 weeks. 
The overall SVR12 rate was 97% in the triple therapy arm (100% 
for HCV genotype 4 patients) and 90% in the dual therapy 
arm. Similar SVR12 rates were achieved irrespective of fibrosis 
stage and treatment history. In POLARIS-1,7°° NS5A inhibitor 
DAA-experienced HCV genotype 1 to 6 patients received 


triple therapy for 12 weeks. The SVR12 rate in HCV genotype 
4-infected patients was 100%, with similar SVR12 rates among 
noncirrhotics and compensated cirrhotics and among those with 
and without baseline NS5A RAS. 


Genotype 5 


Several FDA-approved IFN-free DAA regimens are recom- 
mended for HCV genotype 5 patients; recommended regimens 
depend on treatment history and presence or absence of compen- 
sated cirrhosis (Table 80.9). 


Treatment-Naive 
‘Three FDA-approved IFN-free DAA regimens are recommended 
for treatment-naive HCV genotype 5 patients (see Table 80.9). 

Glecaprevir/Pibrentasvir 
Noncirrhotic Patients. The FDC of glecaprevir (100 mg)/pibren- 
tasvir (40 mg) administered as 3 tablets once daily for 8 weeks 
is approved for the treatment of HCV genotype 5-infected 
treatment-naive patients without cirrhosis based on the 
SURVEYOR-I,>! SURVEYOR-IL”*! and ENDURANCE-4 
studies. SURVEYOR-I and SURVEYOR-IP**! included HCV 
genotype 5-infected patients treated with 8 and 12 weeks of gle- 
caprevir/pibrentasvir, although the number of patients was small 
in these studies. The SVR12 was 100%, although only 3 patients 
with HCV genotype 5 were enrolled. 

Compensated Cirrhotic Patients. EXPEDITION-1?°> evaluated 
glecaprevir/pibrentasvir for 12 weeks in HCV genotypes 1-, 2-, 
4-, 5-, and 6-infected patients with compensated cirrhosis. The 
SVR12 rate in HCV genotype 5-infected patients was 100%; 
however, only 2 patients were enrolled. 

Sofosbuvir/Velpatasvir 
Noncirrhotic and Compensated Cirrhotic Patients. The FDC of 
sofosbuvir (400 mg)/velpatasvir (100 mg) once daily for 12 weeks 
is based on data from the ASTRAL-1 study,”*? which included 24 
HCV genotype 5-infected patients without cirrhosis and with 
compensated cirrhosis. The SVR12 rate was 96%. 

Sofosbuvir/Ledipasvir 
Noncirrbotic and Compensated Cirrhotic Patients. The FDC com- 
bination of sofosbuvir (400 mg)/ledipasvir (90 mg) once daily 
for 12 weeks is also recommended for HCV genotype 5-infected 
patients, without cirrhosis and with compensated cirrhosis, 


TABLE 80.9 Recommended DAA Regimens for HCV Genotype 5 Infection 
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based on limited data from an open-label study. Abergel et al. 
included 41 HCV genotype 5 patients who received open-label 
sofosbuvir/ledipasvir for 12 weeks. The SVR12 rate was 95% 
in treatment-naive patients. Only 3 patients with compensated 
cirrhosis were included, but all 3 patients achieved SVR12. 


PegIFN/RBV Treatment-Experienced 
‘Three IFN-free DAA regimens are recommended for HCV gen- 
otype 5-infected PegIFN/RBV treatment-experienced noncir- 
rhotic and compensated cirrhotic patients (see ‘Table 80.9). 
Glecaprevir/Pibrentasvir 
The FDC of glecaprevir (100 mg)/pibrentasvir (40 mg) admin- 
istered as 3 tablets once daily for 8 weeks is approved for HCV 
genotype 5-infected noncirrhotic patients who have previously 
received PegIFN/RBV and for 12 weeks for compensated cir- 
rhotic HCV genotype 5-infected patients who have failed 
PegIFN/RBV, based on a pooled analysis of the phase 2 and 
phase 3 programs.*® All HCV genotype 5-infected noncirrhotic 
treatment-naive and treatment-experienced patients achieved an 
SVR12 with 8 weeks of therapy, and 100% of cirrhotic patients 
achieved an SVR12 with 12 weeks of therapy. 
Sofosbuvir/Ledipasvir 
The FDC of sofosbuvir (400 mg)/ledipasvir (90 mg) once daily for 
12 weeks is also recommended in HCV genotype 5-infected patients 
without cirrhosis and with compensated cirrhosis who have previ- 
ously received PegIFN/RBV, based on a small open-label study. 
The overall SVR12 rate in treatment-experienced patients was 95%. 
Sofosbuvir/Velpatasvir 
The FDC of sofosbuvir (400 mg)/velpatasvir (100 mg) once 
daily for 12 weeks is recommended in HCV genotype 5-infected 
PegIFN/RBV treatment-experienced patients without cirrho- 
sis and with compensated cirrhosis based on the ASTRAL-1 
study.*#? Only a small number of treatment-experienced patients 
were included, but the overall SVR12 rate in treatment-naive and 
treatment-experienced patients was 97% (no virologic failures) 
and 100% in all 11 treatment-experienced patients. 


DAA Treatment-Experienced 

One IFN-free DAA regimen is recommended for HCV geno- 
type 5-infected patients without cirrhosis and with compensated 
cirrhosis who have previously received DAAs, including NS5A 
inhibitor-containing regimens (see Table 80.9). 


Regimen Duration (Weeks) Fibrosis Stage SVR12 (%) Study 
TREATMENT-NAIVE 
Glecaprevir (300 mg)/pibrentasvir (120 mg) 8 FO-3 100 SURVEYOR-I/II251:268 
ENDURANCE-4 
Glecaprevir (300 mg)/pibrentasvir (120 mg) 2 F4 100 EXPEDITION-125 
Sofosbuvir (400 mg)/velpatasvir (100 mg) 12 FO-3, F4 96 ASTRAL-1249 
Sofosbuvir (400 mg)/ledipasvir (90 mg) 12 FO-3, F4 95 Abergel et al. 
PEGIFN/RBV TREATMENT-EXPERIENCED 
Glecaprevir (300 mg)/pibrentasvir (120 mg) 8 FO-3 100 Puoti et al.26° 
Glecaprevir (300 mg)/pibrentasvir (120 mg) 12 F4 100 Puoti et al.26° 
Sofosbuvir (400 mg)/ledipasvir (90 mg) 12 FO-3, F4 95 Abergel et al. 
Sofosbuvir (400 mg)/velpatasvir (100 mg) 12 FO-3, F4 97-100 ASTRAL-1249 
DAA TREATMENT-EXPERIENCED, INCLUDING NS5A INHIBITORS 
Sofosbuvir (400 mg)/velpatasvir (100 mg)/voxilaprevir 12 FO-3, F4 100 POLARIS-125° 
(100 mg) 


FO-3, METAVIR fibrosis stages O to 3; F4, METAVIR fibrosis stage 4, compensated; Peg/FN, pegylated interferon; RBV, ribavirin; SVR72, sustained virologic 


response 12 weeks after completion of therapy. 
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Sofosbuvir/Velpatasvir/Voxilaprevir 

The FDC of sofosbuvir (400 mg)/velpatasvir (100 mg)/voxilapre- 
vir (100 mg) once daily for 12 weeks is approved for HCV geno- 
type 5-infected patients without cirrhosis and with compensated 
cirrhosis who have previously been treated with DAAs, includ- 
ing an NSSA inhibitor, based on the POLARIS-1 study.?°* In 
POLARIS-1, HCV genotype 1- to 6-infected noncirrhotic and 
compensated cirrhotic DAA treatment-experienced patients, 
including those who had received an NSSA inhibitor, were 
treated with 12 weeks of sofosbuvir/velpatasvir/voxilaprevir. 
Only one HCV genotype 5-infected patient was enrolled and this 
patient achieved an SVR12. 


Genotype 6 


Several FDA-approved IFN-free DAA regimens are recom- 
mended for HCV genotype 6-infected patients; recommended 
regimens depend on treatment history and presence or absence 
of compensated cirrhosis (Table 80.10). 


Treatment-Naive 
The same 3 IFN-free DAA regimens approved for HCV geno- 
type 5 infection are also FDA-approved for treatment-naive 
HCV genotype 6-infected patients (see Table 80.10). 

Glecaprevir/pibrentasvir 
Noncirrhotic Patients. The FDC of glecaprevir (100 mg)/pibrentasvir 
(40 mg) administered as 3 tablets once daily for 8 weeks is approved 
for treatment-naive HCV genotype 6-infected patients without 
cirrhosis based on the SURVEYOR-I,>! SURVEYOR-II, and 
ENDURANCE-4 studies. In SURVEYOR-I and SURVEYOR-II 
(part 2),7>!: SVR12 rates in HCV genotype 6-infected treatment- 
naive noncirrhotic patients were 100%. ENDURANCE-4 also 
investigated 12 weeks of glecaprevir/pibrentasvir in HCV genotype 
6-infected patients. The SVR12 rate was 100% in the 19 HCV gen- 
otype 6-infected patients enrolled. In part 4 of the SURVEYOR-II 
study, glecaprevir/pibrentasvir for 8 weeks was evaluated in HCV 
genotypes 1, 2, 4, 5, and 6 infection. The SVR12 rate in HCV 
genotype 6 noncirrhotic patients was 90% (9/10); there were no 
virologic failures, and the patient who did not achieve SVR12 was 
lost to follow up. 

Compensated Cirrhotic Patients. EXPEDITION-1?” investigated 
the FDC regimen of glecaprevir/pibrentasvir for 12 weeks in HCV 


TABLE 80.10 Recommended DAA Regimens for HCV Genotype 6 Infection 
Regimen Duration (Weeks) 


TREATMENT-NAIVE 


Glecaprevir (800 mg)/pibrentasvir (120 mg) 8 
Glecaprevir (300 mg)/pibrentasvir (120 mg) 12 
Sofosbuvir (400 mg)/velpatasvir (100 mg) 12 
Sofosbuvir (400 mg)/ledipasvir (90 mg) 12 
PEGIFN/RBV TREATMENT-EXPERIENCED 

Glecaprevir (300 mg)/pibrentasvir (120 mg) 8 
Glecaprevir (300 mg)/pibrentasvir (120 mg) 12 
Sofosbuvir (400 mg)/ledipasvir (90 mg) 12 
Sofosbuvir (400 mg)/velpatasvir (100 mg) 12 


DAA TREATMENT-EXPERIENCED, INCLUDING NS5A INHIBITORS 
Sofosbuvir (400 mg)/velpatasvir (100 mg)/ 12 
voxilaprevir (100 mg) 


genotypes 1-, 2-, 4-, 5-, and 6-infected compensated cirrhotic 
patients. The SVR12 rate was 100% in the 7 patients with 
HCV genotype 6 infection. Therefore, 12 weeks of glecaprevir/ 
pibrentasvir is recommended in HCV genotype 6-infected 
compensated cirrhotic treatment-naive patients. 

Sofosbuvir/Velpatasvir 
Noncirrbotic and Compensated Cirrhotic Patients. The FDC of sofos- 
buvir (400 mg)/velpatasvir (100 mg) once daily is also approved 
for HCV genotype 6 infection based on the ASTRAL-1 study,” 
which enrolled HCV genotypes 1, 2, 4, 5, and 6 patients with- 
out cirrhosis and with compensated cirrhosis. The SVR12 rate 
was 100% in the 41 HCV genotype 6-infected patients who were 
enrolled in the study. In addition, 9 patients with HCV geno- 
type 6 were assigned sofosbuvir/velpatasvir for 12 weeks in the 
POLARIS-2 study.*°? The SVR12 was 100%, and overall SVR12 
rates were similar irrespective of fibrosis stage. Therefore, 12 
weeks of sofosbuvir/velpatasvir is recommended for HCV geno- 
type 6-infected patients without cirrhosis and with compensated 
cirrhosis. 

Sofosbuvir/Ledipasvir 
Noncirrhotic and Compensated Cirrhotic Patients. The FDC of 
sofosbuvir (400 mg)/ledipasvir (90 mg) once daily is recom- 
mended for HCV genotype 6-infected patients without cirrho- 
sis and with compensated cirrhosis based on limited data from 
a small open-label study.” In this study, 25 treatment-naive 
patients without and with cirrhosis received sofosbuvir/ledipas- 
vir for 12 weeks. The SVR12 rate was 96%; the patient who did 
not achieve an SVR12 prematurely ceased therapy at treatment 
week 8 due to ongoing drug abuse. 


PegIFN/RBV Treatment-Experienced 

The same 3 IFN-free DAA regimens recommended for HCV 
genotype 5 are also recommended for HCV genotype 6-infected 
PegIFN/RBV treatment-experienced noncirrhotic and compen- 
sated cirrhotic patients (see Table 80.10). 

Glecaprevir/Pibrentasvir 

The FDC of glecaprevir (100 mg)/pibrentasvir (40 mg) admin- 
istered as 3 tablets once daily for 8 weeks is approved for HCV 
genotype 6-infected noncirrhotic patients who have previously 
received PegIFN/RBV and for 12 weeks for cirrhotic HCV gen- 
otype 6-infected patients who have failed PegIFN/RBV, based 
on a pooled analysis of the phase 2 and phase 3 programs.*° 


Fibrosis Stage SVR12 (%) Study 

FO-3 100 SURVEYOR-I/II 251,263 
ENDURANCE-4268 

F4 100 EXPEDITION-1252 

FO-3, F4 100 ASTRAL-1242 

FO-3, F4 96 Gane et al.26° 

FO-3 92 Puoti et al.26° 

F4 100 Puoti et al.26° 

FO-3, F4 96 Gane et al.26° 

FO-3, F4 100 ASTRAL-1242 

FO-3, F4 100 POLARIS-1258 


FO-3, METAVIR fibrosis stages O to 3; F4, METAVIR fibrosis stage 4, compensated; Peg/FN, pegylated interferon; RBV, ribavirin; SVR72, sustained virologic 


response 12 weeks after completion of therapy. 


Puoti and colleagues*®* reported that 92% of HCV genotype 
6-infected noncirrhotic treatment-naive and treatment-expe- 
rienced patients achieved an SVR12 with 8 weeks of therapy; 
there were no virologic failures. In compensated cirrhotic 
patients treated with 12 weeks of therapy, the SVR12 rate was 
100%. 

Sofosbuvir/Ledipasvir 
The FDC of sofosbuvir (400 mg)/ledipasvir (90 mg) once daily 
for 12 weeks is also recommended in HCV genotype 6-infected 
patients without cirrhosis and with compensated cirrhosis who 
have previously received PegIFN/RBV based on a small open- 
label study.*°° The overall SVR12 rate in treatment-naive and 
treatment-experienced patients was 96%. 

Sofosbuvir/Velpatasvir 
The FDC of sofosbuvir (400 mg)/velpatasvir (100 mg) once 
daily for 12 weeks is recommended in HCV genotype 6-infected 
PegIFN/RBV treatment-experienced patients without cirrho- 
sis and with compensated cirrhosis based on the ASTRAL-1 
study.*#? Only a small number of treatment-experienced patients 
were included, but the overall SVR12 rate in the 3 treatment- 
experienced patients was 100%. 


DAA Treatment-Experienced 
One IFN-free DAA regimen is recommended for HCV geno- 
type 6-infected patients without cirrhosis and with compensated 
cirrhosis who have previously received DAAs, including NS5A 
inhibitor-containing regimens (see Table 80.10). 
Sofosbuvir/Velpatasvir/Voxilaprevir 
The FDC of sofosbuvir (400 mg)/velpatasvir (100 mg)/voxi- 
laprevir (100 mg) once daily for 12 weeks is approved for 
HCV genotype 6-infected patients without cirrhosis and with 
compensated cirrhosis who have previously been treated with 
DAAs, including an NS5A inhibitor, based on the POLARIS-1 
study.°> In POLARIS-1,7°* HCV genotype 1 to 6 noncir- 
rhotic and compensated cirrhotic DAA treatment-experienced 
patients, including those who had received an NSSA inhibi- 
tor, were treated with 12 weeks of sofosbuvir/velpatasvir/voxi- 
laprevir. The SVR12 rate in the 6 HCV genotype 6-infected 
patients was 100%. 


Monitoring and Safety 
Monitoring 


Before antiviral therapy is started, baseline liver biochemical 
test levels, a CBC, and an INR should be obtained. A preg- 
nancy test is required in women before RBV is initiated. The 
HCV genotype and serum HCV RNA level are necessary to 
determine the dose of RBV and duration of therapy (see ear- 
lier). In addition, due to the shared transmission routes and 
risk of HBV reactivation (see later), HIV and HBV testing 
should be performed. 

With RBV, anemia, cough, pharyngitis, insomnia, dyspnea, 
pruritus, rash, nausea, and anorexia are the most common side 
effects. The most serious side effects are anemia and teratoge- 
nicity. Anemia is less relevant in the context of the short treat- 
ment durations needed with IFN-free DAA regimens, and in 
many cases RBV is excluded altogether. Hemolytic anemia is 
reversible and usually resolves within the first month after ther- 
apy is stopped. If the patient has significant comorbidities that 
may be exacerbated by anemia, an RBV-free DAA regimen can 
be chosen. 

A serum HCV RNA level should be obtained at baseline in all 
patients. On-treatment viral kinetics do not predict subsequent 
SVRI12 with the newer DAA regimens; therefore HCV RNA 
testing during therapy is recommended at treatment week 4 only 
for the purpose of ensuring adherence to therapy. 
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Safety 


DAAs are well tolerated. The most common adverse events 
reported are nausea, headache, and fatigue. Specific adverse 
events relevant to each DAA are discussed earlier. Biochemical 
abnormalities are uncommon and generally not clinically signifi- 
cant; therefore, specific monitoring during DAA therapy is not 
required beyond routine CBC and liver biochemical testing at 
treatment week 4. 


HBV Reactivation During DAA Therapy 


Although HBV reactivation is a well-recognized complication of 
immunosuppressive therapy, it has been an unexpected sequela of 
DAA therapy in patients previously exposed to HBV. In the regis- 
tration studies for each of the approved IFN-free DAA regimens, 
HCV-HBV coinfected individuals were excluded. However, 
since the approval and widespread use of these agents, more than 
24 cases of HBV reactivation have been reported to the FDA or 
published,’”*-?°! including ALF in 2 fatal cases and another case 
requiring LT, thereby prompting a black box warning from the 
FDA. Interestingly, HBV reactivation in these reported cases 
occurred in individuals with current HBV infection (hepatitis B 
surface antigen positive with or without detectable HBV DNA), 
occult infection, and, most surprisingly, past infection (hepatitis 
B surface antigen negative, HBV DNA negative, but antibody to 
hepatitis B core antigen positive). In contrast to IFN, DAAs tar- 
get specific HCV proteins involved in the HCV replication cycle 
and are not known to have direct immunomodulatory properties 
or have activity against HBV; therefore, the mechanism underly- 
ing HBV reactivation in this setting is unknown. 

A systemic review and meta-analysis of HBV reactivation 
in HCV-HBV coinfected individuals following IFN-based and 
DAA-based IFN-free therapy demonstrated that the frequency 
of HBV reactivation is similar with IFN-based (14.5%) and 
DAA-based regimens (12.2%). However, the clinical presen- 
tation differed between the 2 treatment regimens, with HBV 
reactivation occurring earlier and having a more severe clinical 
presentation during DAA therapy. Because the true frequency of 
HBV reactivation is still unknown, prophylactic antiviral therapy 
for HBV is not recommended; patients with HBV (current or 
past) infection should be monitored during DAA therapy for 
HCV. HBV reactivation should be suspected in any patient with 
a sudden increase in serum aminotransferase levels during DAA 
therapy. 


Special Populations 


Because of the pharmacokinetic properties and DDIs of many of 
the DAAs, treatment regimens may differ in special populations, 
including patients with HCV-HIV coinfection, decompensated 
liver disease, recurrent HCV infection after LT, and advanced 
renal disease. 


HCV-HIV Coinfection 


Owing to their shared transmission routes, HCV-HIV coinfection 
is not uncommon. Patients with HCV-HIV coinfection are likely 
to progress more rapidly to cirrhosis than are HCV-monoinfected 
patients; therefore, treatment of HCV infection should always be 
considered in this group.’”° Patients are at even higher risk of pro- 
gression of hepatic fibrosis if they are female, are older than 33 
years of age, have an increase in the CD4 count of less than 100/ 
mm? with ART, continue to have a detectable HIV viral load dur- 
ing antiretroviral therapy, or have untreated HCV infection. 

In the IFN era, SVR rates were significantly lower in HCV- 
HIV coinfected patients compared with HCV monoinfected 
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patients’’’; however, SVR12 rates are now equivalent in HCV 
monoinfected and HCV-HIV coinfected individuals with the 
newer IFN-free DAA regimens.?82%® DDIs between antiretro 
viral drugs and HCV protease inhibitors need to be considered 
(see earlier, Table 80.4, and http://hep-druginteractions.org). 
Otherwise, contraindications to antiviral therapy for HCV infec- 
tion in HCV-HIV coinfected patients do not differ from those 
for monoinfected patients. 


Decompensated Cirrhosis 


In the IFN era, treatment of patients with decompensated cir- 
rhosis was extremely challenging, because both IFN and RBV 
were considered contraindicated due to the risk of hepatic fail- 
ure, in addition to the poor efficacy and poor safety profile of 
these agents in decompensated cirrhotic patients. The introduc- 
tion of IFN-free DAA regimens has simplified HCV treatment in 
these patients; however, the optimal timing of antiviral therapy 
while a patient is on the transplant waiting list is still unknown, 
because there is a trade-off between potentially improving clini- 
cal and biochemical parameters by treating HCV infection???” 
but prolonging the time on the waiting list or providing insuf- 
ficient improvement to obviate the need for LT.?*° A modeling 
study suggested that treatment is beneficial at a MELD threshold 
between 23 and 27, although the cutoff value may vary depend- 
ing on the UNOS region.’ Therefore, patients with MELD 
scores greater than 23 to 27 or severe portal hypertension may 
benefit more from LT than from immediate antiviral therapy.7** 
Because the HCV protease inhibitors undergo hepatic elimina- 
tion, many of the regimens containing these agents are not rec- 
ommended or contraindicated in patients with decompensated 
cirrhosis. Regimens that are not recommended or contraindi- 
cated in decompensated cirrhotics are the paritaprevir-, simepre- 
vir-, grazoprevir-, and glecaprevir-based regimens. The FDC of 
glecaprevir/pibrentasvir and sofosbuvir/velpatasvir/voxilaprevir 
have not been studied in decompensated cirrhotics and therefore 
are not recommended, pending additional safety and efficacy 
data. Phase 2 data regarding the safety and efficacy of elbasvir/ 
grazoprevir in decompensated cirrhotics are limited, and, there- 
fore this FDC is not recommended. 


HCV Genotypes 1, 4, 5, and 6 

One IFN-free DAA regimen is recommended in HCV genotype 1-, 
4-, 5-, or 6-infected patients with decompensated cirrhosis who are 
eligible for RBV. For HCV genotype 1-, 4-, 5- or 6-infected patients 
with decompensated cirrhosis who are RBV ineligible, one RBV-free 
regimen is recommended for HCV genotype 1-, 4-, 5-, or 6-infected 
patients and 1 RBV-free regimen is recommended. For HCV geno- 
type 1-, 4-, 5-, or 6-infected patients with decompensated cirrhosis 
who have previously been treated with sofosbuvir but not an NSSA 
inhibitor, one treatment regimen is recommended, and one IFN-free 
DAA regimen is recommended for patients with prior DAA failure 
(including NSSA inhibitors) (Table 80.11). 

Sofosbuvir/Ledipasvir with or without Low-Dose Ribavirin 
The FDC of sofosbuvir (400 mg)/ledipasvir (90 mg) plus low- 
dose RBV (600 mg) daily for 12 weeks, with an increase in RBV 
as tolerated, is recommended in HCV genotype 1-, 4-, 5-, or 
6-infected patients with decompensated cirrhosis who are eligible 
for RBV, based on the SOLAR-1,?8+ SOLAR-2,?* and several 
real-world?! studies. In SOLAR-1,’°* HCV genotype 1- or 
4-infected noncirrhotic and cirrhotic (including decompensated 
cirrhotic) patients following LT received sofosbuvir/ledipasvir 
plus RBV for 12 or 24 weeks. Weight-based RBV was admin- 
istered to noncirrhotic and compensated cirrhotic patients, and 
additional low-dose RBV was administered to decompensated cir- 
rhotic patients. The SVR12 in noncirrhotic patients was 96% and 
98% in the 12-week and 24-week arms, respectively. The SVR12 


TABLE 80.11 Recommended DAA Regimens for Decompensated 
Cirrhosis 

Regimen 

RBV ELIGIBLE 
Genotype 1, 4, 5, or 6 


Sofosbuvir (400 mg)/ledipasvir (90 mg) plus low- 12 
dose RBV (increase as tolerated) 


Duration (Weeks) 


Sofosbuvir (400 mg)/velpatasvir (100 mg) plus 12 
weight-based RBV 

RBV INELIGIBLE 

Genotype 1, 4, 5, or 6 

Sofosbuvir (400 mg)/ledipasvir (90 mg) 24 

Genotype 1-6 

Sofosbuvir (400 mg)/velpatasvir (100 mg) 24 

DAA TREATMENT-EXPERIENCED, INCLUDING NSSA INHIBITORS 

Genotype 1, 4, 5, or 6 

Sofosbuvir (400 mg)/ledipasvir (90 mg) with low- 24 

dose RBV (increase as tolerated) 

Genotype 1, 2, 3, 4, 5, or 6 


Sofosbuvir (400 mg)/velpatasvir (100 mg)/ 24 
voxilaprevir (100 mg) plus weight-based RBV 


FO-3, METAVIR fibrosis stages O to 3; F4, METAVIR fibrosis stage 4, 
decompensated; RBV, ribavirin. 


was 96% in compensated cirrhotic patients in both the 12-week 
and 24-week arms. In Child-Pugh class B cirrhotic patients, the 
SVR12 was 86% and 88% in the 12-week and 24-week arms, 
respectively. The SVR12 rates were significantly lower in Child- 
Pugh class C cirrhotic patients: 60% and 75% in the 12-week 
and 24-week arms, respectively. Treatment adverse events were 
slightly more frequent with the longer duration of treatment and 
were mostly attributable to RBV. Discontinuation rates were 
low (7% to 8%). MELD scores fell in the majority of patients. 
SOLAR-2?* also enrolled HCV genotype 1- and 4-infected 
patients with decompensated cirrhosis but included both treat- 
ment-naive and treatment-experienced patients. Again, patients 
were randomized to 12 or 24 weeks of sofosbuvir/ledipasvir plus 
low-dose RBV. In Child-Pugh class B patients, SVR12 rates were 
90% and 98% in the 12-week and 24-week arms, respectively. 
However, in Child-Pugh class C patients, SVR12 rates were 
significantly lower (75% and 77% in the 12-week and 24-week 
arms, respectively). MELD scores improved in some patients, but 
worsening of the MELD score was also observed despite success- 
ful therapy. Serious adverse events occurred in 28% of patients, 
but in contrast to SOLAR-1, the frequency was not different 
between the 12-week and 24-week arms. In a real-world experi- 
ence of sofosbuvir/ledipasvir with or without low-dose RBV for 
12 weeks in HCV genotype 1-infected patients with decompen- 
sated cirrhosis in the United Kingdom,’?’ the SVR12 rate was 
86% and 81% in patients who received and did not receive RBV, 
respectively. The MELD score improved in 42% of patients. The 
discontinuation rate was 6%, and 20% required a reduction in the 
dose of RBV. In HCV-TARGET,””! the SVR12 rate in patients 
with decompensated cirrhosis was 90%. SVR12 rates were simi- 
lar in patients who received 12 and 24 weeks. 

The FDC of sofosbuvir (400 mg)/ledipasvir (90 mg) once 
daily for 24 weeks is recommended in HCV genotype 1, 4, 5, 
or 6-infected patients with decompensated cirrhosis who are not 
eligible for RBV. The FDC of sofosbuvir (400 mg)/ledipasvir (90 
mg) plus low-dose RBV for 24 weeks is recommended for HCV 
genotype 1-, 4-, 5-, or 6-infected patients with decompensated 
cirrhosis who have previously received a sofosbuvir-containing 


regimen (but not an NS5A inhibitor), based on data from patients 
with compensated cirrhosis (see earlier). 

Prior DAA Treatment-experienced Patients 
There are limited data regarding IFN-free DAA regimens in 
decompensated cirrhotic patients who have failed NS5A inhibi- 
tor containing regimens. 

DAA treatment-experienced. There are limited data regarding 
retreatment strategies in HCV genotype 1-, 4-, 5-, and 6-infected 
patients with decompensated cirrhosis who have previously 
received DAA therapy, including NSSA inhibitors. The FDC of 
sofosbuvir (400 mg)/ledipasvir (90 mg) plus low-dose RBV for 
24 weeks is recommended in these patients based on the HCV- 
TARGET study, where the overall SVR12 rate was 90%.?7! 

Sofosbuvir/Velpatasvir with or without Weight-Based 
Ribavirin 
The FDC of sofosbuvir (400 mg)/velpatasvir (100 mg) once daily 
plus weight-based RBV for 12 weeks is recommended in HCV 
genotype 1-, 4-, 5-, or 6-infected patients with decompensated 
cirrhosis who are eligible for RBV, based on the ASTRAL-4 
study.**? In ASTRAL-4, HCV genotypes 1-, 2-, 3-, 4-, and 
6-infected treatment-naive and treatment-experienced patients 
with decompensated cirrhosis were randomized to sofosbuvir/ 
velpatasvir for 12 weeks, sofosbuvir/velpatasvir plus weight-based 
RBV for 12 weeks, or sofosbuvir/velpatasvir for 24 weeks. The 
overall SVR12 rates were 83%, 94%, and 86% in the 3 treat- 
ment arms, respectively. Child-Pugh scores improved in 47% of 
patients, but 11% demonstrated an increase in Child-Pugh score 
despite achieving an SVR. 

The FDC of sofosbuvir (400 mg)/velpatasvir (100 mg) once 

daily for 24 weeks is recommended in HCV genotype 1-, 4-, 
5-, or 6-infected patients with decompensated cirrhosis who are 
ineligible for RBV. 
DAA Treatment-Experienced Patients. The FDC of sofosbuvir 
(400 mg)/velpatasvir (100 mg) once daily plus weight-based RBV 
for 24 weeks is recommended in HCV genotype 1-, 4-, 5-, or 
6-infected patients with decompensated cirrhosis who previously 
received any DAA regimen, including those containing an NS5A 
inhibitor. This is based on a phase 2 study of compensated cir- 
rhotic patients previously treated with DAAs, including NS5A 
inhibitors. SVR12 rates were 97%, 93%, and 75% for HCV gen- 
otypes 1, 2 and 3 infection, respectively. There are limited data 
regarding treatment in decompensated cirrhotic patients with 
prior NS5A treatment-experience. 


HCV Recurrence Following LT 


Complications of chronic hepatitis C (including HCC) are the 
most common indication for LT (see Chapter 97). Patients who 
have detectable HCV RNA in serum at the time of LT almost 
universally experience HCV reinfection of the allograft. The 
natural history of hepatitis C after LT is characterized by more 
rapid progression of liver fibrosis. At least 25% of patients will 
develop cirrhosis within 5 to 10 years after transplantation.??!7°? 
Once cirrhosis is established, transplanted patients show an 
accelerated natural history, with decompensation rates as high as 
40% after 12 months. Across different countries and transplanta- 
tion programs, the 5-year post-transplantation survival rate for 
patients with hepatitis C has been significantly lower than those 
of patients who underwent LT for other chronic liver diseases. 
Factors associated with graft loss in HCV-infected patients 
include an older donor age, steatosis of the donor organ, specific 
immunosuppressive regimens, female sex, high necroinflamma- 
tory activity in the allograft 1 year after transplantation, and high 
HCV viral loads.??!?> Additional factors thought to influence the 
long-term outcome of graft HCV infection include herpes virus 
infections,*”* the degree of HLA matching, and the matching of 
the IFN-A3 haplotypes of the donor and recipient.*°°> Cellular 
immune responses by both T cells and NK cells are thought to 
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play a major role in the pathogenesis of chronic hepatitis C after 
transplantation. HCV-specific T-cell responses have been associ- 
ated with improved histologic and clinical outcomes and also with 
spontaneous HCV clearance after LT.*”* Reducing serum HCV 
RNA to undetectable levels before transplantation may prevent 
reinfection in some cases2??}; this was difficult in the IFN era 
due to the risks of significant morbidity and mortality with IFN- 
based therapy. The IFN-free DAA regimens have transformed 
HCV treatment in these patients;*°! however, as mentioned 
earlier, there is a trade-off between potential improvement in 
clinical and biochemical parameters and delaying transplanta- 
tion. Therefore, if HCV infection cannot be safely treated or 
the benefit of treatment prior to transplantation is limited, HCV 
infection can be treated after LT (see Table 80.3). Treatment 
of HCV infection early post-transplantation, after recovery from 
the initial operation, is likely to improve graft survival and long- 
term outcomes significantly in patients with HCV recurrence 
after transplantation. Ideally, patients should be on stable immu- 
nosuppressive regimens at the time antiviral therapy is initiated. 

Immunosuppressive therapies have been suggested to influ- 
ence the outcome of graft HCV infection. The 2 approved calci- 
neurin inhibitors, cyclosporine and tacrolimus, have been studied 
extensively in liver transplant recipients with HCV infection.” 
Some earlier studies suggested that immunosuppression with 
cyclosporine might be associated with a better histologic outcome 
of graft hepatitis C; however, the vast majority of subsequent 
studies did not identify major differences between cyclosporine 
and tacrolimus in the outcome of HCV infection after LT.3°? 
Conversely, a retrospective study of more than 8000 HCV- 
positive liver-transplanted persons showed that death, graft fail- 
ure, liver failure owing to recurrent disease, and acute cellular 
rejection were slightly more frequent in the cyclosporine-treated 
group than in the tacrolimus-treated group.*”’ Finally, the immu- 
nosuppressive regimen must be taken into consideration in the 
selection of DAA treatment to avoid recurrent HCV infection in 
the graft after LT because of DDIs, particularly with the HCV 
protease inhibitors that are strongly metabolized by the CYP sys- 
tem (see Table 80.4). 


HCV Genotypes 1, 4, 5, and 6 

There is one recommended IFN-free DAA regimen available 
for HCV genotype 1-, 4-, 5-, or 6-infected noncirrhotic patients 
with recurrent HCV infection following LT. In cirrhotic and 
decompensated cirrhotic HCV genotype 1-, 4-, 5-, or 6-infected 
patients, one IFN-free DAA regimen is recommended (Table 
80.12). 

Sofosbuvir/Ledipasvir = RBV 
The FDC of sofosbuvir (400 mg)/ledipasvir (90 mg) once daily 
for 12 weeks is recommended in HCV genotype 1-, 4-, 5-, or 
6-infected noncirrhotic patients with HCV infection after LT, 
based on the SOLAR-2,’* and several real-world?°* studies. 
The addition of weight-based RBV, with dose escalation as toler- 
ated, is recommended in compensated and decompensated cir- 
rhotic patients. In SOLAR-2,? HCV genotype 1- or 4-infected 
patients following LT received sofosbuvir/ledipasvir plus RBV 
for 12 or 24 weeks. Weight-based RBV was administered to 
noncirrhotic and compensated cirrhotic patients, and low-dose 
RBV was administered to decompensated cirrhotic patients. The 
SVR12 rates in post-transplant patients were 95% and 100% in 
noncirrhotics for the 12-week and 24-week arms, 97% for com- 
pensated cirrhosis in both the 12-week and 24-week arms, 95% 
and 100% in Child-Pugh class B cirrhotics in the 12-week and 
24-week arms, and 33% and 80% in the Child-Pugh class C 
patients receiving 12 and 24 weeks, respectively. 

In the real-world HCV-TARGET study,* liver and kidney 
transplant recipients, including decompensated cirrhotics and prior 
NS5A treatment failures, received sofosbuvir/ledipasvir for 12 or 24 
weeks with or without RBV. SVR12 rates were 97% and 95% with 
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TABLE 80.12 Recommended DAA Regimens for HCV Recurrence Following LT 


Regimen 


Duration (Weeks) Allograft Fibrosis Stage 


GENOTYPE 1, 4, 5, OR 6 
Sofosbuvir (400 mg)/ledipasvir (90 mg) 


Sofosbuvir (400 mg)/ledipasvir (90 mg) plus weight-based RBV 


Sofosbuvir (400 mg)/ledipasvir (90 mg) plus low-dose RBV (increase as tolerated) 


GENOTYPE 1 THROUGH 6 
Glecaprevir (300 mg)/pibrentasvir (120 mg) 


Sofosbuvir (400 mg)/velpatasvir (100 mg) 
Sofosbuvir (400 mg)/velpatasvir (100 mg) plus low-dose RBV 


Sofosbuvir (400 mg)/velpatasvir 100 mg/voxilaprevir 100 mg 


12 FO-3 

12 F4 

12-24 Decompensated F4 

12 FO-3, F4t 

12 FO-3, F4 

12-24 F4, decompensated F4 


12 FO-3, Fat 


FO-3, METAVIR fibrosis stages O to 3; F4, METAVIR fibrosis stage 4, decompensated; RBV, ribavirin. 
“12 weeks for treatment-naive patients, 24 weeks for treatment-experienced patients. 


tNot recommended in decompensated cirrhotics. 


and without RBV, respectively. In another real-world study,>” liver 
transplant patients received 8, 12, or 24 weeks of sofosbuvir/ledi- 
pasvir with or without RBV. The overall SVR12 was 96% and was 
similarly high with 8 or 12 weeks of therapy and without RBV. No 
graft loss was attributable to HCV. Therefore, it is recommended 
that RBV be added to compensated and decompensated cirrhotic 
patients, and that decompensated cirrhotic patients with prior treat- 
ment experience receive 24 weeks of therapy. 


HCV Genotypes 1 through 6 
‘Two IFN-free DAA regimens are recommended for noncirrhotic 
and compensated cirrhotic patients with recurrent HCV geno- 
type 1 through 6 infection after LT. In addition, there is 1 rec- 
ommended IFN-free DAA regimen for decompensated patients 
with recurrent HCV genotype 1 through 6 infection after LT 
(see Table 80.12). One IFN-free DAA regimen is recommended 
for decompensated cirrhotics with recurrent HCV 1 through 6 
infection following LT. 

Glecaprevir/Pibrentasvir 
The FDC of glecaprevir (100 mg)/pibrentasvir (40 mg) admin- 
istered as 3 tablets once daily for 12 weeks is recommended for 
noncirrhotic and compensated cirrhtoic patients with genotype 
1, 4, 5, or 6 recurrent HCV infection after LT, based on the 
MAGELLAN-2? study.” In MAGELLAN-2, noncirrhotic liver 
and kidney transplant recipients with HCV genotype | to 6 infec- 
tion received glecaprevir/ pibrentasvir for 12 weeks. All patients 
were at least 3 months post- LT and on a stable immunosup- 
pressive regimen. The SVR12 was 98%, and therapy was well 
tolerated. This regimen is not recommended in decompensated 
cirrhtoic patients. 

Sofosbuvir/Velpatasvir with or withou RBV 
The FDC of sofosbuvir (400mg)/velpatasvir (100mg), once daily 
for 12 weeks, is recommended for noncirrhotic and compensated 
cirrhotic patients with HCV genotype 1-6 recurrence after LT. 
The same FDC with the addition of low-dose RBV for 12 to 
24 weeks, increased as tolerated, is recommended in decompen- 
sated cirrhotics with HCV genotype 1-6 recurrence following 
LT. Treatment for 24 weeks is recommended in patients with 
prior treatment experience. This recommendation is based on 
a small study of HCV recurrence in patients who have under- 
gone LT. SVR12 rates were 93% to 100% across genotypes 
1-4. Treatment was well tolerated, but immunosuppression was 
required to be changed in 23% of patients. 

Sofosbuvir/Velpatasvir/Voxilaprevir 
‘The FDC of sofosbuvir (400 mg)/velpatasvir (100 mg)/voxilaprevir 
(100 mg), once daily for 12 weeks, is recommended in noncirrhotic 


and compensated cirrhotic patients with HCV genotype 1-6 recur- 
rence following LT. 


Chronic Kidney Disease (CKD) 


HCV itself can cause CKD as an extrahepatic complication of 
HCV infection. Furthermore, there is an increased frequency 
of proteinuria and CKD, accelerated progression of CKD, and 
higher all-cause mortality on dialysis in HCV-infected per- 
sons.?0830 Therefore, timely treatment of HCV infection is 
important to optimize outcomes in persons with CKD. In the 
IFN/RBV era, treatment was difficult owing to the toxicities 
associated with these therapies, particularly anemia. However, 
the development of IFN- and RBV-free regimens has dramati- 
cally simplified antiviral therapy in these patients. 


Stage 1, 2, 3, 4, or 5 CKD 

Stage 1 CKD (normal renal function) is defined by an eGFR 
greater than 90 mL/min. Stage 2 CKD (mild renal impair- 
ment) is defined by an eGFR of 60 to 89 mL/min. Stage 3 
CKD (moderate renal impairment) is defined by an eGFR of 
30 to 59 mL/min. Stage 4 CKD (severe renal impairment) is 
defined by an eGFR of 15 to 29 mL/min. Stage 5 CKD (ESRD) 
is defined by an eGFR of less than 15 mL/min. In patients with 
stage 1 to 5 CKD, no dose modifications are required for any 
of the approved DAAs, and, therefore, DAA regimens should 
be chosen based on HCV genotype, fibrosis stage, and treat- 
ment history, as discussed earlier. 


Pregnancy 

As discussed earlier, there are insufficient safety data regarding 
the DAAs in pregnancy; therefore, they are not recommended 
during pregnancy. RBV is teratogenic and is contraindicated in 
pregnancy. Further, given the short duration of treatment with 
the IFN-free DAA regimens (8 to 12 weeks for the majority of 
regimens), current recommendations are that HCV should be 
treated prior to pregnancy when possible to minimize any risk of 
vertical transmission. If this is not possible, then treatment should 
be initiated in the postpartum period. 
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HDV (also known as the delta agent) is the causative virus of hepa- 
titis D and is associated with both acute and chronic hepatitis. It 
is one of the most severe forms of chronic viral hepatitis. HDV is 
classified as a satellite virus, because it requires the presence of hep- 
atitis B surface antigen (HBsAg) for its life cycle (see Chapter 79). 


EPIDEMIOLOGY 


HDV infection occurs worldwide. It is estimated that 5% of 
HBsAg carriers worldwide are infected with HDV, correspond- 
ing to approximately 15 million persons.! The true global prev- 
alence is difficult to ascertain, however, due to underreporting 
from many areas of the world and lack of systematic screening 
for HDV among HBV carriers. The prevalence of HDV infec- 
tion is reported to be highest in the Mediterranean region, the 
Middle East, central and northern Asia, west and central Africa, 
Taiwan, and the Amazon basin (Fig. 81.1).! The prevalence is low 
in North America, Northern Europe, Japan, and Korea. 

Although HDV requires HBV to complete its replication cycle, 
the geographic distribution of HDV does not always mirror that of 
HBV. For example, the prevalence of HDV infection is relatively 
low in the Far Fast, a region endemic for HBV infection. Possible 
explanations for this discordance may relate to different routes of 
transmission and virulence of the various HDV genotypes and dif- 
ferences in genetic susceptibility of individuals to infection. 

Since the 1980s, the prevalence of HDV infection has declined 
in certain regions of the world, such as Mediterranean countries, 
but has remained stable in other regions, such as Africa and the 
Amazon basin. In Italy, the frequency of HDV infection in HBV 
carriers declined from 24.6% to 14.4% between 1983 and 1992.? 


Subsequently, the frequency fell to 8.7% in 1997; but then 
increased to 11.9% in 2014.4 In Spain, the frequency declined from 
15% to 7.1% from 1975 to 1992, and subsequently to less than 5% 
after 2010.°° In Turkey, the frequency declined from 31% to 11% 
between 1980 and 2005,’ and in Taiwan the frequency decreased 
from 23.7% to 4.2% between 1983 and 1996 and remained low 
in the general population (4.4%) through 2012.8? The decline in 
frequency has been attributed to widespread administration of the 
hepatitis B vaccine, greater use of barrier protection to prevent 
sexually transmitted diseases, and improved socioeconomic condi- 
tions. Reports have suggested that the frequency of HDV appears 
to have plateaued and may be on the rise again in the Mediterra- 
nean region due to immigration from endemic regions and contin- 
ued transmission among persons who inject drugs (PWID). 

Data on the prevalence of HDV infection in the USA vary 
widely based on the population studied. The National Health and 
Nutrition Examination Survey, a population-based survey span- 
ning the period 1999 to 2012, reported an overall prevalence of 
HDV infection of 0.02%.!° An even higher prevalence rate of 
0.11% has since been reported for the period 2011 to 2016, cor- 
responding to approximately 357,000 persons with active or past 
HDV infection.!* This is probably an underestimate of the true 
prevalence due to the exclusion of high-risk populations, such as 
homeless, incarcerated, and institutionalized persons. A retro- 
spective analysis from the Veterans Healthcare Administration 
of all HBsAg-positive veterans from the period October 1999 to 
December 2013 reported an HDV frequency of 3.4%; however, 
only 8.5% of the at-risk population were tested for HDV.!! By 
contrast, surveys of PWID in Baltimore and San Francisco have 
reported a much higher frequency of HDV infection among 
HBsAg-positive individuals of 50% and 36%, respectively. 12-13 

HDV is highly endemic in the general HBsAg-positive popu- 
lation in the western Amazon region of South America, where 
the frequency is 32%.'* A systematic review of the frequency of 
HDV infection among the general population in the sub-Saharan 
region reported a pooled rate of 7.3% in west Africa, 24.6% in 
central Africa, and 0.05% in east and southern Africa.!° 


Modes of Transmission 


HDV is transmitted via routes similar to those for HBV (see 
Chapter 79): primarily the parenteral route through exposure 
to blood and other infectious body fluids.'° Consequently, the 
primary modes of transmission are through injection drug use 
and sexual contact, but intrafamilial spread has been reported in 
endemic regions.!’~! In contrast to HBV, perinatal transmission 
is not a major route of spread of HDV. 


VIROLOGY 


HDV is considered a satellite virus. Satellite viruses are subviral par- 
ticles that carry their own distinct nucleic acid, usually RNA, that 
requires a helper virus for transmission and multiplication. HDV is 
the only member of the Deltaviridae family, De/tavirus genus. It is 
the smallest known infectious agent to infect humans and bears no 
similarity to other infectious animal pathogens. HDV has been lik- 
ened to plant viroids because their RNAs share several features that 
include a circular structure, compact folding due to intramolecular 
base pairing, and replication via a rolling-circle mechanism. 
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Fig. 81.1 Global prevalence of HDV and distribution HDV genotypes. Eight HDV genotypes have been re- 
ported. HDV genotype 1 is found worldwide, whereas genotype 2 is found in Japan, Taiwan, and the Yakutia 
region of Russia. Genotype 3 (the most diverse genotype) is found predominantly in the Amazon basin, whereas 
genotype 4 is found in Taiwan and Japan. HDV genotypes 5 to 8 are found in individuals of African origin. 


Structure 


The complete infectious virion is a small, spherical particle of about 
36 nm in diameter. It is composed of an outer lipoprotein enve- 
lope, consisting of small, middle, and large HBsAg antigen, that 
surrounds an inner ribonucleoprotein (RNP). The RNP consists 
of the small and large hepatitis delta antigen (HDAg) complexed 
to the viral genome. The viral genome is a single-stranded, nega- 
tive-sense RNA of approximately 1700 nucleotides.?? Its high GC 
(guanosine-cytosine) content results in self-complementization of 
nearly 74% of the nucleotides, thereby allowing the genome to 
form a partially double-stranded, rod-like RNA structure.”? 


Life Cycle 


Both HBV and HDV share a similar mechanism of entry into 
the hepatocyte. The HDV virion interacts initially with heparan- 
sulfate proteoglycans mediated by the pre-S1 domain of the 
large HBsAg and the antigenic loop of the S domain (Fig. 81.2). 
On anchoring to the hepatocyte, HDV binds irreversibly to the 
sodium taurocholate cotransporting polypeptide (NTCP) via the 
myristoylated N-terminal region of pre-S1 of the large HBsAg 
and is taken up into the hepatocyte by an ill-defined mechanism.** 
Fusion of the viral membrane to the endosomal membrane is pos- 
tulated with release of the RNP into the cytoplasm. The RNP 
complex is transported to the nucleus via a nuclear localization 
signal within the HDAg.?° 

Replication of the HDV RNA genome occurs in the nucleus 
using the hepatocyte RNA polymerases I to HI, a process that 
is dependent on the small HDAg.?®”” HDV employs a double- 
rolling circle replication strategy, whereby HDV RNA is synthe- 
sized first as linear antigenomic RNA that contains multimers of 
the genome that are cleaved to a uniform one-unit length by a 
ribozyme encoded in the antigenic strand (see Fig. 81.2).?° Cir- 
cularization of the monomers is achieved by the ribozyme and 
cellular ligases.??3° In the second rolling circle replication, the 
circular monomeric RNAs serve as templates for the production 


of HDV genomic multimers that are cleaved by a second ribo- 
zyme encoded in the genomic strand. 

The HDV genome contains a single open reading frame that 
is located on the antigenomic RNA strand from which a linear 
polyadenylated antigenomic mRNA is transcribed and trans- 
ported to the cytoplasm to encode HDAg (see Fig. 81.2).3!*+ 
During the replication cycle, a fraction of the antigenome under- 
goes editing by the cellular enzyme adenosine deaminase to 
alter the small HDAg open reading frame from a stop codon, 
uridine-adenine-guanine (UAG), to a tryptophan codon, UGG, 
leading to the 3’ elongation of the open reading frame.?57 This 
elongated mRNA leads to large HDAg, which differs from small 
HDaAg by 19 amino acids at the C-terminal end. The small and 
large HDAg have different functions during HDV replication. 
The small HDAg promotes HDV replication, whereas the large 
HDaAg serves to inhibit replication; the additional C-terminal 
amino acids of the large HDAg contains an isoprenylation sig- 
nal that appears to be important for the interaction with HBsAg 
during viral assembly.**?? HDV assembly is initiated by the asso- 
ciation of the delta antigens with the newly synthesized genome 
to yield an RNP complex (see Fig. 81.2). This RNA complex is 
transported to the cytoplasm, where viral assembly is facilitated 
by the interaction of large HDAg with HBsAg. Notably, HBsAg 
is required only for assembly but not replication of HDV.*° 
Only virions that contain large HBsAg are infectious due to the 
requirement of large HBsAg for viral entry.*!“” The complete 
virion is then secreted from the hepatocyte. A study has suggested 
that HDV may be amplified during hepatocyte regeneration even 
in the absence of de novo infection.’ 


Genotypes 


Eight genotypes (1-8) of HDV and 2 to 4 subtypes per genotype 
have been described.*+** HDV genotypes and subtypes have a 
unique geographic distribution (see Fig. 81.1). HDV genotype 
1 is the most widely distributed globally and is found in Africa, 
Madagascar, Oceanic Islands, Middle East, eastern and western 
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Fig. 81.2 HDV life cycle. The HDV virion interacts initially with heparan-sulfate proteoglycans (HSPG) mediated by 
the pre-S1 domain of the large hepatitis B surface antigen (HBsAg) and the antigenic loop of the S domain and then 
binds irreversibly to the sodium taurocholate cotransporting polypeptide (NTCP) via the myristoylated N-terminal 
region of pre-S1 of the large HBsAg, after which it is taken up into the hepatocyte by an ill-defined mechanism. 
Fusion of the viral membrane to the endosomal membrane is postulated with release of the ribonucleoprotein (RNP) 
into the cytoplasm. The RNP complex is transported to the nucleus via a nuclear localization signal within the HDAg. 
Replication of the HDV RNA genome occurs in the nucleus using the hepatocyte RNA polymerases I-III, a process 
that is dependent on the small HDAg. HDV employs a double-rolling circle replication strategy, whereby HDV RNA 
is synthesized first as linear antigenomic RNA that contains multimers of the genome that are cleaved to a uniform 
one-unit length by a ribozyme encoded in the antigenic strand.7° Circularization of the monomers is achieved by 
the ribozyme and cellular ligases. In the second rolling circle replication, the circular monomeric RNAs serve as 
templates for the production of HDV genomic multimers that are cleaved by a second ribozyme encoded in the 
genomic strand. The HDV genome contains a single open reading frame, which is located on the antigenomic RNA 
strand from which a linear polyadenylated antigenomic mRNA is transcribed and transported to the cytoplasm to 
encode HDAg. During the replication cycle, a fraction of the antigenome undergoes editing by the cellular enzyme 
adenosine deaminase to alter the small HDAg open reading frame from a stop codon to a tryptophan codon, lead- 
ing to the 3’ elongation of the open reading frame.35-37 This elongated mRNA leads to large HDAg, which differs 
from small HDAg by 19 amino acids in the C-terminal end. The small and large HDAg have different functions during 
HDV replication. The small HDAg promotes HDV replication, whereas the large HDAg serves to inhibit replica- 

tion and the additional C-terminal amino acids of the large HDAg contains a prenylation signal that appears to be 
important for interaction with HBsAg during viral assembly. HDV assembly is initiated by the association of the HDV 
antigens with the newly synthesized genome to yield an RNP complex. This RNA complex is transported to the 
cytoplasm where viral assembly is facilitated by the interaction of large HDAg with HBsAg. HBsAg is required for 
assembly, not replication, of HDV. The complete virion is then secreted from the hepatocyte. 


Europe, Mediterranean countries, the Middle East, Asia, and HDV genotypes 5, 6, 7, and 8 are found in western, sub-Saharan, 
North America.*° HDV genotype 2 is found in Russia, Japan, and central Africa.*¢ All HDV genotypes, with the exception of 
and Taiwan.*© HDV genotype 3 is found exclusively in the HDV 2, 3, and 4, originated from Africa. 

Amazon basin of South America (Brazil, Colombia, Peru, and Emerging data suggest that the HDV genotype appears to be 
Venezuela).*° HDV genotype 4 is present in the Far East, whereas associated with clinical outcome. In general, HDV genotype 1 is 
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associated with mild-to-severe hepatitis with rapid progression 
to cirrhosis and an increased risk of HCC.*7** By contrast, HDV 
genotype 2 is associated with milder disease.*?°” HDV genotype 
3 is reported to cause severe outbreaks of acute hepatitis with a 
high rate of ALF and death.°! HDV genotype 4 has been reported 
to be associated with severe hepatitis.°* Data on the outcome of 
infection with HDV genotypes 5 to 8 are lacking. Whether there 
are differences in response to interferon-based therapy with or 
without nucleoside or nucleotide analogs among genotypes is 
unknown. Studies predominantly of western European or Asian 
patients, presumably with HDV genotype 1 infection, reported 
sustained off-treatment clearance of HDV RNA in 25% to 47% 
of patients.°*°° An intriguing study from Brazil of patients with 
HDV genotype 3 infection reported that a regimen of peginter- 
feron and entecavir was associated with sustained suppression of 
HDV RNA 6 months off therapy in over 95% of patients, sug- 
gesting that this genotype might be more responsive to peginter- 
feron therapy.*° 


PATHOGENESIS 


There is a paucity of data on the pathogenesis of HDV infection to 
explain the more severe hepatitis compared with HBV monoinfec- 
tion. It has been suggested that HDV may be directly cytopathic 
based on liver biopsy specimen descriptions of severe cytotoxic and 
cytopathic hepatocellular damage, with prominent microvesicu- 
lar steatosis and minimal parenchymal inflammation in patients 
and experimentally infected chimpanzees with acute HDV infec- 
tion..’°*® These findings may be limited, however, to infection 
with HDV genotype 3 infection and may not be seen with other 
genotypes. Alternatively, several lines of evidence suggest that the 
pathogenic mechanism of HDV-induced liver damage is most 
likely related to the host immunologic response to the virus. HDV 
has been shown to induce a strong innate immune response, in 
contrast to HBV infection, in a chimeric mouse model.*? In addi- 
tion, an increased frequency, but not differentiation, of peripheral 
natural killer cells was shown in untreated patients with chronic 
HDV infection.“ One study reported that cytotoxic CD4* cells, 
which contribute to the antiviral immune response by secreting 
cytokines that provide a helper function to CD8* T and B cells, 
were found at a higher frequency in patients with HDV infection 
compared with those with HBV and HCV coinfection.°! Another 
study, however, reported that detection of a specific CD4* T-cell 
response to HDAg in the peripheral blood of individuals with 
chronic HDV infection was associated with lower disease activity 
based on serum ALT levels. The limited data available suggest 
that HDV-associated liver disease is immune mediated. 


DIAGNOSIS 


The Centers for Disease Control and Prevention does not 
recommend routine screening for HDV because infection and 
disease occur only in persons with HBV infection. Testing for 
HDV should be considered in the following clinical scenar- 
ios: persons presenting with acute hepatitis B who have addi- 
tional risk factors for HDV, including a history of injection 
drug use; persons from endemic regions who present with a 
severe or protracted hepatitis; patients with chronic hepatitis B 
and acute hepatitis of undetermined origin; and persons with 
HBsAg-positive chronic hepatitis B from an endemic region 
(Box 81.1). 

Several tests are available for the diagnosis of hepati- 
tis D (Table 81.1). The only commercially available assay 
for HDV infection in the USA is anti-HDV antibody—total 
(immunoglobulin [Ig]M and IgG) and IgM anti-HDV. Other 
nonapproved tests include HDAg, HDV RNA, and immuno- 
histochemistry for HDAg. Initial testing for diagnosis should 
be with total anti-HDV, because anti-HDV invariably appears 


BOX 81.1 Persons in Whom HDV Testing Is Recommended 


PERSONS WITH ACUTE HEPATITIS B 

Risk factors for HDV (e.g., persons who inject drugs, persons 
from endemic countries, persons who present with a severe or 
protracted hepatitis) 

PERSONS WITH CHRONIC HEPATITIS B 

Risk factors for HDV (e.g., persons who inject drugs, persons from 


endemic countries) 

An unexplained acute flare of chronic hepatitis 
B that is not due to acute hepatitis A or C or reactivation of 
hepatitis B 

HBsAg positive and persistently HBV DNA negative but with active 
liver disease 

HBsAg positive with rapid progression to cirrhosis 


HBsAg, Hepatitis B surface antigen. 


TABLE 81.1 Patterns of Serologic Markers in HDV Infection 


Serologic Acute HBV-HDV Acute HDV Chronic HDV 
Marker Coinfection Superinfection Infection 
HBsAg Positive Positive Positive 

IgM anti-HBc Positive Negative Negative 

HDAg Positive (early and Positive (early Negative 
ransient) and transient) 

Total anti HDV Weakly positive Positive (rising Positive (high 
transient, low titers) sustained 
iters) titers) 

IgM anti-HDV Weakly positive Positive (rising Positive (high 
transient, low titers) sustained 
iters; may be titers) 
he only marker 
of infection) 

HDV RNA Positive (early and Positive Positive 
ransient) (early and (usually 

persistent) persistent) 


Anti-HDV, Antibody to HDV; IgM anti-HBc, immunoglobulin M antibody 
to hepatitis B core antigen; HBsAg, hepatitis B surface antigen; 
HDAg, hepatitis D antigen. 


in the serum of individuals exposed to HDV. Acute HDV coin- 
fection can be differentiated from HDV superinfection by the 
presence or absence of IgM antibody against hepatitis B core 
antigen (IgM anti-HBc). In the case of acute HDV coinfec- 
tion, both IgM anti-HDV and IgM anti-HBc will be present, 
whereas in acute HDV superinfection, total anti- HDV will be 
positive but IgM anti-HBc will be negative (see Table 81.1). 
HDV RNA can be detected in serum early in the course of 
coinfection, but commercial assays are not available. There- 
fore, the diagnosis of acute coinfection depends on the detec- 
tion of IgM anti-HDV, HBsAg, and IgM anti-HBc in the 
appropriate clinical setting.” 

Chronic HDV infection should be confirmed by reverse 
transcription-PCR (RT-PCR) assays for HDV RNA in serum 
or immunohistochemical staining of liver biopsy specimens for 
HDaAg, if available. A negative test for total anti- HDV does not 
necessarily exclude a diagnosis of acute HBV-HDV coinfection. 
Furthermore, HDAg may not be detectable in liver biopsy speci- 
mens in patients with chronic HDV infection, particularly during 
the late stages of infection. 


HDV Antigen 


HDAg is the only protein encoded by HDV. It is a nuclear phos- 
phoprotein that exists in 2 forms: a 24-kd species, small HDAg, 
which is required for replication, and a 27-kd species, large 
HDaAg, which is required for virion assembly and inhibits HDV 
replication.©t The amino acid sequence of the 2 forms are iden- 
tical with the exception of an additional 19 amino acids at the 
C-terminal end of the large HDVAg.*° Several assays are available 
for the detection of HDAg in serum, including an enzyme-linked 
assay and a radioimmunoassay, although none is commercially 
available in the USA. During acute HDV infection, HDAg is 
detectable within 1 to 10 days after the onset of symptoms, but its 
presence is short-lived. HDAg begins to decline during the acute 
phase in patients who are destined to clear HDV.6-6 A similar 
pattern was observed in chimpanzees experimentally infected 
with HDV, in which HDAg was detected in the pre-acute or 
early acute phase of infection.®° Because humans are generally 
not symptomatic until the acute phase of infection, HDAg may 
not be detected during acute infection. 

Detection of HDAg is not a sensitive test for the diagnosis of 
chronic HDV infection because neutralizing antibodies are pres- 
ent in high titers during chronic infection and can interfere with 
detection of HDAg. HDAg can be detected, however, in liver 
biopsy specimens from patients with chronic HDV infection by 
direct immunofluorescence or immunohistochemical staining.°’ 
The detection of intrahepatic HDAg has been proposed as the 
“gold standard” for the diagnosis of chronic HDV infection; 
however, as many as 50% of liver biopsy specimens from patients 
who have been infected for 10 or more years may be negative 
for HDAg, suggesting that the levels of HDV replication may 
decrease with time.® In patients who are negative for HDAg, the 
diagnosis of chronic HDV infection must rely on the detection of 
HDV RNA and anti-HDV in high titers in the serum. 


Antibody to HDV 


The most reliable marker of HDV infection is anti-HDV. 
Two antibody tests are commercially available, and both can 
be detected in currently infected patients: IgM anti- HDV and 
total anti- HDV, which is composed of both IgM and IgG anti- 
HDV. IgM anti-HDV appears in serum at the time of acute 
infection, and IgG anti-HDV (indicated by a positive total 
anti-HDV result and negative IgM anti-HDV result) develops 
later in the course.® In acute self-limited HBV-HDV coinfec- 
tion, IgM anti-HDV is generally detected first, followed by the 
development of IgG anti-HDV during recovery. Other pat- 
terns have been observed, including the isolated detection of 
IgM anti-HDV or IgG anti-HDV.® By contrast, in acute HDV 
superinfection of a chronic HBV carrier, both IgM and IgG 
anti-HDV can be detected during the acute period, increase in 
levels, and persist during the chronic period. IgM anti-HDV 
is often detectable in high titers in patients with chronic HDV 
infection, and levels tend to parallel the activity of liver dis- 
ease.°,/0 Therefore, it is frequently regarded as a marker of 
serious liver damage.”° A decline in IgM anti-HDV levels may 
indicate either a decline in disease activity or resolution of HDV 
infection.®-”° In patients in whom HDV infection resolves, IgG 
anti-HDV may remain detectable in serum, but levels are low. 
IgG anti-HDV is not a protective antibody.’! Testing for HDV 
RNA is the only reliable method to distinguish chronic HDV 
infection from recovery. 

A quantitative microarray antibody capture assay for IgG 
anti-HDV has been developed. In this assay, recombinant HDAg 
is immobilized on slides coated with a noncontinuous, nano- 
structured plasmonic gold film, thereby enabling quantitative 
fluorescent detection of anti-HDV in a small aliquot of a patient’s 
serum.’? Quantitative cut-off values of captured anti-HDV have 
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been shown to correlate with positivity on a standard western blot 
assay or with detection of HDV RNA by a real-time quantitative 
PCR assay. Potential advantages of this methodology over exist- 
ing assays include the requirement for only a small volume of a 
patient’s serum and the potential for high-throughput screening. 


HDV RNA 


Detection of HDV RNA by RT-PCR is considered the gold 
standard for diagnosis of current HDV infection.” Several 
real-time PCR-based assays allow both detection and quanti- 
fication of HDV RNA levels.’+’? However, many of the assays 
dramatically underestimate HDV RNA levels and even fail 
to detect HDV RNA”? due to the high genetic diversity of 
HDV and the use of different primer-probe sets among assays. 
These results highlight some of the challenges for developing a 
commercial assay, and none is currently available in the USA. 
The availability of a WHO international standard has permit- 
ted optimization of quantification assays across various centers 
and laboratories. In addition to diagnostic uses, development of 
standardized assays will be required to monitor the response to 
novel antiviral therapy for HDV infection. RT-PCR assays will 
also allow sequencing of the HDV genome and identification of 
the HDV genotype, although the clinical utility of such testing 
is uncertain. 


CLINICAL FEATURES 


The clinical features of acute HDV infection are indistinguish- 
able from those of acute hepatitis caused by other hepatotropic 
viruses (see Chapters 78-80 and 82). The clinical presentation 
is usually as asymptomatic hepatitis recognized only by elevated 
serum aminotransferase levels. Approximately 20% to 30% of 
infected persons present with symptomatic hepatitis with jaun- 
dice. Typical symptoms include anorexia, fatigue, low-grade 
fever, flu-like symptoms, and pain or aching in the RUQ. Rarely, 
the presentation is as ALF; this presentation may be more com- 
monly associated with HDV genotype 3 than with other geno- 
es. 

HDV coinfection (Fig. 81.3) usually presents with jaundice 
and tends to run a self-limited course. Some patients may dem- 
onstrate a biphasic increase in serum aminotransferase levels 
separated by a few weeks.’! The first peak in serum aminotrans- 
ferase levels is related to HBV replication and the second to 
HDV replication. Serologic markers for both HBV and HDV 
are detectable at the time of acute HDV coinfection and include 
IgM anti-HBc, HBsAg, HBV DNA, IgM anti-HDV, and HDV 
RNA.”! Expression of HDAg is usually short-lived in HDV 
coinfection and may be absent. The acute hepatitis typically 
resolves in a few weeks, with a gradual return of liver biochemi- 
cal test levels to normal. As the infection resolves, HBV DNA 
and HDV RNA levels decline rapidly, and antibody to HBsAg 
(anti-HBs) appears after the disappearance of HBsAg.’!°! Occa- 
sionally, IgM anti-HDV may persist after anti-HBs appears and 
serum aminotransferase levels return to normal. Evolution to 
chronic HDV infection is characterized by the persistence of 
HBsAg, HBV DNA, HDV RNA, and IgM and/or IgG anti- 
HDV in serum. 

HDV superinfection (Fig. 81.4) manifests clinically as acute 
hepatitis in an otherwise stable chronic HBV carrier. Clinically, 
HDV superinfection can mimic a spontaneous flare of chronic 
HBV infection. These 2 diagnostic possibilities can usually be 
easily differentiated, because patients with HDV superinfection 
have detectable HDV RNA and IgM anti-HDV in serum as well 
as a corresponding decline in or low serum HBV DNA levels 
instead of the increase that is typical of a hepatitis B flare. Also, in 
contrast to a flare of chronic HBV infection or HDV coinfection, 
IgM anti-HBc is not detectable in serum. 
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Fig. 81.3 Serologic course of acute HDV coinfection. Serologic 
markers of HBV are usually detected first, followed later by serologic 
markers of HDV. The presence of immunoglobulin (Ig)M antibody to 
hepatitis B core antigen (anti-HBc) is an important finding of acute 
HDV coinfection and a discriminating marker for distinguishing acute 
HDV coinfection from superinfection. Early in the course of acute 
coinfection, hepatitis D antigen (HDAg) is not detectable unless the 
hepatitis is severe, but within 1 to 2 weeks, IgM antibody to HDV (anti- 
HDV) becomes detectable. The appearance of IgG anti-HDV is usually 
delayed for several weeks after the onset of illness and, in some cases, 
is present only transiently during the convalescent phase. The late and 
poor antibody response in acute HDV coinfection makes the diagnosis 
difficult. Testing for IgM anti- HDV should be repeated to confirm HDV 
coinfection. HDV RNA can be detected in serum early in the course of 
coinfection. HBsAg, Hepatitis B surface antigen. 
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Fig. 81.4 Serologic course of acute HDV superinfection. Acute HDV 
superinfection occurs in the setting of chronic hepatitis B. Hepatitis D 
antigen (HDAg) and HDV RNA can be detected early in the course of 
infection. In contrast to acute HDV coinfection (see Fig. 81.3), immu- 
noglobulin (lg)M and IgG antibody to HDV (anti- HDV) are both present 
early during the symptomatic phase of acute HDV superinfection. IgM 
antibody to hepatitis B core antigen (anti-HBc) is usually absent or 
present in low levels. The diagnosis of acute HDV superinfection is 
established by the detection of anti- HDV and HBsAg and absence of 
IgM anti-HBc. HBsAg, Hepatitis B surface antigen. 


NATURAL HISTORY 
Acute HDV Infection 


Acute HDV infection may occur as a coinfection simultaneously 
with HBV or as a superinfection of a person with chronic HBV 
infection. In the majority of individuals (+90%) with acute HDV- 
HBV coinfection, both infections resolve simultaneously within 
a period of 6 months. The risk of progression to chronic HDV 
infection is usually less than 5%. ALF is rare but is more common 


than with HBV monoinfection and may be related to the infect- 
ing HDV genotype. By contrast, most persons (~90%) with 
acute HDV superinfection progress to chronic hepatitis. Acute 
HDV superinfection can sometimes result in acute-on-chronic 
liver failure and hepatic decompensation in chronic HBV carriers 
(see Chapter 74). Less commonly, the HDV infection resolves 
while the chronic HBV infection persists, and, rarely, acute HDV 
superinfection leads to clearance of HBsAg and resolution of 
both infections. During acute HDV superinfection, serum HDV 
RNA levels are high because HBsAg, which is necessary for the 
viral life cycle, is usually present at high levels in chronic HBV 
carriers.°° A consequence of the high serum HDV RNA levels is 
inhibition of HBV replication and reciprocal low serum levels of 
HBV DNA.” 


Chronic HDV Infection 


The natural history of chronic HDV infection is variable, rang- 
ing from a mild chronic hepatitis to severe hepatitis with rapid 
progression to cirrhosis and hepatic decompensation. During the 
early phase of chronic HDV infection, serum HDV RNA levels 
tend be high and gradually decline over time.®* In the late phase 
of chronic infection, declining serum HDV RNA levels may lead 
to an increase in serum HBV DNA levels. Studies from the early 
1970s, originating mostly from southern Europe, reported severe 
cases of chronic HDV infection with rapid progression to hepatic 
decompensation among PWID.**?-*° In retrospect, many of 
these patients were shown to be coinfected with HCV or HIV, 
which may explain the more rapid clinical course.5~”” Subsequent 
data have suggested that only a minority of patients exhibit a rap- 
idly progressive course to cirrhosis and hepatic decompensation. 
Rather, most patients with chronic HDV infection demonstrate 
an initial active hepatitis that progresses rapidly to cirrhosis, after 
which the hepatitis becomes inactive and runs a more indolent 
course. In one notable longitudinal study from Italy, among 
299 patients with chronic HDV infection followed for up to 28 
years, the annual frequency of cirrhosis was 4% and that of HCC 
was 2.8%; spontaneous HBsAg seroconversion occurred in only 
0.25%.°! Similar results were reported in another study from 
Spain that demonstrated that among 158 patients with chronic 
HDV infection followed for a median of 13 years, 72% remained 
stable, 18% developed hepatic decompensation, 3% developed 
HCC, and 8% cleared HBsAg.” Factors associated with faster 
progression to cirrhosis include persistent and high levels of 
HDV replication and the HDV genotype.’!? Once cirrhosis 
develops, either virus may predominate, or spontaneous clear- 
ance of both viruses may occur. HDV genotypes 1 and 3 may be 
associated with faster progression of liver disease compared with 
HDV genotypes 2 and 4.4851 The short-term prognosis following 
the development of cirrhosis is generally good, with an estimated 
5-year survival rate of 81% to 90%.” Chronic HDV infection 
is associated with a faster progression to cirrhosis and mortality 
compared with chronic HBV infection alone.”+% 

There has been some debate as to whether chronic HDV 
infection is associated with an increased risk of HCC. Data 
from a European Concerted Action on Viral Hepatitis study of 
patients with compensated cirrhosis reported that patients with 
chronic HDV infection had a 3-fold increased risk of HCC and a 
2-fold increased risk of mortality compared with those in whom 
cirrhosis was related to chronic HBV infection.?»°° Similarly, a 
study from Sweden using the Swedish Hospital Discharge Reg- 
ister and Outpatient Registry reported a 6-fold increased rate of 
HCC among patients with chronic HDV infection compared 
with those with chronic HBV infection alone.” Differences in 
outcome reported among studies, whether liver decompensation 
and death or HCC, likely relate to different populations with dif- 
ferent ages at infection, durations of disease, and perhaps HDV 


genotypes. 


TREATMENT 
Acute Hepatitis D 


‘Treatment of acute hepatitis D is mainly supportive. No effective 
therapy has been approved for HDV infection. LT is an option 
for patients who present with ALF (see Chapter 95). 


Chronic Hepatitis D 


There is no effective treatment for chronic HDV infection. For 
patients in whom treatment is considered, the only agents that 
have had success, albeit limited, against HDV are interferon 
(IFN)-a and pegylated IFN (peginterferon [PegIFN])-a. The 
decision to recommend treatment should be individualized, care- 
fully weighing the benefits of treatment and the side effects of 
the drug. Treatment should be considered in persons with ele- 
vated serum ALT levels, high HDV RNA levels, and evidence of 
chronic hepatitis on a liver biopsy specimen. The goals of ther- 
apy are to eradicate or maintain long-term suppression of both 
HDV and HBV in order to prevent the development of cirrhosis, 
decompensated liver disease, and death from chronic HDV infec- 
tion. Durable suppression of HDV RNA was shown to be associ- 
ated with a reduced risk of liver-related complications (hepatic 
decompensation, HCC, LT, and liver-related death).°° 


Interferon-c/Peginterferon-o 


IFN-a and PegIFN-o are the only drugs with antiviral activity 
against HDV. The most effective dose and optimal duration of 
standard IFN-a have not been established. IFN-a in a dose of 5 
million units/m? 3 times a week for 4 months followed by 3 mil- 
lion units/m? 3 times a week for another 8 months was compared 
with no treatment in a randomized trial involving 61 patients.” At 
the end of treatment, no difference in the proportion of subjects 
who became HDV RNA negative was found between the treated 
group (14/31 [45%]) and the untreated group (8/30 [27%]). The 
proportion of patients who were HDV RNA negative 12 months 
after completion of treatment was not different between those 
who were and were not treated. A greater proportion of treated 
patients achieved a normal serum ALT level at the end of treat- 
ment (26% vs. 7%) but at the end of follow-up, only 3% of treated 
and 0% of untreated patients had a normal serum ALT level.’ In 
another study, a high (9 million units 3 times a week) and low dose 
G3 million units 3 times a week) of IFN-o 2a for 48 weeks were 
compared with no treatment among 41 patients with chronic 
HDV infection. A complete response (defined as normalization 
of serum ALT levels and undetectable HDV RNA) at the end of 
treatment was more common in the high-dose group (50%) than 
the low-dose (21%) and untreated (0%) groups, but all patients 
experienced virologic relapse 12 months after stopping treat- 
ment.”? With longer follow-up (12 years), patients in the high- 
dose IFN group were shown to have improved clinical outcomes 
and survival compared with those treated with low-dose IFN or 
no therapy, even though the majority of them had active cirrho- 
sis before the onset of therapy.!°° A meta-analysis of 5 trials that 
compared IFN with no therapy (a total of 169 participants) con- 
cluded that IFN was effective in suppressing viral replication and 
improving liver disease activity in a minority of patients, but this 
improvement was rarely sustained in the majority of patients.!°! 
Therefore, the results of treatment with IFN-o are mixed, and 
only a small proportion of patients achieve a beneficial response. 
Expert opinion recommends use of either IFN 9 million units 3 
times a week or 5 million units 3 times a week for 1 year. 
PegIFN-a appears to be more effective than standard IFN for 
therapy of chronic hepatitis D, but data are limited. The few pub- 
lished studies of PegIFN-o 2b administered for 48 to 72 weeks 
reported sustained viral suppression in 17% to 43% of subjects 6 
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months after completion of therapy.°+!°?-!°6 Long-term response 
rates have not been reported. Small studies or anecdotal reports 
have described HDV and HBsAg clearance with prolonged IFN- 
a or PegIFN-a therapy (for 2 to 12 years), but many patients 
require a reduction in dose or discontinuation of therapy because 
of side effects, so this is not a practical approach for the major- 
ity of patients.!°’ Expert opinion recommends PegIFN-a 180 ug 
once a week by subcutaneous injection administered for 1 year as 
the treatment of choice for chronic HDV infection. It is impor- 
tant to note that IFN-a and PegIFN-a are contraindicated in 
patients with advanced cirrhosis. 


Combination Peginterferon-a and Nucleos(t)ide Analogs 


Several nucleos(t)ide analogs including ribavirin, adefovir, and 
tenofovir, have been used in combination with PegIFN-a in 
patients with chronic HDV infection. In general, the combination 
of a PegIFN-a with a nucleos(t)ide analog has not been shown to 
be superior to PegIFN-a alone for the suppression of HDV RNA 
levels, but there may be a benefit to combination with adefovir 
disoproxil fumarate or tenofovir dipivoxil in reducing HBsAg lev- 
els (see Chapter 79). In one study, PegIFN-a 2b 1.5 pg/kg once a 
week plus ribavirin for 48 weeks followed by PegIFN-a 2b 1.5 pg/ 
kg once a week alone for 24 weeks was compared with PegIFN-a 
2b 1.5 pg/kg once a week alone for 72 weeks in 38 patients with 
chronic HDV infection.!°? Serum HDV RNA became negative 
in 19% of patients who received PegIFN-a compared with 7% of 
those who received combination therapy, suggesting no benefit 
of ribavirin on viral clearance.!” In another study, the combina- 
tion of PegIFN-o 2a 180 ug a week and adefovir dipivoxil 10 mg 
daily was compared with PegIFN-a 2a 180 ug a week plus pla- 
cebo or adefovir dipivoxil 10 mg daily alone for 48 weeks.°* Both 
groups who received PegIFN-a 2a experienced a higher rate of 
undetectable HDV RNA levels (PegIFN-o. 2a plus adefovir 23%, 
PegIFN-a 2a alone 24%) than did those who received adefovir 
dipivoxil monotherapy (0%) at the end of treatment.’* Twenty- 
four weeks after stopping treatment, 28% of patients randomized 
to a PegIFN-a 2a-containing arm were negative for HDV RNA 
compared with 0% of patients in the adefovir dipivoxil arm. After 
a median follow-up of 4.5 years, however, more than one half 
of the patients who were negative for HDV RNA experienced 
virologic relapse.!°° Overall, this study demonstrated that there 
was no beneficial antiviral effect to adding adefovir dipivoxil to 
PegIFN, sustained virologic responses were uncommon, and 
adefovir monotherapy had minimal-to-no effect on HDV replica- 
tion. Another study evaluated a longer duration of therapy with 
PegIFN-a 2a 180 pg once a week with or without tenofovir diso- 
proxil fumarate for 96 weeks.!° At the end of treatment, 47% 
of patients who received combination therapy achieved undetect- 
able HDV RNA compared with 33% of patients who received 
PegIFN-a 2a monotherapy; however, a substantial proportion of 
patients experienced a post-treatment relapse. Twenty-four weeks 
after stopping therapy, the proportion who were negative for 
HDV RNA declined to 30% of those who received combination 
therapy and 23% of those who received PegIFN-a 2a monother- 
apy.!” Therefore, neither extending the duration of PegIFN-a 
therapy nor combining PegIFN-a with a nucleos(t)ide analog was 
shown to be of benefit in treating chronic HDV infection. 


Nucleos(t)ide Analogs 


Nucleos(t)ide analogs are not effective at inhibiting HDV rep- 
lication!!° but may have a role in the management of patients 
with chronic HDV infection who have high HBV DNA levels by 
controlling HBV-related liver disease (see Chapter 79). It is also 
conceivable that nucleos(t)ide analogs may be of some benefit in 
patients with chronic HDV infection by lowering HBsAg levels 
and limiting HDV replication. The effect of nucleos(t)ide analogs 
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on HBsAg levels tends to be minimal (<1 log IU/mL), however, 
and there is little evidence to support their use in patients with 
chronic HDV infection. 


LT 


LT is the only option for patients with HDV-related decom- 
pensated cirrhosis (see Chapter 97). LT may be curative because 
of the use of hepatitis B immune globulin that binds HBsAg.!!! 
Indeed, the outcome of LT for chronic HDV infection is better 
than that for chronic HBV infection and may be curative for both 
infections.!!1-113 Graft reinfection rates are less than 10% with 
the use of hepatitis B immune globulin.!! 


Novel Therapies 


Drug development for HDV is hampered by the lack of suitable 
viral targets and animal models. Several promising agents that 
target viral entry and assembly are in various stages of develop- 
ment for the treatment of patients with chronic HDV infection. 


Entry Inhibitors 
As discussed earlier, HDV entry into hepatocytes is dependent on 
the interaction of the pre-S1 domain of the large HBsAg and the 
antigenic loop of the S domain with heparan-sulfate proteoglycans 
and binding of the myristoylated N-terminal region of pre-S1 of 
the large HBsAg to the hepatocyte-specific NTCP.!!+ Myrcludex 
B is a synthetic lipopeptide that mimics the receptor binding 
site of the pre-S1 of the large HBsAg and irreversibly binds to 
NTCP, thereby blocking infection of uninfected hepatocytes.!!° 
Myrcludex B is in phase 2 clinical trials. In one study, 24 patients 
with chronic HDV infection (all negative for hepatitis B e-anti- 
gen [see Chapter 79]) were randomized to receive Myrcludex B 
2 mg subcutaneously either alone, followed by PegIFN-a 2a 180 
pg once a week for 48 weeks, or in combination with PegIFN-a 
2a 180 pg once a week for 24 weeks, followed by PegIFN-a 2a 
180 pg once a week for an additional 24 weeks, or PegIFN-a 2a 
180 pg once a week alone for 48 weeks.'!° An interim analysis 
focusing on the end of the Myrcludex B dosing period (i.e., the 
initial 24 weeks) reported that HDV RNA became undetectable 
in 2 patients in the Myrcludex B monotherapy arm, 5 patients in 
the combination arm, and 2 patients in the PegIFN monotherapy 
arm. No significant changes in HBsAg levels occurred in any of 
the treatment arms. Treatment with Myrcludex B was generally 
well tolerated, although moderate increases in serum levels of 
conjugated bile acids were observed.'!° These preliminary data 
suggest that Myrcludex B may be associated with a reduction in 
HDV RNA levels, and there may be an additive benefit to com- 
bining Myrcludex B with PegIFN. 

Based on these preliminary data, Myrcludex B in doses of 2, 
5, and 10 mg subcutaneously once a day were tested in combi- 
nation with tenofovir disoproxil fumarate 300 mg once daily for 
24 weeks, followed by tenofovir disoproxil fumarate alone for 24 
weeks, and compared with tenofovir disoproxil fumarate alone for 
48 weeks among 120 patients with chronic HDV infection, one 
half of whom had cirrhosis.!!’ After the 24-week Myrcludex B 
dosing period, data from 41 patients were available for analysis. 
At least a 2-log reduction in HDV RNA levels was observed in 
46.4% of patients who received the 2 mg dose, 46.8% of those who 
received the 5 mg dose, and 76.6% of those who received the 10 
mg dose, compared with only 3.3% of those assigned to tenofo- 
vir disoproxil fumarate monotherapy.!!’ Serum HDV RNA levels 
rebounded, however, in the majority of patients after Myrcludex B 
was stopped. At follow-up week 12, HDV RNA relapse occurred 
in 60% of responders who received the 2 mg dose of Myrcludex B, 
80% of those who received the 5 mg dose, and 83% of those who 
received the 10 mg dose.!!’ Analysis of a subset of 22 patients with 
paired liver biopsy specimens at baseline and treatment week 24 


showed a strong intrahepatic decline in HDV RNA and antigen 
with Myrcludex B and tenofovir disoproxil famarate.!!8 These data 
demonstrate a dose-dependent antiviral effect of Myrcludex B but 
a high rate of relapse with 24 weeks of therapy. Future studies will 
need to determine whether sustained HDV RNA suppression is 
possible, and, if so, the appropriate dose and duration of therapy 
required to achieve elimination of HDV RNA. Studies evaluating 
the combination of Myrcludex B with PegIFN-o are planned. 


Inhibitors of Viral Assembly 

Virion assembly is dependent on the host protein farnesyl- 
transferase, which is required for farnesylation of the large 
delta antigen.!!*!20 Lonafarnib, a farnesyltransferase inhibi- 
tor, was demonstrated to affect HDV virion release in vitro and 
in vivo.!29.!2! Lonafarnib was evaluated at 2 doses, 100 and 200 
mg twice daily, in 14 patients with chronic HDV infection in a 
proof-of-concept study.!’? The 100 mg dose resulted in an aver- 
age decline in serum HDV RNA levels of 0.73 log IU/mL, and 
the 200 mg dose was associated with a mean decline in HDV RNA 
levels of 1.54 log IU/mL at 28 days compared with baseline.! 
In follow-up, HDV RNA levels returned to baseline within 
4 weeks of drug discontinuation. In another study designed to 
explore the optimal lonafarnib regimen, lonafarnib was evaluated 
in 15 patients (3 per group) at doses of 200mg twice daily and 
300mg twice daily for 12 weeks or 100, 200 and 300 mg twice 
daily in combination with PegIFN-a 2a 180 ug once a week for 
8 weeks, 100 mg 3 times daily for 5 weeks, and 100 mg twice daily 
in combination with the cytochrome P450 34 inhibitor ritonavir 
100mg once daily for 8 weeks.!?> Lonafarnib monotherapy for 8 
weeks resulted in a 1.2- to 2-log [U/mL decline in HDV RNA 
levels, with the highest antiviral response observed in those who 
received 300 mg twice daily. The more frequent dosing interval 
of 100 mg 3 times daily was not associated with an additional ben- 
efit over dosing of 200 mg twice daily, with respective declines in 
HDV RNA levels of 1.6 and 1.2 log IU/mL. The combination 
of lonafarnib 100 mg twice daily in combination with PegIFN-a 
2a 180 ug once a week for 8 weeks yielded a mean decline in 
HDV RNA levels of 1.8 log IU/mL. Patients were intolerant of 
the higher doses of lonafarnib in combination with PegIFN and 
did not complete the study. The greatest decline in HDV RNA 
levels was achieved with the combination of lonafarnib 100mg 
twice daily and ritonavir 100mg once daily for 8 weeks, with a 
2.4-log IU/mL decline in HDV RNA levels.!?> Declines in HDV 
RNA levels were accompanied by a reduction in serum ALT lev- 
els, but no changes in HBsAg levels were noted. In post-treat- 
ment follow-up, HDV RNA levels returned to baseline levels in 
all but 2 patients.!*? In both studies, drug tolerance was limited by 
dose-dependent GI side effects, including bloating, nausea, diar- 
rhea, and weight loss. The addition of ritonavir permitted lower 
doses of lonafarnib and partly ameliorated the GI side effects. 
Other studies evaluating lower doses of lonafarnib plus ritonavir 
with or without PegIFN-a 2a and PegIFN-A and longer dura- 
tions of therapy are in progress. 


Inhibitors of Viral Release 

Nucleic acid polymers, which are negatively charged oligomers, 
have been postulated to disrupt the interaction of HDV with 
heparan-sulfate proteoglycans!*+7>; however, evidence sug- 
gests entry inhibition is not the mode of action. Nucleic acid 
polymers appear to bind HBsAg, which is required for viral 
release, but the precise mechanism of action is not well under- 
stood.1?4126 Nucleic acid polymers are undergoing evaluation 
in patients with chronic HBV and HDV infection. In an open- 
label study, 12 patients with chronic HDV infection received 
the nucleic acid polymer REP 2139 500 mg once a week intra- 
venously for 15 weeks, followed by REP 2139 250 mg weekly in 
combination with PegIFN-o 2a 180 pg subcutaneously once a 
week for 15 weeks, followed by PegIFN-a 2a 180 ug once a week 


for 33 weeks.!2’ All patients experienced a reduction in HBsAg 
levels, with a mean reduction of 3.5 log;g IU/mL, and 5 patients 
cleared HBsAg. In parallel with the reduction in HBsAg levels, 
treatment with REP 2139 resulted in a profound reduction in 
HDV RNA levels, with a mean decline of 5.3 log IU/mL, and 9 
of 12 patients achieved undetectable HDV RNA at end of treat- 
ment.!?’ Seven patients remained HDV RNA negative after one 
year of follow-up. Treatment with REP 2139 was generally safe 
and well-tolerated. 

In summary, several promising agents with demonstrable 
antiviral activity are in development for the treatment of chronic 
HDV infection. The preliminary evidence suggests that they 
will need to be used in combination with other agents including 
PegIFN-a and nucleos(t)ide analogs and will likely require long- 
term administration. Extended dosing will raise concerns about 
long-term safety, and the results of ongoing studies are awaited 
before further recommendations about their benefit can be made. 
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PREVENTION 


Primary prevention of HDV infection can be achieved through 
HBV vaccination of individuals who have not been exposed to 
HBV because of the dependence of HDV on HBsAg for its life 
cycle. Persons at higher risk for HDV infection, including PWID 
and men who have sex with men, should be targeted for vacci- 
nation. Experiments in a woodchuck hepatitis model have dem- 
onstrated that partial protection against HDV infection through 
active immunization may be feasible, but further studies are 
required.!”° In the absence of a specific HDV vaccine, persons 
with chronic HBV infection should be educated and counseled 
on behavioral methods to limit exposure to HDV. 


Full references for this chapter can be found on www.expertconsult.com. 
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Hepatitis E is a form of viral hepatitis caused by HEV. The 
disease, often acute, self-limited, and associated with icterus, 
was first recognized in the 1980s, when sera collected during 
a large epidemic in Delhi, India, in 1955,! and during another 
epidemic in Kashmir, India, in 1978,7 were found to lack sero- 
logic markers of HAV and HBV infection.’ In retrospect, 
several hepatitis outbreaks that occurred around the world in 
the 18th and 19th centuries have had epidemiologic features 
resembling those of hepatitis E epidemics. HEV was identified 
in 1983 by immune electron microscopy,’ and its genome was 
cloned and sequenced in the early 1990s.° HEV infection was 
initially believed to be limited to humans residing in developing 
countries and to cause acute liver disease. However, the subse- 
quent discovery of HEV-like genomic sequences in pigs (“swine 
HEV”) and other animal species’ and identification of HEV 
genetically related to animal HEV in locally acquired human 
cases (including immunosuppressed persons with chronic hepa- 
titis and healthy blood donors) in developed countries® indicate 
a broader host range and geographic distribution than were 
previously thought. In addition, the infection has also been 
shown to be associated with chronic liver disease and several 
extrahepatic manifestations. 


VIROLOGY 


HEV, currently placed in the family Hepeviridae,’ is an icosa- 
hedral virion that is 27 to 34 nm in diameter, with both envel- 
oped (in circulation) and nonenveloped (in feces) forms. It has an 
approximately 7.2-kilobase-long, single- and positive-stranded, 
polyadenylated RNA genome with 3 open reading frames (ORFs 
1 to 3)! that encode viral nonstructural proteins, the viral capsid 
protein, and a small multifunctional protein, respectively (Fig. 
82.1). The capsid protein exhibits a protruding domain that is 
involved in the binding of HEV to susceptible cells and contains 
neutralization epitopes.!! The virus shows weak growth in vitro, 
and the mechanisms of its entry into, replication in, and release 
from host cells remain uncertain. 

The Hepeviridae family consists of 2 genera: Piscihepevirus, 
whose members infect fish, and Orthobepevirus, whose mem- 
bers infect mammals and birds.?:!* The latter genus consists of 
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4 species: Orthohepevirus A (infect humans, domestic and wild 
pigs, deer, sheep, rabbits, camels, mongooses); B (birds); C (rats, 
ferrets, shrews, bandicoots, mink); and D (bats), as well as some 
unclassified isolates (moose, foxes, egrets). Only members of 
genus Orthobepevirus A are known to infect humans. Phylogenetic 
analysis of strains of this genus reveals 8 distinct genotypes, 4 of 
which (genotypes 1 to 4; Table 82.1) are responsible for most 
of the human disease.”:!? These 4 genotypes show distinct geo- 
graphic distributions and host specificity. 

Genotype 1 includes isolates from Asia and Africa, and geno- 
type 2 includes one strain from Mexico and some isolates from 
western Africa; both of these genotypes are restricted to humans 
and have been associated with waterborne disease outbreaks. 
By contrast, genotypes 3 and 4 HEV circulate in several animal 
species, particularly in pigs, wild boars, and deer, and only occa- 
sionally cause human infection. HEV genotype 3 causes human 
disease in Europe, the USA, and South America, and HEV geno- 
type 4 causes disease in Northeast Asia (China, Taiwan, Japan, 
and Vietnam), with an occasional case in Europe. In geographic 
regions where human cases of HEV genotype 3 or 4 infection are 
reported, swine and human isolates of HEV belong to the same 
genotype. In addition, swine and human HEV strains in these 
regions often show greater genetic similarity with each other 
than with swine and human HEV isolates from other parts of the 
world, suggesting zoonotic transmission to humans.” In India, 
a highly endemic area, however, human and swine isolates have 
been found to be genetically dissimilar, belonging to genotypes 1 
and 4, respectively.!*!> Natural infection of pigs with swine HEV 
occurs by the fecal-oral route, usually at 2 to 4 months of age, 
and is associated with transient viremia and no clinical manifes- 
tations, although liver biopsy specimens may show mild hepati- 
tis.’ Genotypes 5 to 8 appear to infect only animals, except for 
an occasional report of human genotype 7 HEV infection from 
camels.!° Despite their considerable genomic heterogeneity, all 
HEV genotypes show extensive serologic cross-reactivity with a 
single serotype. 


EPIDEMIOLOGY 


‘Two distinct epidemiologic patterns of infection and human dis- 
ease caused by HEV are observed: (1) genotype 1 or 2 HEV dis- 
ease in areas of high endemicity; and (2) genotype 3 or 4 disease 
in areas of lower endemicity (Table 82.2). 


Areas of High Endemicity 


In developing countries of Asia (Indian subcontinent, Southeast 
and Central Asia), the Middle East, Africa, parts of South 
America, and Mexico, HEV disease is highly endemic.!7!° In 
these areas, human HEV infection occurs in the form of disease 
outbreaks!:>1°20 and frequent cases of sporadic disease (Fig. 82.2). 
The outbreaks can be large, causing several hundred to several 
thousand cases, with overall population incidence rates ranging 
from 1% to 15%—higher in adults (3% to 30%) than in children 
(0.2% to 10%) and in men than in women. 

Characteristically, the rates of disease and mortality are high 
in pregnant women. The epidemics vary from single-peaked, 
short-lived outbreaks to prolonged, multipeaked epidemics last- 
ing more than one year. In these areas, hepatitis E accounts for 
up to 50% to 70% of cases of sporadic acute hepatitis; these cases 
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Fig. 82.1 The genome of HEV. The 3 open reading 
frames —ORF1, ORF2, ORF3—are shown. 


TABLE 82.1 HEV Genotypes that Cause Human Infection and Their 


Geographic Distribution 
Genotype* Human infection Animal infection 


1 South, Southeast, and — 
Central Asia, Africa 


Mexico, Western Africa = 


USA, South America, USA, China, Japan, 
Europe (France, Spain, Southeast Asia, Australia, 
United Kingdom, the New Zealand, South 
Netherlands), Japan America 


4 China, Taiwan, Japan, India, China, Taiwan, Japan 
Vietnam 
7 Middle East (only one case Middle East 


has been reported) 


*Genotypes 5, 6, and 8 have been reported to cause infection only in 
animals. 


are demographically and clinically similar to those observed dur- 
ing outbreaks. 

The predominant route of transmission of HEV infection in 
these areas is fecal-oral. In most outbreaks, epidemiologic inves- 
tigations have shown an association of disease occurrence with 
consumption of fecally contaminated drinking water (Box 82.1). 
In some situations, HEV RNA has been detected in waste water, 
sewage, and drinking water. The outbreaks frequently follow 
heavy rains and floods, but some are related to decreased flow in 
rivers during summers, with a consequent increase in the concen- 
tration of water contaminants. Genotypes 1 and 2 HEV, the prev- 
alent genotypes in human cases of hepatitis E in these regions, 
appear not to cause either natural or experimental infection in 
animals; therefore, the likely source of water contamination is 
human feces, from persons with either clinical disease or subclini- 
cal HEV infection. Although data on subclinical HEV infection 
in humans are scant, viral excretion has been demonstrated dur- 
ing subclinical HEV genotype 1 infection in a macaque model.”! 

Person-to-person transmission of HEV appears to be uncom- 
mon during both epidemic and sporadic settings.” Vertical 
transmission from pregnant mothers to newborn babies** and 
transmission by blood transfusion”? are well documented in HEV 
genotype 1-predominant regions, but the contribution of these 
modes to the overall disease burden appears to be low. 

Seroprevalence rates in highly endemic areas are generally 
higher than those in developed countries and increase with 


Methyl transferase 


Domain Y 


Proline “hinge” 


ORF2 
Signal peptide 
L Domain X 
C] Helicase 


Papain-like cysteine protease C] RNA replicase 


Å Glycosylation site 


TABLE 82.2 Comparison of Epidemiologic and Clinical Features 
Associated with HEV Genotypes 1 and 2 versus 3 and 4 


Characteristic Genotypes 1 and 2 Genotypes 3 and 4 


Epidemiologic Large epidemics, small A small proportion of 
patterns outbreaks, and cases with sporadic 
of human frequent sporadic acute hepatitis 
disease cases 


Persons affected Young, otherwise 
healthy persons; 
males > females 


Mostly older adults, often 
with other comorbid 
conditions; males > 
females 


Animal-to-human Not reported Demonstrated; a likely 


transmission route is through 
consumption of 
undercooked meat 
or close contact with 
animals 
Waterborne Well known to occur; Unknown 
transmission most common route 


Animal reservoir No Yes (pigs, wild boars, 


deer) 


Severity Variable severity, 
including ALF; severe 
disease is particularly 
more common in 


pregnant women 


Severity and poor 
outcome are related to 
comorbid conditions 


Not known to occur 
after acute infection 


Chronic infection Immunosuppressed 
persons; transplant 
recipients receiving 
immunosuppressive 


drugs 


age. In India, the seroprevalence rates in adults are around 
40%, lower than those expected from the frequent occur- 
rence of outbreaks and sporadic disease and from the nearly 
universal detection of antibody to HAV by adolescence in 
the same area. These observations suggest the possibility of 
a reduction in titer or disappearance of antibody to HEV 
(anti-HEV) over time. By contrast, in Egypt, where hepatitis 
E outbreaks have not been reported, anti-HEV is commonly 
found in children, and its seroprevalence rate in young adults 
exceeds 70%?7; these findings are poorly understood, and 
infection with an attenuated or animal strain of HEV has been 
proposed. 
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PART IX Liver 


BOX 82.1 Features of HEV Genotypes 1 and 2 


Cause acute infection with no evidence of chronicity 

Responsible for large outbreaks involving up to several thousand 
persons in developing countries 

Frequent sporadic cases 

Fecal-oral transmission, usually through contaminated water 

Highest attack rates are among young adults 15-40 years of age; 
infrequent in children 

Clinical disease is most likely to occur in young adults 

Infrequent person-to-person transmission 

No evidence of parenteral or sexual transmission 

Greater likelihood of severe disease (ALF) with high (15%-25%) 
mortality rates in pregnant women, especially in the third 
trimester 

Mother-to-newborn (transplacental) transmission is known to occur 


Areas of Lower Endemicity 


In Europe, North America, developed countries in Asia (Japan, 
Taiwan), Australia, and New Zealand, hepatitis E has been reported 
in the form of case reports and case series and accounts for fewer 
than 1% of cases of acute viral hepatitis. Initially, most of these 
infrequent cases were believed to be related to travel to HEV- 
endemic regions. However, several cases caused by autochthonous 
(locally acquired) HEV infection have been recognized.’*”? These 
autochthonous cases in areas of lower endemicity have been related 
mostly to HEV genotype 3, with a few cases, primarily in Japan, 
China, and Taiwan, caused by HEV genotype 4.78? 

In the United Kingdom,*” persons with acute hepatitis E have 
often presented with features of liver disease such as jaundice, 
but many patients have had an anicteric illness with nonspecific 
symptoms or asymptomatic serum aminotransferase elevations. 
‘The number of cases appear to peak in the spring and summer, 
and the disease appears to be more common in residents of coastal 
and estuarine areas. Case series with similar characteristics have 
been described from other parts of Europe and, less frequently, 
North America.?°7? 

The source and route of infection in autochthonous hepati- 
tis E in areas of low endemicity remain unclear. The available 
evidence strongly suggests that most such cases are related to 
zoonotic transmission from pigs (or other animals). Such trans- 
mission appears to occur through consumption of undercooked 


Fig. 82.2 Geographic distribution of 
areas where HEV genotype 1 and 2 
infection is highly endemic (red areas). 


animal meat, close contact with infected animals, or contamina- 
tion of water supplies from animal feces. An instance of defi- 
nite animal-to-human transmission of HEV was reported from 
Japan, where hepatitis E developed in members of 2 families after 
ingestion of uncooked deer meat; the viral genomic sequences 
obtained from these cases were similar to those retrieved from 
leftover meat.*! Genomic sequences from human cases of hepati- 
tis E in various areas of low endemicity have shown close molecu- 
lar similarity to swine isolates of HEV from the same area. HEV 
genomic sequences have been isolated from pig livers and pig 
liver sausages in Japan, Europe, and the USA and have been 
closely related to those from human cases of hepatitis E in these 
areas.’ Consumption of raw or undercooked shellfish from 
HEV-contaminated waters has also been implicated. 

Some HEV infections in these areas appear to be related to 
transmission through infected blood and blood products. HEV 
RNA has been detected in 1 in 600 to 1 in 15,000 healthy blood 
donors in various countries of Europe and North America, and 
transmission of HEV infection has been shown in a subset of 
recipients of such infected blood and blood components.**?° 

In areas where autochthonous HEV genotype 3 hepatitis is diag- 
nosed, anti-HEV seroprevalence rates have varied widely among 
studies, even within the same country; this may be in part because of 
differences in the assays used but may represent true geographic dif- 
ferences in the rates of infection. Seroprevalence rates among healthy 
people in the USA,*° the United Kingdom, and other European 
countries appear quite high compared with the relatively infrequent 
occurrence of clinical disease. These high rates could be related to 
subclinical infection with HEV genotype 3; alternative explanations 
include serologic cross-reactivity with other agents, exposure to ani- 
mal reservoirs of HEV-like viruses, or false-positive results. 

In China, outbreaks of disease due to HEV genotype 1 were 
common in the past; however, since 2000, no outbreaks have 
been reported and sporadic cases have been caused mainly 
by HEV genotype 4. These findings may represent an epide- 
miologic transition from a high-endemicity pattern to a low- 
endemicity pattern. 


PATHOGENESIS 


Current understanding of virologic, serologic, and pathologic 
events during acute HEV infection (Fig. 82.3) is based on data 
from experimentally infected animals, 2 human volunteers, and 
a few patients. The events that occur between ingestion of HEV 
and its reaching the liver remain unclear. The incubation period 
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Fig. 82.3 Typical course of HEV infection (based on studies in human 
subjects and in experimentally infected primates). Ag, Antigen; Anti-HEV, 
antibody to HEV; /gG, immunoglobulin G; /gM, immunoglobulin M. 


ranges from 2 to 10 weeks. In humans, HEV can be detected in 
feces approximately 1 week before the onset of illness. Viremia 
and fecal shedding of the virus last until about 2 and 4 weeks, 
respectively, after the onset of illness. In experimentally infected 
primates, HEV RNA appears in serum, bile, and feces a few days 
before the elevation of serum ALT levels. HEV antigen expres- 
sion in hepatocytes is seen within 7 days after inoculation, can 
involve more than 50% of cells, and declines sharply as serum 
ALT levels increase.’” Elevation of serum ALT and appearance 
of histopathologic changes in the liver generally correspond with 
the appearance of anti-HEV in serum. 

Available evidence suggests that HEV is noncytopathic. This, 
along with temporal concordance of the HEV-specific immune 
response with the onset of liver pathology, suggests that liver 
injury in hepatitis E is immune mediated, as is the case in hepati- 
tis B and C. Data on cellular immune events during HEV infec- 
tion are relatively limited. Patients with acute hepatitis E show 
CD4 and CD8* T-cell responses to HEV proteins,***! although 
the quality and strength of these responses have varied among 
studies, which used different techniques. In some studies, the 
responses have been weaker in patients with ALF than in those 
without ALF.” Also, the HEV-specific T-cell responses appear 
to decline with time. In addition, changes in natural killer cells, 
natural killer T cells, and regulatory T cells have been reported.*? 
Gene expression data from experimentally HEV-infected chim- 
panzees suggest that the infection may induce an innate immune 
response and that adaptive immunity seems to be less important 
for clearance of the virus.** Occurrence of chronic HEV infec- 
tion in immunosuppressed persons suggests a role for T-cell 
responses in viral clearance. 

Histopathologic changes in acute hepatitis E are similar to 
those of other forms of acute hepatitis and include ballooned 
hepatocytes, acidophilic bodies, focal parenchymal necrosis, and 
inflammatory infiltrates in the lobules and expanded portal tracts. 
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BOX 82.2 Clinical Features of Acute Hepatitis E 


Incubation period of 2-10 weeks 
Varying clinical manifestations: 
Anicteric hepatitis 
Icteric hepatitis 
Severe hepatitis leading to ALF 


Inapparent, asymptomatic infection 

Clinical illness similar to that with other types of acute viral hepatitis 
(except among pregnant women) 

Milder illness in children 

Low mortality rate (0.07%-0.6%) (except in pregnant women; see 
Table 82.2) 


Some patients have prominent cholestasis, characterized by cana- 
licular bile stasis and gland-like transformation of parenchymal 
cells, with less marked hepatocytic changes.*> The liver shows 
infiltration with CD8* T cells.*° Severe disease is associated with 
submassive or massive necrosis and collapse of liver parenchyma. 
Chronic HEV genotype 3 viremia is associated with evidence of 
prolonged liver inflammation and injury and can progress from 
chronic hepatitis to cirrhosis over time." 

The reason for severe liver damage during pregnancy, espe- 
cially during the third trimester, remains unknown, although 
immune and hormonal factors have been suspected to play a role. 
‘These factors have included a bias in helper T cell type 1/type 2 
cytokine balance in favor of helper T cell type 2 cytokines,’ sup- 
pression of the p65 subunit of nuclear factor KB in both periph- 
eral blood mononuclear cells and liver tissue from such patients,*” 
a higher viral load,” a higher ratio of interleukin-12 to interleu- 
kin-10,°° and a reduced expression of progesterone receptors and 
progesterone-induced blocking factor.°° 

The pathogenesis and course of disease vary among HEV 
genotypes, with genotypes 3 and 4 causing a milder disease, albeit 
with the potential for chronic infection. Infection with HEV 
genotype 1 or 2 (but not genotype 3 or 4) during pregnancy is 
associated with a greater frequency of severe disease. 


CLINICAL FEATURES 
Acute Hepatitis E 


The most common recognizable form of HEV genotype 1 and 2 
infection is acute icteric hepatitis, with clinical features (Box 82.2) 
resembling acute hepatitis A or B (see Chapters 78 and 79).°! 
The illness begins insidiously with a prodromal phase with vary- 
ing combinations of flu-like symptoms, fever, chills, abdomi- 
nal pain, anorexia, aversion to smoking, vomiting, clay-colored 
stools, dark urine, diarrhea, arthralgias, and a transient macular 
skin rash. These prodromal symptoms are followed in 1 to 7 days 
by jaundice, dark urine, light stool color, and itching, which last 
up to a few weeks. Physical examination reveals jaundice, a mildly 
enlarged, soft, and slightly tender liver, and, at times, mild sple- 
nomegaly. Laboratory test abnormalities include bilirubinuria, 
conjugated hyperbilirubinemia, and marked elevations in serum 
levels of ALT, AST, and GGTP. Serum ALT elevations may 
precede symptoms, and the magnitude of the elevation does not 
correlate with the severity of liver injury. Mild leukopenia and 
relative lymphocytosis may occur. US may show a mildly enlarged 
liver, increase in hepatic parenchymal echogenicity, gallbladder 
wall edema, prominence of portal venules, and a slightly enlarged 
spleen; its main purpose is exclusion of biliary obstruction as the 
cause of jaundice. 

Acute hepatitis E is usually self-limited. A few patients have 
a prolonged course with marked cholestasis (cholestatic hepati- 
tis), including persistent jaundice lasting several weeks to a few 
months, prominent itching, and marked elevation of the serum 
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alkaline phosphatase level, ultimately with spontaneous resolu- 
tion. Case-fatality rates in highly endemic areas are generally 
low—0.5% to 4% in hospital-based data and 0.07% to 0.6% in 
population surveys during outbreaks. !° 

Some HEV-infected persons have only nonspecific symp- 
toms resembling those of an acute viral febrile illness with serum 
aminotransferase elevations but without jaundice (anicteric 
hepatitis), and some remain entirely asymptomatic; these forms 
appear to be more common in children. Anicteric and asymp- 
tomatic infections are more frequent than icteric disease, because 
a large proportion of HEV-seropositive persons in endemic areas 
do not recall ever having had jaundice. In a small proportion of 
patients, the disease is severe and associated with acute or sub- 
acute hepatic failure. 

Pregnant women, particularly those in the second or third 
trimester, are affected more frequently during hepatitis E out- 
breaks than are others in the population and have a worse out- 
come, with mortality rates of 5% to 25%. In an epidemic in 
Kashmir, India, clinical hepatitis E developed in 17.3% of preg- 
nant women (8.8%, 19.4%, and 18.6% of those in trimesters 
1, 2, and 3, respectively), compared with 2.1% of nonpregnant 
women and 2.8% of men of similar age.” ALF was observed 
in approximately 22% of the affected pregnant women, with 
an increased frequency of abortions, stillbirths, and neonatal 
deaths. 

In geographic areas where HEV genotype 3 infection is 
observed, the manifestations are generally similar, except that the 
patients are generally older and more likely to have history of 
alcohol use and other coexisting illnesses.*-*° In addition, the liver 
disease appears to be milder than that reported with genotype 1 
HEV. Several cases in these areas may go undiagnosed, as sug- 
gested by identification of hepatitis E on retrospective serologic 
testing among patients who had originally been diagnosed as hav- 
ing drug-induced hepatitis.** 


Extrahepatic Manifestations 


Several extrahepatic manifestations have been reported among 
persons with HEV infection, mostly as case reports or small case 
series. These include a wide variety of neurologic, renal, hema- 
tologic, and autoimmune manifestations and acute pancreatitis. 
Of these, neurologic manifestations have been the most com- 
monly reported, particularly from areas of low endemicity with 
a predominance of HEV genotype 3.°+ Acute pancreatitis has 
been reported more frequently in areas where HEV genotype 1 
predominates. The mechanisms of these manifestations and their 
viral causation remain uncertain. 


Chronic Hepatitis E 


Chronic infection with HEV, with persistent viremia and fecal 
excretion extending beyond 3 to 6 months to years, can occur”; 
all such cases have been reported from areas of low endemic- 
ity and have been associated with HEV genotype 3, and occa- 
sionally genotype 4, infection. Persistent infection is limited 
to immunosuppressed persons, including organ-transplant 
recipients, those receiving cancer chemotherapy or immuno- 
therapy, and HIV-infected persons. These patients may be 
either asymptomatic or have mild, persistent clinical symptoms 
of liver disease and often have high serum ALT and AST lev- 
els, indicating continuing inflammation of the liver. Over time, 
progressive liver damage and fibrosis may lead to develop- 
ment of cirrhosis"’; the overall frequency of this complication 
remains unclear. 

The predominant routes of acquisition of infection in such 
cases appear to be similar to those for autochthonous cases in 
areas of low endemicity. Transmission via the grafted organ has 
been considered but appears unlikely. 


DIAGNOSIS 


Human HEV infection can be diagnosed either directly by detec- 
tion of HEV RNA or viral capsid antigen in clinical specimens 
or indirectly by demonstration of a virus-specific host immune 
response (see Fig. 82.3).°° Detection of HEV RNA relies mostly 
on in-house reverse transcription-PCR assays, because commer- 
cial assays only became available in some regions in the 2010s. 
HEV antigen can be detected in the serum using an enzyme 
immunoassay. Enzyme immunoassays for the detection of immu- 
noglobulin (Ig)M and IgG antibodies to HEV are based on 
recombinant HEV proteins expressed in Escherichia coli or insect 
cells, synthetic peptides corresponding to immunogenic epitopes 
of HEV, and protein expressed from a synthetic gene encoding 
multiple linear antigenic epitopes from the ORF2 and ORF3 
regions.°° 

The presence in serum of IgM anti-HEV strongly suggests 
acute infection, whereas detection of IgG anti-HEV indicates 
the acute or convalescent phase or past exposure. IgM anti- HEV 
appears in the early phase of clinical illness, lasts 4 to 5 months, 
and can be detected in 80% to 100% of cases during outbreaks 
of hepatitis E. IgG anti- HEV appears a few days after IgM anti- 
HEV and remains detectable for at least one year to several years. 
With time, IgG anti- HEV appears to show a decline in titer and 
may become undetectable; the exact time frame for this is not 
known. 

The several commercial kits for the detection of IgM and IgG 
anti- HEV available in various countries use different target anti- 
gens from different HEV strains and have been produced using 
different expression systems, making the results of various tests 
noncomparable. In one study, the sensitivities of 6 IgM anti- 
HEV assays varied from 72% to 98%, and the specificities varied 
from 78% to 96%.°’ More recently developed assays appear to 
perform better, although no consensus on the best assay has been 
reached. None of the assays had been licensed for clinical use in 
the USA as of early 2020. 

HEV RNA can be detected in stool and serum during the 
acute phase of infection and in persons with chronic infection. 
HEV antigen can be detected during the initial phases of acute 
hepatitis E but not in the later phases.’ 

In disease-endemic areas, clinical diagnosis of HEV infection 
is usually based on the presence of IgM anti-HEV. By contrast, 
in areas where the disease is infrequent, the positive predictive 
value of such a result is not sufficiently high, and detection of 
HEV RNA is often considered important for reliable diagno- 
sis. Detection of the viral genome is also essential for diagnosis 
of HEV infection in immunodeficient persons, who may lack 
an antibody response, and for the diagnosis and assessment of 
response to treatment in patients with chronic HEV infection 
(see later). Viral genotyping requires amplification and sequenc- 
ing of a segment of the viral genome. The role of HEV antigen in 
the diagnosis of acute or chronic HEV infection remains unclear. 


TREATMENT 


Acute hepatitis E is usually self-limited, and only supportive care 
is needed; antiviral therapy has no role in this condition. Patients 
with acute or acute-on-chronic liver failure need admission to an 
ICU, supportive treatment, measures to control cerebral edema, 
and consideration for LT (see Chapters 95 and 97). In pregnant 
women, termination of pregnancy has not been proved to provide 
any benefit; postpartum hemorrhage resulting from deranged 
coagulation may require treatment with fresh frozen plasma. 

In chronic HEV infection, withdrawal or reduction in dose of 
immunosuppressive drugs leads to disappearance of HEV vire- 
mia in about one third of patients. In a retrospective case series 
of patients with chronic hepatitis E, treatment with ribavirin in a 
median dose of 600 mg daily for 3 months showed a high success 


rate in achieving sustained virologic response (no detectable HEV 
RNA in serum 3 to 6 months after treatment is stopped)”; how- 
ever, no controlled trials are available. Among patients who fail to 
respond, mutations in the HEV genome have been identified. In 
some patients, administration of pegylated interferon-a induced a 
sustained virologic response®!; however, interferon carries a risk of 
acute rejection in patients with an organ transplant. 


PREVENTION 


Prevention of hepatitis E in endemic areas depends primarily 
on the availability of clean drinking water and strict attention 
to sewage disposal. In an epidemic setting, measures to improve 
the quality of water—as simple as boiling water—lead to a rapid 
decline in the number of new cases. Use of immune globulin 
manufactured in endemic areas does not appear to provide any 
protection against HEV infection when administered pre- or 
post-exposure. In areas of low endemicity, zoonotic transmission 
can be avoided through emphasis on thorough cooking of pork 
and avoidance of undercooked meats; these measures may be par- 
ticularly important for immunosuppressed persons. 

Some countries in Europe have introduced universal targeted 
(for high-risk recipients) or partial (in selected centers or geo- 
graphic areas) screening of donated blood for HEV RNA. In sev- 
eral other areas, such screening is under consideration.” 

Experimental studies in HEV-susceptible primates using dif- 
ferent recombinant HEV capsid proteins have shown evidence 
of protection against hepatitis and viremia, although viral excre- 
tion was not prevented.°’ Two of these vaccines have undergone 
human trials. 

The first vaccine to undergo efficacy trials in humans con- 
tained a recombinant truncated HEV capsid protein produced 
in insect cells as virus-like particles and aluminum hydroxide as 
an adjuvant. In a phase 2, double-blind, randomized placebo- 
controlled trial, nearly 2000 seronegative young adults (>99% 
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male) in Nepal‘ received 3 doses of either this vaccine or a 
matched placebo (at 0, 1, and 6 months). Over a 2-year follow- 
up period, the vaccine showed 95.5% protective efficacy against 
clinical acute hepatitis E; data on longer-term protection are 
not available. IgG anti-HEV, although present in high titer at 1 
month after the third vaccine dose in all volunteers, was detect- 
able in only 56% by the end of follow-up. 

The second vaccine consists of a 239-amino acid-long trun- 
cated ORF2 protein, which has been expressed in E. coli and 
forms 23-nm virus-like particles. In a population-based random- 
ized trial in southern China with more than 110,000 volunteers, 
administration of 3 intramuscular doses (at 0, 1, and 6 months) 
showed a protective efficacy against clinical acute hepatitis E of 
100% during a 13-month follow-up period and was safe, with 
only minor local adverse events.°>:°° In a longer-term follow-up 
extending up to 4.5 years, the rate of protective efficacy was 87%. 
This vaccine has been marketed in China since 2012, but is not 
available elsewhere. 

HEV vaccines are likely to be useful for travelers to regions 
where hepatitis E is highly endemic and for pregnant women and 
persons with chronic liver disease who reside in such regions. 
Further data on the efficacy and safety of these vaccines among 
various high-risk groups (pregnant women, patients with chronic 
liver disease, and immunosuppressed persons), efficacy in the 
postexposure setting and against HEV genotype 1 or 3 disease, 
duration of protective efficacy, and effect on subclinical HEV 
infection and fecal shedding of the virus should be helpful in pro- 
moting more widespread use of this vaccine. 
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In addition to hepatitis A to E, a number of other viruses have 
been shown to be hepatotropic in that viremia is occasionally 
associated with elevations in serum aminotransferase levels and 
viral replication may occur in hepatocytes; however, causality 
with significant acute or chronic liver disease has been difficult 
to establish. Such viruses include human pegivirus (HPgV) (for- 
merly known as hepatitis G virus [HGV] and the GB agents), TT 
virus (TTV), Sanban virus, Yonban virus, SEN virus, and TTV- 
like minivirus. Other novel agents such as the NV-F virus-like 
agent, which may exacerbate the severity of chronic hepatitis C, 
have been reported, but little is known about them. 

Other viral diseases may sometimes involve the liver as part of 
a systemic infection. The agents of such infections include HIV 
(see Chapter 35), EBV, CMV, HSV, varicella-zoster virus (VZV), 
the virus that causes severe acute respiratory syndrome (SARS), 
parvovirus B19, and human herpesvirus 6 (HHV-6). Infection 
with any of these viruses may rarely lead to severe, sometimes 
fatal, hepatitis. 


DISCOVERY OF NOVEL HEPATITIS VIRUSES 


During the long search for the cause of transfusion-associated 
non-A, non-B hepatitis (see Chapter 80), candidate hepatitis 
viruses were discovered, primarily in individual or small numbers 
of patients with an acute clinical hepatitis and negative testing for 
all known viruses. Viral discovery programs with more advanced 
sequencing technology such as metagenomics continue with the 
hope of isolating pathogens in individuals with acute hepati- 
tis syndromes who test negative for hepatitis A to E (non—A-E 
hepatitis). Although a number of viruses have been identified, 
a causal link with liver disease has been hard to demonstrate in 
most instances. 
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GBV-C/HUMAN PEGIVIRUS 


The GB agent (GBV) and HGV were discovered and later 
shown to be 2 isolates of the same virus. A 35-year-old surgeon 
with the initials GB developed an acute icteric hepatitis. When 
his serum was serially inoculated into healthy tamarins, they too 
developed hepatitis. Analysis of the tamarins infected with deri- 
vations of the GB serum led to the identification of 2 distinct 
viruses, labeled GBV-type A (GBV-A) and GBV-type B (GBV-B).! 
Neither GBV-A or GBV-B infect humans, but a third virus, 
closely related to the GB agents, was subsequently identified 
by the same investigators from a human sample and was clas- 
sified as GBV-C’ At approximately the same time, another 
group independently identified a virus from the serum of a 
patient with cryptogenic non-A-E hepatitis, which they named 
HGV. Subsequent studies revealed 96% homology between 
the genomes of HGV and GBV-C, indicating that they were 
actually 2 strains of the same virus.* Because large epidemio- 
logic studies have not demonstrated any association between 
infection with GBV-C/HGV and acute or chronic hepatitis, the 
use of the term “hepatitis G virus” has been questioned. More 
recently, even the name GBV has been challenged. GBV-A and 
-B infect only new-world primates and a more recently dis- 
covered related virus called GBV-D infects only bats. In fact, 
even the index patient (“GB”) was subsequently shown to be 
infected with HCV as the cause of his liver disease. As such, in 
2011, a new nomenclature was adopted that preserved the name 
GBV only for the original GBV-B strain and called the other 
related viruses Pegivirus to indicate that they cause persistent 
(Pe) infection and originate from the historically named G or 
GB viruses.’ They are all in the class of GBV-C, which is now 
known as HPgV. Notably, despite some structural similarities 
with HCV, HPegV should no longer be classified as a hepatitis 
virus. Although HPgV is detected in many patients with non- 
A-to-E acute and chronic hepatitis and may persist for years, 
it does not appear to cause liver (or any other) disease, even in 
immunocompromised persons.’ !°!*0?3 HPeV infection has 
been established in Old World monkeys, including cynomol- 
gus macaques.'*!’ Interestingly, following acute inoculation 
and progression to chronicity of HPgV infection, very little 
sequence evolution was seen supporting the nonpathogenicity 
of this viral family. It is primarily if not exclusively lymphotro- 
phic, and for persons with HIV infection, coinfection with 
HPeV is associated with a milder course of HIV-related dis- 
ease and a better response to antiretroviral therapy,>”** possibly 
through direct competition for the same cell-type or through 
induction of cytokines. !8-+ 

Because HPgV infection is not associated with clinical liver dis- 
ease, no treatments have targeted HPgV specifically. In HIV-HCV- 
HPgV coinfected persons, peginterferon and ribavirin treatment led 
to sustained HPgV clearance in 31% of patients, with no observ- 
able subsequent effect on the course of HCV or HIV infection. 
In patients coinfected with HPgV and HCV who were treated with 
interferon and ribavirin, HPgV RNA disappeared from serum dur- 
ing therapy but reappeared in all patients following discontinuation 
of therapy.°! Importantly, no effect of HPgV infection on the 
response to treatment of HCV or HBV infection was observed.!°-#¢ 
Neither the effect of HCV DAAs on HPgV replication nor the 
effect of HPgV on the response to DAAs has been reported. 


TT VIRUS INFECTION 


ITV was first identified in 1977, by the use of representational dif- 
ference analysis in a patient (with the initials TT) in Japan who had 
acute post-transfusion non—A-G hepatitis.*’ TTV is also referred 
to as the transfusion-transmitted and Torque-Teno virus.** 


Virology 


TTV is a nonenveloped, single-stranded, negative-polarity, circu- 
lar DNA virus. It is closely related to a family of animal viruses 
known as Circoviridae, which have not been associated with human 
disease. TTV is the first human single-stranded circular DNA 
virus to be identified and does not fit precisely into any known virus 
family. Other TTV-like viruses were subsequently discovered and 
together make up the human Anellovirus family.*”°° 

ITV is hepatotropic based on the observation that viral levels 
are higher in the liver than in the serum of infected patients. TTV 
has also been identified within hepatocytes and shown to replicate 
by in situ hybridization and PCR; however, no or only minor mor- 
phologic changes have been seen in cells with positive hybridiza- 
tion signals.*! TTV has also been shown to replicate in stimulated 
peripheral blood mononuclear cells and bone marrow cells.°” 


Epidemiology 


TTV is found worldwide and is common. Initial studies docu- 
mented infection in 1% to 40% of healthy blood donors.” As 
more inclusive primers have been used to detect differing geno- 
types, the reported prevalence among blood donors has increased 
dramatically, approaching 100% in some studies.*+ The preva- 
lence of TTV infection increases with age but appears to reach 
a plateau by early childhood.** TTY is also found in a variety of 
nonhuman primate species. 


Clinical Features 


Although TTV was associated with acute hepatitis in the patient 
in whom it was first identified, other studies have not supported 
a causal association between TTV and liver disease.>®°? In the 
original study,*’ viremia was detected 6 weeks after exposure and 
2 weeks before a rise in serum ALT levels. 


Treatment 


Formal studies of treatment of TTV infection have not been per- 
formed. A small study of HCV-TTV-coinfected patients showed 
that TTV infection had no effect on the sustained virologic 
response of therapy with peginterferon and ribavirin for HCV 
infection. Although TTV viremia cleared after therapy in 6 of 10 
patients, 4 of the 6 relapsed within 6 months.“ 


SANBAN, YONBAN, AND SEN VIRUS AND TT VIRUS- 
LIKE MINIVIRUS INFECTIONS 


Since the discovery of TTV in 1997,*’ several similar viruses 
with a small DNA genome have been isolated in Japan and 
named Sanban, Yonban, and TTV-like minivirus*®. These viruses 
have been divided into 29 genotypes, with sequence divergence 
of greater than 30%.°! Like TTV, they are readily transmitted 
parenterally and can also be passed by the fecal-oral route. None 
has been clearly associated with human liver disease to date. 

In 1999, a novel virus was identified in an HIV-positive per- 
son (with the initials SEN) who had post-transfusion hepatitis of 
unknown etiology. This virus was found with the use of degen- 
erative primers from the prototype TTV. The SEN virus is a 
small, nonenveloped, single-stranded DNA virus, but unlike that 
of TTV, the SEN genome is linear. Nucleotide sequencing has 
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shown 50% homology with the prototype TTV, but only 30% of 
amino acids are homologous. Sequencing of multiple isolates has 
demonstrated sequence divergence of 15% to 50%. 

Like TTV, SEN virus is transmitted both parenterally and by 
the fecal-oral route. Vertical transmission occurs but, in most 
cases, does not lead to chronic infection. Natural clearance of both 
perinatally and parenterally acquired SEN virus does not appear to 
protect against reinfection.“ The prevalence varies markedly and 
is highest among patients with parenteral risk factors, particularly 
those coinfected with HCV.® The prevalence among healthy blood 
donors is approximately 2% in the USA and 10% in Japan.°.°6*+ 

The clinical significance of SEN infection remains controver- 
sial. One study of patients with post-transfusion non—A-E hepa- 
titis suggested that SEN was the cause in a majority (11 of 12) of 
cases. SEN viremia persisted for more than 1 year in 45% of those 
infected; however, clinical hepatitis did not develop in a majority 
(86%) of transfused patients who acquired SEN infection. None of 
the patients with hepatitis had a fulminant course, nor did chronic 
liver disease or cirrhosis develop during follow-up.’ Other reports 
and case series have identified SEN or TTV viremia in patients 
with both ALF and chronic hepatitis or HCC, but causation has 
been difficult to establish. Most studies have shown neither an 
association between SEN or any of the other viruses in this group 
and human disease, nor an effect of these viruses on the course or 
response to treatment for chronic viral hepatitis. 


THE SEARCH FOR OTHER NON-A-E VIRAL HEPATITIS 
INFECTIONS 


Cases of acute hepatitis continue to occur that test negative for 
both known hepatotropic viruses and systemic infections with 
liver involvement. Such cases are often referred to as non—A-E 
hepatitis, but some investigators prefer the term “indeterminate 
hepatitis” to indicate that a nonviral etiology may be responsible.’ 
Advances in technology, such as next-generation metagenomic 
sequencing, have improved the ability to identify novel viruses or 
other human pathogens. With use of this approach, all extracted 
RNA and DNA is sequenced with no or minimal amplification. 
Although this approach avoids biases and errors associated with 
amplification and can detect multiple viruses simultaneously, it 
leads to lower sensitivity than standard PCR-based methods.’! A 
study aimed at viral discovery in a cohort of persons who inject 
drugs with HIV-HCV coinfection found that a metagenomic 
approach had a sensitivity of 10,000 copies or IU/mL for known 
viruses.’? However, the approach was successful in documenting a 
novel human pegivirus, which has also been referred to as HPgV 
2.7? Although no clinical consequences were apparent as a result of 
coinfection with this newly discovered virus, the approach high- 
lights the power of this technique to detect new pathogens. With 
continuing advances, sensitivity is likely to improve. 

Although powerful, metagenomic tools have potential pit- 
falls. Chinese investigators identified viral fragments in a cohort 
of patients with acute non—A-E hepatitis. After assembly of the 
complete genome, the new virus was provisionally designated 
NIH-CQV and was found to have homology to Parvoviridae 
and Circoviridae families of viruses. Of 90 patients, 63 (70%) had 
detectable DNA, which was not found in any of 45 controls.” 
However, this virus was subsequently shown to be identical to 
a virus called parvovirus-like hybrid virus, which was eventu- 
ally found to be a contaminant of silica-binding columns used 
for nucleic acid extraction rather than a true human pathogen,’* 
thereby highlighting the potential for powerful sequencing tech- 
nologies to lead to spurious conclusions. 

HPeV, SEN virus, TTV, and other pathogens were initially 
reported as causes of acute viral hepatitis; however, carefully 
performed studies subsequently showed that the frequency was 
similar in cases and controls, thus raising doubt about a causal 
relationship. Well-characterized clinical cases of “indeterminate 
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hepatitis” and appropriate controls will be critical for rigorous 
independent validation of discoveries and proper assessment of 
associations between any novel microbes and liver disease. 


SYSTEMIC VIRAL INFECTIONS THAT MAY INVOLVE 
THE LIVER 


EBV 


EBV infection is common and covers a wide spectrum of clini- 
cal presentations. Most infected infants and children are either 
asymptomatic or have mild, nonspecific complaints, whereas ado- 
lescents and adults typically present with the triad of pharyngitis, 
fever, and lymphadenopathy.’ Although usually subclinical, liver 
involvement is nearly universal in patients with EBV mononucle- 
osis and ranges from serum aminotransferase elevations to rare 
cases of acute and even fatal liver failure.”° 

Up to 90% of patients with acute mononucleosis have serum 
aminotransferase and LDH elevations 2 to 3 times the upper 
limit of normal. The enzyme levels typically rise over a 1- to 
2-week period, and peak levels are usually less than 5-fold the 
upper limit of normal, much lower than those normally seen in 
patients with acute hepatitis A, B, D, or E.” Elevated levels of 
alkaline phosphatase are common, and mild hyperbilirubinemia 
is observed in as many as 45% of cases.’7-’* In most patients, liver 
biochemical test levels normalize within 1 month, often before 
complete resolution of clinical symptoms.’? As with infectious 
mononucleosis, EBV hepatitis tends to be more severe in adults 
older than 30 years of age than in younger adults and children.*° 
Older adults occasionally present with jaundice, fever, and RUQ 
pain that may be confused with extrahepatic biliary obstruction.*! 
Although jaundice may be caused by viral-induced cholestasis, 
autoimmune hemolytic anemia should be excluded in hyperbili- 
rubinemic patients. Cholestatic jaundice with pruritus may be 
observed in young women with EBV infection who continue tak- 
ing oral contraceptive pills. 

Fatal ALF due to EBV hepatitis has been described in both 
immunocompetent and immunocompromised persons and appears 
to be associated with a greater than usual EBV viral burden, particu- 
larly in T cells as opposed to B cells.*? A small minority of patients 
develops a chronic form of EBV infection at the time of initial 
infection that resembles infectious mononucleosis, with involve- 
ment of liver, lungs, and other organs, and that does not resolve 
and may be life-threatening. High levels of EBV DNA are found 
in the blood, with associated fever, hepatitis, and lymphadenopa- 
thy. Treatment with immunosuppressive agents may induce 
remission, but only hematopoietic stem cell transplantation has 
been reported to be curative.*’ In addition to chronic EBV infec- 
tion, a hemophagocytic syndrome characterized by fever, hepa- 
tosplenomegaly, hepatic synthetic dysfunction, cytopenias, and 
marked hyperferritinemia (>10,000 ug/L) may develop in patients 
with EBV infection. The syndrome, also known as hemophagocytic 
lymphohistiocytosis, is caused by natural killer T-cell dysregulation, 
leading to lymphocyte proliferation and activation with uncon- 
trolled hemophagocytosis and cytokine production. The syn- 
drome is associated with primary or reactivated EBV infection and 
is also seen in the context of hematologic malignancies and colla- 
gen vascular diseases (see Chapter 37).** Successful treatment has 
been reported with immunosuppressive therapy with glucocorti- 
coids or cyclosporine, or both, chemotherapy, and hematopoietic 
stem cell transplantation. Although rare, the syndrome is usually 
severe and may be fatal.*° 

EBV hepatitis is a relatively infrequent cause of acute hepati- 
tis in adults, accounting for just 0.85% of 1995 cases of hepatitis 
reported at a tertiary center. Notably, only a minority (12%) had 
clinical features of infectious mononucleosis, but all had lympho- 
cytosis and 88% had splenomegaly. Mild thrombocytopenia may 
also be seen.*° The Monospot test is sensitive for the detection of 


heterophile antibodies but is not a specific test for EBV infection. 
Levels of EBV-specific immunoglobulin (Ig)M antibodies peak 
early in serum and may persist for many months, at which point 
IgG antibodies appear. Findings on abdominal US are usually non- 
specific and may include hepatosplenomegaly, lymphadenopathy, 
and possibly gallbladder wall thickening, which has been reported 
to portend more severe liver disease.’ Liver biopsy is rarely neces- 
sary for diagnosis and, if done, shows portal and sinusoidal mono- 
nuclear cell infiltration with no disruption of hepatic architecture; 
multinucleated giant cells are not a feature. In more severe cases, 
focal hepatic necrosis may be evident. In situ hybridization or PCR 
testing of biopsy samples may be used to confirm the diagnosis, but 
immunohistochemistry for EBV proteins is rarely positive.°® 

No specific treatment for EBV hepatitis exists. Acyclovir 
inhibits EBV replication and reduces viral shedding from the 
nasopharynx but has no effect on clinical symptoms or out- 
come.*? Improvement in acute and chronic EBV hepatitis has 
been reported with ganciclovir treatment, but this approach has 
not been well studied.”° LT has been performed for ALF caused 
by EBV. EBV rarely causes hepatitis after LT but has been asso- 
ciated with post-transplantation lymphoproliferative disease (see 
Chapter 36). EBV DNA is commonly found in the blood after 
LT, but viral titers are not associated with symptoms or compli- 
cations.”! Similarly, although EBV DNA can be isolated from the 
liver in the setting of post-transplant graft hepatitis, it is not asso- 
ciated with graft survival or other outcomes (see Chapter 97).”” 
By contrast, high levels of HHV-6 DNA have been associated 
with graft hepatitis with impaired graft survival.’? In a patient 
with chronic EBV hepatitis after kidney transplantation, treat- 
ment with rituximab has been reported to lead to improvement in 
serum liver enzyme levels and hepatic pathology.” 


CMV 


CMV is the largest member of the Herpesviridae family and, like 
other herpesviruses, persists lifelong in a latent, nonreplicative 
state after resolution of primary infection. Consequently, clini- 
cal disease caused by CMV may occur as a primary infection or, 
more commonly, as reactivation of latent infection,” particularly 
in immunocompromised persons. 

In immunocompetent children and adults, primary CMV 
infection is usually subclinical but may cause a mononucleosis- 
like illness. Liver involvement is common and is characterized 
by mild to moderate serum aminotransferase (88%) and alkaline 
phosphatase (64%) elevations with or without hepatosplenomeg- 
aly.” Although the clinical course is mild in most patients, rare 
instances of granulomatous cholestatic CMV hepatitis, with or 
without jaundice, and even massive, fatal hepatic necrosis have 
been described.” In addition to the congenital CMV syndrome 
(jaundice, hepatosplenomegaly, thrombocytopenic purpura, and 
severe neurologic impairment), CMV is a common cause of neo- 
natal hepatitis.” A number of case reports also suggest a possible 
association between CMV infection and acute portal vein throm- 
bosis; however, the mechanism is unclear.?° 

Disseminated, life-threatening CMV infection with mul- 
tiorgan involvement may develop in patients with impaired 
cell-mediated immunity (see Chapter 35 36). Hepatobiliary 
involvement by CMV is common in patients with AIDS and 
may manifest as hepatitis, pancreatitis, or acalculous gangrenous 
cholecystitis.°? CMV also may cause AIDS-associated cholan- 
giopathy, which manifests with chronic cholestasis and mimics 
PSC clinically and radiographically (see Chapter 35).!°° Patients 
may have papillary stenosis alone or in combination with intra- 
or extrahepatic (or both) biliary stricturing and dilatation (see 
Figs. 83.1 and 35 8). Antiviral therapy has no effect on this syn- 
drome, but papillotomy, with or without placement of a biliary 
stent, may lead to symptomatic improvement.”? Organ trans- 
plant recipients are also at risk for aggressive CMV hepatitis, 


Fig. 83.1 US findings in AIDS 
cholangiopathy and CMV infection. 
A, A thick rind of echogenic tissue 
(arrows) surrounds the central 
portal triads and causes irregular 
narrowing of the intrahepatic bile 
ducts (BDs). B, The BD is dilated, 
and its wall is minimally irregular. C, 
The dilated BD tapers abruptly at 
an echogenic, inflamed ampulla (ar- 
row), indicative of papillary stenosis. 
D, The ampulla (arrow) is enlarged 
and echogenic, as viewed trans- 
versely in the caudal aspect of the 
pancreatic head. 


including fibrosing cholestatic hepatitis (see Chapter 97), but 
for unclear reasons cholangiopathy does not develop in these 
patients.!°! CMV hepatitis can be difficult to distinguish from 
graft rejection in liver transplant recipients.!° 

The diagnosis of CMV infection is based on the results of sero- 
logic and nucleic acid studies, liver biopsy, or both. In acute primary 
CMV infection, IgM antibodies to CMV are present. For patients 
with reactivation of latent CMV, direct measure of viremia with 
PCR is necessary. Because CMV viremia precedes organ involve- 
ment, testing for CMV PCR in blood is a useful screening tool in 
immunocompromised patients.!°> Multinucleated giant cells with 
mononuclear portal and parenchymal inflammatory infiltrates and 
cholestasis are commonly seen on liver biopsy specimens. Large 
nuclear inclusions, sometimes referred to as “owl’s eye” inclusions, 
may be seen in hepatocytes or biliary epithelial cells (Fig. 83.2). 

With mild CMV disease in an immunocompetent adult, treat- 
ment is unnecessary. In immunocompromised patients, antiviral 
therapy is indicated. Ganciclovir, a guanosine nucleoside analog 
with a much longer intracellular half-life than that of acyclovir, has 
proved to be most effective. The major toxicity is bone marrow sup- 
pression, particularly granulocytopenia. Because viremia correlates 
with disease outcome, ganciclovir should be continued until CMV 
antigenemia is undetectable.! For patients resistant to or intoler- 
ant of ganciclovir, alternative agents include foscarnet and cidofovir. 


HSV 


HSV typically causes mucocutaneous vesicular oral or geni- 
tal lesions; visceral involvement may occur in certain clinical 
settings. HSV hepatitis is seen in neonates, pregnant women, 
and immunocompromised persons and can be aggressive and 
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Fig. 83.2 Histopathology of CMV hepatitis. In the center (arrow) is a 
large hepatocyte with a large nucleus that contains an “owl’s eye” inclu- 
sion (H&E.) (Courtesy Maha Guindi, MD, Toronto, Canada.) 


life-threatening, with up to 80% mortality reported in some 
series.!°> Hepatitis may be caused by HSV-1 or HSV-2.!° Cases 
of severe HSV hepatitis in immunocompetent persons have been 
reported as well.!°’ Severe hepatitis with multiorgan involvement 
and, often, adrenal insufficiency may develop in neonates exposed 
to infected maternal genital secretions at the time of delivery.!°° 
Risk factors for severe disease and the need for LT include the lack 
of skin lesions, positive HSV DNA by PCR testing, thrombocy- 
topenia, and liver synthetic dysfunction.!°? In pregnant women, 
HSV hepatitis usually has a fulminant course. The disease is most 
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Fig. 83.3 Histopathology of HSV hepatitis. At the edge of a necrotic 
zone, some hepatocytes are multinucleated, and many nuclei contain 
eosinophilic viral (Cowdry type A) inclusions. (H&E.) (From Lucas SB. 
Other viral and infectious diseases and HIV-related liver disease. In: Burt 
AD, Portmann BC, Ferrell LD, editors. Pathology of the liver. 5th ed. 


London: Churchill Livingstone; 2007. p 446.) 


common in late gestation, typically (in 65% of patients) in the 
third trimester. Mucocutaneous lesions are present in only 50% 
of cases, and a high index of clinical suspicion is important to 
ensure timely diagnosis.!!° Maternal and perinatal mortality rates 
approach 40%, and in the largest series, 25% of patients were 
diagnosed only at autopsy. Early diagnosis and initiation of anti- 
viral therapy are critical!!! 

Mild, asymptomatic liver enzyme elevations may be seen in 
14% of immunocompetent patients with acute genital HSV infec- 
tion. By contrast, immunocompromised patients may present with 
ALF.!!2 Hepatitis is more common with acute infection than with 
reactivation and presents with fever, leukopenia, and markedly 
elevated serum aminotransferase levels. Coagulopathy, includ- 
ing DIC, and jaundice may be seen. Acute and sometimes severe 
abdominal pain has been reported.!!> Of reported cases, only 50% 
had a rash at presentation, and 58% were diagnosed at autopsy.!!* 
Risk factors for progression to death or LT include male gender, 
age over 40 years, a serum ALT level over 5000 U/L, a platelet 
count less than 75,000/mm’, and lack of antiviral therapy.! 14 

Liver biopsy is essential for diagnosis, particularly in preg- 
nancy. The transjugular route may be required because liver 
failure may develop rapidly, precluding percutaneous biopsy. 
Focal or extensive hemorrhagic or coagulative necrosis, with few 
inflammatory infiltrates, is seen. Intranuclear (Cowdry A type) 
inclusions may be identified in hepatocytes at the margins of the 
necrosis. In addition, some periportal multinucleated hepatocytes 
show a ground-glass appearance suggestive of viral inclusions 
(Fig. 83.3).!!° Electron microscopy, immunohistochemical stain- 
ing, and PCR techniques can be used to confirm the diagnosis.!!° 
Serum PCR testing has been reported to allow rapid diagnosis 
with early institution of therapy.!!” 

HSV hepatitis constitutes an emergency, and empirical ther- 
apy should be instituted pending diagnostic confirmation. High- 
dose IV acyclovir (at least 10 mg/kg every 8 hours) is effective 
and appears to be safe in pregnant patients.!!® Prolonged therapy 
may be required because severe relapse has been reported.!°” 
Although successful LT has been reported, transplant outcomes 
for HSV hepatitis have been disappointing, with just a 38% one- 
year survival rate in the European transplant registry.!!° 


VZV 


Like HSV infection, VZV infection occasionally can be com- 
plicated by hepatitis. Serum liver enzyme levels may be elevated 
in up to 3.4% of children with chickenpox; however, clinically 
significant hepatitis has been reported only rarely.!?° Although 
VZV reactivation in adults usually is limited to the skin, dissemi- 
nation with liver, lung, and pancreatic involvement may occur.!?! 
Rarely, visceral involvement has been reported to develop before 
cutaneous manifestations in bone marrow or solid organ trans- 
plant recipients. If visceral involvement is suspected, treatment 
with high-dose IV acyclovir should be instituted. 


Others 


A number of other viruses have been reported to involve the 
liver, ranging from mild hepatitis to ALF. During the 2003 
outbreak of SARS, elevated serum aminotransferase levels were 
commonly observed during the acute illness. Subsequently, 
cases of SARS hepatitis were reported in 3 patients in whom 
the coronavirus that causes SARS was demonstrated in the liver 
by reverse transcriptase-PCR techniques; no viral particles were 
seen on electron microscopy. All 3 cases fulfilled the WHO 
criteria for SARS. Examination of liver tissue revealed marked 
apoptosis, ballooning of hepatocytes, and moderate lobular 
lymphocytic infiltration. !?? 

Parvovirus B19 is a common childhood exanthem that may 
also precipitate aplastic anemia. Liver enzyme elevations have been 
described, and rare cases of hepatitis with synthetic dysfunction or 
even ALF have been reported in both immunocompetent and immu- 
nocompromised persons.!??-125 Severe or fulminant cases are more 
commonly reported in children and adolescents than adults; how- 
ever, the true incidence is unknown due to probable under-recogni- 
tion and under-reporting.!”° Rare cases of chronic hepatitis caused 
by parvovirus B19 have been reported.!2” The frequency of parvovi- 
rus B19 exposure has been reported to be increased in patients with 
HBV and HCV infections, and some studies have reported an associ- 
ation with worse hepatic outcomes, !?® but this has not been a univer- 
sal finding.!?? A diagnosis is made using serologic tests for IgM and 
IgG parvovirus B19 antibodies or detection of viral DNA in blood 
or liver tissue by PCR methodology. No specific therapy is available. 

HHV-6 has also been associated with hepatitis and ALF, most 
commonly in the setting of reactivation after LT, including pre- 
sentation as syncytial giant cell hepatitis. 130-132 

Although a clear association with a specific virus has not been 
documented, a syndrome characterized by severe acute hepati- 
tis followed by aplastic anemia has been recognized. Some cases 
have been associated with a known cause of acute viral hepatitis 
(HAV, HBV, parvovirus B19),!*?!5* but in others all virologic 
testing has been negative.!*> The syndrome affects children and 
young adults and is characterized by marked elevation of serum 
aminotransferase levels and conjugated hyperbilirubinemia with 
a CD8+ T cell-predominant portal injury and endothelial damage 
on liver biopsy.!*° Bone marrow failure occurs within weeks to 2 
months of initial presentation.!*’ Treatment with antithymocyte 
globulin and cyclosporine or hematopoietic stem cell transplanta- 
tion has been effective in small series of patients. 13:137 

Nonspecific liver biochemical test abnormalities are common 
in many viral illnesses, including influenza, Chikungunya, Middle 
East respiratory syndrome, Ebola virus infection, and the 2019 
novel coronavirus infection (COVID-19) and rare instances of 
frank hepatitis may occur.!3* 


Full references for this chapter can be found on www.expertconsult.com. 
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The liver serves as the initial site of filtration of absorbed intes- 
tinal luminal contents and is particularly susceptible to contact 
with microbial antigens of all varieties. In addition to infection 
by viruses (see Chapters 78 to 83), the liver can be affected by (1) 
spread of bacterial or parasitic infection from outside the liver; (2) 
primary infection by spirochetal, protozoal, helminthic, or fungal 
organisms; or (3) systemic effects of bacterial or mycobacterial 
infections. 


BACTERIAL INFECTIONS INVOLVING OR AFFECTING 
THE LIVER 


Gram-Positive and Gram-Negative Bacteria 


A number of extrahepatic infections can lead to derangements in 
hepatic function, ranging from mild abnormalities of liver bio- 
chemical test results to frank jaundice and, rarely, hepatic failure. 


Toxic Shock Syndrome: Staphylococcus Aureus or Group 
A Streptococci 


Toxic shock syndrome is a multisystem disease caused by toxic 
shock syndrome toxins, which are superantigens that cause T-cell 
activation and massive cytokine release. Originally described in 
association with serious infections caused by S. aureus, this syn- 
drome is now more frequently a complication of group A strep- 
tococcal infections, particularly necrotizing fasciitis.! Risk factors 
for S. aureus toxic shock syndrome include tampon use and sur- 
gical wound infection. Typical findings include a scarlatiniform 
rash, mucosal hyperemia, hypotension, vomiting, and diarrhea.’ 
Hepatic involvement is almost always present and can range 
from elevations of serum aminotransferase levels to jaundice and 
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extensive hepatic necrosis. Histologic findings in the liver include 
microabscesses and granulomas. The diagnosis is confirmed by 
culture of toxigenic Streptococcus pyogenes or S. aureus from the 
wound, blood, or other body sites. For wound infections or nec- 
rotizing fasciitis, surgical intervention is critical. Clindamycin, in 
conjunction with another active agent, is recommended to inter- 
fere with bacterial toxin production. Antibiotics effective against 
S. aureus include nafcillin for methicillin-sensitive isolates and 
vancomycin or linezolid for methicillin-resistant isolates, whereas 
penicillin remains active against S. pyogenes. Treatment with IV 
immunoglobulin in the setting of toxic shock syndrome associ- 
ated with S. pyogenes is controversial and not recommended at 
this time.’ 


Clostridium perfringens 


Clostridial myonecrosis involving C. perfringens usually is a 
mixed anaerobic infection that results in the rapid development 
of local wound pain, abdominal pain, and diarrhea. The skin 
lesions become discolored and even bullous, and gas gangrene 
spreads rapidly, leading to a high mortality rate. Jaundice may 
develop in up to 20% of patients with gas gangrene and is pre- 
dominantly a consequence of massive intravascular hemolysis 
caused by an exotoxin elaborated by the bacterium.* Evidence 
of liver involvement may include abscess formation and gas in 
the portal vein. Hepatic involvement does not appear to affect 
mortality. The presence of clostridial bacteria portends a poor 
prognosis in persons with cirrhosis.’ Surgical débridement with 
wide excision is essential; penicillin and clindamycin are effec- 
tive antibiotics. 


Actinomyces 


Actinomycosis is caused most commonly by Actinomyces israelii, 
a Gram-positive anaerobic bacterium. Although cervicofacial 
infection is the most frequent manifestation of actinomycotic 
infection, GI involvement occurs in 13% to 60% of patients.%’ 
Hepatic involvement is present in 15% of cases of abdominal 
actinomycosis and is believed to result from metastatic spread 
from other abdominal sites. Common presenting manifesta- 
tions of actinomycotic liver abscess include fever, abdominal 
pain, and anorexia with weight loss.®° The course is more indo- 
lent than that seen with the usual causes of pyogenic hepatic 
abscess (see later) and thus may be mistaken for a tumor.® 
Fistula formation and invasion of other surrounding tissues 
such as the pleural space can occur. Anemia, leukocytosis, an 
elevated erythrocyte sedimentation rate, and an elevated serum 
alkaline phosphatase level are nearly universal. Imaging find- 
ings are nonspecific; multiple abscesses may be seen in both 
lobes of the liver. 

The diagnosis is based on aspiration of an abscess cavity and 
either visualization of characteristic sulfur granules or positive 
results on an anaerobic culture. Most abscesses resolve with a 
prolonged course of IV penicillin or oral tetracycline. Large 
abscesses can be drained percutaneously or resected surgi- 
cally.!° 
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Listeria 


Hepatic invasion in adult human Listeria monocytogenes infection 
is uncommon. One report described 34 cases of listeriosis involv- 
ing the liver, ranging from solitary to multiple abscesses and 
acute and granulomatous hepatitis.!! Hepatic histologic features 
include multiple abscesses and granulomas. Predisposing condi- 
tions include immunosuppression, diabetes mellitus, and under- 
lying liver disease, including cirrhosis, hemochromatosis, and 
chronic hepatitis. The diagnosis of disseminated listerial infec- 
tion is based on a positive culture result from blood or from an 
aspirate in the case of a liver abscess. Cholecystitis with L. mono- 
cytogenes has also been described.!* Treatment is with ampicillin 
or penicillin, often with gentamicin for synergy.!’ 


Shigella and Salmonella 


Several case reports have described cholestatic hepatitis attribut- 
able to enteric infection with Shigella spp.'+'> Histologic findings 
in the liver have included portal and periportal infiltration with 
polymorphonuclear leukocytes (neutrophils), hepatocyte necro- 
sis, and cholestasis. Severe hepatic dysfunction associated with 
Shigella spp. infection has been reported.!° 

Typhoid fever, caused by Salmonella Typhi, is a systemic infec- 
tion that frequently involves the liver. Elevation of serum amino- 
transferase levels is common, whereas the serum bilirubin level 
may rise in a minority of cases.” Some patients may present with 
an acute hepatitis-like picture, characterized by fever and tender 
hepatomegaly.!* Cholecystitis and liver abscess may complicate 
hepatic involvement with S. Typhi infection.!? 

Hepatic damage by S. Typhi appears to be mediated by bac- 
terial endotoxin, although organisms can be visualized within 
the liver tissue. Endotoxin may produce focal necrosis, a peri- 
portal mononuclear infiltrate, and Kupffer cell hyperplasia in 
the liver. These changes resemble those seen in Gram-negative 
sepsis. Characteristic typhoid nodules scattered throughout the 
liver are the result of profound hypertrophy and proliferation of 
Kupffer cells. The clinical course can be severe, with a mortality 
rate approaching 20%, particularly with delayed treatment or in 
patients with other complications of Salmonella infection. Severe 
typhoid fever with jaundice and encephalopathy may be differ- 
entiated from ALF by the presence of an elevated serum alkaline 
phosphatase level, mild hypoprothrombinemia, thrombocyto- 
penia, hepatomegaly, and an AST level greater than the ALT 
level’? Ceftriaxone is the first-line agent for the treatment of 
typhoid fever, with ciprofloxacin as an alternative in areas where 
resistance is uncommon. 

S. Paratyphi A and B (Salmonella enterica serotypes paratyphi 
A and B) are the predominant causes of paratyphoid fever. As in 
typhoid fever, abnormalities in liver biochemical test results, par- 
ticularly elevated serum aminotransferase levels, with or without 
hepatomegaly, are common.’! Liver abscess is a rare complica- 
tion.” Treatment is with a third-generation cephalosporin or, 
where prevalence of resistance is low, a fluoroquinolone. 


Yersinia 


Infection with Yersinia enterocolitica manifests as ileocolitis in 
children and as terminal ileitis or mesenteric adenitis in adults. 
Arthritis, cellulitis, erythema nodosum, and septicemia may com- 
plicate Yersinia infection. Most patients with complicated disease 
have an underlying comorbid condition, such as diabetes melli- 
tus, cirrhosis, or hemochromatosis. Excess tissue iron, in particu- 
lar, may be a predisposing factor because growth of the Yersinia 
bacterium is enhanced by iron. 

The subacute septicemic form of the disease resembles 
typhoid fever or malaria. Multiple abscesses are distributed dif- 
fusely in the liver and spleen. In some cases, the occurrence of Y. 


enterocolitica liver abscesses may lead to the detection of under- 
lying hemochromatosis.”*+ The mortality rate is approximately 
50%. Fluoroquinolones may be used for most cases; for septice- 
mia, third-generation cephalosporins are preferred. 


Gonococci 


In approximately 50% of patients with disseminated gonococcal 
infection, serum alkaline phosphatase levels are elevated, and in 
30% to 40% of patients, AST levels are elevated.’> Jaundice is 
uncommon. 

The most common hepatic complication of gonococcal infec- 
tion is the Fitz~-Hugh-Curtis syndrome, a perihepatitis that is 
believed to result from direct spread of the infection from the 
pelvis (see later).?” Clinically, patients describe a sudden, sharp 
pain in the RUQ. The pain may be confused with that of acute 
cholecystitis or pleurisy. Most patients have a history of pelvic 
inflammatory disease. The syndrome is distinguished from gono- 
coccal bacteremia by a characteristic friction rub over the liver 
and negative blood culture results. The diagnosis is made by vagi- 
nal culture for gonococci. The overall prognosis of gonococcal 
infection appears to be unaffected by the presence of perihepa- 
titis.” Although resistance to various antibiotics is of increasing 
concern, ceftriaxone remains the antibiotic of choice. Presumed 
coinfection with Chlamydia trachomatis should be treated empiri- 
cally (see later) with azithromycin or doxycycline. 


Legionella 


Legionella pneumophila, a fastidious Gram-negative bacterium, is 
the cause of Legionnaires’ disease. Although pneumonia is the 
predominant clinical manifestation, abnormal liver biochemical 
test results are frequent, with elevations in serum aminotrans- 
ferase levels in 50%, alkaline phosphatase levels in 45%, and 
bilirubin levels in 20% of cases (but usually without jaundice). 
Involvement of the liver does not influence clinical outcome. 
Liver histologic changes include microvesicular steatosis and 
focal necrosis; organisms can be seen occasionally. The diagnosis 
is confirmed by detection of a direct fluorescence antibody in the 
serum or sputum or of antigen in the urine.’’ The antibiotic of 
choice is azithromycin or a fluoroquinolone. 


Burkholderia pseudomallei (Melioidosis) 


Burkholderia pseudomallei is a soil-borne and water-borne Gram- 
negative bacterium that is found predominantly in Southeast Asia. 
The clinical spectrum of melioidosis ranges from asymptomatic 
infection to fulminant septicemia with involvement of the lungs, 
GI tract, and liver. Histologic changes in the liver include inflam- 
matory infiltrates, multiple microabscesses, and focal necrosis. 
Organisms can be visualized with a Giemsa stain of a liver biopsy 
specimen. With chronic disease, granulomas may be seen. Some 
liver abscesses may demonstrate a “honeycombing” appearance 
on CT.?8 Abscesses may need to be drained or débrided, and 
ceftazidime or meropenem is the initial drug of choice, followed 
by a prolonged course of trimethoprim/sulfamethoxazole, with or 
without doxycycline.”? 


Brucella 


Brucellosis may be acquired from infected pigs, cattle, goats, 
and sheep (Brucella suis, Brucella abortus, Brucella melitensis, and 
Brucella ovis, respectively) and typically manifests as an acute 
febrile illness. Hepatic abnormalities are seen in a majority of 
infected persons, and jaundice may be present in severe cases. 
Typically, multiple noncaseating hepatic granulomas are found 
in liver biopsy specimens; less often, focal mononuclear infiltra- 
tion of the portal tracts or lobules is seen.*” Rarely, brucellosis 
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also may produce hepatosplenic abscesses.*! 3? The diagnosis can 


be made by isolation of the organism from a cultured specimen of 
liver tissue and is confirmed by serologic testing in combination 
with a history of exposure to animals. Surgical drainage may be 
required for management of Brucella abscesses. The combination 
of streptomycin and doxycycline is the most effective antimicro- 
bial therapy. 


Coxiella burnetii (Q Fever) 


Infection by C. burnetii, typically acquired by inhalation of animal 
dusts, causes the clinical syndrome of Q fever, which is charac- 
terized by relapsing fevers, headache, myalgias, malaise, pneu- 
monitis, and culture-negative endocarditis. Liver involvement is 
common.** The predominant abnormality is an elevated serum 
alkaline phosphatase level, with minimal elevations of AST or 
bilirubin levels. The histologic hallmark in the liver is the pres- 
ence of characteristic fibrin ring granulomas. The diagnosis is 
confirmed by serologic testing for complement-fixing antibod- 
ies.*+ Treatment with doxycycline is usually effective. 


Bartonellosis (Oroya Fever, Cat-Scratch Fever, and 
Bacillary Angiomatosis) 


Bartonella species are fastidious, Gram-negative bacilli that 
cause a range of illnesses. Bartonella bacilliformis is endemic to 
Colombia, Ecuador, and Peru. It is transmitted by a sand fly and 
causes an acute febrile illness known as Oroya fever accompanied 
by jaundice, hemolysis, hepatosplenomegaly, and lymphadenopa- 
thy. Centrilobular necrosis of the liver and splenic infarction may 
occur. As many as 40% of patients die of sepsis or hemolysis. 
Prompt treatment prevents fatal complications.*° First-line treat- 
ment is ciprofloxacin, in combination with ceftriaxone for severe 
cases. 

Cat-scratch disease, caused by Bartonella henselae, usually 
affects children and young adults with typical cutaneous and 
lymph node manifestations but rarely can disseminate with vis- 
ceral involvement, including necrotizing granuloma in the liver 
and spleen.*° Infection is frequently associated with exposure 
to cats or to their fleas. Mild cat-scratch disease is treated with 
azithromycin. 

Bacillary angiomatosis is an infectious disorder that primarily 
affects persons with AIDS or other immunodeficiency states, in 
many cases caused by B. henselae but in some cases by Bartonella 
quintana?” Bacillary angiomatosis is characterized most com- 
monly by multiple blood-red papular skin lesions but dissemi- 
nated infection with or without skin involvement has also been 
described.** The causative bacilli can infect liver, lymph nodes, 
pleura, bronchi, bones, brain, bone marrow, and spleen. Addi- 
tional manifestations include persistent fever, bacteremia, and 
sepsis. Hepatic infection should be suspected when serum ami- 
notransferase levels are elevated in the absence of other explana- 
tions. Hepatic infection in persons with bacillary angiomatosis 
may manifest as peliosis hepatis, or blood-filled cysts (see Chap- 
ter 85). Histologically, peliosis in patients with AIDS is charac- 
terized by an inflammatory myxoid stroma containing clumps of 
bacilli and dilated capillaries surrounding the blood-filled peli- 
otic cysts. Increasingly, the diagnosis of Bartonella infection is 
by PCR-based methods.*’ Bacillary angiomatosis is treated with 
doxycycline with either rifampin or gentamicin added for severe 
manifestations. For visceral infection, prolonged treatment 
should be administered.*7 


Bacterial Sepsis and Jaundice 


Jaundice may complicate systemic sepsis caused by Gram-negative 
or Gram-positive organisms. Exotoxins and endotoxins liber- 
ated in overwhelming infection can directly or indirectly, through 
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cytokines such as TNF-a, inhibit the transport of bile acids and 
other organic anions across the hepatic sinusoidal and bile cana- 
licular membranes, thereby leading to intrahepatic cholestasis (see 
Chapter 21).*° Serum bilirubin levels can reach 15 mg/dL or higher. 
The magnitude of the jaundice does not correlate with mortality. 
Results of cultures of liver biopsy specimens are usually negative. 


Chlamydia 
Fitz-Hugh—Curtis Syndrome 


Although perihepatitis was first associated with gonococcal sal- 
pingo-oophoritis (see earlier), it is now most frequently associated 
with C. trachomatis infection. The presentation is similar to peri- 
hepatitis caused by gonococcal infection, with RUQ pain accom- 
panying a urogenital infection such as pelvic inflammatory disease. 
The diagnosis can be made by direct visualization at laparoscopy 
or laparotomy and supported by pathologic demonstration of 
endometritis, salpingitis, and microbiologic detection of C. tracho- 
matis in the genital tract. Liver biochemical test results are gener- 
ally normal. The treatment of choice should follow guidelines for 
treatment of C. trachomatis or pelvic inflammatory disease.*! 


Rickettsiae 
Rocky Mountain Spotted Fever 


Mortality from Rocky Mountain spotted fever, a systemic tick- 
borne rickettsial illness, has decreased considerably as a result of 
prompt recognition of the classic maculopapular rash in associa- 
tion with fever and an exposure history. A small subset of patients, 
however, present with multiorgan manifestations and have a high 
mortality rate. A characteristic severe vasculitis develops in these 
patients and is believed to be the result of a microbe-induced coag- 
ulopathy. Hepatic involvement is frequent in multiorgan disease. 
In one postmortem study, rickettsiae were identified in the portal 
tracts of 8 of 9 fatal cases. Portal tract inflammation, portal vascu- 
litis, and sinusoidal erythrophagocytosis were consistent findings, 
but hepatic necrosis was negligible. The predominant clinical 
manifestation was jaundice; elevations of serum aminotransferase 
and alkaline phosphatase levels varied. Jaundice probably results 
from a combination of inflammatory bile ductular obstruction and 
hemolysis and is associated with increased mortality.>* 


Ehrlichiae 


Ehrlichiae are rickettsiae that parasitize leukocytes. In the USA, 
human monocytic ehrlichiosis is caused principally by Ehrlichia 
chaffeensis and, less often, by Ehrlichia canis. Human granulocytic 
anaplasmosis (formerly known as human granulocytic ehrlichiosis) 
is caused by Anaplasma phagocytophilum.** In contrast to Rocky 
Mountain spotted fever, a rash is often absent. Hepatic involvement is 
seen in more than 80% of cases, usually in the form of mild, transient 
serum aminotransferase elevations. More marked aminotransferase 
elevations may occur occasionally, in association with cholestasis, 
hepatosplenomegaly, and liver failure. Liver injury is attributable to 
proliferation of organisms within hepatocytes and provocation of an 
immune response. Focal necrosis, fibrin ring granulomas, and cho- 
lestatic hepatitis can be observed. A mixed portal tract infiltrate and 
lymphoid sinusoidal infiltrate are usually seen. The disease generally 
resolves with appropriate antibiotic therapy with doxycycline. 


Spirochetes 
Leptospirosis 


Leptospirosis is one of the most common zoonoses in the world, 
and the causative organism has a wide range of domestic and wild 
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animal reservoirs. Humans acquire the spirochete by contact with 
infected urine or contaminated soil or water. In humans, disease 
can occur as anicteric leptospirosis or as Weil’s syndrome. 

Anicteric leptospirosis accounts for more than 90% of cases 
and is characterized by a biphasic illness. The first phase begins, 
often abruptly, with viral illness-like symptoms associated with 
fever, leptospiremia, and conjunctival suffusion, which serves 
as an important diagnostic clue. Following a brief period of 
improvement, the second phase in 95% of cases is characterized 
by myalgias, nausea, vomiting, abdominal tenderness, and, in 
some cases, aseptic meningitis.'° During this phase, a few patients 
have elevated serum aminotransferase and bilirubin levels with 
hepatomegaly. 

Weil’s syndrome is a severe icteric form of leptospirosis and 
constitutes 5% to 10% of all cases. The first phase of this illness 
is often marked by jaundice, which may last for weeks. During the 
second phase, fever may be high, and hepatic and renal manifesta- 
tions predominate. Jaundice may be marked, with serum bilirubin 
levels approaching 30 mg/dL (predominantly conjugated). Serum 
aminotransferase levels usually do not exceed 5 times the upper 
limit of normal.“ Acute tubular necrosis often develops and can 
lead to renal failure, which may be fatal. Hemorrhagic complica- 
tions are frequent and are the result of capillary injury caused by 
immune complexes.*° Spirochetes are seen in renal tubules in a 
majority of autopsy specimens but rarely are found in the liver. 
Hepatic histologic findings are generally nonspecific and do not 
include necrosis. Altered mitochondria and disrupted membranes 
in hepatocytes on electron microscopy suggest the possibility of a 
toxin-mediated injury. 

The diagnosis of leptospirosis is made on clinical grounds in 
conjunction with a positive result of a blood or urine culture spec- 
imen in the first and second phase, respectively. Serologic test- 
ing confirms the diagnosis when culture results are unrevealing. 
Doxycycline is effective if given within the first several days of 
illness. Most patients recover without residual organ impairment. 


Syphilis 


Secondary Syphilis 

Liver involvement is characteristic of secondary syphilis.** The 
frequency of hepatitis in secondary syphilis ranges from 1% to 
50%.489 Symptoms and signs are usually nonspecific, including 
anorexia, weight loss, fever, malaise, and sore throat. A charac- 
teristic pruritic maculopapular rash involves the palms and soles. 
Jaundice, hepatomegaly, and tenderness in the RUQ are less 
common. Almost all patients exhibit generalized lymphadenopa- 
thy. Biochemical testing generally reveals low-grade elevations 
of serum aminotransferase and bilirubin levels, with a dispropor- 
tionate elevation of the serum alkaline phosphatase level; isolated 
elevation of the alkaline phosphatase is common.*” Proteinuria 
may be present. 

Histologic examination of the liver in syphilitic hepatitis gen- 
erally discloses focal necrosis in the periportal and centrilobular 
regions. The inflammatory infiltrate typically includes neutro- 
phils, plasma cells, lymphocytes, eosinophils, and mast cells.**+? 
Kupffer cell hyperplasia may be seen, but bile ductule injury is 
rare. Granulomas may be seen. Spirochetes may be demonstrated 
by silver staining in as many as 50% of patients. Resolution of 
these findings without sequelae follows treatment with penicillin. 


Tertiary (Late) Syphilis 

Tertiary syphilis is now rare. Although hepatic lesions are com- 
mon in late syphilis, most patients are asymptomatic. Some 
patients describe anorexia, weight loss, fatigue, fever, or abdomi- 
nal pain. The characteristic hepatic lesion in tertiary syphilis is the 
gumma, which can be single or multiple. It is necrotic centrally, 
with surrounding granulation tissue consisting of a lymphoplas- 
macytic infiltrate and endarteritis; exuberant deposition of scar 


tissue may occur, giving the liver a lobulated appearance (hepar 
lobatum). If hepatic involvement is unrecognized, hepatocellular 
dysfunction and portal hypertension with jaundice, ascites, and 
gastroesophageal varices can ensue. Hepatic gummas may resolve 
after therapy with penicillin.*! 


Lyme Disease 


Lyme disease is a multisystem disease caused by the tick-borne 
spirochete Borrelia burgdorferi. Predominant manifestations are 
dermatologic, cardiac, neurologic, and musculoskeletal. Hepatic 
involvement has been described. Among 314 patients, abnor- 
mal liver biochemical test results with generally increased serum 
aminotransferase and lactate dehydrogenase levels were seen in 
19%.°? Clinical findings include anorexia, nausea and vomiting, 
weight loss, RUQ pain, and hepatomegaly, usually within days 
to weeks of the onset of illness and often accompanied by the 
sentinel rash, erythema migrans.” Coinfection with ehrlichiosis 
or anaplasmosis should be considered. 

In early stages of the illness, the spirochetes are believed 
to disseminate hematogenously from the skin to other organs, 
including the liver.*> Histologic examination of the liver in Lyme 
hepatitis reveals hepatocyte ballooning, marked mitotic activity, 
microvesicular fat, Kupffer cell hyperplasia, a mixed sinusoidal 
infiltrate, and intraparenchymal and sinusoidal spirochetes.*+ 

The diagnosis of Lyme disease is confirmed with serologic 
studies in patients with a typical clinical history. Hepatic involve- 
ment tends to be more frequent in disseminated disease but does 
not appear to affect overall outcome, which is excellent in pri- 
mary disease after institution of treatment with oral doxycycline, 
amoxicillin, clarithromycin, or azithromycin.*’ Ceftriaxone is the 
drug of choice for late disease.1°»*+ 


Mycobacteria 


Granulomas are found in liver biopsy specimens in approximately 
25% of persons with pulmonary TB and 80% of those with extra- 
pulmonary TB. Tuberculous granulomas can be distinguished 
from sarcoid granulomas by central caseation, acid-fast bacilli, and 
the presence of fewer granulomas, with a tendency to coalesce.*° 
Multiple granulomas in the liver also may be seen following vac- 
cination with Bacille Calmette-Guérin, especially in persons with 
an impaired immune response. Patients with multiple granu- 
lomas caused by TB rarely have clinically significant liver dis- 
ease. Occasionally, tender hepatomegaly is found. Jaundice with 
elevated serum alkaline phosphatase levels may occur in miliary 
infection. The treatment of tuberculous granulomatous disease 
of the liver is the same as that for active pulmonary TB—namely, 
4-drug therapy.” Hepatic involvement in Mycobacterium avium 
complex infection is discussed in Chapter 35. 


PARASITES (TABLES 84.1 AND 84.2) 


Protozoa (see also Chapter 113) 
Malaria 


An estimated 300 to 500 million persons in more than 100 coun- 
tries are infected with malaria each year. The liver is affected dur- 
ing 2 stages of the malarial life cycle: first in the pre-erythrocytic 
phase and then in the erythrocytic phase, which coincides with 
clinical illness. 


The Plasmodium Life Cycle 

The life cycle of the prototypical malarial parasite is illustrated 
in Figure 84.1. Malarial sporozoites injected by an infected mos- 
quito circulate to the liver and enter hepatocytes. Maturation to 
schizonts ensues. When the schizont ruptures, merozoites are 
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TABLE 84.1 Classification of Parasitic Diseases of the Liver and Biliary 
Tract by Pathologic Process 


Pathologic Process Diseases 

LIVER 

Granulomatous hepatitis Capillariasis 
Fascioliasis 
Schistosomiasis 
Strongyloidiasis 
Toxocariasis 

Portal fibrosis Schistosomiasis 

Hepatic abscess or necrosis Amebiasis 
Toxoplasmosis 

Cystic liver disease Echinococcosis 


Peliosis hepatis Bacillary angiomatosis 


RETICULOENDOTHELIAL CELLS 
Kupffer cell infection or hyperplasia Babesiosis 

Malaria 
Toxoplasmosis 
Visceral leishmaniasis 


BILIARY TRACT 
Cholangitis Clonorchiasis/opisthorchiasis 
Fascioliasis 

Biliary hyperplasia Ascariasis 
Clonorchiasis 
Cryptosporidiosis 
Fascioliasis 


Cholangiocarcinoma Clonorchiasis/opisthorchiasis 


Hepatocyte Preerythrocytic schizont 


Sporozoite o (all species) 


Hypnozoite 


(P. vivax, P. ovale) 


| Merozoites 
Gametocytes 
Erythrocytes 
Erythrocytic 00o 
schizonts OO 


Fig. 84.1 The life cycle of Plasmodium species. 


released into the bloodstream, where they enter erythrocytes. 
The major species of Plasmodium responsible for malaria differ 
with respect to the number of merozoites released and the matu- 
ration times. Infection by Plasmodium falciparum and Plasmodium 
malariae is not associated with a residual liver stage after the 
release of merozoites, whereas infection by Plasmodium vivax and 
Plasmodium ovale is associated with a persistent exoerythrocytic 
stage, the hypnozoite, which persists in the liver and, when acti- 
vated, can divide and mature into schizont forms. Plasmodium 
knowlesi has been identified as a fifth species capable of infecting 
humans and occasionally results in severe manifestations includ- 
ing jaundice, hepatic dysfunction, and acute kidney injury.°® 
The extent of hepatic injury varies with the malarial spe- 
cies (most severe with P. falciparum) and the severity of infec- 
tion. Unconjugated hyperbilirubinemia is most commonly seen 
as a result of hemolysis, but hepatocellular dysfunction is also 
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possible, leading to conjugated hyperbilirubinemia. Moderate 
elevations of serum aminotransferase and 5’-nucleotidase levels 
may be observed.’ Synthetic dysfunction (e.g., prolongation of 
the prothrombin time, hypoalbuminemia) may be seen, as well. 
In severe falciparum malaria, hypoglycemia and lactic acidosis are 
late and life-threatening complications.®’ Reversible reductions 
in portal venous blood flow have been described during the acute 
phase of falciparum malaria, presumably as a consequence of 
micro-occlusion of portal venous branches by parasitized eryth- 
rocytes.°! 


Histopathologic Features 

In acute falciparum malaria in a previously unexposed person, 
hepatic macrophages hypertrophy, and large quantities of malar- 
ial pigment (the result of hemoglobin degradation by the parasite) 
accumulate in Kupffer cells, which phagocytose parasitized and 
unparasitized erythrocytes.© Histopathologic features include 
Kupffer cell hyperplasia with pigment deposition and a mono- 
nuclear infiltrate. Hepatocyte swelling and centrizonal necrosis 
may be seen. All abnormalities are reversible with treatment. 


Clinical Features 

Only the erythrocytic stage of malaria is associated with clinical 
illness. Symptoms and signs of acute infection typically develop 
30 to 60 days following exposure and include fever, which often 
is hectic, malaise, anorexia, nausea, vomiting, diarrhea, and myal- 
gias. Jaundice caused by hemolysis is common in adults, especially 
in heavy infection with P. falciparum. In general, hepatic failure is 
seen only in association with concomitant viral hepatitis or with 
severe P. falciparum infection.©-+ One series identified evidence 
of hepatic encephalopathy in 15 of 86 patients with falciparum 
malaria and jaundice; 4 cases were fatal.® Tender hepatomegaly 
with splenomegaly is common. Cytopenias are common in acute 
infection. The differential diagnosis includes viral hepatitis, gas- 
troenteritis, amebic liver abscess, yellow fever, typhoid, TB, and 
brucellosis. 


Diagnosis 

The diagnosis of acute malaria rests on the clinical history, physi- 
cal examination, and identification of parasites on peripheral thin 
and thick blood smears. Because the number of parasites in the 
blood may be small, repeated smear examinations should be per- 
formed by an experienced examiner when the index of suspicion 
is high. P. knowlesi may resemble P. malariae in morphology, and 
PCR-based tests may help distinguish these 2 species.’ Rapid 
antigen detection assays are available but have yet to be imple- 
mented widely.® 


Treatment 

The treatment of acute malaria depends on the species of parasite 
and, for falciparum infection, the pattern of chloroquine resis- 
tance. Chloroquine generally is effective in areas endemic for 
chloroquine-sensitive species. Resistant falciparum infections can 
be treated with mefloquine alone; quinine and either doxycycline 
or clindamycin; pyrimethamine-sulfadoxine (Fansidar); a combi- 
nation of atovaquone and proguanil; or artemisinin derivatives, 
including artemisinin, artemether, and artesunate.® For P. vivax 
and P. ovale infections, the addition of primaquine (in persons 
without glucose-6-phosphate dehydrogenase deficiency) to chlo- 
roquine or mefloquine is indicated to eliminate the exoerythro- 
cytic hypnozoites in the liver.*’ 


Hyperreactive Malarial Splenomegaly (Tropical 
Splenomegaly Syndrome) 

In endemic areas, repeated exposure to malaria may lead to an 
aberrant immunologic response characterized by overproduction 
of B lymphocytes, circulating malarial antibody, and increased 
levels of circulating immune complexes, resulting in dense 


TABLE 84.2 Parasitic Diseases of the Liver and Biliary Tract 


Disease (cause) Endemic areas 


Predisposing factors 


Pathophysiology 


Manifestations Diagnosis 


Treatment* 


PROTOZOANS 
Amebiasis (Entamoeba 


histolytica) (see also Africa, Asia, 
Chapter 113) Mexico, South 
America 


Malaria (Plasmodium Africa, Asia, South 


falciparum, P. America 
malariae, P vivax, P 
ovale, P. knowlesi) 

Babesiosis (Babesia USA 


spp.) 


Eurasia, Central 
America, South 
America 


Visceral leishmaniasis 
(Leishmania donovani) 


Toxoplasmosis Worldwide 


(Toxoplasma gondii) 


NEMATODES (SEE ALSO CHAPTER 114) 


Toxocariasis (Toxocara Worldwide 
canis, T. cati) 
Hepatic capillariasis Worldwide 


(Capillaria hepatica) 


Ascariasis (Ascaris Tropical climates 


lumbricoides) 


Worldwide, especially 


Poor sanitation, sexual 
exposure 


Blood transfusion, IV 
drug use 


Exposure to deer tick 


lmmunosuppression 
(AIDS, organ 
transplantation) 


Congenital infection, 
immunosuppression 
(AIDS, organ 
transplantation) 


Exposure to dogs or 
cats, especially for 
children <5 yr 


Exposure to rodents 


Ingestion of raw 
vegetables 


Hematogenous spread 
and tissue invasion, 
abscess formation 
(see Fig. 84.10) 


Sporozoite clearance 
by hepatocytes; 
exoerythrocytic 
replication in the liver 


Hemolysis with 
multiorgan 
involvement 


Infection of RE cells 


Replication in the 
liver leading to 
inflammation, 
necrosis 


Migration of larvae to 
the liver (visceral 
larva migrans) 


Migration of larvae 
to the liver; 
inflammatory reaction 
to eggs 


Migration of larvae to 
the liver; invasion 
of the bile ducts by 
adult worms 


Cysts in stool, 
serology (€.g., 
ELISA, CIE, IHA), 
hepatic imaging 


Fever, RUQ pain, 
peritonitis, elevated 
right hemidiaphragm, 
rupture 


Identification of the 
parasite on a 
blood smear 


Tender hepatomegaly, 
splenomegaly, rarely 
hepatic failure (R 
falciparum) 


Identification of the 
parasite on a 


Fever, anemia, 
hepatosplenomegaly, 
abnormal liver test 
results, hemoglobinuria 


Fever, weight loss, 
hepatosplenomegaly, 
secondary bacterial 
infection, skin 
hyperpigmentation 
(kala-azar) 


bone marrow 


Fever, lymphadenopathy, 
occasionally 
hepatosplenomegaly, 
atypical lymphocytosis 


isolation of the 
organism in the 
tissue 


Granuloma formation with Larvae in tissue, 
eosinophilia serology (ELISA) 


Acute, subacute hepatitis, Adult worms or eggs 


tender hepatomegaly, in a liver biopsy 


occasionally specimen (see Fig. 
splenomegaly, 84.2) 
eosinophilia 


Abdominal pain, 
fever, jaundice, 
biliary obstruction, 
granulomas 


blood smear, PCR 


Amastigotes seen in 
the spleen, liver, or 


Serology (IF, ELISA), 


Ova or adult in stool 
or contrast study 


Metronidazole 750 mg (oral or IV) 3 times daily x 
7-10 days or tinidazole 2 g x 3 days, followed 
by iodoquinol 650 mg 3 times daily x 20 days 
or diloxanide furoate 500 mg 3 times daily x 
10 days or aminosidine (paromomycin) 25-35 
mg/kg/day in 3 divided doses x 7-10 days 


P falciparum: chloroquine (chloroquine-sensitive), 
mefloquine, or quinine and either doxycycline 
or clindamycin; or pyrimethamine-sulfadoxine 
(Fansidar); or atovaquone/proguanil 
(chloroquine-resistant); or an artesiminin 

P. malariae: chloroquine 

P vivax, P. ovale, P knowlesi: chloroquine 
and primaquine (chloroquine-sensitive) or 
mefloquine and primaquine (chloroquine- 
resistant)! 


Azithromycin 500 mg on day 1, then 250 mg 
daily and atovaquone 750 mg twice daily x 
daily days or clindamycin 300-600 mg IV every 
6 hr or 600 mg orally every 8 hr and quinine 
650 mg every 8 hr x 7-10 days 


Pentavalent antimonial (stibogluconate sodium 
and meglumine antimoniate) 20 mg/kg/day 
x 28 days; or liposomal amphotericin B (IV) 
3 mg/kg/day on days 1-5, 14, and 21; or 
aminosidine (paromomycin) 16-20 mg/kg/day 
x 21 days; or pentamidine isethionate, 2-4 
mg/kg/day for up to 15 days; or miltefosine 
2.5 mg/kg/day x 28 days 


Pyrimethamine 100 mg loading dose followed 
by 25-50 mg/day, plus sulfadiazine 2-4 g/day 
in 4 divided doses; or clindamycin 300 mg 4 
times daily, plus folinic acid 10-25 mg daily for 
2-4 wk 


Albendazole 10 mg/kg/day x 5 days or 
mebendazole 100-200 mg twice daily x 5 
days 


Supportive; possibly dithiazine iodide, sodium 
stibogluconate, albendazole, or thiabendazole 


Albendazole 400 mg x 1 dose; or mebendazole 
100 mg twice daily x 3 days; or pyrantel 
pamoate 11 mg/kg up to 1 g; or ivermectin 
200 pg/kg x 1 dose 
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Strongyloidiasis 
(Strongyloides 
stercoralis) 


Trichinosis (Trichinella 
spiralis) 


Asia, Africa, South 
America, Southern 
Europe, USA 


Temperate climates 


TREMATODES (SEE ALSO CHAPTER 114) 


Schistosomiasis 
(Schistosoma 
mansoni, S. 
japonicum) 


Fascioliasis (Fasciola 
hepatica) 


Clonorchiasis and 
opisthorchiasis 
(Clonorchis sinensis, 
Opisthorchis viverrini, 
O. felineus) 


CESTODES 

Echinococcosis 
(Echinococcus 
granulosus, E. 
multilocularis) 


Asia, Africa, South 
America, Caribbean 


Worldwide 


Southeast Asia, China, 
Japan, Korea, 
Eastern Europe 


Worldwide 


lmmunosuppression 
(AIDS, chemotherapy, 
organ transplantation) 
predisposes to 
hyperinfection 


Ingestion of undercooked 
pork 


Travelers exposed to 
bodies of fresh water 


Cattle or sheep 
raising; ingestion 
of contaminated 
watercress 


Ingestion of raw fresh- 
water fish 


Cattle or sheep raising (E. 


granulosus) 


Larval penetration from 
the intestine to the 
liver 


Hematogenous 
dissemination to the 
liver 


Fibrogenic host immune 
response to eggs in 
the portal vein 


Migration of larvae 
through the liver; 
penetration of the 
bile ducts or surgery 


Migration through 
the ampulla; egg 
deposition in the bile 
ducts 


Migration of larvae to 
the liver; encystment 
(hydatid cyst) 


Hepatomegaly, 
occasionally jaundice, 
larvae in the portal 
tract or lobule 


Occasionally jaundice, 
biliary obstruction, 
larvae in hepatic 
sinusoids 


Acute: eosinophilic 
infiltrate 

Chronic: 
hepatosplenomegaly, 
presinusoidal portal 
hypertension, 
granulomas 


Acute: fever, abdominal 
pain, jaundice, 
hemobilia 

Chronic: hepatomegaly 


Biliary hyperplasia, 
obstruction, 
sclerosing cholangitis, 
stone formation, 
cholangiocarcinoma 


Tender hepatomegaly, 
fever, eosinophilia, 
cyst rupture, biliary 
obstruction 


Larvae in the stool or 
duodenal aspirate 


History, eosinophilia, 
fever, muscle 
biopsy 


Ova in the stool, 
rectal or liver 
biopsy 


Ova in the stool, 
flukes in the bile 
ducts at ERC 


Ova in the stool, 
flukes in the bile 
ducts at ERC or 
surgery 


Ivermectin 200 pg/kg/day x 2 days; or 
albendazole 400 mg/day x 3 days 


Glucocorticoids for allergic symptoms; 
albendazole 400 mg twice daily x 10-15 days; 
or mebendazole 200 mg/day x 10-15 days 


Praziquantel 40-60 mg/kg in 2-3 divided doses 
x 1 day; or oxamniquine for S. mansoni (not 
readily available) 

Acute toxemic schistosomiasis: praziquantel 
40-60 mg/kg in 2-3 divided doses x 1 day + 
glucocorticoids 


Triclabendazole 10 mg/kg x 1 dose 


Praziquantel 75 mg/kg in 3 divided doses x 1 
day 


Serology (ELISA, IHA), Surgical resection or percutaneous drainage. 


hepatic imaging 


Perioperative albendazole 400 mg twice daily 
continuing x 8 wk 


*All drugs are given orally unless otherwise specified. 
tFor dosing guidelines for malaria, please refer to https://www.cdc.gov/malaria/resources/pdf/treatmenttable.paf. 
CIE, counterimmunoelectrophoresis; ELISA, enzyme-linked immunosorbent assay; ERC, endoscopic retrograde cholangiography; IF, immunofluorescence; IHA, indirect hemagglutination assay; RE, 


reticuloendothelial. 
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hepatic sinusoidal lymphocytosis and stimulation of the reticu- 
loendothelial cell system. The clinical picture includes massive 
splenomegaly, markedly elevated antimalarial antibody levels, 
and high serum immunoglobulin (Ig)M levels. Severe debilitat- 
ing anemia caused by hypersplenism, especially in women of 
childbearing age, can result.°° Variceal bleeding is uncommon 
but may result from portal hypertension consequent to markedly 
increased splenic and portal venous blood flow. Treatment con- 
sists of lifelong antimalarial therapy and blood transfusions. 


Babesiosis 


Babesiosis, caused by Babesia species, is a malaria-like illness 
transmitted by the deer tick Ixodes scapularis. The disease is 
endemic to coastal areas of the northeast and areas of the mid- 
west in the USA. Clinical features include fever, anemia, mild 
hepatosplenomegaly, abnormalities on liver biochemical tests, 
hemoglobinuria, and hemophagocytosis on bone marrow biopsy 
specimen. The disease is especially severe in asplenic and immu- 
nocompromised patients. In rare cases, marked pancytopenia 
occurs. Hepatic involvement reflects the severity of the sys- 
temic illness but generally is not severe. Uncomplicated cases 
are treated with a combination of the following active agents: (1) 
oral azithromycin, 500-mg single dose followed by 250 mg once 
daily, plus atovaquone, 750 mg twice daily, for 7 to 10 days; or 
(2) oral clindamycin, 600 mg 3 times daily, in combination with 
quinine, 650 mg 3 times daily, for 7 to 10 days. In severe cases, 
clindamycin may be given IV, and partial or complete exchange 
transfusion should be considered.” 


Leishmaniasis 


Visceral leishmaniasis is caused by Leishmania donovani and 
is endemic in Mediterranean countries, central Asia, the for- 
mer Soviet Union, the Middle East, China, India, Pakistan, 
Bangladesh, Africa, Central America, and South America.’° This 
entity should be considered in immigrants, returning travelers, 
and military personnel from these areas. Amastigotes are ingested 
by the sand fly (Lutzomyia in the New World, Phlebotomus in the 
Old World) and become flagellated promastigotes. Following 
injection into the human host, the promastigotes are phagocy- 
tosed by macrophages in the reticuloendothelial system, where 
they multiply. 


Histopathologic Features 

In visceral leishmaniasis, organisms usually can be found in mono- 
nuclear phagocytes of the liver, spleen, bone marrow, and lymph 
nodes. Proliferation of Kupffer cells is often seen, and amasti- 
gotes (Leishman-Donovan bodies) can be detected within these 
cells.’! Occasionally, parasite-bearing cells aggregate within non- 
caseating granulomas.’? Hepatocyte necrosis can range in degree 
from mild to severe. Healing is accompanied by fibrous deposi- 
tion, and occasionally the liver takes on a cirrhotic appearance. 
Nevertheless, complications of chronic liver disease are rare. 


Clinical Features 
Visceral infection caused by L. donovani begins with a papular or 
ulcerative skin lesion at the site of the sand fly bite. Following 
an incubation period of 2 to 6 months (sometimes years), inter- 
mittent fevers, weight loss, diarrhea (of bacillary, amebic, or 
leishmanial origin), and progressive painful hepatosplenomegaly 
develop, often accompanied by pancytopenia and a polyclonal 
hypergammaglobulinemia. Secondary bacterial infections result- 
ing from suppression of reticuloendothelial cell function are 
important causes of mortality and include pneumonia, pneumo- 
coccal infection, and TB. 

Physical findings include hepatomegaly, massive sple- 
nomegaly, jaundice or ascites in severe disease, generalized 
lymphadenopathy, and muscle wasting.” Cutaneous gray 


hyperpigmentation, which prompted the name ka/a-azar (black 
fever), is characteristically seen in patients in India. Oral and 
nasopharyngeal nodules resulting from granuloma formation 
also may be seen. 


Diagnosis 

The diagnosis is based on the history, physical examination, 
and microscopic demonstration of amastigotes by a Wright or 
Giemsa stain of affected tissue samples. ‘The highest yield (90%) 
comes from aspiration of the spleen. Liver biopsy is less risky 
and associated with a yield nearly as great as that of splenic aspi- 
ration. The yield of bone marrow aspirates is 80% and may be 
higher with a longer time of observation” and higher than that 
of lymph node aspirates. Culture requires specialized media 
and may take several weeks. Serologic testing (enzyme-linked 
immunosorbent assay [ELISA], immunofluorescence, direct 
agglutination) can be used to support a presumptive diagnosis 
of visceral leishmaniasis but is insensitive, particularly in immu- 
nocompromised hosts.” The leishmanin skin test (Montenegro 
test) is not helpful in acute visceral disease. PCR-based testing 
of blood or other tissue may also be useful for diagnosis as well 
as monitoring.’¢ 


Treatment 

Pentavalent antimonial compounds have been used for all forms 
of leishmaniasis. Parenteral sodium stibogluconate is available 
through the Centers for Disease Control and Prevention for 
treatment of infections in the USA. Treatment with antimoni- 
als should be administered for at least 4 weeks but is associated 
with cumulative toxicity. Alternative parenteral agents include 
liposomal amphotericin B and aminosidine (paromomycin).’’ 
Miltefosine, a phosphocholine analog administered orally, has a 
reported cure rate of 82% to 97% for visceral leishmaniasis. 787° 
Patients with AIDS and leishmaniasis without immune reconsti- 
tution often fail to respond to or relapse following treatment with 
conventional regimens.”° 


Toxoplasmosis 


Toxoplasmosis, caused by Toxoplasma gondii, is found worldwide. 
In the USA, serologic surveys suggest that exposure to T. gondii 
has decreased from 14% to 9% among persons 12 to 49 years of 
age.50 The infection may be transmitted congenitally or occur 
as an opportunistic infection that causes cerebral mass lesions in 
patients with AIDS. Oocysts of T. gondii in soil, water, or con- 
taminated meat are ingested and mature in the intestinal tract 
of humans to become sporozoites, which penetrate the intestinal 
mucosa, become tachyzoites, and circulate systemically, invad- 
ing a wide array of cell types.*! Hepatic involvement has been 
observed in severe, disseminated infection. 


Clinical Features 

Although most primary infections are asymptomatic, acquired 
toxoplasmosis can manifest as a mononucleosis-like illness 
with fever, chills, headache, and regional lymphadenopathy. 
Hepatomegaly, splenomegaly, and minimal elevations of serum 
aminotransferase levels are uncommon findings.*>.*+ Infections 
of immunocompromised hosts can result in pneumonia, myocar- 
ditis, encephalitis, and, rarely, hepatitis.*!°> Toxoplasmosis can 
produce atypical lymphocytosis, an otherwise unusual feature of 
parasitic disease. 


Diagnosis 

The diagnosis is best made by detecting specific IgM or IgG 
antibody using highly specific indirect immunofluorescence or 
an enzyme immunoassay.*° Specialized histologic staining tech- 
niques and tissue culture systems can provide adjunctive diagnos- 
tic support. PCR analysis of serum and liver also can be helpful 
in ambiguous cases.*/ 
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Treatment 

Antibiotic therapy should be administered to all persons with 
severe symptomatic infection and to immunocompromised 
or pregnant patients with acute uncomplicated infection. 
‘Treatment consists of a combination of pyrimethamine and sul- 
fadiazine, plus folinic acid to minimize hematologic toxicity, for 
2 to 4 weeks.*! 


Helminths (see also Chapter 114) 
Nematodes (Roundworms) 


Nematodes are nonsegmented roundworms that have a thick 
cuticle covering the body. Toxocariasis and capillariasis mani- 
fest with major hepatobiliary features, whereas ascariasis, stron- 
gyloidiasis, and trichinosis affect the liver less frequently or less 
severely. 


Toxocariasis 

Toxocara canis and Toxocara cati infect dogs and cats, respec- 
tively. Infection occurs worldwide, especially in children, and 
is acquired when embryonated eggs in soil or contaminated 
food are ingested. The eggs hatch in the small intestine and 
release larvae that penetrate the intestinal wall, enter the portal 
venous circulation, and reach the liver and systemic circulation. 
Blocked by narrowing vascular channels, the immature worms 
bore through vessel walls and migrate through the tissues, where 
they cause hemorrhagic, necrotic, and secondary inflammatory 
responses. When larvae become trapped in tissue, they pro- 
voke granuloma formation with a predominance of eosinophils. 
Tissue larvae may remain in inflammatory capsules or granulo- 
mas for months to years. The liver, brain, and eye are affected 
most frequently.*® 


Clinical Features 

Most infected persons are asymptomatic. Two clinical syndromes 
are recognized: (1) visceral larva migrans, and (2) “occult” infec- 
tions associated with nonspecific symptoms, including abdominal 
pain, anorexia, fever, and wheezing.** 

Visceral larva migrans is seen most commonly in children 
with a history of pica. Findings include fever, hepatomegaly, 
urticaria, leukocytosis with persistent eosinophilia, hypergam- 
maglobulinemia, and elevated blood group isohemagglutinins.*® 
‘Toxocariasis has been implicated in the development of chronic 
cholestatic hepatitis®? as well as pyogenic liver abscess.” Pulmo- 
nary manifestations include asthma and pneumonitis. Neurologic 
involvement can result in focal or generalized seizures, encepha- 
lopathy, and abnormal behavior.** Ocular larva migrans is often 
associated with granulomatous lesions, vitritis, uveitis, visual loss, 
and strabismus.”! 


Diagnosis 

The possibility of toxocariasis should be considered in persons 
with a history of pica, exposure to dogs or cats, and persistent 
eosinophilia.” Stool studies are not useful for toxocariasis, 
because these organisms do not produce eggs in humans, nor do 
they remain in the GI tract. A definitive diagnosis is made by iden- 
tification of the larvae in affected tissues, although blind biopsies 
are not routinely recommended.” The finding of an eosinophilic 
granuloma may be specific for visceral larva migrans.”* A liver 
biopsy may be necessary to differentiate visceral larva migrans 
from hepatic capillariasis (see later). A strongly positive result on 
an ELISA using larval antigens provides support for the diagnosis. 


Treatment 
‘Treatment is primarily supportive because visceral larva migrans 
is generally self-limited. If required, antihelminthic therapy 
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Fig. 84.2 Histopathology of hepatic capillariasis. An intrahepatic 
granuloma may be seen surrounding numerous eggs. (H&E.) (From 
Lucas SB, Zaki SR, Portmann BC. Other viral and infectious diseases 
and HIV-related liver disease. In: Burt AD, Portmann BC, Ferrell LD, 
editors. MacSween’s pathology of the liver. 6th ed. London: Churchill 
Livingstone; 2012. p 436.) 


with albendazole, 10 mg/kg/day in 2 divided doses for 5 days, or 
mebendazole, 100 to 200 mg twice daily for 5 days, may be used. 
Severe pulmonary, cardiac, ophthalmologic, or neurologic mani- 
festations may warrant use of systemic glucocorticoids.” 


Hepatic Capillariasis 

Human infection with Capillaria hepatica is rare. Infection with C. 
hepatica is acquired by ingesting soil, food, or water contaminated 
with embryonated eggs. Larvae released in the cecum penetrate 
the intestinal mucosa, enter the portal venous circulation, and 
lodge in the liver. Four weeks after infection, adult worms disinte- 
grate, releasing eggs into the hepatic parenchyma and producing 
an intense inflammatory reaction with macrophages, eosinophils, 
and giant cells. Resolution is accompanied by marked peri-egg 
fibrosis. 


Clinical Features 

Hepatic capillariasis typically manifests as acute or subacute hep- 
atitis. Findings include fever, nausea, vomiting, diarrhea or con- 
stipation, anorexia, myalgias, arthralgias, tender hepatomegaly, 
and occasionally splenomegaly. Laboratory investigation may 
reveal leukocytosis with eosinophilia; mild elevations of serum 
AST, alkaline phosphatase, and bilirubin levels; anemia; and an 
increased erythrocyte sedimentation rate. A chest x-ray may show 
pneumonitis.” 


Diagnosis 

The diagnosis is established by detection of adult worms or eggs 
in the liver (Fig. 84.2). Histologic findings in the liver include 
necrosis, fibrosis, and granulomas.” A finding of C. hepatica eggs 
in stools is not indicative of acute infection and probably reflects 
passage of undercooked liver from an infected animal. 


Treatment 

‘Treatment of hepatic capillariasis has, in general, been unsuccess- 
ful. Anecdotal benefit has been reported in end-stage cases with 
therapy with dithiazanine iodide, sodium stibogluconate, alben- 
dazole, or thiabendazole.”° 


Ascariasis 

Ascaris lumbricoides infects at least 1 billion persons, particularly in 
areas of lower socioeconomic standing.”’ Humans are infected by 
ingesting embryonated eggs, usually adherent to raw vegetables. 
The eggs hatch in the small intestine, and the larvae penetrate 
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the mucosa, enter the portal circulation, and reach the liver, pul- 
monary artery, and lungs; they grow in the alveolar spaces, are 
regurgitated and swallowed, and become mature adults in the 
intestine 2 to 3 months after ingestion. Then the cycle repeats 
itself. 


Clinical Features 

Symptoms generally occur in persons with a large worm burden; 
most infected persons are asymptomatic. Cough, fever, dyspnea, 
wheezing, substernal chest discomfort, and hepatomegaly may 
occur in the first 2 weeks. Chronic infection more frequently 
is characterized by episodic epigastric or periumbilical pain. If 
the worm burden is particularly heavy, small bowel complica- 
tions such as obstruction, intussusception, volvulus, perforation, 
or appendicitis may occur.” Fragments of disintegrating worms 
within the biliary tract can serve as nidi for the development of 
biliary calculi.” Preexisting disease of the biliary tract or pancre- 
atic duct can predispose the patient to migration of the worm into 
the bile ducts, with development of obstructive jaundice, cholan- 
gitis, or intrahepatic abscesses.?7:! 


Diagnosis 

A history of regurgitating a worm or passing a large worm (15 to 
40 cm long) in the stool suggests ascariasis. In the absence of such 
a history, the diagnosis is made by identification of characteristic 
eggs in stool specimens. Larvae may also be identified in spu- 
tum and gastric washings and in liver and lung biopsy specimens. 
In patients with biliary or pancreatic symptoms, US, MRCP, or 
ERCP is performed. ERCP also allows extraction of the worm. 1°! 
A chest x-ray may show an infiltrate, and eosinophilia may be 
present. 


Treatment 

One of the following regimens may be used: (1) a single dose of 
albendazole, 400 mg; (2) mebendazole, 100 mg twice daily for 3 
days; (3) pyrantel pamoate, 11 mg/kg to a maximum of 1 g; or 
(4) a single dose of ivermectin, 200 pg/kg.!"? Intestinal or biliary 
obstruction may require endoscopic or surgical intervention. 


Strongyloidiasis 

Strongyloides stercoralis is prevalent in the tropics and subtropics, 
southern and eastern Europe, and the USA. Infection is usually 
asymptomatic. Humans are infected by the filariform larvae, 
which penetrate intact skin, are carried to the lungs, migrate 
through the alveoli, and are swallowed to reach the intestine, 
where maturation ensues. Autoinfection can occur if the rhab- 
ditiform larvae transform into infective filariform larvae in the 
intestine; reinfection occurs by penetration of the bowel wall or 
perianal skin. Symptomatic infection results from a heavy infec- 
tious burden or infection in an immunocompromised patient. In 
the latter case, a hyperinfection syndrome may result from dis- 
semination of filariform larvae into tissues that usually are not 
infected.! 


Clinical Features 

Acute infection can lead to a pruritic eruption, followed by fever, 
cough, wheezing, abdominal pain, diarrhea, and eosinophilia. In 
immunocompromised patients, the hyperinfection syndrome may 
be characterized by invasion of any organ, including the liver, 
lung, and brain. Hyperinfection should be considered, particu- 
larly in the setting of sepsis caused by multiple organisms found 
in intestinal flora, a consequence of burrowing of larvae through 
the intestinal mucosa.!°* When the liver is affected, features 
include jaundice and cholestatic liver biochemical test abnormali- 
ties. A liver biopsy specimen may show periportal inflammation, 
eosinophilic granulomatous hepatitis, or both. Larvae may be 
observed in intrahepatic bile canaliculi, lymphatic vessels, and 
small branches of the portal vein.! 


Diagnosis 

Serologic tests include ELISA and decreasing titers can be used 
for post-treatment response.!°° The diagnosis of active infection 
is firm when larvae are identified in the stool or intestinal biopsy 
specimens. An obstructive hepatobiliary picture in a person with 
known strongyloidiasis should alert the clinician to the possibility 
of dissemination. 


Treatment 

For treatment of acute infection, the drug of choice is ivermectin, 
200 mg/kg/day for 2 days. Clearance rates are high. An alterna- 
tive agent is albendazole, 400 mg/day for 3 days for adults and 
children older than 2 years of age, but retreatment may be neces- 
sary, and this drug is less effective for disseminated disease. The 
hyperinfection syndrome requires longer courses of treatment 
than those used for the primary acute infection.!°° 


Trichinosis 

Humans may be infected with Trichinella spiralis by eating raw 
or undercooked pork bearing larvae, which are released in the 
small intestine, penetrate the mucosa, and disseminate through 
the systemic circulation. Larvae can be found in the myocardium, 
cerebrospinal fluid, brain, and, less commonly, liver and gallblad- 
der. The larvae then reenter the circulation and reach striated 
muscle, where they become encapsulated. 


Clinical Features 

Clinical manifestations occur when the worm burden is high and 
include diarrhea, fever, myalgias, periorbital edema, and leukocy- 
tosis with marked eosinophilia. Rarely, larvae can be seen invad- 
ing hepatic sinusoids on examination of a liver biopsy specimen. 
Jaundice may result from biliary obstruction. Hepatic complica- 
tions may be associated with fatal cases. !°7 


Diagnosis 

The diagnosis is suggested by a characteristic history in a patient 
with fever and eosinophilia. Serologic assays for antibody to 
Trichinella may not be helpful in the acute phase of infection but 
can be useful after 2 weeks.!°° Muscle biopsy may help to confirm 
the diagnosis. DNA-based tests are investigational. 


Treatment 

Treatment consists of glucocorticoids to relieve allergic symp- 
toms, followed by antihelminthic treatment with albendazole, 
400 mg twice daily for 10 to 15 days, or mebendazole, 200 mg/ 
day for 10 to 15 days. 


Trematodes (Flukes) 


Schistosomiasis (Bilharziasis) 

About 230 million persons worldwide are infected with trema- 
todes of the genus Schistosoma. Schistosoma mansoni is found in 
the Western Hemisphere, Africa, and the Middle East; S. haema- 
tobium is found in Africa and the Middle East; S. japonicum and S. 
mekongi are found in the Far East; and S. intercalatum is found in 
parts of central Africa. The last 2 species are much less common 
than the other 3 and cause liver disease and colonic disease, resp 
ectively, 109,10 


The Schistosomal Life Cycle 

The infectious cycle is initiated by penetration of the skin by free 
cercariae in fresh water (Fig. 84.3). The cercariae reach the pul- 
monary vessels within 24 hours, pass through the lungs, and reach 
the liver, where they lodge, develop into adults, and mate. Adult 
worms then migrate to their ultimate destinations in the inferior 
mesenteric venules (S. mansoni), superior mesenteric venules (S. 
japonicum), or veins around the bladder (S. haematobium). These 
locations correlate with the clinical complications associated with 
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Fig. 84.3 The life cycle of Schistosoma species. (From Gitlin N, Strauss R. Atlas of clinical hepatology. Phila- 


delphia: WB Saunders; 1995. p 72.) 


each species. Each female fluke can lay 300 to 3000 eggs daily. 
The eggs are deposited in the terminal venules and eventually 
migrate into the lumen of the involved organ, after which they 
are expelled in the stool or urine. Eggs remaining in the organ 
provoke a robust granulomatous response. Excreted eggs hatch 
immediately in fresh water and liberate early intermediate mira- 
cidia that infect their snail hosts. The miracidia transform into 
cercariae within the snails and then are released into the water, 
from which they may again infect humans.!°? 


Clinical Features 

Acute toxemic schistosomiasis (Katayama syndrome or Katayama 
fever), presumably a consequence of the host immunologic 
response to mature worms and eggs, occurs approximately 4 to 
6 weeks after exposure. Manifestations include headache, fever, 
chills, cough, diarrhea, myalgias, arthralgias, tender hepatomeg- 
aly, and eosinophilia. 

Untreated acute schistosomiasis invariably progresses to 
chronic disease. Mesenteric infection leads to hepatic complica- 
tions, including periportal fibrosis, presinusoidal occlusion, and, 
ultimately, portal hypertension, as a result of the inflammatory 
reaction to eggs deposited in the liver. The development of peri- 
portal fibrosis appears to be related to production of TNF-a.!!° 
The lungs and central nervous system may be affected when eggs 
or adult worms pass through the liver into the systemic circula- 
tion, especially in S. japonicum infection; pulmonary hypertension 
and cor pulmonale may result.!'! With severe schistosomal infec- 
tion, portal hypertension becomes progressive, leading to gastro- 
esophageal varices, splenomegaly, and rarely ascites. 

Chronic schistosomal infection may be complicated by 
increased susceptibility to Salmonella infections.!!? Hepatitis B 
or hepatitis C viral coinfection is also common in persons living 
in endemic areas and may accelerate the progression of liver dis- 
ease and development of HCC.!!3 In African intestinal schistoso- 
miasis, pseudopolyps of the colon may develop, leading in some 


cases to protein-losing colopathy and formation of an inflamma- 
tory mass in the descending colon. 

Laboratory findings in chronic schistosomiasis include anemia 
from recurrent luminal GI bleeding or hypersplenism, leukocy- 
tosis with eosinophilia, an elevated ESR, and increased serum 
IgE levels. Results of liver biochemical tests generally are normal 
until the disease is at an advanced stage. 


Diagnosis 

The possibility of acute schistosomiasis should be considered in 
a patient with a history of exposure, abdominal pain, diarrhea, 
and fever. Multiple stool examinations for ova may be required 
to confirm the diagnosis because results frequently are negative 
in the early phase of disease. Serologic testing such as ELISA or 
Western blot cannot distinguish between past infection and active 
disease but may be useful in a returned traveler. Sigmoidoscopy 
or colonoscopy may reveal rectosigmoid or transverse colon 
involvement and may be useful in chronic disease, when few eggs 
pass in the feces. US and liver biopsy are useful for demonstrat- 
ing periportal (“pipestem” or “clay pipestem”) fibrosis (Fig. 84.4), 
but not for diagnosing acute infection because of their insensi- 
tivity for detecting schistosomal eggs.''t CT may show low- 
attenuation rings around main portal vein branches with marked 
enhancement with contrast.!!° 


Treatment 

Praziquantel, 40 mg/kg for S. mansoni or S. haematobium and 60 
mg/kg for S. japonicum or S. mekongi given in 1 day in 2 to 3 
divided doses 4 hours apart, is the therapeutic agent of choice. 
Oxamniquine is an effective alternative agent for S. mansoni 
infection in patients who cannot tolerate praziquantel, but it is 
no longer readily available. Treatment of acute toxemic schisto- 
somiasis often requires prednisone to suppress immune-mediated 
helminthicidal or drug reactions, in conjunction with praziquan- 
tel at the dose appropriate for the particular species for 3 to 6 
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Fig. 84.4 Pipestem fibrosis. A, Liver resection specimen demonsirating characteristic pipestem fibrosis due 
to long-term infection with Schistosoma mansoni. B, US image of the liver from a patient with schistosomiasis 
demonstrating the pipestem fibrosis, seen as echodense circles surrounding vessels (arrow). (A, Courtesy Dr. 
Fiona Graeme-Cook, Boston, MA; B, Courtesy Dr. Mark Feldman, Dallas, TX.) 


days.'° Retreatment after 2 to 3 months is often necessary after 
Katayama fever.!!° 

Band ligation or injection sclerotherapy of varices is effective 
in controlling variceal bleeding (see Chapter 92). Management of 
advanced chronic schistosomal liver disease may require placement 
of a distal splenorenal shunt or esophagogastric devascularization 
with splenectomy. Fortunately, since the advent of praziquantel, 
complicated schistosomal liver disease has become uncommon. 


Fascioliasis 

Fascioliasis is endemic in parts of Europe and Latin America, North 
Africa, Asia, the Western Pacific, and some parts of the USA. 
Fascioliasis is caused by the sheep liver fluke Fasciola hepatica. Eggs 
passed in the feces of infected mammals into fresh water give rise 
to miracidia that penetrate snails and eventually emerge as mobile 
cercariae, which attach to aquatic plants such as watercress. Hosts 
become infected when they consume plants containing encysted 
metacercariae, which then bore into the intestinal wall, enter the 
abdominal cavity, penetrate the hepatic capsule, and eventually settle 
in the bile ducts, where they attain maturity. Mature flukes release 
eggs that are passed in the host’s feces to complete the life cycle.!!’ 


Clinical Features 

Three phases (or syndromes) are recognized: acute or invasive, 
chronic latent, and chronic obstructive.!!* The acute phase cor- 
responds to the migration of young flukes through the liver and 
is marked by fever, pain in the RUQ, and eosinophilia. Urticaria 
with dermatographia and nonspecific GI symptoms are common. 
Physical examination often reveals fever and a tender, enlarged 
liver. Splenomegaly is seen in as many as 25% of cases, but jaun- 
dice is rare and liver biochemical test abnormalities are mild.!!” 
Eosinophilia can be profound, with eosinophils sometimes 
exceeding 80% of the differential leukocyte count.!”° 

The latent phase corresponds to the settling of the flukes into 
the bile ducts and can last for months to years. Affected patients 
may experience vague GI symptoms. Eosinophilia persists, and 
fever can occur.!!? 

The chronic obstructive phase is a consequence of intrahepatic 
and extrahepatic bile ductal inflammation and hyperplasia evoked 
by adult flukes. Recurrent biliary pain, cholangitis, cholelithiasis, 
and biliary obstruction may result. Blood loss from epithelial injury 
occurs, but overt hemobilia is rare. Liver biochemical testing com- 
monly demonstrates a pattern suggestive of biliary obstruction.!?! 
Long-term infection may lead to biliary cirrhosis and secondary 
sclerosing cholangitis, but no convincing association with biliary 
tract or hepatic malignancy has been demonstrated. !?? 


Diagnosis 
The diagnosis should be considered in a patient with prolonged 
fever, abdominal pain, diarrhea, tender hepatomegaly, and eosin- 
ophilia. Because eggs are not passed during the acute phase, diag- 
nosis depends on the detection of antibody, usually by ELISA. In 
the latent and chronic phases, a definitive diagnosis is based on 
the detection of eggs in stool, duodenal aspirate specimens, or 
bile.!? On occasion, US or ERCP demonstrate flukes in the gall- 
bladder and bile duct.!’* If one member of a family is diagnosed 
with fascioliasis, all household members should be evaluated. 
Hepatic histologic findings include necrosis and granulomas 
with eosinophilic infiltrates and Charcot-Leyden crystals. Eosin- 
ophilic abscesses, epithelial hyperplasia of the bile ducts, and 
periportal fibrosis may be seen.!?° 


Treatment 

The drug of choice is triclabendazole, 10 mg/kg given once orally. 
Praziquantel, mebendazole, and albendazole are not effective for 
fascioliasis. Other medications that are potentially efficacious are 
bithionol and nitazoxanide.!!” 


Clonorchiasis and Opisthorchiasis 

Clonorchis sinensis, Opisthorchis viverrini, and Opisthorchis felin- 
eus are trematodes of the family Opisthorchiidae. Infection by 
C. sinensis and O. viverrini is widespread in East and Southeast 
Asia and is linked to lower socioeconomic status. O. felineus 
infects humans and domestic animals in Eastern Europe. All 3 
have similar life cycles and result in similar clinical manifesta- 
tions. Eggs are passed in the feces into fresh water, consumed 
by snails, and hatch as free-swimming cercariae, which seek and 
penetrate fish or crayfish and encyst in skin or muscle as meta- 
cercariae. The mammalian host is infected when it consumes raw 
or undercooked fish. The metacercariae excyst in the small intes- 
tine and migrate into the ampulla of Vater and bile ducts, where 
they mature into adult flukes. Infection can be maintained for 2 
decades or longer.!?3 


Clinical Features 

In general, acute infection is clinically silent. Occasional symp- 
toms include fever, abdominal pain, and diarrhea. Chronic 
manifestations correlate with the fluke burden and are domi- 
nated by hepatobiliary features: fever, pain in the RUQ, tender 
hepatomegaly, and eosinophilia. If the worm burden in the bile 
ducts is heavy, chronic or intermittent biliary obstruction can 
ensue, with frequent cholelithiasis, cholecystitis, jaundice, and, 
ultimately, recurrent pyogenic cholangitis (see Chapter 68). 
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Fig. 84.5 Clonorchis sinensis. (Courtesy Dr. Fiona Graeme-Cook, 
Boston, MA.) 


Liver biochemical test results, especially serum alkaline phos- 
phatase and bilirubin levels, are elevated. Long-standing infec- 
tion leads to exuberant inflammation, resulting in periportal 
fibrosis, marked biliary epithelial hyperplasia and dysplasia, 
and, ultimately, a substantially increased risk of cholangiocarci- 
noma.!?-126 Cholangiocarcinoma resulting from clonorchiasis or 
opisthorchiasis tends to be multicentric and arises in the second- 
ary biliary radicles of the hilum of the liver. Cholangiocarcinoma 
should be suspected in infected persons with weight loss, jaun- 
dice, epigastric pain, or an abdominal mass (see Chapter 69). 


Diagnosis 

The diagnosis of clonorchiasis or opisthorchiasis is made by 
detection of characteristic fluke eggs in the stool, except late in 
the disease when biliary obstruction has supervened. In these 
cases, the diagnosis is made by identifying flukes in the bile ducts 
or gallbladder at surgery or in bile obtained by postoperative 
drainage or percutaneous aspiration (Fig. 84.5). Endoscopic or 
intraoperative cholangiography reveals slender, uniform filling 
defects within intrahepatic ducts that are alternately dilated and 
strictured, mimicking sclerosing cholangitis. Serologic methods 
of diagnosis cannot distinguish between past or current infec- 
tion. !! 


Treatment 

All patients with clonorchiasis or opisthorchiasis should receive 
praziquantel, which is uniformly effective in a dose of 75 mg/ 
kg in 3 divided doses over 1 day. Side effects are uncommon and 
include headache, dizziness, and nausea. After treatment, dead 
flukes may be seen in the stool or biliary drainage. When the bur- 
den of infecting organisms is high, the dead flukes and surround- 
ing debris or stones may cause biliary obstruction, necessitating 
endoscopic or surgical drainage.!!7 


Cestodes (Tapeworms) 


Echinococcosis 

Infections with Echinococcus granulosus can be found worldwide in 
areas where dogs are used to help raise livestock. E. multilocularis 
is distributed in northern North America and Eurasia, whereas 
E. vogeli is found in scattered areas of Central and Latin America. 


The Echinococcal Life Cycle 

Infection occurs when humans eat vegetables contaminated by 
dog feces that contain embryonated eggs. The eggs hatch in 
the small intestine and liberate oncospheres that penetrate the 
mucosa and migrate via vessels or lymphatics to distant sites. The 
liver is the most common destination (70%), followed by the 
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Fig. 84.6 Liver resection specimen of a hydatid cyst caused by Echi- 
nococcus granulosus. Multiple daughter cysts are seen. (Courtesy Dr. 
Fiona Graeme-Cook, Boston, MA.) 


lungs (20%), kidney, spleen, brain, and bone. In these organs, a 
hydatid cyst develops by vesiculation and produces thousands of 
protoscolices. The cyst wall contains 3 layers: an outer adventi- 
tial layer, which is host-derived and can calcify, and intermediate 
acellular and inner germinal layers, which are worm-derived. A 
protoscolex is produced asexually within small secondary cysts 
that develop from the inner layer. Rupture of the hydatid cyst 
releases the viable protoscolices, which set up daughter cysts in 
secondary sites. The adult Echinococcus tapeworm consists of a 
scolex, which contains a rostellum with 20 to 50 hooklets and 4 
suckers, a neck, and an immature, mature, and gravid proglottid. 
Dogs acquire the infection by consuming organs of sheep, cattle, 
or other livestock bearing the hydatid cyst. 


Clinical Features 

Most patients with a hydatid cyst in the liver have no symptoms. 
As the cysts of E. granulosus grow within the liver (Fig. 84.6), 
they begin to cause low-grade fever, pain, tender hepatomegaly 
(usually affecting the right hepatic lobe), and eosinophilia. If the 
cysts grow large enough, they may rupture spontaneously or after 
trauma into the lungs, thereby leading to dyspnea and hemopty- 
sis. More extensive rupture into the peritoneum or lungs may lead 
to a life-threatening anaphylactic reaction to the cyst contents. 
Rupture into the biliary tract can cause cholangitis and obstruc- 
tion; marked eosinophilia may be present. Superinfection of the 
hepatic cysts can lead to pyogenic liver abscesses in up to 20% of 
patients with hepatic disease. Rare complications of hydatid cysts 
or cyst rupture include pancreatitis, portal hypertension, Budd- 
Chiari syndrome, and rupture into the pericardial sac. 

E. muttilocularis is highly invasive; infection leads to forma- 
tion of solid masses in the liver that are easily confused with cir- 
rhosis or carcinoma. Alveolar hydatid disease is the term applied 
to hepatic nodules that appear on microscopy as alveoli-like 
microvesicles.!*’ Daughter cysts bud from the germinal mem- 
brane in an uncontrolled manner, with “invasion” of the sur- 
rounding liver parenchyma by the scolices. Infection of bile ducts 
and vessels and necrosis of parenchyma may result in cholangitis, 
liver abscess, sepsis, portal hypertension, hepatic vein occlusion, 
and biliary cirrhosis. Unfortunately, infection generally is not 
diagnosed until the lesions are inoperable because of extensive 
invasion or distant metastatic disease, and mortality rates are 
high, approaching 90%.!?7 

Infection with E. vogeli has clinical features intermediate 
between those of infections caused by the other 2 species and is 
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Fig. 84.7 CT showing the typical appearance of a hydatid cyst in the 
liver. (Courtesy Dr. Mukesh Harisinghani, Boston, MA.) 


characterized by multiple fluid-filled cysts containing daughter 
cysts and protoscolices. Although not as aggressive as E. multiloc- 
ularis infection, E. vogeli infection can spread to contiguous sites. 


Diagnosis 

A history of exposure in a patient with hepatomegaly and an 
abdominal mass is highly suggestive of hepatic echinococcosis, 
but the most important diagnostic tools are imaging and serol- 
ogy. Ring-like calcifications in up to one fourth of hepatic cysts 
are visible on plain abdominal films in patients infected with E. 
granulosus. The sensitivity and specificity of both US and CT in 
confirming the diagnosis are high (Fig. 84.7).!2° Both modalities 
can demonstrate intracystic septations and daughter cyst for- 
mation in about half of the cysts. Contrast-enhanced CT may 
display avascular cysts with ring enhancement. Percutaneous 
aspiration of the cyst had traditionally been discouraged because 
of concern about anaphylactic reactions. Encouraging reports, 
however, suggest that under carefully controlled conditions, with 
use of thin needles and concomitant antihelminthic therapy, per- 
cutaneous aspiration for diagnosis and therapy may be safe.!*%)130 
The detection of protoscolices or acid-fast hooklets in the cyst 
fluid confirms the diagnosis.!*! An ELISA is the best serologic 
assay for diagnosis, with a sensitivity of 84% to 90%.!** Assays 
for detecting circulating antigen are likely to provide additional 
diagnostic benefit in the future. The Casoni skin test, used in the 
past, is nonspecific and no longer recommended. 

E. multilocularis infection can be diagnosed with a combination 
of ELISA and CT, which often shows scattered areas of calcified 
necrotic tissue. In E. vogeli infection, CT demonstrates polycystic 
lesions in the liver or peritoneal space. 


Treatment 

In the past, accessible cysts in younger persons were always 
treated surgically, and surgery is still considered the preferred 
treatment in many cases. The goal has been removal of the ces- 
tode without disruption of cyst contents. Care must be taken to 
isolate the cyst and to inject cidal agents before the cyst is aspi- 
rated. Successful approaches have included cystectomy, endo- 
cystectomy, omentoplasty, and marsupialization. A laparoscopic 
approach is feasible in some cases. In complicated cases, hepatic 
lobectomy or hemihepatectomy may be necessary. Calcified cysts 
need not be removed. 


Promising data indicate that careful percutaneous drainage is a 
safe and effective alternative to surgery for the treatment of compli- 
cated cysts.!? In addition to surgery or drainage, administration of 
an antihelminthic, such as albendazole, 10 mg/kg daily for 8 weeks, 
is recommended.'*+ Puncture, aspiration, injection (of a scolicidal 
agent), and re-aspiration (“PAIR”) can be performed safely with 
long-term control of echinococcal cysts.!*° Injection of hydatid liver 
cysts with albendazole has also been described.’ Therefore, nonsur- 
gical approaches are now available for management of hydatid cysts. 
The decision between surgical and nonsurgical techniques depends 
on the extent and type of lesions.!** Cysts that cannot be treated sur- 
gically or percutaneously should be treated with albendazole, pref- 
erably, or mebendazole. Large doses and prolonged treatment are 
required (e.g., albendazole 10 mg/kg/day in 2 divided doses for 28 
days, repeated 3 or 4 times, with 2-week breaks between courses). 

Surgical resection is curative in up to one third of cases of 
E. multilocularis infection. In most cases, the disease is advanced 
when the diagnosis is made. In such cases, palliative drainage 
procedures or long-term treatment with albendazole or another 
benzimidazole carbamate may prolong survival.!?’!°° Surgery 
appears to be the most effective approach to the management of 
E. vogeli infection. 


FUNGI 
Candidiasis 


Candida species may cause invasive systemic infection with hepatic 
involvement in severely immunocompromised persons (see 
Chapters 35 and 36). The liver can become infected by C. albicans 
and related species in the setting of disseminated multiorgan disease. 
Most disseminated infections occur in leukemic patients undergo- 
ing high-dose chemotherapy and become clinically evident during 
the period of recovery from severe neutropenia. In several series, 
hepatic candidiasis was present in 51% to 91% of predominantly 
leukemic patients with disseminated candidiasis.!*’-!5° Disease is 
often overwhelming, with a high mortality rate.!°° 

Other, less frequent, presentations in the compromised host 
include isolated or focal hepatic or hepatosplenic candidiasis. ° 
Focal candidiasis is believed to result from colonization of the GI 
tract by Candida, which disseminates locally following the onset of 
neutropenia and mucosal injury caused by high-dose chemother- 
apy.’ Resulting fungemia of the portal vein seeds the liver and 
leads to formation of hepatic microabscesses and macroabscesses. 

In either focal or disseminated candidiasis involving the liver, 
clinical features include fever, abdominal pain and distention, 
nausea, vomiting, diarrhea, and tender hepatomegaly. The serum 
alkaline phosphatase level is almost invariably elevated, with vary- 
ing elevations in serum aminotransferase and bilirubin levels. CT 
and MRI of the abdomen are sensitive tests to detect hepatic or 
splenic abscesses, which often are multicentric (Fig. 84.8).140,141 
In cases diagnosed antemortem, liver biopsy or laparoscopy 
reveals macroscopic nodules, necrosis with microabscesses, and 
characteristic yeast or hyphal forms of Candida.'*? The results of 
cultures of biopsy material are negative in most cases. PCR meth- 
odology has been used to diagnose hepatic candidiasis. !*® 

Response rates to therapy with IV amphotericin B are better 
(almost 60%) for focal hepatic candidiasis than for disseminated 
disease. The success of treatment is far from optimal, however. 
Alternatives to amphotericin B are liposomal amphotericin and IV 
echinocandins such as caspofungin, micafungin, or anidulafungin, 
which are often used before step-down therapy to an azole such as 
fluconazole.!*+!* Adjunctive glucocorticoids may speed recovery 
from the inflammatory response that accompanies disseminated 
candidiasis as neutrophils return.'*° The widespread use of pro- 
phylactic fluconazole in high-risk patients has resulted in lower 
rates of fatal visceral fungal infection while promoting a shift 
toward infections caused by other fungi resistant to this agent.!*” 
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Fig. 84.8 T2-weighted MRI showing the characteristic small high-in- 
tensity foci (arrows) of hepatosplenic candidiasis. (Courtesy Dr. Mukesh 
Harisinghani, Boston, MA.) 


Histoplasmosis 


Infection with Histoplasma capsulatum is acquired through the 
respiratory tract and in most cases is confined to the lungs. 
Severely immunocompromised persons (e.g., those with AIDS), 
however, are predisposed to disseminated histoplasmosis (see 
Chapter 35). The liver can be invaded in both acute and chronic 
progressive disseminated histoplasmosis. Fever, oropharyn- 
geal ulcers, hepatomegaly, and splenomegaly may be present in 
patients with chronic disease.'*® In children with acute hepatic 
disease, which appears to be an extension of primary pulmonary 
infection, marked hepatosplenomegaly is universal and is associ- 
ated with high fever and lymphadenopathy. In one series of 111 
cases of disseminated histoplasmosis, serum ALT levels were 
elevated in 39%, AST levels were elevated in 27%, and alka- 
line phosphatase levels were greater than 200 U/L in 55%.!%” 
Hepatosplenomegaly is present in approximately 30% of adults 
with acute disease (often the AIDS-defining illness). 

Yeast forms can be identified in liver biopsy specimens with 
standard H&E staining. The silver methenamine method is supe- 
rior for detecting yeast forms in areas of caseating necrosis or in 
granulomas. The organism is difficult to culture and almost never 
grows from biopsy specimens. Serologic testing for complement- 
fixing antibodies is therefore helpful in confirming the diagno- 
sis. In immunocompromised persons who may not be capable 
of mounting an antibody response, detection of H. capsulatum 
antigens in urine and serum can be useful.!°° Treatment options 
include therapy with amphotericin B, fluconazole, or itraconazole. 


LIVER ABSCESS 
Pyogenic 


In the past, most cases of pyogenic liver abscess were a conse- 
quence of appendicitis complicated by pylephlebitis (portal vein 
inflammation) in a young patient. This presentation has become 
uncommon as a result of earlier diagnosis and effective antibiotic 
therapy. Most cases now are cryptogenic or occur in older men 
with underlying biliary tract disease.'*! Predisposing conditions 
include malignancy, immunosuppression, diabetes mellitus, and 
previous biliary surgery or interventional endoscopy. 


Pathogenesis 


Infections of the biliary tract (e.g., cholangitis, cholecystitis) are 
the most common identifiable source of liver abscess. Infection 
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may spread to the liver from the bile duct, along a penetrating 
vessel, or from an adjacent septic focus (including pylephlebi- 
tis). Pyogenic liver abscess may arise as a late complication of 
endoscopic sphincterotomy for bile duct stones or within 3 to 
6 weeks of a surgical biliary-intestinal anastomosis.!°* Pyogenic 
liver abscesses may complicate recurrent pyogenic cholangitis, 
which is found predominantly in East and Southeast Asia and is 
characterized by recurring episodes of cholangitis, intrahepatic 
stone formation, and, in many cases, biliary parasitic infections 
(see earlier and Chapter 68). Less commonly, liver abscess is a 
complication of bacteremia arising from underlying abdominal 
disease, such as diverticulitis, appendicitis, perforated or pen- 
etrating peptic ulcer, GI malignancy, IBD, or peritonitis, or 
rarely from bacterial endocarditis or penetration of a foreign 
body through the wall of the colon. One population-based study 
suggested a fourfold higher risk of GI malignancy in patients 
with pyogenic liver abscesses.!°> The risk of liver abscess may 
be increased in patients with underlying diabetes mellitus or cir- 
rhosis.!°*!5> Occasionally, a pyogenic liver abscess may be the 
presentation of a hepatocellular or gallbladder carcinoma or a 
complication of chemoembolization or percutaneous ablation of 
a hepatic neoplasm. !°! 

In approximately 40% of cases of pyogenic liver abscess, no 
obvious source of infection can be identified. Oral flora have been 
proposed to be a potential source in such cases, particularly in 
patients (often alcoholics) with severe periodontal disease. 


Microbiology 


Most pyogenic liver abscesses are polymicrobial. The bacte- 
rial organisms that have been cultured from liver abscesses are 
listed in Box 84.1. The most frequently isolated organisms are 
Escherichia coli and Klebsiella, Proteus, Pseudomonas, and Streptococcus 
species, particularly the Streptococcus milleri (anginosus) group. 
Certain virulent strains of Klebsiella pneumoniae can cause liver 
abscess in the absence of underlying hepatobiliary disease, often 
with metastatic infection.!*7!>° With improved cultivation 
methods and earlier diagnosis, the number of cases caused by 
anaerobic organisms has increased. The most commonly identi- 
fied anaerobic species are Bacteroides fragilis and Fusobacterium 
necrophorum; anaerobic streptococci have also been identified. 
Pyogenic abscess associated with recurrent pyogenic cholangitis 
may be caused by S. Typhi. Clostridium and Actinomyces species are 
uncommon causes of liver abscess, and rare cases are caused by 
Y. enterocolitica, Pasteurella multocida, Haemophilus parainfluenzae, 
and Listeria species. Septic melioidosis also has been described. 
Liver abscesses caused by S. aureus infection are most common 
in children and patients with septicemia or other conditions asso- 
ciated with impaired host resistance, including chronic granu- 
lomatous disease.!°? Fungal abscesses of the liver may occur in 
immunocompromised hosts, particularly those with a hemato- 
logic malignancy (see earlier). 


Clinical Features 


In the preantibiotic era, patients with a pyogenic liver abscess 
typically presented with acutely spiking fevers, pain in the 
RUQ, and, in many cases, shock. After the introduction of anti- 
biotics, the presentation of pyogenic liver abscess became less 
acute. The presentation often is insidious, particularly in older 
adult patients, and is characterized by malaise, low-grade fever, 
anorexia, weight loss, and dull abdominal pain that may increase 
with movement. Symptoms may be present for 1 month or more 
before a diagnosis is made. Multiple abscesses are typical when 
biliary disease is the source and are associated with a more acute 
systemic presentation, often with sepsis and shock, than is the 
case with solitary abscesses. When an abscess is situated near the 
dome of the liver, pain may be referred to the right shoulder, 
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BOX 84.1 Organisms That May Be Isolated from the 
Abscess and the Blood in Patients with a 
Pyogenic Liver Abscess 


GRAM-NEGATIVE AEROBIC BACTERIA 
Escherichia coli 

Klebsiella pneumoniae 
Enterobacter spp. 
Pseudomonas spp. 
Citrobacter spp. 

Morganella spp. 

Proteus spp. 

Salmonella spp. 

Serratia marcescens* 

Yersinia spp.” 

Burkholderia pseudomallei* 
Capnocytophaga canimorsus 
Pasteurella multocida“ 
Achromobacter xylosoxidans* 


GRAM-POSITIVE AEROBIC BACTERIA 


Enterococcus spp. 

Streptococcus pyogenes 
Staphylococcus aureus 

Streptococcus milleri (anginosus) group 
Listeria monocytogenes* 

Bacillus cereus* 


ANAEROBIC BACTERIA 


Bacteroides spp. 
Fusobacterium spp. 
Streptococcus spp. 
Peptostreptococcus spp. 
Peptococcus spp. 


* 


Prevotella spp.* 
Clostridium spp.* 
Actinomyces spp.* 


OTHERS 


Candida spp. 
Mycobacterium tuberculosis 


*Rare 


or a cough resulting from diaphragmatic irritation or atelectasis 
may be present. 

Physical examination usually discloses fever, hepatomegaly, 
and liver tenderness, which is accentuated by movement or per- 
cussion. Splenomegaly is unusual, except with a chronic abscess. 
Ascites is rare, and in the absence of cholangitis, jaundice is pres- 
ent only late in the course of the illness. Portal hypertension may 
follow recovery if the portal vein has been thrombosed. Labora- 
tory findings include anemia, leukocytosis, an elevated ESR, and 
abnormal liver biochemical test results, especially an elevated 
serum alkaline phosphatase level. 


Diagnosis 


Blood culture specimens will identify the causative organism in at 
least 50% of cases.!® Direct cultures of aspirated fluid are useful 
for identification of the organism and determination of antibiotic 
susceptibility and should be sent for both aerobic and anaerobic 
culture.'°! Chest x-rays may show elevation of the right hemi- 
diaphragm and atelectasis. US and CT are the initial imaging 
modalities of choice. Abscesses as small as 1 cm in diameter can 
be detected. US is inexpensive and accurate and can guide needle 
aspiration of the abscess. Culture specimens of aspirated material 


Fig. 84.9 CT showing multiple pyogenic abscesses in the liver. (Cour- 
tesy Dr. Mukesh Harisinghani, Boston, MA.) 


yield positive results in 90% of cases (although the yield prob- 
ably is lower if the patient has been receiving antibiotics). CT is 
also accurate, with a sensitivity approaching 100%, but is more 
expensive than US. Hepatic abscesses are usually hypodense on a 
CT and may display a rim of contrast enhancement in less than 
20% of cases (Fig. 84.9). CT permits precise localization of an 
abscess, assessment of its relationship to adjacent structures, and 
detection of gas in the abscess, which is associated with increased 
mortality. 

An abscess must be distinguished from other mass lesions 
in the liver, including cystic lesions, benign and malignant 
neoplasms, soft tissue tumors (neurofibroma, leiomyoma, and 
malignant fibrous histiocytoma), focal nodular hyperplasia, and 
hemangiomas (see Chapter 96), as well as inflammatory pseu- 
dotumors. MRI is more sensitive than CT for detecting small 
abscesses, which have low signal intensity on Tl-weighted 
images and high signal intensity on T2-weighted images and 
enhance with gadolinium. ERCP is indicated in patients with 
imaging evidence of biliary stones or prominent cholestasis. 16? 
Rarely, arteriography may be of value in distinguishing an 
abscess from a tumor. 

Inflammatory pseudotumor of the liver (also called plasma cell 
granuloma) is a rare, benign lesion characterized by proliferat- 
ing fibrous tissue infiltrated by inflammatory cells. The cause 
is unknown. Affected persons (typically young men) often have 
a history of recent infection, but a causative infectious agent is 
rarely isolated from the lesion. Additional associated disorders 
include chronic inflammatory and autoimmune disorders, par- 
ticularly ascending cholangitis and PSC, as well as diabetes melli- 
tus, Sjogren syndrome, gout, UC, Crohn disease, HIV infection, 
EBV infection, and acute myeloblastic leukemia. Patients typi- 
cally present with intermittent fever, abdominal discomfort, 
vomiting, diarrhea, weight loss, and malaise and have hepato- 
megaly, RUQ tenderness, and jaundice on physical examination. 
Portal hypertension may develop. Laboratory findings also are 
similar to those associated with liver abscess, including polyclonal 
hyperglobulinemia in 50% of cases, and imaging studies gener- 
ally are interpreted as showing a tumor or an abscess. Treatment 
generally has been by surgical resection of the lesion, although 
some patients may recover spontaneously or after treatment with 
antibiotics or glucocorticoids, once the diagnosis is made based 
on needle biopsy findings. !°+!6# 


CHAPTER 84 Bacterial, Parasitic, and Fungal Infections of the Liver, Including Liver Aoscesses 


Prevention and Treatment 


Pyogenic liver abscesses are best prevented by prompt treatment of 
acute biliary and abdominal infections and by adequate drainage of 
infected intra-abdominal collections under appropriate antibiotic 
coverage. Treatment of a hepatic abscess requires antibiotic ther- 
apy directed at the causative organism(s) and, in most cases, drain- 
age of the abscess, usually percutaneously with imaging guidance. 
An indwelling drainage catheter may be placed in the abscess until 
the cavity has resolved, particularly for lesions greater than 5 cm in 
size, although intermittent needle aspiration may be as effective as 
continuous catheter drainage for smaller lesions.!©:!©° With mul- 
tiple abscesses, only the largest abscess may need to be aspirated; 
smaller lesions often resolve with antibiotic treatment alone, but 
rarely, each lesion may need drainage. For a small abscess, antibi- 
otic therapy without drainage may suffice. Biliary decompression 
is essential when a hepatic abscess is associated with biliary tract 
obstruction or communication and may be accomplished through 
the endoscopic or transhepatic route (see Chapter 70). Surgical 
drainage of a hepatic abscess may be necessary in patients with 
incomplete percutaneous drainage, unresolved jaundice, renal 
impairment, a multiloculated abscess, or a ruptured abscess.!°7 A 
laparoscopic approach may be feasible in select cases. 

Initial antibiotic coverage, pending culture results, should be 
broad in spectrum, as with a third-generation cephalosporin, or 
fluoroquinolone plus metronidazole, to cover anaerobic organ- 
isms. If amebiasis is suspected, metronidazole should be started 
before aspiration is performed (see later). Alternative regimens 
include carbapenems and combinations of a beta-lactam and 
beta-lactamase inhibitor active against enteric organisms, includ- 
ing anaerobes. After culture results and sensitivity profiles have 
been obtained, IV antibiotic therapy directed at the specific 
organism(s) should be administered until a clinical response to 
therapy is demonstrated, followed by an oral regimen for up to 
6 weeks. 1° 

The mortality rate for patients with hepatic abscesses treated 
with antibiotics and percutaneous drainage has improved since 
the 1980s.167:16 A worse prognosis is associated with a delay 
in diagnosis, multiple abscesses, multiple organisms cultured 
from blood, a fungal cause, shock, jaundice, hypoalbuminemia, 
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a pleural effusion, an underlying biliary malignancy, multiorgan 
dysfunction, sepsis, or other associated medical diseases. 167-170-174 
Complications of pyogenic liver abscess include empyema, pleu- 
ral or pericardial effusion, portal or splenic vein thrombosis, 
rupture into the pericardium, thoracic and abdominal fistula for- 
mation, and sepsis. Metastatic septic endophthalmitis occurs in as 
many as 10% of diabetic patients with a liver abscess caused by 
K. pneumoniae.” 


Amebic 


Amebiasis occurs in 10% of the world’s population and is most com- 
mon in tropical and subtropical regions (see also Chapter 113),!76!77 
Endemic areas include Africa, Southeast Asia, Mexico, Venezuela, 
and Colombia. In the USA, it is a disease of young, often Hispanic 
adults. Amebic liver abscess is the most common extraintestinal 
manifestation of amebiasis. Compared with affected persons who 
reside in an endemic area, persons in whom an amebic liver abscess 
develops after travel to an endemic area are older and more likely 
to be male, have marked hepatomegaly, and have a large abscess or 
multiple abscesses. The occurrence of an amebic liver abscess in a 
person who has not traveled to or resided in an endemic area should 
raise the suspicion of underlying immunosuppression, particularly 
AIDS.!78:!7? Other persons at increased risk include inpatients in 
residential institutions and men who have sex with men. Host fac- 
tors that contribute to the severity of disease include younger age, 
pregnancy, malnutrition, alcoholism, glucocorticoid use, and malig- 
nancy. 


Pathogenesis 


During its life cycle, Entamoeba histolytica exists as trophozoite or 
cyst forms (Fig. 84.10). After infection, amebic cysts pass through 
the GI tract and become trophozoites in the colon, where they 
invade the mucosa and produce typical “flask-shaped” ulcers. 
The organism is carried by the portal vein circulation to the liver, 
where an abscess may develop. Occasionally, organisms travel 
beyond the liver and can establish abscesses in the lung or brain. 
Rupture of an amebic liver abscess into the pleural, pericardial, 
and peritoneal spaces can also occur. 


In the small intestine, the 


cyst wall disintegrates 
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amoeba histolytica in amebiasis. 
(From Gitlin N, Strauss R. Atlas of 
clinical hepatology. Philadelphia: 
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Fig. 84.11 CT showing a large amebic abscess in the left lobe of the 
liver. (Courtesy Dr. Mark Feldman, Dallas, TX.) 


Clinical Features 


Amebic liver abscess is 10 times as common in men as in women 
and is rare in children.!”° An amebic liver abscess is more likely 
than a pyogenic liver abscess to be associated with an acute pre- 
sentation. Symptoms are present on average for 2 weeks by the 
time a diagnosis is made. A latency period between intestinal and 
subsequent liver infection of up to many years is possible, and less 
than 10% of patients report an antecedent history of bloody diar- 
rhea with amebic dysentery. 

Pain is typically in the RUQ but may be localized to the right 
chest, epigastrium, or right shoulder. Fever is nearly universal but 
may be intermittent. Malaise, myalgias, and arthralgias are com- 
mon. Jaundice is uncommon and signifies a poor prognosis. Pul- 
monary symptoms and signs may be present, but a pericardial rub 
and peritonitis are rare. Occasionally a friction rub is heard over 
the liver. Laboratory features resemble those found in pyogenic 
abscess. Coinfection with bacterial pathogens is uncommon. Rare 
complications of amebic abscesses can include intraperitoneal, 
intrathoracic, and pericardial rupture and multiorgan failure. 


Diagnosis 


The diagnosis of amebic liver abscess is based on clinical sus- 
picion, hepatic imaging, and serologic testing. The organism is 
isolated from the stool in only 50% of patients. Hepatic imaging 
studies cannot distinguish a pyogenic from an amebic liver abscess 
(Fig. 84.11). An amebic abscess is commonly localized to the right 
hepatic lobe, close to the diaphragm, and is usually single (Table 
84.3).!59 Available serologic tests include an ELISA and indirect 
hemagglutination, cellulose acetate precipitin, counterimmuno- 
electrophoresis, immunofluorescent antibody, and rapid latex 
agglutination tests. Serologic test results must be interpreted in 


TABLE 84.3 Comparisons of Pyogenic and Amebic Liver Abscess 


Parameter Pyogenic Amebic 

Number Often multiple Usually single 

Location Either lobe of liver Usually right hepatic lobe, near the 

diaphragm 

Presentation Subacute Acute 

Jaundice Mild Moderate 

Diagnosis US or CT + US or CT and serology 
aspiration 

Treatment Drainage (if Metronidazole, 750 mg 3 times 
technically daily for 7-10 days orally or IV; or 
feasible) + IV tinidazole, 2 g orally for 3 days, 


antibiotics (see followed by iodoquinol, 650 mg 

text) orally 3 times daily for 20 days; 
diloxanide furoate, 500 mg orally 
3 times daily for 10 days; or 
aminosidine (paromomycin) 25- 
35 mg/kg/day orally in 3 divided 
doses for 7-10 days 


the clinical context because serum antibody levels may remain 
elevated for years after recovery or cure. The sensitivity of these 
tests is approximately 95%, and the specificity is more than 95%. 
False-negative results may occur within the first 10 days of infec- 
tion.!’7 PCR-based tests to detect amebic DNA and an ELISA to 
detect amebic antigens in specimens are available. 181-183 

Aspiration of an amebic abscess should be performed if the 
diagnosis remains uncertain. The presence of a reddish-brown 
pasty aspirate (“anchovy paste” or “chocolate sauce”) is typical; 
trophozoites rarely are identified. Aspiration also may be consid- 
ered when no response to antibiotic therapy has occurred after 5 
to 7 days or when an abscess in the left lobe of the liver is close to 
the pericardium. 184185 


Treatment 


Standard therapy consists of metronidazole, 750 mg 3 times daily 
by mouth or, if necessary, IV for 7 to 10 days. Tinidazole or chlo- 
roquine may be substituted for metronidazole. The response to 
treatment usually occurs within 96 hours. Following a course 
of metronidazole, most authorities recommend the addition of 
an oral luminal amebicide—such as iodoquinol, 650 mg 3 times 
daily for 20 days; diloxanide furoate, 500 mg 3 times daily for 10 
days; or aminosidine (paromomycin), 25 to 35 mg/kg daily in 3 
divided doses for 7 to 10 days—to eradicate residual amebae in 
the gut.'*° The development of a vaccine against E. histolytica has 
been hampered in part because natural infection does not result 
in long-term immunity. 


Full references for this chapter can be found on www.expertconsult.com. 


REFERENCES 


1; 


2: 


10; 


11. 


12 
13. 
14. 
T3; 


16. 


17. 


18. 


19. 


20. 


21. 


223 


23. 


24. 


25. 


26. 


Stevens DL, Bryant AE. Necrotizing soft-tissue infections. N Engl 
J Med 2017; 377. 2253-65. 

Nelson C. Early recognition and treatment of staphylococcal and 
streptococcal toxic shock. J Pediatr Adolesc Gynecol 2004;17:289- 
92. 


. Stevens DL, Bisno AL, Chambers HF, et al. Practice guidelines for 


the diagnosis and management of skin and soft tissue infections: 
2014 update by the Infectious Diseases Society of America. Clin 
Infect Dis 2014;59:e10-52. 


. Bryant A, Chen R, Nagata Y, et al. Clostridial gas gangrene. 


I. Cellular and molecular mechanisms of microvascular dysfunc- 
tion induced by exotoxins of Clostridium perfringens. J Infect Dis 
2000;182:799-807. 


. Chen Y, Lee H, Chang C, et al. Clostridium bacteremia: emphasis 


on the poor prognosis in cirrhotic patients. J Microbiol Immunol 
Infect 2001;34:113-8. 


. Jonas R, Brasitus T, Chowdhury L. Actinomycotic liver abscess. 


case report and literature review. Dig Dis Sci 1987;32:143 5-7. 


. Weese W, Smith I. A study of 57 cases of actinomycosis over a 36- 


year period. a diagnostic “failure” with good prognosis after treat- 
ment. Arch Intern Med 1975;135:1562-8. 


. Yang XX, Lin JM, Xu KJ, et al. Hepatic actinomycosis: report of 


one case and analysis of 32 previously reported cases. World J Gas- 
troenterol 2014;20:16372-6. 


. Sharma M, Briski L, Khatib R. Hepatic actinomycosis: an over- 


view of salient features and outcome of therapy. Scand J Infect Dis 
2002;34:386-91. 

Wong J, Kinney T, Miller F, et al. Hepatic actinomycotic abscesses: 
oe and management. AJR Am J Roentgenol 2006;186:174— 


Scholing M, Schneeberger P, van den Dries P, et al. Clinical fea- 
tures of liver involvement in adult patients with listeriosis. Review 
of the literature. Infection 2007;35:212-8. 

Descy J, De Mol P, Hayette MP, et al. Acute cholecystitis with Lis- 
teria monocytogenes. Acta Clin Belg 2012;67:295-7. 

Hof H. An update on the medical management of listeriosis. Expert 
Opin Pharmacother 2004;5:1727-35. 

Stern M, Gitnick G. Shigella hepatitis. J Am Med Assoc 
1976;235:2628. 

Nasrallah S, Nassar V. Enteric fever: a clinicopathologic study of 
104 cases. Am J Gastroenterol 1978;69:63-9. 

Shogbesan O, Rettew A, Shaikh B, et al. Shigella sonnei bacteremia 
presenting with profound hepatic dysfunction. Case Rep Gastroin- 
test Med 2017;2017:7293281. 

Wang J, Kao J, Tseng S, et al. Typhoid fever and typhoid hepatitis 
in Taiwan. Epidemiol Infect 2005;133:1073-9. 

El-Newihi H, Alamy M, Reynolds T. Salmonella hepatitis: analysis 
of 27 cases and comparison with acute viral hepatitis. Hepatology 
1996;24:516-9. 

Chaudhry R, Mahajan R, Diwan A, et al. Unusual presentation 
of enteric fever: three cases of splenic and liver abscesses due to 
Salmonella typhi and Salmonella paratyphi A. Trop Gastroenterol 
2003;24:198-9. 

Kamath P, Jalihal A, Chakraborty A. Differentiation of typhoid fe- 
ver from fulminant hepatic failure in patients presenting with jaun- 
dice and encephalopathy. Mayo Clin Proc 2000;75:462-6. 

Hsueh P, Kao J, Chen Y, et al. Paratyphoid hepatitis: an emerging 
clinical entity. Am J Med 2002;113:257-8. 

Rajagopal A, Ramasamy R, Mahendran G, et al. Hepatic ab- 
scess complicating paratyphoid infection. Trop Gastroenterol 
2002;23:181-2. 

Bergmann T, Vinding K, Hey H. Multiple hepatic abscesses due to 
Yersinia enterocolitica infection secondary to primary haemochroma- 
tosis. Scand J Gastroenterol 2001;36:891-5. 

Hopfner M, Nitsche R, Rohr A, et al. Yersinia enterocolitica infection 
with multiple liver abscesses uncovering a primary hemochromato- 
sis. Scand J Gastroenterol 2001;36:220-4. 

Holmes K, Counts G, Beaty H. Disseminated gonococcal infection. 
Ann Intern Med 1971;74:979-93. 

Ross J, Wardropper A, Sprott M, et al. Gonococcal infection in 
Edinburgh and Newcastle: serovar prevalence in relation to clinical 
features and sexual orientation. Genitourin Med 1994;70:35-9. 


27. 


28. 


29. 
30. 
31. 


32; 


33. 


34. 
35. 


36. 


37. 


38. 


39. 


40. 


41. 
42. 
43. 


44. 


45. 


46. 
47. 
48. 
49. 


50. 


51: 


52; 


53. 
54. 


Herwaldt LA, Marra AR. Legionella: a reemerging pathogen. Curr 
Opin Infect Dis 2018;31:325-33. 

Ong SCL, Alemam MMM, Zakaria NA, Abdul Halim NA. Honey- 
comb and necklace signs in liver abscesses secondary to melioidosis. 
BMJ Case Rep 2017;2017. 

Wiersinga WJ, Currie BJ, Peacock SJ. Melioidosis. N Engl J Med 
2012;367:1035—44. 

Akritidis N, Tzivras M, Delladetsima I, et al. The liver in brucel- 
losis. Clin Gastroenterol Hepatol 2007;5:1109-12. 

Barutta L, Ferrigno D, Melchio R, et al. Hepatic brucelloma. Lan- 
cet Infect Dis 2013;13:987-93. 

Ariza J, Pigrau C, Canas C, et al. Current understanding and man- 
agement of chronic hepatosplenic suppurative brucellosis. Clin In- 
fect Dis 2001;32:1024-33. 

Zaidi S, Singer C. Gastrointestinal and hepatic manifesta- 
tions of tickborne diseases in the United States. Clin Infect Dis 
2002;34:1206-12. 

Tissot-Dupont H, Raoult D. Q fever. Infect Dis Clin North Am 
2008;22:505-14. 

Maguina C, Garcia P, Gotuzzo E, et al. Bartonellosis (Carrion’s 
disease) in the modern era. Clin Infect Dis 2001;33:772-9. 

Lenoir AA, Storch GA, DeSchryver-Kecskemeti K, et al. Granu- 
lomatous hepatitis associated with cat scratch disease. Lancet 
1988;1:1132-6. 

Mofenson LM, Brady MT, Danner SP, et al. Guidelines for 
the prevention and treatment of opportunistic infections among 
HIV-exposed and HIV-infected children: recommendations from 
CDC, the National Institutes of health, the HIV medicine asso- 
ciation of the infectious diseases Society of America, the Pediatric 
infectious diseases Society, and the American Academy of Pediat- 
rics. MMWR Recomm Rep (Morb Mortal Wkly Rep) 2009;58:1- 
166. 

Cotell S, Noskin G. Bacillary angiomatosis. Clinical and histologic 
features, diagnosis, and treatment. Arch Intern Med 1994;154:524— 
8 


Drebber U, Kasper H, Ratering J, et al. Hepatic granulomas: histo- 
logical and molecular pathological approach to differential diagno- 
sis: a study of 442 cases. Liver Int 2008;28:828-34. 

Geier A, Fickert P, Trauner M. Mechanisms of disease: mecha- 
nisms and clinical implications of cholestasis in sepsis. Nat Clin 
Pract Gastroenterol Hepatol 2006;3:574-85. 

Workowski KA, Berman S. Sexually transmitted diseases treatment 
guidelines. MMWR Recomm Rep 2010;2010:1-110. 
Dantas-Torres F. Rocky Mountain spotted fever. Lancet Infect Dis 
2007;7:724-32. 

Adams J, Walker D. The liver in Rocky Mountain spotted fever. 
Am J Clin Pathol 1981;75:156-61. 

Sanchez E, Vannier E, Wormser GP, Hu LT. Diagnosis, 
treatment, and prevention of Lyme disease, human granulo- 
cytic anaplasmosis, and babesiosis: a review. J Am Med Assoc 
2016;315:1767-77. 

Wormser G, Dattwyler R, Shapiro E, et al. The clinical assessment, 
treatment, and prevention of Lyme disease, human granulocytic an- 
aplasmosis, and babesiosis: clinical practice guidelines by the Infec- 
tious Diseases Society of America. Clin Infect Dis 2006;43:1089- 
134. 

Palaniappan R, Ramanujam S, Chang Y. Leptospirosis: pathogene- 
sis, immunity, and diagnosis. Curr Opin Infect Dis 2007;20:284-92. 
Feigin R, Anderson D. Human leptospirosis. CRC Crit Rev Clin 
Lab Sci 1975;5:413-67. 

Baker A, Kaplan M, Wolfe H, et al. Liver disease associated with 
early syphilis. N Engl J Med 1971;284:1422-3. 

Feher J, Somogyi T, Timmer M, et al. Early syphilitic hepatitis. 
Lancet 1975;2:896-9. 

Mullick C, Liappis A, Benator D, et al. Syphilitic hepatitis in HIV- 
infected patients: a report of 7 cases and review of the literature. 
Clin Infect Dis 2004;39:e100-5. 

CE KM, McKinsey DS, Misdraji J. Syphilis presenting as inflam- 
matory tumors of the liver in HIV-positive homosexual men. Am J 
Surg Pathol 2014;38:1636-43. 

Steere A, Bartenhagen N, Craft J, et al. The early clinical manifes- 
tations of Lyme disease. Ann Intern Med 1983;99:76-82. 

Steere A. Lyme disease. N Engl J Med 2001;345:115-25. 
Nadelman R, Wormser G. Lyme borreliosis. Lancet 1998;352:557-65. 


1320.e1 


1320.e2 References 


59. 


60. 


6l. 


62. 


63. 


64. 


65. 
66. 


67. 


68. 
69. 


70. 


7A; 
Ts 


73. 


74. 


75. 


76. 


77. 


78. 


79. 


80. 


81. 


. Horowitz H, Dworkin B, Forseter G, et al. Liver function in early 


Lyme disease. Hepatology 1996;23:1412-7. 


. Alvarez S. Hepatobiliary tuberculosis. J Gastroenterol Hepatol 


1998; 13:833-9. 


. Sonika U, Kar P. Tuberculosis and liver disease: management is- 


sues. Trop Gastroenterol 2012;33:102-6. 


. Cox-Singh J, Davis T, Lee K, et al. Plasmodium knowlesi malaria in 


humans is widely distributed and potentially life threatening. Clin 
Infect Dis 2008;46:165-71. 

Ghoda M. Falciparum hepatopathy: a reversible and transient in- 
volvement of liver in falciparum malaria. Trop Gastroenterol 
2002;23:70-1. 

Saya RP, Debabrata G, Saya GK. Malarial hepatopathy and its out- 
come in India. N Am J Med Sci 2012;4:449-52. 

Molyneux M, Looareesuwan S, Menzies I, et al. Reduced hepatic 
blood flow and intestinal malabsorption in severe falciparum ma- 
laria. Am J Trop Med Hyg 1989;40:470-6. 

Das S, Mohapatra B, Mohanty R, et al. Malarial hepatitis as a com- 
ponent of multiorgan failure a bad prognostic sign. J Indian Med 
Assoc 2007;105:247-50. 

Kochar D, Agarwal P, Kochar S, et al. Hepatocyte dysfunction and 
hepatic encephalopathy in Plasmodium falciparum malaria. QJM 
2003;96:505-12. 

Devarbhavi H, Alvares J, Kumar K. Severe falciparum ma- 
laria simulating fulminant hepatic failure. Mayo Clin Proc 
2005;80:355-8. 

Murray CK, Gasser Jr RA, Magill AJ, et al. Update on rapid diag- 
nostic testing for malaria. Clin Microbiol Rev 2008;21:97-110. 
Greenwood B, Fidock D, Kyle D, et al. Malaria: progress, perils, 
and prospects for eradication. J Clin Invest 2008;118:1266-76. 
Galappaththy GN, Tharyan P, Kirubakaran R. Primaquine for 
preventing relapse in people with Plasmodium vivax malaria treated 
with chloroquine. Cochrane Database Syst Rev 2013:CD004389. 
Bedu-Addo G, Bates I. Causes of massive tropical splenomegaly in 
Ghana. Lancet 2002;360:449-54. 

Vannier EG, Diuk-Wasser MA. Ben Mamoun C, Krause PJ. Babe- 
siosis. Infect Dis Clin North Am 2015;29:357-70. 

Aronson N, Herwaldt BL, Libman M, et al. Diagnosis and treat- 
ment of leishmaniasis: clinical practice guidelines by the Infectious 
Diseases Society of America (IDSA) and the American Society of 
Tropical Medicine and Hygiene (ASTMH). Am J Trop Med Hyg 
2017;96:24-45. 

Artan R, Yilmaz A, Akcam M, et al. Liver biopsy in the diagnosis of 
visceral leishmaniasis. J Gastroenterol Hepatol 2006;21:299-302. 
Moreno A, Marazuela M, Yebra M, et al. Hepatic fibrin—-ring gran- 
ulomas in visceral leishmaniasis. Gastroenterology 1988;95:1123-6. 
Myles O, Wortmann G, Cummings J, et al. Visceral leishmaniasis: 
clinical observations in 4 U.S. army soldiers deployed to Afghani- 
stan or Iraq, 2002-2004. Arch Intern Med 2007;167:1899-901. 

da Silva MR, Stewart JM, Costa CH. Sensitivity of bone marrow 
aspirates in the diagnosis of visceral leishmaniasis. Am J Trop Med 
Hyg 2005;72:81 1-4. 

Alvar J, Aparicio P, Aseffa A, et al. The relationship between 
leishmaniasis and AIDS: the second 10 years. Clin Microbiol Rev 
2008;21:334-59. 

Antinori S, Calattini S, Longhi E, et al. Clinical use of polymerase 
chain reaction performed on peripheral blood and bone marrow 
samples for the diagnosis and monitoring of visceral leishmani- 
asis in HIV-infected and HIV-uninfected patients: a single-center, 
8-year experience in Italy and review of the literature. Clin Infect 
Dis 2007;44:1602-10. 

Sundar S, Jha T, Thakur C, et al. Injectable paromomycin for vis- 
ceral leishmaniasis in India. N Engl J Med 2007;356:2571-81. 
Sindermann H, Engel J. Development of miltefosine as an 
oral treatment for leishmaniasis. Trans R Soc Trop Med Hyg 
2006;100:S17-20. 

Copeland NK, Aronson NE. Leishmaniasis: treatment updates 
and clinical practice guidelines review. Curr Opin Infect Dis 
2015;28:426-37. 

Jones J, Kruszon-Moran D, Sanders-Lewis K, et al. Toxoplasma gon- 
dii infection in the United States, 1999-2004, decline from the prior 
decade. Am J Trop Med Hyg 2007;77:405-10. 

Montoya J, Liesenfeld O. Toxoplasmosis. Lancet 2004;363: 
1965-76. 


82. 


83. 


84. 


85. 


86. 


87. 


88. 


89. 


90. 


91. 


92. 


93. 


94. 


95. 


96. 
97. 
98. 
99. 


100. 


101. 


102. 


103. 


104. 


105. 


106. 


107. 


108. 


109. 


Hurt C, Tammaro D. Diagnostic evaluation of mononucleosis-like 
illnesses. Am J Med 2007;120:911. 

Dogan N, Kabukcuoglu S, Vardareli E. Toxoplasmic hepatitis in an 
immunocompetent patient. Turkiye Parazitol Derg 2007;31:260-3. 
Nunura J, Vasquez T, Endo S, et al. Disseminated toxoplasmosis 
in an immunocompetent patient from Peruvian Amazon. Rev Inst 
Med Trop Sao Paulo 2010;52:107-10. 

Brion J, Pelloux H, Le Marc’hadour F, et al. Acute toxoplasmic 
hepatitis in a patient with AIDS. Clin Infect Dis 1992;15:183-4. 
Murat JB, Hidalgo HF, Brenier-Pinchart MP, Pelloux H. Human 
toxoplasmosis: which biological diagnostic tests are best suited to 
which clinical situations? Expert Rev Anti Infect Ther 2013;11:943- 
56. 

Botterel F, Ichai P, Feray C, et al. Disseminated toxoplasmosis, 
resulting from infection of allograft, after orthotopic liver trans- 
plantation: usefulness of quantitative PCR. J Clin Microbiol 
2002;40:1648-50. 

Rubinsky-Elefant G, Hirata CE, Yamamoto JH, et al. Human 
toxocariasis: diagnosis, worldwide seroprevalences and clinical ex- 
pression of the systemic and ocular forms. Ann Trop Med Parasitol 
2010;104:3-23. 

Hartleb M, Januszewski K. Severe hepatic involvement in visceral 
larva migrans. Eur J Gastroenterol Hepatol 2001;13:1245-9. 

Rayes A, Teixeira D, Serufo J, et al. Human toxocariasis and pyo- 
genic liver abscess: a possible association. Am J Gastroenterol 
2001;96:563-6. 

Centers for Disease Control and Prevention (CDC). Ocular toxo- 
cariasis—United States, 2009-2010. MMWR Morb Mortal Wkly 
Rep 2011;60:734-6. 

Leone N, Baronio M, Todros L, et al. Hepatic involvement in larva 
migrans of Toxocara canis: report of a case with pathological and 
radiological findings. Dig Liver Dis 2006;38:5 11-4. 

MaG, Holland CV, Wang T, et al. Human toxocariasis. Lancet Infect 
Dis 2018;18:e14-24. 

Kaplan K, Goodman Z, Ishak K. Eosinophilic granuloma of the 
liver: a characteristic lesion with relationship to visceral larva mi- 
grans. Am J Surg Pathol 2001;25:1316-21. 

Grencis R, Cooper E. Enterobius, trichuris, capillaria, and hook- 
worm including ancylostoma caninum. Gastroenterol Clin North Am 
1996;25:579-97. 

Li CD, Yang HL, Wang Y. Capillaria hepatica in china. World J 
Gastroenterol 2010;16:698-702. 

Das AK. Hepatic and biliary ascariasis. J Glob Infect Dis 2014;6:65— 
72. 

Thein H. A profile of ascariasis morbidity in rangoon children’s 
hospital,. Burma. J Trop Med Hyg 1987;90:165-9. 

Khuroo M. Hepatobiliary and pancreatic ascariasis. Indian J Gas- 
troenterol 2001;20:C28-32. 

Hurtado R, Sahani D, Kradin R. Case records of the Massachusetts 
General Hospital. Case 9-2006. A 35-year-old woman with recurrent 
Right-Upper-Guadrant pain. N Engl J Med 2006;354:1295-303. 
Rana S, Bhasin D, Nanda M, et al. Parasitic infestations of the bili- 
ary tract. Curr Gastroenterol Rep 2007;9:156-64. 

Keiser J, Utzinger J. Efficacy of current drugs against soil-transmit- 
ted helminth infections: systematic review and meta-analysis. J Am 
Med Assoc 2008;299:1937-48. 

Nutman TB. Human infection with strongyloides stercoralis and 
other related strongyloides species. Parasitology 2017;144:263-73. 
Newberry A, Williams D, Stauffer W, et al. Strongyloides hyper- 
infection presenting as acute respiratory failure and gram-negative 
sepsis. Chest 2005;128:3681-4. 

Marcos L, Terashima A, Dupont H, et al. Strongyloides hyperin- 
fection syndrome: an emerging global infectious disease. Trans R 
Soc Trop Med Hyg 2008;102:314-8. 

Henriquez-Camacho C, Gotuzzo E, Echevarria J, et al. Ivermectin 
versus albendazole or thiabendazole for Strongyloides stercoralis in- 
fection. Cochrane Database Syst Rev 2016;(1):CD007745. 

Neghina R, Neghina AM. Reviews on trichinellosis (IV): hepatic 
involvement. Foodborne Pathog Dis 2011;8:943-8. 

Shimoni Z, Froom P. Uncertainties in diagnosis, treatment 
and prevention of trichinellosis. Expert Rev Anti Infect Ther 
2015;13:1279-88. 

Colley DG, Bustinduy AL, Secor WE, King CH. Human schisto- 
somiasis. Lancet 2014;383:2253-4. 


110. 


111. 


112; 


113. 
114. 
115. 


116. 


117. 


118. 


119. 


120. 


121. 


122. 


123 


124 


125. 


126. 


127. 


128. 


129. 


130. 


131. 
132. 


133: 


134. 


135. 
136. 
137. 


138. 


Henri S, Chevillard C, Mergani A, et al. Cytokine regulation of 
periportal fibrosis in humans infected with schistosoma mansoni: ifn- 
gamma is associated with protection against fibrosis and tnf-alpha 
with aggravation of disease. J Immunol 2002;169:929-36. 

Kuzucu A. Parasitic diseases of the respiratory tract. Curr Opin 
Pulm Med 2006;12:212-21. 

Bouree P, Botterel F, Romand S. Delayed salmonella bacteriuria in a 
patient infected with schistosoma haematobium. J Egypt Soc Parasitol 
2002;32:355-60. 

Zaki A, Bassili A, Amin G, et al. Morbidity of schistosomiasis manso- 
ni in rural alexandria, Egypt. J Egypt Soc Parasitol 2003;33:695-710. 
Richter J, Hatz C, Haussinger D. Ultrasound in tropical and para- 
sitic diseases. Lancet 2003;362:900-2. 

Manzella A, Ohtomo K, Monzawa S, et al. Schistosomiasis of the 
liver. Abdom Imaging 2008;33:144—50. 

Bottieau E, Clerinx J, de Vega M, et al. Imported katayama fever: 
clinical and biological features at presentation and during treat- 
ment. J Infect 2006;52:339-45. 

Keiser J, Utzinger J. Food-borne trematodiases. Clin Microbiol 
Rev 2009;22:466-83. 

Sezgin O, Altintas E, Disibeyaz S, et al. Hepatobiliary fascioliasis: 
clinical and radiologic features and endoscopic management. J Clin 
Gastroenterol 2004;38:285-91. 

Marcos L, Tagle M, Terashima A, et al. Natural history, clinicora- 
diologic correlates, and response to triclabendazole in acute massive 
fascioliasis. Am J Trop Med Hyg 2008;78:222-7. 

Maclean J, Cross J, Mahanty S. Liver, lung, and intestinal fluke in- 
fections. Philadelphia: Churchill Livingstone; 2006. 

el-Shazly A, Soliman M, Gabr A, et al. Clinico-epidemiological 
study of human fascioliasis in an endemic focus in dakahlia gover- 
norate. Egypt. J Egypt Soc Parasitol 2001;31:725-36. 

Chan C, Lam S. Diseases caused by liver flukes and cholangiocarci- 
noma. Baillieres Clin Gastroenterol 1987;1:297-318. 

Marcos L, Terashima A, Gotuzzo E. Update on hepatobiliary 
flukes: fascioliasis, opisthorchiasis and clonorchiasis. Curr Opin In- 
fect Dis 2008;21:523-30. 

Kaya M, Bestas R, Cetin S. Clinical presentation and management 
of Fasciola hepatica infection: single-center experience. World J Gas- 
troenterol 2011;17:4899-904. 

Acosta-Ferreira W, Vercelli-Retta J, Falconi L. Fasciola hepatica hu- 
man infection. histopathological study of sixteen cases. Virchows 
Arch A Pathol Anat Histol 1979;383:3 19-27. 

Choi D, Lim J, Lee K, et al. Cholangiocarcinoma and clonor- 
chis sinensis infection: a case-control study in Korea. J Hepatol 
2006;44:1066-73. 

Akinoglu A, Demiryurek H, Guzel C. Alveolar hydatid disease of 
the liver: a report on thirty-nine surgical cases in eastern anatolia, 
turkey. Am J Trop Med Hyg 1991;45:182-9. 

Czermak B, Akhan O, Hiemetzberger R, et al. Echinococcosis of 
the liver. Abdom Imaging 2008;33:133-43. 

Paksoy Y, Odev K, Sahin M, et al. Percutaneous treatment of liver 
hydatid cysts: comparison of direct injection of albendazole and hy- 
pertonic saline solution. AJR Am J Roentgenol 2005;185:727-34. 
Giorgio A, de Stefano G, Esposito V, et al. Long-term results of 
percutaneous treatment of hydatid liver cysts: a single center 17 
years experience. Infection 2008;36:256-61. 

Hira P, Shweiki H, Lindberg L, et al. Diagnosis of cystic hydatid 
disease: role of aspiration cytology. Lancet 1988;2:65 5-7. 
McManus D, Zhang W, Li J, et al. Echinococcosis. Lancet 
2003;362:1295—304. 

Khuroo M, Wani N, Javid G, et al. Percutaneous drainage com- 
pared with surgery for hepatic hydatid cysts. N Engl J Med 
1997;337:881-7. 

Keshmiri M, Baharvahdat H, Fattahi S, et al. Albendazole versus 
placebo in treatment of echinococcosis. Trans R Soc Trop Med 
Hyg 2001;95:190-4. 

Menezes da Silva A. Hydatid cyst of the liver-criteria for the selec- 
tion of appropriate treatment. Acta Trop 2003;85:237-42. 

Craig P. Echinococcus multilocularis. Curr Opin Infect Dis 
2003; 16:437-44. 

Lipsett P, Huang C, Lillemoe K, et al. Fungal hepatic abscesses: 
characterization and management. J Gastrointest Surg 1997;1:78-84. 
Myerowitz R, Pazin G, Allen C. Disseminated candidiasis. changes 
in incidence, underlying diseases, and pathology. Am J Clin Pathol 
1977;68:29-38. 


139. 


140. 


141. 


142. 


143. 


144. 


145. 


146. 


147. 


148. 


149. 


150. 


151. 


152. 


153. 


154. 


155. 


156. 


157. 


158. 


159. 


160. 


161. 


162. 


163. 


164. 


References1320.e3 


Tashjian L, Abramson J, Peacock Jr JE. Focal hepatic candidiasis: a 
distinct clinical variant of candidiasis in immunocompromised pa- 
tients. Rev Infect Dis 1984;6:689-703. 

Chen C, Chen Y, Tang J, et al. Hepatosplenic fungal infection in 
patients with acute leukemia in Taiwan: incidence, treatment, and 
prognosis. Ann Hematol 2003;82:93-7. 

Semelka R, Shoenut J, Greenberg H, et al. Detection of acute and 
treated lesions of hepatosplenic candidiasis: comparison of dynamic 
contrast-enhanced CT and MR imaging. J Magn Reson Imaging 
1992;2:341-5. 

Phillips E, Carroll B, Chandra M, et al. Laparoscopic-guided bi- 
opsy for diagnosis of hepatic candidiasis. J Laparoendosc Surg 
1992;2:33-8. 

Kirby A, Chapman C, Hassan C, et al. The diagnosis of hepato- 
splenic candidiasis by dna analysis of tissue biopsy and serum. J Clin 
Pathol 2004;57:764—-5. 

Sora F, Chiusolo P, Piccirillo N, et al. Successful treatment with 
caspofungin of hepatosplenic candidiasis resistant to liposomal am- 
photericin B. Clin Infect Dis 2002;35:1135-6. 

Pappas PG, Kauffman CA, Andes DR, et al. Clinical practice guide- 
line for the management of candidiasis: 2016 update by the Infec- 
tious Diseases Society of America. Clin Infect Dis 2016;62:e1. 
Legrand F, Lecuit M, Dupont B, et al. Adjuvant corticosteroid 
therapy for chronic disseminated candidiasis. Clin Infect Dis 
2008;46:696-702. 

Kontoyiannis D, Luna M, Samuels B, et al. Hepatosplenic candidia- 
sis. a manifestation of chronic disseminated candidiasis. Infect Dis 
Clin North Am 2000;14:721-39. 

Kauffman C. Histoplasmosis: a clinical and laboratory update. Clin 
Microbiol Rev 2007;20:115-32. 

Assi M, Sandid M, Baddour L, et al. Systemic histoplasmosis: a 15- 
year retrospective institutional review of 111 patients. Medicine 
(Baltimore) 2007;86:162-9. 

Hage CA, Ribes JA, Wengenack NL, et al. A multicenter evalu- 
ation of tests for diagnosis of histoplasmosis. Clin Infect Dis 
2011;53:448-54. 

Serraino C, Elia C, Bracco C, et al. Characteristics and manage- 
ment of pyogenic liver abscess: a European experience. Medicine 
(Baltimore) 2018;97(19):e0628. 

Rockey D. Hepatobiliary infections. Curr Opin Gastroenterol 
2001;17:257-61. 

Lai HC, Lin CC, Cheng KS, et al. Increased incidence of gastroin- 
testinal cancers among patients with pyogenic liver abscess: a popu- 
lation-based cohort study. Gastroenterology 2014;146:129-37. 
Keynan Y, Rubinstein E. Diabetes mellitus and pyogenic liver ab- 
scess: risk and prognosis. Clin Infect Dis 2007;45:801. 

Molle I, Thulstrup A, Vilstrup H, et al. Increased risk and case fa- 
tality rate of pyogenic liver abscess in patients with liver cirrhosis: a 
nationwide study in Denmark. Gut 2001;48:260-3. 

Lin YT, Liu CJ, Chen TJ, et al. Pyogenic liver abscess as the 
initial manifestation of underlying hepatocellular carcinoma. Am 
J Med 2011;124:1158-64. 

Siu LK, Yeh KM, Lin JC, et al. Klebsiella pneumoniae liver abscess: a 
new invasive syndrome. Lancet Infect Dis 2012;12:881-7. 

Qian Y, Wong CC, Lai S, et al. A retrospective study of pyogenic 
liver abscess focusing on Klebsiella pneumoniae as a primary patho- 
gen in china from 1994 to 2015. Sci Rep 2016;6:38587. 

Marciano BE, Spalding C, Fitzgerald A, et al. Common severe 
infections in chronic granulomatous disease. Clin Infect Dis 
2015;60:1176-83. 

Chemaly R, Hall G, Keys T, et al. Microbiology of liver abscesses 
and the predictive value of abscess Gram stain and associated blood 
cultures. Diagn Microbiol Infect Dis 2003;46:245-8. 

Everts R, Heneghan J, Adholla P, et al. Validity of cultures of fluid 
collected through drainage catheters versus those obtained by di- 
rect aspiration. J Clin Microbiol 2001;39:66-8. 

Serste T, Bourgeois N, Vanden Eynden F, et al. Endoscopic drain- 
age of pyogenic liver abscesses with suspected biliary origin. Am J 
Gastroenterol 2007;102:1209-15. 

Koea J, Broadhurst G, Rodgers M, et al. Inflammatory pseudotu- 
mor of the liver: demographics, diagnosis, and the case for nonop- 
erative management. J Am Coll Surg 2003;196:226-35. 
Papachristou G, Wu T, Marsh W, et al. Inflammatory pseudotu- 
mor of the liver associated with Crohn’s disease. J Clin Gastroen- 
terol 2004;38:818-22. 


1320.e4 References 


165. 


166. 


167. 


168. 


169. 


170. 


171. 


172. 


173. 


174. 


175. 


Yu S, Ho S, Lau W, et al. Treatment of pyogenic liver abscess: pro- 
spective randomized comparison of catheter drainage and needle 
aspiration. Hepatology 2004;39:932-8. 

Zerem E, Hadzic A. Sonographically guided percutaneous catheter 
drainage versus needle aspiration in the management of pyogenic 
liver abscess. AJR Am J Roentgenol 2007;189:W138-42. 

Lee K, Wong S, Sheen P. Pyogenic liver abscess: an audit of 10 
years’ experience and analysis of risk factors. Dig Surg 2001;18:459- 
65. 

Chen YW, Chen YS, Lee SS, et al. A pilot study of oral fleroxa- 
cin once daily compared with conventional therapy in patients with 
pyogenic liver abscess. J Microbiol Immunol Infect 2002;35:179-83. 
Rahimian J, Wilson T, Oram V, et al. Pyogenic liver abscess: recent 
trends in etiology and mortality. Clin Infect Dis 2004;39:1654—9. 
Alvarez J, Gonzalez J, Baldonedo R, et al. Single and multiple pyo- 
genic liver abscesses: etiology, clinical course, and outcome. Dig 
Surg 2001;18:283-8. 

Alvarez Perez J, Gonzalez J, Baldonedo R, et al. Clinical course, 
treatment, and multivariate analysis of risk factors for pyogenic liver 
abscess. Am J Surg 2001;181:177-86. 

Wong W, Wong B, Hui C, et al. Pyogenic liver abscess: retro- 
spective analysis of 80 cases over a 10-year period. J Gastroenterol 
Hepatol 2002;17:1001-7. 

Mohsen A, Green S, Read R, et al. Liver abscess in adults: ten years’ 
experience in a UK centre. QJM 2002;95:797-802. 
Ruiz-Hernandez J, Leon-Mazorra M, Conde-Martel A, et al. Pyo- 
genic liver abscesses: mortality-related factors. Eur J Gastroenterol 
Hepatol 2007;19:853-8. 

Fang C, Lai S, Yi W, et al. Klebsiella pneumoniae genotype k1: an 
emerging pathogen that causes septic ocular or central nervous 
system complications from pyogenic liver abscess. Clin Infect Dis 
2007;45:284-93. 


176. 


177. 


178. 


179. 


180. 


181. 


182. 


183. 


184. 


185. 


186. 


Haque R, Huston C, Hughes M, et al. Amebiasis. N Engl J Med 
2003;348:1565-73. 

Stanley Jr SL. Amoebiasis. Lancet 2003;361:1025-34. 

Karp C, Auwaerter P. Coinfection with HIV and tropical infec- 
tious diseases. I. Protozoal pathogens. Clin Infect Dis 2007;45: 
1208-13. 

Hsu M, Hsieh S, Chen M, et al. Association between amebic liver 
abscess and human immunodeficiency virus infection in Taiwanese 
subjects. BMC Infect Dis 2008;8:48. 

Lodhi S, Sarwari A, Muzammil M, et al. Features distinguishing 
amoebic from pyogenic liver abscess: a review of 577 adult cases. 
Trop Med Int Health 2004;9:718-23. 

Tachibana H, Cheng X, Masuda G, et al. Evaluation of recom- 
binant fragments of Entamoeba histolytica gal/galnac lectin inter- 
mediate subunit for serodiagnosis of amebiasis. J Clin Microbiol 
2004;42:1069-74. 

Roy S, Kabir M, Mondal D, et al. Real-time-pcer assay for diagnosis 
of entamoeba histolytica infection. J Clin Microbiol 2005;43:2 168-72. 
Dinoop KP, Parija SC, Mandal J, et al. Comparison of nested-multi- 
plex, Taqman & SYBR Green real-time PCR in diagnosis of amoebic 
liver abscess in a tertiary health care institute in India. Indian J Med 
Res 2016;143:49. 

Khanna S, Chaudhary D, Kumar A, et al. Experience with aspira- 
tion in cases of amebic liver abscess in an endemic area. Eur J Clin 
Microbiol Infect Dis 2005;24:428-30. 

Soentjens P, Ostyn B, Clerinx J, et al. A case of multiple amoebic 
liver abscesses: clinical improvement after percutaneous aspiration. 
Acta Clin Belg 2005;60:28-32. 

Salles JM, Salles MJ, Moraes LA, Silva MC. Invasive amebiasis: an 
update on diagnosis and management. Expert Rev Anti Infect Ther 
2007;5:893-901. 


89 


Filipe Gaio Nery, Dominique Charles Valla 


CHAPTER OUTLINE 

BUDD-CHIARI SYNDROME...........0ccceuuauaen 1321 
Epidemiology mecece oaa a E 1321 
oO e a e aa E a A nner iran) E rant 1321 
Pathogenesis: e aoe e e ne nerer ne 1321 
Eie RE aa rec eae 1322 
Diagnosis and Natural History................... 1323 
Mreatmen Wegener ce E ee rere 1324 

EXTRAHEPATIC PORTAL VEIN OBSTRUCTION........ 1324 
Acute Portal Vein Thrombosis in the Absence of Cirrhosis. 1324 
PortaliGavernomamemsen sere ie ee yee 1326 

PORTAL VEIN THROMBOSIS IN PATIENTS WITH 

CIRRHOSIS. 2325 ie eee ER a ee 1327 


IDIOPATHIC NONCIRRHOTIC PORTAL HYPERTENSION . . 1328 
SINUSOIDAL OBSTRUCTION SYNDROME 


(HEPATIC VENO-OCCLUSIVE DISEASE) ............. 1329 
EtiolOgVineteaome more acer amma mae 1329 
Pathology critters enna 1329 
Clinical Features and Diagnosis.................. 1329 
Treatment Ta ert E E err reer renee 1330 

CONGENITAL PORTOSYSTEMIC SHUNTS............ 1330 

ISCHEMIGHEPATINIS*+eeeeeeeeeee ere eerererr rrr 1331 
Etil Vase a te een ee ae oe 1331 
Clinical Features and Diagnosis.................. 1331 
Treatment rere cence ty e E E E ee ras 1331 

CONGESTIVE HEPATOPATHY ..........000cceunuee 1332 

ISCHEMIC CHOLANGIOPATHY .................... 1332 

IDIOPATHIC SINUSOIDAL DILATATION AND PELIOSIS 

HEPATIS. -esre oie oye oie een e miele eine nie neni mie seine we 1333 

HEPATIC ARTERY ANEURYSM AND HEPATIC 

INFARGTION. ooo eon nie ewes ene wee wesw ws ne ni 1334 

HEREDITARY HEMORRHAGIC TELANGIECTASIA ...... 1334 

DIABETIC HEPATOSCLEROSIS.................... 1335 


Vascular disorders of the liver are characterized by a primary alter- 
ation in blood or lymphatic vessels, excluding the vascular changes 
secondary to parenchymal or biliary diseases. Primary alterations 
consist of obstruction, fistula, aneurysm, or absence (due to agen- 
esis or disappearance) affecting the large or small vessels (or both). 
This chapter reviews a heterogeneous group of disorders of the 
hepatic vasculature as well as liver involvement in cardiovascular 
disease. Vasculitis involving the liver is discussed in Chapter 37. 


BUDD-CHIARI SYNDROME 
Budd-Chiari syndrome (BCS) is defined as the obstruction of hepatic 


veins or terminal inferior vena cava (IVC).!> The term obliterative 
hepatocavopathy has been coined to designate obstruction of the IVC 
or of the hepatic vein ostia in the IVC and has been suggested to be 
distinct from BCS*; however, this distinction has not been widely 
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accepted. Primary BCS arises from a venous anomaly, whereas 
secondary BCS arises from an initial lesion outside the veins. 


Epidemiology 


BCS is a rare disease. In Sweden, incidence in 1990 to 2001 was 
estimated to be 1.4 per million population.’ In northwest Italy, 
the incidence of hospitalization for BCS between 2002 and 2012 
was estimated to be 2 per million in males and 2.2 per million in 
females,° higher than the estimated incidence of 0.68 per mil- 
lion in a survey conducted in 2010 in France.’ There is a slight 
female predominance. The median age at diagnosis was 38 in one 
case series. The incidence of BCS in Asia may be higher. BCS 
accounted for 17% of hospital admissions for liver-related disease 
in Kathmandu, Nepal, from 1990 to 1992.° In China, the overall 
incidence and prevalence have been estimated to be 0.88 per mil- 
lion and 7.79 per million population, respectively.!° 

Risk factors for BCS consistently identified in Western patients 
are shown in Table 85.1.’ In a study from 2009, one risk factor was 
found in 84% of patients and 2 or more risk factors in 46%. A local 
risk factor (e.g., venous anomaly) was found in only 5% of patients.® 


Etiology 


The causes of BCS are listed in Box 85.1. Myeloproliferative disor- 
ders have accounted for up to 41% of patients with primary BCS,!! 
a much higher proportion than in patients with nonsplanchnic 
venous thrombosis (see Chapter 37).!* In patients with BCS and a 
myeloproliferative disorder, portal hypertension may lead to nor- 
malization of the blood cell counts. A primary deficiency in protein 
C, protein S, or antithrombin is difficult to establish as a cause of 
BCS, because these coagulation inhibitors are decreased nonspe- 
cifically by liver disease.’ Several genetic polymorphisms in coagu- 
lation or fibrinolysis factors have been associated with an increased 
risk of BCS, but their clinical relevance is still uncertain.!? 

In Asia, a myeloproliferative disorder, paroxysmal nocturnal 
hemoglobinuria, and oral contraceptive use are rarely implicated 
in BCS,!+17 whereas hyperhomocysteinemia and the C677T 
polymorphism of methylenetetrahydrofolate reductase are 
reported to be common in China.'® In Nepal, as in China, an 
unexplained association between obstruction of the terminal IVC 
and extreme poverty has been shown” !®; the overwhelming rep- 
resentation of this cause may lead to lack of recognition of other 
causes. An average of about 7% of the reported cases of BCS have 
been associated with pregnancy or the puerperium, with large 
differences among reports.!? 

Secondary BCS is related to several mechanisms: (1) invasion 
by a malignant tumor or alveolar echinococcosis, (2) compression 
by cysts or focal nodular hyperplasia, usually without clinically 
significant liver disease, (3) compression and inflammation due to 
polycystic liver disease or liver abscesses, and (4) blunt abdominal 
or thoracic trauma.’ 


Pathogenesis 


A territory corresponding to at least 2 major hepatic veins needs 
be obstructed before clinical manifestations of BCS develop.”° 
The pattern and speed of the occlusive process varies among 
the major veins and from patient to patient.+”° Following initial 
thrombosis, a vein may transform into a fibrous cord or undergo 
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wall thickening, a process that affects a variable length of the vein 
and causes varying degrees of narrowing. Short-length stenosis 
may simulate a membrane. Often, the occlusion predominates at 
the ostia of a major hepatic vein into the IVC and the adjacent 
portion of the IVC.* A collateral circulation develops, draining 
into the neighboring patent intra- and extrahepatic veins. When 
the IVC is obstructed, collaterals form from the lumbar and azy- 
gos veins. Such collaterals, coursing subcutaneously, provide a 
ready clue to the diagnosis. Restoration of hepatic venous drain- 
age through large collaterals may alleviate all symptoms and signs 
and carries a good prognosis.”° 

Increased hepatic venous and sinusoidal pressures translate 
into sinusoidal distension and congestion, predominantly in the 
centrilobular area of hepatic lobules, and cause ascites forma- 
tion. Outflow tract obstruction reduces the low-pressure portal 
venous inflow. Due to stasis and an underlying prothrombotic 
condition, intra- and extrahepatic portal vein thrombosis (PVT) 
is common.?! A decrease in hepatic blood flow causes ischemic 
coagulative necrosis and apoptosis, predominantly in the central 
parts of hepatic lobules, leading to liver dysfunction or liver fail- 
ure.?! Subsequently, the loss of hepatocytes results in so-called 
parenchymal extinction, with replacement of liver cells with con- 
nective tissue.7! 

Regions of the liver with a preserved blood supply undergo 
hypertrophy, as is commonly the case for segment I (caudate 
lobe), for which the venous drainage is preserved because its 
drainage is independent of the major hepatic veins (see Chapter 
71). Areas deprived of portal venous inflow but with enhanced 
arterial inflow undergo regenerative changes, which can be micro- 
scopic (regenerative foci or nodular regenerative hyperplasia) 


TABLE 85.1 Frequencies of Acquired and Inherited Risk Factors for 
Budd-Chiari Syndrome and Acute Portal Vein Thrombosis in European 
Cohort Studies 


Acute 

Budd-Chiari portal vein 
syndrome thrombosis 
(n = 163)® (n = 102)?8 
% With risk % With risk 

Risk Factor* factor factor 

Myeloproliferative neoplasms 39 2l 

Recent oral contraceptive use 33 44 

JAK2 mutation V617F 29 16 

Antiphospholipid syndrome 25 8 

Systemic diseaset 23 4 

Hyperhomocysteinemia 22 ilil 

Paroxysmal nocturnal hemoglobinuria 19 

Factor V Leiden mutation 12 

Local factor* 6 21 

Recent pregnancy 6 il 

Protein C deficiency 4 il 

Factor Il (prothrombin) mutation 3 14 

G20210A 

Protein S deficiency 3 

Antithrombin deficiency 

>1 risk factor 46 52 


*Not all patients were assessed for each risk factor. 

tIncluding connective tissue disease, IBD, Behçet disease, and HIV 
infection. 

tAcute pancreatitis, intra-abdominal focus of infection, or abdominal 
trauma. 

JAK2, Janus kinase 2. 


or macroscopic (regenerative macronodules or focal nodular 
hyperplasia).*! Fibrosis typically bridges together central areas, 
eventually leading to venocentric cirrhosis. In a model of par- 
tial IVC ligation in mice, the development of fibrosis was related 
to the sinusoidal deposition of fibrin and stretching of sinusoids, 
which induced hepatic stellate cell activation.’* Associated por- 
tal venous obstruction also induces portoportal or portovenous 
fibrosis. Asynchronous involvement of the diverse venous and 
portal structures explains the considerable variation of one area 
of the liver from another.?! 


Clinical Features 


The spectrum of clinical presentation ranges from a completely 
asymptomatic disease to ALF to chronic liver disease.*’> ALF 
is, however, rare.2* Major features include ascites, abdominal 


BOX 85.1 Causes of Budd-Chiari Syndrome 


HYPERCOAGULABLE STATES 
Antiphospholipid syndrome 
Antithrombin deficiency 

Factor V Leiden mutation 
Methylenetetrahydrofolate reductase C677T polymorphism 
Myeloproliferative neoplasm* 

Oral contraceptives 

Paroxysmal nocturnal hemoglobinuria 
Postpartum thrombocytopenic purpura 
Pregnancy 

Protein C deficiency 

Protein S deficiency 

Prothrombin gene mutation G20210A 
Sickle cell disease 


INFECTIONS 


Aspergillosis 

Filariasis 

Hydatid cysts (Echinococcus granulosus or E. multilocularis) 
Liver abscess (amebic or pyogenic) 

Pelvic cellulitis 

Schistosomiasis 

Syphilis 


TB 
MALIGNANCIES 


Adrenal carcinoma 
HCC 
Leiomyosarcoma 
Leukemia 

Lung cancer 
Myxoma 

Renal carcinoma 
Rhabdomyosarcoma 


MISCELLANEOUS 


Behçet disease 

Celiac disease 

Dacarbazine therapy 

IBD 

Laparoscopic cholecystectomy 
Membranous obstruction of the vena cava 
Polycystic liver disease 

Sarcoidosis 

Trauma to abdomen or thorax 


*May be associated with JAK2 (Janus kinase 2) V617F or calreticulin gene 
mutation. 


pain, and fever. All complications of chronic liver disease may 
occur, including GI bleeding, bacterial infections, hepatorenal 
syndrome, and encephalopathy.®?? Serum aminotransferase, cre- 
atinine, bilirubin, and albumin levels, as well as the prothrom- 
bin time, are variably altered.*”> A moderate increase in serum 
alkaline phosphatase levels is common. Blood cell counts are 
influenced by the underlying cause of BCS. In patients with a 
myeloproliferative disorder, blood cell counts are usually nor- 
mal or decreased due to marked hypersplenism.*”> The contrast 
between normal blood cell counts and severe portal hypertension 
suggests that a myeloproliferative disorder is present. In patients 
with a Janus kinase 2 (AK2) V617F-positive myeloproliferative 
disorder and BCS, liver dysfunction is more severe than in those 
without the polymorphism.”° 


Diagnosis and Natural History 


Abdominal imaging with Doppler US, CT, or MRI show vari- 
able findings in the hepatic veins and IVC (Fig. 85.1), including 
(1) lack of visibility, (2) dilatation upstream due to a complete or 


Fig. 85.1 CT in a patient with 
Budd-Chiari syndrome. The 
venous phase of vascular en- 
hancement is shown. The liver is 
dysmorphic (better seen in A) and 
enhances in an inhomogeneous 
fashion. Ascites is present. The 
hepatic veins are visible as slender, 
unenhanced structures converg- 
ing toward an enhanced patent 
inferior vena cava (most prominent 
in B) (arrow). 


Fig. 85.2 MRI in a patient with 
Budd-Chiari syndrome. Numer- 
ous regenerative macronodules 
less than 2 cm in diameter are 
hyperintense in the T1-weighted 
sequence and hypointense in the 
T2-weighted sequence. Marked 
enhancement of the nodules is 
seen in the arterial phase, with 
isointensity in the portal venous 
phase. 
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partial obstruction of the terminal portion, (3) diffuse narrowing 
and irregularity, and (4) transformation into a cord-like remnant. 
Collateral veins draining peripheral segments of a venous terri- 
tory into another vein, either hepatic or extrahepatic, are usual. 
The size, course, and location of these collaterals are diverse.” 
Additional findings are common (see Fig. 85.1): (1) a combination 
of liver sectorial atrophy and hypertrophy, including segment I 
enlargement, (2) ascites, portosystemic collaterals, and enlarge- 
ment of the spleen; (3) patchy enhancement in the arterial and 
portal phases, which disappears at the late phase, a pattern indi- 
cating decreased portal perfusion due to stasis; and (4) a marked 
nodular enhancement in the arterial phase with disappearance in 
the portal and late phases, without washout, corresponding to 
regenerative macronodules, some of which have a central scar 
(Fig. 85.2)?! although some regenerative nodules may show 
washout.”° 

Because of the variable presentation, the diagnosis of BCS 
should be suspected in any patient with acute or chronic liver 
disease, particularly when a cause of BCS is present. The diag- 
nosis is based on direct or indirect evidence of hepatic vein or 
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IVC obstruction.! The differential diagnosis includes sinusoidal 
obstruction syndrome (SOS; see later), constrictive pericarditis 
(see later), and cirrhosis (see Chapter 74). As a rule, the accuracy 
of Doppler US in showing hepatic venous outflow tract obstruc- 
tion is excellent and depends mostly on the operator’s experience 
and clinical suspicion. MRI and multidetector CT are excellent 
alternatives. MRI is particularly useful for the characterization 
of hepatic nodules (see Fig. 85.2). Liver biopsy is not required 
for diagnosis, except in a BCS variant in which large hepatic 
veins and the IVC are patent and small veins are thrombosed 
and in patients with a presentation that mimics cirrhosis when 
the hepatic veins are not visible on imaging. Direct (transhe- 
patic) or retrograde (transjugular) hepatic venography is almost 
never needed for making the diagnosis, but when combined with 
venous pressure measurements, venography allows percutane- 
ous therapy (see later). Differentiating benign regenerative mac- 
ronodules from HCC often requires US-guided liver biopsy.”° 

The underlying cause of BCS should be identified to deter- 
mine prognosis and implement appropriate therapy (see Box 
85.1). A recommended evaluation for the underlying cause!’ 
should include a general examination for a systemic disease, 
imaging for secondary BCS, a CBC, assessment for the JAK2 
V617F mutation, and calreticulin gene mutations (in a patient 
with a spleen height >16 cm, platelet count >200,000/mm}, and 
undetectable J4K2 V617F mutation), flow cytometry of blood 
cells for paroxysmal nocturnal hemoglobinuria, factor V Leiden 
and prothrombin G20210A gene mutations, and a lupus antico- 
agulant and anti-B7-glycoprotein I antibodies for antiphospho- 
lipid syndrome.’’’ Determination of antithrombin, protein C, 
and protein S levels is warranted only if the prothrombin level 
is normal. Bone marrow biopsy should be considered when test- 
ing for JAK2 V617F and calreticulin gene mutations is negative. 
Identification of one causative factor should not stop the search 
for other factors.’ 

The natural history of BCS is not well known in the late phase. 
Early studies suggested that 90% of the patients would die from 
liver disease within 3 years of diagnosis. Subsequent data have 
indicated that patients with asymptomatic disease have an excel- 
lent medium- and long-term outcome. Patients with IVC obstruc- 
tion are at high risk of developing HCC (see Chapter 96).?° 


Treatment 


According to a widely accepted treatment algorithm,!? all 
patients with primary BCS should receive anticoagulation and 
specific therapy for the underlying disease. The implementation 
of routine anticoagulation has been accompanied by a marked 
improvement in outcome.’® Guidelines for anticoagulation in 
cases of venous thromboembolism should be followed.*? Patients 
with manifestations of portal hypertension (ascites, variceal 
bleeding, encephalopathy) should receive medical or endoscopic 
therapy as appropriate, according to standard recommendations 
for patients with cirrhosis (see Chapters 92 and 94). It is still a 
matter of debate as to whether asymptomatic patients with a short 
stenosis of a major hepatic vein or IVC should undergo percu- 
taneous angioplasty. In symptomatic patients, venous lesions 
amenable to percutaneous angioplasty should be investigated and 
treated accordingly. When symptoms and signs are not well con- 
trolled, or angioplasty is not feasible, a TIPS should be placed, 
generally through a transcaval approach (see Chapter 92). When 
the patient does not improve with TIPS, or TIPS proves unfea- 
sible or fails, a surgical portacaval shunt or LT should be consid- 
ered (see Chapters 92 and 97). Because medical, interventional, 
and surgical management may prove difficult, patients with BCS 
should be referred to specialized centers with expertise.! 
Long-term results achieved with this algorithm have been 
reported.*? At a median follow-up of 4 years, 20% of the patients 
had died and 80% were alive; one fourth had survived on medical 


therapy, about 5% were alive after percutaneous angioplasty and 
stenting, about 40% were alive after TIPS, and about 10% were 
alive after LT. Anticoagulation therapy, given to 85% of patients, 
was associated with a bleeding rate of 17%. Portal hypertension 
was the main cause of bleeding, followed by intracranial hem- 
orrhage. The rate of bleeding-related deaths was 2%, similar 
to that in patients anticoagulated for venous thromboembolism 
in general. Even though Asian patients with BCS differ from 
Western patients by the level of obstruction and causal factors, 
this treatment algorithm has yielded similar results. In India, a 
response rate of 60.5% was achieved with anticoagulant therapy 
alone in patients with a Child-Turcotte-Pugh (CTP) score up to 
9.31 In China, percutaneous transluminal angioplasty and stent 
placement, if appropriate, led to a 73% 10-year survival rate,*” 
whereas TIPS placement in a group of 51 patients achieved a 
76.9% 3-year survival rate.*’ 

Prognostic factors include the CTP or MELD scores (see 
Chapters 92 and 97).3°3+ The Rotterdam score for intervention- 
free survival and BCS-TIPS prognostic index score for over- 
all survival in patients undergoing TIPS placement have been 
externally validated in a large European multicentered cohort.*” 
These scores are of little utility, however, for guiding manage- 
ment in an individual patient.** High in-hospital mortality rates 
(60%) are found in patients with BCS presenting with ALF, but 
the algorithm can be applied to this group of patients as well.’* 
Long-term complications include HCC and consequences of the 
underlying disease.!>7° 


EXTRAHEPATIC PORTAL VEIN OBSTRUCTION 


Extrahepatic portal vein obstruction (EHPVO) may or may not 
extend into the intrahepatic portal veins.!*> Secondary EHPVO 
may be caused by malignant invasion, compression, or encase- 
ment of the portal vein. Primary EHPVO is comprised of acute 
PVT and portal cavernoma. Acute PVT is characterized by the 
presence of a thrombus, shown on imaging as solid material in the 
lumen of the portal vein, in the absence of a cavernoma; whether 
the recent onset of symptoms should be added to these criteria 
has been debated. The subsequent transformation of an acutely 
thrombosed portal vein into a portal cavernoma has frequently 
been referred to as chronic PVT. Portal cavernoma is charac- 
terized by the disappearance of the normal portal vein and its 
replacement by a network of portoportal collaterals. Whether 
a portal cavernoma is always preceded by thrombosis remains 
unclear. When a portal cavernoma is found in a child, a congeni- 
tal malformation should also be considered. Therefore, EHPVO 
is the preferred general designation for all conditions leading to 
obstruction of the portal vein. The term chronic PVT is better 
reserved for those cases in which the initial stage of acute PVT 
has been well documented; portal cavernoma is otherwise the more 
appropriate descriptive term.!>° 

An autopsy study in Sweden estimated the prevalence of 
EHPVO to be as high as 1.0%.*° In another Swedish study based 
on hospital discharge diagnoses, however, the prevalence was much 
lower (3.7 per 100,000 population).*” The difference between 
these 2 estimates suggests that EHPVO commonly develops at a 
late stage of many diseases. Chronic liver disease and abdominal 
malignancy are each found in about one third of patients.” 


Acute Portal Vein Thrombosis in the Absence 
of Cirrhosis 
Etiology 


According to a prospective study in 2010, 1 risk factor for venous 
thrombosis is found in 67% of patients with acute PVT, and 
2 such factors are found in 18%. A local factor (e.g., vascu- 
lar anomaly or injury) was identified in only 25% of patients. 


BOX 85.2 Causes of Portal Vein Thrombosis 


HYPERCOAGULABLE STATES 
Antiphospholipid syndrome 
Antithrombin deficiency 

Factor V Leiden mutation 
Methylenetetrahydrofolate reductase C677T polymorphism 
Myeloproliferative neoplasm* 
Nephrotic syndrome 

Oral contraceptives 

Paroxysmal nocturnal hemoglobinuria 
Pregnancy 

Prothrombin gene mutation G20210A 
Protein C deficiency 

Protein S deficiency 

Sickle cell disease 

INFECTIONS 

Appendicitis 

Cholangitis 

Cholecystitis 

Diverticulitis 

Liver abscess (amebic or pyogenic) 
Schistosomiasis 

Umbilical vein infection 


INFLAMMATORY DISEASES 


Behçet disease 
IBD 
Pancreatitis 


*May be associated with JAK2 (Janus kinase 2) V617F or calreticulin gene mutation. 


Furthermore, one third of the patients with a local factor also had 
a systemic risk factor for thrombosis.** Therefore, as for primary 
BCS, acute PVT is usually associated with multiple systemic risk 
factors, whereas local factors generally are unrecognized. Risk 
factors for PVT are shown in Table 85.1, and the potential causes 
are listed in Box 85.2. Unlike BCS, PVT has been associated 
with similar factors in Western and Asian studies.>:!9.!725.37-40 
Myeloproliferative disorders account for 25% to 35% of cases.!! 
By contrast with primary BCS, oral contraceptives, paroxysmal 
nocturnal hemoglobinuria, and factor V Leiden mutation have 
not been clearly associated with PVT, whereas the prothrombin 
G20210A gene mutation appears to be particularly frequent.*? 


Pathogenesis 


Local factors associated with PVT can be classified into 3 main 
categories: (1) inflammatory foci, particularly acute pancreatitis,*! 
as well as bacterial cholangitis, appendicitis, and diverticulitis; 
(2) injury to the portal, splenic, or mesenteric veins (e.g., sple- 
nectomy, blunt abdominal trauma); and (3) stasis of blood in the 
portal venous bed due to cirrhotic or noncirrhotic intrahepatic 
block.” The trigger for the development of PVT usually remains 
unknown. The thrombotic occlusion is extremely variable in 
degree (partial or complete) and extent (involving only the portal 
vein or one of its 2 branches or the splenic or superior mesen- 
teric vein [or both]). Independent of the local factor, acute PVT 
is often associated with a marked systemic inflammatory response 
syndrome (SIRS). Superinfection with bacteria, however, is 
uncommon. By contrast, an infected thrombus ab initio is char- 
acteristic of septic pylephlebitis. Commonly encountered bacteria 
include Bacteroides spp., Escherichia coli, or Streptococcus spp. 
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COMPLICATIONS OF THERAPEUTIC INTERVENTIONS 


Alcohol injection 

Colectomy 

Endoscopic sclerotherapy 
Fundoplication 

Gastric banding 

Hepatic chemoembolization 
Hepatobiliary surgery 

Islet cell injection 

ley 

Peritoneal dialysis 
Radiofrequency ablation of hepatic tumor(s) 
Splenectomy 

TIPS procedure 

Umbilical vein catheterization 
IMPAIRED PORTAL VEIN FLOW 
Budd-Chiari syndrome 

Cirrhosis 

Cholangiocarcinoma 

HCC 

Nodular regenerative hyperplasia 
Pancreatic carcinoma 

Sinusoidal obstruction syndrome 


MISCELLANEOUS 


Central obesity 
Bladder cancer 
Choledochal cyst 
Living at high altitude 


As long as the thrombus does not reach the mesenteric venous 
arches, the intestine appears to be protected from ischemia.** 
Intestinal ischemia and necrosis, when they develop, may well 
be related to intense arterial vasoconstriction in response to 
extensive mesenteric venous thrombosis.*?*+ There is no evi- 
dence of ischemic injury to the liver unless the hepatic artery is 
also obstructed or circulatory shock occurs, in which case a liver 
infarct develops. Hepatic blood flow is maintained because of 
increased arterial blood flow and rapid opening of portoportal 
collaterals that permit blood flow around the obstructed segment 
of the portal vein.#” These collaterals can be demonstrated within 
hours or days of the onset of PVT. 


Clinical Features 


At the stage of uncomplicated acute PVT, severe abdominal pain 
is a major feature and is often accompanied by a steady fever. 
By contrast, physical examination is unremarkable at this stage. 
A spiking fever with chills suggests septic pylephlebitis. Blood 
counts may show nonspecific changes, mostly reflecting the SIRS 
(which may be marked) or the underlying blood disease. Liver 
biochemical test results usually show no alterations or minor 
transient changes. 


Diagnosis and Natural History 


Abdominal imaging usually shows the thrombus as solid material 
filling the lumen of the portal vein and extending variably into 
portal vein branches or to the splenic and superior mesenteric 
veins (Fig. 85.3).3 Doppler US shows the absence of flow in the 
portal vein and is preferred to US alone because the thrombus is 
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Fig. 85.3 CT in a patient with acute portal vein thrombosis. The portal 
venous phase is shown and demonstrates vascular enhancement. The 
portal and mesenteric veins are enlarged and lack enhancement (ar- 
rowhead). Dilated veins are seen in the porta hepatis, particularly in the 
gallbladder wall (arrow). 


not always hyperechoic at the early stage. Contrast-enhanced CT 
is most accurate for showing the filling defect in the portal vein 
lumen. When the thrombus is less than 30 days old, unenhanced 
images appear as hyperattenuated material. When the throm- 
bus is limited to a branch of the portal vein, there is increased 
enhancement at the arterial phase in the liver corresponding to 
the thrombosed branch.” Patchy enhancements in the arterial 
phase (“mosaic pattern”) may predominate in the peripheral 
areas of the liver and persist during the portal venous phase, with 
homogenous enhancement in the late phase. This pattern reflects 
portal blood stasis.*? The collateral vessels that enhance in the 
portal phase can be demonstrated within a couple of days of the 
onset, particularly in the gallbladder wall.” MRI provides infor- 
mation similar to that of CT on the luminal filling defect and per- 
fusion changes but may not be available on an emergency basis. 
A diffusely thickened intestinal wall is usually found in uncompli- 
cated PVT, likely corresponding to congestion induced by intes- 
tinal outflow tract obstruction. The intestinal mucosa enhances 
homogeneously. A small amount of ascitic fluid may be detected 
on imaging in the absence of intestinal ischemia.** 

The natural history of acute PVT is not known. When non- 
invasive imaging was not available in the past for the assess- 
ment of acute abdominal pain, most cases of acute PVT escaped 
attention. EHPVO was recognized at the time of a late compli- 
cation related to portal hypertension.*> The limited data avail- 
able show that spontaneous recanalization of the portal vein is 
unlikely to occur in patients with symptomatic acute PVT.?446 
Whether acute PVT may develop in the absence of symptoms 
and whether asymptomatic PVT may regress remain unan- 
swered questions. 

Intestinal ischemia usually occurs in patients whose pain lasts 
for several days. The occurrence of ascites or rectal bleeding 
usually heralds intestinal ischemia. Signs of multiorgan dysfunc- 
tion, acidosis, or lactic acidemia are major indicators of severe 
intestinal involvement requiring surgical exploration.>*? On 
abdominal imaging, homogeneous or heterogeneous hypoattenu- 
ated or hyperattenuated intestinal wall thickening and intestinal 
dilatation, abnormal or absent wall enhancement, and mesenteric 
stranding, as well as ascites, pneumatosis cystoides, and portal 
venous gas, suggest intestinal ischemia or necrosis.*’ Decreased 
wall enhancement and dilatation of the lumen have been proposed 
as criteria for differentiating transmural infarction from nontrans- 
mural ischemia.** The spontaneous development of ischemic 


intestinal necrosis appears to be invariably fatal; however, some 
patients with nontransmural intestinal ischemia may recover 
spontaneously and are recognized subsequently when present- 
ing with an intestinal stricture.” Venous intestinal infarction is a 
major cause of short bowel syndrome (see Chapters 106 and 118). 

Demonstrating solid material in the portal vein lumen is suffi- 
cient for establishing a diagnosis of acute PVT, once a malignant 
cause of portal vein obstruction has been ruled out. Evidence for 
malignant obstruction includes demonstration of a tumor in the 
vicinity of the portal vein, enhancement of endoluminal material 
in the arterial phase, or neoplastic cells on biopsy specimens of 
the endoluminal material. The enhancement of the gallbladder 
wall, combined with pain and a SIRS, may suggest an erroneous 
diagnosis of acute cholecystitis (see Fig. 85.3). 


Treatment 


Early initiation of anticoagulation is associated with complete 
and partial recanalization of the portal vein in about 40% and 
15% of patients with acute PVT, respectively.***° Extension of 
thrombosis in the portal venous system is prevented, as are intes- 
tinal ischemia and necrosis.**#° Complications of anticoagula- 
tion therapy appear to be uncommon.** Even at a later stage 
of intestinal ischemia, anticoagulation may increase survival.°°°! 

Recanalization of the portal vein is unlikely to occur beyond 
6 months of the initiation of anticoagulation, if it has not already 
been achieved.** Splenic or mesenteric veins may continue to 
recanalize after at least 1 year of anticoagulation.** Data are still 
insufficient, however, for recommending prolongation of antico- 
agulation beyond 6 to 12 months. The extension of the thrombus, 
and the type of underlying prothrombotic condition, must be 
taken into account when a decision is made to prolong anticoagu- 
lation.!> Thrombolytic therapy, usually given after anticoagula- 
tion has failed, has achieved recanalization rates similar to those 
for anticoagulation. Rates of adverse events and mortality, how- 
ever, are particularly high.*° Therefore, the benefit-to-risk ratio 
of thrombolytic therapy is generally not considered acceptable in 
patients with acute PVT.'» Indications for surgery for intestinal 
ischemia are discussed in Chapter 118. 

In patients with uncomplicated acute PVT, long-term over- 
all survival is relatively good, whether or not recanalization has 
occurred.*#* The prognosis depends primarily on the underly- 
ing disease.**>* The presence of ascites (detected on imaging) 
and splenic vein involvement have been identified as indepen- 
dent predictors of non-recanalization; no patient with both fea- 
tures has experienced recanalization.** In patients with acute 
intestinal ischemia due to mesenteric venous thrombosis, the 
overall in-hospital mortality rate has averaged 44%, highlight- 
ing the severity of this condition.” Intestinal infarction due to 
venous thrombosis is responsible for short bowel syndrome and 
a high rate of delayed mortality. Early initiation of anticoagula- 
tion therapy is likely critical to preventing this dreaded com- 
plication.*® 


Portal Cavernoma 


Causes of portal cavernoma (cavernous transformation of the por- 
tal vein) and of acute PVT in adults are similar except for a lower 
proportion of local factors recognized at the stage of portal caver- 
noma.* In adults, therefore, a workup for an underlying cause sim- 
ilar to that for primary BCS is recommended.! Caution should be 
taken in interpreting decreased levels of coagulation inhibitors and 
low levels of anticardiolipin antibodies, because these findings are 
common and nonspecific in patients with a portal cavernoma.?*? 
In children, prothrombotic conditions are less frequently encoun- 
tered,™*57 whereas underlying vascular malformations are com- 
mon, suggesting that a congenital defect is often a contributing 
factor, as are prior umbilical cannulation and infection.6%’ 


Fig. 85.4 CT in a patient with a portal cavernoma. The portal venous 
phase with vascular enhancement is shown. The portal vein bifurcation 
is not visible and is replaced by serpiginous structures that enhance 
during the portal venous phase and represent the cavernoma (arrow). 
Structures that enhance in the wall of the bile duct correspond to biliary 
veins (arrowhead). 


A cavernoma does not protect a patient from nor relieve portal 
hypertension. Portoportal collaterals arise from preexisting veins 
in the porta hepatis and pancreas. These collaterals can be con- 
siderably developed or limited. Collaterals that emanate from the 
bile duct veins can produce deformity of the bile ducts, a condi- 
tion termed portal hypertensive biliopathy or portal cholangiopathy.>°® 
These biliary changes may rarely be accompanied by evidence of 
cholestasis. In the absence of preexisting liver disease, liver struc- 
ture and function remain normal because the cavernoma restores, 
at least partially, the abolished portal venous inflow to the liver, 
while hepatic arterial inflow increases.** Liver biopsy specimens 
usually show no abnormalities." In patients with normal liver 
biochemical test results and normal or near-normal liver biopsy 
findings, however, a portal cavernoma is associated with atrophy 
of the peripheral segments of the liver (left liver lobe, segments 
VI and VII) and hypertrophy of the central segments (segments 
I and IV) (see Chapter 71), suggesting impaired perfusion of 
the former.” Sinusoidal dilatation of unclear pathogenesis,” as 
well as regenerative hepatocellular changes or minimal portal 
fibrosis,°! can be seen on liver biopsy specimens. Plasma levels 
of coagulation factors and inhibitors are decreased, and these 
alterations are increased by portosystemic shunting but amelio- 
rated by portal reperfusion.°’ Minimal hepatic encephalopathy is 
common. Overall, however, the impact of a portal cavernoma 
on liver function appears to be limited. 

Most patients have no symptoms or signs until they present 
with GI bleeding related to portal hypertension.*? Otherwise, 
the diagnosis is usually made fortuitously by finding an enlarged 
spleen, esophageal varices, or thrombocytopenia. The most 
conspicuous laboratory findings are related to hypersplenism. 
Liver biochemical test levels are usually normal or near normal, 
although plasma levels of coagulation factors and inhibitors can 
be moderately decreased.** Biliary manifestations include pain 
and cholecystitis related to biliary stones.®> Mild-to-moderate 
increases in the serum GGTP and alkaline phosphatase levels 
are common even in the absence of portal cholangiopathy. Con- 
versely, patients with cholangiopathy often have normal liver 
biochemical test results. US and CT or MRI, with and without 
contrast enhancement, show the replacement of the portal vein 
by a network of convoluted channels (Fig. 85.4).°%66 Liver find- 
ings may include atrophy of the periphery and hypertrophy of the 
central part of the liver and hypervascular nodules in the arterial 
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phase, without washout during the later phases; these findings 
correspond to benign regenerative nodules.°”:° 

Data on the natural history of portal cavernomas are limited. 
GI bleeding related to portal hypertension is the most frequent 
complication, followed by recurrent venous thrombosis, mostly 
in the portal venous territory.’ A past history of bleeding and 
moderate to large esophageal varices are independent risk factors 
for GI bleeding, and an underlying prothrombotic condition is an 
independent risk factor for recurrent thrombosis.°” Biliary com- 
plications affect about 25% of patients, mostly those with biliary 
dilatation®’; however, chronic cholestasis is unusual. 

The diagnosis has been made easy by modern imaging modal- 
ities.) There are some pitfalls, however, mainly related to an 
atypical aspect of the cavernoma: some patients have a large por- 
tal collateral vein that runs straight in the small omentum and 
that can be mistaken for a normal portal vein. In rare patients, 
the appearance is that of a solid mass that causes biliary obstruc- 
tion. The differential feature is the enhancement of the “pseudo- 
tumor” in the portal phase of the study.67 

The therapeutic challenge is to balance the increased risks 
of bleeding and thrombosis. Based on limited data, anticoagula- 
tion therapy is not associated with an increased risk or severity 
of GI bleeding, as compared with the absence of anticoagulation 
therapy.” There is circumstantial evidence that anticoagulation 
therapy effectively prevents recurrent thrombosis.!> Therefore, 
patients without esophageal varices and with a strong risk fac- 
tor for thrombosis may benefit from anticoagulation therapy. In 
other patients, the decision regarding long-term anticoagulation 
should be made on an individual basis, taking into account the 
prothrombotic potential of the underlying condition and the 
likelihood of adherence to therapy.!* Recurrent bleeding related 
to portal hypertension can be prevented with a nonselective 
B-adrenergic blocking agent or endoscopic variceal ligation. 
The feasibility of a surgical portocaval shunt or TIPS is limited, 
and their long-term patency rates are unknown.! Portal hyper- 
tension can be managed as in patients with cirrhosis (see Chap- 
ter 92). When feasible, a meso-Rex shunt has provided excellent 
results in children, in whom it is the preferred option,” but expe- 
rience in adults is lacking (see Chapter 92). 

Mortality in patients with a portal cavernoma is related mostly 
to the underlying condition, not to the complications of portal 
hypertension.*:#? Involvement of the superior mesenteric vein is 
an independent predictor of a poor long-term outcome.*?.°? 


PORTAL VEIN THROMBOSIS IN PATIENTS WITH 
CIRRHOSIS 


PVT in cirrhosis is most common among patients with advanced 
disease, for example, in those on the waiting list for LT (1-year 
frequency up to 16.4%).’? However, PVT is also frequent in 
patients with Child-Pugh class A and B cirrhosis (5-year fre- 
quency of 10.7%).’! The risk of PVT is independently related to 
multiple factors: a high MELD or CTP score, a decreased blood 
flow velocity in the portal vein, large esophageal varices, and, 
although not consistently found, inherited prothrombotic factors 
(e.g., prothrombin gene G20210A mutation).’!-”+ In contrast to 
noncirrhotic PVT, the thrombus is usually nonocclusive.’? Portal 
cavernoma is uncommon. 

The manifestations of PVT must be differentiated from the 
circumstances that led to its recognition. Many patients have no 
acute symptoms when PVT is found on routine US. On the other 
hand, extension to the superior mesenteric vein may induce intes- 
tinal ischemia.’* 

PVT in patients with cirrhosis has been associated with a 
small liver and complications of liver disease.’”+’° A causal role 
for PVT in these complications, however, is questionable,” and 
the impact of PVT on pre-liver transplant survival, independent 
of the severity of liver disease, is minimal or absent.” On the 
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other hand, PVT makes LT more difficult’? and is associated 
with decreased posttransplant survival.” 

Differentiating PVT unassociated with HCC from PVT due 
to malignant invasion is challenging. Features that suggest malig- 
nant invasion are a markedly increased diameter of the vein, a 
contiguous tumor in the liver, endoluminal enhancement in the 
arterial phase of imaging or arterial signals recorded on Doppler 
US or contrast-enhanced US, and malignant cells detected on 
biopsy specimens of the endoluminal material. >78 

Two treatment options are available: anticoagulation and 
TIPS.’?:’3-79.89 Controlled clinical trials are lacking, however, and 
the actual benefit of these 2 approaches is unclear. With respect 
to anticoagulation, complete recanalization can be expected in 
about 50% of patients, extension is almost completely prevented, 
and the risk of bleeding is decreased.*! The type of anticoagulant 
(low-molecular-weight heparin, an oral vitamin K antagonist, or 
a direct-acting oral anticoagulant) and the duration of treatment 
to achieve an optimal result remain to be studied.’?*° There is 
evidence for improved recanalization rates with early initiation 
of therapy.*° Laboratory targets and the optimal approach to 
monitoring also remain unclear. TIPS seems to be feasible when 
intrahepatic portal venous branches are visible on imaging and is 
followed by recanalization in over 50% of patients in the absence 
of anticoagulation therapy.”>7 

A randomized controlled trial in patients with Child-Pugh class 
B to C cirrhosis (without PVT) showed that enoxaparin given for 48 
weeks was well tolerated, completely prevented the development of 
PVT, and prevented decompensation and death.*? These findings 
lend support to the notion that thrombosis of intrahepatic portal 
and hepatic venous branches is a determinant of both extrahepatic 
PVT and decompensation in patients with cirrhosis.”™® Confirma- 
tion of these findings by other groups is needed before prophylactic 
anticoagulation in patients with cirrhosis can be recommended. 


IDIOPATHIC NONCIRRHOTIC PORTAL HYPERTENSION 


Idiopathic noncirrhotic portal hypertension (INCPH) is a syn- 
drome characterized by portal hypertension, patent hepatic and 
extrahepatic portal veins, absence of an identifiable cause of intra- 
hepatic noncirrhotic portal hypertension, and absence of cirrhosis 
and of a cause of cirrhosis.*t INCPH, idiopathic portal hyperten- 
sion, noncirrhotic portal fibrosis, and hepatoportal sclerosis have been 
indiscriminately used terms to describe the same entity.*> Well- 
characterized causes of intrahepatic portal hypertension include 
schistosomiasis and congenital hepatic fibrosis (see Chapters 62 
and 84) and SOS (veno-occlusive disease) (see later). INCPH 
overlaps with various entities characterized either by portal hyper- 
tension and unusual histopathologic findings (e.g., noncirrhotic 
portal fibrosis, idiopathic portal hypertension, hepatoportal scle- 
rosis) or purely by histopathologic features (e.g., obliterative portal 
venopathy, nodular regenerative hyperplasia, perisinusoidal fibro- 
sis) in the absence of clinically significant portal hypertension. 
Conditions associated with INCPH can be classified into 4 cat- 
egories*+*®; (1) prolonged exposure to certain drugs and toxins, 
including purine analogs (e.g., didanosine, azathioprine, 6-thio- 
guanine) and oxaliplatin; (2) immune disorders including con- 
nective tissue diseases, common variable immunodeficiency, and 
HIV infection; (3) prothrombotic conditions including myelo- 
proliferative disorders, antiphospholipid syndrome, and protein S 
deficiency; and (4) genetic disorders including Turner syndrome, 
telomerase disease, Adams-Oliver syndrome, and familial oblit- 
erative portal venopathy, the gene for which is located on chro- 
mosome 4.5” Familial aggregation also suggests that INCPH 
may result from a developmental anomaly that could have other 
genetic bases,*+*° but over half the cases remain unexplained.°°*° 
Liver biopsy specimens may show a variety of lesions.°° A 
primary alteration may be obstruction of the intrahepatic portal 
venules, with sinusoidal dilatation, regenerative hepatocellular 


changes, and perisinusoidal or portal fibrosis as consequences. 
Alternatively, the primary damage may be to the hepatic sinusoids. 
It is likely that neither small samples obtained at needle biopsy of 
the liver nor examination of explanted livers with advanced disease 
provide sufficient clues to the cause of INCPH.*? Obliterative por- 
tal venopathy is characterized by a complete loss of portal veins in 
most portal tracts (Fig. 85.5), a marked thickening of the venous 
wall, replacement of portal venules by numerous small vascular 
structures, regarded as equivalent to a microscopic cavernoma, 
and dilated, thin-walled microscopic vessels in an ectopic location 
in the vicinity of portal tracts.°°** Typically, there is little or no 
lobular or portal inflammation. Slender bridging septa are com- 
mon and are prominent in the related entity of incomplete septal 
fibrosis.** Frank nodular regenerative hyperplasia is characterized 
by a widespread distribution of regenerative nodules and atrophic 
plates of hepatocytes at their periphery (Fig. 85.6). Scattered, less 
well-defined areas of regenerative changes of hepatocytes are 
common.®® It remains to be established that nodular regenerative 
hyperplasia is always associated with obliterative changes in the 
portal veins. Calcifications are often seen in extrahepatic portal 


Fig. 85.5 Histopathology of obliterative portal venopathy. Sclerotic 
portal tracts devoid of patent venules, irregularly distributed in a noncir- 
rhotic parenchyma, are seen. (Masson trichrome stain, x40.) 


Fig. 85.6 Histopathology of nodular regenerative hyperplasia. Small 
regenerative nodules within the acini are surrounded by atrophic hepa- 
tocytes in a nonfibrous parenchyma. (H&E, x100.) 


veins, suggesting a primary disease of the portal venous wall.*? 
The frequency of associated extrahepatic PVT is high.** 

The lesions described constitute a block to intrahepatic portal 
flow that causes portal hypertension. The hepatic venous pres- 
sure gradient (see Chapter 92) is typically normal but may be 
increased because the site of the block is not always exclusively 
presinusoidal.** As for BCS and EHPVO, an enlarged hepatic 
artery and regenerative macronodules (focal nodular regenerative 
hyperplasia-like nodules) are common.*? 

The clinical presentation is similar to that of EHPVO, with 
pure portal hypertension but without ascites or liver failure. Nev- 
ertheless, some patients have come to LT because of advanced 
liver disease, often with a misdiagnosis of cirrhosis.*#;°° Enlarge- 
ment of the spleen is often conspicuous. On the other hand, 
obliterative portal venopathy can be found in patients in whom 
features of portal hypertension are inconspicuous or lacking. 

Laboratory tests usually show a mild to moderate increase in 
serum aminotransferase, GGTP, and alkaline phosphatase lev- 
els. Abnormalities of the serum bilirubin, albumin, and coagu- 
lation factor levels are common, but pronounced changes are 
unusual.’4 86,88 Blood counts characteristically show features of 
marked hypersplenism. 

On abdominal imaging, intrahepatic portal venous abnormalities 
(reduced caliber, occlusive thrombosis, and lack of visibility), focal 
nodular hyperplasia-like nodules, and perfusion disorders are com- 
mon. Atrophy of segment IV of the liver is much less common than 
in patients with cirrhosis. EHVPO may be found at presentation.*® 

In the absence of EHPVO, the diagnosis requires exclusion of 
cirrhosis. The principal distinctions are the absence of a cause for 
cirrhosis and preserved liver function despite severe portal hyper- 
tension. Liver biopsy is required. An expert pathologist and abun- 
dant liver tissue for examination are crucial.*°° When EHPVO is 
also present, portal hypertension should not be attributed solely to 
the infrahepatic block. Transient elastography (see Chapters 73, 74, 
and 80) is useful for differentiating INCPH from cirrhosis when 
it shows liver stiffness to be relatively low (<20 kPa) in a patient 
with clinically significant portal hypertension.” A plasma metabolic 
signature (metabolomics) may also prove helpful in this regard.”! 

Portal hypertension (manifesting primarily as variceal bleed- 
ing) and PVT (a frequent complication) can be managed as in 
patients with cirrhosis (see earlier and Chapter 92). Also, for 
patients with severe portal hypertension and normal kidney func- 
tion, placement of a TIPS may be an option (see Chapter 92).” 
Treatment of associated conditions is probably of benefit. The 
rationale for using anticoagulation therapy includes the frequent 
association with prothrombotic conditions, a high risk of super- 
imposed extrahepatic PVT, anecdotal reports of marked improve- 
ment in liver function with therapy, and the extrapolation of data 
on the prevention of PVT with anticoagulation in patients with 
cirrhosis.** The benefit-to-risk ratio of this approach is unknown, 
and caution is needed when considering anticoagulation ther- 
apy.*+ LT is an option for patients with advanced liver disease.** 

Limited data are available on the outcome and prognosis. 
Portal hypertension does not appear to be an important cause 
of mortality.** De novo PVT occurs in 20% to 40% of patients 
within 5 years of follow-up; a prothrombotic condition is a 
risk factor for PVT.*° The actual impact of PVT on outcome 
is unknown. Short- and medium-term outcomes appear to be 
good and much better than those in patients with cirrhosis. In the 
long term, however, advanced liver disease may complicate the 
course in 10% of patients.*°°* Baseline prognostic factors are still 
unknown. The risk of developing HCC is unclear.** 


SINUSOIDAL OBSTRUCTION SYNDROME (HEPATIC 
VENO-OCCLUSIVE DISEASE) 


SOS is characterized by destruction of sinusoidal endothelial cells 
predominantly in the central part of the hepatic lobule, with focal 
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obstruction of sinusoidal lumens and resulting congestion.** In 
many, but not all, cases, nonthrombotic occlusion of the central 
hepatic veins is also present (hence the original designation of 
veno-occlusive disease). In practice, the diagnostic criteria are 
clinical, rather than histologic, and have therefore produced some 
confusion (see later). 


Etiology 


SOS is due almost exclusively to agents that are toxic to both 
bone marrow progenitor cells and sinusoidal endothelial cells.*-”’ 
‘These agents include irradiation of the liver area, chemotherapy, 
immunosuppressive agents, and plant alkaloids related to pyr- 
rolizidine (see Chapters 36 and 89). The most common settings 
for SOS are conditioning for hematopoietic cell transplantation 
(HCT), chemoradiation for abdominal organ malignancy, immu- 
nosuppression with thiopurine derivatives, and chemotherapy 
with oxaliplatin for metastatic colorectal cancer to the liver.”* 
Epidemics related to the consumption of flour contaminated 
with alkaloid-containing plants, as well as sporadic cases related 
to herbal teas or contaminated herbal remedies, still occur (see 
Chapter 89).3-°? Causative agents are transformed in the liver 
and detoxified by glutathione. Sinusoidal endothelial cells appear 
to be more sensitive than hepatocytes to the toxic effects of the 
transformed drugs, possibly related to lower stores of glutathione 
in sinusoidal endothelial cells.*.°? Changes similar to SOS have 
been described in liver transplant recipients in the absence of 
exposure to azathioprine. Several arguments suggest that endo- 
thelialitis related to graft rejection is the cause of this particular 
entity (see Chapter 97).”° 

In the context of HCT, risk factors for the development of 
SOS are underlying liver disease (particularly iron overload and 
viral hepatitis), administration of female sex hormones to pre- 
vent uterine bleeding, use of high-intensity regimens (particu- 
larly those containing busulfan or cyclophosphamide), and use 
of gemtuzumab ozogamicin. The frequency of SOS is 20% on 
average.>»” 


Pathology 


Sinusoidal dilatation and a loss of hepatocytes in the centrilobular 
area are the 2 major histopathologic features (Fig. 85.7). Their 
severity varies greatly from patient to patient.*°? Occasionally, 
sinusoidal congestion is so marked as to mimic peliosis hepatitis 
(see later). Endothelial damage in the central veins manifests as 
a rounding of the cells, followed by subendothelial edema and 
hemorrhage, producing the characteristic eccentric narrowing of 
the lumen. Central vein damage is more marked in areas where 
sinusoidal dilatation is more severe. Fibrosis of veins and sinu- 
soids produces varying degrees of occlusion. Characteristically, 
the periportal area, portal tracts, and portal vessels remain intact. 
Studies in the monocrotaline rat model of SOS have indicated that 
the earliest lesion occurs in sinusoidal endothelial cells and that 
repopulation with bone marrow-derived endothelial progenitor 
cells is instrumental in repairing sinusoidal lesions.*.”? The acute 
development of sinusoidal obstruction induces abrupt ischemia, 
as well as portal hypertension related to a postsinusoidal block.” 


Clinical Features and Diagnosis 


Clinical and laboratory manifestations of SOS closely mimic 
those of BCS, with a range from asymptomatic, to acute with 
conspicuous ischemic necrosis of the liver, to subacute or chronic 
with ascites. Liver dysfunction of varying severity is common. On 
imaging, the liver is enlarged with a mosaic pattern suggestive of 
altered perfusion similar to that seen in BCS. Gross changes in 
the flow pattern in the portal and hepatic veins, as well as hepatic 
arteries, are nonspecific.*,”’ In the setting of HCT, symptoms and 
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A, Massive centrilobular and mid-lobule congestion with obliteration of 
a terminal hepatic vein (arrowhead) is seen. (Masson trichrome stain, 
x100.) B, A higher-power image shows obliteration of the terminal 
hepatic vein by subendothelial edema and fine collagen tissue. (x250.) 


signs usually develop within the first 2 months after condition- 
ing, but not more than 100 days after conditioning. Liver biopsy 
specimens after 100 days may still show features of SOS, albeit 
in association with another condition (e.g., graft-versus-host dis- 
ease, viral hepatitis).*.”> As a rule, the diagnosis of SOS can only be 
established with liver biopsy, after patency of large hepatic veins 
and the IVC is shown on imaging. The differential diagnosis of 
the histopathologic finding includes right-sided heart failure (see 
later), BCS due to pure small hepatic vein thrombosis, and pure 
sinusoidal dilatation or peliosis hepatis (see later). In the context 
of HCT, liver biopsy is difficult to obtain, and clinical diagnos- 
tic criteria have been proposed, generally incorporating weight 
gain or ascites, increased serum bilirubin levels, and the absence 
of other causes of liver dysfunction, particularly sepsis and graft- 
versus-host disease.*:”° The hepatic venous pressure gradient is 
increased.*.> The clinical features are nonspecific, however, and 
may relate to preexisting liver disease, such as transfusion-related 
viral hepatitis and iron overload, drug toxicity, hematologic dis- 
ease, alcohol-associated liver disease, or metabolic syndrome. 


Treatment 


‘Treatment options for SOS have been evaluated mainly in the 
context of HCT. Prevention relies on decreasing the intensity of 


conditioning regimens.*”> None of the drugs proposed for pri- 
mary prophylaxis has shown any benefit in survival rates, even 
though an open-label, randomized trial of defibrotide showed a 
moderate decrease in the incidence of clinically defined SOS in 
a pediatric population.” Still, there is limited evidence that defi- 
brotide decreases the frequency of SOS.’ Results of a phase-3 
trial of defibrotide as prophylaxis in high-risk adult patients are 
awaited.” For treatment of established severe SOS, defibrotide 
has shown some evidence of improving patient outcomes in a case- 
control study with historical matched controls.’? Bevacizumab 
has been reported to protect against oxaliplatin-related SOS.*:!0° 
A 64% response rate has been reported for a high-dose methyl- 
prednisolone administration protocol given as monotherapy.!°! 

The occurrence of SOS has a negative impact on overall out- 
come. Serum bilirubin or aminotransferase elevations are major 
determinants of immediate prognosis.’ In HCT recipients, 
features of SOS have been associated with early mortality rates 
ranging from 0% to 67%, but the contribution of SOS to mor- 
tality is difficult to delineate in these frail patients with multi- 
organ failure.” In patients receiving oxaliplatin for metastatic 
colorectal cancer, the occurrence of SOS increases the incidence 
of complications after hepatic resections.!°° A favorable benefit- 
to-risk ratio still exists for preoperative chemotherapy to reduce 
the size of hepatic metastases but not as adjuvant therapy for 
resectable metastasis.!°° Long-term sequelae of SOS include 
pericentral fibrosis, nodular regenerative hyperplasia, and focal 
nodular hyperplasia.*»??:!°? The latter 2 appear to be nonspecific 
consequences of the uneven alterations in intrahepatic perfusion 
and arterialization. 


CONGENITAL PORTOSYSTEMIC SHUNTS 


A congenital portosystemic shunt (CPSS) is characterized by a 
large communication between the portal venous system and the 
systemic venous circulation in the absence of parenchymal or 
biliary disease.>-!0%.!0+ This entity has also been referred to as the 
Abernethy malformation, of which 2 types have been described: 
type 1 is characterized by the absence of a detectable portal 
vein (an end-to-side shunt), and type 2 is characterized by a still 
demonstrable portal vein (side-to-side shunt) (see Chapter 71). 
The type 2 CPSS is further divided according to the intrahe- 
patic or extrahepatic location of the shunt.!°? The associations 
that suggest that a type 1 CPSS is a congenital malformation are 
the female predominance and the frequent occurrence with situs 
inversus, polysplenia, and congenital heart defects. The etiology 
of type 2 CPSS is unclear. The prevalence of CPSS has been esti- 
mated to be 1 in 30,000.!° A systematic review was able to find 
only about 320 reported.!°* 

Closure of a CPSS is usually followed by reperfusion of the 
liver with a structure resembling a normal portal vein, thereby 
suggesting that the term “portal vein agenesis” is inappropriate 
for characterizing this entity.!°? The clinical expression is related 
to portosystemic shunting and deprivation of portal blood inflow 
to the liver. Portosystemic shunting explains why some patients 
present with hepatic encephalopathy, primary pulmonary arte- 
rial hypertension, or hypoxemia due to hepatopulmonary syn- 
drome (see Chapter 94). Portal blood deprivation explains the 
liver hyperarterialization and regenerative changes, including 
nodular regenerative hyperplasia and regenerative macronodules, 
that have been reported as adenomas or focal nodular hyperpla- 
sia.103,104 

Among reported cases of CPSS, one third have had anoma- 
lies related to hyperammonemia or neurologic anomalies. The 
spectrum of neurologic involvement has ranged from changes 
in brain imaging and subtle abnormalities on neuropsycho- 
logical testing to learning disabilities and overt encephalopathy. 
Such a mode of presentation can occur late in life.!9%!% 
Liver tumors have accounted for one fourth of the reported cases. 


Their characteristics can be typical of benign regenerative mac- 
ronodules or focal nodular hyperplasia. Completely benign nod- 
ules can have a heterogeneous appearance and not remain stable 
in size or features. Portopulmonary and hepatopulmonary syn- 
drome occur in a lower proportion of cases.!0>-! Liver dysfunc- 
tion and ascites are extremely uncommon. 

The diagnosis of CPSS is based on their demonstration by 
abdominal imaging (US, contrast-enhanced CT, or MRI).*!° In 
patients presenting with unexplained brain dysfunction, the dem- 
onstration of hyperammonemia or signal intensity of the lesion 
on MRI is most useful in suggesting portosystemic shunting. The 
diagnosis of CPSS should be considered in neonates who screen 
positive for galactosemia. In patients with multiple regenerative 
macronodules, CPSS should be routinely considered, as should 
HHT (see later). 

Specific treatment for CPSS should be considered in patients 
with portosystemic encephalopathy, hepatopulmonary syn- 
drome, or portopulmonary hypertension. Shunt closure can be 
performed with percutaneous interventional radiology tech- 
niques or surgically.!°> Even when the portal vein lumen can- 
not be identified prior to the procedure, portal reperfusion to the 
liver can be achieved following closure of the shunt.!°> When the 
preprocedural portal venous pressure is high and the portal vein 
is not demonstrated, progressive banding of the shunt may be an 
option. The possibility of closing a shunt should limit the need 
for LT. In a patient with regenerative macronodules, surgical 
resection or LT should not be considered unless HCC or marked 
dysplasia has been demonstrated unequivocally. Moreover, com- 
pensatory hypertrophy of the remnant liver following resection 
may be considerably slower than in the absence of a portosys- 
temic shunt. 

Outcomes are excellent following closure of a CPSS for 
encephalopathy, portopulmonary hypertension, or hepatopulmo- 
nary syndrome, as well as for large liver nodules, which decrease 
in size.! A handful of cases of HCC have been reported in asso- 
ciation with a CPSS, and monitoring with repeated abdominal 
imaging is probably warranted.*:!0>.!0+ 


ISCHEMIC HEPATITIS 


Because hepatitis refers to inflammation of the liver, the term 
ischemic hepatitis is a misnomer, because inflammation is typically 
not present. A more physiologic term would be hypoxic hepati- 
tis, because the primary cause of this syndrome is tissue hypoxia, 
which may be the result of hypoperfusion from cardiac failure 
or shock of any other etiology, systemic hypoxemia from respi- 
ratory failure, or increased oxygen requirements from sepsis.!°° 
The name ischemic hepatitis is used, however, because of clinical 
similarities to other forms of acute hepatitis and the character- 
istic pathologic feature of acute centrilobular necrosis. Ischemic 
hepatitis is probably the most commonly encountered form of 
vascular liver disease. 


Etiology 


Of all cases of extreme serum AST elevations (to >3000 U/L), 
ischemic hepatitis accounts for about half.'°° The most com- 
mon cause of ischemic hepatitis is cardiovascular disease, which 
accounts for more than 70% of cases, followed in frequency by 
respiratory failure and sepsis, each of which accounts for less 
than 15% of cases.!°° Hypotension is documented as a precipitat- 
ing factor in more than 50% of patients with ischemic hepatitis 
but does not need to be evident for ischemic hepatitis to occur. 
Hypotension often is clinically apparent as a result of acute myo- 
cardial infarction, severe heart failure, or sepsis but may be less 
obvious following a transient arrhythmia or silent coronary isch- 
emic event. The presence of heart failure significantly increases 
the likelihood that a drop in cardiac output from any cause will 
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Fig. 85.8 Histopathology of ischemic hepatitis. This low-power photo- 
micrograph demonstrates centrilobular necrosis, loss of hepatocytes, 
and sinusoidal congestion with red blood cells, but only a scant inflam- 
matory infiltrate. Perivenular fibrosis is evident. (H&E.) (Courtesy Dr. 
Pamela Jensen, Dallas, TX.) 


result in ischemic hepatitis. More than 80% of cases of ischemic 
hepatitis occur in the setting of heart failure.!°’ Acute trauma, 
hemorrhage, burns, and heat stroke can also cause ischemic 
hepatitis, but the likelihood is substantially less in the absence of 
underlying heart disease. 


Clinical Features and Diagnosis 


Ischemic hepatitis often is first considered when extreme serum 
aminotransferase elevations are detected in a patient hospitalized 
for problems not primarily associated with the liver. Findings 
on physical examination are usually dominated by the underly- 
ing precipitating medical condition. The patient’s mental sta- 
tus is often altered because of diminished cerebral perfusion. 
Laboratory studies show extreme elevations of the aminotrans- 
ferase levels (+3000 U/L). The serum LDH level is profoundly 
elevated, often more so than the ALT, and an ALT/LDH ratio 
of less than 1.5 is more typical of ischemic hepatitis than of viral 
hepatitis.'°° The prothrombin time may be prolonged by 2 or 3 
seconds, and the serum bilirubin level is often mildly increased, 
with peak levels seen after the aminotransferase levels peak. 
Serum creatinine and blood urea nitrogen levels are often ele- 
vated because of acute tubular necrosis. Characteristically, serum 
aminotransferase levels peak 1 to 3 days after the hemodynamic 
insult and return to normal within 7 to 10 days. 

The differential diagnosis of this type of severe acute injury 
includes acute hepatitis caused by viral infections, autoimmunity, 
toxins, and medications (see Chapter 73). Liver biopsy speci- 
mens, although usually unnecessary, reveal bland, centrilobular 
necrosis with preservation of the hepatic architecture (Fig. 85.8). 
Occasionally, a definitive diagnosis of ischemic hepatitis can be 
difficult to make, but the typical prompt rise in serum amino- 
transferase and LDH levels followed by a rapid fall within a few 
days is more characteristic of ischemic hepatitis than of other 
causes of severe acute liver injury (Fig. 85.9).!°? 


Treatment 


Most cases of ischemic hepatitis are transient and self-limited. In 
the most severely affected patients, ischemic hepatitis is just one 
manifestation of multiorgan failure and signals a poor prognosis. 
ALF resulting from ischemic hepatitis is uncommon but is more 
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Fig. 85.9 A frequently observed course of serum AST and LDH levels 
in ischemic hepatitis. (Adapted from Gitlin NG, Serio KM. Ischemic 
hepatitis: widening horizons. Am J Gastroenterol 1992; 7:831-6.) 


likely to occur when chronic heart failure or cirrhosis (“acute- 
on-chronic” liver failure, see Chapter 74) is also present. The 
overall prognosis depends primarily on the severity of the under- 
lying predisposing condition, not the severity of the liver disease. 
No specific therapy exists for ischemic hepatitis, and treatment is 
directed at improving cardiac output and systemic oxygenation. 


CONGESTIVE HEPATOPATHY 


The effects of heart failure on the liver predictably include 
decreased hepatic blood flow, increased hepatic vein pressure, 
and decreased arterial oxygen saturation.!!° Right-sided heart 
failure results in transmission of increased central venous pres- 
sure from the heart directly to the hepatic sinusoids. The result 
is centrilobular congestion and sinusoidal edema that further 
decrease oxygen delivery. The injurious effects of superimposed 
ischemic hepatitis are common in these patients (see earlier). The 
acute and chronic damage results in progressive centrilobular 
fibrosis. The mechanical force induced by sinusoidal dilatation 
and the stasis that induces intravascular thrombosis are probably 
the major determinants explaining fibrosis development.”? 
Sinusoidal hypertension and congestion can lead to the devel- 
opment of ascites, with a characteristically high serum-ascites albu- 
min gradient and a high protein concentration (see Chapter 93). 
Clinically, the symptoms and signs of heart failure are the 
predominant features. Dull RUQ pain in association with hepa- 
tomegaly is common. The liver may be pulsatile if tricuspid regur- 
gitation is present, and hepatojugular reflux is often apparent on 
compression over the liver. Spider telangiectasias and varices are 
usually not present, and variceal bleeding caused by congestive 
hepatopathy alone does not occur. Mild elevation of the serum 
bilirubin level (to <3 mg/dL) is common, and jaundice is seen 
in fewer than 10% of patients, occurring in those with severe 
or acute heart failure.!'! The prothrombin time is prolonged in 
more than 75% of cases and usually is resistant to therapy with 
vitamin K. Other liver biochemical test levels are often normal 
or only mildly elevated. Liver test results improve slowly or nor- 
malize with effective therapy of the underlying heart failure. US 
is useful in excluding other hepatobiliary diseases. Typical CT 
and US findings in congestive hepatopathy include hepatomeg- 
aly, ascites, dilatation of the IVC and hepatic veins, and, at CT, 


Fig. 85.10 Histopathology of cardiac cirrhosis. This low-power view 
shows a portal tract in the center of a regenerative nodule and fibrotic 
bands bridging central veins. The size of the scar and the presence of 
the nodule attest to the long-term course of the fibrotic process. Even 
at low power, the bland nature of the cirrhosis is apparent. No inflam- 
matory cells are evident. The sinusoids are dilated and congested. 
(Masson trichrome stain.) (Courtesy Dr. Edward Lee, Washington, DC.) 


inhomogeneous hepatic enhancement during the portal phase of 
contrast administration. 

The histologic features of congestive hepatopathy include 
atrophy of hepatocytes, sinusoidal distention, and centrilobular 
fibrosis. Centrilobular necrosis, consistent with ischemic hepa- 
titis, is frequent in liver biopsy specimens that show congestive 
hepatopathy and usually correlates with recent hypotension.!!” 
Bridging fibrosis typically extends between central veins (rather 
than between portal tracts) to produce a pattern of “reverse 
lobulation” characteristic of cardiac cirrhosis Fig. 85.10. The dis- 
tribution of fibrosis throughout the liver is highly variable and 
correlates with focal sinusoidal thrombosis, with obliteration of 
central and portal veins that leads in turn to localized ischemia, 
parenchymal extinction, and fibrosis.!!° 

The presence of congestive hepatopathy does not affect the 
prognosis in patients with heart failure; the mortality rate is deter- 
mined primarily by the severity of the underlying cardiac disease. 
Occasionally, paracentesis may be needed to alleviate tense asci- 
tes, but therapy is generally directed at improving cardiac disease. 


ISCHEMIC CHOLANGIOPATHY 


Ischemic cholangiopathy (IC) is the designation for the biliary 
changes that result from impaired arterial blood flow.!!+ The 
term ischemic cholangitis is also used, although inflammation is 
not a primary mechanism. Circumstances in which arterial blood 
supply to the bile ducts is compromised are mostly iatrogenic and 
include LT, surgery on the liver and bile ducts, arterial chemo- 
therapy, and embolization.'!* The disease may develop in sur- 
vivors of intensive care for septic shock or trauma.!!> Systemic 
causes of arterial disease account for a small proportion of cases; 
polyarteritis nodosa and primary or secondary antiphospholipid 
syndrome are the most typical examples.!!° Although IC is rela- 
tively common in the setting of LT, overall it is a rare condition. 
Bile ducts receive blood almost exclusively from arteries, 
many of which are branches of the common hepatic artery; oth- 
ers (e.g., diaphragmatic branches) penetrate the liver through the 
capsule, away from porta hepatis. Extensive anastomoses between 
these arteries open whenever one arterial branch is obstructed, 
explaining why ligation or embolization of an isolated large artery 
is generally harmless. The peribiliary arteriolar plexus also acts as 
a collateral pathway. Ischemia to the bile duct occurs when the 


collaterals are prevented from providing compensation,!!’ as may 
happen early after LT (due to dissection of the liver) or when the 
small arterial vessels of the peribiliary plexus are obstructed, as 
by arteritis, toxic injury from infusion of floxuridine, or embo- 
lization with small-sized particles. In HHT, diversion of blood 
from the peribiliary plexus is thought to cause biliary ischemia 
(see later). Nonocclusive ischemia to the bile ducts is thought to 
occur in patients in whom cholangiopathy develops following a 
stay in the intensive care unit for shock.!!* 

The initial stage of IC consists of ischemic necrosis of the bili- 
ary mucosa, which leads to biliary cast formation. Subsequently, 
full-thickness ischemia of the bile duct wall occurs and may result 
in necrosis with extravasation of bile and formation of collections 
(bilomas) in the liver parenchyma or porta hepatis. Later, ischemic 
areas undergo fibrous transformation, resulting in biliary strictures.!!* 

Acutely, IC is heralded by pain, SIRS, and cholestatic jaun- 
dice. This initial phase, which develops a few days to a few weeks 
after the ischemic insult, may be unrecognized. Presentation at a 
later stage is generally with cholestatic features or bacterial chol- 
angitis.!!* Bile duct imaging with MRI or direct cholangiogra- 
phy initially shows finely irregular, dilated bile ducts with filling 
defects corresponding to the casts. Later, bilomas may develop 
and may or may not be superinfected. At a late stage, multiple 
strictures of extra- and intrahepatic ducts mimic those of PSC 
(see Chapter 68). Strictures are often particularly marked at the 
termination of right and left bile ducts and proximal portion of 
the common bile duct.!!* 

Diagnosis relies heavily on a setting in which the arterial 
blood supply to the bile ducts is likely to be impaired and the 
demonstration of bile duct changes compatible with IC.!!* MR 
cholangiography is the test of choice for demonstrating biliary 
casts, bilomas, and biliary strictures. The main differential diag- 
nosis during the initial phase of IC includes biliary stones and 
abscesses and in the late phase primary or secondary sclerosing 
cholangitis (see Chapter 68). The diagnosis can be difficult to 
make when the ischemic insult to the bile ducts escapes attention, 
as may occur during a stay in an ICU.! After LT, monitoring of 
arterial blood flow with Doppler US is the cornerstone of early 
diagnosis of hepatic arterial impairment (see Chapter 97). 

In the transplant setting, prevention and early correction of 
impaired arterial blood flow is of utmost importance (see Chap- 
ter 97). Early recognition of hepatic arterial impairment allows 
early correction, either by percutaneous radiologic intervention 
or surgery. In other settings, the treatment in supportive. LT is 
the only definitive therapy. In the absence of LT, the outcome of 
diffuse IC is extremely poor.!!*+ Causes of death are liver failure 
and sepsis. The outcome of localized ischemic stenosis may be 
better, except when the main bile duct is involved. 


IDIOPATHIC SINUSOIDAL DILATATION AND PELIOSIS 
HEPATIS 


Idiopathic sinusoidal dilatation is characterized by widening of 
hepatic sinusoidal lumens in the absence of a postsinusoidal block 
or infiltration of the sinusoids by abnormal cells or substances 
(Fig. 85.114).6%118,119 Peliosis hepatis is similar to idiopathic 
sinusoidal dilatation and is characterized by a “lake-forming,” 
hemorrhagic dilatation of the sinusoids (see Fig. 85.11B).!*° 
Peliosis hepatis shares etiologic and clinical features with idio- 
pathic sinusoidal dilation but is less common and more severe. 
Conditions reported to be associated with idiopathic sinu- 
soidal dilatation can be separated into the following 4 cat- 
egories!!8,119; (1) portal venous inflow impairment, including 
EHVPO, obliterative portal venopathy, CPSS, and sarcoidosis; 
(2) neoplasia, including hepatic metastases, renal cell carcinoma, 
and Hodgkin disease; (3) non-neoplastic conditions associated 
with SIRS, including Castleman disease, Crohn disease, RA, 
Takayasu arteritis, SLE, sarcoidosis, infections with intracellular 
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Fig. 85.11 Histopathology of sinusoidal dilatation and peliosis hepatis. 
A, Pure noncongestive sinusoidal dilatation with continuous hepato- 
cyte plates and sinusoid walls. B, Peliosis hepatitis with lobular blood 
cysts surrounded by interrupted hepatocytes plates and sinusoid walls. 


(Picrosirius-hemalun stain, x100.) 


microbes, acute bacterial pyelonephritis, and Bartonella henselae 
infection; and (4) exposure to certain drugs and toxins, including 
thiopurines and oxaliplatin. Oral contraceptives have been asso- 
ciated with sinusoidal dilatation, although often in combination 
with other causative conditions.!!* Overall, the incidence of idio- 
pathic sinusoidal dilatation is low but likely underestimated. 

The lumens of the sinusoids are widened and may appear 
empty or filled with erythrocytes. The endothelial cells have a 
normal appearance in most cases. The hepatocellular plates 
bordering the dilated sinusoids are commonly atrophic. Other 
regions of the liver may demonstrate regenerative hepatocytes or 
frank nodularity and perisinusoidal fibrosis.ć®118:119 The mecha- 
nism underlying sinusoidal dilatation is unknown. A role for 
interleukin-6 has been suggested but remains unproved. 

Clinical manifestations are usually lacking. Whether abdomi- 
nal pain can be a manifestation of the condition or simply a 
trigger for the investigation that discloses it is uncertain. Liver 
biochemical test levels are generally mildly abnormal. Other lab- 
oratory features reflect associated conditions.©.!!®.!!9 A particular 
imaging feature seen on CT or MRI is vague heterogeneity of 
the liver, particularly in the peripheral subcapsular areas. On the 
arterial and portal phases, the enhancement follows a mosaic or 
vaguely nodular pattern. Late-phase images show a homogeneous 
parenchyma.!*! Imaging findings may be unremarkable. 
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The mosaic pattern of enhancement following IV injection 
of a contrast agent appears to be specific for sinusoidal dilata- 
tion once other causes of an altered perfusion pattern have been 
excluded. Histologically, peliosis hepatis can be distinguished 
from sinusoidal dilatation by the following contrasting features: 
round lake-like blood collections, random locations of the dilated 
area in the hepatic lobule, and destruction of the sinusoidal lin- 
ing with erythrocytes found in the space of Disse. SOS is dis- 
tinguished by the associated lesions of the central veins and the 
clinical context, although the distinction from peliosis hepatis 
may be impossible. 

There is no specific treatment for either disorder. For sinu- 
soidal dilatation, the outcome of the hepatic disease is excellent, 
and prognosis is related to any associated condition. For peliosis 
hepatis, severe complications have occasionally been reported, 
including portal hypertension, liver failure, liver rupture, and 
death. 


HEPATIC ARTERY ANEURYSM AND HEPATIC 


INFARCTION 


A hepatic artery aneurysm (HAA) is characterized by a localized 
blood-filled balloon-like bulge in the wall of an artery. HAAs are 
uncommon, but they are the second leading category of visceral 
artery aneurysms (after splenic artery aneurysms) and account for 
more than 20% of cases. A true aneurysm is one that involves all 
3 layers of the wall of an artery (intima, media, and adventitia). A 
majority of true HAAs are isolated, saccular, extrahepatic lesions 
involving the full arterial wall. In the past, HAAs were mainly 
mycotic (infectious) in etiology, but today they typically result 
from atherosclerosis, mediointimal degeneration, trauma, and, 
less commonly, infection. Other rare causes of true HAAs are 
vasculitides (e.g., polyarteritis nodosa, SLE, Takayasu arteritis, 
Kawasaki disease) and connective tissue disorders (e.g., Marfan 
syndrome, Ehlers-Danlos syndrome, HHT [see later]).!’? Nearly 
half of HAAs are pseudoaneurysms, or false aneurysms, charac- 
terized by blood leaking out of the vessel but confined by the 
surrounding tissue. Pseudoaneurysms usually result from trauma 
as a result of a liver biopsy, transhepatic biliary drainage, chole- 
cystectomy, hepatectomy, or LT.!? 

Symptoms of HAA include epigastric or right subchon- 
dral pain, but most affected persons are asymptomatic until the 
aneurysm ruptures. Rarely, a pulsatile RUQ mass or thrill may 
be detected. Patients may present with rupture into the biliary 
tract, with hemobilia, epigastric pain, and jaundice; rupture into 
the portal vein, with portal hypertension and variceal bleeding; 
or rupture into the peritoneal cavity, with abdominal pain and 
shock. The mortality rate from rupture of an HAA is more than 
30%. Nonatherosclerotic aneurysms and multiple HAAs carry 
an increased risk of rupture and should be treated. Although the 
risk of rupture of an aneurysm is independent of its size, athero- 
sclerotic aneurysms greater than 2 cm in diameter should also be 
treated. 1? 

Doppler US studies and CT readily demonstrate HAAs, but 
angiography is especially useful for defining these lesions, access- 
ing the collateral circulation, and planning treatment. Hepatic 
artery pseudoaneurysms are treated effectively by angiographic 
embolization.!*> True extrahepatic aneurysms may be treated 
with embolization, provided that the presence of collateral cir- 
culation, distance from the gastroduodenal artery, absence of 
cirrhosis, and patency of the portal vein can be confirmed, but 
surgical resection of the aneurysm may be preferable to minimize 
the risk of hepatic infarction.!*+ 

Despite its frequency in the general population, atherosclero- 
sis is rarely a cause of liver disease. Intimal thickening and athero- 
sclerosis in hepatic arteries are less common and occur later in life 
than is typical for coronary arteries.'*> Hepatic infarction result- 
ing from atherosclerosis alone is rare. The dual blood supply to 


the liver undoubtedly confers protection from ischemia. Never- 
theless, atherosclerosis is the primary cause of approximately one 
third of HAAs (see earlier).!2+ In addition, because the bile duct 
derives all its blood supply from the hepatic artery, atherosclero- 
sis can result in IC with biliary strictures and obstruction (see ear- 
lier).!°° The presence of atherosclerosis occasionally prevents the 
use of a donor liver for LT. Atherosclerosis makes arterial anasto- 
moses technically more difficult to secure and may predispose the 
liver to ischemic injury during transport and reperfusion. 

Most cases of hepatic infarction result from acute compromise 
of portal venous flow (see earlier), primarily after LT or hepa- 
tobiliary surgery; others result from hepatic artery occlusion or 
systemic diseases that reduce hepatic artery blood flow. Hepatic 
artery occlusion can result from atherosclerosis, thrombosis, 
embolus, PAN, and sickle cell disease. Other causes of hepatic 
infarction include shock, trauma, a hypercoagulable state, and 
preeclampsia or other complications of pregnancy. Patients may 
present with abdominal pain, nausea, vomiting, and elevated 
serum aminotransferase levels. The infarct may be located periph- 
erally in the liver and appear as a wedge-shaped ill-defined area of 
hypoechogenicity on US or hypoattenuation on CT or less com- 
monly may be more centrally located and round. An infarct must 
be distinguished from focal hepatic steatosis, a hepatic abscess, or 
a neoplasm. Treatment is that of the underlying disease. 


HEREDITARY HEMORRHAGIC TELANGIECTASIA 


HHT, or Osler-Weber-Rendu disease, is a genetic disorder 
with autosomal-dominant inheritance and is characterized by 
widespread cutaneous, mucosal, and visceral telangiectasias (see 
Chapters 20 and 38).!?7 HHT is reported to affect 1 to 2 per 
10,000 population. Most patients have mutations in one of the 
2 known disease-related genes that encode endoglin (HHT type 
1, HHT1) and activin A receptor type I-like 1 (ALK-1) (HHT 
type 2, HHT2), both of which are involved in the transform- 
ing growth factor-B pathway. Mutations in the SMAD4 gene 
can cause a rare syndrome that combines juvenile polyposis and 
HHT. Additional genes have been found on chromosomes 5 and 
7.!27 Hepatic vascular malformations (HVMs) are found in 44% 
to 74% of patients with HHT and are more frequent in those 
with the HHT2 genotype than with the HHT1 genotype.’ The 
penetrance increases with age, and the mean age of patients with 
HVMs is 52 years. Women are more commonly affected than 
men, !28:129 

The abnormal blood vessels in HHT result in a direct artery- 
to-vein connection. !?” Vascular malformations affect the liver dif- 
fusely, although haphazardly. They encompass a spectrum from 
microscopic telangiectasias to large arteriovenous shunts.!?°:!2? 
Vascular malformations increase in size in about 20% of patients 
by approximately 4 years.!*° Three types of shunting may occur 
and coexist’!*!7?; (1) hepatic artery-to-hepatic vein shunting 
can induce a decrease in systemic vascular resistance and high 
cardiac output, eventually evolving to heart failure; (2) hepatic 
artery-to-portal vein shunting can produce portal hypertension; 
and (3) portal vein-to-hepatic vein shunting, the rarest form, may 
lead to hepatic encephalopathy. Shunting of blood may produce 
IC (see earlier) and mesenteric ischemia.!?*:!2° There is a marked 
increase in hepatic arterial blood flow and accordingly in the size 
of hepatic arteries.'7°:!* By causing uneven parenchymal perfu- 
sion, shunting of blood and portal venous inflow deprivation are 
likely responsible for nodular regenerative hyperplasia, regenera- 
tive macronodules, and focal nodular hyperplasia that develop in 
areas with preserved inflow of hyperarterialized blood.!**:!?° 

High-output heart failure and complications of portal hyper- 
tension are the most common manifestations of HVMs. GI 
bleeding in patients with portal hypertension is more frequently 
related to intestinal telangiectasias than to ruptured gastroesoph- 
ageal varices (see Chapter 38).!*° A systolic bruit may be heard 


in the hepatic area. An acute presentation with severe cholangi- 
tis related to IC is uncommon. An exceptional picture of ALF is 
related to acute ischemic necrosis of large bile ducts (also referred 
to as “acute disintegration” of the liver).’ Increased serum alka- 
line phosphatase and GGTP levels, with a normal serum biliru- 
bin level, are common. These abnormalities are not necessarily 
associated with large bile duct damage.!?*:!2? 

In patients with HVMs, abdominal imaging usually shows a 
heterogeneous, enlarged, dysmorphic liver and patchy enhance- 
ment during the arterial phase.!**.!*? Enhancement of the hepatic 
veins in the arterial phase indicates severe hepatic artery-to- 
hepatic vein shunting. The hepatic artery is markedly enlarged. 
Regenerative macronodules and focal nodular hyperplasia may 
have a typical massive and homogeneous enhancement during 
the arterial phase while reaching attenuation similar to that of the 
surrounding parenchyma during the later phases. Purely benign 
nodules may occasionally be extremely heterogeneous and even 
show washout in the late phase.!**!*? Recognizing HHT in 
patients with hepatic anomalies relies on comprehensive history 
taking and a thorough physical examination for telangiectasias. 
HHT should be considered in patients with multiple focal nodu- 
lar hyperplasias. Genetic testing is needed to diagnose sporadic 
cases. Recognizing HVMs in patients with known or suspected 
HHT is based mostly on indirect evidence of arteriovenous 
shunting on imaging, with early enhancement of the hepatic veins 
during the arterial phase and an enlarged hepatic artery. US is the 
recommended initial examination.*:!*> Liver biopsy, which is haz- 
ardous in such patients, is rarely needed once a diagnosis of HHT 
with liver involvement has been made.’ The probability that 
hepatic nodules are benign regenerative nodules or focal nodular 
hyperplasia is highest in this setting, whereas biliary disease is 
likely to be IC in HHT-related HVMs. 

Asymptomatic patients with HVMs do not require treat- 
ment. Management of patients with high-output cardiac fail- 
ure requires aggressive therapy.’ In patients with complications 
of portal hypertension, the guidelines for treatment of patients 
with cirrhosis may be applied (see Chapter 92).’ In patients fail- 
ing to respond to the first-line intensive symptomatic therapy, 
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second-line therapeutic options include bevacizumab therapy, !*° 
staged embolization, and LT.’ Of these options, only the last one 
is definitive, and each of these options carries a significant risk of 
potentially fatal complications. Over 90% of patients with HVMs 
are asymptomatic. Still, rates of complications and death are 3.6 
and 1.1 per 100 person-years, respectively.!’* There is a correla- 
tion between a Doppler US-based grading of hepatic involvement 
and clinical outcome.!** Cardiac failure and portal hyperten- 
sion have occurred at a rate of 1.4 and 1.2 per 100 person-years, 
respectively.!*° Cardiac failure and portal hypertension are each 
responsible for half of the fatalities related to HVMs.!** About 
two thirds of patients show a complete response to intensive first- 
line therapy for complicated HVMs and therefore do not need 
embolization or LT.!?8 Survival rates close to 90% have been 
reported after LT; performance of LT for heart failure achieves 
better results than for portal hypertension.!*! 


DIABETIC HEPATOSCLEROSIS 


NASH, Mauriac syndrome, and glycogenic hepatopathy are 
known liver-related complications of diabetes mellitus.'** 
Diabetic hepatosclerosis (DHS) refers to diabetic vascular dis- 
ease of the liver that may be found in patients with long-standing 
insulin-requiring diabetes mellitus with a frequency of up to 12% 
at autopsy.!*” The serum alkaline phosphatase level is frequently 
raised, with otherwise normal or nearly normal aminotransferase 
levels.!>? No characteristic imaging features have been described. 
DHS is usually found in association with other renal and reti- 
nal microvascular involvement. ! >! Patients with Mauriac syn- 
drome also have severe growth retardation and delayed puberty. 
It is a form of diabetic microangiopathy that affects the liver in 
which hyaline thickening of small hepatic artery branches and 
perisinusoidal basement membrane deposition occurs and is dis- 
tinct from NASH.!*3 DHS seems to be a clinical silent disease 
and has an unknown prognosis. 132-133 


Full references for this chapter can be found on www.expertconsult.com. 
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Alcohol-associated liver disease (ALD) remains a challeng- 
ing enigma for basic scientists and clinicians. Despite extensive 
research and clinical trials since the 1940s, many important facets 
of this disease have yet to be resolved.! Paramount among these 
important questions are the following: (1) Why does cirrhosis 
develop in only a small fraction of heavy alcohol abusers? (2) 
What is the pathogenesis of severe ALD? (3) What are the most 
effective treatments for patients with severe ALD? 


EPIDEMIOLOGY 


A systematic analysis of the global burden of disease in 2016 eval- 
uated 195 locations around the world and showed that alcohol use 
was the seventh leading risk factor for both deaths and disability- 
adjusted life years.? Globally, 32.5% of people between 15 and 
95 years of age were current drinkers. Another study found that 
between 1999 and 2016, annual deaths from cirrhosis in the USA 
increased by 65%, and rates of HCC doubled.* Alcohol was a 
major contributing factor to these events. Moreover, mortality 


1336 


trends from chronic liver disease from 2007 to 2016 in the USA 
showed that HCV-related mortality had begun to decline due to 
the use of DAAs, whereas that for ALD continued to increase.* 

Alcohol abuse is the most common etiology of cirrhosis in 
the developed world (see Chapter 74). It is the underlying cause 
of 44% of liver disease deaths in the USA (approximately 13,000 
deaths annually), exceeding those for hepatitis C, the second 
most common fatal liver disease in this country.°-’ In Europe 
and the USA combined, ALD and its complications account 
for approximately 50,000 deaths each year.* Unfortunately, 
although addiction and mental disorders have increasingly 
gained support from medical care and social support systems, 
it is remarkable that alcohol addiction has remained severely 
stigmatized.” 

Numerous studies have shown that ALD develops in women 
after a shorter duration of drinking and with a lower daily alco- 
hol intake than in men.!°:!! Population-based surveys have docu- 
mented that men must usually drink 40 to 80 g of alcohol daily 
and women 20 to 40 g daily for 10 to 12 years to achieve a signifi- 
cant risk of liver disease.!°"'? Fig. 86.1 illustrates the alcohol con- 
tent of various beverages sold in the USA, their typical serving 
sizes, and the definition of a “standard drink.”! A useful website 
for drinking information is https://www.rethinkingdrinking.niaa 
a.nih.gov/. The standard drink in the USA is 14 g of alcohol, and 
this standardization provides a common definition for reporting 
alcohol intake. Data from the USA and Europe indicate that sub- 
jects diagnosed with alcohol-associated hepatitis or cirrhosis are 
often drinking about 15 standard drinks/day. 


SPECTRUM OF DISEASE 


Chronic alcohol abuse can result in a spectrum of liver injury that 
ranges from mild fatty infiltration to steatohepatitis, steatohepati- 
tis with fibrosis, cirrhosis, and HCC (Fig. 86.2).!4-!7 Fat accumu- 
lation in liver cells, the earliest and most predictable response to 
alcohol ingestion, is seen in 90% to 100% of heavy drinkers.!7-18 
Although fatty liver is considered to be a benign condition that 
reverses quickly with abstinence, cirrhosis can develop within 5 
years in 10% of patients who continue to drink heavily.!? Much 
more important than steatosis is the development of necroinflam- 
mation and fibrosis (alcohol-associated hepatitis) that occurs in 
approximately 10% to 35% of heavy drinkers. On liver histology, 
steatosis, steatohepatitis with or without fibrosis, and alcohol- 
associated cirrhosis represent the spectrum of ALD. It is unclear, 
however, whether the histologic findings always correlate with the 
clinical presentation.”° For example, alcohol-associated steatohep- 
atitis on a liver biopsy specimen can be present in patients with 
minimal symptoms (moderate alcohol-associated hepatitis) or with 
severe clinical manifestations of the disease (severe alcohol-associ- 
ated hepatitis). Moderate alcohol-associated hepatitis is diagnosed 
less often than severe alcohol-associated hepatitis because these 
patients may not seek medical care or visit emergency departments 
with only nonspecific symptoms of nausea, diarrhea, or fatigue.”! 
Alcohol-associated hepatitis is an important clinical entity for 
several reasons: (1) patients with severe alcohol-associated hepatitis 
have extremely high short-term mortality rates; (2) patients with 
severe alcohol-associated hepatitis can develop portal hypertension 
in the absence of cirrhosis; and (3) alcohol-associated hepatitis is a 
well-documented precursor of cirrhosis, with an elevated long-term 
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Fig. 86.1 The typical serving size and alcohol content of standard American drinks. (From http://www.rethinkingdrinking.niaaa.nih.gov.) 
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Fig. 86.2 Histologic spectrum of alcohol-associated liver disease. 


mortality rate 9 times higher than that for patients with fatty liver 
alone.!?:?? With continued alcohol abuse, a fine mesh-like pattern 
of fibrosis (micronodular cirrhosis) develops in 8% to 20% of heavy 
drinkers. Over time this lesion can evolve to include broad bands 
of fibrosis that separate large nodules of liver tissue (macronodular 
citrhosis).!° HCC typically develops in this setting.” 


PATHOGENESIS 
Ethanol Metabolism and Toxic Metabolites 


The liver is the main organ responsible for ethanol metabolism; 
other organs such as the stomach contribute to much lesser 
degrees. Ethanol is metabolized by 3 major systems in the liver: 
alcohol dehydrogenase (ADH), cytochrome P450 2E1 (CYP2E1), 
and, of least importance, catalase.?”* ADH is the primary enzyme 
system responsible for metabolism of ethanol at low concentra- 
tions, whereas CYP2E1 contributes to ethanol metabolism at 
higher tissue concentrations of ethanol (>10 mM). Furthermore, 
CYP2E1 activity is up-regulated by exposure to ethanol, thereby 
leading to faster metabolism with chronic excessive alcohol use. 
Both ADH and CYP2E1 convert ethanol to acetaldehyde, which 
is then converted by aldehyde dehydrogenase (ALDH) to acetate. 
Acetaldehyde is a highly reactive and potentially toxic compound 
that is responsible for many of the systemic toxic effects of alco- 
hol, such as nausea, headaches, and flushing. 

Acetaldehyde is also postulated to play an etiologic role in 
ALD by forming adducts with reactive residues on proteins or 
small molecules (e.g., cysteines). These chemical modifications 
can alter or interfere with normal biologic processes, exert cel- 
lular toxicity, and stimulate the host’s immune response and 
cause autoimmune-like manifestations. Antibodies against such 
oxidatively modified proteins have been found in both human 
and animal models of ALD.” An example is the hybrid adduct 
of malondialdehyde and acetaldehyde, unique to alcohol expo- 
sure, which induces an immune reaction in human alcoholics and 
in animal models.” Acetaldehyde has also been shown to impair 
mitochondrial glutathione transport and to sensitize hepatocytes 
to TNF-o-mediated killing.” Lastly, acetaldehyde disrupts 
intestinal barrier function, contributing to endotoxemia and pro- 
inflammatory cytokine production. 

In addition to forming cytotoxic metabolites such as acetalde- 
hyde, ethanol metabolism can alter the cellular oxidation-reduction 
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(redox) state, thereby modulating liver injury. Specifically, the 
oxidation of ethanol uses nicotinamide-adenine dinucleotide 
(NAD*) as an electron acceptor and thereby causes a shift in the 
ratio of reduced NAD (NADH) to NAD* to a more reduced 
state.*+ This change in the redox state can impair normal carbo- 
hydrate and lipid metabolism; multiple effects ensue, including 
a decrease in the supply of ATP to the cell and an increase in 
hepatic steatosis. 


Other Metabolic Mechanisms 
Oxidative Stress 


Oxidative stress is an imbalance between pro-oxidants and anti- 
oxidants. Reactive oxygen species (ROS) and reactive nitrogen 
species (RNS) are products of normal metabolism and can be 
beneficial to the host (e.g., by contributing to bacterial killing).’ 
Overproduction of ROS and RNS or inadequate antioxidant 
defenses (e.g., low levels of vitamins, selenium, mitochondrial 
glutathione), or both, can lead to liver injury. Oxidative stress 
in ALD is usually documented by detection of one of several 
indirect markers: (1) protein oxidation (e.g., protein thiol or car- 
bonyl products); (2) lipid oxidation (e.g., isoprostanes, malondi- 
aldehyde); (3) DNA oxidation (e.g., oxodeoxyguanosine); or (4) 
depletion or induction of antioxidant defenses (e.g., vitamin E, 
glutathione, thioredoxin).”® 

The stimulus for oxidative stress in the liver comes from 
multiple sources. In hepatocytes, CYP2E1 activity increases 
after alcohol consumption—in part because of stabilization of 
messenger RNA. The CYP2E1 system leaks electrons to initi- 
ate oxidative stress.?” CYP2E1 is localized in the hepatic lobule 
in areas of alcohol-induced liver injury. Moreover, overexpres- 
sion of CYP2E1 in mice and in HepG2 cells (a human hepatoma 
cell line) in vitro leads to enhanced alcohol hepatotoxicity.’?*° 
Nonparenchymal cells and infiltrating inflammatory cells (e.g., 
polymorphonuclear leukocytes [neutrophils]) are another major 
source of pro-oxidants that are used for normal cellular pro- 
cesses, such as killing invading organisms. Major enzyme sys- 
tems for pro-oxidant production in Kupffer cells and infiltrating 
macrophages in the liver include NAD phosphate (NADPH) and 
inducible nitric oxide synthase.*! Mice deficient in NADPH oxi- 
dase or mice treated with the drug diphenyleneiodonium sulfate, 
which blocks NADPH oxidase, are resistant to ethanol-induced 
liver injury.*? A critical subunit of the NADPH oxidase complex, 
p47phox, has been shown to play a role in liver parenchymal cells 
in producing ALD in mice.” Infiltrating neutrophils use enzyme 
systems such as myeloperoxidase to generate hypochlorous acid 
(HOCTI, a halide species that causes oxidative stress) and RNS. 
One study found that in neutrophils the p47phox oxidative path- 
way is regulated by microRNA-223.**+ Oxidative stress can medi- 
ate liver injury through at least 2 major pathways: direct cell injury 
and cell signaling. Direct cell injury is indicated by markers such 
as lipid peroxidation and DNA damage. An even more important 
role is played by signaling pathways; for example, activation of 
transcription factors such as nuclear factor kappa B (NF-«B) plays 
a critical role in the production of pro-inflammatory cytokines 
such as TNF. 


Mitochondrial Dysfunction 


Mitochondria are the major consumers of molecular oxygen and 
major generators of ROS in the liver. Mitochondrial dysfunction 
is well documented in ALD and contributes to oxidative stress.*> 
Mitochondrial abnormalities in ALD include megamitochon- 
dria observed on light and electron microscopy and functional 
mitochondrial abnormalities as documented by an abnormal 
BC ketoacid breath test result (ketoacids are metabolized by 
mitochondria). Short-term administration of alcohol enhances 
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hepatic superoxide generation in liver mitochondria, thereby 
increasing the flow of electrons along the respiratory electron 
transport chain. The increased NADH/NAD* ratio caused by 
ethanol intake favors superoxide generation.”’ Because hepatic 
mitochondria lack catalase, glutathione plays a critical role in 
protecting mitochondria against oxidative stress. Mitochondria 
do not make glutathione but instead import it from the cyto- 
sol. In ALD, the transport of glutathione into mitochondria is 
impaired, and selective mitochondrial glutathione depletion is 
observed. Glutathione depletion also sensitizes the liver to the 
toxic effects of TNF, which also impairs mitochondrial function. 
Normal mitochondrial function requires continuous exchange 
of substrate between the cytosol and the mitochondrial matrix, 
and this is catalyzed by specific exchangers within the inner 
mitochondrial membrane. By contrast, exchange of most water- 
soluble metabolites between the cytosol and the intermembrane 
space occurs through the voltage-dependent anion channel in the 
mitochondrial outer membrane. Alcohol-mediated closure of the 
voltage-dependent anion channel limits free diffusion of metabo- 
lites into the intermembrane space and causes mitochondrial dys- 
function.*° This process is likely a cause of global alterations in 
mitochondrial function related to alcohol abuse and ALD. 


Abnormal Metabolism of Methionine, 
S-Adenosylmethionine, and Folate 


In mammals, the liver plays a central role in methionine metabo- 
lism; nearly half of the daily intake of methionine is metabolized 
in the liver (Fig. 86.3). The first step in methionine metabolism 
is the formation of S-adenosylmethionine (SAMe) in a reaction 
catalyzed by methionine adenosyltransferase. Activity of this 
enzyme is depressed in ALD.?7° SAMe is the principal biologi- 
cal methyl donor through the transmethylation pathway, the pre- 
cursor of aminopropyl groups used in polyamine biosynthesis, 
and a precursor of glutathione through its conversion to cysteine 
along the transsulfuration pathway. 

Deficiency of SAMe in patients with ALD was first noted in 
the early 1980s, when it was observed that alcoholic subjects had 
delayed clearance of an oral bolus of methionine (presumably 
because of blocked conversion of methionine to SAMe).>*? Func- 
tional methionine adenosyltransferase activity was subsequently 


shown to be subnormal in liver biopsy specimens from alcoholic 
subjects. Exogenous administration of SAMe corrects the defi- 
ciency and attenuates the severity of many experimental forms of 
liver injury. 

In models of alcohol-induced hepatotoxicity, SAMe has been 
shown to maintain mitochondrial glutathione levels. Depletion 
of mitochondrial glutathione is thought to be one pathogenic 
factor in the development of ALD, and SAMe, but not other 
glutathione prodrugs, prevents mitochondrial glutathione deple- 
tion in experimental ALD (possibly by protecting mitochondrial 
glutathione transport systems).*” The antioxidant response ele- 
ment (ARE) is an essential component of upstream regulatory 
sequences present on many genes that provide hepatoprotection, 
including most phase II detoxification enzymes (see Chapter 88). 
NF-E2-related factor 2 (Nrf2) is a critical transcription factor 
that binds to the ARE and plays a key role in cellular responses 
to stress via the Keap1-Nrf2-ARE pathway. In experimental cho- 
lestatic liver disease, Nrf2 binding decreases, and this is partially 
prevented with SAMe therapy. Therefore, SAMe therapy may 
help maintain GSH levels as well as induce other antioxidant 
pathways through maintenance of appropriate Nrf2 binding.*!* 
SAMe also decreases lipopolysaccharide (LPS)-stimulated TNF 
release and increases interleukin (IL)-10 release in a monocyte 
cell line.*” Similarly, in rats fed a diet to induce SAMe deficiency, 
serum TNF levels increase and sensitivity to endotoxin-induced 
hepatotoxicity, which can be blocked by injection of SAMe, 
increases markedly. These data support the concept that SAMe 
may have direct hepatoprotective functions and may modify 
LPS-stimulated cytokine production. 

Although serum SAMe levels are decreased in patients with ALD, 
levels of the downstream products S-adenosylhomocysteine (SAH) 
and homocysteine are elevated.***” Elevated SAH levels have 
been shown to sensitize hepatocytes to TNF-mediated destruction, 
and SAH may be a critical physiologic sensitizer of TINF-mediated 
killing in liver injury. Homocysteine and SAH can be removed 
by giving betaine, which facilitates regeneration of methionine 
from homocysteine. Folic acid also can play a critical role in the 
regeneration of homocysteine to methionine by means of 5-methyl- 
tetrahydrofolate (5-MTHF).** Folic acid deficiency enhances the 
development of alcohol-induced liver injury in micropigs, and alco- 
hol feeding interferes with normal folic acid metabolism in several 
different pathways—from impaired intestinal uptake to increased 
renal excretion.** Collectively, the data support a role for altered 
methionine-transmethylation-transsulfuration metabolism in ALD 
and link these pathways to TNF hepatotoxicity.*” 


Hypoxia 


The centrilobular area of the hepatic lobule (the functional unit 
of the liver) has the lowest oxygen tension and greatest sus- 
ceptibility to hypoxia (see Chapter 71). Chronic alcohol intake 
increases oxygen uptake by the liver and increases the lobular 
oxygen gradient. A chronic intragastric feeding model in rats 
has been used to define the mechanisms underlying hepatic 
hypoxia and the association of these mechanisms with cycling of 
urinary alcohol levels (UALs).*> At high UALs, hepatic hypoxia 
is observed, along with reduced ATP levels; the NADH/NAD* 
ratio is shifted to the reduced state; and, hypoxia-inducible fac- 
tor (HIF) genes are up-regulated. When UALs fall, reperfusion 
injury occurs, with free radical formation and peak liver enzyme 
release from hepatocytes. Hepatocyte-specific HIF-1la has been 
shown to be up-regulated in alcohol-fed mice and to play a role 
in hepatic lipid accumulation.*° One study has shown that the 
increase in HIF-la in ALD is regulated by microRNA-122, a 
negative regulator of HIF-1a.*’ Levels of microRNA-122, the 
most abundant microRNA in hepatocytes, are increased in the 
circulation but significantly decreased in the liver in ALD in 
mice and in humans. The low miR-122 levels in ALD are due 
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to a direct inhibitory effect of alcohol on the transcription of this 
microRNA.*’ Whereas HIF and HIF-regulated proteins appear 
to be up-regulated in the liver during alcohol feeding, intestinal 
HIF is markedly down-regulated. This down-regulation appears 
to contribute to increased intestinal permeability with subsequent 
endotoxemia and liver injury. Indeed, one mechanism of the ben- 
eficial action of the probiotic Lactobacillus GG in experimental 
ALD appears to be maintenance of intestinal HIF.*°*” 


Endoplasmic Reticulum Stress, Impaired Proteasome 
Function, and Autophagy 


The endoplasmic reticulum (ER) stress response is induced by 
the accumulation of unfolded or misfolded proteins. To deal with 
the ER stress response, cells activate a series of signaling pathways 
termed the unfolded protein response, which can either be protec- 
tive (usually in the short term) or detrimental (usually in the long 
term). One of the effects of a prolonged unfolded protein response 
can be increased production of TG and cholesterol, which can 
lead to fatty liver. Some potential inducers of ER stress in ALD 
include elevated homocysteine levels, acetaldehyde and acrolein 
adducts, and oxidative stress.°°>? Moreover, the cascade of ER 
stress and activation of the ER-associated molecule, STING, that 
triggers phosphorylation of the interferon regulatory factor 3 has 
been identified as an important mechanism for alcohol-induced 
hepatocyte damage. Phosphorylated interferon regulatory factor 3 
interacts with mitochondrial apoptotic proteins to result in hepa- 
tocyte damage, apoptosis, and the release of damage-associated 
molecular patterns (DAMPs), such as ATP and uric acid, that then 
contribute to inflammasome activation (see Chapter 88).° 

Both of the major pathways that degrade most cellular proteins 
in eukaryotic cells, the ubiquitin-proteasome system and autoph- 
agy, are affected in ALD.>* The ubiquitin-proteasome pathway is 
the primary proteolytic pathway of eukaryotic cells (see Chapter 
72). It controls the levels of numerous proteins involved in gene 
regulation, cell division, and surface receptor expression, as well 
as the stress response and inflammation. The proteasome system 
is now considered a cellular defense mechanism because it also 
removes irregular and damaged proteins generated by mutations, 
translational errors, or oxidative stress.’ 

Animal studies have demonstrated that chronic ethanol feeding 
results in a significant decrease in proteolytic activity of the protea- 
some. This decreased activity can lead to abnormal protein accumu- 
lation, including accumulation of oxidized proteins.*° The decrease 
in proteasome function correlates significantly with the level of 
hepatic oxidative stress. Hepatocytes from alcoholics contain large 
amounts of ubiquitin in the form of cellular inclusions, or Mallory 
(or Mallory-Denk) bodies, which accumulate because they are not 
degraded efficiently by the proteasome.’ When hepatocytes die 
as a result of proteasome inhibition, they inappropriately release 
cytokines such as IL-8 and IL-18. IL-8 recruits neutrophils and 
probably plays a role in neutrophil infiltration in alcohol-associated 
hepatitis, whereas IL-18 sustains inflammation in the liver.** 

Evidence for the effects of alcohol on autophagy, a process respon- 
sible for degradation of long-lived or aggregated proteins and cellular 
organelles, is emerging (see Chapter 72). Studies in rats have shown 
that alcohol consumption inhibits multiple key steps in autophagy.*? 


Immune and Inflammatory Mechanisms 


Gut-Liver Axis and Pathogen-Associated Molecular 
Patterns (PAMPs) 


It is now generally accepted that the gut flora and gut-derived 
toxins play a critical role in the development of ALD and its com- 
plications (Fig. 86.4).° Indeed, in the 1960s, it was shown that 
germ-free rodents or rodents treated with antibiotics to “steril- 
ize the gut” were resistant to nutritional and toxin-induced liver 
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injury. Early studies showed that rats fed a choline-deficient diet 
developed cirrhosis, which could be prevented by oral neomy- 
cin.®! When endotoxin was added to the water supply, however, 
neomycin no longer prevented the development of liver injury 
and fibrosis.°! Subsequently, antibiotics, prebiotics, and probiot- 
ics have all been used to prevent experimental alcohol-induced 
liver injury.°? Numerous clinical studies also have demonstrated 
that plasma endotoxin levels are significantly elevated in patients 
with different stages of ALD—fatty liver, hepatitis, and cirrho- 
sis—when compared with healthy control subjects. Ethanol- 
induced endotoxemia observed in experimental rodent models of 
ALD has also provided support for the essential role of LPS in 
the development of liver injury. Drastic reduction in gut micro- 
biota with antibiotics in mice has been shown to result in signifi- 
cant attenuation of alcohol-induced inflammation not only in the 
liver, but also in the intestine and in the brain.°? Despite preven- 
tion of an alcohol-induced increase in LPS in the circulation and 
elimination of liver inflammation, however, alcohol still induced 
serum ALT elevations in mice, thereby suggesting a direct effect 
of alcohol on hepatocyte damage.” 

LPS is a prototype PAMP that represents a strong inflamma- 
tory signal for the host through recognition by Toll-like receptor 
4, a pattern recognition receptor expressed on immune cells and 
many other cell types in the liver.®* With increased gut leakiness, 
many different PAMPs can translocate to the liver via the portal 
circulation and contribute to inflammatory cell activation. Alco- 
hol-induced gut barrier dysfunction and endotoxemia are multi- 
factorial events, with altered microflora and impaired intestinal 
integrity among the causal factors (see Fig. 86.4). Alcohol pro- 
motes the overgrowth of Gram-negative bacteria in the intestines 
of patients with chronic alcohol abuse. Studies on gut flora from 
alcoholics in an inpatient treatment program have demonstrated 


altered microflora composition, with decreased numbers of Bifi- 
dobacteria spp. and Lactobacilli spp.°° One human study found 
depletion of Akkermansia muciniphila in humans with ALD and 
showed that replacement of Akkermansia spp. can ameliorate 
alcohol-induced liver disease in mice.°’ Another study found that 
after a 10-day alcohol feeding binge, a decrease in intestinal A. 
muciniphila was an early change in the gut microbiota related to 
alcohol.°* Multiple animal studies have documented altered gut 
flora with chronic alcohol feeding. Intestinal bacterial overgrowth 
of both aerobic and anaerobic bacteria after 3 weeks of intragas- 
tric alcohol feeding has been demonstrated in an animal model of 
ALD.® Hepatic steatosis and steatohepatitis occurred at the same 
time as translocation of live bacteria into the systemic circulation. 
Importantly, prebiotic therapy attenuated liver injury. In another 
study, mice were fed alcohol for 8 weeks,” and major changes in 
gut flora occurred relatively late in the disease process, whereas 
changes in gut barrier function and endotoxemia occurred much 
earlier. Fecal pH increased in association with altered gut flora, 
and probiotic therapy for the final 2 weeks effectively treated the 
liver disease (with a decrease in serum liver enzyme levels, reduc- 
tion in endotoxemia, and correction of intestinal trefoil factor and 
tight-junction proteins). In these studies, alcohol intake decreased 
the levels of critical gut antimicrobial peptides. 

Alcohol and its metabolite, acetaldehyde, induce intestinal 
permeability to various macromolecules, including LPS, in both 
human subjects and animal models of ALD.*’ Translocation of 
LPS across the gut epithelial barrier has been attributed to the dis- 
ruption of the intestinal barrier integrity. Indeed, decreased tight- 
junction (ZO-1) protein levels were observed in sigmoid colonic 
biopsies of human alcoholics compared with healthy controls. 
The decrease was attributed to an increase in miRNA-212 expres- 
sion observed in alcoholic subjects compared with controls.”! 


Alcohol-induced oxidative stress and generation of nitric oxide 
in the intestines of experimental animals leading to loss of tight 
junction integrity, gut leakiness, endotoxemia, hepatic inflam- 
mation, and liver injury have also been reported.’? A number of 
laboratories have also reported increased intestinal permeability 
in experimental animal models of ALD due to redistribution 
and decreased expression of intestinal tight-junction proteins.*? 
Increased intestinal production of proinflammatory cytokines, 
such as TNF and IL-6, can also contribute to alcohol-associated 
endotoxemia by altering tight-junction morphology and distribu- 
tion, thereby creating a self-perpetuating vicious cycle that can 
amplify bacterial translocation.” Finally, emerging evidence sug- 
gests that intestinal fungi also contribute to ALD. Alcohol-depen- 
dent patients have been shown to display reduced intestinal fungal 
diversity and overgrowth of Candida spp.” Consistent with this 
finding, antifungal therapy reduced the alcohol-related intestinal 
fungal overgrowth and increased serum -glucan levels.’* 


Inflammasome Activation and DAMPs 


Inflammasomes are intracellular multiprotein complexes that 
sense danger signals from damaged cells and pathogens and 
assemble to mediate the caspase-1 activation that results in piro- 
teolytic cleavage of pro-IL-1f and IL-18 into bioactive forms.’”° 
Inflammasome activation is present in the liver in ALD, and the 
NLRP3 inflammasome seems to play a central role (see Fig. 86.4). 
The levels of DAMPs, including uric acid and ATP, are increased 
in ALD, and inhibition of these sterile danger signals can prevent 
inflammasome activation in mice.’° Metabolic DAMPs have been 
shown to mediate inflammation and crosstalk between damaged 
hepatocytes and to mediate immune-cell activation in ALD.” 
Inflammasome activation in chronic alcohol use is not limited 
to the liver, and NLRP3 inflammasome activation and increased 
IL-1 levels have also been found in the brains of alcohol-fed 
mice.’* Inflammasome activation requires 2 signals; the first, usu- 
ally a TLR-mediated signal, induces pro-IL-1f production, and 
the second, usually a DAMP-induced signal, results in inflam- 
masome and capase-1 activation that releases bioactive IL-1ß.7° 
Secreted IL-1 quickly binds to its receptor, thereby amplifying 
inflammation, increasing hepatocyte damage, and promoting 
liver fibrosis.”? Inhibition of the actions of IL-1 with a recombi- 
nant IL-1 receptor antagonist has been shown to improve ALD 
in mice and accelerate liver regeneration after chronic alcohol 
exposure S01 

Inflammasome activation can also lead to pyroptosis, a form of 
cell injury and death.®? Pyroptosis has been reported in alcohol- 
associated hepatitis in mice. Caspase-11 is up-regulated in hepa- 
tocytes in alcohol-associated hepatitis, and gasdermin D, which is 
downstream of caspase 11, contributes to pyroptosis.® 

In addition to ATP and uric acid, experimental evidence sug- 
gests a role for other DAMPs in ALD. For example, high mobil- 
ity group box-1 (HMGB-1) is highly induced in ALD in the liver, 
where hepatocytes have been shown to secrete this normally 
intracellular and intranuclear protein.** Other DAMPs—IL-33 
and its decoy receptor soluble ST2 (IL-1 receptor like 1)—have 
been shown to play different roles in early and late stages of ALD 
in mice.* 


Dysregulated Cytokine Production 


Increased plasma and hepatic concentrations of proinflammatory 
cytokines (e.g., TNF) are consistently observed in rodent models 
of ALD and are stimulated in large part by gut-derived toxins 
(see Fig. 86.4). TLR-4 activation by endotoxin results in recruit- 
ment of the adaptor molecules, MyD88, and Toll/IL-1 recep- 
tor domain-containing adapter inducing interferon-B (TRIF), 
which each activate separate downstream signaling cascades. Data 
suggest that the MyD88-independent pathway TRIF is more 
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important in the development of experimental ALD, whereas 
NASH appears to signal through the MyD88-dependent path- 
way.°6 

Dysregulated cytokine metabolism in human ALD has been 
recognized since the 1980s, with the initial observation that 
peripheral blood monocytes from patients with alcohol-associ- 
ated hepatitis significantly increases basal and LPS-stimulated 
TNF production.5”** Serum concentrations of TNF-inducible 
cytokines and chemokines, such as IL-6, IL-8, IL-18, monocyte 
chemoattractant protein 1, and others, are elevated in patients 
with alcohol-associated hepatitis or cirrhosis, and the levels often 
correlate with markers of an acute-phase response, reduced liver 
function, and poor clinical outcomes.*’ 

This enhanced cytokine response to a physiologic stimulus 
such as LPS is termed priming. Increased serum or urinary lev- 
els of neopterin and other markers indicate that monocytes and 
Kupffer cells are primed in ALD. This priming for LPS-stimu- 
lated TNF production has been reproduced in vitro by culturing 
monocyte cell lines with relevant concentrations of alcohol. This 
response appears to be mediated, at least in part, by induction of 
CYP2E1 and oxidative stress.*? Not only are levels of proinflam- 
matory cytotoxic cytokines increased in ALD, but also monocyte 
and Kupffer cell production of protective anti-inflammatory 
cytokines, such as IL-10, is decreased.”° 

Several strategies have been devised to decrease cytokine 
production or activity in an attempt to block or attenuate liver 
injury. Examples include antibiotics to modulate intestinal flora 
and LPS, gadolinium chloride to destroy Kupffer cells, and anti- 
oxidants such as glutathione prodrugs to inhibit cytokine produc- 
tion. Each of these strategies has been successful in attenuating 
alcohol-induced liver injury in rats.*’ Prebiotics, such as oat bran, 
and probiotics have also been shown to decrease endotoxemia in 
experimentally induced alcohol-associated liver injury. More- 
over, anti-TNF antibody has been used to prevent liver injury 
in alcohol-fed rats,’! and alcohol-associated liver injury does not 
develop in mice that lack the TNF type I receptor.’ 

Hepatocytes normally are resistant to TNF killing. Hepato- 
cytes from rats fed alcohol or hepatocytes incubated in alcohol 
are sensitized to TNF killing, however.’”,”? Some potentially 
relevant mechanisms for such sensitization include mitochondrial 
depletion of glutathione, accumulation of SAH, and proteasome 
inhibition, among others. Therefore, in ALD, monocytes and 
Kupffer cells are primed to increase production of TNF, and 
hepatocytes are sensitized to TNF killing. These processes are 
closely intertwined with previously described mechanisms such 
as oxidative stress, mitochondrial dysfunction, abnormal metabo- 
lism of methionine, and dysfunction of proteasomes. 


Immune Responses to Altered Hepatocellular Proteins 


Alcohol-associated hepatitis may persist histologically for many 
months after exposure to ethanol has ceased, suggesting an ongo- 
ing immune or autoimmune response. Autoimmune reactions 
are well documented in patients with ALD, with autoantibod- 
ies directed against phospholipids, ADH, heat shock protein, and 
other potential antigens. Patients with ALD are at increased risk 
for the development of immune responses directed at neoanti- 
gens generated from the interactions of metabolites of alcohol 
(e.g., acetaldehyde or hydroxyethyl radicals) with liver proteins. 
Some studies also have linked genetic susceptibility and autoim- 
munity in ALD.”+ 


Genetics and Epigenetic Factors 


Genetic polymorphisms in alcohol-metabolizing systems such as 
CYP2E1 and ADH likely play a role in susceptibility to ALD. 
People with nucleotide substitution from glutamine to lysine in 
ALDH have significantly low or absent ALDH activity, leading 
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to acetaldehyde accumulation.”*-°? CYP2E1 is inducible, with the 
activity increased by 20-fold after alcohol consumption. The C2 
variant has higher activity than that of C1, leading to the assump- 
tion that it will lead to high levels of acetaldehyde, oxidative 
stress, and liver injury!°°!*; however, none of these polymor- 
phisms explains the spectrum of ALD among different patients. 

Polymorphisms in the promoter regions of the genes for the 
cytokines TNF and IL-10 have also been reported to predispose 
affected persons to the development of ALD and are under active 
study.! A sequence variation within the gene coding for patatin- 
like phospholipase encoding 3 (PNPLA3, rs738409) has been 
found to modulate steatosis, necroinflammation, and fibrosis in 
NAFLD (see Chapter 87). This same variant has also been shown 
to be a robust genetic risk factor for progressive ALD.'° A large 
genome-wide association study has also identified the variants of 
2 genes on chromosome 19—TM6SF2 and MBOAT 7—that are 
significantly associated with alcohol-associated cirrhosis. 106107 

Epigenetic mechanisms that regulate gene expression pri- 
marily involve alterations to the chromatin structure via DNA 
methylation and post-translational histone modifications without 
changes to the underlying DNA sequence.!°*-!!° Histone acety- 
lation is a key component in the regulation of gene expression 
and is associated with enhanced transcriptional activity, whereas 
deacetylation is typically associated with transcriptional repres- 
sion. Steady-state levels of acetylation of the core histones result 
from the balance between the opposing activities of histone acet- 
yltransferases and histone deacetylases (HDACs). Binge alcohol 
exposure significantly alters messenger RNA expression of liver 
class I, II, and IV HDACs.!!! These data strongly support a major 
pathogenic role for binge alcohol-induced alterations in HDAC 
alterations that regulate the expression of genes that are relevant 
for hepatic steatosis. 

Another type of epigenetic effect is microRNA (miRNA, small 
noncoding RNA molecules that regulate gene expression post- 
transcriptionally). Several miRNAs have been linked to both 
ALD and HCC as either biomarkers or molecular mediators. 
For example, miRNA 155 (miR-155) has been shown to modu- 
late LPS-induced TNF-a production in Kupffer cells and TNF 
production in macrophages from patients with ALD.!!? Fur- 
thermore, deficiency in miR-155 in a mouse model attenuated 
alcohol-induced liver steatosis through peroxisome proliferator- 
activated receptor-a and inflammation involving peroxisome 
proliferator-activated receptor-y regulation. Fibrogenic gene 
expression is also attenuated in alcohol-fed miR-155 knockout 
mice compared with controls.!!° 


Emerging Mechanisms 


Endogenous cannabinoids, which are ubiquitous lipid signaling 
molecules that mediate their effects through specific cannabinoid 
receptors, CB1 and CB2, appear to have a role in ALD. Studies 
have demonstrated that inhibition of CB1 receptors can cause 
weight loss and attenuate fatty liver and hyperlipidemia in animal 
models of obesity and steatohepatitis. Moreover, CB1 blockade 
reduces hepatic fibrosis in a variety of animal models of cirrho- 
sis 11 

Malnutrition has re-emerged as another mechanism of 
interest. Alterations in micronutrients, such as vitamins A, 
D, and zinc, as well as macronutrients, such as dietary fat, are 
increasingly recognized to play a role in the development and 
progression of ALD.'!” Decreased serum zinc levels, inad- 
equate dietary zinc intake, and altered zinc metabolism are 
well documented in ALD. !!° Zinc plays a critical role in a host 
of metabolic pathways, including functioning of zinc-finger 
proteins. Oxidative stress can cause zinc to be released from 
the zinc-finger proteins and cause loss of functional activity. 
Therefore, nutrient modulation may be a way of protecting 
against or treating ALD. 


Fibrosis 


The development of hepatic fibrosis, leading to cirrhosis, indi- 
cates major progression of ALD and represents a maladaptive 
wound healing response (see Chapter 74). The development 
of fibrosis is a dynamic state, with constant remodeling of scar 
tissue; fibrosis may regress with discontinuation of exposure to 
alcohol. The activated stellate cell (myofibroblast) is the major 
source of collagen production in the liver. It normally exists in 
a quiescent state and serves as a major storehouse for vitamin 
A. With activation, the stellate cell assumes a myofibroblast- 
like contractile phenotype and produces collagen. The cytokine 
TGF-6 is a major stimulus for stellate cell activation and collagen 
production. Selected other cytokines implicated in the activation 
of stellate cells include platelet-derived growth factor and con- 
nective tissue growth factor (see Chapters 72 and 92 ). Whereas 
the hepatic stellate cell is considered the major origin of myofi- 
broblasts, other resident cells (portal fibroblasts), bone-marrow 
derived mesenchymal cells, and cells undergoing epithelial-to- 
mesenchymal transition have been postulated to be sources of 
myofibroblasts.!!° Importantly, Toll-like receptor 4 signaling in 
hepatic stellate cells plays a major role in stellate cell activation, 
myofibroblast chemokine secretion, interactions between myofi- 
broblasts and Kupffer cells, and sensitization of myofibroblasts to 
TGE-f signaling.!!” 

Oxidative stress also plays a major role in stellate cell acti- 
vation, and a variety of antioxidants can block both stellate cell 
activation and collagen production in vitro. Serum levels of 
4-hydroxy-nonenal, a specific product of lipid peroxidation, are 
elevated in patients with ALD and up-regulate both procollagen 
type I and tissue inhibitor of metalloproteinase-1 gene expres- 
sion. Matrix metalloproteinase-1 plays a major role in degrading 
type I collagen. Tissue inhibitor of metalloproteinase-1 levels are 
also elevated in ALD. The result appears to be an increase in stel- 
late cell activation and collagen production on the one hand and a 
decrease in matrix degradation on the other hand.!!8-!20 

The main extracellular matrix (ECM) protein associated with 
fibrosis is collagen type I, but other ECM proteins also accumu- 
late, including fibrin. The liver is the major organ regulating the 
fibrin coagulation system. Fibrin metabolism is regulated via 2 
pathways, coagulation and fibrinolysis.** Inhibition of fibrinoly- 
sis by plasminogen activator inhibitor-1 can cause fibrin ECM 
to accumulate, even in the absence of enhanced fibrin deposi- 
tion by the thrombin cascade. Hepatic injury in models of liver 
disease often involves dysregulation of the coagulation cascade 
and fibrinolysis, resulting in the formation of fibrin clots in the 
hepatic sinusoids.’* Fibrin clots block the blood flow within the 
hepatic parenchyma, thereby causing microregional hypoxia and 
subsequent hepatocellular death.*+ In summary, important cross- 
talk between cell types (e.g., stellate and Kupffer cells) and major 
metabolic pathways (e.g., wound healing, clotting, innate immu- 
nity) plays a critical role in both early and late stages of fibrosis. 


DIAGNOSIS OF ALCOHOL ABUSE 


Alcohol abuse should be suspected if there is a history of heavy 
alcohol intake, other organ system damage is present, or there is a 
history of an excessive frequency of falls, lacerations, or fractures. 
Only 10% of patients with drinking problems are identified by pri- 
mary care providers. !*! Owing to delays in diagnosis and treatment, 
many patients have cirrhosis by the time they are referred to a gas- 
troenterologist or hepatologist.!?? Underdiagnosis is common in 
teenagers and older patients and is of particular concern in women 
of childbearing age.'?’!?4+ The first step to ensure more timely 
diagnosis of alcohol abuse is the uniform application of screening 
tools in various practice settings. Three such tools are in common 
use: the 10-item AUDIT (Alcohol Use Disorders Identification 
Test), the 3-item AUDIT-C (AUDIT-concise) consumption 


questions, and the 4-item CAGE (Cut, Annoyed, Guilty, Eye- 
opener) questionnaire.!?5-126 An alternative approach is the use of a 
single question: “How many times in the past year have you had x 
or more drinks a day?” (where x = 5 for men and 4 for women) to 
identify individuals with risky drinking.!’* Specific tools also have 
been developed for use in pregnant women.!*+ Regardless of which 
instrument is chosen, it is important that physicians incorporate 
systematic screening into their practices.!”’ An excellent guide to 
various screening strategies is available at http://pubs.niaaa.nih.gov/ 
publications/Practitioner/CliniciansGuide2005.pdf. 

There is ongoing interest in developing laboratory tests that 
can reliably identify patients with problem drinking. Although 
not as sensitive as screening questions, they are particularly useful 
in patients suspected of drinking who deny alcohol use. Blood or 
breath alcohol measurements are the most sensitive and specific 
indicators of recent alcohol use, particularly among binge drink- 
ers.!?° The major limitation of these tests is the short half-life 
of ethanol in blood, urine, and breath. As a result, efforts have 
focused on developing biomarkers of alcohol abuse that are 
detectable over longer periods of time. Possibly the most widely 
used of these biomarkers thus far is carbohydrate-deficient trans- 
ferrin.!*? Even higher sensitivity and specificity for alcohol abuse 
has been reported by combining carbohydrate-deficient transfer- 
rin with mean corpuscular erythrocyte volume and serum GGTP 
levels. Measurement of 2 alcohol metabolites, phosphatidyl- 
ethanol and ethyl glucuronide, also shows promise in detecting 
recent alcohol use.!*!:!3? Phosphatidylethanol has been used in 
a variety of situations ranging from the ICU to the post-trans- 
plantation setting to diagnose recent alcohol abuse.!** An innova- 
tive new approach is the development of transdermal sensors and 
wearable devices to monitor alcohol use continuously.!*+ 


DIAGNOSIS OF ALCOHOL-ASSOCIATED LIVER DISEASE 


The clinical diagnosis of ALD and alcohol-associated hepatitis can 
be accurate; however, the diagnostic accuracy is increased by the 
use of liver biopsy.’° A consensus report from the National Institute 
on Alcoholism and Alcohol Abuse defined the clinical diagnosis of 
acute alcohol-associated hepatitis.!*° This working definition of 
alcohol-associated hepatitis includes the onset of jaundice within 
60 days of heavy consumption (>50 g/day) of alcohol for a mini- 
mum of 6 months, a serum bilirubin level greater than 3 mg/dL, 
an elevated serum AST level (50 to 400 U/L), a serum AST:ALT 
ratio greater than 1.5, and no other obvious cause for hepatitis.'*° 
This consensus statement proposed classifying patients with alco- 
hol-associated hepatitis as definite when a liver biopsy was used to 
establish the diagnosis, probable when the clinical and laboratory 
features were present without potential confounding problems, 
and possible when confounding problems were present. 


History 


Most patients with fatty liver are asymptomatic. Although 
patients with alcohol-associated hepatitis and cirrhosis may be 
asymptomatic, many present with a variety of complaints includ- 
ing anorexia, nausea and vomiting, weakness, jaundice, weight 
loss, abdominal pain, fever, and diarrhea. 


Physical Examination 


The most detailed clinical information on ALD in the USA comes 
from studies of hospitalized patients who were assigned the diag- 
nosis on the basis of classical histologic features.!°°!3” The most 
common physical finding in patients with fatty liver and alcohol- 
associated hepatitis is hepatomegaly, which is detectable in more 
than 75% of patients, regardless of disease severity. Patients with 
alcohol-associated hepatitis and cirrhosis also may have hepatic 
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TABLE 86.1 Symptoms and Signs in Hospitalized Patients with Alcohol- 
Associated Liver Disease* 


Patients Affected (%) 


Disease Severity 


Mild Moderate* Severet 
Symptom or Sign (n = 89) (n = 58) (n=37) Overall 
Hepatomegaly 84.3 94.7 79.4 86.7 
Jaundice 17.4 100 100 60.1 
Ascites 30.3 79.3 86.5 67.1 
Hepatic 27.3 55.2 70.3 44.6 
encephalopathy 
Splenomegaly 18.0 30.9 39.4 26.0 
Fever 18.0 31.0 21.6 22.8 


*Moderate disease was defined by a serum bilirubin level >5 mg/dL. 

tSevere disease was defined by a serum bilirubin level >5 mg/dL and a 
prolonged prothrombin time >4 sec. 

Data from Mendenhall CL. Alcoholic hepatitis. Clin Gastroenterol 1981; 
10:417-41. 


tenderness, an audible bruit over the liver, spider angiomata, 
splenomegaly, and peripheral edema. Jaundice and ascites, which 
are found in approximately 60% of patients, are more frequent 
in patients with severe disease (Table 86.1). Various degrees of 
hepatic encephalopathy can be seen, usually in the most severely 
ill patients. Some patients with alcohol-associated hepatitis have 
a fever, with temperatures as high as 104°F, that can persist for 
weeks (likely mediated by proinflammatory cytokines such as 
IL-1 and TNF). 

In patients with well-compensated cirrhosis, the physical 
examination can be normal; however, most patients have obvious 
hepatomegaly and splenomegaly. As the disease progresses, the 
liver decreases in size and has a hard and nodular consistency. 
Patients with decompensated cirrhosis typically have muscle 
wasting, ascites, spider telangiectasias, palmar erythema, and 
Dupuytren contractures. Enlarged parotid and lacrimal glands 
are often seen, and severely ill patients may have Muehrcke lines 
or white nails. Patients with hepatopulmonary syndrome often 
have digital clubbing (see Chapter 92). 


Laboratory Features 


Only one third of hospitalized patients with fatty liver have labo- 
ratory abnormalities, which usually consist of mild increases in 
serum AST and ALT levels. As illustrated in Table 86.2, surpris- 
ingly modest elevations of serum aminotransferase levels are seen 
in patients with alcohol-associated hepatitis and cirrhosis, even 
when the disease is severe.'°°!37 Serum AST levels are almost 
always less than 400 U/L and typically are associated with trivial 
elevation of serum ALT levels, resulting in an AST/ALT ratio 
greater than 2. A ratio greater than 2 is characteristic of ALD, 
in part because of deficiency of pyridoxal 5’ phosphate (a cofac- 
tor disproportionately affecting serum ALT activity) in alcoholic 
patients (see Chapter 73). Serum alkaline phosphatase levels can 
range from normal to values greater than 1000 U/L. Serum bili- 
rubin levels range from normal to 20 to 40 mg/dL, and serum 
albumin levels may be normal or depressed to a value as low as 
1.0 to 1.5 g/dL. Most patients with ALD are anemic and have 
some degree of thrombocytopenia. By contrast, the white blood 
cell count usually is normal or elevated, occasionally to levels con- 
sistent with a leukemoid state. Severely ill patients usually have 
marked prolongation of the prothrombin time—often expressed 
as the INR—and often have an elevated serum creatinine value. 
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TABLE 86.2 Typical Laboratory Values in Hospitalized Patients with 
Alcohol-Associated Liver Disease* 


Disease Severity 


Moderate* Severe? 
Laboratory Test Mild (n = 89) (n = 58) (n = 37) 
Hematocrit value (%) 38 36 33 
MCV (ums) 100 102 105 
WBC count (per mm?) 8000 11,000 12,000 
Serum AST level (U/L) 84 124 99 
Serum ALT level (U/L) 56 56 57 
Serum alkaline phosphatase 166 276 225 
level (U/L) 
Serum bilirubin level (mg/dL) 1.6 8.7 13.5 
Prolongation of prothrombin 0.9 2.4 6.4 
time (sec) 
Serum albumin level (g/dL) Sif 2m 2.4 


*Moderate disease was defined by a serum bilirubin level >5 mg/dL. 

tSevere disease was defined by a serum bilirubin level >5 mg/dL and a 
prolonged prothrombin time >4 sec. 

MCV, mean corpuscular volume. 

Data from Mendenhall CL. Alcoholic hepatitis. Clin Gastroenterol 1981; 
10:417-41. 


Histopathology 


The clinical diagnosis of ALD is quite sensitive and specific; 
therefore, liver biopsy is usually not needed to establish the 
diagnosis. A liver biopsy is useful, however, in selecting patients 
for clinical trials, determining the severity of hepatic injury, 
and clarifying the diagnosis in atypical cases (see Fig. 86.2). 
Centrilobular and perivenular fatty infiltration is seen in most 
persons who drink more than 60 g of alcohol daily. Classic his- 
tologic features of alcohol-associated hepatitis include balloon- 
ing degeneration of hepatocytes, alcoholic hyaline (Mallory, 
or Mallory-Denk, bodies) within damaged hepatocytes, and 
a surrounding infiltrate composed of neutrophils.!41517 Most 
patients have moderate to severe fatty infiltration. Varying 
degrees of fibrosis may be present, and many patients exhibit 
an unusual perisinusoidal distribution of fibrosis, at times with 
partial or complete obliteration of the terminal hepatic venules 
(sclerosing hyaline necrosis).!”?? Cirrhosis can be identified by 
the presence of nodules of hepatic tissue that are completely 
surrounded by fibrous tissue. 

Alcohol-associated cirrhosis typically is micronodular or 
mixed micro- and macronodular. In patients with coexisting 
alcohol-associated hepatitis, alcoholic hyaline is almost univer- 
sal, and sclerosing hyaline necrosis and moderate-to-severe fatty 
infiltration are common. In patients with alcohol-associated 
cirrhosis who abstain from alcohol for long periods, a frequent 
finding is a gradual transformation to macronodular cirrhosis, 
which is indistinguishable from cirrhosis caused by other forms 
of liver disease (see Chapter 74).!%!77 


Conditions That May Resemble ALD 


Although the clinical diagnosis of ALD usually is quite straight- 
forward, the similarity of clinical and histologic features of 
other disorders to those of ALD sometimes causes diagnostic 
confusion. The most commonly encountered conditions that 
have clinical or histologic features in common with ALD are 
NAFLD, hereditary hemochromatosis, and Budd-Chiari syn- 
drome. 


NAFLD 


NAFLD is the most difficult condition to differentiate from ALD 
(see Chapter 87). There is considerable overlap between the his- 
tologic features of NAFLD and ALD.!”:!3 As a consequence, the 
differentiation between the 2 conditions requires careful clinico- 
pathologic correlation. Patients with ALD typically manifest clini- 
cal features of more advanced liver disease. Patients with NAFLD 
are more likely to have features of the metabolic syndrome includ- 
ing peripheral insulin resistance, obesity, hypertension, and dys- 
lipidemia, although these features are not invariably present. 139-140 
They also should have weekly alcohol intake of fewer than 21 drinks 
for men and 14 for women.!*! When a patient’s alcohol intake is 
questionable, differentiating the 2 conditions can be difficult, if not 
impossible. The use of structured questionnaires to assess alcohol 
intake is recommended in this situation. 1#! 


Hereditary Hemochromatosis 


On occasion, distinguishing patients with ALD and secondary 
iron overload from those with liver disease caused by hereditary 
hemochromatosis can be difficult (see Chapter 75). Patients with 
end-stage liver disease from alcohol-associated cirrhosis can have 
elevated serum iron and ferritin levels and increased hepatic iron 
levels suggestive of hereditary hemochromatosis.'*? To compli- 
cate matters further, 15% to 40% of patients with hereditary 
hemochromatosis consume more than 80 g of alcohol daily.! 

The overlapping clinical features of hereditary hemochroma- 
tosis and ALD include hepatomegaly, testicular atrophy, cardio- 
myopathy, and glucose intolerance. Testing for mutations in the 
gene for hereditary hemochromatosis (HFE) and measuring the 
hepatic iron index are the best methods for differentiating the 
2 conditions. Few patients with alcohol-associated cirrhosis and 
iron overload are homozygous for C282Y or heterozygous for 
the C282Y and H63D HFE mutations, and few have hepatic iron 
index values greater than 1.9.142,144 


DILI 


DILI can occur in the setting of chronic alcohol consumption 
and ALD (see Chapters 88 and 89). The interaction between 
heavy alcohol consumption and acetaminophen toxicity has 
been well documented for almost 40 years!* (see later). Other 
interactions with drugs such as methotrexate, isoniazid, and cer- 
tain antiretroviral agents have also been reported.!*° Moreover, 
patients with ALD often consume drugs that frequently cause 
DILI, such as certain antibiotics. A meta-analysis of data from 
the Drug-Induced Liver Injury Network showed that anabolic 
steroids were the most common cause of DILI in individuals 
who were heavy alcohol consumers.!*6 When heavy drinkers 
were compared with nondrinkers, however, DILI was not asso- 
ciated with an overall greater proportion of liver-related deaths 
or LT. Because DILI can present in a variety of different ways, 
it is important to have a high index of suspicion in patients with 
alcohol use disorder or ALD who have abnormal liver biochem- 
ical test levels. 


COFACTORS THAT MAY INFLUENCE PROGRESSION 
OF ALCOHOL-ASSOCIATED LIVER DISEASE 


Many people drink heavily, yet only a limited number (~35%) 
develop more advanced diseases such as alcohol-associated hepati- 
tis or cirrhosis. Therefore, there must be modifying factors that act 
to prevent or to facilitate disease activity and progression. These 
modifiers can either be fixed (e.g., genetics) or can be amenable 
to intervention (e.g., smoking, diet). Eleven disease modifiers of 
particular importance to ALD are shown in Box 86.1, and selected 


BOX 86.1 Disease Modifiers in Alcohol-Associated Liver 
Disease 


Age 

Continued drinking 

Diet/nutrition 
Genetics/epigenetics/family history 


Medications and drugs of abuse 

Obesity 

Occupational and environmental exposure 
Other liver diseases 

Race 

Sex 

Smoking 


modifiers are reviewed in this section. Some, such as continued 
drinking (the most important modifier) and genetics, are covered 
elsewhere in this chapter. 

Obesity and smoking are highly associated with ALD. Obe- 
sity is also an independent risk factor for disease progression in 
alcohol-associated hepatitis and cirrhosis.!?5:127:147:148 Patients 
with alcohol-associated cirrhosis who are overweight also appear 
to be at increased risk for developing HCC.!* Cigarette smok- 
ing has also been shown to accelerate the progression of fibrosis 
and risk of HCC.!75:15015! 

Diet and nutrition play a major role in ALD, and patients with 
ALD show various degrees of nutritional deficiency.!°? Studies 
conducted by the Veterans Health Administration Cooperative 
Studies Program in patients with alcohol-associated hepatitis!?>-!>° 
showed that almost every patient with alcohol-associated hepati- 
tis showed some degree of malnutrition.!°* Approximately 50% 
of patients’ energy intake came from alcohol. Although caloric 
intake was frequently not inadequate, the intake of protein and 
critical micronutrients was often deficient. Dietary fat represents a 
macronutrient dietary modifier for ALD. Dietary unsaturated fat, 
enriched in linoleic acid in particular, promotes alcohol-induced 
liver damage.!°’-!° Linoleic acid is enzymatically converted to 
bioactive oxidation products oxidized linoleic acid metabolites that 
are highly inflammatory and hepatotoxic. Deficiency of the micro- 
nutrient zinc also appears to occur early and to play a role in the 
development and progression of alcohol-associated liver injury.!©° 

Alcohol and drugs (including prescription medications, over- 
the-counter agents, and illicit drugs) may interact to cause hepa- 
totoxicity. For example, chronic alcoholics are more susceptible 
to acetaminophen hepatotoxicity for multiple reasons (see Chap- 
ter 88). Alcohol abuse can occur in HIV-infected patients, and 
alcohol abuse can enhance hepatotoxicity of certain antiretroviral 
regimens.!°! Alcohol may also interact with illicit drugs such as 
3,4-methylenedioxymethamphetamine (ecstasy), which is com- 
monly used with alcohol.! 

Exposure to potential toxins in the workplace or environment 
can cause hepatotoxicity, which can be exacerbated by alcohol. 
Vinyl chloride (VC) represents a potential industrial exposure the 
toxicity of which may be exacerbated by alcohol (see Chapter 89). 
VC-induced histologic steatohepatitis may be indistinguishable 
from alcohol-induced steatohepatitis and has been termed toxi- 
cant-associated steatohepatitis.!°? VC is metabolized in a fashion 
similar to ethanol, which may account for the observed simi- 
larities between toxicant-associated steatohepatitis and alcohol- 
associated hepatitis. With environmental exposures, there are 
usually multiple contaminants rather than just one compound. 
Use of a cocktail of 22 clinically relevant contaminants (Northern 
Contaminant Mixture) showed that both a high-fat diet and alco- 
hol intake increased the frequency of fatty liver and liver injury 
in exposed mice.!°+ 
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Fig. 86.5 Survival of patients with alcohol-associated liver disease 
stratified by histologic severity of disease. (From Orrego H, Black JE, 
Blendis LM, Medline A. Prognosis of alcoholic cirrhosis in the presence 
or absence of alcoholic hepatitis. Gastroenterology 1987;92:208-14, 
with permission.) 


Female gender is a well-accepted risk factor for the develop- 
ment and rapid progression of ALD.!%!1165 Studies in rats or 
mice chronically fed alcohol have also demonstrated that females 
are more susceptible to liver injury than males. Risk factors for the 
development of liver disease in females appear to include sex hor- 
mone levels, endotoxemia, lipid peroxidation, chemokines, and 
NF-«B activation. Decreased gastric ADH activity and first-pass 
metabolism may also contribute to higher blood alcohol levels 
in women than men. These risk factors are critical for determin- 
ing “safe” levels of alcohol consumption in women. Indeed, many 
authorities consider any amount of alcohol above 20 g a day to be 
a risk factor for the development of liver disease in women. 

Race can influence susceptibility to ALD. Research from large 
multicenter Veterans Affairs studies has shown that alcohol- 
associated cirrhosis is more frequent in Hispanics (73%) than 
in non-Hispanic Whites (52%) and African Americans (44%). 
Moreover, African Americans have been consistently shown to be 
more likely to have hepatitis B or hepatitis C as confounders.!° 

Between one fourth and one third of patients with ALD also 
have hepatitis C.!°’ Liver disease is more severe, advanced disease 
develops at a younger age, and survival is shorter in patients with 
both ALD and HCV infection.”:!25)!27:167 In addition, alcohol and 
HCY act synergistically in the development of HCC (see Chap- 
ters 80 and 96).149,168,169 


PROGNOSIS 


The prognosis for individual patients with ALD depends on the 
degree of pathologic injury, the patient’s nutritional status, the 
occurrence of complications of advanced liver disease, the presence 
of other comorbid conditions such as obesity and HCV infection, 
and the patient’s ability to discontinue destructive patterns of drink- 
ing. Patients with fatty liver have the best outcome, those with alco- 
hol-associated hepatitis or cirrhosis have an intermediate outcome, 
and those with cirrhosis combined with alcohol-associated hepatitis 
have the worst outcome (Fig. 86.5).!”° Estimating the prognosis of 
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TABLE 86.3 Correlation of the Maddrey Discriminant Function (DF)* 
with Prognosis in Alcohol-Associated Hepatitis 


TABLE 86.5 Correlation of the ABIC Score* and the 90-day Mortality 
Rate in Alcohol-Associated Hepatitis 


Non-Severe Disease Severe Disease Severity 90-Day Mortality (%) 
Score <32 232 Low (<6.71) 0 
Short-term mortality rate (%) 10 30-60 Intermediate (6.71-8.99) 30 
Glucocorticoid therapy No Yes High (29.0) id) 
indicated 


*DF = {4.6 x [prothrombin time (sec) — control prothrombin time (sec)]} + 
(serum bilirubin [mg/dL]). 


TABLE 86.4 Correlation of the MELD Score* with 3-month Mortality 
Rate in Alcohol-Associated Hepatitis 


Score 3-Mo Mortality (%) 
22 10 
29 30 
33 50 
38 80 


*MELD = (0.957 x log [creatinine] + 0.378 x log|bilirubin] + 1.12 x 
log[INR] + 0.643) x 10. 


patients with ALD is particularly important to determine the need 
for specific therapy in patients with severe alcohol-associated hepa- 
titis and for LT in those with alcohol-associated cirrhosis. 


Alcohol-associated Hepatitis 


Patients with alcohol-associated hepatitis account for almost 1% 
of hospital admissions in the USA. Almost 7% during their initial 
hospitalization and 40% of those with severe disease die within 6 
months of clinical presentation. !”!17? Clinical features associated 
with severe disease include hepatic encephalopathy, marked pro- 
longation of the prothrombin time, elevation of the serum biliru- 
bin level above 25 mg/dL, and development of renal insufficiency. 

A number of models have been shown to predict short-term 
prognosis in these often critically ill patients.!’> Maddrey and 
Boitniott developed a simple formula called the discriminant 
function (DF), which proved useful in identifying patients with 
poor short-term survival rates.!’* A modification of the original 
DF (mDF) calculated as {[4.6 x prothrombin time - control value 
(seconds)] + serum bilirubin (mg/dL)} has proved useful in identi- 
fying patients with a poor prognosis who should be considered for 
specific therapy.'’> Three prospective studies demonstrated that 
patients with mDF values of 32 or greater have a poor prognosis, 
with 1-month mortality rates of 35% to 50% (Table 86.3).175-177 
As a result, the mDF has been incorporated into the selection cri- 
teria for most therapeutic trials of patients with alcohol-associated 
hepatitis. The prognosis of patients with mDF values greater than 
or equal to 32 can be further stratified by the presence of encepha- 
lopathy and development of acute kidney injury.!7>!78 

Three other prognostic models, the MELD score (see Chapter 
97), the Glasgow alcohol-associated hepatitis score, and the ABIC 
score, have been shown to predict survival in patients with severe 
alcohol-associated hepatitis (Tables 86.4 to 86.6).17%!80 Although 
none is perfect, each of these models appears to be effective in select- 
ing patients for medical therapy.!512%181 The short-term survival 
of patients with mDF values less than 32 have ranged from 83% to 
100% in various studies.!*! To determine the prognosis of all patients 
with alcohol-associated hepatitis more accurately, a scoring system 
(ABIC) has been proposed that separates patients into 3 groups with 
predicted 3-month survival rates of 25%, 70%, and 100% based on 
the patient’s age, bilirubin, INR, and creatinine (see Table 86.5).!*? 


*ABIC score = (age x 0.1) + (Serum bilirubin x 0.08) + (serum creatinine 
x 0.3) + (INR x 0.8). 


TABLE 86.6 The Glasgow Alcohol-Associated Hepatitis Score 


Points 
Parameters 1 2 3 
Age (yr) <50 250 = 
WBC count (109/L) <iI'5) 21165) - 
Blood urea nitrogen (mmol/L) <5 25 - 
Serum bilirubin level (umol/L) <125 125-250 >250 
INR 5 1.5-2.0 >2.0 
The total score ranges from 5 to 12. A score = 9 indicates a poor 


prognosis. 


Alcohol-associated Cirrhosis 


The 5-year mortality rate of patients with alcohol-associated cirrho- 
sis ranges from 60% to 85%.!5 Within 15 years, 90% of patients 
can be expected to die if they do not undergo LT.!** The prognosis 
of individual patients is dependent on the development of various 
complications. The 1-year mortality rate is 15% to 20% in patients 
with no complications, 20% following variceal bleeding, 30% after 
the onset of ascites, 50% in those with variceal bleeding and asci- 
tes, and 65% following the development of hepatic encephalopa- 
thy.!8 The clinical tool used most widely to determine prognosis 
in patients with alcohol-associated cirrhosis is the Child-Turcotte- 
Pugh (CTP) score (see Chapter 97). Although it has limitations, the 
CTP score been adopted widely for risk-stratifying patients with 
cirrhosis because of its simplicity and ease of use. Five-year survival 
rates for patients with alcohol-associated cirrhosis vary dramatically 
based on the CTP score at the time of clinical presentation (Fig. 
86.6).!®>186 The other model that has been used to predict progno- 
sis in patients with alcohol-associated cirrhosis is the MELD score. 
The MELD model, which is useful for predicting short-term sur- 
vival in groups of patients with various liver diseases, is the system 
used for allocation of donor organs in the USA (see Chapter 97). 


Acute-on-Chronic Liver Failure 


Patients with stable, compensated cirrhosis can gradually develop 
complications or suddenly develop jaundice and coagulopathy 
with the rapid onset of ascites or encephalopathy, a syndrome 
referred to as acute-on-chronic liver failure (see Chapter 
74).!83,187,188 The 3 most common precipitating factors are super- 
imposed alcohol-associated hepatitis due to an increase in alcohol 
intake, a viral infection, and drug toxicity.!*? 

Patients hospitalized with decompensated cirrhosis or acute- 
on-chronic liver failure are inordinately predisposed to infection 
and the subsequent development of hepatic encephalopathy, 
sepsis, acute kidney injury, and multiorgan failure.!°°!°! The 
90-day mortality rate of patients who require ICU management 
for 3 or more failing organ systems due to these complications 
exceeds 90%.!°* ‘The prognosis of patients hospitalized in the 
ICU is more accurately reflected by Sequential Organ Failure 
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Fig. 86.6 Five-year survival rates in patients with alcohol-associated 
cirrhosis according to their Child-Turcotte-Pugh scores. (Data from 
Chalasani N, Younossi Z, Lavine JE, et al. The diagnosis and manage- 
ment of non-alcoholic fatty liver disease: practice guideline by the 
American Association for the Study of Liver Diseases, American College 
of Gastroenterology, and the American Gastroenterological Association. 
Hepatology 2012;55:2005-23; and Gleeson D, Evans S, Bradley M, 

et al. HFE genotypes in decompensated alcoholic liver disease: pheno- 
typic expression and comparison with heavy drinking and with normal 
controls. Am J Gastroenterol 2006;101:304—10.) 


Assessment score than by the CPT or other liver-related scores 
(Chapter 74).125.192,193 


Acute Viral Illness 


Patients with alcohol-associated cirrhosis are vulnerable to sud- 
den decompensation from infection with hepatotropic viruses 
including HAV, HBV, HEV, and nonhepatotropic viruses such 
as influenza A.'*’ The potential for sudden deterioration from 
these infections underscores the importance of routine immuni- 
zations in all persons with ALD.!"* 


Hepatotoxic Drugs 


Sudden and unexplained clinical deterioration in patients with 
alcohol-associated cirrhosis can also result from ingestion of 
hepatotoxic medications and herbal remedies. The morbidity 
and mortality associated with these conditions are consider- 
able. Because of induction of CYP2E1, drinkers are uniquely 
susceptible to acetaminophen hepatotoxicity (see Chapter 88). 
Chronic alcoholics who take excessive doses of this drug over a 
period of days to weeks for relief of a headache, toothache, or 
other minor pain can experience sudden deterioration of their 
clinical condition.!®> The clinical features in these patients are 
indistinguishable from those of ALD, with one obvious excep- 
tion: AST values are frequently more than 1000 U/L, much 
higher than expected in patients with ALD. Because liver 
injury has already occurred by the time of hospitalization, acet- 
aminophen levels are usually not helpful for diagnosis or man- 
agement. Recognition of the cause of the unusually elevated 
serum aminotransferase levels comes from careful question- 
ing of the patient and family about acetaminophen ingestion 
in the days to weeks before hospitalization. Sudden clinical 
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deterioration in a patient with alcohol-associated cirrhosis 
also can result from an idiosyncratic hepatotoxic reaction to 
a number of other drugs and herbal and dietary supplements 
(see Chapters 88 and 89), 196.197 


HCC 


Although the incidence of many other cancers is decreasing in the 
USA, HCC has approximately doubled in incidence since 2000, 
and alcohol has been postulated to play a major etiologic role (see 
Chapter 96). Some of the potential mechanisms for the initiation 
and promotion of HCC by alcohol include acetaldehyde-DNA 
adduct formation, generation of ROS, chronic inflammation, 
glutathione depletion, hypomethylation of oncogenes, retinoic 
acid depletion in hepatocytes, liver fibrosis, and decreased natural 
killer cell function and number.!%* Alcohol has also been shown to 
potentiate liver cancer in animal models. The true frequency of 
HCC in patients with alcohol-associated cirrhosis is still somewhat 
unclear.!”? Although ALD has been long considered to be the lead- 
ing cause of HCC in the USA and Europe, many affected patients 
were also infected with HCV. Studies suggest that the incidence 
of HCC is 2 to 3 times higher in HCV coinfected patients than in 
the normal population without evidence of HCV infection.” The 
risk of HCC shows a strong correlation with alcohol intake and 
is roughly doubled in persons with concurrent HCV infection.!°? 
The risk of HCC is higher in men than women and increases with 
age.!*? Given the ongoing risk for HCC, lifetime surveillance with 
imaging every 6 months is recommended for all patients with alco- 
hol-associated cirrhosis (see Chapter 96).1°° 


TREATMENT 


Therapy for ALD can be viewed as an inverted pyramid, with 
all patients receiving lifestyle modification, most receiving nutri- 
tional intervention, some receiving drug therapy, and only a few 
considered for LT. Importantly, therapy should be directed, in 
part, by disease severity. 


Abstinence and Lifestyle Modification 


Abstinence from continued excessive drinking is the most impor- 
tant predictor of survival in patients with alcohol-associated 
cirrhosis. !75-!77184,186,200 The 3-year survival rate is 70% to 80% 
among patients who abstain or dramatically reduce their exces- 
sive drinking, compared with only 20% to 30% in those who con- 
tinue to drink heavily.*°° Reducing, but not completely stopping, 
alcohol consumption also has been shown to improve survival 
(Fig. 86.7).!8+ The question is how best to achieve these goals 
effectively. 

The first steps are to identify excessive drinking, determine 
the severity of the drinking problem, and assess the patient’s 
motivation for change. Patients may experience risky drinking, 
alcohol abuse, or dependence.”®! Patients with risky drinking 
without dependence respond well in primary care settings to brief 
interventions that result in reduced consumption and reductions 
in alcohol-related injury and mortality.!?°’"? Brief interventions 
have also been effective in reducing alcohol intake in pregnant 
women, with a subsequent reduction in fetal mortality.'*+ Most 
patients seen in acute care settings by a gastroenterologist have 
alcohol abuse or dependence. Although brief interventions 
may be very effective in individual patients, the majority need 
a referral to a qualified alcohol and substance abuse counselor 
for assessment and specialty treatment if they are to have the 
best opportunity to achieve long-term remission. From 20% to 
30% of patients remain abstinent for a year after a single course 
of treatment, and another 10% reduce their intake to the point 


that they no longer experience adverse consequences from their 
drinking. °! 
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Fig. 86.7 Survival curves during the 3 years following hospital dis- 
charge for alcohol-associated cirrhosis according to alcohol consump- 
tion: abstinence: patients who were abstinent; relapsing: patients 

with one or more periods of abstinence alternating with one or more 
periods of excessive consumption; excessive: patients with excessive 
consumption of alcoho! at the first follow-up point. Survival differed 
significantly between abstinent and excessively drinking patients (P < 
0.001). (Modified with permission of Veldt BU, Laine F, Guillygomarc’h 
A, et al. Indication of liver transplantation in severe alcoholic liver cirrho- 
sis: qualitative evaluation and optimal timing. J Hepatol 2002;36:93-8.) 


Three oral medications (disulfiram, acamprosate, and naltrex- 
one) and an extended-release injectable form of naltrexone have 
been approved by the FDA to treat alcohol dependence. Pharma- 
cotherapy with these agents is only modestly effective; however, 
all have side effects and are underused.!?>-!2770! Baclofen, a gamma 
aminobutyric acid B-receptor agonist, shows promise in decreasing 
craving and improving abstinence and thus decreasing the likeli- 
hood of relapse in patients with alcohol-associated cirrhosis.!?°? 
Baclofen (studied in alcohol-associated cirrhosis) and acampro- 
sate are the only 2 agents that should be considered in persons 
with ALD. Given the limited efficacy of the currently available 
medications to prevent relapse, a number of new approaches are 
under active investigation.?”* These include therapy to decrease 
neuroinflammation, which may be a factor in continued alcohol 
intake. Involvement in mutual support groups, such as Alcoholics 
Anonymous, can reduce the risk of relapse, primarily by building 
social support for sobriety.2°! An excellent guide to various treat- 
ment strategies is available at: https://www.niaaa.nih.gov/research/ 
major-initiatives/medications-development-program. The National 
Institute on Alcoholism and Alcohol Abuse Alcohol ‘Treatment 
Navigator also has a website that provides information on local 
treatment programs (https://alcoholtreatment.niaaa.nih.goyv). 

The goal of intervention should be sustained abstinence, which 
improves the histologic features of alcohol-associated liver injury, 
reduces portal pressure, and slows progression to cirrhosis. !?>+!?7 
In two thirds of patients, significant clinical improvement can be 
seen within 3 months.!’7 Within 2 years, many patients achieve 
complete clinical and biochemical recovery, regain lost muscle 
mass, and can safely stop diuretics and other liver-related medi- 
cines.” Although reducing alcohol intake to “safe” levels does 
reduce mortality and morbidity, only 10% of individuals are 
able to maintain safe levels of drinking over extended periods 
of time.?°! Three quarters of patients have a relapse within 1 
year. Longitudinal care by the treatment program is important. 
Clinicians can also be helpful by providing regular visits in a 
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Fig. 86.8 Relationship between voluntary dietary intake and survival in 
patients with severe alcoholic hepatitis. (From McClain CJ, Barve SS, 
Barve A, Marsano L. Alcoholic liver disease and malnutrition. Alcohol 
Clin Exp Res 2011;35:815-20, with permission.) 


nonjudgmental manner and providing ongoing counseling and 
support of the longer-term treatment goals.?°! It is also important 
to address obesity and smoking, the 2 comorbidities associated 
with progression of ALD. 


Nutritional Support 


Malnutrition is a widespread clinical problem among patients 
with ALD. Every patient with moderate to severe alcohol-asso- 
ciated hepatitis or cirrhosis shows some signs of malnutrition, 
which is associated with higher rates of liver-related complica- 
tions and mortality. Malnutrition has also been associated with 
longer ICU stays, longer durations of hospitalization, and higher 
mortality rates after LT.*° Provision of adequate nutritional sup- 
port is the most frequently overlooked aspect of the management 
of patients with ALD. 

Accurate assessment of the nutritional status of patients with 
liver disease can be quite difficult. Many of the tests typically 
used for this purpose are influenced by either the liver disease 
or alcohol consumption. Visceral proteins such as albumin and 
prealbumin are produced in the liver, and serum levels correlate 
better with the severity of liver disease than nutritional status. 
Anthropometric measurements such as BMI and the creatinine- 
height index are unreliable in patients with altered renal func- 
tion and fluid retention.2°.2 The subjective global assessment of 
protein-energy malnutrition, a simple bedside tool, often reveals 
obvious malnutrition, particularly in patients with muscle wasting 
and ascites.?°°-?°” Measurement of handgrip strength and middle 
arm muscle mass can also be helpful in assessing the nutritional 
status of these patients.?06:207 

Adequate nutritional support is critical to the management of 
patients with severe alcohol-associated hepatitis. In 2 large Vet- 
erans Administration studies, 6-month mortality correlated in a 
dose-responsive fashion with voluntary dietary intake (Fig. 86.8).?° 
Despite this knowledge and expert care by nutritionists and hepa- 
tologists, two thirds of patients failed to consume the recom- 
mended caloric intake of 2500 kcal/day.? It is typical for patients 
with severe alcohol-associated hepatitis to spend extended periods 
of time in the hospital with inadequate nutritional intake. These 
patients often have little or no appetite for prolonged periods and 
are deprived of adequate nutrition by their caregivers because of 
dietary restrictions of salt, water, and protein as well as intermit- 
tent interruption of all nutritional support for various procedures. 
Patients with severe alcohol-associated hepatitis often develop 
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Fig. 86.9 Probability of survival for one year after randomization of 72 
patients with severe alcohol-associated hepatitis to total enteral nutrition 
(TEN) or to glucocorticoid therapy (GC). (From Cabre E, Rodriguez- 
Iglesias P, Caballeria J, et al. Short- and long-term outcome of severe 
alcohol-induced hepatitis treated with steroids or enteral nutrition: a mul- 
ticenter randomized trial. Hepatology 2000;32:36-42, with permission.) 


a hypermetabolic state with higher than normal resting energy 
expenditure. Because of the vital need for adequate nutrition in 
these often critically ill patients, we do not hesitate to place an NG 
feeding tube if the patient cannot voluntarily ingest at least 2500 
kcal/day, even when esophageal varices are present.2”?°° Gluco- 
corticoid therapy can increase voluntary dietary intake, but provid- 
ing adequate calories through enteral feeding provides the same 
1-month survival benefit with significantly lower mortality at 1 year 
(Fig. 86.9).136209 

Patients with stable cirrhosis have nutritional deficiencies 
almost as severe as those found in patients with alcohol-associ- 
ated hepatitis.2°° The frequency of malnutrition increases with 
the severity of disease. For example, the risk of profound malnu- 
trition increases from 45% in patients with Child-Pugh class A 
to 95% in those with Child-Pugh class C cirrhosis.*°7° Patients 
with cirrhosis who require hospitalization have a substantially 
higher prevalence of malnutrition compared with general medi- 
cal inpatients and have significantly longer hospital stays and a 
2-fold higher risk of in-hospital mortality.*!° Even in patients 
with stable, compensated cirrhosis, malnutrition is associated 
with higher 1-year mortality (20% vs. 0%) and complication rates 
(65% vs. 13%).206,207 

Hepatic glycogen stores are depleted in patients with cirrhosis. 
As a result, these patients go into an early starvation mode after 
only 12 hours of fasting compared with 48 hours in normal per- 
sons. Therefore, even short periods of inadequate nutrition can 
result in peripheral muscle proteolysis, which contributes to pro- 
tein malnutrition. Patients with decompensated cirrhosis also can 
be hypermetabolic. Not surprisingly, the protein intake recom- 
mended for patients with cirrhosis is higher than that for healthy 
adults.?°’?8 The positive impact of judicious nutritional supple- 
ments in patients with cirrhosis is illustrated by a randomized trial 
showing that a nighttime snack of 700 kcal each evening resulted 
in an accrual of 2 kg of lean tissue over 12 months.*!! There- 
fore, patients with severe alcohol-associated hepatitis or cirrhosis 
should be given nighttime (9 PM) snacks to prevent “starvation” 
overnight, this is especially important in the outpatient setting. 

Protein restriction has no beneficial effect on encephalopa- 
thy and can be nutritionally catastrophic.2%°7?!? If, despite 
appropriate medical therapy, standard enteral formulas lead to 
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encephalopathy, a branched-chain amino acid-enriched formula 
can be given as a supplement to meet nitrogen needs (see Chapter 
94),205,208 

Patients with ALD also can have a plethora of vitamin and min- 
eral deficiencies.?°° In addition to the commonly recognized 
deficiencies in folate and B vitamins, deficiencies in fat-soluble 
vitamins (A, D, and E) and minerals (magnesium, selenium, and 
zinc) are common causes of symptoms and physical findings in 
these patients.” Zinc deficiency, for example, may contribute to 
the skin lesions, night blindness, mental irritability, confusion and 
hepatic encephalopathy, anorexia, altered taste and smell, hypogo- 
nadism, and altered wound healing so commonly seen in patients 
with ALD.?!? Assessment and judicious corrections of each of these 
deficiencies is an important aspect of the care of these patients. 

The nutritional status of patients at the time of LT is also 
important. Morbid obesity and severe malnutrition are each pre- 
dictors of a poor outcome.*!* Among those transplanted in the 
USA since the late 1990s, extremes of BMI (<18.5 and >40) were 
more common in patients with ALD than in patients transplanted 
for other conditions. Severely malnourished patients had longer 
lengths of stay, a higher retransplantation rate, and diminished 
survival.?!* A reduced cross-sectional area of the psoas mus- 
cle measured by CT has shown a strong correlation with poor 
survival following transplantation, confirms the importance of 
malnutrition in these patients, and may offer a means of more 
systematic and objective detection of this condition in future 
transplant candidates.*!° 


Specific Therapy for Alcohol-Associated Hepatitis 
Glucocorticoids and Pentoxifylline (PTX) 


Glucocorticoid therapy was first demonstrated to provide a short- 
term survival benefit for patients with severe alcohol-associated 
hepatitis in a small USA prospective randomized multicenter 
trial in the late 1980s.!7° Each of the patients enrolled had a clini- 
cal diagnosis of alcohol-associated hepatitis and either an mDF 
greater than 32, spontaneous hepatic encephalopathy, or both. 
‘Treatment consisted of 32 mg of methylprednisolone daily for 28 
days followed by a 2-week taper. The 28-day mortality rate among 
patients who received prednisolone was only 6%, compared with 
35% among the placebo-treated controls. It is now generally 
accepted that glucocorticoid therapy has a beneficial effect on 
one-month survival, as confirmed by many studies over the ensu- 
ing years, although this effect is now documented to be relatively 
modest. Unfortunately, there is no benefit in survival at 3 or 6 
months. These data are supported by a meta-analysis of studies 
of glucocorticoid therapy in severe alcohol-associated hepatitis.7!° 

Glucocorticoids work by binding to glucocorticoid receptors 
(GRs) in the cytoplasm. GRs then translocate to the nucleus and 
bind to the GR elements in the promoter regions of glucocor- 
ticoid responsive genes to switch on expression of certain anti- 
inflammatory genes and reduce inflammation.’!’ Unfortunately, 
many patients are “glucocorticoid resistant” through multiple 
mechanisms and do not respond to glucocorticoid therapy. Early 
identification of the subset of resistant patients (25% to 30%) is 
important for implementing alternative treatment strategies. One 
simple and clinically used definition of glucocorticoid resistance 
in severe alcohol-associated hepatitis patients is the lack of an 
early improvement in serum bilirubin levels at 7 days.?!® The sub- 
sequently developed Lille model score allows patients to receive a 
7-day course of glucocorticoids and then assesses the responsive- 
ness based on an algorithm that combines age, serum albumin, 
serum creatinine, prothrombin time, serum bilirubin, and change 
in bilirubin level at day 7 (Box 86.2). Patients with a score greater 
than or equal to 0.45 had a 6-month survival rate of 25%, and 
glucocorticoids could be discontinued in them. Those patients 
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BOX 86.2 The Lille Model Score* 


PARAMETERS 
Age 

Albumin 

Bilirubin (initial) 
Bilirubin level (day 7) 
Creatinine 
Prothrombin time 
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*The Lille score = 3.19 — 0.101 (age [yrs]) + 0.147 (serum albumin [g/L]) + 
0.0165 (change in serum bilirubin at day 7) — 0.206 (serum creatinine 
[mg/dL]) - 0.0065 (baseline serum bilirubin [mg/dL]) — 0.0096 
(prothrombin time [sec)). 

The score at 7 days determines response to treatment. A score of < 0.45 is 

associated with a 15% mortality rate at 6 months. A score of = 0.45 is 

associated with a 75% mortality rate at 6 months. 


with scores less than 0.45 had an 85% survival rate and benefited 
from continued glucocorticoid treatment. This scoring system 
allows discontinuation of glucocorticoids early in patients in 
whom there is no benefit to continuing them.’!’ 

PTX is a nonselective phosphodiesterase (PDE) inhibi- 
tor that was shown to lead to a survival benefit in initial studies 
and that has been used by many hepatologists as an alternative 
to glucocorticoids.”?°’?! It appeared to be especially effective in 
preventing and treating early hepatorenal syndrome (see Chap- 
ter 94). Treatment with PTX increases intracellular concentra- 
tions of cyclic adenosine monophosphate and cyclic guanosine 
monophosphate. Increased cyclic adenosine monophosphate 
concentrations positively modulates the cytokine inflammatory 
response, with a decrease in the proinflammatory cytokine TNF 
and an increase in the anti-inflammatory cytokine IL-10. Unfor- 
tunately, later studies did not confirm beneficial survival effects of 
PTX in patients with severe alcohol-associated hepatitis, due in 
part to the advent of new and better modalities to treat hepatore- 
nal syndrome and better medical management of severe alcohol- 
associated hepatitis, as well as the need for PTX to be taken 3 
times a day and associated GI distress, thus limiting adherence. 
PTX is also a weak PDE inhibitor, and much more robust and 
specific PDE inhibitors are now available. 

The pivotal study involving current therapy for severe alco- 
hol-associated hepatitis was the STOPAH trial, which evalu- 
ated prednisolone, PTX, the combination, or placebo in severe 
alcohol-associated hepatitis.7”* This large, multicenter trial of 
more than 1000 patients showed a modest beneficial effect of 
prednisolone at 28 days, but no later beneficial effect on mor- 
tality. For all groups, 28-day and 90-day mortality rates were 
excellent at less than 20% and less than 30%, respectively (Fig. 
86.10). Unfortunately, the overall one-year mortality rate was 
56%, and only about 37% of people remained abstinent at one 
year. Therefore, return to drinking was a major health problem. 
The study confirmed the beneficial effects of glucocorticoids on 
one-month survival and suggested that PTX has no impact on 
survival. Moreover, the combination of PTX and glucocorti- 
coids showed no significant benefit. Other studies have shown 
that switching glucocorticoid-resistant patients to PTX does not 
improve survival. 

Therefore, at the current time, one can use glucocorticoids 
in selected patients with severe alcohol-associated hepatitis.””’ 
Early stopping rules should be applied at one week, or even ear- 
lier (4 days), to ensure that glucocorticoids are used only in those 
patients who will benefit (Fig. 86.11). Some hepatologists may 
continue to use PTX in selected patients because it has a good 
safety profile. Clearly, new drugs are needed. New approaches are 
also needed in which new drugs are given based on the severity of 
disease and for varying durations of time. Multiple drug therapies 
that attack multiple targets is also an attractive approach. 
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Fig. 86.10 Results of the STOPAH Trial. Survival curves for all 4 study 
groups up to 1 yr are shown. A nonsignificant survival advantage during 
the first 28 days was seen in patients with severe alcohol-associated 
hepatitis who received prednisolone as compared with those who did 
not receive prednisolone (odds ratio, 0.72; 95% confidence interval [Cl], 
0.52 to 1.01; P = 0.06). No significant survival advantage was seen for 
patients who received pentoxifylline as compared with those who did 
not receive pentoxifylline (odds ratio, 1.07; 95% Cl, 0.77 to 1.49; P= 
0.69). (From Thursz MR, Richardson P, Allison M, et al. Prednisolone or- 
pentoxifylline for alcoholic hepatitis. N Engl J Med 2015;372:1619-28.) 


Drugs of Unlikely Benefit and Promising New Agents 
Under Investigation 


A number of other therapeutic agents have been studied in patients 
with alcohol-associated hepatitis. These include androgenic ste- 
roids, propylthiouracil, antioxidants, and specific anti-TNF ther- 
apy. None has been shown to improve survival.’»125-127,171,181 The 
National Institutes of Health have supported several studies to 
evaluate novel mechanisms and new therapies for alcohol-asso- 
ciated hepatitis. One program used an IL-1-receptor antagonist, 
based in part on very high IL-1 levels in the serum of patients 
with alcohol-associated hepatitis and the fact that IL-1-receptor 
blockade attenuates experimental alcohol-associated hepatitis.**+ 
This study in patients with severe alcohol-associated hepatitis 
combined IL-1 inhibitor therapy with PTX and zinc. For mod- 
erate alcohol-associated hepatitis, a probiotic (Lactobacillus GG) 
was used in one study as was an oral agent that inhibits intes- 
tinal absorption of endotoxin in another trial (the results have 
not yet been analyzed). Trials of granulocyte colony-stimulat- 
ing factor (G-CSF) have shown promise in patients with severe 
alcohol-associated hepatitis.” G-CSF is thought to stimulate 
liver regeneration and improve granulocyte function. Based on 
the aforementioned data, the National Institutes of Health has 
funded a multicenter study evaluating prednisone versus anakinra 
(an IL-1 receptor antagonist) plus zinc versus G-CSF. The pri- 
mary end point is mortality at 90 days. A nondrug therapy that 
has received much recent attention in severe alcohol-associated 
hepatitis is fecal transplantation, which has shown positive results 
in pilot studies.’*°”’ Table 86.7 lists multiple drugs under clini- 
cal investigation for alcohol-associated hepatitis or cirrhosis. 
There are several new therapeutic approaches based on preclin- 
ical discoveries that may deserve exploration in future clinical tri- 
als. Levels of the spleen tyrosine kinase were shown to be increased 
in animal models of alcohol-associated hepatitis and ALD, and 
in vivo administration of a chemical spleen tyrosine kinase inhibi- 
tor significantly reduced alcohol-induced steatosis, liver dam- 
age, inflammation, and fibrosis.” Mice treated with allopurinol, 
which reduces the levels of the endogenous DAMP uric acid, or 
with probenecid, a drug that promotes uric acid renal excretion 
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Alcohol-associated hepatitis suspected 


Atypical presentation and/or laboratory tests (e.g., AST or ALT >400 U/L) 


Any 
positive Transjugular liver 
Uncertain alcohol intake history ug 


biopsy recommended 


All 


Not 
available 


Histologic 
confirmation 


Negative for 
alcohol-associated 
hepatitis 


Further evaluation for 
and/or treatment of an 
alternative cause of 
liver disease 
(see Table 86.8) 


Possible alcohol-associated 
hepatitis 
Clinically suspected 


Definite alcohol-associated 
hepatitis 


Biopsy proven 


Maddrey DF* >32 or MELD scoret >20 


Begin prednisolone 40 mg/day 
Lille model* score at 7 days 


<0.45 20.45 


Stop prednisolone and consider the following: 
Early LT for select patients 
Clinical trial 
Discussion of goals of care if >24 organ failures 


Complete 4 wk of prednisolone, 


then taper over 2 wk 


Fig. 86.11 Algorithm for the management of a patient with suspected alcohol-associated hepatitis. “The Mad- 
drey discriminant function (DF) is calculated as follows: 4.6 (prothrombin time of patient — prothrombin time 

of control) + serum bilirubin level (in mg/dL). ‘The MELD score is based on the serum bilirubin level, INR, and 
serum creatinine level (see Chapter 97). +The Lille model score is based on the patient’s age, serum albumin, 
serum bilirubin, serum creatinine, and prothrombin time. Online calculators for these various models are avail- 


able at http://wwwlillemodel.com. 


TABLE 86.7 Drugs Used or Studied for the Treatment of Alcohol- 
Associated Hepatitis 


Not Effective Currently Used Under Investigation 


Anabolic steroids Glucocorticoids Antibiotics 
Antioxidants Pentoxifylline Anti-endotoxins 
Colchicine Cytokine inhibitors/ 
Lecithin inflammasome 
Propylthiouracil inhibitors 


S-Adenosylmethionine FXR agonists/nuclear 
hormone receptor 
modulators 

Inhibitors of cell death 

Prebiotics/probiotics/ 
nutritional therapies 

Stimulators of 
regeneration 


FXR, farnesoid-X receptor. 


and inhibits ATP signaling, have shown significant attenuation 
of alcohol-induced liver damage, steatosis, and inflammation.” 
The beneficial effects of these drugs are linked to attenuation 
of NLRP3 inflammasome activation.” Another “old” medica- 
tion, digoxin, was shown to be effective in maintaining cellular 


homeostasis and suppressing HIF-1la pathway activation in ALD 
as well as in NASH.’? 

In a murine model of chronic binge ethanol feeding, adminis- 
tration of IL-22 ameliorated alcohol-associated liver injury. The 
beneficial effects of IL-22 were attributed to antioxidant and anti- 
apoptotic effects, and IL-22 also reduced liver steatosis and had 
antimicrobial effects.” IL-22 administration is being studied in 
an open-label human clinical trial. Inhibition of CCR2/CCR5 
signaling with a small molecule inhibitor showed a remarkable 
reversal of ALD when administered to mice for the treatment of 
liver damage (serum ALT increase), steatosis, macrophage and 
neutrophil infiltration, inflammatory cytokine production, and 
liver fibrosis.2?! Cenicriviroc, the CCR2/CCRS inhibitor, is in 
phase 3 human clinical trials of NASH fibrosis and will be studied 
in ALD. 


Recommendations 


Glucocorticoid therapy can result in dramatic improvement 
in survival in carefully selected patients with severe alcohol- 
associated hepatitis.!7>!’° Three factors limit its usefulness: (1) 
a number of patients are not candidates for therapy because of 
obvious contraindications; (2) a significant number of patients 
fail to respond; and (3) glucocorticoids have limited efficacy in 
patients with chronic kidney disease or acute kidney injury and 
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TABLE 86.8 Factors to Consider in the Approach to the Patient with 
Suspected Severe Alcohol-Associated Hepatitis 


INITIAL FINDINGS THAT SUPPORT A DIAGNOSIS OF ALCOHOL-ASSOCIATED 
HEPATITIS 


Clinical presentation Prolonged heavy alcohol intake, recent- 
onset jaundice, malaise, ascites, edema, 
pruritus, fever, confusion/lethargy/ 
agitation, asterixis, tender hepatomegaly, 


splenomegaly, pedal edema 


Laboratory features Abrupt rise in serum total bilirubin (+3 mg/ 
dL), AST > ALT (usually > 2X ULN), GGTP 
> 100 U/mL, albumin < 3.0 g/L, INR > 1.5, 


leukocyte count > 12,000/mm? 


EXCLUSION OF OTHER CAUSES OF JAUNDICE 

Autoimmune hepatitis Exclude severe autoimmune hepatitis if first 
episode and/or clinical suspicion (see 
Chapter 90) 


DILI Review detailed history of medication, 
supplements, pharmacy records 
Consult http://livertox.nih.gov (see Chapter 88) 


Ischemic hepatitis Suspect if hypotension, septic shock, 


massive bleeding, or recent cocaine use 


(see Chapter 85) 
Mechanical obstruction Rule out HCC, biliary obstruction, Budd-Chiari 
syndrome 
Perform Doppler abdominal US, and, if 
indicated, MRI 


Viral hepatitis Rule out acute hepatitis A, B, C, or E, 
especially if first episode or high clinical 


suspicion (see Chapters 78-82) 


TREATMENT OF ALCOHOL ABUSE AND LIVER-RELATED COMPLICATIONS 


Alcoholism Consult addiction specialist 
Moderate withdrawal symptoms: baclofen 
Severe withdrawal symptoms: 
benzodiazepines, phenobarbital 


Hepatic encephalopathy Assess for precipitant: GI bleed, infection, 
medication nonadherence 
Treat underlying precipitant, add lactulose, 


rifaximin, zinc (see Chapter 94) 


Infection Rule out pneumonia, cellulitis, SBP, urinary 
tract infection, meningitis 
Obtain chest film 


Broad-spectrum antibiotics, if indicated 


Renal insufficiency Early detection and close monitoring 

Volume expansion with albumin 

Consider IV albumin plus a vasoconstrictor 
if progressive hepatorenal syndrome (see 


Chapter 94) 


ULN, upper limit of normal. 


do not appear to prevent the development of hepatorenal syn- 
drome. Therefore, in patients who have contraindications to 
glucocorticoid therapy or any degree of renal disease, aggres- 
sive standard medical care with attention to factors such as 
nutrition, infection, and adequate perfusion should be pursued, 
and opportunities for clinical trials of LT should be consid- 
ered (see later). Table 86.8 lists the factors that should be taken 
into account in the approach to patients with suspected severe 
alcohol-associated hepatitis. 


Specific Therapy for Alcohol-Associated Cirrhosis 


Abstinence is the only treatment that clearly improves survival 
in patients with alcohol-associated cirrhosis. All patients should 
also receive optimal inpatient and outpatient nutritional support. 
A variety of treatments for which there is a specific rationale have 
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Fig. 86.12 Improved probability of survival over 5 years in patients with 
Child-Turcotte-Pugh scores of 11 to 15 after 6 months of abstinence 
from alcohol who underwent LT (top line), compared with matched con- 
trol subjects (P = 0.008) and simulated control subjects (i.e., predicted 
from a model) (P = 0.001). (Modified from Poynard T, Naveau S, Doffoel 
M, et al. Evaluation of efficacy of liver transplantation in alcoholic cirrho- 
sis using matched and simulated controls: 5-year survival. Multi-centre 
group. J Hepatol 1999;30:1 130-7.) 


been investigated over the years, including silymarin, SAMe, 
betaine, colchicine, androgenic steroids, lecithin, vitamin E, and 
PTX. None, however, has been shown to improve survival.*:!* 


LT 


Alcohol-associated cirrhosis is the second most common indica- 
tion for LT in the USA and Europe and is likely to become the 
most common in the USA due to the advent of DAAs for HCV 
infection (see Chapter 80). The outcome following LT is quite 
favorable (see also Chapter 97). Important factors that reduce 
survival after transplantation are concurrent HCV infection, 
smoking-related cancers, cardiovascular disease, and a return to 
destructive patterns of drinking.!°!73>-?3¢ Although almost half of 
the transplant recipients drink some alcohol after LT, few return 
to destructive patterns of alcohol use.” A multidisciplinary 
approach both before and after the operation, including addiction 
specialists, psychiatrists, and transplant professionals, appears to 
offer the best opportunity for patients with ALD to achieve long- 
term high quality of life after LT.7*°73? 

Many patients with apparently advanced alcohol-associated 
cirrhosis can recover to the degree that LT is not required if they 
can abstain from drinking (Fig. 86.12).’°° Because the benefits of 
abstinence can be so dramatic, requiring a period of abstinence 
before proceeding with transplantation is reasonable; however, 
if patients do not show evidence of significant recovery within 3 
months, they are unlikely to survive without transplantation.?*? 
Referral to a transplant center at that time for further evaluation of 
their alcoholism and candidacy for transplantation gives patients 
the best opportunity to be placed on the transplant waiting list 
after the traditional 6-month abstinence period required by many 
transplant centers and insurance companies. This “6-month rule” 
was initiated in 1997 to help ensure maximal hepatic recovery off 
alcohol and to document sobriety; however, this arbitrary time 
limit has not been shown to affect long-term survival or sobriety. 

It is important to be able to diagnose alcohol consump- 
tion accurately as part of the transplant evaluation process and 
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Fig. 86.13 Kaplan-Meier estimates of survival in 26 patients with severe alcohol-associated hepatitis who 
failed corticosteroid therapy and underwent early LT compared with matched controls who did not undergo LT. 
(From Mathurin P, Moreno C, Samuel D, et al. Early liver transplantation for severe alcoholic hepatitis. N Engl J 


Med 2011;365:1790-800, with permission.) 


following transplantation. As noted previously, various methods 
of history taking, unique biomarkers, and wearable alcohol sen- 
sors have been proposed. Studies have suggested that addiction 
experts may be better than hepatologists at uncovering alcohol 
intake post-transplantation,”*” supporting a team approach to 
diagnosis and follow-up. Moreover, the phosphatidyl ethanol 
level has been reported to be 100% specific, detects more than 
90% of moderate-to-heavy drinkers, and has been used to detect 
clandestine drinking post-transplantation.**! 

Patients with severe alcohol-associated hepatitis tradition- 
ally have not been considered to be appropriate candidates for 
LT because of recent drinking, the fear that they will return to 
drinking after the transplant, and the assumption that many will 
recover with abstinence or appropriate medical therapy.®!?717! 
These assumptions were challenged by a multicenter French- 
Belgian study in which carefully selected patients with severe 
alcohol-associated hepatitis who failed to respond to glucocor- 
ticoid therapy were shown to have a dramatic improvement in 
survival with early LT compared with matched controls who 
did not undergo LT (Fig. 86.13).?*? These initial results from 
Europe have been replicated in a single-center pilot program 
in the USA (100% survival at 6 months)? as well as in the 
ACCELERATE-AH study from the American Consortium of 
Early Liver Transplantation for Alcoholic Hepatitis—12 centers 
in 8 UNOS regions (see Chapter 97).?** In that study, 1- and 
3-year survival rates were excellent (94% and 84%, respectively), 
and sustained alcohol use was 17% at 3 years. With expanded 
indications and better multidisciplinary approaches, LT for 
ALD is likely to increase in frequency. 


Optimal Management 


Reducing the terrible morbidity and mortality associated with 
alcohol abuse will occur only if the global medical community 
makes a major commitment to early diagnosis of alcohol mis- 
use. Systematic application of alcohol questionnaires at all points 


of entry into medical care will be required to achieve this goal. 
Government programs that provide frequent monitoring and 
swift, certain, and modest sanctions for violations also show 
promise in reducing arrests for driving under the influence of 
alcohol and domestic violence.” 

For patients with stable cirrhosis, maintaining abstinence is 
the most important aspect of management, because no drugs 
have been shown to improve survival. Nutritional support with 
evening snacks can be very beneficial. All patients should receive 
recommended vaccinations. In addition, they should undergo 
regular surveillance for HCC and screening for esophageal vari- 
ces as appropriate (see Chapters 92 and 97). Weight control and 
cessation of smoking are also important. 

For hospitalized patients with alcohol-associated hepatitis 
or cirrhosis, electrolyte disturbances and vitamin deficiencies 
should be corrected and withdrawal symptoms treated when 
present. During the first few days of admission, the patient 
should be offered a nutritious diet if the patient’s mental sta- 
tus is adequate. Patients with severe alcohol-associated hepa- 
titis should receive enteral feedings to ensure adequate calorie 
and protein intake. In patients with severe alcohol-associated 
hepatitis who do not have a systemic infection or GI bleeding, 
a short course of glucocorticoid therapy should be considered. 
Transfer to a liver transplant center for participation in a clinical 
trial should be considered in selected patients, including those 
who are not candidates for glucocorticoid therapy. Given the 
extremely poor prognosis of patients hospitalized with multiple 
organ failure, palliative care teams should be involved within 
the first few days after admission to provide appropriate sup- 
port for both patients and families. LT is effective in providing 
prolonged survival with an excellent quality of life in carefully 
selected patients with alcohol-associated cirrhosis and, poten- 
tially, in patients with severe alcohol-associated hepatitis who 
fail to respond to medical therapy. 


Full references for this chapter can be found on www.expertconsult.com. 
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The global obesity epidemic has dramatically increased the preva- 
lence of NAFLD and made it the leading cause of chronic liver 
disease in Western nations. NAFLD is considered the hepatic mani- 
festation of the metabolic syndrome and shares a strong association 
with type 2 diabetes mellitus, obstructive sleep apnea (OSA), and 
cardiovascular disease. Although cardiovascular disease is the lead- 
ing cause of death in patients with NAFLD, the subset of patients 
who meet histopathologic criteria for NASH are those at greatest 
risk of liver-related morbidity and mortality. Ludwig and colleagues 
coined the term NASH in 1980 to describe a cohort of middle-aged 
patients with elevated serum liver enzyme levels who had evidence 
of alcohol-associated hepatitis on biopsy specimens in the absence of 
alcohol consumption.! Subsequent study led to the proposed “2-hit” 
hypothesis in which a sequential progression from isolated fatty liver 
(IFL) to NASH involved the initial “hit” of hepatic steatosis followed 
by a second “hit” of oxidative stress resulting in liver injury.” It was 
subsequently recognized that patients who have steatohepatitis on 
a liver biopsy specimen are at greatest risk for progression to cir- 
rhosis compared with those who have IFL. Correspondingly, our 
understanding of the pathogenesis of NAFLD has evolved from the 
2-hit hypothesis. NASH is expected to become the most common 
cause of cirrhosis and the leading indication for LT in the USA in 
the 2020s. As a major public health concern, an understanding of its 
epidemiology and pathogenesis is paramount to facilitate our ability 
to effectively diagnose and treat patients with NAFLD and NASH. 


EPIDEMIOLOGY 


The rise of NAFLD has paralleled the rising rates of obesity. In 
2016, 39% of adults in the USA qualified as overweight, and another 
13% were obese (see Chapter 7). These figures are triple the rate 
of obesity described in 1975.’ Prevalence estimates vary widely 
depending on the information available in a given population and 
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the diagnostic criteria used to establish the diagnosis (i.e., liver bio- 
chemical test levels, imaging study results, or liver biopsy findings). 
Because the majority of patients with NAFLD are asymptomatic, 
the prevalence of NAFLD in the USA and globally is not completely 
defined, although a meta-analysis in 2016 suggested a global preva- 
lence of 25%.* The first estimates of the prevalence of NASH came 
from autopsy studies, in which steatohepatitis was found in 18.5% of 
markedly obese and 2.7% of lean persons.’ Advanced hepatic fibro- 
sis was seen in 13.8% of markedly obese persons compared with 
6.6% of lean persons. High rates of NAFLD and NASH among the 
obese were subsequently confirmed in a study of patients undergo- 
ing bariatric surgery, in whom the frequency of NAFLD and NASH 
was reported to be as high as 91% and 37%, respectively.° 

The Dallas Heart Study used magnetic resonance spectros- 
copy in more than 2200 adults to identify a 31% frequency of 
fatty liver disease in a cohort of asymptomatic persons.”* Sub- 
sequent population-based cohort studies from China, Japan, and 
Korea using US have reported NAFLD prevalence rates ranging 
from 10% to 24%.'! The largest study using US paired with 
hepatic histology evaluated a cohort of asymptomatic middle- 
aged persons from San Antonio, Texas and revealed a 46% preva- 
lence rate of NAFLD and a 12.2% prevalence rate of NASH.'” 

Most cases of NAFLD are discovered in middle age during 
the fourth to sixth decades of life, although NAFLD has also been 
described with increasing frequency in children and adolescents, 
in whom the frequency of overweight and obese persons has been 
reported to be 30% of the population.’ The prevalence of pedi- 
atric NAFLD cases has risen accordingly, with a meta-analysis 
demonstrating a pooled mean prevalence rate for NAFLD in the 
general pediatric population of 7.6%; in a pediatric obesity clinic, 
the frequency is as high as 34.2%.!+ 

Most relevant studies have reported NAFLD to be more com- 
mon in men than women and describe a later peaking prevalence 
in women than men, including a propensity for more advanced 
disease in postmenopausal women,!> suggesting a relationship 
with sex hormones and menopause.!° NAFLD (and specifically 
NASH) is often associated with diabetes mellitus, with an associ- 
ated 60% to 76% prevalence rate for NAFLD and a 22% preva- 
lence rate for NASH." This finding is not surprising because 
NAFLD is considered to be the hepatic manifestation of the met- 
abolic syndrome as defined by the presence of 3 or more of the 
following: abdominal obesity, hypertriglyceridemia, low HDL 
levels, hypertension, and elevated fasting plasma glucose levels.!* 

The role of ethnicity is evolving. Early evidence from the 
Dallas Heart Study suggested that ethnicity was important, with 
Hispanics showing the highest prevalence of NAFLD (45%), 
compared with 33% in Caucasians and 24% in African Ameri- 
cans. Similar findings were reported by Williams and colleagues, 
with a 58.3% prevalence rate for NAFLD in Hispanics, com- 
pared with 44% in Caucasians and 35% in African Americans. 
The reason for these trends appears multifactorial. A study by the 
NASH Clinical Research Network found Hispanics with NASH 
to be younger, less active, and consuming a diet higher in carbo- 
hydrates when compared with Caucasians.!? A systematic review 
and meta-analysis confirmed that the prevalence of NAFLD is 
highest among Hispanics, followed by Caucasians and then Afri- 
can Americans, with similar proportions of liver fibrosis in the 3 
ethnic groups.”° 
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Fig. 87.1 Histologic features of isolated fatty liver. The characteristic 
feature is diffuse macrovesicular steatosis without significant necro- 
inflammation or fibrosis. Glycogenated nuclei are common (H&E). 
(Courtesy Dr. Gregory Y. Lauwers, Boston, MA.) 


Lifestyle is important, and increased consumption of high- 
fructose corn syrup and sugar-containing sodas, coupled with 
a sedentary lifestyle, has been associated with higher rates of 
NAFLD, and specifically NASH. Genetic influences on the devel- 
opment of NAFLD may prove to be equally important. Single 
nucleotide polymorphisms (SNPs) from specific genes have been 
found to be associated with an increased risk of NAFLD. The 
first of these SNPs to be identified was in the patatin-like phos- 
pholipase domain-containing protein-3 (PNPLA3) gene located 
on chromosome 22q13 and known to encode adiponutrin, a 481- 
amino acid protein that mediates triacylglycerol synthesis.*! The 
allelic variant rs738409 results in a change from isoleucine to 
methionine at position 148 (1148M) and has been shown to be 
associated with increased hepatic steatosis as well as inflamma- 
tion.” This variant was more common in Hispanics followed by 
Caucasians and African Americans and may explain the higher 
rates of NASH seen in Hispanic populations. Subsequent study 
has confirmed the association of the 1148M SNP with hepatic 
steatosis, NASH, and even fibrosis with a meta-analysis demon- 
strating an odds ratio (OR) of 3.26 (95% confidence interval (CI) 
CI, 2.14 to 4.95) for NASH and 3.25 (95% CI, 2.86 to 3.70) for 
hepatic fibrosis for persons with the 1148M SNP.” 

More recently, the membrane bound O-acyltransferase 
domain containing 7 (MBOAT7) locus has been shown to be 
associated with hepatic steatosis, steatohepatitis,’ and, poten- 
tially, the development of HCC.*> Numerous other genetic poly- 
morphisms have been studied, including those encoding proteins 
involved in VLDL secretion (apolipoprotein B, apoB; transmem- 
brane 6 superfamily 2, TM6SF2), de novo lipogenesis regulation 
(glucokinase regulatory protein, GCKR; Kriippel-like factor 6, 
KLF6), the innate immune system (interferon lambda 3, IFNL3), 
and mitochondrial oxidation (superoxide dismutase 2, SOD2).”° 
Ongoing research will provide a better understanding of the 
complex interplay between genetic and host factors that promote 
the development of hepatic steatosis and steatohepatitis. 


DEFINITIONS AND ASSOCIATIONS 


Macrovesicular fat accumulation in more than 5% of hepato- 
cytes is the defining feature of NAFLD. As mentioned earlier, 
IFL compromises the majority of patients with NAFLD and is 
defined by hepatic steatosis in the absence of significant necro- 
inflammation or fibrosis (Fig. 87.1). Hepatocyte ballooning 
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Fig. 87.2 Histologic features of NASH. Diffuse or perivenular macrove- 
sicular steatosis is present. Lobular inflammation consists of neutro- 
phils, lymphocytes, and other mononuclear cells. Hepatocyte balloon- 
ing and necrosis of varied degrees are hallmark features. Glycogenated 
nuclei are present. Mallory bodies, which may be small, sparse, and 
inconspicuous, are seen (H&E). (Courtesy Dr. Gregory Y. Lauwers, 
Boston, MA.) 


degeneration and lobular inflammation of a mixed inflamma- 
tory cell infiltrate is required to meet criteria for NASH, and 
Mallory-Denk (or Mallory) bodies, iron deposition, ductular 
reaction, megamitochondria, periodic acid-Schiff-diastase- 
resistant Kupffer cells, and vacuolated nuclei in periportal 
hepatocytes may also be seen (Fig. 87.2).?’ Fibrosis, if present, 
is predominantly perisinusoidal and pericellular (“chicken-wire 
fibrosis”) in acinar zone 3 (see Chapter 71), although it may 
extend to portal and periportal regions with disease progres- 
sion (Box 87.1). Alcohol-associated steatosis and steatohepatitis 
(alcohol-associated hepatitis) are histologically indistinguish- 
able from IFL and NASH (see Chapter 86), although expert 
pathologists describe more fibro-occlusive venous lesions and 
bile stasis in alcohol-associated steatohepatitis.” Pediatric 
NAFLD is a somewhat distinct histologic entity marked by 
portal-based chronic inflammation and fibrosis with less fre- 
quent findings of hepatocyte ballooning and Mallory-Denk 
bodies.?? 

To reach consensus on the pathologic classification of NASH, 
the Pathology Committee of the National Institutes of Health 
NASH Clinical Research Network proposed a scoring system 
incorporating 14 histologic features in 2005.30 The NAFLD 
activity score (NAS) combines the unweighted sum of scores for 
steatosis, lobular inflammation, and hepatocellular ballooning on 
a scale of 0 to 8 (Table 87.1). A score of 0 to 2 is most suggestive 
of “not-NASH,” and a score of 5 or greater suggests that NASH is 
present. Although the NAS is primarily a research tool and NASH 
is not defined by an absolute score, NAS provides a framework to 
accurately detect changes in disease activity with therapy. 

Other conditions may promote hepatic steatosis and should 
be considered (Box 87.2). TPN, rapid weight loss, or starva- 
tion can lead to hepatic steatosis. Similarly, surgeries that lead 
to rapid and extreme intestinal malabsorption and weight loss, 
such as extensive small bowel resection, biliopancreatic diver- 
sion, or jejunoileal bypass, have been associated with hepatic 
steatosis. Medications such as amiodarone, valproic acid, meth- 
otrexate, tamoxifen, glucocorticoids, certain antiretrovirals, 
and tetracyclines have also been implicated, as have systemic 
conditions such as Wilson disease, abetalipoproteinemia, and 
lipodystrophy. 
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BOX 87.1 Histologic Features of NAFLD 


OBSERVED IN ALL OR MOST CASES 


PART IX Liver 


Macrovesicular steatosis 

Diffuse or centrilobular steatosis; degree may correlate with BMI 

Parenchymal inflammation 

Polymorphonuclear neutrophils, lymphocytes, other mononuclear 
cells 

Hepatocyte necrosis 

Ballooning hepatocyte degeneration 


OBSERVED WITH VARIED FREQUENCIES 


Perivenular, perisinusoidal, or periportal fibrosis (87%-84%), 
moderate to severe in 15%-50%; most prevalent in zone 3 
(perivenular) 

Cirrhosis (7%-16% on index biopsy specimen) 

Mallory bodies 

Glycogenated nuclei 

Lipogranulomas 

Stainable hepatic iron 


TABLE 87.1 NAFLD Activity Score 


STEATOSIS (%) 


5 1 

5-33 2 

33-66 3 

BALLOONING 

None (0) 

Few 1 

Many 2 

LOBULAR INFLAMMATION 

Mild il 

Moderate 2 

Severe 3 

TOTAL SCORE 

0-2 Likely not NASH 

3-4 Intermediate 

5-8 Likely NASH 
PATHOGENESIS 


The “2-hit hypothesis” proposed by Day and colleagues in 
1988 (see earlier) has provided a framework for our cur- 
rent understanding of the increasingly complicated pathway 
to hepatic steatosis, steatohepatitis, and fibrosis. The 2-hit 
hypothesis states that dysregulation of fatty acid metabolism 
leads to steatosis, which is associated with several cellular adap- 
tations and altered signaling pathways that render hepatocytes 
vulnerable to a second hit. The second insult may be 1 or more 
environmental or genetic perturbations that cause hepatocyte 
necrosis and inflammation. In a minority of cases, incompletely 
defined factors activate a fibrogenic cascade that leads eventu- 
ally to cirrhosis. In light of the variety of conditions that have 
been associated with NAFLD, it is not surprising that no single 
mechanism has been identified and that numerous interacting 
and nonlinear pathways, influenced by a variety of environmen- 
tal and genetic factors, promote hepatic steatosis, steatohepa- 
titis, and fibrosis. 


Hepatic Steatosis 


Hepatic steatosis is the hallmark histologic feature of NAFLD 
and the net result of excessive accumulation of free fatty acid 


(FFA). Normally, FFA is supplied to the liver through intestinal 
absorption (in the form of chylomicron remnants) or from lipoly- 
sis of adipose tissue, where FFA is stored as TG. In the liver, 
FFA is oxidized by mitochondria, esterified into TG, synthesized 
into phospholipids and cholesteryl esters, and secreted from the 
liver as VLDL (see Chapter 72). Fatty acid metabolism is under 
tight regulatory control by catecholamines, glucagon, growth 
hormone, and insulin. Hepatic TG accumulation occurs when 
fatty acid metabolism shifts to favor net lipogenesis, rather than 
lipolysis. This shift occurs when the amount of FFA supplied to 
the liver from the intestine or adipose tissue exceeds the amount 
needed for mitochondrial oxidation, phospholipid synthesis, and 
synthesis of cholesteryl esters. TG also accumulate in the liver 
when synthesis of lipoprotein decreases or export of lipids from 
the liver is impeded. 

Insulin resistance from excessive accumulation of FFA is 
thought to be a primary factor in the development of steatosis in 
most patients with NAFLD. Impairment of insulin signaling in 
adipose tissue and the liver, along with increased dietary fat and 
de novo lipogenesis, contributes to hepatic steatosis in NAFLD.*! 
Dietary fructose is delivered directly via the portal vein to the 
liver, where it activates carbohydrate response element binding 
protein and sterol regulatory element binding protein-1 (SREBP) 
to promote de novo lipogenesis.*” 

The excess and dysfunctional visceral adipose tissue seen in 
NAFLD further promotes insulin hypersecretion secondary to 
insulin resistance. The increased secretion of specific proinflam- 
matory cytokines, such as leptin, TNF-a, IL-6, resistin, and plas- 
minogen activator inhibitor-1, has been described, along with 
decreased secretion of the anti-inflammatory cytokine adiponec- 
tin. Serum adiponectin levels are reduced in obesity, insulin resis- 
tance, diabetes mellitus, and the metabolic syndrome.** Higher 
leptin and lower adiponectin levels have been associated with 
liver inflammation and fibrosis.**+ 

Research into the pathogenesis of NAFLD has addressed the 
role of bile acids (BAs) and their nuclear hormone receptors as 
vital regulators of energy homeostasis during carbohydrate and 
lipid metabolism in hepatic and extrahepatic tissues (see Chapter 
64). BAs absorbed from the distal ileum bind to these nuclear 
hormone receptors. The most studied nuclear hormone receptor 
is the farnesoid X receptor (FXR), which has been identified as 
the master regulator of BA synthesis. Activation of FXR has been 
shown to decrease de novo lipogenesis, impair VLDL synthesis 
and assembly, and increase f-oxidation of FFA.*°> Other nuclear 
hormone receptors such as G-protein—coupled bile acid recep- 
tor (TGR-5), sphingosine 1 receptor 2, and pregnane X receptor 
(PXR, NRI1I2) also appear to be important and may offer future 
therapeutic targets.*° 


Steatohepatitis 


Although insulin resistance and hyperinsulinemia are clearly piv- 
otal to the development of steatosis, consensus is lacking on the 
subsequent insults that lead to steatohepatitis and fibrosis in some 
patients. Isolated steatosis may be considered to be an adaptive 
mechanism designed to mitigate the effects of long chain satu- 
rated fatty acids in the liver. If the protective processes are over- 
whelmed or faulty, lipotoxicity can develop, potentially activating 
numerous signaling pathways resulting in hepatocyte apoptosis 
and stellate cell activation. The precise signaling pathways are 
still being uncovered, but several key pathways have been defined. 

Cellular homeostasis, communication, and regulation involve 
lipids, which are an essential part of cell structure. Increased 
levels of FFA can be directly toxic to hepatocytes through a 
number of mechanisms. An excess of specific FFA, including 
palmitic acid, cholesterol, lysophosphatidylcholine, and cerami- 
des, is particularly harmful to intracellular organelles.*’ These 
toxic lipids promote oxidative and endoplasmic reticulum stress, 


BOX 87.2 Causes of Fatty Liver Disease 


ACQUIRED METABOLIC DISORDERS 


Diabetes mellitus 
Dyslipidemia 

Kwashiorkor and marasmus 
Obesity 

Starvation 

CYTOTOXIC AND CYTOSTATIC DRUGS 
L-Asparaginase 

Azacytidine 

Bleomycin 

Cisplatin 

5-Fluorouracil 

Methotrexate 

Tetracycline* 


OTHER DRUGS AND TOXINS 


Amiodarone 

Antiretroviral therapy (didanosine, stavudine, zidovudine) 
Camphor 

Chloroform 

Cocaine 

Ethanol 

Ethyl bromide 

Estrogens 

Glucocorticoids 

Griseofulvin 

Lycopodium serratum (Jin bu huan, herbal supplement) 
Nifedipine 

Nitrofurantoin 

NSAIDs (buprofen, indomethacin, piroxicam, sulindac) 
Tamoxifen 

Valproic acid 


*Tetracycline is cytotoxic by virtue of inhibiting mitochondrial B-oxidation. 


modify mitochondrial function, and induce autophagy, leading 
to activation of hepatic stellate cells and fibrosis.** Autophagy is 
another housekeeping process within hepatocytes that involves 
autodigestion of unwanted proteins and organelles (see Chapter 
72). Lipotoxicity in hepatocytes has also been shown to increase 
the inflammatory response through the release of cell-derived 
extracellular vesicles, which are bioactive molecules that appear 
to activate hepatic stellate cells and promote fibrinogenesis in 
NASH.?’ 

The hedgehog signaling pathway, an important part of the 
liver’s usual synchronized response to wound healing, is another 
area of dysregulation involved in the pathogenesis of NAFLD. 
Lipotoxicity activates the hedgehog pathway, thereby promoting 
portal inflammation, hepatocellular ballooning, and hepatic fibro- 
sis.*? Activation of the hedgehog signaling pathway leads to the 
conversion of quiescent hepatic stellate cells to myofibroblasts, 
which in turn produce chemoattractants for natural killer cells.*! 
Natural killer cells are responsible for secreting profibrotic cyto- 
kines that further activate myofibroblasts. The stage of hepatic 
fibrosis (see later, and Chapter 74) has been directly correlated 
with the degree of hedgehog pathway activation in patients with 
NASH,” and mouse model studies have demonstrated that inhi- 
bition of the hedgehog pathway can reverse liver fibrosis.*° 

The role of the intestinal microbiota in the development of 
NAFLD is becoming increasingly appreciated with enhanced 
understanding of the close relationship between the GI tract and 
the liver. Organisms (mostly bacteria) in the GI tract contrib- 
ute to digestion and act as important modulators of the immune 
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METALS 


Antimony 

Barium salts 

Chromates 

Mercury 

Phosphorus 

Rare earths of low atomic number 
Thallium compounds 

Uranium compounds 


INBORN ERRORS OF METABOLISM 


Abetalipoproteinemia 

Familial hepatosteatosis 
Galactosemia 

Glycogen storage disease 
Hereditary fructose intolerance 
Homocystinuria 

Systemic carnitine deficiency 
Tyrosinemia 

Weber-Christian syndrome 
Wilson disease 


SURGICAL PROCEDURES 


Biliopancreatic diversion 
Extensive small bowel resection 
Jejunoileal bypass 


MISCELLANEOUS CONDITIONS 


IBD 

Industrial exposure to petrochemicals 
Jejunal diverticulosis with SIBO 
Partial lipodystrophy 

TPN 


system (see Chapter 3). Dysbiosis is defined as an imbalance 
between protective and harmful bacteria and can lead to altered 
intestinal permeability and perturbations in immunity.** Data 
also suggest the existence of a distinct gut microbiota in patients 
with NASH.* SIBO in the setting of a surgical jejunoileal bypass 
or duodenal switch procedure (performed in the past to treat obe- 
sity) has been associated with the development of NASH, the risk 
of which is reduced with antibiotics or even eliminated with revi- 
sion of the surgical procedure.*°” 

Obesity and fructose consumption have been linked to gut- 
derived endotoxin in humans.**+? Yang and colleagues dem- 
onstrated that ob/ob mice with steatosis are highly vulnerable 
to endotoxin-induced hepatocyte damage, and NASH rapidly 
develops in these animals after exposure to low doses of bac- 
terial lipopolysaccharide (LPS).°° The net result of increased 
endotoxin, particularly from Gram-negative bacteria, is an acti- 
vation of Kupffer cells via toll-like receptor 4, which in turn 
up-regulates several inflammatory pathways, including activa- 
tion of Jun N-terminal kinase and nuclear factor kappa B, and 
releases pro-inflammatory cytokines such as TNF-a and IL-1. 
Follow-up studies of mice deficient in the LPS binding protein, 
compared with wild-type mice fed high-fructose, high-fat diets 
have supported the critical role of LPS in the development of 
NAFLD.*! 

Any 1 of the putative mechanisms discussed is unlikely to 
explain the pathogenesis of NAFLD in all affected patients. The 
precise interplay among various mechanisms remains to be eluci- 
dated. Our present understanding of the pathogenesis of NASH 
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Fig. 87.3 Mechanism of action of pharmacologic treatments for NAFLD and NASH. The sites of action of 
available and experimental agents (some of which are discussed in the text) with metabolic, anti-inflammatory, 
and antifibrotic effects are shown. ACC, Acetyl-CoA carboxylase; AOC, amine oxidase, copper containing; 
DNL, de novo lipogenesis; ER, endoplasmic reticulum; FFA, free fatty acids; FGF, fibroblast growth factor; FXR, 
farnesoid X receptor; IL, interleukin; JNK, Jun N-terminal kinases; LPS, lipopolysaccharide; PPAR, peroxi- 
some proliferator-activated receptor; ROS, reactive oxygen species; SIM, simtuzumab; SHP. small heterodimer 
partner; SREBP, sterol regulatory element binding proteins; TLR, toll like receptor; TR, thyroid receptor; UPR, 
unfolded protein response. (From Konerman MA, Jones JC, Harrison SA. Pharmacotherapy for NASH: current 


and emerging. J Hepatol 2018;68:362-75.) 


is summarized in Fig. 87.3, with an emphasis on pathways with 
therapeutic targets under investigation. 


CLINICAL FEATURES AND DIAGNOSIS 


The clinical and laboratory features of NAFLD are summarized 
in Table 87.2. NAFLD is usually discovered incidentally because 
of elevated liver biochemical test levels or an incidental finding 
of hepatic steatosis on imaging. Most patients with NAFLD are 
asymptomatic, but some may describe vague RUQ pain, fatigue, 
and malaise. Hepatomegaly is commonly seen but is often dif- 
ficult to appreciate on physical examination because of obesity. 
Stigmata of chronic liver disease, such as splenomegaly, spider 
telangiectasias, and ascites, are limited to patients with NASH 
cirrhosis (see Chapter 74). To establish a diagnosis of NAFLD, 
alcohol-associated liver disease must be excluded, and the diag- 
nosis of NAFLD should be entertained only in the absence of 
significant alcohol use (consumption of less than 20 to 40 g of 
alcohol per day in most clinical studies). In patients with meta- 
bolic risk factors and significant alcohol use, it is impossible to 
determine which factor is paramount, and both can be assumed 
to be the cause of the liver disease. 

In metabolic fatty liver disease, mild-to-moderate (1.5- to 
4-fold) elevations of the serum AST or ALT level, or both, is 


common, although levels seldom exceed 10 times the upper limit 
of normal. The serum ALT level usually is greater than the AST 
level, in contrast with the pattern in alcohol-associated, in which 
the AST level is typically at least 2-fold higher than the ALT 
level. A large retrospective study of patients with NAFLD dem- 
onstrated a mean serum ALT level of 83 and AST level of 63 
IU/mL.’ The alkaline phosphatase and GGTP levels may be 
elevated, but the serum bilirubin level, prothrombin time, and 
serum albumin level typically are normal, except in patients with 
NAFLD-associated cirrhosis. 

Up to one fourth of patients with NAFLD may have ANA 
in low titers (<1:320), although their presence does not impact 
the patient’s clinical presentation or outcomes.*? Laboratory 
tests for other chronic liver diseases are negative. NAFLD can 
exist in concert with HCV, although HCV infection (particu- 
larly genotype 3 HCV) itself can promote hepatic steatosis (see 
Chapter 80). Serum and hepatic iron levels may be elevated in 
patients with NAFLD. In particular, the serum ferritin level may 
be elevated in 20% to 50% of patients with NAFLD and may 
be a marker of more advanced disease. A serum ferritin greater 
than 1.5 times the upper limit of normal has been independently 
associated with a higher NAS in a study of 628 adult patients 
with NAFLD,”* although the frequency of genetic hemochroma- 
tosis is not increased in patients with NAFLD, who demonstrate 


TABLE 87.2 Clinical and Laboratory Features of NAFLD 
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Symptoms Signs Laboratory Features 
COMMON 
None (48%-100% of patients) Hepatomegaly 2- to 4-fold elevation of serum ALT and AST levels 
AST/ALT ratio <1 in most patients 
Serum alkaline phosphatase level is slightly elevated in one third of patients 
Normal serum bilirubin and serum albumin levels and prothrombin time 
Elevated serum ferritin level 
UNCOMMON 
Vague RUQ pain Splenomegaly Low-titer (<1:320) ANA 
Fatigue Spider telangiectases 
Malaise Palmar erythema 
Ascites 


Fig. 87.4 Imaging studies of fatty liver. A, US demonstrating increased echogenicity. B, T1-weighted MRI 
demonstrating a “bright” liver. (Courtesy Dr. Mukesh Harisinghani, Boston, MA.) 


predominantly Kupffer cell (secondary) iron overload on liver 
biopsy specimens.” Clinical and laboratory findings do not cor- 
relate with the histologic severity of NAFLD, and the entire 
histologic spectrum of NAFLD, including cirrhosis, can be seen 
in patients with normal or near-normal serum aminotransferase 
levels.>° 

Imaging studies are often obtained during the evaluation of 
unexplained liver biochemical test abnormalities or suspected 
NAFLD. Hepatic US may reveal a “bright” liver of increased 
echogenicity, consistent with hepatic steatosis (Fig. 87.4). Fatty 
liver also can be documented by abdominal CT (a fatty liver is 
lower in density than the spleen), or by MRI (fat appears bright 
on Tl-weighted imaging). Areas of relative sparing of fat may 
be seen. CT and MRI are excellent at detecting steatosis, with 
areas under the receiver operating curve (AUROC) of 0.90 and 
greater,’ whereas US is good at detecting steatosis, particularly 
if the hepatic fat content is greater than 20%. Traditional cross- 
sectional imaging is also useful for evaluating hepatic masses and 
may describe findings of portal hypertension in advanced disease 
(see Chapter 74). These modalities cannot confirm the presence 
of or determine the severity of NASH. 


Liver Biopsy 


Although the diagnosis of NAFLD is relatively easy to make 
when there is hepatic steatosis on cross-sectional imaging and 
other chronic liver diseases have been excluded, a liver biopsy is 
still required to identify patients with NASH. The reality is that 
most patients with NAFLD do not undergo a liver biopsy. Liver 
biopsy is an invasive procedure associated with rare but severe 


complications, including hemorrhage and even death, and under- 
taking liver biopsies in 20% to 30% of the general population is 
not feasible. The ability to differentiate NASH from IFL is criti- 
cal because those with NASH are at risk for progression to cir- 
rhosis. The ideal approach would be to select patients for whom 
liver biopsy might influence management with a more aggressive 
treatment strategy, participation in clinical trials, or screening for 
HCC in the setting of cirrhosis. Advanced imaging techniques as 
well as laboratory tests and scoring systems have been studied as 
either a means to identify high-risk patients who should undergo 
liver biopsy or as potential noninvasive markers of either steato- 
hepatitis or fibrosis (Fig. 87.5). 


Imaging to Detect Fibrosis 


New imaging techniques have been more successful in identifying 
hepatic fibrosis than in detecting necroinflammation. The most 
studied and widely available is the US-based technology of vibra- 
tion-controlled transient elastography (VCTE or FibroScan), 
which uses a low-amplitude shear wave that propagates through 
the liver parenchyma (see Chapters 74 and 80). The speed of the 
wave correlates with liver stiffness. Advantages of this noninvasive 
technique include its ease of use and patient acceptance. Variable 
cutoff values for liver stiffness have been used for identifying 
advanced fibrosis, and one study demonstrated an AUROC of 
0.93 with a cutoff score of 9.9 kPa, although 27% of participants 
had unreliable results with the usual M probe.’ An XL probe 
was developed to improve accuracy in the setting of obesity and 
has improved reliability.” A prospective study has demonstrated 
that VCTE accurately distinguishes low from advanced stages 
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Elevated serum aminotransferase levels, 
hepatomegaly, and/or fatty liver on imaging 


Exclude excessive alcohol use and other forms of 
liver disease by history and laboratory tests 


Noninvasive risk stratification with clinical scoring system 


(BARD, AST/ALT ratio, NAFLD fibrosis score, FIB-4) 


Low risk 


Manage metabolic syndrome 
7 
x 
Annual follow-up for reassessment 


Intermediate or high risk 


Consider liver biopsy to stage the disease and 
assess the risk of progression 


of fibrosis but is less accurate in distinguishing intermediate 
stages of fibrosis or the presence of NASH.® Other noninvasive 
modalities to assess liver stiffness include acoustic radiation force 
impulse elastography and supersonic sheer imaging. Acoustic 
radiation force impulse elastography measures the velocity of 
short-duration, high-intensity acoustic pushing pulses in the 
liver. One large study of 291 patients with NAFLD in which all 3 
ultrasound-based modalities were compared found similarly high 
AUROGCs for detection of F2, F3, and F4 fibrosis.°! 

Magnetic resonance elastography (MRE) combines MRI 
with elastography and is accurate for staging NAFLD fibrosis. 
MRE has proved excellent for staging liver fibrosis in patients 
with NAFLD and is superior to VCTE.6-6t Disadvantages to 
MRE include a comparatively higher cost and limited availability 
because of the specific MRI software and hardware required. 


Laboratory Tests for Fibrosis 


Simple, noninvasive, and quantitative laboratory tests have been 
developed to estimate the presence of steatohepatitis or hepatic 
fibrosis. The most studied single marker for identifying NASH 
is cytokeratin (CK)-18, a marker of apoptosis,» but this test is 
not commercially available and does not appear to have enough 
sensitivity and specificity to be used alone as a predictive marker 
for NASH. 

Clinical scoring systems have also been investigated for their 
ability to predict either NASH or advanced fibrosis. These 
systems use clinical or laboratory variables ranging from read- 
ily available tests such as serum liver enzyme levels and plate- 
let count to surrogate markers of necroinflammation or fibrosis, 
such as apolipoprotein A-1 or tissue inhibitor of metalloprotein- 
ase 1 (TIMP-1). 

The major clinical scoring systems studied in NAFLD include 
the FibroTest (FibroSure); FibroMeter; NAFLD fibrosis score; 


VCTE > 8.5 kilopascals,MRE > 3.1 kilopascals, 
or other test result suggestive 
of significant fibrosis 


Fig. 87.5 Diagnostic approach to patients 
with suspected NAFLD. The diagnosis of 
NAFLD is based on clinical and histologic 
criteria. Most patients are evaluated because 
of elevated serum aminotransferase levels 
and/or hepatomegaly. The diagnosis of 
NAFLD should be considered when exces- 
sive alcohol use is absent and laboratory test 
results exclude other causes of liver disease. 


VCTE, MRI, or other method to evaluate Imaging studies may demonstrate fatty liver. 
for fibrosis 


Noninvasive risk stratification is appropri- 
ate to determine who is at the greater risk 
of advanced fibrosis and should be referred 
for immediate liver biopsy. Liver biopsy is 
the standard means of diagnosis and the 
only test that can reliably differentiate simple 
steatosis from NASH, although noninvasive 
methods for assessing fibrosis are being 
used increasingly. BARD, BMI, AST/ALT ratio, 
diabetes mellitus; FIB-4, Fibrosis-4 (plate- 
let count, age, AST, ALT); MRE, magnetic 
resonance elastography; VCTE, vibration- 
controlled transient elastography. 


Fibrosis-4 (FIB-4); AST-to-platelet ratio (APRI); BARD (BMI, 
AST/ALT ratio, diabetes mellitus); Enhanced Liver Fibrosis 
(ELF) score (TIMP-1, amino-terminal propeptide of type II 
procollagen [PIIINP], hyaluronic acid); NashTest; and the AST/ 
ALT ratio. Comparison of the accuracy of these tests in terms 
of positive and negative predictive values generally has dem- 
onstrated that the more complicated and expensive tests (e.g., 
FibroTest, ELF) do not outperform the more readily obtained 
basic laboratory tests that can be calculated during an office visit. 
These tests are best at predicting absent or advanced fibrosis and 
are less helpful for distinguishing intermediate stages of fibrosis.® 

The NAFLD fibrosis score is perhaps the most commonly used 
clinical scoring algorithm and incorporates age, BMI, hypergly- 
cemia, AST/ALT ratio, platelet count, and serum albumin level 
(http://gihep.com/calculators/hepatology/nafld-fibrosis-score/). 
A low cutoff value for this score has been shown to have a high 
negative predictive value of 88% to 93%, and a high cutoff value 
has shown a good positive predictive value of 82% to 90%. This 
leaves 1 in 4 patients as having an indeterminate result; for this 
group, a liver biopsy would be required for accurate staging. A 
study investigating the utility of US or the NAFLD fibrosis score 
in the National Health and Nutrition Examination Survey, 1988- 
1994 cohort, has suggested that the NAFLD fibrosis score may 
predict increased mortality along with advanced fibrosis.©? The 
FIB-4 index is also available online (http://gihep.com/calculator 
s/hepatology/fibrosis-4-score) and uses platelet count, age, AST, 
and ALT to predict presence or absence of advanced fibrosis with 
reasonable accuracy, as reported in a study of Veteran Affairs 
patients with an AUROC of 0.62 to 0.80.”° Both scoring systems 
have a 20% to 35% false-positive rate in older populations, a limi- 
tation in patients who are 65 years of age or older.’! These scor- 
ing systems are useful adjuncts in clinical practice for stratifying 
risk within the large cohort of NAFLD patients. The AST/ALT 
ratio alone can be used as a “stand-alone” test, with the implication 


BOX 87.3 Risk Factors for Advanced* NAFLD 


CLINICAL 

Older age (>50 yr) 

Obesity 

Diabetes mellitus/insulin resistance 
Ethnicity (Hispanic) 

Hypertension 

LABORATORY 


AST/ALT ratio approaching 1 
Serum ALT level > twice the upper limit of normal 
Serum AST level > 40 U/L 


HISTOLOGIC 


Necroinflammatory activity (hepatocyte ballooning, necrosis) 
Stainable iron 
Fibrosis 


*NASH and advanced fibrosis. 


of more advanced fibrosis as the value approaches 1 in patients 
with NAFLD. Box 87.3 lists the common risk factors for advanced 
fibrosis in NAFLD. 


Focal Fatty Liver 


In contrast to NAFLD, which is a diffuse parenchymal process, 
focal fatty liver is a localized or patchy process that simulates a 
space-occupying lesion in the liver on imaging studies. This con- 
dition has been recognized increasingly in adults and children as 
a result of the improved sensitivity of abdominal imaging. Focal 
fatty liver has characteristic patterns on CT: usually a nonspheri- 
cal shape, absence of mass effect, and CT attenuation values con- 
sistent with those of soft tissue.’? The density of focal fatty liver is 
close to that of water, unlike that of liver metastases, which have a 
density that is closer to that of hepatocytes. US and MRI can help 
confirm a diagnosis of focal fatty liver (Fig. 87.6). A presumptive 
diagnosis of focal fatty liver should not be made when a mass 
effect, areas of mixed hypo- and hyperechogenicity, an irregular 
shape, or a history of malignancy is present. In such cases, ultra- 
sound-guided fine-needle biopsy is recommended. No evidence 
exists to suggest that the pathogenesis of focal fatty liver is similar 
to that of NAFLD. In fact, the pathogenesis of focal fatty liver is 
uncertain and may involve altered venous blood flow to the liver, 
tissue hypoxia, or intestinal malabsorption of lipoprotein. In the 
absence of accompanying liver disease, the lesion often regresses. 
No specific treatment is necessary. 


NATURAL HISTORY 


The natural history of NAFLD is determined in large part by the 
histopathology of the liver at baseline, which identifies patients 
with NASH and quantifies the amount of hepatic fibrosis. The 
prognosis in patients with IFL in the absence of hepatocyte 
necrosis and fibrosis is clearly more favorable, with a low poten- 
tial for histologic or clinical progression.” Patients with NAFLD 
have been shown to have increased overall mortality compared 
with matched controls without NAFLD,’* and the increased 
liver-related mortality is confined to patients with NASH.7*’6 
Fibrosis appears to be the single most important predictor of dis- 
ease-specific mortality, as shown in a cohort study of 229 patients 
with biopsy-proven NAFLD followed for up to 33 years in whom 
a fibrosis stage of 3 to 4, irrespective of the NAS, had an increased 
mortality with a hazard ratio of 3.3 (confidence interval [CI], 2.27 
to 4.76).’’ There is substantial variability in the rate of fibrosis 
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Fig. 87.6 Focal fatty liver. Focal fatty liver (arrow) on CT. The charac- 
teristic features are the nonspherical shape, absence of a mass effect, 
and CT attenuation values consistent with those of soft tissue. US and 
MRI also may confirm the diagnosis of focal fatty liver. (Courtesy Dr. 
Mukesh Harisinghani, Boston, MA.) 


>80% 


Isolated 
fatty liver 


~11% over 15 yr 


Cirrhosis 


~31% over 8 yr ~7% over 6.5 yr 


Fig. 87.7 Natural history of NAFLD, including isolated fatty liver (IFL) 
and NASH. IFL rarely if ever progresses to cirrhosis and is not as- 
sociated with an increased risk of death compared with the general 
population. NASH is associated with an increased risk of death due 

to cardiovascular disease, malignancy, and cirrhosis and its compli- 
cations. Progression of fibrosis in NASH is associated with diabetes 
mellitus, severe insulin resistance, higher BMI, weight gain >5 kg, 
cigarette smoking, and rising serum aminotransferase levels. (Adapted 
from Torres DM, Williams CD, Harrison SA. Features, diagnosis and 
treatment of nonalcoholic fatty liver disease. Clin Gastroenterol Hepatol 
2012;10:837-58.) 


progression, and no clinical or laboratory data appear to reliably 
predict the disease course. A meta-analysis of 11 cohort studies 
has suggested annual fibrosis progression rates, from a baseline 
of stage 0, of 0.07 stages for IFL compared with 0.14 stages for 
NASH.”’® This translates into progression of 1 stage over 14.3 
years in patients with IFL and 7.1 years in patients with NASH. A 
reasonable estimate is that ~11% of patients with NASH progress 
to cirrhosis over a 15- to 20-year period (Fig. 87.7).” 

NAFLD and alcoholic hepatitis are similar histologically but 
differ substantially in clinical outcomes. The 5-year survival rate 
of patients with alcohol-associated hepatitis is only 50% to 75% 
because of the large proportion of patients (>50%) in whom cir- 
rhosis and its complications develop (see Chapter 86). One study 
has shown that the long-term survival of patients with NASH is 
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significantly better than that of patients with alcohol-associated 
hepatitis.°° 

In patients in whom NAFLD-associated cirrhosis develops, 
the outcome may be similar to that for other causes of cirrho- 
sis. NAFLD is the likely cause of most cases of cryptogenic cir- 
rhosis,*! is the second most common indication for LT,® and is 
expected to become the leading indication for LT in the 2020s 
(see Chapter 97).8 

In concert with rising rates of NASH cirrhosis, rates of 
NAFLD-related HCC are increasing, with one study showing a 
9% annual increase** and another suggesting that ~7% of patients 
with NASH cirrhosis will progress to HCC over 6.5 years of fol- 
low-up.*> Reports of HCC developing in noncirrhotic patients 
with NASH® pose a difficult diagnostic dilemma, because it may 
not be feasible to survey such a large population for HCC (see 
Chapters 74 and 97). 


CLINICAL ASSOCIATIONS 


As noted earlier, the metabolic syndrome and diabetes mellitus 
are associated with NAFLD. Other conditions, including cardio- 
vascular disease, OSA, vitamin D deficiency, colonic adenomas, 
hypothyroidism, chronic kidney disease, and polycystic ovarian 
syndrome have also been associated with NAFLD. Cardiovascular 
disease has been shown to be the primary cause of death in this 
population. Although this is not surprising given the association of 
NAFLD with the metabolic syndrome, evidence points to NAFLD 
as an independent risk factor for cardiovascular disease with an OR 
of 2.05 (95% CI, 1.81 to 2.31).” In $121 asymptomatic individuals, 
NAFLD was an independent risk factor for subclinical coronary 
atherosclerosis as detected by coronary CT angiography.” 

OSA is common in the general population with an estimated 
frequency of 1% to 4% and higher rates (25% to 35%) in obese 
populations. Chronic intermittent hypoxia was associated with 
a high NAS and increased hepatic fibrosis in a cohort of mor- 
bidly obese patients undergoing bariatric surgery.”’ One study 
has demonstrated that obese patients with OSA have a greater 
than 90% frequency of NAFLD and that 50% of patients with 
NAFLD have symptoms suggestive of OSA.”* 

Vitamin D deficiency has been related to increased endo- 
toxin exposure (see earlier), and the recognition of its widespread 
prevalence parallels that of NAFLD. The coexistence of NAFLD 
and vitamin D deficiency appears to go beyond a simple associa- 
tion because vitamin D deficiency is found in populations with 
NAFLD independent of age, gender, and serum TG and glu- 
cose levels,” although a meta-analysis has suggested that vita- 
min D deficiency is not associated with the histologic severity 
of NAFLD.!°° There are no prospective studies to suggest vita- 
min D replacement may improve NAFLD or NASH, but it has 
become common to check vitamin D levels and replete vitamin D 
as necessary in patients with NAFLD. 

Several retrospective and prospective studies have also sug- 
gested a relationship between NAFLD and colonic adenomas.!0! 
One population-based study in Korea! and one prospective 
study in China! showed higher frequencies of colonic adeno- 
mas, as well as of advanced neoplasia such as cancer, high-grade 
dysplasia, or villous histology, in persons with NAFLD. A study of 
26,540 patients undergoing first-time colonoscopy and same-day 
abdominal US demonstrated higher rates of advanced colorectal 
neoplasia in patients with NAFLD compared with patients with- 
out NAFLD (OR 1.2; 95% CI, 0.99 to 1.47).104 

NAFLD has been reported to be associated with chronic kidney 
disease. A large meta-analysis demonstrated that NAFLD is asso- 
ciated with a 40% increase in incident chronic kidney disease.!° 
Similarly, in a cohort of middle-aged patients without chronic kid- 
ney disease assessed for NAFLD via the NAFLD fibrosis score and 
US, !°° the risk of developing chronic kidney disease was greater in 
patients with NAFLD and increased with a greater NFS. 


TREATMENT 


The optimal therapy for NAFLD has not been established, 
although there is general consensus that treatment efforts should 
be targeted to patients with NASH, particularly with fibrosis. 
Each of the histologic or surrogate end points that have been used 
in treatment trials have limitations. Histologic improvement in 
steatosis, inflammation, and fibrosis is the ultimate goal of treat- 
ment, but a single drug is unlikely to produce all these effects. 
As fibrosis worsens, steatosis and inflammation often improve; 
therefore, NASH and fibrosis must be assessed separately. As 
discussed earlier, the NAS has been the most accepted scoring 
system for quantifying histologic improvement, and a 2-point 
improvement in the NAS, with 1 of the points coming from a 
reduction in hepatocyte ballooning, has been thought to indicate 
a successful intervention.!°” Improvement in fibrosis (which is not 
part of the NAS) has become a primary end point of newer trials, 
although inclusion of this end point has lengthened the duration 
of treatment trials from 6 to 12 months to multiple years. Most 
trials with histologic end points target either a 2-point improve- 
ment in the NAS with stable fibrosis or improvement in fibrosis 
with a stable NAS. 

Although still the gold standard, liver biopsy is invasive and 
subject to interobserver variability as well as sampling error (see 
earlier). Therefore, interest has increased in biomarkers as poten- 
tial surrogate end points for clinical treatment trials. Noninvasive 
markers of hepatic fibrosis, such as VCTE and MRE, are often 
used in clinical treatment trials. Controlled attenuation parame- 
ter software may be added on to VCTE to quantify steatosis. Bio- 
chemical markers such as CK-18 and scoring systems including 
the ELF and NAFLD fibrosis scores have also been used. Treat- 
ment trials using clinical end points are difficult but can be done 
when the trial is long in duration and focused on patients with 
end-stage liver disease, in whom outcomes such as variceal bleed- 
ing or encephalopathy can occur. Changes in portal venous pres- 
sure can be evaluated using directed measurement of the hepatic 
venous pressure gradient, particularly in clinical treatment trials 
focused on reducing fibrosis (see Chapter 92). 

Historically, the treatment of NAFLD has consisted of weight 
loss, removal of offending drugs and toxins, and control of associ- 
ated metabolic disorders, including diabetes mellitus and hyper- 
lipidemia. Treatment strategies are now grouped into lifestyle 
modification, surgical interventions for weight loss, and pharma- 
cotherapy (Table 87.3). 


Lifestyle Modification 


Lifestyle modification is often divided into a reduction in calories 
with a goal of weight loss, macronutrient modification, and physi- 
cal activity, including aerobic and resistance activity. Most studies 
of calorie restriction include an exercise component, making it 
difficult to assess which approach is the most beneficial. 

Nutritional counseling and caloric restriction leading to 
weight loss have been shown to improve hepatic histology in sev- 
eral randomized controlled trials. One large prospective trial of 
261 patients followed for 12 months demonstrated that all fea- 
tures of NASH improved with weight loss of at least 10%, and 
fibrosis stabilized or improved with weight loss of at least 5%.1°8 
Similarly, a meta-analysis of 8 randomized controlled trials sug- 
gested a weight loss of at least 5% resulted in improvement in 
hepatic steatosis, and weight loss of at least 7% improved the 
NAS.! Optimal approaches to obtain these weight loss goals 
remain undefined, and the ability to sustain weight loss over time 
is limited to a small minority of patients. 

The merits of specific diets such as the Mediterranean or low- 
carbohydrate diets have not been well studied in patients with 
NASH. Although some data suggest that the Mediterranean diet 
may improve hepatic steatosis,!!° there is no evidence to favor 
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TABLE 87.3 Current and Future Treatment Options for NAFLD 


Modality 


Effect 


1363 


Comment(s) 


DIETARY ADVICE 


Weight loss 5%-10% 
Moderate caloric restriction with goal 500-750 
kcal fewer per day 


Eliminate or reduce SFAs, high fructose corn 
syrup 
Consider omega-3 fatty acid replacement 


Consider regular coffee consumption, 2-3 cups 
per day 


EXERCISE ADVICE 


Aerobic and/or resistance training 3-4 times per 
wk with the goal of 400 kcal expended 


BARIATRIC SURGERY 
Sleeve gastrectomy, RYGB, LABG 


PHARMACOTHERAPY (CURRENT) 
Vitamin E 800 IU daily 


Pioglitazone 30-45 mg daily 


Incretin mimetics (exenatide and liraglutide) 


Improves most features of NASH 


High consumption risk factor for NASH and 
T fibrosis 


Decreases hepatic steatosis improves serum 
triglycerides 


Decreased risk of fibrosis 


mproves insulin resistance 


mproves or resolves NASH in 60%-80% cases as 
well as fibrosis 


mproves NASH but modestly; no fibrosis benefit 


mproves NASH, possible fibrosis improvement 


Improve insulin resistance, promote weight loss, 
modest histologic improvement in small trials 


Difficult to sustain 


Prospective trials lacking 


Lack of histologic improvement in NAFLD/NASH 
Useful for hypertriglyceridemia 


Optimal amount unclear 


Best results when leads to weight loss 


Use only when failed lifestyle modification and 
comorbid conditions justify risk of surgery 


Useful in nondiabetic populations 
? Prostate cancer risk 


Side effect profile is often prohibitive (e.g., weight 
gain, osteoporosis, edema, congestive heart 
failure) 

Not FDA approved for NASH 


Gl side effects 
Ongoing trial with semaglutide 


Small pilot trials 
Safe in NAFLD and reduces risk of cardiovascular 


Pentoxifylline Possible NASH and fibrosis improvement 
Statins Does not improve NASH histology 
Ezetimibe Modest improvement in pilot trial 


PHARMACOTHERAPY (FUTURE) 
FXR agonists: 
Obeticholic acid 
Aldafermin 


Antifibrotics: 
Cenicriviroc, emricasan, selonsertib, GR-MD-02 


PPAR-a/é agonist: 
Elafilbranor 


Improves NASH histology 


Ongoing phase 2 studies 
Ongoing phase 2 and phase 3 studies 


Relatively modest efficacy 


disease 


Safe in NAFLD and can be used for hyperlipidemia 
but not as NAFLD/NASH therapy 


Side effects: pruritus, increased LDL, lowered HDL 


Side effects: diarrhea, nausea, diabetes mellitus 
Promising but more data needed 


Side effects: T serum creatinine 


FXR, farnesoid X receptor; LAGB, laparoscopic adjustable gastric banding; PPAR, peroxisome proliferator-activated receptor; RYGB, Roux-en-Y gastric 


bypass; SFA, saturated fatty acid. 


one approach over a general reduction of caloric intake. Limit- 
ing saturated fatty acids and high-fructose corn syrup may also 
be beneficial, because diets high in saturated fatty acids and 
fructose have been associated with NASH.!!! A large retrospec- 
tive study has even shown a correlation between daily fructose 
consumption and higher fibrosis stage, although no prospective 
trials have demonstrated histologic improvement with fructose 
restriction. !!? 

Omega-3 fatty acids are approved in the USA to treat hyper- 
triglyceridemia and have been investigated as a potential therapy 
for NAFLD. A meta-analysis of 9 studies of 355 patients dem- 
onstrated that omega-3 supplementation improved hepatic ste- 
atosis, although no histologic data were available.'!* Reduction 
in steatosis occurred in the absence of weight loss with a median 
daily omega-3 supplement dose of 4 g. Other trials have failed 
to show benefit with omega-3 supplementation in NAFLD and 
NASH.!!4115 Omega-3 supplementation requires further study 
as a treatment for NAFLD or NASH but can be considered for 
the treatment of hypertriglyceridemia in these patients. 


A relationship between caffeinated coffee intake and chronic 
liver disease has been observed, and large retrospective studies 
have demonstrated a protective effect of coffee in alcoholic liver 
disease!!° as well as chronic hepatitis C!!’ (see Chapters 74, 80, 
and 86). Preliminary studies suggest that this relationship holds 
true for patients with NAFLD as well, in whom coffee intake has 
been associated with lower stages of hepatic fibrosis.!!*!!° This 
benefit has been seen with 2 to 3 cups of caffeinated coffee daily 
and does not appear to carry over to other caffeinated beverages, 
decaffeinated coffee, or espresso.!7° 

Patients with NASH are more sedentary and have less cardio- 
vascular fitness compared with untrained sedentary controls.!7! 
Physical activity is another lifestyle intervention that can be rec- 
ommended in concert with nutritional counseling or as mono- 
therapy. Moderate and vigorous physical activity have been 
shown to be effective in reducing intrahepatic TG content in a 
12-month treatment trial, although the improvement appeared to 
be mediated largely by weight loss.!’? Smaller trials and a meta- 
analysis have suggested that weight reduction is not required to 
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improve intrahepatic TG content.!*3-!”5 The response of NASH 
to exercise is less certain, with analysis from a large retrospec- 
tive cohort of biopsy-proved patients with NASH demonstrating 
that moderate intensity exercise (3.0 to 5.9 metabolic equivalents) 
did not improve the severity of NASH or fibrosis.!?° Vigorous 
activity (26 metabolic equivalents) did improve NASH histology, 
and fibrosis improved with doubling of vigorous activity. Prac- 
tice guidelines by the AASLD in 2018 recommended exercise 
in concert with caloric reduction, with the net goal of sustained 
weight loss over time.® Specific recommendations on the type 
and intensity of exercise have not been made. 

Although lifestyle modification appears beneficial for NAFLD, 
no single particular lifestyle intervention can be recommended, 
and no one approach is likely to be suitable for all patients.!?7 
Adequate weight loss of 5% to 10% is difficult to achieve and even 
more difficult to sustain over time. The AASLD practice guide- 
lines*? and 2012 tri-society practice guidelines!** both recom- 
mend a hypocaloric diet in conjunction with increased physical 
activity with weight loss goal of 7% to 10% but omit specific rec- 
ommendations on the composition of the diet or type of exercise. 


Bariatric Surgery 


Bariatric surgery leads to substantial weight loss that results in 
improved metabolic parameters and hepatic histology in patients 
with NAFLD, according to numerous large retrospective and pro- 
spective cohort studies (see Chapter 8).!?*!2° In one study of 109 
patients with NASH who underwent follow-up liver biopsy one year 
after bariatric surgery, 85% of patients had resolution of NASH, and 
33% had improvement in fibrosis.!*° Initial concerns that fibrosis 
would worsen with rapid weight loss were unfounded, as demon- 
strated in a meta-analysis in which fibrosis improved by 11.9% from 
baseline after bariatric surgery.!*! Although bariatric surgery is not 
recommended as a treatment for NASH, the abundant positive 
data in its favor suggest that surgical weight loss is a viable option 
for patients with comorbid conditions that would warrant the sur- 
gery for other reasons. Patients with NASH cirrhosis are at poten- 
tially higher risk for surgical complications, although some centers 
have demonstrated encouraging results with sleeve gastrectomy in 
patients with Child-Pugh class A cirrhosis (see Chapter 8).!° 


Pharmacotherapy 


A myriad of pharmacologic approaches has been investigated for 
the treatment of NAFLD and may be grouped into the broad 
categories of weight loss medications, insulin sensitizers, antioxi- 
dants, and cytoprotective or antifibrotic agents. 


Weight Loss Medications 


A limited number of medical therapies are available for weight loss, 
and even fewer have been studied in patients with NAFLD (see 
Chapter 7). The most studied to date is orlistat, a reversible inhibi- 
tor of pancreatic and gastric lipase. This medication promotes mod- 
est weight loss through intestinal fat malabsorption and is available 
by prescription (Xenical, Roche) as well as in a lower-dose over- 
the-counter version (Alli, GlaxoSmithKline). Pilot trials were ini- 
tially promising, but subsequent larger randomized controlled trials 
demonstrated similar weight loss between patients receiving orlistat 
and those receiving placebo.!?>-134 A weight loss of 9% was shown 
to be the threshold required to produce histologic improvement 
in steatosis and necroinflammation regardless of treatment arm. 
Case reports of cholelithiasis, cholestasis, and, rarely, hepatic injury 
prompted the FDA to issue a post-marketing warning for orlistat 
in 2009. These observations, combined with only modest weight 
loss effect and side effects of oily stools and potential malabsorption 
of other medications, have limited the utility of this drug. Other 
weight loss agents, including phentermine, lorcaserin, and phenter- 
mine/topiramate, have not been studied in patients with NAFLD. 


Antioxidants 


Medications that reduce the generation of reactive oxygen spe- 
cies in the liver to minimize oxidative stress are another potential 
avenue for therapy. The most studied antioxidant, vitamin E, an 
inexpensive yet potent antioxidant, has been examined as an agent 
for the treatment of NAFLD in adult and pediatric studies. In 
most adult and pediatric studies, vitamin E was well tolerated, 
improved serum aminotransferase levels, reduced hepatic ste- 
atosis, and, in nondiabetic populations, improved steatohepati- 
tis but not fibrosis.!?5136 Some concerns have been raised about 
the use of vitamin E in diabetic patients due to cardiovascular 
risk, and vitamin E is not recommended in diabetic patients with 
NAFLD.!*7 A reported increase in all-cause mortality in a meta- 
analysis!>* was refuted by a larger, more comprehensive study.!*? 
Despite lingering questions about a modest increase in prostate 
cancer rates,!*° therapy with vitamin E can be considered in non- 
diabetic patients with NASH, as recommended by the AASLD.*? 


Diabetic Medications 


The association between hyperinsulinemic insulin resistance 
and NAFLD provides a logical target for treatment. Metformin, 
thiazolidinediones (TZDs), and incretin mimetics are all dia- 
betic medications that have been investigated in the treatment of 
NASH. Metformin, a biguanide that reduces hyperinsulinemia 
and improves hepatic insulin sensitivity, reduces hepatomeg- 
aly and hepatic steatosis in ob/ob mice!*! but results in human 
NAFLD have been less impressive.!*”!#3 The use of metformin is 
currently not recommended as a therapy for NAFLD or NASH. 

TZDs are potent peroxisome proliferator-activated receptor 
(PPAR)-y agonists, a nuclear receptor that is expressed in adipose 
tissue, muscle, and liver. In adipocytes, PPAR-y promotes cell 
differentiation and decreases lipolysis and FFA release. TZDs 
improve insulin resistance by increasing glucose disposal in mus- 
cle and decreasing hepatic glucose output. The TZDs rosigli- 
tazone and pioglitazone have been investigated in several large, 
well-designed, randomized controlled trials, in which treatment 
was well tolerated and associated with improved insulin resis- 
tance, normalization of liver biochemical test levels, and histo- 
logic improvement in most patients.!*!!*4+!* Pioglitazone has 
become the primary agent available, because rosiglitazone use 
is now limited because of an FDA warning that the frequency 
of coronary events is increased. A meta-analysis has confirmed 
that treatment with pioglitazone results in a significant benefit in 
reducing hepatic fibrosis in patients with NASH with or without 
diabetes mellitus.!*° Drawbacks to TZD therapy include an aver- 
age weight gain of 5 to 10 pounds over 1 to 3 years of therapy, 
as well as increased bone loss!*’ and possibly increased rates of 
bladder cancer.'*° Continued treatment appears to be necessary 
because subsequent studies have demonstrated recurrent NASH 
after discontinuation of therapy.'*? Fortunately, long-term 
treatment with pioglitazone for NASH was reported to be safe, 
effective, and well tolerated in both prediabetics and diabetics 
in a study of 101 patients followed for 36 months.!°° The 2018 
AASLD practice guidelines recommend pioglitazone as a therapy 
for patients with biopsy-proven NASH after a discussion with the 
patient of the risks and benefits of therapy. 

Incretin mimetics are another class of diabetic medications 
that have been less studied in NASH populations but have shown 
preliminary promise. Exenatide and liraglutide are glucagon-like 
protein-1 receptor (GLP-1) agonists that improve insulin sensi- 
tivity and serum glucose levels and promote modest weight loss. 
Exenatide has shown promise in animal models,!*! as have human 
pilot trials.!°2,!5? A randomized controlled trial of 52 patients in 
which liraglutide was compared with placebo showed signifi- 
cant histologic improvement, including resolution in NASH, in 
39% treated with liraglutide compared with 9% in those treated 
with placebo.!°+ A phase 2b trial with another GLP-1 agonist 


(semaglutide) is ongoing.!°> GI side effects, including nausea and 
diarrhea, may contribute to the weight loss seen with these medi- 
cations, and results from larger studies are awaited. 


Cytoprotective Agents 

Cytoprotective agents are thought to prevent apoptosis and 
down-regulate the inflammatory cascade. UDCA, a cytopro- 
tective agent, showed promise in smaller trials in patients with 
NASH, "6:157 although the largest placebo-controlled trial dem- 
onstrated equal improvement with UDCA and placebo.5* UDCA 
is not currently recommended for the treatment of NAFLD or 
NASH. 

Pentoxifylline (PTX) is a cytoprotective agent that has also 
been studied in patients with NASH and that has been shown to 
inhibit proinflammatory cytokines (including TNF-a), leading to 
a reduced production of reactive oxygen species.!°? Two pilot tri- 
als, as well as a randomized controlled trial, have shown varying 
degrees of histologic improvement as well as improvements in 
liver biochemical test levels and insulin resistance.!°°!©! Another 
small open-label study demonstrated improvement in the NAS 
but not in fibrosis with PTX for 1 year and lifestyle modification 
compared with lifestyle modification alone.!© Further study is 
required to determine whether PTX therapy is an appropriate 
primary NASH therapy. 


Lipid-Lowering Agents 


Because patients with NASH often have co-existing hyperlip- 
idemia, the use of lipid-lowering agents in NAFLD has been 
studied as a potential duel-target therapy to address both condi- 
tions. The most commonly prescribed agents for hyperlipidemia 
are statins, which inhibit 3-hydroxy-3-methylglutaryl-coenzyme 
A (HMG-CoA) reductase, a primary enzyme in cholesterol bio- 
synthesis (see Chapter 64). Statins have shown modest benefit in 
pilot NASH treatment trials.!*-!+ Larger trials without the sur- 
rogate end points of liver enzyme levels or improved hepatic ste- 
atosis have also suggested a benefit and demonstrated improved 
cardiovascular outcomes with therapy.!6®166 Statins can be rec- 
ommended to treat concomitant hyperlipidemia in patients with 
NASH, but further study is needed before statins can be recom- 
mended as primary therapy for NASH. 

Ezetimibe is another lipid-lowering agent that has shown ben- 
efit in improving hepatic histology in animal models,!®’ as well as 
in 1 pilot trial in 24 patients with NAFLD.'° Again, more evi- 
dence is necessary before ezetimibe can be recommended as pri- 
mary therapy for NAFLD. An expert panel recommended use of 
statins, alone or in combination with ezetimibe or pioglitazone, 
as a treatment for NAFLD and NASH pending forthcoming ran- 
domized clinical trials.!° 


Other Therapies 


Angiotensin-receptor blockers (ARBs) are used routinely for 
the treatment of hypertension, heart failure, and chronic kid- 
ney disease—conditions that may be found in association with 
NAFLD. In animal models, ARBs have been shown to inhibit 
hepatic stellate cell activity, leading to a reduction in hepatic 
fibrosis in obese mice.!’° One pilot trial suggested a similar ben- 
efit in humans, but a larger randomized controlled trial using 
losartan in addition to rosiglitazone failed to produce any addi- 
tional histologic benefit beyond that seen with rosiglitazone 
alone.!’! Additional study is necessary to determine if ARBs are 
efficacious for NASH. 

The importance of bile acid synthesis and transport in the 
pathogenesis of NAFLD, as discussed earlier, suggests novel 
targets for potential treatments (see Chapter 64). The nuclear 
hormone receptor FXR receptor is a master “conductor” that 
modulates lipid and glucose homeostasis. The FXR agonist 
obeticholic acid has shown promise as a treatment for NASH, 
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with results from the large randomized controlled trial (the 
FLINT trial) demonstrating improved metabolic parameters and 
liver histology.!’? Side effects, including pruritus, increased LDL 
levels, and lowered HDL levels led to a larger phase 3 study, in 
progress, to clarify the severity of these effects. 

The antifibrotic agents are potential therapies and are 
undergoing intense investigation. Targeting fibrosis is appeal- 
ing because of the direct link between fibrosis and outcomes, 
although using fibrosis as a primary study end point often results 
in studies of long duration because it may take ~7 years per stage 
of fibrosis progression in the absence of an intervention (see ear- 
lier).!’> Numerous antifibrotic agents have been or are currently 
under study, including emricisan, selonsertib, aldafermin, and 
GF-MD-02. Although selonsertib was shown to improve fibro- 
sis without worsening of the NAS in a phase 2 study, subsequent 
phase 3 studies failed to confirm its antifibrotic effect.!7* Alda- 
fermin demonstrated significant increases in fibrosis improve- 
ment and resolution of NASH compared with placebo in a phase 
2 trial. 

Other novel therapeutic approaches may be derived from 
advances in our understanding of the pathogenesis of NASH. 
Alterations in gut flora and SIBO are thought to contribute to 
NASH and may provide a novel outlet for therapy. Elafibranor 
is a dual PPAR-o/6 dual agonist and has beneficial effects on 
glucose and lipid homeostasis. In a large published randomized 
controlled trial, treatment with elafibranor led to resolution of 
NASH without worsening of fibrosis in an intention-to-treat 
analysis and had a good side effect profile.!”> Potential effects on 
the serum creatinine level with this medication and a relatively 
modest effect (19% improvement) necessitate that further study 
be undertaken. 

Most NASH treatment trials have involved single agents that 
usually target pathways that lead to inflammation or fibrosis. 
Combination therapies could approach multiple different targets 
and improve efficacy. A few phase 2 trials have begun using this 
approach in the hope that combination therapy will provide equal 
or greater efficacy than each agent alone would. 

In summary, present therapies for NAFLD rely heavily on 
lifestyle interventions that, when successful and sustained, can 
produce significant histology and biochemical benefits. Treat- 
ment of concomitant metabolic disease such as diabetes mel- 
litus or hyperlipidemia may produce modest improvements in 
hepatic histology as well, although not enough to warrant their 
use as primary therapy for NASH. Pioglitazone and vitamin E 
can be considered in specific target populations. Bariatric sur- 
gery is an option for obese patients with NASH and comorbid 
conditions. 


LT 


As described earlier, NASH cirrhosis is the second most com- 
mon indication for LT and is expected to become the lead- 
ing indication for LT in the 2020s.87 Comorbid conditions 
limit eligibility for transplantation, and although the 30-day 
transplant mortality is higher for NASH cirrhosis, 1- to 
3-year mortality rates are similar to those for other indica- 
tions for LT.°*-° Cardiovascular disease is found frequently 
in patients with NASH, and adequate preoperative cardiac 
risk stratification is important. Van Wagner and colleagues 
demonstrated an increased rate of cardiovascular events in 
NASH cirrhotics undergoing LT, particularly in the peri- 
operative period, compared with patients with alcohol-asso- 
ciated cirrhosis, with an OR of 4.12 (95 CI, 1.91 to 8.90).?! 
The majority of patients have recurrent steatosis 5 years after 
LT, although only 5% have been reported to develop recur- 
rent cirrhosis within that time.” Hepatic steatosis in donor 
grafts is an entirely different consideration that is increasingly 
common and is found in one third to one half of potential 
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liver and cadaveric liver transplant donors.” Transplanted 
steatotic livers have been associated with primary graft non- 
function and poorer overall outcomes (see Chapter 97).?* 
Grafts with less than 30% steatosis are acceptable for use, and 
those with greater than 60% fat are generally considered unac- 
ceptable. Those with intermediate grades of steatosis (30% to 


60%) are evaluated on a case-by-case and center-dependent 
basis. Liver biopsy and consultation with an expert pathologist 
prior to harvesting the organ can be useful for determining 
donor acceptability. 


Full references for this chapter can be found on www.expertconsult.com. 
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HEPATIC DRUG METABOLISM 


Role of the Liver in Drug Elimination 


By virtue of the portal circulation, the liver is highly exposed to 
drugs and other toxins absorbed from the intestine. Most drugs 
tend to be lipophilic compounds that are readily taken up by the 


liver but cannot be easily excreted unchanged in bile or urine. 
The liver is well equipped to handle these agents by an adapt- 
able (inducible) series of metabolic pathways. These pathways 
include those that alter the parent molecule (phase 1); synthe- 
size conjugates of the drug or its metabolite with a more water- 
soluble moiety, such as a sugar, amino acid, or sulfate molecule 
(phase 2); and excrete in an energy-dependent manner the par- 
ent molecule, its metabolites, or conjugates into bile (phase 3). 
For any given compound, 1, 2, or all 3 steps may be necessary 
for drug elimination. Expression and subcellular location of the 
proteins (enzymes, membrane transporters) that mediate these 
steps are controlled by a set of nuclear receptors that function as 
transcriptional regulators and co-regulators, thereby account- 
ing for coordinated regulation of the 3 phases of hepatic drug 
elimination. 


Pathways of Drug Metabolism 
Phase 1 and Cytochrome P450 


Phase 1 pathways of drug metabolism include oxidation, reduc- 
tion, and hydrolytic reactions. The products can be readily con- 
jugated or excreted without further modification. !? 

Most phase 1 reactions are catalyzed by microsomal drug 
oxidases, which contain a hemoprotein of the cytochrome P450 
(CYP) gene superfamily as a key component. The apparent pro- 
miscuity of drug oxidases toward drugs, environmental toxins, 
steroid hormones, lipids, and bile acids results from the existence 
of multiple closely related CYP proteins. More than 20 CYP 
enzymes are present in the human liver.’ 

The reaction cycle involves binding of molecular oxygen to 
the iron in the heme prosthetic group, with subsequent reduc- 
tion of oxygen by acceptance of an electron from nicotinamide- 
adenine dinucleotide phosphate (NADPH) cytochrome P450 
reductase, a flavoprotein reductase. The resulting “activated 
oxygen” is incorporated into the drug or another lipophilic 
compound. Reduction of oxygen and insertion into a drug 
substrate (“mixed function oxidation”) generates chemically 
reactive intermediates, including free radicals, electrophilic 
“oxy-intermediates” (e.g., unstable epoxides, quinone imines), 
and reduced (and therefore reactive) oxygen species (ROS). The 
quintessential example is the CYP2E1-catalyzed metabolite of 
acetaminophen, N-acetyl-p-benzoquinone imine (NAPQJ), an 
oxidizing and arylating metabolite that is responsible for acet- 
aminophen hepatotoxicity. Other examples of reactive quinone 
compounds include metabolites of troglitazone, quinine, and 
methyldopa. Likewise, hepatic metabolism of some plant tox- 
ins can generate potentially hepatotoxic epoxide metabolites of 
diterpenoids (see Chapter 89).+ ROS contribute significantly to 
tissue injury, particularly by generating oxidative stress and trig- 
gering tissue stress responses and cell death pathways, as dis- 
cussed later. 

The hepatic content of CYP proteins is higher in acinar zone 
3 than in zone 1. Localization of CYP2E1 is usually confined 
to a narrow rim of hepatocytes 1 to 2 cells thick around the 
terminal hepatic venule. This explains in part the zonality of 
hepatic lesions produced by drugs and toxins, such as acetamin- 
ophen and carbon tetrachloride, which are converted to reactive 
metabolites. 
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Genetic and Environmental Determinants of Cytochrome 
P450 Enzymes 

Pharmacogenetics and Polymorphisms of Cytochrome 
P450 Expression. The hepatic expression of each CYP enzyme 
is genetically determined. This finding largely explains the 4-fold 
or greater differences in rates of drug metabolism among healthy 
subjects. Some CYPs, particularly minor forms, are also subject 
to polymorphic inheritance, with some individuals lacking the 
encoded protein. One example is CYP2D6, which metabolizes 
debrisoquine and perhexiline. Poor metabolizers lack CYP2D6 
and accumulate perhexiline with usual doses; lack of CYP2D6 is 
the critical determinant in serious adverse effects of perhexiline, 
including chronic hepatitis and cirrhosis.’ Other examples 
include CYPs 2C9 and 2C19, which affect the metabolism of 
S-warfarin, omeprazole, and phenytoin and of S-mephenytoin, 
respectively’; 3% of white populations and 15% of Asians are 
poor metabolizers of S-mephenytoin. 

Developmental Regulation and Constitutive Expression. 
Expression of several CYPs is developmentally regulated. During 
adult life, the expression of some CYPs declines slightly (by up 
to 10%) with advancing age, but this change is minor compared 
with the effects of genetic variation, environmental influences, 
and liver disease. Gender differences in the expression of CYPs 
3A4 and 2E1 may explain the slightly enhanced metabolism of 
certain drugs (erythromycin, chlordiazepoxide, midazolam) in 
women, but whether this difference contributes to the increased 
risk of hepatic drug reactions in women remains unclear. 

Nutrition and Disease-Related Changes. A person’s nutritional 
status influences the expression of certain CYPs, both in health and 
with liver disease.!7° CYP2E1 expression is increased by obesity, 
high fat intake, diabetes mellitus, and fasting.*° Diseases that alter 
the expression of hepatic CYPs include hypothyroidism (decreased 
CYP1A), and hypopituitarism (decreased CYP3A4).’ Cirrhosis 
is associated with decreased levels of total cytochrome P450 and 
also with reduced hepatic perfusion; the result is a decrease in 
the clearance of drugs such as propranolol that are metabolized 
rapidly by the liver.’ The effects of cirrhosis vary, however, among 
individual CYP families (Table 88.1) and with the type of liver 
disease (e.g., CYP3A4 levels are preserved with cholestatic but 
lowered with hepatocellular liver disease). 

Adaptive Response and Enzyme Induction. Exposure to 
lipophilic substances generates an adaptive response that usually 
involves transient liver cell injury (discussed later) as well as syn- 
thesis of new enzyme protein, a process termed enzyme induc- 
tion. The molecular basis for genetic regulation of constitutive 
and inducible expression of CYP3A4, the major human hepatic 
cytochrome P450, has been determined.’ Drugs such as rifampin 
interact with the pregnane X-receptor (PXR), a member of the 
orphan nuclear receptor family of transcriptional regulators.’ Ac- 
tivated PXR and the analogous constitutive androstane receptor 
(CAR) in turn bind to cognate nucleotide sequences upstream to 
the CYP3A4 structural gene within a xenobiotic-regulatory en- 
hancer module. This interaction regulates the CYP3A4 promoter 
downstream and ultimately the transcription of CYP3A4 protein. 
Similar control mechanisms apply to several other CYP path- 
ways, particularly those involved in bile acid synthesis.” 

Common examples of microsomal enzymes induced by 
environmental agents include cigarette and cannabis smok- 
ing (CYP1A2)® and alcohol (CYP2E1 and possibly CYP3A4).? 
Several drugs are potent inducers of CYP enzymes. Isonia- 
zid induces CYP2E1, whereas phenobarbital and phenytoin 
increase the expression of multiple CYPs.” Rifampin is a potent 
inducer of CYP3A4, as is hypericum,!° the active ingredient 
of St. John’s wort, a commonly used herbal medicine, thereby 
causing interactions between conventional medicines and a 
complementary and alternative medicine (CAM) preparation. 
Regulation of hepatic drug metabolizing enzymes is reviewed 
elsewhere.?* 


TABLE 88.1 Cytochrome P450 (CYP) Isoenzymes Involved in Phase | 
Drug Metabolism in Humans 


Effect of Liver 


Disease on 

CYP Isoenzymes Substrates CYP Activity 

CYP1A2 Caffeine, theophylline, Lt 
clonazepam 

CYP2A6 Halothane, methoxyflurane U 

CYP2C9 Diclofenac, losartan, warfarin l 

CYP2C19 Citalopram, diazepam, Lu 
omeprazole 

CYP2D6 Codeine, haloperidol, o 
metoprolol 

CYP2E1 Enflurane, halothane, 1 
acetaminophen 

CYP3A4 Amiodarone, carbamazepine, IU 


cyclosporine, terfenadine 


The implications for drug-induced liver disease are 2-fold. 
First, enzyme induction often extends beyond the CYP sys- 
tem, possibly due to PXR and CAR activation. This induction 
may influence bile acid metabolism and liver growth and could 
account for increases in serum alkaline phosphatase and GGTP 
levels, which reflect “hepatic adaptation” to chronic drug inges- 
tion. Second, the influence of one drug on expression and activ- 
ity of drug metabolizing enzymes and drug elimination (phase 3) 
pathways can alter the metabolism or disposition of other agents. 
Such drug-drug interactions may be relevant to mechanisms of 
drug-induced liver injury. 

Inhibition of Drug Metabolism. Some chemicals inhibit 
drug metabolism. In persons taking more than one medication, 
for example, competition for phase 2 pathways such as 
glucuronidation and sulfation facilitates the presentation of 
unconjugated drug to the CYP system. This may explain in part 
why agents such as zidovudine and phenytoin lower the dose 
threshold for acetaminophen-induced hepatotoxicity. 


Other Pathways of Drug Oxidation 

In addition to CYP enzymes, mitochondrial electron transport 
systems can generate tissue-damaging reactive intermediates dur- 
ing drug metabolism. Examples include nitroradicals from nitro- 
furan derivatives (nitrofurantoin, cocaine). Subsequent electron 
transfer by flavoprotein reductases into molecular oxygen gen- 
erates superoxide and other ROS. Some anticancer drugs (e.g., 
doxorubicin, imidazole antimicrobials) can participate in other 
oxidation-reduction (redox) cycling reactions that generate ROS. 


Phase 2 (Conjugation) 


Phase 2 reactions involve formation of ester links to the par- 
ent compound or to a drug metabolite to form hydrophilic 
conjugates that can be excreted readily in bile or urine. The 
responsible enzymes include glucuronyl transferases, sulfotrans- 
ferases, glutathione S-transferases, and acetyl and amino acid 
N-transferases. Conjugation reactions are also regulated by CAR 
and other nuclear transcription factors, and can be retarded by 
depletion of their rate-limiting cofactors, such as glucuronic 
acid and inorganic sulfate; the relatively low capacity of these 
enzyme systems restricts the efficacy of drug elimination when 
substrate concentrations exceed enzyme saturation. In general, 
drug conjugates are nontoxic, and phase 2 reactions are consid- 
ered to be detoxification reactions, with exceptions. For example, 
some glutathione conjugates can undergo cysteine S-conjugate 


beta-lyase—mediated activation to highly reactive intermediates. 
In general, conjugation reactions are minimally affected by liver 
disease, with the possible exception of some reduction of enzyme 
activity and resulting drug clearance in decompensated cirrhosis; 
this is relevant to selection of major analgesics (morphine rather 
than pethidine) and hypnotics (oxazepam rather than diazepam). 
Little is known about the regulation of such enzymes or their 
potential significance for DILI. 


Phase 3 


This phase involves secretion of drugs, drug metabolites, or their 
conjugates into bile. Several transporters participate in these 
pathways that involve ATP-binding cassette (ABC) proteins 
and are powered by energy from ATP hydrolysis (see Chapter 
64). ABC transport proteins are widely distributed in nature and 
include the CF transmembrane conductance regulator and the 
canalicular and intestinal copper transporters (see Chapter 76). 

Multidrug resistance protein 1 (MDR1, gene symbol ABCB1) 
is highly expressed on the apical (canalicular) plasma membrane 
of hepatocytes, where it transports cationic drugs, particularly 
anticancer agents, into bile. Another family of ABC transport- 
ers, the multidrug resistance-associated proteins (MRPs), is also 
expressed in the liver. At least 2 members of this family excrete 
drug (and other) conjugates from hepatocytes: MRP-3 (gene 
symbol ABCC3) on the basolateral surface facilitates passage of 
drug conjugate into the sinusoidal circulation and MRP-2 (gene 
symbol ABCC2), expressed on the canalicular membrane, pumps 
endogenous compounds (e.g., bilirubin diglucuronide, leukotri- 
ene-glutathionyl conjugates, glutathione) and drug conjugates 
into bile. The bile salt export pump (BSEP) and MDR3 (gene 
symbols ABCB4 in humans and Mdr2 in mice) are other canalicu- 
lar transporters involved, respectively, in bile acid and phospho- 
lipid secretion into bile. Polymorphisms involving these genes are 
associated with human cholestatic liver diseases. BSEP interacts 
with several drugs.!! 

Regulation of the membrane expression and activity of these 
drug elimination pathways is complex. Altered expression or 
impaired activity (by competition between agents, changes in 
membrane lipid composition, or damage from reactive metab- 
olites or covalent binding) could lead to drug accumulation, 
impairment of bile flow, or cholestatic liver injury. This has been 
demonstrated for estrogens, !>!? troglitazone,!* terbinafine," and 
flucloxacillin!® and has wider mechanistic implications for drug- 
induced cholestasis and other forms of liver injury.!! 


Effect of Liver Disease on Drug Metabolism 


In considering the safety of prescribing medications in patients 
with liver disease, physicians need to understand the hepatic 
extraction ratio of the drug (its rate of uptake and metabolism), 
its disposition (hepatic, renal, other), the pathways involved if it is 
subject to hepatic drug metabolism, and whether there are poten- 
tial interactions between drug effects (pharmacodynamics) and 
disease complications. In light of the complexity of hepatic drug 
handling, it is fortunate that most drugs are safe to use in most 
patients with liver disease. The contexts that will give rise to con- 
cern are liver disease associated with reduced hepatic blood flow 
(cirrhosis and portal hypertension), in which hepatic clearance of 
drugs with high clearance is reduced, and poor metabolic (syn- 
thetic) function of the liver. Apart from subjects already await- 
ing LT, this category includes patients with alcohol-associated 
hepatitis and cirrhosis, severe autoimmune hepatitis (AIH), and 
viral hepatitis with hepatic decompensation. In such patients, oral 
doses of high-clearance compounds must be reduced substan- 
tially because systemic bioavailability may increase 2- to 10-fold 
as a result of the reduced “first-pass” hepatic clearance. The best 
example is propranolol, which is usually prescribed in this context 
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to lower portal venous pressure and reduce the risk of variceal 
bleeding. Instead of doses used for cardiovascular indications 
(such as 160 to 320 mg daily), the usual starting dose in a patient 
with cirrhosis should be 10 to 20 mg daily. Other high-clearance 
compounds affected by severe liver disease include pethidine, tri- 
cyclic antidepressants, and salbutamol. 

The pathways of hepatic drug metabolism and elimination 
most affected by liver disease are those involving CYP (see ‘Table 
88.1). As mentioned earlier, cholestatic forms of liver disease have 
little effect on CYP3A4 and therefore minimally affect hepatic 
metabolism of commonly used drugs, such as glucocorticoids, 
angiotensin-converting enzyme (ACE) inhibitors, cyclosporine, 
and HIV protease inhibitors. Drugs that rely on hepatic elimi- 
nation through biliary excretion are minimally affected by liver 
disease, with the exception of cancer chemotherapeutic agents. 
Patients with jaundice are at increased risk of liver injury with 
such agents. By contrast, liver disease has much less effect on con- 
jugation pathways (phase 2 drug metabolism), a property that can 
be exploited in the choice of sedatives or major analgesics (see 
later). 

Drugs known to precipitate liver complications should be 
avoided. Patients with cirrhosis have impaired creatinine clear- 
ance and are at risk of developing gentamicin nephrotoxicity. 
Another challenge is the appropriate choice of a sedative to 
manage alcohol withdrawal in a patient with alcohol-associated 
cirrhosis. Diazepam is a poor choice in this setting because it is 
extensively metabolized by CYPs; its clearance is delayed, and 
hepatic encephalopathy may be precipitated by its use. An alter- 
native benzodiazepine that is metabolized by conjugation alone 
(e.g., oxazepam) would be a safer choice. Other adverse effects 
that are not usually related to hepatic drug metabolism include 
exaggerated effects on clotting factor synthesis (even though war- 
farin metabolism is not usually affected by liver disease); sodium 
and water retention by NSAIDs, which also confer high risk of 
GI bleeding; metabolic acidosis or profound hypoglycemia by 
metformin and other oral hypoglycemic agents; and hypotension 
after administration of an ACE inhibitor or major tranquilizer. 
Acetaminophen appears to be the safest analgesic agent to use in 
cirrhosis (see later). In general, however, most commonly used 
agents (antimicrobials, DAAs, antiepileptics, antidepressants, 
antihypertensives, statins, and oral contraceptives) are safe to use 
in patients with liver disease. 


LIVER DISEASE CAUSED BY DRUGS 
Definitions and Importance 


Drugs are a relatively common cause of liver injury, which usu- 
ally is defined by abnormalities of liver biochemical test levels, 
particularly an increase in the serum ALT, alkaline phosphatase, 
or bilirubin level to more than twice the upper limit of normal 
(ULN). DILI can be difficult to define in clinical practice because 
the biochemical tests used to detect liver injury may also be ele- 
vated as part of a hepatic adaptive response. Indeed, evidence 
indicates that some forms of hepatic adaptation to drugs follow 
an earlier transient process of self-limiting liver injury, followed 
in turn by operation of innate immunity. Further, the severity of 
DILI varies from minor nonspecific changes in hepatic structure 
and function to ALF, cirrhosis, and liver cancer.!’ 

The term drug-induced liver disease should be confined to cases 
in which the nature of the liver injury has been characterized histo- 
logically. With the exception of acetaminophen, anticancer drugs, 
and some botanical or industrial hepatotoxins, most cases of DILI 
represent adverse drug reactions or hepatic drug reactions. These 
effects are noxious and unintentional and occur at recommended 
doses. The latent period is longer (typically from 1 week to 3 to 6 
months) than that for direct hepatotoxins (from hours to a few days), 
and extrahepatic features of drug hypersensitivity may be present. 
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Although DILI is a relatively uncommon cause of jaundice 
or acute hepatitis in the community, it is an important cause of 
more severe acute liver disease, particularly among older peo- 
ple. The overall mortality rate among patients hospitalized for 
DILI is approximately 10%'* but varies greatly for individual 
drugs.!??° Reported frequencies of individual hepatic drug reac- 
tions are underestimated because of the inadequacy of spontane- 
ous reporting.!?° With reliable prospective and epidemiologic 
techniques, the frequency (or risk) of most types of drug-induced 
liver disease is between 1 per 10,000 and 1 per 100,000 persons 
exposed.”! Because these responses to drug exposure are clearly 
rare and unpredictable, they are often termed idiosyncratic drug 
reactions. Their rarity blunts diagnostic acumen because most 
clinicians will see few, if any, cases and therefore do not have 
an appropriate level of clinical suspicion. This concern applies 
especially to CAM preparations (see Chapter 89). Failure to 
withdraw the causative agent after the onset of symptoms of drug 
hepatitis or reexposure to such a drug is a common and avoidable 
factor in ALF attributable to DILI.!?-?+ Another challenge is 
that DILI includes an array of clinical syndromes and pathologic 
findings that mimic known hepatobiliary diseases. Furthermore, 
although individual agents (and some drug classes) typically 
produce a characteristic “signature syndrome,” they can also be 
associated with other and sometimes multiple clinicopathologic 
syndromes. 

DILI is one of the most common reasons for withdrawal of 
an approved drug. The subject therefore has medico-economic, 
legal, and regulatory ramifications. Because most types of idio- 
syncratic hepatic drug reactions are infrequent, serious hepato- 
toxicity is not usually detected until post-marketing surveillance 
is conducted. Historically, drugs with a reputation for potential 
hepatotoxicity have usually been replaced by more acceptable 
alternatives. Examples include troglitazone, the prototypic thia- 
zolidinedione, and bromfenac, an NSAID, both of which were 
withdrawn due to fatal hepatotoxicity. 12274-25 

The burgeoning number of available conventional medications 
and CAM preparations now includes many hundreds that are cited 
as rare causes of drug-induced liver disease. This poses several 
challenges to clinicians,!°??-?> including concern about what con- 
stitutes an adequate level of patient information at the time a drug 
is prescribed and the reliability of evidence linking an individual 
agent to a particular type of liver injury.!7°?7 Another develop- 
ment is the appreciation that in the context of a complex medical 
setting, drug toxicity can interact with other causes of liver injury. 
Noteworthy examples of such situations are bone marrow trans- 
plantation; cancer chemotherapy; antiretroviral therapy (ART) 
for HIV infection; use of antituberculous drugs in patients with 
chronic viral hepatitis; rifampin hepatitis in patients with PBC; 
and NAFLD—particularly NASH—precipitated by tamoxifen. 


Epidemiology 


Frequency or risk, the number of adverse reactions for a given 
number of persons exposed, is the best term for expressing how 
common a drug reaction is. Time-dependent terms such as inci- 
dence and prevalence are not appropriate because the frequency 
is not linearly related to the duration of exposure. For most reac- 
tions, the onset occurs within a relatively short exposure time, 
or latent period, although some forms of chronic liver disease 
occur months or years later. The frequency of drug-induced liver 
disease is derived from post-marketing surveillance reports sub- 
mitted to the manufacturers or adverse drug reaction monitoring 
bodies. In the USA, following approval by the FDA, drug com- 
panies are required to report serious adverse events (any incident 
resulting in death, a threat to life, hospitalization, or permanent 
disability [Code of Federal Regulations]). Surveillance becomes 
a more passive process, however, when a drug is approved for 
marketing and physicians and pharmacists are encouraged to 


file voluntary written reports through the MedWatch program. 
Nevertheless, MedWatch receives reports for fewer than 10% of 
adverse drug reactions,'’ similar to the rate of reporting in France 
(<6%).?° The electronic tool for drug-induced serious hepato- 
toxicity (eDISH) is a graphic instrument that can help identify 
participants in clinical trials who may be at risk of severe liver 
disease. Both at-a-glance laboratory data (especially serum ami- 
notransferase and bilirubin levels) for all participants and time- 
course data for individual patients can be obtained for further 
scrutiny.?/ 


Case Definition: Which Agent? 


Many drugs have been implicated in DILI.°”* The evidence for 
most drugs, however, is confined to individual or small numbers 
of case reports, especially in letters to scientific journals or to 
regulatory authorities, or small observational series. Therefore, 
for most agents, the evidence that they could cause liver injury 
is circumstantial and incomplete. Reports often lack pathologic 
definition, thorough exclusion of other disorders, and logis- 
tic imputation of causality, especially with respect to temporal 
associations (see later).!> Of the drugs listed in the LiverTox 
DILI database in 2016, (livertox.nih.gov), only about one half had 
convincing associations with DILI. Of these, 22% (76) and 13% 
(22) were based on cumulative reports of 12 to 50 and more than 
50 cases, respectively.” In general, agents used most commonly 
in clinical practice and in the community, including antimicrobi- 
als, antineoplastic agents, and NSAIDs, are those that have been 
implicated in causing DILI. The challenge of identifying the cul- 
prit drug among multiple candidates is discussed later. 


Frequencies of Hepatic Drug Reactions 


Because of incomplete reporting, frequencies of hepatic drug 
reactions are often underestimated. These estimated frequencies 
are also crude indicators of risk because of the inherent inaccura- 
cies of case definitions (see later) and because case recognition 
and reporting depend on the skill and motivation of observ- 
ers.!>7> The increased interest of prescribers when initial cases 
of drug-induced liver disease have been described, together with 
inappropriate prescribing (e.g., prolonged use of bromfenac, 
which was approved only for 7 days of use, and overprescribing of 
flucloxacillin and amoxicillin-clavulanic acid in some countries) 
can give rise to apparent “mini-epidemics.” More appropriate 
epidemiologic methods applied to hepatotoxicity have included 
prescription event monitoring, record linkage, and case-control 
studies. Prescription event monitoring and record linkage have 
been used to estimate the frequency of liver injury with some 
antimicrobials (erythromycins, sulfonamides, tetracyclines, flu- 
cloxacillin, amoxicillin-clavulanate) and NSAIDs.”° 

Epidemiologic studies confirm the rarity of drug-induced liver 
disease with current drugs. For NSAIDs, the risk of liver injury is 
between 1 and 10 per 100,000 individuals exposed. Amoxicillin- 
clavulanic acid has been associated with cholestatic hepatitis in 1 
to 2 per 100,000 exposed persons, and low-dose tetracyclines have 
caused hepatotoxicity in less than one case per million persons 
exposed.!!871,2? The frequency of liver injury may be higher for 
agents that exert a metabolic type of hepatotoxicity. For example, 
isoniazid causes liver injury in up to 2% of persons exposed; the 
risk depends on the patient’s age and gender, concomitant expo- 
sure to other agents, and presence of HBV and HCV infections. 
For some drugs in which other host factors play a pathogenic 
role, case-control studies have been used to define attributable 
risk. Examples include the association of aspirin with Reye syn- 
drome and oral contraceptives with liver tumors and hepatic vein 
thrombosis. 

In the 1970s, the late Hyman Zimmerman hypothesized 
a relationship between the frequency and severity of serum 


ALT elevations that indicate liver injury and the risk of severe 
hepatotoxicity.” According to “Hy’s rule,” elevations of serum 
ALT levels to 3-fold or more above the ULN with an associ- 
ated increase in the serum bilirubin concentration (=2 x ULN) 
without an elevation of the serum alkaline phosphatase level 
(<2 x ULN) indicate a potential for the drug to cause ALF 
at a rate of about 10% of the number of cases with jaundice. 
Therefore, if 2 cases of jaundice associated with DILI are 
observed in a phase 3 clinical trial of 2500 patients, one case of 
ALF would be expected for every 12,500 subjects who received 
the drug during the marketing phase. Modifications of Hy’s 
rule have been suggested to improve its specificity in identify- 
ing cases that may progress to ALF.??3° These include using 
an R ratio (ALT/ULN divided by ALP/ULN) or a modified 
nR ratio (which uses either ALT or AST depending on which- 
ever parameter produces the higher R ratio) of greater than 5. 
Applying these approaches to a Spanish DILI cohort improved 
the specificity from 44% (Hy’s rule) to 67% (R ratio), and 63% 
(nR ratio) with similar sensitivities.’? These criteria await fur- 
ther validation. 


Importance of Drugs as a Cause of Liver Disease 


Hepatotoxicity accounts for less than 5% of cases of jaundice 
or acute hepatitis in the community and for even fewer cases of 
chronic liver disease.!? However, drugs are an important cause 
of more severe types of liver disease and for liver disease in older 
people. They account for 10% of cases of severe hepatitis admit- 
ted to the hospital in France”’ and for 43% of cases of hepati- 
tis among patients 50 years of age or older.” Drugs account for 
more than one half of the cases of ALF referred to a special unit 
in the USA.” The pattern and frequency of agents incriminated 
varies among countries; for example, herbal and dietary supple- 
ments accounted for over a quarter of DILI cases in South Korea 
(see Chapter 89). 

In most cases of DILI, drugs are the sole cause of hepatic 
damage. In other cases, drugs increase the relative risk for types 
of liver disease that may occur in the absence of drug exposure. 
Examples include salicylates in Reye syndrome, oral contracep- 
tive steroids (OCS) in hepatic venous thrombosis, methotrexate 
in hepatic fibrosis associated with alcohol-associated liver disease 
and NAFLD, and tamoxifen in NAFLD and NASH. Predisposi- 
tion of patients with preexisting liver disease to DILI is minimal, 
but potential interactions between chronic HCV infection and 
several groups of drugs and between chronic HBV infection and 
antituberculous chemotherapy are now reasonably established. 
On the other hand, liver failure may be more likely to develop 
if the patient with a hepatic drug reaction (e.g., to amoxicillin- 
clavulanic acid) that usually is associated with a good outcome has 
underlying chronic liver disease. 


Risk Factors 


For dose-dependent hepatotoxins such as acetaminophen and 
methotrexate and for some idiosyncratic reactions that are 
partly dose-dependent (e.g., bromfenac, tetracyclines, dan- 
trolene, tacrine, oxypenicillins), the factors that influence the 
risk of drug-induced liver disease include the drug dose (DILI 
is more likely with a drug dose > 50 mg daily),*! blood level 
of the drug, and duration of intake. For idiosyncratic reac- 
tions, however, host determinants are central to liver injury. 
The most critical determinant is likely to be genetic predis- 
position, but other “constitutional” and environmental factors 
can influence the risk of liver injury, as summarized in Table 
88.2. The most important factors are age, gender, exposure to 
other substances, a history or family history of previous drug 
reactions, other risk factors for liver disease, and concomitant 
medical disorders.*! 
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Genetic Factors 

Genetic determinants predispose to drug-induced liver disease, 
as they do for other types of drug reaction, such as penicillin 
allergy.*” The contention that atopic patients may be at increased 
risk of some types of drug hepatitis is unproven, however. 
Genetic factors determine the activity of drug-activating and 
antioxidant pathways, encode pathways of canalicular bile secre- 
tion, and modulate the immune response, tissue stress responses, 
and cell death pathways. Documented examples of drugs associ- 
ated with a familial predisposition to adverse hepatic drug reac- 
tions are few and include valproic acid and phenytoin.*? Inherited 
mitochondrial diseases are a risk factor for valproic acid-induced 
hepatotoxicity.*? Some forms of drug-induced liver disease, par- 
ticularly drug-induced hepatitis and granulomatous reactions, 
are associated with the reactive metabolite syndrome (see later). 
Initial studies showed only no or weak associations between spe- 
cific HLA haplotypes and some types of drug-induced liver dis- 
ease. Genome-wide association studies (GWAS) have revealed 
stronger associations between specific HLA haplotypes and sev- 
eral drugs, including flucloxacillin and amoxicillin-clavulanic acid 
(Table 88.3).34 


Age 

ae hepatic drug reactions are more common in adults than 
in children. Exceptions include valproic acid hepatotoxicity, 
which is most common in children under 3 years of age but rare 
in adults, and Reye syndrome, in which salicylates play a key 
role. In adults, the risk of isoniazid-associated hepatotoxicity is 
greater in persons older than 40 years of age. Similar observa- 
tions have been made for nitrofurantoin, halothane, etretinate, 
diclofenac, and troglitazone.!>.!°7! The increased frequency of 
adverse drug reactions in older subjects is largely the result of 
increased exposure, polypharmacy, and altered drug disposi- 
tion. In addition, the clinical severity of hepatotoxicity increases 
strikingly with age, as exemplified by fatal reactions to isoniazid 
and halothane. !:18,21 


Gender 

Women are particularly predisposed to drug-induced hepatitis, a 
difference that cannot be attributed simply to increased exposure. 
Examples include toxicity caused by halothane, nitrofurantoin, 
sulfonamides, flucloxacillin, minocycline, and troglitazone. !?? 
Drug-induced chronic hepatitis caused by nitrofurantoin, diclof- 
enac, or minocycline has an even more pronounced female pre- 
ponderance.!?? Conversely, equal sex frequency or even male 
preponderance is common for some cholestatic drug reactions 
(e.g., amoxicillin-clavulanic acid). Azathioprine-induced liver dis- 
ease occurs more frequently in male renal transplant recipients 
than in female recipients.*> 


Concomitant Exposure to Other Agents 

Patients who are taking multiple drugs are more likely to 
experience an adverse reaction than those who are taking one 
agent.!°?5 The mechanisms include enhanced CYP-mediated 
metabolism of the second drug to a toxic intermediate (see 
later). Examples include toxicity caused by acetaminophen, 
isoniazid, valproic acid, other anticonvulsants, and anticancer 
drugs. Alternatively, drugs may alter the disposition of other 
agents by reducing bile flow or competing with canalicular 
pathways for biliary excretion (phase 3 drug elimination). This 
mechanism may account for interactions between OCS and 
other drugs to produce cholestasis. Drugs or their metabolites 
may also interact through mechanisms of cellular toxicity and 
cell death that involve mitochondrial injury, intracellular sig- 
naling pathways, activation of transcription factors, and regu- 
lation of hepatic genes involved in controlling the response to 
stress and injury that triggers pro-inflammatory and cell death 
processes.°?° 


1372  PARTIX Liver 


TABLE 88.2 Factors Influencing the Risk of Liver Diseases Caused by Drugs 


Factor Examples of Drugs Affected Influence 
Genetic factors Halothane, phenytoin, sulfonamides Multiple cases in families 
Abacavir, amoxicillin-clavulanic acid, flucloxacillin Strong HLA association 
Age Halothane, isoniazid, nitrofurantoin, troglitazone Age >60 yrs: increased frequency, increased severity 
Valproic acid, salicylates More common in children 
Gender Halothane, minocycline, nitrofurantoin More common in women, especially those with chronic hepatitis 
Amoxicillin-clavulanic acid, azathioprine More common in men 
Dose Acetaminophen, aspirin, some herbal and dietary Blood levels are directly related to the risk of hepatotoxicity 
supplements 
Oxypenicillins, tacrine, tetracycline Idiosyncratic reactions, with partial relationship to dose 
Methotrexate, vitamin A Total dose, dosing frequency, and duration of exposure are related to 
the risk of hepatic fibrosis 
Valproic acid Familial cases, association with mitochondrial enzyme deficiencies 
Other drugs Acetaminophen Isoniazid, phenytoin, and zidovudine lower the dose threshold and 
increase the severity of hepatotoxicity 
Valproic acid Other antiepileptic drugs increase the risk of hepatotoxicity 
Anticancer drugs Interactive vascular toxicity 
History of other drug Enflurane, halothane, isoflurane Instances of cross-sensitivity have been reported among members of 
reactions Erythromycins each drug class but are rare 


Diclofenac, ibuprofen, tiaprofenic acid 


COX-2 inhibitors, sulfonamides 
Excessive alcohol use Acetaminophen 


Isoniazid, methotrexate 


NUTRITIONAL STATUS 
Obesity Halothane, methotrexate, tamoxifen, troglitazone 
Fasting Acetaminophen 


Preexisting liver disease Hycanthone, pemoline 
Antituberculosis drugs, ibuprofen 


OTHER DISEASES/CONDITIONS 


Diabetes mellitus Methotrexate 
HIV/AIDS Sulfonamides 
Renal failure Methotrexate, tetracycline 


Organ transplantation Azathioprine, busulfan, thioguanine 


Previous Drug Reactions 

A history of an adverse drug reaction generally increases 
the risk of reactions to the same drug as well as other agents. 
Nevertheless, instances of cross-sensitivity to related agents in 
cases of drug-induced liver disease are surprisingly uncommon. 
Examples of cross-sensitivity between drugs (or drug classes) 
include the haloalkane anesthetics (see Chapter 89), erythromy- 
cins, phenothiazines and tricyclic antidepressants, isoniazid and 
pyrazinamide, and some NSAIDs. A crucial point is that a previ- 
ous reaction to the same drug is a major risk factor for an increase 
in the severity of DILI.” A Spanish study examined the risk of 
DILI in persons with a history of DILI (with a different drug).*” 
Recurrent DILI was infrequent (1.2%) and was attributable most 
commonly to drugs that were structurally similar or had similar 
targets, whereas others exhibited features consistent with AIH, 
thereby raising the possibility that immune-mediated processes 
may be mechanistically involved or that the correct diagnosis was 
actually ATH. 


Alcohol 

Chronic excessive alcohol ingestion decreases the dose threshold 
for, and enhances the severity of, acetaminophen-induced hepa- 
totoxicity and increases the risk and severity of isoniazid hepatitis, 


Lowered dose threshold, poorer outcome 


ncreased risk of liver injury, hepatic fibrosis 


ncreased risk of liver injury, hepatic fibrosis 

ncreased risk of hepatotoxicity 

ncreased risk of liver injury 

ncreased risk of liver injury with chronic hepatitis B and C 


ncreased risk of hepatic fibrosis 
ncreased risk of hypersensitivity 
ncreased risk of liver injury, hepatic fibrosis 


ncreased risk of vascular toxicity 


niacin (nicotinic acid, nicotinamide) hepatotoxicity, and metho- 
trexate-induced hepatic fibrosis. 


Nutritional Status 

Obesity is strongly associated with the risk of halothane hepatitis 
and is an independent risk factor for NASH and hepatic fibrosis 
in persons taking methotrexate or tamoxifen. Fasting also predis- 
poses to acetaminophen hepatotoxicity,’ and a role for undernu- 
trition has been proposed in isoniazid hepatotoxicity.*” 


Preexisting Liver Disease 

In general, liver diseases such as alcohol-associated cirrhosis and 
cholestatic disorders do not predispose to adverse hepatic reac- 
tions.*° Exceptions include toxicity due to some anticancer drugs, 
niacin, pemoline, and hycanthone. Preexisting liver disease is a 
critical determinant of methotrexate-induced hepatic fibrosis. 
Patients with chronic HBV or HCV infection or HIV/AIDS 
appear to be at heightened risk of liver injury during antituber- 
culous or ART therapy,*! after exposure to ibuprofen and pos- 
sibly other NSAIDs, after myeloablative therapy in preparation 
for bone marrow transplantation (resulting in sinusoidal obstruc- 
tion syndrome), and possibly after taking antiandrogens, such 
as flutamide and cyproterone acetate. A particularly strong 


TABLE 88.3 Genetic Variants Associated with DILI 
Odds Ratio (Cl) 


Drug Category Allele(s) for DILI 
Flucloxacillin Antibiotic HLA-B*57:01; 80.6 (23-285) 
Ticlopidine Antiplatelet HLA A*33:03 36.5 (7.3-184) 
Minocycline Antibiotic HLA-B*35:02 30 
Lumiracoxib NSAID HLA-DQA1* 01:02; 6.3 (4.1-9.6) 
DRB1* 1501; 
DQB1* 06:02; 
DRB5*01:01 
Diclofenac NSAID ABCC2 [MRP2] 6 (2.4-17) 
C-24T 
Ximelagatran Thrombin HLA-DRB1*07:01 4.4 
inhibitor 
Nevirapine Protease HLA-B‘*58:01 3.5 
inhibitor 
Amoxicillin- Antibiotic HLA-DRB1*1501; 2.3 (1.0-5.26) 
clavulanic DRB5*01:01; DQB1* 
acid 06:02 
Terbinafine Antifungal HLA-A*33:01 2.3 
drug 
Sex hormones Various ABCB11 [BSEP] 1.7-4 


V444A 


*Alleles in bold are the most important in the pathogenesis of DILI for the 
particular drug. 

ABC, APT-binding cassette; BSEP bile salt export pump; CI, confidence 
intervals; MRP2, multidrug resistance-associated protein 2. 


association has been reported between HCV infection and the 
risk of liver injury during ART; the risk may be increased 2- to 
10-fold.*+45 


Other Diseases 

RA increases the risk of salicylate hepatotoxicity, and a curious, 
unexplained observation is that sulfasalazine hepatitis is more 
common in patients with RA than in those with IBD. Diabetes 
mellitus, obesity, and chronic kidney disease predispose to meth- 
otrexate-induced hepatic fibrosis, whereas HIV/AIDS confers a 
heightened risk of sulfonamide hypersensitivity.*+* A retrospec- 
tive cohort study found that the age- and sex-standardized inci- 
dence of drug-induced ALF in patients with diabetes mellitus was 
0.08 to 0.15 per 1000 person-years, irrespective of the therapeutic 
agent used (the number using troglitazone was small); the inci- 
dence was highest (approximately 0.3 per 1000) during the first 
6 months of exposure.*” Renal transplantation is a risk factor for 
azathioprine-associated vascular injury, whereas kidney disease 
predisposes to tetracycline-induced fatty liver.?” Finally, sinusoi- 
dal obstruction syndrome induced by anticancer drugs is more 
common after bone marrow transplantation*! and in persons with 
HCV infection.!>7?7475 


Pathophysiology 
Toxic Mechanisms of Liver Injury 


Direct Hepatotoxins and Reactive Metabolites 

Highly hepatotoxic chemicals injure key subcellular structures, 
particularly mitochondria and the plasma membrane. The injury 
arrests energy generation, dissipates ionic gradients, and disrupts 
the physical integrity of the cell. This type of overwhelming cel- 
lular injury does not apply to currently relevant hepatotoxins, 
most of which require metabolic activation to mediate damage 
to liver cells. The resulting reactive metabolites can interact 
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with critical cellular target molecules, particularly those with 
nucleophilic substituents such as thiol-rich proteins and nucleic 
acids. Together with ROS, they act as oxidizing species within 
the hepatocyte to establish oxidative stress, a state of imbalance 
between pro-oxidants and antioxidants. ROS are also key signal- 
ing molecules that mediate biological responses to stress, as dis- 
cussed later. Alternatively, reactive metabolites bind irreversibly 
to macromolecules, particularly proteins and lipids. Such cova- 
lent binding may produce injury by inactivating key enzymes or 
by forming protein-drug adducts that could be targets for immu- 
nodestructive processes that cause liver injury. Notwithstanding 
these comments, there is increasing evidence that “direct hep- 
atotoxins,” such as acetaminophen, activate innate immune 
mechanisms in the liver in response to stress with release of 
danger-activated molecular patterns; the latter (as well as bacte- 
rial products such as endotoxin, a pathogen-associated molecular 
pattern) trigger Toll-like receptors to activate pro-inflammatory 
and cell death pathways (see Chapter 72).*? 


Oxidative Stress and the Glutathione System 

The liver is exposed to oxidative stress by the propensity of hepa- 
tocytes to reduce oxygen, particularly in mitochondria and in 
microsomal electron transport systems (such as CYP2E1), and by 
NADPH-oxidase-catalyzed formation of ROS and nitroradicals 
in Kupffer cells, endothelial cells, and stimulated polymorpho- 
nuclear leukocytes (neutrophils) and macrophages. To combat 
oxidative stress, the liver is well-endowed with antioxidant mech- 
anisms, including micronutrients, such as vitamin E and vitamin 
C, thiol-rich proteins (e.g., metallothionein, ubiquinone), metal- 
sequestering proteins (e.g., ferritin), and enzymes that metabolize 
reactive metabolites (e.g., epoxide hydrolases), ROS (e.g., cata- 
lase, superoxide dismutase), and lipid peroxides (e.g., glutathione 
peroxidases). Glutathione (L-6-glutamyl-L-cysteine-glycine) is 
the most important antioxidant in the mammalian liver.*° 

Hepatocytes are the exclusive site of glutathione synthesis. 
Hepatic levels of glutathione are high (5 to 10 mmol/L) and can 
be increased by enhancing the supply of cysteine for glutathione 
synthesis; this mechanism is the cornerstone of thiol antidote 
therapy for acetaminophen poisoning. Hepatocyte glutathione 
synthesis increases in response to pro-oxidants, as occurs when 
CYP2E1 is overexpressed as a result of signaling via the redox- 
sensitive transcription factor Nrf.%35°°! Glutathione synthesis, 
via expression of the rate-limiting enzyme glutamate cysteine 
ligase is also a response to mitochondrial injury by such agents 
as acetaminophen. Glutathione in its reduced form (GSH) is a 
critical cofactor for several antioxidant pathways, including thiol- 
disulfide exchange reactions and glutathione peroxidase. Glu- 
tathione peroxidase has a higher affinity for hydrogen peroxide 
than does catalase, and it disposes of lipid peroxides, free radicals, 
and electrophilic drug metabolites. GSH is also a cofactor for 
conjugation reactions catalyzed by the glutathione S-transferases 
involved with phase 3 transport of drug metabolites into bile. 
Other reactions proceed nonenzymatically. In turn, the products 
include glutathione-protein mixed disulfides and oxidized gluta- 
thione. The latter can be converted back to glutathione by proton 
donation catalyzed by glutathione reductase. 

Normally, most glutathione within the hepatocyte is in the 
reduced state, indicating the importance of this pathway for 
maintenance of the redox capacity of the cell. The reduced form 
of NADPH is an essential cofactor for glutathione reductase; 
NADPH formation requires ATP, thereby illustrating a critical 
link between mitochondrial integrity and the energy-generating 
capacity of the liver and its ability to withstand oxidative stress. 
Glutathione is also compartmentalized within the hepatocyte, 
with the highest concentrations found in the cytosol. Adequate 
levels of glutathione are essential in mitochondria, where ROS 
are constantly being formed as a minor by-product of oxidative 
respiration and in response to some drugs or metabolites that 
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interfere with the mitochondrial respiratory chain. Mitochon- 
drial glutathione is maintained by active uptake from the cytosol 
via a transport system that is altered by chronic ethanol exposure 
and in some forms of lipotoxicity (e.g., with cholesterol) and is 
therefore another potential target for drug toxicity.*° 


Biochemical Mechanisms of Cellular Injury 

Mechanisms once thought to be central to hepatotoxicity, such as 
covalent binding to cellular enzymes and peroxidation of mem- 
brane lipids, are no longer regarded as exclusive pathways of cel- 
lular damage. Rather, oxidation of proteins, phospholipid fatty 
acyl side chains (lipid peroxidation), and nucleosides appears to 
be a component of the biochemical stress that characterizes toxic 
liver injury. In one experiment, healthy volunteers were admin- 
istered a variety of low-molecular-weight heparins, known to 
cause transient serum ALT elevations.'’ In addition to amino- 
transferase increases in >90% of cases, markers of subcellular 
injury (cytosolic, mitochondrial), apoptosis (M30 fragmentation 
product of cytokeratin [CK] 8/19), microRNA (miRNA)-122, 
DNA, and high-mobility group box-1 (HMGB1) increased; 
HMGB1 is a DAMP released in necrosis. The authors concluded 
that heparins as a class caused self-limited and mild necrosis with 
secondary activation of an innate immune response. Secondary 
reactions, including post-translational modification of proteins 
via adenosine diphosphate ribosylation or protease activation, 
cleavage of DNA by activation of endogenous endonucleases, and 
disruption of lipid membranes by activated phospholipases may 
also play a role in DILI.° Some of these catabolic reactions could 
be initiated by a rise in the cytosolic ionic calcium concentration 
(Ca?*);, as a result of increased Ca’* entry or release from internal 
stores in the endoplasmic reticulum and mitochondria.®*° The 
potential role of endoplasmic reticulum stress in DILI is less well 
defined.” 

The concept that hepatotoxic chemicals cause hepatocyte cell 
death by a biochemical final common pathway (e.g., activation of 
catalytic enzymes by a rise in [Ca**];) has proved inadequate to 
explain the diverse processes that can result in lethal hepatocel- 
lular injury. Rather, a variety of processes can damage key organ- 
elles, thereby causing intracellular stress that activates signaling 
pathways and transcription factors. Mitochondrial injury, partic- 
ularly that signaled via activation of the c-Jun N-terminal kinase 
JNK), appears to be critically involved with acetaminophen and 
most likely several other hepatotoxins.t?*+°° In turn, the balance 
between these factors can trigger the onset of cell death or facili- 
tate protection of the cell, as discussed later. 


Types of Cell Death 

Apoptosis. Apoptosis is an energy-dependent, genetically 
programmed form of cell death that typically results in controlled 
deletion of individual cells. In addition to its major roles in 
developmental biology, tissue regulation, and carcinogenesis, 
apoptosis is important in toxic, viral, and immune-mediated 
liver injury.5’°° The ultrastructural features of apoptosis are 
cell and nuclear shrinkage, condensation and margination of 
nuclear chromatin, plasma membrane blebbing, and ultimately 
fragmentation of the cell into membrane-bound bodies that 
contain intact mitochondria and other organelles. Engulfment 
of these apoptotic bodies by surrounding epithelial and 
mesenchymal cells conserves cell fragments that contain nucleic 
acid and intact mitochondria. These fragments are then digested 
by lysosomes and recycled without release of bioactive substances. 
As a consequence, apoptosis in its purest form (usually found only 
in vitro) does not incite an inflammatory tissue reaction. The 
cellular processes that occur in apoptosis are often mediated by 
caspases, a family of proteolytic enzymes that contain a cysteine 
at their active site and cleave polypeptides at aspartate residues; 
non-caspase-mediated programmed cell death has also been 
described in experimental hepatotoxicity. 


Apoptosis rarely if ever is the sole form of cell death in com- 
mon forms of liver injury, such as ischemia-reperfusion injury, 
cholestasis, and toxic liver injury, all of which are typically asso- 
ciated with at least some necrosis and a hepatic inflammatory 
response. Whether activation of pro-death signals causes cell 
death depends on several factors, including pro-survival sig- 
nals, the rapidity of the process, the availability of glutathione 
and ATP, and the role of other cell types. Some of these issues 
are discussed briefly here and are reviewed in more detail else- 
where.®>7-60 

The operation of hepatocellular apoptosis can be determined 
by detection of the caspase-3-cleaved fragmentation product 
(M30) of cytokeratins 8 and 18 that is specific to hepatocytes. 
Hepatocytes undergo apoptosis when pro-apoptotic intracellu- 
lar signaling pathways are activated, either because of toxic bio- 
chemical processes within the cell (intrinsic pathway) or because 
cell surface receptors are activated to transduce cell death sig- 
nals (external pathway). Pro-apoptotic receptors are members of 
the TNF receptor superfamily, which possess a so-called death 
domain. These receptors include Fas, for which the cognate 
ligand is Fas-ligand (Fas-L), TINF-R1 receptor (cognate ligand 
is TNF), and TNF-related apoptosis-inducing Aigand (TRAIL) 
receptors (cognate ligand is TRAIL). In addition to model hepa- 
totoxins such as the quinone, menadione, and hydrogen perox- 
ide, some drugs (e.g., acetaminophen, plant diterpenoids) have 
been shown to be converted into pro-oxidant reactive metabo- 
lites, thereby initiating the following sequence: CYP-mediated 
metabolism to form reactive metabolites > glutathione depletion 
> mitochondrial injury with release of cytochrome c and opera- 
tion of the mitochondrial membrane permeability transition > 
caspase activation > apoptosis. 

Mitochondria play a pivotal role in pathways that provoke 
or oppose apoptosis.°?°7°*.°° In the external pathway, activation 
of the death domain of pro-apoptotic receptors recruits adapter 
molecules, Fas-associated death domain and TNF receptor- 
associated death domain, which bind and activate procaspase 8 
to form the death-inducing signaling complex. In turn, caspase 
8 cleaves Bid, a pro-apoptotic member of the B cell lymphoma/ 
leukemia (Bcl-2) family, to tBid. Then, tBid causes translocation 
of Bax to the mitochondria, where it aggregates with Bak to pro- 
mote permeability of the mitochondria.’’ Release of cytochrome 
c and other pro-death molecules, including Smac (which binds 
caspase inhibitor proteins, such as inhibitor of apoptosis proteins 
[IAPs]) and apoptosis-inducing factor (AIF, also known as Apaf)°® 
allows formation of the “apoptosome,” which activates caspase 9 
and eventually caspase 3 to execute cell death (Fig. 88.1). Intracel- 
lular stresses in various sites release other mitochondrial permea- 
bilizing proteins (e.g., Bmf from the cytoskeleton and Bim from 
the endoplasmic reticulum), whereas members of the Bcl-2 fam- 
ily, Bcl-2 and Bcl-xL, antagonize apoptosis and serve as survival 
factors by regulating the integrity of mitochondria; the protective 
mechanism is not yet fully understood but involves myeloid cell 
leukemia sequence 1 (Mcl-1). Stress-activated protein kinases, 
particularly JNK, are also pro-apoptotic,” targeting Mcl-1 deg- 
radation and phosphorylating and inactivating the mitochondrial 
protective protein Bcl-xL. 

Execution of cell death by apoptosis usually occurs via activation 
of caspase 3, but more than one caspase-independent pathway of 
programmed cell death has been described.°° Stresses to the endo- 
plasmic reticulum can bypass mitochondrial events by activation of 
caspase 12, which in turn activates caspase 9 independently of the 
apoptosome. The final steps of programmed cell death are energy 
dependent. Therefore, depletion of ATP abrogates the controlled 
attempt at “cell suicide,” resulting instead in necrosis (see later) 
or an overlapping pattern that has been designated as “apoptotic 
necrosis” or “necrapoptosis.”°!* Furthermore, when apoptosis is 
massive, the capacity for rapid phagocytosis can be exceeded, and 
“secondary” necrosis can occur.” 
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Fig. 88.1 Apoptosis and necrosis pathways in mammalian cells. See text for details. Bc/, B-cell lymphoma/ 
leukemia family (Bax, Bid, and Bcl-xL are members); DISC, death-inducing signaling complex; FADD, Fas- 
associated death domain; FLIP, FLICE-inhibitory proteins; /AP, inhibitor of apoptosis proteins; MPT, mito- 
chondrial permeability transition; RIP, receptor-interacting protein; TNF, tumor necrosis factor; TNF-R7, TNF 
receptor-1; TRADD, TNF receptor-associated death domain; TRAF2, TNF receptor-associated factor-2; TRAIL, 


TNF-related apoptosis ligand. 


Intracellular processes and activation of pro-apoptotic death 
receptors are not mutually exclusive pathways of cell death 
in toxic liver injury. In fact, drug toxicity could predispose the 
injured hepatocyte to apoptosis mediated by TNF-R or Fas- 
operated pathways by several mechanisms, including blockade of 
nuclear factorkappa B (NF-xB), which usually is a hepatoprotec- 
tive transcription factor in hepatocytes, and inhibition of purine 
and protein synthesis. Furthermore, activation of Kupffer cells 
(e.g., by endotoxin) and recruitment of activated inflammatory 
cells can increase production of TNF. 

Caspase inhibition is an important protective mechanism 
against cell death. Such anti-apoptotic pathways include chemical 
blockade of the cysteine thiol group by nitric oxide (NO) or ROS 
and cellular depletion of glutathione.° Protein inhibitors include 
IAP family members, heat shock proteins, and FLICE (caspase- 
8)-inhibitory proteins (FLIP).°’°? FLIP inhibit caspase-8 activa- 
tion as a decoy for Fas-associated death domain binding. Bcl-2 
and Bcl-X; inhibit mitochondrial permeability, whereas phos- 
phatidylinositol 3-kinase/Akt phosphorylates caspase 9 and acti- 
vates NF-xB. 

Necrosis. In contrast to apoptosis, necrosis has been 
conceptualized as a relatively uncontrolled process that can result 
from extensive damage to the plasma membrane with disturbance 


of ion transport, dissolution of membrane potential, cell swelling, 
and eventually rupture of the cell. Drug-induced injury to the 
mitochondrion can impair energy generation, whereas membrane 
permeability transition can release stored Ca’* into the cytosol 
and perturb other ionic gradients. Mitochondrial enzymes 
are a particular target of NAPQI, the reactive metabolite of 
acetaminophen. This has been clearly demonstrated both in 
rodent models and in human acetaminophen hepatotoxicity, in 
which mitochondrial injury with fragmentation of nuclear DNA 
by the released endonucleases has been documented.®? The 
initial mitochondrial injury can also activate various signaling 
pathways JNK, glycogen synthase kinase -3f), thereby leading 
to further mitochondrial dysfunction.” Reye syndrome-tlike 
disorders (e.g., toxicity caused by valproic acid; some nucleoside 
analogs, such as fialuridine, didanosine, zidovudine, zalcitabine; 
and possibly “ecstasy”) may also result from mitochondrial injury. 
Mitochondrial injury can result in cell death by either apoptosis 
or necrosis®!°*; the type of cell death pathway may depend 
primarily on the energy state of the cell, as well as the rapidity 
and severity of the injury process. In the presence of ATP, cell 
death can proceed by apoptosis, but when mitochondria are de- 
energized, the mechanism of cell death is necrosis. This apparent 
dichotomy between cell death processes is probably artificial, and 
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apoptosis and necrosis more likely represent the morphologic 
and mechanistic ends of a spectrum of overlapping cell death 
processes.>%°2 

One important way in which necrosis differs from apopto- 
sis is that uncontrolled dissolution of the cell liberates danger- 
activated molecular patterns (e.g., HMGB1) and macromolecular 
breakdown products, including lipid peroxides, aldehydes, and 
eicosanoids. The latter products act as chemoattractants for 
circulating leukocytes, which then partake in the inflammatory 
response in the hepatic parenchyma. Even before cell death 
occurs, oxidative stress produced during drug toxicity can up- 
regulate adhesion molecules and chemokines that are expressed 
or secreted by endothelial cells. These processes contribute to 
recruitment of the hepatic inflammatory response, which is 
prominent in some types of drug-induced liver disease. Lympho- 
cytes, polymorphonuclear leukocytes (neutrophils and eosino- 
phils), and macrophages also may be attracted to the liver as part 
of a cell-mediated immune reaction. 

Role of Oxidative Stress. Although severe oxidative stress 
in hepatocytes, particularly when focused on mitochondria, is 
likely to induce necrosis, lesser (or more gradual) exposure can 
trigger apoptosis because ROS and oxidative stress can activate 
Fas signaling, JNK and other kinases, p53, and microtubular 
assembly and impair protein folding, thereby resulting in an 
unfolded protein response by the endoplasmic reticulum. 

Oxidative stress also may amplify cell death processes by 
uncoupling of the mitochondrial respiratory chain, release of 
cytochrome c, or massive oxidation and export of glutathione 
(intact glutathione is required for Fas signaling). Conversely, oxi- 
dative stress may protect against apoptosis in some circumstances 
through inhibition of caspase or activation of NF-KB. As a result 
of these opposing effects, predicting the consequences of hepatic 
oxidative stress in terms of liver injury is not straightforward. 


Role of Hepatic Nonparenchymal Cells and the Innate 
Immune Response 
In addition to migratory cells, activation of nonparenchymal liver 
cell types is likely to play an important role in drug and toxin- 
induced liver injury. Kupffer cells function as resident macro- 
phages and antigen-presenting cells, whereas dendritic cells and 
natural killer (NK) T cells are also resident in the liver and play 
a role in antigen processing and innate immunity. Some of the 
toxic effects of activated Kupffer cells, as well as of recruited leu- 
kocytes, may be mediated by release of cytokines, such as TNFa, 
interleukin (IL)-18 and Fas-L, which under some circumstances 
can induce cell death in hepatocytes by apoptosis or necrosis. In 
addition, activated Kupffer cells release ROS, nitroradicals, leu- 
kotrienes, and proteases. It has been suggested, however, that the 
sterile inflammatory response may aid in clearing cell debris and 
pave the way for tissue repair.® 

Endothelial cells of the hepatic sinusoids or terminal hepatic 
veins are vulnerable to injury by some hepatotoxins because of 
their low glutathione content. Such hepatotoxins include the pyr- 
rolizidine alkaloids, which are an important cause of the sinu- 
soidal obstruction syndrome (hepatic veno-occlusive disease).°° 
Other types of drug-induced vascular injury may be caused pri- 
marily by involvement of the sinusoidal endothelial cells. 

Hepatic stellate cells are the principal liver cell type involved 
in matrix deposition in hepatic fibrosis. Stellate cells are acti- 
vated in methotrexate-induced hepatic fibrosis. The possibility 
that vitamin A, ROS, or drug metabolites can transform stellate 
cells into collagen-synthesizing myofibroblasts is of considerable 
interest. 


Immunologic Mechanisms 


Adaptation is an important phenomenon, and the mechanisms 
likely vary among agents.°’ In general, agents with higher 


intrinsic toxicity are more likely to cause ALT increases during 
the early phase of therapy; isoniazid is a classic example. Although 
such agents are associated with DILI in some cases, the frequency 
of DILI is typically of the order of only 0.01% to 1%, compared 
with a frequency of 3% to 30% for serum ALT elevations early 
in therapy. Therefore, the high proportion of cases of transient 
serum ALT elevations are associated with a process that is termi- 
nated and does not progress to clinically important liver injury- 
adaptation. Older concepts of how adaptation comes about 
related to the induction of cellular proteins that are protective 
against injury from a reactive metabolite, glutathione antioxi- 
dant pathways, and induction of conjugating enzymes, excretory 
pathways, or anti-cell death proteins. Subsequent concepts have 
focused on induction of innate immunity as the final pathway by 
which adaptation occurs. In this sense, drug reactions that can be 
explained by an immunoallergic mechanism may be regarded as 
a failure of adaptation. 

Immune attack involves liganding of death receptors, as dis- 
cussed earlier, or porin-mediated introduction of granzyme.*®* 
The hallmarks of drug allergy include (1) delayed onset after ini- 
tial exposure and accelerated onset after rechallenge, (2) hepatic 
inflammatory infiltrates with neutrophils and eosinophils, and (3) 
fever, rash, lymphadenopathy, eosinophilia, and involvement of 
other organs. In some cases, the liver is implicated as part of a 
systemic hypersensitivity reaction, as described later for the drug 
reaction with eosinophilia and systemic symptoms (DRESS) syn- 
drome, also termed drug-induced hypersensitivity syndrome and, 
formerly, reactive metabolite syndrome. Why the liver is the pre- 
dominant site of injury in some persons whereas other organs are 
involved in other persons is unclear; genetic factors relevant to 
tissue-specific gene expression may be involved. 

One possible immunopathogenic mechanism for drug- 
induced liver disease is the altered antigen concept, in which an 
initial interaction between drug metabolites and cellular proteins 
results in the formation of neoantigens (haptens) or drug-pro- 
tein adducts. An example is the formation of trifluoroacetylated 
adducts after exposure to halothane or other haloalkane anes- 
thetics (see Chapter 89). For these adducts to initiate tissue- 
damaging immune responses (1) processing should be presented 
in an immunogenic form (e.g., by Kupffer cells, in association 
with MHC molecules); (2) appropriately responsive CD4* T cells 
must be present to provide help to induce an immune response; 
and (3) the drug-derived antigen, together with a class I MHC 
molecule, must be expressed on the target cells in order to attract 
CD& (cytotoxic) T cells. That bile duct epithelial cells are more 
likely to express class II MHC antigens may explain why they are 
possible targets in drug-induced cholestatic hepatitis. 

Although antibodies directed against trifluoroacetylated- 
protein adducts circulate in the majority of patients following 
recovery from halothane-induced liver injury,” the specificity 
and pathogenicity of these antibodies remain in doubt. Alterna- 
tively, circulating drug-induced antibodies could cause immune- 
mediated lysis of hepatocytes through molecular mimicry of host 
enzymes.’ Experimental evidence suggests that for diclofenac, 
antibody-dependent cell-mediated immunity could operate as a 
mechanism for drug-induced liver disease.’! Finally, for drugs that 
do not act as haptens, immune-related liver injury can still result 
either through noncovalent direct interactions of the drug with 
MHC molecules (e.g., ximelagatran with HLA DRB1*07:01)” or 
by drug modification of the MHC binding groove so that endog- 
enous peptides are perceived as non-self and induce an immune 
response.’? 

A second type of immunopathogenic mechanism is dysregula- 
tion of the immune system, termed drug-induced autoimmunity.’* 
This mechanism can lead to the formation of drug-induced 
autoantibodies (e.g., anti-liver-kidney microsome [LKM] anti- 
bodies) directed against microsomal enzymes. For tienilic acid, 
CYP2C9 is the target of anti-LKM, whereas for halothane 


hepatitis, anti-LKM is directed against CYP2E1. Non-tissue- 
specific autoantibodies (e.g., ANA, smooth muscle antibodies) 
may be detected in patients with nitrofurantoin, methyldopa, or 
minocycline hepatitis. Like spontaneous autoimmunity, drug- 
induced autoimmunity results from genetically determined 
anomalies of immune tolerance. 


Clinicopathologic Features 
Classification 


Hepatic drug reactions mimic other liver diseases, but classifi- 
cation is often difficult because of overlap among categories. 
Although a classic (“signature”) syndrome is associated with many 
individual agents, a given drug can be associated with more than 
one clinicopathologic syndrome. Furthermore, the clinical and 
laboratory features of liver disease and the liver histology may 
be discordant. Therefore, although recognition of specific pat- 
terns or syndromes is vital, the chronologic relationship between 
administration of the drug and liver injury is more important in 
making a diagnosis. 

Drugs are often divided into dose-dependent, or predictable, 
hepatotoxins and dose-independent, or unpredictable (idiosyn- 
cratic), hepatotoxins. Dose-dependent hepatotoxins generally 
require metabolic activation to toxic metabolites or interfere 
with subcellular organelles and biochemical processes at key 
sites, such as mitochondria or canalicular bile secretion.!? Liver 
injury usually occurs rapidly (within hours), is characterized by 
zonal necrosis or microvesicular steatosis, and is reproducible 
in other species. By contrast, idiosyncratic hepatotoxins cause a 
wide range of histologic changes and do not reliably cause injury 
in other species; in addition, the latent period is variable in dura- 
tion. The distinction between dose-dependent and idiosyncratic 
hepatotoxins is blurred with agents such as dantrolene, flucloxa- 
cillin, cyclophosphamide, nucleoside analogs, anticancer drugs, 
and cyclosporine. Liver injury caused by each of these drugs is 
partly dose dependent, but reactions occur in only a minority of 
exposed persons. 

‘Two general types of mechanisms account for idiosyncratic 
hepatotoxicity: metabolic idiosyncrasy and immunoallergy. Met- 
abolic idiosyncrasy refers to the susceptibility of rare persons to 
hepatotoxicity from a drug that, in conventional doses, is usu- 
ally safe. Such susceptibility may result from genetic or acquired 
differences in drug metabolism or canalicular secretion, mito- 
chondrial defects, or cell death receptor signaling. Immunoal- 
lergy indicates involvement of the immune system in mediating 
the response to a drug. These 2 mechanisms may be interrelated 
(see Metabolic Idiosyncrasy). Other pathogenic mechanisms may 
include indirect mediation of liver injury, as in vascular and pos- 
sibly hyperthermic changes produced by cocaine, ecstasy, intraar- 
terial floxuridine, and possibly anesthetics (see Chapter 89). 

The most practical classification of drug hepatotoxicity is 
based on clinical and laboratory features and liver histology, as 
summarized in Table 88.4. This classification provides a frame- 
work for discussing drug-induced hepatic disease in comparison 
with other hepatobiliary disorders but is imperfect because the 
clinical and pathologic features are not always congruent. More- 
over, much overlap between categories exists, particularly in the 
spectrum from severe necrosis (which may result from dose- 
dependent or idiosyncratic hepatotoxicity) to focal necrosis with 
lobular inflammation (hepatitis) to cholestasis. Many drugs pro- 
duce a spectrum of syndromes from hepatitis to cholestasis, and 
some authorities include a further category of mixed cholestatic- 
hepatocellular reactions. Granulomatous hepatitis has a liver bio- 
chemical test profile that is indistinguishable from those typical 
of hepatitis, cholestasis, or mixed reactions. 

Drugs can alter liver biochemical test results without caus- 
ing significant liver injury. Such adaptive responses include 
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hyperbilirubinemia associated with rifampin, cyclosporine, and 
indinavir and raised serum GGTP and alkaline phosphatase lev- 
els associated with phenytoin and warfarin.!”? The latter effect is 
probably attributable to microsomal enzyme induction. For other 
agents, transient ALT or AST elevations are probably related to 
hepatocellular necrosis (discussed earlier for heparins), but with 
some agents such as isoniazid, the distinction between adaptation 
and minor injury is blurred; adaptation in such cases may be a 
response to oxidative injury. Conversely, liver tumors or hepatic 
fibrosis may develop insidiously without significant abnormalities 
of liver biochemical tests—the former in association with sex ste- 
roids or vinyl chloride monomer and the latter with methotrex- 
ate, arsenic, or hypervitaminosis A. 

The duration of the disorder is another consideration in classi- 
fying drug-induced liver diseases. In general, chronic liver disease 
is much less commonly attributable to drugs and toxins than are 
acute reactions, but not to consider drugs as a possible etiology 
of chronic liver disease can lead to a missed diagnosis, with seri- 
ous clinical consequences.’*7> In contrast to most liver disorders, 
drugs and toxins constitute the most important cause of hepatic 
vascular lesions. Drugs also have been associated with chronic 
cholestasis, chronic hepatitis, steatohepatitis, hepatic fibrosis, cir- 
rhosis, and benign and malignant liver tumors. 


Histopathologic Features 


Although no pathognomonic hallmarks of DILI have been iden- 
tified, certain histologic patterns are suggestive.” These include 
zonal necrosis or microvesicular steatosis (accompanying mito- 
chondrial injury) and mixed histologic features of hepatocellular 
necrosis and cholestasis. Necrotic lesions that are disproportion- 
ately severe compared with the clinical picture also indicate a pos- 
sible drug cause, whereas destructive bile duct lesions, prominent 
neutrophils, and eosinophils (at least 25% of the inflammatory 
cells) suggest drug-induced cholestatic hepatitis. Hepatic granu- 
loma formation is another common type of hepatic drug reaction. 
In cases of steatohepatitis, hepatic fibrosis, or liver tumors, no 
specific clues to a drug cause have been recognized, although sex 
steroids increase the vascularity of hepatic tumors and are fre- 
quently associated with sinusoidal dilatation or peliosis hepatis. 
Drug-induced steatohepatitis caused by amiodarone and perhexi- 
line tends to be associated with severe lesions that more closely 
resemble alcohol-associated hepatitis than NASH.’ Other drugs 
(e.g., tamoxifen, methotrexate) cause lesions that are indistin- 
guishable from NASH. Although detection of “signature” lesions 
can helpful, most patients with DILI are not subject to liver 
biopsy unless the reaction is severe or unexpected or improve- 
ment fails to occur after cessation of the drug. Liver histology is 
often sought when AIH is a possibility, but the limitations of liver 
histology should be recognized. In one study, 4 expert hepato- 
pathologists reviewed 35 cases of AIH and 28 cases of DILI. The 
inter-observer agreement based on histology alone was only 46% 
but improved modestly (up to 71%) by including conventional 
clinicopathologic criteria. The best results were achieved using a 
model that combined certain selected histologic characteristics.” 


Clinical Features 


The history and physical examination can provide important 
clues to the diagnosis of hepatic drug reactions. Most impor- 
tant is the temporal pattern of disease evolution in relation to 
exposure to drugs or toxins. The identification of specific risk 
factors for hepatotoxicity (e.g., chronic excessive alcohol intake 
in a person taking acetaminophen) and the presence of systemic 
features of drug hypersensitivity may indicate the correct diagno- 
sis. Systemic features include fever, rash, mucositis, eosinophilia, 
lymphadenopathy, a mononucleosis-like syndrome, bone mar- 
row suppression, vasculitis, acute kidney injury, pneumonitis, and 
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TABLE 88.4 Clinicopathologic Classification of Drug-Induced Liver Disease 


Category 


Description 


Implicated Drugs: Examples 


Hepatic adaptation 


Dose-dependent 
hepatotoxicity 


Other cytopathic toxicity, 
acute steatosis 


Acute hepatitis 


Chronic hepatitis 


Granulomatous hepatitis 


Cholestasis without 
hepatitis 


Cholestatic hepatitis 


Cholestasis with bile duct 
injury 

Chronic cholestasis 

VBDS 

Sclerosing cholangitis 

Steatohepatitis 


Fibrosis and cirrhosis 


No symptoms; raised serum GGTP and AP levels 
(occasionally raised ALT) 


Hyperbilirubinemia 


Symptoms of hepatitis; zonal, bridging, and massive necrosis; 
serum ALT level >5-fold increased, often >2000 U/L 


Microvesicular steatosis, diffuse or zonal; partially dose 
dependent, severe liver injury, features of mitochondrial 
toxicity (e.g., lactic acidosis) 


Symptoms of hepatitis; focal, bridging, and massive necrosis; 
serum ALT level >5-fold increased; extrahepatic features of 
drug allergy in some cases 


Duration >3 mo; interface hepatitis, bridging necrosis, fibrosis, 
cirrhosis; clinical and laboratory features of chronic liver 
disease; autoantibodies with some types of reaction 


Hepatic granulomas with varying hepatitis and cholestasis; 
raised serum ALT, AP, and GGTP levels 


Cholestasis, no inflammation; serum AP levels > twice normal 


Cholestasis with inflammation; symptoms of hepatitis; raised 
serum ALT and AP levels 


Bile duct lesions and cholestatic hepatitis; clinical features of 
cholangitis 


Duration >3 mo 
Paucity of small bile ducts; resembles PBC, but AMA negative 
Strictures of large bile ducts 


Steatosis, focal necrosis, Mallory’s hyaline, pericellular fibrosis, 
cirrhosis 


Fibrosis, nodular regeneration (other features such as interface 


Heparins, phenytoin, warfarin 


HIV protease inhibitors, rifampin 
Acetaminophen, amodiaquine, hycanthone, nicotinic acid 


ART agents, didanosine, fialuridine, L-asparaginase, some 
herbal and dietary supplements, valproic acid 


Acebutolol, dantrolene, disulfiram, etretinate, halothane, 
ipilimumab, isoniazid, ketoconazole, nitrofurantoin, 
nivolumab, pembrolizumab, phenytoin, sulfonamides, 
terbinafine, troglitazone 


Diclofenac, etretinate, minocycline, nefazodone, 
nitrofurantoin (See Table 88.8) 


Allopurinol, carbamazepine, hydralazine, quinidine, quinine 
(see Table 88.7) 


Androgens, oral contraceptives 


Amoxicillin-clavulanic acid, chlorpromazine, cyproterone 
acetate, erythromycins, tricyclic antidepressants 


Chlorpromazine, dextropropoxyphene, flucloxacillin 


Chlorpromazine, flucloxacillin, trimethoprim sulfamethoxazole 
Intra-arterial floxuridine, intralesional scolicidals 


Amiodarone, perhexiline, tamoxifen 


Cyproterone acetate (see also VBDS, chronic hepatitis, 


hepatitis, steatohepatitis, paucity of bile ducts, and 


cholestasis depend on etiology) 


Vascular disorders 
syndrome, others 


Tumors HCC, adenoma, angiosarcoma, others 


Nodular regenerative hyperplasia, sinusoidal obstruction 


steatohepatitis), methotrexate 


Many (see Table 88.10) 


Many (see Chapter 96) 


AP, alkaline phosphatase; AAT, antiretroviral therapy; VBDS, vanishing bile duct syndrome. 


pancreatitis. These features tend to occur in genetically predis- 
posed persons who have been exposed to drug metabolites that 
act as haptens to initiate an immunodestructive tissue reaction, 
termed the DRESS syndrome (see earlier). Viral reactivation 
(notably human herpes virus-6 and 7 and EBV infections) are also 
implicated in the pathogenesis.’* 


DRESS Syndrome 

Drugs implicated as a cause of DRESS include sulfonamides, 
aminopenicillins, fluoroquinolones, clozapine, anticonvulsants 
(phenytoin, lamotrigine, phenobarbital, carbamazepine, val- 
proic acid, minocycline), antiretrovirals (nevirapine, abacavir), 
pentoxifylline, some NSAIDs, and Chinese herbal medicines.’* 
Risk factors include a history of an affected first-degree relative 
(which increases the risk to 1 in 4) and a personal history of drug 
allergy, including to aspirin. Using drugs such as glucocorticoids 
or valproic acid at the time the new agent is started increases the 
risk 4- to 10-fold. Immune disorders such as SLE and HIV/AIDS 
increase the risk 10-fold and 100-fold, respectively. 

The illness characteristically begins between 1 and 12 weeks 
(typically 2 to 4 weeks) after the drug is started; “sentinel symp- 
toms” include fever, pharyngitis, malaise, periorbital edema, 
headache or otalgia, rhinorrhea, and mouth ulcers. A severe 
rash is an essential feature. Erythematous reactions are usual 


and may evolve to toxic epidermal necrolysis or erythema mul- 
tiforme, often with mucositis (Stevens-Johnson syndrome). Early 
changes include neutrophilia and elevated levels of acute-phase 
reactants; atypical lymphocytosis and eosinophilia may be noted 
later. Hepatic reactions are found in about 13% of cases. Findings 
include cholestasis, acute hepatitis, and granulomas. Other fea- 
tures include lymphadenopathy (16%), nephritis (6%), pneumo- 
nitis (6%), and more severe hematologic abnormalities (5%). In a 
12-year review of 172 cases reported as DRESS or drug hypersen- 
sitivity reactions, all affected persons had cutaneous changes, but 
the features most often associated with “probable” or “definite” 
cases of DRESS syndrome were eosinophilia, liver involvement 
(abnormal liver biochemical test results in 59%, hepatomegaly in 
12%), fever, and lymphadenopathy.” 


Latent Period to Onset 

For idiosyncratic reactions, a latent period occurs between start- 
ing the drug and the onset of clinical and laboratory abnormalities. 
This period is usually 2 to 8 weeks for immunoallergic hepatitis 
(e.g., DRESS syndrome) and 6 to 20 weeks or longer for agents 
such as isoniazid, dantrolene, and troglitazone. Occasionally, 
liver injury may become evident well after the offending drug is 
stopped, even as long as 2 weeks for oxypenicillins and amoxi- 
cillin-clavulanate. In other cases, hepatotoxicity is rare after the 


first exposure to a drug but more frequent and more severe after 
subsequent courses. Examples include halothane, nitrofurantoin, 
and dacarbazine. Therefore, a history of a previous reaction to 
the drug in question (inadvertent rechallenge) is an important key 
to the diagnosis of DILI. 


Dechallenge and Rechallenge 

Another aspect of the temporal relationship between ingestion 
of a drug and hepatotoxicity is the response to discontinuation of 
the drug, or dechallenge. Dechallenge should be accompanied by 
discernible and progressive improvement within days to weeks of 
stopping the incriminated agent. Exceptions occur with ketocon- 
azole, troglitazone, etretinate, and amiodarone; with these agents, 
reactions may be severe, and clinical recovery may be delayed for 
months. Although some types of drug-induced cholestasis also 
can be prolonged, failure of jaundice to resolve in a suspected 
drug reaction often indicates an alternative diagnosis. Rarely, 
deliberate rechallenge may be used to confirm the diagnosis of 
drug-induced liver disease or prove involvement of one particular 
agent when the patient has been exposed to several drugs or the 
benefits outweigh the risks, particularly if safer alternatives are 
unavailable.*° However, this approach is potentially hazardous, 
with one study reporting that severe hepatocellular injury devel- 
oped in 18% of rechallenged persons, and 2 died.*! Therefore, 
rechallenge should be undertaken only with fully informed writ- 
ten consent and preferably the approval of an institutional ethics 
committee. 


Diagnosis 


In the absence of specific diagnostic tests, the diagnosis requires 
clinical suspicion, a thorough drug history, consideration of the 
temporal relationships between drug ingestion and liver disease, 
and exclusion of other disorders. The objective weighing of evi- 
dence for and against an individual agent—causality assessment— 
is a probabilistic form of diagnosis.*! Several clinical scales that 
assess causality have been described.?581:82 A liver biopsy may be 
necessary to exclude other diseases and to provide further clues to 
a drug etiology. Rechallenge is the standard test for drug-induced 
liver disease but is hardly ever used in practice. Future strategies 
include in vitro tests to provide confirmatory evidence for par- 
ticular drugs®”*! and toxicogenomic methods, which encompass 
transcriptomics, metabolomics, and proteomics (measuring cir- 
culating mRNA/microRNA, changes in metabolites, and cellular 
proteins, respectively).*’ In some studies, toxicogenomic changes 
preceded alterations in serum aminotransferase levels, thereby 
raising the hope that these changes could serve as biomarkers of 
early DILI.*+ 


Physician Awareness 


Physicians should be aware of the many sources of potential hep- 
atotoxins, including prescribed and over-the-counter drugs (e.g., 
ibuprofen), CAM preparations (see Chapter 89), recreational 
drugs (e.g., cocaine, ecstasy), self-poisoning, and environmental 
contaminants in food and water supplies, the home, the work- 
place, and the community. Unfortunately, patients and physicians 
do not always heed early nonspecific symptoms of hepatic drug 
reactions. For example, preventable deaths from liver failure still 
occur from isoniazid hepatotoxicity.*> Although ongoing educa- 
tion about potentially hepatotoxic drugs is important, physicians 
have a professional and legal obligation to inform patients about 
possible adverse drug reactions. 

Drug toxicity should be considered in cases of obscure or 
poorly explained liver disease, particularly in cases with mixed or 
atypical patterns of cholestasis and hepatitis; cholestasis in which 
common causes have been excluded, especially in older adults; and 
when histologic features suggest a drug etiology. In such cases, 
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the drug history must be addressed as a special investigation, 
with attention paid to additional sources of information (house- 
hold members, primary care providers), household drugs, non- 
prescribed medications, and environmental toxins (see Chapter 
89). LiverTox is a web-based searchable database of information 
relating to liver injury resulting from the use of prescription and 
nonprescription drugs (see http://www.livertox.nih.gov/). 


Exclusion of Other Disorders 


Before a diagnosis of DILI is considered, other liver diseases such 
as viral hepatitis (including hepatitis E),°° ATH, and vascular and 
metabolic disorders should be excluded. Some types of drug- 
induced chronic hepatitis are associated with autoantibodies and 
superficially resemble ATH. An approach to the correct diagnosis 
is described later (see nitrofurantoin). Drug-induced cholestasis 
should be considered if biliary obstruction has been excluded, and 
a liver biopsy may be necessary. 


Extrahepatic Features 


The constellation of rash, eosinophilia, and other organ involve- 
ment supports a diagnosis of a hepatic adverse drug reaction 
(DRESS, see earlier). Because these findings are infrequent, 
especially with drugs that cause nonimmune idiosyncratic liver 
injury, their absence is not helpful in excluding DILI. Specific 
diagnostic tests for individual drug-induced liver diseases have 
been described® but are not generally accepted or available. 
With dose-dependent hepatotoxins (e.g., acetaminophen), blood 
levels may be helpful. 


Chronologic Relationships 


For most drugs, the chronologic relationship among drug inges- 
tion, onset, and resolution of liver injury remains the main 
consideration in diagnosis. The criteria for temporal eligibility 
include the relationship of drug ingestion to onset, course of the 
reaction after stopping the drug, and response to drug readminis- 
tration.!??-7> Inadvertent rechallenge may have already occurred. 
The rechallenge is regarded as positive if the serum ALT or alka- 
line phosphatase level increases at least 2-fold.1822-25 Deliberate 
rechallenge (discussed earlier) may be considered in selected 
cases. 


Which Drug? 


New and nonproprietary compounds should arouse particular 
suspicion. For patients who are taking multiple drugs, the most 
recently introduced drug preceding the onset of liver injury is 
often responsible. If that agent is an unlikely cause and another 
well-known hepatotoxin is being taken, the latter is the more 
likely culprit. When possible, the most likely hepatotoxin or 
all therapeutic agents should be discontinued. If the patient 
improves, the drugs that are unlikely to be responsible can be 
carefully reintroduced. 


Indications for Liver Biopsy 


Liver biopsy may be helpful in difficult cases, especially when the 
temporal relationship between the ingestion of a known hepato- 
toxic agent and the onset of liver injury is unclear. In practice, for 
example, the onset of jaundice within 2 to 6 weeks of starting an 
agent such as amoxicillin-clavulanic acid or of acute hepatitis with 
other features of DRESS syndrome in a person taking nevirapine 
as part of ART strongly suggests a drug etiology, and liver biopsy 
is usually unnecessary. Conversely, substantially abnormal liver 
biochemical test levels (e.g., a serum ALT level elevated more 
than 5-fold) in a person who has serologic evidence suggestive of 
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ATH and has been taking a statin for 3 to 6 months is a clinical 
challenge that often can be resolved only by liver biopsy. The 
medical community may benefit when new instances or patterns 
of drug-induced liver disease are adequately defined; this benefit 
may persuade the clinician (but not always the informed patient) 
to proceed with a liver biopsy in equivocal cases. 


Considerations in Patients with Viral Hepatitis 


Patients with chronic hepatitis B or C may be at higher risk of 
liver injury from antituberculous chemotherapy, ibuprofen and 
possibly other NSAIDs, anticancer drugs, and ART compared 
with persons without viral hepatitis. A more common clinical 
problem is the finding of a high serum ALT level (+300 U/L) 
at a routine office visit in a patient with previous levels less than 
150 U/L. In patients with hepatitis C, the rise in serum ALT 
is more likely the result of DILI than a spontaneous change in 
the activity of the hepatitis C, particularly when the ALT level is 
greater than 1000 U/L. The most commonly implicated agents 
are acetaminophen taken in moderate doses under conditions of 
increased risk (e.g., fasting, alcohol excess, use of other medica- 
tion) and CAM preparations (see Chapter 89). Clinical suspicion 
is essential for recognizing DILI so that appropriate advice can 
be given. Determination of serum acetaminophen levels may be 
useful in difficult cases, but the results can be difficult to interpret 
in the context of regular ingestion, as opposed to a single episode 
of self-poisoning. 


Prevention and Management 


With the exception of acetaminophen hepatotoxicity, little effec- 
tive treatment for drug-induced liver disease is available, other 
than LT for liver failure. Special emphasis, therefore, must be 
placed on prevention and early detection of liver injury as well as 
on prompt withdrawal of the offending agent. Safe use of over- 
the-counter agents such as acetaminophen, NSAIDs, and CAM 
preparations is important. 

Most drugs associated with drug-induced liver disease are 
idiosyncratic hepatotoxins, for which liver injury occurs rarely. 
Avoiding overuse of these drugs can minimize the overall fre- 
quency of adverse hepatic reactions; antibiotics such as amoxi- 
cillin-clavulanic acid and flucloxacillin are pertinent examples. 
Similarly, polypharmacy should be avoided when possible. Post- 
marketing surveillance of new drugs is critical, and all physicians 
should participate in reporting adverse effects to monitoring 
agencies. 

For dose-dependent hepatotoxins, prevention depends on 
adherence to dosage guidelines or monitoring of blood levels. 
This approach has virtually abolished some forms of DILI, such 
as tetracycline-induced fatty liver, aspirin hepatitis, and metho- 
trexate-induced hepatic fibrosis. In cases with specific risk factors, 
strategies to prevent toxicity are essential (e.g., avoiding valproic 
acid use with other drugs in the very young; avoiding methotrex- 
ate in persons who consume alcohol in excess). Moderate doses 
of acetaminophen are also contraindicated in heavy drinkers 
and after fasting,’ and halothane should not be readministered 
within 28 days or in persons suspected of previous sensitivity to a 
haloalkane anesthetic. 

Early detection is also critical. Patients should be warned to 
report any untoward symptoms, particularly unexplained nausea, 
malaise, right hypochondrial pain, lethargy, or fever. These non- 
specific features may represent the prodrome of drug-induced 
hepatitis. They are an indication for liver biochemical testing 
and, if the results suggest liver injury, for cessation of treatment. 

A more difficult issue is whether regular (protocol) screening 
with liver biochemical tests should be performed when a drug 
is prescribed. Although authors and drug manufacturers often 
recommend such screening, the efficiency and cost-effectiveness 


of this approach are unknown. The onset of liver injury is often 
rapid, rendering once-a-month or every-second-week screening 
futile. Furthermore, up to 7.5% of persons who receive placebo 
in clinical trials have persistently raised serum ALT levels. If liver 
biochemical test levels are monitored, the threshold at which a 
drug should be discontinued is uncertain, as illustrated by iso- 
niazid, which causes some liver biochemical test abnormality 
in 30% of exposed subjects. Generally, it is recommended that 
isoniazid be stopped if serum ALT levels exceed 250 U/L or 
more than 5 times the ULN, but elevation of the serum biliru- 
bin level, a decrease in the albumin concentration, prolongation 
of the prothrombin time, or any pertinent symptoms provides 
a clearer indication to stop the drug. Conversely, a rise in the 
serum GGTP level or a minor elevation of the serum alkaline 
phosphatase level usually indicates hepatic adaptation rather than 
liver injury. We do not routinely recommend protocol screen- 
ing except for methotrexate, but this approach could be useful 
for agents such as valproic acid, isoniazid, pyrazinamide, keto- 
conazole, dantrolene, thiazolidinediones, and synthetic retinoids, 
either because the liver injury may be delayed and gradual in 
some cases or because such screening emphasizes the hepatotoxic 
potential of these drugs to patients and physicians. Evaluation by 
liver biopsy or by a noninvasive method such as serum biomark- 
ers or elastography (see Chapters 73 and 74) may have a role in 
the assessment of hepatic fibrosis in patients who take methotrex- 
ate (see later). 

The management of DILI includes removal of the drug and 
administration of an antidote. In practice, treatment usually is 
confined to discontinuing the offending drug. Failure to discon- 
tinue the offending drug is the single most important factor lead- 
ing to poor outcomes, such as ALF and chronic liver disease.*+75 
For ingested toxins such as metals and acetaminophen, removal of 
the unabsorbed drug through the aspiration of stomach contents 
may be appropriate. Methods to remove absorbed toxins (char- 
coal hemodialysis, forced diuresis) are usually ineffective except 
in selected circumstances (e.g., acetaminophen). Thiol replace- 
ment therapy, usually with N-acetylcysteine (NAC), is indicated 
as an antidote for acetaminophen poisoning. 

Beyond discontinuation of the offending agent, the man- 
agement of DILI is symptomatic and supportive. NAC can be 
used in ALF, but early referral for LT should be considered 
(see Chapter 97).23 UDCA may help in managing drug-induced 
cholestasis. In general, glucocorticoids are ineffective in treating 
drug-induced liver disease; however, case reports attest to the 
occasional effectiveness of glucocorticoids in protracted cases of 
hepatitis caused by etretinate, allopurinol, diclofenac, or keto- 
conazole.! Glucocorticoids should be reserved for atypical and 
refractory cases, particularly those associated with vasculitis. 


DOSE-DEPENDENT HEPATOTOXICITY 


Few dose-dependent hepatotoxins are clinically relevant today. 
Examples include acetaminophen, some herbal and dietary sup- 
plements, plant and fungal toxins, amodiaquine, hycanthone, 
vitamin A, methotrexate, cyclophosphamide, anticancer drugs, 
carbon tetrachloride, phosphorus, and metals (especially iron, 
copper, and mercury). 


Acetaminophen 
General Nature, Frequency, and Predisposing Factors 


Acetaminophen (paracetamol) is safe in recommended doses of 1 
to 4 g daily, but hepatotoxicity produced by self-poisoning with 
acetaminophen has been recognized since the 1960s. Despite the 
effectiveness of thiol-based antidotes, acetaminophen remains 
the most common cause of DILI in most countries and an impor- 
tant cause of ALF.7**’ Attempted suicide is the usual reason for 


TABLE 88.5 Risk Factors for Acetaminophen-Induced Hepatotoxicity 


Factor Relevance 
Age Children may be more resistant than adults 
Dose Minimal hepatotoxic dose: 7.5g (100 mg/kg) in 
adults, 150 mg/kg in children 
Severe toxicity possible with dose >15 g 
Blood level of Influenced by dose, time after ingestion, gastric 
acetaminophen emptying 
Best indicator of risk of hepatotoxicity (see text 
and Fig. 88.2) 


Chronic excessive 
alcohol ingestion 


Toxic dose threshold is lowered; worsens 
prognosis (also related to late presentation); 
nephrotoxicity common 


Fasting Toxic dose threshold is lowered—therapeutic 
misadventure (see text) 
Concomitant Toxic dose threshold is lowered—therapeutic 
medication misadventure; worsens prognosis (e.g., 


isoniazid, phenytoin, zidovudine) 


Time of presentation Late presentation or delayed treatment (>16 hr) 


predicts worse outcome 


overdose. Although controversial,** hepatologists and pedia- 
tricians see cases of acetaminophen poisoning that have arisen 
through what Zimmerman and Maddrey termed “therapeutic 
misadventure.”*’ This occurrence is especially common in per- 
sons who habitually drink alcohol to excess and has also been rec- 
ognized after daily ingestion of moderate therapeutic doses (10 to 
20 g over 3 days) of acetaminophen in adults and children who are 
fasting or malnourished?’ or who are taking drugs that interact 
with the metabolism of acetaminophen.*? 

Single doses of acetaminophen that exceed 7 to 10 g (140 mg/ 
kg body weight in children) may cause liver injury, but this out- 
come is not inevitable. Severe liver injury (serum ALT > 1000 
U/L) or fatal cases usually involve doses of at least 15 to 25 g, but 
because of inter-individual variability, survival is possible even 
after ingestion of a massive single dose of acetaminophen (greater 
than 50 g).°? Among persons with an untreated acetaminophen 
overdose, severe liver injury occurred in only 20%, and among 
those with severe liver injury, the mortality rate was 20%. Con- 
versely, among heavy drinkers, daily acetaminophen doses of 2 to 
6 g have been associated with fatal hepatotoxicity.**-"! 

Risk factors for acetaminophen-induced hepatotoxicity are 
summarized in ‘Table 88.5. Children are relatively resistant 
to acetaminophen-induced hepatotoxicity,’ possibly because 
of their tendency to ingest smaller doses, greater likelihood of 
vomiting, or biological resistance; however, liver injury has been 
reported with intravenous acetaminophen use in children (usually 
due to dosing errors).?? Therapeutic misadventure after multiple 
doses, especially during fasting and when weight-based recom- 
mendations have been exceeded, has a high mortality rate.** By 
contrast, the presence of underlying liver disease does not predis- 
pose to acetaminophen hepatotoxicity. 

Self-poisoning with acetaminophen is most common in young 
women, but fatalities are most frequent in men, possibly because 
of alcoholism and late presentation.*”,?!.°> The time of presenta- 
tion is critical because thiol therapy given within 12 hours of acet- 
aminophen poisoning virtually abolishes significant liver injury 
(see later). Therapeutic misadventure is also associated with a 
worse outcome.** Concomitant use of agents such as phenobar- 
bital, phenytoin, isoniazid, and zidovudine increases the risk of 
hepatotoxicity. These drugs promote the oxidative metabolism of 
acetaminophen to NAPQI by inducing CYP2E1 (for isoniazid) 
or CYP3A4 (for phenytoin) or by competing with glucuronida- 
tion pathways (for zidovudine). Alcohol and fasting have dual 
effects by enhancing expression of CYP2E1 and by depleting 
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hepatic glutathione. Fasting also may impair acetaminophen con- 
jugation by depleting cofactors for the glucuronidation and sulfa- 
tion pathways.*® 

Acetaminophen hepatotoxicity produces zone 3 hepatic 
necrosis, with extension to submassive (bridging) or panacinar 
(massive) necrosis in severe cases. Inflammation is minimal, and 
recovery is associated with complete resolution without fibro- 
sis. The zonal pattern of acetaminophen-induced necrosis is 
related to the mechanism of hepatotoxicity, particularly the role 
of CYP2E1, which is expressed in zone 3, and to lower levels 
of glutathione in zone 3 hepatocytes than in hepatocytes in the 
other zones. 


Clinical Course, Outcomes, and Prognostic Indicators 


In the first 2 days after acetaminophen self-poisoning, features 
of liver injury are not present. Nausea, vomiting, and drowsiness 
are often caused by concomitant ingestion of alcohol and other 
drugs. After 48 to 72 hours, serum ALT levels may be elevated, 
and symptoms such as anorexia, nausea and vomiting, fatigue, and 
malaise may occur. Hepatic pain may be pronounced. Repeated 
vomiting, jaundice, hypoglycemia, and other features of ALF, 
particularly coagulopathy and hepatic encephalopathy, character- 
ize severe cases. The liver may shrink because of severe necrosis. 
Serum levels of ALT are often between 2000 and 10,000 U/L. 
These high levels can help confirm the diagnosis in complex set- 
tings, as may occur with alcoholic patients and those with viral 
hepatitis.°” 

Indicators of a poor outcome®”**.”% include grade 4 hepatic 
encephalopathy, acidosis, severe and sustained impairment of 
coagulation factor synthesis, renal failure, and a pattern of falling 
serum ALT levels in conjunction with a worsening prothrombin 
time (see also Chapter 95). Renal failure reflects acute tubular 
necrosis or hepatorenal syndrome. Uncommon accompanying 
features include myocardial injury”? and skin and lung involve- 
ment in rare cases of acetaminophen hypersensitivity.”° Death 
occurs between 4 and 18 days after the overdose and generally 
results from cerebral edema and sepsis complicating hepatic and 
multiorgan failure. The majority of patients recover completely. 
Cases of apparent chronic hepatotoxicity rarely have been attrib- 
uted to continued ingestion of acetaminophen (2 to 6 g/day), usu- 
ally by a susceptible host, such as a heavy drinker or a person with 
preexisting, unrecognized liver disease. !?? 


87,88, 


Treatment 


In patients who present within 4 hours of an acetaminophen 
overdose, the stomach should be emptied with a wide-bore NG 
tube. Oral charcoal is most useful within the first 1 to 2 hours but 
can be used up to 4 hours in patients who present with a large 
overdose, after ingestion of a sustained-release preparation, or 
consumed drugs that impair gastric emptying concurrently. Use 
of activated charcoal is contraindicated if there is airway compro- 
mise. The aim of management is to identify patients who should 
receive thiol-based antidote therapy and, in those with estab- 
lished severe liver injury, assess the patient’s candidacy for LT. 
Blood levels of acetaminophen should be measured at the time 
of presentation. Because of delayed gastric emptying, however, 
blood levels within 4 hours of ingestion may underestimate the 
extent of exposure. After 4 hours, acetaminophen blood levels are 
a reliable indicator of the risk of liver injury in patients with an 
acute overdose (but not in those with a therapeutic misadven- 
ture). The risk of liver injury is then estimated by reference to 
the Rumack-Matthew acetaminophen toxicity nomogram (Fig. 
88.2).°° Indications for antidote therapy include a reliable history 
of major poisoning (more than 10 g) or blood acetaminophen 
levels in the moderate- or high-risk bands on the nomogram, or 
both.”®”? At-risk patients should be hospitalized for monitoring. 
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Fig. 88.2 Rumack-Matthew acetaminophen toxicity nomogram. The 
risk of hepatotoxicity correlates with the plasma acetaminophen level 
and the time after ingestion. (From Smilkstein MJ, Knapp GL, Kulig KW, 
et al. Efficacy of oral N-acetylcysteine in the treatment of acetamino- 
phen overdose. Analysis of the National Multicenter Study [1976-1985]. 
N Engl J Med 1988;319:1557-62.) 


Hepatic necrosis occurs only when glutathione concentrations 
fall below a critical level, thereby allowing NAPQI to produce 
liver injury. Administration of cysteine donors stimulates hepatic 
synthesis of glutathione. Many cysteine precursors or thiol 
donors can be used, but NAC has become the agent of choice. 
Oral administration is preferred in the USA,°”,”° with a loading 
dose of 140 mg/kg followed by administration of 70 mg/kg every 
4 hours for 72 hours. This regimen is highly effective, despite 
the theoretical disadvantage that delayed gastric emptying and 
vomiting may reduce intestinal absorption of NAC. In Europe 
and Australia, NAC is administered by slow bolus intravenous 
injection followed by infusion (150 mg/kg over 15 minutes in 200 
mL of 5% dextrose, with a second dose of 50 mg/kg 4 hours later, 
if the blood acetaminophen levels indicate a high risk of hepatox- 
icity, and a total dose over 24 hours of 300 mg/kg).”° The intra- 
venous regimen, now approved by the FDA, is also used in many 
US centers.” The intravenous route may be associated with a 
higher rate of hypersensitivity reactions because of the higher 
systemic blood levels achieved. Adverse reactions to NAC are 
common but are usually mild’; however, they can occasionally 
be severe, with rash, angioedema, and shock. Therefore, NAC 
must be administered under close supervision. In patients known 
to be sensitized to NAC, methionine is probably just as effective 
but is not available in a commercial preparation; it must be made 
up fresh and often causes vomiting.”? Other regimens have been 
explored, including shorter (12-hour) and simpler (2-bag versus 
3-bag) schedules.”?:!°° Although these protocols have been well 
tolerated, the studies evaluating them were retrospective and 


inadequately powered to detect non-inferiority as compared with 
the standard schedule.”” 

Cases of acetaminophen-induced severe liver injury are virtu- 
ally abolished if NAC is administered within 16 hours of acetamin- 
ophen ingestion.*”°> After 16 hours, thiol donation is unlikely 
to prevent liver injury because oxidation of acetaminophen to 
NAPQI with consequent oxidation of thiol groups is complete 
and mitochondrial injury and activation of cell death pathways 
are likely to be established. Nevertheless, NAC has been shown 
to decrease the mortality associated with acetaminophen-induced 
hepatotoxicity when administered 16 to 36 hours after self-poi- 
soning,*”»?> possibly because NAC stabilizes vascular reactivity 
in patients with ALF. Therefore, NAC is used in patients with 
a late presentation after an acetaminophen overdose. LT is an 
option for selected patients in whom ALF develops after aceta- 
minophen poisoning.!°! Case selection relies on the prognostic 
indicators discussed earlier and is strongly influenced by the 
prospects for successful psychological rehabilitation (see Chapter 
97).°> Poor adherence and self-harm post-transplantation cannot 
be accurately predicted by pretransplant assessment.!°! In several 
series, about 60% of listed patients have been transplanted, and 
survival rates have exceeded 70%.”° 


Prevention 


Safe use of acetaminophen involves adherence to the recom- 
mended maximum dose and education of the patient about the 
risk factors that lower the toxic dose threshold. Acetaminophen 
doses of more than 2 g a day are contraindicated in heavy drink- 
ers, in those taking other medications (particularly phenytoin, 
zidovudine, and isoniazid), and during fasting. Prolonged use of 
acetaminophen requires caution in patients with severe cardio- 
respiratory disease or advanced cirrhosis. Use of acetaminophen 
for self-poisoning continues despite attempts at public education 
about the risks involved. The chances of harm from a suicidal 
gesture may be reduced by the sale of acetaminophen in smaller 
package sizes, a smaller dose per tablet (325 mg), and use of blis- 
ter packs, which hamper ready access to the tablets or capsules. 1°? 


Other Causes 


Some hepatotoxins are not as clearly dose dependent as acetamin- 
ophen but cause cytopathic changes, such as extensive hydropic 
change, diffuse or zonal microvesicular steatosis, and zonal necro- 
sis.'~* Injury likely represents metabolic idiosyncrasy, in which 
the drug or one of its metabolites accumulates and interferes 
with protein synthesis or intermediary metabolism, or both. The 
mitochondrion is often the main subcellular target, and other 
metabolically active tissues can be involved. Pancreatitis and 
renal tubular injury may accompany severe liver injury caused 
by valproic acid, tetracycline, and ART, and metabolic acidosis 
with a shock-like state is common. This presentation was first 
recognized with intravenous high-dose tetracycline (>2 g/day for 
more than 4 days) in pregnant women, men taking estrogens, and 
patients in renal failure.’* With appropriate dose limitations, this 
reaction is entirely preventable. 


Niacin (Nicotinic Acid) 


Niacin is a dose-dependent hepatotoxin; liver injury usu- 
ally occurs at doses that exceed 2 g/day but also occurs in rare 
instances with low-dose (500 mg/day) sustained-release niacin.!° 
The clinicopathologic spectrum encompasses mild and transient 
increases in serum ALT levels, jaundice, acute hepatitis, cholesta- 
sis, and ALF, which can also follow ingestion of a single large 
dose (20 g) of a native niacin supplement.!" Patients taking sul- 
fonylureas and those with preexisting liver disease, particularly 
alcohol-associated hepatitis, are at increased risk. The symptoms 


can begin as early as one week to as long as 4 years after the drug 
is started. Complete resolution occurs after the drug is stopped. 
Liver biopsy specimens show hepatic necrosis and centrilobular 
cholestasis. Substituting one niacin preparation for another with- 
out a dose adjustment should be avoided; switching from imme- 
diate- to sustained-release preparations requires a 50% to 70% 
reduction in the niacin dose.!°° 


Valproic Acid (Sodium Valproate) 


Valproic acid-associated hepatic injury occurs almost exclusively 
in children, particularly those under 3 years of age. Also at risk 
are persons with a family history of a mitochondrial enzyme 
deficiency (chiefly involving the urea cycle or long-chain fatty 
acid metabolism) (see Chapter 77), Friedreich ataxia, Reye syn- 
drome, or a history of valproic acid hepatotoxicity in a sibling. 
Another risk factor is multiple drug therapy. Adult cases are rare. 
Mutations within the mitochondrial polymerase y gene (POLG) 
were present in nearly one half (8 of 17) of subjects with valproic 
acid hepatotoxicity, and these mutations carried a > 20-fold risk 
of liver injury compared with population-matched controls.!%° 
The overall risk of liver injury among valproic acid users varies 
from 1 per 500 persons exposed among high-risk groups (age < 3, 
polypharmacy, genetic defects of mitochondrial enzymes) to less 
than 1 in 37,000 in low-risk groups.!° 

No relationship exists between valproic acid toxicity and dose, 
but blood levels of valproic acid tend to be high in one half of 
affected persons. The metabolite 4-en-valproic acid, produced by 
CYP-catalyzed metabolism of valproic acid, is a dose-dependent 
hepatotoxin in animals and in vitro. The concept has emerged 
that valproic acid is an occult dose-dependent toxin in which 
accumulation of a hepatotoxic metabolite (favored by co-expo- 
sure to CYP-inducing antiepileptic agents) produces mitochon- 
drial injury in a susceptible host (e.g., young children, especially 
those with partial deficiencies of mitochondrial enzymes).'°° Val- 
proic acid also inhibits the synthesis of carnitine, a cofactor in 
mitochondrial fatty acid beta oxidation. 

Symptoms begin within 4 to 12 weeks, are often nonspecific, 
and include lethargy, malaise, poor feeding, somnolence, wors- 
ening seizures, muscle weakness, and facial swelling. In typical 
cases, features of hepatotoxicity follow, including anorexia, nau- 
sea, vomiting, RUQ abdominal discomfort, and weight loss. 107-108 
When jaundice ensues, hypoglycemia, ascites, coagulopathy, and 
encephalopathy indicate ALF with imminent coma and death. 
In some cases, a neurologic syndrome characterized by ataxia, 
mental confusion, and coma predominates, with little evidence of 
hepatic involvement. In other cases, fever and tender hepatomeg- 
aly suggestive of Reye syndrome may be present (see later); such 
cases tend to have a better prognosis. Additional extrahepatic fea- 
tures include alopecia, hypofibrinogenemia, thrombocytopenia, 
and pancreatitis. The terminal phase is often indicated by renal 
failure, hypoglycemia, metabolic acidosis, and severe bacterial 
infection. 

Laboratory features include modest elevations of serum bili- 
rubin and aminotransferase levels; the AST level is usually higher 
than the ALT level. A profound decrease in clotting factor levels, 
hypoalbuminemia, and hyperammonemia are common. A small 
echogenic liver suggestive of steatosis or extensive necrosis is seen 
on hepatic imaging. Histologic examination shows submassive or 
massive hepatic necrosis in two thirds of cases with either zonal 
or generalized microvesicular steatosis.!°° Ultrastructural studies 
indicate conspicuous mitochondrial abnormalities. 

Treatment is supportive. Small nonrandomized studies have 
shown that intravenous L-carnitine supplementation can reduce 
hyperammonemia and improve survival in severe cases of liver 
injury!” and in patients with a psychiatric disorder in whom 
hyperammonemic encephalopathy develops without liver dis- 
ease.!!0 LT has been performed successfully, but poor outcomes 
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have been reported, particularly in children.!!! The outcome of 
LT may be good in highly selected adult patients.'!* Prevention 
depends on adherence to guidelines, including avoiding valproic 
acid in combination with other drugs in children < 3 years of age 
and in those with mitochondrial enzyme abnormalities. Pretreat- 
ment screening for POLG mutations is recommended for high- 
risk groups.!!? Liver biochemical test abnormalities develop in 
at least 40% of persons on valproic acid and, therefore, are an 
unreliable predictor of valproic acid hepatotoxicity. Patients and 
parents need to be educated about the importance of reporting 
any adverse symptoms during the first 6 months of treatment. 


Antiretroviral Agents 


Abnormal liver biochemical test levels and clinical evidence of 
liver disease are common in patients with HIV/AIDS. Potential 
causes include HBV, HCV and other hepatobiliary infections, 
lymphoma, and other tumors. The frequency of hepatic injury 
with ART (which often includes 3 or 4 agents) is at least 10% .7:45 
Because HIV coinfection with HBV or HCV increases the risk of 
hepatotoxicity, all patients should be screened for viral hepatitis 
before starting ART.!'+ 


Nucleos(t)ide Reverse Transcriptase Inhibitors (NRTIs) 
NRTIs are weak inhibitors of mitochondrial DNA polymerase 
gamma in vitro; the order of their potency is as follows: zal- 
citabine > didanosine > stavudine > lamivudine > zidovudine > 
abacavir.!!5 Oxidative stress may also cause hepatotoxicity, result- 
ing in further mitochondrial DNA deletion and the consequences 
of impaired oxidative phosphorylation, fatty acyl beta oxidation, 
and insulin resistance. Abacavir is associated with liver injury that 
occurs within 6 weeks as part of a systemic hypersensitivity reac- 
tion. This complication is linked to HLA-B*57:01. Excluding 
patients who carry this polymorphism has practically abolished 
abacavir hypersensitivity (0% vs. 2.7% in controls).!!° 

Zidovudine, didanosine, and stavudine are the NRTIs that 
are most often implicated in liver injury.!!%!!” Risk factors for 
mitochondrial drug toxicity among persons with HIV infection 
include obesity, female gender, pregnancy, and co-prescription 
of didanosine and stavudine.!'°!!’ Hallmarks of mitochondrial 
hepatotoxicity include extensive microvesicular or macrovesicu- 
lar steatosis (or both), lactic acidosis, and liver biochemical test 
abnormalities with progression to ALF. Asymptomatic hyper- 
lactatemia is common (especially with stavudine) among per- 
sons treated with ART, but life-threatening lactic acidosis with 
hepatic steatosis is rare, with an estimated risk of 1.3 per 1000 
person-years of antiretroviral use. Onset is within 3 to 17 months 
(median, 6 months) after treatment is started. Symptoms are 
often nonspecific and include nausea, vomiting, diarrhea, dys- 
pnea, lethargy, and abdominal pain. Extrahepatic manifestations, 
such as myopathy or peripheral neuropathy, and, in severe cases, 
pancreatitis and renal failure, may follow the lactic acidosis and 
liver injury. Discontinuation of the drug is mandatory but does 
not prevent fatalities. Nevertheless, the overall mortality rate is 
low. One suggested approach to prevention is to monitor therapy 
by coupling serum ALT and AST testing with serial measure- 
ments of the HIV load and CD4 count. Any new aminotrans- 
ferase elevation should trigger immediate measurement of serum 
lactate, creatine kinase, and pancreatic enzyme levels.!!’ 

Over 60 cases of noncirrhotic portal hypertension have been 
associated with NRTIs.!!® Most cases involved didanosine alone 
or in combination with stavudine.'!? Features of portal hyper- 
tension such as variceal bleeding, ascites, and splenomegaly are 
usually present, but hepatic encephalopathy and liver failure are 
uncommon. The majority of cases (75%) are in men. Typically, 
they have been on treatment for 1 to 9 years and have achieved 
virologic suppression. Nodular regenerative hyperplasia (NRH) 
and portal vein thrombosis are the main histologic lesions. 
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Postulated mechanisms include sinusoidal endothelial cell injury 
and thrombophilia. Discontinuation of didanosine does not lead 
to reversal of portal hypertension. 


Non-nucleoside Reverse Transcriptase Inhibitors 

Like abacavir, non-nucleotide reverse transcriptase inhibitors can 
cause acute hepatitis as part of an early (<6 weeks) hypersensitivity 
reaction, which often includes skin rash, lymphadenopathy, and 
peripheral and tissue eosinophilia.!7° Resolution occurs within 4 
weeks of discontinuing the drug. Nevirapine has also been impli- 
cated in several instances of severe hepatotoxicity when used for 
postexposure prophylaxis.!?! Nevirapine hepatotoxicity is linked 
to a specific HLA haplotype (B*58:01 in black Africans, OR 3.5) 
and increases in frequency with CD4 counts!??; specific CD4 
thresholds have been established (>400 cells/mm} and >250 cells/ 
mm’? for men and women, respectively). Underlying hepatitis B 
or C increases the risk of liver injury.!? Of 12 reports to the FDA 
between 1997 and 2000, over one half of the patients (7 of 12) had 
acute hepatitis, one patient required LT, and the remainder had 
asymptomatic elevations of serum aminotransferase levels. The 
recommended 2-week dose escalation regimen was not adhered 
to in some of the cases.!*! Sequential toxicity with nevirapine fol- 
lowed by efavirenz has been reported in an HIV-HCYV coinfected 
person. !*# 


Protease Inhibitors 

Elevated serum aminotransferase levels are common in patients 
taking protease inhibitors, but clinical hepatitis is infrequent. The 
agents most often implicated are ritonavir, indinavir, and ata- 
zanavir. The latter 2 also cause unconjugated hyperbilirubinemia, 
a finding that is of no clinical consequence.’ Severe acute hepa- 
titis may occur rarely. The association with peripheral or hepatic 
eosinophilia in some cases suggests an immunoallergic basis for 
liver injury.! Acute hepatitis occurs in 2.9% to 30% of persons 
receiving high-dose ritonavir (>400 mg/d) but generally does not 
recur with low-dose regimens except when used as part of com- 
bination treatment in patients with advanced cirrhosis.!*° In gen- 
eral, the course of the illness is mild, and the liver injury responds 
favorably to drug withdrawal. Rarely, ALF may develop; in these 
cases, liver histology has shown severe microvesicular steatosis, 
cholestasis, and extensive fibrosis. 

Several studies have shown that patients coinfected with 
HIV and hepatitis B or C have a higher frequency of hepatotox- 
icity while on a protease inhibitor; however, liver injury is rap- 
idly reversible in most cases, suggesting that the overall effect of 
protease inhibitors in coinfected persons is not detrimental. !?7 
These drugs also induce or inhibit CYP3A4, thereby causing 
important drug-drug interactions.!?8 Furthermore, immune 
reconstitution during ART may lead to reactivation of chronic 
HBV infection. 


Aspirin 

On occasion, aspirin can cause major increases in serum ALT 
levels suggestive of drug hepatitis, but hepatotoxicity occurs only 
when blood salicylate concentrations exceed 25 mg/100 mL.!”? In 
addition, individual susceptibility factors include hypoalbumin- 
emia, active juvenile RA, and SLE. Most cases of aspirin-induced 
hepatotoxicity are identified by biochemical testing rather than 
clinical features. If present, symptoms usually begin within the 
first few days or weeks of high-dose aspirin therapy. ALF and 
fatalities have been rare. Resolution occurs rapidly after drug 
withdrawal, and salicylates can be reintroduced at a lower dose. 
All salicylates appear to carry hepatotoxic potential, so there is 
no advantage to replacing aspirin with another salicylate. Liver 
histology shows a nonspecific focal hepatitis with hepatocellu- 
lar degeneration and hydropic changes. The absence of steatosis 
usually distinguishes aspirin hepatotoxicity from Reye syndrome. 


Reye syndrome has been linked with use of aspirin in febrile 
children. Although Reye syndrome is not simply a form of drug- 
induced liver disease, aspirin plays an important role in its mul- 
tifactorial pathogenesis. Reye syndrome usually occurs between 
3 and 4 days after an apparently minor viral infection. It is char- 
acterized by acute encephalopathy and hepatic injury, the latter 
documented by a 3-fold or greater rise in serum aminotransferase 
levels or hyperammonemia and by characteristic histology. Effec- 
tive public health campaigns against the use of aspirin in young 
febrile children have led to a decline in the incidence of Reye 
syndrome; however, cases still occur. Misdiagnosis of cases that 
subsequently were diagnosed as inborn errors of metabolism that 
mimic Reye syndrome may have also contributed to the declining 
incidence. 

Patients with juvenile RA (Still disease) or SLE are at particu- 
lar risk of Reye syndrome. Features of chronic liver disease or 
drug allergy are not present. Management requires clinical suspi- 
cion and reducing the dose of (or discontinuing) aspirin. Recov- 
ery is usually rapid. Aspirin can be used again in lower doses, but 
alternative NSAIDs are generally used instead. 


Others 


L-asparaginase is an antileukemic drug that often causes hepato- 
toxicity, which usually is reversible but can occasionally result in 
liver failure associated with diffuse microvesicular steatosis.’* A 
GWAS has shown an association between elevated serum ami- 
notransferase levels seen after induction with L-asparaginase 
and a palatin-like phospholipase domain-containing protein 3 
(PNPLA3) variant [rs738409 (C>G) 1148M] that is implicated in 
NAFLD (see Chapter 87).!° Antiparasitic drugs such as amodia- 
quine and hycanthone have also been linked to severe and fatal 
dose-dependent liver injury (~ 1:15,000 exposed). 11:132 


DRUG-INDUCED ACUTE HEPATITIS 


The term acute hepatitis refers to lesions characterized by the 
presence of hepatic inflammation with conspicuous hepatocyte 
cell death or degeneration. More severe lesions include zonal and 
bridging necrosis or massive (panlobular) hepatic necrosis; these 
lesions may be associated with fulminant or subfulminant ALF.!7? 
Acute hepatitis accounts for nearly 50% of hepatic adverse drug 
reactions,!*-*! and causative agents are numerous. 224,133,134 

Two broad types of drug hepatitis are recognized based on 
the presence (immunoallergic reactions) or absence of clinical 
and laboratory features consistent with drug allergy (Table 88.6). 
Those lacking characteristics of drug allergy could be the result 
of metabolic idiosyncrasy, partial dose dependence, a relation- 
ship between hepatitis and metabolism of the drug, or chemical 
toxicity. Nitrofurantoin and isoniazid are examples of immunoal- 
lergy and metabolic idiosyncrasy, respectively. Other relatively 
frequent examples of drug hepatitis include those associated with 
granulomatous reactions and chronic hepatitis. 


Immunoallergic Reactions 
Nitrofurantoin 


Nitrofurantoin is a urinary antiseptic that has long been associ- 
ated with hepatic injury.!°> This reaction occurs at a frequency 
of 0.3 to 3 cases per 100,000 exposed persons.!3%!37 The risk 
increases with age (particularly after 65 years of age). Two thirds 
of acute cases occur in women, and the female-to-male ratio is 
8:1 for chronic hepatitis.!°°!3’ The range of liver diseases asso- 
ciated with nitrofurantoin includes acute hepatitis, occasionally 
with features of cholestasis, hepatic granulomas, chronic hepatitis 
with autoimmune features, ALF, and cirrhosis.!3%!3” Causality 
has been proved by rechallenge, and no relationship to dose has 
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TABLE 88.6 Drug-Induced Acute Hepatitis: Immunoallergic Reaction Versus Metabolic Idiosyncrasy 


Characteristic Immunoallergic Reaction 


Metabolic Idiosyncrasy 


Frequency 
Gender predilection Women, often = 2:1 
Latent period to onset of hepatitis Fairly constant, 2-10 wk 


Relationship to dose None 


Interactions with other agents None 


Course after stopping the drug 
minocycline]) 


Positive rechallenge Always; often fever within 3 days 


Fever Usual; often initial symptom, part of prodrome 
Extrahepatic features (rash, Common 
lymphadenopathy) 
Eosinophilia: 
Blood 33%-67% of cases 
Tissue Usual, pronounced 
Autoantibodies Often present 
Examples Etretinate, methyldopa, minocycline, 


<1 case per 10,000 persons exposed 


Prompt improvement (rare exceptions [e.g., 


1-50 cases per 10,000 persons exposed 
Variable, slightly more common in women 
More variable, 2-24 wk, occasionally >1 yr 


Usually none, but drugs with daily doses >50 mg/day are 
overrepresented in cases of DILI 


Alcohol; occasionally other drugs (e.g., isoniazid with rifampin) 


Variable; occasionally slow improvement or deterioration (e.g., 
troglitazone) 


Usual (in two thirds of cases), abnormal liver biochemical test 
levels in 2-21 days 


Infrequent, less prominent 


Rare 


<10% of cases 

Common, but mild 

Rarely present 

Dantrolene, isoniazid, ketoconazole, pyrazinamide, troglitazone 


nitrofurantoin, phenytoin, sulfonamides 


been observed; cases have been described after ingestion of milk 
from a nitrofurantoin-treated cow.!3* 

The relative frequencies of hepatocellular and cholestatic or 
mixed reactions and of acute and chronic hepatitis caused by 
nitrofurantoin have been debated. The nature of the adverse reac- 
tions covers a spectrum of biochemical and histologic features 
that have no apparent relevance to the patient’s clinical outcome. 
Chronicity depends mostly on the duration of drug ingestion, 
which has been less than 6 weeks in acute cases but more than 6 
months in 90% of chronic cases. !3°!37 Patients with chronic hep- 
atitis often have continued taking nitrofurantoin despite symp- 
toms attributable to an adverse drug effect or have been exposed 
to another course of the drug after previous toxicity. The mortal- 
ity rate associated with chronic nitrofurantoin hepatitis is 20%, 
compared with 5% to 10% with acute hepatitis.!*° 

The latent period between initial exposure to the drug and 
the onset of liver disease ranges from a few days to 6 weeks. Early 
symptoms may be nonspecific (e.g., fever, myalgia, arthralgia, 
fatigue, malaise, anorexia, weight loss) and are followed by more 
specific features of hepatitis, such as nausea and vomiting, hepatic 
discomfort, jaundice, and, occasionally, pruritus. Rash occurs in 
20% of affected persons, and lymphadenopathy may be present. 
Pneumonitis, which can progress to pulmonary fibrosis, is pres- 
ent in 20% of affected persons and is suggested by cough and 
dyspnea. Rarely, liver failure develops, with ascites, coagulopa- 
thy, and encephalopathy. In patients with chronic hepatitis, clini- 
cal findings (such as spider telangiectasias, hepatosplenomegaly, 
muscle wasting, and ascites) may suggest cirrhosis. 

Liver biochemical testing shows pronounced elevation of 
serum ALT levels, but more often the pattern is mixed, with 
increases in serum alkaline phosphatase levels as well. In other 
cases, the results suggest cholestasis. Serum bilirubin levels tend 
to be increased in proportion to the severity of the reaction. In 
contrast to most types of acute drug hepatitis, hypoalbuminemia 
is often present. Raised serum globulin levels are seen more often 
in patients with chronic hepatitis than in those with acute hepati- 
tis.3° Eosinophilia occurs in 33% of cases. Autoantibodies (ANA 
and smooth muscle antibodies) are present in some patients with 
acute hepatitis and in 80% of those with chronic hepatitis. Their 
presence can make differentiation of nitrofurantoin-induced 


fulminant hepatitis from AIH challenging.’ In contrast to ATH, 
the frequency of HLA-B8 and -DRw3 is not increased.!*°!37 
Hepatic histology often shows striking confluent fibrosis, fibrotic 
bands, and lobar or diffuse liver atrophy.!*° 

Treatment is supportive. Glucocorticoids have no role, even 
in patients with chronic hepatitis with autoimmune features. 
Recovery is rapid after nitrofurantoin is discontinued. Monitor- 
ing liver biochemical test levels is unlikely to be useful or cost 
effective. 


Others 


Methyldopa was among the first drugs associated with immunoal- 
lergic drug hepatitis. Cases are now rare because methyldopa is 
rarely used, other than in pregnancy.'*! Hepatic reactions vary 
from abnormal liver biochemical test levels in asymptomatic 
persons, severe acute hepatitis, granuloma formation, and cho- 
lestasis to chronic hepatitis with bridging necrosis and cirrhosis. 
The female predilection, clinical and laboratory changes, course, 
and extrahepatic features of drug allergy are similar to those for 
nitrofurantoin. 

Phenytoin causes severe acute drug hepatitis in less than one per 
10,000 persons exposed.!* Incidence rates are equal in men and 
women, and cases can occur in childhood. African Americans may 
be affected more often than Europeans. Rash, fever, eosinophilia, 
lymphadenopathy, a pseudomononucleosis syndrome, and other 
allergic features are common and suggest immunoallergy as part 
of the DRESS syndrome. Some patients with phenytoin reac- 
tions have an individual or familial enzymatic defect that causes 
reduced disposal of phenytoin arene oxide,!*” indicating a possi- 
ble reactive metabolite in the pathogenesis of phenytoin toxicity. 
The mortality rate in the 2000s has been much lower (13%) than 
in earlier publications (40%). Some deaths are caused by liver 
failure, whereas others result from severe systemic hypersensitiv- 
ity, bone marrow suppression, cutaneous and renal vasculitis, or 
exfoliative dermatitis. Rare hepatic reactions include cholestatic 
hepatitis and bile duct injury. The most common association with 
phenytoin therapy is a hepatic adaptive response with microsomal 
enzyme induction, with raised serum GGTP levels in two thirds 
and alkaline phosphatase in one third of persons who take the 


1386  PARTIX Liver 


drug. Liver histology shows hepatocytes with ground-glass cyto- 
plasm that represents hypertrophied smooth endoplasmic reticu- 
lum. 

Barbiturates, including phenobarbital, are rarely associated 
with acute hepatitis. Described cases have resembled phenytoin 
reactions; fever and rash are usual, and the rate of mortality as 
a result of liver failure is high. Among newer antiepileptic drugs, 
lamotrigine,!*> felbamate,'** and topiramate! have been associ- 
ated with ALF. 

Sulfonamides can cause acute hepatitis that is relatively com- 
mon with combination drugs such as trimethoprim/sulfamethox- 
azole (TMP/SMX).'*° Trimethoprim alone has been associated 
with cholestatic hepatitis; the estimated risk is 1.4 cases per 
100,000 exposed persons.!*° Reactions to TMP/SMX are more 
similar to those associated with trimethoprim than to those asso- 
ciated with sulfonamide; cholestasis or cholestatic hepatitis is 
more common than hepatitis. Patients with HIV/AIDS are pre- 
disposed to sulfonamide hypersensitivity. Some other drugs have 
a sulfa moiety that differs from that of sulfonamides and that may 
increase the risk of cross-sensitivity reactions; for example, severe 
hepatitis with celecoxib developed in 2 women with previous sul- 
fonamide sensitivity. Likewise, sulfonylureas (e.g., gliclazide) have 
rarely been associated with drug hepatitis with features of immu- 
noallergy.!*” 

The latent period between exposure to the drug and the onset 
of sulfonamide hepatitis is 5 to 14 days, and clinical features 
often include fever, rash, mucositis (Stevens-Johnson syndrome), 
lymphadenopathy, and vasculitis (i.e., features of DRESS syn- 
drome). Reactions may be severe, and deaths have occurred. The 
liver biochemical test profile is mainly hepatocellular, but mixed 
or cholestatic reactions can occur. Other presentations include 
hepatic granulomas and chronic hepatitis. 

Sulfasalazine has been associated with cases of often severe 
acute hepatitis. This complication may be more frequent than 
appreciated (0.4% in one study).'*° Although toxicity is usually 
attributed to the sulfonamide moiety, mesalamine (mesalazine) 
can also cause acute hepatitis.'*? This finding incriminates the 
salicylate moiety, and like salicylate hepatitis (discussed earlier) 
sulfasalazine hepatotoxicity is more common in patients with RA 
than in those with IBD. Other presentations include chronic hep- 
atitis with autoimmune features and granulomatous hepatitis. 1°? 

Among other drugs used to treat IBD, the anti-TNF antibod- 
ies can cause acute hepatocellular or mixed hepatocellular-chole- 
static injury.!*! Infliximab has been implicated most often (1 in 
120 recipients), with lower rates for adalimumab and etanercept 
(1 in 270 and 1 in 430, respectively).!°* The time of onset varies, 
with a median latency of 14 to 18 weeks (range 2 to 104 weeks). 
Hepatocellular toxicity is frequently accompanied by characteris- 
tics that suggest an autoimmune basis (positive ANA and smooth 
muscle antibodies and histologic findings of plasma cell infiltrate 
and hepatocyte rosettes), and short courses of glucocorticoids 
are often used to hasten resolution; however, unlike true drug- 
induced AIH, relapses are rare after the anti-TNF agent is with- 
drawn. 

Immune checkpoint inhibitors are an emerging group of drugs 
that have been associated with acute hepatitis. These agents reac- 
tivate T-cell activity against cancer cells by blocking cytotoxic 
T-lymphocyte-associated antigen 4 (e.g., ipilimumab) or the pro- 
grammed death-1/programmed death ligand-L1 axis (e.g., pem- 
brolizumab, nivolumab). Liver injury (seen in ~5% of patients 
who receive these drugs) is a component of systemic immune- 
related toxicity that affects the GI tract, skin, and other organs. 
The onset is usually within 6 weeks of starting the drug. In a 
series of 11 patients who underwent liver biopsy, all of whom 
had received 1 to 4 doses of ipilimumab, liver histologic find- 
ings included a panlobular hepatitis resembling AIH, prominent 
sinusoidal histiocytic infiltrate, central vein endothelialitis,!>’ 
and, in severe cases, bridging and confluent necrosis. The clinical 


spectrum extends from asymptomatic aminotransferase eleva- 
tions to severe acute hepatitis, including fatal hepatic failure in 
0.2%. The severity of the presentation dictates management, 
which ranges from temporary cessation of the offending drug in 
mild cases to permanent discontinuation and use of high-dose 
glucocorticoids and/or immunosuppressive agents such as myco- 
phenolate mofetil in severe cases.!*+ 

Minocycline and low-dose tetracyclines are rare but important 
causes of severe acute hepatitis, including cases that have required 
LT.!> Minocycline is one of the few agents in current use that 
can lead to drug-induced AIH (see later). 

Disulfiram (Antabuse) rarely has been associated with acute 
hepatitis, occasionally leading to liver failure.'*° Disulfiram hepa- 
titis is usually easy to distinguish from alcohol-associated hepati- 
tis by the 10-fold or greater elevation of serum ALT levels. 

Of the newer oral anticoagulants, ximelagatran was withdrawn 
due to hepatotoxicity. Rivaroxaban and other direct thrombin 
antagonists have been associated with a few reports of mainly 
acute hepatocellular or mixed hepatocellular-cholestatic injury, 
with resolution in most cases.!5’ ALF has also been reported; 
however, there were confounding factors in these cases,!>* and 
2 meta-analyses showed that these drugs were less likely to cause 
liver injury than warfarin or low-molecular-weight heparin.'*” 
Still, in light of clear instances of positive rechallenge with riva- 
roxaban,!°’ prescribers should be cognizant of the hepatotoxic 
potential of these drugs. 

B-Adrenergic blocking agents have rarely been incriminated in 
hepatotoxicity. Acebutolol, carvedilol, labetalol, and metoprolol 
have all been associated with acute hepatitis, some of which were 
severe; some cases were proven by rechallenge. Data are insuf- 
ficient to determine whether or not immunoallergy is likely. The 
calcium channel blockers nifedipine, verapamil,!®° diltiazem,'°! and 
amlodipine!® have good safety records, but rare cases of acute 
hepatitis with a short incubation period (5 days to 6 weeks) and 
other features of immunoallergy have been reported. 

Of the angiotensin II receptor blocking agents, irbesartan has been 
linked to 2 reports of cholestasis.!°’ In both cases, jaundice devel- 
oped within one month of the start of therapy. Liver histology 
showed marked cholestasis in both cases and an inflammatory 
infiltrate and eosinophils in one case. Clinical resolution occurred 
soon after the drug was stopped, but the liver biochemical test 
levels remained elevated for over one year in one patient. Biliary 
ductopenia is a rare complication. Losartan, valsartan, and can- 
desartan have also been implicated in cases of acute hepatitis or 
cholestatic hepatitis. 164-166 

ACE inhibitor-induced liver disease is an important adverse 
effect of this drug class, with a frequency of 9 per 100,000 per- 
sons treated. Reactions to captopril (the oldest and possibly 
most hepatotoxic member of this class of drugs), enalapril, and 
ramipril usually manifest as cholestatic hepatitis, but hepatocel- 
lular or mixed hepatocellular reactions can occur.!67-168 Features 
of hypersensitivity (DRESS syndrome), such as fever, skin rash, 
and eosinophilia, may accompany captopril hepatotoxicity.!° 
Histologic examination of the liver reveals marked centrilobu- 
lar cholestasis with eosinophilic portal infiltrates.!°7 Liver bio- 
chemical abnormalities usually resolve after drug withdrawal, but 
resolution can be delayed up to 6 months in some cases. ALF 
has been noted with lisinopril, whereas bland cholestasis is seen 
with fosinopril,!© and cholestatic hepatitis progressing to biliary 
ductopenia and cirrhosis has been associated with ramipril and 
enalapril, respectively.!”° 

Hydroxymethylglutaryl-coenzyme A (HMGCo-A) reductase 
inhibitors (commonly known as statins) are not strongly associ- 
ated with important hepatic injury, although published reports 
and data submitted to drug safety surveillance authorities appear 
to be discordant. A dose-related rise in serum aminotransferase 
levels develops in 1% to 3% of statin users.'’! The usual mani- 
festation of liver injury is a minor (<2-fold) asymptomatic rise 


in serum ALT and AST levels. These elevations usually reverse 
rapidly with withdrawal of the statin and also if therapy is not 
interrupted. Lovastatin,'’” pravastatin,!’> atorvastatin,!’+ simvas- 
tatin,!’> and rosuvastatin!”° have been implicated in a few reports 
of acute hepatitis or cholestatic hepatitis.!’7 Older data estimated 
the risk of statin-related DILI to be less than 1 per million per- 
son-years, but more recent data suggest a frequency between 1 
per 11,000 to 1.2 per 100,000 users.!’* Atorvastatin is most often 
implicated (41%), but the overall frequency of DILI is highest for 
fluvastatin (17 per 100,000 person-years). Most hepatic reactions 
occur within 3 to 6 months. One third of the patients have had 
jaundice, and 2 deaths occurred from ALF. In one patient receiv- 
ing atorvastatin 40 mg daily for 15 months uneventfully, severe 
hepatocellular injury developed when the dose was increased 
to 80 mg daily.!’? Positive rechallenge has been documented. 
Retreatment with the same statin is not recommended, but an 
alternative statin has been used successfully in 5 cases (suggesting 
a lack of class effect). With respect to the pattern of liver injury, 
cholestatic and mixed reactions were associated more often with 
atorvastatin (57%) than simvastatin (25%). Small case series have 
linked statins to AIH, but the level of evidence for causality is 
unconvincing. Because these drugs are used by about 15% of the 
population, it is inevitable that a proportion of patients in whom 
AIH develops will be taking a statin. Instances of resolution of 
AIH following discontinuation of statins are not conspicuous in 
existing reports. 

Prescribing guidelines invariably warn about the risk of liver 
injury when statins are prescribed to persons with preexisting liver 
biochemical abnormalities, but this recommendation is strongly 
refuted by a controlled trial of high-dose pravastatin that con- 
firmed the safety of statins in this setting.!*° Likewise, in the Dal- 
las Heart Study, statin users were no more likely to exhibit serum 
ALT elevations than were nonusers.!*! Also, the risk of statin 
hepatotoxicity is unrelated to the baseline serum ALT level,!* 
and statin use reduces the rate of fibrosis progression and the risk 
of hepatic decompensation.!*’ Finally, cardiovascular events are 
more likely to develop in patients with raised serum ALT lev- 
els who are not receiving statins than in those treated with these 
agents (30% vs. 10%; relative risk reduction of 68%).'** Moni- 
toring serum aminotransferase levels in persons taking a statin 
is no longer mandated by the FDA. Other hypolipidemic drugs 
that cause hepatocellular injury include niacin and fenofibrate; 
the latter is also implicated in cholestatic and mixed hepatocellu- 
lar/cholestatic reactions, including chronic hepatitis and ALF.'*° 

Unlike vitamin A (see Chapter 89), synthetic retinoids such as 
etretinate and acitretin are not predictable hepatotoxins. Etreti- 
nate is associated with raised serum aminotransferase levels in 
10% to 25% of treated patients!**; levels normalize with dose 
reduction, thereby suggesting partial dose dependency. Cases of 
acute hepatitis have been attributed to etretinate, some confirmed 
by rechallenge.!®° Most patients were women older than age 50; 2 
cases were associated with chronicity, and one patient responded 
to glucocorticoids. Etretinate has been superseded by acitretin, 
which can also cause acute hepatitis, occasionally with bile duct 
injury, progressive hepatic fibrosis, and, rarely, ALF (after an 
acitretin overdose).!°’ 

Gastric acid suppression drugs have an excellent safety record, 
although rare adverse hepatic reactions and withdrawals of 2 
H2RAs (oxmetidine, ebrotidine) due to hepatotoxicity have been 
reported. Cimetidine, ranitidine, and famotidine can cause acute 
hepatitis, mostly mild and often with cholestatic features. Some 
cases have been proven by rechallenge. Features of immunoal- 
lergy were present in some of the cimetidine reactions. Isolated 
cases of hepatotoxicity have been attributed to the PPIs omepra- 
zole, lansoprazole, and pantoprazole; causality was not estab- 
lished unequivocally in some of the cases.!°° 

Zafirlukast, a leukotriene receptor antagonist, has been linked to 
several cases of ALF.'°? Montelukast has been associated with a 
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few cases of acute hepatitis or cholestatic hepatitis leading to bili- 
ary ductopenia.!”° 

Bland cholestasis has been noted with ticlopidine, an antiplate- 
let agent. Other histologic findings include occasional cholestatic 
hepatitis with bile duct injury and microvesicular steatosis. Japa- 
nese subjects carrying the HLA haplotype A*33:03 (see ‘Table 
88.3) and certain cytochrome polymorphisms (CYP2B6*1H or 
*1J) are at an increased risk of ticlopidine hepatotoxicity.!°! Clop- 
idogrel has become preferred over ticlopidine and can also cause 
hepatocellular or mixed hepatocellular-cholestatic liver injury.!”” 


Metabolic Idiosyncrasy 
Isoniazid 


Isoniazid-induced liver injury has been characterized since the 
1970s, but deaths still occur.!?*!°° Hepatitis develops in about 
2% of persons exposed to isoniazid; 5% to 10% of cases are fatal. 
The risk and severity of isoniazid hepatitis increase with age; the 
risk is 0.3% in the third decade of life and increases to 2% or 
higher after age 50.!9°.!°+ Overall frequency rates are the same in 
men and women, but 70% of fatal cases are in women; black and 
Hispanic women may be at particular risk.!%-!°+ The risk of tox- 
icity is not related to the dose or blood level of isoniazid. Direct 
bioactivation to a reactive metabolite was considered to be the 
main basis for the liver injury, but the identification of anti-drug/ 
anti-CYP antibodies in some cases suggests immune involve- 
ment.!” The role of genetic factors has been controversial. 
Associations have been described with specific genes that code for 
enzymes involved in aspects of drug metabolism or detoxification 
(CYP2E1, N-acetyltransferase, glutathione S-transferase), but 
data are conflicting.!° Chronic excessive alcohol intake increases 
the frequency and severity of isoniazid hepatotoxicity,!>!°* as 
may concomitant use of rifampin, pyrazinamide, and acetamino- 
phen.!”’ Some, but not all, studies have shown that persons with 
chronic HBV infection are at an increased risk of liver injury 
from isoniazid and other antituberculosis drugs.!°* Malnutrition 
may play a role in isoniazid hepatotoxicity in some countries. 
Likewise, in patients with HCV or HIV infection (or both), the 
risk of significant serum ALT elevations during antituberculo- 
sis drug treatment is increased several-fold; successful antiviral 
treatment of hepatitis C has allowed the safe reintroduction of 
antituberculosis drugs. 

Serum ALT levels increase in 10% to 36% of isoniazid recipi- 
ents in the first 10 weeks. The elevations typically are minor and 
resolve spontaneously. In persons in whom hepatitis develops, 
the latent period from exposure to disease ranges from 1 week to 
more than 6 months (median, 8 weeks), and, in severe cases, 12 
weeks.!%3.!°+ Reexposure to isoniazid may be associated with an 
accelerated onset, although the experience in India is that grad- 
ual reintroduction of isoniazid and rifampin can be achieved in 
most cases after the hepatitis has resolved. Prodromal symptoms 
occur in one third of patients and include malaise, fatigue, and 
early symptoms of hepatitis, such as anorexia, nausea, and vomit- 
ing. Jaundice appears several days later and is the only feature in 
approximately 10% of cases. Fever, rash, arthralgias, and eosino- 
philia are uncommon. 

Liver biochemical testing indicates hepatocellular injury; 
serum AST levels exceed serum ALT levels in one half of 
patients. Serum bilirubin levels usually are elevated; values that 
are increased more than 10-fold indicate a poor prognosis. In one 
study,!” one third of patients had a prolonged prothrombin time, 
and 60% of these cases were fatal. Liver histology shows hepato- 
cellular injury, which is focal in one half of the cases, often with 
marked hydropic change in residual hepatocytes. In the remain- 
der, hepatocellular necrosis is zonal, submassive, or massive, with 
inflammation confined to the portal tracts. Cholestasis and lobu- 
lar regeneration suggestive of early cirrhosis are rare features. 
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Fatal cases have been associated with a longer duration of 
treatment or continued ingestion of isoniazid after the onset 
of symptoms. !°:1941% Therefore, most deaths from isoniazid 
hepatitis are preventable, and recovery is rapid if symptoms are 
reported early and isoniazid is discontinued before severe liver 
injury is established. 

‘Treatment is supportive, with LT indicated in severe cases. In 
the USA, isoniazid hepatotoxicity is second only to acetamino- 
phen as an indication for LT for DILL!’ Fortunately, outcomes 
of transplantation have been good (85% one-year survival).?°° 
Children are less susceptible than adults, but serious hepatotoxic- 
ity can occur in children; over a 10-year period (1987 to 1997), 
8 children were transplanted for isoniazid hepatotoxicity in the 
USA; 

Prevention is the most appropriate way to avoid isoniazid 
hepatotoxicity, and determining whether the risks of isoniazid 
prophylaxis outweigh those of latent tuberculosis is critical. 
New regimens are gaining favor for treating latent tuberculo- 
sis infection; a 4-month rifampin schedule was less hepatotoxic 
than the traditional isoniazid course.?°? The optimal approach 
to monitoring is uncertain; every-other-week or monthly mon- 
itoring of serum ALT levels will not always prevent the rapid 
onset of severe hepatotoxicity. Effective prevention depends 
on awareness of early symptoms, no matter how nonspecific. 
Future approaches may include a pharmacogenomic strategy, 
with a study from Singapore showing that a model combin- 
ing clinical and genomic information (N-acetyltransferase 2 
NAT? slow acetylator status) was superior to clinical data 
alone.” 


Other Antituberculosis Drugs 


Most cases of liver injury in which rifampin is implicated have 
occurred in patients who are also taking isoniazid, but a few have 
occurred when rifampin was used as monotherapy in persons with 
underlying liver disease.*°* Pyrazinamide (and a related agent, 
ethionamide) is a dose-dependent hepatotoxin. The drug is now 
used in lower doses (1.5 to 2 g/day) because of the emergence of 
resistant mycobacterial strains. Patients who take combinations that 
include isoniazid and pyrazinamide can develop particularly severe 
liver injury.!°’ Monitoring of serum ALT levels during therapy is 
recommended. Cross-sensitivity among isoniazid, pyrazinamide, 
and ethionamide may occur. In a network meta-analysis of 
treatment protocols for latent tuberculosis, pyrazinamide-based 
regimes carried the highest risk of hepatic injury? 


Antifungal Drugs 


Ketoconazole is associated with raised serum aminotransferase 
levels in 5% to 17% of treated patients,?°°°” but symptomatic 
hepatitis is less common (0.007% to 0.020%). Women (with a 
female-to-male ratio of 2:1) and persons older than 40 years of age 
are particularly susceptible to liver injury.?°°?°* Concurrent use 
of drugs (e.g., lovastatin) that share a similar metabolic pathway 
of elimination (CYP3A4) with ketoconazole can lead to hepato- 
toxicity.” Reactions are usually mild but can be severe, with rare 
cases of ALF.?!° Persons who have received multiple courses can 
present with acute hepatitis and even anaphylaxis within 1 to 3 
days when reexposed to this agent.’!! Patients with chronic liver 
disease are at an increased risk of severe acute liver injury.?!? 
The mortality rate is 3% to 7% .2?07 The onset is within 6 to 
12 weeks, and rarely after the drug is stopped. Toxicity is unre- 
lated to the dose of the drug. Continued ingestion of ketocon- 
azole after the onset of symptoms leads to an adverse outcome. 
Jaundice occurs in 50% of patients in whom acute hepatitis devel- 
ops, and up to one third may present with nonspecific symptoms, 
such as nausea, anorexia, and vomiting. Fever, rash, eosinophilia, 
and other immunoallergic characteristics are rare. The pattern of 


liver biochemical test levels is primarily hepatocellular or mixed, 
but cholestatic hepatitis or bland cholestasis may occur.?° Jaun- 
dice usually resolves within 12 weeks, but resolution may take 
months.?°07 Cirrhosis is a rare complication following acute 
hepatic injury.’ 

Several cases of cholestatic hepatitis attributed to terbin- 
afine have been reported,”!* with a frequency of 2 to 3 cases per 
100,000 persons exposed.’!+ Persons with HLA-A*33:01 are at 
an increased risk of terbinafine-associated DILI, especially with 
a cholestatic or mixed pattern.*!> The onset is usually within 
4 to 6 weeks. Recovery is usual with discontinuation of the 
drug, although prolonged cholestasis with ductopenia has been 
reported. UDCA has been used to hasten recovery when cho- 
lestasis is protracted.!° Other presentations include sinusoidal 
obstruction syndrome in a liver transplant recipient?!” and 16 
reports to the FDA of ALF possibly linked to terbinafine’!®; the 
frequency of this outcome has been estimated to be 1 per mil- 
lion persons exposed.?!? 

Fluconazole and itraconazole appear to be less hepatotoxic 
than ketoconazole and terbinafine?’?; elevations of liver bio- 
chemical test levels occur in fewer than 5% of patients. Rare 
cases of severe hepatic necrosis have been ascribed to flucon- 
azole, but other causes were not excluded. Instances of ALF 
associated with itraconazole have been reported.**!?> Elevated 
serum aminotransferase levels are observed in 20% of persons 
taking voriconazole. Overt clinical hepatitis leading to treatment 
discontinuation has been documented in patients receiving vori- 
conazole in a liver ICU.’ 


Antidiabetic Drugs 


Thiazolidinediones 

Troglitazone, the first peroxisome _ proliferator-activated 
receptor- agonist, was withdrawn due to hepatotoxicity. 
Elevated serum aminotransferase levels were noted in 0.5% to 
1.9% of recipients in early trials, but serious hepatotoxicity was 
not identified until the post-marketing period. During this phase, 
over 75 cases of fatal hepatotoxicity or liver failure requiring LT 
were reported.’”>?6 Most cases occurred in older women and 
obese persons, the common phenotype of persons with type 2 
diabetes mellitus. Evidence that preexisting liver disease or 
other drugs predispose to troglitazone hepatotoxicity is lacking, 
although a progressive course in one patient was attributed to 
concurrent use of simvastatin and troglitazone.??” Mitochondrial 
injury is favored as the mechanism of hepatic injury, but other 
mechanisms (e.g., reactive metabolites, inhibition of BSEP) have 
been proposed.*?* 

The onset of troglitazone hepatotoxicity was often as late as 
9 to 12 months after treatment was started?2??9; rare cases had 
an onset soon after the drug was started (8 days).?*! Present- 
ing symptoms included nausea, fatigue, jaundice, vomiting, and 
symptoms of liver failure. Progression to ALF was often rapid, 
and in some cases, deterioration continued despite discontinu- 
ation of troglitazone.’>? Histologic examination of liver biopsy 
specimens, explanted livers, or autopsy material showed submas- 
sive or massive hepatic necrosis, with post-collapse scarring, bile 
duct proliferation, and some eosinophils.” Severe cholestasis 
also was reported,”** as is sometimes observed with other causes 
of ALF (e.g., valproic acid) and does not necessarily imply a 
pathogenic mechanism different from that in cases not associated 
with cholestasis. 

Serious liver injury is rare with the second-generation thia- 
zolidinediones, rosiglitazone and pioglitazone. In clinical tri- 
als, less than 0.3% of recipients had raised serum ALT levels 
(>3 x ULN),”ć and only a few cases of hepatotoxicity asso- 
ciated with rosiglitazone (n = 6) and pioglitazone (n = 5) have 
been reported. Pioglitazone has also been associated with 
2 reports of cholestatic hepatitis with bile duct injury.” Most 


patients have recovered after discontinuing pioglitazone. ALF is 
rare.’ Although a series of cases compiled by the FDA noted a 
high case fatality rate (80%),”>* causality was questioned by the 
manufacturers, ???40 citing the background incidence of liver 
complications in patients with diabetes mellitus and other con- 
founding factors. By contrast, a French pharmacovigilance study 
concluded that the risk of hepatic reactions with these drugs was 
similar to that reported with other oral hypoglycemic drugs.’*! 
Before treatment is started, the FDA recommends baseline liver 
biochemical tests; the pretreatment serum ALT level should be 
less than 2.5 times the ULN. Monitoring the serum ALT level 
every 2 months during the first year of therapy and periodically 
thereafter is advised. If ALT levels remain persistently elevated 
(>3 x ULN), the drug should be discontinued. Symptoms sug- 
gestive of hepatitis should be assessed immediately. Persons in 
whom jaundice developed with troglitazone should not take other 
thiazolidinediones.’*” 


Other Oral Hypoglycemic Drugs 

Hepatocellular injury was common with older sulfonylureas, 
such as carbutamide, metahexamide, and chlorpropamide.’ 
Currently used drugs (tolbutamide, tolazamide, glimepiride, 
and glibenclamide) may rarely cause cholestasis or cholestatic 
hepatitis.*++7+ Similar to sulfonamides, with which they share a 
structural relationship, hypersensitivity phenomena (fever, skin 
rash, eosinophilia [i.e., DRESS syndrome]) were present in some 
cases. Most cases resolved after withdrawal of the drug; however, 
chronic cholestasis progressing to vanishing bile duct syndrome 
(VBDS) has been described with tolbutamide and tolazamide. 
Fatal liver failure has been reported in 2 cases, including one with 
underlying cirrhosis. Gliclazide**> and glibenclamide have also 
been associated with hepatocellular injury and, with the latter 
drug, hepatic granulomas.**° Metformin, acarbose, repaglinide, 
and human insulin rarely have been associated with liver injury. 


Drugs Used for Psychiatric and Neurologic Disorders 


Several neuroleptic agents have been associated with drug hepa- 
titis. Some reactions appear to be immunoallergic, whereas oth- 
ers are related to metabolic idiosyncrasy, depending on the drug 
structure. Such reactions have been reported for commonly used 
antidepressants, such as fluoxetine,’*’’** paroxetine,’*” venlafax- 
ine,’°? trazodone,”°! tolcapone,”>* and nefazodone. 


Antidepressants 

Monoamine Oxidase Inhibitors. Iproniazid was one of the 
first drugs associated with acute hepatitis. Reactions occurred 
in 1% of recipients and were often severe, with reports of fatal 
ALF. The hydrazine substituent (which iproniazid shares in 
part with isoniazid, ethionamide, pyrazinamide, and niacin) was 
determined to be the hepatotoxic moiety.*°’ Phenelzine and 
isocarboxazid have been associated with occasional instances of 
hepatocellular injury, but monoamine oxidase inhibitors are now 
prescribed infrequently. 

Tricyclic Antidepressants. Tricyclic antidepressants 
bear a structural resemblance to the phenothiazines and are 
occasional causes of cholestatic or, less commonly, hepatocellular 
injury. Recovery following cessation of the drug is usual, but 
amitriptyline?” and imipramine?” can cause prolonged cholestasis. 

Selective Serotonin Reuptake Inhibitors (SSRIs) and 
Other Modern Antidepressants. Liver enzyme elevations have 
been observed in asymptomatic persons taking fluoxetine and 
paroxetine.**” A few reports of acute and chronic hepatitis have 
been attributed to the use of SSRIs,*7748 and acute hepatitis with 
mirtazapine, a tetracyclic antidepressant.°° Nefazodone (now 
withdrawn) was associated with cases of subacute liver failure.?>” 
Liver histology showed centrilobular, submassive, or massive 
hepatic necrosis. Trazodone has been implicated in causing acute 
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and chronic hepatocellular injury.’*!”** The onset can be delayed 
as long as 18 months or can occur within 5 days of the start of 
the drug.*°? Occasional reports document severe hepatotoxicity 
with combinations of antidepressants or with antidepressants 
used in combination with other neuroleptic agents.2’°! Drug 
regulatory authorities have been alerted about cases of acute 
hepatocellular injury (including ALF) with atomoxetine, a 
norepinephrine reuptake inhibitor, but only a few of these have 
been linked conclusively with the drug.?® 


Antipsychotic Drugs 

In addition to chlorpromazine (see later), liver injury can occur 
with other antipsychotic agents, mainly as hepatocellular or mixed 
(clozapine, olanzapine, quetiapine) or cholestatic (risperidone) 
reactions. Rare cases of ALF have been attributed to clozapine. 
By promoting weight gain, some of these drugs (clozapine, olan- 
zapine) also promote hepatic steatosis.*°° 


Other Neurologic Drugs 

Tolcapone, a catechol-o-methyl transferase (COMT) inhibitor 
used in Parkinson disease, has been associated with 4 cases of 
ALF.’° All were women older than 70 years of age who presented 
with jaundice and high serum ALT levels. Centrilobular hepatic 
necrosis was noted at autopsy in one case. Postmarketing surveil- 
lance has identified 3 additional patients with acute hepatocel- 
lular injury. Overall, tolcapone is considered safe if patients are 
monitored appropriately. Current FDA guidelines recommend 
serum ALT testing every 2 to 4 weeks for the first 6 months. 
Thereafter, the frequency of testing is left to the discretion of 
the treating doctor. Patients in whom the serum ALT rises (to 
at least 1 to 2 x ULN) should be monitored closely; persistent 
serum ALT elevations (+2 x ULN) are an indication to discon- 
tinue the drug. Another COMT inhibitor, entacapone, has only 
rarely been associated with significant liver injury.?° 

Alpidem,’“ zolpidem,” and bentazepam*® are sedative hyp- 
notics that have been implicated in hepatotoxicity. With bentaz- 
epam, the clinicopathologic pattern resembled chronic hepatitis, 
but without autoantibodies or other immunologic features.’ 

Tacrine, a reversible choline esterase inhibitor, was formerly 
used in Alzheimer disease. Elevated serum ALT levels (+3 x 
ULN, >20 x ULN) are seen in 25% and 2% of patients, respec- 
tively, more often in women than in men.?® These liver enzyme 
changes resolved after stopping the drug. Symptoms were rare; 
only nausea and vomiting correlated with major serum ALT ele- 
vations. Liver biopsy specimens showed steatosis and mild lobu- 
lar hepatitis. Minor degrees of hepatocellular injury were noted 
in up to 50% of cases, but tolerance eventually developed.’’ 
There were isolated reports of jaundice, indicating a rare poten- 
tial for more severe hepatotoxicity. The mechanism of liver injury 
is unclear, but mitochondrial injury was observed in an animal 
model of tacrine hepatotoxicity. 

Dantrolene, a skeletal muscle relaxant, causes hepatitis in 
about 1% of exposed persons, with a case-fatality rate of approxi- 
mately 28%.?”° Most of those affected have been older than 30 
years of age. One third of patients are asymptomatic, and the 
remainder present with jaundice and symptoms of hepatitis. 
Liver histology shows hepatocellular necrosis, often submassive 
or massive.”’ Liver biochemical tests are recommended every 2 
weeks while a patient is on treatment, and the drug should be 
discontinued if the levels become elevated. 

Other idiosyncratic hepatotoxins include tizanidine (a cen- 
trally acting muscle relaxant),’’! alverine (a smooth muscle relax- 
ant),?”? and riluzole.?”? Patients with cirrhosis who take tizanidine 
are at risk of hypotension; levels of this CYP1A2-metabolized 
drug are increased as a consequence of diminished cytochrome 
activity (see Table 88.1).’* Riluzole is approved for treating amy- 
otrophic lateral sclerosis and was associated with increased serum 
ALT levels in 1.3% to 10% of subjects in clinical trials. Two cases 
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of acute hepatitis with microvesicular steatosis have since been 
reported, with onset 4 and 8 weeks, respectively, after the drug 
was started.’’> Rarely, hepatocellular injury may be delayed up to 
6 months. Liver biochemical test elevations resolved rapidly after 
riluzole was discontinued. 


NSAIDs 


NSAIDs rarely cause DILI, with or without immunoallergic fea- 
tures and with varying degrees of hepatocellular injury and cho- 
lestasis. Bromfenac was withdrawn because of hepatotoxicity.” 

Although COX-2 inhibitors are less likely than conventional 
NSAIDs to cause UGI toxicity, they are not necessarily safer with 
respect to the risk of liver injury.?”° A few cases of acute hepatitis 
(some severe) have been reported with nimesulide and celecoxib, 
and rofecoxib was associated with cholestatic liver injury.” On 
the other hand, lumiracoxib was withdrawn because it was asso- 
ciated with severe hepatotoxicity.’’”° In clinical trials, celecoxib 
was associated with rates of liver injury similar to those in pla- 
cebo-treated patients (0.8% vs. 0.9%, respectively).’’” Increases 
in serum aminotransferase levels were noted with concurrent use 
of diclofenac. When serious hepatocellular injury was attributed 
to celecoxib, female gender was a predisposing factor.’’> The 
onset of symptoms has been between 4 days and 4 weeks after 
the drug was started. Delayed presentations (5 months to 2 years) 
may occasionally occur. Liver biochemical and histology were 
mostly consistent with a pattern of hepatocellular or mixed liver 
injury, with rare cases of biliary ductopenia and periductal fibro- 
sis.” Some patients had eosinophilia and skin rash suggestive of 
DRESS syndrome. Most patients recovered within 1 to 4 months 
after stopping the drug. Of 18 patients with celecoxib-associated 
liver injury reported to the FDA, the outcomes included reso- 
lution in 12 cases, LT in 2, and persistent biochemical abnor- 
malities 6 to 18 months after the onset in 4.7”? Celecoxib should 
not be administered to persons with a documented sulfonamide 
allergy because of cross-reactivity. 

Nimesulide, an NSAID with COX-2 selectivity, has been 
linked to acute hepatitis and fatal hepatic failure,’*° especially in 
women, although the overall risk of liver injury is low.**! The 
onset is between 1 to 15 weeks (occasionally up to 8 months) after 
the drug is started. Risk factors for liver injury include increased 
treatment duration (>30 days) and higher doses.’*? Hypersen- 
sitivity features with peripheral eosinophilia may occur. Liver 
histology shows centrilobular or bridging necrosis and occasion- 
ally bland cholestasis. Resolution usually occurred within 2 to 17 
months after nimesulide is stopped. 


DRUG-INDUCED GRANULOMATOUS HEPATITIS 


Drugs account for 2% to 29% of cases of granulomatous hepatitis 
(see Chapter 37).150:246,283-285 Over 40 drugs and foreign com- 
pounds are associated with hepatic granulomas (Table 88.7); not 
all these agents are associated with systemic inflammation or with 
persuasive evidence of causality. Many (e.g., halothane, methyl- 
dopa, nitrofurantoin, troglitazone, amiodarone, amoxicillin-cla- 
vulanic acid) are more commonly associated with other patterns 
of liver injury. Some of these associations may be fortuitous. 
The clinical picture is heralded by fever and systemic symp- 
toms (e.g., malaise, headache, myalgia) from 10 days to 4 months 
after the start of treatment. Hepatomegaly and hepatic tender- 
ness are common; splenomegaly is present in 25% of patients. 
Extrahepatic features of drug hypersensitivity are common, as 
is eosinophilia (30%). Liver biochemical test levels are typically 
mixed because of the infiltrative nature of hepatic granulomas 
and the frequent presence of some hepatocellular necrosis or 
cholestasis. For several drugs that cause granulomatous hepati- 
tis, continued exposure leads to more severe types of liver dis- 
ease, such as cholestatic hepatitis with or without bile duct injury 


and hepatic necrosis (see ‘Table 88.7). Small-vessel vasculitis is 
another potential complication and may involve the kidneys, 
bone marrow, skin, and lungs; the mortality rate is high. 


DRUG-INDUCED CHRONIC HEPATITIS 


Chronic hepatitis is defined as hepatitis that continues for more 
than 6 months. For drug reactions, however, the definition often 
has been made inappropriately on hepatic histologic features 
alone. The histologic features include interface hepatitis, bridg- 
ing necrosis, and fibrosis. Because these features may be present 
as early as 6 weeks after the onset of severe reactions, they do not 
confirm chronicity. The diagnosis of chronic hepatitis is more 
convincing when clinical or biochemical evidence of hepatitis has 
been present for more than 3 months and when clinical and labo- 
ratory features of chronic liver disease or histologic evidence of 
established hepatic fibrosis are present. Drugs are an uncommon 
cause of chronic hepatitis (Table 88.8) because the implicated 
agents such as methyldopa are now rarely used. Nevertheless, 
recognition of a drug cause remains important for preventing a 
poor outcome by timely withdrawal of the drug. 

Chronic hepatitis is more common in women (~4-fold) and in 
older patients (as illustrated by nitrofurantoin) but is rare in chil- 
dren. Drugs associated with chronic hepatitis more commonly 
cause acute hepatitis, and the latent period to recognition tends 
to be longer in cases of chronic hepatitis; therefore, the dura- 
tion of drug ingestion may be a risk factor for chronic hepatitis. 
In one study, the mean duration of use of a drug in patients in 
whom chronic hepatitis or liver-related morbidity and mortality 
developed after an episode of DILI was significantly greater than 
the duration in those in whom an adverse outcome did not occur 
(153 vs. 53 days).?°° 

‘Two syndromes of drug-induced chronic hepatitis occur. In 
the first, cases are identical to acute hepatitis but more severe, 
more prolonged, or later in onset, perhaps due to failure of rec- 
ognition. These cases may appropriately be termed chronic tox- 
icity. Clinical and laboratory features of chronic liver disease are 
rare, and hallmarks of autoimmunity are absent. Management 
consists of withdrawal of the drug and treatment of liver failure 
(see Table 88.8). 

The second syndrome more closely resembles ATH based on 
the presence of stigmata of chronic liver disease such as spider tel- 
angiectasias, a firm liver edge, splenomegaly, bruising, ascites, and 
other complications related to portal hypertension and liver fail- 
ure. In addition to raised serum ALT and bilirubin levels, hypo- 
albuminemia and hyperglobulinemia are usual. The prothrombin 
time is prolonged in severe cases. ANA and/or smooth muscle 
antibodies are often present, but, unlike idiopathic ATH, other 
hallmarks of autoimmunity, such as a history of other autoim- 
mune diseases and genetic predisposition indicated by HLA-B8 
and -DRw3 alleles, are absent. Immunosuppressive treatment is 
not indicated; the clinical condition improves spontaneously after 
withdrawal of the causative drug. In individual cases, however, 
glucocorticoids occasionally appear to hasten recovery; neverthe- 
less, immunosuppressive therapy can usually be discontinued, in 
contrast to most cases (65%) of ATH, in whom discontinuation is 
followed eventually by relapse.!*° 


Diclofenac 


Diclofenac is widely prescribed and is considered at least as safe as 
comparable NSAIDs. Among reports to the U.S. Drug-Induced 
Liver Injury Network, however, diclofenac was the most frequently 
implicated NSAID.?*’ Also, the frequency of diclofenac hepato- 
toxicity is much higher (11 per 100,000) than previous reports 
suggested (1 to 5 per 100,000).7°° In clinical trials, elevations in 
serum aminotransferase levels (>3 x ULN and >10 x ULN) were 
noted in 3.1% and 0.5%, respectively, but liver-disease—related 
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TABLE 88.7 Drug-Induced Granulomatous Hepatitis: Major Causative Agents, Frequency, Risk Factors, Clinicopathologic Features, and Outcomes 
Causative Agent* Frequency Risk Factors Clinicopathologic Features Outcome 
Carbamazepine 16:100,000 Age >40 yrs, no gender Two thirds of cases show granulomatous hepatitis; the No reported fatalities, rapid 
treatment- predilection remainder show acute hepatitis, cholangitis; no drug recovery 
years allergy features 
Phenylbutazone 1:5000 No age or gender Severe acute hepatitis, cholestasis and bile duct injury Mortality rate 25%, 
exposed predilection also reported; features of drug allergy are common; particularly in cases with 
occasionally vasculitis hepatocellular necrosis 
Allopurinol Rare (<40 Older men, black race, Acute hepatitis, cholestatic hepatitis, and bile duct injury Mortality rate 15%, especially 
cases) renal failure, thiazide are also frequent; rash (exfoliative dermatitis), nephritis, with vasculitis 
use vasculitis 
Hydralazine Rare Older patients, possibly Other types of reaction are also common: acute hepatitis, Reactions severe, but no 
slow acetylators cholestatic hepatitis, cholangitis; features of drug allergy mortality reported 
are uncommon; vasculitis is not described 
Quinine Rare No recognized risk Acute hepatitis in two thirds of cases; rash, interstitial Good prognosis 


factors pneumonitis, positive Coombs test, thrombocytopenia 


*Other drugs that have been reliably reported to cause granulomatous hepatitis include aspirin, glyburide, mesalamine, nitrofurantoin, papaverine, 
phenytoin, procainamide, quinidine, sulfasalazine, sulfonamides. Single case reports have implicated many other agents, as referred to briefly in the text. 


TABLE 88.8 Drug-Induced Chronic Hepatitis: Causative Agents, Risk Factors, Clinicopathologic Features, and Outcomes 


Causative Agent* Risk Factors Clinicopathologic Features Outcome 
Nitrofurantoin Age >40 yr; 90% of cases occur in Clinical features of chronic hepatitis, liver failure; Mortality rate 10% 
women; continued ingestion of drug some cases with cholestasis; 20% with 
after onset pneumonitis; hyperglobulinemia is usual, 
ANA, SMA 
Methyldopa Age >50 yr; 80% of cases occur in Jaundice, diarrhea, liver failure; High mortality rate 
women; repeated courses, continued hyperglobulinemia, ANA, SMA; protracted 
ingestion of drug in a sensitized patient course 
Diclofenac Age >65 yr; most cases occur in women Clinical features of chronic hepatitis, liver failure; Response to glucocorticoids in a few 
hyperglobulinemia, ANA, SMA cases 
Minocycline Young women; prolonged use of drug Often part of drug-induced SLE syndrome Cases may be severe, with a 
(arthritis, rash, nephritis); hyperglobulinemia, fatal outcome or need for LT; 
ANA glucocorticoid treatment may be 
indicated 
Isoniazid Age >50 yr; continued ingestion of drug Severe and fatal cases with cirrhosis; no High mortality rate or need for liver 
after onset; duration of therapy immune phenomena transplantation 
Dantrolene Age >30 yr; dose, duration of therapy Jaundice, liver failure; no immune phenomena High mortality rate 
Etretinate Age >50 yr; two thirds of cases occur in Jaundice, weight loss, liver failure; deterioration | Response to glucocorticoids in 2 
women after drug is stopped reported cases 
Acetaminophen Regular intake at moderate doses (2-6 g/ No features of chronic liver disease, no Rapid normalization of liver 


day); alcohol, fasting, other drugs 


autoimmune phenomena; these are cases of 


chronic toxicity 


biochemical test levels after drug 
is stopped 


*Several other agents, including aspirin, cimetidine, fenofibrate, fluoxetine, germander, halothane, methotrexate, sulfonamides, trazodone have been 
mentioned as associated with chronic hepatitis, but evidence of causation is not necessarily convincing. Other causes, including oxyphenisatin and 


tienilic acid, are now of historical interest. 
SMA, smooth muscle antibodies. 


hospitalizations were infrequent (0.023%).7°° More than 200 
cases of diclofenac hepatitis have been reported,’” including sev- 
eral proven by inadvertent rechallenge. Only 4 cases have been 
fatal, and 5 cases can reasonably be regarded as chronic hepatitis. 
Genetic susceptibility to diclofenac hepatotoxicity has been doc- 
umented.””! In these cases, polymorphisms have been observed 
in genes that affect metabolic pathways that lead to formation 
of reactive metabolites of the drug and affect biliary excretion. 
Immune responses to drug metabolite-protein adducts have been 
identified.??! 

The risk of hepatitis is increased in women and with aging. 
A prodromal illness characterized by anorexia, nausea, vomit- 
ing, and malaise heralds the onset of liver injury, which usually 


occurs within 3 months (range 1 to 11 months). Fever and rash 
occur in 25% of patients.’”° Liver biochemical test results reflect 
acute hepatitis with or without cholestasis. Reactions tend to be 
severe, with jaundice occurring in 50% of cases. Liver histol- 
ogy shows acute lobular hepatitis, and, in severe cases, bridging 
or confluent necrosis, interface hepatitis, and fibrous expansion 
of the portal tracts. The prognosis is usually good; resolution 
occurs after discontinuation of the drug. Cases of drug-induced 
chronic hepatitis have been described in which the clinical and 
laboratory features (ascites, hypoalbuminemia, hyperglobu- 
linemia, jaundice) suggested AIH, although the frequency of 
autoantibodies is unclear. These cases usually improve sponta- 
neously after discontinuation of the drug, but glucocorticoids 
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have been used successfully in a few protracted cases.?”” Cross- 
sensitivity with other NSAIDs seems to be rare but has been 
reported with ibuprofen.*”? The rarity of severe diclofenac- 
induced hepatotoxicity makes liver biochemical monitoring 
unrealistic. Patients should be advised to report adverse effects, 
and clinicians must be aware that diclofenac can cause both 
acute and chronic hepatitis. 


Minocycline 


Minocycline has been associated with rare cases of drug- 
induced SLE (rash, polyarthritis, hyperglobulinemia, and 
ANA), chronic hepatitis with autoimmune features, and both 
syndromes in the same patient.*”> Carriers of the HLA B*35:02 
allele have a nearly 30-fold increased risk of DILI as compared 
with population controls.?** The onset is often well beyond 6 
months (median latency, 318 days) after treatment is started. 
Young women appear to be particularly affected. In the USA, 
minocycline was the most common drug associated with idio- 
syncratic drug hepatotoxicity in children.?”> The reactions are 
severe; some patients have died or required LT. Progression to 
cirrhosis has been reported.??° The course may be prolonged 
after drug withdrawal; several patients have been treated with 
glucocorticoids.??+ 


DRUG-INDUCED ACUTE CHOLESTASIS 
Importance, Types of Reactions, and Diagnosis 


Cholestatic drug reactions include acute cholestasis with or with- 
out hepatitis, cholestatic hepatitis with cholangitis, and chronic 
cholestasis, either with VBDS resembling PBC (see Chapter 91) 
or with biliary strictures reminiscent of sclerosing cholangitis (see 
Chapter 68).’°”?° The clinical and biochemical features of drug- 
induced cholestasis resemble other hepatobiliary disorders, and 
clinicians must elicit a thorough drug history from all patients 
with cholestasis. The timely cessation of a causative drug prevents 
an adverse outcome and avoids unnecessary invasive investiga- 
tions or surgery. 

Clinical features include pruritus, dark urine, pale stools, and, 
in more serious cases, jaundice. Liver biochemical test results 
show a predominant elevation of serum alkaline phosphatase lev- 
els, with lesser increases in serum ALT and GGTP levels and 
conjugated hyperbilirubinemia. The serum ALT level may be 
elevated up to 8-fold, as a result of either the toxic effects of acute 
bile retention on hepatocellular integrity or concomitant “hepa- 
titis.” In such cases, the ratio of the relative increases in serum 
ALT and alkaline phosphatase levels (based on multiples of the 
ULN) is typically less than 2:1 in patients with cholestasis.?”” 
Cases of mixed cholestasis and hepatitis are highly suggestive of 
a drug reaction. 

Hepatobiliary imaging is critical to exclude biliary obstruc- 
tion and a hepatic or pancreatic mass lesion. In the absence of 
such findings, drug-induced cholestasis is more likely, and a liver 
biopsy is often advisable. Certain histologic features suggest a 
hepatic drug reaction, whereas others (e.g., edema of the por- 
tal tracts) suggest biliary obstruction. When the temporal rela- 
tionship to drug ingestion indicates a high probability of a drug 
reaction, the incriminated drug should be discontinued and the 
patient observed for improvement. 

Management should focus on symptom relief, with particu- 
lar attention to pruritus (see Chapter 91).?97-9° Pruritus is often 
ameliorated with cholestyramine. In intractable cases, UCDA 
can be helpful??? Rifampin, phototherapy, plasmapheresis, 
and opiate receptor antagonists (e.g., naloxone, naltrexone, 
nalmefene) have been used as third-line therapies.?°? Glucocor- 
ticoids have no role, and antihistamines are usually ineffective or 
cause oversedation. 


Cholestasis without Hepatitis 


Cholestatic reactions are characterized by bile retention within 
canaliculi, Kupffer cells, and hepatocytes, with minimal inflam- 
mation or hepatocellular necrosis; terms to describe this reac- 
tion include pure, canalicular, and bland cholestasis. Cholestasis 
without hepatitis reflects a primary disturbance in bile flow. 
Sex steroids are typical causative agents. Other drugs generally 
associated with cholestatic hepatitis occasionally produce bland 
cholestasis (e.g., amoxicillin-clavulanic acid, sulfonamides, gris- 
eofulvin, ketoconazole, tamoxifen, warfarin, ibuprofen).??’2?% 
Cyclosporine is associated with liver biochemical test abnormali- 
ties; the features resemble those of cholestasis, but hyperbilirubi- 
nemia usually is predominant.! The reaction is mild and reverses 
rapidly with a reduction in dose. Tacrolimus can also cause cho- 
lestasis,>°! whereas sirolimus has been implicated in cases of mild 
acute hepatitis.*” 


Steroids 


Oral Contraceptive Steroids 

The frequency of cholestasis with OCS is 2.5 per 10,000 women 
exposed. OCS-associated cholestasis is partly dose dependent 
and less likely with low-dose than high-dose estrogen prepara- 
tions.’ Genetic factors contribute to the high frequency of this 
complication among women in Chile and Scandinavia.’?* Persons 
with a history of intrahepatic cholestasis of pregnancy are also at 
risk (50%) (see Chapter 40). The estrogenic component is most 
likely responsible and impairs functioning of the BSEP or cana- 
licular water transport (or both).*°* Polymorphisms within genes 
relating to canalicular transport (e.g., ABCB4, MDR3, BSEP) also 
underlie some cases of OCS (see Chapter 64).39°°° Symptoms 
develop 2 to 3 months, rarely as late as 9 months, after OCS are 
started. A mild transient prodrome of nausea and malaise may 
occur and is followed by pruritus and jaundice. Serum alkaline 
phosphatase levels are moderately elevated, and serum amino- 
transferase levels are increased transiently, occasionally to levels 
exceeding 10 times the ULN. The serum GGTP level is often 
normal. Recovery is usually prompt, within days to weeks after 
cessation of the drug. Chronic cholestasis is rare.” Acute hepa- 
titis is also an uncommon complication.>” 

Hormonal replacement therapy is safe in patients with liver 
disease, but jaundiced patients may experience an increase in 
serum bilirubin levels. Liver biochemical tests should be moni- 
tored in hormonal replacement therapy users with liver disease.?"* 


Anabolic Steroids 
At high doses, anabolic steroids often produce reversible bland 
cholestasis, usually within 1 to 6 months after treatment is 
started. Recovery usually follows drug withdrawal, but protracted 
cholestasis with biliary ductopenia can occur. Rarely, anabolic 
steroids may cause acute hepatocellular injury.*° 

Both OCS and the 17-alkylated anabolic steroids are associ- 
ated with cholestasis, vascular lesions, and hepatic neoplasms (see 
later). The strength of these associations with individual lesions 
varies. Hepatic adenomas are clearly associated with use of OCS, 
whereas the association of OCS with HCC is controversial.*°” 
By contrast, HCC is well documented in anabolic steroid users. 
Likewise, hepatic and portal vein thrombosis is an established 
adverse effect of OCS but not of anabolic steroids, whereas pelio- 
sis hepatis is seen more often with the latter than with OCS. 


Cholestasis with Hepatitis 


Cholestasis with hepatitis is a common hepatic drug reaction 
and is characterized by conspicuous cholestasis and hepatocel- 
lular necrosis. Liver histology shows lobular and portal tract 
inflammation, often with neutrophils and eosinophils, as well 


as mononuclear cells. This type of reaction overlaps with drug- 
induced acute hepatitis, cholestasis without hepatitis, and cholesta- 
sis with bile duct injury. Causative agents include chlorpromazine 
(see later), antidepressants and other psychotropic agents, eryth- 
romycins and other macrolides,*'° and related ketolide antibiotics 
(telithromycin,*!! clindamycin,*!” sulfonamides, oxypenicillins,*!’ 
ketoconazole [see earlier],?!’ sulfonylureas, sulindac,’!* ibupro- 
fen, piroxicam,*!> cefazolin,’!® captopril,!®” flutamide,*!’ enala- 
pril,'°° pravastatin,!’! atorvastatin, !”? ticlopidine,*!® ciprofloxacin 
and other fluoroquinolones,*!? and metformin???) 


Chlorpromazine 


Chlorpromazine hepatitis, the prototypical drug-induced choles- 
tatic hepatitis,**! has been recognized since the 1950s. The range 
of hepatic reactions includes asymptomatic liver biochemical test 
abnormalities in 20% to 50% of recipients and rare cases of ful- 
minant hepatic necrosis. The frequency of cholestatic hepatitis 
varies from 0.2% to 2.0%, depending on the type of study; the 
lower value probably is representative of the risk in the general 
population. No relationship to dose or to underlying liver disease 
has been recognized. Female predominance is evident. Reactions 
do not appear to be more common with increasing age but are 
rare in children. 

The onset is within 1 to 6 weeks after the drug is started but 
can be delayed by 5 to 14 days after its discontinuation. Acceler- 
ated onset occurs with rechallenge. A prodromal illness of fever 
and nonspecific symptoms is usual and is followed by GI symp- 
toms and jaundice. Pruritus is common and occurs later with 
chlorpromazine hepatitis than with drug-induced bland cholesta- 
sis. In a small proportion of affected patients, RUQ abdominal 
pain is severe. Rash is infrequent. Serum bilirubin, ALT, and 
alkaline phosphatase levels are increased. Eosinophilia is present 
in 10% to 40% of patients. Most patients recover completely: 
one third within 4 weeks, another third between 4 and 8 weeks, 
and the remainder after 8 weeks.'0.>2! In about 7% of cases, full 
recovery has not occurred by 6 months. 


Amoxicillin-Clavulanic Acid 


Over 150 cases of cholestatic hepatitis have been attributed to this 
antibiotic. The overall frequency is 1.7 cases per 10,000 prescrip- 
tions; male gender, increasing age (>55 years), and prolonged 
duration of use are risk factors.*? The clavulanic acid compo- 
nent was previously implicated because similar lesions were noted 
with ticarcillin-clavulanic acid*?*; however, a subsequent study 
reported similar cholestatic or mixed-type DILI with amoxicil- 
lin alone, suggesting the amoxicillin component may also be 
involved.**+ 

The onset of symptoms is within 6 weeks (mean 18 days) but 
can be delayed up to 6 weeks after the drug is stopped. Features 
of hypersensitivity such as fever, skin rash, and eosinophilia are 
seen in 30% to 60% of patients. Liver histology shows cholestasis 
with mild portal inflammation. Bile duct injury (usually mild) and 
perivenular cholestasis with lipofuscin deposits are often pres- 
ent. Other histologic features include hepatic granulomas, bili- 
ary ductopenia, and cirrhosis.*”> Most patients recover in 4 to 16 
weeks. Fatalities and the need for LT are rare.**+ Elevated serum 
aminotransferase levels can persist for more than 6 months in 
11% of patients and return to normal in most, but not all, cases. 

The pathogenesis involves innate and/or adaptive immune 
responses or defects in detoxification, as supported by the strong 
association of liver injury with certain HLA class Il (HLA- 
DRB1*15:01-DRB5*01:01-DQB1*06:02) haplotypes and class 
I antigens *”° and by studies identifying amoxicillin- and clavu- 
lanic acid-specific T cells.’?” Specific HLA genotypes are linked 
to variations in clinical presentation (hepatocellular or choles- 
tatic/mixed), severity, and age of onset. “Protective” genotypes 
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(HLA-DRB1*07 family) have also been described.*?*32? Persons 
with certain glutathione S-transferase genotypes (the double-null 
genotype, GSTT1 and GSTM1) are at an increased risk of liver 
injury by a factor of 2, suggesting that defects in detoxification 
may contribute to hepatotoxicity.’*” 


Fluoroquinolones 


Most fluoroquinolones have been associated with acute hepatocel- 
lular, cholestatic, or mixed reactions,>*! with the highest frequen- 
cies attributed to levofloxacin and moxifloxacin.*** Trovafloxacin 
was withdrawn due to hepatotoxicity. The onset can be rapid 
(median 8 days; range 1 to 39 days) or may be delayed for up to 
30 days after the antibiotic course is completed. Hypersensitivity 
features may be present. Resolution usually follows discontinua- 
tion of the drug, but instances of ALF, chronic cholestasis, and 
VBDS have been reported.*!? 


Cholestatic Hepatitis with Bile Duct Injury 


Bile duct (cholangiolytic) injury is observed with several drugs 
that cause cholestatic hepatitis, such as chlorpromazine>” and 
flucloxacillin.3!? The severity of bile duct injury may be a deter- 
minant of the VBDS (see later).**” The clinical features resemble 
those of bacterial cholangitis, with upper abdominal pain, fever, 
rigors, tender hepatomegaly, jaundice, and cholestasis. Liver 
biochemical test levels are typical of cholestasis. Compounds 
associated with this syndrome include carbamazepine,**’ dex- 
tropropoxyphene,***+ and methylenediamine, an industrial toxin 
responsible for an outbreak of jaundice (Epping Jaundice) asso- 
ciated with intake of bread made from contaminated flour (see 
Chapter 89).33° 


Dextropropoxyphene 


Dextropropoxyphene is an opioid analgesic used alone or in 
compound analgesics and has been linked to over 25 cases of 
cholestasis with bile duct injury,*** some proven by inadvertent 
rechallenge. A female predominance has been recognized. The 
onset of symptoms is usually within 2 weeks. The illness is often 
heralded by abdominal pain, which may be severe and simulates 
other causes of cholangitis. Jaundice is usual. ERCP shows normal 
bile ducts. Liver biopsy specimens demonstrate cholestasis with 
expansion of the portal tracts by inflammation and mild fibrosis; 
portal tract edema also may be present. Other features include 
irregularity and necrosis of the biliary epithelium, together with 
an infiltrate of neutrophils and eosinophils on the outer surface of 
bile ducts. Bile ductular proliferation is universal. Recovery is the 
rule, with liver biochemical test levels returning to normal within 
1 to 3 months.**+ 


DRUG-INDUCED CHRONIC CHOLESTASIS 


Drug-induced liver disease is considered to be chronic when typi- 
cal liver biochemical changes last longer than 3 months?”*; ear- 
lier definitions required the presence of jaundice for more than 
6 months or anicteric cholestasis (raised serum alkaline phos- 
phatase and GGTP levels) for more than 12 months after the 
implicated agent was stopped.’”” Drug-induced chronic cholesta- 
sis is uncommon but has been ascribed to more than 45 com- 
pounds.?97-299.321,335-337 Chronicity complicates liver injury with 
flucloxacillin in 10% to 30%,?°* chlorpromazine in 7%,°°° and 
erythromycin in < 5%??7 of cases and in only isolated instances of 
toxicity caused by other agents, such as tetracycline,*** amoxicil- 
lin-clavulanic acid,’ ibuprofen,**° trimethoprim-sulfamethoxa- 
zole,**! and ciprofloxacin.*” 

Chronic cholestasis is always preceded by an episode of 
an often severe acute cholestatic hepatitis that is occasionally 


1394  PARTIX Liver 


associated with the Stevens-Johnson syndrome.**° The severity 
of the bile duct injury during the initial hepatic reaction is a criti- 
cal determinant of a chronic course.**? Other possible mecha- 
nisms include continuing toxic or immunologic destruction of the 
biliary epithelium.**° Liver histology is characterized by a pau- 
city of smaller (septal, interlobular) bile ducts and ductules, often 
with residual cholestasis, and portal tract inflammation directed 
against injured bile ducts. This process may lead to an irreversible 
loss of biliary patency and the VBDS.*#? 

The clinical features are those of chronic cholestasis. Pruritus 
is the dominant symptom and is often severe. Continuing jaun- 
dice, dark urine, and pale stools are possible but not invariable 
findings and may resolve despite persistence of liver biochemical 
abnormalities. In severe cases, intestinal malabsorption, weight 
loss, and bruising caused by vitamin K deficiency may occur; 
xanthelasma, tuberous xanthomata, and other complications of 
severe hypercholesterolemia also have been noted. Firm hepato- 
megaly may be found on physical examination, but splenomegaly 
is unusual unless portal hypertension develops. AMA are not 
usually present. Most cases resolve, but there are rare reports of 
severe biliary ductopenia and biliary cirrhosis.??”7"° 


Flucloxacillin 


Flucloxacillin is an important cause of drug-induced hepatitis in 
Europe, Scandinavia, and Australia.’ 14t Flucloxacillin-induced 
hepatotoxicity is usually severe, and several deaths have resulted 
from the systemic features and associated cholestatic hepatitis. 
The course is prolonged, and a high proportion of cases have 
resulted in chronic cholestasis and VBDS.*** The risk of liver 
injury is 1 per 12,000 exposed, particularly among patients older 
than 70 years and those receiving repeated courses (39 and 110 
per 100,000, respectively).*+* A GWAS showed a strong asso- 
ciation (odds ratio, 80.6) between HLA-B*57:01 and the risk of 
liver injury.**° Other oxypenicillins (cloxacillin and dicloxacillin) 
are less often associated with cholestasis.*!* Acute hepatocellular 
injury has been reported with oxacillin.**” 


Fibrotic Bile Duct Strictures 


Fibrotic strictures of the larger bile ducts can cause chronic cho- 
lestasis. Recognized causes include intralesional formalin therapy 
of hepatic hydatids and intra-arterial infusion of floxuridine for 
metastatic colorectal carcinoma. After several months of floxuri- 
dine infusion, the frequency of toxic hepatitis or bile duct injury, 
or both, was as high as 25% to 55% but has declined consider- 
ably (to ~5%) with the advent of current protocols.*** Acalculous 
cholecystitis also may occur. ERCP shows strictures, typically in 
the common, left, and right hepatic ducts. Unlike PSC, the com- 
mon bile duct and the smaller intrahepatic bile ducts are spared. 
Ischemia has been suspected, and toxicity to biliary epithelial cells 
is another possibility. Recovery may occur after floxuridine is dis- 
continued. Some patients require dilation or stenting of biliary 
strictures. 


DRUG-INDUCED STEATOHEPATITIS AND HEPATIC 
FIBROSIS 


Steatohepatitis is a form of chronic liver disease in which ste- 
atosis is associated with focal liver cell injury, Mallory hyaline, 
focal inflammation of mixed cellularity, including neutrophils, 
and progressive hepatic fibrosis in a pericentral (zone 3) and 
pericellular distribution (see Chapters 86 and 87).*+? Alcohol 
is a common etiologic factor. NASH is associated with insulin 
resistance, diabetes mellitus, obesity, and several drugs (e.g., 
perhexiline maleate, amiodarone).**? In addition to causing ste- 
atohepatitis or chronic hepatocyte or bile duct injury, some exog- 
enous compounds promote hepatic fibrogenesis directly, through 


effects on hepatic nonparenchymal cells, especially stellate cells. 
Compounds that stimulate hepatic fibrosis include arsenic, vita- 
min A, and methotrexate. 


Amiodarone 


Amiodarone hepatotoxicity encompasses a spectrum of abnor- 
malities including abnormal liver biochemical test levels in 15% 
to 80% of patients to clinically significant liver disease, including 
rare cases of ALF, in 0.6%. ALF (7 cases) has been reported with 
intravenous amiodarone; the vehicle (polysorbate 80) has been 
implicated because oral amiodarone could be successfully reinsti- 
tuted in these cases**0-3>*; however, ALF may occur with intrave- 
nous amiodarone formulations lacking polysorbate 80.*°* Other 
investigators have disputed the diagnosis altogether, contending 
that these cases represent ischemic hepatitis rather than drug tox- 
icity.*°° In longer-term users, steatohepatitis can develop; cirrho- 
sis develops in 15% to 50% of patients with hepatoxicity.*>!3>? 

A notable feature of amiodarone-induced liver disease is con- 
tinued progression even after amiodarone is discontinued.*°?,>+ 
Amiodarone is highly concentrated in the liver, and after a few 
weeks of treatment, the drug accounts for up to 1% of the wet 
weight of the liver. The iodine content absorbs radiation, so that 
the liver appears opaque on CT.**+ Although odd, this appear- 
ance is not clinically significant. 

Hepatic storage of amiodarone also produces phospholipi- 
dosis, a storage disorder characterized by enlarged lysosomes 
stuffed with whorled membranous material (myeloid bodies). 
In animals fed amiodarone, the development of phospholipido- 
sis is time and dose dependent.’ Phospholipidosis may result 
from the direct inhibition of phospholipase or from the forma- 
tion of nondegradable drug-phospholipid complexes and has no 
relationship to the development of NASH and hepatocyte injury. 
Other occasional hepatic abnormalities include granuloma for- 
mation and ALF, apparently caused by severe acute hepatitis or 
a Reye syndrome-like illness.>°’ Amiodarone is concentrated in 
mitochondria and may interrupt mitochondrial electron trans- 
port.™?8 In rodent models, amiodarone produces microvesicular 
steatosis, augments mitochondrial production of ROS, and causes 
lipid peroxidation.*°*35? 

Chronic liver disease is detected after a year or more (median, 
21 months) of treatment. The treatment duration and possibly 
the total dose,*°”>° but not the incremental dose, are risk factors 
for chronic liver disease. Cases of cirrhosis with low-dose amiod- 
arone have also been documented.*°! The other toxic effects, also 
likely dose related, are more frequent among patients with liver 
disease.*® Clinical features include fatigue, nausea and vomiting, 
malaise, and weight loss. Hepatomegaly, jaundice, ascites, bruis- 
ing, and other features of chronic liver disease may be present. 
Laboratory test results include increased serum aminotransferase 
levels (up to 5 x ULN) and minor increases in serum alkaline 
phosphatase levels. The ratio of serum AST to ALT levels is close 
to unity, in contrast to that seen in alcohol-associated hepatitis. 
In severe cases, jaundice, hypoalbuminemia, and prolongation 
of the prothrombin time are evident. Determining the cause of 
abnormal liver biochemical test results and hepatomegaly is often 
difficult in patients taking amiodarone, and a liver biopsy may be 
indicated. Liver histologic findings include phospholipidosis, ste- 
atosis, focal necrosis with Mallory hyaline, infiltration with neu- 
trophils, and pericellular fibrosis.’>’ Cirrhosis is often present. 

Preventing and managing amiodarone-induced liver disease 
is problematic because abnormal liver biochemical test levels are 
common in persons taking amiodarone, especially in those with 
heart failure. Further, patients with and without baseline serum 
ALT elevations have a similar frequency of amiodarone hepato- 
toxicity, and amiodarone should not be withheld in patients with 
an elevated serum ALT level.*°* In asymptomatic or less severe 
cases, resolution occurs in 2 weeks to 4 months after amiodarone 


is discontinued. In cases of severe liver disease, the mortality rate 
is high.*>73°° Cessation of amiodarone therapy does not always 
result in clinical improvement, because of prolonged hepatic 
storage of amiodarone, and in one study, the outcome was 
worse (usually from fatal arrhythmias) in patients who discon- 
tinued amiodarone than in those who did not.**? Although serial 
liver biochemical testing is recommended,’ the efficacy of this 
strategy in reducing liver injury and the overall mortality rate is 
unknown. 


Tamoxifen and Other Causes of Drug-Induced 
Steatohepatitis 


For agents reported to be associated with steatohepatitis during 
the 1990s, causality has been difficult to prove,’® particularly 
because NASH is frequent among patients with the metabolic 
syndrome (see Chapter 87). Calcium channel blockers have rarely 
been associated with steatohepatitis,*°t and methyldopa has been 
reported to be associated with cirrhosis in obese middle-aged 
women>”; however, these associations may have been fortuitous. 
Other drugs, including estrogens>® and glucocorticoids,*°” may 
precipitate NASH in predisposed persons because of their meta- 
bolic effects on the risk factors that drive NASH. On the other 
hand, the association between NASH and tamoxifen is much 
stronger. 

Several forms of liver injury have been attributed to tamoxi- 
fen,>® including cholestasis, hepatocellular carcinoma,*” peliosis 
hepatis,>”° acute hepatitis, massive hepatic necrosis,*°* steatosis, 
and steatohepatitis, occasionally with cirrhosis.*”!>7* In one series 
of 66 women with breast cancer who had taken tamoxifen for 3 to 
5 years, 24 showed imaging evidence of hepatic steatosis.*’? The 
median time to the development of NAFLD is around 2 years.*”+ 
Seven other patients have been diagnosed with NASH after tak- 
ing tamoxifen for 7 to 33 months.*’! The metabolic profile of 
women with imaging evidence of hepatic steatosis (or histologic 
proof of steatohepatitis) during tamoxifen therapy appears to 
be similar to that of most patients with NASH; one half have 
been obese, and the increase in body mass index has correlated 
with hepatic steatosis. Tamoxifen can induce hypertriglyceride- 
mia, another risk factor for NASH. Reduction in the severity of 
hepatic steatosis has been documented with bezafibrate, a per- 
oxisome proliferator-activated receptor-a agonist.’ Therefore, 
tamoxifen may play a synergistic role with other metabolic fac- 
tors in causing steatohepatitis. This hypothesis is supported by 
an Italian study that showed that tamoxifen-associated NAFLD 
or NASH were mainly observed in overweight or obese women 
with the metabolic syndrome.*’° 

Clinicians need to be aware of the high frequency (~30%) of 
hepatic steatosis and steatohepatitis in women receiving tamoxi- 
fen. Tamoxifen recipients should be monitored for this adverse 
effect by physical examination (to detect hepatomegaly) and liver 
biochemical testing; some authors also advocate annual hepatic 
imaging (by ultrasonography or CT). Liver biopsy is indicated 
if the liver biochemical test abnormalities do not resolve after 
tamoxifen is discontinued, or, in some cases, to exclude meta- 
static breast cancer. Many patients improve after tamoxifen is dis- 
continued, but the decision to discontinue tamoxifen should be 
made after discussion with the patient’s oncologist. Optimizing 
body weight is desirable because there is a 3-fold increased risk of 
abnormal glucose tolerance.*”* Other aromatase inhibitors (anas- 
trozole, letrozole) have also been associated with hepatic steatosis 
but much less commonly than tamoxifen.” 

Toremifene, a tamoxifen analog, is associated with a lower 
frequency (<10%) of steatosis or steatohepatitis than tamoxi- 
fen.’ Raloxifene, a selective estrogen receptor modulator, has 
been implicated in one report of steatohepatitis and another of 
acute hepatocellular injury accompanied by eosinophilia,’ but 
causality could not be established conclusively in the former case 
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because preexisting NASH was not excluded. Other drugs asso- 
ciated with steatohepatitis include irinotecan (in the setting of 
colorectal cancer)**! and 2 other agents that are no longer used, 
perhexiline maleate and coralgil (4,4’-diethylaminoethoxyhexes- 
trol).° 


Cyproterone Acetate 


Serious DILI occurs in 2% to 5% of patients treated with anti- 
androgens for metastatic prostate cancer, and although the non- 
steroidal agents flutamide and bicalutamide have been implicated 
most frequently, reactions to cyproterone acetate (CPA) are 
often particularly severe. Mean latency is just under 6 months. 
The varied histologic patterns include acute hepatitis, submassive 
necrosis, cholestatic hepatitis, and ATH-like picture.**? Although 
90% of CPA-related instances of DILI resolved slowly (over 6 
months), cases of cirrhosis and HCC have been reported. Liver 
biochemical test monitoring has been recommended,** but there 
is no evidence to support the efficacy of this approach in prevent- 
ing severe reactions. Patients treated with CPA and other anti- 
androgens should be warned to report new symptoms that could 
indicate liver injury. 


Methotrexate 


Methotrexate is a dose-dependent toxin. In the 1950s, high-dose 
methotrexate treatment of acute childhood leukemia was com- 
plicated by severe hepatic fibrosis and cirrhosis and a few cases 
of HCC. In the 1960s, the use of methotrexate for psoriasis was 
associated with hepatic fibrosis and cirrhosis in up to 25% of cases. 
Since then, a clearer picture of methotrexate as a dose-dependent 
promoter of hepatic fibrosis has emerged, particularly in persons 
who drink alcohol excessively or have preexisting liver disease. 
Guidelines have been instituted for scheduled pretreatment 
and interval liver biopsies to monitor the safety of methotrexate 
therapy. Methotrexate is now usually used as a low-dose weekly 
regimen in managing RA, psoriasis, and other immunologic con- 
ditions, including IBD. Avoiding daily dosing and reducing the 
weekly dose to 5 to 15 mg have largely overcome the problem of 
methotrexate hepatotoxicity.>*33*5 


Risk Factors 


Risk factors for methotrexate-induced hepatic fibrosis are listed 
in Table 88.9; dose, alcohol intake, and preexisting liver disease 
are the most important.**+3%° Total dose, incremental dose, dose 
interval, and duration of methotrexate therapy each influence the 
risk of hepatic fibrosis. After the cumulative ingestion of 3 g of 
methotrexate, the chance of histologic progression is 20%, but 
only 3% of patients have advanced hepatic fibrosis.**° Obesity 
and diabetes mellitus are important risk factors for hepatic fibrosis 
because they predispose to NASH and are associated with induc- 
tion of CYP2E1. The strong association between NASH and 
methotrexate in causing liver injury during long-term, low-dose 
methotrexate treatment has been highlighted,**’ as has the possi- 
bility that methotrexate itself can cause a pattern of injury resem- 
bling steatohepatitis. Increasing age, impaired renal function, 
and concomitant use of certain drugs decrease the elimination of 
methotrexate or facilitate tissue uptake by displacing methotrex- 
ate from plasma-protein binding sites. Pharmacogenetic factors 
may also contribute. Single nucleotide polymorphisms within 
genes involving folate metabolism and methotrexate transport 
into or out of erythrocytes have also been linked to hepatotoxic- 
ity.388 

Psoriasis and RA are associated with hepatic abnormalities that 
range from abnormal liver biochemical test levels (25% to 50% 
of cases) and minor histologic changes (50% to 70%) to fibrosis 
(11%) and cirrhosis (1%). In patients with psoriasis, alcoholism 
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TABLE 88.9 Risk Factors for Methotrexate-Induced Hepatic Fibrosis 


Implications for Prevention 


Care in use of methotrexate in older people 


Risk Factor Importance 

Age Increased risk with age >60 yr, possibly related to reduced renal 
clearance and/or a biologic effect on fibrogenesis 

Dose Incremental dose 


Dose frequency 

Duration of therapy 

Cumulative (total) dose 
Alcohol consumption 


Obesity, diabetes mellitus Increased risk 


Preexisting liver disease 


Systemic disease 
preexisting liver disease, alcohol intake) 


Impaired renal function Increased risk because of reduced clearance 


Other drugs Arsenic, NSAIDs, and vitamin A may increase the risk 
Folate supplementation decreases the risk 
Genetic factors Increased risk of hepatotoxicity is associated with SNPs in 


genes involved in methotrexate transport into and out of 


red blood cells and in folate metabolism 


Increased risk with daily alcohol levels >15 g (1-2 drinks) 


Greatly increased risk, particularly related to alcohol, NASH 


Possibly greater risk with psoriasis than RA (depending on 


5-15 mg/wk is safe 

Weekly bolus (pulse) is safer than a daily schedule 
Consider liver biopsy every 2 yrs 

Consider liver biopsy after each 4-5 g of methotrexate 
Avoid methotrexate use if intake not curbed 


Consider a pretreatment liver biopsy in a patient with a 
relevant history 


Consider pretreatment and interval liver biopsies 
Pretreatment liver biopsy is mandatory 


Avoid methotrexate, or schedule interval liver biopsies 
according to the severity of hepatic fibrosis, total dose, 
and duration of methotrexate therapy 


Monitor liver biochemical tests during therapy 
None 


Reduce the dose; use methotrexate with caution 


Use methotrexate with caution; monitor liver biochemical 
test levels 
Concurrent folate therapy is recommended 


Future strategies could involve pretreatment genetic 
screening 


SNP, single nucleotide polymorphism. 


often is a complicating factor, and in a meta-analysis,’ alcohol 
consumption was the most important determinant of advanced 
hepatic fibrosis in patients treated with methotrexate; the risk of 
progressive hepatic fibrosis was 73% in persons who drank more 
than 15 g of alcohol daily, compared with 26% in those who did 
not. 

The possibility that low-dose (5 to 15 mg) methotrexate 
given as a single weekly dose can cause hepatic fibrosis has been 
debated.**?*®> The available data are limited by a lack of con- 
trolled studies with pretreatment liver histologic data, a partic- 
ularly serious deficiency in view of the high frequency of liver 
abnormalities among patients with RA and psoriasis. The conclu- 
sion has been reached that, although contemporary regimens can 
promote hepatic fibrosis, at the ultrastructural level at least, cases 
of clinically significant liver disease are now virtually unknown. 
Indeed, repeat liver biopsies in some series have shown a reduc- 
tion in fibrosis despite continuation of methotrexate in lower 
doses.**° Therefore, although methotrexate remains a potential 
cause of liver disease, advanced hepatic fibrosis is in large part 
preventable. 


Clinicopathologic Features 


Liver biochemical test abnormalities are common among patients 
who take methotrexate, but advanced hepatic fibrosis occasion- 
ally may develop in their absence. Likewise, nausea, fatigue, and 
abdominal pain are common adverse effects, but patients with 
hepatic fibrosis are typically asymptomatic unless complica- 
tions of liver failure or portal hypertension develop. A firm liver 
edge, hepatomegaly, splenomegaly, and ascites may be noted. 
Liver biochemical test levels are either normal or show non- 
specific changes, including minor elevations of serum ALT and 
GGTP levels. In more advanced cases, hypoalbuminemia and 


thrombocytopenia are present, but jaundice and coagulation dis- 
turbances are rare. 

Liver histologic findings have been graded according to the 
system of Roenigk.*** In this system, grades I and II indicate a 
variable amount of steatosis, nuclear pleomorphism, and necro- 
inflammatory activity, but no fibrosis. Higher grades reflect 
increasing degrees of fibrosis, as follows: grade Ia, few septa; 
grade IIIb, bridging fibrosis; and grade IV, cirrhosis. The pattern 
of hepatic fibrosis includes pericellular fibrosis, a feature of both 
alcoholic steatohepatitis and NASH. Cases of hepatic fibrosis 
with a relative paucity (or complete absence) of portal and lobular 
inflammation have been reported. 


Outcome and Prevention 


Serious clinical sequelae (portal hypertension, liver failure, HCC) 
are now rarely seen. In a meta-analysis of 32 studies involving 
over 13,000 patients with RA, psoriasis, and IBD, methotrexate 
was associated with a greater frequency of elevated aminotrans- 
ferase levels, but there was no increase in the risk of liver fail- 
ure, cirrhosis, or death.**’ Cases that have come to LT generally 
have been associated with suboptimal supervision of methotrex- 
ate therapy.*”? Cases of severe hepatic fibrosis (Roenigk grades 
Ib and IV) are often associated with lack of progression and 
even improvement after dose reduction or cessation of metho- 
trexate.**° In less severe cases, a balanced judgment must be made 
about the appropriateness of continuing or discontinuing metho- 
trexate. An interval liver biopsy after an additional 2 years or 2 g 
of methotrexate may be judicious in a patient who is found to have 
minor hepatic fibrosis earlier. Recommendations for preventing 
methotrexate-induced hepatic fibrosis have been made.**+3"! If 
possible, methotrexate should be avoided when the risk of liver 
injury is high. Persons treated with methotrexate should abstain 


TABLE 88.10 Types of Drug-Induced Hepatic Vascular Disorders* 


Disorder Clinicopathologic Features 
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Outcome Implicated Etiologic Agents 


Sinusoidal obstruction 
syndrome (veno- 
occlusive disease) 


Abdominal pain, tender hepatomegaly, ascites, 
liver failure; occasionally chronic liver disease, 
other signs of portal hypertension 


Nodular regenerative 
hyperplasia 


Portal hypertension, encephalopathy — especially 
after variceal bleeding; diagnosed by histology 


Noncirrhotic portal 
hypertension 


Splenomegaly, varices, hypersplenism; ascites 
if the patient has associated hepatocellular 
disease 


Peliosis hepatis May be an incidental finding; hepatomegaly, 
hepatic rupture, liver failure; diagnosed from 


appearance at surgery, vascular imaging 


Sinusoidal dilatation Hepatomegaly, abdominal pain 


High mortality rate; some cases may 
evolve into nodular regenerative 
hyperplasia 


Busulfan, 6-thioguanine 
(especially in bone marrow 
transplantation); azathioprine, 
dactinomycin, mitomycin, 
pyrrolizidine alkaloids 


Relatively good prognosis Azathioprine, busulfan, 
dactinomycin, didanosine, 


6-thioguanine 


Prognosis depends on cause and 
associated liver injury 


Anticancer drugs, arsenic, 
azathioprine, didanosine, 
methotrexate, vinyl chloride, 
vitamin A 


Prognosis depends on the cause and 
complications 


Anabolic steroids, azathioprine, 
6-thioguanine 


May regress after oral contraceptives 
are stopped 


Oral contraceptive steroids 


*See also Chapter 85. 


from alcohol, and those drinking more than 100 g of ethanol per 
week should not be given methotrexate.**43*5°° A pretreatment 
liver biopsy is indicated only if the liver biochemistry is abnor- 
mal or if the history (e.g., alcoholism) and clinical features (e.g., 
hepatomegaly, risk factors for NASH) indicate possible underly- 
ing liver disease.” The risk of methotrexate hepatotoxicity when 
used in patients with IBD has been reassuringly low (<1 per 100 
person-months).>?? 

To monitor progress during treatment, liver biochemical test- 
ing is recommended but is problematic because of the lack of 
specificity and sensitivity of the tests. An international panel of 
rheumatologists proposed these guidelines: gradual dose escala- 
tion, co-prescription of folic acid, and checking the serum ALT 
and AST levels every 1 to 1.5 months until a stable dose of meth- 
otrexate is reached and every 1 to 3 months thereafter. If the ALT 
or AST level rises to 3 times the ULN, methotrexate should be 
stopped, but the drug can be reintroduced at a lower dose if the 
liver biochemical test levels normalize. A persistently elevated 
ALT or AST level greater than 3 times the ULN, decreasing 
serum albumin, or hepatomegaly warrants investigation by liver 
biopsy.*” 

For patients without risk factors, the American Academy of 
Dermatology guidelines*”* recommend either a liver biopsy after 
a cumulative dose of 4 g of methotrexate, stopping methotrexate, 
or switching to another drug; continued follow up with regular 
ALT and AST testing without a liver biopsy is also an option. 
However, in patients with risk factors, the guidelines recom- 
mend a liver biopsy after a cumulative dose of 1 to 1.5 g and after 
every 1 g of methotrexate thereafter and also for patients with 
persistent elevations in liver enzyme levels.*?* Alternative non- 
invasive methods of assessing liver fibrosis are being explored. 
These include serum biomarkers that reflect collagen turnover 
(e.g., procollagen III aminopeptide) alone or in combination with 
imaging techniques (transient, shear wave, and magnetic reso- 
nance elastography). However, a consensus has yet to be reached 
on how best these modalities may be used in practice.*”° 


DRUG-INDUCED VASCULAR TOXICITY 


Drugs and chemical toxins are the main causes of hepatic vascular 
injury,*’° which includes several unusual liver disorders, includ- 
ing sinusoidal obstruction syndrome (formerly veno-occlusive 
disease, a form of hepatic venous outflow obstruction), peliosis 


hepatis (dilatation and destruction of hepatic sinusoids), noncir- 
rhotic portal hypertension, and NRH (Table 88.10) (see Chapter 
85). The mechanism of injury is primarily dose-dependent toxic- 
ity to sinusoidal and other vascular endothelial cells, particularly 
when drugs are used in combination or concurrently with radio- 
therapy. Activation of inflammatory cells may also be important. 
Individual drugs (e.g., azathioprine) may be associated with more 
than one vascular syndrome, and the various disorders overlap 
and may evolve from one type to another. Hepatic imaging and 
measurement of portal pressure can aid in the diagnosis; some 
disorders, particularly NRH, are difficult to confirm in needle 
biopsy specimens. 


Azathioprine 


Hepatic complications of azathioprine, although rare (<0.1%), 
may be severe, diverse, and often late in onset. Many cases occur 
in complex medical situations, particularly after organ transplan- 
tation, in which immune activation, viral infections, and other 
agents may increase the risk of hepatotoxicity. The central role of 
azathioprine has been confirmed by positive rechallenge or reso- 
lution after the drug was stopped.*°”°8 Disturbances associated 
with azathioprine include an asymptomatic increase in serum ami- 
notransferase levels (in 5% to 15% of persons taking the drug), 
bland cholestasis, cholestatic hepatitis with bile duct injury,*?*??? 
zonal necrosis, HCC (with long-term use), and vascular toxic- 
ity,*?’ which includes sinusoidal obstruction syndrome, peliosis 
hepatis, NRH, and noncirrhotic portal hypertension.397377400 

Cholestatic hepatitis is the most common presentation. Other 
lesions include hepatic zone 3 necrosis and congestion, suggest- 
ing acute vascular injury, similar to the vascular toxicity of other 
thiopurines. All hepatic vascular syndromes have been associ- 
ated with azathioprine, particularly after organ transplantation, 
whereas only NRH and sinusoidal obstruction syndrome have 
been noted in patients with IBD.*”° 

Earlier studies showed no relationship between toxicity and 
the dose or duration of therapy, but this observation was refuted 
in a case series (n = 11) in which dose escalation was found to 
be a risk for liver injury (59% of cases) from both azathioprine 
and 6-mercaptopurine, suggesting at least partial dose depen- 
dency.*°! The majority of affected patients (86%) developed 
liver injury within 3 months of the last dose increase. Men are 
almost exclusively involved in cases of hepatic vascular injury 
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following renal transplantation. Cholestatic reactions present 
within 2 weeks to 22 months, but vascular toxicity is recognized 
later, typically 3 months to 3 years, and occasionally more than 9 
years, after transplantation.*°° Cases later in onset are the result 
of delayed recognition and tend to present with complications of 
portal hypertension and liver failure. Recovery can occur in such 
cases,*”* but the overall mortality rate is high. 

Substitution of 6-mercaptopurine for azathioprine has been 
reported in cases of azathioprine hepatotoxicity, but cross reac- 
tivity can occur.*°! The range of liver injury is similar to that for 
azathioprine and includes hepatocellular necrosis (occasionally 
fatal), cholestatic hepatitis, sinusoidal obstruction syndrome, and 
NRH.*” A high frequency of NRH (33% to 75%) was reported 
with 6-thioguanine in patients with IBD, but this complication 
is less common (6%) with low-dose 6-thioguanine regimens.*°? 


LIVER TUMORS 


Several associations between pharmacologic and environmen- 
tal agents and benign and malignant liver tumors have been 
described, but causality has been difficult to prove because of the 
rarity of these associations. For some sex steroid-related tumors, 
as well as for vinyl chloride-induced angiosarcoma, the relative 
risk attributable to the causative agent has been determined. The 
major tumors of interest include cavernous hemangioma, hepatic 
adenoma, HCC, angiosarcoma, and cholangiocarcinoma (see 
Chapters 69 and 96). 


Full references for this chapter can be found on www.expertconsult.com. 
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Contemporary inhalation and parenterally administered anesthet- 
ics are rarely hepatotoxic.! Although halothane hepatitis is now 
largely of historical interest in Western nations,” it remains in use 
elsewhere, with ongoing reports of acute liver injury.*+ In contrast 
to the largely unpredictable hepatotoxicity seen with more modern 
anesthetics and most other medicinal agents (see Chapter 88), liver 
damage caused by occupationally and environmentally encoun- 
tered chemical compounds and other toxins is often more pre- 
dictable, dose related, and predominantly cytotoxic.’ Industrial 
exposure to hepatotoxic chemicals is a far less frequent occupa- 
tional hazard today than in the past in industrialized nations, but 
reports of toxicity from chemical agents, as well as metals, pesti- 
cides, adulterated cooking oils, and botanical toxins, have not dis- 
appeared, especially from developing countries,* nor has the risk of 
hepatic carcinogenesis been eliminated.’ The use of complemen- 
tary and alternative medicine (CAM) preparations continues to 
increase, especially among patients with chronic liver disease,!° and 
reports of liver injury from potentially hepatotoxic herbal agents, 
dietary supplements, and weight loss products continue to appear 
(see Chapter 131).!°!? Mushroom poisoning appears to be on the 


Liver Disease Caused by Anesthetics, Chemicals, 
Toxins, and Herbal and Dietary Supplements 


rise, with silibilin emerging as a potential antidote.!*.!* Still, a sub- 
stantial percentage of emergency liver transplants for ALF are due 
to mycelism, herbal preparations, and various chemical compounds 
(see Chapters 95 and 97).!3-!¢ A valuable resource is the Liver Tox 
database at https://livertox.nih.gov. 


ANESTHETIC AGENTS 


The volatile inhalational anesthetics in current use are derivatives 
of some of the most potent chemical hepatotoxins developed for 
medicinal purposes.!” Chloroform, the original haloalkane anes- 
thetic, has long been abandoned but remains an important exper- 
imental hepatotoxin. Halothane (fluothane), introduced in 1956 
as a safer, nonexplosive alternative to ether, is a haloalkane com- 
pound that produced a well-described but rare syndrome of acute 
hepatotoxicity, usually after repeat exposure.!-17-19 The anes- 
thetics that followed—methoxyflurane, enflurane, isoflurane— 
all have been implicated as a cause of similar injury, albeit much 
less commonly for enflurane and isoflurane than for halothane; 
even fewer instances have been reported for the newest agents, 
sevoflurane and desflurane’?! because of their proportionally 
lower degree of metabolism.”” Halothane is no longer produced 
in the USA but continues to be used in other countries, especially 
Iran,*+7> and is a case study in the elucidation of immunologic- 
mediated liver injury.’* 


Halothane 


The retrospective National Halothane Study, cited in the past as 
the basis for exonerating halothane as a cause of hepatotoxicity,’ 
is now considered seriously flawed.’ Nearly 1000 cases of halo- 
thane hepatotoxicity were reported worldwide during the 1960s 
and 1970s.!°7° A fairly uniform clinical picture of postoperative 
fever, eosinophilia, jaundice, and hepatic necrosis occurred a few 
days to weeks after administration of anesthesia, usually after 
repeat exposure to halothane, and the case-fatality rate was high 
(Box 89.1). Rare cases of halothane-induced liver injury have 
been reported after workplace exposure among anesthesiolo- 
gists, surgeons, nurses, and laboratory staff and after halothane 
sniffing for recreational use’’; in affected persons, antibodies to 
trifluoroacetylated (TFA) proteins were demonstrated, indicat- 
ing previous exposure.*’ More recently, elevated urinary bromide 
levels have been reported to indicate exposure to halothane in 
anesthesiology personnel.” 

Two types of postoperative liver injury have been associ- 
ated with halothane. A minor form (type 1) is seen in 10% 
to 30% of patients in whom mild, asymptomatic, self-limited 
elevations in serum ALT levels develop between the first and 
10th postoperative days; the risk of hepatotoxicity after 2 or 
more exposures to halothane is higher than that for repeated 
use of alternative agents such as enflurane, isoflurane, and des- 
flurane.*! Evidence of immune activation is lacking in these 
patients, in whom the serum ALT elevations generally 
reverse rapidly. 

The major form of halothane-induced hepatotoxicity (type 2) is a 
rare, dose-independent, severe hepatic drug reaction with elements 
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BOX 89.1 Epidemiologic, Clinical, and Histopathologic 
Features of Halothane Hepatitis 


EPIDEMIOLOGIC FEATURES 
Estimated incidence 

After first exposure: 0.3-1.5 per 10,000 

After multiple exposures: 10-15 per 10,000 
Female-to-male ratio 2-3: 1 
Latent period to first symptom 

After first exposure: 6 days (11 days to jaundice) 

After multiple exposures: 3 days (6 days to jaundice) 
RISK FACTORS 
Older age (>40 yr) 
Female gender 
Two or more exposures (documented in 60%-90% of cases) 
Obesity 
Familial predisposition 
Induction of CYP2E1 by phenobarbital, alcohol, or isoniazid 
CLINICAL FEATURES 
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Jaundice is the presenting symptom in 25% (range of serum biliru- 
bin: 3-50 mg/dL) 

Fever (75%; precedes jaundice in 75%); chills (30%) 

Rash (10%) 

Myalgias (20%) 


Ascites, renal failure, and/or Gl hemorrhage (20%-30%) 

Eosinophilia (20%-60%) 

Serum ALT and AST levels: 25-250 x ULN 

Serum alkaline phosphatase level: 1-3 x ULN 

HISTOPATHOLOGIC FEATURES 

Zone 3 massive hepatic necrosis (80%); submassive necrosis 
(70%; autopsy series) 

Inflammation usually less marked than in viral hepatitis 

Eosinophilic infiltrate (20%) 

Granulomatous hepatitis (occasional) 

COURSE AND OUTCOME 

Mortality rate (pre-LT era): 10%-80% 

Symptoms can resolve within 5-14 days 

Full recovery can take 12 wk or longer 

Chronic hepatitis is not well documented 

ADVERSE PROGNOSTIC FINDINGS 

Age >40 yr 

Obesity 

Short duration to onset of jaundice 

Serum bilirubin level >20 mg/dL 

Coagulopathy 


CYP2E1, cytochrome P450 2E1; ULN, upper limit of normal. 


of immunoallergy and metabolic idiosyncrasy (see Box 89.1).? After 
an initial exposure to halothane, the frequency of this form of toxic- 
ity is only about 1 per 10,000,’° but the rate increases to approxi- 
mately 1 per 1000 after 2 or more exposures, especially when the 
anesthetic agent is readministered within a few weeks.” Typically, 
zone 3 (centrilobular) hepatic necrosis is seen histologically.’? The 
case-fatality rate ranged from 14% to 71% in the pre-LT era? and 
remains high in developing countries where halothane is still used.** 


Risk Factors 


Host-related risk factors for halothane hepatitis are listed in Box 
89.1. The reaction is rare in childhood?!; patients younger than 


10 years of age represent only about 3% of the total, and cases 
in persons younger than 30 years account for less than 10% .7!76 
In a 2008 Iranian series, 60% of patients were older than 40, and 
none were younger than 18.° The liver injury tends to be more 
severe in persons older than 40. Two thirds of cases have been 
in women, and repeat exposure to halothane (especially within 
a few weeks or months) was documented in as many as 90% of 
cases.*° The time between exposures can be as long as 28 years,”! 
although after repeat exposure, hepatitis is earlier in onset and 
more severe. Obesity is another risk factor, possibly because of 
storage of halothane in body fat. The induction of cytochrome 
P450 (CYP) enzymes (especially CYP2E1) that metabolize halo- 
thane to its toxic intermediate has been produced experimentally 
with phenobarbital, alcohol, and isoniazid; valproic acid inhibits 
and phenytoin has no specific effect on halothane hepatotoxicity. 


Pathology 


In a study of 77 cases of halothane hepatitis reviewed by the 
Armed Forces Institute of Pathology,’ various degrees of liver 
injury were seen, depending on the severity of the reaction. 
Massive or submassive necrosis involving zone 3 was present in 
all autopsy specimens, whereas biopsy material revealed a broader 
range of injury—from spotty necrosis in about one third of cases 
to sharply demarcated zone 3 necrosis in two thirds. The inflam- 
matory response is less severe than in acute viral hepatitis. 


Pathogenesis 


Approximately one third of halothane is metabolized via oxidative 
pathways involving CYP2E1 and CYP2A6, while less than 1% is 
metabolized via reduction.* Hepatic injury occurs by one or more 
of 3 potential mechanisms: hypersensitivity, production of hepato- 
toxic metabolites, and hypoxia, in decreasing order of importance.’ 
Evidence for the role of hypersensitivity is found in the increased 
susceptibility and shortened latency after repeat exposure, hall- 
mark symptoms and signs of drug allergy (fever, rash, eosinophilia, 
and granuloma formation), and detection of neoantigens and anti- 
bodies. Halothane oxidation yields TFA, which is generated by the 
reaction between lysine and halothane metabolites and which acts 
on hepatocyte proteins to produce neoantigens that are responsible 
for the major form of injury.* By contrast, reductive pathways pro- 
duce free radicals that can act as reactive metabolites that may have 
a role in causing minor injury.*?** Zimmerman suggested that 
halothane injury most likely results from immunologic enhance- 
ment of zone 3 necrosis produced by the reductive metabolites.’ 
Accordingly, the hepatotoxic potential of halothane depends on the 
susceptibility of the patient and on factors that promote production 
of hepatotoxic or immunogenic metabolites. A murine model of 
halothane hepatotoxicity demonstrated female susceptibility based 
on an increase in levels of y-interferon, possibly mediated through 
estrogen, and an increase in natural killer cell activity.*>*° 

A more recent mouse model demonstrated that immune tol- 
erance can be overcome by the TFA halothane protein adducts 
that are formed in the liver. Hepatic injury was associated with 
increased levels of interleukin-4 and immunoglobulins G1 and E 
directed against the halothane protein adducts as well as increased 
hepatic infiltration by eosinophils and CD4* T cells that are fea- 
tures of an allergic reaction.*’ 


Course and Outcome 


Mortality rates for halothane hepatitis were high in early series; 
since then, successful treatment has been achieved with LT, 
when necessary.** When spontaneous recovery occurs, symp- 
toms usually resolve within 5 to 14 days, and recovery is com- 
plete within several weeks.* Immunosuppressive agents have only 
rarely been reported to improve the outcome.?! Zimmerman 
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TABLE 89.1 Hepatotoxic Anesthetics Other Than Halothane 
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Cross-Reactivity with Other 


Anesthetic Percent Metabolized Incidence of Hepatotoxicity Haloalkanes Other Clinical Features 
Methoxyflurane >30 Low Yes Nephrotoxicity 

Enflurane 2 1 in 800,000 Yes Similar to halothane 

Isoflurane 0.2 Rare Yes Similar to halothane 

Desflurane <0.2 Few reports Yes Cardiac toxicity, malignant hyperthermia 
Sevoflurane Minimal Rare Uncertain None reported 


doubted whether halothane causes chronic hepatitis.” However, 
a case series has suggested that chronic injury may develop after 
repeated exposure (especially to sevoflurane).°? Adverse prognos- 
tic factors for acute halothane hepatitis include age older than 40 
years, obesity, severe coagulopathy, serum bilirubin level greater 
than 20 mg/dL, and a shorter interval to onset of jaundice.’*7° 

The best treatment is prevention, specifically avoidance of re- 
exposure, especially when a previous reaction has occurred. A his- 
tory of a prior reaction to halothane contraindicates repeat use of 
halothane.» Attempts to demonstrate a protective role for zinc, 
disulfiram (which blocks CYP2ED), and other compounds against 
halothane hepatitis have been reported in animal models,“ but 
none has yet been proved to be of value in humans. 


Others 


The likelihood that individual haloalkane anesthetics will cause 
liver injury appears to be related to the extent to which they are 
metabolized by hepatic CYP enzymes: 20% to 30% for halothane, 
greater than 30% for methoxyflurane, 2% for enflurane, less than 
1% for sevoflurane, and 0.2% or less for isoflurane and desflu- 
rane.” Accordingly, the estimated frequency of hepatitis from the 
newer agents is much less than that for halothane (Table 89.1). 

Methoxyflurane caused hepatotoxicity and a high frequency 
of nephrotoxicity that led to its withdrawal.*! Enflurane caused 
a clinical syndrome similar to that for halothane, with the onset 
of fever within 3 days and jaundice in 3 to 19 days after anesthe- 
siat>® and with an estimated incidence of enflurane-induced liver 
injury of about 1 in 800,000 exposed patients.”° 

Despite its low rate of metabolism,”” several instances of 
isoflurane-associated liver injury have been reported.t*** In one 
case, cross-sensitivity was suspected 22 years after initial exposure 
to enflurane.*? TFA liver proteins have been detected in patients 
with suspected isoflurane hepatotoxicity.*¢ In rats, the number of 
apoptotic hepatocytes seen after multiple exposures to isoflurane 
was only about 3% in a periacinar distribution. They were seen 
in only a small number of lobules, indicating a low propensity to 
cause hepatotoxicity.*” 

The newer haloalkane anesthetics, desflurane and sevoflurane, 
appear to be nearly free of adverse hepatic effects. Desflurane under- 
goes minimal biotransformation and is not associated with the devel- 
opment of TFA antibodies in exposed rats.’? Only isolated reports 
of liver injury in patients receiving desflurane anesthesia have been 
published.°° The biotransformation of sevoflurane is also minimal, 
and only rare reports have implicated this agent in postoperative 
hepatic dysfunction.>!°? In rats, sevoflurane produced fewer than 
1% apoptotic hepatocytes after repeated exposures."” 

Ether, nitrous oxide, and cyclopropane apparently are devoid 
of significant hepatotoxic potential because of their lack of 
halogen moieties,” and ketamine has only rarely been reported 
to cause hepatic injury.*? Propofol is considered largely free of 
hepatotoxic effects, even in patients with cirrhosis.” Although 
propofol has a high affinity for mitochondrial membranes, no sig- 
nificant impairment in mitochondrial function has been shown in 
animal models.*° 


BOX 89.2 Causes of Postoperative Hepatic Dysfunction 


Hepatocellular Injury (predominant serum ALT elevation, with or 
without hyperbilirubinemia) 

Acute transfusion-associated viral hepatitis 

Hepatic allograft rejection 

Hepatic artery thrombosis 

Inhalational anesthetics— halothane, others 

Ischemic hepatitis (shock liver) 

Other drugs—antihypertensives (e.g., labetalol), heparin 

Unrecognized chronic liver disease—NASH, hepatitis C, other 
disorders 

Cholestatic Jaundice (elevated serum alkaline phosphatase + 
ALT; direct hyperbilirubinemia) 

Acalculous cholecystitis 

Benign postoperative cholestasis 

Bile duct injury—following cholecystectomy or LT 

Bile duct obstruction— gallstones, pancreatitis 

Cardiac bypass of prolonged duration 

Cholangitis 

Drugs—amoxicillin-clavulanic acid, chlorpromazine, erythromycin, 
telithromycin, trimethoprim/sulfamethoxazole, warfarin, others 

Hemobilia 

Microlithiasis (biliary sludge) 

Prolonged TPN 

Sepsis 

Indirect Hyperbilirubinemia (serum alkaline phosphatase and 
ALT often normal) 

Gilbert syndrome 

Hemolytic anemia (G6PD deficiency, other causes) 

Multiple transfusions 

Resorbing hematoma 


G6PD, glucose-6-phosphate dehydrogenase. 


Jaundice in the Postoperative Period 


Between 25% and 75% of patients undergoing surgery experi- 
ence postoperative hepatic dysfunction, ranging from mild ele- 
vations in liver biochemical test levels to hepatic failure, with 
postoperative jaundice reported in nearly 50% of patients with 
underlying cirrhosis.’ Patients undergoing upper abdominal 
surgical procedures are at highest risk of postoperative liver 
dysfunction, as well as pancreatitis, cholecystitis, and bile 
duct injury, because of impaired blood flow to the liver.°° Box 
89.2 lists many causes of postoperative jaundice and hepatic 
dysfunction, broadly divided into hepatocellular injury, cho- 
lestasis, and indirect hyperbilirubinemia. Drugs that may 
cause hepatotoxicity in this setting include antibiotics (e.g., 
erythromycin, amoxicillin—clavulanic acid, trimethoprim/sul- 
famethoxazole, fluoroquinolones) (see Chapter 88) as well as 
the halogenated anesthetics discussed earlier. 
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TABLE 89.2 Comparative Features of Causes of Acute Postoperative Liver Injury 


Feature Haloalkane Anesthetic Toxicity Ischemic Hepatitis Postoperative Cholestasis 
Incidence Rare Not uncommon Common 

Latency 2-15 days Within 24 h A few days 

Fever, rash, eosinophilia Present Absent Absent 

Serum ALT/AST (x ULN) 25-200x Can exceed 200x (AST>>ALT) Minimal or normal 
Jaundice Common Rare Common (direct hyperbilirubinemia) 
Histology Zone 3 necrosis Coagulative necrosis, sinusoidal congestion Bile plugs, cholestasis 
Mortality High Varies with diagnosis Not from liver disease 
Recovery time Up to 12 wk 10-12 days with supportive care Variable, may be prolonged 
Risk factors: 

Age Adults, age >40 yr Any Any 

Gender F>M 2:1 ESIM ESM 

Body weight Obese Any Any 

Hypotension May or may not be present Documented in 50% Absent 


F female; M, male; ULN, upper limit of normal. 


Table 89.2 contrasts the features of halogenated anesthetic- 
induced hepatitis, ischemic hepatitis (shock liver)?” (see Chapter 
85), and cholestatic injury in the early postoperative period. Bile 
cast nephropathy is a relatively newly recognized clinical entity 
that can contribute to hyperbilirubinemia and the development of 
hepatorenal syndrome (see Chapter 94) in patients with acute-on- 
chronic liver injury (see Chapter 74), including postoperatively.’ 


CHEMICALS 


Commercial and Industrial Agents 


Among the tens of thousands of chemical compounds in com- 
mercial and industrial use, several hundred are listed as causing 
liver injury by the National Institute for Occupational Safety and 
Health, as published in their Pocket Guide to Chemical Hazards.°? 
The National Library of Medicine maintains a database of 
chemical toxins in its Toxicology and Environmental Health 
Information Program,” as do other sources.°!? ‘Table 89.3 lists 
the various chemical classes associated with hepatotoxicity as a 
primary toxic effect. 

Toxic exposure to chemical agents occurs most often from 
inhalation or absorption by the skin and less often from absorption 
by the GI tract after oral ingestion or through a parenteral route. 
Because most chemical toxins are lipid soluble, when absorbed 
they can easily cross biological membranes to reach their target 
organ(s), including the liver.*.°° Hepatotoxic chemical exposure (as 
with carbon tetrachloride [CCl,] and phosphorus) usually results in 
an acute cytotoxic injury that typically consists of 3 distinct phases, 
similar to those observed after an acetaminophen overdose (see 
Chapter 88) or ingestion of toxic mushrooms (see later) (Table 
89.4).2 Less commonly, acute cholestatic injury may occur.° 
Many chemicals (e.g., vinyl chloride) are also carcinogenic, and 
hepatic malignancies have been part of the clinicopathologic spec- 
trum of chemical injury (see Chapter 96) (Box 89.3).2 Although 
liver injury is the dominant toxicity for some agents (see Table 
89.3), hepatic damage may be only one facet of more generalized 
toxicity for other agents.° 


Carbon Tetrachloride and Other Chlorinated Aliphatic 
Hydrocarbons 


CCl, is a classic example of a zone 3 hepatotoxin that causes 
necrosis leading to hepatic failure (see Table 89.4). Injury is 


TABLE 89.3 Chemical Classes Associated with Hepatotoxicity as a 
Primary Toxic Effect 


Category Chemical Name Other Chemical Name(s) 
Aliphatic nitro 2-Nitropropane Dimethylnitromethane, iso- 
compounds Nitropropane 
Aromatic 4,4’-Methylenedianiline MDA, 
amines diaminodiphenylmethane 
Aromatic nitro 2,4,6-Trinitrotoluene TNT, 1-methyl-2,4,6- 
compounds trinitrobenzene 
Chlorinated Hexachloronapthalene Halowax 
hydrocarbons 
Chlorinated Ethylene dichloride 1,2-Dichloroethane, glycol 
solvents dichloride 
1,1,2,2-Tetrachloroethane Acetylene tetrachloride 
Carbon tetrachloride Tetrachloromethane 
Propylene dichloride 1.2-Dichloropropane 
Halogenated Ethylene dibromide 1.2-Dibromoethane, glycol 
solvents dibromide 
Nitrosamines N-Nitrosodimethylamine — Dimethylnitrosamine, 
DMNA NDMA 
Other solvents  Dimethylformamide N,N-Dimethylformamide, 
DMA 
Tetrahydrofuran Diethyl oxide; 
tetramethylene oxide, 
THF 


Dimethyl acetamide DMAC, acetic acid, 


dimethylacetone amide 


Adapted from reference Haz-Map, available at www.haz-map.com/ 
heptox1.htm; accessed April 7, 2018. 


mediated by its metabolism to a toxic trichloromethyl radi- 
cal catalyzed by CYP2E1.1864 Alcohol potentiates the injury 
through induction of this cytochrome.’ Most cases have been 
the result of industrial or domestic accidents, such as inhalation 
of CCl,-containing dry cleaning fluids that are used as house- 
hold reagents or ingestion of these compounds by alcoholics 
who mistake them for potable beverages.™6 At the cellular 
level, direct damage to cellular membranes results in leakage 
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TABLE 89.4 Phases of Illness after Ingestion of Various Hepatotoxins 
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Toxin 
Phase Acetaminophen Phosphorus Amanita Phalloides Carbon Tetrachloride 
I (1-24 H) 
Onset of toxicity Immediate Immediate Delayed 6-20 hr Immediate 
Anorexia, nausea, vomiting, diarrhea + +444 +444 + 
Shock - + + - 
Neurologic symptoms - + + — 
Il (24-72 H) 
Asymptomatic latent period + = + + 
Ill (>72 H) 
Jaundice + + i ii 
Hepatic failure a + + + 
Renal failure + ap + + 
Maximum serum AST and ALT (xULN) 1000 <10-100 500 500 
Zonal necrosis 3 1 3 3 
Steatosis - ++++ + J 
Case-fatality rate (%) 5-15 25-50 20-25 20-25 


ULN, upper limit of normal. 


Adapted from Zimmerman HJ. Hepatotoxicity. The adverse effects of drugs and other chemicals on the liver. 2nd ed. Philadelphia: Lippincott Williams & 


Wilkins; 1999. 


of intracellular enzymes and electrolytes, leading in turn to 
calcium shifts and lipid peroxidation.!ë Hepatic steatosis devel- 
ops as a result of triglyceride accumulation caused by haloal- 
kylation-dependent inhibition of lipoprotein micelle transport 
out of the hepatocyte.ćt CCl, is more toxic than other halo- 
alkanes and haloalkenes because toxicity correlates inversely 
with the level of bond dissociation energy, number of halogen 
atoms, and chain length (Table 89.5).%64 In older series, com- 
plete clinical and histologic recovery from CCl4-induced liver 
damage was the rule with modest exposures, but supervening 
acute tubular necrosis and GI hemorrhage were associated with 
a case-fatality rate of 10% to 25%.*» Activation of endonucle- 
ases, causing chromosomal damage and mutations, may result 
in carcinogenesis. 

Chloroform (trichloromethane) remains an important experi- 
mental hepatotoxin, although its use as an anesthetic has long 
been abandoned (see earlier).2»:*°> Hepatic injury, including 
chronic hepatitis, has been reported with 1,1,1-trichloroethane, 
which has been used as an inhaled treatment for trigeminal neu- 
ralgia, and instances of jaundice and hepatic necrosis are described 
in as many as 10% of workers exposed to the compound during 
its manufacture.® 

Hydrochlorofluorocarbons (HCFCs) have been associated 
with liver injury in several industrial workers exposed to dichlo- 
rotrifluoroethane (HCFC-123) and 1-chlorotetrafluoroethane 
(HCFC-124), both of which are metabolized to reactive tri- 
fluoroacetyl halide intermediates similar to those implicated in 
halothane toxicity.” Zone 3 necrosis is present on liver biopsy 
specimens, and autoantibodies against CYP2E1 or P58 protein 
disulfide isomerase isoform are detected in the serum of many 
affected persons. As with halothane, liver toxicity may be potenti- 
ated by ethanol.°° 


Vinyl Chloride and Other Chlorinated Ethylenes 


In the past, exposure to vinyl chloride monomer (VCM), or 
monochloroethylene, occurred in polymerization plants where 
vinyl chloride was heated to form polyvinyl chloride (PVC) 
in the manufacture of plastics; the toxic gas containing VCM 
was inhaled in this process.*.? Vinyl chloride is ubiquitous in 


the environment and has been estimated by the Environmental 
Protection Agency to exist in at least 10% of toxic waste sites.° 
More than 80,000 chemical workers are estimated to have 
been exposed to vinyl chloride.® Although PVC appears to 
be nontoxic, long-term exposure to VCM has led to chronic 
liver injury, including nodular subcapsular fibrosis, sinusoidal 
dilatation, peliosis hepatis, and periportal fibrosis associated 
with portal hypertension.*»> Toxicant-associated steatohepatitis 
was described in 80% of nonobese chemical workers with high 
exposure levels to VCM, more than half of whom had signifi- 
cant fibrosis; 16% developed angiosarcoma (see Chapter 96).”° 
Although biomarkers of steatohepatitis (ALT and cytokeratin 
18) were negative in frozen samples from 17 workers exposed to 
VC in the 1970s, elevated levels of fatty acids and their oxidized 
metabolites were seen as part of an abnormal plasma metabo- 
lome that distinguished them from healthy unexposed volun- 
teers with 94% accuracy.” 

Vinyl chloride is also carcinogenic’! and classified as a group I 
carcinogen by the International Agency for Research on Cancer.” 
Angiosarcoma was first identified as an occupationally related 
malignancy in 1974, among workers of a tire manufacturing 
plant in Kentucky.” The tumor develops after a mean latency 
of 25 years after exposure; the risk is related to the duration and 
extent of contact.®:”! Alcohol appears to enhance the hepatocar- 
cinogenicity of vinyl chloride in rodents, and possibly in humans, 
by inducing CYP2E1, which converts vinyl chloride to a toxic 
or carcinogenic metabolite (2-chloroethylene oxide).’ A his- 
tory of vinyl chloride exposure was found in 15% to 25% of all 
cases of hepatic angiosarcoma reported in the late 1970s,° and 
strict hygienic measures instituted in 1974 resulted in a marked 
decrease in the frequency of angiosarcoma; however, persons with 
the highest exposure still had a 4-fold increased risk of developing 
periportal hepatic fibrosis, which may be a precursor to angio- 
sarcoma.” Persons previously exposed to vinyl chloride should 
undergo regular clinical examinations for early detection of liver 
tumors, and those with known chronic liver disease or high lev- 
els of exposure should undergo regular hepatic imaging. Persons 
who work in PVC plants should undergo regular monitoring of 
liver biochemical test levels, and those with persistent abnormali- 
ties should be removed from workplace exposure.’ 
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BOX 89.3 Clinicopathologic Spectrum of Liver Injury 
Caused by Chemical Hepatotoxins 


ACUTE 

Necrosis 

Carbon tetrachloride and other haloalkanes 
Cocaine, “ecstasy,” phencyclidine 
Haloaromatics, nitroaliphatics, nitroaromatics 
Hydrochlorofluorocarbons 

Copper salts, inorganic arsenic, iron, phosphorus 


PART IX Liver 


Microvesicular Steatosis 
Boric acid 

Chlordecone 

Cocaine 
Dimethylformamide 
Hydrazine 

Hypoglycin 

Thallium 

Toluene, xylene 
Cholestasis 
Alpha-naphthylisocyanate 
Aniline — rapeseed oil 
Dinitrophenol 

Methylene dianiline 


Paraquat 


SUBACUTE 

Necrosis 

Trinitrotoluene 

Sinusoidal Obstruction Syndrome 
Pyrrolizidine alkaloids, arsenic, thorium dioxide 
Toxic Cirrhosis 

Hexachlorobenzene, polychlorinated biphenyls 
Tetrachlorethane 

Peliosis Hepatis 

Dioxin 

CHRONIC 

Cirrhosis 

Chloroaliphatics, trinitrotoluene, arsenic, pyrrolizidine alkaloids 
Hepatoportal Sclerosis 

Arsenic, vinyl chloride 


NEOPLASIA 


HCC 

Aflatoxins, arsenic, thorium dioxide 
Angiosarcoma 

Arsenic, thorium dioxide, vinyl chloride, 
Hemangioendothelioma 

Arsenic 


Nonhalogenated Organic Compounds 


Benzene has been associated with minor hepatic injury in ani- 
mals. Toluene, which led to steatosis and necrosis in a “glue 
sniffer,”’* has been associated with acute fatty liver of preg- 
nancy, and has caused elevations in serum GGTP levels after 
industrial exposure.’ Xylene can cause mild hepatic steatosis, 
and styrene (vinyl benzene) has led to elevated serum amino- 
transferase levels after prolonged exposure.’ Elevated levels of 
serum cytokeratin! and proinflammatory cytokines have been 
found in workers with suspected toxicant-associated steatohepa- 
titis exposed to acrylonitrile, styrene, and other elastomers or 
polymers and may serve as potential biomarkers of occupational 
liver injury.” 


TABLE 89.5 Relative Hepatoxicities of Haloalkane Compounds 


Compound Relative Toxicity 
Carbon tetrachloride ++++ 
Tetrachlorethane ++++ 
Chloroform ++ 
Trichloroethylene + to ++ 
1,1,2-Trichloroethane + to ++ 
Tetrachloroethylene + 
1,1,1-Trichloroethane + 
Dibromomethane ab 
Dichloromethane at 
Methylchloride = 


Scale from ++++, maximal injury, to —, trivial or no injury. 

From references Zimmerman H. Hepatotoxicity. The adverse effects of 
drugs and other chemicals on the liver. 2nd ed. Philadelphia: Lippincott 
Williams & Wilkins; 1999; Zimmerman H, Lewis J. Chemical- and toxin- 
induced hepatotoxicity. Gastroenterol Clin North Am 1995; 24:1027-45. 


Trinitrotoluene and Other Nitroaromatic Compounds 


Trinitrotoluene (TNT) was first observed to be hepatotoxic 
during World War I, when severe acute and subacute hepatic 
necrosis developed in munitions workers in England, Germany, 
and the USA; the case-fatality rate was more than 25%.” The 
frequency of hepatotoxicity during World War II was lower, 
with approximately one in 500 workers affected, but the esti- 
mated frequencies of methemoglobinemia and aplastic anemia 
were 50 times higher.” Subacute hepatic necrosis followed 2 to 
4 months of regular exposure to TNT. Percutaneous absorption 
was the major source of exposure. In some patients, rapidly pro- 
gressive liver failure and death occurred within days to months, 
with massive hepatic necrosis at autopsy. In others, the subacute 
injury progressed over several months to micronodular cirrhosis 
and portal hypertension. The relatively low frequency of injury 
suggests that formation of a toxic metabolite was involved.’ 
Nitrobenzene and dinitrobenzene were also observed to be hepa- 
totoxic during World War I. As with TNT, excessive exposure 
led to methemoglobinemia.’ 


Nitroaliphatic Compounds 


Nitromethane, nitroethane, and nitropropane cause variable 
degrees of hepatic injury. 2-Nitropropane (2-NP) has caused 
fatal massive hepatic necrosis after occupational exposure as a sol- 
vent, fuel additive, varnish remover, and rocket propellant. Toxic 
hepatitis associated with the chronic inhalation of propane and 
butane also has been reported.” 


Polychlorinated Biphenyls and Other Halogenated 
Aromatic Compounds 


Polychlorinated biphenyls (PCBs) are synthetic chlorinated 
aromatic hydrocarbons created from mixtures of trichloro-, tet- 
rachloro-, pentachloro-, and hexachloro-derivatives of biphe- 
nyls, naphthalenes, and triphenyls that have been used in the 
manufacture of electrical transformers, condensers, capacitors, 
insulating materials for electrical cables, and industrial fluids. 
More than 100 different congeners have been synthesized.’ 
Acute and chronic hepatotoxicity from PCB exposure seen dur- 
ing World War II resembled that caused by TNT.>° Inhalation 
of toxic fumes released by the melting of PCBs and chloronaph- 
thalene mixtures during soldering of electrical materials was the 
most common means of exposure.” The severity of liver injury 
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correlated with the number of chlorine molecules.’ Liver dam- 
age appeared as early as 7 weeks after ongoing exposure and 
was accompanied by anorexia, nausea, and edema of the face 
and hands. Acne-like skin lesions (chloracne) usually preceded 
hepatic injury. Once jaundice appeared, death occurred within 
2 weeks in fulminant cases, which were characterized by massive 
necrosis (so-called acute yellow atrophy), or after 1 to 3 months 
in subacute cases. Cirrhosis developed in some persons who 
survived the acute injury.” Availability of PCBs declined signifi- 
cantly from a peak in the 1970s owing to a ban on production 
because of their health and environmental hazards,” although 
many are still in use.’ 

Polybrominated biphenyls appear to be even more toxic than 
PCBs. Consumption of milk and meat from livestock given feed 
mistakenly contaminated by a polybrominated biphenyl led to 
hepatomegaly and minor elevations in liver enzyme levels in 
exposed persons.’ 


Miscellaneous Chemical Compounds 


Dimethylformamide is a solvent used in the synthetic resin 
and leather industries that causes dose-related massive hepatic 
necrosis in animals”? and is capable of producing focal hepatic 
necrosis and microvesicular steatosis in humans.’ Most persons 
exposed for more than one year have symptomatic disease that 
slowly resolves when they are removed from the workplace.’ 
Disulfiram-like symptoms can occur.’? Alcohol use, HBV infec- 
tion, and a high BMI are risk factors.*° Dimethylacetamide hepa- 
totoxicity is well described in animals, with only rare reports after 
human exposure.*! 

Hydrazine and its derivatives used in jet and rocket fuel cells 
are also experimental hepatotoxins and carcinogens and have 
been reported to cause hepatic steatosis in animals? and revers- 
ible injury in humans after inhalation.** Bromoalkanes and 
iodoalkanes, used in insecticides and aircraft fuels, have rarely 
caused hepatic injury.’ Ethylene dibromide (dibromoethane) 
has led to zone 3 hepatic necrosis after ingestion in attempted 
suicide and to fatal hepatotoxicity associated with nephrotoxic- 
ity and cardiotoxicity following occupational exposure or inad- 
vertent poisoning.*? 


Pesticides 


Although exposure to insecticides, herbicides, and other pesticides 
is common, acute liver injury resulting from these compounds, 
many of which are chlorinated hydrocarbons, is rare.?> Evidence 
that dichlorodiphenyl-trichloroethane (DDT) and other organo- 
chlorines (aldrin, amitrole, chlordane, dieldrin, lindane, mirex) 
lead to liver damage or carcinogenicity is limited,’ but a study 
in 2012 suggested a possible relationship with HCC.**Agent 
Orange, a defoliant widely used in Vietnam that is composed of 
a mixture of 2 phenoxyl herbicides 2,4-dichlorophenoxyacetic 
acid (2,4-D) and 2,4,5-trichlorophenoxyacetic acid (2,4,5-T) was 
reported to cause acute hepatitis after chronic exposure, although 
contaminating dioxins (formed in the production of some chlori- 
nated organic compounds) have been suggested to be responsible 
for the toxic effects.*°*° Moreover, chronic liver injury among 
Vietnam veterans may have been related to viral infections or 
alcohol rather than to Agent Orange,* and hepatocarcinogenesis 
has been linked to chronic hepatitis B in some persons.*’ 
Ingestion of or dermal exposure to dichloride dimethyldi- 
pyridilium (paraquat) has been implicated in several instances of 
hepatotoxicity as a result of attempted suicide and homicide.** 
Patients may present with severe vomiting and profuse diarrhea 
leading to hypokalemia and often have evidence of oral, pharyn- 
geal, and esophageal caustic injury after ingestion. Death results 
from a combination of renal, respiratory, cardiac, and hepatic 
failure; mortality rates are as high as 70%, and death often occurs 
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within the first 48 hours. Histopathologic changes include zone 3 
necrosis followed by injury to small- and medium-sized interlob- 
ular bile ducts.*? Treatment with charcoal hemoperfusion in con- 
junction with cyclophosphamide, dexamethasone, furosemide, 
and vitamins B and C—the so-called “Caribbean scheme”—has 
been attempted, but persons who ingest more than 45 mL are 
likely to die with or without this treatment.** In animals, N-acet- 
ylcysteine and silymarin may be protective.” 

Chlordecone (Kepone) has been shown to impair biliary excre- 
tion and lipid transport and storage,’! but neurologic toxicity 
appears to dominate the clinical injury.”” Occupational exposure 
has led to hepatic steatosis and elevated serum aminotransferase 
levels. Trivial hepatic enzyme abnormalities have been seen in 
persons heavily exposed to chloretone.*> Hexachlorobenzene in 
contaminated grain has been associated with an epidemic of por- 
phyria cutanea tarda (see Chapter 77) and liver injury.’ 

Inorganic arsenic has long been used as a homicidal or sui- 
cidal agent, and toxic exposure in the past followed ingestion of 
Fowler’s solution (arsenic trioxide), which was used as a treat- 
ment for psoriasis and asthma.’ Organic arsenic is present in 
seafood, whereas inorganic forms are found mainly in contami- 
nated ground and well water? and homemade alcohol.’ Doses 
greater than 3 g can cause death in | to 3 days, but hepatic injury 
generally is overshadowed by GI, neurologic, and vascular effects, 
leading ultimately to CNS depression and vascular collapse.? A 
lesion resembling hepatic sinusoidal obstruction syndrome (SOS) 
can develop (see Chapter 85), and noncirrhotic portal hyperten- 
sion developed in more than 90% of 248 patients who consumed 
contaminated drinking water for up to 15 years.” 

Occupational exposure to inorganic arsenic is still observed 
among vineyard workers, farmers, and gold miners,” although its 
use as an insecticide has been curtailed since the 1940s. Lumber 
treated with chromated copper arsenate as a preservative may be 
an additional source of exposure.” The clinical syndrome associ- 
ated with arsenicosis includes skin lesions (blackfoot disease), ane- 
mia, diabetes mellitus, hearing loss, neurobehavioral disorders, 
and cardiovascular diseases, in addition to benign and malignant 
liver disease.”° Chronic hepatic injury, including cirrhosis and 
noncirrhotic portal hypertension, may be a precursor to hepatic 
neoplasms, such as angiosarcomas, hemangioendotheliomas, and 
HCCs, after exposure of more than 10 years.’ Increased serum 
levels of EGF receptor have been found in patients with liver 
cancer who overexpress this biomarker following exposure to 
arsenic.” Treatment with thiol chelators has had variable success 
in cases of prolonged exposure, and coadministration of antioxi- 
dants, such as vitamins C and E, may be of added benefit.”” 


METALS 


iron 


Most of the approximately 5000 cases of accidental iron poison- 
ing in the USA each year occur in young children who mistake 
iron supplements for candy.? Ferrous sulfate tablets contain 
20% elemental iron by weight, and the severity of injury cor- 
relates with the dose ingested.’ Ingestion of less than 20 mg/kg 
of elemental iron is unlikely to produce serious toxicity, whereas 
doses of more than 200 mg/kg can be fatal.? Severe injury has 
been seen only with serum iron concentrations above 700 mg/ 
dL measured within the first 12 hours after ingestion.!°° Iron per 
se is not hepatotoxic, but ferric and ferrous ions can act through 
free radicals and lipid peroxidation to cause membrane disruption 
and necrosis.!°! Clinically evident liver injury is uncommon, but 
zone 1 necrosis occurs in the most severe cases.” Clinical illness 
is characterized by sequential phases of GI injury, subsidence of 
symptoms, and overt hepatotoxicity accompanied by renal fail- 
ure.!°? Some cases have progressed rapidly to ALF requiring 
LT.!® Hyperbaric oxygen treatment of acute iron intoxication 
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has been effective in an animal model!™ and may offer a potential 
therapy in cases of human poisoning. 


Phosphorus 


Poisoning by white phosphorus has been rare because its use in 
firecrackers and matches was outlawed in the mid-20th century.’ 
Cases reported since then usually have been the result of inges- 
tion of rat or roach poison.’ Shortly after ingestion, vomiting, GI 
bleeding, convulsions, shock, and death occur within 24 hours. 
Phosphorescence of the vomitus and stools and a typical garlic- 
like odor on the breath are characteristic, when present. The pre- 
dominant hepatic lesion is steatosis and necrosis, most prominent 
in the periportal region. Serum aminotransferase levels generally 
are no higher than 10 times the upper limit of normal (ULN).? 


Copper 


Acute poisoning by copper leads to a syndrome resembling iron 
toxicity. Ingestion of toxic amounts (1 to 10 mg) is usually seen 
with suicidal intent, especially on the Indian subcontinent.>:!°! 
Vomiting, diarrhea, and abdominal pain accompanied by a metal- 
lic taste are seen during the first few hours after ingestion. GI 
tract erosions, renal tubular necrosis, and rhabdomyolysis often 
accompany zone 3 hepatic necrosis by the second or third day. 
Jaundice results from both hepatic injury and acute hemolysis 
caused by high blood copper levels.’ The mortality rate is 15%, 
with early deaths resulting from shock and circulatory collapse 
and late deaths resulting from hepatic and renal failure.’ 


Thorium Dioxide 


Thorotrast is a colloidal suspension of radioactive thorium diox- 
ide that was used as an IV contrast medium for radiographic 
procedures in the first half of the 20th century, with more than 
50,000 persons having been exposed.’ ‘Thorotrast was subse- 
quently found to cause hepatic angiosarcomas and cholangiocar- 
cinomas after latency periods of 20 to 40 years. The long latency 
is thought to be due in part to the uneven distribution of radio- 
nuclides and the limited range of the emitted alpha particles.!°° 
Histologically, thorium dioxide is found in Kupffer cells and mac- 
rophages as dark brown refractile granules, the identity of which 
can be confirmed by spectrographic analysis.’ As with arsenic, 
reports of hepatic SOS and a Budd-Chiari—like syndrome have 
also appeared (see Chapter 85).’ Given the extraordinarily long 
half-life (hundreds of years) of the compound, exposed persons 
remain at risk for the development of leukemia, in addition to 
HCC,!° and require lifelong monitoring because hepatic malig- 
nancies have occurred in approximately 20% of those exposed. !07 


Others 


Although cadmium produces hepatic necrosis and cirrhosis in lab- 
oratory animals,!°° evidence is lacking that exposure to cadmium 
causes important human injury.’ Several metals are associated with 
apoptosis, which may explain their potential for hepatotoxicity.!°” 
Beryllium has led to midzonal liver necrosis as a result of phagocy- 
tosis of insoluble beryllium phosphate by Kupffer cells.? Chronic 
industrial exposure (usually by inhalation of high concentrations 
of oxide or phosphorus mixtures) is associated with the formation 
of hepatic (and pulmonary) granulomas.’ Therapy with chelating 
agents and antioxidants has been used in animal models of beryl- 
lium toxicity.!!° Lead hepatotoxicity may be seen as part of the 
larger symptom complex of abdominal pain, constipation, and 
encephalopathy that occurs with chronic ingestion or environmen- 
tal exposure.!!! Chromium compounds (especially the hexavalent 
form) can be hepatotoxic in animals as well as humans, the result of 
mitochondrial injury and other hepatocyte stress.!!* 


DRUGS OF ABUSE 


Hepatic abnormalities are frequently encountered in substance 
abusers, especially those using cocaine and methamphetamine 
derivatives. ! 1 


Cocaine 


Cocaine is a dose-dependent hepatotoxin.’ Acute cocaine intoxi- 
cation affects the liver in 60% of patients and produces a range 
of hepatic effects from asymptomatic elevations in liver biochemi- 
cal test levels to severe injury with markedly elevated serum ALT 
levels (>1000 U/L).!!4 Associated features include rhabdomyolysis, 
hypotension, hyperpyrexia, DIC, and renal failure.’ In a series 
of 39 patients with rhabdomyolysis, 23 had severe hepatotoxicity 
associated with a high mortality rate.!!> Hepatic injury is probably 
the result of toxic metabolites (e.g., norcocaine nitroxide) formed 
by CYP2E1 and CYP2A,!"° and enhanced hepatotoxicity is seen 
in persons who regularly consume alcohol.’ In animals, pretreat- 
ment with N-acetylcysteine decreases the risk of cocaine hepato- 
toxicity,!!’ although the usefulness of N-acetylcysteine for treating 
human cocaine-induced hepatic injury has not been determined. 


Others 


“Ecstasy” (3,4-methylenedioxymethamphetamine) is a euphori- 
genic and psychedelic amphetamine derivative that can lead to 
hepatic necrosis as part of a heat stroke—like syndrome result- 
ing from exhaustive dancing in hot nightclubs (“raves”).!!* 
120 The injury can be fatal and has necessitated LT in some 
instances.!*°-!* The role of CYP enzymes in the toxicity of this 
and other so-called designer drugs may relate to specific genetic 
polymorphisms of CYP2D6 or other cytochromes. 1? 
Phencyclidine (“angel dust”) is another stimulant that can lead to 
hepatic injury as part of a syndrome of malignant hyperthermia that 
produces zone 3 hepatic necrosis, congestion, and collapse, with high 
serum AST and ALT levels reminiscent of ischemic hepatitis.!** 
Cannabis (marijuana) has not been associated with acute or 
chronic liver injury by itself,'!° although daily use was associated 
with progression of fibrosis in patients with untreated chronic 
hepatitis C.!*> Synthetic cannabinoids (known popularly as 
“Spice,” “K2,” or other street names) have been associated with 
hepatic steatosis in animals and a few reports of variable liver 
injury in humans. Although liver failure from hepatic necrosis is 
mentioned in some case reports, the mechanism is poorly under- 
stood and clinical details to confirm causality are often scant.!*° 
Cannabidiol (CBD) oil is one of the major phytocaanbinoids in 
Cannabis sativa which is being used for the management of several 
conditions, including chronic pain and seizure activity.!*” CBD oil 
is the main ingredient in Epidiolex, approved in 2018 by FDA for 
the management of Lennox-Gastaut and Dravet syndromes , two 
pediatric conditions where epilepsy can be refractory to traditional 
anticonvulsants.!2°:!29 In human trials, increases in ALT >3X ULN 
(without any rise in bilirubin) were seen in 10-20% of patients, 
often within one month of starting Epidiolex . These elevations 
usually resolved spontaneously or after discontinuation or dose 
reduction of the CBD oil or of valproic acid (VPA) taken con- 
comitantly. No ALT elevations were seen in subjects not receiving 
VPA.!8;!29 Tn animals, increases in aminotransferases and bilirubin 
were seen in a dose-related fashion when CBD was administered 
acutely with doses up to the equivalent of the maximum Epidiolex 
dose in humans, or when given in lower doses over 10 days. This 
subacute dosing regimen produced severe toxicity in 75% of mice 
after 3-4 days.!°° These investigators also found that mice given 
CBD by gavage for 3 days followed by the intraperitoneal admin- 
istration of acetaminophen (APAP) on day 4 developed overt 
toxicity with a high mortality (37.5%). In contrast, no mortality 
was observed when CBD was given concurrently with APAP.!?! 
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Agent Toxic Component Type of Injury Comment 
Ackee fruit Hypoglycin Microvesicular steatosis Jamaican vomiting sickness 
Aspergillus flavus Aflatoxin B1 Acute hepatitis, portal hypertension Hepatocarcinogenic 


Aspergillus tamari Cyclopiazonic acid 


Cycasin Methylazoxymethanol Acute hepatitis 
Khat P 
Toxic mushrooms Alpha-amatoxin, phalloidin ALF 


Greater activation of c-Jun N-terminal kinase (INK) was seen in 
the animals given APAP after CBD , and was associated with a 
sinusoidal obstruction syndrome-like injury on liver histology. 
The authors suggested that glutathione depletion and oxidative 
stress from both drugs was heightened in this setting.!*! These 
potentially serious adverse drug-drug interactions between CBD 
and APAP and VPA led to an FDA warning detailing their safety 
concerns with a call for additional study regarding CBD oil.!°? 


BOTANICAL AND ENVIRONMENTAL HEPATOTOXINS 


Examples of hepatotoxic mushrooms, fruits, and other foodstuffs, 
including grains and nuts contaminated by fungal mycotoxins or 
other potentially injurious compounds, including khat, are listed 
in Table 89.6. 


Mushrooms 


There are approximately 100 poisonous varieties of mushrooms 
among the more than 5000 species, but only about one third have 
been associated with fatalities. The amatoxin-containing spe- 
cies belong to 3 genera: Amanita, Galerina, and Lepiota.'*? More 
than 90% of cases of fatal poisoning are caused by Amanita phyl- 
loides (death cap) or Amanita verna (destroying angel), found in the 
Pacific northwest, northern California, and the eastern USA. 133-134 

A fatal outcome can follow the ingestion of a single 50 g (2 oz.) 
mushroom, because the toxin is one of the most potent and lethal 
in nature.!*> Alpha-amatoxin is thermostable, can resist drying 
for years, and is not inactivated by cooking. Rapidly absorbed 
through the GI tract, the amatoxin reaches hepatocytes through 
the enterohepatic circulation and inhibits production of messen- 
ger RNA and protein synthesis, leading in turn to cell necrosis. 
A second toxin, phalloidin, is responsible for the severe gastro- 
enteritis that precedes hepatic and CNS injury.!36-137 Phalloidin 
disrupts cell membranes by interfering with polymerization of 
actin. A latent period of 6 to 20 hours after ingestion of a mush- 
room precedes the first symptoms of intense abdominal pain, 
vomiting, and diarrhea. Hepatocellular jaundice and renal failure 
occur over the next 24 to 48 hours and are followed by confusion, 
delirium, convulsions, and eventually coma by 72 hours.?-128,129 
The characteristic hepatic lesion is steatosis and zone 3 hepatic 
necrosis, with nucleolar inclusions seen on electron microscopy.’ 

‘Towering serum levels of ALT and AST, similar to those in 
acetaminophen and other chemical poisonings, can be seen.!** 
In a case series of 8 patients,!*’? the mean serum AST level was 
5488 U/L (range, 1486 to 12,340), ALT 7618 (range, 3065 to 
15,210), and bilirubin 10.5 mg/dL (range, 1.8 to 52), with peak 
levels on days 4 and 5. In another case series of 27 patients from 
San Francisco,!#° median ALT levels were 2185 IU/L (range 554 
to 4546 IU/L) and peak AST levels less than 4000 IU/L by 24 to 
48 hours after admission. Acute kidney injury, requiring dialysis 
in some cases, has been observed. %14 Mortality rates tradition- 
ally have been high, especially when the serum ALT level exceeds 
1000 U/L, and emergency LT is often required.!*°'*! In a case 


Acute hepatitis 


Chronic hepatitis, fibrosis, cirrhosis 


Cases may be confounded by a high frequency of 
chronic hepatitis B and C among users 


Resembles acetaminophen injury 


series from Southeast Asia, hepatic involvement was present in 23 
of 93 patients (24.7%), and 10 of the 23 (43.5%) died; all deaths 
were associated with serum bilirubin levels greater than 5 mg/ 
dL.!* The time from ingestion to symptom onset was about 14 
hours in a series from China, in which 4 deaths from ALF were 
recorded.!* In an Italian series, mycologists were able to identify 
the responsible species in nearly 90%, thereby aiding in manage- 
ment.!*+ Several websites, including that of the North American 
Mycological Association (www.namyco.org/mushrooms_poisoni 
ng_syndromes.php), contain photographs of the various poison- 
ous species to help identify the type of mushroom ingested. 

Some patients survive with conservative management, which 
includes NG lavage with activated charcoal, IV penicillin G, N-ace- 
tylcysteine (using a standard oral or IV protocol [see Chapter 88]), 
along with milk thistle (Silybum marianum) (see Chapter 131).'%° 
However, the use of these therapeutic modalities is not always effec- 
tive, and in a large review of 2108 cases over a 20-year period in the 
USA and Europe,!*” penicillin G, either alone or in combination 
with other therapy, demonstrated limited benefit. No role for gluco- 
corticoids has been found, but plasmapheresis or hemoperfusion has 
been beneficial in some instances.!*> In a 2012 study, the addition of 
IV silibinin (isolated from milk thistle) in a loading dose of 5 mg/kg, 
followed by 20 mg/kg continuous infusion for 24 hours, given with 
standard supportive measures, proved effective in reducing mortality 
to less than 10% in nearly 1500 cases.!* These results prompted the 
authors to recommend silibinin as the antidote of choice. 


Other Foodstuffs 


The unripe fruit of the ackee tree (Blighia sapida), native to 
Jamaica, contains hypoglycin A, a hepatotoxin that produces 
a clinical syndrome of GI distress and microvesicular steatosis 
known as Jamaican vomiting sickness, that resembles Reye syn- 
drome (see Chapter 88).!*!47 Cholestatic jaundice has been 
described after chronic ingestion.!*” 

Cycasin is a potent hepatotoxin and hepatocarcinogen found 
in the fruit of the cycad tree (Cycas circinalis, Cycas revoluta). A 
small epidemic of acute hepatic injury attributable to the inges- 
tion of cycad nuts was reported from Japan. The purported toxin 
is methylazoxymethanol, which is normally eliminated or ren- 
dered inactive in preparing the nuts before ingestion.’ 

Aflatoxins are a family of mycotoxins found in Aspergillus flavus 
and related fungi that are ubiquitous in tropical and subtropical 
regions. They contaminate peanuts, cashews, soybeans, and grains 
stored under warm, moist conditions and are well-known hepato- 
toxins and hepatocarcinogens.*» Aflatoxin B1, a potent inhibitor of 
RNA synthesis, is the most hepatotoxic member of the family. Reac- 
tive metabolites are formed by CYP enzymes, and malnutrition is a 
possible potentiating factor (perhaps because of the depletion of glu- 
tathione). When consumed in large quantities, aflatoxin B1 is respon- 
sible for a clinical syndrome characterized by fever, malaise, anorexia, 
and vomiting, followed by jaundice. Portal hypertension with sple- 
nomegaly and ascites may develop over the next few weeks. In large 
epidemics, mortality rates have approached 25% and correlate with 
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the dose ingested.’ Zone 3 hepatic necrosis without inflammation is 
the characteristic lesion. Other histologic findings include cholestasis, 
microvesicular steatosis, and bile duct proliferation. 14° 

The risk of HCC correlates with the amount of aflatoxin 
consumed, especially in sub-Saharan Africa and eastern China, 
where wheat often exceeds rice as a staple in the diet.!*? Alcohol 
and possibly exposure to DDT (see earlier) may play an enhanc- 
ing role in hepatocarcinogenesis.°° An even more important 
cofactor may be HBV.1°LD2 The frequency of a mutation in the 
TP53 tumor suppressor gene correlates with the development of 
HCC in these regions, but this mutation is rare in HCC from 
Western countries (see Chapter 96).!5! 

Chewing fresh khat leaves (Catha edulis), predominantly by men 
from East Africa and Yemen, has been associated with chronic liver 
injury, including severe fibrosis and cirrhosis, liver failure, and 
death.!>*-'5¢ Injury appears to be dose dependent, but the hepa- 
totoxic moiety has not been identified. Although many patients 
have other risk factors for chronic liver disease (including hepatitis 
B and C, alcohol, and schistosomiasis), case-control studies have 
strongly implicated khat as a growing health hazard.!*” 


VITAMINS 


Vitamins, dietary, weight-loss and body-building supplements, 
herbal remedies, and other nutraceuticals are often the main com- 
ponents of many CAM preparations, and their use continues to 
increase (see later and Chapter 131).'5* According to results of the 
2012 National Health Interview Survey, nearly 42 million Americans 
(18.6% of the population) used herbal or homeopathic therapies in 
the previous year for a variety of health conditions,!** including 
chronic liver disorders,!°!°° despite the absence of formal controlled 
clinical trials to assess their safety and efficacy in this setting. !°*:!60-! 
In a population-based survey of 1040 patients with a wide array of 
chronic liver diseases (including 18% with cirrhosis), concurrent use 
of a CAM preparation was listed by 27.3%.!°? The most commonly 
used products were vitamins and other dietary supplements in 18% 
and herbal remedies in 16.8%. Interestingly, a CAM preparation 
had been prescribed by a physician in up to 32% of respondents.!°? 

Many so-called health foods, dietary and weight-loss supple- 
ments, body-building compounds, and herbal products are potent 
hepatotoxins that can lead to ALF and the need for emergency 
LT.15-16163,164 Safety concerns involving such dietary supple- 
ments persist, despite the enactment of the Dietary Supplement 
Health and Education Act in 1994,!61165-167 


Vitamin A 


Among vitamin supplements, vitamin A remains the most impor- 
tant hepatotoxin when ingested in supratherapeutic doses. Vitamin 
A (retinol) is a dose- and duration-dependent hepatotoxin capable 
of causing injury ranging from asymptomatic elevations in serum 
aminotransferase levels with minor hepatic histologic changes to 
perisinusoidal fibrosis leading to noncirrhotic portal hypertension 
and, in some cases, cirrhosis.!* Approximately one third of the 
U.S. population is estimated to take vitamin supplements contain- 
ing vitamin A, with as many as 3% of products providing a daily 
dose of at least 25,000 IU. Hypervitaminosis A usually is the result 
of self-ingestion, rather than intentional overdose, and all age 
groups have been affected.!°? The average daily dose of vitamin A 
in reported cases of liver disease has been nearly 100,000 IU, taken 
over an average duration of 7.2 years, for a mean cumulative dose 
of 229 million IU. Liver injury has been described with daily doses 
of 10,000 to 45,000 IU,!”° and cirrhosis has occurred after a daily 
intake of 25,000 IU for at least 6 years.'°*:!”° By contrast, long- 
term use of low-dose vitamin A supplements (250 to 5000 retinol 
equivalents per day) does not appear to be toxic.!7! 

Because of the long half-life of vitamin A in the liver (50 days 
to 1 year),!’°-!”? the fibrotic process may continue because of the 


slow release of hepatic vitamin A stores despite discontinuation of 
oral intake of the vitamin.!”> Genetic factors may play a role, and 
apparent familial hypervitaminosis A has occurred in 4 siblings 
who ingested large doses as treatment for congenital ichthyo- 
sis.!’* Vitamin A toxicity has been reported in native Alaskans 
who ingest large amounts of fresh polar bear liver,!°° which is 
plentiful in these arctic predators but does not cause them hepatic 
injury.!”> Water-soluble, emulsified, and solid formulations of 
vitamin A are up to 10 times as toxic as oil-based preparations 
because of higher peak plasma levels, greater hepatic concentra- 
tions, and less fecal loss with the water-miscible formulations.!”° 

Hepatotoxicity from vitamin A has been attributed to acti- 
vation of hepatic stellate cells, the body’s principal storage site 
of the vitamin. Resulting hyperplasia and hypertrophy produce 
sinusoidal obstruction and increased collagen synthesis, leading in 
turn to portal hypertension.!”’ Rare cases of peliosis hepatis have 
also been attributed to hypervitaminosis A. Ethanol interferes 
with the conversion of beta carotene, a precursor of vitamin A, 
to retinol, and the combination of ethanol and beta carotene has 
resulted in hepatotoxicity in various experimental models.!7* 

Liver biopsy specimens show increased storage of vitamin A, 
seen as characteristic greenish autofluorescence after irradiation 
with ultraviolet light.'°° The excess vitamin A is stored initially in 
stellate cells that lie in the space of Disse and become hyperplas- 
tic and hypertrophic. The enlarged clear stellate cells compress 
the hepatic sinusoids, giving rise to a “Swiss cheese” or honey- 
combed appearance.!®* Hepatocellular injury is usually minor, 
with microvesicular steatosis and focal degeneration and without 
significant necrosis or inflammation. Hepatic fibrosis in a perisinu- 
soidal distribution can arise from activated stellate cells that trans- 
form into myofibroblasts. In a widely cited series,'®* cirrhosis was 
present in 59%, chronic hepatitis in 34%, microvesicular steatosis 
in 21%, perisinusoidal fibrosis in 14%, and peliosis in 3% of cases. 

In affected persons, hepatomegaly is common, and in severe 
cases, splenomegaly, ascites, and esophageal variceal bleeding 
may be features.*:!°* Hypervitaminosis A can also involve the skin 
and CNS. Liver biochemical test abnormalities, present in two 
thirds of cases, are nonspecific, with only modest elevations in 
serum aminotransferase and alkaline phosphatase levels. 

The diagnosis of vitamin A toxicity rests on a dietary and med- 
ication history and clinical suspicion. Plasma vitamin A levels may 
be normal, and the diagnosis is supported by the demonstration 
of increased hepatic stores of vitamin A and characteristic histo- 
logic findings.!’? The diagnosis may be delayed for several years 
if hepatotoxicity is not recognized or is misdiagnosed. 168-170 

Symptoms resolve and liver enzymes gradually normalize after 
discontinuation of vitamin A ingestion in less severe cases, but 
deterioration may continue in cases of severe intoxication, particu- 
larly when cirrhosis is already present.!”° Features of liver failure 
and cirrhosis at the time of diagnosis indicate a poor prognosis, 
and LT may be required.’ Alcohol can potentiate hepatotoxicity 
and should be avoided. Vitamin A supplements generally should be 
avoided in other types of liver disease because of possible accentua- 
tion of hepatic injury and fibrosis.!7° Severe liver injury has rarely 
been reported with the use of acitretin, a vitamin A metabolite.!*° 


Niacin 

Nicotinic acid (vitamin B3, niacin) is used primarily to treat dys- 
lipidemia by increasing HDL and reducing triglyceride synthesis 
and VLDL and LDL secretion, via inhibition of hepatocyte dia- 
cylglycerol acyltransferase 2.'*! Immediate-release (IR) crystalline 
preparations given in therapeutic doses have rarely been reported 
to cause hepatic injury!** but are associated with flushing and other 
unpleasant side effects.!**.!** When taken in massive suprathera- 
peutic doses (e.g., 20,000 mg), the IR form has been associated 
with ALF requiring LT.'®> In contrast to the IR formulations, 
sustained-release (SR) niacin, developed to reduce the vasodilatory 
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TABLE 89.7 Level of Evidence for Hepatotoxicity of Herbal, Dietary, Weight-Loss, and Body-Building Supplements’ 


Adequate Evidence of Hepatotoxicity 


Reports of Hepatotoxicity 


Insufficient Evidence of Hepatotoxicity 


Aloe vera Anabolic steroids 
Arrowroot Bakuchi 

Black cohosh Conjugated linoleic acid 
Cascara Euforia 
Celandine Exilis 

Comfrey Green tea extract 
Germander lerbalife 

Gota Kolu lydroxycut 
Green tea extract Limbrel (flavocoxid) 
Groundsel LipoKinetix 
Impila Lipolyz fat burner 
Jin bu huan iacin 

Kava kava OxyELITE Pro 
Pennyroyal ProLean 
Rattlebox 

Saw palmetto 

Senna 

Skullcap 

Thistle 

Traditional Chinese medicines 

Usnic acid 

Valerian 


Artemisinin 

Bee pollen 

Cascara 

Chaso 

Enzyte 
Glucosamine-chondroitin 
Hydroxycut 

Lipolyz 

Ma huang (ephedra) 
Mistletoe 

Niacin (therapeutic doses) 
Noni 

Onshido 

Red rice yeast 

SlimQuick 

Vitamin A (therapeutic doses) 


Adapted from reference Brown AC. Liver toxicity related to herbs and dietary supplements: online table of case reports. Part 2 of 5 series. Food Chem 


Toxicol 2017;107(PtA):472-501. 


“According to the Department of Complementary and Alternative Medicine at the University of Hawaii. 


effects of niacin, appears to be a significant hepatotoxin, with about 
20% of patients developing symptomatic elevations in ALT and 
AST levels.!*? Several cases have followed a switch from an IR to 
an SR formulation. Liver injury has been reported to occur after 
a widely variable latent period ranging from 1 week to as long as 
2 years.'*? Symptoms suggesting acute hepatocellular necrosis 
include nausea, vomiting, and fatigue, followed by jaundice and 
pruritus, although recovery within 4 to 8 weeks is the rule and ALF 
is rarely reported.!® Importantly, combining niacin with a statin 
does not increase the risk of hepatotoxicity.!*° 

The mechanism underlying niacin liver injury is thought to be 
the formation of formulation- and dose-dependent hepatotoxic 
pyrimidine metabolites. Although amidation pathways rapidly 
convert IR formulations into nicotinuric acid, thereby leading 
to vasodilatation and flushing through prostaglandin formation, 
SR preparations allow for reduced amounts of nicotinuric acid 
but promote the conversion of niacin to hepatotoxic pyrimidine 
intermediates.!8’ As a result, extended (controlled) and SR for- 
mulations are contraindicated in patients with liver disease. !8° 


HERBAL, DIETARY, WEIGHT-LOSS, AND BODY- 
BUILDING SUPPLEMENTS 


The increasing use of CAM preparations is well described in 
patients with liver disease (see Chapter 131).!%!5%!0 Silymarin 
(Silybum marianum, milk thistle) is the most commonly used 
herbal preparation among these patients,!°and although it 
appears to be quite safe,!5? if ineffective,!°°!°? an increasing 
number of reports of hepatotoxicity from several other classes 
of herbal, dietary, weight-reduction, and body-building supple- 
ments (collectively referred to as HDS) have paralleled the rise 
in use of CAM therapies in both the USA and other Western nat 
ions. !©3:167,193-197 Indeed, the percentage of cases of hepatotoxic- 
ity due to HDS in DILI registries has risen steadily in the 2000s, 
increasing from 7% to 20% of cases in the U.S. DILI Network 
between 2004 and 2013!% and exceeding 50% in some Chinese 
and other Asian series.!7°-70° 

Several dozen HDS compounds are listed as potentially hepato- 
toxic, including several that are no longer sold (including germander 


and usnic acid-containing products) and others that have undergone 
reformulations (e.g., Hydroxycut) (Table 89.7).!9-!970! Other 
implicated agents lack sufficient evidence to support their hepatotox- 
icity.° Similarly, the LiverTox database compiled by the National 
Institutes of Health and National Library of Medicine reviews 50 
of the best known HDS for potential hepatotoxicity and has con- 
cluded that nearly 40% have no evidence to implicate them in clini- 
cal hepatotoxicity (see Table 89.7). Additionally, although more than 
50 traditional Chinese medicines (TCM) have been associated with 
hepatic injury,?”? causality has been established for only about half 
of these compounds.”°* When TCM have been analyzed prospec- 
tively for the development of hepatic injury (defined as a serum ALT 
level > the ULN), fewer than 4% of 21,470 patients without liver 
disease developed an ALT level greater than 1 time but less than 5 
times the ULN, and only 0.12% had an ALT level exceeding 5 times 
the ULN, with a return to normal after the agent was discontin- 
ued.?° Similarly, among nearly 6900 inpatients taking herbal medi- 
cations in Korean hospitals, 5.1% were diagnosed with liver injury 
(based on elevated liver biochemical test levels on admission), and 
3.1% developed liver injury at the time of discharge.” Among 354 
patients with elevated liver biochemical test levels on admission, only 
9 (2.5%) showed a further increase after treatment with an herbal 
medication, and among nearly 4800 patients with normal liver test 
levels on admission, only 27 (0.6%) had liver injury at discharge. The 
authors concluded that herbal medicines rarely aggravate existing 
liver injury and that de novo injury is uncommon.?” 

Warnings have been issued for several agents, and, in a few 
instances, the FDA and other health authorities have requested 
their removal from the marketplace (e.g., kava kava, ephedra 
[ma huang], LipoKinetix [usnic acid], and Hydroxycut in the 
USA?°!207 and germander in France??? [see later]) Any patient 
with liver disease should be questioned about the ingestion of 
herbal remedies; Estes and colleagues,!°+ for example, docu- 
mented the use of several commonly promoted herbal agents 
(including LipoKinetix, skullcap, ma huang, chaparral, and kava 
kava) in half of 20 patients with ALF over a 2-year period. 

Table 89.8 lists the known or potential hepatotoxic compo- 
nent of the most commonly implicated HDS compounds asso- 
ciated with liver injury. The purported hepatotoxicity of many 
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TABLE 89.8 Features of Hepatotoxic Herbal, Dietary, Weight-Loss and Body-Building Supplements 


Postulated Hepatotoxic 


Agent Popular Uses Source Component Hepatic Injury 
Black cohosh Menopausal Cimicifuga Uncertain; Latency 2-12 wk; acute hepatocellular jaundice, some cases 
symptoms racemosa triterpene glycosides autoimmune hepatitis; resolution in 2-6 mo 
Cascara Laxative Cascara sagrada Anthracene glycoside Cholestatic hepatitis 
Chaparral leaf “Liver tonic,” burn Larrea tridenta Nordihydroguaiaretic Acute viral-like; latency 3-12 wk; hepatitis, ALF leading to LT 
(greasewood, salve, weight acid reported; positive rechallenge cases 
creosote bush) loss 
Chaso/onshido Weight loss — N-nitro-fenfluramine Acute hepatitis, ALF 
Comfrey Herbal tea Symphytum spp. Pyrrolizidine alkaloids Acute SOS after latency 1-2 mo with acute RUQ pain, nausea, 
ascites, weight gain, and hepatocellular jaundice that can lead 
to ALF; a subacute or chronic injury with insidious onset also 
described 
Germander Weight loss, fever Teucrium Teucrin A (Diterpenoids, Acute viral-like hepatitis after mean 9 wk. latency with positive 
chamaedry, T. epoxides) rechallenge and rapid recovery, rare reports of ALF; a second 
capitatum, T. form of injury resembles autoimmune hepatitis after 6-9 mo 
polium latency presenting with arthralgias and fever 


Greater celandine 


Green tea leaf 
extract 


Herbalife 


Hydroxycut 


Impila 
Kava kava 


Kombucha 


Limbrel 
(Flavocoxid) 


LipoKinetix 
Mistletoe 
OxyELITE Pro 


Pennyroyal 
(Squawmint oil) 


Prostata 
Sassafras 


Senna 


Skullcap 


Gallstones, IBS 


Multiple 


Nutritional 
supplement, 
weight loss 


Weight loss 


Multiple 
Anxiolytic 


Weight loss 
Osteoarthritis 


Weight loss 
Asthma, infertility 


Weight loss, body 
building 


Abortifacient 


Prostatism 
Herbal tea 
Laxative 


Anxiolytic 


Traditional Chinese Medicines 


Jin bu huan 


Ma huang 


Shou-wu-pian 


Sleep aid, 
analgesic 


Weight loss 


Anti-aging, 
neuroprotection, 
laxative 


Chelidonium majus 


Camellia sinensis 


Camellia sinensis, 
among other 
constituents 


Callilepsis laureola 
Piper methysticum 


Lichen alkaloid 
Plant bioflavonoids 


Lichen alkaloid 
Viscus album 


Multiple ingredients 


Hedeoma 
pulegoides, 
Mentha 
pulegium 


Multiple 
Sassafras albidum 
Cassia angustifolia 


Scutellaria 


Lycopodium 
serratum 


Ephedra spp. 


Polygonum 
multiflorum 
(fleeceflower 
root) 


Uncertain; ?isoquinoline 
alkaloids 


Catechins 


Various; ?ephedra 


Uncertain 


Potassium atractylate 


?Kava lactone, 
pipermethystine 
(vs. other contaminants) 


Usnic acid 
Baicalin, ?epicatechin 


Usnic acid 
Uncertain 
?Aegeline 


Pulegone, 
monoterpenes 


Uncertain 
Safrole 


Sennoside alkaloids; 
anthrone 


Diterpenoids vs. 
adulterants 


?Levo- 
tetrahydropalmitine 


Ephedrine 


?Anthraquinone 


Acute cholestatic hepatitis after 1-6 mo in about 50% of cases, 
resolution in 2-6 mo 


Acute viral-like hepatitis within 3 mo (range 0.5-7 mo); biopsies 
have shown variable necrosis, eosinophilia; no immunoallergic 
features; most recover 


Insidious hepatocellular or mixed injury presenting with fatigue, 
nausea, abdominal pain and jaundice after 2-9 mo latency; no 
hypersensitivity features; rare instances of ALF 


Acute hepatitis, ?ALF 


Hepatic necrosis 


Acute hepatitis or cholestasis after variable latency (2-24 wk) with 
occasional hypersensitivity features and reports of positive 
rechallenge; rare cases of ALF leading to LT; most patients 
recover within 1-3 mo 


Acute hepatitis (see LipoKinetix) 
Acute mixed hepatocellular-cholestatic injury 


Acute viral-like hepatitis with jaundice; cases of ALF leading to LT 
Hepatitis (in combination with skullcap) 


Acute hepatocellular viral-like hepatitis with jaundice with marked 
elevations in ALT; liver biopsy showing severe necrosis; no 
hypersensitivity features; mortality of 10% in cases with 
jaundice; second injury pattern with subacute or chronic 
autoimmune features 


Produces an acute acetaminophen-like injury within hours 
of ingestion resulting in cardiovascular collapse, DIC, and 
multiorgan failure with liver injury likely due to ischemic hepatitis 


Chronic cholestasis 
HCC (in animals) 
Acute hepatitis 


Acute hepatocellular jaundice after 6-24 wk with rapid resolution; 
rare reports of ALF 


Acute or chronic hepatitis or cholestasis, steatosis 


Acute viral hepatitis-like injury with fatigue, nausea, abdominal pain, 
jaundice, ALF requiring LT reported; most recover in 1-6 mo 


Acute hepatitis or cholestasis 
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TABLE 89.8 Features of Hepatotoxic Herbal, Dietary, Weight-Loss and Body-Building Supplements—cont’d 


Postulated Hepatotoxic 


Agent Popular Uses Source Component Hepatic Injury 
Sho-saiko-to Multiple Scutellaria root Diterpenoids Hepatocellular necrosis, cholestasis, steatosis, granulomas 
Valerian Sedative Valeriana officinalis Uncertain Rare instances of mild-moderate hepatocellular or mixed injury 


SOS, sinusoidal obstruction syndrome. 


HDS products has come under increasing scrutiny and criticism 
by Teschke and colleagues, who have drawn attention to many 
pitfalls in the causality assessment of these agents.???!+ Although 
some cases have had well documented hepatic injury, others have 
been more poorly confirmed and have not considered alterna- 
tive causes.”!+ In addition, several herbal formulations are known 
to have been contaminated by other hepatotoxic substances, an 
occurrence that is probably more common than currently appre- 
ciated.?!>-7!” Indeed, mislabeling of HDS products is not only fre- 
quent, but potentially dangerous. In an analysis performed by the 
National Center for Natural Products Research at the Univer- 
sity of Mississippi using ultrahigh performance chromatography 
coupled with mass spectrometry, Navarro and colleagues studied 
more than 340 HDS products used by more than 1260 patients 
of which 272 had labels listing their ingredients. “They found 
serious inaccuracies in the product labels of greater than 50% 
of the HDS tested.?!* These discrepancies included the failure 
to confirm the true ingredients in 80% of steroidal compounds, 
more than 50% of nutritional vitamins, and greater than 40% 
of botanicals. More disturbing was the finding of undisclosed 
anabolic steroids in half of the body-building supplements and 
undisclosed potential hepatotoxins (diclofenac and tamoxifen) in 
other products.*!® Similarly, in a study of herbal and Ayurvedic 
compounds used by traditional healers in India, Philips and col- 
leagues found that several heavy metals (arsenic, lead, mercury, 
antimony, and cadmium) were present in toxic amounts rang- 
ing from 10 to 100 times safe levels.’!? Increased mortality was 
reported in some recipients of these compounds but was not 
necessarily due to hepatotoxicity. In an earlier study, Navarro 
and colleagues studied HDS for the presence of catechins, which 
have been implicated in hepatotoxicity associated with green tea 
extract (GTE) and other products.?”?? They found that, when 
assayed, just over half of 97 products contained at least one cat- 
echin. However, nearly 40% of 73 HDS products that contained 
catechins did not list GTE or catechins on their labels. Weight- 
loss products were most likely to be mislabeled in this manner. 
Perhaps not surprisingly, the mislabeling was also seen in reverse 
(i.e., several products that listed catechins as an ingredient con- 
tained either no or only negligible amounts of catechins).??° 

In addition to the potential hepatotoxicity of many HDS 
products, several investigators have drawn attention to the risk of 
herbal-drug interactions that may be mediated through the CYP 
system”! or P-glycoproteins.’? One of the best known interac- 
tions is seen with St. John’s wort, a strong inducer of CYP3A4, 
that can reduce the bioavailability (and subsequent effectiveness) 
of several drugs, including certain DAA regimens for the treat- 
ment of chronic hepatitis C (see Chapter 80). 

Because the production and review standards for herbal 
products and dietary supplements are not as strict as for phar- 
maceutical products!°! and most HDS are considered to be food 
products rather than pharmaceuticals (and thus assumed to be 
safe),!°7 it should not be surprising that a number of groups have 
called for increased regulation regarding the manufacture, qual- 
ity control, safety, and efficacy of these products in the USA and 
abroad.16?-166,224-227 Additionally, improved methods to screen for 


with recovery after 2-4 mo; reports of ALF have occurred only 
when taken with other herbal preparations 


the hepatotoxicity of active compounds in TCMs and HDS are 
being developed!°’7?87? and more accurate causality assessments 
(including the development of novel HDS biomarkers) have been 
recommended to improve the quality of case presentations.7>°7! 

‘Two large case series are instructive in defining the presentation 
and outcome of HDS in Western countries. In an analysis of the 
Spanish DILI registry,!°” HDS cases were younger (mean age 48 
versus 55) and more likely to be female (63% vs. 49%) compared 
with DILI cases. Jaundice was present in 78% and was the most 
frequent symptom that brought a patient to medical attention. 
Hypersensitivity hallmarks (fever, rash, eosinophilia) were present 
in 28%, and a higher percentage of HDS cases progressed to liver 
failure (6%), compared with 4% of conventional drugs and none 
of the patients with anabolic steroid injury. In the U.S. DILI Net- 
work registry,!! body-building HDS resulted in reversible jaundice 
in young men, whereas the non—body-building HDS occurred pre- 
dominantly in middle-aged women, were hepatocellular in nature, 
and, as in the Spanish series, more often led to death or LT com- 
pared with non-HDS DILI (13% vs. 3%).1! 


Features of Toxicity 


The clinicopathologic features of hepatotoxicity caused by the 
specific HDS and TCM discussed below are derived from the 
best available evidence.”:!!)!2,193-197,201-203 


Pyrrolizidine Alkaloids 


Pyrrolizidine alkaloids (PAs) are found in approximately 3% of 
all flowering plant species throughout the world, and ingestion 
of such plants, often as medicinal teas or in other formulations, 
can produce acute and chronic liver disease, including SOS, in 
humans and livestock.?*? SOS was first reported in the 1950s as 
a disease of Jamaican children, manifesting with acute abdominal 
distention, marked hepatomegaly, and ascites—a triad that resem- 
bles Budd-Chiari syndrome (see Chapter 85). The disease was 
linked to consumption of “bush tea,” made largely from plants of 
Senecio, Heliotropium, Crotalaria, and Symphytium species. Many 
were taken as a folk remedy for acute childhood illnesses. The 
disease was characterized histologically by centrilobular hepatic 
congestion with occlusion of the hepatic venules, leading to con- 
gestive cirrhosis. In Afghanistan, ingestion of PA-contaminated 
grains and bread led to a large epidemic of SOS, affecting 8000 
persons and innumerable sheep.>Although it is a dose-dependent 
hepatotoxin, comfrey (Symphytum officinale) remains commer- 
cially available on numerous internet sites and can be found in 
toxic amounts in “medicinal” herbal teas around the world.233-235 

Hepatotoxic PAs are cyclic diesters, and some forms (e.g., 
fulvine, monocrotaline) cause both liver and lung injury. The 
mechanism of injury is postulated to be impairment of nucleic 
acid synthesis by reactive metabolites of PAs generated by hepatic 
microsomes, leading in turn to progressive loss of sinusoidal cells 
and sinusoidal hemorrhage, as well as injury to the endothelium 
of the terminal hepatic venule, with deposition of fibrin.?? 1232 
alkaloids and dehydroretronecine generated by the action of the 
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CYP system bind to cellular proteins to form pyrrole-protein 
adducts and have been shown to be cytotoxic to hepatic sinu- 
soidal endothelial cells due to depletion of glutathione.’*° The 
ability to test for these pyrrole-protein adducts in patients with 
PA-associated SOS provides an important diagnostic tool, with a 
positive predictive value of 95.8% and a negative predictive value 
of 100%.237 In addition to PAs, PA N-oxides have been found to 
be hepatotoxic.” 

SOS causes acute, subacute, and chronic injury. The acute 
form is characterized by zone 3 necrosis and sinusoidal dilatation, 
leading to a Budd-Chiari—like syndrome with abdominal pain and 
the rapid onset of ascites within 3 to 6 weeks of ingestion.’ In 
Jamaica, the course was rapidly fatal in 15% to 20% of affected 
persons. Approximately one half of the patients with the acute 
form recovered spontaneously; transition to a more chronic form 
of injury occurred in the remainder.’In the subacute and chronic 
forms, central fibrosis and bridging between central veins led to a 
form of cirrhosis similar to that seen with chronic passive hepatic 
congestion (so-called cardiac cirrhosis). At one time, this form 
of injury accounted for one third of the cases of cirrhosis seen in 
Jamaica, with death often resulting from complications of por- 
tal hypertension in as few as 1 to 3 years.*Certain PAs, such as 
comfrey extracts, are also hepatocarcinogenic and, like aflatoxins, 
induce mutations of the TP53 gene.?*” 


Germander 


The blossoms of plants from the Labiatae family (Teucrium 
chamaedrys) were used for years in herbal teas and in the mid- 
1980s as capsules predominantly for weight reduction in 
France, until several dozen cases of liver injury, including fatal 
hepatic failure, forced its withdrawal from the French market 
in 1992.208239 Most patients were middle-aged women who 
had ingested germander for 3 to 18 weeks, with consequent 
development of acute hepatocellular injury, often with jaun- 
dice. The injury usually resolved within 1.5 to 6 months after 
the germander was discontinued, with prompt recurrence after 
rechallenge in many persons. The cause of germander hepato- 
toxicity is an interplay between toxic metabolites and immu- 
noallergic mechanisms. Germander is composed of several 
compounds, including glycosides, flavonoids, and furan-con- 
taining diterpenoids, all of which are converted by the CYP 
system (especially CYP3A) to reactive metabolites.’?! The 
furanoneoclerodane diterpene teucrin A is thought to be the 
toxic component.*#°"4! Covalent binding to cellular proteins, 
depletion of hepatic glutathione, apoptosis, and cytoskeleton 
membrane injury (bleb formation) cause cell disruption in 
animal models. Epoxide hydrolase on plasma membranes is a 
target of germander antibodies, which have been found in the 
sera of patients who have consumed germander teas over long 
periods of time.’*? Reports of liver injury have also appeared 
with other species of Teucrium, including Teucrium capita- 
tum? and Teucrium polium?** 


Chaparral 


The dried leaf of the desert shrub chaparral (Larrea triden- 
tata), also known as greasewood or creosote bush, is ground 
into a tea or used in capsules or tablets for various ailments. 
Multiple reports of hepatitis have appeared; most cases have 
occurred within 1 to 12 months of use and resolved within a 
few weeks to months of discontinuation.”*> Among the 13 cases 
reported to the FDA, acute hepatocellular or cholestatic injury 
was observed, with 2 cases of ALF requiring LT and 4 cases 
progressing to cirrhosis. Renal toxicity and rash can accompany 
liver injury.” The active ingredient, nordihydroguaiaretic 
acid, an inhibitor of COX and lipoxygenase pathways, is the 
likely cause of hepatic injury, although the mechanism may also 


involve phytoestrogen-induced effects on the liver.’*° A case of 
recurrence on rechallenge suggests a possible role for immuno- 
allergy.?>6 


Pennyroyal 


The leaves of pennyroyal (the common name for 2 related plant 
species, Hedeoma pulegoides and Mentha pulegium) are used to 
make oils (squawmint oil), tablets, and home-brewed mint teas. 
The plant contains pulegone and smaller amounts of other 
monoterpene ketones. Oxidative metabolites of pulegone (e.g., 
menthofuran) bind to cellular proteins and deplete hepatic gluta- 
thione, thereby leading to liver injury.??!+” Cases of hepatocel- 
lular injury, including fatal necrosis, were associated with GI and 
CNS toxicity within a few hours of ingestion. In animals, inhibi- 
tion of pulegone metabolism by the CYP system with disulfiram 
and cimetidine has limited pennyroyal hepatotoxicity.’** The use 
of N-acetylcysteine may protect against pennyroyal toxicity in 
human cases.?48 


Traditional Chinese Herbal Medicines 


Traditional Chinese medicines in China are derived from more 
than 800 patent drugs for use by TCM practitioners.” Most 
TCM are composed of several different herbal compounds and 
usually are dominated by one main ingredient referred to as the 
“king herb.”?#? More than 50 different herbs and herbal mixtures 
were found in a TCM literature review by Teschke and col- 
leagues, although causality was established for only about half of 
the compounds.?"* The traditional preparations discussed later 
are among the best characterized with respect to hepatotoxic- 
ity 203,204 

Jin bu huan (Lycopodium serratum) is a traditional herbal rem- 
edy that has been used as a sedative and analgesic for more than 
1000 years.**° Numerous cases of hepatic injury have appeared,?°” 
with a mean latency of 20 weeks (range, 7 to 52 weeks) after the 
start of jin bu huan in recommended doses. Associated symptoms 
and signs included fever, fatigue, nausea, pruritus, abdominal 
pain, hepatomegaly, and jaundice. Liver biopsy specimens from 
a small number of patients showed a range of histopathologic 
changes, including lobular hepatitis with prominent eosinophils, 
mild hepatitis with microvesicular steatosis, and fibrotic expan- 
sion of the portal tracts. The injury resolved within a mean of 8 
weeks (range, 2 to 30 weeks) but could recur on rechallenge.??! 
The only predisposing factor was female gender. Serum ALT 
levels were increased 20- to 50-fold, with minor increases in the 
alkaline phosphatase level, except in one patient with cholesta- 
sis. Hyperbilirubinemia was prominent in the more severe cases. 
A case of chronic hepatitis has been described. The mechanism 
of injury may involve levotetrahydropalmatine, a neuroactive 
metabolite with structural similarity to PAs. The FDA banned 
the importation of jin bu huan anodyne tablets into the USA 
years ago.?*6 

Sho-saiko-to (xiao-chai-hu-tang, dai-saiko-to) contains Scute/- 
laria root (skullcap), which is a postulated hepatotoxin.**” The 
spectrum of liver injury has included hepatocellular necrosis, 
microvesicular steatosis, cholestasis, granuloma formation, and 
a flare of autoimmune hepatitis.” Reversible acute hepatitis 
or cholestasis has followed the consumption of shou-wu-pian, a 
product derived from Polygonum multiflorum.?>* 

Ma huang, derived from plants of Ephedra species, has been 
reported to cause acute, sometimes severe, hepatitis, including 
ALF. 164249255,256 The active ingredient, ephedrine, also has 
been linked to severe adverse cardiovascular and CNS effects, 
including fatalities, when used as a stimulant and weight-loss 
aid.?>’ The FDA issued a ruling in 2004 that ephedra-con- 
taining products present an unreasonable risk and should be 
avoided.?** 
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Weight-Loss Products 


Chaso and onshido are Chinese herbal dietary weight-loss sup- 
plements that were reported to cause severe liver injury, with a 
mean serum ALT level of 1978 U/L (range, 283 to 4074 U/L), 
in 12 patients.?°? ALF developed in 2 persons; one died, and the 
other survived after receiving an LT. The suspected hepatotoxic 
ingredient was N-nitroso-fenfluramine, a derivative of the appe- 
tite suppressant fenfluramine, which was withdrawn from the 
U.S. market in 1997.260 

Another dietary supplement used for weight loss, LipoKinetix 
(composed of norephedrine, sodium usniate [usnic acid], diio- 
dothyronine, yohimbine, and caffeine) was associated with acute 
hepatitis, including ALF requiring LT.'°°! In a case series of 
7 previously healthy patients (4 women, 3 men; mean age, 27 
years), acute hepatitis developed after a latent period of less than 
4 weeks in 5 patients and 8 to 12 weeks in the other 2. Mean 
serum ALT levels were 4501 U/L (range, 438 to 14,150 U/L), and 
mean serum bilirubin levels were 6.5 mg/dL (range, 2.2 to 14.6 
mg/dL). No evidence of immunoallergy was evident. All of the 
patients recovered spontaneously, with normalization of serum 
ALT and bilirubin levels within 4 months.*°! ALF necessitating 
emergency LT was reported in a previously healthy 28-year-old 
nonobese woman who had taken an over-the-counter preparation 
of usnic acid for weight loss,” suggesting that this agent is the 
likely hepatotoxic component of LipoKinetix. Usnic acid also is 
a component of Kombucha tea, which has been associated with 
hepatic injury.7*° Usnic acid is a potent inhibitor of CYP2C19 
and CYP2C9 and may interact with other medications or supple- 
ments to produce hepatotoxic drug-drug interactions.*% 

A number of additional multi-ingredient weight-loss, mus- 
cle-building, and nutritional supplements, including Herbalife, 
SlimQuick, Hydroxycut, and OxyELITE Pro, have received 
attention in both the scientific and lay press for their association 
with severe hepatotoxicity. Herbalife was linked to severe liver 
injury, including the need for LT,7°+?® although many different 
preparations were taken and other causes may have been respon- 
sible in most cases, according to an analysis by Teschke and col- 
leagues.?3 

‘The weight-loss supplement Hydroxycut has been associated 
with nearly 2 dozen spontaneous reports of possible hepatotoxic- 
ity, with 2 patients requiring LT and one death. It was recalled 
from the U.S. market in 2009.266267 Two of its active ingredi- 
ents, GTE (Camellia sinensis), and ephedra (ma huang), have been 
implicated in liver injury,” although the association with GTE 
has been called into question in some cases.’°” Although the FDA 
did not identify a specific hepatotoxic component, Hydroxycut 
was reformulated with caffeine as the principal ingredient and 
reintroduced into the market, with only a single subsequent 
report of liver injury.7 

SlimQuick products contain a variety of vitamins, botanicals, 
and other ingredients, including GTE. Among the published 
reports of liver injury, GTE was noted to be the common expo- 
sure,?”” although the exact mechanism is unclear. !°7 

OxyELITEPro is a body-building, weight-loss, and perfor- 
mance-enhancing supplement that has come under FDA scrutiny 
for hepatotoxicity. Its unique story reflects many of the regulatory 
and manufacturing issues the HDS market has faced and is a cau- 
tionary tale for the $40 billion supplement industry.’7! Beginning 
in 2012, the FDA received more than 100 adverse drug reports 
from 33 states, 2 foreign countries, and Puerto Rico linked to 
OxyELITE Pro dating back to 2010. Nearly 50% of the reports 
involved liver disease.?’2 In 2013, the FDA banned the use of the 
original active ingredient in OxyELITE Pro Advanced Formula, 
1,3-dimethylamylamine, in all nutritional supplements,’’* This 
stimulant caused hypertension and was linked to heart attacks, 
seizures, psychiatric disorders, and death.?”> OxyELITE Pro was 
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reformulated, replacing 1,3-dimethylamylamine with aegeline, 
an alkaloid extract from the leaves of the Asian bael tree (Agele 
marmelos). Following an initial report of cases of severe hepatitis 
from Hawaii and among the military in 2013,77*76 and the sub- 
sequent reporting of more than 50 cases from both within and 
outside Hawaii by the end of October 2013,?71:272 the FDA issued 
a warning in October 2013 to avoid the use of the reformulated 
OxyELITE Pro, and the manufacturer was required to cease pro- 
duction and to recall and destroy the retail product.’”’ 
Numerous reports have documented the OxyELITE Pro his- 
tory. 71276-279 The summary by investigators from the Centers for 
Disease Control and Prevention, FDA, and Department of Military 
and Emergency Medicine is perhaps the most informative in chroni- 
cling the timeline, the involvement of the numerous agencies that 
sought to identify cases, and the clinical features and outcomes of the 
patients.’’+ Nevertheless, an animal study of the subsequent formu- 
lation of OxyELITE Pro-NewFormula has documented elevations 
in serum AST and ALT levels as well as mortality in female mice, 
suggesting that even this newest version may be hazardous.**° 


Kava Kava 


Kava kava is a natural sedative and antianxiety agent derived from 
the root of the pepper plant (Piper methysticum). This herbal product 
has been the subject of an FDA consumer alert”*? after it was banned 
in the European Union and Canada**! because of severe hepatotox- 
icity, including fatal liver failure.!©+*? A review of 78 cases of hepatic 
injury reported to the FDA included 11 cases of liver failure requir- 
ing LT and 4 deaths.”*’ Other investigators, however, have ques- 
tioned the validity of the causality assessment used by regulators, and 
only rare instances of hepatotoxicity have been found when a more 
accurate liver-specific causality scale was used.?!!?** Although kava- 
lactone has been shown to inhibit CYP enzymes, deplete hepatic glu- 
tathione, and possibly inhibit COX,’*? the hepatotoxic component 
may be the major kava alkaloid pipermethystine. Contamination of 
the raw material by molds has been cited as an alternative explana- 
tion for hepatotoxicity,”!° although no hard evidence for aflatoxico- 
sis was found.?®™ Induction of apoptosis and mitochondrial toxicity 
are the suspected hepatotoxic mechanisms.**° 


Black Cohosh 


Black cohosh (Actaea racemosa and Cimicifuga racemosa), which is 
used for menopausal symptoms, has been implicated in reports of 
possible hepatic injury,’*’ including a case with features of auto- 
immune hepatitis.” Causality has been questioned,’*? bolstered 
by a meta-analysis that included 5 studies involving more than 
1100 women that found no evidence for an adverse effect of the 
isopropanolic extract of black cohosh on the liver.?”° 


Greater Celandine Extract 


Greater celandine (Chelidonium majus) is regarded as hepatotoxic 
on the basis of both animal studies and human reports subjected 
to accepted liver-specific causality assessments.?’! Its toxic com- 
ponent appears to be isoquinolone alkaloids.’’? Clinical features 
include reversible hepatocellular or cholestatic injury with jaundice, 
with recovery after about 2 months. A majority of the patients have 
been women who were taking the agent for various dyspeptic com- 
plaints.*?! Formal causality assessments undertaken by Teschke and 
colleagues have confirmed the hepatotoxic potential of the agent.?”” 


Flavocoxid 


Flavocoxid (Limbrel), a blend of plant-derived bioflavonoids, is 
a medical food prescribed for osteoarthritis. It is an uncommon 
cause of hepatotoxicity among cases contained within the U.S. 
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DILI Network registry.*”? Four middle-aged women developed 
acute hepatocellular injury within 1 to 3 months of starting fla- 
vocoxid for arthritis-related complaints. Clinical features included 
abdominal pain, fever, pruritus, and a rash, with a mean peak serum 
ALT level of 1286 U/L and moderate elevations of alkaline phos- 
phatase (mean peak 510 U/L) with jaundice (mean peak bilirubin 
9.4 mg/dL [with a range of 2.0 to 20.8 mg/dL]). The injury was of 
moderate severity with no sign of ALF, and all 4 individuals started 
to recover within days of discontinuing the product.?” 


Garcinia cambogia 


Garcinia cambogia (GC) is a tropical fruit whose rind contains 
hydrocitric acid (HCA) that is used as an appetite suppressant and 
weight loss supplement. Its active ingredient reduces synthesis of 
fatty acids and glycogen storage via inhibition of ATP citrate lyase. 
Several reports of hepatocellular (and less often cholestatic) injury 
have been published, with a latent period ranging from 1 to sev- 
eral weeks, and a clinical presentation that often includes nausea, 
vomiting, fatigue and jaundice, and instances of severe injury and 
acute liver failure have appeared.??+?°* Crescioli et al documented 
four cases of acute liver injury in which causality was established 
as probable using the Council for International Organization of 
Medical Sciences (CIOMS) scoring.*’* These investigators also 
applied causality scoring to a literature review, and concluded that 
GC was a likely cause of HDS. 


Kratom 


Kratom (Mitragna speciosa) leaves have traditionally been used to 
brew a tea to manage pain and for use as a stimulant, but more 


recently has been taken as a non-sanctioned means to ameliorate 
poioid withdrawal symptoms in the United States and elsewhere.*”” 
Its active components are mitragynine and 7 hydroxymitragy- 
nine, which act as partial mu and delta opioid receptor agonists, 
with the former mediating euphoria, analgesia and respiratory 
depression.’ However, the CDC estimated a more than 10-fold 
increase in kratom use linked to oipiod overdoses between 2010 and 
2015,°°! with an increasing number of reports of cholestatic injury 
along with seizures and death associated with its use.?00:302-304 
Liver histologic information, while limited, suggests kratom causes 
acute zone 3 cholestasis with mild portal inflammation and bile 
duct injury that has mimicked a form of antimitochondrial anti- 
body negative primary biliary cholangitis.*°°>°° The FDA has clas- 
sified kratom as an opioid, citing its potential for abuse, addiction 


and other potentially deadly risks,*°’ prompting caution from oth- 
308,309 
ers.308, 


Hepatoprotection by Herbal Compounds 


In contrast to the hepatotoxicity seen with the HDS discussed 
in this chapter, an entire field of study has been devoted to 
the hepatoprotective properties of nutraceuticals and other 
phytomedicines against liver injury induced by various chemi- 
cals, drugs, and other hepatotoxins, including acetaminophen 
and CCl, in animal models. This topic has been reviewed.!0-3!+ 


Full references for this chapter can be found on www.expertconsult.com. 
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Autoimmune hepatitis (ATH) is a disease of unknown cause that 
is characterized by the presence of autoantibodies, hypergamma- 
globulinemia, and histologic features of interface hepatitis (Fig. 
90.1) and lymphoplasmacytic infiltration (Fig. 90.2).! Diagnosis 
requires the exclusion of other chronic liver diseases that have 
similar features, including Wilson disease, chronic viral hepatitis, 
drug-induced liver disease, NAFLD, and the immune cholan- 
giopathies (PBC and PSC).! Centrilobular (Rappaport zone 3) 
necrosis (Fig. 90.3) may indicate acute severe AIH?” or a sponta- 
neous exacerbation of chronic disease.%’ 


EPIDEMIOLOGY 


Incidence 


ATH has a global distribution, and it affects persons of all ages 
and both genders.*” The annual incidence ranges from 0.67 cases 
per 100,000 persons in southern Israel!° to 2.0 cases per 100,000 
persons in New Zealand.'! Among countries of similar ethnic- 
ity and geographic proximity, disparities in occurrence are also 


evident. The annual incidence of AIH per 100,000 persons is 0.85 
in Sweden,'* 1.1 in the Netherlands,” 1.68 in Denmark,!* and 
1.9 in Norway.!> The annual incidence of ATH in children ranges 
from 0.23 cases per 100,000 persons in Canada!® to 0.4 cases per 
100,000 persons in the USA.!” The annual incidence per 100,000 
persons has been increasing in Spain (0.83 to 1.07 cases from 1990 
to 2003),!*!? Denmark (1.37 to 2.33 cases from 1994 to 2012),!* 
and the Netherlands (rising trend over a 10-year period),'? in con- 
trast to a stable annual incidence in New Zealand (2.0 between 
2001 and 2007).!! In the USA, AIH affects 100,000 to 200,000 
persons, and it accounts for 2% to 3% of pediatric and 4% to 6% 
of adult liver transplants performed in Europe and the USA.?° 


Prevalence 


The prevalence of AIH ranges from 4.0 cases per 100,000 per- 
sons in Singapore,”! to 42.9 cases per 100,000 persons in the 
native population of Alaska.?? In Europe, the prevalence ranges 
from 10.7 cases per 100,000 persons in Sweden 7’ to 23.9 cases 
per 100,000 persons in Denmark.'* A similar range in preva- 
lence is evident from Australia (8.0 cases per 100,000 persons)** 
and southern Israel (11.0 cases per 100,000 persons)!° to New 
Zealand (24.5 cases per 100,000 persons).!' The prevalence of 
ATH in the non-native children of Canada (2.4 cases per 100,000 
persons) contrasts with that in the native children of Canada (9.9 
cases per 100,000 persons)?” and is similar to the prevalence in 
children of the USA (3.0 cases per 100,000 persons).!” 


Female Predisposition 


ATH mainly affects females, regardless of age or ethnicity.’ 
The female gender predilection in children is evident in the 
USA (66% to 76% are girls),!’?° Canada (60% girls),!° and 
Great Britain (75% girls),’’ and it is similar to that reported in 
adults. The magnitude of the female predisposition has varied 
widely among adults, ranging from 91% to 95% in Alaska’? and 
Southern Israel!’ to 71% to 80% in New Zealand,!! Denmark,!*+ 
Sweden,!” the Netherlands,” the USA, and Norway.!> The 
female-to-male ratio in Singapore is 11:1,?!and it is 3.5:1 in the 
USA.’? In Spain, women have a 5-fold greater annual incidence 
(1.37 cases per 100,000 vs. 0.26 cases per 100,000) and preva- 
lence (19.17 cases per 100,000 vs. 3.66 cases per 100,000) than 
men.!® 


Peak Age of Onset 


Population-based epidemiologic studies have indicated that 
ATH is mainly a disease of mid-to-late life and that its peak age 
of onset varies among countries.” The median age of onset in 
the Netherlands is 43 years in men and 48 years in women.!? 
In Denmark, the peak age of onset is 70 years,!+ and in New 
Zealand, the peak age of onset ranges from 60 to 69 years.!! 
Earlier studies described AIH mainly in young women,’? indi- 
cated a bimodal age distribution between 10 and 30 years and 
40 and 60 years,*! or denoted a peak occurrence that varied by 
gender (late teenage years in males and postmenopausal period 
in females).!” These studies may have been biased by referral pat- 
terns to tertiary medical centers or indicative of a natural history 
that has since changed. 
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Fig. 90.1 Histopathology of interface hepatitis. The limiting plate of 
the portal tract is disrupted by a lymphoplasmacytic infiltrate. This 
histologic pattern is the hallmark of autoimmune hepatitis, but it is not 
disease specific. (H&E, x200.) 
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Fig. 90.2 Histopathology of lymphoplasmacytic infiltration. Plasma 
cells denoted by perinuclear halos are present in the portal tract and 
extend into the liver parenchyma with the interface hepatitis. (H&E, 
x400.) 
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Fig. 90.3 Histopathology of centrilobular zone 3 necrosis with hepa- 
tocyte rosettes. Mononuclear inflammatory cells surround the terminal 
hepatic venule and are distributed diffusely in the hepatic parenchyma. 
The hepatic architecture is disorganized, and hepatocyte rosettes are in 
the perivenular area. (H&E, x100.) 


PATHOPHYSIOLOGY 


AIH is a consequence of perturbations in homeostatic mechanisms 
that maintain immune tolerance of self-antigens (Fig. 90.4).*? 
Genes within the MHC may favor presentation of triggering anti- 
gens that differ among age groups, geographic regions, and ethnic- 
ities, and genetic polymorphisms outside the MHC may influence 
the clinical phenotype and outcome.*? Molecular mimicry between 
foreign and self-antigens,*+?> dysregulated cytokine pathways that 
favor the differentiation and proliferation of liver-infiltrating 
cytotoxic CD8* T lymphocytes,*® deficiencies in the number and 
function of regulatory T cells (Tregs), 7+? and counter-regulatory 
molecules, such as micro-RNAs (miRNAs),*! the programmed 
death-1 (PD-1) protein and its ligands,’-*° soluble CD163,*”: 48 
macrophage migration inhibitory factor,*?°° and B-cell activating 
factor (BAFF)°!»? may contribute to the homeostatic imbalance. 
Apoptosis, mediated mainly by the ligation of Fas ligand (FasL/ 
CD95L) on the surface of activated CD8* T cells with the Fas 
death receptor (CD95/APO-1) on hepatocytes, is the principal 
method of hepatocyte loss,” and reactive oxygen species (ROS) 
generated mainly by Kupffer cells can induce mitochondrial dys- 
function, apoptosis of hepatocytes, activation of hepatic stellate 
cells, and progressive hepatic fibrosis (see Fig. 90.4).>+ 


Genetic Predisposition 


The susceptibility alleles of ATH in white North Americans and 
northern Europeans are DRB1*03:01 and DRB1*04:01.°°°° 
DRB1*04:04 and DRB1*04:05 are the susceptibility alleles in 
Mexican,” Japanese,**°? mainland Chinese,® and Argentinian 
adults,°! and DRB1*04:05 and DQB1*04:01 are the susceptibility 
alleles in South Korea.” The susceptibility alleles on the DRB1 
gene encode the antigen binding groove of the class II molecules 
of the MHC, and they differ mainly by amino acid substitutions 
encoded within this groove.” ATH associated with DRBI alleles 
that encode similar antigen presenting grooves may have trigger- 
ing antigens with shared epitopes. 

DRB1*13:01 is associated with AIH in the children of Argen- 
tina®! and Brazil,°?.“+ and DRB1*13:01 and DRB1*03:01 are the 
susceptibility alleles in Venezuela. DRB1*13:01, DRB1*04:05, 
DQB1*02, and DQB1*06:03 have been implicated as the prin- 
cipal susceptibility alleles in South America by meta-analysis. 
DRB1*13:01 encodes an antigen binding groove on the class II 
MHC molecule that is dissimilar to that encoded by the DRB1*03 
and DRB1*04 alleles, and it may identify individuals in whom the 
disease has different triggering antigens. The genetic predispo- 
sition of a subgroup of patients characterized by antibodies to 
liver/kidney microsome type 1 (anti-LKM1) is DRB1*07,°7- 
and DQB1*02:01, which is in strong linkage disequilibrium with 
DRB1*07 and DRB1*03, has been proposed as the principal 
genetic determinant of this type of AIH.°” 

Multiple polymorphisms outside the MHC have also been 
associated with AIH, and they may influence the occurrence 
and clinical phenotype of the disease.’? These variant alleles have 
not been consistently found in patient cohorts, and their patho- 
genic importance is unknown. Variants of the Scr homology 2 
adaptor protein 3 gene and the caspase recruitment domain fam- 
ily member 10 (CARD10) gene have been described in northern 
European patients by genome-wide association studies and war- 
rant further scrutiny.’! 


Epigenetic Factors 


Epigenetic changes can influence the transcriptional activity of 
genes without altering the sequence of DNA.” They may be 
induced by environmental factors (pollutants, infections, and diet), 
transmitted to progeny, and influence the clinical phenotype.’+” 
MicroRNAs are gene-silencing mechanisms, and the association of 
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Fig. 90.4 Putative pathogenic mechanisms of autoimmune hepatitis. APC activate CD4* helper T cells by 
presenting homologous foreign and self-antigens (molecular mimicry) in the antigen-binding grooves of class 

ll molecules of the MHC. The activated CD4* helper T cells can then differentiate along cytokine pathways 
into liver-infiltrating CD8* cytotoxic T cells, antibody-producing plasma cells, and Th17 lymphocytes (cytokine- 
directed differentiation). The differentiation is directed by interferon-y (IFN-y), TNF-a, interleukin-10 (IL-10), 
transforming growth factor-ßB (TGF-B), and IL-6. The Th17 lymphocytes can inhibit regulatory T cells and limit 
red X) their ability to dampen extrinsic apoptosis. The reactivity of the activated lymphocytes spreads (epitope 
spread) to self-antigens distant from the original antigenic trigger, and the promiscuous activity of the activated 
lymphocytes can increase inflammatory activity. Liver-infiltrating CD8* cytotoxic T cells bearing Fas ligand 
(FasL) can bind with Fas receptors on the surface of hepatocytes, activate caspases, and promote apoptosis 
of liver cells (extrinsic or receptor-mediated apoptosis). Apoptotic bodies can serve as neoantigens and stimu- 
ate the activation of naive CD4* helper T cells in a positive feedback loop (red arrows). The apoptotic bodies 
can also activate Kupffer cells to produce reactive oxygen species (ROS), which in turn can activate hepatic 
stellate cells, promote hepatic fibrosis, alter mitochondrial membrane permeability, and trigger liver cell apop- 
tosis (intrinsic or mitochondrial apoptosis). The apoptotic bodies produced by these mechanisms constitute 
another positive feedback loop (blue arrows) that sustains the immune reactivity. 


miR-22 and miR-122 with serum ALT levels and histologic grades 
of liver inflammation in AIH suggest that the mi-RNAs have dis- 
rupted the transcriptional activities of anti-inflammatory genes or 
de-repressed pro-inflammatory genes.*! Vitamin D activates the 
vitamin D response element in regulatory genes’”’* and may be an 
epigenetic factor that modulates immune, inflammatory, and fibrotic 
responses in AIH.’?*! Epigenetic changes are in early stages of study 
in AIH, but they may help explain the diversity of manifestations of 
the disease and link environmental factors with its occurrence and 
outcome.’+76 


Autoantigens and Molecular Mimicry 


The principal autoantigen of ATH that is targeted by anti-LKM1 
is cytochrome P450 2D6 (CYP2D6).*” Another autoantigen that 


may contribute to the autoreactive response is formiminotrans- 
ferase cyclodeaminase, which is targeted by antibodies to liver 
cytosol type 1 (anti-LC1).*3.*+ Immunization of mice with human 
CYP2D6 and human formiminotransferase cyclodeaminase*? 
or infection with an adenovirus expressing human CYP2D6*° 
induces the histologic features of AIH and the expression of anti- 
LKM1. The majority of patients with AIH lack anti-LKM1 (see 
later), and the principal autoantigen associated with their disease 
is unknown.®*’ Protracted or repeated exposure to foreign peptide 
sequences homologous to self-antigens has induced the loss of 
self-tolerance in animal models,*>*?5*-”° and molecular mimicry 
has been invoked as a mechanism for generating autoantibodies 
and sensitizing CD4* lymphocytes (see Fig. 90.4).?'°? Molecular 
mimicry may also extend the autoreactive response, because less 
dominant sequence homologies within the same self-antigen 
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induce reactivity during the course of the disease (“epitope 
spread”).>> Homologies in peptide sequences have been recog- 
nized between CYP2D6 and HCV,” HSV type 1,”* and CMV.” 

Alterations in the intestinal microbiome (dysbiosis) have been 
described in experimental models” and patients with AIH,” and 
gut-derived lipopolysaccharides have been detected in the sys- 
temic circulation of patients.”’ The translocation of intestinal 
microbial products and activated immune cells through a perme- 
able intestinal mucosal barrier could be another basis for over- 
coming the immune tolerance of self-antigens.”° 


Lymphocyte Differentiation and Hepatocyte Loss 


Activated CD4* T lymphocytes differentiate along cytokine- 
mediated pathways into liver-infiltrating CD8* cytotoxic T cells, 
B lymphocytes, plasma cells, and T helper 17 (Th17) lymphocytes 
(see Fig. 90.4). The liver-infiltrating CD8* cytotoxic lympho- 
cytes induce the apoptosis of hepatocytes by the ligation of FasL 
with the apoptosis death receptor on hepatocytes (extrinsic apop- 
tosis).°* The B lymphocytes and plasma cells modulate autoanti- 
body production,” and the Th17 cells sustain and intensify the 
inflammatory activity by producing the pro-inflammatory inter- 
leukin (IL) 17, inducing IL-6 production, promoting proliferation 
of Th17 cells, and suppressing the function of Tregs.!°.!0! The 
phagocytosis of apoptotic bodies by Kupffer cells generates ROS, 
which induce mitochondrial dysfunction, caspase activation, and 
the apoptosis of hepatocytes (intrinsic apoptosis).>?°+ Hepatic 
stellate cells transform into myofibroblasts, the extracellular 
matrix expands, and hepatic fibrosis develops.!°* The destructive 
inflammatory process can be sustained by self-amplification loops 
that generate apoptotic bodies that serve as neoantigens (see Fig. 
90.4).1%-105 ‘The principal regulatory defect that may sustain the 
immune reactivity is uncertain. A reduction in the number and 
function of Tregs has been proposed?’ but not confirmed. !°° 


CLINICAL FEATURES 
Symptoms and Physical Findings 


ATH may be asymptomatic,!°7-! cause chronic nonspecific 
symptoms (fatigue, malaise, arthralgias, or amenorrhea),?0-110,111 
or present with an abrupt onset of symptoms, including jaun- 
dice.!1%114 An acute severe (fulminant) presentation, defined 
by the onset of hepatic encephalopathy within 26 weeks of the 
discovery of the disease,’ occurs in 3% to 6% of British'!> and 
American‘ patients. Ready fatigability is the chief complaint in 
86% of individuals. Pruritus and hyperpigmentation are chole- 
static symptoms that reduce the likelihood of the diagnosis.!!¢ 

Quality of life, as assessed by a health-related quality of life 
questionnaire, is commonly decreased in patients with ATH, and 
symptoms of fatigue, depression, and anxiety are significantly 
more common than in the general population.!!” Depression 
and anxiety have been associated mainly with a patient’s concern 
about disease progression, and targeted counselling may be nec- 
essary. Persistence or emergence of these symptoms may affect 
outcome by reducing a patient’s compliance with treatment.!!® 
Physiologic stress has been associated with relapse of AIH,!!? 
possibly by increasing the production of pro-inflammatory cyto- 
kines, 120,121 

At least 25% of adults with ATH have a normal physi- 
cal examination. Hepatomegaly is the most common physi- 
cal finding, and splenomegaly may be present. Concurrent 
extrahepatic immune-mediated diseases are recognized in 
14% to 44% of patients,!’?-!26 and the associated autoim- 
mune disease may mask asymptomatic subclinical ATH.!0?)!7¢ 
Autoimmune thyroiditis, Graves disease, and RA are the most 
common concurrent conditions, and celiac disease is present 
in 2% to 4% of cases.!*’-!?° Patients with multiple endocrine 


organ failure, mucocutaneous candidiasis, and ectodermal 
dystrophy have autoimmune polyendocrinopathy-candidiasis- 
ectodermal dystrophy, and 10% to 15% of affected patients 
also have AIH.!?° 


Laboratory Findings 


Serum AST, ALT, and y-globulin elevations reflect the severity 
of liver inflammation and are the predominant laboratory fea- 
tures of AIH.'*! An increased serum immunoglobulin G (IgG) 
level is a laboratory hallmark of the disease, whereas serum IgM 
and IgA levels are normal or near-normal.'*’ Hyperbilirubinemia 
is present in 83% of patients, but the serum bilirubin level is 
typically less than 3-fold the upper limit of normal (ULN).'*? 
Similarly, the serum alkaline phosphatase level is commonly 
increased (81%), but elevations are less than 2-fold ULN in 67% 
of patients. A serum alkaline phosphatase level exceeding 4-fold 
ULN is infrequent and challenges the diagnosis of AIH.'*> The 
serum GGTP level can be increased, and its improvement during 
glucocorticoid therapy is an independent predictor of treatment 
response. 110,134,135 

Hyperferritinemia is commonly present in conjunction with 
other disturbances in iron homeostasis, including a high serum 
iron concentration and increased transferrin saturation.!>° The 
association of hyperferritinemia and a serum immunoglobulin G 
level of less than 2-fold ULN has been associated with a complete 
laboratory response during treatment, and hyperferritinemia is 
being evaluated as a prognostic biomarker.!*° 

Low serum vitamin D levels are present in 51% to 92% of 
patients with non-cholestatic chronic liver disease!*’-!#9 and 81% 
of patients with AIH.*! The decrease in circulating 25-hydroxyvi- 
tamin D levels probably reflect impaired hepatic conversion of 
vitamin D3 to its hydroxylated form by the liver. The serum vita- 
min D level is also emerging as a prognostic biomarker associated 
with treatment failure, progression to cirrhosis, and increased 
frequency of death from liver failure or need for LT.!*! The 
serum 25-hydroxyvitamin D level should be assessed at presenta- 
tion and deficient levels supplemented and monitored. 


Serology 


The conventional autoantibodies for the diagnosis of AIH are 
ANA, smooth muscle antibodies (SMA), and anti-LKM1 (Table 
90.1).2%110.142 The presence of both SMA and ANA by indirect 
immunofluorescence (IIF) has a sensitivity of 43%, specificity of 
99%, and diagnostic accuracy of 74%.! Anti-LKM1 are usually 
detected in the absence of SMA and ANA. They have a specific- 
ity of 99% and diagnostic accuracy of 57%.!® Anti-LKMI1 are 
present in only 1% to 4% of North American adults with ATH,*’ 
and most North American patients with ATH have ANA, SMA, 
or both.!® Autoantibodies are clues to the diagnosis of AIH, but 
they do not establish its presence. 

SMA, ANA, and anti-LKM1 can be detected by HF using 
rodent tissues or Hep-2 cell lines or by enzyme immunoassay 
(ELISA) using adsorbed recombinant or highly purified anti- 
gens.'*+ IIF has been the preferred method for diagnosing AIH 
because the recombinant antigens used in ELISAs may not be 
the same antigens detected by IIF.'*+ Other serologic markers 
of AIH are atypical perinuclear anti-neutrophil cytoplasmic anti- 
bodies (pANCA), antibodies to soluble liver antigen (anti-SLA), 
antibodies to actin (anti-actin), and anti-LC1 (Table 90.1).145:146 

Atypical pANCA are common in AIH, PSC, and UC.!45-148 
They are directed against antigens within the nucleus rather 
than the cytoplasm of granulocytes, and reactivity localizes to the 
proteins within the lamina of the nucleus.'*? The principal anti- 
gen targeted by atypical pANCA is f-tubulin isotype 5, which 
has homology with an evolutionary bacterial precursor protein 
that may link the reactivity to the intestinal microbiome.?*!*° 


TABLE 90.1 Serologic Markers of Autoimmune Hepatitis 


Autoantibodies Antigenic Target 
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Features 


ANA Multiple nuclear antigens 


SMA Actin (F and G) 
Non-actin components (14%) 


Anti-LKM1 


Anti-SLA 


synthase (SEPSECS) 


Atypical pANCA B-tubulin isotype 5 


Anti-actin Actin (F and G) 


Anti-LC1 Formiminotransferase cyclodeaminase 


CYP2D6 (main epitope, 193-212 amino acid sequence) 


Transfer ribonucleoprotein (tRNP&2s¢c); renamed Sep 
[O-phosphoserine] tRNA::NA::NA:selenocysttRNA 


Present in 80% of patients with type 1 AIH 
Concurrent with SMA in 43% of patients with type 1 AIH 
Diagnostic accuracy is 56% as sole marker 


Present in 63% of patients with type 1 AIH 
Diagnostic accuracy is 61% as sole marker 
Diagnostic accuracy is 74% if ANA present 


Hallmark of type 2 AIH 

ANA and SMA usually absent 

Concurrent with anti-LC1 in 32% of patients with AIH 
Mainly present in children 

Associated with HLA DRB1*07 


High diagnostic specificity for AIH (99%) 
Associated with HLA DRB1*0301 

Commonly concurrent with anti-Ro/SSA (96%) 
Associated with severe disease and relapse 
May be sole marker of AIH 


Present in 50%-92% of patients with type 1 AIH 
Absent in type 2 AIH 

Associated with PSC and UC 

May be the sole marker of AIH 

May be the result of gut-derived reactivity 


Present in 86% of SMA-positive patients with AIH 
Does not detect non-actin-associated SMA 
Concurrence with anti-a-actinin is associated with severe disease 


Frequently concurrent with anti-LKM1 (32%) 

Mainly present in young patients (age < 20 yr) 
Associated with same clinical phenotype as anti-LKM1 
Rare in North American patients 


AIH, Autoimmune hepatitis; anti-LC7, antibodies to liver cytosol type 1; anti-LKM1, antibodies to liver/kidney microsome type 1; anti-SLA, antibodies to 
soluble liver antigen; CYP2D6, cytochrome P450 2D6; pANCA, perinuclear anti-neutrophil cytoplasmic antibodies; Ro/SSA, ribonucleoprotein/Sjégren 


syndrome A protein; SMA, smooth muscle antibodies. 


Assessments for atypical pANCA have been useful in diagnosing 
patients who lack the conventional autoantibodies.?5! 

Antibodies to SLA are directed against a transfer ribonucleo- 
protein (tRNPs«*) involved in the transport of selenocyste- 
ine,!*? and this antigenic target has been named SEPSECS (Sep 
[O-phosphoserine] tRNA:Sec [selenocysteine] tRNA synthase) 
(see Table 90.1).!°3-!>Anti-SLA are closely associated with HLA 
DRB1*03, and patients with anti-SLA frequently have severe dis- 
ease and relapse after drug withdrawal.'°®!>’Anti-SLA are pres- 
ent in 15% of patients with ATH in the USA,!*® and they almost 
invariably co-exist with antibodies to ribonucleoprotein/Sjégren 
syndrome A antigen.!°:!6° Anti-SLA may be the sole serologic 
marker of ATH at presentation. 16! 

Anti-actin by ELISA have high sensitivity (74%) and specific- 
ity (98%) for AIH, but SMA by IF have reactivity to actin and 
non-actin substrates, which may increase their positive predic- 
tive value (see Table 90.1).16-164 Fourteen percent of patients 
with ATH and SMA lack anti-actin.!© An investigational assay 
assessing reactivity against actin and a-actinin, a component of 
the actin molecule,!® may characterize patients with severe AIH 
and poor outcome. 166-167 

Anti-LC1 target formiminotransferase cyclodeaminase, 
and the recombinant human antigen has been used in a murine 
model of experimental ATH (see Table 90.1).°° Anti-LC1 are 
commonly detected in patients with anti-LKM1 but may also be 
the sole serologic marker of AIH.!°* Patients with anti-LC1 typi- 
cally are young at disease onset (mean age, 8 years; range, 2 to 26 
years),'°’ frequently have concurrent immune diseases (vitiligo, 
diabetes mellitus, SLE),!°* have serum ALT levels at presentation 
that range from 6- to 33-fold the ULN,!°* and commonly prog- 
ress to cirrhosis within 3 years.!°*!’° The clinical phenotype is 


83,84 


indistinguishable from patients who express only anti-LKM1.'°* 
Antibodies to LC1 are rarely found in North American adult 
patients with ATH.!7! 


Histology 


Interface hepatitis is required for the diagnosis of AIH, but this 
histologic finding lacks disease-specificity (see Fig. 90.1).201!0172 
Virus-related, drug-induced, hereditary, and metabolic causes of 
liver injury must be excluded.!’? Lymphocytic or lymphoplasma- 
cytic inflammation, hepatocyte rosetting, emperipolesis (penetra- 
tion of one cell into and through a larger cell), and hepatocyte 
swelling are other common findings.!”*:!’+ Panacinar hepati- 
tis can be seen during an acute onset or relapse after treatment 
withdrawal.!73-!’> Bridging necrosis and multi-acinar necrosis are 
indicative of severe inflammatory activity.!” 

Plasma cells can be abundant at the interface and throughout 
the acinus, but only 66% of patients with ATH have plasma cells 
in groups or sheets in the portal tract (see Fig. 90.2).!”° The pres- 
ence of plasma cells in conjunction with moderate to severe inter- 
face hepatitis has a specificity of 81% and positive predictability 
of 68% for AIH.!”° Lymphoid aggregates surround and infiltrate 
bile ducts in 7% to 9% of liver biopsy specimens, and the bile 
duct changes do not preclude the diagnosis. 177-180 

Centrilobular necrosis is found in 29% of patients with AIH 
and occurs with similar frequency in patients with and without 
cirrhosis (see Fig. 90.3).’ Interface hepatitis, lymphoplasmacytic 
infiltration, and hepatocyte rosettes may co-exist with centrilob- 
ular necrosis in patients with an acute presentation.?)7:!!3,181,182 
The histologic features of acute severe (fulminant) ATH include 
centrilobular necrosis with hemorrhage, severe interface 
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hepatitis, lymphoplasmacytic infiltration around the central vein 
with hepatocyte drop-out or necrosis (“centrilobular perivenuli- 
tis”), lymphoid aggregates (in 50%), and plasma cell infiltration 
(in 90%).4 

Cirrhosis is present in 28% to 33% of patients at presenta- 
tion!?.!08,183-185 and is more common in patients 60 years of age 
or older than in younger adults 30 years of age or younger (33% 
vs. 10%, P = 0.03).!?* These findings suggest that early-stage AIH 
is underdiagnosed in older adults. 


Emerging Biomarkers 


Investigative efforts have been ongoing to refine and individual- 
ize management strategies by identifying quantifiable biological 
features (enzymes, gene products, metabolites, cell surface mark- 
ers, cytokines, or antibodies) that can secure a diagnosis (diagnos- 
tic biomarkers), reflect the risk or severity of disease (predictive 
biomarkers), project disease outcome (prognostic biomarkers), or 
indicate treatment response (therapeutic biomarkers).'*! Serum 
levels of ferritin, vitamin D, and angiotensin converting enzyme 
are being evaluated as prognostic biomarkers,*!:!3%!8° and circu- 
lating levels of miR-21 and miR-122, PD-1 and its ligands (PD- 
L1 and PD-L2), macrophage migration inhibitory factor, soluble 
CD163, and BAFF are being assessed as therapeutic biomark- 
ers.!+! Patterns of metabolites in blood or urine (metabolomic 
profiling) promise to reflect metabolic changes that can charac- 
terize predominant pathogenic mechanisms and inflammatory 
activity.!°7-!°° The next generation biomarkers have the poten- 
tial to individualize management algorithms, secure endpoints of 
therapy that reduce the frequency of relapse or unnecessarily pro- 
tracted therapy, and identify pivotal pathogenic mechanisms that 
can be targeted by pharmacologic and molecular interventions. 


DIAGNOSIS AND CLASSIFICATION 


The definite diagnosis of AIH requires the presence of ANA, 
SMA, or anti-LKM1 alone or in various combinations, hyper- 
gammaglobulinemia manifested mainly as an increased serum 
IgG level, histologic features of interface hepatitis, and exclusion 
of other similar diseases.2°!!0:!16.!72 A probable diagnosis is justi- 
fied when findings are compatible with ATH but insufficient for 
a definite diagnosis.'!° Patients who lack conventional autoanti- 
bodies but who have atypical pANCA or antibodies to SLA, actin, 
or LC1 are classified as having probable disease.!!° 

Liver tissue examination is essential in establishing the diagno- 
sis of ATH?9.!!9.!72 because the clinical, laboratory, and serologic 
features of AIH can be mimicked by other diseases, especially 
NAFLD"! and drug-induced liver disease.!’*;!?? Furthermore, 
variant syndromes of AIH with overlapping features of PBC or 
PSC (see later) can be discovered by liver tissue examination and 
require adjunctive therapies.!°*!’° Liver stiffness measured by 
transient elastography (see Chapters 73 and 80) correlates with 
histologic grades of inflammatory activity rather than fibrotic 
stage in untreated patients at presentation.!”” Transient elasto- 
graphy does not become an accurate assessment of cirrhosis until 
glucocorticoid treatment has been administered for 6 months or 
longer.!°” 


Scoring Systems 


The comprehensive scoring system proposed by the International 
Autoimmune Hepatitis Group accommodates the diverse mani- 
festations of ATH and renders an aggregate score that reflects 
the net strength of the diagnosis before and after glucocorticoid 
treatment (Table 90.2).!!° This comprehensive scoring system 
was developed to ensure the comparability of study popula- 
tions in clinical trials, and it provides a template for systemati- 
cally assessing all features of the disease. The comprehensive 


scoring system performs better than a simplified scoring system 
in diagnosing acute-onset AIH (91% vs. 40%)" and acute severe 
(fulminant) AIH (40% vs. 24%).?°! The comprehensive scoring 
system should not be used to diagnose variant syndromes.!”* 

A simplified scoring system has been developed to ease clini- 
cal application and is based on 4 clinical components that include 
the presence and level of autoantibody expression by IF, serum 
IgG concentration, histologic features, and viral markers (Table 
90.3).!2 ‘The original scoring system has greater sensitivity for 
the diagnosis of AIH than the simplified system (100% vs. 95%), 
but the simplified system has greater specificity (90% vs. 73%) 
and accuracy (92% vs. 82%).?01-204 

The scoring systems have not been validated by prospective 
clinical trials, and the diagnosis by score should never override 
clinical judgment. Each system renders scores for a “definite” 
or “probable” diagnosis of AIH. The designations of “definite” 
and “probable” ATH are arbitrary, and patients with a probable 
diagnosis typically have valid disease but with less pronounced 
inflammatory changes.” The scoring systems are based on anti- 
body determinations by IIF and do not accommodate antibody 
determinations by ELISA.!*+ 


Types 


Two types of AIH have distinctive serologic profiles.?°° The 
terms are useful as clinical descriptors and as designations in 
research studies to ensure homogeneous populations. The des- 
ignations do not indicate diseases of different cause, severity, or 
outcome, and each type is managed similarly. Elimination of the 
designations has been proposed in adults.2° 


Type 1 


Type 1 AIH is characterized by the presence of SMA, ANA, or 
both.?°!!0!72 Atypical pANCA are found in as many as 90% of 
patients with type 1 ATH (often in high titer)!*” and are absent in 
type 2 AIH.?°* Type 1 ATH has been described in patients rang- 
ing in age from 1 year?°” to 90 years,”!° and the female-to-male 
ratio is 3.5:1 in the USA.??%? Autoimmune thyroiditis (in 12% 
of cases) Graves disease (in 6% of cases), UC (in 6% of cases), 
RA, pernicious anemia, systemic sclerosis, Coombs-positive 
hemolytic anemia, celiac disease, autoimmune thrombocytopenic 
purpura, symptomatic cryoglobulinemia, leukocytoclastic vascu- 
litis, nephritis, erythema nodosum, SLE, or fibrosing alveolitis 
can occur singly or multiply in patients with type 1 ATH.!??-17426 
Patients with AIH who are 60 years of age and older have thyroid 
and rheumatic diseases more commonly than young adults with 
AIH 30 years of age and younger (42% vs. 13%), whereas young 
adults with AIH have UC and autoimmune hemolysis more fre- 
quently than patients who are 60 years of age and older (13% vs. 
0%). 122,20 

MRCP or ERCP is warranted to exclude PSC in all patients 
who have concurrent IBD or prominent features of cholesta- 
sis (serum alkaline phosphatase level =2-fold ULN or serum 
GGTP level 25-fold ULN), especially if the features do not 
improve during glucocorticoid therapy.!”>!°° Type 1 AIH is 
associated with an abrupt onset of symptoms (fatigue, arthral- 
gia, fever, or jaundice) in 25% to 75% of cases!!*?!? and may 
present as an acute severe (fulminant) hepatitis in 3% to 6%. 
‘The frequency of an acute severe presentation in Japan is 7% to 
16% 213-216 


Type 2 


Type 2 AIH is characterized by the presence of anti-LKM1.*!’ 
Anti-LC1 and antibodies to liver kidney microsome type 3 can 
also denote type 2 AIH.?!8219 Most patients with type 2 AIH are 
children (2 to 14 years of age),’!’ and 14% to 38% of children 


TABLE 90.2 Revised Original Scoring System for the Diagnosis of 


Autoimmune Hepatitis 
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TABLE 90.3 Simplified Scoring System for the Diagnosis of 
Autoimmune Hepatitis 


Category Variable Score Category Variable Score 
Gender Female +2 AUTOANTIBODIES* 
AP/AST 3) 2) ANA or SMA 1:40 +1 
<1.5 42 21:80 T2 
Gamma globulin or IgG level >2.0 x ULN +3 Anti-LKM1 21:40 +2 
1.5-2.0 x ULN 19) Anti-SLA Positive 42 
1.0-1.5x ULN +1 IMMUNOGLOBULIN LEVEL 
<1.0x ULN 0 Immunoglobulin G >1 x ULN +1 
ANA, SMA, or anti-LKM1 titer >1:80 +3 ZEN 12 
1:80 DB HISTOLOGIC FINDINGS 
4:40 fa Morphologic features Compatible with AIH +1 
; Typical of AIH 42 
<1:40 (0) 
e VIRAL DISEASE 
AMA Positive —4 . a ; 
Absence of viral hepatitis No viral markers +2 
Viral markers Positive -3 
PRETREATMENT AGGREGATE SCORE 
Negauve a Definite diagnosis 27 
Drúgihistory Yes z Probable diagnosis 6 
He ea *Autoantibody titers as determined by indirect immunofluorescence. 
Alcohol consumption <25 g daily +2 AIH, autoimmune hepatitis; anti-LKM7, antibodies to liver/kidney 
>60 g daily =) microsome type 1; anti-SLA, antibodies to soluble liver antigen; SMA, 
smooth muscle antibodies; ULN, upper limit of normal. 
HLA DR3 or DR4 +1 Adapted from Hennes EM, Zeniya M, Czaja Au, et al. Simplified criteria for 
Concurrent immune disease Thyroiditis, UC, synovitis, 42 the diagnosis of autoimmune hepatitis. Hepatology 2008;48:169-76. 
others Used with permission of John Wiley & Sons. 
Other liver-defined Anti-SLA, anti-actin, anti- +2 
autoantibodies LC1, atypical pANCA 
Histologic features Interface hepatitis 26 vitiligo, and type 1 diabetes mellitus.!?7!7 An acute or fulminant 
Plasmacytic infiltrate pe presentation is also possible.’ 
Rosettes +1 
None of above -5 Presentations 
Biliary changes =) Asymptomatic 
Other features =) one . 
AIH can be asymptomatic in 29% to 45% of patients.!07-10° 
Treatment response Complete +2 Histologic findings of moderate to severe interface hepatitis (91% 
Relapse +3 vs. 95%) and fibrosis (41% vs. 44%) are similar in asymptomatic 
ARS EAE Gaon and symptomatic patients. From 26% to 70% of asymptomatic 
Bina patients become symptomatic. !07:!08 Asymptomatic patients have 
Definite diagnosis zls ae > > 
. - lower serum ALT and bilirubin levels at presentation than symp- 
Probable diagnosis 10-15 tomatic patients, lower histologic grades, and greater frequencies 
POST-TREATMENT SCORE of concurrent autoimmune thyroid (27% vs. 13%) and skin (9% 
Definite diagnosis >17 vs. 2%) diseases.!°? Disease progression and treatment responses 
ENEE 49-17 are similar between asymptomatic and symptomatic patients, and 


Anti-LC7, Antibodies to liver cytosol type 1; anti-LKM7, antibodies to 


liver/kidney microsome type 1; anti-SLA, antibodies to soluble liver 


antigen; AP/AST (or AP/ALT), ratio of serum alkaline phosphatase 
level to serum AST (or serum ALT) level; /gG, immunoglobulin G; 
PANCA, perinuclear antineutrophil cytoplasmic antibodies; SMA, 


smooth muscle antibodies; ULN, upper limit of normal. 

Adapted from Alvarez F, Berg PA, Bianchi FB, et al. International Autoim- 
mune Hepatitis Group report: review of criteria for diagnosis of autoim- 
mune hepatitis. J Hepatol 1999;31:929-38. Used with permission from 
Elsevier. 


with AIH in Great Britain have anti-LKM1.’’”?° In Europe, 
especially in Germany and France, 20% of adults with AIH have 
anti-LKM1,?!’ whereas in the USA, only 4% of patients older 
than 18 years have anti-LKM1.°’ Concurrent autoimmune dis- 
eases are present in 18% and include autoimmune thyroiditis, 


therapy is warranted.! 

Asymptomatic patients can improve without treatment, but 
spontaneous improvement is unpredictable, usually incomplete, 
and slow to evolve.’*! Progression to cirrhosis and liver failure 
are possible, and the 10-year survival of untreated asymptomatic 
patients with mild ATH is less than that of treated patients with 
severe symptomatic AIH (67% vs. 98%).7! Inflammatory activ- 
ity can fluctuate spontaneously, and treatment is preferred over 
observation in patients with active disease.?°!07!107! Patients 
who present with autoimmune thyroid or skin disease should be 
assessed for asymptomatic subclinical ATH.!°” 


Acute or Acute Severe (Fulminant) 


AIH can have an acute or an acute severe (fulminant) presentation 
that can be mistaken for a viral or drug-induced hepatitis.?5:222-22 

The acute presentation may reflect a spontaneous flare of preex- 
isting chronic disease, an abrupt onset of new disease, chronic 
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disease with a superimposed infection or toxic injury (“acute-on- 
chronic disease”), or an acute disease that follows previous viral 
infection or treatment with immune-modifying drugs.’ 

The acute severe presentation is characterized by marked serum 
AST and ALT elevations, hepatic encephalopathy, and histologic 
changes that commonly include centrilobular necrosis with hem- 
orrhage, lymphoid follicles, and plasma cell infiltration.* Interface 
hepatitis is present in 78% of patients with centrilobular necrosis,” 
but the histologic changes of acute severe hepatitis are mainly in 
the centrilobular (not periportal) area.+ Difficulties in diagnosis 
relate mainly to the frequency with which typical laboratory find- 
ings are absent. The serum IgG level is normal in 25% to 39% of 
patients, and ANA are absent or weakly positive (titers <1:40) in 
29% to 39%.?13:215:225 The decision to obtain liver tissue by the 
transjugular route must be guided by clinical judgment.??> The 
international comprehensive scoring systems can support the clini- 
cal diagnosis in difficult cases.°70°! 

CT or MRI of the liver in patients with an acute presentation 
may show ascites, splenomegaly, and surface nodularity character- 
istic of advanced fibrosis and preexisting chronic liver disease.’*° 
Furthermore, a heterogeneous reduction in hepatic attenuation 
on unenhanced CT may indicate acute severe AIH.??7:?28 Hetero- 
geneous hypoattenuated areas within the liver are present in 65% 
of patients with ALF associated with AIH and only 5% of patients 
with virus-induced ALF.??8 

Prednisone or prednisolone alone, 0.5-1 mg/kg daily in adults 
and up to 2 mg/kg in children, has been effective in at least 20% 
of patients. Glucocorticoid therapy has not been associated with 
improved overall survival, and survival rates have been lower in 
treated patients with MELD scores greater than 40. The key to 
success is to abandon ineffective treatment quickly (within 1-2 
weeks depending on the patient’s clinical status and treatment 
response) and to proceed to LT. Patients with moderate-to-severe 
hepatic encephalopathy are probably best managed by LT.228*728> 


Autoantibody-Negative 


Thirteen percent of adults with chronic hepatitis of undetermined 
cause satisfy international criteria for the diagnosis of ATH but 
lack ANA, SMA, and anti-LKM1.???> Autoantibody-negative 
patients are similar in age, gender, frequency of concurrent 
immunologic diseases, histologic features, and laboratory find- 
ings to patients with classic ATH.????3?733 Furthermore, they 
have HLA phenotypes and responses to glucocorticoid treatment 
that are indistinguishable from those of autoantibody-positive 
patients.??”?3! The autoantibodies may be other than those in the 
conventional testing battery, suppressed, or delayed in expression. 
Serologic evaluation for atypical pANCA and anti-SLA can 
support the diagnosis of AIH in 15% to 20% of cases,!°*73? and 
anti-LC1 may be another isolated marker of the disease.!°° IgA 
antibodies to tissue transglutaminase or endomysium may indi- 
cate a celiac disease-related liver disease that resembles AIH,?*+7> 
and follow-up assessments may document the late appearance of 
conventional autoantibodies in some seronegative patients.?*° 
‘The comprehensive scoring system (see Table 90.2) can be useful 
in supporting a diagnosis of AIH before and after glucocorticoid 
therapy, and improvement has occurred in 67% to 87% of sero- 
negative patients during a well-monitored treatment trial.” 


Drug-Related 


Nine percent of patients diagnosed with AIH have DILI (see 
Chapter 88), and this possibility should be excluded in all patients 
at presentation.!”” Minocycline and nitrofurantoin are the princi- 
pal drugs in current practice that can induce an acute idiosyncratic 
liver injury that resembles AIH, and these drugs account for 90% 
of cases. !°%?37 Most patients with drug-induced autoimmune-like 
hepatitis are women (80% to 90%); jaundice develops in 69%; 
the age at presentation is 65 years of age or older in 18%; an acute 


onset is typical (median onset from drug exposure, 42 days; range, 
20 to 117 days); and features of hypersensitivity (fever, rash, and 
eosinophilia) are present in 15% to 20%.!” Histologic features 
include interface hepatitis with portal and periportal lympho- 
cytes, plasma cells, and eosinophils.!’+ Findings that especially 
favor drug-induced injury are portal neutrophils and intercellular 
cholestasis, whereas portal and intra-acinar plasma cells, hepato- 
cyte rosettes, and emperipolesis (see earlier) favor classic AIH.!”+ 
Hepatic fibrosis may be present, but cirrhosis is rare.!97!%3 

Keys to the diagnosis of drug-related AIH are the interval 
between the drug exposure and onset of disease and the disease 
behavior after drug withdrawal. Drug-induced autoimmune-like 
hepatitis typically resolves after discontinuation of the drug, whereas 
classic AIH persists.!°”:!°> Glucocorticoids are commonly adminis- 
tered after drug withdrawal because the diagnosis is uncertain and 
the severity of the disease precludes observation alone. !°>!% Patients 
with classic AIH often relapse after laboratory resolution and gluco- 
corticoid withdrawal (50% to 87% of cases),”>*3? whereas patients 
with drug-induced disease do not.!?”!%3 Recurrent disease does not 
exclude the possibility that drug exposure converted a preexisting 
“latent” ATH into a fully expressed classic phenotype.*”” 


Cholestatic 


Mild cholestatic laboratory or histologic changes within the con- 
text of otherwise typical ATH justify consideration of alternative 
diagnoses, but they do not discount the possibility of AIH. Serum 
alkaline phosphatase and GGTP elevations are common in AIH, 
albeit serum abnormalities are typically mild and responsive to glu- 
cocorticoid treatment.!*?-!35 AMA are present in as many as 18% of 
patients with AIH,**! and they have been monitored in patients for 
as long as 27 years without evolving into PBC.?* Similarly, isolated 
histologic features of bile duct injury in the presence of typical his- 
tologic findings of AIH may be transient and fail to affect treatment 
response or long-term outcome.!/7!’9-!*° Furthermore, the param- 
eters for cholestasis established for white North American and 
northern European patients with AIH may not apply to patients 
with AIH from other geographical regions and ethnic back- 
grounds.®?43-246 Alternatively, laboratory and histologic changes of 
a cholestatic syndrome within the predominant phenotype of AIH 
may indicate a variant, or “overlap,” syndrome. !?°16!95 


Variant (“Overlap”) Syndromes 


Patients with AIH who have cholestatic laboratory findings and his- 
tologic features of bile injury or loss constitute the variant (“over- 
lap”) syndromes of AIH, which lack an official designation and a 
rigorously established treatment strategy (Table 90.4).194195,197,198 
The International Autoimmune Hepatitis Group has proposed 
that patients with AIH and cholestatic manifestations be classified 
by their predominant diagnosis and not by their overlapping fea- 
tures.!°+ By this categorization, patients with AIH and cholestatic 
features constitute variant phenotypes of the classic disease rather 
than the concurrence of different diseases. Liver tissue examina- 
tion is the principal diagnostic instrument,?°?’+” and the diagnos- 
tic scoring systems for AIH, which perform poorly in the variant 
syndromes, should be avoided. 194,203,247 


Autoimmune Hepatitis with AMA and Bile Duct Injury or 
Loss 


Patients with ATH may have AMA!374148 and histologic fea- 
tures of bile duct injury or loss (see Table 90.4).’#? The frequency 
of this syndrome is 2% in cohorts of ATH and 19% in cohorts 
of PBC.!9°75°5! Diagnosis requires the presence of moderate to 
severe interface hepatitis, at least one other feature of ATH, and 
at least 2 of 3 features of PBC.!°+°? The additional required fea- 
ture of AIH is a serum ALT level at least 5 times the ULN, IgG 
level at least twice the ULN, or positive test for SMA. The PBC 
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TABLE 90.4 Diagnostic Criteria and Therapies for Variant (“Overlap”) Syndromes of Autoimmune Hepatitis 


AIH Variants Diagnostic Criteria 


Empiric Treatment Regimens 


AIH with AMA and bile 
duct injury or loss 
similar to PBC 


AIH components: 
Interface hepatitis plus 1 of 2 features: 
ALT = 5 x ULN 
IgG = 2 x ULN or SMA present 

PBC components (2 of 3 features): 
Alk phos > 2 x ULN or GGTP = 5 x ULN 
AMA present 
Florid duct lesions 


AIH with cholangiographic Typical AIH features 
changes of PSC AMA absent 
Focal bile duct strictures and dilations by 
cholangiography 


Bile duct loss or damage, portal edema, and fibrous 


obliterative cholangitis possible on histologic 
examination 


AIH with unexplained 
cholestatic features 


Typical AIH features 

AMA absent 

Normal cholangiography 

Bile duct injury or loss on histologic examination 
Probably small-duct PSC or AMA-negative PBC 


Combination therapy (endorsed by the EASL): 
Prednisone or prednisolone (80 mg daily tapered to 10 mg daily) and 
azathioprine (50 mg daily) plus UDCA (13-15 mg/kg daily) 
Individualized empiric therapies: 
Budesonide (9 mg daily) and azathioprine (60 mg daily) plus UDCA 
(13-15 mg/kg daily) 
Budesonide (6 mg daily) plus UDCA (10-15 mg/kg daily) 
Cyclosporine (3 mg/kg daily) 
Mycophenolate mofetil (1-3 g daily) 
UDCA only (13-15 mg/kg daily) 
Prednisone (10 mg daily) plus azathioprine (60 mg daily) 


Combination therapy (endorsed by the EASL, AASLD): 
UDCA (13-15 mg/kg daily) and prednisone or prednisolone (0.5 mg/kg 
daily tapered to 10-15 mg daily) plus azathioprine (60-75 mg daily) 
Avoid high-dose UDCA (28-30 mg/kg daily) 
Individualized empiric therapies: 
Prednisolone (20-80 mg daily, tapered to 7.5-10- mg daily) plus 
azathioprine (75-150 mg daily) 


Individualized empiric therapies: 
Prednisone or prednisolone (10 mg daily) and azathioprine (60 mg 
daily) plus UDCA (13-15 mg/kg daily) 
Prednisone or prednisolone (10 mg daily) plus azathioprine (50 mg 
daily) 
UDCA (13-15 mg/kg daily) 
Caveats: 
No regimens have been endorsed 
Treatment must be modified according to response 


AIH, autoimmune hepatitis; alk phos, serum alkaline phosphatase level; ASC, autoimmune sclerosing cholangitis; EASL, European Association for the 
Study of the Liver; IgG, immunoglobulin G; SMA, smooth muscle antibodies; ULN, upper limit of normal. 


component must have 2 of the following features: serum alkaline 
phosphatase level at least twice the ULN or GGTP level at least 
5 times the ULN, positive test for AMA, or histologic findings 
of destructive cholangitis (florid duct lesion) (see Chapter 91).74? 
The sensitivity and specificity of these criteria for the variant syn- 
drome of AIH with PBC features are 92% and 97%, respectively, 
using clinical judgment as the gold standard.*>? 

‘The recommended treatment of patients who satisfy these cri- 
teria is UDCA (13 to 15 mg/kg daily) in combination with glu- 
cocorticoids.!95.19.294,255 "This combination regimen has induced 
laboratory resolution (67% vs. 27%) and prevented progressive 
hepatic fibrosis (100% vs. 50%) more commonly than low-dose 
UDCA or prednisone alone.”** The 5-year liver transplant-free 
survival rate has been 100%, and the 10-year survival rate has 
been 92%.?°? Budesonide has been used in selected cases as an 
alternative to prednisone with limited efficacy (see later).”°° 

Patients who have AIH and less severe cholestatic features 
may fail to satisfy the promulgated criteria for the variant syn- 
drome,!°*5? and they commonly respond to standard glucocor- 
ticoid therapy.?°”>! Biochemical remission is achieved in 75%, 
and death from liver failure or the need for LT occurs in 8%.?°° 


Autoimmune Hepatitis with Cholangiographic Changes of 
PSU 


Patients with AIH may have focal bile duct strictures and dilata- 
tions by cholangiography that are typical of PSC, and patients 
with PSC may have laboratory and histologic features of ATH 
(see Table 90.4).!9%?°° The frequency of PSC in cohorts with 
ATH is 6% to 11%,!%5:!9.198 and the frequency of findings con- 
sistent with AIH in cohorts with PSC is 8% to 17%.!75:256:257 
Children with AIH may also have unsuspected cholangiographic 
changes (“autoimmune sclerosing cholangitis”)??? Concurrent 
IBD, unexplained cholestatic laboratory or histologic findings, 
and failure to respond to conventional glucocorticoid therapy are 
justifications for MRCP or ERCP. 


‘Treatment is empiric, and improvements have been reported 
with conventional glucocorticoid therapy (prednisone or pred- 
nisolone alone or in combination with azathioprine)*>*?°° and 
with UDCA (13 to 15 mg/kg daily) in conjunction with gluco- 
corticoids alone or with azathioprine.?°’*°! Immunosuppressive 
therapy in combination with UDCA has been recommended by 
the European Association for the Study of the Liver (EASL)*>? 
and the AASLD?® despite the absence of strong clinical evi- 
dence. High-dose therapy with UDCA (28 to 30 mg/kg daily) 
should be avoided because liver toxicity and hepatic failure may 
occur, possibly because of increased exposure to lithocholic acid 
(see Chapter 68).763.264 

Therapy with UDCA (13 to 15 mg/kg daily) in combination 
with prednisone (10 mg daily) and azathioprine (50 mg daily) 
can improve laboratory features*°! and maintain survival over a 
mean follow-up interval of 93 months.’>’ Hepatic fibrosis pro- 
gresses during therapy, and cirrhosis develops in 75% during a 
median observation interval of 12 years.*°! Patients with AIH 
and cholangiographic features of PSC have a lower survival 
rate than patients with classic AIH or AIH with features of 
PBC.?5? 


Autoimmune Hepatitis with Unexplained Cholestatic 
Features 


Eight percent of patients with ATH have histologic features of 
bile duct injury and laboratory changes of cholestasis in the 
absence of AMA and cholangiographic changes of PSC (see ‘Table 
90.4).178250 This variant form probably encompasses patients 
with AMA-negative PBC?®~°7 and small-duct PSC.?60,268-270 
Patients with this cholestatic variant are inconsistently respon- 
sive to glucocorticoids, UDCA or glucocorticoids in combination 
with UDCA,!7*:7°9.77! and a standard management regimen has 
not been endorsed. Patients with ATH and findings compatible 
with AMA-negative PBC have a lower frequency of liver failure 
(19% vs. 50%) and higher rate of laboratory resolution (90% vs. 
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50%) during treatment with UDCA and glucocorticoids than 
patients with AIH and AMA.” Empiric combination therapy 
with UDCA and glucocorticoids can be considered as the initial 
regimen with modifications introduced according to the response 
and tolerance. 


Autoimmune Hepatitis with Liver-infiltrating 
Immunoglobulin G4-staining Plasma Cells 


Plasma cells that stain for immunoglobulin G4 (IgG4) may infil- 
trate the liver in 3% to 35% of patients with AIH and justify 
the designation of IgG4-associated AIH.’’*-?”> Stringent criteria 
for this diagnosis requires a definite diagnosis of AIH by interna- 
tional criteria, greater than or equal to 10 IgG4-staining plasma 
cells per high power field, and a serum IgG4 level greater than 
or equal to 135 mg/dL.?’*?’° These criteria are satisfied in only 
3.3% of patients with AIH.?”* 

IgG4-associated AIH is within the spectrum of IgG4-related 
diseases that includes autoimmune pancreatitis and IgG4-associ- 
ated cholangitis (see Chapters 59 and 68),’”’ and its presence jus- 
tifies the assessment of the pancreas and biliary system for dense 
lymphoplasmacytic infiltrations that may enlarge the pancreas 
or narrow the bile ducts. Liver injury is recognized in 60% to 
70% of patients with autoimmune pancreatitis, and the associated 
IgG4-hepatopathy must be distinguished from IgG4-associated 
AIH.?”8 IgG4-staining plasma cells near the portal vein, portal 
inflammation, portal sclerosis, bile duct damage, lobular hepati- 
tis, and cholestasis characterize IgG4-hepatopathy,’’* and promi- 
nent IgG4-staining plasma cells in conjunction with otherwise 
typical features of AIH characterize IgG4-associated AIH.?’+7”6 

The serum IgG4 level is commonly, but not invariably, 
increased in IgG4-associated ATH, %75 and the increased serum 
IgG4 level may be accompanied by an increased serum IgE con- 
centration.?’+ These findings have suggested that the disease 
may be triggered by antigens that generate an allergic respo 
nse.?’+279,280 ToG4-associated AIH is distinguished from typical 
ATH by its uniform responsiveness to conventional glucocorticoid 


therapy,’”>7”> absence of relapse after drug withdrawal,?’> and 
possible late consequences of autoimmune pancreatitis’®! or 
IgG4-associated cholangitis.’* IgG4-associated ATH has devel- 
oped de novo after LT.**? 


TREATMENT 
Indications 


All patients with AIH are candidates for treatment (Table 
90.5),70109,110,172,221 Fragile patients, especially older adults and 
pregnant women, require individualized treatment regimens with 
close monitoring,” ! 128-287 and asymptomatic patients with mild 
disease may be observed initially to document disease behav- 
ior.!10,172,288,289 Untreated patients with mild AIH who become 
symptomatic or who manifest persistent or increasing laboratory 
findings of liver inflammation during a well-monitored observa- 
tion period warrant therapy. Only the absence of laboratory or 
histologic findings of disease activity is a justification for with- 
holding treatment. ! 10-172 


Regimens 


Prednisone or prednisolone in combination with azathioprine is 
the preferred treatment regimen (Fig. 90.5).70%110,172 An induc- 
tion phase lasting at least 4 weeks introduces the medication. 
The dose of prednisone or prednisolone is reduced during this 
phase in a gradual fashion until a maintenance level is achieved. 
The maintenance phase continues until a treatment endpoint 
is reached. Within the maintenance phase, doses of medication 
may be modified according to assessments of disease response 
and patient tolerance.?®?°0 Different schedules have been end- 
orsed,?®!10,172 and surveys have indicated the lack of a uniform 
practice.??! Head-to-head comparisons between the various 
endorsed regimens have not been performed, and the recom- 
mendations proposed with each new guideline have been based 
mainly on weak clinical evidence.?”?23 


TABLE 90.5 First-line Treatment Regimens Endorsed by AASLD, BSG, and EASL 


AASLD-Endorsed AASLD-Endorsed 


BSG/EASL-Endorsed 


Combination Regimen 


Induction phase x 4 wk: 
Prednisone or prednisolone: 
30 mg daily x 1 wk 
20 mg daily x 1 wk 
15 mg daily x 2 wk 
Azathioprine: 50 mg daily 


Maintenance phase: 
Prednisone or prednisolone: 
10 mg daily 
Azathioprine: 50 mg daily 
Doses may be adjusted to response and tolerance 


Preferred in all patients with thiopurine 
methyltransferase activity and azathioprine 
tolerance, especially those with obesity, diabetes 
mellitus, osteopenia, or emotional instability 


Monotherapy Regimen 


Induction phase x 4 wk: 
Prednisone or prednisolone: 
60 mg daily x 1 wk 
40 mg daily x 1 wk 
30 mg daily x 2 wk 


Maintenance phase: 
Prednisone or prednisolone: 
20 mg daily 
Doses may be adjusted to response and tolerance 


Preferred in patients with severe cytopenia, absent 
thiopurine methyltransferase activity, azathioprine 
intolerance, or reluctance to use during pregnancy 


Combination Regimen 


Induction phase x 10 wk: 
Prednisolone: 0.5-1 mg/kg daily 
(e.g., patient weighing 60 kg) 


60 mg dai 
50 mg dai 
40 mg dai 
30 mg dai 
25 mg dai 
20 mg dai 
15 mg dai 
12.5 mg d 


y x 1 wk 
y x 1 wk 
ly x 1 wk 
ly x 1 wk 
ly x 1 wk 
ly x 1 wk 
y x 2 wk 
aily x 2 wk 


Azathioprine: 1-2 mg/kg daily started 
2 wk after prednisolone 


50 mg dai 


ly x 2 wk 


100 mg daily thereafter 


Maintenance 


phase: 


Prednisolone: 10 mg daily 
Azathioprine: 100 mg daily 


Doses may bi 
tolerance 


e adjusted to response and 


Preferred in all patients with thiopurine 


methyltran 


sferase activity and 


azathioprine tolerance 


BSG, British Society of Gastroenterology; EASL, European Association for the Study of the Liver. 


No symptoms 


Normal liver enzymes 
Normal liver tissue 


Discontinuation 
of therapy 


Stable liver 
function 


Sustained 


Set Relapse 
remission 


Chronic 
maintenance 
therapy 


Azathioprine 
(2 mg/kg daily) 


Low-dose 
prednisone 
(210 mg daily) 


Worsening liver tests 
Worsening clinical status 
Worsening liver tissue 


High-dose 
glucocorticoid therapy 


Worsening liver 
enzymes and 
Clinical status 


Second-line 
treatment 
(see Fig. 90.6) 
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Treatment failure Incomplete response Drug intolerance 


Intolerable obesity 
Vertebral compression 
Intractable nausea 
Severe cytopenia 


Improvement but no 
laboratory resolution 
within 6 mo 


Second-line 
treatment 
(see Fig. 90.6) 


Dose reduction or 
drug withdrawal 


Continuation of 
tolerated medication 
in adjusted dose 


Second-line 
treatment 
(see Fig. 90.6) 


LT 


Fig. 90.5 Management algorithm for autoimmune hepatitis depending on outcome of first-line regimens. 
First-line treatment is continued until the criteria for remission, treatment failure, incomplete response, and drug 
intolerance are met (light purple boxes). Therapy can then be discontinued, increased in dose, or reduced in 
dose according to the response (light blue boxes). Responses (tan boxes) to the dose adjustments or drug dis- 
continuation determine the need for other second-line therapies (light green boxes). The bold numbers within 
the algorithm indicate the recommended sequence of treatments. 


Prednisone (30 mg daily tapered over a 4-week induction 
period to 10 mg daily) in combination with azathioprine (50 mg 
daily) is the regimen endorsed by the AASLD (see Table 90.5).7° 
‘Therapy with prednisone alone (60 mg daily tapered over a 4-week 
induction period to 20 mg daily) is as effective as the combination 
regimen but is associated with more glucocorticoid-induced side 
effects (44% vs. 10%).?°+?°® Monotherapy with prednisone or 
prednisolone is warranted mainly in patients with severe cytope- 
nia (leukocyte count <2.5 x 10°/L or platelet count <50 x 10°/L), 
absent thiopurine methyltransferase (TPMT) activity, known 
azathioprine intolerance, or concern about pregnancy.?’5?97 

Prednisolone is preferred in Europe.!!°!/? Prednisolone is the 
active metabolite of prednisone and does not require intrahepatic 
conversion. Prednisolone achieves a faster peak plasma concen- 
tration (1.3 + 0.7 hours vs. 2.6 + 1.3 hours) and greater systemic 
bioavailability (99% + 8% vs. 84% + 13%) than prednisone,?”°?"® 
but it has not been associated with differences in outcome.””” The 
regimen endorsed by EASL introduces prednisolone (0.5 to 1 
mg/kg daily) during the induction phase, and the dose is reduced 
over a 10-week period to a maintenance dose of 10 mg daily (see 
‘Table 90.5). Azathioprine (1 to 2 mg/kg daily) is usually intro- 
duced 2 weeks after prednisolone,!!°!’* and the dose is increased 
to 100 mg daily as the dose of prednisolone is reduced.'!° Serum 


aminotransferase levels normalize more rapidly in patients with- 
out cirrhosis.°0° 

Budesonide is a synthetic glucocorticoid with greater than or 
equal to 90% first-pass hepatic clearance and metabolites devoid 
of glucocorticoid activity.°?°°°!30 Budesonide reduces the pro- 
duction of cytokines, including IL-1, IL-2, IL-6, IL-8, TNF-a, 
and interferon (IFN)-y, and it inhibits the activation and prolif- 
eration of T lymphocytes and monocytes.?®6306-30 Budesonide (3 
mg 3 times daily) in combination with azathioprine (1 to 2 mg/ 
kg daily) has normalized serum AST and ALT levels more fre- 
quently (47% vs. 18%) and with fewer side effects (28% vs. 53%) 
than the combination of prednisone (40 mg daily, tapered to 10 
mg daily) and azathioprine (1-2 mg/kg daily) when administered 
as first-line therapy for 6 months in a large, randomized clinical 
trial.3!° The frequency of histologic resolution and the durability 
of the response are unknown.*!° 

Budesonide has been used effectively as a first-line treatment 
in patients presenting with AIH,!07°°30"3!13!? but responses may 
depend in part on patient selection.’ Children with AIH have not 
normalized serum aminotransferase levels during therapy more 
frequently than children treated with prednisone and azathioprine 
(32% vs. 33% after 6 months)’'*; spontaneous flares of disease 
activity have occurred during treatment*!’; glucocorticoid-induced 
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side effects have developed in patients with??*?!° and without?!’ 
cirrhosis; stability of concurrent immune diseases during ther- 
apy has been uncertain?!’; and treatment may be less effective in 
patients with cirrhosis.*!! Budesonide has not been recommended 
in patients with cirrhosis because of glucocorticoid-related side 
effects and a possible risk of portal vein thrombosis.??8%317a 

Future studies should lead to improved treatment proto- 
cols for budesonide, and current management concerns may 
be diminished by improved dosing strategies and better patient 
selection.*!> Management concerns may also be counterbal- 
anced by greater evidence that budesonide therapy is associated 
with less weight gain, especially in treated children,*!* and with 
preserved or enhanced bone density in adults.*!”3!® Untreated 
patients without cirrhosis who have mild or uncomplicated AIH 
and patients with obesity, diabetes mellitus, hypertension, or 
osteoporosis are candidates for first-line therapy with budesonide 
(3 mg 3 times daily) in combination with azathioprine (1 to 2 mg/ 
kg daily). Systematic reviews and meta-analyses have not indi- 
cated the superiority of budesonide-based therapy over predni- 
sone- or prednisolone-based therapy.??8%310,318a 


Pre-treatment Assessment of Thiopurine 
Methyltransferase Activity 


TPMT is involved in the conversion of 6-mercaptopurine (6-MP), 
the intermediate metabolite of azathioprine, to its inactive 
metabolite, 6-methylmercaptopurine (6-MMP) (see also Chapter 
116).797319321 Deficiencies in this metabolic pathway can influ- 
ence the amount of 6-MP converted to 6-thioguanine nucleotides 
(6-TGNs). The 6-TGNs are the active metabolites of azathio- 
prine responsible for its therapeutic actions and toxicities. Near- 
zero TPMT activity occurs rarely (0.3% to 0.5%) in otherwise 
normal persons.*??->?> Its occurrence in patients treated with aza- 
thioprine has been associated with severe myelosuppression.*?° 37° 

Blood TPMT activity is significantly lower in patients with AIH 
and intolerance to azathioprine than in patients with uncompli- 
cated therapy.*? Nevertheless, genotypic and phenotypic screen- 
ing for blood TPMT activity has not reduced the frequency of 
azathioprine-induced side effects in patients with AIH compared 
with unscreened patients,’??**? nor has the occurrence of aza- 
thioprine-related side effects been associated with below-normal 
TPMT activity. TPMT testing prior to azathioprine therapy 
is intended to identify those rare patients at risk for severe myelo- 
suppression, and this precaution justifies the assessment, especially 
in patients with cirrhosis and preexisting cytopenia.?8°333 


Azathioprine Therapy and Pregnancy 


Azathioprine has been associated with congenital malformations 
(cleft palate, skeletal anomalies, hydrops fetalis, reduced thymic size, 
anemia, and bone marrow depression) in pregnant mice***; the pla- 
centa is only a partial barrier to the metabolites of azathioprine**?; 
and azathioprine may have been a factor in the occurrence of fetal 
complications in some pregnant women with ATH*** or IBD.37 
Countering these concerns have been large clinical experiences that 
have indicated the absence of inordinate risk in pregnant women 
treated for ATH?83:284,338-340 and for IBD.2+! 3+ Furthermore, the risk 
of a poor birth outcome may have related more to the severity of the 
underlying maternal disease than to the treatment.** 

These clinical experiences have supported the recommendation 
by EASL that the management of AIH during pregnancy must 
be individualized and that azathioprine therapy may be continued 
in pregnant women with ATH.'!° An alternative strategy during 
pregnancy is to discontinue azathioprine and maintain suppression 
of inflammatory activity with dose-adjusted prednisone or pred- 
nisolone. The inflammatory activity of AIH commonly subsides 
during pregnancy and exacerbates after delivery, and the treat- 
ment regimen must be monitored and adjusted accordingly.7*** 


Adjunctive Interventions 


Patients unprotected against HAV and HBV should undergo vac- 
cination prior to the institution of immunosuppressive therapy.*° 
A bone maintenance strategy should include a bone density 
assessment by dual energy x-ray absorptiometry at baseline and 
at 1- to 5-year intervals (depending on the findings) in patients 
on long-term glucocorticoid therapy.?°:!!9347.348 Calcium and 
vitamin D supplementation and regular weight-bearing exer- 
cise should be encouraged based on general guidelines for bone 
preservation,**”3+9 and the administration of bisphosphonates, 
especially alendronate, is supported by clinical trials when osteo- 
porosis is present.>°>! 


Responses 
Remission 


Remission connotes absence of symptoms, resolution of all labo- 
ratory indices of liver inflammation, and histologic improve- 
ment to normal hepatic architecture or inactive cirrhosis (Fig. 
90.5).!10!72 Serum aminotransferase levels improve promptly in 
80% to 90% of patients,**?*°3 but histologic improvement lags 
behind laboratory improvement by 3 to 8 months.!3! Normal 
laboratory test results do not preclude histologic activity, disease 
progression, or reduced survival,!*!3°+3> and treatment must be 
maintained beyond laboratory resolution. 

Remission is currently defined as normalization of serum 
AST, ALT, and IgG levels.!!°:!’2 Treatment should be continued 
for at least 3 years and for at least 24 months after complete labo- 
ratory resolution before discontinuation is considered.!!° Prompt 
normalization of serum AST, ALT, and IgG levels that is sus- 
tained for at least 6 months is predictive of histologic resolution. 
Follow-up liver tissue examination is preferred but not required 
to document the histologic response. !!9)!72,54356 

Ultrasound elastography performed within 3 months after the 
start of treatment can demonstrate a reduction in liver stiffness 
that correlates with histologic grade rather than stage.!°? Com- 
plete laboratory resolution is strongly associated with reduced 
liver stiffness in ATH and has predicted low histologic activity and 
regression of hepatic fibrosis.*>’ These findings support labora- 
tory resolution as a predictor of histologic improvement and sug- 
gest that ultrasound elastography may be a useful noninvasive test 
by which to assess treatment response. Magnetic resonance elas- 
tography is another noninvasive test that accurately reflects the 
stage of hepatic fibrosis as determined by liver tissue examination 
(see also Chapters 73 and 80).3>* The validation of the various 
elastography techniques in monitoring progression and reversal 
of hepatic fibrosis in AIH awaits prospective clinical trials. 

The rapidity and completeness of the treatment response may 
also be predictive of outcome and should be monitored regularly. 
Patients who achieve laboratory and histologic remission within 
6 months have a lower frequency of progression to cirrhosis and 
need for LT than patients who respond more slowly.**? Further- 
more, improvement of the serum ALT level to below 50% of 
the ULN and the IgG level to less than 12 g/L is highly predic- 
tive of inactive disease.*°° Treatment regimens should be guided 
by the patient’s response and individualized to achieve the best 
result.!!°.!7? Laboratory resolution commonly occurs within 3 to 
12 months,**?*! and histologic improvement to normal or near- 
normal is usually achieved within 22 months.*” 


Treatment Failure 


Laboratory tests of liver inflammation (serum AST, ALT, 
or IgG level) or function (serum bilirubin level) that worsen 
despite compliance with the first-line treatment regimen indi- 
cate treatment failure (see Fig. 90.5).°°? The lack of laboratory 


improvement within 3 months of continuous therapy is another 
indication of a poor response.**? Treatment failure occurs in 9% 
of treated patients with severe AIH (usually within 3 months) 
and warrants confirmation that the patient is adherent to the 
treatment.*® 

Determination of the 6-TGN level has been associated with 
treatment response (>220 pmol/8 x 108 red blood cells), and low 
levels may indicate inadequate immunosuppression or poor com- 
pliance.*°+3°° Whereas the 6-TGN level may be useful in assess- 
ing compliance with treatment,°*° its value in monitoring therapy 
or predicting azathioprine toxicity has not been established.**?°’° 
Re-examination of the initial liver biopsy specimen or repeat liver 
sampling may be necessary to exclude an overlap syndrome or 
drug toxicity (azathioprine-induced liver injury or glucocorti- 
coid-related fatty liver disease). Confirmation of treatment failure 
warrants institution of second-line therapy (see later). 


Incomplete Response 


An incomplete response connotes improvement in the labora- 
tory indices of liver inflammation but the response is insufficient 
to satisfy remission criteria.?? Fourteen percent of patients with 
AIH experience an incomplete response, and they are at risk for 
disease progression.*°? An incomplete response implies that the 
improvement lags behind the expected rate of resolution. The 
expected rapidity of treatment response has not been codified, but 
patients who achieve laboratory and histologic remission within 6 
months of treatment have a lower frequency of cirrhosis and liver 
failure than patients who require longer durations of treatment to 
the same endpoint.’ Patients with an incomplete response after 
6 months of therapy should be evaluated for remediable causes 
for the incomplete response (misdiagnosis, poor adherence, drug 
toxicity) and considered for a second-line therapy. They can be 
managed along the same algorithm as patients with treatment 
failure or nonresponse (see Fig. 90.5 and later). Management 
must be response-driven and individualized to ensure continuous 
progress toward resolution. 


Drug Toxicity 


Eighty percent of patients treated with prednisone or prednis- 
olone for at least 2 years will manifest cosmetic changes (facial 
rounding, dorsal hump formation, obesity, acne, striae, alopecia, 
or facial hirsutism), and these changes frequently require dose 
adjustment.??+-?°°37! Severe side effects (osteopenia with verte- 
bral compression, diabetes mellitus, cataracts, emotional insta- 
bility, opportunistic infections, pancreatitis, and hypertension) 
typically occur in patients who have been treated for greater than 
18 months with high-dose prednisone (20 mg daily) and warrant 
drug withdrawal.?"+ 37! 

Cytopenia occurs in 46% of patients treated with azathioprine 
and usually improves with a reduction in dose.?%797330 Severe 
hematologic abnormalities occur in 6% of patients and compel 
drug withdrawal. Severe myelosuppression is rare but a justifica- 
tion for assessing TPMT activity prior to treatment with aza- 
thioprine (see earlier).!!°*? Patients with cirrhosis may develop 
cytopenia during treatment as a result of a direct effect of the 
drug, hypersplenism, or both.?30,331 

Cholestatic liver disease, nausea, emesis, rash, pancreati- 
tis, arthralgias, intestinal malabsorption, and opportunistic 
infection are other possible complications of therapy with aza- 
thioprine.?”’°’ Five percent of patients develop early adverse 
reactions (nausea, vomiting, arthralgias, fever, skin rash, or pan- 
creatitis) that warrant discontinuation of the drug.*”” The over- 
all frequency of azathioprine-related side effects in patients with 
AIH who receive 50 mg daily is 10%. High red blood cell levels 
of 6-TGNs can support the clinical impression of azathioprine- 
induced toxicity. 1193307 
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Teratogenicity is a possible complication of therapy with 
azathioprine,**°**’ and oncogenicity is a possible complication 
of long-term immunosuppression.*’? The risk of teratogenicity 
has been low in multiple clinical experiences,?*334054!343 and the 
risk of extrahepatic malignancy is 1.4-fold greater than normal.*”+ 
Overall, 13% of patients with AIH who receive prednisone alone 
or in combination with azathioprine experience a treatment-end- 
ing, drug-induced complication.’”” 

Budesonide has had a lower frequency of side effects than stan- 
dard combination therapy in patients with AIH (28% vs. 53%).319 
Side effects have included weight gain, unspecified abdominal dis- 
comfort, increased arthralgia, and the new onset, or an exacerba- 
tion, of a concurrent immune disease.*!*3!731!8 The high hepatic 
first-pass clearance of budesonide protects against the develop- 
ment of glucocorticoid-related side effects. This advantage is 
diminished in cirrhosis, and budesonide-treated patients with 
cirrhosis can develop the same range of complications associated 
with conventional glucocorticoid therapy.??>!°3!7 Treatment- 
ending side effects have developed in 8.3% of patients treated 
with budesonide as a second-line therapy.*!’ Portal vein throm- 
bosis has occurred in patients with budesonide-treated cirrhosis, 
but its relationship to the drug or the disease is unclear. 

Drug toxicity or intolerance compels dose reduction or drug 
withdrawal as the initial action (see Fig. 90.5). The metabolic and 
psychological disturbances associated with glucocorticoid intol- 
erance and the GI and thrombocytopenic manifestations of aza- 
thioprine toxicity can frequently be improved by a reduction in 
dose and simultaneous increase in the dose of the other tolerated 
component of the combination regimen. Persistence or worsen- 
ing of the side effect warrants discontinuation of the drug and 
management with alternative agents (see later). 


Other Complications 


Cirrhosis developsin 10% to 40% of treated patients. 
Treatment failure, incomplete response, and relapse after drug 
withdrawal contribute to this occurrence, but cirrhosis can develop 
despite normalization of serum aminotransferase and globulin lev- 
els.*5°37> The rapidity of the response to treatment can influence 
the propensity for progressive hepatic fibrosis, because patients 
who respond to treatment within 6 months develop cirrhosis less 
frequently than patients who achieve the same treatment response 
more slowly.*°? Individualization of the treatment regimen to 
achieve a rapid response may be a preventive strategy. Esophageal 
varices develop in 13% of patients with cirrhosis, and UGI bleed- 
ing of any cause occurs in 6% within 5 years of treatment.*”° 

The frequency of HCC in patients with cirrhosis is 1% to 9%,- 
379 and the annual rate of occurrence is 1.1% to 1.9% 3737938 The 
standardized incidence ratio for HCC in AIH is 23.3 (95% CI, 7.5 
to 54.3) in Sweden,**! and the standardized mortality ratio for hep- 
atobiliary cancer is 42.3 (95% CI, 20.3 to 77.9) in New Zealand.’ 
The principal risk factor for HCC is longstanding cirrhosis, and 
patients at risk are characterized mainly by cirrhosis for 10 or more 
years, manifestations of portal hypertension, persistent liver inflam- 
mation, and immunosuppressive therapy for 3 or more years.37>>*? 

Extrahepatic malignancies of diverse cell types occur in 5% 
of patients with AIH,*”*°’* and the standardized incidence ratio 
is 2.7 (95% CI, 1.8 to 3.9) in New Zealand.’ Non-melanoma 
skin cancers are most common.**+ The risk of HCC in patients 
with cirrhosis and extrahepatic malignancy in immunosuppressed 
individuals justifies surveillance strategies that incorporate 
hepatic US every 6 months in patients with cirrhosis (see Chap- 
ter 96),20!72,385 and standard cancer surveillance measures for the 
detection of extrahepatic malignancy in all treated patients.’®? 
Determination of the serum AFP level in combination with 
hepatic US has had better performance parameters for detecting 
HCC than either test alone in patients with cirrhosis of diverse 
causes.**°?55 These surveillance measures for HCC in AIH have 


12,108,183-185,375 
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not been endorsed by the AASLD,?*? but the lack of an endorse- 
ment does not preclude the implementation of an individualized 
surveillance strategy.7°? 


Treatment Withdrawal 


Patients who have normalized their serum AST, ALT, and IgG 
levels are candidates for treatment withdrawal if they have main- 
tained the improvement for at least 24 months.!!° Liver tissue 
examination is not a requisite for making this decision, but it 
should be considered, especially when disease is severe at presen- 
tation or the duration of laboratory resolution during treatment 
is uncertain. ! 101722% In the absence of biomarkers closely aligned 
with the pathogenic mechanisms of AIH, no laboratory tests or 
histologic assessments can confidently predict the absence of 
disease activity or the propensity for relapse.*”? The decision to 
withdraw treatment must be highly individualized and based on 
medication tolerance, completeness and stability of laboratory 
improvement, and histologic findings, if necessary.!!9.!77790 

Improvement in the serum ALT level to less than half the 
normal laboratory range and serum IgG level to less than 12 g/L 
has characterized individuals who have sustained their remission 
during a median follow-up of 28 months (range, 17 to 57 months) 
after treatment withdrawal.*°° The reversion of hepatic tissue 
to normal has reduced the frequency of relapse from 76% to 
28%.*°?! Normal liver test results and complete histologic resolu- 
tion can each strengthen the decision to proceed with treatment 
withdrawal. Liver tissue examination can also provide reassur- 
ance that an optimal laboratory and histologic endpoint has been 
achieved and that premature drug withdrawal has not been the 
basis for a subsequent relapse. 

Glucocorticoid withdrawal should be gradual and monitored 
closely over a period of at least 6 weeks. The azathioprine dose 
is usually maintained over the first half of the withdrawal period 
and then reduced in dose by half until discontinuation in concert 
with the glucocorticoid. 


Relapse 


Relapse is defined as the reappearance of laboratory and histologic 
features of disease activity after discontinuation of drug therapy.”° 
An increase in the serum AST level to more than 3-fold the ULN 
after discontinuation of medication is invariably associated with 
interface hepatitis on histologic examination and is sufficient to 
diagnose relapse without examination of liver tissue.!*! 

Relapse occurs in 50% of patients within 6 months of the dis- 
continuation of therapy,” and most patients (70% to 86%) 
experience an exacerbation within 3 years.?3839?-394 Reinstitu- 
tion of the original treatment regimen typically induces another 
remission. Ninety-four percent of re-treated patients have labo- 
ratory resolution in 4 + 1 months, and 59% achieve histologic 
improvement to normal or near-normal liver tissue in 8 + 2 
months.*”” The risks of relapse include progression to cirrho- 
sis in 10% and liver failure in 3%.7*? The highly individualized 
selection of patients for treatment withdrawal! 10-172 and the pros- 
pect of biomarkers that reflect disruption or elimination of key 
pathogenic mechanisms?”? promise to increase the opportunity 
for achieving a treatment-free state in the future. 

Patients who relapse are re-treated with prednisone or pred- 
nisolone, in combination with azathioprine, until laboratory 
resolution is again achieved (mean duration, 4 + 1 months).>” 
The dose of azathioprine is then increased to 2 mg/kg daily,*”*?° 
and the drug is continued indefinitely as the dose of prednisone 
or prednisolone is gradually reduced to the lowest levels possible 
to maintain normal liver biochemical test levels (see Fig. 90.5). 
Patients intolerant of azathioprine can be managed with predni- 
sone or prednisolone alone in doses adjusted to maintain normal 
liver biochemical test levels.*”” 


The probability of another relapse after retreatment and 
repeat drug withdrawal exceeds 70%,” and repeated relapse and 
retreatment are associated with progression to cirrhosis (38%), 
death from hepatic failure or requirement for LT (20%), and the 
development of drug-induced side effects (70%).”°? Treatment 
after relapse is usually maintained indefinitely. Disease activ- 
ity can be fully suppressed in 80% of patients during a 10-year 
period of observation, and the long-term morbidity (azathioprine 
intolerance) is 7% and mortality rate (death from liver disease) 
2%. Patients on long-term maintenance therapy may become 
candidates for another attempt at drug withdrawal depending on 
the completeness and stability of their response and tolerance of 
the medication. 


Sustained Remission 


The frequency of achieving a treatment-free state has been 19% 
to 40% in studies of at least 3 years’ duration,739307371393,398-400 
and the treatment-free state has extended to at least 5 years (range, 
68 to 198 months; mean, 130 + 7 months) in 36% of patients who 
enter remission.?””®400 The standardization of criteria for treat- 
ment withdrawal is expected to ensure less variable outcomes in 
the future.!!°.!72#0! Patients with a sustained remission remain at 
risk for spontaneous relapse, and 10% of patients relapse after 49 
to 265 months of observation (mean, 110 + 27 months; median, 
76 months).’”? Annual laboratory assessments are warranted in all 
patients with a sustained remission, and the evaluation should be 
performed at any time symptoms, such as fatigue or arthralgias, 
develop.” 


Second-Line Treatments 


Patients who worsen despite adherence to the treatment regimen 
(treatment failure), fail to improve (nonresponse), show improve- 
ment in but fail to normalize liver biochemical test levels (incom- 
plete response), or are intolerant of prednisone, prednisolone, or 
azathioprine (drug toxicity) are candidates for second-line treat- 
ments (see Fig. 90.6 and Table 90.6).4°74°3 These second-line 
regimens include high-dose glucocorticoids in combination with 
high-dose azathioprine,”0402-404 mycophenolate mofetil, 1355:404-413 
calcineurin inhibitors,t!?*!+*"+ budesonide,’ !718 and 6-mercap- 
topurine (6-MP).*”>-#”° Failure of second-line regimens may lead 
to LT? and has justified the investigation of alternative agents, 
including cyclophosphamide (1 to 1.5 mg/kg daily),*?” metho- 
trexate (7.5 mg weekly),?*? rapamycin (2 mg daily adjusted to 
achieve serum levels of 10 to 20 ng/dL),#%®1 monoclonal anti- 
bodies to TNF-a (infliximab),**? monoclonal antibodies to CD20 
(rituximab),*?3-97 and inhibitors of BAFF.514#8 


High-Dose Glucocorticoids and Azathioprine 


Prednisone or prednisolone (30 mg daily) in combination with 
azathioprine (150 mg daily) is appropriate for patients who 
worsen (treatment failure) or who fail to improve (nonresponse) 
during first-line therapy (see Fig. 90.6 and ‘Table 90.6).7:40?-404 
The induction phase is continued for at least one month, and the 
regimen is not altered until the laboratory tests have improved. 
The dose of prednisone or prednisolone is then reduced by 10 
mg, and the dose of azathioprine is decreased by 50 mg following 
each month of additional improvement. 

Laboratory exacerbations at any level of dose reduction 
require an increase in the dose of each medication to the previ- 
ous level of improved results.?%402:403 The original maintenance 
regimen is gradually resumed, and treatment with prednisone 
or prednisolone, 10 mg daily, in combination with azathioprine, 
50 mg daily, is continued until additional dose reductions can 
be attempted. Prednisone or prednisolone (60 mg daily) should 
be administered to individuals with severe cytopenia, absence of 


Treatment failure: 
Nonresponse 
Incomplete response 


Dose reduction 
Drug withdrawal 


High-dose prednis(ol)one 
+ high-dose azathioprine 


Tacrolimus 


Mycophenolate mofetil Cyclosporine 


+ prednis(ol)one 


Chronic maintenance therapy 


Azathioprine intolerance 
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Prednis(ol)one intolerance 


Mycophenolate 
mofetil 


Budesonide 
+ azathioprine 


Dose reduction 
Drug withdrawal 


Mycophenolate mofetil 
+ prednis(ol)one 


Fig. 90.6 Management algorithm for instituting second-line treatments for autoimmune hepatitis. The light 
blue boxes indicate response to first-line therapy. The selection of a second-line treatment depends on the 
nature of the response to the first-line treatment (see also Fig. 90.5). Treatment failure (nonresponse or incom- 
plete response) can be managed by high-dose prednisone or prednisolone (prednis(ol)one) in combination with 
high-dose azathioprine therapy (tan box). Mycophenolate mofetil in combination with prednis(oljone, calci- 
neurin inhibitors (tacrolimus, cyclosporine), or 6-mercaptopurine (6-MP) are alternative considerations. Each 
second-line regimen commonly requires long-term maintenance therapy with response-driven individualization 
of the dose and medication. Azathioprine intolerance or prednis(ol)one intolerance justifies dose reduction or 
drug withdrawal as the first action (tan box). Regimens that substitute for the incriminated drug (e.g., myco- 
phenolate mofetil) can then be considered if necessary (light purple box). The light purple boxes denote pre- 
ferred second-line therapies. The light green boxes denote the preferred third-line regimens. The bold numbers 
within the algorithm indicate a possible sequence of treatments. 


TPMT, or azathioprine intolerance (see Table 90.6). The dose is 
decreased by 10 mg after each month of laboratory improvement 
until a maintenance level is achieved. 

The high-dose glucocorticoid regimens have induced laboratory 
improvement in most patients in 6 + 1 months, and 35% have normal- 
ized serum AST, bilirubin, and y-globulin levels after 2 to 9 months 
of treatment (mean duration, 5 + 1 months; median, 5 months).*°+ 
Patients uniformly relapse after drug withdrawal and are therefore 
dependent on individualized, long-term management schedules.** 
Preferences for alternative second-line regimens are driven mainly 
by efforts to reduce risks of glucocorticoid-related side effects and are 
shifting to glucocorticoid-sparing regimens.??83 


Mycophenolate Mofetil 


Mycophenolate mofetil is a next-generation purine antagonist 
which has been used as a substitute for azathioprine in patients 
with azathioprine intolerance or nonresponse to a first-line regi- 
men (see Fig. 90.6 and Table 90.6).1:297:413,439,440 Mycophenolate 
mofetil (0.5 to 3 g daily) in combination with glucocorticoids 
or other immunosuppressive agents (calcineurin inhibitors or 
budesonide) has induced laboratory improvement in 47% to 60% 
of patients.297404-413,41 

Complete laboratory resolution has been achieved in as many 
as 60% of patients during a median treatment duration of 25 


months (range, 13 to 60 months), and the frequencies of incom- 
plete response, treatment failure, and serious adverse events, 
including death in one patient, have been 32%, 8%, and 3%, 
respectively.*!? Discontinuation of therapy has been warranted in 
9% of treated patients because of an adverse event, drug intoler- 
ance, or drug toxicity, and dose reduction has been necessary to 
manage side effects (mainly nausea and diarrhea) in 14%.413 

Patients with cirrhosis have had a lower frequency of achiev- 
ing a complete laboratory response (47% vs. 66%) than patients 
without cirrhosis and have also had higher frequencies of infection 
and serious adverse events.t!* The lower frequency of response in 
patients treated for refractory liver disease than in those treated 
for azathioprine intolerance (12% vs. 58%)?97#! was not seen in 
another study,t!* and the discrepancy may be explained by dif- 
ferences in the frequency of cirrhosis. Complete withdrawal of 
glucocorticoids has been possible in 40% of patients, and the fre- 
quency of treatment-ending side effects has ranged from 3% to 
15%. 1,297,413,441 

Nausea, diarrhea, and abdominal pain (11%), rash, includ- 
ing skin cancers (7%), fatigue (7%), and leukopenia (1%) are the 
most common side effects. 13°:408,411 An embryopathy that reflects 
aberrant migration of the fetal cranial neural crest can result in 
microtia, anotia, external auditory canal atresia, orofacial clefts, 
coloboma, hypertelorism, micrognathia, and congenital heart 
defects.4?-+ 
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TABLE 90.6 Principal Second-line Treatment Regimens for Autoimmune Hepatitis 


Second-line Regimen 


Dose Schedule 


Outcomes 


High-dose prednisone or 
prednisolone plus azathioprine 


High-dose prednisone or 
prednisolone 


Mycophenolate mofetil plus 
glucocorticoid or other agent 


6-MP 


Cyclosporine or tacrolimus with 
or without prednisone or 
prednisolone 


Budesonide 


Mainly for treatment failure or nonresponse 

Induction phase: prednisone or prednisolone, 30 mg daily, and 
azathioprine, 150 mg daily, x 1 mo 

Maintenance phase: dose reduction of prednisone or 
prednisolone by 10 mg each month of improvement until 
maintenance dose of prednisone or prednisolone, 10 mg 
daily. Dose reduction of azathioprine by 50 mg each month of 
improvement until a maintenance dose of 50 mg daily 


ainly for treatment failure with severe cytopenia, absent TPMT 
activity, or azathioprine intolerance 
nduction phase: prednisone or prednisolone, 60 mg daily, 

x1 mo 
aintenance phase: dose reduction by 10 mg each month 

of improvement until maintenance dose of prednisone or 
prednisolone of 20 mg daily 


ainly for azathioprine intolerance and nonresponse 

ycophenolate mofetil, 0.5-3 g daily, plus prednisone or 
prednisolone or other agent (calcineurin inhibitor or 
budesonide) 


Mainly for azathioprine intolerance 
6-MP, 1.5 mg/kg daily or 25 mg daily increased to 50 mg daily, 
as a replacement for azathioprine 


Mainly for treatment failure or nonresponse 

Cyclosporine (Neoral): 2-5 mg/kg daily; dose adjustments for 
trough levels of 100-300 ng/mL 

Tacrolimus: 0.5-1 mg daily adjusted to 1 mg daily-3 mg twice 
daily to achieve a serum level of 3 ng/mL (range, 1.7-10.7 ng/ 
mL) 


Mainly for glucocorticoid intolerance or dependence 


Laboratory improvement, 100% 
Laboratory resolution, 35% 
Treatment failure, 0% 
Glucocorticoid withdrawal, 41% 


Similar to combination regimen 


Laboratory improvement, 47%-60% 
Incomplete response, 32% 
Treatment failure, 8% 

Serious adverse event, 3% 
Treatment-ending side effects, 9% 


Dose reduction for side effects, 14% 


Glucocorticoid withdrawal, 40% 


Symptomatic improvement, 75% 
Treatment-ending side effects, 25% 


Instances of rescue from nonresponse 


Cyclosporine: 
Laboratory improvement, 93% 
No response or intolerance, 7% 
Tacrolimus: 
Laboratory improvement, 98% 
No response or intolerance, 2% 


Laboratory improvement, 67% 


Budesonide, 9 mg daily, plus azathioprine or other agent 


Normal liver biochemical test levels, 43% 
Prednisolone started, 25% 

Budesonide dependence, 38% 

Bone density stable or improved, 93% 
Budesonide tolerance reduced in cirrhosis 


6-MP. 6-Mercaptopurine; TPMT, thiopurine methyltransferase. 


Mycophenolate mofetil has also been used as a first-line ther- 
apy in combination with prednisolone.!*> Serum aminotrans- 
ferase and y-globulin levels have normalized in 88% of patients 
(usually within 3 months); prednisolone has been withdrawn in 
58% within 8 months; and severe side effects have developed in 
3%.'35 Randomized clinical trials are warranted to establish the 
role of mycophenolate mofetil as a first-line drug. Systematic 
reviews and meta-analyses have not demonstrated the superior- 
ity of mycophenolate mofetil therapy over other therapies as a 
second-line regimen. #493445? 


6-Mercaptopurine 


Patients with azathioprine intolerance or nonresponse are can- 
didates for treatment with 6-MP (see Fig. 90.6 and Table 90.6). 
In one study, 6-MP administered in a dose of 1.5 mg/kg daily 
normalized the serum ALT level within 6 months in a patient 
refractory to conventional combination therapy.*”° The drug was 
also well tolerated in 2 other patients who were intolerant of aza- 
thioprine (severe nausea, vomiting, and diarrhea in one case and 
fever and arthralgias in the other). 

In another study, 15 of 20 patients with azathioprine intoler- 
ance (mainly nausea, vomiting, or diarrhea) experienced symptom- 
atic improvement and achieved laboratory resolution after 6-MP 
was introduced in a dose of 25 mg daily and increased later to 50 
mg daily.*?° The 5 patients who experienced treatment-ending 


side effects on 6-MP had the same severe side effects that led to 
termination of the original azathioprine regimen (GI symptoms or 
leukopenia). The 2 patients who had had an inadequate response 
to azathioprine also had an inadequate response to 6-MP. 

These limited experiences suggest that treatment with 6-MP 
is a consideration mainly in patients with azathioprine-induced 
GI symptoms.¥°?° Azathioprine is a prodrug that is con- 
verted to 6-MP in blood by a nonenzymatic, glutathione-based 
pathway.?°7:319,320 The intermediate metabolite, 6-MP, is then 
converted in the liver to 6-TGNs by an enzyme-dependent 
pathway mediated by hypoxanthine guanine phosphoribosyl 
transferase, 6-thiouric acid by a xanthine oxidase pathway, or 
6-methyl mercaptopurine (6-MMP) by a TPMT pathway (see 
also Chapter 116).?”7 

Toxicity to azathioprine and 6-MP has been ascribed to the 
derivative, 6-MMP, and similarities between the actions and tox- 
icities of each drug have been attributed to this common deriva- 
tive.’ A key difference that may distinguish 6-MP from its 
parent molecule is the non-enzymatic cleavage of nitroimidazol 
from azathioprine during its conversion to 6-MP.320,446-48 This 
molecular transformation may enhance tolerance for 6-MP. 


Calcineurin Inhibitors 


Cyclosporine and tacrolimus have each been administered to 
patients with treatment failure or nonresponse, and each has been 


successful as a salvage therapy in small clinical experiences (see 
Fig. 90.6 and Table 90.6).?°”#! Cyclosporine has improved labo- 
ratory test results in 93% of patients, and tacrolimus has improved 
laboratory findings in 87%. Drug intolerance or nonresponse has 
occurred in 7% to 13%.7°74! Cyclosporine has been adminis- 
tered as Neoral in doses of 2 to 5 mg/kg body weight with dose 
adjustments to achieve trough levels of 100 to 300 ng/mL,*! and 
tacrolimus has been administered in doses of 0.5 to 1 mg daily. 
The dose of tacrolimus has then been increased to 1 to 3 mg twice 
daily to achieve a serum level of 3 ng/mL (range, 1.7 to 10.7 ng/ 
mL).*??-"4 Neither calcineurin inhibitor has an established dos- 
ing profile or monitoring strategy for ATH. 

The side effects of cyclosporine therapy include hypertension, 
nephrotoxicity, opportunistic infection, paresthesias, mental con- 
fusion, pruritus, gingival hyperplasia, gingivitis, hirsutism, hyper- 
lipidemia, pancreatitis, fever, vomiting, diarrhea, dyspnea, and 
malignancy.??”"*? Psychosis, hallucinations, blindness, seizures, 
ataxia, muscle weakness, or akinetic mutism have developed in 
5% of treated patients.+°°*! Tacrolimus has had similar toxicities, 
with diabetes mellitus, neurotoxicity, nephrotoxicity, diarrhea, 
pruritus, and alopecia being the most common side effects.*5? 

Cyclosporine has also been used as a first-line therapy in chil- 
dren?°-*?? and adults?! with outcomes similar to those achieved 
when it is used as a salvage therapy. The advantages of primary 
treatment with calcineurin inhibitors over conventional immu- 
nosuppressive regimens are uncertain, and the use of calcineu- 
rin inhibitors as first-line therapy has not been endorsed.?°-!!0.!72 
Systematic reviews and meta-analyses have not demonstrated 
the superiority of tacrolimus therapy over other therapies as a 
second-line regimen.4453445b 


Budesonide 


Budesonide (9 mg daily) has been used in 30 patients with gluco- 
corticoid-intolerance and 30 patients with glucocorticoid-depen- 
dence (defined as inability to reduce the dose of prednisone or 
prednisolone to less than 10 mg daily) (see Fig. 90.6 and Table 
90.6).3!” The drug was combined with other immunosuppressive 
agents, including azathioprine, mycophenolate mofetil, cyclospo- 
rine, or 6-MP, and the regimens induced laboratory improve- 
ment in 55% after 6 months and 67% after 24 months. 

In 43% of patients treated with budesonide because of prednis- 
olone-induced side effects, serum aminotransferase and IgG levels 
returned to normal within 24 to 36 months, and 69% of patients 
treated because of prednisolone dependency experienced a return 
of liver biochemical test levels to normal after 36 months.’!” The 
re-institution of therapy with prednisolone was required in 25% 
of patients because of budesonide-associated side effects or inade- 
quate immunosuppression, and budesonide dependence developed 
in 38% of patients followed for a mean interval of 63 months. The 
major advantage was stable or improved bone density in 93% of 
tested patients.*!” These findings were similar to those of another 
study that suggested that preservation of bone density was the prin- 
cipal advantage of budesonide therapy in refractory patients.*!® 

Budesonide acts through the same glucocorticoid receptor as 
prednisolone, and AIH that is refractory to prednisone or pred- 
nisolone is unlikely to respond to budesonide.*!* Furthermore, 
the advantage of rapid hepatic clearance of the drug in preventing 
side effects may be lost in patients with advanced hepatic fibro- 
sis.2°>3!6 Discontinuation or dose reduction remains the pre- 
ferred treatment of glucocorticoid intolerance, and azathioprine 
or an alternative anti-inflammatory agent can be administered in 
adjusted dose to compensate for the reduced regimen. 


Changing Therapeutic Paradigm 


Current management strategies for AIH are based on medications 
that produce broad immunosuppression, and advances have focused 
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mainly on determining the optimal combination of medications, 
the ideal doses to administer, and the proper duration of treatment. 
As the mechanisms of AIH are clarified and the ability to target key 
pathogenic pathways improve, the management of AIH promises 
to acquire a fresh character that is derived in part from progress 
already made in other immune-mediated diseases.*°°+7* 
Preliminary clinical investigations have already explored the role 
of monoclonal antibodies to TNF-a?” and CD20,*4 and an inhibi- 
tory antibody (VAY736) to the BAFF receptor will be evaluated in 
a collaborative clinical trial in patients with an incomplete response 
or intolerance to standard management (NCT03217422). 1 Low- 
dose IL-2 to support Treg function, 4°? agonists of nuclear factor- 
erythroid 2-related factor 2 to reduce oxidative stress,>+*>+ inhibitors 
of key chemokines,*>*°° nicotinamide adenine dinucleotide phos- 
phate oxidases,” angiotensin II!°7-498+5° to limit hepatic fibrosis, 
and adoptive transfer of organ-specific Tregs*°-*! to bolster insuf- 
ficient cell numbers or responses constitute next-generation thera- 
pies. Furthermore, investigations of the intestinal microbiome may 
strengthen and expand observations that have demonstrated dys- 
biosis in animal models and patients with AIH”®”’ and gut-derived 
antigens and immune cells in the systemic circulation.’ These 
observations may herald the evaluation of dietary adjustments, pro- 
biotic preparations, antibiotics, intestinal recolonization, and phar- 
macologic agents that strengthen the intestinal mucosal barrier or 
modulate intestinal Toll-like receptors as supplemental therapies.”* 


LT 


Evaluation for LT should be considered at every stage of res- 
cue therapy and in all patients with manifestations of liver fail- 
ure.*?? A MELD score greater than 16 (see Chapter 97), acute 
decompensation, intractable symptoms, treatment intolerance, 
and detection of liver cancer (see Chapter 96) are indications 
for an evaluation.*°* LT is necessary in 10% of patients who do 
not respond to conventional treatment,*®* and the frequency of 
listing for LT is 0.5 and 0.8 per million population per year in 
the United Kingdom and the USA, respectively.*°*+ Among the 
autoimmune liver diseases, AIH has the lowest frequency of list- 
ing for LT compared with PBC and PSC (which has the highest 
frequency). This finding may reflect the relative effectiveness 
of the primary and secondary therapies for ATH. 

The 5-year survival rate after LT for AIH is 73% to 79% in 
adults*63:465-467 and as high as 86% in children.** The European 
Liver Transplant Registry has reported a 5-year survival rate 
of 73% with similar outcomes in children and adults up to 50 
years of age.*67 Adults older than 50 years have a lower 5-year 
survival than young adults (61% vs. 78%), possibly because of an 
increased frequency of fatal infectious complications.*°’ Patients 
transplanted for AIH have a higher frequency of death from 
infection than patients with PBC (hazard ratio, 1.8; P < 0.002).4°” 

AIH recurs after LT in 8% to 12% of patients at 1 year 
and 36% to 68% at 5 years (range, 2 months to 12 years after 
transplantation; median time, 2 years).*©?*”? Progression to cir- 
rhosis after recurrence is possible, and graft failure may require 
retransplantation in 13% to 23%.473474 Patients with recurrent 
ATH have an actuarial 5-year survival rate of 89% to 100%, and 
survival is similar to that of patients transplanted for other liver 
diseases or with nonrecurrent AIH.*/*+*7> Retransplanted patients 
can develop AIH in the new graft.*” 

AIH develops de novo in 1% to 7% of patients who are 
observed for 0.1 to 9 years after LT for nonautoimmune liver 
disease.*’”**! Children have been most commonly affected, but 
adults have also been described.**” Hepatic fibrosis has occurred 
in 62% of patients with de novo ATH**°; retransplantation has 
been necessary in 8% to 23%180483; and the 4-year survival rate 
has been 95%.**3 Prompt immunosuppressive treatment, which 
has included rapamycin for refractory disease, may be the key 
determinant of a successful outcome.*?°+5* 
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The overall 10- and 20-year survival rates for patients with AIH 
in a nontransplant center within the United Kingdom have been 
91% and 70%, respectively, and the standardized mortality ratio 
in this center has been 1.63 for all-cause death (95% CI: 1.25 
to 2.02), 1.86 after inclusion of LT as “death” (95% CI: 1.49 
to 2.26), and 0.91 for nonliver-related death (95% CI: 0.62 to 
1.19).°°! Cirrhosis has been recognized as a factor contributing 
to increased mortality in the United Kingdom**! and in popu- 
lation-based epidemiologic studies in Denmark!*+ and Sweden,” 
whereas male gender has been inconsistently implicated in a poor 
outcome. 14,279,485 

The 10-year liver-related mortality rates for ATH in the USA 
(6.2% to 7.5%),!83486487 Denmark (10.2%),'+ United Kingdom 
(9%),**! and southern Israel (10.3%)!° have been comparable, 
whereas they have varied markedly among Asian-Pacific coun- 
tries and among regions or ethnicities within the same country.’ 
The 5-year liver-related mortality rate in Singapore has been 
29%, 1 and the overall mortality rate of AIH in India has ranged 
from 12% during a median interval of 7 years in western India 
(Mumbai)*** to 25% during a mean interval of 15.7 + 17 months 
in north central India (New Delhi).**? 

In the USA, African American patients have had higher fre- 
quencies of liver failure (38% vs. 9%, P = 0.001) and advanced 


stages of hepatic fibrosis (P = 0.01) at presentation and greater 
overall mortality than white patients (24% vs. 6%, P = 0.009).4°¢ 
Similarly, Asian Americans have had a higher mortality rate 
(29%) than Hispanic Americans (5%) and white adult Americans 
(8%).*°” The need for hospitalizations for ATH has been dispro- 
portionately higher for African Americans and Hispanics than for 
whites, and black race has been a statistically significant predictor 
of mortality during hospitalization for ATH.*”° 

The differences in mortality may reflect genetic, socio- 
economic, environmental, and cultural factors that influence 
the timeliness of diagnosis and treatment. These disparities 
may in turn account for variations in the frequency of cirrho- 
sis at presentation (12% to 29% in Europe, southern Israel, and 
the USA!!3,!4183 ys, 42% in Singapore’! and 71% to 76% in 
India***-#8°) and in long-term survival. Improved access to pri- 
mary healthcare resources has lowered the frequency of cirrhosis 
at presentation from 46% to 23% and increased 5-year survival 
rates from 68% to 89% in a mainly Hispanic urban community 
in the USA,*! and expansion of these resources within urban and 
rural communities, ethnic groups, and geographic regions may be 
an effective approach to improving outcomes. 


Full references for this chapter can be found on www.expertconsult.com. 
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PBCisan autoimmune liver disease that generally affects middle-aged 
women and is the most common chronic cholestatic liver disease in 
adults in the USA. PBC is characterized by progressive intrahepatic 
bile duct destruction, which leads to cholestasis, complications, and 
symptoms related to cholestasis, cirrhosis, and portal hypertension. 
In 2015, the nomenclature of primary biliary cirrhosis was discarded 
in favor of primary biliary cholangitis, because most affected persons 
do not have “cirrhosis.”! Fatigue and pruritus are the most com- 
mon presenting symptoms of PBC; however, as many as one half 
of patients are asymptomatic when the disease is diagnosed on the 
basis of incidentally discovered elevated serum liver enzyme levels 
in a cholestatic pattern. The presence of an elevated alkaline phos- 
phatase level and AMA in the serum is highly characteristic of the 


Primary Biliary Cholangitis 


disease. UDCA is the only medication shown to improve LT-free 
survival. Obeticholic acid (OBA) was approved for patients intoler- 
ant of UDCA or those who do not have an adequate biochemical 
response to UDCA. Although OBA has been shown to improve liver 
biochemical test levels and surrogate markers that predict long-term 
survival, the actual impact on LT-free survival remains unknown. In 
the post-UDCA era, LT is becoming less common as a rescue ther- 
apy but continues to offer a life-extending alternative for patients 
with end-stage PBC. Complications of chronic cholestasis such as 
osteopenic bone disease, fat-soluble vitamin deficiency, hypercho- 
lesterolemia, and steatorrhea should be treated. 


EPIDEMIOLOGY 


PBC occurs worldwide and predominantly in women, with a 
female-to-male ratio of 9:1. The diagnosis of PBC usually is made 
between the ages of 40 and 60 years.” Until the early 1970s, PBC 
was considered a rare condition that manifested with persistent 
jaundice and almost inevitably progressed to end-stage liver dis- 
ease. Our contemporary understanding of the epidemiology and 
natural history of PBC has challenged this concept. PBC appears 
to be more common than was formerly believed because of increas- 
ing awareness of the disease and because asymptomatic patients 
are identified through the widespread use of screening tests. As a 
result, PBC is increasingly diagnosed at an early disease stage. 

The reported prevalence of PBC varies among countries, with a 
range of 19 cases per 1 million population in Israel to 402 cases per 
1 million population in Olmsted County, Minnesota and an annual 
incidence ranging from 0.7 to 49 per 1 million population.’ The 
view that PBC is more prevalent in North America and Europe is 
being challenged by data from China that suggest that the preva- 
lence and incidence of PBC are similar to those in other geographic 
areas.* Several studies have suggested that the incidence of PBC 
is increasing, although this observation has not been consistent 
across all epidemiologic studies.*® Nevertheless, the prevalence 
appears to be increasing, which is likely a result of diagnosis at an 
early stage and prolonged survival in the post-UDCA era.*»%!9 

In the USA,’ the age-adjusted reported incidence of PBC per 
1 million person-years is 45 for women and 7 for men (27 over- 
all).* The reported prevalence per 1 million population is 654 for 
women and 121 for men (402 overall).’ In a large, geographically 
diverse PBC cohort in the USA, 64% of affected persons were 
Caucasian, 21% were Hispanic, 8% were African American, and 
7% were Asian American/Pacific Islander or American Indian.!! 


PATHOGENESIS 


Although the etiology of PBC remains unknown, it is likely an 
immune-mediated process that occurs as a result of complex interac- 
tions between the environment and genetically susceptible individu- 
als. Several features of PBC suggest an autoimmune pathogenesis. 
The evidence includes the intense innate, humoral, and cellular 
responses, loss of tolerance to mitochondrial autoantigens mani- 
fested by the presence of highly specific AMA, involvement of T 
lymphocytes in the destruction of bile ducts, and numerous defects 
in immunologic regulation. Like other autoimmune diseases, PBC 
has a clear female predominance; it is associated with an increased 
incidence of autoimmune disease of other types in both persons 
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with PBC and their first-degree relatives. PBC seems to be trig- 
gered by an immune-mediated response to one or more allo- or 
autoantigens, which leads to progressive destruction of bile ducts, 
chronic cholestasis, and eventual biliary cirrhosis. Indeed, lym- 
phocyte recruitment and homing to the liver through a variety of 
chemokines appears to be an important step in the pathogenesis of 
PBC.!? Immunohistochemical phenotyping of inflammatory cells 
surrounding the bile ducts shows a combination of CD4* and CD8* 
T lymphocytes, accompanied by B lymphocytes and natural killer 
cells. Bile duct destruction is induced directly by the cytotoxicity of 
CD# and CD8* T cells in contact with biliary epithelium. B lym- 
phocytes are relatively uncommon in the inflammatory reaction but 
sometimes can be seen in clusters. Intracellular adhesion molecules 
(e.g., intracellular adhesion molecule-1 [[CAM-1]) are strongly 
expressed on many epithelial cells, particularly in areas of lympho- 
cyte damage; these molecules may facilitate the interaction between 
destructive lymphocytes and their targets and have been found in 
cholangiocytes of patients with PBC." In the early biliary lesions of 
PBC, eosinophilic infiltration and granulomas often are seen. PBC 
is principally a disease of the small intrahepatic bile ducts, with loss 
of biliary epithelial cells that line these ducts and resulting cholestatic 
damage. PBC is not restricted to the liver; abnormalities also occur 
in salivary and lacrimal glands, with an associated cellular phenotypic 
change similar to that seen in the biliary epithelial cells. 


Autoantibodies 


AMA were described for the first time in patients with PBC in 
the 1960s and continue to be regarded as the most sensitive and 
specific immunologic hallmark of the disease. AMA are directed 
to the E2 component of the pyruvate dehydrogenase complex 
(PDC-E2), the E2 unit of the branched-chain 2-oxo-acid dehy- 
drogenase complex (BCOADC-E2), and the E2 subunit of the 
2-oxo-glutarate dehydrogenase complex (OGDC-E2). Other 
AMA recognize the Ela subunit of PDC (PDC Ela) and the 
dihydrolipoamide dehydrogenase-binding protein (E3BP) of 
PDC. These molecules are all located on the inner mitochondrial 
membrane. At least 1 of these components usually reacts with 
AMA in a patient with PBC. The most frequent antigen against 
which AMA are directed is PDC-E2; PDC-E2-reacting antibod- 
ies are present in 90% to 95% of sera from persons with PBC.'* 
AMA do not appear to be cytotoxic: (1) They persist after 
LT without evidence of disease recurrence; (2) disease sever- 
ity is unrelated to antibody titer; (3) they are not always present 
in PBC; and (4) they develop in animal models after the injec- 
tion of recombinant PDC-E2 protein, but without resulting bile 
duct destruction or inflammation. Further, the different types 
and numbers of mitochondrial antigens recognized by Western 
immunoblot analysis at the time of a patient’s presentation is 
independent of the stage of the liver disease and not associated 
with specific clinical, biochemical, histologic, and immunologic 
features or with the Mayo risk score (see later).!° Although AMA 
are predominantly of the immunoglobulin (Ig)G1 and IgG3 
classes, most patients who have PBC exhibit polyclonal elevation 
of serum IgM levels; the IgM is not directed at mitochondrial or 
nuclear antigens. This phenomenon is suggestive of polyclonal 
activation of the B-cell compartment with an associated failure of 
isotype switching, representing aberrant B-cell activation.!° 
ANA are present in nearly one half of patients with PBC and 
in up to 85% of patients with AMA-negative PBC (see later). The 
most relevant immunofluorescent reactivities of ANA in patients 
with PBC are anti-multiple nuclear dots antibodies ([anti- MND], 
with the molecular target being a 100-kd soluble protein called 
Sp100), anticentromere antibodies, and antinuclear envelope 
antibodies. The immunofluorescence pattern of the antinuclear 
envelope antibodies is characterized as being rim-like and mem- 
branous; its molecular targets are structural components of the 
nuclear pore complex, such as gp210 and nucleoprotein p62, and 


of the nuclear membrane, such as lamin B receptors. Anti-gp210 
antibodies are found in 18% of patients with AMA-positive PBC 
and in up to 45% of those with AMA-negative PBC. ANA with 
the MND and rim-like and membranous patterns, which are 
relatively rare or absent in normal and pathologic controls, are 
strongly associated with PBC and can be considered to be surro- 
gate markers of PBC in AMA-negative patients. 17-18-20 The speci- 
ficity of anti-gp210 for PBC when detected by immunoblotting 
is greater than 99%. Anti-gp210 and possibly anti-p62 also offer 
prognostic information in that they seem to be associated with 
aggressive disease with a poor prognosis. 182122 


Genetic Factors 


‘The occurrence of PBC in relatives of affected persons, abnormali- 
ties of cell-mediated immunity in first-degree relatives of patients 
with PBC, and risk loci involved in key immunoregulatory pathways 
that have been associated with other autoimmune conditions, such as 
multiple sclerosis and celiac disease, all suggest a genetic association. 
Indeed, the concordance of PBC among those with a family history 
is 5% and is much higher among monozygotic (60%) than dizygotic 
twins (0%). Moreover, AMAs are frequently detected among first- 
degree relatives of patients with PBC (20% of sisters, 15% of moth- 
ers, and 10% of daughters).!77 

The strongest and most consistent genetic associations come 
from the HLA locus class II domain, particularly the HLA- 
DRB1*08 family. The products of HLA genes are essential for 
antigen presentation and maintenance of immune tolerance. 
DRB1*0801 and DRB1*0803 are associated with disease suscep- 
tibility in North American/European and Japanese populations, 
respectively. By contrast, DRB1*11 and DRB*13 have been found 
to be protective in European populations.** 

Despite these observations, 80% to 90% of patients with PBC 
lack the most common HLA susceptibility alleles, which suggests 
that non-HLA loci are important. Indeed, genome-wide association 
studies have identified over 30 non-HLA susceptibility loci. Such 
loci appear to be involved in key immunoregulatory roles such as 
T-cell differentiation, toll-like receptors, TNF signaling, interleu- 
kin-12, and other cytokine signaling pathways.!’7>~° The implicated 
genes identified to date are estimated to explain less than 20% of 
the heritability. Consequently, epigenetics is believed to play an 
important role in the etiopathogenesis.?> An epigenetic modifica- 
tion has the potential to create phenotypic changes without altering 
the underlying DNA. Indeed, DNA methylation, histone modifica- 
tions, and microRNAs have all been implicated in the development 
of PBC through various mechanisms.?>7 


Apoptosis 


Dysregulation in apoptosis may lead to loss of tolerance and the 
development of autoimmune diseases by 3 possible mechanisms. 
First, impaired or enhanced clearance of apoptotic cells can lead to 
an enhanced inflammatory response or an accumulation of auto- 
immunogenic fragments. Second, genetic defects in apoptosis can 
result in autoimmunity by interfering with tolerogenic deletion of 
lymphocytes. Finally, apoptosis is a common event that can occa- 
sionally lead to an abnormal autoantigen presentation that can result 
in autoimmunity.’ 

During apoptosis, cholangiocytes (unlike other epithelial cells) 
translocate intact, immunologically active PDC-E2 to apoptotic 
bodies called apoptopes.?? When these biliary apoptopes are cul- 
tured with macrophages from patients with PBC in the presence 
of AMA, an inflammatory reaction ensues that may result in apop- 
tosis of surrounding cells.*° In addition to stimulating the innate 
immune system, PDC-E2 can react with circulating immune 
complexes that are processed by antigen-presenting cells, which 
present the epitope(s) to T cells, thereby leading to specific T 
and B cell activation.*! This may help explain the selectivity of 


PBC for small- and medium-sized bile ducts. Soluble adenylyl 
cyclase is a bicarbonate sensor that regulates apoptosis. Reduced 
bicarbonate secretion (induced by hydrophobic bile acids, for 
example) can sensitize cholangiocytes to bile salt-induced apop- 
tosis by activating adenylyl cyclase. Inhibition of adenylyl cyclase 
prevents apoptosis in vitro.** These findings could partly explain 
the mechanism underlying the ability of UDCA, an agent that 
has been shown to suppress apoptosis, to delay PBC disease pro- 
gression (see later). They also offer additional insights into other 
possible therapeutic targets.*? 


Molecular Mimicry 


Molecular mimicry between host autoantigens and unrelated 
exogenous substances is one of the hypotheses to explain how 
autoantibodies to self-proteins arise, break tolerance, and lead 
to autoimmune disease. Molecular mimicry of an extrinsic pro- 
tein produced by an infectious agent has long been suggested 
as a possible initiating event in PBC. Microorganisms produce 
a multitude of foreign antigens that collectively constitute the 
major determinants recognized by the immune system. These 
antigens potentially include a variety of carbohydrates, lipids, 
and proteins that can be recognized by specific receptors on 
inflammatory cells. In PBC, PDC-E2 appears to be an ideal 
candidate for foreign antigens to mimic. PDC-E2, particularly 
its inner lipoyl domain, is highly conserved among bacteria, 
yeasts, and mammals. Autoimmune phenomena in PBC could 
result from peptides that mimic T-cell epitopes of microbial 
proteins and that are derived from, and presented by, abnor- 
mally expressed HLA class II molecules. Infectious agents 
incriminated in the immune response in PBC include several 
bacteria and viruses such as Escherichia coli.*+ Multiple studies 
have suggested an association between urinary tract infections 
and PBC.?6 


Xenobiotics and Other Implicated Agents 


Xenobiotics are foreign compounds that may alter self-proteins 
by inducing a change in the molecular structure of the native 
protein sufficient to induce an immune response. The immune 
response may then result in the recognition of both the modi- 
fied and the native proteins. PBC sera have been shown to react 
strongly against PDC-E2 modified with synthetic chemicals such 
as 2-octynoic acid and 2-nonynoic acid and have been shown to 
induce PBC-like liver lesions when injected in animals.*>*” In 
addition, anti-PDC-E2 autoantibodies from persons with PBC 
cross-react with xenobiotics, including 2-octynoic acid and 6,8- 
bis (acetylthio) octanoic acid; they also recognize lipoic acid, 
which is covalently bound to PDC-E2.** Several epidemiologic 
studies have found an association between smoking and PBC.?°*? 
A study of 223 persons with PBC demonstrated an independent 
association between smoking and advanced liver fibrosis (Metavir 
stage F3-F4, see Chapters 73 and 74). In addition, each pack-year 
of smoking was associated with a 5% increase in the likelihood of 
advanced fibrosis.*” Consequently, patients with PBC who smoke 
should be counseled about this added risk. 


CLINICAL FEATURES 
Asymptomatic Disease 


Widespread use of screening laboratory tests has led to diagnosis 
of PBC at an asymptomatic stage in up to 60% of persons with 
this condition. Some asymptomatic persons with AMA and nor- 
mal results of liver biochemical tests are found on liver biopsy 
specimens to have features that are diagnostic of or consistent 
with PBC; symptoms, signs, and laboratory evidence of chronic 
cholestasis may develop in these persons. However, most persons 
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TABLE 91.1 Symptoms and Signs of PBC at Presentation 


Symptom or Sign Frequency (%) 


Fatigue 21-85 
Pruritus 19-55 
Hyperpigmentation 25 
Hepatomegaly 25 
Splenomegaly 15 
Xanthelasma 10 
Jaundice 3-10 
RUQ pain 8 
None 25-61 


found on screening to have AMA with normal liver biochemical 
test levels do not ultimately prove to have PBC.'**! 


Symptomatic Disease 


The typical patient with symptomatic disease (Table 91.1) is 
a middle-aged woman with a complaint of fatigue or pruritus. 
Other symptoms include RUQ abdominal pain, anorexia, and 
jaundice. Fatigue, although relatively nonspecific, is considered 
the most disabling symptom by many patients. The etiology of 
fatigue is often multifactorial.*” Fatigue often persists throughout 
the disease course, and higher fatigue levels have been associated 
with an increased risk of death and need for LT.**-*+ Noncirrhotic 
patients with PBC exhibit altered sleep patterns compared with 
healthy controls.* It is important to assess a patient for the pres- 
ence of fatigue and evaluate her or his other potential causes. 

Pruritus may occur at any point, early or late, or intermit- 
tently in the course of the disease. Pruritus generally is intermit- 
tent during the day and is most troublesome in the evening and 
at night. Pruritus often resolves as the disease progresses, but in 
some patients, severe, intractable pruritus can develop in earlier 
stages of the disease and may require LT for effective manage- 
ment. Pruritus in cholestatic liver disease may be partially medi- 
ated by lysophosphatidic acid and the enzyme autotaxin, which 
mediates the production of lysophosphatidic acid from lyso- 
phosphatidylcholine. Serum levels of lysophosphatidic acid and 
activity of autotaxin correlate with the severity of pruritus.*° In a 
population-based study of 770 patients with PBC from England, 
the cumulative risk of developing pruritus was 19%, 45%, and 
57% at 1, 5, and 10 years, respectively.*” 

Most patients with PBC do not have jaundice at the time of 
diagnosis. Jaundice occurs later in the course of the disease and 
usually is persistent and associated with a worse prognosis. Symp- 
toms also may relate to fat-soluble vitamin deficiency, bone pain 
with or without spontaneous fractures, or an associated autoim- 
mune disease that may occur in patients with PBC (Table 91.2). 
Symptoms and signs of advanced liver disease, such as ascites, 
bleeding from gastroesophageal varices, and encephalopathy, 
typically occur late in the course of PBC. 

On physical examination, the most common signs are skin 
hyperpigmentation (caused by deposition of melanin), hepato- 
splenomegaly, xanthelasma, and, in more advanced disease, jaun- 
dice. Symptoms appear to be less frequent in men than in women, 
and autoimmune manifestations, especially Sjogren syndrome, 
also are less frequent in men. Otherwise, PBC is identical clini- 
cally in men and in women. 


Associated Diseases 


Many of the diseases found frequently in patients with PBC (see 
‘Table 91.2) are thought to be related to disturbances in immune 
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TABLE 91.2 Diseases Associated with PBC 


PART IX Liver 


Disease Frequency (%) 
Keratoconjunctivitis sicca (Sjögren syndrome) 72-100 
Renal tubular acidosis 50-60 
Arthritis/arthropathy 4-42 
Gallstones 33 
Autoimmune thyroiditis 15-20 
Systemic sclerosis and its variants 15-19 
Cutaneous disorders—lichen planus, discoid 11 
lupus, pemphigoid 
Raynaud disease 8 
CREST or any of its components i 
Celiac disease 1-7 
HCC 1-3 


CREST, calcinosis, Raynaud phenomenon, esophageal dysmotility, 
sclerodactyly, telangiectasia. 


mechanisms. ‘These associated disorders include Sjögren syn- 
drome (characterized by dry eyes [keratoconjunctivitis sicca] and 
dry mouth), systemic sclerosis (scleroderma) and its variants, RA, 
some cutaneous disorders, renal tubular acidosis, and thyroiditis. 

The frequency of malignancy is increased in patients with 
PBC. An increased risk of breast cancer in women with PBC was 
found in earlier studies but was not confirmed by a subsequent 
meta-analysis. HCC is an important malignancy associated with 
PBC, and the risk is nearly 19-fold higher than that in the general 
population.*® 


DIAGNOSIS 


The diagnosis of PBC is established when 2 out of 3 of the fol- 
lowing criteria are met: chronic cholestatic liver test elevation 
(typically with alkaline phosphatase 21.5 times the upper limit 
of normal [ULN]), elevated serum AMA (titers =1:40), or a liver 
biopsy specimen consistent with PBC. A liver biopsy is typically 
not required (see later).!* 


Biochemical Features 


Liver biochemical test results show a cholestatic picture. Almost 
all patients have increased serum levels of alkaline phosphatase 
and GGTP. Serum aminotransferase (AST, ALT) levels are 
mildly elevated (usually less than 3 times the ULN); marked ele- 
vations (more than 5 times the ULN) are distinctly unusual and 
may suggest PBC-autoimmune hepatitis overlap syndrome (see 
Chapter 90) or coexisting viral hepatitis. Serum bilirubin levels 
usually are normal in early stages and increase slowly over the 
course of the disease. A high serum bilirubin level, low serum 
albumin, and prolonged prothrombin time indicate advanced dis- 
ease and a poor prognosis. Serum immunoglobulin levels, espe- 
cially IgM, are increased, as are serum levels of bile acids.!* 


Serology 


Indirect immunofluorescence (UF), immunoblotting, and 
enzyme-linked immunosorbent assay can detect AMA. IIF is by 
far the most commonly used method and detects AMA in 90% to 
95% of patients with PBC; however, IF testing requires inter- 
pretation by a skilled observer, and the result may be interpreted 
erroneously as negative for AMA in some patients with PBC. 
Immunoblotting and enzyme-linked immunosorbent assay have 
sensitivity and specificity rates higher than 95% for the detection 
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Fig. 91.1 Schematic representation of the staging system of PBC 
(Ludwig's classification). The left side of the schematic shows 5 portal 
tracts surrounding a central vein at each stage. The right side shows a 
larger single portal tract at each stage (the bile ductule is blue). In stage 
1, the inflammation is confined to the portal tract and is focused on the 
bile duct. In stage 2, the inflammation extends into the hepatic paren- 


chyma (interface hepatitis or piecemeal necrosis). In stage 3, fibrosis is 
present; in stage 4, cirrhosis is present. 


of AMA and can detect AMA in persons with PBC who are AMA 
negative by IIF. AMA can be detected among persons without 
PBC. The prevalence of AMA-positive persons without PBC is 
16 per 100,000, and only a subset of them (1 in 6) will develop 
PBC after 5 years.*! Other autoantibodies found in persons with 
PBC include rheumatoid factor (70%), smooth muscle antibodies 
(66%), ANA (50%), and antithyroid (antimicrosomal, antithyro- 
globulin) antibodies (41%). 


Histopathology 


One of the earliest histologic changes associated with PBC may 
be a loss of the canals of Hering, which can be demonstrated by 
biliary cytokeratin 19 staining.“ Damage to the epithelial cells of 
the small bile ducts can also be appreciated early in the disease 
course (Figs. 91.1 and 91.24 and B). The most important and 
only diagnostic clue in many cases is ductopenia, defined as the 
absence of interlobular bile ducts in greater than 50% of por- 
tal tracts. The florid duct lesion, in which the epithelium of the 
interlobular and segmental bile ducts degenerates segmentally, 
with formation of poorly defined, noncaseating epithelioid gran- 
ulomas, is nearly diagnostic of PBC but is found in a relatively 
small number of cases, mainly in early stages. 

The 2 most popular histologic staging systems are those pro- 
posed by Ludwig and colleagues and by Scheuer that classify the 
disease in 4 stages. Both systems describe progressive pathologic 
changes, beginning initially in the portal areas surrounding the 
bile ducts and culminating in cirrhosis. Ludwig stage 1 disease 
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Fig. 91.2 A, Photomicrograph of stage 2 PBC. Mononuclear inflammatory cells expand the portal tracts with 
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some disruption of the limiting plates (interface hepatitis). The bile ducts are surrounded by inflammatory cells, 
and no fibrosis is evident. (H&E, x100.) B, Stage 4 PBC. Cirrhosis, with areas of fibrosis surrounding the he- 
patic parenchyma, is present. A dense mononuclear inflammatory infiltrate is still seen in the portal tract, with 


interface hepatitis (H&E, x100). 


TABLE 91.3 Rate of Histologic Progression to a Higher Stage in 
Patients with PBC 


Initial Histologic Stage 


Rate of Progression (%) at 1 2 3 
1 year 41 43 35 
2 years 62 62 50 


is characterized by inflammatory destruction of the intrahe- 
patic septal and interlobular bile ducts that range up to 100 um 
in diameter. These lesions often are focal and described as florid 
duct lesions, characterized by marked inflammation and necrosis 
around a bile duct. The portal tracts usually are expanded by 
lymphocytes, with only sparse neutrophils or eosinophils seen. 
In stage 2 disease (see Fig. 91.24), the inflammation extends 
from the portal tract into the hepatic parenchyma, a lesion called 
interface hepatitis, or formerly, piecemeal necrosis. Destruction of 
bile ducts with proliferation of bile ductules can be seen. Stage 
3 disease is characterized by scarring and fibrosis. Lymphocytic 
involvement of the portal and periportal areas, as well as the 
hepatic parenchyma, can be seen, but the hallmark of this stage 
is the presence of fibrosis without regenerative nodules. Stage 4 
disease is characterized by cirrhosis with fibrous septa and regen- 
erative nodules (see Fig. 91.2B and Chapter 74).°° 

Most persons with PBC demonstrate progression of the liver 
disease; a few have a prolonged course of histologic stability, and 
only rare individuals have sustained regression. A time-course 
Markov model has been used to describe the rate of histologic 
progression over time (Table 91.3). 

In a person with AMA, the combination of a serum alkaline 
phosphatase level greater than 1.5 times the ULN and a serum 
AST level less than 5 times the ULN is highly predictive for a 
diagnosis of PBC.'* Therefore, a liver biopsy is not necessary in 
the majority of patients and should be reserved if AMA-negative 
PBC (see later) or if an alternative diagnosis such as small duct 
PSC or overlap with autoimmune hepatitis (see Chapters 68 and 
90) is being considered.*° 


Imaging 


Cross-sectional imaging with US, CT, or MRI is useful for 
excluding biliary obstruction and plays a key role in the diag- 
nostic evaluation of persons who present with cholestatic liver 


biochemical test elevations and those who require surveillance 
for HCC because of cirrhosis. Aside from increased liver echo- 
genicity and signs of portal hypertension, several imaging find- 
ings appear to be common in persons with PBC. Nearly two 
thirds can have a periportal “halo” sign (T1-and T2-weighted 
hypointensity centered around portal venous branches) on MRI 
and intraabdominal lymphadenopathy.*! Stable periportal ade- 
nopathy is important to recognize to avoid undue concern about 
underlying malignancy; however, large, bulky adenopathy should 
raise the question of associated malignancy. Ultrasound and mag- 
netic resonance elastography are being used increasingly for the 
noninvasive assessment of hepatic fibrosis (see Chapters 73 and 
74). Results of transient elastography correlate well with catego- 
ries of hepatic fibrosis, and its performance in PBC is similar to 
its performance in other chronic liver conditions. In addition, 
liver stiffness has been shown to be an independent prognostic 
factor in PBC.*?*? 


NATURAL HISTORY 


The natural history of PBC has been described in persons with 
symptoms attributable to PBC, as well as in asymptomatic persons 
who have normal or abnormal liver biochemical test levels. The 
natural history of PBC has improved over time. For example, the 
adjusted 10-year risk of hepatic decompensation (ascites, variceal 
hemorrhage, or hepatic encephalopathy), HCC, and liver-related 
deaths was 19%, 10% and 35%, respectively, in the 1970s, but 
improved to 6%, 2%, and 6%, respectively, in the 2000s.* The 
improvement in outcomes is due in part to the widespread use 
of UDCA and disease detection at an earlier stage. Prognostic 
models useful in predicting survival in an individual patient have 
been developed and have improved our understanding of those 
who are responsive to therapy and, in turn, have an improved 
prognosis (see later). 


Asymptomatic Disease 


An early series reported on 29 persons with AMA (in a titer of 1:40 
or greater), normal liver biochemical test levels, and no symptoms 
of liver disease. Liver histology was compatible with or diagnostic 
of PBC in 24 patients (83%) and normal in only 2 patients. The 
entire cohort was followed for a median of 17.8 years (range, 11 
to 24 years). Liver biochemical test values became persistently 
abnormal in 24 patients (83%) after a median of 5.6 years (range, 
0.9 to 19 years), and persistent symptoms attributable to PBC, 
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BOX 91.1 Independent Predictors of Survival in Patients 
with PBC in Various Clinical Studies 


CLINICAL 

Age 

Ascites 

Edema 
Hepatomegaly 
Variceal bleeding 


LABORATORY 


PART IX Liver 


Serum albumin level 

Serum alkaline phosphatase level 
Serum bilirubin level 

Prothrombin time 


LIVER HISTOLOGY 
Cholestasis 

Cirrhosis 

Fibrosis 

Mallory’s hyaline 


including fatigue, pruritus, and RUQ abdominal discomfort, 
developed in 22 (76%). No patients died from liver-related causes 
after a median period of 11.7 years (range, 6.4 to 16.8 years) from 
the first positive AMA titer. This study shows clearly that a sub- 
group of asymptomatic patients who have AMA and normal liver 
biochemical test levels can have early PBC; with time, clinically 
obvious PBC may develop. These persons may represent a sub- 
group with PBC whose natural history is different from that of 
the general PBC patient population. 

Asymptomatic persons with PBC have less advanced disease 
than that typically seen in symptomatic persons.**Those who 
remain asymptomatic for several years may have a significantly 
longer survival than that of symptomatic patients, but their life 
expectancy is still less than that of an age- and gender-matched 
population. Symptoms of PBC will develop in approximately 
40% of the initially asymptomatic patients within 5 to 7 years 
of follow up, and most asymptomatic persons ultimately will 
become symptomatic if the follow-up period is long enough 
(95% after 20 years).°* When symptoms develop, life expec- 
tancy falls significantly and is the same as that for other symp- 
tomatic patients. 


Symptomatic Disease 


When compared with asymptomatic persons, patients with PBC 
who have symptoms of chronic cholestasis show a more rapid 
progression to end-stage liver disease and have a worse progno- 
sis. Several independent predictors of a poor prognosis have been 
identified in this group of patients (Box 91.1). 

The manifestations of portal hypertension and its complications 
in patients with PBC are similar to those in other forms of cirrho- 
sis. Most patients with PBC and portal hypertension have cirrhosis; 
however, portal hypertension can be found in some patients with 
PBC and moderate-to-severe hepatic inflammation without cir- 
rhosis on a liver biopsy specimen. Development of gastroesopha- 
geal varices is an ominous sign that is observed in approximately 
one third of patients with PBC during extended follow up. Approx- 
imately 40% of these individuals will experience one or more epi- 
sodes of variceal bleeding within 3 years of developing varices and, 
as a group, have a decreased survival rate. It is important to note 
that varices can occur, albeit rarely, in patients with early-stage 
(stage 1 to 2) PBC. The frequency of varices in patients with stages 
1 and 2 PBC at a large referral center was 6%.” 


Predicting Survival 


When untreated, PBC may follow a course that extends over 
a 15- to 20-year period. Both the serum bilirubin and alkaline 
phosphatase levels are important surrogate markers that can pre- 
dict transplant-free survival. A multicenter international study 
of over 4800 patients demonstrated that the 10-year transplant- 
free survival among those with a serum bilirubin level greater 
than 1.0 times the ULN was 41% (compared with 86% if the 
bilirubin level was less than 1.0 times the ULN) and 62% among 
those with an alkaline phosphatase level greater than 2.0 times 
the ULN (compared with 84% if it was less than 2.0 times the 
ULN).°*° 

In order to predict survival in patients with PBC, prognos- 
tic models, some of which rely on Cox’s proportional hazard 
analysis, have been developed. Among these models, the Mayo 
risk score has been cross-validated and predicts transplant-free 
survival. Similarly, the GLOBE score incorporates the patient’s 
age and laboratory parameters (alkaline phosphatase, albumin, 
bilirubin, and platelet count) and is predictive of transplant-free 
survival among UDCA-treated patients (see later).>’ Indeed, 
a biochemical response to UDCA is an important predictor of 
patient outcomes (see later). 


ANTIMITOCHONDRIAL ANTIBODY-NEGATIVE 
PRIMARY BILIARY CHOLANGITIS 


AMA-negative PBC is the designation for those patients who 
clinically, biochemically, and histologically appear to have the 
classic features of PBC but are found not to have AMA in serum 
by IIF or immunoblotting techniques. Of persons who have PBC 
by all other criteria, 5% are confirmed AMA negative.!* 

Most persons with AMA-negative PBC have antinuclear 
(perinuclear/rim-like or multiple nuclear dots pattern) or smooth 
muscle antibodies (or both). Although these patients may be dis- 
tinguished by the lack of AMA in serum, the specific AMA anti- 
gen PDC-E2 is expressed on the apical region of their biliary 
epithelium, as occurs in AMA-positive patients—an observation 
suggesting that the pathogenesis of both conditions may be iden- 
tical. In fact, AMA-negative and -positive patients have similar 
clinical, laboratory, and histologic features. When regulatory T 
cells and the subgroup of T cells suggested to have a role in the 
genesis of autoimmune disease were examined in patients with 
PBC, no difference was found between those who had and those 
who did not have AMA.*® 

When a patient with AMA-negative PBC is evaluated, other 
diseases that may manifest in a similar manner should be excluded. 
The absence of AMA makes liver biopsy mandatory to look for 
features of PBC and exclude other liver diseases. Also, imaging 
by MRCP is essential to identify other cholangiopathies such as 
PSC. Liver biopsy and MRCP, along with select laboratory tests, 
will allow the exclusion of conditions that should be considered 
in the differential diagnosis, such as celiac disease, hepatitis C, 
sarcoidosis, small-duct PSC, and IgG4-associated autoimmune 
cholangitis. 

Patents with AMA-negative PBC tend to follow a clinical 
course, and to demonstrate a therapeutic response to UDCA, 
similar to those in AMA-positive patients.°* Patients with AMA- 
negative PBC should be treated with UDCA in a dose of 13 to 15 
mg/kg/day (see later). 


TREATMENT 


A large number of published controlled and uncontrolled trials 
have evaluated various drugs in patients with PBC. These drugs 
can be classified according to their mechanisms of action as bile 
acids and immunosuppressive, anti-inflammatory, cupruretic, or 
antifibrotic agents. In addition to treating the underlying disease, 
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Fig. 91.3 Survival in 548 patients with PBC. The probability of survival 
was significantly greater in patients who received treatment with UDCA 
for 4 years than in those who first received placebo and then received 
UDCA (P < 0.001; relative risk, 1.92; 95% Cl: 1.30 to 2.82). (Adapted 
from Poupon R, Lindor KD, Cauch-Dudek K, et al. Combined analysis 
of French, American and Canadian randomized controlled trials of 
ursodeoxycholic acid therapy in primary biliary cirrhosis. Gastroenterol- 
ogy 1997;113:884-90.) 


a key component of caring for patients with PBC is the recogni- 
tion, prevention, and treatment of disease-related complications 
(Fig. 91.3). 


UDCA 


UDCA, the 7-6 epimer of chenodeoxycholic acid, occurs natu- 
rally in small quantities in human bile (less than 4% of total bile 
acids). The most cost-effective dose of UDCA in patients with 
PBC is 13 to 15 mg/kg/day, which can be given in divided doses 
taken with meals. 

Several mechanisms for the protective actions of UDCA have 
been proposed, including enhancement of hepatic secretion; inhi- 
bition of the intestinal absorption of toxic, hydrophobic, endog- 
enous bile salts; stabilization of hepatocyte membranes against 
toxic bile salts; inhibition of apoptosis and fibrosis; replacement 
of endogenous bile acids, some of which may be hepatotoxic, with 
the nonhepatotoxic UDCA; and reduction in the expression of 
MHC class II antigens.’ During UDCA therapy, the proportion 
of UDCA in serum and bile increases to approximately 50% of 
total bile acids, and the proportion of endogenous bile acids, such 
as cholic, chenodeoxycholic, deoxycholic, and lithocholic acids, 
declines consequently.*” 

Because of its safety and patient adherence to treatment with 
the drug, UDCA has received the most attention of any drug used 
to treat PBC. Treatment with UDCA leads to rapid and long- 
lasting improvements in liver biochemistries and a decrease in the 
histologic severity of interface hepatitis, inflammation, cholesta- 
sis, bile duct paucity, and bile duct proliferation.°? UDCA sig- 
nificantly decreases the risk of development of gastroesophageal 
varices, HCC, and ascites and delays progression to cirrhosis.°*-® 
The predicted probability that cirrhosis will develop after 5 years 
of therapy with UDCA for patients with stage 1, 2, or 3 PBC at 
diagnosis is 4%, 12%, and 59%, respectively; at 10 years of therapy 
with UDCA, the probability of cirrhosis is 17%, 27%, and 76%, 
respectively.°* 
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UDCA has been shown clearly to improve survival free of LT 
(see Fig. 91.3).°° A meta-analysis that included only randomized, 
controlled trials in which the doses of UDCA administered and 
the duration of follow-up were adequate concluded that the fre- 
quency of LT was reduced significantly, with a marginally signifi- 
cant reduction in the rate of death or LT. Moreover, long-term 
studies have shown that patients who have a biochemical response 
to UDCA therapy have a survival similar to that of healthy con- 
trols.67 A few studies have failed to demonstrate a survival benefit 
in UDCA-treated patients with PBC, but several flaws in study 
design, most notably small numbers of patients enrolled and use 
of suboptimal doses of UDCA, preclude meaningful conclusions. 

Approximately 20% to 40% of patients do not respond to 
UDCA. Failure to respond to UDCA is associated with a reduced 
transplant-free survival and increased risk of disease-related com- 
plications including HCC.°* Men and patients who are diagnosed 
at an earlier age (50% response rate if diagnosed before age 30 
compared with 90% response rate if diagnosed after age 70) 
appear to be less likely to respond to UDCA." A variety of crite- 
ria to assess responsiveness to UDCA, based on liver biochemis- 
tries, principally improvement in the serum alkaline phosphatase 
level, have been proposed. Various optimal alkaline phosphatase 
cut-off levels have been suggested, and a decline in the alkaline 
phosphatase level to 2 times the ULN one year after therapy may 
be optimal.56:70.71,72,73 The GLOBE score (http://www.globalpb 
c.com) is a well-validated prognostic score that uses the patient’s 
age and alkaline phosphatase, total bilirubin, albumin, and platelet 
count to predict transplant-free survival after one year of UDCA 
therapy and allows practitioners to risk stratify patients after a 
trial of UDCA therapy. Indeed, its prognostic performance was 
better than that of earlier prediction scores such as the Paris cri- 
teria.’ The 10-year transplant-free survival with a GLOBE score 
greater than 0.30 is 60%, compared with 92% with a GLOBE 
score less than or equal to 0.30. Similarly, the UK-PBC risk score 
was derived and validated in a multicenter study utilizing 3165 
patients with PBC and includes the baseline albumin, platelet 
count, bilirubin, alkaline phosphatase, and aminotransferases one 
year post-UDCA treatment to predict LT or liver-related death 
with an area under the receiver operating curve of greater than 
0.90.74 Identification of UDCA nonresponders is important so 
that new or adjunctive therapies can be considered. 


Other Drugs 
Obeticholic Acid 


Obeticholic acid (OBA) is a first-in-class farnesoid X receptor 
(FXR) agonist. FXR is a nuclear receptor expressed in the liver, 
kidneys, adrenal glands, and intestine and plays a key role in bile 
acid metabolism, liver regeneration, and inflammation. OBA is 
100 times more potent than the natural FXR ligand, chenodeoxy- 
cholic acid. Preclinical data suggested that OBA has antifibrotic 
and choleretic properties.”> 

In 2016, OBA was granted approval for use in patients with 
PBC who are intolerant of UDCA or who do not achieve an 
adequate response to UDCA after one year. Two phase 2 studies 
used doses of OBA up to 50 mg per day and noted improvements 
in liver biochemical test levels and dose-dependent occurrence of 
pruritus, the most common adverse reaction to OBA. The piv- 
otal phase 3 trial (POISE) included 217 UDCA nonresponders 
or those intolerant of UDCA who were randomized to 1 of 3 
treatments: placebo; OBA 5 mg/day group with dose titration 
to 10 mg if needed; and OBA 10 mg/day.’° More than 90% of 
subjects remained on UDCA during the study. The primary end- 
point was a serum alkaline phosphatase level less than 1.67 times 
the ULN, with a reduction of at least 15% from baseline, and a 
normal total bilirubin level. The primary endpoint was achieved 
more frequently in the 5 to 10 mg OBA group (46%) and the 10 
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mg OBA group (47%) than in the placebo group (10%).’° In the 
rare patient intolerant to UDCA, OBA monotherapy also appears 
effective at improving liver biochemical test levels.” 

Pruritus is a common side effect of OBA (56% to 68% com- 
pared with 38% for placebo), and starting at a lower dose may 
help attenuate this side effect. Reductions in serum HDL choles- 
terol levels have also been observed, and the long-term impact (if 
any) on cardiovascular risks is unclear.”° For individuals without 
advanced liver disease, OBA 5 mg/day is the recommended start- 
ing dose. The dose can be increased to 10 mg/day if the drug is 
well tolerated and sufficient improvement in the liver biochemi- 
cal test levels is not achieved at a lower dose. There are limited 
data to support the use of OBA in patients with advanced liver 
disease. If OBA is used in patients with Child-Pugh class B or C 
cirrhosis, the dose of OBA should be 5 mg per week; administer- 
ing OBA at doses higher than 5 mg per week in these patients 
has been associated with adverse events, including liver failure 
and death. In summary, treatment with OBA fills an important 
unmet need in UDCA nonresponders and is associated with sig- 
nificant improvement in liver biochemical test levels, but long- 
term safety and outcome data are needed, particularly in patients 
with advanced liver disease. 


Fibrates 


Fenofibrate and bezafibrate have both been examined in the 
treatment of PBC. Several meta-analyses, which have included 
mostly small retrospective studies, suggest that both fenofibrate 
and bezafibrate can improve liver biochemical test levels, even in 
UDCA nonresponders.”*:’? In a retrospective study of 120 nonre- 
sponders to UDCA, 41% of those who received fenofibrate plus 
UDCA achieved a biochemical response, compared with 7% of 
those who received UDCA monotherapy, and fenofibrate use was 
associated with an improved transplant-free survival. However, 
fenofibrate was associated with a rise in serum bilirubin levels 
among patients with cirrhosis, thereby raising concern about use 
of the drug in persons with advanced PBC.*° In a small random- 
ized trial of 27 UDCA nonresponders with 8 years of follow-up, 
bezafibrate was associated with an improvement in the Mayo 
PBC risk score and serum alkaline phosphatase levels and a mild 
increase in the serum creatinine level. The study was under- 
powered to detect any difference in transplant-free survival.*! 
In a retrospective study of 48 patients with 3 years of follow-up, 
bezafibrate also led to improved liver biochemical test levels. This 
study also demonstrated improvement in pruritus and failed to 
show any relationship between bezafibrate exposure and worsen- 
ing serum creatinine levels.’ A randomized, placebo-controlled 
trial of bezafibrate in 100 patients with PBC who had failed 
therapy with UDCA demonstrated that bezafibrate produced 
complete biochemical response (normalization of serum alkaline 
phosphatase, AST, ALT, and total bilirubin levels and INR) in 
significantly more treated patients than those who received pla- 
cebo (31% vs. 0%).°? 


Prednisolone and Prednisone 


Prednisolone and prednisone may improve serum alkaline phos- 
phatase and aminotransferase levels and liver histologic features 
in patients with PBC, at least in the short term. Unfortunately, 
the development of glucocorticoid-related side effects, particu- 
larly a reduction in bone mass, precludes use of these drugs in the 
treatment of PBC.** 


Budesonide 


Budesonide is a glucocorticoid structurally related to 16a- 
hydroxyprednisolone, with extensive first-pass hepatic metab- 
olism and minimal systemic availability. In a randomized, 


multicenter trial, 79 patients with noncirrhotic (stage 1 to 3) PBC 
were enrolled, and 41 were randomized to treatment with oral 
budesonide (6 mg daily) in combination with UDCA (15 mg/kg/ 
day), whereas 36 received UDCA alone.® At 3 years of treatment, 
the combination of budesonide and UDCA led to greater his- 
tologic improvement compared with UDCA alone. Side effects 
of glucocorticoids led to discontinuation of treatment in only 1 
patient, and 7 other patients reported mild glucocorticoid-related 
side effects. In an earlier, open-label study, 22 patients with PBC 
who had experienced a suboptimal response to UDCA for a 
number of years were treated with oral budesonide (3 mg 3 times 
daily) for one year.*° The addition of budesonide to treatment 
with UDCA was associated with improvement in liver enzyme 
levels, without an effect on other important prognostic markers 
such as the bilirubin level and Mayo risk score. In that study, the 
addition of budesonide was associated with a significant wors- 
ening of osteoporosis and cosmetic effects, particularly in those 
patients with more advanced (stage 3 to 4) PBC.*° 

Collectively, the data suggest that budesonide may be of 
potential benefit for patients with early-stage PBC but is asso- 
ciated with important systemic glucocorticoid-related adverse 
events in patients with more advanced disease. Therefore, before 
budesonide can be recommended for the treatment of PBC, 
appropriately designed long-term controlled trials are necessary. 


Methotrexate 


Patients with PBC who experienced biochemical and histologic 
improvement with methotrexate therapy have been described in 
observational studies. In a placebo-controlled trial of methotrex- 
ate for PBC, methotrexate in a dose of 7.5 mg per week for up to 
6 years was not only of no benefit, but was also associated with 
more unfavorable outcomes compared with placebo. A large ran- 
domized trial evaluating UDCA (15 mg/kg per day) plus metho- 
trexate (15 mg/m? of body surface area weekly, maximal dose of 
20 mg/week) versus UDCA plus placebo has been reported.*’ 
In that study, 265 patients with PBC and a serum bilirubin level 
below 3 mg/dL were assigned to 1 of the 2 treatment groups; 
the mean period of study was 7.5 years. The hazard ratio for 
death with or without LT was no better in the methotrexate- 
UDCA combination group than in the UDCA-placebo group. 
Therefore, methotrexate should not be recommended routinely 
as monotherapy or as an adjuvant to UDCA. 


Ineffective Medications and Combination Therapy 


Other medication such as D-penicillamine, azathioprine, chlo- 
rambucil, cyclosporine, malotilate, tetracycline, tacrolimus, tha- 
lidomide, ustekinumab, and silymarin have been evaluated for the 
treatment of PBC, but no convincing evidence of efficacy was 
reported for any of these agents, and some were associated with 
serious adverse events. None of these medications can be recom- 
mended for the treatment of PBC at this time. Ten trials of vary- 
ing methodologic quality have examined the use of colchicine in 
PBC. These trials were systematically reviewed, and no effects on 
mortality, LT, histologic progression, or liver biochemical test 
levels were found.** 

The use of combination therapy with drugs that have differ- 
ing mechanisms of action has been evaluated in open and con- 
trolled trials. Combinations studied have included UDCA and 
methotrexate, UDCA and colchicine, cyclosporine and predni- 
sone, chlorambucil and prednisolone, UDCA and prednisone or 
prednisolone, UDCA and sulindac, and UDCA, prednisone, and 
azathioprine. Although some liver biochemical improvement in 
the short term has been reported with some of these combina- 
tions, the small numbers of patients enrolled, short follow-up 
period, and risk of drug-related side effects do not allow recom- 
mendation of any of these combinations for the treatment of PBC 


without further supporting evidence. A number of therapeutic 
classes of drugs are under investigation in phase 2 clinical trials: 
bile acid therapies (e.g., second generation FXR agonists, fibro- 
blast growth factor 19 analogues, apical sodium-dependent bile 
acid transporter inhibitors); peroxisome proliferator-activated 
receptor agonists; and immunologic agents (e.g., anti-CXCL10 
[C-X-C motif chemokine 10], anti-interleukin-12, anti-CD40).*? 


MANAGEMENT OF COMPLICATIONS OF CHRONIC 
CHOLESTASIS 


Bone Disease 


Osteopenic bone disease with a predisposition to spontaneous 
fracturing is a common complication of chronic cholestatic liver 
disease. Women with PBC lose bone mass at a rate approxi- 
mately twice that seen in age-matched controls, and this acceler- 
ated bone loss is the result of decreased formation rather than 
increased resorption of bone. Osteoporosis in patients with PBC 
involves perturbations of bone remodeling, and the cause is mul- 
tifactorial and poorly understood. It likely involves several fac- 
tors, including insulin growth factor-1 deficiency, hypogonadism, 
cholestasis, genetic susceptibility such as vitamin D receptor gene 
polymorphisms, decreased vitamin D levels, and use of concur- 
rent medications such as immunosuppressive therapy in the post- 
transplant setting.”” 

Dual-energy x-ray absorptiometry and dual-photon absorp- 
tiometry are noninvasive techniques that quantify bone mass 
accurately. Approximately 14% to 52% of patients with PBC 
have osteoporosis, as defined by a T-score below -2.5 in either 
the lumbar spine or the femoral neck, and approximately 10% 
have severe bone disease, as defined by a Z-score below -2 (the 
T-score is the number of standard deviations below the mean peak 
value in young gender-matched normal subjects, whereas the 
Z-score is the number of standard deviations below mean normal 
values corrected for age and gender).”” The risk of osteoporo- 
sis (T-score below -2.5) is 8 times higher in patients with PBC 
than in a gender-matched population, whereas the risk of severe 
bone disease (Z-score below -2) is 4 times higher in patients with 
PBC than in a healthy gender- and age-matched population.?! 
The likelihood of osteoporosis increases as liver disease advances; 
bone mass in patients with stage 1 or 2 PBC is similar to that in 
a normal age- and gender-matched population, but bone mass 
is significantly lower in patients with stage 3 or 4 disease.”! The 
reported cumulative frequency of all fractures and vertebral 
fractures in patients with PBC is 21% and 11%, respectively.” 
Testing for osteoporosis is indicated at the time of diagnosis of 
PBC, among those who have experienced a fragility fracture or 
are receiving a prolonged (greater than 3 months) course of glu- 
cocorticoids, and before LT.” Repeat testing every 2 to 3 years 
in at-risk individuals has been recommended. 141,92 

‘Treatment of the bone disease includes adequate exercise and 
supplemental calcium (1200 to 1500 mg daily orally) and vitamin 
D (600 to 800 IU daily orally or, if deficiency is present, 25,000 
to 50,000 IU orally once or twice per week). Bisphosphonates 
have dramatically changed the practice of treating osteoporosis in 
the general population. Alendronate was found to improve bone 
mass significantly in patients with PBC when compared with pla- 
cebo.”” Parenteral bisphosphonates (zoledronic acid, pamidro- 
nate, and ibandronate) have been evaluated and were found to 
be safe and effective in patients with PBC in a small retrospective 
study and should be considered for patients with a contraindica- 
tion (e.g., esophageal varices) to oral bisphosphonate therapy.”?”? 


Fat-Soluble Vitamin Deficiency 


Most patients with PBC and fat-soluble vitamin deficiency 
have advanced liver disease with jaundice. Fat-soluble vitamin 
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deficiency is almost always caused by intestinal malabsorption 
resulting from decreased amounts of bile salts in the intestinal 
lumen. Vitamin A and D levels and the prothrombin time should 
be checked annually in patients with PBC and a bilirubin greater 
than 2 mg/dL.!4 

Vitamin D deficiency can be excluded in patients with PBC 
by measurement of 25-hydroxyvitamin D, a major metabolite of 
vitamin D. When vitamin D deficiency is encountered, vitamin D 
in a dose of 25,000 to 50,000 IU, given once or twice per week, 
usually is sufficient to achieve a normal serum vitamin D level. 
Because 25-hydroxylation of vitamin D is normal in patients with 
PBC, vitamin D (rather than the more expensive 25-hydroxyvita- 
min D or 1,25-hydroxyvitamin D) can be prescribed. 

Vitamin A deficiency, which can cause reduced night vision, 
can occur in patients with PBC. When blood levels of vitamin A 
are low and the patient is symptomatic, replacement therapy with 
oral vitamin A, 100,000 IU daily for 3 days, and then 50,000 IU 
daily for 14 days, should be instituted. If patients are deficient 
but asymptomatic, a dose of 25,000 to 50,000 IU 2 or 3 times 
per week is adequate. The adequacy of replacement therapy is 
assessed by repeating serum vitamin A assays and evaluating the 
patient for darkness adaptation, if indicated. 

Vitamin K deficiency occurs with severe cholestasis and is 
manifested by a prolonged prothrombin time. A trial of oral vita- 
min K, 5 to 10 mg daily, should be given to determine if the 
prothrombin time improves. If it does, the patient should be 
maintained on a water-soluble vitamin K, 5 mg per day. 

Deficiency of vitamin E has been reported in a few patients 
with PBC. Typically, vitamin E deficiency causes a neurologic 
abnormality that primarily affects the posterior columns and is 
characterized by areflexia, loss of proprioception, and ataxia. In 
patients with chronic cholestasis and low serum levels of vitamin 
E, oral replacement therapy with high-dose vitamin E (100 mg 
daily) may halt progression of neuropathy. 


Hyperlipidemia 


Lipid abnormalities are found in up to 85% of patients with PBC. 
HDL levels usually are most prominently elevated in the early 
stages of PBC; as the disease progresses, HDL levels decrease, and 
LDL levels increase. Despite this, the risk of myocardial infarc- 
tion and stroke does not appear to be increased.'+ Xanthelasmas 
(deposits of cholesterol in the skin) may develop in some patients 
with hyperlipidemia and can be troublesome. 

Among patients with PBC who would benefit from lipid-low- 
ering therapy, the use of statins appears to be safe and has not 
been associated with deterioration of liver function.”* Therapy 
with UDCA has been shown to lower the LDL levels in patients 
with PBC and has been useful in some patients with xanthelas- 
mas. Surgical removal of xanthelasmas is seldom successful, and 
such attempts should be avoided. 


Pruritus 


The cause of pruritus in patients with PBC is not fully under- 
stood. Various agents may provide symptomatic relief (Table 
91.4). The bile acid-binding resin cholestyramine was the first 
medication described to alleviate this symptom. Therapy with 
cholestyramine is successful in a majority of patients who can tol- 
erate the unpleasant side effects of bad taste, bloating, and occa- 
sional constipation. The recommended total dose is 3 to 12 g/day 
orally, and the drug is most effective when one half of the dose 
is given 30 minutes before and one half is given 30 minutes after 
breakfast, to permit maximal bile acid binding as the gallblad- 
der empties. All drugs that can potentially bind to cholestyramine 
(including UDCA) should be taken several hours before or after 
the cholestyramine. Colesevelam has a higher bile acid-binding 
capacity and fewer side effects than cholestyramine; however, a 
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TABLE 91.4 Medical Therapy of Cholestasis-Associated Pruritus 


Drug Oral Regimen Efficacy Adverse Effect(s) 
Cholestyramine 3-4 g 30 min before meals Beneficial in most patients Fat malabsorption, decreased intestinal absorption of other 
and 2 hr apart from UDCA medications, constipation 
Rifampin 150-300 mg 2 times daily Beneficial in some, but not all, Inducer of hepatic enzymes involved in drug metabolism, potential 
controlled trials to date hepatotoxicity, red-orange discoloration of urine and secretions 
UDCA 13-15 mg/kg/day Beneficial in intrahepatic No major toxicity reported 
cholestasis of pregnancy 
Naltrexone 50 mg daily Beneficial in small controlled trials Opiate withdrawal symptoms, rare hepatotoxicity 
Antihistamines: Rarely provide significant Drowsiness 
Diphenhydramine 25-50 mg 4 times daily relief apart from sedation 
Hydroxyzine 25 mg 3 times daily 
LIVER TRANSPLANTATION 


small randomized controlled trial demonstrated that despite a 
significant reduction in serum bile acid levels, colesevelam was 
not more effective than placebo at improving pruritus.” 

Not all patients with pruritus are helped by cholestyramine. 
The antibiotic rifampin also is effective in relieving the pruritus 
of PBC. A majority of patients respond to rifampin, and bene- 
fit occurs within one week of the start of therapy. The starting 
dose is 150 mg twice daily orally; occasionally, higher doses are 
needed. Rifampin induces drug-metabolizing enzymes, so cau- 
tion is needed when concurrent drugs are administered. Rifampin 
has been associated with reversible liver injury. 

Occasionally, treatment with UDCA alleviates pruritus, although 
on occasion pruritus may worsen with initiation of UDCA. In warm 
countries, exposure to ultraviolet light without sun block can alle- 
viate pruritus, and not surprisingly, the pruritus of PBC subsides 
during the summer months. The hypothesis has been proposed 
that pruritus may be related to the release of endogenous opioids. 
The opiate receptor antagonist naloxone has shown a clear benefit 
in a double-blind trial.”° Oral opiate receptor antagonists such as 
nalmefene and naltrexone have led to amelioration of pruritus in 
patients with PBC, although further trials are needed to evaluate 
their safety. The serotonin reuptake inhibitor sertraline (75 to 100 
mg orally) was associated with relief of pruritus as assessed by a visual 
analog scale and healing of excoriations.”” Because of their sedative 
effects, antihistamines such as diphenhydramine and hydroxyzine 
are helpful for treating the insomnia associated with pruritus, which 
is always more troublesome at night. The pruritus of PBC is almost 
always cured by LT, which is a viable option for patients with severe 
intractable pruritus (see ‘Table 91.4). 


Steatorrhea 


Steatorrhea can occur in patients with advanced PBC. Several 
causes have been described. The most important cause is 
decreased bile acid delivery with insufficient micellar concentra- 
tion of bile acids in the small intestine. Occasionally, exocrine 
pancreatic insufficiency can be found as part of a widespread glan- 
dular dysfunction seen in some patients with PBC. Coexisting 
celiac disease has been reported in a small number of patients 
with PBC, and SIBO may be the cause of steatorrhea in some 
patients with PBC and systemic sclerosis. Because each of these 
causes has specific and different treatments, determining the 
exact cause of steatorrhea is important. Patients with decreased 
intestinal bile acid concentrations usually benefit from substitu- 
tion of medium-chain triglycerides for long-chain triglycerides 
in their diets and a decrease in total fat intake. Patients with 
exocrine pancreatic insufficiency will benefit from pancreatic 
replacement therapy; patients with celiac disease require gluten 
withdrawal from the diet; and patients with small intestinal bacte- 
rial overgrowth should receive intermittent broad-spectrum oral 
antibiotic therapy. 


The best therapeutic alternative for patients with end-stage PBC 
is LT. The major manifestations of chronic liver disease that 
should prompt an evaluation for LT in patients with other causes 
of chronic liver disease apply to patients with PBC. These indi- 
cations include complications related to portal hypertension. In 
patients with PBC, the development of complications associated 
with chronic cholestasis, such as a poor quality of life secondary 
to disabling fatigue, intractable pruritus, and severe muscle wast- 
ing, as well as persistent increases in the serum bilirubin level in 
the absence of hepatic malignancy, should prompt clinicians to 
consider referral for LT, even in patients without cirrhosis. 

Data from UNOS show a clear trend toward decreased rates 
of LT for PBC.’® From 1995 to 2006, the absolute number of 
liver transplants in the USA increased an average of 249 cases 
per year, but the absolute number of transplants performed for 
PBC decreased by an average of 5.4 cases per year.’ This trend 
has also been observed in Europe.” Because UDCA is now pre- 
scribed nearly universally to patients with PBC, the decline in the 
number of liver transplants for PBC is likely related to a reduc- 
tion in disease progression from UDCA. 

LT clearly improves survival, as well as quality of life, for 
patients with PBC. One-year survival rates after LT are higher 
than 90%, with 5-year survival rates of 80% or higher in most 
transplant centers. Outcomes following live-donor LT appear to 
be comparable to those for 5-year deceased-donor LT, with low 
rates of PBC recurrence. !0” 

PBC may recur after LT. The frequency of recurrent PBC 
varies among centers, with a range of 0% to 35%. Recurrent 
PBC typically occurs 6 years after LT, and the risk increases with 
time. Liver biochemical test levels in patients with recurrent PBC 
can be normal or mildly elevated. AMA may persist after LT, 
and elevated AMA levels do not correlate with recurrent PBC. 
Therefore, the diagnosis of recurrent PBC relies heavily on the 
histologic features. Tacrolimus-based immunosuppression has 
been the most consistently identified risk factor for disease recur- 
rence. Preventive treatment with UDCA post-transplantation 
may decrease the risk of recurrent PBC (10-year risk of 21% in 
UDCA group versus 53% in non-UDCA group), but prospec- 
tive controlled trials are needed to confirm the observations of 
retrospective studies.'°! Recurrent PBC following LT does not 
seem to decrease survival significantly, although in some studies 
a small proportion of patients have had graft failure. UDCA may 
play a role in the treatment of recurrent PBC, and its use has been 
associated with improvement in liver biochemical test levels. 1°? 
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Variceal hemorrhage, hepatic encephalopathy, and ascites—the 
major complications of cirrhosis of the liver (see Chapters 74, 93, 
and 94)—result from portal hypertension, defined as an increase in 
hepatic sinusoidal pressure to 6 mm Hg or greater. Portosystemic 
collaterals decompress the hypertensive hepatic sinusoids and give 
rise to varices at the gastroesophageal junction and elsewhere. 


NORMAL PORTAL CIRCULATION 


The portal venous system carries capillary blood from the esopha- 
gus, stomach, small and large intestine, pancreas, gallbladder, and 
spleen to the liver. The portal vein is formed by the confluence 
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of the splenic vein and the superior mesenteric vein behind the 
neck of the pancreas.! The inferior mesenteric vein usually drains 
into the splenic vein. The left gastric vein, also called the left cor- 
onary vein, usually drains into the portal vein at the confluence 
of the splenic vein and superior mesenteric vein (Fig. 92.1). The 
portal vein is approximately 7.5 cm in length and runs dorsal to 
the hepatic artery and bile duct into the hilum of the liver. The 
uppermost 5 cm of the portal vein does not receive any tributaries.” 
In the hilum of the liver, the portal vein divides into the left and 
right portal vein branches, which supply the left and right sides of 
the liver, respectively. The umbilical vein drains into the left portal 
vein, and the cystic vein from the gallbladder drains into the right 
portal vein. The portal venules drain into hepatic sinusoids that, in 
turn, are drained by the hepatic veins into the inferior vena cava. 
The left and middle hepatic veins usually join and drain into the 
inferior vena cava separately but adjacent to the confluence of the 
right hepatic vein with the inferior vena cava. The caudate lobe 
drains separately into the inferior vena cava (see Chapter 71). 

The circulatory system of the normal liver is a high-compliance, 
low-resistance system that is able to accommodate a large blood 
volume, as occurs after a meal, without substantially increasing por- 
tal pressure. The liver receives a dual blood supply from the por- 
tal vein and the hepatic artery that constitutes nearly 30% of total 
cardiac output. Portal venous blood derived from the mesenteric 
venous circulation constitutes approximately 75% of total hepatic 
blood flow, whereas the remainder of blood to the liver is derived 
from the hepatic artery, which provides highly oxygenated blood 
directly from the celiac trunk of the aorta. Portal vein—derived and 
hepatic artery—derived blood flow converge in high-compliance, 
specialized vascular channels termed hepatic sinusoids. A dynamic 
and compensatory interplay occurs between hepatic blood flow 
derived from the portal vein and that from the hepatic artery. 
When portal venous blood flow to the liver is diminished, as occurs 
in portal vein thrombosis, arterial inflow increases in an attempt 
to maintain total hepatic blood flow at a constant level. Similarly, 
after hepatic artery occlusion, portal venous inflow increases in a 
compensatory manner. This autoregulatory mechanism, aimed at 
maintaining total hepatic blood flow at a constant level, is termed 
the hepatic arterial buffer response. 

The sinusoids are highly permeable and thus facilitate the 
transport of macromolecules to the parenchymal hepatocytes 
that reside on the extraluminal side of the endothelial cells. The 
hepatic sinusoids are highly permeable because they lack a proper 
basement membrane and because the endothelial cells that line the 
sinusoids contain fenestrae. Other unique aspects of the hepatic 
sinusoids are the space of Disse, a virtual space located extralu- 
minal to the endothelial cell and adjacent to the hepatocyte, and 
its cellular constituents, the hepatic stellate cell (HSC) and the 
Kupffer cell (Fig. 92.2; see also Chapters 71 and 74). These 2 cell 
types probably play an important role, in concert with the endo- 
thelial cell, in regulating sinusoidal hemodynamics and homeosta- 
sis and may contribute to the sinusoidal derangements that occur 
in portal hypertension. Under basal conditions, HSCs maintain 
a quiescent phenotype and accumulate vitamin A. On activation, 
however, as occurs in cirrhosis and portal hypertension, these cells 
are postulated to develop contractile abilities that permit them to 
function as sinusoidal pericytes. Kupffer cells contribute to vascu- 
lar homeostasis by generating cytokines with potent cellular and 
vasoregulatory actions. Endothelial cells and smooth muscle cells 
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in nonsinusoidal hepatic vessels such as the portal venule and the 
terminal hepatic venule are important in hepatic vasoregulation, 
particularly in the normal liver, where HSCs are quiescent, not 
activated, and presumably less contractile. 

Many studies have established the important role of nitric 
oxide (NO), derived from endothelial NO synthase (eNOS), 
in hepatic vasodilatation. Shear stress, caused by the frictional 
force of blood within the sinusoids, is one of the most potent 
physiologic stimuli of eNOS-derived NO production in hepatic 
sinusoids. By contrast, endothelin-1 (ET-1), also released by 
endothelial cells, promotes hepatic vasoconstriction by bind- 
ing to ET-A receptors located on HSCs. ET-1 also appears 
to be generated within HSCs themselves and promotes HSC 
contraction through an autocrine loop. Of interest, ET-1 
may alternatively bind to ET-B receptors on endothelial cells. 
This signaling pathway paradoxically promotes vasodilatation 
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Fig. 92.1 Anatomy of the portal circulation. Blood vessels that consti- 
tute the portal circulation and hepatic outflow tracts are depicted. 
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by activating eNOS. Other vascular mediators implicated in 
hepatic vasoregulation include carbon monoxide generated by 
the heme oxygenase system, the sympathetic adrenergic agonist 
norepinephrine, the renin-dependent vasoconstrictor angioten- 
sin, prostaglandins, thromboxane, leukotrienes, and hydrogen 
sulfide. 


HEMODYNAMIC PRINCIPLES OF PORTAL 
HYPERTENSION 


In cirrhosis, as well as in most noncirrhotic causes of portal hyper- 
tension, portal hypertension results from changes in portal resis- 
tance in combination with changes in portal inflow. The influence 
of flow and resistance on pressure can be represented by the for- 
mula for Ohm’s law: 


AP=FxR 


in which the pressure gradient in the portal circulation (AP) 
is a function of portal flow (F) and resistance to flow (R). 
Increases in portal resistance or portal flow can contribute to 
increased pressure. Portal hypertension almost always results 
from increases in both portal resistance and portal flow (Fig. 
92.3). One exception is an arteriovenous fistula (AVF), which 
in the initial stages causes portal hypertension largely through 
an increase in portal flow in the absence of an increase in 
resistance. The mechanism of the increase in portal resistance 
depends on the site and cause of portal hypertension; in the 
Western world, the most common cause is cirrhosis (see later). 
Because of the increase in hepatic resistance and the decrease in 
hepatic compliance, small changes in flow that do not increase 
pressure in the normal liver can have a prominent stimulatory 
effect on portal pressure in the cirrhotic liver. The increase in 
portal venous inflow is part of a generalized systemic derange- 
ment termed the hyperdynamic circulatory state. Collateral ves- 
sels that dilate and new vascular sprouts that form connect the 
high-pressure portal venous system with lower-pressure sys- 
temic veins. Unfortunately, this process of angiogenesis and 
collateralization is insufficient for normalizing portal pressure 
and actually causes complications of portal hypertension, such 
as esophageal varices.’ 

The changes in portal flow and resistance also can be 
viewed as originating from mechanical and vascular factors. 
Mechanical factors include the fibrosis and nodularity of the 
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Fig. 92.2 Anatomy of the hepatic microvasculature. A, Normal sinusoidal microanatomy is depicted. The 
sinusoidal lumen is lined by fenestrated sinusoidal endothelial cells that allow the transport of macromolecules 
to the abluminal space of Disse. Quiescent hepatic stellate cells (HSCs) reside within this space, adjacent to 
hepatocytes and endothelial cells. B, In cirrhosis, a number of changes occur in the hepatic microcirculation, 
including loss of fenestrae in endothelial cells (defenestration), constriction of sinusoids, and activation of HSCs 
with ensuing deposition of collagen and increased contractility. 
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Fig. 92.3 Vascular disturbances in portal hypertension and sites of action of portal pressure-reducing thera- 
pies. Portal hypertension typically results from increased resistance, usually from within the liver, in combina- 
tion with increased portal venous flow. The increase in hepatic resistance results from mechanical factors in 
combination with dynamic vasoconstriction mediated by decreased nitric oxide (NO) production and increased 
endothelin-1 (ET-1) production. The increase in portal venous flow occurs as a result of vasodilatation in the 
splanchnic circulation that is mediated by increased NO production. A collateral circulation, including esopha- 
geal varices, develops between the hypertensive portal vasculature and systemic venous system; however, 
these collaterals are inadequate to decompress the hypertensive portal circulation fully. Collateral vessel 
development is mediated by dilatation of existing collateral vessels, as well as the development of new blood 
vessels and sprouts (angiogenesis). Therapies aimed at the different sites of hemodynamic disturbances are 
shown. CC, contractile cell (e.g., hepatic stellate cell, vascular smooth muscle cell); EC, endothelial cell. 


cirrhotic liver, with distortion of the vascular architecture and 
the remodeling that is recognized to occur in the systemic and 
splanchnic vasculature in response to the chronic increases 
in flow and shear stress that characterize the hyperdynamic 
circulatory state. Vascular factors include intrahepatic vaso- 
constriction, which contributes to increased intrahepatic resis- 
tance, and the splanchnic and systemic vasodilatation that 
accompanies the hyperdynamic circulatory state. The vascu- 
lar factors that contribute to portal hypertension are particu- 
larly important because they are reversible and dynamic and 
therefore compelling targets for experimental therapies (Fig. 
92.4). Conversely, effective therapies for the fixed, mechanical 
component of portal hypertension caused by scar, regenera- 
tive nodules, and vascular remodeling are currently lacking. 


Indeed, most available therapies for portal hypertension focus 
on correction of hemodynamic alterations in the portal circu- 
lation.+> Other agents reduce the increased intrahepatic resis- 
tance (see later). 


Increased Intrahepatic Resistance 


In cirrhosis, increased portal resistance occurs in great part as a 
result of mechanical factors that reduce vessel diameter. In addi- 
tion to regenerative nodules and fibrotic bands, these mechani- 
cal factors include capillarization of the sinusoids and swelling of 
cells, including hepatocytes and Kupffer cells. As discussed earlier, 
however, reduced hepatic vessel diameter resulting in increased 
portal resistance, even when caused by cirrhosis, is not a purely 
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Fig. 92.4 Representative vasodilator and vasoconstrictor molecules 
implicated in portal hypertension. Increased levels of vasodilators and 
decreased levels of vasoconstrictors lead to splanchnic vasodilatation. 
Conversely, decreased levels of vasodilators and increased levels of 
vasoconstrictors are implicated in intrahepatic vasoconstriction in portal 
hypertension. 


mechanical phenomenon. Hemodynamic changes in the hepatic 
circulation also contribute to increased intrahepatic resistance.”* 
These changes are characterized by hepatic vasoconstriction 
and impaired responses to vasodilatory stimuli. The increase in 
intrahepatic resistance is determined largely by changes in ves- 
sel radius, with small reductions in vessel radius causing promi- 
nent increases in resistance. Blood viscosity and vessel length also 
can influence resistance, albeit to a much smaller extent. The 
factors that regulate resistance can be viewed in the context of 
Poiseuille’s law: 
8yL 


Ti ‘ai 


R 


in which R is resistance, 7L is the product of blood viscosity and 
vessel length, and r is vessel radius. 

Although vasoactive changes were estimated initially to account 
for 10% to 30% of the increase in portal resistance in cirrhosis, 
subsequent studies have suggested that these figures actually may 
underestimate the contribution of hepatic vasoconstriction to the 
increased resistance observed in the cirrhotic liver. In noncir- 
rhotic causes of portal hypertension, the increase in resistance may 
occur at sites upstream (prehepatic) or downstream (posthepatic) 
of the liver, as in portal vein thrombosis and hepatic vein throm- 
bosis, respectively (Fig. 92.5). Furthermore, the site of increased 
intrahepatic resistance can be further delineated as the sinusoids 
(sinusoidal), upstream from the sinusoids within the portal venules 
(presinusoidal), or downstream from the sinusoids in the hepatic 
venules (postsinusoidal), as in alcohol-associated cirrhosis, schisto- 
somiasis, and sinusoidal obstruction syndrome, respectively. Pres- 
sure is increased only in the portal circulation behind the site of 
increased resistance, and in isolated portal vein thrombosis, hepatic 
function frequently remains largely preserved despite prominent 
portal hypertension. 

Most evidence suggests that a decrease in the production of the 
vasodilator NO and an increase in the production of the vasocon- 
strictor ET-1 jointly contribute to the increase in hepatic vascular 
resistance. In experimental models of cirrhosis, the bioavailability 
of hepatic NO is diminished because of a reduction in the produc- 
tion of NO by endothelial cells.’”:!° A similar paradigm is observed 
in the human cirrhotic liver.!! Most relevant studies indicate that 
the reduction in NO production occurs not through a reduction in 
hepatic eNOS levels’:!° but through defects in the steps necessary 
to activate existing eNOS. For example, increases in the production 
of the eNOS-inhibiting protein caveolin-1 have been observed in 
experimental models of cirrhosis!° and in human cirrhosis. Another 
pathway that contributes to deficient generation of NO by eNOS 
is a reduction in the level of AKT (protein kinase B) phosphoryla- 
tion of eNOS and up-regulation of the eNOS inhibiting protein 


GRK (G protein-coupled receptor kinase) in the cirrhotic liver.!? 
Irrespective of the mechanism of deficiency, the lack of availability 
of NO is thought to allow HSCs, which are activated and highly 
contractile in liver cirrhosis, to constrict the sinusoids that they 
envelop, thereby increasing portal pressure. In clinical practice, 
NO can be delivered by NO donor agents such as mononitrates. 
NO donor agents exert their beneficial effects in part by relaxing 
the actively contractile stellate cells.!*'* The systemic actions of 
these agents, however, tend to cause side effects and exacerbate the 
hyperdynamic circulatory state. Human and experimental studies 
suggest that statins may activate eNOS in the liver and thereby 
reduce portal hypertension.!> This is one of the more promising 
drug targets for new therapy of portal hypertension.!° 

Excessive ET-1 also contributes to increased intrahepatic vaso- 
constriction in portal hypertension through vasoconstrictive effects 
in the liver, presumably by enhancing HSC contractility.!”!° In 
experimental models, ET-1 protein and receptor expression are 
increased, most notably in HSCs and endothelial cells.!7!°20 In 
humans with portal hypertension, plasma and liver ET-1 levels also 
are increased.”! The reason for activation of the ET-1 system in 
portal hypertension is not known, but this effect may be secondary 
to transforming growth factor-f, a key fibrogenic growth factor.7° 
The variable effects of ET antagonists in experimental models of 
portal hypertension, as well as the possible hepatotoxicity of these 
compounds, have limited enthusiasm for studies of these agents in 
humans.’? Somatostatin, which reduces portal pressure by con- 
stricting the splanchnic circulation, may also act by inhibiting 
ET-1-dependent HSC contraction.’? 

Other vasoactive mediators, including cysteinyl leukotrienes, 
thromboxane, angiotensin, and hydrogen sulfide, have also been 
implicated in the development of increased intrahepatic resis- 
tance in cirrhosis.“+?° Attempts to reduce portal pressure using 
pharmacologic agents that inhibit angiotensin activation of HSC 
contraction have met with mixed results.*° Promising approaches 
for human evaluation include statins and targeted kinase inhibitors 
such as sorafenib.!°7 Carvedilol is of notable interest because it is 
a nonselective B-receptor blocking agent (beta blocker) (discussed 
later) that also improves hepatic sinusoidal perfusion through a-1 
adrenergic receptor blockade.”® 


Hyperdynamic Circulation 


In addition to the increases in portal resistance discussed earlier, a 
major factor in the development and perpetuation of portal hyper- 
tension is an increase in portal venous flow, or the hyperdynamic 
circulation. The term portal venous inflow indicates the total blood 
that drains into the portal circulation, not the blood flow in the por- 
tal vein itself, which may actually be diminished in portal hyperten- 
sion because of portosystemic collateral shunts. The hyperdynamic 
circulation is characterized by peripheral and splanchnic vasodila- 
tation, reduced mean arterial pressure, and increased cardiac out- 
put. Vasodilatation, particularly in the splanchnic bed, permits an 
increase in inflow of systemic blood into the portal circulation.’? 

Splanchnic vasodilatation is caused in large part by relaxation 
of splanchnic arterioles and ensuing splanchnic hyperemia. Stud- 
ies of experimental portal hypertension have demonstrated that 
splanchnic vascular endothelial cells are primarily responsible for 
mediating splanchnic vasodilatation and enhanced portal venous 
inflow through excess generation of NO.*°-** This excess genera- 
tion of NO and ensuing vasodilatation, hyperdynamic circulation, 
and hyperemia in the splanchnic and systemic circulation contrast 
with the hepatic circulation, in which NO deficiency contributes to 
increased intrahepatic resistance. 

Some of the increase in NO production probably occurs from 
shear stress-dependent and shear stress-independent increases 
in the expression of eNOS, which can be corrected in part by 
beta blockers.*°3°** Activation of existing eNOS by cytokines 
or mechanical factors also seems to contribute to excess systemic 
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Fig. 92.5 Classification of portal hypertension. The 
different sites of increased resistance to portal flow 
(posthepatic, intrahepatic, and prehepatic) and as- 
sociated diseases are shown. Many diseases cause 
a mixed pattern. Portal hypertension rarely can occur 
exclusively as a result of increased portal blood flow, 
as occurs with an arteriovenous shunt (not shown). 


and splanchnic NO generation through pathways that include 
eNOS phosphorylation and protein interactions.*!*> The physi- 
ologic stimuli that mediate this process are not well understood 
but may include ET-1, which is increased in the serum of patients 
with portal hypertension, and the cytokine TNF-a. Inhibitors of 
‘TNF-a improve portal pressure and the splanchnic circulatory 
disturbances in both human and experimental portal hypertension; 
however, TNF-a inhibitors are not safe for use in patients with 
advanced liver disease and high MELD scores (see later and Chap- 
ter 97).46 TNF-a may be derived from intestinal endotoxin, and 
intestinal decontamination appears to correct the hyperdynamic 
circulation in humans, thereby suggesting a link with intestinal 
inflammation.*’ Studies have linked intestinal microbes and lipo- 
polysaccharide with portal hypertensive hemodynamics.** Vascular 
endothelial growth factor (VEGF) has also been implicated in this 
process by excessively activating eNOS.*” 

Other mediators that may contribute to systemic and splanch- 
nic vasodilatation include anandamide, an endogenous vasodilatory 
cannabinoid,*”-°? heme oxygenase,!*3>° COX,*° and agonists of 
the innate immune system such as lipopolysaccharide.*® Compel- 
ling evidence also supports a primary defect in smooth muscle cells 
in portal hypertension, perhaps because of defects in potassium 
channels.*’~°! In fact, many pharmacologic therapies for portal 
hypertension target the splanchnic arteriolar smooth muscle cells, 
rather than endothelial cells, to reduce splanchnic vasodilatation. 
For example, octreotide, a synthetic analog of somatostatin, causes 
marked but transient reductions in portal pressure by contracting 
splanchnic smooth muscle cells, thereby limiting portal venous 
inflow, especially after meals. Nonselective beta blockers and 
vasopressin also reduce portal pressure by constricting splanch- 
nic arterioles and thereby reducing portal venous inflow. Because 
intrahepatic resistance persists, therapies that target the increase 
in portal venous inflow usually do not normalize portal pressure 
entirely but often blunt the prominent increases in portal venous 
inflow that occur in response to a meal. Combination therapy with 
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an agent that reduces increased intrahepatic resistance, such as a 
nitrate, and an agent that reduces portal venous inflow, such as a 
beta blocker, are more effective in reducing portal pressure than 
is either agent alone. Carvedilol as a single agent has combined 
effects of beta blockade and relaxation of intrahepatic sinusoidal 
vessels. 


Collateral Circulation and Varices 


The portal vein-systemic collateral circulation develops and 
expands in response to elevation of the portal pressure.® Blood 
flow in the low volumes that normally perfuse these collaterals and 
flow toward the portal circulation is reversed in portal hyperten- 
sion because the increased portal pressure exceeds systemic venous 
pressure. Therefore, flow is reversed in these collateral vessels, 
and blood flows out of the portal circulation toward the systemic 
venous circulation. The sites of collateral formation are the distal 
esophagus and proximal stomach, where gastroesophageal varices 
are the major collaterals formed between the portal venous sys- 
tem and systemic venous system; the umbilicus, where the vestigial 
umbilical vein communicates with the left portal vein and gives rise 
to prominent collaterals around the umbilicus (caput medusae); the 
retroperitoneum, where collaterals, especially in women, commu- 
nicate between the ovarian vessels and iliac veins; and the rectum, 
where the inferior mesenteric vein connects with the pudendal vein 
and rectal varices develop. 

Four distinct zones of venous drainage at the gastroesophageal 
junction are particularly relevant to the formation of esophageal 
varices. The gastric zone, which extends for 2 to 3 cm below the 
gastroesophageal junction, comprises veins that are longitudinal 
and located in the submucosa and lamina propria. They come 
together at the upper end of the cardia of the stomach and drain 
into short gastric and left gastric veins. The palisade zone extends 
2 to 3 cm proximal to the gastric zone into the lower esophagus. 
Veins in this zone run longitudinally and in parallel in 4 groups 
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corresponding to the esophageal mucosal folds. These veins anas- 
tomose with veins in the lamina propria. The perforating veins in 
the palisade zone do not communicate with extrinsic (periesopha- 
geal) veins in the distal esophagus. The palisade zone is the domi- 
nant watershed area between the portal and systemic circulations. 
More proximal to the palisade zone in the esophagus is the perfo- 
rating zone, where there is a network of veins. These veins are less 
likely to be longitudinal and are termed perforating veins because 
they connect the veins in the esophageal submucosa and the exter- 
nal veins. The truncal zone, the longest zone, is approximately 
10 cm in length, located proximal to the perforating zone in the 
esophagus, and usually characterized by 4 longitudinal veins in the 
lamina propria. 

Veins in the palisade zone in the esophagus are most prone 
to bleeding because no perforating veins at this level connect the 
veins in the submucosa with the periesophageal veins. Varices in 
the truncal zone are unlikely to bleed, because the perforating ves- 
sels communicate with the periesophageal veins, allowing the vari- 
ces in the truncal zone to decompress. The periesophageal veins 
drain into the azygos system, and as a result, an increase in azygos 
blood flow is a hallmark of portal hypertension. The venous drain- 
age of the lower end of the esophagus is through the coronary vein, 
which also drains the cardia of the stomach, into the portal vein. 

The fundus of the stomach drains through short gastric veins 
into the splenic vein. In the presence of portal hypertension, vari- 
ces may therefore form in the fundus of the stomach. Splenic vein 
thrombosis usually results in isolated gastric fundal varices. Because 
of the proximity of the splenic vein to the renal vein, spontaneous 
splenorenal shunts may develop and are more common in patients 
with gastric varices than in those with esophageal varices.°? 

The predominant collateral flow pattern in intrahepatic por- 
tal hypertension is through the right and left coronary veins, with 
only a small portion of flow through the short gastric veins. There- 
fore, most patients with an intrahepatic cause of portal hyperten- 
sion have esophageal varices or gastric varices in continuity with 
esophageal varices. Unfortunately, portal hypertension caused by 
cirrhosis generally persists and progresses despite the development 
of even an extensive collateral circulation. Progression of portal 
hypertension results from (1) the prominent obstructive resistance 
in the liver; (2) resistance within the collaterals themselves; and (3) 
continued increase in portal vein inflow. The collateral circulatory 
bed develops through a combination of angiogenesis and dilatation 
and increased flow through preexisting collaterals.*°’ VEGF, a key 
NO stimulatory growth factor, may contribute to both the angio- 
genic and collateral vessel responses.*+°* Inhibition of VEGF or 
NO may attenuate the collateral vessel propagation by inhibiting 
angiogenic responses in experimental models of portal hyperten- 
sion and collateralization.°’-’? Beta blockers and octreotide may act 
in part by constricting collateral vessels.’>-’° Attempts to inhibit 
VEGF and angiogenesis have focused on targeted kinase inhibi- 
tors.7? 

The development of gastroesophageal varices requires a portal 
pressure gradient of at least 10 mm Hg (see later). Furthermore, 
a portal pressure gradient of at least 12 mm Hg is thought to be 
required for varices to bleed; other local factors that increase vari- 
ceal wall tension are also needed’ because not all patients with a 
portal pressure gradient of greater than 12 mm Hg bleed. Factors 
that influence variceal wall tension can be viewed in the context of 
Laplace’s law: 

qe" 

w 
where T is variceal wall tension, P is the transmural pressure gra- 
dient between the variceal lumen and esophageal lumen, r is the 
variceal radius, and w is the variceal wall thickness. When the 
variceal wall thins and the varix increases in diameter and pres- 
sure, the tolerated wall tension is exceeded and the varix ruptures. 
These physiologic observations are manifested clinically by the 


observation that patients with larger varices (r) in sites of limited 
soft tissue support (w), with elevated portal pressure (P), tend to 
be at greatest risk for variceal rupture from variceal wall tension 
(T) that becomes excessive. One notable site in which soft tissue 
support is limited is at the gastroesophageal junction. The lack 
of tissue support and high vessel density may contribute to the 
greater frequency of bleeding from varices at the gastroesopha- 
geal junction. Laplace’s law also has implications for the relevance 
of pharmacologic therapies aimed at reducing portal pressure. A 
reduction in portal pressure reduces the variceal transmural pres- 
sure gradient, thereby reducing the risk that variceal wall tension 
will become excessive and that varices will rupture. Clinically, a 
reduction in the hepatic venous pressure gradient to less than 12 
mm Hg almost eliminates the risk of variceal hemorrhage. The 
changes in portal pressure and local variceal factors, however, are 
dynamic and influenced by a number of physiologic (an increase in 
intra-abdominal pressure, meal-induced increases in portal pres- 
sure), diurnal (circadian changes in portal pressure), and patho- 
physiologic (acute alcohol use) factors; moreover, portal pressure 
and esophageal variceal pressure may vary at different times. 


MEASUREMENT OF PORTAL PRESSURE 


Portal pressure may be measured indirectly or directly. The most 
commonly used method of measuring portal pressure is determi- 
nation of the hepatic vein pressure gradient (HVPG), which is an 
indirect method. Measurement of splenic pulp pressure and direct 
measurement of the portal vein pressure are infrequently used 
approaches because they are invasive and cumbersome. Variceal 
pressure also can be measured but is rarely performed in clinical 
practice. Measurement of liver stiffness using transient elastogra- 
phy (or other ultrasound-based approaches) or magnetic resonance 
elastography may indicate the presence of portal hypertension but 
cannot yet be used to measure portal pressure (see Chapters 73 
and 74). 


Hepatic Vein Pressure Gradient 


The HVPG is the difference between the wedged hepatic 
venous pressure (WHVP) and free hepatic vein pressure 
(FHVP). The HVPG has been used to assess portal hyperten- 
sion since its first description in 1951,8 and has been validated 
as the best predictor for the development of complications of 
portal hypertension. 

Measurement of the HVPG requires passage of a catheter into 
the hepatic vein under radiologic guidance until the catheter can be 
passed no further, that is, until the catheter has been “wedged” in 
the hepatic vein. The catheter can be passed into the hepatic vein 
through the femoral vein or using a transjugular venous approach. 
The purpose of wedging the catheter is to form a column of fluid 
that is continuous between the hepatic sinusoids and the catheter. 
Therefore, the measured pressure of fluid within the catheter 
reflects hepatic sinusoidal pressure. One of the drawbacks of using 
a catheter that is wedged in the hepatic vein is that the WHVP 
measured in a more fibrotic area of liver may be higher than the 
pressure measured in a less fibrotic area because of regional varia- 
tion in the degree of fibrosis. Using a balloon-occluding catheter in 
the right hepatic vein to create a stagnant column of fluid in con- 
tinuity with the hepatic sinusoids virtually eliminates this variation 
in measurement of WHVP because the balloon catheter measures 
the WHVP averaged over a wide segment of the liver.’? The pres- 
sure in the hepatic vein following deflation of the balloon is the 
FHVP. 

HVPG measurement is not effective for detecting presinusoidal 
causes of portal hypertension. For example, in portal hypertension 
secondary to portal vein thrombosis, the HVPG is normal. More- 
over, the HVPG may underestimate sinusoidal pressure in PBC 
and presinusoidal causes of portal hypertension.*” Therefore, the 


HVPG is accurate for detecting only sinusoidal and postsinusoidal 
causes of portal hypertension. 

The HVPG represents the gradient between the pressure in 
the portal vein and the intra-abdominal inferior vena caval pres- 
sure (FHVP). By contrast, using the right atrial pressure as a refer- 
ence for intra-abdominal pressure gives an erroneous estimation of 
hepatic sinusoidal pressure.*! 

An elevation in intra-abdominal pressure increases both 
WHVP and FHVP equally, so that the HVPG is unchanged. 
The advantage of the HVPG is that variations in the “zero” 
reference point have no impact on the HVPG.*” The HVPG 
is measured at least 3 times to demonstrate that the values 
are reproducible. Total occlusion of the hepatic vein by the 
inflated balloon to confirm that the balloon is in a wedged 
position is demonstrated by injecting contrast into the hepatic 
vein. A sinusoidal pattern should be seen, with no collateral 
circulation to other hepatic veins. The contrast washes out 
promptly with deflation of the balloon. Correct position- 
ing of the balloon is also demonstrated by a sharp increase 
in the recorded pressure on inflation of the balloon. The 
pressure then becomes steady until the balloon is deflated, 
when the pressure drops sharply. In experienced hands, mea- 
surement of the HVPG is highly reproducible, accurate, and 
safe. 

Measurement of the HVPG has been proposed for the fol- 
lowing indications: (1) to monitor portal pressure in patients 
taking drugs used to prevent variceal bleeding; (2) as a prognos- 
tic marker*’; (3) as an end point in trials using pharmacologic 
agents for the treatment of portal hypertension®*; (4) to assess 
the risk of hepatic resection in patients with cirrhosis; and (5) to 
delineate the cause of portal hypertension (i.e., presinusoidal, 
sinusoidal, or postsinusoidal [Table 92.1]), usually in combi- 
nation with venography, right-sided heart pressure measure- 
ments, and transjugular liver biopsy. Although the indication 
for HVPG measurement with the most potential for widespread 
use is to monitor the efficacy of therapies to reduce portal 
pressure, HVPG monitoring is not done routinely in clinical 
practice because controlled trials have yet to demonstrate its 
usefulness. *° 


Splenic Pulp Pressure 


Determination of splenic pulp pressure is an indirect method of 
measuring portal pressure and involves puncture of the splenic 
pulp with a needle catheter. Splenic pulp pressure is elevated in 
presinusoidal portal hypertension, when the HVPG is normal. 
Because of the potential risk of complications, especially bleeding, 


TABLE 92.1 Use of Hepatic Vein Pressure Gradient in the Differential 
Diagnosis of Portal Hypertension 


Type of Portal 


Hypertension WHVP FHVP HVPG 
Prehepatic Normal ormal Normal 
Presinusoidal Normal ormal Normal 
Sinusoidal Increased Normal Increased 
Postsinusoidal Increased ormal Increased 
Posthepatic 

Heart failure Increased ncreased Normal 

Budd-Chiari — Hepatic vein cannot — 

syndrome be cannulated 


FHVP free hepatic vein pressure; HVPG, hepatic vein pressure gradient; 
WHVP. wedged hepatic venous pressure. 
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associated with splenic puncture, however, the procedure is seldom 
used. 


Portal Vein Pressure 


Direct measurement of the pressure in the portal vein is 
also a rarely used method that can be carried out through a 
percutaneous transhepatic route, transvenous approach, or, 
rarely, intraoperatively (although anesthesia can affect por- 
tal pressure). The transhepatic route requires portal vein 
puncture performed under US guidance. A catheter is then 
threaded over a guidewire into the main portal vein. With 
increasing use of TIPS (see later), radiologists have gained 
expertise in puncturing the portal vein and measuring portal 
vein pressure by a transjugular route. Direct portal pressure 
measurements are carried out when HVPG cannot be mea- 
sured, as in patients with occluded hepatic veins caused by the 
Budd-Chiari syndrome (see Chapter 85) in whom a surgical 
portosystemic shunt is being contemplated® or in patients with 
intrahepatic, presinusoidal causes of portal hypertension, such 
as idiopathic portal hypertension, in which the HVPG may be 
normal. 


Endoscopic Variceal Pressure 


Varices rupture and bleed when the expanding force of intra- 
variceal pressure exceeds variceal wall tension (see earlier). 
Measurement of the difference between intravariceal pres- 
sure and pressure within the esophageal lumen (the transmu- 
ral pressure gradient across the varices) is potentially a more 
important indicator of bleeding risk than measurement of 
HVPG,*7°* especially in patients with portal vein thrombosis 
and other causes of portal hypertension associated with a nor- 
mal HVPG. 

Variceal pressure can be measured in various ways: by inser- 
tion of a needle connected to a pressure transducer, with use of 
a miniature pneumatic pressure sensitivity gauge at the tip of 
an endoscope, or by manometry using an endoscopic balloon. 
Patients with previous variceal bleeding have been demon- 
strated to have higher variceal pressures than those in patients 
without previous bleeding.® A variceal pressure greater than 
18 mm Hg during a bleeding episode is associated with fail- 
ure to control bleeding and predicts early rebleeding.” More- 
over, patients on pharmacologic therapy who show a decrease 
in variceal pressure of greater than 20% from baseline have 
a low probability of bleeding, as compared with patients 
who do not demonstrate a greater than 20% decrease in 
variceal pressure, in whom the risk of variceal bleeding is 
46%.° In general, techniques for measuring variceal pressure 
have not been found to be suitable or safe for routine 
clinical use. 


DETECTION OF VARICES 
EGD 


EGD is the most commonly used method to detect esophageal 
varices. The consensus is that all patients with cirrhosis of the 
liver should be screened for esophageal varices by endoscopy. 
In patients in whom no varices are detected on initial evalua- 
tion, endoscopy to screen for varices should be repeated in 2 
to 3 years. If small varices are detected on the initial examina- 
tion, endoscopy should be repeated in 1 to 2 years.?!)°? None 
of the various noninvasive methods of determining which 
patients benefit most from endoscopic screening is accurate 
enough to recommend for routine use in clinical practice.” 
However, a platelet count less than 110,000/mm? and liver 
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Fig. 92.6 Endoscopic appearances of esophageal varices. A, EGD demonstrating dilated and straight veins 
(small esophageal varices) in the distal esophagus (arrows). B, EGD demonstrating large esophageal varices, 
greater than 5 mm in diameter, with a fibrin plug (arrow) indicating the site of a recent bleed. 


stiffness measurement by transient elastography greater than 
25 kPa (see Chapters 73 and 74) may identify with a high 
degree of confidence the patients who may need therapy to 
prevent variceal bleeding.”* The role of noninvasive markers 
in predicting the risk of large esophageal varices requires study 
in large multicenter trials. Preliminary data suggest that wire- 
less video capsule endoscopy (see Chapter 20)” and CT imag- 
ing are alternative screening modalities in patients who are not 
candidates for EGD. Moreover, CT screening may be more 
cost-effective than endoscopy (see later).”° 

Endoscopic grading of esophageal varices is subjective. 
Various criteria have been used to try to standardize the 
reporting of esophageal varices. The best known criteria are 
those compiled by the Japanese Research Society for Portal 
Hypertension. The descriptors include red color signs, color 
of the varix, form (size) of the varix, and location of the varix.”’ 
Red color signs include red “wale” markings, which are longi- 
tudinal whip-like marks on the varix; cherry-red spots, which 
usually are 2 to 3 mm or less in diameter; hematocystic spots, 
which are blood-filled blisters 4 mm or greater in diameter; 
and diffuse redness. The color of the varix can be white or 
blue. The form of the varix at endoscopy is described most 
commonly. Esophageal varices may be small and straight 
(grade I), tortuous and occupying less than one third of the 
esophageal lumen (grade II), or large and occupying more 
than one third of the esophageal lumen (grade IID). Varices 
can be in the lower third, middle third, and upper third of 
the esophagus. Of all the aforementioned descriptors, the size 
of the varices in the lower third of the esophagus is the most 
important. The size of the varices in the lower third of the 
esophagus is determined during withdrawal of the endoscope 
(Fig. 92.6). Small varices are 5 mm or less in diameter, whereas 
large varices are greater than 5 mm in diameter.’””® As a point 
of reference, any varix larger in diameter than an open pinch 
biopsy forceps is likely to be greater than 5 mm in diameter. 
Patients with large esophageal varices, Child-Pugh class C cir- 
rhosis (see later), and red color signs on varices have the high- 
est risk of variceal bleeding within one year.” The increase in 
bleeding risk attributable to the presence of red color signs, 
however, is not independent of the risk associated with large 
variceal size. Therefore, prophylactic treatment to prevent 
variceal bleeding is recommended in all patients with large 


esophageal varices irrespective of the presence or absence of 
red color signs (see later). 


US 


US examination of the liver with Doppler study of the vessels 
has been used widely to assess patients with portal hyperten- 
sion. Features suggestive of portal hypertension on US include 
splenomegaly, portosystemic collateral vessels, and reversal of 
the direction of flow in the portal vein (hepatofugal flow). Some 
studies have demonstrated that a portal vein diameter greater 
than 13 mm and the absence of respiratory variations in the 
splenic and mesenteric veins are sensitive but nonspecific mark- 
ers of portal hypertension.!.!°! These criteria are not used 
routinely in clinical practice in most centers. US examination 
can detect thrombosis of the portal vein, which appears as non- 
visualization or cavernous transformation (a cavernoma) of the 
portal vein; the latter finding indicates an extensive collateral 
network in place of the thrombosed portal vein.!°* Splenic vein 
thrombosis also can be demonstrated. Although Doppler US 
is clinically useful in the initial evaluation of portal hyperten- 
sion, the technique is not widely used to provide quantitative 
assessments of the degree of portal hypertension. Shear-wave 
transient or acoustic radiation force impulse elastography of the 
liver and spleen may be useful in detecting portal hypertension 
but is not sufficiently sensitive to recommend as a modality to 
monitor decreases in portal pressure in patients on pharmaco- 
therapy (see Chapters 73 and 74).!°3 A combination of liver and 
spleen stiffness measured by acoustic radiation force impulse 
elastography may also identify patients at risk for esophageal 
varices.!0+ 


CT 


CT is useful for demonstrating many features of portal hyper- 
tension, including abnormal configuration of the liver, asci- 
tes, splenomegaly, collateral vessels, and portosystemic shunts 
(Figs. 92.7 and 92.8). Detection of varices may be an emerging 
indication for CT. The detection of fundal varices by multide- 
tector CT is at least as accurate as EUS (see later). CT is espe- 
cially helpful in distinguishing submucosal from perigastric 
fundal varices! and is considered a less invasive alternative 


Fig. 92.7 Abdominal CT in 
patients with portal hypertension. 
A, Image showing an irregular 
contour of the liver (arrowheads) 
typical of cirrhosis. A small right 
pleural effusion is evident (straight 
arrow). The liver is hypointense 
relative to the spleen (curved 
arrow), typical of fatty infiltration 
of the liver in alcohol-associated 
cirrhosis. B, Coronal section of a 
CT showing contrast-enhanced 
esophageal varices (cursor). C, Im- 
age showing 2 large esophageal 
varices (arrows) 5 mm and 6 mm 
in diameter. Varices are almost 
opposed to each other. D, Image 
showing a tuft of gastroesopha- 
geal collaterals (straight arrow). 
The enlarged spleen is also seen 
(curved arrow). 


Fig. 92.8 CT showing choledochal varices (straight arrows) surround- 
ing a stent in the bile duct (curved arrow). Dilated bile ducts (white 
arrowheads) and perisplenic varices (black arrowheads) are also seen. 


to conventional angiographic portography in assessing por- 
tosystemic collaterals. Nevertheless, CT is not yet a recom- 
mended screening method for detecting large esophageal 
varices but may ultimately be confirmed as a cost-effective 
method of screening for varices and preferable to endoscopy 
by patients.°° 
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MRI 


Gadolinitum-enhanced MRI is a potentially useful method of 
detecting esophageal varices.!°° In addition, MRI can be used 
to measure portal and azygos blood flow, which is increased in 
patients with portal hypertension.!°” MRI provides excellent detail 
of the vascular structures of the liver and can detect portal vein 
thrombosis and spleen stiffness in patients with portal hyperten- 
sion. Unlike shear-wave transient elastography, MR elastography 
can accurately assess the stiffness of fatty livers.!°° The role of MR 
elastography in the assessment of changes in portal pressure in 
response to pharmacologic agents requires further study. 


EUS 


EUS examination (endosonography) using radial or linear array 
echo-endoscopes or EUS mini-probes passed through the working 
channel of a diagnostic endoscope has been applied to the evaluation 
of patients with varices. EUS has been used to study several aspects 
of esophageal varices, including the cross-sectional area of varices to 
identify patients at increased risk of bleeding”’; size of and flow in the 
left gastric vein, azygos vein, and paraesophageal collaterals; changes 
after endoscopic therapy; and recurrence of esophageal varices fol- 
lowing variceal ligation (see later).!°? Endosonography can be com- 
bined with endoscopic measurement of transmural variceal pressure 
to allow estimation of variceal wall tension, which is a predictor of 
variceal bleeding (see earlier).!!°-!!* Endosonography may be used to 
target varices for sclerotherapy or glue injection (see later).!!° 


CAUSES OF PORTAL HYPERTENSION 


The usual classification of causes of portal hypertension is based on 
the site of increased resistance to portal blood flow—namely, pre- 
hepatic, intrahepatic, and posthepatic—and is outlined in Figure 
92.5. Intrahepatic sites of increased resistance can be presinusoidal, 
sinusoidal, or postsinusoidal. Many causes of portal hypertension 
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BOX 92.1 Causes of Portal Hypertension 


COMMON 

Cirrhosis 

Schistosomiasis 

Extrahepatic portal vein thrombosis 
Idiopathic portal hypertension 
Cardiac fibrosis 


PART IX Liver 


LESS COMMON 

Nodular regenerative hyperplasia 

Partial nodular transformation of the liver 
Fibropolycystic liver disease 

Sarcoidosis 

Malignancy 

Splanchnic arteriovenous fistula 

HHT 


are associated with an increase in resistance at more than one site. 
For example, alcohol-associated cirrhosis may be associated with 
increased resistance at the presinusoidal, sinusoidal, and postsinu- 
soidal levels. Therefore, classification based on the site of resistance 
may not be possible for all diseases that cause portal hypertension. 
A more useful classification is clinically based and considers com- 
mon and less common causes of portal hypertension (Box 92.1). 


Common 
Cirrhosis 


Complications related to portal hypertension are the usual clinical 
manifestations of cirrhosis of the liver (see Chapter 74). Although 
all causes of cirrhosis are associated with portal hypertension, some 
features are disease specific. In alcohol-associated liver disease, ele- 
vation of the portal pressure is accurately reflected by the HVPG; 
moreover, portal hypertension may occur in the absence of cirrho- 
sis but is more marked when cirrhosis is present. Perivenular lesions 
implicated in the pathogenesis of noncirrhotic alcohol-associated 
liver injury account for the presinusoidal component of portal 
hypertension in these patients (see Chapter 86).!!* Autoimmune 
hepatitis also may be associated with portal hypertension in the 
absence of cirrhosis!!5; however, the risk of variceal bleeding is low 
in patients with autoimmune hepatitis (see Chapter 90). In patients 
with hemochromatosis, portal hypertension may be seen even 
before cirrhosis; the severity of portal hypertension increases with 
increasing fibrosis. Patients with hemochromatosis may bleed from 
varices despite an HVPG less than 12 mm Hg, indicating a presi- 
nusoidal component of portal hypertension. Phlebotomy therapy 
in patients with hemochromatosis may result in a decrease in por- 
tal hypertension (see Chapter 75).'!° In patients with PBC as well, 
portal hypertension may occur before cirrhosis has developed. The 
risk of variceal bleeding increases with an increase in the histologic 
stage of the disease.!!’ In earlier stages of PBC, portal hyperten- 
sion is predominantly presinusoidal, but as the disease progresses, 
a sinusoidal component develops. Therefore, the HVPG may 
underestimate portal pressure in patients with PBC.® Treatment 
of PBC with UDCA may result in a decrease in portal pressure (see 
Chapter 91). Portal hypertension occurs in patients with PSC (see 
Chapter 68) and in those with a biliary stricture (see Chapter 70). 
Although a long duration of biliary obstruction usually is required, 
portal hypertension has been known to develop in a few months in 
patients with chronic bile duct obstruction caused by chronic alco- 
hol-associated pancreatitis (see Chapter 59).!18 Portal hyperten- 
sion in patients with biliary obstruction regresses following relief of 
the biliary obstruction. Signs of portal hypertension are present in 


25% of patients at the time of diagnosis of NAFLD with advanced 
fibrosis or cirrhosis; however, portal hypertension may occur even 
in the absence of fibrosis if steatosis is extensive (see Chapter 87).!!° 


Schistosomiasis 


Schistosomiasis is a common cause of portal hypertension world- 
wide (see Chapter 84). Bleeding from esophageal varices is a major 
cause of death in patients with hepatosplenic schistosomiasis. 
Portal hypertension results from presinusoidal obstruction caused 
by deposition of eggs of Schistosoma mansoni or Schistosoma japoni- 
cum in the presinusoidal portal venules. The host reaction results in 
granulomatous inflammation, which causes presinusoidal and peri- 
portal fibrosis.!?° The fibrosis that results is sometimes called “clay 
pipestem” or simply “pipestem” fibrosis and is associated with sus- 
tained heavy infection. The periportal collagen deposition leads to 
progressive obstruction of portal blood flow, portal hypertension, 
and variceal bleeding, along with splenomegaly and hypersplenism. 
Lobular architecture usually is preserved. Coinfection with HBV 
or HCV in patients with hepatic schistosomiasis can result in more 
rapid progression of fibrosis, hepatic failure, and an increased risk 
of HCC. 

In the initial stages of schistosomiasis, the HVPG is normal 
owing to the presinusoidal nature of the obstruction. Some patients 
with schistosomiasis and portal hypertension may also have portal 
vein thrombosis. Patients with schistosomiasis may undergo por- 
tosystemic shunt surgery to treat variceal bleeding, with excellent 
long-term outcomes. 


Extrahepatic Portal Vein Thrombosis 


Extrahepatic portal vein thrombosis is a prehepatic, presinusoidal 
cause of portal hypertension and a common cause of portal hyper- 
tension in children (see Chapter 85). The most common causes of 
portal vein thrombosis include hematologic disorders such as poly- 
cythemia vera or other myeloproliferative neoplasms. Other causes 
include a prothrombotic state, such as antithrombin, protein C, 
or protein S deficiency; antiphospholipid syndrome (or antiphos- 
pholipid antibody syndrome); paroxysmal nocturnal hemoglobin- 
uria; oral contraceptive use; a neoplasm, usually intra-abdominal; 
an inflammatory disease, such as pancreatitis, IBD, or diverticu- 
litis; abdominal trauma; and postoperative states, especially post- 
splenectomy. Portal vein thrombosis may develop in up to 25% 
of patients with cirrhosis.!?? The association with HCC may not 
be as strong as previously thought. Isolated splenic vein thrombo- 
sis caused by a pancreatic neoplasm or pancreatitis usually is not 
associated with a thrombophilia. Umbilical vein sepsis may be an 
etiologic factor in children with portal vein thrombosis, but even in 
these cases, an associated prothrombotic state may be an additional 
predisposing factor. 

Acute and subacute portal vein thrombosis usually does not 
manifest with variceal bleeding.! Chronic portal vein thrombosis 
is suggested by nonvisualization of the portal or splenic vein and 
an extensive collateral circulation on imaging studies. Patients may 
present with nonspecific symptoms or with variceal bleeding and 
hypersplenism. Bleeding is usually from gastroesophageal varices 
but may be from duodenal varices and, rarely, other ectopic sites. 
Gallbladder varices have also been described in patients with portal 
vein thrombosis. !?? 

The treatment of chronic portal vein thrombosis is symp- 
tomatic, with the aim of controlling variceal bleeding or 
preventing recurrent variceal bleeding. Patients in whom 
esophageal varices are not large, and a thrombophilia is 
detected, are best managed with anticoagulation because in 
these patients the benefits of anticoagulation outweigh the 
risks.!*+ Local or systemic thrombolytic therapy is seldom 
required and is generally reserved for patients in whom an 
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Fig. 92.9 Algorithm for the management of portal vein thrombosis in patients with cirrhosis. C-A Child-Pugh 


class. 


acute portal vein thrombus extends into the superior mes- 
enteric vein, with danger of impending intestinal ischemia. 
Endoscopic therapy is used to control acute variceal bleed- 
ing and to prevent recurrent bleeding. Use of pharmacologic 
agents such as beta blockers to prevent variceal bleeding is 
probably also effective in patients with portal vein thrombosis, 
but this approach has not been well studied. Patients with por- 
tal vein thrombosis have lower mortality and morbidity rates 
from variceal bleeding than those reported in patients with cir- 
rhosis and variceal bleeding, owing to the lack of coagulopathy 
and synthetic liver dysfunction. Surgical portosystemic shunt 
procedures are carried out in patients in whom bleeding can- 
not be controlled by conservative measures. If a suitable vein 
is not available for anastomosis, a large collateral vein may be 
anastomosed to a systemic vein.!*> The mesenterico-left portal 
venous bypass discussed later is especially effective because it 
preserves portal blood flow and avoids hepatic encephalopathy 
while decompressing the portal venous system.!’° Placement 
of a TIPS is possible in many patients with chronic portal vein 
thrombosis and cirrhosis, with excellent long-term patency.!?’ 
Portal vein thrombosis occurs in patients with cirrhosis at an 
annual frequency of 2% to 10% per year and is associated with 
severity of liver disease.'** CT or MRI is recommended in 
these patients to rule out HCC, which may be associated with 
tumor thrombus. Anticoagulation in patients with cirrhosis is 
safe and is associated with a high rate of recanalization of the 
portal vein and reduced rates of complications of cirrhosis.!*” 
Comorbidity has a greater impact on outcome of GI bleed- 
ing in patients on anticoagulants than does the anticoagulation 
itself.!°° TIPS has been possible in selected patients with good 
results after failure of endoscopic and pharmacologic ther- 
apy.! °! Figure 92.9 provides an algorithmic approach to man- 
agement of portal vein thrombosis in patients with cirrhosis. 


Idiopathic Portal Hypertension 


Idiopathic portal hypertension is uncommon in Western coun- 
tries but is common in parts of Asia such as India and Japan. 
This disorder is diagnosed when portal pressure is elevated in 
the absence of significant histologic changes in the liver or extra- 
hepatic portal vein obstruction.!*? A liver biopsy specimen from 


affected patients may be entirely normal,!*? although increased 
concentrations of ET-1 have been noted in the periportal hepato- 
cytes, portal venules, and hepatic sinusoids of patients with idio- 
pathic portal hypertension.!** Various terms used (rather loosely) 
to describe idiopathic portal hypertension include hepatoportal 
sclerosis, noncirrhotic portal fibrosis, and Banti syndrome.'*>:!3° Some 
authors include nodular regenerative hyperplasia and incomplete 
septal fibrosis under the broad term idiopathic portal hyperten- 
sion.'>7 Use of the term idiopathic portal hypertension is probably 
best restricted to portal hypertension in patients in whom no 
hepatic lesion is found on light microscopy and the portal venous 
system is patent. The term hepatoportal sclerosis is used when there 
is obliterative portal venopathy with subendothelial thickening 
of the intrahepatic portal veins; thrombosis and recanalization of 
these veins may follow. Fibrosis of the portal tracts is prominent 
later in the course (see Chapter 85). 

The cause of idiopathic portal hypertension is unclear in a 
majority of patients, although chronic arsenic intoxication, expo- 
sure to vinyl chloride, and hypervitaminosis A have been impli- 
cated (see Chapter 89). These etiologic factors are present in only 
a minority of patients. The dominant clinical features of the condi- 
tion are variceal bleeding and hypersplenism related to a markedly 
enlarged spleen. Liver biochemical test levels are usually normal, 
although the serum alkaline phosphatase level may be mildly ele- 
vated. Ascites is uncommon. The HVPG in this disorder is usually 
normal because the site of increased resistance is presinusoidal.!** 
Surgical portosystemic shunts are well tolerated in these patients, 
although hepatic encephalopathy may occur on long-term follow- 
up. TIPS is also an excellent option to treat variceal bleed- 
ing refractory to endoscopic and pharmacologic therapy,!*’ but 
patients with idiopathic portal hypertension may have reduced 
survival and LT may be required in some patients. 14? Hypersplen- 
ism in idiopathic portal hypertension is seldom severe enough to 
require a splenectomy. 


Cardiac Cirrhosis 


Cardiac fibrosis (or cardiac cirrhosis) has been recognized in 
patients with long-standing passive congestion of the liver due to 
heart failure and increasingly in patients with complex congenital 
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heart disease who have had corrective surgery in childhood and live 
beyond the second decade of life (see Chapter 85). Cirrhosis occurs 
especially in patients who have undergone a Fontan procedure, 
which allows systemic venous blood flow to enter the pulmonary 
artery and bypass the right ventricle. Sequelae of chronic passive 
congestion of the liver secondary to the procedure are termed 
Fontan-associated liver disease; long-term sequelae include complica- 
tions of portal hypertension and HCC, and variceal bleeding may 
ocur. H 


Less Common 
Nodular Regenerative Hyperplasia 


Nodular regenerative hyperplasia is a histopathologic diagnosis 
characterized by atrophy of zone 3 hepatocytes and hypertrophy 
of zone 1 hepatocytes, without significant fibrosis (see Chapters 
37 and 96).!# This disorder has been recognized increasingly as 
a cause of portal hypertension and may even occur after LT.!# 
Similar histologic changes may be seen in well-established Budd- 
Chiari syndrome.'*+ The nodular hyperplasia may not be appar- 
ent on histologic examination unless a reticulin stain is carried 
out to demonstrate the micronodules. The changes are believed 
to result from an imbalance between hyperperfused areas of the 
liver, with resulting regenerative nodules, and poorly perfused 
areas, with resulting atrophy. Nodular regenerative hyperplasia is 
associated with a variety of conditions, predominantly idiopathic 
portal hypertension, hematologic and rheumatologic conditions, 
and drugs such as chemotherapeutic agents, antiretroviral agents, 
and thiopurines (see Chapter 37). Mild elevation of the serum 
aminotransferase levels is seen. Portal hypertension manifesting as 
variceal bleeding is the predominant clinical presentation. Ascites 
also may develop in these patients, suggesting that an increase in 
sinusoidal pressure occurs.!*° HCC does not occur, but LT may be 
required in some patients. 


Partial Nodular Transformation of the Liver 


Partial nodular transformation of the liver is an uncommon lesion 
that is characterized by large nodules in the perihilar region.'* 
These nodules may be visible on imaging studies of the liver. The 
rest of the liver may be normal or may show changes of nodu- 
lar regenerative hyperplasia. Liver biochemical test levels usually 
are normal. Like nodular regenerative hyperplasia, partial nodular 
transformation of the liver is believed to be related to an imbalance 
in portal perfusion of the liver, but the abnormality is restricted to 
the hilar branches, whereas in nodular regenerative hyperplasia the 
abnormality is more diffuse. Variceal bleeding is the predominant 
presentation, although patients with large nodules may experience 
abdominal pain. HCC may rarely develop in a regenerative nodule. 
Treatment with a surgical portosystemic shunt is associated with 
good long-term results. 


Fibropolycystic Liver Disease 


Fibropolycystic liver disease is a term that encompasses Caroli dis- 
ease; Caroli syndrome (or complex), which consists of Caroli 
disease and congenital hepatic fibrosis; congenital hepatic 
fibrosis alone; and polycystic liver disease (see Chapters 62 
and 96). Congenital hepatic fibrosis usually occurs in associa- 
tion with Caroli disease of the liver, polycystic disease of the 
kidney, and medullary sponge kidney (see Chapter 62). The 
major manifestation of congenital hepatic fibrosis is variceal 
bleeding.!*” A portosystemic shunt may be placed in affected 
patients to treat refractory variceal bleeding, with a low long- 
term risk of hepatic encephalopathy. Patients with polycystic 
liver disease, whether associated with polycystic kidney dis- 
ease or not, rarely present with portal hypertension because of 


extensive compression of the portal venous system by the cysts 
(see Chapter 96)!*°; portal hypertension may decrease after 
treatment of the cysts.!*? 


Sarcoidosis 


Portal hypertension is an uncommon manifestation of hepatic 
sarcoidosis (see Chapter 37).!°° The site of increased intrahepatic 
resistance in patients with sarcoidosis seems to be postsinusoidal, 
in view of the elevated HVPG. In early disease, however, the resis- 
tance is predominantly at a presinusoidal level. Treatment with 
glucocorticoids may decrease portal hypertension in some patients 
with hepatic sarcoidosis. 


Malignancy 


Portal hypertension has been associated with leukemias, lympho- 
mas, and systemic mastocytosis (see Chapters 32 and 37 ).!°! TIPS 
has been used as therapy for complications of portal hypertension 
in patients with myeloproliferative neoplasms, but with a higher 
risk of stent thrombosis than in other settings.!** Portal hyper- 
tension may also occur in patients with HCC independent of the 
presence of cirrhosis (see Chapter 96). The pathogenesis of portal 
hypertension in patients with HCC is thought to be multifactorial, 
contributing factors include portal vein thrombosis, pressure by 
the tumor on the portal vein, and, in some cases, a hepatic artery— 
portal vein fistula. Esophageal varices may be seen in patients with 
hepatic metastases, although variceal bleeding is unusual.!*’ 


Splanchnic Arteriovenous Fistula 


A splanchnic AVF should be suspected when the onset of asci- 
tes and variceal bleeding is acute, especially in the presence of an 
abdominal bruit. When a splanchnic artery ruptures into a mesen- 
teric vein, the portal pressure increases acutely, reaching levels of 
systemic arterial pressure.'*+ The result may be acute portal hyper- 
tension with development of ascites and variceal bleeding. A bruit 
may be heard in the LUQ of the abdomen with a splenic AVF and 
in the RUQ with a hepatic artery—portal vein fistula. With a long- 
standing fistula, secondary perisinusoidal hepatic fibrosis related 
to an increase in portal venous inflow may develop. In the early 
stages, embolization or ligation of the fistula will ameliorate the 
portal hypertension. In late stages, however, portal fibrosis may 
be advanced, and portal hypertension may not correct completely 
with embolization of the fistula. 


HHT 


HHT, or Osler-Weber-Rendu disease, is an unusual cause of por- 
tal hypertension (see also Chapters 20, 37, and 85). Diagnostic 
criteria include mucocutaneous telangiectasias, epistaxis, AVFs 
of the viscera (usually lung or liver), and a family history of the 
disorder. Manifestations of HHT depend on the site of fis- 
tula formation. A fistula between the hepatic artery and hepatic 
vein manifests predominantly as biliary disease, mainly biliary 
strictures and cholangitis, and high-output cardiac failure. A fis- 
tula between the hepatic artery and portal vein results in portal 
hypertension and biliary strictures, whereas a fistula between 
the portal vein and hepatic vein, which is rare, results in hepatic 
encephalopathy.'*° Nodular regenerative hyperplasia, which 
develops in some patients with HHT, may worsen portal hyper- 
tension.!°° Treatment with bevacizumab may ameliorate the 
vascular lesions.!°/ 


CLINICAL ASSESSMENT 


Patients with esophageal or gastric variceal bleeding present with 
hematemesis or melena (or both). Chronic blood loss is a more 


common presentation of portal hypertensive gastropathy (PHG) 
or GI vascular ectasia. The classic presentation of patients with 
variceal bleeding is with effortless and recurrent hematemesis; the 
vomitus is described as dark red in color (see Chapter 20). 

Portal hypertension should be suspected in all patients with 
GI bleeding and peripheral stigmata of liver disease (see Chapter 
74)—namely, jaundice, spider telangiectasias, palmar erythema, 
Dupuytren contractures, parotid enlargement, testicular atrophy, 
loss of secondary sexual characteristics, ascites, and encephalopa- 
thy. Splenomegaly is an important clue to the presence of portal 
hypertension, and the presence of ascites makes the presence of 
esophageal varices even more likely. A bruit may be heard in the 
left or RUQ in a patient with a splanchnic AVF. A venous hum 
may be heard in the epigastrium in a patient with portal hyperten- 
sion and represents collateral flow in the falciform ligament. 

Laboratory studies frequently reveal evidence of hepatic syn- 
thetic dysfunction, including prolongation of the prothrombin 
time, hypoalbuminemia, and hyperbilirubinemia, as well as ane- 
mia. Thrombocytopenia and leukopenia, reflecting hypersplen- 
ism and, in alcoholics, bone marrow suppression, may be noted. 
Patients with severe bleeding may present with hypovolemic shock 
and renal insufficiency. Abdominal imaging studies frequently 
reveal splenomegaly, collateral vessels, abnormal liver echotexture 
and contour, and ascites. 


TREATMENT 


The treatment of portal hypertension is aimed at either reducing 
portal blood flow with pharmacologic agents, such as beta blockers 
or vasopressin and its analogs, or decreasing intrahepatic resistance 
with pharmacologic agents, such as nitrates, or by radiologic or 
surgical creation of a portosystemic shunt. Treatment also may be 
directed at the varices with use of endoscopic or radiologic tech- 
niques. 


Pharmacologic Therapy 


The pharmacologic agents used in the treatment of portal hyper- 
tension are divided into 2 groups: those that decrease splanchnic 
blood flow and those that decrease intrahepatic vascular resistance 
(Box 92.2). The agents that decrease splanchnic blood flow acutely 
are vasopressin and its analogs and somatostatin and its analogs. 
B-Adrenergic blocking agents also decrease portal blood flow but 
are used only to prevent variceal bleeding and rebleeding. Agents 
that target intrahepatic vascular resistance include a-adrenergic 
blocking agents, angiotensin receptor blocking agents, and nitrates, 
but only carvedilol and nitrates are now considered for clinical use. 
Diuretics, by decreasing plasma volume, may reduce portal pres- 
sure but are not recommended if the patient does not have ascites. 
Prokinetic agents may decrease intravariceal pressure by contract- 
ing the lower esophageal sphincter but have not been evaluated in 
clinical trials. 


BOX 92.2 Drugs Used in the Treatment of Portal 
Hypertension 


DRUGS THAT DECREASE PORTAL BLOOD FLOW 


Nonselective B-adrenergic blocking agents (e.g., propranolol, nadolol) 
Somatostatin and its analogs 


Vasopressin and terlipressin 
DRUGS THAT DECREASE INTRAHEPATIC RESISTANCE 


a4-Adrenergic blocking agents (e.g., prazosin) 
Angiotensin receptor blocking agents 
Nitrates 
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Vasopressin and Its Analogs 


Vasopressin is an endogenous peptide hormone that causes 
splanchnic vasoconstriction, reduces portal venous inflow, and 
decreases portal pressure. This drug is associated with serious 
systemic side effects, however. By causing constriction of sys- 
temic vessels, vasopressin may result in necrosis of the bowel. 
Additionally, vasopressin has direct negative inotropic and chro- 
notropic effects on the myocardium that lead to reduced cardiac 
output and bradycardia, respectively. An increase in cardiac after- 
load can result in myocardial infarction, and antidiuresis, result- 
ing from the action of vasopressin on the kidney, can result in 
hyponatremia. 

Terlipressin, or triglycyl-lysine-vasopressin, is a semi- 
synthetic analog of vasopressin that is cleaved by endothe- 
lial peptidases to release lysine vasopressin. Compared with 
vasopressin, terlipressin is associated with lower circulatory 
levels of the vasopressin analog and a lower rate of systemic 
side effects. Vasopressin and terlipressin have been used in 
combination with nitrates to decrease the risk of systemic side 
effects. Terlipressin is preferred over vasopressin because of its 
superior safety profile. In addition, an increase in survival has 
been demonstrated in patients with variceal bleeding treated 
with terlipressin. 


Somatostatin and Its Analogs 


Somatostatin is a 14—-amino acid peptide. Five somatostatin 
receptors—SRTR 1 to SRTR 5—are recognized, but the actual 
distribution of the receptors in humans is not clear. Following 
IV injection, somatostatin has a half-life in the circulation of 
1 to 3 minutes; therefore, longer-acting analogs of somatosta- 
tin have been synthesized. The best known of these analogs 
are octreotide, lanreotide, and vapreotide.!°* Somatostatin 
decreases portal pressure and collateral blood flow by inhib- 
iting release of glucagon.!*? The optimal dose and dura- 
tion of use of somatostatin have not been adequately studied. 
Following a single 250-pg bolus injection of somatostatin, por- 
tal and azygos blood flow decrease, but the effect lasts only a 
few minutes.!©? Use of higher doses is associated with a more 
impressive decrease in HVPG. Somatostatin also decreases 
portal pressure by decreasing postprandial splanchnic blood 
flow.'°! Following a variceal bleed, blood in the GI tract acts 
like a meal, leading to an increase in portal flow and elevation 
in the portal pressure; this elevation in pressure is ameliorated 
by the use of somatostatin. 

Following IV administration, octreotide has a half-life in the 
circulation of 80 to 120 minutes. Its effect on portal pressure is not 
prolonged, however. Moreover, continuous infusion of octreotide 
does not decrease portal pressure despite decreasing the postpran- 
dial increase in portal pressure.®!:!°* Long-acting octreotide does 
not reliably reduce portal pressure, and side effects with higher 
doses preclude use of this agent for the treatment of portal hyper- 
tension.!© 

Some randomized controlled trials support the view that 
somatostatin or octreotide may be equivalent in efficacy to 
terlipressin or sclerotherapy (see later) for controlling acute 
variceal bleeding. Also, early administration of vapreotide 
may be associated with improved control of bleeding, but 
without a significant reduction in mortality rate.!° In clinical 
practice, somatostatin or octreotide administration should be 
combined with endoscopic management of variceal bleeding 
(see later). 


6-Adrenergic Blocking Agents 


Nonselective B-adrenergic blocking agents have been used 
extensively since the landmark study of Lebrec and colleagues 
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demonstrated the efficacy of these agents in preventing vari- 
ceal rebleeding.'°’ Nonselective beta blockers such as pro- 
pranolol or nadolol are preferred. Blockade of B,-adrenergic 
receptors in the heart decreases cardiac output. Blockade of 
Bo-adrenergic receptors, which cause vasodilatation in the mes- 
enteric circulation, allows unopposed action of a-adrenergic 
receptors and results in decreased portal flow. The combina- 
tion of decreased cardiac output and decreased portal flow 
leads to a decrease in portal pressure. Nadolol has advantages 
over propranolol in that it is excreted predominantly by the 
kidney, has low lipid solubility, and is associated with a lower 
risk of CNS side effects such as depression. The effectiveness 
of beta blockers is assessed most accurately by monitoring the 
HVPG, but this approach is not widely used in clinical prac- 
tice. An acute hemodynamic response (decrease in HVPG to 
<12 mm Hg, or by 10%) 20 minutes after administration of IV 
propranolol may predict the long-term reduction in bleeding 
risk.!66 The benefit of beta blockers is reduced when hepatic 
function worsens.!°’ The usual method of monitoring the effi- 
cacy of beta blockers is to observe a decrease in the heart rate, 
which is a measure of 8 ,-adrenergic receptor blockade. Despite 
adequate B,-adrenergic receptor blockade, some patients may 
benefit from a further increase in the dose of beta blocker to 
increase the degree of -adrenergic blockade. Raising the 
dose, however, results in more side effects and the likelihood 
that treatment will need to be withdrawn.!°* HVPG monitor- 
ing, when used in patients on beta blockers, may be associated 
with improved survival by facilitating a greater reduction in 
portal pressure and thus a lower bleeding risk.!°’ Patients tak- 
ing beta blockers prophylactically do not have poorer survival 
when acute variceal bleeding occurs.!”° In patients with refrac- 
tory ascites, beta blocker use has been reported to be associated 
with increased mortality. A meta-analysis, however, concluded 
that use of nonselective beta blockers was not associated with a 
significant increase in all-cause mortality in patients with cir- 
rhosis and either controlled ascites or refractory ascites. The 
meta-analysis does not support the position that nonselective 
beta blockers should routinely be withheld from all patients 
with ascites.!’! Rather, they should be discontinued in patients 
oo. who have worsening renal function (see Chapter 
93),172 


Combined a- and B-Adrenergic Blocking Agents 


Carvedilol is a drug that has both nonselective beta blocker and 
weak a-receptor blockade activity. a-Receptor activity nor- 
mally increases resistance within the intrahepatic circulation. 
Therefore, blockade of the a-receptor decreases intrahepatic 
vascular resistance, which results in a further reduction in por- 
tal pressure. Carvedilol may be associated with hypotension 
and renal sodium retention and should be used cautiously in 
patients with Child-Pugh class C cirrhosis. Carvedilol is also 
known to have antioxidant as well as antiproliferative actions 
and may be superior to endoscopic variceal ligation in the 
prevention of a first variceal bleed.©’ In addition, carvedilol 
may delay progression of small esophageal varices to large 
esophageal varices in patients with cirrhosis.'’> Patients with 
cirrhosis randomized to carvedilol 12.5 mg once daily had a 
lower bleeding risk than patients undergoing endoscopic vari- 
ceal ligation (10% vs. 23%), but neither overall nor bleeding- 
related mortality was reduced. Additionally, carvedilol has 
been demonstrated to be equivalent to a combination of nado- 
lol and isosorbide mononitrate in reducing variceal rebleed- 
ing, with fewer side effects.!’+ Carvedilol is started at a dose of 
3.125 mg twice daily, and the dose is increased stepwise to a 
maximum of 25 mg daily. Dose increases are usually limited by 
arterial hypotension.!7° 


Nitrates 


Short-acting (nitroglycerin) or long-acting (isosorbide mononi- 
trate) nitrates result in vasodilatation. The vasodilatation results 
from a decrease in intracellular calcium in vascular smooth 
muscle cells. Nitrates cause venodilatation, rather than arte- 
rial dilatation, and decrease portal pressure predominantly by 
decreasing portal venous blood flow. The effect on intrahepatic 
resistance is less impressive than generally has been believed. 
The combination of vasopressin and nitroglycerin is seldom 
used nowadays to control acute variceal bleeding. Nitrates are 
no longer recommended, either alone or in combination with 
a beta blocker, for primary prophylaxis to prevent first variceal 
bleeds. For secondary prophylaxis (to prevent variceal rebleed- 
ing), isosorbide mononitrate may be added to a beta blocker 
if the beta blocker alone has not resulted in an appropriate 
decrease in HVPG. In the USA, it is unusual for patients to 
tolerate nitrates for any length of time because of side effects, 
especially hypotension and headaches. 


Drugs That Decrease Intrahepatic Vascular Resistance 


The ideal agent for treatment of portal hypertension is a 
drug that selectively decreases intrahepatic vascular resistance 
without worsening systemic vasodilatation. Besides carvedilol 
and nitrates, agents that may decrease intrahepatic resistance 
include a-adrenergic blocking agents such as prazosin, but 
long-term administration of prazosin causes worsening of 
the systemic hyperdynamic circulation associated with por- 
tal hypertension and consequent sodium retention and asci- 
tes.!/° The addition of propranolol to prazosin may ameliorate 
the adverse effects of prazosin on the systemic circulation. 
Losartan, an angiotensin II receptor type I antagonist, causes 
a reduction in portal pressure without significant effects on 
the systemic circulation.!’’ In randomized controlled trials of 
losartan or another angiotensin II receptor antagonist, irbe- 
sartan, however, portal pressure was not reduced significantly. 
In fact, renal function has worsened in patients given losartan 
or irbesartan.!/*!’9 ET-receptor blockers and liver-selective 
NO donors are promising investigational agents for therapies 
that target intrahepatic vascular resistance.!? Simvastatin may 
decrease intrahepatic resistance and maintain hepatic blood 
flow while decreasing portal pressure.!> Unfortunately, in 
a randomized controlled trial, the addition of simvastatin to 
standard therapy did not reduce the rate of rebleeding. In a 
subgroup analysis, simvastatin was associated with a survival 
benefit for patients with Child-Pugh class A and B cirrhosis, 
but with an increased risk of rhabdomyolysis.'° 


Endoscopic Therapy 


Endoscopic therapy is the only treatment modality that is widely 
accepted for the prevention of variceal bleeding, control of 
acute variceal bleeding, and prevention of variceal rebleeding. 
Endoscopic variceal therapy includes variceal sclerotherapy and 
band ligation. Use of endoscopic hematostatic sprays and EUS- 
guided angiotherapy are investigational methods of controlling 
variceal bleeding.'*° 


Sclerotherapy 


Endoscopic sclerotherapy has largely been supplanted by 
endoscopic band ligation, except when poor visualization pre- 
cludes effective band ligation of bleeding varices. Available 
evidence does not support emergency sclerotherapy as first- 
line treatment of variceal bleeding (Box 92.3).!*! The tech- 
nique involves injection of a sclerosant into (intravariceal) 


or adjacent to (paravariceal) a varix. Some paravariceal injec- 
tion usually takes place during attempted intravariceal ther- 
apy. The sclerosants used include sodium tetradecyl sulfate, 
sodium morrhuate, ethanolamine oleate, and absolute alcohol; 
the choice of a sclerosant is based on availability, rather than 
on superior efficacy of one agent over another. 

Complications of endoscopic sclerotherapy may arise during or 
after the procedure. During injection, the patient may experience 
some degree of retrosternal discomfort, which may persist after the 
procedure. More serious complications include sclerosant-induced 
esophageal ulcer-related bleeding, strictures, and perforation. The 
risk of ulcers caused by sclerotherapy may be reduced by use of oral 
sucralfate or a PPI after sclerotherapy. 


Variceal Ligation 


Endoscopic variceal ligation is the preferred endoscopic 
modality for control of acute esophageal variceal bleeding and 
prevention of rebleeding; however, the utility of band ligation 
in the treatment of gastric varices is limited. Variceal liga- 
tion is simpler to perform than injection sclerotherapy (Video 
92.1). The procedure involves suctioning of the varix into a 
cap fitted on the tip of an endoscope and deploying a band 
around the varix. The band strangulates the varix, thereby 
causing thrombosis. Multi-band devices can be used to apply 
several bands without requiring withdrawal and reinsertion of 
the endoscope. Varices at the gastroesophageal junction are 
banded initially, and then more proximal varices are banded 


BOX 92.3 Complications of Endoscopic Variceal Therapy* 


DURING PROCEDURE 


Aspiration pneumonia 
Retrosternal chest pain 


FOLLOWING PROCEDURE 


Bleeding 
Esophageal dysmotility 
Esophageal stricture 


Esophageal ulcers 

Mediastinitis 

Perforation 

SYSTEMIC (USUALLY WITH SCLEROTHERAPY) 
Mesenteric venous thrombosis 

Pulmonary embolism 

Sepsis 


*Sclerotherapy and band ligation. 


Fig. 92.10 Endoscopic views of gastric vari- 
ces and esophageal variceal ligation-related 
ulcers. A, The gastroesophageal junction is 
seen on a retroflexed view following ligation 
of multiple gastric varices (arrowheads), 
which resemble polyps. B, EGD in the same 
patient 4 weeks later demonstrates ulcers at 
the sites of earlier variceal ligation (arrow- 
heads). 
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in a spiral manner at intervals of approximately 2 cm; the 
endoscope is then withdrawn. Varices in the mid- or proximal 
esophagus do not need to be banded. Endoscopic variceal liga- 
tion is associated with fewer complications than sclerotherapy 
and requires fewer sessions to achieve variceal obliteration. 
Moreover, esophageal variceal ligation during an acute bleed 
is not associated with a sustained elevation in HVPG, as occurs 
with sclerotherapy. 18? 

Endoscopic variceal ligation can cause local complications, 
including esophageal ulcers (Fig. 92.10), strictures, and dysmotil- 
ity, albeit less frequently than does sclerotherapy. Banding-induced 
ulcers can be large and potentially serious if gastric fundal varices 
are banded. A PPI is usually recommended after variceal ligation, 
even though data to support PPI use are limited. 


Detachable Snares and Clips 


Detachable snares have generally been used in the treatment of 
large polyps in the colon. There is only limited experience with 
detachable snares for treatment of gastric varices. The “tails” on 
the detachable snare can interfere with visualization at endoscopy. 
Furthermore, traction on the varix during detachment of the snare 
can result in a variceal tear. The snares are technically difficult to 
apply, thereby limiting their widespread use in the treatment of 
gastric varices. Snares are not superior to endoscopic variceal liga- 
tion in the treatment of esophageal varices, and the difficulty in 
application of snares makes them an unattractive option. Clips have 
also been used to treat large varices, especially at ectopic sites, but 
experience is limited (see Chapter 20). 


Balloon Tamponade and Stents 


From 10% to 15% of patients with an acute variceal bleeding are 
refractory to pharmacologic and endoscopic treatment. Balloon 
tamponade is used as a temporizing measure until TIPS can be 
carried out. Varices are easily compressed because they are super- 
ficial and thin-walled and the flow of blood is via submucosal ves- 
sels. The Sengstaken-Blakemore tube is a triple-lumen tube: one 
tube is for aspirating gastric contents, another allows inflation 
of a gastric balloon to 200 to 400 mL in volume, and the third 
inflates an esophageal balloon. The Minnesota tube is a modified 
Sengstaken-Blakemore tube, with the modifications being a larger 
gastric balloon (500 mL) and provision of an additional lumen for 
esophageal aspiration. The Linton-Nachlas tube has a single 600- 
mL gastric balloon with lumens for aspirating both the stomach 
and esophagus. Inflation of a gastric balloon alone is preferred with 
any of these tubes. Balloon tamponade can control bleeding for up 
to 24 hours in approximately 80% to 90% of patients. The risk of 
pulmonary aspiration is reduced by placement of an endotracheal 
tube. If bleeding cannot be controlled after placement of the tube, 
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it is more important to reinflate and reposition the gastric balloon 
than to inflate the esophageal balloon. 

Because of the risks associated with placement of tamponade 
balloons, self-expandable metallic covered stents have been used 
to tamponade esophageal varices. These stents may be left in place 
for up to 2 weeks and then removed. Esophageal stents are more 
effective in the control of esophageal variceal bleeding than bal- 
loon tamponade, with fewer complications.!*’ Therefore, esopha- 
geal stents may be preferred in patients with variceal bleeding not 
controlled by medical and other endoscopic treatment. 


TIPS 


A TIPS reduces elevated portal pressure by creating a communica- 
tion between the hepatic vein and an intrahepatic branch of the 
portal vein. A percutaneous transjugular approach is used to insert 
the shunt. A TIPS functions as a side-to-side portacaval shunt and 
has been used to treat complications of portal hypertension, mainly 
variceal bleeding and refractory ascites, as well as Budd-Chiari 
syndrome and hepatic hydrothorax (see Chapters 85, 93, and 94). 
TIPS can be placed by an interventional radiologist, with a mortal- 
ity rate of less than 1% to 2%. TIPS placement usually is carried 
out with the patient under sedation. A platelet count greater than 
60,000/mm? and an INR less than 1.5 are recommended but are 
not essential in an emergency. Broad-spectrum antibiotic coverage 
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Fig. 92.11 Creation of a TIPS. A, Portogram with a catheter in the portal venous system (arrowheads). The 


is recommended when TIPS placement is carried out in a patient 
with PSC and as an emergency procedure. 

For TIPS placement, the hepatic vein is cannulated through a 
transjugular approach, and using a Rosch needle, the portal vein is 
cannulated. A guidewire is then passed to connect the hepatic vein 
and a branch of the portal vein. Following dilation of the tract, 
a stent is placed and dilated as required to reduce the portacaval 
pressure gradient (the pressure difference between the portal vein 
and the inferior vena cava at the confluence of the hepatic vein) to 
below 12 mm Hg (Fig. 92.11). A coated stent is typically used. This 
stent has an uncoated portion that anchors the stent to the portal 
vein and a polytetrafluoroethylene-coated portion that lines the 
tract in the liver parenchyma and the draining hepatic vein. The 
frequency of shunt stenosis is reduced when coated stents are used 
instead of uncoated stents.!*+ 

A TIPS can be placed successfully by an experienced operator 
in greater than 95% of cases.!*° The porto-caval gradient mea- 
sured 24 hours after the procedure in a hemodynamically awake 
patient predicts the long-term gradient.!°° 

Complications following the procedure are classified as proce- 
dure related, early (occurring within 30 days), or late (after 30 days) 
(Table 92.2). The prevention and treatment of procedure-related, 
early, and late post-TIPS complications are outlined in Table 92.3. 

The most common indication for placement of TIPS is 
refractory variceal bleeding. TIPS has been used to control acute 


portal venous system is clearly outlined (straight arrows). Gastroesophageal collaterals are also demonstrated 
(curved arrows). B, A stent (arrow) has been placed to bridge the hepatic vein and the portal vein. A balloon 
(arrowheads) is being used to dilate the parenchymal tract within the liver. C, Following expansion of the stent 
(arrow), injection into the portal vein demonstrates persistence of the gastroesophageal varices (arrowheads). 
D, Following embolization of the varices with steel coils (arrowheads), the intrahepatic portal vasculature is no 
longer demonstrated, indicating hepatofugal flow of portal blood through the shunt. 


TABLE 92.2 Complications of TIPS Placement 


Timing of Complication 


Complication 


Procedure-related (life-threatening) 


Early post-procedure (1-30 days) 


Late post-procedure (>30 days) 


Modified from Kamath PS, McKusick M. Transjugular portosystemic shunt 


Cardiopulmonary failure 
Carotid artery puncture injury 
Intraperitoneal hemorrhage 
Sepsis 


Cardiac arrhythmia 

Fever 

Hematoma at puncture site 
Hemolytic anemia 

Hepatic encephalopathy 
Pain at puncture site 
Progressive hepatic failure 
Pulmonary artery hypertension 
Shunt thrombosis 

Stent migration 

Reaction to contrast media 


Hepatic encephalopathy 
Liver failure 

Portal vein thrombosis 
Progressive hepatic failure 
Shunt stenosis or thrombosis 


(TIPS). Baillieres Clin Gastroenterol 1997;11:327-49. 


TABLE 92.3 Prevention and Treatment of TIPS-Related Complications 


Complication 


Prevention 
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variceal bleeding and to prevent variceal rebleeding when phar- 
macologic and endoscopic therapies have failed, especially in 
patients with Child-Pugh class B or C cirrhosis, in whom bleed- 
ing is more likely to be refractory to therapy than in patients with 
Child-Pugh class A cirrhosis. The use of early TIPS (within 72 
hours of control of variceal bleeding) in patients at high risk of 
rebleeding (Child-Pugh class C, class B with active bleeding, or 
a MELD score greater than 18 and a transfusion requirement of 
greater than 4 units of red blood cells [RBCs]) is associated with 
a reduced rate of treatment failure and mortality, without an 
increased risk of hepatic encephalopathy, compared with con- 
tinued pharmacologic and endoscopic therapy.!*’ Prevention of 
variceal rebleeding and treatment of refractory ascites are the 
only indications for TIPS that have been subjected to controlled 
trials. When bleeding from varices cannot be controlled after 2 
sessions of endoscopic therapy within a 24-hour period, TIPS 
placement is the usual salvage treatment. TIPS is also used to 
treat bleeding from isolated gastric fundal varices, for both con- 
trol of bleeding and prevention of rebleeding. A surgical por- 
tosystemic shunt may be preferred over TIPS in patients with 
preserved synthetic liver function (Child-Pugh class A) in cen- 
ters that have the surgical expertise (see later). 

TIPS has been effective in the management of uncontrolled 
esophageal variceal bleeding in patients with decompensated cir- 
rhosis of the liver.!88 Hemorrhage is controlled in more than 90% 


Treatment 


Inadvertent injury to carotid artery 
during jugular vein access 


Hepatic capsular laceration during 
portal vein access 


Extrahepatic puncture of portal 
venous system 


Intrahepatic arterial or biliary 
puncture 


Sepsis after shunt placement 


Early shunt thrombosis 


Uncontrollable encephalopathy after 
shunt placement 


Shunt stenosis 


Post-shunt liver failure 


Perform with US guidance to facilitate venous access 


Avoid atrophic lobes and limit needle passes to 3-4 cm 


of excursion 


Delineate the bifurcation of portal vein on preprocedure 


CT 


Work centrally within the liver 


Give prophylactic antibiotics 
Adhere to strict sterile technique 


Avoid sharp angles when placing the stent 
Ends of the stent should not abut against the intima of 


the vein 


Use a narrow shunt in high-risk patients 


Use a wider or covered stent 
Avoid bile duct injury 


Avoid the procedure in patients with a MELD score 224 


Manual compression of the carotid puncture site to 
prevent hematoma 


Usually requires no treatment 

For severe hemorrhage, transfuse with blood products 
until stable; obtain an abdominal CT and surgical 
consultation 


Leave the catheter in place for a portogram; use as a 
guide for intrahepatic portal vein puncture 

Work quickly to establish a functioning shunt, then 
remove the errant catheter 


Usually no treatment is required; remove the catheter and 
continue 

If a fistula develops, embolize the arterial feeder with steel 
coils 


Broad-spectrum antibiotics 


Shunt venogram and clot lysis using a lytic agent 
delivered by the pulse-spray technique 

Extend the shunt to ensure stent coverage of the 
intrahepatic tract and to ensure an adequate length in 
hepatic and portal veins 


Reduce the diameter of the shunt with additional 
concentrically placed stents 
Embolize the shunt with steel coils 


Dilation or atherectomy of the shunt 
Place an additional stent if necessary 


Consider early LT 


Modified from Kamath PS, McKusick M. Transjugular portosystemic shunt (TIPS). Baillieres Clin Gastroenterol 1997;11:327-49. 


1460 = PART IX Liver 


of patients, but the mortality rate in such patients is high—greater 
than 60% within 90 days. A similar outcome is observed in patients 
who undergo TIPS placement for refractory gastric variceal bleed- 
ing.!8? 

In a meta-analysis of 12 randomized controlled trials that 
compared TIPS with endoscopic therapy, the rate of rebleeding 
was lower with TIPS, but the frequency of encephalopathy was 
higher and no effect on survival was observed.!°° Covered TIPS 
is superior to a combination of variceal ligation and beta block- 
ers to prevent variceal rebleeding but does not improve survival 
and is associated with higher rates of early hepatic encephalop- 
athy.!°!!°? Covered stents may also be associated with better 
patency and with increased survival in patients with refractory 
ascites.!°3 The best outcomes following TIPS are seen in cen- 
ters that perform at least 20 TIPS procedures a year.!** There- 
fore, TIPS is reserved for patients in experienced centers who 
have failed endoscopic or pharmacologic therapy of variceal 
bleeding. 


Follow-Up Evaluation 


The frequency of stenosis of non-covered TIPS is high, ranging 
from 20% to 78% depending on the surveillance technique used 
and the definition of stenosis. This risk is reduced to about 15% 
with the use of a covered stent. Neither the optimal interval nor 
the most cost-effective method of surveillance for TIPS stenosis 
has been determined. Doppler US evaluation generally is used to 
identify TIPS stenosis, but the negative predictive value of this 
approach is low and the positive predictive value is only accept- 
able. The best indicator that a TIPS has stenosed is recurrence of 
the problem that necessitated the TIPS. The only certain method 
of demonstrating shunt patency is by means of a TIPS venogram 
and measurement of the portacaval pressure gradient. An increase 
in the gradient to greater than 12 mm Hg warrants dilation of the 
stent or placement of an additional stent. 


Selection of Patients 


TIPS may worsen liver function by depriving the liver of portal 
venous blood, thereby increasing the risk of hepatic encepha- 
lopathy, with decreased survival in some patients. Therefore, 
the procedure should be used selectively. Emergency TIPS is 
clearly associated with a high mortality rate.!?°:!°° In patients 
in whom TIPS placement has been carried out to prevent 
variceal rebleeding, 30-day mortality rates may be as high 
as 44%. Factors associated with a poor prognosis include a 
serum ALT level greater than 100 U/L, serum bilirubin level 
greater than 3 mg/dL, and pre-TIPS hepatic encephalopathy 
unrelated to bleeding.!”° Patients with a high Child-Turcotte- 
Pugh score (Table 92.4) also have reduced survival. The 
Child-Pugh classification has some limitations, however; for 
example, it does not discriminate survival well among patients 
within each Child-Pugh class. Furthermore, some parameters 
that make up the Child-Turcotte-Pugh score, such as asci- 
tes and encephalopathy, are assessed by subjective interpreta- 
tion. The need for a more accurate method to assess survival in 
patients undergoing TIPS led to creation of the MELD score 
(see http://www.mayoclinic.org/gi-rst/mayomodel6.html and 
Chapter 97).!°° This mathematical model originally was com- 
posed of the serum creatinine level, INR, serum bilirubin level, 
and etiology of liver disease. Subsequently, the MELD formula 
was modified to include only the first 3 parameters (creatinine, 
INR, and bilirubin),!”’ (and later to include the serum sodium 
concentration, MELD-Na [see Chapter 97]) The MELD score 
has been widely validated for predicting survival in patients with 
cirrhosis, including patients who have undergone TIPS place- 
ment, and is more accurate for this purpose than the Child-Pugh 
classification. 


TABLE 92.4 Child-Turcotte-Pugh Scoring System and Child-Pugh 
Classification 


Numerical Score 


Parameter 1 2 3 
Ascites None Slight Moderate/severe 
Encephalopathy None Slight/moderate Moderate/severe 
Bilirubin (mg/dL) <2 2-3 >3 
Albumin (g/dL) = >3.5 2.8-3.5 <2.8 
Prothrombin 1-3 4-6 >6 

time (seconds 

increased) 


Total Numerical Score Child-Pugh Class 


5-6 A 
TGS) B 
105 C 


The probability of mortality following TIPS placement 
can be calculated with use of an online formula (https://www. 
mayoclinic.org/medical-professionals/model-end-stage-liver- 
disease/probability-mortality-following-transjugular-intrahe- 
patic-portosystemic-shunts). Patients with a MELD score of 14 
or less have an excellent survival rate after TIPS placement; there- 
fore, TIPS may be carried out routinely in such patients when 
indicated (see earlier). Patients with a MELD score higher than 
24 have reduced survival following TIPS placement, with a mor- 
tality rate approaching 30% at 3 months. This high risk should be 
discussed with the patient before the procedure is undertaken. In 
the intermediate group with a MELD score ranging from 15 to 
24, TIPS placement can be carried out depending on the patient’s 
preference, physician’s judgment, and likelihood of LT in the 
future. This approach has been validated independently.” The 
predictive accuracy of the MELD-Na score (see Chapter 97) has 
not been well studied in patients undergoing TIPS placement but 
is likely to be greater than that of the conventional MELD score 
in patients with a low MELD score and hyponatremia in whom a 
TIPS is placed for refractory ascites. 


Balloon-Occluded Retrograde Transvenous 
Obliteration 


Balloon-occluded retrograde transvenous obliteration (BRTO) 
of varices may be used to occlude gastric varices when a large 
splenorenal shunt is seen on abdominal cross-sectional imaging. 
The left renal vein is approached via the femoral vein, and the spl- 
enorenal shunt is then catheterized. Other approaches are via an 
existing TIPS or via a transjugular approach to the splenic vein. 
Following occlusion of the shunt with a balloon, the gastric vari- 
ces are embolized with coils. Although ascites and splenomegaly 
can be aggravated following this procedure, these complications 
are easily managed.'°? The long-term durability of the occlusion 
is uncertain. BRTO has been used for both the prevention and 
control of gastric variceal bleeding. 


Surgical Therapy 


Surgical treatment of portal hypertension falls into 3 groups: 
non-shunt procedures, portosystemic shunt procedures, and LT. 
Surgical procedures (other than LT) are used as salvage therapy 
when standard management with pharmacologic and endo- 
scopic therapy fails in patients with noncirrhotic causes of portal 
hypertension and in patients with Child-Pugh class A cirrhosis. 
Surgical treatment also may be considered early in the course of 
portal hypertension in patients who live at a great distance from 
centers that can manage variceal bleeding adequately or in whom 


Fig. 92.12 Distal splenorenal shunt. The anatomy follow- 
ing completion of a distal splenorenal shunt is depicted. 
For this procedure, the splenic vein (v.) is disconnected 
from the superior mesenteric vein and is separated from 
the pancreas; all its collaterals are ligated. The portal sys- 
tem is thus disconnected from the azygos system so that 
all flow from the gastroesophageal junction is through the 
short gastric veins into the splenic vein. The splenic vein 
is then anastomosed to the left renal vein in an end-to- 
side fashion. L., left; R., right. 


the cross-matching of blood products (in case of bleeding) is dif- 
ficult. How failure of standard therapy is defined depends on the 
specific circumstances of the patient’s presentation, availability of 
surgical expertise, and outcome of conservative management. LT 
should be considered in all patients with cirrhosis and variceal 
bleeding (see Chapter 97). 


Non-Shunt Procedures 


Non-shunt procedures include esophageal transection and gastro- 
esophageal devascularization. They are performed infrequently 
but may be required in selected cases. 


Esophageal Transection 

Esophageal transection, in which the esophagus is stapled and tran- 
sected, was highly effective in controlling variceal bleeding and was 
associated with a lower risk of encephalopathy than that for por- 
tosystemic shunts. Esophageal transection was considered in the 
past when 2 sessions of endoscopic therapy had failed to control 
variceal bleeding within a 24-hour period.’? Mortality rates are 
not improved over those observed with endoscopic sclerotherapy, 
however. With the advent of TIPS, esophageal transection is no 
longer recommended. 


Devascularization Procedures 

Devascularization procedures typically have been used to pre- 
vent recurrent variceal bleeding in patients with extensive 
splenic and portal vein thrombosis when a suitable vein is not 
available for creation of a portosystemic shunt.2 In the origi- 
nal operation described by Sugiura and Futagawa, both a thora- 
cotomy and a laparotomy were carried out.?°! The operation is 
now carried out through an abdominal approach and combined 
with a splenectomy. The procedure consists of total devascu- 
larization of the greater curve of the stomach combined with 


Portal v. 


Superior mesenteric v. 
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Short gastric v. 


L.renalv. Splenic v. 


devascularization of the upper two thirds of the lesser curve of 
the stomach and circumferential devascularization of the lower 
7.5 cm of the esophagus. The rate of recurrent bleeding fol- 
lowing this procedure is variable but may be as high as 40%, 
depending on the population being treated and duration of 
follow-up. 


Portosystemic Shunts 


With the increasing availability of TIPS, the use of surgical shunts 
for refractory variceal bleeding has declined markedly. In children, 
surgical shunts are carried out almost exclusively for refractory 
bleeding due to noncirrhotic portal hypertension, such as congeni- 
tal hepatic fibrosis and portal vein thrombosis.!*° Surgical porto- 
systemic shunts are categorized as selective shunts such as a distal 
splenorenal shunt, partial shunts such as a side-to-side calibrated 
portacaval shunt, and total portosystemic shunts such as a side-to- 
side portacaval shunt or end-to-side portacaval shunt. 


Selective Shunts 

The most widely used selective shunt is the distal splenorenal 
shunt, originally described by Warren and colleagues.*°? With 
this shunt, only varices at the gastroesophageal junction and 
spleen are decompressed, and portal hypertension is maintained 
in the superior mesenteric vein and portal vein; therefore, vari- 
ceal bleeding is controlled, but the risk of ascites persists. The 
shunt procedure involves a portal-azygos disconnection and sub- 
sequent anastomosis between the splenic vein and left renal vein 
in an end-to-side fashion (Fig. 92.12). The entire length of the 
pancreas must be mobilized, and the left adrenal vein must be 
ligated. The distal splenorenal shunt has been associated with 
control of variceal bleeding in approximately 90% of patients 
and a lower rate of hepatic encephalopathy than that reported for 
total shunts.” 
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Partial Portosystemic Shunts 

A partial portosystemic shunt is carried out using a synthetic inter- 
position graft between the portal vein and the inferior vena cava. 
When the shunt diameter is 8 mm, portal pressure is reduced below 
12 mm Hg, and antegrade flow to the liver is maintained in most 
patients.”°* Rates of preventing variceal rebleeding and encepha- 
lopathy following this shunt are similar to those seen with a distal 
splenorenal shunt. As in patients who have had a distal splenore- 
nal shunt, ascites may occur in approximately 20% of patients who 
have had a partial portosystemic shunt, because hepatic sinusoidal 
pressure is not reduced.?°°70° 


Portacaval Shunts 

End-to-side and side-to-side portacaval shunts have been 
described, but only the side-to-side portacaval shunt is in cur- 
rent use.”°’ Any portacaval shunt that is greater than 12 mm in 
diameter is likely to result in a total shunting of portal blood. A 
shunt with a diameter less than 12 mm is created with an inter- 
position graft, or alternatively a direct vein-to-vein anastomo- 
sis may be constructed. Variceal bleeding, as well as ascites, is 
well controlled because the hepatic sinusoids are decompressed. 
Variceal rebleeding following a total shunt is seen in less than 
10% of patients, but hepatic encephalopathy occurs in 30% 
to 40% of patients.” LT in patients who have had a portaca- 
val shunt is associated with increased operative morbidity and 
intraoperative transfusion requirements. The outcome of LT 
is not otherwise significantly different, however, from that for 
patients who have not had a portacaval shunt. Nevertheless, sur- 
gical portacaval shunts should be avoided in patients who are 
potential candidates for LT. 


Mesenterico-Left Portal Venous Bypass 

The mesenterico—left portal venous bypass, or Rex shunt, is 
carried out in patients with extrahepatic portal vein thrombo- 
sis if the intrahepatic portion of the left portal vein is patent. 
With this procedure, portal blood flow is restored to the liver, 
thereby reducing the risk of hepatic encephalopathy or long- 
term learning disability in children. A jugular vein graft may 
be used to bridge the superior mesenteric vein to the intrahe- 
patic portion of the left portal vein in the Rex recessus. (The 
Rex recessus is the location where the left portal vein divides 
to supply segments III and IV of the liver.) This surgery is the 
treatment of choice in children with extrahepatic portal vein 
thrombosis who have complications related to portal hyper- 
tension and in adults in whom portal vein thrombosis has 
developed late after LT.!*° Because of limited data on the effi- 
cacy of endoscopic or pharmacologic therapy in children, the 
Rex bypass is also recommended for primary and secondary 
prophylaxis of variceal bleeding in patients with extrahepatic 
portal vein obstruction if surgical expertise is available.?°° 


MANAGEMENT OF SPECIFIC CAUSES OF PORTAL 
HYPERTENSION-RELATED BLEEDING 


Esophageal Varices 
Natural History 


Esophageal varices are present in approximately 40% of patients 
with cirrhosis and in as many as 60% of patients with cirrhosis 
and ascites.’ In cirrhotic patients who do not have esophageal 
varices at initial endoscopy, new varices will develop at a rate of 
approximately 5% per year. In patients with small varices at initial 
endoscopy, progression to large varices occurs at a rate of about 
10% per year and is related predominantly to the degree of liver 
dysfunction.” On the other hand, improvement in liver function 
in patients with alcohol-associated liver disease who abstain from 


alcohol is associated with a decreased risk, and sometimes even dis- 
appearance, of varices.”!° 

Up to 25% of patients with newly diagnosed varices will experi- 
ence variceal bleeding within 2 years.*”” The best clinical predic- 
tor of bleeding appears to be variceal size. The risk of bleeding 
in patients with varices less than 5 mm in diameter is 7% by 2 
years, and the risk in patients with varices greater than 5 mm in 
diameter is 30% by 2 years.?°? Even more important, however, is 
the HVPG, because the risk of bleeding is virtually absent when 
the HVPG is below 12 mm Hg.** Nevertheless, measurement of 
HVPG to assess bleeding risk is not routinely performed in clinical 
practice. 

Initial treatment is associated with cessation of bleeding in 
approximately 80% to 90% of patients.?°??!! Approximately 
half of patients with a variceal bleed stop bleeding spontane- 
ously because hypovolemia leads to splanchnic vasoconstric- 
tion, which results in a decrease in portal pressure. Excessive 
transfusions may, in fact, increase the chance of rebleeding.*!” 
Active bleeding at endoscopy, a lower initial hematocrit value, 
higher serum aminotransferase levels, higher Child-Pugh 
class, bacterial infection, an HVPG above 20 mm Hg, and 
portal vein thrombosis are associated with failure to control 
bleeding at 5 days.?!!7!3!5 Of patients who have stopped 
bleeding, approximately one third will rebleed within the next 
6 weeks. Of all rebleeding episodes, approximately 40% will 
take place within 5 days of the initial bleed.?!ć Predictors of 
rebleeding include active bleeding at emergency endoscopy, 
bleeding from gastric varices, hypoalbuminemia, renal insuf- 
ficiency, and an HVPG greater than 20 mm Hg.’ The risk of 
death associated with acute variceal bleeding is 5% to 8% at 1 
week and about 20% at 6 weeks.*” Patients who rebleed early, 
have a MELD score over 18, require more than 4 units of 
packed RBC transfusions,*!’ and in whom renal failure devel- 
ops have the highest risk of death. Alcohol as the cause of cir- 
rhosis, a higher serum bilirubin level, a lower serum albumin 
level, hepatic encephalopathy, and HCC are additional factors 
associated with an increased 6-week mortality rate. 

Treatment of esophageal variceal bleeding is classified as either 
primary prophylaxis (i.e., prevention of variceal hemorrhage in 
patients who have never bled), control of acute variceal bleeding, 
or secondary prevention of rebleeding in patients who have sur- 
vived an initial bleeding episode. Effective treatments to prevent 
the development of varices and ascites in patients with cirrhosis are 
not yet available, although beta blockers may slow enlargement of 
small varices into large varices. 


Prevention of Bleeding 


Pharmacologic 

The utility of pre-primary prophylaxis—that is, the efficacy of beta 
blockers to prevent the formation of varices—has not been demon- 
strated.’?7!® Patients with Child-Pugh class C cirrhosis who have 
small varices may be considered for treatment with a beta blocker. 
All patients with large varices (diameter >5 mm) should be con- 
sidered for prophylactic therapy (primary prophylaxis) to prevent 
variceal bleeding. The presence of additional endoscopic signs 
such as red wales does not influence the decision regarding pro- 
phylactic therapy. The absolute risk reduction with beta blockers 
is approximately 10%, and the number needed to treat to prevent 
1 variceal bleed is approximately 10 patients. The mortality rate is 
reduced from 28.4% in control patients to 23.9% in patients taking 
a beta blocker; the absolute risk reduction is 4.5%. The number of 
patients needed to be treated to prevent 1 death is approximately 
22. In patients who do not bleed during therapy and who do not 
experience side effects, treatment should be continued indefinitely 
because withdrawal of a beta blocker can result in an increased risk 
of bleeding.*!°”?° Patients who have an initial bleed while on a beta 
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Fig. 92.13 Algorithm for the primary prophylaxis of esophageal variceal 
bleeding in patients with cirrhosis. The hepatic vein pressure gradient 
(HVPG) may be measured in patients with large varices before a non- 
selective B-adrenergic blocking agent (beta blocker) is started and may 
be remeasured 1 month after the maximum tolerated dose of the beta 
blocker is reached. The goal of treatment is to reduce the HVPG to <12 
mm Hg or by 220%. EVL, endoscopic variceal ligation; HVPG, hepatic 
venous pressure gradient. 


blocker have an increased risk of future bleeds and death even if 
variceal ligation is performed.’?! 

The side effects of beta blocker treatment are probably over- 
emphasized because only approximately 15% of patients need 
to discontinue the drug.’”’ A baseline heart rate and blood 
pressure recording will help determine whether a patient is a 
candidate for pharmacologic treatment with a beta blocker. A 
resting systolic blood pressure less than 90 mm Hg indicates 
that the patient is likely to be intolerant of beta blockers. In 
other patients, the HVPG ideally should be measured at base- 
line (Fig. 92.13). A long-acting preparation of propranolol or 
nadolol may be started; the usual starting dose of long-acting 
propranolol is 60 mg once daily and that of nadolol is 20 mg 
once daily. Because the risk of bleeding is greatest at night, the 
beta blocker should probably be administered in the evening. !°” 
The dose of propranolol or nadolol can be increased gradu- 
ally every 3 to 5 days until the target heart rate of 25% below 
baseline, or 55 to 60 beats/min, or the maximum tolerated dose 
is reached, provided that the systolic blood pressure remains 
above 90 mm Hg. The daily dose of long-acting propranolol or 
nadolol required to reach the target heart rate ranges from 40 
to 160 mg. Patients with a decrease in systolic blood pressure 
below 90 mm Hg are most likely to experience side effects. In 
patients with systemic hypertension or coronary artery disease, 
carvedilol may be used in an initial dose of 6.25 mg daily; the 
dose is increased to a maximum of 25 mg daily. Side effects of 
and contraindications to carvedilol are similar to those for other 
nonselective beta blockers. 

In patients on pharmacologic therapy, follow-up endoscopy is 
unnecessary unless GI bleeding occurs. In patients in whom the 
HVPG has decreased to less than 12 mm Hg, the risk of bleed- 
ing is virtually eliminated. Patients in whom the HVPG decreases 
by at least 20% have a risk of variceal bleeding of less than 10%. 
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Unfortunately, only 30% to 40% of patients respond to a beta 
blocker; those with better liver function show the best response.??? 
In patients who are intolerant of or who have a contraindication 
to beta blockers, endoscopic prophylaxis should be pursued (see 
later). Unfortunately, patients who do not achieve a decrease in 
the HVPG to less than 12 mm Hg, or of greater than 20%, on a 
beta blocker may not respond well to endoscopic variceal ligation 
either??? 


Endoscopic 

The preferred method of endoscopic treatment is variceal band 
ligation. Prophylactic sclerotherapy for the prevention of vari- 
ceal bleeding has been studied extensively but cannot be recom- 
mended.”?* Meta-analysis of the trials that compared endoscopic 
variceal ligation with a beta blocker demonstrated a lower bleeding 
risk with endoscopic variceal ligation, with no difference in mor- 
tality rates.” A subsequent study has suggested that nonbleeding- 
related mortality may actually be reduced by beta blockers.*”° Side 
effects with beta blockers are more frequent than with variceal liga- 
tion, but complications of variceal ligation can be potentially life 
threatening. 

Nineteen randomized trials have compared endoscopic var- 
iceal ligation and nonselective beta blockers for the primary 
prevention of variceal bleeding in adults. Variceal band liga- 
tion is superior to beta blockers in reducing the risk of GI 
bleeding and variceal bleeding (RR, 0.69 and 0.67, respec- 
tively). This benefit is lost, however, when only high-quality 
trials are included in the analysis. Bleeding-related mortality is 
not different, suggesting that beta blockers may have benefits 
other than a reduction in bleeding risk.??7 

The risks and benefits of the options should be discussed with 
the patient and treatment individualized. Beta blockers are cheaper 
and more convenient to use and may potentially reduce the risk of 
bleeding from gastric varices and PHG. Band ligation is the only 
option for patients with high-risk varices who have contraindica- 
tions to beta blockers or who have not responded to or are intoler- 
ant of beta blockers. Combined use of a nonselective beta blocker 
and endoscopic variceal ligation as primary prophylaxis is not cur- 
rently recommended. 


Control of Acute Bleeding 


Acute esophageal variceal bleeding constitutes a life-threatening 
emergency and requires management by a well-trained team of 
hepatologists, endoscopists, intensive care personnel, radiologists, 
and surgeons. Treatment is aimed at resuscitating the patient, con- 
trolling the bleeding, and preventing complications (see Chapter 
20). Two large-bore IV access lines should be inserted immedi- 
ately. RBCs should be transfused with the goal of maintaining the 
hematocrit value around 25%. A restrictive strategy of transfusing 
RBCs only when the Hgb level drops below 7 g/dL is associated 
with improved survival in patients with Child-Pugh class A and B 
cirrhosis, as compared with a strategy of transfusing when the Hgb 
level drops below 9 g/dL.’?* Excessive RBC transfusions may be 
associated with risks of massive transfusion, including an increased 
risk of hypocoagulability; on the other hand, excessive use of saline 
is associated with ascites and the risk of abdominal compartment 
control? 

The optimal target INR and platelet count are not known. 
Normal saline may be infused intravenously until packed RBCs 
are available for transfusion. In patients with active bleeding, 
the airway needs to be protected, and endotracheal intubation 
is advised. Antibiotics should be administered to all patients 
to prevent bacteremia and spontaneous bacterial peritonitis 
(see Chapter 93). Norfloxacin, 400 mg orally twice daily for 7 
days, has been the preferred choice. When norfloxacin is not 
available (as in the USA), ciprofloxacin 500 mg orally twice 
daily for 7 days may be administered.**! When oral intake is 
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not possible, IV ceftriaxone, 1 g every 24 hours for 7 days; 
ciprofloxacin, 400 mg every 12 hours; or levofloxacin, 500 mg 
every 24 hours is recommended. Failure to control infection is 
associated with a significantly increased risk of mortality and 
rebleeding.**? The addition of treatment with recombinant 
factor VIIa to standard therapy has not been shown to improve 
control of bleeding.” 

A combination of endoscopic therapy and vasoactive pharma- 
cologic therapy of variceal bleeding is superior to pharmacologic 
treatment alone. Pharmacologic agents should be started as early as 
possible; in some centers, they are started while the patient is being 
transferred by ambulance to the hospital. Somatostatin, octreo- 
tide, vapreotide, or terlipressin are the options for pharmacologic 
therapy. Vasoactive agents are associated with improved hemo- 
stasis and a shorter length of hospitalization. None of the agents 
studied seems to have a clear benefit over the others.?*+ Therefore, 
the specific agent chosen depends on availability and physician 
preference. In the USA, octreotide has been the agent used most 
commonly. Terlipressin is the first choice in many other countries 
because it has been associated with improved survival.?3> Pharma- 
cologic treatment should be continued for up to 5 days to prevent 
early rebleeding; however, a 24-hour course and a 72-hour course 
of terlipressin may be equally effective when used in conjunction 
with variceal ligation.**° 

Endoscopic therapy is carried out as soon as the patient is 
hemodynamically stabilized. At EGD, bleeding from esophageal 
varices is diagnosed if active bleeding from the varices is seen; signs 
of recent hemorrhage, such as a white fibrin plug or a red blood 
clot over a varix, are present; varices with risk signs for bleeding, 
such as a cherry-red spot, hematocystic spot, or red wale sign, are 
seen; or esophageal varices are seen in the absence of any other 
lesion that could give rise to GI bleeding. Endoscopic treatment 
is recommended at the time of initial endoscopy, and endoscopic 
variceal ligation is the preferred method. 


At EGD, the actively bleeding varix is ligated (Fig. 92.14). Liga- 
tion initially should be at or immediately below the site of bleeding 
on the varix. Other large varices also should be banded during the 
same session. If active bleeding is not seen, ligation should be car- 
ried out beginning with varices at the gastroesophageal junction 


Acute bleeding from esophageal varices 


Resuscitation 
Vasoactive agent (e.g., octreotide) 
Antibiotic (e.g., ciprofloxacin) 
Transfusion to hematocrit value of 24% 
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Fig. 92.15 Algorithm for the management of bleeding esophageal 
varices. RBC, red blood cell. 


Fig. 92.14 Band ligation for control of esophageal 
variceal bleeding. A, On EGD, an actively bleeding 
varix can be seen in the distal esophagus (arrow). B, 
With the variceal banding device in position, the varix is 
suctioned into the device at the site of active bleeding 
(arrow). C, After the band is in place (arrow) and the 
varix has been ligated, the bleeding has stopped. D, 
Visualization of the varix with the band in place, with 
complete control of bleeding. (Images courtesy Dr. 
Louis M. Wong Kee Song, Rochester, Minn.) 


and proceeding proximally at intervals of 2 cm in a spiral fashion. 
If bleeding obscures the varices, then multiple bands are placed 
at the gastroesophageal junction circumferentially until bleeding 
can be controlled, but the long-term risks of esophageal stricture 
are increased in such cases. Bleeding can be controlled in up to 
85% to 90% of patients with a combination of pharmacologic and 
endoscopic treatment. 

Bleeding cannot be controlled in approximately 10% to 15% of 
patients, as defined by any of the following 3 criteria: (1) transfu- 
sion of 4 units of RBCs or more to maintain the hematocrit value 
above 25%, (2) inability to increase the systolic blood pressure by 
20 mm Hg or to greater than 70 mm Hg, or (3) persistence of 
a heart rate greater than 100 beats/min.” Rebleeding is defined 
as recurrence of bleeding after initial control for 24 hours during 
which the vital signs and Hgb level are stable. When 2 sessions of 
endoscopic treatment within a 24-hour period have failed to con- 
trol variceal bleeding, salvage therapies such as TIPS should be 
carried out (Fig. 92.15), although the mortality rate in this group 
of patients is high. In the group of patients at high risk of treat- 
ment failure (Child-Pugh class C, Child-Pugh class B with active 
bleeding, or MELD score >18 and requirement for transfusion of 
> 4 units of RBCs), TIPS carried out within 72 hours of the con- 
trol of bleeding is associated with reduced rates of mortality and 
treatment failure.!85” Emergency surgical portosystemic shunts, 
although extremely effective in controlling variceal bleeding, have 
been abandoned because of high mortality rates. Esophageal stents 
may be used to stabilize a patient until definitive treatment can be 
carried out; balloon tamponade may be carried out only if esopha- 
geal stents are not available. 


Prevention of Rebleeding 


All patients who have had a variceal bleed should receive prophy- 
lactic therapy (secondary prophylaxis) to reduce the risk of rebleed- 
ing, which otherwise occurs in up to 80% of patients at 2 years. A 
MELD score at time of bleeding less than 11 is associated with a 
5% risk of 6-week mortality, whereas a MELD score greater than 
20 is associated with 20% mortality risk.’***? Patients with cirrho- 
sis should therefore be evaluated for LT (see Chapter 97). Options 
for preventing variceal rebleeding are pharmacologic therapy, 
endoscopic therapy, and a portosystemic shunt (surgical or radio- 
logic) or combinations of these therapies. 

Combined therapy with endoscopic variceal ligation and a non- 
selective beta blocker is the preferred initial option, and long-act- 
ing propranolol or nadolol may be used. Ideally, the hemodynamic 
response to a beta blocker should be monitored, with the goal of 
reducing the HVPG by greater than 20% or to less than 12 mm 
Hg. If these goals are not achieved, isosorbide mononitrate may 
be added. The extended-release form of isosorbide mononitrate is 
preferred, with an initial starting dose of 30 mg/day. Unfortunately, 
hypotension and headaches are common and require discontinua- 
tion of isosorbide mononitrate. The beneficial effect of long-term 
pharmacologic therapy in patients with alcohol-associated cirrho- 
sis is largely restricted to patients who remain abstinent.?*” 

Endoscopic variceal ligation alone may be performed to prevent 
variceal rebleeding in patients who have poor liver function and 
may not tolerate a beta blocker (Fig. 92.16). In practice, the first 
endoscopic session is carried out 7 to 14 days after the initial vari- 
ceal ligation to control bleeding. One-week ligation intervals may 
lead to more rapid eradication of varices than 2-week intervals but 
without a reduced risk of bleeding.**! If the HVPG is monitored, 
a reduction in HVPG to less than 12 mm Hg or by greater than 
20% should obviate the need for variceal ligation. For patients who 
bleed during pharmacologic treatment, variceal ligation should be 
carried out. Conversely, for patients who have undergone variceal 
ligation alone and experience recurrent bleeding, a beta blocker 
should be started, although in patients with a noncirrhotic cause 
of portal hypertension the addition of propranolol and isosorbide 
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mononitrate to endoscopic variceal ligation may not reduce the 
risk of bleeding compared with variceal ligation alone.**” 

Compared with a beta blocker alone, variceal ligation plus a beta 
blocker reduces the risk of rebleeding in Child-Pugh class A but not 
Child-Pugh class B or C patients. Mortality is not reduced in either 
group. However, when compared with variceal ligation alone, the 
combination of a beta blocker and variceal ligation reduces the risk 
of rebleeding in all patients with cirrhosis and reduces mortality in 
those with Child-Pugh class B and C cirrhosis.?® 

These results have not been confirmed in the USA. Patients 
who have variceal rebleeding despite optimal pharmacologic and 
endoscopic treatment require a portosystemic shunt. Even in 
patients with Child-Pugh class A cirrhosis, a TIPS may be as effec- 
tive as a distal splenorenal shunt, and the choice of therapy depends 
on local expertise.’*+ 


Gastric Varices 


The most widely used classification of gastric varices is the Sarin 
classification.*** According to this classification, type 1 gastro- 
esophageal varices (GOV1) extend 2 to 5 cm below the gastro- 
esophageal junction and are in continuity with esophageal varices; 
type 2 gastroesophageal varices (GOV2) are in the cardia and 
fundus of the stomach and in continuity with esophageal varices; 
varices that occur in the fundus of the stomach in the absence of 
esophageal varices are called isolated gastric varices type 1 (IGV1), 
whereas varices that occur in the gastric body, antrum, or pylorus 
are called isolated gastric varices type 2 IGV2). 

Approximately 25% of patients with portal hypertension have 
gastric varices, most commonly GOV1, which comprise approxi- 
mately 70% of all gastric varices. Intrahepatic causes of portal 
hypertension may be associated with both GOV1 and GOV2. 
Splenic vein thrombosis usually results in IGV1, but the most com- 
mon cause of fundal gastric varices may be cirrhosis. 


Natural History 


Gastric varices typically occur in association with advanced portal 
hypertension. Bleeding is thought to be more common in patients 
with GOV2 and IGV1 than in those with other types of gastric 
varices; in other words, bleeding is more common from fundal var- 
ices than from varices at the gastroesophageal junction. Whereas 
intraesophageal pressure is negative, intra-abdominal pressure is 
positive, and the transmural pressure gradient across gastric varices 
is lower than that across esophageal varices. Gastric varices, how- 
ever, tend to be larger in diameter than esophageal varices. Gastric 
varices are supported by gastric mucosa, whereas esophageal vari- 
ces tend to be unsupported in the lower third of the esophagus. 
Therefore, gastric varices are likely to bleed only when they are 
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Fig. 92.16 Algorithm for the prevention of recurrent esophageal varice- 
al bleeding (Secondary prophylaxis). EVL, endoscopic variceal ligation. 
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Fig. 92.17 Gastric variceal bleeding. A, Active bleeding from a gastric 
varix (arrowhead) can be seen. B, Bleeding from the varix (straight ar- 
row) is controlled following injection of sodium tetradecy! sulfate. Pool- 
ing of blood in the stomach is indicated by the curved arrow. 


large, as demonstrated in a study in which larger gastric varices (>20 
mm in diameter) in patients with a MELD score above 17 were 
more likely than smaller ones to bleed.*° Although gastric varices 
have been thought to bleed less frequently than esophageal varices, 
the bleeding rates probably are comparable if patients are matched 
for the severity of cirrhosis (Child-Turcotte-Pugh score). In 
contrast with esophageal varices, bleeding from gastric varices has 
been described with an HVPG less than 12 mm He.47?#8 Gastric 
varices in continuity with esophageal varices may regress following 
treatment of the esophageal varices. When gastric varices persist 
despite obliteration of esophageal varices, the prognosis is poorer, 
probably because of the severity of liver disease. 


Prevention of Bleeding 


Unfortunately, there is a paucity of studies that have evaluated 
pharmacologic or endoscopic treatment for primary prophylaxis 
of gastric variceal hemorrhage, and recommendations are still 
based primarily on the guidelines for managing esophageal vari- 
ces. Large gastric varices (>20 mm diameter), especially in patients 
with a MELD score above 17, are most likely to bleed. Because 
these gastric varices usually are associated with esophageal varices, 
pharmacologic treatment with a nonselective beta blocker may be 
initiated to prevent variceal hemorrhage. Cyanoacrylate glue injec- 
tion may be more effective than beta blocker therapy in prevent- 
ing gastric variceal bleeding’*° but is not currently recommended 
until confirmed by larger studies. TIPS is also not recommended 
for the primary prevention of gastric variceal bleeding. BRTO has 
been used in uncontrolled studies to prevent bleeding from gastric 
varices, with some success. 


Control of Acute Bleeding 


The approach to treating esophageal variceal hemorrhage also 
applies to acute gastric variceal hemorrhage and includes volume 
resuscitation, avoidance of overtransfusion, and antibiotic pro- 
phylaxis with norfloxacin, 400 mg twice daily, or ciprofloxacin, 
500 mg twice daily, for 7 days. EGD is carried out after patients 
have been volume resuscitated and stabilized and often following 
endotracheal intubation to protect the airway. The endoscopic 
diagnosis of gastric variceal bleeding may be difficult because of 
pooling of blood in the fundus. A diagnosis of gastric variceal 
hemorrhage should be considered if bleeding is noted from a 
gastric varix (Fig. 92.17); blood is found to appear at the gastro- 
esophageal junction or the gastric fundus; blood is found in the 
stomach and gastric varices with a “white nipple sign” (indicat- 
ing a fibrin-platelet plug) are seen in the absence of other causes 
of bleeding; or gastric varices are noted in the absence of other 
lesions in the esophagus and stomach.’*? 


Acute bleeding from gastric varices 
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Fig. 92.18 Algorithm for the management of bleeding gastric varices in 
patients with portal hypertension. 


Because controlled studies evaluating pharmacologic therapy 
for gastric variceal bleeding are lacking, the agents used are based 
on extension of the data relating to esophageal varices. Medical 
management with vasoactive agents should be started as early as 
possible, preferably at least 30 minutes before endoscopic therapy 
is carried out. The preferred endoscopic therapy for fundal gastric 
variceal bleeding is injection of polymers of cyanoacrylate, usually 
N-butyl-2-cyanoacrylate,?*’>! but these tissue adhesives are not 
currently available in the USA. Obliteration of the varices occurs 
when the injected cyanoacrylate adhesive hardens on contact with 
blood. The endoscope may be damaged by the glue, but the risk is 
minimized if silicone gel is used to cover the tip of the instrument 
and suction is avoided for 15 to 20 seconds following injection.?° 
The mucosa overlying the varix injected eventually sloughs, and 
the hardened polymer is extruded. Fortunately, the resulting ulcers 
occur late, and the risk of bleeding is lower than that associated 
with sclerotherapy-related ulcers. Cyanoacrylate injection has been 
found to be superior to both variceal band ligation and sclero- 
therapy using alcohol.?°! Complications of cyanoacrylate injection 
include bacteremia and variceal ulceration. Pulmonary and cere- 
bral emboli have been reported on occasion, usually in patients 
with spontaneous large portosystemic or intrapulmonary shunts. 
Embolization probably occurs via spontaneous splenorenal shunts. 
‘Therefore, a combined approach using interventional radiology to 
occlude the shunt and endoscopic variceal glue injection is prob- 
ably a safer strategy.’ 

For injection of GOV2 or IGV1, a retroflexed endoscopic 
approach is recommended. Sclerosants such as sodium tetradecyl 
sulfate, ethanolamine oleate, and sodium morrhuate are not par- 
ticularly effective for control of gastric variceal bleeding.*>+ When 
sclerotherapy is carried out for gastric varices, the volume of scle- 
rosant required is larger than that used for esophageal varices, and 
fever and retrosternal pain are more common. It is much easier to 
obliterate GOV1 than GOV2 or IGV1. IGV1 are the most diffi- 
cult gastric varices to obliterate and, when present, should prompt 
early consideration of definitive treatment such as portosystemic 
shunting if cyanoacrylate is not available. 

Although some investigators recommend ligation of gastric 
varices up to 20 mm in diameter,” this recommendation is not 
supported by our experience. Band ligation of varices greater than 
10 mm in diameter is usually unsafe. Ligation is safest if the vari- 
ces are in the cardia of the stomach. Because gastric fundal varices 


are covered by mucosa, drawing the entire varix into the ligation 
device is often not possible. Application of bands results in creation 
of a large ulcer on the varix, sometimes with disastrous results (see 
Fig. 92.10). 

If endoscopic and pharmacologic therapies fail to control gas- 
tric variceal bleeding, then a Linton-Nachlas tube may be passed 
as a temporizing measure. Most patients in whom endoscopic and 
pharmacologic treatment fails to control gastric variceal bleeding 
will require a TIPS, which can control bleeding in greater than 
90% of patients—a rate of efficacy equivalent to that for TIPS in 
controlling esophageal variceal bleeding (Fig. 92.18).!8?°° 


Prevention of Rebleeding 


Cyanoacrylate glue injection may be superior to nonselective beta 
blockers in preventing gastric variceal rebleeding.?*’ In a small 
study, the 2-octyl-cyanoacrylate polymer (Dermabond) has been 
used to prevent gastric variceal rebleeding, with excellent results.?°° 
Patients require an average of 2 or 3 sessions for obturation of 
gastric varices with cyanoacrylate polymers. Detachable snares or 
BRTO may also be carried out to prevent gastric variceal bleeding. 

Limited data are available regarding use of surgical portosys- 
temic shunts for the treatment of gastric varices in patients with 
cirrhosis. Two studies performed in patients with good liver 
function, most of whom had extrahepatic portal vein thrombo- 
sis, demonstrated excellent results, with a low long-term risk 
of bleeding and encephalopathy, after creation of a surgical 
shunt.’>??69 TIPS is also effective in preventing gastric variceal 
rebleeding. Because TIPS for this indication does not always 
result in a decrease in the size of gastric varices,*®! the target 
HVPG is uncertain in these patients.’** Patients with an HVPG 
less than 12 mm Hg after TIPS are protected from esophageal 
variceal bleeding but have been known to bleed from gastric 
varices. Therefore, if the HVPG is reduced to a level below 
12 mm Hg but gastric fundal varices are still prominent when 
contrast is injected into the portal vein (especially if the patient 
has bled from gastric fundal varices), the gastric varices may be 
embolized. 


Ectopic Varices 


Varices that occur at a site other than the esophagus and stomach 
are termed ectopic varices and account for less than 5% of all varix- 
related bleeding episodes. Ectopic varices most commonly mani- 
fest with melena or hematemesis. They also may manifest with 
hemobilia, hematuria, hemoperitoneum, or retroperitoneal bleed- 
ing. The duodenum is a common site of ectopic varices, and vari- 
ces typically are associated with portal vein obstruction, but in the 
West, the usual cause of duodenal varices is cirrhosis. The com- 
mon occurrence of duodenal varices in patients with portal vein 
obstruction probably relates to the formation of collateral vessels 
around the thrombosed portal vein that connect pancreaticoduo- 
denal veins to retroduodenal veins, which drain into the inferior 
vena cava.’ In some of those patients with extrahepatic portal vein 
obstruction, varices form around the gallbladder and bile duct, giv- 
ing rise to portal hypertensive cholangiopathy and biliary strictures 
(see Fig. 92.8). 

The other common site of ectopic varices is peristomal in 
patients with IBD and PSC who have undergone a procto- 
colectomy with creation of an ileostomy.*® Varices develop 
at the level of the mucocutaneous border of the stoma and are 
termed stomal varices. They are recognized by a bluish halo 
surrounding the stoma and by a dusky appearance and friable 
consistency of the stomal tissue; no obvious variceal lesions 
are seen. Bleeding from stomal varices is readily apparent on 
presentation. 

Anorectal varices are reported in 10% to 40% of cirrhotic 
patients who undergo colonoscopy and must be distinguished from 
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Fig. 92.19 Endoscopic image of a colonic varix (arrow). 


hemorrhoids (Fig. 92.19). Rectal varices are dilated superior and 
middle hemorrhoidal veins, whereas hemorrhoids are dilated vas- 
cular channels above the dentate line. Rectal varices collapse with 
digital pressure, but hemorrhoids do not. 

Ectopic variceal bleeding should be considered in all 
patients with portal hypertension and overt GI bleeding with- 
out an obvious bleeding source on endoscopy or a drop in 
the Hgb level associated with abdominal pain and increasing 
abdominal girth. CT of the abdomen demonstrates layering of 
free fluid in the peritoneal cavity in patients who have intra- 
abdominal hemorrhage, typical of fresh blood mixed with 
ascitic fluid. The diagnosis of intra-abdominal hemorrhage 
secondary to ectopic variceal bleeding is confirmed by a para- 
centesis that yields bloody ascitic fluid with clots. 


Treatment 


In patients suspected of having ectopic variceal bleeding, vasoac- 
tive drugs may be administered initially to control the bleeding. 
If the bleeding ectopic varix is visualized at endoscopy, as typi- 
cally is the case with duodenal or colonic varices, then endoscopic 
therapy can be carried out.?°* Endoscopic glue injection or band 
ligation is the preferred approach for bleeding duodenal varices. 
Colonic varices tend to be larger in diameter and may require 
application of hemostatic clips. Patients with bleeding stomal 
varices can be trained to compress the site locally if bleeding 
is obvious. Because bleeding from stomal varices is visible and 
detected early, the mortality rate for bleeding stomal varices is 
low.2® Percutaneous sclerotherapy of the stomal varices may be 
carried out under US guidance. 

At present, no recommendations support primary prophylaxis 
to prevent bleeding from ectopic varices. To prevent rebleeding 
from ectopic varices, pharmacologic treatment with a beta blocker 
is usually tried, although no studies are available to support this 
approach. If the portal vein is patent, then transhepatic emboliza- 
tion of stomal varices can be carried out (Fig. 92.20). Embolization 
of varices using a transhepatic approach can control bleeding in 
most patients with stomal varices. The rate of rebleeding is high, 
however, because portal hypertension persists. In patients in whom 
embolization fails to prevent rebleeding, TIPS placement may be 
considered.” 

A surgical portosystemic shunt is recommended in patients 
with portal hypertension from extrahepatic portal vein thrombosis 
in which a vein suitable for a shunt is available and TIPS is not 
feasible. In the rare situations that a surgical shunt is considered 
for treatment of stomal varices, only a nonselective portosystemic 
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Fig. 92.20 Algorithm for the management of bleeding from ectopic 
varices in patients with portal hypertension. 
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Fig. 92.22 Endoscopic images of severe GAVE (“watermelon stom- 
ach”). 


shunt, such as a portacaval shunt, mesocaval shunt, or proximal spl- 
enorenal shunt, should be carried out. 

Patients with ectopic varices who present with intraperitoneal 
hemorrhage have a poor outcome because the diagnosis usually is 
not considered and is often made at laparotomy. Acute bleeding 
may be controlled by transhepatic obliteration or surgical ligation 
of the varices. In patients who are critically ill, a TIPS should be 
placed, followed by embolization of the bleeding varix. 


Portal Hypertensive Gastropathy and Gastric 
Vascular Ectasia 


Mucosal changes in the stomach in patients with portal hyperten- 
sion include PHG and gastric vascular ectasia (GVE). In all like- 
lihood, these lesions are distinct, as demonstrated by histologic 
features and differences in the response to a TIPS. An appearance 
in the colon analogous to PHG is termed portal hypertensive colopa- 
thy (see Chapter 38). 

The diagnosis of PHG is based on the presence of a charac- 
teristic mosaic-like pattern of the gastric mucosa on endoscopic 
examination. This pattern is characterized by small polygonal 
areas with a depressed border. Superimposed on this mosaic- 
like pattern may be red point lesions that are usually greater 
than 2 mm in diameter. PHG is considered mild when only a 
mosaic-like pattern is present and severe when superimposed 
discrete red spots are also seen (Fig. 92.21).2°” The cause and 


Fig. 92.21 Endoscopic views of portal hypertensive gastropathy (PHG). A, Mild PHG is characterized by a 


mosaic appearance without red color signs. B, Severe PHG is characterized by superimposed red spots. 


TABLE 92.5 Comparison of Portal Hypertensive Gastropathy (PHG) and 


GAVE 
Feature PHG GAVE 
Distribution Proximal stomach Distal stomach 
Mosaic pattern Present Absent 
Red color signs Present Present 
Findings on gastric 
mucosal biopsy: 
Thrombi — +t 
Spindle cell + ++ 
proliferation 
Fibrohyalinosis -= +++ 
Treatment B-Adrenergic blocking Endoscopic therapy 
agent ?Antrectomy 
?APC OLT 
TIPS 


APC, argon plasma coagulation. 


Chronic bleeding 
lron replacement 


B-Adrenergic blocking agent 


Bleeding 


controlled? 


No Yes 


Continue 
B-adrenergic 
blocking agent 


Patient 
transfusion 


No dependent? 


Continue iron, 
B-adrenergic blocking agent; 


transfusions as 
required 


Fig. 92.23 Algorithm for the management of chronic bleeding from 
portal hypertensive gastropathy. 


pathogenesis of PHG are poorly understood. Development of 
PHG correlates with the duration of cirrhosis but not necessar- 
ily the degree of liver dysfunction. The frequency of detection 
of PHG is increased following endoscopic treatment of esopha- 
geal varices, possibly a result of longer duration of portal hyper- 
tension in these patients. 

In GVE, aggregates of ectatic vessels can be seen on endo- 
scopic examination as red spots without a mosaic background.?* 
When the aggregates are confined to the antrum of the stom- 
ach, the term gastric antral vascular ectasia (GAVE) is used (see 
Chapters 20 and 38). If aggregates in the antrum are linear, the 
term watermelon stomach is used to describe the lesion (Fig. 92.22). 
When the red spots are distributed diffusely, in both the distal 
and the proximal stomach, the term diffuse gastric vascular ectasia 
is preferred." 

Distinguishing PHG from GVE is sometimes difficult (Table 
92.5). A background mosaic pattern and proximal distribu- 
tion favor PHG. GVE is less common, occurs in the absence of 
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Fig. 92.24 Algorithm for the management of chronic bleeding from 
GAVE. 


a background mosaic pattern, and typically is antral in location, 
although lesions may be present in the proximal stomach. Muco- 
sal biopsies are recommended when the endoscopic diagnosis is 
uncertain. GVE appears histologically as dilated mucosal capillar- 
ies with focal areas of fibrin thrombi or ectasia in combination with 
proliferation of spindle cells.*”° Similar ectatic lesions may be seen 
in the small bowel and may cause acute or chronic GI blood loss. 


Treatment 


PHG accounts for approximately one fourth of all cases of GI 
bleeding (acute and chronic) in patients with portal hyperten- 
sion, but for less than 10% of all episodes of acute bleeding. 
‘The more common presentation is one of chronic, slow bleed- 
ing and anemia. Pharmacologic therapy to prevent bleeding 
(primary prophylaxis) in patients with severe PHG is not 
currently recommended. Small studies have suggested that 
octreotide may be useful for controlling acute bleeding.’’! 
Beta blockers are recommended for preventing chronic blood 
loss in patients who have bled from severe PHG.’”??73 When 
patients are transfusion dependent despite beta blockade and 
iron supplementation, a TIPS may be inserted (Fig. 92.23). A 
TIPS decreases transfusion requirements and results in rever- 
sal of the mucosal lesions on endoscopic examination.*°” 
Management of GVE is more problematic. Initial treatment 
involves repletion of iron and RBC transfusions to treat symptom- 
atic anemia. If lesions are localized, the platelet count is greater 
than approximately 45,000/mm3, and the INR is less than 1.4, 
thermoablative therapy, as with argon plasma coagulation, may be 
helpful (Fig. 92.24). The usual settings for argon plasma coagula- 
tion are an energy level of 60 to 90 watts and a gas flow rate of 1 to 
2 L/min. If the coagulation parameters are suboptimal, thermal 
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coagulation is associated with an increase in mucosal bleeding in 
many patients. Use of the oral thrombopoietin receptor agonist 
eltrombopag, which increases the platelet count, does not appear 
to be associated with a decrease in the risk of bleeding associ- 
ated with procedures.?’* When the vascular ectasias are diffuse 
and extensive in the stomach, cryotherapy using liquid nitrogen 
or CO, may be tried.?7’ If endoscopic treatment fails, therapy 
with an oral estrogen-progesterone combination (estradiol 35 
pg plus norethindrone 1 mg daily) may help reduce transfusion 
requirements.’’° Because the medication is taken daily, no risk of 
breakthrough vaginal bleeding exists. Rarely, painful gynecomas- 
tia may limit use of this combination in men. Bevacizumab may 
be beneficial in patients who have failed endoscopic and other 
pharmacologic therapy; surgical antral resection is seldom nec- 
essary. TIPS does not reduce the bleeding risk in patients with 
GVE and is associated with a substantial risk of hepatic encepha- 
lopathy®; therefore, TIPS placement is not recommended as 
therapy for GVE. By contrast, GVE is reversed with LT, even 


in the presence of portal hypertension, suggesting that GVE is 
related to liver failure, rather than to portal hypertension.?’777* 


Other Nonvariceal Causes 


Other causes of GI bleeding include peptic ulcers, Dieulafoy 
lesions, Mallory-Weiss tears, hemorrhoids, and portal hyperten- 
sive colopathy. Mortality during the bleeding episode in patients 
with cirrhosis is related to degree of liver dysfunction and sever- 
ity of bleeding rather than the cause of bleeding (i-e., an ulcer or 
esophageal varices). The most common findings reported in 
patients with cirrhosis and LGI bleeding are portal hypertensive 
colopathy and hemorrhoids, with diverticulosis a less common 
cause.?®? Patients with cirrhosis, especially alcohol-associated cir- 
rhosis,”*! are at increased risk of peptic ulcer bleeding,’*” but the 
risk of ulcer bleeding appears to decline with age.’*? 


Full references for this chapter can be found on www.expertconsult.com. 


Video 92.1 Esophageal variceal band ligation. httos://www.kollaborate. 
tv/link?id=5cacde39480bd. 
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Ascites is defined as the abnormal accumulation of fluid in the peri- 
toneal cavity. In Western countries, cirrhosis is the most common 
cause of ascites, representing over 80% of cases. In the remain- 
ing cases, ascites may be caused by other conditions such as heart 
failure, malignancies, tuberculosis, or pancreatic disease (Table 
93.1). This chapter focuses on the pathophysiology, evaluation, 
and management of cirrhotic ascites and its complications. 

Ascites is the most frequent complication of patients with cir- 
rhosis and will develop in approximately 60% of patients within 
10 years of the diagnosis of compensated cirrhosis.’ The develop- 
ment of ascites is associated with impairment of health-related 
quality of life, an increased risk of developing other complica- 
tions of the disease such as SBP, hyponatremia, and acute kidney 
injury (AKT), and diminished survival.*> The 5-year survival rate 
of patients with cirrhosis and ascites is approximately 30%, com- 
pared with an 80% survival rate in patients with compensated 
cirrhosis.7-° 


PATHOGENESIS OF ASCITES IN CIRRHOSIS 


‘The key mechanism leading to the formation of ascites in patients 
with cirrhosis is renal sodium retention due to activation of the 
renin-angiotensin-aldosterone system (RAAS) and sympathetic 
nervous system (SNS).’;7!° Renal sodium retention results in 
an expansion of the extracellular fluid volume, inducing the for- 
mation of ascites and edema. A large body of evidence indicates 
that the underlying driving force for these renal derangements is 


Ascites and Spontaneous Bacterial Peritonitis 


the systemic circulatory disturbance caused by splanchnic arte- 
rial vasodilatation. The most common functional renal abnor- 
malities in patients with cirrhosis include an impaired ability to 
excrete sodium, an impaired ability to excrete solute-free water, 
and a reduction in the glomerular filtration rate (GFR) second- 
ary to renal vasoconstriction. Sodium retention is a key factor in 
the development of ascites and edema, whereas solute-free water 
retention is responsible for the development of dilutional hypo- 
natremia and renal vasoconstriction leads to the occurrence of 
hepatorenal syndrome (HRS) (see Chapter 94). Chronologically, 
sodium retention is the earliest alteration in kidney function 
observed in patients with cirrhosis, and dilutional hyponatremia 
and HRS appear in more advanced stages of the disease.?7-10 

In addition to these hemodynamic alterations, a chronic sys- 
temic inflammatory state further impairs circulatory function and 
may also be involved in kidney and multiorgan failure, particu- 
larly in patients with advanced cirrhosis.*»!° Fig. 93.1 summarizes 
the mechanisms involved in the pathophysiology of ascites in cir- 
rhosis. 


Sodium Retention and Extracellular Fluid Volume 
Expansion 


Sodium retention is the most frequent and earliest renal abnor- 
mality in patients with cirrhosis and is the key factor in the expan- 
sion of the extracellular fluid volume and the development of 
ascites and edema.’!! Sodium is retained isosmotically together 
with water, and, therefore, sodium retention is associated with 
extracellular fluid volume expansion. The amount of sodium 
retained depends on the balance between sodium in the diet and 
sodium excreted in the urine. If the sodium excreted in the urine 
is lower than that ingested, ascites and edema will develop. The 
central role of sodium retention in the pathogenesis of ascites is 
supported by the observation that ascites can resolve as a result 
of either a reduction in dietary sodium intake or enhancement of 
sodium excretion by diuretics.!!:!* In fact, the achievement of a 
negative sodium balance by increasing urinary sodium excretion 
is the goal of pharmacologic therapy for ascites in patients with 
cirrhosis (see later). 

The degree of sodium retention in patients with cirrhosis and 
ascites is highly variable from patient to patient. Some patients 
have relatively high urinary sodium excretion, whereas others 
have a low urine sodium concentration (Fig. 93.2). Most patients 
who require hospitalization because of severe or difficult-to- 
control ascites have marked sodium retention (urine sodium 
excretion <10 mEq/day), and sodium retention is particularly 
intense in patients with refractory ascites. By contrast, in patients 
with cirrhosis and mild-to-moderate ascites, the proportion of 
patients with marked sodium retention is low, and most such 
patients excrete more than 10 mEq/day (without diuretic ther- 
apy). In addition, response to diuretic treatment is usually better 
in patients with moderate sodium retention than in those with 
marked sodium retention.!!)13.!4 

In healthy subjects, approximately 95% of filtered sodium is 
reabsorbed in the renal tubules (approximately 60% to 70% in 
the proximal tubules, 30% to 40% in the thick ascending limb, 
and 5% to 10% in the collecting ducts).’ In most cases, sodium 
retention in cirrhosis is due to increased tubular reabsorption 
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of sodium because it occurs in the presence of a normal or only 
moderately reduced GFR.”!!:!3.!4 The contribution of the differ- 
ent segments of the nephron to increased sodium reabsorption in 
patients with cirrhosis is not completely known, as experimen- 
tal and clinical studies have yielded discrepant findings. Studies 
using lithium clearance, which estimates sodium reabsorption in 


TABLE 93.1 Causes of Ascites 


Cause % 
Cirrhosis (with or without infection) 85 
Miscellaneous portal hypertension-related 8 


disorder (including 5% with 2 causes) 
Cardiac disease 3 
Peritoneal carcinomatosis 


Miscellaneous nonportal hypertension- 2 
related disorders 


Data from Runyon BA, Montano AA, Akriviadis EA, et al. The serum- 
ascites albumin gradient is superior to the exudate-transudate concept 
in the differential diagnosis of ascites. Ann Intern Med 1992;117:215-20. 


Bacterial translocation (PAMPs) 
Liver injury (DAMPs) 
Activation of innate 
immunity (PRRs) 


Systemic inflammation 
(Proinflammatory cytokines, 
reactive oxygen species) 


Sodium 
retention 


Portal hypertension 


Splanchnic arterial vasodilatation 


Reduced effective arterial 


Activation of vasoconstrictor and antinatriuretic systems 
(RAAS, SNS, vasopressin) 

Solute-free water 
retention 
Dilutional 
hyponatremia 


blood volume 


the proximal tubule, suggest that cirrhotic patients with ascites 
have a marked increase in proximal sodium reabsorption.!*:!° On 
the other hand, clinical studies using spironolactone to antago- 
nize the mineralocorticoid receptor indicate that this agent 
induces natriuresis in a large proportion of patients with cirrhosis 
and ascites in the absence of renal failure, thereby suggesting a 
major role for increased sodium reabsorption in distal sites of the 
nephron. 1-17-20 

The overall data suggest that in patients with cirrhosis with- 
out renal failure, sodium retention is caused by enhanced reab- 
sorption of sodium in both the proximal and distal tubules. As 
described earlier, the increased activity of the RAAS and SNS 
plays a major role in increased renal sodium reabsorption.”*!! 
Sodium retention is usually more marked in patients with renal 
failure than in those without renal failure as a result of both a 
reduction in filtered sodium and a marked activation of sodium- 
retaining systems. 


Portal Hypertension 


Portal hypertension represents the triggering factor for the 
development of circulatory dysfunction in patients with advanced 
cirrhosis.™” Cirrhosis is the result of a prolonged process, usu- 
ally more than 20 years, of progressive liver inflammation and 
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Fig. 93.1 Pathophysiology of ascites and renal dysfunction in patients with advanced cirrhosis. Systemic 


circulatory dysfunction, characterized by splanchnic arterial vasodilatation, is the key mechanism leading to 
renal function abnormalities in cirrhosis. The development of effective arterial hypovolemia triggers activation of 
vasoconstrictor and antinatriuretic systems aimed at maintaining arterial pressure within normal limits. The acti- 
vation of these systems has deleterious effects on the kidney and results in renal sodium retention, impairment 
of solute-free water excretion, and renal vasoconstriction that lead to the development of ascites, dilutional 
hyponatremia, and hepatorenal syndrome. At advanced stages of the disease (signified by the dotted lines), 
there is a decrease in cardiac output that also contributes to the decrease in effective blood volume. Finally, cir- 
rhosis is associated with systemic inflammation triggered by pathogen-associated molecular patterns (PAMPs), 
derived from bacterial translocation, and damage-associated molecular patterns (DAMPs), from the injured 
liver, leading in turn to activation of innate immunity via pattern recognition receptors (PRRs). The release of 
inflammatory mediators contributes to further impairment of circulatory function. RAAS, renin-angiotensin- 
aldosterone system; SNS, sympathetic nervous system. 
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Fig. 93.2 Variability of renal sodium excretion in patients with cirrhosis 
and ascites. This figure shows individual values of urine sodium excre- 
tion in a series of 204 patients with cirrhosis and ascites on a low-so- 
dium diet and without diuretic treatment. The intensity of renal sodium 
retention is variable in patients with cirrhosis and ascites and depends 
on patient characteristics. Those who require hospitalization for the 
management of ascites, particularly those with refractory ascites, usu- 
ally show marked renal sodium retention. 


CHAPTER 93 Ascites and Spontaneous Bacterial Peritonitis 1473 


fibrosis in response to chronic injury (e.g., alcohol consumption, 
chronic viral hepatitis, NAFLD) (see Chapter 74). The develop- 
ment of cirrhosis causes marked structural abnormalities in the 
liver, thereby resulting in a marked disturbance in the intrahe- 
patic circulation, which in turn causes increased resistance to por- 
tal flow and subsequent hypertension in the portal venous system 
(see Chapter 92).*! Progressive collagen deposition and forma- 
tion of nodules in the hepatic parenchyma lead to architectural 
distortion of sinusoidal blood flow, thereby resulting in increased 
intrahepatic resistance.*”!7 In addition to passive resistance to 
portal flow due to architectural changes, a significant compo- 
nent of the increased resistance results from dynamic interaction 
between injured hepatocytes, contraction of hepatic stellate cells 
(HSCs) and hepatic endothelial cells, together with an imbalance 
in the levels of intrahepatic vasodilator and vasoconstrictor sub- 
stances.?*-?> Nitric oxide (NO) has been shown to be a key regula- 
tor of intrahepatic vascular tone. Abundant evidence suggests that, 
despite the overproduction of vasodilator factors such as NO in 
the splanchnic and systemic circulation in cirrhosis, the produc- 
tion of NO from endothelial nitric oxide synthase is reduced in 
the intrahepatic circulation of cirrhotic livers and contributes to 
increased intrahepatic resistance.*+?° Moreover, intrahepatic vas- 
cular tone is also regulated by HSCs that show a myofibroblastic 
phenotype after activation. Activated HSCs have increased con- 
tractility, leading to increased vascular tone and increased intra- 
hepatic resistance.” !?7 Finally, intrahepatic inflammation has also 
been described to play a role in the increased vascular resistance 
leading to portal hypertension. In advanced cirrhosis, Kupffer 
cells have been involved in the development of hepatic inflam- 
mation and oxidative stress, leading to increased intrahepatic 
vascular resistance. In response to pathogen-associated molecular 
patterns and Toll-like receptor signaling, Kupffer cells induce the 
production of proinflammatory cytokines, reactive oxygen spe- 
cies, and vasoactive mediators, leading to hepatic and systemic 
inflammation and, thus, to increased intrahepatic vascular tone.”? 

In clinical practice, portal hypertension is assessed by the mea- 
surement of the hepatic venous pressure gradient (HVPG), defined 
as the difference between wedged and free hepatic venous pressure, 
measured by hepatic vein catheterization (see Chapter 92). The 
normal portal pressure by this method is up to 5 mm Hg, whereas 
clinically significant portal hypertension is defined as an HVPG 
above 10 to 12 mm Hg, because this is the threshold for clinical 
manifestations of portal hypertension (e.g., ascites) to develop.’® 
Moreover, the severity of portal hypertension has also been associ- 
ated with prognosis; an HVPG above 16 mm Hg identifies patients 
at high risk for mortality,” and an HVPG above 20 mm Hg is 
associated with treatment failure and mortality in patients with cir- 
rhosis and acute variceal bleeding (see Chapter 92).3° 


Systemic Circulatory Dysfunction 


A large body of evidence indicates that impairment in circulatory 
function is the main cause of renal dysfunction in patients with 
cirrhosis and leads to the development of the major complications 
of the disease, such as ascites, hyponatremia, and HRS.?:’-?}! The 
arterial vasodilatation theory, proposed in 1988, describes the 
hemodynamic disturbances that occur in patients with decom- 
pensated cirrhosis as characterized by systemic arterial vasodila- 
tation, particularly in the splanchnic circulation. As mentioned 
earlier, portal hypertension is the initial event, resulting in 
splanchnic arterial vasodilatation due to the release of several 
vasodilating factors, such as NO, carbon monoxide, and endog- 
enous endocannabinoids. Splanchnic arterial vasodilatation leads 
to decreased vascular resistance and, consequently, to reduction 
in effective arterial blood volume and arterial pressure.’~? 

In the early stages of cirrhosis, when patients are still asymp- 
tomatic, the increase in hepatic vascular resistance and, therefore, 
in portal pressure are moderate. In this setting, systemic vascular 
resistance is slightly reduced due to moderate splanchnic arterial 
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vasodilatation, which can be counterbalanced by an increase in 
cardiac output, permitting the maintenance of arterial volume and 
arterial pressure within normal limits.” In advanced stages of cir- 
rhosis, when patients have already developed complications of the 
disease, splanchnic arterial vasodilatation is intense, leading to a 
marked reduction in systemic vascular resistance that cannot be 
compensated for by a further increase in cardiac output. At this 
stage, effective arterial hypovolemia develops due to the disparity 
between intravascular blood volume and the enlarged intravascular 
arterial circulation due to vasodilatation.’-? Moreover, at this stage 
an associated decrease in cardiac output also contributes to the 
arterial underfilling.*! Vasoconstrictor systems such as the RAAS, 
SNS, and, at later stages of the disease, vasopressin are activated, 
as a homeostatic response to maintain arterial pressure within nor- 
mal limits. The activation of these systems helps maintain effective 
arterial blood volume and arterial pressure within normal limits but 
has important detrimental effects on kidney function, with sodium 
and solute free-water retention leading to ascites and edema and 
to dilutional hypernatremia, respectively. At late stages of the dis- 
ease, if the activation of these systems is extreme, patients develop 
marked renal vasoconstriction, leading to a reduction in the GFR 
and the development of HRS (see Chapter 94 and Fig. 93.1).?”-? 


The Renin-Angiotensin-Aldosterone System 


Of all the potential factors involved in the pathogenesis of 
sodium retention in cirrhosis, aldosterone has been the most 
extensively studied. Plasma aldosterone levels are increased in 
most cirrhotic patients with ascites and marked sodium reten- 
tion.!’32-37 The important role of aldosterone in the patho- 
genesis of sodium retention and ascites is supported by data 
showing that there is an inverse correlation between urinary 
sodium excretion and plasma aldosterone levels!*3?-37 and that 
the administration of spironolactone, a specific aldosterone 
antagonist, is able to reverse sodium retention in the great 
majority of patients with ascites without renal failure.?0:38-40 
That sodium retention may occur in cirrhotic patients in the 
absence of increased plasma aldosterone levels has raised the 
suggestion that factors other than aldosterone may contribute 
to the increased sodium retention in cirrhosis.** Nevertheless, 
it has also been suggested that cirrhotic patients may have an 
increased tubular sensitivity to aldosterone,!**? a finding that 
may explain the natriuretic response to spironolactone in 
patients with normal aldosterone levels. 

The increased plasma aldosterone concentration in cirrhotic 
patients with ascites is due to a stimulation of aldosterone secre- 
tion’ *+3*-4! that can most likely by explained by an increase in the 
activity of the RAAS. Plasma renin activity (PRA), which is used 
to estimate the activity of the RAAS, is increased in most patients 
with ascites and correlates closely with the plasma aldosterone 
concentration.?®4?-+ The administration of angiotensin II recep- 
tor antagonists or converting-enzyme inhibitors to cirrhotic 
patients with ascites and increased PRA induces a marked reduc- 
tion in arterial pressure and systemic vascular resistance, thereby 
suggesting that the activation of RAAS is a homeostatic response 
to maintain arterial pressure in these patients.*°-*7 


Sympathetic Nervous System 


The plasma concentration of norepinephrine (NE) in the systemic 
circulation, a marker of the activation of the SNS, is increased in 
most cirrhotic patients with ascites and normal or only slightly 
elevated in patients without ascites.**°? The increase in plasma 
NE levels is due to an increase in the activity of the SNS rather 
than to impaired elimination of NE, because the release of NE 
into plasma is markedly increased in cirrhotic patients with asci- 
tes but clearance of NE from plasma is normal.°?* The activity 
of the SNS is increased in many vascular territories, including the 


kidneys, splanchnic organs, heart, muscle, and skin, thus support- 
ing the concept of a generalized activation of the SNS.°?+ 

Ample evidence suggests that the SNS is involved in sodium 
and water retention in cirrhosis. The activity of the SNS cor- 
relates inversely with sodium and water retention.*”*+ In addi- 
tion, a study in a small number of patients with ascites showed 
that administration of diuretics together with clonidine to 
inhibit SNS activity is more effective than diuretics alone in 
inducing diuresis.’ The cause of the increased activity of the 
SNS in patients with cirrhosis and ascites is not completely 
understood; the most likely explanation is a baroreceptor- 
mediated response to decreased effective arterial blood vol- 
ume due to arterial vasodilatation,?°° as supported by data 
showing that the activity of the SNS can be suppressed by 
increasing effective arterial blood volume with, for example, 
the administration of vasopressin analogs and albumin or the 
insertion of a TIPS or peritoneovenous shunt (see later and 
Chapter 92).5780 


Systemic Inflammation 


Growing evidence indicates that decompensated cirrhosis is 
associated with chronic and progressive systemic inflamma- 
tion that may also play an important role in the progression of 
disease and development of complications (see Chapter 2).?:!° 
Decompensated cirrhosis is associated with increased serum lev- 
els of inflammatory markers, such as C-reactive protein and the 
leukocyte count, which increase in parallel with disease severity 
and independently of the presence of bacterial infections.!°°! 
Moreover, patients with advanced cirrhosis exhibit increased 
serum levels of proinflammatory cytokines such as interleukin 
(IL)-6, IL-8, and TNF-a.°) 

Patients with cirrhosis and ascites experience bacterial trans- 
location, the passage of bacteria or bacterial products from the 
gut to mesenteric lymph nodes, mainly due to an increase in gut 
permeability (see later).°? The hypothesis has been raised that 
these bacterial products, known as pathogen-associated molecu- 
lar patterns (PAMPs), may activate pattern recognition recep- 
tors present in circulating innate immune cells, in turn leading 
to the activation of immune cells, the release of proinflamma- 
tory mediators and reactive oxygen species, and the consequent 
development of an inflammatory response. In addition, dam- 
age-associated molecular patterns (DAMPs) derived from the 
injured liver due to local inflammation and cell death may also 
contribute to the activation of pattern recognition receptors. 
The systemic release of these inflammatory mediators contrib- 
utes to oo impairment of circulatory dysfunction (see Fig. 
93.1) 20 


DIAGNOSIS 


As mentioned earlier, cirrhosis is the main cause of ascites in the 
Western world. The evaluation of a patient with a first episode of 
ascites should focus on confirming the diagnosis of chronic liver 
disease and ruling out other causes of ascites, such as heart failure, 
malignancy, tuberculosis, or pancreatic disease. The evaluation 
should include a careful clinical history, physical examination, 
laboratory tests to assess liver and kidney function, serum and 
urine electrolyte concentrations, abdominal US, and an ascitic 
fluid analysis (Box 93.1).125 

According to the International Club of Ascites, ascites is 
classified based on quantitative parameters. Grade 1 ascites is 
defined as mild ascites that is detectable only by US; grade 2 asci- 
tes is defined as moderate ascites detectable by physical examina- 
tion; and grade 3 ascites is defined as large ascites with marked 
abdominal distention. Ascites that recurs at least 3 times within 
a one-year period, despite appropriate treatment, is considered 
recurrent ascites.°+°> 


BOX 93.1 Evaluation of Patients with Cirrhosis and a First 
Episode of Ascites 


EVALUATION OF LIVER DISEASE 

Standard blood tests: liver function, coagulation 
parameters, CBC 

Abdominal US 

EGD 

Liver biopsy (selected cases) 


EVALUATION OF KIDNEY FUNCTION 


Serum creatinine level 

Serum sodium and potassium levels 

Urine sodium output (preferably 24-hr urine collection) 

Urine protein quantitation (preferably 24-hr urine collection) 

ASCITIC FLUID ANALYSIS 

Polymorphonuclear leukocyte (neutrophil) count 

Total protein and albumin concentrations 

Bacterial culture (in blood culture bottles) 

Other tests depending on clinical presentation: glucose, LDH, 
amylase, triglycerides, cholesterol, cytologic examination, myco- 
bacterial culture. 


Laboratory Tests 


Liver function should be evaluated by standard liver biochemi- 
cal and coagulation tests (see Chapters 73 and 94). Assessment 
of renal function should include the serum creatinine level 
and serum and urine electrolyte concentrations, as well as a 
24-hour urine collection for sodium and protein. These labo- 
ratory tests should be performed before diuretic treatment is 
initiated. 12° 


Assessment of Renal Sodium Excretion 


Assessment of the urinary excretion of sodium is useful for the 
management of patients with cirrhosis and ascites because it 
allows the quantification of sodium retention. Ideally, urine 
should be collected under conditions of controlled sodium 
intake (a low-sodium diet of approximately 90 mEq/day dur- 
ing the previous 5 to 7 days), because sodium intake may influ- 
ence sodium excretion. Although the measurement of sodium 
concentration on a “spot” analysis of urine provides an esti- 
mate of sodium excretion, the assessment of sodium excretion 
in a 24-hour period is preferable because it is more representa- 
tive of sodium excretion throughout the day. Sodium excretion 
should be measured without diuretic therapy in patients with a 
first episode of ascites or with worsening of pre-existing asci- 
tes (e.g., a marked increase in ascites despite treatment). 57 
The measurement of sodium excretion in patients on diuretic 
therapy may be useful for monitoring the response to treat- 
ment (see later). 

Measurement of baseline sodium excretion is also useful 
because it helps predict the response to diuretic treatment 
and has been associated with prognosis. Patients with moder- 
ate sodium retention (urine sodium 210 mEq/day) are more 
likely to respond to lower doses of diuretic treatment than 
those with marked sodium retention. Finally, the degree of 
sodium retention also provides prognostic information in 
patients with cirrhotic ascites. Patients with a baseline urine 
sodium excretion lower than 10 mEq/day have a median 
survival time of only 1.5 years, compared with 4.5 years in 
patients with urine sodium greater than or equal to 10 mEq/ 
day (Fig. 93.3).0667 
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Fig. 93.3 Prognosis of patients with cirrhosis and ascites according 
to renal sodium concentration. This figure shows the probability of 
survival in a series of 204 patients with cirrhosis and ascites catego- 
rized according to renal sodium excretion, which is associated with 
prognosis in patients with cirrhosis and ascites. Patients with marked 
renal sodium retention (urine sodium concentration <10 mEq/L) have 
a significantly lower probability of survival than those with renal sodium 
concentration greater than 10 mEo/L. Other prognostic factors in 
patients with cirrhosis and ascites are arterial pressure, serum sodium 
concentration, and serum creatinine level. (Adapted from Ginés P, 
Cardenas A, Sola E, Schrier RW. Liver disease and the kidney. In: Coff- 
man TM, Falk RJ, Molitoris BA, et al, editors. Schrier’s diseases of the 
kidney. 9th ed. Philadelphia: Lippincott Williams & Wilkins; 2012). 


Abdominal US 


In all patients with a first episode of ascites, abdominal imaging 
should be performed in order to support the diagnosis of cirrhosis 
by evaluating the liver parenchyma and to assess the patency of 
the portal vein and suprahepatic veins and rule out a liver tumor. 
Abdominal US is the technique of choice because it is simple and 
cost effective. In addition to all patients with the first presentation 
of ascites, US should be performed in patients with known ascites 
who experience unexplained loss of response to treatment.!° 


Ascitic Fluid Analysis 


The analysis of ascitic fluid is essential for detecting ascitic fluid 
infection and excluding causes of ascites other than cirrhosis, in 
cases in which the diagnosis is not clear. A diagnostic paracentesis 
with a standard 1.5-inch (longer in obese persons), 22-gauge steel 
needle should be performed in all patients who present with a 
first episode of grade 2 or 3 ascites, as well as in those patients 
with ascites admitted to the hospital for any intercurrent com- 
plication. The ascitic absolute polymorphonuclear leukocyte 
(neutrophil) count and total protein and albumin concentrations 
should always be assessed, along with an ascitic fluid culture.*°+%° 

An ascitic neutrophil count higher than 250/mm} is diagnos- 
tic of SBP (see later). The ascitic fluid protein concentration has 
been shown to be related to prognosis. Moreover, an ascitic fluid 
protein less than 1.5 g/dL is also associated with an increased risk 
of developing SBP (see later).°* 

Ascitic fluid culture should be performed by inoculating at 
least 10 mL of ascitic fluid into blood culture bottles immediately 
after paracentesis.!”? Culture of the fluid will be highly helpful 
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BOX 93.2 Classification of Ascites by the Serum-Ascites 
Albumin Gradient 


HIGH GRADIENT 21.1 g/dl (11 g/L) 
Alcohol-associated hepatitis 

ALF 

Budd-Chiari syndrome 

Cardiac ascites 

Cirrhosis 

Fatty liver of pregnancy 

Massive liver metastases 

“Mixed” ascites 


PART IX Liver 


Myxedema 
Portal vein thrombosis 
Sinusoidal obstruction syndrome 


LOW GRADIENT <1.1 g/dL (11 g/L) 
Biliary ascites 

Bowel obstruction or infarction 
Nephrotic syndrome 

Pancreatic ascites 

Peritoneal carcinomatosis 
Postoperative lymphatic leak 

Serositis in connective tissue diseases 
Tuberculous peritonitis 


for guiding treatment if ascitic fluid infection is confirmed. The 
most common cause of ascitic fluid infection is SBP, and, in that 
case, culture is expected to be monomicrobial. In cases of poly- 
microbial culture results, secondary bacterial peritonitis should 
be suspected. 

The serum-ascites albumin gradient (SAAG) is a sensitive 
and specific measurement to determine whether ascites is related 
to portal hypertension (Box 93.2).!77° Calculating the SAAG 
involves measuring the albumin concentration in serum and 
ascitic fluid and simply subtracting the ascitic fluid value from the 
serum value; the gradient is calculated by subtraction and is not 
a ratio. If the SAAG is 1.1 g/dL (11 g/L) or greater, the patient 
can be considered to have portal hypertension with an accuracy 
of approximately 97%. By contrast, if the SAAG is less than 1.1 g/ 
dL (11 g/L), the patient is unlikely to have portal hypertension.’° 
The SAAG does not confirm the diagnosis of the cause of ascites 
but is an indirect and accurate index of portal hypertension. The 
SAAG may be useful when the cause of ascites is not clear after 
the initial medical history, physical examination, standard blood 
tests, and abdominal US. 

The assessment of other tests should be performed based on 
clinical presentation or the need to exclude causes of ascites other 
than cirrhosis.!»° If ascitic fluid is infected and secondary bacte- 
rial peritonitis rather than SBP is suspected, the measurement of 
glucose, amylase, lipase, and LDH in ascitic fluid may be useful. 
Glucose is a small molecule that can diffuse easily into extravascu- 
lar fluid. Therefore, ascitic fluid glucose levels are usually similar 
to those in plasma, unless glucose is being consumed by leuko- 
cytes or bacteria. In the setting of secondary bacterial peritonitis, 
glucose levels are markedly low and close to 0 mg/dL due to sig- 
nificantly increased numbers of leukocytes and bacteria in ascites. 
In addition, ascitic LDH levels increase markedly due to their 
release from neutrophils and are typically several-fold higher 
than serum levels.!7!-73 Finally, assessment of a Gram stain of 
ascitic fluid may be useful in the setting of secondary peritonitis 
by showing polymicrobial ascites, which is typical of this condi- 
tion. 

Levels of pancreatic enzymes or mycobacterial culture should 
only be performed when pancreatic disease or tuberculosis, 


respectively, is suspected. Finally, ascitic fluid cytology should 
be performed if malignancy is suspected as the cause of ascites; 
cytology is likely to be positive in patients with peritoneal tumor 
but not in those with tumor limited to the liver. 


DIFFERENTIAL DIAGNOSIS OF ASCITES 


As described earlier, up to 20% of cases of ascites may be due to 
causes other than cirrhosis (see Table 93.1).!:2 Cirrhosis should 
be diagnosed easily after medical history taking and physical 
examination, together with standard blood tests and abdominal 
US. When cirrhosis cannot clearly be confirmed, other causes of 
ascites should be ruled out. 

Heart failure may be responsible for approximately 5% of 
cases of ascites. Clinically, heart failure may mimic cirrhosis, 
because patients will present with ascites and may also develop 
GI varices; however, patients with ascites of cardiac origin usually 
have dyspnea, which persists even when ascites has been removed 
by large-volume paracentesis (LVP) (see later). On the other 
hand, in contrast to cirrhosis, cardiac ascites is characterized by a 
high ascitic protein concentration (22.5 g/dL) despite a SAAG of 
1.1 g/dL or greater.’+”> Patients with cirrhosis usually have a low 
hematocrit value and low platelet count, which will not be present 
in patients with cardiac ascites. In patients with heart failure, a 
chest film may show cardiomegaly. Although ascitic fluid analysis 
may suggest cardiac ascites, the diagnosis should be confirmed 
by echocardiography or cardiac catheterization.’+7> It is impor- 
tant to emphasize that some patients with persistent ascites of 
unknown origin may have constrictive pericarditis that may be 
difficult to diagnose on clinical grounds due to a paucity of symp- 
toms. A good clinical sign for suspecting constrictive pericarditis 
is a marked increase in jugular venous pressure. 

Malignancies represent less than 10% of cases of ascites. 
Cytology of the ascitic fluid is specific but rather insensitive 
for detection of malignant cells, which are formed in only 40% 
to 70% of patients with malignant ascites.”° Therefore, other 
parameters have been investigated for the differential diagnosis 
of malignant ascites. Marked elevations of ascitic fluid choles- 
terol have been reported in patients with peritoneal carcinoma- 
tosis compared with patients with cirrhosis, and this marker has 
been found to be useful in the differential diagnosis. Data indi- 
cate that a diagnostic sequence based on ascitic fluid cholesterol 
measurement, followed by cytologic examination and an ascitic 
CEA determination in persons with an ascitic cholesterol level 
less than 45 mg/dL, would be cost-effective in differentiating 
malignant from nonmalignant ascites,” although this finding 
has not been confirmed. 

Peritoneal tuberculosis is a rare cause of ascites in Western 
countries, but most patients with peritoneal tuberculosis will 
develop ascites. Risk factors for developing tuberculosis include 
HIV infection, immunosuppressive therapy, and cirrhosis, 
although the frequency is low. Abdominal tuberculosis should 
be suspected clinically in patients with persistent fever, weight 
loss, and risk factors. The diagnosis of tuberculous ascites may 
be established definitely by the demonstration of Mycobacterium 
tuberculosis in ascitic fluid.’? In patients with abdominal tuber- 
culosis, the ascitic fluid will have a high protein concentration. 
Adenosine deaminase may also be measured in ascitic fluid, with 
high levels observed in patients with tuberculosis; however, its 
sensitivity has been shown to be low, particularly in patients 
with cirrhosis.’”°° If the diagnosis of tuberculous peritonitis is 
strongly suspected and cannot be confirmed with the methods 
described above, abdominal laparoscopy with histologic analysis 
of the peritoneum should be considered.” 

Pancreatic ascites is an uncommon condition that may 
appear in patients with severe acute pancreatitis or a history of 
chronic pancreatitis. High ascitic fluid amylase and lipase levels 
are typical.®! 


Chylous ascites is the term used to describe ascitic fluid that has 
a milky appearance caused by triglyceride levels greater than 200 
mg/dL and usually greater than 1000 mg/dL.*? Chylous ascites 
results from rupture of intra-abdominal lymphatic vessels. Cir- 
rhosis is the most common cause of chylous ascites, and the high 
lymphatic flow and increased pressure due to splanchnic arterial 
vasodilatation are presumed to be the reasons for its develop- 
ment. Besides cirrhosis, retroperitoneal surgery or radical surgery 
in patients with cancer, as well as lymphoma, may be associated 
with the development of chylous ascites. 18? 


PROGNOSIS 


The development of grade 2 and 3 ascites is associated with a 
reduced prognosis in patients with cirrhosis, with a median 1-year 
survival rate of approximately 50%.’ Therefore, patients with 
ascites, particularly those with refractory ascites, should be con- 
sidered candidates for LT.° 

In patients with cirrhosis and ascites, independent predictive 
factors for mortality include a low arterial pressure, hyponatre- 
mia, a low GFR, and low renal sodium excretion.°’ The prognos- 
tic value of serum sodium concentration in patients with cirrhosis 
is reflected in its addition to the MELD score****: calculation 
of the MELD score now includes not only the serum creatinine 
and serum bilirubin levels and INR, but also the serum sodium 
concentration (see Chapter 97). 


COMPLICATIONS OF ASCITES 


Ascites is a risk factor for the development of other complica- 
tions of cirrhosis and portal hypertension. The most common 
and severe complications of ascites include ascitic fluid infec- 
tion, including SBP (see later), refractory ascites, and HRS (see 
Chapter 94).*> Other ascites-related complications include pleu- 
ral effusions, or hepatic hydrothorax, and abdominal wall hernias. 

Hepatic hydrothorax is defined as the accumulation of fluid 
in the pleural space of patients with decompensated cirrho- 
sis and ascites, in the absence of pulmonary, cardiac, or pleu- 
ral disease. Hepatic hydrothorax develops because of small 
diaphragmatic defects that allow the passage of ascites to the 
pleural space due to the negative thoracic pressure induced by 
inspiration.*>.86 Complications of hepatic hydrothorax include 
respiratory failure and spontaneous bacterial infection. When 
patients develop a pleural effusion, cardiopulmonary and pleural 
diseases should be ruled out. A diagnostic thoracentesis should 
be performed to assess the characteristics of the pleural fluid and 
exclude fluid infection. The diagnostic criteria for spontaneous 
bacterial empyema are the same as those for SBP (see later). 
Typically, pleural fluid in patients with hepatic hydrothorax 
has a low protein concentration. The development of hepatic 
hydrothorax is associated with reduced survival, with a median 
survival of approximately one year; therefore, affected patients 
should be considered for LT.>5%86 As occurs with patients with 
ascites, the MELD score underestimates the poor prognosis of 
these patients.*? 

Abdominal wall hernias are common in patients with cirrho- 
sis and ascites, particularly in those with refractory ascites, with 
frequencies as high as 20%. They are usually umbilical hernias 
and, occasionally, inguinal hernias. In addition to impaired qual- 
ity of life, the major risk of an abdominal wall hernia is incarcera- 
tion or perforation. Despite an increased surgical risk of patients 
with cirrhosis and ascites (see Chapter 73), elective surgical repair 
of the hernia should be considered on an individual basis.*’ In 
candidates for LT, clinical experience shows that most liver and 
transplant surgeons prefer to avoid surgery and postpone hernia 
repair until the time of LT. An elastic abdominal binder can be 
used as a measure to reduce pain and prevent enlargement of the 
hernia. Surgical repair of a hernia should be performed urgently 
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in patients with persistent pain, skin ulceration, crusting, or black 
discoloration.*7-*? 


MANAGEMENT OF ASCITES IN CIRRHOSIS 


Patients with cirrhosis and ascites are at high risk of developing 
other complications of the disease, such as refractory ascites, SBP, 
or HRS. The absence of these complications defines ascites as 
uncomplicated.!” According to the International Ascites Club and 
international guidelines, decisions regarding therapy for uncom- 
plicated ascites depends on the grade of ascites (see earlier). 


Uncomplicated Ascites 


Patients with uncomplicated ascites can often be managed in an 
outpatient setting. Treatment of ascites is aimed at achieving a 
negative sodium balance and, therefore, is based on reducing 
sodium intake together with increasing renal sodium excretion 
with diuretic treatment. 


Grade 1 Ascites 


There are no available data on the natural history of patients with 
grade 1 ascites and on whether treatment can prevent its progres- 
sion. Guidelines recommend no treatment for patients with grade 
1 ascites.’ 


Grade 2 Ascites 


Patients with grade 2 ascites show moderate renal sodium 
retention, with baseline urine sodium excretion greater than 20 
mEq/L in most cases. Moreover, patients usually have a normal 
GFR without impairment of solute-free water excretion. A nega- 
tive sodium balance with loss of ascites can be easily obtained 
in most cases by reducing dietary sodium intake and increasing 
renal sodium excretion with diuretics.” There is no evidence that 
maintaining bed rest for prolonged periods of time improves 
the mobilization of ascites, and, therefore, bed rest is not rec- 
ommended. In addition, fluid restriction is not necessary, unless 
patients have associated hyponatremia.*” 


Sodium Restriction 

Dietary sodium restriction is not indicated as a prophylactic strategy 
in cirrhotic patients in whom ascites has never developed. By con- 
trast, dietary salt restriction alone may lead to the resolution of asci- 
tes in some patients with grade 2 ascites, particularly in those with a 
first episode of ascites. Dietary sodium intake should be moderately 
restricted to 80 to 120 mEq/day, which corresponds to approxi- 
mately 4.6 to 6.9 g of salt per day and is generally equivalent to a 
“no-added salt” diet with the avoidance of preprepared meals. More 
severe restriction in sodium intake is not recommended because it 
is usually poorly tolerated and may impair a patient’s nutritional 
status.2-7>!7,99,9! Moreover, excessive sodium restriction can be asso- 
ciated with the development of diuretic-induced hyponatremia. 
Proper nutritional education of the patient is essential to ensure 
proper adherence and avoid treatment-related complications. 


Diuretics 

Diuretics indicated for the management of ascites are anti-miner- 
alocorticoids and loop diuretics.!7.’ Because hyperaldosteronism 
plays a key role in renal sodium retention in cirrhosis, anti-min- 
eralocorticoids (particularly spironolactone or eplerenone) rep- 
resent the first line of treatment in the management of cirrhotic 
ascites.’”?.°? Anti-mineralocorticoids have a slow mechanism of 
action, and the dose of these diuretics should not be increased 
sooner than 72 hours after the previous change in dose. Because 
proximal tubular sodium reabsorption is also involved in the 
pathophysiology of renal sodium retention, particularly in those 
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patients with a long history of ascites, loop diuretics are also indi- 
cated in this setting but should not be used alone, only in combi- 
nation with anti-mineralocorticoids.” 

Whether treatment of grade 2 ascites should be initiated 
with anti-mineralocorticoids alone or in combination with a 
loop diuretic has been a matter of controversy. Two studies 
investigated the effect of the diuretic regimen based on initial 
treatment with an anti-mineralocorticoid alone and stepwise 
increases in the dose of furosemide added to anti-mineralocor- 
ticoid nonresponders compared with a regimen based on anti- 
mineralocorticoid and furosemide combined from the start of 
treatment.?*.°* The results of the studies were conflicting. In one 
study, the effect of both regimens was similar, whereas the other 
study showed that the combination regimen was more effective 
in reducing ascites in a shorter period of time. The reason for 
these discrepant results may be differences in the population of 
patients included; in one study, most of the patients had a first 
episode of ascites, whereas in the other study, most patients had 
recurrent ascites. In view of these results, guidelines recommend 
that patients with a first episode of ascites should be treated ini- 
tially with anti-mineralocorticoids alone (i.e., spironolactone 
100 mg/day), because they will likely show a positive response 
with a low rate of side effects. In case of a lack of response, the 
dose of the drug should be increased by 100 mg no less than 
every 72 hours to a maximum of 400 mg/day. In patients who do 
not respond to treatment, defined as a reduction in body weight 
below 2 kg/week or in those in whom hyperkalemia develops, 
furosemide should be added to the regimen at an initial dose of 
40 mg/day, with sequential 40-mg increases to a final dose of 
160 mg/day, as needed.” By contrast, the best approach for 
patients with recurrent ascites is combined diuretic treatment 
with an anti-mineralocorticoid and loop diuretic, with increases 
in doses in a stepwise manner according to the response, as 
described above.!,’ In either case, the diuretic dose should be 
titrated to achieve a weight loss of less than or equal to 0.5 kg/ 
day in patients without peripheral edema and up to 1 kg/day in 
patients with ascites and edema. !:>7 Once ascites has been mobi- 
lized, the diuretic doses should be reduced to the minimum nec- 
essary to maintain the patient free of ascites, to avoid adverse 
events, such as AKI, hepatic encephalopathy, or hyponatremia. 
Box 93.3 summarizes the management of grade 2 ascites. 


BOX 93.3 Management of Grade 2 (Moderate) Ascites 


DIET 
Low-sodium diet (80-120 mEq/day) 
DIURETICS 


First episode of ascites: 

Spironolactone, 100 mg/day; increase in a stepwise manner every 
72 hr according to treatment response to a maximum dose 400 
mg/day 

If no response or hyperkalemia develops, add furosemide, 40 mg/ 
day, increasing in a stepwise manner to a maximum dose of 
160 mg/day 

Recurrent ascites: 
Combination diuretic treatment with spironolactone and furose- 
mide (same doses as above) 

MONITORING 

Daily body weight (recommended body weight loss is up to 0.5 kg/ 
day in patients without edema and 0.5-1 kg/day in patients with 
ascites and edema) 

Once ascites has been mobilized, continue a low-sodium diet and 
the minimum diuretic dose necessary to avoid reaccumulation 
of ascites 


Grade 3 Ascites 


The treatment of choice for patients with grade 3, or large, ascites 
is LVP (Box 93.4).!2:7°> This is a safe procedure that is associ- 
ated with a low risk of complications.” Coagulopathy is not a 
contraindication to LVP, as the risk of bleeding is low even in 
patients with an INR greater than 1.5 and a platelet count less 
than 50,000/mm}. Although it is a common practice in some cen- 
ters, there are no data to support the use of fresh frozen plasma 
or platelet transfusions prior to LVP, which is only contraindi- 
cated in case of severe coagulopathy (e.g., DIC) or the presence of 
other risk factors such as abdominal skin infection at the puncture 
site or severe bowel distention. 

The removal of a large volume of ascites without plasma vol- 
ume expansion is associated with the so-called postparacentesis 
circulatory dysfunction (PPCD) syndrome, which is character- 
ized by a further reduction in effective arterial blood volume 
already present in patients with ascites and marked activation of 
endogenous vasoconstrictor systems, particularly the RAAS.?:7,97 
This syndrome is characterized by rapid reaccumulation of asci- 
tes, with a high risk of HRS and hyponatremia and increased 
mortality.?,’ Plasma volume expansion should be performed after 
LVP to prevent the development of PPCD. When more than 5 
L of ascites are removed, the administration of 20% intravenous 
albumin is more effective than other plasma expanders, such as 
dextran-70, saline, or polygeline (a polymer of urea and polypep- 
tides derived from degraded gelatin), in the prevention of PPCD. 
By contrast, with LVP of less than 5 L, the risk of PPCD is low, 
and the efficacy of albumin is similar to that of other plasma 
expanders.” Polygeline is not used in many countries due to 
the potential risk of transmission of prions. A meta-analysis of 
randomized clinical trials showed that the administration of albu- 
min after LVP is more effective not only in preventing PPCD, 
but also in reducing the risk of hyponatremia and mortality.?’ 
A cost-effectiveness analysis showed that the administration of 
albumin after LVP is more cost effective than use of other plasma 
expanders, because the administration of albumin is associated 
with a reduction in the rate of complications of cirrhosis in the 
subsequent month.!°° Recommendations indicate that after LVP 
of more than 5 L, plasma volume expansion should be performed 
with the administration of IV 20% albumin (8 g/L of ascites 
removed). Patients undergoing LVP of less than 5 L, despite the 
low risk of PPCD, should also receive albumin because of the 
risks associated with the administration of other plasma expand- 
ers.? After LVP, patients should continue diuretic treatment 
using the minimum doses necessary to prevent the reaccumula- 
tion of ascites.27-10! 


BOX 93.4 Management of Grade 3 (Tense) Ascites 


DIET 

Low-sodium diet (80-120 mEq/day) 

LARGE-VOLUME PARACENTESIS 

IV albumin should be administered (8 g per L of ascites removed) 
DIURETICS 


The minimum diuretic dose necessary to avoid accumulation of 
ascites should be continued 

If the patient has not received diuretic treatment previously, start 
with spironolactone, 100 mg/day, and furosemide, 40 mg/day 

If the patient was receiving diuretic treatment, restart diuretics at 
a higher dose. If there is no response to treatment, assess the 
patient’s sodium intake for adherence to a low-sodium diet, 
and increase the diuretic doses progressively to a maximum of 
spironolactone, 400 mg/day, and furosemide, 160 mg/day 


Complications of Diuretic Therapy 


The most common complications associated with diuretic ther- 
apy are AKI, hepatic encephalopathy, and abnormal electrolyte 
levels, particularly hypernatremia and hypo- or hyperkalemia.!” 
Circulatory dysfunction in patients with cirrhosis and ascites 
makes them prone to develop rapid reductions in extracellular 
fluid volume and AKI due to renal hypoperfusion.”’ Loop diuret- 
ics can lead to potassium and magnesium depletion, whereas anti- 
mineralocorticoids may lead to hyperkalemia. Hyponatremia is 
also a common treatment-related complication. Although it is 
more frequently associated with loop diuretics, hyponatremia 
can also occur in the setting of treatment with anti-mineralo- 
corticoids. Hyponatremia may be explained by inhibition of the 
Na-K-Cl transporter by loop diuretics. Contraction of plasma 
volume can also trigger the release of arginine-vasopressin, 
thereby leading to solute-free water reabsorption and the devel- 
opment of hyponatremia. Painful gynecomastia is one of the 
most frequent side effects of anti-mineralocorticoids; however, 
the pain usually improves after a reduction in dose, although in a 
few patients treatment needs to be discontinued and an alterna- 
tive potassium-sparing diuretic, such as amiloride, used. Muscle 
cramps may also develop as a diuretic-related side effect and are 
associated with reduced health-related quality of life. Albumin 
infusion and baclofen have been described as effective options for 
the management of muscle cramps.!°:!% 

Diuretic treatment should be withheld in cases of severe 
hyponatremia (serum sodium concentration <125 mEq/L), AKI, 
hepatic encephalopathy, or incapacitating muscle cramps. Furo- 
semide should be discontinued if severe hypokalemia (<3 mEq/L) 
develops, and anti-mineralocorticoids should be stopped in cases 
of hyperkalemia (>5.5 mEq/L).’ 

Considering the potential development of several treatment- 
related side effects, particularly during the first weeks of therapy 
and with a first episode of ascites, patients should be monitored 
with serial kidney function tests (serum creatinine, sodium, potas- 
sium) and clinical visits, to adjust doses and detect potential treat- 
ment-related complications.” Patients may benefit from visits 
with a nurse expert in cirrhosis, who may also be able to perform 
telephone consultations. 


Refractory Ascites 


Refractory ascites is defined as ascites that cannot be mobilized, 
or the recurrence of which cannot be prevented, by medical ther- 
apy because of a lack of response to maximum diuretic treatment 
or development of a complication related to diuretic therapy that 
precludes the use of an effective diuretic dosage.°* Diagnostic cri- 
teria for refractory ascites are shown in Box 93.5. 

Approximately 10% of patients with cirrhosis and ascites 
develop refractory ascites during follow-up. Refractory ascites is 
associated with a poor short-term prognosis, with a median sur- 
vival of approximately 6 months.!°* Therefore, all patients with 
refractory ascites should be considered for LT.!” Several treat- 
ment options for the management of refractory ascites can be 
considered. 


Large-Volume Paracentesis 


LVP associated with plasma volume expansion with IV albumin 
is considered the first-line treatment for patients with refractory 
ascites (see earlier).!:2,7 


Diuretics 


Once refractory ascites develops, diuretic treatment should be 
stopped to prevent adverse events, because no beneficial effects of 
diuretics have been demonstrated in these patients. However, in 
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BOX 93.5 Diagnostic Criteria of Refractory Ascites 


DIURETIC-RESISTANT ASCITES 


Ascites that cannot be mobilized or the early recurrence of which 
cannot be prevented because of a lack of response to sodium 
restriction and diuretic treatment 


DIURETIC-INTRACTABLE ASCITES 

Ascites that cannot be mobilized or the early recurrence of which 
cannot be prevented because of the development of diuretic- 
induced complications that preclude the use of an effective 
diuretic dosage 

PRIOR TREATMENT 


Patients must be on an intensive diuretic therapy (spironolactone 


400 mg/day and furosemide 160 mg/day) for at least 1 wk and 
on a salt-restricted diet of <80 mEq/day 


OTHER DEFINITIONS 


Lack of response: mean weight loss of <0.8 kg over 4 days and 
urinary sodium output less than sodium intake 

Early ascites recurrence: reappearance of grade 2 or 3 ascites 
within 4 wk of initial mobilization 

Diuretic-induced hepatic encephalopathy: the development of 
encephalopathy in the absence of any other precipitating 
factor 

Diuretic-induced renal impairment: an increase of the serum 
creatinine level by >100% to a value >2 mg/dL in a patient with 
ascites that is responding to treatment 


patients who maintain a urinary sodium excretion greater than 30 
mEq/day on diuretics, diuretic therapy can be continued, if toler- 
ated, in order to delay ascites formation and increase the interval 
between LVPs.?7 


TIPS 


TIPS is a shunt that connects an intrahepatic portal branch 
with the outflow of the hepatic vein, leading to the decompres- 
sion of the portal system and, thus, to the resolution of portal 
hypertension (see Chapter 92). Insertion of a TIPS is associated 
with improvement in effective blood volume and kidney hemo- 
dynamics that result in increased renal blood flow and increased 
urinary sodium excretion, thereby leading to better control of 
ascites.!9°-!07 A frequent complication of TIPS, when uncovered 
stents are used, is the development of hepatic encephalopathy 
in up to 50% of patients.!°° The frequency of hepatic encepha- 
lopathy has been reduced significantly with the use of covered 
stents. A randomized controlled trial that compared TIPS (using 
a covered stent) and LVP for the management of recurrent ascites 
showed an increase in one-year transplant-free survival in patients 
treated with TIPS, without a significant increase in the frequency 
of hepatic encephalopathy.'°? Another study, in which TIPS was 
used for the prevention of variceal bleeding, rather than manage- 
ment of ascites, showed a frequency of hepatic encephalopathy of 
18% with the use of an 8-mm covered stent.!!° 

Data from 6 randomized controlled trials that investigated the 
effect of TIPS with an uncovered stent for the management of 
recurrent or refractory ascites!!'-!!° and 7 meta-analyses based 
on previous randomized controlled trials!!”-!7> showed that TIPS 
is more effective than LVP for the management of recurrent or 
refractory ascites; however, TIPS was associated with a higher 
frequency of hepatic encephalopathy. Studies using covered 
stents are limited but have also shown that ascites is better con- 
trolled with TIPS compared with LVP. In patients with recurrent 
ascites, TIPS insertion is associated with improved survival as 
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compared with LVP. By contrast, in patients with refractory asci- 
tes, TIPS does not show a survival benefit. International guide- 
lines recommend that patients with recurrent or refractory ascites 
should be evaluated for TIPS insertion, because TIPS improves 
survival in the former group of patients and is associated with 
better control of ascites in the latter. The use of small-diameter 
covered stents is recommended in order to reduce the likelihood 
of TIPS dysfunction and the frequency of hepatic encephalopa- 
thy.’ After TIPS insertion, diuretic treatment and dietary sodium 
restriction should be continued until ascites has resolved, and 
close follow-up is recommended for early detection of potential 
complications. 

Careful selection of patients for TIPS is essential, because 
TIPS can be detrimental in patients with advanced liver disease. 
In fact, most trials that have evaluated TIPS in the management of 
ascites excluded patients with very advanced cirrhosis and severe 
cardiopulmonary diseases. Overall, TIPS is not recommended in 
patients with a serum bilirubin level greater than 3 mg/dL (with 
exceptions), platelet count less than 75,000/mm’? (and especially 
<20,000/mm+), more than grade 2 or chronic hepatic encepha- 
lopathy, multiple hepatic cysts, unrelieved biliary obstruction, 
concomitant active infection, progressive renal failure, severe sys- 
tolic or diastolic cardiac dysfunction, or pulmonary hypertension. 


Other Therapies 


Pharmacologic Agents 

Other drugs besides diuretics aimed at modifying the pathophysi- 
ology of ascites by improving circulatory function have been eval- 
uated. Midodrine is an a1-adrenergic agonist that has been shown 
to improve circulatory and kidney function in patients with cir- 
rhosis and ascites.!*+ Among vasoconstrictors, midodrine has the 
advantage that it is active orally and, therefore, can be easily used 
as a long-term treatment in the outpatient setting. Small random- 
ized controlled trials and pilot studies have evaluated the effect 
of midodrine alone or midodrine in combination of other drugs 
(i.e., clonidine, vasopressin V2-selective antagonists, octreotide, 
and albumin) in the management of ascites.!’>-!?” These studies 
showed that the administration of midodrine was associated with 
an improvement in systemic hemodynamics and better control of 
ascites on short-term follow-up. By contrast, a randomized con- 
trolled trial that investigated the effect of midodrine with albumin 
in the prevention of complications in patients with cirrhosis on 
the waiting list for LT showed negative results. The combination 
of midodrine and albumin was associated with a slight decrease 
in the activity of the RAAS but with neither improvement in the 
control of ascites nor prevention of other complications of cir- 
rhosis or survival.!2° Therefore, the effect of midodrine remains 
controversial and requires further investigation. 

Long-term administration of IV albumin has also been sug- 
gested as a therapy for the control of ascites in patients with 
decompensated cirrhosis. Limited data have shown that the 
administration of albumin for one year together with diuretics 
following a first episode of ascites was associated with significantly 
improved survival rates.!?? One randomized study has shown that 
long-term administration (up to 18 months) of albumin together 
with diuretics is associated with improved control of ascites 
and increased survival.'3° Given the limited information and 
the discrepant results between this study!*° and the previously 
mentioned trial!?8 of midodrine and albumin, administration of 
albumin is still not recommended as a long-term treatment for 
the management of all patients with decompensated cirrhosis and 
ascites. 

Vaptans are selective antagonists of the kidney vasopressin V2 
receptor that are active orally and induce an increase in the excre- 
tion of solute-free water,'*! thereby resulting in an increase in the 
serum sodium concentration. As described earlier, patients with 
advanced cirrhosis usually have increased levels of vasopressin 


that also contribute to fluid retention. Vaptans have been inves- 
tigated mainly for the management of hypervolemic hyponatre- 
mia, but they have been also evaluated for the management of 
ascites.!37,133 Results from phase 2 studies investigating the com- 
bination of satavaptan and diuretics for the treatment of ascites 
were promising. Those studies showed that the combination of 
satavaptan plus diuretics was effective in the control of ascites, as 
indicated by a decrease in body weight and delay in recurrence of 
ascites after LVP.1>133 However, phase 3 studies did not show a 
beneficial effect of satavaptan in the control of either uncompli- 
cated ascites or refractory ascites. Moreover, patients treated with 
satavaptan had increased morbidity and mortality compared with 
those who received placebo.!*+ Therefore, satavaptan was with- 
drawn from development. There is no evidence that other vap- 
tans such as tolvaptan are effective in the management of ascites. 


Alfapump System 

The Alfapump system has been developed as a potential new 
treatment option for refractory ascites.!*° The Alfapump system 
is an automated pump that moves ascites from the peritoneal cav- 
ity to the urinary bladder, where it is eliminated spontaneously 
through diuresis. Like LVP, the Alfapump system represents a 
symptomatic treatment for refractory ascites that does not mod- 
ify pathogenic mechanisms that lead to ascites formation. 

The system is implanted subcutaneously in the abdominal wall 
under local or general anesthesia. The device consists of a battery- 
powered pump that is connected to a peritoneal catheter that col- 
lects ascitic fluid from the peritoneal cavity. Ascitic fluid is moved 
by the pump through another catheter that is implanted in the 
urinary bladder. In contrast to LVP, the system produces continu- 
ous elimination of ascites from the peritoneal cavity to the bladder, 
the daily amount of which can be programmed through a wireless 
system. Thus far, the administration of albumin to expand plasma 
volume has not been recommended in these patients. 

Two multicenter studies have evaluated the efficacy and 
safety of the Alfapump system for the management of recurrent 
or refractory ascites. The results of these studies show that the 
Alfapump system significantly reduces the number and volume of 
LVP in patients with cirrhosis and recurrent or refractory ascites 
compared with standard care.!3*-!3° A major concern is that both 
studies showed that the treatment was associated with a high num- 
ber of adverse events, including device-related adverse events and 
complications of cirrhosis, particularly AKI. Moreover, a single- 
center study that evaluated kidney and circulatory function in 10 
patients treated with the Alfapump system reported 18 episodes 
of AKI in 7 patients during a follow-up of one year. The study 
revealed a significant reduction in the GFR within 6 months that 
was associated with a marked increase in PRA and the plasma 
NE concentration, suggesting impairment in circulatory func- 
tion that could explain the increased risk of AKI.!*” Therefore, 
although the Alfapump has been shown to be effective for the 
treatment of refractory ascites, it is only recommended in patients 
in whom TIPS is not indicated and should therefore be limited 
to patients treated at experienced centers. Moreover, considering 
the high frequency of side effects, patients must be monitored 
closely and kidney function assessed serially.’ 


Hepatic Hydrothorax 


In the absence of contraindications, LT is a definitive solution 
for patients with hepatic hydrothorax.”:!**.!5° First-line medical 
treatment for the management of hepatic hydrothorax includes 
diuretic therapy; however, hepatic hydrothorax may persist 
despite appropriate diuretic treatment. Therapeutic thoracente- 
sis is indicated for symptomatic relief of dyspnea’; however, the 
effect of thoracentesis is transient and patients usually require 
repeated therapeutic thoracocentesis. There are data showing 
that TIPS is effective for some patients with hepatic hydrothorax 


either as definitive treatment or a bridge to LT. Pleurodesis with 
various agents (e.g., talc, tetracycline) has shown efficacy of up 
to 80% of cases, but it is also associated with a high frequency of 
adverse events.!>”* Therefore, pleurodesis is only recommended 
in patients who are not candidates for TIPS or LT? 


Contraindicated Drugs 


‘The impaired systemic hemodynamics and labile kidney function 
in patients with cirrhosis and ascites make them prone to develop 
AKI.’ Therefore, the use of some drugs that may alter homeo- 
static mechanisms required to maintain normal arterial pressure 
and kidney function may lead to adverse events, particularly AKI. 

NSAIDs are contraindicated in patients with cirrhosis and 
ascites. They inhibit renal prostaglandin synthesis, and patients 
with cirrhosis and ascites show increased vasodilating renal 
prostaglandin synthesis to compensate for the vasoconstrictor 
effect of angiotensin II. The administration of NSAIDs leads to 
decreased prostaglandin synthesis, renal vasoconstriction, and the 
development of AKT.!*° 

As described earlier, activation of the RAAS helps maintain 
arterial pressure within normal limits in patients with cirrhosis and 
ascites. Administration of antihypertensive drugs such as angioten- 
sin-converting enzyme inhibitors, angiotensin I-receptor antago- 
nists, and a-adrenergic blocking agents are also contraindicated in 
patients with cirrhosis and ascites, because they may lead to hypoten- 
sion and, consequently, AKI.!+!!7 Antibiotics associated with a high 
frequency of nephrotoxicity, such as aminoglycosides, should also be 
avoided in patients with cirrhosis and ascites except in selected cases 
when other options are not available.!*° 


Nonselective B-Receptor Antagonists 


Nonselective B-receptor antagonists (beta blockers; NSBB) 
are widely used for the primary and secondary prophylaxis 
of GI bleeding in patients with cirrhosis (see Chapter 92).144 
Controversy has arisen regarding the safety of NSBB in patients 
with advanced cirrhosis, particularly those with refractory asci- 
tes or SBP. A study from France was the first to raise a warning, 
with results showing increased mortality and a higher risk of 
PPCD in patients with refractory ascites on therapy with a beta 
blocker.!*> The hypothesis raised by this study was that NSBB 
may induce arterial hypotension, leading to a further increase 
in the hyperdynamic circulation associated with cirrhosis and 
portal hypertension, impaired organ perfusion, and the devel- 
opment of complications, such as HRS. Subsequent studies did 
not confirm these results, however, and some even reported an 
increase in survival in patients with decompensated cirrhosis on 
treatment with a beta blocker.!46-14 The reasons for the benefi- 
cial effect of NSBB on survival in patients with decompensated 
cirrhosis may go beyond their hemodynamic effects and relate 
to the beneficial effects of NSBB on bacterial translocation, 
intestinal permeability, and inflammation.'*°!5! Whether the 
use of NSBB induces negative effects in patients with decom- 
pensated cirrhosis and particularly those with refractory ascites 
will need to be assessed in future randomized controlled tri- 
als. In the meantime, the Baveno VI consensus guidelines and 
the guidelines of the European Association for the Study of 
the Liver for the management of patients with decompensated 
cirrhosis recommend that NSBB should be discontinued in 
patients with progressive hypotension (systolic blood pressure 
<90 mm Hg) or patients in whom intercurrent complications 
such as bleeding, sepsis, SBP, or AKI develop. After recovery 
from these complications, patients can be restarted on a beta 
blocker. If contraindications persist or the patient does not tol- 
erate NSBB, variceal bleeding prophylaxis should be managed 
with nonpharmacologic methods, particularly endoscopic band 
ligation (see Chapter 92).? 
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SPONTANEOUS BACTERIAL PERITONITIS 


Bacterial infections are a common complication in patients with 
cirrhosis and are associated with the development of other cirrho- 
sis-related complications (e.g., AKI, hepatic encephalopathy) and 
a poor prognosis.!°*-!>> Patients with cirrhosis are at higher risk 
of developing bacterial infections; for example, the risk of sepsis is 
2.6-fold higher in patients with cirrhosis than in patients without 
underlying chronic liver disease.!°>:!°° The frequency of bacterial 
infections in patients with cirrhosis admitted to a hospital ranges 
from 25% to 46%.197-199 

SBP is one of the major complications in patients with cirrho- 
sis and ascites and is defined as bacterial infection of the ascitic 
fluid, without any specific identifiable intraabdominal treatable 
source of infection.!°* Together with urinary tract infections, 
SBP represents the most common type of infection in patients 
with cirrhosis, followed by pneumonia, soft tissue infections, 
and spontaneous bacteremia. Although the prognosis of SBP has 
improved over the years as a result of early diagnosis and appro- 
priate management, the mortality rate remains approximately 
20%, 157,158 

The clinical presentation of SBP is heterogeneous. SBP can 
present with local symptoms, such as abdominal pain, vomit- 
ing, or diarrhea, and can also present without local symptoms 
and with the following: (1) signs of systemic inflammation 
(i.e., fever, high leukocyte count, high serum C-reactive pro- 
tein level, tachycardia); (2) deterioration of liver function; (3) 
hepatic encephalopathy; (4) AKI; or (5) septic shock. On the 
other hand, a patient with SBP can be asymptomatic. There- 
fore, a diagnostic paracentesis should be performed to look for 
SBP in all patients with cirrhosis and ascites on admission to 
the hospital and whenever complications, particularly bleed- 
ing, hepatic encephalopathy, and AKI, develop.?:°*:!9?-!>> Early 
diagnosis of SBP is essential for improving outcomes, because 
a delay in starting antibiotic treatment is associated with sub- 
stantially increased mortality.!°0-1 


Pathogenesis 


The increased risk of bacterial infections in patients with cir- 
rhosis is explained by multiple factors, including alterations 
in the gut-liver axis characterized by gut dysbiosis, increased 
intestinal permeability, and bacterial translocation, together 
with the immune dysfunction characteristic of cirrhosis.*!°+!5° 
In SBP, local peritoneal factors may also play a role. Genetic 
factors may also contribute to the increased risk of infections 
in patients with cirrhosis; for example, patients with variants 
of the NOD2 (nucleotide-binding oligomerization domain- 
containing protein 2) gene have an increased risk of SBP and 
a poor prognosis.!° 


Alterations in the Gut-Liver Axis 


Cirrhosis is characterized by alterations at different levels of the 
gut-liver axis that result in pathologic bacterial translocation 
and spillover of endotoxins into the systemic circulation, thus 
facilitating the development of bacterial infections.’ Increased 
intestinal permeability in patients with cirrhosis may be caused 
by several factors, including structural changes in the intesti- 
nal mucosa (e.g., congestion, edema), oxidative stress, and local 
inflammation.®.!°+ Moreover, SIBO has also been reported to 
play a role in bacterial translocation and is the result, at least 
in part, of delayed intestinal transit in patients with cirrhosis. 
Autonomic dysfunction, increased NO, and oxidative stress 
have been suggested to play a role in decreased intestinal motil- 
ity in these patients.© 
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Cirrhosis-Associated Immune Dysfunction 


Advanced cirrhosis is associated with the development of 
abnormalities that lead to an impaired immune response, 
which represents a key factor in the increased susceptibility of 
these patients to bacterial infections.!® Liver damage leads to 
impairment in the immune surveillance capacity of the organ. 
Moreover, there is a decrease in the hepatic synthesis of pro- 
teins involved in innate immunity and pattern recognition, thus 
causing a decreased bactericidal capacity of phagocytic cells. 
Progression of cirrhosis is also associated with impairment in 
the function of circulating immune cells. As described earlier, 
decompensated cirrhosis is associated with systemic inflamma- 
tion, which is characterized by persistent activation of circulat- 
ing immune cells that show increased markers of activity, and 
impaired phagocytic capacity.!°° As cirrhosis progresses, the 
immune dysfunction is characterized by features of immunode- 
ficiency, which are thought to be associated with an increased 
risk of bacterial infections in patients with more advanced liver 
disease and, particularly, in those with acute-on-chronic liver 
failure (ACLF).5? ACLF is a syndrome characterized by acute 
decompensation of cirrhosis associated with one or more organ 
failures; bacterial infections have been described to be the main 
triggers of ACLF (see Chapter 74).!°? 


Local Factors 


Besides systemic factors, local peritoneal factors may also influ- 
ence the susceptibility of ascitic fluid to infection in patients with 
cirrhosis. Although data are conflicting, generally a low ascitic- 
fluid protein concentration (<1.0 to 1.5 g/dL) has been associated 
with an increase in the risk of SBP.°*-! In addition, a few reports 
suggest that peritoneal macrophages from patients with cirrhosis 
and ascites may be functionally impaired, thereby leading to a 
decreased capacity for bacterial elimination and, thus, increased 
susceptibility to bacterial infections.!®”:!° In general, however, 
information on local factors is limited. 


Diagnosis 


The diagnosis of SBP is based on the neutrophil count in ascitic 
fluid. Peritoneal infection causes a local inflammatory reaction 
and, thus, an increase in the ascitic neutrophil count. The cutoff 
value with the best sensitivity for the diagnosis of SBP is an ascitic 
neutrophil count of 250/mm3.?-°? Although the gold standard for 
determining the neutrophil count is considered to be the count 
determined by manual microscopy, this method is time consum- 
ing and associated with interobserver variability. Therefore, most 
centers use an automated method that has been shown to cor- 
relate with the manual count. The use of reagent strips for the 
rapid diagnosis of SBP is not recommended, because of their low 
sensitivity.!° 

Ascitic fluid culture should always be performed in blood cul- 
ture bottles. A positive culture is not necessary, however, for the 
diagnosis of SBP, but, if positive, the ascitic fluid culture is useful 
for guiding antibiotic treatment. Despite improvements in meth- 
ods, ascitic fluid cultures may be negative in up to 60% of patients 
with SBP. Patients with culture-negative SBP should be managed 
identically to those with positive culture results. !2-152-155 

In some cases, patients may present with a positive ascitic 
fluid culture result but an ascitic neutrophil count below 250/ 
mm}. This condition is known as bacterascites. In most cases, bac- 
terascites is due to spontaneous bacterial colonization of ascites; 
it can be either asymptomatic or associated with symptoms such 
as abdominal pain or signs of systemic inflammation. Although 
in some patients bacterascites may be due to transient bacterial 
colonization that resolves spontaneously, in others it may lead to 
the development of SBP.?°* 


Infrequently (approximately 5% of cases of peritonitis), 
patients with cirrhosis and ascites may also develop second- 
ary bacterial peritonitis due to intestinal perforation or another 
intraabdominal condition. As described earlier, secondary bacte- 
rial peritonitis should be included in the differential diagnosis of 
ascites and SBP. Patients usually present with abdominal pain, 
and the ascitic fluid will show a high neutrophil count, high pro- 
tein concentration, and multiple organisms on ascitic fluid cul- 
ture. If clinically suspected, CT should be performed to confirm 
the diagnosis, and surgery should be considered.?:!°7-!55 


Treatment 
General Management 


It is essential to start antibiotic treatment as soon as possible after 
a diagnosis of SBP is made, because delayed antibiotic treatment 
has been associated with increased mortality and septic shock.?!32- 
155,160 Tn fact, several studies have shown that the inefficacy of anti- 
biotic treatment is one of the strongest predictors of mortality in 
patients with cirrhosis and bacterial infections.'°!! Vital signs 
should be checked regularly in patients with SBP for early detec- 
tion of circulatory impairment and septic shock. Patients with cir- 
rhosis and bacterial infections have an increased risk of developing 
other complications of the disease, particularly AKI and ACLF.!*? 
Therefore, kidney and liver function should be monitored. 


Antibiotics 


Because selection of the appropriate antibiotic treatment is 
essential to improved survival, empirical antibiotic treatment 
should be based on the following: (1) risk of multidrug resis- 
tant (MDR) bacteria; (2) severity of the infection; and (3) local 
epidemiology.2>*!5> For community-acquired infections, 
the most common bacteria that cause SBP are Gram-negative 
organisms.°*:!>+ Therefore, the empirical antibiotic treatment 
of choice for patients with community-acquired SBP has clas- 
sically been a third-generation cephalosporin.ć®!°4 Alternative 
options include amoxicillin/clavulanic acid and a fluoroquino- 
lone*:!53,!54; however, fluoroquinolones are not recommended 
in patients who are taking these antibiotics for prophylaxis of 
SBP (see later), due to a high rate of fluoroquinolone-resistant 
bacteria.*)154+15° 

A marked increase in infections caused by MDR bacteria, 
defined as bacteria with acquired nonsusceptibility to at least 1 
agent in 3 or more antimicrobial categories, has been seen in 
the 2010s. The major risk factors for infections caused by MDR 
organisms include repeated hospitalizations or repeated contact 
with the health care environment, noninvasive procedures, and 
recent antibiotic treatment.?)!):!°%1% Patients with cirrhosis 
are at high risk of MDR bacterial infections because they usu- 
ally present with these risk factors. Health care-associated SBP 
and nosocomial SBP have a higher risk of being caused by MDR 
bacteria. In addition, MDR bacteria increase the mortality rate of 
SBP infection up to 4-fold.158:161,162 The epidemiology of MDR 
bacteria vary in different geographic regions. 

Piperacillin/tazobactam has been recommended as the first-line 
treatment in patients with health care-associated or nosocomial 
SBP in areas with a low prevalence of MDR bacteria. By contrast, 
in patients with severe health care-associated or nosocomial SBP— 
that is, those who fulfill criteria for sepsis, or in areas with a high 
prevalence of MDR bacteria—the recommended empirical antibi- 
otic treatment is meropenem alone or in combination with vanco- 
mycin or daptomycin, or linezolid.*!5° Fig. 93.4 summarizes the 
management of SBP and recommendations for empirical antibiotic 
therapy. The antibiotic regimen should be adjusted according to 
bacterial susceptibility based on culture results to avoid the spread 
of MDR bacteria. 


Community 


Third-generation cephalosporin 
or piperacillin/tazobactam 
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Patient with SBP 
Setting in which infection is acquired 


Sepsis or high prevalence 
of MDR bacteria? 


Piperacillin/ 
tazobactam 
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Nosocomial 


Meropenem +/— vancomycin* 
or daptomycin or linezolid** 


Fig. 93.4 Algorithm for the choice of empirical antibiotic therapy in a patient with SBP. The selection of empirical 
antibiotic treatment should be based on the setting in which the infection is acquired (community, health care- 
associated [HCA], or nosocomial), the severity of the episode of SBP (see Fig. 93.5), and whether the patient has 
sepsis or resides in an area of high prevalence for multidrug-resistant (MDR) bacteria. *IV vancomycin should be 
used in areas with a high prevalence of methicillin-resistant Staphylococcus aureus (MRSA) and vancomycin- 
susceptible enterococci. **Daptomycin or linezolid should be used in areas with a high prevalence of vancomycin- 
resistant enterococci. (Adapted from European Association for the Study of the Liver. EASL Clinical Practice 
Guidelines for the management of patients with decompensated cirrhosis. J Hepatol 2018; 69:406-60 and Piano 
S, Brocca A, Mareso S, Angeli P. Infections complicating cirrhosis. Liver Int 2018; 38 Suppl 1:126-33.) 


New criteria have been validated in patients with cirrhosis and 
bacterial infections to assess the severity of the infection. The Sep- 
sis-3 criteria have provided a new definition of sepsis for the general 
population: a life-threatening organ dysfunction caused by a dys- 
regulated host response to infection. Organ dysfunction is defined as 
an acute change in the sequential organ failure assessment (SOFA) 
score greater than or equal to 2 points.!”0 A newer score, the quick 
SOFA (qSOFA [at least 2 of the following: alteration in mental sta- 
tus, systolic blood pressure <100 mm Hg, or respiratory rate >22/ 
min]) has been suggested as a screen for sepsis. These criteria have 
been validated in patients with cirrhosis and bacterial infections and 
shown to be more accurate in predicting mortality than the previ- 
ously used systemic inflammatory response syndrome criteria.!7! 
Fig. 93.5 shows an algorithm for the assessment of severity of SBP in 
patients with cirrhosis using the newer criteria. 

The efficacy of antibiotic treatment should be monitored 
by performing another diagnostic paracentesis 48 hours after 
the initiation of therapy.*!>*!>> If at this point the ascitic fluid 
neutrophil count has not decreased by at least 25% from the 
pretreatment value, there is a high probability of failure to 
respond to therapy and, thus, a poor outcome. If antibiotic 
treatment is not showing efficacy, it is likely that SBP may 
be caused by bacteria resistant to the current antibiotic and 
that treatment should be modified according to culture results 
or empirically to treat MDR bacteria.?!*+!>> An increase in 
the frequency of so-called extensively drug resistant bacte- 
ria, defined as nonsusceptibility to at least 1 agent in all but 
2 or fewer antimicrobial categories, or pandrug resistance 
bacteria, defined as a nonsusceptibility to all agents in all 
antimicrobial categories, has been reported. The increase in 
these bacteria may reduce the efficacy of the standard broad- 
spectrum antibiotics recommended for patients with SBP.158 
Treatment of infections caused by extensively drug resistant 
or pandrug resistant bacteria may lead to the use of antibiot- 
ics that are known to have a high risk of nephrotoxicity and 
that are usually avoided in patients with cirrhosis and ascites, 


such as vancomycin, aminoglycosides, or colistin. If the use 
of these antibiotics is mandatory for the management of SBP, 
kidney function should be closely monitored in these patients. 
In addition, serum levels of vancomycin or aminoglycosides 
should be assessed, and antibiotic doses adjusted accordingly.’ 
These recommendations are based on the epidemiology of 
SBP and international guidelines; however, the epidemiol- 
ogy varies over time and by geographic areas, and empirical 
antibiotic treatment needs to be adapted according to these 
variables. 


Prevention of Acute Kidney Injury 


SBP without septic shock may lead to a further circulatory dys- 
function, thereby increasing the risk of development of HRS. A 
randomized placebo-controlled trial showed that in patients with 
SBP without septic shock, 20% albumin, 1.5 g/kg intravenously 
at diagnosis and 1 g/kg intravenously on day 3 added to antibiotic 
treatment, significantly decreased the frequency of type 1 HRS 
and the mortality rate from 30% to 10% compared with antibi- 
otic treatment alone.!”? Treatment with albumin was particularly 
useful in patients with a serum bilirubin level greater than 4 mg/ 
dL and serum creatinine level greater than 1 mg/dL. Whether 
albumin is effective in patients who do not meet these criteria is 
unclear because the frequency of type 1 HRS was low when both 
criteria were not met. Guidelines recommend the administration 
of IV albumin, 1.5 g/kg body weight at diagnosis and 1 g/kg body 
weight on day 3, to all patients with SBP. 


Prophylaxis 


The goal of SBP prophylaxis is to decrease the frequency of the 
infection in patients at high risk. Because translocation of Gram- 
negative bacteria from the gut plays a key role in the patho- 
physiology of SBP, prophylaxis is aimed at achieving selective 
intestinal decontamination by reducing Gram-negative bacteria. 
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Patient with SBP 
Baseline SOFA score available? 


Yes 


Apply Sepsis-3 criteria 


Good Poor 
prognosis prognosis 
Consider transfer 
to the ICU 


Sepsis-3 positive 
qSOFA positive 


Apply Sepsis-3 criteria and GSOFA 


Sepsis-3 positive Sepsis-3 negative 
QSOFA negative QSOFA negative 
Prognosis Good 
uncertain prognosis 
Monitor SOFA 
and qSOFA 


Fig. 93.5 Algorithm to assess the prognosis of bacterial infections in patients with cirrhosis using the Sepsis-3 
and qSOFA criteria. These criteria were developed for the general population and have been validated in 
patients with cirrhosis and bacterial infections. Sepsis-3 criteria include life-threatening organ dysfunction with 
an increase in the SOFA score of at least 2. The qSOFA score includes at least 2 of the following: alteration 

in mental status, systolic blood pressure <100 mm Hg, and respiratory rate >22/min. SOFA, sequential organ 
failure assessment; qSOFA, quick SOFA score. (Adapted from European Association for the Study of the Liver. 
EASL Clinical Practice Guidelines for the management of patients with decompensated cirrhosis. J Hepatol 
2018;69:406-60; and Piano S, Brocca A, Mareso S, Angeli P. Infections complicating cirrhosis. Liver Int 2018; 


38 Suppl 1:126-33.) 


Oral norfloxacin is the treatment of choice but is not available 
in the USA, and ciprofloxacin or trimethoprim-sulfamethoxazole 
can be used instead.?:!>+!>> Although beneficial effects of prophy- 
lactic antibiotic therapy have been described, long-term antibi- 
otic administration may lead to the emergence of MDR bacteria, 
and antibiotic prophylaxis should only be used in high risk-group 
patients (Box 93.6). 


BOX 93.6 Prophylaxis of SBP 


Primary: norfloxacin, 400 mg/day or ciprofloxacin 500 mg/day or 
trimethoprim-sulfamethoxazole, 1 double-strength tablet a day 
Criteria: 
Cirrhosis with ascites 


Ascitic fluid protein <1.5 g/dL 
Child Pugh score 29, serum bilirubin level >3 mg/dL, serum cre- 
atinine level =1.2 mg/dL, and/or hyponatremia <130 mEq/L 
Secondary: norfloxacin, 400 mg/day or trimethoprim-sulfamethox- 
azole, 1 double-strength tablet daily 
Criteria: all patients with a previous episode of SBP 


Primary 


Patients with a low ascitic fluid protein concentration (<1 to 
1.5 g/dL) and advanced cirrhosis or kidney failure are at high 
risk of developing a first episode of SBP. A randomized con- 
trolled trial showed that primary prophylaxis with norfloxa- 
cin, 400 mg/day, in patients with low-protein ascites (<1.5 
g/dL) and advanced liver failure (Child-Pugh score 29 [see 
Chapter 92]), serum bilirubin level >3 mg/dL) or impaired 
kidney function (serum creatinine level 21.2 mg/dL or serum 
sodium <130 mEq/L) significantly reduced the one-year prob- 
ability of developing SBP (from 61% to 7%) and HRS (from 
41% to 28%) and improved the 3-month survival (from 62% 
to 94%).!’** Therefore, long-term oral administration of nor- 
floxacin, 400 mg/day (or a suitable alternative antibiotic), is 
recommended in these patients.*:!54)!>> In patients who expe- 
rience persistent improvement in cirrhosis and resolution of 
ascites, antibiotic prophylaxis can be withdrawn. For hospital- 
ized patients with GI bleeding, IV ceftriaxone, 1 g/day for 7 
days, is recommended. 


Secondary 


Patients who recover from an episode of SBP are at a high risk of 
recurrent SBP, with a risk of recurrence at one year of approxi- 
mately 70%.°° A randomized, double-blind, placebo-controlled 
trial showed that long-term oral administration of norfloxacin, 
400 mg/day, decreased the one-year rate of recurrence of SBP 
from 68% in the placebo group to 20% in the treated group.!”’ 
Therefore, all patients who have had one episode of SBP should 
be treated with norfloxacin or another appropriate antibiotic.’ 
Epidemiologic studies have shown that long-term admin- 
istration of norfloxacin increases the risk of developing infec- 
tions caused by MDR bacteria by 2.7 fold.!°*:!’+ Rifaximin has 
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been proposed as a potential alternative prophylactic treatment. 
A case-control study described a significant benefit to rifaximin 
in the prevention of SBP when used in patients with hepatic 
encephalopathy.'’* Rifaximin could theoretically be effective in 
preventing the development of SBP; however, data specifically 
assessing the efficacy and safety of rifaximin in primary and sec- 
ondary prophylaxis of SBP are not available. In addition, whether 
patients on rifaximin prophylaxis should be treated with norfloxa- 
cin and whether norfloxacin should be stopped in patients who 
are started on rifaximin are unknown. Studies designed to answer 
these questions are needed. 


Full references for this chapter can be found on www.expertconsult.com. 
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Chronic liver disease and ALF disrupt normal homeostasis and 
cause systemic manifestations that may dominate the clinical fea- 
tures of liver disease. Most of these extrahepatic syndromes are 
reversible with LT. 


HEPATIC ENCEPHALOPATHY 


The term hepatic encephalopathy (HE) encompasses a wide array 
of transient and subtle reversible neurologic and psychiatric 
manifestations usually found in patients with chronic liver dis- 
ease and portal hypertension, but also seen in patients with ALF. 
HE develops in 50% to 70% of patients with cirrhosis, and its 
occurrence is a poor prognostic indicator, with projected 1- and 
3-year survival rates of 42% and 23%, respectively, without LT.! 
Symptoms may range from mild neurocognitive disturbances to 
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overt coma.? HE is often triggered by an inciting event that 
results in a rise in the serum ammonia level. The precise underly- 
ing pathophysiologic mechanisms are not well understood, and 
the mainstay of therapy is elimination of the precipitating event 
and excess ammonia.* LT generally reverses HE. 


Pathophysiology 


A number of factors, occurring alone or in combination, have 
been implicated in the development of HE. These factors may 
differ in acute and chronic liver disease and include the pro- 
duction of neurotoxins, altered permeability of the blood-brain 
barrier, and abnormal neurotransmission (Fig. 94.1). The best- 
described neurotoxin involved in HE is ammonia, which is pro- 
duced primarily in the colon, where bacteria metabolize proteins 
and other nitrogen-based products into ammonia. Enterocytes 
synthesize ammonia from glutamine.*° Once produced, ammo- 
nia enters the portal circulation and, under normal conditions, is 
metabolized and cleared by hepatocytes. In cirrhosis and portal 
hypertension, reduced hepatocyte function and portosystemic 
shunting contribute to increased circulating ammonia levels. 
Arterial hyperammonemia is observed in up to 90% of patients 
with HE, although serum levels are neither a sensitive nor specific 
indicator of its presence. Increased permeability of the blood- 
brain barrier increases the uptake and extraction of ammonia 
by the cerebellum and basal ganglia.’-? Acute hyperammonemia 
appears to have a direct effect on brain edema, astrocyte swell- 
ing, and the transport of neuronally active compounds such as 
myoinositol, thereby contributing to HE.!°!’ Ammonia may also 
directly induce an inflammatory response in astrocytes, thereby 
leading to swelling and cytotoxic brain edema." 

Other alterations in HE affect neuronal membrane fluidity, 
CNS neurotransmitter expression, and neurotransmitter receptor 
expression and activation.!+!> The y-aminobutyric acid (GABA)- 
benzodiazepine system has been the best studied. Although CNS 
benzodiazepine levels and GABA receptor concentrations are 
unchanged in animal models of HE, increased sensitivity of the 
astrocyte (peripheral-type) benzodiazepine receptor enhances acti- 
vation of the GABA-benzodiazepine system.'®!’ This activation 
occurs in part through a feed-forward system in which production 
of neurosteroids (allopregnanolone and tetrahydrodeoxycortico- 
sterone) by astrocytes further activates the GABA,-benzodiazepine 
receptor system.!*:!° Other factors that influence CNS neurotrans- 
mission, including serotonin (5-hydroxytryptamine [5-HT)), nitric 
oxide (NO), circulating opioid peptides, manganese, and increased 
oxygen-free radical production, have also been postulated to con- 
tribute to HE.*”°? Manganese toxicity can cause dopaminergic 
dysfunction and is usually caused by oral, inhaled, or IV exposure 
to manganese in illegal designer narcotics.?*7+ 

Distinct allelic mutations in the glutaminase gene increase the 
risk for overt HE, independent of hepatic synthetic function or the 
presence of minimal HE. This risk may be mediated by enhanced 
glutaminase transcriptional activity that results in increased levels 
of ammonia and glutamate.” Other work has found differences in 
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colonic mucosal microbiota in cirrhotic patients with and without 
HE that could influence the production of substances that lead to 
the development of HE.*° Finally, hyperammonemia, particularly 
in ALF, also increases astrocyte glutamine production via glutamine 
synthetase. The rise in astrocyte glutamine and glutamate concentra- 
tions contributes to factors associated with CNS dysfunction.>:?7° 


Clinical Features and Classification 


HE may present as a spectrum of reversible neurocognitive 
symptoms and signs that range from mild changes in cognition 


Cirrhosis 
and portal 


Inflammation, bacterial 
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hypertension 
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Fig. 94.1 Proposed pathophysiology of hepatic encephalopathy. 
GABA, y-aminobutyric acid; Gin, glutamine; Glu, glutamate; NH3, am- 
monia. 
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to profound coma in patients with acute or chronic liver disease. 
HE is often precipitated by an inciting event (e.g., GI bleeding, 
electrolyte abnormalities, infections, medications, dehydration). 
The diagnosis of HE, therefore, requires careful consideration 
in the appropriate clinical situation. Occasionally, HE may be 
the initial presentation of chronic liver disease. Subtle findings in 
overt HE may include forgetfulness, alterations in handwriting, 
difficulty with driving, and reversal of the sleep-wake cycle.’””? 
As HE worsens, findings may include asterixis, agitation, dis- 
inhibited behavior, seizures, and coma. Other causes of altered 
mental status—particularly hypoglycemia, hyponatremia, medi- 
cation ingestion, and structural intracranial abnormalities result- 
ing from coagulopathy or trauma, should be considered if focal 
neurologic deficits are present; otherwise, the likelihood of intra- 
cranial hemorrhage is low.*! 

HE is classified according to 4 factors, including the underly- 
ing disease, severity of manifestations, time course, and existence 
of precipitating factors.** There are 3 major types of HE related 
to the underlying disease: type A, associated with ALF; type B, 
associated with portosystemic shunts in the absence of liver dis- 
ease; and type C, associated with chronic and end-stage liver dis- 
ease and portal hypertension.’ Type C HE is the most common 
type and has historically been graded from 0 to 4 based on the 
West Haven criteria (Table 94.1). The SONIC (spectrum of 
neurocognitive impairment in cirrhosis) nomenclature expands 
the delineation of severity of HE to reflect the wide spectrum of 
clinical findings and improve clinical and investigative classifica- 
tion. Based on the SONIC classification, cirrhotic patients are 
divided into (1) unimpaired, (2) covert (or minimal) HE, and (3) 
overt HE.*+ Unimpaired patients have no clinical, neurophysi- 
ologic, or neuropsychometric abnormalities; patients with covert 
or minimal HE (clinically normal patients with abnormal cogni- 
tion or neurophysiologic test results) align with grade 1 HE by 
the West Haven criteria; and patients with overt HE have grade 
2 HE or higher by the West Haven criteria (see Table 94.1). This 
classification eliminates the need to distinguish minimal HE from 
grade 1 HE and takes advantage of the recognition that disorien- 
tation, specifically to time, is a distinct clinical feature that distin- 
guishes grade 1 from grade 2 HE and covert from overt HE.**° 


TABLE 94.1 Clinical Stages of Hepatic Encephalopathy: The West Haven Criteria and the SONIC Classification 


West Haven Criteria 


SONIC Classification 


Grade Intellectual Function Neuromuscular Function Classification Mental Status Special Tests Asterixis 
0 Normal Normal Unimpaired Unimpaired Normal Absent 
Minimal Normal examination findings; Minor abnormalities of Covert HE Unimpaired Abnormal Absent 
subtle changes in work or visual perception or on 
driving psychometric or number tests 
1 Personality changes, attention Tremor and incoordination 
deficits, irritability, depressed 
state 
2 Changes in sleep-wake cycle, Asterixis, ataxic gait, speech Overt HE Impaired Abnormal Present (absent 
lethargy, mood and behavioral abnormalities (slow and in coma) 
changes, cognitive dysfunction slurred) 
3 Altered level of consciousness Muscular rigidity, nystagmus, 
(somnolence), confusion, clonus, Babinski sign, 
disorientation, and amnesia hyporeflexia 
4 Stupor and coma Oculocephalic reflex, 


unresponsiveness to noxious 


stimuli 


SONIC, spectrum of neurocognitive impairment in cirrhosis. 


From Ferenci P, Lockwood A, Mullen K, et al. Hepatic encephalopathy—definition, nomenclature, diagnosis, and quantification: final report of the work- 
ing party at the 11th World Congresses of Gastroenterology, Vienna, 1998. Hepatology 2002;35:716-21;and Bajaj JS, Cordoba J, Mullen KD, et al. The 
design of clinical trials in hepatic encephalopathy —an International Society for Hepatic Encephalopathy and Nitrogen Metabolism (ISHEN) consensus 


statement. Aliment Pharmacol Ther 201 1:33:739-47. 
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BOX 94.1 Differential Diagnosis of Hyperammonemia 


ALF 
Chronic kidney disease 
Cigarette smoking 
Cirrhosis 
GI bleeding 
Inborn errors of metabolism 
Proline metabolism disorders 
Urea cycle defects (e.g., carbamylphosphate synthetase | 
deficiency, ornithine transcarbamylase deficiency, arginino- 
succinate lyase deficiency, N-acetylglutamate synthetase 
deficiency) 
Medications/toxins 
Alcohol 
Diuretics (e.g., acetazolamide) 
Narcotics 
Valproic acid 
Muscle exertion and ischemia 
Portosystemic shunts 
Technique and conditions of blood sampling 
High body temperature 
High protein diet 
Tourniquet use 


HE is also subdivided by time course into (1) episodic, recurrent 
HE (multiple episodes within a time interval of 6 months), and (2) 
persistent (altered behavior always present with relapses of overt 
HE). Finally, HE is divided into spontaneous or secondary based 
on the presence or absence of precipitating factors such as infec- 
tions, GI bleeding, medications, and others.*?*° 


Diagnosis 


No specific laboratory findings definitively indicate the pres- 
ence of HE. Blood ammonia levels are commonly measured in 
patients with cirrhosis and portal hypertension but are not sen- 
sitive or specific for the presence of HE. Other factors such as 
GI bleeding, the ingestion of certain medications (e.g., diuret- 
ics, alcohol, narcotics, valproic acid), the use of a tourniquet 
when blood is drawn, and delayed processing and cooling of 
a blood sample may raise the blood ammonia level irrespec- 
tive of the presence of HE.!63738 Measurement of arterial 
ammonia offers no advantage over venous ammonia levels in 
patients with chronic liver disease.!*>°-+! Blood ammonia levels 
may be a useful indicator of HE in the absence of cirrhosis 
and portal hypertension, seen in patients with metabolic disor- 
ders that influence ammonia generation or metabolism, such as 
urea cycle disorders and disorders of proline metabolism (Box 
94. 1).42,43 

The development of standardized neuropsychometric and 
neurocognitive tests has led to the recognition that routine evalu- 
ation is insensitive for the diagnosis of clinically relevant HE.*+-** 
Simple tests such as the portosystemic encephalopathy syndrome 
test and the Stroop test (an evaluation of cognitive flexibility 
and psychomotor speed using either a paper-and-pencil or elec- 
tronic format) evaluate the patient’s attention, concentration, fine 
motor skills, and orientation and have been shown to be highly 
specific for the diagnosis of HE.*+49° With the use of these tests, 
covert HE has been found to be common and to negatively influ- 
ence a patient’s quality of life and driving ability and increase the 
risk of overt HE. Moreover, treatment of minimal HE improves 
quality of life, cognitive test results, and driving ability.0°!°? A 
smartphone-based application (EncephalApp) is a streamlined 
version of the Stroop test that is validated for use in detection of 
covert/minimal HE.*? 


A number of other novel imaging and functional tests for the 
diagnosis of HE have also been studied. Magnetic resonance 
(MR) spectroscopy and MR T1 mapping with partial inversion 
recovery (TAPIR) have been used to measure clinically relevant 
parameters quantitatively.*°* The critical flicker frequency test, 
a simple light-based test that assesses cerebral cortex function, 
has been shown to be a reliable marker of minimal HE. Whether 
these functional tests will become useful in clinical practice is still 
unknown. #47 


Treatment 


The treatment of HE is directed primarily toward eliminating or 
correcting precipitating factors (e.g., bleeding, infection, hypo- 
kalemia, medications, dehydration), reducing blood ammonia 
levels, and avoiding the toxic effects of ammonia on the CNS. 
In the past, dietary protein restriction was considered an impor- 
tant component of the treatment of HE. Subsequent work has 
suggested that limiting protein-calorie intake is not beneficial 
in patients with HE.>>’ Vegetable and dairy proteins may be 
preferable to animal proteins because of a more favorable calorie- 
to-nitrogen ratio. Branched-chain amino acid supplementation 
may have a beneficial effect on HE but does not appear to affect 
mortality or quality of life.*® 

Nonabsorbable disaccharides have been the cornerstone of 
the treatment of HE. Oral lactulose or lactitol (the latter is not 
available in the USA) are metabolized by colonic bacteria to by- 
products that appear to have beneficial effects by causing catharsis 
and reducing intestinal pH, thereby inhibiting ammonia absorp- 
tion.” These agents improve symptoms in patients with acute and 
chronic HE when compared with placebo but do not improve psy- 
chometric test performance or mortality. Side effects are common 
and include abdominal cramping, flatulence, diarrhea, and electro- 
lyte imbalance. Lactulose may be administered per rectum (as an 
enema) to patients who are at increased risk of aspiration, although 
the efficacy of administration by enema has not been evaluated. 

Oral antibiotics have also been used to treat HE, with the 
aim of modifying the intestinal flora and lowering stool pH to 
enhance the excretion of ammonia. Antibiotics are generally used 
as second-line agents after lactulose or in patients who are intol- 
erant of nonabsorbable disaccharides. Rifaximin given orally in 
a dose of 550 mg twice daily was approved in 2010 for the treat- 
ment of chronic HE and reduction in the risk of recurrence of 
overt HE in patients with advanced liver disease.ć®ć! The toler- 
ability and side-effect profile of rifaximin are superior to those of 
lactulose, albeit at greater financial cost.°*-°° Other antibiotics, 
including neomycin, metronidazole, and vancomycin, have been 
studied in small trials and case series, but their effectiveness in 
patients with chronic HE is not established. 

Several other agents that may modify intestinal flora and 
modulate the generation or intestinal absorption of ammonia 
have been evaluated as potential treatments for HE. Acarbose, 
an intestinal a-glucosidase inhibitor used to treat type 2 diabetes 
mellitus, inhibits the intestinal absorption of carbohydrates and 
glucose and results in their enhanced delivery to the colon. As a 
result, the ratio of saccharolytic to proteolytic bacterial flora is 
increased, and blood ammonia levels are decreased. A random- 
ized controlled double-blind crossover trial has demonstrated that 
acarbose improves mild HE in patients with cirrhosis and adult- 
onset diabetes mellitus.°’ Similarly, probiotic regimens have been 
used to modify intestinal flora and diminish ammonia generation. 
Several studies have suggested that these agents may be benefi- 
cial in humans with mild HE.°*-’+ A Cochrane database review 
showed that probiotics probably improve recovery, overt HE, 
quality of life, and plasma ammonia levels, but not mortality.”° 

Strategies to enhance ammonia clearance may also be useful 
in the treatment of HE. Sodium benzoate, sodium phenylbutyr- 
ate, and sodium phenylacetate, all of which increase ammonia 
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excretion in urine, are approved by the FDA for the treatment of 
hyperammonemia resulting from urea cycle enzyme defects and 
may improve HE in patients with cirrhosis. Administration of 
sodium benzoate, however, results in a high sodium load, and the 
efficacy of this agent is not clearly established.’° Administration 
of zinc, which has been used because zinc deficiency is common 
in patients with cirrhosis and because zinc increases the activ- 
ity of ornithine transcarbamylase, an enzyme in the urea cycle, 
may also improve HE; however, clear efficacy has not been estab- 
lished.’”-”? Extracorporeal albumin dialysis using the molecular 
adsorbent recirculating system (MARS) has resulted in a reduc- 
tion in blood ammonia levels and improvement in severe HE 
in patients with acute-on-chronic liver failure (see Chapters 74 
and 95).8%81 Finally, L-ornithine—L-aspartate, a salt of the amino 
acids ornithine and aspartic acid that activates the urea cycle and 
enhances ammonia clearance, has been shown in a Cochrane 
database review to have a possible beneficial effect on mortal- 
ity, HE, and serious adverse events compared with placebo or no 
intervention; however, this agent is not available in the USA.*? 


HEPATORENAL SYNDROME 


The term hepatorenal syndrome (HRS) was first used in 1939 to 
describe acute kidney injury (AKT), mainly acute tubular necrosis 
(ATN) or interstitial nephritis, in a group of patients who had 
undergone biliary tract surgery.*? As pathophysiologic mecha- 
nisms were better elucidated, HRS was found to be part of a cas- 
cade of events associated with intense dilatation of the splanchnic 
arterial vasculature in the setting of cirrhosis or acute liver injury 
and resulting in profound renal arterial vasoconstriction and 
progressive renal failure.*+ Histologically, the kidneys are nor- 
mal in HRS. Function may be restored by correction of portal 
hypertension, LT, removal of the kidneys (and transplantation of 
them into a noncirrhotic recipient), and, in some cases, medical 
therapy.®>-*” 

Acute renal dysfunction occurs in 15% to 25% of hospi- 
talized patients with cirrhosis (see also Chapter 93).888° HRS 
is found in 10% to 30% of such patients and appears to be 
an extension of the pathophysiology of prerenal azotemia and 
therefore potentially reversible.**°° The annual frequency of 
HRS in cirrhotic patients with ascites is roughly 8% and, in 
some reports, as high as 40%.°!-°3 HRS develops in approxi- 
mately 30% of cirrhotic patients who are admitted with SBP or 
other infection, 25% who are hospitalized with severe alcoholic 
hepatitis, and 10% who require serial large-volume paracen- 
teses (see Chapter 93).°* The observation that morbidity and 
mortality remain high once the syndrome is established has led 
to a focus on the prevention, early diagnosis, and therapy of 
renal dysfunction in patients with cirrhosis.”! 


Pathophysiology 


The pathophysiology of HRS is complex and incompletely char- 
acterized. Three important components contribute to the ini- 
tiation and perpetuation of altered renal perfusion (Fig. 94.2): 
(1) arterial vasodilatation in the splanchnic and systemic circu- 
lation; (2) renal vasoconstriction; and (3) cardiac dysfunction.” 
These components influence renal function in concert and form 
the basis for current therapies and preventative strategies. 


Splanchnic Arterial Vasodilatation 


Splanchnic and systemic arterial vasodilatation is a hallmark of 
the progression of portal hypertension in patients with cirrhosis 
and leads to decreased effective circulating blood volume and ulti- 
mately to a decrease in blood pressure. This process is mediated 
by a number of endogenous substances, including NO, carbon 
monoxide (CO), glucagon, prostacyclin, adrenomedullin, and 
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Fig. 94.2 Proposed pathophysiology and triggers of hepatorenal 
syndrome. ACEIs, angiotensin-converting enzyme inhibitors; ADH, 
antidiuretic hormone; ARBs, angiotensin receptor blockers; CCM, 
cirrhotic cardiomyopathy; GFR, glomerular filtration rate; RAAS, renin- 
angiotensin-aldosterone system; SNS, sympathetic nervous system. 


Ascites/ 
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endogenous opiates that are released or act locally in the vascula- 
ture in response to mechanical and inflammatory signals.°+7!95.°6 
In the early stages of portal hypertension, increases in heart rate 
and cardiac output compensate for the decrease in effective cir- 
culatory volume and create a hyperdynamic circulation.” As liver 
disease and splanchnic vasodilatation progress, additional com- 
pensatory mechanisms are activated. 


Renal Arterial Vasoconstriction 


Splanchnic and systemic vasodilatation also lead to compensa- 
tory renal vasoconstriction and renal sodium and water retention, 
in turn leading to hyponatremia and ascites formation. These 
responses are mediated by stimulation of the sympathetic nervous 
system, activation of the renin-angiotensin-aldosterone system, 
and nonosmotic release and activity of arginine vasopressin (as a 
result of increased secretion and decreased clearance of arginine 
vasopressin and apparent increased expression of vasopressin- 
regulated water channels), as well as intrarenal events. Although 
the precise intrarenal mechanisms are speculative, altered pro- 
duction or action of endothelins, prostaglandins, kallikreins, and 
F2-isoprostanes may contribute to renal vasoconstriction.?*”*.?? 
Ultimately, the balance between vasoconstrictive responses in the 
kidney and systemic and splanchnic vasodilatation is lost, thereby 
leading to a prominent increase in renal vascular resistance, 
decrease in renal perfusion, and reduction in the glomerular fil- 
tration rate (GFR).’!"’ Finally, intense renal vasoconstriction 
may lead to tubular damage, and HRS can evolve from a func- 
tional syndrome to an organic disease. 
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TABLE 94.2 International Club of Ascites New Definitions for the Diagnosis and Management of Acute Kidney Injury (AKI) in Patients with Cirrhosis 


Feature 


Definition 


Baseline serum 
creatinine level 


A value obtained in the previous 3 months can be used as baseline; however, in patients with multiple values in previous 3 
months the value closest to the admission creatinine should be used. 


In patients without a previous serum creatinine determination, the admission value should be used as the baseline. 


AKI A 50% increase in the serum creatinine level from baseline that is known or presumed to have occurred within the 7 days prior 


OR 


A rise of 0.3 mg/dL (26.4 pmol/L) in the serum creatinine level in <48 hr 


Staging of AKI 
above baseline 


Stage 1: A rise in the serum creatinine level of 0.3 mg/dL (26.4 pmol/L) or an increase in serum creatinine =1.5-fold to 2-fold 


Stage 2: A rise in the serum creatinine level of >2-fold to 3-fold above baseline 
Stage 3: A rise in the serum creatinine level of >3-fold above baseline or a serum creatinine level of 4 mg/dL (353.6 pmol/L) 
with an acute increase of 20.3 mg/dL (26.4 pmol/L) or initiation of renal replacement therapy 


Progression of AKI Progression 


Progression of AKI to a higher stage and/or need for renal replacement therapy 


Response to treatment No response 


No regression of AKI 


Partial response 
Reduction of at least 1 AKI stage (still above 
baseline) 


Regression 
Regression of AKI to a lower stage 


Full response 
Return of the serum creatinine level to 
within 0.3 md/dL of baseline 


Adapted from Angeli P, Gines P. Diagnosis and management of acute kidney injury in patients with cirrhosis: revised consensus recommendations of the 


International Club of Ascites. J Hepatol 2015;62:968-74. 


Cardiac Dysfunction 


Impaired cardiac function may also contribute to renal hypoper- 
fusion in patients with HRS.'°° In one prospective study, HRS 
developed in cirrhotic patients with more severe arterial vasodi- 
latation and lower cardiac output.!°! In another study of patients 
who were treated for SBP, renal dysfunction (including HRS in 
some cases) developed in those with lower cardiac output and 
lower arterial pressure measurements associated with higher 
circulating levels of norepinephrine and renin plasma activity, 
despite effective treatment of the infection.'°* These data dem- 
onstrate that cardiac output is impaired in patients with cirrho- 
sis in whom HRS develops compared with those in whom HRS 
does not develop and suggest that cardiac dysfunction may be an 
important additional factor in the pathogenesis of HRS.!° 


Clinical Features and Diagnosis 


HRS is a functional disorder and, therefore, laboratory and imag- 
ing studies alone are not sufficient for making the diagnosis. A high 
index of clinical suspicion and exclusion of other potential causes of 
kidney injury are required. The majority of patients with HRS are 
asymptomatic, although some may report decreased urine output. 
AKI decreases GFR and increases the blood urea nitrogen level 
and may result in HE as the initial clinical presentation of HRS. 
Older diagnostic criteria for HRS included an increase in the 
serum creatinine level by 50% above baseline to a level higher 
than 1.5 mg/dL (133 pmol/L).*! Although this definition was 
standardized, a subset of patients with cirrhosis and end-stage 
liver disease have a profound decrease in muscle mass and urea 
synthesis that may, in turn, result in reduced serum creatinine and 
blood urea nitrogen levels, thereby potentially delaying recogni- 
tion of HRS.*+! Therefore, in a 2015 position paper, the Inter- 
national Club of Ascites (ICA) developed an updated diagnostic 
criteria in which new definitions of AKI were incorporated!"°(1): 
cirrhosis with ascites; (2) diagnosis of AKI according to ICA-AKI 
criteria (Table 94.2); (3) lack of response after at least 2 days of 
diuretic withdrawal and volume expansion with albumin (1 g/kg 
of body weight/day, to a maximum of 100 g/day); (4) absence of 
shock; (5) lack of current or recent treatment with nephrotoxic 
drugs; and (6) absence of parenchymal kidney disease as indicated 
by proteinuria of more than 500 mg/day, microhematuria (>50 
red blood cells/high-power field), or abnormal renal US findings 
(Box 94.2). Type 1 HRS, more recently designated AKI-HRS, 


BOX 94.2 Diagnostic Criteria for Hepatorenal Syndrome* 


Cirrhosis with ascites 

Diagnosis of AKI according to International Club of Ascites-AK| 
criteria (see Table 94.2) 

No or insufficient response in 48 hr after diuretic withdrawal and 
adequate volume expansion with IV albumin 


Absence of shock 
No evidence of recent use of nephrotoxic agents 
Absence of intrinsic renal disease 


AKI, acute kidney injury. 

*As defined by the International Club of Ascites revised consensus recommen- 
dations (Angeli P, Ginés P, Wong F, et al. Diagnosis and management of 
acute kidney injury in patients with cirrhosis. J Hepatol 2015;62:968-74.) 


is characterized by stage 2 or 3 AKI (see Table 94.2), and type 
2 HRS, designated CKD (chronic kidney disease)-HRS is con- 
sidered a form of CKD, with a longer, more gradual course than 
type 1 HRS, 19,107 

Several aspects of the diagnosis of HRS deserve emphasis. 
First, the consensus guidelines were revised to facilitate utiliza- 
tion of the current criteria for AKI. A key difference in cirrhotic 
patients with AKI, in comparison with noncirrhotic patients, is 
that a reduction in urine output is not considered a feature owing 
to the fact that patients with cirrhosis and ascites are frequently 
oliguric with increased sodium retention, although they may 
maintain a relatively normal GFR. Therefore, early recogni- 
tion of even a small increase in serum creatinine is important. 
Second, many medications, most notably diuretics, lactulose, 
angiotensin-converting enzyme inhibitors, angiotensin receptor 
blockers, and NSAIDs, may influence intravascular volume status 
and renal perfusion and should be discontinued expeditiously in 
the setting of acute renal dysfunction. Third, even though SBP 
may not be accompanied by obvious symptoms and signs, HRS 
may develop in as many as 20% of affected patients. !5:!8 There- 
fore, a low threshold for evaluating cirrhotic patients with asci- 
tes for the presence of SBP is required (see Chapter 93). Finally, 
urinary biomarkers (e.g., interleukin [I[L]-18, urinary neutrophil 
gelatinase-associated lipocalin, the Modification of Diet in Renal 
Disease equation [6], EGF, fatty acid binding protein 2) may be 
able to distinguish ATN from other etiologies of renal failure 
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BOX 94.3 Management of Hepatorenal Syndrome (HRS) 


PREVENT VARICEAL BLEEDING: 
Measures to prevent variceal bleeding (e.g., B-receptor blocking 
agent, band ligation) 
Pentoxifylline for severe alcohol-associated hepatitis (see Chapter 86) 
Prevention of HRS 
Avoidance of intravascular volume depletion (diuretics, lactulose, 
Gl bleeding, large-volume paracentesis without adequate 
volume repletion) 
Judicious management of nephrotoxins (ACEls, ARBs, NSAIDs, 
antibiotics) 
Prompt diagnosis and treatment of infections (SBP, sepsis) 
SBP prophylaxis (see Chapter 93) 


TREATMENT OF HRS 


Discontinuation of all nephrotoxic agents (ACEls, ARBs, NSAIDs, 
diuretics) 
Antibiotics for infections 
IV aloumin—bolus of 1 g/kg/day on presentation (maximum dose, 
100 g daily). Continue at a dose of 20-60 g daily as required to 
maintain the central venous pressure between 10 and 15 cm 
H2O 
Vasopressor therapy (in addition to albumin): 
Terlipressin*— start at 1 mg IV every 4 hr and increase up to 
2 mg IV every 4 hr if the baseline serum creatinine level does not 
improve by 25% at day 3 of therapy 
OR 
Midodrine and octreotide — begin midodrine at 2.5-5 mg orally 3 
times daily and increase to a maximum dose of 15 mg 3 times 
daily. Titrate to an MAP increase of at least 15 mm Hg; begin 
octreotide at 100 pg subcutaneously 3 times daily and in- 
crease to a maximum dose of 200 ug subcutaneously 3 times 
daily, or begin octreotide with a 25 yg IV bolus and continue 
at a rate of 25 ug/hr 
OR 
Norepinephrine—0.1-0.7 g/kg/min as an IV infusion. Increase 
by 0.05 pg/kg/min every 4 hr and titrate to an MAP increase 
of at least 10 mm Hg 
The duration of vasopressor treatment is generally a maximum 
of 2 weeks until HRS reverses or LT is performed 
Evaluation of patient for LT 


*Not available in the USA. 
ACEls, angiotensin-converting enzyme inhibitors; ARBs, angiotensin receptor 
blockers; MAP mean arterial pressure. 


in patients with cirrhosis, but their role in clinical practice is not 
well defined. 109-113 


Prevention and Treatment 


The high mortality rate of HRS underscores the importance 
of prevention. Intravascular volume depletion (resulting from 
overdiuresis, diarrhea caused by lactulose, GI bleeding from gas- 
troesophageal varices, or large-volume paracentesis without colloid 
administration) should be avoided and corrected. Similarly, neph- 
rotoxic drugs (e.g., NSAIDs, certain antibiotics) should be avoided, 
and infections (SBP, bacteremia) should be treated. Specific guide- 
lines for the primary and secondary prophylaxis of variceal bleeding, 
administration of colloid (albumin) to patients with a rising serum 
creatinine level after a large-volume paracentesis or with SBP, pro- 
phylactic administration of antibiotics to patients at high risk of SBP 
or other infections, and those hospitalized for GI bleeding have 
been published (see Chapters 92 and 93).108-114-116 

Routine invasive hemodynamic monitoring of cirrhotic patients 
with a rising serum creatinine level does not have a clear benefit 
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and is not recommended. The concept that specific treatment of 
HRS is possible and may improve survival has emerged since 2000. 
Current options include medical therapies, TIPS placement, and 
LT. Medical therapies for HRS are directed toward reversing the 
underlying splanchnic and systemic vasodilatation with vasocon- 
stricting agents and increasing the effective circulatory volume 
with the use of colloid. Such treatment is used as a temporizing 
measure until definitive treatment for liver disease (LT) or por- 
tal hypertension (TIPS) is undertaken, or until an acute process 
(SBP, GI bleeding) has been reversed (Box 94.3).1!17:118 


Medical Therapy 


The use of vasoconstrictors with or without the administration of 
colloid in patients with HRS was initially reported in the 1960s. 
Since then, several regimens, including terlipressin and albumin; 
midodrine, octreotide, and albumin; and norepinephrine and 
albumin, have been studied. Pooled analysis of published trials 
has confirmed that a goal-directed approach using vasoconstric- 
tors improves kidney function in patients with HRS.!!?.!7° 

Terlipressin is an [V-administered selective vasopressin 1 recep- 
tor agonist vasoconstrictor used in Europe and under review by the 
FDA for the treatment of type 1 HRS.'?! Terlipressin has been 
administered as a continuous IV infusion and as IV boluses and has 
been shown to be better tolerated when administered as an infu- 
sion, which is effective in lower doses than required with adminis- 
tration as boluses. It has been evaluated in randomized controlled 
trials and meta-analyses.””!2?-!54 In 2 multicenter studies of patients 
with type 1 HRS, terlipressin in combination with albumin (see Box 
94.3 for dosing) improved serum creatinine levels to a greater extent 
than albumin alone (30% to 43% vs. 8% to 13%), although survival 
was not significantly different in the 2 groups.'*!!*? In addition, in 
one study, terlipressin was associated with a significantly increased 
rate of cardiovascular complications compared with albumin alone, 
a finding that was consistent with the results of a Cochrane data- 
base review, thereby highlighting the importance of close monitor- 
ing.!>1,!54 A pooled analysis of 2 larger randomized studies (OT-0401 
and REVERSE trials) showed terlipressin plus albumin was superior 
to albumin alone in the frequency with which HRS reversed (27% 
vs. 14%, P = 0.004). The response rate to terlipressin in patients with 
type 1 HRS is greater in patients with less severe baseline renal dys- 
function and lower serum bilirubin levels, thus supporting the early 
initiation of therapy.!*> These studies indicate that administration of 
terlipressin in combination with albumin can improve renal function 
in patients with HRS. 

Terlipressin in combination with albumin has also been stud- 
ied in type 2 HRS in patients awaiting or undergoing LT. The 
findings showed that treatment of patients with type 2 HRS with 
terlipressin and albumin does not have beneficial effects on either 
pre- or post-transplantation outcomes.!*° 

Midodrine, an orally administered o,-adrenergic agonist, and 
octreotide, a somatostatin analog that inhibits endogenous vasodila- 
tors, have been used in combination withalbumin for type 1 HRS.137:138 
In 2 studies, treatment with midodrine, titrated to cause an increase 
in mean arterial blood pressure, was associated with improved serum 
creatinine levels and improved survival compared with no treatment 
and was associated with few major side effects.!*?-!+! This regimen has 
the advantage of ease of administration and appears to have a favor- 
able safety profile. A head-to-head randomized controlled study was 
performed between terlipressin with albumin and midodrine plus 
octreotide and albumin. The group receiving terlipressin had a sig- 
nificantly higher rate of recovery of renal function (70.4% vs. 28.6%, 
P = 0.01) in comparison with the group receiving midodrine and 
octreotide, and terlipressin seemed to be better tolerated as an IV 
infusion. 1418 

Norepinephrine (noradrenaline), a widely available [V-admin- 
istered a-adrenergic agonist, in combination with albumin, has 
been proposed as an alternative to terlipressin.!*+!* Two small 
randomized clinical trials demonstrated equal efficacy and safety 
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profiles for norepinephrine, the combination of midodrine and 
octreotide, and terlipressin (all with albumin) for the treatment of 
HRS. Response rates ranged from 40% to 75%, and relapse rates 
were 20%.!46!47 Significant cardiovascular side effects, however, 
have been reported with the use of norepinephrine to treat HRS, 
therefore raising safety concerns. In a Cochrane database review, 
there was no evidence to support or refute beneficial or harmful 
effects of terlipressin and albumin compared with other vasoac- 
tive drugs and albumin;!** however, terlipressin was shown to be 
superior to norepinephrine in the management of AKI in patients 
with acute-on-chronic liver failure (see Chapter 74) and HRS in 
a large open-label randomized controlled trial (40% vs. 16.7%, 
P = 0.004.149 


Radiologic and Surgical Therapy 


TIPS 

TIPS is effective for the treatment of diuretic-resistant ascites, a 
precursor to type 2 HRS (see Chapter 93).15%-131 Four pilot stud- 
ies have evaluated the use of TIPS in non-transplant candidates 
with type 1 or 2 HRS.!5?-155 In these studies, serum creatinine 
levels declined, sodium excretion increased, and neurohumoral 
responses improved after TIPS, although survival was not 
affected. The major benefit was seen in patients with type 2 HRS. 
The use of midodrine, octreotide, and albumin followed by TIPS 
appeared to be effective in a small cohort of patients with type 1 
HRS. An important limitation of the use of TIPS for HRS is the 
potential to worsen hepatic function in patients with decompen- 
sated cirrhosis. 


LT 

LT is the only therapeutic modality that has the potential to 
reverse both liver dysfunction and HRS and should be consid- 
ered in any patient found to have HRS.*+*5.9115¢ Rates of post- 
operative complications and in-hospital mortality are higher in 
patients transplanted with HRS than in those transplanted with- 
out HRS, and up to 35% of patients with HRS require long-term 
renal replacement therapy.®™®®:156 Still, the 3-year survival rate of 
patients transplanted with HRS is approximately 60%, compared 
with 70% to 80% for patients transplanted without HRS. The 
duration, degree, and cause (HRS or ATN) of renal dysfunction 
preoperatively may be independent predictors of survival, and 
patients who require hemodialysis carry a mortality risk that is 1.77 
times higher than that of patients who do not need dialysis. 1°6-15° 
A systematic review and meta-analysis of 20 studies showed that 
in 83% of patients who underwent LT, HRS reversed, but the 
post-transplant mortality rate was still increased compared with 
the mortality rate in non-HRS patients (risk ratio 1.29).160 


Other Therapies 


Extracorporeal albumin dialysis with MARS is an experimental 
therapeutic modality that enhances the removal of water-solu- 
ble and albumin-binding toxins from the circulation.!°! Mixed 
results related to small randomized trials have supported the use 
of MARS to improve serum creatinine levels and survival rates in 
patients with HRS, but not in those with HRS type 1 who have 
not responded to vasoconstrictors.!°*:!°? Several other vasocon- 
strictive medical therapies, including dopamine and octreotide 
in combination with albumin, have not improved the outcome 
of HRS, and in one study the use of a non-selective endothelin 
receptor antagonist to inhibit intrarenal vasoconstriction in HRS 
proved deleterious. !°+ 


HEPATOPULMONARY SYNDROME AND 
PORTOPULMONARY HYPERTENSION 


Cirrhosis and portal hypertension are accompanied by vascular 
alterations in multiple organs. In the pulmonary circulation, 2 


distinct clinical entities, the hepatopulmonary syndrome (HPS) 
and portopulmonary hypertension (POPH), have been recog- 
nized. HPS occurs when pulmonary microvascular alterations 
impair gas exchange and is found in 5% to 30% of patients 
evaluated for LT.!®-!°7 POPH occurs when vasoconstriction 
and remodeling in resistance vessels increase pulmonary arte- 
rial pressures and is found in as many as 5% of patients with 
cirrhosis. The mechanisms whereby these 2 entities develop are 
incompletely characterized, although they occur in similar clini- 
cal settings and may share pathogenic pathways. The presence 
of HPS or POPH increases mortality in affected patients. No 
effective medical therapies are available for HPS, although LT 
reverses the syndrome in most patients. Medical therapies that 
improve pulmonary hemodynamics in patients with POPH have 
become available, but the specific role of LT in POPH is not 
clearly defined because early post-transplant outcomes seem to 
be inferior in affected patients. 168-176 


Pathophysiology 
Hepatopulmonary Syndrome 


HPS is characterized by microvascular alterations and dilatation 
in the precapillary and capillary pulmonary arterial circulation. In 
human HPS, the production of vasodilatory substances within the 
pulmonary vasculature, most notably NO, is increased. Although 
increased circulating and pulmonary NO levels appear to be fea- 
tures of human HPS, improvement in oxygenation in response 
to acute inhibition of NO is variable, and in advanced cases HPS 
may take more than one year to resolve after LT.!72;!’7-!8° These 
findings suggest that other vasoactive mediators, as well as vascu- 
lar remodeling and angiogenesis in the pulmonary microvascu- 
lature, may contribute to human disease. The finding that single 
nucleotide polymorphisms in angiogenic-related genes are more 
prevalent in patients with HPS than in those without HPS sup- 
ports a role for angiogenesis.!°! 

In experimental HPS induced by bile duct ligation in the rat, 
pulmonary NO overproduction has also been observed and is 
triggered by a series of pathophysiologic events. Increased biliary 
production and release of endothelin-1, in conjunction with shear 
stress-induced pulmonary microvascular endothelin-B receptor 
overexpression, drives NO production by endothelin-1—mediated 
endothelial NO synthase (eNOS).!**-!*+ In addition, adherence of 
macrophages in the pulmonary vasculature results in the activa- 
tion of a number of vasoactive pathways, including inducible NO 
synthase (iNOS)-derived NO production, heme oxygenase-1- 
derived carbon monoxide production, and vascular endothelial 
growth factor (VEGF)-mediated angiogenesis. Endothelin recep- 
tor antagonists and inhibition of NOS, bacterial translocation, 
TNF-a, and heme oxygenase improve experimental HPS.185-191 

Monocyte adhesion is driven by endothelin-B receptor acti- 
vation, fracktalkine receptor overexpression, and TNF-a in the 
pulmonary microvasculature.!°°!°? Accordingly, inhibition of 
endothelin-B activation, VEGF signaling, the fracktalkine path- 
way, and TNF-a signaling decreases macrophage accumulation 
and improves HPS (Fig. 94.3).1°0-192-200 A mouse model of HPS 
has been established in which placental growth factor is overex- 
pressed and activates VEGF pathways to contribute to vascular 
alterations.70! 


Portopulmonary Hypertension 


The mechanisms whereby POPH develops are poorly understood. 
Histologically, POPH shares the characteristic features of other 
forms of pulmonary arterial hypertension (PAH): medial prolifera- 
tion and hypertrophy in arteries, plexiform arteriopathy, and in situ 
vascular thrombosis.*°*-* The precise role of portal hypertension 
in this process is not clear, however, and whether POPH shares 
pathophysiologic mechanisms with PAH is unknown. Studies 
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Fig. 94.3 Proposed pathophysiology of hepatopulmonary syndrome. 
eNOS, endothelial nitric oxide synthase; ET7, endothelin-1; HO-1, 
heme oxygenase; iNOS, inducible nitric oxide synthase; TGF-B, trans- 
forming growth factor-B; VEGF, vascular endothelial growth factor. 


have found that POPH, like PAH, is more common in women 
than men.?” In addition, endothelin-1 and alteration in estrogen 
metabolism have been postulated to contribute to POPH.?0620/ By 
contrast, genetic polymorphisms in serotonin metabolism, which 
appear to increase vascular tone in a subset of patients with PAH, 
have not been found in patients with POPH.?"* Nevertheless, the 
observation that therapies used for PAH also appear to be effective 
for POPH supports the notion that downstream effector mecha- 
nisms are similar in the 2 disorders. 


Clinical Features and Diagnosis 
Hepatopulmonary Syndrome 


HPS is defined as a widened age-corrected alveolar-arterial oxy- 
gen gradient (AaPO;) on room air in the presence or absence of 
hypoxemia (normal AaPO, = 15 mm Hg, or 20 mm Hg in patients 
>64 years of age) as a result of intrapulmonary vasodilation. A 
task force consensus statement has graded HPS on the basis of 
the degree of hypoxemia: mild (PaO, = 80 mm Hg); moderate 
(PaO, > 60 to 80 mm Hg), severe (PaO) = 50 to 60 mm Hg), and 
very severe (PaO, < 50 mm Hg). The frequency of HPS ranges 
from 5% to 35% in patients with cirrhosis who undergo evalua- 
tion for LT.165168:173 The presence of HPS significantly increases 
mortality in patients with cirrhosis. Moreover, survival of patients 
who undergo LT for HPS has been reported to be diminished 
compared with those without HPS, particularly when hypoxemia 
is severe.”!° Studies have found that survival of patients with HPS 
has improved after LT, even in those with severe disease.?!!?!3 
This improvement may reflect advances in surgical techniques, 
the allocation of MELD exception points for advanced disease 
(see Chapter 97), and improved perioperative care.!72,7!4 
Patients with HPS present most commonly with respiratory 
complaints in the setting of chronic liver disease. Occasionally, 
HPS may be the initial manifestation of cirrhosis, and it also may 
be found in the setting of noncirrhotic and posthepatic portal 
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Fig. 94.4 Algorithm for the approach to screening for hepatopulmonary 
syndrome (HPS) in potential candidates for LT. ABGs, arterial blood 
gases; TTE, transthoracic echocardiography. 


hypertension, ischemic hepatitis, and chronic hepatitis in the 
absence of confirmed cirrhosis. A syndrome similar to HPS has 
been described in children with congenital abnormalities that 
divert hepatic blood from the pulmonary circulation.?!5-217 

Classic clinical manifestations of HPS include platypnea (dys- 
pnea worsened by an erect position and improved by a supine 
position) and orthodeoxia (exacerbation of hypoxia and hypox- 
emia in an upright position), both of which are relatively uncom- 
mon, and the insidious onset and slow progression of dyspnea, 
clubbing, and distal cyanosis.!°-!6?!8 Although clubbing and 
hypoxemia (PaO, <60 mm Hg) in patients with liver disease in 
the absence of intrinsic cardiopulmonary disease are highly sug- 
gestive of HPS, other clinical features are not reliable for detect- 
ing HPS. Many patients, particularly those with early HPS, are 
asymptomatic or have symptoms only on exertion. Cough has 
also been described as a presenting symptom of HPS.!°*?!? In up 
to 70% of patients with HPS, marked hypoxemia occurs during 
sleep.” The severity of HPS appears to worsen over time, and 
marked nocturnal desaturation has been reported in patients with 
moderate wake-time hypoxemia.’?”*! In most studies, the pres- 
ence or severity of HPS has not clearly correlated with the degree 
of hepatic dysfunction. 17??? 

The diagnosis of HPS requires a high degree of clinical sus- 
picion, measurement of arterial blood gases, detection of intra- 
pulmonary shunting, and exclusion of intrinsic cardiopulmonary 
disease as the cause of hypoxemia. The most sensitive test for the 
diagnosis of intrapulmonary shunting is contrast echocardiog- 
raphy,’*> which is performed by peripheral IV injection of agi- 
tated saline to produce microbubbles that are visualized during 
transthoracic echocardiography. Normally, microbubbles travel 
from the right ventricle to the lungs, where they are absorbed 
and do not reach the left ventricle. In patients with intracardiac 
shunting, microbubbles reach the left ventricle early (within 1 
to 3 cardiac cycles after injection), and in patients with intra- 
pulmonary shunting, microbubbles reach the left ventricle in 
a delayed fashion (3 to 6 cardiac cycles after injection). Up to 
60% of patients with cirrhosis have intrapulmonary vasodilata- 
tion on contrast echocardiography, but only a subset of patients 
have sufficient vasodilatation to cause abnormal arterial blood 
gas results and HPS. 

In patients with pulmonary symptoms and hypoxemia who are 
found to have intrapulmonary shunting, intrinsic cardiopulmo- 
nary disease should be excluded. Chest radiography or CT and 
pulmonary function tests are generally performed in patients 
considered for LT. If potentially reversible cardiopulmonary 
disorders are detected, treatment is initiated, and the assess- 
ment of oxygenation is repeated. In the small subset of patients 
found to have severe hypoxemia (PaO, <60 mm Hg) and both 
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intrapulmonary shunting and significant cardiopulmonary dis- 
ease, an abnormal technetium-labeled macroagegregated albumin 
scan that demonstrates a greater than 6% shunt fraction may 
confirm that HPS is contributing to the gas exchange abnormali- 
ties.223-225 

Screening for HPS using pulse oximetry has been the most 
convenient screening tool in patients being considered for LT. A 
value of less than 96% detects all patients with a PaO, below 70 
mm Hg (sensitivity 100%, specificity 88%) (Fig. 94.4) and tar- 
gets this subgroup of patients, who are likely to have moderate 
HPS, for further evaluation.??°’?° However, a multicenter study 
found that screening with pulse oximetry may not be adequate to 
detect HPS. In this study, oximetry was found to be normal in the 
majority of patients with HPS, including both patients with rela- 
tively preserved PaO, and an increased AaPO, owing to a lower 
PCO), and in those with more severe hypoxemia possibly due to 
an abnormal oxygen dissociation curve related to elevated carbon 
monoxide and 2,3 diphosphoglycerate levels.??7 


Portopulmonary Hypertension 


POPH is defined as the development of PAH in the setting of 
portal hypertension. The diagnostic criteria for POPH include 
the presence of PAH as defined by the WHO: mean arterial 
pulmonary pressure (mPAP) above 25 mm Hg at rest or 30 mm 
Hg with exercise; pulmonary capillary wedge pressure below 
15 mm Hg; and pulmonary vascular resistance more than 240 
dynes e s e cm” occurring in the setting of pre-, intra-, and 
posthepatic portal hypertension (as evidenced by splenomeg- 
aly, thrombocytopenia, portosystemic shunts, or portal vein 
hemodynamic abnormalities). 16622822? POPH is generally 
graded according to the degree of elevation in mPAP, which 
correlates with the mortality risk associated with LT and influ- 
ences decisions regarding therapy.**> Mild POPH (mPAP = 25 
to 35 mm Hg) is not associated with an increased operative risk 
for LT and may not require medical therapy. Moderate POPH 
(mPAP = 35 to 50 mm Hg) is associated with an increased 
operative risk for LT and is an indication for medical ther- 
apy. Severe POPH (mPAP >50 mm Hg) is associated with a 
prohibitive operative mortality risk and is generally managed 
with medical therapy. POPH has been found in as many as 6% 
of cirrhotic patients who are evaluated for LT, and outcomes 
are worse for these patients than for cirrhotic patients without 
POPH. 

The most common symptom associated with POPH is exer- 
tional dyspnea; other nonspecific symptoms such as orthopnea, 
fatigue, chest pressure, syncope, edema, and lightheadedness 
may also occur.’?? Characteristic physical examination features 
of PAH, including an elevated jugular venous pressure, loud sec- 
ond pulmonic heart sound, murmur of tricuspid regurgitation, 
and lower extremity edema, have been reported but are not suf- 
ficiently sensitive nor specific to be useful diagnostically. In cir- 
rhotic patients, peripheral edema out of proportion to the degree 
of ascites should prompt consideration of right ventricular dys- 
function secondary to pulmonary hypertension. In a number of 
studies, the majority of cirrhotic patients with significant POPH 
were asymptomatic. 170230 

The diagnosis of POPH warrants a high degree of clini- 
cal suspicion, and all patients considered for LT as well 
as patients with suggestive symptoms or physical findings 
should be evaluated for POPH. Transthoracic echocardiog- 
raphy is the recommended screening test because it evalu- 
ates right-sided cardiac function and allows an estimation of 
right ventricular systolic pressure by evaluating the tricuspid 
regurgitant jet.?>! In addition, other causes of elevated right- 
sided cardiac pressures (e.g., secondary pulmonary hyperten- 
sion, volume overload, a hyperdynamic circulation) should be 
considered and assessed. Methods for estimating right ven- 
tricular systolic pressure vary among centers but. in general, 


in the absence of significant pulmonary artery stenosis, an 
estimated right ventricular systolic pressure higher than 40 
mm Hg or the presence of right ventricular abnormalities on 
echocardiography supports further evaluation for POPH. The 
absence of both these findings essentially excludes POPH.!”° 
In all patients found to have echocardiographic features sug- 
gestive of POPH, pulmonary artery catheterization should be 
performed to establish the diagnosis and assess the severity 
of POPH. Findings on pulmonary artery catheterization are 
useful for distinguishing volume overload and a hyperdynamic 
circulation from POPH. 


Treatment 
Hepatopulmonary Syndrome 


Treatment options for HPS are limited. No medical therapies 
have proved effective, although case reports and small case series 
have suggested that some treatments may improve oxygenation. 
Therefore, patients with well-preserved hepatic synthetic func- 
tion who have hypoxemia are generally treated symptomatically 
until oxygenation worsens sufficiently to permit listing for LT 
based on an exception to the MELD score (see Chapter 97). LT 
reverses HPS in most affected patients, although mortality after 
LT appears to be higher in patients with HPS than in those with- 
out ETPS,.210.212,232,233 


Medical Therapy 

A number of agents have been used empirically in patients 
with HPS or on the basis of data from experimental mod- 
els. !77:225,234-236 Two small uncontrolled clinical studies and one 
randomized controlled trial have reported that garlic prepara- 
tions improve oxygenation in patients with HPS.7*+ Two small 
case series of pentoxifylline as a treatment for HPS have found 
conflicting results.!?*!°? Oxygen supplementation is generally 
used in patients with HPS and resting or exercise-induced hypox- 
emia (PaO, <60 mm Hg), although studies documenting a clini- 
cal benefit have not been performed. 


Radiologic Therapy 

Two radiologic techniques—TIPS to lower portal pressure and 
pulmonary angiography with embolization to occlude areas of 
intrapulmonary shunting—have been described in case reports 
and small case series to improve HPS.’?>>’ These approaches 
are invasive and are not established to be effective. Therefore, 
the use of TIPS and angiography with embolization specifically 
to treat HPS is not generally recommended.?*”7>* Nevertheless, 
arteriovenous shunting sufficient to cause hypoxemia and ame- 
nable to embolization may be detected by high-resolution 
CT.225 


LT 

LT reverses HPS in as many as 80% of affected patients. 
Hypoxemia may persist after transplantation, however, particu- 
larly when the hypoxemia is severe before transplantation, and 
may require more than one year to resolve. Mortality also appears 
to be higher in patients with HPS who undergo LT than in 
patients transplanted without HPS, although this has not been a 
consistent observation.*!!~*!> The increase in postoperative mor- 
tality is related in part to the severity of HPS, with one prospec- 
tive study demonstrating that patients with profound hypoxemia 
(PaO, <50 mm Hg) and marked intrapulmonary shunting (shunt 
fraction >20%) had a significant increase in mortality. !72173,210,232 
In addition, unique complications, such as transient worsening of 
hypoxemia following LT, the development of pulmonary hyper- 
tension, and embolic cerebrovascular events, have been observed 
and may contribute to adverse postoperative outcomes. On the 
basis of the relationship between the severity of hypoxemia and 
poor outcomes in non-transplanted patients with HPS, MELD 
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exception should be considered in patients with HPS and a rest- 
ing PaO, less than 60 mm Hg to increase their priority for trans- 
plantation.?!?,732,7 


Portopulmonary Hypertension 


Treatment of POPH has changed substantially since the early 
2000s because of the availability of oral vasodilators to treat PAH. 
In general, LT is contraindicated in patients with moderate to 
severe POPH because of increased perioperative mortality result- 
ing from poor right-sided cardiac function. The ability to lower 
the PAP and decrease pulmonary vascular resistance with medi- 
cations may reduce the frequency of perioperative complications 
and allow LT to be performed in patients with POPH. 


Medical Therapy 

The treatment of POPH is largely empirical because there have 
been no randomized controlled trials evaluating therapy. In gen- 
eral, diuretics are used for volume overload, supplemental oxy- 
gen is provided if hypoxemia is present, and anticoagulation may 
be appropriate in the subset of patients with POPH who do not 
have hepatic decompensation, marked coagulopathy, or gastro- 
esophageal varices. In one study, withdrawal of therapy with a 
B-adrenergic blocking agent improved right-sided cardiac func- 
tion in patients with POPH, and some clinicians advocate treat- 
ing varices with band ligation if feasible and withdrawing beta 
blocker therapy for varices in patients with POPH.?*’ 

In general, medical therapy for POPH parallels that of other 
forms of PAH, although randomized controlled trials focused on 
POPH have yet to be reported. The major therapeutic targets 
include augmentation of prostacyclin and NO signaling and inhi- 
bition of endothelin signaling. 

Case reports and series have shown a clinical benefit with 
prostacyclin analogs. Epoprostenol requires complicated IV 
administration, but newer agents (iloprost, treprostinil) are easier 
to administer.!75.730740,241 Tn addition, a newer oral prostacyclin 
receptor agonist (selexipag) is available and shows promise as an 
effective and simple therapy.’*” 

Oral endothelin receptor antagonists, including bosentan (a 
mixed endothelin-A and -B receptor antagonist), ambrisentan, 
and macitentan (more selective endothelin-A receptor antago- 
nists), have also been used in POPH.?®#-246 Bosentan may cause 
hepatotoxicity and is generally no longer in use in POPH. Use 
of ambrisentan and macitentan for POPH is increasing, and ran- 
domized trials are underway in POPH.**7 

Finally, oral phsophodiesterase-5 inhibitors, including sildenafil, 
which potentiate NO signaling by inhibiting cyclic GMP break- 
down, have generally been well tolerated in patients with POPH, 
although the magnitude of improvement in pulmonary arterial pres- 
sures has been modest. Long-acting phosphodiesterase-5 inhibitors 
(tadalafil and vardenafil) are under study and increasingly used.?**- 
252 A direct cyclic GMP analog (riociquat) has also been approved 
for treatment of PAH and appears to have benefit in POPH.?*77°? 


LT 

Traditionally, moderate to severe POPH has been a contraindi- 
cation to LT, particularly when the mPAP is higher than 40 to 
50 mm Hg? With the availability of oral agents to lower pul- 
monary pressures, consideration has been given to improving 
pulmonary hemodynamics with medical therapy followed by LT 
to attempt to reverse POPH.*** Three case series have described 
such an approach.’#°5575¢ Although results have varied among 
centers, POPH appears to have resolved in some patients after 
LT. A MELD exception can be considered in those patients with 
POPH who respond to medical therapy with an end mPAP below 
35 mm Hg and PVR less than 400 dynes e s e cm-5.?54 Whether 
LT is an effective treatment for patients with POPH who respond 
to medical therapy and in which patient subgroups POPH resolves 
completely remain to be clarified. A large retrospective study of 
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Fig. 94.5 Algorithm for the proposed pathophysiology of cirrhotic 
cardiomyopathy. QTc, rate-corrected QT interval. 


the Organ Procurement and Transplantation Network database 
revealed that the waiting list mortality rate was highest in patients 
with a MELD score greater than 12 and pulmonary vascular resis- 
tance greater than 450 dynes-s-cm™>. Those with a MELD score 
less than or equal to 12 and pulmonary vascular resistance less than 
or equal to 450 dynes-s-cm~> had a significantly lower waiting list 
mortality rate and may be better served if transplantation is delayed 
until their MELD scores rise.>” 


CIRRHOTIC CARDIOMYOPATHY 


Systemic hemodynamic changes have been recognized in cirrhotic 
patients since the early 1900s. In the 1950s, a hyperdynamic circula- 
tion (decreased arterial blood pressure, decreased peripheral resis- 
tance, and increased cardiac output) was observed in patients with 
alcohol-associated liver disease and attributed to the effects of alco- 
hol.?5* Subsequent studies documented vascular hyporesponsiveness 
to vasoconstrictors in patients with alcoholic-associated liver disease, 
a finding also attributed to the effects of alcohol on the heart and 
termed alcoholic cardiomyopathy °°? and, more broadly, cirrhotic cardio- 
myopathy (CCM). 


Pathophysiology 


Although diagnostic criteria for CCM have not been established, 
a consensus group during the 2005 Montreal World Congress 
of Gastroenterology proposed diagnostic and supportive cri- 
teria based on the 3 major pathophysiologic features observed: 
(1) structural and functional ventricular abnormalities; (2) an 
abnormal ventricular response in the presence of pharmacologic, 
physiologic, or surgical stress; and (3) cardiac electrophysiologic 
abnormalities (Fig. 94.5).700-74 

The major structural and functional ventricular abnormalities 
found in histologic and echocardiographic studies are left ven- 
tricular hypertrophy and systolic and diastolic dysfunction.?°>? 
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Diastolic alterations are characterized by increased myocardial 
stiffness associated with myocardial hypertrophy, fibrosis, and sub- 
endothelial edema and may precipitate and worsen ascites.?6°-273 
In addition, impaired systolic function and histologic injury to 
cardiomyocytes have been observed.*’+ Whether the severity of 
hepatic synthetic dysfunction correlates with the degree of cardiac 
dysfunction is not clear.” The impaired ventricular response to 
stress and exercise observed in human and animal models of cirrho- 
sis 767,765,267 has been attributed to impaired B-adrenergic signal- 
ing pathways that lead to subnormal chronotropic and contractile 
responses,”’°’* as well as to cardiomyocyte dysfunction resulting 
from overproduction of NO, carbon monoxide, and endocan- 
nabinoids.”°’?*} Electrophysiologic abnormalities, most notably 
prolongation of the corrected QT interval (QTc), have also been 
observed in patients with CCM.?84285 The degree of prolongation 
of the QTc appears to correlate with the severity of liver disease 
and may contribute to the dissociation between electrical and 
mechanical events in the heart and to cardiac dysfunction.’*° These 
abnormalities appear to improve after LT. 


Clinical Features and Diagnosis 


Because CCM typically becomes clinically detectable under cir- 
cumstances of stress, the diagnosis is difficult to make and the pro- 
cess may not be recognized. Overt cardiac dysfunction may occur 
after common clinical interventions in cirrhosis. For example, a 
prospective multicenter analysis has shown that more than 10% 
of patients who undergo TIPS placement for refractory ascites 
exhibit signs of heart failure when compared with patients treated 
by repeated large-volume paracenteses.’*’ Subsequent studies 
have revealed that both the severity of liver disease (as measured 
by the MELD score) and diastolic dysfunction 28 days after 
the procedure are independent predictors of death in patients 
with cirrhosis who are treated with a TIPS.?8828 Similarly, in 
a case series of patients who underwent LT, 47% were found to 
have imaging evidence of pulmonary edema within the first 24 
hours after transplantation. Volume replacement was considered 
unlikely to be the sole culprit, suggesting that cardiac dysfunction 
may have played a role.*”°°! Diastolic dysfunction has shown a 
trend to worsen survival in cirrhotic patients, but multivariate 
analysis has revealed that age and degree of liver dysfunction are 
the main predictors of mortality.?”> Finally, in prospective stud- 
ies, a lower cardiac output has been found in patients in whom 
HRS developed than in those in whom HRS did not, thereby 
supporting the role of cardiac dysfunction in HRS.101:10 

No precise diagnostic criteria for CCM have been established 
because no baseline clinical, imaging, or biochemical findings have 
been found to definitively predict the development of overt cardiac 
dysfunction under stress.*”*-7°° The presence of QTc prolongation 
and echocardiographic evidence of diastolic dysfunction are readily 
detected but do not appear to correlate with the risk of develop- 
ment of cardiac dysfunction under stress. Serum levels of markers 
of cardiac dysfunction—brain natriuretic peptide, atrial natriuretic 
peptide, and troponin I—are elevated in patients with cirrhosis and 
appear to correlate with QTc prolongation, diastolic dysfunction, 
and the severity of liver disease. Evaluation of cardiac function 
under stress conditions with echocardiography or ventriculography 
has been reported, and cardiac function may be impaired but does 
not correlate clearly with subsequent clinical cardiac dysfunction. 
Further work is required to define the role of serum markers and 
stress testing in the diagnosis of CCM.?”>?°° In cirrhotic patients 
found to have evidence of heart failure, alternative causes of cardiac 
dysfunction, including coronary artery disease, valvular abnormali- 
ties, and other causes of cardiomyopathy, should be excluded. 


Treatment 


Therapy of volume overload in patients suspected of having 
CCM includes standard supportive measures and diuresis.’”’ 


Preload- and afterload-reducing agents should be used with cau- 
tion because these agents may worsen hypotension in the setting 
of underlying systemic vasodilatation.*®* Inotropic and chro- 
notropic agents do not appear to be of benefit.*° In patients 
without overt heart failure and with electrocardiographic or 
echocardiographic features consistent with CCM, chronic use of 
aldosterone antagonists has been shown to improve echocardio- 
graphic features marginally, and short-term administration of a 
non-cardioselective }-adrenergic blocking agent has been shown 
to improve QTc prolongation.’?””~’? Whether these agents pre- 
vent or ameliorate cardiac dysfunction in response to stress is 
unknown. 

The effects of LT on cardiac abnormalities in patients with 
cirrhosis have not been fully characterized. A small study has 
demonstrated that resting echocardiographic and stress radionu- 
clide ventriculographic abnormalities found in patients with cir- 
rhosis were improved or reversed after LT.’ Further data are 
required to determine whether CCM reverses after LT. 


ENDOCRINE DYSFUNCTION 


Cirrhosis has been linked to abnormalities in the endocrine 
system, including adrenal insufficiency, abnormal sex hormone 
metabolism, thyroid disease, and osteoporosis. 


Adrenal Insufficiency 


The recognition that adrenal insufficiency worsens outcomes in 
sepsis, a syndrome characterized by physiologic abnormalities also 
seen in liver failure, has led to the evaluation of adrenal dysfunc- 
tion in patients with liver disease. Multiple studies have demon- 
strated the presence of relative adrenal insufficiency in critically 
ill patients with both compensated and decompensated cirrhosis, 
with reported frequencies of 10% to 92%.30! 30 The wide range 
in frequency is a reflection of the absence of a standardized test 
to diagnose the entity in the cirrhotic population.*°’ The pres- 
ence of relative adrenal insufficiency has been associated with 
greater hemodynamic instability and increased mortality.°%3 
In 2 studies, glucocorticoid therapy improved survival, but in 2 
others such therapy was associated with increased mortality sec- 
ondary to GI bleeding and nosocomial and opportunistic infec- 
tions.°°7304309 Two proposed pathophysiologic mechanisms for 
relative adrenal insufficiency include (1) impaired adrenal cortisol 
synthesis from cholesterol during stress, secondary to inadequate 
hepatic cholesterol production as a result of liver disease, and (2) 
increased circulating levels of endotoxins and proinflammatory 
cytokines.”*7!03!! No standardized diagnostic criteria have been 
developed to define relative adrenal insufficiency, and whether a 
subset of critically ill patients with liver disease may benefit from 
glucocorticoid treatment remains an area of active investigation. 


Gonadal Dysfunction 


Historical data have suggested a high frequency (70% to 80%) 
of central and peripheral hypogonadism in cirrhotic patients. 
Hypogonadism in this setting is associated with a decreased con- 
centration of free or bioavailable testosterone in direct proportion 
to the degree of liver dysfunction.’!?3!> Sex hormone-binding 
globulin, which binds testosterone and 17f-estradiol in serum, 
has a lower affinity for estrogens than testosterone. In patients 
with cirrhosis, elevated concentrations of sex hormone-binding 
globulin (with a resulting shift in the balance of hormones in 
favor of estrogens) and a decreased production of dehydroepi- 
androsterone sulfate (a precursor of androgenic hormones) may 
account for the “feminization syndrome” seen in male patients 
with cirrhosis.!3-3!5 Acute and chronic alcohol consumption is 
responsible for direct toxic effects on Leydig cells and for altera- 
tions of the hypothalamic-pituitary-gonadal axis. These altera- 
tions include a decrease in the serum concentration of luteinizing 
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hormone and decreased responsiveness to gonadotropin-releas- 
ing hormone.*!°!7 Spironolactone, which is frequently used to 
treat fluid overload, causes painful gynecomastia by displacing 
androgen from its receptor and binding protein and by increas- 
ing estradiol production and testosterone clearance.’!* Topical 
testosterone appears to improve muscle strength and survival 
in patients with chronic allograft failure after LT, but whether 
testosterone supplementation improves the symptoms and signs 
related to hypogonadism in pretransplantation cirrhotic patients 
is unknown.?!? 


Thyroid Dysfunction 


A number of thyroid abnormalities, including increased thyroid 
volume and decreased serum levels of free triiodothyronine, have 
been found in patients with cirrhosis. These alterations appear 
to correlate with the severity of liver disease, and the presence 
of thyroid disease may be a predictor of decreased survival.3?°>?3 
In patients with hepatitis C or autoimmune liver disease, the 
frequency of hypothyroidism and autoimmune thyroid disease 
is increased.’*+-3*6 The detection of HCV in thyroid cells raises 
the possibility of direct viral cytotoxicity.**’ Interferon-based 
treatment of viral hepatitis may cause thyroiditis and has been 
implicated in both hyper- and hypothyroidism in 10% to 15% 
of treated patients (see Chapter 80).??8 Whether routine screen- 
ing for thyroid disease influences survival or quality of life is 
unknown. 


BONE DISEASE 


The frequency of osteoporosis among patients with all causes 
of chronic liver disease ranges from 12% to 55%.**? Potential 
risk factors include cholestasis, a maternal history of hip frac- 
ture, progression of liver disease, alcohol consumption, lower 
BML, oral glucocorticoid use for more than 3 months, and older 
patient age. Women with PBC have a 4-fold higher risk of devel- 
oping osteoporosis and a 2-fold higher risk of bone fractures 
than age-matched controls (see Chapter 91).?*° Treatment with 
UDCA does not influence bone density in patients with PBC, 
but avoidance of glucocorticoids and improved nutrition appear 
to decrease the frequency of osteoporosis.**!**? Bone min- 
eral density is an appropriate screening tool for osteoporosis in 
patients with cirrhosis (especially PBC and PSC) and those who 
require more than 3 months of glucocorticoid therapy.?30332-334 
‘Treatment of osteoporosis in patients with chronic liver disease 
is based on studies of postmenopausal women and is an area of 
ongoing investigation. The use of calcium and vitamin D and of 
therapeutic bisphosphonates improves bone mineral density and 
appears not to have significant side effects.?>+33> 


COAGULATION DISORDERS 


Cirrhosis is commonly considered to be associated with a bleeding 
diathesis caused by the frequent prolongation of the prothrombin 
time (PT) and thrombocytopenia. The interplay among abnor- 
malities in both pro- and anticoagulant factors, however, may 
not only result in increased bleeding but also hypercoagulabil- 
ity.°°°3°7 The precise mechanisms for these clinical events are not 
fully characterized.*** 


Prolongation of the Prothrombin Time 


The progressive loss of hepatocytes in cirrhosis leads to decreased 
synthesis of procoagulant factors, including vitamin K-dependent 
factors (II, VII, IX, X), factor V, and factor XI. The severity of 
clotting abnormalities, measured by the PT, activated partial 
thromboplastin time, and INR increases as liver disease pro- 
gresses.*°” A prolonged PT alone is not generally considered 
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to be a major risk factor for spontaneous bleeding in patients 
with cirrhosis but does increase the severity of bleeding when it 
occurs.**? Common practice is to administer fresh frozen plasma 
(FFP), vitamin K, and, occasionally, recombinant factor VIa 
to correct coagulopathy in patients with chronic liver disease, 
particularly in the setting of bleeding or prior to invasive pro- 
cedures.*+! Clinical evidence that any of these measures reduces 
the severity of variceal bleeding, for example, is not strong.*?->*+ 
Moreover, the volume of FFP (>6 units) required to achieve clini- 
cally significant reductions in the PT in patients with cirrhosis 
has been associated with a substantial increase in the risk of acute 
lung injury and volume overload.**>*#° Administration of recom- 
binant factor VIIa can normalize the PT, and one small uncon- 
trolled study found that following its use, no patients required 
blood transfusions after liver biopsy.**” Nevertheless, no placebo- 
controlled trial of recombinant factor VIIa in cirrhotic patients 
undergoing invasive procedures has been performed. 

INR is also a key component of the MELD score used to pre- 
dict survival and rank priority for LT in patients with liver disease 
(see Chapter 97).**® One concern regarding the use of the INR in 
cirrhosis is the substantial interlaboratory variability that occurs 
when the standard international sensitivity index is used to nor- 
malize varying sensitivities of thromboplastin reagents.**? The 
difference in mean INR for a single patient sample that is assayed 
with different reagents may be as much as 25%. Adjusting the 
international sensitivity index calibration by using samples from 
patients with cirrhosis appears to eliminate this variation but is 
time-consuming and not widely used.*°? Therefore, INR has 
limitations both as a predictor of bleeding and as a factor in cal- 
culating the MELD score for prioritization of organ allocation. 


Thrombocytopenia 


‘Thrombocytopenia is a common feature in cirrhosis with por- 
tal hypertension and is generally associated with the presence of 
hypersplenism. Decreased hepatic thrombopoietin synthesis and 
direct bone marrow toxicity (e.g., from alcohol or HCV) may also 
lower the platelet count.**! In addition to quantitative abnor- 
malities, generation of platelet thrombin appears to be impaired 
in patients with cirrhosis, particularly when the platelet count 
is below 50,000/mL, and this impairment may contribute to 
reduced clot formation.*°* On the other hand, cirrhotic patients 
have higher serum levels of von Willebrand factor (vWf) and 
lower levels of vWf-cleaving protease ADAMTS13 (a disintegrin 
and metalloproteinase with thrombospondin type 1 motif mem- 
ber 13), which may promote platelet adhesion to the endothelium 
at the site of vascular injury.*>*?°* Although platelet function, 
as assessed by measurement of the bleeding time, is commonly 
impaired in patients with cirrhosis, neither prolongation of the 
bleeding time nor its correction with administration of desmo- 
pressin influences the risk of bleeding.**>7>° As a general concept, 
thrombocytopenia itself does not appear to increase the risk of 
bleeding in patients with cirrhosis, and whether the administra- 
tion of platelets influences bleeding risk in patients who undergo 
invasive procedures or decreases transfusion requirements in 
patients with variceal hemorrhage is uncertain. Nevertheless, 
common clinical practice is to administer platelet transfusions to 
achieve a minimum platelet count of approximately 50,000/mm} 


prior to an invasive procedure and in the setting of active bleed- 
ing 345,346 


Dysfibrinogenemia 


Dysfibrinogenemia manifested either by hyper- or hypofibri- 
nolysis, is common in patients with cirrhosis. Hyperfibrinolysis, 
reflected by elevated circulating levels of D-dimer and fibrino- 
gen degradation products and by prolongation of the clot lysis 
time, is seen in up to 46% of cirrhotic patients.’°’*5* These 
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abnormalities result from altered production of activators and 
inhibitors of fibrinolysis, activation of the coagulation cascade 
by endotoxemia, and decreased clearance of fibrinolytic proteins 
in the setting of hepatic synthetic dysfunction. One hypothesis 
is that hyperfibrinolysis becomes more severe as liver disease 
progresses and eventually results in overt DIC, further increas- 
ing the risk of bleeding. Chronic liver disease, however, has also 
been associated with hypofibrinolysis, including reduced levels 
of plasminogen and increased levels of plasminogen activator 
inhibitor.*°?3°! Moreover, results of tests for individual pro- 
and antifibrinolytic factors are variable, and their measurement 
in patients with chronic liver disease has not been standardized 
or uniformly accepted. These findings highlight the complexity 
and uncertainty of assessing the clinical consequences of dysfi- 
brinogenemia in patients with cirrhosis.*°? Antihyperfibrinolytic 
therapy with compounds such as e-aminocaproic acid has been 
used to prevent blood loss in stable cirrhotic patients and during 
LT, but evidence to support the benefits of such an approach is 
limited 303% 


Endogenous Anticoagulants 


In addition to decreasing production of procoagulant proteins, 
hepatic synthetic dysfunction in cirrhosis also impairs the pro- 
duction of endogenous anticoagulant proteins, including protein 
C, protein S, antithrombin, tissue plasminogen activator, and 
thrombomodulin.**+ These abnormalities may result in hyper- 
coagulability and a risk of thrombosis. The risk of portal vein 
thrombosis, deep venous thrombosis, and pulmonary embolism 
has been reported to be increased in patients with chronic liver 
disease compared with non-liver disease controls.>°-3°7 A sub- 
set of these patients appear to have an underlying inherited or 
acquired cause of hypercoagulability, including factor V Leiden 
and prothrombin 20210A gene mutations, decreased protein C 
or S levels, and increased D-dimer levels, which contribute to 
thrombosis.*°*-37! Anticoagulation has appeared to be safe and 
beneficial for patients with noncirrhotic portal vein thrombosis 
associated with gastroesophageal varices. Anticoagulation has 
also been reported to prevent portal vein thrombosis and hepatic 
decompensation in patients with cirrhosis. A small unblinded 
study showed that that patients with decompensated cirrho- 
sis who received enoxaparin in a dose of 4000 IU/mL for 12 
months as prophylaxis against portal vein thrombosis had bet- 
ter clinical outcomes compared with patients who did not receive 
prophylaxis. This study highlights not only the impact of portal 


vein thrombosis on the natural history of cirrhosis, but also the 
paradox that treating the procoagulant state in patients with end- 
stage liver disease improves liver-related outcomes.’”” The role 
of anticoagulation therapy in the treatment and prevention of cir- 
rhotic portal vein thrombosis and the question of whether hyper- 
coagulability influences specific complications of cirrhosis remain 
unclear (see also Chapter 85).373374 


Thromboelastography 


Thromboelastography (TEG) is a simple point-of-care test that 
assesses multiple components of hemostasis, including the cel- 
lular and plasmatic components of clot formation, strength, and 
stability. Studies using TEG suggest that despite thrombocyto- 
penia and evidence of prolonged coagulation on standard labora- 
tory-based assays, many patients with liver disease actually have a 
balanced homeostatic milieu in which coagulation may be normal 
or even enhanced.*”> These observations have driven studies in 
which TEG has been used to predict the risk of rebleeding from 
esophageal varices,*”° the need for massive transfusion of blood 
products during LT,” and the length of stay and risk of allograft 
dysfunction following transplantation.*”* 

TEG is also being implemented slowly in clinical practice to 
guide the need for blood products during invasive procedures 
in patients with cirrhosis and coagulopathy. A randomized con- 
trolled trial compared a standard approach of administering FFP 
and/or platelets to achieve an INR less than 1.8 and platelet count 
above 50,000/mL with a TEG-guided approach. In the TEG- 
guided approach, FFP was given in a dose of 10 mL/kg of ideal 
body weight when the reaction time (“R-time”) of clot forma- 
tion was greater than 40 minutes, reflecting decreased throm- 
bin generation from a lack of coagulation factors, and platelets 
were administered when the maximum amplitude, or strength, 
of the clot was reduced, reflecting impaired platelet function. 
‘The TEG-guided group had a marked reduction in blood prod- 
uct use and no difference in postprocedure events.*’? TEG has 
limitations, however, in gauging coagulation because it does not 
account for the endothelial-derived coagulation components 
including vWf and its cleaving protein, ADAMTS13. Neverthe- 
less, TEG appears to add significantly to the assessment of coagu- 
lation in cirrhosis and will likely replace traditional strategies for 
optimizing coagulation prior to invasive procedures. 


Full references for this chapter can be found on www.expertconsult.com. 
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ALF is characterized by a sudden insult to the liver with cata- 
strophic consequences, usually in the absence of preexisting liver 
disease. Coagulopathy and encephalopathy are the twin cardi- 
nal features that reflect the severity of liver injury, and both are 
required to make the clinical diagnosis of ALF, although signifi- 
cant coagulopathy in the absence of definite encephalopathy has 
been described as “acute liver injury.”!* A number of subtypes 
reflect variability in clinical manifestations and prognosis.’*+ The 
etiology may be drug-induced, viral, immunologic, ischemic, 
toxic, or unknown. The vast majority of patients have no evidence 
of preexisting liver disease, but 2 exceptions to this requirement 
have been made: (1) an acute presentation of Wilson disease in 
a young adult that manifests in the setting of previously asymp- 
tomatic cirrhosis and (2) reactivation of HBV infection, either 
spontaneously or as a consequence of immunosuppression or 
chemotherapy. 

ALF is an uncommon condition with an incidence in West- 
ern countries of less than 6 cases per million population per year. 
The risk is also low for each of the recognized causes. The risk in 
patients with hepatitis A or B is less than 1% and in those with an 
acetaminophen overdose, 0.2%. ALF is one of the most dramatic 


medical emergencies because it can lead to multiorgan failure 
within days or weeks, with almost no body system left unaffected. 
Cerebral edema and intracranial hypertension may complicate 
encephalopathy and is associated with a high mortality rate. The 
acuity and severity of ALF requires a rapid multidisciplinary 
approach to management that has resulted in a progressive 
improvement in survival over time and an overall survival rate of 
over 70%.** Early recognition, improved intensive care proto- 
cols, and emergency LT have all contributed significantly to the 
improved outcomes, but thus far, liver support devices have not 
proved beneficial. 


DEFINITION 


Acute liver failure is an umbrella term that has replaced prior 
descriptions, including fulminant hepatic failure, subfulminant 
hepatitis, and late-onset hepatic failure. The presence of clinical 
encephalopathy in the appropriate setting remains the essential 
requirement for the diagnosis of ALF. The definitions used have 
included a time limit between the onset of either symptoms or 
jaundice and the development of encephalopathy ranging from 
8 weeks to 6 months. One categorization based on clinical pat- 
terns and outcome described 3 groups based on the time interval 
between the onset of jaundice and encephalopathy: hyperacute 
liver failure (up to 7 days), acute liver failure (8 to 28 days), and 
subacute liver failure (4 to 24 weeks). Patients with hyperacute 
liver failure were more likely to develop cerebral edema but also 
more likely to recover without LT. At the other end of the spec- 
trum, patients with subacute liver failure had less severe coagulop- 
athy and a much lower propensity to cerebral edema but had poor 
outcomes with medical management alone. The utility of this cat- 
egorization has been maintained despite the observed changes in 
the frequency of cerebral edema and improved outcomes indepen- 
dent of the use of LT. In the USA, the original definition of ALF 
(encephalopathy and coagulopathy within 8 weeks of the illness 
onset) is still widely used, especially in criteria for LT selection.’ 

In the 2010s, an entity entitled acute-on-chronic liver failure has 
gained widespread use but without consensus on the definition 
(see Chapter 74).° A pragmatic definition is liver failure triggered 
by a type of insult that causes ALF but in a patient with preexist- 
ing liver disease and that also includes those insults specifically 
associated with cirrhosis (e.g., portal hypertensive bleeding, sep- 
sis). 


ETIOLOGY AND EPIDEMIOLOGY 


The pattern of causation of ALF exhibits geographic variation, 
and in some areas the underlying etiologies have changed mark- 
edly since the 1990s.! A consistent finding is a sizable cohort 
of patients for whom no specific cause for ALF can be defined 
despite an exhaustive search (Table 95.1). This entity has been 
designated variably as seronegative hepatitis, non—A-E hepati- 
tis, and hepatitis of indeterminate etiology. In some geographic 
areas, this group represents the single largest cohort of patients 
(up to 32% of cases). Middle-aged women and a subacute pat- 
tern of disease are overrepresented in this group. In the USA, a 
proportion of these cases was considered to be related to aceta- 
minophen based on the detection of acetaminophen adducts, but 
this finding has not been reproduced elsewhere.’ Unidentified 
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TABLE 95.1 Causes of ALF in Various Countries* 


Cause United Kingdom USA France India Japan Spain 
Acetaminophen 54 46 2 = = 2 
Indeterminate i 14 18 24 45 32 
Drug reaction I 2 15 5 = ali 
HAV or HBV 14 10 49 33 55 37 
HEV — — = 38 _ = 
Others 8 18 16 — — 12 


*Percent of total cases in each country. 


toxins or autoimmune processes are other hypothetical underly- 
ing mechanisms, but to date novel hepatotropic viruses have not 
been identified in such cases.!° 

The main identified viruses that cause ALF are HAV, HBV, 
HDV, and HEV. The risk of developing ALF following these 
infections has been estimated to be 0.1% to 4% of hospitalized 
cases.!! In the developed world the incidence of HAV- and HBV- 
related ALF has decreased progressively over time, presumably 
as a consequence of vaccination programs and a range of effec- 
tive antiviral drugs for HBV. There is evidence, however, of an 
increased occurrence of ALF in HBV carriers with reactivation of 
viral replication following chemotherapy or use of immunosup- 
pression (see Chapter 79). Hepatitis E is common in parts of Asia 
and Africa and is a rare but recognized cause in Western coun- 
tries, where there is an observed association with porcine trans- 
mission (see Chapter 82).!?:!> The risk of ALF after exposure to 
HCV appears to be very low, although well-documented cases 
have been reported. 

Three patterns of ALF are associated with drugs: dose- 
related, idiosyncratic, and hypersensitivity reactions. The best 
example of a drug that causes dose-related toxicity is acetamino- 
phen (or paracetamol, as it is widely referred to outside the USA), 
for which the amount ingested is among the determinants of risk 
for ALF. Idiosyncratic reactions are often referred to as DILI. In 
one prospective study of 300 cases of DILI, more than 100 dif- 
ferent agents were implicated; 46% were due to antimicrobials, 
and 15% were due to CNS agents (see Chapter 88).!4 Halothane 
hepatitis, commonly encountered in the 1970s and 1980s and 
now principally of historical interest, is an example of a hypersen- 
sitivity reaction; the risk is negligible on first exposure but rises 
with subsequent administrations (see Chapter 89). 


Drugs 
Acetaminophen 


Acetaminophen is a partially dose-dependent hepatotoxin with 
mortality rates highest at doses exceeding 48 g. Increased suscep- 
tibility to acetaminophen toxicity is recognized as a consequence 
of antiepileptic therapy, regular alcohol consumption, and malnu- 
trition. Acetaminophen is also a direct toxin to other organs, par- 
ticularly the kidney, and possibly the pancreas. N-acetylcysteine 
is the substrate for glutathione repletion and is an effective anti- 
dote to acetaminophen if administration is commenced within 16 
hours of the ingestion of acetaminophen, when serum concen- 
trations of acetaminophen are above a time-dependent determi- 
nant of risk of liver injury. N-acetylcysteine is also beneficial in 
reducing the severity of liver injury with later administration (see 
Chapter 88). 

Acetaminophen overdose is the most common cause of ALF in 
the United Kingdom and the USA.! In the United Kingdom, it is 
usually taken with suicidal or parasuicidal intent, but in the USA, 


TABLE 95.2 Drugs or Drug Classes Associated with ALF at the King’s 
College Hospital in 2 Time Periods* 


1973-1993 (N = 85) 1994-2008 (N = 105) 
Halothane 53 2 
Antituberculous drugs 22 
12 


ah 


Anticonvulsants 
Antibiotics 


Antineoplastic agents 


MDMA (ecstasy) 
NSAIDs 


1 
4 

3 

il 
Antiretroviral drugs (0) 
0 

0 
Combinations of drugs 2 
1 


= 


Miscellaneous agents 26 


*Number of cases for each drug is shown. 

MDMA, methylenedioxy-N-methylamphetamine. 

From Bernal W, Hyyrylainen A, Gera A, et al. Lessons from look-back in 
acute liver failure? A single centre experience of 3300 patients. J Hepa- 
tol 2013; 59:74-80. 


the majority of cases are considered to be secondary to uninten- 
tional overdosing.!> Such unintentional overdosing (“therapeutic 
misadventure”) typically occurs over a period of days, whereas 
intentional overdoses can be a discrete episode or staggered over 
a period of hours. In 1998, legislation was enacted in the United 
Kingdom to restrict over-the-counter access to acetaminophen, 
and this resulted in a sustained reduction of more than 40% in the 
number of acetaminophen-related deaths.'° In the USA, black 
box warnings on acetaminophen products and package labeling 
have been instituted. 


Idiosyncratic Reactions 


In the majority of cases, the diagnosis of DILI is made when there 
is a temporal relationship between exposure to the candidate drug 
and the development of ALF. About 10% of patients demonstrate 
features of hypersensitivity or drug reaction with eosinophilia 
and systemic symptoms (see Chapter 88).!7 In the King’s College 
Hospital series of over 3300 patients with ALF, 190 were related 
to drugs other than acetaminophen; the most frequently encoun- 
tered agents are listed in Table 95.2.1! Halothane and the nonpre- 
scription drug methylenedioxy-N-methylamphetamine (MDMA, 
“ecstasy”) were the 2 most common causes, with halothane 
encountered almost exclusively from 1973 to 1993 and MDMA 
seen only after 1994. Antituberculosis therapy, antibiotics, and 
anticonvulsants were the other main responsible drug categories, 
but the large size of the miscellaneous group reflects the wide 
range of potential causes of ALF. Among 141 USA LT recipients 
with drug-induced ALF, isoniazid (16%), propylthiouracil (9%), 


phenytoin (7%), and valproic acid (7%) were the most commonly 
identified causative medications.!'* The risk of developing ALF is 
low, ranging from 0.001% for NSAIDs to 1% for the combina- 
tion of isoniazid and rifampin. Complementary and alternative 
medicines and herbal and dietary supplements can also cause ALF 
(see Chapters 89 and 131).!° For reasons that are unexplained, 
patients with drug-induced ALF are predominantly female.”° 


Viral Infections 


HAV-related ALF has been seen predominantly in populations not 
routinely acquiring natural immunity through childhood infec- 
tion. The risk of developing ALF correlates with the age of the 
patient at the time of infection.*! Data from the U.S. Acute Liver 
Failure Study Group have indicated that the incidence of ALF is 
declining because of increased immunization against HAV.” 

HBV causes ALF through a number of scenarios.!! The clas- 
sic presentation, which follows primary infection, results from an 
aggressive immune response against the virus, but is becoming 
less common. Some cases have no serologic or virologic evidence 
of acute HBV at the time of presentation, other than immuno- 
globulin (Ig)M antibody to hepatitis B core antigen. A similar 
scenario can be encountered in patients with chronic hepatitis B 
infection at the point of seroconversion of hepatitis B e antigen 
(HBeAg) to antibody (anti-HBe). An alternative mechanism of 
ALF is aggressive viral replication with high HBV DNA levels 
in serum, which can occur spontaneously or after initiation of 
immunosuppressive drugs (e.g., after hematopoietic stem cell or 
solid organ transplantation) or chemotherapy. This risk can be 
eliminated with the appropriate use of antiviral prophylaxis in 
patients at risk (see Chapter 79). HDV is decreasing in incidence 
worldwide but previously was associated with the development of 
ALF as a result of either coinfection or superinfection with HBV 
(see Chapter 81). 

Acute HEV infection is common in India and other tropical 
countries. It is a waterborne virus with an epidemiologic profile 
similar to that of HAV. HEV infection can cause serious mor- 
bidity and mortality in pregnant women, particularly during the 
third trimester. Although pregnant women are more likely to 
develop ALF, the outcome of ALF in persons with HEV infec- 
tion is independent of sex, pregnancy status, and trimester of 
pregnancy (see Chapter 82).?9 

Unusual viral causes of ALF include HSV-1, -2, and -6, 
varicella-zoster virus, EBV, CMV, parvovirus B19 and the severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Of 
these viral causes, HSV is the most important to consider because 
early intervention with acyclovir can be effective; associated cuta- 
neous lesions are seen in about 50% of cases (see Chapter 83). 


Uncommon Causes 
Pregnancy-related ALF 


ALF is an exceptionally rare complication of pregnancy.*+ The 
risk of developing ALF is highest in the first pregnancy and with a 
male fetus. Three discrete syndromes have been described: acute 
fatty liver of pregnancy, preeclampsia, and the HELLP syn- 
drome, although in many cases the features overlap. Suggestive 
laboratory findings include high serum aminotransferase levels 
in patients with preeclampsia, high uric acid levels in those with 
acute fatty liver of pregnancy, and low platelet counts in those 
with the HELLP syndrome (see Chapter 40). 


Vascular Disorders 


Hepatic vein thrombosis, or Budd-Chiari syndrome, can present 
as ALF. It is one of the few causes of ALF associated with an 
enlarged liver. In this setting the prognosis is poor with medical 
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treatment alone, and the optimal management is LT.’* Ischemic 
hepatitis is now recognized as a relatively common cause of acute 
liver injury in a hospital setting, resulting either from the effects 
of systemic hypotension and/or hepatic congestion from right 
heart failure.’ A common cause of markedly elevated serum ami- 
notransferase levels in hospitalized patients, ischemic hepatitis 
infrequently progresses to ALF but may be associated with a high 
mortality rate as a result of the underlying cardiac or other etiol- 
ogy (see Chapter 85). 


Hyperthermia 


Acute liver injury may occur in the setting of hyperthermia, 
which may be caused by a drug reaction, often in combination 
with the consequences of dehydration; one of the more frequently 
encountered causative agents is the recreational drug ecstasy (see 
Chapter 89). Severe physical exertion in hot environments can 
also trigger ALF in association with evidence of damage to other 
organs, especially muscle, with evidence of rhabdomyolysis. 


Autoimmune Hepatitis 


ALF can be a presentation of classic autoimmune hepatitis, with 
strongly positive autoantibodies and elevated serum IgG levels. 
In this setting, autoimmune disease can be reasonably presumed 
to the true underlying etiology. Low titers of autoantibodies in 
association with less pronounced increases in IgG levels are often 
seen with the subacute pattern of ALF and are not reliably indica- 
tive of an autoimmune etiology (see Chapter 90). 


Wilson Disease 


An acute presentation of Wilson disease typically occurs in the 
second decade of life and accounts for up to 25% of cases. The 
diagnosis is usually suggested by unconjugated hyperbilirubi- 
nemia as a result of the associated hemolysis. Ascites is an early 
clinical feature, consistent with the presence of cirrhosis. Kayser- 
Fleischer rings are usually present. A similar clinical presenta- 
tion is seen in previously treated patients who have discontinued 
chelation therapy for a number of years. Ratios of serum alkaline 
phosphatase to total bilirubin below 4 and AST to ALT above 2.2 
accurately distinguish Wilson disease from other causes of ALF 
(see Chapter 76). 


Mushroom Poisoning 


Poisoning with Amanita phalloides is seen most commonly in cen- 
tral Europe, South Africa, and the west coast of the USA. Severe 
diarrhea and vomiting are characteristic early symptoms that 
develop within hours after ingestion of the mushrooms; liver fail- 
ure develops 4 to 5 days later (see Chapter 89). 


DIAGNOSIS 


The diagnosis of ALF is clinical and based on the presence of 
encephalopathy in a patient with acute liver injury and coagu- 
lopathy. The encephalopathy is usually overt and ranges from 
confusion to coma; however, psychometric testing may be needed 
in patients with subacute liver failure to detect subtle changes in 
mental state. Altered mental function secondary to hypoglycemia 
or uremia can occasionally be misinterpreted as hepatic encepha- 
lopathy. 

Standard initial laboratory investigations include a CBC, 
coagulation tests, liver biochemical tests, serum electrolytes and 
tests of renal function, blood glucose, serum amylase, and arterial 
pH or serum lactate. These investigations allow an initial assess- 
ment of the severity of liver injury and help direct management, 
whereas serial data aid the assessment of prognosis. To determine 
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TABLE 95.3 Diagnostic Testing for the Etiology of ALF 


Etiology Diagnostic Test(s) 

SCREEN IN ALL CASES 

HAV IgM anti-HAV 

HBV HBsAg, IgM anti-HBc, HBV DNA 
HEV IgM anti- HEV 

Acetaminophen Drug levels in blood 


Autoimmune hepatitis Autoantibodies,* serum lg levels 


TEST IF ETIOLOGY SUSPECTED 


Idiosyncratic drug reaction Eosinophil count, liver histology 


Acute fatty liver of pregnancy US, serum uric acid level, liver 


histology 


HELLP syndrome Platelet count 


Preeclampsia or eclampsia Serum aminotransferase levels 


Wilson disease Urinary copper, serum 
ceruloplasmin level, serum 
alkaline phosphatase/bilirubin 
ratio, serum AST/ALT ratio, 
slit-lamp examination for Kayser- 


Fleischer rings 
Budd-Chiari syndrome Imaging of hepatic veins 
Hepatic malignancy Imaging of liver, liver histology 


Ischemic hepatitis Serum aminotransferase levels 


*ANA, smooth muscle antibodies; possibly antibodies to liver-kidney 
microsome type 1. 

Anti-HBc, antibody to hepatitis B core antigen; HBsAg, hepatitis B 
surface antigen; /g, immunoglobulin. 


the etiology, an initial investigation should incorporate a screen 
for common viral agents and autoantibodies (Table 95.3). 

Imaging of the liver with US and CT or MRI is routine prac- 
tice but often yields little specific information. Liver volume may 
vary by the etiology of ALF, and there is seldom evidence of 
portal hypertension; however, portal hypertension may be seen 
in subacute liver failure, and in this setting, evaluation of liver 
volume can be helpful in assessing prognosis (see later).”’ Liver 
enlargement in the setting of ALF is unusual, except in Budd- 
Chiari syndrome, and should trigger consideration of malignant 
infiltration or alcohol-associated hepatitis as possible underlying 
diagnoses.”’ Liver imaging can be informative in pregnancy- 
related ALF if it demonstrates fatty infiltration or the abnormal 
tissue perfusion patterns characteristic of acute fatty liver of preg- 
nancy and preeclampsia, respectively. 

The role of a liver biopsy in the diagnosis and management 
of ALF is limited. The characteristic findings of confluent 
necrosis and parenchymal collapse are nonspecific, and in sub- 
acute liver failure, sampling from a zone of regeneration may 
be unhelpful because apparently healthy hepatic tissue is not 
indicative of the likelihood of survival (Figs. 95.1 and 95.2). 
As a result, liver biopsy is not performed routinely in patients 
with ALF. The findings on biopsy may support specific diagno- 
ses such as autoimmune hepatitis (characteristic inflammation), 
valproic acid toxicity (microvesicular steatosis), Wilson disease 
(cirrhosis, possible interface hepatitis, hepatocyte balloon- 
ing, steatosis), pregnancy-related syndromes (fatty infiltration 
characteristic of acute fatty liver of pregnancy or fibrin micro- 
thrombi and necrosis secondary to preeclampsia or eclampsia), 
and Budd-Chiari syndrome (venous congestion, sinusoidal 
dilatation). The strongest indication for a liver biopsy is to 
exclude malignant infiltration or alcohol-associated hepatitis in 
a patient with hepatomegaly, especially if LT is under consid- 
eration (see later). 


Fig. 95.1 The cut surface of a liver removed at the time of LT ina 
patient with subacute liver failure. Areas of regeneration are lighter 
and yellowish in color compared with darker areas of necrosis. (Image 
courtesy Dr. Yoh Zen, London, UK.) 


Fig. 95.2 Histopathology of acı d ALF. The speci- 
men is from a liver removed at transplantation. Confluent coagulative 
necrosis affects an entire lobule and spares a thin rim of periportal 

hepatocytes. A small portal tract is shown in the center of the figure. 


(H&E, x100). (Image courtesy Dr. Alberto Quaglia, London, UK.) 


CLINICAL FEATURES 


ALF can trigger catastrophic multiorgan failure. Jaundice is an 
expected finding but may not be prominent in patients presenting 
with hyperacute liver failure, especially acetaminophen-related 
liver injury. Other classic signs of liver failure notable for their 
absence are fetor hepaticus and tremor, the hallmark features of 
encephalopathy secondary to chronic liver disease; rarely, they 
are seen in patients with subacute liver failure. Ascites is charac- 
teristic of Wilson disease and Budd-Chiari syndrome and is seen 
in many patients with subacute liver failure, irrespective of the 
underlying etiology. 


Encephalopathy 


Encephalopathy is mandatory for a diagnosis of ALF. It is clas- 
sically graded on a scale of 1 to 4. Patients with grades 1 or 2 
encephalopathy exhibit degrees of drowsiness or disorientation, 
but they can be roused and will respond appropriately to verbal 
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Fig. 95.3 Neurologic testing in a patient with ALF. A, CT of the brain showing severe swelling. B, Intracranial 
pressure (ICP) monitor in situ. C, Pressure tracing showing an elevated ICP (mm Hg). (Image courtesy Dr. Wil- 


liam Bernal, London, UK.) 


stimuli. Progression to grade 3 encephalopathy is often heralded 
by a period of extreme agitation before the patient becomes con- 
fused to the point of being able to respond only to simple com- 
mands. Grade 4 encephalopathy signifies deep coma, with the 
patient responsive at best to painful stimuli. The briefest period 
between liver injury and the development of encephalopathy is 
3 to 4 days, as demonstrated in patients with acetaminophen- 
induced ALF. With other etiologies, the point of onset and rate 
of progression of encephalopathy are variable and form the basis 
for the subclassification of ALF discussed earlier. 


Intracranial Hypertension and Cerebral Edema 


Cerebral edema has been a hallmark complication of ALF, major 
cause of death, and threat to successful LT. Early clinical studies 
suggested that cerebral edema developed in up to 80% of patients 
with grade 3 to 4 encephalopathy, but the risk was not found to be 
consistent across the spectrum of the disease, varying from 70% 
of patients with hyperacute liver failure to 55% of patients with 
acute liver failure and only 15% of those with subacute liver fail- 
ure.’ A large single-center review of acute liver injury and ALF 
from King’s College Hospital has confirmed a dramatic reduction 
in the frequency of intracranial hypertension, with a decline from 
76% in 1984 to 1988 to only 20% in 2004 to 2008.) A similar fall 
in frequency has also been noted in a large series from Japan.?® 

The clinical features of cerebral edema include systemic 
hypertension, decerebrate posturing, hyperventilation, abnor- 
mal pupillary reflexes, and ultimately impairment of brainstem 
reflexes and functions. Papilledema is rarely observed. The out- 
come with medical management is usually either full recovery or 
death, although a few survivors with residual neurologic deficits 
have been described (Fig. 95.3). 


Hemodynamic Changes and Circulatory Failure 


‘The hemodynamic changes in ALF are similar to those observed 
in systemic inflammatory response syndrome (SIRS) or sep- 
tic shock.!* The initial profile is of a hyperdynamic circulation, 
increased cardiac output, and reduced systemic peripheral vas- 
cular resistance. Progressive disease leads to circulatory failure 
either as a result of a falling cardiac output or an inability to main- 
tain an adequate mean arterial pressure. This is a common cause 
of death in ALF as well as a barrier to successful LT. Cardiac 
arrhythmias occur and may be due to a definable precipitating 
event such as hypo- or hyperkalemia, acidosis, hypoxia, or to 
underlying cardiac disease that has precipitated isotonic hepatitis. 
Adrenal insufficiency also commonly complicates the course of 
ALF. 


Infection 


Patients with ALF are highly prone to infection and have been 
found to have twice the risk when compared with similarly ill 
patients without liver disease. Infection is a common cause of 
death either independently or as a component of the circulatory 
and multisystem failure. Features of immunosuppression, includ- 
ing defective polymorphonuclear leukocyte (neutrophil) func- 
tion, have been demonstrated across the spectrum of response to 
infection. Early clinical studies found that patients with grade 2 
or higher encephalopathy had proved bacterial infection in up to 
80% and fungal infection in 32% of cases, and more recent stud- 
ies have confirmed that infections remain common and a source 
of increased mortality.??° 

Fungal infections are particularly difficult to diagnose. Risk 
factors for both bacterial and fungal sepsis include coexisting renal 
failure, cholestasis, treatment with immunosuppression, and LT. 


Acute Kidney Injury 


Acute kidney injury (AKT) is common in patients with ALF, may 
occur in 40% to 80% of cases and is associated with increased 
mortality.*! Differences exist between acetaminophen-related 
and other causes of ALF. AKI after an acetaminophen overdose 
may be a consequence of direct renal toxicity that develops early 
in the course of the illness and in parallel with liver injury. Early 
renal dysfunction may also be seen in Wilson disease, mushroom 
poisoning, and pregnancy-related syndromes. General risk fac- 
tors for development of AKI are hypotension, infection, and the 
presence of SIRS. Urea synthesis is impaired in ALF, and serum 
creatinine levels are preferred for monitoring renal function. 


Hematologic Abnormalities 


The liver is responsible for the synthesis of most of the coagula- 
tion factors (all except factor VIII, which is produced by endo- 
thelial cells), as well as some of the inhibitors of coagulation and 
fibrinolysis (see Chapter 94). After acute liver injury, circulating 
levels of fibrinogen, prothrombin, and factors V, VII, IX, and X 
fall and can do so rapidly because of the short half-life (measured 
in hours) of some of the factors. Laboratory parameters of blood 
coagulation such as the prothrombin time and the INR, as well 
as levels of an individual factor (e.g., factor V), are widely used as 
indicators of the severity of liver damage. In addition to decreased 
synthesis of coagulation factors by the liver, there is evidence of 
increased peripheral consumption. Overt DIC is occasionally 
observed, especially in the pregnancy-related syndromes. 
Synthesis of anticoagulant proteins (e.g., proteins C and S), 
as well as antithrombin, is also decreased and often remains in 
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physiologic balance with the levels of coagulation factors. This 
finding probably explains the clinical observation that patients 
with severe laboratory indicators of a coagulopathy may show 
little clinical evidence of bleeding.*? In fact, the risk of bleed- 
ing is much more closely linked to the platelet count, and both 
quantitative and qualitative defects in platelet function are well 
described in ALF. Platelet counts below 100,000/mm} are seen 
in up to 70% of patients, and platelet aggregation is impaired. 
There is also evidence of increased platelet adhesiveness that may 
be due to increased levels of circulating von Willebrand factor. 

A Coombs-negative hemolytic anemia is characteristic of 
Wilson disease, and a Coombs-positive hemolytic anemia may be 
seen in ALF associated with autoimmune hepatitis. Aplastic ane- 
mia is associated with seronegative hepatitis in younger patients 
and may be related to parvovirus B19 infection. Erythrohemo- 
phagocytosis is an increasingly recognized occurrence in ALF 
and carries a poor prognosis. 


APPROACH TO MANAGEMENT 
Overall Strategy 


Survival rates in ALF have improved dramatically, and over 70% 
of patients can be expected to survive the illness. The King’s 
College Hospital experience from 1973 to 2008 has demonstrated 
that improvement in care and LT have independently contrib- 
uted to an increase in overall survival from 16.7% to 62.2%, with 
rates of 86% for those undergoing LT and 48% for those man- 
aged medically.* The U.S. Acute Liver Failure Study Group has 
also reported improvement in survival between 1998 and 2013, 
both in patients who have and have not undergone LT.° Time 
is of the essence, and an important benefit is derived from early 
recognition of ALF, prompt and effective initial treatment, and 
early transfer to a specialist center, with institution of monitor- 
ing, management of complications (see later), and consideration 
of emergency LT in appropriate cases. 


General Measures 


In the nonspecialist setting, the initial priorities are adequate 
fluid resuscitation and protection of the airway in patients with 
encephalopathy. Considerable evidence supports the particular 
importance of rapid and appropriate fluid resuscitation in patients 
with acetaminophen-related acute liver injury. Metabolic acidosis 
is an indicator of severe toxicity and is linked to a poor progno- 
sis.>*3+ Survival prospects improve considerably, however, when 
the acidosis responds to early fluid resuscitation.** 

N-Acetylcysteine is well established in the management of an 
acetaminophen overdose and effective in preventing liver injury 
when administered within 15 hours of acetaminophen inges- 
tion. N-Acetylcysteine is indicated when the level of the drug 
in blood exceeds the threshold of 2 curves in a plot of blood 
levels against time since ingestion: one for standard patients (the 
threshold is slightly lower in the USA [see Fig. 88.2] than in 
the United Kingdom) and another for patients with risk factors 
for enhanced hepatotoxicity, such as those who have been tak- 
ing an enzyme-inducing drug (e.g., antiepileptic therapy), con- 
sume alcohol regularly, or are malnourished. An extended role 
for N-acetylcysteine has been established in acetaminophen- 
induced acute liver injury in the United Kingdom, but a dou- 
ble-blind, randomized controlled trial of N-acetylcysteine in 
173 patients with nonacetaminophen causes of ALF conducted 
in the USA showed no difference in overall survival (70% vs. 
66%)*>; however, transplant-free survival was significantly bet- 
ter in patients with grade 1 to 2 encephalopathy at the time of 
randomization (see Chapter 88). 

Antiviral drugs effective against HBV (e.g., entecavir) are 
clearly indicated in patients with reactivated HBV infection and 


BOX 95.1 King’s College Hospital Indicators of a Poor 
Prognosis in ALF 


ACETAMINOPHEN CASES 

Arterial pH <7.25 more than 24 hr after drug ingestion* 

All of the following: 
Prothrombin time >100 sec or INR >6.5 
Serum creatinine level >3.4 mg/dL (300 pmol/L) or anuria 
Grade 3-4 encephalopathy 

NONACETAMINOPHEN CASES 

Prothrombin time >100 sec or INR >6.7 

Any 3 of the following: 
Unfavorable etiology (seronegative hepatitis or drug reaction) 
Age <10 or >40 yr 
Acute or subacute category (duration of jaundice >7 days) 
Serum bilirubin level >17.5 mg/dL (800 pmol/L) 
Prothrombin time >50 sec or INR >3.5 


*Subsequent modification: arterial pH <7.25 or serum lactate >3.0 mmol/L 
after adequate fluid resuscitation. 


high levels of viremia and may also be beneficial in patients with 
acute HBV infection and ALF, even though spontaneous rapid 
viral clearance from serum is expected (see Chapter 79).° Peni- 
cillin, and possibly silymarin, may be beneficial in patients with 
Amanita phalloides toxicity, particularly when administered soon 
after ingestion of the mushrooms (see Chapter 89). D-penicilla- 
mine is not effective when encephalopathy develops in patients 
with Wilson disease but should be considered in patients with 
an acute presentation in the absence of encephalopathy (see 
Chapter 76). Similarly, in autoimmune hepatitis, glucocorticoid 
therapy rarely rescues the patient with established ALF and 
may complicate the process by predisposing to infection (see 
Chapter 90).37 


PROGNOSIS 


Understanding the prognosis in patients with ALF is pivotal to 
delivering an optimal management plan, particularly the need to 
transfer a patient to a liver transplant center and determination of 
the likelihood that LT will be required. Three important deter- 
minants of outcome that are almost immediately apparent on pre- 
sentation are the underlying etiology of ALF, age of the patient, 
and grade of encephalopathy. Another early indicator of a poor 
prognosis is a history of jaundice for more than 7 days before the 
onset of encephalopathy; most “spontaneous” survivors have the 
hyperacute category of ALF. The pattern and severity of organ 
failure as the disease progresses also gives insight into prognosis 
but at a stage of disease that may be too late to alter the outcome. 
Prognostication is also supported by a relatively small number of 
laboratory investigations. Various elements have been combined 
into prognostic models. 

The King’s College Hospital criteria, published in 1989, 
were among the first prognostic models.** Distinct models were 
described for acetaminophen-induced and nonacetaminophen 
ALF (Box 95.1). The criteria have been subjected to meta-analy- 
ses that reported an overall specificity of 82% for nonacetamino- 
phen etiologies and 95% for acetaminophen-related ALF.**? 
The analysis of nonacetaminophen etiologies involved 1105 
patients in 18 studies and detected a specificity of 93% in patients 
with more advanced encephalopathy and 88% when the crite- 
ria were applied repeatedly in individual patients as the disease 
progressed.’ The meta-analysis of 1960 acetaminophen-related 
cases in 14 studies indicated that the high level of specificity was 


counterbalanced by a relatively low sensitivity of 58%? due in 
part to the nondynamic application of the model. The overall 
sensitivity for nonacetaminophen ALF was 85% prior to 1995, 
but fell to 58% after 2005 and was lowest in centers not offering 
LT.*® Serum lactate levels, both at presentation and after initial 
resuscitation, predict survival in acetaminophen-related ALF but 
have been shown not to complement the criteria studied in the 
meta-analysis described earlier.***” 

The Clichy criteria are another set of parameters that have 
been effective determinants of outcome and continue to be used 
in France.*° These criteria are based on factor V levels, with 
threshold values of less than 20% in patients under 30 years of 
age and less than 30% in older patients. These criteria are appli- 
cable once grade 2 encephalopathy has developed but appear to 
have limited effectiveness in patients with acetaminophen-related 
ALF.*! 

The MELD score has been validated for use in prognostica- 
tion in patients with chronic liver disease and has subsequently 
been applied to patients with ALF (see Chapter 97).* The com- 
ponents of the MELD score (bilirubin, INR, serum creatinine) are 
well-recognized parameters of disease severity, and in unmodified 
form, the MELD score may show promise as a predictive score in 
patients with nonacetaminophen etiologies.*” The MELD com- 
ponents have been incorporated into other prognostic models. 
A hybrid model developed in India combines classic indicators 
of prognosis (age >50 years, jaundice-to-encephalopathy time >7 
days, prothrombin time >35 seconds, and serum creatinine level 
>1.5 mg/dL) with clinical complications (advanced encephalop- 
athy and cerebral edema) associated with a poor outcome.*? A 
study from Germany has combined serum bilirubin, serum lac- 
tate, and etiology.*+ A prognostic model called the Acute Liver 
Failure Study Group Index combines 3 classes of variables: 
clinical (coma grade), laboratory (INR, serum bilirubin, serum 
phosphate), and a marker of apoptosis (M30).*> This model was 
compared with both the King’s College Hospital criteria and the 
MELD score and had a higher sensitivity of 86% but a relatively 
low specificity of 65%. More recently, the U.S. group has pre- 
sented an alternative model to predict survival for all etiologies of 
ALF, based on standard clinical variables on admission, including 
coma grade, etiology, and a requirement for a vasopressor, as well 
as the serum bilirubin and INR values on admission.*° While yet 
to be externally validated, the model correctly predicted outcome 
in 66% of cases. The APACHE II score and Sequential Organ 
Failure Assessment index correlate well with outcome and may 
be better predictors in patients with acetaminophen-related ALF 
than the King’s College criteria and MELD score.*”:*8 A number 
of disease-specific prognostic models (for mushroom poisoning 
and for pregnancy) have also been described.*?°° 

The contribution of imaging and histologic findings to prog- 
nosis is relatively limited. Assessing the volume of viable hepato- 
cytes may have prognostic value, with a critical mass of 25% to 
40% suggested as being associated with a good prognosis. This 
approach is most reliable in hyperacute liver failure in which the 
histologic changes are homogeneous and viable hepatocytes are 
likely to have escaped acute liver injury and thereby form the basis 
for clinical recovery. In the more slowly evolving syndromes, 
however, a map-like pattern emerges, with areas of regenera- 
tion interspersed with areas of collapse. Sampling from the area 
of regeneration might suggest that the liver is recovering, when 
in reality the prospects for survival are poor. Assessment of liver 
volume is valuable in patients with the subacute pattern of ALF, 
particularly when the degree of encephalopathy and severity of 
coagulopathy may not be particularly marked.?’ 


LIVER TRANSPLANTATION 


LT is one of the main reasons survival rates for ALF have 
increased from less than 20% in the 1970s to over 70% in the 
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2010s (see also Chapter 97).°!->> Data from the Scientific Registry 
of Transplant Recipients and the European Liver Transplant 
Registry have indicated that about 8% of overall organ utilization 
occurs in patients with ALF.?»* The King’s College Hospital 
experience of 2095 patients admitted between 1973 and 2008 
showed that 19% of patients with ALF and grade 2 or higher 
encephalopathy underwent LT. Rates of LT for the most recent 
time period had increased to 53% for nonacetaminophen cases 
and 35% for acetaminophen cases.’ The application of LT varies 
with the cause of ALF and in the USA is notably lower, at only 
8%, for patients with acetaminophen-related ALF compared 
with about 40% for other etiologies. 

‘Two fundamental approaches are used to select patients with 
ALF for LT. The first is to use indicators of a poor prognosis (see 
earlier) to decide which patients to wait-list however, use of these 
prognostic models creates clinical tensions that reflect the relative 
strengths and weakness of the models with respect to sensitivity 
and specificity. This approach relies on having a high level of con- 
fidence that an individual patient will benefit from LT in order to 
justify the use of a limited resource. Failure to list a patient for LT 
who subsequently dies because the model lacks sensitivity repre- 
sents a missed opportunity for that patient. The second approach is 
to list all eligible patients and make the decision to transplant when 
a suitable donor organ becomes available. This approach favors 
the individual patient but risks unnecessary transplantation as well 
as diversion of scarce organs that could have been better used for 
other patients. The potential for “unnecessary transplantation” is 
significant and greatest for acetaminophen-related ALF, as illus- 
trated by the French experience in which nearly half of patients 
initially wait-listed for LT survived to leave the hospital without 
the need for LT after recovering function in their native livers.*! 

Donor organ allocation systems prioritize patients with ALF 
so that most patients receive transplants within 48 to 72 hours of 
wait-listing. In Europe, the average donor age is 41 years, and 
nearly all come from brain-dead donors.*? 

About 70% of organs are ABO blood group identical to the 
recipient and about 5% are incompatible.’ Waiting times influ- 
ence policy on the use of ABO-mismatched grafts, steatotic liv- 
ers, livers from non-heart-beating deceased donors, and other 
suboptimal potential grafts (see Chapter 97). In Europe, auxil- 
iary transplantation was at its peak from 1994 to 1998, when it 
accounted for 4% of LT activity; this figure has since fallen to 
2%.°* Auxiliary LT is intended to serve as a bridge to transplant- 
free survival, usually within 3 years of surgery. The outcomes are 
comparable to those for orthotopic transplants, and about 70% 
of patients recover enough function in the native liver to allow 
the graft to involute. Live-donor LT is well established in Asia, 
where deceased-donor donation is limited, but in Europe less 
than 1% of transplants have occurred after live donation. 

The mortality rate on the wait-list is between 19% and 28% 
and is highest for acetaminophen-related ALF.*!°> In some of 
these patients, a suitable organ is never allocated, whereas in oth- 
ers a decision is made not to proceed to LT when the opportunity 
for transplantation arises because the patient has deteriorated to 
the point of being considered too sick to benefit from LT. The 
evidence supporting the latter decision is limited, but insight 
into this issue has emerged from 2 studies—an analysis using the 
UNOS database of 1457 patients and an analysis of 310 patients 
listed at King’s College Hospital.5®°’ These studies identified 5 
clinical factors that correlate with outcome: BMI above 30, serum 
creatinine level above 2 mg/dL, recipient age older than 45 to 
50 years, the need for inotropic support, and use of life support. 
These individual parameters are not clinically useful in identify- 
ing patients too ill to benefit from LT but performed better when 
grouped, and in the USA study, the survival rate was 81% when 
none was present but only 42% when 4 were present.*° 

The decision not to proceed with LT is therefore usually 
made on the basis of clinical complications. Objective evidence 
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of brainstem injury with established fixed and fully dilated pupils 
should preclude LT. In other patients with cerebral edema, how- 
ever, no thresholds for cerebral perfusion or intracranial pres- 
sure have been validated to automatically exclude a patient from 
transplantation. With respect to infection, a pragmatic approach 
is not to contraindicate transplantation on the basis of a bacterial 
infection after 48 hours of appropriate antibiotic therapy. Con- 
firmed systemic fungal infection, however, should contraindicate 
LT. A requirement for an inotropic agent is a surrogate marker 
of disease severity, and both the dose and the dynamics of dose 
escalation influence the decision to proceed with transplantation. 
Interpretation of these potential contraindications to transplanta- 
tion varies with the age of the patient because younger patients 
are more resilient and more likely to recover following the pro- 
cedure. 

The overall one-year patient survival rate following LT for 
ALF in Europe between 2004 and 2009 was 79%, and the graft 
survival rate was 73%.” The one-year patient survival rate in the 
USA was similar (78.6%) with the use of deceased donors but 
numerically higher (87%) with the use of live donors.** After one 
year, the decline in survival is much less marked than in other 
patient cohorts undergoing LT, likely because patients with 
ALF are younger and have a much lower risk of recurrent dis- 
ease that affects graft function. The etiology of the underlying 
disease did not correlate with outcome in the overall analysis of 
the European Liver Transplant Registry data, but patients with 
acetaminophen-related ALF had a 24% greater risk of death after 
LT compared with those who underwent LT for nonacetamin- 
ophen-related ALF.*’ Seronegative hepatitis or ALF without a 
definable cause was associated with a higher risk of primary graft 
nonfunction or early graft dysfunction. Survivors of LT for acet- 
aminophen-related ALF received a graft about 2 days sooner than 
those who succumbed (day 4 vs. day 6 after drug ingestion). 


TREATMENT OF COMPLICATIONS 
Neurologic Complications 


Encephalopathy is a consistent clinical feature of ALF but in 
most patients few treatments are directed specifically to its man- 
agement. The main exception is in patients with subacute liver 
failure, who may benefit from the standard measures used in 
patients with chronic liver disease, including lactulose and non- 
absorbable oral antibiotic therapy. Experimental approaches 
with branched-chain amino acids, the benzodiazepine antago- 
nist flumazenil, and extracorporeal liver support devices (see 
later) have not resulted in a survival benefit and are not widely 
used. Therefore, the management of the encephalopathy is 
essentially that of the underlying liver disease. Protection of 
the patient’s airway as encephalopathy progresses is important, 
and endotracheal intubation and mechanical ventilation are 
indicated once grade 3 encephalopathy develops. At this point, 
adequate analgesia and sedation are required, and propofol 
and fentanyl have been suggested as an appropriate combina- 
tion.** In addition, propofol decreases the risk of seizure activ- 
ity, which is frequently unrecognized in these patients. At this 
point, additional measures to reduce the risk of cerebral edema 
should be instituted, including measures to control circulating 
ammonia concentration and treatment of pyrexia.’ Nursing 
practice includes minimization of tactile stimuli and movement, 
elevation of the head to 20 to 30 degrees, and avoidance of rota- 
tion of the neck. 

The main neurologic complication amenable to therapy is 
cerebral edema. Mannitol has been the mainstay of treatment 
of increased intracranial pressure, but hypertonic saline is now 
considered to be an alternative first-line therapy. These solutions 
act in part by increasing serum osmolality and reducing astrocyte 
swelling in the brain. The rapidity of the response to mannitol, 


however, suggests that it also functions by improving cerebral 
blood flow. A rapidly delivered bolus of 0.25 to 0.5 mg/kg is rec- 
ommended to obtain the maximal diuretic effect, which in anuric 
patients is achieved by manipulating the rate of fluid removal 
through hemofiltration. This process is repeated as determined 
by the pattern of clinical relapses until the serum osmolality 
exceeds 320 mOsm.°* Hypertonic saline has the advantage over 
mannitol of also increasing blood pressure. The induction of 
hypernatremia (serum sodium 145 to 155 mmol/L) by contin- 
uous infusion of hypertonic saline solution has been shown to 
reduce intracranial pressure in a randomized controlled trial and 
has a prophylactic role in patients with severe encephalopathy.*? 
Bolus therapy with hypertonic saline (200 mL of a 2.7% or 20 
mL of a 30% solution) is often effective in controlling surges in 
intracranial pressure. 

Second-line therapeutic interventions have been described 
once the osmotic approach ceases to be effective in controlling 
intracranial pressure. Although little evidence exists that any of 
these interventions independently improves survival, they can 
be effective bridges to LT. Hyperventilation to reduce arterial 
pCO) and control cerebral hyperemia can limit surges in intra- 
cranial pressure, but potentially at the cost of reducing cerebral 
blood flow, and should probably only be used as an emergency 
measure.°® Induction of moderate hypothermia (core body tem- 
perature reduced to 32°C to 33°C) showed promise in case series 
but has been shown in a randomized controlled trial to have no 
advantage above management at 36°C and is reserved for the 
treatment of elevated intracranial pressure that is refractory to 
other measures.© Other more historic measures include pheno- 
barbital (or sodium thiopental) and IV indomethacin.** Hepa- 
tectomy is occasionally considered as a final act of desperation 
because it predictably secures a period of improvement that lasts 
up to 18 to 24 hours. This strategy is usually undertaken to buy 
time when a potential donor organ has been identified for trans- 
plantation.°*°! 

Direct intracranial pressure monitoring is controversial and 
has not been subjected to clinical trials. The advantages of early 
detection of increases in intracranial pressure and the eligibil- 
ity to optimize therapeutic intervention were considered to be 
significant when the frequency of cerebral edema was as high as 
70% and the attendant mortality was also high. This perspec- 
tive has changed with the dramatic reduction in the frequency of 
cerebral edema and its now limited contribution to death. The 
risk of intracranial hemorrhage and the absence of evidence of 
improved survival were arguments advanced against the routine 
use of direct intracranial pressure monitoring. Reports of its use 
in the 2010s have suggested a low rate of hemorrhagic complica- 
tions but no association with improved survival. Refinements 
in case selection for its use have focused on patients who have 
evidence of susceptibility to cerebral edema based on noninvasive 
risk stratification and/or are being considered for LT. Clinical 
risk factors for cerebral edema include young age, a hyperacute 
presentation, the requirement for vasopressor support, and the 
presence of sustained high levels of arterial ammonia.®.°+ When 
intracranial pressure monitors are placed, monitoring should 
continue for 24 hours after LT, or longer if early graft function 
is impaired. 


Infection 


A major consequence of the immunosuppression of ALF is a 
high frequency of bacterial and fungal infections that often lead 
to progressive multiorgan failure and death (see earlier).°° The 
classic clinical indicators of infection may be seen with SIRS, 
and detection of infection relies on a high level of clinical sus- 
picion and close microbiological surveillance. Encephalopathy 
at the time of admission and the presence of SIRS are signifi- 
cant predictors of bacteremia. Early clinical trials of prophylactic 


antibiotics demonstrated that systemic antibiotics reduce the fre- 
quency of culture-positive bacterial infection by half but at the 
cost of an increase in detection of highly resistant organisms. 
Furthermore, the reduction in infection rates was not accompa- 
nied by a significant improvement in major clinical outcomes, 
including rates of mortality and LT, or economic benefit (e.g., 
reduced duration of stay in an ICU or in the hospital). Similarly, 
small bowel decontamination has not been effective in altering 
the pattern of infection observed. 

The standard principles of preventing infection apply to 
patients with ALF. The sites of infection and the causative organ- 
isms are similar to those for other critically ill patients, and the 
choice of antibiotics should reflect institutional antibiotic policy 
rather than the cause of the patient’s illness.’ The use of pro- 
phylactic systemic antifungal therapy has not been subjected to 
formal assessment but should be considered in patients with rec- 
ognized risk factors (e.g., renal failure, severe cholestasis, previ- 
ous or concomitant immunosuppressive therapy, prior LT). The 
justification for this recommendation is the difficulty in detecting 
systemic fungal sepsis and the adverse implications for candidacy 
for LT if a diagnosis of systemic fungal infection is made. As 
for bacterial infections, the specific antifungal regimen adopted 
is generic to critically ill patients. Susceptibility to infection is 
another complication of ALF that persists after LT, and the treat- 
ment plan should be extended into this phase of management. 


Hemodynamic Instability and Hypoxemia 


Most patients with ALF develop systemic vasodilatation with 
reduced effective central blood volume. Prompt restoration of 
circulating volume is the key initial step in addressing hemody- 
namic instability, although the choice of fluid varies based on the 
patient’s biochemical status and clinical circumstance. There is 
no evidence to recommend use of one specific formulation above 
others, but selection should avoid inducing or worsening hypona- 
tremia from dextrose solutions, hyperchloremia from saline solu- 
tions, or elevation of the serum lactate level from lactated Ringer’s 
solution. In patients who remain hypotensive despite fluid admin- 
istration, vasopressor or inotropic therapy may be required, 
guided by invasive hemodynamic monitoring. Norepinephrine 
is the commonly preferred vasoconstrictor therapy, supported, 
as required, by concurrent low-dose vasopressin infusion.°* The 
choice of inotropic therapy is guided by the clinical setting, par- 
ticularly in patients in whom adrenal insufficiency is identified. In 
general, epinephrine is not the first choice because it can worsen 
hyperlactatemia. Some patients with ALF may have a degree of 
adrenal insufficiency that may contribute to hemodynamic insta- 
bility. In those patients supplemental hydrocortisone may reduce 
vasopressor requirements but carries the usual risks from immu- 
nosuppression and has not been shown to improve survival.** 

The need for airway protection is the usual indication for 
intubation and initiation of controlled mechanical ventilation. 
Thereafter, hypoxemia and increasing oxygen requirements are 
uncommon but may develop secondary to atelectasis, infection, 
fluid overload, hemorrhage, or any combination of these factors. 
Early acute respiratory distress syndrome is occasionally seen, 
particularly in patients with acetaminophen-related ALF, and is 
associated with preintubation aspiration. SIRS, pancreatitis, or 
cerebral edema.°*.’ Pleural effusions are more typically encoun- 
tered in patients with subacute liver failure. It has been suggested 
that raised intra-abdominal pressure frequently compromises 
pulmonary function in patients with ALF and should be moni- 
tored routinely (see Chapter 11). 

There are a number of potential conflicts between the opti- 
mal management of pulmonary complications and the control of 
intracranial hypertension and cerebral edema. Endotracheal suc- 
tion may trigger surges in intracranial pressure, but effective air- 
way toilet is a priority in protecting the lungs from infection and 
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should be managed by effective sedation. Positive end-expiratory 
pressure could impair cerebral venous drainage but in practice 
appears to be well tolerated in patients with severe encephalopa- 
thy at risk of cerebral edema. 


Acute Kidney Injury 


Initial approaches to evolving AKI in patients with ALF do not 
differ from those applied to other critically ill patients and rec- 
ognize that these patients often have evidence of a significant 
reduction in circulatory volume (see Chapter 94). An early fluid 
challenge is indicated in patients with oliguria or biochemical 
evidence of renal dysfunction with the aim of rapidly correct- 
ing hypotension and restoring renal perfusion. Secondary renal 
insults are minimized through effective treatment of sepsis, mini- 
mization of nephrotoxic medications, and avoidance of imaging 
procedures that require intravenous contrast. 

Terlipressin is not indicated in patients with hyperacute ALF, 
because the pattern of renal injury is acute tubular necrosis; it 
might in theory be effective for some patients with slowly evolv- 
ing renal injury in subacute ALF, but no data are available to 
support this approach. The metabolic complexity of combined 
liver and renal failure, particularly in relation to hyperlactatemia 
or hyperammonemia, suggests that early intervention with renal 
replacement therapy should be considered. Continuous forms of 
renal replacement are preferred over intermittent hemodialysis 
because they are associated with less hemodynamic instability 
and run a lower risk of aggravating latent or established cerebral 
edema; moreover, high filtration rates may effectively control cir- 
culating levels of ammonia.°*’ Established renal failure usually 
persists after LT, and recovery typically occurs sooner in patients 
with nonacetaminophen etiologies of ALF than in those with 
acetaminophen-induced ALF. 

The coagulopathy of ALF does not provide generally ade- 
quate clinical anticoagulation for extracorporeal circuits, and the 
optimal anticoagulation used for renal replacement therapy is the 
subject of debate. Few data exist to support particular approaches, 
and practices vary among centers. Prostacyclin seems to be well 
tolerated, and some centers report the successful use of regional 
citrate, the use of which mandates close monitoring of free and 
total blood calcium levels because patients with profound hepatic 
insuffiency may have compromised metabolism of the citrate 
load. Anticoagulation with heparin is often reserved for more 
stable patients without thrombocytopenia and requires close 
monitoring of the activated partial thromboplastin time ratio.*® 


Coagulopathy 


Routine prophylactic repletion of coagulation factors seems intu- 
itive but is not indicated.’ Despite often grossly abnormal labo- 
ratory tests of coagulation, functional tests may be remarkably 
normal or even indicate a prothrombotic tendency; spontaneous 
bleeding is actually uncommon in patients with ALF.*” A bal- 
anced, if unstable, picture of hemostasis is often present, resulting 
from the parallel loss of hepatically synthesized pro- and antico- 
agulant factors (see Chapter 94).”° 

An early controlled trial of fresh frozen plasma failed to 
demonstrate an improvement in survival and was thought to be 
detrimental in a minority of patients with a consumptive coagu- 
lopathy. Administration of fresh frozen plasma interferes with the 
use of coagulation studies in assessing prognosis and monitoring 
disease progression and risks inducing fluid overload. 

Prophylactic coagulation support is used more commonly in 
anticipation of major invasive procedures (e.g., insertion of intra- 
cranial pressure monitors) or LT. Coagulation factor support may 
also be indicated in patients who are bleeding and is principally 
targeted at correction of thrombocytopenia or hypofibrinogen- 
emia. It has been suggested that the details of management may 
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be assisted by functional coagulation testing such as thrombo- 
elastography, but this approach has yet to be fully evaluated (see 
Chapter 94). Limited data are available on the utility of recombi- 
nant factor VIIa in ALF, and its use is not common and may be 
associated with an increased risk of thrombosis.** 


Metabolic Disorders 


Hypoglycemia is common in patients with ALF and can be mis- 
taken for the onset of advanced encephalopathy. The symptoms 
and signs of hypoglycemia are often masked, and regular blood 
glucose monitoring is required, with administration of glucose 
as required. Metabolic acidosis is present in 30% of patients 
with ALF after an acetaminophen overdose and has been asso- 
ciated with a particularly high mortality rate. Fluid resuscita- 
tion is first-line therapy, but persistence of acidosis may be an 
indication to initiate hemofiltration. Metabolic acidosis is found 
in 5% of patients with other etiologies of ALF, occurs later in 
the disease process, and is also associated with a poor outcome. 
Hyperlactatemia may reflect both systemic tissue hypoxia and 
increased peripheral production in concert with impaired hepatic 
clearance from the circulation and provides a measure of global 
illness severity. In spontaneously breathing patients with most 
etiologies of ALF, alkalosis is the dominant acid-base abnormal- 
ity and may be associated with hypokalemia. Hyponatremia may 
reflect sodium depletion in patients with vomiting and therefore 
responds to administration of IV saline, or it may be dilutional 
due to excessive antidiuretic hormone secretion or intracellular 
sodium shifts. If severe, it may be an important cofactor in the 
development of cerebral edema. Hypophosphatemia is encoun- 
tered most frequently in acetaminophen-induced ALF when 
renal function is preserved. Close monitoring and replacement 
therapy are appropriate management for hypokalemia, hypo- 
phosphatemia, and hypomagnesemia. 


Nutritional Deficiencies 


Although the standard patient with ALF is often well nourished 
at the onset of the illness, the catabolic process induced by illness 
can be profound. The catabolic rate increases further in patients 
with sepsis and those undergoing LT. Numerous theoretical 
problems, including in tolerance to enteral feeding because of 
an ileus and the potential adverse hepatic effects of parenteral 
nutrition, limit nutritional options. In addition, the content of the 
nutritional supplementation may be influenced by the theoretical 
role of amino acid ratios in mediating encephalopathy, difficulty 
in lipid handling, and the desire to minimize protein in the GI 
tract. 

Enteral nutrition is desirable to help maintain the integrity 
of the small intestinal mucosa, and, in practice, feeding is nor- 
mally commenced within 24 hours of admission to an ICU, with 
goals of 25 to 30 kcal/kg/day and a protein load of 1 to 1.2 g/kg/ 
day. Initial administration should be via an NG tube. Pilot studies 
have shown that parenteral feeding is tolerated considerably bet- 
ter than would be expected from theoretical concerns. Lipid solu- 
tions are effectively cleared from serum, and standard amino acid 


preparations do not appear to have a clinically relevant impact on 
encephalopathy. Protein intake is only restricted for short peri- 
ods of time in selected patients with profound hepatic compro- 
mise and hyperammonemia. Continuous renal support systems 
provide good flexibility with regard to the management of fluid 
loads, and assiduous attention to the maintenance of feeding lines 
keeps the infectious complications within the expected frequency. 


EXTRACORPOREAL LIVER SUPPORT 


Attempts to improve survival in ALF using extracorporeal liver 
support devices extend back to the 1970s but have failed to pro- 
vide evidence of a beneficial effect on survival in mostly small 
studies.”! More recently, a small number of larger randomized 
controlled trials have been conducted, with mixed outcomes. 

ALF was the conventional testing ground for these devices. 
The patient group was attractive because of the rapid progres- 
sion to either death or recovery. Nevertheless, trials of liver sup- 
port devices are complicated by the fact that many patients are 
diverted to LT once a donor organ has been allocated and before 
the response to therapy with the device as a bridge to transplant- 
free survival can be evaluated. Therefore, an additional criterion 
for evaluating the devices evolved in later studies with assessment 
of the ability of the devices to bridge patients to LT. Additional 
challenges in designing trials reflect the heterogeneity of ALF, 
particularly with respect to the capacity for hepatic regeneration. 

The most practical forms of liver support devices do not rely 
on biological components, but rather on techniques of filtration, 
albumin dialysis, or plasma exchange. The most widely used 
device is the Molecular Adsorbents Recyling System (MARS), 
which is based on an albumin dialysis circuit. After a case series 
reported promising effects, a large randomized controlled trial 
was carried out in France, where 110 patients were recruited over 
a 3-year period.” The survival rate was 85% at 6 months in the 
MARS group compared with 76% in the control group. In the 
patients with acetaminophen-related ALF, the survival differen- 
tial was wider at 85% versus 69%, but this difference was not 
statistically significant. The majority of patients, however, were 
listed for LT with a median delay of only 16 hours, and 68% 
of the evaluated cohort received a liver transplant. Although the 
study was negative, the possibility of benefit from MARS could 
not be discounted based on trial design and the confounding 
effect of LT. 

A randomized controlled trail of high-volume plasma exchange 
in ALF has also been reported, with encouraging findings. In this 
study, 182 patients were randomized to standard medical therapy 
or, in addition, 3 days of high-volume plasma exchange.” The 
survival rate was higher, at 59%, in the plasma-exchange group 
than in controls, who had a survival rate of 48%. The benefit 
was confined to transplant-free survival; plasma exchange did not 
improve survival after LT. This study needs to be interpreted 
with caution, because it was conducted over an 11-year period, 
and the findings have yet to be reproduced. 


Full references for this chapter can be found on www.expertconsult.com. 
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Hepatic mass lesions include tumors, tumor-like lesions, abscesses, 
cysts, hematomas, and confluent granulomas. Hepatic tumors may 
originate in the liver—from hepatocytes, bile duct epithelium, or 
mesenchymal tissue—or spread to the liver from primary tumors 
in remote or adjacent organs. In adults in most parts of the world, 
hepatic metastases are more common than primary malignant 
tumors of the liver, whereas in children, primary malignant tumors 
outnumber both metastases and benign tumors of the liver. Except 
for cavernous hemangiomas, benign hepatic tumors are rare in all 
geographic regions and in all age groups. 


MALIGNANT TUMORS 
HCC 
Epidemiology 


HCC is the most common primary malignant tumor of the liver. 
It is the fifth most common cancer in men and the eighth most 
common in women, and it ranks fourth in annual cancer mortal- 
ity rates.'? Information on incidence is derived from an increas- 
ing but still limited number of cancer registries, and it is possible 
to classify countries into broad risk categories only. Moreover, 
in low-income (developing) countries, especially in sub-Saharan 
Africa, HCC is underdiagnosed and underreported, in some 
cases by as much as 50%. Despite these sources of inaccuracy, 
HCC clearly has an unusual geographic distribution (Fig. 96.1). 


Hepatic Tumors and Cysts 


The incidence of HCC has increased considerably in Japan since 
the 1980s, and lesser increases have been recorded in devel- 
oped Western countries, including North America and Western 
Europe.’ Interestingly, a study from Japan has shown that the 
rate of HCC began to decline in 2000, presumably because of 
the aging of the cohort of persons infected with HCV.* A simi- 
lar downward trend has been noted in some European countries, 
including France and Italy.’ By contrast, in the USA, HCC is the 
cancer that has been increasing in incidence most rapidly since 
2000, at a time when the incidence of other major cancers such 
as cancers of the lung, breast, prostate, and colon is decreasing.° 
Considerable racial and ethnic variation exists in the incidence of 
HCC in the USA. The incidence among Asians is highest, almost 
double that of white Hispanics and more than 4 times higher than 
that of whites.’ 

Migrants from countries with a low incidence to areas with a 
high incidence of HCC usually retain the low risk of their coun- 
try of origin, even after several generations in the new environ- 
ment. The consequences for migrants from countries with a high 
incidence to those with a low incidence differ, depending on the 
major risk factors for the tumor in their country of origin and 
whether chronic HBV infection, if this is the major risk factor, is 
acquired predominantly by the perinatal or horizontal route (see 
later and Chapter 79). 

Men are generally more susceptible than women to HCC. 
Male predominance is, however, more obvious in populations at 
high risk for the tumor (mean male-to-female ratio, 3.7:1) than in 
those at low or intermediate risk (2.4:1).!? In industrialized coun- 
tries, the number of men and number of women with HCC in the 
absence of cirrhosis is almost equal. 

The incidence of HCC increases progressively with advanc- 
ing age in all populations, although it tends to level off in the 
oldest age groups.!” In Chinese and particularly in black African 
populations, however, the mean age of patients with the tumor 
is appreciably younger than in other populations. This finding 
is in sharp contrast to the age distribution in Japan, where the 
incidence of HCC is highest in the cohort of men 70 to 79 years 
of age.t HCC is rare in children. 10-1! 


Etiology and Pathogenesis 


In contrast to many other malignancies, for which risk factors can 
only sometimes be identified, the immediate cause of HCC can 
usually be identified and is most commonly chronic viral hepatitis 
or cirrhosis. HCC is multifactorial in cause and complex in patho- 
genesis. Four major causative factors have been identified (Box 
96.1). The differing blend of risk factors in various parts of the 
world may explain, in part, the diverse biological characteristics of 
HCC in various populations. !? 


HBV 

Some 387 million carriers of HBV exist in the world today, and 
HCC will develop in as many as 25% of them (see Chapter 79). 
HBV infection accounts for up to 80% of HCCs, which occur 
with high frequency in East Asian and African populations.!?-1° 
Persistent HBV infection antedates the development of HCC 
by several to many years, an interval commensurate with a 
cause-and-effect relationship between the virus and the tumor. 
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Fig. 96.1 Incidence of HCC in different parts of the world. High, age-adjusted rate of more than 15 
cases/100,000 population/yr; intermediate, age-adjusted rate of 5-15 cases/100,000/yr; low, age-adjusted 


rate of fewer than 5 cases/100,000/yr. 


BOX 96.1 Risk Factors for HCC 


MAJOR RISK FACTORS 


Chronic HBV infection 

Chronic HCV infection 

Cirrhosis 

NAFLD 

OTHER LIVER CONDITIONS 

a.4-Antitrypsin deficiency 

Hemochromatosis 

Membranous obstruction of the inferior vena cava 
Type 1 and type 2 glycogen storage disease 


Type 1 hereditary tyrosinemia 
Wilson disease 


INHERITED CONDITIONS NOT ASSOCIATED WITH LIVER 
DISEASE 

Ataxia-telangiectasia 

Hypercitrullinemia 

OTHER FACTORS 

Cigarette smoking 

Diabetes mellitus 

Dietary exposure to aflatoxin B4 

Oral contraceptive steroid use 


Indeed, in at-risk populations, the HBV carrier state is largely 
established in early childhood by perinatal or horizontal infec- 
tion.!+!5 Approximately 90% of children infected at this stage of 
life become chronic carriers of the virus, and these early-onset 
carriers face a lifetime relative risk for developing HCC of more 
than 100 compared with uninfected controls.!° 

An effective vaccine against HBV has been available since 
the early 1980s, and in countries where this vaccine has been 
included in the expanded program of immunization for a suffi- 
cient length of time, the HBV carrier rate among children has 
decreased by 10-fold or more. Studies in Taiwan, where universal 


immunization was started in 1984 and where the rate of HBV 
carriage among children has decreased by more than 10-fold, 
have shown a 70% reduction in the mortality rate from HCC 
in children in the vaccinated age groups.'’ This finding gives 
promise for the ultimate eradication of HBV-induced HCC and 
provides further evidence of the causal role of the virus in the 
development of this tumor. 

The precise mechanism by which HBV results in HCC is 
not known; however, the virus appears to be both directly and 
indirectly carcinogenic.'* HBV DNA is integrated into cellular 
DNA in approximately 90% of HBV-related HCCs.!'! The sites 
of chromosomal insertion appear to be random, and whether viral 
integration is essential for hepatocarcinogenesis is still uncertain. 
Possible direct carcinogenic effects include cis-activation of cel- 
lular genes as a result of viral integration, changes in the DNA 
sequences flanking the integrated viral DNA, transcriptional acti- 
vation of remote cellular genes by HBV-encoded proteins (par- 
ticularly the X protein), and effects resulting from viral mutations. 
The transcriptional activity of the HBV X protein may be medi- 
ated by interaction with specific transcription factors, activation 
of the mitogen-activated protein kinase and Janus kinase/signal 
transducer and activator of transcription (JAK/S TAT) pathways, 
an effect on apoptosis, and modulation of DNA repair. Studies 
have shown a clear link between the amount of HBV replication 
(measured as serum level of HBV DNA [viral load]) and subse- 
quent risk of HCC. The long-term risk of HCC increases mark- 
edly in patients with serum HBV DNA levels higher than 10* 
copies/mL.!? A randomized controlled trial of antiviral therapy 
has also shown a reduction in the incidence of HCC in associa- 
tion with reductions in serum levels of HBV DNA during therapy 
(see later), although other studies have not been able to confirm 
this benefit. !* 

Indirect carcinogenic effects are the result of the chronic necro- 
inflammatory hepatic disease, in particular cirrhosis, induced by 
the virus. The increased hepatocyte turnover rate resulting from 
continuous or recurring cycles of cell necrosis and regenera- 
tion acts as a potent tumor promoter. In addition, the distorted 
architecture characteristic of cirrhosis contributes to the loss of 
control of hepatocyte growth, and hepatic inflammation gener- 
ates mutagenic reactive oxygen species. Data from the REVEAL 


(Risk Evaluation of Viral Load Elevation and Associated Liver 
Disease/Cancer)-HBV study in Taiwan have shown that geno- 
type C of HBV and specific alleles of the basal core promoter and 
precore regions of the HBV genome are associated with a higher 
risk of HCC,! whereas in Alaska, genotype F has been more 
strongly associated with HCC.!° The transgenic mouse model 
of Chisari and coworkers has provided indirect support for the 
role of prolonged hepatocyte injury in hepatocarcinogenesis.!’ 
The REACH-B (Risk Estimation for Hepatocellular Carcinoma 
in Chronic Hepatitis B) score provides a simple-to-use tool for 
risk estimation for HCC among individuals with chronic HBV 
infection and includes gender, age, serum ALT level, hepatitis B 
e antigen status, and serum HBV DNA level.!° 


HCV 

Approximately 71 million people in the world today are chroni- 
cally infected with HCV and are at greatly increased risk for 
the development of HCC. In Japan, Italy, and Spain, HCV is 
the single most common etiologic factor for HCC, and in other 
industrialized countries, HCV infection, often in combination 
with alcohol abuse, has emerged as a major cause of the malig- 
nancy.®.!® Patients with HCV-induced HCC generally are older 
than those with HBV-related tumors, and the HCV infection is 
likely acquired mainly in adult life. 

Almost all HCV-induced HCCs arise in cirrhotic livers, and 
most of the exceptions are in livers with chronic hepatitis and 
fibrosis. This observation strongly suggests that chronic hepatic 
parenchymal disease plays a key role in the genesis of HCV- 
related tumors. Because the HCV genome does not integrate into 
host DNA, the virus would have to exert a direct carcinogenic 
effect by some other means. 

Long-term follow-up of a large group of patients with chronic 
hepatitis C and cirrhosis or bridging fibrosis found a cumula- 
tive 5-year frequency of HCC of just over 5%. The rate was 
higher among those with cirrhosis (7.0%) than those with bridg- 
ing fibrosis at baseline (4.1%).?° A multivariate analysis model 
showed that older age, black race, lower platelet count, presence 
of esophageal varices, and smoking were additional risk factors. 

It has become apparent that successful treatment of chronic 
HCV infection, with a sustained virologic response (see Chapter 
80), is associated with regression of hepatic fibrosis and a lower- 
than-expected rate of HCC.!%!? Modern DAAs have increased 
the rate of viral cure, although HCC may still occur in a cirrhotic 
patient after treatment has eliminated HCV!’??’* Long-term 
maintenance therapy with peginterferon was not successful in 
preventing HCC in patients with chronic hepatitis C.7*-6 


Cirrhosis 

In all parts of the world, HCC frequently occurs against a back- 
ground of cirrhosis.”’ All causative forms of cirrhosis may be com- 
plicated by tumor formation. A long-term follow-up study of 2126 
U.S. military veterans with cirrhosis found that HCC developed 
in 100 (4.7%) over an average period of 3.6 years.”’ The calculated 
rate was 1.3/100 patient-years. Risk factors for HCC included 
obesity, a low platelet count, and the presence of antibody to hepa- 
titis B core antigen. A similar study from Italy found an incidence 
of HCC of 3.7/100 patient-years among cirrhotic persons with 
HCV infection and 2.0/100 patient-years among persons with 
HBV infection. Older age and male gender were confirmed as risk 
factors among patients with cirrhosis.*° By contrast, a study from 
Denmark of more than 8000 patients with alcohol-associated cir- 
rhosis found a 5-year cumulative risk of HCC of 1.0, suggesting 
that perhaps patients with this form of cirrhosis were at lower risk 
of HCC than, for example, those with HCV-related cirrhosis.’* 


Aflatoxin B, 
Dietary exposure to aflatoxin By, derived from the fungi Aspergillus 
flavus and Aspergillus parasiticus, is an important risk factor for 
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HCC in parts of Africa and Asia. These molds are ubiquitous in 
nature and contaminate staple foodstuffs in tropical and subtropi- 
cal regions (see Chapter 89). Epidemiologic studies have shown 
a strong correlation between the dietary intake of aflatoxin Bı 
and incidence of HCC.” Moreover, aflatoxin B; and HBV inter- 
act synergistically in the pathogenesis of HCC. Heavy dietary 
exposure to aflatoxin By may contribute to hepatocarcinogenesis 
through an inactivating mutation of the third base of codon 249 
of the TP53 tumor suppressor gene.?”:>! 


Other Conditions 

HCC develops in as many as 45% of patients with untreated 
hemochromatosis (see Chapter 75). Malignant transformation 
was previously thought to occur only in the presence of cirrhosis 
(and is certainly more likely to do so), but this complication also 
has been reported in patients without cirrhosis.’ Excessive free 
iron in tissues may be carcinogenic, perhaps by generating muta- 
genic reactive oxygen species.*+ Further support for this theory 
comes from the observations that black Africans with dietary iron 
overload are at increased risk of HCC* and that rats fed a diet high 
in iron develop iron-free dysplastic foci and HCC in the absence 
of cirrhosis.*° HCC occasionally develops in patients with Wilson 
disease, but only in the presence of cirrhosis (see Chapter 76).*” 
Malignant transformation has been attributed to the cirrhosis but 
may also result from oxidant stress secondary to the accumula- 
tion of copper in the liver.’ HCC also may develop in patients 
with other inherited metabolic disorders that are complicated by 
cirrhosis, such as o,-antitrypsin deficiency and type 1 hereditary 
tyrosinemia, and in patients with certain inherited diseases in the 
absence of cirrhosis—for example, type 1 glycogen storage disease 
(see Chapter 77). HCC develops in approximately 40% of patients 
with membranous obstruction of the inferior vena cava, a rare con- 
genital or acquired anomaly (see Chapter 85). 

The roles of obesity, diabetes mellitus, and NAFLD have 
come to be recognized in the causation of HCC,??*+! although the 
mechanisms whereby these overlapping conditions contribute 
to the development of HCC are unknown. Cirrhosis caused by 
NASH appears to give rise to HCC less frequently than cirrho- 
sis caused by HCV but nevertheless appears to carry significant 
risk.” Diabetes mellitus is also a risk factor for HCC, although it 
is not clear if the risk is independent of NAFLD or not.*! 

A statistically significant correlation between the use of oral 
contraceptive steroids and the occurrence of HCC has been dem- 
onstrated in countries in which the incidence of HCC is low and 
no overriding risk factor for development of the tumor is present. 
Epidemiologic evidence of a link between cigarette smoking and 
the occurrence of HCC is conflicting, although most of the evi- 
dence suggests that smoking is a minor risk factor”; heavy smok- 
ers have an approximately 50% higher risk than nonsmokers. 
The incidence of HCC is increased in patients with HIV infec- 
tion compared with controls in the general population, presum- 
ably because of the increased rate of chronic viral hepatitis in the 
HIV-positive population. 

Although the aforementioned risk factors have been identi- 
fied, the precise mechanisms whereby they lead to HCC still 
need to be elucidated. Multiple cellular pathways are involved in 
causing unconstrained proliferation of hepatocytes and increased 
angiogenesis against a background of chronic liver disease. These 
pathways have become the targets for new molecular therapies 
against HCC (Box 96.2) (see later).*5 


Clinical Features 


Although the typical clinical features of HCC are well recog- 
nized (including abdominal pain and weight loss in patients 
with cirrhosis), many patients are now diagnosed at an early 
stage when they have no specific symptoms or signs. This trend 
toward earlier diagnosis is probably the result of surveillance 
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BOX 96.2 Key Molecular Pathways Involved in 
Hepatocarcinogenesis 


PART IX Liver 


Angiogenic signaling 

Epigenetic promoter methylation and histone acetylation 
Growth factor-stimulated receptor tyrosine kinase 
JAK/STAT signaling 

PI3-kinase/AKT/mTOR 

p53 and cell cycle regulation 


Ubiquitin-proteasome 
Wnt/B-catenin 


JAK/STAT, janus kinase/signal transducer and activator of transcription; 
mTOR, mechanistic (or mammalian) target of rapamycin. 

Adapted from Roberts L. Emerging experimental therapies for 
hepatocellular carcinoma: what if you can’t cure? In: McCullough A, 
editor. AASLD Postgraduate Course, 2007. Boston: AASLD; 2007. 
p 185. 


TABLE 96.1 Symptoms and Signs of HCC 


Symptom Frequency (%) 
Abdominal pain 59-95 
Weight loss 34-71 
Weakness 22-53 
Abdominal swelling 28-43 
Nonspecific GI symptoms 25-28 
Jaundice 5-26 
SIGN 

Hepatomegaly 54-98 
Ascites 35-61 
Fever 11-54 
Splenomegaly 27-42 
Wasting 25-41 
Jaundice 4-35 
Hepatic bruit 6-25 


programs in patients with chronic liver disease (see later). In 
advanced disease, patients with HCC usually present with typi- 
cal symptoms and signs, and diagnosis is straight forward. In 
addition, HCC often coexists with cirrhosis,° and the onset of 
HCC is marked by a sudden unexplained change in the patient’s 
condition. 

Patients with HCC often are unaware of its presence until the 
tumor has reached an advanced stage. The most common (and 
frequently first) symptom is right hypochondrial or epigastric 
pain. Other symptoms are listed in Table 96.1. 

Physical findings vary with the stage of disease (see Table 
96.1). Early in the course, evidence of cirrhosis alone may be 
present, or abnormal findings may be absent. When the tumor 
is advanced at the time of the patient’s first medical visit, the 
liver is almost always enlarged, sometimes massively. Hepatic 
tenderness is common and may be profound, especially in 
the later stages. The surface of the enlarged liver is smooth, 
irregular, or frankly nodular. An arterial bruit may be heard 
over the tumor“; the bruit is heard in systole, rough in char- 
acter, and not affected by changing the position of the patient. 
Although not pathognomonic, a bruit is a useful clue to the 
diagnosis of HCC. Less often, a friction rub may be heard 
over the tumor, but this sign is more characteristic of hepatic 
metastases or abscesses. 


BOX 96.3 Paraneoplastic Manifestations Associated with HCC 


Carcinoid syndrome 
Hypercalcemia 

Hypertension 

Hypertrophic osteoarthropathy 
Hypoglycemia 

Neuropathy 

Osteoporosis 

Polycythemia (erythrocytosis) 
Polymyositis 

Porphyria 

Sexual changes —isosexual precocity, gynecomastia, feminization 
Thyrotoxicosis 
Thrombophlebitis migrans 
Watery diarrhea syndrome 


Ascites may be present when the patient is first seen or may 
appear with progression of the tumor. In most patients, ascites 
is the result of long-standing cirrhosis and portal hypertension 
(see Chapter 93), but in some cases it is caused by invasion of the 
peritoneum by the primary tumor or metastases or obstruction of 
the hepatic veins or superior vena cava.** The ascitic fluid may be 
blood stained. Splenomegaly, if present, reflects coexisting cir- 
rhosis and portal hypertension. 

Physical evidence of cirrhosis may also be noted. Severe pit- 
ting edema of the lower extremities extending up to the groins 
occurs when HCC has invaded the hepatic veins and propagates 
into and obstructs the inferior vena cava.** A Virchow-Trosier 
(supraclavicular) node, Sister Mary Joseph’s (periumbilical) nod- 
ule, or enlarged axillary lymph node is rarely present. 


Paraneoplastic Manifestations 

Some of the deleterious effects of HCC are not caused by local 
effects of the tumor or metastases (Box 96.3). Each of the paraneo- 
plastic syndromes in HCC is rare or uncommon. One of the more 
important is type B hypoglycemia, which occurs in less than 5% 
of patients, manifests as severe hypoglycemia early in the course 
of the disease,’ and is believed to result from the defective pro- 
cessing by malignant hepatocytes of the precursor to insulin-like 
growth factor II (pre-IGF II).*’ By contrast, type A hypoglycemia 
is a milder form of glycopenia that occurs in the terminal stages of 
HCC (and other malignant tumors of the liver). It results from the 
inability of a liver extensively infiltrated by tumor, and often cir- 
rhotic, to satisfy the demands for glucose by a large, often rapidly 
growing tumor and by the other tissues of the body. 

Another important paraneoplastic syndrome is polycythemia 
(erythrocytosis), which occurs in less than 10% of patients with 
HCC.” This syndrome appears to be caused by the synthesis of 
erythropoietin or an erythropoietin-like substance by malignant 
hepatocytes. 

Patients with HCC, especially the sclerosing variety, may 
present with hypercalcemia in the absence of osteolytic metas- 
tases. When hypercalcemia is severe, it may result in the typical 
complications of hypercalcemia, including drowsiness and leth- 
argy. The probable cause is secretion of parathyroid hormone- 
related protein by the tumor.>! 

Cutaneous paraneoplastic manifestations of HCC are rare 
except for pityriasis rotunda (circumscripta), which may be a useful 
marker of the tumor in black Africans. ‘The rash consists of single 
or multiple, round or oval, hyperpigmented, scaly lesions on the 
trunk and thighs that range in diameter from 0.5 to 25 cm.” 


Diagnosis 


The gold standard for the diagnosis of HCC is pathology. 
For practical purposes (i.e., to apply treatment), HCC can be 


diagnosed in the presence of an abnormality on imaging of the 
liver. Dysplastic nodules and even regenerative cirrhotic nodules 
can be seen on imaging studies and are potentially confused with 
HCC. Although enhancement patterns with dynamic imaging of 
dysplastic nodules and HCC are fairly specific (see later), some 
overlap occurs.°*°+ Nevertheless, there is a growing consensus 
that, based on guidelines from the major European and American 
hepatology societies and now backed by published experience, 
the diagnosis of HCC can be made in the appropriate clinical 
setting on the basis of specific imaging characteristics, with or 
without an elevated serum AFP level.°+>” 


Serum Tumor Markers 

Serum tumor markers generally are not diagnostic for HCC by 
themselves but can be used in conjunction with imaging findings 
to diagnose HCC. Additionally, they may raise the suspicion of 
HCC and lead to more sensitive and serial imaging of the liver. 
Conventional liver biochemical tests do not distinguish HCC 
from other hepatic mass lesions or cirrhosis. 

Many of the substances synthesized and secreted by HCC are 
not biologically active. Nevertheless, a few are produced by a suf- 
ficiently large proportion of tumors to warrant their use as serum 
markers for HCC. The most helpful of these markers is AFP. 


AFP 

AFP is an y-globulin normally present in high concentrations in 
fetal serum but in only minute amounts thereafter. Reappearance 
of high serum levels of AFP strongly suggests the presence of 
HCC (or hepatoblastoma [see later]),** especially in populations 
at risk for HCC. 

Measurement of AFP can potentially be used for the diagnosis 
of HCC, surveillance, and prognostication. With regard to diag- 
nosis, existing guidelines are based on biopsy or liver imaging and 
do not require use of AFP. Clearly, markedly elevated AFP levels 
(10,000 ng/mL to > 1,000,000 ng/mL) can be considered diag- 
nostic for HCC in an appropriate clinical context. Although there 
is no specific diagnostic cutoff, values above 400 ng/mL in associa- 
tion with a liver mass can be considered diagnostic in most cases.°” 

In the context of surveillance for HCC, the tumor must be 
detected at an early stage when potentially curative treatment 
can still be applied. Measurement of AFP has been used for early 
diagnosis but with sometimes disappointing results. For example, 
Marrero and colleagues studied a large group of patients with 
HCC and matched controls and found that the optimal cutoff 
value of serum AFP level that resulted in the greatest sensitivity 
was 10.9 ng/mL,; still, the sensitivity of the test using this value 
was only 66%.°° Therefore, routine use of AFP as part of a sur- 
veillance program for HCC remains controversial.°! 

Serum AFP levels appear to have some prognostic utility, par- 
ticularly with regard to LT, for which levels above 1000 ng/mL 
have been associated with poorer outcomes and higher rates of 
tumor recurrence. An AFP level higher than about 500 ng/mL 
predicts worse outcomes with LT compared with lower levels.°? 
Attempts to correlate the degree of differentiation of HCC with 
production of AFP have produced conflicting results. 

False-positive AFP results (for HCC) also may occur in 
patients with tumors of endodermal origin, non-seminomatous 
germ cell tumors, pregnancy, and regenerating livers in the set- 
ting of ALF. A progressively rising serum AFP concentration is 
highly suggestive of HCC. Because both false-positive and false- 
negative results are obtained when AFP is used as a serum marker 
for HCC, the search for an ideal marker continues; however, 
alternative markers have not proved to be more useful than AFP. 


Fucosylated AFP 

AFP is heterogeneous in structure. Its microheterogeneity results 
from differences in the oligosaccharide side chain and accounts 
for the differential affinity of the glycoprotein for lectins. AFP 
secreted by malignant hepatocytes contains unusual and complex 
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sugar chains that are not found in AFP produced by non-trans- 
formed hepatocytes. One variant, Lens culinaris agglutinin 
reactive fraction (AFP-L3), has been suggested to improve the 
specificity of AFP, particularly AFP serum levels from 10 to 200 
ng/mL.®-6t The recommended cutoff value for AFP-L3 to diag- 
nose HCC is higher than 10%, although the specificity varies 
depending on the absolute level of AFP. Studies have not con- 
firmed that AFP-L3 has greater sensitivity or specificity than AFP 
alone for the diagnosis of early HCC.%:°3 Therefore, AFP-L3 is 
not sufficiently validated to confirm the diagnosis of HCC with- 
out other supporting findings, such as suggestive imaging. 


Des-y-Carboxy Prothrombin 

Serum concentrations of des-y-carboxy prothrombin (DCP) 
(also known as prothrombin produced by vitamin K absence or 
antagonist II) are raised in most patients with HCC. DCP is an 
abnormal prothrombin that is thought to result from a defect in 
the post-translational carboxylation of the prothrombin precur- 
sor in malignant cells.°° DCP has been suggested to be a bet- 
ter marker than, or at least complementary to, AFP.°”~°’ A large 
study in Western patients with HCV-related cirrhosis, however, 
did not confirm this finding.” Therefore, because appropriate 
diagnostic cutoff values are not well established, the precise role 
of DCP in the diagnosis of HCC still requires validation. 


Other Markers 

Multiple other potential serum markers for HCC have been iden- 
tified, although none of them has an established high-through- 
put method of measurement, as required for a clinical test. The 
roles in the diagnosis of HCC for markers such as glypican-3 
(GPC3), Golgi protein 73, hepatocyte growth factor, IGF 1, and 
transforming growth factor-B1 await further study. 


Imaging 
The diagnosis of HCC generally requires imaging evidence of 
a focal lesion in the liver, although large infiltrating lesions can 
also be diagnostic. Arterial hyperenhancement, particularly seen 
on dynamic contrast imaging of the liver, is observed because the 
blood supply of HCC comes from newly formed abnormal arter- 
ies (neoangiogenesis).°*»”!:’? As a nodule transforms from low- to 
high-grade dysplasia and then to HCC, the primary blood supply 
shifts from portal to arterial; new abnormal arterial branches pro- 
duce characteristic findings on dynamic contrast imaging of the 
liver and subsequent hypoenhancement in the portal venous and 
delayed phases (“washout”).°””> European and American liver soci- 
eties recommend that a noninvasive diagnosis of HCC can be made 
in a nodule greater than 1 cm in diameter that demonstrates arte- 
rial hyperenhancement and portal venous or delayed washout.’+7° 
The American College of Radiology created and updated the 
Liver Imaging Reporting and Data System (LI-RADS), which 
attempts to classify liver nodules based on size and imaging charac- 
teristics on CT or MRI” and has been adapted as the terminology 
to be used for patients on the UNOS transplant list. The LI-RAD 
categories assist the clinician in assessing the risk that a nodule is 
HCC, with LI-RAD 3 being intermediate risk, LI-RAD 4 probable 
HCC, and LI-RAD 5 definite HCC. The individual criteria for LI- 
RADS have been validated in prospective and retrospective cohort 
studies, but the system as a whole has not been fully validated’? and 
some studies show little difference between LI-RAD 4 and LI-RAD 
5 nodules less than 2 cm in diameter if identified initially on US.” 


US 

US detects most HCCs but may not distinguish this tumor from 
other solid lesions in the liver. Therefore, US is a more effec- 
tive as a tool for screening than for diagnosis. As with all imag- 
ing methods, the sensitivity increases with increasing size of the 
lesion. A systematic review of 8 studies using histologic reviews 
of liver explants has shown that US has fair sensitivity (pooled 
estimate, 48%; 95% confidence interval [CI], 34% to 62%) with 
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Arterial 


Noncontrast 


Fig. 96.2 Dynamic CT of a patient with HCC showing no lesion in the 
noncontrast phase, an enhancing lesion in the right lobe of the liver in 
the arterial phase of contrast administration (arrow), and a faint lesion in 
the portal venous phase, seen better in the delayed phase. 


good specificity (97%; 95% confidence interval [CI], 95% to 
98%).>+ Advantages of US include safety, availability, and cost- 
effectiveness. Drawbacks include lack of standardization, examiner 
dependence, and limited sensitivity with certain body habituses, 
particularly obesity, and with fatty infiltration of the liver. 

The US appearance of HCC is variable because it is influ- 
enced by the presence of fat, hemorrhage, and necrosis. Smaller 
tumors (<5 cm) are most often hypoechoic and may demonstrate 
a thin peripheral fibrous capsule. Small HCCs can also be uni- 
formly hyperechoic and therefore indistinguishable from focal 
fat or a hemangioma. With increased size there is generally 
increased complexity of the nodule.’* Tumors located immedi- 
ately under the right hemidiaphragm may be difficult to detect. 
US with Doppler technology is useful for assessing the patency of 
the inferior vena cava, portal vein and its larger branches, hepatic 
veins, and biliary tract. 

Dynamic contrast-enhanced Doppler US with IV infusion 
of CO, microbubbles viewed with grayscale imaging and color 
Doppler US are refinements that, by characterizing hepatic arte- 
rial and portal venous flow in tumorous nodules, facilitate the 
diagnosis of malignant and benign hepatic nodules.’? These tech- 
niques are generally not performed in the USA, owing to lack of 
approval by the FDA for noncardiac studies. 


CT 

Multiphase (also called dynamic) multidetector CT is the most 
popular imaging technique for the diagnosis of HCC.*+7*.”? In 
order to rely on CT or MRI for the diagnosis of HCC, certain 
technical specifications for imaging equipment, image acquisi- 
tion, and dynamic contrast timing are necessary.?°59 Dynamic 
contrast-enhanced CT can include noncontrast, arterial, por- 
tal venous, and delayed phases. The classic and most diagnostic 
pattern for HCC is a combination of hyperenhancement in the 
arterial phase (with the uninvolved liver lacking enhancement), 
loss of central nodule enhancement compared with the enhanc- 
ing uninvolved liver (washout), and capsular enhancement in 
the portal-venous and delayed phases (Fig. 96.2).7°°! When the 
lesion is larger than 2 cm in diameter, this pattern has almost 
100% specificity for HCC.*!*? When the nodule is 1 to 2 cm, 
a diagnosis of HCC or high-grade dysplastic nodule can be 
made with a specificity greater than 95%.?°**°° CT often finds 


so-called hypervascular-only lesions, which enhance in the arte- 
rial phase and become isodense to the surrounding liver in the 
portal-venous and delayed phases. These lesions may be dysplas- 
tic nodules, arterial-portal shunts, atypical hemangiomas, HCC, 
intrahepatic cholangiocarcinoma, confluent fibrosis, or aberrant 
venous drainage. Only about 30% of nodules less than 2 cm in 
diameter are HCCs. Both HCCs and cholangiocarcinomas grow 
over time, whereas other nodules disappear or remain stable on 
follow-up studies. HCC may also have other patterns on CT, 
such as washout only on delayed imaging, a hypovascular nodule, 
or a fat-containing nodule.*”*’ Guidelines recommend biopsy of 
lesions larger than 1 cm and serial imaging for lesions smaller 
than 1 cm that do not have characteristic arterial enhancement 
and washout.”° Overall, the pooled estimates of sensitivity and 
specificity of CT for detecting HCC are 67.5% (95% CI, 55% to 
80%) and 92.5% (95% CI, 89% to 96%), respectively. Dynamic 
CT is also useful for detecting invasion into the portal or hepatic 
veins and identifying the location and number of tumors; these 
findings are critical for planning treatment (see later). 


MRI 

Dynamic MRI using gadolinium contrast agents (extracellular) 
provides another way of distinguishing HCC from normal liver 
tissue. The performance of MRI and the findings on multiphase 
contrast enhancement are similar or perhaps slightly superior to 
those described for CT (Fig. 96.3). Hyperintensity of a nodule on 
T2-weighted images is specific for HCC.*’’* The pooled esti- 
mates of sensitivity and specificity of MRI for detecting HCC are 
80.6% (95% CI, 70% to 91%) and 84.8% (95% CI, 77% to 93%), 
respectively.°+ Although MRI may be slightly superior overall to 
CT, especially with regard to sensitivity, local expertise and patient 
factors (ability to hold breath in a confined space, presence of large 
amount of ascites and renal function) should dictate the choice of 
imaging technique.** Close attention to technical specifications is 
essential.* Findings using newer techniques that may improve the 
specificity of MRI for HCC, particularly those with atypical vas- 
cular-enhancement patterns, include hyperintensity on diffusion- 
weighted images and lack of enhancement on late images using a 
hepatobiliary-specific contrast agent (gadoxetic acid). LI-RADS 
is widely used as a way of categorizing nodules recognized on CT 
or MRI, in patients at high risk of HCC, as definitely benign, prob- 
ably benign, having an intermediate probability of being HCC, 
probably HCC, and definitely HCC (corresponding to LI-RADS 
categories 1 to 5, respectively) (see earlier).®? 


PET 

Whole-body fluorine-18-fluorodeoxyglucose PET combined 
with CT (PET-CT) may have a role in the evaluation of some 
patients with HCC. The sensitivities of dynamic CT and MRI 
are superior to that of PET-CT. Several retrospective case 
series have shown that high avidity in the primary hepatic 
lesion predicts an increased risk of recurrence after potentially 
curative treatment. Once a diagnosis of HCC is made, staging 
involves imaging of the chest, usually with noncontrast CT, 
and imaging of other areas of the body based on clinical symp- 
toms. Particularly if the tumor within the liver is beyond the 
Milan criteria (see later), either a bone scan or PET-CT can 
sometimes identify an unrecognized extrahepatic metastasis that 
would change the treatment plan. The use of PET-CT in HCC 
needs further study. 


Hepatic Angiography 

Since the advent of CT and MRI, the role of diagnostic hepatic 
angiography has been limited. Digital subtraction angiography 
is helpful for recognizing small hypervascular HCCs but may 
miss hypovascular tumors. Findings in HCC include arteries that 
are irregular in caliber and do not taper in the usual way, with 
smaller branches showing a bizarre pattern and delay in capillary 
emptying, which is seen as a blush. Angiography is essential for 


Fig. 96.3 Multiphase MRI of the 
liver showing HCC with character- 
istic features, including hyperin- 
tensity (arrow) on a 72-weighted 
image (top left panel) but not on 
a T1-weighted image (top right 
panel), enhancement during the 
arterial phase of contrast admin- 
istration (bottom left panel), with 
central washout of contrast and 
capsular enhancement during the 
venous and delayed phases (bot- 
tom middle and right panels). 


Arterial 


delineating the hepatic arterial anatomy in planning bland embo- 
lization, chemoembolization, and radioembolization of the tumor 
or infusion of cytotoxic drugs directly into the hepatic artery or 
its branches (see later). 


Laparoscopy 

Laparoscopy is now rarely performed for this purpose but can be 
used to detect peritoneal and other extrahepatic spread, ascertain 
whether the nontumorous part of the liver is cirrhotic, and obtain 
biopsies under direct vision. 


Pathology 


Definitive diagnosis of HCC depends on demonstrating the 
typical histologic features. Suitable samples generally can be 
obtained by percutaneous biopsy or FNA. The yield and safety 
of the procedure can be increased by directing the needle under 
US or CT guidance. Laparoscopically directed biopsy is an 
alternative approach. Needle biopsy of the tumor carries a small 
but definite risk of spread along the needle track. Pathologic 
diagnosis of HCC is based on the recommendations of the 
International Consensus Panel. Immunostaining for GPC3, 
heat shock protein HSP70, and glutamine synthetase or gene 
expression profiling (GPC3, LYVEI [encoding lymphatic ves- 
sel endothelial hyaluronan receptor-1], BIRCS [encoding bacu- 
loviral inhibitor of apoptosis repeat-containing-5, or survivin]) 
or both, is recommended to differentiate high-grade dysplastic 
nodules from early HCC.” 


Gross Appearance 

HCC may take 1 of 3 forms: nodular, massive, or diffusely infil- 
trating. The nodular variety of HCC is most common and usually 
coexists with cirrhosis. It is characterized by numerous round or 
irregular nodules of various sizes scattered throughout the liver; 
some of the nodules are confluent. The massive type is charac- 
terized by a large circumscribed mass, often with small satellite 
nodules. This type of tumor is most prone to rupture and is more 
common in younger patients with a noncirrhotic liver. In the rare 
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diffusely infiltrating variety, a large part of the liver is infiltrated 
homogeneously by indistinct minute tumor nodules, which may 
be difficult to distinguish from the regenerative nodules of cir- 
rhosis that are almost invariably present. The portal vein and its 
branches are infiltrated by tumor in up to 70% of cases seen at 
autopsy; the hepatic veins and bile ducts are invaded less often. 


Microscopic Appearance 

HCC is classified histologically into well-differentiated, moderately- 
differentiated and undifferentiated (pleomorphic) forms, as well as 
progenitor cell HCC and fibrolamellar HCC (see later). 


Well-Differentiated 

Despite the aggressive nature and poor prognosis of HCC, 
most tumors are well-differentiated. Trabecular and acinar 
(pseudoglandular) varieties occur, sometimes in a single tumor. 
In the trabecular variety, the malignant hepatocytes grow in 
irregular anastomosing plates separated by often inconspicu- 
ous sinusoids lined by flat cells resembling Kupffer cells. The 
trabeculae resemble those of normal adult liver but often are 
thicker and may be composed of several layers of cells. Scanty 
collagen fibers may be seen adjacent to the sinusoid walls. The 
malignant hepatocytes are polygonal, with abundant, slightly 
granular cytoplasm that is less eosinophilic than that of nor- 
mal hepatocytes. The nuclei are large and hyperchromatic with 
prominent nucleoli. Bile production is the hallmark of HCC, 
regardless of the pattern. Gland-like structures are present in 
the acinar variety. The structures are composed of layers of 
malignant hepatocytes surrounding the lumen of a bile cana- 
liculus, which may contain inspissated bile. A tubular or pseudo- 
papillary appearance may be produced by degeneration and loss 
of cells, or cystic spaces may form in otherwise solid trabeculae. 
The individual cells may be more elongated and cylindrical than 
in the trabecular variety. 


Moderately-Differentiated 
Solid, sarcomatous, scirrhous, and clear cell varieties of HCC are 
described, as well as HCC with lymphoid stroma.” In the solid 
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variety, the cells usually are small, although they vary considerably 
in shape. Pleomorphic multinucleated giant cells are occasionally 
present. The tumor grows in solid masses or cell nests. Evidence 
of bile secretion is rare, and connective tissue is inconspicu- 
ous. Central ischemic necrosis is common in larger tumors. In 
the scirrhous variety, the malignant hepatocytes grow in narrow 
bundles separated by abundant fibrous stroma. Duct-like struc- 
tures are occasionally present. In most tumors, the cells resemble 
hepatocytes. In an occasional tumor, the malignant hepatocytes 
are predominantly or exclusively clear cells. More often, tumors 
contain areas of clear cells. The appearance of these cells results 
from a high glycogen or, in some cases, fat content. 


Undifferentiated 

In undifferentiated HCC, cells are pleomorphic and vary greatly 
in size and shape. The nuclei are also extremely variable. Large 
numbers of bizarre-looking giant cells are present and may be 
spindle shaped, resembling those of sarcomas. Globular hyaline 
structures may be seen in all types of HCC. These structures 
reflect the presence of AFP, al-antitrypsin, or other proteins. 
Mallory’s hyaline is occasionally present. 


Progenitor Cell HCC 

A class of HCC appears to have its origins in progenitor cells, 
the stem cells of the liver, located in association with the canals 
of Hering (see Chapter 71). Progenitor cell activation is seen in 
association with chronic viral hepatitis and cirrhosis, presumably 
related to senescence of hepatocytes. These tumors may appear 
morphologically like typical HCC or mixed cholangiohepatocel- 
lular carcinoma. Tumor cells stain positively for cytokeratin (CK) 
19, and the tumor appears to have a more aggressive course than 
typical HCC.”! 


Metastases 


Extrahepatic metastases are present at autopsy in 40% to 57% of 
patients with HCCs.”*,°° The most common sites are the lungs 
(up to 50% in some reports) and regional lymph nodes (20%). 
The adrenal glands are also frequently involved. 


Fibrolamellar HCC 


Fibrolamellar HCC is a distinct variant of HCC that typically 
occurs in young patients, has an approximately equal gender dis- 
tribution, does not secrete AFP, is not caused by chronic hepatitis 
B or C, and almost always arises in a noncirrhotic liver.” The 
hepatocytes are characteristically plump, deeply eosinophilic, and 
encompassed by abundant fibrous stroma composed of thin, par- 
allel fibrous bands that separate the cells into trabeculae or nod- 
ules. The cytoplasm is packed with swollen mitochondria and, in 
approximately half of the tumors, contains pale or hyaline bod- 
ies. Nuclei are prominent, and mitoses are rare. Fibrolamellar 
HCC has different immunohistochemical characteristics than 
usual HCC, occurring either with or without cirrhosis; therefore, 
fibrolamellar HCC is much less likely to stain positively for GPC3, 
although expression of CK7 is more abundant.”° Fibrolamellar 
HCC is more often amenable to surgical treatment and there- 
fore generally carries a better prognosis than conventional HCC. 
It does not, however, respond to chemotherapy any better than 
other forms of HCC. A mixed form of fibrolamellar HCC has 
been described, in which some areas of the tumor have the histo- 
logic appearance of usual HCC and others resemble fibrolamellar 
HCC. This mixed type seems to behave more like usual HCC and 
has a poorer prognosis than typical fibrolamellar HCC.” 


Staging 


Accurate staging of HCC is necessary for prognostication and for 
selection of therapy. Determining the optimal staging system for 


HCC has been controversial, in part because staging has to take 
into account both the severity of the underlying liver disease and 
the size and degree of spread of the tumor. As with all cancers, 
the TNM system can be used to stage HCC, but this system 
does not account for the underlying liver disease. A study?’ com- 
paring the usefulness of 7 staging systems, including the Okuda, 
TNM, Cancer of the Liver Italian Program, Barcelona Clinic 
Liver Cancer (BCLC), Chinese University Prognostic Index, 
Japanese Integrated Staging, and Group d’Etude et Traitement du 
Carcinome Hépatocellulaire systems in a cohort of patients from 
the USA, found that the BCLC staging system (Fig. 96.4) had the 
best independent predictive power for survival. The BCLC system 
has been adopted by the AASLD for use in its practice guidelines 
on management of HCC.”° This staging classification also includes 
a treatment schedule based on stage.’ In addition to staging of the 
cancer, several systems are in use to stage the degree of liver dam- 
age, which is often a limiting factor in applying potentially cura- 
tive treatments. The Child-Pugh classification has been widely 
used (see Chapter 92), and the albumin-bilirubin (ALBJ) grade is an 
objective score that can also assist in treatment planning.” 


Natural History and Prognosis 


Symptomatic HCC carries a grave prognosis; in fact, the annual 
incidence and mortality rates for the tumor are almost identical. 
The main reasons for the poor outcome are the extent of tumor 
burden when the patient is first seen and the frequent presence 
of coexisting cirrhosis and hepatic dysfunction. The natural his- 
tory of HCC in its florid form is one of rapid progression, with 
increasing hepatomegaly, abdominal pain, wasting, and deepen- 
ing jaundice, and with death ensuing in 2 to 4 months. In indus- 
trialized countries, however, the tumor appears to run a more 
indolent course with longer survival times.!"° Rare cases of spon- 
taneous tumor regression have been reported (see later). When 
HCC is detected at an early stage, several options for treatment 
are available and often lead to prolonged survival. 


Treatment 


Important advances in the treatment of HCC have occurred since 
the 1980s and have resulted in improvement of the USA popula- 
tion-based 5-year survival rate to 24.5%°*; these advances include 
randomized controlled trials that support the benefits of certain 
treatments such as chemoembolization and the advent of the mul- 
tikinase inhibitor sorafenib. Additional treatments for advanced 
HCC include newer multikinase inhibitors and immune check- 
point inhibitors, including regorafenib, lenvatinib, cabozantenib, 
ramucirimab, nivolumab, and pembrolizumab. Overwhelming 
evidence supports the superiority of LT over other therapies 
for patients with portal hypertension and cirrhosis (see Chapter 
97). Because HCC is usually a combination of 2 diseases—the 
underlying liver disease (usually cirrhosis with varying degrees 
of decompensation) and the cancer itself—both factors must be 
considered when selecting treatment. When presented with a 
patient with HCC, the clinician should decide which is the best 
initial therapy: surgical resection or LT, if the patient is a candi- 
date for either; ethanol or radiofrequency ablation (RFA), if pos- 
sible, based on the size of the tumor; chemoembolization; and, if 
the tumor is too advanced, targeted chemotherapy. Table 96.2 
describes the treatment options for HCC. The BCLC staging 
classification and treatment schedule can help guide the clinician 
in choosing the most appropriate treatment (see Fig. 96.4). 


Surgical Resection 

Surgical therapy, whether by tumor resection or LT, offers the 
best chance of cure for HCC. For resection to be considered, 
the tumor should be confined to one lobe of the liver and favor- 
ably located, and ideally, the nontumorous liver tissue should not 
be cirrhotic. Expert surgical centers can achieve 5- and 10-year 
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HCC 


Early stage (A) 
Single any size or 
up to 3 nodules <3 cm 
Preserved liver 
function ECOG PS 0 


Intermediate stage (B) 
Multinodular, largest 
nodule <3 cm or 
with more than 3 
nodules ECOG PS 0 


Advanced stage (C) 
Portal invasion or 


Very early stage (0) 
Single <2 cm 
Preserved liver 


Terminal stage (D) 
End-stage liver 
function 
ECOG PS 3-4 


extrahepatic spread 
Preserved liver 
function, ECOG PS 1-2 
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Potential 
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Fig. 96.4 Barcelona Clinic Liver Cancer (BCLC) staging classification and treatment schedule with associated 
expected survival. Staging is based on tumor size and spread, the patient’s Eastern Cooperative Oncology 
Group (ECOG) performance status (PS) on a scale of O (good) to greater than 2 (poor), and liver function as 
assessed by the Child-Pugh class (see Chapter 92). Patients with very early (stage 0) HCC are optimal can- 
didates for surgical resection. Patients with early (stage A) HCC are candidates for radical therapy (resection, 
deceased-donor LT, or live-donor LT, or local ablation via percutaneous ethanol injection or radiofrequency 
ablation. Patients with intermediate (stage B) HCC benefit from transarterial chemoembolization. Patients with 
advanced HCC, defined as the presence of macroscopic vascular invasion, extrahepatic spread, or cancer- 
related symptoms (PS 1 or 2) (stage C), benefit from sorafenib or lenvantanib as first-line and regorafenib or 
nivolumab as second-line therapy. Patients with end-stage disease (stage D) should receive symptomatic 
treatment. The treatment strategy will transition from one stage to another when treatment fails or is contraindi- 
cated. (Adapted from Forner A, Reig M, Bruix J. Hepatocellular carcinoma. Lancet 2018;391:1301-14.) 


survival rates of 40% and 26%, respectively, with a mean tumor 
diameter of 8.8 cm in noncirrhotic patients.!°! Unfortunately, 
these patients represent less than 5% of Western cases.!0-10% 
Resection is also effective if the tumor is limited to the left lobe or 
a portion of the right lobe, thereby permitting a segmental resec- 
tion if the patient has Child-Pugh class A cirrhosis, the serum 
bilirubin level is normal, and portal hypertension is not present 
(based on imaging, a normal platelet count, absence of varices on 
endoscopy, and a directly measured hepatic venous pressure gra- 
dient <10 mm Hg).!°* Using these criteria, 5-year survival rates of 
50% or better can be achieved. Patients with smaller and solitary 
tumors have better outcomes. In parts of the world where LT 
is not available, surgical resection is a viable option, particularly 
for Child-Pugh class A patients without portal hypertension and 
with a MELD score of 9 or less (see Chapter 97). All the tumor 
nodules need to be removed, with a negative margin of resec- 
tion, and the patient needs to be left with enough functional liver 


volume (usually defined as 240% in a patient with cirrhosis) to 
survive the postoperative period.!°+!°° Overall, resection is fea- 
sible in only approximately 15% of patients. Resection performed 
at expert surgical centers carries an operative mortality rate of less 
than 5%, but at low-volume centers the mortality rate is almost 
3 times greater.!°’ Unfortunately, the rate of recurrence after 
resection is more than 50% in the long term, and salvage LT is 
rarely possible. 108 


LT 

LT is performed in patients in whom the tumor is not resectable 
but is confined to the liver or in whom advanced cirrhosis and 
poor liver function preclude resection (see Chapter 97).?° LT is 
the ideal therapy for HCC because it provides the largest possible 
resection margin, removes the remaining liver, which is at high 
risk for de novo tumors, and replaces the dysfunctional liver. LT 
can fail in patients with extrahepatic tumor, which tends to grow 
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TABLE 96.2 Treatment Options for HCC 


Modality Comments 


Curative but limited to noncirrhotic 
patients and cirrhotic patients 
without portal hypertension 

May be technically difficult 

High recurrence rate 


Surgical resection 


Oy Successful in selected patients 
(Milan criteria; see text and 
Chapter 97) 
Requires lifelong 
immunosuppression 
Expensive and not available 
worldwide 


Radiofrequency ablation or 
ethanol injection 


Potentially curative for small tumors, 
including multiple tumors 
High recurrence rate 


Transarterial chemoembolization Prolongs survival in unresectable 
tumors if hepatic function is 


preserved; not curative 


Chemotherapy No clear benefit; palliative only 


Drug toxicity is common 


Targeted molecular therapies Sorafenib is the first such agent 
shown to improve patient survival 

Improvement in patient survival with 
lenvatinib is similar to that with 
sorafenib 

Regorafenib, cabozantinib, and 
ramucirumab (if AFP >400 
ng/mL) improve survival after 
sorafenib failure 


Immune checkpoint inhibitors Nivolumab and pembrolizumab are 
associated with improved survival 
after failure of or intolerance to 


sorafenib 


rapidly under the influence of post-transplantation immunosup- 
pression. Because the availability of donor livers is limited, the 
consensus is that anticipated outcomes of LT for HCC should 
be similar to those for other indications for LT and superior to 
those for other treatments for HCC. Several large series have 
demonstrated that if one selects candidates based on the Milan 
criteria—a single tumor up to 5 cm in size or 2 to 3 lesions, 
each up to 3 cm in size, with no large-vessel vascular invasion 
or metastasis—the 5-year survival rate is 70% to 75%, and the 
tumor recurrence rate is 10% to 15%.102,109-111 These criteria led 
to the HCC MELD exception pathway, which was adopted in 
the USA in 2002. Because of the change, the frequency of HCC 
as an indication for LT rose from 4.6% to 26% of the total adult 
liver transplant population. Additionally, progression of the 
tumor beyond the Milan criteria before a patient undergoes LT 
has largely been eliminated.©*!! If the estimated time to LT is 
greater than 6 months, bridging therapy with RFA or transarterial 
chemoembolization (TACE) can often be performed to prevent 
tumor growth beyond Milan criteria (see later). In other parts of 
the world, waiting times before transplantation remain critical, 
and when the waiting time increases to one year, as many as half 
of patients will not receive a transplant.'° An analysis of 4-year 
survival rates for all patients transplanted in the USA has con- 
firmed that overall outcomes for those transplanted with HCC 
are only minimally worse than for those transplanted for other 
indications.® Certain subgroups of patients do worse, including 
those with nodules 3 to 5 cm in diameter, a MELD score of 20 or 
greater, and a serum AFP level of 455 ng/mL or higher. 

Some authorities have advocated expansion of the Milan cri- 
teria, provided that the tumor shrinks to within Milan criteria 


and remains stable for 3 months after application of locoregional 
therapy, based on prospective outcomes from small, single-center 
series, but these patients generally need a special exception from 
the regional review board in the USA.!!-114 Although these 
criteria are being widely applied, a larger multicenter study is 
needed to confirm the outcomes and define which patients would 
benefit. 


Local Ablation 

Local ablative therapies are potentially curative treatments for 
patients with small tumors (usually <3 to 5 cm in diameter) that 
are not amenable to resection or LT because of patient prefer- 
ence, the number and location of lesions, or significant hepatic 
dysfunction (Child-Pugh class B or C; see Fig. 96.4).?° The first 
of these techniques available was percutaneous ethanol injec- 
tion (PED), a relatively effective and safe method that is still used 
and is most effective for lesions smaller than 2 cm and effective 
in those up to 3 cm in diameter.!!> PEI requires multiple ses- 
sions and, in patients with small tumors and preserved hepatic 
function, can lead to survival rates similar to those for surgical 
resection, although no randomized studies have been performed 
to demonstrate equivalent outcomes.!'!° Complications are rare 
and include tumor seeding of the needle track. RFA has gener- 
ally supplanted PEI because it is more effective, particularly with 
larger tumors (most effective in lesions up to 3 cm and effective 
in those up to 5 cm), requires fewer sessions, and has similar com- 
plication rates.!!’ RFA can be performed percutaneously or by a 
laparoscopic or open surgical approach. Survival rates are simi- 
lar to those for surgical resection, although recurrence rates are 
higher and complications are uncommon.!!°!!° PEI is generally 
favored over RFA for lesions adjacent to a major vessel or large 
bile duct. Microwave ablation is a more recently developed ther- 
mal ablation technique for HCC that has the potential advantage 
over RFA of less heat sink loss to adjacent vessels and faster treat- 
ment times with similar clinical outcomes. Current UNOS rules 
require a 6-month waiting period to obtain MELD exceptions 
points for HCC, and, therefore, local ablative therapy with PEI 
or RFA is commonly applied even though benefit has not been 
well established by randomized trials.!!? 


Chemoembolization 

TACE is a palliative treatment reserved for patients with rela- 
tively intact hepatic function (Child-Pugh class A or B with a total 
bilirubin level <3 mg/dL), good performance status, and a tumor 
that is not amenable to local ablative treatments because of size, 
number, or location (see Fig. 96.4).?° Six randomized trials and 
a meta-analysis have compared embolization or chemoemboliza- 
tion with supportive care and showed overall improved survival 
with treatment.!*°-!?° TACE protocols vary greatly (e.g., in che- 
motherapeutic agents used, number of treatments, use of embolic 
agents) in clinical trials and clinical practice across the world. A 
subsequent meta-analysis that included 2 additional randomized 
trials called into question the survival benefit, but the meta-anal- 
ysis was underpowered to detect a difference.!*’ More recently, 
doxorubicin-eluting bead TACE has supplanted conventional 
TACE because of equal or better efficacy and a better side-effect 
profile.!?8 In small studies, especially in Asia, where patients tend 
to have HBV-associated liver disease with more hepatic reserve, 
the combination of TACE and either RFA or sorafenib (see later) 
has shown acceptable tolerability but no clear survival advantage 
compared with TACE alone. It is prudent to wait for large ran- 
domized clinical trials demonstrating a clear advantage with com- 
bination approaches before incorporating them into standard 
clinical practice. The effectiveness of TACE before LT has not 
been fully elucidated, but TACE is frequently performed because 
the waiting time in the USA is usually greater than 6 months. 19:130 
Theoretically, TACE can be used to reduce the size of the tumor 
to make resection or transplantation possible (down staging) or 


to allow a more conservative resection, although study results are 
mixed as to whether this approach is effective.!*!)!* 


Chemotherapy 

A large number of anticancer drugs, including alkylating agents, 
antitumor antibiotics, antimetabolites, plant alkaloids, platinum 
derivatives, procarbazine, estrogen receptor modulators, and 
somatostatin, have been tried alone and in various combina- 
tions and by different routes of administration for the treatment 
of HCC, but response rates have invariably been less than 20% 
and no survival advantage has been demonstrated.!?*!*> Several 
small-molecule, targeted anticancer agents have been developed 
and studied for the treatment of HCC. Sorafenib, an inhibitor 
of Raf kinase and the tyrosine kinase activity of vascular endo- 
thelial growth factor receptors and platelet-derived growth 
factor receptor, is the first of these new agents to show mod- 
est improvement in survival compared with supportive care.!** 
The drug should be considered for patients with intact hepatic 
function (Child-Pugh class A or early class B) and portal vein 
thrombosis, extrahepatic tumor, or failure of other therapies (see 
Fig. 96.4). Levantinib, a multikinase inhibitor, has been shown to 
be noninferior to sorafenib in the first-line treatment of advanced 
HCC.!** Regorafenib and cabozantinib are both, multikinase 
inhibitors, that have been shown to provide a modest improve- 
ment in survival for patients with Child-Pugh class A cirrhosis 
and advanced HCC who have had tumor progression after receiv- 
ing sorafenib.'°° Nivolumab and pembrolizumab are, monoclo- 
nal antibodies to the programmed cell death receptor that have 
shown improved overall response rates and a trend toward bet- 
ter median survival in patients with HCC who progressed after 
sorafenib.!3’ Additional phase 3 studies are ongoing with this and 
other immune checkpoint inhibitors alone and in combination 
with targeted molecular therapies. Patients with advanced hepatic 
dysfunction (Child-Pugh class C) or advanced tumor symptoms 
(Eastern Cooperative Oncology Group performance status >2) 
have such a poor prognosis that only supportive care should be 
offered (see Fig. 96.4).74 


Alternative Techniques and Combinations of Therapies 
Newer local ablative techniques including cryoablation, laser abla- 
tion, and external beam radiation are being studied in HCC, but 
these techniques have not been adequately compared with PEI 
and RFA; their use should be limited to clinical trials. The role 
of radioembolization with yttrium (Y)-90 microspheres, which 
can be used in patients with tumor thrombus, has not been clearly 
established and awaits ongoing randomized trials, particularly in 
comparison with TACE. Similar survival following radioemboliza- 
tion with Y-90 microspheres and TACE, with prolonged time to 
tumor progression, was shown in one randomized controlled trial 
in which most patients were “bridged” to LT.'** Two randomized 
trials of patients with HCC who failed prior locoregional therapies 
showed similar survival in patients treated with radioemboliza- 
tion with Y-90 microspheres compared with those who received 
sorafenib.'3”!49 Sorafenib as adjuvant therapy after potentially 
curative resection or thermal ablation is not effective.'*! Adding 
sorafenib to TACE did not improve time to tumor progression or 
survival in a medium-sized randomized trial.!*” 


Surveillance 


Because symptomatic HCC is seldom amenable to surgical cure 
and responds poorly to conservative treatment, a pressing need 
exists to prevent the tumor or detect it at a presymptomatic stage 
when surgical intervention is still possible. An AASLD practice 
guideline published in 2005 and updated in 2011 and 2018 pro- 
vides recommendations for surveillance (Table 96.3).5%6! Patients 
at high risk for developing HCC should be entered into a sur- 
veillance program in which surveillance for HCC is performed 
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TABLE 96.3 Groups of Persons in Whom Surveillance for HCC may be 
Recommended 


Group Annual Incidence of HCC (%) 
HBV carrier with cirrhosis 3-8 
HCV-related cirrhosis 3-5 
PBC and stage 4 fibrosis 3-5 


Hemochromatosis and cirrhosis Unknown, probably >1.5 


a4-Antitrypsin deficiency and 
cirrhosis 


Unknown, probably >1.5 


0.4-0.6 
HBV carrier, Asian women > 50 yr 0.3-0.6 


HBV carrier, Asian men > 40 yr 


HBV carrier, family history of HCC Unknown (higher than without family 


history) 

HBV carrier, born in Africa At least 0.5 (HCC occurs at a 
younger age) 

HCV infection and stage 3 <1.5 


fibrosis* 


HBV carrier, <40 yr (men) and <50 <0.2 
yr (women)* 


Other causes of cirrhosis Unknown 


*The benefit of surveillance in this group is uncertain. 
Adapted from Bruix J, Sherman M. Management of hepatocellular carci- 
noma: an update. Hepatology 201 1;53:1020-22. 


using US at 6-month intervals. The role of AFP testing is not 
well established because of a high false-positive rate, particularly 
in patients with an elevated serum ALT level. Other serum mark- 
ers for HCC are unproved in the setting of screening, and their 
use should be limited to clinical studies. Although CT and MRI 
are effective imaging modalities for the diagnosis of HCC, they 
are not recommended for routine use in surveillance but may be 
considered if adequate US images cannot be obtained because of 
the patient’s body habitus. Growing evidence suggests that sur- 
veillance for HCC in patients with cirrhosis improves outcome 
by detecting HCC at an earlier stage and permitting application 
of curative therapies.!* 


Prevention 


Although great progress has been achieved in the primary preven- 
tion of HBV-induced HCC with universal infant HBV vaccination 
in many countries, the full impact of universal HBV vaccination on 
the occurrence of the tumor will not be realized for many years. A 
substantial reduction in the frequency of childhood HCC has been 
well demonstrated in Taiwan, where universal infant vaccination 
was adopted in the mid-1980s.'** Similarly, in Alaska, introduction 
of universal infant HBV vaccination in 1984 has eliminated HCC 
in Alaskan Native children.!* In the meantime, huge numbers of 
existing HBV carriers worldwide remain at risk for HCC, and little 
progress has been made in preventing malignant transformation in 
persons with chronic viral hepatitis. Additionally, a vaccine against 
HCV will not be available in the near future, and prevention of 
aflatoxin-induced tumors is far from becoming a reality, despite 
ongoing trials of chemopreventive agents. 

Considerable interest has been expressed in the impact of anti- 
viral therapy against HBV and HCV in reducing the incidence 
of HCC. One randomized controlled trial of long-term therapy 
of the nucleoside analog lamivudine compared with placebo in 
patients with chronic hepatitis B showed a significant decrease 
in the frequency of clinical events in the treated group, includ- 
ing a decrease in the frequency of HCC (see Chapter 79).!* 
Several large retrospective studies have shown a decrease in the 
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frequency of HCC in patients treated successfully for chronic 
hepatitis C with interferon-based regimens and with DAAs (see 
Chapter 80).1922,146 


Intrahepatic Cholangiocarcinoma 


Cholangiocarcinoma is a malignant neoplasm arising from the 
biliary duct epithelium. It often carries different names based on 
the particular portion of the biliary tract involved—small intra- 
hepatic bile ducts (peripheral cholangiocarcinoma), hepatic duct 
bifurcation (perihilar cholangiocarcinoma, or Klatskin tumor), 
and extrahepatic bile ducts (bile duct carcinoma). The location 
of the tumor has a major impact on the presenting symptoms and 
treatment approach. In the past, perihilar cholangiocarcinoma 
was classified with the intrahepatic group based on International 
Classification of Diseases, 9th revision, codes even though it is 
extrahepatic in origin and is the most common form.!47!*° This 
section will be limited to a discussion of true intrahepatic chol- 
angiocarcinoma; extrahepatic cholangiocarcinoma including the 
perihilar type is discussed in Chapter 69. 


Epidemiology 


Intrahepatic cholangiocarcinoma represents approximately 10% 
to 20% of all primary liver cancers and up to 20% of cholan- 
giocarcinomas. The geographic variation in prevalence rates is 
marked, ranging from 0.2 to 96/100,000 in men and from 0.1 to 
38/100,000 in women, because of differences in the frequencies 
of known risk factors in various populations.'*? The highest inci- 
dence rates are found in parts of Asia, most notably certain regions 
of Thailand, Hong Kong, China, Japan, and Korea. Chronic infes- 
tation of the biliary tract with one of the liver flukes is thought to 
be the cause of these high rates (see Chapter 84).!°° The overall 
incidence rate in the USA is 0.85/100,000, with a 1.5-fold higher 
rate in men than women. The rate in whites is about equal to that 
in African Americans and about half that in Asians. Intrahepatic 
cholangiocarcinoma is rare before 40 years of age, and historically 
the worldwide approximate average age at presentation is 50 years. 
Epidemiologic data indicate that the age at presentation has shifted 
to more than 65 years. Additionally, the incidence and mortality 
rates are increasing worldwide.!*’ Surveillance, Epidemiology, and 
End Results registry data from the USA showed a 165% increase 
between the late 1970s and the late 1990s.'*? This increase may 
have been a result, in part, of the increased prevalence of cirrhosis, 
particularly HCV-associated cirrhosis.!°! 


Etiology and Pathogenesis 


Although the underlying predisposing factor for most cases of 
cholangiocarcinoma is unknown, several risk factors have been 
recognized. The strongest association is with Opisthorchis viver- 
rini, a liver fluke endemic in parts of Southeast Asia and acquired 
by ingestion of raw or uncooked fish.!*?!°? The association with 
Clonorchis sinensis, a related liver fluke, is weaker (see Chapter 
84).15 An association with the radiographic contrast agent tho- 
rium dioxide (Thorotrast), which was banned in the 1950s, has 
been well established.!*+ PSC is linked to a diagnosis of cholan- 
giocarcinoma at a young age, with a lifetime risk of 8% to 20% 
(see Chapter 68).!°°-!°’ Congenital and acquired abnormalities 
of the biliary tract that may result in bile stasis, chronic inflam- 
mation, and infection (as in biliary atresia,” von Meyenburg 
complexes,!°? Caroli disease,'©’ choledochal cyst,'°° and intra- 
hepatic lithiasis [hepatolithiasis]) have been associated with the 
development of cholangiocarcinoma (see Chapter 62). The previ- 
ously discussed risk factors are most important for perihilar and 
extrahepatic bile duct cancer, although they probably play a role 
in intrahepatic cholangiocarcinoma also. Diabetes mellitus also 
seems to add to the risk for both types.!°! Cirrhosis, particularly 


caused by HCV and perhaps alcohol, has also been associated 
with cholangiocarcinoma.!*” 

Malignant transformation of the bile duct cells generally 
occurs in an environment of inflammation or cholestasis (or both), 
usually in the setting of one of the known risk factors. The pro- 
posal has been made that a combination of these environmental 
factors and genetic predisposition (e.g., defects in oncogenes or 
bile salt transporters) leads to an accumulation of genetic defects 
that results in carcinoma.!+7!° A polymorphism in the gene for 
the natural killer cell receptor G2D has been associated with an 
increased risk of cholangiocarcinoma in patients with PSC.'° 
At the molecular level, numerous changes have been described, 
including mutations of the K-ras gene, the gene for interleukin 
(IL)-6, and allelic loss or mutations of TP53 and p16, as well as 
many others (see Chapter 69). 


Clinical Features 


Peripheral cholangiocarcinoma seldom produces symptoms until 
the tumor is advanced. The clinical features are then similar to 
those of HCC, including malaise, weight loss, abdominal pain, 
and jaundice, which may be more frequent and prominent than 
with HCC. 1016+ 


Diagnosis 


In patients with peripheral cholangiocarcinoma, often only the 
serum alkaline phosphatase level is elevated. CA 19-9 is the most 
frequently used serum tumor marker for cholangiocarcinoma but 
has significant limitations because CA 19-9 levels are also elevated 
in pancreatic, colorectal, gastric, and gynecologic cancers and in 
acute bacterial cholangitis (see Chapters 60 and 69).!° In addition, 
CA 19-9 is always undetectable in the 7% of the population that 
is Lewis blood group negative. In patients with unexplained bili- 
ary obstruction without PSC, the sensitivity of CA 19-9 is 53%, 
and the negative predictive value is 72% to 92%, for a cutoff value 
of 100 U/mL. In patients with PSC, the sensitivity ranges from 
38% to 89% and specificity from 50% to 98%. The addition of 
CEA probably does not improve the performance of CA 19-9 
in the setting of PSC (see Chapter 68). Elevated CA 19-9 predicts 
worse survival independent of the TNM stage.'® 

Initial imaging with US helps identify biliary obstruction. 
Dynamic contrast-enhanced CT or MRI further aids in localiz- 
ing the lesion and determining the possibility of resection. 147167 
MRI with MRCP is a superior modality because of a higher 
sensitivity than CT for detecting lesions and localizing biliary 
obstruction. The tumor is hypointense on T1-weighted images 
and moderately intense on T2-weighted images. With dynamic 
contrast, the tumor generally has progressive enhancement in 
arterial, portal venous, and delayed phases, thereby helping to 
distinguish it from HCC, which usually displays washout in 
the later 2 phases (see earlier). EUS with FNA of a lesion in 
patients without PSC has the advantage of improving sensitivity 
and specificity for the diagnosis of the primary lesion and nodal 
metastasis but the disadvantage of causing peritoneal seeding 
and, therefore, should be avoided if surgical resection is con- 
templated. Percutaneous biopsies also carry the risk of perito- 
neal seeding and are generally avoided if the tumor is potentially 
resectable. 


Pathology 


Peripheral cholangiocarcinoma usually is a large and solitary 
tumor, but it may be multinodular.!°* It is grayish-white, firm, 
and occasionally umbilicated and usually produces a focal hepatic 
mass; rarely, the tumor can grow alongside and infiltrate the bile 
ducts or occur as an intraductal papillary lesion.!°’ The tumor 
is poorly vascularized and rarely bleeds internally or ruptures. 


Metastatic nodules may be distributed irregularly throughout 
the liver. The bile ducts peripheral to the tumor may be dilated, 
resulting in some cases in biliary cirrhosis. Metastases in regional 
lymph nodes occur in about 50% of cases. 

Microscopically, cholangiocarcinoma exhibits acinar or tubu- 
lar structures that resemble those of other adenocarcinomas.!°° 
Most tumors are well to moderately differentiated. Secretion of 
mucus may be demonstrable, but bile production is not seen. The 
tumor cells provoke a variable desmoplastic reaction, and in many 
tumors, the collagenized stroma may be the most prominent fea- 
ture. Distinguishing the tumor from metastatic adenocarcinoma 
may be difficult, and some experts have advocated assuming that 
an adenocarcinoma in the liver is cholangiocarcinoma if no pri- 
mary tumor can be found elsewhere.!©? Immunohistochemistry 
may be helpful, with CK 7 usually staining strongly and CK20 
staining negative or weakly. A panel of immunohistochemi- 
cal stains is usually used to exclude common sites of metastatic 
adenocarcinoma, although metastasis from gallbladder, pancreas, 
and upper GI tract cancers needs to be excluded based on imag- 
ing and endoscopy, if indicated.!7° 


Treatment and Prognosis 


Early diagnosis of intrahepatic cholangiocarcinoma is unusual, 
and the annual mortality rate is almost identical to the annual 
incidence of the tumor.!°°!°+ Long-term survival after diagnosis 
in the USA based on the Surveillance, Epidemiology, and End 
Results database is dismal, with a one-year survival rate of 28% 
and a 5-year survival rate less than 5%. The 5-year survival rate 
has not improved since the late 1980s.!*” 

In a person with suspected or proved intrahepatic cholan- 
giocarcinoma, staging is recommended to determine surgical 
resectability, which is the only opportunity for cure. The stag- 
ing evaluation usually includes dynamic MRI of the abdomen and 
MRCP (or dynamic helical CT, if MRI is unavailable) and a chest 
x-ray or chest CT.!*7 PET has been assessed in small series and 
does not clearly add to other modalities. EUS with FNA of suspi- 
cious lymph nodes may detect otherwise unrecognized metastasis 
in up to 20% of cases, but transduodenal or transgastric biopsy of 
the primary lesion should be avoided because of a significant risk 
of needle track seeding.!®” Surgical resectability of intrahepatic 
cholangiocarcinoma should be determined in conjunction with 
an experienced hepatobiliary surgeon and requires the ability to 
achieve clear surgical margins, which usually necessitates a major 
hepatectomy. Criteria for resection include absence of all the fol- 
lowing: evidence of extrahepatic metastasis, main portal vein or 
hepatic artery invasion or encasement, bilateral segmental bile 
duct involvement, and contralateral hepatic lobar atrophy. Large 
tumor diameter, multiple lesions, lymph node metastasis, and 
underlying cirrhosis predict poor outcome after surgery.!7 1172 
Additionally, the patient must be medically fit to undergo surgery 
and have sufficient hepatic reserve. Patients well selected for sur- 
gical resection achieve a 1- to 2-year median survival and a 29% 
to 36% 5-year survival rate. LT alone or in combination with 
neoadjuvant and adjuvant chemotherapy results in unacceptably 
high recurrence rates and less than a 50% 5-year survival. 

Small series and comparative studies show about a one-year 
median survival with either conventional TACE or TACE with 
drug eluting beads for unresectable intrahepatic cholangiocar- 
cinoma.!’! Case series of radioembolization with Y-90 micro- 
spheres have reported rates similar to those for TACE, although 
there have been no randomized comparisons with TACE, che- 
motherapy, or supportive care.!’! The rates of response and 
survival following chemotherapy are modest. A randomized trial 
showed a survival benefit of 3.6 months for locally advanced or 
metastatic biliary tract cancer with the combination of cisplatin 
and gemcitabine.!° Small series using external beam radiation for 
unresectable locally advanced intrahepatic cholangiocarcinoma 
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have shown good local control and an approximately 2-year 
median survival.!’! A randomized trial to determine if adding 
external beam radiation to chemotherapy is beneficial is ongo- 
ing. Therefore, there is as yet no well-defined treatment pathway 
for peripheral cholangiocarcinoma if resection is not an option. 


Hepatoblastoma 
Epidemiology 


In children, hepatoblastoma is the third most common malignant 
tumor and the most common malignant hepatic tumor. It occurs 
almost exclusively in the first 3 years of life, although cases occur- 
ring in adulthood have been reported; boys are affected twice as 
often as girls.!73.174 


Etiology and Pathogenesis 


Hepatoblastoma may occur sporadically or in association with 
hereditary syndromes such as familial adenomatous polyposis 
(FAP) (see Chapter 126) and Beckwith-Wiedemann syndrome 
(characterized by macroglossia, macrosomia, midline abdominal 
wall defects, ear creases or pits, and neonatal hypoglycemia), sug- 
gesting a possible role for chromosomes 5 and 11 in the genesis 
of the tumor. The pathogenesis of sporadic hepatoblastoma is not 
known; a study from the Children’s Oncology Group has identi- 
fied a link between parental occupational exposures and hepato- 
blastoma.'”° Most patients with hepatoblastoma have mutations of 
the FAP tumor suppressor gene, which down-regulates f-catenin, 
and a similar number have activating mutations of the B-catenin 
gene, raising the possibility that the Wnt signaling pathway plays 
a role in the development of the tumor (see Chapter 1).!”° Birth 
weight under 1500 g confers a relative risk for hepatoblastoma of 
approximately 20, although the mechanism is not known. 177 


Clinical Features 


Most children with hepatoblastoma come to medical attention 
because of abdominal swelling.'’* Other reasons include failure 
to thrive, weight loss, poor appetite, abdominal pain, irritability, 
and intermittent vomiting and diarrhea. The tumorous liver is 
almost always enlarged and firm and may be tender. Its surface 
is smooth or nodular. Hepatoblastomas rarely rupture. Distant 
metastases are evident, usually in the lung, in 20% of patients at 
presentation.!’? The tumor occasionally causes isosexual precoc- 
ity in boys as a result of the ectopic production of human chori- 
onic gonadotropin.!*° 


Diagnosis 


AFP is present in high concentrations in the serum of 80% to 
90% of patients with hepatoblastoma and is a useful clue to the 
diagnosis.'*! The few patients with a low serum AFP level appear 
to have a worse prognosis.!*? Anemia is common, as is throm- 
bocytosis, which is attributed to raised serum thrombopoietin 
levels. Pulmonary metastases and, rarely, mottled calcification in 
the tumor may be seen on a plain film. US is the most widely 
used initial imaging technique, although the findings are not spe- 
cific. CT and MRI are used to define the extent of the tumor and 
plan definitive surgery. The tumor is seen as an avascular mass on 
hepatic arteriography.!*? 


Pathology 


Hepatoblastomas are the malignant derivatives of incompletely 
differentiated hepatocyte precursors. Their constituents are 
diverse, reflecting both the multipotentiality of their mesoder- 
mal origin and the progressive stages of embryonic and fetal 
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development. Pathologists separate hepatoblastomas into sub- 
types based on their histopathologic appearance, each with a 
prognosis that can be risk stratified. The pure fetal type has an 
excellent prognosis, whereas the aggressive small-cell undiffer- 
entiated tumor has the worst prognosis and is usually assigned 
the most intensive therapeutic interventions.!”’ The tumors are 
usually solitary, ranging in diameter from 5 to 25 cm, and always 
well circumscribed (about half are encapsulated). They vary in 
color, ranging from tan to grayish-white, and contain foci of 
hemorrhage, necrosis, and calcification. Vascular channels may 
be prominent on the capsular surface. Epithelial hepatoblastomas 
are solid, whereas tumors of the mixed variety often are separated 
into lobules by white bands of collagen tissue. 

Two types of epithelial cells are present in the tumor.!** Cells 
of the first type resemble fetal hepatocytes and are arranged in 
irregular plates, usually 2 cells thick, with bile canaliculi between 
individual cells and sinusoids between plates. Cells of the second 
type are embryonal and are less differentiated than the fetal type. 
Mixed hepatoblastomas contain mesenchymal tissue consisting of 
areas of a highly cellular primitive type of mesenchyme intimately 
admixed with epithelial elements. Cartilage and striated muscle 
may be present. Hepatoblastomas may show foci of squamous 
cells, with or without keratinization, and foreign body—type giant 
cells. Vascular invasion may be evident. Metastases most com- 
monly involve lung, abdominal lymph nodes, and brain. 


Treatment and Prognosis 


Hepatoblastomas are rapidly progressive. If the lesion is solitary 
and sufficiently localized to be resectable, surgery is often cura- 
tive, with 5-year survival rates as high as 75%.178 Cisplatin alone 
or in combination with other chemotherapeutic agents is effec- 
tive against hepatoblastoma and is associated with 90% survival in 
selected patients.!** When the tumor is judged to be inoperable, 
neoadjuvant chemotherapy may reduce the size of the tumor suf- 
ficiently to permit resection. Encouraging results have also been 
obtained with LT in patients with bilobar multifocal tumors 
without extrahepatic extension.!*° If surgery is not possible or the 
tumor recurs after surgery, the prognosis is generally poor. LT 
plays an increasing role because of technical success with live- 
donor and splitLT (see Chapter 97). 


Angiosarcoma 
Epidemiology 


Although rare, angiosarcoma is the most common malignant 
mesenchymal tumor of the liver.!8%!88 It occurs almost exclu- 
sively in adults and is most prevalent in the sixth and seventh 
decades of life.'*?:!°° Men are affected 4 times as often as women. 


Etiology and Pathogenesis 


Despite its rarity, hepatic angiosarcoma is of special inter- 
est because specific risk factors have been identified, although 
no cause is discerned in most cases. In early reports, the tumor 
became evident approximately 20 years after exposure to thorium 
dioxide (see Chapter 89).!°! Angiosarcoma has also occurred in 
German vintners who used arsenic-containing insecticides and 
drank wine adulterated with arsenic.!”” A few patients with angio- 
sarcoma had taken potassium arsenite (Fowler’s solution) for 
many years to treat psoriasis.!°? Hepatic angiosarcoma in work- 
ers exposed to vinyl chloride monomer (VCM) was first reported 
in 1974.189:194,195 "The monomer is converted by enzymes of the 
endoplasmic reticulum to reactive metabolites that form DNA 
adducts and guanosine-to-adenine transitions in the K-ras and 
TP53 genes. Angiosarcomas have occurred after exposures 
of 11 to 37 years (or after shorter periods with a heavy initial 


exposure).'7 The mean age of patients at diagnosis is 48 years. 
In addition to angiosarcoma, persons exposed to VCM may be at 
increased risk of HCC and soft tissue sarcoma. 


Clinical Features 


The most common presenting symptom is upper abdominal 
pain. Other frequent complaints are abdominal swelling, rap- 
idly progressing liver failure, malaise, weight loss, poor appetite, 
and nausea.!**.!°° Vomiting occurs occasionally. The duration of 
symptoms generally ranges from 1 week to 6 months, but a few 
patients have had symptoms for as long as 2 years before seeking 
medical attention. 

The liver is almost always enlarged and usually tender. Its sur- 
face may be irregular, or a definite mass may be felt. An arterial 
bruit is occasionally heard over the enlarged liver. Splenomegaly 
may be present and is attributed to the hepatic fibrosis and con- 
sequent portal hypertension that may also complicate exposure 
to VCM. Ascites is frequent, and the fluid may be blood stained. 
The patient often has jaundice. Fever and dependent edema are 
less common. Approximately 15% of patients present with acute 
hemoperitoneum following tumor rupture. Rarely, pulmonary or 
skeletal metastases are present. 


Diagnosis 


A rising serum bilirubin level and other evidence of progressive 
hepatic dysfunction may be present, especially in the later stages 
of the tumor. In patients who were exposed to thorium dioxide, 
radiopaque deposits of the material may be evident in the liver 
and spleen.'?! One or more mass lesions may be demonstrated 
on US, CT, or MRI, but diffusely infiltrating tumor may not be 
visualized. Hepatic arteriography reveals a characteristic appear- 
ance.!?° The hepatic arteries are displaced by the tumor, which 
shows a blush and “puddling” during the middle of the arterial 
phase that persist for many seconds, except in the central area, 
which may be hypovascular. 


Pathology 


Angiosarcomas are usually multicentric.!°” Their hallmark is the 
presence of blood-filled cysts, although solid growth also is seen. 
The lesions are fairly well circumscribed but not encapsulated. 
Larger masses are spongy and bulge beneath Glisson’s capsule. 
The earliest microscopic change is the presence of hyper- 
trophic sinusoidal lining cells with hyperchromatic nuclei in ill- 
defined loci throughout the liver. With progression of the lesion, 
sinusoidal dilatation and disruption of hepatic plates occur, and 
the malignant cells become supported by collagen tissue. Enlarg- 
ing vascular spaces lined by malignant cells cause the tumor to 
become cavernous. The malignant endothelial cells usually are 
multilayered and may project into the cavity in intricate fronds 
and tufts supported by fibrous tissue. The fronds commonly are 
elongated with ill-defined borders. The cytoplasm is clear and 
faintly eosinophilic. Nuclei are hyperchromatic and vary greatly 
in size and shape; some cells are multinucleated. Evidence of 
phagocytosis may be seen. Foci of extramedullary hematopoiesis 
are common, and invasion of the portal and central veins occurs 
in most cases. Distant metastases are present in 50% of tumors. 


Complications and Prognosis 


Hepatic angiosarcomas grow rapidly, and the prognosis is poor; 
death ensues within 6 months. Patients may have thrombocyto- 
penia resulting from entrapment of platelets within the tumor 
(Kasabach-Merritt syndrome), DIC with secondary fibrinoly- 
sis,!°° or microangiopathic hemolytic anemia as a result of frag- 
mentation of erythrocytes within the tumor circulation.!”” 


Treatment 


Operative treatment is usually precluded by the advanced stage 
of the tumor. Even when surgery is undertaken, the patient com- 
monly survives only 1 to 3 years, although long-term survival 
may be achieved in the few patients with a solitary tumor.!** The 
results of irradiation and chemotherapy are poor. 


Epithelioid Hemangioendothelioma 
Epidemiology 


Epithelioid hemangioendothelioma is a rare tumor with an esti- 
mated incidence of less than 0.1 per 100,000.!*’ A series of 137 
cases has been collected at a specialized referral center.?°° Two 
thirds of patients were female, and the tumor occurred at all ages 


in adulthood. 


Clinical Features 


Patients typically present with nonspecific symptoms such as 
abdominal pain and weight loss. 


Diagnosis 


Imaging studies show a characteristically highly vascular mass 
that may infiltrate throughout the liver. Case reports indicate that 
the tumor can be visualized on PET. Correct diagnosis requires 
histologic examination of tissue obtained by biopsy. Epithelioid 
hemangioendothelioma should be distinguished from infantile 
hemangioendothelioma, a not uncommon liver tumor of infancy 
that may be associated with abdominal distension, failure to 
thrive, heart failure, bronchiolitis, and even sudden infant death 
(see later). Type II infantile hemangioendothelioma tends to 
be more aggressive and may be indistinguishable from hepatic 


angiosarcoma in some cases.?0!202 


Pathology 


Tumors are often multiple and may be diffuse throughout the 
liver. Histologically, they are characterized by the presence of 
dendritic and epithelioid cells that contain vacuoles, representing 
intracellular lumina. These cells stain positively for endothelial 
markers, such as factor VIII-related antigen, CD34, or CD31. 


Complications and Prognosis 


The tumor has low-grade malignant potential and must be distin- 
guished from angiosarcoma, because it has a much better prognosis 
if treated appropriately and aggressively. Epithelioid hemangioen- 
dothelioma may metastasize, both within and beyond the liver. 


Treatment 


The primary treatment modality for epithelioid hemangioendo- 
thelioma is surgical, including resection or LT. Transplantation 
appears to be effective for this tumor, even in the presence of 
advanced or even metastatic disease. The tumor does not appear 
to be sensitive to radiation or chemotherapy. 


Others 


Undifferentiated (embryonal) sarcoma is a rare primary malig- 
nancy of the liver that occurs in both children and adults.?%.20* 
The tumor tends to be aggressive, but long-term survival can be 
achieved with radical surgery and chemotherapy.’ Other rare 
neoplasms arising in the liver include liposarcoma,’”° primary 
lymphoma (see Chapter 32),188207 and rhabdomyosarcoma. 
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Hepatic Metastases 
Epidemiology and Etiology 


The liver is the most frequent target for metastatic spread of 
tumors. Hepatic metastases occur in 40% to 50% of adult patients 
with extrahepatic primary malignancies.*°* Foremost among the 
reasons for the high frequency of hepatic metastases are the 
double blood supply of the liver and the presence of fenestra- 
tions in the sinusoidal endothelium that facilitate penetration of 
malignant cells into the hepatic parenchyma.*°’ Hepatic metasta- 
ses commonly originate from primary sites in the distribution of 
the portal venous system, including the pancreas, stomach, and 
colon. Outside this distribution, tumors of the lung and breast are 
the most common origins of hepatic metastases. 


Clinical Features 


Symptoms resulting from hepatic metastases are often absent or 
overshadowed by those of the primary tumor. Occasionally, the 
symptoms and signs attributable to metastases are the present- 
ing manifestations of an asymptomatic primary tumor. In such 
cases, the likely symptoms are malaise, weight loss, and upper 
abdominal pain. Jaundice, when present, is seldom attributable 
to replacement of hepatic tissue by metastases. Depending on the 
extent of the metastatic disease, the liver may be enlarged, some- 
times markedly. Its surface may be irregular, and umbilicated 
nodules may be felt by the examiner. A friction rub may be heard 
over hepatic metastases. 


Diagnosis 


CT is the most useful imaging technique.”!? Multiphase heli- 
cal CT and CT during arterial portography are more sensitive 
than conventional CT. Dynamic contrast-enhanced Doppler 
US with IV infusion of CO, microbubbles is also useful for the 
diagnosis of hepatic metastases.’ T'1-weighted MRI may also be 
helpful, and iron oxide-enhanced MRI is even better. Fluorine- 
18-fluorodeoxyglucose PET-CT is helpful in identifying a liver 
mass as malignant and, more important, in locating extrahepatic 
disease that may influence treatment. 


Pathology 


Macroscopic Appearance 

Hepatic metastases usually are multiple.’ Their pathologic 
features vary, depending on the site of origin. Metastases are 
expansive, when they are discrete, or infiltrative. Individual 
metastases may reach a large size, and with multiple metastases, 
the liver may be greatly enlarged. Metastases are commonly gray- 
white and may show scattered hemorrhages or central necrosis. 
Individual metastases may be surrounded by a zone of venous sta- 
sis. Subcapsular lesions are often umbilicated. The dictum that 
cirrhotic livers are less likely than noncirrhotic livers to harbor 
metastatic deposits remains to be verified. 


Microscopic Appearance 

The microscopic features, including the degree of stromal 
growth, of most hepatic metastases duplicate those of the tumor 
of origin. Metastatic deposits usually are easily delineated from 
the surrounding liver tissue. Invasion of portal or hepatic veins 
may be seen, although less often than with HCC.* It may be 
difficult to distinguish metastatic adenocarcinoma from primary 
cholangiocarcinoma (see earlier).!°? 


Treatment and Prognosis 


The extent of replacement of liver tissue by metastases gener- 
ally determines the patient’s prognosis. The greater the tumor 
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burden, the worse the outlook, with only approximately 50% of 
patients surviving 3 months after the onset of symptoms and less 
than 10% surviving more than one year.?!! Improved imaging 
modalities, advances in surgical techniques for resection, and 
new chemotherapeutic agents and regional therapies have made 
it possible to achieve long-term survival in individual patients. 
Long-term survival has been accomplished most often by resec- 
tion of hepatic metastases in patients with colorectal cancer, a 
substantial number of whom have been cured or have obtained 
disease-free survival for up to 20 years.7!!7} Survival for 5 years 
can be achieved in up to 60% who undergo resection of a soli- 
tary colon cancer metastasis to the liver.*!* If the primary tumor 
has been removed completely and metastases are confined to the 
liver, resection of hepatic metastases should be considered.?!° 
Multiple case series suggest benefit with the potential for long- 
term survival in patients with a solitary breast cancer metastasis 
to the liver that responds to preoperative chemotherapy.7!> Case 
series also suggest potential benefit for resection of low-volume 
(<25% of liver volume) symptomatic liver metastases of neuroen- 
docrine tumors.?!° 

LT, with or without chemotherapy, has been limited to 
a few patients with rare slow-growing malignancies such as 
neuroendocrine tumors but is generally contraindicated in 
other types of metastatic disease. RFA is a valid therapy for 
colorectal metastases in patients who are unable to tolerate or 
refuse surgical resection. Other invasive methods of destroying 
metastases, such as ethanol injection, freezing with cryoprobes, 
and laser vaporization, warrant further study. Radiation ther- 
apy and intra-arterial infusion of cytotoxic drugs have limited 
roles. 


BENIGN TUMORS 
Hepatocellular Adenoma 
Epidemiology 


Hepatocellular adenomas (also termed hepatic adenomas and 
telangiectatic focal nodular hyperplasia [FNH] or adenomas) are 
rare benign epithelial tumors of the liver that occur predomi- 
nantly in women in the second to fifth decades of life. They are 
commonly associated with use of estrogen, including exogenous 
estrogens in oral contraceptive pills (OCPs), and can also be seen 
in the absence of exogenous estrogens and in men. The annual 
incidence of hepatocellular adenoma in OCP users is 30 to 40 per 
million compared with 1 to 1.3 per million in nonusers.*!° OCP 
use for more than 5 years, older age, and use of high-potency 
hormones all appear to increase the risk. Cessation of estrogens 
often leads to regression of an adenoma, adding support to their 
role in the pathogenesis. The role of low-dose estrogen hormone 
replacement therapy in causing hepatocellular adenoma remains 
uncertain, and this treatment should be used with caution in an 
individual known to have an adenoma. Hepatocellular adenomas 
have been associated with anabolic androgenic steroid use and 
FAP. 

Hepatocellular adenomas are common in patients with glyco- 
gen storage disease type I, with a frequency of 22% to 75%, and 
type III, with a frequency of 25%. In this setting, there is a male 
predominance, and the diagnosis is usually made during child- 
hood (see Chapter 77).7!7 

The designation /iver adenomatosis is usually applied to cases 
with multiple (arbitrarily > 10) hepatocellular adenomas and has 
been associated with germline and somatic mutations in hepato- 
cyte nuclear factor-la (HNF-1a) and with NAFLD in the adja- 
cent liver parenchyma. It is not clear whether liver adenomatosis 
is a distinct entity, but it may be more difficult to manage clini- 
cally than a single or a few adenomas because of the high number 
of lesions.?!8:21° 


Main clinical 
and pathologic 
characteristics 


Altered molecular 
pathway and 
its frequency 


Genetic 
mutations and 
risk factors 


TCF1 mut. 
MODY3 
CYP1B1 
mut. 

B-catenin 
mut. 
Obesity 
Alcohol 


Familial 
adenomatosis 
(MODY3) 
Marked 
steatosis 


HNF 1-0 
inactivation 
35%-45% 


Ive 


Males 
Cytologic abnormalities 
Pseudoglandular formation 
Higher risk of HCC 


B-catenin 
activation* 
15%-19% 


IS 


Oral contracepti 


Acute phase Inflammatory infiltrates 
inflammation* }<—»| Dystrophic vessels 
30%-35% Telangiectasia 


Unidentified 
10%-20% 


Fig. 96.5 Schematic representation of the principal molecular path- 
ways altered in hepatocellular adenoma. Left, Main risk factors and 
known genetic predispositions. Center, Altered molecular pathways and 
their frequencies. Right, Principal clinical and pathologic features of the 
types of adenomas. Arrows indicate the significant relationships. “Some 
tumors may be simultaneously f-catenin-activated and inflammatory. 
CYP1B7, cytochrome P450 1B1; HNF-7a, hepatocyte nuclear factor 
1a (gene symbol TCF7); MODY8, maturity-onset diabetes of the young 
type 3; mut, mutation. (Adapted from Rebouissou S, Bioulac-Sage P, 
Zucman-Rossi J. Molecular pathogenesis of focal nodular hyperplasia 
and hepatocellular adenoma. J Hepatol 2008;48:163-70.) 


Glycogenolys 


Etiology and Pathogenesis 


Multiple genetic alterations have been identified in hepatocellu- 
lar adenomas. Investigators in Bordeaux, France, proposed—and 
other groups have validated—a phenotypic-genotypic classifica- 
tion that divides hepatocellular adenomas into 4 groups?????! 
(Fig. 96.5). These groups have now been adapted by the WHO 
Classification of Tumours of the Digestive System. Each group 
has varying risks for transformation to HCC and implications for 
management. Biallelic mutations of the TCF1 gene that encodes 
HNF-1a have been identified in 35% to 45% of patients with 
hepatocellular adenoma, and this group of tumors is designated 
HNF-la inactivated.?!8??°?2! HNF-la is implicated in liver 
development by affecting hepatocyte differentiation and also helps 
control glucose and lipid metabolism.*!*”?” Most of the mutations 
are somatic, although germline mutations associated with mature- 
onset diabetes of the young type 3, an autosomal dominant form 
of nonketotic diabetes mellitus presenting before age 25, are com- 
mon in patients with liver adenomatosis (see earlier). A second 
pathway, the Wnt pathway, which has also been implicated in 
10% to 25% of HCCs, is activated in 15% to 19% of hepato- 
cellular adenomas.????!7?+ -Catenin activation via this path- 
way appears to confer a higher risk of malignant transformation 
and is associated with glycogen storage disease and adenomas in 
male patients.”?°> The third identified pathway for formation of 
hepatocellular adenomas includes acute inflammatory responses 
demonstrable by histologic examination of the tumor,??”> and 
associated with obesity and alcohol (see Fig. 96.5). This group 
often has activation of the IL-6 inflammatory signaling pathway, 
via mutations of genes in the IL6/JAK/STAT3 pathway includ- 
ing FRK and GNAS complex locus.’”” A small percentage of this 
group also exhibit B-catenin activation, which confirms increased 
risk for malignancy. The fourth group has no identifiable specific 
associated mutations and is designated unclassified adenoma. 


Some adenomas in this category have been shown to have 
constitutive activation of the sonic hedgehog pathway and seem 
to be at increased risk for tumor-related bleeding.??6 


Clinical Features 


Hepatocellular adenomas manifest in a number of ways. Often 
they may be found incidentally on abdominal imaging and pro- 
duce no symptoms. Rarely, if large, they can be discovered dur- 
ing a routine physical examination. Some patients experience 
pain in the right hypochondrium or epigastrium. The pain is usu- 
ally mild and ill-defined but may be severe as a result of bleed- 
ing into or infarction of the tumor. If the liver is enlarged, the 
surface is usually smooth, and the liver may be slightly tender. 
The most alarming presentation is with severe abdominal pain 
and hypotension from acute hemoperitoneum following rupture 
of an adenoma. This complication is linked to OCP use and car- 
ries an appreciable mortality rate.??7??8 Tumors that rupture are 
generally large (>5 cm) and solitary, although the most impor- 
tant determinant of rupture is a superficial location. Often, the 
affected woman is menstruating at the time; rupture may also 
occur during pregnancy.?”? The risk of malignant transformation 
is strongly associated with male gender, f-catenin activation, and 
a tumor diameter larger than 5 cm. 


Diagnosis 


Serum AFP concentrations are normal. The serum C-reactive 
protein (CRP) level and WBC count may be elevated with inflam- 
matory adenomas. Historically, fine-needle biopsy has been use- 
less because hepatocellular adenomas mimic normal hepatocytes 
microscopically. Core needle biopsy has also been of limited diag- 
nostic value, although a definitive diagnosis can often be made at 
expert centers with the use of immunohistochemical markers (see 
later).°° Dynamic MRI with a hepatocyte-specific contrast agent 
such as gadobenate dimeglumin or gadoxetic acid is the preferred 
imaging modality for diagnosis because it is most able to distin- 
guish a hepatocellular adenoma from other benign or malignant 
masses in the liver; dynamic CT can also be helpful.” 1232 

Because of the complexities associated with the differential 
diagnosis and the rarity of hepatocellular adenoma, imaging 
should be conducted at a center with expertise in diagnosing focal 
liver lesions. The tumor has a clearly defined margin and often 
has nearly parallel vessels entering it from the periphery (“spoke- 
wheel” appearance). Alternatively, the lesion may contain tor- 
tuous vessels coursing irregularly through it. On arterial-phase 
images, the tumor enhances irregularly, with areas of increased 
enhancement and focal avascularity as a result of hemorrhage or 
necrosis. On portal venous and delayed images, enhancement 
tends to decrease, and the lesion can be isointense or hypointense 
(“washout”). On late images (usually 20 minutes) using a hepato- 
cyte-specific contrast agent, almost all hepatocellular adenomas 
are hypointense compared with FNHs, which show homogenous 
diffuse hyperintensity or isointensity (see later). Some inflamma- 
tory hepatocellular adenomas may show patchy hyperintensity on 
hepatobiliary phase imaging, but other imaging (see later) and 
clinical features (obesity, metabolic syndrome, heavy alcohol use) 
can often help inform the correct diagnosis.?>> HNF-1la-inac- 
tivated hepatocellular adenomas show diffuse signal dropout in 
the lesion on Tl-weighted chemical shift sequences because of 
steatosis.” >*t Inflammatory hepatocellular adenomas have marked 
hyperintensity on T2-weighted sequences, especially in the 
outer part of the lesions, as a result of sinusoidal dilatation and 
persistent enhancement in the delayed phases. The uninvolved 
liver in the inflammatory type often has evidence of steatosis.’>+ 
B-Catenin—activated hepatocellular adenomas can have a poorly 
delineated scar. Surgical excision remains the gold standard for 
diagnosis (see later). 
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Fig. 96.6 A, Surgical specimen of a large hepatocellular adenoma. The 
tumor is yellowish and slightly lobular, with a pseudocapsule and areas 
of necrosis and hemorrhage. B, Histopathology of a hepatocellular 
adenoma showing the resemblance to normal liver tissue, with cords of 
normal-looking, although generally slightly larger, hepatocytes, as well 
as Kupffer cells (but fewer in number than normal) lining the sinusoids. 
Bile ducts and central veins are not seen, but the presence of abnormal 
vascular structures is evident. (H&E.) (A, Courtesy Elizabeth Brunt, MD, 
St. Louis, Mo. B, Courtesy Professor A.C. Paterson, Johannesburg, 
South Africa.) 


Pathology 


Hepatocellular adenoma generally occurs as a solitary, relatively 
soft, light brown to yellow tumor. It is sharply circumscribed but 
does not have a true capsule, although a pseudocapsule is formed 
by compression of the surrounding liver tissue (Fig. 96.64).?>° 
Hepatocellular adenomas arise in an otherwise normal liver, 
although hepatic steatosis is often seen in association with the 
inflammatory type. Most tumors are solitary, but multiple tumors 
can occur. Adenomas range in diameter from 1 to 30 cm. They are 
larger on average in women taking OCPs than in those not taking 
them; the lesions usually occupy a subcapsular position and proj- 
ect slightly from the surface of the liver. A pedunculated variety 
is occasionally seen. The cut surface of the tumor may show ill- 
defined lobulation but is never nodular or fibrotic. Foci of hemor- 
rhage or necrosis are frequent, and bile staining may be evident. 
Microscopically, hepatocellular adenoma may mimic nor- 
mal liver tissue to an astonishing degree (see Fig. 96.6B).?>° 
The tumor is composed of sheets or cords of normal-looking or 
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slightly atypical hepatocytes that show no features of malignancy. 
Few or no portal tracts or central veins are present, and bile ducts 
are conspicuously absent. Only an infrequent fibrous or vascu- 
lar septum traverses the lesion. An essentially normal reticulin 
pattern is demonstrable throughout the adenoma. The HNF- 
la-inactivated type often has intratumor steatosis and lacks 
inflammation. On immunohistochemistry, they do not stain with 
liver fatty acid-binding protein, in contrast to the surrounding 
liver and the other types of adenoma.??? The inflammatory type 
has scattered inflammatory infiltrates, thick-walled arteries with 
sinusoidal dilatation (peliosis), mild steatosis, and hemorrhage; in 
the past, this type was called “telangiectatic focal nodular hyper- 
plasia.” The lesion stains with serum amyloid A (SAA) and with 
CRP.” The B-catenin—activated type has no steatosis, peliosis, 
or portal tract elements and forms pseudoglands with cytologic 
abnormalities. On immunohistochemistry, the hepatocyte nuclei 
stain used for staining with glutamine synthetase is preferred for 
diagnosis.’*! Molecular analysis for B-catenin is recommended 
for equivocal staining with glutamine synthetase.’?* The unclassi- 
fied type of hepatocellular adenomas do not stain for CRP, SAA, 
B-catenin, or glutamine synthetase and have normal liver fatty 
acid-binding protein staining.???7! 


Treatment and Prognosis 


Historically, because of the danger that a hepatocellular adenoma 
may rupture and bleed, surgical resection was always recom- 
mended.??>-36 Resection is usually feasible in an uncomplicated 
case, but with rupture and hemorrhage, arterial embolization is 
generally used to control hemorrhage and resection is considered 
later for residual adenoma.’”’ More recent series indicate that the 
risk of rupture is related to a size larger than 5 cm, although a 
few cases of hemorrhage have been reported in smaller lesions.?>7 
Therefore, resection is now recommended for lesions larger than 
5 cm or those with evidence of hemorrhage or other symptoms. 
If the adenoma is not resected, pregnancy and exogenous estro- 
gens should be avoided, although pregnancy without complica- 
tions can be successful with careful monitoring for growth of the 
tumor, particularly for those smaller than 5 cm in diameter.?** 
‘Transformation of a hepatocellular adenoma to HCC is a poten- 
tial risk, with rates estimated to be 4.4%, predominantly limited 
to adenomas larger than 5 cm in diameter (96%) and more often 
associated with f-catenin activation and male gender.’*? The 
initial approach to a female patient with an asymptomatic hepa- 
tocellular adenoma is cessation of exogenous estrogens, weight 
loss for those who are obese, and interval imaging in 6 to 12 
months.**°*+! If there is no growth and the lesion is less than 
5 cm, subsequent annual imaging is recommended. Resection 
is recommended for adenomas greater than 5 cm, symptomatic 
patients, males, and patients with a known -catenin mutation. 
Advances in MRI and core needle-biopsy typing of hepatocellular 
adenomas may improve the management of patients in the future 
and further reduce the need for resection. 

The management of hepatic adenomatosis is problematic.’ 
Often in these cases, the number of tumors is large, and they 
cannot be resected entirely. The size and gender risk factors for 
malignant transformation and rupture, however, seem to apply to 
patients with adenomatosis as well. Therefore, serial imaging and 
consideration for biopsy or resection of evolving lesions is recom- 
mended. The role of LT for adenomatosis is best reserved for 
unresectable HCC or recurrent life-threatening hemorrhage.” ® 


Cavernous Hemangioma 
Epidemiology 


Cavernous hemangioma is the most common benign tumor of 
the liver and is found in as many as 7% of autopsies.!*” The 


lesion is thought to be a congenital malformation or hamar- 
toma that increases in size, initially with growth of the liver and 
thereafter by ectasia. Cavernous hemangiomas affect persons of 
all ages, although they manifest most often in the third, fourth, 
and fifth decades of life. Women are predominantly affected 
(4:1 to 6:1) and often present at a younger age and with larger 
tumors in comparison with men. Cavernous hemangiomas may 
increase in size with pregnancy or the administration of estro- 
gens and are more common in multiparous than in nulliparous 
women. 


Clinical Features 


The great majority of cavernous hemangiomas are small and 
asymptomatic and are discovered incidentally during imaging 
of the liver for another reason, at autopsy, or at laparotomy. 
Larger or multiple lesions produce symptoms.7** Those larger 
than 5 cm in diameter are called giant cavernous hemangio- 
mas, which may be as large as 27 cm. Upper abdominal pain 
is the most common complaint associated with giant cavern- 
ous hemangiomas and results from partial infarction of the 
lesion or pressure on adjacent tissues. Early satiety, nausea, 
and vomiting also may occur. Cavernous hemangiomas occa- 
sionally rupture. The only physical finding may be an enlarged 
liver. Occasionally, an arterial bruit is heard over the tumor. 
Arteriovenous shunting has been described with cavernous 
hemangiomas. 

‘Thrombocytopenia resulting from sequestration and destruc- 
tion of platelets in large hemangiomas (Kasabach-Merritt syn- 
drome) is seen occasionally in infants but rarely in adults.24+24° 
Malignant transformation has not been reported. 


Diagnosis 


Cavernous hemangiomas are often detected initially by US. 
The typical US appearance is an echogenic mass of uniform 
echodensity that lies in the posterior segment of the right lobe 
of the liver and is less than 3 cm in diameter.!*’?*° Almost all 
cavernous hemangiomas can be diagnosed by contrast-enhanced 
CT or MRI with sequential scans.” The center of the lesion 
remains hypodense, whereas the peripheral zone, which var- 
ies in thickness and may have a corrugated inner margin, is 
enhanced. MRI has a high degree of specificity and a central 
role in the diagnosis of small hemangiomas (Fig. 96.7).74%74? 
With small hemangiomas, the contrast material may assume a 
ring-shaped or C-shaped configuration, with an avascular center 
resulting from fibrous obliteration; this appearance is pathogno- 
monic. Nuclear tagged red blood cell studies may be helpful in 
the diagnosis of cavernous hemangioma but are now largely of 
historical interest. 

Because of the risk of severe bleeding, percutaneous needle 
biopsy should not be performed if a cavernous hemangioma is 
suspected. Moreover, a needle biopsy is of limited diagnostic 
value. Blunt abdominal trauma may sometimes result in rupture 
of a giant cavernous hemangioma.*>? 


Pathology 


Cavernous hemangiomas are usually solitary lesions, although 
multiple tumors occur in 10% of patients.” Reddish-purple 
or bluish masses are seen under Glisson’s capsule or deep in 
the substance of the liver. The larger lesions may be peduncu- 
lated. Cavernous hemangiomas are well circumscribed but sel- 
dom encapsulated. They may show central necrosis, and in some 
cases, the whole tumor is firm in consistency and grayish-white 
in appearance. Microscopically, hemangiomas are composed of 
multiple vascular channels of varying sizes lined by a single layer 
of flat epithelium and supported by fibrous septa.!*’ The vascular 
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Fig. 96.7 MRI showing a hemangioma of the liver (arrow). Panel A shows T1-weighted image on the left with 
a dark area where the hemangioma and a T2-weighted image on the right showing the same area of the liver 
with a very bright signal. Panel B shows progressive contrast enhancement with gadolinium from the periphery 
to the center of an hepatic hemangioma. From top left corner, clockwise the phases of the MRI are pregado- 
linium (Pre-Gd), hepatic arterial phase (HAP), portal venous phase (PVP), and equilibrium phase (EqP), followed 
by 2 very delayed phases (Delay 1 and Delay 2). (Images courtesy of Jeffrey J. Brown, MD, St. Louis, Mo.) 


spaces may contain thrombi. The demonstration of mast cells 
within hemangiomas suggests that mast cells may have a role in 
pathogenesis.*°! Sclerosing cavernous hemangiomas may some- 
times be seen and probably represent natural involution of these 
lesions. 

Occasionally, cavernous hemangiomas are associated with 
hemangiomas in other organs. They also may coexist with cysts 
in the liver or pancreas,”>* von Meyenburg complexes (see later 
and Chapter 62),?°? or FNH (see later).?54 


Treatment 


The great majority of cavernous hemangiomas can safely be left 
untreated. Some controversy exists about allowing pregnancy or 
use of estrogen-containing medications in patients with a cav- 
ernous hemangioma, but most authorities consider these to be 
safe.!88.255 A cavernous hemangioma that is large but localized 
and that causes incapacitating symptoms should be resected.?** 
If resection is not feasible, reduction in the size of the tumor 
with relief of symptoms is rarely achieved with irradiation, arte- 
rial ligation, arteriographic embolization, or systemic glucocor- 
ticoids.?6237 RFA has been used with some success. LT is rarely 
needed.>* If a cavernous hemangioma has ruptured, it may be 
necessary to embolize or clamp the hepatic artery to stop bleed- 
ing before proceeding with resection, although rupture is exceed- 
ingly rare. 


Infantile Hemangioendothelioma 
Epidemiology 


Although rare, infantile hemangioendothelioma is the most com- 
mon tumor of the liver in infants. Its importance stems from the 
high incidence of heart failure in infants with this tumor and the 
resulting high mortality rate. The tumor almost invariably mani- 
fests in the first 6 months of life and is twice as common in girls 
as in boys.!7*75? Hepatic hemangioendothelioma often coexists 
with hemangiomas in other organs, especially the skin (in about 
half of patients). 


Clinical Features 


Small hemangioendotheliomas are usually asymptomatic. 
The presence of a large lesion is recognized clinically by the 
diagnostic triad of an enlarged liver, high-output heart fail- 
ure, and multiple cutaneous hemangiomas.”>”?°° The liver is 
larger than expected on the basis of the severity of the heart 
failure, and hepatomegaly persists after the heart failure has 
been treated successfully. When hemangioendotheliomas 
occur diffusely throughout the liver, as they usually do, their 
combined effect is to act as a large peripheral arteriovenous 
shunt. Shunts of this size are responsible for the heart failure. 
Approximately one third of patients have jaundice. Patients 
may be anemic, partly because of the dilutional effect of the 
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increased circulating plasma volume that develops with large 
peripheral arteriovenous fistulas. A microangiopathic hemo- 
lytic anemia may contribute. In addition, thrombocytopenia 
may be present (Kasabach-Merritt syndrome). Malignant 
change is a rare complication. 


Diagnosis 


US may show one or more echogenic masses in the liver. 
Hepatic angiography is particularly helpful in diagnosis and 
shows stretching, but not displacement, of the intrahepatic 
arteries.*°! Abnormal vessels arise from the hepatic arteries and 
promptly opacify the liver, thereby giving rise to the charac- 
teristic blush of an arteriovenous shunt. The circulation time 
through the liver is short. Focal avascular areas may be evident 
when hemorrhage into or necrosis of the tumor has occurred. 
CT with enhancement and MRI are as specific as hepatic arte- 
riography for the diagnosis of hemangioendotheliomas.*° 
Percutaneous biopsy is contraindicated because of the danger 
of bleeding. 


Pathology 


Two types of infantile hemangioendothelioma are recognized. 
Type I lesions are often calcified and have a fibrous stromal sep- 
aration (with bile ductules) between channels. Type II lesions 
have a more malignant and disorganized-appearing endothelial 
cell lining and no stromal bile ductules.!”26 Infantile heman- 
gioendotheliomas typically are multifocal and produce nodular 
deformity of the entire liver. The nodules range in size from a 
few millimeters to many centimeters and are well demarcated 
but not encapsulated. At laparotomy, the nodules can be seen 
to pulsate. They are reddish purple, although large tumors are 
gray to tan. They may show hemorrhages, fibrosis, or calcifica- 
tion. 

Microscopically, infantile hemangioendothelioma is com- 
posed of layers of plump endothelial cells. A single layer char- 
acterizes the type I pattern, whereas several layers characterize 
the type II pattern. In some areas of the tumor, solid masses of 
mesoblastic primordial cells that differentiate early into vascular 
structures are observed. Fibrous septa may be prominent, and 
extramedullary hematopoiesis occurs frequently. Thrombosis 
may be followed by scarring and calcification. 


Treatment and Prognosis 


The course of infantile hemangioendothelioma is characterized 
by tumor growth during the early months of life, followed by 
gradual involution.” As noted earlier, type I infantile heman- 
gioendothelioma may resemble hepatic angiosarcoma in both 
appearance and behavior in some cases.?0!?°? Life-threatening 
aspects of the disorder are intractable heart failure and, to a lesser 
extent, consumptive coagulopathy or rupture of the tumor. Heart 
failure should be treated by conventional means initially, but if 
these measures fail, more aggressive treatment of the tumor, such 
as embolization, ligation of the hepatic artery, surgical resection 
of the tumor, or LT should be considered.*°+?° Use of gluco- 
corticoids has been successful in many (but not all) patients,?°° 
whereas irradiation has seldom been beneficial. When the tumor 
is confined to one lobe, surgical resection is curative, even in the 
presence of cardiac failure.?>” 


Others 


Other rare benign tumors of the liver include angiomyoli- 
poma,’°’ bile duct adenoma,’°* biliary cystadenoma, and biliary 
adenofibroma.76??”" 


BOX 96.4 Associations with and Complications of Focal 
Nodular Hyperplasia 


ASSOCIATIONS 


Cavernous hemangioma 

Cavernous transformation of the portal vein 
Congenital absence of the portal vein 
Epithelioid hemangioendothelioma 


HHT 

LT (detection in graft) 

Neonatal hepatic hemangioma 

Spinal and pulmonary arteriovenous malformations 
COMPLICATIONS 


Budd-Chiari syndrome 
Compression of the inferior vena cava 


TUMOR-LIKE HEPATIC LESIONS 
Focal Nodular Hyperplasia 


FNH is a circumscribed, usually solitary lesion composed of nod- 
ules of benign hyperplastic hepatocytes surrounding a central 
stellate scar.7/1° 


Epidemiology 


FNH is more common than hepatocellular adenoma. The lesion 
is seen more often in women than in men, although the gender dif- 
ference is much less striking than that for hepatocellular adenoma. 
FNH occurs at all ages, but most patients present in the third and 
fourth decades of life*?>°; the age distribution is similar to that 
of hepatocellular adenomas, and the 2 lesions may coexist. 


Pathogenesis 


The cause of FNH is unknown. Abnormalities in arteries in small 
and medium-sized portal tracts have been described, suggesting 
a role for vascular malformation in the pathogenesis.*7>”’* It has 
been described to occur with other vascular lesions, such as cav- 
ernous hemangioma, epithelioid hemangioendothelioma, and 
HHT-’”*?4A role for OCPs in the development of the lesion 
was suggested but has been disputed.’°? Nevertheless, some 
evidence suggests that FNH may be hormone dependent.?”>’”6 
OCPs may accentuate the vascular abnormalities in FNH and 
cause the lesion to enlarge, become more symptomatic, and 
rarely rupture. 


Clinical Features 


Most of these lesions do not produce symptoms and are often 
discovered during upper abdominal imaging for other reasons or 
because an enlarged liver is felt on routine examination or found 
during abdominal surgery or at autopsy.?ć®?77:278 Patients may 
experience mild pain, particularly with bleeding into or necrosis 
of the lesion. Conditions and complications associated with FNH 
are listed in Box 96.4. 


Diagnosis 


Serum AFP levels are normal. The mass lesion seen on US and 
CT is not specific for FNH?’%?8° unless the central scar and 
feeding artery are seen (Fig. 96.8). MRI may be useful for the 
diagnosis of FNH, and advances in the use of contrast agents for 
MRI have substantially improved the utility of this technique to 


Fig. 96.8 Contrast-enhanced CT of the liver during the arterial phase 
showing a typical focal nodular hyperplasia (arrow) with contrast 
enhancement of the mass lesion and the central stellate scar that is 
apparent by its lack of enhancement. 


diagnose FNH definitively. Liver-specific gadolintum-based MR 
contrast agents show FNH to be iso- to hyperintense relative to 
the liver parenchyma during the hepatobiliary phase of imag- 
ing, and rarely hypointense, with proved sensitivity greater than 
90% for distinguishing FNH from hepatocellular adenomas. 
Gadoxetic acid is thought to be the best choice of contrast agent 
for the diagnosis of FNH.7*! 


Pathology 


FNH manifests as a firm, coarsely nodular, light brown or yellow- 
ish-gray mass of variable size, with a dense central stellate scar and 
radiating fibrous septa that divide the lesion into lobules.*** The 
nodule may be small, resembling a cirrhotic nodule, or extremely 
large. The lesion of FNH usually occupies a subcapsular position 
and may be pedunculated. It generally is solitary. Larger lesions may 
show foci of hemorrhage or necrosis, although these features are 
seen less frequently than in hepatocellular adenomas. The fibrous 
septa sometimes are poorly developed, and the central scar may be 
absent. The lesion is sharply demarcated from the surrounding liver 
tissue, which is normal, but a true capsule is absent. FNH is associ- 
ated with hepatic hemangiomas in as many as 20% of cases. 

Microscopically, FNH closely resembles a focal form of inac- 
tive cirrhosis. Individual hepatocytes are indistinguishable from 
those of normal liver but lack the usual cord arrangement in rela- 
tion to sinusoids, central veins, and portal tracts. Kupffer cells 
are present. Characteristically, the fibrous septa contain numer- 
ous bile ductules and vessels. Other features include heavy infil- 
trations of lymphocytes and, to a lesser extent, plasma cells and 
histiocytes. Bile duct proliferation in portal tracts may also be 
evident. Branches of the hepatic artery and portal vein show vari- 
ous combinations of intimal and smooth muscle hyperplasia, sub- 
intimal fibrosis, thickening of the wall, occlusive luminal lesions, 
and thrombosis at times. Whether these vascular changes are 
primary or secondary is not known. Peliosis hepatis may be an 
associated lesion (see Chapter 85). The histologic features almost 
always make it possible to distinguish FNH from hepatocellular 
adenoma, although the distinction may be difficult to make, par- 
ticularly in small biopsy specimens. 


Treatment 


Studies of the natural history of FNH indicate that most lesions 
remain stable or even regress or disappear after a long follow-up 
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period.?™ Large symptomatic or complicated lesions should 
be resected, usually by segmental resection or enucleation. 
Recurrence after resection is rare. These lesions may also be 
treated with RFA. Otherwise, FNH should be left alone. If the 
lesion is not resected, discontinuation of OCPs is recommended 
and may result in regression of the lesion. Periodic US should be 
performed if a firm diagnosis of FNH has not been made, and a 
lesion that increases substantially in size should be resected. The 
available evidence argues against the notion that FNH is a pre- 
malignant condition. 


Others 


Nodular regenerative hyperplasia is characterized by nodularity 
of the liver without fibrosis**+ and may be associated with a num- 
ber of diseases, such as RA and Felty syndrome (see Chapter 37). 
Although generally diffuse, the nodularity is occasionally focal, 
in which case the lesion may be mistaken for a tumor. Patients 
with nodular regenerative hyperplasia typically present clinically 
with portal hypertension. Partial nodular transformation is char- 
acterized by nodules that are limited to the perihilar region of the 
liver. These patients also present with portal hypertension. 

Macroregenerative nodules may occur in advanced cirrhosis 
or after massive hepatic necrosis. In the presence of cirrhosis, 
they are believed to be premalignant and may, in addition, be 
mistaken for hepatic tumors during hepatic imaging.’ 

Inflammatory pseudotumor is a rare entity, resulting from 
focal infection, that may be mistaken for an hepatic tumor (see 
Chapter 84).?%° It occurs particularly in young men, who present 
with intermittent fever, abdominal pain, jaundice, vomiting, and 
diarrhea. Leukocytosis, an elevated ESR, and polyclonal hyper- 
globulinemia are present in approximately 50% of patients. The 
lesion may be solitary or multiple and shows a mixture of chronic 
inflammatory cells, with plasma cells predominating. Focal fatty 
infiltration, or focal fatty sparing in the presence of diffuse fatty 
infiltration, may also be mistaken for an hepatic tumor (see Chap- 
ter 87).287 


HEPATIC CYSTS 


Hepatic cysts are abnormal fluid-filled spaces in the hepatic 
parenchyma and biliary tract. They are categorized into 3 main 
types: fibrocystic diseases of the liver, cystadenomas and cyst- 
adenocarcinomas, and hydatid cysts. Cystadenomas and cystad- 
enocarcinomas are discussed in Chapter 69. Hydatid cysts are 
discussed in Chapter 84. 

Fibrocystic diseases of the liver originate from abnormal per- 
sistence or defects in the progressive remodeling of the ductal 
plate during development, resulting in dilated fluid-filled spaces, 
including hepatic and choledochal cysts, portal fibrosis, and duc- 
tal plate malformations (see Chapter 62).?°*8? Fibrocystic dis- 
orders of the liver described here include simple hepatic cysts, 
polycystic liver disease (PCLD), fibrocystic disease associated 
with autosomal recessive polycystic kidney disease, von Meyen- 
burg complexes, and Caroli disease (type V choledochal cyst). 
(The other diseases are congenital hepatic fibrosis and type IV 
choledochal cysts; see Chapter 62.) 


Simple Cysts 


Simple hepatic cysts are thought to be congenital in origin and have 
a frequency of about 2.5% of the population.” They are generally 
smaller than 5 cm in diameter and can number up to 10 before 
being considered part of PCLD. The cysts are usually asymptom- 
atic and discovered incidentally during upper abdominal imaging. 
They occur more often in women than in men, and their preva- 
lence increases with age. When symptomatic, they can produce 
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Fig. 96.9 MRI of the abdomen in a patient with severe polycystic liver 
disease. This coronal T2-weighted image shows a massively enlarged 
liver with numerous bright fluid-filled cysts. (Courtesy Dr. N. Cem Balci, 
St. Louis, Mo.) 


complications similar to those of PCLD, including intracystic 
bleeding, infection, rupture, or compression of adjacent organs. 
Typically, initial imaging with US, CT, or MRI provides an 
accurate diagnosis and distinguishes a simple cyst from a hyda- 
tid cyst and cystadenoma. Septations, papillary projections, or 
calcification should raise suspicion of an alternative diagnosis.’”! 
Asymptomatic solitary hepatic cysts should be left alone. If inter- 
vention is required because of symptoms, percutaneous aspiration 
and sclerosis with alcohol or doxycycline will almost always ablate 
the cyst, but recurrence is frequent.’”’ An alternative approach 
is laparoscopic (or, rarely, open surgical) fenestration, which is 
seldom followed by recurrence but has greater morbidity. 


Polycystic Liver Disease 


PCLD is a rare condition in which multiple cysts form in the 
hepatic parenchyma; usually it comes to clinical attention in 
adulthood (Fig. 96.9). PCLD usually presents in association with 
autosomal dominant polycystic kidney disease (ADPKD)’?*?°+ 
but can appear as isolated PCLD.?”>?"° 

The cysts range in diameter from a few millimeters to 10 cm 
or more. They contain clear, colorless, or straw-colored fluid and 
are lined by a single layer of cuboidal or columnar epithelium, 
resembling that of bile ducts.?”>-?°” Rarely, the cysts may be lined 
by squamous epithelium; these cysts may be complicated by the 
development of squamous cell carcinoma. In addition to the nature 
of the lining epithelium, evidence for a biliary origin of these cysts 
is suggested by the composition of the cystic fluid, which has a low 
glucose content and contains secretory immunoglobulin (Ig)A and 
GGTP. The cysts are thought to arise as a result of ductal plate 
malformation. This process gives rise to von Meyenburg complexes 
(see later), which become disconnected from the biliary tract dur- 
ing development and growth and dilate progressively to form cysts. 


Epidemiology 


PCLD is relatively common in patients with ADPKD. It occurs 
in approximately 24% of patients in the third decade of life to 


80% in the sixth decade of life, but the kidney disease usually 
dominates the clinical course.” Cysts may also be present in 
the pancreas, spleen, and (less often) other organs. Symptomatic 
liver disease correlates with advancing age, severity of renal cysts, 
and renal dysfunction.?”? Women tend to have larger and more 
numerous cysts, and a correlation with the number of pregnan- 
cies has been found. The use of exogenous female sex hormones 
may accelerate the rate of growth and size of the cysts. PCLD 
may coexist with other fibrocystic liver diseases, such as congeni- 
tal hepatic fibrosis (in which the patient is likely to present with 
portal hypertension), Caroli disease, or von Meyenburg com- 
plexes.?”>°7 PCLD is also associated with other conditions such 
as berry aneurysms, mitral valve prolapse, diverticular disease, 
and inguinal hernias. 

Isolated PCLD not associated with ADPKD is rare, represent- 
ing 7% of all PCLD in autopsy series.?”>-?” It is usually asymp- 
tomatic.’ Like ADPKD-associated PCLD, isolated PCLD is 
associated with pregnancy and appears to be more symptomatic 
in women than men. 


Etiology and Pathogenesis 


ADPKD is a common genetic disease with a frequency of 1:1000 
in whites.*°! Two genes are responsible. The gene affected in 
ADPKD1 is PKD-1, which is located on chromosome 16q13- 
q23 and expresses a ubiquitous protein, polycystin-1.5°?> The 
gene responsible for ADPKD2 is PKD-2, which is located on 
chromosome 4 and expresses polycystin-2. The 2 polycystins 
are transmembrane glycoproteins that complex and localize in 
the primary cilium, a microtubule-based structure found on 
renal and biliary tubule epithelium and thought to act as a flow 
sensor and regulator of Ca** influx.°°* Although the mutation 
is inherited as an autosomal dominant trait, a second somatic 
mutation is thought to be necessary to produce the monoclon- 
ally derived cysts.*” 

Isolated PCLD has been shown in North American and Finn- 
ish families to be linked to the gene PRKCSH (also known as pro- 
tein kinase C substrate 80K-H) on chromosome 19p13.2-13.1 
and to SEC63 on chromosome 6q21.3°739%37 The gene products 
hepatocystin and SEC63p are thought to be involved in the fold- 
ing and quality control of glycoproteins and protein transloca- 
tion in the endoplasmic reticulum, respectively.*°* The genes 
appear to be autosomal dominant, and a second somatic muta- 
tion is thought to be needed to cause disease. Three additional 
genes, ALG8, GANAB, and SEC61B, have been identified and 
linked to isolated PCLD, and their gene products are endoplas- 
mic reticulum proteins necessary for maturation and trafficking 
of polycystin- 1.30” 


Clinical Features 


The hepatic cysts in PCLD, whether or not they occur in 
association with renal cysts, rarely cause morbidity, and many 
affected persons are asymptomatic.’?>?°’ Symptoms occur in 
patients with more numerous and larger cysts (10% to 15% 
of patients, usually women), generally with markedly enlarged 
livers. Abdominal discomfort or pain, postprandial fullness, 
awareness of an upper abdominal mass, a protuberant abdo- 
men, inability to bend over, and shortness of breath may be 
present. Severe pain may be experienced with rupture or infec- 
tion of a cyst, bleeding into a cyst, or torsion of a pedunculated 
cyst. Jaundice is evident in approximately 5% of patients and is 
caused by compression of the major intrahepatic or extrahepatic 
bile ducts. Ascites, if present, is the result of portal hyperten- 
sion, which generally is caused by associated congenital hepatic 
fibrosis but occasionally by compression of the hepatic veins by 
the cysts. Gastroesophageal variceal bleeding has rarely been 
reported? 


Diagnosis 


Liver biochemical test results generally are normal, with intact 
hepatic function, although serum alkaline phosphatase and 
GGTP levels may be increased. The cysts contain high levels 
of the tumor marker CA 19-9, and serum levels of CA 19-9 
may be elevated. A raised right hemidiaphragm may be evident 
on a plain film of the chest in patients with severe PCLD. The 
diagnosis of PCLD is confirmed by US, CT, or MRI (see Fig. 
96.9). 


Treatment 


On the rare occasions when cysts require treatment, fenestra- 
tion (unroofing) should be performed.’?’3!! Cyst fenestration 
originally was done at laparotomy but is now performed lapa- 
roscopically, thereby reducing morbidity.*!” A high recurrence 
rate is observed for cysts treated with fenestration, although 
symptomatic relief is usually durable. Cysts have also been 
treated by percutaneous injection of a sclerosing substance such 
as alcohol or doxycycline, but most patients have too many 
small cysts, so percutaneous injection should be reserved for 
those with a dominant cyst or excessive risk for surgery. Patients 
who fail to respond to cyst fenestration may be considered 
for partial hepatic resection if sufficient relatively uninvolved 
liver remains after surgery. The morbidity of this approach is 
substantial, and future LT may be more difficult after resec- 
tion.*!? LT (sometimes combined with renal transplantation) is 
associated with excellent outcomes and long-term survival but, 
because of the organ donor shortage, is generally reserved for 
patients with hepatic failure or severe symptoms that interfere 
with the patient’s quality of life.*!? Several randomized clinical 
trials have demonstrated a modest reduction in cyst size and 
improvement in quality of life with treatment with a long-act- 
ing somatostatin analog, but the length of follow up has been 
short? 


Autosomal Recessive Polycystic Kidney Disease 


Fibrocystic liver disease may present in childhood as an auto- 
somal recessive disorder that is usually rapidly fatal as a con- 
sequence of associated autosomal recessive polycystic kidney 
disease (ARPKD).?”?9+ A proportion of patients maintain renal 
function into adulthood, however, and complications of the asso- 
ciated liver disease then predominate. The liver cysts are micro- 
scopic rather than macroscopic and present a clinical picture of 
congenital hepatic fibrosis. Complications of portal hypertension 
are the usual hepatic manifestations of the disease. The gene 
responsible for this disease, PKHD1, has been identified on chro- 
mosome 6p21-cen, and the ARPKD protein, fibrocystin, is pre- 
dicted to be an integral receptor-like protein.*!* Many different 
mutations throughout the gene have been identified in patients 
with ARPKD. Some carriers of ARPKD may manifest a similar 
polycystic liver disease.>? 


von Meyenburg Complexes 


von Meyenburg complexes (also known as biliary microhamarto- 
mas) are common and do not produce symptoms; they are small 
and usually multiple. Each complex is composed of cystically 
dilated intra- and interlobular bile ducts embedded in a fibrous 
stroma.’!>!6 The cysts are lined by cuboidal or flat epithelium. 
They occur in almost all patients with congenital hepatic fibrosis 
and may coexist with Caroli disease or ADPKD. von Meyenburg 
complexes are found in or adjacent to portal tracts and are 
believed to arise as a result of malformation of the ductal plate 
(see Chapter 62); they may be complicated by the development of 
peripheral cholangiocarcinoma.*! 
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Caroli Disease 


Caroli disease is a rare disorder characterized by congenital non- 
obstructive gross dilatation of the segmental intrahepatic bile 
ducts.*°? The disease has been included in the classification of 
choledochal cysts (as type V)*???% and may occur in association 
with medullary sponge kidney (in 60% to 80% of patients) or 
congenital hepatic fibrosis (see Chapter 62). Caroli disease is 
believed to be caused by an intrauterine event that arrests duc- 
tal plate remodeling at the level of the larger intrahepatic bile 
ducts.7*° The resulting bile duct ectasia may be diffuse or local- 
ized. Both autosomal recessive and autosomal dominant modes of 
inheritance have been proposed. Caroli disease affects men and 
women equally and usually becomes symptomatic in early adult- 
hood; more than 80% of patients present with symptoms before 
30 years of age. 

Patients typically present with recurrent episodes of fever and 
abdominal pain caused by cholangitis. The liver is often enlarged. 
Ductal ectasia predisposes to bile stagnation, which in turn may 
lead to cholangitis, abscess formation, and septicemia.*!® Gall- 
stones form in the ectatic ducts in one third of patients. The 
result of these complications may be cholangiocarcinoma, which 
develops in less than 10% of patients. 

Caroli disease is usually discovered when the liver is imaged 
during investigation of suspected cholangitis. Irregular dilata- 
tions of the larger intrahepatic bile ducts are seen. 

Attacks of cholangitis require treatment with antibiotics. 
Endoscopic retrograde cannulation of the biliary system may be 
used to facilitate removal of sludge or stones from the accessible 
part of the biliary system, and the cysts may be drained by an 
endoscopic or percutaneous route. Liver resection for unilobar 
Caroli disease and LT for diffuse Caroli disease are associated 
with excellent long-term patient survival and a low rate of com- 
plications.’ 1° 


APPROACH TO THE PATIENT WITH AN HEPATIC MASS 


The approach to the diagnosis of a mass in the liver will be influ- 
enced by the age and gender of the patient and the presence or 
absence of symptoms (Fig. 96.10). Making a definitive diagnosis 
of a mass in the liver solely on clinical grounds is seldom possible. 
Nevertheless, detailed history taking will provide important clues 
about the probable benign or malignant nature of the lesion. The 
approach to a mass in the liver differs depending on whether or 
not cirrhosis is present.’2? In a noncirrhotic liver, masses may 
be found in the liver incidentally or because of symptoms; the 
main concern is cancer metastatic from elsewhere. Initial imag- 
ing studies such as US, CT, or MRI will indicate if the lesion is 
cystic. Cystic lesions should be investigated further and treated 
only if symptomatic or an echinococcal cyst or biliary cystade- 
noma is suspected, usually based on the complexity of the cyst 
wall, including calcification, septations, and daughter cysts (see 
Chapters 69 and 84). 

Non-cystic lesions in a noncirrhotic liver include a hemangi- 
oma, which can be confirmed by contrast-enhanced MRI. Hem- 
angiomas generally show peripheral nodular enhancement in the 
arterial phase, with progressive centripetal filling in the portal 
venous and delayed phases. FNH shows intense homogenous 
enhancement on arterial phase, with a characteristic enhancing 
scar on delayed phase, by CT or MRI. By contrast, hepatocellu- 
lar adenoma has less intense arterial enhancement and no central 
scar. Dynamic MRI with a hepatocyte-specific contrast agent and 
delayed imaging is helpful for distinguishing FNH from a hepa- 
tocellular adenoma because adenomas are hypointense on delayed 
phase images, whereas FNH are hyper- or isointense. If primary 
or metastatic malignancy is suspected because of the presence of 
underlying chronic liver disease, a prior or current malignancy, 
systemic symptoms or signs (e.g., weight loss), or an elevated 
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US, CT, or MRI 


Suspicious for HCC 


Not suspicious for HCC 


Repeat imaging Dynamic Cyst Metastases 
in 3-6 mos CT or MRI Hemangioma Cholangiocarcinoma 


Typical of HCC Not typical of HCC 


Dynamic CT or MRI 
Typical of HCC Not typical of HCC 


Fig. 96.10 Algorithm for the approach to the patient with an hepatic mass based on the suspicion for HCC. 


serum tumor marker level (AFP, CA 19-9), then a biopsy (under 
ultrasound or CT guidance) should be considered. Most metasta- 
ses are less vascular than HCC. A metastasis and peripheral chol- 
angiocarcinoma often have peripheral rim enhancement on the 
arterial phase. If a biopsy is not performed or not diagnostic, then 
interval follow-up imaging studies are prudent unless the imaging 
findings are classic in appearance for FNH or hemangioma. 

In a patient known to have cirrhosis, the presence of a nodule 
or mass should be presumed to be HCC until proved otherwise. 
AASLD practice guidelines provide criteria for the noninvasive 
diagnosis of HCC based on the vascularity of the tumor (see 
earlier). Contrast enhancement during the arterial phase of a 
multiphase CT or MRI study, with subsequent washout during 
the portal venous or delayed phase, is considered diagnostic of 
HCC if the lesion is larger than 1 cm in diameter. If the vascular 


enhancement pattern is atypical, a biopsy of the lesion should 
be considered. A high serum AFP level is strongly suggestive of 
HCC but may rarely occur with other GI malignancies, and its 
usefulness has been questioned. For a lesion smaller than 1 cm, 
interval imaging at 3 to 6 months is recommended. If determin- 
ing whether a patient has underlying cirrhosis is impossible on 
clinical and imaging grounds, a biopsy of the nontumorous liver 
may be done. Although characteristic imaging features of HCC, 
hemangioma, and FNH have high diagnostic accuracy and can 
be relied on for treatment decisions, definitive diagnosis often 
depends on demonstrating the typical histologic features of the 
tumor. 


Full references for this chapter can be found on www.expertconsult.com. 
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Although specific treatments for certain chronic liver diseases 
may favorably alter their natural history by diminishing, halting, 
or permitting regression of hepatic fibrosis, once major com- 
plications of cirrhosis such as ascites or hepatic encephalopa- 
thy develop, treatment options are limited and typically do not 
extend or significantly improve quality of life. Interventions such 
as variceal band ligation and placement of a TIPS can effectively 
control life-threatening bleeding but do not abort progression 
of underlying cirrhosis (see Chapters 5, 74 and 92). With some 
notable exceptions, as occur with abstinence from alcohol in 
decompensated alcohol-associated liver disease and antiviral 
therapy in advanced liver disease due to HBV or HCV infection, 
the course of clinically overt cirrhosis is almost invariably pro- 
gressive. Even a patient with previously well-compensated cir- 
rhosis who experiences an index complication of liver disease can 
develop precipitous deterioration with “acute-on-chronic liver 
failure,” leading to multiorgan involvement, frequently with 
sepsis and renal failure (see Chapter 74). The major indications 
for LT include decompensated cirrhosis, unresectable primary 
hepatic malignancies, and ALF, which account for the majority 
of adult cases.! 


Current post-transplant patient and graft survival rates (91% 
and 89% after 1 year, respectively, and 76% and 72% after 5 
years, respectively) reflect major advances in surgical techniques, 
postoperative intensive care, and immunosuppression, as well 
as better selection of potential candidates. Recurrent disease 
remains an ongoing concern during long-term follow-up of liver 
transplant recipients and may result in diminished patient and/ 
or graft survival after an otherwise successful procedure. The 
advent of interferon-free antiviral regimens with DAAs for HCV 
infection now permits treatment of recurrent infection in liver 
transplant recipients with efficacy and safety comparable to those 
for nontransplant populations.’ Similarly, oral antiviral agents in 
combination with hepatitis B immunoglobulin permits LT with 
a low likelihood of recurrent HBV infection post-transplant.’ 
Recurrence or development of de novo nonviral liver disease, 
particularly NAFLD, post-transplantation is also recognized and 
presents major future challenges. Effective immunosuppression 
has made graft rejection a less likely threat.*> Recognition that 
excessive immunosuppression is deleterious and that variable 
degrees of immune tolerance may develop in selected liver trans- 
plant recipients has led to more individualized immunosuppres- 
sive regimens.° 

The greatest challenge in LT remains the shortage of donor 
organs. Deaths on the transplant waiting list reflect in large part 
the sizable and ongoing disparity between the number of individ- 
uals in need of transplantation and that of available donor organs. 
Efforts to expand the deceased-donor supply by public education 
programs have succeeded, although many potential organ donors 
remain unidentified. Although live-donor LT (LDLT) in adult 
recipients can potentially increase the available donor organ pool, 
potential risks to the donor have limited its widespread applica- 
tion.’ Other innovations such as splitting of a deceased-donor 
graft to share between 2 recipients and use of “extended-criteria” 
grafts, including those from older and non-heart-beating donors, 
have also expanded the organ supply, albeit modestly; however, 
there is an increased frequency of biliary complications with 
these allografts. Utilization of HCV-infected grafts for candi- 
dates with HCV infection is one of the more recent strategies 
aimed at increasing the donor organ pool.® Prior to licensure of 
DAAs that permit safe and effective treatment of HCV infection 
in liver transplant recipients, this strategy was not considered fea- 
sible because of the risk of HCV acquisition. A consequence of 
the ongoing opioid epidemic in young adults has been expansion 
of the deceased donor pool due to accidental drug overdoses.” 
Although the shortage of donor organs will undoubtedly per- 
sist, and recurrence of the original disease remains a threat, the 
prospects for long-term survival appear to be excellent for most 
liver transplant recipients who otherwise would succumb to their 
underlying liver disease. The predicted 1-year survival rate for 
patients with decompensated cirrhosis is less than 10% without 
LT; by contrast, survival is 91% at 1 year and 76% at 5 years 
post-transplant for most indications.!° 

Access to LT has transformed the management of advanced 
liver disease but has resulted in an expanding cohort of poten- 
tial recipients with decompensated cirrhosis who require detailed 
medical attention.!! The best outcomes following LT are 
obtained in recipients who have not already experienced multiple 
complications of liver disease!’; therefore, referral is appropriate 
when a patient with cirrhosis has had an index complication, such 
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Fig. 97.1 Leading indications for LT in adults in the USA, 2012-2016. 
(From Cholankeril G, Ahmed A. Alcoholic liver disease replaces hepatitis 
C virus infection as the leading indication for liver transplantation in the 
United States. Clin Gastroenterol Hepatol 2018;16:1356-8). 
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as the new onset of ascites. For at least some potential recipients, 
access to LDLT may avoid a lengthy waiting period attended by 
potentially life-threatening complications of liver disease. 

In parallel with the evolution of LT, the care of transplant 
candidates with advanced disease and transplant recipients has 
become an area of special expertise. The transplant hepatologist 
must combine the skills necessary to practice gastroenterology, 
multidisciplinary internal medicine, and intensive care. This skill 
set has been formally recognized by the development of a second- 
ary subspecialty in transplant hepatology by the American Board 
of Internal Medicine." 


INDICATIONS 


The major indications for LT in adults reflect the most fre- 
quent causes of cirrhosis (see Chapter 74), notably alcohol-asso- 
ciated liver disease, NAFLD, HCV infection, and to a lesser 
extent, PBC, PSC, autoimmune hepatitis, HBV infection, and 
hemochromatosis (Fig. 97.1; see Chapters 68, 75, 79, 80, 86, 
87, 90, and 91). HCC is the leading indication for LT in the 
USA, reflecting the high risk for this primary hepatic malig- 
nancy in individuals with cirrhosis.!* Alcohol-associated liver 
disease remains another major indication for LT in the USA, 
with temporal trends demonstrating that the frequency of LT 
for this indication has steadily increased and has become the 
leading non-neoplastic indication for LT. Many candidates 
for LT previously described as having “cryptogenic” cirrhosis 
are now considered to have NAFLD (see Chapter 87), which 
currently follows alcohol-associated liver disease and is the sec- 
ond leading non-neoplastic indication for LT in the USA.!>.!6 
The number of patients with HCV-related chronic liver dis- 
ease listed for LT in the USA has declined steeply following 
licensure of DAAs.!7!8 An uncommon but important indication 
is ALF, which has a high mortality rate in the absence of LT 
(see Chapter 95). Cholangiocarcinoma, the other major primary 
adult hepatic malignancy after HCC, had been regarded as a 
contraindication to LT because of its rapid and almost invari- 
able recurrence, leading to dismal recipient survival rates; how- 
ever, acceptable outcomes have been reported in a subset of 
patients with perihilar tumors who receive neoadjuvant external 
beam radiation and chemosensitization (see Chapter 69).'? The 
major indication for pediatric LT is biliary atresia following a 
failed Kasai procedure (portoenterostomy) or delayed recogni- 
tion of the diagnosis (see Chapter 62). Other major pediatric 
indications include a,-antitrypsin deficiency and other meta- 
bolic disorders (see Chapter 77). 


BOX 97.1 Indications for LT 


ALF 
Complications of cirrhosis 
Ascites 
Chronic GI blood loss due to portal hypertensive gastropathy 
Encephalopathy 
Liver cancer 
Refractory variceal hemorrhage 
Synthetic dysfunction 
Liver-based metabolic conditions with systemic manifestations 
a.,-Antitrypsin deficiency 
Familial amyloidosis 
Glycogen storage disease 
Primary oxaluria 
Tyrosinemia 
Urea cycle enzyme deficiencies 
Wilson disease 
Systemic complications of chronic liver disease 
Hepatopulmonary syndrome 
Portopulmonary hypertension 


A diagnosis of cirrhosis per se is not an indication for LT, 
although a key issue in managing patients with cirrhosis is assess- 
ing whether this intervention will be needed in the future and 
when referral for transplant evaluation is appropriate (Box 97.1). 
Other important aspects of care are the anticipation of complica- 
tions such as variceal bleeding (see Chapter 92) and surveillance 
for HCC (see Chapter 96).!! LT should normally be recom- 
mended only when the limits of medical therapy for complications 
of cirrhosis have been reached. The risk of surgery must always 
be weighed against a realistic assessment of the potential recipi- 
ent’s prognosis in the absence of LT. For example, in a patient 
with decompensated cirrhosis caused by HBV infection, effec- 
tive antiviral therapy may result in significant clinical improve- 
ment, delaying or even obviating the need for LT (see Chapter 
79). Similarly, abstinence from alcohol can result in resolution 
of signs of hepatic decompensation in a patient with alcohol- 
associated liver disease (see Chapter 86). However, evaluation 
for LT should not be deferred even when a potentially revers- 
ible component of hepatic decompensation is identified, because 
clinical improvement does not occur invariably and the course 
of chronic liver disease remains unpredictable. Although rec- 
ognition of cirrhosis implies a risk for major complications and 
diminished life expectancy, the natural history of cirrhosis is a 
dynamic process, and multiple variables such as the treatment of 
the underlying cause of liver disease or the presence of comorbid 
conditions may affect the course. 

The development of disease-specific predictive models based 
on the natural history of PBC (see Chapter 91) and PSC (see 
Chapter 68) can help clinical decision making for patients with 
these cholestatic disorders, which tend to progress in a fairly 
stereotypical fashion.’? Before the introduction of the MELD 
score (see later), analogous models had not been available for 
noncholestatic forms of cirrhosis, and the decision to refer a 
patient for LT was generally based on an estimate of disease 
severity using objective parameters such as the serum albumin 
level, as well as more subjective variables such as the presence 
of hepatic encephalopathy, as in the Child-Turcotte-Pugh score 
(see Chapter 92). 

Important indications for LT remain severe hepatocellu- 
lar dysfunction, reflected by the presence of coagulopathy and 
jaundice, complications of portal hypertension such as refractory 
ascites and recurrent variceal bleeding, or the combination of 
portosystemic shunting and diminished hepatocellular function, 
as in hepatic encephalopathy (see Box 97.1). Deterioration of a 


patient’s quality of life is not reflected adequately in predictive 
models, including the MELD score. Disabling symptoms and 
complications, such as intractable pruritus, severe fatigue and 
incapacitating daytime sleepiness in patients with cholestatic 
and other forms of cirrhosis, and recurrent bacterial cholangi- 
tis in those with PSC, are also important considerations. MELD 
“exceptions”—the addition of points to the “biological” MELD 
score—can be requested on a case-by-case basis from the local 
UNOS Regional Review Board to facilitate LT for individual 
patients (see later). The awarding of extra points recognizes that 
although the MELD score has been a major advance in organ 
allocation, at least some patients may be disadvantaged by the 
use of purely objective parameters and exclusion of factors that 
were incorporated into older allocation schemes (e.g., intractable 
ascites, encephalopathy) or disabling symptoms that are disease 
specific. Ideally, LT should occur before a protracted period of 
disability reduces the likelihood that the recipient will return to 
full employment and normal social functioning. 


LISTING CRITERIA AND POLICIES OF THE UNITED 
NETWORK FOR ORGAN SHARING 


Organ allocation within the USA is administered by UNOS, 
which uses disease severity (not waiting time, as in the past) to 
assign a graft to a recipient. Prior to 2002, organ allocation was 
based on the Child-Turcotte-Pugh score (see Chapter 92). The 
MELD score (available at www.unos.org [https://optn.transpla- 
nt.hrsa.gov/resources/allocation-calculators/meld-calculator/)) is 
a formula that incorporates the serum bilirubin level, creatinine 
level, and INR. It provides a numerical value (based on a log- 
transformed equation) that predicts the 3-month mortality rate 
without LT (e.g., 1.9% with a score <9; 71.3% with a score of 
40).2! The MELD score also overcomes some of the inherent 
limitations of the Child-Turcotte-Pugh score, including limited 
discriminatory ability, subjective interpretation of parameters 
such as the presence or absence of ascites on the basis of the phys- 
ical examination, and the “ceiling effect” of the Child-Turcotte- 
Pugh score (i.e., no greater weight is given to a serum bilirubin 
level of 35 mg/dL than to a level of 3.5 mg/dL, even though a 
patient with the markedly higher bilirubin level clearly has more 
advanced liver disease). Inclusion of the serum creatinine level 
reflects its prognostic importance in patients with advanced liver 
disease. A modification of the MELD score in 2016 incorporated 
the serum sodium concentration into the formula (MELD-Na), 
reflecting the adverse effects of hyponatremia on the prognosis of 
patients with cirrhosis. 

An analogous predictive model has been developed and vali- 
dated for children younger than 12 years of age with chronic liver 
disease (Pediatric End-stage Liver Disease [PELD] score). The 
main difference between the MELD and PELD scores is that 
the pediatric model does not incorporate serum creatinine but 
instead uses age, growth failure (<2 standard deviations below the 
mean value for that age), and serum albumin level (also available 
at www.unos.org [https://optn.transplant.hrsa.gov/resources/allo 
cation-calculators/peld-calculator/)). 


CONTRAINDICATIONS 


Contraindications to LT are continually evolving. Effective oral 
antiviral therapy now allows LT for HBV-related liver disease 
with a low likelihood of recurrence.’* Similarly, antiviral therapy 
for HCV infection with all-oral DAAs is now well tolerated and 
highly effective in liver transplant recipients, and retransplanta- 
tion can be considered for recipients with a failing graft caused 
by recurrent HCV infection.” The introduction of antiretrovi- 
ral therapy has permitted LT in HIV-infected recipients with 
decompensated liver disease, typically caused by either HCV or 
HBV infection.”* Still, absolute and relative contraindications 
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BOX 97.2 Absolute Contraindications to LT 


ALF with a sustained ICP >50 mm Hg or CPP <40 mm Hg 
AIDS 

Active alcoholism or substance abuse 

Advanced cardiac or pulmonary disease 

Anatomic abnormality that precludes LT 

Angiosarcoma 


Cholangiocarcinoma (with few exceptions described in the text) 
Extrahepatic malignancy 

Persistent nonadherence 

Uncontrolled sepsis 


ICP. intracranial pressure; CPP. cerebral perfusion pressure (CPP = mean 
arterial pressure minus ICP). 


remain (Box 97.2). An absolute contraindication to LT implies 
that a successful outcome is so unlikely that transplantation 
should not be offered. A relative contraindication implies that the 
likelihood of a good outcome is suboptimal, although LT may 
still be considered in some patients. The role of LT in the man- 
agement of HCC has become better defined with recognition 
that a large tumor burden is associated with a high probability 
of metastatic spread postoperatively.” Despite the sophistication 
of current imaging techniques, tumor characteristics predictive 
of a poor outcome, most notably vascular invasion, may only be 
apparent once the explant is available. Although results of LT 
for cholangiocarcinoma had been poor because of a high rate of 
tumor recurrence, a subset of patients with perihilar tumors may 
benefit from multimodal therapy, including neoadjuvant chemo- 
therapy along with concurrent external beam radiation, followed 
by LT in selected candidates in whom surgical exploration dem- 
onstrates stage I or II disease (see Chapter 69).!? Outcomes of LT 
remain poor for angiosarcoma, which is an absolute contraindica- 
tion. By contrast, at least some patients with epithelioid heman- 
gioendothelioma have been transplanted successfully despite an 
extensive tumor burden, with documented regression of extrahe- 
patic metastases (see Chapter 96). 

For transplant candidates with a prior extrahepatic malig- 
nancy, therapy of the malignancy must have been curative, 
with the resected specimen indicating a low likelihood of 
metastatic spread. A 2-year recurrence-free interval prior to 
LT is adequate for most nonhepatic malignancies, but a longer 
period following resection may be desirable for breast cancer, 
colon cancer, and melanoma.*° Myeloproliferative disorders 
frequently underlie Budd-Chiari syndrome (see Chapter 85), 
but fortunately evolution to acute leukemia is not accelerated 
following LT.” 

Ongoing alcohol and recreational drug use remain absolute 
contraindications to LT. If continued abuse is a concern, random 
toxicology screening tests are appropriate. Although medicinal 
marijuana may be used legitimately for palliation, most trans- 
plant programs discourage its use because of concerns about 
the adherence of users to other therapies and possible pulmo- 
nary complications as well as evidence of accelerated fibrosis in 
HCV-induced liver disease.?* Cigarette smoking is prohibited 
in transplant candidates because of its multiple adverse effects, 
including an association with hepatic artery thrombosis and 
malignancy postoperatively.” A history of prescription narcotic 
abuse is also a cause for concern because it may contribute to 
difficulties with pain management postoperatively. Non-narcotic 
alternatives should be encouraged for the management of chronic 
pain. NSAIDs are contraindicated in patients with cirrhosis 
because of potential renal and GI toxicity. With increasing use 
of herbal compounds and other complementary and alternative 
medicines, a discussion of their unproved efficacy and unknown 
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toxicities—with caution against their use after transplant because 
of potential for drug interactions—is appropriate (see Chapters 
89 and 131).3° 

The pretransplant evaluation frequently uncovers important 
comorbidities—typically cardiac and pulmonary. Patients with 
decompensated cirrhosis were previously considered to have a 
diminished risk of coronary artery disease (CAD) because of low 
afterload (reflecting peripheral vasodilatation), decreased hepatic 
synthesis of cholesterol, and increased circulating estrogen levels. 
However, subsequent studies have shown that the prevalence of 
CAD in this population is at least equal to that of an age-matched 
control population.*! Risk factors for CAD in patients with cir- 
rhosis include diabetes mellitus, which is prevalent among cir- 
rhotic patients. Additional risk factors for CAD in the post-LT 
period include immunosuppressive drugs that contribute to 
systemic hypertension, hyperlipidemia, and obesity (see later). 
Clinical assessment of cardiac risk with exercise stress testing 
may be difficult in patients with cirrhosis because of poor physi- 
cal stamina, frailty, volume overload, hepatic encephalopathy, 
and pulmonary complications. IV administration of dobutamine 
mimics the physiologic effects of exercise and is used in stress 
echocardiography to exclude clinically significant CAD in liver 
transplant candidates. Patients who reach 85% of their maxi- 
mal predicted heart rate without wall-motion abnormalities on 
stress echocardiography have a low likelihood of peri- and post- 
operative ischemic cardiac events.°* CT coronary angiography 
(CTCA) can provide noninvasive measurement of coronary cal- 
cium scores, which correlate well with obstructive CAD. Studies 
of CTCA in liver transplant candidates are limited and restricted 
by small sample size. Although the negative predictive value of 
CTCA for excluding significant CAD (>50% obstruction) in liver 
transplant candidates was 100% in one small study, its specificity 
(44%) and positive predictive value (25%) were poor.*’ Cardiac 
catheterization and coronary angiography should be performed 
if CAD cannot be confidently excluded by noninvasive testing; 
however, this intervention is associated with an increased risk of 
bleeding and higher transfusion requirements for blood prod- 
ucts in patients with coagulopathy and thrombocytopenia due 
to advanced chronic liver disease.*+ Coronary artery stenoses 
can be managed by pre-LT angioplasty and stenting; however, 
antiplatelet therapy prescribed following endovascular interven- 
tions may pose an important risk for bleeding. Although coro- 
nary artery bypass grafting is usually contraindicated because of 
a risk of perioperative morbidity and mortality in a patient with 
decompensated cirrhosis, successful bypass surgery may render 
a patient an acceptable candidate for LT.*> The pretransplant 
evaluation may overestimate cardiac performance, and impaired 
cardiac function may become apparent only after the protective 
effect of decreased systemic vascular resistance (typical of cirrho- 
sis) is lost following LT, when afterload increases, because of the 
hypertensive effects of the primary immunosuppressive agents 
or excessive volume repletion.*° Specific causes of cirrhosis may 
be associated with additional cardiovascular events that diminish 
long-term survival. A large study using the Organ Procurement 
and Transplantation Network database showed that liver trans- 
plant recipients with NAFLD have the highest frequency of CAD 
(7.4%), compared with those with alcohol-associated liver disease 
(2.9%), HCV infection (2.7%), HBV infection (2.3%), and PBC 
(1.7%).*’ Fatal cardiac arrhythmias may result in poorer survival 
in patients with hemochromatosis or amyloidosis who undergo 
LT 

Pulmonary evaluation in the liver transplant candidate may 
reveal abnormal arterial oxygenation (see Chapter 94). Although 
severe chronic obstructive pulmonary disease or pulmonary fibro- 
sis precludes LT, respiratory restriction because of ascites or 
diminished mass and strength of respiratory muscles caused by 
chronic illness is reversible and is not a contraindication to LT. 
Even patients who undergo LT for o-antitrypsin deficiency may 
show improvement in pulmonary function tests postoperatively.*? 


Pulmonary artery hypertension (hemodynamically defined as mean 
pulmonary artery pressure [MPAP] 225 mm Hg and pulmonary 
vascular resistance 2240 dynes ¢ s e cm~ by right heart catheter- 
ization) in a patient with established portal hypertension is known 
as portopulmonary hypertension. Importantly, moderate and severe 
portopulmonary hypertension (MPAP 235 mm Hg and MPAP 
245 mm Hg, respectively) increases the mortality rate beyond that 
predicted by the MELD score and, if not improved by medical 
therapy, is a contraindication to LT (see Chapter 94).70! 

The bepatopulmonary syndrome (HPS) is characterized by the 
triad of chronic liver disease, pulmonary vascular dilatations (with 
right-to-left shunting), and hypoxemia.’ The diagnosis is sug- 
gested by an arterial oxygen tension (PaO>) less than 80 mm Hg 
on arterial blood gas obtained with the patient sitting upright or 
an alveolar-arterial (A-a) oxygen gradient of 15 mm Hg or greater 
when breathing ambient air; in patients older than 65 years of 
age, a PaO) of 70 mm Hg or less and an A-a gradient of 20 mm 
Hg or greater are commonly used thresholds (see Chapter 94). 
Liver transplant candidates should be screened for HPS with 
pulse oximetry, using a threshold saturation of peripheral oxygen 
(SpO ) value less than 96% at sea level (corresponding to a PaO, 
<70 mm Hg). The sensitivity and specificity of pulse oximetry 
for diagnosing HPS are 100% and 88%, respectively; therefore, 
confirmatory evaluation should be performed in patients with a 
low SpO>.* Definitive diagnosis is made by the demonstration of 
intrapulmonary vascular dilatations by contrast-enhanced echo- 
cardiography (which is the most sensitive technique), perfusion 
lung scanning with ?°™Tc-labeled macroaggregated albumin, or 
right heart catheterization with pulmonary arteriography. Con- 
trast-enhanced echocardiography is the imaging test of choice 
for the diagnosis of HPS. Detection of contrast in the left side 
of the heart within 3 to 8 beats after its appearance in the right 
atrium indicates intrapulmonary shunting. Predictors of poten- 
tial reversibility of HPS after LT include younger age, a lesser 
degree of preoperative hypoxemia, and adequate correction of 
hypoxemia with inspiration of 100% oxygen.** In the major- 
ity of patients with HPS, hypoxemia resolves within several 
months after LT, although protracted ventilatory support may 
be required. Because of the potential for improvement with LT, 
extra MELD points may be allocated to a patient with HPS. 

HPS must be distinguished from portopulmonary hyper- 
tension because the latter is associated with high perioperative 
mortality and frequently unchanged pulmonary hemodynam- 
ics despite LT. Specifically, a MPAP greater than 35 mm Hg, 
pulmonary vascular resistance greater than 300 dynes ° s e 
cm~, and cardiac output less than 8 L/minute are indicative 
of a high perioperative risk because the patient will be unable 
to increase cardiac output appropriately in response to altered 
intra- and postoperative hemodynamics. Vasodilator therapy 
may reduce pulmonary arterial pressure and permit LT (see 
Chapter 94).* 

Hepatic hydrothorax is accumulation of transudative fluid in 
the pleural cavity, usually on the right side and often with rela- 
tively little ascites remaining in the abdominal cavity, as a result 
of portal hypertension (see Chapter 93). It can be difficult to 
manage, often requiring repeated thoracentesis or placement of a 
TIPS prior to LT.*6 Insertion of an indwelling pleural drainage 
catheter is usually discouraged, because it can lead to infection in 
the pleural cavity. Similarly, interventions such as pleurodesis or 
pleural decortication should be avoided. 

Active uncontrolled extrahepatic infection is an absolute con- 
traindication to LT. In patients with decompensated cirrhosis, 
unexplained clinical deterioration, such as the onset of altered 
mental status or systemic hypotension in the absence of GI bleed- 
ing, must be presumed to reflect sepsis and is an indication to start 
antibiotics empirically. LT, however, may be the only option for 
patients with recurrent bacterial cholangitis complicating PSC 
(see Chapter 68). Repeated bouts of SBP need to be controlled 
by antibiotic therapy prior to LT (see Chapter 93). A particularly 


ominous finding is fungemia, which is typically impossible to 
eradicate in a debilitated patient with decompensated cirrhosis 
and precludes LT. HIV infection is not a contraindication to LT 
per se; however, the HIV viral load must be undetectable at the 
time of transplantation, and the CD4* T-cell count should be 
greater than 100/yL in candidates who have never had an oppor- 
tunistic infection and greater than 200/uL in those who have 
had an opportunistic infection.” Overall survival rates for HIV- 
infected liver transplant recipients are similar to those for non- 
HIV-infected recipients but have historically been worsened by 
HCV coinfection, inability of the patient to tolerate antiretroviral 
medications, and low CD4* T-cell counts.** However, recurrent 
allograft HCV infection is decreasing dramatically with the avail- 
ability of highly effective DAAs. 

An important consideration in the liver transplant candidate 
is the presence of vascular abnormalities that may increase the 
complexity of surgery. With increased surgical experience, such 
abnormalities, most notably portal vein thrombosis, are less likely 
to be an obstacle to LT. More extensive vascular thrombosis 
with involvement of the superior mesenteric vein may require 
extensive vascular reconstruction.1? The presence of a prior 
portosystemic shunt, particularly a nonselective (side-to-side or 
end-to-side) portacaval shunt, increases the technical complex- 
ity of LT (because the shunts need to be taken down during the 
surgery) but is not a contraindication. A TIPS placed to control 
complications of portal hypertension, including variceal hem- 
orrhage, intractable ascites, and hydrothorax, is now the most 
frequently encountered shunt and does not usually present an 
operative challenge unless the stent extends into the inferior vena 
cava or the superior mesenteric vein.*? 

Age restrictions have been relaxed for liver transplant candi- 
dates, although close attention must be paid to comorbid condi- 
tions in older patients. The presence of comorbidities not only 
increases perioperative mortality but may also diminish the likeli- 
hood that the recipient will be able to return to an active lifestyle, 
particularly because severe liver disease may cause more debility 
in older than in younger patients.*! Because a subset of robust 
older recipients have good outcomes, candidates in their late 60s 
or even older who are otherwise in good health should not be 
precluded a priori from LT. 

The differential diagnosis of renal insufficiency in patients 
with advanced liver disease includes hepatorenal syndrome, 
which is potentially reversible (see Chapter 94). Renal insuffi- 
ciency has a detrimental effect on survival in cirrhotic patients 
and remains an important predictor of poor outcomes after LT. 
Typically, renal dysfunction in patients with decompensated cir- 
rhosis reflects a variety of insults, including sepsis, hypotension, 
and use of nephrotoxic medications. Assessment of the potential 
for renal function to improve following LT is critical. According 
to UNOS policy (UNOS policy 9.7, available at www.unos.org), 
approval for simultaneous liver-kidney transplants (SLK) trans- 
plantation should be granted to patients with any of the follow- 
ing criteria: (1) chronic kidney disease (CKD), (2) sustained acute 
kidney injury, or (3) metabolic disease. CKD is defined by an 
estimated glomerular filtration rate (eGFR) of 60 mL/min or less 
for greater than 90 consecutive days before listing; to qualify for 
SLK transplantation, patients should also meet at least one of the 
following criteria: (1) hemodialysis has been started as standard 
treatment for end-stage renal disease or (2) an eGFR equal to or 
less than 30 mL/min at the time of listing and during the time the 
patient is on the kidney transplant waiting list. Sustained acute 
kidney injury is defined as the requirement for hemodialysis and 
an eGFR less than 25 mL/min for at least 6 consecutive weeks, and 
candidates for SLK transplantation must also meet at least one of 
the following criteria: (1) the candidate has been on dialysis at least 
once every 7 days or (2) an eGFR equal to or less than 25 mL/ 
min at least once every 7 days. Metabolic diseases that are indi- 
cations for SLK transplantation include hyperoxaluria, atypical 
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hemolytic-uremic syndrome from mutations in complement 
factor H or factor I, familial nonneuropathic systemic amyloido- 
sis, and methylmalonic aciduria. 

An important reflection of impaired free water handling in 
patients with decompensated cirrhosis is dilutional hyponatremia. 
Consequences of marked hyponatremia include altered mental 
status and an increased risk of calcineurin inhibitor—induced neu- 
rotoxicity after LT (see later). Incorporation of the serum sodium 
level into the MELD formula (MELD-Na) increases the prog- 
nostic accuracy of the MELD score, particularly in patients with 
relatively low MELD scores, and is now used for organ alloca- 
tion.53.54 

Another consequence of decompensated cirrhosis is malnutri- 
tion. Loss of muscle mass increases the likelihood of perioperative 
morbidity, with the need for more protracted ventilatory support 
and poorer patient survival. Peripheral edema and ascites result in 
changes in body weight or anthropometric measurements such as 
the BMI, making them unreliable for assessing nutritional status 
in patients with advanced cirrhosis. More profound nutritional 
deficiencies may reflect the specific cause of cirrhosis, as with 
deficiency of multiple vitamins and electrolytes in a malnourished 
individual with alcohol use disorder or depletion of fat-soluble 
vitamins in a person with cholestatic liver disease due to malab- 
sorption. Evaluation by a dietitian is an integral part of the pre- 
transplant evaluation. Attempts to improve the nutritional status 
of liver transplant candidates have included enteral and paren- 
teral nutritional support, which may result in improvement of 
clinical outcomes, albeit modest.’ An increasingly growing pool 
of obese liver transplant candidates is raising concerns about the 
role of obesity in the pathogenesis of NAFLD and in postop- 
erative mortality resulting from cardiovascular events, as well as 
postoperative complications such as wound infections.”° Frailty is 
increasingly recognized in cirrhosis, particularly in patients listed 
for LT (17%). Importantly, frailty has been identified as a strong 
predictor of wait-list mortality in liver transplant candidates, even 
after adjusting for severity of liver disease and other important 
variables.>” 


TRANSPLANT EVALUATION AND LISTING 


Although details of the evaluation process vary by center, key 
elements include confirmation that LT is indicated for the man- 
agement of the potential recipient’s liver disease, exclusion of 
comorbidities severe enough to preclude transplantation, and 
identification of adequate emotional and social resources for the 
patient to undergo a major surgical procedure and continue on 
long-term immunosuppression thereafter (Table 97.1). Approval 
for liver transplant evaluation is sought from the patient’s insur- 
ance carrier before the necessary extensive testing is undertaken. 
The patient is typically seen during the pretransplant evaluation 
by a transplant surgeon, hepatologist, psychiatrist, dietitian, and 
social worker, with additional consultations as clinically indicated. 
As increasingly frailer and older candidates are evaluated, identi- 
fying potential causes of perioperative morbidity, such as sarco- 
penia or carotid artery stenosis, is imperative. Detailed abdominal 
imaging is performed not only to screen for HCC but also to 
uncover vascular abnormalities such as portal vein thrombosis 
that may make surgery technically challenging. Disease-specific 
issues need to be addressed, such as the likelihood of recidivism 
in a patient with alcohol use disorder or management of a large 
tumor burden in a patient with HCC. The appropriateness of LT 
is then discussed formally at a meeting of the patient selection 
committee. If the patient’s candidacy is deemed to be appropriate, 
formal listing is undertaken with UNOS, followed by matching 
of recipients by blood type and weight with potential deceased 
donors. Once listed, a patient’s priority for organ allocation is 
determined by the MELD score, either the “biological” score 
or with additional points awarded in specific circumstances such 
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TABLE 97.1 Transplantation Evaluation Process 


Step Comment 


Financial screening Secure approval for the evaluation 


Medical evaluation As discussed in the text 


Hepatology evaluation Confirm the diagnosis and optimize 


management 


Laboratory testing Assess hepatic synthetic function, 
serum electrolytes, renal function, viral 
serologies, markers of other causes of 
liver disease, tumor markers, ABO-Rh 
blood typing; 24-hr urine for creatinine 
clearance; urinalysis and urine drug 
screen 


Cardiac evaluation Electrocardiography and 2-dimensional 
echocardiography; stress testing and 
cardiology consult if risk factors are 
present and/or the patient is 240 years 


of age 


Hepatic imaging US with Doppler to document portal vein 
patency, triple-phase CT or MRI with 


gadolinium for tumor screening 


General health 
assessment 


Chest x-ray, colonoscopy if the patient is 
250 years of age or has PSC, Pap smear 
and mammogram (women), consider 
prostate-specific antigen level (men) 


Transplantation surgery Assess technical issues and discuss the 


evaluation risks of the procedure 
Anesthesia evaluation Required if operative risk is unusually high 
(i.e., the patient has portopulmonary 
hypertension, hypertrophic obstructive 
cardiomyopathy, previous anesthesia 
complications) 
Psychiatry or psychology If there is a history of substance use 
consultation disorder, psychiatric illness, or 


adjustment difficulties 


Social work evaluation Address potential psychosocial issues and 
the possible effect of transplantation 
on the patient’s personal and social 


supports 


Financial and 
insurance counseling 


Itemize the costs of transplantation and 
post-transplantation care; help develop a 
financial management plan 


Nutritional evaluation Assess the patient’s nutritional status and 


provide patient education 


Adapted from O’Leary JG, Lepe R, Davis GL. Indications for liver trans- 
plantation. Gastroenterology 2008;134:1764-76, with permission. 


as HCC. With the seemingly intractable shortage of deceased- 
donor organs, the challenge has been to develop an equitable sys- 
tem of organ allocation and to ensure that hepatic allografts are 
not allocated to recipients whose prognosis without LT remains 
good. Patients with a MELD score of less than 15 appear to have 
better survival without rather than with transplantation.’ As 
shown in Fig. 97.2, the MELD score has been found to correlate 
with the 3-month survival rate. Patients with a MELD score of 
less than 10 are ineligible for active listing with UNOS unless 
they receive extra points for additional complications of liver dis- 
ease, such as HCC or HPS (UNOS policies 3.6.4.4 and 3.5.5.1, 
available at www.unos.org). 

Once the evaluation process is complete and the patient is 
accepted for LT, financial clearance is sought from the patient’s 
insurer. Unfortunately, criteria for LT coverage vary among 
insurers; however, in the USA, if Medicare, the major federal 
payor, funds a particular indication, other insurance carriers gen- 
erally follow suit. 
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Fig. 97.2 Relationship between the 3-month survival rate and the MELD 
score in patients with cirrhosis. 


DISEASE-SPECIFIC INDICATIONS 
Hepatic Malignancy 


HCC is the most common primary hepatic malignancy in adults 
and is currently the leading indication for LT in the USA.!* This 
neoplasm typically occurs in the setting of cirrhosis; a notable 
exception is chronic HBV infection, in which HCC can arise 
in the absence of cirrhosis (see Chapters 79 and 96). The like- 
lihood of tumor recurrence increases markedly with greater 
tumor burden, vascular invasion, the presence of multiple lesions, 
alpha-fetoprotein levels greater than 1000 ng/mL, and certain 
histologic features such as high nuclear grade, microsatellit- 
osis, and presence of giant or bizarre cells.°”°° LT remains the 
definitive treatment of choice for HCC in patients with cirrhosis; 
indeed, it accounts for approximately 20% to 40% of adult LT 
performed at most centers worldwide, reflecting the frequency of 
HCC in patients with cirrhosis and the awarding of extra MELD 
points for this neoplasm.°! 

Improvements in outcome of LT for HCC are attributable 
to better patient selection rather than post-transplant adjuvant 
therapies.’ The preoperative workup includes a bone scan and 
chest CT, in addition to abdominal imaging. Portal vein occlu- 
sion in a patient with HCC is typically considered evidence of 
metastatic spread, which precludes LT. PET-based imaging is 
not accurate for staging early HCC. Generally accepted criteria 
for LT in patients with HCC include a tumor diameter of less 
than 5 cm, if the tumor is solitary, or no more than 3 lesions, 
with the diameter of the largest lesion measuring no greater than 
3 cm—the so-called Milan criteria, based on an initial experi- 
ence from that city. Patients who meet the Milan criteria have 
a post-transplant survival rate comparable to that for patients 
undergoing LDLT for decompensated cirrhosis in the absence 
of complicating HCC: 75% at 4 years. Whether the Milan 
criteria are excessively restrictive, excluding potential recipients 
who might have done well with a low risk of tumor recurrence, 
remains controversial. Expanded criteria have been proposed 
from multiple groups including the University of California, San 
Francisco (UCSF) to increase the limits of tumor size and num- 
ber while preserving patient survival rates: specifically, a solitary 
tumor measuring 6.5 cm or less in diameter or no more than 3 
lesions, with the largest lesion measuring 4.5 cm or less and a 
total tumor diameter of 8 cm or less.°+:°> A meta-analysis, how- 
ever, supports restriction of LT for HCC to patients who meet 
the Milan criteria rather than exceed them, although significant 
heterogeneity among included studies limits the strength of this 
conclusion. With LDLT, recipients with HCC beyond Milan 


criteria had comparable survival to those meeting the criteria. 
The comparable survival between patients undergoing LDLT 
for HCC under the Milan criteria and those undergoing LT 
under the expanded criteria reflects a reduction in waiting time 
for LDLT. An international consensus statement, however, con- 
cluded that the Milan criteria remain the benchmark for selection 
of potential LT candidates with HCC.%” 

Adoption of the MELD score and awarding of exception 
points resulted in proportionally more patients with HCC under- 
going LT.° In the most recent modification of the MELD score, 
patients with a solitary HCC measuring less than 2 cm do not 
receive additional MELD points, and patients with a solitary 
HCC measuring 2 to 5 cm or 3 nodules each measuring less than 
3 cm are initially listed for LT with their “biological” MELD 
score but automatically accrue 28 points after 6 months, and con- 
tinue to accrue 10% increments every 3 months until attaining 
a score of 34, at which point the exception points are capped.” 
Importantly, when expanded criteria for LT (i.e., UCSF criteria) 
are used in patients with HCC, no additional MELD points are 
given to these patients. 

Strategies to expand criteria for LT in HCC include down- 
staging the tumor with the use of locoregional therapies so that 
the Milan criteria are met; whether this approach will ultimately 
improve patient survival remains to be determined (see Chapter 
96).° For example, transarterial chemoembolization is commonly 
used to reduce tumor burden during the often protracted wait 
for LT. This intervention, however, can be hazardous in patients 
with decompensated cirrhosis. Radiofrequency ablation has also 
been used increasingly to manage HCC in transplant candidates. 

Confounding the management of LT candidates with HCC 
is the frequent observation that the tumor burden in the explant 
is significantly underestimated by preoperative imaging studies. 
The use of locoregional therapies for HCC reduces waiting list 
dropout rates. A Markov model has suggested that these inter- 
ventions could be cost effective when the time on the waiting list 
exceeds 6 months.”°,7! 

One class of immunosuppressive agents, the mammalian 
target of rapamycin (mTOR) inhibitors (i.e., sirolimus and 
everolimus), has antineoplastic properties, and uncontrolled 
pilot studies had suggested lower tumor recurrence rates and 
improved survival in liver transplant recipients with HCC 
treated with sirolimus.” These results, however, have not 
been confirmed in randomized controlled trials, and therefore, 
current recommendations do not endorse the routine use of 
mTOR inhibitors to reduce the risk of HCC recurrence after 
LT.°’ Systemic chemotherapy for HCC with sorafenib in com- 
bination with sirolimus has been evaluated for treatment of 
recurrent HCC following LT, albeit only in small and uncon- 
trolled preliminary studies. Conclusions about the efficacy of 
sorafenib in the treatment of post-LT recurrent HCC cannot 
be established at this time; however, there appear to be frequent 
side effects with sorafenib use in this setting.’+7>A retrospec- 
tive study showed that preemptive treatment with sorafenib 
in LT recipients with high-risk features for post-transplant 
recurrence noted in the explant (1 viable tumor exceeding 
Milan criteria, micro- or macrovascular invasion, lymph node 
or hepatic capsule invasion, or satellite nodules) was not associ- 
ated with increased recurrence-free survival.” There are cur- 
rently no data about the efficacy or safety of regorafenib for 
prevention of recurrent HCC post-LT. Nivolumab has been 
licensed for treatment of HCC in nontransplant populations, 
and scant data from a small series suggest an increased risk for 
irreversible acute graft rejection when this agent is used in LT 
recipients.” 

Patients with the fibrolamellar variant of HCC, which is more 
common in younger adults without underlying cirrhosis, often 
present when the tumor burden is already large (see Chapter 96). 
Extensive resection can be tolerated because cirrhosis is absent, 
and LT may be performed in patients who have recurrent tumor 
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after resection. Tumor recurrence after LT may be relatively 
indolent, and although not as infrequent as was once thought, 
survival rates are acceptable.’* 

Hepatoblastoma is a rare pediatric tumor that also occurs in 
the absence of underlying parenchymal liver disease. Initial man- 
agement consists of surgical resection. Adjuvant chemotherapy 
is indicated for metastatic disease, and LT is an option when the 
tumor cannot be resected (see Chapter 96). 

Cholangiocarcinoma remains the only major primary hepatic 
tumor for which a definitive role for LT has been difficult to estab- 
lish. Outcomes following LT for cholangiocarcinoma diagnosed 
preoperatively had been so poor that its presence has been regarded 
as a contraindication to LT, and even tumors discovered only inci- 
dentally in the explant have a high recurrence rate. A subset of 
patients with a perihilar tumor and absence of nodal involvement 
have acceptable 5-year survival rates. The tumor burden, however, 
is frequently more extensive than suspected on imaging. The addi- 
tion of en bloc pancreaticoduodenectomy to LT has not improved 
survival. Newer approaches to treatment include preoperative 
irradiation and chemotherapy, with careful intraoperative tumor 
staging followed by LT (see Chapter 69). A retrospective report 
evaluating the efficacy of neoadjuvant chemoradiation followed by 
LT for treatment of perihilar cholangiocarcinoma showed a 65% 
recurrence-free survival rate at 5 years, with the size of the tumor 
being an important determinant of recurrent disease (32% and 
69% recurrence-free survival rates for patients with tumors mea- 
suring 3 cm or less and greater than 3 cm, respectively).”’ 


Alcohol-Associated Liver Disease 


Alcohol-associated liver disease remains the most frequent cause 
of decompensated chronic liver disease (see Chapter 86).°° 
Decompensated alcohol-associated cirrhosis is now firmly estab- 
lished as an appropriate indication for LT, despite some lingering 
controversy, and has become the leading non-neoplastic indica- 
tion for LT in adults in the USA.*! Concerns had included recidi- 
vism following LT, as well as potentially poor patient adherence; 
however, these fears have not been confirmed.*” Excellent graft 
and patient survival rates are the norm following LT for alcohol- 
associated liver disease. 

Key factors in determining candidacy for LT include recog- 
nition by the patient of the key role alcohol has played in the 
genesis of the liver disease, participation in some form of alco- 
hol rehabilitation such as attendance at Alcoholics Anonymous, 
stable social support, and a defined period of abstinence prior to 
LT. Conventionally this period of abstinence has been 6 months, 
although rigorous studies have failed to confirm that this duration 
of abstinence confers a high likelihood of continued sobriety but 
have emphasized the importance of adverse factors such as social 
isolation or depression. Up to 25% of patients with alcohol- 
associated liver disease listed for LT deemed to be abstinent 
continue to use alcohol; therefore, monitoring for continued 
abstinence is prudent. Nevertheless, despite these strategies, as 
many as 40% of transplant recipients resume alcohol use dur- 
ing long-term follow-up.** Surprisingly, graft loss or early death 
attributable to post-transplant alcohol abuse has been uncom- 
mon. A higher rate of return to alcohol use is elicited by use of 
anonymous questionnaires or toxicology screening than by direct 
questioning of patients. 

Particularly difficult dilemmas arise in individuals with 
severely decompensated liver disease and recent alcohol use, in 
whom the likelihood of surviving without prompt LT is low, and 
in those with severe alcohol-associated hepatitis (defined by a 
Maddrey’s discriminant function score 232) that is nonresponsive 
to medical therapy with glucocorticoids (Lille score 20.45 after 7 
days of medical therapy or continuous rise in the MELD score; 
see Chapter 86). To offer or not to offer LT to individuals with 
severe acute alcohol-associated hepatitis not responding to medi- 
cal therapy represents a growing quandary, as data from clinical 
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trials have demonstrated a higher rate of survival 6 months after 
LT compared with those who continue medical therapy (77% 
and 23%, respectively).*” In addition, post-transplant outcomes 
are similar in patients with alcohol-associated hepatitis and those 
with alcohol-associated cirrhosis.*> 

Clearly enunciated criteria, including a contractual commit- 
ment by the patient to sobriety and active involvement in alcohol 
rehabilitation, ensure that selection is equitable. Patients who 
return to pathologic drinking after LT have more medical prob- 
lems, including pneumonia, cellulitis, and pancreatitis, that can 
lead to graft loss and death.*° In addition, recipients with alco- 
hol use disorder are prone to develop de novo oropharyngeal and 
lung tumors, likely reflecting other aspects of their lifestyle— 
most notably cigarette smoking.*” 


NAFLD 


NAELD is an increasingly frequent cause of cirrhosis and HCC 
(see Chapter 87). In fact, a report published in 2018 listed 
NAFLD as the second leading non-neoplastic indication for LT 
in adults in the USA, following alcohol-associated liver disease.!° 
Obesity (BMI 230 kg/m?) and type 2 diabetes mellitus are com- 
monly encountered in patients with NAFLD; these 2 diseases 
have been recognized as risk factors for HCC, irrespective of the 
presence or etiology of cirrhosis.** Although BMI is not neces- 
sarily a reliable indicator of adiposity in patients with end-stage 
liver disease, particularly in those with fluid retention and ascites, 
it is commonly used by many LT centers during the patient selec- 
tion process. Morbid obesity (BMI 240 kg/m? without signifi- 
cant obesity-related comorbidities or BMI 235 kg/m? associated 
with obesity-related comorbidities) is commonly regarded as a 
relative contraindication to LT; however, data from the Organ 
Procurement and Transplantation Network demonstrate that 
16.5% and 5% of patients who underwent LT in 2016 had a BMI 
greater than or equal to 35 kg/m? and greater than or equal to 40 
kg/m/, respectively.*! 

Analysis of data from the UNOS registry has suggested that 
the risk of primary graft nonfunction is increased and short- and 
long-term survival is poorer in morbidly obese liver transplant 
recipients with various causes of end-stage liver disease.” How- 
ever, when analyzed as an entire cohort and not stratified by BMI, 
patients with NAFLD have patient and graft survival rates that 
are comparable to those for other indications for LT.%°.°! Many 
of the key precipitants of NAFLD (obesity, hyperlipidemia, and 
insulin resistance) are exacerbated by immunosuppression.” 
Recurrence of NAFLD after LT causes graft injury, although 
graft loss does not typically occur. De novo NAFLD after LT 
has also been described. In the absence of specific therapy for 
NAELD, therapeutic efforts after LT should center on weight 
control, optimal diabetic management, and use of a lipid-lower- 
ing agent, if indicated. Intensive noninvasive weight loss inter- 
ventions pre-LT appear to be successful (reduction of BMI to 
<35 kg/m’) in a large proportion of patients (84%) enrolled in 
carefully monitored multidisciplinary protocols; however, 60% 
of patients regained weight to a BMI 235 kg/m? post-LT.%? 
Although bariatric surgery is feasible in selected patients with 
NAFLD, this intervention is typically reserved for patients with 
early stages of liver disease and, as is the case for many other 
abdominal surgical procedures, is contraindicated in those with 
decompensated cirrhosis because of high morbidity and mortal- 
ity. A strategy of combining LT with sleeve gastrectomy during 
the same operation has only been evaluated in small prospec- 
tive series.” The mean surgical time was not significantly dif- 
ferent between LT and combined LTYsleeve gastrectomy, and 
the mean BMI reduction with the combined surgical approach 
was 20 kg/m. Metabolic complications, such as post-transplant 
diabetes mellitus, as well as steatosis of the graft noted by US 
were significantly less frequent in patients undergoing LT/sleeve 


gastrectomy compared with patients who lost weight noninva- 
sively pre-LT.”* The safety and efficacy of this combined surgi- 
cal approach and other combinations of less invasive weight loss 
interventions, such as endoscopic techniques, pre-LT must be 
confirmed by large prospective studies before they can be rec- 
ommended. Bariatric interventions are still an option post-LT; 
however, the procedure should be performed by an experienced 
surgeon, and the role of less invasive endoscopic techniques post- 
LT is still under investigation.” 


Hepatitis C 


HCV infection was previously the most frequent indication for 
LT in the USA and many other Western countries; however, 
data following licensure of DAAs demonstrated a marked decline 
in the yearly number of wait-listed and transplanted patients for 
HCV-related liver disease.!”!® HCV has become the third com- 
monest non-neoplastic indication for LT in adults in the USA, 
after alcohol-associated liver disease and NAFLD. Recurrent 
HCV infection post-LT had been a major concern, because, if 
left untreated, it leads to accelerated fibrosis and progression to 
cirrhosis, resulting in inferior graft and patient outcomes com- 
pared with LT for other major causes of cirrhosis. Treatment of 
recurrent HCV infection in LT recipients changed dramatically 
with the availability of DAAs that permit use of interferon-free 
regimens that are highly effective, safe, and associated with a low 
rate of drug-drug interactions. 

Biopsy of the graft helps identify recipients with recurrent 
HCV infection at increased risk of rapidly progressive disease. 
Less than 10% of patients with histologically mild recurrent 
HCV infection at 1 year after LT progress to cirrhosis of the 
graft within 5 years, whereas two thirds of those with at least 
moderately severe HCV infection at one year after LT develop 
cirrhosis.°° Concern has been raised, however, that with longer 
follow-up, some patients with initially mild recurrent HCV infec- 
tion will also progress. A prospective study using serial proto- 
col liver biopsy specimens to assess the histologic outcomes of 
57 HCV genotype 1b-infected liver transplant recipients with 
an initially mild histologic recurrence, defined as no or minimal 
hepatic fibrosis (fibrosis stage FO or F1) during the first 3 years 
after LT (see Chapter 80), found that some degree of fibrosis 
at baseline appears to predict accelerated recurrent HCV infec- 
tion.”’ With effective antiviral therapy with DAAs resulting in 
sustained virological response, however, this progression will be 
avoided. 

A particularly ominous manifestation of recurrent HCV 
infection had been fibrosing cholestatic hepatitis (FCH). The 
frequency of FCH in some series had been as frequent as 5% to 
10%. Infection with HCV genotype 1, and recipient interleukin- 
28B (interferon lambda-3) genotypes CT or TT (see Chapter 
80) were implicated in the development of FCH, as was excessive 
immunosuppression.”*? Histologically, FCH is characterized 
by extensive dense portal fibrosis with immature fibrous bands 
extending into sinusoidal spaces, ductal proliferation with hyper- 
cellularity, marked canalicular and cellular cholestasis, and mod- 
erate inflammation with mononuclear cells.!°° These histologic 
features, however, lack specificity and may also be observed in 
acute cellular rejection and chronic graft rejection. Recognition 
of FCH should prompt a reduction in immunosuppression and 
initiation of antiviral therapy.!0* 

Reported predictors of severe recurrent HCV infection have 
included a number of viral and nonviral factors (Box 97.3). Higher 
serum levels of HCV RNA before and immediately after LT, as 
well as the possibility of more rapid evolution of HCV quasispe- 
cies, have been implicated in aggressive recurrent HCV infection 
(see Chapter 80).”’ Older deceased-donor age is also an impor- 
tant risk factor. Episodes of acute cellular rejection, particularly 
if multiple, increase the severity of recurrent HCV infection. 


BOX 97.3 Factors Associated with Severe HCV Recurrence 
Following LT 


VIRAL FACTORS 


Absence of pretransplantation HBV coinfection 

CMV coinfection 

HCV genotype 1b 

High serum HCV RNA levels before transplantation 
and within 2 wk after transplantation 


IMMUNOSUPPRESSION 


Multiple episodes of rejection (indicating a high cumulative 
prednisone dose) 
Use of OKTS to treat rejection 


OTHER FACTORS 


High TNF-a production in the graft 

Impaired HCV-specific CD4* T-cell responses 
Ischemic-preservation injury 

Non-white recipient 


A major challenge is to distinguish recurrent HCV infection 
from graft rejection, because many of the histologic hallmarks 
of acute rejection, including bile duct injury, are also consistent 
with recurrent HCV infection. Examination of serial liver biopsy 
specimens may help clarify this issue and help avoid inappropri- 
ate additional immunosuppression in the recipient with recurrent 
HCV infection, rather than graft rejection. Nevertheless, the 
replacement of interferon-based regimens with DAAs now allows 
early initiation of antiviral therapy even if rejection remains in the 
differential for graft injury. 

Once recurrent HCV infection of the graft progresses to cir- 
rhosis, hepatic decompensation, had been frequent until DAAs, 
which permit treatment of HCV infection even in patients with 
decompensated cirrhosis prior to LT, became available.* Strat- 
egies for the treatment of HCV infection in individuals being 
considered for LT generally fall into 2 broad categories: (1) pre- 
LT antiviral therapy, with some restrictions of specific antiviral 
agents in individuals with decompensated cirrhosis, and (2) post- 
LT antiviral therapy, generally with initiation of antiviral therapy 
within 6 months after LT. Results of a simulated model have 
shown that treating HCV infection pre-LT in candidates with a 
high MELD score (>27) may not offer a meaningful benefit and, 
in fact, may be associated with decreased life expectancy in some 
cases.!°! Importantly, the decision to treat HCV pre- versus post- 
LT should be made in conjunction with the transplant center, 
because many centers now consider transplanting HCV-positive 
grafts into individuals with HCV infection with administration of 
antiviral therapy following transplantation. This approach is sup- 
ported by the International Liver Transplantation Society, which 
has endorsed antiviral treatment pre-LT for liver transplant 
candidates with a MELD score less than 20 (in the absence of 
refractory portal hypertension or other condition requiring more 
immediate LT) or with HCC who are not expected to undergo 
LT within 3 to 6 months.’ 

Hepatic function commonly improves during and after suc- 
cessful antiviral therapy with DAAs, even in individuals with 
severe hepatic decompensation, as reflected mainly by reductions 
in the serum bilirubin level and the prothrombin time, thereby 
resulting in lower MELD scores.!°?:!°3 Nevertheless, despite 
reductions in the MELD score, some patients may continue to 
experience a poor quality of life and severe complications of cir- 
rhosis. This scenario has been termed “MELD limbo” or “MELD 
purgatory” and should be considered before antiviral therapy is 
started in a patient with decompensated cirrhosis and a MELD 
score approaching the range in which LT is a realistic option,!°* 
particularly if manifestations of hepatic decompensation, such as 
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intractable ascites, which is not captured by the MELD score, 
are present. DAAs are highly effective and now commonly used 
to treat recurrent HCV infection post-LT with excellent safety 
profiles and high virologic efficacy. Drug-drug interactions must 
be anticipated, and appropriate dose adjustments and close moni- 
toring of immunosuppression during and after antiviral therapy 
are mandatory (see also Chapter 80). 


Hepatitis B 


The availability of the HBV vaccine and public health interven- 
tions to promote universal immunization of newborns and high- 
risk individuals, along with access to potent oral antiviral agents 
with low rates of resistance, have resulted in a steady decline in 
the need for LT in patients with decompensated cirrhosis due to 
HBV infection in the USA and many other countries.!°°!° In 
addition, suppression of HBV prior to LT leads to a lower rate of 
recurrent HBV infection of the graft and improved survival after 
LT.!0 Effective prevention of graft reinfection in HBV-infected 
candidates has been a major triumph in LT. HBV recurrence was 
frequent and resulted in reduced patient and graft survival rates 
during the 1980s. Long-term administration of high-dose hepa- 
titis B immune globulin (HBIG) was the initial step in improv- 
ing post-transplant outcomes. Subsequently, HBIG administered 
in combination with the nucleoside analog lamivudine further 
decreased the rate of HBV recurrence. Lamivudine monotherapy 
for prevention of recurrent post-LT HBV infection was limited by 
frequent mutations in the HBV polymerase gene, with resulting 
resistance and graft reinfection (see Chapter 79).!°° Some groups 
have titrated HBIG doses according to trough serum levels of 
antibody to hepatitis B surface antigen (anti-HBs). Intramuscular 
administration of HBIG has been confirmed as an efficacious and 
less expensive alternative to intravenous HBIG regimens when 
used in combination with lamivudine. In addition, novel formula- 
tions of HBIG for subcutaneous administration are being evalu- 
ated.!°.110 Use of HBIG, however, is being replaced by newer 
oral antiviral agents with a low risk of HBV resistance and a fur- 
ther decrease in post-LT HBV recurrence rates.!!! Emerging 
data support the efficacy of entecavir and tenofovir in preventing 
recurrence of hepatitis B after LT, and the use of these potent 
antiviral agents may obviate the need for HBIG.!1%-113 The results 
of prospective studies evaluating the efficacy of entecavir, tenofo- 
vir, or a combination of emtricitabine and tenofovir in preventing 
post-LT recurrence of HBV after discontinuation of HBIG have 
supported this approach.!!+1!> 


Cholestatic Liver Disease 


PBC and PSC are less common indications for LT. Despite a 
steady increase in the incidence and prevalence of PBC, there 
has been a decline in the absolute number of patients requiring 
LT due to end-stage liver disease, primarily because of earlier 
diagnosis and the efficacy of pharmacotherapy in delaying disease 
progression.!!° PBC and PSC played a key role in the develop- 
ment of prognostic models, and PBC is a benchmark for patient 
and graft survival. The Mayo disease models to predict the course 
of cholestatic disorders (Table 97.2) have aided in determining 
the optimal timing of referral for LT (see Chapters 68 and 91). 
A patient with PBC or PSC should be referred for LT evaluation 
if his or her Mayo risk score predicts a one-year survival rate of 
less than 95%. The models, however, do not take into account 
prominent and frequently disabling complications of cholestatic 
liver diseases, such as pruritus, fatigue, osteopenia, or, in PSC, 
recurrent bouts of bacterial cholangitis, and have now been 
superseded by the MELD score. Indications for LT in patients 
with cholestatic liver diseases are similar to those for patients with 
other chronic liver diseases. Additional MELD points may be 
granted to patients with PSC with either (1) 2 or more episodes 
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TABLE 97.2 Components of the Mayo Predictive Models for Survival in 
PBC and PSC 


PBC 


Serum bilirubin level 


PSC 


Serum bilirubin level 


Serum albumin level Serum albumin level 


Patient’s age Patient’s age 
Serum AST level 


History of variceal bleeding 


Prothrombin time 
Peripheral edema 


Adapted from Murtaugh PA, Dickson ER, Van Dam GM, et al. Primary 
biliary cirrhosis: prediction of short-term survival based on repeated 
patient visits. Hepatology 1994;20:126-34; and Kim WR, Therneau TM, 
Wiesner RH, et al. A revised natural history model for primary sclerosing 
cholangitis. Mayo Clin Proc 2000;75:688-94. 


of culture-proved bacteremia within a 6-month period or (2) 
noniatrogenic septic complications of cholangitis, no identifiable 
correctable structural lesion, and absence of a biliary stent.!!’ 
Despite generally excellent outcomes of LT for cholestatic disor- 
ders, PBC and PSC recur in approximately 25% of recipients at 
10 years post-transplantation.!!°.!!° 

The type of reconstructive biliary anastomosis for patients 
with PSC undergoing LT has been a matter of debate: Roux-en-Y 
hepatico- or choledochojejunostomy versus a duct-to-duct anasto- 
mosis. Roux-en-Y hepatico- or choledochojejunostomy has been 
the preferred reconstructive technique by many surgeons because 
of concern about the development of nonanastomotic biliary stric- 
tures post-LT and risk of cholangiocarcinoma in the remnant 
recipient bile duct. However, data suggest that a duct-to-duct anas- 
tomosis is safe, technically feasible in most cases, and associated 
with lower frequencies of post-LT cholangitis and nonanastomotic 
strictures compared with Roux-en-Y hepatico- or choledochoje- 
junostomy. Published series have shown no difference in recur- 
rence of PSC or survival between these 2 biliary reconstructive 
techniques.'7°!?! From a therapeutic perspective, one of the main 
advantages of a duct-to-duct anastomosis is that it permits easier 
endoscopic access for treatment of anastomotic strictures or other 
post-transplant biliary complications (see Chapter 70). 

Biliary stricturing can be identified in a minority of recipients 
following LT for PSC. Differentiation of recurrent disease from 
other causes of graft injury, such as chronic rejection or ischemia, 
may be difficult. Recurrent PSC results in nonanastomotic strictur- 
ing of the intrahepatic biliary tract. Although some improvement in 
symptoms can be obtained by balloon dilation and stent placement, 
long-term graft viability is reduced. Graft loss caused by recurrent 
PBC appears to be less frequent than that for PSC. A controversial 
issue is whether colectomy reduces the risk of recurrent PSC in 
liver transplant recipients with PSC and IBD (see Chapter 68).!?? 

Management of recurrent PBC entails exclusion of other 
causes of hepatic dysfunction. Primary immunosuppression with 
tacrolimus has been implicated in the recurrence of PBC by some 
but not all investigators. Data from a retrospective study have 
suggested that preemptive administration of UDCA to individu- 
als who have undergone LT for PBC may diminish the risk of 
recurrent PBC post-transplantation; however, these results need 
to be corroborated by prospective studies before this intervention 
can be widely recommended.!”> There are as yet no data about 
the role of obeticholic acid for prevention of recurrent PBC post- 
transplantation (see Chapter 91). 


Autoimmune Hepatitis 


Failure of immunosuppression to arrest progression of autoim- 
mune hepatitis and subsequent overt hepatic decompensation is 
an indication for LT (see Chapter 90).!*+ In addition, the initial 


BOX 97.4 Criteria for LT in ALF 


CRITERIA OF KING’S COLLEGE, LONDON 
Acetaminophen Cases 
Arterial pH <7.30 more than 24 hr after drug ingestion* 
All of the following: 
Prothrombin time >100 sec or INR >6.5 
Serum creatinine level >3.4 mg/dL (300 pmol/L) or anuria 
Grade 3 to 4 encephalopathy 


Nonacetaminophen Cases 
Prothrombin time >100 sec or INR >6.7 
Any 3 of the following: 
Unfavorable etiology (seronegative hepatitis or drug reaction) 


Age <10 or >40 yr 

Acute or subacute category (duration of jaundice >7 days) 
Serum bilirubin level >17.5 mg/dL (800 pmol/L) 
Prothrombin time >50 sec or INR >3.5 


CRITERIA OF HOPITAL PAUL-BROUSSE, VILLEJUIF 
Hepatic encephalopathy and 


Factor V level <20% in patients age <30 yr OR 
Factor V level <30% in patients age 230 yr 


*Subsequent modification: arterial DH <7.30 or serum lactate >3.0 mmol/L 
after adequate fluid resuscitation. 

From Keeffe EB. Liver transplantation: current status and novel approaches to 

liver replacement. Gastroenterology 2001;120:749-62, with permission. 


presentation of autoimmune hepatitis can be fulminant, requir- 
ing prompt LT, and a trial of glucocorticoid therapy may not be 
prudent because of the patient’s decompensated state. Excellent 
long-term survival is usual after LT for autoimmune hepatitis, 
although acute cellular rejection may occur more frequently than 
in recipients with other causes of cirrhosis. In addition, recur- 
rent autoimmune hepatitis has been recognized increasingly and 
may require higher maintenance doses of immunosuppression. 
Recurrent disease mimics the features of the disease in the native 
liver, with associated hypergammaglobulinemia and autoantibod- 
ies, and is generally responsive to glucocorticoids. Graft survival 
is generally not reduced by recurrent autoimmune hepatitis. !° 


ALF 


ALF is an uncommon but important indication for LT, owing to 
a low likelihood of spontaneous recovery. ALF is defined by the 
onset of hepatic encephalopathy within 26 weeks of the initial rec- 
ognition of acute liver disease (see Chapter 95). Despite an abrupt 
onset, antecedent chronic liver disease is absent, and hepatic 
recovery is possible. In the past, LT for ALF resulted in poorer 
patient survival rates than those for benchmark indications such 
as PBC. Subsequent experience, however, has shown that excel- 
lent patient survival rates are possible if ALF is identified early 
in its course and transplantation occurs before irreversible com- 
plications, especially neurologic, supervene.!*° The absence of 
papilledema on funduscopy and of typical findings on CT do not 
preclude the presence of cerebral edema complicating worsening 
encephalopathy; therefore, direct intracranial pressure monitor- 
ing may be useful to detect and manage this frequently lethal 
complication of ALF. Direct intracranial pressure monitoring can 
only be recommended, however, if local neurosurgical expertise 
and interest are available, because a high rate of complications has 
tempered enthusiasm for its use. Patients with ALF, regardless of 
etiology, should be referred promptly for urgent LT evaluation. 
Specific criteria to identify patients with ALF who are unlikely to 
recover spontaneously are shown in Box 97.4. The challenge in 


managing patients with ALF is to avoid unnecessary LT in those 
who will recover spontaneously or who will not recover with LT, 
while not delaying it in patients in whom it is their only option for 
survival. The role of liver assist devices in managing ALF, either 
as definitive therapy or as a “bridge to transplantation,” remains 
an area of active investigation (see Chapter 95). 


Metabolic Disorders 


Metabolic disorders amenable to LT (see Chapters 75 to 77) fall 
into 2 broad categories: diseases dominated clinically by obvious 
hepatocellular disease (e.g., Wilson disease, hemochromatosis, 
a!-antitrypsin deficiency) and those without clinical evidence of 
liver disease (e.g., primary hyperoxaluria, familial hypercholes- 
terolemia). Metabolic disorders in general are more prominent in 
pediatric patients. Adult indications for LT include Wilson dis- 
ease and hemochromatosis. Substantial improvement can occur 
following LT for Wilson disease in patients who present with 
neurologic involvement. A Wilsonian crisis with severe hemo- 
lysis is an indication for urgent LT because chelation therapy is 
ineffective. Compared with other forms of cirrhosis, hemochro- 
matosis was previously associated with poorer survival following 
LT; however, a more recent study analyzing outcomes for trans- 
plants performed between 1997 and 2006 demonstrated survival 
comparable with that for other indications for LT.!?” Iron reac- 
cumulation in the graft of patients transplanted for hemochroma- 
tosis is a theoretical concern, but iron depletion is not typically 
required.!** LT has also been performed as a curative procedure 
in combination with renal transplantation for primary hyperox- 
aluria, in which end-organ damage is confined to the kidney but 
the metabolic defect is hepatic. LT may be indicated in cases of 
multiple hepatic adenomas associated with glycogen storage dis- 
ease and not only eliminates the risk of progression to HCC but 
also corrects the underlying metabolic disorder (see Chapter 77). 


Vascular Disorders 


Budd-Chiari syndrome, characterized by hepatic venous outflow 
obstruction, often mimics decompensated cirrhosis (see Chapter 
85).!2° Good long-term results have been described in patients 
who undergo prompt TIPS or portosystemic shunt surgery, 
although LT is typically required if advanced fibrosis is present 
on a liver biopsy specimen. Despite the frequency of an underly- 
ing myeloproliferative disorder, accelerated progression to leu- 
kemia or bone marrow failure does not seem to occur after LT. 
Long-term anticoagulation is indicated in transplant recipients 
with Budd-Chiari syndrome. 

Sinusoidal obstruction syndrome (SOS) is a vascular disorder 
manifested by necrosis of zone 3 hepatocytes and fibrous oblit- 
eration of the lumen of central venules. Most commonly seen 
after hematopoietic stem cell transplantation (HSCT), SOS may 
lead to hepatic failure and death in up to 25% of patients, despite 
an otherwise successful procedure. Although experience with 
LT for hepatic complications of HSCT is limited, LT appears 
to be the only intervention that consistently alters the course of 
advanced SOS.!3° Similarly, LT has been shown to be effective 
in the management of severe post-HSCT graft-versus-host dis- 
ease with predominantly hepatic involvement (see Chapter 36). 
Patients with hypocoagulable (e.g., hemophilia A and B) as well as 
hypercoagulable (e.g., protein C and S deficiencies) hematologic 
disorders who undergo LT for other indications have been cured 
of these disorders owing to production of normal clotting factors 
by the graft and its vascular tissue. 


Others 


Several other diagnoses are potential indications for LT (see 
Box 97.1). Adult polycystic disease with marked abdominal 
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distention resulting from multiple hepatic cysts that are not 
amenable to resection has been treated successfully by LT (see 
Chapter 96). If CKD is present, combined liver-kidney trans- 
plantation is indicated. Cerebral imaging is indicated to exclude 
intracranial aneurysms, which are a feature of this disease.!*! 
Diseases with multiorgan involvement for which LT has been 
performed include Alagille syndrome, sarcoidosis, and amyloi- 
dosis (see Chapters 37 and 62). LT successfully arrests systemic 
manifestations of familial amyloid polyneuropathy. In addition, 
the explant, which is the source of the abnormal protein, is avail- 
able for use in a “domino” fashion in an older recipient who will 
not live long enough for neurologic injury to develop.!** Biliary 
cirrhosis associated with CF also has been managed successfully 
with LT, although patients remain at risk for infectious and other 
complications of this systemic disorder (see Chapters 57 and 77). 


SURGICAL ASPECTS 


Once a potential organ donor is identified, the local organ pro- 
curement organization coordinates harvesting and supplies perti- 
nent donor medical information to centers with suitable potential 
recipients listed with UNOS. In contrast to other types of organ 
transplantation, including kidney transplantation and HSCT, 
absence of HLA compatibility does not appear to affect liver 
graft survival. Donor-recipient matching is based primarily on 
ABO blood compatibility and recipient weight. In critically ill 
recipients, an ABO-incompatible organ may be implanted, with 
the recognition that graft survival may be diminished.!*? In addi- 
tion to screening serologic studies and routine liver biochemical 
testing, particular attention is paid to the donor’s medical history, 
including cardiovascular instability and the need for vasopressor 
support before determination of brain death. 

The typical deceased donor has had a catastrophic head injury 
or an intracerebral bleed, with brain death but without multi- 
system organ failure. Electrolyte imbalance and hepatic steato- 
sis in the donor are predictors of graft nonfunction. A “donor 
risk index” has been derived to assess the likelihood of good graft 
function.!*+ Key adverse factors include older donor age (espe- 
cially >60 years of age), use of a split or partial graft, and a non- 
heart-beating donor, from which the organs are harvested after 
the donor’s cardiac output ceases, in contrast to the more typical 
deceased donation in which the organs are harvested prior to car- 
diovascular collapse. Use of non-heart-beating donors is associ- 
ated with reduced rates of long-term graft survival and increased 
risk of biliary complications, which correlate with the duration 
of “warm ischemia” after cardiovascular collapse and before 
retrieval of the organ.!4 With the critical shortage of deceased 
organ donors, expansion of the donor pool has included accep- 
tance of donors 70 years of age and older for selected recipients. 

Prior to hepatectomy, the harvesting team makes a visual and, 
if necessary, histologic assessment of the donor organ. Particular 
attention is paid to anatomic variants in the hepatic artery that 
may complicate the graft arterial anastomosis in the recipient. 
Once donor circulation is interrupted, the organ is rapidly infused 
with a cold preservation solution (e.g., University of Wisconsin, 
histidine-tryptophan-ketoglutarate, or Institut Georges Lopez 
solution). Donor iliac arteries and veins are also retrieved in case 
vascular grafting is required. After its arrival at the recipient insti- 
tution, further vascular dissection, with arterial reconstruction if 
necessary, is performed before implantation. 

Splitting deceased donor livers either in situ during harvesting 
or ex vivo on return to the transplant center allows 2 recipients to 
receive portions of the organ if graft volume and quality are suffi- 
cient. An adult deceased donor liver can be divided into 2 function- 
ing grafts; the left lateral segment (segments II and IID) is used for 
a pediatric recipient, and segments IV to VIII (the so-called right 
trisegment) are used for an adult recipient. Acceptable graft and 
patient survival rates can be obtained with split grafts, although 
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Fig. 97.3 Superior and inferior views of the segmental anatomy of the 
liver. Segment VIII is visible only on the superior view, and segment | 
(caudate lobe) is visible only on the inferior view. (From Keeffe EB. Liver 
transplantation: Current status and novel approaches to liver replace- 
ment. Gastroenterology 2001;120:749-62, with permission.) 


high-risk unstable recipients may have poorer outcomes. Fig. 97.3 
shows the segmental anatomy of the liver, which is the basis of dis- 
section for both split and LDLT. 


Native Hepatectomy 


Removal of the native liver is the most technically challenging 
aspect of deceased-donor LT. Previous abdominal surgery and 
severe portal hypertension add to the complexity of hepatectomy, 
which is technically easier after placement ofa TIPS than after a sur- 
gical portosystemic shunt. Hilar dissection is performed to access 
the major hepatic vessels and devascularize the liver. Clamping of 
the portal vein during hepatectomy and liver implantation results 
in increased bleeding during dissection, mesenteric congestion, 
and production of lactate, whereas clamping of the inferior vena 
cava aggravates venous stasis and causes renal hypertension, with 
diminished venous return to the heart. To circumvent these prob- 
lems, venovenous bypass is achieved by cannulation of the portal 
vein and inferior vena cava via the femoral vein and return of blood 
via the axillary vein to the right side of the heart. This technique 
can be performed in adults and older pediatric recipients. In some 
recipients, only a suprahepatic anastomosis to the vena cava is per- 
formed, the “piggyback” technique, in contrast to the more usual 
circumstance in which anastomosis to the vena cava is performed 
above and below the graft. The piggyback technique may be appli- 
cable if uninterrupted caval flow during LT is particularly benefi- 
cial, as in a recipient with cardiac instability; a prior portosystemic 
shunt obviates the need for portal bypass; or the recipient is a 
pediatric patient in whom venovenous bypass may not be possible. 
The portal venous anastomosis is performed after portal bypass is 
terminated and is followed by the hepatic arterial anastomosis. Bile 
duct continuity is generally fashioned directly as a “duct-to-duct” 
anastomosis between the graft and recipient. Hepatico- or cho- 
ledochojejunostomy has been the preferred anastomosis if there 


is intrinsic bile duct disease, such as PSC, or a major discrepancy 
in donor and recipient bile duct diameters; however, as previously 
mentioned, studies have demonstrated that duct-to-duct anasto- 
mosis is technically feasible and safe in PSC.'*! Microscopic surgi- 
cal techniques facilitate the donor-recipient biliary and vascular 
anastomoses. Vascular anatomic anomalies increase the complex- 
ity of surgery further. In the past, a direct duct-to-duct anastomo- 
sis was typically stented by placement of a T-tube, with the added 
advantage of easy assessment of bile flow and its quality, as well as 
potential access for cholangiography postoperatively. The risk of 
a bile leak during subsequent removal of the T-tube, however, has 
led to its abandonment. 

The use of a living donor involves implantation of only a por- 
tion of the donor graft and is technically more challenging than 
using a whole cadaveric organ (see later). In contrast to ortho- 
topic LT, in which the native liver is removed, auxiliary cadav- 
eric LT is the placement of a graft without removal of the native 
liver. This technique has usually been performed in critically ill 
patients such as those with ALF who are too unstable to tolerate 
native hepatectomy. 

Irrespective of the type of graft used, after the anastomoses 
are complete, the newly implanted graft is reperfused, with resto- 
ration of normal blood flow. The resulting release of vasoactive 
agents from pooled blood in the lower half of the body, however, 
can lead to lethal cardiovascular instability and tachyarrhyth- 
mias. Prompt bile production should occur if graft function is 
adequate. Hyperacute rejection is rare but devastating after LT 
and leads to rapid graft necrosis within hours and the need for 
urgent retransplantation. 


Live-Donor LT 


Extension of LDLT from pediatric recipients to adult recipi- 
ents has remained controversial because of the risk to the donor 
in light of the large volume of donor liver required. Data from 
UNOS demonstrate that LDLT accounted for only 4.5% of 
all liver transplants performed in the USA in 2017. By contrast, 
LDLT accounts for 76.5% of transplants in Korea and more than 
96% of all liver transplants in Japan because of minimal deceased 
donation due to cultural considerations in these countries.!*° 
The potential donor is a healthy adult, typically a family member 
or close friend of the recipient, who volunteers to be evaluated. 
A series of checks and balances is necessary to ensure that the 
potential donor undergoes an adequate medical assessment and 
is not proceeding under duress. The potential recipient cannot 
be privy to details of the potential donor’s evaluation. In most 
centers, a hepatologist not involved in the care of the recipient 
performs an assessment of the donor. Often an independent 
advocate is also appointed to safeguard the donor’s interests. At 
each stage of the process, the potential donor is given the oppor- 
tunity to withdraw from consideration.!*° Preoperative evalua- 
tion of the donor is best performed in 4 stages over a period of 
1 to 3 months, with more invasive testing such as liver biopsy 
undertaken later in the evaluation (Box 97.5). After undergoing 
complete evaluation, only a relatively small proportion of poten- 
tial donors are acceptable. One consequence of the evaluation of 
many potential donors has been the recognition that anatomic 
aberrations of the biliary and vascular system and unsuspected 
abnormalities on liver biopsy specimens are common in appar- 
ently healthy persons. 

Right lobes (segments V to VIII), extended right grafts (seg- 
ments IV to VIII), or left hepatic grafts (segments II to IV) have 
been used successfully in adult-to-adult LDLT. Adult LDLT 
allows a reduction in waiting time and potentially mortality for 
recipients. An expected reduction in the risk of graft rejection 
because of receipt of a graft from a relative has not been con- 
firmed, and a meta-analysis comparing recipients of deceased- and 
live-donor grafts has shown similar patient and graft survival.!°” 


The overriding concern about LDLT are the consequences 
to the donor, including immediate perioperative morbidity 
and mortality, time lost from work, possible uninsurability in 
the future, and a lack of long-term follow-up data to ensure 
that hepatic resection and subsequent regeneration do not 
result in biliary or other abnormalities. The estimated mortal- 
ity for live liver donors is different during the early post-dona- 
tion period and long-term follow-up. For example, the risk of 
death for live liver donors within the first 90 days after dona- 
tion has been estimated to be 1.7 per 1000, which is higher 
than the risk of death for healthy age-matched persons but 


BOX 97.5 Protocol for the Evaluation of Potential Living- 
Related Donors 


STAGE 1 

Complete history and physical examination 

Liver biochemical test levels, blood chemistries, CBC, coagulation 
profile, urinalysis, AFP, CEA, and serologic tests for HAV, HBV, 
HCV, CMV, EBV, and HIV 

Abdominal US examination, chest x-ray 

STAGE 2 


Complete psychiatric and social evaluation 


CT of the abdomen and pelvis 
Pulmonary function tests, echocardiography 


STAGE 3 


Liver biopsy 

Celiac and superior mesenteric CTA with portal phase 
STAGE 4 

MR cholangiography 

Informed consent 


Adapted from Ghobrial RM, Amersi F, Busuttil RW. Surgical advances in 
liver transplantation. Living related and split donors. Clin Liver Dis 2000; 
4:553-65, with permission. 


TABLE 97.3 Immunosuppressive Agents Used in LT 
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not significantly different from the risk of death in live kidney 
donors. Cumulative long-term mortality estimates, however, 
are not different between live liver donors, live kidney donors, 
and healthy matched persons up to 11 years after donation.!** 
Up to 38% of donors experience complications related to 
hepatic donation during the first 2 years that follow, including 
bile leaks, bacterial infections, incisional hernias, pleural effu- 
sions, neurapraxia, surgical site infections, and intra-abdomi- 
nal abscesses. !>? 


IMMUNOSUPPRESSION 


Immunosuppression is divided into induction (initial) and main- 
tenance (long-term) phases. The goal of immunosuppression is 
to prevent graft rejection while avoiding morbidity due to its 
side effects.'*? Episodes of acute cellular and chronic ductope- 
nic rejection require additional immunosuppression (see Chapter 
36), 141 

The principal immunosuppressive agents, with route of 
administration, monitoring, and common adverse effects, are 
shown in Table 97.3, and drug-drug interactions are shown in 
Box 97.6. The calcineurin inhibitors cyclosporine and tacrolimus 
form the basis for common induction and maintenance immu- 
nosuppressive regimens but have significant side effects. Patients 
may be converted from a cyclosporine- to a tacrolimus-based 
regimen for glucocorticoid- or OKT3-refractory rejection (see 
later), late rejection (occurring >6 months post-LT), chronic 
ductopenic rejection, severe cholestasis, intestinal malabsorption 
of cyclosporine, or cyclosporine toxicity (hirsutism, gingivitis, 
severe hypertension). In chronic rejection, tacrolimus is less effec- 
tive once the serum bilirubin levels rise above 10 mg/dL, under- 
scoring the importance of early recognition. The antimetabolite 
mycophenolate mofetil, and its active metabolite mycophenolic 
acid, are licensed for prophylaxis of rejection in LT recipients. 
Either agent, along with a calcineurin inhibitor (typically tacro- 
limus), is the most common maintenance immunosuppressive 
regimen used post-LT. Although implicated in hepatic artery 
thrombosis as well as delayed wound healing and infections, 
sirolimus has been used as a calcineurin-sparing strategy in liver 


Agent Mode of Action Monitoring Side Effects 
Cyclosporine Calcineurin inhibitor: suppresses Blood level Renal, neurologic, hyperlipidemia, hypertension, 
IL-2-dependent T-cell proliferation hirsutism 
Tacrolimus Same as cyclosporine Blood level Renal, neurologic, diabetes mellitus 
Prednisone Cytokine inhibitor (IL-1, IL-2, IL-6, TNF, None Hypertension, diabetes mellitus, obesity, 
and IFN-y) osteoporosis, infection, depression, psychosis 
Azathioprine Inhibition of T- and B-cell proliferation by WBC count Bone marrow suppression, hepatotoxicity 
interference with purine synthesis 
Mycophenolate mofetil Selective inhibition of T- and B-cell proliferation WBC count Diarrhea, bone marrow suppression 
by interference with purine synthesis 
Sirolimus Inhibition of late T-cell functions Blood level Neutropenia, thrombocytopenia, edema, pleural 
and pericardial effusions, delayed wound 
healing, hyperlipidemia 
Everolimus Inhibition of T- and B-cell activation and Blood level Edema, pleural and pericardial effusions, 
proliferation via mTOR inhibition pneumonitis, delayed wound healing, 
hyperlipidemia 
OKT3 (Muromonab-CD3) Blockade of the T-cell CD3 receptor, preventing CD3 count Cytokine release syndrome, pulmonary edema, 
stimulation by antigen increased risk of infections 
Basiliximab Competitive inhibition of the IL-2 receptor None Hypersensitivity reactions 


on activated lymphocytes 


IFN, interferon; IL, interleukin; mTOR, mammalian (or mechanistic) target of rapamycin. 
Adapted from Everson GT, Karn I. Immediate post-operative care. In: Maddrey WC, Schiff ER, Sorrell MF, editors. Transplantation of the liver. 3rd ed. Phila- 


delphia: Lippincott Williams & Wilkins; 2001, p 131. 
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BOX 97.6 Clinically Relevant Drug Interactions with 
Immunosuppressive Drugs 


Drugs that increase blood levels of cyclosporine and tacrolimus: 
Antifungals: fluconazole, ketoconazole, itraconazole 
Antibiotics: clarithromycin, erythromycin 
Calcium channel blockers: diltiazem, verapamil 
Others: allopurinol, bromocriptine, metoclopramide 

Drugs that decrease blood levels of cyclosporine and tacrolimus: 
Anticonvulsants: phenobarbital, phenytoin 
Antibiotics: nafcillin, rifampin 

Drugs that increase nephrotoxicity of cyclosporine and tacrolimus: 
Gentamicin, ketoconazole, NSAIDs 

Drugs that interact with mycophenolate mofetil: 

Acyclovir, ganciclovir (increase blood levels) 

Antacids (inhibit absorption) 

Bile salt sequestrants: cholestyramine, colestipol, colesevelam 
(inhibit absorption) 

Drugs that interact with azathioprine: 

Allopurinol, angiotensin-converting enzyme (ACE) inhibitors 
(increase hematologic toxicity) 
Warfarin (decreased anticoagulant effect) 


PART IX Liver 


transplant recipients.!*” Similar to sirolimus, everolimus is also an 
mTOR inhibitor licensed for immunosuppression in liver trans- 
plant recipients. Several clinical trials have demonstrated that the 
use of everolimus permits important dose reductions of tacroli- 
mus with consequent clinically relevant benefits in renal func- 
tion.!#3-!* Basiliximab is a monoclonal antibody directed against 
the alpha subunit of the interleukin-2 (IL-2) receptor (CD25) and 
is licensed for rejection prophylaxis in kidney transplant recipi- 
ents, but it can be used selectively (off label) as an alternative to 
glucocorticoids as an induction agent in LT.'*¢ Preliminary data 
support the efficacy of alemtuzumab (an anti-CD52 monoclonal 
antibody) as a glucocorticoid-sparing induction agent; however, 
an increase in the frequency of infectious complications has been 
reported with its use.!47 Glucocorticoids are also commonly 
used during the induction phase of immunosuppression, tapered 
slowly, and discontinued in most cases to avoid toxicity, except 
for some center-specific protocols for autoimmune hepatitis in 
which liver transplant recipients may continue on low doses dur- 
ing the maintenance phase.!*! 


POSTOPERATIVE COURSE 


Initial Phase to Discharge from the Hospital 


Because of the complexity of LT and the often markedly decom- 
pensated state of recipients, invasive monitoring (with arterial 
and occasionally pulmonary venous lines) is necessary in the first 
few postoperative days. If a T-tube is in place, dark copious bile 
provides evidence of satisfactory graft function. The patient’s 
overall status, including neurologic recovery from anesthesia, 
urinary output, and cardiovascular stability, also reflects graft 
function. Routine antimicrobial prophylaxis includes bowel 
decontamination with oral nonabsorbable antibiotics, periop- 
erative systemic broad-spectrum antibiotics, antifungal agents, 
and ganciclovir to prevent CMV infection. Markedly abnormal 
liver biochemical test levels are typical during the initial 48 to 
72 postoperative hours and reflect several insults to the graft, 
including ischemia following harvesting and during preserva- 
tion and subsequent reperfusion injury. The overall trend in 
serum aminotransferase levels should be downward, with a cor- 
responding improvement in coagulopathy and a falling serum 
bilirubin level. Thrombocytopenia in the immediate postop- 
erative period reflects a variety of processes, including residual 


splenomegaly, the effects of medications, and (importantly) 
reduced graft function. 

Worrisome clinical features include scanty, pale bile if a 
‘T-tube has been used, metabolic acidosis, depressed mentation, 
and the need for continued vasopressor support with worsening 
liver biochemical test levels. Hepatic artery thrombosis needs to 
be excluded promptly by Doppler US because it is an indication 
for urgent retransplantation. Hepatic artery thrombosis is more 
common in pediatric recipients because of the smaller size of the 
vessels. Antiplatelet therapy is administered to prevent hepatic 
artery thrombosis.“ Primary nonfunction of the graft is also an 
indication for urgent retransplantation and is suggested by slug- 
gish mentation, diminished urine output, cardiovascular insta- 
bility, and coagulopathy. Donor characteristics associated with 
an increased likelihood of primary nonfunction include marked 
hepatic steatosis and profound hyponatremia. If graft function 
is adequate, however, vasopressor support can be tapered and 
extubation attempted, although the recipient who is markedly 
debilitated from advanced cirrhosis may require several days of 
ventilatory support. Poor graft function and renal insufficiency 
can also impede weaning. 

During the first postoperative week, liver biochemical and 
coagulation test levels should steadily improve as ischemia and 
reperfusion injury resolve. Acute cellular rejection with graft dys- 
function occurs at one week and beyond, with a rise in serum ami- 
notransferase, alkaline phosphatase, and bilirubin levels. Because 
the biochemical features are nonspecific, liver biopsy is indicated 
to evaluate other diagnostic possibilities such as slowly resolv- 
ing reperfusion injury, biliary tract obstruction, and cholestasis 
related to sepsis. Histologic findings characteristic of acute cellu- 
lar rejection are bile duct injury, portal inflammation with eosino- 
phils, and, with more severe injury, endotheliitis (Fig. 97.4). High 
doses of glucocorticoids (500 to 1000 mg of IV methylpredniso- 
lone or its equivalent daily for 3 doses) followed by a taper (most 
commonly with oral prednisone or prednisolone) extending over 
several days constitute first-line therapy. A response is suggested 
by a return of liver biochemical test levels toward normal. 

For the occasional patient with presumed acute cellular 
rejection who fails to respond to glucocorticoids, additional 
immunosuppression with the monoclonal antibody OKT3 (muro- 
monab-CD3) may be necessary. Liver biopsy should be repeated 
before initiating more intensive therapy to confirm the lack of 
a histologic response and to exclude other important causes of 
graft dysfunction, such as ischemia. The ability of recurrent HCV 
infection to mimic the histologic features of acute cellular rejec- 
tion has led to reevaluation of the need to treat apparent acute 
cellular rejection aggressively under all circumstances. Routine 
(protocol) liver biopsies have also fallen out of favor because his- 
tologic evidence of acute cellular rejection can be noted in the 
absence of worsening graft function, with no apparent clinical 
significance. 

In the first 3 to 4 weeks after LT, infections are typically bacte- 
rial and related to surgical complications such as intra-abdominal 
bleeding, bile leak, or wound infection. A meta-analysis has sug- 
gested that administration of probiotics before, or on the day of, 
LT reduces the rate of postsurgical infectious complications such 
as urinary tract infections and intra-abdominal infections (from 
35% to 7%) but does not affect mortality rates.'1? The timing of 
various infectious complications following LT is shown in Fig. 
OF a 

Other issues encountered during the first weeks following LT 
are listed in Box 97.7. Neurologic dysfunction can present as an 
acute confusional state or seizures, with a differential diagnosis 
that includes lingering effects of hepatic encephalopathy, elec- 
trolyte imbalance, poor graft function, sepsis, uremia, and side 
effects of medications. Of particular concern is the development 
of neurologic toxicity caused by the major immunosuppressive 
agents. 


Fig. 97.4 Histopathology of acute cellular rejection of a liver graft. A, The portal tract shows a lymphocytic and 
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plasma cell infiltrate that spills over into the periportal hepatocytes and bile duct. B, The central vein shows 
attachment of lymphocytes to the endothelium (endotheliitis). (From Cotran RS, Kumar V, Collins T, editors. 
Robbins’ pathologic basis of disease. 6th ed. CD-ROM. Philadelphia: WB Saunders; 1999, with permission.) 


Bacterial infections 
HSV stomatitis 
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Mucocutaneous candidiasis a_i 


CMV hepatitis or syndrome 
EBV, VZV, adenovirus infections 
Pneumocystis jiroveci infection 


Aspergillosis or mucormycosis 


Fig. 97.5 Time course of various infectious complications 
in liver transplant recipients. VZV, varicella-zoster virus. 
(Adapted from Everson GT, Kam I. Immediate post-oper- 
ative care. In: Maddrey WC, Schiff ER, Sorrell MF, editors. 
Transplantation of the liver. 3rd ed. Philadelphia: Lippincott 
Williams & Wilkins; 2001. p. 131.) 


Management includes correcting electrolyte imbalances and 
reducing the dose of calcineurin inhibitors, which can be facili- 
tated by the use of mycophenolate mofetil.!°° Overly rapid cor- 
rection of hyponatremia perioperatively has been implicated 
in the genesis of central pontine myelinolysis, with evidence of 
osmotic demyelination on MRI. Diabetes mellitus can present 
for the first time postoperatively, and HCV infection increases 
the risk of diabetes mellitus in liver transplant recipients.!°!:!°* 
Post-transplant renal impairment can reflect a number of insults, 
including slowly resolving pre-LT hepatorenal syndrome or 
renal failure due to other causes, intraoperative hypotension 
resulting in acute tubular necrosis, and (importantly) the neph- 
rotoxic effects of cyclosporine and tacrolimus, which cause renal 
afferent arteriolar vasoconstriction with a reduction in glomeru- 
lar filtration. Adjunctive therapy with mycophenolate mofetil or 
mycophenolic acid allows a reduction in the doses of cyclosporine 
and tacrolimus while providing adequate immunosuppression. 
Short-term hemodialysis may be necessary until renal function 
improves. 


Following Discharge from the Hospital 


If the initial postoperative course has been smooth, planning for 
discharge is possible by the end of the first or second week after 
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LT. Recovery is often more protracted, particularly in debilitated 
recipients. Once discharged, patients are seen at frequent inter- 
vals during the first postoperative month. Liver biochemical test 
levels should normalize within a few weeks. Graft dysfunction is 
an indication for prompt liver biopsy to exclude acute cellular 
rejection. CMV becomes an important infectious consideration 
3 or more weeks post-transplant.'°> Histologic features sugges- 
tive of CMV hepatitis include “owl’s eye” inclusion bodies in the 
hepatocytes, as well as neutrophilic abscesses with focal necrosis 
of the parenchyma (see Chapter 83). Recipients who are CMV 
naive are at increased risk of CMV infection, particularly if they 
receive a graft from a CMV-seropositive donor. These patients 
are candidates for more intensive antiviral prophylaxis. Oral vala- 
cyclovir or valganciclovir for 3 to 6 months following LT is rec- 
ommended for CMV prophylaxis.!*+ 

A distinction is made between asymptomatic CMV vire- 
mia, which may not require additional antiviral therapy, and 
CMV disease with systemic complaints such as fever, graft 
hepatitis, and diarrhea. CMV viremia is detected by PCR- 
based quantitative nucleic acid testing and by identification of 
CMV pp65 antigenemia.!*+ Reactivation of CMV in a previ- 
ously infected recipient tends to be less clinically severe than 
de novo infection. The diagnosis of tissue-invasive CMV dis- 
ease requires confirmation by immunohistochemistry or in 
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BOX 97.7 Medical Complications in the Immediate Post- 
transplantation Period 


Infections 
Bacterial 
Viral 
CMV 
EBV 
Fungal 
Aspergillosis, mucormycosis 
Candidiasis, torulopsosis 
Pneumocystis jiroveci pneumonia 
Respiratory Complications 
Acute respiratory distress syndrome 
Hepatopulmonary syndrome 
Pneumonia 
Portopulmonary hypertension 
Pulmonary edema 
Acute Kidney Injury 
Cardiovascular Diseases 
Cardiomyopathy 
Hemochromatosis 
Hypertrophic cardiomyopathy 
Hypertension 
Myocardial ischemia 
Valvular heart disease 
Neurologic Complications 
CNS hemorrhage 
Central pontine myelinolysis 
Ischemic events 
Seizures 
Coagulopathies 
DIC 
Thrombocytopenia 
Diabetes Mellitus 


From Everson GT, Karn I. Immediate post-operative care. In: Maddrey WC, 
Schiff ER, Sorrell MF, editors. Transplantation of the liver. 3rd ed. Philadel- 
phia: Lippincott Williams & Wilkins; 2001, with permission. 


situ DNA hybridization techniques, because CMV viremia is 
not a reliable diagnostic finding in these cases.!5+ High-dose 
IV ganciclovir is effective for treating CMV infection; how- 
ever, viral resistance has been described. Oral valganciclovir 
is also a therapeutic option for milder CMV disease. Intrave- 
nous ganciclovir is the preferred antiviral agent for patients 
with severe CMV infection or GI involvement (which may 
limit the bioavailability of oral antiviral agents). Treatment of 
CMV infection should be continued for at least 2 weeks and 
until complete resolution of symptoms with viral eradication 
is achieved.!*+ Not only is CMV infection an important cause 
of morbidity and mortality in liver transplant recipients, but 
it also has been implicated in other complications—notably 
chronic graft rejection and severe recurrent HCV infection. 
Following an episode of CMV infection, secondary prophy- 
laxis with antiviral agents is not routinely recommended and is 
not associated with fewer relapses.!>* 

Trimethoprim/sulfamethoxazole is prescribed to pre- 
vent Pneumocystis jiroveci infection. In patients intolerant of 
sulfa drugs, options include atovaquone, dapsone tablets, or 
inhaled pentamidine, although these agents are less effective 
than trimethoprim/sulfamethoxazole and have a narrower 
spectrum of protection against other opportunistic patho- 
gens.!>> Prophylaxis needs to be continued for at least one 
year following LT. 


Fungal infections pose a major threat to liver transplant 
recipients, particularly in the presence of marked debilitation, 
intensive immunosuppression for rejection, or retransplantation. 
For high-risk recipients with 2 or more risk factors (prolonged 
or repeat operation, retransplantation, renal failure, high trans- 
fusion requirement, choledochojejunostomy, Candida coloniza- 
tion in the preoperative period), antifungal prophylaxis against 
invasive candidiasis with fluconazole for up to 4 weeks after LT is 
recommended; alternatives include liposomal amphotericin B or 
caspofungin.!°°!57 Sites of infection are mucocutaneous (oral and 
esophageal), pulmonary, and intracerebral. Despite prolonged 
therapy with amphotericin, voriconazole, or itraconazole, a fatal 
outcome is usual with invasive fungal infection. A diagnosis of 
brain abscess due to Aspergillus spp. implies a dismal prognosis. 
Superficial skin infections and simple colonization must be dis- 
tinguished from invasive fungal infections, because topical anti- 
fungal agents such as nystatin or clotrimazole can eradicate the 
former. Similarly, bladder irrigation with amphotericin can cure 
candidal cystitis without the need for systemic antifungal therapy. 

Although opportunistic infections are always a concern in 
liver transplant recipients, nonopportunistic infections also 
occur. Standard antibiotic therapy is appropriate for community- 
acquired respiratory infections, but a more extensive workup is 
indicated when symptoms are unusually severe or fail to resolve 
rapidly with treatment. Invasive diagnostic testing such as bron- 
choscopy or lumbar puncture with cultures may be necessary if 
clinically indicated. Enteric bacteremia may be an initial clue to 
hepatic artery thrombosis in an otherwise stable recipient. Reac- 
tivation of TB may present in an atypical fashion after LT. 

Early recurrence of HCV infection may also become apparent 
during initial follow-up. As noted earlier, it is crucial to recognize 
that recurrent HCV infection may mimic several histologic fea- 
tures of acute cellular rejection, such as bile duct inflammation 
and endotheliitis (Table 97.4). 

If a liver biopsy specimen shows features suggestive of biliary 
obstruction or if graft dysfunction is associated with clinical features 
of cholangitis such as fever and abdominal pain, MRCP is neces- 
sary because of its noninvasive nature and high degree of accuracy, 
irrespective of the type of biliary anastomosis.!°* An anastomotic 
stricture in a choledochocholedochostomy is usually easily man- 
aged by endoscopic balloon dilation and temporary internal stent- 
ing (see Chapter 70). Surgical intervention is reserved for patients 
who do not respond to this approach, in which case conversion to 
a choledocho- or hepaticojejunostomy is usual. 

A critical issue is distinguishing anastomotic from nonanas- 
tomotic biliary strictures caused by ischemia or other insult to 
the graft. The bile duct in the transplant recipient is prone to 
ischemia because of its relatively tenuous arterial blood supply, 
and the development of a biliary stricture (unless it is obviously 
anastomotic) may reflect hepatic artery thrombosis. Ischemic 
stricturing is generally diffuse but can be predominantly hilar. 
Although temporizing measures such as balloon dilation and 
stenting may be attempted, such efforts are generally futile if 
hepatic artery thrombosis is present or stricturing is widespread, 
and retransplantation will be required. Other causes of nonanas- 
tomotic stricturing include the use of an ABO-incompatible graft 
and protracted cold ischemia after harvesting. Biliary strictures 
can also be a feature of recurrent PSC. 


LONG-TERM MANAGEMENT 
General Preventive Measures 


Long-term survival after LT is dependent on good general medi- 
cal care of common disorders, including hypertension, hyperlip- 
idemia, and diabetes mellitus.!°° Once a recipient has stable graft 
and renal function, serial blood work including blood cell counts 
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TABLE 97.4 Histologic Features of Recurrent HCV Infection Compared with Acute Cellular Rejection 


Feature Recurrent HCV Infection 


Rejection 


Time of onset after LT 


Portal inflammation Most cases 
Lymphocytes Bland, uniform 
Lymphoid aggregates Usually 
Lymphoid follicles 50% of cases 
Eosinophils Inconspicuous 

Steatosis Often 

Acidophilic bodies Common 


Bile ductule damage About 50% of cases 


Atypical features 


obstruction, granulomas 


Any time; onset usually within the first year 


Cholestasis, ballooning degeneration without significant 
inflammation, marked ductular proliferation mimicking 


Usually within the first 2 months 


Always 
Activated 
Occasionally 
Rarely 

Almost always 


Never 
Uncommon 
Common 


Prominent periportal and lobular 
necroinflammatory activity without 
subendothelial venular inflammation 


From Rosen HR, Martin P. Liver transplantation. In: Schiff ER, Sorrell MF, Maddrey WC, editors. Schiff’s diseases of the liver. 8th ed. Philadelphia: Lippincott- 


Raven; 1999, p. 1589. 


and serum liver biochemical tests, creatinine, and calcineurin 
inhibitor levels are obtained every few months for review by the 
transplant center. 

Systemic hypertension is a frequent problem encountered in 
liver transplant recipients and is related to calcineurin inhibi- 
tor-induced renal vasoconstriction, as well as to the effects of 
other drugs such as glucocorticoids. Unfortunately, a reduction 
in immunosuppression is generally ineffective in ameliorating 
hypertension. Another contributing factor is mild renal insuf- 
ficiency, which is frequent after LT. Initial antihypertensive 
therapy usually consists of a calcium channel blocker. Angioten- 
sin-converting enzyme inhibitors and potassium-sparing diuret- 
ics are relatively contraindicated because of their propensity to 
accentuate hyperkalemia, which is frequent in liver transplant 
recipients, who often have renal tubular acidosis caused by the 
calcineurin inhibitor. Because cyclosporine and tacrolimus lev- 
els are increased by verapamil and diltiazem, nifedipine is the 
agent of choice. -Adrenergic blocking agents are second-line 
antihypertensive agents; thiazide and loop diuretics are gener- 
ally avoided because of concern about exacerbating renal insuffi- 
ciency and electrolyte imbalance in the liver transplant recipient. 
Furosemide, however, is the diuretic of choice if fluid overload 
is present. In the minority of patients in whom hypertension is 
not controlled, a centrally acting agent such as clonidine may be 
introduced. For the occasional patient with intractable hyperten- 
sion on cyclosporine-based immunosuppression, substitution of 
tacrolimus for cyclosporine may improve blood pressure control. 
Both cyclosporine and tacrolimus are nephrotoxic and accentuate 
impairment of renal function that may have existed periopera- 
tively. Although acute nephrotoxicity may respond to interrup- 
tion of or a reduction in the dose of these drugs, chronic renal 
impairment is usually irreversible. Drastic dose reductions of a 
calcineurin inhibitor may precipitate graft rejection and should 
be avoided. Cofactors implicated in advanced CKD after LT 
include recurrent HCV infection with associated glomerulone- 
phritis, diabetes mellitus, and systemic hypertension.'©° Renal 
transplantation may be considered in liver transplant recipients 
who become dialysis dependent after an otherwise successful LT. 

Hyperlipidemia is observed in up to half of liver transplant recipi- 
ents and reflects a number of factors including diabetes mellitus, 
obesity, renal dysfunction, and immunosuppressive agents, espe- 
cially cyclosporine.!°! Pharmacologic therapy is indicated if hyper- 
cholesterolemia fails to improve with weight reduction and tight 
glycemic control. Pravastatin, a 3-hydroxy-3-methylglutaryl coen- 
zyme-A-reductase inhibitor (statin), is well tolerated and effica- 
cious in liver transplant recipients.'°’ Diabetes mellitus is common 
in liver transplant recipients and occurs in approximately one third 


of patients for the first time after LT. The pathogenesis is mul- 
tifactorial; immunosuppressive therapy is a major factor because 
of the hyperglycemic effects of prednisone, cyclosporine, tacroli- 
mus, azathioprine, and mycophenolate mofetil. HCV infection is 
also implicated. In most diabetic recipients, therapy with insulin is 
required. The high frequency of diabetes mellitus following LT 
has prompted the development of glucocorticoid-sparing immu- 
nosuppressive regimens (see earlier). 

A related problem is obesity, which is frequent even in LT 
recipients who were profoundly malnourished preoperatively. 
Risk factors include glucocorticoid use, increased caloric intake, 
and decreased physical activity during recuperation from sur- 
gery. Immunosuppression with tacrolimus has been reported to 
result in less weight gain than occurs with cyclosporine; to a large 
extent, this difference may reflect the lower glucocorticoid doses 
used with tacrolimus. Management of obesity in this population 
includes a reduction in glucocorticoid doses and even complete 
withdrawal if possible. Use of mycophenolate mofetil may permit 
maintenance immunosuppression without glucocorticoids. 

Excessive alcohol consumption (>20 g/day for women and >30 g/ 
day for men) is associated with poorer long-term survival after 
LT, regardless of the primary indication for transplantation. 
Given the lack of data about the safety of more moderate alcohol 
consumption in liver transplant recipients, complete abstinence 
should be encouraged as a conservative approach. 

Osteopenia is a frequent cause of morbidity in liver transplant 
recipients.!°+ Although hepatic osteodystrophy is typically associ- 
ated with cholestatic liver diseases, it is also common in patients 
with cirrhosis of other etiologies. Factors implicated in the patho- 
genesis of hepatic osteodystrophy include poor nutritional status, 
immobility, the calciuric effect of many diuretics, hypogonadism, 
and glucocorticoid use in patients with autoimmune hepatitis. 
In the initial several months after LT, osteopenia is accelerated 
further by high-dose glucocorticoid therapy as well as the other 
major immunosuppressive agents. Atraumatic fractures may 
occur in trabecular bone such as vertebrae or ribs. Bone mass 
increases after doses of immunosuppressive agents are reduced 
as mobility increases. Supplemental calcium and vitamin D are 
prescribed to patients with osteopenia, as is a bisphosphonate in 
patients with osteoporosis. 

De novo malignancies are increased in frequency following LT.'° 
Recipients need ongoing age-appropriate surveillance for common 
tumors such as breast, cervical, and colon cancer.!®° In the absence 
of specific recommendations, screening for prostatic carcinoma by 
yearly digital rectal examination and/or prostate-specific antigen 
testing in male liver transplant recipients older than age 40 should be 
individualized. The incidence of prostate cancer in liver transplant 
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recipients appears to be slightly higher to that in nontransplanted 
men.!°’ Screening for colorectal cancer by colonoscopy should also 
be performed every 5 years after age 50 in asymptomatic recipi- 
ents; in patients with a history of PSC and UC, yearly colonoscopy 
with surveillance mucosal biopsies is recommended (see Chapters 
68 and 116). Adherence to cervical cancer screening guidelines for 
the general population and screening female recipients older than 
age 40 for breast cancer by yearly mammography seem appropri- 
ate.!©° Other malignancies that are increased in frequency in organ 
transplant recipients include those of the skin, lung, liver, female 
genital tract, and GI tract. Patients with alcohol use disorder may 
be particularly prone to malignancies of the oropharynx (see Chap- 
ter 86).!6° Patients should be encouraged to use sunscreen regularly 
and have periodic examinations by a dermatologist. 

Post-transplantation lymphoproliferative disorder (PTLD) varies 
from a low-grade indolent process to an aggressive neoplasm.!°? 
Uncontrolled proliferation of B cells after LT, typically in 
response to primary EBV infection, can be polyclonal or mono- 
clonal. Pediatric recipients are at particular risk because of the 
absence of prior EBV infection. Intensive immunosuppression 
with OKT3 for severe rejection increases the risk of PTLD, 
which can present as a mononucleosis-like syndrome, lymphop- 
roliferation, or malignant lymphoma. 

Clinical features suggestive of PTLD include lymphadenopa- 
thy, unexplained fever, and systemic symptoms such as weight 
loss. The majority of patients with PTLD present with extrano- 
dal masses, primarily involving the GI tract (stomach or intes- 
tine), lungs, skin, central nervous system, or hepatic allograft.!°* 
The WHO classifies PTLD into 4 main categories based on 
clinical, morphologic, immunophenotypic, and genetic features: 
benign polyclonal lymphoproliferation (early lesions), poly- 
morphic PTLD, monomorphic PTLD, and classic Hodgkin’s 
lymphoma-like PTLD. Management includes a reduction in 
immunosuppression and antiviral therapy directed against EBV, 
if present, with ganciclovir. Systemic chemotherapy, including 
the anti-CD20 monoclonal antibody rituximab, may be required 
in patients with malignant lymphoma.'°* The higher frequency 
of PTLD in pediatric recipients has led to surveillance by PCR 
methodology for EBV viremia and reduction in the level of 
immunosuppression in patients with a positive result before clini- 
cal features of PTLD occur. In addition, antiviral prophylaxis is 
prescribed for high-risk recipients, including those who are sero- 
negative for EBV and received a graft from a seropositive donor. 
Chronic graft rejection is increased in frequency in survivors of 
PTLD because of the reduction in the level of immunosuppres- 
sion, which may be increased cautiously after PTLD is contained. 


Immunizations and Antibiotic Prophylaxis 


Immunization against HAV and HBV, influenza, pneumococ- 
cus, tetanus, and diphtheria is part of the standard pre-LT man- 
agement. A substantial proportion of patients may be unable to 
mount adequate antibody responses because of the immuno- 
suppression associated with end-stage liver disease. Vaccines 
based on live or attenuated microorganisms (i.e., measles, 
mumps, rubella, oral polio, bacille Calmette-Guerin, vaccinia, 
and varicella-zoster) are contraindicated because of the risk of 
reactivation. Prophylactic antibiotics are usually recommended 
for any dental procedure, although this recommendation is not 
evidence-based. !”° 


Hepatic Retransplantation 


Although improved immunosuppressive regimens have led to 
a lower rate of graft loss from chronic rejection, recurrence of 
the underlying liver disease has been recognized increasingly as 
a cause of graft failure, as illustrated most strikingly in HCV- 
infected recipients prior to the availability of DAAs that per- 
mit curative antiviral therapy in liver transplant recipients.!7! 
Understanding the full effect of recurrent disease, especially 
nonviral disease, on patient and graft survival will require stud- 
ies with long-term follow-up. For example, although the rate of 
histologic recurrence of viral hepatitis is greatest in the first year 
following LT, recurrent PBC or PSC develops in less than 5% 
of patients by the first year, whereas more than 20% demon- 
strate histologic recurrence 10 years after LT.!’*!7> As patients 
enter their second and third decades following LT, the number 
of patients who require retransplantation may deplete the donor 
pool further. This issue is compounded by the observation that 
patients who undergo re-transplantation experience an approxi- 
mate 20% overall reduction in the rate of survival but consume 
an increased amount of resources when compared with primary 
liver transplant recipients. 

Major challenges remain in LT, including the shortage of 
donor organs, threat of recurrent disease, and morbidity associ- 
ated with lifelong therapeutic immunosuppression. Nevertheless, 
the availability of LT has transformed the lives of patients with 
advancing liver disease and their health care providers from an 
ultimately futile effort to manage the complications of cirrhosis 
into a life-prolonging and life-enhancing intervention. 


Full references for this chapter can be found on www.expertconsult.com. 
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ANATOMY 


Macroscopic Features 


Small Intestine 


The small intestine is a specialized tubular structure within the 
abdominal cavity in continuity with the stomach proximally and 
the colon distally. The small bowel increases in length from about 
250 cm in the term newborn to about 600 to 800 cm in the adult. 
The caliber of the small intestine gradually diminishes from prox- 
imal to distal, and there is a fourfold reduction in surface area 
from the distal duodenum to the terminal ileum. 

The duodenum is the most proximal portion of the small intes- 
tine. It begins with the duodenal bulb, travels in the retroperitoneal 
space around the head of the pancreas, and ends on its return to the 
peritoneal cavity at the ligament of Treitz. The biliary and pancre- 
atic ducts usually join together 1 to 2 cm from the outer margin 
of the duodenal wall and drain into the medial wall of the second 
portion of the duodenum through the ampulla of Vater. In 5% to 
10% of individuals, an accessory pancreatic duct, also known as the 
duct of Santorini, enters separately through the minor papilla 1 to 2 
cm proximal to the ampulla of Vater. The remainder of the small 
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intestine is suspended within the peritoneal cavity by a thin broad- 
based mesentery that is attached to the posterior abdominal wall 
and allows relatively free but tethered movement of the small intes- 
tine within the abdominal cavity. The proximal 40% of the mobile 
small intestine is the jejunum, which occupies the left upper por- 
tion of the abdomen. The remaining 60% of small intestine is the 
ileum, and it is normally situated in the right side of the abdomen 
and upper part of the pelvis. There is no distinct anatomic demar- 
cation between the jejunum and ileum, but the jejunum tends to be 
thicker, is more vascular, and has a greater diameter than the ileum. 

The luminal surface of the small intestine has visible muco- 
sal folds called the plicae circularis or folds of Kerckring. They 
are more numerous in the proximal jejunum, decrease in number 
distally, and are absent in the terminal ileum. Microscopic aggre- 
gates of lymphoid cells are scattered throughout the small intes- 
tine and make up the GI-associated lymphoid tissue. Macroscopic 
lymphoid aggregates, or Peyer patches, are more concentrated in 
the ileum and can be seen extending through to the serosa. Peyer 
patches are more prominent in infancy and childhood and regress 
in size and number with advancing age. 

The jejunum and ileum are freely mobile in the abdominal 
cavity and are attached to the posterior abdominal wall by the 
intestinal mesentery. The entire length of jejunum and ileum is 
suspended in this mesentery, except for the distal terminal ileum at 
the cecum, which is retroperitoneal. The mesentery is formed by 
a fan-shaped anterior reflection of the posterior peritoneum that 
extends from the left side of the body toward the right sacroiliac 
joint. The mesentery envelops a number of important structures, 
including the jejunum, ileum, jejunal and ileal branches of the 
superior mesenteric artery (SMA) and superior mesenteric vein 
(SMV), nerves, lacteals, lymph nodes, and a variable amount of fat. 

The small bowel transitions to the colon at the ileocecal (IC) valve, 
which consists of 2 semilunar lips that protrude into the cecum. The 
IC valve functions like a flutter valve, allowing antegrade flow when 
a peristaltic wave is strong enough to overcome its resistance but 
preventing retrograde flow of colonic contents into the small intes- 
tine. The angulation between the ileum and cecum, supported by 
the superior and inferior IC ligaments, is important to the function 
of the IC valve. The IC valve typically contracts when the cecum is 
over-distended to prevent ceco-ileal reflux. This explains why dur- 
ing colonoscopy, excessive distention of the cecum with air should 
be avoided, because this may lead to IC valve contraction, which can 
then hinder successful intubation of the ileum and also lead to high 
intracolonic pressure with resultant barotrauma. 


Colon and Rectum 


The colon is a tubular structure about 30 to 40 cm in length at 
birth and measuring some 150 cm in the adult, or about one 
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quarter the length of the small intestine. The colon begins at the 
IC valve and ends distally at the anal verge (Fig. 98.1). It consists 
of 4 segments: cecum and vermiform appendix, colon (ascending, 
transverse, and descending portions), rectum, and anal canal. The 
diameter of the colon is greatest in the cecum (7.5 cm) and nar- 
rowest in the sigmoid (2.5 cm) until it balloons out in the rectum 
just proximal to the anal canal. 

The colon is distinguished from the small intestine by sev- 
eral features. It is larger in caliber, mostly fixed in position, and 
has outer longitudinal muscle fibers that coalesce into 3 discrete 
bands called taeniae: the taenia liberis (free tenia), taenia omentalis 
(omental tenia), and taenia mesocolica (mesenteric tenia). Tae- 
niae are located at 120-degree intervals around the colonic cir- 
cumference and extend from the cecum to the proximal rectum. 
Outpouchings, or haustra, occur between the taeniae, and their 
mucosal surface is sectioned by semilunar folds to give the serosa 
a sacculated and puckered appearance. Small sacs of peritoneum 
filled with adipose tissue, the appendices epiploicae, are found on 
the external surface of the colon. The mesentery fully suspends 
the transverse colon and sigmoid colon, while the remainder of 
the colon has mesentery only on its free anterior surface. The 
appendix has a short mesentery called the mesoappendix. 

The cecum is the most proximal portion of the colon. It is 
about 6 to 8 cm in length and breadth and lies in the right iliac 
fossa, projecting downward as a blind pouch below the entrance 
of the ileum. The large diameter of the cecum makes it suscepti- 
ble to rupture with distal obstruction and permits tumors to grow 
to substantial size before producing symptoms of obstruction. 
The cecum is normally nonmobile because it is fixed in position 
by a small mesocecum; anomalous fixation, however, occurs in 
10% to 20% of the population, predominantly women, predis- 
posing them to cecal volvulus. 

The IC valve passes perpendicularly through the posterome- 
dial wall of the cecum and consists of a superior and inferior fold 
arranged in an elliptical manner at the IC orifice. The appendiceal 
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Fig. 98.1 Macroscopic char- 
acteristics of the colon. Note 

the taeniae, haustra between 

the taeniae, the semilunar 

folds, and the appendices 
epiploicae. (Netter illustration from 
www.netterimages.com. © Else- 
vier Inc. All rights reserved.) 


orifice is roughly 2.5 cm inferior to the IC valve, and the vermi- 
form appendix is a blind outpouching extending from the cecum 
in a direction that varies from person to person. Appendiceal 
anatomy is discussed further in Chapter 120. 

The ascending colon is narrower than the cecum and extends 
about 12 to 20 cm from the level of the IC valve to the inferior 
surface of the posterior lobe of the liver, where it angulates left 
and forward, forming the hepatic flexure. The ascending colon is 
covered with peritoneum in about 75% of individuals and thus is 
usually considered to reside in the retroperitoneum. 

At the hepatic flexure, the colon turns medially and anteriorly 
to emerge into the peritoneal cavity as the transverse colon, fully 
enveloped in mesentery. The transverse is the longest (40 to 50 cm) 
and most mobile segment of the colon. It lies between the hepatic 
and splenic flexures and drapes itself across the anterior abdomen 
and anterior to the stomach. The phrenocolic ligament anchors the 
colon at the splenic flexure, but the transverse colon is so mobile 
that in the upright position it may actually dip down into the pelvis. 
Abdominal or pelvic surgery that results in adhesion formation can 
fix the position of the normally mobile transverse colon. 

The descending colon is about 25 to 45 cm in length and trav- 
els posteriorly and then inferiorly in the retroperitoneal compart- 
ment to the pelvic brim. It emerges from the retroperitoneum 
into the peritoneal cavity as the sigmoid colon, an S-shaped 
redundant segment of variable length, tortuosity, and mobility. 
The mobility of the sigmoid colon renders it susceptible to vol- 
vulus, and because it is the narrowest part of the colon, tumors 
and strictures of this region typically cause obstructive symptoms 
early in the course of disease. 

The rectum is 10 to 12 cm in length and begins at the peri- 
toneal reflection, follows the curve of the sacrum passing down 
and posteriorly, and ends at the anal canal. The rectum narrows 
at its junction with the sigmoid, expanding proximal to the anus. 
The rectum lies entirely below the peritoneum in close relation- 
ship with the structure of the pelvis. The anorectal junction is 
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2 to 3 cm anterior to the tip of the coccyx. The rectum does 
not have sacculation, appendices epiploicae, or mesentery. The 
outer rectal wall is progressively thickened with prominent and 
anterior bands of muscle as it descends toward the anus. The 
luminal surface of the rectum has 3 transverse folds called the 
valves of Houston. 


Anal Canal 


The anal canal is 2 cm long in the infant and 4.5 to 5 cm long 
in the adult. It occupies the ischiorectal fossa, passing inferi- 
orly and outward toward the anal opening. The anorectal junc- 
tion is situated within the pelvic diaphragm and made up of the 
levator ani, coccygeus, and puborectalis muscles which encircle 
it; contraction of these muscles allows the anorectum to retain 
stool, and relaxation allows for defecation. The internal anal 
sphincter is made up of the circular smooth muscular layer of 
the intestine, which surrounds the upper three quarters of the 
canal. The external sphincter is made up of striated muscle; it 
surrounds the anal canal, and its fibers blend with those of the 
levator ani muscle to attach posteriorly to the coccyx and ante- 
riorly to the perineal body. Distally, the anal verge represents 
the transition of anoderm to true skin. The mucosa of the distal 
3 cm of the rectum and anal canal contains 6 to 12 redundant 
longitudinal folds called the columns of Morgagni, which ter- 
minate in the anal papillae. These columns are joined together 
by mucosal folds called the anal valves, which are situated at 
the dentate line. The zona alba is a white zone that demarcates 
the transition to typical squamous epithelium. The anatomy 
and function of these muscles are described in more detail in 
Chapter 129. 


Vasculature 


The proximal duodenum receives arterial blood from the right 
gastric artery, supraduodenal artery, right gastroepiploic artery, 
and superior and inferior pancreaticoduodenal arteries. Venous 
drainage is via the SMV and the splenic and portal veins. The 
SMA delivers oxygenated blood to the distal duodenum, jeju- 
num and ileum, ascending colon, and proximal two thirds of 
the transverse colon. Branches of the inferior mesenteric artery 
supply the remainder of the colon. The arterial supply of the 
anal area is from the superior, middle, and inferior hemorrhoidal 
arteries, which are branches of the inferior mesenteric, hypo- 
gastric, and internal pudendal arteries, respectively. Venous 
drainage of the anus is by both the systemic and portal systems. 
The internal hemorrhoidal plexus drains into the superior rectal 
veins and then into the inferior mesenteric vein, which, with the 
SMV, joins the splenic vein to form the portal vein. The vas- 
cularity of the distal anus drains by the external hemorrhoidal 
plexus through the middle rectal and pudendal veins into the 
internal iliac vein. (See Chapter 118 for discussion of the intes- 
tinal blood supply and its disorders.) 


Lymphatic Drainage 


Lymphatic drainage courses through the mesentery from villus 
lacteals and lymphatic follicles and converges at preaortic lymph 
nodes around the SMA and celiac artery. The lymphatic drain- 
age of both the small intestine and colon follows their respective 
blood supplies to lymph nodes in the celiac, superior preaortic, 
and inferior preaortic regions. Lymphatic drainage proceeds to 
the cisterna chyli and then via the thoracic duct into the left sub- 
clavian vein. Proximal to the dentate line, lymphatic drainage is 
to the inferior mesenteric and periaortic nodes, whereas distal to 
the dentate line it flows to the inguinal lymph nodes. Therefore, 
inflammatory and malignant disease of the lower anal canal can 
manifest with inguinal lymphadenopathy. 
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Fig. 98.2 Photomicrograph of small intestine showing its general 
microscopic architecture. m, Mucosa; mm, muscularis mucosae; mp, 
muscularis propria; s, serosa; sm, submucosa. (H&E, x25.) 


Extrinsic Innervation 


The autonomic nervous system—sympathetic, parasympathetic, 
and enteric—innervates the GI tract. The sympathetic and para- 
sympathetic nerves constitute the extrinsic nerve supply and con- 
nect with the intrinsic nerve supply, which is composed of ganglion 
cells and nerve fibers within the intestinal wall. Innervation of the 
small intestine and colon is discussed in detail in Chapters 99 and 
100, respectively. 


Microscopic Features 
General Considerations 


The small and large intestine share certain histologic character- 
istics. The wall of the small intestine and colon is composed of 
4 layers: mucosa (or mucous membrane), submucosa, muscularis 
(or muscularis propria), and serosa (Fig. 98.2). 


Mucosa 

The mucosa consists of the glandular epithelium, lamina propria, 
and muscularis mucosae (Fig. 98.34 and B). The mucosa is thick 
and highly vascularized, although less so in distal portions. It has 
concentric folds (plicae circulares) that are also referred to as the 
valves of Kerckring. The surfaces of the mucosal folds are studded 
with villus projections, and these features combine to produce a 
400- to 500-fold increase in mucosal surface area. An intestinal 
villus will typically project 0.5 to 1.5 mm into the lumen, and 
the height of the villus decreases from proximal to distal small 
intestine. Villi are wider and more leaf-shaped in the duodenal 
bulb and proximal duodenum, becoming more finger-like in the 
distal duodenum, proximal jejunum, and remainder of intestine. 
The villi are covered with mature absorbing enterocytes inter- 
spersed with mucus-secreting goblet cells. Each villus contains an 
artery, vein, and central lacteal. A capillary bed forms along the 
epithelium, allowing for rapid clearance of absorbed nutrients, 
fluids, and electrolytes into the systemic circulation. To facili- 
tate the absorptive process, capillary walls are fenestrated with 
diaphragmatic covers. The core of the villus also contains nerve 
fibers, plasma cells, macrophages, eosinophils, and fibroblasts. 
The villi are surrounded by cylindrical structures called the crypts 
of Lieberkiihn, which extend through the lamina propria down to 
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intestine. A, Components of the mucosa: ge, glandular epithelium; /p, 
lamina propria. Note the absorptive cells that appear as high columnar 
cells with eosinophilic cytoplasm (arrow). (H&E, x250.) B, Goblet cells 
(arrow) and brush border are stained red. mm, Muscularis mucosae. 
(Periodic acid-Schiff stain, x150.) C, Microvilli (mv) are seen as delicate 
finger-like projections on electron microscopic examination, x9000. (C, 
Courtesy S. Teichberg, PhD, Manhasset, New York) 


the muscularis mucosae. The crypts are lined with more imma- 
ture epithelium that primarily functions as a secretory rather than 
an absorptive epithelium. 

The epithelium of the small intestine is composed of various 
cell types: absorptive cells (columnar cells), secretory cells (goblet 
cells), undifferentiated cells, tuft cells, M cells, cup-like cells, and 
enteroendocrine cells. Crypts contain a similar cell population as 
the villi, with the addition of Paneth cells and stem cells. 

The lamina propria is a layer of reticular connective tissue 
that provides the structural support for the mucosa, but it also 
contains many cellular elements important for absorption and 
immunity. The lamina propria is rich in arterioles, venules lac- 
teals, nerve fibrils, and fibroblasts, lymphocytes, macrophages, 
neutrophils, eosinophils, and mast cells. The muscularis mucosae 
consists of a thin layer of smooth muscle only 3 to 10 cells thick 
at the boundary of the mucosa and submucosa. 

Stem cells are pluripotential cells located at the bases of the 
intestinal crypts. With intense mitotic activity, stem cells give 
rise to all types of mature intestinal epithelial cells and at the 
same time replenish themselves through self-renewal. Mucosal 
epithelial cells turn over every 5 to 7 days. Intestinal epithelial 
cells are mature by the time they reach the upper third of the 
villus. Paneth cells are the only cells that do not migrate. Undif- 
ferentiated cells have fewer intracellular organelles and micro- 
villi than absorptive cells. The absorptive cells (see Fig. 98.34) 
are high columnar cells with oval basal nuclei, eosinophilic 
cytoplasm, and a periodic acid—Schiff (PAS)-positive free sur- 
face, the brush border (see Fig. 98.38). On electron microscopic 


ing goblet cells. A, Clear, empty-looking cytoplasm (arrow) and basal 
nuclei are seen with use of H&E, x250. B, Metachromatic staining of 
the cytoplasm results with use of the alcian blue stain, x50. C, The cells 
demonstrate red staining with use of periodic acid-Schiff stain, x150. 


examination, the brush border is seen to be composed of micro- 
villi (see Fig. 98.3C), which are more numerous in the small 
intestinal than in the colonic epithelium. Enterocyte microvilli 
are estimated to increase the luminal surface area of the cell 14- 
to 40-fold. 

Goblet cells are mucin-producing cells that are scattered 
among intestinal villi but are more common in the distal ileum 
and large intestine. Goblet cells are oval or round with flattened 
basal nuclei (Fig. 98.44); their cytoplasm is basophilic, meta- 
chromatic (see Fig. 98.48), and PAS-positive (see Fig. 98.4C) and 
consists mostly of mucin-secreting granules. Mucin is secreted 
by 2 pathways: in a neutrally mediated continuous manner, and 
by the active exocytosis of granules in response to extracellular 
stimuli. 

Paneth cells are flask shaped with an eosinophilic granular 
cytoplasm and a broad base that is positioned against the base- 
ment membrane (Fig. 98.5). In the small intestine, Paneth cells 
are located exclusively in the crypts of Lieberkiihn and secrete 
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a-defensins, antimicrobial proteins, lysozyme, and phospholipase 
A, thought to be important in protection from infectious patho- 
gens and function to maintain enteric homeostasis.! 

Cup cells and tuft cells are 2 intestinal epithelial cell types with 
unidentified functions. Cup cells are present in villi and crypts 
largely limited to the ileum. Tuft cells are marked by a tuft of 
long microvilli projecting from the apical surface of the cell. 

The mucosa also contains specialized cells called enteroen- 
docrine or neuroendocrine cells (Fig. 98.64) with specific endo- 
crine functions. Intestinal endocrine cells are sparsely distributed 
and consist of 11 different cell types (Table 98.1). These are tall 
columnar cells present in both the crypts and villi and contain 


Fig. 98.5 Photomicrograph of small intestinal mucosa demonstrating 
the crypts of LieberkUhn (/c) and Paneth cells (arrow), which are charac- 
terized by granular eosinophilic cytoplasm. (H&E, x250.) 


Fig. 98.6 Microscopic character- 
istics of neuroendocrine cells of 
the small intestine. A, Features in- 
clude clear cytoplasm and a round 
nucleus (arrow). (H&E, x250.) B, 
Neurosecretory granules are seen 
as electron-dense, round black 
bodies (arrow) on electron micro- 
scopic examination, x20,000. C, 
Granules in neuroendocrine cells 
are stained black with the Grime- 
lius stain (arrow), x150. D, Cells 
stained with synaptophysin have 
brown cytoplasm (arrow), x250. 
(B, Courtesy S. Teichberg, PhD, 
Manhasset, New York.) 
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prominent secretory granules. The neuroendocrine cells have 
been divided histologically into argentaffin (i.e., their granules 
are able to reduce silver nitrate) or enterochromaffin cells and 
argyrophilic cells (i.e., granules reduce silver nitrate only in the 
presence of a chemical reducer). These chemical properties sub- 
divide the cell types, but a unifying concept derived from their 
common origin and functional capacity has led to the term 
APUD cells. The amine precursor, uptake, and decarboxylation 
concept characterizes the cells as having a common embryonic 
origin from the neural crest and displaying similar cytochemical 
and electron microscopic features.” 

Ultrastructurally, enteroendocrine cells contain membrane- 
bound granules with variably sized electrodense cores (see Fig. 
98.6B) that consist of large dense-core vesicles and smaller 
synaptic-type microvesicles. Neurosecretory granules can be 
demonstrated as dark granules with nonspecific agents (e.g., 
Grimelius stain [see Fig. 98.6C]), or more specific immuno- 
histochemical stains can be used (e.g., neuron-specific enolase, 
chromogranin, synaptophysin). Chromogranin enables identifi- 
cation of the large dense-core vesicles, and synaptophysin tar- 
gets the small synaptic-like microvesicles (see Fig. 98.6D). With 
specific immunohistochemical staining agents, it is possible to 
identify the individual chemical and protein components of neu- 
roendocrine cells. The differential expression of certain proteins 
also makes it possible to subdivide neuroendocrine cell popula- 
tions. For example, vesicular monoamine transporter (VMAT) 
has 2 isoforms: VMAT1 is restricted to serotonin-producing 
enterochromaffin cells, and VMAT2 is expressed by histamine- 
producing cells, enterochromaffin-like cells, and pancreatic islet 
cells.’ 

The hormone products of these cells are discharged into the 
extracellular space on the basal and basolateral surfaces and have 
paracrine effects on absorption, secretion, motility, mucosal cell 
proliferation, possibly immunobarrier control, and even some 
endocrine effects upon systemic absorption. 
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TABLE 98.1 Enteroendocrine Cells of the Intestinal Tract: Cell Types and Products, Vesicle Markers, and Distribution 


Vesicle Markers 


Cell Type Cell Product LDCV SLMV Duod Jej lleum App Colon Rec 

P/D1 Ghrelin CgA, VMAT2 f if f 

EC 5-HT CgA, VMAT1 Syn $ E i + + + 
Somatostatin CgA Syn + + f f f f 

L GLI/PYY Sgll > CgA Syn f $ F E dk + 

PP RE CgA, Sgll, VMAT2 Syn e 

G Gastrin CgA Syn + 

CCK Cholecystokinin + + f 

S Secretin, 5-HT CgA + + 

GIP GIP/Xenin CgA + + f 

M Motilin + + f 

N Neurotensin CgA f + + 


App, Appendix; CgA, chromogranin A; Duod, duodenum; e, presence of cells in fetus and newborn; EC, enterochromaffin cell; f, presence of few cells; 
GIP, gastric inhibitory polypeptide; GL/, glucagon-like immunoreactants (glicentin, glucagon-37, glucagon-29, GLP[glucagon-like peptide]-1, GLP-2); 
5-HT, 5-hydroxytryptamine (serotonin); Jej, jejunum; LDCV, large dense-core vesicles; NESP55, neuroendocrine secretory protein 55; PP, pancreatic 
polypeptide; PYY, PP-like peptide with N-terminal tyrosine amide; Rec, rectum; Sg//, secretogranin II (also known as chromogranin C); SLMV, synaptic- 
like microvesicles; Syn, synaptophysin; VMAT7, VMAT2, vesicular monoamine transporter 1, 2; +, presence of cells; >, heavier staining than. 

Adapted from Solcia E, Capela C, Fiocca R, et al. Disorders of the endocrine system. In: Ming SC, Goldman H, editors. Pathology of the gastrointestinal 


tract. Philadelphia: Williams & Wilkins; 1998. p 295. 


The preferred designation of neuroendocrine cells is by their 
stored peptide. Serotonin-producing enterochromaffin cells, 
vasoactive intestinal polypeptide cells, and somatostatin D cells 
are distributed throughout the small and large intestine. Cells 
that produce gastrin, ghrelin, gastric inhibitory peptide, secretin, 
and CCK are found predominantly in the stomach and proximal 
small intestine. Cells that secrete peptide YY, glucagon-like pep- 
tide-1, glucagon-like peptide-2, and neurotensin are found in the 
ileum.* 

M cells are specialized epithelial cells overlying lymphoid fol- 
licles and Peyer patches in the small intestine and colon. M cells 
are an important site of luminal antigen sampling for immune 
processing by the mucosal lymphoid system. This process of sam- 
pling plays an important role in the development and mainte- 
nance of immune tolerance, host defense against pathogens, and 
intestinal homeostasis. 

The interstitial cells of Cajal (ICC) are found in both the small 
intestine and colon and are located in the myenteric plexuses 
within the muscularis propria and the submucosa (Fig. 98.7 [see 
Chapters 99 and 100]). The ICC are important in the regula- 
tion of intestinal peristalsis and function as the pacemaker cells 
of the intestine. They influence the frequency of smooth muscle 
contraction, amplify neuronal signals, mediate neurotransmis- 
sion from enteric motor neurons to smooth muscle cells, and set 
the smooth muscle membrane potential gradient. The ICC are 
spindle-shaped or stellate cells with long, ramified processes and 
express c-kit (CD117), a tyrosine kinase receptor critical for their 
survival.’ 


Submucosa 

The submucosa is a fibrous connective tissue layer that lies 
between the muscularis mucosae and the muscularis propria. 
It contains lymphocytes, fibroblasts, mast cells, blood and 
lymphatic vessels, and a nerve fiber plexus—Meissner plexus— 
composed of non-myelinated postganglionic sympathetic fibers 
and parasympathetic ganglion cells. The submucosa supports 
the mucosa in specialized functions of nutrient, fluid, and elec- 
trolyte absorption by conveying a rich network of blood vessels, 
lymphatics, and nerves that ensure efficient handling of absor- 
bates. 
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Fig. 98.7 Photomicrograph showing interstitial cells of Cajal in the 
small intestine. Brown-staining, elongated cells are evident around the 
myenteric plexus (arrow). (CD117 immunostain, x250.) 


Brunner glands are submucosal glands (see Fig. 98.98) found 
primarily in the first portion of the duodenum and in decreased 
numbers in the distal duodenum; in children, these glands may 
also be present in the proximal jejunum. 

The function of Brunner glands is to secrete a bicarbonate- 
rich alkaline secretion that helps neutralize gastric chyme; a 
mucinous secretion that helps lubricate the mucosa; EGF; 
a variety of trefoil peptides, bactericidal factors, proteinase 
inhibitors, and surface-active lipids. The secretions that drain 
into the base of the duodenal crypts contribute to increased 
luminal pH by promoting pancreatic secretion and gallblad- 
der contraction. The mucous layer protects the epithelial sur- 
face from peptic digestion; this protection is thought to be 
due to glycoprotein class III mucin glycoproteins.° 
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Fig. 98.8 Photomicrograph of muscularis propria of small intestine. 
The myenteric plexus (mp) is seen as a pale area with ganglion cells 
between the inner and outer layers (il, ol) of the muscularis propria 
(arrow). (H&E, x250.) 


Muscularis Propria 

The muscularis propria is mainly responsible for contractility 
and peristaltic movement of luminal contents through the GI 
tract. It consists of 2 layers of smooth muscle: an inner circu- 
lar coat and an outer longitudinal coat arranged in a helicoidal 
pattern. A prominent nerve fiber plexus called the myenteric or 
Auerbach plexus is located in the plane between these 2 muscle 
layers (Fig. 98.8). The ganglia in the myenteric plexus are more 
prominent than their submucosal counterpart. Parasympathetic 
and postganglionic sympathetic fibers terminate in parasympa- 
thetic ganglion cells, and postganglionic parasympathetic fibers 
terminate in smooth muscle. 


Serosa 

The serosa is the outermost layer of the intestinal wall and is 
composed of a thin layer of mesothelial cells, representing an 
extension of the visceral peritoneum and mesentery as it envelops 
the intestine. 


Microscopic Organization 


Small Intestine 

The mucosa of the small intestine is characterized by folds 
(plicae circulares, or valves of Kerckring) and villi. The mucosal 
folds actually comprise mucosa and submucosa. Villi are muco- 
sal folds that decrease in size from the proximal to distal small 
intestine and are of different shapes in the various segments 
of the small intestine. They may be broad, short, or leaf-like 
in the duodenum, tongue-like in the jejunum, and finger-like 
more distally (Fig. 98.9A). The villous pattern may vary in dif- 
ferent ethnic groups; biopsy specimens from Africans, Indians, 
South Vietnamese, and Haitians have shorter and thicker villi, 
an increased number of leaf-shaped villi, and more mononuclear 
cells in comparison with specimens from North Americans. The 
implications of these changes with regard to symptoms and sub- 
clinical GI infection are discussed in Chapter 108. 

The height of the normal villus is 0.5 to 1.5 mm; villus height 
should be more than half the total thickness of the mucosa and 3 
to 5 times the length of the crypts. Villi are lined by enterocytes, 
goblet cells, and enteroendocrine cells. 

Enterocytes are tall columnar cells, each with a basally 
located, clear, oval-shaped nucleus and several nucleoli. The cells 
are tightly cemented to the basal lamina and adjoined to adjacent 
enterocytes at the apical pole by intracellular tight junctions. The 
luminal surface has microvilli that contain necessary enzymes for 
nutrient absorption; a central core cytoskeleton is made of actin, 
villin, fimbrin, brush border myosin, and spectrin. The apical 
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as finger-like projections. B, Brunner glands (bg) are found below the 
mucosa. (H&E. A, x250; B, x150.) 


surface of the epithelium carries brush border transporters, Na*/ 
H* exchangers, and anion exchangers (see Chapter 101). The 
junction complexes are made up of 3 components: the proximal 
tight junction (zonula occludens), the intermediate junction (zonula 
adherens), and the deep junction, which includes the spot desmo- 
some and the macular adherens zone (see Chapter 101). Move- 
ment through junctions is by paracellular transport and is the 
dominant pathway for passive ion and fluid flow. Tight junctions 
consist of claudins, occludens, and junctional adhesion molecules 
that bind and prevent passage of molecules between them in a 
regulated manner. They are leakier and have a lower resistance 
in the proximal small intestine, and tighter in the distal intestine. 
The zonula adherens is less adherent and involved in cell signal- 
ing. Spot desmosomes are thought to augment transmembrane 
linkages spanning the intercellular gap and are involved in cell 
wall communications. The basolateral membrane is responsible 
for carriers to facilitate diffusion of organic solutes not coupled 
to ion movements. Gap junctions allow for communication and 
intercellular passage of ions and low molecular weight nutrients 
and intracellular messengers such as cyclic adenosine monophos- 
phate,” 

Two types of glands are present in the small intestine: Brun- 
ner glands (see previously) and crypts of Lieberkühn (intestinal 
crypts). The crypts of Lieberkühn are tubular glands that extend 
to the muscularis mucosae (see Fig. 98.5); they are occupied 
mainly by undifferentiated cells and Paneth cells. Cells are gen- 
erated at the crypt base and migrate up the villus. During this 
migration, these cells mature and differentiate into a secretory 
lineage (goblet cells, enteroendocrine cells) and enterocytes. The 
commitment of the stem cells to differentiate is acquired in the 
upper third of the crypt where cells lose their ability to divide. 
The constant renewal of enterocytes is regulated by human acyl- 
coenzyme A synthetase.” 
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Paneth and columnar cells predominate in the base of the 
crypt. Above the base are absorptive cells and oligomucin cells; 
the latter originate from undifferentiated cells and differentiate 
into goblet cells. Goblet cells predominate in the upper half 
of the crypt. Enteroendocrine cells are admixed with goblet 
cells. A certain number of CD3+* intraepithelial T lymphocytes 
(up to 30 per 100 epithelial cells) are normally present in the 
villi. Smooth muscle is found in the lamina propria of the small 
intestinal villus, extending vertically up from the muscularis 
mucosae. Plasma cells containing primarily immunoglobulin 
A, and mast cells are also present. Lymphoid tissue is promi- 
nent in the lamina propria as both solitary nodules and con- 
fluent masses—Peyer patches—and is seen in the submucosa. 
Peyer patches are distributed along the anti-mesenteric border 
and are most numerous in the terminal ileum; their numbers 
decrease with age. 

Most types of enteroendocrine cells are present in the duo- 
denum. Cells that produce ghrelin, gastrin, CCK, motilin, neu- 
rotensin, gastric inhibitory peptide, and secretin are restricted to 
the small intestine.’ 

The proportions of cells differ in the villi and crypts as well 
as in different segments of the intestine. Ninety percent of the 
villus epithelial cells are absorptive cells intermingled with 
goblet and enteroendocrine cells. The proportion of goblet to 
absorptive cells is increased in the ileum. The ICC are more 
abundant in the myenteric plexus of the small intestine than 
in the colon.’ 


Colon 
The colonic walls are similar to those of the small intestine. The 
outer layer forms the taeniae coli, which run in parallel to the 
long axis of the colon throughout its entire length. The width 
of the taeniae extends from 6 to 12 mm, and thickness gradually 
increases from the cecum to the sigmoid colon. The epithelial 
layer is smooth with crescentic folds corresponding to external 
sacculations. The surface epithelium is simple columnar type and 
is interspersed with vascular cells and goblet cells. The epithelial 
surface and upper third of the crypts are mostly lined with tall, 
slender absorptive columnar cells called principal cells. Goblet 
cells are the second most abundant cells on the surface of the 
colonic epithelium; they produce mucin, which aids in the pas- 
sage of feces. Colonic epithelial cells are generated from stem 
cells at the base of the crypts and migrate toward the intestinal 
lumen 3 to 5 days after initiation of apoptosis. Most epithelial 
cells undergo apoptosis when they lose contact with the extracel- 
lular matrix and are shed into the lumen through caspase (cyste- 
ine-aspartic protease) activation. Caspase activation is responsible 
for the cleavage of essential intracellular proteins that leads to 
apoptosis and, therefore, loss of anchorage.!° 

The mucosa of the large intestine is characterized by the 
crypts of Lieberkiihn, which dip to the muscularis mucosae and 
contain goblet cells, absorptive and enteroendocrine cells, and 
undifferentiated cells that are restricted to the lower third of the 
crypts. Glucagon-like immunoreactant pancreatic polypeptide- 
like peptide (PYY) with N-terminal tyrosine amide—producing 
L-cells predominate in the large intestine. Paneth cells are scarce 
and normally are noted only in the proximal colon. The lamina 
propria of the large intestine contains solitary lymphoid follicles 
that extend into the submucosa. Lymphoid follicles are more 
developed in the rectum and decrease in number with age. Con- 
fluent lymphoid tissue is present in the appendix. Macrophages 
(muciphages) predominate in the subepithelial portion of the 
lamina propria, are weakly PAS positive, and are associated with 
stainable lipids. 


Anal Canal 
Microscopically, the anal canal is divided into 3 zones: proximal, 
intermediate or pectinate, and distal or anal skin. The proximal 
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Fig. 98.10 Photomicrograph of anal canal. A, Anorectal histologic 
junction. Transition from rectal glandular mucosa (rg) to proximal anal 
mucosa lined by stratified squamous epithelium (ep) is evident. B, 
Pectinate line is characterized by anal mucosa with stratified squamous 
epithelium (ep) and anal skin (as) containing adnexae (arrow). (A and B, 
H&E, x150.) 


zone is lined by stratified cuboidal epithelium, and the transi- 
tion with the rectal mucosa, which is lined by high columnar 
mucus-producing cells, is called the anorectal histologic junc- 
tion (Fig. 98.104). The intermediate or pectinate zone is lined 
by stratified squamous epithelium but without adnexae (e.g., 
hair, sebaceous glands) and is also referred to as anoderm. Its 
proximal margin, in contact with the proximal zone, is called 
the dentate line; its distal margin, in contact with the anal skin, 
constitutes the pectinate line, also referred to as the mucocuta- 
neous junction (see Fig. 98.108). Some authors use the terms 
pectinate line and dentate line interchangeably. The anal skin 
is lined by squamous stratified epithelium and contains hair and 
sebaceous glands. 


Vasculature 

Large arterial branches enter the muscularis propria through the 
serosa and pass to the submucosa, where they branch to form 
large plexuses. In the small intestine, 2 types of branches arise 
from the submucosal plexuses: some arteries branch on the inner 
surface of the muscularis mucosae and break into a capillary net- 
work that surrounds the crypts of Lieberkiihn; other arteries are 
destined for villi, each villus receiving 1 or 2 arteries, to set up the 
anatomic arrangement that allows a countercurrent mechanism, 
thus aiding absorption. One or several veins originate at the tip of 
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each villus from the superficial capillary plexus, anastomose with 
the glandular venous plexus, and then enter the submucosa to join 
the submucosal venous plexus. 

In the colon, branches from the submucosal arterial plexus 
extend to the surface, giving rise to capillaries that supply the sub- 
mucosa, and there branch to form a capillary meshwork around 
the crypts of Lieberkiihn. From the periglandular capillary mesh- 
work, veins form a venous plexus between the base of the crypts 
and the muscularis mucosae. From this plexus, branches extend 
into the submucosa and form another venous plexus from which 
large veins follow the distribution of the arteries and pass through 
the muscularis propria into the serosa. 


Lymph Vessels 

The lymphatics of the small intestine are called lacteals and 
become filled with milky-white lymph called chyle after eating. 
Each villus contains 1 central lacteal, except in the duodenum, 
where 2 or more lacteals per villus may be present. The wall 
of the lacteal consists of endothelial cells, reticulum fibers, and 
smooth muscle cells. At the base of the villus, the central lacteals 
anastomose with the lymphatic capillaries between the crypts of 
Lieberkiihn. They also form a plexus on the inner surface of the 
muscularis mucosae. Branches of this plexus extend through the 
muscularis mucosae to form a submucosal plexus. Branches from 
the submucosal plexus penetrate the muscularis propria, where 
they receive branches from plexuses between the inner and outer 
layers. Lymphatic vessels are absent in the colonic mucosa, but 
the distribution of lymphatics in the remaining colonic layers is 
similar to that in the small intestine. 


Nerves 

The intrinsic nervous system (enteric nervous system [ENS]) 
consists of subserosal, muscular, and submucosal plexuses. The 
subserosal plexus contains a network of thin nerve fibers without 
ganglia that connects the extrinsic nerves with the intrinsic plexus. 
‘The myenteric plexus, or Auerbach plexus, is situated between the 
outer and inner layers of the muscularis propria (see Fig. 98.8); it 
consists of ganglia and bundles of unmyelinated axons that connect 
with the ganglia to form a meshwork. These axons originate from 
processes of the ganglion cells and extrinsic vagus and sympathetic 
ganglia. The deep muscular plexus, or Schabadasch plexus, is situ- 
ated on the mucosal aspect of the circular muscular layer of the 
muscularis propria. It does not contain ganglia; it innervates the 
muscularis propria and connects with the myenteric plexus. The 
submucosal plexus, or Meissner plexus, consists of ganglia and 
nerve bundles. The nerve fibers of this plexus innervate the mus- 
cularis mucosae and smooth muscle in the core of the villi. Fibers 
from this plexus also form a mucosal plexus that is situated in the 
lamina propria and provides branches to the intestinal crypts and 
villi. The ganglion cells of the submucosal plexus are distributed 
in 2 layers; one is adjacent to the circular muscular layer of the 
muscularis propria, and the other is contiguous to the muscula- 
ris mucosae. Ganglion cells are large cells, isolated or grouped in 
small clusters called ganglia (Fig. 98.11). Ganglion cells have an 
abundant basophilic cytoplasm, a large vesicular round nucleus, 
and a prominent nucleolus. Ganglion cells are scarce in the physi- 
ologically hypoganglionic segment 1 cm above the anal verge. 


EMBRYOLOGY 
Intestinal Development 


The embryo is a bilaminar germ disk at 3 weeks’ gestation. 
Through a process called gastrulation, this disk becomes tri- 
laminar and gives rise to the 3 primary germ layers: ectoderm, 
mesoderm, and endoderm. It also establishes bilateral symme- 
try, a dorsal-ventral orientation, and an anterior-posterior (A-P) 
axis. 
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Fig. 98.11 Photomicrograph showing a normal submucosal plexus of 
the colon. Ganglia (g) are identified by their oval structure, and nerve 
trunks are thin (arrow). (H&E, x150.) 


The surface facing the yolk sac becomes endoderm, the sur- 
face facing the amniotic sac becomes ectoderm, and the middle 
layer becomes mesoderm. The oral opening is marked by the 
buccopharyngeal membrane; the future openings of the urogeni- 
tal and digestive tracts become identifiable as the cloacal mem- 
brane. At 4 weeks’ gestation, the alimentary tract is divided into 
3 parts: foregut, midgut, and hindgut, the endoderm connecting 
with the yolk sac (Fig. 98.12). 

These segments form a tube by growth and folding. The fold- 
ing process brings together the endodermal, mesodermal, and 
ectodermal layers with the corresponding layers on the opposite 
side, converting the flat endodermal layer into the intestinal tube. 
Initially the foregut and hindgut are blind-ending tubes separated 
by a midgut that is open to the yolk sac. As the lateral edges of the 
midgut fuse to become a tube, there is a narrowing of the com- 
munication between the yolk sac and endoderm, producing the 
vitelline duct (see Fig. 98.12). With folding of the embryo during 
week 4 of development, the mesodermal layer splits. The portion 
that adheres to endoderm forms the visceral peritoneum, whereas 
the part that adheres to ectoderm forms the parietal peritoneum. 
The space between the 2 layers becomes the peritoneal cavity. 

The primitive intestine results from incorporation of the endo- 
derm-lined yolk sac cavity into the embryo following embryonal 
cephalocaudal and lateral folding. The endoderm gives rise to the 
epithelial lining of the GI tract; muscle, connective tissue, and peri- 
toneum originate from the splanchnic mesoderm. During the 9th 
week of development, the epithelium begins to differentiate from 
the endoderm, with villus formation and differentiation of epithe- 
lial cell types. Organogenesis is complete by 12 weeks’ gestation. 

Initially the foregut, midgut, and hindgut are in broad con- 
tact with the mesenchyma of the posterior abdominal wall. The 
intra-embryonic cavity is in open communication with the extra- 
embryonic cavity. Subsequently the intra-embryonic cavity loses 
its wide connection with the extra-embryonic cavity. By week 5 of 
embryonic development, splanchnic mesoderm layers are fused 
in the midline and form a double-layered membrane, the dor- 
sal mesentery, between the right and left halves of the body cav- 
ity. The mesoderm surrounds the intestinal tube and suspends it 
from the posterior body wall, allowing it to hang into the body 
cavity. The caudal portions of the foregut, midgut, and most of 
the hindgut are suspended from the abdominal wall by the dorsal 
mesentery, which extends from the duodenum to the cloaca. The 
dorsal mesentery forms the mesoduodenum in the region of the 
duodenum, the dorsal mesocolon in the region of the colon, and 
the mesentery proper in the region of the jejunum and ileum.!! 
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Fig. 98.12 Formation of foregut, midgut, and hindgut (see text for details). (From Sadler YW, editor. Langman’s medical embryology. 10th ed. 


Philadelphia: Lippincott Williams & Wilkins; 2006.) 


Molecular Regulation of Intestinal Morphogenesis 


Molecular regulation of intestine formation is a complex network 
of carefully orchestrated gene expression, activation of signal 
transduction pathways, and cell-cell interactions that works in 
a cooperative manner; the balance of signals often determines 
the developmental pathways that follow. Only selected molecu- 
lar elements are presented here, but comprehensive reviews are 
available. !?-!4 


Intestinal Tube Formation 


Development of the intestinal tube requires simultaneous induc- 
tive and patterning steps. The transforming growth factor-f 
superfamily member Nodal is required for the mesoderm and 
endoderm specification in all vertebrate species and plays a sec- 
ondary role in anterior-posterior (A-P) patterning. Crosstalk and 
inductive cues exchanged between the mesoderm and endoderm 
are thought to play a critical role in gastrulation. The inter- 
ruption of Fox factors (Fox A2, FoxH1), GATA factors, Sox17, 
Mixl1, or Smad signaling will result in a failure of tube forma- 
tion, primarily by altering endoderm development and specifica- 
tion.!*-'+ The Wnt signaling pathway also plays a critical role in 
intestinal tube formation. 

Genes expressed during A-P patterning include Hhex, FoxA2, 
and Sox2 in the anterior gut, while Cdx is expressed posteriorly. 
Hox genes play an important role in patterning of the mesoderm 
and ectoderm, while Cdx2 is a critical gene in hindgut forma- 
tion and intestinal specification and patterning, particularly in 
cecal development. Other genes and factors that play a role in 
A-P patterning of the endoderm include FGF, Wnt, BMP, and 
retinoic acid signaling. Intestinal elongation is also controlled by 
a number of genes. Deletion of Wnt5a results in an 80% reduc- 
tion in small intestine and a 63% reduction in colonic length.!? 
The absence of any one of a family of proteins that interact with 
WhntSa (secreted frizzled-related proteins) also adversely affect 
bowel length.” 


Epithelial Cells and Villus Formation 


The endoderm transitions from simple epithelium to columnar 
epithelium in a rostral-caudal (proximal-distal) manner, includ- 
ing in the colon, which initially has villus-like structures until it 
undergoes reorganization. The mesenchyme invaginates to form 
longitudinal ridges that become epithelial folds. These folds 
evolve into villi, and crypt-shaped structures form as secondary 
lumina. This reorganization occurs through extensive crosstalk 
between the endoderm and mesoderm that involves transform- 
ing growth factor-B, PDGF, FGF, WNT, and EGF. BMPs also 
expressed in the mesenchyme influence endoderm-mesoderm 
interactions and epithelial development. A mutation in the recep- 
tor BMPR1a results in epithelial cell hyperproliferation and 
polyp formation, as seen in juvenile polyposis syndrome. !? 
Other important factors in the formation of the epithelium 
include the Hedgehog signals (Sonic [Shh] and Indian [Ihh]) and 
Gli transcription factors (Gli2, GLi3). The protein ezrin, which 
is required for polarization of the epithelium, and the transcrip- 
tion factor Elf3 interact with Crifl to regulate epithelial differ- 
entiation and villus formation. The transcription factor HNF4a 
is expressed throughout the intestinal epithelium and, if deleted, 
causes the epithelium to develop into a colonic phenotype. 
Finally, beyond genes and transcription factors, global chromatin 
remodeling also has effects on intestinal epithelial development. 


Proliferation and Differentiation of the Epithelium 


The formation of villi occurs as epithelial cells proliferate and 
reorganize from a pseudostratified appearance to a simple colum- 
nar epithelium. As villi form, distinct epithelial cell types can be 
identified by morphology and the expression of specific mark- 
ers. Unlike other aspects of intestinal development, proliferation 
and differentiation of the epithelium remain important processes 
that must be maintained throughout adult life. Two major sig- 
naling pathways involved in these processes are Wnt/-catenin 
and Notch. Wnt/f-catenin is important in crypt formation, for 
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Fig. 98.13 Physiologic umbilical herniation of the 
intestinal loop during normal development. Coiling 
of small intestinal loops and formation of cecum 
occur during herniation. The first 90 degrees of 
rotation occur during herniation; the remaining 
180 degrees occur during return of intestine to 
abdominal cavity. (From Sadler YW, editor. Lang- 
man’s medical embryology. 10th ed. Philadelphia: 
Lippincott Williams & Wilkins; 2006, Fig. 14.26. 

p 219.) 


maintaining the stem cell compartment, proliferation and differ- 
entiation in the embryonic and adult intestine, and for Paneth 
cell maturation. Notch proteins are transmembrane receptors 
that are important in both proliferation and differentiation of 
the developing intestine. Evidence suggests that Notch activity 
regulates factors that influence whether undifferentiated cells 
will become absorptive or secretory epithelial cells. There also 
are factors downstream of Wnt/f-catenin and Notch that effect 
specific lineages: neurogenin’ is required for the formation of 
enteroendocrine cells; SPDEF directs terminal differentiation of 
goblet cells; Sox9 regulates Paneth and goblet cell formation; and 
KIf4 regulates colonic goblet cell differentiation. 


Specific Structures and Systems 
Duodenum 


The duodenum originates from the terminal portion of the 
foregut and cephalic part of the midgut. Early during week 4 of 
gestation, the caudal foregut begins to expand to initiate forma- 
tion of the stomach. The liver and pancreas arise at the junc- 
tion of the midgut and foregut. With rotation of the stomach, 
the duodenum becomes C-shaped and rotates to the right; the 
fourth portion becomes fixed in the left upper abdominal cavity. 
The mesoduodenum fuses with the adjacent peritoneum; both 
layers disappear, and the duodenum becomes fixed in its retro- 
peritoneal location. The lumen of the duodenum is obliterated 
during the second month of development by proliferation of its 
cells; this phenomenon is shortly followed by recanalization. 
Small intestinal villus and crypt formation occurs in a proximal- 
to-distal progression. The villi appear during week 8 of gesta- 
tion, along with the microvillus enzymes. At 12 weeks’ gestation, 
crypts are present and grow between the 10th and 14th week of 
gestation. At 14 weeks, the intestinal enzymes are at an adult 
level of activity. 

Because the foregut is supplied by the celiac artery and the 
midgut by the SMA, the duodenum is supplied by both arteries 
and therefore is relatively protected from ischemic injury.!! 


Cloacal membrane 
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Midgut 


In a 5-week embryo, the midgut is suspended from the dorsal 
abdominal wall by a short mesentery and communicates with the 
yolk sac by way of the vitelline duct. The midgut gives rise to 
the duodenum distal to the ampulla, the entire small intestine, 
and the cecum, appendix, ascending colon, and proximal two 
thirds of the transverse colon. The midgut rapidly elongates with 
formation of the primary intestinal loop. Rapid growth of the 
midgut causes it to elongate, rotate, and to begin to form a loop 
that protrudes into the umbilical cord. The cephalic portion of 
this loop, which communicates with the yolk sac by the narrow 
vitelline duct, gives rise to the distal portion of the duodenum, 
jejunum, and a portion of the ileum; the distal ileum, cecum, 
appendix, ascending colon, and proximal two thirds of the trans- 
verse colon originate from the caudal limb. During week 6 of 
embryonic development, the primary intestinal loop enters the 
umbilical cord (physiologic umbilical herniation) (Fig. 98.13). At 
7 weeks’ gestation, the small intestine begins to rotate counter- 
clockwise around the axis of the SMA. At 9 weeks, growth of 
the intestine causes it to herniate further into the umbilical cord, 
where it continues to rotate 90 degrees before it returns to the 
abdominal cavity. At 11 weeks’ gestation, the intestine retracts 
into the abdominal cavity and continues its counterclockwise 
rotation another 180 degrees to a total of 270 degrees. The jeju- 
num returns first and fills the left half of the abdominal cavity 
ultimately taking its position in the LUQ. The ileum returns next 
and fills the right half of the abdominal cavity ultimately assum- 
ing its final position in the RLQ. The colon enters last, with 
fixation of the cecum close to the iliac crest and the ascending 
and descending colon attaching to the posterior abdominal wall. 
Elongation of the bowel continues, and the jejunum and ileum 
form a number of coiled loops within the peritoneal cavity.!! 
The cecum originates as a small dilatation or bud of the caudal 
limb of the primary intestinal loop by approximately 6 weeks of 
development. Initially, after returning to the abdominal cavity, it 
lies in the RUQ, then it descends to the right iliac fossa, placing 
the ascending colon and hepatic flexure in the right side of the 
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Fig. 98.14 The 3 stages of normal intestinal rotation (see text for details). (From Gosche JR, Touloukian Ru. 
Congenital anomalies of the midgut. In: Wyllie R, Hyams JS, editors. Pediatric gastrointestinal disease. Patho- 
physiology, diagnosis, management. 2nd ed. Philadelphia: WB Saunders; 1999.) 


abdominal cavity. The appendix originates from the distal end 
of the cecal bud. Because the appendix develops during descent 
of the colon, its final position is frequently retrocecal or retroco- 
lonic (Fig. 98.14). 


Mesentery 


As the caudal limb of the primitive intestine moves to the right side 
of the abdominal cavity, the dorsal mesentery twists around the 
origin of the SMA. After the ascending and descending portions of 
the colon reach their final destinations, their mesenteries fuse with 
the peritoneum of the posterior abdominal wall, and they become 
retroperitoneal organs. The appendix, cecum, and descending 
colon retain their free mesentery. The transverse mesocolon fuses 
with the posterior wall of the greater omentum. The mesentery of 
the jejunum and ileum is at first in continuity with the ascending 
mesocolon; after the ascending colon becomes retroperitoneal, the 
mesentery only extends from the duodenum to the IC junction.!! 


Hindgut 


The distal third of the transverse colon, the descending colon 
and sigmoid, the rectum, and the upper part of the anal canal 
originate from the hindgut. The fetal colon develops over 30 
weeks in 3 stages. Primitive stratified epithelium similar to that in 
the small intestine appears between 8 and 10 weeks. Conversion 
to villus architecture with developing crypts occurs at 12 to 14 
weeks. Remodeling to the adult-type crypt epithelium with loss 
of the villi occurs at 30 weeks. Initially the urinary, genital, and 
rectal tracts empty into a common channel, the cloaca. They 
become separated by the caudal descent of the urorectal septum 
into an anterior urogenital sinus and a posterior intestinal canal. 
The lateral fold of the cloaca moves to the midline, and the caudal 
extension of the urorectal septum develops into the perineal body. 
In a man, the lateral genital ridges coalesce to form the urethra 
and scrotum; in a woman, no fusion occurs, and the labia minora 
and majora evolve. The cloaca is lined by endoderm and cov- 
ered anteriorly by ectoderm. The most distal portion of the hind- 
gut enters into the posterior region of the cloaca, the primitive 
anorectal canal. The boundary between the endoderm and the 
ectoderm forms the cloacal membrane. This membrane ruptures 
by week 7 of embryonic development, creating the anal opening 
for the hindgut. The anal membrane separates the endoderm and 
ectodermal portions of the anorectal canal. The anal membrane 
marks the pectinate line. The pectinate line marks separation of 
vascular supply of the upper and lower parts of the anal canal. 


This portion is obliterated by ectoderm but recanalizes by week 
9. Thus, the distal portion of the anal canal originates from ecto- 
derm and is supplied by the inferior rectal artery, which arises 
from the internal pudendal artery off the internal iliac artery; the 
proximal portion of the anal canal originates from endoderm and 
is supplied by the inferior mesenteric artery by way of the supe- 
rior rectal artery. The inferior mesenteric ganglia and the pel- 
vic splanchnic nerves innervate the superior portion of the anal 
canal. The inferior rectal nerve supplies the inferior rectal canal. 


Arterial System 


Vascular endothelial growth factor (VEGF)-A and its receptors, 
VEGFR-1 and VEGFR-2, are important for endothelial cell 
proliferation, migration, and sprouting. Angiopoietins and their 
receptors, Tiel and Tie2, play a role in remodeling and matu- 
ration of the developing vasculature. For example, vascular dys- 
morphogenesis is seen with mutation in the Tie2 gene. Vascular 
malformation is briefly discussed in Chapter 38. 

Arteries of the dorsal mesentery, originating from fusion of 
the vitelline arteries, give rise to the celiac, superior mesenteric, 
and inferior mesenteric arteries. Their branches supply the fore- 
gut, midgut, and hindgut, respectively. 


Venous System 


Vitelline veins give rise to a periduodenal plexus that develops into 
a single vessel, the portal vein. The SMV originates from the right 
vitelline vein, which receives blood from the primitive intestinal 
loop; the left vitelline vein disappears. The umbilical veins join 
with the hepatic sinusoids, after which the right umbilical vein 
disappears and the left umbilical vein joins the inferior vena cava; 
ultimately the umbilical vein is obliterated and forms the ligamen- 
tum teres. The cardinal veins and the proximal portion of the right 
vitelline vein are involved with forming the inferior vena cava. 


Lymphatic System 


Lymphatic vessels originate from endothelial budding of veins, 
after which the peripheral lymphatic system spreads by endo- 
thelial sprouting into the surrounding tissues and organs. Flt4 
(also known as VEGFR-3), a receptor for VEGF, plays a role in 
development of the vascular as well as the lymphatic systems. 
Overexpression of VEGF-C, a ligand of Flt4, results in hyper- 
plasia of lymphatic vessels in transgenic mice. Based on ani- 
mal studies, the homeobox gene Prox! is essential for normal 
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Location Defect 

Bopy WALL 

Omphalocele Failure of intestine to return to the abdominal cavity after its physiologic herniation 
Gastroschisis Weakening of abdominal wall 

MESENTERY 


Mobile cecum 
Volvulus 


VITELLINE DUCT 
Meckel diverticulum 


Omphalomesenteric cyst 
Patent omphalomesenteric duct 


Persistence of mesocolon 


Failure of fusion of mesocolon with posterior abdominal wall 


Persistence of vitelline duct (see Fig. 98.17) 
Focal failure of vitelline duct obliteration 


Complete failure of vitelline duct obliteration 


ROTATION 
Malrotation 


Nonrotation 


Reverse rotation 

PROLIFERATION 

Duplication 

INTESTINAL ATRESIA AND STENOSIS 
“Apple-peel” atresia 


Duodenum Lack of recanalization 


Small and large intestine Vascular “accident” 
Anorectum 


ENTERIC NERVOUS SYSTEM 


Hirschsprung disease 
Intestinal neuronal dysplasia Controversial 
Pseudo-obstruction 


MISCELLANEOUS 
Intestinal epithelial dysplasia 
Microvillus inclusion disease 


OTHER GENETIC DEFECTS 
Congenital chloride diarrhea 


Congenital glucose or galactose malabsorption 
Congenital lactase deficiency 
Congenital sodium diarrhea 


Congenital sucrase/isomaltase deficiency 
(see Chapter 102) 


Cystic fibrosis (CF) 


development of the lymphatic system. Homeobox genes contain 
a conserved sequence of 183 nucleotides. The proteins encoded 
by homeobox-containing genes act as regulatory molecules that 
control the expression of other genes. Several families of homeo- 
box-containing genes are known, including the murine Hox 
family, which has been implicated in pattern formation during 
embryogenesis. Disruption of this gene in mice causes a chyle- 
filled intestine. Abnormalities in lymphatic system development 
can result in lymphangiectasia (see Chapter 31). 


Enteric Nervous System 


The ENS originates from vagal, truncal, and sacral neural crest 
cells. Most of the ENS cells derive from the truncal and vagal 
neural crest, enter the foregut mesenchyma, and colonize the 
developing intestine in a cephalocaudal direction. The trun- 
cal neural crest gives rise to ganglia of the proximal stomach, 
whereas the vagal neural crest supplies ganglia to the entire 
intestine, including the rectum; this colonization is complete 


Failure of rotation of the proximal midgut; distal midgut rotates 90 degrees clockwise 
Failure of stage 2 rotation (See Fig. 98.18) 
Rotation of 90 degrees instead of 270 degrees 


Abnormal proliferation of intestinal parenchyma 


Coiling of proximal jejunum distal to the atresia around the mesenteric remnant 


Disturbance in hindgut development 


Failure of migration of ganglion cells; microenvironment changes 


Multifactorial (see Chapter 124) 


Abnormalities of the basement membrane 
Defective protein trafficking and abnormal cytoskeletal and microfilament function 


Abnormal Cl--HCO,- exchange in ileum and colon (see Chapter 101) 

Absence of Na*-glucose co-transporter for glucose and galactose (see Chapter 102) 

Decrease in lactase-phlorizin hydrolase (see Chapter 101) 

Defective sodium-proton exchange (see Chapter 101) 

Abnormal intracellular transport, aberrant processing, and defective function of sucrase or isomaltase 


Defective CF transmembrane conductance regulator (see Chapter 57) 


by 13 weeks of embryonic development. A small component of 
the ENS originates from sacral neural crest cells. These cells 
form extraintestinal pelvic ganglia that colonize the hindgut 
mesenchyma before arrival of the vagal-derived neural crest 
cells.!? Normal ENS development depends on the survival 
of cells derived from the neural crest and their proliferation, 
movement, and differentiation into neurons and glial cells. The 
prevertebral sympathetic ganglia develop next to the major 
branches of the descending aorta and innervate tissue sup- 
plied by the respective arteries. The vagus nerve and the pel- 
vic splanchnic nerves provide preganglionic parasympathetic 
innervation to ganglia embedded in walls of visceral organs. 
Microenvironmental, genetic, or molecular mechanisms may 
intervene in these processes. 


Clinical Implications 


‘Table 98.2 summarizes known congenital clinical entities that 
result from disturbances in embryologic development. GI 
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Fig. 98.15 Newborn with omphalocele. Note the translucent sac-like 
structure with its attached umbilical cord. 


malformations can be associated with extraintestinal defects 
when genes such as those that determine left-right asymmetry 
are involved. The CFC1 gene plays a role in establishing the left- 
right axis. Mutations of this gene have been reported in extrahe- 
patic biliary atresia, the polysplenia syndrome (inferior vena cava 
abnormalities, preduodenal portal vein, intestinal malrotation, 
and situs inversus), and right-sided stomach and congenital heart 
disease.!!7 


ABNORMALITIES IN NORMAL EMBRYOLOGIC 
DEVELOPMENT 


Abdominal Wall 
Omphalocele 


Omphalocele, also known as exomphalos, occurs with a frequency 
of 1.5 to 3 in 10,000 births. A study evaluating data from the 
National Birth Defects Prevention Network demonstrated a 
prevalence of 1.92 per 10,000 births with a male predominance 
and occurring more frequently when the mother is younger than 
20 years or 35 years of age or older, and in pregnancies with 
multiple gestations.'* Associated anomalies (e.g., sternal defects) 
result from failure of closure of the cephalic folds; failure of cau- 
dal fold development results in exstrophy of the bladder and, in 
extreme cases, exstrophy of the cloaca. Additional cranial fold 
abnormalities (i.e., anterior diaphragmatic hernia, sternal clefts, 
pericardial defects, and cardiac defects) in the setting of ompha- 
locele is known as the pentalogy of Cantrell. 1° 

Omphalocele is a congenital hernia involving the umbilicus. 
It is covered by an avascular sac composed of fused layers of 
amnion and peritoneum (Fig. 98.15). The umbilical cord is usu- 
ally inserted into the apex of the sac, and the blood vessels radiate 
within the sac wall. Although a central defect is present in the skin 
and the linea alba, the remainder of the abdominal wall, includ- 
ing surrounding musculature, is intact. Because a small occult 
omphalocele may not be observed at birth, it is recommended 
that the umbilical cord be tied at least 5 cm from the abdominal 
wall at the time of delivery. Close inspection of the umbilical cord 
before clamping will avoid clamping an occult omphalocele. 


Fig. 98.16 Gastroschisis. In this newborn, there is full-thickness 
disruption of the abdominal wall and protruding viscera without ac- 
companying peritoneum. (From Feldman’s Online Gastro Atlas, Current 
Medicine.) 


With a large omphalocele, the liver and spleen are frequently 
outside the abdominal cavity. Associated anomalies occur in 
about 75% of children with omphalocele and include chromo- 
somal abnormalities (e.g., trisomy 13 or 18), nonchromosomal 
syndromes like Beckwith-Wiedemann syndrome (mental retar- 
dation, hepatomegaly, large body stature, hypoglycemia), fetal 
valproate syndrome, exstrophy of the bladder or cloaca, and 
OFIS (Omphalocele, Exstrophy of the bladder, Imperforate anus, 
Spinal defect). Musculoskeletal, cardiovascular, and CNS malfor- 
mations can also occur.?°"! 

Prenatally, increased levels of maternal serum AFP suggest 
the possible presence of an omphalocele. US during pregnancy 
allows the diagnosis of this abdominal wall defect in most infants, 
which may allow for karyotyping or amniocentesis if required.’ 
A fetus with omphalocele is at high risk for intrauterine growth 
restriction, premature delivery, and fetal death.” The best sur- 
vival has been shown to be in isolated cases, and the worst in 
those with associated chromosomal abnormalities. !* 

Fetal management, including possible termination of preg- 
nancy in cases of severe chromosomal defects, is determined by 
the physician in consultation with the family. If pregnancy is con- 
tinued, mode of delivery and provision for care of a child with 
possibly coexisting anomalies should be considered before labor 
and delivery. Operative treatment is required in all patients with 
omphalocele. The size of the omphalocele determines whether a 
primary repair or delayed primary closure is selected. Negative 
pressure wound therapy has a low complication and may be an 
effective therapy for giant omphalocele.*+ Reoperation is neces- 
sary in up to 25% of cases of omphalocele, either for stoma reclo- 
sure or for subsequent bowel obstruction. 


Gastroschisis 


Gastroschisis is an abdominal wall defect most commonly located 
to the right of an intact umbilical cord (Fig. 98.16); rarely, the 
defect is to the left of the umbilical cord.’> Incidence of gastros- 
chisis is estimated at 3.1 per 10,000 pregnancies but is higher 
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in mothers younger than age 20.*° Gastroschisis occurs more 
frequently in whites and in Hispanic infants than in other races 
or ethnicities. The cause of gastroschisis is unknown, although 
several theories have been proposed, including abnormal body 
wall folding, disruption of the right vitelline artery, and failure 
of mesoderm formation.’’ In gastroschisis, a sac is absent, and 
the exposure of the viscera to amniotic fluid and a compromised 
blood supply results in bowel that is edematous, thickened, 
shortened, and covered in fibrinous exudate.’? Histologically, 
the bowel is usually normal. Some affected infants may have an 
inflammatory peel, or serositis, of the bowel that may make indi- 
vidual bowel loops difficult to distinguish. Some 10% to 20% of 
infants with gastroschisis have associated anomalies (e.g., atresia) 
and almost all infants with gastroschisis also exhibit malrotation. 
Other congenital anomalies have been reported in a small num- 
ber of patients.*° Prematurity is more common in children born 
with gastroschisis than it is in children with omphalocele, and 
extraintestinal anomalies are much more common with omphalo- 
cele than they are with gastroschisis. Morbidity and mortality in 
patients with gastroschisis are largely related to intestinal atresia. 
Gastroschisis may be complicated by necrotizing enterocolitis, 
with all its attendant short- and long-term complications. 

Increased maternal levels of AFP are suggestive of gas- 
troschisis and omphalocele. Intrauterine growth restriction is 
frequently observed. In the fetus antenatally diagnosed with 
gastroschisis, serial US nonstress tests and delivery as close to 
term as possible are recommended. Early US markers during 
pregnancy may be able to be used for prognosis of patients with 
gastroschisis.7° 

Gastroschisis requires immediate operation to cover the vis- 
cera and prevent desiccation of the tissues. It is necessary to 
examine the entire bowel in cases of gastroschisis, owing to the 
intestinal atresias associated with this defect. In most children, 
the gastroschisis can be closed primarily, but if this is not pos- 
sible, a silo can be used to provide a protected and moist envi- 
ronment while waiting for the viscera to reduce. For the child 
with significant intestinal atresia as an associated complication 
of gastroschisis, bowel exteriorization and secondary closure 
are often preferred. Most infants require special management 
and careful serial inspection of the bowel soon after delivery. 
Use of a spring-loaded silo to cover the bowel may assist with 
bowel decompression, as well as continuous inspection of blood 
flow.’? It is crucial to conserve intestinal length in these chil- 
dren. Adhesive SBO is a frequent and serious complication, 
especially in the first year of life.°° A multicenter cohort study 
demonstrated a 97.8% survival with sepsis as the only indepen- 
dent predictor of mortality.*! 


Omphalomesenteric (Vitelline) Duct Abnormalities 


Between 5 and 7 weeks’ gestation, the omphalomesenteric or 
vitelline duct (which connects the embryo to the yolk sac) attenu- 
ates, involutes, and separates from the intestine. Before this 
separation, the epithelium of the yolk sac develops an appear- 
ance similar to that of the gastric mucosa. Under normal circum- 
stances the omphalomesenteric duct becomes a thin fibrous band 
that fragments and is absorbed spontaneously during the 5th to 
10th week of gestation. Persistence of the ductal communica- 
tion between the intestine and yolk sac beyond the embryonic 
stage may result in several anomalies of the omphalomesenteric 
duct (Fig. 98.17): (1) a blind omphalomesenteric duct, or Meckel 
diverticulum (Md); (2) an omphalomesenteric or vitelline cyst, in 
which the duct is closed at both ends but patent centrally with 
a cystic dilatation; (3) an umbilical-intestinal fistula (see Fig. 
98.17A), resulting from the duct remaining patent throughout 
its length; and (4) complete obliteration of the duct, resulting in 
a fibrous cord or ligament that extends from the ileum to the 
umbilicus as an omphalomesenteric band.** In 1% to 4% of all 
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infants, some remnant of the embryonic yolk sac is retained, mak- 
ing the omphalomesenteric or vitelline duct the most common 
site of congenital GI anomaly; lack of expression of the homeo- 
box gene CDX2 has been implicated in the pathogenesis of these 
anomalies.*? 


Meckel Diverticulum 


Md is an anti-mesenteric outpouching of the ileum that is usually 
found within 2 feet of the IC junction (see Fig. 98.178). It occurs 
in 1.2% to 2% of the population and has a male-to-female ratio 
of 3:1.3+ Md account for 67% of all omphalomesenteric duct rem- 
nants.** Md is a true diverticulum, containing all 3 layers of bowel 
wall: mucosa, muscularis, and serosa.’ The length of the Md var- 
ies from 1 to 10 cm. Ectopic GI mucosa—duodenal, gastric, bili- 
ary, colonic, or pancreatic tissue—is present in about 50% of Md, 
although, 1 study of a series of Md demonstrated 27% had ecto- 
pic pancreatic or GI tissue.*° Gastric mucosa accounts for 80% to 
85% of all Md-associated ectopic tissue (see Fig. 98.17C). 

Painless bleeding per rectum is the most common manifesta- 
tion of Md. Blood in the stool is usually maroon, even in patients 
with massive bleeding and hypovolemic shock. BRBPR, as 
might be seen with bleeding from the left colon, is almost never 
encountered, but melena may be seen in patients with intermit- 
tent, less severe bleeding. The cause of bleeding is peptic ulcer- 
ation secondary to acid production by the ectopic gastric mucosa 
within the Md; a “marginal” ulcer often develops at the junction 
of the gastric and ileal mucosae. Although Helicobacter pylori has 
been observed in the gastric mucosa within a Md, a relationship 
between bleeding from a Md and presence of this organism is 
unlikely. Despite massive bleeding, death seldom occurs in chil- 
dren because hypovolemia leads to contraction of the splanchnic 
blood vessels, causing the bleeding to diminish or cease. Also, 
children rarely have comorbid conditions that compromise their 
ability to compensate. 

Intestinal obstruction is the next most common manifestation 
of Md and is caused either by intussusception with the diverticu- 
lum as the lead point or by herniation through or volvulus around 
a persistent fibrous cord remnant of the vestigial vitelline duct. In 
children older than age 4, intussusception is almost always sec- 
ondary to a Md, although Md-trelated intestinal obstruction may 
occur at almost any age; volvulus around a vitelline cord has been 
described in the neonatal period; as with other causes of obstruc- 
tion, bilious vomiting and abdominal distention are usually the 
initial signs. 

Diverticulitis of a Md occurs as a result of acute inflamma- 
tion. Most commonly, affected patients are diagnosed as having 
acute appendicitis, and the diagnosis of Meckel diverticulitis is 
made at exploratory laparotomy. Perforation occurs in about a 
third of patients with Meckel diverticulitis and may result from 
peptic ulceration.” A chronic form of Meckel diverticulitis 
(Meckel ileitis) may mimic Crohn disease of the ileum. Rarely, 
Md has been reported as a predisposing factor to small intestinal 
malignancy.?®3° 

Md may be an incidental finding.** The presence of a Md 
should always be considered in an infant or child with significant 
painless rectal bleeding although standard abdominal plain films, 
barium contrast studies, and US are seldom helpful in making the 
diagnosis; rarely, an enterolith (which is often indistinguishable 
from an appendicolith) or dilated bowel loops with air—fluid level 
within the Md may be seen on these conventional studies.*? On 
CT scan, the Md may present as a tubular blind-ending structure 
arising from the anti-mesenteric border of the terminal ileum, 
although it may be mistaken for a normal small bowel loop.*° 
CT enterography has further increased the ability to detect Md.*! 
Because bleeding is almost always from ectopic gastric mucosa 
within the diverticulum, a Meckel scan, which allows imaging 
of the gastric mucosa, should be the initial diagnostic study (see 
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Fig. 98.17D). Uptake of °™Tc-pertechnetate is by the mucus- 
secreting cells of the gastric mucosa, not the parietal cells. The 
sensitivity and specificity of Md scintigraphy can be improved by 
administration of pentagastrin, glucagon, or pretreatment with an 
HRA. Pentagastrin increases the metabolism of mucus-produc- 
ing cells, but this is not the preferred enhancement test because 
of an associated risk of inducing perforation. Glucagon enhances 
the study by inhibiting peristaltic dilution and washout of the 
radionuclide. H,RAs decrease peptic secretion but not radionu- 
clide uptake, retarding the release of °°™Tc-pertechnetate from 
the mucus-producing cells. Unfortunately, even an enhanced 
Meckel study has only 85% sensitivity and 95% specificity, so a 
negative scan does not necessarily rule out a Md. 

When the diagnosis of a bleeding Md is entertained and the 
Meckel scan is negative, splanchnic angiography and 9™Tc- 
labeled red blood cell studies may be used; diagnosis, however, is 
usually made at surgery. Small bowel wireless capsule endoscopy 
and in some cases double balloon enteroscopy, has detected a Md 
in some children with GI bleeding.*7*? 


Omphalomesenteric (Vitelline) Cyst 


Omphalomesenteric (vitelline) cyst is more common in male sub- 
jects and is characterized by a mucosa-lined intestinal cystic mass 
within the center of a fibrous cord.** The cyst may present as a pal- 
pable nodule within the umbilicus and be complicated by infection. 


Fig. 98.17 Vitelline duct abnormali- 


eat sans 5 "9 ties and features of Meckel divertic- 
"$ ulum. A, Schematic representations 
* == ofa Meckel diverticulum, vitelline 
ry cyst, and vitelline fistula. B, Surgical 
specimen revealing an outpouching 
of the ileum (Meckel diverticulum). 
C, Photomicrograph showing 
25 mins 20 mins replacement of small intestinal l 
i, mucosa by ectopic gastric oxyntic 
Be = mucosa that lined a Meckel diver- 
te —— ticulum. (H&E, x150.) D, Meckel 
- -© diverticulum scan demonstrating 


initial uptake of 99™technetium- 
pertechnetate (arrows) by the diver- 
ticulum at 10 minutes. (D, Courtesy 
Dr. |. Zanzi.) 


Patent Omphalomesenteric (Vitelline) Duct 


Patent omphalomesenteric (vitelline) duct represents a persis- 
tent connection between the distal ileum and umbilicus. This 
fistula has a male-to-female ratio of 5:1 and accounts for 6% 
to 15% of omphalomesenteric duct remnants. Diagnosis is 
usually made in the first few weeks of life after separation of 
the umbilical cord from the newborn umbilicus. Foul-smelling 
discharge from the umbilicus is typical.‘ Common present- 
ing symptoms include SBO, an acute abdomen, and umbili- 
cal abnormalities. Ectopic tissue is seen in a third of cases.” 
Examination of the umbilicus reveals either an opening or a 
polypoid mass resulting from limited prolapse of the patent 
omphalomesenteric duct. Definitive diagnosis can be made 
by fistulography. Complications of this type of fistula include 
prolapse of the patent duct or of the duct and the attached 
ileum through the umbilicus, which may lead to partial SBO. 
Prolapse should not be mistaken for an umbilical polyp, 
because excision of involved tissue might result in perforation. 
Resection is warranted.*+ 


Omphalomesenteric Band 


Omphalomesenteric band is diagnosed when the solid cord con- 
necting the ileum to the umbilicus remains intact. This cord may 
result in SBO from an internal hernia or volvulus. 
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Vitelline Blood Vessel Remnants 


Failure of involution of vitelline blood vessel remnants results in 
complications similar to those seen with a retained fibrous cord 
within the peritoneal cavity. Intestinal obstruction occurs when 
a portion of the small intestine wraps itself around the band. 
Treatment of all vitelline duct abnormalities is surgical. 


Malrotations 


Rotation defects result from errors in the normal embryonic 
development of the midgut, which gives rise to the distal duo- 
denum, jejunum, ileum, cecum, and appendix, as well as the 
ascending colon and proximal two thirds of the transverse colon. 
Aberrations in midgut development may result in a variety of 
anatomic anomalies, including disorders of rotation and fixation, 
atresias and stenoses, duplications, and persistence of embryonic 
structures. Such congenital anomalies may cause symptoms not 
only in the newborn or neonatal period, but also later in child- 
hood and adulthood. Therefore, congenital anomalies of the 
midgut are appropriate considerations in the differential diagno- 
sis of intestinal obstruction and ischemia in patients of all ages. 

Because anomalies of intestinal rotation may remain asymp- 
tomatic throughout life, their true incidence is unknown; a 
prevalence of 0.2% to 0.5% of live births has been reported.*-*7 
Symptoms usually manifest within the first month of life with bil- 
ious emesis and abdominal distention, but presentation may be 
delayed in mild cases to the fourth decade of life. Older patients 
may have cramping abdominal pain, vomiting, diarrhea, abdomi- 
nal tenderness, and blood or even mucosal tissue in the stool from 
ischemia. If ischemia is allowed to progress, peritonitis and hypo- 
volemic shock may develop, potentially culminating in death. 
Delay in surgery in patients with ischemic injury may result in 
a short bowel, necessitating chronic TPN therapy and eventu- 
ally small bowel transplantation, with or without liver transplan- 
tation. Most adult patients with anomalies of intestinal rotation 
have chronic symptoms for several months or years before diag- 
nosis. 


Classification 


Anomalies of rotation are usually characterized by the stage in 
the rotational process at which normal embryonic development 
of the midgut has been interrupted. Most anomalies of midgut 
rotation occur during the second stage of rotation and have been 
characterized as nonrotation, reverse rotation, and malrotation 
(Fig. 98.18). Of these, nonrotation is most common and reflects 
complete failure of the second stage of rotation. With this anom- 
aly, the intestinal tract occupies the same position in the abdomen 
as it does in an 8-week-old embryo; the small intestine is located 
to the right of the midline, and the colon is positioned to the left. 

Defects in the first and third stages of rotation are uncommon. 
Abnormalities in the first stage are associated with extroversion of 
the cloaca; abnormalities of the third stage cause failure of cecal 
elongation, and the cecum remains in the RUQ. 

In adults, reverse rotation of the midgut loop is the most com- 
monly diagnosed defect of the midgut. Reverse rotation of the 
midgut loop is rare, however, and accounts for only 4% of all 
rotational anomalies. In reverse rotation, the midgut rotates 180 
degrees clockwise during the second stage of rotation, resulting in 
a net 90 degrees of clockwise rotation. This may produce either 
the retro-arterial colon type, in which the colon is located behind 
the SMA, or the liver and entire colon are on the right side of the 
abdomen, a so-called ipsilateral type of reverse rotation. 

Malrotation of the midgut loop, a developmental anomaly of 
intestinal fixation and rotation, occurs when the proximal midgut 
fails to rotate around the mesenteric vessels during the second 
stage of rotation. The distal midgut still does rotate 90 degrees in 
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a counterclockwise direction in the first stage of rotation at about 
5 weeks of gestation, however, with the result that the jejunum 
and ileum remain to the right of the SMA, and the cecum is situ- 
ated in the sub-pyloric region. In this position, the small intes- 
tine and cecum now have the potential to twist around the SMA 
and each other.*® This is the rotation anomaly in adults most 
frequently associated with ischemic damage, mandating surgical 
correction. 


Associated Abnormalities 


Associated anomalies are seen in 30% to 60% of patients with 
defects in intestinal rotation. Nonrotation of the midgut is a sig- 
nificant finding in patients with omphalocele, gastroschisis, and 
diaphragmatic hernia. Rotation defects are seen in about 30% 
to 50% of infants with duodenal or jejunal atresia and in 10% 
to 15% of children with intestinal pseudo-obstruction. They 
are also associated with a variety of other conditions, including 
Hirschsprung disease (HD), esophageal atresia, biliary atresia, 
annular pancreas, meconium ileus, intestinal duplications, mes- 
enteric cysts, Md, urologic anomalies, and imperforate anus.*? 
One recent study demonstrated that patients with omphalocele 
have a greater risk of developing midgut volvulus.°” 

Anomalies of rotation can cause acute or chronic intermittent 
obstruction due to volvulus (see Fig. 98.18D and E). Venous and 
lymphatic obstruction secondary to volvulus can lead to malab- 
sorption and abnormalities in intestinal motility. Venous obstruc- 
tion may also lead to ischemic injury of the bowel. Patients may 
fail to thrive and present with chylous ascites and other symptoms 
and signs of lymphangiectasia resulting from chronic lymphatic 
obstruction. 

Duodenal obstruction can result from midgut volvulus and 
peritoneal bands between a malpositioned cecum in the sub- 
pyloric region and the peritoneum. These bands, called Ladd 
bands, cross the second or third portion of the duodenum and 
cause obstruction by intestinal compression or kinking. Ladd 
bands are an anomaly of peritoneal embryogenesis and persist 
throughout life. 


Diagnosis and Management 


If time allows, diagnosis can be made by UGI contrast exami- 
nation and delineation of the site of the duodenojejunal junc- 
tion. US findings may suggest malrotation if the SMV is seen 
located to the left of the SMA, in contradistinction to the normal 
anatomy. In the child with acute onset of bilious vomiting and 
peritoneal signs, no diagnostic studies should be performed if 
they delay surgical intervention. In the full-term infant with bil- 
ious emesis, anomalies of rotation should be considered first and 
foremost to avoid the morbidity and mortality associated with 
these lesions. Ladd procedure, which consists of division of Ladd 
bands, if present; widening of the mesentery; appendectomy; and 
fixation of the small intestine on the right and the colon on the 
left side of the abdomen, is the operation of choice and is may be 
done either laparoscopically or as an open procedure.*!»* ‘The 
American Pediatric Surgical association has determined that for 
asymptomatic patients, one should give consideration to operate 
on asymptomatic patients who are younger in age, while observa- 
tion may be appropriate in the older patient.” 


Proliferation 
Enteric Duplication 


Enteric duplications are rare, with an incidence of one in 4500 
births. The term duplication was introduced by Ladd in 1937. 
Male individuals appear to be more commonly affected, at 60% 
to 80% of cases, and about one third have associated congenital 
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Fig. 98.18 Rotation defects. A and B, Two examples of nonrotation. A, Ladd bands are seen crossing the 
duodenum; some authors would refer to this as a “mixed rotation.” B, In nonrotation, the small intestine is 
located to the right of the midline, and the colon is to the left of the midline. C, Reverse rotation. The transverse 
colon passes behind the duodenum. D, Malrotation with volvulus characterized by a clockwise twist of the 
mesentery and strangulation. E, Radiologic appearance of malrotation depicting the duodenum to the right of 
the spine, with a volvulus. (A-C, From Gosche JR, Touloukian J. Congenital anomalies of the midgut. In: Wyllie 
R, Hyams JS, editors. Pediatric gastrointestinal disease. Pathophysiology, diagnosis, management. 2nd ed. 
Philadelphia: WB Saunders; 1999. D, Netter illustration from www.netterimages.com. © Elsevier Inc. All rights 


reserved. E, Courtesy Dr. J. Levenbrown.) 


anomalies. The most common GI duplications are in the small 
intestine followed by the esophagus, colon, rectum, and least 
commonly, stomach. Within the small intestine, duplications are 
estimated to occur in the duodenum, 2% to 12%; the ileum, 44%; 
and the jejunum, 50%. Duplication of the colon is a rare abnor- 
mality, accounting for 4% to 18% of all GI duplications. Colonic 
duplication frequently involves the entire colon but occasionally, 
several segments of the colon are affected leaving “skip areas” of 
normal colon; they often involve the cecum.**>> Duplication of 
the rectum is the most common of the large bowel duplications. 
Duplications consist of an epithelial lining from some portion 
of the GI tract and a smooth muscle wall.°> Enteric duplications 
are either tubular or spherical; the tubular type communicates 
with the normal intestinal tract, whereas the spherical type does 
not. Tubular duplications may join the intestine at one or at 
both ends of the duplication. Most duplications do not commu- 
nicate with the adjacent bowel. With the exception of duodenal 


duplications, duplications occur on the mesenteric side of the 
bowel, and a common blood supply and muscular coat are shared 
by the duplicated segment and the adjacent bowel. Duplication 
cysts may be completely isolated and have their own blood sup- 
ply. Small intestinal duplications often contain ectopic pancreatic 
tissue or gastric mucosa; the latter can be diagnosed by ?°™Tc 
radioisotopic imaging.*° 

The etiology of duplications is unclear but may involve a 
defect in intestinal recanalization. Duplications may present at 
any age with 60% to 80% manifesting in the first 2 years of life. 
Small cystic duplications can be the lead point of an intussus- 
ception. Larger tubular duplications can accumulate secretions, 
dilate, and cause obstructive type symptoms. Duplications that 
contain gastric epithelium may secrete acid which can result in 
ulceration and present with GI bleeding’ or perforation; rarely 
heterotopic gastric mucosa contains H. pylori. Other modes 
of presentation include chronic abdominal pain, nausea and 
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vomiting, jaundice, pancreatitis, and as an abdominal mass.*>>* 
Duplication of the rectum may be associated with constipation 
or diarrhea. 

A high percentage of children with duplications have associ- 
ated malformations. Adenocarcinoma, neuroendocrine carci- 
noma, and squamous cell carcinoma have been documented with 
gastric, small bowel, and colonic duplications,*°°*’and carcinoid 
has been described in duplications of the rectum. Neuroenteric 
cysts attach posteriorly to the spinal cord, are associated with 
asymptomatic hemivertebrae, and may occur at any level of the 
GI tract. 

An intra-abdominal mass may be appreciated in a child with 
intestinal duplication, either by abdominal palpation or on rectal 
examination. Stool may contain occult blood from ulcerated ecto- 
pic gastric mucosa or ischemic damage. Other symptoms and signs 
include abdominal distention, constipation, vomiting, and respira- 
tory distress.°° Generalized peritonitis can be the first manifesta- 
tion of a perforated duplication cyst. In adults, acute abdomen, 
intra-abdominal mass, symptoms of colonic diverticulitis, and 
chronic abdominal pain have been observed.®! Small intestinal 
duplications may be detected by US, which often shows an inner 
hyperechoic rim with an outer surrounding hypoechoic layer 
(double-wall sign); peristalsis may be present.’ Pre-operative 
diagnosis by radiologic evaluation is problematic, but radioisotope 
studies may prove diagnostic if ectopic mucosa is present in suf- 
ficient quantity to yield a positive test. 


Intestinal Atresia and Stenosis 


Of all the congenital anomalies of the midgut, atresias and steno- 
ses occur most frequently. Intestinal atresia refers to a congenital 
complete obstruction of the intestinal lumen, whereas steno- 
sis indicates a partial or incomplete obstruction. Atresias occur 
more commonly than stenoses, and small bowel atresias have a 
reported incidence of 1 in 1500 live births.°* Small bowel atresias 
are more common in black infants, low birth weight infants, and 
twins. Jejunoileal atresias are distributed equally throughout the 
jejunum and ileum, and multiple atresias are found in up to 20% 
of children. Colonic atresia occurs infrequently and accounts for 
less than 10% of all atresias. 

In the duodenum, atresia results from failure of recanaliza- 
tion of the solid stage of duodenal development, whereas in the 
remaining small intestine and colon, atresia is the result of intesti- 
nal ischemia. Evidence of a vascular “accident” is noted in 30% to 
40% of infants with atresia; proposed mechanisms include volvu- 
lus, constriction of the mesentery in a tight abdominal wall defect 
like gastroschisis, internal hernia, intussusception, and obstruc- 
tion with perforation. Jejunoileal atresia may follow maternal use 
of ergotamine or cocaine taken during pregnancy and is also asso- 
ciated with congenital rubella. Atresias may also result from low- 
flow states and placental insufficiency®’; in such cases, evidence of 
a vascular accident will be absent. Absence of fibroblastic growth 
factor 10 may also result in intestinal atresia.®* In familial cases 
of jejunoileal atresia, there is probably a disruption of a normal 
embryonic pathway, making this type of atresia a true embryo- 
logic malformation rather than an acquired lesion.°* 

Duodenal obstruction may result from atresia (40% to 60%), 
stenosis (35% to 40%), or an intestinal web (5% to 15%); 80% 
of these atresias are contiguous with or distal to the ampulla of 
Vater, and virtually all webs are within a few millimeters of the 
ampulla. Atresias may be multiple. The incidence of duodenal 
obstruction varies, ranging from 1 in 10,000 to 20,000 live births. 
About 25% of patients with duodenal atresia are born preterm. 
Stenosis most often results from extrinsic duodenal obstruction 
from an annular pancreas. Other anomalies that may cause duo- 
denal obstruction in children with malrotation are Ladd bands, 
an anterior or preduodenal portal vein, or aberrant intramural 
pancreatic tissue. 
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Fig. 98.19 Plain film of the abdomen showing a “double bubble,” 
typical of duodenal atresia. The larger bubble is the gastric bubble; the 
smaller is the duodenal bubble. (Courtesy Dr. J. Levenbrown, Manhas- 
set, New York.) 


Clinically, the presentation is that of a proximal intestinal 
obstruction with bilious vomiting on the first day of life, usu- 
ally without abdominal distention. With gastric dilatation, the 
epigastrium may appear to be full by inspection and palpation. 
Excessive retention of gastric bile-stained fluid is typical. Duode- 
nal obstruction is easily diagnosed by abdominal films revealing a 
typical “double bubble” sign with a paucity of small intestinal air 
(Fig. 98.19). Mothers of infants with duodenal obstruction often 
have polyhydramnios, and US of the uterus may even demon- 
strate a double bubble in the unborn fetus. Vomiting, abdominal 
distention, delayed meconium passage, and jaundice are more 
frequent with jejunoileal than duodenal atresia.°> UGI series may 
reveal the classic windsock sign which may be seen when a duo- 
denal web results in an intraluminal diverticulum.*° 

The classification system of Grosfeld and colleagues comprises 
5 different types of jejunoileal and colonic atresias (Fig. 98.20).° 
In the “apple-peel” atresia or “Christmas tree” deformity (type 
IIb), proximal atresia with wide separation of the bowel loops 
is associated with absence of the distal SMA. The distal ileum 
receives its blood supply by retrograde perfusion through the 
ileocolic artery. Type IIb atresias account for less than 5% of 
all atresias. Atresias are far more common than stenoses, with a 
frequency ratio of 15:1. With the exception of multiple atresias 
and perhaps the apple-peel atresia, heredity appears to be of little 
significance in most cases. 

Roughly 50% of children with duodenal atresia have associ- 
ated malformations. Of this group, 30% have Down syndrome.” 
Major anomalies occur less frequently with jejunoileal atresias 
and colonic atresias than with duodenal atresia. The most com- 
mon anomalies are malrotation, volvulus, and gastroschisis, all of 
which can cause intestinal ischemia in-utero.*’ Extragastrointes- 
tinal anomalies associated with atresias include cardiovascular, 
pulmonary, and renal malformations, and skeletal deformities. 
Prematurity is common, ranging in incidence from 25% with 
ileal atresias to 40% with jejunal lesions; 50% percent of babies 
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Fig. 98.20 Classification of jejunoileal atresias. Type /, Mucosa and submucosa form a web or intraluminal 
diaphragm, resulting in obstruction. A defect in the mesentery is not present, and the intestine is not short- 


ened. Type ll, The dilated proximal intestine has a bulbous blind end connected by a short fibrous cord to the 
blind end of the distal intestine. The mesentery is intact, and the overall length of the small bowel is not usually 
shortened. Type Illa, The defect in type Illa is similar to that in type II in that both types have blind proximal and 
distal ends. In type Illa, however, complete disconnection exists. In addition, a V-shaped mesenteric defect 

is present. The proximal blind end is usually markedly dilated and not peristaltic. The compromised intestine 
undergoes intrauterine absorption, and, as a result, the intestine is shortened. Type /llb, In addition to a large 
defect of the mesentery, the intestine is significantly shortened. This lesion is also known as Christmas tree 
deformity because the bowel wraps around a single perfusing vessel like the tinsel coil wrapped around a 
Christmas tree; it is also called an apple-peel deformity. The distal ileum receives its blood supply from a single 
ileocolic or right colic artery, because most of the superior mesenteric artery is absent. Type /V, Multiple small 
intestinal atresias are present in any combination of types | to Ill. This defect often takes on the appearance of a 
string of sausages because of the multiple lesions. (From Grosfeld JL, Ballantine TVN, Shoemaker R. Operative 
management of intestinal atresia and stenosis based on pathologic findings. J Pediatr Surg 1979; 14:368-75.) 


with multiple atresias are born prematurely. If the obstruction 
occurs beyond the ampulla of Vater, bilious or feculent vomiting 
with abdominal distention is seen. The presence of meconium in 
the colon is uncommon at surgery, but variable amounts may be 
noted. With distal obstruction, abdominal films may demonstrate 
multiple dilated air-filled bowel loops. If perforation has occurred 
in-utero, extraluminal air and intraperitoneal calcifications or 
calcifications within the scrotal sac may be present, suggesting 
meconium peritonitis. A “soap-bubble” appearance of the ileum 
may suggest meconium ileus (cystic fibrosis). Air-fluid levels are 
rarely seen in meconium ileus. Prenatal US findings in jejunoileal 
atresia include dilated bowel and polyhydramnios.°* 

Considerations in the differential diagnosis of distal bowel 
obstruction include small intestinal and colonic atresias, meconium 
ileus, HD, and meconium plug with or without small left colon syn- 
drome. In small left colon syndrome, the descending and sigmoid 
colon are narrowed, usually with a caliber transition at or near the 
splenic flexure. Typically, neonates with small left colon syndrome 
are born to mothers with gestational diabetes and may experience 
resolution of obstruction without operation. Contrast studies of the 
colon are helpful in making a proper diagnosis. An upper GI con- 
trast study may provide additional important information. 

Surgery is required to relieve the intestinal obstruction in the 
atretic or narrowed segment. Postoperative complications include 
fluid and electrolyte disorders, nutritional and feeding problems 
from diarrhea due to short bowel and small bowel failure, and 
failure to thrive. 


Anorectum 


Anorectal malformations comprise a wide spectrum of diseases 
that can involve the male and female anus and rectum as well as 
the urinary and genital tracts.’ Anorectal malformations occur in 
1 in 4000 to 5000 newborns and are more common among boys 
and in children with Down syndrome.”° 

During normal development, after appearance of the urorec- 
tal septum, migration of the primitive anus down the posterior 
wall of the cloaca may occur. Some experts postulate that a cra- 
niocaudal fusion of the lateral urorectal ridges occurs from the 
walls of the cloaca. Migration of the anus is completed when the 
urorectal septum reaches the perineum. Anorectal malformations 
during the 4th to 12th weeks of gestation are believed to result 
from failure of migration of the anus and excessive fusion. Vas- 
cular accidents, maternal diabetes, and maternal ingestion of tha- 
lidomide, phenytoin, and trimethadione have all been proposed 
causes. Defective development of the dorsal cloaca has also been 
implicated,’! and distal 6q deletions have been reported in sacral 
or anorectal malformations.’* Alteration in Shh signaling may 
also play a role in producing abnormal notochord development 
and sacral or anorectal malformations.”*»’+ Anorectal malforma- 
tions may occur with higher frequency in infants born after in- 
vitro fertilization.’> 

Different types of anorectal malformations are illustrated in 
Fig. 98.21. Anorectal malformations are divided into low (infra- 
or translevator), high (supralevator), and intermediate categories. 
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Fig. 98.21 Anorectal malformations. A, Types of imperforate anus. B, Types of associated fistulas. (Netter 
illustration from www.netterimages.com. © Elsevier Inc. All rights reserved.) 


A functional and practical classification of these malformations, 
the Wingspread classification, is summarized in Table 98.34. The 
classification in Table 98.3B is designed, according to Pena,’° to 
increase the physician’s awareness of the possibility that these 
lesions are present as well as to establish therapeutic priorities 
(e.g., need for colostomy). 


Anocutaneous Fistula 


In anocutaneous (or perineal) fistula, the rectum traverses nor- 
mally through most of the anal sphincter, but its lower portion 
deviates anteriorly and ends as a perineal cutaneous fistula ante- 
rior to the center of the external anal sphincter. This anomaly 
is similar in the male and female child, and is the least severe 


of all anorectal defects; associated urologic defects are uncom- 
mon (10%). All patients achieve bowel control after proper sur- 
gical treatment. Examination of the perineum may demonstrate 
features indicative of a perineal fistula, including a prominent 
midline skin ridge (“bucket-handle” malformation) and a subepi- 
thelial midline raphe fistula having the appearance of a black rib- 
bon owing to its meconium content. Surgery consists of a simple 
anoplasty, usually done without a protective colostomy. 


Rectourethral Fistula 


In rectourethral fistula, by far the most frequent anorectal 
malformation in male children, the rectum descends through 
a portion of the pelvic floor musculature but focally deviates 
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TABLE 98.3 Classifications of Anorectal Malformations 


Male Female 

A. WINGSPREAD CLASSIFICATION 

Low* 

Anocutaneous fistula Anovestibular fistula 


Anal stenosis 
Anocutaneous fistula 


Anal stenosis 


Intermediatet 


Anal agenesis without fistula Anal agenesis without fistula 


Rectobulbar urethral fistula Rectovaginal fistula 
Rectovestibular fistula 
High* 

Anorectal agenesis Anorectal agenesis 
With rectoprostatic urethral fistula 
Without fistula 


Rectal agenesis 


With rectovaginal fistula 
Without fistula 
Cloaca 


B. CLASSIFICATION BASED ON NEED FOR CoLostomy’® 


Colostomy not required Colostomy not required 
Perineal (cutaneous) fistula Perineal (cutaneous) fistula 
Colostomy required Colostomy required 
Rectourethral fistula Vestibular fistula 
Bulbar 

Prostatic 
Rectovesical fistula Persistent cloaca 
Imperforate anus without fistula Imperforate anus without fistula 


Rectal atresia Rectal atresia 


*Low: infra-, or translevator. 

tIntermediate: between high and low. 

High: supralevator. 

B, From Pena A. Imperforate anus. In: Wyllie R, Hyams JS, editors. Pedi- 
atric gastrointestinal disease. Pathophysiology, diagnosis, management. 
2nd ed. Philadelphia: WB Saunders; 1999. p 499. 


anteriorly and communicates with the posterior urethra. This 
fistula may end in either the lower posterior (bulbar) or upper 
posterior (prostatic) urethra.”° Prenatal echogenic calcifications 
within the bowel (due to a mixture of meconium and urine) 
should suggest an anorectal malformation with rectourinary 
fistula and bladder outlet obstruction.’’? Children with pros- 
tatic urethral fistulas more commonly have sacral and urologic 
defects (60%) than children with bulbar prostatic fistulas (30%). 
About 85% of children with rectourethral bulbar fistula achieve 
fecal continence after repair, compared with 60% of children 
with rectoprostatic fistula. 


Rectovesical Fistula 


In rectovesical fistula, the most proximal anorectal defect in male 
children, the rectum opens into the bladder neck. These mal- 
formations are associated with significant urologic defects (90%), 
and only 15% of children achieve bowel control after surgical 
repair. 


Vestibular Fistula 


In vestibular fistula, the most common anorectal defect of female 
children, the rectum opens into the vestibular bulb of the clitoris. 
The vestibular bulbs are erectile structures situated on either side 
of the vulvovaginal orifice. The rectum and vagina share a thin 


common wall. About 30% of affected children have associated 
urologic defects, and 90% of these achieve bowel control after 
surgery. In the case of vaginal fistula, the rectum opens in the 
lower or, less frequently, the upper half of the vagina. 


Anorectal Agenesis (Imperforate Anus) Without Fistula 


In anorectal agenesis, the rectum ends blindly without a fistula 
approximately 1 to 2 cm above the perineum. Sphincter function 
is usually preserved, with 80% of these patients achieving bowel 
control after surgery. Some 50% of children with imperforate 
anus have Down syndrome. Conversely, 95% of children with 
Down syndrome who have anorectal malformations will have this 
specific type of defect. 


Rectal Agenesis (Atresia) 


Rectal agenesis occurs more frequently in female than in male 
children, and consists of complete (atresia) or partial (stenosis) 
interruption of the rectal lumen between the anal canal and the 
rectum. On inspection of the perineum, the anus appears normal, 
but an obstruction can be found 1 to 2 cm above the mucocutane- 
ous junction of the anus. Sphincter function is normal in these 
patients, and associated urologic defects are rare. Prognosis is 
excellent, with 100% achieving full bowel control after anorec- 


toplasty. 


Anal Stenosis 


Anal stenosis, a fibrous ring located at the anal verge, causes con- 
stipation and gives the stool a ribbon-like appearance. Response 
to dilation or surgical disruption is excellent. 


Persistent Cloaca 


In the complex defect of persistent cloaca, the rectum, vagina, 
and urethra are fused into a single common channel that opens 
into one perineal orifice situated at the site of what should be 
the opening of the normal urethra. Prognosis depends on the 
intactness of the sacrum and the length of the common chan- 
nel. Prognosis is better in children with a shorter common chan- 
nel (<3 cm) than in those with a common channel longer than 3 
cm; the latter have a higher incidence of urologic anomalies.’* 
Associated urologic problems are an important consideration 
with persistent cloaca; urologic emergencies from obstructive 
uropathy are common, and hydrocolpos may compress the open- 
ing of the ureters, resulting in bilateral megaureters and massive 
vesicoureteral reflux. 


Associated Abnormalities 


Other associated abnormalities have been reported in 70% of 
children with anorectal malformation (Box 98.1).°:7° Anorectal 
malformations occur in malformation syndromes and with chro- 
mosomal anomalies.’°,’? 

The higher and more complex the anorectal defect, the 
greater the chance of severe urologic anomalies (72%); sacral 
abnormalities are also frequent. Children with a persistent 
cloaca or rectovesical fistula have a 99% chance of having an 
associated genitourinary anomaly, whereas less than 10% of 
children with a low fistula have such abnormalities. Overall, 
patients with additional anomalies are more likely to have high 
lesions than patients with isolated anorectal malformations.” 
Boys with low and high anorectal malformation have a high 
incidence of genital and GI anomalies, whereas urologic anom- 
alies are more frequent in girls with high anorectal malforma- 
tions.°? Long-term bowel dysfunction occurs in a third of boys 
with perineal fistula. 
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BOX 98.1 Common Abnormalities Associated With Anorectal Malformations 


CARDIOVASCULAR 

Atrial septal defect 

Dextrocardia 

Pulmonary stenosis 

Tetralogy of Fallot 

Ventricular septal defect 
CENTRAL NERVOUS SYSTEM 
Aqueductal stenosis 

Cerebral atrophy 

Microcephaly 

Myelomeningocele 

Teratoma 

CHROMOSOMAL ABNORMALITIES 


Trisomy 13 
Trisomy 18 


Trisomy 21 
CRANIOFACIAL 


Cleft palate 
Epicanthal folds 
Low-set ears 
Potter facies 
Simian creases 


GASTROINTESTINAL 
Duodenal atresia 
Esophageal atresia 
Malrotation 
Tracheoesophageal fistula 
GENITOURINARY 


Ambiguous genitalia 


Cryptorchidism 
Multicystic dysplastic kidney 
Renal agenesis 


MALFORMATION ASSOCIATIONS 


VATER complex (Vertebral defects, Anal atresia, Tracheoesophageal 
fistula with Esophageal atresia, Radial and renal anomalies) 

VATERL complex (Vertebral, Anal, cardiac, Tracheal, Esophageal, 
Renal, and Limb anomalies) 


MALFORMATION SEQUENCES 
Caudal regression syndrome 
MALFORMATION SYNDROMES 
Cat’s-eye syndrome 


Opitz syndrome 
Potter syndrome type 1 


MUSCULOSKELETAL 


Abnormal rib number 
Deformed or reduced number of sacral vertebrae 
Dislocated hip 
Hemisacrum 
Hemivertebra 
Micrognathia 
Omphalocele 
Polydactyly 
RESPIRATORY 
Choanal atresia 
Diaphragmatic hernia 
Hypoplastic lungs 
Subglottic stenosis 


Data adapted from Cho S, Moore SP, Fangman T. One hundred three consecutive patients with anorectal malformations and their associated anomalies. Arch Pedi- 


atr Adolesc Med 2001; 155:587-91. 


In the first 24 hours of life, a decision should be made whether 
a child needs a colostomy or simple anoplasty. Of course, an 
associated defect, either urologic or cardiac, that might be life- 
threatening requires immediate evaluation. A cloaca with a com- 
mon channel shorter than 3 cm can be repaired by posterior 
sagittal intervention, whereas a common channel longer than 3 
cm requires a laparotomy.’® 


Enteric Nervous System 
Hirschsprung Disease 


HD, first described by the Danish physician Harald Hirschprung 
in 1888, is due to a congenital absence of ganglion cells in both 
the submucosal (Meissner) and myenteric (Auerbach) plexuses. 
Aganglionosis extends continuously for a variable distance proxi- 
mal to the internal sphincter. Short-segment HD is most com- 
mon with a transition zone from aganglionic colon to ganglionic 
colon at the level of the sigmoid. In long-segment HD, the 
entire colon and even the small intestine may lack ganglia. With 
an incidence of 1 in 5000 live births,*! roughly 700 new cases 
of HD occur each year in the USA. The incidence is lowest in 
Hispanic and highest in Asian neonates. Some 10% of babies with 
Down syndrome have HD; deletion of 17q21 and other chro- 
mosomal anomalies have also been reported.*” Familial occur- 
rence has been reported in about 7% of cases, and familial cases 
have a male predominance with an increased incidence of long- 
segment aganglionosis. Affected families carry a high risk of familial 


occurrence of long-segment HD.® Other genetic syndromes asso- 
ciated with HD include Waardenburg-Shah syndrome, Goldberg- 
Shprintzen syndrome, Mowat-Wilson syndrome, and Bardet-Bied] 
syndrome.** Known factors that influence familial recurrence 
include the occurrence of HD in a genetic syndrome, the presence 
of HD in 1 or more family members, and characteristics of the 
proband, including the length of involved GI segment, the pro- 
band’s gender, and the gender of the at-risk baby. Four subcatego- 
ries of HD are recognized: in 80% of individuals, aganglionosis is 
restricted to the rectosigmoid; in 15% to 20%, the aganglionosis 
extends proximal to the sigmoid; in 5%, aganglionosis affects the 
entire colon; and rarely, aganglionosis extends into the small bowel 
and sometimes even causes total intestinal aganglionosis.** HD 
is seen most commonly in full-term infants but on occasion does 
occur in premature births. In the short-segment type, a 4:1 male 
preponderance is observed, and in the long-segment type, the ratio 
is reduced to about 2:1. Short-segment HD accounts for nearly 
90% of cases in childhood, long-segment HD accounting for the 
remainder. It is rare that ultrashort-segment HD manifests in the 
pediatric population, but it does explain certain cases of chronic 
constipation that come to attention in adulthood (Table 98.4). 


Pathogenesis 

Two pathogenetic mechanisms have been proposed for HD: 
failure of migration of neural cells, and alteration of the colonic 
microenvironment. Genetic, vascular, and infectious factors, 
including the intestinal microbiome are invoked to explain these 
alterations. 
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TABLE 98.4 Genes Involved in Hirschsprung Disease 


Gene Chromosome Location Inheritance Phenotype Penetrance of HD Trait 
RET 10q11.2 AD HD 70% (male), 50% (female) 
GDNF 5p13 AD HD Low 

NTN 19p13 AD HD Low 

SOX10 22q19 AD WS4 80% 

EDNRB 13q22 AR/AD WS4/HD Low 

EDN3 20q13 AD WS4/HD 5% 

ECE1 1p36 AD HD, CFD, CD Low 

ZFHX1B (SIP1) 2q22 AD MCA-MR 60% 

PHOX2B 4p12 AD CCHS 20% 

TCF4 18q21 AD Epileptic encephalopathy Low 


AD, Autosomal dominant; AR, autosomal recessive; CCHS, congenital central hypoventilation syndrome; CD, cardiac defect; CFD, craniofacial defect; HD, 


with Hirschsprung disease (see Box 98.2). 


Hirschsprung disease; MCA-MR, multiple congenital anomalies—mental retardation syndrome; WS4/HD, combination of Shah-Waardenburg syndrome 


Data from Amiel J, Sproat-Emison E, Garcia-Barcelo M, et al. Hirschsprung disease, associated syndromes and genetics: a review. J Med Genet 2008; 


45:1-14. 


Failure of Migration. Between the 5th and 12th weeks of 
gestation, premature arrest of the craniocaudal migration of vagal 
neural cells will result in HD. Recent work has demonstrated 
that abnormal proliferation, differentiation, and migration of the 
neural-crest derived cells underlie the development of HD.56-87 

Colonic Microenvironment Changes. A basic defect in the 
microenvironment necessary for migration, development, and 
survival of ganglion cells has been postulated. Levels of various 
substances such as laminin, nicotinamide adenine dinucleotide 
phosphate-diaphorase, and neural cell adhesion molecules, as 
well as other polypeptides, have been shown to be reduced in 
the aganglionic segment. Some investigators have postulated 
that an alteration in the extracellular matrix with decreased 
concentrations of laminin and collagen IV constitutes a barrier 
to neurotrophin 3, thereby impairing neuroblastic migration and 
colonization. Neurotrophin 3 promotes survival of sympathetic 
and sensory neurons in vitro and supports growth and survival of 
differing subsets of neurons. Nitric oxide synthase is reduced in the 
aganglionic segment in HD, explaining the failure of relaxation 
of the affected colonic segment. Potassium voltage channels have 
been noted to be deficient in HD.** ENS progenitor cells have 
been isolated in the aganglionic gut region of HD patients.*? 

The genetics of HD have now been characterized.!> Inheri- 
tance of the disease can be autosomal dominant, autosomal reces- 
sive, or polygenic. Penetration of mutations is generally low 
and depends on the extent of aganglionosis in affected family 
members. RET (RE-arranged during Transfection) and EDNRB 
(endothelin receptor type B) are 2 common genes that regulate 
survival, differentiation, migration, and proliferation of neu- 
ral crest-derived cells and have been implicated in causation of 
HD.” Mutations in more than 10 genes have been identified, 
but nearly all patients have a coding or noncoding mutation in 
the RET gene.®! RET mutation penetrance is incomplete and 
sex dependent. It appears that the mutation, although increasing 
the odds of a child’s having HD, is not predictive of any specific 
abnormality. 

RET, a proto-oncogene that codes for a receptor tyrosine 
kinase protein, is a major susceptibility gene in HD and maps 
to chromosome 10q11.2. More than 100 mutations of this gene 
have been identified in patients with HD.®? Identified gene muta- 
tions currently account for only about half of all cases of HD, 
but it is recommended that RET exon 10 mutation analysis be 
done in all children with HD"; germline RET mutations can 
also cause multiple endocrine neoplasia type HA (MEN-IIA). 
Although test results will be negative in the vast majority of cases, 


the significance of identifying MEN-IIA mutation carrier status 
for that individual and family appear to justify such testing.*” 

Congenital birth defects are found in 5% to 33% of patients 
with HD.® Although HD usually occurs as an isolated event, in 
30% of patients it may be part of a syndrome (Box 98.2). 


Clinical Features 

Most children with HD should be diagnosed in the newborn 
nursery. Any full-term infant who does not pass meconium 
within the first 48 hours of life should be suspected of having this 
disorder. Frequently, such infants will have abdominal distention 
and feeding difficulties. They also may have bilious emesis from 
partial bowel obstruction. Dilation of the empty rectum by the 
first examiner usually results in explosive expulsion of retained 
fecal material and decompression of the proximal normal bowel. 
HD-associated enterocolitis occurs more frequently in the first 
3 months of life, in patients with delayed diagnosis, in children 
with trisomy 21, and with long-segment involvement; girls and 
children with a positive familial history are also more frequently 
affected. Enterocolitis due to ischemia from colonic distention 
proximal to the aganglionic segment may develop, with sec- 
ondary infection from colonic bacteria; Clostridioides difficile has 
been isolated in children with this enterocolitis. Cases have also 
been reported of HD-associated enterocolitis in the aganglionic 
segment. Mortality rates of up to 30% have been reported for 
enterocolitis, which remains the major cause of death in HD. 
Colonic perforation, most frequently involving the cecum and 
rarely the appendix, may occur even in utero. 

Most commonly, infants younger than 6 months of age with 
HD will continue to have variable but significant constipation, 
punctuated by recurrent obstructive crises or bouts of fecal 
impaction, often with failure to thrive. The abdomen may be dis- 
tended with fecal masses, and peristaltic waves may be visible. 
Anemia and hypoalbuminemia are common. Blood-flecked diar- 
rhea should suggest the presence of enterocolitis, and immediate 
evaluation should be undertaken. As the child with HD grows 
older, problems continue and fecal soiling occasionally may 
occur. An infant with HD who is breast-fed may have fewer diffi- 
culties with defecation, because the high concentration of lactose 
in breast milk causes watery stools that are passed more easily. 
Once breast milk is discontinued, symptoms of HD may worsen. 


Diagnosis 
The child with symptomatic HD usually demonstrates signs and 
symptoms of bowel obstruction. The diagnosis may be made by 
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BOX 98.2 Some Congenital Anomalies and Syndromes 
Associated With Hirschsprung Disease 


CONGENITAL ANOMALIES 


Cardiac (5% of cases) 
Septal defects 

Central nervous system (4% of cases) 

Distal limbs 

Gastrointestinal (4% of cases) 
Meckel diverticulum 
Pyloric stenosis 
Small bowel atresia 

Genital (2%-3% of cases) 
Hypospadias 

Renal (4% of cases) 
Dysplasia 
Agenesis 

Sensorineural 

Skin 

Syndromes Bardet-Biedl (central obesity, rod-cone dystrophy, 
polydactyly, mental retardation, hypogonadism, and renal dys- 
function) 

Congenital central hypoventilation 

Goldberg-Shprintzen (distinctive facial features, skeletal and neuro- 
logic abnormalities, craniostosis) 

MEN-II (medullary thyroid cancer, pheochromocytoma, parathyroid 
hyperplasia) 

Movat-Wilson (characteristic facies, microcephaly, mental retarda- 
tion) 

Piebaldism (hypopigmentation of skin and hair) 

Shah-Waardenburg (regional hyperpigmentation, white forelock, 
bicolored irides, sensorineural deafness) 

Smith-Lemli-Opitz (anteverted nostrils, ptosis of eyelids, syndactyly of 
second and third toes, hypospadias and cryptorchidism in males) 

Syndromes with limb abnormalities (metaphyseal dysplasia, 
MckKusick-type—mild bowing of legs, irregular metaphyses, fine 
sparse hair 


MEN, Multiple endocrine neoplasia. 

Data from Amiel J, Sproat-Emison E, Garcia-Barcelo M, et al. Hirschsprung 
disease, associated syndromes and genetics: a review. J Med Genet 
2008; 45:1-14. 


1 or a combination of the following tests: contrast enema, rec- 
tal biopsy, and anal manometry. Flexible sigmoidoscopy plays a 
complementary role in diagnosis. 

A contrast enema performed on an unprepared colon will 
show the distal narrowed hypertonic segment of bowel (usually 
seen best in a lateral projection). The transition zone between 
the narrowed distal and dilated proximal intestine will be seen 
in the most common form of HD—the rectosigmoid form (Fig. 
98.22A)—but may not be seen with long- or ultrashort-segment 
intestinal involvement. In ultrashort-segment HD, a radiologic 
picture indistinguishable from that of functional constipation 
with dilated bowel extending to the anus is usually seen. The 
transition zone may not be evident in rectosigmoid HD if the 
patient has undergone cleansing enemas or colonic irrigation 
before the study. Although it has been suggested that the transi- 
tion zone may not be evident in the first 6 weeks of life, it almost 
always is noted in the neonate with partial bowel obstruction. 

Flexible sigmoidoscopy typically reveals a normal but empty 
rectum. The dilated proximal bowel, if within reach of the scope, 
is traversed easily unless there is abundance of feces in the lumen; 
occasionally stercoral ulcers may be seen. 

Anal manometry is the most reliable method by which the 
gastroenterologist can make the diagnosis of ultrashort-segment 
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HD. The normal physiologic response to rectal distention is 
relaxation of the internal anal sphincter, which is smooth muscle. 
In HD, however, rectal distention fails to induce internal sphinc- 
ter relaxation (see Fig. 98.228). Sufficient volumes of air must be 
used to stimulate rectal distention for a reliable study. A false- 
positive result is most commonly due to a capacious rectum in a 
child with constipation or megacolon, in whom balloon disten- 
tion may not stimulate the reflex. Up to 20% of normal children 
have a falsely absent reflex, especially if they are premature or 
of low birth weight. Internal sphincter relaxation in response to 
rectal distention is strong evidence against HD. 

Suction biopsy of the rectal mucosa is the most reliable 
method of diagnosis, except in patients with ultrashort-segment 
HD. The biopsy capsule should be placed at least 2 cm above the 
mucocutaneous junction in infants and 3 cm above the junction 
in older children to avoid the physiologic hypoganglionic zone. 
To be certain of the absence of ganglion cells in the submuco- 
sal plexus, an experienced pathologist may need to review many 
serial sections. Hyperplastic sympathetic nerve fibers and prolif- 
erating Schwann cells are associated findings (see Fig. 98.22C), 
but can be absent in total aganglionosis. 

Controversy exists regarding the type of stains necessary to 
make a diagnosis of HD. Because acetylcholinesterase (AChE) 
is increased in the muscularis mucosae and lamina propria in the 
aganglionic segment (see Fig. 98.22D), staining for this enzyme 
has been used for many years. This technique requires fresh, non— 
formalin-fixed tissue and technical expertise; at best, this stain is 
confirmatory. False-positive and false-negative reports have been 
documented in total colonic aganglionosis.”! Calretinin immuno- 
histochemistry, showing absent calretinin immunoreactive fibers 
in the submucosa and lamina propria, is replacing the traditional 
AChE histochemical stain.” Calretinin is a calcium-binding pro- 
tein involved in calcium signaling. 

In the neonate, considerations in the differential diagnosis of 
HD include other causes of intestinal obstruction, such as meco- 
nium ileus, ileal atresia, meconium plug syndrome, and the micro- 
colon seen in infants of diabetic mothers. When symptoms and 
signs of enterocolitis are present, diagnostic possibilities in the 
neonate also include primary necrotizing enterocolitis, HD-asso- 
ciated enterocolitis, milk protein—induced colitis (see Chapter 10), 
and sepsis with possible disseminated intravascular coagulation. 

In the toddler or older child, HD must be differentiated from 
functional constipation (stool withholding, fecal retention). With 
fecal retention, history indicates that the child did pass meco- 
nium in the newborn nursery, and clinical problems did not arise 
until the child was usually at least 18 months old. Fecal impac- 
tion almost always is present in fecal retention, and fecal soil- 
ing is characteristic. Children with anterior displacement of the 
anus may be more prone to fecal retention. Idiopathic pseudo- 
obstruction and intestinal neuronal dysplasia IND) can generally 
be distinguished from HD by rectal biopsy. 


Management 
Definitive treatment of HD is surgical. In all instances, biopsy 
of the muscularis propria of the bowel is indicated at the time of 
surgery to assess for the presence of ganglion cells in the myen- 
teric plexus and to delineate the proximal extension of agangli- 
onosis. All full-term babies with a meconium plug in the newborn 
nursery should be evaluated for HD before discharge, because 
approximately 15% of children with HD have such a history. 
Discharge of any newborn with undiagnosed HD and consequent 
delay in operative intervention may result in a greater frequency 
of enterocolitis, increased morbidity, and even mortality. 
Treatment of HD remains surgical with single-stage transanal 
endorectal pullthrough procedures, with or without laparoscopy, 
representing the most common approach for short segment 
disease. Both Soave and Swenson transanal procedures are per- 
formed with no significant difference in outcomes observed.” In 
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a meta-analysis of transanal pullthrough procedures, 14% expe- 
rienced persistent bowel dysfunction, including 53% with con- 
stipation, 29% with HD-associated enterocolitis, and 18% with 
incontinence or soiling.”* A recent longer-term study of transanal 
endorectal pullthroughs with 15-year follow-up found that 54% 
of patients had soiling and 44% developed postoperative HD- 
associated enterocolitis.” Long-term prognosis may depend on 
the length of the aganglionic segment. The exact reasons for 
these continuing problems remain unclear, but the mechanism 
may involve an intrinsic abnormality in what is described as nor- 
mal colon or in the pacemaker system of the colon. Anterograde 
continent enema procedures may represent a viable treatment 
option in patients with HD and fecal retention or encopresis.”° 
ENS progenitors have been isolated from the aganglionic gut 
region of HD patients, raising the possibility of new treatment 
targets and hope that ganglion cells may be able to be transferred 
into aganglionic tissue.°? 


Intestinal Neuronal Dysplasia 


IND is a motility disorder that manifests with intestinal obstruc- 
tion or severe chronic constipation and has a reported incidence 
of 1 in 7500 newborns.”’ Characteristic biopsy findings include an 
increased number of enlarged ganglia, neural hypertrophy (Fig. 
98.234), and increased AChE activity in the lamina propria and 
muscularis mucosae. Full-thickness surgical biopsy is often nec- 
essary to diagnose IND. IND has been reported as an isolated 
lesion that especially affects premature infants or infants with a 
history of formula protein intolerance, ileal stenosis, or small left 
colon-meconium plug syndrome. Three types of IND have been 
defined. IND type A usually manifests acutely in the neonatal 
period with severe constipation and enterocolitis. Biopsy features 
include mucosal inflammation (see Fig. 98.238), ulceration with 
hyperplastic neural changes that are limited to the myenteric 
plexus, and increased AChE activity in the lamina propria and 
muscularis mucosae. The submucosal plexus in this type of IND 
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Fig. 98.22 Hirschsprung disease. 
A, Film from a barium enema 
examination showing transition 
zone between narrowed distal 
aganglionic segment (na) and 
proximal dilated ganglionic seg- 
ment (dg). B, Anal manometry. 
Left tracing illustrates normal 
function. In the right tracing, note 
lack of relaxation of the internal 
sphincter on rectal distention 
in a patient with Hirschsprung 
4 disease. C, Photomicrograph of 
a rectal suction biopsy specimen 
showing the absence of ganglion 
cells and presence of thickened 
nerve trunks (nt) characteristic 
of Hirschsprung disease. (H&E, 
x125.) D, Acetylcholinesterase- 
positive fibers stained brown (ar- 
rows) in the muscularis mucosae 
and lamina propria, x250. (A, 
Courtesy Dr. J. Levenbrown. B, 
From Markowitz J. Gastrointestinal 
motility. In: Silverberg M, Daum F, 
editors. Textbook of pediatric gas- 
troenterology. 2nd ed. Chicago: 
Year Book Medical Publishers; 
1988.) 
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is histologically normal. IND type B, which comprises more than 
95% of IND cases, presents as chronic constipation usually dur- 
ing childhood and usually is seen in children between 6 months 
and 6 years of age who have chronic constipation and megaco- 
lon.*! The diagnosis is made by biopsy showing histopathologic 
findings including hyperplastic submucosal ganglia with increased 
AChE-positive fibers in the muscularis mucosae and lamina pro- 
pria.” Ectopic ganglion cells in the muscularis mucosae and lam- 
ina propria have also been described. No changes are seen in the 
myenteric plexus. Some reports have speculated that some of the 
morphologic features described in type B are normal age-related 
phenomena. A third, mixed type of IND has an acute presentation 
and involves both the submucosal and the myenteric plexuses. 
The pathogenesis of IND is controversial. In some patients it 
is a congenital malformation, whereas in others it is an acquired 
phenomenon. IND is also seen in association with other syn- 
dromes such as neurofibromatosis or MEN-IIB, proximal-seg- 
ment HD, and with congenital anomalies, predominantly of the 
GI tract.!°° Other associated conditions include cystic fibrosis, 
microvillus inclusion disease (MID), congenital anomalies, lipo- 
blastomatosis, IBD, anorectal malformations, intestinal malrota- 
tion, megacystis-microcolon-intestinal hypoperistalsis syndrome 
(MMIHS, Berdon syndrome), congenital short bowel syndrome, 
hypertrophic pyloric stenosis, necrotizing enterocolitis, and 
Down syndrome.” In 1 series of patients, a de-novo duplication 
was detected on chromosome 12 in 1 patient. Therefore, IND 
may not represent a well-defined entity but rather a secondary 
phenomenon related to age, obstruction, or inflammation.!°! 
IND can resolve with age. Treatment is similar to that of chronic 
constipation, with some severe cases requiring surgery, including 
sphincterotomy, diverting colostomy, or colectomy.® 


Chronic Intestinal Pseudo-Obstruction 


Chronic intestinal pseudo-obstruction (CIPO) is a rare and 
severe motility disorder characterized by recurrent or continuous 
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Fig. 98.23 Photomicrographs of a rectal biopsy specimen from a pa- 
tient with intestinal neuronal dysplasia. A, Increased number of enlarged 
ganglia (arrows). B, Active inflammation of rectal mucosa with a crypt 


abscess (arrow). (A and B, H&E, x250.) 


symptoms of intestinal obstruction in the absence of a fixed 
obstructive lesion (see Chapter 124). CIPO accounts for 15% of 
cases of chronic intestinal failure in children. Most cases are idio- 
pathic although congenital forms may represent new mutations, 
and some occur secondary to systemic disease, including myx- 
edema, Duchenne muscular dystrophy, hypothyroidism, hypo- 
parathyroidism, celiac disease, Chagas disease, and mitochondrial 
disorders.*! 

The pathophysiology of primary CIPO can be neuropathic or 
myopathic, depending on whether the abnormality lies with the 
enteric neurons, ICC, or smooth muscle, respectively. Neuro- 
pathic CIPO is often due to degenerative loss of enteric neurons 
or to an inflammatory neuropathy within the enteric ganglia and/ 
or nerve processes. 

In any age group, the clinical picture tends to be dominated 
by abdominal pain and distension (80%), which are particu- 
larly severe during acute episodes of pseudo-obstruction. The 
diagnostic work-up for CIPO consists of ruling out mechanical 
causes of bowel obstruction, identifying any underlying diseases, 
excluding drug-induced CIPO-like conditions, and understand- 
ing the pathophysiologic features which may provide prognostic 
information or direct management. Intestinal manometry can be 
useful to delineate the pathophysiologic (neuro-muscular) mech- 
anisms involved in CIPO and to differentiate mechanical from 
functional causes. !" 

Patients with CIPO are often malnourished from malabsorp- 
tion and insufficient food intake. Patients who can tolerate oral 
nutrition should be encouraged to take small, frequent meals (5 to 
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6 per day), with an emphasis on liquid calories and protein intake. 
In the most severe cases, TPN is necessary to maintain nutri- 
tional support and an adequate level of hydration. Pyridostig- 
mine, an acetyl cholinesterase inhibitor, increases acetylcholine 
at the neuromuscular junction promoting intestinal contractions, 
and may be beneficial in CIPO.!°? 


Miscellaneous and Genetic Defects 
Microvillus Inclusion Disease 


Congenital microvillus atrophy, also known as MID, is an auto- 
somal recessive disorder that may manifest with severe diarrhea 
shortly after birth and is characterized by atrophy of the intes- 
tinal villi, with characteristic electron microscopic findings (see 
later).!0* Although its prevalence is unknown, MID is reported 
to be the most common cause of familial intractable diarrhea.!° 
A female gender predominance has been observed, and consan- 
guinity is reported in 20% of cases. The incidence of MID may 
be higher among Navajo Indians and persons from the Middle 
East; in Navajo Indians, a mutation in MYOSB has been impli- 
cated.!°° Defective protein trafficking and abnormal cytoskeletal 
and microfilament function have been proposed as possible eti- 
ologies.!°” A blockage in the transport pathway from the Golgi 
apparatus leads to fusion of small vesicles and formation of micro- 
villus inclusions.!°° Secretory diarrhea is severe, with intolerance 
to oral feeding and unresponsiveness to most therapeutic modali- 
ties. Three variants of MID are recognized: congenital, the most 
frequent and severe, manifesting within the first week of life; 
late-onset, starting at 6 to 8 weeks; and atypical, with either early 
or late onset. MVID may occur with a less clinically severe pre- 
sentation. 1° 

The wall of the small intestine is paper-thin in MID. The 
mucosa of the duodenum and small bowel is characterized 
by villus atrophy, hypoplastic or normal crypts, and normal 
or decreased cellularity of the lamina propria (Fig. 98.244). 
Absence of the brush border membrane is demonstrated by 
lack of linear staining with PAS, CEA, Rab11, and CD10.!!0!!! 
These stains also visualize the microvillus inclusions on light 
microscopy. Gastric biopsies have shown focal disruption of the 
gastric glandular architecture. Colonic biopsies show character- 
istic cytoplasmic vacuoles and PAS/villin-positive cytoplasmic 
inclusions. !!? 

Evaluation by electron microscopy reveals characteristic ultra- 
structural abnormalities of the microvillus membrane, including 
disruption or absence of the brush border membrane, shorten- 
ing and absence of the microvilli, and microvillus inclusions (see 
Fig. 98.248). Although these lesions are most commonly noted 
in biopsy specimens of the small intestine, microvillus inclusions 
may also be seen in specimens from the rectum and colon. 

TPN must be used to prolong survival. Secretory diarrhea 
persists but becomes less voluminous. Small bowel transplanta- 
tion is the only hope to improve the quality of life and long-term 
prognosis in children with MID.1!3:114 


Intestinal Epithelial Dysplasia 


Intestinal epithelial dysplasia IED), also known as tufting enter- 
opathy, is a congenital enteropathy with early onset, severe 
intractable diarrhea, and characteristic microscopic findings.!!° 
In IED, there is a variable degree of villus atrophy. Surface epi- 
thelial cells are arranged in tufts with a round apex. Tufts can 
also be seen in the colonic mucosa. In the basement membrane, 
heparin sulfate proteoglycan is increased and laminin is faint and 
irregular.'!> Tufts result from nonapoptotic epithelial cells that 
are no longer in contact with the basement membrane. These 
epithelial cells have an abnormal expression of E-cadherin and 
do not contain inclusions on electron microscopic examination. 


1578 


PART X_ Small and Large Intestine 


Mec ° ST ae ee E EAA 
Fig. 98.24 Photomicrographs of duodenum from a patient with micro- 
villus inclusion disease. A, Villus atrophy with crypt hyperplasia (arrow) 
and decreased cellularity of the lamina propria (lo). (H&E, x250.) B, On 
electron microscopy, lack of or shortened microvilli (arrow) and a cy- 
toplasmic inclusion (/) composed of a vesicle lined by microvilli can be 
seen. (x15,000.) (Courtesy S. Teichberg, PhD, Manhasset, New York.) 


Epithelial cell adhesion molecule (EpCAM) stabilizes claudin-7 
in IECs, and HAI-2 regulates the cell surface serine protease mat- 
riptase, a known modifier of intestinal epithelial physiology.'!® 
Both EpCAM and SPINT mutations have been strongly associ- 
ated with IED.!!7!!8 Lack of staining for EpCAM is noted on 
intestinal biopsies of patients with IED.!!%!20 

The diarrhea is secretory, malabsorption is intractable, and 
growth is impaired. Several cases of IED have been associated 
with congenital anomalies.!!> Nonspecific punctate keratitis is 
observed in more than 60% of patients with IED. Small bowel 
transplantation is the recommended therapy for IED. 


Congenital Glucose and Galactose Malabsorption 


Familial glucose and galactose malabsorption is transmitted as 
an autosomal recessive trait. Mutations in the SLC5A1 gene, 
encoding the sodium-glucose co-transporter located in the brush 
border of enterocytes, have been shown to cause the disease (see 
Chapter 102). More than 300 subjects of diverse origin have been 
reported worldwide, most of whom are a result of a consanguine- 
ous union.!*! Ingestion of any formula that contains glucose or 
galactose in the newborn period results in severe life-threatening 
watery diarrhea. Stools are strongly positive for reducing sub- 
stances. Neither blood nor white blood cells are present in the 
stool. Biopsy specimens of the small intestine and colon are nor- 
mal. Discontinuation of formula containing glucose, galactose, 
or lactose (lactose is metabolized to glucose and galactose) and 
institution of a fructose-containing formula with resultant thera- 
peutic benefit are usually sufficient to make a clinical diagnosis 
of glucose or galactose malabsorption. Diarrhea abruptly ceases 
and the newborn begins to thrive when fructose-containing for- 
mula feedings are substituted for those containing glucose or 


galactose. Some reports indicate that the severity of the diar- 
rhea from glucose or galactose malabsorption diminishes with 
age because of the increased capacity of the intestinal flora to 
metabolize glucose. 


Congenital Sucrase and Isomaltase Deficiency 


Because sucrose is not a common dietary carbohydrate during 
the first 6 months of life, watery stools generally do not develop 
in children with this disorder until sucrose is administered in 
baby food. An exception to this rule is in the newborn receiv- 
ing a formula (usually with soy protein or casein hydrolysate) 
with sucrose as the carbohydrate. Confirmation is by disac- 
charidase assay of duodenal or jejunal mucosa obtained endo- 
scopically. Congenital sucrase or isomaltase (SI) deficiency, 
although extremely rare, is the most common congenital 
disaccharidase deficiency. The condition is known to be highly 
prevalent (about 5% to 10%) in several Inuit populations. !?? 
SI gene variants coding for disaccharidases with defective or 
reduced enzymatic activity predispose to IBS.!?? Sacrosidase 
is an effective and well-tolerated treatment for patients with 
congenital SI deficiency. Gene testing and clinical trial of 
sacrosidase may become an alternative to endoscopic biopsies 
for diagnosis. !*+ 


Congenital Lactase Deficiency 


Congenital absence of lactase is extremely rare. Affected babies 
receiving a lactose-containing formula develop severe watery 
diarrhea, which resolves with the institution of a non—lactose- 
containing formula. Biopsy specimens of the small intestine are 
histologically normal, but assay for disaccharidases reveals dimin- 
ished or absent lactase. The onset of severe forms of congenital 
lactase deficiency is elicited by mutations in the lactase gene that 
occur in either a compound heterozygous or homozygous pattern 
of inheritance.!*> Lymphocytic colitis has been demonstrated to 
be associated with lactase deficiency.!”° 


Congenital Chloride Diarrhea (Chloridorrhea) 


Congenital chloride (CL>) diarrhea (CCD) is an autosomal reces- 
sive disorder of intestinal C7HCO;- exchange caused by mutations 
of the SLC26A3 gene.'?’ Most disease-causing mutations cause 
folding defects resulting in impaired trafficking of these membrane 
glycoproteins from the endoplasmic reticulum to the cell surface 
which may directly affect transport function.!?? The ClLHCO;- 
exchange mechanism in the ileum and colon is reversed, and CI” is 
actively secreted, resulting in a Cl--rich diarrhea (i.e., chloridor- 
rhea). The baby with CCD is often premature and may present 
with an ileus or absence of meconium passage. Watery diarrhea 
with a high stool Cl content and low stool pH is lifelong; dehy- 
dration may result, and increased absorption of HCO;- may lead 
to hypochloremic metabolic alkalemia, hyponatremia, and marked 
hypokalemia. The stool contains no blood, no white blood cells, 
and no reducing substances. Urinary CI” is low. Biopsy specimens 
of the small intestine and colon are normal. Treatment is fluid and 
electrolyte replacement. Acid reduction with PPIs has been tried, 
with variable results. Butyrate has also been proposed as a possible 
therapy for CCD. 


Congenital Sodium Diarrhea 


Congenital sodium (Na*) diarrhea (CSD) is caused by defective 
Na* or proton exchange.!*! Patients have acidemia and hypo- 
natremia. The stool concentration of bicarbonate and Na* are 
increased. CSD is clinically and genetically heterogeneous. 7 
GUCY2C mutations lead to elevated intracellular cyclic guano- 
sine monophosphate levels and could explain the chronic diarrhea 
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as a result of decreased intestinal Na* and water absorption and 
increased chloride secretion indicating a role in the pathogenesis 
of CSD." A mutation in the SPINT2 gene encoding the serine 
protease inhibitor hepatocyte growth factor inhibitor HAI-2 is 
also associated with a CSD.!78 


Cystic Fibrosis 


CF is an autosomal recessive disorder of cyclic adenosine mono- 
phosphate chloride transport that is due to a defect in the cystic 
fibrosis transmembrane regulator (see Chapter 57). 
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About 10% to 15% of newborns with CF present with neo- 
natal meconium ileus or its complications. Meconium plug syn- 
drome may also occur, resulting in colonic obstruction rather 
than SBO, as is seen with meconium ileus. Antenatally, small 
intestinal ischemia and perforation may occur, resulting in meco- 
nium cyst, intestinal atresia, or meconium peritonitis with intra- 
abdominal or scrotal calcifications. 


Full references for this chapter can be found on www.expertconsult.com. 
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Efficient absorption of nutrients and maintenance of orderly 
aboral movement of chyme and indigestible residues are the most 
important goals of small intestinal motor and sensory function. 
Small intestinal motility is also critically important in preventing 
SIBO (see Chapter 105). This is achieved by the net aboral flow 
of luminal contents during both the fed and fasting states, prob- 
ably with the assistance of the gatekeeper function of the ileocecal 
junction, which prevents backflow of cecal contents. 

Optimal progression of luminal contents allows mixing of 
digested food with intestinal secretions, and contact of the lumi- 
nal contents with the epithelium. This contact is important for 
the absorption and sensing of nutrients within the lumen. Both 
absorption and mucosal sensing of nutrients exert feedback con- 
trol on gastric and small intestinal motor function, an interplay 
that optimizes the rate at which additional nutrients are presented 
to the absorptive epithelium, and minimizes the amount of nutri- 
ents lost to the colon. Thus, while the net movement of luminal 
contents along the small intestine is antegrade, retrograde flow 
also occurs in normal physiological situations over short dis- 
tances. Retrograde movement of small intestinal contents can 
also occur over long distances, when a unique pattern of a strong 
zone of phasic small intestinal contractions travels in an oral 
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direction over a large portion of the small intestine. These con- 
tractions deliver luminal contents back to the stomach for ejec- 
tion into the esophagus during emesis. This coordinated motor 
pattern underscores the versatile modulation of small intestinal 
motility according to precise physiological needs. 

The motor function of the small intestine depends directly on 
smooth muscle in the intestinal wall, which contains the basic 
control mechanisms that initiate contractions and regulate their 
frequency. Overlying these basic control mechanisms are the 
enteric nervous system (ENS) and the autonomic nervous sys- 
tem (ANS). In addition, a number of hormones modulate the 
frequency and patterning of small intestinal contractions. Each 
of these factors plays a role in the motility of the small intestine 
in health, and specific damage to each of these components in 
certain diseases has helped define their discrete roles. 


ANATOMY 


In adult humans, the small intestine is approximately 3 to 7 m long 
and extends from the duodenal side of the pylorus to the ileocecal 
valve. It is divided into 3 regions based on structural and functional 
considerations: duodenum at the oral end, followed by jejunum, 
and ending with the ileum. These regions exhibit similar motor 
characteristics, despite some structural and functional differences. 
Physiologic sphincters, namely the pylorus and ileocecal valve, 
have distinctly different motor patterns, permitting them to act 
as controllers of flow between the antrum and duodenum and 
between the ileum and colon, respectively. The motor function of 
the pylorus and stomach are discussed in Chapter 50, motility of 
the ileocecal region is discussed in Chapter 100, and general anat- 
omy of the small intestine is discussed in Chapter 98. The duo- 
denum is a fixed, largely retroperitoneal structure located in the 
upper abdomen, and the distal ileum generally is anchored in the 
right iliac fossa by its attachments to the cecum. The small intes- 
tine is mobile within the peritoneal cavity outside of these regions. 


NORMAL SMALL INTESTINAL MOTOR AND SENSORY 
FUNCTION 


Smooth Muscle 


The wall of the small intestine comprises mucosa (which con- 
sists of the epithelium and lamina propria), submucosa, muscula- 
ris, and serosa (Fig. 99.1). The muscularis is composed of inner 
circular and outer longitudinal layers of smooth muscle that are 
present in continuity along the entire length of small intestine. 
Contractions within these layers are responsible for gross small 
intestinal motility. Another much thinner muscular layer, the 
muscularis mucosae, is present between the mucosa and submu- 
cosa and plays a role in mucosal or villous motility.! The mus- 
cularis mucosae does not contribute to gross motility and is not 
considered further in this chapter. 

Smooth muscle cells within each muscle layer form a syncy- 
tium. Myocytes communicate electrically with each other through 
physically specialized areas of cell-to-cell contact called gap junc- 
tions, which are visible by electron microscopy. This intimate 
contact between adjacent myocytes gives low-resistance electrical 
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contact or coupling among them, enabling them to be excited 
as a unit. Mechanical connections among myocytes in each layer 
enable them to function as a contractile unit. Mechanical con- 
nections are provided by intermediate junctions at the cellular 
level, and by the dense extracellular stroma of collagen filaments 
between bundles of smooth muscle cells at the tissue level. 
Smooth muscle cell bodies are arranged in parallel within each 
layer, such that the circular muscle layer encircles the lumen, and 
the longitudinal layer extends axially along the small intestine. 
Cell bodies in each layer may be controlled independently, and 
therefore luminal diameter can decrease (circular contraction) 
and small intestinal length can shorten (longitudinal contraction), 
alone or in combination. 

The myocytes themselves are spindle-shaped cells that derive 
their contractile properties from specialized cytoplasmic filaments 
(actin and myosin) and from the attachment of these filaments 
to cytoskeletal elements. Electron microscopy reveals condensa- 
tions of electron-dense, amorphous material around the inner 
aspect of the cell membrane (dense bands) and throughout the 
cytoplasm (dense bodies). The contractile filaments are arranged 
in a similar manner to that in skeletal muscle and insert onto the 
dense bands and bodies approximately in parallel with the long 
axis of the cell. Thus, cell shortening results when the contrac- 
tile filaments are activated to slide over each other. Most of the 
Ca’+ required for activating the contractile apparatus enters the 
cells via L-type Ca** channels (Fig. 99.2). Ca** entry also can be 
supplemented to a varying extent by release of Ca** from the sar- 
coplasmic reticulum membrane via IP3 receptor-operated Ca?* 
channels. IP3 is generated by phospholipase C, which in turn is 
activated by G proteins coupled to receptors for excitatory trans- 
mitters (G protein-coupled receptors). 

The increased cytoplasmic Ca’* binds to the Ca** binding pro- 
tein calmodulin, enabling it to activate myosin light chain kinase, 
which phosphorylates the 20-kd light chain of myosin (MLC20). 
Phosphorylation of MLC20 facilitates actin binding to myosin 
and initiates cross-bridge cycling and development of mechani- 
cal force. Phosphorylation of MLC20 is reduced by MLC phos- 
phatase. De-phosphorylation of MLC20 reduces cross-bridge 
cycling and leads to muscle relaxation. The de-phosphorylation 
process is under a complex system of hierarchical control, which 
is important in setting the gain of smooth muscle contractility.’ 


Interstitial Cells of Cajal 


Interstitial cells of Cajal ICC) are specialized cells within the 
smooth muscle layer that are vital for normal small intestinal 
motor function. ICC are pleomorphic mesenchymal cells that 
form an interconnecting network via long, tapering cytoplasmic 
processes. ICC lie in close proximity to both nerve axons and 
myocytes, with which they form electrical gap junctions.’ ICC 
serve 2 roles in the control of small intestinal motility: First, 
they act as pacemakers and generate the electrical slow wave that 
determines the basic rhythmicity of small intestinal contractions.* 
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Fig. 99.2 Diagram of a smooth muscle cell showing pathways that 
lead to contraction and relaxation. See text for details. MLC 20, 20-kd 
myosin light chain; MLCK, myosin light chain kinase; MLCP, myosin 
light chain phosphatase; (P), phosphorylated; PLC, phospholipase C. 
(Modified from Sanders KM. Regulation of smooth muscle excitation 
and contraction. Neurogastroentero! Motil 2008; 20[Suppl 1]:39-53.) 


Second, they transduce both inhibitory and excitatory neural 
signals to the myocytes’ and therefore can vary the myocyte 
membrane potential and, in turn, contractile activity. This trans- 
duction occurs because ICC are interposed functionally between 
nerve terminals and the smooth muscle that the nerves supply. 
The neuroeffector junctions of the small intestine are more com- 
plex than simple contacts between nerve terminals and smooth 
muscle cells; instead, they are contacts between enteric nerve 
terminals and ICC, and from there with myocytes by means of 
electrical gap junctions. Thus, effective neurotransmission results 
from the activation of specific sets of receptors on ICC, rather 
than by direct action on smooth muscle cells. 

At least 3 separate functional groups of ICC exist. They are 
the myenteric ICC ICCwy), the intramuscular ICC CCm), 
and the ICC in the deep muscular plexus. 

ICCyy are the pacemaker cells in the small intestine that trig- 
ger the generation of slow waves in the smooth muscle. ICC\y 
cells form a dense, electrically coupled network within the inter- 
muscular space at the level of the myenteric plexus between the 
circular and longitudinal muscle layers. These cells possess a 
specialized mechanism that uses their oxidative metabolism to 
generate an inward (pacemaker) current resulting from the flow 
of cations through nonselective cation channels in the plasma 
membrane. A primary pacemaker initiates slow waves. This depo- 
larization from the primary event then entrains the spontaneous 
activity of other ICC within the network. This sequence results 
in a propagation-like phenomenon by which slow waves spread, 
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without decrement, through the ICC network by means of gap 
junctions. A specialized type of ICCyy lines the septa between 
circular muscle bundles; these cells form a crucial conduction 
pathway for spreading excitation deep into the muscle bundles 
of the human jejunum, which is necessary for the motor patterns 
that underlie mixing.° 

ICC, the second main population of ICC, are distributed 
within the muscle layers. ICCj,4 are innervated preferentially by 
intrinsic enteric motor neurons. The ICC in the deep muscular 
plexus are concentrated at the inner surface of the circular muscle 
layer at the region of the deep muscular plexus; they also receive 
preferential innervation and may be a specialized type of ICCyq 
in the small intestine. 

Both inhibitory and excitatory enteric motor nerve termi- 
nals selectively target ICC. Their responses are transduced in 
turn to smooth muscle cells through gap junctions. Inputs from 
enteric excitatory motor neurons are mediated by muscarinic ace- 
tylcholine receptors (M, and M3) and NK1 substance P-receptors 
that result in increased inward currents, thereby causing depo- 
larization. When depolarization reaches the level of the smooth 
muscle, it increases the opening of L-type Ca** channels during 
slow waves, resulting in greater Ca** entry and more forceful 
phasic contractions. Inputs from inhibitory enteric motor neu- 
rons are mediated by neurotransmitters including nitric oxide 
(NO) and vasoactive intestinal polypeptide (VIP), which acti- 
vate both receptor and nonreceptor mechanisms in ICCyy. The 
result of these inputs is an increased opening of K* channels that, 
in turn, has a stabilizing effect on membrane potential, reduces 
Ca?* channel opening, and results in less forceful contractions 
of the smooth muscle. Therefore, the mechanical response of 
small intestinal muscle to the ongoing slow wave activity depends 
strongly upon regulation of its excitability by the ENS via ICCyy. 

ICC in general play broadly similar roles in the small intestine 
and colon (for colon, see Chapter 100, Fig. 100.2).+° Absence 
or inactivity of ICC has been implicated in a number of clini- 
cal disorders that manifest as disturbed intestinal motility (see 
Chapter 124). Recent focus has also centered on involvement 
of “fibroblast-like cells,” which have similar anatomic distribu- 
tions as ICC, but represent a discrete population of cells. These 
fibroblast-like cells can be identified by staining with antibodies 
for platelet-derived growth factor receptor a (PDGFRa), which 
demonstrates that they are closely associated with both ICC 
and nerve varicosities. Myenteric and intramuscular PDGFRa- 
immunopositive cells express small-conductance Ca?* activated 
K+ (SK3) channels, which are a potential mediator of puriner- 
gic enteric inhibition. Because PDGFRa-immunopositive cells 
also form gap junctions with smooth muscle cells, fibroblast-like 
cells are also likely participants in motor neurotransmission and 
thus may contribute to the integrated motor responses of smooth 
muscle and possibly the frequency of phasic activity, such as peri- 
stalsis and segmentation.’ 


Neurons 


The small intestine is richly innervated with both intrinsic 
and extrinsic neurons. Intrinsic neurons have their cell bodies 
located within the wall of the small intestine and constitute the 
ENS. Most of these intrinsic enteric neurons have their periph- 
eral terminals within the intestinal wall. However, a separate 
class of neurons termed intestinofugal neurons have cell bod- 
ies within the myenteric plexus but have projections from the 
intestinal wall to prevertebral ganglia (PVG) via extrinsic nerve 
trunks. Intestinofugal neurons sense and receive information 
regarding mechanical distension of the intestine and transmit 
this information to postganglionic sympathetic neurons in the 
PVG. Overall, these various types of intrinsic neurons greatly 
outnumber the neurons of the extrinsic supply which have 
their cell bodies outside the intestinal wall, but projections that 
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Fig. 99.3 Schematic representation of relationships among compo- 
nents of small intestinal motor control system. For further details, see 
text. ENS, Enteric nervous system; /CC, interstitial cells of Cajal. 


end within the intestinal wall. Extrinsic neurons can be classi- 
fied anatomically according to the location of their cell bod- 
ies (cranial or spinal ganglia) and the route along which their 
projections travel. Extrinsic motor neurons belong to the ANS 
and connect the CNS with the ENS and, from there, the small 
intestinal smooth muscle through the ICC. Furthermore, some 
extrinsic motor neurons terminate directly in the muscle layers. 
Extrinsic sensory neurons from the small intestine do not belong 
to either the ANS or ENS and are classified as vagal or spinal in 
origin, depending on whether they follow vagal or spinal nerve 
pathways toward the CNS (Fig. 99.3). 

Neurons that supply the intestine are designated either affer- 
ent or efferent, depending on the direction in which they conduct 
information. Information is conducted centrally by afferent neu- 
rons and peripherally by efferent neurons. Thus, for the neural 
supply, the term afferent is used to describe pathways conducting 
information that is detected in the intestine and transmitted to 
the CNS. It should be noted that in most texts, the term afferent 
is interchangeable with sensory. However, most sensory informa- 
tion from the small intestine is not perceived at a conscious level. 
Examples of perceived sensory information include bloating, dis- 
comfort, and pain. The terms efferent and motor regarding neural 
supply are used to describe pathways that conduct signals toward 
the “effector,” in this case the small intestinal smooth muscle. 
Although the importance of motor innervation for motility is 
self-evident, the pivotal role of afferent function in determin- 
ing motor responses has been less well appreciated. The impor- 
tance of the extrinsic afferent innervation in sensory signaling is 
emphasized by the observation that at least 80% of vagal fibers 
are afferent rather than efferent.’ 


Intrinsic Neurons 


ENS elements of the small intestine can be subdivided into 3 
major functional groups: primary sensory (afferent) neurons, 
motor (efferent) neurons, and interneurons. The latter 2 groups 
can be further subdivided into excitatory and inhibitory motor 
neurons and ascending and descending interneurons, respec- 
tively. Together these 3 groups form complex networks that 
are responsible for coordinating intestinal motility. Within this 
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network, specific ascending and descending circuits are synchro- 
nously activated in response to luminal contents. Contractions 
result from activation of ascending pathways, with ascending 
interneurons synapsing onto excitatory motor neurons, whereas 
relaxations result from descending interneuron activation of 
inhibitory motor neurons. Other categories of neurons, includ- 
ing secretomotor and vasomotor neurons and motor neurons 
to endocrine cells, are recognized but not considered further in 
this chapter. Additional distinct subgroups of enteric neurons are 
now well characterized both structurally and functionally and are 
reviewed in detail elsewhere.*” 

The cell bodies of ENS neurons reside in ganglia in 2 main 
intramural plexuses, one in the submucosa (Meissner submu- 
cosal plexus) and the other between the circular and longitudi- 
nal muscle layers (Auerbach myenteric plexus). A deep plexus 
(Schabadasch plexus) exists within the circular muscle but does 
not contain ganglia. The ganglia in the submucosal and myen- 
teric plexuses are connected by interganglionic fascicles. These 
fascicles are composed predominantly of the axons of motor neu- 
rons and interneurons because sensory nerve processes do not 
often extend for any distance outside the ganglia. 

The myenteric plexus consists of ganglia that are spaced at 
regular intervals and connected by a network of intergangli- 
onic fascicles; this major network is known as the primary plexus. 
Within this main structure, smaller branches of nerve bundles 
arise from the primary plexus and form the secondary plexus, and 
still smaller branches form the tertiary plexus. The submucosal 
plexus has 2 layers, one close to the mucosa and another nearer to 
the circular muscle layer. These 2 layers are connected by inter- 
ganglionic fascicles. The submucosal plexus does not have a hier- 
archy of subordinate plexuses. 


Intrinsic Afferent Supply 
The primary afferent neurons of the ENS are characterized mor- 
phologically as Dogiel type II neurons (neurons with numerous 
processes).'? Intrinsic primary afferent neurons (IPANs) that 
respond to mucosal chemical stimuli have their cell bodies in 
the myenteric plexus, and they project axons toward the mucosa. 
The myenteric plexus also contains the cell bodies of intrinsic 
afferent neurons that discharge in response to mechanical stimu- 
lation of the muscle layer induced by muscle activity or stretch. 
Intrinsic afferent neurons that respond to mechanical stimula- 
tion of the mucosa are also thought to exist based on enteric 
reflexes seen in extrinsically denervated preparations. Current 
evidence suggests that the cell bodies of these afferents reside 
in the submucosal ganglia; however, this is yet to be definitively 
described in the intestine.!° Intrinsic sensory neurons synapse in 
the intramural plexuses with intrinsic motor neurons and inter- 
neurons, which they excite mainly by the release of acetylcholine 
(ACh) and substance P.!° 

It is currently thought that approximately 20% of all myen- 
teric neurons in the ileum are activated by mechanical distortion 
of the myenteric ganglia, which occurs regularly during con- 
traction or motility events. This indicates that IPANs are not 
the only class of mechanically sensitive enteric neuron. These 
ileal myenteric neurons display rapidly adapting responses to 
mechanical stimulation, whereas colonic neurons display slowly 
adapting responses, suggesting that these neurons can directly 
encode dynamic changes in force in response to phasic or tonic 
contractions. These findings also suggest that the ENS behaves 
as a global sensorimotor network rather than as separate compo- 
nents, allowing for processing of sensory, integrative, and motor 
functions.!! 


Efferent Supply 

The axons of the intrinsic motor neurons that supply small 
intestinal smooth muscle exit the intramural ganglia and enter 
either the circular or the longitudinal muscle layer where they 
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pass in close proximity to both the myocytes and ICC. No spe- 
cific neuromuscular junctions are present in small intestinal 
smooth muscle, unlike skeletal muscle, although multiple vari- 
cosities along the motor axons probably represent specialized 
areas of neurotransmission. The motor axons discharge along 
their length, potentially activating large numbers of myocytes 
through the ICC but possibly also directly activating them. The 
lack of exclusive specific neuromuscular junctions, the electrical 
gap junctions among myocytes, and the overlap of innervation 
of myocytes from more than 1 motor axon strongly suggest that 
functionally discrete motor units in the intestinal smooth muscle 
do not exist, in contrast to skeletal muscle. The ENS motor sup- 
ply itself is both inhibitory and excitatory, with intrinsic inhibi- 
tory and excitatory motor neurons generally containing both fast 
and slow neurotransmitters. The predominant excitatory trans- 
mitters are ACh (fast) and substance P (slow), and the predomi- 
nant inhibitory transmitters are NO fast), VIP (slow), ATP (fast), 
and §-nicotinamide adenine dinucleotide (fast).!” 


Interneurons 
Interneurons connect ENS neurons of the same class or of differ- 
ent classes with one another. They permit local communication 
within limited lengths of intestinal wall. They are implicated in 
simple local responses by means of release of ACh or NO, respec- 
tively, depending on their oral or aboral direction of projection. 
Evidence also suggests the presence of connections within the 
intestinal wall along greater distances, but these neural pathways 
are not well defined. These longer connections may be provided 
anatomically by the ENS or by connections between the ENS 
and ANS. Interneurons that have an additional sensory role have 
been identified, responding directly to mechanical changes in 
muscle length rather than muscle tone or tension." 

Intestinofugal neurons are a special type of interneuron that 
may be important for controlling local reflexes. These neurons 
have cell bodies within the myenteric plexus, receive input from 
several local enteric neurons, and project to the PVG where they 
synapse with sympathetic motor neurons (see Fig. 99.3).° 

The various subtypes of ENS neurons have the potential to 
be modulated by enteric glia, a unique class of peripheral glial 
cells within the GI tract. Until recently, enteric glia were thought 
to be “silent” in the intestinal wall. Major populations of enteric 
glia are found in the myenteric and submucosal plexuses of the 
ENS and within the lamina propria of the mucosa and the cir- 
cular muscle. Enteric glia are similar to astrocytes of the CNS 
in that they detect and integrate neural activity. Enteric glia are 
activated by synaptic stimulation, which suggests they play an 
active role in synaptic transmission and actively modulate physi- 
ologic intestinal processes.!* Recent studies have demonstrated 
that enteric glial populations display substantial heterogeneity, 
adding considerable complexity to an already intricate regulatory 
system. 1°16 


Extrinsic Neurons 


Afferent Supply 

The small intestine is innervated by both vagal and spinal 
extrinsic afferent nerves. The anatomy of small intestinal vagal 
afferent innervation is relatively straightforward with afferent 
endings in the intestinal wall and cell bodies within the nodose 
and jugular ganglia, which deliver input directly to the brain- 
stem. Spinal afferent fibers travel along perivascular nerves to 
the PVG, where neurons give off axon collaterals that synapse 
on postganglionic sympathetic motor neurons. These fibers 
then pass into the thoracic dorsal ganglia and enter the spinal 
cord through dorsal roots, synapsing mainly on neurons of the 
superficial laminae of the spinal gray matter.!’ These neurons 
in turn can send projections to numerous areas of the brain 
involved in sensation and pain control. Spinal afferent neurons 
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Fig. 99.4 Schematic representation of various subtypes of extrinsic 
sensory afferent nerve fibers that innervate the small intestine via vagal 
and spinal nerve pathways. For further details, see text. (Courtesy As- 
sociate Professor S.M. Brierley.) 


can also give off axon collaterals closer to the intestinal wall that 
synapse on components of the ENS, blood vessels, smooth mus- 
cle, or secretory elements (Fig. 99.4). In general, vagal afferents 
have lower mechanical activation thresholds and display satu- 
rated responses at higher intensities, whereas spinal afferents 
are also activated at higher thresholds. The different stimulus 
response profiles of vagal and splanchnic mechanoreceptors are 
generally interpreted as evidence that vagal afferents regulate 
fullness and satiety, whereas spinal afferents mediate discom- 
fort, bloating, and pain.!7-!® 

Classification of extrinsic afferents continues to evolve, and 
they are currently best described according to mechanical acti- 
vation thresholds, proposed anatomical location, or by a mix of 
anatomy and function.!? Endings with low mechanical activation 
thresholds are observed in vagal pathways and spinal afferent 
pathways.!’:!°20 These afferents are continuously active as they 
respond to fine tactile mucosal stimulation that saturates at high 
intensities, but do not desensitize. !” They do not respond to intes- 
tinal distension or contractions. They can be termed “mucosal” 
because they are thought to reside in the lamina propria where 
they are positioned to detect substances that are absorbed across 
the mucosal epithelium or are released from epithelial and sub- 
epithelial cells including enterochromaffin and immune cells.*!77 
Activation of these afferents is unlikely to reach conscious per- 
ception under normal physiological conditions but may allow dis- 
crimination between gaseous and solid matter. Endings that have 
a wide dynamic range are also termed “muscular” or “tension” 
afferents and respond to circular stretch but not mucosal stimula- 
tion.!? These afferents form endings either within the muscle lay- 
ers or within the myenteric plexus. Wide dynamic range afferents 
are activated by mechanical stimuli that are within the physiolog- 
ical range encountered during digestion. Responses to increasing 
stretch intensity generally do not appear to plateau, suggesting 
these afferents are likely to be involved in urge and bloating, and 
potentially in the modulation of pain. Muscular afferents show 
maintained responses to distention of the small intestine and sig- 
nal each contractile event, giving rise to the term in-series tension 
receptors.” Nerve tracing studies have identified vagal afferent 
terminals in the longitudinal and circular muscle layers that are 
described as intramuscular arrays (IMAs), which consist of sev- 
eral long (up to a few millimeters) rather straight axons running 
parallel to the respective muscle layer connected by oblique or 
right-angled short connecting branches.*+”> IMAs were proposed 
to be the in-series tension receptor endings, possibly respond- 
ing to both passive stretch and active contraction of the muscle, 
although direct evidence for this proposal is currently lacking. 
Vagal afferent terminals that surround the myenteric plexus 
throughout the GI tract have been described as intraganglionic 
laminar endings (IGLEs). These are in intimate contact with the 
connective tissue capsule and enteric glial cells that surround the 


myenteric ganglia, and they have been hypothesized to detect 
mechanical shearing forces between the orthogonal muscle lay- 
ers. Evidence for such a mechanosensory function of IGLEs has 
been elaborated by mapping the receptive field of vagal afferent 
endings in the esophagus, stomach, and large intestine, and show- 
ing morphologically that individual hot spots of mechanosensi- 
tivity correspond with single IGLEs.”° Functional evidence exists 
for muscular afferents in both the vagal and the spinal innerva- 
tion, but the anatomic appearance of spinal distention-sensitive 
afferents in the small intestine remains to be determined. Its 
structure and the receptors and channels it expresses, however, 
are likely to be distinct from those of vagal afferents, owing to 
spinal muscular afferents displaying higher activation thresholds 
to distention.”° There are also afferents that respond to both low 
intensity mucosal stimulation and circular stretch. These affer- 
ents are termed “muscular/mucosal” or “tension mucosal” in the 
colon and stomach, respectively, but their presence in the small 
intestine is yet to be definitively shown.!?2%7 

Vagal afferent fibers have been shown to penetrate the cir- 
cular muscle layer and submucosa to form networks of multiply 
branching axons within the lamina propria of both crypts and 
villi in the rat duodenum and jejunum.’* Their terminals are in 
close contact with, but do not seem to penetrate, the basal lamina 
and thus are in an ideal position to detect substances including 
absorbed nutrients and mediators that are released from epithe- 
lial cells and other structures within the lamina propria. Afferents 
with high thresholds to mechanical stimuli are observed in the 
deep muscular/serosal layers and in mesenteric connections,”* 
and have also been termed “serosal” or “mesenteric” afferents.’ 
These afferents are activated by intense distortion of the intestine 
and its attachments, and do not respond to low intensity muco- 
sal stroking or circular stretch.*”*? Therefore, these afferents are 
inactive under normal physiological conditions and are thought 
to constitute primarily a pain-sensing afferent class. Importantly, 
each of these afferent classes is also activated by chemical media- 
tors and expresses many algesic and analgesic channels and recep- 
tors.!7-!°39 These types of responses may occur in the presence 
or absence of effects on the mechanosensitivity of the afferent 
endings, suggesting that the chemosensitivity of afferent end- 
ings is regulated independently of mechanosensitivity.*!*} These 
observations hint at the potential responsiveness to circulating 
or locally released factors like cytokines, proteases, and other 
immune mediators including histamine and bradykinin. 


Efferent Supply 

The extrinsic efferent pathways to the small intestine are supplied 
by the parasympathetic and sympathetic divisions of the ANS. 
The small intestinal parasympathetic supply is cranial and cho- 
linergic, whereas the sympathetic supply is spinal (thoracic) and 
adrenergic. These 2 motor pathways are not entirely separate, 
however, because postganglionic sympathetic fibers arising from 
cervical ganglia are sometimes found within the vagus nerve. 

The parasympathetic motor neurons of the small intestine 
have cell bodies within the dorsal motor nuclei of the vagi in the 
medulla oblongata. Their axons extend through the vagi to the 
intestinal intramural plexuses, where they synapse with motor 
neurons of the ENS. The sympathetic motor supply is more 
complex. Primary motor neurons within the intermediolateral 
horn of the thoracic spinal cord synapse with second-order neu- 
rons in the PVG. These then synapse with ENS motor neurons 
within the intestinal intramural plexuses, directly with smooth 
muscle, or possibly with ICC. 

Both excitatory and inhibitory extrinsic motor outputs to the 
small intestine have been identified. Excitatory outputs depo- 
larize and inhibitory outputs hyperpolarize smooth muscle, 
thereby facilitating and impeding the development of contrac- 
tions, respectively. In general, the sympathetic motor supply is 
inhibitory to the ENS, and this ENS inhibition leads to decreased 
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smooth muscle activity, with the opposite effect seen in sphinc- 
ter regions. Direct sympathetic inhibitory and excitatory outputs 
to smooth muscle also exist. The parasympathetic motor output 
to the ENS is more diffuse, each primary motor neuron supply- 
ing a large area. Excitatory parasympathetic motor output occurs 
to either inhibitory or excitatory ENS motor neurons, through 
which parasympathetic efferents can selectively inhibit or excite 
smooth muscle. Interestingly, efferent and afferent innervation 
has also been shown to modulate immune and motor responses in 
the intestine, although the precise mechanisms underlying these 
effects remain contentious. ’*36 


Central Connections of Neural Control Elements 


Centrally, the sensory and motor supplies to the small intestine 
are closely interrelated; the vagal sensory input and the para- 
sympathetic motor output are closely located, as are the spinal 
sensory input and the sympathetic motor output. Both the vagal 
parasympathetic and the spinal sympathetic supplies have wide- 
spread connections to many other areas throughout the CNS that 
are implicated in feeding, arousal, mood, and other reflex behav- 
ior. The proximity of the CNS areas involved in small intestinal 
regulation, and their interconnections, makes it likely that the 
vagal parasympathetic and the spinal sympathetic control mecha- 
nisms are interconnected and might function less independently 
than has previously been thought. 

Parasympathetic primary motor neurons are located bilaterally 
in the dorsal motor nuclei of the vagus in the medulla, which lie 
close to and receive substantial input from neurons of the nuclei 
tracti solitarii (NTS). The NTS are the sites of terminals of vagal 
afferent fibers that enter through the tracti solitarii and have cell 
bodies in the nodose ganglia. Each NTS also has extensive con- 
nections to other CNS regions, and several of these regions have 
input to the dorsal motor nuclei of the vagus, thereby influencing 
vagal motor output to the intestine.!” 

The central connections of the spinal and sympathetic sup- 
ply to the intestine are less well described. The spinal sensory 
neurons enter the spinal cord where they synapse ipsilaterally 
on second-order sensory neurons and provide direct feedback 
to sympathetic preganglionic motor neurons through axon col- 
laterals. The second-order sensory neurons then ascend the 
spinal cord either contralaterally or ipsilaterally, after which 
they terminate in numerous areas,” including the raphe nuclei 
and periaqueductal gray matter in the brainstem and the thala- 
mus. The thalamus has extensive ramifications throughout the 
CNS. The central influence on sympathetic motor output to the 
small intestine is complex and not well understood, but stress 
and arousal level play a role. These influences have their output 
through the brainstem and descending tracts to the sympathetic 
preganglionic motor neurons in the intermediolateral horn of 
the spinal cord, which send their axons to the PVG, where- 
upon they synapse with sympathetic postganglionic adrenergic 
nerves.’ 


Gastrointestinal Hormones 


GI hormones are discussed in detail in Chapter 4, but it is 
important to emphasize here their vital role in modulating small 
intestinal motor and sensory function. GI hormones relevant to 
small intestinal function can act in either a humoral or paracrine 
fashion on both enteric neurons and myocytes and have also 
been shown to modulate colonic extrinsic sensory afferent func- 
tion.?®8 These hormones are generally released in response to 
the presence (or in some cases anticipation) of enteral nutrition. 
The best known of these hormones include CCK, somatostatin, 
VIP, glucagon-like peptide-1 (GLP-1), glucose-dependent insu- 
linotropic polypeptide, ghrelin, and motilin.*? Most of the hor- 
mones released in response to the presence of food in the lumen 
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lead to slowing of small intestinal transit, signals of satiety, and 
increased mixing or segmenting contractions (see later). 


INTEGRATED CONTROL OF MOTILITY 


The involvement of integrated hierarchical levels of control of 
the neuromuscular apparatus of the small intestine are nicely 
illustrated by 2 important processes: peristalsis and the interdi- 
gestive motor complex (IDMC). However, it must be noted that 
gaps remain in our understanding of how the structure and func- 
tion of individual components of this apparatus cooperate to pro- 
duce known motility patterns, because evidence for contributions 
to specific mechanisms is often circumstantial. 


Peristalsis 


Peristalsis is the fundamental integrated motility pattern of the 
small intestine. It consists of progression of contractile activity 
that is usually in an aboral direction, can be coordinated entirely 
within the ENS and circular and longitudinal muscle layers, 
and may be initiated in response to a number of mechanical and 
chemical stimuli in the lumen. Peristalsis has both sensory and 
motor aspects. 

The populations of IPANs described earlier probably are 
responsible for detection of luminal stimuli, either directly or fol- 
lowing release of mediators from mucosal enteroendocrine cells. 
Their activation results in transmitter release onto neighboring 
interneurons and motor neurons, the activity of which is coordi- 
nated subsequently as a network to provide activation of circular 
and longitudinal muscles on one side of the bolus (usually the 
oral side) and synchronous inhibition of muscle on the other side 
(usually the aboral side). This networked activity normally travels 
aborally, but the mechanism of propagation is not yet understood; 
it might result from patterns of activity in interneurons that can 
project over distances of several millimeters and thus mediate a 
general descending excitation. The precise interactions of trans- 
mitters and mediators in the normal function of peristalsis are 
still not well defined. However, exogenous activation of several 
pre- and postsynaptic mechanisms is known to affect peristalsis, 
and some of these mechanisms may also be activated endog- 
enously. Of particular interest are serotoninergic mechanisms, 
which have been shown to be involved in initiation of peristal- 
sis and modulation of transmission between subclasses of enteric 
neurons.” Peristalsis need not necessarily be antegrade; reverse 
peristalsis does occur in the small intestine generating emesis, for 
example in conditions of luminal toxicity, although the mecha- 
nisms underlying this phenomenon remain unknown. 


Interdigestive Motor Complex 


The IDMC serves to demonstrate the extraordinary integrative 
capacity of the ENS; other aspects of the IDMC are described 
later in this chapter. The IDMC is a complex series of periods 
of variable contractile activity that have distinct phases with dif- 
ferent contractile amplitudes, propagation, and regularity. This 
integrated pattern slowly sweeps down the small intestine in the 
fasted state, before recurring at regular intervals. Several candi- 
date hormones have been proposed to initiate the IDMC, includ- 
ing motilin, ghrelin, and xenin; serotonin and somatostatin can 
potentially inhibit the IDMC in the antrum while stimulating 
it in the duodenum.*! However, the switch between quiescent 
and active phases and their orderly migration along the bowel 
are functions of the ENS, an autonomy that is demonstrated by 
occurrence of the IDMC in extrinsically denervated or auto- 
transplanted intestine. The ENS therefore is capable of control- 
ling large segments of the small intestine independent of extrinsic 
input, probably by virtue of its extensive inter-neuronal connec- 
tions and constant sensory feedback. 
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Although the ENS has this regulatory capacity, normal func- 
tion of the small intestine is modulated by ANS efferent output, 
which in turn is influenced by locally or centrally processed infor- 
mation gathered from primary spinal or vagal afferents. Synapses 
outside the CNS in the PVG are capable of subserving inhibitory 
intestino-intestinal reflexes that are potentially important in the 
minute-to-minute regulation of motility. A number of hor- 
mones, acting in either an endocrine or paracrine manner, also 
influence neuromuscular function in the small intestine. Little 
direct information is available, however, on the precise contri- 
bution of each extrinsic pathway to motor function of the small 
intestine in humans. Vagal reflexes generally are thought to make 
an important contribution to the integration of major homeo- 
static functions like motility, secretion, blood flow, and control 
of food and water intake.!®37 Sympathetic reflexes are thought 
to be concerned primarily with inhibition of motility and other 
functions in response to noxious stimuli, rather than in digestive 
small intestinal functions. 


ABNORMAL MOTOR AND SENSORY FUNCTION 


Much of the evidence for the mechanisms involved in dysfunction 
of the small intestine is derived from animal models of mucosal 
inflammation or infection, after which alterations in physiology, 
pharmacology, and anatomy of motor and sensory elements are 
assessed. These models provide cues to the underlying mecha- 
nisms involved in motor abnormalities that are seen clinically. 
This approach, however, is limited in the extent to which basic 
findings can be directly translated to human disease, because the 
etiology of many clinical manifestations is unknown. More recent 
approaches have explored mechanisms in human tissue, although 
for the most part this has been restricted to colonic studies. 
Importantly, while much of the basic physiology overlaps with 
animals, there are several instances where the molecular detail 
differs markedly between species.*>-*” 

Approaches using human tissue and animal models have 
revealed that infection and inflammation of the intestine can 
result in long-term changes in all neuromuscular elements, 
including myocytes, ICC, and intrinsic and extrinsic neurons. 
Symptoms in functional GI diseases such as functional dyspepsia 
and IBS may be partly due to specific sensorimotor abnormalities 
occurring locally in the intestine, but they also are attributable to 
alterations in the extrinsic neural control system of the intestine 
and possibly to alterations in central perception, processing of 
afferent information, or both (see Chapters 14 and 122). Impor- 
tantly, symptoms typically associated with functional GI diseases 
are also observed in people whose disease has a primary inflam- 
matory basis. For example, in IBD, symptoms can persist after 
inflammation has subsided, suggesting overlap in the pathways 
and/or mechanisms leading to these symptoms.** Abnormali- 
ties in pain control systems in the brain and disordered pro- 
cessing of affective components of visceral sensations also have 
been described in these conditions"? and can produce symptoms 
through the central connections described in the preceding sec- 
tions. Some clinical scenarios in which discrete abnormalities 
have been identified or hypothesized in small intestinal motility 
are outlined in Table 99.1. 


Smooth Muscle Dysfunction 


It is often difficult to separate pathological changes in the func- 
tion of smooth muscle from those in neural control mecha- 
nisms, but a number of changes can be directly attributed to 
alterations in smooth muscle; for example, GI inflammation 
and infection are often associated with abnormal smooth mus- 
cle function. The kind of immune response, and, therefore, the 
predominant infiltrating immune cells and secreted mediators, 
is dependent on the type of disease. For example, nematode 


TABLE 99.1 Patterns of Abnormal Small Intestinal Motility 


Pattern Features 


Neuropathic e Abnormal propagation, or absence, of the interdiges- 
tive motor cycle 
e Bursts or sustained occurrence of high frequency, high 
amplitude, uncoordinated pressure waves 
e Failure to convert to the fed pattern after a meal, or 
early return of phase III 


Myopathic e Low amplitude pressure waves (<20 mm Hg during 
phase Ill) 


Obstructive ¢ Postprandial clustered pressure waves 
e Simultaneous prolonged pressure waves 


Data from Malagelada C, Malagelada JR. Small Bowel Motility. Curr Gas- 
troenterol Rep 2017; 19(6):26. Camilleri M, Bharucha AE, di Lorenzo C, 
et al. American Neurogastroenterology and Motility Society consensus 
statement on intraluminal measurement of gastrointestinal and colonic 
motility in clinical practice. Neurogastroenterol Motil 2008; 20(12): 
1269-82. 


infection is often characterized by a Tp2 type response, with 
infiltration of mast cells and eosinophils and increased secre- 
tion of the cytokines interleukin (IL)-4 and IL-13, ultimately 
resulting in smooth muscle hypercontractility..° By contrast, 
chemically-induced inflammation is characterized by the pres- 
ence of neutrophils and macrophages, among other cells, and 
increased secretion of the cytokines IL-1$ and IL-6. Smooth 
muscle hyper-responsiveness may be characterized by enhanced 
responses to cholinergic and noncholinergic excitation, as can 
be observed in humans with IBD.°! Inflammation and infec- 
tion can lead to changes at small intestinal sites distant from 
the affected area, and the functional effects of inflammation in 
smooth muscle can persist following recovery from the acute 
insult, as seen with post-infection IBS.!? 


Intrinsic Neural Dysfunction 


Several abnormalities of small intestinal intrinsic control are due 
to developmental dysfunction and are dealt with separately in 
Chapter 98. Intestinal infection or inflammation can also cause 
changes in the ENS. Many of these changes are centered on 
the IPANs, which become more excitable as a result of changes 
in the expression of ion channels that initiate generation of 
action potentials and those that determine recovery of mem- 
brane potential after an action potential. Thus, the long after- 
hyperpolarization that distinguishes IPANs from other classes 
is shortened, and they can fire in longer trains. This change in 
firing rate directly affects the responses of other interneurons 
and motor neurons that receive inputs from affected IPANs and 
are therefore involved in intrinsic ENS reflexes. Changes in 
excitability may be observed during the acute phase of infection 
or inflammation?!°2 or for several weeks afterward," at least in 
the large intestine. In some cases, the hyperexcitability can be 
suppressed with acute exposure to blockers of histamine, ade- 
nylate cyclase, COX, or leukotriene pathways.*+ Acute inflam- 
mation also dramatically decreases the number of viscerofugal 
neurons, at least in animal models.°* This loss is apparent 24 
hours after the start of the inflammatory response, persists over 
several months, and occurs only in the area of inflammation.*° 
These longer-term changes are referred to as plasticity and might 
partly explain the occurrence of exaggerated motor responses to 
a given stimulus in the acute phase and after recovery of mucosal 
lesions. Changes can result from alterations in gene expression 
in enteric neurons and/or increases in locally released mediators 
following alterations in mucosal cell types that persist beyond 
the initial insult.*° 
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Neuropeptide levels are altered in animal models of type 1 
diabetes mellitus, potentially contributing to the disordered 
motility observed frequently in this disease. The only reported 
human neuroanatomic study in a patient with type 1 diabetes 
mellitus showed that ICC were markedly decreased throughout 
the entire thickness of the jejunum. A decrease in neuronal NO 
synthase, VIP, pituitary adenyl cyclase-activating peptide, and 
tyrosine hydroxylase-immunopositive nerve fibers was observed 
in the circular muscle layer, and substance P immunoreactivity 
was increased.°’ While gastric emptying is often abnormally slow 
in patients with longstanding type 1 diabetes mellitus (see Chap- 
ter 50), transit through the small intestine varies widely. Rapid 
transit may play a role in the etiology of diarrhea in some patients, 
although changes in transit, enteric neurotransmitters, manomet- 
ric parameters, and the degree of cardiac autonomic neuropathy 
correlate poorly with one another. Recent studies suggest that 
ICC function is reduced by altered expression of Anol, which is 
thought to underlie Ca’+-activated Cl currents, directly contrib- 
uting to diabetic gastroparesis in humans.** Other studies suggest 
that the pathogenesis of diabetic gastropathy may be associated 
with degeneration of the ICC itself as ultrastructural changes 
(e.g., pre-apoptosis of the ICC) are accompanied by electrical 
dysrhythmia of slow waves in intestinal muscle.*? 


Extrinsic Afferent Dysfunction 


The mechanisms that lead to extrinsic afferent dysfunction after 
infection or inflammation are similar to those involved in IPANs 
and smooth muscle dysfunction. It is well established that a wide 
range of chemical mediators can influence mechanosensitivity 
and/or the basal firing rate of extrinsic primary afferent nerves 
in the acute setting.!’!’76° These chemical mediators can be 
released in conditions of inflammation, injury, or ischemia from 
a variety of cell types, including platelets, innate and adaptive 
immune cells, glial cells, fibroblasts, blood vessels, muscles, and 
neurons.°° Each of these cell types can release several modulat- 
ing agents at once, some of which act directly on the sensory 
nerve terminal, while others act indirectly by causing release of 
still more mediators from other cells in a series of cascades. The 
result of these actions is that the response properties of extrinsic 
afferents, like their intrinsic counterparts, display marked plastic- 
ity. This plasticity is noticeable as persistent changes in the basal 
firing rate and/or altered sensitivity of the afferent endings and 
is described as peripheral sensitization. Evidence supports involve- 
ment of algesic mediators, including prostaglandins, purines, 
cytokines, proteases, and histamine, in the changes leading to 
peripheral sensitization, with effector channels such as the tran- 
sient receptor potential family of ion channels, voltage-gated cal- 
cium (Ca?*) channels, and sodium (Na*) channels contributing 
to the hypersensitive responses.????434460,61 Other endogenous 
chemical mediators, including somatostatin,”” can down-regulate 
small intestinal afferent sensitivity such that an imbalance in pro- 
sensitizing and anti-sensitizing mechanisms leads to a disordered 
sensory signal. A specific example of this balance between pro- 
and anti-sensitizing mechanisms is evident in the regulation of 
nociceptive afferents by immune mediators. TNF-a, for example, 
sensitizes afferent endings to mechanical stimuli, while k-opioid 
agonists and immune secreted B-endorphin inhibit responses to 
mechanical stimuli in healthy animals.**°> Additional com- 
plexity is apparent when comparisons between organ regions are 
made; for example, opioids inhibit afferent endings in the colon, 
but excite jejunal afferents, suggesting that receptor formation 
and/or coupling differs between intestinal regions.?062-64 
Intestinal infection or inflammation clearly increases afferent 
sensitivity and neuronal excitability, resulting in hyperalgesia and 
allodynia.!?” It is also apparent that this hyperexcitability, hyper- 
algesia, and allodynia can persist for weeks or months despite 
healing of the initial injury.!°??°°° For example, both low- and 
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high-threshold jejunal afferents display pronounced mechanical 
hypersensitivity 1 and 2 months after Trichinella spiralis infec- 
tion.°° Development of this long-term mechanical hypersensi- 
tivity is dependent upon a P2X; receptor-dependent increase in 
immune cell IL-la expression and release. Notably, deletion of 
P2X-,R results in a clear attenuation of the innate inflammatory 
response, and no post-infection mechanical hypersensitivity is 
observed at any time point.” Taken together, these mechanisms 
are likely to be clinically relevant in patients with post-infection 
IBS and IBD in remission, who report ongoing GI symptoms 
associated with increased perception of mechanical and chemi- 
cal stimulation. As these afferent nerves also serve to trigger 
reflex mechanisms that control and coordinate intestinal motor 
function, their sensitization can contribute to chronic dysmotil- 
ity, resulting in a cycle of disordered sensory and motor func- 
tion. Adding to this complexity, recent evidence demonstrates 
that disease can alter functional outcomes of afferent activation 
by chemical mediators. For example, acute colitis and pancreatic 
cancer may chronically alter cytokine signaling on sensory affer- 
ents nerves from an excitatory event in health to an inhibitory one 
in disease, while in chronic colitis, opioid signaling may switch 
from an inhibitory effect on sensory afferent nerves in health 
to an excitatory effect in disease.**°’- It is yet to be revealed 
whether similar changes in functional outcomes are also relevant 
to small intestinal extrinsic afferent signaling. 


MEASUREMENT OF SMALL INTESTINAL MOTILITY 
Basic Principles 


Understanding of the motor function of the small intestine has 
been restricted compared to that of the esophagus and stomach 
by its relative inaccessibility and its length. Small intestinal motor 
function can be studied in the laboratory at the cellular level 
or with the use of ex-vivo preparations and animal models. In 
humans, a number of techniques exist to evaluate intestinal mus- 
cle contractions (manometry, MRI, US, and the wireless motility 
capsule) or flow of luminal contents (fluoroscopy, intraluminal 
impedance recording, scintigraphy, and breath tests). Each has 
specific strengths and limitations, and they vary in their applica- 
bility to clinical practice. 


Evaluation of Single Cell Functions 


At the cellular level, a number of techniques can be used to yield 
insights into small intestinal motor physiology. Intracellular 
recordings of electrical potential can be obtained from a number 
of cell types within the small intestine and its extrinsic neural con- 
trol system. These recordings give detailed information about the 
signals received and transmitted by individual cells, with excellent 
temporal resolution, but generally they cannot be applied concur- 
rently over a significant length of intestine and, therefore, have 
limited real-time spatial resolution with regard to motor events. 

A combined functional and neuroanatomic approach wherein 
imaging of specific neurons with intracellular or extracellular 
recordings and chemical coding using immunohistochemistry are 
performed concurrently has allowed important correlations to be 
made between structure and function. In particular, this approach 
has led to understanding of the function of IGLEs and IMAs (see 
“Extrinsic Afferent Supply” earlier). 

Although electrophysiological and anatomical methods pro- 
vide information on structure, neurotransmitters used, and prox- 
imity to other elements, they cannot describe precisely how these 
relate to the actual resulting motility and its temporo-spatial 
organization. Although such single-cell techniques generally have 
been applied to animal tissues, the results also probably apply to 
humans, because a similar structural organization of control ele- 
ments is seen in human tissue. 
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Recording of Muscle Contractions 


Increased muscle tension generally is directly recorded with 
strain gauges; these can be used in muscle strips, isolated loops 
of intestine, and whole-organ preparations or even chronically 
implanted in animals. Strain gauges are capable of excellent tem- 
poral resolution of motor events, but spatial resolution is limited 
by the size and number of strain gauges that are used concur- 
rently. Over short lengths of intestine, a spatial resolution of 
approximately 1 cm is possible. Unfortunately, strain gauges are 
not suitable for use in human subjects, although they have pro- 
vided much valuable information on the organization of motor 
events in animals.’° 

Muscle contractions also can be measured by surrogate mea- 
surement techniques that record associated phenomena. One 
such approach is fluorescence measurement of calcium transients 
(rapid increases in free intracellular calcium) in smooth muscle.’! 
Over short sections of intestine (1 to 2 mm), such measurements 
provide excellent temporo-spatial resolution and are helpful in 
elucidating neurophysiological control rather than describing 
whole-organ function. 

In vitro techniques for detailed assessment of small intesti- 
nal wall movements reveal subtle motility patterns that cannot 
be detected with manometry or in vivo wall motion studies. For 
example, digitized video recording can measure changes in diam- 
eter and length of an immobilized segment of intestine”? and has 
the unique capacity to appreciate discrete changes in the longitu- 
dinal and circular muscle layers. 


In Vivo Techniques 


The outcomes of small intestinal motor activity depend on the 
relationship of contractions at different points in space, and how 
these change over time Fig. 99.5. Measurement methods must 
therefore gather functionally relevant information on the spa- 
tiotemporal organization of small intestinal motility. This pres- 
ents substantial challenges, especially in humans, because of the 
length of the small intestine, the spatiotemporal complexity of 
motor events, and the extended time frame (several hours) over 
which small intestinal motility determines the successful transit 
and absorption of each meal. 

To understand the relationship between individual motor 
events and transport in the small intestine, the temporal resolu- 
tion of the measurement technique must be finer than the dura- 
tion of each discrete motor event, so that contractions can be 
recognized as separate from one another. In humans, the intrinsic 
frequency of duodenal contractions is up to 12 per minute with 
each lasting about 1 to 3 seconds. The optimal spatial resolu- 
tion for studies of small intestinal motor function has not been 
determined, but most contraction sequences are known to span 
relatively small distances (<6 cm).’? Because of practical limita- 
tions of data handling and the number of sensors one can place 
in the small intestine, measurement techniques usually either 
achieve high spatial resolution over a short distance or low spatial 
resolution over greater distances. Realistically, this means that 
data gained from different studies are interpreted alongside one 
another to provide a more comprehensive picture. 


Manometry 


Manometry of the small intestine gives direct measurement 
of the forces that are applied to luminal contents as a result of 
motor function; the pressure waves that are recorded corre- 
spond to lumen-occlusive or near lumen-occlusive contractions. 
Manometric catheters may be water-perfused, contain multiple 
channels within their diameter, and have side-holes distributed 
along their length, with each channel transmitting pressure 
changes to an external transducer; alternatively, catheters may 
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Fig. 99.5 Multichannel manometric recordings of the human antrum 
and duodenum, with recording points placed at varied intervals: 1.5 
cm (top panel), 4.5 cm (middle panel), and 6 cm (bottom panel). 

These data demonstrate some of the limitations of varying the interval 
between recording points: As a phasic contraction travels along a 
section of intestine, the associated rise in pressure is detected only at 
each measurement point. If the interval between recording points is too 
wide, unrelated pressures may be judged to be related to the propa- 
gated pressure wave, or a propagated pressure wave sequence may 
be judged to be a limited phasic event. Spatial detail is lost as recording 
interval is widened. (Courtesy of Professor J.M. Andrews.) 


be of solid state technology with miniature pressure transducers 
built into the catheter itself. Practical limitations to the number 
of channels or pressure sensors that can be incorporated into 
a catheter dictate that a compromise be reached between high 
spatial resolution over a short segment of intestine, or low spa- 
tial resolution over a longer segment. Newer fiberoptic manom- 
etry catheters which allow for high spatial resolution over 
relatively long distances have been developed, but to date have 
been applied mainly to pressure measurements in the colon.’*+ 
Manometric assemblies can be placed in any part of the human 
small intestine and are moderately well tolerated, even over a 
number of hours, although such placement can be demand- 
ing even in healthy persons, and it is especially challenging in 
patients who have major abnormalities of motor function. Most 
studies have focused on the duodenum and jejunum for reasons 
of accessibility. Sometimes a manometry catheter is combined 
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with another technique (e.g., intraluminal impedance, fluoros- 
copy) to gain complementary insights into how patterns of pres- 
sure waves correspond to the movement of luminal contents. 


Magnetic Resonance Imaging 


MRI can be used to image small intestinal motility, with the 
advantages of noninvasiveness and lack of radiation exposure, but 
with limitations of availability and cost, and it is not suitable for 
some subjects with metal prostheses and those who cannot toler- 
ate confined spaces. Moreover, analysis of small intestinal motor 
function from MR imaging is technically challenging; while the 
methods are rapidly evolving, they require standardization and 
validation against other techniques. ’° 

When used for this purpose, a sequence of MR images must 
be acquired at a frame rate of at least 1 image per 5 seconds to 
allow adequate temporal resolution. Sequences of up to 15 sec- 
onds are feasible with breath-holding; alternatively, images can 
be acquired during quiet breathing, but movement artifact makes 
analysis difficult. Usually an oral solution of mannitol or a similar 
osmotic fluid is given to distend the bowel and provide good con- 
trast, although this disrupts the IDMC and induces a fed motor 
pattern, so evaluation of fasting motility is problematic. Motility 
is usually evaluated from a 2D planar image, which is limited by 
the fact that some of the small intestine will be out-of-plane; use 
of 3D imaging can overcome this limitation but presents sub- 
stantial challenges for image analysis. The simplest assessment 
of motility from MR imaging is a visual assessment of individual 
segments of small intestine, although this has not been well vali- 
dated against manometry. Techniques are being developed for 
automated analysis that involve measurements of changing bowel 
diameter, and “displacement mapping,” which involves per- 
pixel deformation grids displayed as color plots. Alternatively, 
“taglines” can be applied to segments of small bowel and their 
deformation monitored over time; this technique could poten- 
tially overcome the limitation of movement artifact and allow for 
longer imaging periods where free-breathing can continue. 


Ultrasound 


Ultrasound can be used to image the small intestine, typically first 
identifying the terminal ileum in the right iliac fossa, and then 
following the bowel proximally.’”° US allows prolonged observa- 
tion of intestinal wall movements and repeated measurements, 
involves no exposure to ionizing radiation, and can be performed 
at the bedside. However, motility can only be observed in short 
segments at any one time, and with relatively poor spatial resolu- 
tion. It is also limited by obesity and intestinal gas, and the tech- 
nique is highly operator-dependent. 


Wireless Motility Capsule 


The wireless motility capsule incorporates sensors for pH and tem- 
perature as well as pressure. Upon ingestion with a standardized 
low-fat meal, its emptying from the stomach, usually during phase 
I] of the IDMC, is signaled by an abrupt rise in pH, and its arrival 
at the cecum by a fall in pH. It is therefore capable of measuring 
small intestinal transit time, yielding similar values to scintigra- 
phy, although it is FDA approved only for the assessment of gas- 
tric emptying and whole gut transit.” Its pressure sensor provides 
information about motility, albeit only at one point at any given 
time, so it cannot be used to assess propagation of pressure waves. 
It has the advantages of being an ambulatory technique that entails 
no radiation exposure, but the capsules are relatively expensive. 


Endoluminal Image Analysis 


An alternative method of assessing motility via an ingested capsule is 
that of endoluminal image analysis from capsule endoscopy.’* The 
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capsule, containing a camera, is ingested after an overnight fast, fol- 
lowed by a 300 kcal liquid meal given 45 minutes after the capsule 
leaves the stomach. Small intestinal wall motion and movement of 
luminal content are evaluated using automated analysis. In research 
studies, the technique demonstrates hyper- or hypo-dynamic patterns 
in one third of patients with functional GI disorders, but further valida- 
tion is required before it can be recommended for routine clinical use. 


Small Intestinal Transit Studies 


Fluoroscopy 

Contrast fluoroscopy was one of the earliest available methods 
of studying intestinal transit. It yielded detailed information on 
spatial and temporal patterns of motor events in vivo and how 
they are associated with movements of contrast within the lumen. 
When this technique is used in combination with other technolo- 
gies (e.g., manometry, intraluminal impedance, strain gauges), 
useful correlations can be made between contractions/luminal 
pressures and transit of contents. In the clinic, the main role for 
contrast fluoroscopy is to detect mural disease and fixed narrow- 
ings of the intestinal lumen that can induce secondary changes in 
motility, transit, and absorption. Fluoroscopy is insensitive for 
measuring transit time and is limited to short periods of observa- 
tion because of the accompanying radiation exposure. Moreover, 
once a substantial amount of contrast has entered the small intes- 
tine, the usefulness of fluoroscopy is reduced because overlying 
loops of bowel hinder interpretation of the movement of contrast. 


Multi-Channel Intraluminal Impedance 


Multi-channel intraluminal impedance is a technique for assessing 
intraluminal bolus transit rather than motility. The technique is based 
on the different conductivities of intraluminal gas and liquid com- 
pared with those of opposed sections of bowel wall. Voltage is applied 
to a recording assembly incorporating several pairs of ring electrodes; 
passage of a gas bolus between each electrode in a pair is associated 
with a fall in electrical impedance, whereas passage of a fluid bolus 
is associated with a rise in impedance; the temporal relationship of 
these events in sequential electrode pairs allows inferences to be made 
regarding bolus transport. Concurrent recording of intraluminal 
impedance with manometry and fluoroscopy in the same segment of 
small intestine has validated the technique, and demonstrated not only 
that bolus transit precedes the lumen-occlusive contractions that are 
registered by manometry, but that events recorded using the imped- 
ance technique are more predictive of flow effects than are mano- 
metric pressures.” Moreover, pharmacologically induced changes in 
flow events recorded using an impedance catheter are associated with 
changes in glucose absorption from the proximal small intestine.” 
Intraluminal impedance recording is, however, limited to relatively 
short segments of the small intestine, and currently it represents a 
research tool rather than one suited to clinical investigation. 


Scintigraphy 


In contrast to fluoroscopy or impedance recording, scintigraphy 
provides information about mass transit of luminal contents through 
the entire small intestine, rather than information on the mechanical 
events within segments of small intestine by which the transport of 
contents is achieved. It is often undertaken as part of a whole gut tran- 
sit study, that also yields information on gastric emptying and colonic 
transit, with the small intestinal transit time representing the interval 
between gastric emptying of the radioactive label and its arrival at the 
cecum.*! The fact that the position of most of the small intestine is 
not fixed limits the interpretation of transit through any given seg- 
ment, and various measures of colonic arrival have been used, such 
as percentage of activity within the colon.’* Clinical utility of scin- 
tigraphy is limited by the high inter- and intra-individual variation in 
small intestinal transit in health as well as requirement for radiation 
exposure, specialized facilities, and relatively long imaging times.*! 
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Fig. 99.6 Schematic representation of the relationship among slow 
waves, spike bursts, and muscle contraction. Top tracing is from an 
intracellular electrode in the muscle, middle tracing is from an extracel- 
lular electrode, and bottom tracing shows muscle tension. The cyclical 
fluctuation in membrane potential in the top tracing is the slow wave. 
When spike bursts are superimposed on the peak of the slow wave, the 
muscle depolarizes, and contraction occurs. (From Christensen J. Gas- 
trointestinal motility. In: West JB, editor. Best and Taylor’s physiologic 
basis for medical practice. Baltimore: Williams & Wilkins; 1990. p 614.) 


Breath tests 


Hydrogen breath testing, most often with lactulose as a substrate, 
is an alternative method of measuring small intestinal tran- 
sit without radiation exposure. A rise in breath hydrogen of at 
least 5 parts per million is taken to indicate arrival of lactulose at 
the cecum, where it is fermented by colonic bacteria. The time 
recorded represents the sum of gastric emptying and small intes- 
tinal transit, and the former can be assessed with a concurrent 
'3C_acetate breath test in order to deduce the latter.” Misleading 
results can be obtained in SIBO (see Chapter 105), and the rise in 
hydrogen may in fact correspond with terminal ileal rather than 
cecal arrival.’® Moreover, lactulose itself accelerates small intes- 
tinal transit, so the result is not directly comparable with other 
transit time measures. 


NORMAL IN VIVO SMALL INTESTINAL MOTILITY 
PATTERNS 


Control of Small Intestinal Contractions 


Increased smooth muscle tension that arises from muscular con- 
tractions can result in increased intraluminal pressure, decreased 
intraluminal diameter, small intestinal shortening, or a combina- 
tion of these effects. Smooth muscle contractions can be tonic or 
phasic, but common usage has labeled tonic contractions as tone 
and phasic motor events as contractions. Human phasic small 
intestinal contractions generally last from 0.8 to 6.0 seconds. 
Small intestinal electrical recordings reveal continuous cycli- 
cal oscillations in electrical potential, referred to as the s/ow wave, 
basic electrical rhythm, or pacesetter potential. This slow wave is gen- 
erated by the ICC (ee earlier). In humans, the slow-wave fre- 
quency decreases from a peak of 12 per minute in the duodenum 
to approximately 7 per minute in the distal ileum. A small intesti- 
nal contraction arises when an electrical action potential, or spike 
burst, is superimposed on the slow wave (Fig. 99.6). Spike bursts 
may be caused by the intrinsic motor output from the ENS to the 
ICC and are likely also to be modulated by the extrinsic motor 
supply. Except during phase II of the IDMC, not every slow 
wave leads to a phasic contraction. The region-specific frequency 
of the slow wave thus controls small intestinal rhythmicity by 
determining the timing and maximal frequency of contractions. 


The rapid increases in free intracellular calcium, or calcium 
transients, that underlie smooth muscle contraction can be visual- 
ized with fluorescence techniques and appear to spread in a coor- 
dinated fashion over an area of smooth muscle and to extend over 
variable distances of the bowel wall. These calcium transients 
are extinguished by collision with each other or by encountering 
locally refractory regions.”! 


Propagation of Contractions Along the Small Intestine 


The electrical slow wave migrates along the small intestine in 
an aboral direction so that each subsequent site is depolarized 
sequentially. When a slow wave results in contraction, the propa- 
gation of the slow wave along the small intestine also leads to the 
contraction propagating along the small intestine. The propaga- 
tion velocity of the slow wave thus determines the maximal rate 
at which contractions can travel along the small intestine, while 
the distance over which muscular excitation or inhibition spreads 
appears to be determined by ENS influences mediated through 
local inhibitory and excitatory circuits.”! 

Contraction sequences travel aborad (in an antegrade direc- 
tion) or orad (in a retrograde direction). From animal data and 
human manometry recordings acquired at high spatial resolu- 
tion, it is known that a large proportion of contractions travel 
along the small intestine rather than remaining static, although 
the distance they are propagated is usually only a few centimeters 
in extent.*?.*> Further data are needed to determine the contribu- 
tion of these short contraction sequences to overall transit, com- 
pared with the less frequent longer sequences. 


Integrated Patterns of Motility 


From isolated small intestinal segments, ascending excitation 
and descending inhibition represents the most well-recognized 
pattern of motility. Ascending excitation refers to the contraction 
that occurs proximal (orad) to a stimulus, and descending inhibi- 
tion refers to the inhibition of motor activity that occurs distal 
to a stimulus. These simple reflexes can be demonstrated in the 
absence of any extrinsic innervation and are thus entirely attribut- 
able to the ENS, although extrinsic influences can modulate their 
occurrence. These 2 patterns are thought to be responsible for 
peristalsis and retro-peristalsis when they travel in a coordinated 
fashion along the intestine. 

Recordings of human small intestinal motility show isolated 
(stationary) phasic contractions, but also more complex spatial 
patterns. The limited spatial resolution of many recording tech- 
niques can miss many of the latter, and lead to over-reporting of 
the proportion of contractions that are stationary. Commonly, 
phasic motor activity consists of a recognizable group of con- 
tractions associated along the small intestine in space and time; 
phase III activity of the IDMC (see later) is a good example of this 
association. Several other types of grouped small intestinal con- 
tractions have been described and include contractions associated 
with emesis** and discrete clustered contractions, which are said 
to be common in IBS (see Chapter 122).°° The most commonly 
observed motor patterns in the healthy small intestine, however, 
are described simply as the fed or postprandial pattern and the 
fasting (interdigestive) pattern, or IDMC (Fig. 99.7). 

The motor pattern is determined by the presence or absence 
of significant amounts of nutrient within the small intestine. The 
cyclical activity observed during fasting is relatively stereotyped 
and easily recognized. It is thought to serve important roles in 
clearing the upper intestine of solid residues, which otherwise 
could accumulate and form bezoars, and in maintaining relative 
sterility of the small intestine by keeping it empty and preventing 
orad migration of colonic bacteria. 

Patterns of postprandial motility are less well categorized than 
those observed in the fasting state. The function of the fed motor 
pattern is to ensure adequate mixing of nutrients with digestive 
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Fig. 99.7 Manometric tracings that demonstrate small intestinal motility 
in fasting (top) and fed (bottom) state. The 3 phases of the interdiges- 
tive motor cycle (IDMC) and conversion to a fed motor pattern by infus- 
ing a liquid nutrient meal into small intestine are shown. In the top set 
of tracings, at a given time point (dashed vertical line), all 3 phases of 
IDMC can be encountered at different points along the small intestine. 
The similarity of phase II and fed motor pattern can be appreciated by 
comparing the top (fasting) and bottom (fed) sets of tracings. (Professor 
R.J. Fraser provided data for this figure.) 


enzymes and bile and to optimize contact with the mucosal sur- 
face for absorption. Within 10 to 20 minutes of meal ingestion, 
the IDMC is interrupted,*° a process that requires interaction 
of intraluminal nutrients with the intestinal mucosa, since it is 
not achieved by IV administration of nutrients.°’ Several neural 
and humoral signals result from mucosal nutrient contact and are 
implicated in the induction of the fed motor pattern, including 
vagal afferent signals, CCK, and GLP-1. There has been sub- 
stantial development in the understanding of mucosal sensing of 
intraluminal nutrients in recent years, with the recognition that 
“taste” receptors exist on various cell types in the epithelium that 
are identical to those on the tongue.®® These include receptors 
for sweet taste (TASIR2-TAS1R3 heterodimers) and umami 
(TAS1R1-TAS1R3 heterodimers), as well as other receptors for 
amino acids (the calcium-sensing receptor (CaSR), and GPCR 
family C group 6 member A [GPRC6A)]), di- and tri-peptides 
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(lysophosphatidic acid receptor 5 [LPASR]), and fatty acids (free 
fatty acid receptor [FFAR]1 to 4, olfactory receptor [OLFR]78, 
G protein-coupled receptor [GPR]119, fatty acid transport 
protein [FATP]4, and CD36).® Sensing of carbohydrates also 
involves the major glucose transporter, SGLT1, and Kyrp chan- 
nels. Other receptors respond to bile acids (G protein-coupled 
bile acid receptor GBAR1 [also termed TGRS5], and farnesoid- 
X-receptor FXR), and bitter compounds (25 types of TAS2R 
receptors in humans); the latter are typically noxious and these 
receptors function to prevent their absorption and/or eject the 
compounds from the body by inducing emesis. Sour and salty 
substances are detected by their passage through ion channels. 
Finally, phytochemicals such as those present in herbs and spices 
(e.g., mustard, wasabi, cinnamon, capsaicin) are sensed by tran- 
sient receptor potential cation channels, and can influence the 
release of ghrelin, 5 HT, CCK, and GLP-1. 

In general, the presence of unabsorbed small intestinal nutri- 
ents slows small intestinal transit by decreasing the frequency and 
length of propagation of phasic contractions, so that the rate at 
which nutrients are absorbed limits their transit. In the absence of 
sufficient proximal small intestinal nutrient stimulation, the fast- 
ing motor pattern re-emerges 4 to 6 hours after a meal. In the 
absence of its interruption by intraluminal nutrients, the IDMC 
repeats continuously. 

Distention, intraluminal pH changes, and hyperosmolar con- 
tents are capable of stimulating small intestinal motor activity. 
In the normal course of events, these stimuli occur concurrently 
with the presence of nutrients, and the significance of their iso- 
lated effects in healthy subjects is unclear. 

The small intestine also exerts negative feedback control on 
the rate of gastric emptying through neural and humoral means. 
This negative feedback is achieved by the release of neural sig- 
nals and intestinal hormones that suppress phasic gastric motor 
activity, relax the gastric fundus, and increase tonic and phasic 
pyloric pressures subsequent to mucosal sensing of small intes- 
tinal nutrients.”? This process therefore also contributes to pro- 
longing small intestine transit by slowing the entry of chyme into 
the small intestine. The duodenum can, moreover, offer direct 
mechanical resistance to gastric emptying by acting as a capaci- 
tance resistor’! and by re-augmenting gastric contents as a result 
of duodenogastric reflux.” 


Fed motor Pattern 


Radiologic Observations 
Early radiologic observations of the small intestine in animals 
described several different patterns of wall motion and transit of 
intestinal contents. Walter Cannon**’ observed both localized 
contractions over short segments of intestine in association with 
to-and-fro movement of contents and intermittent episodes of 
propulsion of contents over greater distances caused by aborally 
traveling waves of peristalsis. In the fed state, the most common 
pattern of wall motion consisted of localized circular contractions 
that recurrently divided and formed short columns of chyme into 
new aliquots by temporary local occlusion of the lumen over 
distances of less than 1 to 2 cm, a pattern labeled rhythmic seg- 
mentation.®*+°> ‘These contractions did not travel along the small 
intestine and did not result in much if any net oral movement of 
contents.*+ 

Peristalsis also was commonly observed, often in combina- 
tion with segmentation. During small intestinal nutrient load- 
ing, peristalsis was noted to have 2 forms: (1) a slow advance of 
chyme over short distances in association with segmentation; 
and (2) a rapid transit of chyme over longer distances, sometimes 
several loops, of the small intestine; such “fast peristalsis” was 
often seen in the cat duodenum.” Similar observations have been 
made in other animal species’°.*+ and correlate with some of the 
motor patterns seen during clinical radiologic studies in humans 
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(although these studies usually are performed when the subject 
is fasting and show the rapid peristaltic pattern more than the 
segmenting postprandial activity). 


Transit Time Observations 

The small intestinal transit time for a meal varies greatly accord- 
ing to the amount and nature of what is consumed, because both 
caloric content and physical form of a meal determine the gastric 
emptying rate and the rate of transport along the intestine.**.°+-?° 
Depending on the test and parameter used, postprandial orocecal 
transit time usually is less than 6 hours. As assessed by lactulose 
breath testing, however, orocecal transit time can be as rapid as 
about 70 minutes with low nutrient loads. 


Manometric Observations 

Postprandial small intestinal motility is characterized by irregular 
phasic pressure waves without a discernible cyclical pattern. Most 
small intestinal motility data are quite limited in spatial resolution 
because of the length of the small intestine. Nevertheless, most 
phasic pressures (pressure wave sequences) are thought to travel 
only a short distance”? and probably represent the mixing and 
segmenting contractions noted in earlier radiologic studies.*+”’ 
In animal studies, postprandial small intestinal motility is more 
segmenting than is fasting phase II activity, and phasic pressures 
occur less frequently and travel shorter distances along the bowel, 
resulting in slower transit of the contents.’? A similar suppres- 
sion in the frequency of pressure wave sequences now has been 
found in the human duodenum.” This segmenting motor pattern 
is thought to assist in mixing food with digestive enzymes and 
in maximizing the exposure of food to the mucosa to optimize 
absorption. 


Fasting Motor Pattern 


During fasting, small intestinal motor activity adopts a repeti- 
tive cyclic motor pattern, the IDMC. The IDMC is absent in a 
number of disease states, presumably because of a primary neuro- 
pathic process. This absence is associated clinically with stasis of 
small intestinal contents, malabsorption, and SIBO.*>*° 


Radiologic Observations 

Contrast agents can stimulate small intestinal mucosal recep- 
tors sensitive to pH, caloric content, and osmolarity changes. It 
is possible, therefore, that radiologic studies of “fasting” motil- 
ity do not truly represent the fasting state. In general, however, 
contrast agents appear to move more swiftly through the small 
intestine during fasting than during the postprandial state and 
to be associated with more episodes of peristalsis over 1 or more 
loops and fewer segmenting contractions. When the phase of the 
IDMC is assessed concurrently (see later), little net movement of 
small intestinal contents is seen during phase I, but residual lumi- 
nal contents are swept through the small intestine and into the 
terminal ileum during late phase II and phase III of the IDMC. 
This finding is not surprising because, by definition, phase I is 
the absence of measurable phasic pressure waves, which are likely 
necessary to generate a sufficient intraluminal pressure gradient 
to cause intraluminal flow. 


Transit Time Observations 

Studies of transit time through the small intestine also prob- 
ably do not represent a true assessment of fasting motor func- 
tion, because substrates used to measure transit, such as lactulose 
or labeled meals, can themselves modify the rate of transport 
through the small intestine. 


Manometric Observations 
The IDMC is defined manometrically and comprises 3 main 
phases. Phase I is characterized by motor quiescence (<3 


pressure waves per 10 minutes at any 1 site); phase II by ran- 
dom pressure waves at less than the maximal rate; and phase II 
is characterized by pressure waves at the maximal rate for any 
given region lasting at least 2 minutes and, ideally, extending 
over a segment longer than 40 cm. Some authors also include a 
fourth phase (phase IV) as a transitional period between phases 
IMI and I, although this approach is not universal. Phases I and 
III are quite distinctive and easily recognized, whereas phase II 
can be recognized reliably only in the context of its occurrence 
between phases I and II, because it superficially resembles 
the fed pattern. The phases of the IDMC start proximally and 
migrate distally over variable distances; few phase IIIs reach the 
ileum.*” Phase HI of each IDMC can start at any of a variety of 
locations; approximately one third of IDMCs have a gastroduo- 
denal component, and most onsets of phase III occur near the 
proximal jejunum.** Because of the length of the small intestine 
and the velocity of travel of the IDMC, 1 part of the small intes- 
tine can be in phase I while other parts are in phase II or II (see 
Fig. 99.7). The normal periodicity of the IDMC varies greatly 
both within and between subjects; however, its median duration 
is 90 to 120 minutes. 


CLINICAL APPROACH 


Consequences of Disordered Small Intestinal 
Motility 


Most of the time, the overall outcome of small intestinal motility 
is achieved without conscious awareness, but a range of symptoms 
can arise when an optimal outcome is not attained. Fortunately, 
like other organs, the small intestine has a substantial reserve 
capacity and copes with many insults, including infection, resec- 
tion, inflammation, and denervation, before clinical problems 
become manifest. In IBS, the most common clinical syndrome 
in which altered motility is implicated, the sufferer’s physical 
well-being rarely is threatened even when symptoms are consid- 
erable (see Chapter 122). Infrequently, the motor disturbances 
are severe enough to disrupt a person’s ability to maintain oral 
nutrition. 

The most important diseases and clinical settings associated 
with abnormal small intestinal motility include IBS, critical ill- 
ness, pregnancy, diabetes mellitus, metabolic disturbances, medi- 
cation and drug use, radiation enteritis, intestinal obstruction and 
pseudo-obstruction syndromes, PSS and other connective tissue 
disorders, neurologic syndromes (e.g., dysautonomia, Parkinson 
disease), and rare myopathies. Because these disorders are covered 
elsewhere in this book, they are mentioned here only with regard 
to their associated small intestinal motor disturbances. 

In IBS, a number of abnormalities of visceral sensation have 
been documented (see Chapter 122). These sensory abnormali- 
ties probably also lead to disordered motility; however, whereas 
motor abnormalities have been documented in some patients 
with IBS, they are absent in others. Because it appears likely that 
IBS is an as-yet-undefined generalized enteric neuropathy or 
low-grade neuro-inflammatory/immune disorder,°’-”” failure 
to detect specific motor abnormalities might reflect our current 
poor understanding of normal small intestinal motor physiol- 
ogy and the relatively gross measures by which motility has been 
assessed in patients with IBS; alternatively, it may relate to the 
heterogeneity of patients classified as having IBS. 

Small intestinal motility is severely disrupted in acutely ill 
persons and this is increasingly recognized as an important con- 
sideration in postoperative and ICU patients. Such motility dis- 
turbances likely result from several factors, including sepsis and 
drugs, which disrupt the slow wave rhythm; abdominal trauma 
and surgery, which stimulate reflex motor responses; and inflam- 
matory mediators and cytokines, which affect neurotransmission 
within the CNS, ANS, and ENS. !°.!0! 
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Pregnancy is known to alter the function of the lower 
esophageal sphincter, to delay gastric emptying and disturb the 
frequency of gastric slow waves, and is often associated with con- 
stipation. In view of these widespread findings related to altered 
intestinal motility, it is likely that small intestinal motor function 
also is altered. In guinea pigs, the strength of the contraction of 
intestinal circular smooth muscle has been shown to be impaired 
during pregnancy by down-regulation of Gaq/11 proteins (which 
mediate contraction) and up-regulation of G, a protein (which 
mediates relaxation).!” It is intriguing that G protein associa- 
tions are now also being reported in functional GI disorders, 
suggesting a final common pathway for sensorimotor intestinal 
disturbances. 10> 

Diabetes has widespread effects on GI motility. Acute effects 
result from changes in blood glucose levels, while in longstanding 
disease changes can relate not only to the presence of autonomic 
neuropathy, but also to loss or dysfunction of ICCs or nitrergic 
neurons.!°* Adverse effects of medications also should always be 
considered (e.g., metformin, acarbose, GLP-1 receptor agonists), 
while celiac disease should be excluded in patients with type 1 
diabetes who develop chronic diarrhea or symptoms and signs 
of malabsorption.!°° The contributions of pancreatic exocrine 
insufficiency and bile salt malabsorption to GI dysfunction in 
diabetes are controversial. As indicated predominantly by studies 
of the stomach, hyperglycemia can alter the rhythm of the slow 
wave, modulate sensory signaling, lead to changes in the tem- 
poro-spatial pattern of phasic contractions, and even stimulate 
inappropriate phase I-like IDMC activity in the small intestine. 
Small intestinal transit is often abnormal in people with diabetes, 
but may be either slow or rapid, and there is a particularly high 
prevalence of disordered small intestinal motility in patients with 
diabetic gastroparesis. 

Metabolic disturbances of potassium, magnesium, and calcium 
homeostasis are likely to impair small intestinal motor function, 
because these electrolytes are vital for normal neuromuscular 
function. While effects of abnormal levels of these electrolytes on 
small intestinal function have not been studied in humans in vivo, 
organ bath experiments indicate that they can cause gross distur- 
bances in neural and muscular function. In addition, renal and 
hepatic failure are likely to alter small intestinal motility because 
of the multiple homeostatic inputs of the affected organs, which 
could potentially impact nutrition and bacterial translocation 
from the intestine. 

Many drugs affect small intestinal motility (e.g., antide- 
pressants, calcium channel blockers, 6 blockers). Sedatives and 
narcotic analgesics also alter motility but usually do not cause 
clinically important small intestinal motor dysfunction except in 
critically ill patients or those with acute severe pain. 

Pseudo-obstruction, PSS and other connective tissue diseases, 
dysautonomia, visceral myopathies, and other diseases in which 
abnormal small intestinal motor function occur are discussed in 
detail elsewhere (see Chapter 124). 


APPROACH TO PATIENTS WITH POSSIBLE SMALL 


INTESTINAL MOTOR DYSFUNCTION 


Taking a thorough history is a vital first step in approaching a 
patient who may have abnormal small intestinal motility. A 
review of exposures to drugs and toxins, family history, and in the 
younger patient, milestones of growth and development are espe- 
cially important to consider. Findings on physical examination in 
this setting often are unremarkable. First-line investigations gen- 
erally are suggested by the history, physical examination, and age 
of the patient and may include a plain abdominal film (to look for 
dilated small intestinal loops, thickened bowel wall, or air-fluid 
levels), complete blood count with determination of red blood 
cell indices (to look for evidence of malabsorption), measurement 
of serum albumin and electrolyte levels, and random testing of 
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blood glucose or hemoglobin A;C levels. How much further to 
proceed with investigation depends on these results and on the 
severity of the patient’s condition. 

Special investigations may be indicated to answer specific 
questions. No standard approach has been recognized, however, 
and local interest and expertise often determine which investi- 
gations are available. CT and MR enterography have largely 
displaced contrast fluoroscopy as the investigations of choice to 
exclude structural abnormalities of the small intestine that may be 
amenable to specific medical or surgical treatments. Endoscopy 
with small intestinal biopsy or aspiration is useful if celiac disease, 
SIBO, or intestinal infection is considered likely. Analysis of stool 
may be necessary to exclude infectious, malabsorptive or secre- 
tory causes of small intestinal diarrhea. 

Small intestinal manometry, if available, can help distin- 
guish neuropathic from myopathic forms of disordered motil- 
ity, although in many settings, the abnormalities associated with 
these 2 forms overlap (see Table 99.1). Manometry can also show 
features typical of mechanical intestinal obstruction, although the 
radiologic techniques discussed earlier are generally better tools 
for making this diagnosis. Another indication for clinical manom- 
etry is to evaluate small intestinal motility prior to consideration 
of colectomy for intractable constipation, and to assist in deter- 
mining which organs to transplant in cases of severe intestinal 
dysmotility that are refractory to all other therapies.*! It should 
be appreciated that inter-observer agreement on differentiating 
normal from abnormal small intestinal motor patterns is only fair 
(about 60%), and there is no “gold standard” against which to 
evaluate the abnormalities observed on manometry.!°° Neverthe- 
less, normal small intestinal motility has been defined by consen- 
sus as the presence of at least 1 IDMC within 24 hours of fasting, 
conversion of a fasting motility pattern to a fed pattern after 
ingestion of a 400 kcal meal with at least 2 hours before return of 
phase III activity, and pressure waves of amplitude greater than 
40 mm Hg in the antrum and greater than 20 mm Hg in the duo- 
denum during phase IMI. 

In selected, severe cases, full-thickness biopsy of the small 
intestine may be necessary, in part to identify inflammatory 
changes in the ganglia or smooth muscle that may represent an 
indication for immunosuppressive treatment. Such biopsies must 
include both the muscularis propria and the myenteric plexus, 
and should be performed only in centers with expertise in immu- 
nohistochemistry of intestinal neurons, because standard histo- 
logic approaches often yield little useful information.!°” 

Unfortunately, there are few therapies, beyond supportive 
measures, that can be offered to patients with disordered small 
intestinal motility. The effects of many prokinetic drugs on the 
small intestine specifically have not been well documented, in 
contrast to effects on gastric emptying or colonic function.!°° 
The motilin agonists (erythromycin, azithromycin, camicinal) 
can induce phase III activity in the small intestine, although in the 
postprandial state erythromycin is prone to inhibit small intes- 
tinal motility,’ and this drug class is subject to tachyphylaxis. 
5HT4 agonists (e.g., cisapride, prucalopride) also simulate small 
intestinal motility, although cisapride is no longer widely avail- 
able because of risk of fatal ventricular arrhythmias. Octreotide, 
a somatostatin analog, can induce phase III activity when given 
subcutaneously at a dose of 50 or 100 pg in the evening, and may 
be helpful in chronic intestinal pseudo-obstruction or PSS. The 
dopamine D2 receptor antagonists, metoclopramide and dom- 
peridone, are less helpful for stimulating small intestinal motility 
when compared with their effects on gastric emptying, although 
they may have a role as anti-emetics.!° 

Nutritional status is of prime importance, and where patients 
can manage this independently, no further specific treatment may 
be needed. Symptomatic treatment approaches include modifi- 
cations in diet (small frequent meals, lower fat intake), exer- 
cise (which has been shown to improve bloating symptoms and 
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expulsion of intestinal gas), antiemetic agents, antispasmodics, 
and drugs to modulate sensory function. The presence of SIBO 
should be specifically considered, and appropriate treatment pro- 
vided. 

Thus far, there are no clinically available agents that specifi- 
cally modify visceral hypersensitivity, and simple analgesics, opi- 
ates, and antidepressants are all used. Apart from the tricyclic 
antidepressants and selective serotonin reuptake inhibitors, there 
is little proof that these offer significant benefit, and opiates can 
even worsen symptoms, leading to the narcotic bowel syndrome. 
Treatment of psychological comorbidities also is important 
because anxiety and depression can heighten the perception of, 
and distress caused by, intestinal symptoms. 


Small intestinal motor and sensory function serve to move 
chyme through the intestine in a manner that optimizes nutrient 
absorption and clears the lumen of indigestible residue and bacteria. 
A multitude of complementary tools has emerged in recent decades 
to assist our understanding of these processes in health and disease. 
However, both the symptoms of small intestinal dysfunction and 
the patterns of abnormality detectable in the clinical laboratory are, 
in most cases, relatively nonspecific. Referral to specialist centers 
is appropriate for patients with severe, refractory symptoms where 
the outcome of testing will influence management decisions. 


Full references for this chapter can be found on www.expertconsult.com. 
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Each day, 1200 to 1500 mL of ileal effluent enter the colon, 
200 to 400 mL of which are excreted as stool. The colon mixes 
its contents to facilitate transmural exchange of water, electro- 
lytes, and short-chain fatty acids and, in doing so, stores stool 
for extended periods. The mixing process involves rhythmic 
to-and-fro motions, together with short stepwise movements of 
contents, resulting in an overall net aboral flow rate that aver- 
ages 1 cm/hr. When dehydration threatens survival, such as with 


water deprivation or severe diarrhea, the ability of the colon to 
reabsorb fluids is of major physiologic significance; appropriate 
motility patterns are important in achieving this function. The 
colon has the capacity to increase its fluid absorption 5-fold when 
required, but this ability is greatly impaired when transit is accel- 
erated. Under normal circumstances, viscous contents are occa- 
sionally propelled aborally at a rapid rate, and if circumstances 
are appropriate, stool is evacuated under voluntary control. Thus, 
the colon is capable of showing a diverse range of motor patterns 
suited for particular physiologic functions. The generic term 
motility describes the range of motor patterns and the mecha- 
nisms that control them. 

Common sensorimotor bowel symptoms (e.g., constipation, 
diarrhea, bloating, abdominal pain, rectal urgency) can arise 
from disturbances of ileocolonic delivery, colonic propulsion, or 
stool expulsion. Clearly these symptoms and dysmotility must be 
linked, although our current understanding of such linkages is 
limited, largely because of technical difficulties involved in study- 
ing the human colon. Because of differences between species, care 
is required in extrapolating data from animal studies to humans. 
For many years, intraluminal motility recordings in humans were 
obtained mainly from the rectum and sigmoid, but it is now clear 
that the motor activity of these distal regions is not representa- 
tive of the colon as a whole. The contents of the colon become 
increasingly viscous distally, and this alteration complicates the 
relationship between propulsion and the contractile activity of 
the smooth muscle. Colonic movements are much less frequent 
and transit is considerably slower than in other regions of the GI 
tract. The highly propulsive stereotypical motor patterns asso- 
ciated with stool expulsion generally occur only once or twice 
daily. Hence, study of the motor patterns in the human cannot 
be achieved using contrast radiology. Prolonged recording tech- 
niques must be used to capture such infrequent motor patterns. 


METHODS TO RECORD COLONIC MOTILITY 


Simultaneous recording of colonic intraluminal pressure across 
multiple sites can only be achieved by manometry. Recent 
advances in high-resolution manometry have made it possible 
to record detailed pressure profiles throughout most of the 
colon. Measurement of colonic wall tone using a barostat pro- 
vides information on nonocclusive colonic wall movements, but 
imparts no information about the spatiotemporal patterning of 
motility. Smooth muscle electromyography provides insight into 
the patterning of muscle activity but generally requires access to 
the muscular wall of the colon, which is problematic in humans 
for ethical reasons. Scintigraphy recorded over prolonged peri- 
ods, with suitably high frame rates, can resolve discrete move- 
ments of the contents within the colon, but it is time-consuming 
and suboptimal for measuring actual wall motion. Within the 
last few years, MRI has been used to detail wall motion and 
flow of content in discrete sections of the colon over short peri- 
ods of time (approximately 20 seconds). The recent success of 
videocapsule imaging of the GI tract, along with the desire to 
avoid radiologic studies, has driven a move to ingestible tele- 
metric (wireless) devices to assess GI motility and transit; 2 such 
devices are the Wireless Motility Capsule (SmartPill, Given 
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Imaging, Yokneam, Israel) and the 3D-Transit system (Motilis 
Medica, SA, Lausanne, Switzerland). The former can provide 
total colonic transit times, while the latter can be tracked in 
real time and thus provide detailed movements of the capsule 
within specific regions of the colon. In-vitro study of the cel- 
lular basis of motility using isolated specimens of colon faces 
fewer technical and ethical limitations, but data obtained at the 
cellular level, often under rather nonphysiologic conditions, 
can be difficult to extrapolate to the more complex integrated 
responses of the entire organ in vivo. Although we recognize 
the intrinsic limitations of all these measurement techniques, 
in combination they have allowed us to piece together a num- 
ber of concepts that have provided important insights into the 
inter-relationships of muscle activity, wall motion, intraluminal 
pressure, and flow. 


ANATOMY AND BASIC CONTROL MECHANISMS OF 
THE COLON AND ANORECTUM 


Macroscopic Structure of the Colon 


The human colon is just over 1 meter long and divided ana- 
tomically into the cecum; the ascending, transverse, descend- 
ing, and sigmoid colon; and the rectum, which lies between 
the rectosigmoid junction and the anal canal. The outer lon- 
gitudinal smooth muscle layer forms 3 thick, cord-like struc- 
tures called the teniae coli, which are spaced evenly around the 
circumference of the colon. Between teniae, the longitudinal 
smooth muscle is much thinner, allowing the wall to bulge 
noticeably. 

Irregularly spaced circumferential constrictions pinch the 
colon into a series of pockets called Aaustra that give the colon 
a sacculated appearance for much of its length. Some haustra are 
relatively fixed structures and can be readily seen during colo- 
noscopy. Localized contractions of the circular muscle result in 
functional haustrations that move, disappear, and re-form during 
the mixing and propulsion of colonic contents. Myogenic activity 
alone, however, does not seem sufficient to explain haustration, 
and neural input likely contributes to their formation, especially 
during active propulsion of content. 

The 3 teniae represent narrow bands of longitudinal muscle 
which fuse at the rectosigmoid junction to form a continuous 
outer longitudinal smooth muscle layer, which then continues 
down to the distal margin of the anal canal, insinuating itself 
between the internal and external anal sphincters. Through- 
out the length of the colon, the circular smooth muscle layer 
consists of thick bundles of cells separated by connective tissue 
septa. The internal anal sphincter consists of a thickening of the 
circular muscle layer over the last 2 to 4 cm of the anal canal. 

Gross anatomy of the colon and anorectum are discussed in 
Chapters 98 and 129, respectively. 


Structure and Activity of Colonic Smooth Muscle 
Structure 


Smooth muscle cells in the human colon, as in other muscu- 
lar organs, are spindle-shaped, nucleolated cells with tapered 
ends. The surface area of the smooth muscle cell membrane is 
increased greatly by numerous caveolae, or small pits. Individual 
smooth muscle cells are connected mechanically to neighbor- 
ing cells by intermediate junctions and electrically by gap junc- 
tions that allow ions and small molecules—those with molecular 
weights up to about 1000 kilodaltons (kd)—to diffuse between 
the cells, thereby ensuring that the cells are functionally coupled 
to one another. Smooth muscle cells therefore do not contract 
as individual cells but together in a large coordinated assembly 
called a syncytium. 


Spontaneous Activity 


Like smooth muscle throughout the GI tract, colonic smooth 
muscle shows spontaneous oscillatory mechanical and electric 
activity even when all neural activity is blocked. Three types 
of rhythmic myogenic activity have been identified in isolated 
preparations of human colon. These include rhythmic motor 
patterns at 3 to 6 cycles per minute (cpm), 10 to 12 cpm, and 
a slower pattern at 0.3 to 0.6 cpm.!? The corresponding myo- 
electric activity of the 3 to 6 cpm activity is the slow waves gen- 
erated by a major pacemaker region located at the submucosal 
border of the circular muscle. This region produces larger-ampli- 
tude, slower myogenic oscillations in membrane potential (slow 
waves), which spread decrementally through the thickness of the 
circular smooth muscle by means of gap junctions. When slow 
waves reach a threshold for contractions, phasic pressure waves 
are often recorded by manometry. Slow waves occur throughout 
the human colon at a frequency of 2 to 4/min and propagate over 
short distances up or down the colon. Complex interactions occur 
as waves coming from different initiation sites collide, leading to 
mixing of contents with slow overall propulsion. 

The corresponding myoelectric activity of the 10 to 12 cpm 
small rhythmic contractions are the myenteric potential oscilla- 
tions (MPOs).? MPOs are small-amplitude rapid oscillations with 
a frequency of 10 to 20/min that originate in the plane of the 
myenteric plexus. These small oscillations spread via gap junc- 
tions into both the longitudinal and circular smooth muscle lay- 
ers, where they summate with slow waves and often reach the 
threshold potential to generate smooth muscle action potentials. 
The currents produced by pacemaker cells at the submucosal and 
myenteric borders decay as they spread through the thickness 
of the circular muscle layer. Cells in the middle of the circular 
smooth muscle layer therefore display complex spontaneous elec- 
trical activity consisting of a mixture of MPOs and slow waves, 
with superimposed smooth muscle action potentials. The myo- 
electric activity that corresponds to the slow myogenic contrac- 
tions (0.3 to 0.6 cpm) has not yet been positively identified, but it 
is likely to involve the interstitial cells of Cajal ICC) network near 
the myenteric border ICCmy).! 

These myogenic patterns do not function in isolation. Enteric 
neural activity generates motor output that is superimposed on the 
myogenic activity, adding considerably more variety to colonic 
motor patterns. Enteric neuronal output can simply augment the 
phasic myogenic contractions, bringing them to threshold level 
to drive simple rhythmic activity, or, alternatively, enteric neural 
circuits can generate powerful patterned contractions of much 
longer duration than those produced by slow waves. These con- 
tractions can propagate for long distances along the colon and 
include patterns such as high amplitude propagating contractions (see 
later, “Propagating Motor Patterns”), the manometric equiva- 
lent of the mass movements described in radiologic observations.* 
These are understood to primarily be the result of activation of 
polarized enteric neural pathways, and thus represent a form of 
“neurogenic peristalsis.” 

The functions of the colon circular smooth muscle are quite 
well understood; in contrast, the role the longitudinal muscle 
layer plays in colonic motility, mixing, and propulsion is a matter 
of some controversy. The longitudinal muscle probably acts in 
synergy with the circular muscle, preventing excessive lengthen- 
ing when the circular muscle contracts. It may also contribute to 
propulsion by pulling the colon over its contents so that circular 
muscle contractions gain more purchase. 


Interstitial Cells of Cajal 


Since 1991, ICC have been shown to play at least 2 important 
roles in the control of GI motility: control of myogenic activity 
and mediating or amplifying the effects of motor neurons on the 
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smooth muscle apparatus. ICC are non-neuronal in origin and 
are derived from common progenitors of smooth muscle cells. 
Mutant mice and rats deficient in ICC have profoundly disturbed 
intestinal motility, an observation that provides insight into the 
roles of ICC in the human GI tract. 

In the human colon, 3 types of ICC are recognized, usually 
by their immunoreactivity for c-Kit (CD117). They are named 
according to their locations: ICC in the plane of the myenteric 
plexus ICCyy), ICC near the submucosal plexus ICCgyy), and 
intramuscular ICC located between the circular and the longi- 
tudinal muscle layers CCm). ICCmy and ICCsyy form exten- 
sive networks along the colon and are electrically coupled to one 
another and to the smooth muscle layers by gap junctions (Figs. 
100.1 and 100.2). ICCyy are probably the pacemakers for the 
small, rapid (12 to 20/min) MPOs of longitudinal and circular 
smooth muscle layers. ICCsm are the pacemakers for the large- 
amplitude slow waves (2 to 4/min) that originate in the plane of 


Mucosa 


Fig. 100.1 Schematic cross-section of the human colon. The outer 
longitudinal smooth muscle layer (LM) is thickened at the teniae. In the 
plane of the myenteric plexus is a network of interstitial cells of Cajal 
(ICC), which generate a rapid myenteric potential oscillation (ICC my [see 
lower waveform on right]). The circular muscle layer (CM) is innervated 
by axons of enteric motor neurons with transmitter release sites (clus- 
ters of clear vesicles) that are associated with specialized intramus- 
cular ICC (ICC m). At the inner border of the circular muscle is another 
network of submucosal ICC that generate slow waves (/CC gy [see 
upper waveform on right]). Also present are axons of motor neurons in 
the longitudinal muscles and ICQjy. Tiny green squares represent gap 
junctions, which electrically couple cells. 


Fig. 100.2 Micrographs of 
interstitial cells of Cajal (ICC) in 
the human colon, labeled by c-Kit 
immunohistochemistry. A, ICC in 
the plane of the myenteric plexus 
(ICC\yy) have an irregular shape, 
form a dense network of cells, and 
probably function as pacemakers. 
B, A different plane of focus of 
the same region shows spindle- 
shaped intramuscular ICC (ICC jy) 
in the overlying circular muscle 
layer. These cells probably are in- 
volved in neuromuscular transmis- 
sion to smooth muscle. (Courtesy 
Liz Murphy and David Wattchow, 
Adelaide, South Australia.) 
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the submucosal plexus; these slow waves have a powerful influ- 
ence on the patterning of circular muscle contraction. 

Although the exact ionic basis of rhythmicity in ICCyyy and ICCgy4 
that gives rise to MPOs and slow waves is not entirely clear, oscilla- 
tions in membrane potential are an intrinsic property of both ICCmy 
and ICCgyy. ICC are a major target of neurotransmitters released 
from the axons of excitatory and inhibitory enteric motor neurons. 
Acetylcholine and nitric oxide (ACh and NO), and probably several 
other motor neuron transmitters, evoke changes in the membrane 
potential of ICC, which then spread through the smooth muscle 
by means of gap junctions. ICCy,y may also be involved in amplifying 
the slow waves as they spread through the muscle layers. Thus, these 
cells appear to be key players in integrating non-neuronal pacemaker 
activity and neuronal inputs to smooth muscle. 

Recently, another cell type that likely contributes to colonic 
motility control has been identified in the human colon. These 
“fibroblast-like cells” are characterized by immunoreactivity for 
platelet-derived growth factor receptor alpha but not for the pro- 
totypical marker of ICCs, c-Kit. They form plexuses within the 
longitudinal and smooth muscle layers and are closely intertwined 
with networks of ICC. Like ICC, they are also closely apposed 
to axons of enteric motor neurons within the muscle layers.’ In 
animal models, these fibroblast-like cells are involved in inhibitory 
neurotransmission to the smooth muscle and appear to mediate 
the purinergic component due to ATP. The close association of 
smooth muscle, ICCs, and fibroblast cells has led to the suggestion 
that these should be considered to form a SIP (smooth muscle/ 
ICC/platelet-derived growth factor receptor alpha) syncytium.° 

The discovery that cellular mechanisms long considered to 
be the properties of smooth muscle cells are actually mediated 
by ICC may have important clinical implications. In the distal 
bowel, reduced numbers of ICC or reduction in the total vol- 
ume of ICC have been associated with anorectal malformations, 
colonic manifestations of Chagas disease, normal aging, and pos- 
sibly some cases of slow-transit constipation.’ Some reports have 
suggested that the density of ICC may be reduced in the agan- 
glionic segments of colon in Hirschsprung disease and that this 
deficit might contribute to diminished propulsive activity; this 
finding, however, has not been consistent between studies.’ 

Smooth muscle in the colon does not just contain 3 types of 
cells. In addition to smooth muscle cells, ICCs, and fibroblast- 
like cells, there are also axons of neurons and supporting glial 
cells, an extensive vasculature, true fibroblasts, and a range of 
immune cells including a substantial population of resident mac- 
rophages. These macrophages play a role in the paralytic ileus 
that often follows surgery on the bowel, through the release of 
chemoattractants and prostaglandins which activate extrinsic sen- 
sory nerve endings (see Chapter 124).° 
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lon Channels in Colonic Smooth Muscle 


‘The membrane of colonic smooth muscle cells contains a vari- 
ety of ion channels, including multiple potassium, calcium, 
chloride, and nonselective cation channels.’ Although the exact 
physiologic roles of many of these ion channels are unknown, 
the high-threshold voltage-operated calcium channels (L-type 
calcium channels) play a crucial role in colonic muscle contrac- 
tility. These channels open when the membrane potential of 
smooth muscle cells is depolarized beyond a voltage threshold, 
and they are responsible for the rapid upstroke of smooth muscle 
action potentials. The influx of calcium through L-type calcium 
channels during action potentials is a major trigger for activa- 
tion of the contractile apparatus. It is therefore not surprising 
that pharmacologic blockade of L-type calcium channels by dihy- 
dropyridine drugs like nifedipine can substantially reduce the 
contractility of colonic smooth muscle. Release of calcium from 
intracellular stores, which is triggered by excitatory neurotrans- 
mitters, may also play a role in muscle contraction. 


INNERVATION OF THE COLON 
Enteric Nervous System (ENS) 


Direct neuronal control of colonic motility is mediated mostly by 
the ENS.!° Although the ENS is capable of autonomously driv- 
ing a diverse repertoire of motor patterns, its functions are often 
modulated by sympathetic, parasympathetic, and extrinsic affer- 
ent pathways (Fig. 100.3). In terms of numbers of nerve cells, the 
ENS is by far the largest component of the autonomic nervous 
system, with considerably more neurons than those of the para- 
sympathetic and sympathetic divisions combined. The nerve cell 
bodies of the ENS are located in plexuses of myenteric ganglia 
(Auerbach plexus) that lie between the longitudinal and the circu- 
lar muscle layers of the muscularis externa, or in the submucosal 
ganglia that lie between the muscle and mucosa (Fig. 100.4). 

The submucosal plexus comprises at least 2 networks: Meiss- 
ner plexus, which lies closer to the mucosa, and Schabadasch plexus, 
which lies adjacent to the circular muscle; some authors have iden- 
tified an additional intermediate plexus. Internodal strands that 
contain hundreds of axons run within and between the different 
plexuses. Finer nerve trunks innervate the various target tissues of 
the intestinal wall, including the longitudinal muscle layer, circular 
muscle, muscularis mucosae, mucosal crypts, and mucosal epithe- 
lium. Within the ganglia of each plexus, different functional classes 
of enteric nerve cell bodies are intermingled, and differences in the 
proportions of cell types between the plexuses have been observed. 
It has become clear that an exquisite degree of organization is 
characteristic of the ENS, each class of nerve cell making highly 
specific and precise projections to its particular target. 

The ENS uses many transmitters in addition to the major 
transmitters (ACh and NO), including tachykinins, purines, 
numerous other modulatory peptides, and some amines. Many 
other substances released from neural and non-neural cells also 
modulate neuronal and muscular excitability, including gaseous 
mediators (NO, carbon monoxide, and hydrogen sulfide) and, 
in inflammation, prostanoids, cytokines, purines, bradykinin, H* 
ions, and neurotrophins. 


Primary Afferent Neurons 


Much of the motor and secretory activity of the intestine can 
be conceptualized as a series of reflexes evoked by mechanical 
or chemical stimuli. These reflexes involve activation of enteric 
primary afferent neurons (PANS), integration by interneurons, 
and execution of appropriate responses by motor neurons. The 
first neurons in these reflex circuits are PANs (sometimes called 
“sensory” neurons, although they do not give rise to conscious 
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Fig. 100.3 Extrinsic innervation of human colon. Parasympathetic effer- 
ent pathways (filled cell bodies) arise from the dorsal motor nucleus (of 
the vagus nerve) in the brainstem and pass through the vagus nerve and 
prevertebral sympathetic ganglia, through the lumbar colonic nerves to 
the proximal colon. Parasympathetic pathways also extend from nuclei 
in the sacral spinal cord and run through the pelvic nerves to either syn- 
apse in the pelvic plexus ganglia or run directly into the bowel wall. Sym- 
pathetic pathways (open cell bodies) consist of preganglionic neurons in 
the thoracic spinal cord that synapse with sympathetic postganglionic 
neurons either in the inferior mesenteric plexus or pelvic plexus. Enteric 
nerve cell bodies in the colon receive input from both parasympathetic 
and sympathetic pathways. Viscerofugal enteric neurons project out of 
the bowel to the prevertebral ganglia. Afferent pathways consist of vagal 
afferent neurons from the proximal colon with cell bodies in the nodose 
ganglia. In addition, spinal afferent neurons with cell bodies in lumbar 
dorsal root ganglia (DRG) run through the lesser splanchnic and colonic 
nerves to the colon and mediate nociception. Another population of spi- 
nal afferents with cell bodies in the sacral DRG runs through the pelvic 
nerves and pelvic ganglia to the rectum; these include sensory neurons 
that transmit non-nociceptive information about rectal distention. The 
striated muscles of the pelvic floor (including the external anal sphincter) 
are supplied by motor neurons with cell bodies in the spinal cord and 
axons that run in the pudendal nerves. Triangles represent transmitter 
release sites; combs represent sensory transduction sites. 


sensation). These neurons are located in both myenteric and sub- 
mucosal plexuses and characteristically have several long axonal 
processes. Some PANS fire action potentials in response to stretch 
or tension in the bowel wall; others are activated by chemical or 
mechanical stimuli of the mucosa. These mucosal stimuli prob- 
ably work at least in part by activating specialized enteroendo- 
crine cells (e.g., serotonin-containing enterochromaffin cells) in 
the mucosal epithelium. The PANs then release synaptic trans- 
mitters, such as ACh or tachykinins or other peptides, to excite 
other classes of enteric neurons in nearby ganglia. Enteric PANs 
also make excitatory synaptic contacts onto other neurons of their 
own class, so that they fire as coordinated assemblies. 
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components of the intestinal wall. The lumen 
is at the top and the longitudinal muscle layer 
is at the bottom. Auerbach myenteric plexus 
and the submucosal plexuses (Meissner and 
Schabadasch plexuses) are shown, along 
with some of their major classes of enteric 
neurons. The networks of interstitial cells are 
shown in Fig. 100.1. 


Motor Neurons 


Enteric motor neurons typically have smaller cell bodies than 
afferent neurons, with a few short dendrites and a single long axon. 
Separate populations of motor neurons innervate the circular and 
longitudinal muscle layers. Excitatory motor neurons synthesize 
ACh, which they release from their varicose axons in the smooth 
muscle layers; some also release the tachykinin peptides substance 
P and neurokinin A, which also excite smooth muscle. Typically, 
axons of excitatory motor neurons project either directly to the 
smooth muscle close to their cell bodies or orad for up to 10 mm.!! 
Once in the smooth muscle layers, the axons turn and run parallel 
to the smooth muscle fibers for several millimeters; they branch 
extensively and form many small varicosities, or transmitter release 
sites, closely associated with ICC; and fibroblast-like cells. 

Inhibitory motor neurons are typically slightly larger than excit- 
atory motor neurons and also have short dendrites and a single 
axon, but unlike excitatory motor neurons, they project aborally 
to the smooth muscle layer for distances of 1 to 15 mm in the 
human colon.!! Once the axon reaches the smooth muscle, it 
branches extensively to form multiple varicose release sites. 
Inhibitory motor neurons release a cocktail of transmitters that 
inhibit smooth muscle cells, including NO, ATP (or a related 
compound like NADH), and peptides like vasoactive intestinal 
polypeptide and pituitary adenyl cyclase-activating peptide. The 
varicose transmitter release sites of inhibitory motor neurons are 
also associated with ICCjy, as are the release sites of excitatory 
motor neurons. Interstitial cells probably mediate a large compo- 
nent of the electrical effects on smooth muscle of neurotransmit- 
ters released by enteric motor neurons. Inhibitory motor neurons 
are usually tonically active, modulating the ongoing contractile 
activity of the colonic circular smooth muscle. Inhibitory motor 
neurons are particularly important in relaxing sphincteric muscles 
in the ileocecal junction and the internal anal sphincter. Typical 
polarity of excitatory and inhibitory motor neurons to human 
colonic smooth muscle is illustrated in Fig. 100.5. 


Interneurons 


When a region of colon is stimulated, such as by a bolus that dis- 
tends it, enteric PANS are activated. These neurons then activate 
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excitatory and inhibitory motor neurons that, because of their 
polarized projections, cause contraction of the muscle orad to the 
bolus and relaxation aborally. These effects tend to propel the 
contents aborally. From the new position of the bolus, another 
set of polarized reflexes is triggered, and peristaltic propulsion 
results. The ascending excitatory reflex and the descending inhibi- 
tory reflex are sometimes called the “law of the intestine.” These 
reflexes spread farther than is predicted by the projections of the 
excitatory and inhibitory motor neurons, because interneurons 
are also involved in these neuronal pathways. Ascending cholin- 
ergic interneurons in the human colon have axons that project 
up to 40 mm orad and extend the spread of ascending excitatory 
reflex pathways. In addition, several classes of descending inter- 
neurons are present in the human colon, with axons that proj- 
ect 70 mm or further aborally. Some of these interneurons are 
involved in spreading descending inhibition along the colon, but 
others are likely to be involved in the propagation of migratory 
contractions. It is also likely that some interneurons are them- 
selves stretch sensitive, thereby functioning as PANs. In addi- 
tion to the sensory neurons, interneurons, and motor neurons, 
viscerofugal nerve cells project to the sympathetic prevertebral 
ganglia, vasomotor neurons innervate blood vessels, and secreto- 
motor neurons stimulate secretion from the colonic epithelium. 


Sympathetic Innervation 


The major sympathetic innervation of the proximal colon arises 
from the inferior mesenteric ganglion and projects through the lum- 
bar colonic nerves to the ascending and transverse colon (see Fig. 
100.3). A smaller number of sympathetic neurons in the celiac and 
superior mesenteric ganglia, in the paravertebral chain ganglia, and 
in the pelvic plexus ganglia (inferior hypogastric ganglia) also proj- 
ect to the colon (see Fig. 100.3). These neurons receive a powerful 
cholinergic drive from preganglionic nerve cell bodies in the inter- 
mediolateral column of the thoracolumbar spinal cord (principally 
segments L2-L5). This is a major pathway by which the CNS modi- 
fies bowel activity, such as during exercise. Sympathetic efferent 
neurons also receive input from the enteric viscerofugal neurons and 
from extrinsic spinal sensory neurons with cell bodies in the dorsal 
root ganglia, forming several reflex loops with the distal bowel. 
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Fig. 100.5 Polarized projections of enteric motor neurons in human colon. Retrograde tracing with Dil shows 
the polarized projections of motor neurons to human colon longitudinal muscle (A and D). Cell body in A 
(arrow) was 1.3 mm aboral to the muscle that it innervated and immunoreactive for choline acetyltransferase 
(ChAT) (B) but not nitric oxide synthase (NOS) (C) and was, therefore, an excitatory motor neuron. It had an 
ascending projection 1.3 mm long. Cell body in D (arrowhead) was immunoreactive for NOS (F) but not ChAT 
(E) and was, therefore, an inhibitory motor neuron with a typical descending projection to the muscle (1.2 mm 
long). These polarized projections are typical of inhibitory and excitatory motor neurons to both longitudinal 


and circular muscle layers. 


Sympathetic nerve fibers from prevertebral ganglia cause 
vasoconstriction of the mucosal and submucosal blood vessels. 
Other sympathetic neurons project to the enteric ganglia, where 
they cause generalized presynaptic inhibition in the ENS and 
thus depress reflex motor activity. Another target for sympathetic 
axons is the circuitry of the submucosal plexus (largely Meissner 
plexus) involved in controlling epithelial secretion. Hence, these 
pathways inhibit colonic motor activity, reduce blood flow, and 
inhibit secretion to limit water loss from the body during times 
of sympathetic activation. In addition, some sympathetic axons 
innervate the smooth muscle directly, particularly the ileocecal 
junction and internal anal sphincter, where they cause contrac- 
tion; these effects are also consistent with reducing enteric motor 
activity during sympathetic arousal. 


Parasympathetic Innervation 


The colon receives parasympathetic innervation from both the 
vagus nerve and pathways in the sacral spinal cord. Branches of 
the vagus nerve reach the prevertebral ganglia (superior hypo- 
gastric plexus) and then run with sympathetic axons to the cecum 
and the ascending and transverse colon. The distal colon is 
largely supplied by sacral parasympathetic axons via the pelvic 
nerves (pelvic splanchnic nerves). Some of these cholinergic spi- 
nal efferent neurons synapse first onto nerve cell bodies in the 
pelvic plexus (inferior hypogastric plexus), and others project 
directly to the colon. While the hypogastric plexus is the major 
source of functional parasympathetic (cholinergic) supply to the 
distal bowel, recent studies have shown that developmentally it 


resembles a sympathetic ganglion.'’ From their point of entry 
into the colon, many of the axons run in an orad direction and 
form thick trunks called shunt fascicles. Parasympathetic axons 
project to the enteric ganglia in the colon, where they make excit- 
atory cholinergic synapses onto enteric nerve cell bodies. Sacral 
parasympathetic pathways play an important role in increasing 
the propulsive activity of the distal colon before defecation. They 
are probably also involved in triggering the sequences of propa- 
gating complexes that start in the transverse and ascending colon 
up to an hour before defecation. 


Extrinsic Afferent Pathways 


Sensation from the colon is mediated by PANs with cell bod- 
ies outside the bowel wall. Vagal afferent neurons with nerve 
cell bodies located in the nodose ganglia project to the proximal 
colon and run with the vagal efferent parasympathetic pathways. 
Currently, their exact role in reflex control and sensation in the 
colon is not clear, but they are unlikely to be involved in the 
transmission of pain. 

The entire colon also is innervated by spinal PANs with nerve 
cell bodies in the lumbar dorsal root ganglia. Lumbar spinal affer- 
ents project along the lumbar splanchnic nerves, through the pre- 
vertebral inferior mesenteric ganglion, and through the lumbar 
colonic nerves to the colon, where they terminate in sensory end- 
ings in the mesentery, muscular layers, and mucosa throughout 
the entire colon and rectum. In addition, a population of spinal 
afferents with cell bodies in the sacral dorsal root ganglia proj- 
ects along the pelvic nerves to the colon and traverses the pelvic 
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plexus en route. Evidence indicates that many sacral/pelvic spinal 
afferent neurons comprise a functionally distinct population from 
the lumbar spinal afferents. Sacral afferents include many mecha- 
noreceptors with low thresholds and wide dynamic ranges; these 
mechanoreceptors are probably responsible for graded sensations 
of rectal filling and activation of defecatory reflexes. 1? 

Lumbar spinal afferents, in contrast to sacral spinal afferents, 
mostly have much higher thresholds. These sensory neurons and 
some higher-threshold sacral afferents are responsible for gener- 
ating pain sensations from all regions of the colon and rectum. 
They respond to gross distention of the bowel wall, traction on 
the mesenteric membranes, powerful colonic contractions, or 
chemical stimulation of the mucosa by bile acids, high osmolar- 
ity, and other stimuli. It is well established that the sensitivity 
of many spinal afferents is greatly increased by inflammation in 
the colon wall. In addition to their role in sensation, spinal affer- 
ents also have axon branches (collaterals) in enteric ganglia and 
prevertebral sympathetic ganglia and on mucosal blood vessels, 
where they play a role in generating peripheral reflex responses 
to noxious stimuli. 

In summary, sacral afferent and efferent (parasympathetic) 
pathways run in parallel and connect the distal bowel with neu- 
ral circuitry in the sacral spinal cord via pelvic and rectal nerves. 
The important role of these pathways in both rectal sensation 
and generating the enhanced motility required for defecation 
is clearly demonstrated by the effects of nerve lesions at several 
levels. Thus, severing of peripheral nerves and distal spinal cord 
injury can lead to loss of rectal sensation and to severely impaired 
defecatory ability. 


ANORECTAL ANATOMY AND INNERVATION 


Although the rectum is in direct continuity with the colon, the 
longitudinal muscle layer within this region is not organized 
into teniae; rather, it forms a continuous outer layer, uniformly 
encircling the rectum and insinuating between the internal and 
external anal sphincters to the distal end of the anal canal. The 
narrowed distal rectum, or anorectal junction, is formed by the 
longitudinal muscle coat of the rectum, which is joined by the 
sling fibers of the puborectalis muscle, attachments of the levator 
ani muscles, and proximal margins of the internal and external 
anal sphincters. 

The puborectalis and levator ani muscles have important roles 
in maintaining continence and in defecation. These striated mus- 
cles form part of the pelvic floor and are in a state of constant tone 
that serves to pull the rectum anteriorly and elevate it, thereby 
reducing the anorectal angle; this mechanical effect tends to pre- 
vent entry of stool into the upper anal canal. 

The internal anal sphincter is a thickened band of smooth 
muscle with relatively high spontaneous tone that is in continuity 
with the circular smooth muscle of the rectum. By contrast, the 
external anal sphincter is a striated muscle and is located distal to 
but partly overlying the internal sphincter. The external sphinc- 
ter also has a high resting tone, but unlike that of its internal 
counterpart, its tone can be influenced by voluntary efforts to 
help maintain continence. 

As expected, the sources of innervation of the internal and 
external anal sphincters are different. The internal sphincter 
directly receives a powerful inhibitory innervation from intrinsic 
enteric inhibitory motor neurons and also extrinsic input from 
lumbar sympathetic and sacral parasympathetic nerves that proj- 
ect via the pelvic plexus ganglia. The external anal sphincter and 
other pelvic floor muscles are innervated through the pudendal 
nerve (S3-S4) by motor neurons with cell bodies in the spinal 
cord. The external sphincter and surrounding connective tissue 
also receive sensory innervation via the pudendal nerves. In con- 
trast, the rectum and proximal anal canal are richly supplied with 
sensory receptors of pelvic nerve origin that respond to rectal 
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stretch and the composition of the intraluminal contents. These 
receptors are important for detecting rectal filling, triggering 
sensations of urgency, facilitating rectal accommodation, and dif- 
ferentiating the composition (stool or gas) of rectal content (see 
Chapter 129). 


RELATIONSHIPS BETWEEN CELLULAR EVENTS, 
PRESSURE, AND FLOW 


Layers of the intestinal wall that include the smooth muscle, 
mucosa, and connective tissue can collectively be regarded as a 
viscoelastic body. The mechanical properties of this body com- 
prise a “contractile element” that generates tone or contraction, a 
“series elastic element,” and a “parallel element” that corresponds 
to connective tissue.'t Under the combined influence of enteric 
neuronal and myogenic mechanisms, smooth muscle can gener- 
ate both active contractions and active relaxations. Contractions 
result from the entry of Ca? ions via voltage-dependent channels 
(L-type Ca** channels), often in the form of smooth muscle action 
potentials. These propagate modestly across the gap junctions 
between muscle cells and lead to relatively localized nonpropa- 
gating areas of contraction. 

The mechanical state of intestinal muscle is described by the 
plot of changes in stress (the force applied to the muscle) against 
strain (the response of the muscle to the applied force); the slope 
is referred to as compliance. When muscle is activated by either 
excitatory enteric neuronal input or depolarizing myogenic 
mechanisms, it tends to generate tension, shorten, or both. This 
means that the stress/strain relationship becomes steeper, and 
compliance is decreased. How much it can shorten is determined 
by the resistance of the contents. However, passive viscoelastic 
properties of the intestine make this analysis complex.!° 

Changes in compliance reflect the extent to which the bowel 
wall can stretch to accommodate contents. A muscle that is very 
distensible, because of powerful inhibitory motor neuron activity, 
is said to have a high compliance. During muscular excitation, the 
resistance of the bowel wall to stretch increases and is said to have 
a low compliance for the time it is activated. If bowel contents are 
fluid and there is no downstream resistance to impede flow, acti- 
vated smooth muscle will rapidly shorten. The contents will then 
be propelled, with a minimal increase in intraluminal pressure. By 
contrast, if resistance to forward flow of contents is high (e.g., by 
a lumen-occluding contraction distally), activated smooth muscle 
will not shorten and propulsion will not occur, but wall tension 
will increase, causing a rise in intraluminal pressure. From this 
brief consideration, it should be clear that deducing the relation- 
ships of intraluminal pressure, propulsion of content, and exci- 
tation of smooth muscle from any of the recording techniques 
listed earlier (see “Methods to Record Colonic Motility”) is more 
complex than is sometimes appreciated. 


COLONIC AND ANORECTAL MOTOR PATTERNS 
Nonpropagating Motor Patterns 


Most published literature detailing colonic motor patterns 
describes an abundance of nonpropagating random phasic pres- 
sure waves. This activity is presumed to serve segmenting or mix- 
ing functions. The predominant frequency of nonpropagating 
colonic contractions in-vivo is generally 2 to 4 cycles per minute 
(cpm), similar to the frequency of the spontaneous myogenic slow 
waves generated by ICCsy at the submucosal border of the cir- 
cular muscle.!° With the recent development of high-resolution 
fiberoptic colonic manometry, it has become apparent that a 
proportion of the “nonpropagating activity” actually consists of 
relatively low-amplitude contractions that propagate over short 
distances (<9 cm). These propagating motor patterns were often 
misclassified in previous studies of colonic manometry, because 
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the sensors in the manometry catheters were spaced too far apart 
(7 to 12 cm) to identify the short propagations (Fig. 100.6).!° 
High-resolution manometry has also confirmed the existence of 
isolated nonpropagating contractions, usually of relatively low 
amplitude, throughout the colon (see Fig. 100.6). 


Propagating Motor Patterns 


When enteric excitatory motor neurons are strongly activated, 
powerful lumen-occlusive contractions often result. These can 
last longer than slow waves and can propagate substantial dis- 
tances along the colon. These colonic motor patterns are readily 
identifiable and commonly referred to as high-amplitude propagat- 
ing contractions (HAPCs) (also termed high-amplitude propagating 
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Fig. 100.6 Section of a colonic 
manometry tracing recorded by a 
high-resolution fiberoptic ma- 
nometry catheter in a healthy 
control subject. A subset of the 
data is displayed in (A), in which 
data from every 10th sensor are 
shown. Panel A represents a 
traditional low-resolution manom- 
etry recording. Nonpropagating 
activity can be seen in the blue 
hatched box. In (B), the complete 
data set is shown. Note that the 
nonpropagating activity shown in 
(A) actually consists of a series of 
retrograde-propagating contrac- 
tions (red arrows) that travel a short 
distance along the colon. These 
motor patterns are not evident in 
the low-resolution recording. It is 
also apparent that even with high- 
resolution recording, there remain 
some episodes of nonpropagating 
activity (blue hatched circle). 
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Fig. 100.7 Two high-amplitude propagating sequences recorded in a healthy control subject. These motor 
patterns propagate in an anal direction and represent the manometric equivalents of colonic mass movement. 


the anus (Fig. 100.7). Low-amplitude propagating sequences are 
also recorded in the colon and can be further classified as ante- 
grade (aboral) or retrograde (orad). Based on low-resolution 
manometric recordings, it was reported that in the healthy colon, 
antegrade propagating sequences are at least 3-fold more abun- 


dant than retrograde propagating sequences.* High-resolution 


sequences, giant migrating contractions). HAPCs propagate toward sphincter.!® 


colonic manometry recordings, however, show the converse is 
actually true. Short-extent motor patterns that propagate in a 
retrograde direction are the predominant colonic activity in the 
descending and sigmoid colon (Fig. 100.8).!7 

High-resolution manometry studies have also helped to define 
“pan-colonic pressurizations.” These are simultaneous pressure 
increases recorded across all colonic manometry channels, that 
are temporally associated with relaxation of the internal anal 
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Fig. 100.8 Section of a colonic manometry tracing recorded by a high-resolution fiberoptic manometry cath- 
eter in a healthy control subject. Data are displayed as (A) a low-resolution recording (10-cm spacing) and (B) 
high-resolution recording (1-cm spacing). In (A), a series of apparent anally propagating motor patterns can be 
seen (antegrade propagating sequences [blue arrows]). However, when the complete data set is viewed, these 
propagating events can be seen to move in an oral direction (retrograde propagating sequences [red arrows)). 
A catheter with sensors spaced at 10-cm intervals does not provide sufficient resolution to record some of the 
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propagating events that exist in the colon. 


Rectal Motor Complexes 


Periodic contractile activity predominates in the sigmoid colon 
and rectum. This activity is commonly termed the rectal motor 
complex (RMC) or periodic rectal motor activity. The mean RMC 
amplitude ranges from 15 to 60 mm Hg, and has a duration of 3 
to 30 minutes.* The RMC is reported to be more prevalent dur- 
ing sleep, which suggests that extrinsic neural input (sympathetic 
or parasympathetic) may partially suppress this pattern when 
we are awake. The relationship between the RMC and flow is 
incompletely understood. RMCs can be triggered by propagat- 
ing pressure waves from the proximal colon and by the arrival 
of stool or gas from the sigmoid colon.*!? During defecation 
in both humans and animals, RMCs are inhibited, which sug- 
gests that RMCs provide a braking mechanism to keep the rec- 
tum empty. Consistent with this concept, recent high-resolution 
colonic recordings show that the RMCs can be composed of a 
series of the short-extent retrograde propagating events that 
probably retard flow (Fig. 100.9).!7 Motor patterns with similar 
characteristics of the RMCs have been recorded throughout the 
colon, which suggests that “rectal” motor complex may not be an 
accurate descriptor of this motor pattern. 


Regional Variation of Propagating Sequences 


Contractile activity in the human colon demonstrates marked 
regional variation. For example, HAPC originate almost exclusively 
in the proximal colon and propagate up to or beyond the splenic 


flexure. Short-extent retrograde propagating pressure waves (pre- 
viously mislabeled as “nonpropagating pressure waves”) make up a 
much higher proportion of activity in the distal colon. Thus, motor 
activity in the distal colon may function to retard forward flow (see 
“Relationships Between Colonic Motor Patterns and Flow”). 


REGULATION OF COLONIC FILLING AND TRANSIT 
Role of the lleocecal Junction 


In humans, the ileocecal junction regulates colonic filling and pre- 
vents colo-ileal reflux, thereby largely preventing contamination of 
the small bowel with colonic bacteria. In the fasting state, cecal fill- 
ing is slow and erratic, and chyme is retained in the distal ileum for 
prolonged periods.’° The close physical link between the terminal 
ileum and the cecum by the ileocecal ligaments behaves function- 
ally as a valve and is responsible in part for continence of the ileo- 
cecal junction. A specialized band of muscle forms a low-pressure 
tonic sphincter’! and prominent 6 cpm phasic contractions are 
likely to contribute to the resistance of the ileocecal junction. 
Phasic and tonic activity are inhibited during episodes of flow from 
the terminal ileum or distention of the ileum. Conversely, the tone 
of the ileocecal junction increases during cecal distention.”! 

Phase III of the interdigestive motor cycle (or migrating myo- 
electric/motor complex), a motor pattern that occurs every 90 
to 120 minutes in the upper intestine during fasting (see Chap- 
ter 99), does not contribute to ileocecal transit because it rarely 
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Fig. 100.9 Section of a colonic manometry tracing recorded by a high-resolution fiberoptic manometry cath- 
eter in a healthy control subject. A compressed 90-minute section of tracing is shown in (A) at low-resolution 
recording (10-cm spacing). In this section of tracing, several motor complexes can be seen (blue arrows). B, 

When a small section (hatched black rectangle) of the tracing in (A) is expanded and displayed at high resolu- 


tion, the rectal motor complex can be seen to consist of a series of retrograde propagating sequences. 


reaches the terminal ileum in humans. Ileal propagating contrac- 
tions, synchronized with inhibition of phasic contractions of the 
ileocecal junction, account for most ileocecal propulsion, which 
occurs in a pulsatile fashion. Prolonged studies that correlated 
propulsion of isotope with intraluminal pressures show that 
72% of episodes of ileo-cecal transport resulted from propagat- 
ing pressure waves in the terminal ileum.?? Furthermore, 93% 
of cecal propagating pressure waves were temporally associated 
with cecal filling. This suggests that episodic cecal filling may be 
one of the triggers for proximal colonic HAPCs (Fig. 100.10).?? 


The Colon as a Storage Organ 


In 1902, Cannon”? proposed the proximal colon as the major site 
of storage and mixing, whereas the distal colon acts as a conduit 
for expulsion. His conclusions were based on radiologic observa- 
tions using bismuth subnitrate as the contrast agent. Subsequent 
scintigraphic and wireless capsule studies have confirmed that the 
ascending and transverse colon appear to be the primary storage 
sites.”* Composition of the diet can influence regional transit and 
may account for differences in dwell time throughout the colon. 
With a liquid meal, the ascending colon empties rapidly, within one 
to 2 hours, whereas the transverse colon retains isotope for 20 to 40 
hours.”* A solid meal is associated with slower transit through the 
cecum and ascending colon. With a mixed diet, particulate matter 
and liquids are stored in both the ascending and transverse colon.”° 


Relationships Between Colonic Motor Patterns and 
Flow 


Emptying of the proximal colon accelerates when wall tone is 
increased (e.g., by intraluminal fatty acids) compared with when 


tone is low. Volume and consistency of the contents also affect 
the rate of emptying. Isotonic fluid infused into the proximal 
colon stimulates proximal colonic emptying, which suggests 
that distention, per se, can activate propulsive motor patterns. 
However, colonic distension by balloon inflation initiates con- 
tractile activity in some healthy adults, while having no effect in 
others. In contrast, irritant laxatives in the proximal colon, which 
stimulate mucosal receptors, reliably trigger propagating con- 
tractions.’’ Hence, proximal colonic emptying depends on both 
increased wall tone and propagating contractions, probably under 
the influence of both chemical and mechanical factors. 

Mass movements, first detected radiologically, are infrequent 
movements of stool over long distances. More commonly, 
movement of colonic content occurs in a stepwise manner over 
short distances, in both antegrade and retrograde directions. 
Combining manometric and radiologic studies in animals, or 
using high frame-rate scintigraphy in humans, have shown that 
93% of all propagating sequences in the proximal colon, regard- 
less of amplitude or polarity, are temporally associated with 
movement of isotope-labeled colonic content in the unprepared 
colon (Fig. 100.11).78 

In previous studies, correlating pressure and flow, more than 
half of all antegrade movements of content could be attributed to 
repetitive nonpropagating pressure waves. As explained earlier, 
many of these “nonpropagating” pressure waves probably propa- 
gate over short distances (see Fig. 100.6), so it is not surprising that 
they propel content. Nonetheless, some movement of content is 
not associated with identifiable changes in intraluminal pressure 
using current technology. As described earlier, some of this unex- 
plained propulsion may be driven by muscle activity that does 
not generate significant intraluminal pressure. This may include 
longitudinal muscle shortening, non—lumen-occluding circular 
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Fig. 100.10 Propagating pressure wave sequences identified in the terminal ileum and proximal colon during 
prolonged combined scintigraphic and manometric recordings. Bottom left corner of far-right box shows a 
scintigraphic image of technetium sulfur colloid in the terminal ileum and ascending colon of a healthy control 
subject. Pink circles indicate the location of the recording side holes, each spaced at 7.5 cm. Green hatched 
lines indicate the regions where luminal flow was recorded. Four scintigraphic images have been selected to 
indicate flow across the ileocolonic junction (solid bars 1 and 2) and mid-ascending colon (solid bar 3). Black 
arrows correspond to the time (horizontal axis) of acquisition of each 10-second scintigraphic frame. Small 
blue arrowheads on scintiscans indicate the location of the manometric side hole from which the correspond- 
ing pressure tracing was recorded. Corresponding with the scintigraphic frame at T = O, a cecal pressure wave 
is recorded. This cecal pressure wave initiates an ascending colonic propagating sequence that was tempo- 
rally associated with colo-ileal reflux (solid bar 1) and flow across the mid-ascending colon (solid bar 2). During 
the colo-ileal reflux, an ileal propagating sequence is initiated (hatched black arrow), and this ileal propagating 
sequence is temporally associated with antegrade flow across the ileocolonic junction (solid bar 3). Red circle 
on scintiscan images T = 0 to T = 40 follows the direction of retrograde flow from cecum to ileum (T = 0 and T 
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=10 seconds) and then antegrade flow from the ileum to cecum (T = 20 and T = 40 seconds). 


muscle contractions, or localized alterations in wall tone, espe- 
cially when downstream resistance to flow is low. For example, 
pan-colonic pressurizations (see “Propagating Motor Patterns”) 
may propel gas through the colon as they were often temporally 
associated with feelings of need to pass gas or actual flatus.!® 

Retrograde movements occur frequently. About half of retro- 
grade contractions follow immediately after an antegrade move- 
ment, indicating frequent reflux of content back into the region 
from which it had just moved. Some retrograde flow, particularly 
in the distal colon, is likely to be associated with short-extent 
retrograde-propagating pressure waves. 

Interesting insights into the propulsion of colonic content 
have come from ingestible capsule-based techniques. The use of 
the 3 D-Transit system (see “Methods to Record Colonic Motil- 
ity”) in healthy controls indicates that slow, retrograde move- 
ment from the transverse colon to the caecum can occur over 4 to 
5 hours and can then be followed by rapid forward propulsion to 
the descending colon (presumably via HAPCs).”? 

In summary, apart from the immediate pre-defecatory phase, 
the distal colon has a high occurrence of short-extent retrograde 
propagating pressure waves. In contrast, the proximal colon dis- 
plays more HAPCs. Thus, motor patterns of the proximal colon 
move content toward the distal colon. These propulsive ante- 
grade motor patterns are often followed by downstream motor 
complexes (short-extent retrograde propagating sequences) in 
the distal colon and rectum (see “Rectal Motor Complexes”) 
which likely retard the flow of colonic contents, prevent rectal 


filling, and control challenges to continence. The relatively high 
frequency of short-extent retrograde propagating events prob- 
ably also causes some mixing of content, which assists the colon 
in performing its critical function of absorption of water, salts, 
and electrolytes. 


DEFECATION 


As just described, the retrograde propagating motor activity in 
the distal colon would limit or even prevent colonic contents 
from ever reaching the rectum and being expelled. Clearly, 
additional mechanisms must occur from time to time that 
lead to defecation. Traditionally, defecation was conceptual- 
ized as an exclusively anorectal function, although it is now 
clear that colonic activity is widely integrated in the defeca- 
tory sequence. 

Radiopaque markers and scintigraphic recordings have shown 
that a large proportion of the entire colonic content is evacu- 
ated in some cases. Furthermore, pancolonic manometric stud- 
ies have demonstrated that the preparatory phase of defecation 
may involve most of the colon’s length and can commence up 
to 1 hour before stool expulsion.*? During the pre-defecatory 
phase, the HAPCs occur in a characteristic sequence. The first 
ones start in the proximal colon, with each successive sequence 
originating slightly more distal than the preceding one. These 
first priming sequences do not evoke conscious sensation but suc- 
cessively propel content distally. In the 15 minutes leading up to 
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Fig. 100.11 Intracolonic pressure measurements and corresponding scintiscans that show a clear correlation 
between a propagating pressure wave sequence and discrete movement of colonic contents from the cecum 
to the sigmoid colon. This particular movement of contents was not associated with defecation or sensation. 
Oblique lines ending in vertical arrows correspond to the time of acquisition of each 15-second scintigraphic 
frame. Small arrowheads on scintiscans indicate the location of the manometric side hole from which the 
corresponding pressure tracing was recorded. In the proximal colon and mid-colon (channels 2, 3, and 4 from 
the top), a close temporal relationship exists between movement of the isotope and onset of the propagating 
pressure wave upstroke. When the pressure wave reaches the splenic flexure, however, the proximal descend- 
ing colon is seen to expand to accommodate the isotope, consistent with loss of lumen occlusion at this 
region. The pressure waves in channels 5 and 6 do not appear to correspond to lumen-occluding contrac- 
tions. Note also that propagating pressure-wave amplitudes in channels 3 and 4 are only 30 and 39 mm Hg, 
respectively, yet the motor pattern is clearly propulsive. (From Cook IJ, Furukawa Y, Panagopoulos V, et al. 
Relationships between spatial patterns of colonic pressure and individual movements of content. Am J Physiol. 


2000;278:G329.) 


defecation, a dramatic increase occurs in the frequency of these 
propagating sequences, which leads to a strong, conscious def- 
ecatory urge. During this late phase, propagating pressure waves 
originate in the distal colon, but each successive propagating 
sequence originates from a site proximal to the preceding one. 
Each sequence also tends to run for a slightly longer distance and 
has a higher amplitude than its predecessor (Fig. 100.12). These 
final sequences generate the forces necessary to fill and distend 
the rectum with semisolid fecal matter. As the distal sigmoid and 
rectum are distended, specialized low-threshold sacral spinal 
afferent mechanoreceptors are activated. These mechanorecep- 
tors then give rise to the defecatory urge, prompting the expulsive 
phase in which the anorectum comes into play. This is assisted by 
activation of sacral parasympathetic pathways to the distal bowel. 


Rectal Filling, Capacitance, Accommodation, and 
Motility 

When stool or gas enters the rectum, the rectal wall is stretched, 
thereby activating an enteric descending inhibitory reflex 
that causes transient relaxation of the internal anal sphincter. 
Simultaneously, an extrinsic reflex pathway is activated, leading 
to a brief contraction of the external anal sphincter that preserves 
continence. The recto-anal inhibitory reflex can be demonstrated 
and tested by balloon distention of the rectum; its presence 
reflects the integrity of enteric neural pathways. Thus, the recto- 
anal inhibitory reflex is absent in Hirschsprung disease, which 
is characterized by loss of enteric ganglia in the distal bowel. In 
health, this reflex permits entry of a small amount of content 
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duce 15 recording sites at 7.5-cm in- A 
tervals. A, Stool expulsion is preceded 
by 4 propagating sequences (7-4), the 
last of which actually was associated 
with stool expulsion. Each propagating 
sequence originates from a site more 
proximal than the preceding sequence. 
Note also the increase in amplitude 
and slowing of propagation velocity 
with successive sequences leading to 
stool expulsion. B, Two propagating 
sequences (1-2) precede defecation; 
however, attempted stool expulsion is 
associated with straining only. (From 
Bampton PA, Dinning PG, Kennedy 
ML, et al. Spatial and temporal organi- 
zation of pressure patterns throughout 
the unprepared colon during spontane- 
ous defecation. Am J Gastroenterol. B 
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into the upper anal canal, but continence is maintained by the 
reflexive contraction of the external anal sphincter. This then 
allows sampling of content by sensory receptors in the proximal 
anal canal, permitting solid or liquid stool and gas to be distin- 
guished. Sampling reflexes of this kind occur many times each 
day in response to small rectal distensions. These are generally 
not registered consciously and do not cause an urge to defecate. 
A large-volume rectal distention causes an internal sphincter 
relaxation of longer duration that is registered consciously. Often 
an extra voluntary contraction of the external anal sphincter is 
needed to maintain continence while the person decides how best 
to deal with the intraluminal content (stool or gas). Suppression 
of the defecation urge at this time, together with receptive accom- 
modation of the rectum (see later), results in temporary storage 
of content in the rectum. Typically this is followed by gradual 
retrograde propulsion back to the sigmoid colon. Although the 
rectum is usually empty, it has the capacity to temporarily store 
feces until evacuation is convenient. Rectal storage is facilitated 
by the ability of the rectum to accommodate an increasing vol- 
ume without a corresponding increase in intrarectal pressure, 
in a manner similar to gastric fundic relaxation.*! This adaptive 
increase in rectal compliance, mediated by enteric inhibitory 
nerves, is important for maintaining continence, because it allows 
fecal storage without a constant urge to defecate. Such rectal dis- 
tention also has negative feedback effects on the proximal bowel 
and inhibits gastric emptying, slows small bowel transit, reduces 
the frequency of proximal colonic propagating pressure waves, 
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and delays colonic transit.*? Typically, rectal tone is increased 
following a meal. Under some conditions, however, pathologic 
reduction of rectal compliance occurs (e.g., after pelvic radio- 
therapy), which increases the persistence of rectal urgency. Con- 
versely, excessive compliance, as in megarectum, attenuates the 
urge to defecate. These findings are consistent with the features 
of the low-threshold rectal mechanoreceptors that are activated 
by intramural tension. 


Anorectal Motility During Defecation 


If the processes just described give rise to the urge to defecate 
and the social circumstances are appropriate, the full defecation 
process is activated. This involves a combination of pelvic reflexes 
coordinated in the medulla and pons. Rectal distention by stool 
stimulates complete relaxation of the internal anal sphincter via 
enteric reflexes, and the stool moves into the upper anal canal, 
heightening the sense of urge. Postural changes and straining 
facilitate this process in several ways. Sitting or squatting causes 
descent of the anorectal junction, and straining produces fur- 
ther rectal descent. Both activities serve to increase the anorec- 
tal angle, thereby reducing resistance to outflow. At this point, 
if the person wishes to proceed to expel stool, the external anal 
sphincter is relaxed voluntarily. At the same time, the puborecta- 
lis muscle is relaxed (further increasing the anorectal angle), the 
levator ani muscles contract, the perineum descends further, and 
stool is funneled into the anal canal and expelled by increasing 
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Fig. 100.13 Some of the mechanical processes that facilitate stool expulsion, as illustrated by sequential 


films of a simulated defecation of thickened barium during defecation proctography. A, Rectum at rest, with a 
normal resting angle of approximately 90 degrees; anal canal is closed. B, On straining, as the anterior rectal 
wall begins to flatten, the proximal anal canal begins to funnel as barium contrast is forced into it. C, As more 
pressure is exerted, the anterior rectal wall flattens further, contrast fills the anal canal, and evacuation begins. 
At this time, the puborectalis muscle and external anal sphincter are relaxing, resulting in onset of descent of 
the rectoanal junction. At the same time, the levator ani muscles are activated and help control the descent 
of the rectoanal junction (note posterior indentation resulting from contraction of pubococcygeus muscle). 

D, Puborectalis is fully relaxed; this, in combination with vigorous straining, has resulted in nearly complete 
descent of the rectoanal junction. Note the position of rectoanal junction, which in this frame is well below the 
horizontal pale artifact (due to the water-filled toilet seat), compared with that in the previous frame, in which 
the junction is level with this artifact. This descent has now opened up the anorectal angle, thereby further 
reducing the resistance to outflow through the anal canal. E, Rectal emptying continues, and anterior rectal 
compression is more obvious. F, After evacuation, the anorectal junction has ascended to its original position, 
and the anorectal angle has returned to its more acute resting angle. (Courtesy Prof. D.Z. Lubowski, Hurstville, 


New South Wales.) 


strain-induced intrarectal pressure (Fig. 100.13). Once the expul- 
sion phase has commenced, evacuation of stool can proceed in 
some cases without further straining, as a consequence of colonic 
contractions propagating toward the anus (see Fig. 100.12).°? 
Expulsion of stool is possible in response to strain alone with- 
out rectosigmoid contractions, although a contribution from 
increased rectal wall tone cannot be excluded. 


MODULATORS OF COLONIC MOTILITY 
Physiologic 


‘Twenty-four-hour recordings of either myoelectric activity or 
intraluminal pressure show that colonic tone and contractility are 
increased 1 to 2 hours after a meal (the “colic meal” response) 
and are markedly suppressed at night.* During stable sleep, 
colonic motility virtually stops, except for RMCs, which increase 
in occurrence. These propagate in a retrograde direction and 
thereby reduce the challenges to continence when anal sphinc- 
ter tone and sensory awareness are minimal. If the subject shifts 
to a lighter level of sleep, even without actually awakening, an 
immediate increase occurs in both propagating and nonpropagat- 
ing pressure waves. Forced awakening at night and spontaneous 


early-morning awakening both stimulate an immediate increase 
in colonic propagating pressure waves.*+ This phenomenon is 
clearly linked with the readily identifiable habit of defecation soon 
after awakening in the morning and demonstrates the potential 
for profound modulation of colonic motor activity by the CNS. 
The entire colon responds predictably to a meal, with an 
increase in colonic wall tone and propagating and nonpropagat- 
ing contractile patterns. A caloric load of approximately 300 kcal 
is required to generate the colonic response to a meal; a meal 
of 200 kcal usually only increases rectal muscle tone.*> The 
colonic meal response is highly dependent on the fat content of 
the caloric load. For example, 600 kcal of fat induces a dramatic 
increase in contractile activity, whereas an equicaloric load of 
protein or carbohydrate has a minimal effect. The mechanism of 
the colonic meal response remains unclear, although it is known 
that neither the stomach nor the spinal cord has to be intact, thus 
raising the involvement of a potential humoral substance or vagal 
neural input. Interestingly, non-nutrient gastric distention by 
balloon or water can also stimulate rectosigmoid motility, yield- 
ing a similar response to intra-duodenal lipid infusion. Both of 
these responses are markedly attenuated by prior IV adminis- 
tration of the 5-hydroxytryptamine-3 (5-HT3) receptor antago- 
nist granisetron, which suggests that 5-HT; receptors on vagal 
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afferents may be involved in the gastrocolic response.*° CCK, 
which is released into the blood stream by fats in the duodenum, 
can replicate the gastrocolic response, but only at doses exceeding 
those occurring postprandially. The CCK-A antagonist loxiglu- 
mide blocks the effects of CCK on the colon but does not abolish 
the gastrocolic response, thus making CCK an unlikely mediator 
of the response. 

Stress and emotional factors have long been believed to influ- 
ence colonic motility, but experimental evidence for this is con- 
flicting, possibly because of a reliance on measurements from 
the distal colon, which might not be representative of the entire 
colon. In light of the profound waking response cited earlier, it 
is likely (but unproved) that stress does induce propagating pres- 
sure waves. 

Because of technical difficulties of recording physical activity 
and colonic motility simultaneously, data on the colonic response 
to physical activity are sparse. However, physical exercise, per- 
haps through increased sympathetic tone, may decrease colonic 
motility.*’ The colonic response to stress and exercise highlight 
the importance of the autonomic nervous system in modulat- 
ing colonic function. Similarly, autonomic dysfunction resulting 
from pelvic surgery, childbirth, or neural degradation has been 
implicated in several colonic disorders, including slow-transit 
constipation and IBS.** 


Pharmacologic 


Laxatives exert their diarrheal actions by increasing muco- 
sal secretion and thus indirectly stimulating colonic propulsive 
activity or by direct stimulation of enteric neural circuits. For 
example, the “irritant” laxative bisacodyl and the bile acid cheno- 
deoxycholic acid both stimulate HAPCs, thereby leading to mass 
movements. Bisacodyl exerts its motor effect through mucosal 
nerve fibers, a response that can be blocked by topical application 
of lidocaine to the mucosa.** In addition to the local response, 
these irritants, when administered rectally, can stimulate motor 
activity in the proximal colon, thereby suggesting that long reflex 
pathways between the rectum and proximal colon are also acti- 
vated. 

Colchicine, a natural alkaloid, is well known to cause diarrhea. 
Colchicine increases the frequency of spontaneous bowel move- 
ments and accelerates colonic transit in patients with chronic 
constipation. The mode of action is not clear, but colchicine has 
been shown to affect neuronal axonal transport mechanisms, to 
increase prostaglandin synthesis, and to promote intestinal secre- 
tion, the latter mediated through cyclic adenosine monophos- 
phate. 

Lubiprostone, a type 2 chloride channel (CIC2) activator, is a 
member of a new class of compounds known as prostones. Activa- 
tion of CIC2 increases intestinal chloride secretion and results 
in increased intraluminal fluid accumulation, which accelerates 
intestinal transit, softens stools, and increases spontaneous stool 
frequency. In patients with constipation, the drug improves con- 
stipation symptoms over placebo; adverse effects include nausea 
and headache.’? 

Linaclotide and plecanatide are guanylate cyclase-C recep- 
tor agonists. They increase cGMP in intestinal epithelial cells, 
triggering activation of the CFTR. This results in the secretion 
of bicarbonate and chloride into the intestinal lumen, which 
increases fluid secretion. In randomized control trials, linaclotide 
was more effective than placebo in increasing stool frequency 
and improving stool consistency, straining, and overall consti- 
pation symptoms in patients with chronic constipation. Due to 
pro-secretory effects, however, diarrhea was also a side effect 
in 16% of patients.*? Similarly, plecanatide improved constipa- 
tion symptoms compared with placebo and while some patients 
reported diarrhea, the incidence was lower (<6%) than with lin- 
aclotide.*! Linaclotide also reduces pain sensations because of 
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the release of cGMP onto spinal afferent nerve endings in the 
mucosa." 

Serotonin (5-HT) is an important endogenous substance con- 
tained in both enteric neurons and in mucosal enterochromaffin 
cells. While its physiologic role is still uncertain, agonists and 
antagonists of 5-HT; and 5-HTy, receptors affect colonic peri- 
stalsis and transit. The 5-HT; receptor antagonists granisetron 
and ondansetron blunt the gastrocolic response and delay colonic 
transit, respectively. Alosetron, another 5-HT; antagonist, exerts 
a significant constipating effect by slowing colonic transit. In con- 
trast, 5-HT4 agonists (e.g., tegaserod, prucalopride, renzapride) 
act on presynaptic receptors and facilitate release of ACh and 
other transmitters from enteric nerve terminals, thereby inducing 
colonic propagating contractions and accelerating colonic transit. 
Although this class of drug shows promise for the treatment of 
constipation, tegaserod was withdrawn from the market because 
of concerns about adverse cardiovascular events. Prucalopride is 
a highly selective 5-HT4 agonist which does not interact with 
5-HT; or 5-HT\, receptors. Several randomized cross-over tri- 
als have shown that prucalopride improves constipation symp- 
toms over placebo, with minimal side effects.*’ It increases the 
number of complete spontaneous bowel motions per week in 
constipated patients, and the occurrence of propulsive HAPCs.** 

Opiates are well known to have an antidiarrheal effect, but 
their mechanism of action is less clear. In the human colon, 
morphine increases phasic segmenting activity, reduces colonic 
tone, and attenuates the bowel’s response to a meal. Opiates 
cause pre- and post-synaptic inhibition in enteric neural circuits. 
The reduction in neurally dependent propagating contractions 
and enhancement of myogenic mixing movements and fluid 
absorption contribute to the constipating effect of the drug. Spe- 
cific constipation syndromes, like opiate-induced constipation 
or postsurgical ileus may respond to opiate antagonists such as 
methylnaltrexone and alvimopan (see Chapters 19 and 124).*9 

NO is one of the main neurotransmitters of enteric inhibi- 
tory motor neurons and a transmitter of some interneurons. Infu- 
sion of the NO synthase inhibitor L-NMMA (N&-monomethyl 
L-arginine) stimulates proximal colonic propagating contrac- 
tions*® while sensitizing the distal colon to distention’; this 
suggests the human colon is under a state of tonic inhibition by 
ongoing release of endogenous NO. 


Nonpharmacologic 


Probiotics are living organisms that, when ingested in adequate 
amounts, confer a health benefit to the host (see Chapter 130). 
Relatively few rigorously designed studies have been conducted 
with probiotics, but some strains have been shown to have a 
beneficial effect in patients with IBS (see Chapter 122), UC (see 
Chapter 116), and diarrhea. In the colon, probiotics are likely to 
modulate the inflammatory response through activation of sig- 
nals in the epithelium and immune system. Probiotics may well 
influence colonic motility, but this has not yet been systematically 
evaluated. In children and adults there is little evidence to suggest 
that probiotics improve symptoms of constipation.**:1? 

Sacral nerve stimulation modulates the extrinsic nerves that 
innervate the pelvic floor and colon. Electrical stimulation of the 
S3 sacral root alters motor patterns in patients with slow-transit 
constipation and patients with fecal incontinence, although the 
precise mode of actions remains unknown. The substantial latency 
between stimulus and pelvic floor or colonic contractile responses 
is longer than would be expected for a polysynaptic efferent path- 
way, which suggests possible involvement of extrinsic sensory 
pathways. However, current evidence based on randomized con- 
trol trials suggests that sacral nerve stimulation is not an effective 
treatment for patients with constipation.” 

Acupuncture has significant effects upon upper GI tract 
disorders including nausea and vomiting (see Chapter 131). 
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Acupuncture is thought to activate neural, opioid, humoral, and 
serotoninergic pathways and therefore potentially has a clinical 
role in treating disorders like IBS. To date, there is some evi- 
dence to suggest acupuncture may provide therapeutic benefit in 
the treatment of patients with constipation and IBS,*! however, 
data on the long-term benefits remain scarce. 

In adults, biofeedback has been shown to improve stool fre- 
quency and rectal evacuation in patients with pelvic floor dys- 
synergia and to accelerate colonic transit in this subset of patients 
with constipation (see Chapter 19)**; in constipated children, 
however, no such benefits were observed.” The mode of action 
of biofeedback is not fully understood, but extrinsic autonomic 
efferent pathways mediate the response. 


DISORDERS OF COLONIC MOTILITY 


Disorders due to disturbed colonic motor function are discussed 
elsewhere in this book (Chapter 124). It is useful, however, to 
consider how disturbances in the mechanisms of colonic motil- 
ity described in this chapter might relate to symptoms or patho- 
physiologic phenomena. 


Constipation 


One might expect that constipation and diarrhea would be manifes- 
tations of hypomotility and hypermotility, respectively. Sometimes 
this is true, but at least in the distal colon, the converse can also 
be true. An increase in nonpropagating (segmenting) contractions 
and myoelectrical short spike-bursts has been reported in the rec- 
tosigmoid region in constipated patients, which until recently has 
seemed paradoxical. As discussed earlier, however, much of this 
nonpropagating activity probably consists of short-extent retro- 
grade-propagating pressure waves. If this motor pattern retards 
flow, then its increased occurrence may contribute to constipa- 
tion in some patients. Conversely, patients with diarrhea may have 
hypomotility in this region, indicating that the normal physiologic 
brake (retrograde propagating sequences) has been removed, 
allowing content to be propelled unheeded into the rectum. 

In severe slow-transit constipation, prolonged manometric stud- 
ies have confirmed a reduction in the overall number of HAPCs, 
but the overall number of propagating pressure waves of all mag- 
nitudes is often normal or even increased.* The underlying patho- 
genesis of severe slow-transit constipation is unclear, but changes 
in enteric excitatory motor innervation of the smooth muscle are 
likely contributory.°* Constipation is fully discussed in Chapter 19. 


Diarrhea 


Detailed scintigraphic studies in patients with diarrhea have 
shown the dominant feature to be early and rapid transit through 
the ascending and transverse colon. A relative lack of distal colonic 
segmenting activity, perhaps in combination with increased prox- 
imal colonic propagating pressure waves, might explain the accel- 
eration of proximal colonic transit, but proof of this hypothesis is 
awaited. Diarrhea is fully discussed in Chapter 16. 


Irritable Bowel Syndrome 


Although colonic transit generally is slower in constipation-pre- 
dominant IBS and faster in diarrhea-predominant IBS, no colonic 
motor pattern is specific for IBS. Exaggerated responses to stimuli 
such as meals, CCK, and mechanical stimuli have been reported, 
but a consistent disturbance has not emerged, probably because of 
the heterogeneity of the disorder and the methodologies used for 
characterization. At present, compelling evidence regarding the 
pathophysiology of IBS suggests a major contribution by affer- 
ent hypersensitivity, in addition to a variable alteration in colonic 
motor function. IBS is fully discussed in Chapter 122. 


Colonic Motility Disturbances Secondary to 
Nonmotor Intestinal Disorders 


Altered motility secondary to underlying inflammation or a hor- 
monal disturbance can contribute to the colonic symptoms of 
a nonmotor disease. The diarrhea of IBD, for example, results 
from a combination of enhanced secretion, reduced absorption, 
and altered colonic motor function. In UC, early low-resolu- 
tion manometry studies reported that rectosigmoid segment- 
ing nonpropagating pressure waves were diminished, whereas 
postprandial propagating pressure waves were increased, how- 
ever, supporting evidence is relatively poor.’ The motility of 
the healthy colon can also be perturbed by ileal diseases. For 
example, exposure of the healthy proximal colon to supranormal 
concentrations of bile salts (e.g., from terminal ileal disease or 
resection) not only stimulates net colonic secretion, but also initi- 
ates HAPCs, thereby accelerating colonic transit.’° 


Full references for this chapter can be found on www.expertconsult.com. 
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The GI tract processes 8 to 9 L of fluid daily that is derived 
from oral intake and endogenous exocrine secretions. Intestinal 
fluid absorption functions with 98% efficiency, allowing only 
100 to 200 mL to be excreted each day. The intestine also 
extracts nutrients, vitamins, and minerals from ingested mate- 
rials; excludes destructive antigens and microbes; and excretes 
waste (Fig. 101.1). This multitasking is achieved by the unique- 
ness of the cellular and molecular architecture of the small and 
large intestine in combination with complex intricate regu- 
latory mechanisms (Fig. 101.2). Regulation is accomplished 
by crosstalk between endocrine and paracrine hormones, 
neurotransmitters, immunomodulators, and luminal factors, 


including the microbiome. Remarkably, this orchestration 
proceeds smoothly on a daily basis, but when the balance is 
perturbed, as occurs with an enteric infection, diarrhea ensues. 

Over the past 5 decades, our understanding of intestinal ion 
transport processes has been revolutionized by elucidation of 
the molecular basis of cholera and CF, 2 devastating diseases 
affecting opposite ends of the physiologic spectrum—excessive 
versus insufficient fluid secretion, respectively. Development of 
increasingly sophisticated tools, beginning with molecular clon- 
ing and patch clamping methodologies to organoids, organ on 
a chip, cryo-electron microscopy, and CRISPR-CAS, has vastly 
advanced our knowledge of the physiology, regulation, and 
genetics underlying these diseases. This growing insight has had 
significant clinical impact, most notably in the development of 
oral rehydration therapy (ORT) for diarrheal diseases, a major 
health advance of the 20th century, and targeted drugs for spe- 
cific CF-related mutations. 

In this chapter, we review current understanding of the cel- 
lular and molecular underpinnings of ion and solute trafficking in 
different regions of the small and large intestine, and their regula- 
tion in health and disease states. The functional activities of intes- 
tinal transporters have long been recognized, but only recently 
have the nuances of the many underlying transport proteins and 
their regulation been delineated. This understanding is critical 
for appreciating normal intestinal function, the pathophysiology 
of intestinal absorptive abnormalities, and the development of 
therapeutic strategies for specific diseases. 


INTESTINAL ARCHITECTURE AND TRANSPORT 


Intestinal structure and function are optimally geared to absorb 
nutrients and transport fluids. In the small intestine, the circu- 
lar folds of Kerckring (plicae circulares), villus-crypt architec- 
ture, and microvilli contribute to a 600-fold amplification of the 
absorptive surface. Using a cylinder as the model, the surface 
area of the small intestine is estimated to be about 3300 cm?; the 
plicae circulares, villi, and microvilli amplify the surface area by 
factors of 3, 10, and 20, respectively, ultimately giving a surface 
area of about 2,000,000 cm. In the large intestine, the spatial 
separation of crypts and surface cells allows efficient reabsorption 
of fluid. Although the architecture of the intestinal musculature 
influences bulk fluid flow and transit time via changes in motility 
(see Chapters 99 and 100), the work of fluid transport occurs in 
the epithelia. 

Most epithelia are semipermeable barriers acting as the 
first line of defense between the mucosal (luminal) and serosal 
(blood-side) compartments and are capable of bulk transport 
of fluid from one compartment to the other. These epithelia, 
including those of the intestine, share common characteris- 
tics. One fundamental property of epithelia is cellular polarity, 
with molecularly distinct apical (luminal) membranes (AMs) 
and basolateral (serosal) membranes (BLMs) demarcated by 
intercellular tight junctions (TJs). TJ permeability varies from 
being relatively leaky in the small intestine to fairly tight in the 
large intestine, and these differences determine an individual 
epithelium’s effectiveness as a barrier. A loss of TJ integrity 
disrupts the barrier function and vectorial transport capabili- 
ties of the tissue. 
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Fig. 101.1 Overview of intestinal fluid balance. About 8 to 9 L of fluid flow into the intestine daily, of which 
salivary, gastric, biliary, pancreatic, and intestinal secretions make up the majority. The bulk of this fluid is 


absorbed in the small intestine and approximately 1500 m 
reabsorbs most of this fluid, with only 100 to 200 mL lost i 


L cross the ileocecal valve. The colon efficiently 
n stool each day. Permeability can be viewed as a 


surrogate to conductance, which is a reciprocal of resistance. Ohm’s law states that current equals potential 


difference divided by resistance (I = PD/R). If / is a constan 


t, PD increases as R increases. Permeability of the 


intestinal epithelium decreases down the length of the cephalocaudal axis, the distal colon having a relatively 


tight epithelium. Thus, the spontaneous PD demonstrates 
cephalocaudal axis. Absorptive mechanisms differ in each 
throughout the intestine. SCFA, short-chain fatty acid. 


BASIC EPITHELIAL CELL MODEL 


All GI epithelial cells have 2 fundamental similarities: discrete api- 
cal and BLMs with distinct biochemical and biophysical properties, 
separated by TJs; and a basolateral Na* pump (ouabain-inhibitable 
Na*/K*-ATPase [adenosine triphosphatase]) that establishes a spe- 
cific intracellular electrochemical environment with low intracellu- 
lar Na* concentrations ({Na*];) and a negative intracellular voltage. 

This basic cell model is modified by insertion of specific trans- 
porters into either the apical and/or BLM and/or by TJ features 
that determine the distinctive qualities of specific epithelial seg- 
ments. A complex interaction of protein-sorting signals, cytoskel- 
etal elements, and intracellular trafficking processes determines 
whether a newly synthesized protein is targeted to either the AM 
or BLM. Proteins with a glycosyl phosphatidyl inositol anchor 
(e.g., alkaline phosphatase, CEA) are often associated with lipid 
rafts, and the glycosyl phosphatidyl inositol anchor serves to 
direct them toward the AM.! Membrane proteins destined to be 
delivered to the BLM carry specific membrane-sorting amino 
acid sequences in their cytoplasmic tails. Other proteins can 
insert randomly into either an apical or basolateral domain, but 
they may be retained in the basolateral pole by specific compo- 
nents such as ankyrin.’ 

Regulation of intracellular trafficking ensures accurate delivery 
and is critical for establishing epithelial polarization and vectorial 
transport. When TJs are disrupted, diffusion and intermingling of 
apical and basolateral proteins in the fluid phase of the membrane 
result in a loss of epithelial cell polarity. Critical to epithelial cell 
polarity is targeting of the Na*/K*-ATPase pump to the BLM. 
The Na*/K*t-ATPase has 3 subunits, a, B, and y, which are trans- 
membrane proteins with a 1:1:1 stoichiometry. The a subunit 
binds to ATP and is responsible for cation transport, undergoing 
phosphorylation and dephosphorylation during enzyme turnover. 


a corresponding rise with resistance along the 
segment of the intestine; chloride secretion is found 


The $ subunit is essential for proper trafficking and insertion of 
the a subunit into the BLM, and the f and y subunits modify the 
affinity of the a subunit for ATP, K* and Nat.’ The Na* pump 
is electrogenic, extruding 3 Na* ions in exchange for 2 K* ions, 
and thereby maintaining relatively low intracellular Na* and high 
intracellular K* concentrations compared with concentrations of 
these electrolytes outside the cell (see Fig. 101.2). There is also 
greater membrane permeability for K* over Na*, favoring dif- 
fusional cellular exit of K* over diffusional cellular entry of Na’. 
‘These features, in combination with the large number of intracel- 
lular proteins with fixed negative charges, lead to the characteris- 
tic negative intracellular potential difference compared with either 
the mucosal or serosal compartments.* Low [Na*]; and electro- 
negativity establish a favorable electrochemical gradient for pas- 
sive Na* entry into the cell. Functionally, the epithelial cell uses 
the energy of this Na* gradient to transport not only Na* ions but 
also a variety of nutrients, vitamins, and electrolytes.! 

These properties provide the basic mechanisms of ion and 
water transport that apply to all epithelia. In the intestine, dif- 
ferences in transport occur along its cephalocaudal length and 
along the surface-crypt axis within a particular intestinal segment. 
Tissue- and segment-specific nuances arise from structural-func- 
tional and regulatory differences of both intracellular and inter- 
cellular proteins.* 


* There are several potential differences across the epithelium: across the 
apical membrane into the cell, from the cell interior across the BLM, 
across the epithelium, across the mucosa, and across the entire GI tract. 
Conventionally, the potential differences across the epithelium, mucosa, 
and entire GI tract are considered the same. 
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Fig. 101.2 Architecture of intestinal epithelia. A, Cell layer: Intestinal epithelial cells are structurally and function- 
ally geared for vectorial transport. The cell membrane is divided into distinct apical and basolateral domains by 
the tight junctions. Depending on the tissue, the apical membrane can have a more or less prominent brush 
border appearance due to the presence of numerous microvilli. Functionally, the epithelial cells are polarized 
with an asymmetric distribution of transporters; the Na+t/K+ pump on the basolateral membrane is integral to 
maintaining an electrochemical profile. This profile permits downhill entry of sodium from either the apical or 
basolateral side, and water and solutes can cross the epithelium either between the cell (paracellular) or through 
the cell (transcellular). Transcellular transport across the membrane can be passive or active. The paracellular 
pathway is characterized by a series of junctional structures defined by the geometry of adjoining cells; bicel- 
lular between 2 cells (B4) and tricellular between 3 cells (B3). P.D., potential difference. B4, Magnified view of 
bicellular junctions and apical membrane: Parallel actin filaments cross-linked by actin-bundling proteins, such 
as villin and fibrin, maintain the integrity of the microvilli. These actin bundles extend from the microvilli into the 
cell and are rooted in a filamentous structure running perpendicular to the microvilli and linked by proteins such 
as myosin and spectrin, termed the terminal web.' When contracted, the terminal web can lead to the spread- 
ing of the microvilli, thus increasing the surface area exposed to the lumen and aiding the absorption of glucose 
and water. The bicellular tight junction (TJ), or zonula occludens (ZO), is made up of a network of strands and 
grooves that consists of membrane proteins (e.g., occludins, claudins, junctional adhesion molecules) that at- 
tach to a group of scaffolding proteins (ZO proteins [ZO-1, ZO-2, ZO-3], multi-PDZ domain protein-1 [Mupp1] 
and cingulin). In general, scaffolding proteins are linked to the cytoskeleton via a number of regulatory proteins. 
These proteins include kinases, phosphatases, and small G proteins (monomeric guanosine triphosphatases of 
the Ras superfamily). Cadherins span the paracellular pathway across the zonula adherens, made of trans- 
membrane cadherin proteins (Shown as blue and brown boxes) that are responsible for cell-to-cell attachment 
and maintenance of cell polarity. Cadherins bind to catenins, which are linked to the actin cytoskeleton through 
an additional family of molecules, including radixin, vinculin, and a-actinin. Molecules associated with the 


zonula adherens, including rab, src, and yes, are involved in intracellular signaling through second messengers. 
Desmosomes are cadherin-like molecules that are linked to intermediate filaments. Gap junctions, made by 

an assembly of membrane spanning proteins, the connexins, allow the exchange of small molecules between 
neighboring cells. Bs, Magnified view of tricellular TJ: Tricellular TJ assembly requires the transmembrane 
tricellulin and lipolysis-stimulated lipoprotein receptor proteins. Tricellulin, marvelD3 and the bicellular TJ protein, 
occludin, contain the MARVEL domain (MAL [myelin and lymphocyte] and related proteins for vesicle trafficking 
and membrane link) and are members of the TAMP family (TJ-associated MARVEL proteins). The cytoplasmic 
tail of the 64 kDa tricellulin also associates with scaffolding proteins such as ZO-1 (not shown). 
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SEGMENTAL HETEROGENEITY OF TRANSPORT 


All intestinal segments from the duodenum to the distal colon 
exhibit transepithelial fluid movement, supported by their indi- 
vidual array of transporters. For example, the glucose- and amino 
acid—coupled transporters in the jejunum are well-suited for 
absorption of large volumes of nutrients and water, whereas, the 
electrogenic Na* absorption in the distal colon accomplishes the 
necessary final fluid extraction to prepare feces.°-* Although dif- 
ferent transporters have been localized to specific GI segments, 
it is not always clear what governs this specific distribution. For 
example, anion exchange activity occurs throughout the intestine, 
but the transporters in the small intestine and in the colon’:!° 
(see discussion of “Bicarbonate Transport”) are distinct. Recent 
evidence, however, implies that nuances in how these transport- 
ers contribute to base transport may account for their distinct 
distribution.!! 

There is also segmental heterogeneity along the crypt-vil- 
lus axis. Stem cells near the base of the crypt differentiate and 
migrate upward to form villus enterocytes in the small intestine 
or surface colonocytes in the large intestine while undergoing 
important changes in their transport and barrier properties 
(Figs. 101.3 and 101.4).'?:!3 In the small intestine, as entero- 
cytes migrate away from the proliferative zone, the complex- 
ity of their TJs increases, their apical membrane microvillous 
architecture becomes more pronounced, their cytoskeleton 
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and signaling molecules undergo change, and the expression 
of brush border membrane Na* nutrient-coupled transporters, 
Na*/H* exchangers, and hydrolases increases. In contrast, the 
levels of the Nat pumps remain relatively constant, and oth- 
ers (e.g., the signaling molecule adenylate cyclase and the cyclic 
adenosine monophosphate [cAMP]-stimulated Cl- channel 
CFTR) decrease in more mature villus cells. 

This spatial distribution of transporters (see Figs. 101.3 and 
101.4) is consistent with a model in which secretory function 
resides primarily in the crypts and absorption occurs in villus 
or surface cells. Although the role of crypt cell CI- secretion 
was challenged,'* this challenge has been refuted with well-sub- 
stantiated evidence that crypts are the chief sites of CI- secre- 
tion.!> Undoubtedly the cellular architecture of the columnar 
crypt and villus enterocytes are distinct and the segregation 
of absorptive and secretory functions explains why, in diseases 
that selectively damage villi (e.g., celiac disease), impairment 
of absorption is greater than impairment of secretion, and 
secretion predominates. The dichotomy between absorptive 
and secretory cells does exhibit plasticity, varying with altered 
physiologic and pathophysiologic states. For example, colonic 
crypts absorb Nat, and small intestinal villus cells secrete Cl- via 
CFTR.!°! The localization of key transporters, their signaling 
mechanisms, and their crosstalk of interaction varies along the 
crypt-villus axis, and contribute to the fine-tuning of intestinal 
function. 


Nat/K+ -ATPase 
SLC26A3 ? 


CFTR NHE-1 


Fig. 101.3 Types of epithelial cells of the small intestinal mucosa and the relative distribution of transport pro- 
teins. The 4 major small intestinal cell types are enterocytes, endocrine cells, goblet cells, and Paneth cells. All of 
these originate from stem cells located near the base of the crypt. Rapidly proliferating cells arise from the stem 
cells, move up the crypts, and begin to express differentiation markers for the 3 lineages— enterocytes, endocrine 
cells, and goblet cells—as they reach the crypt-villus junction.??° The differentiated cells migrate up the villus axis 
as a band of cells, further mature, and eventually undergo apoptosis, sloughing off after 3 to 5 days at the tip 

of the villus. Some stem cells differentiate into Paneth cells that migrate to the bottom of the crypts, where they 
generate defensins, which are antimicrobial agents important in host defense. Each crypt is believed to be mono- 
clonal, whereas multiple crypts contribute to a single villus, making the latter polyclonal. There is also significant 
spatial geometry of transport proteins along the crypt-villus axis. Some transport proteins are found at relatively 
constant concentrations along this axis, whereas some proteins exhibit a greater density in the base of the crypt, 
and others are more dense toward the villus or surface. CFTR, cystic fibrosis transmembrane conductance regu- 
lator; SLC26A3, solute carrier 26A3 (also known as DRA [down-regulated in adenomal]); NHE, sodium-hydrogen 
exchanger; SLC26A6 (formerly Known as PAT-1 [putative anion transporter). 


MOVEMENT ACROSS THE INTESTINAL EPITHELIUM 


Movement of ions and solutes across the epithelium is bidirec- 
tional and occurs transcellularly and paracellularly. Paracellular 
movement is largely passive in response to a variety of gradients, 
including concentration, electrical, osmotic, and hydrostatic; 
transcellular movement of ions and solutes occurs by active and 
passive transport mechanisms. Net transport is termed absorptive 
if the mucosal-to-serosal flux (Jms) is greater than the serosal- 
to-mucosal (Jm) flux, and it is termed secretory if Jm exceeds Jms- 
Changes in either or both can alter the direction of net movement; 
for example, the ileum, which normally exhibits an absorptive flux, 
responds to cholera toxin with a decrease in J,,, and an increase 
in Jim for Ch, resulting in massive fluid secretion. In contrast, 
increasing evidence points to a failure of Na* and Cl- absorption 
as the major ion transport aberrations associated with IBD. 

Characteristics of the TJs (i.e., tight vs. leaky) vary along the 
length of the intestine and dictate the contribution of paracellular 
fluxes to overall transport. The effectiveness of a transepithelial gra- 
dient may be modified by a series of physical barriers, including an 
unstirred layer created by the glycocalyx above the apical membrane, 
the lipid composition of the apical and BLMs, the TJs, the geom- 
etry of the basolateral space between cells, and the basement mem- 
brane. Generally, movement of an uncharged particle is dictated 
solely by concentration gradients, whereas the transport of an ion 
is governed by the electrochemical gradient across the transported 
surface. Solvent drag, a nonspecific entraining of solutes along with 
the movement of water across paracellular pathways, is an absorptive 
mechanism that may be especially important in the small intestine, 
in Na*-coupled solute absorption, and in K* absorption. 


TIGHT AND LEAKY EPITHELIA 


The paracellular space and junctional complexes between cells 
define the barrier function of epithelia. Epithelia with a low 
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transepithelial voltage and low resistance are considered leaky, 
and those with a high transepithelial voltage and high resistance 
are considered tight. The TJs in villi have higher resistance than 
those in crypts, and transepithelial resistance increases in a cepha- 
locaudal direction (see Fig. 101.1).!° 

Since the 1990s, the model of paracellular transport and TJs 
has rapidly evolved from a static rigid barrier to a finely regu- 
lated, dynamic complex structure (see Fig. 101.2). Movement 
through the space is exclusively passive, but it is influenced by 
its geometry, electrical conductivity, charge selectivity, and its 
ability to be regulated. A series of discrete structures, made of 
membrane and intracellular proteins, define the physical and 
biological properties of the paracellular space and the communi- 
cation between adjoining cells; bicellular between 2 cells and tri- 
cellular between 3 cells. The bicellular TJ, or zonula occludens 
(ZO), is made up of a network of strands and grooves composed 
of 50 or more families of proteins. These include membrane 
proteins such as claudins, occludins, junctional adhesion mol- 
ecules, and tricellulins. Claudins are a family of 26 membrane- 
spanning proteins (24 to 27 kd) that form pores and determine 
TJ charge selectivity by homotypic interactions of the extracel- 
lular domains of claudins of adjoining cells; absence of claudins 
mitigates transepithelial resistance.!*-?? Tricellular TJ assem- 
bly requires the lipolysis-stimulated lipoprotein receptor and 
transmembrane tricellulin proteins; the latter is biochemically 
related to occludins.”!”? Most of these transmembrane proteins 
interact with membrane-associated or cytosolic scaffolding pro- 
teins such as the ZO proteins (ZO-1, ZO-2, ZO-3), multi-PDZ 
domain protein-1(Mupp-1), and cingulin. For example, the 
cytoplasmic tail of tricellulin associates with ZO-1.72 

Scaffolding proteins link membrane proteins to an array of 
protein kinases, phosphatases, monomeric guanosine triphos- 
phatase proteins of the Ras superfamily (small G proteins) and 
cytoskeletal elements such as filamentous actin and myosin in 
the terminal web. This allows for a complex network to regulate 
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Fig. 101.4 Types of epithelial cells of the colonic mucosa and the relative distribution of transport pro- 
teins. Colonic mucosa epithelium is composed of colonocytes, endocrine cells, and goblet cells. Unlike in 


the small intestine, the distribution of Paneth cells in the colon is sparse.?7°22’ As in the small intestine, the 
various colonic cell lineages arise from stem cells located at the base of the crypt and giving rise to prolifera- 
tive progenitor cells. These cells begin to express differentiation markers of the different cell lineages when they 
reach the upper third of the crypt in the colon and rectum. As they migrate up the crypt axis, they mature and 
eventually differentiate into surface cells. After 3 to 8 days, the mature surface cells undergo apoptosis and 

are sloughed off. There is also significant spatial geometry of transport proteins along the crypt-surface axis 

in the colon. Some transport proteins are found at relatively constant concentrations along this axis, whereas 
some proteins exhibit a greater density in the base of the crypt, and others are more dense toward the surface. 
CFTR, cystic fibrosis transmembrane conductance regulator; SLC26A3, solute carrier 26A3 (also known 

as DRA [down-regulated in adenoma]); NHE, sodium-hydrogen exchanger; KCNMA7, large-conductance 
calcium-activated potassium channel, subfamily M, a member 1. 
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paracellular permeability in health and disease.*** For example, 
enteropathogenic Escherichia coli (EPEC) act via protein kinase 
C$ to disrupt TJs.”° 

Other structures contributing to the paracellular pathway 
include, in order below the TJ: zonula adherens (ZA), des- 
mosomes, and gap junctions. In epithelia, the ZA is primarily 
made up of transmembrane nectins (MW = 90 kd) and E-cad- 
herins (MW = 110-130 kd). The former are Ca?*-independent 
adhesion molecules with immunoglobulin-type repeats in their 
extracellular domains and the latter are glycoproteins with 
extracellular motifs that engage in Ca’*-dependent homotypic 
interaction with cadherins of adjoining cells. Intracellularly, 
cadherins bind to a family of adhesion molecules, a, 6, and 
p120 catenins, or afadin in the case of nectins, which in turn 
anchor to a dense actin-filament network.*® Dysfunction in 
cadherin-catenin interaction promotes cancer progression to 
invasion and metastasis.’’? Desmosomes are structurally similar 
to ZA junctions and act as “spot-welds” providing mechani- 
cal integrity to the epithelium. They are comprised of desmo- 
glein and desmocollin cadherins which associate with a dense 
plaque of intracellular anchor proteins, plakophilin, plako- 
globin and desmoplakin that link to intermediate filaments 
instead of actin. Interestingly, EPEC uses distinct signaling 
pathways in its virulence armamentarium to alter ZO, ZA, and 
desmosomal functions, thereby altering paracellular perme- 
ability.7%° Finally, gap junctions uniquely allow neighboring 
cells to exchange small molecules. Each cell has an assem- 
bly of 6 connexins, a 4-pass membrane-spanning protein, to 
form a hemichannel. When hemichannels of 2 adjoining cells 
align, they form a continuous pore connecting the interior of 
the 2 cells.!° 


TRANSEPITHELIAL TRANSPORT 


Our current understanding of the movement of ions, solutes, and 
fluid across epithelia is gleaned from a combination of in-vitro 
studies using reductionist models of cell lines or isolated epithe- 
lial sheets, and from complex methodologies such as genetically 
manipulated animal models and the in-vivo triple-lumen perfu- 
sion technique. Within the last decade, the ability to grow and 
differentiate stem cells into organoids?’ that can also be studied 
as epithelial monolayers has transformed the field, both for vali- 
dating key observations in relevant human tissues and providing 
tools for personalized medicine. All these models underscore 
that transepithelial ion (largely Na+) movement from the mucosa 
to the serosa drives fluid absorption, whereas net ion (largely 
Cl-) movement in the reverse direction drives fluid secretion. 
Different models help elucidate complex mechanisms, but ulti- 
mately have to be contextualized to human pathophysiology, with 
its inherent limitations. For example, some in-vitro studies report 
decreased CI- secretion and increased Na* absorption in the jeju- 
num of CF patients, implying fluid hyperabsorption. However, 
in-vivo studies show decreases in both CI- secretion and passive 
CI- absorption, which suggest that disease severity is reflected by 
decreased fluid absorption.*! 

The reductionist models allow us to focus on transport 
processes at the cellular and paracellular levels. In the intact 
intestine, however, things are more complicated. The geom- 
etry of the intestinal wall and the unstirred layer influence 
the distance an individual molecule must traverse to reach 
the apical membrane. The extracellular glycosylated domains 
of apical membrane proteins make up the glycocalyx, which 
contributes to the thickness and permeability of the unstirred 
layer; this layer can be a diffusive barrier to the movement of 
large lipophilic molecules in a chiefly aqueous milieu. Physical 
parameters such as the mixing of luminal contents by peristal- 
sis, villus motility, and the finer movement of the microvilli 
influence this rate. 


TRANSCELLULAR TRANSPORT 


Transcellular transport of ions and solutes can be passive or active. 
Because of the semipermeable nature of the lipid membrane, 
movement through the cell requires deployment of specialized 
membrane proteins such as channels, carriers, and pumps. The 
negative intracellular potential favors cation entry into and anion 
exit from the cell. This leads to the curious situation in which 
ions can move passively against their concentration gradient. For 
example, although the chemical concentration of CI- in the cell 
is relatively low (35 mmol) compared with the outside concen- 
tration (110 mmol), the intracellular electronegativity creates a 
driving force for Cl exit out of the cell. 


WATER MOVEMENT 


The intestines are exposed to a constantly fluctuating external 
milieu that requires nuanced processes for moving water across 
the epithelium. The emerging picture is that multiple mecha- 
nisms contribute to intestinal water movement. Transepithelial 
water movement is inextricably linked to the movement of sol- 
utes; about 175 molecules of water can be transported per ion 
or molecule of solute. Two processes transport water across epi- 
thelial cell membranes: osmosis, which is passive and governed 
by even small differences in the chemical potential of water and 
hydrostatic pressure,** and “active” processes, which are ener- 
gized by and coupled to the movement of solutes with coupling 
ratios of solute/water molecules. Water movement across the 
epithelium can follow 4 routes: (1) diffusion through the lipid 
bilayer, or via proteins including (2) water channels, (3) uniport- 
ers, and (4) co-transporters. 

Aquaporins (AQPs) are a family of water-channel proteins 
with 13 members in humans; AQP 0, 1, 2, 4, 5, 6, 8 are classi- 
fied as classic water transporters; AQP 3, 7, 9, 10 as aquaglyc- 
eroporins because they also transport glycerol; and AQP 11 and 
12 as “superaquaporins” with indeterminate functions. At least 
6 have been localized to the GI tract and although consider- 
able attention has been given to their regulation and role in the 
intestine,’ AQP knockout studies have not identified a specific 
functional intestinal water channel. For example, AQP4 is pres- 
ent in the BLM of colonic crypts; its absence there results in 
only a slight increase in fecal water content.*+ The absence of 
a clear role for AQPs in the normal intestine is not surprising, 
considering the milieu. AQPs are advantageous in that they can 
increase the rate of water transport and save metabolic cost. In 
the intestine, however, where a hyperosmotic lumen-to-cell gra- 
dient during digestion may serve to favor water loss rather than 
absorption, they play a less prominent role than in the proximal 
renal tubule, where fluctuations in osmolarity are smaller.’ More 
recently, the aquaglyceroporin AQP3 present in the apical and 
BLM of colonic surface cells has been ascribed roles in diarrhea 
and constipation*® and in its capacity as a transporter of HO) in 
the innate immune response to Citrobacter rodentium infection.*” 

Water can also move via membrane transporters of ions and 
solutes.**3? These include the apical Na*-glucose transporter 
(SGLT), the urea transporter, and the Na*/K*/CI co-transporter 
1 (NKCC1). Water transport can be strictly osmotically driven, 
as occurs with AQPs and uniporters such as the urea channel; 
strictly coupled to each functional turnover of the protein, as seen 
with the K*/Cl- co-transporter (KCC; 1:500 molecules of water) 
on the BLM of absorptive epithelia and NKCC1 (1:590 molecules 
of water) on the BLM of secretory epithelia; or a combination of 
both, as occurs with the apical SGLT (1:220-400 molecules of 
water) and the Na*-independent uniporter glucose transporters, 
GLUTI and GLUT2. 

Ultimately, water movement across the intestine occurs under 
both isotonic conditions, when luminal and serosal osmolarity 
are 300 mOsm, and when the luminal osmolarity increases in the 


upper small intestine in response to a meal. Under isotonic con- 
ditions, water flux is maximal and decreases as luminal osmolar- 
ity increases; water flux ceases when luminal osmolarity is 250 
to 300 mOsm greater than serosal osmolarity. Water movement 
through the paracellular pathway is governed by hydrostatic and 
osmotic gradients and tissue geometry. Cellular transport of 
water involves movement across the apical membrane, cytosol, 
and BLMs. In response to a meal, water is most likely absorbed 
by passive water permeability in combination with transport 
through SGLT1 and amino acid transporters on the apical mem- 
brane, and exits the BLM via GLUT2 and the KCC. In secretory 
intestinal cells, water enters coupled to the basolateral NKCC1, 
and although Cl exits the cell through apical channels and Nat 
moves paracellularly, it is not known how water exits the apical 
membrane in the intestine.*? 


CHANNELS, CARRIERS, AND PUMPS 


Small hydrophobic and uncharged molecules move across the 
lipid bilayer of the cell by diffusion, the rate of transport deter- 
mined by the concentration gradients and diffusion coefficients 
(Fig. 101.5). Oxygen, carbon dioxide, fat-soluble vitamins, and 
unconjugated bile acids are examples of substances transported by 
diffusion. Because the majority of ions and solutes cannot cross 


Lipid-soluble solutes Lipid-insoluble solutes 


o0 


Channel-mediated 
facilitated diffusion 
via channel proteins 


Simple diffusion 
across membrane 


A B 


C 


Active transport 


CHAPTER 101 


Lipid-insoluble solutes 


Carrier-mediated facilitated 
diffusion via carrier proteins 


Extracellular 
space 


Membrane 


Cytoplasm 


Intestinal Electrolyte Absorption and Secretion 1617 


the phospholipid membrane by diffusion, the cell uses an array of 
distinct integral membrane proteins, including channels, carriers, 
and pumps, to cross cell membranes (see Fig. 101.5).! 

Channels are pores that allow swift (>10° ions/sec) and con- 
trolled (by rapid opening and closing) transit of ions across the 
membrane, driven by an electrochemical gradient. The advent of 
molecular cloning techniques, patch clamp methodology (which 
allows measurement of single-channel function), membrane pro- 
tein crystallography, and, more recently, electron cryomicros- 
copy have greatly advanced our knowledge of how these proteins 
function. Channels tend to be ion selective. For example, Na* 
channels exclude K* despite its same charge and smaller size. 
Selectivity is determined by the hydration radius of the ion and 
the physiochemical nature of the pore. Overall transport of a par- 
ticular ion is determined by the electrochemical gradient, density 
of channels, and gating (open-close time) of the channel; gating 
may be modulated by voltage or ion concentration or by intra- 
cellular regulation. Mutations of critical residues in the channel 
protein can have dire functional consequences; for example, in 
CF, specific mutations of the CFTR affect the ability to transport 
CI- and HCO,-.74! 

Carriers are another class of integral membrane proteins 
responsible for transport of ions and solutes, but at rates sev- 
eral orders of magnitude lower than channels. Carrier-mediated 
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Fig. 101.5 Channels, carriers, and pumps. Because only nonpolar solutes freely cross a lipid domain by 
simple diffusion (A), the transfer of ions and charged molecules necessitates specific transmembrane proteins 
to modulate entry and exit. lon-specific channels mediate membrane transport by facilitated diffusion (B). Car- 
riers permit facilitated diffusion and transfer specific solutes across the membrane by undergoing a conforma- 
tional change (C). Transcellular transport of water molecules occurs via channel proteins or carrier proteins (D). 
Active transport occurs against an electrochemical gradient and can be driven by ATP (primary active transport 
[E1]) or an ionic gradient (secondary active transport [E2]). 
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transport exhibits substrate specificity, saturation, and inhibitory 
kinetics. Carriers undergo a series of sequential conformational 
changes to facilitate transport of substrates across a membrane. 
When concentration or electrochemical gradients drive car- 
rier-mediated transport, the process is downhill and is termed 
facilitated diffusion. For example, fructose enters the enterocyte 
via GLUTS, is rapidly isomerized to glucose, and the resulting 
downhill gradient for fructose allows for facilitated diffusion. 

In contrast, other carriers harness the electrochemical energy 
established by the downhill movement of a second ion, usu- 
ally Na*, to move a solute or another ion uphill. This process is 
termed secondary active transport because the specific gradient is 
indirectly created by a distinct energy-using process. For exam- 
ple, glucose uptake via apical membrane SGLT is driven by the 
Nat gradient generated by the basolateral Nat/K*-ATPase. Car- 
riers exhibit substrate specificity, so SGLT transports D-glucose 
but not L-glucose. Equally important, carriers can transport sin- 
gle or multiple substrates and perform the transport in different 
directions. Uniporters, such as GLUT2 in the BLM, transport one 
type of substrate, hexoses. Symporters, such as the NKCC, move 
Nat/K*, and CI- in the same direction, whereas anti-porters, such 
as the Na*/H* exchangers, move the 2 ions in opposite directions. 

Pumps are the third class of integral membrane proteins and 
directly use energy, generally ATP hydrolysis, to move ions 
against an electrochemical gradient. This process is termed pri- 
mary active transport. Although the Na*/K*-ATPase is the quint- 
essential pump, the luminal gastric and colonic H*/K*-ATPases 
and the basolateral Ca**-ATPases are also important in GI epi- 
thelial transport. 


ION TRANSPORTERS 


Apical Sodium Channel 


In the GI tract, the surface epithelial cells of the distal colon and 
rectum exhibit electrogenic Na* absorption against a fairly steep 
concentration gradient. The downhill electrochemical gradient 
created by the Nat pump drives Na* entry via an apical membrane 
Na*/specific ion channel (Fig. 101.6) that belongs to the family of 
epithelial Na+ channels (ENaCs).*?-*+ The ENaCs are multimeric 
proteins composed of a, p, and y subunits, exhibit a high sensitiv- 
ity to the diuretic amiloride, and are stimulated by mineralocor- 
ticoids and cAMP by increasing the synthesis and exocytosis of 
channels, respectively. Colonic ENaCs are inhibited by increases 
in intracellular Ca’*. Aldosterone or cAMP further increase 
cell membrane ENaC by blocking the degradation pathway for 
ENaC. Gain of function mutations in ENaC causes inappropriate 
increases in Na* and fluid retention as seen in Liddle syndrome, 
whereas loss of function mutations results in a reduction in Nat 
absorption and plays a role in inflammatory diarrhea.* 


Nutrient-Coupled Sodium Transport 


Nutrient transporters largely are found in the small intestine. 
Transport of many hydrophilic nutrients, including glucose, 
amino acids, and some vitamins occurs against their concentra- 
tion gradients via secondary active transport at the apical mem- 
brane and facilitated diffusion across the BLM. 

Glucose transport processes, elegantly elucidated by Wright 
and coworkers, provide a good example of nutrient transport.*° 
Transport across SGLT1 is electrogenic (2 Nat to 2 glucose), 
stereospecific (D-isomer), and transports galactose but not fruc- 
tose.*° Glucose exit across the BLM occurs via a separate family of 
facilitated diffusion carriers, the glucose transporters (GLUT2) 
(see Fig. 101.6). Fructose enters the cell via another member of 
this family (GLUTS) and exits via GLUT2. 

Although it is clear that mucosal-to-serosal Na* and glu- 
cose movement stimulates water absorption, there are multiple 


® Glucose H,O 


Fig. 101.6 Sodium and potassium absorption. Na+ (superscript (“+”) 
crosses the apical membrane of the epithelial cell down an electrochemi- 
cal gradient. The mechanisms may be (1) an ion-specific channel that 
can be blocked by amiloride; (2) a carrier (e.g., SGLT1) that couples 

the movement of Na+ and a nutrient such as glucose; or (3) a car- 

rier (e.g., antiport carrier [e.g., NHE3)) that allows electroneutral entry 

of Na+ (superscript “+”) in exchange for intracellular hydrogen). The 
common exit pathway across BLM is the Na* pump (4). Kt channels 
(KCNN4; KCNQ1/KCNES) help maintain the electrochemical gradient (5). 
Cl- moves passively through the paracellular pathway (6) or via cellular 
transporters (7). Glucose exits the BLM via the facilitated diffusion hexose 
transporter GLUT2 (8). K+ is absorbed via apical H*/K*-ATPase pumps 
(especially when luminal concentrations are >25 mEq/L) (9) and exits via 
K+ channels (6) or K+/Cl- co-transporters (70) in BLM. NHE3, sodiurn/ 
hydrogen exchanger 3; SGLT1, sodium/glucose co-transporter 1. 


underlying mechanisms. The classic explanation is that basolat- 
eral exit of glucose creates a hypertonic compartment in the para- 
cellular space, thereby generating an osmotic gradient for fluid 
entry from the lumen. As discussed under “Water Movement,” 
SGLT can transport water (9000 molecules/sec) and could 
account for about 5 L of fluid reabsorption in the fed state.*7??? 
Transcellular transport via SGLT also triggers contraction of the 
actomyosin ring in the terminal web (described in Fig. 101.2), 
resulting in increased paracellular permeability to glucose and to 
water. Additionally, SGLT activation results in a protein kinase- 
dependent recruitment of GLUT2 to the apical membrane, 
which then serves as a high-capacity, low-affinity route for sugar 
entry during feeding.*?°° More recently it has been shown that 
SGLT activity increases the brush border recruitment and activ- 
ity of the Na*/H* exchanger-3, NHE3, thereby increasing Nat 
and water absorption.’”? The efficacy of using glucose-based 
solutions in ORT in the treatment of diarrheal diseases is based 
on the critical observation that SGLT activity is not affected by 
the secretagogue second messengers, cAMP or cyclic guanosine 
monophosphate (cGMP) (see “Sodium-Hydrogen Exchangers” 
and “Secretory Factors”). 

For a description of similar advances made in our understand- 
ing of amino acid and vitamin transport, see Chapters 102 and 103. 


Sodium-Hydrogen Exchangers 


Exchange of extracellular Na* for intracellular H* is a process 
driven by the electrochemical gradient for Na* and by a pH gra- 
dient that results from a moderately acidic intracellular environ- 
ment; this process occurs in almost every cell. In mammalian 
intestine, members of the Na*/H* exchange (NHE) gene fam- 
ily play an important role in electroneutral Na* absorption. This 
process may be down-regulated during eating and increases post- 
prandially after nutrient absorption. 


Of the 10 mammalian isoforms of NHE that have been 
cloned, NHE1-4 and 6-9 exhibit species- and segment-specific 
distribution in the GI tract,>!>? whereas NHES and NHE10 
are not expressed. The isoforms vary in their cellular local- 
ization with NHEI1-5 and NHE8 primarily in the plasma 
membrane, and the remainder on intracellular membranes.°* 
NHE1 is a ubiquitous protein, expressed on epithelial BLMs, 
and functions as the housekeeper regulator of intracellular pH, 
cell volume, and growth. NHE2, NHE3, and NHE8 are apical 
membrane proteins restricted to epithelia and are the major 
conduits for electroneutral Na* absorption in the intestine and 
proximal colon (see Fig. 101.6). Further, NHE3 is expressed 
only in the villus or surface cells, and not in the crypts.’ 
NHFE4 is located in the BLM, and was primarily ascribed a 
role in gastric parietal and chief cell function. Recent studies 
report a role for NHE4 also in the colon; NHE4 is involved 
in the modulation of intracellular pH in human colon and it is 
stimulated by aldosterone.>® *”The luminal-membrane NHE8 
plays an important role during intestinal epithelial develop- 
ment and in goblet cell function in the colon.°*°*? Epider- 
mal growth factor (EGF) reduces basal transcription of NHE8 
and might be critical in regulating NHE expression during 
intestinal maturation.®° The roles of intestinal NHE6, 7, and 
9 remain to be determined. Genetic knock-out studies have 
highlighted the relevance and importance of various isoforms 
of NHE in intestinal Nat absorption. Thus, NHE3-⁄^ mice 
exhibited severe diarrhea and mild metabolic alkalosis, under- 
scoring the importance of NHE3 in salt absorption. However, 
NHE2~- mice showed normal intestinal NHE activity, with 
enhanced NHE3 expression, but demonstrated gastric abnor- 
malities. In NHE8~-/ mice, intestinal NHE activity was unaf- 
fected but the expression and activity of the anion exchanger, 
DRA (down-regulated in adenoma), was altered in the stomach 
and colon.°!\* Thus, multiple levels of regulation are involved 
in transporter expression and function. 

NHE activity is differentially modulated by neural, paracrine, 
or endocrine stimuli through intricate scaffolding complexes that 
include the exchanger itself and a family of NHE regulatory fac- 
tors (NHERFs) that act as a bridge between the exchanger and a 
variety of kinases, phosphatases, and other transporters.°*:°+ Dif- 
ferent stimuli use differing scaffolding complexes to exert their 
effect. Glucocorticoids stimulate Na* absorption and up-regulate 
NHE3 and NHE8® but not NHE1, 2, or 4, consistent with their 
respective roles in vectorial transport and housekeeping. Gluco- 
corticoids act via a serum- and glucocorticoid-inducible kinase, 
SGK1; SGK1 stimulates the activity of NHE3 by interacting 
directly with NHERF2. 

Alternatively, increases in cAMP (as seen in cholera), cGMP 
(as seen in traveler’s diarrhea), or Ca2* (as seen in rotavirus- 
induced diarrhea) inhibit NHE3 activity. For cAMP-dependent 
inhibition, protein kinase A (PKA), which is recruited to the 
C-terminus of NHE3 by NHERF1, NHERF2, and the PKA 
anchoring protein, ezrin induces its inhibitory effect by phos- 
phorylating NHE3 at Ser°*4 and Ser®7.°6 For cGMP-dependent 
inhibition, agents such as E. coli heat-stable toxin A or guanylin 
activate brush border membrane guanylate cyclase C (GUCY2C) 
to increase cGMP which triggers the formation of a complex in 
the brush border membrane between cGMP-dependent pro- 
tein kinase IT (CGKID), NHERF? and the cGKII anchor protein 
(GKAP) (Fig. 101.7) leading to the phosphorylation of Ser**+, 
Ser7, and Ser3.°’ Calcium activates Ca?*/CAMKII and phos- 
phorylates Ser’, Ser*, and Ser®!° to decrease NHE3 activity. 
All these intracellular messengers use NHERF/PK complexes to 
decrease NHE3 turnover, whereas cAMP and cGMP decrease 
NHE3 expression.® 

The important role of scaffolding proteins in regulating NHE 
is highlighted by studies on NHERF2-null mice which demon- 
strate that NHERE? is necessary to maintain basal NHE3 activity, 
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its stimulation by lysophosphatidic acid (LPA), and its inhibition 
by cAMP, cGMP, and intracellular calcium ([Ca?*];).°?”° 


Electroneutral Sodium Chloride Absorption 


Sodium absorption is coupled to the movement of CI- through 
a Cl-/HCO3° anion exchanger, located specifically in the ileum 
and proximal colon. The rates of the transporters are similar and 
coordinated by cell pH and HCO3-. Alkalinization of the cell by 
NHE drives the exit of HCO; in exchange for CI, resulting in 
electroneutral Na* and CI- absorption, maintenance of cell pH, 
and luminal release of Ht + HCO ;- (water and CO). Coupling 
of the 2 exchangers exhibits species and segmental variations; it 
is fairly tight in the ileum and proximal colon, whereas in other 
intestinal segments, although NHE is dependent on Cl or 
HCO», the linkage between Na* and Cl- transport is variable.’! 


Chloride (Anion) Absorption 


The transepithelial lumen negative potential difference contrib- 
utes to passive movement of Cl and other anions via the paracel- 
lular pathway in the jejunum.’ Cellular Cl- absorptive pathways 
are segment specific, involving multiple and distinct anion 
exchangers in the apical and BLMs. As mentioned above Cl-/ 
HCO3;- and Na*/H* exchanger activities are coupled in the ileum 
and proximal colon, whereas sodium-independent Cl-/HCO;- 
exchange occurs in the distal colon (see Fig. 101.6). Similarly, exit 
mechanisms for Cl- across the BLM involve both channels (e.g., 
CIC2) and anion exchangers (SLC4A family). Anion exchangers 
are discussed in detail under “Bicarbonate Transport.” 


Chloride Secretion 


The principal driving force for fluid secretion is the transcellu- 
lar movement of Cl from the serosal to the luminal compart- 
ment. Na* and water follow passively in response to the ensuing 
electrical and osmotic gradients (Fig. 101.8). The small and large 
intestine exhibit a basal rate of Cl secretion that is maintained by 
the interplay of cell volume, [Cl-];, and paracrine, autocrine, neu- 
ronal, endocrine, luminal, and immune modulators. Disruptions 
in the balance of these regulatory processes can lead to secretory 
diarrhea. 

Several epithelia in the GI tract exhibit electrogenic CI- secre- 
tion. Although there are some tissue-specific regulatory differ- 
ences, the mechanisms underlying this secretion are remarkably 
similar. The Na* pump provides the driving force, and CI- enters 
the cell across the BLM via an electroneutral co-transporter 
(NKCC1). The Human Gene Nomenclature Committee 
(HGNC) has classified the more than 300 identified solute carri- 
ers (SLC) into 60 families and each SLC belongs to one of these 
families. In the superfamily of cation transporters, the NKCC 
(SLC family 12A, member 2 [SLC12A2]) co-transporters are 
characterized by their selectivity to Cl- and Br- and their inhi- 
bition by the loop diuretics bumetanide and furosemide.’?-”+ 
NKCC1 phosphorylation and activity are increased by a drop in 
cell volume or increases in [Cl-]; also regulated by many phospha- 
tases, actin-myosin interactions and kinases, including a unique 
STE20/SPS1-related Proline/Alanine-rich Kinase (SPAK; 
STE-20 represents “sterile20”, a superclass of mitogen-activated 
protein kinase (MAP4K), and SPS1 represents “sporulation spe- 
cificl”, both of which are serine/threonine kinases) and oxidative 
stress response 1 kinase (OSR1). SPAK and OSR1 are activated 
by With No Lysine kinases to sense a drop in intracellular [Cl-] 
and phosphorylate to activate the co-transporter.’> The NKCC1 
co-transporter effectively couples the movement of 2Cl-:1K* and 
590 molecules of H2O uphill for the expenditure of a single Na* 
ion. The Cl leaves the cell via specific channels on the apical 
membrane; Na* entering the cell through NKCC1 exits via the 
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Fig. 101.7 Second messengers: cAMP and cGMP. Five steps are involved in transduction of an external signal 
into a change in cellular function: (1) binding of either a stimulatory or an inhibitory agonist to an appropriate 
receptor of the transmembrane adenylate cyclase (tmAC) or membrane guanylate cyclase (GUCY2C) systems; 
(2) binding of the ligand to the receptor modulates cyclase activity, either within the same molecule in the case 
of GUCY2C or by activating the corresponding membrane-bound heterotrimeric guanine nucleotide regulatory 
proteins (heterotrimeric G proteins) in the case of tmACs; Cyclic nucleotides can also be generated by soluble 
AC (sAC) or GC (SGC) activated by Ca?+ and NO, respectively; (3) an intracellular signal results from produc- 
tion of CAMP from ATP and cGMP from GTP; (4) an increase in [cAMP]; (intracellular cAMP concentration) 
activates protein kinases such as PKA, and an increase in [CGMP]; activates protein kinases such as PKG Il, 
which is fixed to the membrane by myristoylation or soluble PKGI (not shown); involvement of kinase-anchoring 
proteins such as A kinase-anchoring proteins (AKAPs) and G kinase-anchoring proteins (GKAPs) has been 
demonstrated during the signaling; (5) protein kinase phosphorylation of specific target proteins results in a 
change in the activity of channels or transporters such as the CFTR chloride channel or the Na*/H* exchanger. 
(For easy explanation, steps 1 to 5 are drawn apart.) In the intact cell, the molecules described in steps 1 to 5 
(receptors, cyclase, kinase, anchoring protein, and target transporter) may be in close proximity, allowing for 
spatial and localized regulation. In cAMP signaling, binding of stimulatory regulators (e.g., VIP, prostaglandins) 
to specific membrane receptors causes activation. Activated receptors couple via Gs with tmACs to catalyze 
conversion of ATP to cAMP, which then activates specific cAMP kinases. An inherent GTPase returns G, to its 
nascent state; cholera toxin prevents this occurrence by covalently modifying Gs, leaving enterocyte turnover 
as the only recourse for returning the tissue to its basal state. Other hormones, such as somatostatin, trigger 
the activation of inhibitory G proteins (Gi) to decrease cAMP. The tmAC cascade is localized to the BLM of 
epithelial cells. Soluble adenylate cyclase (SAC) is not dependent on heterotrimeric G proteins and can be ac- 
tivated by HCO3- and Ca?+. The sACs are present in the cytosolic, mitochondrial and nuclear compartments. 
In cGMP signaling, cGMP is generated by the activation of membrane or soluble guanylate cyclases (GCs). 

In contrast to the adenylate cyclases, membrane GCs are single-pass transmembrane proteins for which the 
extracellular domain serves as the receptor-binding domain and the intracellular domain catalyzes conversion 
of GTP to cGMP. Thus, the GCs are specific for their ligands, which include the endogenous atrial natriuretic 
peptides, guanylin, and uroguanylin, as well as enterotoxins such as the heat-stable enterotoxin of Escherichia 
coli. The intestinal CGMP protein kinase is tethered to the membrane via a myristoylated N-terminal region. The 
soluble GCs are the target of NO activation; they are minimally expressed in the small intestinal epithelium, but 
they are present in colonic epithelium, subepithelial elements, and smooth muscle, where they cause muscular 
relaxation. ATP, adenosine triphosphate; cAMP, cyclic adenosine monophosphate; cGMP, cyclic guanosine 
monophosphate; G;, inhibitory G protein; Gs, stimulatory G protein; GTP, guanosine triphosphate; NO, nitric 
oxide; PKA, protein kinase A; PKG, protein kinase G; S7a, heat-stable toxin; VIP, vasoactive intestinal peptide. 


Fig. 101.8 Intestinal chloride and potassium secretion. Discrete 
basolateral entry steps and apical exit steps are integral to ion secretion 
across any secretory epithelium. The Nat/K*+-2Cl- carrier (NKCC1) 
couples the movement of Nat, K+, and CI- in a 1:1:2 stoichiometric 
relationship and permits Cl- to accumulate in the cell in a concentra- 
tion greater than its electrochemical equilibrium. CI- then exits the cell 
across the apical membrane by means of a Cl- channel; Na+ and water 
follow passively. The Na+ and K+ that entered with the Cl are recycled 
by, respectively, the Nat pump and a basolateral K+ channel, both of 
which are critical to maintaining the driving force. These transporters 
can be regulated by second messengers such as Ca?+, cAMP (cyclic 
adenosine monophosphate), and cGMP (cyclic guanosine monophos- 
phate) (see Fig. 101.7). The molecular nature and isotypes of these key 
transporters may vary with the tissue and species. Thus, NKCC1 is the 
predominant isoform in secretory epithelia. The basolateral Kt channels 
can either be the cAMP-activated KCNE3/KCNQ1 channels (potassium 
voltage-gated channels, Isk-related family, member 3/ KQT-like subfam- 
ily, member 1), or the Ca2*-calmodulin-activated KCNN4 channels (K+ 
intermediate/small conductance Ca2t-activated channel, subfamily N, 
member 4). In the colon, active transepithelial secretion of Kt occurs 
through KCNMA1 channels located on the apical membrane. As de- 
scribed in the text, the apical membrane Cl channel is predominantly 
CFTR [see Fig. 101.9 for further details]. There is some evidence, albeit 
controversial, that the apical membrane could also possess CIC-25” 

(a proposed target for lubiprostone) and the Ca?+-activated trans- 
membrane CI- channel, TMEM16a.°©°-6? Other investigators suggest a 
basolateral location for the CIC-2 and TMEM16a channels.°? 


Nat pump, and K+ leaves via K* channels either on the AM or 
mainly on the BLM. This complex interplay of transporters is an 
elegant demonstration of cellular economy. The pump-to-leak 
relation between K* channels and the Na* pump helps maintain 
the interior of the cell as electronegative, providing the driving 
force for Cl- exit. Basolateral K* exit electrically balances the 
large CI- flux across the apical membrane. 


Chloride Channels 


Three classes of Cl- channels belonging to separate protein 
families and with distinct electrophysiologic characteristics have 
been identified in secretory epithelia: Cl- channels (CLC[n}), 
Ca?*-dependent CI- channels (anoctamins) and ABC transport- 
ers (CFTR). There is increasing evidence, however, that the pre- 
dominant CI- channel in the intestine is CFTR. 


CFTR Chloride Channel 


The CFTR protein is coded for by the gene that is defective in 
CF (see Chapter 57). The crucial role of this channel is under- 
scored by the exocrine disorders that are the hallmark of CF. In 
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addition to abnormalities of the lungs, sweat glands, and pan- 
creas, infants with CF often present with meconium ileus, and 
15% of adults with CF develop distal intestinal obstructive syn- 
drome. Interestingly, the major pathology of the CFTR-deficient 
mouse is meconium ileus, which results in early mortality unless 
treated with an osmotic laxative. 

CFTR is present on the apical membrane of enterocytes and 
chiefly localized to intestinal and colonic crypts.”° It is a mem- 
brane protein of 1480 amino acids that belongs to the super- 
family of ATP-binding cassette proteins (Fig. 101.9). CFTR 
is a small-conductance (8 to 10 pS) linear channel with an ion 
selectivity of Br- > CI- > I- > F that can also transport HCO,- 
and ATP.” The structure of the pore and the structural basis 
of human CFTR channel activity was recently confirmed using 
electron cryomicroscopy.’? It revealed that CFTR has a large 
cytosolic vestibule with transmembrane helices 6, 8, and 12 
forming a tunnel that is lined by positively charged amino acids, 
making it anion selective. In secretory diarrheas such as chol- 
era, cAMP increases channel activity and the number of chan- 
nels in the apical membrane in the intestine (see Fig. 101.9 and 
Fig. 101.10). The more than 2025 mutations of CFTR are now 
grouped into 5 classes: class I, truncated protein translation; 
class II, improper folding; class II, abnormal gating; class IV, 
decreased pore conductivity; class V, reduced surface expression 
and reduced membrane residence time. However, some 86% of 
CF patients carry the same mutation, a single amino acid dele- 
tion (AF508) that results in improper folding (class II mutation 
[see Fig. 101.9]).°° 

CFTR is pleiotropic and interacts with many other proteins, 
such as ENaC, NKCC, and anion exchangers (DRA and puta- 
tive anion transporter-1 [PAT-1]), myosin motors and small 
GTPases. Some of this interaction occurs through crosstalk via 
shared scaffolding proteins. Recent studies reveal that phosphor- 
ylation of key sites on CFTR by Ca?*-CAMPKII plays an impor- 
tant role in these pleiotropic effects.5'°? CFTR can influence 
the expression, regulation, and modulation of other proteins by 
mechanisms that are currently being deciphered. The spatiotem- 
poral couplings of DRA, PAT-1, CFTR, and NHE3 have been 
studied in transgenic mice. The stimulation of pancreatic HCO;- 
secretion by CFTR requires the binding of PAT1 to NHERF1 
and NHERF?2 via PDZ interactions. In CFTR“ mice, DRA and 
PAT-1 mediated HCO3° secretion is decreased with PAT-1-me- 
diated absorption unaltered.’ 

Using combinatorial chemistry, compounds have been 
designed to specifically inhibit or stimulate CFTR, thereby serv- 
ing as therapeutic strategies for secretory diarrhea or CF; many 
are in various phases of clinical trials.°°*? Most exciting, in 2012, 
the U.S. Food and Drug Administration approved an oral medi- 
cation, Kalydeco, for CF patients older than age 6 who have 
the G551D (class III, non-AF508) mutation of CFTR. Patients 
with G551D have an apical membrane CFTR with lower-than- 
normal activity; the potentiator drug increases Cl- conductance, 
improves lung function, and decreases pulmonary CF exacerba- 
tions. A side effect of Kalydeco is mild diarrhea (13%). In 2015, 
a combination drug (VX-770 + VX-890) Orakambi was approved 
for patients older than the age of 12 who carry 2 copies of AF508 
(class II) mutation, which improved lung function by its potentia- 
tor and corrector properties.®° Another drug in Phase 2 trials is 
Tezacaftor (VX-661), which is designed to move the defective 
protein into the membranes of airway cells. The identification of 
Lrg5 intestinal stem cells followed by the development of organ- 
oid culture from individual rectal biopsies of CF patients and a 
functional CFTR assay has revolutionized our ability to personal- 
ize therapies. In particular, the development of forskolin-induced 
swelling assay***> has given us the ability to test the efficacy of the 
CFTR-targeting drugs mentioned above, used alone or in com- 
bination to suit individual patients.*° Very recently, using single- 
cell profiling, a rare cell type labeled the “pulmonary ionocyte” 
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Fig. 101.9 Structure and trafficking of cystic fibrosis transmembrane conductance regulator. CFTR is present 
on the apical membrane of enterocytes and chiefly in intestinal and colonic crypts. CFTR is a 1480 amino acid 
membrane protein synthesized in the endoplasmic reticulum (ER) and trafficked through the Golgi apparatus 
and endosomal compartments. It has 2 membrane-spanning domains (MSD1, MSD2), 2 ATP-binding domains 
(NBD71, NBD2), and a regulatory (R) domain that has many phosphorylation consensus sequences, specifically 
for PKA. Gating of the channel is regulated by sequential binding of ATP to the 2 domains and phosphoryla- 
tion and dephosphorylation of the R domain. PKA activates the R domain to increase channel activity and 
stimulates the recruitment of CFTR-bearing endosomes to the apical membrane to increase channel numbers. 
There are 6 classes of CFTR mutations (See text for details), but 70% of CF patients carry the AF508 mutation 
that results in improper folding and diversion of the majority of the protein to the proteasomes for degradation 
instead of apical membrane insertion. Misfolded or other mutant proteins that reach the apical membrane get 
targeted to the lysosome for degradation. ATP, adenosine triphosphate; MSD, membrane spanning domain; 


NBD, nucleotide (ATP) binding domain; PKA, protein kinase A. 


has been identified as the major source of CFTR activity in the 
airway epithelium; similar studies dissecting CFTR localization 
in the intestine are awaited.*” 


CIC Family of Chloride Channels 


The CIC chloride channel family,**:°° especially the widely dis- 
tributed plasma membrane CIC2, is involved in regulation of 
epithelial transport, intracellular pH, intracellular chloride and 
cell volume. CIC2 gained clinical interest as a potential alterna- 
tive secretory pathway to CFTR because it is a target of lubipro- 
stone, a novel prostaglandin-related laxative.” Lubiprostone was 
originally reported to stimulate Cl- secretion, via ClC2,?° but 
other studies have reported the involvement of CFTR in lubi- 
prostone action.’ |°? Although some studies in cell cultures with 
mouse and pig intestinal epithelia?’ suggest that CIC2 can con- 
tribute to CI- secretion, but the role of CIC2 in fluid secretion is 
nevertheless debatable. C1C2 is found primarily in the intestinal 
villus and not in the secretory crypts. The membrane localiza- 
tion of CIC2 is controversial, with researchers reporting its pres- 
ence in intestinal BLM, or apical membranes, in proximity to TJ 
region or cytoplasm. The discrepancies have been attributed to 


differences in type of species, tissue, dose used, and the antibod- 
ies used in the studies.??.°* Further, ClC2-/- mice demonstrate 
impaired electroneutral NaCl and KCI absorption but not Cl- 
secretion. If lubiprostone were acting via C1C2, it should stimu- 
late Cl- secretion in the absence of functional CFTR, however, 
it fails to rescue CI- secretion in intestinal tissues of CF patients 
or CFTR-deficient mice.”! Further, deletion of both CIC2 and 
CFTR does not alter the pathologic features of CFTR mice.” 
Nevertheless, the ClC2- mice exhibit altered TJ morphology 
and function, with an increase in paracellular space and perme- 
ability and TJ protein disruption being exacerbated in inflamma- 
tory conditions.” Thus, the major effect of CIC2 in the intestine 
appears to be on barrier function, although the mechanism 
remains to be elucidated. 


Calcium-Activated Chloride Channels 


The calcium-activated Cl- channels (CLCA) may play a role 
in goblet cell function’? and have been implicated in the diar- 
rhea of rotaviral infection in intestines of young but not adult 
mammals (see “Microbiome and Microbial Pathogens”). The 
molecular nature of the channel eluded precise identification 
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Fig. 101.10 Mechanism of action of Vibrio cholerae enterotoxin. V. cholerae produces an enterotoxin, which 
is a zonula occludens toxin (ZOT) that disrupts tight junction permeability, and other toxins (not shown here) 
that are not fully identified. Cholera toxin induces diarrhea by inhibiting absorptive processes in the villus and 
surface epithelial cells (A) and by stimulating the secretory processes in the crypt epithelial cells (B). As shown 
in A, a cholera toxin-mediated increase in cyclic adenosine monophosphate (cAMP) leads to inhibition of salt 
absorption (Na+/H+ and CI-/HCO;7 transporters) but does not affect Na*/glucose transport. The events that 
follow enterotoxin binding and lead to cAMP generation are similar in villus and crypt cells. As shown in B, the 
enterotoxin binds to ubiquitous GM1 gangliosides via its B subunits on the intestinal brush border membrane 
(1) and, by capturing elaborate cellular processes, including lipid rafts, retrograde endocytosis, and endoplas- 
mic reticular proteolysis (2), transmits the A1 peptide of its A subunit to the BLM. At the BLM, A1 catalyzes 
the adenosine diphosphate ribosylation of Gas (Gs). This permanently activates G, by covalently inhibiting the 
nascent GTPase and preventing activated G, from returning to its nascent state (3). Activated Gs then stimu- 
lates adenylate cyclase (AC) to produce an unregulated increase in cAMP (4). Although the major pathophysi- 
ologic effects are attributed to the enterotoxin, V. cholerae also recruits multiple components of the ALPINES, 
including enteric neurons, enterochromaffin cells, prostaglandins, and serotonin (as shown at the bottom of 
the figure) that together contribute to the copious fluid output in the small intestine. In addition, interneurons 
between the small and large intestines underlie the ability of cholera toxin in the small intestine to trigger a 
reflex secretory response in the colon. cAMP, cyclic adenosine monophosphate; EC, enterochromaffin; GM1, 
monosialotetrahexosylganglioside; Gs, stimulatory G protein; 5-HT, serotonin; PG, prostaglandin; ALPINES, au- 
tocrine, luminal paracrine, immunologic, neural, and endocrine systems; VIP, vasoactive intestinal polypeptide. 


until, using distinct molecular approaches, three separate labo- 
ratories identified transmembrane protein-16A (TMEM-16A; 
listed as calcium-activated chloride channel, anoctamin 1, 
ANO1 by HGNC) as the epithelial Ca?*-activated Cl- chan- 
nel. In the intestine, TMEM-16A plays a role in intestinal 
smooth muscle contraction and is functionally coupled with 
CFTR to cause mucus secretion in goblet cells.?° In intesti- 
nal epithelia, it has been reported by some” to have a strict 
basolateral role in cell volume regulation, and by others to be 
localized apically.?*-!°° 


Potassium Transport 


Many K* transport processes help the intestine cope with its need 
to balance fluid and electrolyte movement. 11:10? Potassium secre- 
tion and absorption occur along the length of the intestinal tract, 
although the specific pathways are segment specific. In the small 
intestine, K* is absorbed passively through paracellular transport. 
In contrast, K* absorption in the distal colon occurs by primary 
active transport via luminal membrane H*/K*-ATPase pumps in 
concert with basolateral KCCs and K* channels (see Fig. 101.5). 
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These H+t/Kt-ATPase pumps are related to the gastric H*/K+- 
ATPase, and like the Na* pump are P-type ATPases, pumps that 
catalyze the phosphorylation (P) of a conserved aspartate residue 
during each turnover of the enzyme. At least 2 colonic isoforms 
have been identified: a ouabain-sensitive, Nat-insensitive isoform 
in the crypt cells and a ouabain-insensitive, Na*-sensitive isoform 
in the surface cells. Depletion of K* and increases in aldosterone 
stimulates K* absorption by increasing Cl--dependent K* absorp- 
tion and up-regulating the ouabain-insensitive Ht/K*-ATPase, 
respectively. In the presence of Nat, H*/K*-ATPase has been 
shown to function as a Na*t/K*-ATPase in the rat colon.! 

Potassium channels are the largest group of ion channels in 
the human genome. Only a few K* channels localized to intes- 
tinal cells are mentioned here, using the HGNC nomenclature, 
which designates them as KCNxx (see http://www.genename 
s.org/genefamilies/m-p/). In addition to transepithelial trans- 
port, various K* channels are involved in differentiation, apop- 
tosis, and carcinogenesis. K* channels are regulated by changes 
in membrane voltage, cytosolic calcium, pH, cell swelling, cell 
metabolism, and covalent post-translational protein modifica- 
tions (e.g., addition or removal of phosphate groups [phosphory- 
lation] or addition or detachment of small ubiquitin-like modifier 
proteins [sumoylation]). Found primarily on the BLM of epithe- 
lial cells, K* channels contribute significantly to intestinal elec- 
trolyte homeostasis through several mechanisms. Cell swelling 
activates K* channels, leading to a regulatory volume decrease, 
a function critical for intestinal cells that live in an environment 
with constant fluctuations in osmolarity. K* channels modu- 
late cell hyperpolarization required for vectorial voltage-driven 
transport processes. In the BLMs of the small and large intes- 
tine, the cAMP-activated KCNE3/KCNQI1 channels (potassium 
voltage-gated channels, Isk-related family, member 3/KQT-like 
subfamily, member 1; resulting in a slow-delayed rectifying K* 
current) and the Ca? calmodulin—activated KCNN4 channels 
(potassium intermediate/small conductance calcium-activated 
channel, subfamily N, member 4) hyperpolarize the membrane 
and promote Cl- secretion. Basolateral K+ channels contribute 
to the transepithelial potential difference, which influences para- 
cellular movement. Additionally, basolateral KCNKS5 channel is 
found in human and mouse intestine and mouse colon.!* The 
apical KCNMA1 (MaxiK; potassium large-conductance calcium- 
activated channel, subfamily M, a member 1) channels, regulated 
by calcium and mineralocorticoids, are primarily responsible for 
colonic K* secretion. Although the kidney is the major organ 
involved in K* homeostasis, in patients with chronic kidney dis- 
ease, the colon helps maintain normokalemia, by hypersecreting 
K* even after the onset of renal failure.!°* 


Bicarbonate Transport 


Bicarbonate is a metabolic product and a critical anion in fluid 
homeostasis in the intestine. In clinically significant diarrhea, 
bicarbonate is the major anion in the stool. It is secreted by elec- 
trogenic and electroneutral processes in the duodenum, ileum, and 
colon. Being a metabolic product, intracellular HCO3- can arise 
from intracellular metabolism, diffusion of CO), or the action of 
transporters such as the basolateral Na*/HCO3- co-transporter. 
Electrogenic HCO3° secretion can occur via apical anion channels, 
including CFTR; the major mechanism for HCO; secretion in 
the small and large intestine, however, is its linkage to the inward 
movement of Cl- via apical Cl-/HCO3- exchangers.!°° Another 
type of coupling is that electrogenic Cl secretion via CFTR pro- 
vides luminal Cl-, which is then recycled into the cell via the Cl-/ 
HCO;- exchangers. A separate conductive pathway might mediate 
HCO; secretion into the duodenum. SCFA-dependent HCO;- 
secretion also occurs in colonic surface cells.!°7 

The bulk of HCO; transport occurs via a variety of SLCs, 
chiefly, CL/HCO;- exchangers. The prototype of anion exchangers, 


the red cell CL/HCO;- exchanger (AE1/SLC4A1), has been exten- 
sively studied, and others have been identified more recently. The 
SLC4A1, SLC4A2, and SLC4A3 exchangers are Na* independent. 
SLC4A2 is located on the BLM of surface/villus and crypt cells 
suggesting its role in the basolateral exit of Cl-, whereas SLC4A3 
appears to be on both membranes. In contrast the Na+-dependent 
anion exchangers are either electrogenic (SLC4A4 [NBC1, Na*/ 
HCO3>- co-transporter 1], SLC4A5 [NBC4]) or electroneutral 
(SLC4A7 [NBCn1, Na*/HCO3- electroneutral co-transporter 
1}).!°8 Using a combination of pharmacologic and gene knockout 
approaches, the SLC4A4 and SLC4A7 have been demonstrated to 
play a role in basolateral HCO;- entry into the enterocyte/colo- 
nocyte with SLC4A4 being important in regulating systemic pH. 
Thus, SLC4A4~“ mice exhibit systemic metabolic acidosis with low 
blood pH and HCO; levels. Transepithelial colonic HCO; secre- 
tion was also hindered in these mice.!0°-112 

Structurally distinct from the SLC4 HCO3> transporter fam- 
ily, the SLC26 multifunctional anion exchange family has gained 
considerable prominence in the last decade. SLC26 exchangers 
can transport Cl, HCO;-, sulfate, formate, oxalate, hydroxyl 
ions, and other anions with differing affinities. Their varied dis- 
tribution along the GI tract provides them with the flexibility to 
handle a variety of luminal anions. Two members of this fam- 
ily, SLC26A3 (also known as DRA) and SLC26A6 (also known 
as PAT-1) are of special interest.!0!!3-!!5 SLC26A6, is expressed 
abundantly in the apical membrane of villus enterocytes and less 
so in the colon.!! Mice lacking SLC26A6 do not exhibit a diar- 
rheal phenotype, suggesting the presence of other compensatory 
mechanisms. In contrast, mutations in SLC26A3, first identified 
as being DRA, cause congenital chloride diarrhea that manifests 
with volume depletion and metabolic alkalosis. DRA is expressed 
abundantly on the apical membranes of colonocytes, but not 
enterocytes. When expressed in Xenopus oocytes, SLC26A6 
transports greater than 2HCO ;7:1Cl- ion whereas DRA trans- 
ports greater than 2Cl-:1HCO3-7 ion. It is intriguing, however, 
that both transporters exhibit electroneutral ion transport in 
native epithelia.’ DRA plays a pivotal role in electroneutral 
NaCl absorption. Mice deficient in DRA exhibit severe diarrhea, 
increased colonic proliferation, and compensatory increases in 
ion absorption. DRA is decreased in various disease states. Thus, 
enteropathogenic E. coli and C. rodentium decrease DRA surface 
expression and its activity,!°° and inflammation, including that of 
IBD, shows decreased DRA. Recently, in a model of IBD, this 
inflammation-induced reduction in DRA expression was defini- 
tively linked to the TNF-a-NF«B (Nuclear Factor Kappa-light 
chain-enhancer of activated B cells) pathway.?30 

A number of regulatory pathways strongly influence HCO,- 
secretion. Agents that inhibit NHE3 activity (e.g., cAMP, cGMP, 
[Ca?*];) also decrease DRA activity. DRA does not act in isola- 
tion; it interacts with NHE3, with CFTR and with scaffolding 
proteins such as NHERF3; DRA and CFTR mutually influence 
each other’s expression, and anion exchange is down-regulated in 
CF. Segmental differences in DRA coupling to NHE3 seen in 
mouse and rat intestine highlight the ultimate goal to maintain 
the appropriate pH and salt and water absorption in each seg- 
ment.!! Equally important, agents that promote absorption, rang- 
ing from neuropeptide Y to butyrate, LPA, and probiotics such as 
Lactobacillus acidophilus, increase DRA activity by both short-term 
(trafficking) and long-term (protein expression) regulation. Inter- 
estingly, the effects are specific to DRA, and similar changes are 
not seen in SLC26A6, making DRA a popular therapeutic target. 

In contrast to the expression of apical NHE isoforms down 
the surface-crypt axes, that of anion exchangers is not as clearly 
demarcated and occurs on crypt and surface cells. The physio- 
logic implications of the spatial distribution and necessity for var- 
ied anion transporters in net HCO; secretion remain unclear but 
seem essential to maintain normal Cl-/HCO;- transport in the 
various segments of the intestine with their specialized functions. 


Short-Chain Fatty Acid Transport 


The 2- to 4-carbon short-chain fatty acids (SCFAs) (e.g., acetate, 
propionate, butyrate) are generated by bacterial fermentation of 
poorly absorbed carbohydrates. Unlike the small intestine, in 
which Cl- and HCO;- predominate, the major luminal anions 
(60 to 150 mmol/kg) in the colon are SCFAs. The magnitude of 
the daily colonic load and absorption of SCFAs is comparable to 
that of colonic Na*. The critical role of commensal bacteria in the 
generation of SCFA and the recognition of microbial ecological 
niches underscores the importance of SCFA in colonic health and 
disease. SCFAs, especially butyrate, are a major source of meta- 
bolic fuel for the colonocytes, modulate epithelial growth and dif- 
ferentiation, and have been implicated in the pathogenesis of and 
therapy for several inflammatory diseases of the colon, such as 
diversion colitis (see Chapter 128). 

SCFAs are rapidly absorbed in the colon and also greatly 
enhance Na* and fluid reabsorption through linked transport 
mechanisms and by up-regulating expression of NHE3 and DRA 
on the apical membrane of colonocytes.!°°:!!° SCFAs are weak 
electrolytes and can be ionized or protonated. Ionized SCFAs 
need specific carriers, whereas nonionized protonated species can 
diffuse across the colonocyte membrane; at luminal colonic pH, 
SCFAs are 95% to 99% ionized. 

The molecular basis of SCFA transport is beginning to be 
understood.*#!!7 First, apical NHEs create an acidic pH micro- 
climate and enhance diffusion of protonated SCFAs into the 
cell. Monocarboxylate transporters (MCTs), members of the, 
SLC16 and SLC5 families, underlie electroneutral carrier-medi- 
ated SCFA transport. SLC16 proteins, specifically SLC16A1 
(MCT1), transport 1H*:1SCFA- and require an ancillary protein 
for their function.!!® Inflammation and enteropathogenic E. coli 
reduce SLC16A1 expression, whereas dietary factors such as pec- 
tin and butyrate, and somatostatin increase MCT 1 transcript or 
protein expression.!!?-!?! High-affinity (SLC5A8) and low-affin- 
ity (SLC5A12) Na*-dependent MCTs have been identified in the 
colon and intestine and may be luminal. In addition, Cl-/butyrate 
exchangers and SCFA-/HCO;- exchangers, functionally coupled 
to NHE, might account for SCFA recycling back to the lumen 
and promoting of electroneutral Na* and Cl- absorption.!°7-!? 
Finally, just as glucose and Na* absorption are linked in the intes- 
tine, butyrate also stimulates salt and water reabsorption in the 
colon via a cAMP-independent mechanism. This has proven to 
be beneficial as a therapeutic strategy in situations such as acute 
cholera toxin—-induced fluid losses. 157 


EXTRACELLULAR REGULATION: MICROBIAL, 
AUTOCRINE, LUMINAL, PARACRINE, IMMUNOLOGIC, 
NEURAL, AND ENDOCRINE SYSTEMS (MALPINES) 


The complex minute-by-minute regulation of intestinal func- 
tion is achieved by the intricate coordination of extracellular 
factors, contributed by the intestinal microbial, autocrine, lumi- 
nal, paracrine, immunologic, neural, and endocrine systems 
(MALPINES). Originally restricted to “PINES,” this definition 
has been expanded, and although the distinctions between indi- 
vidual regulatory systems are getting blurred because of the con- 
siderable and differential crosstalk of the underlying pathways in 
health and disease states, the nomenclature is nevertheless useful 
(Fig. 101.11). These interactions are compounded by factors with 
overlapping actions, many of them acting through cell-specific 
multiple receptors linked to varied signaling pathways. 

The last decade has seen an explosion of information on 
the influence of the luminal microbiome in health and disease 
states (Chapter 3) ranging from traditional infectious diarrheas, 
including Clostridioides difficile infection (Chapter 112) to obesity 
(Chapters 7 and 8) and amyotropic lateral sclerosis. In addition, 
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luminal mechanical (stroking and stretch) or chemical (toxins) 
stimuli can activate mechanoreceptors and chemoreceptors, 
respectively, to in turn activate one or more arms of ALPINES. 
Within the subepithelium, structural elements of ALPINES, 
including blood vessels, are in close proximity (see Fig. 101.11), 
so release of mast cell mediators can easily target neurons and 
vice versa; this interplay is critical for the minute-by-minute local 
regulation necessary in the intestine. Although it is possible to 
define the specific effects of an individual component in-vitro, 
clinically the regulatory systems are inextricably intertwined. 
For example, Verner-Morrison syndrome (pancreatic cholera) is 
classified as an endocrine-mediated diarrhea because pancreatic 
islet cell tumors produce large amounts of vasoactive intestinal 
peptide (VIP) (see Chapter 34). In the healthy adult, however, 
VIP is not found in the pancreas but is a peptidergic neurotrans- 
mitter of the enteric nervous system (ENS) that stimulates epi- 
thelial cell secretion and smooth muscle relaxation. In another 
example, serotonin (5-hydroxytryptamine [5-HT)]) is released 
from mucosal enterochromaffin cells either directly or indirectly 
by a variety of mechanical, microbial and chemical stimuli, after 
which it acts via distinct receptors to elicit a plethora of actions 
ranging from pro-inflammatory to neuroprotective? !: on entero- 
cytes to directly stimulate secretion; on myenteric neurons to 
release acetylcholine (ACh) and elicit migratory contractions; on 
submucosal neurons to release ACh and calcitonin gene-related 
peptide to stimulate peristalsis and secretory reflexes; its receptor 
expression, and therefore function, is influenced by the microbi- 
ome, 124125 

Fluid secretion is the major component in the production of 
diarrhea and the host’s defensive response to intestinal chal- 
lenge; motility, mucus secretion, and blood flow—all regulated by 
ALPINES—are important adjuncts to the process. Bacterial tox- 
ins are notorious for coopting host cell machinery for their own 
metabolism and propagation. Thus, cholera toxin acts directly 
on enterocytes to stimulate fluid secretion (see Fig 101.10) and 
simultaneously activates mucosal enterochromaffin cells to release 
serotonin, which, in turn, evokes neural, paracrine, and immune 
responses. The involvement of ALPINES in motility helps explain 
diarrhea associated with rapid intestinal transit (e.g., following 
gastrectomy), altered anorectal motility (e.g., small-volume diar- 
rhea), or decreased motility (e.g., SIBO). Decreased motility leads 
to bacterial increase in the small intestine, which causes diarrhea 
by a variety of mechanisms (see Chapters 16, 99, and 105), whereas 
in the healthy intestine, inter-digestive migratory myoelectric 
complexes curb microbial growth. Alternatively, inflammatory 
mediators (e.g., prostaglandins, bacterial enterotoxins) target both 
the epithelial and muscle layers to elicit a coordinated secretory 
response, whereas promoters of absorption (e.g., opiates, enkepha- 
lins) suppress motility and promote electrolyte absorption. 

‘The major neurohumoral substances and toxins that modulate 
intestinal fluid transport are listed in Tables 101.1-101.3. Agents 
that promote net fluid secretion generally inhibit Na* absorption 
and stimulate CI- secretion, whereas agents that promote net 
fluid absorption increase Na* uptake and attenuate Cl- secretion. 
In a healthy person, net absorption prevails, and when this bal- 
ance is disrupted, diarrhea can ensue. Disruption in motility pat- 
terns are associated with constipation; for example, low numbers 
of pacemaker interstitial cells of Cajal or substance P has been 
associated with slow transit time and functional constipation in 
children.!2° Thus, MALPINES allow for a coordinated and inte- 
grated response to multiple extracellular signals. 


Microbiome and Luminal Factors 


The advent of pyrosequencing and metagenomic analyses 
has led to the labeling of the microbiome as the “largest organ 
system” in the human body and, more importantly, underscored 
a pivotal role of host-microbiome relationships in influencing 
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Fig. 101.11 Model depicting the integral components of the complex MALPINE (microbial, autocrine, luminal, 
paracrine, immune, neural and endocrine) systems that regulate intestinal ion transport. The components 
include (7) neurons responsive to intraluminal mechanical and chemical stimuli (e.g., food, bile acids, microbes 
[pathogenic and commensal], xenobiotics); (2) interneurons in either the myenteric or submucosal plexuses; (3) 
secretory neurons that release acetylcholine (ACh), which acts on epithelial cells; and (4) interactions among 
secretory neurons, blood vessels, immune cells, and paracrine cells. Immune responses arise from the gut-as- 
sociated lymphoid tissue (GALT), cells that are often distinct from their systemic counterparts; GALT composi- 
tion in noninflamed intestine is as follows: T lymphocytes: 60%, B lymphocytes and plasma cells: 25% to 30%, 
macrophages: 8% to 10%, mast cells and polymorphonuclear cells (usually eosinophils): 2% to 5%.84 Intestinal 
cells can release an array of secretory factors that act either directly on the epithelium or indirectly by stimulat- 


ing the mesenchymal cells or enteric neurons to release prostaglandins (PG) or ACh. See text for details. 


almost all aspects of human health and disease (see Chapter 3). 
The mature human intestinal microbiome is made up of bacteria, 
viruses, archaea, protists and fungi and their metabolic products 
play a crucial role in intestinal metabolism, innate immunity and 
homeostasis. There are approximately 2500 species of bacteria, 
the vast majority belonging to the Bacteroidetes and Firmicutes 
phyla and perturbing the microbiome often adversely affects host 
metabolism and immune responses. As described under HCO;- 
and SCFA transport, the generation of SCFA by commensal bac- 
teria is pivotal in promoting absorption in the normal host (also 
see later). In contrast, microbial pathogens can alter electrolyte 
transport, increase intestinal permeability, and trigger inflamma- 
tion to elicit diarrhea, utilizing a variety of ingenious mechanisms 
that involve host cell machinery (see later). The ecologic niches in 
the intestine that microbes occupy and shape are gaining recogni- 
tion as important determinants of host function; for example, the 
commensals associated with the loosely adherent mucus layer dif- 
fer from those in the closely adherent mucus layer and within the 
lumen.!?7!?8 Additional luminal factors ranging from mechanical 
stimuli arising from a bolus of chyme, to osmotic gradients, to 


biliary secretions and xenobiotics also contribute to overall intes- 
tinal transport function (see “Specific Regulatory Factors”). 


Autocrine, Endocrine, Paracrine, and Juxtacrine 
Regulation 


Epithelial cells, both enterocytes and colonocytes, can self-regulate 
(autocrine) by secreting factors such as eicosanoids, which act on 
the cell’s own receptors to alter function.’ Intestinal endocrine 
cells are interspersed between epithelial cells and function as sen- 
sors. They rapidly respond to changes in the luminal environment 
by releasing secretory granules containing biogenic amines and 
hormones; these mediators cross the BLM and can act either in a 
classic endocrine manner on distant target cells (via systemic cir- 
culation) or in a local (paracrine) manner by affecting neighboring 
cells in the intestinal wall. Juxtacrine mediators are those released 
from nonendocrine cells (e.g., neural and inflammatory cells) to 
affect neighboring cells. Intestinal mesenchymal cells, in particular 
myofibroblasts, are a rich source of cytokines, chemokines, eico- 
sanoids, and growth factors that can alter intestinal transport. 


TABLE 101.1 Endogenous Agonists of Intestinal Fluid and Electrolyte 


Absorption 
Endogenous Intracellular 
Absorbagogues Mechanism Source 


a-Adrenergic agonists Decreases cAMP Adrenal medulla 


Genomic and Adrenal cortex 


nongenomic, SGKI 


Aldosterone 


Angiotensin II 2 Endothelial cells 


Epidermal growth factor Receptor tyrosine kinases ENS; EC cells 


Enkephalins Decreases cAMP ENS; EC cells 
Glucocorticoids Genomic and Adrenal cortex 
nongenomic, SGKI 

Growth hormone Tyrosine kinase Pituitary gland 

Neuropeptide Y Decreases cAMP ENS 

Peptide YY Decreases cAMP EC cells 

Prolactin Tyrosine kinase Pituitary gland 

Short-chain fatty acids R Colonic lumen 

Somatostatin Decreases cAMP ENS and EC cells 

Sphingosine -1- G-protein coupled Systemic 
phosphate receptors 

Pharmacologic 

Agents Intracellular Mechanism 

Berberine T 


Clonidine (ap-agonist) Decreases cAMP 


Cyclooxygenase Inhibits prostaglandin production 
inhibitors 

Glucocorticoids See above 

Lithium Decreases PIP, and Ca?+ 


Lysophosphatidic acid Increases or decreases cAMP; Ca?*; tyrosine 


and MAP kinases 


Mineralocorticoids See above 
Octreotide (SST analog) Decreases cAMP 
Opiates Decreases cAMP 


Propranolol (B blocker) Blocks cAMP production 


Zinc Decreases cAMP 


cAMP, cyclic adenosine monophosphate; EC, enterochromaffin; ENS, 
enteric nervous system; PIP», phosphatidyl inositol bisphosphate; 
SGKI, serum- and glucocorticoid-inducible kinase |; SST, 
somatostatin. 


Neural Regulation 


Neural input is critical in the regulation of fluid and electrolyte 
transport (see Fig. 101.11) and involves interactions of the para- 
sympathetic and sympathetic divisions of the autonomic nervous 
system with the labyrinthine ENS (see Chapters 4, 99, and 100). 
Cholinergic stimulation of secretion, predominantly through para- 
sympathetic vagal input, and adrenergic stimulation of absorption 
through prevertebral and sympathetic ganglia have long been rec- 
ognized as fundamental neural pathways affecting the intestinal 
epithelium. The ENS is the end-controller of neural activity in the 
intestinal wall, and integrates the regulation of epithelia, muscles, 
and blood vessels, with input and modification from the CNS. 
Target cells for neurons include components of ALPINES, blood 
vessels, and epithelial cells and ENS reflexes have important clini- 
cal implications. Sensory input into the ENS comes from changes 
in the luminal content (e.g., acidity, dietary content, pathogens) 
or volume (e.g., stretch). Thus, acid or distension can activate the 
TRVPI (transient receptor potential cation channel subfamily V 
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TABLE 101.2 Endogenous Agonists of Intestinal Secretion 


Intracellular 
Agonist Mediator Source 
Acetylcholine Ca% ENS 
Adenosine cAMP Immune cells 
Arachidonic acid cAMP Immune cells, cell 
membranes 
Atrial natriuretic peptide cGMP Heart 
Bombesin (Cee RR 
Bradykinin cAMP Immune cells 
Calcitonin, calcitonin Ca?+, cAMP? ENS 
gene-related peptide 
Galanin Ca?+ Oe 
Gastric inhibitory R a 
polypeptide 
Gastrin Ca?+ (PKC/MAPK?) Endocrine cells 
Gastrin releasing peptide Ca% ENS 
Guanylin cGMP Goblet, epithelial cells 
Histamine Ca Immune cells 
Interferon-y Janus kinase Immune and epithelial 
cells 
Leukotrienes ? Immune cells 
Motilin Ca Endocrine M cells 
Neurotensin Ca?+ ENS 
Nitric oxide cGMP Immune cells, 
mesenchymal cells 
Peptide histidine, cAMP ENS 
isoleucine 
Platelet activating factor © cAMP Immune cells 
Prostaglandins cAMP Immune cells, 
mesenchymal cells 
Reactive oxygen species cAMP Immune cells 
Secretin cAMP Endocrine cells 
Serotonin (Cae ENS 
Substance P (Cart ENS 
Tumor necrosis factor-a NFkB, MAP Immune cells 
kinases 
Vasoactive intestinal cAMP ENS 


polypeptide 


cAMP, cyclic adenosine monophosphate; cGMP, cyclic guanosine 
monophosphate; ENS, enteric nervous system; PKC/MAPK, Protein 
kinase C/mitogen-activated protein kinase. 


member 1 or vanilloid receptor 1) on capsaicin-sensitive afferent 
nerves, by stimulating submucosal neurons to release VIP, which 
in turn evokes secretion and directly stimulates submucosal arte- 
rioles to vasodilate.!°°3! Endocrine, dendritic, and/or paracrine 
cells releasing serotonin, adenosine (see later), and other signals 
are implicated as auxiliary sensors. Primarily cholinergic, interneu- 
rons are believed to underlie ENS-mediated regulation of colonic 
epithelial responses to distant small intestinal challenges. Motor 
neurons that innervate epithelial and submucosal cells can be cho- 
linergic or VIPergic, each capable of releasing additional neuroac- 
tive substances. 

A basal cholinergic secretory drive is tempered by sympathetic 
tone; loss of adrenergic sympathetic innervation in diabetic neu- 
ropathy is associated with development of “diabetic diarrhea” and 
may be corrected by a-adrenergic agonists.!** As in the brain, 
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TABLE 101.3 Luminal Agents That Stimulate Intestinal Secretion 


Agent Intracellular Mediator 


BACTERIAL ENTEROTOXINS 


Aeromonas spp. cAMP 
Campylobacter jejuni cAMP 
Clostridioides difficile (toxin A) Ca?+ 
Clostridium perfringens P 
Escherichia coli (heat-labile toxin) cAMP 
Enteropathogenic E. coli Ca?2+ 
Enteroadherent E. coli cAI 
E. coli (heat-stable toxin) @Ei 
Rotavirus NSP4 Ca?* 
Salmonella spp. cAMP 
Shigella spp. (Shiga toxin) Halts protein synthesis 
Vibrio cholerae 

Accessory cholera enterotoxin Ca2+ 

Enterotoxin cAMP 

NAG toxin cGMP 

Zonula occludens toxin PKC 

Cytolysin Anion permeable holes 
Vibrio parahaemolyticus Caa 
Yersinia enterocolitica cGMP 
MISCELLANEOUS AGENTS 
Bile acids cAMP/Ca?+ 
Laxatives ? 
Long-chain fatty acids cAMP/Ca?+ 


cAMP, cyclic adenosine monophosphate; cGMP, cyclic guanosine 
monophosphate; NSP, nonstructural protein. 


the variety of neuroactive agents in the ENS has ballooned, 
adding to the complexity of elucidating the underlying mecha- 
nisms. !?? For example, neurons can release specific combinations 
of mediators such as VIP, CCK, gastrin-releasing peptide, and 
ATP, rather than a single substance; individual neurotransmitters 
can have biphasic effects that vary with concentration and recep- 
tor subtype. Furthermore, agents can act as classic neurotrans- 
mitters and alternatively as neuromodulators, fine-tuning the 
neuronal circuits at presynaptic sites or as paracrine mediators 
(e.g., serotonin). 


Immunologic and Inflammatory Regulation 


The intestine is the first line of defense against the onslaught of 
foreign substances in the lumen. It is equipped with highly regu- 
lated gut-associated lymphoid tissue (GALT), that has features 
distinct from its systemic counterpart (see Chapter 2).!°+ The 
microbiome strongly influences GALT development. Although 
GALT is chiefly in the lamina propria, intraepithelial lympho- 
cytes (IEL) in the epithelium are also important and they both 
secrete a vast array of chemokines, cytokines, eicosanoids, nucle- 
otides, and biogenic amines, the actions of which are intimately 
intertwined with other elements of ALPINES. Healthy intestine 
normally manifests low grade inflammation and is hypo-respon- 
sive to commensal bacteria; this homeostasis is maintained by 
anti- and pro-inflammatory cytokines produced by both innate 
and adaptive immune responses of GALT and modulated by the 
microbiome and the epithelium, including IEL. For example, 
dendritic cells sense the milieu and promote tolerance, whereas 


enterocytes restitute breaches in the epithelium by promoting 
local wound healing. Dysregulation of this homeostasis can lead 
to ulceration, disruption of barrier function, exudation of pro- 
tein, changes in motility, loss of absorptive surface area and the 
fluid losses of inflammation. The cause of the inflammatory reac- 
tion determines the types of immunocytes recruited, the range 
of cytokines released, and the specific effects on transport and 
motility. Acute bacterial infections increase polymorphonuclear 
leukocytes, whereas parasitic infections dramatically enlarge the 
mast cell population, and celiac disease is characterized by IELs. 
All components of GALT are activated in IBD, specifically an 
increase in immunoglobulin IgG-secreting cells. 135-136 

Many inflammatory mediators are potent secretagogues, 
including peptides (e.g., cytokines, platelet-activating factor, sub- 
stance P, interferon [IFN]-y, kallikreins, bradykinin), eicosanoids 
such as arachidonic acid, leukotrienes, and prostaglandins, and 
oxidants such as, superoxides. These mediators alter ion transport 
and barrier function either by interacting directly with epithelia 
or indirectly by activating other MALPINES elements (see Fig. 
101.11). In interpreting the effects of the inflammatory mediators 
in normal model systems, it is important to recognize that in vivo, 
cells damaged by the inflammatory process might not be able to 
function normally. With this caveat, a few examples are provided. 

Mucosal mast cells are strategically located close to enteric 
neurons, blood vessels, and epithelial cells, and their mediators 
such as histamine, eicosanoids, and cytokines, elicit secretion by 
directly acting on epithelial cells and indirectly by neural stimula- 
tion and prostaglandin release. In response to chemoattractants 
such as fMLP [formyl-met-leu-phe] uniquely present in the 
inflamed colon, polymorphonuclear leukocytes leave the vascu- 
lature, and interact with epithelial cells.!37 These leukocytes bur- 
row through the intercellular space of the colonic epithelium in a 
complex integrin-dependent process and release 5-AMP, which is 
converted to adenosine by apical membrane enzymes. Adenosine 
is a potent secretagogue, and the ensuing secretion might serve 
as a mechanism to cleanse the crypt lumen. ° During inflam- 
mation, reactive oxygen species (ROS) such as superoxides, oxy- 
gen-free radicals, hydrogen peroxide, and hydroxyl radicals are 
released from neutrophils and stimulate CI- secretion; cytokines 
such as interleukin (IL)-1 and IL-3 also stimulate secretion.!>? 
The above processes stimulating Cl secretion are the basis for 
diarrhea in many infectious inflammatory diarrheas. 

In contrast, other immunomodulators, such as IFN-y and 
TNF-a can cause diarrhea more through an anti-absorptive 
effect by down-regulating particular transporters!#0-14 or by 
altering permeability of TJs. There is now compelling evidence 
from human studies that the diarrhea associated with Crohn dis- 
ease and UC results not from stimulated Cl secretion but from 
increased tissue permeability and decreased Nat CI- absorptive 
capacity. The latter is due to the combined effects of inhibited 
apical Na* channel activity in the distal colon, attenuated api- 
cal NHE-3 and DRA expression in the proximal and transverse 
colon, and of basolateral K* channel, and Na*/K*-ATPase expres- 
sion” !8.136; distal colonic K+ secretion also contributes to the 
diarrhea of IBD patients.!°° The molecular mechanisms by which 
various cytokines affect transporter expression in IBD (UC more 
than Crohn disease) are beginning to be understood and DRA 
provides a good example. Briefly, Genome Wide Association 
Studies indicate that reduced DRA may be a risk factor for UC. 
Inflamed colonic tissues from UC patients show decreased DRA 
mRNA and little or no protein expression, an effect associated 
with increases in TNF-a. The recent study mentioned above (see 
“Bicarbonate Transport”) shows that TINF-a-activated NF«B, 
causes the p65 NF«B subunit to bind to the DRA promotor and 
thereby decrease expression. The resultant decrease in HCO3- 
secretion affects the mucus barrier, which also contributes to 
inflammation. Thus, complex specific immunocyte-epithelial 
cell interactions underlie alterations of electrolyte transport 


associated with mucosal inflammation. The multiplicity of trans- 
port malfunctions seen in IBD might reflect a sick-cell syndrome 
rather than specific alterations modulated by one or two unique 
cytokines. The complexity of the disease dictates multiple tar- 
geted therapeutic strategies ranging from anti-inflammatory 
agents such as corticosteroids and 5’-ASA to anti- TNF-a agents 
and anti-integrin therapies (see Chapter 116). 


SYSTEMIC EFFECTS 


Systemic effects such as acid-base balance, intestinal blood flow 
and volume status, metabolic status, and circadian rhythms, can 
alter intestinal ion transport in health and disease. Intestinal 
diseases can disrupt volume and acid-base homeostasis.'*? For 
example, in cholera there is severe volume depletion, hypoka- 
lemia and hyperchloremic metabolic acidosis. Fundamental to 
systemic regulation is the recognition that cholinergic stimula- 
tion via parasympathetic vagal input promotes secretion. In con- 
trast, sympathetic stimulation generally promotes absorption, 
reduces motility, blood flow, and ion secretion and attenuates 
digestion to help conserve water.!*?!*+ In addition, the intesti- 
nal/renal axis involving angiotensin I, antidiuretic hormone, the 
atrial and brain natriuretic peptides, guanylin and uroguanylin, 
contribute to systemic fluid balance and can also alter ion trans- 
port. For example, the decrease in intravascular volume seen with 
hemorrhage triggers sympathetic input and the intestinal/renal 
axis to increase fluid absorption.!*5:!*#° Similarly, acid-base bal- 
ance modulates intestinal electrolyte transport processes, with 
metabolic acidosis being a potent stimulator of electroneutral 
NaCl absorption, and metabolic alkalosis inhibiting it.!47-148 
Intracellular bicarbonate concentrations can modulate basal Cl- 
secretion; intracellular pH and PCO) can alter Na*/H* and Cl/ 
HCO;- exchange by regulating vesicular trafficking in a segment- 
specific manner.'*? Likewise intestinal NHEs are important for 
systemic acid-base, salt and volume homeostasis.!’* Diet, transit 
time, and the microbiome influence each other and ultimately 
the metabolic status.!?°!°° Decreases in transport efficacy are 
observed even at 16 hours of fasting.'*! There are distinct seg- 
mental preferences for metabolic fuels: the entire intestinal tract 
uses glucose; the small intestine more effectively uses glutamine; 
and the colon preferentially uses SCFAs, particularly butyr- 
ate.152-153 In recent years, the importance of circadian rhythms 
in governing diurnal variations in intestinal motility, digestion, 
transport and cell proliferation has gained attention.!°*!°° Clock 
genes exist in extraneural sites, including the liver, and although 
the underlying mechanisms of regulation are unclear, intestinal 
transporters including NHEs, anion exchangers and nutrient 
transporters such as PEPT1, SGLT1, GLUT2, and GLUT5 
are subject to circadian regulation. Finally, diet, the clock genes, 
and microbiome are interlinked; for example, a high fat diet and 
obesity attenuate clock gene rhythmicity and cause microbial dys- 
biosis.!°7 


OSMOTIC EFFECTS 


Unlike the kidney, the intestinal epithelium cannot maintain an 
osmotic gradient. Under normal physiologic conditions, the duo- 
denum and upper jejunum are subject to major fluid shifts as they 
adjust to dietary intake of hypertonic foods and liquids. Rapid 
equilibration is usually accomplished by movement of water into 
the intestinal lumen, and absorptive processes along the remain- 
der of the intestine steadily decrease the luminal volume. The 
continued presence of a nonabsorbable solute within the intesti- 
nal lumen, however, can negate functioning absorptive pathways 
in the distal intestine. This is the basis for osmotic diarrhea (see 
Chapter 16). 

Carbohydrates, usually disaccharides, are a common source 
of nonabsorbable solute. Disaccharides must be hydrolyzed to 
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monosaccharides before they can cross the apical membrane of 
the small intestine (see Chapter 102). The most common clini- 
cal example of maldigestion is lactose intolerance, in which the 
glucose-galactose disaccharide cannot be broken down because 
of a deficiency of the specific disaccharidase, lactase. The human 
intestine does not possess lactulase, and the disaccharide lactu- 
lose is an effective treatment for constipation, because it increases 
luminal hyperosmolarity and undergoes bacterial fermenta- 
tion. The limited intestinal absorptive capacity for several sug- 
ars found in processed foods and drinks (e.g., fructose, sorbitol) 
can play important, but often overlooked, roles in osmotic diar- 
rhea, bloating, abdominal pain, and IBS (see Chapter 122). For 
example, hereditary lack of aldolase causes fructose intolerance 
whereas limited Glut5 transporters causes fructose malabsorp- 
tion. Similarly, the increased incidence of gluten sensitivity and 
great popularity of the FODMAP (fermentable oligosaccharides, 
disaccharides, monosaccharides, and polyols) diet to treat IBS has 
focused attention on these carbohydrates as causative agents of 
diarrhea; FODMAPSs are generally low in gluten-free diets and 
high in gluten-containing diets.!°° 

The physiology of carbohydrate-induced osmotic diarrhea is 
complicated by the fact that nonabsorbable solutes in the small 
intestine can be converted into absorbable solutes by colonic 
bacteria. Almost all classes of carbohydrates not absorbed by the 
small intestine are rapidly converted to SCFAs once they cross 
the ileocecal valve and encounter colonic bacteria; these SCFAs 
are absorbed by and serve as metabolic fuel for the colon. Thus, 
depending on the rate of carbohydrate conversion to SCFAs by 
the colonic microbiota and the colonic capacity for SCFA absorp- 
tion, small intestinal fluid loss may be compensated by colonic 
fluid absorption. If the capacity of either of these colonic func- 
tions is exceeded, however, the remaining unmetabolized colonic 
carbohydrates in the colon could exacerbate osmotic diarrhea.!°? 

Cations (e.g., magnesium) or anions (e.g., sulfate, phosphate) 
are poorly absorbed by the normal intestine, and their excessive 
intake easily leads to osmotic diarrhea, as seen with ingestion of 
magnesium-containing antacids or supplements. The colonic 
lavage preparations given prior to colonoscopy cleanse the colon 
by causing an osmotic diarrhea induced by nonabsorbable mol- 
ecules, including polyethylene glycol and sulfate. 

In clinical situations in which there is malabsorption or a gen- 
eralized destruction of the epithelium, solutes normally absorbed 
readily can remain in the intestinal lumen and thereby contribute 
an osmotic component to an inflammatory diarrhea or a mal- 
absorptive state. Osmolality is an important factor in patients 
receiving enteral nutrition (see Chapters 6 and 106). Compared 
with simple sugars, complex carbohydrates provide a signifi- 
cant amount of calories with minimal osmolality. Absorption of 
dipeptides and tripeptides instead of amino acids reduces intes- 
tinal osmolality. This balance between calories and osmolality 
becomes clinically relevant in effectively designing appropriate 
tube-feeding regimens. Osmolality is also important in designing 
second-generation ORT formulations; by replacing glucose with 
complex carbohydrates such as rice, intestinal absorption is further 
stimulated by creating a hypotonic luminal environment, thereby 
enhancing water absorption. In addition to providing numerous 
sugar molecules per milliosmole (mOsm), complex carbohydrates 
such as rice and amylase-resistant starches have another advan- 
tage when used in ORT: their metabolism by colonic commen- 
sal bacteria leads to SCFA generation and fluid absorption (see 
“Short-Chain Fatty Acid Transport” and “Secretory Factors”).!°° 


SPECIFIC REGULATORY FACTORS 
Absorptive Factors 


Agents that stimulate intestinal absorption—absorbagogues— 
are listed in Table 101.1. Mineralocorticoids (e.g., aldosterone) 
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primarily influence electrogenic Na* absorption in the distal colon 
and have little effect on the small intestine, which exhibits elec- 
troneutral Na* absorption. Aldosterone increases the activity and 
numbers of the apical membrane ENaC, and stimulates activity 
of the Na*/K* pump and of SGK1, resulting in an increase in Na* 
absorption; long-term aldosterone also has genomic transcrip- 
tional effects (see earlier discussion of Na* channels). Aldosterone 
increases both K* absorption and K* secretion.'°! In contrast to 
adults, neonates exhibit enhanced colonic Nat absorption that 
can be correlated to high circulating levels of aldosterone.*? 
Clinically, the physiologic role of aldosterone can be seen in the 
increased colonic Na* absorption after Nat depletion (aldoste- 
rone stimulation) or in the decrease in Nat absorption and diar- 
rhea associated with Addison disease (aldosterone deficiency). 

Glucocorticoids are potent stimulators of Na* absorption in 
both the small intestine and colon. At low concentrations, gluco- 
corticoids stimulate electroneutral Na* absorption and suppress 
electrogenic Na* absorption, whereas at high concentrations 
they stimulate both processes. The actions of glucocorticoids are 
complex, species- and segment-specific, and may be directed at 
the level of apical Na* transporters and at the Na* pump. Gluco- 
corticoids evoke rapid cellular responses that involve the SGK1 
pathway as well as genomic transcriptional effects. In the rabbit 
jejunum, ileum, and colon, glucocorticoid-stimulated increases in 
Nat absorption are associated with selective increases in NHE3, 
but not NHE2 or NHE1 mRNA and protein. These effects 
might account in part for the potent anti-diarrheal action of glu- 
cocorticoids in a wide variety of clinical settings.*? 

Catecholamines, enkephalins, and somatostatin all stimulate 
electroneutral Na* absorption and often decrease HCO3° secre- 
tion with similar patterns of action. They bind to specific hepta- 
helical membrane receptors and activate the Ga; cascade, which 
in turn suppresses the prosecretory cAMP signaling cascade. 
Of these absorbagogues, catecholamines such as dopamine and 
epinephrine act on a-adrenergic receptors. The theoretical 
basis for the use of clonidine as an anti-diarrheal agent, particu- 
larly in diabetic diarrhea, is rooted in this adrenergic absorptive 
pathway. 16? 

The use of plant opiates as antidiarrheal agents dates back 
2 millennia to the early Egyptians, underscoring their effec- 
tiveness. Elucidating their therapeutic effect led to the char- 
acterization of the mammalian opioid peptides—enkephalins, 
endorphins, and dynorphins—a classic example of molecular 
mimicry.!® Acting via 1 of 3 main opioid receptor subtypes—u, 
ò, and «—the opiates and opioid peptides decrease secretion 
and promote nonpropulsive motility patterns, thereby increas- 
ing intestinal transit time. They can act directly on epithelial 
and smooth muscle cells or modify the electrical and synaptic 
behavior of ENS neurons. The constipation associated with 
morphine intake can result from hyperpolarization of secreto- 
motor neurons and suppression of secretion or to a centrally 
mediated stimulation of sympathetic noradrenergic discharge, 
or both. Direct activation of K* channels and inhibition of Ca?* 
channels via a G protein-mediated mechanism underlie these 
effects. Chronic treatment with opiates leads to tolerance, and 
diarrhea ensues upon abrupt withdrawal. Management of consti- 
pation in patients receiving opiates as analgesics can be a clinical 
challenge. The opioid -receptor antagonists such as naloxegol 
and methylnaltrexone are being used to treat opiate-related 
constipation.!# 

The development of long-acting analogs of somatostatin has 
transformed this ubiquitously distributed hormone from a physi- 
ologically fascinating regulator to a clinically relevant pharma- 
cologic agent (see Chapter 4). In the intestine, enterochromaffin 
D cells produce somatostatin, which stimulates salt and water 
absorption in the ileum and colon and blocks the effects of sev- 
eral secretagogues.!°:!©° Somatostatin analogs such as the first- 
generation drug, octreotide, and newer long-acting drugs with 


broader specificity, such as pasireotide (SOM230),!° are effec- 
tive in treating several types of diarrheal diseases, particularly 
endocrine-related secretory diarrhea. Their therapeutic effect is 
due to a combination of inhibiting hormone release from tumors, 
slowing of intestinal transit, and a direct effect on epithelial cells. 
Paradoxically, elevated somatostatin levels, as encountered in 
somatostatinomas or with large pharmacologic doses of octreo- 
tide, can precipitate diarrhea secondary to steatorrhea.!°? Other 
peptide hormones, including peptide NPY, YY, angiotensin II, 
and insulin, have been implicated as proabsorptive agents, but 
their physiologic significance awaits full elucidation. 

LPA is a lipid mediator with pleotropic effects on intestinal 
function. By binding to G protein-coupled receptors (LPA. 
6), 168 it has been shown to regulate physiologic functions of the 
intestine, including intestinal electrolyte transport. Activation of 
LPA; has been shown to stimulate Na* absorption by increas- 
ing NHE3 activity in the villous enterocytes, by mechanisms that 
involve transactivation of EGFR and MEK-ERK and RhoA- 
ROCK-pyk2 pathways. In contrast, LPA, binding to LPA:, 
decreases crypt cell secretion via NHERF2-mediated inhibition 
of CFTR!®; it also decreases cholera toxin-induced increases in 
cAMP and, therefore, secretion.!”° 

An essential element that has been shown to decrease fluid 
secretion is zinc. It does so by increasing Na* absorption and 
inhibiting cAMP-mediated Cl secretion by blocking BLM K+ 
channels.!7!:172 In fact, the use of zinc supplementation to oral 
rehydration solution (ORS) has been recommended by the 
World Health Organization.” 


Secretory Factors 


Endogenous agents that stimulate intestinal secretion are listed 
in Table 101.2. Many hormones and neurotransmitters have 
been shown to stimulate intestinal secretion and generally act to 
inhibit electroneutral NaCl absorption and stimulate Cl secre- 
tion. Interestingly, most of these agents also affect intestinal 
motility. They are classified by their mechanisms of action: ACh 
(via the muscarinic M3 receptor), serotonin, and neurotensin, 
which increase [Ca?*];; VIP and related peptide hormones (e.g., 
secretin, peptide histidine leucine) and some prostaglandins that 
increase intracellular cAMP; and guanylin, which acts by increas- 
ing cell cGMP. Many agents have been demonstrated to act via 
multiple pathways; for example, calcitonin or bile acids increases 
Cl secretion via a PKA- and Ca’*-signaling pathway.???! 
Selected examples follow. 


Eicosanoids 


Although there are subtle differences in their biologic actions, 
in general, eicosanoids (e.g., arachidonic acid, prostaglandins, 
leukotrienes) are secretagogues. As described in the section 
“Immunologic Regulation,” prostaglandins from submucosal 
immunocytes have autocrine and juxtacrine effects on epithelial 
cells and enteric nerves, and alter intestinal motility and blood 
flow. Depending on the type of prostaglandin and receptor sub- 
type, they act primarily via cAMP and, to a lesser extent, via 
[Ca?+];. Prostaglandins contribute to the basal secretory tone of 
the epithelium, as demonstrated by cyclooxygenase inhibitors 
indomethacin or aspirin increasing basal rates of absorption. 

Increased intestinal production of eicosanoids contribute 
to the diarrhea of IBD (see Chapter 115). Glucocorticoids can 
decrease prostaglandin synthesis. Although the aminosalicylates, 
which are a mainstay of IBD treatment, target cyclooxygenase 
and decrease prostaglandin production, their clinical efficacy 
probably depends on additional mechanisms that involve other 
inflammatory pathways, including NF«B and ROS.!’+!% Finally, 
leukotrienes contribute to fluid imbalance by activating secreto- 
motor neurons in the subepithelium. 


Serotonin and Adenosine 


Serotonin (i.e., 5-HT), plays a critical role in modulating intes- 
tinal motility, sensation, and secretion, and is responsible for the 
diarrhea associated with carcinoid tumors. About 95% of the 
body’s 5-HT is produced by enterochromaffin cells (ECs), and 
the remainder is produced by serotoninergic neurons. Sensory 
receptors on ECs are activated by mechanical stimuli, acidity, 
invading pathogens, and dietary contents; for example, SGLT- 
like protein activates ECs, which serve as a glucose sensor to 
secrete 5-HT (see Fig. 101.10).!”° This signaling involves a 
complex sequence of autocrine and paracrine actions: ATP is 
released and converted extracellularly to ADP, which in turn 
activates a purinergic (P2Y) receptor-mediated calcium signal- 
ing cascade in the ECs to release 5-HT.!”° 5-HT then acts in 
a paracrine manner to stimulate epithelial cells, intrinsic pri- 
mary afferent neurons (IPANs), and extrinsic primary affer- 
ent neurons (EPANs). Thus, 5-HT,pR on submucosal IPANs 
and amplifying presynaptic 5-HT, receptors cause the release 
of ACh and calcitonin gene-related peptide, which stimulate 
peristaltic and secretory reflexes. In contrast, 5-HT3Rs on 
myenteric IPANs trigger the release of ACh to stimulate giant 
migrating contractions.!/°!/8 5-HT stimulation of EPANs 
results in CNS-mediated responses of nausea and discomfort. 
In a variety of species, 5-HT has been shown to cause fluid loss 
by acting via nitric oxide (NO) and cGMP or by binding to the 
G protein-coupled 5-HT2R receptor to stimulate Cl- secretion 
or by inhibiting Na*/H* exchange and Cl-/HCO;- exchange 
in absorptive cells.’ The major mechanism of 5-HT inactiva- 
tion is by a serotonin reuptake transporter on enterocytes and 
neurons. Interestingly, serotonin reuptake transporter may be 
decreased in patients with diarrhea-predominant IBS (IBS-D) 
and with UC. Another new candidate in the intestinal action 
of 5-HT is the microbiome.!”’ Serotonin synthesis might be 
affected by the balance between circulating tryptophan in the 
host and gut luminal tryptophan availability; the latter is deter- 
mined by metabolism and utilization of tryptophan by the gut 
microbes. 

Several studies highlight the important role 5-HT plays in 
IBD by interacting with the immune system. In fact, patients 
with Crohn disease and UC have changes in EC 5-HT content. 
Altered 5-HT signaling also has been reported be the cause for 
symptoms such as altered transit times and intestinal secretions in 
patients with IBS. This was initially therapeutically addressed by 
the use of SSRIs as well as 5-HT4 receptor agonists (tegaserod, to 
treat constipation) and 5-HT3 receptor antagonists (alosetron, to 
treat diarrhea). Significant side effects initially limited the clini- 
cal use of alosetron, and tegaserod has been removed from the 
market (see Chapter 122).!°*:!’8 The efficacy of new age 5-HT4 
receptor agonists such as prucalopride and naronopride to relieve 
constipation is being tested.!°+ 

Adenosine and related purine nucleotides play unique and 
complex roles in modulating secretion in-vivo. By binding to 
P2Y2 and P2Y4, they can stimulate secretion directly or indi- 
rectly via release of 5-HT.!’° However, adenosine acting via 
P1 purinoreceptors has also been shown to attenuate secretion 
evoked by mechanical stimuli. Activation or inhibition of differ- 
ent populations of channels can underlie these seemingly oppo- 
site effects. 


Guanylin and Nitric Oxide 


The search for an endogenous activator of the receptor for E. coli 
heat-stable enterotoxin, STa, a causal agent of traveler’s diarrhea, 
led to the discovery of the peptides guanylin and uroguanylin. 
Often produced in response to a salty meal, guanylin is chiefly 
synthesized in goblet cells of the distal small intestine and colon, 
whereas uroguanylin is largely synthesized in ECs of the proximal 
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intestine. These peptides, like their molecular mimic STa, are 
small, have a secondary structure that is resistant to intestinal 
proteases, activate membrane GUCY2C to increase intracellu- 
lar cGMP, and elicit fluid secretion. Located in the apical mem- 
brane, GUCY2C/PKGII and scaffolding protein NHERF4 form 
a complex in close proximity with CFTR. In the past decade, sig- 
nificant therapeutic gains have been achieved with the use of the 
synthetic peptide drugs, linaclotide and plecanatide, in the treat- 
ment of constipation related to IBS or chronic constipation. The 
structures of these peptides resemble STa and guanylin/urogua- 
nylin respectively and exhibit similar mechanisms of action. 10-181 
Thus, linaclotide/plecanatide, increases intestinal fluid secretion 
by activating GUCY2C > cGMP > PKGII (see Fig. 101.7), and 
possibly PKA, to increase Cl secretion by increasing trafficking 
of CFTR to the apical surface and increasing CFTR phosphory- 
lation.!8L182? The success of linaclotide and plecanatide rests in 
3 features: (1) they act luminally to stimulate secretion, and as 
a consequence of their low oral bioavailability they do not have 
adverse systemic effects; (2) they stimulate motility; and (3) they 
reduce visceral pain. Because nerve termini and smooth muscle 
cells do not possess GUCY2C, experimental evidence suggests 
that cGMP is transported via basolateral transporters on the 
enterocytes into the subepithelial space where it acts to block 
nociceptive nerve terminals (to reduce pain) and stimulates motor 
neurons (to increase intestinal smooth muscle contraction and 
motility).!* 

Several other clinical observations corroborate the relevance 
of the GUCY2C/guanylin axis in intestinal homeostasis. A Nor- 
wegian familial diarrheal syndrome with increased susceptibil- 
ity to IBD has been ascribed to a gain-in function mutation of 
GUCY2C. In contrast, a loss of function GUCY2C mutation in 
a Bedouin family has been associated with a high incidence of 
meconium ileus.!®°.!*} GUCY2C mutations, recently identified 
in a Finnish population, have been linked to congenital sodium 
diarrhea. Patients with severe diarrhea had a dominant gain of 
function mutation in GUCY2C, resulting in elevated cGMP lev- 
els and an inhibition of Na/H exchange and stimulation of Cl 
secretion. A few of these patients exhibited symptoms of IBS and 
IBD, suggesting that GUCY2C could be an IBD-related gene.!** 
Evidence also suggests a novel role for GUCY2C in the gut-brain 
axis, dysregulation of which leads to obesity and colorectal can- 
cer. 

In contrast, NO, a neuroimmune regulator, stimulates soluble 
guanylate cyclase (sGC) to increase cGMP.!* This enzyme is 
far more prevalent in the subepithelium of the small intestine, 
but it is expressed in colonic epithelia. Activation of sGC in the 
subepithelium has been implicated in immunomodulation and in 
relaxation of smooth muscle, including vasodilation. 


Microbiota and Microbial Pathogens 


Microbial pathogens (e.g., bacteria, viruses, fungi) can alter electro- 
lyte transport, increase intestinal permeability, and trigger inflam- 
mation, all of which can lead to diarrhea. They do this by a variety 
of mechanisms, including attaching to epithelial cells to insert their 
own products and alter host cell machinery, and by elaborating 
enterotoxins, which may be cytotoxic or can capture cell-signaling 
mechanisms to elicit secretion or disrupt TJs (see Table 101.3 and 
Chapter 110).!**!9° In addition, the intestinal microbiota has been 
shown to influence host susceptibility to infectious colitis.!°119? A 
few pertinent examples are provided here. 

The archetypal enterotoxin-mediated diarrhea is cholera. 
There are recent developments that demonstrate a role for biofilms 
in V. cholera survival!” and type VI secretion systems in delivery of 
toxin/proteins to commensal bacteria or to the host.!°+ Vibrio chol- 
erae carries a virulence cassette that produces at least 3 different 
molecules: an enterotoxin (CT) that stimulates CFTR, a zonula 
occludens toxin that disrupts TJ permeability, and an accessory 
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cholera toxin (ACE) that stimulates TMEM-16F (ANO6, anocta- 
min 6) Cl channel.!” The response to CT enterotoxin is not 
rapid, but is an unregulated, sustained increase in cAMP, which 
activates CFTR, and inhibits NHE3, resulting in copious fluid 
secretion (see Fig. 101.10 legend for details). Mice lacking CFTR 
do not respond to cholera toxin. Recently, in-vivo studies in mice 
have elegantly demonstrated that ACE stimulated TMEM-16F 
CF channel, is independent of rise in [Ca’*];, and involves a PIP,/ 
RhoA/ROCK/PIPS kinase pathway. It rapidly initiates secretion 
and precedes the slow-acting CT enterotoxin-induced copious 
fluid loss.!?° Bacteria such as Salmonella species, Campylobacter 
jejuni, and E. coli elaborate enterotoxins similar to CT, and likewise 
use the cAMP machinery to elicit fluid secretion. 

Despite voluminous secretion, specific intestinal Na*-coupled 
nutrient absorptive (Na*/glucose, Na*/amino acids) pathways 
are unaltered by the toxin, forming the physiologic basis for 
ORT. As also discussed under “Nutrient Coupled Na* Trans- 
port,” this is because SGLT transport is not affected by cAMP 
or cGMP. In the past 2 decades, the formulations of ORS have 
been refined based on several scientific observations. First, based 
on traditional remedies,!°° is the addition of amylase-resistant 
starch, which can be converted to SCFAs such as butyrate in the 
colon. As mentioned above, butyrate increases Na* absorption 
via a CAMP-independent mechanism and promotes fluid absorp- 
tion.!? Second, zinc stimulates Na* absorption by reversing 
the cAMP-induced inhibition of NHE3 and increasing NHE3 
activity; zinc also inhibits Cl- secretion. Supplementation of zinc 
in ORS was observed to decrease the number of diarrheal epi- 
sodes and stool volume. Therefore, current formulations of ORS 
from the World Health Organization include amylase-resistant 
starches and zinc supplementation. 

Strains of E. coli and Yersinia enterocolitica associated with 
traveler’s diarrhea elaborate small molecular weight, heat-stable 
enterotoxins (STa), which increase cGMP to stimulate fluid 
secretion; signaling cascades distinct from cAMP and cGMP also 
activate CFTR and inhibit NHE3 (See discussion of “Intracel- 
lular Mediators”). Vibrio parahaemolyticus elaborates a thermo- 
stable direct hemolysin and is a major cause of gastroenteritis; its 
associated intestinal fluid secretion is attributed to an increase in 
[Ca?+]; and activation of the Ca**-calmodulin and protein kinase 
C signaling pathways.!°:!"° Thus, the secretory diarrheas associ- 
ated with cholera and traveler’s diarrhea result from noninvasive 
pathogens that elaborate enterotoxins to capture and turn on the 
secretory machinery of the epithelium. 

Rotavirus, the major cause of infantile gastroenteritis, induces 
watery diarrhea. The virus predominantly infects the mature 
enterocyte of the villus and elaborates an enterotoxin, nonstruc- 
tural glycoprotein (NSP4).!9*:195 NSP4 can inhibit brush border 
membrane disaccharidases and SGLT1 activity, thereby limiting 
Na*/glucose and fluid absorption, with resultant diarrhea. NSP4 
in-vitro elicits Cl- secretion via a calctum-phospholipase C path- 
way that stimulates the Ca?*-activated Cl- channel, TMEM16A; 
but not CFTR.!”° This transient secretion resembles the actions 
of carbachol. Unlike CT, NSP4 has no effect on crypt cell secre- 
tion, but under favorable electrochemical conditions, it stimu- 
lates secretion from villus cells. Paradoxically, NSP4 can also 
stimulate Cl- absorption from villus cells. Efforts to define the 
role of NSP4 in vivo had been stymied by the necessity to use 
nonhuman animal models and cell lines. Parallel to its pathogenic 
profile in humans, rotaviral NSP4’s action on fluid secretion 
occurs in young (7 to 14 days) but not in adult murine models. 
NSP4 can stimulate secretion in isolated ileal and colonic crypts 
of CFTR-deficient, young but not adult mice, suggesting a non- 
CFTR mechanism.!”” Recent studies using organoid swelling 
assays in murine and human intestinal enteroids have shown that 
wild-type NSP4, but not a mutant fragment that could not mobi- 
lize calcium, induced organoid swelling (mimicking diarrheal 
effect) similar to that seen in in-vivo rotaviral infections.!?>!° 


Thus, there is increasing evidence to suggest that NSP4 acts via 
the TMEM1]16a Cl channel to increase fluid secretion. Although 
the molecular basis for the age dependence remains to be elu- 
cidated, the decreased susceptibility to rotavirus infection with 
increasing age is linked to increasing immunity. 1°’ 

In contrast to CT and STa, other bacteria release toxins that 
penetrate the enterocyte to affect function. For example, Shigella 
causes dysentery by release of Shiga cytotoxins that enter the epi- 
thelial cell, inhibit protein synthesis, impair absorption, and dam- 
age the mucosa. 

Many bacterial pathogens use different signaling molecules 
(e.g., kinases, phosphatases) to perturb the delicate balance of 
TJ proteins and cytoskeletal elements, thus disrupting intestinal 
permeability. The anaerobic bacterium C. difficile, which causes 
antibiotic-associated pseudomembranous colitis (see Chapter 
112), and C. perfringens, which is associated with food-borne ill- 
nesses (see Chapter 111), alter intestinal permeability by using 
2 distinct processes. The C. difficile toxins A and B interact with 
the Rho family of cellular proteins to disrupt the peri-junctional 
actin-myosin ring, whereas the TJ claudin proteins serve as 
receptors for C. perfringens enterotoxin, and binding results in 
a disruption of TJ fibrils. Other bacteria, including Bacteroides 
fragilis and V. cholerae, elaborate proteases that attack junctional 
proteins (e.g., occludins, claudins, cadherin) to disrupt the 
integrity of TJs.162%°0 

EPEC strains use a fascinating arsenal to alter host cell 
responses. They adhere to intestinal cells and in the process 
recruit a complex network of host cytoskeletal elements: they use 
a distinct “type III” secretion apparatus (T3SS) to insert effector 
molecules into the host cell, which then co-opt the cell machinery 
to cause changes in the actin-myosin network, alter TJ proteins, 
and decrease surface expression of DRA to decrease absorption 
and increase fluid accumulation. !8!8° EPEC and enterohemor- 
rhagic E. coli (EHEC) decrease transepithelial resistance using 
different signaling cascades. EPEC effectors (EspF, EspG1/G2, 
Map, and NleA) disrupt TJs and compromise epithelial barrier 
function. EPEC causes redistribution of claudins 1, 4 and 5, 
occludin 1, ZO-1, and also causes the translocation of basolat- 
eral protein, integrin, to the apical surface to serve as an intimin 
(EPEC virulence factor) receptor.’*!°° Further, EPEC effector 
protein EspH has been shown to act on host RhoGEF to dis- 
rupt desmosomes, a non-T] structure and alter epithelial barrier 
integrity.** There might be a connection between desmoglien 2 
(a desmosomal protein) and TJ proteins, as silencing desmoglien 
2 in Caco-2 cells altered expression of claudin 1. It still remains to 
be determined how desmosomal disruption leads to alterations in 
TJ proteins.’?* Another study showed that EPEC decreases tri- 
cellulin protein and this is parallel to the drop in resistance across 
the monolayer. This process required espG1 mediated microtu- 
bule regulation and also T3SS.2 

Many bacterial strains, including EPEC, EHEC, ETEC, Sal- 
monella, and shigella, trigger a highly specialized cascade of cellu- 
lar processes to stimulate ion secretion. These pathogens induce 
the expression of receptors for the peptide neurohormone galanin, 
whereas uninfected cells do not possess galanin receptors. Galanin 
in turn activates Cl secretion via Ca’t-dependent signaling pro- 
cesses.??!-204 The ever-expanding spectrum of toxin-induced 
mechanisms underscores the importance of delineating the intrin- 
sic regulatory processes and the molecular pathophysiology of 
infectious diarrhea, both to better treat diarrheal diseases and to 
unravel the molecular bases of mucosal defense and secretion. 

Intestinal microbiota influence host susceptibility to inflam- 
matory diseases. For example, the mouse pathogen equivalent of 
EPEC, C. rodentium, is a very useful model for elucidating host 
susceptibility to infectious colitis.!?!!°* Protection of mice from 
lethal colitis was associated with higher levels of Bacteroidetes,!”! 
attesting to these role of these commensal microbiota in health 
and disease. C3 H/HeOuJ mice demonstrate an inherent genetic 


susceptibility to C. rodentium infection with resultant mortality, 
whereas C57BL/6 mice develop a self-limiting acute colitis with 
little associated mortality after infection with the same organism. 
C. rodentium promotes internalization of AQP2, 3 and decreases 
AQPS8, thus decreasing water absorption.!?* Along with a decrease 
in expression of DRA and NHE3, C. rodentium mice release high 
level of cytokines (IL1ß, IFN-y and CXCL-1[chemokine C-X-C 
motif ligand-1]), and these inflammatory cytokines could be the 
reason for low transporter expression L. acidophilus dampens the 
effects of C. rodentium on inflammation and transporter expres- 
sion.” Thus, EPEC-type infections alter salt and water absorp- 
tion and can be modified by host-microbiome interactions. 

Dietary composition can alter the microbiome sufficient to 
cause dysbiosis. For example, a diet high in saturated fat given 
to colitis-susceptible mice leads to expansion of the pathobi- 
ont Bilophila wadsworthii, with resultant increased inflammation 
and presumably, alteration of underlying ion transport mecha- 
nisms.!>° 

Further, as explained in the section on anion absorption, the 
antidiarrheal nature of probiotics such as L. acidophilus is due to 
their increasing the expression and activity of DRA and NHE3, 
thereby promoting??’?°* intestinal electrolyte absorption. Some 
probiotics are also anti-inflammatory and counteract pro-inflam- 
matory TNF-a effects by increasing expression of SMCT1 
(sodium-coupled monocarboxylate transporter 1) and thereby 
stimulating butyrate absorption.” 


Bile Acids and Long-Chain Fatty Acids 


An increase in colonic bile acids secondary to ileal malabsorption 
or oral supplementation can cause diarrhea (see Chapters 16 and 
64).!© 17 Only a-dihydroxy bile acids (conjugated and unconju- 
gated) such as deoxycholic acid (3a; 12a) and chenodeoxycholic 
acid (3a, 7a; CDCA), but not 76-dihydroxy bile acids, such as 
ursodeoxycholic acid (3a, 7B) are associated with diarrhea.’ At 
high concentrations, bile acids act as a detergent. At more physi- 
ologic concentrations, bile salts indirectly increase cAMP and 
activate mast cells; more importantly, they stimulate colonic epi- 
thelial cell CI- secretion in a species specific manner either via the 
cAMP cascade?!’ or via the Ca** (and PKC8) cascade or via both 
cascades.”!!-7!3 For example, at physiologically relevant concen- 
trations, in a human colonic cell line, they increase CFTR phos- 
phorylation and Cl secretion via multiple signaling cascades that 
cross-talk, including the cAMP > PKA pathway,”!* cross activa- 
tion of EGF receptors and the EPAC-Rap- Ca?* pathway.? 11213 
The ability of bile salts to stimulate CI- secretion appears to be 
developmentally regulated, occurring only in the adult animal and 
absent in the neonatal and weanling rabbit.*!! Bile acids, acting via 
cAMP, also inhibit NHE3 and DRA activity.’ Bile acid associated 
fluid loss is linked to the diarrhea of IBD, especially Crohn disease, 
and to the diarrhea of IBS (IBS-D) and could involve the inhibi- 
tion of NaCl absorption in IBD and/or the stimulation CFTR- 
mediated Cl secretion in IBS-D.?!* Bile acids also contribute to 
diarrhea by increasing colonic motility,*!> and some, depending 
on the type and concentration of bile acids, have been shown 
to alter intestinal permeability. Thus, in T84 cells, deoxycholic 
acid?!© and CDCA?" increase transepithelial conductance with 
CDCA affecting the pore and leak pathways; this can be enhanced 
by pro-inflammatory cytokines. CDCA also alters occludin local- 
ization, and increases ROS and IL-8 release.’!’ Interestingly, 
the secondary bile acid, lithocholic acid, attenuated the effects of 
CDCA on the leak but not the pore pathway. Further, scaveng- 
ing ROS attenuated the effect of CDCA on the leak but not pore 
pathways. Thus, interactions between bile acids and inflammatory 
mediators and their effects on epithelial barriers should be given 
consideration when treating bile acid diarrhea. 

Long-chain fatty acids (LCFAs) are seen in increased concen- 
tration in the colonic lumen in conditions such as celiac disease, 
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when long-chain triglycerides are digested by lipase but the fatty 
acids are malabsorbed within the small intestine (see Chapters 
104 and 107). Hydroxylated fatty acids are more potent secre- 
tagogues than the corresponding LCFAs and arise from colonic 
bacterial metabolism; for example, ricinoleic acid is the LCFA 
that is derived from orally administered castor oil, which is a 
nontoxic oil before it is hydroxylated by intestinal bacteria. In 
fact, castor oil is an effective ophthalmic lubricant. Host intes- 
tinal LCFAs serve as signals for pathogens such as Salmonella to 
help identify the most appropriate site to invade the host by alter- 
ing the expression of its T3SS invasion system.’!* Specific fatty 
acid transporters have been identified in the intestine, including 
cluster determinant 36 (CD36) or fatty acid translocase, plasma 
membrane-associated fatty acid-binding protein (FABPpm), and 
a family of fatty acid transport proteins 1-6 (FATP1-6). Their 
mechanisms of action in electrolyte secretion are similar to those 
of bile acids.?1°220 


INTRACELLULAR MEDIATORS 


The barrage of extracellular stimuli is translated into an intra- 
cellular language so the cell can regulate its transport machin- 
ery. The second messenger cascades of the cell include the cyclic 
nucleotides cAMP and cGMP, [Ca?*];, inositol phosphates, dia- 
cyl glycerol and tyrosine kinases. These messenger systems are 
common to several organs, and numerous cell-specific and tissue- 
specific structural and functional nuances contribute to the net 
biologic response. Detailed descriptions of signaling cascades can 
be found elsewhere, but an overview is provided here.??! 

Epithelial cells require rapid response cascades for turning 
on and turning off ion transport systems, with the net response 
being governed by the relative contributions of the accentuat- 
ing and attenuating processes. For example, cyclases are poised 
to synthesize cyclic nucleotides, and phosphodiesterases are set 
to degrade them. The catalogue of signaling molecules is bur- 
geoning, as are other variables that result in highly nuanced net 
biological responses. 

The molecules at almost every step in the signal transduction 
cascade—from the activating hormone to the receptors, cyclases, 
kinases, phosphatases, and finally the transporters themselves— 
exist as multiple isoforms and variants (see Fig. 101.7). These 
isoforms exhibit differences in species, tissue, cell type, and sub- 
cellular distribution and are subject to regulation during their 
development and in response to routine physiologic demands. 
However, the teleologic reasoning for some of this variation is 
unclear; for example, why is only 1 member of the ABC trans- 
porter family a Cl- channel (CFTR), whereas multiple epithelial 
K* channels are involved in secretion? 

The canonical sequence of stimulus > second messenger > 
kinase > response is an oversimplification, because there is exten- 
sive crosstalk and critical feed-forward and feedback regulatory 
steps within the cascade. Other post-translational modifications 
such as glycosylation, myristoylation, nitration, and sumoylation 
are also important modulators. Generally, protein kinases cata- 
lyze the transfer of the terminal phosphate from ATP to the 
hydroxyl group of a serine, threonine, or tyrosine of a target pro- 
tein, leading to both conformational and functional changes, such 
as altered affinity for substrate. Protein kinases exhibit specificity 
in their activators and substrates, and their action is essentially 
irreversible in living cells. Thus, dephosphorylation can occur 
only by a separate class of enzymes, protein phosphatases, which 
also can be regulated. Transporters may be phosphoproteins 
themselves and/or membrane or cytosolic modulator proteins. 
Protein phosphorylation is not synonymous with activation; 
the dephosphorylated protein may be the active moiety. In gen- 
eral, Ca?*-specific and cyclic nucleotide-specific protein kinases 
are serine-threonine kinases, whereas tyrosine-specific protein 
kinases are associated with receptors of cytokines and hormones 
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involved in growth (e.g., EGF). In addition to specific serine- 
threonine and tyrosine phosphatases, dual-specificity kinases and 
phosphatases add to the complexity of crosstalk. 
Compartmentalization of components of the signaling cas- 
cade via cytoskeletal runners, anchoring domains, or sequestra- 
tion in vesicles as a means of regulation is germane to regulation 
in the polarized enterocyte. Scaffolding proteins can promote 
docking of various proteins, kinases, phosphatases by protein- 
protein interactions—to each other, to the cytoskeleton, and/or 
via lipid moieties to the membrane (see ) and thereby serve as 
multienzyme signaling complexes. For example, GUCY2C and 
the intestinal protein kinase GII have cytoskeletal and membrane 
interacting domains that bring them in close proximity to CFTR 
in the brush border membrane (see Fig. 101.7). Cholesterol-rich 
membrane domains such as lipid rafts influence membrane fluid- 
ity and anchor specific transporters and their regulators. Finally, 
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trafficking of transporters into and out of the membrane via 
endosomal vesicles is an effective way of rapidly altering their 
Vmax For example, cAMP increases CFTR translocation to the 
membrane and NHE3 and DRA retrieval from the membrane, 
resulting in an increase in Cl secretion and a decrease in Na*Cl- 
absorption (see Fig. 101.10). 

Besides rapid responses, neurohumoral stimulation can also 
affect transcription and translation, altering the rate of trans- 
porter synthesis; for example, aldosterone increases ENaC syn- 
thesis in the distal colon. In addition to transcriptional factors, 
intestinal transporters are also regulated by epigenetic modi- 
fications and cell-specific chromatin remodeling.’*” The class 
of noncoding RNAs, both microRNAs and long noncoding 
RNAs, have emerged as a new group of regulators that influ- 
ence post-transcriptional RNA stability and therefore mRNA 
expression.?7? 
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Fig. 101.12 Calcium signaling in intestinal epithelial cells. Certain hormones and neurotransmitters (€.g., 
substance P, acetylcholine) activate secretion by increasing [Ca?*],. Substance P can stimulate Ca?+ channel 
activity, and acetylcholine binds to M3 muscarinic heptahelical membrane-spanning receptors coupled to the 
Gaq class of G proteins (7). Activated Gaq stimulates phospholipase C-B (PLC) (2) to hydrolyze PIP, to release 
DAG and inositol IP (3). DAG can also be produced from phosphatidic acid by the activation of phospholipase 
D by tyrosine kinase receptors. DAG is rapidly metabolized and does not increase [Ca?*];; its major action is 

to stimulate PKC, a family of phosphatidyl serine-dependent enzymes that have far-reaching biological ac- 
tions (4). In contrast to DAG, IP} binds to IP; receptors, by replacing the phosphorylated IP3R binding protein 


pIRBIT) (5), to release Ca?+ from intracellular compartments (6). The displaced pIRBIT goes on to regulate 
transporters, such as NHES, CFTR, by increasing their trafficking to the membrane or directly activating it (7). 
ntracellular free Ca?+ is tightly regulated and maintained at less than micromolar concentrations, in contrast 

to the 1 to 2 mmol/L concentration in the plasma. Transient elevations in [Ca?*] are sufficient to elicit a host of 
biologic responses, including ion transport. Calcium directly activates target proteins, such as Ca?+ channels, 
or binds to the ubiquitous Ca2+-binding protein calmodulin to activate specific calcium-calmodulin protein 
inases(8). Ca2+-dependent secretagogues may be responsible for the minute-by-minute regulation needed 

in the intestine. This is underscored by the transient nature of Ca?* signaling and its desensitization to Ca?+- 
dependent secretagogues. Ca?* is rapidly resequestered by Ca2+-dependent adenosine triphosphatases on 
he endoplasmic reticulum or effluxed by Na+/Ca?+ exchange on the plasma membrane. The transient receptor 


potential channels allow replenishment of intracellular Ca?+ from the extracellular compartment. PLC activation 
can concomitantly release polyinositol phosphates such as inositol 3,4,5,6-tetrakisphosphate, which function 
as ileal brakes and dampen Ca?t-induced Cl secretion. Phenothiazines and loperamide can interfere with 
Ca?+ metabolism. CAM, calmodulin; DAG, diacylglycerol; /P3, inositol triphosphate; /PR, inositol triphosphate 
receptor; P/Ps, phosphatidyl inositol bisphosphate; PKC, protein kinase C; PLC, phospholipase C. 


Diseases such as CF underscore the importance of intracel- 
lular quality control; thus AF508, the most common mutation 
in CFTR, results in the protein being misfolded and targeted 
for degradation. All signal-transduction mechanisms have to be 
assessed with respect to their physiologic relevance in the intact 
intestine, because reductionist models, although a necessity, do 
not provide the complete picture. With these caveats, some com- 
mon themes have emerged. 

Generally, agents that elevate intracellular cAMP, cGMP, or 
Ca’* increase fluid secretion (see Tables 101.2 and 101.3). They 
can activate 1 or more transporters associated with electrogenic 
CI- secretion: apical Cl- and K+ channels, basolateral K* con- 
ductances, and indirectly, NKCC1, they also inhibit the apical 
NHEs, NHE2, and NHE3. Conversely, fluid absorption is asso- 
ciated with a decrease in these messengers or with activation of 
some tyrosine kinase pathways. Some signaling cascades also reg- 
ulate trafficking of transporter-bearing vesicles to the appropriate 
membrane and affect V nay 1601% 

Hormones, such as VIP, bind to a specific member of the 
superfamily of heptahelical membrane-spanning receptors 
(7TM-VPAC1 and VPAC2) and trigger the cAMP cascade (see 
Fig. 101.7).??4 Recently a role has emerged for soluble adenylate 
cyclases, which are activated by alterations in HCO;- and Ca?* in 
the compartmentalization of intestinal ion transport responses. !°° 
Activation of membrane (GUCY2C) or sGCs by peptides or 
NO, respectively, generates cGMP (see Fig. 101.7). The natri- 
uretic peptides guanylin and uroguanylin share their receptor 
GUCY2C with the heat-stable enterotoxins (see discussion of 
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guanylin). Hormones and neurotransmitters such as substance 
P and ACh activate secretion by modulating inositol phosphate 
(IP;) and the IP3-receptor binding protein, to increase [Ca?*];; 
in addition IP3-receptor binding protein also directly modulates 
select ion transporters (Fig. 101.12). 

A number of growth factors, cytokines, and inflammatory 
mediators use entirely different signaling pathways that involve 
a combination of extracellular regulated kinases (ERKs), dual- 
specificity kinases, receptor kinases, and receptor-associated tyro- 
sine kinases and tyrosine phosphatases. For example, the tyrosine 
phosphatase non receptor type 2 (PTPN2) is involved in main- 
taining barrier function and is a genetic risk locus for IBD.’”° 


EPITHELIAL REGULATION IN CONTEXT 


Given the vicissitudes in luminal content, mucosal environment, 
and systemic factors, intestinal epithelial cells must be prepared 
for large and rapid changes in the rates of ion and nutrient trans- 
port. What enters the cell on one side must exit the cell at the 
other side at a similar rate. If not, the cell will either shrink or 
explode, owing to a rapid change in ionic content and osmolality. 
The fact that this is accomplished so effectively is a testament to 
the finely tuned integration of multiple interrelated networks that 
modulate intestinal absorption and secretion. 


Full references for this chapter can be found on www.expertco 
nsult.com. 
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Digestion and absorption of dietary nutrients constitute the pri- 
mary physiologic function of the GI tract; this includes not only 
the 3 major nutrients, namely carbohydrates, proteins, and fat, 
but also the micronutrients, (i.e., vitamins [water-soluble and 
lipid-soluble], electrolytes, minerals). Some of these dietary con- 
stituents are obligatorily dependent on digestion as a prerequisite 
for absorption whereas others do not have this requirement. The 
need for digestion is dictated by the substrate selectivity of the 
transport processes involved in absorption. For example, there 
are no transport mechanisms in mammalian intestine for absorp- 
tion of disaccharides and polysaccharides; only monosaccharides 
can be absorbed. However, dietary carbohydrates primarily con- 
sist of polysaccharides and disaccharides; until and unless these 
are broken down by digestion to monosaccharides, absorption 
cannot occur. The same is true with proteins. Transport systems 
in the intestine accept only free amino acids (AAs) or small pep- 
tides consisting of 2 or 3 AAs as substrates; larger peptides are 
excluded. This necessitates the digestion of dietary proteins to 
AAs, and di- and tri-peptides prior to absorption. In a similar 
manner, dietary fat, which consists primarily of triglycerides, are 
broken down to monoglycerides as a prerequisite for absorption. 
In contrast, many of the water-soluble and lipid-soluble vita- 
mins in normal diet are absorbed as such without the need for 
prior digestion, but even here, there are exceptions. Some of the 
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vitamins in the diet are covalently bound to proteins (e.g., biotin, 
vitamin B;2) and unless these vitamins are released in free form by 
digestion, absorption cannot occur. 

Digestion is mostly an enzymatic process mediated by sev- 
eral classes of enzymes, which includes carbohydrases, proteases 
and peptidases, and lipases, phospholipases, and esterases. How- 
ever, in some cases, for example, the digestion of dietary fat, 
the breakdown process is facilitated by physical and mechanical 
events, such as forceful mixing and detergent (bile salt)-assisted 
dispersion to promote accessibility of the enzymes to their sub- 
strates. Salivary and gastric secretions contain some of the diges- 
tive enzymes, but the most important among these enzymes 
come from pancreatic secretion. Bile salts enter the intestine via 
bile from the liver. The enzymes present in these secretions are 
responsible for luminal digestion of dietary carbohydrates, pro- 
teins, and fat, which occurs in the intraluminal fluid of the GI 
tract. In addition to these enzymes in various secretions, there 
are others that are associated with the apical membrane of the 
absorptive cells of the small intestine (enterocytes) that also par- 
ticipate in the digestive process. These are integral membrane 
proteins with their catalytic site exposed to the luminal surface 
of the apical membrane such that they have access to their sub- 
strates in the intestinal lumen to catalyze the digestive process. 
As this process occurs on the surface of the apical membrane, 
it is called “membrane digestion” to differentiate it from the 
“luminal digestion” that is mediated in the intraluminal fluid of 
the GI tract by the enzymes present in gastric and pancreatic 
secretions. 

Even though some digestion occurs in the mouth and stom- 
ach prior to the entry of dietary constituents into the intesti- 
nal tract, the bulk of digestion and almost all absorption take 
place in the small intestine. Enterocytes, which constitute the 
absorptive cells of the small intestine, are polarized with a part 
of their plasma membrane facing the intestinal lumen and the 
rest facing the portal circulation. Accordingly, the portion of 
the membrane facing the lumen is called apical membrane or 
brush-border membrane (BBM) because of its unique morphol- 
ogy resembling a brush; the rest of the plasma membrane is 
known as the basolateral membrane (BLM), consisting of the 
basal membrane and the 2 lateral membranes of the cell. Despite 
the fact that both the BBM and the BLM make up the plasma 
membrane of the enterocytes, they differ markedly in protein 
composition. Various enzymes and transporters are trafficked 
and recruited to these 2 membranes differentially to enable the 
digestive process to occur solely on the luminal side and the 
absorption of the dietary nutrients to occur vectorially from 
the lumen into blood or lymph. In addition to this functional 
polarization of the enterocytes that is conducive for optimal 
digestion and absorption of dietary nutrients, the structure of 
the small intestine at the macro and micro level also contrib- 
utes to this process. The mucosal surface of the small intestine is 
arranged in large folds, which are valvular flaps projecting into 
the intestinal lumen; these are called Kerckring folds or plicae 
circulares. These folds are further arranged in the form of villi, 
the external surface of which is lined by differentiated epithelial 
cells of various functional types (enterocytes, enteroendocrine 
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cells, enterochromaffin cells, Paneth cells, Goblet cells, and 
stem cells); enterocytes form the majority of these cells and are 
located preferentially from the middle to the tip of the villi. Pan- 
eth cells and stem cells are present exclusively in the crypts of 
the villi whereas the enteroendocrine cells, enterochromaffin 
cells, and Goblet cells are distributed sporadically in the upper 
two thirds of the villi. The apical membrane of the enterocytes is 
arranged in a brush-like structure, often referred to as microvilli, 
the purpose of which is to increase the surface area of the apical 
membrane; together, the Kerckring folds, villi, and microvilli 
increase the surface area several fold. In humans, the surface area 
of the small intestine is approximately 250 square meters (the 
size of a tennis court!). This unique structure enhances the capa- 
bility of the small intestine for maximal digestion and absorption 
of dietary nutrients. 

The core of each villus contains blood vessels, lymphatic 
vessels, and immune cells. The terminal branches of the mes- 
enteric artery bring oxygenated blood to the villi, the oxygen 
is extracted at the capillary level, and the draining venules ulti- 
mately join together to form the portal vein. All nutrients that 
are water-soluble (AAs, small peptides, monosaccharides, water- 
soluble vitamins, and electrolytes/minerals) are absorbed into 
the portal circulation, which feeds into the liver before join- 
ing the systemic circulation. Thus, the nutrients entering the 
portal blood are made available first to the liver for extraction 
and whatever remains is then made available to other organs. In 
contrast, the lipid-soluble nutrients (constituents of dietary fat 
and also fat-soluble vitamins) are absorbed into lymphatic ves- 
sels and thus enter the thoracic duct, which then empties into 
the left subclavian vein. Hence, lipid-soluble nutrients absorbed 
in the small intestine do not go to the liver first; instead, they 
enter the systemic circulation with no preferential exposure to 
the liver. 

Most nutrients are absorbed very efficiently. In adults on a nor- 
mal diet, less than 5% of the dietary carbohydrates, fats, and pro- 
teins is excreted in the feces. In neonates and premature infants, 
however, this process is significantly less efficient.!:* The fraction 
of carbohydrates that is not digested and absorbed in the small 
intestine and thus enters the colon, is digested and fermented by 
bacteria to generate short-chain fatty acids (SCFAs), which are 
then absorbed for utilization in normal cellular metabolism in the 
colon and other organs.*~> Similarly, dietary proteins that enter the 
colon are also digested and metabolized by bacteria; the resulting 
AAs as well as amino-acid-derived metabolites are absorbed in the 
colon.° The SCFAs and other metabolites generated by colonic 
bacteria not only contribute to the nutrition of the colonic epithe- 
lial cells but also affect the physiology and function of cell types 
and organs distanced from the intestinal tract.”-!° These bacterial 
products are the principal mediators whereby the intestinal micro- 
biome influences the function of the liver (gut-liver axis),!! pan- 
creas (gut-pancreas axis),!? and brain (gut-brain axis).!> !* Colonic 
bacteria also modify the bile acids secreted by the liver.!> Even 
though ~95 % of bile acids that enter the small intestine is absorbed 
in the ileum as a part of the enterohepatic circulation, the ~5% 
of the bile acids that enter the colon are chemically modified by 
bacteria (see Chapter 64). First, the conjugated bile acids (.e., the 
glycine-linked and the taurine-linked bile acids) are de-conjugated, 
second, the hydroxyl group at position 7 is removed to convert 
cholic acid into deoxycholic acid, and chenodeoxycholic acid into 
lithocholic acid. These bacterially modified bile acids enter the 
portal circulation by diffusion and are taken up by the liver for 
subsequent secretion into bile. Thus, normal bile contains cholic 
acid, chenodeoxycholic acid, deoxycholic acid, and lithocholic acid, 
but only the first 2 are synthesized by the liver whereas the other 2 
are produced by colonic bacteria via chemical modification of the 
first two. The 2 bile acids produced by the liver (cholic acid and 
chenodeoxycholic acid) are called primary bile acids, whereas the 
other 2 generated in the colon (deoxycholic acid and lithocholic 
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acid) are called secondary bile acids. Therefore, even though we 
generally highlight the role of the small intestine as the major site 
of digestion and absorption of dietary carbohydrate, protein, and 
fat, the role of the colon and the intestinal bacteria in this process 
should not be overlooked. 


AN OVERVIEW OF THE DIGESTIVE PROCESS 


As the digestion of dietary carbohydrate, protein, and fat is a 
complex process involving multiple organs, the activity and 
function of these organs have to be coordinated and integrated 
to optimize the process. The intestinal tract has to be ready 
when the dietary components arrive in the form of chyme from 
the stomach; this includes the priming of the intestine with 
secretions from the pancreas and liver, secretions that provide 
not only the enzymes and bile salts necessary for the digestive 
process, but also bicarbonate to neutralize the acidic chyme 
from the stomach. Salivary and gastric secretion is initiated 
with the cephalic phase, triggered by the sight, smell, and even 
thought of food; this phase is mediated by the autonomic ner- 
vous system. The presence of nutrients in the GI tract then 
provides additional signals for neuroendocrine mechanisms to 
control digestion and food intake (satiety and appetite). The 
parasympathetic innervation of the GI tract and pancreas, pro- 
vided by the vagus nerve, is the principal component in this 
regulatory process, with the involvement of both afferent (sen- 
sory) and efferent (motor) pathways (see Chapter 99).!° The 
stomach and the upper intestinal tract possess dense parasym- 
pathetic innervation, which decreases gradually downstream 
along the intestinal tract. The mechanoreceptors present in 
vagal afferent fibers are activated by gastric distension, sending 
signals to the brain with regard to meal size. Chemo-sensitive 
vagal afferent fibers respond to many of the GI hormones 
(CCK, glucagon-like polypeptide-1 [GLP-1], peptide tyrosine 
tyrosine, [peptide YY PYY], ghrelin, and serotonin) via their 
respective cell-surface receptors.!’ As dietary components as 
well as bacterial metabolites influence the secretion of many 
of these hormones from the enteroendocrine cells (e.g., gluca- 
gon-like polypeptide-1, peptide tyrosine tyrosine) and entero- 
chromaffin cells (serotonin) of the small intestine and colon, 
signaling via the vagus nerve provides 1 of the pathways for the 
gut-brain axis. 

Even though salivary secretion contains digestive enzymes 
(e.g., a-amylase), it has no significant role in the digestive 
process because the food is chewed and swallowed rapidly and 
the contents enter the stomach where the acidic pH of gastric 
secretion fails to provide optimal conditions for the activity 
of these salivary enzymes. The stomach also secretes enzymes 
such as pepsin and lipase; however, these enzymes possess 
an optimal pH in the 4 to 5 range, which is appropriate for 
the acidic conditions of the luminal fluid in the stomach. 
When the chyme enters the duodenum, it introduces partially 
digested dietary carbohydrate, protein, and fat and also high 
concentrations of proton (acid pH) to the mucosal surface. 
The duodenum contains specific enteroendocrine cells, which 
respond to these components in chyme and secrete hormones 
that affect the secretory and contractile functions of stomach, 
pancreas, bile duct, gallbladder, and sphincter of Oddi. Secre- 
tin is released from duodenal and jejunal S cells (a subtype of 
enteroendocrine cell) in response to acidic pH. This hormone 
acts on parietal cells in the stomach to reduce acid produc- 
tion and acts on ductal cells in the pancreas and biliary tract 
to stimulate bicarbonate secretion. With these actions, secre- 
tin reduces the acid load from the stomach and also deliv- 
ers bicarbonate to the duodenum via the bile and pancreatic 
ducts to neutralize gastric acid. The net result is to bring the 
chyme in the duodenum to neutral pH so that the pancreatic 
digestive enzymes, all of which work optimally only in the 
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neutral pH range, are able to perform their task in the intes- 
tinal lumen. CCK is released from I cells, another subtype of 
enteroendocrine cell in the duodenum, in response to par- 
tially digested proteins and fat. This hormone has multiple 
actions. First, it acts on the pancreatic acinar cells to promote 
the release of digestive enzymes. This effect of CCK on the 
pancreas is not direct because the acinar cells in humans do 
not possess cell-surface receptors for CCK. The mechanism 
involves activation of the vagus nerve through a CCK recep- 
tor, with subsequent release of acetylcholine, which then acts 
on the acinar cells via muscarinic receptor signaling. This is 
supported by the findings that atropine, an antagonist of the 
muscarinic receptor, blocks the effect of CCK on pancreatic 
secretion;!® this is a paracrine action of CCK on sensory vagal 
afferent fibers projecting from the upper small intestine into 
the pancreas. In addition, CCK might have other modes of 
action on pancreatic secretion via activation of vagal effer- 
ent fibers coming down from the higher brain centers and 
projecting into the pancreas!’; this mechanism also involves 
atropine-sensitive muscarinic receptor signaling. Second, 
CCK initiates gallbladder contraction to promote the release 
of bile and, at the same time, relaxes the sphincter of Oddi 
to allow the entry of bile from the bile duct into the duo- 
denum; this function is critical for fat digestion. Although 
hepatocytes secrete bile continuously (~~500 mL/day), bile 
is not released continuously into the duodenum because the 
sphincter of Oddi remains mostly closed in between meals; 
as a result, bile is stored and concentrated in the gallbladder. 
When CCK is released in response to entry of the chyme into 
the duodenum, it simultaneously brings about contraction of 
the gallbladder and relaxation of the sphincter of Oddi, thus 
releasing the concentrated bile into the duodenum. 

GI hormones, whose release into the circulation is trig- 
gered by digestive products of dietary proteins and fat, also 
play a role in satiety and appetite control. The hormones 
CCK, PYY, and GLP-1 serve as satiety signals to the brain to 
inhibit food intake.?® 2! While CCK is produced by duodenal 
I cells, PYY and GLP-1 are produced by another subtype of 
enteroendocrine cells (L cells) present predominantly in the 
ileum and colon. There is a logic behind the differential distri- 
bution of the CCK-producing I cells in the upper small intes- 
tine and the PYY/GLP-1-producing L cells in the lower small 
intestine and in the colon, considering the signals that trigger 
the release of these hormones. CCK is released in response 
to partially digested proteins and fat; these signals are pres- 
ent at high concentrations only in the upper small intestine. 
Accordingly, the CCK-positive I cells are located primarily 
in the duodenum and upper jejunum. The stimulatory signals 
for the release of PYY and GLP-1 are tryptophan, long-chain 
fatty acids (LCFAs) and their derivatives, SCFAs, and second- 
ary bile acids. These signaling compounds arise either as the 
end products of digestion or as the products of bacterial fer- 
mentation/metabolism, and hence are expected to be found 
predominantly in the lower small intestine and in the colon. 
G-protein-coupled receptors mediate the effects of these 
compounds on L cells to promote the secretion of GLP-1 
and PYY: GPR142 for tryptophan,?* GPR40 and GPR120 for 
LCFAs?} GPR119 for derivatives of the monounsaturated fatty 
acid oleic acid,’+ GPR41 (also known as free fatty acid recep- 
tor 3 or FFAR3) and GPR43 (also known as free fatty acid 
receptor 2 or FFAR2) for SCFAs,*>-’? and TGRS for second- 
ary bile acids.?* The fatty acid translocase CD36, a G-protein- 
independent cell-surface protein, is also involved in the effects 
of LCFAs on L cells.” The colon contains a high density of 
L cells and the number of these cells significantly increases 
toward the colon.’ Therefore, it is physiologically relevant 
that the function of these cells is highly influenced by bacteria 
and bacterial metabolites.*° 3! As GLP-1 and PYY elicit their 


functions not only on the pancreas but also on the brain, this 
provides a mechanistic insight into the gut-pancreas and gut- 
brain axes. 

All 3 hormones, CCK, GLP-1, and PYY, secretion of which 
is stimulated by digestive products of dietary nutrients and bac- 
terial fermentation/metabolism, suppress appetite. In fact, the 
only GI hormone that is known to induce appetite and promote 
food intake is ghrelin.*? The stomach is the principal source of 
ghrelin, secretion of which is induced by starvation and fasting 
and suppressed by feeding and obesity. In contrast to the regu- 
latory mechanisms involved in the secretion of CCK, GLP- 
1, and PYY, the stimulatory signals for ghrelin secretion do 
not come from the lumen of the GI tract, but instead appear 
to originate from the blood. This is evidenced from the mor- 
phology of ghrelin-producing cells in the stomach; these cells 
are not open to the gastric lumen and thus are not exposed to 
luminal contents, but are in contact with blood. Circulating 
levels of glucose, which reflect the energy balance under most 
physiologic conditions, could be one of the signals that control 
ghrelin secretion. Excess glucose in blood has an inhibitory 
effect on ghrelin secretion, thus explaining the negative cor- 
relation between the fed state and the circulating levels of this 
hormone. 


NUTRIENT TRANSPORTERS 


Many of the nutrients in the intestinal lumen derived from diet 
are water-soluble and hydrophilic; as such, these molecules 
cannot traverse the hydrophobic lipid bilayer of the BBM and 
the BLM of the absorptive cells of the intestinal tract. Specific 
transport proteins that are integral to the BBM and BLM func- 
tion in the absorption of such nutrients across the intestinal 
and colonic epithelial cells. Most of these transport proteins 
and their genes have been identified at the molecular level. All 
of them belong to a superfamily of proteins known as SLCs 
(solute carriers), which are organized in different gene families 
based on homology in the primary structure of these proteins 
(see Chapter 101). For example, the transporter responsible 
for the first step in the absorption of glucose is known as 
the sodium-coupled glucose transporter 1 (SGLT1), which 
according to the Human Genome Organization Nomenclature 
describing the SLCs is identified as SLC5A1 (i.e., it is the first 
member of the SLC gene family 5A). As the classification is 
based on protein structure rather than on protein function, 
the transportable substrates for the members within a given 
gene family do not often belong to a similar group (e.g., AAs 
or sugars) or possess similar physico-chemical features (e.g., 
anions or cations or zwitterions). For example, members of 
the gene family 5A transport diverse substrates such as glucose 
(SLCS5A1), iodide (SLC5A5), choline (SLC5A7), or SCFAs 
(SLC5A8). 

The nutrient transporters in the intestinal tract are grouped 
into 2 classes: active transporters and passive transporters. Active 
transporters are capable of accumulating their substrates in cells 
against a concentration gradient whereas passive transporters are 
only capable of transferring their substrates down a concentra- 
tion gradient. Accordingly, active transporters require some form 
of driving force to support their uphill transport function; there 
is no involvement of any driving force for passive transporters. 
Five different driving forces operate in the absorptive cells of the 
intestinal tract to provide energy for various active transport- 
ers involved in nutrient absorption; these are (1) an inwardly 
directed Na* gradient; (2) an inwardly directed H* gradient, (3) 
an inwardly directed CI- gradient; (4) an outwardly directed K* 
gradient; and (5) the membrane potential. These driving forces 
are generated via multiple mechanisms, all of which rely on the 
Na*/K* pump (Fig. 102.1). As mentioned earlier, the absorptive 
cells of the intestinal tract are polarized. The Na*/K* pump is 


CHAPTER 102 Digestion and Absorption of Carbohydrate, Protein, and Fat 


Na+/H+ Nat cr 


CI- channel 


BLM 


Na*/K* pump 


2kK* 


Fig. 102.1 Generation of driving forces across the brush-border 
membrane and basolateral membrane of the absorptive cells of the in- 
testinal tract. See text for details. BBM, brush-border membrane; BLM, 
basolateral membrane. 


expressed only on the BLM of these cells; it transports Na* out of 
the cells and K* into the cells with a Na*:K* stoichiometry of 3:2, 
and the energy for this pump comes from ATP hydrolysis. The 
action of the Nat/K* pump in the intestinal and colonic epithe- 
lial cells creates a condition in which the intracellular concentra- 
tion of Na* is lower than the extracellular concentration while 
the intracellular concentration of K* is higher than the extracel- 
lular concentration. The end result is an inwardly directed Nat 
gradient and an outwardly directed K* gradient across the BBM 
and BLM. In addition, the 3:2 stoichiometry for Na* and K* also 
generates an inside-negative membrane potential across these 
membranes. The Na*/H* exchanger, located in the BBM, then 
uses the inwardly directed Na* gradient to generate an inwardly 
directly H* gradient because the influx of Na* down its electro- 
chemical gradient is coupled to the efflux of H* against its elec- 
trochemical gradient with a Na*:H* stoichiometry of 1:1. There 
are several isoforms of the Na*/H* exchanger; the isoform in 
the BBM is primarily NHE3 (SLC9A3). Even though the pH 
of the bulk fluid in the intestinal lumen is in the neutral range, 
the pH on the external surface of the BBM is relatively acidic 
(pH in the range of 5.5 to 6.0), and known as “microclimate acid 
pH,” the H* efflux mediated by the Na*/H* exchanger is respon- 
sible for this acidic pH.**-?> The chloride channel present in the 
BBM releases CI- from the cells into the lumen in response to 
the inside-negative membrane potential, which generates the 
inwardly directed Cl- gradient across the membrane. This Cl- 
channel, mostly represented by CFTR, is expressed primarily 
in the BBM of the enterocytes present in the villus crypts. The 
various driving forces thus generated are then utilized by nutrient 
transporters in a differential manner to support their active trans- 
port function across the BBM, and in some instances, also across 
the BLM. In the BBM, the transfer of glucose and galactose is 
coupled to the electrochemical Na* gradient; the transfer of Fe7*, 
folate, and di- and tripeptides is coupled to the electrochemical 
H+ gradient; the transfer of glutamate and aspartate involves the 
transmembrane gradients of Nat, K*, and H* as well as the mem- 
brane potential. Most AAs are transported with the involvement 
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of the electrochemical Nat or H* gradient, although there are 
some important exceptions. 


CARBOHYDRATES 


Types of Carbohydrates in Normal Diet 


The total amount of carbohydrate in a normal diet is 220 to 330 g/ 
day for men and 180 to 230 g/day for women. Dietary carbohydrate 
exists in different molecular forms: polysaccharides, disaccharides, 
and monosaccharides. Starch from plant products and glycogen 
from meat are polysaccharides. Even though both are homopoly- 
mers consisting of only glucose, starch and glycogen differ in struc- 
ture. Starch exists in 2 forms, namely amylose and amylopectin. 
Amylose is a linear polysaccharide in which glucose residues are 
linked solely by a-1,4 glycosidic bonds. In contrast, amylopectin 
is a branched molecule in which the branch points consist of a-1,6 
glycosidic bonds while the linear portions of the branches are made 
up of a-1,4 bond as in amylose (Fig. 102.2) Glycogen, in contrast, 
exists only as a branched molecule similar to amylopectin, except 
that it has more branches than amylopectin. Together, starch and 
glycogen make up approximately 50% of the carbohydrate content 
in a normal diet. The next quantitatively important carbohydrates 
are the disaccharides sucrose and lactose, which account for 30% to 
40% of dietary carbohydrates. Sucrose is the commonly used sugar 
and is made up of glucose (a-form) and fructose (f-form), linked 
via their anomeric carbon atoms (carbon 1 in glucose and carbon 2 
in fructose). Lactose is the milk sugar and is made up of galactose 
(B-form) and glucose (a- or §-form), linked via carbon 1 of galac- 
tose and carbon 4 of glucose. The monosaccharide fructose makes 
up the remainder of dietary carbohydrate (~10%) and is found 
in fruit juices, honey, and soft drinks (high-fructose corn syrup). 
Mushrooms contain the disaccharide trehalose, which consists of 2 
a-glucose residues bonded by their anomeric carbon atoms. 

In addition to the aforementioned carbohydrates, diet also 
contains carbohydrates in the form of fiber, which is neither 
digestible nor absorbable by the human intestine. Fiber includes 
cellulose, hemicellulose, gums, pectins, and chitin, all derived 
from plant sources. Cellulose is a linear polysaccharide consisting 
of glucose linked together via B-1,4 linkage; hemicellulose is also a 
polysaccharide but consisting of several types of sugars and sugar 
derivatives; gums too are made up of a variety of sugars; pectins 
are heteropolysaccharides and are rich in galacturonic acid; chitin 
is a polysaccharide consisting of the glucose derivative N-acetyl- 
glucosamine. These indigestible carbohydrates, however, still 
provide significant health benefits by various mechanisms: (1) 
they increase the bulkiness of the luminal contents in the intesti- 
nal tract, thereby influencing transit time; (2) they affect the rate 
at which other components of the diet are digested and absorbed; 
(3) they pass through the small intestine undigested and when 
they reach the colon, bacteria are able to digest and ferment 
them to generate SCFAs, which are then absorbed for metabolic 
utilization in colonocytes or enter the portal circulation to be 
presented to the liver and then to other organs. These bacterial 
metabolites also elicit a multitude of biologic actions on colonic 
epithelial cells, enteroendocrine cells of the colon, and immune 
cells in the lamina propria via different mechanisms including the 
involvement of specific cell-surface G protein-coupled receptors. 


Glycemic Index 


Glycemic index provides an assessment of the carbohydrate con- 
tent of a food in terms of its effect on postprandial glucose levels 
in the blood.*° The glycemic index is measured as the area under 
the curve for blood glucose above the basal level over a period of 2 
hours after ingestion of the food containing a fixed amount of car- 
bohydrate (e.g., 50 g) compared with ingestion of the same amount 
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of glucose (reference standard). The glycemic index for the refer- 
ence is taken as 100. Carbohydrate-containing foods with a gly- 
cemic index of 55 or less are considered “good,” and those with a 
glycemic index of 70 or more are considered “bad.” The ability to 
control blood glucose levels after a carbohydrate meal to prevent 
persistent hyperglycemia and hence reduce the risk of potential 
complications of diabetes is better achieved with foods having a low 
glycemic index. Various intrinsic and extrinsic factors dictate the 
glycemic index of a given food; these include the physico-chem- 
ical properties of the carbohydrates (e.g., the relative content of 
amylose versus amylopectin), nature of the food (e.g., whole grain 
versus flour, cooked versus raw), ripeness of the fruits, and the pres- 
ence or absence of fiber. In general, carbohydrates in foods with a 
low glycemic index are digested and absorbed more slowly than 
carbohydrates in foods with a high glycemic index. 


Digestion of Carbohydrates 


Dietary carbohydrates are digested and absorbed predominantly 
in the upper small intestine. Except for dietary fiber, very little 
of the carbohydrates escapes the small intestine and enters the 
colon. Saliva contains a-amylase that is capable of digesting 
starch and glycogen by hydrolyzing the a-1,4 linkages, but it 
has little physiologic significance because of the rapid entry of 
ingested food into the stomach where the acidic pH inactivates 
the enzyme. Carbohydrate digestion in the small intestine occurs 
in the lumen (luminal digestion) and on the BBM of the entero- 
cytes (membrane digestion). The net result of luminal digestion 
and membrane digestion is to generate monosaccharides (glu- 
cose, galactose, and fructose) from the ingested polysaccharides 
and disaccharides, which are then absorbed across the enterocyte 
via selective transporters to enter the portal blood. 


Luminal Digestion 


Pancreatic a-amylase is the principal enzyme responsible for the 
luminal digestion of dietary carbohydrates in the intestine. This 
enzyme acts solely on starch and glycogen, without any effect 
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Fig. 102.2 Partial structure of amylopectin or 
glycogen, showing the linear parts made up of a-1,4 
linkages and the branch points made up of a-1,6 
linkages. 


Fig. 102.3 Action of pancreatic a-amylase on 
amylose and amylopectin (and glycogen). a-Amylase 
is an endoglycosidase and does not act on terminal 
glycosidic bonds. It is also specific for a-1,4 linkages 
and does not act on a-1,6 linkages. Consequently, the 
hydrolytic products are maltose and maltotriose for the 
linear glucose-polysaccharide amylose, and maltose, 
maltotriose, and a-limit dextrins for the branched 
glucose-polysaccharides amylopectin and glycogen. 
Brown circles, glucose units; blue circles, reducing 
glucose units. 


Amylose 


Amylopectin 


on dietary disaccharides such as sucrose and lactose. Similar to 
salivary a-amylase, pancreatic o-amylase also has a neutral pH 
for its optimal activity. Because the pH of the gastric chyme is 
neutralized with bicarbonate that is present in biliary and pan- 
creatic secretions, the pH of the luminal fluid is appropriate for 
the activity of pancreatic amylase. Again, similar to salivary amy- 
lase, pancreatic amylase also has specificity toward the a-1,4 link- 
ages in starch and glycogen. Both enzymes are endoglycosidases, 
meaning that they hydrolyze only the internal glycosidic linkages; 
the a-1,4 bonds located at the ends of the linear amylose or at the 
ends of the branches in amylopectin and glycogen are not hydro- 
lyzed by these amylases (Figs. 102.2 and 102.3). Consequently, 
amylose yields maltose and maltotriose (2 or 3 glucose residues 
bonded by a-1,4 linkages, respectively). Amylopectin and glyco- 
gen have branch points with a-1,6 linkages, and amylases do not 
act on these bonds. Therefore, the linear portions of the branches 
in these 2 polysaccharides yield maltose and maltotriose, while 
the regions containing the branches yield a-limit dextrins (poly- 
mers with an average of 5 to 8 glucose residues with 1 or more 
branch points) (see Fig. 102.3). As such, maltose, maltotriose, 
and a-limit dextrins are the products of the action of salivary and 
pancreatic amylases on dietary starch and glycogen. There is no 
release of free glucose by the action of amylases. 

Salivary amylase and pancreatic amylase are coded by separate 
genes in humans, both of which are located on chromosome 1. As 
one would expect from the identical enzymatic activities of both 
proteins, the primary structures of salivary amylase and pancreatic 
amylase show high similarity with 94% homology in AA sequence.*’ 


Membrane Digestion 


The products of the luminal digestion of starch and glycogen 
by salivary and pancreatic amylases, along with the disaccharides 
sucrose and lactose present in diet form the substrates for mem- 
brane digestion, which occurs on the external surface of the BBM 
of the intestinal absorptive cells (Fig. 102.4). At least 4 enzymes 
are involved in membrane digestion: maltase-glucoamylase, 
sucrase-isomaltase, lactase, and trehalase; all of them are integral 
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Fig. 102.4 Sequential steps involved in the luminal and membrane di- 
gestion of dietary polysaccharides (starch and glycogen) and disaccha- 
rides (sucrose and lactose) in the small intestine. See text for details. 


proteins in the BBM with their catalytic sites exposed to the lumi- 
nal surface of the membrane so that their respective intraluminal 
substrates have access to the active site. Maltase-glucoamylase 
hydrolyzes maltose and malto-oligosaccharides to generate free 
glucose. Sucrase-isomaltase is a bifunctional enzyme with 2 cata- 
lytic sites (i.e., sucrase and isomaltase) that reside in different 
parts of the same protein. However, though the enzyme is ini- 
tially synthesized as a single polypeptide that gets inserted into 
the BBM, it is subsequently cleaved by pancreatic proteases into 
2 subunits, one with sucrase activity and the other with isomalt- 
ase activity.’ The sucrase component of the enzyme is respon- 
sible for the digestion of sucrose into glucose and fructose, and 
also for the digestion of maltose into glucose. The isomaltase 
component of the enzyme is selective for the a-1,6 glycosidic 
bond present in a-limit dextrins. As the a-1,6 glycosidic bond is 
present only at branch points in a-limit dextrins, its hydrolysis by 
isomaltase results in debranching of a-limit dextrins after which 
maltase-glucoamylase and sucrase act on the resultant maltose 
and other linear malto-oligosaccharides to generate free glucose. 
Lactase acts on the milk sugar lactose to release glucose and 
galactose. Trehalase breaks down trehalose to generate glucose. 
Interestingly, mRNAs are found for all of these brush-border 
carbohydrases in the epithelial cells in the crypts, as well as in 
the upper parts of the villus, indicating that transcription of the 
respective genes occurs throughout the villi us, but the enzyme 
proteins are found mostly in differentiated epithelial cells of the 
upper villi us. As the luminal contents containing the products 
of salivary and pancreatic amylases (maltose, maltotriose, and 
a-limit dextrins) and other dietary disaccharides have access only 
to the upper parts of the villi and do not generally reach the 
crypts, the presence of the enzymes mostly in the differentiated 
epithelial cells makes physiologic sense. With regard to the lon- 
gitudinal distribution of these brush-border enzymes, they are 
found at much higher levels in the jejunum than in the ileum. 
Collectively, the BBM-associated carbohydrases bring about 
the digestion of dietary carbohydrates to completion, releasing 
monomeric units of the polysaccharides and disaccharides pres- 
ent in the diet (see Fig. 102.4). The resultant monosaccharides 
(i.e., glucose, galactose, and fructose) are subsequently absorbed 
into enterocytes and then into portal blood. 


Absorption of Monosaccharides 


Absorption of glucose, galactose, and fructose occurs pre- 
dominantly in the jejunum, which suggests that as these 
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monosaccharides are generated by the brush-border carbo- 
hydrases, they are immediately absorbed into the enterocytes. 
This explains the similar distribution pattern of the brush-bor- 
der enzymes and the absorptive sites along the small intestine 
(jejunum > ileum). The entry mechanisms for these 3 monosac- 
charides across the BBM are different from the exit mechanism 
across the BLM (Fig. 102.54). Glucose and galactose are taken 
up by the enterocytes via an active transport process whereas 
fructose enters the cells by a passive, but facilitated mechanism. 
SGLT1, also known as SLCSAL, is responsible for active uptake 
of glucose as well as galactose from the intestinal lumen into 
the cells.*? This transporter accepts either glucose or galactose 
as the substrate but does not transport both monosaccharides 
at the same time in a given transport cycle. The driving force 
for this active transport process comes from the electrochemi- 
cal Na* gradient present across the BBM. The Na*/K* pump in 
the BLM maintains intracellular Na* at low levels whereas the 
luminal contents have higher levels of Na* originating from bili- 
ary, pancreatic, and intestinal secretions and also from the diet. 
The uptake of each monosaccharide via SGLT1 is coupled with 
the simultaneous transport of 2 Na*. As glucose and galactose 
are neutral molecules, their cotransport with 2 Na* renders the 
transport process electrogenic, i.e., leading to depolarization of 
the membrane with a net transfer of 2 positive charges into the 
cell per transport cycle. Thus, the inwardly directed Na* gradi- 
ent as well as the inside-negative membrane potential that are 
present across the BBM provide the driving force for the active 
entry of glucose and galactose from the lumen into the absorp- 
tive cells of the small intestine. 

Fructose is not transported via SGLT1; its entry from the 
lumen into the intestinal absorptive cells occurs via the facilita- 
tive sugar transporter GLUTS, also known as SLC2A5.*° The 
transport process is energy-independent and has no involvement 
of Nat. 

Once all 3 monosaccharides enter the enterocyte, they are 
exported out of the cells into the portal circulation across the 
BLM. This process occurs via GLUT2, also known as SLC2A2, 
a low-affinity facilitative sugar transporter.*”*° All 3 monosac- 
charides are substrates for GLUT2. The low affinity of this 
transporter is physiologically relevant because it dictates that 
the net release of glucose, galactose, and fructose from the cells 
occurs only down their concentration gradients when the intra- 
cellular concentrations of these sugars exceed those in the portal 
blood. 

Even though the general scheme describing the role of vari- 
ous sugar transporters in the intestinal absorption of the 3 mono- 
saccharides traditionally depicts GLUT2 as the transporter 
expressed exclusively in the BLM (see Fig. 102.54), this trans- 
porter does traffic to the BBM when the intestinal lumen is faced 
with a high load of sugar, particularly glucose (see Fig. 102.5B).*! 
SGLT1-mediated glucose entry is the signal for this trafficking of 
GLUT? to the BBM, which has physiologic importance not only 
in terms of glucose/galactose absorption but also fructose absorp- 
tion. SGLT1 is a relatively high-affinity transporter for glucose 
and galactose, and, therefore, it is not efficient in absorbing glu- 
cose and galactose under high-sugar load conditions. In contrast, 
GLUT2 is a low-affinity transporter for all 3 monosaccharides, 
and therefore, its appearance in the BBM only when the concen- 
trations of these monosaccharides are high in the intestinal lumen 
ensures maximal absorption. This phenomenon is also important 
for intestinal fructose absorption. SGLT1 plays no role in fruc- 
tose transport whereas GLUT? can transport fructose; therefore, 
the recruitment of GLUT2 to the BBM under high-sugar con- 
ditions suggests that intestinal absorption of fructose across the 
BBM involves not only GLUTS but also GLUT2 when dietary 
intake of carbohydrate is high. In addition, the introduction of a 
high load of fructose to the small intestinal lumen itself increases 
the density of GLUTS in the BBM.” 


= Portal 


1642 PARTX Smalland Large Intestine 


Low-glucose Load in Lumen 


Lumen 
blood 


2Nat 
Glucose/ 
Galactose 


oN Glucose 
Galactose 


Fructose 
GLUT2 


Fructose 


A BLM BBM 


High-glucose Load in Lumen 


Lumen 


2Nat 
Glucose/ 
Galactose 


Glucose 
Galactose 
Fructose 


Glucose 
Galactose 


Fructose 


Fructose 


B BLM BBM 


Fig. 102.5 Transport of monosaccharides across the enterocyte in 

the small intestine from lumen to portal blood under normal conditions 
(A) and under high-glucose load conditions (B). See text for details. 
BBM, brush-border membrane; BLM, basolateral membrane; GLUT2, 
facilitative glucose transporter 2 (SLC2A2); GLUT5, facilitative glucose 
transporter 5 (SLC2A5); SGLT1, sodium-coupled glucose cotransporter 
1 (SLC5A1). 


Knockout Mouse Models for Intestinal Sugar Transporters 


Genetic deletion studies with all 3 transporters have confirmed 
their biologic functions. Deletion of Sg/t1 in mice leads to glu- 
cose/galactose malabsorption without affecting fructose absorp- 
tion; the trafficking of Glut2 to the BBM in response to high 
glucose load in the intestine is absent in Sg/t1-null mice, high- 
lighting the essential role of Sglt1-mediated glucose entry as the 
signal for the trafficking of Glut2 to the BBM.* Deletion of Glut 
leads to defective intestinal absorption of fructose without affect- 
ing glucose/galactose absorption.*+ The biochemical phenotype 
of Glut2-knockout mice was a little surprising and unexpected.* 
As this transporter was thought to be the only mechanism for 
the exit of all 3 monosaccharides, defective absorption of glucose 
in the intestine was expected in G/ut2-knockout mice. Contrary 
to this expectation, however, no defect in the intestinal absorp- 
tion of glucose was observed, suggesting the presence of other 
possible mechanisms for the exit of glucose from the cells (e.g., 


exocytosis). Deletion of G/ut2 is much more lethal than deletion 
of Sgit1 and Glut5,*° which is expected given the fact that this 
low-affinity transporter functions in the pancreas as a sensor of 
circulating levels of glucose to promote insulin secretion in pro- 
portion to changes in blood glucose levels. As such, the whole- 
body deletion of this transporter has a severe phenotype because 
of the inability of the f cells in the pancreas to secrete insulin in 
response to blood glucose, thus leading to hypoinsulinemia and 
hyperglycemia. 


Defects in Carbohydrate Digestion 


As the small intestine is capable of absorbing only monosaccha- 
rides, dietary polysaccharides and disaccharides must be digested 
completely prior to absorption. If the digestive process is faulty, 
either because of pancreatic insufficiency (i.e., decreased pan- 
creatic amylase) or defects in brush-border carbohydrases, 
dietary carbohydrates cannot be digested. The undigested 
carbohydrates then reach the colon where they increase the 
osmotic pressure leading to secretion of water into the lumen, 
with resultant abdominal bloating and diarrhea (osmotic diar- 
rhea). The resident bacteria in the colon hydrolyze these carbo- 
hydrates and ferment the released sugars. In the process, gas is 
produced, largely in the form of hydrogen, leading to flatulence 
and increased appearance of hydrogen in the expired air from 
lungs. This is the basis of the breath hydrogen test that is used 
to monitor defects in carbohydrate digestion in the intestine (see 
Chapter 105). 

Lactose intolerance is the most common defect in the digestion 
of dietary carbohydrates and results from deficiency of the brush- 
border disaccharidase lactase. Contrary to common assumption, 
however, lactose intolerance is the normal phenomenon and it 
is lactose tolerance that results from genetic mutations.*7#° In 
all mammals including humans, milk was supposed to be a nor- 
mal dietary component only during infancy. Accordingly, the 
intestinal enzyme lactase that hydrolyzes the milk disaccharide 
lactose to generate the absorbable monosaccharides glucose and 
galactose is expressed at high levels at birth and stays high until 
the weaning period. Subsequently, the expression of the enzyme 
decreases significantly to the much lower levels found in adults. 
This makes teleologic sense because if milk is not a normal dietary 
constituent in adults, why would the intestine need to express the 
enzyme? However, when domestication of ruminants as a source 
of milk started during civilization in certain populations of the 
world tens of thousands of years ago, milk became a normal com- 
ponent of diet, even in adults. Milk has high nutritional value not 
only for the infant but also for the adult. Milk albumin is a protein 
with a 100% nutritional value and is the gold standard against 
which the nutritional value of any other protein is evaluated. Milk 
is also rich in carbohydrate (lactose) and calcium. However, the 
normal phenomenon of decreased lactase expression in adults 
became a problem for those who consumed milk because of their 
inability to digest lactose and the resultant clinical manifestations 
(see Chapter 104). Some adults, however, were able to tolerate 
milk in their diet and these individuals were found to have muta- 
tions in the gene coding for lactase, which prevented the normal 
age-related decline in expression of the enzyme. Such mutations 
provided a biologic and probably survival advantage in those civ- 
ilizations in which milk and other dairy products were normal 
components of the adult diet, most notably peoples of Northern 
European descent and certain African nomads; as such, lactose 
intolerance is not common in these populations. Thus, the “wild 
type” is characterized by lactose intolerance whereas the “mutant 
type” is characterized by the ability to tolerate milk without unde- 
sirable clinical symptoms. The clinical manifestations in lactose- 
intolerant subjects are solely associated with the presence of milk 
and other dairy products in the diet. These individuals have no 
problems digesting carbohydrates from other sources. Therefore, 
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an increase in breath hydrogen in expired air from the lungs is 
seen in lactose-intolerant subjects only upon ingestion of lactose- 
containing foods; ingestion of starch, glycogen, or sucrose does 
not increase the levels of breath hydrogen nor does it produce any 
of the symptoms associated with lactose intolerance. Sometimes 
there is a misconception in the lay public that lactose intolerance 
is due to an allergy to milk; this is not true. 

Congenital sucrase-isomaltase deficiency is a rare autosomal 
recessive disease that is associated with defective digestion of 
starch, glycogen, and sucrose.*?°° As this bifunctional enzyme 
possesses maltase, sucrase, and isomaltase activities, it is obliga- 
tory not only for the debranching of a-limit dextrins arising 
from the digestion of amylopectin and glycogen, but also for the 
hydrolysis of sucrose as well as maltose arising from the digestion 
of starch and glycogen. The clinical manifestations of the dis- 
ease are again related to undigested carbohydrates reaching the 
colon, resulting in osmotic diarrhea, bacterial fermentation, and 
production of excess of gas. 

Congenital trehalase deficiency is another rare disorder that 
is associated with inability to digest the disaccharide trehalose, 
which is present in mushrooms”? and certain prepared frozen 
foods, like ice cream, to which it is added because it lowers the 
freezing point. Patients with trehalase deficiency cannot digest 
trehalose and as a consequence suffer from abdominal bloating, 
flatulence and diarrhea after ingestion of trehalose-containing 
foods. This disease is not common in Caucasian Americans but 
is quite prevalent in Greenland Inuit natives, occurring in 10% 
to 15% of the population.*! In addition to the aforementioned 
genetically driven brush-border enzyme deficiencies, there are 
secondary causes of defects in carbohydrate digestion in the intes- 
tine, examples of which include celiac disease and ZES. Celiac 
disease is a genetic disease that results in severe intestinal inflam- 
mation upon ingestion of gluten-containing foods such as wheat, 
rye, and barley (see Chapter 107). The inflammation begins in 
upper small intestine as this is the part of the intestinal tract that 
is exposed first to dietary gluten. As digestion and absorption of 
dietary carbohydrates occur primarily in the upper small intestine, 
celiac disease leads to defects not only in the digestion of carbo- 
hydrates but also in their absorption. The principal reason for the 
malabsorption of carbohydrate in celiac disease is the inflamma- 
tion-associated blunting of the intestinal villi, thus resulting in a 
markedly decreased density of absorptive enterocytes and, hence, 
a decreased surface area of the BBM. The BBM is the membrane 
that expresses all the carbohydrases (except for amylase) and also 
the transporters for the monosaccharides; therefore, celiac disease 
results in carbohydrate malabsorption. ZES is a disease caused by 
gastrinoma; the resultant increased production of the hormone 
gastrin promotes massive acid secretion from parietal cells of the 
stomach (see Chapter 34). Due to the massive acid load from 
the gastric chyme, the bulk fluid in the lumen of the upper small 
intestine remains acidic, which is not conducive for the enzyme 
activities of amylase and brush-border carbohydrases, thereby 
causing defective digestion of dietary carbohydrates. 


Defects in Carbohydrate Absorption 


Glucose-galactose malabsorption is the primary defect associated 
with the transport of monosaccharides in the small intestine. It is 
an autosomal recessive disorder affecting only the absorption of 
glucose and galactose; fructose absorption is normal. Based on 
the substrate selectivity of the sugar transporters in the entero- 
cyte, it is obvious that the disease is related to defective function 
of SGLT1 (SLCSA1), which is a Na*-coupled active transporter 
for glucose and galactose, but not fructose. This transporter is 
expressed in the BBM of the absorptive cells of the small intes- 
tine. Mutations in the gene coding for the transporter form the 
molecular basis for the disease.” The SLCSA1 gene is located 
on human chromosome 22q13.1; disease-causing mutations can 


1643 


be either homozygous or compound heterozygous, and are of 
different types. The nonsense, frame shift, and splice-site muta- 
tions all generate truncated proteins that possess no transport 
activity. The protein has 14 transmembrane domains, and the 
disease-causing mutations are found throughout the protein. 
Some of these mutations cause trafficking defects that render the 
transporter protein trapped in intracellular compartments and 
not able to reach the BBM, whereas others do not interfere with 
the protein trafficking but compromise the transport function. 
Clinical manifestations of the disease become very obvious early 
in life. Affected neonates suffer from severe diarrhea and dehy- 
dration as soon as milk is introduced as the major dietary source 
of carbohydrate. Lactose is digested normally in these patients, 
but the resultant glucose and galactose are not absorbed because 
of the defective SGLT1, with resultant osmotic diarrhea, mas- 
sive fluid loss and dehydration. Symptoms occur with exposure 
to any type of dietary carbohydrate that contains glucose and/or 
galactose (starch, glycogen, sucrose or even partially hydrolyzed 
starch). If left untreated, affected patients may develop kidney 
stones because of chronic dehydration and may die from hypo- 
volemic shock. The only treatment available for these patients is 
to provide fructose in their diet, which is absorbed via GLUTS5 
and does not involve SGLT1. For affected neonates, fructose can 
be given in the form of fruit juices. With fructose in the diet to 
meet the energy requirements, normal growth and neurological 
development can be preserved.*+ 

There are no genetic defects known in humans that involve 
fructose absorption. However, mutations in GLUT2, the trans- 
porter in the BLM and BBM of the intestinal absorptive cells 
for all 3 monosaccharides, have been identified in humans.’ 
Notable clinical manifestations in patients with mutations in 
GLUT2 include tubular nephropathy, fasting hypoglycemia, 
rickets, stunted growth, and hepatomegaly secondary to glyco- 
gen accumulation”; the disease resulting from GLUT2 defect is 
called Fanconi-Bickel syndrome and, interestingly, is not associ- 
ated with any overt intestinal phenotype in terms of carbohydrate 
absorption. Many of the aspects of Fanconi-Bickel syndrome can 
be explained on the basis of expression of the transporter in the 
kidney, liver, and pancreas as well. As in the intestine, the trans- 
porter plays a role in the exit of glucose, galactose, and fructose 
from the renal tubular cells into blood. The same transporter also 
plays a role in the exit of glucose resulting from gluconeogenesis, 
which occurs in the liver and kidney during fasting; this is the 
likely explanation for the fasting hypoglycemia in patients with 
loss-of-function mutations in GLUT2. The transporter is also 
the glucose sensor in the 6 cells of the pancreas where it plays 
a role in glucose-induced insulin secretion. Based on this func- 
tion, one would expect to see diabetes in patients with defective 
GLUT2, but this is not always the case. Some specific mutations 
in GLUT2 do lead to fasting hyperglycemia, which eventually 
transitions to type 2 diabetes. Some mutations, however, result 
in gain of function, which leads to stimulation of insulin secre- 
tion even in the absence of glucose. This observation indicates 
that the mutant transporter functions as a glucose receptor in 
B cells and that these mutations render the mutant transporter 
capable of eliciting the signaling pathways for insulin secretion 
even in the absence of glucose transport and metabolism.’’ In 
fact, such mutants also promote differentiation of f cells. The 
lack of any defect in the intestinal absorption of sugars in patients 
with Fanconi-Bickel syndrome is also seen in G/ut2-knockout 
mice, suggesting the presence of other mechanisms for the exit of 
monosaccharides from the enterocytes. 


Dietary Fiber and Colonic Bacteria 


Dietary fiber consists of carbohydrates such as cellulose, hemicel- 
lulose, gums, pectins, and chitin, but these are not digested by any 
of the enzymes arising from mammalian tissues associated with 
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Fig. 102.6 Fermentation of dietary fiber by colonic bacteria, and the transport and biologic functions of the 
fermentation products in colonocytes and immune cells. See text for details. 
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the function of the intestinal tract. Consequently, these carbohy- 
drates remain undigested in the small intestine and reach the large 
intestine where they are subjected to digestion and fermentation 
by colonic bacteria. The end products of this process comprise 
SCFAs containing mostly 2 to 4 carbon atoms (acetate, propio- 
nate, and butyrate) (Fig. 102.6).> These bacterial metabolites are 
effectively absorbed in the colon via H+-coupled and Nat-coupled 
monocarboxylate transporters, primarily MCT 1 (SLC16A1) and 
SMCT!1 (SLCS5A8).° SCFAs elicit a plethora of biologic func- 
tions locally in colon and also in other organs through mediators 
from immune cells and enteroendocrine cells. The most recog- 
nized function of SCFAs, especially butyrate, is their role as the 
preferred energy substrates for colonocytes. In addition, butyrate 
functions as an inhibitor of histone deacetylases and thus modu- 
lates the epigenetic profile and consequently the transcription 
of selective genes in the colon (e.g., the cell-cycle regulator p21, 
Gl-selective transcription factor CDX2, intracellular signaling 
kinase p38); it also serves as the carbon source for the generation 
of the ketone body B-hydroxybutyrate by colonocytes (see Fig. 
102.6).°* These bacterial metabolites also impact colonic function 
by serving as agonists for certain cell-surface G-protein-coupled 
receptors that are expressed on the luminal surface of the epithe- 
lial cells and enteroendocrine cells present in the colon and lower 
small intestine and also on certain specific immune cells present 
in the lamina propria (see Fig. 102.6).”° The receptor GPR109A 
is selectively activated by butyrate and B-hydroxybutyrate??° 
whereas GPR43 is activated by all 3 SCFAs.°!. Intracellular sig- 
naling for both receptors includes a decreased cAMP and/or an 
increase in calcium. Butyrate also influences the biology of the 
gut-associated immune system.® Inhibition of histone deacety- 
lases caused by butyrate and propionate block the development 
of dendritic cells, which could be at least one of the mechanisms 
for immune tolerance that is necessary for the host-microbiome 
symbiosis in the lower intestinal tract.°? SCFAs function as effec- 
tive tumor suppressors in the colon; the cell-surface receptors 
as well as transporters in the BBM play a role in this function. 
In particular, the butyrate receptor GPR109A*” and the Na+- 
coupled monocarboxylate transporter SLC5A8 have been shown 
to protect against colon cancer.®*°° Recent studies with S/c5a8- 
null mice have uncovered an interesting connection between 


dietary fiber content and the tumor-suppressive function of the 
transporter.®’ Because of the high-affinity transport of SCFAs, 
particularly butyrate, by the transporter, the ability of the trans- 
porter to protect against colon cancer becomes obvious only 
under conditions of low dietary fiber content when the luminal 
production of butyrate by bacterial fermentation becomes mark- 
edly reduced, thereby making the high-affinity and low-capacity 
transport of this SCFA by SLC5A8 quantitatively relevant. 


PROTEINS 
Dietary Intake 


Proteins in the diet serve as the source of essential as well as 
non-essential AAs for cellular metabolism. Deficiency of dietary 
protein intake will lead to negative nitrogen balance, primarily 
due to the non-availability of the essential AAs. Proteins pro- 
vide approximately 10% to 15% of energy intake in an average 
Western diet, which amounts to about 70 to 100 g protein per 
day. In addition to the exogenous proteins present in the diet, 
the intestinal tract is also exposed to endogenous proteins, which 
arise from salivary, gastric, intestinal, pancreatic, and biliary 
secretions, and also from desquamated cells of the intestinal tract; 
collectively, this amounts to about 30 g protein per day. Proteins 
are digested and absorbed mostly in the small intestine with 
little or no proteins entering the large intestine under normal 
conditions. 

Dietary proteins are either of plant or animal origin. The 
nutritional value of dietary proteins depends primarily on their 
composition of AAs, particularly the essential AAs. The body 
needs all essential AAs; even when just one of the essential AAs is 
deficient, it will lead to negative nitrogen balance. Milk proteins 
and egg proteins are considered as the standard for comparing 
the nutritional value of dietary proteins, with the nutritional value 
of these standard proteins taken as 100. In general, animal pro- 
teins have higher nutritional value than plant proteins. However, 
plant proteins from different dietary sources can be combined to 
increase their overall nutritional value, and the deficiency of a 
given essential AA in one particular plant protein can be com- 
plemented by another plant protein that is rich in that selective 
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essential AA. The quality of dietary proteins is also determined 
to some extent by their digestibility. For example, a high con- 
tent of proline generally compromises protein quality because of 
increased resistance to hydrolysis by proteases and peptidases in 
the intestinal tract. 


Differences Between Carbohydrate and 
Protein Digestion and Absorption 


There is an important difference between dietary carbohydrates 
and proteins in terms of their digestion and absorption in the 
intestinal tract. As detailed earlier, dietary carbohydrates must be 
broken down completely to their monomeric units (i.e., mono- 
saccharides) before absorption can occur; furthermore, the entire 
process of digestion occurs outside the absorptive cells (luminal 
digestion and membrane digestion). In contrast, dietary pro- 
teins are only partially digested in the lumen of the intestinal 
tract, yielding a mixture of small peptides and free AAs, which 
are absorbed into enterocytes; their digestion into their mono- 
meric units (i.e., free AAs) is completed inside the enterocytes. 
As recently as 15 years ago, it was widely believed that dietary 
proteins were absorbed in the small intestine only in the form 
of free AAs in a manner similar to the absorption of dietary car- 
bohydrates in the form of monsaccharides.® However, it is well 
accepted now that small peptides are absorbed in the intestine 
very efficiently; in fact, absorption of small peptides offers several 
advantages over absorption of free AAs.°* 


Digestion 
Luminal Digestion 


Luminal digestion of dietary proteins begins in the stomach and 
is initiated by pepsin that is secreted by chief cells, deep in the 
mucosal crypts. Pepsin is released into the lumen in the form of 
inactive precursor (zymogen) known as pepsinogen. This precur- 
sor is activated by acidic pH, a process which involves changes in 
protein folding rather than covalent change, to expose the active 
site of the enzyme. The resultant active pepsinogen then acts 
on inactive pepsinogen by limited proteolysis to generate active 
pepsin which then acts on inactive pepsinogen in an autocatalytic 
manner to generate more of the active pepsin. Pepsin exhibits 
an optimal pH of about 3, an ideal feature for being active in the 
acidic gastric juice. Pepsin is an aspartate protease and its active 
site contains 2 aspartate residues. The proteolytic reaction cata- 
lyzed by pepsin is referred to as acid-base catalysis, and involves 
the side-chain carboxylic acid group of one aspartate residue 
functioning as an acid (-COOH) while that of the second aspar- 
tate residue functions as a base (-COO-). As the pKa value for 
this carboxylic acid group is ~pH 3, this functional group can 
alternate between an acid and a base very efficiently under condi- 
tions of the gastric lumen to bring about the catalysis. Pepsin is an 
endoprotease and therefore does not generate free AAs but rather 
produces smaller polypeptides. The peptide bonds that are sus- 
ceptible to hydrolysis by pepsin are formed by the carboxylic acid 
groups of the aromatic AAs phenylalanine and tyrosine and the 
branched chain AA leucine. Because an acidic pH is required for 
maximal activity of pepsin, the activity of this enzyme on dietary 
proteins is limited and short-lived. Once the gastric contents 
leave the stomach and reach the duodenum where the pH of the 
chyme is neutralized by the bicarbonate present in pancreatic and 
biliary secretions, pepsin becomes inactive. Interestingly, gastrec- 
tomy does not lead to noticeable impairment in the digestion or 
absorption of dietary proteins, indicating that pepsin is not nec- 
essary for the digestion and absorption of dietary proteins under 
normal conditions. 

Pancreatic proteases are the major contributors to luminal 
digestion of dietary proteins. There are at least 3 proteases and 
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2 peptidases that are produced by the acinar cells of the exocrine 
pancreas. The proteases are trypsin, chymotrypsin, and elastase; 
the peptidases are carboxypeptidase A and carboxypeptidase B. 
Just like pepsinogen in the stomach, the proteases and peptidases 
from the pancreas are released into the pancreatic duct as inactive 
precursors (zymogens): trypsinogen, chymotrypsinogen, proelas- 
tase, and procarboxypeptidases A and B. These enzymes are acti- 
vated only after they reach the intestine (Fig. 102.7). The first 
step in this activation process is mediated by enteropeptidase, a 
proteolytic enzyme associated with the BBM of the enterocytes 
in the upper small intestine. The primary substrate for entero- 
peptidase is trypsinogen, which is subjected to limited proteolysis 
by enteropeptidase to release catalytically active trypsin. Trypsin 
then acts on the other 4 zymogens and releases catalytically active 
chymotrypsin, elastase, and carboxypeptidases A and B by limited 
proteolysis. 

Trypsin, chymotrypsin, and elastase are endoproteases, 
which hydrolyze peptide bonds located within the protein sub- 
strates, whereas carboxypeptidases are exopeptidases, which 
hydrolyze peptide bonds located on the carboxyl termini of the 
protein substrates. There are significant differences in the selec- 
tivity of the peptide bonds that are the targets for hydrolysis by 
these pancreatic enzymes. Trypsin targets peptide bonds that 
are formed by the carboxylic acid groups of the cationic AAs, 
lysine and arginine; for chymotrypsin, the peptide bonds must 
be formed by the carboxylic acid group of aromatic or neutral 
AAs. Elastase prefers the peptide bonds formed by the carbox- 
ylic acid group of small aliphatic (open-chained) AAs. As these 
are endoproteases, they generate smaller peptides but no free 
AAs. The target for carboxypeptidase A are the peptide bonds 
located at the carboxyl termini of polypeptides and formed by 
aromatic AAs; the target for carboxypeptidase B are the pep- 
tide bonds located at the carboxyl termini of polypeptides and 
formed by basic (cationic) AAs. These 2 exopeptidases generate 
free AAs. 

In addition to pancreatic proteases functioning in the diges- 
tion of dietary proteins, they are also critical for the absorption of 
vitamin Bız from natural sources, which explains Bı? malabsorp- 
tion in conditions associated with pancreatic insufficiency (see 
Chapters 59 and 103). Dietary vitamin B; exists complexed with 
proteins and is converted to its free form in the gastric lumen by 
a process initiated by acid pH. The free vitamin B,) then binds to 
haptocorrin (also called R protein), a protein present in salivary 
and gastric secretions. Vitamin Bız preferentially binds to hapto- 
corrin and not to intrinsic factor (IF) because of the acid pH of 
the stomach contents. The haptocorrin-B,, complex then passes 
to the proximal small intestine where the pH is neutral. Here 
pancreatic proteases cleave haptocorrin to release free vitamin 
B,, which then binds to IF, a process favored at neutral pH; pan- 
creatic proteases have little effect on the IF. The resultant IF-B,) 
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complex then travels to the ileum where the complex is absorbed 
via receptor-mediated endocytosis. In the absence of pancreatic 
proteases, B,, cannot be cleaved from haptocorrin to bind to IF 
and hence intestinal absorption of vitamin Bj) is compromised. 


Membrane Digestion 


The end products of digestion of dietary proteins, via the com- 
bined actions of gastric and pancreatic proteases and carboxypep- 
tidases, are mostly oligopeptides with relatively smaller amounts 
of free AAs (Fig. 102.8). The BBM of the enterocytes in the jeju- 
num and ileum possesses a battery of peptidases, the most impor- 
tant among them being aminopeptidase N, carboxypeptidase P, 
dipeptidylpeptidase IV, and angiotensin-converting enzymes. 
The first 2 enzymes are exopeptidases; aminopeptidase N acts 
on the amino termini of oligopeptides to release free AAs and 
carboxypeptidase P acts in a similar manner but at the carboxyl 
termini of oligopeptides. Aminopeptidase N prefers neutral AAs 
at the amino terminus for optimal hydrolysis, whereas carboxyl 
peptidase P prefers proline at the carboxyl terminus for optimal 
hydrolysis. In contrast, dipeptidylpeptidase IV and the angioten- 
sin converting enzymes ACE1/ACE2 act on amino and carboxyl 
termini of oligopeptides respectively, to release dipeptides. With 
the combined effects of luminal digestion and membrane diges- 
tion, the end products of protein digestion in the lumen of the 
small intestine consist predominantly of small peptides (dipep- 
tides and tripeptides) and, to a much smaller extent, free AAs. 
These products are absorbed efficiently across the BBM of the 
absorptive cells in the small intestine (see Fig. 102.8). 


Intracellular Digestion 


Even though dipeptides and tripeptides are absorbed into the 
enterocytes, very little, if any, of these small peptides appear in 
the portal circulation, suggesting that they are hydrolyzed further 
inside the cells to free AAs. In general, peptidases associated with 
the BBM prefer oligopeptides as substrates, whereas peptidases in 
the cytoplasm prefer relatively smaller peptides (dipeptides and 
tripeptides) as substrates. 


Absorption of Small Peptides 


The ability of the absorptive cells of the small intestine to take 
up intact dipeptides and tripeptides was not appreciated for a 
long time. Functional evidence for peptide absorption in the 
small intestine originally came from in vivo studies of patients 
who suffered from genetic defects of AA absorption. Detailed 
reviews of the historical perspective of this topic are avail- 
able.6°70 In patients with AA transport defects, the intestine is 
unable to absorb the affected AAs: neutral AAs in Hartnup dis- 
ease and cationic AAs in cystinuria. However, when the affected 
AAs were given orally in the form of dipeptides or tripeptides, 
their absorption was normal. This could not be explained if the 
peptides had to be broken down to free AAs in the intestinal 
lumen prior to absorption. Thus began the concept of intestinal 
peptide transport. 

Most of the early published work on peptide transport used 
cell-free BBM vesicles isolated from intestinal mucosa. Trans- 
port of intact dipeptides and tripeptides could be demonstrated 
in such vesicles, indicating the presence of a transport mecha- 
nism for small peptides in this membrane, bringing them from 
the intestinal lumen into absorptive cells. The transport pro- 
cess is selective for dipeptides and tripeptides, and does not 
accept free AAs. It is an active process not directly depending 
on Nat. Rather, the driving force for the process comes from 
the electrochemical H* gradient that exists across the intesti- 
nal BBM, thus highlighting the nutritional significance of the 
microclimate acid pH on the luminal surface of the enterocytes 
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(see Fig. 102.8).7172? The mechanism involves cotransport of the 
peptide substrates with H+, although in intact cells in vivo, the 
transport process is indirectly dependent on Na* because gen- 
eration of the transmembrane H* gradient across the BBM is 
mediated by Na*/H* exchange, which in turn is dependent on 
the transmembrane Na* gradient (see Fig. 102.1). Furthermore, 
ATP is the ultimate energy source for peptide transport in the 
intestine because of the obligatory role of Na*/K* pump in main- 
taining the Na* gradient across the BBM. The discovery of a H*- 
coupled transport system in the plasma membrane of mammalian 
cells was initially viewed with skepticism because of the general 
concept held at the time that H*-coupled transport systems exist 
only in bacteria and that mammalian cells have evolved to use 
the Na* gradient rather than the H* gradient as the driving force 
for active transport systems.’ Today, several decades later, 
the role of a transmembrane H* gradient as the energy source 
for many important nutrients in mammalian cells is an accepted 
physiologic phenomenon. The H*-coupled peptide transport in 
the BBM of the small intestinal absorptive cell sets the stage for 
this paradigm shift. Ht-coupled transport systems for other nutri- 
ents (iron, folate, certain AAs) were discovered subsequently, thus 
establishing beyond doubt the role of a transmembrane H* gradi- 
ent as a driving force for active transport of at least some of the 
important nutrients in mammalian cells. 
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In addition to the involvement of the H* gradient as a special 
feature of intestinal peptide transport, there are other characteris- 
tics of the transport process that deserve mention. As the process 
translocates dipeptides and tripeptides across the membrane, it is 
obviously more advantageous than the transport process for free 
AAs (i.e., transfer of 2 or 3 AAs instead of one AA per transport 
cycle). Another notable advantage is in the formulation of enteral 
diets that are used in various clinical settings. Enteral diets based 
solely on free AAs are hyperosmolar and tend to be associated with 
diarrhea. If these enteral diets are formulated with dipeptides and 
tripeptides as the source of AAs, it would decrease the osmolality 
of these solutions and abrogate the clinical complication. In addi- 
tion, commonly used enteral diets based on free AAs are deficient 
in tyrosine, glutamine, and cysteine because of the poor stability 
and/or solubility of these AAs; this reduces the nutritional quality 
of such diets but his can be avoided if these AAs are added in the 
form of small peptides, which improves their stability and solu- 
bility. The peptide transport system prefers L-isomers of AAs in 
peptide substrates but tolerates D-isomers to some extent. There 
also seems to be a single transport system in the small intestine 
for the absorption of all possible 400 dipeptides and 8000 tripep- 
tides that are expected to originate from dietary proteins. In addi- 
tion, these peptides vary in physicochemical features because of 
the different constituent AAs (neutral, anionic, cationic, aromatic, 
aliphatic, and branched-chain AAs). This underlies the apparent 
promiscuity of the peptide transport process in terms of substrate 
recognition and the basis for its exploitation in the oral delivery of 
pharmacologic agents and therapeutic drugs, including f-lactam 
antibiotics and prodrugs such as valacyclovir and valganciclo- 
vir. There are a number of excellent reviews available for read- 
ers interested in this topic.’*-’° Recent discoveries in the area of 
intestinal peptide transport have shown that the biologic function 
of the transport process goes well beyond its widely recognized 
role in the absorption of dietary proteins and in the oral bioavail- 
ability of drugs and prodrugs. The peptide transport system is 
functionally expressed in the enteroendocrine cells of the small 
intestine where the membrane depolarization associated with the 
electrogenic H*-coupled entry of small peptides via the transport 
system leads to calcium influx and consequent secretion of GLP- 
1.77 These new findings underline the relevance of the intestinal 
peptide transport system to areas such as diabetes, metabolic syn- 
drome, and brain function.”® 

The transporter responsible for H+t-coupled transport of 
dipeptides and tripeptides in the intestinal BBM has been cloned 
and characterized at the molecular level’’-*', the protein is called 
PepT1 or SLCI5A1. The functional features of the cloned 
transporter recapitulate those described for peptide transport in 
intestinal BBM vesicles. In humans, the protein is expressed and 
distributed solely in the lumen-facing BBM of the absorptive cells 
in the duodenum, jejunum, and ileum. Expression of the trans- 
porter is regulated by its substrates and also by several hormones 
including insulin, leptin, EGF, and thyroid hormone, all of which 
increase the density of the transporter protein in the BBM with 
or without any accompanied change in mRNA.*?:*? Involvement 
of luminal and membrane digestion, the resultant end products 
generated in the lumen, and their transport across the enterocyte 
are summarized in Fig. 102.8. 

PepT1 is also expressed in the large intestine under normal 
physiologic conditions, but only in the distal colon where it likely 
functions in the handling of bacteria-derived peptides and con- 
tributes to electrolyte and water absorption.***> Colonic expres- 
sion of PepT1 can be induced under certain pathologic conditions 
such as inflammation, which might have relevance to the ability 
of PepT1 to transport the bacteria-derived peptides formyl-Met- 
Leu-Phe as well as muramyl dipeptide.*°** PepT1 expression 
in the colon is also induced by certain pathogenic bacteria (e.g., 
enteropathogenic E. co/i).°° These findings indicate that inflam- 
mation drives colonic expression of PepT1 and that the function 
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of the transporter plays a role in promoting the inflammatory 
process by providing a conduit between colonic bacteria and the 
host immune system via the delivery of bacterially derived pep- 
tides. This proposed role is controversial, however, because some 
studies have shown that colonic expression of PepT1 is actually 
down-regulated during inflammation and that its expression 
is not required for immune activation.”” Obviously, additional 
studies are needed to resolve this issue. Colonic expression of the 
peptide transporter is increased in colon cancer, including colitis- 
associated colon cancer.*”,?! The appearance of PepT1 in cancer 
might have biologic relevance given that the transporter is ener- 
gized by a H* gradient and tumor microenvironment is acidic. 

Exit of intact peptides across the BLM of the enterocytes does 
not occur to any significant extent. The bulk of the dipeptides 
and tripeptides that enter the enterocytes via PepT1 from the 
lumen are hydrolyzed into free AAs inside the cells, thus elimi- 
nating any biologic need for the presence of a peptide transport 
system in the BLM. Nevertheless, transport of intact peptides has 
been described in the intestinal BLM although this process is not 
mediated by PepT1 as this transporter is not expressed in the 
BLM of intestinal absorptive cells. The physiologic significance 
and the molecular identity of this transport system remain to be 
determined. 


Absorption of Amino Acids 


In contrast to the single transport system that functions for the 
absorption of small peptides, multiple transport systems oper- 
ate in the enterocytes for the absorption of free AAs. Before 
the identification of AA transporters at a molecular level, the 
intestinal AA transport systems were classified based on sub- 
strate selectivity and other biochemical features in patients with 
specific AA transport defects. Accordingly, there are at least 4 
distinct transport systems for AA absorption in the small intes- 
tine, each specific for neutral AAs, cationic AA, anionic AAs, 
and imino acids. The function of these transport systems is 
defective, respectively, in the following diseases: Hartnup dis- 
ease, cystinuria, dicarboxylic aciduria, and iminoglycinuria. 
With the establishment of the molecular identity of most of 
the AA transporters in mammalian cells, we now know much 
more about the specifics of intestinal AA transport. A recent 
review provides a detailed insight into the molecular identity, 
functional features, and genetic defects related to the intestinal 
AA transporters.” 


Amino Acid Transporters in the Brush-Border Membrane 
‘The AA transporters expressed in the intestinal BBM are depicted 
schematically in Fig. 102.9, which illustrates substrate selectivity, 
ionic dependence, and the direction of movement of the AA sub- 
strates and cotransported ions. 

System B? mediates the uptake of neutral AAs across the 
BBM; it has broad substrate specificity, accepting all of the 
neutral AAs except for the imino acids proline and hydroxypro- 
line. The transport process is electrogenic and coupled to the 
transmembrane electrochemical Na* gradient. The transporter 
responsible for system B° has been cloned and characterized at 
the molecular level.’.°* The B° transporter gene, SLC6A19, is 
located on human chromosome 5p15.33 and codes the protein 
SLC6A19. SLC6A19 requires a chaperone for translocation to 
the BBM, which is the angiotensin converting enzyme isoform 
ACE2. 

System B°- is responsible for the uptake of neutral and cationic 
AAs across the BBM, but its expression is greater in the distal parts 
of the small intestine and in the large intestine. The transport 
process is highly concentrative, driven by a Na* gradient, a Cl- 
gradient, and the membrane potential, and is obligatorily depen- 
dent on Nat as well as Cl-. System B®* is the only transporter 
that can transport the cationic AA arginine in a Na*/Cl- -coupled 
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Fig. 102.9 Amino acid transporters in the brush-border membrane (BBM) and basolateral membrane (BLM) 
of the absorptive cells of the small intestine with their substrate selectivity, co-transported ions, and direction 
of transport. The top and bottom rows represent the classical nomenclature corresponding to each of the 
transporters represented in the lipid bilayer with their Human Genome Organization nomenclature. See text 
for details. 4F2hc, heavy chain of the antigen 4F2; AA°, neutral amino acids; AA+, cationic amino acids; AA-, 
anionic amino acids; AA°+, neutral and cationic amino acids; ACE2, angiotensin converting enzyme 2; AG, 
Aspartate/Glutamate. The chaperones rBAT, 4F2hc, and ACE2 and their corresponding transporter partners 
are also represented. rBAT, related to b?+ amino acid transporter. 


manner. An interesting aspect of this transport system is its ability 
to transport D-AAs and various AA-based drugs and prodrugs,” 
which include nitric oxide synthase inhibitors,” the acyclovir pro- 
drug valacyclovir,” and the ganciclovir prodrug valganciclovir.”* 
‘The transporter responsible for system B°* has been cloned.??:! 
The gene is SLC6A14 and the protein is SLC6A14. The gene is 
located on human chromosome Xq23 to q24. 

System b®+ is a Nat-independent transport system for neutral 
and cationic AAs in the intestinal BBM. This system is distinct 
from system B®+ even though the substrate specificity is similar for 
both systems; Nat-dependence is the striking difference between 
the 2 systems and system b%* transports cystine. Cloning stud- 
ies have demonstrated that system b®+ functions as a heterodimer, 
consisting of the transporter (known as b®*AT) and a chaperone 
known as rBAT (i.e., related to b°* AA Transporter).!°! In contrast 
to system B° and system B°*, system b®* functions as an obliga- 
tory exchanger. It transports cationic AAs and cystine into cells in 
exchange for neutral AAs. Following cloning of the transport sys- 
tem, b°*AT is now denoted as SLC7A9 and its gene is located on 
human chromosome 19q13.1. The chaperone is called SLC3A1 
and its gene is located on human chromosome 2q16.3 to p21. 

System IMINO functions exclusively in the transport of imino 
acids (proline, hydroxyproline) across the intestinal BBM. Simi- 
lar to system B°*, system IMINO is obligatorily dependent on 
Nat and CI; the transport process is electrogenic, indicating a 
Na*:Cl:AA stoichiometry of 2:1:1.!°? The transporter responsi- 
ble for system IMINO has been cloned; it is called SLC6A20.!° 
The gene is located on human chromosome 3p21.3. SLC6A20 
also requires the chaperone ACE2 for translocation to the intes- 
tinal BBM. 


System X-4g is a Na*-coupled transport system for anionic 
AAs aspartate and glutamate in the intestinal BBM.!°+!0 An 
outward-directed K* gradient stimulates the transport process, 
suggesting that the influx of Nat and AA substrate into cells is 
coupled to the efflux of K* out of the cells. H* also appears to be 
an additional co-transported ion in the transport process. The 
transporter responsible for system X-,g has been cloned; it is 
called SLC1A1 (also as Excitatory Amino Acid Transporter 3)!” 
and its gene is located on human chromosome 9q24. 

System ASC is a transport process in the intestinal BBM that 
mediates the transfer of the AAs alanine, serine, and cysteine in 
a Na*-dependent manner. Following successful cloning of the 
transport system, it is now identified as SLC1A5 (also as ASCT2 
or system ASC Transporter 2).!°°:!0° The cloned transporter 
was once believed to represent system B° because of its ability to 
transport neutral AAs in a Nat-coupled manner,!°® but it is now 
clear that system B° is SLC6A19, and not SLC1AS. In contrast to 
system B? (SLC6A19), which mediates the unidirectional influx 
of neutral AAs and Na+, system ASC (SLC1AS) is an obligatory 
exchanger involving the entry of Na* and a neutral AA into the 
cells coupled to the exit of Na* and another neutral AA out of the 
cells.!1%!11 The gene coding for SLC1A5 is located on human 
chromosome 19q13.3. 

System N is a Na*-coupled transporter specifically for glu- 
tamine, asparagine, and histidine and is expressed in the BBM 
of intestinal crypt cells.!!? The transporter has been cloned; it is 
called system N2 (SN2) or SLC38A5!!3;!!4 and its gene is located 
on human chromosome Xp11.23. It transports its AA substrates 
along with Na* into cells; interestingly, the transport process also 
involves simultaneous efflux of H*. Intestinal crypt cells exhibit a 
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high proliferative capacity, and influx of glutamine via SN2 sup- 
ports DNA/RNA synthesis via promotion of de novo production 
of purines and pyrimidines in these cells, while the efflux of H* 
maintains a relatively alkaline pH inside the cell, which is known 
to promote cell proliferation. Thus, SLC38A5 might play an 
important role in crypt cell proliferation and hence in the renewal 
of enterocytes in the small intestine under physiologic as well as 
various pathologic conditions. 

System PAT is a H*-coupled transport system for small AAs 
such as glycine, alanine, and proline.!!> The protein responsible 
for this activity is called PAT1 (Proton-coupled Amino Acid 
Transporter 1).!!©!!” Tt is identified as SLC36A1 and the gene 
coding for the transporter is located on human chromosome 
5q33.1. This protein is expressed exclusively in the intestinal 
BBM in humans.!!* 

System ß is a transport system in the intestinal BBM that 
mediates the Na*/Cl- -coupled uptake of the non-protein AAs 
taurine and f-alanine.!!!’! The protein responsible for the 
transport function of system ß has been identified at the molec- 
ular level.!??,'73 This transporter is known as TAUT (Taurine 
Transporter) and identified as SLC6A6. The gene coding for the 
transporter protein is located on human chromosome 3p26 to 
p24. 


Amino Acid Transporters in the Basolateral Membrane 
The AA transporters expressed in the intestinal BLM are depicted 
schematically in Fig. 102.9, which illustrates substrate selectivity, 
ionic dependence, and direction of movement of AA substrates 
and cotransported ions. These transport systems serve a dual pur- 
pose. The Nat-independent transport systems participate in the 
efflux of AAs from the cells so as to complete their transcellu- 
lar transfer from the lumen to the portal circulation whereas the 
Nat-dependent transport systems play a role in the influx of AAs 
from the blood into cells as a means of supplying AAs for cellular 
metabolism under conditions of starvation or during the periods 
between meals. 

System L is the primary Nat-independent transport system for 
neutral AAs in the intestinal BLM.'*+ Molecular cloning studies 
have identified several isoforms with the characteristic features of 
system L. The major form that is present in the BLM is LAT2!0! 
and it functions as a heterodimer, consisting of the actual trans- 
porter, known as SLC7A8, and its chaperone, known as CD98 
or 4F2hc (i.e., heavy chain associated with the 4F2 antigen) or 
SLC3A2. LAT2 is an obligatory exchanger that is capable of 
releasing AAs from the cells into the portal circulation, although 
the process is obligatorily coupled to the influx of certain other 
AAs into cells. The gene coding for the actual transporter LAT2 
is located on human chromosome 14q11.2 and the gene for the 
chaperone SLC3A2 is on human chromosome 11q13. 

System T is also a Nat-independent AA transporter like sys- 
tem L, but is not an obligatory exchanger. System T mediates the 
efflux of aromatic AAs (phenylalanine, tyrosine, and tryptophan) 
from the cells into portal circulation. The transporter has been 
cloned and is called SLC16A10 or TAT1 (T Amino Acid Trans- 
porter 1).!?> There is evidence for functional coupling between 
TATI and LAT2, supported by the expression of both transport 
systems in the same membrane.'*° TAT1 releases aromatic AAs 
from the cells, but LAT2, being an exchanger and also capable 
of recognizing aromatic AAs as substrates, uses the aromatic AAs 
released by TAT1 for exchange to promote the release of non- 
aromatic AAs from the cells. 

System y*L transports neutral AAs in a Na*-dependent man- 
ner but transports cationic AAs in a Na*-independent manner. 1?7 
This feature plays an important role in the ability of the transport 
system to mediate the efflux of cationic AAs from the intestinal 
cells into portal blood. Because the cationic AAs (arginine and 
lysine) carry a net positive charge, the inside-negative membrane 
potential that normally exists in these cells poses a problem for 
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the exit of these AAs. The unique ion-dependence of system y*L, 
combined with its mode of transport as an obligatory exchanger, 
offers a solution to this problem. The transport system mediates 
the influx of neutral AAs in a Nat-coupled manner and this pro- 
cess is coupled to the simultaneous efflux of cationic AAs. With 
this mode of action, the entire coupled transport process becomes 
electroneutral, thus making it feasible for the cationic AAs to 
leave the cells. There are 2 isoforms of system y*L, each function- 
ing as a heterodimer.!°! The actual transporter proteins are called 
ytLAT1 and y*LAT2 and both work with CD98/4F2hc/SLC3A2 
as the common chaperone. Both isoforms operate in the intesti- 
nal BLM. Following successful cloning of the actual transport- 
ers, y‘LAT1 is called SLC7A7 and y*LAT2 is called SLC7A6, 
the corresponding genes are located on human chromosomes 
14q11.2 and 16q22.1 to q22.2, respectively. 

Three transport systems work solely for the influx of AAs into 
cells across the intestinal BLM. These are system y*, system A, 
and system GLY. System y* is Na*-independent and selective 
for the cationic AAs.!*+ It is not an obligatory exchanger, which 
makes it work for the influx of arginine and lysine into cells, 
facilitated by the inside-negative membrane potential. Several 
isoforms of system y* have been identified from the molecular 
cloning studies; they are called the isoforms of CAT (Cationic 
Amino Acid Transporter).!°! CAT is primarily responsible for 
the activity of system y* in the BLM. This transporter is identi- 
fied as SLC7A1, and its gene is located on human chromosome 
13q12 to q14. 

System A is a Na*-coupled transport system for all neutral 
AAs as well as imino acids. It holds a special place in the field 
of AA transport because it was the first AA transport system to 
be identified functionally in mammalian cells. The presence of 
this transport system in the intestinal BLM was described using 
glutamine as a substrate; the characteristics of glutamine uptake 
across this membrane show all the features ascribed to system 
A.”8 As the transport process is Na*-coupled, electrogenic, and 
does not involve obligatory exchange, thermodynamically it is 
suitable only for the influx of its substrates into cells. Based on 
the molecular cloning studies, system A consists of 3 different 
isoforms.!?? The pattern of tissue expression of each of these 
isoforms suggests that the isoform known as SNAT2 (Sodium- 
coupled Neutral Amino Acid Transporter 2) or ATA2 (Amino 
Acid Transporter A2) is likely to be responsible for the system A 
transport in the BLM. This isoform mediates Na*-coupled influx 
of neutral AAs, including glutamine, in an electrogenic man- 
ner.013! The transporter is identified as SLC38A2 and the gene 
is located on human chromosome 12q. 

System GLY is a Na*/Cl -coupled transport system for gly- 
cine. The transport process is electrogenic, with a Na*:Cl-:glycine 
stoichiometry of 2:1:1. There are 2 isoforms of this transport 
system, known as GLYT1 and GLYT2. GLYT1 is the isoform 
expressed in the small intestine. The localization of GLYT1 in the 
BLM has been demonstrated by immunohistochemical studies. 1? 
The principal function of this transporter is to provide glycine to 
intestinal cells from blood for cellular metabolic pathways such as 
glutathione synthesis and purine synthesis.!*> The transporter is 
identified as SLC6A9 and the gene is located on human chromo- 
some 1p31.3. 


Function of Brush-Border Peptidases in the Transport of 
Peptides and Amino Acids 

‘Two peptidases associated with the intestinal BBM merit special 
mention with regard to their role in the absorption of dipeptides 
and AAs. Dipeptidylpeptidase IV and angiotensin converting 
enzymes ACEI and ACE? release dipeptides from the amino ter- 
minus and the carboxyl terminus of larger peptides, respectively. 
As the peptide transporter PepT1 accepts dipeptides as sub- 
strates, the function of these 2 peptidases is linked to the trans- 
port function of the peptide transporter. The expression of the 
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peptidases and the peptide transporter in the same membrane of 
the intestinal absorptive cells makes this functional link feasible; 
this has been demonstrated elegantly for dipeptidylpeptidase 
IV.'34 In addition to the role of ACE2 as a supplier of dipeptide 
substrates for PepT1, it also functions as a chaperone for the AA 
transporters BPAT1 (SLC6A19) and IMINO (SLC6A20) (see 
Fig. 102.9).135-136 These 2 transporters are absent in the intestinal 
BBM of Ace2-null mice.'*° Physical interaction between ACE2 
and SLC6A19 has been demonstrated.!*” SLC6A19 also interacts 
with aminopeptidase N in the intestinal BBM,” and it is likely 
that the functional significance of this interaction is similar to 
that of the interaction between the dipeptide-releasing peptidases 
(dipeptidylpeptidase IV and ACE1/ACE2) and the peptide trans- 
porter PepT1. SLC6A19 is the primary transporter for neutral 
AAs in the BBM, and aminopeptidase N is an enzyme that releases 
neutral AAs from the amino terminus of oligopeptides; therefore, 
the physical interaction between the AA transporter SLC6A19 
and the amino-acid-releasing aminopeptidase N brings the 2 pro- 
teins close to each other to make it efficient for the transporter to 
transport the AAs immediately after their release by the peptidase. 


Amino Acid Transporters in the Colon 

The digestion and absorption of dietary proteins occurs primarily 
in the small intestine, and very little, if any, of the dietary proteins 
reaches the large intestine. Nonetheless, significant amounts of 
AAs are generated in the colon by bacterial metabolism, most 
of which are synthesized endogenously by these bacteria. Two 
specific AA transporters, namely SLC6A14 (ATB®* or system 
B®+) and SLC36A1 (PATI), are expressed in the BBM of colonic 
epithelial cells.!3*:'3° Expression levels of SLC6A14 are higher in 
the colon than in the small intestine; in contrast, the expression 
of SLC36A1 is lower in the colon than in the small intestine. It 
is likely that these transporters play a role in the absorption of 
bacteria-generated AAs, although because the colonocyte BBM 
does not express the whole battery of AA transporters as does 
the small intestine, the colonic epithelial cells rely more on AAs 
in the circulation than on AAs in the lumen for their AA sup- 
ply. Furthermore, colonic absorption of AAs is unlikely to be a 
major determinant of AA levels in the circulation. A recent study 
in mice has shown that plasma levels of AAs are similar with or 
without Slc6a14, the major AA transporter in the colon.!*° 


Defects in Protein Digestion 


Digestion of dietary proteins in the intestinal tract occurs 
predominantly in the small intestine. The process becomes 
defective under conditions of diminished proteolytic enzymes 
responsible for luminal digestion of the proteins. This can 
occur in CF, a genetic disease associated with decreased func- 
tion of the exocrine pancreas with defective secretion of pan- 
creatic enzymes, including all the proteases (see Chapter 57).!+! 
But the defect in pancreatic secretion is not restricted only to 
proteases; secretion of all the enzymes related to the digestion 
of dietary fat and carbohydrate (e.g., lipase, phospholipase, 
amylase) is also affected.'** Consequently, CF is associated 
with generalized malabsorption of all major nutrients in the 
diet. Digestion of proteins is also compromised in patients with 
genetic absence of the brush-border enzyme enteropeptidase.!*° 
Because this enzyme is responsible for the activation of tryp- 
sinogen, the inactive zymogen form of trypsin secreted by the 
pancreas, in the intestinal lumen, deficiency of enteropeptidase 
leads to defective protein digestion. This defect, however, is not 
solely due to trypsin deficiency. Activation of zymogen forms of 
other proteases in pancreatic secretion is dependent on trypsin; 
therefore, the activity of all pancreatic proteases is affected in 
the intestinal lumen. Consequently, the major effect of entero- 
peptidase deficiency is seen in protein digestion. A recent study 
proposed that enteropeptidase has potential as a drug target for 


obesity.'*4 This idea is based on the fact that enteropeptidase is 
also responsible for the conversion of pancreatic pro-colipase 
to colipase in the intestinal lumen. Active colipase is needed 
for maximal activity of pancreatic lipase and, therefore, phar- 
macologic blockade of enteropeptidase could interfere with the 
digestion, and hence absorption, of dietary fat. Celiac disease 
(non-tropical sprue) is also associated with defective digestion 
of proteins; this is due to gluten-induced inflammation of the 
small intestine resulting in decreased surface area of the BBM 
(see Chapter 107). 


Defects in Protein Absorption 


As protein digestion products are absorbed primarily in the 
form of small peptides via PepT1 and free AAs via several AA 
transporters, defects in these transporters can interfere with the 
absorption of dietary protein. 


Polymorphisms in PepT1 (SLC15A1) 


There are no known genetic disorders associated with PepT1 
(SLC15A1); however, polymorphisms in the gene coding for 
the transporter that influence its transport function have been 
reported in humans.!*°:146 ‘These polymorphisms are found in 
the protein-coding region of the gene resulting in non-synon- 
ymous substitution of AAs. Substitution of proline at position 
586 with leucine results in a trafficking defect, thereby reduc- 
ing the density of the transporter protein in the BBM.'* This 
polymorphism reduces the velocity of the transport process 
without affecting the affinity for substrates. Another polymor- 
phism leads to the substitution of phenylalanine at position 28 
with tyrosine, which reduces substrate affinity.!*° Despite these 
data from in vitro expression studies, these polymorphisms do 
not seem to influence protein nutrition to any noticeable extent 
in vivo. 


Disorders of Amino Acid Absorption 
Hartnup Disease 


Hartnup disease is a genetic disorder affecting the intestinal and 
renal absorption of neutral AAs. Based on the defect in the small 
intestine and kidney, it could be surmised that the affected trans- 
port system plays a similar role in both tissues, namely absorption 
in intestinal epithelial cells and re-absorption in renal epithelial 
cells; in both tissues, the defect lies in the lumen-facing BBM. !#7:!48 
The most easily noticeable biochemical phenotype is the excessive 
urinary excretion of the affected AAs (neutral amino aciduria). It is 
a recessive disorder. The clinical manifestations of the disease are 
primarily related to tryptophan deficiency, which results from uri- 
nary loss of this AA. Symptoms resemble those of niacin deficiency 
(pellagra) because a significant amount of niacin is endogenously 
synthesized using tryptophan as the precursor. Supplementation 
of B-complex vitamins is effective in alleviation of symptoms. Even 
though the defect is present in the intestine and kidney, there are 
few intestinal manifestations of the defect, particularly in patients 
residing in developed countries. This is because absorption of 
free AAs contributes significantly less to the overall absorption of 
dietary protein than does absorption of small peptides and because 
dietary protein intake is more than optimal in developed countries. 
It is important to note that 8 of 10 essential AAs are neutral AAs 
and that phenylalanine, tyrosine, and tryptophan serve as precur- 
sors for important neurotransmitters in the brain (norepinephrine, 
dopamine, and serotonin). This could provide a molecular basis for 
the development of severe neurological complications in patients 
with Hartnup disease in underdeveloped countries where dietary 
protein intake tends to be less than optimal nutritional needs. 
Metabolism of neutral AAs by colonic bacteria is another 
relevant factor to explain the etiology of symptoms in Hartnup 
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disease, although little is known on this aspect. As the trans- 
port system for tryptophan and other neutral AAs is defective 
in the intestine in these patients, unabsorbed tryptophan is 
expected to reach the colon where the resident bacteria would 
metabolize the AA to generate various indole derivatives. Such 
derivatives are potent activators of the nuclear receptor AhR 
(aryl hydrocarbon receptor)?:!°; this could have implications 
for the colon in terms of gene expression and hence function. 
Furthermore, recent studies have shown that oral feeding 
of tryptophan drastically alters the colonic microbiome and 
reduces susceptibility to fungal infection; this too involves 
bacterial metabolites of tryptophan and their ability to activate 
AhR.!*? Tryptophan is also an agonist for the G-protein-cou- 
pled receptor GPR142, which is expressed in enteroendocrine 
cells; these cells secrete GLP-1 in response to tryptophan.’? 
The relevance of these findings to Hartnup patients remains 
unknown, but studies with a mouse model of Hartnup disease 
(Sic6a19-null mouse)!°° provide strong support for profound 
systemic effects of unabsorbed neutral AAs in the intestinal 
tract, 151152 

The defective transporter in Hartnup disease is SLC6A19."?: "+ 
All mutations identified thus far in this gene in Hartnup patients 
lead to loss of function of the transporter.!*7:!** Interestingly, 
there are patients who exhibit defective neutral AA transport 
either only in the small intestine or only in kidney. This can- 
not be explained simply based on loss-of-function mutations 
in SLC6A19 because the same transporter is expressed in both 
tissues. However, this transporter employs distinct chaper- 
ones for proper trafficking to the BBM in the intestine and 
kidney; ACE2 is involved in the intestine, whereas collectrin 
fulfills this function in the kidney. Therefore, loss-of-function 
mutations in these tissue-specific chaperones are likely to be 
responsible for the intestine-only and kidney-only subtypes of 
Hartnup disease. 


Cystinuria 


Cystinuria is another genetic disorder of AA transport and, 
as in Hartnup disease, the defect affects both the intestine 
and kidney. It is the transport of cationic AAs, however, not 
that of neutral AAs, that is affected in cystinuria!?*:!°* and, in 
addition, the transport of cystine (Cys-S-S-Cys) is defective. 
Consequently, patients with cystinuria exhibit a characteris- 
tic amino aciduria with increased excretion of all cationic AAs 
(lysine, arginine as well as ornithine) and cystine; hence the 
name cystinuria. It is important to note that the transport of 
cysteine is not affected in this disease. Even though the defect 
occurs in the intestine and kidney, clinical manifestations 
are almost solely related to the consequences of the defect in 
the kidney. Cystine has limited solubility in water and when 
its concentration is greater than 300 mg/L, cystine crystal- 
lizes. The normal plasma level of this AA is 10 to 20 mg/L. 
In patients with cystinuria, cystine, along with cationic AAs, is 
not reabsorbed and the concentration of cystine and cationic 
AAs rise in the tubular lumen as the glomerular filtrate passes 
through the nephron. Under these conditions, the cationic AAs 
remain in solution as a result of their better solubility in water, 
but cystine crystallizes and forms stones. Nephropathy due to 
cystine stones is the major, and often life-threatening, clinical 
problem in cystinuria. The urinary excretion of neutral AAs 
is normal; this biochemical phenotype differentiates cystinuria 
from Hartnup disease. 

The defective transport system in cystinuria is system b®*. 
At the molecular level, system b°* is a heterodimer consisting 
of a transporter (SLC7A9) and a chaperone (rBAT or SLC3A1); 
mutations in either of the genes can lead to cystinuria. Analysis 
of mutations in patients with cystinuria has provided evidence for 
the involvement of both genes in the disease!>*-'%°; S/c7a9-null 
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mice phenocopy cystinuria.!°’ As b®* transports cationic as well 
as neutral AAs, increased urinary excretion of only cationic AAs 
without evidence of excess excretion of neutral AAs in patients 
with cystinuria is surprising but can be explained by the fact that 
b®* functions as an exchanger with the influx of cystine and cat- 
ionic AAs into cells coupled to the efflux of neutral AAs; as a con- 
sequence, this transport system plays little or no role in the influx 
of neutral AAs from the lumen into cells. In addition, there are 
several other transporters for the handling of neutral AAs in the 
intestinal and kidney BBM. 


Lysinuric Protein Intolerance 


Lysinuric protein intolerance (LPI) is another genetic disorder 
of cationic AA transport that affects both intestine and kidney.!°° 
Unlike Hartnup disease and cystinuria, however, in which the 
defect lies in the BBM, the defect in LPI is in the BLM. Because 
of the difference in the location of the defects, the intestinal han- 
dling of the affected AAs when presented in the form of small 
peptides differs among the 3 diseases. Patients with Hartnup dis- 
ease and cystinuria are capable of absorbing the affected AAs in 
the form of dipeptides or tripeptides, which patients with LPI are 
unable to do.’ These small peptides traverse the BBM normally 
via PepT1, and then are hydrolyzed to free AAs within the cells 
for exit via the BLM. However, as the defect in LPI is in the 
BLM, the exit of the released cationic AAs is impaired. In LPI, 
cationic AAs are absorbed normally across the BBM as free AAs 
or as small peptides, but the exit of cationic AAs is impaired, thus 
causing protein malnutrition. In Hartnup disease and cystinuria, 
the affected AAs are absorbed mostly in the form of small pep- 
tides across the BBM; only the absorption of the free form across 
this membrane is affected. However, as peptide absorption is the 
major mode of absorption of protein digestion products across 
the BBM, impairment in the absorption of free AAs in this mem- 
brane does not lead to protein malnutrition in Hartnup disease 
and cystinuria. 

Patients with LPI cannot tolerate protein in their diet. With 
the intake of protein-containing meals, these patients suffer from 
nausea and vomiting and also postprandial hyperammonemia. 
The etiology of these symptoms and protein intolerance involves 
a defective urea cycle and inability to detoxify ammonia in the 
liver.!©° As these patients cannot absorb cationic AAs in the intes- 
tine and also lose these AAs in urine, plasma levels of these AAs 
decrease to a significant extent. LPI is actually a multi-organ dis- 
ease even though the primary defect involves only the intestine 
and kidney. Arginine and ornithine are necessary for the urea 
cycle; therefore deficiency of these 2 AAs leads to impairement 
of the urea cycle, thus precipitating hyperammonemia, which 
increases the risk of mental retardation. Exposure of the brain 
cells to excess ammonia leads to conversion of a-ketoglutarate 
into glutamate and ultimately to glutamine, thus siphoning the 
citric acid cycle intermediate a-ketoglutarate toward detoxifica- 
tion of ammonia; this suppresses the citric acid cycle and causes 
ATP depletion, the underlying etiology for mental retardation. 
Affected children tend to avoid proteins in the diet, including 
dairy products; this leads to calcium deficiency and hence osteo- 
penia. Because lysine is a precursor for the synthesis of carnitine, 
LPI also leads to carnitine deficiency. In addition, the altered 
food preferences toward high-fat and high-carbohydrate meals 
because of the inability to tolerate protein in the diet cause hyper- 
lipidemia with elevated levels of cholesterol and triglycerides in 
circulation. 

The transport system that is defective in this disease is ytLAT 1 
(SLC7A7), one of the isoforms of system y*L.!°!! There is 
no evidence of the involvement of the other isoform ytLAT2 
(SLC7A6). Even though this second isoform is expressed in the 
BLM of the intestine and kidney, apparently it does not compen- 
sate for the loss of y’ LAT1. 
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TABLE 102.1 Enzymes Involved in Fat Digestion in the Intestinal Lumen 


Enzyme Source Substrate Product Activation by Trypsin 
Gastric lipase Stomach Triglycerides Diglycerides and fatty acids No 
Pancreatic lipase Pancreas Triglycerides 2-Monoglycerides and fatty acids No 
Colipase Pancreas Yes 
Phospholipase A2 Pancreas Phospholipids Lysophospholipids and fatty acids Yes 
Carboxylic ester hydrolase Pancreas Cholestery! esters Cholesterol and fatty acids No 


FAT 
Dietary Lipids 


Dietary lipids account for approximately one-third of daily 
caloric intake in the Western diet (~100 g/day) and consist pri- 
marily of triglycerides (~95%), with phospholipids and choles- 
terol making up the remainder. Dietary cholesterol comes from 
animal fat, and exists mostly in its free form, with only 10% to 
15% in the form of cholesteryl esters with fatty acids. Dietary 
cholesterol is absorbed only partially whereas dietary triglyc- 
erides are absorbed very efficiently in humans. Triglycerides 
are made up of glycerol with its 3 hydroxyl groups esterified 
with fatty acids. The major fatty acids in dietary triglycerides 
are long-chain fatty acids with a greater than 14 carbon chain 
length (e.g., palmitate, stearate, oleate, linoleate) that may be 
saturated or unsaturated. Dietary lipids also provide the essen- 
tial fatty acids linoleic acid and linolenic acid, both of which are 
polyunsaturated and belong to the omega-3 fatty acid class (i.e., 
the first double bond in these polyunsaturated fatty acids begins 
at carbon atom 3 from the -CH; end of the molecule (w-end); 
these fatty acids are derived from phospholipids of plant ori- 
gin. Naturally occurring polyunsaturated fatty acids contain the 
double bonds in the cis configuration. Commercial hydrogena- 
tion of unsaturated fatty acids as a means to enhance shelf life 
and to modify physical consistency not only leads to saturation 
of some of the double bonds, but also conversion of the remain- 
ing double bonds from cis to trans configuration, so-called trans- 
fat. Medium-chain triglycerides (MCTs) contain fatty acids with 
a 6 to 12 carbon chain length. Aside from milk fat, which is rich 
in MCTs, dietary fat that is derived from most natural sources 
contains only 10% to 20% in the form of MCTs. These triglyc- 
erides have found several medical uses because their absorption 
mechanism in the intestine is different from that of long-chain 
triglycerides. 


Unique Features of Fat Digestion and Absorption 


There are several features unique to the digestion and absorp- 
tion of dietary fat that are dictated by the fact that fat is insoluble 
in aqueous medium. Therefore, physical forces and detergents 
are needed to disperse dietary fat in the intestinal lumen so that 
enzymes can gain access to the molecules for digestion. Bile salts 
serve as detergents, without which digestion and absorption of 
dietary fat cannot occur. Most dietary fat is subjected to diges- 
tion by enzymes in the intestinal lumen prior to uptake into the 
absorptive cells of the small intestine. Once inside the cell, how- 
ever, these digested components are used to re-synthesize triglyc- 
erides, phospholipids, and cholesteryl esters and then assembled 
in a macromolecular form before exiting the cell on the serosal 
side. Finally, the fat digestion products do not enter portal circu- 
lation as do their counterparts of dietary carbohydrate and pro- 
tein; instead, they are released into lacteals and travel through the 
lymphatic system before entering the systemic circulation. The 
fat-soluble vitamins A, D, E, and K go through the same mecha- 
nism, requiring bile salts for intestinal absorption and entering 


the lymphatics. MCTs, however, do not go through this elab- 
orate pathway; they do not undergo digestion in the intestinal 
lumen and hence are not dependent on bile salts for intestinal 
absorption. They simply diffuse across the intestinal absorptive 
cells and enter the portal bloodstream. 


Digestion of Fat in the GI Lumen 


Details of the enzymes involved in the digestion of dietary fat 
in the intestinal lumen are given in Table 102.1. Fat digestion 
begins in the stomach with gastric lipase, which is secreted by 
chief cells located primarily in the fundus. This enzyme works 
optimally in the pH range of 3 to 6, suitable for action in the gas- 
tric lumen. It has been cloned and is a 379-amino acid protein 
that does not share homology with pancreatic lipase.!© Gastric 
lipase acts efficiently on triglycerides containing medium-chain 
fatty acids, and the products of its activity are diglycerides and 
free fatty acids. Because it has affinity for MCTs, a significant 
component of milk fat, gastric lipase plays a critical role in fat 
digestion in human neonates. Moreover, pancreatic function is 
not fully developed in neonates, thus making the contribution 
of gastric lipase even more relevant to fat digestion at this stage 
of life. There is another lipase, known as bile salt-stimulated 
lipase, which is distinct from both gastric lipase and pancreatic 
lipase,!°+ that is relevant to the digestion of milk fat in neo- 
nates. Bile salt-stimulated lipase originates from the mammary 
epithelium and is present in human milk; it is also present in 
pancreatic secretion, originating from the acinar cells. 

Gastric lipase is responsible for 20% to 30% of the luminal 
digestion of dietary fat, but has no activity on phospholipids 
and cholesteryl esters. Under normal conditions, the activity of 
gastric lipase is lost once the chyme enters the small intestine 
where the pH of the fluid is not suitable to maintain the activity 
of the enzyme. If neutralization of stomach contents in the small 
intestine is impaired, however, the activity of gastric lipase can 
be extended. Such a situation can be seen in patients with CF, in 
whom pancreatic secretion of bicarbonate may be impaired and 
explains why the dietary fat absorption can be greater than 50% 
(range 25% to 80%) in CF patients even with a complete absence 
of pancreatic lipase and without any supplementation of exog- 
enous pancreatic enzymes.!° In addition, the deficiency in pan- 
creatic lipase in CF is compensated to some extent by an increase 
in the secretion of gastric lipase.!°> The same might be true with 
chronic use of PPIs that reduce acid production in the stomach, 
thereby enabling gastric lipase to be active in the small intestine 
for an extended period. 

The stomach also plays a critical role in the emulsification of 
dietary fat and the fat-digestion products arising from the activ- 
ity of gastric lipase. This transformation in the physical nature 
of the fat in gastric chyme is important for subsequent digestion 
in the small intestine by pancreatic lipase. Emulsification is pro- 
moted in the gastric antrum by trituration, followed by powerful 
squirting of the contents into the duodenum. Emulsification is 
also enhanced by free fatty acids generated by the action of gastric 
lipase. The resultant fat droplets in the emulsion are stabilized by 
being coated with phospholipids. 


CHAPTER 102 Digestion and Absorption of Carbohydrate, Protein, and Fat 


Pancreatic lipase is the major enzyme responsible for the 
digestion of triglycerides in the small intestine. The important 
features of the activity of this enzyme in the intestinal lumen 
include the following: it is secreted by the exocrine pancreas in 
an active form; it requires a cofactor, known as colipase, for its 
activity; colipase is also secreted by the exocrine pancreas, but 
in an inactive form called pro-colipase; activation of pro-colipase 
occurs in the intestinal lumen by proteolysis mediated by tryp- 
sin; bile salts are also needed for the activity of pancreatic lipase; 
pancreatic lipase acts on the ester bonds associated with carbon 
atoms 1 and 3 of the glycerol moiety, thus generating free fatty 
acids and 2-monoglyceride; it is the molecular target for the anti- 
obesity drugs such as orlistat and cetilistat. 

Human pancreatic lipase has been cloned and its structure 
elucidated.166:167 Tt is a 50-kd protein with a catalytic domain and 
a colipase-binding domain. The triglyceride substrates for this 
enzyme in the intestinal lumen are present in the form of emul- 
sion droplets coming from the stomach, and the enzyme acts on 
its substrates at the lipid-aqueous interface of these droplets, thus 
requiring the detergent action of bile salts. Colipase is needed to 
anchor the pancreatic lipase to the lipid-aqueous interface; this 
is accomplished by the ability of colipase to bind to pancreatic 
lipase and also to the lipid-aqueous interface of the emulsion 
droplets.!68 Human pro-colipase is a 95-amino acid protein!” in 
the intestinal lumen, it is activated by trypsin with the removal of 
a 5-amino peptide from the amino terminus. The released pen- 
tapeptide (Val-Pro-Asp-Pro-Arg) is referred to as enterostatin 
because the peptide is generated in the intestinal lumen and it 
suppresses appetite, at least in animal studies.!’° 

Phospholipids in the intestinal lumen arise from the diet and 
also from bile. The most predominant phospholipid is phospha- 
tidylcholine (also known as lecithin). In gastric chyme, phospho- 
lipids coat the emulsion droplets, and in the intestinal lumen they 
are found in mixed micelles along with cholesterol and bile salts. 
Phospholipase A; is responsible for the digestion of phospholip- 
ids, hydrolyzing the ester bond associated with the second carbon 
in the glycerol moiety, releasing fatty acid and lysophospholipid. 
Phospholipase A; is secreted by the exocrine pancreas as an inac- 
tive precursor and is activated in the intestinal lumen via limited 
proteolysis by trypsin. Cholesteryl esters are digested by a sepa- 
rate enzyme known as carboxylic ester hydrolase that has broad 
substrate specificity and is activated by bile salts. 


Fig. 102.10 Steps involved in the absorption of 
fat digestion products from mixed micelles across 
the absorptive cells of the small intestine into the 
lymphatic system. Step 1: Transfer of fat digestion 
products into enterocytes across the BBM; Step 
2: Re-synthesis of triglycerides, phospholipids, 
and cholesteryl esters in SER and formation of 
lipid droplets (yellow dots); Step 3: Synthesis of 
apolipoprotein B-48 in RER (brown dots); Step 

4: Movement of apolipoprotein B-48 from the 
cisternae of RER to the cisternae of SER to form 
chylomicrons; Step 5: Movement of chylomi- 
crons to the cis side of Golgi; Step 6: Budding off 
chylomicrons on the trans side of Golgi; Step 7: 
Fusion of chylomicrons with BLM and release into 
the intercellular space on the serosal side; Step 

8: Entry of chylomicrons into lacteals. Chylomi- 
crons are represented as yellow dots (lipids) with 
a brown envelope (apolipoprotein B-48).B-48, 
apolipoprotein B-48; BBM, brush-border mem- 
brane; BLM, basolateral membrane; BS, bile 
salts; C, cholesterol; LCFA, long-chain fatty acids; 
LPL, lysophospholipids; MG, 2-monoglycerides; 
RER, rough endoplasmic reticulum; SER, smooth 
endoplasmic reticulum. 
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Assembly of Fat-Digestion Products into Micelles 


With the digestion of various constituents of dietary fat by gastric 
lipase and the other lipolytic enzymes secreted by the pancreas, 
the lumen of the small intestine now contains free fatty acids, 
2-monoglycerides, lysophospholipids, cholesterol, and also the 
fat-soluble vitamins. Almost all of these products are insoluble in 
water, and therefore they never exist in free form in the intestinal 
lumen. In fact, digestion proceeds with the emulsion droplets in 
the beginning and, as the digestion products are generated, the 
emulsion droplets gradually transform into multilamellar vesicles, 
unilamellar vesicles, and finally into mixed micelles. Just like the 
digestion of fat, this change in the physical state of the end prod- 
ucts of fat digestion is also obligatorily dependent on bile salts. 
These mixed micelles now have to move from the bulk phase of 
the luminal fluid to the BBM of the enterocytes for absorption, 
which involves diffusing across the 40-ym-thick unstirred water 
layer and the mucous gel layer that overlies the luminal surface of 
the BBM. Because the microclimate of the luminal surface of the 
enterocytes has an acidic pH, free fatty acids become protonated 
and pass through the BBM either by non-ionic diffusion or by 
transporters. Similarly, cholesterol crosses the BBM by diffusion 
or via transporters. 2-Monoglycerides, lysophospholipids, and 
fat-soluble vitamins enter the enterocytes mostly by diffusion. 
Once all the products of fat digestion leave the mixed micelles, 
what remains are the bile salt micelles, which return to the bulk 
phase of the luminal fluid (Fig. 102.10). A small amount (~5%) of 
the bile acids get protonated in the unstirred water layer because 
of the microclimate acid pH and get absorbed into the entero- 
cytes and then into portal blood by non-ionic diffusion. Most bile 
acids do not go through this route, however; they travel to the 
ileum where they get absorbed actively in deprotonated form via 
a transporter known as the apical sodium-bile acid transporter 
(ASBT or SLC10A2).!7!:!7? This process is one of the several 
steps in the enterohepatic circulation of bile salts, which includes: 
(1) exit of bile salts from the ileal enterocytes via the heterodi- 
meric transporter OSTo/OSTS (organic solute and steroid trans- 
porter o/organic solute and steroid transporter $) in the BLM!”; 
(2) travel to the liver via portal blood; (3) uptake into hepatocytes 
via another transporter in the liver sinusoidal membrane; and 
finally, (4) secretion into bile via yet another transporter in the 
liver canalicular membrane. 
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Transport Systems for Fat-Digestion Products 
Fatty Acids 


There is evidence for the involvement of at least 3 different pro- 
teins in the uptake of fatty acids in enterocytes (Table 102.2); 
these are CD36 (also known as scavenger receptor B2 or SR-B2), 
fatty acid transport protein 4 (FATP4 or SLC27A4), and scaven- 
ger receptor B1 (SR-B1).!”* 174 CD36 is expressed abundantly in 
the BBM of enterocytes in the proximal intestine and interacts 
with free fatty acids. Evidence in support of a role for this protein 
in intestinal fatty acid uptake comes from CD36-null mice; fatty 
acid uptake is decreased to a significant extent in enterocytes from 
the proximal small intestine of null mice compared with entero- 
cytes from wild type mice.!’° However, the interaction between 
CD36 and free fatty acids occurs at nanomolar concentrations!”° 
and this extremely high-affinity interaction raises doubts about 
the contribution of CD36 to fatty acid uptake in the intestine 
under physiologic conditions where the luminal concentrations 
of fatty acids after a fatty meal are likely to be in millimolar range. 
Nonetheless, there is overwhelming support for a role of CD36 
in the processing of dietary fat in the intestine, most likely via 
alterations in intracellular signaling and packaging of the fat- 
digestion products into chylomicrons.!’® !’’ CD36 deficiency in 
humans and deletion of CD36 in mice are associated with post- 
prandial dyslipidemia, including elevated levels of triglycerides, 
free fatty acids, free glycerol, and apolipoprotein B-48 after oral 
fat loading. In particular, lipoproteins that are much smaller 
in size than normal chylomicrons are found at higher levels in 
CD36-deficient humans and mice, indicating a role for this pro- 
tein in the assembly of chylomicrons. Furthermore, the satiety 
signal induced by dietary fat is lost in CD36-null mice.!”° In wild 
type animals, oleic acid present in dietary fat is transported into 
enterocytes and used for the synthesis of oleoylethanolamide, 
which serves as a satiety signal; this process is impaired in CD36- 
null mice. Based on the evidence that CD36 is able to mediate 
fatty acid uptake in enterocytes, the loss of the satiety signal 
in the null mice is interpreted as the consequence of impaired 
entry of diet-derived oleic acid into enterocytes and the resul- 
tant decrease in the synthesis of the lipid messenger. CD36 does 
not function as a classical transporter; fatty acid uptake via CD36 
occurs via receptor-mediated endocytosis, most likely involving 
caveolins and lipid rafts (Fig. 102.11).!78179 

The fatty acid transport protein FATP4 (SLC27A4) is 
expressed in enterocytes and possesses acyl CoA synthetase activ- 
ity (see Table 102.2).!®° Its expression in the small intestine and 
biochemical features suggest a potential role in fatty acid uptake. 
It is reasoned that the protein could mediate the entry of fatty 
acids across the BBM, immediately followed by intracellular con- 
version of the fatty acid to its CoA derivative by the constitutive 
acyl CoA synthetase activity of the same protein. This concept 
could provide an ideal mechanism for effective cellular uptake of 
fatty acids by coupling the entry process to metabolic conversion 
to trap the fatty acid inside the cells. Unlike free fatty acids, the 
CoA derivatives are not likely to diffuse across biological mem- 
branes. Despite this logic, studies with FATP4-null mice failed 
to support a role for the protein in intestinal fatty acid uptake.!*! 
Loss-of-function mutations in FATP4 occur in humans; these 
mutations cause a skin disorder known as ichthyosis prematu- 
rity, but there is no intestinal phenotype related to digestion and 
absorption of dietary fat in this disease.!*! 


Cholesterol 


‘Two major mechanisms operate in the transport of cholesterol 
across the intestinal BBM, one mediated by the protein Niemann- 
Pick Cl-like 1 (NPC1L1) for influx from the lumen into the 
cells and the other by the heterodimeric ABC transport system 
ABCG5/ABCG8 for efflux from the cells into the lumen (see 
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Fig. 102.11 Role of caveolin-1 in fatty acid uptake mediated by CD36 
(cluster of differentiation 36) by enterocytes. CD36 and caveolin-1 are 
clustered in specific locations in the plasma membrane known as lipid 
rafts. These special structures present in the brush-border membrane 
(BBM) of enterocytes play a role in the entry of long-chain fatty acids 
(LCFA) into cells. When LCFA binds to CD36, the membrane containing 
the caveolin-1 and CD36 clusters invaginate and gets pinched off from 
the BBM to form endosomes as a component of the process known as 
receptor-mediated endocytosis. The invaginated structures are called 
caveolae when they are still attached to the BBM (plasma membrane). 


‘Table 102.2). NPC1L1 is structurally and functionally related to 
NPC1, the cholesterol transport protein that is defective in the 
lysosomal storage disease Niemann-Pick type C1.!**:!*? But unlike 
NPC1, which is located in the lysosomal membrane, NPC1L1 is 
expressed in the BBM of the enterocytes and also in the cana- 
licular membrane of hepatocytes. The involvement of NPC1L1 
in intestinal cholesterol absorption is supported by the altera- 
tions seen in the lipid profile in NPCIL1-null mice; these mice 
have reduced cholesterol in circulation and are also resistant to 
high-fat diet-induced obesity, hepatic steatosis, and insulin resis- 
tance.'** Interestingly, the null mice also show reduced intestinal 
absorption of long-chain fatty acids despite the fact that NPC1L1 
does not interact with fatty acids. This has been explained by the 
reduced expression of the fatty acid transport protein FATP4 in 
the intestine in these null mice.!8° It is important to note that 
NPCIL1 is the pharmacological target for the cholesterol-lower- 
ing drugs such as Ezetimibe (Zetia); these drugs block the function 
of NPC1L1 in intestinal cholesterol absorption. 186187 
ABCG5/ABCG8 is an obligate heterodimeric transporter that 
is expressed in the BBM of enterocytes and also in the canalicular 
membrane of hepatocytes; the 2-protein complex mediates the 
efflux of cholesterol and plant sterols from the cells in an ATP- 
dependent manner.!**-!°! This transport system limits intes- 
tinal absorption of cholesterol and plant sterols and promotes 
the excretion of cholesterol and plant sterols from the liver into 
bile. Loss-of-function mutations in either of the proteins lead to 
a genetic disease called sitosterolemia, which is associated with 
elevated circulating levels of the plant sterol sitosterol along with 
cholesterol, as a consequence, patients with these mutations have 
increased risk of atherosclerosis. Loss of function of the trans- 
porter complex also limits the excretion of cholesterol and other 
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TABLE 102.2 Transporters in the Intestinal Brush-Border Membrane for Absorption of Fat-Digestion Products 


Transporter Substrate Mode of Transport Unique Features 

CD86 (SR-B2) LCFA Influx Receptor-mediated endocytosis 

FATP4 (SLC27A4) LCFA Influx Acy1 CoA synthetase activity 

ABCG5/ABCG8 Cholesterol Efflux ATP-dependent; Mutated in sitosterolemia 
Plant sterols 

NPCIL1 Cholesterol Influx Target for Ezetimibe 


LCFA, long-chain fatty acid. 


Monoglyceride Pathway 


2-Monoglyceride 1,2-Diglyceride Triglygeride 


Fatty acyl CoA Fatty acyl CoA 


Glycerophosphate Pathway 


a-Glycerophosphate = Phosphatidic acid - 1,2-Diglyceride - Triglyceride 
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Fig. 102.12 Steps involved in the re-synthesis of triglycerides within the 

enterocytes via the monoglyceride pathway and the glycerophosphate 

pathway. 7, monoglyceride acyl transferase 2 (MGAT2); 2, Diglyceride 

acyl transferase 1 (DGAT1); 3, Glycerophosphate acyl transferase; 4, 

Phosphatidate phosphatase. 


sterols into bile, which reduces the risk of gallstones. Interest- 
ingly, there are mutations in the transporter complex that lead to 
gain of function as a result of which plasma levels of cholesterol 
and plant sterols are reduced because of increased efflux from the 
intestine, while the secretion of cholesterol into bile is increased; 
as expected, such mutations reduce the risk of atherosclerosis but 
increase the risk of gallstones. 1°% 1° 


Reassembly of Fat-Digestion Products into 
Chylomicrons in Enterocytes 


Re-synthesis of Triglycerides, Cholesteryl Esters, and 
Phospholipids 


The fat-digestion products that enter the enterocytes by uptake 
across the BBM consist of 2-monoglycerides, free fatty acids, 
non-esterified cholesterol, and lysophospholipids. Once inside 
the cells, 2-monoglycerides, cholesterol, and lysophospholipids 
are re-esterified in the smooth endoplasmic reticulum to gener- 
ate triglycerides, cholesteryl esters, and phospholipids (see Fig. 
102.10). Two different fatty acid binding proteins (FABPs), 
known as liver-type FABP and intestine-type FABP, are present 
in the cytoplasm of the enterocytes in the proximal small intes- 
tine, which function in the transfer of free fatty acids from the 
apical compartment to the smooth endoplasmic reticulum for use 
in re-esterification.!*+ 1% For the synthesis of triglycerides, there 
are 2 pathways: the monoglyceride pathway and the glycero- 
phosphate pathway (Fig. 102.12). The monoglyceride pathway 
is predominant during the fed state, whereas the glycerophos- 
phate pathway becomes predominant during fasting. Synthesis 
of triglycerides via the monoglyceride pathway occurs stepwise: 
first the conversion of 2-monoglycerides into diglycerides, and 
then the conversion of diglycerides into triglycerides. These 
reactions require fatty acyl CoA, which is primarily derived 
from long-chain fatty acids. Acyl CoA synthetases generate these 
CoA derivatives using the fatty acids that enter the cells from 
the absorption of fat-digestion products. Monoglyceride acyl 
transferases (MGATs) mediate the first esterification step and 


diglyceride acyl transferases (DGATs) mediate the second esteri- 
fication step. All these reactions occur on the cytoplasmic surface 
of the smooth endoplasmic reticulum. There are 3 MGAT iso- 
forms; it is the isoform MGAT2 that is expressed in the proxi- 
mal intestine where the absorption of the fat-digestion products 
occurs. MGAT2-null mice show defective absorption of dietary 
fat and are resistant to high-fat diet-induced obesity.!°° There are 
2 DGAT isoforms; it is the isoform DGAT1 that is responsible 
for triglyceride synthesis in the proximal intestine. DGAT1-null 
mice show defective absorption of dietary fat and are resistant to 
high-fat diet-induced obesity.!°” !°° The glycerophosphate path- 
way does not use the diet-derived 2-monoglycerides; instead, it 
uses a-glycerophosphate derived from glycerol by the action of 
glycerol kinase. Two fatty acids are added to a-glycerophosphate 
in the form of acyl CoA to generate phosphatidic acid, which is 
subsequently de-phosphorylated to generate diglycerides for sub- 
sequent conversion into triglycerides as the final step. 

Esterification of cholesterol also occurs with the use of acyl 
CoA derivatives. The enzyme responsible for the reaction is 
acyl CoA cholesterol acyl transferase (ACAT), which exists in 
2 isoforms, ACAT1 and ACAT2. ACAT2 is the isoform that 
is expressed in the small intestine, and ACAT2-null mice show 
impaired absorption of dietary cholesterol.!”? Conversion of lyso- 
phospholipids to phospholipids occurs with the esterification at 
carbon 2, again using acyl CoA derivatives. 


Assembly of Chylomicrons—Apolipoprotein B-48 


Among the 5 lipoprotein particles known (chylomicrons, very- 
low-density lipoprotein, low-density lipoprotein, intermediate- 
density lipoprotein, and high-density lipoprotein), chylomicrons 
are the largest in size. Chylomicrons are assembled and secreted 
by the enterocytes as a mechanism to transfer of fat-digestion 
products (and fat-soluble vitamins) into the circulation; entry 
into circulation does not occur directly but rather via the lym- 
phatic system. Chylomicrons contain predominantly triglycer- 
ides, with small amounts of cholesteryl esters and phospholipids. 
The assembly requires apolipoprotein B-48, each chylomicron 
particle containing one apolipoprotein B-48. The apolipoprotein 
B gene actually codes for 2 distinct forms of the protein, namely 
apolipoprotein B-100 and apolipoprotein B-48, the former pri- 
marily in the liver and the latter primarily in the small intes- 
tine.2°° Accordingly, apolipoprotein B-48 is the form found in 
chylomicrons. Production of the 2 forms of the protein involves 
a novel mechanism. In the liver, the apolipoprotein B gene gen- 
erates mRNA, which then produces apolipoprotein B-100. In 
the small intestine, the gene generates the same mRNA, which 
then is subjected to an editing process in which one of the codons 
(CAA) is converted to a stop codon (UAA).”°! Consequently, the 
mRNA in liver generates the full-length protein (apolipoprotein 
B-100) whereas in small intestine the shorter form of the protein 
(apolipoprotein B-48) is generated. Apolipoprotein B-48 is an 
obligatory component of chylomicrons and without the protein, 
the assembly of chylomicrons is markedly impaired. 
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Assembly of Chylomicrons—Microsomal Triglyceride 
Transfer Protein 


Re-synthesis of triglycerides, cholesteryl esters, and phospholipids 
occurs in the smooth endoplasmic reticulum whereas the synthesis 
of apolipoprotein B-48 occurs in the rough endoplasmic reticulum 
and is present in the lumen of the cisternae (see Fig. 102.10). The 
apoprotein then moves to the lumen of the cisternae in the smooth 
endoplasmic reticulum where the newly synthesized triglycerides 
are transferred to the protein to begin the chylomicron assembly 
along with smaller amounts of cholesteryl esters and phospho- 
lipids. The transfer of these newly generated lipids, now associ- 
ated with membranes or present in the form of lipid droplets, to 
the apoprotein requires microsomal triglyceride transfer protein 
(MTTP).?” This protein is absolutely essential for the assembly 
of chylomicrons consisting of apolipoprotein B-48 and the lipids. 
Loss-of-function mutations in MTTP leads to impairment of chy- 
lomicron assembly and secretion from the intestine; this causes 
a disease called abetalipoproteinemia, characterized by markedly 
decreased levels of apolipoprotein B-48 in blood? and manifest in 
the first few months of life with failure to thrive, diarrhea (steator- 
rhea), acanthocytosis, and, later in childhood, impaired intellectual 
development, muscle incoordination, ataxia, and retinitis pigmen- 
tosa. Most of the symptoms are due to defects in the absorption 
and transport of the fat-soluble vitamin E. It is important to note 
that the mutations in abetalipoproteinemia occur in the gene 
coding for MTTP, not in the gene coding for apolipoprotein B. 
MTTP-null mice are embryonically lethal.*° The essential role of 
the protein in the digestion and absorption of dietary fat is how- 
ever demonstrable with intestine-specific knockout of the gene; 
these mice show impaired intestinal secretion of chylomicrons.?° 

Anderson disease is another disorder associated with defec- 
tive chylomicron secretion from the enterocytes. The assembly 
is not affected, only the secretion. In this disease, the enterocytes 
contain chylomicron particles, but the particles are not found in 
intercellular spaces, a step necessary for entry into the lacteals”; 
this indicates that the defect in Anderson disease lies in chylomi- 
cron secretion. 


Chylomicrons Versus Very Low Density Lipoprotein 


Fat-digestion products are secreted into lacteals in the form of 
chylomicrons, whereas VLDL is secreted from enterocytes only 
in between meals. In contrast to chylomicrons which contains tri- 
glycerides as the major lipid component, VLDL is not enriched 
in any particular lipid; it contains triglycerides, cholesteryl esters, 
and phospholipids. However, apolipoprotein B-48 is a compo- 
nent of both forms of lipoprotein particles. Nonetheless, chy- 
lomicrons and VLDL are assembled in enterocytes by separate 
pathways.?07:208 The evidence in support of this comes from the 
fact that the presence of palmitate in the intestinal lumen stimu- 
lates VLDL secretion from the enterocytes without any effect on 
chylomicron secretion, whereas the presence of oleate and linole- 
ate stimulates chylomicron secretion without any effect on VLDL 
secretion. Furthermore, infusion of phospholipids in the intestinal 
lumen results in the assembly of VLDL in enterocytes, whereas 
infusion of triglycerides results in the assembly of chylomicrons. 
In addition, the fatty acid composition of triglycerides in chylomi- 
crons is different from that of triglycerides in VLDL. The particle 
size is also different; chylomicrons are much larger than VLDL. 


Secretion of Chylomicrons and Very Low Density 
Lipoprotein into Lacteals 


Chylomicrons as well as VLDL are secreted into lacteals and 
then travel through the lymphatic duct, which then empties 
into the left subclavian vein to enter into systemic circulation. 
After assembly in the lumen of the endoplasmic reticulum, 
both lipid particles travel to the Golgi apparatus and bud off as 
vesicles on the trans side of the Golgi and travel to the BLM 
(see Fig. 102.10). The mechanism for the transfer of these lipid 
particles across the BLM involves fusion of the vesicles on the 
cytoplasmic side followed by their appearance on the exoplas- 
mic side. The size of both chylomicrons and VLDL is too large 
to diffuse across the endothelial cell barrier of portal blood 
vessels, as a consequence of which, these particles appear in 
lacteals. 


Medium-Chain Fatty Acids and Medium-Chain 
Triglycerides 


The route for the digestion and absorption of medium-chain fatty 
acids and MCTs is different from that for long-chain fatty acids 
and long-chain triglycerides. First, there is no need for bile salts 
for the digestion of medium-chain triglycerides. Second, gastric 
and pancreatic lipases are also not needed because these triglyc- 
erides can enter the enterocytes in an intact form. Third, transfer 
of medium-chain fatty acids and MCTs across the BBM does not 
require the formation of mixed micelles. Once inside the cells, 
medium-chain fatty acids are not used for re-esterification. The 
free and the triglyceride form of medium-chain fatty acids do not 
appear in chylomicrons or in VLDL but instead are transferred 
directly into portal blood. This mode of absorption makes MCTs 
highly suitable dietary fat substitutes for patients suffering from 
defects in fat digestion and absorption and for those with pancre- 
atic insufficiency.20?7!0 

Digestion and absorption of dietary carbohydrates, protein, 
and fat occur primarily in the small intestine. The digestive 
process begins with enzymes in gastric and pancreatic secre- 
tions and with bile salts in hepatobiliary secretion. The hor- 
mones secretin and CCK secreted from enteroendocrine cells 
present in the duodenum and jejunum play a critical role in 
coordinating the digestive process. Carbohydrates are absorbed 
in the form of monosaccharides, whereas proteins are absorbed 
in the form of small peptides and free AAs. Small peptides are 
broken down further inside the cells to generate free AAs. 
These end products of dietary carbohydrates and protein diges- 
tion then pass into the portal circulation. In contrast, dietary 
fat is digested into smaller units before absorption, but reas- 
sembled back within enterocytes, packaged into chylomicrons, 
and secreted into lacteals. The large intestine plays a critical 
role in the handling of dietary fiber, and bacterial fermenta- 
tion products impact the biology of not only the colon but also 
distant organs. 
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The U.S. Department of Health and Human Services and the 
U.S. Department of Agriculture publish dietary guidelines for 
Americans every 5 years based on the most current evidence 
in nutrition science. These recommendations aim to promote 
health, prevent chronic disease and help individuals maintain a 
healthy weight. These guidelines also influence federal nutri- 
tion policies and product development. (https://health.gov/diet 
aryguidelines/purpose.asp). It is critical to remember, however, 
that these intake recommendations are targeted towards healthy 
Americans and do not include specific disease states, which often 
require different guidelines. 


WATER-SOLUBLE VITAMINS 
Ascorbate (Vitamin C) 
Metabolic role and effect of deficiency 


Ascorbate exists in both reduced (ascorbic acid [AA]) and oxidized 
(dehydro-L-ascorbic acid [DHAA]) forms. The physiologically 
important form is AA, which acts as a cofactor in a variety of 
metabolic pathways. AA keeps metal ions like iron and copper 
in their reduced forms, scavenges free radicals, synthesizes col- 
lagen and other connective tissue proteins, and plays a role in 


the regulation of CFT R-mediated chloride secretion in epithelial 
cells (see Chapter 101). Vitamin C deficiency leads to a variety 
of clinical abnormalities, including scurvy, poor wound healing, 
vasomotor instability, and some connective tissue disorders. 


Sources and Recommended Daily Allowance 


Primates, including humans, and guinea pigs, in contrast to most 
mammals, lack the enzyme L-gulonolactone oxidase and thus cannot 
synthesize vitamin C; as a result, they must obtain vitamin C from 
dietary sources. Rich dietary sources of vitamin C include fruits (citrus, 
cantaloupe, mango, strawberries, watermelon) and vegetables (cab- 
bage, broccoli, cauliflower, potatoes, tomatoes). The recommended 
daily allowance (RDA) varies depending on age, gender and co-mor- 
bidities, but ranges between 90 and 120 mg/day for most adults. 


Digestion and Absorption 


Physiologic Aspects 

Unlike a number of other water-soluble vitamins (see biotin, folate, 
niacin, pantothenic acid, pyridoxine, and riboflavin), where 2 
sources are available to the host (dietary and production by normal 
colonic microbiota), vitamin C is only available through dietary 
consumption.! Intestinal absorption of AA occurs via a concentra- 
tive, carrier-mediated, Na*-dependent mechanism that is localized 
to the apical brush border membrane (BBM) domain of polarized 
enterocytes (Fig. 103.1). Once absorbed, AA leaves the absorptive 
cells across the basolateral membrane (BLM) via another carrier- 
mediated mechanism.’ Intestinal absorption of dietary DHAA 
occurs via a Nat-independent carrier-mediated process that is 
competitively inhibited by glucose because of structural similarities 
between these compounds.’ Internalized DHAA is subsequently 
metabolized to AA by the enzyme DHAA-reductase. 


Molecular Aspects 

The 2 AA transport systems that have been identified in humans 
and other mammals consist of the Na*-dependent vitamin C 
transporter-1 (SVCT-1,; product of the SLC23A1 gene) and the 
Nat-dependent vitamin C transporter-2 (SVCT-2; product of the 
SLC23A2 gene), both of which are expressed in the small intes- 
tine. Neither SVCT-1 nor SVCT-2 can transport DHAA; how- 
ever, both transporters can act as Na* uniporters in the absence 
of AA, allowing Na* to enter cells.t DHAA is absorbed via the 
glucose transporters GLUT1, GLUT3, and GLUT4, which are 
not capable of transporting AA.*? 


Intestinal Absorption 


Intestinal inflammation and prolonged infectious states are associ- 
ated with decreased vitamin C absorption in both in-vitro and in- 
vivo models. Data suggest that pro-inflammatory states with elevated 
serum and intestinal mucosal levels of TNF-a inhibit AA transport 
and intestinal uptake.’ Observational data suggest that 35% of peo- 
ple can be deficient in vitamin C after Roux-en-Y gastric bypass for 
weight loss,° but this is not a consistent finding when malabsorptive 
weight loss procedures are evaluated prospectively.’ 
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Fig. 103.1 Membrane transporters involved in the absorption of dietary water-soluble vitamins in the small 
intestine. The diagram shows localization of transporters for water-soluble vitamins at the BBM and BLM 


domains of polarized enterocytes. 


GLUT, glucose transporter; MDR-3, multidrug-resistance protein-3; PCFT, proton-coupled folate transporter; 
RFC, reduced folate carrier; RFT-7, riboflavin transporter-1; RFT-2, riboflavin transporter-2; SMVT, Na*-de- 
pendent multivitamin transporter; SVCT-7, Na+-dependent vitamin C transporter-1; SVCT-2, Na+-dependent 
vitamin C transporter-2; THTR-7, thiamine transporter-1; THTR-2, thiamine transporter-2. 


Cell Biology Aspects 

Confocal imaging using live human intestinal epithelial cells and 
human SVCT-1 fused to yellow fluorescent protein (hSVCT1- 
YFP) has shown that the hSVCT-1 protein is expressed at the 
apical membrane domain of these cells. The second transporter 
protein SVCT-2 appears to be expressed at the BLM domain of 
the polarized intestinal epithelial cells.* The molecular determi- 
nants that influence targeting of the human Na+-dependent mul- 
tivitamin transporter (hSMVT) protein to the BBM of intestinal 
epithelial cells are located in the cytoplasmic tail of the SMVT 
polypeptide.”!! Mobility of these structures depends on the tem- 
perature and existence of an intact intracellular microtubule net- 
work.!! Studies involving co-localization, in-vitro knockdown, and 
in-vivo knockout (KO) approaches have also shown that Rab8a (a 
small recycling GTPase protein) is important for physiologic func- 
tion and BBM delivery of hSVCT-1 in intestinal epithelial cells.!* 


Regulatory Aspects 

A variety of extracellular and intracellular factors and conditions 
regulate intestinal uptake of ascorbate; thus changes in extracellu- 
lar ascorbate levels result in intestinal adaptation whereby AA sup- 
plementation leads to down-regulation in intestinal AA absorption 
associated with a decreased expression of hSVCT-1 mRNA.!:!+ 
Other studies have used senescence marker protein-30/glucono- 
lactonase KO mice, which are incapable of synthesizing AA in vivo 
to demonstrate that feeding a vitamin C-deficient diet leads to 
induction of SVCT-1 mRNA expression in the intestine.!* 


Biotin (Vitamin B7) 
Metabolic Role and Effect of Deficiency 


Biotin is a carboxyl carrier and cofactor for 5 carboxylase 
enzymes, which are involved in essential pathways of intermedi- 
ate metabolism (e.g., fatty acid synthesis, B-oxidation, gluconeo- 
genesis, catabolism of odd-carbon fatty acids and branched-chain 
amino acids). It also plays a role in regulating gene expression, 
intracellular cyclic guanosine monophosphate levels, immune 
function, and cell proliferation. Biotin deficiency leads to growth 
retardation, neurologic disorders, and dermatologic abnormali- 
ties. Animal studies have shown that biotin deficiency during 
pregnancy may lead to growth retardation, congenital malforma- 
tions, and death.'° Deficiency and low levels of biotin have been 
reported in several conditions, including inborn errors of biotin 
metabolism, inflammatory bowel diseases, long-term therapy 
with anticonvulsant drugs, long-term parenteral nutrition, and 
chronic alcohol use disorder. 


Sources and Recommended Daily Allowance 


Physiologic Aspects 

Biotin is obtained from dietary sources and is also produced by 
colonic microbiota. Biotin is found in many foods, although at 
a lower concentration than other water-soluble vitamins. Good 
sources of biotin include egg yolks, liver, nuts, legumes, and veg- 
etables such as cauliflower. Precise data on biotin requirements 


hSMVT-GFP 


GFP 


A 


CHAPTER 103 1659 


Digestion and Absorption of Micronutrients 


| II ll 
hSMVT Ab Secondary Ab Ab+peptide 


Colon AMV 
Colon BLM 
Colon AMV 
Colon BLM 
Colon AMV 
Colon BLM 


hSMVT 


, e 


Fig. 103.2 Cellular distribution of human sodium-dependent multivitamin transporter protein. A, XY and Z 
confocal image showing human intestinal epithelial Caco-2 cells expressing hSMVT fused to GFP (hSMVT- 
GFP) and dsRed (a cytoplasmic dye) 48 h post-transfection. Lower panels show the distribution of GFP alone. 
B, Western blot analysis showing expression of hSMVT protein at native human colonic apical (but not BLM) 
membrane. Colonic tissue was obtained from organ donors. 

AMV, Apical membrane vesicles; BLM, basolateral membrane; GFP, green fluorescent protein; hSMVT, human 
Na+-dependent multivitamin transporter. (Adapted from Subramanian VS, Marchant JS, Boulware Mu, et al. 
Membrane targeting and intracellular trafficking of the human sodium-dependent multivitamin transporter in 
polarized epithelial cells. Am J Physiol 2009; 296:C663-7 1.) 


in humans are not available, but the recommended safe and 
adequate daily oral intake of biotin in adults is estimated to be 
between 30 and 35 pg/day. 


Digestion and Absorption 

Dietary biotin exists in free and protein-bound forms; the latter 
cannot be absorbed and must first undergo digestion by intesti- 
nal proteases and peptidases to biocytin (biotinyl-L-lysine) and 
biotin-short peptides, which are then converted to free biotin by 
the enzyme biotinidase. Human biotinidase has been cloned, and 
a number of clinical mutations have been identified in patients 
with biotinidase deficiency.!”!8 Those affected by this autoso- 
mal recessive disorder display seizures, vision problems, alopecia, 
developmental delay, and hearing loss. These individuals cannot 
use dietary protein-bound biotin owing to the fact that they are 
unable to convert biocytin and biotin-short peptides to absorb- 
able free biotin. Biotinidase deficiency also precludes the recy- 
cling of endogenous biocytin and biotin-short peptides, which 
arise from catabolism of cellular protein-bound biotin to free 
biotin.!? Pharmacologic supplementation with high doses of free 
biotin improves clinical outcomes in patients affected by biotini- 
dase deficiency.!*!? 

Free biotin is negatively charged at physiologic pH and is 
absorbed in the intestine via a carrier-mediated Na*t-dependent 
process, which is most active in the proximal small intestine. Func- 
tional, immunologic, and confocal imaging studies have localized 
the Nat-dependent carrier-mediated system to the apical BBM 
domain of the polarized intestinal epithelial cells (Fig. 103.2). 
Biotin exits enterocytes across the BLM via a Na* independent 
carrier-mediated process.*° Of note, the Nat-dependent process 
through which biotin is absorbed also transports 2 other func- 
tionally unrelated micronutrients: pantothenic acid and lipoate, 
which is a potent intracellular and extracellular antioxidant. This 
uptake system is therefore referred to as the SMVT. 

The normal colonic microbiota generates biotin predomi- 
nantly in the free form, which is readily available for absorption 
through colonic epithelium via the SMVT.! The combination 
of this efficient carrier-mediated process for biotin uptake in 
the colon and the significant duration that luminal contents 
remain in that region suggest that microbiota-generated biotin 


contributes to host biotin, and especially to the local needs of 
colonocytes. 


Molecular Aspects 

The SMVT system is expressed throughout the intestinal tract. It 
has been cloned in several species, including humans, and its func- 
tionality has been characterized following expression in a number 
of cellular systems.*? SMVT encodes a protein of 635 amino acids 
that is predicted to have 12 transmembrane domains (TMD) and 
is N-glycosylated at positions Asn 138 and Asn 489. Glycosylation 
appears to be important for the function of hSMVT.?! In addi- 
tion, a number of potential phosphorylation sites were predicted 
in the SMVT polypeptide, of which Thr286 has been experi- 
mentally shown to be involved in mediating the protein kinase C 
(PKC)-mediated regulation of intestinal biotin uptake.’! 

It has been postulated that there is an alternative biotin 
uptake system that functions in cells outside of the GI tract, (e.g., 
peripheral blood mononuclear cells, keratinocytes); however, 
experiments in an intestinal-specific (conditional) SMVT KO 
mouse model suggest that the SMVT is the only biotin uptake 
system that operates in the intestine.” In these studies, com- 
plete inhibition of intestinal biotin and pantothenic acid uptake 
was observed in the KO mice compared with their sex-matched 
wild-type littermates. Interesting phenotypes were also observed 
in these KO animals.’ First, two thirds of the animals died 
before reaching the age of 2.5 months owing to acute peritonitis. 
Second, all KO mice, which had decreased biotin levels com- 
pared with same-sex control littermates, showed severe growth 
retardation and decreased bone density and length. Third, the 
KO mice had evidence of shortened and dysplastic villi in the 
small intestine and chronic active inflammation with dysplasia 
in the colon (Fig. 103.3). The mechanisms mediating the intes- 
tinal inflammation seen in the KO mice are unclear, but may be 
related to the role played by biotin in maintaining normal innate 
and adaptive immune functions.”’ For example, biotin is essen- 
tial for activity of intestinal natural killer cells,?+ which play an 
important role in maintaining intestinal epithelial homeostasis 
and promoting antipathogen response.” Activity of these cells 
and biotin levels are both decreased in patients with Crohn dis- 
ease (see Chapter 115).?+-7 
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Fig. 103.3 Histology of the small intestine (A-C) and cecum (D-F) of intestinal-specific (conditional) Na+- 
dependent multivitamin transporter knockout (KO) mice and their sex-matched wild-type (WT) littermates. 

A, Normal small intestinal morphology of WT littermates. B, Shortening of villi and focal dysplastic changes (B 
insert). C, Small intestinal villi length in mm (left y-axis) and total area of dysplasia as a percentage (right y-axis). 
P < 0.01, n = 5). D, Representative section of WT cecum. E, Small intestine of the KO mouse showing signifi- 
cant submucosal edema (open arrow) and acute inflammation involving surface (closed arrows) and crypts. F; 
Number of neutrophils in 10 high-power fields (x400) (/eft y-axis), and total area of dysplasia and submucosal 
edema as a percentage (right y-axis). “P < 0.01, n = 5). LP, Lamina propria. 

(Adapted from Ghosal A, Lambrecht NW, Subramanya SB, et al. Conditional knockout of the Slc5a6 gene in 
mouse intestine impairs biotin absorption. Am J Physiol Gastrointest Liver Physiol 2013; 304:G64-71.) 


Cell Biology Aspects 
The SMVT system is exclusively expressed at the apical mem- 
brane domain of polarized enterocytes, and the molecular deter- 
minants that dictate the targeting of the hSMVT protein to the 
apical membrane are located in the cytoplasmic tail of the SMVT 
polypeptide.?°* Distinct trafficking vesicles are involved in the 
intracellular movement of the hSMVT protein, and this process 
requires an intact microtubule network.** 

Studies have identified a PDZ-containing protein, namely 
PDZD11, that interacts with hSMVT at a sequence in the 


cytoplasmic tail of the latter (Fig. 103.4); this interaction influ- 
ences the function and cell biology of hSMVT. Co-expression 
of PDZD11 with hSMVT leads to an increase in biotin uptake, 
whereas knocking down PDZD11 leads to an inhibition in 
uptake.”? 


Regulatory Aspects 

A variety of extracellular and intracellular factors regulate the 
intestinal uptake of biotin. For example, the SLCYA6 gene 
encodes SMVT in human enterocytes.””*° and intestinal uptake 
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Fig. 103.4 Accessory proteins that interact with human intestinal thiamine, biotin, and folate membrane trans- 
porters. Depicted are the interactions between recently identified accessary proteins and specific transporters 
of water-soluble vitamins in human intestinal epithelium. 

hRFC, Human reduced folate carrier; hSMVT, human Na+-dependent multivitamin transporter; hTHTR-7, hu- 
man thiamine transporter-1; PDZD17, PDZ-containing protein-11; 7span7, tetraspanin protein-1. (See text for 
details.) 


is adaptively regulated by extracellular biotin availability.’°?! 
Biotin deficiency leads to a specific and significant up-regulation 
in intestinal carrier-mediated biotin uptake through increased 
transcriptional activity of the SLCSA6 gene, which induces 
expression of the hSMVT protein and mRNA.’! Studies have 
identified the region in the SLCSA6 promoter that responds 
to biotin deficiency as a 103-bp stretch that contains the cis- 
element, gut-enriched, Kruppel-like factor. Mutational analysis 
studies have established the role of the gut-enriched, Kruppel- 
like factor site in mediating the upregulatory response seen in 
biotin deficiency.*! 

In early life, animal studies have shown that the preferential 
site of biotin uptake during the suckling period is the ileum and 
with maturation it transitions to the jejunum.?®? This alteration 
is associated with parallel changes in the transcriptional activity 
of the SLCSA6 gene and expression of the SMVT protein and 
mRNA.” 

Finally, intestinal biotin absorption is under the regulation 
of an intracellular PKC-mediated pathway that appears to affect 
activity and/or number of carriers, thereby influencing the Vmax 
of the uptake process.*? The PKC appears to act through Thr286 
of the hSMVT polypeptide; mutation of this phosphorylation site 
leads to a significant reduction in the PKC-mediated effect on 
hSMVT function.7! 


Clinical Pathophysiology of Intestinal Biotin Uptake 


Lower plasma biotin levels are seen in people with chronic 
alcohol use disorder.*+ Animal models that are chronically fed 
alcohol have shown that this results, at least in part, from inhi- 
bition of intestinal biotin absorption. This decreased biotin 
uptake is associated with a significant reduction in expressed 
SMVT protein, mRNA, and heterogenous nuclear RNA 
levels, as well as a decrease in the activity of the SLCSA6.*° 
Chronic alcohol feeding also caused a significant inhibition of 
biotin uptake in the colon, which would limit the absorption of 
bacterially generated biotin. Similar findings were observed in 
studies using human intestinal epithelial cells that were chron- 
ically exposed to alcohol.*> Chronic alcohol use also inhibits 
renal biotin reabsorption via similar transcriptional mecha- 
nisms.>° Other drugs have been found to decrease intestinal 
biotin uptake, such as the anticonvulsant medications carbam- 
azepine and primidone. 


Cobalamin (Vitamin B43) 
Metabolic Role and Effect of Deficiency 


Cobalamin (Cbl, vitamin Bj) refers to cyanocobalamin and all 
other forms of vitamin B}; that have biologic activity. Cbl in its 
active coenzyme forms (i.e., 5’-deoxy-adenosyl-Cbl [Ado-Cbl, 
the most abundant natural form of Cbl] and methyl-Cbl [Met- 
Cbl]) plays an essential role in the catabolism of fatty acids in 
mitochondria and in the conversion of homocysteine to methio- 
nine (and, hence, the production of S-adenosyl-methionine, the 
active methyl group donor) in the cytoplasm. Cbl deficiency 
leads to many conditions, including megaloblastic anemia, and, 
when prolonged, may lead to irreversible neurologic damage. 
Cbl deficiency is common and occurs in patients with restrictive 
diets, pernicious anemia (PA), atrophic gastritis, celiac disease, 
Crohn disease, and after significant bowel resection or surgery. 
In older adults, Cbl deficiency and suboptimal levels of Cbl are 
often caused by intestinal malabsorption.*’ Cbl deficiency in 
patients who are capable of absorbing the vitamin can be supple- 
mented with physiologic doses, whereas patients unable to absorb 
Cbl require lifelong therapeutic injections or high doses of the 
oral or nasal form of the vitamin.**> Mega doses of hydroxy-Cbl 
(OH-Cbl) are used to treat cyanide poisoning because cyanide 
displaces the hydroxyl group from OH-Cbl, leading to the for- 
mation of CN-Cbl, which is excreted in urine.*? 


Sources and Recommended Daily Allowance 


Cbl is found in animal-derived foods in which the vitamin was 
produced by intestinal bacteria, then absorbed and accumulated 
in the animal’s tissues. Rich sources of Cbl include meat, poultry, 
eggs, and dairy products. Food of plant origin is virtually devoid 
of Cbl; however, some nutritional yeast products contain vitamin 
By» as do fortified cereals. The RDA of Cbl is 2.4, 2.6, and 2.8 pg, 
respectively, for adults, during pregnancy, and during lactation. 


Digestion and Absorption 


Physiologic Aspects 

Dietary Cbl is bound to proteins, which is hydrolyzed to free 
Cbl during food preparation, mastication and by the proteolytic 
action of pepsin at the low pH of the gastric lumen (Fig. 103.5). 
In the stomach, free Cbl and other inactive derivatives of the 
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Fig. 103.5 Digestion and luminal processing of dietary cobalamin. Steps 
involved in processing protein-bound dietary cobalamin (Cb/) in the GI 
tract. After liberation of dietary protein-bound Cbl, the vitamin binds to 
haptocorrin (HC) secreted by salivary glands. HC is then enzymatically 
degraded in the upper small intestine by pancreatic enzymes, with the 
liberated Cbl then binding to intrinsic factor (IF), which is secreted by 
parietal cells in the gastric mucosa. The IF-Cbl complex then travels 

to the terminal ileum and is taken up by a specific receptor-mediated 
endocytosis. (See text for details.) 


vitamin, called cobamides, bind to haptocorrin (rapid binder, 
HC), which is a glycoprotein synthesized predominantly by the 
salivary glands.*° The HC is resistant to digestion by gastric acid 
and pepsin and protects the Cbl molecule as it passes through 
the stomach. Cbl is released from HC in the upper small intes- 
tine by pancreatic trypsin and chymotrypsin, after which Cbl 
binds to intrinsic factor (IF) with high affinity (dissociation con- 
stant >10- mol/L). IF is a glycoprotein that is synthesized by 
gastric parietal cells and is resistant to the effect of the digestive 
enzymes present in the upper GI tract.*!4? Cbl binds prefer- 
entially to IF over inactive cobalamins, thereby insuring selec- 
tive absorption of the bioactive molecule. In the terminal ileum, 
the IF-bound Cbl (IF-Cbl) binds to cubam, a specific receptor 
located at the apical BBM domain of ileal enterocytes, which 
facilitates endocytosis of the entire complex (Fig. 103.6).4° 
Following internalization, the cubam-IF-Cbl complex goes to 
endosomes where cubam is cleaved and recycled to the apical 
BBM. The IF-Cbl complex moves to the lysosomes where IF is 
degraded and the free Cbl is transported out of the lysosomes, 
likely via the lysosomal membrane protein LMBRD1.* Cbl is 
then exported across the BLM via a process that involves the 
multidrug-resistance—associated protein-1 (see Fig. 103.6).*7 
Circulatory transcobalamin II carries Cbl to the liver for storage 
and use. Bacterial production of cobalamin analogues (cobam- 
ides), which deprives the host of usable Bız, and competitive 
interference with binding of IF-Cbl to cubam by these ana- 
logues are part of the explanation for vitamin B12 deficiency in 
SIBO (see Chapter 105). 


Molecular Aspects 

In humans, the IF gene is located on chromosome 11, and the 
protein has been cloned and characterized.-** IF is a 417- 
amino acid protein that may disintegrate into 2 moieties, a 30-kd 
N-terminal portion and a 20-kd C-terminal portion. Each of 
these moieties can recognize Cbl, but when they exist together in 
solution the joint moieties bind only to 1 Cbl molecule.*” A 20- to 
50-amino acid sequence in the C-terminal portion of IF appears 
to be important for the high-affinity binding to Cbl.°° Also, the 
carbohydrate moiety on this glycoprotein plays a role in protect- 
ing IF against enzymatic degradation. 

The IF receptor cubam is composed of 2 units: cubilin and 
amnionless. Cubilin is the unit that recognizes IF and is expressed 
in both ileal and renal proximal tubule epithelial cells. Cubulin 
consists of an N-terminal portion that does not span the mem- 
brane, followed by 8 epidermal growth factor repeats and 27 
CUB domains.*! The N-terminal portion of cubilin is respon- 
sible for recognizing IF.” Amnionless is a transmembrane pro- 
tein that provides membrane anchorage and endocytic capacity 
via 2 sequence signals within its cytosolic domain (phenylalanine- 
X-asparagine-proline-X-phenylalanine FXNPXF). These signals 
promote internalization of the entire complex via binding to the 
clathrin-associated sorting protein disabled-2 (Dab2).>? Mutations 
in amnionless have been identified in patients with Imerslund- 
Gräsbeck disease, which is characterized by Cbl malabsorption 
and proteinuria with affected individuals clustered in Norway and 
some Mediterranean regions.*+ Amnionless is also believed to 
play a role in delivering cubilin to the cell membrane.*>*® 


Regulatory Aspects 

Cbl absorption in the intestine is under limited regulation com- 
pared with other water-soluble vitamins. The process appears 
to be dependent on the capacity of cubam, the intestinal IF-Cbl 
receptor. After ingestion of 2 to 4 ug of vitamin By, the intestine 
cannot absorb a second dose of the vitamin with equal efficiency 
until 4 to 6 hours later. In healthy adults, fluctuation in the nor- 
mal level of IF appears to have little effect on Cbl absorption, 
because the daily output of IF (20 nmol) is markedly higher than 
the few nanomoles needed to absorb ingested Cbl.*” Additionally, 
thyroid hormone has been reported to have a role in regulating 
Cbl absorption by influencing the expression of cubilin.*® 


Clinical Pathophysiology of Intestinal Cobalamin 
Absorption 


PA is a well-recognized cause of Cbl malabsorption and defi- 
ciency. PA results from a lack of IF caused by autoimmune-medi- 
ated atrophic gastritis (see Chapter 52). PA is more common in 
older adults and those who suffer from other autoimmune disor- 
ders such as thyroid disease and type-1 diabetes.’ Other condi- 
tions associated with decreased levels of IF include patients who 
have undergone total gastrectomy, weight loss surgery,’ those 
with Helicobacter pylori infection, and those on long-term treat- 
ment with acid-reducing medications—usually PPIs.60-62 

Intestinal absorption of Cbl is also influenced by conditions 
that affect the cubam receptor. Inherited defects in the cubilin 
and amnionless units of this receptor are rare.® Intestinal dis- 
orders like Crohn disease, especially when there has been ileal 
resection, are well-recognized causes of Cbl malabsorption.“ 

Chronic or recurrent exposure to nitrous oxide (N20), a com- 
monly used inhaled anesthetic, may lead to oxidation of Cbl to an 
inactive form that can cause neurologic complications associated 
with Cbl deficiency, ranging from polyneuropathy to spinal cord 
degeneration.“ 

A number of phenomena combine to make SIBO an impor- 
tant cause of vitamin Bı (cobalamin) deficiency (see Chapter 
105).°’ These include consumption of cobalamin by anaerobes, 
bacterial production of cobalamin analogs called cobamides (with 


CHAPTER 103 Digestion and Absorption of Micronutrients 1663 


R. 


a | 


Blood 


Fig. 103.6 Uptake of intrinsic factor-cobalamin by ileal enterocytes. Intrinsic factor-cobalamin (/F-Cbi) 
binds to cubam, and the complex then undergoes endocytosis. In the endosomes, cubam-IF-Cbl dissociates 
into cubam (which recycles back to the apical membrane) and IF-Cbl; the latter then enters into lysosomes 
where IF is degraded (shown by X), and Cbl is transported out of lysosomes by lysosomal membrane protein 
(LMBRD7). Cbl is transported out of the ileal enterocytes across the BLM via multidrug-resistance-associated 


protein-1 (MRP1). 


subsequent loss of the parent vitamin to the host), malabsorption 
of the vitamin at the ileal receptor as a result of competitive bind- 
ing with cobamides, and, in instances of severe SIBO, mucosal 
injury that involves the cubulin-amnionless binding site. 

Finally, chronic use of metformin in patients with diabetes 
reduces Cbl levels via malabsorption, owing to a reduction in the 
levels of haptocorrin.°*-/° 


Folate (Vitamin Bo) 
Metabolic Role and Effect of Deficiency 


Folate (vitamin Bo) refers to a group of 1-carbon derivatives of 
folic acid required for the synthesis of pyrimidine and purine 
nucleotides (precursors of DNA and RNA, respectively) and 
metabolism of several amino acids, including homocysteine and 
serine. Cellular deficiency of folate leads to impairment in 1-car- 
bon metabolism, DNA synthesis and methylation, incorporation 
of uracil into DNA, and in the metabolism of several amino acids. 
Suboptimal levels of folate lead to several clinical abnormalities 
that include megaloblastic anemia, growth retardation, and neu- 
ral tube defects in the developing embryo. Folate deficiency is 
highly prevalent and results from a variety of causes, including 
impairment of the intestinal folate uptake system (e.g., hereditary 
folate malabsorption syndrome), intestinal diseases (e.g., celiac 
disease, tropical sprue), drug interactions (e.g., sulfasalazine, tri- 
methoprim, pyrimethamine, diphenylhydantoin), and chronic 
alcohol use. 


Sources and Recommended Daily Allowance 


The human intestine is exposed to dietary folate and bacterial 
folate, which is generated by the normal colonic microbiota.! 


Folate is widely distributed in food, and rich sources include green 
vegetables, liver, beans, and lentils. Since 1998, cereal products 
in the US and several other countries have been supplemented 
with folate and also represent a good source of the vitamin. The 
RDA for folate is 400 ug, which is the same dose recommended 
for women of child-bearing age to reduce the incidence of neural 
tube defects. 


Digestion and Absorption 


Physiologic Aspects 
Dietary folates exist in the free (i.e., folate monoglutamate) and 
predominant polyglutamate form. Conjugated folate polygluta- 
mates cannot be absorbed because of their size and multiple nega- 
tive charges. Prior to absorption, they must undergo hydrolysis 
to free folate by the enzyme folylpoly-y-glutamate carboxypep- 
tidase, which is also called folate hydrolase. There are 2 forms 
of this enzyme in intestinal absorptive cells: the first is expressed 
at the BBM domain of the cells, and the other is intracellular 
(localized in lysosomes).”!7? The BBM form of folate hydrolase 
is expressed mainly in the proximal part of the small intestine, and 
the intracellular form is expressed uniformly along the length of 
the small intestine. The membrane form of the enzyme has been 
cloned, and its activity appears to be adaptively upregulated in 
folate deficiency and during development. -75 

Intestinal absorption of the negatively charged dietary folate 
(pKa values of the a and y carboxyl groups of the folate molecule 
are 3.5 and 4.8, respectively) occurs in the proximal half of the 
small intestine and involves a specific pH- (but not Na*-) depen- 
dent carrier-mediated process (see Fig. 103.1). In animal stud- 
ies, resection of the proximal small intestine leads to a marked 
induction of carrier-mediated folate uptake in the ileum. The 
intestinal folate uptake process has similar affinities for reduced 


1664 PARTX Small and Large Intestine 


(e.g., 5-methyltetrahydrofolate, 5-formyltetrahydrofolate), oxi- 
dized (e.g., folic acid), and substituted (e.g., methotrexate) folate 
derivatives.’°’? Absorbed folate leaves the enterocytes across the 
BLM via another carrier-mediated process.’* 

A substantial portion of the folate synthesized by the normal 
microbiota exists in the absorbable free form, and the large intes- 
tine is capable of absorbing free folate via a highly efficient and 
specific carrier-mediated mechanism.’’-*! Interferences with this 
mechanism may contribute to the development of localized folate 
deficiency and premalignant changes in colonic mucosa.*?:*3 


Molecular Aspects 

Three specific systems are known to transport folate in mam- 
malian cells: the transmembrane reduced folate carrier (RFC, 
the product of the SLC19A1 gene); the transmembrane proton- 
coupled folate transporter (PCFT, the product of the SLC46A1 
gene); and the membrane-anchored (via a glycosyl phosphatidyl- 
inositol linkage) folate receptor.**+*’ The first 2 systems (RFC 
and PCFT) are both expressed and functional in the intestinal 
tract, but the third is neither expressed nor functional under nor- 
mal physiologic conditions.** 

The human RFC (hRFC) operates optimally at a pH of 7.0 
to 7.4. The hRFC polypeptide consists of 591 amino acids, and 
shares a high degree of sequence homology with the RFC system 
of other mammals (e.g., rodents, chimpanzees). RFC functions as 
an anion exchanger and moves the negatively-charged folate mol- 
ecule against its concentration gradient in exchange for down- 
hill movement of an anion.*? RFC mRNA is expressed along the 
length of the intestinal tract, with expression of the RFC protein 
at the apical membrane domain of the polarized small intestinal 
and colonic epithelia.’*.°° 

The human PCFT (hPCFT) system operates optimally at 
acidic pH (5.8 to 6.0). The hPCFT polypeptide consists of 459 
amino acids and is predicted to form 12 TMD.*°?! The PCFT 
functions electrogenically as a folate-:H* symporter, transport- 
ing folate by the net movement of a positive charge (see Chapter 
101).°! Folate is transported by this system against its concen- 
tration gradient using the energy generated by the downhill 
movement of protons. The inwardly directed proton gradient is 
provided by the intestinal surface acid microclimate, which has 
a pH of 5.8 to 6.0 at the proximal small intestine. The hPCFT 
mRNA is expressed mainly in the proximal small intestine, with 
less expression in the distal small intestine and the colon.*®*°?:” 
Expression of hPCFT is restricted to the apical membrane 
domain of intestinal epithelial cells.” 

Both the PCFT and RFC systems contribute to overall intes- 
tinal assimilation of exogenous folates. PCFT appears to be the 
predominant folate uptake system in the proximal small intestine, 
where the pH at the luminal surface is approximately 5.8 to 6.0." 
This belief is supported by the identification of individuals with 
hereditary folate malabsorption syndrome, a condition caused by 
mutations in hPCFT.’?*° The hRFC system operates in the dis- 
tal small intestine and colon, where the pH at the luminal surface 
is near neutral.”* 

The folate transport system at the BLM domain of the intes- 
tinal absorptive epithelial cells is believed to be a member(s) of 
the MRPs.”! 

In recent years, knowledge of the structural features of the 
hPCFT and hRFC systems that are important for their function 
has evolved. The conserved histidine residues located at posi- 
tions 247 and 281 of the hPCFT polypeptide appear to be critical 
for function of the transporter.” In addition, clinical mutations 
identified in hPCFT in patients with hereditary folate malabsorp- 
tion syndrome have implicated a role for the amino acid residues 
located at positions 65, 66, 113, 147, 318, 376, and 425 of the 
polypeptide.?! These mutations were shown to lead to a spectrum 
of consequences that include an early stop codon and a frame 
shift (both of which lead to absence of hPCFT protein), or to a 


defective intracellular trafficking/membrane targeting of the pro- 
tein and/or protein instability.”! 

Amino acid residues located at positions 45, 46, 104, 105, 127, 
130, 297, and 309 as well as the intracellular loop between trans- 
membrane 6 and 7 of the polypeptide appear to be important for 
the function of RFC.*?:"° 


Cell Biology Aspects 
The molecular determinants that dictate targeting of the hRFC pro- 
tein to the cell membrane appear to reside within the hydrophobic 
backbone of the polypeptide and not within its N- or C-terminal 
domains. Also, the integrity of the hRFC backbone is critical for 
exporting the polypeptide from the endoplasmic reticulum to the 
cell surface. Intracellular movement of RFC appears to involve traf- 
ficking vesicles, the mobility of which depends on an intact microtu- 
bule network (real-time movies can be viewed at: http://www.jbc.o 
re/cgi/content/full/277/36/33325/DC1).”’ Dynein light-chain road 
block-1, which is located in intestinal epithelial cells, interacts with 
hRFC and is important for its function (see Fig. 103.4).”° 

A beta-turn sequence between the second and third TMD of 
hPCFT appears to be essential for its targeting to the apical mem- 
brane of intestinal epithelial cells. Mutations in this sequence lead 
to retention of hPCFT in the endoplasmic reticulum. Again, cell- 
surface delivery of the hPCFT polypeptide appears to involve 
trafficking vesicles, which is microtubule dependent.” 


Regulatory Aspects 

A variety of extracellular and intracellular factors regulate intes- 
tinal folate uptake. Globally, transcription of the SLC19A1 gene 
involves at least 6 alternative promoters and leads to the gen- 
eration of many distinct 5’ untranslated regions, but with a com- 
mon hRFC open reading frame. These promoters are regulated 
by both ubiquitous (SP, USF) and tissue-specific (e.g., AP1, C/ 
EBP) nuclear factors and by methylation.**?!° In the intes- 
tine, SLC19A1 promoter B appears to drive the transcription 
of hRFC.*+ The minimal region required for basal activity of 
the hRFC promoter B in intestinal epithelial cells is encoded 
in a sequence between -1088 and -1043.!°° The minimal pro- 
moter required for basal activity of SLC46A1 has been mapped 
to a region 157 bp upstream of the ATG and contains putative 
GC-box sites as well as enhancer elements (YY1 and AP1) that 
appear to be important for function.!°! 

Intestinal folate uptake undergoes differentiation-dependent 
regulation; thus a significant upregulation in carrier-mediated 
folate uptake occurs as intestinal epithelial cells move from the 
undifferentiated stage to the differentiated stage. This increase in 
uptake with differentiation was associated with a marked increase 
in the level of expression of hRFC and hPCFT at the protein, 
mRNA, and promoter levels. The latter finding suggests that this 
mode of regulation in intestinal folate uptake is, at least in part, 
mediated via transcriptional mechanisms. 1°? 

Intestinal folate uptake is also regulated by extracellular folate 
levels; folate deficiency leads to an induction in intestinal folate 
uptake via an increase in the level of expression of RFC and 
PCFT mRNA.”4100,103,104 For the hRFC, this induction appears 
to be, at least in part, transcriptionally mediated, with the folate- 
deficient responsive region being encoded in a sequence between 
-2016 and -1431 of the hRFC promoter B.74,100,103,104 

Intestinal folate uptake undergoes developmental regulation 
during the early stages of life.!°° A progressive decrease in folate 
uptake occurs with maturation (i.e., from suckling to weanling to 
adult). This is associated with a parallel decrease in the level of 
expression of RFC and in the transcription rate of the SLC19A1 
gene (changes in level of PCFT were not examined in these studies). 

Finally, intestinal folate uptake appears to be under the regu- 
lation of intracellular protein tyrosine kinase- and cAMP-medi- 
ated pathways that function by affecting the Vina, of the folate 
uptake process.°!:106 


Intestinal folate digestion is also adaptively regulated by the 
substrate level in the diet, with significant induction in folylpoly- 
y-glutamate carboxypeptidase activity occurring in folate defi- 
ciency.’ Furthermore, the folate digestive process undergoes 
developmental regulation during the early stages of life.’° 


Clinical Pathophysiology of Intestinal Folate Absorption 


It is well recognized that chronic alcohol use is associated with 
folate deficiency. A variety of factors contribute to the develop- 
ment of this deficiency, including inhibition in intestinal absorp- 
tion of folate.!07:!°8 Chronic alcohol consumption affects both the 
initial hydrolysis of dietary folate polyglutamates to free folate and 
subsequent absorption free folate.!°’-!°” The latter effect is via 
inhibition of folate transport across the BBM and BLM domains 
of the absorptive epithelial cells and is associated with a marked 
reduction in level of expression of RFC.!!°!'! Other investigations 
have reported impairment in the activity of the intestinal folylpoly- 
y-glutamate carboxypeptidase (folate hydrolase) in disease condi- 
tions that affect the intestinal mucosa (e.g., celiac disease, tropical 
sprue) and as a result of long-term use of sulfasalazine. 112-118 


Niacin (Vitamin B}, Nicotinic Acid) 
Metabolic Role and Effect of Deficiency 


Niacin, also known as nicotinic acid, nicotinamide, or vitamin B; 
serves as a precursor for nicotinamide adenine dinucleotide and 
nicotinamide adenine dinucleotide phosphate, which are cofac- 
tors that play an important role in energy metabolism such as gly- 
colysis. Niacin deficiency leads to pellagra, a disease characterized 
by inflammation of mucous membranes, skin lesions, colitis with 
resultant diarrhea, and dementia.!!°-!2! There are some data to 
suggest that niacin supplementation may protect against Alzheimer 
disease and age-related cognitive decline, whereas pharmacologic 
doses are highly effective for increasing HDL although do not 
seem to reduce all-cause mortality, myocardial infarction, or stroke 
in patients already receiving statin therapy.! 197121122 


Sources and Recommended Daily Allowance 


Humans acquire niacin from both endogenous and exogenous 
sources. Endogenous niacin is provided by the metabolic conversion 
of tryptophan to niacin (60 mg of tryptophan yields approximately 1 
mg of niacin) and as a byproduct from normal colonic microbiota, 
whereas exogenous niacin is obtained through dietary consump- 
tion. Rich dietary sources include meat, fish, bread, and yeast.!7>-!*+ 
Establishing an accurate RDA of niacin is quite challenging because 
of endogenous synthesis; however the recommended dietary intake 
in most adults ranges between 14 and 18 mg/day. 


Intestinal Absorption 


Niacin is absorbed primarily in the stomach and small intestine. 
The presence of food does not seem to influence niacin absorp- 
tion and pharmacologic-range doses appear to be absorbed by 
passive diffusion. Specific factors that influence intestinal absorp- 
tion of dietary niacin remain unclear but seem to be temperature 
and pH-dependent.!’> Both niacin insufficiency and deficiency 
occur in persons with alcohol use disorder and those with IBD or 
Hartnup syndrome. Individuals with the latter disease have muta- 
tions in the membrane transporter of the amino acid tryptophan, 
which is the endogenous precursor of niacin (see Chapter 102). 


Cell Biology Aspects 

The regulation of intestinal niacin absorption is not well under- 
stood. Studies using jejunal and colonic epithelia from organ 
donors have helped to elucidate the mechanisms of niacin 
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absorption in humans, including the presence of transporters 
at these sites.!*> Intestinal uptake of physiologic concentra- 
tions of nicotinic acid involves a specific high-affinity acidic 
pH- (not Na*-) dependent, carrier-mediated mechanism (see 
Fig. 103.1).!?° The molecular identity of the niacin uptake sys- 
tem has not been well defined, but the human organic anion 
transporter-10 (hOAT-10) has been suggested to play a role.!?’ 


Regulatory Aspects 

This specialized, acidic pH-dependent, carrier-mediated sys- 
tem of niacin uptake by human intestinal epithelial cells oper- 
ates in the physiologic micromolar range of niacin concentration 
and appears to be regulated by an intracellular protein tyrosine 
kinase-mediated pathway.!?° 


Pantothenic Acid (Vitamin B5) 
Metabolic Role and Sources 


Pantothenic acid, also known as vitamin Bs, is the functional 
moiety of coenzyme A and plays a critical role in energy-yielding 
metabolic reactions including carbohydrate, fat and, to a lesser 
extent, protein metabolism. Owing to the fact that pantothenic 
acid has a ubiquitous distribution in foodstuff, it is quite rare to 
develop pantothenic acid deficiency in humans. Indeed, its name 
derives from the Greek pantothen, meaning “from everywhere,” 
and small amounts of pantothenic acid are found in nearly every 
food. Recommended dietary intake has not been established; 
however adequate intake for adults is approximately 5 mg/day. 


Intestinal Digestion and Absorption 


Cell Biology Aspects 

Free pantothenic acid is absorbed in the small intestine via a Nat- 
dependent carrier-mediated process that involves SMVTs that 
also allow for cellular uptake across the blood brain barrier and 
help maintain proper brain function.?022-128 The same process 
also operates in the large intestine to absorb the pantothenate 
generated by colonic bacteria. There is no information about 
how absorbed pantothenic acid leaves the intestinal epithelial 
cells across the BLM, although it is thought to involve another 
SMVT. 


Regulatory Aspects 

Humans acquire pantothenic acid from both exogenous and 
endogenous sources, the latter produced by normal colonic 
bacteria.! Dietary pantothenic acid exists mainly in the form 
of coenzyme A, which is hydrolyzed to the absorbable form of 
free pantothenic acid in the intestinal lumen.!??At low luminal 
concentrations, there is active transport of pantothenic acid via 
SMVT in exchange for protons on the apical membrane of the 
epithelial brush border. At higher concentrations, passive diffu- 
sion of pantothenic acid occurs and it appears that the alcohol 
form, panthenol (oxidized to pantothenic acid), diffuses more 
readily than the acid form. 


Pyridoxine (Vitamin B,) and Derivatives 
Metabolic Role and Effect of Deficiency 


Vitamin Bs refers to the 3 compounds pyridoxine, pyridoxal, 
pyridoxamine and their phosphorylated forms. Vitamin Bg plays 
a vital role in amino acid and carbohydrate metabolism and is 
involved in modulating the action of steroid hormones and in 
gene expression regulation. Pyridoxal 5’-phosphate is the most 
biologically active form of this vitamin. Vitamin Bs, deficiency 
leads to a variety of clinical abnormalities that include, but are 
not limited to, neurologic disorders and anemia. Vitamin Bg 
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deficiency more commonly occurs in persons with alcohol use 
disorder, those with diabetes mellitus or celiac disease, and those 
on long-term therapy with isoniazid or penicillamine. Patients 
with vitamin Bs-dependent seizures (an autosomal recessive dis- 
order thought to result from impairment in vitamin Bs transport 
into cells) also display suboptimal levels of this vitamin.!3.!3! 


Sources and Recommended Daily Allowance 


Humans acquire vitamin Bs exogenously via dietary intake; it 
is also produced by colonic bacteria. Vitamin Bg is abundantly 
found in foodstuff. Rich sources include meat, fish, starchy veg- 
etables like potatoes, and noncitrus fruits. The RDA for vitamin 
Bg is 1.5 to 2 mg/day for adults. 


Intestinal Absorption 


Cell Biology Aspects 

Both dietary and bacterial sources of vitamin Bg are bioavail- 
able to the host, although their relative contribution to total 
body homeostasis of vitamin Bg is not well defined. Dietary 
vitamin Bg exists in free and phosphorylated forms; the latter 
is hydrolyzed by intestinal phosphatases to its free form prior 
to absorption.!*° Absorption of free vitamin B, in the small 
and large intestine occurs via a specific high-affinity, acidic 
pH-dependent, Na*-independent, carrier-mediated mecha- 
nism, Interestingly, the diuretic amiloride has the ability to 
inhibit intestinal and renal absorption of this vitamin and 
this may interfere with normal vitamin Bg homeostasis. (see 
Fig. 103.1).132-136 


Regulatory Aspects 

Little is known about the regulation of intestinal pyridoxine 
uptake in mammals, but some data suggest a specialized carrier- 
mediated mechanism by intestinal epithelial cells that is pH 
dependent, amiloride sensitive, and under the regulation of an 
intracellular PKA-mediated pathway.!*?:!3° Vitamin Bg deficiency 
leads to a specific and significant upregulation in uptake via tran- 
scriptional mechanisms.!*? 


Riboflavin (Vitamin B3) 
Metabolic Role and Effect of Deficiency 


Riboflavin, also known as vitamin B, exists as 2 metaboli- 
cally active coenzyme forms, flavin mononucleotide and fla- 
vin adenosine dinucleotide, which play an important role as 
an intermediary for the transfer of electrons in biological 
oxidation-reduction reactions. These reactions are involved in 
macronutrient metabolism, as well as in the conversion of folic 
acid and vitamin Bg to their active forms. Riboflavin deficiency 
can occur in those with IBD, alcohol use disorder, mitochon- 
drial disorders, and in patients with Brown-Vialetto-Van 
Laere syndrome, which is a rare neurologic disorder associ- 
ated with sensorineural deafness, bulbar palsy, and respiratory 
compromise, thought to be caused by a mutation in ribofla- 
vin transporter-2. Riboflavin deficiency can lead to a variety 
of clinical abnormalities, which include degenerative changes 
in the nervous system, endocrine dysfunction, skin disorders, 
and anemia.'3’ There are some data to suggest that ribofla- 
vin supplementation may improve neurologic motor function 
in those with multiple sclerosis because of its role in myelin 
formation.’ Riboflavin’s neuroprotective role is also demon- 
strated in those with Parkinson disease and migraine headache 
disorders via several proposed mechanisms, which include 
homocysteine metabolism, and reduction of oxidative stress 
and neuro-inflammation. 139-141 


Sources and Recommended Daily Allowance 


Riboflavin is found widely in foods, with higher levels in dairy 
products, eggs, meat, green leafy vegetables, and legumes. The 
RDA for healthy adults ranges between 1.3 and 1.6 mg/day. 


Intestinal Digestion and Absorption 


Physiologic Aspects 
As with other water-soluble vitamins, the human intestine is 
exposed to exogenous and endogenous sources of riboflavin. 
Exogenous dietary intake is absorbed in the small intestine via a 
highly efficient uptake system, whereas endogenous sources are 
produced by normal colonic microbiota in quantities believed to 
be several-fold more than what is consumed in the diet. 1142-143 
Dietary riboflavin exists in free and conjugated forms. Con- 
jugated forms are broken down by intestinal phosphatases prior 
to absorption.'!** Absorption of free riboflavin in the small and 
large intestine occurs via a specific Na*-independent carrier- 
mediated mechanism located at the apical BBM domain of the 
polarized epithelial cells, which then leaves the cell across the 
BLM via another specific carrier-mediated mechanism (see 
Fig. 103.1).20 


Molecular Aspects 

Both of the riboflavin transporters (RF transporter [RFT]-1 and 
2) are expressed in the small and large intestine.'*-!*’ The level 
of expression of hRFT-2 and its activity as a riboflavin trans- 
porter is significantly higher than that of hRFT-1. These findings 
imply that hRFT-2 has a prominent role in intestinal riboflavin 
uptake, a theory supported by the significant inhibition in ribofla- 
vin uptake by intestinal epithelial cells treated with gene-specific 
hRFT-2 siRNA.!*” 

There are more than 10 mutations discovered in the RFT-2 
transporter in patients with Brown-Vialetto-Van Laere Syn- 
drome and, as such, there are various disease phenotypes depend- 
ing on the particular mutation. This disorder is characterized by 
progressive pontobulbar plasy, which is typically preceded by 
sensorineural deafness.!37!48-190 


Cell Biology Aspects 

Confocal imaging studies in living cells have shown that the 
hRFT-1 protein is mainly expressed at the BLM domain of 
intestinal absorptive cells, whereas the expression of hRFT-2 
is exclusively confined to the apical membrane domain (see 
Fig. 103.1).!*715! Also, an essential role has been demonstrated 
for the COOH-terminal sequence of TFT-2 in dictating cell 
surface expression of the protein, with a specific role for the 
conserved cysteine residues (C463 and C467).'5! Furthermore, 
intracellular trafficking of hRFT2 was found to involve distinct 
vesicular structures, motility of which is dependent on an intact 
microtubule network.!*! 


Regulatory Aspects 

A variety of extracellular and intracellular factors and conditions 
regulate the intestinal riboflavin uptake process, which is adap- 
tively regulated by the host’s vitamin level;!°?-!>* thus, riboflavin 
deficiency leads to a significant upregulation in intestinal ribofla- 
vin uptake, whereas excess supplementation results in downregu- 
lation of riboflavin intestinal absorption. These adaptive changes 
in intestinal riboflavin uptake by substrate levels appear to involve 
transcriptional regulatory mechanisms, which are developmen- 
tally regulated during the early stages of life.!°° The intestinal 
riboflavin uptake process appears to be under the regulation of 
an intracellular PKA- and Ca?*/calmodulin-mediated signaling 
pathways.'*° Interestingly, in laboratory studies, the intestinal 
riboflavin uptake process appears to be sensitive to the inhibitory 


effect of the Na*/H* exchanger amiloride and to the tricyclic 
phenothiazine drug chlorpromazine which shares structural simi- 
larity with riboflavin).!°?:'°75° Whether these pharmacologic 
agents also affect intestinal riboflavin absorption in vivo is still 
unknown. 


Thiamine (Vitamin B,) 
Metabolic Role and Effect of Deficiency 


Thiamine, also known as vitamin B,, was the first water-soluble 
vitamin to be described. Thiamine deficiency was first referenced 
in Chinese medical literature more than 4000 years ago when 
clinical manifestations of thiamine deficiency (beriberi) were first 
described. The pyrophosphate form of thiamine, thiamine pyro- 
phosphate (TPP), is the most abundant form of this vitamin in 
mammals. TPP is critical for oxidative energy metabolism and 
ATP production in the mitochondria via its role as a co-factor for 
multiple enzymes including transketolase, pyruvate dehydroge- 
nase, a-ketoglutarate dehydrogenase, and branched-chain keto- 
acid dehydrogenase.!°? Thiamine also plays an important role in 
decreasing cellular oxidative stress by maintaining the normal cel- 
lular redox state;!°?:!©° thus, low intracellular thiamine levels lead 
to impairment in oxidative energy metabolism and result in an 
increased propensity for oxidative stress and alterations in mito- 
chondrial structure and function.!°?-!¢! Thiamine triphosphate, 
which is another form of thiamine, influences regulation and 
function of membrane chloride channels and acts as a phosphate 
group donor to proteins. Thiamine deficiency in humans leads to 
2 distinct clinical entities, beriberi and Wernicke encephalopathy. 
Beriberi has 3 different phenotypes: (1) dry beriberi is a symmetri- 
cal ascending peripheral polyneuropathy that usually affects older 
individuals and may be associated with cardiac involvement, (2) 
wet (or edematous) beriberi involves the heart and leads to lower 
extremity edema; and (3) acute “fulminating” beriberi, also known 
as shoshin beriberi, occurs mainly in infants and is associated with 
heart failure and metabolic abnormalities. Wernicke encephalopa- 
thy and Korsakoff psychosis are most commonly associated with 
alcohol use disorder and can manifest synchronously as Wernicke- 
Korsakoff syndrome. Wernicke encephalopathy is associated with 
neurologic abnormalities (nystagmus, extraocular palsy, ataxia, 
confabulation, coma) and anatomic lesions (hemorrhagic lesions 
in the thalamus, pontine tegmentum and mammillary bodies, 
with severe damage to astrocytes, neuronal dendrites, and myelin 
sheaths). Korsakoff psychosis typically develops as Wernicke 
symptoms start to resolve and manifests as confusion and short- 
term memory loss that can lead to permanent brain damage. 
Thiamine deficiency is a significant problem in both develop- 
ing and developed countries, and mainly results from inadequate 
dietary intake. In developed countries, alcohol use disorder is the 
leading cause although deficiency can also occur in those with 
diabetes, IBD, celiac disease, and renal disease, and from the use 
of chronic diuretic therapy.'©*-!® For unclear reasons, thiamine 
deficiency has also been reported in older adults, despite an aver- 
age daily intake that exceeds their recommended requirement. 
Also recognized in more recent years is localized, tissue-specific 
thiamine deficiencies that occur despite the presence of normal 
plasma thiamine levels; examples include thiamine-responsive 
megaloblastic anemia (TRMA), which is autosomal recessive, and 
thiamine-responsive Wernicke’s-like encephalopathy. TRMA is 
characterized by megaloblastic anemia, sensorineural deafness, 
and insulin-requiring hyperglycemia. It is caused by mutations 
in the human thiamine transporter-1 (ho THTR-1), a product of 
the SLC19A2 gene.!®-!°° Thiamine-responsive Wernicke-like 
encephalopathy is characterized by seizures, ophthalmoplegia, 
nystagmus, and ataxia and is believed to occur because of muta- 
tions in hTHTR-2, a product of the SLC19A3 gene.!°? In both 
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disorders, oral administration of thiamine at pharmacologic doses 
result in significant improvements in many of the clinical symp- 
toms. 


Sources and Recommended Daily Allowance 


Thiamine is ubiquitous in foods and, in particular, dried baker’s 
yeast, whole grain cereal, rice bran, nuts, and dried legumes. Poor 
sources of thiamine include highly processed foods such as pol- 
ished rice, oils, and refined sugar. It is important to note that the 
existence of several dietary antagonists affect thiamine availability 
from dietary consumption. Sulfite, which is a food preservative, 
and heat-stable polyhydroxyphenolic compounds which exist in 
ferns, blueberry, red chicory, red beetroot, black currant, brus- 
sel sprouts, and red cabbage, can cleave the thiamine molecule. 
Certain food products and micro-organisms also contain thia- 
mine-degrading enzymes, thiaminease I and II. Thiaminease I is 
present in a variety of microorganisms (e.g., Bacillus thiamineolyti- 
cus), plants (e.g., fern), fish (e.g., carp), and insects (e.g., African 
silkworm Anaphe spp.), and catalyzes a reaction between the thia- 
mine molecule and a variety of bases. Such a reaction not only 
depletes thiamine but also leads to the generation of by-products 
that act as thiamine antagonists. Thiaminease II is relatively rare 
and exists in a small number of microorganisms such as intestinal 
B. thiamineolyticus and Clostridium thiamineolyticum. 

The RDA for thiamine is 1.4 mg/day for men, 1.1 mg/day 
for women, 1.5 mg/day during pregnancy, and 1.6 mg/day for 
women who are lactating. 


Intestinal Absorption 


Physiologic Aspects 
As with other water-soluble vitamins, there are 2 sources of thi- 
amine: dietary and bacterial, the latter generated from normal 
colonic microbiota.' Dietary thiamine from animal sources exists 
mostly in the phosphorylated form, whereas that from plant 
sources exists as a mixture of free and phosphorylated forms. 
Phosphorylated dietary thiamine is hydrolyzed to free thiamine 
by the action of intestinal phosphatases, which are abundantly 
expressed in the small intestine.!’° Free thiamine is then absorbed 
mainly in the proximal small intestine via a specific pH- depen- 
dent and electroneutral carrier-mediated mechanism (see Fig. 
103.1).!7!:!72 Once absorbed in the proximal small intestine, thia- 
mine exits the enterocyte across the BLM via a specific carrier- 
mediated mechanism.!”3 

The normal colon microbiota synthesizes a considerable 
amount of thiamine in both free and phosphorylated forms via 
enzymes involved in the synthesis of TPP.!’*!7> Colonocytes 
possess little or no alkaline phosphatase activity compared with 
the epithelial cells of the small intestine. Identification of a TPP 
uptake system in these cells suggests that this form of thiamine is 
also bioavailable to humans.!’°!’8 Collectively, the presence of 
efficient uptake mechanisms for free and phosphorylated thiamine 
suggest that bacterially-synthesized thiamine contributes signifi- 
cantly to the overall thiamine load in the host and has an impor- 
tant role in maintaining cellular nutrition of the colonocyte itself. 


Molecular Aspects 

The 2 known thiamine transport systems THTR-1 and THTR- 
2, which have been identified in humans and other mammals, 
are both expressed in the small and large intestine.!66-169,179 
The human THTR-1 functions in the micromolar range and 
hTHTR-2 functions in the nanomolar range.'*° The THTR-1 
protein is expressed at both the apical and the BLM domains of 
polarized enterocytes, whereas expression of the THTR-2 pro- 
tein is restricted to the apical BBM domain of absorptive cells 
(see Fig. 103.1),181-182 
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More than 16 missense and nonsense mutations have been 
found in THTR-1 in patients with TRMA. These mutations lead 
to impairment in the function of the protein via changes in stabil- 
ity, membrane targeting, and transport activity.18185t A number 
of mutations have also been found in THTR-2 in patients with 
thiamine-responsive Wernicke-like encephalopathy that lead to 
functional impairment.!°? Other mutations in THTR2 have been 
reported in patients with biotin-responsive basal ganglia dis- 
ease; however, it is unclear how mutations in a specific thiamine 
transporter lead to pathologic conditions that respond to biotin, 
because THTR-2 is not a biotin transporter.!*?)!®° 


Cell Biology Aspects 
Confocal imaging of living human intestinal epithelial cells show 
that THTR-1 protein fused to green fluorescent protein tar- 
gets to both the apical and BLM domains of the polarized cells, 
and that the signals that dictate membrane targeting of the pro- 
tein are embedded within its N-terminal and backbone.!**:!*7 
Furthermore, intracellular trafficking of THTR-1 involves 
numerous trafficking vesicles, and movement of these vesicles is 
temperature-dependent and requires an intact microtubule net- 
work (real-time movies can be viewed at: http://www.jcb.org/cg 
i/content/full/278/6/3976/DC1). More recent studies have also 
shown that THTR-1 interacts with a member of the tetraspanin 
family of proteins (T'span-1) in intestinal epithelial cells, and this 
interaction is important for stability of the thiamine transporter 
(see Fig. 103.4).188 

Living cell confocal imaging has shown that the THTR-2 
protein is expressed exclusively at the apical membrane domain of 
the polarized intestinal absorptive epithelial cells, and this mem- 
brane targeting is dictated by the transmembrane backbone of 
the protein.!*” Similarly, intracellular trafficking of this protein 
depends on the existence of an intact microtubule network.!*” 


Regulatory Aspects 

Intestinal thiamine uptake undergoes differentiation-dependent 
regulation, with upregulation in carrier-mediated thiamine 
uptake as intestinal epithelial cells differentiate. '*”.!°° This upreg- 
ulation is associated with a significant increase in the level of 
expression of hTHTR-1 protein and mRNA, hTHTR-2 protein 
and mRNA, and in the activity of the SLC19A2 and SLC19A3 
promoters. 

Intestinal thiamine uptake is adaptively regulated by the coin- 
ciding substrate level.!?!:!°? Thiamine deficiency in humans leads 
to an increase in intestinal thiamine uptake via changes in the 
Vmax and Km of the uptake process.!?! Similar adaptive upregula- 
tion in intestinal thiamine uptake occurs in mice and is associated 
with a significant increase in the level of expression of THTR-2 
(but not THTR-1) protein, mRNA, and activity of the SLC19A3 
promoter.'”? These data provide evidence that adaptive up- 
regulation in the intestinal thiamine uptake process in thiamine 
deficiency is mediated via an induction in the level of expression 
of THTR-2, and that induction is, at least in part, mediated via 
transcriptional mechanisms. 

Intestinal thiamine uptake undergoes developmental regulation 
during early stages of life. The intestine is more effective at absorb- 
ing thiamine during the suckling period than in adulthood, and 
is associated with a greater expression of THTR-1 and THTR-2 
and more activity of their respective promoters earlier in life.!?’ 
Therefore developmental regulation of intestinal thiamine uptake 
appears to be mediated by transcriptional mechanisms. 

Finally, intestinal thiamine uptake appears to be under the 
regulation of an intracellular Ca**/calmodulin (CaM)-mediated 
pathway.!7°-!°* The same pathway appears to regulate thiamine 
uptake in other cell types (e.g., pancreatic beta cells, renal epi- 
thelial cells, retinal pigment epithelial cells) and suggests a wide 
distribution of this intracellular signaling pathway in the regula- 
tion of thiamine uptake.!°5-1°6 


Clinical Pathophysiology of Intestinal Thiamine Absorption 


Chronic heavy alcohol consumption leads to impaired intestinal 
thiamine absorption and thiamine deficiency.!°’ Animals chroni- 
cally fed alcohol develop significant inhibition of carrier-medi- 
ated thiamine transport across both the BBM and BLM domains 
of the polarized enterocytes, which is mediated via transcrip- 
tional mechanisms.!”> Inhibition of intestinal thiamine uptake 
was noticeable as early as 2 weeks after initiation of alcohol 
exposure.!’° Chronic alcohol feeding also inhibited carrier-medi- 
ated thiamine uptake in the large intestine, which suggests that 
absorption of bacterially synthesized thiamine is also impaired by 
chronic alcohol consumption.!?° 

Infection with the Gram-negative enteropathogenic Esch- 
erichia coli (EPEC), a food-borne pathogen (see Chapter 111), 
severely inhibits intestinal thiamine uptake.'*’ Interestingly, 
EPEC infection of the host does not cause a generalized inhibition 
of micronutrient absorption, and uptake of neither of the water- 
soluble vitamins riboflavin or folate is affected. Furthermore, 
EPEC inhibition of thiamine uptake is associated with a signifi- 
cant decrease in membrane expression of hTHTR-1, hTHTR-2, 
and in activity of the SLC19A2 and SLC19A3 promoters. These 
findings suggest that EPEC infection rapidly affects expression of 
the thiamine transporters at the enterocyte cell membrane, fol- 
lowed by a more prolonged effect that is mediated via inhibition 
of SLC19A2 and SLC19A3 transcriptional activities. 


FAT-SOLUBLE VITAMINS 


Vitamins A, D, E, and K are polar, nonswelling, insoluble lipids 
(Fig. 103.7). There are considerable differences, however, among 
these vitamins, and only vitamin E is an obligate dietary constitu- 
ent. Their respective fat solubility influences their absorption, 
metabolism, excretion, and storage. Although their chemical 
structures are known, the retention of a letter naming system to 
distinguish them is useful because each consists of a number of 
closely related compounds with similar properties.!”” 


Vitamin A 


Hippocrates (466-377 BC) first suggested the functional role of 
a liver-derived nutrient, but vitamin A was only confirmed by 
Moore as a dietary vitamin in 1957. The complexity surround- 
ing its dietary sources, requirement, and availability reflects the 
existence of both retinyl esters ([preformed], previtamin A) and 
carotenoids (provitamin A), both requiring metabolic change to 
become active. Such complexity is further complicated by dif- 
ferences in their properties, regulatory functions, and potential 
clinical applications.*°° 


Metabolic Role and Effect of Deficiency 


Preformed vitamin A is found in the diet in a number of forms, 
including retinol (vitamin A,) and retinal (3-dehydroretinol [vita- 
min A2]), predominantly as palmitate retinyl esters. The basic 
unit of activity is termed a retinol equivalent. 

Carotenoids have 2 primary roles in humans: macula pigments 
and natural precursors to vitamin A. Carotenoids include caro- 
tenes, with provitamin A capability and others, such as lycopene, 
lutein, and zeaxanthin, without this capability.2°!?"" Despite sig- 
nificant global variability in the food sources of carotenoids, there 
is limited evidence of populations that are specifically carotenoid- 
deficient. 

In contrast, retinoids have a critical role in the mammalian life 
cycle. Vitamin A deficiency can cause vision defects such as night- 
blindness and immune dysfunction, the latter notably affecting 
childhood mortality associated with measles and diarrheal ill- 
nesses via a putative role in regulating T-cell—-mediated immunity, 


CHAPTER 103 Digestion and Absorption of Micronutrients 1669 


B carotene 


R3 a-tocopherol 


7 dehydrocholesterol 


Ultraviolet light 


CH3 


Vitamin D 


(@) CH2 CH2 


Vitamin E 


CH3 


(CHe Ta cH2}=H 


(©) CH3 n=4to13 


Vitamin Kə (Menaquinones) 


CH3 


CHp—CH==C—CHp—[CHy— CPG a 
3 


Vitamin K4 (Phytomenadione) 


Vitamin K 
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intestinal mucosal integrity and immunoglobulin (IgA) produc- 
tion.?00.203.204 Deficiency of vitamin A differs between developing 
and developed countries, which highlights the dependency on 
pro- and preformed vitamin A from a well- balanced diet. 

Adequate availability of vitamin A is required for normal 
development and embryogenesis; however, vitamin A excess 
can cause teratogenesis in the first trimester of pregnancy.*% In 
addition, mortality caused by acute vitamin A toxicity has been 
reported in hunters in the Arctic regions after ingestion of polar 
bear liver, which is very rich in vitamin A. 


Sources and Recommended Daily Allowance 


Preformed dietary vitamin A is found in meat products, dairy, egg 
yolk, liver, fish oils, and is fortified in margarine. Provitamin A 
is found in yellow, orange and green vegetables such as spinach, 
carrots, mango, and papaya, with fortification through food col- 
orings that contain B-carotene.””° Of the carotenoids, B-carotene 
has the greatest biologic activity compared with B-cryptoxanthin 
and a-carotene.?°’ In western diets, provitamin A from plant 


sources provides less than 30% of vitamin A, with the remainder 
from animal sources; in developing countries, plant sources pro- 
vide more than 70% as provitamin A.?0% 

Historical studies suggest that vitamin A deficiency rarely 
occurs in populations subjected to starvation owing to the avail- 
ability of carotenes in vegetables, green plants, herbs and grasses, 
which are consumed in times of food shortages. Among Key’s 
Minnesota experiments on healthy subjects given semi-starvation 
vegetable diets, there was no evidence of vitamin A deficiency 
either biochemically, clinically, or on dietary analysis.*° The 
RDA for vitamin A is age dependent and altered in pregnancy, 
lactation, and childhood. For adults, it is equivalent to 900 pg in 
men and 700 pg in women.?!° 

The necessary intake of carotenoids remains unclear, but 2 to 
4 mg/day is recommended, particularly where dietary intake of 
preformed vitamin A is considered insufficient.*°° Dietary intakes 
of vitamin A among the US population recorded in the National 
Health and Nutrition Examination Survey was estimated at 
approximately 500 pg/day; the RDA is commonly achieved 
through vitamin supplementation.7!! 
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Clinical Pathophysiology of Intestinal Absorption of 
Vitamin A 


Provitamin A carotenoids are isoprenoid compounds, which con- 
tain up to 15 conjugated double bonds and are synthesized in cer- 
tain plants, fungi and bacteria.*°? Only approximately 50 of the 
600 known carotenoids are found in the human diet, 10 of which 
have been measured in significant amounts in humans. Of these, 
only 3 are provitamin A precursors: a-carotene, B-carotene, and 
B-cryptoxanthin. B-carotene has twice the activity of the other 
carotenes because it contains 2 B-ionone structures, which have 
the capacity to form 2 vitamin A; molecules.”!? Recent data, how- 
ever, suggest other carotenoids may have greater activity than 
initially considered.” The dietary absorption of B-carotene is 
approximately 17% from a mixed diet. 

Preformed and pro-forms of vitamin A are absorbed differ- 
ently in the small intestine, and absorption also varies in the fed 
and fasted state. Preformed vitamin A is absorbed more efficiently 
than carotenes in the small intestine. Aside from differing degrees 
of absorption, there are also variances in regulatory mechanisms, 
postabsorption activity and metabolism.?!+?!5 

Dietary retinal (vitamin A aldehyde) esters are first hydrolyzed 
to retinol in the intestinal lumen before absorption. Vitamin A 
is a fat-soluble dietary constituent and is better absorbed in the 
presence of pancreato-biliary secretions when incorporated into 
lipid micelles.!° Retinyl ester hydrolysis is required prior to 
absorption, but precise understanding of this mechanism remains 
uncertain. Diffusion and transport-dependent mechanisms have 
been noted, with co-consumption of fat leading to rapid uptake 
of retinol forms and secretion because retinyl esters are solubi- 
lized into chylomicrons. In the absence of dietary lipid, retinol is 
absorbed via a nonlipoprotein-dependent mechanism with secre- 
tion across the intestinal cell; thus absorption of vitamin A occurs 
in the form of both retinyl esters and free retinol. 

Absorption of carotenoids is variable and influenced by the 
complexity of the food matrix, preparation, dose, co-consump- 
tion of fiber, fat, preformed vitamin A and other carotenoids.*!” 
Like the retinyl esters, carotenoids are solubilized into micelles 
with other lipids and absorbed across the luminal interface. There 
appears to be both concentration-dependent passive diffusion and 
a saturable active transporter mechanism, predominantly based 
on f-carotene. In the latter case, activity of the transporter may 
be dependent on the cis-transisomeric form that may compete for 
the transport mechanism.7!° 

Following dietary consumption of previtamin A and retinyl 
esters, or ingestion of carotenoids that are converted to retinol 
in the enterocytes, retinol is re-esterified by lecithin, and retinol 
acyltransferase with palmitic acid. These esters are then incor- 
porated into chylomicrons with other dietary lipids, which enter 
the systemic circulation via the lymphatic system. Although a 
small proportion of retinyl ester is removed by muscle, adipose, 
and other tissues, the larger proportion remains in the chylomi- 
cron remnant, which enters the hepatocytes via an apolipopro- 
tein E-dependent pathway.’!’ Within the hepatocytes, these 
esters undergo hydrolysis and the majority of vitamin A is then 
stored within hepatic stellate cells, whereas a smaller proportion 
remains within the hepatocytes. Vitamin A, primarily palmitate 
retinyl esters, constitutes approximately 40% of the stellate cell’s 
lipid content and accounts for most of the body’s retinoid stores. 
How vitamin A is transported from the hepatocyte to the stellate 
cell remains unknown. It is released into the systemic circulation, 
depending on physiologic requirement, as determined by the 
ratio of retinol-bound to retinol-binding protein (RBP). 

RBP is a 21-kd protein with a single retinol-binding site. It is 
produced in hepatocytes and other tissues and is responsible for 
transporting vitamin A to peripheral tissues from the liver. RBP is 
bound as a 1:1 complex with transthyretin, which also plays a role 
in the transport of thyroxine. RBP levels are tightly regulated and 


this contributes to the systemic bioavailability of retinol. RBP is 
a specific transport protein for retinol and other retinoids, and is 
responsible for the reprocessing of retinol between hepatic stel- 
late cells and the periphery.’!*?!? More than 95% of retinol in 
the plasma is bound to RBP and the remainder is found as retinyl 
esters in lipoproteins released from the liver. 


Vitamin D 


Vitamin D is part of the secosterol family of compounds and is 
unique because it can be produced endogenously by ultraviolet 
B wavelength sunlight exposure. This exposure is conditional, 
and dietary supplementation may be necessary to avoid defi- 
ciency. The vitamin D group includes vitamin D; (cholecalcif- 
erol) and D, (ergocalciferol). The originally identified vitamin 
D, was subsequently recognized as a mixture of different ste- 
rols.”?° Another unique aspect of vitamin D is its dependence 
on structural modification to become its active form, 1,25a- 
dihydroxycholecalciferol (1,25a-[OH])D3), through a series of 
organ-specific enzyme-dependent metabolic steps that requires 
it to circulate through the body.??! 


Metabolic Role and Effect of Deficiency 


The principal function of vitamin D is related to its effect on 
calcium and phosphate homeostasis, although there is increasing 
evidence of its importance in other areas such as cellular prolif- 
eration, diabetes, and immunomodulation. 

Vitamin D exerts its effects via the vitamin D receptor (VDR), 
which is a member of the steroid hormone superfamily. This leads 
to transcriptional regulation of target genes, including upregula- 
tion of osteocalcin and receptor activator of nuclear factor kappa-B 
ligand and down-regulation of parathyroid hormone (PTH).’” 
VDR is noted in high levels in the intestinal epithelial cells, where 
it modulates calcium absorption; renal tubular epithelial cells and 
collecting ducts where calcium resorption occurs; bone tissue, 
including osteoblasts; and parathyroid tissue. VDR is also noted 
in high concentrations in pancreatic beta cells and immune cells, 
which include activated T lymphocytes and the monocyte/macro- 
phage line, for which it influences differentiation. 

Vitamin D, as 1,25a-(OH)7D3, influences calcium absorption 
through both transcellular and paracellular transport mecha- 
nisms.’?} In the former, it is suggested that there are modulator 
effects on the TRPV6 calcium receptor, the calcium-binding 
protein that facilitates cytosolic diffusion. These transport mech- 
anisms, however, are thought to be critical only in the setting of 
calcium deficiency and are only a subset of alternative mecha- 
nisms for transcellular calcium transport through the intestinal 
epithelium. 

Paracellular transport of calcium is considered to occur by 
passive absorption, which depends on the electrochemical gradi- 
ent between the intestinal lumen and extracellular environment 
as well as the integrity of the intercellular tight junctions. This 
transport mechanism is influenced by 1,25a-(OH),D;-induced 
expression of claudins that facilitate calctum transport and inhibit 
cadherin and aquaporin protein expression. Finally, it is sug- 
gested that 1,25a-(OH),D; regulation of tight junction proteins 
have a role in protecting against mucosal injury and maintaining 
the integrity of the bowel mucosa.’*+ Limited animal model data 
suggest that the effect on expression of transporter proteins via a 
transcriptional mechanism may also extend to phosphate absorp- 
tion (NaPi-Ib).’”> 

1,25a-(OH),D; influences renal calcium resorption through a 
number of mechanisms, including an indirect effect on increas- 
ing calcium absorption, a synergistic effect with PTH to increase 
the efficiency of calcium resorption by increasing mRNA of both 
PTH and PTHpp receptors, enhancement of calcium absorption 
in the distal tubules consistent with localization of VDR, and 


increased expression of the PMCa pump for calcium transport at 
the BLM of distal renal tubular cells.’??77° 

Vitamin D deficiency is associated with metabolic bone dis- 
ease through altered calcium and phosphate regulation, effects 
on PTH formation and release, and a direct effect on bone tissue. 
Rickets in children and osteomalacia in adults develop as a con- 
sequence of impaired bone mineralization along with associated 
hypocalcemia and a physiological increase in PTH with subse- 
quent bone breakdown; this is associated with skeletal malforma- 
tions in children and risks of fracture in all age groups. Vitamin D 
deficiency is associated with a range of other conditions, includ- 
ing cardiovascular disease, immune deficiency, diabetes, hyper- 
tension, and cancer.22”228 


Sources and Recommended Daily Allowance 


Vitamin D is present in food as a natural constituent and an addi- 
tive. The richest sources of vitamin D are fish, including salmon, 
tuna, and mackerel, which ingest vitamin D from dietary plank- 
ton; and from oils extracted from fatty fish, such as cod liver 
oil.!°?.°2? Vitamin D is also found in eggs and liver. Human breast 
milk contains sufficient vitamin D to prevent rickets, but unforti- 
fied cow’s milk is a poor source of vitamin D. Dairy products, 
orange juice, margarine, and cereals are frequently fortified with 
vitamin D.?7! 

Dietary intake is complementary to the vitamin D that is pro- 
duced endogenously through skin exposure to UVB (290 to 320 
nm) light. It is suggested that for populations between the ages of 
4 and 64 years, summer sunlight exposure is sufficient to provide 
adequate vitamin D. The value of sunlight depends on the geo- 
graphic location and dose of UVB light, which is reduced by sun- 
screen, clothing and other barriers.73°?3? Accordingly, seasonal 
variations are noted in populations from temperate climates, with 
serum concentrations of vitamin D falling in winter and spring. 
Vitamin D production in the skin is also affected by pigmenta- 
tion, and populations with fairer skin tones generate more vita- 
min D from sunlight exposure. 

RDA varies depending on age, but is 600 [U/day in adults 
including pregnant and breastfeeding women. Higher amounts 
may be of value in the maintenance of bone health.’*7*+ 


Intestinal Absorption 


Vitamin D is absorbed from the small intestine via a process of 
passive diffusion that depends upon the presence of fat and bile 
salts for the formation of micelles.?>+* ( The duodenum and 
the distal segments of the small intestine play an important 
role in vitamin D absorption, but the majority of absorption 
appears to occur in the distal small intestine where the transit 
time is greater. Intestinal absorption of vitamin D is disrupted 
in those with intestinal resections, malabsorptive weight loss 
surgeries or inflammatory states affecting these regions of the 
small intestine.?*° 


Physiologic Aspects 

As with vitamin A, vitamin D absorption occurs by passive dif- 
fusion in the small intestine and it appears that bile salts are not 
necessary for this process.” Luminal pH influences absorp- 
tion, which is reduced at neutral pH and increased in an acidic 
milieu.?*” Most of the absorbed vitamin D passes unchanged in 
chylomicrons into the lymphatic system. 


Metabolic Aspects 

‘The metabolic pathway for vitamin D is well defined. UVB expo- 
sure converts 7-dehydrocholesterol, a cholesterol-like compound 
in the skin, to secosterol previtamin D3, which rearranges to vita- 
min D3, cholecalciferol. Vitamin D; is subsequently transported 
in the circulation by vitamin D-binding protein to the liver.’>* 
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In the liver, both vitamins D, and D; are converted to 
25(OH))D; through P450 cytochrome vitamin D 25-hydroxy- 
lase.23? 25(OH)2D; is transported in the blood to the proximal 
renal tubule where it is further hydroxylated to convert to the 
active 1,25a-(OH) D; by renal 1la-hydroxylase, CYP27B1, which 
is found predominantly in the kidney, although activity has been 
noted in some extra-renal tissues??? This la-hydroxylation 
appears to be the most essential step in the vitamin D pathway.”*! 


Regulatory Aspects 

Regulation of the availability of active 1,25a-(OH)D; 
includes 2 key processes. First, the production of competing 
low-activity forms through reduction in available precursor 
25(OH)2D; to 24,25(OH),D; by 24-hydroxylase or conversion 
of 1,25a-(OH),D3 to 1,24,25(OH),D3, and second, through 
negative feedback loops involving inhibition of la-hydroxylase 
activity, transcription by PTH, and 24-hydroxylase transcrip- 
tion.’ These negative feedback mechanisms work to modulate 
1a,25(OH)2D; function and availability to prevent overactivity 
and metabolic dysregulation of calcium. 


Vitamin E 


Vitamin E represents 2 families of natural antioxidants derived 
from plant chlorophyll and tyrosine. The tocopherols have a 
chromanol ring with a saturated 15-carbon tail, and the tocot- 
rienols have an unsaturated isoprenoid 16-carbon side chain.’*” 
Each of these includes 4 isomers (a, B, y, 5), depending on the 
position of a methyl group, which modulates bioavailability and 
biologic activity. Interest in vitamin E has been principally with 
a-tocopherols, but there is increasing evidence that clinical ben- 
efits, particularly related to supplementation, are seen more com- 
monly with tocotrienols (see Fig. 103.7).?*? 


Metabolic Role and Effect of Deficiency 


The principal role of vitamin E is as a lipid-soluble membrane- 
bound potent peroxyl radical scavenger. Vitamin E restricts 
the propagation of free radical breakdown of membrane lipids, 
specifically polyunsaturated fatty acids, which otherwise can 
lead to further free radical release and self-propagating mem- 
brane injury.*** Free radicals preferentially react with vitamin 
E as tocopherol, leading to the formation of a tocopherol-free 
radical complex that is “recycled” by reducing agents (including 
vitamin C), which restores its antioxidant properties.?*? Animal 
studies indicate that tocotrienols may exhibit antioxidant activ- 
ity through induction of antioxidant enzymes (e.g., superoxide 
dismutase, glutathione peroxidase).’*°?*’ The effectiveness of 
vitamin E supplementation, however, may depend on in-situ 
antioxidant availability. Furthermore, it is suggested that Vitamin 
E may also modify vitamin K metabolism and exert an inhibitory 
effect on the clotting cascade.?* 

In addition to their antioxidant properties, tocotrienols have 
transcriptional, translational, and post-translational effects.7+* 
Such targets include growth factors such as transforming growth 
factor-B, which modulates proliferation, caspase-8 and other sig- 
naling pathways involved in apoptosis, and suppression of angio- 
genesis through inhibition of vascular endothelial growth factor 
and receptor signaling. 

Studies evaluating the role of vitamin E in the inflamma- 
tory cascade have produced mixed results. One hypothesis for 
this is owing to the contrasting effects of the various isoforms 
of vitamin E, which may have competing and opposing influ- 
ences on the inflammatory pathway.**? This is demonstrated 
by stimulatory and inhibitory effects on the vascular adhesion 
molecule, VCAM-1, by a-tocopherol and y-tocopherol, respec- 
tively. More specifically, VCAM-1—dependent lymphocyte trans- 
migration demonstrates direct antagonizing effects following 
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supplementation. Tocopherols demonstrate additional immuno- 
modulatory effects involving the regulation of signal transduc- 
tion of protein inflammatory mediators (PKC, protein tyrosine 
kinases), regulatory enzymes in the eicosanoid pathways (5-, 12-, 
and 15-lipoxygenases, cyclooxygenase-2, phospholipase A2), and 
modulation of protein-membrane interactions.” Additionally, 
tocopherol isomers have been shown to modulate inflammation 
in models of asthma, without an effect on cytokines or other rec- 
ognized inflammatory mediators.?°!75? 

Vitamin E deficiency can occur in those with poor dietary 
intake or inherited metabolic conditions. Neurologic conse- 
quences of vitamin E deficiency include cerebellar ataxia, which 
is presumed to occur because of uncontrolled oxidative stress 
and cellular membrane damage, although it remains unclear why 
the cerebellum is most likely affected These clinical manifesta- 
tions can also be seen in those with congenital metabolic defi- 
ciencies such as chylomicron retention disease or deficiencies 
of a-tocopherol transfer protein owing to gene mutation.2>*75+ 
Although deficiency of vitamin E as a result of poor dietary intake 
is rare, it may result from fat malabsorption and after bariatric 
surgery.*>? The clinical benefits of vitamin E in regards to its 
antioxidant and membrane-protective properties have produced 
conflicting results in studies when evaluating cardiovascular risk. 
There are also some data to suggest that tocotrienols may have a 
cancer-preventative role via antiproliferative inhibitory effects on 
the cell cycle and apoptosis.’*° A potential benefit has been dem- 
onstrated in prostate cancer risk with a-tocopherol supplementa- 
tion; however, there was accompanying evidence of an increase of 
colorectal adenomas. 


Sources and Recommended Daily Allowance 


The RDA for vitamin E is 15 mg/day (22.4 IU), with lower levels 
recommended in childhood and increased levels recommended in 
lactating women.’*’ Vitamin E, mainly as a-tocopherol, is found 
in a range of lipid-rich plant seeds, oils, and vegetables, which 
include wheat germ, sunflower, almond, hazelnuts, peanuts, corn, 
margarine, soya bean, broccoli, tomato, and spinach. Of note, 
breast milk contains a higher level of vitamin E than cow’s milk. 


Intestinal Absorption 


Physiologic Aspects 

Vitamin E is absorbed passively across the intestinal mucosa. 
The ester form, in which many vitamin preparations are pre- 
sented, is hydrolyzed by pancreatic and duodenal esterases prior 
to absorption, but the ester can be absorbed intact.’>’? After 
vitamin E is incorporated into micelles, it is transported across 
enterocytes and merged into chylomicrons for transfer into 
the lymphatics. Vitamin E absorption is affected by concurrent 
dietary fat intake.*°° Results comparing supplementation of the 
isoforms of both tocopherol and tocotrienols in healthy human 
subjects suggest that marked increases in plasma a-tocopherol 
levels occur after supplementation, with negligible increases in all 
other isoforms. Supplementation with supra-high levels of toco- 
trienol (up to 300 mg/day) lead to a marked increase in plasma 
levels, suggesting a dose-dependent response.*°! 


258 


Clinical Pathophysiology of Intestinal Vit E Absorption 


The biologic activity of a-tocopherol is based on a metabolic 
response and is thought to be secondary to a process of selective 
retention in the liver that is mediated by a-tocopherol transfer 
protein, which incorporates a-tocopherol into lipoproteins prior 
to its return to the circulation. Incorporation of a-tocopherol 
into lipoproteins occurs at the expense of other forms of vita- 
min E that demonstrate a lower binding affinity, which are then 
degraded and excreted. Although the antioxidant properties are 


similar, the biologic properties are highest for a-tocopherol.*® 
Through the above mechanism, the liver plays a significant role in 
regulating circulating levels of a-tocopherol. Radio-labeled stud- 
ies suggest that the half-life of natural a-tocopherol is less than 60 
hours in the circulation There is rapid recirculation between the 
liver and systemic circulation with almost daily replacement of 
the vitamin E pool.”6264 Tocopherols are metabolized by cyto- 
chrome P450 side-chain degradation/oxidation and are excreted 
by the biliary system. 


Vitamin K 


Similar to other fat-soluble vitamins, vitamin K is acquired from 
both exogenous and endogenous sources. This family of com- 
pounds has structures similar to chlorophyll, from which phyl- 
loquinone is derived, but differs in the nature of their side-chain 
structure.” Dietary sources include phylloquinone (K,) and 
endogenous sources are from bacterial synthesis in the colon and 
include menaquinones (K3). Menaquinones may also be absorbed 
in small quantities from the diet and can be synthesized from 
dietary phylloquinone in certain tissues. 

The role of vitamin K has primarily focused on the coagula- 
tion pathway, although additional roles have been discovered for 
menaquinones. 


Metabolic Role and Effect of Deficiency 


The traditionally recognized function of vitamin K is vitamin 
K-dependent (VKD) protein carboxylation for intracellular 
activation of VKD proteins. VKD carboxylase is an endoplas- 
mic reticulum membrane bifunctional enzyme that catalyzes 
both the oxygenation of vitamin K hydroquinone to vitamin 
K epoxide and carboxylation of multiple glutamate residues to 
y-carboxyglutamate (Gla) on VKD proteins. These steps are 
essential in the synthesis of clotting factors II, VII, IX, and X 
within the liver.?°°°° VKD carboxylase has also been identified 
in tissues other than the liver including lung, kidney, spleen, tes- 
tis, and bone, and, therefore, serves additional roles beyond those 
associated with hemostasis.?°’ 

Deficiency of vitamin K is rare but may occur in the setting 
of fat malabsorption (fecal loss of vitamin K), antibiotic exposure 
(antibiotics are cidal to vitamin K—producing bacteria) and/or 
following ingestion of high doses of vitamin E. The effects of 
Vitamin E on homeostasis in humans have not been fully elu- 
cidated, but in rat models it seems to be secondary to increased 
vitamin K metabolism and excretion as a result of elevated hepatic 
a-tocopherol concentrations after vitamin E supplementation.?°* 
Adequate vitamin K absorption is required for bone health 
because it is involved in matrix Gla protein and osteocalcin, both 
of which are involved in bone calcification. Chronically low lev- 
els of vitamin K are associated with metabolic bone disease and 
increased risk of fracture.?°? 


Sources and Recommended Daily Allowance 


Vitamin Ky, phylloquinone, is derived from chlorophyll, which 
is present in green vegetables, including broccoli, spinach, let- 
tuce, herbs, and kale. Absorption and bioavailability depends on 
a variety of factors including the nature of the food matrix and 
the fat content of the meal. Studies suggest that absorption from 
raw vegetables is markedly low (<10%) compared with absorption 
from fortified oils.7”” Co-consumption of fat, especially polyun- 
saturated fats, facilitates the absorption of vitamin K. 
Menaquinones (e.g., MK-4) are primarily synthesized by 
anaerobic bacteria in the colon but may be found in small 
amounts in meat, eggs, and dairy products.’”! Absorption of 
menaquinones has a markedly reduced peak bioavailability com- 
pared to phylloquinone and is felt to be from greater rates of 


clearance, decreased absorption or both. Menaquinones do not 
appear to be as important for vitamin K status in humans as 
previously described.?72773 

Recommended vitamin K intake is 120 pg/day for men, 
90 ug/day for women, and lower levels for infants and children.’”+ 


Clinical Pathophysiology of Intestinal Vit K Absorption 


Phylloquinone is absorbed through the lipid pathway and is 
dependent on bile and pancreatic enzymes. Enterocyte uptake 
of vitamin K1 (phylloquinone) is achieved by a carrier-mediated 
process, whereas vitamin K2 absorption (menaquinone) is via a 
passive process.’”>7/° Following absorption, vitamin K1 and K2 
are transported by chylomicrons and delivered to the liver in chy- 
lomicron remnants. Phylloquinone is predominantly transported 
in triglyceride-rich lipoproteins and long-chain menaquinones 
in low-density lipoproteins; the exact mechanism of vitamin K 
uptake in the liver remains limited.’”° 


MINERALS AND TRACE ELEMENTS 


Calcium 


Calcium is found abundantly in the body and plays an integral 
role in both structural and physiologic aspects of normal bodily 
processes. The RDA in adolescents and adults is between 1000 
mg/day and 1200 mg/day but also varies depending on sex and 
age, and increases during periods of growth.’”’ Dairy products 
are the most common sources of calcium, accounting for up to 
75% of dietary calcium intake. Other products including cere- 
als, legumes, and certain vegetables play a less significant role for 
most populations. Dietary fibers, phytic acid and oxalate can bind 
calcium in the intestine and decrease its availability for absorp- 
tion. In contrast, dietary lactose enhances calcium absorption.?’° 
It is estimated that only 20% to 30% of ingested dietary cal- 
cium is absorbed, whereas the remainder of ingested calcium is 
excreted in the feces. 

Absorption of calcium across the intestinal mucosa is achieved 
via 2 parallel processes. The first process is an active saturable 
transcellular transport process, which dominates at lower levels 
of calcium intake. The second process is a passive nonsaturable 
paracellular diffusive process, which becomes the dominant pro- 
cess during higher levels of calcium intake (Fig. 103.8).?7??*! 
Under normal dietary conditions, the duodenum and proximal 
jejunum are the major sites of active calcium transport, whereas 
passive paracellular transfer occurs throughout the small intes- 
tine. Despite the proximal localization of these active transport- 
ers, quantitatively, more calcium is absorbed in the jejunum and 
ileum than in the duodenum because luminal contents dwell in 
these regions of intestine for longer periods of time. The human 
jejunum absorbs calcium faster than the ileum. Rates of absorp- 
tion in both regions are increased by the quantity of calcium 
ingested and certain physiologic states including pregnancy and 
lactation.”*? Intestinal calcium absorption is markedly influ- 
enced by vitamin D status. In animals with vitamin D deficiency, 
calcium absorption is decreased by more than 75% because of 
inhibition of transcellular transport and cellular trapping in the 
intestinal mucosa.?*375+ 

The paracellular transport of calcium through tight junctions 
increases in response to vitamin D supplementation.* TJ per- 
meability increases during sugar transportation and may provide 
an additional mechanism for control of the paracellular transport 
of calcium.?86 

The transcellular route involves facilitated diffusion across the 
apical membrane, transfer across the cytoplasm, and exit across 
the BLM (see Fig. 103.8). Entry is mediated by TRPV6, a specific 
non-voltage-gated calcium channel in the apical membrane and 
down the prevailing electrochemical gradient. In the cytoplasm, a 
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Fig. 103.8 Mechanisms of intestinal calcium absorption. A paracel- 
lular route allows bidirectional flux. Transport into the epithelial cell 
occurs via specific channels down an electrochemical gradient. A 
critical step is binding to calbindin, which then presents calcium for 
export via a calcium-dependent adenosine triphosphatase (ATPase) 
on the BLM. Each of these processes appears to be influenced by 
1,25-(OH)2 vitamin D, although maximal effect is on the synthesis of 
fresh calbindin. 


ADP, Adenosine diphosphate; ATP, adenosine triphosphate. 


key step is binding to a calcium-binding protein, calbindin D9K 
(or calbindin 3).?°788 Maximal transport rates correlate closely 
with calbindin concentrations, which appear to play a signifi- 
cant role in calcium regulation and are modulated by calbindin 
D9k and D28k.’*? Calbindin D9K rapidly binds to calcium as it 
enters the cell because intracellular free calcium concentrations 
are carefully maintained at very low values. Transient increases 
in intracellular calcium act as key second-messenger signals for 
secretory responses in enterocytes. Absorbed calcium is presum- 
ably segregated from the calcium involved in cell signaling, and 
calbindin D9K plays a vital role by bringing calcium to the trans- 
porter at the BLM’? 

Another calcium-binding protein, calbindin D28K (CALB1), 
is induced by vitamin D and binds 4 calcium ions, compared with 
calbindin D9K, which binds 2 calcium ions. This process involves 
an active mechanism that uses calcium-dependent ATPase, which 
drives calcium uphill against the electrochemical gradient.?** 
Calcium arrives at the basolateral pole bound to a site at the cyto- 
plasmic aspect of the calcium-dependent ATPase that spans the 
BLM. A phosphorylation-induced change in the conformation of 
the calcium-dependent ATPase follows, and the calcium ion is 
extruded through a channel formed by transmembrane elements 
of the enzyme.*?! 

The rate-limiting step in the intestinal absorption of calcium 
is the intracellular calbindin concentration, which is regulated by 
1,25-dihydroxyvitamin D (1,25a-[OH],D3).7°° Activated vitamin 
D also has a modest effect on the calcium entry step and enhances 
activity of the basolateral calcium ATPase. Upregulation of the 
calbindin gene in response to vitamin D occurs principally in 
intestinal villus cells.’” 

The colon accounts for up to 7% of total calcium absorp- 
tion, which can be enhanced by vitamin D and remains an 
important route of calcium absorption in patients with short 
bowel syndrome.??*7+ 

Active calcium absorption in the duodenum is increased in 
states of calcium deficiency and decreased in states of calcium 
abundance. When plasma calcium concentrations fall, there is 
increased production of the active 1,25a-(OH),D; metabolite, 
which is responsible for increasing calcium absorption. This 
change can occur within a day of dietary calcium deprivation and 
is the most likely etiology for enhanced calcium absorption seen 
later in pregnancy and during lactation.” 
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Following birth, ingestion of calcium with lactose in breast 
milk ensures adequate uptake of calcium during this critical stage 
of life when active vitamin D-dependent absorptive mechanisms 
are already active in the human duodenum. Calcium absorption 
declines with age, which may result from vitamin D insufficiency 
or a decreased intestinal response to vitamin D ingestion.’’* 


Magnesium 


Standard diets provide 300 to 500 mg of magnesium per day, 
most of which is derived from plant sources. Mechanisms of 
magnesium absorption appear to be different from those of cal- 
cium; however, these have not been well studied. In contrast to 
calcium, magnesium absorption is greater in the human ileum 
than in the duodenum or jejunum.?® Jejunal absorption of mag- 
nesium is increased by vitamin D, whereas ileal absorption is not. 
Ileal transport involves both a paracellular diffusive pathway, 
which competes with calcium and a transcellular carrier-medi- 
ated saturable process, which does not compete with calcium 
absorption.?*°””” Quantitatively, magnesium fluxes across ileal 
mucosa are several-fold greater than those for calcium, but the 
overall efficiency of magnesium absorption associated with nor- 
mal dietary intake ranges from 21% to 27%. 

Magnesium deficiency is associated with associated alterations 
in calcium, potassium, and sodium and emphasizes the impor- 
tance that magnesium has on overall electrolyte regulation. 


iron 


Iron exists in a number of oxidative states through which it per- 
forms a range of essential metabolic functions. Iron is a co-factor 
for both heme, nonheme proteins and enzymes and plays a critical 
role in oxygen transport, metabolism and cellular respiration. !® 

Meat-eating persons in affluent societies ingest approximately 
20 to 30 mg of iron per day, largely as myoglobin or hemoglobin. 
Vegetarians in poorer countries ingest much less than this, pri- 
marily in wheat and vegetables in which iron is less readily avail- 
able for absorption. Furthermore, certain foods have the capacity 
to sequester iron through compounds like phytates and tannins 
and interfere with iron absorption.*?* 

The human body contains approximately 3 to 5 g of iron and 
most of this is found within hemoglobin or myoglobin for oxygen 
carriage and muscle function, respectively. Storage forms of iron 
are found in the spleen, liver, and bone marrow.*” A balance of 
iron absorption and excretion is maintained in normal adults with 
a turnover of approximately 1 mg/day. Developing children and 
adolescents need to absorb approximately 0.5 mg/day more to 
gradually accrue body iron stores to adult levels. Iron is present 
in breast milk as lactoferrin, which is absorbed by a specific BBM 
receptor in infants.°°°3°! Women of reproductive age may need 
to compensate for iron losses as a result of menses and pregnancy. 

Dietary intake often exceeds the body’s requirement for iron. As 
a result, the body only needs to absorb a small portion of the total 
iron ingested. Overall, there is a positive and linear relationship 
between the amount of iron ingested and what is absorbed; how- 
ever, the fraction absorbed decreases as more iron is consumed?” 

The body’s iron stores are regulated by controlling the 
amount of iron absorbed from the diet. Under normal circum- 
stances, only approximately 10% (1 to 2 mg/day) of dietary iron 
is absorbed and this occurs predominantly in the proximal small 
intestine. The ferrous (Fe2*) form is absorbed better than the fer- 
ric (Fe**) form, which is insoluble at pH values greater than 3. 
Owing to alterations in absorption under acidic conditions, gas- 
tric acid, some sugars and amino acids render dietary iron more 
amenable to absorption. In the intestinal lumen, when iron is in 
contact with certain anions like oxalate, phosphate and phytate, 
it may be precipitated out of solution and result in decreased 
absorption. The presence of bile enhances iron absorption; how- 
ever, the underlying mechanism for this remains unclear. 


Fe?+ 
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Fig. 103.9 Mechanisms of intestinal iron absorption. A small 
amount of inorganic iron may pass through the paracellular route. 
Inorganic iron is converted into its ferrous form at the brush border 
membrane before transport into the cell. Heme iron is transported into 
the cell by a separate mechanism. Within the cell, 1 or more iron-bind- 
ing proteins take up iron and transfer it to the BLM for delivery across 
the membrane and subsequent binding to transferrin. DMT1, Divalent 
metal transporter-1; Fe-BP, iron-binding protein. 


Dietary iron is predominantly found in the ferric form, 
which is highly insoluble under physiologic conditions. Dietary 
iron is converted to the Fe’* form at the apical cellular mem- 
brane before attaching to an acceptor protein in the membrane 
for absorption. The intestinal mucosa reduces Fe** to Fe% via 
duodenal cytochrome b, a membrane-associated ferrireductase 
associated with apical transport via divalent metal transporter-1 
(DMT1).2!32973 Ascorbic acid also reduces Fe? and facilitates 
iron absorption when consumed with iron-rich foods or supple- 
ments. Increased ferrireductase activity correlates with enhanced 
iron uptake induced by iron deficiency and hypoxia.?04305 

Iron uptake occurs at 2 interfaces of the intestinal epithelium: 
the apical and basolateral plasma membranes (Fig. 103.9).3° 
The apical plasma membrane of the differentiated enterocyte is 
specialized for transport of heme and ferrous iron into the cell. 
Three major pathways of iron transport across the apical mem- 
brane have been proposed. The best-characterized pathway 
is via the DMT 1 (also known as Nramp2), which is located in 
the BBM, primarily in the villus tip cells.°°’ There are 2 splice 
variants of DMT! that yield 2 messenger RNAs (mRNAs): one 
containing an iron-responsive element (IRE) termed DMT1 
(IRE) mRNA, and another without an [RE-designated DMT1 
(non-IRE) mRNA. DMT1 is a proton symporter that transports 
ferrous iron and other divalent metals from the intestinal lumen 
into the enterocyte (see Fig. 103.9). It is upregulated during iron 
deficiency and downregulated in cases of iron excess. 

In order of substrate preference, DMT1 can mediate import of 
Fe?+, Zn?+, Mn2*, Co?+, Cd?+, Cu?+, Ni?+, and Pb?+. The idea that 
this transporter recognizes other divalent cations is supported by 
observations that Zn2*+, Mn2*, Cd?+, and Cu2* can all inhibit this 
process. DMT1 mRNA is found in many tissues, but the protein 
and its mRNA are most abundant in the proximal duodenum.!> 
Iron depletion results in increased DMT1 mRNA levels in the 
intestine, which suggests that IRE in its 3’ untranslated region 
binds and stabilizes the DMT1 mRNA.!!° Although the major 
route for dietary iron absorption is likely mediated by DMT1, 
this transporter is found only in the apical surface of enterocytes; 
thus other factors must be involved in the transfer of iron across 
the intestinal epithelium. 

DMT1 may be involved in the pathogenesis of hereditary 
hemochromatosis (see Chapter 75). The HFE gene is responsible 
for hereditary hemochromatosis and HFE protein is found in the 
crypt cells of the duodenum associated with B)-microglobulin and 
transferrin receptors. It is hypothesized that HFE protein facili- 
tates transferrin receptor-dependent iron uptake into crypt cells 
and that mutant HFE protein might have lost this ability, which 


leads to a relative iron deficiency in duodenal crypt cells. In turn, 
this increases expression of DMT1 and results in increased iron 
absorption in people with hereditary hemochromatosis. Upregu- 
lation of DMT1 expression has been confirmed in the HFE-KO 
mouse and in humans with hereditary hemochromatosis.>* 

Tron can also be absorbed in the form of heme iron (in hemo- 
globin and myoglobin), which is readily transported across the 
BBM of the enterocytes as an intact heme moiety. The presence of 
globin increases the absorption of iron in this form. Heme-carrier 
protein 1 has been isolated from the mouse duodenum. It is a large 
hydrophobic transporter that is present in the apical membrane 
during iron deficiency and in the cytoplasm during iron overload, 
which makes it a putative candidate for heme-iron transport.>°” 
Once within the cell, heme is broken down by heme oxygenase, 
and the iron is released into the nonheme pool for incorporation 
into intracellular ferritin and for export from the cell.310-311 

Another proposed pathway for iron absorption involves intes- 
tinal mucins, a 56-kd protein designated mobilferrin, an integrin, 
and a ferric reductase. This pathway depends on metabolic energy 
and appears to be facilitated by nonessential fatty acids.°°+317713 A 
small proportion of the iron crossing the mucosa uses a paracellular 
route by simple diffusion (see Fig. 103.9). Once within the entero- 
cyte, expression of the iron-storage protein ferritin is regulated by 
the intracellular concentration of iron. Ferritin synthesis increases 
when iron is present in excess and decreases when iron levels are low. 

Iron transport across the BLM of villus enterocytes involves at 
least 2 proteins: a ferroxidase called hephaestin, which is associated 
with the BLM, and a basolateral iron transporter termed ferroportin 
1 (FPN1), iron-regulated protein-1, or metal-transport protein-1. 
These proteins work in conjunction to transport ferrous iron out of 
the cell and to oxidize ferrous iron to the ferric form, which allows 
it to be incorporated into circulating apotransferrin.*”° The trans- 
ferrin receptor, in combination with the hemochromatosis protein 
(HFE), allows the binding of apotransferrin-bound iron and its 
uptake back into intestinal cells.*!* FPN1 is a membrane-bound 
protein, which contains IREs that are upregulated in iron defi- 
ciency and downregulated during iron excess. Hepcidin is a circu- 
lating peptide hormone that is produced in the liver and is thought 
to influence enterocyte iron transport by binding to FPN1, which 
results in the internalization and degradation of FPN1 and thereby 
reduces iron absorption.’ 15316 

The majority of the body’s iron requirements are met by iron 
recycling from erythrocyte capture and degradation by reticuloen- 
dothelial macrophages.*!’ The body’s iron stores are tightly regu- 
lated through changes in iron absorption owing to the fact that there 
is not an effective system to remove excess iron from the body. Iron 
storage is controlled in at least 3 ways: (1) Mucosal block, which 
occurs when enterocytes do not absorb iron for several days after 
ingestion of large quantities of iron. This may reflect the inhibi- 
tion of FPN1 by hepcidin in response to increased iron stores, but 
a direct effect on DMT1 is also possible;*!’ (2) the stores regulator, 
which acts on a pathway that facilitates a slow accumulation of dietary 
nonheme iron. The stores regulator is of great physiologic impor- 
tance because it prevents iron overload after ensuring iron stores are 
replete. The molecular mechanism of the stores regulator has not 
been established, but it is proposed to involve soluble factors such 
as transferrin-bound iron, serum ferritin, serum transferrin, or hep- 
cidin; and (3) the erythropoietic regulator, which adjusts intestinal 
iron absorption in response to the demands of erythropoiesis, inde- 
pendent of body iron stores. This regulator signals directly between 
the hematopoietic bone marrow and the duodenum. Although the 
erythropoietic regulator is proposed to be a soluble component of 
the plasma, it is distinct from the stores regulator. This mechanism is 
supported by the greater rate of iron uptake in persons with anemia 
than could be produced by the stores regulator alone. 

The stores and erythropoietic regulators are circulating fac- 
tors that maintain iron homeostasis. Within individual cells, the 
iron regulatory proteins (IRPs) IRP-1 and IRP-2 act to con- 
trol iron availability by translational control of the synthesis of 
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proteins such as transferrin and ferritin. IRPs are cytoplasmic 
RNA-binding proteins that function on mRNAs that contain 
IREs. Functional IREs are present in the 3’ untranslated region of 
mRNAs for transferring in 1 of the 2 isoforms of DMT1 (DMT1 
IRE) and in the 5’-untranslated region of mRNAs for ferritin, 
FPN1, mitochondrial aconitase, and the erythroid-specific form 
of 6-aminolevulinic acid synthase. IRPs connect intracellular iron 
with the use of cellular iron, and their activities can be altered by 
inflammation and oxidative stress. 

Basolateral iron uptake from the plasma by cryptal enterocytes 
plays an important role in sensing total body iron stores. There 
is considerable evidence that the iron concentration within the 
cryptal enterocyte is an important determinant of iron absorp- 
tion. The mechanism by which the intracellular iron concentra- 
tion can respond to the body’s iron needs is poorly understood. 
It is clear, however, that cells in the crypts of Lieberkiihn always 
express transferrin, and the endocytic mechanism imparts infor- 
mation about the body iron storage based on plasma transferrin 
saturation. It is also well recognized that acute changes in body 
iron stores, whether overload or deficiency, are not reflected by 
changes in iron absorption for 2 or 3 days. This lag response 
time likely correlates with the migration time for proliferating 
cells in the crypts to differentiate and migrate into functional 
mature enterocytes of the villi. Therefore, the luminal epithelial 
cells may be pre-programmed in the crypts based on the body’s 
iron requirements. This pre-programming would, in turn, initi- 
ate synthesis of iron transport proteins required for dietary iron 
uptake across the membranes of the villus enterocyte. 


Zinc 


Zinc is a nutrient of fundamental biologic importance and is ubiq- 
uitous in mammalian metabolism. It is frequently described as a 
type-2 nutrient, reflecting its varied roles in enzyme function as a 
catalyst, maintaining structure and regulation of gene expression 
via a metal-binding transcription factor, and a metal response ele- 
ment in the promoter of the regulated gene.*!* Body stores of 
zinc are approximately 2 g and are distributed widely in a variety 
of enzymes. The small endogenous pool of zinc in humans makes 
us vulnerable to deficiency, within weeks of inadequate intake, 
and dependent on regular dietary repletion.’ !° 

Dietary zinc is primarily found in meat, shellfish, cereals, and 
legumes. Daily intake requirements are approximately 12 to 15 
mg/day for adults and requirements increase during pregnancy 
and lactation. 

The efficiency of zinc absorption from a regular diet is 15% 
to 35%. Absorption is impaired by dietary phytates and oxalates 
caused by chelation, and food processing may render zinc less 
available for absorption.*2° The protein content of a diet posi- 
tively correlates with zinc absorption because amino acids and 
small peptides facilitate zinc enterocyte uptake. 

There is enterohepatic circulation of zinc, and reabsorption 
appears to be greatest in the distal small intestine.*?! Studies with 
vesicles of porcine jejunal BBMs have identified 2 uptake pro- 
cesses: (1) an active saturable carrier-mediated process, which 
dominates at low or normal zinc intake; and (2) a nonsaturable dif- 
fusive process, which contributes to absorption at higher intake.*”? 

There are 9 members of the ZNT family of zinc transporters, 
with ZNT1, 2, and 4 found mainly in the villus.*?*3°4 ZNT1 is 
a ubiquitously expressed protein that is present in the villi of the 
proximal small intestine. ZNT1 expression in rats increases in 
response to zinc supplementation but not to zinc restriction.*”° 
These and other observations have led to the consensus that 
ZNTI functions mainly as a zinc exporter and may play a role 
in zinc homeostasis under conditions of excess zinc.*?? ZNT2 
and ZNT4 are involved in intracellular transport of zinc by the 
enterocyte. Kinetic studies suggest that zinc homeostasis is main- 
tained by regulating the availability of a saturable intracellular 
transportation mechanism, and by controlling excretion.*”° 
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In the plasma pool, zinc is primarily bound to albumin. Within 
cells, zinc is regulated by a ZNT transporter mechanism and is 
found within organelles and bound to metallothionein (MT).*?’ 
Although zinc-dependent proteins are distributed throughout the 
cell, small reserves of zinc are maintained within the Golgi appa- 
ratus and endoplasmic reticulum. 

MT is an intracellular metal-binding protein, which can bind 
up to 7 zinc molecules but is also associated with a number of other 
metal micronutrients. MT-2a is the most prevalent of its tissue- 
dependent isoforms.*** MT bioavailability reacts rapidly to zinc 
status, with high dietary levels leading to increased intestinal syn- 
thesis, sequestration and altered binding capacity.**’? Therefore, 
MT may have roles in both the storage and regulation of zinc.*!*330 

Clinical zinc deficiency can manifest grossly as skin rashes 
and metabolically as altered immune function and responses 
to oxidative stress.**! In deficiency states there is a marked 
reduction in zinc excretion to maintain bioavailability. Indi- 
viduals on a low-zinc diet respond by decreasing their urinary 
excretion of zinc and by increasing intestinal absorption.**!3*7 
Pregnancy and lactation also increase intestinal absorption of 
zinc.’ Expression of ZNT1 has been measured and found 
to be directly related to serum zinc levels but unaffected by 
MT levels.*** Therefore MT may serve to limit free zinc con- 
centrations within narrow ranges and function as a storage 
pool.323334 

The divalent cation transporter-1 is a transmembrane poly- 
peptide found in the crypts and lower villi of the duodenum. 
Divalent cation transporter-1 is thought to be involved in the 
uptake of zinc and other metal ions.**+ The ZIP (Zrt-, Irt-like 
protein) family of proteins are believed to be involved in zinc 
transport.’ ZIP4 and ZIPS likely exist on the apical side and 
BLM of the enterocyte, respectively, and may be responsible for 
zinc transport into the circulation.**° 


Copper 


Copper is an essential nutrient with a metabolic importance that 
is disproportionate to total body availability in humans. Total 
body stores of copper are appropriately 10 pg and the highest 
levels are found in the liver, brain, and kidneys.**” As with other 
micronutrients, bioavailability and total body stores of copper are 
closely regulated.*>* 

The average western diet provides 1 to 3 mg/day of cop- 
per, mostly from vegetables and fish, and this exceeds the daily 
requirement of 1 mg/day. Dietary copper is absorbed very effi- 
ciently from the stomach and small intestine. Within standard 
ranges of copper intake, it is presumed that absorption occurs 
by active transport; however, the precise mechanisms of uptake 
are not fully known. Competition for absorption between copper 
and zinc or iron are seen with doses of these elements in excess 
of typical dietary intakes.*?? Copper uptake appears to increase 
in deficiency states and during pregnancy.**? Bioavailability of 
copper depends on the dietary source and dietary levels predict 
the efficiency of absorption. In high-intake states, absorption can 
be as low as 12% and excretion can be enhanced as a means for 
homeostasis and avoidance of toxicity.’ t1 3 

Active transport and passive diffusion are both responsible for 
copper absorption in humans. A high-affinity copper transport 
protein (hCtr1) has been identified and the gene is located in 
9q31/32.344 

Human Ctrl is a 190-amino acid protein with 3 TMDs and sig- 
nificant homology to yeast Ctrl and Ctr3, which suggests that mam- 
malian high-affinity copper transporters may have evolved from 
Ctrl and Ctr3. RNA blotting analysis has demonstrated that that 
hCtr1 is expressed in all organs and tissues examined. Liver, heart, 
and pancreas exhibited the highest levels of expression, intestine had 
intermediate levels of expression, and expression in brain and muscle 
was low. Whether hCtrl1 plays an important role in copper uptake 
into intestinal mucosal cells has yet to be firmly established.345:346 


Two putative low-affinity mammalian copper transporters, 
hCtrl2 and Nramp2, have also been identified. It is unclear what role 
hCtr2 plays in copper homeostasis because its mRNA levels are high- 
est in the placenta and very low in liver, intestine, and colon.3+7348 
‘The Nramp2 protein has also been identified as a proton-coupled 
metal ion transporter that transports a broad range of metal ions.*?” 

Acting as a permease or by endocytosis, Ctrl delivers Cu** 
within cells.>° The mechanism by which the copper ion is reduced 
before uptake remains unknown. If uncontrolled, cuprous ions 
could lead to generation of reactive oxygen species; however, free 
copper ions are rarely found in the cytoplasm. 

The delivery of copper to target cuproenzymes depends on 
an elegant metallochaperone system. Several cytoplasmic chaper- 
ones have been described (Atox1, CCS [copper chaperone for Cu, 
Zn superoxide dismutase], and Cox17) as well as membrane-asso- 
ciated copper-transporting ATPases (ATP7A and ATP7B).>*° 
‘The copper-transporting Menkes ATPase ATP7A (MNK) is 
responsible for copper export from the enterocyte and may be 
defective in patients with Menkes disease, which is characterized 
by copper accumulation in intestinal cells.>°!>*? 

Copper is then bound to albumin and histidine in the portal 
blood and rapidly deposited in the liver, an organ that plays a pivotal 
role in regulating copper homeostasis. Ceruloplasmin is synthesized 
in the liver following incorporation of copper by the Wilson disease 
protein (ATP7B protein), which has a high homology with MNK. 
Ceruloplasmin is the major copper-containing protein in plasma and 
is defective in Wilson disease, characterized by copper accumulation 
in the liver of those affected (see Chapter 76). 


lodine 


Iodine is present in varying amounts in a wide range of foods, depend- 
ing on the regional soil content where the animals were reared or 
the vegetation was grown. Seafood is particularly rich in iodine and 
fortified table salt is another rich source. Iodine is absorbed pre- 
dominantly as inorganic iodide, but some iodine is transported as 
amino acid complexes.*°> The Na*/I- symporter (NIS), expressed on 
the apical surface of intestinal epithelium, is a central component 
of dietary I- absorption. The mechanism involved in regulating I- 
absorption is not fully understood, but when diets are enriched with 
I-, NIS expression in enterocytes decreases. It appears that I- exerts 
an autoregulatory effect on NIS medicated intestinal absorption by 
altering NIS expression at the post-transcriptional level.>>* 


Selenium 


Selenium is found primarily in association with amino acids. 
Approximately 60% of dietary selenium is absorbed and the 
major sites for uptake are believed to be in the jejunum and ileum. 
Selenium deficiency has been reported in China (Keshan disease), 
where there is very little naturally occurring selenium in the soil 
and water. For unclear reasons, this disease is not prevalent in 
New Zealand where selenium is also sparse.>*°> Absorption 
of selenium occurs rapidly when it is ingested associated with 
amino acids, as in selenomethionine, probably by active transport 
mechanisms operative for the amino acid.° Inorganic selenium is 
absorbed more slowly, possibly by simple diffusion. 


Other Trace Elements 


The mechanisms underlying the absorption of other trace 
elements, including manganese and chromium, are largely 
unknown.**? Deficiencies of trace elements are rare in persons 
without known diseases, even in those with poor protein and cal- 
orie intake. Exceptions occur when local geographic availability is 
suboptimal, as can occur with iodine and selenium. 


Full references for this chapter can be found on www.expertconsult.com. 
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In the past, it was believed that most malabsorptive diseases man- 
ifested with diarrhea, steatorrhea, or both. It is now recognized 
that many malabsorptive disorders, such as celiac disease, might 
have subtle clinical presentations or mainly extraintestinal mani- 
festations (e.g., anemia, bone loss, menstrual disturbance) that 
lead to a delayed and/or erroneous diagnosis. Awareness is also 
increasing that subtle malabsorption of single nutrients such as 
calcium or vitamin Bız can, if unrecognized, lead to complica- 
tions that may be difficult to reverse or that are even irreversible. 
The clinical challenge today is to recognize and treat malabsorp- 
tion despite its subtle manifestations, a challenge made even more 
difficult by the restricted availability of tests for malabsorption, 
such as the 72-hour fecal fat determination. 

Classically, maldigestion is defined as defective intraluminal 
hydrolysis of nutrients, and malabsorption is defined as defective 
mucosal absorption. Although this distinction may be useful on 
pathophysiologic grounds, the clinical presentation and compli- 
cations of maldigestion and malabsorption are similar. Moreover, 
physiologic processes other than digestion and absorption (e.g., 
solubilization, intestinal motility, hormone secretion) contribute 
to the normal absorption of nutrients, vitamins, and minerals, so 
the classic definitions of maldigestion and malabsorption do not 
cover the actual pathophysiologic spectrum of the malabsorption 
syndrome. In this chapter, the terms digestion and absorption or 
maldigestion and malabsorption are used separately only in the dis- 
cussion of pathophysiology. When the distinction between these 
terms is not of clinical relevance, only the terms absorption and 
malabsorption are used. 

Malabsorption can be caused by many diseases of the small 
intestine as well as by diseases of the pancreas, liver, biliary tract, 
and stomach (Box 104.1). In some of these diseases, malabsorp- 
tion may be the presenting feature; in others, malabsorption may 
be only a minor clinical problem or detected only as a laboratory 
abnormality. 

This chapter provides an overview of basic pathophysiologic 
mechanisms that lead to symptoms or complications of maldiges- 
tion or malabsorption, reviews the clinical manifestations and 
complications of malabsorption, describes tests that can be used 
clinically to evaluate digestive and absorptive function, presents 
a rational diagnostic approach to the individual patient, and dis- 
cusses malabsorptive diseases and general measures in the treat- 
ment of malabsorption syndrome not covered in other chapters 
of this book. 
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BOX 104.1 Diseases That Cause Nutrient Malabsorption 


GASTRIC DISEASES 

Atrophic gastritis 

Autoimmune gastritis (pernicious anemia) 
Gastric resection or bypass surgery 


PANCREATIC DISEASES 


Congenital pancreatic enzyme deficiencies 
Co-lipase deficiency 
Lipase deficiency 
Trypsinogen deficiency 

Pancreatic insufficiency 
Chronic pancreatitis 
Cystic fibrosis 
Johanson-Blizzard syndrome 
Pearson marrow-pancreas syndrome 
Shwachman syndrome 

Pancreatic tumors 


LIVER DISEASES 


Inborn errors of bile acid biosynthesis and transport 
Cirrhosis and other liver diseases 
Portal hypertension 


OBSTRUCTIVE BILIARY DISEASES 


Biliary tumors 
Primary and secondary sclerosing cholangitis 
INTESTINAL DISEASES 
Amyloidosis 
Autoimmune enteropathy 
Celiac disease 
Collagenous sprue 
Congenital intestinal defects (see Table 104.10) 
Crohn disease 
Enteroendocrine cell deficiency 
Autoimmune Polyendocrinopathy, Candidiasis, Ectodermal 
Dystrophy (APECED) 
Enteric anendocrinosis 
Enterokinase deficiency 
Eosinophilic gastroenteritis 
Fistulas 
Food allergy 
Graft-versus-host disease 
Hypolactasia 
lleal bile acid malabsorption 
Intestinal infections 
AIDS (HIV infection): cryptosporidiosis, Mycobacterium avium 
complex infection, viral infections 


ETIOLOGY AND PATHOPHYSIOLOGY 


From a pathophysiologic point of view, mechanisms that cause 
malabsorption can be divided into pre-mucosal (luminal), muco- 
sal, and postmucosal (vascular and lymphatic) factors. For clinical 
purposes, this approach is of limited value because the various 
clinical pictures caused by malabsorption syndromes are deter- 
mined mainly by the nature of the malabsorbed substrates. We, 
therefore, discuss the mechanisms causing malabsorption based 
on the malabsorbed substrate. A separate section is devoted to 
the role of mechanisms that compensate for the consequences of 
malabsorption. 

Normal uptake of nutrients, vitamins, and minerals by the GI 
tract (see Chapters 102 and 103) requires several steps, each of 
which can be compromised in disease. 

Solubilization is a prerequisite for absorption of such nutrients 
as fat or calcium. Fat and fat-soluble vitamins are solubilized by 


Giardiasis 
Helminthic infections 
Tuberculosis 
Whipple disease 
Immunoproliferative small intestinal disease 
Intestinal ischemia 
Intestinal lymphoma 
Intestinal resections or bypass 
Mastocytosis 
Nongranulomatous chronic idiopathic enterocolitis 
Postinfection malabsorption 
Primary immunodeficiency diseases 
Radiation enteritis 
Refractory sprue 
Sarcoidosis 
SIBO 
Tropical sprue 
LYMPHATIC DISEASES 
Primary intestinal lymphangiectasia 
Secondary intestinal lymphangiectasia 
Lymphoma 
Solid tumors 
Thoracic duct trauma, damage, or obstruction 
NEUROENDOCRINE TUMORS 
Carcinoid syndrome 
Gastrinoma (ZES) 
Glucagonoma 
Somatostatinoma 


CARDIOVASCULAR DISEASES 


Constrictive pericarditis 
Heart failure 


ENDOCRINE DISEASES 


Addison disease 
Diabetes mellitus 
Hyperthyroidism 


SYSTEMIC DISEASES 


Cronkhite-Canada syndrome 
Mixed connective tissue disease 
Neurofibromatosis type 1 
Protein-calorie malnutrition 
Scleroderma 

SIE 


the formation of micelles, and calcium is solubilized through 
acidification in the GI lumen. Alternatively, increased solubili- 
zation of the components of intestinal chyme can contribute to 
the manifestations of GI diseases, such as increased absorption of 
oxalate, which can result in the development of kidney stones in 
patients with short bowel syndrome (see Chapter 106). 

Digestion of macromolecular compounds such as polysac- 
charides, triglycerides, and proteins to their molecular com- 
ponents—monosaccharides, fatty acids, and amino acids (AAs), 
respectively—is achieved by soluble or membrane-bound diges- 
tive enzymes. Absorption of undigested or partially digested 
macromolecular compounds occurs to a very minor degree in 
health and may be increased slightly in various intestinal dis- 
eases. Although such absorption does not play a nutritive role, 
it may be important for the normal function of the immune sys- 
tem and the pathogenesis of diseases such as food allergy (see 
Chapter 10). 
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TABLE 104.1 Mechanisms of Malabsorption, Malabsorbed Substrates, and Representative Causes 


Pathophysiologic Mechanism 


Malabsorbed Substrate(s) 


Representative Causes 


MALDIGESTION 

Conjugated bile acid deficiency Fat 
Fat-soluble vitamins 
Calcium 
Magnesium 


Pancreatic insufficiency Fat 
Protein 
Carbohydrate 
Fat-soluble vitamins 
Vitamin B42 (cobalamin) 


Reduced mucosal digestion Carbohydrate 


Protein 


Intraluminal consumption of nutrients Vitamin B42 (cobalamin) 


MALABSORPTION 
Reduced mucosal absorption Fat 
Protein 
Carbohydrate 
Vitamins 
Minerals 
Decreased transport from the intestine Fat 
Protein 
OTHER MECHANISMS 
Decreased gastric acid and/or intrinsic factor Vitamin B42 


secretion 


Decreased gastric mixing and/or rapid gastric Fat 


emptying Calcium 
Protein 
Rapid intestinal transit Fat 


Liberation of substrate (e.g., vitamin B12) from binding sites in 
food or, conversely, binding to factors such as intrinsic factor (IF) 
allows absorption to take place. 

Chemical changes to nutrients may be required for absorption, 
such as reducing the charge of iron from Fe” to Fe”. 

Mucosal absorption can occur by active or passive carrier-medi- 
ated transport or simple or facilitated diffusion (see Chapter 101). 
Postmucosal transport of absorbed substrates occurs in blood ves- 
sels and lymphatic vessels. 

Intestinal sensory and motor function permits detection of the 
presence of nutrients, facilitates adequate mixing of nutrients 
with intestinal secretions and delivery to absorptive sites, and 
provides adequate time for nutrient absorption (see Chapter 99). 

Neural and hormonal functions are required to stimulate and 
coordinate digestive secretions, mucosal absorption, and intesti- 
nal motility (see Chapters 4 and 99). 

An overview of pathophysiologic mechanisms of maldiges- 
tion and malabsorption is provided in Table 104.1. This table 
also shows the ingested substrates primarily affected by individual 
pathophysiologic mechanisms and lists examples of etiologic dis- 
orders for these mechanisms. 


FATS 


Defective Mixing 


For sufficient digestion and absorption of lipids, dietary fat must 
adequately mix with digestive secretions. Gastric resections or GI 


Hepatic parenchymal disease 
Biliary obstruction 

SIBO with bile acid deconjugation 
lleal bile acid malabsorption 

CCK deficiency 


Congenital defects 

Chronic pancreatitis 

Pancreatic tumors 

Inactivation of pancreatic enzymes (e.g., ZES) 


Congenital defects (see Table 104.10) 
Acquired lactase deficiency 


Generalized mucosal disease (e.g., celiac disease, Crohn disease) 


SIBO 
Helminthic infections (e.g., Diphyllobothrium latum infection) 


Congenital transport defects (see Table 104.10) 

Generalized mucosal diseases (e.g., celiac disease, Crohn disease) 
Previous intestinal resection or bypass 

Infections 

Intestinal lymphoma 


Intestinal lymphangiectasia 

e Primary 

e Secondary (e.g., solid tumors, Whipple disease, lymphomas) 
Venous stasis (e.g., from heart failure) 


Pernicious anemia 
Atrophic gastritis 
Previous gastric resection 


Previous gastric resection 
Autonomic neuropathy 


Autonomic neuropathy 
Hyperthyroidism 


motility disorders that result in rapid gastric emptying or rapid 
intestinal transit, such as autonomic neuropathy due to diabetes 
mellitus or amyloidosis, can cause fat malabsorption consequent 
to impaired GI mixing of dietary fat.! 


Reduced Solubilization of Fat 


Fat malabsorption resulting from decreased formation of 
micelles occurs if the luminal concentrations of conjugated bile 
acids (BAs) are lower than the critical concentration required for 
forming micelles.” ‘Table 104.2!+ details the pathophysiologic 
mechanisms and representative diseases that cause luminal BA 
deficiency. 


Decreased Lipolysis 


If exocrine pancreatic function is severely reduced, impairment 
of pancreatic lipase and co-lipase secretion results in decreased 
luminal hydrolysis of dietary fat.) Chronic pancreatitis, cystic 
fibrosis, pancreatic duct obstruction by pancreatic and ampullary 
tumors, and pancreatic resection are the most common causes of 
pancreatic insufficiency.! Even when pancreatic enzyme concen- 
trations are normal, reduced pancreatic lipase activity resulting 
from low luminal pH,° excessive calcium ingestion, or ingestion 
of the specific lipase inhibitor orlistat’ can cause pancreatic steat- 
orrhea. Selective congenital lipase or co-lipase deficiency is a rare 
cause of pancreatic fat malabsorption.® 
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TABLE 104.2 Pathophysiologic Mechanisms That Result in Deficiency 
of Luminal Conjugated Bile Acids 


Pathophysiologic Mechanism Causes 


Decreased synthesis and/or 
secretion of conjugated bile 
acids 


Parenchymal liver diseases (e.g., 
cirrhosis, PBC) 


Biliary obstruction (e.g., tumors) 
Biliary fistulas 

Inborn errors of bile acid synthesis 
CCK deficiency 


Intestinal loss of conjugated bile lleal resection 


eetis Severe ileal mucosal disease 
Congenital defects of the ileal 
sodium-bile acid co-transporter 


Luminal deconjugation of bile SIBO 


acids 


Binding of bile salts or lack of 
solubilization of bile salts as a 
result of low luminal pH 


Cholestyramine (binding) 
ZES (low pH) 


Exocrine pancreatic insufficiency 
(low pH) 


Decreased Mucosal Absorption and Chylomicron 
Formation 


Generalized mucosal diseases such as celiac disease are often asso- 
ciated with fat malabsorption. Defective uptake of free fatty acids 
and monoglycerides results from reduced mucosal surface area 
secondary to villus shortening, reduced enterocyte function, and 
mucosal inflammation.! Intestinal fat absorption is also impaired 
in diseases that result in disturbance of intracellular formation of 
chylomicrons and accumulation of lipids within the enterocytes, 
including abetalipoproteinemia, hypobetalipoproteinemia, and 
chylomicron retention disease.’ 


Defective Lymphatic Transport of Chylomicrons 


Impairment of lymphatic transport of chylomicrons is a cause for 
postmucosal malabsorption of dietary fat. Decreased lymphatic 
transport can result from congenital diseases such as primary 
intestinal lymphangiectasia or from obstruction of lymphatic ves- 
sels as a result of metastatic solid tumors, lymphoma, Whipple 
disease, retroperitoneal fibrosis, or trauma (see Chapter 31).!° 
Usually, lymphatic vessels in the mucosa become dilated (lym- 
phangiectasia), and chylomicrons are lost post-prandially into 
the intestinal lumen and also in the fasting state!!; steatorrhea in 
these situations usually is only mild to moderate.! 


PROTEINS AND AMINO ACIDS 


Defective digestion or absorption of dietary proteins has to be 
differentiated from excessive loss of serum proteins into the GI 
tract, which is termed protein-losing enteropathy (see Chapter 31). 


Defective Intraluminal Proteolysis 


Protein digestion may be impaired in patients who have under- 
gone partial or total gastric resection, presumably as a result of 
poor mixing with digestive secretions, although gastric pepsin 
deficiency could be contributory. Impaired activation of pepsin 
due to acid inhibition by PPIs can result in an increased risk of 
food allergy with manifestations such as childhood asthma, owing 
to decreased gastric digestion of proteins (see Chapter 10).!” 
Defective proteolysis also occurs with exocrine pancreatic insuffi- 
ciency. L114 In congenital diseases, pancreatic proteolysis can be 


impaired by inborn errors in the synthesis of proteolytic enzymes 
(trypsinogen deficiency)!’ or by defective activation of pancre- 
atic proenzymes resulting from congenital deficiency of intestinal 
enterokinase (see Congenital Defects).!° 


Defective Mucosal Hydrolysis of Peptides and 
Decreased Absorption of Oligopeptides and Amino 
Acids 


Generalized mucosal diseases, such as celiac disease, result in 
global malabsorption, which includes malabsorption of oligo- 
peptides and AAs secondary to lack of mucosal hydrolysis of 
oligopeptides and defective mucosal absorption.!* Reduction of 
intestinal absorptive surface, as in short bowel syndrome (see 
Chapter 106) or jejunoileal bypass, also results in protein and AA 
malabsorption.'+!° Congenital defects of AA transporters on the 
enterocytes (e.g., Hartnup disease, lysinuric protein intolerance) 
can lead to selective malabsorption of a subgroup of AAs (see 
Chapter 102 and see Congenital Defects). 


CARBOHYDRATES 


The pathophysiologic mechanisms and clinical role of carbohy- 
drate malabsorption has been recently reviewed.!” 


Defective Intraluminal Hydrolysis of Carbohydrates 


Pancreatic a-amylase is normally secreted in excess into the 
intestinal lumen. In mild forms of pancreatic insufficiency, car- 
bohydrate digestion usually is at least partially preserved,!* but 
severe pancreatic insufficiency results in clinically apparent car- 
bohydrate malabsorption and diarrhea due to decreased luminal 
hydrolysis of ingested starch.!? 


Mucosal Defects of Carbohydrate Digestion and 
Absorption 


The most common cause of carbohydrate malabsorption is 
late-onset lactose malabsorption due to decreased levels of the 
intestinal brush border enzyme lactase (adult-type hypolactasia, 
acquired primary lactase deficiency). Depending on ethnic back- 
ground, lactase is present in less than 5% to greater than 90% 
of the adult population; its deficiency results in a selective mal- 
absorption of lactose. Acquired malabsorption of carbohydrates 
occurs commonly after extensive intestinal resections, in diffuse 
mucosal diseases such as celiac or Crohn disease, or temporar- 
ily after self-limited GI infections (postinfection carbohydrate 
malabsorption).'*:!° The pathophysiologic mechanisms of car- 
bohydrate malabsorption are reduction of the intestinal muco- 
sal surface area and reduced activity or expression of intestinal 
oligo- and disaccharidases or transport proteins for monosaccha- 
rides.!* Congenital disaccharidase deficiencies (lactase, sucrase- 
isomaltase, trehalase)?’ and congenital deficiency or malfunction 
of transport molecules, as in congenital glucose-galactose malab- 
sorption,”! can cause early onset of malabsorption of mono- or 
disaccharides (see Congential Defects). Intolerance of fructose is 
discussed in a subsequent section. 


VITAMINS 
Fat-Soluble Vitamins 


Diseases that cause malabsorption of dietary fat commonly cause 
malabsorption of fat-soluble vitamins because they require simi- 
lar absorptive mechanisms. This is especially relevant in diseases 
that result in impaired micelle formation because of bile salt 
deficiency.’? Fat-soluble vitamins also are malabsorbed in dif- 
fuse diseases of the mucosal surface area, in diseases affecting 


chylomicron formation and transport,’ and in exocrine pancre- 
atic insufficiency.2+ Some authors have suggested that absorp- 
tion of fat-soluble vitamins is less affected by exocrine pancreatic 
insufficiency than by small intestinal diseases with resultant ste- 
atorrhea.’* Genetic defects of BA conjugation may also result in 
malabsorption of fat-soluble vitamins.*> 


Water-Soluble Vitamins 
Vitamin B42 (cobalamin) 


Decreased release of dietary vitamin Bı? from food sources 
because of impaired pepsin and acid secretion, as in atrophic 
gastritis?™ć or with use of gastric acid inhibitors,” usually results 
in only mild cobalamin malabsorption without clinical conse- 
quences. By contrast, deficiency of gastric IF secretion, as occurs 
in pernicious anemia (PA) or after gastric resections, or secre- 
tion of an abnormal IF, as in some congenital diseases, results 
in severe vitamin B; malabsorption with clinical consequences.’° 

Autoimmune gastritis seen with PA is the most common cause 
of vitamin Bı? malabsorption (see Chapter 52).?8 Cobalamin 
malabsorption in PA is caused by decreased IF secretion, which 
results from parietal cell destruction and by the production of 
blocking autoantibodies that inhibit binding of IF to vitamin 
Bı2.2 Mild cobalamin malabsorption may be found in patients 
with ZES (see Chapter 34) and in patients with pancreatic insuffi- 
ciency (see Chapter 59), owing to decreased proteolytic release of 
vitamin Bız from its complex with R-binding protein (see Chap- 
ter 103),7629 

In SIBO (see Chapter 105) or helminthic infection with 
Diphyllobothrium latum (see Chapter 114), dietary cobalamin is 
made unavailable to the host and is, therefore, unavailable for 
intestinal absorption.”° 

Diseases and conditions that affect the ileal mucosa (e.g., 
Crohn disease, ileal resection) lead to a reduction of specific 
absorptive sites for the IF-vitamin Bı? complex.’ Ileal resec- 
tions of more than 30 cm bear the risk of clinically significant 
vitamin Bı? malabsorption.*? Imerslund-Grasbeck syndrome, a 
disease of autosomal recessive inheritance due to abnormalities 
of the cubilin-amnionless complex, is characterized by selec- 
tive ileal malabsorption of the IF-vitamin Bı? complex despite 
normal ileal morphology (see Chapter 103).7°?! Congenital dis- 
eases affecting transcobalamin II also result in malabsorption of 
cobalamin.”°*? 

In previously healthy persons, it usually takes several years of 
vitamin Bız malabsorption before cobalamin deficiency develops, 
because hepatic stores contain large amounts of cobalamin and 
the daily requirement is relatively small. 


Folate 


Folate malabsorption occurs with mucosal diseases that affect the 
proximal small intestine, such as celiac disease and Whipple dis- 
ease.” Folate deficiency is common in chronic alcoholuse, where 
it is postulated to be caused by decreased dietary intake as well as 
decreased intestinal absorption of folate.*+ As discussed later, sev- 
eral drugs may result in impaired intestinal uptake of folate and an 
inherited form of selective folate malabsorption has been described. 
In contrast to cobalamin, body stores of folate are small relative to 
daily requirements; hence folate deficiency develops much faster 
(i.e., within weeks) than cobalamin deficiency in the setting of mal- 
absorption. Increased serum folate levels resulting from bacterial 
production of tetrahydrofolate have been reported in SIBO.°*° 


Other Water-Soluble Vitamins 


Other water-soluble vitamins, such as ascorbic acid and the 
B-complex vitamins, are absorbed in the small intestine either 
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by carrier-mediated transport or passive diffusion (see Chapter 
103). Generalized malabsorption syndromes from intestinal 
causes impair the absorption of these vitamins, thereby leading 
to deficiency states.*°>’ Deficiency of water-soluble vitamins also 
occurs with chronic alcoholuse, probably owing to decreased oral 
intake and reduced intestinal absorption.*+ 


MINERALS 
Calcium 


Severe calcium malabsorption can occur in diseases that affect 
the small intestinal mucosa (e.g., celiac disease) and luminal 
malabsorption (e.g., exocrine pancreatic insufficiency), and has 
been shown to result in low-trauma fractures.’ In these dis- 
ease states, calcium absorption is impaired directly because of 
the reduction of the intestinal surface area (celiac disease) and 
indirectly because of formation of insoluble calcium soaps with 
malabsorbed long-chain fatty acids (pancreatic insufficiency). 
Diseases that cause malabsorption of long-chain fatty acids by 
other mechanisms, such as bile acid deficiency, can also result in 
calcium malabsorption.’ In many of these diseases, malabsorp- 
tion and deficiency of vitamin D further contribute to intestinal 
calcium malabsorption.” Selective intestinal malabsorption of 
calcium (i.e., without fat malabsorption) can occur in renal dis- 
ease, hypoparathyroidism, and inborn defects in formation of 
1a,25-dihydroxyvitamin D or in the intestinal vitamin D recep- 
tor.33? Calcium malabsorption also commonly occurs after 
gastric resection (see “Malabsorption after Gastric Resection” 
[later]). Dosage of PPIs and duration of gastric acid suppression 
are associated with increased risk of hip fractures, presumably 
due in part to decreased or impaired absorption of dietary cal- 
cium, although both the magnitude and exact explanation of risk 
are controversial.*° 


Magnesium 


In many generalized malabsorptive disorders, magnesium defi- 
ciency due to magnesium malabsorption results from a reduc- 
tion in mucosal absorptive surface area and luminal binding of 
magnesium by malabsorbed fatty acids.*! A congenital form 
of selective intestinal magnesium malabsorption has also been 
reported.” 


iron 


Iron deficiency is common in patients with gastric resection or 
celiac disease. Also, achlorhydria may result in iron deficiency 
because the absorption of iron in these patients is less than the 
physiologic iron losses, a phenomenon which is not overcome by 
the adaptive increase in duodenal iron absorption that occurs in 
response to iron deficiency.® Reduction in the mucosal surface 
area of the small intestine as a result of diffuse mucosal disease, 
intestinal resection, or intestinal bypass can result in impaired 
iron absorption, potentially leading to iron deficiency.* A con- 
genital form of iron malabsorption has also been described (see 
‘Table 104.10).4° Intestinal loss of iron from chronic GI bleed- 
ing is, however, the most common GI cause of iron deficiency.*° 
Hookworm infection is the most common cause of iron defi- 
ciency worldwide (see Chapter 114). 


Zinc 


Zinc, like other minerals, is malabsorbed in generalized 
mucosal diseases of the small intestine.*’ A congenital selec- 
tive defect of zinc absorption, acrodermatitis enteropathica, is 
caused by a defect in the zinc transport protein hZIP4 (see 
Table 104.10).48 
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Others 


Generalized malabsorption can cause deficiency of copper and 
selenium.*?»° In Menkes disease (kinky hair disease), an inherited 
disorder of cellular copper transport, selective intestinal copper 
malabsorption results (see later). It is uncertain whether malab- 
sorptive diseases result in deficiencies of chromium and manga- 
nese.+7 


MECHANISMS THAT COMPENSATE FOR 
MALABSORPTION 


Role of the Colon 


The colon has the capacity to absorb a limited number but wide 
variety of substances and nutrients, including sodium, chloride, 
water, oxalate, short-chain fatty acids, calcium, water-soluble 
vitamins (biotin, folate, pantothenic acid [B;], pyridoxine [Bg], 
riboflavin [B2], thiamine [B,]}), and vitamin K (see Chapter 103). 
Although colonic nutrient absorption plays a lesser role in health, 
the nutritive role of the colon in patients with severe malab- 
sorption is clinically relevant.*! Colonic salvage of malabsorbed 
nutrients can also result in symptoms and complications’? such 
as colonic hyperabsorption of oxalate, which contributes to the 
formation of renal stones (see later). 

The role of the colon in the pathogenesis of symptoms related 
to lactose malabsorption and incomplete fructose absorption 
(fructose malabsorption), such as bloating, abdominal cramps, 
and diarrhea, is unclear. A discrepancy between malabsorption, 
as demonstrated by hydrogen breath testing (HBT), and these 
intolerance symptoms have been demonstrated in adults*’ and 
children.*+ 


Colonic Salvage of Incompletely Absorbed Carbohydrates 


In healthy people, between 2% and 20% of ingested starch escapes 
absorption in the small intestine;*> pancreatic insufficiency 
or severe intestinal disorders further increase this amount.!? 
Carbohydrates that reach the colon cannot be absorbed by the 
colonic mucosa but can be metabolized by colonic bacteria. 
Metabolism by anaerobic bacteria results in breakdown of oli- 
gosaccharides and polysaccharides to mono- and disaccharides, 
which are further metabolized to lactic acid, short-chain (C2 to 
C4) fatty acids (SCFAs; e.g., acetate, propionate, butyrate), and 
odorless gases (e.g., hydrogen, methane, carbon dioxide).*° 

Studies in normal subjects have suggested that bacterial metab- 
olism of starch to small carbohydrate moieties is a rapid process 
in the normal colon. The rate-limiting step in the overall conver- 
sion of polysaccharides to SCFAs appears to be the conversion 
of monosaccharides to SCFAs.!? Colonic absorption of SCFAs 
results in the reduction of the osmotic load and, as a result, miti- 
gation of osmotic diarrhea.’ In normal subjects, more than 45 g 
of carbohydrates must reach the colon to cause diarrhea, and up 
to 80 g of carbohydrates per day can be metabolized by bacte- 
ria to SCFAs; approximately 90% of these SCFAs are absorbed 
by colonic mucosa (Fig. 104.1).°° Chronic carbohydrate malab- 
sorption causes adaptive changes in bacterial metabolic activity 
that result in even higher efficiency of the bacterial microbiota 
to digest carbohydrates,*’ but at the expense of increased flatus 
production. 

Because SCFAs have caloric values between 3.4 and 5.95 
keal/g,°° their colonic absorption can contribute positively to 
overall calorie balance. In patients with short bowel syndrome, 
colonic salvage of malabsorbed carbohydrates can save up to 700 
to 950 kcal/day, provided a substantial part of the colon remains 
in continuity with the small intestine (see Chapter 106).°! Not all 
SCFAs are absorbed by the colon, and those not absorbed con- 
tribute to osmotic diarrhea. 


Diarrhea 


| CHO OA 


Caloric salvage 


Fig. 104.1 Carbohydrate metabolism and absorption of metabolic 
products in the colon. Up to 80 g of carbohydrate (CHO) that reaches 
the colon can be metabolized by colonic bacteria to organic acids 
(OA)— lactic acid and the short-chain fatty acids acetate, propionate, 
and butyrate—and to hydrogen, carbon dioxide, and methane. Approx- 
imately 90% of the OA produced is absorbed by the colonic mucosa, 
which permits salvage of calories. Osmotic diarrhea results when OAs 
that escape absorption and CHO that escapes bacterial metabolism 
accumulate in the colon. Between 20% and 90% of gases produced in 
the colon is absorbed by the colonic mucosa; the remainder is excreted 
as flatus. 


The benefits of colonic bacterial carbohydrate metabolism 
may be offset by side effects due to gas production (see Chapter 
17). Up to 10-fold differences in the volume of gas produced in 
the colon have been observed in normal persons.ć? The colon 
also can absorb gas, and if intracolonic gas volumes are low, up 
to 90% of the volume of intracolonic gas can be absorbed; if gas 
volumes are high, however, this proportion can decrease to 20% 
(Fig. 104.2). Therefore persons who have the disadvantage of 
producing more gas in their colons have an additional disadvan- 
tage of absorbing a smaller fraction of the gas. Gas produced 
from bacterial carbohydrate metabolism is odorless. The odor 
of flatus is due to volatile sulfur-containing substrates that result 
from bacterial metabolism of protein.® 

Impaired colonic salvage of carbohydrates has been suggested 
to contribute to the diarrhea in Crohn disease® and UC.® Bac- 
terial carbohydrate metabolism may be lessened by antibiotic 
treatment.°° In some patients, antibiotic-associated diarrhea may 
be the result of impaired colonic salvage of carbohydrates or the 
result of dietary fiber that can accumulate in stool because of 
decreased bacterial fermentation.’ 


Role of the Colon in Fat Malabsorption 


Long-chain triglycerides or fatty acids, which constitute most 
dietary fat, cannot be absorbed by the human colon. Long-chain 
fatty acids bind calcium in the colon, thereby increasing the 
amount of oxalate that is absorbed bound to sodium.’ Fatty acids 
with chain lengths longer than 12 carbons can cause diarrhea 
because they increase mucosal permeability and inhibit colonic 
absorption of fluid and electrolytes.© An increase in colonic per- 
meability due to long-chain fatty acids also may be a contribut- 
ing factor for the increased colonic oxalate absorption seen in 
patients with steatorrhea and hyperoxaluria.”” 
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Fig. 104.2 Relationship between flatus volume and colonic hydrogen 
absorption during fasting (open circles) and after ingestion of 12.5 g of 
lactose (closed circles). At high flatus volumes, the fraction of hydrogen 
excreted in breath decreases to about 20% of total hydrogen excretion; 
the remaining 80% is excreted in flatus. (From Hammer HF. Colonic 
hydrogen absorption: Quantification of its effect on hydrogen accumu- 
lation caused by bacterial fermentation of carbohydrates. Gut 1993; 
34:818.) 


Patients with short bowel syndrome can gain caloric energy 
from colonic absorption of medium-chain fatty acids coming 
from medium-chain triglyceride supplementation if they have 
at least part of the colon in continuity with the remaining small 
intestine.’! 


Colonic Salvage of Calcium 


Although most unabsorbed calcium is insoluble when it reaches 
the terminal ileum,” preservation of at least half of the colon 
in patients with extensive small bowel resection improves 
calcium absorption by about 40%, compared with calcium 
absorption in patients who have an ileostomy.” Absorption 
of calcium requires solubilization of calcium salts. Bacterial 
metabolism of dietary fiber or incompletely absorbed carbohy- 
drates can help solubilize calcium by causing a decrease in the 
pH of luminal contents in the colon. Once calcium is solubi- 
lized, it can contact the cecal mucosa, which, in the rat, has the 
highest calcium absorption rate per surface area of intestine.’ 
Calcium solubilization in the colon from bacterial fermenta- 
tion of malabsorbed lactose can also occur in patients with 
lactose malabsorption; in this condition, the bioavailability of 
calcium from milk is greater than that from mineral water.’* 
In addition to their effect on luminal pH, the SCFAs, such as 
acetate and propionate, which are products of bacterial metab- 
olism of lactose, have been shown to directly enhance calcium 
absorption in the human colon.’ 


Role of Intestinal Transit in the Salvage of 
Malabsorbed Nutrients 


The lower parts of the GI tract do not normally contact nutrients, 
but upon doing so, intestinal transit time becomes prolonged.’¢ 
This delay in transit could contribute to compensatory mecha- 
nisms in malabsorptive diseases, although nutritional salvage by 
this mechanism has not been quantitated. SCFAs prolong colonic 
transit time and, hence, increase the contact time of liminal con- 
tents with the colonic mucosa.” 
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CLINICAL FEATURES AND EVALUATION 


Malabsorption usually is suspected on the basis of the patient’s 
history, signs and symptoms, or findings on routine laboratory 
evaluations. Malabsorption of an ingested nutrient or substrate 
can be confirmed by measuring its increased stool concentra- 
tion, its decreased serum concentration, or its urinary excretion. 
Finding the cause of malabsorption often requires tests such as 
endoscopy with small intestinal biopsy; under certain clinical cir- 
cumstances, noninvasive tests or radiologic imaging are helpful in 
providing a specific diagnosis. 


Suspecting and Confirming the Presence of 
Malabsorption 


History and Physical Examination 


Table 104.3 lists symptoms and signs suggestive of malabsorp- 
tion, although virtually all can have causes other than malabsorp- 
tion. For example, greasy stools might indicate malabsorption, 
but a greasy appearance also can be caused by mucus in the 
stool. Floating of stool in the toilet water can be due to a high 
stool fat content, but it can also be caused by high gas content. 
Nevertheless, such symptoms and signs are helpful in raising the 
clinician’s index of suspicion for malabsorption and in guiding 
the choice of which specific laboratory tests, structural evalua- 
tions, or function tests should be ordered. 

The current obesity epidemic has led to a changing picture of 
malabsorption; for example, few patients today with celiac dis- 
ease are underweight at diagnosis, and some are even overweight. 
These patients have been reported to be less likely to present with 
classic features such as diarrhea or anemia, and further weight 
gain after dietary gluten exclusion may be a cause of increased 


morbidity.’® 


Laboratory Findings 


Certain blood tests might yield abnormal results in malabsorp- 
tion, but with rare exceptions they are not specific for malabsorp- 
tive diseases. Blood tests also can be used as a screening tool to 
help the physician decide how vigorously to evaluate a patient for 
malabsorption. Table 104.4 lists blood tests, abnormal results of 
which should raise the suspicion of malabsorption, and stool tests 
that should be used to confirm that suspicion. 

Quantitative fecal fat measurement followed by the measure- 
ment of fecal chymotrypsin or elastase concentration may be 
helpful, both in establishing malabsorption and differentiating 
between pancreatic and intestinal causes of malabsorption. Low 
levels of serum a-carotene, cholesterol, triglycerides, and calcium 
and a prolonged prothrombin time suggest malabsorption of fat 
and fat-soluble vitamins. Low levels of vitamin B,), folate, iron, 
and albumin suggest malabsorption of water-soluble substances 
and, therefore, indicate intestinal disease rather than pancreatic 
or biliary disease. Severe deficiency of fat-soluble vitamins might 
indicate intestinal or biliary disorders. Low levels of plasma 
citrulline are associated with destructive small intestinal disease 
(e.g., celiac disease) or can follow intestinal resection,’’ although 
fasting plasma citrulline tests are poor predictors of enterocyte 
dysfunction in clinical practice. An oral citrulline generation test 
has been proposed to improve its predictive value.*° 


Diagnostic Approach 
Clinical Clues to the Presence of Specific Diseases 


Clinical clues (Table 104.5) or results of laboratory tests (Table 
104.6)°! can indicate the presence of a specific underlying disease 
or can help in the differential diagnosis. The following questions 
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es] TABLE 104.3 Symptoms and Signs of Malabsorption and Relevant Pathophysiology 


Symptom or Sign Pathophysiologic Explanation 

CUTANEOUS AND MUCOSAL 

Acrodermatitis, scaly dermatitis Deficiency of zinc and essential fatty acids 

Easy bruisability, ecchymoses, petechiae Deficiency of vitamin K, vitamin C (scurvy) 

Edema Protein loss or malabsorption 

Follicular hyperkeratosis Deficiency of vitamin A 

Glossitis, cheilosis, stomatitis Deficiency of vitamin B complex, vitamin B42, folate, or iron 
Hyperpigmented dermatitis Deficiency of niacin (pellagra) 

Perifollicular hemorrhage alabsorption of vitamin C 

Spiral or curly hair alabsorption of vitamin C 

Thin nails with spoon-shaped deformity Deficiency of iron 

GASTROINTESTINAL 

Abdominal distention, flatulence Gas production from bacterial fermentation of carbohydrates in the colon, SIBO 
Ascites Protein loss or malabsorption 

Diarrhea Osmotic activity of carbohydrates or short-chain fatty acids 


Secretory effect of bile acids and fatty acids 
Decreased absorptive surface 
Intestinal loss of conjugated bile acids: 


e Ileal resection 


e Severe ileal mucosal disease 
e Congenital defects of the ileal sodium-bile acid co-transporter 
Foul-smelling flatulence or stool Malabsorption of proteins or intestinal protein loss 
Pain Gaseous distention of the intestine 
MUSCULOSKELETAL 
Bone pain, osteomalacia, fractures Protein, calcium, or vitamin D deficiency; secondary hyperparathyroidism 
Tetany, muscle weakness, paresthesias alabsorption of vitamin D, calcium, magnesium, and phosphate 
OTHER 
Amenorrhea, impotence, infertility ultifactorial (including protein malabsorption, secondary hypopituitarism, anemia) 
Anemia Deficiency of iron, folate, or vitamin B42 
Fatigue, weakness Calorie depletion, iron and folate deficiency, anemia 
Growth and weight retardation, infantilism utrient malabsorption in childhood and adolescence 
Kidney stones ncreased colonic oxalate absorption 
Night blindness, xerophthalmia Deficiency of vitamin A 
Neurologic symptoms, ataxia Deficiency of vitamin B42, vitamin E, or folate 
Peripheral neuropathy Deficiency of vitamin B42 or thiamine 
Weight loss, hyperphagia Nutrient malabsorption 


TABLE 104.4 Useful Laboratory Tests for Patients With Suspected Malabsorption and for Establishing Possible Nutrient Deficiencies 


Test Comment(s) 

BLooD CELL COUNT 

Hematocrit, hemoglobin Decreased in iron, vitamin B42, and folate malabsorption or with blood loss 

Mean corpuscular hemoglobin Decreased in iron malabsorption; increased in folate and vitamin B42 malabsorption 
or mean corpuscular volume 

White blood cells, differential Decreased in vitamin B42 and folate malabsorption; low lymphocyte count in lymphangiectasia 

BIOCHEMICAL TESTS (SERUM) 

Albumin Decreased in severe malnutrition, lymphangiectasia, protein-losing enteropathy 

Alkaline phosphatase ncreased in calcium and vitamin D malabsorption (Severe steatorrhea); decreased in zinc deficiency 

Calcium, phosphorus, Decreased in extensive small intestinal mucosal disease, after extensive intestinal resection, or in vitamin D deficiency 
magnesium 

Cholesterol Decreased in bile acid malabsorption or severe fat malabsorption 

Iron, ferritin Decreased in celiac disease, in other extensive small intestinal mucosal diseases, and with chronic blood loss 

Triglycerides Decreased in severe fat malabsorption 
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TABLE 104.4 Useful Laboratory Tests for Patients With Suspected Malabsorption and for Establishing Possible Nutrient Deficiencies—cont’d 


Test 


Commeni(s) 


Zinc Decreas 


OTHER SERUM TESTS 


B-Carotene Decreas 

Citrulline 

Folic acid Decreas 
SIBO 

Homocysteine 


Immunoglobulins Decreas 
Methylmalonic acid 


Prothrombin time 


Vitamin B42 Decreas 
latum 

STOOL TESTS 

Elastase, chymotrypsin Decreas 

Fat 

pH 


TABLE 104.5 Cardinal Clinical Features of 


Disorder 


ed in extensive small intestinal mucosal disease or intestinal resection 


ed in fat malabsorption from hepatobiliary or intestinal diseases 


lay be decreased in destructive small intestinal mucosal disease or intestinal resection 


ed in extensive small intestinal mucosal diseases, with anticonvulsant use, in pregnancy; may be increased in 
and with vitamin B42 deficiency 


arkedly elevated in vitamin B42 or folate deficiency 


ed in lymphangiectasia, diffuse lymphoma 


arkedly elevated in vitamin B49 deficiency 


Prolonged in vitamin K malabsorption 


ed after gastrectomy, in pernicious anemia, with terminal ileal disease, SIBO, and infection with Diphyllobothrium 


ed concentrations and output in exocrine pancreatic insufficiency 


Qualitative or quantitative increase in fat malabsorption from intestinal disease or pancreatic insufficiency 
Less than 5.5 in carbohydrate malabsorption 


Specific Malabsorptive Disorders 


Cardinal Clinical Features 


Adrenal insufficiency 
Amyloidosis 


Bile acid deficiency 
Carcinoid syndrome 
Celiac disease 


Crohn disease 


Cystic fibrosis 

Cystinuria, Hartnup disease 
Diabetes mellitus 
Disaccharidase deficiency 

GI fistulas 

Glucagonoma 

Hyperthyroidism, hypothyroidism 
Hypogammaglobulinemia 


Intestinal ischemia 


Lymphoma 

Mastocytosis 

Mycobacterium avium complex infection 
Pancreatic insufficiency 


Parasitic infection 
PBC 
Scleroderma 
SIBO 


Tropical sprue 
Tuberculosis 


Whipple disease 


ZES 


Skin darkening, hyponatremia, hyperkalemia 


Renal disease, nephrotic syndrome, cardiomyopathy, neuropathy, carpal tunnel syndrome, macroglossia, 
hepatosplenomegaly 


lleal resection or disease, liver disease 
Flushing, cardiac murmur (right sided) 


Variable symptoms: dermatitis herpetiformis, alopecia, aphthous mouth ulcers, arthropathy, neurologic 
symptoms, malnutrition; elevated liver biochemical test levels, mild iron deficiency 


Arthritis, aphthous mouth ulcers, episcleritis, uveitis, pyoderma gangrenosum, erythema nodosum, abdominal 
mass, fistulas, perianal fistulae, primary sclerosing cholangitis, laboratory signs of inflammation 


Chronic sinopulmonary disease, meconium ileus, distal intestinal obstruction syndrome, elevated sweat chloride 
Kidney stones, dermatosis 

Long history of diabetes and diabetic complications 

Bloating and cramping, intermittent diarrhea 

Previous intestinal surgery or trauma, Crohn disease 

Migratory necrolytic erythema, enlarged gallbladder 

Symptoms and signs of thyroid disease 

Recurrent infections 


Other ischemic organ manifestations; abdominal pain with eating (chronic mesenteric ischemia); small bowel 
obstruction and SIBO (focal segmental ischemia) 


Enlarged mesenteric or retroperitoneal lymph nodes, abdominal mass, abdominal pain, fever 
Urticaria pigmentosum, peptic ulcer 
AIDS 


History of pancreatitis, abdominal pain, or alcohol use disorder; large-volume fatty, oily stools; passage of 
orange oil per rectum 


History of travel to endemic areas 
Jaundice, itching 
Dysphagia, inability to open the mouth widely, Raynaud phenomenon, skin tightening 


Previous intestinal surgery, motility disorder (scleroderma, pseudo-obstruction), small intestinal diverticula, 
strictures (focal segmental ischemia) 


History of travel to endemic area 


Specific history of exposure, living in or travel to endemic area, immunosuppression, abdominal mass or 
intestinal obstruction, ascites 


Lymphadenopathy, fever, arthritis, cerebral symptoms, heart murmur (pulmonary valve), oculomasticatory 
myorhythmia 


Peptic ulcers, diarrhea 
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TABLE 104.6 Useful Laboratory Tests in the Differential Diagnosis of Malabsorption 


Test 


Comment 


BLoop CELL COUNT 


Acanthocytes 
Albumin 


Nuclear remnants in erythrocytes (Howell-Jolly bodies) 


Platelets 
White blood cells, differential 


OTHER TESTS 
ESR, C-reactive protein 


Ferritin 

Iron 

Liver biochemical tests 
IMMUNOLOGIC MARKERS 
Allergen-specific IgE 
Antimitochondrial autoantibodies 
Autoantibodies (e.g., ANA) 
HIV-ELISA/Western blot 
HLA-DQ2 or HLA-DQ8 
Immunoglobulins 


NEUROENDOCRINE MARKERS 
ACTH, cortisol 


Chromogranin A 
5-Hydroxyindoleacetic acid in urine 


Abetalipoproteinemia 
Low with protein-losing enteropathy, chronic inflammation (Crohn disease) 


Celiac disease, IBD, amyloidosis 
Increased in inflammatory diseases 


Eosinophilia in eosinophilic gastroenteritis and parasitic disease 


Low lymphocyte count in lymphangiectasia, tuberculosis, protein-losing enteropathy 


Low CD4 count in AIDS 


Increased in Crohn disease, Whipple disease, lymphoma 


Increased in inflammatory diseases, lymphoma; decreased in iron deficiency 


Decreased in celiac disease, chronic occult intestinal bleeding, chronic inflammatory diseases 


Increased in PBC and other liver diseases, celiac disease 


IgE-mediated hypersensitivity 

PBC 

Connective tissue diseases 

AIDS 

Celiac disease, refractory sprue 

IgA deficiency, immunodeficiency syndromes; elevated IgM in PBC 


Abnormal values in Addison disease 
Elevated in neuroendocrine tumors 


Elevated in carcinoid syndrome 


Decreased in hyperthyroidism; increased in hypothyroidism 


Gastrin® Elevated in ZES 
Glucagon* Elevated in glucagonoma 
Serum TSH 

Somatostatin* 


Tissue transglutaminase antibodies, EMA, Celiac disease 


deamidated gliadin peptide 
STOOL TESTS 
Leukocytes, calprotectin 
Occult blood test 
Ova and parasites 


Elevated in somatostatinoma (normal in duodenal somatostatinoma) 


Present in some inflammatory diseases of the intestine 
Erosive or ulcerative intestinal disease or tumor 


Repeated samples may be needed to detect Giardia lamblia 


*Perform this test if there is a strong suspicion of an underlying neuroendocrine tumor.®' 


may be helpful and should be asked as part of the history before 
physical examination: 


Has the patient undergone previous surgery, such as gastric or 
small bowel resection or a GI bypass operation? 

Is there a family or childhood history of celiac disease? 

Is there a history of travel to underdeveloped countries or en- 
demic areas of tropical sprue, giardiasis, or other GI infec- 
tions? 

Is there excessive alcohol consumption? 

Does the patient have a history of chronic pancreatitis or 
symptoms suggesting a pancreatic tumor? 

Does the patient have clinical features of thyrotoxicosis, Ad- 
dison disease, Whipple disease, biliary or liver disease, or dia- 
betic neuropathy? 

Does the patient eat a diet high in poorly absorbable carbo- 
hydrates (sweeteners such as sorbitol or fructose) or fat substi- 
tutes, or an unbalanced diet that could result in malnutrition? 


ANA, antinuclear antibodies; EMA, endomysial antibodies; ESR, erythrocyte sedimentation rate; /g, immunoglobulin; TSH, thyroid-stimulating hormone. 


e Is there a likelihood of human immunodeficiency virus infec- 
tion? 

e Is the patient receiving treatment with a drug that can cause 
malabsorption? 

e Does the patient have a history of stem cell or organ trans- 
plantation or abdominal radiation? 

e Does the patient have a history of extraintestinal manifesta- 
tions of IBD, celiac disease, or Whipple disease? 


A rational approach to establishing the cause of malabsorp- 
tion can require several diagnostic steps. Different diagnostic 
approaches may be used depending on the clinician’s background, 
the availability of different tests, and the patient’s preferences. 
If time constraints are not a consideration, a stepwise approach 
may be used, starting with noninvasive evaluations that can guide 
further invasive procedures or even provide a diagnosis. In other 
instances, the physician may choose a more invasive test in the 
hope of reaching a diagnosis with the fewest possible tests and in 
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BOX 104.2 Tests to Establish the Cause of Malabsorption Based on Main Symptoms 


WEIGHT LOSS, OSTEOMALACIA OR OSTEOPENIA, 
DIARRHEA, SUSPECTED STEATORRHEA, OR DEFICIENCY OF 
FAT-SOLUBLE VITAMINS 


First-Line Tests 


Abdominal and small intestinal US 

Elastase or chymotrypsin concentration in stool 

EGD with small intestinal biopsies 

Endomysial or tissue transglutaminase antibodies 

Laboratory tests (CBC, white blood cell differential, cholesterol, TGs, 
electrolytes, calcium, magnesium, serum ALT, AST, AP, bilirubin 
levels, prothrombin time, serum albumin level, ESR and C-reactive 
protein, TSH) 

Ova, parasites, calprotectin and leukocytes in stool 

Second-Line Tests 


Abdominal CT, MRI 

Endoscopic examination of the terminal ileum, including ileal biopsies 

Enteroscopy, including biopsies 

ERCP/MRCP 

More extensive laboratory investigation (immunoglobulins, HIV ELISA, 
antinuclear antibodies, ferritin, food allergen-specific IgE, ACTH 
cortisol, chromogranin A, gastrin, urinary 5-HIAA) 

Quantitative fecal fat 

Quantitative small intestinal culture or breath tests for SIBO 

Small bowel series/small bowel MRI 

Special staining of small intestinal biopsies (e.g., Congo red for amy- 
loid, PAS for Whipple disease) 

Tests for bile acid malabsorption 

Therapeutic trial of pancreatic enzymes, antibiotics (tetracycline, 
metronidazole), cholestyramine, or a gluten-free diet 

Video capsule endoscopy 

Tests in Unusually Difficult Cases (Third-Line Tests) 

Antienterocyte antibodies 

EUS 

Mesenteric angiography 

MRA 

BET 

Serum or plasma glucagon, somatostatin 

Somatostatin (octreotide) scan 

Special tests of intestinal biopsies (e.g., flow cytometry of intraepi 
thelial lymphocytes for lymphoma and refractory celiac disease, 
PCR for Tropheryma whipplei or other infective organisms, chro- 
mogranin A stain for enteroendocrine cells) 


Spiral CT of the pancreas 

Tube test for exocrine pancreatic secretion (secretin, CCK, or Lundh 
test) 

BLOATING, WITH OR WITHOUT DIARRHEA 

First-Line Tests 

Fructose Hə breath test 

Lactose H; breath test 

Lactose tolerance test 

Second-Line Tests 

Chymotrypsin or elastase concentration in stool 

EGD with duodenal biopsies 

Endomysial or tissue transglutaminase antibodies 

Genetic testing for hypolactasia 

Quantitative small intestinal culture or breath tests for SIBO 

Stool pH (in patients with diarrhea) 

ANEMIA AND SUSPECTED MALABSORPTION 

Microcytic or hypochromic anemia (low MCV, MCH) 

Calprotectin 

EGD with duodenal biopsies 

Endomysial and tissue transglutaminase antibodies 

FOBT 

Iron, ferritin, and transferrin in serum 

Ova and parasites in stool 

Video capsule endoscopy 

MACROCYTIC ANEMIA (HIGH MCV, MCH) 

First-Line Tests 

Folic acid in serum or red blood cells 

Vitamin B42 in serum 

Second-Line Tests in Cases of Vitamin B42 Deficiency 

Calprotectin 

CT, small bowel series, enteroclysis, video capsule endoscopy 

EGD with gastric and duodenal biopsies 

Endomysial and tissue transglutaminase antibodies 

Evaluation of ileum (e.g., colonoscopy to ileum with biopsy, balloon 
enteroscopy with biopsy) 

Ova and parasites in stool 

Quantitative small intestinal culture or breath tests for SIBO 

Second-Line Tests in Cases of Folate Deficiency 

EGD with duodenal biopsies 

Endomysial or tissue transglutaminase antibodies 


AP, alkaline phosphatase; CBC, complete blood cell count; FOBT, fecal occult blood test; 5-H/IAA, 5-hydroxyindoleacetic acid; IgE, immunoglobulin E; MCH, mean 
corpuscular hemoglobin; MCV, mean corpuscular volume; PAS, periodic acid-Schiff, TSH, thyroid-stimulating hormone. 


the shortest possible time. Diagnostic approaches differ depend- 
ing on the epidemiologic or ethnic background of an individual 
patient. For example, if parasitic infections are a likely possibility, 
stool examination can provide a rapid diagnosis by noninvasive 
testing. In populations with a very low prevalence of lactose intol- 
erance, a secondary cause of lactose malabsorption is more likely 
than it would be in populations with a high prevalence of acquired 
primary lactase deficiency, so additional tests are appropriate. 
The sequence of tests, thus, depends on the affected person’s 
symptoms and history, as well as results of previous testing (Box 
104.2). Tests that can detect the most common causes of mal- 
absorption or are noninvasive or inexpensive usually should be 
performed initially (first-line tests). In some patients, testing 
for rarer causes of malabsorption and use of more invasive or 


more expensive tests may be necessary to establish the diagnosis 
(second-line tests). For unusually difficult cases, additional tests 
may be required that may be available only in specialized centers 
(third-line tests). 

For some disorders (e.g., bile acid malabsorption [BAM], lac- 
tose malabsorption, SIBO), it may be difficult to establish a causal 
link between symptoms and the malabsorbed substrate. In these 
conditions, observation of the response to therapy may be critical 
in supporting or refuting a causal relationship. 


Anatomic Investigations 


Endoscopic examination of the stomach, duodenum, or ileum 
and histologic examination of mucosal biopsy specimens can 
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Fig. 104.3 A, Endoscopic image showing scalloping of the duodenal folds in a patient with celiac disease. B, 
Endoscopic appearance of the ileum in a patient with primary intestinal lymphangiectasia; villi show a yellow- 


whitish studded appearance. 


establish a diagnosis of some conditions causing malabsorption. 
The role of radiologic imaging examinations is limited mostly 
to answering questions about abdominal regions not easily 
accessible to endoscopy, such as parts of the small intestine, par- 
enchymatous organs, the peritoneal cavity, the mesentery, or 
the retroperitoneum. Capsule endoscopy, balloon enteroscopy, 
and MRI are contributing to making these areas more acces- 
sible to diagnostic evaluation. Radiologic studies of the small 
intestine can show evidence of stasis, blind loops, diverticula, 
fistulas, rapid transit, and other abnormalities that can assist in 
diagnosis. 


Endoscopy, Biopsy, and Duodenal Aspiration 
Endoscopy 


Endoscopic inspection of the duodenal mucosa can provide 
clues to some causes of malabsorption. Mosaic-like scalloping 
of duodenal folds (Fig. 104.34) and reduction in the number of 
duodenal folds are highly suggestive of villus atrophy in celiac 
disease, although these abnormalities may be seen in other dis- 
eases (see Chapter 107).*? The appearance of villus atrophy may 
be enhanced endoscopically using magnification endoscopy and 
chromoendoscopy with indigo carmine staining® or by virtual 
chromoendoscopy (narrow-band imaging and flexible spectral 
imaging color enhancement).** A normal duodenal fold pattern 
should not deter the endoscopist from taking multiple mucosal 
biopsy specimens. Aphthae suggest Crohn disease, and small, 
diffuse, white-yellowish, punctate lesions can be seen in primary 
or secondary lymphangiectasia (see Fig. 104.38). Endocrine 
tumors causing malabsorption, such as duodenal gastrinoma or 
somatostatinoma or ampullary tumors that obstruct the pan- 
creatic duct, can also be detected during endoscopy. If ileal dis- 
ease is the suspected cause of malabsorption, visual examination 
and biopsy of the ileal mucosa may be required to establish a 
diagnosis; this can be accomplished by retrograde intubation 
of the ileum at colonoscopy or by single- or double-balloon 
endoscopy. 


Biopsy 


Examination of endoscopic biopsy specimens from the duodenum 
may be diagnostic or highly suggestive of a variety of small bowel 
disorders, resulting in malabsorption (Table 104.7); follow-up 
small intestinal biopsy can be used to assess treatment effects. 
Duodenal biopsy specimens should be obtained from patients 
with atypical or nonspecific GI symptoms, such as abdominal pain, 


TABLE 104.7 Causes of Malabsorption That Can be Diagnosed by 
Small Bowel Biopsy 


Cause Main Histologic Features 


DISEASES WITH GENERALIZED ABNORMAL HISTOLOGY 


Abetalipoproteinemia, Lipid accumulation and 
hypobetalipoproteinemia vacuolization of enterocytes 


Collagenous sprue (Chapter 107) Collagenous band below atrophic 


epithelium 


Mycobacterium avium complex Acid-fast bacilli, foam cells 


infection (Chapter 35) 


Whipple disease (Chapter 109) Foamy macrophages with 


PAS-positive inclusion bodies 
DISEASES WITH PATCHY ABNORMAL HISTOLOGY 


Amyloidosis Congo red-stained deposits 
with apple-green birefringence 
in polarized light 


Crohn disease (Chapters 115 and Epithelioid granulomas and 
116) characteristic focal inflammation 


Eosinophilic gastroenteritis 
(Chapter 30) 


Lymphangiectasia (Chapter 31) 


Eosinophilic infiltration 


Ectatic lymph vessels 

Lymphoma (Chapter 32) 

Mastocytosis (Chapter 37) 

Parasites and worms (Giardia 
lamblia, Strongyloides stercoralis, 


coccidia) (Chapters 113 and 
114) 


PAS, Periodic acid-Schiff. 

Modified from Riddell RH. Small intestinal biopsy: Who? How? What are 
the findings? In: Barkin JS, Rogers Al, editors. Difficult decisions in 
digestive diseases. Chicago: Year Book; 1989. p 326. 


Clonal expansion of lymphocytes 
Diffuse infiltration with mast cells 


Some parasites may be seen on 
histologic examination 


bloating, anemia, and weight loss, and should not be limited only 
to patients with diarrhea.*>*° The adequacy of mucosal biopsy 
specimens is a function of their size and the number obtained.*’ 
If large specimens are obtained using jumbo biopsy forceps, they 
can be oriented on a piece of filter paper before they are put into a 
fixing solution;** 2 or 3 jumbo biopsy specimens are usually suffi- 
cient to allow histologic sectioning parallel to the villi and crypts. 
Specimens may also be obtained with smaller forceps, although 
the number of specimens obtained must then be increased to 
4 to 6. 


r 5 Mia = 2 
Fig. 104.4 High-power view of a periodic acid-Schiff stain from a 
duodenal biopsy specimen of a patient with Whipple disease demon- 


strating purple-red macrophages. (A, courtesy Gregor Gorkiewicz, MD, 
Graz, Austria.) 


The diagnostic yield of biopsy is influenced by the distri- 
bution of histologic abnormalities, which in some diseases is 
diffuse but in other diseases is patchy. Tropical diarrhea and 
a malabsorption syndrome (see Chapter 108), abetalipopro- 
teinemia, and immunodeficiency usually result in a diffuse 
alteration of small intestinal mucosa. Thus a normal duode- 
nal biopsy specimen largely rules out these disorders. In con- 
trast, primary lymphangiectasia has a patchy distribution, so 
a single mucosal biopsy might not rule out the disorder (see 
Chapter 31). Patchy distribution has also been described for 
the histologic changes in some patients with celiac disease, 
especially when symptoms are subtle, although this disorder 
usually affects the small intestine diffusely.® Other possible 
sources of error and misdiagnosis include poorly oriented 
specimens and those obtained proximally, where confounding 
peptic injury can be the cause of mucosal alterations. Addi- 
tional biopsy specimens from the stomach and duodenal bulb 
can help the pathologist establish the extent of peptic injuries 
in the upper GI tract and interpret inflammatory changes in 
the duodenum in relation to these lesions. Distortion of vil- 
lus architecture over Brunner glands or lymphoid aggregates, 
which is common in the duodenum, should be interpreted 
with caution. 

Specific histologic features may be diagnostic for some rare 
causes of malabsorption (see Table 104.7)*? such as Whipple 
disease (Fig. 104.4), abetalipoproteinemia or hypobetalipopro- 
teinemia, intestinal lymphangiectasia, giardiasis (Fig. 104.5), 
lymphoma, or collagenous sprue. In most patients with small 
intestinal disorders, however, histologic examination is not diag- 
nostic®’ (Box 104.3) and reveals a spectrum of mucosal responses 
ranging from infiltration by lymphocytes to a flat mucosa with 
villus atrophy and crypt hyperplasia (Fig. 104.6). In many parts 
of the world, celiac disease is by far the most common cause of 
this type of histologic alteration, but a definite diagnosis of celiac 
disease cannot be established by mucosal biopsy alone (see Chap- 
ter 107). A recent publication from the UK showed that most 
patients with seronegative (TTG negative) villus atrophy do 
not suffer from celiac disease, and these patients should not be 
prescribed a gluten-free diet.” Patients with seronegative villus 
atrophy had a higher mortality compared with seropositive celiac 
disease individuals.” 

Some disease states can be identified only with use of spe- 
cial histologic stains, such as Congo red (intestinal amyloidosis), 
periodic acid—Schiff (Whipple disease), or immunohistochemical 
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Fig. 104.5 Small bowel biopsy specimen from an immunocompetent 
patient with giardiasis. A normal-appearing villus and adjacent pear- 
shaped organisms with red-staining nuclei are evident. (Courtesy Cord 
Langner, MD.) 


BOX 104.3 Malabsorptive Diseases With Abnormal But 
Nondiagnostic Small Intestinal Histologic Findings 


INCREASED LYMPHOCYTE INFILTRATION WITH OR 
WITHOUT CRYPT HYPERPLASIA 


AIDS enteropathy (Chapter 35) 

Celiac disease (Chapter 107) 

Infection (due to Giardia lamblia, Cryptosporidium [Chapter 113]; 
viral enteritis [Chapter 110}) 

Tropical sprue (Chapter 108) 


FLAT LESION WITH OR WITHOUT MUCOSAL 
INFLAMMATION 


Autoimmune enteropathy 

Celiac disease (Chapter 107) 

Drug-induced enteropathy (NSAIDs, colchicine, neomycin, an- 
giotensin 2-receptor blockers, immune checkpoint inhibitors) 
[Chapter 119}) 

Food protein hypersensitivity (rye, barley, egg, fish, rice, poultry) 
(Chapters 10 and 30) 

Immunodeficiency (hypogammaglobulinemia) (Chapter 2) 

Immunoproliferative small intestinal disease (IPSID) (Chapter 31) 

Infection (due to Giardia lamblia, Cryptosporidium) (Chapter 113) 

Intestinal transplantation (Chapter 106) 

Lymphoma (Chapter 32) 

Nongranulomatous chronic idiopathic enterocolitis (Chapter 107) 

Prolonged folate or cobalamin deficiency 

Protein-calorie malnutrition 

Traumatic injury 

Tropical sprue (Chapter 108) 

ATROPHIC LESION 

Chronic radiation damage (Chapter 41) 

Cicatrizing Crohn disease (Chapters 115 and 116) 

Diffuse lymphoma (Chapter 32) 

Idiopathic diarrhea of infancy (microvillus inclusion disease) 
(Chapter 98) 

Unresponsive gluten sensitivity (lymphoma or ulcerative jejunitis) 
(Chapter 107) 


Modified from Riddell RH. Small intestinal biopsy: Who? How? What are the 
findings? In: Barkin JS, Rogers Al, editors. Difficult decisions in digestive 
diseases. Chicago: Year Book; 1989. p 326. 
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Fig. 104.6 Duodenal biopsy specimen from a patient with untreated 
celiac disease. A, Subtotal villus atrophy, crypt elongation, and lympho- 
plasmacytic infiltration of lamina propria can be seen. B, High-power 
view demonstrates villus blunting with increased intraepithelial lympho- 
cytes. (H&E stain.) (Courtesy Cord Langner, MD.) 


techniques for detecting refractory celiac disease, small intestinal 
lymphoma, or enteroendocrine insufficiency (see Autoimmune 
Enteropathy). Polymerase chain reaction analysis of intestinal 
biopsy specimens for Tropheryma whipplei may be helpful in eval- 
uating patients in whom Whipple disease is suspected (see Chap- 
ter 109);°! the clinician specifically has to request these tests. 
Measurement of mucosal enzyme activities in a jejunal biopsy can 
be used to confirm disaccharidase deficiency, although this is not 
usual for routine clinical practice. 


Aspiration 


Fluid aspirated from the descending part of the duodenum may 
be examined microscopically for Giardia lamblia (see Chapter 
113) or cultured to detect SIBO in patients with diffuse small 
intestinal motility disorders (see Chapters 99, 105, and 124). 


Video Capsule Endoscopy and Balloon Enteroscopy 


Video capsule endoscopy (VCE) is an increasingly popular 
tecnique for diagnosing diseases of the small intestine (see 
Chapter 119). VCE was initially introduced for evaluating sus- 
pected bleeding in the small intestine but has subsequently been 
used to diagnose a wider range of diseases such as Crohn dis- 
ease, celiac disease, and other malabsorptive disorders. In several 
studies, lesions suggesting Crohn disease were detected by VCE 
when they had been missed by conventional diagnostic proce- 
dures.” These reports, however, must be interpreted carefully 
because they lack biopsy specimens and there are no long-term 
evaluations to confirm diagnoses. 

VCE appears to be superior to conventional radiologic 
imaging of the small intestine and CT enterography to detect 
subtle mucosal changes such as aphthous or erosive lesions 
of the small intestine (see Chapter 119).°? In celiac disease, 
detection of villus atrophy by VCE has a good correlation to 
villus atrophy seen in duodenal biopsy specimens,” but it is 
questionable whether VCE can detect subtle changes such as 
Marsh 1 and 2 lesions. Changes on VCE that suggest villus 
atrophy are scalloping, a mosaiform pattern, and fissuring. In a 
study of VCE in patients with celiac sprue, villus atrophy was 
seen in the duodenum and jejunum in 59%, in the duodenum 
only in 32%, and in the jejunum only in 3% of cases.” 

In refractory celiac disease, VCE can detect changes such 
as ulcerations and strictures that suggest T-cell lymphoma but 
that are missed by conventional techniques.” This test may 
be used in patients with established malabsorption in whom 
no diagnosis has been established despite extensive diagnostic 
workup. 

In some cases of malabsorption, balloon enteroscopy with 
biopsies of the jejunum and ileum can be helpful to establish 
the diagnosis. Compared with VCE, balloon enteroscopy has 
the advantage of being able to obtain biopsy specimens from 
altered mucosal areas, but it is time consuming and uncomfort- 
able for the patient. In a series of 12 patients with malabsorp- 
tion, diagnoses of various small intestinal diseases that would 
have been missed with duodenal biopsies were established 
solely by balloon enteroscopy in one third of patients.”> Bal- 
loon enteroscopy with jejunal biopsy is reserved for patients 
with an elusive diagnosis; for celiac disease, endoscopically 
obtained jejunal biopsies are rarely helpful compared with 
duodenal biopsies.”° 


Abdominal Imaging 


Small Bowel Follow-Through and Small Bowel 
Enteroclysis 


The principal role of a small bowel series in evaluating malab- 
sorption is to identify patterns of mucosal and mural irregularity 
and focal or diffuse abnormalities that predispose to SIBO, such 
as diverticula, stagnant loops of intestine, generalized intestinal 
hypomotility or dilatation, intestinal fistulas, and tumors.”” 

Small bowel enteroclysis, in which the duodenum or upper 
jejunum is intubated for direct instillation of contrast material 
and an agent such as glucagon given to “paralyze” intestinal 
motility, is preferred to small bowel follow-through examina- 
tion because distention of the lumen results in better demon- 
stration of small bowel contour and there is a higher sensitivity 
to detect mucosal abnormality.’ Enteroclysis the disadvan- 
tage of conventional enteroclysis is that direct imaging of the 
bowel wall and surrounding structures is not possible; hence 
the rationale for combining enteroclysis with CT or MRI scan- 
ning, which has replaced conventional enteroclysis in most 
countries.’ 


Abdominal Computed Tomography 


Abdominal CT for small bowel evaluation is performed after 
administration of oral and/or IV contrast agents.” Small intes- 
tinal CT scanning is useful to detect focal intestinal lesions, such 
as thickening of the small bowel wall in Crohn disease or small 
intestinal lymphoma, intestinal fistula, and dilated bowel loops; 
however, mild mucosal changes such as aphthae in Crohn disease 
or villus atrophy from various causes are missed by this technique. 
Diffuse thickening of the small bowel may be seen in Whipple 
disease and in graft-versus-host disease.” In some cases of celiac 
disease, reversal of the jejunoileal fold pattern is observed.!° 
CT is a sensitive test to detect enlarged abdominal lymph nodes, 
which can be present in disorders such as Whipple disease, small 
bowel lymphoma, or small intestinal inflammatory diseases such 
as Crohn disease. Evidence for pancreatic disease that may be 
detected on CT includes calcifications of the pancreas, dilata- 
tion of the pancreatic duct, and pancreatic atrophy. Tumors that 
obstruct the pancreatic duct or hormone-secreting neuroendo- 
crine tumors also may be located by CT. 


Magnetic Resonance Imaging of the Small Intestine 


MRI may be used to image the small intestine, either with admin- 
istration of oral contrast media or by enteroclysis. Segmental 
bowel wall thickening with inflammatory involvement of the 
mesentery, cobblestoning, and ulcerations may be seen in Crohn 
disease; this method is very sensitive for demonstrating complica- 
tions of Crohn disease (e.g., intestinal fistula formation). In celiac 
disease, small bowel MRI with oral contrast can demonstrate 
small intestinal dilatation, mucosal thickening, and an increased 
number of folds in the ileum (ileal jejunization) with flattening of 
duodenal and jejunal folds (jejunoileal fold pattern reversal).!°! 
The extent of MRI findings seen with celiac disease reflects the 
clinical presentation of disease and is more extensive when classi- 
cal symptoms are present than when celiac disease is silent. Most 
signs of celiac disease are also found in other inflammatory dis- 
eases of the intestine, but the fold pattern abnormalities are most 
specific for celiac disease.!°! MRI enteroclysis also is very useful 
to detect changes suggesting complications such as lymphoma 
or carcinoma!” and has been shown helpful in distinguishing 
refractory celiac disease type II from uncomplicated celiac disease 
(see Chapter 107). In refractory celiac disease type II, 2 or more 
of the following features are present on MRI: presence of less 
than 10 folds per 5 cm jejunum, mesenteric fat infiltration, and 
bowel wall thickening.'°> With MRI enteroclysis, subtle mucosal 
changes might be missed and be more evident on conventional 
small bowel enteroclysis!™* or capsule endoscopy.” Because MRI 
or CT imaging of the small intestine may not require tube place- 
ment and displays the whole intestinal wall, these techniques have 
largely replaced classic small bowel enteroclysis. 


Ultrasonography Examination 


‘Transabdominal US examination has the advantage of no radia- 
tion exposure and, therefore, can be used in pregnant patients. US 
examination often is performed by the treating gastroenterologist 
and is, therefore, widely available without a substantial waiting 
period in many countries. US is often used to investigate the pan- 
creas, although the sensitivity for detecting pancreatic tumors is 
lower than that of ERCP or CT. Nevertheless, obstruction of the 
biliary tract, pancreatic calcifications, dilatation of the pancreatic 
duct, or stones within the pancreatic duct may be demonstrated. 
US examination of the small intestine has been used with increased 
frequency in recent years. US findings in inflammatory diseases of 
the small intestine such as celiac disease, Crohn disease, myco- 
bacterial infections, Whipple disease, as well as small intestinal 
lymphomas, include thickening of the small bowel wall, loss of 
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Fig. 104.7 Ultrasound examination of a patient with Whipple disease, 
showing hyperechoic wall thickening of the small intestine, submucosal 
lymphatic prominence, and dilatation of intestinal loops. 


the small bowel layers, and enlarged mesenteric lymph nodes.! 
In celiac disease, thickening of the small bowel wall (>3 mm) and 
dilatation of the bowel loops (>2.5 cm) have been suggested to be 
the most sensitive markers.!°° A hyperechoic appearance of the 
bowel wall may be suggestive for Whipple disease (Fig. 104.7), 
AIDS enteropathy, or mycobacterial infections,!°’ and the pres- 
ence of intraluminal abscesses in the ileocecal region for intestinal 
TB.!° TV and oral contrast agents have been used for better dif- 
ferentiation of small intestinal alterations on US examination.!° 


Other Studies 


A plain film of the abdomen may be helpful to detect pan- 
creatic calcifications if exocrine pancreatic insufficiency is 
suspected, although morphologic signs of chronic pancreati- 
tis alone do not prove a pancreatic cause of malabsorption, 
because the function of the exocrine pancreas must be severely 
impaired before malabsorption becomes evident. A plain film 
of the abdomen can also document dilated loops of intestine; 
dilated loops predispose to SIBO or suggest the presence of an 
obstruction. 

ERCP can help establish the cause of pancreatic insufficiency 
(see Chapter 59). It can also help distinguish chronic pancre- 
atitis from pancreatic tumor and can document pancreatic duct 
stones. ERCP and EUS are the methods of choice for document- 
ing various causes of biliary obstruction. MRCP is increasingly 
being used to replace diagnostic ERCP. If a neuroendocrine 
tumor (e.g., gastrinoma, somatostatinoma) is the suspected cause 
of malabsorption, an indium-111 octreotide scintigraphic scan, 
PET, or an EUS examination of the pancreas may be helpful in 
establishing the diagnosis or demonstrating the extent of disease 
(see Chapter 34). 


Noninvasive Evaluation of GI Digestive and 
Absorptive Function 


Some conditions that cause malabsorption can be diagnosed by 
noninvasive testing, although, as illustrated in Table 104.8, diag- 
nostic accuracy may be limited, and further tests may be neces- 
sary to identify underlying diseases or differentiate primary and 
secondary causes. Apart from providing a diagnosis, tests that 
evaluate GI absorptive and digestive function may be helpful in 
evaluating complex disease presentations. For most or all of the 
following tests, the potential benefits with regard to the costs 
of workup or to patient acceptability have not been established. 
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TABLE 104.8 Malabsorptive Diseases or Conditions in Which Noninvasive Tests Can Establish Malabsorption or Provide a Diagnosis 


Disease or Condition Diagnostic Test(s)* 


Commeni(s) 


Bile acid malabsorption 
SeHCAT test, '*C-TCA test 


Exocrine pancreatic insufficiency Quantitative fecal fat determination 


Fecal elastase or chymotrypsin, tubeless tests 


(see Chapters 56 and 59) 


Incomplete fructose absorption Fructose hydrogen breath test 


Lactose malabsorption Lactose hydrogen breath test 


Lactose tolerance test 


SIBO (see Chapter 105) 
Lactulose methane breath test 


Vitamin B;2 malabsorption Serum Vitamin B12 level 


Measurement of serum levels of C4, FGF19, 


Glucose or lactulose hydrogen breath test 


Do not differentiate between primary and secondary causes 
Tests involving radioactive substances should be avoided where 
they are still available 


Used to establish malabsorption in chronic pancreatitis 


Variable sensitivity and specificity, depending on the type of test and 
stage of the disease 


This test is neither useful nor required for starting treatment; for this, 
a validated symptom assessment after ingestion of fructose is 
required 


Tests do not differentiate between primary and secondary lactose 
malabsorption 

These tests are neither useful nor required for starting treatment; for 
this, a validated symptom assessment after ingestion of lactose 
is required 


A predisposing factor should be sought if tests is positive 


Schilling test is no longer available in most countries but was 
performed without intrinsic factor and, depending on the result 
with intrinsic factor, with antibiotics or pancreatic enzymes (see 
text). Further tests are necessary if SIBO, terminal ileal disease, or 
pancreatic disease is suspected 


*See text for diagnostic accuracy of the different tests listed. 


C4, 7a-hydroxy-4-cholesten-3-one; FGF19, fibroblast growth factor 19; SeHCAT, Selenium-75-homotaurocholic acid test; TCA, taurocholic acid. 


Because test procedures and analytical methods can vary among 
laboratories,!? each laboratory should establish its own reference 
values for these tests. 


Fat Malabsorption 


Quantitative Fecal Fat Analysis 
The van de Kamer method is the quantitative titration of fatty 
acid equivalents in which results are expressed as fecal output of 
fat in grams per 24 hours. This method is considered the gold 
standard for fecal fat analysis.!!° Modifications in which the 
extracted fats are weighed rather than titrated!!! have an excellent 
correlation with the results of the original van de Kamer method. 
The stool must be mixed before a sample is obtained for analysis. 
Fecal fat excretion of less than 7 g/day with a fat intake of 100 g/ 
day usually is considered normal. The volume effect of diarrhea by 
itself, however, may increase fecal fat output to levels of up to 14 g/ 
day (secondary fat malabsorption) (Fig 104.8).!!* With significant 
diarrhea, a fecal fat excretion of 14 g/day should be used as the 
upper limit of normal. Diet is important in considering causes of 
steatorrhea; for example, elevated fecal fat values can be observed 
in patients consuming a diet rich in the fat substitute olestra.!!! 
Quantitative fecal fat analysis is routinely available now in 
only a few centers. Reasons for its limited clinical use are: (1) If 
the main symptom of malabsorption is chronic diarrhea, mea- 
surement of fecal fat might not influence the subsequent evalu- 
ation, because the diagnostic tests performed to establish the 
etiology of diarrhea are similar to the tests for the workup of 
steatorrhea. (2) An elevated fecal fat level usually cannot differ- 
entiate biliary, pancreatic, and enteric causes of malabsorption. 
(3) In many patients with severe steatorrhea, the stools have a 
very foul smell and a characteristic porridge-like appearance, and 
quantitative studies are not necessary to establish fat malabsorp- 
tion. (4) Fat absorption may be normal despite malabsorption of 
other nutrients, so a normal fat balance does not imply normal 
absorptive function of the GI tract. (5) Finally, accuracy depends 
on quantitative stool collections for 48 to 72 hours, adherence 
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Fig. 104.8 Graph showing fecal fat output (average of a 3-day stool 
collection) plotted as a function of fecal weight from normal subjects 
(open circles) and subjects with induced diarrhea (closed circles). The 
washout effect of diarrhea increases fecal excretion of fat to levels 
above the upper limit of normal (7 g/day). With significant diarrhea, 

a fecal fat excretion of 14 g/day should be used as the upper limit of 
normal. (From Fine KD, Fordtran JS. The effect of diarrhea on fecal fat 
excretion. Gastroenterology 1992; 12:1936-9.) 


to a diet that contains 80 to 100 g of fat daily, and a diet diary to 
determine fat intake. Science aside, quantitative fecal fat analysis 
has never been popular among patients, physicians, or laboratory 
personnel performing the test. 

Despite the limitations of quantitative fecal fat analysis, it, 
nevertheless, is still useful in several clinical circumstances: to 
establish malabsorption and avoid nutritional deterioration when 
overt features of intestinal or pancreatic disorders are lacking, as 


in some cases of osteoporosis, osteomalacia, anemia, or weight 
loss; to monitor treatment in patients with established malab- 
sorptive disorders, such as exocrine pancreatic insufficiency or 
short bowel syndrome; to estimate fecal calorie loss in patients 
with severe malabsorption syndromes; and to quantitate fecal 
fat excretion in patients with diarrhea who have undergone ileal 
resection, thereby distinguishing steatorrhea due to BA defi- 
ciency from secretory diarrhea caused by BA loss.!!° 


Semi-Quantitative Fat Analysis 

For the acid steatocrit (AS) test,!!* a sample of stool is diluted 1:3 
with distilled water in a test tube. The diluted stool is homoge- 
nized, and a 500-pL aliquot is pipetted into a tube. Then 100 mL 
of 5M HClO; is added to allow better fat extraction and separa- 
tion of the lipid layer. An aliquot of the diluted stool-HC1O, mix- 
ture is put into a nonheparinized microcapillary tube and sealed 
on one end. After centrifugation of this aliquot at 13,000 rpm for 
15 minutes, the fatty layer and the solid layer are measured, and 
the AS is determined according to the following equation: 


ai | x 100 


An AS of less than 31% is normal. In a small study, the AS for 
random spot stool samples had a high sensitivity and specificity 
for detection of steatorrhea, compared with the van de Kamer 
method, which is performed on a 72-hour stool collection. A lin- 
ear correlation was also found between results obtained with the 
AS and those of the van de Kamer method, although results were 
quite divergent in some patients.'!+ Because quantitative fecal fat 
measurements are based on 48- to 72-hour stool collections (to 
minimize the effect of day-to-day variability in fecal fat excre- 
tion), the AS cannot be expected to replace quantitative mea- 
surement of fat output in borderline cases or cases where exact 
measurement of fecal fat loss is required. 


Qualitative Fecal Fat Analysis 
Although fat analysis by microscopic examination of random 
stool samples might provide a clue to the presence of steatorrhea, 
it cannot be used to exclude steatorrhea; its sole advantage is its 
ease of performance. A sample of stool is placed on a glass slide 
to which several drops of glacial acetic acid and Sudan II stain 
are added. Acidification of stool samples improves fat extraction 
and separation of the lipid layer.!'* The slide is held over a flame- 
burner, and the acidified mixture is heated to boiling then exam- 
ined while still warm for the presence of orange fat globules. A 
count of up to 100 globules, each with a diameter less than 4 mm, 
per high-power field is normal.!° 

Results of qualitative fat analysis by this method and of quan- 
titative fat analysis do not correlate very well.!!° In a small study, 
Sudan staining of spot stool samples had a sensitivity of 78% and 
a specificity of 70% for the detection of steatorrhea.!'+ A quan- 
titative microscopic method of counting and measuring fat glob- 
ules using the Sudan stain has been shown to correlate well with 
chemically measured fecal fat output.!!° 


Breath Tests for Fat Malabsorption 

The principle of the '*C-triolein breath test is to measure 
'4CO, in the breath after ingestion of a triglyceride that has 
been radiolabeled with C. Fat malabsorption results in 
decreased pulmonary excretion of !tCO).!!’ Because of errone- 
ous results in a variety of metabolic and pulmonary diseases, 
lack of sensitivity in mild malabsorption, radiation exposure to 
the patient, cost of the substrate, and the need for expensive 
equipment, this test has not found widespread acceptance for 
clinical use. The nonradioactive isotope }3C is used to label tri- 
glycerides instead. 
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Carbohydrate Malabsorption 


The HBT is a noninvasive test that takes advantage of the fact 
that in most people bacterial metabolism of carbohydrate results 
in accumulation of hydrogen, which then is absorbed by the 
colonic mucosa and excreted in the breath. Using different car- 
bohydrates, such as lactose or fructose, the HBT can be used to 
detect malabsorption of these carbohydrates. Measurement of 
breath hydrogen excretion after ingestion of lactulose has been 
used to assess orocecal transit time, and glucose has been used as 
a substrate to detect SIBO, although sensitivity and specificity are 
poor (see Chapter 105).!!8 Unfortunately, up to 18% of people 
are hydrogen nonexcretors,!!’ and in these persons, HBT results 
may be falsely negative because hydrogen is further metabolized 
by bacteria to methane. Such limitations and pitfalls of breath 
hydrogen testing have to be taken into account when test results 
are interpreted. !7° 

The diagnosis of lactose malabsorption is established if an 
increase in breath hydrogen concentration of greater than 20 
ppm over baseline occurs after ingestion of 20 to 50 g of lactose. 
An increase within the first 30 minutes after ingestion of lactose 
is disregarded because it may be due to bacterial degradation 
of lactose in the oral cavity. Up to 4 hours may be required for 
the increase in breath hydrogen concentration to occur. Breath 
hydrogen measurements obtained before and at 30, 60, 90, 180, 
and 240 minutes after ingestion of 50 g of lactose provide the best 
diagnostic yield with the fewest possible measurements.!!? 

The lactose HBT is still performed by most clinicians for 
evaluating lactose malabsorption, but this test can miss the dis- 
order in hydrogen nonexcretors. In these patients, a combined 
measurement of hydrogen and methane excretion in breath or 
a lactose tolerance test—measurement of blood glucose levels 
before and 30 minutes after ingestion of 50 g of lactose—can be 
used. An increase in glucose concentration of less than 20 mg/ 
dL over baseline within 30 minutes of ingestion of 50 g of lactose 
indicates lactose malabsorption. The lactose tolerance test has 
a lower sensitivity than the lactose HBT for diagnosing lactose 
malabsorption. !!” 

Lactase deficiency in acquired primary lactase deficiency 
(adult-type hypolactasia) is not caused by mutations in the gene 
coding for intestinal lactase (lactase-phlorizin hydrolase [LPH] 
gene). It has been shown, however, that a single-nucleotide poly- 
morphism (SNP), either the C or T nucleotide-13910 upstream 
of the LPH gene, is involved in regulating intestinal lactase 
expression.!*! A CC genotype at-13910 C/T is associated with 
acquired primary lactase deficiency (adult-type hypolactasia), 
whereas TC and TT genotypes are linked with lactase persis- 
tence.121:122 This polymorphism can be used as a diagnostic test 
for adult-type hypolactasia.!’*!?> This SNP is only associated 
with adult-type hypolactasia in whites; other SNPs are linked to 
adult-type hypolactasia or lactase persistence in Africans. !7+ 

In patients with diarrhea, a stool test to detect a fecal pH less 
than 5.5 can serve as a qualitative indicator of carbohydrate mal- 
absorption.!”> In the research setting, fecal carbohydrates can be 
determined by the anthrone method, which measures carbohy- 
drates on a weight basis. By contrast, the reducing sugar method 
gives results on a molar basis and provides information about the 
osmotic activity of malabsorbed carbohydrates.!? Total and indi- 
vidual SCFAs and lactic acid, which are the products of bacterial 
carbohydrate metabolism, can be measured in stool by several 
methods including titration, gas chromatography-mass_ spec- 
trometry, and high performance liquid chromatography.'”° 

Tests for lactose malabsorption or lactase deficiency do not 
address the clinically important question whether abdominal 
symptoms such as bloating, flatulence, or diarrhea are caused by 
lactose ingestion, for which the term lactose intolerance should 
be reserved. Only the proof of lactose intolerance, for example 
by recording symptoms after ingestion of lactose for a period of 
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several hours, but not of lactose malabsorption or lactase defi- 
ciency, is sufficient to recommend dietary restrictions or oral 
supplementation of lactase (see below). 


Protein Malabsorption 


The classic test to quantify protein malabsorption, measure- 
ment of fecal nitrogen content in a quantitatively collected 
stool specimen,” is rarely used today. For research purposes, a 
combined !#C-octanoic acid—!3C-egg white breath test, accom- 
panied by measurement of the urinary output of phenol and 
p-cresol, has been used to assess the effect of gastric acid on 
protein digestion.!?” In this method, labeling of the 3C-egg 
protein test meal with '*C-octanoic acid allows simultaneous 
measurement of protein assimilation and gastric emptying rate. 
Phenol and p-cresol are the quantitatively most important phe- 
nolic compounds in feces and urine and are specific metabolites 
of tyrosine that are produced by bacterial fermentation in the 
colon. They result from protein that has escaped digestion and 
absorption in the small intestine and are rapidly absorbed in the 
colon, detoxified, and excreted in urine. In the study of this test, 
recovery of higher amounts of urinary phenols after omeprazole 
treatment indicated an increased availability of protein in the 
colon. 


Vitamin By» (Cobalamin) Malabsorption 


Schilling Test 

Historically, the Schilling test has been the classic test used clini- 
cally to distinguish between gastric and ileal causes of vitamin B42 
deficiency; it is rarely performed today, because the IF used in the 
Schilling test is of bovine origin, and is, therefore, no longer com- 
mercially available in most countries. Because both IF and hydro- 
chloric acid are produced by parietal cells in humans, alternative 
approaches to diagnosing PA are to document atrophic gastritis 
by endoscopy and biopsy; to confirm achlorhydria by acid secre- 
tion analysis (also rarely performed today) and increased serum 
gastrin levels; and to look for antibodies in the serum directed 
against parietal cells or IF.?°-!?8 


Serum Test for Vitamin B,, and Folate Deficiency 
Measurements of serum cobalamin and folate concentrations are 
commonly used to detect deficiency states of these vitamins. The 
sensitivity and specificity of these tests are unknown because no 
gold standard test has been established and because serum levels 
do not always correlate with body stores.”° Furthermore, results 
of vitamin B 1) levels vary with different commercial tests.!*? 

Several causes of misleading serum cobalamin levels have 
been established. Serum vitamin Bj) levels can be normal despite 
depleted body stores in SIBO (as a result of production of inac- 
tive cobalamin analogs by the bacteria), liver disease, myelopro- 
liferative disorders, congenital transcobalamin II deficiency, and 
with high levels of IF antibodies. In contrast, oral contraceptives, 
pregnancy, and folate deficiency can cause low serum cobala- 
min levels despite normal body stores.!*° Therefore, if there is 
a high suspicion, especially for cobalamin deficiency, parenteral 
replacement with monitoring of the clinical response is recom- 
mended.!?? Measurement of methylmalonic acid, homocysteine, 
and holotranscobalamin are of limited clinical use in establishing 
vitamin Bj deficiency.!?? 

Serum folate concentrations decrease within a few days of 
dietary folate restriction even if tissue stores had been normal 
immediately prior to restriction. Feeding also influences serum 
folate levels; therefore determination of folate in the fasting state 
is recommended. Measurement of red blood cell folate concen- 
tration has been considered a better estimate of folate tissue stores 
than serum folate levels by some authors.!?° Elevation of serum 
folate levels may be seen in SIBO as bacteria produce folate, but 


it has insufficient diagnostic accuracy to be of significant value in 
the detection of SIBO. 


Small Intestinal Bacterial Overgrowth 


Tests for the diagnosis of SIBO are covered in more detail in 
Chapter 105. Briefly, tests used to diagnose SIBO are the quan- 
titative culture of a small intestinal aspirate (which is consid- 
ered to be the gold standard diagnostic test), measurement of 
deconjugated BAs or vitamin By) analogs in intestinal aspirates, 
measurement of serum folate, and several breath tests, includ- 
ing the !*C-glycocholate breath test, the '*C-d-xylose breath test, 
the lactulose HBT, and the glucose HBT. The rationale for the 
breath tests is the production by intraluminal bacteria of vola- 
tile metabolites (i.e., 4*CO, or H3), from the administered sub- 
stances, which can be measured in the exhaled breath. 


Exocrine Pancreatic Insufficiency 


Pancreatic function tests are discussed in detail in Chapters 56 and 59. 
Invasive pancreatic function tests require duodenal intubation 
and measurement of pancreatic enzyme, volume, and bicarbon- 
ate output after pancreatic stimulation by a liquid test meal (the 
Lundh test) or by injection of CCK or secretin. Noninvasive tests 
include measurement of fecal chymotrypsin or elastase concen- 
tration, the fluorescein dilaurate test, and the N-benzoyl-l-tyrosyl 
para-aminobenzoic acid (NBT-PABA) test. Elastase has a higher 
sensitivity than chymotrypsin for detecting exocrine pancreatic 
insufficiency, !?? but the specificity of elastase is low.!*! 

Measurements of pancreatic enzymes and components of 
pancreatic fluid in duodenal aspirates obtained during endoscopy 
and after IV stimulation with secretin and CCK have an excel- 
lent correlation with the more classic intubation tests for secre- 
tory function.!** Secretin-enhanced MRCP has also been used to 
assess exocrine pancreatic function; its results correlate best with 
changes of severe pancreatitis, but this method is too insensitive 
for assessment of mild pancreatic insufficiency.!* 


Bile Acid Malabsorption 


Intestinal absorption of BAs occurs through a combination 
of passive diffusion throughout the small intestine and active 
absorption in the terminal ileum, resulting in less than 5% of BAs 
entering the colon.’ When ileal uptake of BAs is insufficient, an 
increased amount reaches the colon, where pro-secretory BAs 
such as chenodeoxycholic acid and deoxycholic acid induce the 
secretion of water and electrolytes.’ Along with an increase in 
colonic contractions, this may lead to symptoms of diarrhea. The 
presence of 2 a-hydroxyl groups at the 3, 7, or 12 positions is 
responsible for the secretory effects of chenodeoxycholic acid and 
deoxycholic acid.!*+ 

In the past, diarrhea resulting from BA malabsorption (BAM) 
had been considered a rare occurrence, limited to patients with 
extensive ileal resections or inflammatory conditions. More 
recent studies have suggested BAM also occurs in patients with 
chronic functional diarrhea or IBS without evidence of ileal mor- 
phologic alterations. In a systematic review, BAM was reported 
in 32% of patients with unexplained chronic diarrhea, !*> leading 
the authors to suggest the existence of a subtype of BAM (idio- 
pathic BAM) with defective BA uptake or feedback inhibition of 
BA synthesis in these patients. BAM is also found in various other 
GI conditions including after cholecystectomy or with intake of 
particular drugs. Therefore classification of BAM according to 
different etiologies has been proposed!**: 


° Type 1: BAM caused by ileal disease or resection 
e Type 2: BAM without ileal morphologic abnormalities (idio- 
pathic BAM) 


e Type 3: BAM induced by drugs (e.g., biguanide drugs) or 
other diseases (e.g., pancreatitis, previous cholecystectomy, 
vagotomy, microscopic colitis) 


In patients with steatorrhea due to ileal disease or resec- 
tion, BAM usually is present, but measurement of BAM is of 
limited clinical value. In patients with diarrhea and no ste- 
atorrhea, BAM may be present in the absence of overt ileal 
disease, and in such cases, measurement of bile salt absorption 


is helpful. 


Measurement of Fecal Bile Acid Output 

In the past, testing for BAM has been cumbersome, involv- 
ing radioactive isotopes, repeated measurements requiring 
the patient to stay on-site, or stool collections, all of which 
limited their general availability beyond highly specialized 
centers. The most widely used diagnostic tools were the’? sele- 
nium homotaurocholic acid test (SeHCAT) or measurement 
of fecal BA quantity, both of which require the ingestion of 
radiolabeled BAs and repeated measurements of whole-body 
radioactivity! or stool collections over a course of at least 
48 hours. Therefore, in clinical practice, treatment response 
to BA sequestrants (e.g., cholestyramine or colesevelam) has 
been widely used as an indirect indicator of BAM playing a 
causal role in diarrhea. A therapeutic trial with cholestyramine 
requires high doses of BA binders that patients may not toler- 
ate because of poor palatability and side effects (borborygmi, 
flatulence, and abdominal pain). Thus such a therapeutic trial 
may be falsely negative, compromising the ability to diag- 
nose BAM. In addition, the therapeutic trial is not specific for 
BAM, because BA binders may also bind and inactivate other 
diarrheagenic agents including Clostridioides difficile toxin,'*” 
resulting in a false-positive treatment trial. 

Recently, less cumbersome and less time-consuming serum 
tests for BAM have been introduced and have led to increas- 
ing detection rates of BAM; these tests result from improved 
understanding of ileal BA absorption and hepatic BA produc- 
tion. BAs are recycled via the liver up to 10 times every day.!*> 
In case of intestinal losses, hepatic BA synthesis is up-regulated 
via a tightly regulated feedback mechanism. The serum con- 
centration of a hepatic intermediary product of BA synthesis, 
7a-hydroxy-4-cholesten-3-one (abbreviated as C4), reflects the 
rate of BA synthesis in humans and is elevated in clinical con- 
ditions associated with BAM.!5 The clinical performance of 
the C4 assay demonstrated a sensitivity of 90%, specificity of 
79%, negative predictive value of 98%, and positive predictive 
value of 74% compared with the SeHCAT test.!°° The ability of 
serum fibroblast growth factor 19 (FGF19) to serve as a screen- 
ing test for BAM also has been explored.!*’ FGF19 is released 
by enterocytes in response to BA uptake and provides feedback 
inhibition of BA synthesis via down-regulation of cholesterol 
7a-hydroxylase.'*° In a study of 258 patients, sensitivity and 
specificity of FGF19 at a serum concentration of less than 145 
pg/mL for detecting a C4 level greater than 60 ng/mL (denot- 
ing high BA synthesis) were 74% and 72%, respectively.!*? 
Concentrations of FGF19 can be measured by ELISA, whereas 
C4 measurement requires a more elaborate high-performance 
liquid chromatography (HPLC ) method. 

Elevated fecal BA concentrations or output can indi- 
cate intestinal BAM.'*! Under steady-state conditions, the 
increased fecal BA output reflects increased hepatic synthesis 
of BAs.!*? In severe BAM, fecal BA output can be reduced if 
hepatic synthesis of BAs becomes impaired. Measurement can 
be performed by enzymatic methods or by gas chromatogra- 
phy. This test requires a quantitative stool collection, and the 
analytic techniques are time-consuming and require consider- 
able expertise. Enzymatic methods may be unreliable in severe 
steatorrhea.!¥ 
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'4Carbon-Taurocholate Bile Acid Absorption Test 

The C-taurocholate BA absorption test requires a 72-hour stool 
collection after ingestion of radioactively labeled BA. The rate 
of intestinal BA absorption is calculated from the fecal recovery 
of '4#C-labeled taurocholic acid. Normal values for this test have 
been established in normal persons with laxative-induced diar- 
rhea, because diarrhea by itself can increase fecal losses of BAs, !*? 
presumably because of accelerated intestinal transit.!** Clinical 
limitations of this test are that it requires substantial analytical 
work, access to a gamma camera, and a time-consuming stool col- 
lection. 


Selenium-75-Labeled Homotaurocholic Acid Test 

The radioactive taurocholic acid analog used for this test is resis- 
tant to bacterial deconjugation. After it has been administered 
orally, the patient undergoes serial gamma scintigraphy to mea- 
sure whole-body BA retention or, as suggested by some authors, 
BA retention in the gallbladder.'* This test has several limita- 
tions. First, normal values for BA retention, which are used to 
compare normal and abnormal BA absorption, were obtained for 
SeHCAT only in healthy persons without diarrhea!**; secondary 
BA malabsorption, however, can be induced by diarrhea itself and 
is proportional to the stool weight, as shown by the '*C-labeled 
taurocholic acid test.!4>!44 For this test to be clinically useful, 
normal values have to be established for patients with diarrhea. 
Second, this test is very time-consuming because BA retention 
must be measured either 4 or 7 days (depending on the protocol) 
after the BA administration. 


D-xylose Test 


Absorption of the pentose d-xylose is facilitated by passive diffu- 
sion. Approximately 50% of the absorbed d-xylose is metabolized, 
and the remainder is excreted in urine. After an overnight fast, a 
25-g dose of d-xylose is ingested, and the patient is encouraged to 
drink sufficient volumes of fluid to maintain good urine output, 
urine is collected for the next 5 hours. As an alternative, 1 hour 
after ingestion of d-xylose, a venous sample may be obtained.!*” 
Less than 4 g (16% excretion) of d-xylose in the urine collection 
or a serum xylose concentration below 20 mg/dL indicates abnor- 
mal intestinal absorption. The traditional urine test appears to be 
more reliable than the 1-hour blood test. 

False-positive results occur if the duration of urine collec- 
tion is too short or if the patient is dehydrated or has renal dys- 
function, significant ascites, delayed gastric emptying, or portal 
hypertension. d-Xylose absorption may be normal in patients 
with only mild impairment of mucosal function or with predomi- 
nantly distal small intestinal disease. Because d-xylose is suscep- 
tible to bacterial metabolism, absorption is diminished in patients 
with SIBO, although the test has a poor sensitivity for detecting 
SIBO.!*° The test is of limited clinical value today and mostly has 
been replaced by small intestinal biopsy. 


Intestinal Permeability Tests 


Intestinal permeability tests mostly are used in studies of the 
pathophysiology of intestinal disorders; they do not provide a 
specific diagnosis. 14° 

Most current permeability tests are based on the differential 
absorption of mono- and disaccharides. Damage to the mucosa 
can result in increased permeability for disaccharides and oli- 
gosaccharides, and this can result in decreased permeability of 
monosaccharides secondary to reduction of mucosal surface 
area. Absorption is measured by urinary excretion. Expression of 
results as the ratio of monosaccharide absorption to disaccharide 
absorption minimizes the influences of gastric emptying, intesti- 
nal transit, renal and hepatic function, and variations in time of 
urine collections.!*° 
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In celiac disease, the finding of considerably increased per- 
meability is a sensitive marker for advanced disease (see Chapter 
107). Permeability tests have also been used to judge response to 
a gluten-free diet!*! or to screen first-degree relatives for celiac 
disease. Elevated serum aminotransferase levels in patients with 
celiac disease correlate with increased intestinal permeability. !°? 
Disturbances of intestinal permeability also have been docu- 
mented in users of NSAIDs, and patients with Crohn disease and 
diabetic diarrhea. 


18Carbon Breath Tests 


The increasing availability of stable isotopes has raised interest 
in replacing radioactive '*C with nonradioactive 1°C for breath 
tests.!!8 For malabsorptive diseases, "C-labeled substrates have 
been evaluated in the diagnosis of steatorrhea, SIBO, and exo- 
crine pancreatic insufficiency!™ and in the evaluation of the 
digestibility of egg protein. Because of concerns about diagnostic 
accuracy, cost, and limited availability, these tests have not gained 
widespread acceptance. 


MALABSORPTION IN SPECIFIC SITUATIONS AND 
DISEASE STATES 


Lactose Malabsorption 


Deficiency of the intestinal brush border enzyme lactase can lead 
to lactose malabsorption. Malabsorption of lactose can be diag- 
nosed by the measurement of hydrogen and methane excretion in 
the breath after a provocative testing dose of lactose. For this pur- 
pose 25 to 50 g of lactose have been used in the past, with the cur- 
rent suggestions leaning toward a testing dose of 25 g. Sampling 
every 30 minutes for up to 4 hours has been suggested, and a rise 
in hydrogen of greater than 20 ppm or of methane of greater than 
10 ppm is considered positive.!°+>> The pathogenesis of lactose 
intolerance, i.e., bloating, flatulence, abdominal cramps, and 
diarrhea after ingestion of lactose, must be looked at separately 
from lactose malabsorption and, therefore, malabsorption testing 
by breath tests has to be accompanied by intolerance testing, i.e., 
symptom assessment; results of breath testing without simultane- 
ous assessment of symptoms are not clinically useful.!*° In the 
future, intolerance testing may possibly replace malabsorption 
testing. The pathophysiologic mechanisms resulting in lactose 
intolerance are currently unclear and may be related to milk pro- 
tein allergy or fat intolerance on ingestion of nonlactose sugars 
with the lactose or to functional GI disorders.*? 

Unlike other intestinal disaccharidases, which develop early 
in fetal life, lactase levels remain low until the 34th week of ges- 
tation.!°’ Transient lactase deficiency in premature infants can 
lead to symptoms of lactose malabsorption, such as diarrhea, 
until normal intestinal lactase activity develops. In rare cases, 
enzyme deficiency is manifest at the time of birth is permanent, 
and congenital lactase deficiency (OMIM #223000)’ is ultimately 
diagnosed. Reversible lactase deficiency can occur at all ages as 
a result of transient small intestinal injury associated with acute 
diarrheal illnesses. 

Acquired primary lactase deficiency (adult-type hypolactasia, 
OMIM #223100) is the most common form of lactase deficiency 
worldwide. Most populations lose considerable lactase activ- 
ity in adulthood which explains why adult mammals are unable 
to digest lactose and most refuse to drink milk.!°* This decline 
in lactase activity is a multifactorial process that is regulated at 
the gene transcription level and leads to decreased biosynthesis, 


*The Online Mendelian Inheritance in Man (OMIM) system assigns 
numbers to specific diseases according to a continuously updated cata- 
log of human genes and genetic disorders (http://www.ncbi.nlm.nih.gov/ 


omim/). 


BOX 104.4 Ethnic Groups With High and Low Prevalence 
Rates of Acquired Primary Lactase Deficiency 
(Adult-Type Hypolactasia) 


LACTASE DEFICIENCY-PREDOMINANT ETHNIC GROUPS 
(60%-100% OF POPULATION IS LACTASE DEFICIENT) 


Middle East and Mediterranean: Arabs, Israeli Jews, Greek 
Cypriots, southern Italians 

Asia: Thais, Indonesians, Chinese, Koreans 

Africa: South Nigerian, Hausa, Bantu 

North and South America: Alaska Natives, Canadian and U.S. 
Native Americans, Chami Indians 


LACTASE PERSISTENCE-PREDOMINANT ETHNIC GROUPS 
(2%-30% OF POPULATION IS LACTASE DEFICIENT) 


Northern Europeans 
Africa: Hima, Tutsi, Nomadic Fulani 
India: Indians from Punjab and New Delhi areas 


Data from Johnson JD. The regional and ethnic distribution of lactose mal- 
absorption. In: Paige DM, Bayless TM, editors. Lactose digestion. Clinical 
and nutritional implications. Baltimore: Johns Hopkins University Press; 
1981.p 11. 


retardation of intracellular transport, or maturation of the 
enzyme lactase-phlorizin hydrolase. In whites, a SNP—13910 
T/C upstream of the gene that codes for LPH gene has been 
found to be involved in regulation of the enzyme.!*! The CC 
genotype of the SNP—13910 T/C upstream of the LPH gene 
is associated with adult-type hypolactasia; TC and TT geno- 
types are linked with lactase persistence, and, hence, the ability 
to consume lactose without adverse effect.'*? In other popula- 
tions (e.g., some African and sub-Saharan African populations), 
the SNP—13910*T polymorphism is not associated with lactase 
persistence. !?* Because it is present in most of the adult human 
population, this form of lactase deficiency has to be considered 
normal rather than abnormal. 

Lactase deficiency usually produces symptoms only in adult- 
hood, although lactase levels in affected persons start to decline 
during childhood.!©° Lactase activity persists in most adults of 
Western European heritage (Box 104.4).!°! Even in this group, 
however, the activity of lactase is only about half the activity of 
sucrase and less than 20% of the activity of maltase.'°° Accord- 
ingly, in these persons, lactase activity is much more susceptible 
to a reduction in function with acute or chronic GI illnesses. 

In patients with lactose malabsorption, it may be unclear 
whether the condition results from acquired primary lactase 
deficiency or is a consequence of another small intestinal disor- 
der. Therefore, in the individual patient who demonstrates lac- 
tose malabsorption, especially if there is an ethnic background 
associated with a low prevalence of acquired primary lactase 
deficiency, it may be necessary to exclude other malabsorptive 
disorders such as celiac disease. The main symptoms of lactose 
intolerance are bloating, abdominal cramps, increased flatus, 
and diarrhea. Development of bloating and abdominal cramps 
is presumably associated with increased perception of luminal 
distention by gas,!° because no clear relation has been observed 
between the amount of lactose ingested and the severity of 
symptoms.!°? Ingestion of as little as 3 g of lactose may induce 
symptoms in persons with lactose malabsorption.'©+ GI symp- 
toms, including diarrhea, have been shown to be more severe in 
adults with shorter small intestinal transit time,!® but no such 
relation between intestinal transit and symptoms is observed in 
children.'®° Also, in pregnant women and in thyrotoxic patients 
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Fig. 104.9 Graphs illustrating the role of symptoms in determining 

the clinical importance of lactose malabsorption. Assessment of the 
clinical relevance of an abnormal lactose hydrogen breath test is made 
by monitoring abdominal symptoms (bloating, cramps, pain) during 
the test. Breath hydrogen concentration in parts per million (ppm) and 
Gl symptoms using an arbitrary scoring system for 2 different patients 
are plotted on the graphs. The patient in (A) has symptoms associated 
with an increase in breath hydrogen concentration and, therefore, can 
be considered to have lactose intolerance. The patient in (B) has no 
increase in symptoms, although the breath hydrogen concentration in- 
creases considerably, so the patient has lactose malabsorption without 
lactose intolerance. 


with Graves disease, changes in intestinal motility play a role in 
the clinical manifestation of lactose malabsorption.!°’ To make a 
diagnosis of lactose intolerance, and in view of the poor correla- 
tion between lactose malabsorption and lactose intolerance, it is 
very important to monitor symptoms during a lactose HBTest 
and to confirm that any symptoms experienced by the patient 
during the test are truly those the patient complains of and that 
they are associated with a significant increase in breath hydrogen 
levels (Fig. 104.9). 

Adult-type hypolactasia may also be a risk factor for devel- 
oping osteoporosis and bone fractures, either owing to patients’ 
avoidance of dairy products! or interference with calcium 
absorption.!°? 

Patients in whom a clear association can be established 
between symptoms and lactose ingestion (with or without 
proven lactose malabsorption) should be educated about lac- 
tose-reduced or lactose-free diets. Patients should be informed 
that the commonly ingested doses of lactose (e.g., up to a cup of 
milk) usually do not cause symptoms when ingested with a meal. 
Dietary instructions may help the large majority of lactose- 
intolerant subjects. Daily consumption of lactose-containing 
food may be better tolerated than intermittent consumption.!/° 
Yogurt may be tolerated by such patients!’! and provides a 
good source of calcium. Consuming whole milk or chocolate 
milk rather than skim milk, and drinking milk with meals can 
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reduce symptoms of lactose intolerance, presumably as a result 
of prolonged gastric emptying. Alternatively, supplementation 
of dairy products with lactase of microbiologic origin can be 
suggested.!’? The results of controlled studies on the use of 
lactose-reduced products or lactase capsules are inconsistent. !70 
Furthermore, because many carbohydrates other than lactose 
are incompletely absorbed by the normal small intestine,>>:!”’ 
and because dietary fiber also may be metabolized by colonic 
bacteria, persistence of some symptoms while the patient is on a 
lactose-free diet is not uncommon. It must also be kept in mind 
that symptoms arising after ingestion of dairy products may be 
from milk protein allergy or fat intolerance rather than lactose 
intolerance. 


Fructose Malabsorption and Intolerance 


Fructose is found in modern diets either as a constituent of the 
disaccharide sucrose or as the monosaccharide, both of which 
are used as sweeteners in a variety of food items. Around the 
world, the average daily intake of fructose varies from 11 to 54 
g.!74 Fructose as a constituent of sucrose is absorbed by a dose- 
dependent and limited capacity absorptive system that integrates 
enzymatic hydrolysis of the disaccharide sucrose by sucrase and 
transfer of the resulting 2 monosaccharides, glucose and fructose, 
through the apical membrane of the epithelial cell (see Chapter 
102).!/° Our understanding of the mechanisms of intolerance to 
incomplete fructose absorption, however, is still incomplete.!”° 
The absorptive capacity for fructose that is not accompanied by 
glucose, however, is relatively small. Healthy subjects have the 
capacity to absorb up to 25 g of fructose, but normal absorption 
of fructose also depends on other ingested nutrients and is not 
well understood; many individuals will have malabsorption and 
intolerance with intake of 50 g of fructose.!7° 

Ingesting food that contains fructose in excess of glucose can 
result in symptoms such as abdominal bloating or diarrhea!”¢ 
and especially can provoke symptoms in patients with IBS.!77 It 
has been suggested that as little as 3 g of fructose can precipitate 
symptoms in patients with functional bowel disorders. Women 
might complain more often of fructose-associated symptoms and 
exhibit more fructose malabsorption than men. There is no adap- 
tation to regular consumption of fructose.!7* 

Fructose malabsorption usually is identified by a positive 
result on a HBT after ingestion of 25 to 30 g of fructose.!°* Just 
as discussed earlier for lactose, the relation between fructose 
malabsorption and fructose intolerance is unclear in adults and 
children, and may be related to co-occurrence of functional GI 
disorders.°>*+ In a study of children and adolescents with func- 
tional abdominal pain in which a validated symptom question- 
naire was used before and during a fructose breath test, symptoms 
induced by ingestion of fructose correlated with the abdominal 
symptoms these patients had before the tests. In contrast, there 
was no relation between abdominal symptoms and results of the 
hydrogen breath measurements. This suggested that visceral 
hypersensitivity, rather than malabsorption per se, is correlated 
with symptoms. Obtaining information on fructose malabsorp- 
tion using a HBT did not provide any valuable clinical informa- 
tion regarding the role of fructose ingestion in clinical symptom 
severity.>+ 

Clinical decisions regarding dietary treatment should, there- 
fore, be based on the results of a structured and validated assess- 
ment of symptoms after ingestion of fructose.°* 

Because the fructose content in fruit and soft drinks usually is 
less than 8 g per 100 g of fruit or drink, the amounts of fructose 
used in the HBT are not physiologic, and no data are available 
on how many otherwise asymptomatic people would have a posi- 
tive test result with these larger doses. Fructose contents of 30 to 
40 g per 100 g are present in some chocolate, caramel, and praline 
products. !7° 
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In a group of patients with isolated fructose malabsorption, 
no defect of the gene that encodes the luminal fructose trans- 
porter (GLUTS) could be detected.!*° It is, therefore, unlikely 
that patients who present with GI symptoms have a true defect of 
intestinal fructose absorption. Rather, it is more likely that they 
belong to a subset of people in whom ingestion of fructose-rich 
foods provokes symptoms related to other disorders (e.g., IBS) or 
as a result of unique but not necessarily abnormal colonic bacterial 
activity. The latter is suggested by a study in asymptomatic and 
symptomatic persons with fructose malabsorption in whom it was 
demonstrated that the disappearance rate of fructose in anaerobic, 
but not aerobic, stool cultures was significantly elevated in the 
symptomatic group compared with the asymptomatic group.!*! 

A placebo-controlled study on patients with incomplete fruc- 
tose absorption showed that ingestion of the enzyme xylose isom- 
erase, which catalyzes the reversible isomerization of glucose and 
fructose, decreased pain, nausea, and the area under the breath 
hydrogen curve after ingestion of a watery fructose load.!*? It is 
unclear whether this effect is also present during ingestion of car- 
bohydrate mixtures or food containing fructose and whether it 
persists over a lengthy observation period. 


Other Poorly Absorbable Carbohydrates 


The rapid increase in the prevalence of obesity and the recent 
guidelines which suggest limiting the consumption of simple sug- 
ars has resulted in increased interest for alternative sweeteners.!* 
Some of these are poorly absorbed carbohydrates, such as sorbi- 
tol, xylitol, and trehalose, which may result in similar symptoms 
as with ingestion of fructose or lactose. In case of persistence of 
bloating, abdominal cramps, flatulence, or diarrhea after dietary 
treatment of lactose or fructose intolerance, the contribution of 
these sugars to the pathogenesis of symptoms should be consid- 
ered. 


Bile Acid Malabsorption 


BAM is usually present in patients who have undergone ileal 
resection or bypass operations or who have severe disease of the 
ileum, where specific BA transport proteins are located. The 
clinical consequences of BAM depend on whether BA loss can be 
compensated by increased hepatic synthesis.'** Ileal resection of 
greater than 100 cm usually results in severe BAM that cannot be 
compensated by increased hepatic synthesis; in such cases, steat- 
orrhea results from impaired micelle formation due to decreased 
luminal concentrations of conjugated BAs.*.!*+ With ileal resec- 
tions of less than 100 cm, BAM usually can be compensated by 
increased hepatic synthesis, and malabsorbed BAs cause secretory 
diarrhea rather than steatorrhea.*:!*+ Secretory diarrhea caused 
by or associated with BAM is discussed in detail in Chapter 16. 

Knowledge of the differing pathophysiology of steatorrhea 
and of secretory diarrhea from BAM is important not only for 
understanding the clinical presentation, but also for choosing the 
appropriate therapy. In patients with compensated BAM, binding 
of BAs in the lumen of the intestine by cholestyramine reduces 
diarrhea. By contrast, in decompensated BAM, cholestyramine 
further depletes the BA pool, thereby worsening steatorrhea. In 
several cases of decompensated BAM after extensive ileal resec- 
tions, intestinal fat absorption was improved markedly by oral 
administration of conjugated BAs.'!> Cholylsarcosine in a dose 
of 2 to 3 g per meal has been reported to enhance fat absorption 
and nutritional status in patients with short bowel syndrome who 
have residual colon!!>-!*; natural conjugated BAs lessen sever- 
ity of steatorrhea in such patients to a smaller extent. Improved 
fat absorption also was associated with decreased urinary oxalate 
excretion.!®° 

A syndrome of primary BAM with normal ileal morphol- 
ogy has been reported in children who, at birth, develop severe 


diarrhea, severe steatorrhea, and failure to thrive and who have 
reduced plasma cholesterol levels. In the index case, this type of 
BAM was shown to be caused by mutations in the ileal sodium- 
bile acid co-transporter gene (SLC10A2).* Adult-onset BAM 
is not caused by SLC10A2 mutations,'*® and although its exact 
pathophysiology is unknown, accelerated intestinal transit may 
be a causative factor.!*7 


Amyloidosis 


Malabsorption has been reported in AL-type amyloidosis, 
AA-type amyloidosis, and hereditary amyloidosis (see Chapter 
37). Malabsorption occurs in 5% to 13% of patients with AL or 
AA amyloidosis'**'®? and was present in 58% of Swedish patients 
with familial amyloidosis.!°° Fecal fat excretion can reach levels 
of 60 g/day.!°° GI absorption of d-xylose and vitamin Bız can 
be reduced,'”°!"! and protein-losing enteropathy can develop.'”” 
Amyloid deposits are found in the muscle layers, the stroma of 
the lamina propria and the submucosa, the wall of mucosal and 
submucosal blood vessels in the GI tract, and in enteric and extra- 
enteric nerves.!” 

In many patients with amyloidosis who have diarrhea or mal- 
absorption, or both, symptoms suggesting autonomic neuropa- 
thy are present.!*4!°0 Autonomic neuropathy can cause rapid 
intestinal transit, which in turn can lead to severe diarrhea and 
malabsorption despite normal transport capacity of the intesti- 
nal mucosa.!*+ Other suggested mechanisms of malabsorption in 
amyloidosis are chronic mesenteric ischemia, decreased absorp- 
tion from a physical barrier effect of amyloid deposits,!” and 
SIBO, which also might be a consequence of autonomic neuropa- 
thy and delayed GI transit. 1°! 

BAM is found in many patients with amyloidosis associated 
with autonomic neuropathy!” and is caused by rapid intestinal 
transit rather than impaired absorptive transport in the terminal 
ileum.'** Diarrhea in these patients usually fails to respond to 
BA-binding agents.!*+ 

The endoscopic appearance of the GI mucosa may show a fine 
granular appearance, polypoid protrusions, erosions, ulcerations, 
atrophic changes, and mucosal friability, but in many patients, 
no macroscopic changes are evident.!”> Histologic examination 
demonstrates amyloid deposits in 72% of esophageal, 75% to 
95% of gastric, 83% to 100% of small intestinal, and 75% to 95% 
of colorectal biopsy specimens.!*?:!°3 Subcutaneous fat pad aspi- 
ration or biopsy is another diagnostic approach. Amyloid deposits 
might not be seen with routine histologic stains but become more 
evident with Congo red staining. 

Therapy of diarrhea in patients with amyloidosis includes 
attempts to prolong intestinal transit time with opioids or 
octreotide and to avoid further amyloid deposition in the tis- 
sue by treatment of the underlying disorder in AA amyloidosis, 
the plasma-cell dyscrasia in AL amyloidosis, and by adminis- 
tration of colchicine to patients with familial Mediterranean 
fever. 


Drugs and Food Supplements 


Table 104.9 lists drugs and food supplements reported to 
induce malabsorption of vitamins, minerals, or nutrients, as 
well as the suggested pathophysiologic mechanisms by which 
this occurs. 


Angiotensin II Receptor Blockers 


The administration of ARBs has been associated with the occur- 
rence of a sprue-like enteropathy leading to villous atrophy, 
diarrhea, and generalized malabsorption.!?*!°° This form of 
enteropathy was initially described for olmesartan, but also occurs, 
albeit less frequently, with other ARBs.!%>:!?° The pathogenetic 
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Substance Substrate Malabsorbed Suggested Mechanism Reference(s) 
Acarbose Carbohydrate Inhibition of a-glucosidase 308 
Angiotensin Il Receptor Blockers Generalized malabsorption Immune mediated enteropathy with villus atrophy 195, 196 
(especially Olmesartan) 
Antacids Phosphate, iron, vitamin A Luminal binding of substrates 309 
Azathioprine Generalized malabsorption Villus atrophy 310 
Biguanide (metformin) Cobalamin, folate, glucose Reduced ileal absorption of intrinsic factor (IF)-cobalamin 309, 311, 312 
complex; inhibition of intestinal glucose or folate 
absorption 
Carbamazepine Folate Inhibition of intestinal folate absorption 313 
Cholestyramine Fat, fat-soluble vitamins, bile acids Binding of conjugated bile salts 309 
Colchicine Fat, xylose, nitrogen, cobalamin, Mucosal damage and villus atrophy at high doses 26, 309, 314 
carotene (impaired processing of IF-cobalamin receptor [the 
cubilin-amnionless complex]) 
Contraceptives, oral* Folate Inhibition of pteroylpolyglutamate hydrolase (folate 309 
conjugase) 
Ethanol Xylose, fat, glucose, nitrogen, Mucosal damage; decreased disaccharidase activity; 34, 309 
thiamine, cobalamin, folate decreased pancreatic exocrine function and bile 
secretion 
Fiber, phytates Iron, calcium, magnesium, zinc Chelation 315 
Glucocorticoids Calcium Inhibition of calcium absorption 23 
H2RAs Cobalamin Impaired release of food-bound B42 owing to reduced 316 
gastric acid and pepsin secretion (and reduced IF 
secretion) 
Laxatives, irritant type Fat, glucose, xylose Washout effect; toxic effect on mucosa 112, 309 
(phenolphthalein, bisacodyl, 
anthraquinones) 
Methotrexate Folate, fat, cobalamin, xylose Mucosal damage; inhibition of intestinal folate transport 309, 315 
Methyldopat Generalized malabsorption Mucosal damage 317 
Neomycin Fat, nitrogen, fat-soluble vitamins, | Mucosal damage; disruption of micelle formation 309, 315 
cobalamin, mono- and 
disaccharides, iron 
Olestra* Fat-soluble vitamins Binding of fat-soluble vitamins 318 
Orlistat Fat, fat-soluble vitamins nhibition of pancreatic lipase 308 
Para-aminosalicylate Fat, cobalamin, folate Unknown 26, 309 
Phenytoin Folate, calcium nhibition of folate and calcium absorption owing to 23, 317, 319 
luminal alkalinization; impaired vitamin D metabolism 
PRise Cobalamin, calcium?, magnesium? Impaired release of food-bound cobalamin by pepsin 27, 320 
owing to reduced gastric acid secretion; SIBO 
Pyrimethamine Folate Competitive inhibition of intestinal folate absorption 321 
Somatostatin analogs (e.g., Fat nhibition of hepatobiliary bile acid secretion; inhibition 322, 323 
octreotide) of pancreatic enzyme secretion; inhibition of CCK 
release 
Sulfonamides and sulfasalazine Folate nhibition of pteroylpolyglutamate hydrolase and folate 128, 313 
transport 
Tetracycline Calcium Precipitation of luminal calcium 324 
Thiazides Calcium Decreased 1,25 dihydroxyvitamin D synthesis 325 
Triamterene* Folate Competitive inhibition of intestinal folate absorption 321, 326 


*Malabsorption usually does not result in deficiency states. 


tFindings in case reports. 


mechanism is not fully established, but the immunologic find- 
ings in the small intestinal mucosa are similar to those in celiac 
disease.!°’ Risk factors for this side effect of ARBs are the use 
of olmesartan, older age, and therapy of more than 1 year.!% 
Enteropathy subsides after the discontinuation of ARBs and is 
the treatment of choice.!”° 


Gastric Resection or Bariatric Surgery 
Gastric Resection 


Severe steatorrhea after total and partial gastric resections has 
been a long-observed complication of these operations. Fecal 
fat excretion rates after such operations usually are between 
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15 and 20 g/day,! but values of up to 60 g/day have been 
reported.!°> Suggested mechanisms for steatorrhea include 
defective mixing of nutrients with digestive secretions, lack of 
gastric acid and gastric lipase secretion, decreased small bowel 
transit time, SIBO, and pancreatic insufficiency.!:!°’ Studies 
have shown, however, that pancreatic enzyme supplements?”° 
and antibiotic therapies!’ neither improve fat absorption nor 
relieve symptoms after gastric resection. Total and partial 
gastric resections also can result in significant protein malab- 
sorption, whereas absorption of carbohydrates does not seem 
to be significantly impaired. Nutrient malabsorption in these 
patients also can result in GI symptoms such as diarrhea and 
severe weight loss.7°! 

Vitamin E deficiency can occur if food does not pass through 
the duodenum. The differential diagnosis of neurologic symp- 
toms in postgastrectomy patients should include hypovitaminosis 
F202 

Loss of parietal cells after total gastric resection results in 
diminished IF secretion, which in turn leads to malabsorption of 
vitamin Bız and, in approximately 30% of patients, vitamin By) 
deficiency. SIBO and lack of release of food-bound cobalamin 
secondary to diminished gastric acid and pepsin secretion have 
been implicated as additional pathogenic factors. 

Iron malabsorption with resultant iron deficiency anemia is 
also commonly present in patients who have undergone gas- 
tric resection, although the mechanisms for iron malabsorption 
are not fully established. Lack of acid secretion with resultant 
decreased solubilization of iron salts and bypass of the duodenum 
have been suggested as a possible causes. 

Calcium absorption can be severely impaired in patients 
with gastric resections and result in reduced bone density. 
The mechanisms for calcium malabsorption probably are sev- 
eral, including decreased solubilization of calcium salts because 
of loss of gastric acid secretion, rapid intestinal transit, low cal- 
cium intake secondary to milk intolerance, and malabsorption 
of vitamin D. Studies in rats after gastrectomy have suggested 
that diminished calcium absorption results mainly, if not entirely, 
from decreased calcium solubilization.” By contrast, studies in 
humans have shown that calcium absorption is normal in patients 
with atrophic gastritis and in persons in whom acid secretion was 
inhibited by acid-inhibiting drugs.’ 

‘Treatment for patients who have undergone gastric resection 
should include adequate supplementation of malabsorbed vita- 
mins and minerals to prevent serious long-term complications.?°° 


Bariatric Surgery 


The number of patients undergoing bariatric surgery is increas- 
ing; indications for such surgery and details of the various pro- 
cedures are described in Chapter 8. These patients need to be 
monitored for long-term problems such as changes in bone 
metabolism. Risks of malabsorption can increase beyond those 
that might be expected from the procedure over time because 
of poor compliance with supplementation or inadequate intake. 
Malabsorption plays only a minor role in reducing average 
net intestinal energy absorption after long-limb Roux-en-Y gas- 
tric bypass. In a study of 9 severely obese patients, gastric bypass 
reduced fat absorption in every patient, although the severity of 
malabsorption varied widely and was correlated with the length 
of the biliopancreatic limb. Bypass caused protein malabsorp- 
tion in some patients but did not cause carbohydrate malabsorp- 
tion in any patient. Intestinal absorption of combustible energy 
averaged 3505 kcal/day before bypass, 1318 kcal/day 5 months 
after bypass, and 1914 kcal/day 14 months after bypass. The vast 
majority of the reduction in energy absorption after bypass was 
explained by reduced intake rather than malabsorption (e.g., at 5 
months, reduction in intestinal energy absorption by malabsorp- 
tion was 135 keal/day vs. 2052 keal/day from reduced intake).’"” 


Long-term GI problems from bariatric surgery depend on the 
type of surgical procedure performed. Restrictive procedures and 
Roux-en-Y gastric bypass have only a mild component of non- 
caloric malabsorption compared with other procedures such as 
biliopancreatic diversion, which was used more extensively in the 
past, and which can result in severe malnutrition.” Roux-en-Y 
gastric bypass can result in deficiency of proteins, iron, calcium, 
folate, vitamin B42, and vitamin D. Deficiencies in vitamin B, are 
rare but potentially serious.?0°:210 

Iron deficiency after gastric bypass can develop for several 
reasons, such as intolerance to red meat, diminished gastric 
acid secretion, and exclusion of the duodenum. Menstruating or 
pregnant women may be particularly predisposed to iron defi- 
ciency after gastric bypass surgery. Postoperatively, oral iron and 
vitamin C supplementation should be prescribed because once 
iron deficiency has developed, it may be refractory to oral treat- 
ment.?!! 

In Roux-en-Y gastric bypass, colonization of both gastric 
chambers with aerobic and anaerobic bacteria has been demon- 
strated, resulting in a positive HBT in 41% of subjects; no clinical 
symptoms such as diarrhea, malabsorption, or pneumonia could 
be attributed to this bacterial overgrowth.?!? 

It has been suggested that after bariatric surgery, patients 
should have yearly measurements of a basic metabolic panel, 
magnesium, complete blood cell count, iron studies, vitamin D, 
parathyroid hormone, and bone density.*°* Routine and life- 
long use of multivitamins is considered necessary.?!> An updated 
guideline for the perioperative support has been published.?!* 


Aging 


Malabsorption in older adults should not be ascribed to the 
aging process; it should be evaluated just like malabsorption that 
occurs in younger patients. In healthy older adults, small bowel 
histologic features are normal despite a decline in cell turnover 
and continual cell renewal.?15216 Malabsorption of fat has rarely 
been described in chronic heart failure?!’ and chronic intestinal 
ischemia (see Chapter 118), but this is not due to aging per se. 
Older adults may be more susceptible to GI insult and subse- 
quent decompensation of GI function.’!* Changes in pancreatic 
anatomy and secretion occur with advanced aging, but only rarely 
do they result in overt pancreatic insufficiency.?!” 

Deficiencies of some nutrients, however, presumably caused 
by malabsorption, may be present in older adults with no overt 
GI disease. An increased risk of folate and vitamin Bı, deficiency 
despite adequate intake of these vitamins has been reported in 
older adults.”?? Malnutrition in older adults can contribute sig- 
nificantly to morbidity and mortality, although it may be difficult 
to ascertain whether weight loss results from altered appetite, 
increased catabolism, or malabsorption. 

SIBO in older adults with gastric hypochlorhydria from atro- 
phic gastritis or treatment with a PPI is usually not associated 
with clinically significant malabsorption,”’! but an improvement 
in nutritional status after antibiotic treatment has been described 
in some older adults.’*” An increased prevalence of lactose malab- 
sorption in older adults may be the result of clinically unapparent 
SIBO.??3 


Connective Tissue Diseases 
PSS 


The GI tract is involved to a variable degree in most patients with 
PSS. Early pathologic changes are characterized by vasculopa- 
thy, which results in ischemia and progressive organ dysfunction. 
Typical histologic findings include atrophy of the muscle layers 
with increased deposition of elastin and collagen in the submucosa 
and serosa and between smooth muscle bundles of the muscularis 


externa.**+ Small intestinal biopsy specimens might reveal an 
increased number of plasma cells within the lamina propria and 
collagen deposits around and between lobules of Brunner glands 
in the submucosa of the duodenum.’ 

Malabsorption in PSS usually results from SIBO secondary to 
ineffective motility in the small intestine, but other factors (e.g., 
decreased mucosal blood flow) can also contribute.’*+ Malabsorp- 
tion and SIBO are not limited to patients with diffuse disease; 
they can also occur in patients with long-standing limited cuta- 
neous sclerosis.’*° Elevated serum concentrations of motilin and 
CCK have been described in patients with PSS and fat malab- 
sorption, but are thought to result from myogenic or neurogenic 
disturbances of intestinal or gallbladder contraction.”*” In addi- 
tion to antibiotic treatment of SIBO, low doses of octreotide (50 
ug subcutaneously every evening for 3 weeks) have been shown 
to induce intestinal migrating motor complexes, reduce bacterial 
overgrowth, and relieve abdominal symptoms.”*+778 


SLE and Other Connective Tissue Diseases 


Excessive fecal fat excretion associated with abnormalities of 
d-xylose breath testing may be found in some patients with SLE; 
these findings may be accompanied by flattened and deformed 
villi with an inflammatory infiltrate seen on duodenal biopsy spec- 
imens.”*? Furthermore, there is an increased prevalence of celiac 
disease in patients with SLE.” Malabsorption that resolved after 
treatment with prednisolone has also been described in associa- 
tion with hypereosinophilic syndrome in SLE.” ! Malabsorption 
is an uncommon feature of mixed connective tissue disease and 
polymyositis.737733 


Congenital Defects 


‘Table 104.10 lists congenital intestinal diseases that result in mal- 
absorption of specific substrates or in a generalized malabsorp- 
tion syndrome. 


Amino Acid Transport Defects 


AAs are absorbed by the enterocyte as oligopeptides, dipeptides, 
and free AAs. In several inborn errors of metabolism, transport 
defects for different groups of AAs have been identified in the 
intestine and kidney (see Table 104.10). 

In iminoglycinuria, Hartnup disorder, and cystinuria, the 
intestinal transport defect seems to be of no or only minor clinical 
significance, because the AAs affected by the transporter defects 
still can be absorbed as oligopeptides and dipeptides, and pro- 
tein malnutrition can be avoided.?*+?3° Manifestations in these 
diseases, therefore, are mainly due to AA transport defects in the 
kidney. In Hartnup disorder, oral administration of nicotinamide 
and a high-protein diet have been shown to relieve symptoms to 
some extent.?*+ 

In lysinuric protein intolerance, however, the transport defect 
is located on the basolateral membrane of the enterocyte and 
leads to malabsorption of cationic AAs in both their monopeptide 
and dipeptide forms. Patients with lysinuric protein intolerance, 
therefore, cannot tolerate high-protein foods and are prone to 
develop protein malnutrition. Malabsorption of lysine with resul- 
tant deficiency of this essential AA is thought to be important 
to the development of several disease manifestations in these 
patients.” Treatment consists of protein restriction and supple- 
mentation with oral citrulline. 


Disaccharidase Deficiency and Transport Defects for 
Monosaccharides 


In sucrase-isomaltase deficiency, affected infants usually 
become symptomatic after weaning when starch and sucrose 
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are introduced to the diet. Symptoms and signs include osmotic 
diarrhea, failure to thrive, excess flatus, and occasional vomiting. 
Diagnosis can be established by an oral sucrose absorption test 
or the absence or markedly reduced sucrose activity in duode- 
nal biopsies. Treatment includes avoidance of dietary starch and 
sucrose and enzyme replacement therapy with oral administra- 
tion of sacroidase.’>* In patients with this disease, symptoms tend 
to resolve spontaneously with age.**® 

Patients with glucose-galactose malabsorption suffer from 
severe diarrhea that leads to dehydration in the first days of life. 
The diarrhea stops only if glucose and galactose are eliminated 
from the diet. Older children and adults tolerate the offending 
carbohydrates better, but the transport defect is lifelong. Diag- 
nosis can be established with an oral glucose tolerance test or by 
in vitro glucose absorption tests performed on intestinal biopsy 
specimens. Therapy consists of a fructose-based diet free of glu- 
cose and galactose. After the age of 3 months, addition of foods 
containing low quantities of glucose or galactose such as vegeta- 
bles, fruits, and cheese is considered safe.?*? 


Congenital Disorders of Lipid Absorption 


Abetalipoproteinemia is a disorder of autosomal recessive inheri- 
tance characterized by triglyceride accumulation in the entero- 
cyte. This disease seems to be caused by mutations in the gene for 
microsomal triglyceride transfer protein (MTP), with resultant 
defective assembly of triglyceride-rich lipoproteins.’ 

Familial hypobetalipoproteinemia, a disorder of autosomal 
dominant inheritance, has clinical manifestations similar to those 
of abetalipoproteinemia when in the homozygous state. This dis- 
ease seems to be caused by mutations of the apolipoprotein B 
gene in most cases.” 

Chylomicron retention disease and Anderson disease are 
caused by defective release of chylomicrons by enterocytes. The 
distinction between the 2 conditions derives from differences 
in the partitioning of lipid between membrane and cytoplasmic 
compartments, although both diseases are due to a defect in the 
same gene (SARIB). 

General treatment measures in abetalipoproteinemia, hypo- 
betalipoproteinemia, chylomicron retention disease, and Ander- 
son disease include replacement of triglycerides that contain 
long-chain fatty acids with medium-chain triglycerides and 
dietary supplementation with tocopherol.’ 

Wolman disease and the milder late-onset cholesteryl ester 
storage disease are seemingly caused by mutations in differ- 
ent parts of the LIPA gene, resulting in infiltration of intestinal 
mucosa with foam cells and intestinal damage. 


Congenital Disorders of Cobalamin Absorption 


Several congenital diseases can result in vitamin Bı? malabsorp- 
tion. Absence of IF synthesis is the most common cause of con- 
genital cobalamin deficiency; abnormal results on Schilling tests 
normalize with the co-administration of IF.”° In some patients, an 
abnormal (nonfunctional) IF is secreted that has decreased affin- 
ity for cobalamin, decreased affinity for the ileal IF-cobalamin 
receptor (cubilin-amnionless complex), or increased susceptibil- 
ity to proteolysis.?6 1240 

Imerslund-Grisbeck syndrome is a congenital disease char- 
acterized by malabsorption of the cobalamin-IF complex despite 
normal ileal morphology. This syndrome can be caused by muta- 
tions in either of 2 genes that code for the cubilin and AMN pro- 
teins, which are co-localized in the ileal mucosa and form the 
IF-cobalamin receptor.*! 

In transcobalamin II deficiency, serum levels of cobalamin 
commonly are normal, although in most patients intestinal 
cobalamin absorption is abnormal." Diagnosis is established by 
demonstrating the absence of transcobalamin II in the plasma. All 


TABLE 104.10 Congenital Disorders of the Gastrointestinal Mucosa That Result in Malabsorption?’ 


Suggested Mode of Malabsorbed 


Suggested Mechanism of 


Disorder Causative Gene Inheritance Substrate(s) Malabsorption Clinical Features Reference(s) 
MALABSORPTION OF AMINO ACIDS 
Hartnup disorder SLC6A19 AR Neutral amino acids Decreased intestinal absorption of free Most patients are asymptomatic; 234 
OMIM#234500 (tryptophan, neutral amino acids some patients have photosensitive 
leucine, methionine, skin rash, intermittent ataxia, 
phenylalanine, psychotic behavior, mental 
tyrosine, valine, retardation, diarrhea 
?histidine, ?lysine) 
Cystinuria (types A, B, AB) Type A: SLC3A1 AR (type A) and Cystine and/or dibasic Decreased intestinal absorption of Aminoaciduria, cystine stones in the 235 
OMIM#220100 Type B: SLC7A9 incomplete AR amino acids (lysine, specific free amino acids owing to a urinary tract 
(type B) ornithine, arginine) defective amino acid transporter at 
the brush border membrane 
Type A: no transport of cystine, lysine, 
or arginine 
Type B: reduced or normal cystine 
transport and reduced or no lysine 
and arginine transport 
Lysinuric protein intolerance SLC7A7 AR Dibasic amino acids Defect of the basolateral transporter Sparse hair, hyperammonemia, Zor 
OMIM#222700 (lysine, ornithine, (y+LAT-1) for dibasic amino acids nausea, vomiting, diarrhea, protein 
arginine) (also malabsorption of di- and malnutrition, failure to thrive, 
oligopeptides) aversion to protein-rich food 
Isolated lysinuria* @ P Lysine Decreased intestinal absorption of lysine Mental retardation, malnutrition, failure 237 
to thrive 
Iminoglycinuria SLC6A20 AR |-Proline Impaired intestinal absorption of Aminoaciduria; benign disorder 236 
OMIM#242600 SLC6A19 l-proline in a subgroup of subjects 
SLC36A2 
Blue diaper syndrome* @ AR Tryptophan Intestinal tryptophan absorption defect Blue discoloration of diapers, 328 
OMIM#211000 failure to thrive, hypercalcemia, 
nephrocalcinosis 
Methionine malabsorption @ AR Methionine Intestinal methionine absorption defect Mental retardation, convulsions, 329 
syndrome* (Oasthouse diarrhea, white hair, hyperpnea; 
syndrome) urine has characteristic sweet smell 
OMIM#250900 of dried celery 
Lowe oculocerebral syndrome OCRL1 XR Lysine, arginine Impaired intestinal lysine and arginine Aminoaciduria, mental retardation, 330 
OMIM#30900 absorption cataracts, rickets, choreoathetosis, 
renal disease 
MALABSORPTION OF CARBOHYDRATES 
Congenital lactase deficiency LGT AR Lactose Permanent very low lactase activity Diarrhea, bloating, and dehydration in 331 
OMIM#22300 the first days of life 
Sucrase-isomaltase deficiency SI AR Sucrose, starch Sucrase activity is absent; isomaltase Osmotic diarrhea after starch or 238, 331 
OMIM#2229000. activity is absent or reduced; sucrose ingestion; failure to thrive 
reduced maltase activity 
Trehalase deficiency TREH AR Trehalose Lack of intestinal trehalase activity Diarrhea and/or vomiting after 331 
OMIM#612119 ingesting mushrooms 
Glucose-galactose SLC5A1 AR Glucose, galactose Defect of the brush border sodium- Neonatal onset of osmotic diarrhea, 239 
malabsorption glucose cotransporter (SGLT1) dehydration, intermittent or 


OMIM#606824 


constant glycosuria 
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Suggested Mode of Malabsorbed 


Suggested Mechanism of 


Disorder Causative Gene Inheritance Substrate(s) Malabsorption Clinical Features Reference(s) 
MALABSORPTION OF FAT 
Abetalipoproteinemia MTP AR Fat, fat-soluble vitamins Defective lipoprotein assembly owing Steatorrhea, diarrhea, neurologic 9 
OMIM#200100 to a lack of MTP, resulting in TG symptoms, retinitis pigmentosa, 
accumulation in the enterocyte and failure to thrive, absence of 
no chylomicron formation chylomicrons and VLDL in the 
blood, acanthocytosis 
Familial hypobetalipoproteinemia APOB Incomplete AD Fat, fat-soluble vitamins TG accumulation in the enterocyte in Homozygotes: clinical manifestations 9 
OMIM#615558 homozygotes owing to formation of a as for abetalipoproteinemia 
truncated apolipoprotein B Heterozygotes: fat absorption 
probably normal; hypolipidemia, 
neurologic manifestations 
Chylomicron retention disease SAR1B AR Fat Defective chylomicron formation and Steatorrhea, failure to thrive, absence 9, 332 
(Anderson disease) accumulation in the enterocyte a E Pa Fr ODIL 
OMIM#246700 evels in the blood; neurologic 
symptoms in some patients 
Cholesteryl ester storage disease LIPA AR Fat Deficient activity of hLAL, cholesteryl Steatorrhea, hepatosplenomegaly, 333, 334 
(Wolman disease) ester hydrolase, causing abdominal distention; failure to 
OMIM#278000 accumulation of cholesteryl esters thrive, adrenal calcifications 
and TGs in various body tissues; 
infiltration of intestinal mucosa with 
foamy cells, intestinal damage 
MALABSORPTION OF VITAMINS 
Congenital IF deficiency GIF AR Cobalamin (vitamin B42) Defective synthesis of IF or synthesis of _ Megaloblastic anemia, neurologic 32 
(congenital pernicious anemia) an abnormal IF with either reduced symptoms, delayed development 
OMIM#261000 affinity for cobalamin or for the ileal IF 
receptor, or increased susceptibility 
to proteolysis 
Imerslund-Gräsbeck syndrome CUBN or AMN AR Cobalamin (vitamin B42) Impaired ileal absorption of IF- Megaloblastic anemia, neurologic 268l 
(ileal B4 malabsorption, cobalamin complex owing to defects symptoms, proteinuria 
megaloblastic anemia type l) in the cubilin-AMN complex (IF- 
OMIM#261 100 cobalamin receptor) 
Transcobalamin II deficiency TCN2 AR Cobalamin (vitamin B42) Defective transport of cobalamin out Vomiting, diarrhea, failure to thrive, 32, 240 
OMIM#275350 of enterocytes into the portal blood anemia, immunodeficiency, 
owing to absence or malfunction of neurologic symptoms 
transcobalamin II 
Hereditary folate malabsorption SLC46A1 AR Folate Defective folate transport across the Megaloblastic anemia, diarrhea, 335 
OMIM#229050 intestinal mucosa neurologic symptoms 
MALABSORPTION OF MINERALS 
Acrodermatitis enteropathica SLC39A4 AR Zinc Defective zinc absorption in the small Diarrhea, scaling erythematous 48 
OMIM#201 100 intestine owing to a defect in the zinc dermatitis, alopecia, 
transport protein (hZIP4) neuropsychiatric symptoms; onset 
after weaning 
Isolated magnesium TRPM6 AR Magnesium Selective defect in intestinal magnesium Tetany, convulsion, diarrhea, 41 


malabsorption 


(hypomagnesemia with 
secondary hypocalcemia 
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TABLE 104.10 Congenital Disorders of the Gastrointestinal Mucosa That Result in Malabsorption??’ —cont’d 


Suggested Mode of Malabsorbed 


Suggested Mechanism of 


Disorder Causative Gene Inheritance Substrate(s) Malabsorption Clinical Features Reference(s) 
Menkes disease ATP7A XR Copper General copper transport disorder; Cerebral degeneration, diarrhea, 336 
OMIM#309400 intestinal copper malabsorption with abnormal hair, hypopigmentation, 
copper accumulation in the intestinal arterial rupture, thrombosis, 
mucosa owing to a defective hypothermia, bone changes 
transmembrane copper-transporting 
ATPase (MNK) 
Occipital horn syndrome ATP7A XR Copper Milder form of same defect as in Inguinal hernias, bladder and ureteral 336 
(X-linked cutis laxa) Menkes disease; low levels of diverticula, skin and joint laxity, 
OMIM#304150 functional MNK chronic diarrhea, bone changes 
lron-refractory iron-deficient TMPRSS6 AR Iron Intestinal iron transport disorder lron-deficient anemia that is 45 
anemia unresponsive to oral iron 
OMIM#206200 supplementation 
Hereditary selective deficiency of CYP27B1 AR Calcium Defective 25(OH)D 1a-hydroxylase, Bone pain, deformities and fractures, 337 
1a,25(OH)2D (pseudo-vitamin resulting in 10,25(OH)2D deficiency muscle weakness 
D deficiency rickets) and reduced intestinal calcium 
OMIM#264700. absorption 
Hereditary generalized resistance VDR AR Calcium Malfunction of the vitamin D receptor Bone pain, deformities and fractures, 337 
to 1a,25(OH)=D (vitamin owing to defective hormone binding, muscle weakness, alopecia 
D-resistant rickets) defective receptor translocation 
OMIM#277440 to nucleus, or defective receptor 
binding to DNA, resulting in 
malabsorption of calcium 
OTHER DEFECTS 
Enterokinase deficiency PRSS7 AR Protein, fat Defective activation of pancreatic Diarrhea, failure to thrive, 15, 338 
OMIM#226200. proenzymes owing to lack of hypoproteinemia, edema, anemia 
intestinal enterokinase 
Congenital bile acid SLC10A2 AR Bile acids, fat Defect of the ileal ASBT Steatorrhea, diarrhea, failure to thrive 4 
malabsorption 
OMIM#613291 
Microvillus inclusion disease MYO5B AR Carbohydrates, Villus atrophy with microvillus inclusions Severe watery diarrhea and 339 
OMIM#251850 fat, cobalamin, in enterocytes, absent or shortened steatorrhea requiring total 
electrolytes, water brush border microvilli parenteral nutrition 
Hyperinsulinism, with enteropathy USH1C, ABCC8, AR Generalized Enteropathy with villus atrophy and Hyperinsulinism, profound congenital 340 
and deafness or KCNJ11 malabsorption inflammation sensorineural deafness, 
OMIM#606528 enteropathy, renal tubular 
dysfunction 
Immune dysregulation FOXP3 XR Generalized Villus atrophy Polyendocrinopathies, severe 250 
polyendocrinopathy and malabsorption diarrhea, hemolytic anemia 
enteropathy, X-linked (IPEX) 
OMIM#304790 
Enteric anendocrinosis* NEUROGS3 AR Generalized Lack of enteroendocrine cells Severe diarrhea, failure to thrive, type 281 
OMIM#610370 malabsorption 1 diabetes mellitus 
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Suggested Mode of 


Malabsorbed 


Suggested Mechanism of 


Disorder Causative Gene Inheritance Substrate(s) Malabsorption Clinical Features Reference(s) 
Congenital proprotein convertase PCSK7 AR Generalized Lack of functional hormone production Severe diarrhea, 282 
1/3 deficiency malabsorption by enteroendocrine cells polyendocrinopathies, failure to 
OMIM#600955 thrive, overweight in later age 
Congenital tufting enteropathy EpCAM AR Generalized Intestinal epithelial cell dysplasia and Severe diarrhea, failure to thrive 341 
OMIM#613217 malabsorption villus atrophy 
CHAPLE syndrome CD55 AR Protein losing Intestinal lymphangiectasia Anemia, growth retardation, diarrhea, 342 
CD55 enteropathy, vitamin abdominal pain, hypoproteinemia, 
deficiency with hyperactivation of and micronutrient thrombosis 
complement, deficiencies 


angiopathic thrombosis, and 
protein-losing enteropathy 
OMIM#226300 


*Reported in only a few cases. 


% sign (in place of #) means that the gene causing the disease is unknown in this case. 
AD, autosomal dominant; AMN, amnionless; AR, autosomal recessive; ASBT, sodium bile acid co-transporter; CUBN, cubilin; hLAL, human lysosomal acid lipase; /F, intrinsic factor; LDL, low-density 
lipoprotein; MTP, microsomal TG transfer protein; 70,25(OH)=D, 1a,25-dihydroxyvitamin D; 25(OH)D, 25-hydroxyvitamin D; VLDL, very-low-density lipoprotein; XR, X-linked recessive. 
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congenital disorders of cobalamin absorption are treated by the 
parenteral administration of cobalamin, although high-dose oral 
cobalamin or nasal cobalamin also might be effective. 


Intestinal Enterokinase Deficiency 


Enterokinase, an enzyme secreted by the intestinal mucosa, initi- 
ates activation of pancreatic proenzymes. Several patients have 
been reported to have an inborn deficiency of this enzyme, with 
resultant diarrhea, failure to thrive, and hypoproteinemia mainly 
from protein malabsorption. These patients respond well to pan- 
creatic enzyme replacement, and some patients show a tendency 
to improve with age. Secondary enterokinase deficiency also has 
been reported in patients with villus atrophy, although patients 
with celiac disease seem not to be affected.!° 


Primary Immunodeficiency Diseases 


Malabsorption commonly occurs in entities characterized by 
deficiencies in humoral or cellular immunity (see Chapter 2).7*! 
The immunodeficiency syndromes most commonly associated 
with malabsorption are selective immunoglobulin (Ig)A defi- 
ciency, common variable immunodeficiency (CVID), and severe 
combined immunodeficiency. The etiology of the malabsorption 
varies for the different syndromes. 


Selective Immunoglobulin a Deficiency 


Selective IgA deficiency is the most common primary immunode- 
ficiency disorder and is characterized by a selective near-absence 
of secretory and serum IgA that renders one susceptible to respi- 
ratory, urogenital, and GI infections. Autoimmune and allergic 
diseases are also commonly seen in patients with this disorder. A 
10- to 16-fold increased incidence of gluten-sensitive enteropa- 
thy has been reported in patients with IgA deficiency,* and a 
subgroup of patients with selective IgA deficiency have sprue-like 
small intestinal lesions that lead to severe diarrhea and malabsorp- 
tion but are unresponsive to a gluten-free diet.” Improvement 
with immunosuppressive therapy has been described in one case 
report.*** PA, giardiasis, and secondary disaccharidase deficien- 
cies are also seen with increased frequency in patients with selec- 
tive IgA deficiency.?43:245 


Common Variable Immunodeficiency 


CVID, or CVID-acquired hypogammaglobulinemia, is a clini- 
cally and genetically heterogeneous group of immunodeficiency 
disorders characterized by decreased serum IgG levels and vari- 
ably decreased serum levels of other Ig subclasses with T-cell 
defects. Most cases are sporadic and 10% to 20% of CVID are 
familial. Onset of disease usually is in adulthood and manifests 
with recurrent respiratory and GI infections. Affected patients 
are also at increased risk for autoimmune and neoplastic diseases. 
Malabsorption and diarrhea occur in 9% to 40% of patients with 
CVID?**; malabsorption involves dietary fat, carbohydrates, vita- 
min By, and folate.’+! 

Small intestinal biopsy specimens show either sprue-like 
features, including villus shortening with increased numbers of 
lymphocytes in the epithelium and lamina propria, or a pattern 
similar to that in graft-versus-host disease (see Chapter 36).74247 
Some specific histologic features, such as a near-absence of 
plasma cells, are observed. The disease responds to a gluten-free 
diet in a minority of patients, and it appears that the sprue-like 
syndrome in CVID is a distinct entity,**’*? sometimes referred 
to as “hypogammaglobulinemic sprue.” In some patients with 
CVID, foamy macrophages are present, as in Whipple disease, 
but in contrast to Whipple disease, the macrophages do not con- 
tain material that stains with periodic acid-Schiff.’*’ In addition, 


nodular lymphoid hyperplasia can be detected in the GI tract of a 
high proportion of CVID patients, although it does not correlate 
with the presence of malabsorption; other morphologic altera- 
tions found in CVID were not related to GI symptoms in a recent 
larger cross-sectional study.**° The incidence of small intestinal 
lymphoma is increased in CVID, and both disorders have to be 
considered as potential causes of malabsorption in these patients. 
Giardia organisms are often isolated from patients with CVID, 
and SIBO has been documented in a number of cases. 
Unfortunately, only some patients with malabsorption asso- 
ciated with CVID respond to antimicrobial treatment.’*” Some 
patients with sprue-like intestinal changes have benefited from 
glucocorticoids,”*? but the value of IV immunoglobulins is ques- 
tionable.**? Improvement of enteropathy with infliximab has been 
described in case reports.’?! Patients with CVID have a higher 
prevalence of atrophic gastritis with cobalamin malabsorption, 
although antibodies against parietal cells and IF are absent.**° 


X-linked Infantile Agammaglobulinemia (Bruton 
Agammaglobulinemia) 


X-linked infantile agammaglobulinemia (Bruton agammaglobu- 
linemia [OMIM #300755]) is an immunodeficiency disease char- 
acterized by lack of mature B lymphocytes and failure of Ig heavy 
chain rearrangement; it is caused by mutations in the gene for 
Bruton tyrosine kinase.”°* This disease usually manifests after the 
first 6 months of life and is characterized by recurrent severe bac- 
terial infections. Severe GI problems such as malabsorption and 
chronic diarrhea are less common than in CVID?*’; the preva- 
lence of chronic gastroenteritis was 10% in one large series.?” In 
affected patients, the possibility of giardiasis and SIBO must be 
considered.7477>3 


Immune Dysregulation-Polyendocrinopathy-Enteropathy— 
X-Linked Syndrome 


Immune dysregulation-polyendocrinopathy-enteropathy—X- 
linked syndrome (APEX [OMIM #304790]) is a disorder of early 
childhood characterized by protracted diarrhea, dermatitis, 
insulin-dependent diabetes mellitus, thyroiditis, thrombocytope- 
nia, and hemolytic anemia. It is a disorder of X-linked recessive 
inheritance caused by mutations in the FOXP3 gene.**+ Diarrhea 
and malabsorption are secondary to severe villus atrophy with 
inflammation. Antienterocyte antibodies are commonly present. 
The enteropathy usually does not respond to a gluten-free diet, 
but immunosuppressive therapy has been shown to be of some 
benefit. IPEX usually is fatal in childhood. Successful bone mar- 
row transplantation with amelioration of enteropathy has been 
reported in some cases.*>° 


Other Congenital Immunodeficiency Syndromes 


In severe combined immunodeficiency (OMIM #300400), diar- 
rhea and malabsorption are common. Symptoms are associated 
with stunting of intestinal villi or their complete absence. The 
pathophysiology of malabsorption is unknown, and the syn- 
drome usually fails to respond to antimicrobial treatment.’*°*°° 
Malabsorption also has been reported in DiGeorge syndrome 
(thymic hypoplasia [OMIM #188400]) and chronic granuloma- 
tous disease of childhood (OMIM #306400), but little is known 
about its cause in these disorders.?46 


Neurofibromatosis Type 1 (Von Recklinghausen 
Disease) 


Malabsorption can be an intestinal complication of neurofibro- 
matosis type 1 (OMIM #162200). Mechanisms of malabsorp- 
tion include peri-ampullary duodenal tumors, which are mainly 


somatostatin-containing neuroendocrine tumors, and pancreatic 
carcinomas with resultant pancreatic duct obstruction; tumors 
can cause exocrine pancreatic insufficiency and biliary obstruc- 
tion.?>’ Duodenal somatostatinomas in von Recklinghausen dis- 
ease usually do not increase plasma somatostatin levels, although 
one case of somatostatinoma syndrome has been reported.*>* 
Infiltrating mesenteric plexiform neurofibromas and vascular 
damage caused by proliferation of nerves can cause lymphatic 
or vascular obstruction (or both), with resultant abdominal pain, 
protein-losing enteropathy, diarrhea or constipation, steatorrhea, 
and bowel ischemia.*°??°? In patients with von Recklinghausen 
disease, an increased incidence of neuroendocrine tumors in 
other locations has been observed; gastrinomas with ZES have 
also been reported in some of these patients.”°! 


Autoimmune Enteropathy and Nongranulomatous 
Chronic Idiopathic Enterocolitis 


Nongranulomatous chronic idiopathic enterocolitis is an entity 
that is distinct from refractory celiac disease and IBD.* The 
etiology of this disease is unknown, although chronic infection 
and an autoimmune cause have been suggested. Severe diarrhea 
and malabsorption occur as a result of diffuse villus atrophy, and 
ulcerations may be present in the small and large intestine. Small 
intestinal villus atrophy and neutrophilic inflammation of the 
mucosa with crypt abscesses may be seen in biopsy specimens 
from the small intestine and colon; the number of intraepithelial 
lymphocytes is not increased.” Patients respond dramatically 
to glucocorticoids, and most require long-term low-dose mainte- 
nance therapy.” Improvement with cyclosporine and long- 
term antibiotic therapy has been reported in one patient each.?64 
The condition is associated with a high mortality rate??? 
Nongranulomatous chronic idiopathic enterocolitis shares 
several clinical and histologic features with adult autoimmune 
enteropathy and probably represents a subtype with this disease 
spectrum.*°??° In many patients with adult autoimmune enter- 
opathy, antienterocyte antibodies, antigoblet cell antibodies, and 
alterations in regulatory T-cell function are present.?®7°° This 
entity has been reported in children as well as adults, and other 
autoimmune disorders are frequently present in these patients. 
Although the name autoimmune enteropathy implies a causative 
autoimmune process, very little is known about the pathophysi- 
ology of this disease. Symptoms are chronic severe high-output 
diarrhea and malabsorption?®; development of vitamin and min- 
eral deficiencies are very common and patients commonly require 
TPN.?°776 Diagnosis relies on a combination of clinical and his- 
tologic findings. Proposed diagnostic criteria require the pres- 
ence of chronic diarrhea and malabsorption; exclusion of other 
small intestinal diseases, such as celiac disease; histologic changes 
on intestinal biopsies such as partial or complete villus atrophy, 
deep crypt lymphocytosis, increased crypt apoptotic bodies, and 
minimal intra-epithelial lymphocytosis; and the presence of anti- 
enterocyte antibodies and antigoblet cell antibodies. Different 
histologic patterns are described, either as chronic active enteri- 
tis, celiac disease-like, graft-versus-host disease—like, or as mixed 
picture (Fig. 104.10).’°? Colonic involvement is more common 
than in refractory celiac disease (see Fig. 104.10)?” Absence of 
antibodies does not exclude the diagnosis.*®7°” The variety of 
histologic findings in the small and large intestine found in cases 
termed autoimmune enteropathy challenge the notion if this is 
really a uniform disease with a consistent pathophysiology. Ther- 
apy of autoimmune enteropathy is challenging, and some patients 
have been treated successfully with glucocorticoids and immu- 
nosuppressive drugs, such as cyclosporine A and tacrolimus. A 
recent case series reported an 85% response rate to open-capsule 
budesonide even in patients who had not responded to systemic 
steroids.’®” Response to TNF-a blockers, abatacept’’? or infu- 
sion of mesenchymal stromal cells’’!in individual patients was 
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reported; a significant proportion of patients do not response to 
immunosuppressive therapy.’”” 


Endocrine and Metabolic Disorders 
Adrenal Insufficiency (Addison Disease) 


Some patients with adrenal insufficiency, independent of its eti- 
ology, have fat malabsorption, with fecal fat excretion of up to 
30 g/day having been documented.?’* Fat malabsorption is also 
observed in rats after adrenalectomy.’’* The pathophysiologic 
mechanism of malabsorption in this disease is unknown, but fat 
absorption normalizes upon glucocorticoid replacement. 
Isolated autoimmune Addison disease has been associated 
with PA?’ and celiac disease.’”° An increased incidence of celiac 
disease and PA is also found in autoimmune polyglandular syn- 
drome type 2 (Schmidt syndrome), which is characterized by the 
association of autoimmune Addison disease and other autoim- 
mune endocrine disorders (except hypoparathyroidism).’”’ 


Enteroendocrine Deficiency 


Autoimmune Polyendocrinopathy, Candidiasis, Ectodermal 
Dystrophy (APECED) 

[OMIM #240300] also termed as autoimmune polyglandular syn- 
drome type 1 (APS 1 [OMIM #240300)) is characterized by mul- 
tiple endocrine organ failure (especially hypoparathyroidism and 
adrenal insufficiency) resulting from autoimmune destruction, 
with ectodermal dystrophy and susceptibility to chronic Candida 
infections.?”’ APECED is inherited as an autosomal recessive dis- 
order and is caused by mutations in the AIRE gene.’’* Severe mal- 
absorption, which tends to be recurrent, develops in approximately 
20% of patients with APECED. In one patient, malabsorption was 
caused by a transient and selective destruction of small intestinal 
enteroendocrine cells, leading to a temporary deficiency of entero- 
endocrine hormones (especially CCK);**” this has been confirmed 
by observations in subsequently reported patients.?®:24+ These 
patients have autoantibodies to tryptophan hydroxylase, which are 
directed against enteroendocrine cells (including CCK-producing 
cells).“#5 The long-known association of hypoparathyroidism or 
hypocalcemia and steatorrhea may be caused by the same mecha- 
nism, because in most reports of this association, patients fulfill 
the diagnostic criteria for APECED?’??°° 

Selective absence of small intestinal enteroendocrine cells can 
be diagnosed by special immunohistochemical stains for these 
cells (e.g., immunohistochemical stains for chromogranin A or 
CCK [Fig. 104.11]) or by measurements of postprandial serum 
levels of the affected hormones. Patients with APECED also have 
an increased incidence of vitamin Bı? malabsorption as a result 
of autoimmune gastritis.” Lack of enteroendocrine cells also 
results in congenital malabsorption in 2 other described diseases 
resulting from mutations in the NEUROG3 gene (diarrhea 4; 
enteric anendocrinosis [OMIM #610370]) and PCSKI gene (con- 
genital proprotein convertase 1/3 deficiency [OMIM #600995]) 
(see Table 104.10).28!282 


Hyperthyroidisxm and Autoimmune Thyroid Disease 


Some reports suggest that up to 25% of hyperthyroid patients 
have at least some degree of fat malabsorption, but data from 
large series of patients are lacking. Fecal fat values in hyper- 
thyroid patients can reach 35 g/day.” The mechanism of ste- 
atorrhea in hyperthyroidism has not been established. Motility 
studies in hyperthyroid patients (including patients with and 
without diarrhea) have demonstrated accelerated small intestinal 
and whole-gut transit times”** ; fecal fat values were not reported 
in these patients. It can be hypothesized that more pronounced 
disturbances of intestinal transit can lead to decreased mixing of 
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Fig. 104.10 Duodenal biopsy specimen (A,B) from a patient with autoimmune enteropathy with a chronic 


enteric inflammation pattern (nongranulomatous chronic idiopathic enterocolitis). A, Histopathologic features 
include villus atrophy, diffuse infiltration of lamina propria with inflammatory cells, and crypt abscesses (arrow). 
B, High-power view demonstrates crypt infiltration by neutrophils (arrow). (H&E stain.). Colonic biopsies (C, D) 
showing a GVHD-like pattern of autoimmune enteropathy with a mixed inflammatory infiltrate, increased crypt 
epithelial apoptosis, and mild crypt architectural distortion. C, H&E stain D, immunohistochemical staining for 
caspase 3 highlighting apoptosis. (Courtesy Cord Langner, MD.) 


food and digestive secretions and reduced intestinal absorption of 
nutrients. Some of the steatorrhea in hyperthyroid patients might 
result from hyperphagia with increased dietary intake of fat.?® 

An increased number of lymphocytes and plasma cells and 
some degree of edema in small intestinal biopsy specimens have 
been found in patients with steatorrhea and hyperthyroidism; vil- 
lus architecture is normal.’* Absorption of glucose and d-xylose 
is normal in hyperthyroid patients with and without malabsorp- 
tion.2*> Fat malabsorption tends to normalize when patients 
attain a euthyroid state.?83:285 

In patients with autoimmune thyroid diseases, an increased 
prevalence of celiac disease’’® and PBC,’ both of which can 


result in fat malabsorption, has been recognized. The prevalence 
of celiac disease in patients with autoimmune thyroid disease is 
approximately 2% to 4%.’° Cobalamin malabsorption resulting 
from autoimmune gastritis is found in a considerable number of 
patients with autoimmune thyroid disease.78?7> 


Diabetes Mellitus 


Chronic diarrhea is common in patients with diabetes mellitus, 
especially in those with long-standing diabetes mellitus type 1.286 
Mild steatorrhea often is present in patients with diabetic diarrhea 
and also in diabetic patients who do not complain of diarrhea.?*” 
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specimens obtained from a normal subject (A) and from a patient with malabsorption associated with APECED 
(B). In B, enteroendocrine cells are absent. See text for details. 


Although the pathophysiologic mechanism of malabsorp- 
tion and diarrhea in patients with diabetes mellitus is unknown, 
poor glycemic control is an important cofactor.’** Most of these 
patients have signs of autonomic neuropathy, such as orthostatic 
hypotension, impotence, bladder dysfunction, incontinence, 
inappropriate heart rate variability, and abnormal sweating.’®? 
Therefore in some patients, diarrhea and malabsorption have 
been attributed to rapid gastric emptying and rapid intestinal 
transit, causing impaired mixing of nutrients with digestive secre- 
tions and decreased contact time between nutrients and the intes- 
tinal mucosa. 

The clinician has to be aware that certain treatable diseases, 
such as celiac disease,*”? SIBO,”*? and pancreatic insufficiency,””! 
can be associated with diabetes mellitus. In patients with diabetes 
mellitus type 1, a high prevalence (3% to 8%) of celiac disease has 
been reported from screening studies, but most of these patients 
are asymptomatic.?”’ Markedly reduced pancreatic exocrine 
function, as determined by fecal elastase measurement, has been 
reported in 30% of patients with type 1 diabetes and 17% with 
type 2 diabetes, compared with 5% of control subjects. In 40% of 
diabetic patients with reduced fecal elastase levels, fat malabsorp- 
tion with fecal fat output of greater than 10 g/day was detected.’”? 
GI symptoms and steatorrhea in these patients did not correlate 
with fecal elastase levels.’?!%> In addition, the unresolved speci- 
ficity of elastase raises the possibility that not all of these patients 
truly had pancreatic insufficiency.’ The presence of cobala- 
min malabsorption caused by autoimmune atrophic gastritis is 
increased three- to fivefold in patients with diabetes mellitus type 
1 compared with the nondiabetic population.*” 

Ingested carbohydrates are malabsorbed in patients receiving 
acarbose as part of their diabetes treatment, which in turn can 
lead to symptoms of diarrhea and malabsorption. Foods recom- 
mended to diabetics because they contain poorly absorbable car- 
bohydrates, such as fructose or sorbitol, can result in bloating and 
diarrhea. 


Metabolic Bone Disease 


Special consideration has to be given to osteoporosis and osteo- 
malacia in malabsorptive diseases. Patients with these metabolic 
bone diseases usually do not present with suggestive symptoms 
or abnormalities either on physical examination or on routine 
laboratory examinations. Reduced bone mineral density is a com- 
mon finding in patients with gastric resection,””° celiac disease,” 
and lactose malabsorption.” Osteoporosis has been suggested 
to result from calcium malabsorption or reduced calcium intake, 


which leads to secondary hyperparathyroidism, which in turn 
increases bone turnover and cortical bone loss; vitamin D malab- 
sorption is probably of lesser importance. Although up to one half 
of patients on a gluten-free diet have osteoporosis,””° some stud- 
ies have shown significant improvement in bone mineral density 
1 year after starting a gluten-free diet.*’? In Crohn disease, which 
may be accompanied by malabsorption, other factors such as glu- 
cocorticoid use or testosterone deficiency?” may contribute to 
decreased bone mass. 

In addition to treating the underlying cause of malabsorp- 
tion, calcium supplementation is needed to ensure a daily intake 
of 1500 mg of calcium. Vitamin D deficiency also must be cor- 
rected. If osteoporosis is present, bisphosphonate treatment is 
suggested.’”’ Nutritional management is discussed in more detail 
in Chapters 5 and 6. 


GENERAL APPROACH TO MANAGEMENT 


‘Treatment of malabsorptive diseases must be directed against the 
underlying condition if possible, and nutritional deficits must be 
corrected. The reader is referred to the relevant chapters of this 
book for discussion about treatment of specific diseases and their 
nutritional management. In patients with abdominal bloating and 
gas-related complaints due to sugar malabsorption, a diet with 
reduced content of poorly absorbable carbohydrates (e.g., fruc- 
tose, sorbitol, fermentable dietary fibers) is an effective long-term 
therapy.°°! Interest has recently surrounded the potential role of 
fermentable oligosaccharides, disaccharides, monosaccharides, 
and polyols in the treatment of patients with symptoms of IBS.!” 
In pancreatic insufficiency, disorders of intestinal fat absorp- 
tion, and short bowel syndrome, medium-chain triglycerides can 
be used as a source of dietary calories. In patients with short bowel 
syndrome and some remaining colon, colonic salvage capacity can 
be used to regain calories from carbohydrates; these patients 
should consume a diet rich in carbohydrates and medium-chain 
triglycerides. Teduglutide, a glucagon-like peptide 2 analog, has 
been shown to reduce the amount of malabsorbed calories and 
the need for parenteral volume supplementation.’ The sug- 
gested mechanisms for the proabsorptive effects of teduglutide 
are increased growth of intestinal mucosa, reduced gastric emp- 
tying and secretion, and prolonged intestinal transit time.?0304 
In BAM after extensive ileal resections, intestinal fat absorp- 
tion can be improved markedly by oral administration of natural 
conjugated BAs or synthetic cholylsarcosine.!!*:!8° Replacement 
of conjugated BAs also reduces urinary oxalate excretion 
and, therefore, should protect against development of kidney 
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stones.!® Patients with cystic fibrosis or short bowel syndrome 
who are unable to absorb vitamin D from their diet may benefit 
from treatment with an ultraviolet lamp, which emits ultraviolet 
radiation similar to sunlight.>” 

In patients with malabsorption and an intact colon, fluid deple- 
tion must be avoided to prevent kidney stones associated with hyp- 
eroxaluria”° In patients with malabsorption syndrome, special care 
should be given to the replacement of vitamins, iron, calcium, and 
trace elements to avoid deficiency syndromes (see Chapters 5 and 6). 


In patients with diarrhea, symptomatic treatment with opiates 
or loperamide can increase the time available for absorption of 
nutrients. 

In patients on home parenteral nutrition, catheter-related 
bloodstream infections remain the major threat. A prevention 
strategy using taurolidine, which is a potent antimicrobial agent, 
has been shown to reduce the risk of these infections.>°” 


Full references for this chapter can be found on www.expertconsult.com. 
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In its most simplistic form, the term SIBO describes a con- 
dition of excess bacteria in the small intestine. Although the 
phrase SIBO remains clinically relevant, it oversimplifies the 
rapidly evolving complexity of this disorder that has both 
intestinal and extra-intestinal manifestations. SIBO was first 
described in 1939 in patients with macrocytic anemia and intes- 
tinal strictures.! Research studies on SIBO in the 1950s and 
1960s focused on patients with prior intestinal surgery as the 
cause of their symptoms, especially those with an isolated loop 
of intestine.’ These initial studies defined SIBO by perform- 
ing small intestine aspirates (primarily jejunal and duodenal) 
and culturing the fluid. SIBO was then defined as the presence 
of bacteria in the proximal small intestine of greater than 1 x 
10° colony forming units (cfu)/mL. The impact of such over- 
growth, or “contamination,” on a variety of intestinal func- 
tions and human nutrition was elegantly demonstrated in a 
series of classic studies performed during the 1950s through 
the 1970s. + This solitary definition persisted for decades until 
changes in technology (e.g., breath testing) and new knowledge 
of disease states potentially associated with SIBO (e.g., IBS) 
forced investigators and clinicians to expand the definition of 
SIBO. Although controversial, advances in our knowledge of 
the intestinal microbiome, combined with an increased aware- 
ness of how its alterations influence health and promote dis- 
ease, have led scientists and clinicians to challenge the current 
concept of SIBO. This chapter presents contemporary data on 
defining, diagnosing, and treating SIBO. 


DEFINITION 


SIBO can be diagnosed as the presence of excess bacteria 
(either quantitative [>10° cfu/mL] or qualitative [excess bac- 
teria of colonic origin] in the small intestine accompanied by 
intestinal or extra-intestinal symptoms thought to result from 
this excess. 

Recognizing that a validated “gold standard” to quantitate 
excess small intestinal bacteria does not exist, and that diagnostic 
tests are not readily available to all clinicians, the definition of 
SIBO does not mandate that a specific test be used to make the 
diagnosis (e.g., culture or breath test; see “Diagnosis” section). 
The definition is also meant to convey that a spectrum of symp- 
toms and disorders may develop because of SIBO. One end of 
this spectrum consists of what is considered “classic” SIBO, in 
which an overgrowth of bacteria is documented and symptoms 
of malabsorption, maldigestion, and steatorrhea are present. In 
this situation, the clinical presentation is related to the effects of 
the overabundance of organisms on host intestinal morphology 
or function (Table 105.1), which, in turn, results in the clinical 
consequences typically associated with SIBO (e.g., steatorrhea, 
diarrhea, protein-losing enteropathy, and/or specific deficiency 
states). The other end of the spectrum reflects SIBO associated 
with symptoms or clinical entities in the absence of evidence of 
maldigestion/malabsorption (e.g., SIBO in association with IBS). 
In this situation, the pathophysiologic link with SIBO is less 
clearly defined. This scenario, essentially an “expanded” version 
of SIBO, has proved more problematic because much of the evi- 
dence used to support an association between SIBO and a given 
entity has been based on the performance characteristics of the 
test used to define it and, more specifically, on the ability of that 
test to distinguish health from disease. However, as discussed in 
the Diagnosis section, a consensus regarding standardization of 
tests to accurately diagnose SIBO is lacking. Thus, in some situa- 
tions, it may not be clear whether SIBO is a cause, a consequence, 
or an epiphenomenon in relation to the supposedly associated 
disorder. 


PATHOGENESIS 


The human GI microbiota is a complex ecosystem comprising 
approximately 500 distinct bacterial species. The vast major- 
ity of these bacteria are found in the colon, which contains 
approximately the same number of living cells as the rest of 
the entire body. The bacterial content of the small intestine 
is drastically lower than that of the colon for 3 major reasons: 
(1) gastric acid prevents bacterial overgrowth in the stom- 
ach and proximal small intestine; (2) normal fasting intesti- 
nal motor activity (i.e., migrating motor complex) prevents 
accumulation of bacteria within the small intestine; (3) the 
ileocecal valve limits reflux of colonic bacteria into the dis- 
tal small intestine. Because the small intestine is the site of 
digestion and absorption of food, maintaining low numbers 
of bacteria in the small intestine is beneficial to the host to 
prevent unwanted competition for nutrients, minimize abnor- 
mal entry of bacteria across the more permeable epithelium of 
the small intestine, and reduce gas production from bacterial 
fermentation of food. 
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TABLE 105.1 Pathophysiology of Symptoms and Clinical Consequences in Small Intestinal Bacterial Overgrowth 


Pathophysiologic Process Intestinal or Luminal Results 


Clinical Consequences 


Mucosal injury induced by 
bacteria and/or their 
toxins or metabolic 
products 


Loss of brush-border enzymes 
permeability 


cytokines 


Luminal competition with 
the host for nutrients 


Consumption of dietary protein 


Consumption of thiamine 
Consumption of nicotinamide 


Bacterial metabolism Fermentation of unabsorbed carbohydrates 


Deconjugation of primary bile acids 


Synthesis of vitamin K 
Synthesis of folate 
Synthesis of D-lactic acid 
Synthesis of alcohol 
Synthesis of acetaldehyde 


SIBO can develop for a number of reasons (Box 105.1) and 
can produce marked changes in intestinal morphology and physi- 
ology, which were elegantly demonstrated in a series of classic 
clinical and laboratory-based studies performed during the latter 
half of the last century (see Table 105.1).!° 


Mucosal Injury 


In some patients with SIBO, especially those with evidence of 
malabsorption, mucosal injury (often microscopic) contributes 
to symptoms due to the loss of brush border enzymes (e.g., lac- 
tase, maltase, sucrase-isomaltase, trehelase, peptidases). The 
loss of brush border disaccharidases results in the presenta- 
tion of more unabsorbed carbohydrates to intestinal bacteria 
for fermentation and may contribute to lactose intolerance.’ 
Damage to the epithelial barrier will enhance permeability 
and, in the most severe cases, may lead to protein-losing enter- 
opathy (see Chapter 31). Enterotoxins elaborated by some 
species may further exacerbate mucosal injury, although such 
injury in SIBO is usually not grossly apparent and histologi- 
cally appears as only minor nonspecific changes in villus form 
with an inflammatory response; generation of inflammatory 
cytokines, such as TNF-a, may contribute to hepatic and sys- 
temic complications. 


Luminal Competition With Host for Nutrients 


Although uncommon in SIBO, bacterial digestion of luminal 
protein can leave the affected individual susceptible to malnu- 
trition and increase the likelihood of developing hypoprotein- 
emia and edema. A number of phenomena combine to make 
SIBO an important cause of vitamin Bız (cobalamin) deficiency 
(see Chapter 103).° These include consumption of cobalamin 
by anaerobes, bacterial production of cobalamin analogs called 
cobamides (with subsequent loss of the parent vitamin to the 
host), malabsorption of the vitamin at the ileal receptor as a 
result of competitive binding with cobamides, and, in instances 
of severe SIBO, mucosal injury that involves the cubulin-amni- 
onless binding site. Bacterial utilization of vitamins in SIBO has 
also been invoked to explain the development of thiamine? and 
nicotinamide deficiency. 


Injury to epithelial barrier leading to enhanced intestinal 


Inflammatory response generating inflammatory 


Consumption of vitamin B42; production of cobamides 


Carbohydrate maldigestion and malabsorption 

Protein-losing enteropathy; bacterial translocation and portal and 
systemic endotoxemia 

Liver injury and inflammation, systemic inflammatory responses 


Hypoproteinemia, edema 

B42 deficiency, megaloblastic anemia, neurologic symptoms 
Thiamine deficiency 

Nicotinamide deficiency 


Bloating, distension, flatulence; auto-brewery syndrome 

Diarrhea due to the effects of deconjugated bile acids in the 
colon; depletion of the bile acid pool leading to fat and fat- 
soluble vitamin malabsorption 

nterference with dosing of vitamin K antagonists (e.g., warfarin) 

High serum folate levels 

D-lactic acidosis 

Liver injury, auto-brewery syndrome 

Liver injury 


Bacterial Metabolism 


Deconjugation of bile acids by excess bacteria in the small intes- 
tine with depletion of the bile acid pool may lead to maldiges- 
tion of fat and malabsorption of fat-soluble vitamins (see Chapter 
102). Here, there is one interesting paradox: bacterial production 
of vitamin K, combined with enhanced absorption of the vita- 
min—a result of greater intestinal permeability—may not only 
sustain but even increase vitamin K levels to a degree that war- 
farin doses may have to be adjusted to maintain therapeutic anti- 
coagulation.!° Bacterial synthesis of folic acid may result in the 
rather unusual combination of high serum folate and low serum 
Bız levels, which suggests the presence of SIBO. 

Among individuals with short bowel syndrome, levels of bac- 
terial overgrowth can be high enough to generate large amounts 
of D-lactic acid, thereby causing an encephalopathic state.!! It is 
interesting to note that some bacteria and fungi involved in SIBO 
have been documented to produce alcohol!** and acetaldehyde 
from fermentation of ingested carbohydrates, the acetaldehyde 
potentially contributing to alcohol-associated liver disease. 

The convergence of SIBO, enhanced intestinal permeability, 
and impaired immunity can lead to the translocation of bacte- 
ria or bacterial components into the portal circulation and has 
thus been incriminated in the pathogenesis of systemic sepsis and 
SBP in liver disease,°:!>:!* as well as catheter-related bloodstream 
infections in patients with intestinal failure.!° 

The influence of SIBO on hepatic morphology and func- 
tion was demonstrated years ago in some individuals who had 
undergone jejunoileal bypass surgery for morbid obesity and 
who subsequently developed florid NASH,'° sometimes lead- 
ing to end-stage liver disease.!’ Similar mechanisms involving 
the microbiota are now being invoked in general to explain the 
pathogenesis of NASH and related disorders.!* 

Immunologic reactions to the contaminating bacteria have been 
linked to a reactive arthropathy in SIBO,!? whereas other “immune- 
mediated” disorders, including immune-mediated enteropathies 
(see Chapter 16), have been linked to long-standing SIBO.*° 


CAUSES 


In healthy individuals, gastric acid and intestinal motor activity 
are 2 of the most important defense mechanisms that prevent the 


BOX 105.1 Diseases and Disorders Linked to SIBO Based 
on Pathophysiology 


INTESTINAL DYSMOTILITY 


Acromegaly 

Amyloidosis and other infiltrative disorders of the small intestine 

Diabetic autonomic neuropathy 

Gastroparesis 

Hypothyroidism 

Idiopathic intestinal pseudo-obstruction (e.g., opioids, anticholiner- 
gic agents, some antipsychotics; high-dose tricyclic antidepres- 
sants) 

Medications that suppress intestinal motility (e.g., opioids, anti- 
cholinergic agents, some antipsychotics; high-dose tricyclic 
antidepressants) 

Myotonic muscular dystrophy 

Systemic sclerosis/scleroderma 

ALTERED ANATOMY 

Blind loops 
Gastrocolic or jejunocolic fistula 
lleocecal valve resection 
Small intestinal diverticulosis 
Strictures (Crohn disease, radiation, surgery) 

Surgical alterations in anatomy (e.g., Billroth Il gastrectomy, end- 
to-side anastomosis, Roux-en-Y gastric bypass) 

Obstruction 


HYPOCHLORHYDRIA 


Long-term acid suppression (possibly only at high dose) 
Postsurgical 


IMMUNE DEFICIENCY 


Acquired immune deficiency (e.g., AIDS, severe malnutrition) 
Inherited immune deficiencies 
MULTIFACTORIAL CAUSES 

Advanced age 

Celiac disease 

Chronic pancreatitis 

Crohn disease 

Cystic fibrosis 

End-stage kidney disease 

Intestinal failure 

Liver disease 

Radiation enteropathy 

Tropical sprue 

UNCLEAR OR UNDEFINED RELATIONSHIP TO SIBO 
IBS 

Interstitial cystitis 

Parkinson disease 

Psychiatric disorders (e.g., anxiety, depression) 
Restless legs syndrome 

Rosacea 

Severe obesity 


development of SIBO. In the stomach, acid kills and/or suppresses 
the growth of most organisms that enter from the oropharynx. 
In the small intestine, the cleansing action of aborad propulsive 
forces, especially phase III of the interdigestive migrating motor 
complex, limit the ability of bacteria to colonize.’! Other protec- 
tive factors are the integrity of the intestinal mucosa, including 
its protective mucus layer and intrinsic antibacterial mechanisms 
(e.g., defensins, immunoglobulins); the enzymatic activities and 
bacteriostatic properties of intestinal, pancreatic, and biliary 
secretions; the protective effects of the commensal flora; and the 
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BOX 105.2 Limitations of SIBO Diagnostic Testing 


Small Bowel 
Aspirate/Culture 


Breath Testing 


Invasive and costly 

Bacterial colonization may be 
patchy or located in more distal 
aspects of the small intestine 
Improper handling of samples 
can influence result 
Contamination may occur from 
oropharyngeal flora 
Controversy regarding 
diagnostic cutoff 


Requires proper preparation 
of patient 

False positive tests may be 
seen with chronic lung disease 
and in smokers 

Glucose may not detect bac- 
terial overgrowth in the more 
distal portions of the small 
intestine 

Lactulose shortens orocecal 
transit time 

Wide variation in interpretation 
and diagnostic criteria 


mechanical and physiologic properties of the ileocecal valve.?? 
Disorders leading to alterations in one or more of these defensive 
systems may be associated with SIBO (Box 105.1). 


Intestinal Dysmotility 


Abnormal small bowel motility predisposes to increased num- 
bers of colonic bacteria in the small intestine and diseases that 
result in impaired intestinal motility are likely to have SIBO as a 
complication (see Box 105.1). Virtually every condition that has 
been linked to small intestinal dysmotility has been associated 
with SIBO.?*! Diabetic autonomic neuropathy and progressive 
systemic sclerosis (PSS) are prominent examples of dysmotility- 
related SIBO. In a patient with diabetes who has diarrhea, espe- 
cially the individual with long-standing type 1 diabetes,?? SIBO 
should be sought as a potentially remediable cause. SIBO has 
been documented in 43% to 56% of PSS patients,*°! many of 
whom report high scores for bothersome digestive symptoms. 
Eradication of SIBO, which is successful in 52% to 73%, results 
in symptom improvement.*?*! Intestinal pseudo-obstruction 
(see Chapter 124) and jejunal diverticulosis (see Chapter 26) 
are 2 less common examples of SIBO developing as a result of 
myogenic or neurogenic intestinal dysmotility. Morphologic 
studies suggest that disorders of intestinal motility such as PSS, 
visceral myopathies, and neuropathies play an important role in 
the formation of small bowel diverticula.*? Jejunal diverticula 
occur in 0.07% to 2% of the population and tend to be large 
and multiple, whereas those in the ileum are small and single. 
These features explain the observation that symptoms and com- 
plications, such as SIBO, have been reported more frequently in 
association with jejunal than with ileal diverticula. Jejunal diver- 
ticula are twice as frequent in men and are seen predominantly 
after age 60 years. 


Altered Anatomy 


A variety of surgical procedures that alter GI anatomy have been 
associated with SIBO? including classical gastrectomy’? and the 
more recent bariatric procedures.*+ A number of pathophysi- 
ologic factors may contribute to the development of SIBO in 
these patients: hypochlorhydria, formation of blind loops, lack of 
contact between chyme and bile and/or digestive enzymes, and 
disruption of intestinal motility. Stagnation and/or recirculation 
of intestinal contents resulting from strictures, fistulas, enteros- 
tomies, and anastomoses also predispose to SIBO, thus explaining 
the frequent association of SIBO with Crohn disease, radiation 
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enteropathy, and reconstructive surgery. Indeed, SIBO should be 
considered in the differential diagnosis of symptomatic “relapse” 
of Crohn disease.*> 


Hypochlorhydria 


Hypochlorhydria can result from surgery (e.g., vagotomy) inten- 
tionally designed to reduce gastric acid secretion. More recently, 
hypochlorhydria has been invoked in the development of SIBO 
among individuals on long-term treatment with PPIs. This rela- 
tionship, however, remains controversial because of conflicting 
findings among the studies and limitations in study design.*°** 
‘Two separate meta-analyses have demonstrated an increased risk 
for SIBO in PPI-users compared with nonusers (odds ratios of 
1.71 and 2.82), although this association held true only for studies 
that used intestinal culture and glucose breath tests rather than 
lactulose breath tests to diagnose SIBO.*”*? Although gastric acid 
secretion and immune responses may decrease in later life, small 
intestinal dysmotility, rather than hypochlorhydria or immuno- 
deficiency, is probably the major contributor to the relatively 
high prevalence of SIBO that has been reported among older 
adults. It also is worthwhile to emphasize that hypochlorhydria 
may be an important factor in the development of SIBO when it 
coexists with other predisposing etiologies. 


Immune Deficiencies 


SIBO has been described in association with both inherited and 
acquired forms of hypogammaglobulinemia*? and with disorders 
of cellular immunity (e.g., HIV infection). 


Multifactorial Causes 
Chronic Pancreatitis 


SIBO may be present in up to one-third of patients with chronic 
pancreatitis. The cause is often multifactorial and includes a 
decrease in intestinal motility as a result of inflammation and the 
effects of opioids, chronic use of PPIs, adverse effects from intes- 
tinal surgery, ongoing alcohol abuse, and the presence, in some 
instances, of intestinal obstruction.*! 


Celiac Disease 


SIBO has long been regarded as a potential complication of celiac 
disease and one of the reasons why a patient may fail to respond 
to gluten withdrawal.” In this situation, a number of factors may 
contribute, including intestinal dysmotility, impaired defenses 
against bacterial colonization, and pancreatic insufficiency. 
Overall, SIBO is considered to be responsible for approximately 
10% of nonresponsive celiac disease.**> Those with coexistent 
SIBO may have evidence of more severe malabsorption, although 
a 2011 study failed to demonstrate any benefit from a course of 
rifaximin among a group of nonresponsive celiac patients who 
underwent breath tests, approximately half of which were posi- 
tive.* This latter observation is similar to observations in tropical 
sprue that revealed no impact of rifaximin on symptoms, suggest- 
ing, contrary to prior opinion, that SIBO may not be a major 
factor in the pathogenesis of this disorder.* It is likely that mul- 
tiple pathophysiologic factors also contribute to SIBO reported 
in association with cystic fibrosis,‘°*’ chronic kidney disease,”> 
chronic intestinal failure,***? and chronic liver disease.°” 


Liver Disease 


SIBO has been frequently documented in association with liver 
disease, and it is in this context that relationships between SIBO 
and systemic sepsis have been most extensively explored.!? Risk 


factors for SIBO in patients with liver disease include the pres- 
ence of cirrhosis and advanced disease as evidenced by such fea- 
tures as portal hypertension,”! ascites,>?> and jaundice.°”? SIBO 
also has been linked to systemic endotoxemia in patients with liver 
disease,'*>? and, in some!’ but not all’ studies, to a greater risk 
of developing SBP. Intestinal bacteria appear to be fundamen- 
tal to the causation of overt hepatic encephalopathy, and SIBO 
has been linked to minimal hepatic encephalopathy.°* SIBO and 
altered intestinal permeability, another common finding in liver 
disease, may, through the systemic effects of bacterial endotoxin, 
also play a role in the pathogenesis of NAFLD, which is now 
considered one of the most common liver disorders worldwide.’ 


Disorders With an Unclear or Undefined 
Relationship to SIBO 


SIBO also has been linked with a variety of disorders includ- 
ing rosacea,°° interstitial cystitis,” restless legs syndrome,”® 
Parkinson disease,>?° and severe obesity.°! Although plausible 
hypotheses have been proposed to implicate a role for SIBO in 
the pathogenesis of various manifestations of these disorders, 
their relationship with SIBO is not firmly established. 

By far, the greatest controversy related to SIBO over the past 
15 years or so has been the proposal that SIBO contributes to the 
pathogenesis of IBS in some patients. The initial reports from 
Pimentel and colleagues,®*’ using the lactulose breath test for 
diagnosis, documented SIBO in 84% of their patients with IBS. 
The use of neomycin to normalize the lactulose breath test in 
this group resulted in a significant improvement in IBS symp- 
toms. Though reports of high rates of positive lactulose breath 
tests continue to accumulate in both children (65%) and adults 
(34% to 84%)°758:62,63,55-67 who have IBS, studies that use the 
glucose breath test to diagnose SIBO document lower rates of 
positivity (6% to 16%).°7-°8 As such, concerns have been raised 
regarding the validity of this association.©’-”> In an important 
systematic review and meta-analysis of the link between SIBO 
and IBS, Ford and colleagues drew attention to the impact of 
the test modality on SIBO prevalence. The average prevalence 
of SIBO in patients with IBS using breath testing was 54%, in 
sharp contrast to a mean prevalence of just 4% when diagosis 
was based on quantitative culture of jejunal aspirates.’+ These 
authors also drew attention to the impact of diagnostic criteria, 
which varied considerably among studies, on study outcome.’* 
To further complicate the issue, the apparent link between 
SIBO and IBS may reflect the frequent use of PPIs in these 
patients who often suffer from overlapping symptoms of acid 
reflux (GERD) and dyspepsia.” One can only conclude that, 
although some patients with SIBO may present with IBS-type 
symptoms, in general, SIBO is not a major contributor to the 
pathogenesis of IBS.’° Furthermore, the modest improvement 
in IBS symptoms that has now been reported with some consis- 
tency in patients with IBS who have been treated with antibiotic 
therapy’’’® may be due more to the effects of these agents on 
the colonic microbiota rather than on SIBO. 


CLINICAL FEATURES 


Although traditionally considered a malabsorptive disorder 
occurring as a consequence of postsurgical stasis syndromes and 
profound intestinal dysmotility, SIBO is now considered by many 
to result from less severe derangements in intestinal anatomy and 
physiology, to be associated with diverse clinical conditions, and 
to be characterized by a multiplicity of symptoms. This change 
in the perception of the clinical presentation of SIBO may be 
related to a variety of factors, including a reduction in surgical 
procedures that accounted for many past instances of SIBO, ear- 
lier diagnosis and more effective treatment of predisposing disor- 
ders, and earlier recognition and treatment of SIBO. This latter 
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TABLE 105.2 Mechanisms Contributing to Nutritional Deficiencies in Small Intestinal Bacterial Overgrowth and Their Potential Clinical Consequences 


Nutrient Mechanism Potential Clinical Consequences 

Carbohydrate Fermentation of sugars by bacteria Diarrhea, gas, bloating, abdominal discomfort, reduced 
mpaired activity of brush border disaccharidases and hydrolases dietary intake, weight loss 

Fat Deconjugation of bile acids resulting in decreased bile acids available Steatorrhea, foul-smelling flatus, weight loss, oxalate 
or micelle formation nephrolithiasis, fat-soluble vitamin deficiencies 
Formation of secondary bile salts such as lithocholic acid that may 
directly inhibit absorption 

Protein Protein-losing enteropathy Hair loss, brittle nails, dry skin, muscle loss, edema 
Absorptive dysfunction and mucosal injury 
Decreased levels of enterokinases 

Vitamin B42 Consumption of B42 by bacteria Megaloblastic anemia, subacute combined degeneration 


Bacterial production of cobalamin analogues (cobamides) 


Inhibition of B42 absorption in the terminal ileum 


factor, however, is of particular concern given the limitations in 
diagnostic tests for SIBO described later, raising the possibility 
of over-diagnosis and errant attribution of nonspecific symptoms 
to SIBO. 

SIBO, as currently considered, typically causes mild, non- 
specific symptoms such as gas, bloating, flatulence, diarrhea, 
and abdominal discomfort, although it can also result in more 
severe manifestations including steatorrhea and weight loss. 
SIBO may also be clinically silent and manifest solely as vita- 
min Bı or iron deficiency. Additionally, although diarrhea is 
more commonly seen in the setting of SIBO, constipation has 
also been described, possibly related to changes in the microbi- 
ome.’”*° Disturbances in nutrient digestion account for many 
of the clinical features seen in SIBO (Table 105.2). Carbohy- 
drate malabsorption (Chapters 102 and 104) is thought to lead 
to most of the symptoms ascribed to SIBO (e.g., diarrhea, gas, 
bloating, abdominal discomfort) and the reduced dietary intake 
that may result in weight loss. Malabsorption of fat (Chapters 
102 and 104), which is usually seen only in the more classical 
postoperative and dysmotility-related stasis syndromes may 
cause steatorrhea, foul-smelling flatus, weight loss and oxalate 
nephrolithiasis. When fat malabsorption is present, deficien- 
cies in the fat-soluble vitamins A, D, and E may result (Chap- 
ter 103),°!-*? although they are uncommon and usually remain 
clinically silent. As previously mentioned, deficiencies in vitamin 
By, iron, thiamine and nicotinamide,** and elevations in folate 
and vitamin K may also be seen, although these micronutrient 
alterations are also usually clinically silent. Nevertheless, a high 
index of clinical suspicion and monitoring of micronutrient lev- 
els is suggested, particularly in those SIBO patients with more 
severe clinical manifestations. An increase in deconjugated bile 
acids in the setting of SIBO may have additional secretomo- 
tor effects on the colon causing diarrhea. Finally, alterations in 
intestinal peptide secretion resulting from differences in nutri- 
ent presentation to the more distal gut as a consequence of SIBO 
may lead to altered postprandial motility (e.g., altered jejunal 
and ileal brakes) and symptoms of abdominal discomfort, full- 
ness, bloating, and nausea.*> 


DIAGNOSIS 


Because the signs and symptoms associated with SIBO are non- 
specific, they cannot be used in isolation to aid in diagnosis. 
Indeed, they may lead to diagnostic confusion as these symp- 
toms and SIBO may coexist but be unrelated. At present, the 
most commonly used tests to diagnose SIBO in clinical practice 
are breath tests and the quantitative culture of small bowel aspi- 
rates. Both have significant limitations (see Box 105.2), how- 
ever, precluding a true diagnostic “gold standard” for SIBO.*° 
As a consequence, the optimal test for the diagnosis of SIBO 
remains controversial. 


Small Bowel Aspirate/Culture 


The “gold standard” test for SIBO has customarily been consid- 
ered the quantitative culture of a jejunal aspirate. This, however, 
is invasive and costly as it generally requires endoscopy for sam- 
ple collection. Nonetheless, because endoscopy is commonly per- 
formed in patients with symptoms that may be caused by SIBO, 
sampling of small bowel fluid can readily be performed as part of 
the examination. There are also concerns regarding the potential 
for contamination of the sample and the difficulty in obtaining 
an anaerobic specimen collected via endoscopy; endoscopy can, 
however, be performed while minimizing air insufflation and 
using a commercially-available sterile catheter passed through 
the working channel of the endoscope, thereby limiting potential 
contamination.*’ Another concern is the recent revelation based 
on next generation microbial sequencing methodologies that, as 
much as 60% of the intestinal microbiota is not identified using 
conventional culture methods. In the future, application of these 
molecular techniques to the study of small intestinal aspirates 
may prove to be the most precise methodology for the defini- 
tion and diagnosis of SIBO.** A further potential limitation of 
small bowel aspirates is the concern that SIBO may be patchy or 
confined to the mid or distal small bowel, and may be missed by 
an aspirate obtained from the more proximal small intestine.°? 
Notwirhstanding, the reliability of the aspirate from different 
locations in the proximal jejunum has been demonstrated by 
some investigators and the clinical significance of “distal” SIBO 
remains to be validated.” 

Although the direct aspiration of fluid during endoscopy is 
the most common method used, other methods have also been 
described to obtain small bowel contents for culture, including 
the classic technique of jejunal intubation under fluoroscopic 
guidance, mucosal brushings using a cytology brush, and mucosal 
biopsies. It is important, however, not to extrapolate diagnostic 
criteria between techniques. 

A critical and unresolved issue with use of the small bowel 
aspirate remains the lack of clarity on the optimal microbio- 
logical cut-off that defines a positive aspirate. The traditional 
cut-off level diagnostic of SIBO is 210° cfu/mL of aerobic 
Gram-negative or strict anaerobic bacteria obtained from a 
jejunal aspirate”.”!; this level was based on highly symptom- 
atic patients with high-risk conditions. In contemporary clini- 
cal practice, patients selected for testing often have no apparent 
risk factors for SIBO and present with nonspecific symptoms. 
Furthermore, it is more common at present to obtain the aspi- 
rate from the distal duodenum because of the limited reach of a 
standard upper endoscope, yet the same cut-off level for SIBO is 
generally used. The threshold for the “normal” bacterial count 
in the mid-distal duodenum might be expected to be lower than 
that in the proximal jejunum given the closer proximity of the 
duodenum to gastric acid and pancreaticobiliary secretions. In 
a systematic review, Koshini and colleagues suggested that the 
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validity of 210° cfu/mL for conditions other than the stagnant 
(blind) loop syndrome could not be confirmed.*° Also of poten- 
tial importance, Bhat and colleagues defined SIBO among their 
patients in southern India as greater than 10’ cfu/mL, allow- 
ing presumably for a higher background level of bacterial con- 
tamination in the tropics (Chapter 108).”* This observation has 
implications for comparisons between disease states and control 
subjects in different geographic regions, and may also be appli- 
cable to varying socioeconomic and dietary backgrounds. 

Recently, some have suggested that a lower colony count 
threshold (e.g., 10? or 210*) obtained from the distal duodenum 
should be the preferred criterion to diagnose SIBO. A North 
American consensus group recommended that a threshold of 
210? cfu/mL be used.” The lower cut-off threshold appears to be 
based on a study of patients with IBS that found no difference in 
jejunal aspirate colony counts between IBS patients and controls 
when based on the standard 210° colonic bacteria/mL; however, 
when using a lower threshold of 25 x 103/mL (295th percentile 
in controls), mildly increased bacterial counts were more com- 
mon in IBS patients (43% vs. 12%; P = 0.002).°* Erdogan and 
colleagues also used a duodenal threshold level of 210? cfu/mL 
in 139 patients with chronic gas, bloating and diarrhea unex- 
plained despite extensive testing.” Duodenal cultures were posi- 
tive in 45% compared with 18% using a 210° cfu/mL threshold, 
although symptom scores correlated poorly with the results of the 
SIBO testing. In a study from Greece, 320 patients presenting for 
upper endoscopy had duodenal aspirates obtained and a range of 
colony count thresholds (=103, =10+, =10° cfu/mL) were analyzed 
comparing patients with and without IBS.” At all thresholds, 
more IBS patients had SIBO compared to non-IBS patients. 

Of course, use of a lower threshold level is prone to false pos- 
itivity from oral contamination, although the use of the lower 
threshold would be strengthened provided the species of bacteria 
isolated in the jejunal aspirate were normally found in the large 
bowel (e.g., Enterobacteriaceae, Enterococcus spp., Pseudomonas spp., 
Bacteroides spp.) and absent from saliva and gastric juice.” This 
approach is supported by the identification of anaerobes in jejunal 
aspirates from patients with malabsorption and chronic diarrhea 
from SIBO.° 


Breath Testing 


Because of the pitfalls associated with direct aspiration of intestinal 
fluid, indirect tests have been developed and are now widely used 
as an alternative means to diagnose SIBO. Breath testing is cur- 
rently the most common indirect test used because it is noninva- 
sive, relatively inexpensive, and simple to perform. Nevertheless, 
breath testing has its own limitations and generally has demon- 
strated inferior performance characteristics compared with the 
small bowel aspirate, at least in patients at high risk of SIBO. 

The first breath test developed for the diagnosis of SIBO was 
the bile acid breath test.®’ In this test, bile acids are radiolabeled 
with C or BC and, when deconjugated by bacteria, the radio- 
labeled CO, is released, absorbed, and excreted in the breath. 
The sensitivity and specificity of this test has been quite variable, 
ranging from 30% to 70% and 33% to 90%, respectively.”*10! 
False-positive test results may also occur in the setting of terminal 
ileal disease or resection, the site of bile acid absorption. A further 
limitation occurs when !4C is used, as this radioisotope carries a 
radiation risk. 

The !4C or 3C-D-xylose breath test,!°? 103 similar to the bile 
acid breath test, depends on the capacity of intestinal bacteria to 
metabolize 14C or 3C xylose to release radiolabeled CO;, which 
is then absorbed and ultimately eliminated in the breath where 
it can be quantified. Sensitivity and specificity of the 14C xylose 
test is also highly variable, ranging from 14% to 95% and 40% to 
94%, respectively.!°+-!08 This test, similar to the bile acid breath 
test, is not widely available and is mainly of historic interest. 


The most commonly used SIBO breath tests today measure 
expired hydrogen and methane following the ingestion of a sugar 
substrate. Healthy humans produce intestinal gas composed of 
hydrogen, carbon dioxide, methane and hydrogen sulfide. Up 
to 30% of the general population, however, does not produce 
hydrogen on breath testing,!” a phenomenon resulting predomi- 
nantly from the presence of hydrogen-consuming, methane- 
producing microbes in the intestine. Methane production upon 
ingestion of lactulose, which is related to the activities of metha- 
nogenic archaea in the intestine, has been estimated to occur in 
36% to 50% of healthy subjects!!°!!? and, among subjects with 
functional GI symptoms, has been associated with constipa- 
tion.6%70113 Therefore, both hydrogen and methane should be 
measured simultaneously during breath testing. 

Hydrogen-based breath tests are grounded on the premise that 
carbohydrate fermentation by intestinal bacteria and, most nota- 
bly, anaerobic bacteria in the colon, is the body’s only source of 
hydrogen and methane production. In the case of malabsorption, 
some of the ingested sugar reaches the colon and is the source 
of excess hydrogen production. The same principle applies when 
“colonic” bacteria have colonized the small intestine, as in SIBO; 
exposure of carbohydrate to bacteria in the small intestine pro- 
duces a large and premature release of hydrogen gas. Hydrogen 
and methane produced in this manner diffuses into the systemic 
circulation and is excreted via the lungs with expired air where 
it can then be collected and quantified; in all, about one fifth of 
hydrogen gas produced is normally exhaled.!!* 

Glucose and lactulose are the most common sugar substrates 
used in hydrogen-based breath testing. Glucose is a monosaccha- 
ride that is absorbed primarily in the proximal small intestine, 
whereas lactulose is a synthetic nonabsorbable disaccharide that 
undergoes fermentation in the colon. Under normal physiologic 
conditions, glucose is almost entirely absorbed in the proximal 
small intestine. In the presence of excessive small bowel bacte- 
ria, however, glucose is fermented, releasing its gases, which are 
then absorbed into the bloodstream and expired via the lungs. 
Similarly, with lactulose, in the presence of excessive bacteria in 
the small intestine, lactulose undergoes fermentation earlier than 
expected. 

Which is the “better” sugar substrate for hydrogen breath 
testing? Lactulose appears to have a lower sensitivity and speci- 
ficity than glucose.®:!!5-!!9 Using culture of a small bowel aspi- 
rate as the standard, one study directly compared the sensitivity, 
specificity, positive and negative predictive values, and diagnos- 
tic accuracy of the lactulose and glucose breath tests. The lactu- 
lose breath test had greater specificity (86%) compared with the 
glucose breath test (80%) but lower sensitivity (21% vs. 44%) 
and diagnostic accuracy (55% vs. 65%).!!® Other studies, how- 
ever, have failed to identify any significant differences in sen- 
sitivity or specificity between the lactulose and glucose breath 
tests.”4!20.!71 Tn comparison to the small bowel aspirate, a sys- 
tematic review of 11 studies found the sensitivity of the lactulose 
breath test to range from 31% to 68% and specificity from 44% 
to 100%.!22 

Prior to the performance of hydrogen-based breath tests, the 
following precautions are recommended: 


1. Avoid antibiotics and colon cleansing for 4 weeks prior to 
testing and, laxatives and pro-motility agents for at least 
1 week prior to the test. PPIs and H2RAs can be continued. 
There is insufficient evidence to recommend continuing or 
discontinuing prebiotics or probiotics prior to the test. 

2. Avoid complex carbohydrates and dairy products on the day 
prior to the test. Instead, consume plain baked or broiled 
chicken, turkey or fish (salt and pepper only), plain or steamed 
white rice, eggs or egg substitute, or beef or vegetable broth 
for 24 hours prior to the test. 

3. Fast at least 8 hours prior to the test. 


4. Avoid smoking, sleeping, or exercising 30 minutes prior to and 
during the test. 

5. Consider using a mouthwash with chlorhexidine prior to sub- 
strate administration. 


Before and after ingestion of the carbohydrate substrate, 
patients are asked to exhale into a tube that is connected to a sam- 
pling bag and syringe to obtain baseline and sequential hydrogen 
and methane values. The Rome consensus group recommends 
50 g of glucose in 250 mL of water with breath samples collected 
every 15 to 20 minutes for a total of 120 to 180 minutes, !*> whereas 
the North American consensus group recommends use of 75 g of 
glucose in 1 cup of water and a total testing period of 120 min- 
utes.” An increase in breath hydrogen after oral administration 
of glucose is diagnostic of SIBO although the absolute level of 
increase diagnostic of SIBO remains somewhat controversial. A 
hydrogen increase 220 parts per million (ppm) over baseline and 
sustained over at least 2 time points within 90 minutes is recom- 
mended by the North American consensus group; an increase >10 
to 12 ppm from baseline also has been suggested.!’ 

A potential limitation of glucose as the sugar substrate in 
breath testing is that because glucose is absorbed primarily in 
the proximal small intestine, it may not detect SIBO occurring in 
more distal sections of the small bowel. The clinical significance 
of “distal” SIBO, however, remains ill-defined.!2+ Furthermore, 
glucose malabsorption has been seen in association with rapid 
intestinal transit, particularly in the setting of prior small bowel 
or gastric resections.'*> Lin and Massey found that when con- 
current orocecal 9° Tc scintigraphy findings were considered, 
almost half of their patients with abnormal breath tests using 
glucose breath testing were falsely positive for SIBO because of 
colonic fermentation; most had prior UGI surgery, which likely 
influenced transit time.!7° This counters the view that glucose 
is absorbed entirely in the proximal small intestine and cannot 
reflect more distal SIBO. Nevertheless, because of this perceived 
limitation of glucose as a substrate, some suggest that lactulose is 
a preferred sugar substrate for breath testing for SIBO.!2’ 

The rise in hydrogen level after lactulose ingestion in SIBO 
was first reported by Bond and Levitt.!** Colonic microbes fer- 
ment lactulose, with the production of hydrogen and/or methane. 
The test protocol for the lactulose breath test typically involves 
the ingestion of 10 g of lactulose in 200 mL of water, with breath 
samples collected every 15 minutes for 120 to 240 minutes.” An 
increase in hydrogen of >20 ppm within 90 minutes is usually 
considered consistent with SIBO, although several other crite- 
ria are also used (e.g., 220 ppm within 180 minutes, presence 
of a double peak).”*:!”? Because lactulose is an osmotic laxative 
that can increase orocecal transit, its use can potentially result 
in false positive SIBO breath testing results as it may be prema- 
turely metabolized in the colon. In a study by Yu et al., combin- 
ing lactulose breath testing with orocecal ™ Tc scintigraphy, 
the time of increase in breath hydrogen levels corresponded with 
an increase in accumulation of 9°" Tc in the cecum in 88% of 
cases, suggesting that a positive breath test results from colonic 
bacteria metabolizing lactulose and not as a result of SIBO”°; 
similar results have been found by others.!!?:!3° Nonetheless, it 
remains a subject of debate whether the arrival of a small por- 
tion of the overall radiolabeled material in the colon proves that 
the fermentation is from colonic rather than small bowel bacte- 
ria.!31,132 Because of this limitation of both lactulose and glucose 
breath testing, it has been suggested that the combined use of 
breath test-orocecal scintigraphy is preferred in order to more 
accurately diagnose SIBO by identifying when the head of the 
meal has reached the colon. Using this technique, Zhao and col- 
leagues found that antibiotic treatment improved symptoms in 
patients with IBS and healthy controls who were diagnosed with 
SIBO using the diagnostic criteria of an increase in breath hydro- 
gen of 5 ppm before the head of the bolus reached the colon.!*? 
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Lactulose is not absorbed and undergoes fermentation by 
colonic bacteria, a process that is generally identified by a late 
peak in breath hydrogen (after 90 minutes), which also has been 
used as a measure of orocecal transit. It should be recognized, 
however, that the average orocecal transit time as assessed by the 
lactulose breath test is only slightly longer than that seen with the 
standard barium test!*#; thus, healthy individuals may appear to 
have SIBO and conditions with rapid transit will confound inter- 
pretation. Indeed, the measurement of orocecal transit time by 
lactulose breath testing has a wide variation in interpretation and 
poor reproducibility and is not recommended for clinical use.! 
In the presence of SIBO, lactulose undergoes fermentation 
sooner than expected, which is detected as an early peak in hydro- 
gen breath content. Classically, using the lactulose breath test, 
the presence of a “double peak,” with the first peak due to hydro- 
gen production by the bacterial population in the small intestine 
and the second peak due to the action of colonic microbes on 
lactulose, was felt to be representative of the presence of SIBO. 
It is now widely recognized that it may be difficult to distinguish 
a double peak in many cases and the sensitivity and specificity of 
the double peak criteria to diagnose SIBO are poor. As such, the 
North American consensus guidelines recommend against use of 
the double peak to diagnose SIBO.” 

Despite their low cost and relative simplicity, hydrogen-based 
breath tests, regardless of the substrate used, are plagued by sev- 
eral other problems in interpretation: 


1. False-negative tests: As alluded to previously, sequestration of 
the hydrogen produced during the fermentation process may 
occur in some instances consequent to the activity of 2 types of 
microorganisms—methanogenic and sulfide-reducing—that 
convert hydrogen into methane and hydrogen sulfide, respec- 
tively.!!° If the intestine harbors methanogenic species, a hy- 
drogen breath test may produce a false-negative result if only 
methane is produced, hence the need to measure both gases. 
The North American consensus group recommends that an 
increase in breath methane of 210 ppm be used as an addi- 
tional criterion to diagnose SIBO.”* 

2. Alterations in intestinal motility: Results of hydrogen breath 
tests also can be significantly disrupted by altered transit, such 
as in gastroparesis or states of rapid intestinal transit. The 
shorter the transit time, the greater the likelihood of a false- 
positive result. 

3. States of carbohydrate malabsorption: False-positive test re- 
sults will also occur among subjects who have carbohydrate 
malabsorption from conditions such as chronic pancreatitis or 
celiac disease, because the sugar is available to be fermented 
by the colonic microbes.!3>-!%’ It may be difficult to differenti- 
ate malabsorption and SIBO, because SIBO itself can result in 
false-positive lactose hydrogen breath tests.!?” As such, when 
using breath-testing regimens it is recommended that SIBO 
be sought prior to performing an evaluation for sugar malab- 
sorption. 

4. Oral microbial contamination: Oral microbes may contribute 
a confusing early peak, as will ingestion of a high-fiber diet on 
the day before the test.!** 

5. Diet, smoking, and exercise: Recent food ingestion, particu- 
larly of sugars and starches, may lead to an overestimation 
because of fermentation, whereas smoking and exercise re- 
sult in a suppression (due to increased respiratory rate), of 
the hydrogen response. Accordingly, the subject is requested 
to fast and avoid all fluids except water for at least 8 hours 
before the test, as well as to avoid smoking and exercise dur- 
ing the test.!?3 

6. Flat-line curve: The breath test not uncommonly shows an 
absence of rise in both hydrogen and methane production,!*? 
a finding that cannot be explained simply on the basis of an 
abundance of a methanogenic organism. This may occur 
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because of the presence of intestinal bacteria that produce pre- 
dominantly hydrogen sulfide, which cannot be measured by 
currently available techniques. It remains unclear how best to 
interpret flat-line breath tests. 

7. Elevated baseline level: Controversy exists regarding the sig- 
nificance of an increased baseline/fasting hydrogen or meth- 
ane level.” It has been suggested that an elevated hydrogen 
baseline of greater than 20 ppm is suggestive of SIBO; how- 
ever, an elevated baseline level more often represents poor 
preparation for the test rather than a variant of SIBO. The 
clinical context should be taken into consideration prior to 
making a diagnosis of SIBO based on an elevated baseline hy- 
drogen level. 


Other Tests 


The following indirect and relatively noninvasive and inexpensive 
tests have appeal for clinical practice. Although abnormal results 
may support the diagnosis of SIBO, none has been adequately 
validated as a diagnostic test of SIBO. Additionally, some have 
not been extensively tested in humans, and those that have are 
less than optimal in terms of sensitivity and specificity. 

Apart from identifying anatomic causative factors (e.g., jeju- 
nal diverticulosis, bowel dilatation, stricture), radiologic imaging 
studies are of little value in the direct diagnosis of SIBO because 
small intestinal mucosal changes in SIBO are neither specific nor 
diagnostic, and mucosal injury and villus atrophy are evident only 
in the most severely affected individuals. 

Cholyl-PABA, a synthetic compound created by conjugat- 
ing cholic acid with para-aminobenzoic acid (PABA), is catabo- 
lized by bacterial hydrolase to release free PABA, which can then 
be detected in the urine. PABA provides a simple noninvasive 
method for detecting SIBO but is unable to distinguish between 
SIBO and other causes of malabsorption with any degree of reli- 
ability and never garnered widespread clinical use.!*° 

Urinary indican (indoxyl sulfate, a by-product of intestinal 
bacterial metabolism of tryptophan) levels also have been used as 
an indirect test for SIBO. Although the overall sensitivity of this 
urinary marker appeared to be promising at 80% to 90% in early 
studies,!*!!” no recent studies have been performed to support 
the validity of the test. 

A number of serum markers including bile acids, folic acid, 
and cobalamin have been proposed as indicators of SIBO, but 
none has sufficient diagnostic accuracy to be of value in the detec- 
tion of SIBO. 

The limitations of currently available diagnostic methods were 
vividly illustrated in a study by Kerckhoffs and colleagues who 
performed both the lactulose breath test and a jejunal aspirate 
on 11 healthy controls and 15 subjects predisposed to SIBO.!*# 
Breath testing was associated with a high false-positive rate and, 
disappointingly, the use of molecular methods did not increase 
the yield of aspirates. 

Given the problems associated with the previously described 
tests for the diagnosis of SIBO, it should come as no surprise 
that clinicians have turned to therapeutic trials of antibiotics as 
an alternative “diagnostic” strategy. Despite the apparent appeal 
of this approach, it currently lacks standardization with respect 
to choice of antibiotic, the dose and duration of therapy, and 
how best to define a successful response. Furthermore, the use 
of antibiotics is not without risk (e.g., serious adverse reactions, 
antibiotic resistance, potential of Clostridioides difficile infection) 
and when a patient does not respond or seems to respond but 
symptoms rapidly recur following discontinuation of a thera- 
peutic trial, this often leads to repeated antibiotic use and mis- 
use, and increased expense. The therapeutic trial is, for now, an 
entirely empiric approach, and it is advised that this approach be 
reserved for those patients with classic risk factors and symptoms 
of SIBO. 


TREATMENT 


There are 3 components to the treatment of SIBO: (1) correcting 
the underlying potentially causative disease; (2) addressing any 
associated nutritional deficiencies; and (3) modifying the altered 
microbiota. The primary goal should be the treatment or cor- 
rection of any potentially causative underlying disease or defect 
when possible. For example, the use of GI prokinetic agents 
(e.g., metoclopramide, erythromycin) may be used to enhance 
motility; such an approach has been shown to be superior to pla- 
cebo in cirrhotic patients in normalizing breath tests!*+ and in 
delaying symptom recurrence following antibiotic treatment in 
patients with suspected SIBO-associated IBS.!*5 Nocturnal use 
of low-dose octreotide for 3 weeks was found to stimulate fast- 
ing intestinal motility, improve symptoms of nausea, bloating and 
abdominal pain, and normalize glucose breath hydrogen testing 
in PSS patients with SIBO.'*° Similarly, it stands to reason that 
medications associated with intestinal stasis, such as drugs known 
to inhibit intestinal motility or gastric acid secretion, should be 
eliminated or substituted for by other agents whenever possible. 
Unfortunately, many of the clinical conditions associated with 
SIBO (e.g., visceral myopathies, multiple jejunal diverticula) are 
not readily reversible. Accordingly, the identification and cor- 
rection of nutritional deficiencies and modification of an altered 
microbial population become the pillars of treatment. 


Nutritional Management 


In those with identified micronutrient deficiencies, supplementa- 
tion and periodic monitoring of levels is advised (Chapter 103). In 
the individual with weight loss and malnutrition, oral nutritional 
supplements should be provided. Rarely, enteral or parenteral 
nutrition support may be needed for the severely malnourished 
patient with SIBO (see Chapter 6). 

The role of dietary changes in the management of SIBO is 
poorly understood. Because carbohydrate intolerance is common 
in SIBO!*’ and because carbohydrates may provide a rich envi- 
ronment for bacterial growth, carbohydrate restriction (e.g., lac- 
tose restriction) may theoretically be of benefit in SIBO in some 
individuals. This approach, however, has not been subjected to 
rigorous study. Similarly, the much more involved low FOD- 
MAP (Fermentable Oligosaccharides, Disaccharides, Monosac- 
charides, and Polyols) diet may have merit in the treatment of 
SIBO, particularly in patients with IBS symptoms.!** FODMAPs 
are short-chained carbohydrates that are readily metabolized by 
small intestinal bacteria. Although the role of a low FODMAP 
diet in SIBO deserves further study, it is generally agreed that 
clinical symptoms of SIBO, which are not specific to SIBO, may 
improve with avoidance of fermentable foods. Fat restriction 
would seem to be of benefit only to those SIBO patients with evi- 
dence of fat malabsorption (e.g., short bowel syndrome, chronic 
pancreatitis). 

It was speculated that an elemental diet may be helpful in 
SIBO as the macronutrients from the elemental diet are absorbed 
primarily in the first few feet of the small intestine and poten- 
tially can limit delivery of nutrients to bacteria in the more distal 
small intestine. Based on this rationale, a retrospective study of 
124 patients with SIBO who were treated with a commercially- 
available elemental diet for at least 2 weeks showed that 80% had 
normalization of the lactulose breath test at week 3; breath test 
normalization correlated with symptom improvement in 66% 
of these patients.'*? These results have yet to be confirmed by 
others, and the cost and palatability of elemental formulas will 
likely preclude widespread use of this dietary strategy. Such an 
approach, however, might be considered in SIBO patients where 
treatment options are limited, such as those with multiple antibi- 
otic allergies, those who prefer to avoid antibiotics, or those with 
a relapsing course. 


Microbial Modification 


At present, oral antibiotics are the mainstay of therapy for SIBO. 
The goal of such treatment is not to eradicate all bacteria but 
to alter them in a way that leads to symptomatic improvement. 
Although ideally the choice of antimicrobial agents should reflect 
in vitro susceptibility testing, this is usually impractical because 
many bacterial species typically coexist, each with different anti- 
biotic sensitivities and routine culture technique only identifies 
approximately 25% of the bacterial communities in the lumen 
of the GI tract; 16-S technology has not yet applied to manage- 
ment of patients with SIBO or other clinical entities. Antibiotic 
treatment remains, therefore, primarily empiric and there are 
few studies to guide therapy. In a meta-analysis of 10 random- 
ized, placebo-controlled studies using different antibiotics to 
treat SIBO, overall breath test normalization rate, which was the 
primary outcome measured, was 51.1% for antibiotics compared 
with 9.8% for placebo.!*° Symptom response tended to correlate 
with breath test normalization. The studies were limited by fair 
quality, small sample size, and heterogeneous design. 

It is commonly recommended that effective antibiotic therapy 
must cover both aerobic and anaerobic enteric bacteria,° and dif- 
ferent treatment schedules have been suggested (Table 105.3). 
Rifaximin is the most studied antibiotic for SIBO and has been 
suggested to be preferred because of its limited absorption and 
systemic effects.!°' Rifaximin is, however, not currently FDA- 
approved for use in this indication and its cost can be prohibitive 
for some patients. In general, a single 7- to 10-day course of anti- 
biotic may improve symptoms and render breath tests negative. 

Clinical response is generally used as a guide to success- 
ful therapy; however, the duration of improvement is variable 
depending upon the underlying cause of SIBO. SIBO is consid- 
ered a relapsing disease with up to 44% of patients at 9 months 
having a recurrence of symptoms after initial successful antibiotic 
treatment.!° This is particularly problematic in those with the 
classic stasis syndromes associated with SIBO. Depending upon 
the rapidity of return of symptoms and their severity, a cyclical 
regimen consisting of a rotation of different antibiotics for 1 to 2 
weeks each month has been recommended.!*? Rarely, a continu- 
ous regimen of antibiotic therapy may be necessary. The efficacy 
and safety of such regimens have not been subjected to rigor- 
ous study. Although controversial, given the risks and expense 
associated with repeated courses of antibiotics and the nonspe- 
cific nature of the symptoms attributed to SIBO, consideration 
should be given to retesting before repeating antibiotic treatment 
in patients with recurring symptoms after treatment with antibi- 
Otics, particularly if prior testing was abnormal.!>* 

The predominant methane-producing archaea in the gut, 
Methanobrevibacter smithii, is resistant to many antibiotics. 
Accordingly, antibiotic monotherapy appears to be insufficient in 
methane producers. A combination of rifaximin and neomycin 
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TABLE 105.3 Oral Antibiotic Regimens Used to Treat SIBO 
Antibiotic Dosage 


500/125 mg 2 or 3 times daily 


Amoxicillin-Clavulanate 


Ciprofloxacin 250-500 mg twice daily 

Doxycycline 100 mg twice daily 

Metronidazole 500 mg twice daily 

Neomycin 500 mg 2 or 3 times daily 

Norfloxacin 400 mg twice daily 

Rifaximin 400-550 mg 2 or 3 times daily 

Tetracycline 250-500 mg 4 times each day 

Trimethoprim/ 160/800 mg twice daily 
Sulfamethoxazole 


was recently shown to be more effective than either antibiotic 
alone in methane-producers.!°* Individuals in this retrospective 
study who received a 10-day course of either rifaximin or neomy- 
cin had a response rate of 28% and 33%, respectively (determined 
by normalization of breath tests after treatment), compared with 
87% of patients treated for 10 days with both rifaximin and neo- 
mycin. These results were confirmed in a subsequent randomized 
controlled trial in patients with methane-positive constipation- 
predominant IBS; symptom reduction was predicted by a reduc- 
tion in breath methane post-treatment.!°° 

Recently, the use of HMG Co-A reductase inhibitors (i.e., 
statin drugs) has been studied for the treatment of methane- 
positive SIBO.!57 Statins have been shown to inhibit methane 
production by an effect on cell biosynthesis and by directly inter- 
fering with methanogenesis.!** Whether this will translate into a 
meaningful clinical benefit requires further study. 

There has been increasing interest in the use of prebiotic and 
probiotic agents in the management of SIBO. One study found 
that addition of a prebiotic preparation of guar gum enhanced 
the efficacy of rifaximin.'*? Although suggested to be of benefit 
in small studies, their use in the management of SIBO remains 
unproven and requires further study.!°?!©° Finally, nonabsorb- 
able purgative solutions have been suggested to improve GI 
symptoms in children with short bowel syndrome and SIBO. 

There are significant limitations in the tests clinically avail- 
able to diagnose SIBO. As a result, there is currently no true gold 
standard for its diagnosis. Modern genomic and metabolomic 
techniques offer promise in defining true normality and then fully 
identifying microbial alterations in intestinal disease states. From 
a treatment perspective, it is important to identify and treat the 
underlying cause of SIBO. Antibiotics remain the cornerstone of 
treatment for SIBO. Nutritional deficiencies should be identified 
and corrected when present. 


Full references for this chapter can be found on www.expertconsult.com. 
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Short bowel syndrome (SBS) is characterized by malabsorption 
due to congenital absence or resection of large portions of the 
small intestine, typically leaving the adult with 150 to 200 cm 
of functional small bowel. Individuals with SBS have lost their 
nutritional autonomy and are left with an insufficient intesti- 
nal surface area such that they are unable to absorb adequate 
electrolytes, minerals, macro- and micronutrients, and/or fluid. 
Although such patients are considered as having intestinal failure, 
it is important to recognize that not all persons with SBS have 
intestinal failure and that intestinal failure may be caused by con- 
ditions other than SBS that lead to a functional SBS (Box 106.1). 
The spectrum of SBS ranges from limited ileocolonic resec- 
tions with moderate nutritional compromise to extensive small 
intestinal and colonic resections with duodenostomy, proximal 
jejunostomy, or jejunocolonic anastomosis and severe nutritional 
consequences. 


ETIOLOGY 


The major causes of SBS in adults are: Crohn disease in which 
multiple intestinal resections have been performed; mesenteric 
infarction from venous or arterial thrombosis, arterial embolism, 
or midgut volvulus; massive enterectomy performed to manage 
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traumatic injuries or tumor resection; and radiation injury (see 
Box 106.1). Causes of SBS in the pediatric population are con- 
genital abnormalities (see Chapter 98), including gastroschisis, 
intestinal atresia, malrotation, aganglionosis, and necrotizing 
enterocolitis. More than 90% of infants now survive the extensive 
intestinal resections required for these conditions but need care- 
ful follow-up for their SBS as they mature to adulthood. Intestinal 
failure also can result from chronic intestinal pseudo-obstruction 
syndrome in both adults and children (see Chapter 124), as well 
as from refractory celiac disease in adults (see Chapter 107) and 
congenital villus atrophy in children. (see Chapter 98). 


INCIDENCE AND PREVALENCE 


The incidence of SBS is difficult to assess in the USA because of 
lack of a national registry for affected persons and lack of prospec- 
tive studies in defined populations of patients who have under- 
gone extensive intestinal resections. The incidence of severe SBS 
necessitating long-term parenteral nutrition (PN) is estimated to 
be 2 to 4 cases per 1 million persons per year, based on multina- 
tional European data.! It is estimated that between 10,000 and 
20,000 patients in the USA follow a home PN regimen for SBS. 
Approximately 50% to 70% of patients with SBS who initially 
require PN can be weaned from this therapy and, therefore, may 
not be reflected in the prevalence estimates’; such patients often 
still require aggressive nutritional monitoring. The incidence and 
prevalence of SBS associated with Crohn disease are believed to 
be decreasing, possibly a result of the use of biological therapies 
and newer bowel-sparing surgical techniques such as stricture- 


plasty. 


PATHOPHYSIOLOGY 


The major consequence of extensive intestinal resection is loss of 
absorptive surface area, which results in malabsorption of macro- 
nutrients, micronutrients, electrolytes, and water.t The degree of 
malabsorption is determined by the length of the remnant intes- 
tine; the specific portions of small and large intestine resected, 
along with their site-specific transport processes and endocrine 
cells; and the adequacy of adaptive processes in the residual intes- 
tine over time. Three types of intestinal resections typically are 
encountered: limited ileal resection for Crohn disease, often with 
cecectomy or right hemicolectomy; extensive ileal resection with 
or without partial colectomy; and extensive small intestinal resec- 
tion and total colectomy resulting in proximal jejunostomy (Fig. 
106.1). Patients in the latter 2 groups commonly suffer from 
Crohn disease or have had mesenteric infarction. 


Loss of Absorptive Surface Area 
Nutrient Malabsorption 


The length of the small intestine is estimated at 3 to 8 m, and 
nutrient absorption is preserved until more than one-half of the 
small intestine is resected.>-? Most macronutrients (carbohydrate, 
fat, and nitrogen) are absorbed in the proximal 100 to 150 cm of 
intestine.!° Specific areas of absorption in the small intestine and 
colon for nutrients, minerals, vitamins, electrolytes, and trace ele- 
ments are discussed in Chapters 101 to 103 and are illustrated in 


BOX 106.1 Causes of Short Bowel Syndrome and Intestinal 
Failure in Adults and Children 


ADULTS 


Catastrophic vascular accidents: 
Superior mesenteric arterial embolism 
Superior mesenteric arterial thrombosis 
Superior mesenteric venous thrombosis 
Chronic intestinal pseudo-obstruction 
Intestinal resection for tumor or trauma 
Midgut volvulus 
Multiple intestinal resections for Crohn disease 
Progressive systemic sclerosis and mixed connective tissue 
disease 
Radiation enteritis 
Refractory celiac isease 


CHILDREN 


Congenital villus atrophy 
Extensive aganglionosis 


Gastroschisis 
Jejunal or ileal atresia 
Necrotizing enterocolitis 


lleocolonic 
anastomosis 


Jejunocolonic 
anastomosis 


End-jejunostomy 


Fig. 106.1 The 3 common types of intestinal resection and anasto- 
mosis observed in patients with short bowel syndrome: ileocolonic 
anastomosis, jejunocolonic anastomosis, and end-jejunostomy. 


Fig. 106.2. Enterocytes lining the small intestine appear uniform 
from the duodenum to the ileocecal valve, but a distinct proximal- 
to-distal gradient exists in both morphology and function.!! Villi 
are taller and crypts are deeper in the jejunum than in the ileum, 
and the activity of microvillus enzymes and nutrient absorptive 
capacity per unit length of intestine are several-fold higher in the 
proximal than in the distal small intestine; loss of part of the jeju- 
num initially compromises nutrient absorption more than does 
loss of an ileal segment of similar length because of these morpho- 
logic and functional differences. The ileum, however, eventually is 
able to compensate for jejunal loss, whereas the jejunum is unable 
to compensate for ileal absorption of bile salts and vitamin Bj). 
Normal digestion and absorption depend on the gradual 
gastric emptying of partially digested nutrients, mixing of these 
nutrients with bile and pancreatic enzymes in the duodenum, and 
rapid digestion and absorption of the digestive products in the 
proximal small intestine. Patients with a proximal jejunostomy 
have rapid gastric emptying of liquids and rapid intestinal transit 
because of impaired release of glucagon like peptide-1 (GLP-1), 
GLP-2, and Peptide YY (PYY), which can compromise the gastric 
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Proximal small intestine 


Fat 

Sugars 

Peptides and 
amino acids 

Iron 

Folate 

Calcium 

Water 

Electrolytes 


Middle small intestine 


Sugars 
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Calcium 
Colon Water 
Vitamins and Electrolytes 
oxalate ; 
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ee Bile acids 
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Fig. 106.2 Specific areas of absorption of dietary constituents and se- 
cretions in the small intestine and colon. Macronutrients and micronu- 
trients are absorbed predominantly in the proximal jejunum. Bile acids 
and vitamin B42 (cobalamin) are absorbed only in the ileum. Electrolytes 
and water are absorbed in both the small and large intestine. Medium- 
chain triglycerides (MCTs), calcium, vitamins, oxalate, and some amino 
acids can be absorbed in the colon. 


phase of digestion and result in inadequate mixing with biliary 
and pancreatic secretions, insufficient enzymatic digestion, and 
nutrient maldigestion. Rapid intestinal transit decreases nutrient- 
enterocyte contact time, and, therefore, segmental absorption is 
decreased. Patients with a proximal jejunostomy are net secretors 
of salt and fluid, because jejunal fluid secretion is stimulated by 
oral intake and subsequent gastric emptying of nutrients; these 
patients excrete more fluid than they ingest and absorb, and 
accordingly, their fluid management may be challenging.'* 

Most patients whose jejunal length is less than 100 cm and 
who have no colon require long-term PN. Preservation of even 
some colon at surgery is highly beneficial for nutrient absorption. 
Moreover, the ileocecal valve acts as a brake to slow intestinal 
transit, thereby increasing nutrient-enterocyte contact time and 
enhancing absorption. In addition, malabsorbed carbohydrates 
are fermented by bacterial enzymes in the colon to short-chain 
fatty acids (SCFAs), which are readily absorbed and used by colo- 
nocytes (Fig. 106.3). It has been estimated that this intracolonic 
digestive process can generate up to 1000 kcal (4.2 MJ) per day in 
energy supply (Fig. 106.4) (1.0 MJ = 238.8 keal).!3-!> Small intes- 
tine thus should be anastomosed to colon as soon as the patient 
is stable. 


Water and Electrolyte Malabsorption 


Loss of intestinal absorptive surface area can result in sig- 
nificant stomal or fecal losses of electrolytes, water, minerals, 
and trace elements (Table 106.1). The proximal small bowel 
receives approximately 7 to 9 L of water and electrolytes from 
food and secretions each day, of which 6 to 8 L are reabsorbed 
(see Chapter 101). On unrestricted diets, patients with a proxi- 
mal jejunostomy cannot reabsorb such large volumes, a con- 
sequence of which is that voluminous diarrhea develops, often 
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50-g bread meal 


24 g of malabsorbed CHO 
Colonic bacterial fermentation 


240 mmol of SCFA (60% acetate), 
hydrogen, methane, COs, 
and sulfides 


Fig. 106.3 Colonic absorption of malabsorbed carbohydrate (CHO) 
following ingestion of a 50-g bread meal in a hypothetical patient with 
short bowel syndrome. Unabsorbed CHO (=24 g), non-starch polysac- 
charides, and soluble fiber are fermented by colonic bacterial flora to 
hydrogen, methane, COs, sulfides, and about 240 mmol short-chain 
fatty acid (SCFA), including acetate, butyrate, and propionate to gener- 
ate 72 kcal. Normal persons absorb 220 to 720 mmol SCFA from 
fermentation of 30 to 60 g non-starch polysaccharides. 


10 


— 100% colon remaining 
— <100% colon remaining 
— 0% colon remaining 


Fecal energy loss (MJ/day) 
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Fig. 106.4 Role of the colon as an important digestive organ in pa- 
tients with short bowel syndrome. Upward of 1000 kcal/day (4.2 MJ) 
can be assimilated by means of metabolism of short chain fatty acids 
synthesized during carbohydrate fermentation; as more colon is sacri- 
ficed, more energy is lost in the stool. (From Nordgaard |, Hansen BS, 
Mortensen PB. Colon as a digestive organ in patients with short bowel. 
Lancet 1994; 343:373-6.) 


complicated by hypovolemia, hyponatremia, and hypokalemia. 
For example, in one study,!* the diarrheal volume in 6 jejunos- 
tomy patients with a mean jejunal length of 50 cm ranged from 
3.2 to 8.3 L/day when they were allowed free access to food 
and water. All 6 patients were in negative sodium (Nat) and 
water balance, 4 of the 6 were in negative potassium (K*) bal- 
ance, and all 6 required PN with electrolyte replacement and 
restriction of oral intake of food and water to avoid unaccept- 
able stomal losses. In the same study, 7 of 9 other jejunostomy 
patients who had a mean jejunal length of 120 cm were able to 


TABLE 106.1 Daily Stomal or Fecal Losses of Electrolytes, Minerals, 
and Trace Elements in Severe Short Bowel Syndrome* 


Component Amount lost per day 
Sodium 90-100 mEq/L 
Potassium 10-20 mEg/L 

Calcium 772 (691-950) mg 
Magnesium 328 (263-419) mg 
Iron 11 (7-15) mg 

Zinc 12 (10- 4) mg 

Copper 1.5 (0.5-2.3) mg 


*For sodium and potassium, the average concentration per liter of 
stomal effluent is given. Values for minerals and trace elements are 
mean 24-hour losses, with the range in parentheses. See text for 
details. 


maintain positive water and Nat balance under the same condi- 
tions; absorption of water, Na*, and K* in these 15 jejunostomy 
patients was correlated with jejunal length. At least 100 cm of 
intact jejunum is required to maintain positive water and elec- 
trolyte balance, similar to the length of jejunum required for 
nutrient absorption. 

In general, patients with a proximal jejunostomy lose 90 to 
100 mEq Nat and 10 to 20 mEq K* per liter of stomal efflu- 
ent (see Table 106.1).!° Consequently, urine Na* loss decreases 
and plasma aldosterone concentration increases.!’ Some of these 
patients require long-term parenteral electrolyte and water sup- 
plements, often administered overnight, but others can maintain 
a positive balance by sipping a glucose-saline oral rehydration 
solution (ORS) throughout the day. The tight junctions of the 
jejunum are relatively leaky compared with the tight junctions 
of the ileum and colon and, therefore, a high sodium-chloride 
(NaCl) concentration (>90 mmol/L) is required in the glucose- 
saline solution to achieve net Nat and water absorption.!*!? 
Actively absorbed solutes (e.g., glucose, glucose polymers, galac- 
tose, oligopeptides, L-amino acids) promote intestinal ion trans- 
port, although solutes also may be absorbed passively by means of 
solvent drag once active electrogenic Na* absorption occurs (see 
Chapter 101). 

Water transport into the enterocyte is directly proportional to 
Na* transport. Na* also is absorbed by means of an active electro- 
genic mechanism coupled with chloride (Cl-) and hydrogen (H*) 
exchange and solvent drag. Absorptive and secretory processes 
occur simultaneously. A mixture of 90 to 120 mmol/L NaCl 
and 50 mmol/L glucose is recommended, although such a solu- 
tion might not be palatable. This mixture takes advantage of the 
coupled active transport of Na* with glucose and amino acids in 
the jejunum (see Chapter 101). Electrolyte and water absorption 
continue in the colon, and in healthy humans only 100 to 150 mL 
of water is lost in the stool each day. The colon has a large reserve 
absorptive capacity for electrolytes and water, estimated to be 
3 to 4 L of isotonic salt solution per day. Preservation of even 
part of the colon can reduce fecal electrolyte and water losses 
significantly in patients with SBS. A comparison of 2 groups of 
patients with similar jejunal length and jejunum that either ended 
in a jejunostomy or was anastomosed to the colon showed that 
patients in the latter group were less likely to require oral or IV 
supplements.”° 


Loss of Site-Specific Transport Processes 


Nutrient absorption potentially can take place at any level of the 
small intestine, albeit at different rates, owing to the proximal- 
to-distal gradient in functional activity of microvillus enzymes 


and transporters. Absorption of some compounds is restricted to 
certain areas of the small intestine (see Fig. 106.2), with calcium 
(Ca?*), magnesium (Mg?*), phosphorus, iron, and the water- and 
fat-soluble vitamins being absorbed predominantly in the duode- 
num and proximal jejunum (see Chapters 101 to 103). 

Most patients with SBS have an intact duodenum and a vari- 
able length of jejunum, so the development of iron, phospho- 
rus, or water-soluble vitamin deficiency, even in patients with a 
proximal jejunostomy, is relatively uncommon. Ca** absorption 
was found to be highly variable in a large study of patients with 
small intestinal resections.’! The net absorption of Ca’* (oral 
intake minus fecal loss) ranged from +573 to -268 mg/day, with 
a median of +65 mg/day; 64% of the patients, however, were 
in a negative Ca’* balance (oral intake minus fecal and urinary 
loss). In a study of 25 patients with a mean jejunal length of 128 
cm who had large-volume diarrhea (2 to 6 L/day) and steator- 
rhea,”’ hypocalcemia and hypomagnesemia developed in 13 and 
18 patients, respectively, during a trial of enteral hyperalimen- 
tation—despite supplementation with Ca?*, Mg?*, and vitamin 
D. Malabsorption of Ca’* and Mg” is largely a consequence of 
fat malabsorption, because these minerals are precipitated intra- 
luminally by unabsorbed long-chain fatty acids. Ca** and Mg?* 
absorption improve on a low-fat diet in patients with small intes- 
tinal resections.” 

Active absorption of vitamin Bız and bile acids is restricted 
to the ileum. B))-intrinsic factor complexes and bile acids are 
taken up by specific transport proteins in the ileal enterocytes 
(see Chapters 64 and 103). Most patients with SBS have lost part 
or all of the ileum, as a result of which vitamin Bj), and bile acid 
malabsorption develop. The degree of malabsorption depends 
on the length of resected ileum. Vitamin Bı? malabsorption usu- 
ally is demonstrable when more than 60 cm of ileum has been 
resected.* Resection of less than 100 cm of ileum causes moderate 
bile acid malabsorption and increased bile acid loss to the colon 
or in stomal effluents.’* The increased loss of bile acids into the 
colon induces electrolyte and water secretion and can exacerbate 
diarrhea, a condition called cholerrheic enteropathy. More exten- 
sive ileal resections (>100 cm) cause severe bile acid malabsorp- 
tion, which, if bile acid loss exceeds hepatic bile acid synthesis, 
can result in a reduced bile acid pool size, insufficient micellar 
solubilization of lipolytic products and resultant steatorrhea; fat 
malabsorption is accompanied by fat-soluble vitamin deficiency. 
Essential fatty acid (linoleic acid, alpha linolenic) deficiency, 
however, is rare. Loss of unabsorbed long-chain fatty acids to the 
colon can exacerbate diarrhea if the fatty acids are hydroxylated 
by colonic bacteria, because hydroxylated fatty acids stimulate 
colonic electrolyte and water secretion.”> 


Loss of Site-Specific Enteroendocrine Cells and Gl 
Hormones 


Synthesis of GI hormones in the intestinal mucosa is distrib- 
uted in a site-specific manner along the GI tract (see Chapter 4). 
Gastrin, CCK, secretin, gastric inhibitory polypeptide, and moti- 
lin are produced by endocrine cells in the proximal GI tract and 
regulate secretory processes and motility. The area within which 
these hormones are synthesized usually is intact in patients with 
SBS, and hormonal profiles are normal. In some 50% of patients 
with extensive intestinal resections, however, hypergastrinemia 
and increased gastric acid secretion occur in the early postopera- 
tive phase.’°?’ The cause of this postoperative hypergastrinemia 
is not known but could be temporary loss of inhibition of normal 
negative feedback, because it resolves spontaneously. Although 
secretin and CCK may play a role in the inhibition of gastrin 
secretion, it remains unknown whether meal-stimulated release 
of these hormones is depressed immediately after the develop- 
ment of SBS, with a return to normal secretion during the adap- 
tive period.’*7? 
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GLP-1 and GLP-2, neurotensin, and PYY are produced in the 
ileum and proximal colon, and these intestinal segments are often 
lost in SBS patients.*° GLP-1, GLP-2, and PYY are released by 
intraluminal fat and carbohydrates, cause a delay in gastric emp- 
tying, and slow intestinal transit (the so-called “ileal brake”).?!*? 
Jejunostomy patients demonstrate impaired release of these hor- 
mones in response to a meal, with consequent rapid gastric emp- 
tying and rapid intestinal transit of liquids.*>>+ Patients with SBS 
and a preserved colon have increased GLP-1 and GLP-2 con- 
centrations and demonstrate normal gastric emptying.’ GLP- 
1, GLP-2, and PYY also have been shown in animal models to 
inhibit gastric acid secretion and promote intestinal growth. 


Loss of the lleocecal Valve 


The primary functions of the ileocecal valve are to separate ileal 
and colonic contents, thereby minimizing bacterial colonization 
of the small intestine, and to regulate emptying of ileal contents 
into the colon. The ileocecal valve is removed in extensive or dis- 
tal ileal resections, as a consequence of which intestinal transit 
time decreases, and SIBO is risked if the ileum is anastomosed 
to the colon. SIBO can worsen nutrient and cobalamin malab- 
sorption (see Chapters 103 to 105) because bacteria compete with 
enterocytes for nutrient assimilation. Rapid intestinal transit in 
these patients, however, can diminish the risk of bacterial coloni- 
zation. In patients with SBS, studies are lacking to document the 
role SIBO plays in malabsorption. 


INTESTINAL ADAPTATION TO RESECTION 


Adaptive changes in the intestine that remains after intestinal 
resection have been studied extensively in animal models and to 
a limited extent in humans.*°?” Such adaptive changes are more 
pronounced in the ileum than the jejunum. After jejunectomy 
and duodenoileal anastomosis, the ileum attains the morphologic 
characteristics of the jejunum, with taller villi and deeper crypts*®; 
with time, an increase in ileal diameter and length also occurs. 
A prospective study of 7 patients with jejunoileal bypass opera- 
tion (20 cm of jejunum anastomosed to 25 cm of ileum) showed 
an increase in the length and diameter of the jejunum (80% and 
40%, respectively) and ileum (128% and 50%, respectively) after 
18 months of observation.*? An increase in absorptive capacity 
was demonstrated in another study of 41 patients with SBS (mean 
jejunal length, 119 cm) in whom the mean stool volume decreased 
from 2.5 to 0.9 L/day over a period of 3 months with continu- 
ous oral intake"; patients gained weight, and nitrogen balance 
increased from +3.2 g in the first month to +7.8 g in the sec- 
ond month postoperatively. The same study also demonstrated 
a gradual increase in intestinal transit time, which was most pro- 
nounced for ileal transit. The result of all of these changes is an 
increase in intestinal absorptive surface area, with an increase 
in microvillus enzyme activity and absorptive capacity per unit 
length of intestine.*! An improvement in mineral absorption with 
time also has been observed in a series of 30 patients with SBS 
(mean jejunal length, 81 cm) in whom fractional calcium absorp- 
tion was correlated with time after surgery.” Porcine studies have 
suggested that colonocytes also increase in number after massive 
small bowel resection.*? 

In humans, these adaptive changes can take 1 to 2 years to 
develop fully; the younger the patient, the more profound the 
adaptive response. Upwards of 50% of infants with less than 
20 cm of residual small bowel may eventually be weaned from 
PN.*+5 Adaptive changes depend on the presence of food as 
well as biliary and pancreatic secretions in the intestinal lumen’; 
adaptive hyperplasia of the ileum failed to develop in jejunecto- 
mized animals fed only by parenteral alimentation.*’ To induce 
these adaptive processes, patients with SBS are encouraged to 
start oral intake as early as possible in the post-operative phase 
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of recovery. Patients with SBS whose colon is in continuity dem- 
onstrate qualitative and quantitative changes in their colonic flora 
that result in an increased capacity to metabolize carbohydrate 
and in an increased fecal bacterial mass.** Recent investigation 
has suggested increased prevalence of Lactobacillus species and a 
decreased prevalence of Clostridium leptum, Clostridium coccoides, 
and Bacteroides species.*?°° 

Adaptive hyperplasia is the result of an increase in crypt cell 
production rate, presumably mediated by growth factors released 
by the presence of food and secretions in the intestinal lumen. 
Vascular endothelial growth factor, CCK, gastrin, insulin, neu- 
rotensin, GLP-2, platelet-derived growth factor (PDGF-a), and 
L-glutamine have been shown to stimulate intestinal growth in 
experimental animals.*!°* Studies in humans, however, have not 
indicated any value of supplemental glutamine to enhance intes- 
tinal adaptation.°>*° These extracellular growth factors stimulate 
polyamine synthesis in crypt cells, which in turn induces increased 
DNA synthesis and mitotic activity.’ Inhibition of polyamine 
synthesis in jejunectomized animals prevents adaptive changes in 
the ileum.** Elucidation of the mediators that regulate entero- 
cyte proliferation, such as GLP-2, eventually could lead to devel- 
opment of pharmacologic interventions to accelerate intestinal 
adaptation in patients with SBS. Patients with the highest GLP-2 
concentration following a meal are most likely to be successfully 
weaned from PN.°?:° The presence of comorbid conditions and 
the health of the residual bowel and its blood flow are impor- 
tant prognostic factors for patients who have undergone massive 
enterectomy. Plasma citrulline concentration, an indicator of 
bowel mass, may be a useful predictor for nutrition autonomy. 
Individuals with a plasma citrulline concentration greater than 20 
umol/L had a 92% sensitivity and 90% specificity for distinguish- 
ing children who gained independence from PN.°! 


MEDICAL MANAGEMENT 


Initial management of the patient with SBS consists of primarily 
supportive care designed to enhance survival potential. This care 
includes achievement of hemodynamic stability and appropriate 
fluid and electrolyte management. In the immediate postopera- 
tive phase, most patients with extensive intestinal resections are 
kept fasting and are supported with TPN. Weight and volume 
status are carefully monitored, and stomal, fecal, and urinary 
losses of water, Nat and K* are measured to ensure optimal 
electrolyte and water balance. H)RAs or PPIs are given IV to 
suppress hypergastrinemia-induced gastric acid hypersecretion 
and limit volume losses.°? Patients with jejunostomies have 
stomal effluents up to several liters per day in this early phase, 
with obligatory losses of Na+, K*, and possibly Mg?*. Enteral tube 
feeding, followed by oral feeding, is begun in the late postopera- 
tive phase once the patient is hemodynamically stable, adequate 
intestinal blood flow has been restored, and postoperative ileus 
has resolved. Patients with extensive resections may benefit from 
a second-look operation performed at 24 to 48 hours to assess the 
healing of enteric anastomoses. 


Limited Ileal Resection 


Patients with a limited ileal resection (<100 cm), with or without 
right hemicolectomy, may resume intake of solid food in the late 
postoperative phase. The response to solid food is determined 
mainly by the length of ileum removed and whether or not the 
right colon was resected; patients may develop diarrhea or ste- 
atorrhea with consumption of a regular diet. Secretory diarrhea 
without steatorrhea is the typical finding in limited ileal resec- 
tions. Treatment with a bile acid-binding resin, such as chole- 
styramine (2 to 4 g with meals) or colestipol (1 to 2 g with meals), 
often ameliorates diarrhea if bile acid malabsorption is the main 
cause. Colestipol, because it is odorless and tastes better, often 


is tolerated better than cholestyramine. The diarrhea of some 
patients with limited ileal resection and right hemicolectomy 
does not respond to cholestyramine or colestipol, despite docu- 
mented bile acid malabsorption, presumably because the intesti- 
nal absorptive capacity for NaCl is lost.°* 

Patients with documented fat malabsorption on a regular diet 
might have less severe steatorrhea while on a low-fat (40 g), high- 
carbohydrate diet; however, oral energy intake also will be reduced 
because fat is calorically dense (9 kcal/g). Patients maintained on 
such a diet experience a decrease in diarrhea and steatorrhea and 
improve their net absorption of Ca’*, Mg**, and zinc.* If neces- 
sary, medium-chain triglycerides (MCTs), which do not require 
micellar solubilization, can be added as a source of fat calories. 
The possibility of vitamin Bı? malabsorption should be consid- 
ered, although the Schilling test to document this is no longer 
available. The serum methylmalonic acid level will be elevated 
in the presence of By) deficiency as Bj) is a cofactor necessary for 
the metabolism of methylmalonic acid to succinyl co-enzyme A. 
Patients with ileal disease or resection who are at risk for vitamin 
Bız malabsorption (those with >60 cm of terminal ileum resected) 
should be treated for life with parenteral B42, usually in a dose of 
1 mg intramuscularly each month. An intranasally-administered 
preparation is also available. 

Malabsorption of fat-soluble vitamins, Ca?*, and Mg% is a 
risk in patients with fat malabsorption. Fourteen of 27 patients 
with ileal resections of 50 to 150 cm and an intact colon were in 
negative Ca** balance when studied on a fixed daily Ca** intake 
of 800 mg supplemented with 400 to 800 IU of vitamin D daily.?? 
Supplementation with vitamins, Ca?*, and possibly Mg?* should 
be initiated before overt signs of vitamin deficiency or hypocal- 
cemia and hypomagnesemia develop. Mg?* supplementation by 
mouth may be unrewarding because Mg” is a cathartic. Although 
magnesium gluconate is water soluble and therefore may be the 
most readily absorbed Mg?* salt, some patients still require peri- 
odic parenteral replacement. Mg? deficiency can occur despite 
a normal serum concentration, because most Mg** is present 
in the intracellular space. Therefore, measurement of 24-hour 
urine Mg**concentration is prudent in patients who have sus- 
pected Mg?* deficiency but normal serum Mg” concentration. 
Me?* deficiency can result in Ca% deficiency because release of 
parathyroid hormone is impaired in the presence of hypomagne- 
semia.° 

Most patients with SBS already are in a negative Ca** bal- 
ance,°° and therefore oral supplementation of Ca** at a daily dose 
of 800 to 1500 mg is recommended. Tests to assess vitamin and 
mineral balance and recommended dosages in patients with mal- 
absorption are discussed in Chapters 5 and 103. Absorption of 
water-soluble vitamins, carbohydrates, and proteins is, in general, 
not compromised in patients with limited ileal resections. 


Extensive Small Intestinal Resection and Partial 
Colectomy 


Fluid and Electrolytes 


Massive enterectomy is associated with gastric hypersecretion for 
about the first 6 months postoperatively. These patients benefit 
from IV H)RAs or oral or IV PPIs; absorption of orally ingested 
medications may be impaired, and more than the usual doses of 
these agents may be required (Table 106.2). Rapid intestinal tran- 
sit contributes to malabsorption and diarrhea, and use of anti- 
diarrheal drugs is common (see Table 106.2). These medications 
should be taken 1 hour before meals, and their effect on volume 
of diarrhea should be evaluated before long-term treatment is 
recommended. 

Use of anti-motility agents is important to control fluid losses; 
such agents include loperamide hydrochloride (4 to 6 mg 4 times 
daily) and diphenoxylate-atropine (2.5 to 5 mg 4 times daily), 


TABLE 106.2 Therapeutic Agents Used to Decrease Intestinal Transit 
and Diarrheal Volume in Patients With Short Bowel Syndrome 


Agent Dosage 


Loperamide* 4-6 mg 4 times daily 


Diphenoxylate-atropine* 2.5-5 mg 4 times daily 
15-60 mg 2-4 times daily 


0.6 mL (2.5 mg) 2-4 times daily 


Codeine phosphate* 


Tincture of opium 


Ranitidinet 300 mg twice daily 

Omeprazole* 40 mg twice daily 

Octreotide 50-100 pg SC 2-3 times daily 
Clonidine 0.3 mg transcutaneous patch once 


weekly 


*The antidiarrheal agents loperamide, diphenoxylate-atropine, and 
codeine phosphate are given 1 hour before meals and at bedtime. 
Dosages may be increased over those recommended because of 
incomplete absorption in patients with short bowel syndrome. 

tCimetidine, famotidine, and nizatidine are alternatives. 

Esomeprazole, lansoprazole, rabeprazole, and pantoprazole are 
alternatives. 

SC, subcutaneously. 


codeine (15 to 60 mg 2 to 4 times daily) tincture of opium (0.6 mL 
[2.5 mg] 2 to 4 times daily), and the somatostatin analog octreotide 
(50 to 100 pg 2 to 3 times daily). Most studies have shown that 
these agents reduce stomal output by up to 50%,67 68 but a positive 
water and electrolyte balance rarely is achieved. Octreotide usually 
is not necessary except for some patients with a proximal jejunos- 
tomy. Octreotide can slow intestinal transit and increase Nat and 
water absorption,°”-”” but it also decreases splanchnic protein syn- 
thesis, thereby inhibiting post-resectional intestinal adaptation’!; 
the risk of cholelithiasis also is increased with octreotide.’”? The 
a-adrenergic agonist clonidine also may be useful to decrease 
diarrhea by its effects on Cl- absorption. Transdermal administra- 
tion avoids the potential for medication malabsorption.” Glucose 
polymer-based ORSs should be provided to patients to improve 
hydration and thereby reduce TPN requirements. 

Glucose and Nat are absorbed by the same active transport 
mechanism and stimulate absorption of each other. In addition, 
glucose promotes Na* and water absorption by means of solvent 
drag (see Chapter 101).’+ Therefore, because the jejunum is per- 
meable to both Na* and CHF, passively absorbed solutions that have 
high NaCl concentrations are absorbed to a significant degree; Nat* 
is not as readily absorbed from isotonic or hypotonic solutions. A 
simple solution developed by the WHO can be formulated by dis- 
solving 2.5 g (1 teaspoon [tsp]) of table salt (NaCl); 1.5 g (% tsp) of 
potassium chloride (KCI), (requires a prescription); 2.5 g (% tsp) 
of sodium bicarbonate (NaHCQ)); and 1.5 g (4 tsp) of table sugar 
(sucrose) in 1 L of water. This solution provides a Na* concentra- 
tion of approximately 90 mmol/L. Additional salt may be added 
to increase the osmolarity as tolerated, upto 100 to 120 mmol/L 
or more, which can increase effectiveness.” Na* losses actually 
increase when solutions are consumed that contain less Na* than is 
in the small bowel effluent (90 mmol/L). The use of ORS is not as 
critical in patients in whom the colon is intact, provided that suffi- 
cient dietary Na* is present, because of the colon’s ability to absorb 
Nat and water. For patients who have had significant jejunal resec- 
tions, addition of glucose to the ORS is not helpful because glucose 
does not enhance ileal water absorption.”° In addition to Na* losses, 
significant quantities of bicarbonate and Mg* are lost in feces. 


Diet 


Patients with SBS should be encouraged to eat substantially more 
than usual to compensate for malabsorption; they might need to 
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consume 2 to 3 times as much energy as that normally ingested 
before their abdominal catastrophe. This may be the single most 
important dietary intervention to reduce PN requirements. It 
has been suggested that patients may counterbalance the discom- 
fort associated with increased fecal volume by the satisfaction 
of recovering relatively normal eating habits and requiring less 
PN.” Patients also should be encouraged to eat small portions 
throughout the day rather than at defined meal times. Separation 
of liquid and solid portions of meals is impractical and not associ- 
ated with decreased fecal wet weight loss. 

Patients with SBS whose colon is in continuity with the 
remaining small intestine should be provided a high complex-car- 
bohydrate diet that includes starch, non-starch polysaccharides, 
and soluble fiber. Regardless of whether the colon is present or 
absent, intact protein in a quantity of 1.0 to 1.5 g/kg/day is rec- 
ommended. Fats should comprise 20% to 30% of caloric intake 
regardless of whether the colon is present or absent although in 
the former instance MCTs or long chain triglycerides (LCTs) 
are tolerated whereas in the latter circumstance LCTs are recom- 
mended. Complex carbohydrates typically are not absorbed by 
the human small intestine’’; however, when they pass undigested 
into the colon, colonic bacteria ferment them into SCFAs such as 
butyrate, acetate, and propionate. Butyrate is the preferred fuel 
for the colonocyte.’* Approximately 75 mmol of SCFAs are pro- 
duced from 10 g of unabsorbed carbohydrate (see Fig. 106.3). A 
person with an intact colon can absorb a wide range of up to 310 
to 740 kcal (1.3 to 3.1 MJ) daily when fed a 60% carbohydrate 
diet.!° Other studies have indicated that up to 525 to 1170 kcal 
(2.2 to 4.9 MJ) daily can be absorbed by an intact colon from 
fermentation of unabsorbed carbohydrate and soluble fiber.!? 
The amount of energy absorbed is proportional to the amount 
of residual colon!>”° (see Fig. 106.4) and can increase as part of 
the adaptive response to enterectomy.*!’? During this adaptive 
period, colonic bacteria increase and f-galactosidase and other 
enzymes increase in concentration or activity.“ Na* and water 
absorption are stimulated by SCFAs as well, although decreased 
fecal fluid and Nat losses have not been documented clinically.!° 

When more than 100 cm of terminal ileum has been resected, 
fat maldigestion can develop because bile salt malabsorption leads 
to decreased micelle formation, which results in poor fat solubi- 
lization. Use of bile salt replacement therapy with ox bile or a 
synthetic conjugated bile acid (cholylsarcosine) has been reported 
in only a few patients,®°*! decreasing fecal fat in most but leav- 
ing fecal volume either unchanged or increased. The bile acid- 
sequestering agent cholestyramine may be useful to decrease bile 
salt-related diarrhea in patients with less than 100 cm of terminal 
ileum resected, but it can worsen steatorrhea in patients who have 
undergone a more significant resection fat-soluble vitamin defi- 
ciency can also develop by further reducing an already reduced 
bile salt concentration because of its binding to dietary lipids.** In 
addition, cholestyramine binds to many medications, including 
warfarin, antibiotics, beta-blockers, diuretics, oral hypoglycemia 
agents, and others. 

Limited data are available to support the use of low-fat diets 
in patients with massive enterectomy,* although fat restriction 
often does lead to decreased steatorrhea in patients with limited 
terminal ileal resections. Because fat is concentrated energy, 
however, dietary fat restriction results in decreased energy intake 
and can worsen the patient’s energy balance; a low-fat diet also 
may be unpalatable. Although a high-fat diet has greater energy 
content than that of a high-carbohydrate diet, it is associated with 
increased loss of divalent cations (Ca**, Mg**, and Zn**) because 
of binding of these cations to intraluminal fatty acids,** slowing of 
gastric emptying; it also induces early satiety, leading to reduced 
total energy intake. In addition, diets high in fat can lead to water 
secretion from the colon. 

Because MCTs [carbon (C)8 to C10, 8.3 kcal/g] can be 
absorbed in the colon, dietary supplementation with MCTs can 
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TABLE 106.3 Vitamin and Mineral Requirements in Patients With Short 
Bowel Syndrome 


Micronutrient Requirement 


Vitamin A 10,000-50,000 units daily.* Follow serum vitamin A 
concentration. 

Vitamin B42 1,000 pg SC, IM or intranasally monthly for 
patients with terminal ileal resection or disease. 
Follow serum vitamin B;.2/methylmalonic acid 
concentrations. 

Vitamin C 200 mg daily 

Vitamin D 50,000 units of 1,25(OH>)-Dz twice weekly to 
twice daily. Follow serum vitamin D 25-OH 
concentration. 

Vitamin E 30 IU daily 

Vitamin K 10 mg weekly 

Calcium 1,000-1,500 mg daily 

Magnesium See text 

Iron As needed 

Selenium 60-150 pg daily 

Zinc 220-440 mg daily (sulfate or gluconate form) 

Bicarbonate As needed 


*Use cautiously in patients with cholestatic liver disease because of the 
potential for liver toxicity. 

The table lists rough guidelines only. Vitamin and mineral supplementa- 
tion must be monitored routinely and tailored to the individual patient, 
because relative absorption and requirements can vary. Supplements 
may be taken orally unless otherwise indicated. 

IU, international units; SC, subcutaneously. 


lead to increased energy absorption.*> MCT supplementation is 
of much more limited benefit in patients with an end-jejunos- 
tomy. MCTs also do not supply essential fatty acids, and exces- 
sive MCT intake is associated with nausea, vomiting, and ketosis. 

Experience with long-term PN mainly has been gained in 
patients with severe SBS (see Chapter 6). Despite the limited 
adaptive capacity of the jejunum, about 50% of patients on a 
home PN regimen can discontinue PN and resume oral intake 
after 1 to 2 years. The diet composition for patients with a 
jejunostomy who are taking food by mouth can be more liberal 
because the percentages of energy absorption are similar for a 
low-fat, high-carbohydrate and a high-fat, low-carbohydrate 
diet.5”88 The average daily stomal losses of electrolytes, miner- 
als, and trace elements in severe SBS are listed in Table 106.1.7*: 
84,87,89,90 

Water-soluble vitamins, except for vitamin B,5, are absorbed 
in the proximal jejunum, as are macronutrients (see Chapters 
102 and 103). It is unusual for deficiencies of these vitamins 
to develop except in patients with a proximal jejunostomy or 
duodenostomy, and these patients invariably require PN with 
vitamin supplementation. Loss of the ileum results in bile acid 
and vitamin Bı malabsorption, but patients who suffer such a 
loss, as well as those with extensive jejunal resection, also are at 
risk for more pronounced malabsorption of nutrients, minerals, 
vitamins, and electrolytes and water than is seen in patients with 
limited ileal resections, because of the greater loss of absorp- 
tive surface area and rapid intestinal transit. Fat-soluble vitamin 
(A, D, E, K) deficiency is encountered much more commonly 
as a result of concurrent fat malabsorption than as a result of 
absorptive surface area loss. Most of the human daily vitamin K 
requirement is synthesized by colonic microbiota,”! so patients 
with any residual colon are at lower risk for developing vita- 
min K deficiency than are those whose colon has been resected 
(see Chapter 103). Patients who have received broad-spectrum 


antibiotics also are at risk for vitamin K deficiency as the colonic 
microbiota communities are disrupted. Zinc and selenium are 
lost in significant concentrations in the feces. The concentra- 
tion of zinc is 12 mg/L in small bowel effluent and 16 mg/L in 
stool.”” Oral supplementation of vitamins, minerals, and trace 
elements generally is required for patients who do not require 
TPN (Table 106.3). 

Malabsorption of medication also occurs in patients with 
SBS.°?:°* Many medications are absorbed in the jejunum, but 
medication malabsorption still can occur in patients who have 
undergone ileal resections alone, because their intestinal transit 
time is decreased. 

Loss of the ileocecal valve increases the risk of SIBO, which 
can worsen nutrient absorption and make management more dif- 
ficult. The ultimate goal is to ensure a stable condition in which 
all nutritional needs are met, preferably by oral intake alone. In 
a series of 38 patients whose jejunum was less than 200 cm and 
in continuity with the colon, all those with a jejunal length of 
greater than 100 cm could be managed on oral intake alone.”° 

In the late postoperative phase, the liquid diet is replaced by 
solid food, and the absorptive capacity of the remaining intestine 
is assessed again by measurement of fecal fat, volume, weight, and 
electrolytes while the patient is on a known nutrient and liquid 
intake. In general, fat absorption is more compromised than nitro- 
gen or carbohydrate absorption in SBS patients. The optimal diet 
composition for patients with SBS has been debated, but a low- 
fat, high-carbohydrate diet is of documented advantage in patients 
whose colon is in continuity with the remaining small intestine. 

Nitrogen is the least affected nutrient in SBS. Because absorp- 
tion of dietary protein in the form of dipeptides and tripeptides 
occurs in the very proximal bowel, patients with only short seg- 
ments of residual jejunum can benefit from the use of hydrolyzed 
protein or free amino acid-based enteral formulas. McIntyre and 
colleagues compared energy, nitrogen, and fat absorption in 7 
patients, each of whom had an end-jejunostomy, when they were 
provided with either a polymeric formula or a peptide-based for- 
mula. The length of residual jejunum in these patients ranged 
between 6 and 150 cm; no differences in nutrient absorption were 
observed.*’ Similar uncontrolled observations were reported by 
Levy and coworkers.” Contrary to these results, however, were 
those of Cosnes and associates, who reported modest improve- 
ment in nitrogen absorption in 6 end-jejunostomy patients (mean 
residual small bowel length, 90 to 150 cm) who received a pep- 
tide-based diet; absorption of fats and calories was unaffected.”° 
The patient populations in these studies were somewhat het- 
erogeneous, and the peptide chain length and relative concen- 
trations varied among formulas, making it difficult to compare 
the 3 studies. Lactose malabsorption that results from substantial 
loss of jejunal length can worsen diarrhea, although a study of 
14 patients with SBS on either a lactose-free diet or a diet with 
20 g of lactose per day showed no significant differences in stool 
volumes.”’ Patients with SBS whose colon is in continuity should 
receive an oxalate-restricted diet (see “Calcium Oxalate Kidney 
Stones” under “Complications”) (Table 106.4). 


HOME PARENTERAL NUTRITION 


For the patient who requires long-term PN, infusions typically 
are given on a continuous basis in the hospital until postopera- 
tive recovery has progressed and fluid needs and other metabolic 
issues have stabilized. Patients should be encouraged to adopt 
a hyperphagic diet while PN volume and nutrient support are 
adjusted to maintain reasonable weight, fluid status, and nutrient 
sufficiency. As a patient gains weight or retains additional fluid, 
PN fluid volume and nutrient composition can be decreased. It 
is important not to suppress the hypothalamic hunger center. 
Even if patients are unable to increase their oral intake signifi- 
cantly, they still should be encouraged to eat to stimulate normal 
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TABLE 106.4 Dietary Recommendations for Patients who Require an Oxalate-Restricted Diet 
Foods Classified by Oxalate Content 


Little* or None (<2 mg per Serving): Moderate (2-10 mg per Serving) Limit: High (>10 mg per Serving): 


Eat as Desired 


Two ¥2-cup Servings Per Day 


Avoid Completely 


BEVERAGES 
Apple or pineapple juice Cranberry juice (4 oz) Cocoa 
Bottled beer Grape juice (4 oz) Draft beer 


Coffee 
Colas (12-02 limit/day) 


Nescafe powder 


Juices containing berries 
Lemonade or limeade 


Distilled alcohol ea 
Milk, yogurt Tomato juice 
Orange juice (4 oz) 
Tap water 
Wine (red, rosé) 
MEATS, FISH 
Lean lamb, beef, pork Bacon 
Poultry Kidney 
Seafood Liver 
Sardines 
VEGETABLES 
Asparagus Broccoli Beans 
Avocado Asparagus Beets 
Brussel sprouts Cucumber Carrots 
Cabbage Eggplant Celery 
Cauliflower Garlic Chives 
Mushrooms Green peas Collards 
Onions Lettuce Dandelion greens 
Potatoes Lima beans Endive 
Radishes Squash Escarole 
Sweet corn Tomato, 1 small French fried potatoes 
Turnips Kale 
Vegetable soup Leeks 
Okra 
Parsnips 
Spinach 
Sweet potato 
Swiss chard 
FRUITS 
Bananas Apples Berries 
Cherries, Bing Apricots Concord grapes 
Grapefruit Black currants Red currants 
Grapes, white Cherries, red sour Rhubarb 
angos Fruit cocktail Tangerines 
elons Orange 
Nectarines Peaches 
Pears Plums, red 
Pineapple Prunes 
Plums, green/golden 
BREAD, PASTA, CEREAL 
acaroni Bagel Bran cereal 
Noodles Cornflakes Grits, white corn 
Oatmeal Spaghetti, canned in tomato sauce Soybean crackers 
Rice Sponge cake Wheat germ 
Spaghetti 
White bread 
MISCELLANEOUS 
Butter Chicken noodle soup, dehydrated Chocolate 
Cheese, cheddar Fruitcake Nuts 
Eggs Peanut butter 


Jelly or preserves (made with allowed fruits) 


Mayonnaise 

Salad dressing 

Soups (made with allowed ingredients) 
Sugar 

Vegetable oils 


Pepper (>1 tsp/day) 
Potato chips 
Pretzels 

Soybean curd (tofu) 


*For a low-oxalate diet, restrict oxalate to 40 to 50 mg daily. 
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gallbladder contraction (if the gallbladder is in-situ) and prevent 
biliary complications. 

To prepare the patient for home PN, the PN regimen should 
be compressed gradually in 2- to 4-hour daily increments so the 
total volume can be infused over a 10- to 12-hour period, typi- 
cally overnight. Some patients with hyperglycemia or renal or 
heart failure require a more prolonged infusion. The PN infu- 
sion generally is then tapered off over a 30- to 60-minute period 
to avoid hypoglycemia. Patients with a proximal jejunostomy 
might require additional fluid before or following completion of 
home PN and, in some cases, during the day as well. PN solutions 
are hypertonic and therefore must be infused into a central vein 
(e.g., superior or inferior vena cava) through a tunneled catheter 
to decrease the risks of infection and thrombosis.”*.°” Percutane- 
ously inserted central catheters should be reserved for short-term 
use (<6 months). For the patient to qualify for Medicare benefits, 
home PN must be required for at least 3 months, and fat mal- 
absorption as well as failed enteral nutritional support must be 
documented. 

The patient should be instructed about the indications for 
PN, appropriate catheter care and dressing changes, the pump, 
preparation of PN solutions, and acute complications of PN 
including air embolism, hypoglycemia, and catheter-related 
infections. Instruction on glucose self-monitoring should be 
included if hyperglycemia has been a problem or if insulin is 
required. The patient will need to add multivitamins, insulin, and 
possibly other additives to the PN solution each night, because 
these other medications are not sufficiently stable to be added 
by the home PN pharmacy. PN solution typically is delivered 
in 1- to 2-week batches, so the patient will need a refrigerator 
dedicated to PN. 

The patient’s home environment should be assessed. An appro- 
priate location for setting up the PN infusion and storing supplies, 
catheter cleaning, and hookup devices should be identified; this 
should not be a contaminated area such as a bathroom or kitchen. 

Patients often find it helpful to contact a local support group of 
the Oley Foundation (1-800-776-OLEY or www.oley.org). This 
independent nonprofit organization includes patients and their 
families as well as health care providers, and provides informa- 
tion, outreach services, emotional support, and conference activi- 
ties. Physicians caring for patients on a home PN regimen also 
should be familiar with PN- and catheter-related complications 
and their recognition and treatment. These topics are beyond the 
scope of this chapter but have been reviewed in Chapter 6 and 
elsewhere (Figs. 106.5 and 106.6).!0 101 

Patients in whom the frequency of PN infusions can be 
reduced to fewer than 5 nights/week should have their micronu- 
trient status monitored 2 to 3 times yearly to detect deficiencies. 
At each clinical visit, particular attention should be paid to the 
catheter exit site for evidence of erythema, purulent discharge, 
warmth, or tenderness. A catheter may remain in place indefi- 
nitely if it is properly maintained.!° 


COMPLICATIONS 
Gallstones 


Interruption of the enterohepatic circulation of bile acids by 
ileal resection results in decreased hepatic bile acid secretion and 
altered composition of hepatic bile in terms of its organic com- 
ponents: bile acid, cholesterol, and phospholipids (see Chapters 
64 and 72). Hepatic bile becomes supersaturated with choles- 
terol, with subsequent precipitation of cholesterol crystals in 
gallbladder bile and stones in the gallbladder. (see Chapter 65). 
Most gallstones in patients with SBS, however, are composed of 
calcium bilirubinate, the pathophysiology of which is unclear. 
Asymptomatic gallstones were found in 44% of 84 patients with 
severe SBS who required TPN.” Formation of biliary sludge 


and gallbladder hypomotility probably contribute to the high 
prevalence of these stones, because many of these patients are on 
long-term PN.!° Postprandial CCK concentration is decreased 
in some patients with SBS,!°t and injections of CCK have been 
used experimentally to induce gallbladder contraction, although 
this therapy is not always successful and may result in nausea, 
vomiting, and abdominal pain.!°- 106 


Liver Disease 


Liver disease often develops in patients who require long-term 
PN. Formerly known as parenteral nutrition-associated liver disease, 
this complication is now known as intestinal failure-associated liver 
disease. After 5 years of TPN, greater than 50% of these patients 
will be found to have severe liver disease, defined as grade 2 fibro- 
sis, cirrhosis, or 1 of the following: total serum bilirubin greater 
than 3.5 mg/dL for longer than 1 month, ascites, portal hyper- 
tension, hepatic encephalopathy, or liver failure with a factor V 
concentration less than 50% of normal.!°’ Liver failure develops 
in approximately 15% of all PN-dependent patients.!°° The inci- 
dence, prevalence, and severity of liver disease in young children 
and infants, in particular, are much greater than in adults.!°? The 
incidence and prevalence of liver disease and liver failure specifi- 
cally in patients with SBS requiring PN are unknown. Although 
these disorders were referred to as “PN-associated liver disease,” 
the pathogenesis probably is related to malabsorption of nutri- 
ents such as choline!!° and to the route of nutrient assimila- 
tion rather than the portal circulation.'!! Patients with the least 
amount of residual intestine are at greatest risk for developing 
liver disease.1!2-113 

Diagnosis of liver disease related to intestinal failure in 
the patient with SBS requires the exclusion of other poten- 
tial causative disorders. SBS-related liver disease can manifest 
as cholestasis, steatosis, or steatohepatitis; cholestasis is more 
common in infants. Studies have suggested benefit from oral 
lecithin, although it is poorly absorbed, and from IV choline 
(investigational) and, to a lesser extent, ursodeoxycholic acid 
(UDCA).!'*!!9 One uncontrolled case series of 18 infants 
described the substitution of a fish oil-based lipid emulsion for 
the conventional LCT-based emulsion. Compared with historic 
controls from a different era, reversal of cholestasis occurred 
sooner (9.4 vs. 44.1 weeks) in the fish oil-supplemented group.!7° 
Dextrose overfeeding (>40 kcal/kg/day) and excessive fat emul- 
sion infusion (2.5 g/kg/day, possibly only 1.0 g/kg/day) should be 
avoided.! A minimum of 2% to 4% of total calories, however, 
should be provided as linoleic fatty acid (50% of most lipid emul- 
sions) to prevent essential fatty acid deficiency. Carnitine supple- 
mentation is not useful.!?! 


Calcium Oxalate Kidney Stones 


Fat malabsorption secondary to bile acid deficiency in patients 
with extensive ileal resection is associated with an increased risk 
of oxalate kidney stones if the colon is preserved. Oxalate in food 
usually precipitates as calcium oxalate in the intestinal lumen and 
is lost in the stool. Lipolysis in patients with SBS and fat malab- 
sorption is normal, and unabsorbed long-chain fatty acids com- 
pete with oxalate for available luminal calcium. Consequently, a 
larger amount of oxalic acid (the base conjugate of oxalate) is lost 
to the colon, where it is absorbed via passive diffusion and ulti- 
mately excreted by the kidney (Fig. 106.7), manifesting as just 
hyperoxaluria or with calcium oxalate stone formation; patients 
with SBS who do not have a colon in continuity are not at such 
increased risk. In one study, symptomatic kidney stones devel- 
oped within 2 years of enterectomy in 9 of 38 patients (24%) with 
SBS and an intact colon.?? Urinary oxalate excretion should be 
monitored regularly in these patients. Treatment of hyperoxal- 
uria consists of restriction of oxalate-containing food products 


Signs of a catheter-related infection 


Fever (may occur only 
during infusion); chills when 
the catheter is flushed 
or during infusion 


Erythema of the 
SQ tunnel tract 


Blood cultures from the catheter 
and peripherally for bacteria 
and fungi; CBC with peripheral blood 
smear 
(examine for bacteria, yeast) 


Tunnel 
infection 


Remove 
catheter Rx for coag. neg. Staph and 

Gram neg. organisms empirically; 
adjust antibiotics based on C&S + 


hold TPN for 24 hrs 


Empiric Rx 
for MSSA and 


MRSA with 
vancomycin or 
linezolid 


IV antibiotics x 1-3 wks or 
antibiotic lock technique x 1 wk 
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Tenderness, erythema 
or purulence of exit 
site (or on the dressing) 


Exit site 
infection 


Empiric Rx 
for MRSA 
with vancomycin 
or linezolid; 
adjust antibiotics 
based on C&S 


1729 


Catheter may be 
replaced ina 
different site 


Continue 
appropriate 
antibiotic(s) 


Fever resolves 
in 72 hrs 


Continue 
antibiotic(s) 


Severe 
sepsis despite 
antimicrobial 
therapy 


Remove 
catheter 


Recurrence within 
6 wks of antibiotic 
discontinuation 
(same organism) 


Retreat 


Unsuccessful 


Remove 
catheter 


Remove 
catheter 
Ampho B 


with IV 
TOO mg antibiotics Remove 
total catheter 


Replace catheter 
once patient 
is afebrile 


x 48-72 hrs or 
blood culture is 
negative in the 
absence of fever 


Infection 
present 


Rx for an 
additional 
2 wks 


Replace 
catheter at a 


different site 


Fig. 106.5 Algorithm for the diagnosis and management of catheter-related infection in a patient with short 
bowel syndrome. Ampho B, amphotericin B; coag., coagulase; C&S, culture and sensitivity testing; MSSA, 
methicillin-sensitive Staphylococcus aureus; MRSA, methicillin-resistant S. aureus; neg., negative; Rx, treat- 


ment; SQ, subcutaneous; Staph, Staphylococcus. 


(see Table 106.4). If hyperoxaluria persists, then oral administra- 
tion of calcium citrate should be tried; the extra calcium precipi- 
tates dietary oxalate, and the citrate prevents stone growth in the 
urine. A single case report describes the use of conjugated bile 
acid supplementation to reduce hyperoxaluria.!*” Hyperoxaluria 


also may be related to the metabolism of the vitamin C in PN 
solution in the presence of light.!?> Vitamin C, when it donates an 
electron forms dehydroascorbate, which in water then becomes 
the unstable product 2,3-diketogulonic acid, which subsequently 
is broken down to oxalic acid. 
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Slowed rate of TPN and/or lipid emulsion 


infusion, resistance to flushing of catheter, 
leakage or swelling of the exit site 


Suspected 
thrombotic 
occlusion 


Empiric Rx for 
possible thrombosis 
with tPA (2 mg in 2 mL) 


Attempt aspiration through 
the catheter in 60 min 
Radiologic contrast 
study of the catheter 


tPA 
(2 mg in 2 mL) 


Consider mini- 
dose warfarin 
(1-2 mg by 
mouth daily) 


Remove and 
replace catheter 


Successful 


Review TPN 
formula for 
incompatibilities 


Occlusion, but 
no thrombosis 


HCI (0.1N) or ethanol (70%) 


Attempt aspiration through 
the catheter after 1 hr 


Suspected 
non-thrombotic 
occlusion 


Radiologic contrast study 
of the catheter to verify or 
exclude occlusion 


Malposition 


Attempt to adjust position 
with a pig-tail catheter 
(sterile technique by 
radiologist) 


No further Replace 
Rx catheter 


NaOH (0.1N) 


Attempt aspiration 
through the catheter 
after 6-7 hrs 


Successful | | Unsuccessful 


Unsuccessful 


Replace 
the catheter 


Fig. 106.6 Algorithm for the diagnosis and management of thrombotic or nonthrombotic catheter-related oc- 
clusion. HCI, hydrochloric acid; NaOH, sodium hydroxide; Rx, treatment; tPA, tissue plasminogen activator. 


D-Lactic Acidosis 


D-Lactic acidosis is a rare complication of SBS and in this set- 
ting is observed only in patients with a preserved colon. The 
episodes of acidosis usually are precipitated by increased oral 
intake of refined carbohydrates and can be induced in the patient 
with SBS by carbohydrate overfeeding.!** Malabsorbed carbohy- 
drate is metabolized by colonic bacteria to SCFAs and lactate, 
which lower intracolonic pH. A lower pH inhibits growth of the 
predominant Bacteroides species and promotes growth of acid- 
resistant, gram-positive anaerobes (Bifidobacterium, Lactobacillus, 


and Eubacterium) that have the capacity to produce D-lactate. 
D-Lactate is absorbed from the colon and is metabolized to only 
a limited extent in humans because of our lack of D-lactate dehy- 
drogenase. The main excretory route for D-lactate is the kid- 
ney. 25 

Absorbed D-lactate results in development of metabolic 
acidosis and characteristic neurologic signs and symptoms of 
nystagmus, ophthalmoplegia, ataxia, confusion, and inappro- 
priate behavior. Similar signs and symptoms may be seen with 
Wernicke encephalopathy and the auto-brewery syndrome 


(see Chapter 104). Patients with D-lactate acidosis often are sus- 
pected of being inebriated, although their blood alcohol levels 
are normal; in auto-brewery syndrome, blood alcohol levels are 
increased in the absence of a history of alcohol ingestion. The con- 
stellation of typical neurologic symptoms and metabolic acidosis in 
a patient with SBS should raise the suspicion of possible D-lactic 
acidosis. Blood tests will confirm a metabolic acidosis and a nor- 
mal lactate level; however, the clinical laboratory should be notified 
to quantify the D-lactic acid, if possible, rather than the L-lactic 
acid concentration, which is routinely assayed and is not altered in 
D-lactic acidosis. Diagnosis is confirmed by measurement of whole- 
blood D-lactate concentration, which will be elevated significantly 
(to >3 mmol/L, compared with the normal level of <0.5 mmol/L). 

Treatment consists of correcting the acidosis with sodium 
bicarbonate and stopping oral intake, which usually results in 


Normal Steatorrhea 


Ca) 
D) 


EA 


= 


or 
A 


Excreted Excreted 


Fig. 106.7 Mechanism of oxalate hyperabsorption in patients with 
steatorrhea. Normally, oxalate in food is precipitated as calcium oxalate 
in the intestinal lumen and lost in the stool (left). Lipolysis is normal in 
patients with short bowel syndrome who have fat malabsorption (right), 
and unabsorbed long-chain fatty acids (_CFA) compete with oxalate for 
available calcium. Consequently, a larger amount of free oxalate passes 
from the small intestine to the colon, where it is absorbed and ultimately 
excreted by the kidney, often resulting in hyperoxaluria. 
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rapid abatement of neurologic symptoms. The potential ben- 
efit of antibiotic treatment to change the colonic microbiota is 
debated. Substitution of refined carbohydrates for starch has 
prevented recurrent D-lactic acidosis in a few patients.!*° The 
mediator of the neurologic symptoms still is unknown, because 
infusion of D-lactic acid in normal subjects to achieve blood levels 
commonly observed in patients with D-lactic acidosis does not 
cause any neurologic symptoms. The neurologic symptoms of 
D-lactic acidosis have a striking resemblance to those of Wer- 
nicke encephalopathy, and in 1 patient with SBS, recurrent D-lac- 
tic acidosis was prevented by thiamine supplementation.!*’ 


Others 


Renal dysfunction,!?* metabolic bone disease,!*? memory defi- 
cits," and neurologic abnormalities!*! all have been described in 
patients with SBS who require long-term TPN. 


SURGICAL MANAGEMENT 
Intestinal Lengthening Procedures 


‘The most important surgical procedure is re-anastomosis of residual 
small bowel to residual colon. This procedure carries relatively low 
mortality and morbidity rates and allows enhanced energy absorp- 
tion from SCFAs produced from bacterial fermentation of unab- 
sorbed carbohydrate. A number of other surgical procedures, such 
as tapering enteroplasty, construction of intestinal valves, creation of 
recirculating loops, reversal of a short intestinal segment, or colonic 
interposition, have been performed to increase intestinal transit 
time. These procedures are considered experimental, the experience 
with each is limited, and outcomes generally are not optimal.! More 
recent data using the segmental bowel reversal procedure (10-cm 
reversed segment) suggested a modest improvement in macronutri- 
ent absorption (=10%) and PN independence in adults.!** 
Longitudinal intestinal lengthening and tailoring (Bianchi 
procedure) (Fig. 106.8) may be useful in patients who have seg- 
mental dilation and non-functional intestine due to dysmotility 
and SIBO. In this procedure, the surgeon divides the dilated 
bowel, creates 2 hemiloops, and anastomoses the hemiloops in 
an end-to-end fashion, thereby doubling the bowel length (Fig. 
106.9).!33 Although the surface area is not truly increased, bowel 
function can improve, allowing reduction or elimination of PN. 
Nearly all of the roughly 135 longitudinal intestinal lengthening 
and tailoring operations reported have been undertaken in chil- 
dren. This procedure should be attempted only as a last resort 


Fig. 106.8 Schematic illustration showing the Bianchi procedure for intestinal lengthening. A, The bowel is split 
lengthwise (dashed line). B, Two hemiloops (X and Y) are thereby created as the bowel is closed. C, Hemiloops 
(X and Y) are anastomosed end-to-end. 
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before intestinal transplantation, and it should be performed only 
in centers with significant experience in this area. To date, no 
studies have been conducted to compare medical and surgical 
therapies. 

A less complex procedure, the serial transverse enteroplasty 
(STEP), developed by Kim, is a novel technique during which 
a linear surgical stapler is applied from alternating and opposite 
directions along the intestine’s mesenteric border to incom- 
pletely staple and divide the dilated intestine (Fig. 106.10).!%+ 
This procedure leads to tapering of the intestine in a zigzag pat- 
tern, which results in nutrients being channeled along a narrower 
but longer intestine. Rather than an intestinal lengthening pro- 
cedure, this technique is better described as an intestinal tapering 
procedure. Results reported from an international registry com- 
prising 111 patients from 50 centers (as of January 2010) have 
indicated the procedure increases intestinal length by almost 
50% and has resulted in substantial increases in nutrient absorp- 
tion, with enteral autonomy obtained in approximately 50% 
of patients after a median of 21 months.!°35-13¢ These improve- 
ments in some patients, however, may have resulted in part from 
increased segmental absorption, observed as part of the natural 
post-enterectomy adaptation process. Nevertheless, the taper- 
ing of a dilated, essentially non-functional loop of bowel might 
decrease SIBO and improve nutrient absorption. Furthermore, 
STEP might have an advantage over the Bianchi procedure 
because, in addition to being less technically demanding, it may 
allow better preservation of the intestinal blood supply by avoid- 
ing intestinal transection. 


Intestinal Transplantation 


Intestinal transplantation is being performed in an increasing 
number of centers worldwide. The main indication for transplan- 
tation in children and adults is PN-dependent SBS complicated 
by progressive liver disease. Combined intestine-liver transplan- 
tation is the only alternative for patients in whom end-stage liver 
disease has developed. Isolated intestinal transplantation may be 
considered for patients with clinically significant liver disease 
that has not yet progressed to cirrhosis.!*” Patients who have sig- 
nificant fluid losses and experience frequent episodes of severe 
dehydration despite appropriate medical management also may 
be candidates for isolated intestinal transplantation. Medicare has 
approved other indications, including 2 major-vessel thrombosis, 
a single episode of fungemia, a single episode of bacterial sepsis 
with shock, and 2 lifetime episodes of catheter sepsis, although 
the preponderance of evidence does not support these as appro- 
priate indications for transplantation. 

Survival has improved considerably since intestinal trans- 
plantation was initiated, with reported survival and nutritional 
autonomy of up to 18 years.!?8 From January 1985, to April 2018 
(most recent data from the International Small Bowel Transplant 
Registry), 3452 patients worldwide have received an intestinal 
transplant through 86 centers (27 active), of whom 46% were still 
alive at the time of report.!°° 

Patients who have undergone transplantation more recently 
generally have had better survival because of improved technique 
and optimized immunosuppressive regimens. Current patient 


the dilated loop of intestine, which has been opened; the beginning of each hemiloop is evident (right side). B, 
A blood vessel (arrows) can be seen coursing toward the left hemiloop. C, The completed anastomosis. D, A 
suture (arrows) shows the gain in length of the intestine. The first hemiloop extends from the tip of the forceps 
to the first perpendicular suture line. The distance from that point to the end of thread represents gain in intesti- 
nal length (©26 cm in this infant). (Photographs kindly provided by Kishore R. lyer, MD, New York, NY.) 


and graft survival data for the US from the United Network for 
Organ Sharing (UNOS) database are presented in Table 106.5. 
The mortality rate for patients waiting for an intestinal-liver 
transplant is significantly greater than for those waiting for an 
isolated liver transplant.' Therefore, early referral to an intes- 
tinal transplantation center at the first sign of liver disease is 


B i i 


Fig. 106.10 The serial transverse enteroplasty (STEP) procedure 
shown intra-operatively (A) and in line drawings (B). STEP is a technique 
in which a linear surgical stapler is applied from alternating and op- 
posite directions along the intestine’s mesenteric border to incompletely 
staple and divide the dilated intestine. Arrows in A and B (b) point to 

an invagination produced by the staples. Configuration after recovery 

is shown in B (c). (Photograph kindly provided by Kishore R. lyer, MD, 
New York, NY.) 
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recommended even if a transplant does not ultimately become 
necessary. Intestinal and multi-organ transplantations are expen- 
sive and generally cost between $250,000 and $3 million per case. 
Post-transplantation complications and the most common causes 
of death afterward include acute rejection, chronic rejection, 
CMV infection, sepsis (often complicating rejection), and post- 
transplantation lymphoproliferative disease.'*? Anti-rejection 
medications amount to another $10,000 yearly, in addition to 
repeated hospitalizations for infection and rejection. For patients 
who do well, however, nearly all are successfully weaned from 
PN, although a few require some maintenance IV fluids. This 
expense compares with a charge of $100,000 to $150,000 per year 
for home PN, in addition to the costs of hospitalization for com- 
plications; the actual costs of PN (including pharmacists’ time), 
however, are closer to $25 to $30 per day. Intestinal transplanta- 
tion has reached a stage at which it is a feasible, but not yet practi- 
cal, alternative to conservative treatment of the patient with SBS. 

One of the greatest dilemmas facing intestinal transplantation 
is balancing the avoidance of premature transplantation with late 
referral for transplantation; the latter often requires addition of a 
liver graft and often results in a less optimal outcome.!*! High-risk 
patients likely to develop complications on home TPN need to be 
identified early, and every attempt must be made to enhance nutrient 
and fluid absorption and decrease the need for PN. Both the MELD 
score and C-reactive protein (CRP) can be used to predict mortality 
in patients who require long-term PN. In a study by Putchakayala 
and colleagues, !*? each point of increase in the MELD (to >15) was 
associated with an increased death risk of 12%, and MELD scores 
were significantly elevated up to 180 days before death, although 
they were less reliable when obtained 90 days or more before death 
in a group of 133 patients with intestinal failure; mortality was 50% 
at 328 days for patients with a MELD score between 15 and 25. 
Increased CRP was also an independent predictor of death within 
90 days before death, and a CRP of 4 or greater universally pre- 
dicted mortality.!** A 1-unit increase in CRP was associated with 
a 20% increased risk of immediate death. Further evaluation of 
such predictors of poor outcome will be necessary, however, before 
they can be used reliably to support early intestinal transplantation. 
Although recipient survival rates, most notably 1-year survival, have 
improved since the early days of intestinal transplantation, survival 
rates have plateaued and a significant drop-off in survival is seen 
after 5 years, often related to chronic organ rejection. 


PHARMACOLOGIC ENHANCEMENT OF BOWEL 
ADAPTATION 


Increasing knowledge about growth factors has stimulated several 
clinical studies in patients with SBS. The promising results with 
the use of growth hormone and dietary L-glutamine in a large 


TABLE 106.5 Patient and Graft Survival Rates (%) for Transplants Performed for Short Bowel Syndrome From January 1, 1990 to December 31, 2016 in 


the US 
Procedure type N Pt1Yr  Graft1 Yr Pt3Yr Graft3 Yr Pt5Yr Graft5 Yr Pt10Yr Grafti10Yr Pt15Yr Graft15 Yr 
Isolated intestine 1070 84.6 76.2 69.6 56.2 61.1 45.3 48.0 28.3 39.6 18.0 
Intestine/liver 457 64.2 61.6 54.0 50.9 50.4 46.7 45.0 41.2 43.6 38.9 
Multi-visceral 1199 73.4 70.4 60.7 56.9 55.5 50.6 44.0 38.8 36.6 32.0 

with pancreas 
Multi-visceral w/o 36 es Vea 47.3 ANA NA NA NA NA NA NA 


pancreas 


Deceased donor (no living donor included) transplants performed form January 1, 1990 to December 31, 2016. A multi-visceral transplant is defined as 
intestine plus 1 or more organs (pancreas, kidney, or heart) with or without liver. Transplantation of stomach is not recorded. NA means not available. 

Based on Organ Procurement and Transplantation Network (http://optn.transplant.hrsa.gov/) data as of January 26, 2018. This work was supported in 
part by Health Resources and Services Administration contract 234-2005-370011C. 


Pt, patient. 
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uncontrolled study of PN-dependent patients with SBS!* raised 
hopes that intestinal mucosal growth could be enhanced beyond 
the adaptive period. Two placebo-controlled studies of identi- 
cal growth hormone and L-glutamine supplementation failed 
to show any beneficial effect on absorption,>° however, and 2 
other studies using growth hormone alone showed only marginal 
improvements in fluid and nutrient retention. 144145 

GLP-2 is an intestinotropic enteric hormone that initially 
was evaluated in a small uncontrolled study of 8 patients with 
SBS who received native GLP-2 400 mg subcutaneously twice 
daily for 35 days.'*° Treatment resulted in an increase in sev- 
eral absorptive parameters, body weight, and mucosal growth. 
Use of a synthetic analog of GLP-2 (teduglutide) was associated 
with increased villus height and increased fluid absorption, with 
more modest improvements in energy and nitrogen absorption 
that regressed once the medication was discontinued.'*” Double- 
blind randomized multicenter studies have indicated administra- 
tion of this GLP-2 analog resulted in a significant decrease in the 
requirement for PN (generally 1 to 2 nights/week), although only 
a few subjects were able to be fully weaned!**:!*°; patients most 
likely to be weaned successfully were those with relatively mod- 
est PN requirements, although those with the greatest treatment 
response tended to have the lowest endogenous GLP-2 pro- 
duction.!°° Teduglutide use is associated with increased plasma 
citrulline concentration. Increased fluid retention was associated 
with less chronic dehydration,'*! a primary factor in the develop- 
ment of nephropathy in patients who require long-term PN.!°? 
GLP-2 also may enhance mesenteric blood flow.'>? Once tedu- 
glutide is discontinued, there is morphologic return toward base- 
line,!>+ although clinical benefit may persist in some patients.!>° 
The rapid advance in our knowledge of epithelial growth factors 
undoubtedly will lead to discovery of still other growth factors 
that can stimulate intestinal epithelial growth and thus benefit 
these patients. For example, preliminary investigations in a small 
number of patients suggests that GLP-1 may also improve fluid 
and energy absorption, possibly by retarding GI transit, although 
the effects do not appear as dramatic as with GLP-2.!°° 

A double-blind randomized controlled trial of growth hor- 
mone (0.1 mg/kg/day for 4 weeks) in 41 PN-dependent patients 
showed that PN requirements in treated patients could be reduced 
by an additional 2 L/week (or 1 night weekly) over the reduction 
with standard therapy described earlier in this chapter.!*” It is 
unclear whether these effects were related to improved absorp- 
tion or appetite stimulation. This study led to FDA approval 
of growth hormone injections for treating PN-dependent SBS. 
The benefit from this therapy lasted nearly 4 months following 
completion of 3 weeks of daily growth hormone injections; it is 
unclear whether booster injections will be required. The benefits 


of this therapy must be weighed against the potential side effects, 
which include fluid retention, edema, arthralgias, and carpal tun- 
nel syndrome. It also is unknown whether any of the potential 
growth factor therapies would be more effective if administered 
during the adaptive phase following enterectomy. 


SURVIVAL AND QUALITY OF LIFE 


The prognosis for patients with SBS is determined primarily by 
the type and extent of intestinal resection and by the underlying 
disease. In general, patients with limited small intestinal resec- 
tions have an excellent prognosis if their specific malabsorptive 
defects are carefully managed. Patients with high jejunostomies 
and severe malabsorption present difficult management prob- 
lems, and their long-term care poses a challenge for surgeons, 
gastroenterologists, and dietitians. Survival, prognosis, and qual- 
ity of life, however, are steadily improving—even in this group of 
patients—because of increasing experience with long-term PN 
and better methods to assess nutritional needs. 

The probability of survival and PN dependence has been 
assessed in a prospective study of 124 patients with SBS.°° Most 
of these patients had intestinal resection for either mesenteric 
infarction or radiation enteritis. The probability of survival was 
86% at 2 years and 75% at 5 years. PN dependence rates were 
49% at 2 years and 45% at 5 years, suggesting that most patients 
requiring long-term PN can be weaned successfully within 2 
years using conventional techniques. In a multivariate analysis, 
survival was related negatively to high jejunostomy, small bowel 
length less than 50 cm, and mesenteric infarction as a cause for 
intestinal resection. PN dependence was related primarily to 
small bowel length. Remnant bowel length less than 100 cm was 
highly predictive of permanent intestinal failure and lifelong 
PN dependence. Similar results were reported in a study of 225 
patients from the Mayo Clinic.!°* Survival of patients without 
malignancy when intestinal failure developed was 93% at 1 year, 
71% at 5 years, 59% at 10 years, and 28% at 20 years among 
545 patients cared for in the Royal Hope Manchester Hospital 
program.!*? Survival of patients with radiation damage as the eti- 
ology of SBS and intestinal failure have only a slightly decreased 
survival rate.!©° 

Most patients with SBS have a good quality of life and can 
work full time. Fig. 106.11 depicts an algorithm for managing the 
patient with SBS. As our understanding of the pathophysiology 
of SBS grows, management strategies, long-term outcomes, and 
patient quality of life are expected to improve as well. 


Full references for this chapter can be found on www.expertconsult.com. 
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Fig. 106.11 Algorithm for management of the patient with short bowel syndrome. MCT, medium-chain triglyc- 
eride; tPA, tissue plasminogen activator. 


See Fig.103.6 
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DEFINITIONS 


Celiac disease is a chronic, immune-mediated enteropathy that 
is precipitated by dietary gluten in genetically predisposed indi- 
viduals.! G/uten is the commonly used term for the complex 
of water-insoluble proteins from wheat, rye, and barley that is 
harmful to patients with celiac disease. Celiac disease is charac- 
terized by villus atrophy of the small intestinal mucosa associated 
with malabsorption of nutrients, clinical and subsequent histo- 
logic improvement after adoption of a gluten-free diet (GFD), 
and clinical and histologic relapse when gluten is reintroduced.? 
Celiac disease exhibits a wide spectrum of clinical presenta- 
tions. In the past, typical celiac disease (now called classical celiac 
disease) denoted a clinical presentation with signs and symptoms 
of malabsorption, such as diarrhea, steatorrhea, weight loss, and 
nutritional deficiencies. The term is now questionable, however, 
because in modern clinical practice, most patients do not present 
with these so-called typical manifestations. In contrast, presenta- 
tions previously described as atypical celiac disease and now termed 
nonclassical celiac disease (e.g., anemia, fatigue, abdominal bloating 
and discomfort, osteoporosis, infertility) are now more common. 
Asymptomatic celiac disease (also called silent celiac disease) is usu- 
ally identified by screening using celiac disease-specific serology 
and is characterized by duodenal villus atrophy in individuals 
who lack symptoms or signs of celiac disease. Potential celiac dis- 
ease denotes those with normal small intestinal histology who are 
at increased risk of developing celiac disease (usually identified 
by positive celiac disease-specific serology). Nonresponsive celiac 
disease (NRCD) is defined as ongoing or recurrent symptoms or 
signs that suggest active celiac disease despite a strict GFD for 
more than 6 to 12 months. Refractory celiac disease (RCD, a subset 
of NRCD) is defined as symptomatic, severe small intestinal vil- 
lus atrophy despite a strict GFD for more than 6 to 12 months. 
RCD is a diagnosis of exclusion that is not explained by inad- 
vertent gluten ingestion, other causes of villus atrophy, or overt 
intestinal lymphoma. Celiac disease serology denotes serology tests 
that specifically identify untreated celiac disease and includes 
immunoglobulin (Ig)A or IgG tissue transglutaminase (tTG), IgA 
or IgG endomysium antibodies (EMAs), and IgA or IgG deami- 
dated gliadin peptide (DGP) antibodies. (IgA or IgG antigliadin 
antibodies (AGAs) are generally excluded because they are rela- 
tively nonspecific.) Nonceliac gluten sensitivity refers to symptoms 
or signs that develop upon gluten ingestion in people in whom a 
diagnosis of celiac disease has been excluded. The Oslo defini- 
tions for celiac disease and related terms provide a more compre- 
hensive elucidation of definitions currently used in celiac disease.! 


HISTORY OF CELIAC DISEASE 


Celiac disease was recognized as a clinical entity by Aretaeus the 
Cappadocian in the first century AD.’ The name sprue was coined 
in the 18th century and is derived from the Dutch word spruw, 
which means “aphthous disease,” so named because of the high 
prevalence of aphthous mouth ulcers in these patients. In 1888, 
Samuel Gee published his paper “On the Coeliac Affection,” 
which described many of the clinical features of celiac disease in 


patients of all age groups and concluded, “If the patient can be 
cured at all it must be by means of the diet.”* It was not until the 
middle of the 20th century, however, that the link between cer- 
tain cereals and celiac disease was made by Willem Karel Dicke, a 
Dutch pediatrician. He became convinced that the consumption 
of wheat flour was directly responsible for the deterioration in 
patients suffering from this condition.’ During the Dutch Famine 
in World War II, cereals used to make bread were severely scarce 
in the Netherlands and, during this time, children with celiac 
disease improved, only to relapse after the supply of cereal was 
reestablished at the end of the war. This observation confirmed 
Dicke’s previous observations that wheat ingestion exacerbated 
celiac disease.° Subsequent work by Dicke’s group showed that it 
was the water-insoluble portion, or gluten moiety, of wheat that 
produced intestinal injury in patients with celiac disease.’ 

In 1954, Paulley provided the first accurate description of the 
characteristic intestinal lesion in patients with celiac disease.* 
With the development of effective peroral suction biopsy instru- 
ments in the late 1950s, Rubin and coworkers demonstrated that 
celiac disease in children and idiopathic or nontropical sprue in 
adults were identical diseases with the same clinical and histo- 
pathologic features.’ 

Since the 1980s, we have seen substantial advances in our 
understanding of the genetic, immunologic, and molecular mech- 
anisms fundamental to the pathogenesis of celiac disease. In 1986, 
Howell and associates observed that celiac disease was associated 
with specific HLA-DQ2 haplotypes.!° In 1993, Lundin and col- 
leagues demonstrated that HLA-DQ2 preferentially presents 
gluten-derived gliadin peptides to activate intestinal mucosal T 
cells in celiac patients.'! Subsequently, the enzyme ťTG (more 
specifically t TG type 2 [tTG2]) was identified as a celiac autoan- 
tigen, which led to more accurate serologic diagnostic tests.!? In 
1998, Molberg and colleagues reported that modification of glia- 
din by host ťTG2 enhances gliadin-specific celiac disease T-cell 
responses.’ The identification of specific tTG-modified DGPs 
as dominant a-gliadin T-cell epitopes highlighted the pivotal role 
played by tTG2 in the pathogenesis of celiac disease.!* 

Epidemiologic studies using EMA and tTG serology have 
substantially increased estimates of celiac disease prevalence in 
the USA as well as the breadth of celiac disease prevalence world- 
wide.!>!’ This in turn has led to renewed interest in potential 
nondietary treatments including gluten detoxification, gluten- 
ase therapy, modifiers of small intestinal tight junction function, 
tTG2 inhibitors, and immune-based interventions including 
attempts to reverse intolerance to gluten.!*?° 


EPIDEMIOLOGY 


Epidemiologic studies using specific celiac serology testing indi- 
cate that celiac disease has a wide geographic distribution and 
affects individuals from multiple and diverse ethnic and racial 
backgrounds. The overall prevalence of celiac disease in Europe 
has been estimated at 1%, with the highest reported prevalence of 
2.4% in Finland.?! Factors such as predominant HLA haplotype, 
timing of introduction of gluten into the diet, differences in the 
gliadin concentration of infant formulas, and interobserver varia- 
tion in interpreting small intestinal biopsy findings might explain 
differences in prevalence.’? Celiac disease is particularly prevalent 
in the Punjab region of northwest India, where wheat rather than 
rice has, for many generations, been a staple of the diet.” The 
condition has been reported in blacks, Arabs, Hispanics, Israeli 
Jews, Sudanese of mixed Arab-black descent, and Cantonese and 
is particularly high among the Saharawi population in northwest 
Africa.’* Peoples rarely affected include those of purely sub-Saha- 
ran African, African-Caribbean, or Southeast Asian (including 
Chinese or Japanese) descent. Some authors have noted a female- 
to-male ratio of 2:1, whereas others have reported equal preva- 
lences in men and women. Most studies measuring diagnosed 
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celiac disease, however, have found a female predominance, sug- 
gesting that men are more likely to remain undiagnosed. 

Studies in the USA indicate that the prevalence of celiac dis- 
ease is comparable with that in Europe. A large multicenter study 
by Fasano and coworkers!’ determined the prevalence of EMAs 
in more than 13,000 at-risk and not-at-risk American subjects 
to be 1 in 22 and 1 in 39 among first-degree and second-degree 
relatives of subjects with celiac disease, respectively. Of most 
significance, these investigators found a prevalence of antiendo- 
mysial antibodies of 1:133 among 4126 “not-at-risk” subjects. An 
analysis of the National Health and Nutrition Examination Sur- 
vey (NHANES) in 2009-2010 found that the prevalence of celiac 
disease (diagnosed and undiagnosed) in the USA was 0.7%.!° 
Within the USA, prevalence of celiac disease varies by ethnic- 
ity, with individuals of Punjab Indian ethnicity having the highest 
prevalence.’> 

The population prevalence of celiac disease appears to be 
increasing. In 1 USA study, tTG seropositivity was 0.2% among 
9133 subjects whose blood samples were stored circa 1950 com- 
pared with 0.9% in comparable, modern-day sera, suggesting 
a substantial (4-fold) increase in celiac disease prevalence over 
time.’° The estimated prevalence of celiac disease has also risen 
in Finland, from 1% in 1980 to 2% in 2000.2’ The reason in 
the rise in seroprevalence has not been identified, but environ- 
mental triggers of celiac disease have been proposed (see section 
later, Environmental Factors). Diagnosis rates appear to be chang- 
ing in the USA. Whereas greater than 80% of cases were undi- 
agnosed in the NHANES during 2009-2010,!'° fewer than 50% 
were undiagnosed in 2013-2014.*° This may be due to increased 
awareness of celiac disease and widespread interest in the GFD in 
the population at large. 

Epidemiologic studies using celiac serology indicate that 
asymptomatic or minimally symptomatic celiac disease is more 
common than diagnosed or symptomatic disease.?? A Finn- 
ish study of 3654 schoolchildren of ages 7 to 16 years, using 2 
serologic screens with EMA and tTG antibodies, demonstrated 
that 1 in every 99 children had biopsy-proved celiac disease,*° 
although only 10 of 56 subjects (18%) with a positive serology 
had overt symptoms of celiac disease. Two subjects with elevated 
antibodies and HLA-DQ? haplotype had normal mucosa consis- 
tent with potential celiac disease. Another study demonstrated 
fluctuations in ťtTG2 serology positivity over time in children 
with potential celiac disease.*! In the latter study, 12 of 39 chil- 
dren (31%) with potential celiac disease developed villus atrophy 
over 3 years of follow-up. Thus, there appears to be individual 
variation in the natural history of celiac disease, at least in chil- 
dren, where tTG2 seropositivity and celiac enteropathy may 
fluctuate over time. 


PATHOLOGY 


Celiac disease affects the mucosa of the small intestine. The 
mucosal lesion can vary considerably in severity and in extent.’ 
Examination under magnification of the small intestinal mucosal 
surface in severe untreated celiac disease reveals a flat mucosal sur- 
face with complete absence of normal intestinal villi. Histologic 
examination of tissue sections confirms this loss of normal villus 
structure (Fig. 107.14 and B). The intestinal crypts are mark- 
edly elongated and open onto a flat absorptive surface. The total 
thickness of the mucosa may be reduced only slightly, because 
crypt hyperplasia compensates for the absence or shortening of 
the villi. These architectural changes decrease the amount of epi- 
thelial surface available for digestion and absorption.’ 

The enterocytes, which appear columnar in normal biopsy 
specimens, are cuboidal or, at times, squamoid in celiac dis- 
ease. Their cytoplasm is more basophilic (i.e., RNA rich), the 
basal polarity of the nuclei is disrupted, and the brush border 
is markedly attenuated. When viewed by electron microscopy, 
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Fig. 107.1 A, Medium power views of a biopsy specimen from the second portion of the duodenum showing 
total villus atrophy and hypertrophic crypts (H&E 10x). B, High power view shows marked intraepithelial lym- 
phocytosis with expansion of the lamina propria by plasma cells (H&E 40x). C, Follow up biopsy taken 2 years 
after instituting a gluten-free diet (GFD) demonstrates normal villi (approximately 4 times taller than the crypts 
are deep). No inflammation was identified (H&E 10x). (Images courtesy Stephen M. Lagana, MD.) 


the microvilli of the absorptive cells appear shortened and often 
fused. The number of free ribosomes is increased, reflecting 
impaired differentiation and resulting in the increased cytoplas- 
mic basophilia evident on histologic examination. Degenerative 
changes, including cytoplasmic and mitochondrial vacuolization 
and the presence of many large lysosomes, are also obvious. 

Structural abnormalities of tight junctions between dam- 
aged absorptive cells provide a morphologic explanation for the 
increased permeability of the mucosal barrier in celiac disease.** 
The endoplasmic reticulum is sparse, explaining the low level 
of synthesis of digestive enzymes, including disaccharidases and 
peptidases. Thus, mature absorptive cells are reduced in number 
and functionally compromised. 

Unlike the absorptive cells, undifferentiated crypt cells are 
markedly increased in number in patients with severe untreated 
celiac disease, and the crypts are therefore lengthened. More- 
over, the number of mitoses in crypts is strikingly increased. 
Cytologic features and histochemistry of the crypt cells are nor- 
mal by both light and electron microscopy. Studies of epithe- 
lial cell kinetics in untreated celiac disease suggest that “villus 
atrophy” is a misnomer because there is evidence for an actual 
increase in enteropoiesis in the crypts. Wright and colleagues’? 
estimated that intestinal mucosa from patients with celiac dis- 
ease produces 6 times as many cells per hour per crypt as does 
normal small intestine, and that the cell cycle time is halved, 
reflecting premature cell shedding. The experimental evidence 
suggests, therefore, that the central mechanism of villus short- 
ening in celiac disease is a toxic effect on maturing enterocytes 
that results in their premature loss into the intestinal lumen and 
a compensatory increase in cryptal enterocyte replication. Such 
a mechanism would explain many of the histologic abnormalities 
described previously. 

The cellularity of the lamina propria is increased in the 
involved small intestine. The cellular infiltrate consists largely of 
plasma cells and lymphocytes. The number of IgA-, IgM-, and 
IgG-producing cells is increased 2-fold to 6-fold, but, as in nor- 
mal mucosa, IgA-producing cells predominate.** Polymorphonu- 
clear leukocytes, eosinophils, and mast cells also can contribute 
substantially to this increased cellularity. The number of intraep- 
ithelial lymphocytes (IELs), often reported per 100 enterocytes, 
is increased in untreated celiac disease.’ In normal small intestinal 
mucosa, lamina propria T cells are predominantly CD4* (helper/ 
inducer) cells, whereas the IELs are mainly CD8* (cytotoxic/ 
suppressor) cells. In untreated celiac disease, this distribution of 
lamina propria T cells is maintained, but the density of cells in 
both compartments is increased. 

Marsh pioneered the theory of sequential progression of 
the celiac lesion in the small intestinal mucosa.*? Starting with 


a normal, pre-infiltrative (stage 0) mucosa, the initial observed 
event is an increase in IELs, followed by infiltration of the lam- 
ina propria with lymphocytes (stage 1). Crypt hyperplasia (stage 
2) precedes villus atrophy (stage 3) and is observed only in the 
presence of lamina propria lymphocytosis, suggesting that IELs 
are not sufficient to induce intestinal architectural changes in 
celiac disease. Finally, total mucosal atrophy (stage 4) develops 
and is characterized by complete loss of villi, enhanced apopto- 
sis, and crypt hyperplasia. Marsh classification stages had previ- 
ously been subdivided according to the degree of villus atrophy, 
with scores of 3a, 3b, and 3c corresponding with partial, subtotal, 
and total villus atrophy, respectively. However, because of low 
interobserver reproducibility for these substages, a quantitative 
approach to reporting the villus height:crypt depth ratio has 
been proposed.*° This classification, termed Quantitative-Mucosal 
Algorithmic Rules for Scoring Histology (Q-MARSH), has the poten- 
tial to be used as an outcome when assessing interventions in the 
treatment of celiac disease. 

The length of small intestinal involvement by the celiac dis- 
ease lesion varies among untreated individuals. When the intes- 
tinal lesion does not involve the entire length of small bowel, the 
proximal intestine is usually the most severely involved; sparing of 
proximal intestine with involvement of the distal small intestine 
can occur, but is uncommon.’ An increase in IEL count alone 
is not sufficient for a histologic diagnosis of celiac disease. This 
finding is nonspecific and is seen in many other conditions includ- 
ing SIBO, peptic duodenitis, Hp infection, NSAID use, and in 
autoimmune disorders. Thus, some shortening of the villi, crypt 
hyperplasia, cytologically abnormal surface cells, and increased 
lamina propria cellularity must be present to establish the diagno- 
sis firmly. When the duodenal bulb is the only involved portion 
of the small intestine, the term “ultra-short celiac disease” has 
been used.?7 

Treatment with a GFD results in significant improvement in 
intestinal structure (see Fig. 107.1C). The cytologic appearance of 
the surface absorptive cells improves first, often within a few days. 
Tall, columnar absorptive cells with basal nuclei and well-developed 
brush borders replace the abnormal, immature cuboidal surface 
cells; the ratio of IELs to absorptive cells decreases. Subsequently, 
villus architecture reverts toward normal, with lengthening of the 
villi and shortening of the crypts; the lamina propria decreases in 
cellularity. The mucosa of the distal small intestine improves more 
rapidly than that of the more severely involved proximal bowel.*>* 
In some patients, months to years of gluten withdrawal may be 
required before the mucosa reverts to normal; indeed, some resid- 
ual abnormality, which may range from subtle to striking, often per- 
sists, possibly because of inadvertent gluten ingestion.*”* Finally, 
the mucosal lesion of celiac disease can be histologically identical 
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Fig. 107.2 Multifactorial pathogenesis of celiac disease. Gluten, together with one or more additional environ- 
mental triggers is necessary to activate the innate and adaptive immune system in the genetically susceptible 
host. The primary sites of this activity are in the intestinal epithelium and lamina propria, respectively. This re- 
sults in the generation of autoantibodies to tissue transglutaminase, villus atrophy with intraepithelial lymphocy- 
tosis, and downstream clinical sequelae. (From Green PH, Lebwohl B, Greywoode R. Celiac disease. J Allergy 


Clin Immunol 2015; 135(5):1099-1 06.) 


to the mucosal response to injury typical of a wide range of other 
enteropathies (see “Differential Diagnosis”). 


PATHOGENESIS 


The interaction of the water-insoluble protein moiety (gluten) of 
certain cereal grains with the mucosa of the small intestine in sus- 
ceptible persons is central to the pathogenesis of celiac disease. 
Celiac disease is considered an immune disorder that is triggered 
by an environmental agent (gliadin) in genetically predisposed 
persons. The wide spectrum of clinical manifestations is the result 
of a complex interplay of varying environmental, genetic, and 
immune factors. How these factors control the varied expression 
of celiac disease and passage from latent to overt disease remains 
unknown. 


Gluten as Antigen 


Celiac disease is a model for autoimmune diseases with a defined 
environmental trigger (Fig. 107.2). Early work that involved physi- 
ologic digestion with pepsin and trypsin, followed by separation 
according to solubility properties, identified several wheat proteins 
as being responsible for the grain’s toxicity in celiac disease. Wheat 
protein exists in a number of storage forms that can be categorized 
into 4 general groups based on solubility characteristics: prolamins 
(soluble in ethanol), glutenins (partially soluble in dilute acid or 
alkali solutions), globulins (soluble in 10% NaCl), and albumins 
(soluble in water). The term g/uten encompasses both the prola- 
mins and the glutenins. Although most toxicity studies have been 
performed with prolamins, there are data to indicate that glutenins 
also may damage the celiac intestinal mucosa.*! 

The prolamins of wheat are referred to as gliadins. Prolamins 
from other cereals also are considered to be gluten and are named 
according to their source (seca/ins from rye, hordeins from barley, ave- 
nins from oats, and zeins from corn). The taxonomic relationships of 
the major cereal grain families provide a framework on which their 
toxicities in celiac disease can be predicted (Fig. 107.3).# Wheat, rye, 
and barley belong to the tribe known as Triticeae, and oats belong 
to a neighboring tribe known as Aveneae. Avenin is genetically less 
similar to gliadin than gliadin is to secalin and hordein. Despite their 


genetic differences, however, prolamins from barley, wheat, and rye 
still have immunologic cross-reactivity because of their common 
ancestry.*’ Grains that do not activate disease (rice, corn, sorghum, 
and millet) are separated still further from wheat, rye, and barley in 
terms of their derivation from the primitive grasses. 

Gliadin can be separated electrophoretically into 4 major frac- 
tions that range in molecular weight from 20 to 75 kd and exist as 
single polypeptide chains. These have been designated a-, B-, y-, 
and w-gliadins, and all 4 fractions appear to be toxic to patients 
with celiac disease.*+ The complete amino acid sequences of sev- 
eral of the gliadins and related prolamins in grains other than 
wheat are known.*! Anderson and colleagues!* identified a par- 
tially deamidated peptide, consisting of amino acids 56 to 75 of 
a-gliadin as a dominant epitope, responsible for activation of 
T cells in celiac disease. However, patients with celiac disease 
can respond to a diverse repertoire of gluten peptides.? Fur- 
thermore, nongluten proteins in wheat appear to contribute to 
immune activation in patients with celiac disease.*° The release 
of intracellular tTG leads to the deamidation of gluten proteins 
and an enhancement of T-cell responses to the resulting DGPs.!* 

The reason oats are tolerated by the majority of patients with 
celiac disease is not obvious, because the prolamin fraction of 
oats contains the same amino acid sequences (QQQPF, where 
Q = glutamine, P = proline, and F = phenylalanine) that in wheat 
gliadin have been shown to be toxic.*’ A possible explanation for 
this paradox is that oats contain a relatively smaller proportion 
of this toxic prolamin moiety than do toxic gluten-containing 
cereals. Although a feature common to prolamins of wheat, rye, 
and barley is a high content of glutamine (~30%) and proline 
(=15%), the prolamins of oats have an intermediate content of 
these amino acids, and the nontoxic prolamins of rice, corn, 
and millet have an even lower content of them.** This hypoth- 
esis is supported by collectively considering the studies on oat 
challenge in patients with celiac disease; these studies suggest 
that tolerance to oats might depend at least in part on the total 
amount consumed.*? A systematic review and meta-analysis 
found that adding oats to a GFD did not adversely affect symp- 
toms, histology, or serologic abnormalities in patients with 
celiac disease° Because most commercially-produced oats 
are harvested in a way that is conducive to contamination by 
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Fig. 107.3 Taxonomic relationships of the major cereal grains. (From Kasarda DD, Okita TW, Bernardin JE, 
et al. Nucleic acid [CDNA] and amino acid sequences of a-type gliadin from wheat [Triticum aestivum]. Proc 


Natl Acad Sci USA 1984; 81:4712-5.) 


gluten-containing grains, patients with celiac disease should be 
advised to restrict their oat consumption to uncontaminated 
oats that are labeled gluten-free. 

The data on oats also highlight the important relation- 
ship between the amount of gluten consumed and the severity 
of disease manifestation. A 5- to 10-fold higher incidence of 
overt celiac disease in children from Sweden compared with 
Denmark (2 populations with similar genetic backgrounds) 
has long been cited as evidence of the importance of environ- 
mental over genetic factors in pathogenesis of celiac disease. 
Subsequent studies found as much as a 40-fold difference in 
the gliadin concentration of Swedish compared with Danish 
infant formula.?* This finding suggests that early exposure of 
the immature immune system to significant amounts of gliadin 
may be a relevant cofactor for the development of overt celiac 
disease. 

The timing and/or quantity of gluten introduction in infancy 
may play an important role in facilitating gluten tolerance or intol- 
erance. A cohort study found that introduction of gluten during 
the fourth through sixth month was associated with a decreased 
risk of celiac disease.°! This, in addition to the concerns that high 
quantity of gluten at first exposure may play a role in the Swed- 
ish epidemic,” formed the rationale for 2 randomized trials of 
infant feeding strategies. One trial evaluated the intervention of 
gluten introduction at 4 months and the other evaluated gluten 
introduction at 12 months; both trials used gluten introduction 
at 6 months as the comparator.°>>+ Neither the early nor delayed 
strategy yielded a decreased risk of celiac disease compared with 
introduction at 6 months. Thus, the optimal timing of gluten 
introduction is yet to be established. 


Other Environmental Factors 


The rise in celiac disease prevalence in recent decades has led 
to efforts to identify environmental cofactors for triggering its 
development. Recurrent rotavirus infection was found to be asso- 
ciated with an increased risk of subsequent celiac disease in a 
cohort study*° and receipt of the rotavirus vaccine may be protec- 
tive against celiac disease.°° Reovirus infection, when introduced 
simultaneously with gluten, was shown to induce a pro-inflam- 
matory milieu and AGAs in a mouse model, and patients with 
celiac disease do have higher titers of antibodies to reovirus com- 
pared with healthy controls.’ Gastric colonization with Hp is 
inversely associated with celiac disease, raising the possibility that 
the ongoing decline in Hp prevalence is contributing to the rise 
in celiac disease.’ Other proposed environmental risk factors 
include northern latitude (in the USA),” elective Caesarian sec- 
tion,” and antibiotic use.°! 


Genetic Factors 


Family studies that demonstrate frequent intrafamilial occurrence 
of celiac disease reflect the importance of genetic factors in its 
pathogenesis.°* Concordance for celiac disease in first-degree 
relatives ranges between 8% and 18% and estimates for concor- 
dance in monozygotic twins range from 49% to 83%. Our 
understanding of the nature of this genetic predisposition began 
with the observation that celiac disease was associated with spe- 
cific HLA-DQ2 haplotypes.!° HLA class II molecules are gly- 
cosylated transmembrane heterodimers (a and ß chains) that are 
organized into 3 related subregions—DQ, DR, and DP—and 
encoded within the HLA class II region of the major histocom- 
patibility complex on chromosome 6p. An important link to a 
genetic predisposition was provided by the isolation of gliadin- 
specific HLA-DQ?-restricted T-cell clones from celiac disease 
mucosa.!1,6+ 

The HLA class II molecule DQ? is present in more than 90% 
of persons with celiac disease compared with approximately 35% 
of the general white population. DQ2 is a heterodimer composed 
of either a1*0501 (DQ2.5) or, less commonly, a1*0201 (DQ2.2) 
together with B1*02. The DQ a1*0301, 61*0302 heterodimer, 
known as HLA-DQ§, is found in almost all of the remaining 
patients with celiac disease.°° Occasional cases of celiac disease 
have been reported in patients who are DQ2 and DQ8 negative 
but nonetheless carry a single DQ2 allele. Thus, in some cases, 
typing of individual celiac-associated alleles may be helpful in 
addition to determining DQ2 and DQ8 status. A gene dose-effect 
also has been identified, whereby persons who are homozygous 
for DQ2 are at greater risk than heterozygotes for developing 
celiac disease. 

It is now known that after gluten is absorbed, lamina propria 
antigen-presenting cells (probably dendritic cells) that express 
HLA-DQ2 or HLA-DQ8, present gliadin peptides on their a/B 
heterodimer antigen-presenting grooves to sensitized T lympho- 
cytes expressing the a/ß T-cell receptor (TCR). These lympho- 
cytes then activate B lymphocytes to generate Igs and other T 
lymphocytes to secrete cytokines, including interferon (IFN)-y, 
as well as interleukin (IL)-4, IL-5, IL-6, IL-10, TNF-a, and 
transforming growth factor (TGF)-f.° These cytokines induce 
not only enterocyte injury but also expression of aberrant HLA 
class II cell-surface antigens on the luminal surface of entero- 
cytes, possibly facilitating additional direct antigen presentation 
by these cells to the sensitized lymphocytes (see Fig. 107.2). 

Only a minority of persons who express DQ? actually develop 
celiac disease. HLA-DQ2? is expressed by approximately 35% of 
Europeans and their descendants, but it is rare in other popu- 
lations (in sub-Saharan Africa, far eastern Asia). Thus, much of 


the genetic predisposition to celiac disease is conferred by genes 
other than those encoding HLA-DQ molecules. The search 
for other genes that confer susceptibility to celiac disease has 
revealed numerous loci of interest on several different chromo- 
somes, some of which also are associated with susceptibility to 
type 1 diabetes.°7-” 


Immune Factors 


There is substantial evidence implicating both humoral- and cell- 
mediated immune responses to gliadin and related prolamins in 
the pathogenesis of celiac disease. There is a 2- to 6-fold increase 
in the numbers of Ig-producing B cells in the lamina propria of 
the small intestine in untreated celiac disease patients.’ In addi- 
tion, IgA and IgG serum antibodies to purified gliadin, all major 
fractions of gliadin, and DGPs can be detected in the sera of most 
patients with untreated celiac disease.'+7>-’° Many healthy per- 
sons without celiac disease have increased levels of IgA or IgG 
antigliadin.’”? The frequency of elevated IgA or IgG DGP anti- 
bodies in healthy controls, however, is very low, possibly reflect- 
ing the antigenic potency of DGPs and their more central role in 
disease pathogenesis. 1474-76 Many persons with celiac disease have 
increased levels of serum antibodies against other food proteins, 
such as f-lactoglobulin, casein, and ovalbumin.’® It is unclear 
whether this reflects a general aberrant immune responsiveness to 
food antigens in patients with celiac disease or enhanced systemic 
exposure to these proteins because of increased small intestinal 
permeability. Gluten can be absorbed across the normal intestinal 
epithelium, but it is unclear if this results in immune tolerance 
in persons who are not genetically predisposed to develop celiac 
disease. Patients with celiac disease develop antibodies to some, 
but not all, nongluten wheat proteins." 

The identification of more specific autoantibody responses 
has altered our understanding of the pathogenesis of celiac dis- 
ease. IgA antibodies to endomysium, a connective tissue struc- 
ture surrounding smooth muscle, are highly specific for celiac 
disease.”’ It is now known that the target autoantigen contained 
within the endomysium is the enzyme ťtTG-2.!? Gliadin is a pre- 
ferred substrate for this ubiquitous calctum-dependent intracel- 
lular enzyme, and it has been shown that tTG deamidates key 
neutral glutamine residues in gliadin and converts them into 
negatively charged glutamic acid residues, which are preferred 
in positions 4, 6, and 7 of the nonpeptide antigen-binding groove 
of the HLA-DQ2 heterodimer, thereby facilitating antigen pre- 
sentation. !>!480 Thus, t?(G-mediated modification of gliadin to 
generate DGPs plays a pivotal role in eliciting a stronger prolif- 
erative response by gliadin-specific T cells. 

With gliadin serving as the glutamine donor, tTG also can 
generate additional novel antigenic epitopes by cross-linking 
molecules of the extracellular matrix with gliadin or with tTG- 
gliadin complexes.*! As evidence of the fundamental role of (TG 
in celiac disease pathogenesis, one of the dominant epitopes 
responsible for the T-cell response contains a deamidated gluta- 
mine residue (Q65E) of a-gliadin.!* 

Given the marked infiltration of lymphocytes into the small 
intestinal mucosal epithelium and lamina propria in active disease, 
it is not surprising that cell-mediated immune responses also are 
important in the pathogenesis of celiac disease. Many findings 
support interplay between adaptive immunity, characterized by 
a specific and memory T-cell response to gluten peptides, and 
innate immunity, involving less specific mechanisms. Many of the 
T cells in the small intestinal mucosa are activated in untreated 
celiac disease and release potent proinflammatory mediators such 
as IFN-y, TNF-a, IL-2, IL-6, and TGF-f. Activated T lympho- 
cytes, most of which are CD4+ cells, are abundant in the lamina 
propria of the small intestine.*? In contrast, IELs, which are pres- 
ent in large numbers in untreated celiac disease, are predominantly 
CD8+ T cells.** There is an influx of primed memory T cells, 
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marked by high CD45RO expression, in the mucosa of untreated 
celiac disease patients.** In healthy persons, more than 90% of 
TELs express the a/$ TCR, whereas expression of the y/8 TCR by 
IELs in patients with untreated celiac disease is increased as much 
as 6-fold (to 35%) and is considered a hallmark of the disease.*° 
These primitive lymphocytes recognize bacterial nonpeptide anti- 
gens and unprocessed stress-related proteins. They appear to act 
as mucosal guardians and might protect the intestinal mucosa from 
chronic exposure to dietary gluten in gluten-tolerant persons by 
secreting IL-4, which dampens Th1 in favor of Th2 reactivity.*° 
Their continuous presence in patients on a GFD might indicate 
inadvertent gluten ingestion. Patients with RCD type 2 also have 
aberrant IELs with restricted y/6 TCR gene rearrangements indi- 
cating oligoclonality (see “Refractory Celiac Disease”). 

Studies suggest that IL-15 may play a key role in bridging 
the innate and adaptive immune responses in the pathogenesis 
of celiac disease.**-’! This enterocyte- and macrophage-derived 
proinflammatory cytokine is increased greatly in the mucosa of 
patients with active celiac disease and RCD. Although mecha- 
nisms that lead to its overproduction remain unknown, IL-15 
regulates IEL homeostasis by promoting migration, preventing 
apoptosis, and enhancing the capacity of dendritic cells to func- 
tion as antigen-presenting cells.** In response to gliadin peptides, 
IL-15 triggers an adaptive CD4* T-cell response in the lamina 
propria and also is capable of inducing direct epithelial cell injury 
by inducing IEL secretion of IFN-y.”° 


CLINICAL FEATURES 


Although some patients still present with severe illness due to sig- 
nificant malabsorption, many have few, subtle, or no symptoms 
at diagnosis. The latter cases may be identified by screening rela- 
tives of patients with celiac disease or from screening patients with 
associated disorders, such as type 1 diabetes mellitus (T1DM), 
autoimmune thyroid disease, or Down syndrome. Hematologic 
(e.g., iron deficiency anemia) or biochemical abnormalities (e.g., 
elevated serum aminotransferase levels) or neurologic (e.g., 
peripheral neuropathy) or skeletal (osteoporosis) disorders also 
can lead to a diagnosis of celiac disease (Table 107.1). 


Childhood Presentation 


The classic presentation of celiac disease in infancy is with diar- 
rhea, steatorrhea, and occasional cramping abdominal pain that 
can occur any time after cereals are introduced into the diet, but 
especially in early childhood. Classically, the child fails to thrive, 
is apathetic and irritable, and has muscle wasting, hypotonia, and 
abdominal distention. Watery diarrhea, or occasionally constipa- 
tion, may be reported. The diagnosis is more difficult when GI 
features are less prominent, and the possibility of celiac disease 
should be considered in all children who present with short stat- 
ure or failure to thrive, even when there are no other symptoms 
to suggest enteropathy. Once a GFD is commenced, catch-up 
growth is well documented.” Nutritional deficiencies, particu- 
larly anemia, are another common mode of presentation, espe- 
cially in older children. With earlier diagnosis, clinical rickets 
now is an uncommon complication but is seen occasionally. 


Adulthood Presentation 


In the past, celiac disease was perceived to be a pediatric disorder, 
but the diagnosis now is being made increasingly in adults; cur- 
rently, the 5th decade is the most common age at presentation.” 
Celiac disease also is being diagnosed increasingly in later life, 
with approximately 25% of cases diagnosed in patients older than 
60 years.” Symptoms also have changed over time, with the pre- 
senting symptom of diarrhea now occurring in less than half of 
patients with celiac disease.” The unmasking of asymptomatic 
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disease by surgery that induces rapid gastric emptying (e.g., gas- 
tric resection, pyloroplasty)”° or the finding of the typical lesion 
in asymptomatic relatives of celiac disease patients suggests that 
adults can have silent celiac disease for many years. 


GI Features 


Clinical manifestations of celiac disease vary tremendously from 
patient to patient. Because many of the symptoms result from 
intestinal malabsorption, they are not specific for celiac disease 
and resemble those seen in other malabsorptive disorders. Many 
adults present with GI symptoms including diarrhea, steatorrhea, 
abdominal bloating, flatulence, and weight loss similar to those 
seen in childhood celiac disease. Diarrhea often is episodic rather 
than continuous. Nocturnal, early morning, and postprandial 
diarrhea are common. Patients with extensive intestinal involve- 
ment can have greater than 10 stools per day. Steatorrhea often 
is absent in patients with disease that is limited to the proximal 
small intestine. 

Several factors contribute to the diarrhea associated with celiac 
disease. The stool volume and osmotic load delivered to the colon 
are increased by malabsorption.”’ In addition, the delivery of 
excessive dietary fat into the colon results in bacterial production 
of hydroxy fatty acids, which are potent cathartics. Electrolytes 
are secreted into, rather than absorbed from, the lumen of the 
severely damaged upper small intestine in symptomatic patients. 
This secretion further increases luminal fluid in an intestine with 
an already compromised absorptive capacity. There also is evi- 
dence that secretin and cholecystokinin release in response to a 
meal are impaired in celiac disease, thus diminishing delivery of 
bile and pancreatic secretions into the intestinal lumen and pos- 
sibly compromising intraluminal digestion.” Alterations in the 
secretion of other intestinal peptides have been noted and can 
contribute to the observed diarrhea. Finally, if the disease extends 
to and involves the ileum, patients can experience the direct 
cathartic action of malabsorbed bile salts on the colon.?’ Pancre- 
atic insufficiency is common in active celiac disease,” as is micro- 
scopic colitis!°; both may contribute to diarrhea. The amount of 
weight loss in a patient with celiac disease depends on the severity 
and extent of the intestinal lesion and on the ability of the patient 
to compensate for the malabsorption by increasing dietary intake. 
Some celiac disease patients with substantial malabsorption have 
enormous appetites and lose little or no weight. Rarely, in severe 
disease, anorexia develops with associated rapid and severe weight 
loss. In such debilitated patients, some of the weight loss may be 
masked by fluid retention caused by hypoproteinemia. Fatigue 
is common even when anemia is absent. Occasionally, severe 
hypokalemia resulting from fecal loss of potassium causes severe 
muscle weakness. 

Vague abdominal discomfort and especially abdominal 
bloating are extremely common and can lead to a mistaken diag- 
nosis of IBS. Because of the difficulty in distinguishing celiac 
disease with mild GI manifestations from symptomatic IBS, 
serologic testing with IgA tTG should be considered in patients 
with symptoms that suggest diarrhea-predominant IBS.!0!; 102 
Severe abdominal pain can occur but is not characteristic of 
uncomplicated celiac disease; its occurrence can suggest the 
presence of complications such as intussusception, ulcerative 
jejunitis, or intestinal lymphoma. Abdominal distention with 
excessive amounts of malodorous flatus is a common symptom. 
Conversely, nausea and vomiting are uncommon in uncompli- 
cated celiac disease. Symptoms of GERD may be significantly 
more common in untreated celiac disease and improve on a 
GFD.!° Recurrent, severe, aphthous stomatitis affects many 
celiac patients, may be their sole presenting symptom, and often 
resolves on a GFD.!% 

Celiac crisis is a rare, life-threatening syndrome in which chil- 
dren or adults with untreated celiac disease present with profuse 


diarrhea that leads to severe dehydration, metabolic disturbances, 
renal dysfunction and, in some instances, hemodynamic instabil- 
ity.!% Early diagnosis is important, and management includes IV 
fluids as well as glucocorticoids and/or parenteral nutrition where 
indicated.!° Patients eventually respond well to a GFD. 


Extraintestinal Features 


As patients with celiac disease get older, they tend to present 
with symptoms not directly referable to the GI tract. These 
extraintestinal symptoms and clinical findings often result from 
nutrient malabsorption and can involve virtually all organ sys- 
tems (Table 107.1).!% 


TABLE 107.1 Extraintestinal Manifestations of Celiac Disease 


Manifestation 


Probable Cause(s) 


CUTANEOUS 
Ecchymoses and petechiae 


Edema 
Dermatitis herpetiformis 


Follicular hyperkeratosis and 
dermatitis 


ENDOCRINOLOGIC 
Short stature, delayed puberty 


Amenorrhea, infertility, 
impotence 


Secondary 
hyperparathyroidism 


HEMATOLOGIC 
Anemia 


Hemorrhage 


Thrombocytosis, Howell-Jolly 
bodies 


HEPATIC 


Elevated liver biochemical test 
levels 
Autoimmune hepatitis 


MUSCULAR 
Atrophy 


Weakness 


NEUROLOGIC 
Peripheral neuropathy 


Ataxia 


Demyelinating CNS lesions 
Seizures 


SKELETAL 


Osteopenia, osteomalacia, and 
osteoporosis 


Osteoarthropathy 
Pathologic fractures 


Vitamin K deficiency; rarely, 
thrombocytopenia 


Hypoproteinemia 
Epidermal (type 3) tTG autoimmunity 


Vitamin A malabsorption, vitamin B 
complex malabsorption 


Malnutrition, hypothalamic-pituitary 
dysfunction 


Malnutrition, hypothalamic-pituitary 
dysfunction, immune dysfunction 


Calcium and/or vitamin D 
malabsorption with hypocalcemia 


Iron, folate, or vitamin B42, deficiency 


Vitamin K deficiency; rarely, 
thrombocytopenia due to folate 
deficiency 


Hyposplenism 


Lymphocytic hepatitis 


Autoimmunity 


Malnutrition due to malabsorption 


Generalized muscle atrophy, 
hypokalemia 


Deficiencies of vitamin B42 and 
thiamine; immune-based neurologic 
dysfunction 


Cerebellar and posterior column 
damage 


mmune-based neurologic dysfunction 


Unknown 


Malabsorption of calcium and vitamin 
D, secondary hyperparathyroidism, 
chronic inflammation 


Unknown 


Osteopenia and osteoporosis 


tTG, tissue transglutaminase. 


Anemia 


Anemia is a common manifestation of celiac disease in children 
and adults and usually is caused by impaired iron or folate absorp- 
tion from the proximal intestine; in severe disease with ileal 
involvement, vitamin Bı) absorption also is impaired, though 
this also may be due to gastric achlorhydria, pancreatic insuf- 
ficiency, or inadequate dietary intake. Coagulopathy resulting 
from impaired intestinal absorption of fat-soluble vitamin K 
occurs rarely, and in such cases bleeding can aggravate preexist- 
ing anemia. Hyposplenism of unknown cause, with thrombocy- 
tosis, deformed erythrocytes, and splenic atrophy, occurs in up 
to 50% of adults with celiac disease but is only rarely seen in 
children and may account for the increased risk of pneumococ- 
cal infection. !°7-!°8 Evidence of hyposplenism may disappear with 
elimination of gluten from the diet.!° 


Low Bone Density 


Osteopenia is acommon complication of celiac disease. More than 
70% of patients with untreated celiac disease have osteopenia,!”” 
and osteoporosis occurs in more than one quarter of all celiac 
disease patients.!!° Osteopenia develops as a result of impaired 
calcium absorption (secondary to defective calcium transport by 
the diseased small intestine), vitamin D deficiency (caused by 
impaired absorption of this fat-soluble vitamin), and binding of 
intraluminal calcium and magnesium to unabsorbed dietary fatty 
acids (forming insoluble soaps, which are then excreted in the 
feces). Chronic intestinal inflammation also contributes to bone 
loss through release of inflammatory mediators. 

Patients can present with bone pain, especially of the lower 
back, rib cage, and pelvis. Calcium and magnesium depletion can 
cause paresthesias, muscle cramps, and rarely tetany. With pro- 
longed calcium malabsorption, patients may develop secondary 
hyperparathyroidism, resulting in mobilization of calcium from 
the bones, further exacerbating the osteopenia. 

Osteopenia is less common in patients with silent celiac dis- 
ease, in whom prevalence rates between 30% and 40% have 
been reported.!!! Whereas bone disease generally is more severe 
among patients with symptomatic disease, osteopenia has been 
reported in up to one third of symptom-free adults whose celiac 
disease was diagnosed during childhood and who resumed a nor- 
mal diet during adolescence.!!? 

Compared to the general population, patients with celiac dis- 
ease have an increased risk of fracture both before and after their 
celiac disease diagnosis. !!* 


Neuropsychiatric Symptoms 


Neurologic symptoms caused by lesions of the central or periph- 
eral nervous system can occur in patients with celiac disease and 
are poorly understood. Celiac disease often is found in patients 
who present with nonhereditary ataxia, and progressive gait and 
limb ataxia may be the sole manifestations of disease in some 
patients. These abnormalities, referred to as gluten ataxia, are 
believed to result from immunologic damage to the cerebellum, 
posterior columns of the spinal cord, and peripheral nerves.114,115 
Muscle weakness and paresthesias with sensory loss also are 
encountered occasionally, and pathologic evidence of peripheral 
neuropathy and patchy demyelinization of the spinal cord, cere- 
bellar atrophy, and capillary proliferation suggestive of Wernicke 
encephalopathy have been described rarely. 

Although potential causative roles for specific vitamin defi- 
ciencies (including vitamin B,) thiamine, riboflavin, and pyri- 
doxine) have not been established, neurologic symptoms have 
been reported to improve in some patients who are given mul- 
tivitamins, including vitamins A, B, and E, and calcium. Night 
blindness is a clear indication for vitamin A therapy. Peripheral 
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neuropathy and ataxia, however, often appear unrelated to spe- 
cific vitamin deficiency states and may not respond to gluten 
withdrawal.!!¢ 

The associations of celiac disease and epilepsy, frequently 
complex partial seizures, and bilateral parieto-occipital cerebral 
calcification are well recognized.!!’ In one series, epilepsy was 
reported in approximately 5% of children and young adults with 
celiac disease.''® The cause remains unclear, and response of epi- 
lepsy to a GFD is unpredictable. 

The prevalence of psychiatric disorders such as anxiety or 
depression do not appear to be increased in patients with celiac 
disease in the USA.!16-119,119a Th patients with depressive symp- 
toms related to their celiac disease, however, correlation between 
dietary adherence and GI symptoms was weaker than in those 
without depressive symptoms. Indeed, depressive symptoms may 
modify the effect of a GFD on celiac symptoms and may, there- 
fore, mask the relationship between inadvertent gluten exposure 
and symptoms.!?? Although most patients with celiac disease 
appear euthymic at presentation, many affected subjects report 
an improvement in mood and level of energy after commencing 


a GFD."! 


Gynecologic and Fertility Problems 


Gynecologic and obstetric problems are common in women with 
untreated celiac disease.!’? Women with untreated celiac disease 
can present with infertility, and it is common for infertile women 
with celiac disease to become pregnant shortly after commencing 
a GFD.!2-124 A high prevalence of silent celiac disease has been 
reported in women with recurrent spontaneous abortions, intra- 
uterine fetal growth retardation, and unfavorable outcomes of 
pregnancy, underlining the need to test for celiac disease in these 
situations.'’> Binding of anti-tTG antibodies to the trophoblast 
has been implicated as a mechanism whereby implantation and 
pregnancy outcomes are impaired in untreated celiac disease. !”° 

Infertility secondary to impotence or an abnormally low sperm 
count can occur in men with untreated celiac disease.!*’ Although 
malnutrition including folate deficiency related to malabsorption 
can contribute to male infertility, abnormalities in hypothalamic- 
pituitary regulation of gonadal function and gonadal androgen 
resistance that disappears on gluten withdrawal also have been 
incriminated.!?’ Low testosterone levels may account for persis- 
tent fatigue in some men with celiac disease.!”° 


Physical Findings 


Physical findings, like symptoms, vary considerably among 
patients with celiac disease. Patients with mild disease often have 
a completely normal physical examination. In more severe dis- 
ease, physical abnormalities usually result from malabsorption 
and, therefore, are not specific for celiac disease. 

Growth retardation commonly occurs in children, but when 
they commence a GFD before puberty, a compensatory growth 
spurt occurs so the effect on adult height potentially can be 
minimized. Persons with celiac disease are, on average, 3 inches 
shorter than their peers. Tall patients are seen, however, and a 
height of greater than 6 feet does not preclude the diagnosis. 

In patients with severe celiac disease, emaciation with evi- 
dence of weight loss may be prominent, including loose skin folds 
and muscle wasting. It is common for adults with celiac disease 
to experience significant weight gain following institution of a 
GED.” 

Clubbing of the fingers occurs occasionally, and koilonychia 
may result from long-standing iron deficiency anemia. In cases 
of severe malabsorption there may be pitting edema of the 
lower extremities secondary to hypoproteinemia. Occasionally 
a low-grade fever associated with anemia is found in untreated 
celiac disease, but this finding might indicate a concurrent 
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complication, such as infection or malignancy, particularly lym- 
phoma. Increased skin pigmentation may be obvious in severely 
ill patients. In addition to dermatitis herpetiformis (DH) (see 
later), other dermatologic findings may include spontaneous 
ecchymoses related to hypoprothrombinemia, hyperkeratosis 
follicularis caused by vitamin A deficiency, and pallor caused by 
anemia. 

Examination of the mouth may show aphthous stomatitis, 
angular cheilosis, and glossitis with decreased papillation of the 
tongue. Dental enamel defects are common. In severe cases, 
the abdomen may be protuberant and tympanitic, with a char- 
acteristic doughy consistency, owing to distention of intestinal 
loops with fluid and gas. Hepatomegaly and abdominal tender- 
ness are uncommon, but ascites may be detected in patients with 
significant hypoproteinemia. Peripheral lymphadenopathy is 
unusual in the absence of complicating lymphoma. 

The extremities may reveal loss of various sensory modalities, 
including light touch, vibration, and position, usually resulting 
from peripheral neuropathy and, rarely, demyelinating spinal 
cord lesions. If neuropathy is severe, deep tendon reflexes are 
diminished or even absent. A positive Chvostek or Trousseau 
sign may be elicited in patients with severe calcium or magnesium 
depletion. In such persons, bone tenderness related to osteopo- 
rosis may be elicited, especially if collapsed vertebrae or other 
fractures are present. 


DIAGNOSIS 


Laboratory findings in celiac disease, like the symptoms and 
signs, vary with the extent and severity of the intestinal lesion. 
Specific celiac serology tests and small intestinal biopsy are the 
most reliable diagnostic tests for celiac disease. Stool studies, 
hematologic and biochemical tests, and radiologic studies may be 
abnormal, but they seldom provide a specific diagnosis because 
similar abnormalities often are seen in patients with other malab- 
sorptive diseases (see Chapter 104). Testing for HLA DQ2 and 
DQ8 may be useful to exclude celiac disease in specific clinical 
circumstances. 1! 132 


Serology 


In current clinical practice, there are many serologic studies to 
aid in the diagnosis of celiac disease; the single most useful test 
for diagnosis and for monitoring of celiac disease is IgA tTG 
assay. Both IgA EMA and IgA tTG are based on the target anti- 
gen tTG. Assays based on DGPs also show good diagnostic accu- 
racy.!+7+76 IgA and IgG AGAs, which are based on native gliadin 
as target antigen, are not specific and should be avoided. 14 


The approximate sensitivity and specificity of commonly used 
serum antibody tests are outlined in Table 107.2.1%-B6 In addi- 
tion to laboratory variation, the predictive values of these tests 
depend on the prevalence of the disease in the tested population 
and the severity of the disease. The sensitivity of EMA is particu- 
larly dependent on the degree of villus atrophy.!*” 


Immunoglobulin A Endomysial Antibody 


Serum IgA EMA binds to connective tissue (endomysium), sur- 
rounding smooth muscle cells, producing a characteristic stain- 
ing pattern that is identified by indirect immunofluorescence.”? 
The target antigen has been identified as tTG. Early studies of 
IgA EMA showed a sensitivity of 90% or greater and a specific- 
ity approaching 100% in untreated celiac disease.”™™!138 Antibody 
levels fall on a GFD, the test often becoming negative in treated 
patients.!°? IgA EMA testing is used less commonly than IgA 
tTG because indirect immunofluorescence is more labor inten- 
sive, requires more expertise, is more prone to laboratory varia- 
tion in performance and interpretation, and is more expensive 
than the widely available enzyme immunoassays for IgA tTG. 


Tissue Transglutaminase Antibodies 


‘The epitope against which EMA is directed has been identified as 
type 2 tTG (tTG-2).”* Type 1 tTG, which has different structure, 
enzymatic activities, and tissue distributions, is not implicated in 
celiac disease. Type 3 (epidermal) tTG plays a distinct role in DH 
(see section on dermatitis herpetiformis). Type 6 tTG has been 
implicated in neurologic disorders associated with celiac disease.!*° 

Enzyme-linked immunosorbent assays that use human tTG, 
either recombinant or derived from red cells are preferred 
because of their high specificity.!*!, 1# A false-positive IgA human 
tTG result is unlikely (especially at high titer), and in the setting 
of a normal biopsy indicates potential celiac disease. Although 
IgG tTG assays are useful in patients with IgA deficiency, they 
are not as sensitive as the preferred IgG DGP testing.!° 


Deamidated Gliadin Antibodies 


It is known that ťTG-2 catalyzes the deamidation of gliadin 
peptides. This increases their binding to the antigen groove of 
DQ2, thereby increasing their toxicity.!* Based on this knowl- 
edge, DGP serology has been developed using synthetic DGPs 
that replicate the structure of t TG-modified gliadin antigens. IgA 
and IgG DGP assays are available with sensitivities that approach 
those obtained using IgA tTG (see Table 107.2).7*7% 132, 134- 
L6 The specificity of a positive DGP test result is substantially 


TABLE 107.2 Sensitivity, Specificity, and Positive and Negative Predictive Values of Serologic Tests for Untreated Celiac Disease 


Sensitivity Specificity Positive Predictive Negative Predictive 

Serologic Test (Reported Range) (%) (Reported Range) (%) Value* (%) Value* (%) 

EMA 85 (57-100) 90 (47-94) 18 99 

tTG IgA 98 (78-100) 98 (90-100) U2 99 

tTG IgG 70 (45-95) 95 (94-100) 42 99 

ANTIGLIADIN ANTIBODIES 

AGA IgA 85 (57-100) 90 (47-94) 18 99 

AGA IgG 85 (42-100) 80 (50-94) 31 99 

DGP IgA 88 (74-100) 95 (90-99) 44 99 

DGP IgG 80 (63-95) 98 (90-99) 68 99 


*Assumes a pretest prevalence of 5%. 


AGA, antigliadin antibodies; DGP, deamidated gliadin peptide; EMA, endomysial antibody; tTG, tissue transglutaminase. 
Adapted with permission from Leffler DA, Schuppan D. Update on serologic testing in celiac disease. Am J Gastroenterol 2010; 105(12):2520-4. 


greater than that of prior AGA assays, presumably indicating that 
celiac-associated AGAs recognize DGP, whereas AGAs in per- 
sons who do not have celiac disease recognize other epitopes less 
specific for the disease. 

Though the main utility of DGP serologies is in testing of the 
IgG class, some individuals with celiac disease have an elevated 
DGP IgA even in the face of a negative TTG IgA, leading to its 
inclusion in celiac disease testing panels. DGP concentrations fall 
on a GFD in a similar fashion to AGA or anti-tTG concentra- 
tions, though DGP IgG may be the most sensitive serology for the 
presence of persistent villus atrophy on follow-up biopsy.”*!++!* 
The positive predictive value of an isolated elevated DGP level 
(in the setting of a normal anti-tTG level) is 15.5%.!% For this 
reason, patients with an isolated elevated DGP level should 
undergo EGD while maintaining a gluten-containing diet. 

Serum IgA and IgG AGA levels often are elevated in untreated 
celiac disease. Unfortunately, these tests have only moderate sen- 
sitivity, and their specificity is substantially lower than those of 
IgA EMA, IgA tTG, IgA DGP, or IgG DGP.!*” Thus, false-pos- 
itive results are common, and hence testing for AGA no longer is 
recommended as a primary test for untreated celiac disease; IgA 
tTG testing is preferable.!*? 


Clinical Application of Serologic Tests 


Serologic tests are used to evaluate patients with suspected celiac 
disease, monitor adherence and response to a GFD, and poten- 
tially, screen asymptomatic persons for the disease. 

When the index of suspicion is low—the pretest probability is 
less than 5%—a negative result for IgA ťtTG has a high negative 
predictive value and can obviate the need for small bowel biopsy. 
Falsely negative IgA tTG test results are more likely to occur 
in very young children (<2 years of age), those with mild celiac 
enteropathy, and in patients with IgA deficiency. 

When the index of suspicion is moderate to high—the pre- 
test probability is greater than 5%—the very high specificity 
of IgA tTG has led to debate as to whether a positive result in 
the appropriate clinical setting can be considered diagnostic and 
eliminate the need for small bowel biopsy. We recommend that 
both IgA tTG and a small bowel biopsy be performed before 
dietary treatment is commenced, because this approach provides 
the best means of making a definitive diagnosis of celiac disease at 
the outset. European guidelines issued in 2012 present a path to 
diagnosis in children that does not include a duodenal biopsy.!** 
According to these guidelines, the criteria included (1) the pres- 
ence of symptoms; (2) an IgA TTG level >10 times the upper 
limit of normal; (3) an elevated EMA level and compatible HLA 
haplotype, drawn on a separate blood sample. This approach 
has been advocated due to the high positive predictive value of 
celiac disease in this setting, approaching 100%.'*? However, 
this approach has not been adopted in USA pediatric guidelines 
given residual uncertainty about the positive predictive value of 
these criteria in clinical practice, and concerns about whether a 
“biopsy-free” path to diagnosis will have a downstream effect of 
patients being diagnosed based on looser criteria. 

IgA tTG levels and IgA/IgG DGP levels decrease in the 
months following a GFD and are useful in assessing dietary com- 
pliance and excluding inadvertent gluten ingestion.”?74144,150 
Hence a pretreatment antibody level should be determined at the 
time of diagnosis. A normal baseline value typically is reached 
within 3 to 12 months, depending on the pretreatment anti- 
body concentration (IgA tTG concentrations fall with a half-life 
of approximately 6 to 8 weeks) and on the degree of success in 
avoiding gluten ingestion. If the levels do not fall as anticipated, 
the patient may be continuing to ingest gluten either intention- 
ally or inadvertently.!*! 

The advent of highly sensitive and specific serologic tests has 
changed the epidemiology of celiac disease radically by revealing 
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the high incidence of silent celiac disease; this awareness in turn 
has led to debate on the merits of mass screening. To date, the 
benefit of screening for asymptomatic celiac disease, usually using 
IgA tTG or EMA, remains uncertain.!° The potential advan- 
tages of screening for asymptomatic celiac disease are a reduction 
in risk for malignancy, including enteropathy-associated T-cell 
lymphoma (EATL); a reversal of unrecognized nutritional defi- 
ciency states; resolution of mild or ignored intestinal symptoms; 
possible reduction in T-cell activation and “antigenic drift” to 
other autoantigens, thereby reducing the onset of other autoim- 
mune disorders; and an improvement in general well-being.!°*)!>+ 
All of these hypothetical benefits, however, depend on compliance 
with a burdensome dietary regimen, and asymptomatic patients 
may not be motivated sufficiently to adhere to a strict GFD.'*° 
There also may be adverse psychological effects when asymp- 
tomatic individuals are given the diagnosis of a chronic, incurable 
disease. Furthermore, the natural history of undetected celiac dis- 
ease and the consequences of screening and treating silent celiac 
disease are unknown. Although a small family screening study in 
Finland suggested that identifying and treating relatives of those 
with celiac disease result in overall health improvement, the gen- 
eralizability of this approach to the USA (where access to and 
acceptability of the GFD is likely lower) is uncertain.!*° For these 
reasons, mass screening of asymptomatic persons generally is not 
advocated at this time.!57 


Genetic Testing for HLA DQ2/DQ 


As discussed earlier, almost all patients with celiac disease are pos- 
itive for HLA DQ2 or DQ8. Approximately 35% of persons of 
European ancestry are DQ2 or DQ8 positive, however, so a posi- 
tive result is of little diagnostic value. 132147:158 Hence, HLA test- 
ing should not be used routinely for celiac disease diagnosis. HLA 
testing may be helpful in excluding celiac disease in specific clini- 
cal situations. One of the most important clinical indications for 
HLA DQ2/DQ8 testing is in patients already adhering to a GFD 
and with negative celiac serologies but without prior diagnos- 
tic serology or histopathlogy.!*? In this setting, a negative HLA 
DQ2/DQ8 test result will exclude celiac disease and so obviate 
the need for diagnostic gluten challenge. Other indications for 
HLA DQ2/DQ8 testing include the evaluation of patients with 
celiac-like enteropathy but negative IgA tTG, EMA, and DGP 
serologies; patients with persistent villus atrophy despite a GFD 
where the initial diagnosis of celiac disease is uncertain; patients 
with borderline-abnormal serology and biopsy; and perhaps for 
definitive exclusion of celiac disease in at-risk individuals, such as 
children with close relatives who have celiac disease or patients 
with Down syndrome.!?!:!3? In all of these scenarios, the value of 
HLA DQ2/DQ8& testing is in its high negative predictive value. 


Small Intestinal Biopsy 


Although the diagnosis of celiac disease may be suspected on 
clinical grounds or as a result of abnormal serologic tests, biopsy 
of the small intestine has remained the standard test to estab- 
lish the diagnosis. Biopsies are performed during endoscopic 
examination of the upper GI tract, an examination that may be 
indicated for reasons related or unrelated to celiac disease (e.g., 
investigation of iron deficiency anemia or upper abdominal dis- 
comfort).!5? Multiple biopsies should be obtained (e.g., a total 
of 4 to 6 biopsies from the second and third parts of the duode- 
num), as histologic abnormalities can be patchy, with sensitivity 
for detecting villus atrophy increasing with sampling.!6 Biopsies 
taken from the duodenal bulb had previously been discouraged 
due to concern for mucosal architectural distortion produced by 
Brunner glands, but villus atrophy can be present in patients with 
celiac disease who do not have histologic abnormalities in the dis- 
tal duodenum.*”:!*! Although the prevalence of such “ultra-short 
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celiac disease” is uncertain and controversy exists regarding the 
diagnostic utility of routine bulb biopsy in a population with a 
low pretest probability of celiac disease,!6? it is reasonable to 
include a specimen from the duodenal bulb when celiac disease is 
under consideration, and this is recommended in both USA and 
European guidelines.!371 

Scalloping or absence of duodenal folds has been noted in 
some patients with celiac disease (Fig. 107.4).164 Scalloping is not 
specific for celiac disease, however, and may be seen in eosino- 
philic enteritis, giardiasis, amyloidosis, tropical sprue, and HIV 
enteropathy.!® Other endoscopic features include flattening of 
the duodenal folds, multiple fissures, or a mosaic-like appearance 
where the fissures circumscribe areas of mucosal nodularity in a 
manner similar to the grouting around a mosaic tile. The mucosa 
of celiac disease, however, often appears normal at endoscopy, 
and absence of the previously described macroscopic features 
does not obviate the need for biopsy and histologic examination 
if celiac disease is suspected, based on clinical grounds or sero- 
logic testing. Patients undergoing endoscopy often do not have 
a duodenal biopsy performed even when presenting with indica- 
tions compatible with celiac disease, possibly due to the mistaken 
notion that a normal-appearing duodenum is unlikely to exhibit 
villus atrophy.!® It is therefore common for patients with celiac 
disease to have a diagnostic delay that includes one or more prior 
endoscopies, but without duodenal biopsy.!° 

Capsule endoscopy and enteroscopy provide opportunities to 
examine the more distal small intestine, where the macroscopic 
features just described might also be evident. Because these fea- 
tures are not specific, however, capsule endoscopy cannot replace 
biopsy and histopathologic examination, and is not necessary for 
routine diagnosis and management. Capsule endoscopy may be 
valuable in patients with complicated disease or RCD in whom 
ulcerative jejunitis or intestinal lymphoma may be found. 


Gluten Challenge 


In the past, gluten challenge after discontinuation of the GFD 
and followed by repeat biopsy of the small intestine was consid- 
ered a routine confirmatory step in the diagnosis of celiac disease. 
In current practice, however, gluten challenge is mainly reserved 
for patients in whom a diagnosis of celiac disease has not been 
confirmed but who are already adhering to a GFD. Symptom 
improvement on the GFD cannot reliably differentiate celiac dis- 
ease from nonceliac gluten sensitivity. In the USA, most persons 
who follow a GFD do not have a confirmed diagnosis of celiac 
disease.!° Gluten challenge also should be considered if a diag- 
nosis of celiac disease was made during childhood based on small 
intestinal biopsy abnormalities in the absence of positive celiac 
serology (EMA, ťTG, or DGP), because a number of transient 
childhood enteropathies can mimic the celiac lesion. Gluten chal- 
lenge is seldom necessary for patients who present with typical 


Fig. 107.4 Endoscopic view of the 
duodenum in 2 patients with celiac dis- 
ease on a gluten-containing diet. On the 
left is the duodenum of a patient with 
celiac disease demonstrating scalloping 
of the folds. Scalloping, like other en- 
doscopic features (such as flattening of 
the duodenal folds, nodularity, and fis- 
sures), is not a sensitive marker for villus 
atrophy. On the right is the duodenum 
of a patient with celiac disease who 

has a normal-appearing duodenum, 
despite the presence of villus atrophy 
on histology. 


signs or symptoms of celiac disease and have documented abnor- 
malities consistent with a celiac lesion on small bowel biopsy. A 
positive EMA, tTG, or DGP serology lends further support to 
the diagnosis of celiac disease and makes a later gluten challenge 
superfluous. 

Patients who experience severe symptoms following gluten 
ingestion are unlikely to tolerate formal gluten challenge and 
might prefer to remain on a GFD despite diagnostic uncertainty. 
Serologic studies (IgA (TG, DGP) may be performed at baseline; 
positive serology results suggest that celiac disease is both pres- 
ent and active. HLA DQ2/DQ8 typing is often helpful because 
a negative result virtually excludes celiac disease and obviates the 
need for a formal gluten challenge. A baseline small bowel biopsy 
may be obtained as well; if villus atrophy is found, gluten chal- 
lenge may become unnecessary. 

Gluten challenge should be initiated with caution because 
occasionally patients are exquisitely sensitive to small amounts of 
gluten.!°° If a small amount of gluten, such as a small cracker 
or one quarter of a slice of bread, is tolerated, the amount can 
be doubled every 2 to 3 days until the patient is ingesting the 
equivalent of 1 to 2 slices of bread daily. This lower-dose gluten 
challenge (2 to 4 g daily) is as effective as higher doses in causing 
histologic and serologic changes but is less likely to cause intoler- 
able symptoms.!°’ A biopsy performed as early as 2 weeks may 
be diagnostic, though extending the period of gluten exposure 
beyond 2 weeks will further improve sensitivity.!© In contrast, 
celiac serologic test results may remain negative at the end of a 
2-week challenge, with a rise that may only exceed the upper limit 
of normal 4 weeks after the onset of the gluten challenge.!°? 


Other Laboratory Studies 


A variety of hematologic and biochemical abnormalities may be 
found in persons with untreated celiac disease, including defi- 
ciencies of iron, folic acid, vitamin B,,, vitamin D, and zinc. 
These abnormalities reflect nutritional deficiency states sec- 
ondary to enteropathy-induced malabsorption. Iron deficiency 
anemia is common in both children and adults with celiac dis- 
ease, and combined iron and folate deficiency is characteristic, 
especially in children. With the exception of pregnancy, severe 
anemia is uncommon, usually develops with extensive disease, 
and should raise the suspicion of a complication or alternative 
cause. The peripheral blood film might reveal target cells, sider- 
ocytes, Heinz bodies, crenated red blood cells, and Howell-Jolly 
bodies, which suggest splenic atrophy.!°’ Chronically elevated 
serum aminotransferase levels in the range of 1.5 to 2 times 
normal values occur in 27% of patients with untreated celiac 
disease and, in most patients, elevated levels resolve on a GFD. 
Conversely, undetected celiac disease is the cause of otherwise 
unexplained elevated serum aminotransferase levels in 3% to 
4% of cases.!7° 


Although relevant to patient evaluation and management, 
none of these hematologic tests is sufficiently sensitive nor spe- 
cific to serve as useful screening or diagnostic tools. Similarly, 
although an oral D-xylose test, lactulose-mannitol test, or fecal 
fat evaluation may be abnormal in untreated celiac disease, they, 
too, lack sensitivity and specificity and so are not useful as routine 
investigations in suspected celiac disease. 


Radiology 


Barium studies of the small intestine seldom are required in the 
evaluation of patients with suspected celiac disease. Abnormal 
radiologic findings, however, include dilatation of the small intes- 
tine and a so-called “reversal pattern” in which jejunum resembles 
ileum (i.e., the normal delicate feathery mucosal pattern of the 
jejunum is replaced with either marked thickening or complete 
obliteration of the mucosal folds and straightening of the valvu- 
lae conniventes). With modern, less viscous barium preparations, 
the classic malabsorption pattern with flocculation, segmenta- 
tion, and clumping of contrast is only occasionally seen in severe 
cases. In patients with mild or moderate disease, the distorted 
mucosal pattern usually is confined to the proximal small intes- 
tine, whereas patients with severe disease may have an abnormal 
mucosal pattern through the entire small intestine. Excessive 
secretion of fluid into the proximal small intestine, coupled with 
defective absorption of intraluminal contents, causes dilution of 
the barium, resulting in decreased contrast density in the distal 
small intestine. 

Small bowel studies are most useful in suggesting diagnoses 
other than celiac disease, including Crohn disease, small bowel 
diverticulosis, or scleroderma. Small bowel barium studies, CT 
enterography or MR enterography, or capsule endoscopy may 
be useful in identifying complications of celiac disease, such 
as lymphoma, carcinoma, ulcerative jejunoileitis, or stricture. 
Abdominal CT or MR may also reveal splenic atrophy, ascites, 
mesenteric lymphadenopathy, or cavitating mesenteric lymph 
nodes. It is important to note, however, that mesenteric lymph- 
adenopathy is common in active celiac disease and does not, in 
and of itself, indicate a need for investigations to exclude lym- 
phoma. 


DIFFERENTIAL DIAGNOSIS 


Celiac disease often presents with mild to moderate, sometimes 
intermittent, GI symptoms that include abdominal bloating, 
abdominal discomfort, and diarrhea. As such, IBS and lactose or 
fructose intolerance are prominent in the differential diagnosis. 
In current clinical practice, one of the most common issues in 
the differential diagnosis of celiac disease arises when patients 
report symptoms that respond to treatment with a GFD after 
several weeks or months of gluten avoidance when the serologic 
and histologic features of celiac disease, if ever present, may well 
have disappeared. Celiac disease and nonceliac gluten sensitivity 
usually cannot be differentiated based on history alone, and this 
differential is now the most common clinical indication for gluten 
challenge.!*? 

The differential diagnosis of celiac disease also includes other 
causes of malabsorption and GI disorders that are associated with 
changes in proximal small intestinal morphology. In both chil- 
dren and adults, the high positive predictive value of a positive 
EMA, tTG, or DGP test result means that celiac disease usually 
can be diagnosed with a high degree of certainty from the outset, 
thereby avoiding the need for an in-depth evaluation of alterna- 
tive diagnoses and for formal gluten challenge. Malabsorption 
and steatorrhea can result from pancreatic insufficiency, chole- 
static liver disease, terminal ileal disease or resection, or SIBO. 
In some patients, microscopic colitis, SIBO, or pancreatic insuf- 
ficiency may be present concurrently with celiac disease, and it 
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is important to exclude these disorders in patients who do not 
respond to treatment with a GFD (see later).!7!)!7 

In adults, celiac disease is histologically distinguished easily 
from Whipple disease and from malabsorption caused by infiltra- 
tion of the mucosa with Mycobacterium avium complex. Changes 
in mucosal morphology can be seen in parasitic infections, 
including strongyloidiasis, coccidiosis, and hookworm disease, 
but with the exception of Giardia infection, these changes rarely 
include villus atrophy. Although villus atrophy is characteristic 
of untreated celiac disease, it is by no means pathognomonic and 
may be seen in varying degrees in a wide variety of other enteric 
disorders; villus atrophy on small intestinal biopsy is not in itself 
sufficient to diagnose celiac disease. 17 

Crypt cell activity, enterocyte characteristics, and the nature 
of the inflammatory infiltrate also must be examined, and in 
some instances will point toward another diagnosis. For example, 
patients with hypogammaglobulinemia can have an architec- 
tural lesion that resembles celiac disease, but plasma cells may 
be absent or markedly diminished in the lamina propria—not 
increased as in celiac disease; absence of other histologic features 
of celiac disease often suggests an alternative diagnosis. After an 
acute viral gastroenteritis, resulting morphologic abnormalities 
may be indistinguishable from those of celiac disease. 

In infants and young children, cow’s milk or soy protein intol- 
erance also can result in biopsy findings identical to those of 
celiac disease.!’+!75 Soy protein often is used as a substitute for 
milk protein in cow’s milk protein intolerance, but some children 
also develop mucosal abnormalities that resemble those of celiac 
disease after ingestion of soy protein.!”° 

A rare condition that can cause diagnostic confusion is col- 
lagenous sprue. Patients with collagenous sprue might present 
initially with symptoms and biopsy findings consistent with celiac 
disease, but their symptoms fail to respond to gluten withdrawal, 
and with time, extensive deposition of collagen in the lamina pro- 
pria develops just beneath the absorptive epithelium.!”° The rela- 
tionship between celiac disease and both collagenous sprue and 
the microscopic colitides (lymphocytic and collagenous colitis) is 
discussed later. 

It has become apparent that there are several conditions that 
can cause villus atrophy, apart from celiac disease. Although some 
patients can have celiac disease and negative celiac antibodies,!”” 
common variable immunodeficiency, GI infections, autoimmune 
enteropathy, and certain medications, especially olmesartan, can 
cause this clinical picture of seronegative villus atrophy.!78179 


Diseases Associated With Celiac Disease 


A large number of diseases occur more commonly among patients 
with celiac disease and are delineated in Box 107.1.!8° In addition 
to an association with autoimmune disorders, some of the associ- 
ated diseases also have similar HLA haplotype associations. 


Dermatitis Herpetiformis 


DH is a skin disease characterized by papulovesicular lesions that 
occur symmetrically over the extensor surfaces of the extremi- 
ties and the buttocks, trunk, neck, and scalp (Fig. 107.5). Unlike 
celiac disease, DH rarely is diagnosed in childhood and usually 
manifests in early or middle adult life. DH is slightly more com- 
mon in men (3:2), but in patients younger than 20 years of age, 
women predominate (3:2).!°! Whereas the incidence of celiac 
disease has increased in recent decades, the incidence of DH is 
declining.!** The rash is intensely pruritic, and scratching off the 
vesicle relieves the itching; hence, intact vesicles might not be 
present except with the earliest lesions. 

The diagnosis of DH requires demonstration by immu- 
nofluorescence of granular or speckled IgA deposits in an area 
of perilesional skin, i.e., skin close to a lesion but not affected 
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BOX 107.1 Disorders Reported to Be Associated With 
Celiac Disease 


ASSOCIATED CONDITIONS 


Addison disease 

Autoimmune hemolytic anemia 
Autoimmune liver diseases 
Bird-fancier’s lung 

Cavitary lung disease 

Cystic fibrosis 

Dermatitis herpetiformis 

Diabetes mellitus type 1 

Down syndrome 

Epilepsy with cerebral calcification 
Fibrosing alveolitis 

Hypothyroidism or hyperthyroidism 
diopathic pulmonary hemosiderosis 
mmune thrombocytopenic purpura 
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mmunoglobulin (Ig)A deficiency 
ridocyclitis or choroiditis 
Macroamylasemia 

Microscopic colitis 

Recurrent pericarditis 
Sarcoidosis 

Sjögren syndrome 


INCREASED MORBIDITY AFTER CELIAC DISEASE 
DIAGNOSIS 


Cardiovascular: ischemic heart disease, cerebrovascular disease, 
atrial fibrillation, dilated cardiomyopathy 

Malignancy: non-Hodgkin lymphoma, small intestinal adenocarci- 
noma 

Respiratory: chronic obstructive pulmonary disease, asthma, 
tuberculosis, influenza 


Modified from Mulder CJ, Tytgat GN. Coeliac disease and related disorders. 
Neth J Med 1987; 31:286-99. 


by blistering.!*! DH is considered as celiac disease of the skin, 
though only 80% have evidence of villus atrophy and only a mild 
patchy enteropathy may be present. Patients may present with 
DH alone, or with DH along with GI symptoms. Both groups can 
have evidence of vitamin or mineral deficiency.!® An increased 
risk of intestinal malignancy has been reported as in celiac dis- 
ease!*+185 and, in DH, most lymphomas occur in patients whose 
DH was not controlled by a strict GFD or in those who had been 
treated with a GFD for less than 5 years.!*°-!8¢ 

Approximately 5% to 15% of patients with DH-like skin 
lesions have linear IgA deposits along the dermoepidermal junc- 
tion. This condition has been termed /inear IgA disease and is 
distinguished from DH on the basis of its unique immunofluores- 
cent finding; the presence of circulating IgA antibasement mem- 
brane antibody, which binds to a 97-kd protein found in normal 
human skin!*’; the absence of circulating IgA EMA or tTG; dif- 
ferent HLA susceptibility genes; and, most important, the lack of 
any associated gluten-sensitive enteropathy.’”:!** 

Sardy and colleagues shed light on the pathogenesis of DH by 
demonstrating that epidermal (type 3) transglutaminase (eTG) 
is the dominant autoantigen in DH (rather than the type 2 tTG 
autoantigen of celiac disease).!*? This helps explain why DH skin 
lesions appear in only a minority of patients having celiac disease. 
They also showed that the IgA precipitates in the papillary dermis 
of patients with DH, which are the defining manifestation of the 
disease, contain eTG but not tTG or keratinocyte transglutamin- 
ase. In DH, the prevalences of HLA-DQ2?, circulating antiglia- 
din, antireticulin, and EMA parallel those observed in patients 


Fig. 107.5 Dermatitis herpetiformis. Erythematous, vesicular lesions 
are shown on the elbow (A) and shoulder (B), with signs of excoriation 
related to its intensely pruritic nature. 


with celiac disease without DH.!*! Although many patients with 
DH have elevated IgA tTG antibodies, confirming its pathogenic 
relationship with celiac disease, the prevalence of IgA tTG anti- 
bodies in DH (75%) is lower than that found in celiac disease 
(95% to 98%). 

Thus, DH and celiac disease are 2 very closely related gluten- 
sensitive disorders. Dapsone treatment at a dose of 1 to 2 mg/kg 
daily is effective and often diagnostic in its ability to heal the rash 
of DH and to relieve the pruritus rapidly, but the enteropathy 
associated with DH does not improve with dapsone. Six to 12 
months of gluten withdrawal, however, usually reverses the skin 
lesions in most patients with DH, and a strict GFD allows most 
patients to reduce or discontinue dapsone.!?! Iodine can also 
exacerbate DH and should be avoided, especially in refractory 
cases. Patients with DH, just like those with celiac disease, can 
include moderate amounts of oats in their GFD without deleteri- 
ous effects to their skin or intestine.!°* 


Other disease associations 


Autoimmune disease is strongly associated with celiac disease with 
a prevalence of approximately 20% in adult patients.!!? A strong 
association between celiac disease and T1DM reflects, in part, the 
increased frequency of the celiac-associated DQ alleles in patients 
with T1DM. The frequency of celiac disease in T1DM patients 
is approximately 5% (3% to 8%),!9-!% and the frequency of 
T1DM in celiac disease is approximately 6%.!%°-!°7 Most patients 
with T1DM who have celiac disease are asymptomatic from the 


point of view of their celiac disease, but unexpected episodes of 
hypoglycemia or diarrhea in patients with T1DM should alert 
clinicians to the possibility of coexisting celiac disease. Control of 
diabetes in patients with celiac disease can be difficult because of 
varying nutrient absorption. 

Recently, an inverse relationship between celiac disease 
and type 2 diabetes mellitus (T2DM) was identified, whereby 
patients with known celiac disease are approximately 3 times 
less likely to develop T2DM (3.1% in celiac disease vs. 9.6% 
in age- and gender-matched controls).!°* The prevalence of 
metabolic syndrome was also significantly lower in patients 
with celiac disease compared with controls (3.5% vs. 12.7%). 
The mean BMI of patients with celiac disease was somewhat 
lower than that of controls (24.7 vs. 27.5); however, this alone 
does not explain the protection, because celiac disease was still 
associated with a substantially lower risk of T2DM, after con- 
trolling for BMI. Thus, the basis for this lower prevalence of 
T2DM is unknown. 

There also is a high prevalence of autoimmune thyroid dis- 
ease among patients with celiac disease, hypothyroidism being 
more common than hyperthyroidism.!”? Celiac disease also can 
be associated with a variety of other autoimmune connective tis- 
sue diseases, including IBD, chronic hepatitis, sclerosing cholan- 
gitis, PBC, IgA nephropathy, interstitial lung disease (including 
chronic fibrosing alveolitis), idiopathic pulmonary hemosiderosis, 
SLE, Sjögren syndrome, and polymyositis.’0:!47:198:180,196,198-201 

Although the relationship between celiac disease and many 
autoimmune disorders has been explained by the sharing of a 
common genetic factor, Ventura and colleagues?” suggested an 
increased incidence of autoimmune disease with increased age at 
diagnosis and lack of diet therapy. The role of a GFD to prevent 
subsequent development of autoimmune disease, however, has 
been challenged by other studies.” 

Although many patients with celiac disease exhibit lactose 
and fructose intolerances at the time of diagnosis, a smaller 
percentage has persistent disaccharidase deficiency after glu- 
ten withdrawal. These patients experience abdominal bloating, 
discomfort, or diarrhea with disaccharide intake, and diagnosis 
usually can be made just by history or an appropriate hydrogen 
breath test. Should concomitant disaccharidase deficiency be 
present, the relevant disaccharide should be reduced or excluded 
from the diet. 

Selective IgA deficiency occurs in approximately 2% of celiac 
disease patients (20 times the population prevalence). Hyposplen- 
ism and splenic atrophy have been noted frequently in patients 
with celiac disease; the incidence increases with advancing age, 
duration of exposure to dietary gluten, and disease activity.!°” 
The underlying mechanism is unknown, but affected patients 
may be at increased risk of developing bacterial infections,?°*+ 
including pneumococcal infections,!°° and might benefit from 
vaccination against pneumococcus. 

There is a well-established relationship of celiac disease 
with IBD (see Chapters 115 and 116) and microscopic coli- 
tis (see Chapter 128).70%-207 Mild to moderate small intestinal 
lymphocytosis is common and partial (occasionally) or subtotal 
villus atrophy is seen in both lymphocytic and collagenous coli- 
tis.°°° Conversely, mild colonic lymphocytosis occurs in many 
patients with untreated celiac disease and usually improves on a 
GFD.?°’?°8 Rectal gluten challenge in patients with celiac disease 
has been shown to induce a mild lymphocytic proctitis.2°? Fur- 
thermore, a GFD may be an effective therapy in some patients 
with refractory collagenous colitis.*!° The demonstration that 
patients with celiac disease and microscopic colitis share a set of 
predisposing HLA-DQ genes*!! underscores the overlap between 
both diseases. 

Confusion also can arise in patients with RCD, who have a 
higher prevalence of colonic lymphocytosis than patients with 
responsive celiac disease. Colonic lymphocytosis can be difficult 
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to distinguish from lymphocytic colitis, although most colonic 
IELs in lymphocytic colitis are CD8+, whereas those in the 
colonic lymphocytosis of RCD rarely are CD8*.!”7 


TREATMENT 
Gluten-free Diet (GFD) 


Removal of gluten from the diet is essential for treating patients 
with celiac disease (Box 107.2). The importance of gluten with- 
drawal was established by Dicke’s, van de Kamer’s, and Weijers’ 
astute studies in the early 1950s when the toxicity of wheat 
protein in children with celiac disease was demonstrated.>.’ 
In 1962, Rubin and colleagues’? showed that instillation of 
wheat, barley, and rye flour into the histologically normal small 
intestine of persons with treated celiac disease rapidly induced 
celiac-like symptoms, and that these symptoms were accom- 
panied by the development of the typical celiac lesions in the 
exposed mucosa. 

Because a GFD represents a lifetime commitment for patients 
with celiac disease, is more expensive than a normal diet, and car- 
ries a social liability, it should not be undertaken casually or as a 
therapeutic trial. In reality, complete dietary elimination of all 
gluten-containing cereal grains is a challenge for most patients to 
achieve and maintain. Hidden gluten is present in a wide variety 
of processed foods, because wheat flour is used widely in the food 
industry as a thickener and inexpensive filler for many commer- 
cial products, precooked meals, and convenience foods, including 
ice cream, pasta, sausages, fish sticks, cheese spreads, salad dress- 
ings, soups, sauces, mixed seasonings, mincemeat for mince pies, 
and even some medications?!? and vitamin preparations. Further- 
more, grains that are naturally gluten-free can become contami- 
nated with wheat, barley, or rye in the field during harvesting or 
transport, or when mills use the same production lines and equip- 
ment to process both gluten-containing and gluten-free prod- 
ucts. Beers, lagers, ales, and stout should be avoided (apart from 
those that are developed without gluten-containing ingredients), 
but wines, many liqueurs, and ciders as well as spirits, including 
brandy, malt, and scotch whiskey, are considered gluten-free and 
can be consumed. 

National celiac societies in many countries publish regularly 
updated handbooks that list the available gluten-free products. 
Food lists are applicable for use only in the country in which 
they were compiled. Similar foods with well-known brand names 


BOX 107.2 Factors in Nutrition Assessment for Patients 
With Celiac Disease 


Dietary history: foods and beverages consumed at all meals and 
snacks 

Adequate calories, protein, micronutrient intake, including 
calcium, iron, fiber, vitamin D, folate, niacin, zinc, and 

vitamin B12 

Foods away from home: restaurants, fast food, take-out, cafeteria, 
others’ homes, social and work events 

Travel: foods consumed, frequency of travel 

Prescription medication and supplement intake 
Cross-contamination prevention measures 

Anthropometrics: height, weight, body-mass index 

Social support: family, work, peers 

Quality of life: work, family, risk of depression 

Physical activity level 

Knowledge of gluten-free diet (GFD) and food label interpretation 


From Simpson S, Thompson T. Gastrointest Endosc Clin N Am. 2012; 
22(4):797-809. 
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may be made under franchise using slightly different recipes in 
different countries and may be gluten-free in one country and 
not in others. Consequently, patient education is crucial, and the 
institution of an effective GFD requires extensive and repeated 
instruction of the patient by the physician and dietitian, as well as 
a motivated and vigilant, label-reading patient. The importance 
of patient education and support by a multidisciplinary team of 
health care providers was emphasized in the National Institutes 
of Health consensus development conference statement (Box 
107.3)283 

There is considerable variation among patients with celiac dis- 
ease in their ability to tolerate gluten. Some patients can ingest 
small amounts of gluten without developing symptoms. Others 
are exquisitely sensitive to ingestion of even minute amounts of 
gluten and can develop massive watery diarrhea within an hour or 
2 of ingesting tiny amounts of gluten. Occasionally, the diarrhea 
is so severe that it can induce acute dehydration, an occurrence 
termed gliadin shock or celiac crisis. 105168 

Patients with untreated celiac disease might have accom- 
panying brush border lactase deficiency secondary to surface 
epithelial cell damage. Therefore, milk and dairy products may 
exacerbate symptoms in a subset of individuals. After the disease 
responds to the diet, however, these products can often be rein- 
troduced. 

A GED can be rich in nutrition and conducive to excellent 
general health. Careful attention is needed, however, to avoid 
certain pitfalls of the GFD. The GFD often contains inad- 
equate iron, calcium, vitamin D, and B vitamins.*!* Hence, 
nutritional counseling and monitoring, together with a daily 
gluten-free multivitamin supplement, is recommended to avoid 
deficiency states. Avoiding wheat, barley, and rye often leads 
to inadequate fiber intake and constipation unless steps are 
taken to replace these with other sources of dietary fiber. Some 
weight gain is common after starting a GFD as malabsorp- 
tion resolves; however, excess weight gain or obesity can easily 
ensue, especially if fat- and calorie-rich gluten-free processed 
foods and snacks are consumed in excess.!?8 Preparing meals 
using fresh ingredients including gluten-free grains and reduc- 
ing the use of prepared or processed foods are often the keys to 
a healthful GFD. 

After starting a GFD, most patients improve within a few 
weeks. In many, substantial symptomatic improvement is 
noticed within 48 hours, although it can take weeks or months to 
achieve full clinical, serologic, and histologic remission. Pink and 
Creamer?!’ reported that 70% of patients with celiac disease who 
started a GFD returned quickly to normal health and reported 
improvement in their symptoms within 2 weeks. 

Although an increase in enterocyte height may be evident 
within a week of gluten withdrawal, the return of villus archi- 
tecture toward normal takes considerably longer and might not 
be evident on rebiopsy for several months. In some patients, 
histologic resolution can take 2 years or longer; the main 


BOX 107.3 Key Elements in the Management of Celiac 
Disease 


Consultation with a skilled dietitian 
Education about the disease 
Lifelong adherence to a gluten-free diet (GFD) 


Identification and treatment of nutritional deficiencies 
Access to an advocacy group 
Continuous long-term follow-up by a multidisciplinary team 


From the National Institutes of Health Consensus Development Conference 
Statement on Celiac Disease, June 28-30, 2004. Gastroenterology 2005; 
128:S1-9. 


reason for this slow or partial recovery may be inadvertent 
exposure to gluten, though the fact that older individuals have 
lower rates of healing on follow-up suggests that the speed 
of healing may decline over the life-course.**° Although a 
return to normal is thought to be common in children (with 
little evidence), in approximately 50% of adults on a GFD, 
biopsies show only partial improvement; the less severely 
damaged distal intestine recovers more rapidly than the maxi- 
mally damaged proximal intestine.?!° The investigation and 
management of patients who have celiac disease and whose 
symptoms or signs do not respond to dietary gluten avoidance 
are discussed later. 


Dietary Supplementation 


In addition to a GFD, patients with newly diagnosed celiac disease 
should receive appropriate supplemental therapy to help correct 
nutritional deficiencies caused by malabsorption, iron deficiency 
being the most common. Deficiencies of vitamin D, vitamin By, 
or folic acid also occur. Patients with purpura, bruising, or other 
evidence of abnormal bleeding might have prolongation of their 
prothrombin time and require supplemental vitamin K. Patients 
with severe diarrhea and dehydration, particularly those present- 
ing in celiac crisis, require hospitalization with IV replacement of 
fluids and electrolytes. 

Risks of osteopenia and osteoporosis is increased in celiac 
disease. There is compelling evidence that strict adherence to 
a GFD protects against further bone loss and initially is associ- 
ated with an increase in bone mineral density (BMD).7!’7!8 A 
total daily calcium intake of 1500 mg should be ensured—a cup 
of skim milk provides 300 mg. If dietary calcium is inadequate, 
500 to 1500 mg of supplemental calcium should be given. Vita- 
min D deficiency should be sought and treated (particularly in 
patients with significant steatorrhea) until the malabsorption has 
responded to gluten withdrawal to prevent mobilization of skel- 
etal calcium. 

One year of gluten withdrawal has been shown to reverse 
osteopenia in most patients, including postmenopausal women 
and patients with incomplete mucosal recovery,’!’ but patients 
who have secondary hyperparathyroidism at the time celiac dis- 
ease is diagnosed tend to have more refractory osteopenia, and 
their BMD might not normalize even after several years of gluten 
withdrawal.??° 

Clinicians often rely on serum calcium, phosphate, and alka- 
line phosphatase measurements, but osteomalacia still can exist 
even if these tests are normal. If these tests are normal and osteo- 
malacia still is suspected, a serum 25-hydroxy vitamin D level 
can be determined, as well as a parathyroid hormone assay. A 
low-normal calcium and an elevated parathyroid hormone level 
indicates secondary hyperparathyroidism, and calcium (500 to 
1000 mg daily) together with vitamin D (400 to 2000 units daily) 
should be given.??! 

All adults with celiac disease should have their BMD mea- 
sured within 1 year after diagnosis. Recent guidelines suggest that 
patients with treated celiac disease who have progressive osteo- 
porosis despite correction of calcium and vitamin D deficiency 
should be offered oral biphosphonate or other therapy for osteo- 
porosis and have their BMD checked every 1 to 2 years.??! 

Drugs, like nutrients, may be unpredictably absorbed by 
patients with severe celiac disease. Medications considered essen- 
tial for the patient’s well-being might need to be administered 
parenterally or monitored closely until absorption improves in 
response to treatment with a GFD. 


Glucocorticoids 


In vitro studies have shown that the addition of glucocorticoids 
prevented the harmful effects of gluten on biopsy specimens 


from patients with celiac disease.*’? Although celiac disease 
can be treated with glucocorticoids with rapid improvement in 
symptoms, the effect rarely persists once treatment is stopped, 
and significant adverse effects are common.”?} Therefore, gluco- 
corticoids are not indicated in the routine management of celiac 
disease, but are reserved for RCD or for severely ill patients 
who present with acute celiac crisis manifested by severe diar- 
rhea, dehydration, weight loss, acidosis, hypocalcemia, and hypo- 
proteinemia.”’+ These few patients usually benefit from a short 
course of glucocorticoids until the GFD takes effect. A brief 
course of glucocorticoids also may be used in the rare instances 
of gliadin shock that occur occasionally in treated patients who 
are subjected to gluten challenge.!°° Budesonide also has been 


demonstrated to be of use in those with severe symptoms or 
RCD.225,226 


Monitoring of Patients on Treatment 


Once a GFD is initiated, patients should be seen at intervals of 
3 to 6 months during the first year of therapy to evaluate their 
symptom response and their adherence to the diet; to provide 
additional counseling, education, and support; and to measure 
serum tťTG (and/or DGP) antibody concentrations to deter- 
mine if these are decreasing at the expected rate. If nutritional 
deficiencies were evident at diagnosis, these should be addressed 
and monitored until resolved. After 1 year of treatment, a BMD 
test is often recommended. Thereafter, annual follow-up should 
be provided to evaluate symptoms; to provide continued educa- 
tion on, and encourage continued adherence to, the GFD; and 
to ensure that nutritional deficiencies are avoided and that celiac 
serologic testing remains negative. 

A repeat biopsy to evaluate healing is often offered after 2 
years of dietary therapy. This is recommended in the American 
College of Gastroenterology guidelines in patients with per- 
sistent or recurrent symptoms, but these guidelines also note 
that “it is reasonable to do a follow-up biopsy in adults after 2 
years of starting a GFD to assess for mucosal healing.” 1? This 
component of monitoring may be useful in identifying patients 
who would benefit from more intensive dietitian follow-up, as 
persistent villus atrophy may be caused by inadvertent gluten 
exposure.”’’ The association between persistent villus atro- 
phy and lymphoproliferative malignancy’** and osteoporotic 
fractures’”’ raises the possibility that follow-up biopsy can be 
used to risk-stratify patients with regard to these complica- 
tions. Unless NRCD occurs, biopsy earlier than 2 years into the 
GED is premature because histologic healing often substantially 
lags behind symptom improvement and normalization of celiac 
serology. 


NONRESPONSIVE CELIAC DISEASE 


NRCD is a clinical diagnosis that is defined by the persistence of 
symptoms, signs, or laboratory abnormalities typical of celiac dis- 
ease despite adherence to a GFD for at least 6 to 12 months.?3° 231 
About 10% of patients with celiac disease are nonresponsive 
either immediately after the initial diagnosis (primary NRCD) or 
following a period of response to a GFD (secondary NRCD).?*° 
An approach to the evaluation of NRCD that is based on the early 
identification and correction of common causes and that culmi- 
nates in the diagnosis of RCD is outlined in Figure 107.6.137 171, 
232 

The first step in evaluating NRCD is to carefully review the 
primary diagnostic studies, because if the diagnosis of celiac 
disease is mistaken, a sustained response to a GFD cannot be 
expected. This is especially the case for patients who test negative 
for anti-tTG at first presentation. In such circumstances, careful 
review of the biopsy specimen pathology by an expert GI pathol- 
ogist is warranted to seek alternative diagnoses. HLA DQ2 and 
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DQ8 typing, testing for hypogammaglobulinemia, and measure- 
ment of DGP antibodies also may be helpful. 

The single most common cause for NRCD is continued glu- 
ten ingestion, which is often inadvertent and occult. A persisting 
elevation of anti-tTG is strongly associated with ongoing gluten 
exposure.”*9 Intolerance to certain monosaccharides and disac- 
charides (e.g., fructose, lactose) also is common, especially in 
primary NRCD. Thus, evaluation by an expert dietitian to seek 
ingestion of hidden gluten and intolerance of monosaccharides 
and disaccharides is an essential next step.!7! 

If no dietary causes can be identified, a small bowel biopsy 
should be repeated and the findings compared with the initial 
pretreatment biopsy. If the enteropathy has healed or is substan- 
tially improved, diagnostic considerations for ongoing symptoms 
and signs include IBS, SIBO, other food allergies and intoler- 
ances, and pancreatic insufficiency.?>73! If diarrhea is a promi- 
nent symptom, colonic biopsy also should be performed and 
examined for microscopic colitis (6%). If repeat intestinal biop- 
sies show ongoing changes consistent with active celiac disease, 
RCD becomes more likely. Other causes of a celiac-like enter- 
opathy, however, should again be considered, including SIBO, 
peptic duodenitis, hypogammaglobulinemia, tropical sprue, 
intestinal infections (e.g., giardiasis), Crohn disease, medications 
such as olmesartan, and autoimmune enteropathy.!77:!79.230.231 
Patients with NRCD who show substantial weight loss are at a 
significantly greater risk for RCD.?*° 


REFRACTORY CELIAC DISEASE 


RCD is defined as persistent or recurrent malabsorptive symp- 
toms and small intestinal villus atrophy that does not respond to 
at least 12 months of a strict GFD.! RCD can be divided into type 
I and type II; the latter type is more aggressive and characterized 
by an abnormal, undifferentiated, oligoclonal mucosal T-cell pop- 
ulation (discussed later).??> Because RCD type I has a clinical and 
histologic phenotype that can be indistinguishable from a patient 
with ongoing gluten exposure, it is critical to assess for gluten 
exposure via a detailed dietary assessment by an expert dietitian. 
Although they can be present in RCD, persistently abnormal 
celiac disease serology tests raise the possibility of ongoing gluten 
exposure.' Moreover, a patient with persistent villus atrophy who 
never had elevated celiac disease serology values may not have 
celiac disease but rather an alternative cause of seronegative villus 
atrophy.!’’ It is important to note that symptoms can persist in 
treated celiac disease patients for a variety of other reasons that 
are far more common than RCD, as described earlier in the sec- 
tion on NRCD (see Fig. 107.6).!7!73031254 A proposed pathway 
from nonresponsive celiac disease to RCD includes review of the 
initial celiac disease diagnosis data, dietitian assessment, evalu- 
ation for alternative causes including concomitant microscopic 
colitis and pancreatic insufficiency, and additional food intol- 
erances. A diagnosis of RCD can only be arrived at after these 
other conditions are excluded.” RCD is uncommon in adults, 
extremely rare in children, and largely a diagnosis of exclusion 
(see Fig. 107.6).23° A population-based study in Finland found 
that 0.3% of patients with celiac disease have RCD?” and the 
higher prevalence reported elsewhere is likely related to referral 
bias, as patients with RCD are over-represented at celiac disease 
centers.738 


Ulcerative Jejunoileitis 


Ulcerative jejunoileitis, also known as chronic, nongranulomatous 
ulcerative enterocolitis or nongranulomatous jejunitis, is a rare but 
serious complication of celiac disease characterized by ulcer- 
ation and strictures of the small intestine. Whether ulcerative 
jejunoileitis truly is a discrete entity has been questioned because 
lymphoma ultimately is diagnosed in many of these patients.’>” 


1752 PARTX Small and Large Intestine 


Diagnosis 


tTG concentration test 


Consider 
Lactose intolerance 
Fructose intolerance 


Treatment 


Bacterial overgrowth 
Pancreatic insufficiency 
Irritable bowel syndrome 
FODMAP sensitivity 


Persistent or recurrent symptoms 


Dietitian 


Duodenal biopsy 


Villus atrophy No villus atrophy 


Consider referral to 
specialist center for 
assessment of refractory 
celiac disease and 
exclusion of type II with 
flow cytometry, 
immunohistochemistry 
and PCR for clonality of 
T cells 


Fig. 107.6 Diagnostic approach to patients with celiac disease who have persistent or recurrent symptoms. 
Serologic and histologic assessment via tTG antibody measurement and duodenal biopsy respectively allow 
for identification of those patients for whom ongoing gluten exposure is likely; such patients would benefit from 
further follow-up with a dietitian. Among those with villus recovery and negative tTG testing, alternative causes 
for symptoms should be sought. Among patients with persistent villus atrophy and symptoms suggestive of 
malabsorption, refractory celiac disease should be considered, and hematopathology for clonal T-cell rear- 
rangement performed to identify those patients with refractory celiac disease type Il. tTG, Tissue transgluta- 
minase. (From Lebwohl B, Sanders DS, Green PHR. Coeliac disease. Lancet. 2018; 391(10115):70-81.) 


Indeed, ulcerative jejunoileitis in association with EATL previ- 
ously was designated malignant histiocytosis. 

Ulcerative jejunoileitis should be suspected in patients with 
celiac disease who present with weight loss, abdominal pain, 
and diarrhea that do not respond to a GFD. Areas of intestinal 
ulceration and stricture formation typically cause hemorrhage 
and obstruction, respectively; perforation with peritonitis also 
can occur. Diagnosis is made by enteroscopy, contrast studies of 
the small intestine, abdominal CT, capsule endoscopy, or lapa- 
rotomy. 

Some patients respond to a GFD, but surgical excision of the 
worst affected segments of small intestine so far has proved to be 
the most effective treatment. There is a high risk for transition 
to diffuse or multifocal EATL, but in a few patients with well- 
documented celiac disease and localized jejunoileitis, no evidence 
of malignant disease develops, and there is a response to either 
surgical resection or therapy with glucocorticoids and azathio- 
prine.?40 


Collagenous Sprue 


Collagenous disease is characterized by the development of a 
subepithelial collagen band thicker than 10 um in the small intes- 
tine. Although collagenous disease has been regarded as an entity 


distinct from celiac disease,!”° deposition of collagen under the 
intestinal epithelial cells has been noted in up to 36% of patients 
with classic celiac disease.’*! Furthermore, there are several 
reports of patients with collagenous disease who have elevated 
tTG antibodies’? or complications of RCD, specifically ulcer- 
ative jejunoileitis*** and lymphoma.*? 

Although collagenous disease often is refractory to therapy, 
the presence of subepithelial collagen does not, a priori, preclude 
a successful response to gluten withdrawal.’*!?*+ Collagenous 
sprue should be considered in the differential diagnosis of NRCD 
and must be distinguished from collagenous colitis (which rarely 
accompanies celiac disease).”!° Though patients with collagenous 
sprue are at risk for serious complications and death due to severe 
diarrhea, electrolyte abnormalities, and malnutrition, a substan- 
tial proportion of patients responds to the GFD and/or cortico- 
steroids.*+ 


Treatment 


In patients with celiac disease and no demonstrable cause for lack 
of response to a GFD, a variety of treatments (based mostly on 
small, uncontrolled studies) have been described; these include 
glucocorticoids, immunosuppressive drugs, elimination diets, and 
dietary supplementation with zinc and copper.?46-251 


Enteric-coated budesonide is often effective in treating per- 
sisting symptoms in patients with RCD and is preferable to sys- 
temic glucocorticoid therapy. The strategy of opening one or 
more of the budesonide capsules so as to allow for proximal deliv- 
ery in the small intestine has shown promise.”*° Small intestine- 
release mesalamine has an excellent safety profile, is suitable for 
maintenance therapy, and may be effective, but appears to be less 
potent than enteric-coated budesonide.?°? 

Systemic glucocorticoid treatment also may be necessary in 
patients with RCD. Azathioprine or 6-mercaptopurine may be 
used as a glucocorticoid-sparing agent if a dose of 10 mg or more 
of prednisolone per day is required to keep the condition under 
control.**° In 1 open pilot study, 13 adult patients with RCD 
were treated for 2 months with oral cyclosporine in doses titrated 
to achieve serum levels of 100 to 200 ng/mL; small intestinal his- 
tology improved in 8 patients (61%), and villi normalized in 5 
(38%).?*° Cyclosporine therapy has been reported to be life-sav- 
ing in occasional patients with RCD-like disease, and it can result 
in reversal of glucocorticoid resistance, but its efficacy remains 
unproved.**’ There also have been reports on the efficacy of inf- 
liximab, a chimeric antibody to TNF-a, in RCD.**® 


Complications 


It has long been appreciated that patients with RCD are at high 
risk for developing fatal complications such as ulcerative jejuno- 
ileitis and lymphoma. Until recently, the precise link between 
RCD and these complications, as well as between RCD and celiac 
disease, remained controversial. The spectrum of autoimmune 
enteropathy was implicated in a handful of adult RCD patients by 
the presence of antienterocyte antibodies.***”*+ It is now becom- 
ing clear, however, that RCD, EATL, and ulcerative jejunoileitis 
represent a heterogeneous, but related, group of clinical condi- 
tions at the extreme end of the celiac disease spectrum. Moreover, 
there is now growing realization that many of these patients have 
a cryptic intestinal T-cell lymphoma, characterized by pheno- 
typically abnormal IELs that have monoclonal rearrangements 
of the TCRy gene.*? 

Early immunophenotypic studies demonstrated that the nor- 
mal cell counterpart of EATL was the IEL.?°> It was not until 
1995, however, that Murray and colleagues*>° made the remark- 
able observation that in patients with overt EATL, lymphocytes 
from adjacent nonlymphomatous mucosa contained the identi- 
cal monoclonal TCR gene rearrangement as the overt lymphoma 
and they coined the term cryptic intestinal T-cell lymphoma for this 
arrangement. Ashton-Key and colleagues?” later confirmed this 
finding and showed that both the inflammatory ulcers and the 
intact (nonlymphomatous) mucosa in cases of ulcerative jeju- 
noileitis harbored a monoclonal T-cell population and that the 
lymphomas developing in these patients consisted of the identical 
T-cell clone. 

Cellier and colleagues*’ showed that the IELs in RCD patients 
are abnormal in that they lack expression of mature T-cell mark- 
ers such as CD8, which is consistently found on most normal 
or celiac disease IELs. Subsequent work confirmed this finding 
and showed that the abnormal IELs in ulcerative jejunoileitis 
and nonlymphomatous mucosa in EATL shared not only the 
genotype but also the immunophenotype of the lymphoma.*>* 
Thus, the cumulative evidence now points to type II RCD being 
a manifestation of an aberrant clonal I[EL-mediated neoplastic 
process. These cells have destructive properties, possibly related 
to their cytotoxic phenotype,’*? which leads to mucosal ulcer- 
ation and lymph node cavitation, and they sometimes, but not 
always, undergo further molecular and clinical progression to 
lymphoma. The presence of aberrant clonal IELs signify type II 
RCD, and patients with this finding have a markedly decreased 
5-year survival compared with those without a clone present 
(type I RCD).’° In addition to the presence of aberrant IELs, 
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TABLE 107.3 Clinical Prediction Score for Prognosis in Refractory 
Celiac Disease 


Variable Points 
Age at Diagnosis of refractory celiac 

disease 
<40 0 
40-59 2 
60-79 4 
280 6 
Albumin level 
>4.5 0 
4.0-4.5 1 
3.5-3.99 2 
3.0-3.49 3 
2.5-2.99 a 
2.0-2.49 5 
1.5-1.99 6 
SiS v 
Aberrant Intraepithelial Lymphocytes 
Yes 3 
No 0 
Score Median 5-year Survival (%) 
0-4 97.8% 
5-7 83% 
8-9 60.5% 
210 48.5% 


From Rubio-Tapia A, Malamut G, Verbeek WH, et al. Creation of a 
model to predict survival in patients with refractory coeliac dis- 
ease using a multinational registry. Aliment Pharmacol Ther 2016; 
44:704-14. 


increased age and decreased serum albumin level have been asso- 
ciated with mortality in RCD, and form the basis of a clinical 
prediction score (Table 107.3). 

As noted earlier, the proinflammatory cytokine IL-15 is mas- 
sively increased in the intestine of patients with RCD. IL-15 
induces IEL secretion of IFN-y and increases IEL cytotoxicity 
against epithelial cells, thereby favoring the severe enteropathy 
characteristic of type II RCD.” Increasing evidence suggests 
that IL-15, through its key role in modulating IEL homeostasis, 
ultimately might lead to lymphomatous transformation because 
IL-15 provides signals mandatory for the survival or expansion of 
the abnormal clonal IELs. 

Based on this evidence, patients with suspected RCD should 
have immunohistochemical studies performed to look for reduced 
CD8 expression in small intestinal IELs and/or evaluation of 
TCR clonality in their small intestinal biopsy samples. Those 
with aberrant, oligoclonal, small intestinal mucosal T cells (type 
ID) carry a poor prognosis and often require aggressive manage- 
ment including parenteral nutrition and surveillance for transfor- 
mation into EATL, with consideration for cladribine, autologous 
stem cell transplantation, and investigational therapies including 
blockade of IL-15.2° In contrast, those who lack such abnormal 
T cells (type I) have a better prognosis and may respond to the 
therapies described previously. 


CELIAC DISEASE AND MALIGNANCY 


In the past, patients with celiac disease or DH had been reported 
to have a 10-fold increased risk for certain GI tract malignan- 
cies and a 40- to 70-fold increased risk for non-Hodgkin lym- 
phoma.!**7°! Recent studies, however, indicate that the increase 
in risk of malignancy, particularly lymphoma, is much less than 
initially believed. A population-based Swedish study consist- 
ing of 28,989 patients with histologic evidence of celiac disease 
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found that the overall risk of lymphoproliferative malignancy was 
increased 2.82-fold (HR 2.82; 95% CI 2.36 to 3.37).?” In a pro- 
spective Italian study, patients with celiac disease had a 3.1-fold 
increased risk of non-Hodgkin lymphoma.*°? 

Small intestinal lymphoma, often multifocal and diffuse, typi- 
cally occurs after 20 to 40 years of celiac disease.!85261 Whereas 
in the general population most small intestinal lymphomas are of 
B-cell origin, intestinal lymphoma in celiac disease is typically of 
T-cell origin, and the term EATL was coined to describe both the 
intestinal and extraintestinal lymphomas that complicate celiac 
disease. 

The clinical onset of EATL may be insidious, and its initial 
presentation and small bowel biopsy appearance can mimic those 
of untreated celiac disease. EATL commonly is accompanied by 
mucosal ulceration, as seen in ulcerative jejunoileitis, and these 
ulcers sometimes are the only endoscopic manifestation of lym- 
phoma. Although some patients with EATL have a partial or 
temporary response to a strict GFD, most are eventually unre- 
sponsive to gluten withdrawal. In patients whose disease was pre- 
viously controlled on a GFD, recurrence of GI symptoms (e.g., 
abdominal pain, weight loss, diarrhea) should raise the clinical 
suspicion of lymphoma. In some patients with lymphoma, muco- 
sal histology adjacent to and distant from the lymphoma is indis- 
tinguishable from that of untreated celiac disease, yet the patient’s 
symptoms do not respond to gluten withdrawal.’*° There is a 
long-standing controversy whether such patients had latent celiac 
disease that became evident after lymphoma developed, RCD 
complicated by lymphoma, or refractory enteropathy induced 
by primary intestinal T-cell lymphoma and indistinguishable by 
histologic criteria from celiac disease.*’ Molecular and immuno- 
histochemical studies that have advanced our understanding of 
the relationships among celiac disease, RCD, and EATL are dis- 
cussed in the earlier section on RCD. 

Other features that suggest lymphoma include intestinal 
obstruction, intestinal bleeding, fever, hypoalbuminemia, lymph- 
adenopathy, and erythrophagocytosis, which is evident in bone 
marrow or peripheral blood. Small intestinal radiology, enteros- 
copy with biopsy of the mucosa at multiple levels, capsule endos- 
copy, and CT or MRI may be diagnostically helpful. Mesenteric 
lymphadenopathy with central cavitation has been described in 
celiac disease, both with? and without” lymphoma. If the index 
of suspicion is high and studies are not diagnostic, full-thickness 
biopsy specimens of the small intestine should be obtained at 
laparoscopy or laparotomy with careful examination of the entire 
length of the small intestine and examination of mesenteric 
lymph nodes. Even with such an aggressive approach, EATL can 
be extremely difficult to diagnose. 

EATL is often fatal, with long-term survival almost exclusively 
confined to those treated with chemotherapy.’ The incidence of 
EATL has risen in recent decades, in parallel to the rise in celiac 
disease prevalence.?°’ Though EATL remains a rare outcome in 
celiac disease, given its poor prognosis, there is a need to develop 
effective therapies.’°* 

Other carcinomas, particularly those of the digestive tract, 
have been found to be increased in patients with celiac disease. A 
population-based Swedish study reported elevated risks for small 
intestinal cancer (HR 31.0), esophageal cancer (HR 6.17), colon 
cancer (HR 7.94), and primary liver cancer (6.05).?°? However, 
only small intestinal and liver cancer exhibited an increased risk 
more than 1 year after the diagnosis of celiac disease. The preva- 
lence of colorectal adenomas has not been found to be increased 
in patients with celiac disease.?””? A study of patients with DH 
also found a slightly increased overall cancer risk (SIR, 1.2) owing 
to excesses of lymphoma and leukemia, but no increases in GI 
carcinomas.!*> 

The mechanisms responsible for the increased prevalence of 
malignancy in celiac disease are unknown. Increased crypt mitotic 
activity, increased turnover of lymphoid cells within the mucosa, 


penetration of the damaged intestinal mucosa by carcinogens, 
infection with oncogenic viruses, and underlying abnormalities 
in the mucosal immune system and surface epithelium all are 
potential factors. 


PROGNOSIS 


Celiac disease has an excellent prognosis if it is diagnosed early 
and the patient adheres to a lifelong GFD. Conversely, if it is not 
recognized and not properly treated, patients can develop marked 
malnutrition and debilitation and can die of complications such 
as intercurrent infection or malignancy. Increased mortality has 
been reported in celiac disease (with estimates from large stud- 
ies ranging from a 1.39- to 2.0-fold increase),”’! but especially in 
patients who were not adhering to a GFD, as well as patients with 
RCD and intestinal lymphoma. A study of 335 adults to celiac 
disease from Finland, at least 83% of whom adhered strictly to 
a GFD, showed that the 5-year survival was comparable to that 
of the general population.!°° Growth and development in infants 
and children with celiac disease proceed normally following glu- 
ten withdrawal. In adults, absorptive functions usually return, 
and many of the manifestations of disease disappear after a GFD 
is initiated. Certain complications, however, such as peripheral 
neuropathy, ataxia, or pathologic fractures secondary to severe 
metabolic bone disease, particularly in the setting of secondary 
hyperparathyroidism, might not be completely reversible. The 
potential protective effects of a GFD against the development of 
other autoimmune diseases or on clinical outcomes in silent celiac 
disease remain unknown. 

Although generally considered a lifelong condition, there is 
evidence that this is not necessarily so, because the long-term fol- 
low-up of children with proven celiac disease shows that a small 
proportion become tolerant (defined on clinical, biological, and 
histologic grounds) to gluten during adolescence. Second, it also 
has been shown, in individual cases, that the mucosal lesions typi- 
cal of the disease can appear de novo during adulthood.” The 
factors leading to the appearance or disappearance of gluten-sen- 
sitive enteropathy, however, are still unknown. Although adoles- 
cent patients might stray from their GFD, often without apparent 
ill effects, their inability to tolerate gluten remains, and many 
asymptomatic adolescent patients can be shown to have persistent 
serologic, hematologic, biochemical, and morphologic abnor- 
malities.’+ 77> If gluten ingestion continues into adult life, most 
patients with celiac disease eventually develop recurrent clinical 
evidence of celiac disease. Therefore, patients with unequivocal 
evidence of celiac disease in childhood should be encouraged to 
remain on a GFD indefinitely if recurrent clinical disease is to be 
avoided during adult life. 


FUTURE THERAPIES 


Improved knowledge of celiac disease epidemiology and patho- 
genesis, the development of nonresponsive and RCD, and the 
burden of treatment associated with the GFD all encourage the 
search for alternative or adjunctive treatments.!? Oral gluten- 
ases from bacterial or cereal sources are now being studied for 
their potential therapeutic use in cleaving toxic gliadin pep- 
tides within the stomach and proximal small intestine, thereby 
potentially abrogating gluten toxicity.?”* 77° A combined endo- 
peptidase/endoprotease targeting gluten was compared with 
placebo in a randomized trial of 494 patients with celiac disease 
and persistent symptoms. There was no difference in symptom 
improvement or villus histology, although both groups exhib- 
ited improvement, suggesting that the act of participating in a 
trial resulted in improved adherence to the GFD.’”° Posthoc 
analysis found that among seropositive patients this enzyme 
oats in superior symptom improvement compared with pla- 
cebo.? 


An increase in intestinal permeability is a well-documented 
feature of celiac disease and can facilitate the passage of gluten 
across the epithelial layer to be taken up by antigen-presenting 
cells to activate gliadin-specific T cells. Larazotide acetate, an 
octapeptide tight junction modulator,” has, in early clinical tri- 
als, showed promise in preventing symptoms and signs of celiac 
disease activity during gluten challenge.?78-280 

Genetic modification of wheat to delete toxic peptides has 
been proposed to prevent the activation of celiac disease. This 
approach is complicated by the large number of T-cell epitopes 
and by the complexity of wheat genetics. An alternative strategy 
might be to develop peptide analogs capable of interfering with 
HLA-DQ binding and T-cell activation to redirect the immune 
response toward tolerance. In mice, a vaccine based on the 
intranasal administration of whole gliadin or one of its isoforms 
partially inhibited the systemic T-cell response to parenteral chal- 
lenge by whole gliadin.”*! This has led to the development of a 
parenterally administered mix of gluten peptides, with the aim of 
inducing tolerance to gluten; this is currently in clinical testing.’*? 

As mentioned earlier, (1G modification of gliadin peptides 
greatly increases their immunogenicity and toxicity in celiac 
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disease.” Thus, tTG inhibitors are also being evaluated for their 


ability to reduce gluten toxicity. 

Another strategy, suggested by Maiuri and colleagues,*® 
is blockade of signals derived from the cytokine IL-15. Block- 
ing IL-15 and its signals may be useful in RCD when patients 
have become unresponsive to the GFD and do not experience a 
response to conventional antiinflammatory therapy. 

Because celiac disease is, in most cases, effectively treated by a 
safe, established diet, any alternative treatments that emerge must 
meet high standards of efficacy and safety. Nevertheless, gluten 
exposure is common among patients attempting to adhere to the 
diet?*+5> and patients rate the burden of the GFD as consider- 
able.*° As such, nondietary therapies are eagerly awaited by the 
majority of patients with celiac disease.?*” 
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Diarrheal disease is common in tropical countries, affecting 
individuals of all ages and including indigenous residents as 
well as travelers to these countries. The frequency of diarrheal 
disease in warm tropical climates relates to multiple factors, 
including poor hygiene, poor sanitation, and the ability of the 
pathogens to survive and proliferate in food and water under 
such ambient conditions.!? In indigenous residents of the 
tropics, infection with enteric pathogens often is asymptom- 
atic whereas short-term visitors tend to develop symptomatic 
infections with diarrhea of variable duration.*+> Cross-sectional 
studies using molecular methods have identified enteric patho- 
gen carriage in 50% to 94% of children and adults residing 
in tropical countries.” The development of diarrheal illness 
in individuals silently harboring pathogens may be related to 
pathogen load and multiplicity of infection largely attributable 
to heavy microbial contamination of foodstuffs resulting from 
poor sanitation.*? 

Subclinical and overt malabsorption are common in long-term 
residents of the tropics, the predominant cause varying with geo- 
graphic location.!°-!? Tropical sprue (TS) remains the major cause 
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of adult malabsorption in many tropical countries!?:!* but is less 
common in children in whom a variety of other etiologies, includ- 
ing celiac disease and transient post-infection malabsorption, may 
be implicated; tropical enteropathy (TE) is another cause of sig- 
nificant morbidity and long-term consequences in children. Para- 
sitic infections of the small intestine are the next most common 
cause of chronic diarrhea and malabsorption in tropical countries. 
Intestinal TB and tropical pancreatitis with pancreatic insuffi- 
ciency are other significant causes of malabsorption in the tropics. 
This chapter focuses on TS andTE but touches briefly upon other 
specific causes of diarrhea and malabsorption in the tropics. 


INFECTIOUS DIARRHEA IN THE TROPICS 


Acute and chronic infectious diarrhea in the tropics are caused 
by a variety of bacterial, viral, and parasitic agents (Box 108.1). 
Although these pathogens affect the indigenous population of 
the tropics, many infected adults remain asymptomatic, prob- 
ably because of immunity acquired by earlier exposures to the 
same or related infectious agents. Short-term visitors to the 
tropics, however, are at significant risk for diarrhea with nearly 
50% developing a diarrheal illness during their stay.!° In the past 
decade, incidence rates of diarrhea during travel to countries 
with improving economies dropped significantly, although rates 
remained high with travel to South Asia, Western Asia, northern 
and tropical Africa, and Central America.!>:!¢ 

Cholera is the most dramatic form of acute diarrhea, and 
results in death from dehydration and electrolyte imbalance if 
untreated. Cholera continues to be endemic in the Indian sub- 
continent, particularly in the southern and eastern parts; the 
Indonesian islands; the Philippines; and Latin America; it may 
also afflict travelers to these countries.!’ Epidemics of cholera 
occur intermittently in tropical developing countries, related to 
breakdown in sanitation and hygiene during or shortly after the 
rainy season, during large gatherings of people such as occurs 
at places of religious significance, and also during war or civil 
strife.!®-20 In the past decade, cholera has become endemic in 
major parts of sub-Saharan Africa, affecting nearly 150,000 
persons per year.?! Among 10,032 patients in the US with ill- 
ness related to foreign travel, acute diarrhea was most common, 
accounting for 22% of cases.’* The etiology of acute diarrheal 
illness in travelers is often geographically determined. Thus, 
enterotoxin-producing Escherichia coli was associated with travel 
to South America or to Mexico; Giardia lamblia and Cryptospo- 
ridium spp.with travel to South Central Asia; and Campylobacter 
spp. with travel in South and Southeast Asia? and less com- 
monly to West or East Africa, and not with travel to or in South 
America or the Caribbean.*+ Campylobacter exhibited a high 
degree of resistance to fluoroquinolones.” When molecular 
methods are used to diagnose which infection is causing diarrhea, 
multiple pathogens are detected in nearly a half of samples.**+ 
Enteropathogenic E. coli and enteroaggregative E. coli were more 
common than enterotoxigenic E. coli or Campylobacter. Arco- 
bacter species and enterotoxin-producing Bacteroides fragilis have 
been identified as important causes of diarrhea in some areas.”? 
Infection with the coccidian parasites, Cyclospora, Cryptospo- 
ridium and Cystoisospora, and with the fungus, microsporidia, 
causes transient or no illness in immunocompetent residents of 


BOX 108.1 Causes of Infectious Diarrhea in the Tropics 


BACTERIA 


Aeromonas hydrophila 

Arcobacter butzleri 

Bacteroides fragilis, enterotoxigenic 

Campylobacter jejuni 

Escherichia coli: enterotoxigenic, enteroaggregative, enteroinva- 
sive, enterohemorrhagic 

Laribacter hongkongensis 

Listeria monocytogenes 

Plesiomonas shigelloides 

Salmonella, non-typhoidal 

Shigella species: S. dysenteriae, S. flexneri, S. sonnei, S. boydii 

Vibrio cholerae O1, 0139, non-O1 non-0139 

Vibrio parahaemolyticus 

Yersinia enterocolitica 


HELMINTHS 


Anisakis simplex 

Fasciolopsis buski 

Heterophyiasis (Haplorchis taichui, Metagonimus yokogawai) 
Hymenolepis nana 

Paracapillaria philippinensis 


Schistosoma mansoni 
Strongyloides stercoralis 
Trichinella spiralis 
Trichuris trichiura 
HETEROKONTS 
Blastocystis hominis 
FUNGI 

Encephalitozoon intestinalis 
Enterocytozoon bieneusi 
PROTOZOA 
Cryptosporidium parvum 
Cyclospora cayetanensis 
Cystoisospora belli 
Giardia lamblia 
Leishmania donovani 
VIRUSES 

Astroviruses 
Caliciviruses: norovirus and sapovirus 
Enteric adenoviruses 
HIV 

Picornaviruses 

Rotavirus 


the tropics, but may cause persistent diarrhea in travelers who 
have returned from the tropics.”° The opportunistic heterokont 
Blastocystis and the protozoan Dientamoeba fragilis may often be 
identified in the stools of symptomatic returned travelers, but 
their frequent carriage in stool even prior to travel means these 
must be viewed with caution when assigning causation for diar- 
rhea.’” Noroviruses are another emerging cause of diarrhea asso- 
ciated with travel to tropical countries.’* 


TROPICAL SPRUE 


TS remains the major cause of malabsorption in tropical coun- 
tries.!>1429-31 Despite much investigation, the etiology of this 
disease has never been satisfactorily elucidated. In recent times, 
TS has been overshadowed by the emergence of celiac disease as 
a major cause of malabsorption in some parts of the world (e.g., 
in some states of northern India).*? TS continues to be reported 
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BOX 108.2 Causes of Malabsorption Syndrome in the 
Tropics 


INFECTIONS 

Bacteria 

Mycobacterium avium intracellulare complex 
Mycobacterium tuberculosis 
Helminths 

Hymenolepis nana 
Paracapillaria philippinensis 
Strongyloides stercoralis 
Protozoa 

Cryptosporidium parvum 
Cyclospora cayetanensis 
Cystoisospora belli 

Giardia lamblia 

Leishmania donovani 


FUNGI 


Encephalitozoon intestinalis 
Enterocytozoon bieneusi 


LYMPHATIC OBSTRUCTION 
Intestinal lymphangiectasia 
MUCOSAL DISEASES 


Autoimmune enteropathy 

Celiac disease 

Eosinophilic gastroenteritis 

HIV enteropathy 

Immunoproliferative small intestinal disease 
Intestinal lymphoma 

Primary immunodeficiencies 

TS 


NEONATAL DISEASES 


Microvillus inclusion disease 
Tufting enteropathy 
Pancreatic Insufficiency 
Alcoholic pancreatitis 

CF 

Tropical pancreatitis 


SIBO 


Following ulcer surgery 
Secondary to intestinal TB and Crohn disease 


SPECIFIC TRANSPORT DISORDERS 


Abetalipoproteinemia 

Fructose malabsorption 
Glucose-galactose malabsorption 
Hypolactasia 

Sucrose intolerance 


in individuals who return to temperate climates after prolonged 
stays in tropical developing countries.***° TS needs to be differ- 
entiated from a variety of other conditions that also cause malab- 
sorption in residents of the tropics (Box 108.2). 


Definition 

TS may be defined asa primary malabsorption syndrome that occurs 
in people living in the tropics or returning to temperate climates 
after a prolonged stay in the tropics. The use of the term “primary” 
implies that all other known causes of malabsorption have been 
excluded. Of these other causes, the most common that need exclu- 
sion in adolescents and adults are gluten- sensitive enteropathy or 
celiac disease, malabsorption secondary to SIBO, obscure small 
bowel infections, and pancreatic insufficiency. The gold standard 
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definition for TS remains that of Baker and Klipstein,>” who 
required that malabsorption of at least 2 unrelated nutrient groups 
(e.g., fat, carbohydrate, vitamins), small bowel biopsy findings of 
mucosal inflammation and villous shortening, and exclusion of the 
common causes of malabsorption all had to be present to confirm 
the diagnosis. With the increasing availability of specific diagnostic 
tests for specific disease conditions, the practice of testing for nutri- 
ent absorption has been abandoned in developed countries.** The 
diagnosis of TS, however, continues to require the demonstration 
of characteristic histologic abnormalities on mucosal biopsy along 
with tests to exclude specific disorders, including celiac disease, 
chronic pancreatitis, and parasitic infections. 


History 


Malabsorption in the tropics has been recognized for 2 millennia. 
The ancient Indian medical text, the Charaka Samhita, dates back 
to 100 BC to 200 CE, records the description of Grahani disease 
which results from a loss of the “digestive fire”; the severe form 
of Grahani is associated with glossitis, nutrient deficiencies, diar- 
rhea, abdominal distension, and emaciation, potentially leading 
to death.*? The first description of TS in the English language 
was in 1759 by William Hillary, working in Barbados.“ He 
described this disease (aphthoides chronica) as commencing with 
severe mouth ulcers and glossitis, followed by diarrhea, maras- 
mus, and death. The word sprue probably originated from the 
Dutch term sprouw used to describe a condition characterized by 
severe aphthous ulceration of the mouth.*! The Dutch used the 
term Indische Sprouw to describe what appeared to be the same 
condition occurring in their colonies in Southeast Asia. A similar 
illness was noted in Europeans who spent time in the Asian colo- 
nies of India, Indochina, and China and that went by many names 
including “chronic diarrhea of the tropics” before being named 
“sprue” by Manson in 1880.*! The history of non-TS (celiac dis- 
ease) is discussed in Chapter 107. 


Epidemiology 


TS has been described in South and Southeast Asia, Central 
America, South America, the Caribbean islands, parts of Africa, 
and tropical Australia (Fig. 108.1). TS continues to be described 
in Western visitors who have spent only a few months or years in 
the tropics before returning home.**-*¢ In expatriates returning to 
Western developed countries, TS can sometimes be attributed to 
specific prolonged intestinal infections,” and an attack of infectious 
gastroenteritis appears to greatly increase the risk of development 
of TS.* In indigenous residents of the tropics with sporadic TS, the 


illness in a minority of patients may have a clear onset with a febrile 
illness. In contrast to celiac disease, adults are more often affected 
than children, and there are no specific dietary associations with TS. 

TS had occurred in epidemic form in the past. Such epidemics 
were described in soldiers and prisoners of war in Asia during the 
Second World War,***> and in South India during the 1960s and 
1970s.*° Epidemic TS affected adults more often than it did chil- 
dren, and exposure during the first wave of an epidemic often con- 
ferred protection during the second wave; intra-familial secondary 
transmission of disease also had been noted. In the early 1960s, 
epidemic sprue was responsible for the deaths of 30,000 to 40,000 
people in South India alone. Seasonal occurrence of TS was noted 
in Puerto Rico, where it was common during the first 3 months of 
the year.*” 

Epidemic sprue is no longer reported from any part of the 
world. However, sporadic TS continues to account for a signifi- 
cant proportion of adult malabsorption and a smaller proportion 
of childhood malabsorption in South Asia.}3.!479-3! 


Etiopathogenesis 


Despite extensive search, a single etiologic agent for TS has never 
been identified. Studies have targeted parasites, bacteria, viruses, 
algae, fungi, and toxic agents as possible causes for the disease and 
have, for the most part, been negative. These studies were under- 
taken in an era when currently used molecular screening tech- 
niques were not available and this may be one reason for the lack 
of identification of specific pathogens. Using culture techniques, 
some investigators showed that patients with TS in endemic 
areas had an overgrowth of coliform bacteria in the upper small 
intestine. Other investigators, however, using similar techniques, 
found that such small bowel contamination was equally common 
in patients with TS and in control subjects from similar social and 
cultural backgrounds.** As the apparently normal control sub- 
jects used in these studies probably had subclinical malabsorption 
(enteropathy), this raises the possibility that TS is an iceberg dis- 
ease just as is celiac disease. Coliforms (Klebsiella spp., Enterobacter 
cloacae, or E. coli) isolated from the small intestine of patients with 
TS in Haiti and Puerto Rico have been shown to secrete entero- 
toxins that damaged the intestinal epithelium in animal models.*” 
However, similar enterotoxin-producing coliforms have not been 
identified in patients with sprue from other parts of the world.°° 
It has been suggested that SIBO in TS is secondary to slow small 
intestinal transit caused by luminal unabsorbed fat turning on the 
“ileal brake” due to secretion of peptide YY and neurotensin.°! 
Viral particles that resemble human enteric coronaviruses have 
been described in the stool and jejunal enterocytes of patients with 


Fig. 108.1 Geographic distribution 

of tropical malabsorption. Purple 
indicates areas where overt TS oc- 
curs; yellow indicates areas where 

a disorder resembling TS occurs. 
Green areas are where only subclinical 
abnormalities of small intestinal struc- 


ture or function have been observed. 
Today, such subclinical abnormalities 
(tropical or environmental enteropathy) 
have been observed in most countries 
of South Asia, Southeast Asia, Africa, 
and South America that fall within the 
tropics. (Modified from Klipstein FA. 
Tropical sprue in travelers and expatri- 
ates living abroad. Gastroenterology 


1981; 80:590-600.) 


TS,” but this has not been consistent across populations. An ill- 
ness of subacute onset with a presentation resembling TS has been 
described from around Detroit, Michigan, where small bowel 
biopsies showed histopathologic findings very similar to TS or 
celiac disease. The illness remitted spontaneously over a period of 
9 to 38 weeks, and has been ascribed to a probable viral etiology.” 

Infection with a bacterial pathogen or a parasite appears to 
be important in the pathogenesis of TS in visitors to the trop- 
ics. Here, the disease appears to be triggered by GI infection 
with a variety of organisms including one of the several forms of 
enteropathogenic E. coli or Giardia intestinalis. It is estimated that 
approximately 6% of travelers to low-income countries develop 
persistent or chronic diarrhea after returning home, with giar- 
diasis being an offender in a significant number.** Such individu- 
als may experience intermittent diarrhea during their stay in the 
tropics but the disease appears to present in more severe form 
only after they return home to a temperate climate; in some indi- 
viduals, Cyclospora has also been implicated. A recent study of 
American military personnel stationed abroad found that a prior 
episode of infectious gastroenteritis increased the odds of devel- 
oping TS by 36.6 times and of developing intestinal malabsorp- 
tion by 3.93 times. Caucasian ancestry and more than a high 
school education increased the odds independently. It is very 
likely that bacteria not pathogenic in native residents of the trop- 
ics may lead to disease in visitors who have not been exposed to 
these microbial species earlier. In many cases, tropical diarrhea in 
visitors is short-lived and self-limited or is truncated by antibiotic 
use. Some persons, however, develop chronic diarrhea with evi- 
dence of malabsorption, and intestinal mucosal biopsy specimens 
reveal villus atrophy and inflammation in the lamina propria. TS 
in visitors to tropical countries is thus sometimes termed post- 
infection malabsorption. It is not clear what determines the devel- 
opment of villous atrophy and malabsorption in some individuals 
while others recover uneventfully. 

Fig. 108.2 summarizes possible etiopathogenic pathways for 
the development of TS and TE. The etiologic agents considered 
include toxins (bacterial or fungal) and viruses. Involvement of 
intestinal epithelial stem cells as the primary target is based on elec- 
tron microscopic studies.’ Initial damage to the stem cells at the 
base of the intestinal crypts, induced by microbes or their toxins, 
may lead to immature epithelial cells in the villi with reduction of 
villous height and increase in intestinal mucosal permeability. The 
development of mucosal inflammation is likely to be driven by pas- 
sive permeation of large molecules resulting from alterations in 
the epithelium, as well as abnormal or exaggerated innate immune 
responses to microbial or other stimuli. Intraepithelial lymphocytes 
(IELs), which include ap-IEL bearing the af-T cell receptor, or 
y6-IEL bearing the yé-T cell receptor, are important in maintain- 
ing homeostasis at the gut mucosal interface and are significantly 
increased in TS. The af-IELs are mostly CD8-positive effector 
T cells, which may contribute to epithelial cell damage and death. 
Many IEL functions are mediated via NOD-2- and TLR-2-me- 
diated innate immune signaling involving interleukin-15 and the 
transcription factor Tbet.°®>® It is likely that the changes in IEL 
distribution and number in TS reflect a breakdown of the normal 
homeostatic mechanisms and involve microbial signaling to the 
innate immune system. SIBO secondary to delayed small bowel 
transit may be responsible for the perpetuation of these changes.*? 
It is tempting to speculate that the difference between TS and TE 
results from differences in the innate immune responses to micro- 
bial stimulation. 


Clinical Features 


TS typically affects adults, although it is also known to occur in 
children. The typical presentation is with chronic diarrhea, soreness 
of the tongue, and weight loss (Table 108.1). The stool may have 
evidence of steatorrhea, being pale, bulky, frothy, and foul smelling. 
Abdominal distension and borborygmi are prominent features. In 
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Corona viruses 
Bacterial toxins 
Mycotoxins 


Stem cell 
signaling 
disrupted 


Stem cells in 
crypts damaged 
or dead 


Reduced 
absorptive cell 
lineage and 
villous atrophy 


Extensive 
damage to 
mucosa 


Asymptomatic 
malabsorption 
(Tropical 
enteropathy) 


Symptomatic 
malabsorption 
(Tropical sprue) 


Mucosal 
inflammation 
Increased peptide YY 
Activation of ileal brake 


Altered TLR signaling 
Bacterial toxins 


Small bowel Reduced upper 
small bowel 


motility 


growth of E. coli, 
Klebsiella, SIBO 


Fig. 108.2 Etiopathogenesis of TS. This figure provides a hypothetical 
framework for understanding the pathogenesis of TS and TE (see text for 
details). Damage to intestinal epithelial stem cells by microorganisms or 
toxins leads to villous damage and malabsorption that is perpetuated by 
SIBO. SIBO develops because of malabsorption of fat, ileal production of 
peptide YY, and resultant small bowel dysmotility. Alternatively, noxious 
environmental influences that affect stem cell signaling in the small intes- 
tine may lead to reduced differentiation to the surface epithelial lineage 
leading to villous atrophy and enteropathy. TLR, Toll-like receptor. 


expatriates, and during epidemics, the illness often begins with fever 
and watery or, rarely, bloody diarrhea. These symptoms, reminis- 
cent of an infection, often resolve after a week or so to be followed 
by lingering diarrhea associated with weight loss. 

Physical signs that may be found in affected patients (see Table 
108.1) include pallor from iron and vitamin B deficiency; angular 
stomatitis, cheilitis, and glossitis from vitamin B deficiency; and 
peripheral edema and skin and hair changes secondary to hypopro- 
teinemia. Glossitis is characterized by diffuse redness of the tongue 
with loss of papillae; the aphthous ulceration associated with celiac 
disease is not common. Hyperpigmentation of the buccal mucosa, 
palms, and knuckles (Fig. 108.3) is often present in patients with the 
full-blown syndrome but may occasionally be its only presenting 
symptom; such hyperpigmentation has been attributed to disturbed 
melanin metabolism secondary to vitamin B,7 deficiency. Vitamin 
A deficiency with night blindness, Bitot spots, and corneal xerosis 
are much rarer. Fever at the onset has been noted in a quarter of 
patients in South India. Although the illness may spontaneously 
resolve after weeks or months in some individuals, in many others 
there is a course characterized by exacerbations and remissions. In 
the later stages of untreated illness, patients are grossly emaciated, 
with muscle weakness, particularly of the proximal muscles. 
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TABLE 108.1 Clinical Features of Tropical Malabsorption, Their Causes, and Their Mechanisms 


Clinical Feature(s) 


PART X_ Small and Large Intestine 


Cause(s) 


Mechanism(s) 


Diarrhea 


Pale, bulky stool 


Foul-smelling stool 


Borborygmi, abdominal fullness 
Nocturia 


Pedal edema, skin changes, 
leukonychia, muscle wasting 


Pallor 


Koilonychia 


Hyperpigmentation of palms, 
knuckles, mouth 


Angular stomatitis, glossitis 


Night blindness, corneal xerosis, 
bitot spots 


Muscle weakness 

Tetany, carpopedal spasm 
Hemorrhagic diathesis 
Lack of taste (ageusia) 


Metabolic bone disease 


Weight loss 


Ogilvie syndrome 


Carbohydrate malabsorption 
Unabsorbed fatty and bile acids 


Fatty acid and bile malabsorption 


Fat and protein malabsorption 


Carbohydrate malabsorption 
Delayed water absorption 
Hypoproteinemia and protein-losing enteropathy 


Anemia due to vitamin B42, folate, and/or iron deficiency 


Iron deficiency 
Vitamin B42 deficiency 


Vitamin B deficiency 
Vitamin A deficiency 


Hypophosphatemia, hypokalemia, hypomagnesemia 
Hypocalcemia 

Vitamin K deficiency 

Zinc deficiency 


Vitamin D deficiency 
Hypoproteinemia 


Reduced calorie intake 
Increased fecal calorie loss 


(colonic pseudo-obstruction) 


Electrolyte disorders (e.g., hypokalemia, hypomagnesemia) 


Osmotic diarrhea 
Colonic water secretion 


Mucosal disease 
Pancreatic insufficiency 


Oxidation of malabsorbed fatty acids 
Production of skatole from tryptophan 


Bacterial fermentation of unabsorbed carbohydrate 
Delayed water absorption from small intestinal disease 


Loss of mucosal surface 
Ulceration of the small intestinal mucosa 
Functional pancreatic insufficiency 


Mucosal disease in the duodenum (folate, iron) and 
ileum (B42) 


Mucosal disease in the duodenum 
Disturbed metabolism of melanin, SIBO 


Mucosal disease of the small intestine 
Steatorrhea with malabsorption of vitamin A 


Mucosal disease with malabsorption or secretion 
Steatorrhea 

Steatorrhea 

ncreased zinc losses in stool 


Malabsorption of fat-soluble vitamins 
Malabsorption of protein 


Anorexia secondary to folate and B42 deficiency 
Malabsorption 


Intestinal neuro-immune-endocrine dysfunction 


x 


E 
y 


Fig. 108.3 Hyperpigmentation of the palms in a patient with TS. This 
finding is often seen in patients with TS in southern India and has been 
attributed to vitamin B42 deficiency. 


Peripheral neuropathy may be present, but subacute combined 
degeneration of the spinal cord from vitamin Bız deficiency, once 
noted in TS, is no longer found, perhaps because of earlier diagno- 
sis and treatment. The presence of finger clubbing should suggest 
other illness such as immunoproliferative small intestinal disease 
(IPSID), in which this finding is characteristic (Fig. 108.4). Sprue 


Fig. 108.4 Finger clubbing in a patient with IPSID. 


coma, manifest by listlessness and apathy, was described in the past 
and attributed to a deficiency of divalent cations, particularly magne- 
sium. Rarely, a syndrome similar to Ogilvie colonic pseudo-obstruc- 
tion syndrome occurs (see Chapter 124), characterized by abdominal 
pain and distention with exaggerated bowel sounds. 


Histopathology 


Although TS typically is a disease of the small intestine, involve- 
ment of the stomach and colon has been reported. Many patients 
with sprue have reduced acid secretion detected by gastric secretory 
testing, and examination of biopsy specimens showed more than 


showing an increase in IELs. 


Fig. 108.6 Histopathology of 

TS. Endoscopic duodenal biopsy 
specimens showing a gradation 

of mucosal histology accord- 

ing to the grading system of 
Baker and Mathan’®: A, Grade 

0: normal. B, Grade |: shorten- 

ing of the villi, increase in the 
depth of the glandular layer, and 
increase in lymphocytic infiltra- 
tion of the lamina propria and 
surface epithelial cells. C, Grade Il: 
further increase in the depth of the 
glandular layer extending up to half 
the total distance from the crypt 
base to the villous tip with more 
cellular infiltration. D, Grade Ill: the 
glandular layer occupies more than 
half the distance from the crypt 
base to the villus, together with 
flattening of surface epithelial cells, 
disorganization of the brush bor- 
der, and marked cellular infiltration 
of the lamina propria and surface 
epithelial cells. The completely flat 
mucosal surface that occurs in 
some cases of celiac disease is 
not seen in TS (see Fig. 107.1A). 
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half of patients with TS had atrophic gastritis.©” These studies were 
performed before the recognition of Hp and, therefore, their true 
significance is unknown. Although small bowel biopsy was originally 
obtained using a peroral biopsy capsule, it is now standard to obtain 
biopsies from the duodenum or proximal jejunum during upper 
GI endoscopy. When examined under low power magnification, 
biopsies characteristically show blunting and fusion of the villi. The 
endoscopic parallel of this finding is scalloping of the duodenum.°! 
Histologically, small intestinal biopsy specimens in TS show 
varying degrees of villous blunting (atrophy), and crypt elonga- 
tion.** In addition to blunting, the villi sometimes appear fused. 
The normal villous-to-crypt ratio in the jejunal mucosa is 4:1 
or 5:1; in the partial villous atrophy seen with TS, this ratio is 
reduced to 2:1 or 1:1. Complete villous atrophy, noted in some 
patients with celiac disease, is not seen in TS. The lamina propria 
of the small intestine is infiltrated by lymphocytes, and there is 
an increase in IELs (Fig. 108.5), with some studies reporting a 
mean of 77.3 IELs per 100 epithelial cells.’ Baker and Mathan*® 
graded the histologic changes in TS on a scale of 0 to IN (Fig. 
108.6), which is somewhat different from the modified Marsh 
scoring system that is widely used to score celiac disease biopsy 
specimens. An eosinophilic infiltrate may be noted in the duode- 
nal mucosa. In TS, the ileal mucosa usually displays more severe 
villous blunting than the duodenal mucosa.** The colonic mucosa 
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may show infiltration with IELs and eosinophils and increased 
lymphocytic infiltrate in the lamina propria, similar to the lym- 
phocytic colitis that may be seen in association with celiac disease. 

Electron microscopy reveals degenerating cells in the basal 
region of the crypts of the small intestine,’ a finding similar 
to that seen in radiation enteritis and in enteritis secondary to 
chemotherapy. In this respect, there is a significant difference 
between TS and celiac disease. 


Pathophysiology 


The characteristic finding in TS is villous atrophy accompanied 
by elongation of the crypts. Ultrastructural studies show the 
microvilli of the epithelial cells are distorted and grouped. These 
changes lead to a marked reduction in the total absorptive surface 
area of the small intestine, which is reflected by reduced D-xylose 
absorption.® In contrast to celiac disease, electron microscopy 
in TS reveals degenerating and dead cells in the basal region of 
the crypts, which suggests primary stem cell involvement. Dead 
epithelial cells at the villus base are extruded more rapidly than 
normal, and this is compensated for by increased crypt cell pro- 
liferation and enterocyte migration up the villus.°t The marked 
reduction in absorptive enterocytes and the increase in crypt epi- 
thelial cells suggest that stem cell signaling pathways in the small 
intestinal epithelium are probably altered, but this has not been 
formally investigated. 

Fat malabsorption in TS is secondary to small intestinal epithe- 
lial cell damage. The pancreatic enzyme response to an indirect test 
such as the Lundh meal is impaired, although pancreatic response 
to secretin is normal. Such functional pancreatic insufficiency 
results from inadequate pancreatic stimulation as a consequence 
of mucosal disease and is reflected in an abnormal pancreolauryl 
test in more than 50% of patients with TS.© The fat in the stool 
is largely in the form of free fatty acids, both saturated and unsatu- 
rated, depending on the nature of the ingested dietary fat.°° 

Folate and iron deficiency, reflecting proximal small intestinal 
involvement, is less common than Bı? malabsorption, which reflects 
involvement of the terminal ileum. The 3-stage Schilling test in 
TS evidences mucosal abnormality, because defective vitamin B, 
absorption is not corrected either by intrinsic factor or by antibiotic 
therapy; the Schilling test is no longer available in most countries. 
Bile acid malabsorption also results from terminal ileal involvement 
and can contribute to diarrhea. Colonic malabsorption of water and 
electrolytes contributes to the diarrhea of TS and can result from 
the action of unabsorbed bile acids and free unsaturated fatty acids 
in the stool.® The contribution that lymphocytic infiltration of the 
colon plays in causing diarrhea in TS is unstudied. 


Diagnosis 


There is no single test to diagnose TS. Although electron micros- 
copy of the jejunal mucosa of patients with TS in South India 
showed the presence of degenerating cells in the crypts, an appar- 
ently specific change, its expense and lack of widespread availabil- 
ity detracts from its use as a diagnostic test. As tests of absorption 
are no longer commonly used, the diagnosis of TS currently 
requires the demonstration of multiple nutrient deficiencies, 
abnormal small bowel biopsy, and exclusion of other known 
causes of malabsorption, including celiac disease and parasitic 
infections, as proposed by Baker and Klipstein in 1970.37 
Steatorrhea is assessed qualitatively today using Sudan staining of 
TG oil droplets in stool, a test which has replaced the quantitative 
Van de Kamer analysis (see Chapter 104). The acid steatocrit, based 
on the separation of fat from non-fat components by centrifugation 
of acidified stool in a hematocrit tube, is useful in pancreatic insuffi- 
ciency in which fecal fat is in the form of TGs, but has not been vali- 
dated for malabsorption due to mucosal disease (see Chapter 104).°7 


Fig. 108.7 Film from a barium follow-through study of the small bowel 
in a patient with TS showing loss of the normal feathery mucosal pat- 
tern in the small bowel, with dilatation of jejunal loops and thickening of 
the mucosal folds. 


In TS in India, D-xylose malabsorption, steatorrhea, and vita- 
min Bız malabsorption are found in about 99%, 90%, and 60% to 
90% of patients, respectively. Xylose absorption is tested either 
by measuring urinary excretion of the sugar over a 5-hour period 
after its ingestion, or by measuring the blood xylose level 1 hour 
after its ingestion. In the tropics, a 5-g dose rather than the tradi- 
tional 25-g dose of D-xylose is used because the lower dose does 
not cause vomiting or diarrhea. Xylose absorption is a reflection 
of surface area of the small intestine, because this pentose sugar is 
absorbed by passive diffusion. It is a good, but nonspecific, indi- 
cator of reduced mucosal surface area in TS. 

In contrast to celiac disease, in which involvement of the prox- 
imal small intestine predominates and, therefore, serum folate 
levels are low and vitamin By levels are normal, TS affects the 
distal small intestine and terminal ileum; as a result, serum folate 
levels are normal and vitamin B,) levels are low. Bı} deficiency 
is diagnosed by measuring levels of the vitamin in serum and by 
demonstrating elevations in serum methylmalonic acid. 

Fecal examination for occult blood and for parasites is essen- 
tial. Protozoan parasites that cause diarrhea must be sought using 
special stains of the feces including modified acid-fast stains. In 
TS, characteristic changes observed on small bowel series include 
thickening of the mucosal folds of the jejunum, loss of the feath- 
ery mucosal pattern in the proximal jejunum, and delayed tran- 
sit through the small intestine (Fig. 108.7). CT scanning of the 
abdomen is more commonly performed than small bowel series 
today and may show dilated, featureless, atonic loops of small 
intestine with progressive dilution of oral contrast because of 
accumulation of excessive amounts of fluid. Excessive colonic gas 
is sometimes a feature of the disease. The main role of CT in 
practice, however, is to exclude intestinal masses and lymphade- 
nopathy within the mesentery and retroperitoneum, which are 
characteristic of other inflammatory and infectious diseases, such 
as TB, lymphoma, parasitic infestations, and eosinophilic enteri- 
tis.°°? Videocapsule endoscopy and balloon enteroscopy have a 
limited role in the diagnosis of TS and are used mainly to exclude 
ulcerating or stricturing lesions of the small intestine.’ 

Mucosal biopsies of the small intestine are taken from the third or 
fourth part of the duodenum during upper GI endoscopy to exclude 
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Fig. 108.8 Endoscopic views of the second part of the duodenum showing (A) normal villi in an individual with 
functional dyspepsia and (B) scalloping of the duodenal mucosa in a patient with TS, a finding due to villous 
atrophy. Endoscopic views of the terminal ileum showing (C) normal villi in an individual undergoing surveillance 
colonoscopy and (D) mosaiform appearance of the mucosa due to villous atrophy in a patient with TS. 


specific causes of malabsorption and to diagnose TS. Endoscopy can 
reveal a scalloped small intestinal mucosa resembling that seen in 
celiac disease, and which results from mucosal atrophy and loss of 
the villous pattern (Fig. 108.8). Magnification endoscopy coupled 
with narrow band imaging, available as standard on many current 
endoscopes,’ detects patchy villous atrophy more reliably than 
does white light imaging.’ !7? Several patterns of villous atrophy have 
been described on narrow-band imaging that correlate with the vil- 
lous morphology seen with the handheld dissecting lens (Fig. 108.9). 
SIBO may be demonstrated by quantitative aerobic and anaerobic 
culture of the small intestinal contents aspirated either during endos- 
copy or by a jejunal tube. Fasting counts exceeding 10° bacteria/mL 
of jejunal fluid indicate bacterial overgrowth (see Chapter 105). 


Treatment 


Dehydration and electrolyte imbalance must be corrected with 
appropriate IV fluids (e.g., full-strength lactated Ringer solution). 
Profound hypokalemia occurs in some patients with severe diar- 
rhea and might need to be corrected under electrocardiographic 


monitoring. Deficiencies of magnesium and calcium need to be 
corrected with parenteral magnesium and calcium, respectively, 
in patients with long-standing illness. 

In severely malnourished individuals, care must be taken dur- 
ing refeeding to correct phosphate depletion and prevent the 
refeeding syndrome which is caused by rapid refeeding after a long 
period of undernutrition (see Chapters 6 and 9) The syndrome 
consists of cardiac (e.g., heart failure, arrhythmias) and neuro- 
logic (e.g., delirium, seizures, neuropathy, ataxia) abnormalities. 
Although commercial formula feeds are now widely available, 
the F-75 and F-100 formula diets recommended by the WHO” 
for children up to the age of 14 years can be used. Refeeding 
should commence at 10 kcal/kg/day and increase to 40 kCal/kg/ 
day over a period of 4 to 7 days. Thiamine, vitamin B complex, 
and multi-vitamin supplements should be started with refeeding. 
Iron is withheld during the initial refeeding phase. Electrolyte and 
mineral requirements are in the range of 2-4 mmol/kg/day for 
potassium, 0.3-0.6 mmol/kg/day for phosphate, and 0.4 mmol/kg/ 
day for magnesium. Feeding should be given frequently in small 
amounts to avoid overloading the intestine, liver, and kidneys, and 
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Fig. 108.9 Endoscopic view of the second part of the duodenum using 
narrow band imaging. A shows normal finger-like villi, and B shows 
areas of atrophic villi interspersed with areas of absent villi in a patient 
with TS. (Images courtesy Dr. Amit Kumar Dutta, Vellore, Tamil Nadu, 
India.) 


may be commenced initially through an NG tube. Electrolyte 
(potassium, magnesium, calcium, and phosphate) levels should be 
checked daily in the first week and again 2 to 3 days thereafter. In 
addition, the severely malnourished patient will need to receive 
systemic antibiotics in the first week. Hypothermia and hypogly- 
cemia may occur and need to be managed appropriately. Feeding 
milk to severely malnourished adults can result in abdominal full- 
ness and diarrhea as a result of lactose intolerance. In such cases, 
milk can be partially or completely replaced by yogurt. 

Vitamin A should be given in large doses intramuscularly on 
the first day and continued for the next 2 days if the patient has 
evidence of night blindness, Bitot spots, or corneal xerosis. It 
may also be necessary to administer vitamin K parenterally if 
the prothrombin time is prolonged. Deficiency of vitamin D 
and calcium may be treated with oral supplements. Vitamins 
of the B group are usually deficient and need to be replaced. 
Thiamine deficiency may occur and can lead to neuropsychiat- 
ric manifestations including Korsakoff syndrome and Wernicke 
encephalopathy. In such cases, thiamine needs to be adminis- 
tered in doses of 200 to 300 mg/day orally. Vitamin By) given 
parenterally and folic acid given orally quickly lead to resolu- 
tion of symptoms of anemia, glossitis, and anorexia and result in 
weight gain. Folate supplementation results in improvement of 
both macrocytic anemia and villous atrophy. Both these vitamins 
are administered daily in therapeutic dosage in the initial man- 
agement of severe TS. 

Tetracycline 250 mg 4 times daily (or doxycycline 100 mg 
once daily) for 3 to 6 months is prescribed as specific therapy for 
TS; there is only anecdotal experience with other antibiotics. In 
less severe illness and after initial recovery, a high-protein, fat- 
restricted, lactose-free diet is advised. Restriction of long-chain 


fatty acids in the diet, and its substitution by medium-chain 
TGs, is particularly useful in reducing diarrhea and steatorrhea. 
Colonic pseudo-obstruction, seen in the rare patient with TS, 
can require colonic decompression endoscopically but may also 
respond to IV metoclopramide (see Chapter 124). Relapses of TS 
after completion of therapy are uncommon, and recurrent symp- 
toms require investigation to exclude other causes, especially 
intestinal lymphoma. 


Distinction of Tropical Enteropathy From Tropical 
Sprue 


The mucosa of the small intestine of residents of the tropics 
is structurally different from that of residents of temperate 
countries. This difference, believed to result from environ- 
mental factors peculiar to the tropics, has been variously 
labeled TE, environmental enteropathy, and subclinical tropical 
malabsorption. 

TE was first appreciated when small intestinal biopsy, using a 
variety of biopsy capsules, became available in the 1960s.!° Typi- 
cally in TE, intestinal villi are shorter than those of the residents 
of temperate climates, crypts are more elongated, and there are 
increased numbers of lymphocytes and plasma cells in the lamina 
propria. These changes lead to a significant reduction in the sur- 
face area of the intestine, which manifests with abnormal D-xylose 
absorption and increased intestinal permeability detectable by an 
altered urinary mannitol-to-lactulose ratio after an oral dose of 
these sugars. In contrast to persons with TS, individuals with TE 
are asymptomatic. 

The issue of whether TE is a mild form (subclinical mal- 
absorption) of TS remains controversial. Baker and Mathan’*+ 
emphasized a clear distinction between TS and TE, the for- 
mer causing symptomatic malabsorption and the latter being an 
asymptomatic condition with mild abnormalities of absorption. 
Menzies and coworkers investigated residents and visitors of 
both tropical and temperature regions using the lactulose-to- 
rhamnose ratio, and 5-hour recoveries of 3-O-methyl-D-glu- 
cose, D-xylose, and L-rhamnose, as measures of intestinal 
permeability, mucosal surface area, and absorptive capacity, 
respectively, noting that differences in intestinal permeability 
and absorptive capacity were related to one’s area of residence 
rather than area of origin, indicating a strong environmental 
influence.” 

Histologic enteropathy continues to be observed today in resi- 
dents of tropical countries, with mucosal biopsy specimens that 
show blunting of villi and increased cellularity of the lamina propria 
in persons without overt intestinal disease. It has been postulated 
that TE might represent an adaptation of the intestine to frequent 
intestinal infection in childhood. In Zambian adults followed longi- 
tudinally, urine xylose excretion showed a gradient, being lowest in 
residents of townships compared with a more affluent staff of a large 
public hospital who, in turn, absorbed less xylose than healthy vol- 
unteers in London.”ć Diminution in xylose excretion was associated 
with reduced villous height in small intestinal mucosal biopsies in 
the township residents. There also was a seasonal variation in intes- 
tinal function, with abnormalities being most pronounced during 
the peak rainfall months of December and January, in association 
with an incidence of diarrhea that was higher than in other months; 
further degrees of enteropathy correlated with infection with Citro- 
bacter rodentium or hookworm.’’ The Global Enteric Multisite 
Study (GEMS) enrolled children up to 59 months of age at 7 sites in 
Africa and Asia and used culture, immunoassays, and multiplex PCR 
to identify intestinal infections in 9439 children with diarrhea and 
13,129 matched controls presenting to health care facilities.’’ Poten- 
tial pathogens (including rotavirus, Cryptosporidium, Shigella spe- 
cies, and enterotoxigenic E. coli) were identified in 83% of children 
and 72% of controls. The Malnutrition and Enteric Dysfunction 


TABLE 108.2 Proposed Biomarkers for the Diagnosis of TE 


Mucosal permeability and 
barrier 


Xylose absorption 


Lactulose:mannitol ratio 
Fecal a,-antitrypsin 
Plasma intestinal fatty acid binding protein 


Plasma citrulline 
Plasma diamine oxidase 
Lactose tolerance test 


Enterocyte mass 


Intestinal injury and 
inflammation 


Plasma cytokines 


Plasma kynurenine:tryptophan ratio 
Serum amyloid A 

Stool calprotectin 

Stool S100A12 

Stool lactoferrin 

Stool neopterin 

Stool myeloperoxidase 

Stool Regia and Reg1B 


Microbial translocation Plasma LPS core antibody 


Circulating soluble CD14 


(MAL-ED) study evaluated 2145 children up to 24 months of age 
in the community and used a similar diagnostic approach.’* Patho- 
gens were identified in 76.9% of diarrheal specimens and 64.9% of 
non-diarrheal specimens. Collectively, these 2 studies reconfirmed 
previous findings that symptomatic or asymptomatic infection 
with a variety of pathogens is extremely common in children liv- 
ing in low income countries and offer a basis for understanding the 
pathogenesis of TE. The burden of asymptomatic infection with 
enteropathogens correlates with inflammatory markers in the stool 
of these children.?:’”? A number of biomarkers have been proposed 
for the evaluation of TE (Table 108.2).°°8! The fecal microbiome 
of residents of tropical countries is different from that in temperate 
countries (e.g., being markedly enriched with the phylum Proteo- 
bacteria and deficient in the phylum Bacteroidetes) compared with 
residents of temperate countries. The association of cognitive defi- 
cits in children with repeated enteric infections in the first year of life 
is particularly interesting in view of recent work with the intestinal 
microbiota that has defined a brain-gut-microbiome axis (see Chap- 
ter 3). Further studies of the relationship between the microbiome 
and enteropathy are awaited. 

TE is not without clinical consequence. Reduced intestinal 
surface area and decreased energy absorption might explain a low 
BMI in many persons who live in the tropics. The reduced villous 
height and absorptive surface of TE also influenced the design of 
the composition of oral rehydration solution, leading to the use of 
lower concentrations of sodium and glucose than in the original 
formulation that was isotonic with plasma.® TE alters mucosa- 
dependent immune responses.*+ The well-observed phenom- 
enon that oral vaccines, including oral polio vaccine and rotavirus 
vaccine, are less immunogenic in residents of tropical countries 
than those in temperate countries has recently been linked to the 
presence of TE in the former.® As an extension of the hygiene 
hypothesis, it has been suggested that TE might protect against 
auto-inflammatory diseases such as Crohn disease, multiple scle- 
rosis, and type 1 diabetes through poorly understood immune 
and neuroendocrine mechanisms within the intestinal tract.” TE 
also affects metabolic parameters during growth and later life. 
Frequent intestinal infections in the first year of life are associ- 
ated with stunting, cognitive deficits, and impairment in physical 
performance in later childhood.*”** There is evidence that TE 
may increase cardiometabolic risk factors in later life. In these 
studies, markers of lower intestinal surface area and of inflam- 
mation in infancy were associated with higher blood pressure in 
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later childhood, whereas reduced surface area was associated with 
lower apolipoprotein-Al and lower high-density lipoprotein con- 
centrations.’ 

It has been suggested that TE and its effects may be ame- 
liorated by manipulating the gut microbiome.”? Attempts to 
improve TE by oral administration of the probiotic bacterium 
Lactobacillus GG or by the administration of rifaximin, a non- 
absorbable oral antibiotic, in Malawian children did not reveal 
any effect on mucosal function of either probiotic or antibiotic 
treatment.” !°®? A more recent study found that a 12- to 24-week 
intervention with zinc, micronutrient powder, and albendazole 
did not ameliorate enteropathy in 12- to 35-month-old children 
in rural Malawi.” 


OTHER DISEASES THAT MAY CAUSE 
MALABSORPTION IN THE TROPICS 


Giardiasis 


Infection with the protozoan parasite G. lamblia is most often 
asymptomatic in persons who live in the tropics.!? Indeed, data 
from the GEMS study suggested that Giardia was more frequent 
in asymptomatic children than in those with diarrhea.” However, 
this protozoan can cause diarrhea in visitors to the tropics from 
Western countries, and in immunocompromised persons, and it 
can cause self-limited illness in children. Diarrhea is associated 
with the presence of trophozoites in the stool; the presence of 
cysts alone should be interpreted with caution. Decreased brush 
border surface area in the jejunum leads to carbohydrate malab- 
sorption; associated SIBO with consequent bile salt deconjuga- 
tion leads to steatorrhea. 

The diagnosis of giardiasis can be made by microscopic 
examination of fresh stool specimens using simple microscopy 
or by a direct fluorescence test. Examination of at least 3 fecal 
specimens is recommended because cysts and trophozoites are 
passed only intermittently. Examination of duodenal or jejunal 
biopsy specimens does not increase the diagnostic yield over 
examination of diarrheal stool specimens. The parasites can 
be seen in the mucus layer overlying the epithelium, and the 
mucosa can show atrophy of villi and elongation of crypts with a 
mononuclear inflammatory cell infiltrate in the lamina propria. 
A sensitive and specific test to diagnose giardiasis is one that 
examines stool for Giardia antigen—either by enzyme-linked 
immunosorbent assay or direct immunofluorescent antibody 
microscopy test. In the US culture-independent molecular test- 
ing methods are now becoming standard for evaluating bacteria, 
viruses, fungi, and protozoa as causes of diarrhea. These tech- 
niques have not yet been applied to the evaluation of diarrheal 
disorders in the tropics. 

Symptomatic giardiasis responds quickly to treatment with 
metronidazole, tinidazole, or other imidazoles. Albendazole and 
nitazoxanide also have been used successfully (Table 108.3). 


Other Protozoan Infections 


Other protozoa associated with malabsorption include 
Cryptosporidium parvum, Cystoisospora belli, and Cyclospora cayeta- 
nensis, all of which are coccidian intestinal parasites. Infection 
and diarrhea due to coccidian parasites is widespread in tropi- 
cal countries and may often be missed.°+ Most primarily infected 
persons are asymptomatic, but some develop self-limited diar- 
rhea. Endoscopy with intestinal biopsy is helpful in diagnosis,” 
although stool testing is key. 

Malabsorption that results from infection with coccidia occurs 
mainly in immunocompromised hosts, such as those with HIV 
infection, persons with primary immunodeficiency syndromes, 
and post-transplant immunosuppressed patients, due to epithe- 
lial cell infection. Cryptosporidiosis with malabsorption is treated 
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TABLE 108.3 Specific Therapy of Diseases That Cause Tropical Malabsorption 
Disease Specific Therapy Duration 
Capillariasis Thiabendazole 25 mg/kg daily or 20-28 days 
ebendazole 200 mg twice daily or 20-28 days 
Albendazole 400 mg twice daily 7-28 days 
Celiac disease Gluten-Free Diet Lifelong 
Common variable Human Gamma Globulin IV every 4 wk Lifelong 
immunodeficiency Preventative Antibiotics 
Stem cell transplantation 
Cryptosporidiosis itazoxanide 500 mg twice daily or 8-7 days 
Paromomycin 500 mg 3 or 4 times daily 14 days* 
Cyclosporiasis Trimethoprim/sulfamethoxazole 160 mg/800 mg twice daily or Ciprofloxacin 500 mg twice daily 7 days 
followed by trimethoprim/sulfamethoxazole 160 mg/800 mg every other day or 3 times a week, or 10 wk 
ciprofloxacin 500 mg 3 times a week 
Giardiasis Metronidazole 250-400 mg 3 times daily or 7-14 days 
Tinidazole 500 mg twice daily or 7-14 days 
Albendazole 400 mg twice daily 7-14 days 
IPSID stage A Tetracycline 250 mg 4 times daily 6 mo to 2 yr 
Cystoisosporiasis Trimethoprim/sulfamethoxazole 160 mg/800 mg twice daily 10 days 
followed by 80/400 twice daily 3 wk 
Microsporidiosis due to Albendazole 400 mg twice daily 2-3 wk 
Encephalitozoon intestinalis 
Microsporidiosis due to Nitazoxanide 500 mg twice daily or 3-7 days 
Enterocytozoon bieneusi 60 dayst 
Fumagillin 20 mg 3 times daily 2 wk 
Strongyloidiasis Thiabendazole 25 mg/kg twice daily or 3 days 
Albendazole 400 mg twice daily (to maximum of 3 grams/d) or 7 days 
Ivermectin 200 pg/kg 2 days 
TB Isoniazid, rifampicin, pyrazinamide, and ethambutol 2 mo 
followed by 2-drug therapy with isoniazid and rifampicin 4-7 mo 
TS Tetracycline 250 mg 4 times daily 6 mo 


*For HIV-infected patients administer with anti-retroviral therapy. 
tFor HIV-infected patients with CD4 counts in the normal range. 


with paromomycin and nitazoxanide. Cyclospora causes a mal- 
absorption syndrome with villus atrophy and crypt hyperplasia. 
Infection with Cyclospora is treated with cotrimoxazole. Cys- 
toisosporiasis is treated with a 10-day course of cotrimoxazole 
and is followed by long-term low-dose cotrimoxazole in immu- 
nosuppressed patients. 


Helminthic Infections 


Helminthic infections also can cause a malabsorption syn- 
drome in the tropics. The most common helminthic infections 
are with Strongyloides stercoralis and Paracapillaria philippinen- 
sis. Infection with S. stercoralis can cause chronic diarrhea and 
malabsorption in immunocompetent persons, although immu- 
nosuppression, particularly with glucocorticoid use, predis- 
poses to hyperinfection with this nematode. Infection with the 
human T-lymphotropic virus-1 is associated with persistent 
Strongyloides infection and chronic diarrhea. Diarrhea may 
be intermittent or persistent, and steatorrhea, anemia, and 
hypoproteinemia are common. Small bowel series can show 
changes suggesting mucosal infiltration and ulceration in the 
duodenum and jejunum. Diagnosis usually is made by exami- 
nation of multiple samples of feces for the characteristic larvae, 
although occasionally the infection is only recognized upon 


small bowel biopsy. Treatment with thiabendazole, albenda- 
zole, or ivermectin is effective. 

Intestinal capillariasis causes a malabsorption syndrome and 
is common in Southeast Asia, especially Thailand and the Phil- 
ippines, but is now reported from other countries including 
Taiwan, Korea, India, Iran, and Egypt. Intestinal capillariasis is 
associated with protein-losing enteropathy as well as malabsorp- 
tion of fat and D-xylose. It is usually treated with thiabendazole 
or albendazole. 

Hymenolepis nana (the dwarf tapeworm) is another helminth 
increasingly identified in children and adults with diarrhea in 
tropical countries.”°”’ The diagnosis is made by stool examina- 
tion but occasionally endoscopy or enteroscopy points to the 
diagnosis. Treatment is with praziquantel. 


Fungal Infections 


Microsporidiosis has been described in many countries in 
Asia, tropical Africa, and Central and South America; its therapy 
in symptomatic persons depends on the infecting species.?*!° 
The common species causing GI illness and diarrhea are Entero- 
cytozoon bieneusi and Encephalitozoon intestinalis. 


HIV Infection and Aids 


Because AIDS has spread throughout so many tropical countries, 
it has become necessary to exclude HIV infection in any patient 
with malabsorption syndrome or chronic diarrhea. Diarrhea 
and malabsorption lasting for longer than a month is an AIDS- 
defining condition, is associated with low CD4 counts, and usu- 
ally is caused by infection of the small intestine with one of the 
protozoan or fungal pathogens mentioned earlier. Studies sug- 
gest, however, that chronic diarrhea is neither a sensitive nor 
specific indicator of AIDS in tropical countries, such as India.!°! 
Occurrence of pathogen-negative diarrhea and malabsorption in 
patients with AIDS has been attributed to possible direct viral 
(HIV) enteropathy, although this has not been proved. Diarrhea 
and malabsorption require specific therapy of the opportunistic 
infection as well as antiretroviral therapy. 


Intestinal Tb 


Intestinal TB, comprising ulcerative, hypertrophic, and 
ulcerohypertrophic varieties, is common in tropical countries. 
The ulcerative variety of TB commonly manifests with chronic 
diarrhea and malabsorption, whereas the hypertrophic variety 
more commonly causes abdominal pain and intestinal obstruc- 
tion. Biochemical evidence of malabsorption can be found in 
many patients with intestinal TB, even if the patient does not 
present with symptoms of malabsorption syndrome. Causes of 
malabsorption in TB include bacterial overgrowth in a stag- 
nant loop, bile salt deconjugation, and diminished absorptive 
surface as a result of ulceration and lymphatic obstruction. 
The diagnosis is made in most cases by endoscopy and biopsy 
with a combination of histology, culture, and PCR tests. In 
view of the increasing incidence of Crohn disease in tropical 
countries, it is advisable to document complete resolution of 
the abnormalities detected at initial investigation after com- 
pletion of therapy (see Chapter 110).!° 


Crohn Disease 


Crohn disease is increasing in incidence in tropical countries 
and now is an important part of the differential diagnosis for any 
patient in whom TB is a possible diagnosis.!°? Malabsorption 
in Crohn disease may be due to a number of factors. About a 
third of patients have small intestinal involvement, and this 
can reduce the absorptive surface area; extensive small bowel 
resections ultimately have the same effect. Terminal ileal dis- 
ease or resections can lead to vitamin Bj) deficiency and bile 
salt malabsorption, and ileocecal valve resections can result in 
SIBO with resultant malabsorption. SIBO can also be caused 
by internal fistulization between the colon and proximal small 
intestine. 


Celiac Disease 


Celiac disease (gluten-sensitive enteropathy), hitherto consid- 
ered uncommon in the tropics, is increasingly described from 
northern India and selected areas of sub-Saharan Africa’? and 
may be unmasked by intestinal infection. The disease often 
manifests in infancy around the time of weaning, but presen- 
tation at later ages, including adulthood, is not uncommon. 
Celiac disease is differentiated from TS by the presence of 
complete villus atrophy in mucosal biopsies. Diagnosis is 
confirmed by the presence of IgA anti-endomysial and anti- 
tissue transglutaminase antibodies, although these tests may 
be negative in persons with selective IgA deficiency. Clinical 
and histologic responses to gluten withdrawal are important in 
confirming the diagnosis. 
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Primary Immunodeficiency Syndromes 


Common variable immunodeficiency (CVI) occurs sporadically 
in residents of the tropics and can manifest as a malabsorption 
syndrome.!”* Recurrent diarrhea, sinopulmonary infections, and 
meningitis are other manifestations of this disease. CVI first may 
be suspected when a small bowel biopsy shows reduced num- 
bers of plasma cells in the lamina propria or by the finding of 
nodular lymphoid hyperplasia, which is occasionally associated 
with the disease. The most common intestinal infection in these 
patients is giardiasis. Other pathogens, such as Cystoisospora belli, 
Cryptosporidium parvum, and microsporidia, also can colonize the 
small bowel and cause malabsorption (Fig. 108.10). Selective IgA 
deficiency also may be associated with a flat mucosa and giardia- 
sis. Bacterial colonization of the upper small intestine occurs in 
some patients with primary immunodeficiency and causes malab- 
sorption, that responds quickly to treatment with tetracycline or 
other antibiotics. Periodic administration of IV gamma globulin 
is the major therapy for patients with CVI. 


Immunoproliferative Small Intestinal Disease And 
Small Bowel Lymphoma 


IPSID and small bowel lymphoma, also termed Mediterranean 
lymphoma, is not uncommon in the tropics,!” and usually affects 
socioeconomically disadvantaged persons. 

Patients with IPSID present with chronic diarrhea and malab- 
sorption in the second and third decades of life. Abdominal pain 
is usually a significant complaint, accompanied by weight loss and 
nutritional deficiencies. On physical examination, clubbing of the 
fingers may be noted and abdominal masses may be palpated (see 
Fig. 108.4). 

IPSID is caused by a clonal proliferation of cells that produce 
an abnormal alpha heavy chain immunoglobulin and can be diag- 
nosed by immunoassay for the alpha heavy chain in the serum. It 
is suggested that the clonal expansion is driven by an infectious 
antigen, in a way similar to the link between Hp and mucosa- 
associated lymphoid tissue (MALT) lymphoma of the stomach. 
Indeed, Campylobacter jejuni infection has been causally associated 
with IPSID.'°6 Mucosal biopsy of the small intestine reveals a 
dense cellular lymphoplasmacytic infiltrate in the lamina propria 
that results in crypt effacement. 

The disease progresses over several years from a relatively 
benign infiltration of the entire small intestinal mucosa (stage 
A) to the development of lymphoplasmacytic and immunoblas- 
tic lymphoma (stage C). IPSID is staged as other lymphomas by 
bone marrow examination and by CT of the chest and abdomen. 
In patients with stage A disease diagnosed by mucosal biopsy, 
it is advisable to perform laparoscopy or laparotomy with full- 
thickness biopsy of the intestine to exclude transmural lymphoma 
before commencing antibiotic therapy to prevent intestinal per- 
foration with treatment. Areas of bulky tumor also are resected 
before chemotherapy and biopsy of enlarged mesenteric nodes is 
performed. In the premalignant stage A, long-term therapy with 
antibiotics such as tetracycline can cure the disease. In the more 
advanced stages of the disease (B and C), chemotherapy or total 
abdominal irradiation are used (see Chapter 41). 


Tropical Pancreatitis 


Idiopathic chronic calcific pancreatitis or tropical pancreatitis is 
endemic in several tropical regions including the Indian subconti- 
nent and southern Africa. Symptoms of recurrent abdominal pain 
typically develop in childhood or adolescence and often persist 
for 8 to 10 years. Exocrine pancreatic insufficiency, with a history 
of passing oil in the stool, eventually develops in more than 25%, 
and diabetes mellitus develops in more than 50% of affected 
patients. Fecal fat is grossly increased, and D-xylose absorption 
is normal. Vitamin Bı malabsorption is noted in some persons, 
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resulting from lack of proteolytic cleavage of the R protein-vita- 
min Bız complex (see Chapter 103). 

The disease is likely to be genetically determined, and both 
disease-inducing and disease-protective mutations have been 
noted. The most common mutation involves a serine protease 
(SPINK1) gene and occurs in about 40% of patients.!°’ Whether 
the association with diabetes mellitus in these patients requires a 
different or an additional mutation is controversial. 

Diagnosis is made by detecting pancreatic calcification on 
plain films, CT scans, or US examination of the abdomen. The 
malabsorption is treated by restricting long-chain fats in the diet 
and substituting medium-chain TGs. Pancreatic enzymes with a 
high lipase content usually are administered with each meal and 
are most effective when ingested about halfway through the meal. 

Therapy of the pain in this disease includes administration of 
pancreatic enzymes, celiac plexus block, endoscopic removal of 
calculi, and surgery with pancreatic drainage (see Chapter 59).108 


APPROACH TO THE PATIENT WITH SUSPECTED 
MALABSORPTION 


Patients presenting with chronic diarrhea and malabsorption in 
tropical countries first should be screened for infection with pro- 
tozoa and helminths by obtaining 3 samples of stool for micros- 
copy. Stool samples are examined by microscopy of wet smears, 
directly and after concentration (sedimentation and flotation) 
techniques for ova and cysts, and with special (trichrome and/ 
or modified acid-fast) stains for coccidian parasites. Feces also is 
tested for occult blood to exclude ulcerative conditions of the GI 
tract. Fecal calprotectin is increased in a number of ulcerative 
and inflammatory conditions of the intestine and is not specific 


Fig. 108.10 Fecal smears stained with modified 
acid-fast stain showing A, Cryptosporidium oo- 
cysts (4 to 6 microns diameter) and B, Cystoisos- 
pora belli oocyst (80 microns in long diameter). 
Panel C is a Masson trichrome stain showing 
microsporidia which are much smaller (1 to 2 
microns) in diameter. 


for IBD. Testing for HIV infection after counseling is performed 
when indicated. Hematologic and biochemical evaluation is 
undertaken to establish the presence of specific nutrient defi- 
ciencies, including folate, vitamin Bj), and iron. Increasingly in 
specific populations, it is now necessary to evaluate serum immu- 
noglobulin levels and to test for the IgA anti-tissue transgluta- 
minase antibody to exclude celiac disease. 

TS remains a major cause of malabsorption in the tropics and 
diagnosis requires the establishment of nutrient and vitamin defi- 
ciencies, documentation of villous atrophy and lamina propria 
chronic inflammation on small intestinal mucosal biopsy, and 
exclusion of other known causes of malabsorption. Endoscopy 
(using white light and, if possible, narrow-band imaging) with 
biopsies obtained from the third or fourth part of the duodenum 
or from the jejunum may allow specific diagnosis of coccidian or 
helminthic infection, IPSID, and other infiltrative disorders, or it 
might show the villous flattening, crypt elongation, and inflamma- 
tory infiltration associated with TS. If duodenal biopsy does not 
provide a diagnosis, it is necessary to image the small bowel using 
barium, CT or MR enterography, or videocapsule endoscopy; it is 
also appropriate to perform ileocolonoscopy and to take biopsies 
from the ileum and different segments of the colon. Double-bal- 
loon enteroscopy is sometimes necessary to obtain biopsies from 
areas suspected to be abnormal in the jejunum or ileum beyond 
the reach of standard endoscopes. Rarely, a patient will require 
laparoscopy or laparotomy and enteroscopy with full-thickness 
biopsy to diagnose the small intestinal disease responsible for mal- 
absorption in the tropics. 


Full references for this chapter can be found on www.expertconsult.com 
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Whipple disease (WD) is a chronic systemic infection caused by a 
Gram-positive bacillus, Tropheryma whipplei. The small intestine 
is most commonly affected, but a variety of other organs may 
also be involved, including the joints, CNS, and heart. Clinical 
symptoms and findings are protean and include weight loss, diar- 
rhea, malabsorption, fever, arthralgias, skin hyperpigmentation, 
and dementia. WD was considered to be uniformly fatal in the 
pre-antibiotic era but, today, antibiotic treatment usually leads 
to remission. Many questions still surround the pathogenesis of 
WD and the complete range of clinical conditions with which the 
bacterium is associated. Host immunologic factors are presumed 
to influence susceptibility to this disease agent. 


HISTORY 


In 1907, the pathologist George Hoyt Whipple reported in detail 
the case of a 36-year-old male physician-missionary who died 
after a 5-year illness involving arthritis, chronic cough, weight 
loss, and chronic diarrhea.' At autopsy, Whipple found lipid 
deposits in the intestinal mucosa as well as in mesenteric and ret- 
roperitoneal lymph nodes. Microscopic examination revealed a 
large number of macrophages with foamy cytoplasm in the lam- 
ina propria of the small intestine. Whipple suspected a disorder 
of fat metabolism and proposed the term intestinal lipodystrophy 
for the disease that subsequently came to bear his name. 

In the following decades, only a few cases of WD were 
reported, and the diagnosis was uniformly made at autopsy. The 
first antemortem diagnosis was made in 1947 based on findings 
in a mesenteric lymph node removed at laparotomy,’ and the first 
diagnosis by peroral intestinal biopsy was made in 1958.> In 1949, 
Black-Schaffer* applied the periodic acid—Schiff (PAS) stain to 


the histopathologic diagnosis of WD and by demonstrating that 
inclusions within macrophages were PAS-positive (i.e., stained 
red), documented that the intracellular material was glycoprotein 
rather than lipid. 

The first report of successful antibiotic treatment (using 
chloramphenicol) of WD was published in 1952.° In 1961, 2 
groups independently showed bacteria in affected tissues by elec- 
tron microscopy®’; subsequent reports confirmed these obser- 
vations. The organisms were rod-shaped and of uniform size, 
and consistent positive therapeutic effects were achieved with 
antibiotic treatment.® These findings and the positive PAS reac- 
tion strongly suggested that WD had a bacterial etiology. Many 
efforts to cultivate this bacterium were undertaken, but prior to 
2000 all failed to yield reproducible or consistent results. 

The first clues concerning the nature of the bacterium were 
obtained in the early 1990s, when its 16S ribosomal RNA gene 
(rDNA) sequence was determined and phylogenetic analysis 
established that it was an actinomycete (see “Microbiology and 
Genomics”).”:!° The name Tropheryma whippelii was introduced, '° 
and the novel 16S rDNA sequence provided the basis for diag- 
nostic testing using PCR. In situ hybridization showed that the 
unique bacterial 16S rRNA sequence co-localized with areas of 
pathology.!! Further advancement came with successful propaga- 
tion of the WD bacterium in co-culture with human fibroblast 
cells.!? At that point, the bacterium was formally described as a 
new species, and its name was modified to T. whipplei.!* With the 
availability of purified genomic DNA from culture, the complete 
genome sequences of 2 different bacterial isolates were deter- 
mined and published in 2003.1413 


EPIDEMIOLOGY 


WD in its classic form is a rare disorder. The first comprehen- 
sive epidemiologic survey, and in fact the only textbook dedicated 
to WD so far, was published by Dobbins in 1987.° Information 
on 696 patients was compiled, including 617 published and 79 
unpublished cases recorded until 1986. According to this analy- 
sis, WD is a sporadic disorder with a predilection for middle- 
aged white men. Data on age and gender were available for 664 
patients: 86% were male, and the mean age at diagnosis was 49 
years. Most patients were white; only 10 were African, 1 was a 
Native American, 3 patients were from India, and 1 was Japanese. 
Most of the patients originated from Europe (373 patients) or 
from the USA (246 patients). Within Europe, Germany (114 
patients) and France (91 patients) were strongly represented. 
Relatively few cases originated from South America (11 patients) 
and Australia (13 patients). One remarkable feature in Dobbins’ 
analysis® was a strong representation of patients with occupations 
in the farming and building trades, involving outdoor work or 
frequent contact with animals or soil. A review from 2010 esti- 
mated the total number of classic WD cases in the world litera- 
ture at approximately 2000 or less.!° 

An incidence of WD of approximately 0.4 per million of the 
population per year was estimated in earlier studies from west- 
ern Switzerland and Germany.!™!8 A point-prevalence study 
in northwestern Italy estimated WD cases at approximately 
3 per million of the population at the time of assessment in 
2014.!° An epidemiologic analysis of 110 patients with WD in 
Germany, diagnosed between 1965 and 1995, noted that the 
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incidence of cases was relatively stable over 3 decades and that 
the geographic distribution of the patients’ residences was rela- 
tively even.?° 

In recent decades, several studies have indicated a statisti- 
cally significant increase in the age of patients at diagnosis and 
an increasing percentage of female patients.!620-24 Currently, 
patients are first diagnosed at a mean age of approximately 56 
years.?®??4 Tt has been speculated that the increasing use of anti- 
biotics for unrelated complaints may be a contributing factor in 
delaying the age of onset of WD. In a cohort of 191 patients 
with classic WD investigated between 2002 and 2015, 77% were 
male.*+ There are virtually no cases in children and young adults. 


MICROBIOLOGY AND GENOMICS 


After many unsuccessful attempts to cultivate the bacterium 
associated with WD, successful propagation of T. whipplei was 
reported in 2000, using infected heart valve tissue in co-culture 
with human fibroblasts.!? Additional strains of T. whipplei have 
been isolated from various types of clinical specimens, including 
infected heart valves, duodenal biopsy specimens, ocular vitreous 
fluid, cerebrospinal fluid (CSF), synovial fluid, blood, mesenteric 
lymph node tissue, muscle tissue, and feces.2>*! When T. whip- 
plei from culture are examined by fluorescent nucleic acid stains 
(Fig. 109.1) or electron microscopy (Fig. 109.2), they are small, 
thin rods, and often arranged in chains or cords.’? Bacterial dou- 
bling times have been estimated at between 28 hours and 4 days, 
which means that these are among the slowest recorded for any 
medically relevant bacterium in the laboratory.”’??** A cell-free 
(axenic) medium has been designed using information from the 
genome sequence*’; it consists of eukaryotic cell culture medium 
supplemented with extra amino acids. At present, however, cul- 
ture of T. whipplei is feasible only in specialized laboratories and 
is not suitable for routine diagnostic purposes. 


Fig. 109.1 Photomicrograph of 7ropheryma whippiei in a culture of ce- 
rebrospinal fluid from a patient with WD. Bacteria were stained with YO- 
PRO-1 nucleic acid dye. Note the distinctive appearance of the small 
rods arranged in chains. (Scale bar represents micrometers.) (From 
Maiwald M, von Herbay A, Fredricks DN, et al. Cultivation of Trophery- 
ma whipplei from cerebrospinal fluid. J Infect Dis 2008; 188:801 -8.) 


Initial phylogenetic analysis of the T. whipplei 16S rDNA 
sequence, amplified by broad-range PCR from infected tissue, 
established that the bacterium is an actinomycete, a member of 
the phylum Actinobacteria.’:'° A more detailed analysis placed the 
organism in an intermediate phylogenetic position between the 
genus Cellulomonas (with the common group A peptidoglycan cell 
wall) and a rare group of actinomycetes with group B peptidogly- 
can (i.e., a different linkage of cell wall components)’’; although 
T. whipplei is clearly affiliated with the actinomycetes, relation- 
ships to any of the other currently known actinomycetes are quite 
distant. At present, T. whipplei is the only recognized species 
within the genus Tropheryma. A Belgian group obtained novel 
partial 16S and 23S rDNA sequences from lung biopsy and bron- 
choalveolar lavage (BAL) specimens of an immunosuppressed 
renal transplant patient with fever and breathing difficulties.** 
The closest match for these sequences was T. whipplei, but only 
at 98% similarity for the 16S rDNA fragment and 91% for the 
23S rDNA fragment. The authors suggested that the sequences 
belong to a novel, yet undescribed Tropheryma species. 

Initial efforts to distinguish different strains of T. whipplei 
focused on nucleotide differences in the 165-235 rDNA inter- 
genic spacer (a region of noncoding DNA) sequence.*>*° Differ- 
ent sample types from the same patients (e.g., intestine, blood, 
CSF’) generally revealed the same spacer types, which sug- 
gested infection with a single bacterial strain in any given patient. 
More recently, genome sequence information has been used to 
distinguish strains of T. whipplei. One study found that T. whip- 
plei strains were quite heterogeneous when PCR amplicons of 4 
highly variable genomic sequences were compared.*’ Another 
study, based on microarray hybridization of DNA from culti- 
vated isolates, found that genomic divergence of strains is mostly 
caused by differences in members of the novel WiSP (T. whip- 
plei surface protein) family; aside from these differences, genome 
content was relatively conserved.*! There is marked geographic 
variability in the occurrence of different strains, but so far there is 
no indication that different strain types are associated with differ- 
ent clinical manifestations.*® 

The genome of T. whipplei is quite small for a bacterium 
it consists of approximately 926,000 base pairs and is the small- 
est of all known actinomycete genomes. Its guanine + cytosine 
(G+C) content of 46% is unusually low for actinomycetes, which 
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Fig. 109.2 Scanning electron micrograph of Tropheryma whipplei from 
cerebrospinal fluid in fibroblast cell culture. Note the small rod-shaped 
bacteria outside of cells, arranged in cords. (Original magnification 
x20,000.) (From Maiwald M, von Herbay A, Fredricks DN, et al. Cultiva- 
tion of Tropheryma whipplei from cerebrospinal fluid. J Infect Dis 2003; 
188:801-8.) 


are generally organisms with high genomic G+C content. The 
small genome size is thought to be caused by gene loss during 
evolution, and is a general feature of bacteria that occupy a host- 
dependent ecologic niche. T. whipplei lacks various metabolic 
capabilities in carbohydrate and energy metabolism and amino 
acid biosynthesis; thus the genome composition suggests that the 
organism is highly dependent on preformed nutrients in its host 
environment. The proposed extracellular location of the bacteria 
in patients with intestinal WD, in the villus tips below the intes- 
tinal basement membrane,!! is a site with rich influx of nutrients, 
and would seem consistent with these requirements. 

‘Two more features of the T. whipplei genome are remarkable. 
A relatively large fraction of its genes is dedicated to the bio- 
synthesis of cell surface molecules, and features of the genome 
suggest multiple “built-in” mechanisms for antigenic variation 
involving the WiSP family. These mechanisms are believed 
to involve variable-number tandem repeat sequences, which, 
in other organisms, are known to be associated with antigenic 
phase variation. There are also 2 unusual, large genomic regions 
of noncoding repetitive DNA that are thought to contribute to 
genetic plasticity.'* The 2 genome-sequenced strains are distin- 
guished by inversion of a large segment (©57%) of the genome, 
and WiSP family protein genes at each end of this segment serve 
as anchoring points for the inversion.!° Taken together, these 
features suggest that acquisition of essential nutrients from its 
host and evasion of the host’s immune response are important 
features of the organism’s biology. 


PATHOGENESIS AND IMMUNOLOGY 


The natural reservoirs and routes of transmission of T. whip- 
plei, as well as the spectrum and pathogenesis of associated ill- 
nesses, are topics of ongoing research.** Only humans seem to 
be affected by the disease.® T. whipplei DNA has been detected 
by PCR in sewage treatment plants in Germany, Austria, and 
France?®-40 and, initially, an environmental reservoir and mode of 
transmission were suspected. Several studies reported detection 
of T. whipplei DNA in saliva, gastric fluid, intestinal biopsies, and 
stool of asymptomatic persons,*-? although there was consider- 
able variability in the positivity rates between studies.*> A French 
group reported positivity rates of 2% to 4% for stool and 0.2% 
for saliva of healthy adults, and 8% for stool and 2% for saliva of 
sewage workers.#* In addition, T. whipplei was found in associa- 
tion with acute illnesses, such as fever with cough in children and 
adults, gastroenteritis in children, and pneumonia.*° Based on 
these observations, several authors have proposed that T. whip- 
plei is a commensal bacterium of humans, transmitted between 
humans; that it may cause acute primary disease followed by 
acquired immunity and bacterial clearance; that in some people 
it is not cleared and leads to a healthy asymptomatic carrier state; 
and that it may go on to cause WD, but only in a small subset of 
people who lack an adequate immune response.?®4748 These are 
currently proposed scenarios, however, that await confirmation 
by further research and observation. 

The sequential events leading to initiation of disease and 
intestinal pathology are still unclear. Earlier electron microscopic 
studies*?>° suggested that T. whipplei has the capability to invade 
the mucosa of the proximal small intestine. Fluorescence in situ 
hybridization, which detects T. whipplei 16S rRNA, indicates that 
most viable T. whipplei in the intestinal mucosa are located in 
extracellular spaces just below the epithelial basement membrane 
in the lamina propria.'!»! From the intestinal mucosa, bacteria 
are thought to spread via lymphatics into mesenteric and medias- 
tinal lymph nodes and then into the systemic circulation. 

Several abnormalities of immune function have been observed 
in patients with WD,°»?°> including both transient (i.e., during 
active disease) as well as persistent (i.e., after therapy) abnormali- 
ties; the persistent ones are presumed to be predisposing factors 


CHAPTER 109 Whipple Disease 1771 


for development of disease. Earlier case series°*>° described 
an over-representation of the HLA-B27 haplotype in patients 
with WD, but this association was not supported by other stud- 
ies.°°°7 A more recent study found the HLA alleles DRB1*13 and 
DQB1*06 to be more frequent among WD patients than among 
controls.’ A genetic defect involving interferon regulatory fac- 
tor 4 (IRF4) was reported in a French family, 4 members of 
which had symptomatic WD and 5 other members of which were 
asymptomatic T. whipplei carriers.°? IRF4 is a transcription factor 
involved in immune regulation. Affected family members had a 
nonsynonymous mutation (amino acid change) in the gene. Addi- 
tional sequencing studies in 25 unrelated WD patients, however, 
did not detect any variants in the coding and noncoding exons 
and the flanking intron regions of the IRF4 gene. So far, apart 
from the IRF4 mutation in this single family, no precisely defined 
immune defects have been identified in patients with WD. 

During active disease, reduced CD4/CD8 T-cell ratios (both 
in the lamina propria and in peripheral blood), reduced prolif- 
eration of peripheral T cells to stimulating agents (e.g., phy- 
tohemagglutinin, concanavalin A), and reduced delayed-type 
hypersensitivity reactions to common antigens in skin tests have 
been observed.*?°+° This may be a consequence of malnutri- 
tion, however, rather than preexisting immunologic abnormali- 
ties. One study showed that the monocytes of a patient with WD 
exhibited an impaired ability to degrade bacterial proteins and 
DNA,°! which is consistent with the prolonged persistence of 
bacterial remnants in intestinal macrophages after therapy, as is 
often observed in histology.*°? Other immunologic abnormali- 
ties persist after therapy: reduced numbers of peripheral blood 
monocytes that express the alpha chain of complement receptor 
3 (CD11b)*; a reduced capability of peripheral blood monocytes 
to produce interleukin (IL)-12 on stimulation with bacterial anti- 
gens’; and a dysregulation of mononuclear cell function, such 
that the components of a Th1-type immune response are reduced 
and those of a Th2-type immune response are increased. The 
latter observation was supported in a study with specific T. whip- 
plei antigen from cultivated bacteria: duodenal lymphocytes and 
peripheral blood mononuclear cells from healthy people exhib- 
ited robust Thl-type immune reactivity, but those of patients 
with WD showed reduced or absent T. whipplei-specific 'Th1 
responses.°* 

Peripheral monocytes and duodenal macrophages from 
patients with WD appear to have an M2/alternative activation 
phenotype; studies in these patients have demonstrated reduced 
nitrite production by duodenal macrophages and a reduced oxida- 
tive burst in peripheral monocytes upon exposure to T. whipplei.® 
In addition, the T. whippleispecific humoral immune response 
appears to be impaired: asymptomatic carriers have been found 
to exhibit a “paradoxically” higher IgG antibody response against 
the organism than patients with WD.°° IL-16, a cytokine that 
is known to be constitutively expressed in T cells, mast cells, 
dendritic cells, and circulating monocytes, and released during 
apoptosis, has been shown to be expressed at high levels by mac- 
rophages upon infection with T. whipplei.°’ IL-16, when added to 
the experimental model, promoted T. whipplei replication in both 
monocytes and macrophages.*’ Circulating blood levels of IL-16 
and nucleosomes (a marker of apoptosis) were also found to be 
elevated in patients with active WD compared with patients with 
treated WD and controls. 

A few reports describe secondary or opportunistic infections in 
patients with WD.6269:70 One case series described Giardia lam- 
blia infection in 8% of patients and another described infection 
in 12% of patients.°’° Rare cases of infections with Pneumocys- 
tis jiroveci, Cryptosporidium parvum, Nocardia spp., Mycobacterium 
tuberculosis, Serratia marcescens, Candida spp., dermatophytes, and 
Strongyloides stercoralis have been recorded. Conversely, there does 
not appear to be an increased incidence of WD in patients with 
primary immunodeficiencies or immunosuppression. However, 
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in patients with arthralgias and arthritis—prodromal manifesta- 
tions of classical WD—immunosuppressive therapy, particularly 
with TNF inhibitors, may hasten the onset of clinically apparent 
WD and complicate its course.”!- One case report described the 
detection of T. whipplei DNA by PCR in the duodenal biopsy of a 
patient with AIDS.’* A more recent study showed that T. whipplei 
DNA was significantly more prevalent in BAL specimens from 
HIV-infected individuals than from non-HIV-infected persons.’ 

In summary, all these clinical observations and laboratory 
findings suggest that the pathogenicity of T. whipplei infections 
and WD is complex, many questions are still unanswered, and 
that host factors play an important part in facilitating the occur- 
rence of clinically manifest disease. 


CLINICAL FEATURES 


WD is best known for its manifestations in the intestinal tract, 
which are largely responsible for the classic clinical features of 
the disease.’°:’7 It is a systemic infection, however, and almost 
any organ system can be affected. In many patients, arthralgias 
precede intestinal symptoms by several years (1 to 10 years; up 
to 30 years reported), although it is unclear whether joints are 
infected at those earlier time points; in some cases, low-grade 
intermittent fever also occurs for years before the diagnosis of 
WD.?278 The advent of PCR for T. whipplei in the early 1990s 
and the availability of the organism’s genome sequence in the 
early 2000s!4 15 have brought substantial improvements to diag- 
nostic modalities, and patients now tend to have less advanced 
disease at the time of diagnosis, most likely as a result of ear- 
lier detection.*?+ In addition, the organism is increasingly 
detected and implicated in a wider spectrum of clinical condi- 
tions and disease states, most notably blood culture-negative 
endocarditis. Some authors have proposed the existence of 3 
distinct types of disease: (a) classic (disseminated and/or intes- 
tinal) WD; (b) chronic localized infection, such as endocarditis, 
isolated CNS disease or uveitis, without detectable intestinal 
involvement; and (c) acute transient infections, such as gas- 
troenteritis or pneumonia.*+7,/9-*! Many case series and case 
descriptions,’°’*:°? however, have reported a highly variable 
“mosaic” of organ involvement, including high rates of endo- 
carditis in cases of intestinal WD. In addition, the causative role 
of T. whipplei in acute infections is inherently difficult to prove. 
As a consequence, the earlier mentioned proposal is not adopted 
for the purpose of this chapter. 


Small Intestine and Lymphatic System 


In classic intestinal WD, bacterial and macrophage-predominant 
inflammatory cell infiltration of the small intestinal mucosa and 
obstruction of mesenteric lymph nodes lead to a malabsorp- 
tion syndrome with weight loss, diarrhea, and abdominal pain 
as the dominant signs and symptoms.!®??,73,76-80,82° Weight 
loss of 5 to 20 kg occurs gradually, usually over a period of at 
least a year, sometimes resulting in severe cachexia in the ter- 
minal stage of untreated disease.*’’® Diarrhea can consist of 
voluminous steatorrheic stools or may be watery.’° Occult GI 
bleeding is not uncommon, and in some cases gross GI bleed- 
ing occurs.*:’° Abdominal (mesenteric and retroperitoneal) and 
peripheral lymphadenopathy are common!®??75.7678:82 and, in 
some instances, enlarged abdominal lymph nodes have raised the 
suspicion of malignancy.*? 

Barium examination of the intestinal tract reveals nonspe- 
cific abnormalities (e.g., prominent and edematous duodenal 
and jejunal folds and intestinal dilatation) that also are found in 
other malabsorption syndromes (Fig. 109.3).578 CT (Fig. 109.4) 
or MRI can reveal retroperitoneal or para-aortic lymphade- 
nopathy.’® Enlarged abdominal lymph nodes have a hypodense 
appearance on CT scans and are hyperechoic on US.%:* 


Fig. 109.3 Film from a barium contrast study of the small intestine from 
a patient with WD. There is marked thickening of the plicae circulares 
and a loss of the normal delicate mucosal relief pattern. The small intes- 
tine is slightly dilated. (Courtesy Elinu Schimmel, MD, Boston, MA.) 


Fig. 109.4 CT showing extensive retroperitoneal and mesenteric 
lymphadenopathy caused by WD and simulating lymphoma. (Courtesy 
Mark Feldman, MD, Dallas, TX.) 


Laboratory examinations in patients with intestinal WD often 
reveal an increased erythrocyte sedimentation rate, increased 
C-reactive protein, decreased serum carotene level, decreased 
serum iron concentration, anemia, decreased serum protein lev- 
els, proteinuria, and elevated stool fat content.5?22378 


CNS 


Symptomatic CNS manifestations have been reported in 10% 
to 40% of patients with intestinal WD, with more recent series 
reporting lower rates.!°??7-778.82 Neurologic disease can occur 
concurrently with intestinal manifestations at the time of diagno- 
sis, but it is more common as part of clinical relapse, which can 
occur during or after treatment.**+*° It is thought that T. whipplei 
enters the CNS early in the course of disease and that because 
most drugs do not penetrate the CNS well, the organisms persist 


during antibiotic treatment. The result is the impression that 
intestinal or systemic disease enters remission initially and neuro- 
logic disease develops subsequently, even as antibiotics continue 
to be given. Relapses affecting the CNS are ominous because 
they tend to be refractory to repeated antibiotic treatment.**° 
Although rare, cases of isolated primary neurologic WD have 
been reported in patients without intestinal or any other mani- 
festations.°!°7 

‘Two reviews summarized the neurologic findings of WD, one 
of 84 and the other of 122 published cases.**.°? Common findings 
are progressive dementia and cognitive changes (28% to 71%), 
supranuclear ophthalmoplegia (32% to 51%), and altered level of 
consciousness (27% to 50%); less common are psychiatric symp- 
toms, hypothalamic manifestations (e.g., polydipsia, hyperphagia, 
insomnia),”° cranial nerve abnormalities, nystagmus, seizures, and 
ataxia. Two signs that are indicative of CNS WD are oculomas- 
ticatory myorhythmia and oculofacial skeletal myorhythmia,** 
each consisting of slow rhythmic and synchronized contractions 
(=1/sec) of ocular, facial, or other muscles; they occur in less than 
20% of cases,**.*? and they have not yet been documented in 
other CNS diseases. 

Results of head CT or MRI scanning may be normal or reveal 
mild to moderate brain atrophy or focal lesions without a predi- 
lection for specific sites.***°.°! These abnormalities are not spe- 
cific for WD, but focal lesions may be used to guide stereotactic 
biopsies, which, in most cases, reveal characteristic histology®®; 
MRI appears to be more sensitive than CT.® Results of standard 
CSF examinations are usually normal, although sometimes there 
is mild pleocytosis.*** However, CSF cytology—when using 
cytocentrifugation followed by PAS staining—often reveals PAS- 
positive sickle-form particle—containing cells, and PCR is often 
positive for T. whipplei DNA, even in a considerable proportion 
of neurologically asymptomatic patients.” 


Cardiovascular System 


Cardiac manifestations of WD include endocarditis, myocardi- 
tis, and pericarditis.*”?*.°> Endocarditis may be encountered as 
part of intestinal or systemic WD, and it may occur with negative 
blood cultures and no detectable other organ involvement.?*:?+7> 
Autopsy series of classic WD from the 1960s”’ and 1970s”’ showed 
a high rate (53%) of endocarditis with vegetations. In contrast, 
clinically apparent endocarditis was much less common (<6%) in 
several more recent series of systemic or intestinal WD.!°??3 
All valves may be affected, but the aortic and mitral valves are 
most commonly reported; involvement of the aortic valve leads 
to the most significant symptoms,*”° with some patients requir- 
ing valve replacement. PAS-positive macrophages and T. whipplei 
can be detected in native” and porcine prosthetic’? valve tissue 
and in the myocardium” by histology and electron microscopy, 
respectively. 

With the aid of broad-range as well as specific PCR testing of 
excised heart valve tissue, T. whipplei is increasingly found in blood 
culture-negative endocarditis, even quite regularly in the absence 
of intestinal WD.?+5.98:100-102 Data concerning the frequency of 
T. whipplei in suspected cases of endocarditis have become avail- 
able from 3 large investigative series. One series from France!®! 
of 819 patients with suspected blood culture-negative endocardi- 
tis identified an etiologic agent in 476 patients, and this included 
T. whipplei in 19 cases (4% of identified agents). Another series 
from Germany!’ of 1135 patients with valve destruction found 
an etiologic agent in 255 patients, and identified T. whipplei in 16 
cases (6%); in both series, T. whipplei was the fourth most com- 
monly identified organism. A large series of 3165 cases of infec- 
tive endocarditis in Spain reported blood culture-negative disease 
in 451 (14.2%) patients, and T. whipplei endocarditis in 16 (3.5%) 
of these.!°? Only 2 of the patients had classic intestinal WD. 
Clinically, T. whipplei endocarditis is characterized by a relatively 
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indolent course, frequent prodromal or concomitant articular 
symptoms, and frequent absence of fever.7>°+%!"4 The classic 
Duke criteria for diagnosing endocarditis usually are not met.?>-” 


Musculoskeletal System 


Intermittent, migratory oligo- or poly-arthralgias or arthritis, 
usually involving the knees, wrists, ankles, elbows, or fingers, is a 
common complaint of patients with WD.*??-!0>.!06 Rheumatoid 
factor is usually absent. Destructive joint changes or accumulation 
of synovial fluid are rare; when present, they are accompanied by 
PAS-positive macrophages (by histology), bacteria (by electron 
microscopy), or DNA of T. whipplei (by PCR) in synovial tissue 
or joint fluid®:!°°; 1 synovial fluid specimen yielded T. whipplei in 
culture.*° Sacroiliitis and spondylitis may occur, but ankylosing 
forms are rare, and there does not seem to be a strong association 
of these manifestations with HLA-B27.° Treatment of articular 
manifestations with immunosuppressive drugs, particularly with 
TNF inhibitors, may precipitate the onset of intestinal or other 
(systemic) illness.”!- Rare articular manifestations include infec- 
tious spondylodiskitis!°” and prosthetic joint infection. !°° 


Other Clinical Manifestations 


One common feature of WD is cutaneous hyperpigmentation, 
which has been found in 17% to 66% of patients. !62276-80.82 This 
finding tends to occur in light-exposed areas of the skin. The 
pathophysiology of this hyperpigmentation is unknown, but it 
appears to be unrelated to adrenal dysfunction or hyperbilirubi- 
nemia. PAS-positive cells or T. whipplei DNA may be detected in 
skin specimens, even in macroscopically healthy-appearing skin, 
and cultivation of T. whipplei isolate from 1 skin sample has been 
reported. !0° 

Ocular manifestations of WD are diverse, but rare, and include 
uveitis, vitritis, retinitis, retrobulbar neuritis, and papilledema.® 
They are usually associated with CNS disease, and the major- 
ity of reported patients also had clinical or histologic evidence 
of intestinal involvement. PAS-positive macrophages, T. whip- 
plei DNA, and visible bacteria (by electron microscopy) may be 
detected in vitrectomy specimens.!!°-!!? One case of uveitis had 
positive PCR results from vitreous fluid and an intestinal biopsy 
specimen, although intestinal histology was normal.!!! Another 
uveitis case yielded a positive culture.’° 

Chronic cough was a symptom in Whipple’s original patient 
and was reported relatively frequently in earlier series,” but infre- 
quently since then.** Some patients have pleuritis with effusion or 
granulomatous pulmonary disease that resembles sarcoidosis.* 


Emerging Disease Associations 


T. whipplei and its DNA are increasingly found in clinical set- 
tings and circumstances outside those of known WD manifesta- 
tions. Such findings include the detection of T. whipplei DNA in 
blood samples of patients with fever and cough in Senegal,!!’ in 
stool samples of children with gastroenteritis in France,!!*+ and 
in BAL samples of patients with pneumonia.!!? Remarkably, 
one of the patients with pneumonia was immunosuppressed and 
presented with community-acquired pneumonia leading to sep- 
tic shock. T. whipplei DNA was abundant in the BAL specimen 
and was the only bacterial species detected in this specimen.!!5 
An interesting and related set of findings was reported from a 
comparison of the bacterial microbiota in BAL fluid from 82 
HIV-infected individuals and 77 non-HIV-infected individuals.”° 
Here, T. whipplei DNA was more frequently found and more 
abundant in BAL specimens from HIV-infected than non—HIV- 
infected individuals: in 11 HIV-infected individuals, T. whipplei 
sequences constituted greater than 50% of all bacterial sequences 
detected. Antiretroviral treatment led to a significant reduction 
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in the relative abundance of T. whipplei sequences. Most of these 
individuals did not report any serious lung problems and, in fact, 
a subsequent study!!° reported the absence of lung function 
problems and inflammatory markers in BAL associated with the 
presence of T. whipplei in a similar cohort of HIV-infected indi- 
viduals. The pathogenic role of T. whipplei in these scenarios— 
and whether there is causation or mere association—is inherently 
difficult to establish,!!>-!!’ yet these reports do suggest that the 
spectrum of illnesses with which T. whipplei is associated may be 
broader than previously appreciated. 


PATHOLOGY 
Small Intestine 


On gross inspection, the mucosa of the distal duodenum and jeju- 
num is abnormal in most patients with intestinal WD. Whitish- 
to-yellow plaque-like patches are observed in approximately 3 
quarters of patients (Fig. 109.5); alternatively, the mucosa can 
appear pale yellow.®!!® Abnormal villus structure and mild 
mucosal flattening become evident with magnifying optics. 

The histopathologic features of intestinal WD are quite dis- 
tinctive. Viewed with light microscopy, the visible patches reflect 
lipid deposits or lymphangiectasia, whereas villus distention 
results from infiltration by macrophages in the lamina propria 
(Fig. 109.6). The swollen cytoplasm of macrophages appears 
foamy when stained with H&E, but numerous granular par- 
ticles become visible when the PAS stain is used (see Fig. 109.6). 
These particles correspond to phagolysosomes that are filled 
with numerous T. whipplei, and the positive reaction with PAS 
reflects the glycoprotein content of the bacterial cell walls. Single 
extracellular bacteria are barely visible with conventional light 
microscopy because of their small size, but they become evident 
in the mucosal stroma with high-resolution light microscopy and 
electron microscopy (Fig. 109.7). The number of bacteria varies 
greatly among patients. 

Electron microscopy shows uniformity in size and shape 
of the bacteria, with an external diameter of 0.2 to 0.25 pm 
and a length of up to 2.5 pm.°°!!” There is an electron-dense 
outer layer that is not found in other bacteria, and which some 
authors have speculated may be of host origin.!!? Most of the 


Fig. 109.5 Endoscopic view of the distal duodenum in a patient with 
untreated WD. The plicae circulares are swollen, and the mucosal 
surface is intact. Numerous whitish patches, reflecting lipid deposits, 
are present within the mucosa (see Fig. 109.6). (Courtesy Hans Jorg 
Meier-Willersen, MD, Heidelberg, Germany.) 


structurally intact bacteria, including dividing forms, are found 
outside of host cells in the lamina propria (see Fig. 109.7).811° 
In contrast, the intracellular bacteria in macrophages are often 
found in various stages of degradation. Findings based on fluo- 
rescence in situ hybridization and using specific T. whipplei 16S 
rDNA probes support and extend the findings derived from 
electron microscopy!!; the 16S rRNA signal from metaboli- 
cally active bacteria is found in the intestinal lamina propria, 
just beneath the basement membrane, but it is absent from the 
PAS-positive macrophages (Fig. 109.8). Therefore T. whipplei 
appears to prefer extracellular environments within the host, 
despite its association with eukaryotic cells. Following the suc- 
cess of T. whipplei laboratory cultivation, antisera have been 
raised against T. whipplei isolates and have been used for test- 
ing small intestine, lymph node, heart, and brain tissue!?:!?0.!!; 
staining patterns with these antisera are similar to those of PAS 
staining. These T. whipplei-specific antisera do not react with 
control bacteria and tissues affected by other diseases; however, 
immunohistology is still not widely available for routine diag- 
nostic purposes. 

Mucosal infiltration with PAS-positive cells is usually diffuse, 
but patchy lesions may be present. The cellular reaction generally 
is dominated by macrophages, whereas neutrophils, eosinophils, 
lymphocytes, and plasma cells are scarcer.°*:!*” This cellular com- 
position is unusual for an invasive bacterial infection, and suggests 
a disturbance of mobilization and chemotaxis of leukocytes.°” 

Variants of the usual histologic findings occur in some patients. 
These include rare cases with PAS-positive macrophages that are 
located exclusively in the submucosa, and rare cases with epithe- 
lioid granulomas in the affected mucosa.®* Taken together, the 
intestinal histopathology of WD demonstrates some hetero- 
geneity. Although the characteristic lesions are almost invari- 
ably present in the proximal small intestine, they might extend 
continuously as far as the terminal ileum.’”-!?> Occasionally, the 
diagnosis of WD is first made with ileal biopsies obtained during 
colonoscopy. 


Fig. 109.6 Histopathology of the small intestinal mucosa in the same 
patient as in Fig. 109.5. A villus is distended by an infiltrate of mac- 
rophages that contain periodic acid—Schiff-positive granular particles 
(type 1 cells) and by lipid droplets. The epithelial layer is intact. (Original 
magnification x84.) 


ST 9 POR NEEL 
Fig. 109.7 Electron microscopy of a small intestinal biopsy specimen 
in a patient with untreated WD. Just beneath the epithelial basement 
membrane (BM), the lamina propria is densely infiltrated by extracellular 
rod-shaped bacteria. The bacteria are uniform in size and structure. 
Some of them are dividing (arrow). N indicates the nucleus of an adja- 
cent enterocyte. 


During treatment, histologic findings in the intestinal 
mucosa change substantially but slowly, over several months or 
more.*?? Apart from a continuous decrease in the number of 
PAS-positive macrophages, the pattern of cellular infiltration 
of the mucosa changes from diffuse to patchy, necessitating 
multiple biopsies during follow-up endoscopic examinations. 
Mucosal infiltration shifts from the upper part of the mucosa 
(i.e., villi) to the lower part of the mucosa (i.e., pericryptal lam- 
ina propria) and submucosa. More significantly, the cytologic 
aspects of the PAS-positive macrophages undergo changes.°? 
Before treatment, most macrophages have numerous granu- 
lar particles in the cytoplasm that stain intensely red with PAS 
(type 1 macrophages; see Fig. 109.6). Within 1 to 6 months 
of treatment, the percentage of type 1 macrophages gradually 
decreases and, in parallel, cells with only some coarse granu- 
lar inclusions and a background of diffusely or finely granu- 
lar, more faintly PAS-positive cytoplasm (type 2 macrophages) 
increase in number. 

After 6 to 15 months, most macrophages that are still present 
have diffuse and faintly PAS-positive material in their cytoplasm, 
but lack granular inclusions (type 3 macrophages). Type 3 mac- 
rophages contain only filamentous remnants of bacteria.°? Thus 
their positive PAS reaction reflects the presence of glycoprotein 
residues of degraded bacterial cell walls. Type 4 macrophages 
have foamy cytoplasm, but only very minimal or no PAS stain 
affinity. Even in adequately treated patients, some type 3 or type 
4 macrophages usually persist, occasionally for greater than 10 
years; in fact, the finding of type 3 or 4 macrophages alone is 
consistent with intestinal remission. Despite documented clini- 
cal remission of intestinal disease, however, some patients still 
harbor viable T. whipplei and can later develop extraintestinal 
WD. Thus, the prognostic value of intestinal histology during 
the follow-up of patients is limited. 
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Fig. 109.8 Fluorescent in situ hybridization of a small intestinal mucosal 
biopsy specimen in a patient with WD. In this confocal micrograph of a 
single villus, nuclei of human cells are green, the intracellular cytoskeletal 
protein vimentin is red, and Tropheryma whipplei ribosomal RNA (rRNA) 
is blue. The T. whipplei rRNA signal is most intense in the extracellular 
spaces of the lamina propria, immediately subjacent to the basal mem- 
brane. (x200.) (Courtesy David N. Fredricks, MD, Seattle, WA.) 


Extraintestinal Pathology 


Autopsy reports of untreated patients with WD have revealed 
involvement of virtually any organ and tissue.” As with intestinal 
disease, the histologic hallmark of extraintestinal involvement is the 
presence of macrophages with intracellular PAS-positive granular 
particles. Because such PAS-positive findings are not specific for 
WD, however (see later sections on “Diagnosis” and “Differential 
Diagnosis”), their diagnostic significance in extraintestinal tissues 
is limited, and additional evidence (e.g., positive findings on elec- 
tron microscopy or PCR) is required for the diagnosis of WD. 
Rod-shaped bacteria of typical size and morphology for T. whipplei 
have been documented by electron microscopy in many extraintes- 
tinal organs, including liver, heart, lung, brain, eye, lymph nodes, 
bone marrow, and spleen®; these findings are consistent with direct 
involvement of T. whipplei in affected tissues. 

Two different types of lymph node lesions are common in 
WD. Abdominal nodes generally contain lipid deposits that 
induce a granulomatous foreign body type of reaction.! Periph- 
eral lymph nodes (inguinal, axillary, cervical) generally do not 
contain lipids but feature small clusters of epithelioid macro- 
phages, some of which have PAS-positive particles that corre- 
spond to inclusions with T. whipplei. Rarely, and most commonly 
in the mediastinum, a third type of lymph node reaction may be 
observed that resembles sarcoidosis. 

WD affects diverse regions of the brain. Most commonly, 
perivascular infiltrates of PAS-positive macrophages are present, 
as well as granulomas of variable size, consisting of glial cells with 
intensely PAS-positive granular particles. Occasionally, granu- 
lomas in the ventricular system cause occlusive hydrocephalus. 
PAS-positive macrophages can often be detected free in the CSF, 
even in patients without neurologic or psychiatric symptoms. 


DIAGNOSIS 


Most patients with WD have involvement of the intesti- 
nal tract, regardless of whether GI symptoms are present or 
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absent.????:47,7881 Therefore the primary diagnostic approach 
to a patient with clinically suspected WD should be EGD (see 
Fig. 109.5) with mucosal biopsy.*” To avoid sampling errors in 
patients with patchy lesions, one should obtain multiple (approxi- 
mately 5) biopsy specimens from regions as far distal as possible 
within the small intestine. Histologic examination with routine 
H&E and PAS stains is usually sufficient to reach a working diag- 
nosis; however, it is recommended that PAS-positive histologic 
findings be complemented with other methods when establish- 
ing the diagnosis of WD. Traditionally, electron microscopy has 
been used for this purpose, by showing bacteria of characteristic 
size and shape,* but at present, PCR is the preferred confirmatory 
test. 124125 

Following the molecular characterization of T. whipplei, a 
number of PCR-based assays were developed.!®1?4-127 These 
assays vary by their target DNA sequences and amplification 
strategy, as well as by their degree of validation. Newer PCR 
tests increasingly use the real-time PCR platform.?*!27!28 In 
almost all patients with a histologic diagnosis of WD, well- 
designed PCR assays detect T. whipplei DNA in the intestinal 
mucosa.!?4.125 PCR from intestinal biopsies is more useful as a 
confirmatory or supplementary test than as a primary diagnostic 
approach, because WD is only rarely diagnosed by PCR in the 
setting of negative intestinal histology,!?*125-12% and because T. 
whipplei DNA has been detected in asymptomatic control sub- 
jects.#L4? In practical terms, normal intestinal histology in the 
absence of suggestive extraintestinal manifestations excludes the 
diagnosis of WD, provided that multiple biopsy specimens are 
examined. 

Manifestations in other organs or body sites warrant the 
examination of specimens from affected sites. Histology or 
cytology with PAS staining, electron microscopy, and PCR 
are all useful for this purpose. An increasing number of cases 
are being reported with positive PCR results in extraintesti- 
nal samples and intestinal histology that is negative for PAS- 
positive macrophages. Examples of relevant manifestations 
include endocarditis, arthritis, uveitis, lymphadenopathy, or 
neurologic disease.??:47:94,95,98,100,111 

In an effort to distinguish between true WD and asymptom- 
atic carriage, one study used quantitative real-time PCR with dif- 
ferent sample types.!?’ When both saliva and stool were positive, 
the sensitivity was 65% and the positive predictive value was 95% 
for detecting intestinal manifestations. The positive predictive 
value increased to 100% when the bacterial load was greater than 
104 per gram of stool. When PCRs from both stool and saliva 
were negative, the negative predictive value for intestinal disease 
was 96% (1 of 23 intestinal WD cases was PCR-negative in both 
stool and saliva). The sensitivity for diagnosing extraintestinal 
disease was insufficient. Similarly, PCR from peripheral blood 
lacked sensitivity in this study, and its diagnostic value has been 
questioned.!3° 

Considering the systemic nature of the disorder, it is impor- 
tant to evaluate commonly involved organ systems on a routine 
basis whenever a new diagnosis of WD has been established. US 
examination might reveal enlarged mesenteric lymph nodes that 
have unusually high echogenicity caused by lipid deposits.” Neu- 
rologic examination is indicated in all new cases, including the 
sampling of CSF.”” Based on cytologic or PCR analysis of the spi- 
nal fluid, 70% of patients with intestinal WD in one study were 
found to have CNS infection with T. whipplei, even though they 
had no neurologic or psychiatric symptoms.” Imaging studies of 
the brain are generally not helpful in the absence of neurologic 
symptoms. In some patients with WD and anemia, videocapsule 
endoscopy might detect a site of bleeding in the small intestine. 
In one case report of a patient with WD, videocapsule endoscopy 
revealed diffuse disease and discrete areas of bleeding in the mid- 
dle and distal portions of the jejunum, although the exact reason 
for the bleeding was not defined. 


During treatment, diagnostic assessments should be repeated 
at regular intervals. Endoscopic lesions usually resolve within 
months but can last for up to a year.!!® Intestinal histology 
improves within several months,®* and PCR assays on intestinal 
biopsy tissues convert to negative within a time range of 1 to 12 
months after appropriate therapy has been instituted.!*+ Some 
PAS-positive macrophages can persist for years,°* even while the 
patient remains in clinical remission. Enlarged abdominal lymph 
nodes can require more than a year to regress and can result in 
fibrosis. Follow-up examination of the CSF should include PCR 
analysis.”* As has been documented in a culture-positive case, T. 
whipplei can persist in a viable state in the CNS despite prolonged 
administration of antibiotics.”? 


DIFFERENTIAL DIAGNOSIS 


Almost all symptoms and findings of WD are nonspecific. The 
broad spectrum of possible clinical presentations generates a wide 
differential diagnosis involving several subspecialties of medicine: 
gastroenterology, infectious diseases, rheumatology, cardiology, 
hematology, neurology, psychiatry, and ophthalmology. 

Disorders that mimic the histology of WD are uncommon.!* 
PAS-positive staining of cells in intestinal biopsies can be pro- 
duced by mucosal smooth muscle cells that are rich in glycogen, 
or plasma cells that contain immunoglobulin (Russell bodies) in 
the setting of chronic duodenitis; other disorders include mac- 
roglobulinemia, intestinal xanthelasmas, and pseudomelanosis 
duodeni. Rarely, PAS-positive cells reflect infection with Myco- 
bacterium avium complex or Rhodococcus equi (in HIV co-infected 
hosts), or Histoplasma capsulatum. Differentiation from WD is 
usually possible by means of histochemical stains (e.g., stains for 
acid-fast bacteria and use of diastase) and by immunocytochem- 
istry? 

Sarcoid-like granulomas are rare in WD but can occur in the 
stomach,!! small intestine,®? liver,!*? and lymph nodes. A pos- 
sible relationship between WD and sarcoidosis remains unre- 
solved.!>? By means of PCR analysis, thoracic sarcoidosis!*+ and 
intestinal sarcoidosis! tissues were both found to be negative for 
T. whipplei DNA. 

Most patients with WD have enlarged abdominal lymph 
nodes.!*° Rare cases of WD have been associated with meta- 
chronous or synchronous malignant lymphomas,!*°!5’ but the 
relationship of T. whipplei infection to lymphoma, if any, remains 
unclear. 


TREATMENT AND PROGNOSIS 


The initial response of WD to antibiotic treatment is usually 
prompt.!?8 Diarrhea often resolves within several days, arthral- 
gias often resolve within a few weeks, and significant weight 
gain occurs within a few months.’* In the 1970s and early 1980s, 
long-term tetracycline therapy was usually given,’?*? but most 
tetracyclines poorly cross the blood-brain barrier, and it became 
increasingly clear that patients treated in this manner often suf- 
fered relapses, many of which affected the CNS.** CNS relapses 
have a poor prognosis because they are often refractory to 
renewed treatment. It was therefore suggested that the treat- 
ment of WD include antibiotics that cross the blood-brain bar- 
rier well. Since the mid-1980s, trimethoprim/sulfamethoxazole 
(TMP/SMxX) has been used commonly.*+3? 

Information concerning the choice of antibiotic treat- 
ment comes from numerous case reports, several clinical 
series,!67%7882 a few retrospective analyses of antibiotic regi- 
mens,°**+!38 1 randomized clinical trial!*? with a nonrandomized 
follow-up study,'*! and, since the availability of culture, experi- 
mental susceptibility testing of T. whipplei isolates.'*?)'*? In an 
earlier retrospective analysis of 88 patients,** relapses were most 
common after monotherapy with tetracyclines, and this included 


CNS relapses. Only a small number of relapses, none of which 
affected the CNS, were observed after initial parenteral treat- 
ment with penicillin plus streptomycin, followed by long-term 
oral tetracycline (termed the “Duke regimen”). In a series of 30 
patients, tetracyclines were compared with TMP/SMX. "8 TMP/ 
SMX was superior to tetracyclines in inducing remission and was 
associated with a lower number of CNS relapses; however, despite 
its superior efficacy and ability to cross the blood-brain barrier, 
‘TMP/SMX treatment has been associated with instances of treat- 
ment failure, including cases of CNS relapse as well as instances 
of acquired resistance by T. whipplei.'°*:'**-'47 Some patients 
with treatment failure on oral antibiotics benefited from salvage 
therapy with courses of IV third-generation cephalosporins,” or 
from changes to other oral antibiotics, such as rifampin!* or the 
oral third-generation cephalosporin, cefixime.!*+ 

An immune reconstitution inflammatory syndrome (IRIS), 
similar to that seen in the treatment of HIV infection, may 
complicate treatment of WD. It manifests as unexplained clini- 
cal deterioration starting from days up to a few months after the 
initiation of treatment. It was observed in approximately 10% of 
patients in one series, found to be more common in patients who 
received immunosuppressive treatment for articular manifesta- 
tions, and its presentation ranged from mild to clinically severe 
illness.!*° IRIS often responds favorably to corticosteroid treat- 
ment. In addition, some IRIS cases that fail corticosteroid treat- 
ment respond favorably to thalidomide.!*? 

The sole randomized clinical trial of treatment in WD!*? 
involved 40 patients and tested 2 weeks of IV induction therapy 
with ceftriaxone against 2 weeks of IV induction with merope- 
nem, followed in both trial arms by 1 year of oral TMP/SMX. 
No relapses were observed in either treatment group within a 
median follow-up period of 89 months; 1 death occurred in each 
group from unrelated causes; and 1 patient initially treated with 
ceftriaxone and retreated with meropenem experienced asymp- 
tomatic persistence of T. whipplei DNA in the CSF for 6.5 years 
that was eventually eradicated by a combination of minocycline 
and chloroquine.'>® A nonrandomized follow-up study with 40 
additional patients'*! tested 2 weeks of IV ceftriaxone followed by 
3 months of oral ’TMP/SMX and compared the results with those 
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of the prior randomized trial!*° in which the patients received 1 
year of TMP/SMX. Three deaths occurred: one related to IRIS 
and 2 presumably related to poor clinical condition at the start of 
treatment; 1 patient experienced recurrent T. whipplei arthritis. 
The authors concluded that 12 months of oral treatment was not 
superior to 3 months. 

Antibiotic susceptibility test results have become available 
from experiments with T. whipplei strains in culture, by way of 
assessing growth in the presence of the drugs with real-time 
PCR.!#?:!%3 In co-culture with fibroblasts, the bacterium appears 
susceptible to doxycycline, macrolides, penicillins, rifampin, tei- 
coplanin, and TMP/SMxX; variably susceptible to imipenem; and 
only moderately susceptible or resistant to cephalosporins, fluo- 
roquinolones, and vancomycin.'*” In axenic medium, the results 
were similar to those in cell culture, except that T. whipplei was 
susceptible to ceftriaxone and vancomycin.!*? Genome sequence 
analysis shows that T. whipplei lacks the gene for dihydrofolate 
reductase, which is the target for TMP action,!*! so that the sus- 
ceptibility to TMP/SMX is most likely based solely on its SMX 
component. Consistent with this, TMP was found inactive in 
laboratory experiments'’; thus, it has been proposed that the 
‘TMP/SMX combination can be replaced with single sulfonamide 
treatment, such as with sulfadiazine, which also has good CNS 
penetration.”° 

A new treatment regimen—doxycycline in combination with 
hydroxychloroquine—initially arose from in vitro experiments 
showing that this combination was bactericidal.*°!°? Hydroxy- 
chloroquine raises the pH of intracellular vacuoles and thereby 
enhances the intracellular activity of doxycycline.'*? Favorable 
clinical experience with this regimen has been reported. One 
observational study of 29 patients!°* described the clinical course 
of 14 patients who had failed primary treatment with TMP/ 
SMX; this was compared with the course of 13 patients who 
were treated only with doxycycline/hydroxychloroquine. None 
of the latter patients failed treatment, and most of the patients 
who failed TMP/SMX treatment were successfully retreated with 
doxycycline/hydroxychloroquine; however, a few cases of failure 
with doxycycline/hydroxychloroquine have been reported.!°?)!° 
Because of the limited CNS penetration of doxycycline, it has 


Drugs Dose Comments Reference(s) 
Ceftriaxone 2 g IV once or twice daily Induction therapy (first 10-14 days) or salvage therapy 92, 140 
Meropenem 1 g IV 3 times daily Induction therapy (first 10-14 days) 140 
Penicillin G + streptomycin 6-24 million units IV daily (in divided Induction therapy (first 10-14 days) 8, 76, 84 
doses) + 1 g IM once daily 
TMP/SMX 160 mg/800 mg PO twice daily Long-term therapy; first-line drug; good CNS 83, 136 
penetration, but CNS relapses can occur 
Sulfadiazine 1-1.5 g PO 4 times daily Single sulfonamide for long-term therapy; limited 96 
experience 
Doxycycline (or tetracycline) 100 mg PO twice daily (600 mg PO Long-term therapy, relapses are a problem; poor CNS 76, 84, 138 
4 times daily) penetration 
Doxycycline + hydroxychloroquine 100 mg PO twice daily + 200 mg Long-term therapy; arose from in vitro experiments; 46, 96, 152 
PO 3 times daily promising clinical results 
Minocycline 100 mg PO twice daily Alternative to doxycycline with better CNS 150 
penetration; may be combined with 
hydroxychloroquine 
Penicillin VK 500 mg PO 4 times daily Alternative for long-term therapy; limited experience 8, 84 
Cefixime 400 mg PO twice daily Alternative for long-term therapy; limited experience 144 
Rifampin 600 mg PO once daily Second-line drug; good CNS penetration 81, 145 
Chloramphenicol 500 mg PO 4 times daily Second-line drug; worrisome side effects o9 8i 


IM, Intramuscular; PO, oral; TMP/SMX, trimethoprim/sulfamethoxazole. 
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been suggested that a sulfonamide be added to doxycycline/ 
hydroxychloroquine in patients with neurologic involvement.”° 
Based on the fact that minocycline has better CNS penetra- 
tion than other tetracyclines, another group of authors used 
minocycline and chloroquine in combination to eradicate long- 
standing asymptomatic persistence of T. whipplei in the CSF of 
1 patient.!5° 

In summary, the optimal treatment regimen for WD is cur- 
rently unknown. Based on the overall very favorable outcomes 
reported in the single randomized treatment trial,'*? Ger- 
man guidelines!** recommend an induction phase of 2 weeks 
with ceftriaxone, followed by oral TMP-SMX for at least 1 
year. In contrast, authors from the French reference center 
strongly recommend 1 year of oral treatment with doxycycline/ 


hydroxychloroquine as the primary form of treatment.*°!>? The 
same authors’ recommendation for subsequent lifelong pro- 
phylaxis with doxycycline is controversial, because it is based 
largely on theoretical considerations and only very few published 
cases,!™ and there are many patients in published case series 
who never relapsed despite comparatively short courses of treat- 
ment.??78:82:84 Tt is clear, however, that lifelong clinical follow-up 
is necessary.*’ Ultimately, further clinical trials or observational 
case series will be needed to clarify what is the best regimen. An 
overview of current antibiotic treatments, including suggested 
doses, is given in Table 109.1. 


Full references for this chapter can be found on www.expertconsult.com. 
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Infectious diarrhea is a major cause of illness throughout the world 
with 2.39 billion episodes of diarrhea estimated in 2015, of which 
957.5 million occurred in children under the age of 5 years.! Despite 
the number of deaths attributed to diarrhea declining by 20.8% from 
2005 to 2015, over 1.3 million people die of diarrheal diseases each 
year worldwide with the greatest impact on infants and children.? 
Globally, the leading pathogens with the highest mortality are rota- 
virus, Shigella spp., and Salmonella spp.; in children under the age of 5 
years, the leading pathogens with the highest mortality are rotavirus, 
Cryptosporidium spp., and Shigella spp.! Although the total number 
of deaths attributed to diarrhea in the USA is low in comparison 
to the global burden, a recent study has shown diarrheal diseases 
caused by infection to be the only infectious disease with increasing 
mortality from 2000 to 2014 (2.41 deaths per 100,000 persons) in 


the USA.* The leading diarrheal pathogens are Clostridioides difficile, 
rotavirus, Shigella, Campylobacter, and enterotoxigenic Escherichia coli 
(ETEC)! with CDC surveillance programs estimating 47.8 million 
foodborne illnesses, most often diarrheal illnesses, to occur annually 
in the USA° 

This chapter focuses on bacterial and viral diarrhea and infec- 
tious proctocolitis in adults. Disease due to many of the patho- 
gens discussed is linked to ingestion of contaminated food or 
water (Table 110.1). Other key topics in enteric infectious disease 
are covered in Chapters 16, 35, 36, and 111 to 114. 


SUSCEPTIBILITY TO INTESTINAL INFECTION 


Acquisition of an enteric infection is the result of the interaction 
of host factors that typically protect against infection and micro- 
bial virulence factors that function to overcome host defenses. 
Emerging studies are exploring how host genetics and diet, acting 
through microbiota-dependent and -independent mechanisms, 
change host susceptibility to infection.’ 


Host Defense Factors 


Gastric acidity is a crucial first-line host defense that ingested 
pathogenic bacteria and other pathogens must survive to infect 
the small or large intestine.* In general, bacterial pathogens are 
highly susceptible to low pH with a pH below 4.0 being rapidly 
bactericidal. In contrast, achlorhydria facilitates bacterial sur- 
vival during gastric passage. Consistent with the importance of 
gastric acid as a host defense, treatment with PPIs, and to a lesser 
degree the shorter-acting and less potent H2RAs, is a risk factor 
for bacterial gastroenteritis, including Salmonella, Campylobacter, 
and C. difficile infection,’ and viral gastroenteritis, including 
norovirus.!° 

The intestinal epithelium provides multiple components that 
contribute to host protection against potential enteric patho- 
gens.!! Commensal microbiota as well as potential enteric patho- 
gens first encounter the mucus layer that coats the epithelium. 
The outer loosely organized luminal mucus layer serves as a habi- 
tat for commensal microbiota in the colon, whereas the inner gel- 
like mucus layer largely excludes direct bacterial-epithelial cell 
contact. Bacteria that do penetrate this layer are thought to be 
cleared rapidly by the host mucosal immune system.!” 

Multiple cell types within the intestinal epithelium— 
including enterocytes, Paneth cells, goblet cells, and M cells— 
all help protect the host against enterocolitis. Mechanisms of 
protection include barrier formation and water efflux"? via the 
tight junctions of enterocytes, enterocyte and Paneth cell secre- 
tion of antimicrobial molecules, goblet cell secretion of mucins, 
and M-cell presentation of antigens to the mucosal immune sys- 
tem, initiating, in many instances, a protective mucosal immune 
response. Specific molecules on intestinal epithelial cells also con- 
tribute to resistance to pathogens. Of particular importance are 
pattern recognition receptors, which mediate the recognition of 
microbes and lead to the activation of innate and adaptive immune 
responses in the intestinal mucosa. The inflammatory responses 
that follow can serve to protect the host or, conversely, contribute 
to disease development.!* A key host protective mechanism is the 
production of secretory immunoglobulin A, which can be both 
nonspecific (e.g., through microbial agglutination) or specific, as 
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part of a pathogen-specific adaptive immune response. Members 
of the commensal microbiota, as well as potential enteric patho- 
gens, can initiate specific mucosal immune responses. Studies of 
these mucosal immune mechanisms have provided abundant and 
evolving insights into the complexity of host immune responses. 
Lastly, the enteric nervous system (ENS), which is involved with 
normal intestinal motility (see Chapters 99 and 100), also con- 
tributes to protect the host. Impaired intestinal motility in the 
setting of enteric infections, as well as hormones and molecules 
produced by the host, are known to influence disease severity.!° 
The luminal resident microbiota population in the colon com- 
prises 103 to 104 bacteria per gram of stool and has increas- 
ingly been recognized as a powerful contributor to resistance to 
colonization and disease development with enteric pathogens. 
This is arguably best illustrated by the marked clinical responses 
of recurrent C. difficile colitis to intestinal microbiota transplant 
therapy (see Chapter 112). Finally, emerging data from human 
and murine models are beginning to uncover ways in which host 
genetics and diet, functioning by microbiota-dependent and 
-independent mechanisms, change host susceptibility to intesti- 
nal infections (e.g., Card9, a key innate immunity gene and IBD- 
associated risk gene controls virulence of Citrobacter rodentium'° 
in mouse models; human genetic variation in FUT2 is associated 


TABLE 110.1 Estimated Proportion of Infections With Common Enteric 
Pathogens That Are Foodborne and Travel Related 


Pathogen Foodborne (%) Travel Related (%) 
Nontyphoidal 94-95 iil 
salmonellae 
Shigella spp. 58 IS 
Campylobacter spp. 80 20 
STEC* 68-85 3.5-18 
EEGs 100 55 
Yersinia spp. 90 i 
Noncholera Vibrio spp. 50-57 
Noroviruses 26-40 15 


*ETEC, Enterotoxigenic Escherichia coli; STEC, Shiga toxin-producing 
Ecol: 

Data from Scallan et al. Emerg Infect Dis 2011;17:7-15; Mead. Emerg 
Infect Dis 1999;5:607-25; Dechet et al. Clin Infect Dis 2008;46:970-6; 
COVIS 2014; Nygren et al. Epidemol Inf. 2013;141(2):233-41. 


with a 9- to 26-fold increase risk of infection with some strains of 
norovirus and rotavirus’). 


Bacterial Factors 


Bacterial pathogens have evolved various virulence factors and 
mechanisms that enable them to overcome host defenses, includ- 
ing adherence factors, enterotoxin and cytotoxin elaboration, and 
mucosal invasion among others.!’-?° The ability of bacteria to 
adhere to host mucosal cells is critical to the initial interaction of 
each enteric pathogen with the intestinal epithelium. Numerous 
adhesins that differ in morphologic features and receptor speci- 
ficities have been identified and vary in their capacity to mediate 
colonization in human compared with animal hosts. The com- 
plexity of adherence mechanisms is enhanced by the observation 
that particular bacteria express and use more than 1 adhesin, a 
redundancy that likely enhances bacterial virulence. Many bacte- 
rial adhesins recognize oligosaccharide residues of glycoproteins 
or glycolipids displayed in the mucus or surface of intestinal epi- 
thelial cells.?° 

Enteropathogenic Escherichia coli (EPEC) cause disease, in 
part, because of tight intestinal epithelial adherence and serve as 
a classic model of the potential stages of adherence for enteric 
pathogens and their mechanistic complexity. EPEC initially 
exhibit nonintimate attachment to intestinal epithelial cells. This 
initial attachment is mediated by a bundle-forming pilus asso- 
ciated with a large plasmid common to EPEC isolates. Next, 
EPEC induce signal transduction events in the intestinal epithe- 
lial cells that lead to cytoskeletal changes in the enterocyte. Ulti- 
mately, intimate attachment of EPEC to the host cell membrane 
results, which is mediated by an EPEC outer membrane protein 
called intimin that is encoded by the eaeA gene cluster on the 
EPEC chromosome.?! This classic ultrastructural change, known 
as an attaching-effacing lesion, leads to elongation and destruction 
of microvilli, with classic pedestal formation (Fig. 110.1).’? The 
role of the eaeA gene as a virulence factor that causes diarrhea in 
human EPEC infection has been confirmed in volunteer chal- 
lenge studies.” 

Nonintimate attachment using other adhesin molecules is 
typical of other noninvasive bacteria such as ETEC, and molec- 
ular studies have demonstrated that nonintimate attachment 
through surface protein antigens known as pili or fimbriae (also 
referred to as adherence- or colonization-factor antigens) is required 
for a bacterium to colonize and be fully pathogenic. These adhes- 
ins bind to specific receptor sites on the surface of the intestinal 
cell via specific ligand-receptor interactions. Classic studies by 
Moon and coworkers, in which loss or gain of fimbriae by genetic 


Fig. 110.1 A, Electron micrograph 
of EPEC and the characteristic 
bundle-forming pilus. B, Electron 
micrograph of EPEC adherent to a 
cell and demonstrating the attach- 
ing and effacing lesion, also called 
pedestal formation. EPEC (brown), 
pedestal (blue), cell (green). (Mi- 
crographs courtesy Dr. Jorge A. 
Giron, Puebla, Mexico.) 


Fig 110.2 Algorithm for the diagnosis and treat- 
ment of infectious diarrhea. *Factors to be con- 
sidered in assessing the diarrhea include whether 
it is community associated and if the patient is 
immunocompromised, and the nature of the ex- 
posure (e.g., seafood, camping). **Avoid alcohol, 
caffeine, and lactose. Soft, easily digestible foods 
such as soups, bananas, mashed potatoes, and 
rice are helpful. ‘Culture and sensitivities, Stx 
(Shiga toxin) enzyme immunoassay (to detect 

all STEC). Clostridioides difficile toxin B testing 

is Suggested when risk factors (most commonly 
antibiotic exposure and/or inpatient or outpatient 
health care exposure) are present. Additional risk 
groups for C. difficile disease include postpartum 
women (because of exposure to colonized in- 
fants), patients with IBD, and young children (see 
Chapter 112). FOBT, Fecal occult blood test; 
STEC, Shiga toxin-producing E. coli. 


No testing 


Hydration/ 
electrolyte 
repletion 


Supportive care 


manipulation resulted in the loss or gain of the ability to adhere 
to and colonize the intestine, identified that these colonization 
factors (CFs) are important to the pathogenesis of E. coli diarrheal 
disease in animals.’* Adherence not only permits colonization but 
also can facilitate delivery of enterotoxin to the epithelium.7+’> 

Production of toxins, usually proteins, by enteric pathogens 
is a key mechanism that contributes to the expression of diar- 
rhea after infection. Nonetheless, asymptomatic colonization 
by enteric pathogens known to produce toxins and other viru- 
lence factors is common. Enteric toxins can be classified by their 
functional effect on the intestinal epithelium or by their precise 
molecular mechanism of action.!? From a functional perspective, 
there are 2 major groups of enteric bacterial toxins: enterotoxins 
and cytotoxins. Classic enterotoxins such as cholera toxin or the 
enterotoxins of ETEC induce intestinal secretion largely with- 
out altering the morphology of the intestinal epithelium. The 
predominant site of action of most enterotoxins is thought to be 
the small intestine. In contrast, cytotoxins such as the C. diffi- 
cile toxins or Shiga toxins (Stx) of Shigella dysenteriae and E. coli 
(e.g., E. coliO157:H7 among others) often act in the colon, where 
morphologic changes in the intestinal epithelium result through a 
variety of mechanisms such as by inducing epithelial cell injury or 
death, altering the cytoskeleton of the epithelial cells, or inducing 
an inflammatory response that results in injury to the epithelium. 
In addition, the actions of several enteric bacterial toxins, such 
as the C. difficile toxins, are known to be complemented by their 
ability to alter ENS activity, also likely contributing to disease 
pathogenesis. 

Although the biologic activity of many potential enteric bac- 
terial toxins has been abundantly identified, precise molecular 
mechanisms of action have been identified for relatively few.!”-!” 
Classic mechanisms of action include alteration of intestinal 
epithelial cell cyclic nucleotide levels (e.g., cholera toxin, E. 
coli LT [heat-labile] or STa [heat-stable] toxins); inhibition of 
protein synthesis (e.g., Stx); modifications of actin cytoskeleton 
(e.g., C. difficile toxins [see Chapter 112]); and pore formation 
(e.g., Clostridium perfringens enterotoxin [see Chapter 111]). 
Other mechanisms likely contributing to induction of disease 
by enteric bacterial toxins include alteration of epithelial cell 
calcium signaling and changes in arachidonic acid metabolism 
among others. Ultimately, proof of the role of a particular 
enteric bacterial toxin in human disease is via volunteer studies 
and is infrequent. Examples of enteric bacteria and their tox- 
ins studied in humans include Vibrio cholerae, Shigella spp., and 
pathotypes of E. coli among others.!? 


Lactose-free diet** 
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Moderate/Severe exam 


Gross Clinical 
exposure 


Add stool ova 
and parasite 


examination Test for 


F 
Stool culture C.difficile 


Pathogen-specific 
therapy 
(Table 110.8) 


Disease induction by some enteric pathogens requires their 
ability to invade and multiply within intestinal epithelial cells, 
with resultant cell injury and possibly cell death that incites a 
mucosal inflammatory response. Shigella species, Salmonella spe- 
cies, Campylobacter jejuni, Yersinia enterocolitica, and some (entero- 
invasive) strains of E. coli are classic examples of bacteria for which 
invasion contributes to disease pathogenesis. Although the colon 
is most often the primary site of pathology with invasive enteric 
bacteria, non-dysenteriae Shigella spp. also produce enterotoxins 
that stimulate small bowel secretion and contribute to the first 
phase of watery diarrhea seen in shigellosis. Subsequent colon 
colonization and cellular invasion by nondysenteriae Shigella spp. 
then results in colon inflammation with colitic symptoms and, 
occasionally, bloody diarrhea. 


GENERAL PRINCIPLES OF INFECTIOUS ENTERITIS 
AND PROCTOCOLITIS 


Evaluation 


The Infectious Diseases Society of America® (2017) and the 
American College of Gastroenterology?” (2016) have both pub- 
lished guidelines in recent years for the evaluation and manage- 
ment of acute diarrheal infections.*°*’ Only about 10% of patients 
who develop diarrheal disease present for medical consultation. 
The initial step in the diagnostic evaluation of a patient with 
acute diarrhea is a thorough history and physical examination, the 
goals of which are to identify patients who may be at risk of severe 
illness or susceptible to complications, and to identify risk factors 
for infection and those who will benefit from specific therapy. 
Most patients simply need rehydration therapy. Consideration of 
the patient’s general health, severity and duration of illness, and 
the setting in which the illness was acquired should enable the 
clinician to determine who needs further evaluation (Fig. 110.2). 

Patients who are debilitated, malnourished, or immunocom- 
promised, and those who have severe comorbid illnesses, are at 
increased risk for complications of diarrhea and infection. The 
morbidity and mortality of infectious diarrheal diseases are highest 
in children younger than 5 years of age (particularly severe in those 
<2 years old?) and older adults. These high-risk patient groups 
may require hospitalization for diagnosis and treatment. Other 
patients who also require a more aggressive approach include 
those with systemic signs and evidence of inflammatory diar- 
rhea, illnesses lasting greater than 3 to 5 days, a history or physical 
examination suggesting specific pathogens that will benefit from 
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TABLE 110.2 Clinical Findings That Suggest the Causative Organisms 
for Some Inflammatory Diarrheas 


Finding Causative Organisms 


TABLE 110.3 Characteristics That Help Distinguish Inflammatory From 
Noninflammatory Diarrhea 


Characteristic Inflammatory Noninflammatory 


Hemolytic-uremic 
syndrome/thrombotic 
thrombocytopenic purpura 


STEC; most common with Shigella 
dysenteriae among Shigella spp., 
but S. dysenteriae is not endemic 
in the USA 


Salmonella spp., Shigella Spp., 
Campylobacter spp., Yersinia spp. 


Reactive arthritis* 


Bone marrow suppression Salmonella serovars Typhi and 


Paratyphi 


Guillain-Barré syndrome Campylobacter jejuni 


Toxic megacolon Shigella spp., Clostridioides difficile, 


Salmonella (rarely) 
Aortitis/endovascular infection Nontyphoidal salmonellae 


Intestinal hemorrhage/ Salmonella serovars Typhi and 


Clinical Bloody, small-volume Large-volume, watery 
presentation diarrhea; lower diarrhea; patients 
quadrant abdominal may have nausea, 
cramps; patients may vomiting, generalized 
be febrile and toxic abdominal cramps 
Site of Colon Small intestine 
involvement 
Diagnostic Indicated Indicated if the patient 
evaluation is severely volume 


depleted or appears 
ill 

Small numbers often 
present 


Fecal leukocytes Frequently present 


Causes Shigella spp., Salmonella Viruses, Vibrio spp., 


perforation Paratyphi, TB enteritis 
RLQ tenderness Yersinia spp. 
Cellulitis Vibrio vulnificus and alginolyticus (see 


spp., Entamoeba 
histolytica, 
Campylobacter spp., 
Yersinia spp., invasive 


Giardia lamblia, 
enterotoxigenic 
E. coli, other 
enterotoxin- 


text) 


All, including viral gastroenteritis; 
viruses typically yield less severe 
post-infection IBS 


Post-infection IBS” 


Small bowel lymphoproliferative 
disease 


Campylobacter jejuni 


*Can occur with any enteric pathogen. STEC, Shiga toxin-producing E. 
coli. 


specific therapy (Table 110.2), and infection with certain specific 
organisms (e.g., V. cholerae, Salmonella Typhi).?? Bloody diarrhea 
can be considered a medical emergency and often requires hospi- 
talization for diagnosis and management”; for example, Stx (Shiga 
toxin)-producing E. coli (STEC) infection can present with bloody 
diarrhea, and early, aggressive fluid management may diminish 
complications (e.g., renal failure) of this infection.*! 

A traditional approach to help guide clinical diagnostic consider- 
ations has been the division of acute, presumably infectious, diarrheal 
disease into 2 broad clinical syndromes: a watery, noninflammatory 
diarrheal syndrome and an inflammatory diarrheal syndrome (Table 
110.3); a subgroup of the latter is the proctitis diarrheal syndrome. 
Classically, patients with noninflammatory diarrhea present with 
watery stools without visible blood or pus, and sometimes complain 
of severe abdominal pain. These patients generally have few systemic 
signs or symptoms, and fever often is absent; abdominal cramping, 
nausea, and vomiting can occur. This syndrome is most frequent in 
individuals infected with enterotoxigenic pathogens or viruses (see 
later). Many pathogens that cause inflammatory disease, however, 
can mimic this syndrome, particularly in the early phases of disease 
development (see later Shigella section). 

Classically, patients with inflammatory diarrhea present 
with numerous small-volume stools that may be visibly mucoid, 
grossly bloody, or both. Such patients may appear toxic and are 
more often febrile. Abdominal cramping may be severe. Because 
of the small stool volumes, these patients are less likely to be 
dehydrated than those with noninflammatory diarrhea. Organ- 
isms causing inflammatory diarrheas may vary in their clinical 
presentations (Table 110.4), are typically invasive, and usu- 
ally affect the colon (see Invasive Pathogens, later). The acute 
inflammatory diarrheal syndrome also can have a noninfectious 
etiology, such as UC, Crohn disease, radiation or ischemic coli- 
tis, diverticulitis, and idiosyncratic reactions to medications. 
Fig. 110.3A4-C shows the endoscopic appearance of selected 
inflammatory diarrheas. 


Escherichia coli, 
Clostridioides difficile 


producing bacteria 


Modified from Park SI, Giannella RA. Approach to the adult patient with 
acute diarrhea. Gastroenterol Clin North Am 1998; 22:483-97. 


Proctitis syndrome is characterized by frequent painful bowel 
movements that contain blood, pus, and mucus. Tenesmus, often 
with rectal pain, usually is prominent. When acute, the most 
likely cause is one or more infectious agents (see Sexually Trans- 
mitted Infectious Proctitis, later). When a careful history reveals 
persistent, intermittent symptoms, noninfectious causes such as 
IBD (see Chapter 115) become diagnostic considerations. 

Our growth in understanding the pathophysiology of infec- 
tious diarrheal diseases has led us to appreciate that inflam- 
mation is common to all infectious enterocolitides, with some 
infections (e.g., S. dysenteriae type 1) inducing dramatic colonic 
inflammation, and others (e.g., V. cholerae? and ETEC??) 
inducing more modest small bowel or colon inflammation. 
Thus, the classic division of enteric pathogens into those induc- 
ing noninflammatory or inflammatory diarrhea is imperfect, 
and inflammation in response to enteric pathogens represents a 
continuum. Critical to the clinician, however, is identifying the 
patient at risk for morbidity or mortality due to infectious diar- 
rheal disease. Most cases of watery diarrhea result in self-limited 
illnesses that require only advice on hydration maintenance and 
possibly diet. Evaluation of such patients who have mild diar- 
rhea for less than 3 to 5 days is typically unnecessary. By con- 
trast, patients who often require diagnostic evaluation are those 
with risk factors such as extremes of age, one or more immu- 
nocompromising conditions, marked stool frequency, bloody 
stools, or dehydration. Thus, the clinician’s assessment of the 
degree of illness, combined with the patient’s history, are key 
contributors that guide clinical judgment regarding diagnostic 
evaluations in diarrheal disease. Clinical or fecal evidence of 
acute inflammatory diarrhea or bloody diarrhea always deserves 
a diagnostic evaluation, and diagnostic evaluations, whenever 
possible, should precede initiation of empiric antibiotic therapy 
of diarrheal disease. 


Risk Factors 


As already discussed, age is a primary determinant of diarrheal 
disease morbidity, with those at the extremes of age (i.e., <5 years 


Fig. 110.3 Sigmoidoscopy and 
histopathology of acute self-limited 
infectious colitis. A, a 24-year-old 
with bloody diarrhea in whom sig- 
moidoscopy revealed mucosal in- 
flammation with erythema, edema, 
granularity, and loss of the normal 
vascular pattern. Stool culture 
grew Salmonella. The gross ap- 
pearance resembles that of UC. B, 
a 58-year-old woman with bloody 
diarrhea in whom colonoscopy re- 
vealed mucosal inflammation with 
large, flat ulcers in the ascending 
colon. Stool culture grew Campy- 
lobacter jejunii. C, Histopathology 
of acute self-limited colitis, the 
cause of which could have been 
Campylobacter, Salmonella, or any 
one of a number of other bacteria. 
The presence of inflammatory cells 
throughout the lamina propria and 
straight glands without architec- 
tural distortion or branching is 
typical of acute colitis and helps 

to differentiate acute from chronic 
colitis. 


and >65 years), particularly those living in long-term care facili- 
ties, at increased risk for poorer outcomes. Gastroenteritis out- 
breaks are common in nursing homes in high-income countries, 
with notable pathogens including norovirus, rotavirus, STEC, 
and C. difficile among others.*+>” Enhanced risk of diarrheal dis- 
ease in older adults is due to numerous factors, such as comorbid 
medical conditions, altered immunity with senescence, intestinal 
dysmotility, exposure to medications including antibiotics, and 
drug-induced or acquired hypochlorhydria.’ 

Immunocompromising conditions influence the risk of acqui- 
sition and disease severity for numerous enteric pathogens. Clas- 
sic immunocompromising conditions include malignancy and its 
treatment, hemopoietic or solid organ transplantation, medica- 
tions such as glucocorticoids or other immune modulators, and 
HIV infection. For example, lymphoproliferative diseases, gluco- 
corticoid therapy, and HIV infection markedly increase the risk 
for salmonellosis. However, a number of other conditions, the 
immune effects of which are less well characterized, also enhance 
the risk of infection with enteric pathogens, including diabetes 
mellitus or liver disease (e.g., Vibrio vulnificus), hemolysis (e.g., 
salmonellosis), and iron overload (e.g., yersiniosis). 

Food exposures or ingestion of contaminated water also con- 
stitute major risk factors for acquisition of enteric pathogens (see 
Table 110.1 and Chapter 111). Ingestion of undercooked or raw 
foods (e.g., meats such as hamburger or chicken, oysters, clams, 
other seafood) and unpasteurized milk or juices (e.g., apple cider) 
is of particular concern. Travel, largely because of exposure to 
contaminated food or water, is a classic risk factor for acquiring 
infectious diarrheal disease (see “Travelers’ Diarrhea,” later). 
Animal exposures such as on farms or in petting zoos at county or 
state fairs (e.g., Campylobacter, Salmonella, STEC) or recreational 
exposures (e.g., camping or adventure tourism) also pose risk for 
enteric infections. Exposure to health care facilities, including 


1783 


CHAPTER 110 Infectious Enteritis and Proctocolitis 


hospitalization and treatment with antibiotics, increase the risk 
for C. difficile infection (see Chapter 112). Both gastroenteritis 
or asymptomatic carriage of enteric pathogens are common in 
children in day care centers and serve as a source for infections in 
adults caring for the children. 

Pregnancy and the peripartum period enhance risk for trans- 
mission of enteric pathogens. A pregnant woman may transmit 
enteric pathogens carried asymptomatically to the newborn child, 
who may then develop clinical disease. Conversely, neonates or 
infants can transmit infection, particularly C. difficile, to their 
mothers or caretakers, because C. difficile infection is typically 
asymptomatic in children under the age of 1 year. Ingestion of 
delicatessen foods by pregnant women may lead to bacteremia, 
septicemia, meningoencephalitis, fetal loss, or neonatal infec- 
tion from Listeria monocytogenes. Onset of these serious illnesses 
may occur up to 30 days after the implicated food exposure.*® 
Older adults and those with impaired immune systems are also 
at increased risk for invasive L. monocytogenes infection after con- 
taminated food ingestion. In contrast, the immunocompetent 
host ingesting a food highly contaminated with L. monocytogenes 
develops abrupt but a short-lived diarrheal illness with fever.*? 


Differentiating IBD and Infectious Diarrhea 


Clinical distinction between infectious dysentery (diarrhea with 
blood and mucus in the stool) and IBD (particularly UC) can be 
difficult because diarrheal stools in both illnesses contain mucus 
and blood. Two features of infectious dysentery that distinguish 
it from UC are detection of a pathogen on diagnostic studies 
and a self-limited course that responds to antimicrobial therapy 
without relapse. Positive diagnostic tests for a pathogen in adults 
with diarrhea, however, are obtained in only about 50% of those 
studied.40+! 
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Longitudinal studies in the 1990s provided some guidance 
in differentiating acute infectious colitis and early-onset IBD.*” 
Most patients with infectious colitis present early (within 1 week) 
and with fever to the physician; histopathology of the colon in 
infectious colitis also is different from that of chronic colitis in 
IBD (see later). In contrast, patients with IBD often have prior 
abdominal symptoms upon a careful history, less fever, and pres- 
ent later (>1 week after symptom onset). Travel may cause a 
patient to manifest either an acute exacerbation of IBD because 
chronic symptoms worsen as a result of travel-acquired enteric 
infection or de novo IBD that develops as a result of an altered 
intestinal microbiome superimposed on a genetic predisposition 
(see Chapter 115). Lastly, higher volume or frequency of diarrhea 
(especially >10 stools per day) is more commonly due to an infec- 
tious pathogen than IBD. 

Histopathologic examination of colonic mucosa obtained 
by endoscopic biopsy can be helpful. Both the microbial 
form (dysentery) and various types of acute colitis typically 
show edema, neutrophils throughout the lamina propria, and 
superficial cryptitis with preservation of the normal tubu- 
lar crypt pattern (see Fig. 110.3D). Idiopathic UC, however, 
shows signs of chronicity, including lymphoplasmacytosis that 
typically involves the lower third of the lamina propria, and 
architectural crypt distortion (e.g., colonic glands with signs 
of regeneration such as branching). Resolving dysentery may 
have lymphocytes infiltrating the lamina propria, similar to 
UC, but crypt distortion and regeneration will not be present. 
Ultimately, there is no substitute for correlating clinical, endo- 
scopic, and histopathologic features of disease to arrive at the 
proper diagnosis. #4 


Laboratory Diagnosis 


Laboratory diagnosis of acute diarrheal disease should be pursued 
in any patient judged as moderately to severely ill by the clini- 
cian (e.g., fever, toxicity); in patients with risk factors (see earlier) 
including exposure history (e.g., high-risk foods, travel, antibiot- 
ics); in patients whose symptoms suggest inflammatory diarrhea 
or who have bloody diarrhea; and in some patients with persis- 
tent diarrhea beyond 7 days.?” In general, most episodes of acute 
diarrheal illness in the USA are self-limited; diagnostic testing 
may be kept to a minimum, and treatment is aimed at preventing 
dehydration. 

Recently published guidelines on the use of the microbiol- 
ogy laboratory for the diagnosis of infectious diseases provide 
a comprehensive resource on fecal testing to identify enteric 
pathogens including bacterial, viral, and parasitic agents).*’ 
Crucial points in diagnostic testing are: (1) Only diarrheal 
stools (i.e., those that take the form of the container) should be 
tested; (2) Rectal swabs are inferior to stool culture for testing in 
adults (and rejected by many clinical microbiology laboratories) 
but perform similarly in children; (3) Communication with the 
clinical microbiology laboratory is essential because the diag- 
nostic testing capabilities of clinical microbiology laboratories 
vary. In particular, if the clinician is concerned about a particu- 
lar organism(s), this should be communicated to the laboratory; 
specific examples are STEC, Vibrio, and Yersinia testing, which 
may only be done on special request and may require the assis- 
tance of public health authorities; (4) With improving technol- 
ogy and increasing use of molecular, culture-independent tests, 
single stool specimens in adults detect approximately 90% of 
enteric pathogens and, in children, 98%. Thus, one sample for 
children and a second for selected adult patients is reasonable 
for diagnosis. In patients with the proctitis syndrome, 1 sample 
is typically adequate for diagnosis. 

A range of tests are used to identify enteric pathogens, 
including bacterial and viral cultures, various pathogen-specific 
nucleic acid amplification tests (NAATs), and immunoassays 


TABLE 110.4 Variability in Clinical Presentation of Inflammatory Enteric 
Pathogens 


STEC Campylobacter Salmonella Shigella 

SIPON Stony 0157:H7 spp. spp. spp. 
Test % 

Fever 41.4 50.9 69.4 56.6 
Abdominal pain T20 45.4 28.8 33:5 
Bloody stool 91.3 37.0 33.8 54.3 
Gross blood 63.0 7.8 4.8 TAT 
Occult blood 82.8 52.0 43.4 59.1 
Fecal leukocytes 70.5 42.9 29.4 37.8 
Peripheral 70.9 42.0 45.3 58.0 


leukocyte count 
> 10,000/mm? 


STEC, Shiga toxin-producing E. coli. 

Adapted from Slutsker L, Ries AA, Greene KD, et al. Escherichia coli 
0157:H7 diarrhea in the United States: Clinical and epidemiologic 
features. Ann Intern Med 1997; 126:505-13. 


(e.g., enzyme- or fluorescent-based; see later STEC section), 
ova and parasite examinations, and certain specialized stains. In 
recent years, multiplex molecular assays, testing for an array of 
bacterial, parasitic, and viral pathogens, have increasingly been 
used for diagnosis with greater than 97% specificity’ and greater 
than 98% sensitivity’. Multiplex assays** reduce cost and turn- 
around time for most pathogens compared with conventional 
methods, yet require selection of a pre-focused panel of patho- 
gens and will detect viable and nonviable organisms. Of note, 
re-analysis of the Global Enteric Multicenter Study (GEMS) 
specimens using quantitative molecular diagnostics ascribed 
89.3% of childhood diarrheal cases to a pathogen compared 
with 51.5% of cases using conventional diagnostics. These tech- 
niques changed the population-level characterization of disease 
incidence and are an important illustration of how historical and 
contemporary incidence data needs to be considered in the con- 
text of the assays used.*? 

Conventional biomarkers to differentiate noninflammatory and 
inflammatory diarrhea are unreliable. Fecal examination for leuko- 
cytes is limited by the ability of most enteric pathogens to induce 
some inflammation and observations that even classic inflamma- 
tory pathogens (e.g., Salmonella, Shigella, C. difficile) often do not 
induce a marked fecal leukocyte response (Table 110.4); fecal cal- 
protectin may be emerging as more useful’’, but is not elevated 
in all cases. Serum markers of inflammation, including ESR and 
CRP, are also insufficient for all cases.>! 

More invasive investigations, including flexible sigmoidos- 
copy with biopsies and upper GI endoscopy with duodenal aspi- 
rate and biopsies, are reserved for special situations such as the 
immunocompromised host in whom stool examination has not 
yielded a diagnosis. Flexible sigmoidoscopy can be useful in eval- 
uating patients with proctitis, tenesmus, or sexually transmitted 
diseases (STDs), or in identifying the pseudomembranes of C. 
difficile infection. 


ENTEROTOXIGENIC PATHOGENS 


The prototypic organisms in this group are V. cholerae and 
ETEC, both of which elaborate enterotoxins that cause dehy- 
drating diarrhea. The salient characteristic of diarrhea caused by 
V. cholerae and ETEC is that disease primarily results from intes- 
tinal fluid loss, which is related to the action of the enterotoxin 
on the small intestinal epithelial cells. These organisms usually 
do not invade the mucosal surface, and thus, mucosal architecture 


remains intact. The fecal effluent is watery and often voluminous, 
producing clinical features of dehydration. Bacteremia is rarely a 
complication of toxigenic diarrhea. 


Vibrio cholerae 


Cholera, the prototypical toxigenic diarrhea, can cause dehydra- 
tion and death within a few hours of onset.’? Stool output can 
exceed 1 L/hr, with daily fecal outputs of 15 to 20 L if parenteral 
fluid replacement keeps up with losses. The acutely ill patient 
typically has marked signs of dehydration: poor skin turgor, 
“washerwoman’s” hands, absent pulses, reduced renal function, 
and hypovolemic shock. 

More has been learned about pathophysiology—and normal 
intestinal function—from cholera than from any other intestinal 
disease. 


Microbiology 


First described in choleric stool by Filippo Pacini in 1854, V. chol- 
erae is a gram-negative, short, curved rod that looks like a comma. 
It is actively motile by means of a single polar flagellum. Vibrios 
are strongly aerobic and prefer alkaline and high-salt environ- 
ments. 

More than 200 serogroups of V. cholerae have been described, 
based on the O antigen, a cell wall lipopolysaccharide. Epidemic 
and pandemic disease are only caused by the O1 and O139 sero- 
groups. The clinical features of infection with the V. cholerae 
O139 strain are virtually indistinguishable from infection caused 
by V. cholerae O1.5+°> To date, V. cholerae 0139 has remained 
confined to Southeast Asia,’ and the incidence has declined in 
most areas, save for pockets in China and Thailand.*’ V. cholerae 
strains that fail to agglutinate in O1 or O139 antisera are referred 
to as non-O1 non-O139 V. cholerae and, in addition to diarrhea, 
occasionally cause severe extraintestinal infections, particularly in 
compromised hosts.** 

The O1 serogroup is composed of 2 biotypes, classical and El 
Tor, which are differentiated on the basis of biochemical charac- 
teristics, biotype-specific genes, or both. Further differentiation 
into 3 serotypes is based on type-specific O antigens (A, B, C: 
Ogawa [A, B]; Inaba [A, C]; Hikojima [A, B, C]).°° The major 
serotypes associated with clinical disease are Inaba and Ogawa, 
and rarely Hikojima. 

Toxigenic V. cholerae that agglutinates in O1 antiserum is 
the main cause of epidemic cholera. El Tor biotype V. cholerae 
is responsible for the current pandemic that began in 1961 in 
Indonesia.’ El Tor vibrios are somewhat hardier than others in 
nature. Compared with the classical biotype, the El Tor biotype 
generally causes a milder disease with a higher frequency of inap- 
parent infection—although there are increasing reports of El Tor 
variants demonstrating hypervirulence {MS Son 2011 Charac- 
terization of V Cholerae O1 El Tor biotype}. A hypervirulent 
variant El Tor strain caused the Haitian outbreak and ongoing 
endemic disease following the devastating earthquake in 2010.°! 


Cholera Toxin 


Among the more than 200 serogroups that comprise the V. chol- 
erae species, only serogroups O1 and O139 typically carry the 
cholera toxin genes. Cholera toxin (CT) is an 84-kd heterodimer 
composed of 5 B subunits that encircle a single A subunit. The B 
subunit is responsible for binding to the monoganglioside GM1 
receptor on intestinal epithelial cells. The A subunit is respon- 
sible for activation of adenylate cyclase located on the basolateral 
cellular membrane. The genetic material for CT is contained on 
a filamentous bacteriophage, CTXO, which integrates into the 
bacterial chromosome or replicates as a plasmid. V. cholerae 
also produces additional toxins that may contribute to diseases, 
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including the zonula occludens toxin, that alter intestinal perme- 
ability by acting on intestinal epithelial cell tight junctions,® and 
the accessory cholera enterotoxin. 


Epidemiology 


Seven cholera pandemics have occurred in the last 200 years. The 
seventh pandemic is ongoing and originated in Indonesia in 1961, 
spread through Asia, Africa, and South America, and is caused 
by the El Tor biotype.®> Cholera cases are underreported,’ but 
a common World Health Organization (WHO) estimate of the 
global disease burden is 1.4 to 4.0 million cases with 21,000 to 
143,000 deaths annually,® primarily focused in Sub-Saharan 
Africa, Asia, and the Caribbean. V. cholerae is the leading cause 
of diarrhea-associated death in children aged 5 to 14 years.! The 
largest current outbreak and humanitarian crisis®’ is in Yemen 
and caused by the El Tor serotype Ogawa, with estimates of 
over 1 million people infected to date in the wake of the ongoing 
civil war. Cases of toxigenic V. cholerae infection remain few in 
the USA with only 7 patients reported to the CDC in 2014; all 
infections were travel-associated. 

Cholera has both endemic and epidemic phases, with epidem- 
ics often superimposed on existing endemic cholera. The primary 
vehicle for spread of cholera is contaminated food and water, 
and a high inoculum dose (~10® to 10!! organisms) is typically 
required for infection. There is also a complex aquatic environ- 
ment reservoir, likely including copepods, zooplankton, aquatic 
vegetation, and water fowl, which maintains low levels of V. chol- 
erae.°? Cholera has marked seasonal variation and may emerge 
as a public health problem as a result of increased growth with 
warming of the environmental reservoir." Spikes in aquatic 
V. cholerae counts are associated with human disease. Individu- 
als with mild hypochlorhydria may represent a high-risk popula- 
tion.® Once cholera enters the human population, transmission 
will often become direct (human-to-human) via contact with feces 
or immediate contamination of food or water in the household. 
So-called rice water feces (see later) contains high concentrations 
of V. cholerae organisms, which are hyperinfectious for about 5 to 
24 hours after passage. In epidemics, it appears that the major- 
ity of infections are due to direct transmission.©’ Locations with 
dense populations, poor sanitation, limited health infrastructure, 
and logistical issues, such as the conditions present in Haiti fol- 
lowing the 2010 earthquake or currently in Yemen, all contribute 
to direct transmission.°? 


Pathogenesis 


The clinical syndrome of cholera is caused by the action of the 
toxin on intestinal epithelial cells. Cholera toxin increases adenyl- 
ate cyclase activity, resulting in elevated levels of cyclic adenosine 
monophosphate in the intestinal epithelial cells, which, in turn, 
causes intestinal secretion. Fluid loss in cholera originates in the 
small intestine. The most sensitive areas are the upper intes- 
tine, particularly the duodenum and upper jejunum; the ileum is 
less affected, and the colon is relatively insensitive to the toxin. 
Diarrhea results because the large volume of fluid produced in 
the upper intestine overwhelms the absorptive capacity of the 
colon. 

Attachment of V. cholerae to the intestinal mucosa is mediated 
by various surface components, including a fimbrial CF known 
as toxin-coregulated pilus. The toxin-coregulated pilus attachment 
protein might play an important role in producing naturally 
occurring protective antibodies against V. cholerae.’° 

Despite the derivation of the term cholera (Greek: chole, 
bile), the appearance of choleric stools resembles rice water; 
that is, the stool has lost all pigment and becomes a clear fluid 
with small flecks of mucus. The electrolyte composition (Table 
110.5) is isotonic with plasma, and the effluent has a low protein 
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TABLE 110.5 Electrolyte Concentrations of Choleric Stool, Nonspecific 
Fecal Fluid, and IV Fluids Used to Treat Infectious Diarrheas 


Electrolyte Concentrations (mmol/L)* 


Type of Fluid Sodium Potassium Chloride Bicarbonate 
CHOLERIC STOOL 

Adult 124 16 90 48 
Child 101 27 92 32 
Fecal Fluid in 56 25 55 14 
Nonspecific 

Diarrhea (Child) 

IV THERAPY SOLUTIONS 

Lactated Ringer’s 130 4 109 28t 
SrA 129 ala 97 44 
Dall 141 — 94 47 


*mmol/L = mEq/L for univalent ions 

tEquivalent concentration after lactate conversion to bicarbonate. 

tAdd glucose, 110 mmol/L (20 g/L). 

SIV solution that is 5 g of sodium chloride, 4 g of sodium bicarbonate, 
and 1 g of potassium chloride per liter. 

Solution that has a carbohydrate-to-sodium ratio of 2:1. 


concentration. On microscopic examination of stool during V. 
cholerae O1 infection, there are typically few inflammatory cells 
and only small numbers of shed mucosal cells; V. cholerae 0139, 
however, induces more intestinal inflammation. 

Cholera vibrios (other than 0139) do not invade the mucosal 
surface, and bacteremia is virtually unknown in this disease. A biopsy 
specimen taken from the mucosa during acute cholera largely shows 
normal architecture, in sharp contrast to the inflammatory and 
ulcerating lesions associated with Salmonella and Shigella. 


Clinical Features 


Like many other infectious diseases, there is a spectrum of clinical 
manifestations with V. cholerae, ranging from an asymptomatic 
carrier state to a desperately ill patient with severe dehydration. 
Notably, in field situations, the clinical case rate is approxi- 
mately 0.26%; that is, for every clinical case of cholera, there are 
approximately 400 asymptomatic people who have had contact 
with the organism, as demonstrated by an elevation in vibriocidal 
antibody titers. Thus, acquired immunity, genetic determinants 
(e.g., blood type), and intestinal microbiota’! modulate disease 
expression. In clinical cholera, the initial stage is characterized 
by vomiting and abdominal distention and is followed rapidly by 
diarrhea that accelerates over the next few hours to frequent large- 
volume rice-water stools. All the clinical symptoms and signs can 
be ascribed to fluid and electrolyte losses. Patients present with 
profound dehydration and hypovolemic shock, often leading to 
kidney failure. The stool is isotonic with plasma, although there 
is an inordinate loss of potassium and bicarbonate, with resultant 
hypokalemic acidosis (see Table 110.5). Mild fever may be pres- 
ent, but there are no signs of sepsis. 


Treatment 


‘Treatment of acute cholera is based on the physiologic princi- 
ples of restoring fluid and electrolyte balance and maintaining 
intravascular volume. These objectives are accomplished with 
IV solutions or oral fluids that contain electrolytes in isotonic 
concentrations (see Table 110.5). Particular attention is paid 
to administration of bicarbonate and potassium, which are lost 
excessively in choleric stool. Various oral rehydration solutions 
(ORS) have been developed for treating mild-to-moderate cases 
(Table 110.6).” 


The simple therapeutic principles of fluid replacement and 
antibiotic use save many lives. This knowledge has been available 
only since 1970; before then, the mortality rate for cholera was 
50% to 75%. Application of these physiologic principles reduces 
the mortality rate in adults to less than 1%, as exemplified by 
such a mortality rate in the Peruvian epidemic in 1991. Children 
with cholera still have a mortality rate of 3% to 5% because fluid 
reserves are limited in young children. 

Antimicrobial agents are helpful ancillary measures to treat 
cholera, because their use reduces stool output, duration of diar- 
rhea, fluid requirements, and Vibrio excretion. The CDC and 
WHO recommend doxycycline as a single oral dose of 300 mg 
for nonpregnant adults. A single oral dose of azithromycin 1 g 
is recommended for pregnant women, and a dose of 20 mg/kg 
is recommended for children, not to exceed 1 g.” Antimicrobial 
therapy usage should be tailored to local V. cholerae susceptibility 
patterns when known. Zinc supplementation, through complex 
actions including improvement of immune responses, has been 
shown to reduce the duration and volume of diarrhea among chil- 
dren with cholera in Bangladesh and may be a useful adjunct to 
standard therapy.’* Antimicrobial resistance (e.g., to fluoroqui- 
nolone antibiotics) is an increasing concern, but because of risk 
of direct transmission, antibiotics are indicated for moderate and 
severe cholera.” 


Vaccines 
The WHO has prequalified a 2-dose regimen killed oral cholera 


vaccine and currently recommends its use in endemic areas and 
areas at risk for outbreaks. Since the global stockpile was amassed 
in 2013, almost 13 million doses have been delivered. Recent 
experience with reactive vaccination in Zambia has supported 
use of the first dose alone for short-term protection.”° The cur- 
rent focus of the WHO is to deploy vaccines and improve local 
infrastructures to ensure clean water supply and sanitation, com- 
mitting to a goal of eliminating cholera outbreaks worldwide by 
2030.’’ Currently, no vaccines for the prevention of cholera are 
available in the USA, nor is cholera vaccination recommended by 
the CDC for most travelers. 


Other Vibrio Species 
Non-01/0139 Vibrio cholerae 


In general, non-O1/0139 serogroups do not carry cholera toxin 
genes and cannot cause epidemic diarrheal disease, but rather 
typically cause mild sporadic diarrheal illnesses. There are, how- 
ever, examples of non-O1/0139 serogroups that do produce 
cholera toxin and have caused outbreaks of cholera-like illness in 
the USA.”® Strains within the same species can produce different 
enterotoxins, cytotoxins, and hemolysins. The diversity of toxin 
production is matched by the diversity of clinical symptoms: diar- 
rhea ranges from watery diarrhea to frank dysentery; some strains 
penetrate the intestinal mucosa, causing bacteremia or septice- 
mia, sometimes with secondary end-organ involvement, others 
have been incriminated in wound or ear infections after exposure 
to ocean water or handling raw seafood.’? 

The most common antecedent history is consumption of raw 
oysters within the preceding 72 hours. Other seafood such as 
clams, mollusks, and crab all have been implicated in non-O1/ 
O139 vibrio disease. In outbreaks, there is a high attack rate, 
with incubation periods that range from as short as 6 to 12 hours 
to as long as 3 days. Over 90% of non-O1/0139 vibrios produce 
a polysaccharide capsule, and heavily encapsulated strains are 
associated with greater septicemia rates relative to unencapsu- 
lated strains.°° Bacteremia can occur and is most common in 
patients with cirrhosis, diabetes, or other immunocompromising 
conditions. Because the GI disease is typically self-limited and 


CHAPTER 110 Infectious Enteritis and Proctocolitis 1787 


TABLE 110.6 Composition of Various Types of Oral Replacement Solution (ORS) and Commonly Used Beverages 


ORS Carbohydrate (g/L) Sodium (mmol/L) Potassium (mmol/L) Chloride (mmol/L) Base (mmol/L)* Per 
WHO (2002)t 13:5 05 20 65 30 245 
WHO (1975) 20 90 20 80 30 311 
Enfalyte* 30 50 25 45 34 167 
Pedialyte® 25 45 20 35 30 250 
Naturalytell 25 45 20 N/A 48 265 
Pediatric Electrolyte! 25 45 20 N/A 30 250 
CeraLyte** 40 50-90 20 N/A 30 220 
COMMONLY USED BEVERAGES (NOT APPROPRIATE FOR DIARRHEA TREATMENT) 

Apple juice't 120 0.4 44 45 N/A 730 
Coca-Cola Classic** 112 1.6 N/A N/A ei 650 
Gatorade’ 58.3 20 32 11 N/A 299 


*Actual or potential bicarbonate (e.g., lactate, citrate, or acetate). As presented, mmol/L = mEq/L. 

+The European Society of Pediatric Gastroenterology, Hepatology and Nutrition recommends reduced osmolarity ORS (60-60 mmol/L Na*) as first-line 
therapy for children with acute gastroenteritis due to increased effectiveness for rehydration in children (Guarino A, Ashkenazi S, Gendrel D, et al. 
European Society for Pediatric Gastroenterology, Hepatology, and Nutrition/European Society for Pediatric Infectious Diseases evidence-based 
guidelines for the management of acute gastroenteritis in children in Europe: update 2014. J Pediatr Gastroenterol Nutr. 2014; 59(1):1382-52. https://doi. 


org/10.1097/MPG.0000000000000375). 


at http://www.pedialyte.com. 


tMeeting U.S. Department of Agriculture minimum requirements. 


Mead-Johnson Laboratories, Princeton, NJ. Additional information is available at http://www.mjn.com/app/iwp/HCP/Content2.do?dm=mjid=/HCP_Home 
/Product_Information/Product_Descriptions/Enfalyteiwpst=B2Cls=Ocsred=1r=342. 
SRoss Laboratories, Abbott Laboratories, Columbus, OH. Data regarding flavored and freezer pop Pedialyte are identical. Additional information is available 


Unico Holdings, Lake Worth, FL. Additional information is available at http://www.unico-holdings.com. 
‘INutramax Products, Gloucester, MA. Additional information available at http://www.nutramax.com/. 
“Cera Products, L.L.C., Jessup, MD. Additional information available at http://www. ceralyte.com/index.html. 


+Coca-Cola Corporation, Atlanta, GA. Figures do not include electrolytes that might be present in local water used for bottling. Base=phosphate. 


SSPepsico, Purchase, NY. Additional information available at http://www.gatorade.com. 


N/A, Not applicable. 


Adapted in part with permission from King et al. Managing acute gastroenteritis among children: oral rehydration, maintenance, and nutritional therapy. 
MMWR Recomm Rep 2003; 52:1-16; and from Atia AN, Buchman AL. Oral rehydration solutions in noncholera diarrhea: a review. Am J Gastroenterol 


2009; 104:2596-604. 


relatively benign in the USA, antibiotics are not recommended; 
however, septicemia, wound infections, and deep organ infec- 
tions should be treated with appropriate antibiotics. 


Vibrio parahaemolyticus 


V. parahaemolyticus causes an acute diarrheal disease after con- 
sumption of contaminated raw fish or shellfish. Strains of V. para- 
haemolyticus produce a number of distinct hemolysins, the most 
significant of which is responsible for the Kanagawa phenomenon 
(i.e., hemolysis of human red blood cells in Wagatsuma bacte- 
riologic medium). Kanagawa-positive isolates are pathogenic for 
humans, whereas Kanagawa-negative strains are nonpathogenic 
members of the marine environment. 


Epidemiology 

V. parahaemolyticus gastroenteritis is the most common cause of 
seafood-borne illness worldwide, and the leading cause of food- 
borne outbreaks in Japan, India, China, Taiwan, Korea, and 
Malaysia.*! According to the CDC’s Cholera and Other Vibrio 
Illness (COVIS) Annual Summary, 2014, there were 605 reported 
cases of V. parahaemolyticus and 4 deaths.* Cases of all vibrio dis- 
ease (excluding toxigenic V. cholerae) have been increasing in the 
USA since the mid-1990s, an increase that has been driven largely 
by increasing rates of V. parahaemolyticus disease. Cases tend to 
be clustered along coastal states where shellfish consumption and 
seawater exposure are common.’ Rising seawater temperature 
has been proposed to promote outbreaks.** 


The median attack rate of V. parahaemolyticus in foodborne 
outbreaks in the USA is reported as 56% and varied from 3% to 
100% of exposed persons with a median incubation of 17 hours 
(range, 4 to 90 hours). Seafood, or cross-contamination with sea- 
food, was the food vehicle in all outbreaks.*> 


Clinical Features 
V. parahaemolyticus causes both foodborne and nonfoodborne 
disease, and the clinical presentation may vary depending on the 
route of exposure. In the USA, nonfoodborne V. parahaemolyticus 
infection represents only 11% of all V. parahaemolyticus infection, 
but constitutes 19% of all nonfoodborne Vibrio spp. infections. 
Bacteria were most commonly isolated from wounds (79%), 
blood (10%), and the ear (6%). Cases tended to have fever (42%) 
and cellulitis (67%) and were often associated with swimming 
(61%), walking (49%), and boating (29%). Only 6 deaths (3%) 
among 216 V. parahaemolyticus infections were reported.*° 
Foodborne outbreaks in the USA are characterized by diar- 
rhea with associated cramping, nausea, and vomiting. Outbreaks 
are most common between April and November. The median 
reported duration of illness was 2.4 days (range, 8 hours to 12 
days). A single death was reported out of 1064 cases in out- 
breaks from 1973 to 1998.85 In the USA from 1973 to 1998, 5% 
of sporadic V. parahaemolyticus infections presented as primary 
septicemia, of which over 90% had a history of recent oyster con- 
sumption; 29% of these septicemic patients died.® In Asia, V. 
parahaemolyticus infection has presented as a dysentery-like syn- 
drome, but this is rarely reported in the USA.°° 


1788 PARTX Small and Large Intestine 


Additional Vibrio Species 


V. vulnificus is perhaps the most important noncholera Vibrio spe- 
cies in the USA because it is the most lethal species, especially in 
patients with underlying liver disease, diabetes mellitus, or other 
compromising conditions. In 2014, COVIS reported 124 cases, 
of which 79% were hospitalized and 18% died.*’ V. vulnificus can 
be acquired as a wound infection, often with characteristic bul- 
lous, even hemorrhagic, necrotizing, skin lesions; through salt 
water exposure; or by direct consumption of seafood, usually raw 
oysters; the mortality rate of resulting septicemia exceeds 50%. 
Because this infection can be fatal in patients with underlying 
liver disease, such persons should be warned to avoid eating raw 
seafood, especially oysters.*” 

In the USA, Vibrio alginolyticus is the second leading cause of 
wound infection and the leading cause of ear infections among 
Vibrio species; it is not commonly associated with foodborne 
vibriosis.*° Vibrio mimicus acquires its name from its similarity 
to cholera vibrios, even in producing an enterotoxin that resem- 
bles CT, and is now believed to share a common ancestor with 
sixth pandemic V. cholerae.*? The organism has been isolated 
from patients in the USA with diarrhea, septicemia, or wound 
infections. Vibrio fluvialis has a wide geographic distribution, 
although human disease is less common than from other Vibrio 
species.”” Other pathogenic Vibrio species include Grimontia hol- 
lisae (formerly V. hollisae), Photobacterium damselae subsp. damselae 
(formerly V. damsel), V. harveyi, V. metschnikovii, and V. furnissii. 
Disease expression is similar to other non-O1/0139 vibrios and 
includes watery, even bloody, diarrhea, wound infections, and/or 
bacteremia/septicemia. 


Treatment 

Recommendations for antimicrobial therapy for noncholera vib- 
rio infections are primarily based on animal studies. The role of 
antimicrobial therapy in V. parahaemolyticus gastroenteritis is not 
clear because symptoms tend to be mild and self-limiting; treat- 
ment instead is focused on repletion of fluid losses. Antibiotics 
can be considered in severe cases, based on organism sensitiv- 
ity. In wound infection or septicemia, establishing control of 
local infection and systemic antibiotics are warranted. Recent 
analysis of surveillance data from the COVIS dataset, including 
infections of all Vibrio species from 1990 to 2010, concluded that 
a treatment regimen inclusive of quinolones is associated with 
lower mortality. V. vulnificus infections treated with quinolone or 
tetracycline were associated with lower mortality than treatment 
with cephalosporin alone.’ 


Aeromonas Species 


Aeromonas species are ubiquitous environmental organisms 
found principally in fresh and brackish water, especially in the 
summer months, with clinical manifestations of infection similar 
to those caused by Vibrio species. Aeromonas species are divided 
into 2 groups: psychrophilic (Greek: psychros, cold) aeromon- 
ads, which grow optimally at temperatures ranging from 22°C 
to 25°C, and mesophilic aeromonads, which grow best between 
35°C and 37°C. Psychrophilic strains usually are isolated from 
environmental water sources and fish; Aeromonas salmonicida is 
the most common strain in this group. Based on their pheno- 
typic features, the mesophilic aeromonads are further grouped 
into 3 complexes: Aeromonas hydrophila, Aeromonas caviae, and 
Aeromonas veronii. All 3 of these Aeromonas species have been 
associated with human infection. In order to cause disease, aero- 
monads must adhere to and colonize the intestinal epithelium. 
Aeromonas strains produce an array of toxins, including heat- 
labile enterotoxin, hemolysin, and cytotoxin. There also may 
be some degree of invasion of the epithelial cells, with resultant 
dysentery or colitis. 


Epidemiology 


Aeromonas infections often are associated with drinking untreated 
water, such as well or spring water, or eating contaminated foods. 
Estimates of the disease burden vary widely and may differ by 
seasonal distribution and the predominant species. Aeromonas 
infection is not a reportable disease in the USA, so incidence 
data are limited; the GEMS found the vast majority of infections 
are in Latin America, Southeast Asia, North Africa, and Middle 
East.! In the USA, cases peak around July and August”; studies 
in other countries have failed to demonstrate a seasonal pattern.” 
Although Aeromonas infection has been associated with diarrheal 
disease, other studies have found similar rates of aeromonad iso- 
lation from diarrhea cases and asymptomatic controls, leading 
some to question the pathogenicity of Aeromonas.” 


Clinical Features 


Aeromonas gastroenteritis can vary in clinical presentation from 
watery diarrhea to dysentery; diarrhea is seen in 75% to 89% of 
cases. Duration of diarrhea is typically 3 to 10 days, but chronic 
diarrhea for longer than 1 year has been reported; the frequency 
of chronic diarrhea is unknown. Fever and abdominal pain are 
variable.” Complications associated with Aeromonas gastroen- 
teritis include segmental colitis, ischemic colitis, and hemolytic- 
uremic syndrome (HUS). Aeromonas septicemia may have a GI 
portal of entry with or without associated symptoms, particularly 
in immunocompromised patients, although up to 30% of septice- 
mia cases have no underlying disorders. Furthermore, Aeromonas 
has long been recognized as a cause of wound infections after 
swimming in fresh or brackish water and of bacteremia or deep 
organ infections in immunocompromised hosts. 


Treatment 


Supportive care, particularly rehydration therapy, is sufficient 
intervention in many cases. The diarrhea is typically self-limiting 
and does not require antibiotics. In chronic diarrhea or in immu- 
nocompromised patients, there may be a role for antibiotics in 
reducing the duration of symptoms.” Aeromonads may carry 
several different a-lactamases and are consistently resistant to 
a-lactam antibiotics (e.g., penicillin, ampicillin, first- or second- 
generation cephalosporins). Aeromonads tend to be sensitive to 
trimethoprim/sulfamethoxazole (TMP/SMX), third-generation 
cephalosporins, fluoroquinolones, tetracycline, chloramphenicol, 
and aminoglycosides. Given current susceptibility patterns, fluo- 
roquinolones or third-generation cephalosporins are the preferred 
therapies. Carbapenems are also effective, but there have been 
reports of aeromonads expressing metallo-a-lactamases active 
against carbapenems.”* Therapy should be altered based on antibi- 
otic susceptibility data when available. 


Plesiomonas shigelloides 


Plesiomonas shigelloides is a motile gram-negative rod, member of 
the family Enterobacteriaceae, and ubiquitous freshwater organ- 
ism.” Most cases are associated with consumption of raw sea- 
food, and the organism has been reported to cause outbreaks.”° 
P. shigelloides also causes travelers’ diarrhea and constitutes 1% to 
3% of such cases in Latin America and Africa and about 5% of 
such cases in Asia.”° The pathogenesis of P. shigelloides infection 
is poorly understood. There is evidence that potential virulence 
factors include cytotoxic hemolysin, iron acquisition systems, 
and lipopolysaccharide.”’ Diarrhea ranges from mild and watery 
to severe colitis with visible blood. Abdominal pain often is 
prominent, and fever and vomiting are common. Extraintestinal 
manifestations, usually sepsis or meningitis, are rare and are 
more common in children and immunosuppressed patients.” 


TABLE 110.7 Diarrheagenic Escherichia coli 
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Strains Pathogenic Mechanisms Persons Affected Clinical Features 
DAEC Diffuse adherence to Hep-2 cells Children in developing countries Watery diarrhea (acute) and 
persistent diarrhea 
EAEC Aggregative adherence to Hep-2 cells Children in developing countries Watery diarrhea (acute) and 
persistent diarrhea 
STEC Stxs 1 and 2 Children and adults Watery diarrhea 
O157:H7 Persons who ingest contaminated food, Bloody diarrhea (classic) 
Non-O157:H7 especially hamburger (outbreaks) 
0104:H4* 
EIEC Epithelial cell invasion Children and adults Watery diarrhea 
Dysentery 
EPEC Attaching and effacing Children Watery diarrhea (acute) 
Typical Bundle-forming pilus, attachment and effacement lesions Persistent diarrhea 
Atypical Atypical adherence pattern 
BIEG Heat-labile and/or heat-stable toxin Children in developing countries; travelers Watery diarrhea 


Adherence 


*EAEC that acquired Shiga toxin gene. 


DAEC, Diffusely adhering Escherichia coli; EAEC, enteroaggregative E. coli; EIEC, enteroinvasive E. coli; EPEC, enteropathogenic E. coli; ETEC, 


enterotoxigenic E. coli; STEC, Shiga toxin (STx)-producing E. coli. 


The diarrhea is usually self-limiting, so antibiotics are likely of 
limited use. Chronic diarrhea and extraintestinal disease may ben- 
efit from antibiotic therapy.” P. shigelloides is commonly resistant 
to aminopenicillins and tetracyclines. Sporadic resistance to other 
antibiotics may occur. Potential effective treatment regimens are 
likely similar to those for other microbiological causes of dys- 
entery and involve a fluoroquinolone, third-generation cephalo- 
sporin, or even carbapenems in severe or resistant infections, but 
little information is available on the efficacy of treatment.”®™°® 


Escherichia coli Species 


E. coli are common, but constitute a minority of the commen- 
sals of the intestinal microbiota in humans and animals. Although 
most strains are relatively innocuous in the bowel, others possess 
virulence factors that cause diarrheal disease. At least 6 types of 
E. coli intestinal pathovars have been recognized (Table 110.7). 
Their virulence factors include toxin production, adherence to 
epithelial cells, and invasiveness, each of which is encoded by 
specific genetic elements (plasmids or chromosomal genes) that 
determine pathogenicity.”” 


Enteropathogenic E. coli (EPEC) 


EPEC was initially recognized as causing severe neonatal diar- 
rhea and remains a common cause of diarrheal illness and asso- 
ciated morbidity in children globally.!°° EPEC induces classic 
attaching and effacing lesions, in which bacteria attach to the 
intestinal cell membrane and cause effacement of the microvilli 
(see Fig. 110.18). A common pathogenicity island (LEE, locus 
for enterocyte effacement) is responsible for these lesions and 
serves as the basis for molecular identification of EPEC.!°! 
Historically, EPEC was further divided into typical (t(EPEC) and 
atypical (aAEPEC); tEPEC produces bundle-forming pili, which 
causes a characteristic adherence pattern on cultured epithelial 
cells, whereas aEPEC lacks the gene to produce bundle-forming 
pili and exhibits an atypical adherence pattern.!°? Once adher- 
ent, EPEC forms a pore and secretes multiple effector proteins 
directly into the enterocyte, which results in a complex cascade 
of changes within the cell. A diverse array of genes encode the 
effector proteins, the functions of which are not fully under- 
stood.!°3 Some of the mechanisms described, however, include 
disruption of tight junctions,! stimulation of interleukin (IL)-8 


release, stimulation of adenosine release, and inhibition of fluid 
resorption through disruption of NaCl transport mechanisms;!°° 
tEPEC causes more severe disease than aEPEC. The pathoge- 
nicity of aEPEC became controversial after an aEPEC infection 
study in healthy volunteers showed no clinical disease, yet mul- 
tiple examples of diarrheal outbreaks attributed to aEPEC exist 
in the literature. 106 

EPEC has been reported as a major cause of diarrhea in 
children, particularly those younger than 1 year? and in HIV- 
infected subjects.!°’ In general, the burden of EPEC diarrheal 
disease has been declining in more recently published studies; 
this may be due to interventions such as breast-feeding, which 
is particularly effective against EPEC infection.!°° Notably, 
however, the GEMS study found a 2.8-fold elevated risk 
of death among infants with tEPEC infection; this was the 
highest pathogen-attributable risk of death, although other 
pathogens (rotavirus, Cryptosporidium, ETEC-producing 
heat-stable toxin, and Shigella) were more common;’ these 
findings support the need for attention to the severity of dis- 
ease outcomes attributed to tEPEC.!° EPEC is also reported 
to be the most frequent pathogen detected in mixed infec- 
tions, but, importantly, can often be recovered from asymp- 
tomatic individuals.!!° 

Clinical presentation is characterized by acute diarrhea with 
vomiting and dehydration, but EPEC is also strongly associ- 
ated with persistent diarrhea;!'! this is an important distinction 
compared with other diarrheal pathogens.!!* Little data exist 
on preferred antimicrobial treatment regimens. Most infections 
resolve spontaneously and require neither a definitive diagnosis 
nor antibiotic treatment.”? Supportive care, notably rehydration, 
remains imperative in treating diarrhea, particularly in infants 
and children. The role of antibiotics in severe or persistent dis- 
ease is unknown.!°! 


Enterotoxigenic E. coli (ETEC) 


Inspired by the discoveries in cholera, investigators directed their 
attention to E. coli as a cause of acute toxigenic diarrheal disease. 
Originally in India, and thereafter in many parts of the world, 
strains of E. coli were found that elaborated an enterotoxin similar 
to that of V. cholerae. ETEC is a group of E. coli distinct from 
EPEC serotypes. ETEC infections mostly are sporadic, although 
outbreaks of ETEC do occur. 
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Pathogenic Mechanisms 

ETEC is acquired by consuming contaminated foods and liquids. 
Infection first requires adherence and then toxin production.!!* 
Adherence is mediated primarily by CFs, which are carried on 
plasmids. More than 25 distinct CFs!!> have been identified and 
are designated as CFA (colonization factor antigen) or CS (coli 
surface antigen), followed by a number.!!© Worldwide, CFA/I, 
CFA/II, and CFA/IV are most common; historically 30% of 
ETEC clinical isolates lacked a known CF, although a recent 
study using whole genome sequencing identified a novel CF, 
CS30, found in many isolates previously unassigned to known 
CFs.!!5 ETEC colonizes the surface of small intestinal epithe- 
lium without penetrating the epithelial layer, and bacterial chro- 
mosomal loci tia and tib are believed to play a role in adherence to 
enterocytes;!'’ as in cholera, there is neither mucosal damage nor 
bacteremia. Two types of enterotoxins are produced by ETEC.?! 
The heat-labile toxin (LT) is an approximately 84-kd protein 
that is destroyed by heat and acid and, similar to cholera toxin, is 
composed of 1 A subunit and a pentameric ring of 5 B subunits. 
There are 2 groups of LT, LT-I and LT-H, that are differenti- 
ated on the basis of the target membrane receptor that binds the 
B subunit. Through its A subunit, LT acts pathophysiologically 
like cholera toxin by activating adenylate cyclase, thereby caus- 
ing secretion of fluid and electrolytes into the small intestinal 
lumen.!!’ The second ETEC toxin is heat stable (ST) and is able 
to withstand heating to 100°C. ST is a family of low molecular 
weight toxins with 2 primary classes, STa and STb. Only STa 
has been associated with human disease; it is an approximately 
2-kd peptide.'!® STa activates membrane-spanning guanylate 
cyclase; the resultant increase in cyclic guanosine monophos- 
phate induces intestinal secretion from both the small and large 
intestine. ETEC strains may elaborate LT only, ST only, or both 
LT and ST. 


Epidemiology 

The major vehicles of infection appear to be contaminated foods 
and drinking water. The burden of disease, particularly in chil- 
dren, remains significant, although the specific estimates vary 
across epidemiologic studies of the global burden of diarrheal dis- 
ease in children.!!? ST-producing ETEC has been associated with 
an increased risk of death in infants aged 0 to 11 months, whereas 
LT-ETEC has been associated with persistent diarrhea.!”° In the 
Global Burden of Diarrheal Disease study (2015), 23,649 deaths 
of children younger than 5 years of age were attributed to ETEC 
infection.! ETEC has also been implicated in severe dehydrat- 
ing diarrhea in adults.!?! In the USA, there were 39,718 cases of 
food-borne ETEC, of which 55% were acquired during travel. 
Indeed, ETEC is the most common cause of travelers’ diarrhea 
worldwide (30% to 60% of cases).!7!:!*? Strains vary by country 
and, multiple ETEC outbreaks with varying strains have been 
reported across the USA since the mid-1970s; most are related to 
consumption of contaminated food or on cruise ships docking in 
USA ports. 173-176 


Clinical Features 

In the endemic and outbreak setting, ETEC infection is typi- 
cally a secretory diarrhea that can vary widely in severity but, 
like cholera, can cause severe dehydration. Associated vomiting 
is common, but fever is rare. Presentation is similar in adults and 
children. In a review of 17 ETEC outbreaks, 81% manifested 
more diarrhea than vomiting compared with viral gastroenteritis 
outbreaks, where vomiting tends to be a more prominent symp- 
tom.!? The median incubation period was typically 24 to 50 
hours and duration of illness greater than 3 days.!?3-126 


Immunity and Vaccines 
Antibodies to the enterotoxins and CFs develop in persons 
infected with ETEC. It appears that people residing in areas at 


high risk for ETEC infection acquire some mucosal immunity 
over time.*! Thus, for example, the risk that ETEC diarrhea 
would develop in students at a college in Mexico depended on 
their country of origin; those from South America had a relatively 
low risk of ETEC diarrhea, whereas those from North America 
had a high risk.!*’ Vaccines have the potential to reduce the bur- 
den of ETEC disease and remain a priority of the WHO, yet 
there are no currently licensed vaccines. Multiple candidate vac- 
cines are under investigation with particular interest in increas- 
ing the number of CF antigens covered and designing mucosal 
adjuvants to improve vaccine efficacy.!7* 


Diagnosis and Treatment 

Molecular assays to diagnose ETEC are available and now incor- 
porated in the commercial multiplex pathogen panels for diar- 
rheal disease. The stool electrolyte losses in ETEC diarrhea are 
similar to those in cholera, and fluid replacement should follow 
the same principles in both diseases. Studies of patients with acute 
travelers’ diarrhea have demonstrated shortening of the duration 
of diarrhea when effective antimicrobial therapy is initiated early 
in the course of illness.!?®130 Although antibiotics are commonly 
used to treat travelers’ diarrhea caused by ETEC, in endemic set- 
tings, because most episodes of ETEC diarrhea are self-limited 
and not specifically diagnosed, treatment with antibiotics gener- 
ally is not necessary. Similar to other enteric pathogens, antibi- 
otic resistance among ETEC strains is increasing. !?°131,132 


Enteroinvasive Escherichia coli (EIEC) 


EIEC can be biochemically identified as E. coli but possesses the 
toxin and virulence factors of Shigella. Genetic analysis has dem- 
onstrated that the organisms traditionally considered to be in the 
Shigella genus should be reclassified as clones of E. coli.!> Both 
Shigella and EIEC are believed to have evolved from noninvasive 
E. coli, but at different times (EIEC more recently than Shigella). 
Acquisition of the invasion plasmid was likely the major event 
in the divergence of EIEC and Shigella from noninvasive E. coli. 
Ongoing evolution of these closely related species is predicted, 
such that in the future, EIEC and Shigella may be combined into 
an EIEC/Shigella pathovar.'*+ Accordingly, the biology, epidemi- 
ology, presentation, diagnosis, and treatment will be discussed in 
more detail in the Shigella section. 


Shiga Toxin (STx)-producing £E. coli (STEC) 


In 1982, a new E. coli pathovar emerged as the cause of outbreaks 
of acute hemorrhagic colitis in Michigan and Ohio.!** This new 
pathovar was characterized by Stx (verocytotoxin) production and 
was named the enterohemorrhagic E. coli pathovar, although it 
now is recognized by the broader term Stx-producing (STEC 
or VTEC) pathovar. STEC remains a major cause of foodborne 
diarrheal disease, particularly in the USA and Europe. STEC is 
typically classified as O157 and non-O157 with O157 classically 
associated with the HUS, although non-O157 strains also can 
trigger HUS. 


Epidemiology 

STEC has become a foodborne pathogen of global importance 
since its emergence in 1982. STEC infections cause greater than 
265,000 illnesses, 3600 hospitalizations, and 30 deaths annually 
in the USA.}6ć In 2017, FoodNet suggested STEC infections 
increased by 28% compared with 2014 to 2016; this increase 
most likely reflects increasing use of molecular testing modali- 
ties as conventional laboratory methods focused on identification 
of STEC O157. Despite this significant change, STEC remains 
less common than Campylobacter, Salmonella, and Shigella. 
Twenty-eight percent of STEC isolates were O157 antigen posi- 
tive in 2017; this represents stable incidence of O157 infections 


compared with 2014 to 2016, but a 35% decline compared with 
2006 to 2008. The incidence of HUS in children was 0.51 per 
100,000 in 2016 with the majority of cases in children under 
the age of 5 years.!>’ In 2011, Germany experienced the largest 
recorded outbreak of STEC, with 3842 cases. This outbreak was 
notable not only for its size, but also a high proportion of adult 
patients with HUS that originated from an enteroageregative E. 
coli (EAEC) strain that acquired the Stx gene stx2a.!>* 

The leading vehicle of infection for STEC is hamburger meat, 
although outbreaks have been associated with fresh-pressed apple 
cider, produce, and unpasteurized milk.!*?'4° Water-borne out- 
breaks have been associated with contaminated swimming pools 
and other recreational water bodies, well water, and municipal 
water systems.?!140 Person-to-person transmission probably has 
played a role in outbreaks in day care centers, households, and 
nursing homes.!*°.!+! Infection rates vary seasonally, and peak 
incidence is from June to September. 

STEC strains are found in the fecal flora of a wide variety 
of animals, including cattle, sheep, pigs, goats, chickens, dogs, 
and cats. Many of these strains are of serotypes other than E. coli 
O157:H7. The most important reservoir of infection is cattle, 
hence, transmission via hamburger meat, and vaccine strategies 
to reduce fecal shedding continue to be studied.!” 


Pathogenic Mechanisms 

In order to cause infection in humans, STEC must first adhere to 
the enterocytes. Most strains responsible for human disease cause 
attachment-effacement lesions as seen in EPEC and similarly 
carry the LEE pathogenicity island (see EPEC section).!!°!* 
STEC strains that lack LEE also are known to cause human dis- 
ease, but likely through other mechanisms.!*+!* Once attached, 
STEC produces many other effector molecules and a family 
of toxins called Stx. The Stx family has 2 members, Stx1 (dif- 
fers from canonical Stx produced by S. dysenteriae type 1 by 1 
amino acid) and Stx2 (56% amino acid sequence identity with 
Stx1), each with multiple variants. Stx is composed of a homo- 
pentameric ring of 5 B subunits, responsible for receptor binding, 
and the A, enzymatically active, subunit. Stx toxins inhibit pro- 
tein synthesis and activate numerous enterocyte signal transduc- 
tion mechanisms, converting enterocytes into a proinflammatory 
state.'*© Transport of Stx toxins to the submucosa, with binding 
to endothelial cells, yields microvascular damage, platelet aggre- 
gation, microvascular fibrin thrombi, and a clinical and histologic 
picture that resembles ischemic colitis (see Chapter 118).!47-!*? 
Further, Stx toxins bind to PMNs and thereby circulate to other 
organs such as the kidneys, where again, binding to endothelial 
cells initiates, in part, the cascade resulting in HUS with renal 
failure.” 


Clinical Features 

After an incubation period of 1 to 14 days (mean, 3 to 4 days), 
watery nonbloody diarrhea begins, is associated with severe 
abdominal cramping, and often progresses to frankly bloody 
stools, especially if the infecting serovar is STEC 0157:H7. 
Other symptoms include nausea, vomiting, low-grade fever, and 
chills. 

Colonoscopy demonstrates a segmental colitis with fri- 
able inflamed mucosa, patchy erythema, edema, and superficial 
ulcerations that are usually most evident in the ascending colon 
(see Fig. 110.3); however, virtually any part of the colon may be 
affected, just as with idiopathic ischemic colitis. Leukocytosis 
with a shift to the left usually is present, but anemia is uncommon 
unless infection is complicated by the development of HUS or 
thrombotic thrombocytopenic purpura.!*” The median duration 
of diarrhea is 3 to 8 days, with longer durations in children and 
persons with bloody diarrhea.!*” 

A striking association has been noted between intestinal infec- 
tion with STEC and HUS. HUS is characterized by acute renal 
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injury, nonimmune microangiopathic hemolytic anemia, and 
thrombocytopenia.!°° Risk factors for HUS include age less than 
5 years, attendance at a large day care center, presence of bloody 
diarrhea, and a high WBC count.!*! Over a 10-year period, of 
617 patients with HUS, 70.7% had infection with HUS-causing 
pathogens, of which 92% of patients had STEC O157; other 
implicated pathogens included STEC non-O157 and Streptococcus 
pneumoniae.'*? In the 2011 German STEC outbreak, 855 cases of 
HUS (22% complication rate) were reported; 88% of cases were 
adults, 68% of whom were women, which differs markedly from 
prior reports.!°? This epidemiology was ascribed to food prefer- 
ences, given the association of the outbreak with contaminated 
sprouts. !>+ 


Diagnosis 

Several laboratory methods are used to diagnose STEC infec- 
tions. Currently the CDC recommends a combination of culture 
for O157 STEC and a nonculture Stx assay.!5° Because most iso- 
lates of E. coli O0157:H7 do not ferment sorbitol, screening for 
this pathogen usually is done with sorbitol-MacConkey agar. 
Sorbitol-negative colonies can then be serotyped with commer- 
cially available O157:H7 antisera. Such colonies should be sent 
to a reference laboratory for confirmation. As mentioned earlier, 
there is increasing identification of non-O157 STEC isolates 
with the growing use of commercial multiplex PCR panels for GI 
pathogens, although the CDC continues to recommend confir- 
mation of positive samples by culture.!*” 

The chances of obtaining a positive culture from stool depend 
on the time between the onset of symptoms and collection of the 
stool. Within 2 days of onset, virtually all stool specimens from 
O157-infected patients are positive, whereas after 7 days, only 
one third are positive.!°° In contrast, other studies have found 
that the median duration of excretion of STEC is 17 to 29 days, 
with some patients shedding the bacterium for as long as 124 
days,21,157,158 

Testing for Stx allows for detection of non-O157 STEC. A 
Stx enzyme immunoassay (EJA) has been available in the USA 
since 1995, and it is recommended the assay be performed on 
broth cultures incubated overnight, not directly on stool alone; 
a rapid immunoassay performed directly on stool also has been 
developed.!°? The CDC recommends culture confirmation and 
strain serotyping by public health laboratories to confirm EIA- 
positive assays because of reports of false-positive EIA results;!°° 
the testing paradigms are likely to be updated going forward. 


Treatment 
The desire to treat STEC infections is understandable because 
of the presence of bloody diarrhea and with the hope that treat- 
ment will decrease complications such as HUS; however, several 
reports have raised concern that the risk of HUS is increased 
by antimicrobial therapy. In a murine model, certain antibiot- 
ics, notably ciprofloxacin, caused enhanced STX production by 
E. coli O157:H7 in vitro via induction of bacteriophage-encoded 
genes; this occurrence was associated with an increased death rate 
in antibiotic-treated mice.160 

Antimicrobial therapy in humans does not appear to provide 
much benefit and might even be harmful, although the data to 
support withholding antibiotics have been controversial and 
more studies continue to be needed.'®! A recent meta-analysis 
found a significant association between the use of antibiotics and 
the risk of HUS development, but only after studies with a high 
risk of bias or unacceptable definition of HUS were excluded.! 

Because antibiotic use has not been shown to decrease mor- 
bidity resulting from STEC and might increase the risk of HUS, 
routine use of antibiotics is not recommended in the treat- 
ment of gastroenteritis if E. coli O157:H7 is the known or sus- 
pected cause. In cases of confirmed E. coli O0157:H7 infection, 
patients should be followed closely for manifestations of HUS. 
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A case-control study of adults with HUS in the 2011 Germany 
STEC outbreak demonstrated no benefit of plasmapheresis or 
eculizumab (a complement 5 inhibitor), although antibiotic treat- 
ment after HUS diagnosis was associated with earlier clearance 
of STEC and improved mortality, while not affecting the HUS 
course.!® Although these findings are encouraging, the applica- 
bility to other populations (pediatric) and other STEC strains is 
unknown. Additional studies are needed before recommenda- 
tions enter routine practice. 

Thorough cooking of ground beef, avoiding unpasteurized 
fruit juices, and hand hygiene if contact with farm animals occurs 
(e.g., state or county fairs) are important preventive measures. 


Enteroaggregative E. coli (EAEC) 


Unlike the attaching and effacing adherence to cells seen with 
EPEC, some E. coli strains adhere in an ageregative motif, with the 
bacteria clumping to the cell surface in a stacked-brick pattern.?! 
Some investigations have implicated EAEC as a cause of acute 
and persistent diarrhea in children in developing countries,” 1:164 
and EAEC has also been isolated from asymptomatic children.!® 
The diarrhea associated with EAEC is typically watery, although 
mucoid and grossly bloody diarrhea has also been reported. As with 
most pathogens, clinical manifestations are particularly severe in 
children younger than 1 year of age.!°° EAEC has been associated 
with diarrhea in patients infected with HIV,!°’ and EAEC has been 
shown to be a cause of travelers’ diarrhea.!* 

Volunteer challenge studies with different strains of EAEC 
have yielded mixed results, suggesting that certain strains are 
more virulent than others.!°*:!°? As yet, there have been no stud- 
ies documenting the need for or efficacy of treatment of EAEC 
infections. EAEC include numerous serogroups that largely are 
distinct from those of EPEC. Certain serotypes such as 044:H18 
appear to be more pathogenic than others. 

EAEC pathogenesis is complex but seems to have 4 major 
features: characteristic adherence, biofilm formation, produc- 
tion of enterotoxins and cytotoxins, and mucosal inflammation. 
Adherence structures and genes in EAEC are highly diverse, 
with much variation among strains. EAEC promotes forma- 
tion of a biofilm that allows the bacteria to evade the local 
immune response and target toxin release.'!°° Some common 
toxins include enteroagegregative heat-stable toxin 1, Shigella 
enterotoxin (ShET)1, and hemolysin. Most evidence suggests 
EAEC infection can cause mucosal inflammation through the 
IL-8 pathway. Several EAEC genes have been shown to affect 
IL-8 release.!”? In Europe during 2011, an EAEC strain that 
acquired Stx2a (E. coli 0104:H4 [see also STEC section]) caused 
the largest known STEC outbreak. This outbreak was concen- 
trated in adults and was notable for a high proportion of infec- 
tions that resulted in HUS.'*? 

There have been no randomized controlled trials of therapy 
for EAEC infections in children. One study of HIV-positive 
patients with diarrhea caused by EAEC found a 50% reduction 
in stool output, fewer intestinal symptoms, and microbiologic 
eradication of the organism during treatment with ciprofloxa- 
cin.!’! Similarly, ciprofloxacin therapy of EAEC resulted in a 
reduction of the duration of diarrhea in patients with travelers’ 
diarrhea.!* 


Diffusely Enteroadherent Escherichia coli (DAEC) 


Another type of adherent E. coli is DAEC, which adheres to tissue 
culture cells in a diffuse pattern. DAEC constitute a heterogeneous 
group of organisms. Knowledge of the proteins and associated 
genes that mediate adherence is increasing, but the mechanism(s) 
of diarrhea pathogenesis remains largely unknown.!”? The role of 
these organisms in diarrheal disease is unclear, but they may be a 
cause of acute or persistent diarrhea in children. !* 


INVASIVE PATHOGENS 


The principal pathogens in this group are Salmonella, Shigella, 
EIEC, Campylobacter, and Yersinia. There are important differ- 
ences among these organisms, but they all share the property of 
mucosal invasion as their initiating event to cause disease, resulting 
in endoscopic and histologic colon mucosal inflammation (see Fig. 
110.3A-D). Three mechanisms are thought to contribute to the 
diarrhea caused by invasive pathogens: epithelial injury preventing 
fluid resorption from the intestinal lumen, induction of inflamma- 
tory mediators by organism invasion, and production of accessory 
virulence factors (including enterotoxins) by some invasive bacte- 
ria. All invasive pathogens can cause dysentery, a term that refers to 
a diarrheal stool that contains an inflammatory exudate composed 
of polymorhonuclear leukocytes (PMNs ), mucus, and blood. 


Shigella Species 


Shigella organisms cause bacillary dysentery,!’> a disease that 
has been described since early recorded history.!’+ The inhab- 
itants of Athens in the second year of the Peloponnesian War 
were ravaged by dysentery. In the American Civil War, more 
than 1,700,000 soldiers suffered from dysentery, with 44,500 
deaths. World War I also produced a high incidence of dysentery: 
371,000 total casualties in France and up to 486,000 casualties in 
East Africa. Although dysentery is a disease that becomes more 
prevalent in wartime, there is a constant endemic incidence in 
tropical countries and in temperate zones. 


Microbiology 


Shigella species are gram-negative enteric organisms included in 
the family Enterobacteriaceae. Genetic evidence places Shigella 
as a member of E. coli, but for reasons of clinical and historic sig- 
nificance, it remains a separate genus (see the EIEC section).!!® 
Shigellae are highly adapted to the GI tract of humans and pri- 
mates. The 4 major Shigella subgroups are S. dysenteriae (15 sero- 
types), S. flexneri (19 serotypes), S. sonnei (1 serotype), and S. 
boydii (19 serotypes).!”° Unlike E. coli, shigellae are nonmotile, do 
not produce gas from glucose, and are generally lactose negative, 
except for S. sonnei. Group A (S. dysenteriae type 1), also known 
as the Shiga bacillus, produces the most severe form of dysentery. 


Epidemiology 


Shigellosis is a major diarrheal disease, estimated to cause 80 to 
165 million cases of diarrhea and 600,000 deaths annually.'”° 
Transmission is through fecal-oral contact. An inoculum of 
just 10 organisms has been shown to be capable of causing dis- 
ease.” The ability of Shigella spp. to survive in acidic conditions 
might account for the small inoculum that can produce disease. 
Approximately 20% of persons in a household will acquire shigel- 
losis after exposure to the index case.!”’ Person-to-person trans- 
mission, facilitated by the low infective dose, accounts for rapid 
spread of Shigella in day care centers and among people living in 
conditions of poor hygiene. Secondary cases can occur in hospi- 
tals among other patients and hospital staff. Foodborne transmis- 
sion, through raw foods likely contaminated by food handlers, 
can occur.!/* Shigellosis can also be sexually transmitted and men 
who have sex with men (MSM) are at increased risk.!7° 

Patterns of shigellosis vary by time and region. Group A (S. 
dysenteriae) classically has been associated with epidemic disease 
since the late 1960s in much of the developing world. S. dysen- 
teriae produces the most severe form of dysentery, with mortal- 
ity rates of 5% to 15%.!°° Subsequently there was a shift toward 
group B (S. flexneri) and hyperendemic shigellosis in much of 
the developing world.!*!!*? In industrialized nations, however, 
group D (S. sonnei) is the dominant species and associated with 


the mildest disease. S. sonnei usually is found in association with 
sporadic common source outbreaks.!’+ The reasons for these 
temporal and regional differences are not known; however, as 
former developing nations undergo industrialization, the propor- 
tion of S. flexneri cases is declining, whereas S. sonnei is increas- 
ing.!80183 S, boydii infections remain relatively uncommon (about 
6% of global reported cases) but have considerable geographic 
variation. !®? 

It is estimated that there are 500,000 cases of shigellosis in 
the USA, resulting in 5500 hospitalizations and 40 deaths each 
year. Shigellosis in the USA is predominantly caused by S. son- 
nei (~80%); S. flexneri is responsible for 15% to 20% of cases, S. 
boydii for 1% to 2%, and S. dysenteriae for less than 1% of cases. 
Both S. boydii and S. dysenteriae represent imported cases; S. dys- 
enteriae is considered a bioterrorism threat. From 1998 to 2008, 
120 foodborne outbreaks causing 6208 illness were reported and 
caused primarily by S. sonnei (72% of outbreaks); foodborne dis- 
ease is only a small contributor to the total disease burden in the 
USA 


Pathogenic Mechanisms 


Shigella initially interacts little with enterocytes and instead trig- 
gers its uptake by M cells, after which it exits the basolateral side 
of the M cell into the submucosa. Shigella escapes resident mac- 
rophages by rapidly inducing their apoptosis, which in turn elicits 
a robust immune response. The bacteria then invade the entero- 
cytes via the basolateral side by macropinocytosis. Once phago- 
cytosed, the bacteria lyse the phagosome and are released into 
the enterocyte cytoplasm. From there, enterocyte-to-enterocyte 
invasion occurs.!*> 

Pathogenic Shigella all possess a large virulence plasmid, which 
has a 31-kb conserved region that encodes many virulence fac- 
tors, most important of which are the invasion plasmid antigens 
(IpaA to IpaD) that facilitate organism entry into cells as well as 
escape from, for example, the phagosome. These virulence fac- 
tors are injected into the enterocyte by a type II secretion system 
(T3SS) or injectosome, by which a needle-like protein apparatus 
found in some gram-negative bacteria such as Shigella, but also 
EPEC/enterohemorrhagic E. coli, Yersinia, and Salmonella spp., is 
used to inject toxin directly into a eukaryotic cell.!*° Another vir- 
ulence factor, intracellular spread protein (IcsA), catalyzes actin 
polymerization, which propels the bacteria forward until they 
reach the cell membrane. The membrane then protrudes and is 
endocytosed by a neighboring cell.!*° 

The process of enterocyte invasion provokes a strong inflam- 
matory response with release of IL-8 and recruitment of acti- 
vated neutrophils, which effect much of the tissue damage and 
diarrhea. The bacteria may also release ShET1 and ShET2, 
which are thought to increase fluid secretion into the small 
intestinal lumen, contributing to the classic first phase of watery 
diarrhea often observed in shigellosis; the mechanisms of the 
ShET toxins, however, are not fully understood. Stx is produced 
only by S. dysenteriae 1 and is related to Stx1 and Stx2 of STEC. 
Stx is cytotoxic and can also affect the kidneys and CNS (see 
STEC section).!*° 

The major site of attack of Shigella is the colon, although 
scattered ulcerations can be seen in the terminal ileum as well. 
The stages of Shigella penetration of the mucosa and its cel- 
lular interactions eventuate in enterocyte death, focal ulcers, 
and mucosal inflammation, with edema, formation of microab- 
scesses (e.g., crypt abscesses), loss of goblet cells, and loss of 
tissue architecture (see Fig. 110.3). These events give rise to the 
characteristic clinical picture of bloody, mucopurulent diarrhea. 
Shigellae rarely penetrate beyond the intestinal mucosa and 
generally do not invade the bloodstream; bacteremia, however, 
occurs in malnourished children and immunocompromised 
hosts. 
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Clinical Features 


Although all strains of Shigella may cause dysentery, classic 
Shigella dysentery is present in only a minority of patients, and 
clinical presentation varies considerably by Shigella spp. A volun- 
teer study found that only 28% of subjects developed the classic 
symptom progression of fever (~48 hours), abdominal pain, diar- 
rhea (~72 hours), and dysentery (~120 to 144 hours).!*” Fever and 
abdominal pain may start within 24 hours after exposure but aver- 
age 1.6 and 3.6 days, respectively. Diarrhea may begin after 24 
hours and continue up to 2 weeks, but average onset is at 4 days. 
Dysentery may start as early as 3 days and as late as 17, but aver- 
ages 7 days and may continue for more than a month.!*” Fever 
is present in up to 30%, diarrhea in 30% to 60%, fecal mucus in 
50% to 99%, and fecal blood in 40% to 60%.!87-!8° Dysentery is 
present in greater than 80% of patients with S. dysenteriae infec- 
tion, and watery diarrhea in only 22%. In contrast, only 20% of 
patients with S. sonnei infection had bloody stool, and 10% had 
severe dehydration; most have watery diarrhea.!”° 

Bacteremia is uncommon. Malnutrition, especially in young 
children, and infection with S. dysenteriae 1 are associated with 
a more severe course. Bacteremia may occur in young children, 
especially if they are malnourished. Among the intestinal compli- 
cations of shigellosis are intestinal perforation and severe protein 
loss. 

An extensive list of extraintestinal complications of various 
bacterial enterocolitides, including bacillary dysentery, is pre- 
sented in Table 110.2.!°! Many patients complain of respiratory 
symptoms, such as cough and coryza, although pneumonia is 
rare. In young children, hypoglycemia can occur, and neurologic 
findings can dominate the clinical picture, even before the onset 
of diarrhea. Meningismus and seizures can occur with shigellosis, 
particularly in children (although there is no direct involvement 
of the CNS), and may be related to fever, metabolic derange- 
ments, or the effects of circulating Stx in cases of S. dysenteriae, 
alone or in combination with other factors.!°* During the acute 
phase of disease, HUS may occur but is rare; risk is higher in 
S. dysenteriae infections (~13%). Risk of HUS with S. dysenteriae 
infection seems to be less when appropriate antibiotics are given 
within the first 4 days of symptoms. In general, early appropri- 
ate antibiotic therapy is beneficial.!°>!°* Leukemoid reactions are 
associated with young age, S. dysenteriae infection, and increased 
mortality.!?° A rash (rose spots) can occur during the acute phase 
of shigellosis. Arthritis can develop 2 to 3 weeks after onset of dys- 
entery. Joint pain or effusion usually is asymmetric and involves 
large joints. Arthralgias alone, not necessarily with other signs of 
reactive arthritis, occur, usually in patients who are positive for 
HLA-B27; autoantibodies to this antigen cross-react with Shi- 
gella proteins, thereby resulting in circulating antibody-antigen 
complexes. !°ć 

The course of shigellosis varies. Most children have mild 
infections, at least with nondysenteriae Shigella, lasting no more 
than 1 to 3 days. The average length of symptoms in adults is 
approximately 7 days. In more severe cases, symptoms can persist 
for 3 to 4 weeks and often are associated with relapses. Untreated 
bacillary dysentery, particularly when the course is prolonged, 
can be confused with UC. 

Deaths are rare in healthy persons, particularly adults, with 
bacillary dysentery; mortality usually is seen in young, often mal- 
nourished children.!*! Shigella spp. were the third most common 
cause of death attributed to diarrheal disease in children younger 
than 5 years of age and the leading cause of death attributed 
to diarrheal disease among adults 15 to 99 years of age in the 
Global Burden of Disease study (2015).! Neurologic signs such as 
decreased level of consciousness and seizures are associated with a 
poor outcome in children.!°? 

Chronic carriers of Shigella have been identified and can pass 
the organism in their feces for a year or more. Such carriers 
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are distinctly uncommon and usually stop shedding the organ- 
ism spontaneously. Carriers of Shigella are prone to intermittent 
attacks of the disease, in contrast to Salmonella carriers, who rarely 
become recurrently symptomatic with the strain they carry. 


Diagnosis 


Fecal specimens are required for diagnosis, because other 
microorganisms can also cause a dysentery syndrome (e.g., 
Campylobacter, V. parahaemolyticus, Salmonella); blood and urine 
testing rarely are positive. Molecular diagnostics are available 
for rapid diagnosis, but should be confirmed by culture. Because 
Shigella spp. are fastidious, stool specimens or rectal swabs should 
be inoculated promptly into appropriate media. 

A subacute presentation of dysentery can masquerade as UC 
and should be considered, particularly when histologic features 
consistent with chronic inflammatory disease are lacking. 


Treatment 


The general principles for management of infectious diarrhea, 
most importantly rehydration, also apply to shigellosis (see 
Treatment, later). Antimotility agents are not recommended. 
Zinc supplementation (through complex actions including 
improving immune responses) and green bananas (by promot- 
ing production of short-chain fatty acids that serve as a metabolic 
energy source for colonocytes) have potential to decrease severity 
of shigellosis and associated morbidity.!°7-198 

Antibiotic therapy reduces the duration of symptoms, dura- 
tion of Shigella excretion in stool, and possibly spread to other 
individuals and complications.!???°° However, given increasing 
antimicrobial resistance?!" and limited data demonstrating 
that antibiotic therapy limits transmission, antibiotic treatment 
is no longer suggested for most patients with these infections. 
Antibiotic therapy can be withheld for individuals whose diarrhea 
resolves prior to culture confirmation of shigellosis. However, 
empiric therapy should be considered if the patient is moderately 
or severely ill or hospitalized, immunocompromised, a health 
care worker, food handler, or an adult or child who is associated 
with day care. 

No particular class of antibiotic has been shown to be superior 
to another, and empiric choices should be based on local suscep- 
tibility patterns.!°”:200 Antibiotic resistance is a growing problem 
for Shigella treatment. FoodNet data in the USA from 2000 to 
2010 found resistance to ampicillin and TMP/SMX in the major- 
ity of isolates. Therefore, azithromycin and ciprofloxacin are 
commonly prescribed in the USA. Notably, recent studies show 
increasing resistance to azithromycin 777°? and ciprofloxacin,?°* 
and current CDC estimates suggest there are 27,000 Shigella infec- 
tions resistant to azithromycin and/or ciprofloxacin each year in 
the USA.?°!.2 Tf empiric treatment is indicated, a careful history 
focusing on regions of travel may help guide antibiotic choices.?"° 
In the USA, fluoroquinolones are a reasonable option for adults, 
whereas azithromycin or a third-generation cephalosporin is 
preferable in children. However, rising antimicrobial resistance 
globally, such as ciprofloxacin resistance in Asia, emphasizes the 
importance of the use of local resistance patterns when choosing 
an antibiotic for empiric therapy of suspected shigellosis/dysen- 
tery.” It is important to be aware that amoxicillin, which is well 
absorbed and achieves higher serum levels than ampicillin, is not 
effective therapy for shigellosis even when the organism is sensi- 
tive to ampicillin/amoxicillin.?°* Ampicillin is the drug formula- 
tion preferred for treatment of sensitive Shigella strains. 

Chronic carriers of Shigella are rare. Postinfection carriage 
generally lasts less than 3 or 4 weeks and rarely exceeds 3 to 4 
months. In circumstances in which eradication of the carrier state 
is deemed necessary, choice of antibiotic should be guided by 
antibiotic sensitivity results. 


Mild diarrhea and cramps can continue for days to weeks after 
treatment of bacillary dysentery, even when the organism is no 
longer present and the acute episode seems to have passed. These 
symptoms are not necessarily a cause for alarm and are presumed 
to result from slowly repairing bowel that has been injured by 
inflammation. Approximately 10% of patients with shigellosis, 
however, may be left with symptoms of postinfection IBS.2 

Shigellosis is highly contagious. Careful hand washing and 
stool precautions are important to prevent dissemination of this 
disease. No vaccine is currently available. 


Nontyphoidal Salmonella Species 


Nontyphoidal salmonellosis refers to disease caused by 
any serotype of the genus Salmonella, with the exception of 
Salmonella Typhi and Salmonella Paratyphi. In contrast to S. 
Typhi and S. Paratyphi, nontyphoidal Salmonella often have 
animal reservoirs, encounter humans, and cause disease. Most 
nontyphoidal Salmonella cause enteric disease, but it is impor- 
tant to recognize invasive nontyphoidal Salmonella infections 
can cause extraintestinal disease manifestations without accom- 
panying diarrhea. 


Microbiology 


Salmonellae are a group of predominantly motile gram-negative 
bacilli comprising 2 species, Salmonella bongori and Salmonella 
enterica. S. enterica is divided into 6 subspecies, of which only 
subspecies enterica constitutes a major human pathogen (caus- 
ing 99% of human salmonellosis). Sa/monella are further divided 
into over 2500 serovars (serotypes) on the basis of O (somatic) 
and H (flagellar) antigen patterns, using the Kauffmann-White 
scheme.?! For convenience, the Salmonella taxonomy can be 
abbreviated; for example, S. enterica subspecies enterica typhi can 
be written as S. Typhi. The S. enterica core genome differs from 
E. coli by about 10% and other Salmonella serovars by about 1%. 
The differences between S. enterica and E. coli suggest that these 
organisms diverged from a common ancestor about 100 million 
years ago.7!! These organisms are primarily intestinal pathogens, 
although some serovars have a propensity for invasion and dis- 
semination; they are often isolated in sewage, river and sea water, 
and certain foods. Most nontyphoidal Salmonella species have a 
wide range of hosts, whereas humans are the only reservoir for 
S. Typhi and S. Paratyphi A, B, C. 


Epidemiology 


The global burden of nontyphoidal salmonellosis (including 
invasive nontyphoidal Sa/monella) is estimated at 153.7 million 
infections with 120,000 deaths each year, of which approximately 
50% represent foodborne infections.*!* In the USA in 2017, the 
incidence of infection with Sa/monella (inclusive of nontyphoidal 
and typhoidal salmonellosis) was 16.0 per 100,000 people causing 
approximately 1.2 million infections, 23,000 hospitalizations, and 
450 deaths annually Sa/monella is the second most common food- 
borne bacterial pathogen behind Campylobacter. S. Enteritidis is 
the most common serotype.!*’ In the first part of the 21st cen- 
tury, S. enteriditis cases were rising in the USA with domesti- 
cally-raised chickens and shell eggs implicated as the likely cause. 
More recently, the incidence of some serotypes has decreased, 
a success attributed to prevention programs implemented in the 
poultry industry. 17 

From 1998 to 2016, 3260 Salmonella outbreaks were reported 
to the CDC-*!3"'!+ The sources of the outbreaks are highly vari- 
able; poultry (both live and processed), shell eggs, amphibian and 
reptile pets, raw vegetables, raw fruits, peanut butter, ground 
beef, dog food, and even pet hedgehogs have all been reported as 
the source of multistate Salmonella outbreaks.?!> 


Attack rates of Salmonella show a strong relationship to age. 
Children younger than 1 year of age have the highest attack rate, 
a susceptibility that may be related to immunologic immaturity; 
older adults also show high attack rates and increased mortality. 

Salmonellae have a tendency to colonize domestic animals and 
are widely distributed in the animal kingdom. Reptiles are uni- 
formly colonized with Salmonella and serve as a source for human 
infections and outbreaks. Among other animals, poultry has the 
highest incidence of Salmonella carriage; pigs and cattle also may 
be heavily contaminated. Vertical transmission via the transovar- 
ian route can occur in chickens, so even normal-appearing eggs 
can be contaminated with Salmonella. Many of these animals can 
cohabit peacefully with salmonellae and usually are asymptom- 
atic. 

Whereas livestock are considered the primary reservoirs for 
nontyphoidal salmonellae in developed countries, some studies 
suggest that person-to-person transmission may be important 
in developing countries. A study in Nairobi, Kenya, found that 
6.9% of an asymptomatic population carried nontyphoidal sal- 
monellae. Moreover, many of the recovered clones were related 
to isolates obtained from bacteremic patients. No clones related 
to bacteremic patients were recovered from livestock, suggesting 
that, at least in this setting, person-to-person transmission may 
be important.? 16 


Pathogenic Mechanisms 


Salmonellae attack the ileum and, to a lesser extent, the colon, 
causing mild mucosal ulcerations. The key events in salmonel- 
losis are invasion of enterocytes and macrophages, intracellular 
replication and evasion of host defenses, and, in some hosts, sys- 
temic dissemination through lymph channels and the reticuloen- 
dothelial system (RES).?!” 

Invasion of host enterocytes or macrophages occurs through 
a mechanism shared with other members of the Enterobacte- 
riaceae family, the T3SS. The T3SS injects effector proteins 
into the host cell. The T3SS and effector proteins have multiple 
functions important for host cell invasion, including the forma- 
tion of the Sa/monella-containing vacuole (SCV). The SCV helps 
Salmonella escape host cell defenses and replicate. For example, 
T3SS2, an effector protein, prevents trafficking of NADPH 
oxidase toward the SCV, thereby inhibiting the oxidative burst. 
After replication, the bacteria migrate into the lymphatic chan- 
nels and lymphoid tissues where they are taken up by macro- 
phages and dendritic cells and may spread systemically via the 
RES.?!7 

A key host defense against nontyphoidal Sa/monella is pattern 
recognition receptors such as Toll-like receptors and NOD-like 
receptors. Defects in these pathways and the associated effector 
T cells can lead to increased morbidity and mortality, such as in 
HIV infection, severe combined immunodeficiency, and chronic 
granulomatous disease.”!7 

The genetic material containing the virulence factors is primar- 
ily located on the Salmonella pathogenicity islands (SPI). Twenty- 
one different SPIs have been identified, many of which are shared, 
although some are found in only a single serovar. Genetic material 
is also carried on prophages and phage remnants.*!’ 

The infectivity of a specific strain is related to its serotype and 
the inoculum size. For example, 10° S. Newport produce illness 
in some volunteers, whereas 10!9 S. Pullorum are unable to do 
so. The latter strain is poorly adapted to humans, as suggested 
by its rarity in clinical infections; it is well adapted to chickens, 
from which it is often isolated. A dose-response curve has been 
determined for certain strains of Salmonella: an approximately 
50% infection rate is seen with 10’ organisms, whereas the infec- 
tivity rate rises to 90% with 10!° organisms. Certain Salmonella 
serovars are known for bloodstream invasion (e.g., S. Cholerae- 
suis, S. Dublin). 
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Predisposing Conditions 


A number of conditions increase the risk of invasive salmonel- 
losis. The relationship between sickle cell anemia and Salmonella 
osteomyelitis is well known. Indeed, several infectious causes of 
hemolytic anemia predispose to invasive Salmonella infection, 
including malaria and bartonellosis. The exact mechanism for 
this association is poorly understood and likely is a combination 
of diminished granulocyte oxidative burst and defects in macro- 
phage microbicidal function from hemolysis; dysfunction of the 
RES; and, in the case of malaria, sequestration of infected eryth- 
rocytes in the intestinal microvasculature directly or indirectly 
(via inflammation) impairing the intestinal barrier and increas- 
ing bacterial translocation.’!**0 Patients with sickle cell anemia 
also have a decreased capacity to opsonize salmonellae because 
of defective activation of the alternative complement pathway.””! 

Immunosuppression resulting from HIV is a strong contrib- 
uting factor to invasive salmonellosis. Interestingly, studies in 
rural Africa tend to have higher rates of nontyphoidal salmo- 
nellae bacteremia than S. Typhi, but this pattern is reversed 
in the urban setting. In Asia, S. Typhi is more common than 
nontyphoidal salmonellae. These differences are likely due to 
the higher rates of HIV and Plasmodium falciparum malaria in 
rural Africa compared to the other settings.??? Similarly a meta- 
analysis of community-acquired bloodstream infections found 
that 99% of North African S. enterica isolates were S. Typhi, in 
contrast to sub-Saharan African isolates of S. enterica that ranged 
from 87% to 97% nontyphoidal salmonellae. Furthermore, 
HIV-infected subjects were over 8 times more likely to have 
a nontyphoidal salmonellae bacteremia than were non—HIV- 
infected subjects.” 

Genetic defects in the interferon-a and IL-12/23 pathways 
increase risk of invasive salmonellosis.’*+ Neoplastic disease is 
associated with an increased risk of salmonellosis, and leukemia, 
lymphoma, and disseminated malignancy predispose patients to 
bloodstream invasion by this organism.?*> Use of glucocorticoids, 
chemotherapy, or radiation therapy is associated with Salmonella 
sepsis and schistosomiasis is associated with invasive salmonello- 
sis.’?° UC also predisposes to Salmonella infection and the carrier 
state.’?’ Just as with other enteric pathogens, gastric surgery and 
gastric hypoacidity can lead to increased risk for salmonellosis.* 


Clinical Features 


Clinical manifestations of nontyphoidal salmonellae can range from 
asymptomatic carriage, to enterocolitis, to bacteremia with distant 
foci of metastatic sites of infection. Rarely, toxic megacolon com- 
plicates salmonellosis similar to other bacterially-induced inflam- 
matory colitides. From the clinician’s perspective, there are almost 
no definitive clues that a patient is suffering from salmonellosis. It is 
important to consider salmonellosis in the differential diagnosis and 
test appropriately. Of greater importance to the clinician is to be 
aware of the many clinical manifestations of salmonellosis. 

Asymptomatic carriage is traditionally associated with S. 
Typhi (see Typhoid Fever, Carrier State) but can occur in nonty- 
phoidal salmonellae, although usually for shorter periods of time. 
Shedding is thought to generally not persist for greater than 1 
year from infection in healthy patients, but cases of chronic fecal 
carriage have been reported.” The duration of shedding is not 
well known in immunocompromised hosts. Given the lack of a 
common persistent human carrier state, other reservoirs, typi- 
cally livestock, are important in maintaining infection in devel- 
oped countries. “Super-shedders” have recently been identified 
among cattle and mice, but their importance in maintaining the 
transmission cycle is not fully understood.’”? 

Enterocolitis is the most common clinical manifestation of 
salmonellosis, accounts for approximately 75% of infections, 
and is indistinct from that caused by other enteric pathogens. 
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The incubation period varies by host and inoculum size, but typi- 
cally ranges from 6 to 72 hours. Clinical manifestations are the 
acute onset of fever, diarrhea, and cramping, often preceded by 
nausea and vomiting.” 1! Salmonella enterocolitis may present 
as dysentery, but watery diarrhea is a more common prominent 
symptom and can vary from mild to cholera-like, particularly in 
patients who are hypochlorhydric.® 

The most serious complication of salmonellosis is bacteremia 
and its sequelae. In developed countries, secondary nontyphoidal 
Salmonella bacteremia complicates approximately 5% of cases of 
enteritis and carries an attributable mortality of 1% to 5%; in 
sub-Saharan Africa, nontyphoidal salmonellae are the most com- 
mon cause of community-acquired bacterial bloodstream infec- 
tion, often in HIV-infected hosts.?*> Enteritis and diarrhea need 
not precede Salmonella bacteremia. Primary nontyphoidal Salmo- 
nella bacteremia is most common in immunosuppressed adults 
and children (see “Predisposing Conditions,” earlier). Mortality 
in this patient population is also likely higher. The most feared 
complication of nontyphoidal Sa/monella bacteremia is infectious 
endarteritis, classically involving the aorta, although metastatic 
infection at other sites can occur. Reports of the proportion of 
bacteremic patients who develop an endovascular infection vary 
widely, from 0.6% to 35%. The prognosis of infectious aorti- 
tis is grave, but with modern surgical techniques, survival has 
been reported to approach 80%.7*° Metastatic foci of disease 
can develop in practically any anatomic site; osteomyelitis, septic 
arthritis, focal abscesses, and meningitis are all reported. 

In developing nations, invasive nontyphoidal salmonellae 
infections have varied presentations. Diarrhea is frequently 
absent, and patients often present with a febrile systemic ill- 
ness like that of enteric fever. Reported mortality rates are 
between 22% and 47% for African adults and children. As dis- 
cussed earlier, malaria, HIV, and malnutrition are all thought 
to contribute to the increased risk of invasive disease, as well 
as distinct genomic signatures on the pathogen side.”** Non- 
typhoidal salmonellae are also a common cause of meningitis 
in sub-Saharan Africa, particularly among children. In Malawi, 
15% of culture-proven meningitis was due to S. Typhimurium. 
Meningitis mortality is high, 52% among children and 80% 
among adults.’*° 


Treatment 


Although many antibiotics have been used to treat nontyphoi- 
dal Salmonella enteritis, all have failed to alter the rate of clinical 
recovery. A meta-analysis of 12 randomized trials found no dif- 
ferences in the duration of illness and diarrhea between patients 
treated with antibiotics and those treated with placebo.?** Risk of 
fecal carriage of the same serovar for 1 month after completion 
of antibiotics was nearly twice as high in the antibiotic-treated 
groups compared with the placebo or no treatment groups.?** 
‘Thus, antimicrobial therapy should not be used in most cases of 
Salmonella enterocolitis. 

Despite this general rule, antibiotics should be used in condi- 
tions with high risk for extraintestinal spread, such as lymphopro- 
liferative disorders, malignant disease, immunosuppressed states 
(AIDS and congenital or acquired immunodeficiencies), organ 
transplantation, known or suspected abnormalities of the car- 
diovascular system (e.g., prosthetic heart valves, vascular grafts, 
aneurysms, rheumatic or congenital valvular heart disease), for- 
eign bodies implanted in the skeletal system, hemolytic anemia, 
extreme ages of life, and pregnancy. In addition, patients with 
Salmonella enterocolitis should be treated with antibiotics when 
they exhibit findings of bacteremia/septicemia (e.g., high fever, 
rigors, hypotension, decreased kidney function, systemic toxic- 
ity). 

Once a decision is made to initiate therapy, the choice of 
drug may be problematic because of high levels of antibiotic 


resistance; currently, a fluoroquinolone is the drug of first 
choice, with third generation cephalosporins as alternatives. 
For patients with strains sensitive to ampicillin or TMP/SMX, 
these agents can be used (Table 110.8). As might be expected, 
resistance to ciprofloxacin has been observed during therapy, 
and the U.S. Clinical Laboratory Standards Institute has 
recently raised the ciprofloxacin break points for Salmonella 
spp. to account for the increased resistance.*?> As a conse- 
quence of the increasing levels of drug resistance, both domes- 
tically and internationally, empiric antimicrobial therapy of 
Salmonella infections must be limited to high-risk patients and, 
ultimately, should be based on sensitivity testing. Treatment 
of asymptomatic carriers is not recommended, because car- 
riage is not eliminated faster, and resistance is more likely to 
develop.**° 

Salmonella bacteremia is a severe infection that can result in 
extraintestinal manifestations and death. In addition to appropri- 
ate antibiotic therapy, management should include an exploration 
for extraintestinal foci of infection through history and physical 
examination, with additional diagnostic evaluation as indicated. 
Some extraintestinal infections require complicated manage- 
ment. For example, antibiotics alone may not be sufficient treat- 
ment for Salmonella aortitis, and urgent vascular surgery may 
be required. Likewise, endocarditis, meningitis, septic arthritis, 
osteomyelitis, and other complications can require a compli- 
cated treatment strategy. Consultation with an infectious diseases 
expert is recommended in any case where there is concern for 
systemic salmonellosis. 

Prevention is centered around hygiene. Appropriate hand 
washing is needed when contacting high-risk carrier animals. 
Public health measures are important to reduce contamination 
and foodborne spread. Reduced antibiotic administration to live- 
stock could help limit multidrug-resistant strains. No vaccine is 
available for nontyphoidal salmonellae. 


Typhoid Fever 


Typhoid (Greek typhos, “stupor” or “cloudy”) fever is a febrile 
illness of prolonged duration, marked by hectic fever, delirium, 
persistent bloodstream infection, splenic enlargement, abdomi- 
nal pain, and a variety of systemic manifestations. The ill- 
ness caused by typhoidal Sa/monella differs from nontyphoidal 
Salmonella infections in several respects. Typhoidal disease is not 
truly an intestinal disease and has more systemic than intestinal 
symptoms. S. Typhi and S. Paratyphi A are the second and third 
most common pathogens causing extraintestinal disease behind 
hepatitis A.7!? S. Typhi is remarkably adapted to humans, who 
represent the only natural reservoir; the other salmonellae are 
associated with animals. Typhoid fever is an ancient companion 
of man; for centuries it plagued civilizations, killing more sol- 
diers than did opposing armies. In 1914 at the dawning of World 
War I, Sir William Osler delivered an address to the Society of 
Tropical Medicine and Hygiene in which he recounted recent 
advances in scientific knowledge including the discovery of 
the typhoid bacillus, its disease transmission, the typhoid car- 
rier state, vaccination, and the importance of sanitation. He was 
hopeful that this knowledge would lead to fewer deaths.” A 
century later, much of his scientific and public health message 
remains true. Despite advances in sanitation and available vac- 
cines, however, typhoid fever persists and is posing new chal- 
lenges. 

Although S. enterica serotype Typhi is the main cause of 
typhoid fever, other Salmonella serotypes occasionally produce a 
similar clinical picture, known variously as typhoidal disease, enteric 
fever, or paratyphoid fever. These serotypes are S. Paratyphi A, B, 
and C, as well as others, including S. Typhimurium. This section 
will focus on the common causes of enteric fever, S. Typhi and 
S. Paratyphi. 
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TABLE 110.8 Antibiotic Therapy for Nonsevere Infections With Common Bacterial Enteropathogens in Immunocompetent Adults 


Organism Recommended Antibiotic(s) 


Alternative Antibiotic(s) 


SHIGELLA SPECIES 


Shigella infection (nondysenteriae; Ciprofloxacin 500 mg twice daily (or levofloxacin 500 mg daily) x 3 Ceftriaxone 1 to 2 g IV once daily x 5 days 


for Shigella dysenteriae type 1, 
see text) 
SALMONELLA SPECIES 


Enterocolitis, uncomplicated Not usually recommended (see text) 


Typhoid and enteric fevers* 
x 7-10 days 


days or Azithromycin 500 mg once daily x 3 days 


Ciprofloxacin 500 mg twice daily (or ofloxacin 400 mg twice daily) 


TMP/SMX 160 mg/800 mg twice daily or Ampicillin 
500 mg 4 times daily; if sensitive, x 3 days 


N/A 


Can consider azithromycin 1 g daily x 5 days in 
areas of high fluoroquinolone resistance 


Ceftriaxone 2 g IV once or twice daily x 10-14 days 


CAMPYLOBACTER SPECIES 


Campylobacter jejuni Not usually required 


Azithromycin 500 mg daily x 3 days 
YERSINIA ENTEROCOLITICA 
Enterocolitis, uncomplicated Not usually required 
ESCHERICHIA COLI* 
Enterotoxigenic 


Table 110.9) 
Rifaximin 200 mg 3 times daily x 3 days 


Stx-producing 


VIBRIO SPECIES 


Vibrio cholerae Doxycycline 300 mg x 1 dose 


Vibrio parahaemolyticus Usually not required; no controlled trials 


Endemic disease; usually self-limited; supportive care (see text) 
Travelers’ diarrhea: ciprofloxacin 500 mg twice daily x 3 days (see 


Ciprofloxacin 750 mg twice daily x 3 days 


Ciprofloxacin 500 mg twice daily x 5 days 


TMP/SMX 160 mg/800 mg twice daily x 5 days 


Azithromycin 500 mg daily x 3-5 days 
TMP/SMX 160 mg/800 mg twice daily or Ampicillin 
500 mg 4 times daily; if sensitive, x 3 days 


Unclear if antibiotics are effective; may be harmful 


Ciprofloxacin 1 g x 1 dose 
Azithromycin 1 g x 1 dose 
Tetracycline 500 mg every 6 hr x 3 days 


As for V. cholerae 


“For severe typhoid fever, consider the addition of glucocorticoids (dexamethasone 3 mg/kg x 1, then 1 mg/kg every 6 hours x 48 hours) to parenteral 
antimicrobial therapy. Antimicrobial sensitivity testing is required. Fluoroquinolones (e.g., ciprofloxacin) should not be used as empiric therapy in Asia or 


other areas with high fluoroquinolone resistance. 


tEnteropathogenic, enteroaggregative, and diffusely enteroadherent E. coli are omitted from this table because these types are defined in research 
laboratories and are not diagnosed in routine clinical practice. Enteroinvasive E. coli presenting as inflammatory diarrhea should be treated empirically as 


for Shigella spp. 


Note: All antibiotics are administered orally unless otherwise indicated. Recommendations are given for treatment of mild/moderate infections only. 
Treatments for complicated infections or severely ill, bacteremic, or immunocompromised patients are not listed previously and may differ from treat- 
ments for mild disease. Because of increasing antimicrobial resistance, antibiotic susceptibility testing on recovered isolates from stool culture should 
be considered. For information on antibiotic susceptibility patterns in the USA, see the National Antimicrobial Resistance Monitoring System (NARMS; 


http://www.cdc.gov/narms) 
TMP/SMxX, trimethoprim/sulfamethoxazole. 


Microbiology 


S. Typhi is biochemically similar to other Salmonella species and 
is distinguished primarily by its specific antigens. As a rule, this 
organism produces little or no gas from carbohydrates, elaborates 
only small amounts of hydrogen sulfide, and bears the Vi antigen 
on its surface. These markers should alert the laboratory to the 
possibility of this pathogen; confirmation of S. Typhi is accom- 
plished by serotyping and modern genetic subtyping methods.**® 


Pathogenic Mechanisms 


The pathologic events of typhoid fever are initiated in the intes- 
tinal tract after oral ingestion of between 1000 and 1 million 
typhoid bacilli.27? The organism penetrates the small intestinal 
mucosa and rapidly makes its way to the lymphatics, the mes- 
enteric nodes, and the bloodstream. There is a paucity of local 
inflammatory findings, which explains the lack of intestinal symp- 
toms at this early stage. This sequence of events is in marked 
contrast to that of other forms of salmonellosis and shigellosis, in 
which intestinal findings are prominent at the onset. 

After the initial bacteremia, the organism is sequestered 
in macrophages and monocytic cells of the RES. It undergoes 


multiplication and reemerges several days later in recurrent 
waves of bacteremia, an event that initiates the symptomatic 
phase of infection. Now in great numbers, the organism is spread 
throughout the host and infects many organ sites. The intestinal 
tract may be seeded by direct bacteremic spread to Peyer patches 
in the terminal ileum or via drainage of contaminated bile from 
the gallbladder, which often harbors large numbers of organisms. 

Hyperplasia of the RES, including lymph nodes, liver, and 
spleen, is characteristic of typhoid fever. The liver contains dis- 
crete micronodular areas of necrosis surrounded by macrophages 
and lymphocytes. Inflammation of the gallbladder is common 
and can lead to acute cholecystitis. Patients with preexisting gall- 
bladder disease have a tendency to become carriers because the 
bacillus becomes intimately associated with the existing chronic 
disease and may be incorporated within gallstones. Lymphoid 
follicles in the intestine, such as in Peyer patches, become hyper- 
plastic. Subsequently, a follicle may ulcerate, penetrate through 
the submucosa to the intestinal lumen, and discharge large num- 
bers of typhoid bacilli. As the bowel wall is progressively involved, 
it becomes paper-thin (most commonly in the terminal ileum) 
and is susceptible to perforation. Erosion into blood vessels can 
produce severe intestinal hemorrhage. 
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The polysaccharide capsule Vi antigen is one of the most 
important virulence factors for S. Typhi. No other Salmonella 
serovars carry the Vi antigen. Two regions, ViaA and ViaB, con- 
tain the genes for the Vi antigen and are located on SPI-7, a SPI 
specific to S. Typhi. Three other SPIs are specific to S. Typhi: 
SPI-15, 17, and 18.7!’ Vi antigen is believed to prevent innate 
immune response recognition through Toll-like receptors.?40 
Neutrophils in the small intestine are not activated, facilitating 
systemic dissemination.’*! Vi-negative S. Typhi strains can still 
cause typhoid-like illness but are rare among clinical isolates. The 
low rate of Vi-negative typhoid fever is of importance because 
one vaccine uses purified Vi antigen to stimulate an immune 
response.*” 


Epidemiology 


S. Typhi and S. Paratyphi are adapted specifically to the human 
host. Humans serve as a chronic reservoir, periodically shedding 
the organisms into the environment where they subsequently are 
ingested usually in contaminated food or water supplies. Endemic 
disease in many parts of the world likely persists where sanitation 
is poor, but has largely been eliminated in the developed world. 

In 2010, WHO estimated the annual global burden of typhoid 
fever in 2010 to be nearly 21 million cases with over 144,000 
deaths. Children younger than 5 years and older adults generally 
have the highest rates of disease. The paratyphoid fever global 
burden was estimated at 4.8 million cases annually in 2010, with 
33,325 deaths.’ Asia is traditionally thought to be an area of 
particularly high typhoid fever incidence, but there is a large 
amount of regional variation.*>-*+> Presumably because of HIV 
and malaria, sub-Saharan Africa is thought to have higher rates 
of nontyphoidal salmonellae infections than typhoid fever, rates 
of which are seemingly unaffected by HIV.??”* A recent study of 
a Kenyan urban slum found a typhoid fever incidence similar to 
that of urban slums in central Asia but much lower than in a rural 
area in Kenya.**° Current estimates of the burden of S. Typhi 
infection in the USA are 5,700 cases annually, of which up to 
75% of cases are acquired while traveling abroad., 20187*’ Com- 
pared with 2006 to 2008, the 2017 incidence of S. Typhi infection 
has decreased 42%. 

Because S. Typhi cohabits exclusively with humans, the 
appearance of a case could indicate the presence of a carrier. An 
investigation by public health authorities should be instituted to 
determine the source and the presence of other cases. As they are 
discovered, chronic carriers are registered with the health author- 
ities, and the particular microorganism is phage-typed so that it 
can be traced in the event of an outbreak. Treatment of carriers 
is discussed later. 


Clinical Features 


In its classic form and without treatment, typhoid fever lasts about 
4 weeks and evolves in a manner consistent with the pathologic 
events. The illness is described traditionally as a series of 1-week 
stages, although variations in this pattern can be observed.*** The 
incubation period generally is 7 to 14 days, with wide variations. 
During the first week, high fever, headache, and abdomi- 
nal pain are common. The pulse often is slower than would be 
expected for the degree of fever, a finding referred to as Faget sign. 
Abdominal pain is localized to the RLQ in most cases but can be 
diffuse. In approximately 50% of patients, there is no change in 
bowel habits; in fact, constipation is more common than diarrhea 
in children with typhoid fever. Near the end of the first week, 
enlargement of the spleen is noticeable, and an evanescent classic 
rash (rose spots) becomes manifest, most commonly on the chest. 
During the second week, the fever becomes more continu- 
ous, and the patient looks sick and withdrawn. During the third 
week, the patient’s illness evolves into the “typhoidal state,” with 


disordered mentation and, in some cases, extreme toxemia. It is 
from this altered mental state that the term typhoid derives. In this 
period there is often intestinal involvement, manifested clinically 
by greenish pea soup-like diarrhea and the dire complications of 
intestinal perforation and hemorrhage. The fourth week brings 
slackening of the fever and improvement in the clinical status, if 
the patient survives and recovers. 

Typhoid fever is a less severe illness in previously healthy 
adults who seek medical attention for the earliest symptoms of 
fever, lassitude, and headache than it is in those whose care is 
delayed. Prompt diagnosis and appropriate therapy interrupt the 
classic 4-week scenario and produce an aborted illness consisting 
of little more than a few days of fever and malaise. 

Because the typhoid bacillus is disseminated widely through 
recurrent waves of bacteremia, many organ sites can be involved. 
Patients with typhoid fever can have pneumonia, pyelonephritis, 
and metastatic infections of bone, large joints, and the brain. The 
gallbladder and liver are involved with inflammatory changes. 
Acute cholecystitis can occur during the initial 2 to 3 weeks, and 
jaundice, resulting from diffuse hepatic inflammation, has been 
observed in some patients. 

The preeminent complications are intestinal hemorrhage and 
perforation.**? These events are most likely to occur in the third 
week and during convalescence and are not related to the sever- 
ity of the disease; they tend to occur in the same patient, with 
bleeding serving as a harbinger of possible perforation. Bleeding 
may be sudden and severe or a slow ooze. Before the availability 
of antibiotics, the incidence of hemorrhage was as high as 20%; 
it is less common because specific treatment has become avail- 
able. Approximately 3% of patients with typhoid fever develop 
intestinal perforation, most commonly in the ileum.’>? Onset of 
perforation may be sudden, with signs of an acute abdomen, or 
there may be a leak of intraluminal contents to form an abscess in 
the lower quadrant or pelvis, producing a more insidious course. 

After defervescence has occurred and the patient has appar- 
ently ridden through the storm, a potential for recurrence 
remains. Relapse generally occurs 8 to 10 days after cessation of 
drug therapy and consists of a reenactment of the major mani- 
festations. The organism is the same as the one that caused the 
original infection, typically with the identical antimicrobial sus- 
ceptibility pattern. The average mortality rate is about 1%, but 
has wide geographic variability, ranging up to 30% to 50% in 
some parts of the world. Failure to administer effective antibiotics 
is the most important contributor to poor outcomes.”*! 


Carrier State 


After 6 weeks, approximately 50% of typhoid victims still shed 
organisms in their feces. This figure declines progressively with 
time, and after 3 months only 5% to 10% are excreters; by 1 year 
the frequency is 1% to 6%.?°?7> The chronic carrier is identified 
by positive stool cultures for S. Typhi at least 1 year after the 
acute episode or, in some cases, positive stool cultures without 
a documented history of disease. The probability of spontane- 
ously aborting the carrier state is highly unlikely after this time. 
Chronic carriers are more common in older age groups, women 
(a 3:1 ratio of women to men),’>* and persons with biliary disease. 
The organism usually is harbored in the gallbladder, although 
occasionally it is carried in the large intestine without involve- 
ment of the biliary tract. 


Diagnosis 


The diagnosis of typhoid fever is established by isolating the 
organism. Blood culture is the primary diagnostic test and is posi- 
tive in 60% to 80% of patients, but declines closer to 40% out- 
side of the study setting where many patients may have received 
prior antibiotic therapy. Bone marrow culture is considered the 


gold standard and has a yield of better than 90%, even in treated 
patients.!!° Stool cultures become positive in the second and third 
weeks. Sampling duodenal contents by a string test yields a posi- 
tive culture in 70% of patients. By the third week, urine cultures 
reveal the organism in approximately 25% of patients. The titer of 
agglutinins against somatic (O) antigen (Widal test) rises during 
the second and third weeks of illness. Various titer thresholds for 
a positive result are used in different countries, but a 4-fold rise 
in convalescent titer is considered stronger evidence of typhoid 
fever. Problems with the Widal test include cross-reaction with 
other Sa/monella strains causing false positives, and false negatives 
if the sample is collected too early in the disease course. PCR 
assays for the diagnosis of S. Typhi have been developed, but a 
recent meta-analysis found rapid diagnostic tests to have moder- 
ate diagnostic accuracy and further study is required.?*> 

S. Typhi carriers are traditionally difficult to identify, because 
bacterial shedding occurs intermittently. Repeated cultures are 
necessary to detect carriers, but this is cost-prohibitive as a pub- 
lic health intervention. Antibodies to the Vi antigen have been 
used in serologic testing for typhoid carriers, but their value in 
low-prevalence settings is not clear, and this has not been widely 
adopted as a public health measure.**° 


Treatment 


Therapy of both S. Typhi and S. Paratyphi is very similar, and 
most uncomplicated cases of enteric fever are treated with appro- 
priate antibiotics and supportive care. The most important deci- 
sion is to choose an antibiotic with activity against the particular 
infecting isolate. Empiric antibiotic decisions should be based on 
local drug susceptibility patterns and altered as soon as isolate- 
specific recommendations are available. Recommended treat- 
ment regimens are listed in Table 110.8. 

For years, fluoroquinolones have been the drugs of choice.’>! 
Several meta-analyses have examined the role of these agents for 
treatment of typhoid fever and paratyphoid fever, and all stud- 
ies concluded that fluoroquinolones performed at least as well as 
alternative regimens, if not better in certain settings; however, 
the available data limited further comparisons.’>’?°* Strains of 
S. Typhi and S. Paratyphi resistant to chloramphenicol, ampicil- 
lin, and TMP-SMX have been circulating since the late 1980s 
and are known as multidrug-resistant strains. This resistance 
is encoded on a plasmid and has been found over a wide geo- 
graphic range, necessitating transition to fluoroquinolones as the 
first-line therapy.” Of great concern is the emergence of fluo- 
roquinolone resistance that has occurred in Asia and is spread- 
ing worldwide, including to the USA.?® Also, worrisome is the 
emergence of strains with decreased ciprofloxacin susceptibility 
(DCS) that have been shown to increase the risk of treatment 
failure when fluoroquinolones are used.”°! These strains are 
also widespread, particularly in Asia and Africa. As a result of 
the increase in DCS and fluoroquinolone-resistant strains, the 
Clinical Laboratory Standards Institute reduced the break point 
minimum inhibitory concentration, defining resistance to cipro- 
floxacin from 4 or more pg/mL to 1.0 or more pg/mL, and the 
intermediate range is now defined as 0.12 to 0.5 pg/mL. Nali- 
dixic acid testing may be used as a surrogate for the DCS pheno- 
type but has a false-negative rate of 7% to 8%.%5 It is likely that 
intermediate or higher ciprofloxacin-resistant isolates are better 
treated with alternative antibiotics. 

Azithromycin may hold promise as an alternative treatment 
for enteric fever. A meta-analysis concluded that azithromycin 
was equivalent to other treatments and may be an attractive alter- 
native in DCS or fluoroquinolone-resistant strains.?©? Parenteral 
third-generation cephalosporins are a reasonable alternative 
therapy, but cefixime, an oral third-generation cephalosporin, 
had longer time to fever resolution and a higher rate of clini- 
cal failures than did gatifloxacin.?°? Thus, cefixime may not be 
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the best alternative therapy for uncomplicated enteric fever. It 
is interesting that the rates of resistance to traditional antibiot- 
ics used for enteric fever, such as chloramphenicol, ampicillin, 
and TMP-SMX, have declined in some areas, and these therapies 
should be viable alternatives if the infecting organism is suscep- 
tible.*°+ 

Severe disease characterized by altered mental status, severe 
sepsis, or shock, requires hospitalization and treatment with a 
fluoroquinolone or third-generation cephalosporin. One clini- 
cal trial also demonstrated benefit to high-dose dexamethasone 
at an initial dose of 3 mg/kg, then 1 mg/kg every 6 hours for 48 
hours.7° 

Intestinal perforation is one of the major complications of 
enteric fever and mandates surgical intervention. With surgical 
management and specific S. Typhi antibiotic therapy, mortal- 
ity rates of 20% to 30% are reported. A large case series found 
that extremes of age and multiple perforations were risks for 
poorer outcomes. Improved surgical technique (2-layer clo- 
sure) and addition of metronidazole and gentamicin has reduced 
the mortality rate of such perforations to 8%.?° Addition of 
anaerobic (e.g., metronidazole or other) along with gram-neg- 
ative antibiotic coverage (e.g., third-generation cephalosporins, 
fluoroquinolones) provides broad-spectrum coverage needed to 
treat resulting bacterial peritonitis/sepsis if perforation occurs. 
Clindamycin may not have activity against Bacteroides fragilis and 
should not be used in this setting if better alternatives are avail- 
able. Administration of appropriate antibiotics is important but 
serves only as an adjunct to surgical intervention. 


Chronic Carriers 

A chronic carrier who has been discharging S. Typhi for greater 
than 1 year can be treated with antimicrobials in an attempt to 
eliminate the infection. Quinolone antibiotics (e.g., ciprofloxacin) 
have become the treatment of choice in eradicating the carrier 
state.2°’ Reappearance of the carrier state after such treatment 
generally is associated with gallbladder disease. Cholecystectomy 
eliminates the carrier state in 85% of carriers with gallstones or 
chronic cholecystitis and is most clearly recommended for per- 
sons whose profession is incompatible with the typhoid carrier 
state, such as food handlers and health care providers. Decisions 
regarding cholecystectomy for other chronic carriers are made on 
an individual basis. Local health departments should be notified 
about S. Typhi carriers. Carriers should not participate in food 
preparation or distribution or direct contact with young children, 
patients, or older adults until they are cleared of carriage. 


Vaccines 


There are 3 available typhoid vaccines: (1) Vi- TT (tetanus toxoid) 
typhoid conjugate vaccine administered parenterally; (2) Ty21a, 
a live-attenuated orally administered S. Typhi strain; and (3) Vi 
capsular polysaccharide vaccine, which is administered parenter- 
ally.?68:26 The typhoid conjugate vaccine is now preferred by the 
WHO for all ages because of evidence of enhanced immunoge- 
nicity and sustained levels of protection compared with the other 
vaccines, although there are considerations in terms of costs, 
administration, and duration of protection to warrant use of the 
other vaccines in unique circumstances.?’° 


Campylobacter Species 


In 1906, Campylobacter was cultured for the first time and placed 
in the Vibrio genus before later being placed in its own genus. Not 
until 1970 was Campylobacter recognized as an enteric pathogen.** 
The taxonomy of Campylobacter has changed rapidly recently, and 
now there are 26 species, though only 15 have been detected in 
humans. Campylobacter species are motile, comma-shaped, gram- 
negative rods with a polar flagellum. A major cause of diarrhea, C. 
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jejuni is responsible for almost 90% of Campylobacter infections”’!; 

C. fetus is generally found in immunocompromised patients and 
causes systemic disease; C. coli is a rare cause of gastroenteritis. 
Other Campylobacter species that rarely cause diarrhea are C. hyo- 
intestinalis, C. upsaliensis, and C. laridis. This section addresses 
either Campylobacter spp. in general or C. jejuni where indicated. 
A detailed description of each Campylobacter species is beyond the 
scope of this text. 


Epidemiology 


Campylobacter spp. are the most common cause of foodborne 
bacterial illness in the USA, estimated to result in 1.3 million 
illnesses, 13,240 hospitalizations, and 119 deaths annually.’’! 
Campylobacter is also a major cause of travelers’ diarrhea. Children 
younger than 5 years are at the greatest risk for campylobacte- 
riosis.?”? 

Transmission to humans appears to occur most commonly 
from infected animals and their food products. The reservoir for 
Campylobacter is enormous because many animals can be infected, 
including cattle, sheep, swine, birds (poultry and others), and 
dogs. Most human infections are related to consumption of 
improperly cooked or contaminated foods. 

The implicated transmission vehicles may differ by region, 
season, and setting (i.e., sporadic or common source outbreak). In 
the USA, both unpasteurized dairy products and poultry contrib- 
ute to Campylobacter outbreaks.?7>*’+ Overall, poultry is the most 
common vehicle for sporadic disease and outbreaks in Northern 
Europe and North America.’”> The incidence of sporadic cam- 
pylobacteriosis increases in the summer, but all outbreaks do not 
have a similar seasonal pattern. These differences in seasonality 
may be due to increased carriage or shedding in poultry dur- 
ing the summer months.’”+ Raw produce and contamination of 
drinking water have also been implicated in outbreaks.’’* 

The burden of campylobacteriosis in the developing world 
is less defined than in developed countries, although the Global 
Burden of Disease study (2015)! and GEMS have improved epi- 
demiologic estimates. In general, Campylobacter is endemic, and 
associated with diarrheal disease, but also with asymptomatic car- 
riage; infections occur throughout the year.*’° The incidence is 
thought to be high in young children and to decline thereafter, 
perhaps as a result of immunity from repeated exposures.?”” 


Pathogenic Mechanisms 


The pathogenesis of Campylobacter infection seems to be medi- 
ated primarily through adhesion and invasion with infection 
occurring from less than 500 organisms.!7° A number of adhe- 
sion or binding factors that vary according to the species have 
been identified. The mechanism of invasion by Campylobacter is 
unique. An adhesion factor, CadF, triggers a signaling process 
that leads to microtubule-dependent internalization of the bac- 
terium on the basolateral aspect of M cells; this invasion leads to 
early mucosal damage. Other bacterial factors are known, notably 
cytolethal distending toxin, which arrests the cell cycle and dam- 
ages DNA to cause cell death,?”8?7° and an array of genes that 
control the use of short-chain fatty acid to favor colonization or 
infection in the lower GI tract.’*° 


Clinical Features 


The incubation period is 24 to 72 hours after organisms are 
ingested, but can be as long as 10 days. There is a wide spec- 
trum of clinical illness, from frank dysentery to watery diarrhea to 
asymptomatic excretion.’*! Diarrhea is almost invariable (90%). 
Fever is present in 65% to 90% of cases.?®? Abdominal pain is 
usually present (70%), and the patient may note bloody stools 
(50%). Constitutional symptoms such as headache, myalgia, 


backache, malaise, anorexia, and vomiting are common. Stool 
examination suggests colitis on the basis of fecal leukocytes and/ 
or occult blood.**! Colonoscopy might reveal an inflammatory 
colitis (see Fig. 110.3). The duration of illness usually is less than 
1 week, although symptoms can persist for 2 or more weeks, 
and relapses occur in 5% to 10% patients. Prolonged carriage 
of Campylobacter for 2 to 10 weeks after the onset of illness is 
reported in 16% of patients.?® 

Infections with Campylobacter rarely are complicated by 
pseudoappendicitis, GI hemorrhage, toxic megacolon, pancre- 
atitis, cholecystitis, HUS, bacteremia, meningitis, and purulent 
arthritis.’*! Postinfection complications include reactive arthritis 
(0.7% to 2.6%), usually in patients with the HLA-B27 phenotype, 
Guillain-Barré syndrome (1 in 10,000),7** and immunoprolifera- 
tive small intestinal disease.?™ Campylobacteriosis is the most 
common preceding infection in patients with Guillain-Barré syn- 
drome.”?*7°° More recently, campylobacteriosis has been associ- 
ated with both postinfection IBS and IBD. The mechanism for 
such associations is not known, and no studies have demonstrated 
a causal link.?87 


Diagnosis 


Stool culture remains the gold standard for diagnosis of 
Campylobacter during acute gastroenteritis, although there are 
also 3 immunoassays for Campylobacter surface antigen and 
nucleic acid-based molecular tests available. Campylobacter is a 
fastidious organism and, thus, a selective isolation medium con- 
taining antibiotics must be used for organism isolation because 
Campylobacter organisms grow more slowly than do other enteric 
bacteria; the plates are incubated at 42°C under CO) and reduced 
oxygen conditions. Dark-field or phase-contrast microscopy of 
fresh diarrheal stool may show the organism as a curved, highly 
motile rod, with darting corkscrew movements. Bacteremia with 
Campylobacter spp. occurs, particularly in immunocompromised 
hosts, and blood cultures are warranted in such patients, as well as 
those severely or systemically ill with gastroenteritis. 


Treatment 


Mild Campylobacter enteritis is self-limiting with supportive care 
and does not typically require antibiotic treatment. A meta- 
analysis demonstrated that antibiotics shortened the duration 
of symptoms by 1.3 days with a trend toward greater benefit in 
the first 3 days of diarrhea.’** However, patients often do not 
present to the clinician until diarrhea persists for 5 or more days. 
Antibiotics should be administered in severe disease (i.e., patients 
with dysentery, extraintestinal infection, or prolonged duration 
of disease) and in patients at risk for severe disease, such as older 
adults or immunocompromised patients. 

Treatment, when needed, is typically a fluoroquinolone or 
macrolide. A single dose of azithromycin has been shown to have 
higher cure rate and shorter duration of symptoms for travelers’ 
diarrhea in a country with high levels of fluoroquinolone resis- 
tance.**? Fluoroquinolone resistance has become widespread, 
with reports of 19% to 47% resistance in North American iso- 
lates, 17% to 99% in European isolates, and greater than 80% 
in Southeast Asian isolates. Macrolide resistance patterns vary 
with the particular Campylobacter species, bacterial reservoir, and 
region??? 

In cases of severe disease with concern of resistance or sys- 
temic disease, other antimicrobials are available. C. jejuni can 
produce an a-lactamase, which causes resistance to ampicillin, 
amoxicillin, and ticarcillin, and combination with a-lactamase 
inhibitors improves susceptibility; imipenem is not affected by 
the a-lactamase.’?! Other options include aminoglycosides and 
tetracyclines, but not cephalosporins; resistance to these agents 
is common.?”” 


Yersinia enterocolitica 


Y. enterocolitica causes a spectrum of clinical illnesses from simple 
gastroenteritis to invasive ileitis and colitis. It is a non-lactose 
fermenting, urease-positive, gram-negative rod. More than 60 
serogroups and 6 biotypes have been identified, with varying 
pathogenicity and geographic distribution.” 


Pathogenic Mechanisms 


The pathogenesis of Y. enterocolitica is similar to other 
Enterobacteriaceae, involving adhesion to the intestinal epithe- 
lium, invasion of M cells, and entry into the submucosa. Once in 
the submucosa, Y. enterocolitica is phagocytosed by macrophages 
and delivered to the Peyer patches or mesenteric lymph nodes, 
where microcolonies form.?”* 

Virulence factors are located on the bacterial chromosome 
and a 70-kb virulence plasmid, pYV. Only strains carrying the 
pYV plasmid are virulent. Invasion is mediated by 3 proteins, 
Inv, YadA, and Ail. Ail, in particular, correlates with virulent 
isolates and has an additional role in intracellular survival. The 
pYV plasmid encodes a T3SS and corresponding effector pro- 
teins (see earlier), which inhibits phagocyte defense mechanisms 
and inflammation. Expression of several genes are thermoregu- 
lated, notably flagellin transcription and several pYV plasmid 
genes. At body temperature (37°C), the bacteria are no longer 
motile and instead express genes related to invasion. The high- 
pathogenicity island is a chromosomal region that contains mul- 
tiple genes, most of which are involved in the production of the 
high-affinity siderophore yersiniabactin. The high-pathogenic- 
ity island is found in the high-pathogenicity biotype/serotype, 
1B/O:8, and promotes bacterial replication within the host and 
systemic spread.?°29° 


Epidemiology 


Transmission occurs primarily via the fecal-oral route, most 
commonly through contaminated food. Direct person-to-person 
transmission has not been clearly shown, although it may occur 
in some cases. Pigs are believed to be the major animal reser- 
voir and lead to contamination during processing of pork or pork 
products. Because most pork is cooked, transmission probably 
occurs through undercooked pork or improper food handling. 
Homemade sausage represents an often-reported disease vehicle. 
In Germany, sporadic Y. enterocolitica infections have been associ- 
ated with the consumption of a spiced, raw, minced pork spread 
called “Mett” or “Hackepeter,” particularly in young children?” 
Y. enterocolitica has been isolated from cows, sheep, and goats, and 
pets such as dogs or cats are potential reservoirs. Milk, unpasteur- 
ized dairy products, and untreated water have also been reported 
as sources of disease. In Japan, wild rodents have been shown to 
carry the same biotype of Y. enterocolitica that causes human dis- 
ease. 

Y. enterocolitica is generally found in cooler climates but shows 
regional variation by biotype. The high-virulence biotype 1B was 
traditionally the predominant strain isolated in North America 
but not elsewhere. More recently, biotype 1B has been declin- 
ing in North America but has been found in Europe and Japan, 
although the primary biotypes in Europe and Japan are the low- 
pathogenicity biotypes 2 to 5.29297 In China, Y. enterocolitica is 
most common in the colder regions, and the predominant sero-/ 
biotype distributions differ from those in Europe and North 
America.??° 

The incidence of yersiniosis in the European Union was esti- 
mated at 1.8 cases per 100,000 in 2014, nearly double the incidence 
inthe USA; Finland, Denmark, and Lithuania have the highest rates 
of infection.” Yersiniosis remains the third most common zoo- 
nosis in the European Union after campylobacteriosis and nonty- 
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phoidal salmonellosis, with declining incidence since 2008.79 300 
https://ecdc.europa.eu/publications-data/yersiniosis-annual- 
epidemiological-report-2016 May 10, 2018 In the USA, Y. 
enterocolitica is estimated to cause almost 117,000 infections, 640 
hospitalizations, and 35 deaths annually with an incidence of 1.0 
cases per 100,000 population.!*’{CDC Yersinia page, May 10, 
2018} According to these estimates, Y. enterocolitica is the sixth 
most common cause of foodborne illness in the USA. In gen- 
eral, the incidence of Y. enterocolitica infections has declined in 
the USA since 1996,0! yet the most recent FoodNet data (2017) 
suggest increased incidence attributed to increased use of culture- 
independent diagnostics. Overall, children younger than 5 years 
have an incidence rate 5 times higher than the average and spo- 


radic infection represents the largest portion of the disease bur- 
den} 


Clinical Features 


Several clinical syndromes have been described with Yersinia 
and tend to vary with the age of the patient and the underlying 
disease state. Young children present most often with self-lim- 
iting diarrhea; necrotizing enterocolitis has been reported in 
infants. Older children and adults typically present with fever, 
abdominal pain, diarrhea, and vomiting. Symptom onset occurs 
4 to 6 days (range, 1 to 14 days) after the exposure {www.cdc. 
gov/Yersinia} and usually lasts 1 to 3 weeks. Microscopic exam- 
ination of stool reveals leukocytes and red blood cells in most 
instances. Profuse watery diarrhea also can occur. Diarrhea can 
persist for several weeks and can raise the possibility of IBD. 
Radiologic findings, particularly in prolonged cases, are most 
pronounced in the terminal ileum and can resemble those of 
Crohn disease*”’; most patients, however, have normal find- 
ings on endoscopy, intestinal biopsy, and barium studies.>™ In 
children older than 5 years, mesenteric adenitis and associated 
ileitis have been described. Accompanying symptoms include 
nausea, vomiting, and oral aphthous ulcers. Affected children 
often undergo a laparotomy, at which time enlarged mesen- 
teric nodes and an ulcerated ileum are observed. Clinically, 
the condition may be confused with acute appendicitis, and US 
can be useful in distinguishing these conditions.??4 Yersinia is 
less likely to cause severe disease in adults, in whom acute diar- 
rhea may be followed up to 1 month later by joint symptoms 
reminiscent of reactive arthritis and rash (erythema nodosum 
or erythema multiforme). Reactive polyarthritis occurs in 2% 
of patients with yersiniosis, of whom 80% are seropositive 
for HLA-B27. Studies have demonstrated that Y. enterocolitica 
interacts with HLA-B27 expression and affects T-lymphocyte 
function, which may lead to a reactive arthritis.?” Y. enterocolit- 
ica infection has also been associated with iron-overload states 
and blood transfusions, because iron likely promotes virulence 
of this organism. 

Yersinia bacteremia is a relatively uncommon condition that is 
seen in patients with underlying diseases such as malignancy, dia- 
betes mellitus, anemia, liver disease, iron overload (or treatment 
with an iron chelator), and blood transfusions. Metastatic foci can 
occur in bones, joints, and lungs.’?? 

The diagnosis of yersiniosis is established by culture of stool 
or body fluids. Because organism identification can be difficult, 
the clinician should alert the laboratory that this infection is clini- 
cally suspected. 


Treatment 


Y. enterocolitica strains are susceptible to several antimicrobial 
agents, including tetracycline, TMP-SMX, fluoroquinolones, 
third-generation cephalosporins, and carbapenems, but they 
are resistant to penicillins and first-generation cephalosporins. 
Resistance to fluoroquinolones has increased in some regions, 
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but resistance to third-generation cephalosporins has rarely been 
reported.*”> Nevertheless, there are reports of clinical failures 
with third-generation cephalosporins. Tissue penetration is likely 
superior with fluoroquinolones, which are considered the first- 
line option.?"+ 

There is no substantial evidence that antibiotics alter the 
course of the GI infection,” and diagnosis often is established 
late in the course when the patient is already improving sponta- 
neously. Antibiotics should be used in the more severe intestinal 
infections, particularly those masquerading as appendicitis or in 
the immunocompromised host who is at high risk for systemic 
disease. Although mortality occurs, this has decreased with the 
use of third-generation cephalosporins and fluoroquinolones.?”* 
Antibiotic treatment is listed in Table 110.8. 


SEXUALLY TRANSMITTED INFECTIOUS PROCTITIS 


Many sexually-transmitted infections are known to cause infec- 
tious proctitis, including Neisseria gonorrhoeae, Chlamydia, syphilis, 
and HSV-1 or -2. Infection typically is acquired through recep- 
tive anal intercourse. The population at greatest risk is MSM, 
although infectious proctitis can occur in others. Rates of syphi- 
lis and gonorrhea infections have been increasing in the MSM 
population in the USA, but little national data are available on 
proctitis trends. In San Francisco, rates of rectal chlamydia and 
gonorrhea have been steadily increasing among men, but may 
also be related to changes in screening.*°’ Of the infectious causes 
of proctitis, N. gonorrhoeae is responsible for about 30%, C. tra- 
chomatis 19%, HSV 16%, and syphilis 2%*°%; Lymphogranuloma 
venereum (LGV) infections are less common (see Chapter 129). 
Clinical presentation can vary depending on the organism, 
from asymptomatic disease to tenesmus, anorectal pain, ulcer- 
ations, inguinal lymphadenopathy, passage of blood and mucus 
per rectum, and fever. Symptoms can mimic IBD, and clinical sus- 
picion should prompt a diagnostic evaluation.’ A sexual history is 
the first step in diagnosis of a sexually transmitted disease (STD). 
For N. gonorrhoeae and C. trachomatis, a NAAT of a rectal swab is 
preferred. For HSV, culture or PCR of an ulcer are the preferred 
methods of diagnosis. Syphilis is diagnosed using serologic test- 
ing, typically screening with nontreponemal-specific tests such as 
the rapid plasma reagin or Venereal Disease Research Laboratory 
assay, followed by a treponemal-specific test, such as a fluorescent 
treponemal antibody test; however, testing algorithms can vary.*!° 
Because co-infections with multiple STDs are common, the diag- 
nostic approach is multi-pronged as per CDC guidelines.’ 1° 
Current CDC treatment guidelines*!? do not differentiate 
between sites of genital infections, so the treatment for rectal 
infection is the same as for urethral, cervical, or other genital infec- 
tion. Special considerations include testing for LGV, because the 
duration of antibiotics needed for LGV is longer than for uncom- 
plicated C. trachomatis infection. HIV testing should be performed 
because its transmission is increased in the setting of proctitis. 
Finally, in the USA, the local health department should be notified 
of the infection, with the exception of HSV, which is not a notifi- 
able disease. Sexual partners should also receive counseling.*!° 
HPV is acommon STD that can infect the anus (see Chapter 
129). Although HPV does not cause symptomatic inflammation 
or a proctitis syndrome, it causes anal warts and is highly associ- 
ated with anal carcinoma. A meta-analysis found that 83.6% of 
all anal cancers were associated with HPV, and the most com- 
mon infecting types were HPV16 (73.4%), HPV18 (5.2%), and 
HPV33 (4.8%).°!! Receptive anal intercourse is believed to be 
the most common risk for transmission, but does not appear to 
be required for anal infection. Several studies have shown that 
HIV-infected MSM are at particularly high risk for HPV infec- 
tion, with over 90% having anal HPV infection, often with mul- 
tiple types. Studies of healthy women found that anal and cervical 
HPV infection rates are nearly identical.’!? Three vaccines — a 


Fig. 110.4 A, Electron micrograph of norovirus particles from the stool 
of a volunteer to whom the Norwalk agent was administered. B, Human 
rotavirus particles from the stool of an infant with gastroenteritis. The 
particles appear to have a double-shelled capsid. Occasional empty 
particles are seen. Bar = 100 nm. (A and B courtesy A. Kapikian, MD, 
Bethesda, MD Previously published in Lennete EH, Schmidt NJ. Diag- 
nostic procedures for viral, rickettsial, and chlamydial infections. 5th ed. 
New York: American Public Health Association; 1979. p 933.) 


bivalent, quadrivalent, and 9-valent vaccine — are available for the 
prevention of HPV infection; only the 9-valent vaccine is cur- 
rently used in the USA. The 9-valent vaccine is recommended as 
routine vaccination for adolescents at age 11 or 12 years, but can 
be considered for men through age 21 years, women through 26 
years, and gay, bisexual, MSM, and transgender people without 
age recommendations; vaccination in adolescence is preferred?! 
Further discussion of prevention, screening, diagnosis, and treat- 
ment of anal cancer is beyond the scope of this chapter. 


VIRAL PATHOGENS 


Viruses are the leading cause of acute gastroenteritis in the USA 
and globally, accounting for the majority of diagnosed acute 
episodes of community-acquired diarrhea.t?*!3!+ The leading 
human pathogens are rotavirus, caliciviruses (norovirus and sapo- 
virus), enteric adenovirus, and astrovirus. Some picornaviruses 
(e.g., Aichi virus) likely cause gastroenteritis; other viral causes 
of gastroenteritis remain unproven. SARS-CoV-19 has recently 
been recognized to cause and occasionally present with diarrhea. 


Rotavirus 


Discovered in 1963, rotavirus is a segmented double-stranded 
RNA virus with an icosahedral structure that resembles the spokes 
of a wheel, hence “rota” (Fig. 110.4). Seven rotavirus groups, A 
through G, have been identified, of which group A causes most 
human disease. Rotavirus infection is now recognized as a lead- 
ing cause of infectious gastroenteritis worldwide and is extremely 
common in children, the majority of cases occurring in those 
younger than age 5.31 


Pathology and Pathogenesis 


The pathophysiology of diarrhea with rotavirus is complex. 
Duodenal biopsy specimens of young children with rotavirus 
infection have demonstrated patchy abnormalities.’ !® In its severe 
form, the infection can produce denuded villi and flattening of 
the epithelial surface that can persist for weeks, yielding reduced 


brush border levels of disaccharidases and malabsorption of car- 
bohydrates, fats, and protein. Rotavirus also elaborates an entero- 
toxin, NSP4, that activates calcium signaling and the ENS, both 
of which stimulate intestinal secretion and diarrhea.*!’ Further, 
animal models suggest rotavirus causes diarrhea through activa- 
tion of the myenteric nerve plexus and muscarinic signaling on 
intestinal smooth muscle cells to increase intestinal motility.>!® 


Epidemiology 


Rotavirus is nearly a ubiquitous infection among children 
younger than age 5 across the globe, with little difference in 
infection rates between the developing and developed world. 
Reinfections, although common, are typically less severe. Prior 
to vaccine development, rotavirus accounted for 30% to 70% 
of all hospital admissions in children with acute gastroenteritis. 
Thus, the clinical and economic impact of rotavirus is large and 
spurred vaccine development to prevent serious rotavirus disease. 
From 2000 to 2013, deaths caused by rotavirus have declined 
from approximately 528,000 to 215,000 annually worldwide; now 
more than 85% occur in Africa and Asia.*!° 

Disease tends to peak in the cooler months (January-May). Sec- 
ondary spread to adults is not infrequent (~20%) and may be symp- 
tomatic; rotavirus can cause outbreaks and morbidity in the older 
adult population.** Since the introduction of live-attenuated rota- 
virus vaccines, cases and mortality are significantly reduced in both 
developing and developed countries. In the USA, with introduction 
of rotavirus vaccination in 2006, norovirus has become the leading 
cause of acute gastroenteritis in children seeking medical care, and 
accounts for a million health care visits annually (see later).*”° 


Clinical Features 


The infectious inoculum for rotavirus infection is small, estimated 
at 1 to 10 virions, and the incubation period is 1 to 3 days.*!° 
Rotavirus causes a range of clinical illness from asymptomatic 
carriage to severe dehydration and death.**! Factors that can 
influence the severity of rotavirus infection include initial infec- 
tion (with reinfections typically being less severe), malnutrition, 
immunocompromise, lack of maternal immunity (normally trans- 
mitted to the infant transplacentally or by breast milk), changes 
in the circulating community rotavirus serotype, and a large 
inoculum size. Vomiting often heralds the illness and is followed 
shortly by watery diarrhea, which often leads to dehydration. 
Fever is noted in about one third of children. Rotavirus has been 
associated with seizures in young children even when infection 
is not associated with fever; rotavirus (and norovirus) represent 
important causes of afebrile seizures in children and are thought 
to be benign.*?” The average duration of illness is 5 to 7 days, 
although chronic diarrhea has been noted. Asymptomatic excre- 
tion of virus for several weeks after infection occurs in approxi- 
mately one third of infected children.?? 


Diagnosis 


Although most cases are diagnosed clinically, rapid diagnostic 
tests are available for detection of rotavirus antigen in the feces 
using several commercial immunoassays (e.g., EIA, latex aggluti- 
nation) or NAATs.* 


Treatment and Vaccination 


Because loss of fluids and electrolytes is the main pathophysi- 
ologic result of rotavirus infection, rehydration is the mainstay of 
therapy for this infection. Nutritional support complements fluid 
replacement therapy. A very small study suggested nitazoxanide 
may diminish symptoms in outpatients at least 12 years of age.**+ 
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‘Two rotavirus vaccines are commercially available in the USA 
and many other countries.*!>*> Both vaccines are live-attenu- 
ated vaccines that are administered orally. RotaTeq (Merck and 
Co, Inc, West Point, PA) is a pentavalent rotavirus vaccine (5 
human reassortment human/bovine strains [RV5]), and Rotarix 
(GlaxoSmithKline, Philadelphia, PA) is a monovalent (RV1) vac- 
cine. Both are recommended for administration in multiple doses 
beginning at 2 months of age.*”° Both vaccines have been shown 
to be highly effective in preventing severe gastroenteritis, with 
reductions in diarrhea-related hospitalizations,**’ yet use has 
slowed globally due to cost and cold-supply chain requirements. 
A new oral bovine rotavirus pentavalent vaccine (BRV-PV, Serum 
Institute of India) with similar efficacy to currently available vac- 
cines, but adding the advantage of stability at 37°C for up to 24 
months at a reduced cost, is currently under investigation.>?°3?? 

Of note, an earlier rotavirus vaccine was withdrawn from the 
market in 1999 owing to increased risk of intussusception asso- 
ciated with vaccination. Although a small excess risk of intus- 
susception is possible with the current vaccines, the benefits of 
vaccination outweigh the risks as assessed by the CDC’s Advisory 
Committee on Immunization Practices; 1330 no excess risk of 
intussusception was identified in a Cochrane review.??” Rotavirus 
vaccination is currently contraindicated in infants with a history 
of intussusception. WHO recommended inclusion of rotavirus 
vaccination in all global national vaccination programs in 2009. 


Caliciviruses (Norovirus and Sapovirus) 


Caliciviruses (Greek calyx, the cup of a flower) are nonenvel- 
oped single-stranded RNA viruses composed of 2 genera of the 
Caliciviridae, norovirus and sapovirus. Noroviruses dominate 
as global pathogens (see Fig. 110.4); sapoviruses that induce an 
indistinguishable clinical disease are variably detected in both 
children and adults.t!3!* This section will focus on norovirus 
infections. 

The canonical norovirus is the Norwalk agent identified in 
1968 in Norwalk, Ohio during an outbreak of acute gastroen- 
teritis in an elementary school. Prior to viral sequencing, similar 
viruses were termed Norwalk-like and named for the location of 
discovery. Subsequently named noroviruses, this group of viruses 
exhibits error-prone replication, and their capacity for recombi- 
nation has yielded 7 genogroups (GI and GII being key in human 
disease), 40 or more capsid genotypes (e.g., GII.4, GII.17) and 
many variants (e.g., GIL4 Sydney 2012, etc.).?*!, 32 The spectac- 
ular genetic diversity and capacity for epochal evolution similar to 
influenza results in recurring peaks of illnesses as new norovirus 
genotypes emerge in communities. Most humans remain suscep- 
tible to repeated norovirus infections for life. 


Epidemiology 


Noroviruses are the most common cause of community-acquired 
diarrhea, gastroenteritis outbreaks, and foodborne disease in 
the USA and worldwide, responsible for approximately 1 out of 
every 5 cases of disease. Consistent with this high disease bur- 
den, recent incidence estimates for the USA indicate that noro- 
virus causes up to 800 deaths, 71,000 hospitalizations, 400,000 
emergency department visits, 1.9 million outpatient visits, and 
21 million total illnesses annually.*** These estimates are simi- 
lar to the limited estimates available from other industrialized 
countries. Health care facilities are the most common venue of 
norovirus outbreaks reported in the USA, particularly long-term 
care facilities. In addition, introduction of rotavirus vaccination 
has resulted in norovirus emerging as the leading cause of acute 
gastroenteritis in children in the USA with recent estimates of 
nearly 1 million outpatient visits annually.’2°.3+ A number of epi- 
demiologic networks now exist to identify and track the impact of 
norovirus disease globally including NORS (National Outbreak 
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Reporting System, USA), CalciNET (USA), NoroNet (Europe), 
and ViroNet (Canada) among others. In 2011, the costs of noro- 
virus infections in the USA were estimated at $2 billion for food- 
borne disease and $500 million for hospitalization. 

Noroviruses may be the perfect infectious pathogen, contrib- 
uting in multiple ways to achieve a broad global epidemiologic 
impact.**> These viruses are highly contagious (median infectious 
inoculum of 18 to 1000 viral particles); use multiple transmission 
modes (person-to-person, food, water, airborne, fomites); are 
prolifically shed (~100 billion particles/g feces at peak shedding); 
are environmentally stable (survive freezing, heating, and multi- 
ple disinfectants); constantly evolve, yielding exposure of human 
populations to new variants; and induce limited, usually short- 
term host immunity. By being moderately virulent, noroviruses 
maintain a large pool of susceptible hosts. 


Clinical Features 


Clinically, most individuals of all ages are susceptible to noro- 
virus infections, which occur year-round, although outbreaks 
may be more frequent in winter. The incubation period is 12 
to 48 hours, and the resulting illnesses typically last 1 to 3 days; 
young children, older adults, and immunocompromised hosts 
may experience protracted illnesses.**!3° There is a range of dis- 
ease expression likely due to variability of the viral receptor and 
human blood group antigens that are expressed as oligosaccha- 
rides on the surface of intestinal epithelial cells. 

Overall, about 10% of individuals are not susceptible to nor- 
ovirus infection, whereas among the approximately 90% who 
acquire norovirus infection, 70% are symptomatic and 30% 
remain asymptomatic. Most symptomatic norovirus infections 
lead to nausea, vomiting, and diarrhea, with small subsets exhibit- 
ing only vomiting (children) or diarrhea (older adults). Low-grade 
fever is common (~50%), as are constitutional symptoms such as 
myalgia and malaise. Disease expression is not linked to the noro- 
virus type but is driven by the host’s response to the infection. 
Viral shedding peaks at 1 to 3 days of disease, but median shed- 
ding can be protracted. In the healthy host, viral antigen (protein) 
is detected in stool for a median of 7 days, whereas median shed- 
ding is 28 days by viral nucleic acid testing (PCR). 

Immunocompromised hosts can exhibit prolonged shedding 
or diarrhea, although transmissibility in these chronic infections 
is unclear.?36337 In contrast, as noted earlier, acute symptomatic 
disease is associated with easy transmissibility to other individu- 
als.?38 Mortality is low with appropriate fluid management. Simi- 
lar to other diarrheal diseases, increased mortality may occur in 
young children or older adults. Recent data indicate that those 
older than 65 years are at greatest risk for norovirus-associated 
death, and children younger than 5 years have the highest rates 
of norovirus-associated medical care visits.**? Mortality in older 
adults occurs early in dehydrating disease and has been linked to 
situations where the availability of health care personnel is lim- 
ited.’ Finally, it is notable that severe chronic norovirus infection 
is increasingly recognized as an important problem in transplant 
recipients, and in renal transplant patients in particular; patients 
can require prolonged nitazoxanide, reduction of immunosup- 
pression, and IVIG to attempt control of the infection.*?? 


Diagnosis 


The rapid diagnosis of noroviruses has been hampered by viral 
diversity and, thus, norovirus epidemics have traditionally 
been identified using Kaplan’s criteria established in 1982: a 
norovirus outbreak is suspected if a short incubation period 
(1 to 2 days) is identified, the duration of illness is short (12 
to 60 hours), over 50% of those affected exhibit vomiting, and 
stool cultures are negative.**? These criteria have been found 
to be very sensitive (99%) but, as expected, not very specific 


(68%). Molecular methods for detection of norovirus are 
very sensitive and, thus, just as with testing for other enteric 
pathogens, should be used only on diarrheal stools obtained 
from symptomatic patients. Norovirus is included in several 
multiplex molecular-based assays for a panel of GI pathogens. 
One norovirus antigen detection kit (RIDASCREEN NV) is 
approved by the FDA for outbreak evaluation, but requires 
multiple specimens and validation of specimens testing nega- 
tive by molecular testing. Although the cost/benefit of routine 
utilization of norovirus diagnostics is debated,**! establishing 
that an illness is due to norovirus may assist the clinician in 
management and lead to less utilization of additional costly 
tests and procedures. 


Treatment and Prevention 


No specific therapy is available for norovirus infections, 
and maintenance of hydration is the cornerstone of care. In 
general, antimotility and antisecretory drugs appear safe to 
use in norovirus infections. Limited data suggest activity of 
nitazoxanide against norovirus and rotavirus.**+ Decreasing or 
modifying immunosuppression may alter the disease course 
in immunocompromised hosts by augmenting host defenses. 
Prevention of norovirus infections is challenging, given the 
characteristics of the virus and its great potential for conta- 
gion.**? Soap-and-water hand hygiene (washing for 20 sec- 
onds) is recommended because the virus is relatively resistant 
to alcohol-based hand sanitizers. Environmental cleaning with 
removal of visible material, followed by 1000 to 5000 ppm 
chlorine bleach solution cleaning is recommended. Ill indi- 
viduals are to be excluded from work for 48 to 72 hours after 
illness, and individual rooms or cohorting is recommended for 
nosocomial infections. No vaccines are yet available to prevent 
norovirus infections, although a candidate norovirus vaccine is 
approaching a phase 3 efficacy trial.*¥ 


Enteric Adenovirus and Astrovirus 


Most adenoviruses cause upper respiratory infections, but a group 
of fastidious strains known as serotypes 40 and 41, which constitute 
subgenus F, are responsible for gastroenteritis in children, pre- 
dominantly those younger than 2 years of age and in association 
with day care.*#*+3+° Nosocomial infections (e.g., in immunocom- 
promised children) occur; disease in adults is uncommon. Unlike 
infection with rotavirus or norovirus, enteric adenovirus infection 
has a long incubation period of 8 to 10 days; the illness can be 
prolonged for up to 2 weeks. Enteric adenoviruses are less infec- 
tious than rotavirus or norovirus and have an overall lower medi- 
cal impact.**’ Diagnosis is typically by ELA or NAAT of stool. 

Astrovirus causes endemic childhood diarrhea, diarrhea in day 
care centers, and nosocomial infections.?4634834 Unlike noro- 
virus, astrovirus appears to be an infrequent cause of epidemic 
gastroenteritis but may cause outbreaks in institutionalized older 
adults. Immunocompromised patients, including those with 
AIDS and bone marrow transplants, appear to be at increased 
risk. Treatment is supportive and, similar to all viral gastroenteri- 
tis, emphasizes oral rehydration. 


TRAVELERS’ DIARRHEA 


The definition of travelers’ diarrhea is 3 or more unformed stools 
plus 1 accompanying symptom over a 24 hour period.**° By some 
estimates 8% of 50 to 100 million travelers to developing coun- 
tries each year seek medical care, of whom at least 25% to 50% had 
GI symptoms. Diarrhea is considered the most common medical 
complaint of travelers.*°! Fortunately, 90% of cases are brief and 
self-limited, but 5% to 10% of patients develop dysentery, and 1% 
to 2% of travelers have persistent diarrhea lasting at least 2 weeks; 


some (3 to 17%)” develop postinfection IBS and have long-term, 
if not lifelong, irregular bowel habits thereafter. Development of 
IBD after a bout of travelers’ diarrhea is well known. 

Bacterial enteric pathogens, identified in 60% to 80% of 
cases, are the primary cause of travelers’ diarrhea.!*”!3° Most 
infections are acquired from food and drink. Although an array 
of pathogens has been found, the leading culprits are various 
forms of E. coli, particularly ETEC and EAEC, accounting 
for as many as 50% to 75% of cases overall (see ‘Table 110.1). 
Regional differences in suspected etiologies of travelers’ diar- 
rhea exist. In a review of 51 studies,?° ETEC, for example, was 
less common in Southeast Asia (7.2%) compared with other 
regions, and EAEC was uncommon in Africa (1.8%). Invasive 
infections (e.g., Campylobacter and Salmonella) were particularly 
common in Southeast Asia, whereas Shigella infections were 
most common in Africa and South Asia. Norovirus accounts for 
approximately 15% of travelers’ diarrhea. The clinician should 
not forget the possibility of C. difficile in the traveler exposed 
to antibiotics. Parasitic causes, especially Giardia, Entamoeba 
histolytica, and Cryptosporidium (see Chapter 113) become more 
common etiologies of travelers’ diarrhea as the duration of 
diarrhea increases, particularly once diarrhea is persistent (>14 
days). 

The risk of developing travelers’ diarrhea depends on the 
host’s susceptibility, travel and eating habits, length of stay, and 
destination. Risk of disease relates to levels of sanitation and water 
cleanliness. South Asia, sub-Saharan Africa, and South America 
exhibit the highest rates of disease, and North America, Japan, 
Australia, and Europe the lowest rates of travelers’ diarrhea. The 
purpose of travel and the style of eating also influence the risk of 
developing disease. The greatest frequency of diarrhea occurs in 
people traveling as students or itinerant tourists, the lowest risk is 
in those visiting relatives, and an intermediate risk exists in busi- 
ness travelers. 

Most travelers’ diarrhea is watery and self-limited (1 to 5 
days), and evaluation by a physician is not necessary. Evaluation 
is required in cases that are prolonged; accompanied by fever, sys- 
temic manifestations, or bloody stool; or that occur in immuno- 
compromised persons. The disease does not begin immediately 
after the traveler’s arrival but generally has its onset 2 or 3 days 
later, consistent with the incubation period of the inciting enteric 
pathogen. If diarrhea persists longer than 14 days and infectious 
causes have been excluded, the possibility of malabsorption or 
tropical sprue, as well as potential unmasking of previously sub- 
clinical illnesses such as celiac disease, IBD, or lymphocytic coli- 
tis, should be considered. Prior GI infection is a risk factor for 
developing postinfection IBS. Box 110.1 lists causes of prolonged 
travelers’ diarrhea. 

As for all forms of diarrhea, treatment entails fluid replace- 
ment. Usually, ingestion of readily digestible foods (e.g., soups, 
saltines, bananas) is adequate. Milk and dairy products should be 
avoided because lactose intolerance is common. In mild cases, 
bismuth subsalicylate, which has antibacterial, antisecretory, and 
anti-inflammatory properties, or loperamide as an antimotility 
agent alone may be effective. 

Because of the high likelihood of a bacterial infection caus- 
ing travelers’ diarrhea, antibacterial therapy is highly effective 
to alleviate the distress of disrupted work or pleasure and is 
recommended in moderate-to-severe illness (Table 110.9). 
Three antibiotics are recommended: fluoroquinolones, rifaxi- 
min, and azithromycin.!?®!130 Ciprofloxacin is often used for 
empiric therapy of travelers’ diarrhea, as either just 1 dose or, 
if there is not complete response, continuation with twice- 
daily dosing for 3 days. Concern exists about the potential 
for tendinitis and tendon rupture, as well as a predisposition 
to C. difficile colitis with use of fluoroquinolones. Additional 
concerns are increasing resistance of ETEC and Campylo- 
bacter to fluoroquinolones. In Southeast Asia, fluoroquinolone 
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BOX 110.1 Causes of Prolonged Diarrheal Illness After 
Travel 


INFECTIOUS ETIOLOGIES 
Persistent bacterial infection 
Persistent protozoan infection 
Giardia lamblia 
Entamoeba histolytica 
Cryptosporidium hominis and parvis 
Cyclospora cayetanensis 
Isospora belli 
Antibiotic-associated colitis 


POSTINFECTION IBS 
NONINFECTIOUS ETIOLOGIES 


Dietary intolerances 
Disaccharidase deficiency 

BD 

Celiac disease 

Tropical sprue 
Lymphocytic/collagenous colitis 


From Chak A, Banwell JG. Traveler’s diarrhea. Gastroenterol Clin North Am 
1993; 22:549. 


resistance of Campylobacter has exceeded 90%; in Nepal, where 
Campylobacter is the most frequent pathogen in travelers’ diar- 
rhea, resistance to ciprofloxacin is approximately 70%. For 
these reasons, azithromycin is the preferred option for travel- 
ers to Southeast Asia, India, or Nepal.*>° Rifaximin is approved 
in the USA for the treatment of noninvasive, afebrile forms of 
travelers’ diarrhea in patients older than 12 years of age. This 
drug has demonstrated minimal potential for development of 
bacterial resistance. Azithromycin is recommended for febrile 
or dysenteric travelers’ diarrhea or as a rescue medication if 
failure of rifaximin or fluoroquinolones occurs. Recommended 
doses for therapy are found in Table 110.9. Azithromycin 
is active against invasive pathogens, including Shigella and 
Campylobacter. Trials have shown combination therapy with 
antibiotics and loperamide to be safe and effective, although 
a recent meta-analysis suggests benefit is limited to the first 
24 to 48 hours of therapy.’ A common approach is to arm a 
traveler going to a high-risk region with antibiotic and anti- 
motility agents for self-therapy.*>+ Development of probiotics 
as prevention or therapy for travelers’ diarrhea is in progress, 
although data are as yet inadequate for clear recommenda- 
tions.'?? A Cochrane review supported use of probiotics to 
shorten acute diarrheal illnesses, although more research was 
needed to identify appropriate patient groups and products.*”° 

The primary approach to prevent travelers’ diarrhea is avoid- 
ance of unsafe foods and beverages. Bottled beverages generally 
are safe, although some epidemics have been associated with con- 
taminated bottled drinks.*°° Carbonated beverages are safer than 
noncarbonated ones, owing to their low pH (generally 4.0 to 5.0), 
which has antibacterial properties. Beer or wine is generally safe, 
as is tea or coffee prepared with boiling water if consumed while 
still hot. Travelers are advised not to eat food from street ven- 
dors; it is recommended not to consume unpasteurized foods and 
unpeeled fruits. 

The high incidence of bacterial pathogens as a cause of 
travelers’ diarrhea makes the use of prophylactic antibiotics 
tempting; however, safe-eating and safe-drinking habits are 
the traveler’s best methods of prophylaxis. Prophylaxis is rec- 
ommended, however, for selected groups of travelers: those 
with severe kidney, liver, or heart disease; insulin-dependent 
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TABLE 110.9 Drugs Used for Prophylaxis and Treatment of Travelers’ Diarrhea in Adults 


Prophylaxis Agent Dose 


Comments 


Chemoprophylaxis is not indicated for most travelers. When prescribed, it is taken only for the duration of the trip considered as high risk 


for acquisition of an enteric infection. 


Nonantibiotic* Bismuth subsalicylate 525 mg (1 ounce liquid or 2 tablets Avoid in persons taking salicylates or warfarin; persons with 
(Pepto Bismol) chewed of regular-strength chronic renal insufficiency; pregnant women. Can interfere 
preparation) 4 times daily with the absorption of doxycycline used for malaria 
prevention, and can cause blackening of the tongue and 
stool. 
Antibioticst Antibiotic prophylaxis should be reserved for highly selected 
persons Rifaximin is not effective against Campylobacter. 
Uncertain efficacy of rifaxmin against Salmonella and 
Shigella. (see text). 
Rifaximin 200 to 1100 mg daily divided into 1-3 
doses 
Treatment Agent Dose Comments 


Medical care should be sought when there is volume depletion, severe abdominal pain, high fever, bloody stools, or persistent illness 


despite treatment. 


Hydration should be maintained in all forms of diarrhea. 


Reduces the number of loose stools by =50%. Should not 
be taken by those with a salicylate allergy or who are 
taking salicylates or warfarin. 


More rapid onset of action compared with bismuth 
subsalicylate. Should not be used when there is a fever 
(temperature >38.5°C) or gross blood in the stool. 


Has better activity against fluoroquinolone-resistant 
Campylobacter that is an increased risk during travel 
to South and Southeast Asia. 1000-mg dose can 
cause nausea. Uncertain efficacy of rifaxmin against 
Campylobacter or Salmonella. 


Hydration’ Specific oral rehydration salts or Until thirst quenched 
potable liquids ad libitum 
Symptomatic! Bismuth subsalicylate (Pepto 525 mg (1 ounce liquid or 2 tablets 
Bismol) chewed of regular-strength 
preparation) every half hour for 8 
doses 
Loperamide 4 mg PO then 2 mg after each loose 
stool, not to exceed 16 mg daily 
Antibiotics! 
Ciprofloxacin 750 mg PO once or 500 mg PO twice 
daily 
Levofloxacin 500 mg PO once or 500 mg PO twice 
daily 
Azithromycin 500-1000 mg PO once or 500 mg daily 
x 3 days 
Rifaximin 200 mg PO 8 times daily x 3 days 


Can be used for the treatment of individuals >12 yr of age 
with travelers’ diarrhea caused by noninvasive strains of 
Escherichia coli. 


*There is insufficient evidence for the efficacy of probiotic preparations in the prevention of travelers’ diarrhea. 

tProphylaxis of travelers’ diarrhea is generally not an approved use of antibiotics. 

+Other fluoroquinolones are likely to be effective but have not been studied for prophylaxis against travelers’ diarrhea. 

SHydration may be accomplished in healthy adults by drinking potable fluids ad libitum or in the young, older adults, or, those with chronic medical 


conditions, by drinking oral rehydration solutions (see text and Table 110.6). 

Symptomatic therapy alone can be given to persons with mild to moderate travelers’ diarrhea: 1 to 3 loose stools per 24 hours with or without mild enteric 
symptoms. 

IAntibiotics can be given to persons with moderate to severe travelers’ diarrhea: 3 or more loose stools within 24 hours, plus other enteric symptoms or 
diarrhea that has not responded to symptomatic treatment. In persons with travelers’ diarrhea with no blood in the stool, combining an antibiotic with 
loperamide can lead to rapid relief of symptoms. 

PO, Orally. 

Adapted from Hill DR, Beeching Nu. Travelers’ diarrhea. Curr Opin Infect Dis 2010;23:481-7; Diptyanusa A, Ngamprasertchai T, Piyaphanee W. A review of 
antibiotic prophylaxis for traveler’s diarrhea: past to present. Trop Dis Travel Med Vaccines 2018;4:14; Steffen R, Hill DR, DuPont HL. Traveler’s Diarrhea. 
JAMA 2015;313:71-80; Riddle MS, Conner BA, Beeching NJ, et al. Guidelines for the prevention and treatment of travelers’ diarrhea: a graded expert 


panel report. J Travel Med 2017;24 (suppl 1):S57-740. 


diabetes; IBD; gastrectomy, achlorhydria, or ileostomies; 
also persons who are taking glucocorticoids or who have 
immunosuppressive illnesses. In addition, prophylaxis can 
be considered for people whose important business plans 
will be disrupted by illness. Bismuth subsalicylate, and/or 
rifaximin are possible prophylactic agents (see Table 110.9). 
Fluoroquinolones have been recently removed from practice 
guidelines for prophylaxis because of potential toxicities and 
antimicrobial resistance.?57%357b 


TUBERCULOSIS OF THE INTESTINAL TRACT 


Intestinal TB accounts for 1% to 3% of TB worldwide. Among 
extrapulmonary tuberculous disease, intestinal involvement is less 
common than involvement of lymph nodes, the genitourinary 
tract, bone and joints, miliary disease, or meningeal disease. HIV 
infection, in particular among immunocompromising conditions, 
drives development of clinical TB disease globally, with up to 
50% of TB in this population presenting with extrapulmonary 


TB. Other important risk factors for development of tuberculous 
enteritis include malignancies (especially lymphoma) and treat- 
ment with glucocorticoids or anti-TNF agents.?°73°8 

Mycobacterium tuberculosis is the pathogen responsible for most 
cases of intestinal TB. Mycobacterium bovis, an organism found 
in contaminated dairy products, is responsible for some cases, 
although uncommon in Western countries. The usual route of 
infection is direct penetration of the intestinal mucosa by swal- 
lowed organisms, either in sputum or contaminated milk/food. 
In the past, intestinal TB was associated with active pulmonary 
infection and especially with active laryngeal involvement, but 
this is no longer true, and chest films are usually without evi- 
dence of primary disease or normal at the time of diagnosis of 
tuberculous enteritis. Alternatively, tuberculous enteritis results 
from direct extension from adjacent affected organs or military 
spread to the intestine. 

TB can affect any region or multiple regions of the GI tract, 
although the ileum and cecum are the most common sites of 
intestinal involvement and are affected in 75% of cases. Both 
sides of the ileocecal valve usually are involved, leading to incom- 
petence of the valve, a finding that helps distinguish TB from 
Crohn disease. 

The gross appearance of intestinal TB is divided into 3 cat- 
egories: (1) ulcerative lesions (60% of patients) consisting of mul- 
tiple superficial lesions confined largely to the epithelial surface; 
(2) hypertrophic lesions (10% of patients) manifesting as scarring, 
fibrosis, and heaped-up mass lesions that can mimic carcinoma; 
and (3) ulcerohypertrophic lesions (30% of patients) where muco- 
sal ulcerations are combined with healing and scar formation.**” 
Healing of ulcers results in fibrosis, causing stricture formation. 
Histologically, the distinguishing lesion is the granuloma, which 
is seen in 50% to 80% of tuberculous enteritis cases (Fig. 110.5); 
caseation is common but not always seen. TB bacilli are detected 
with an acid-fast stain in approximately 20% of mucosal samples; 
PCR is more sensitive (~65%) and can be performed on tissue or 
stool.3°” 

TB is the great masquerader and can mimic almost any dis- 
ease affecting the GI tract.*** Presentation can be acute, chronic, 
or acute-on-chronic. Differentiating tuberculous enteritis from 
Crohn disease can be difficult (see later). The most common 
complaint is nonspecific chronic abdominal pain, reported in 
80% to 90% of patients. Accompanying symptoms can include 
weight loss, fever, diarrhea or constipation, and blood in the 
stool. A palpable RLQ abdominal mass is found in approximately 
25% to 50% of patients as the ileum is the most common site 
of intestinal involvement. Perianal disease with fistula formation 
also has been described. Laboratory findings include mild ane- 
mia with a normal WBC count. Complications include intestinal 
hemorrhage, perforation, obstruction, fistula formation, and mal- 
absorption. Perforation is uncommon but can occur even during 
treatment. Intestinal obstruction is a more common finding and 
typically results from segmental stenotic disease. Surgical inter- 
vention may be required to relieve obstruction, despite appro- 
priate drug therapy. Malabsorption can occur when obstruction 
leads to proximal SIBO. 

A presumptive diagnosis of intestinal TB can be established 
in a patient with active pulmonary TB and radiologic and clini- 
cal findings that suggest intestinal involvement. Colonoscopy 
with biopsy specimens for histopathology, acid-fast bacilli stain- 
ing/PCR, and culture (with drug sensitivities) is the most useful 
procedure for diagnosis. When TB is suspected, isolation masks 
are required to be worn in the endoscopy suite. A positive tuber- 
culin skin test or, as an alternative test to detect M. tuberculosis 
infection, the interferon gamma release assay, is not very helpful 
because a positive test does not necessarily mean active disease. 
In addition, many patients, especially older persons and those 
with HIV infection, have a negative skin test in the face of active 
intestinal TB. 
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Fig. 110.5 Photomicrograph of a colon biopsy specimen from a 
patient with intestinal TB, showing granulomas in the mucosa and 
submucosa. (H&E.) 


Similar to the clinical features, the radiologic appearance 
of TB enteritis is diverse*°! and can reveal a thickened 
bowel wall with distortion of mucosal folds, ulcerations, vary- 
ing degrees of bowel stenosis, and pseudopolyp formation (Fig. 
110.6). CT can show thickening of the ileocecal valve, asym- 
metric bowel wall thickening, and massive lymphadenopathy 
with central necrosis. The cecum is contracted with disease on 
both sides of the valve, and the valve itself often is distorted 
and incompetent; conification of the cecum, as seen on barium 
enema or small bowel follow-through, is characteristic of TB 
and is referred to as Stierlin sign. In the hypertrophic form, a 
mass may resemble a carcinoma. Calcified mesenteric lymph 
nodes and an abnormal chest film are other findings that aid in 
the diagnosis of intestinal TB. 

Several diseases can resemble intestinal TB. Crohn disease 
can manifest virtually all of the changes of intestinal TB except 
for the presence of the organism. Features of potential help in 
differentiating tuberculous enteritis from Crohn disease include 
an inflammatory mass centered in the ileocecum; transverse, cir- 
cumferential ulcers rather than linear ulcers along the bowel axis 
(the latter is seen in Crohn disease); cecal valve incompetence 
with Stierlin sign; and large (>1 cm), hypodense (necrotizing/ 
caseous) mesenteric lymph nodes.*°! Numerous infections can 
mimic tuberculous enteritis, including yersiniosis, histoplas- 
mosis, actinomycosis, schistosomiasis, amebiasis, syphilis, and 
LGV. The abdominal masses of tuberculous enteritis can suggest 
malignancy. Colonoscopy with biopsy is critical in differentiating 
mimicking disorders. 
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Fig. 110.6 Film from a barium enema of a patient with colonic TB, 
showing extensive involvement of the cecum, ascending, and trans- 
verse colon. The ulcerated, narrowed ahaustral appearance is typical of 
colitis. (Courtesy H.I. Goldberg, MD, San Francisco, CA.) 


TB is a reportable disease; if clinically suspected, public health 
authorities should be notified. A high index of suspicion warrants 
empiric anti-TB therapy pending the results of the diagnostic 
evaluation, including cultures and drug sensitivity testing. An 
expert in management of TB should be engaged to assist in ther- 
apeutic management. Tuberculous enteritis is generally treated 
similarly to pulmonary TB. If TB is the correct diagnosis, clinical 
responses to therapy often occur within 2 weeks, although the 
marked hyperplasia, masses, and stenosis of tuberculous enteri- 
tis respond more slowly. An operative approach occasionally is 
still required for obstructive disease or if intestinal perforation or 
hemorrhage occur. 


OVERVIEW OF TREATMENT 
Fluid Therapy 


Rehydration is the initial goal of therapy for all diarrheal illnesses. 
ORS, used most widely in developing countries, can be used to 
rehydrate patients with moderate volume depletion and also can 
be used in patients with severe diarrhea after initial parenteral 
replacement of fluid.*°? Introduction of ORS in the 1950s proved 
to be a medical breakthrough, leading to substantial reductions in 
the morbidity and mortality of diarrheal illnesses globally. 

The effectiveness of an ORS is a function of its electro- 
lyte content, which is formulated to replace stool losses. ORS 


contain an actively transported substrate, commonly glucose. 
The use of ORS is based on the physiologic principle that glu- 
cose and other substrates enhance sodium absorption in the 
small intestine, even in the presence of secretory losses caused 
by infections (see Chapter 101). A variety of ORS formulations 
is available and effective (see Table 110.6).3° Even in patients 
who are vomiting, small increments of ORS can be given effec- 
tively. Most studies of ORS have been conducted in children, 
but the results can be extrapolated to adults. In 2002, WHO 
recommended use of reduced-osmolarity ORS in children with 
acute noncholera diarrhea (see ‘Table 110.6). In general, stud- 
ies of reduced-osmolarity ORS indicated that this ORS formu- 
lation resulted in a significant reduction in stool output and 
incidence of vomiting compared with standard WHO-ORS. 
Although there was initial concern, the risk of hyponatremia 
with reduced-osmolarity ORS is not increased, based on avail- 
able data in studied populations that exceed 50,000 adults or 
children.*°* Polymer-based ORS is an alternative formulation in 
which typically rice (or other starch) is substituted for glucose. 
The concept for these formulations is that the polymers yield 
increased numbers of glucose molecules in the jejunum, as well 
as possibly short-chain fatty acids in the colon, thus enhancing 
sodium and water absorption. Patient acceptance of rice-based 
ORS is high, stool output is reduced, and cost may be less. Stud- 
ies also suggest that polymer-based ORS is superior to standard 
WHO-ORS, but it is unclear whether it is superior to reduced- 
osmolarity ORS. 


Diet 

Eating during an acute diarrheal illness may be unpalatable. 
Although bowel rest may provide partial relief from symptoms, 
it is best to eat judiciously during an attack of diarrhea. In chil- 
dren, it is particularly important to restart feeding immediately 
after the child is able to accept oral intake. In adults it is wise to 
avoid milk and dairy products during acute diarrhea because of 
the potential for secondary lactase deficiency to have developed. 
Caffeine in coffee, tea, cocoa, and cola soft drinks can potenti- 
ate abdominal cramps and diarrhea. Abstinence from alcohol is 
recommended. Foods such as soups, saltine crackers, bananas, 
mashed potatoes, and rice are usually acceptable to patients with 
acute diarrhea. 


Antimicrobial Drugs 


Only limited cases of acute infectious diarrhea benefit from 
treatment with antimicrobial*®’ drugs (see Table 110.8). Even 
when antibiotic therapy is prescribed, clinical impact on disease 
course is most often only modest, with older data suggesting 
that impact on symptom duration occurs primarily when treat- 
ment is initiated early (within 2 days of symptom onset)*>%; 
most patients do not seek medical care until later in the course 
of an acute diarrheal illness. Except in acute mild or moder- 
ate travelers’ diarrhea, the decision to treat with antibiotics 
should be accompanied by obtaining a liquid stool sample for 
diagnostic testing. In clinically ill patients (e.g., febrile dysen- 
tery), blood cultures are also prudent—to detect, for example, 
systemic salmonellosis. Specific diagnosis of ill patients with 
diarrhea is important, given rising rates of antibiotic resistance 
among enteric pathogens, overlap in the clinical presentation 
of enteric pathogens, and the inability to predict the offending 
pathogen at the bedside (see Table 110.4). Other concerns with 
use of antibiotics include the possibility of promoting an adverse 
outcome such as enhancing the risk of HUS with STEC infec- 
tions (see STEC) or C. difficile; or prolonging fecal excretion of 
Salmonella. Among bacterial pathogens, only C. difficile, and V. 
cholerae are clear indications for antibacterial treatment of infec- 
tious diarrhea in the immunocompetent host. 


Empiric therapy is warranted in travelers’ diarrhea!??:130.305 
and in those who are severely ill with infectious diarrhea, such 
as those with high-volume diarrhea and evident clinical sever- 
ity.??°8366 Therapy subsequently can be tailored based on the 
clinical course or the diagnostic evaluation, or both, including 
results of in vitro antibiotic sensitivity testing for bacterial patho- 
gens isolated in the microbiology laboratory. A fluoroquinolone 
or azithromycin is typically the drug of choice for adults. Some 
authors consider azithromycin to be the drug of choice because 
of its activity against fluoroquinolone-resistant Campylobacter 
(common in Southeast Asia and Nepal/India) as well as its safety 
profile, including use in children and pregnant women. Fluoro- 
quinolones are generally not recommended for children or preg- 
nant women. Concerns with use of fluoroquinolones continue 
to expand, including GI disturbances, CNS toxicity and mental 
health side effects, tendinitis, tendon rupture, hypersensitiv- 
ity reactions, peripheral neuropathy, severe hypoglycemia (with 
coma), aortic dissection or aneurysm, and drug interactions. Flu- 
oroquinolones are linked to permanent adverse effects involving 
the tendons, muscles, joints, nerves, and CNS. As a result of the 
increasing spectrum of fluoroquinolone adverse effects and their 
severity, the FDA now indicates that fluoroquinolones should not 
be used for uncomplicated infections (described as acute bacte- 
rial sinusitis or bacterial exacerbations of chronic bronchitis and 
uncomplicated urinary tract infections) *67 Concern about lethal 
arrhythmias due to QT-interval prolongation exists for both 
fluoroquinolones and azithromycin, particularly in those with 
underlying cardiovascular disease or potential drug-drug interac- 
tions.’ 

The optimal duration of antimicrobial therapy has not been 
defined with precision. Antibiotic therapy for 3 to 5 days is typical 
except when C. difficile is diagnosed (see Chapter 112). Five-day 
therapy with ciprofloxacin was superior to shorter durations of 
therapy for treatment of S. dysenteriae type 1°” In travelers’ diar- 
rhea and cholera, single doses of antibiotics may suffice. Addi- 
tional details are contained in the individual sections on specific 
enteric pathogens in this chapter. 
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Nonspecific Therapy 


Literally hundreds of antidiarrheal nostrums can be found 
in pharmacies and assorted medical establishments through- 
out the world. Many products contain a combination of drugs, 
most of which are therapeutically worthless and others poten- 
tially dangerous. A variety of over-the-counter and prescription 
preparations are available for symptomatic relief of diarrhea and 
abdominal cramping. Anticholinergic agents (e.g., dicyclomine, 
hyoscyamine) decrease intestinal motility and might provide 
relief of abdominal cramps, but do not significantly alter diarrhea. 
Adsorbents such as kaolin, pectin, and activated charcoal decrease 
stool liquidity, but there is no evidence that these preparations 
decrease intestinal fluid loss or number of bowel movements. 

The opiate derivatives loperamide and _ diphenoxylate- 
atropine are particularly useful in controlling moderate-to-severe 
diarrhea. Their overall effect is to enhance fluid transport, slow 
transit time, reduce fluid losses, and ameliorate abdominal cramp- 
ing. Loperamide is arguably the best agent for acute, nonbloody, 
nonfebrile diarrhea, because it does not cross the blood-brain 
barrier, thereby reducing the risk for habituation or other CNS 
side effects. It also has the additional property of increasing anal 
sphincter tone. Treatment with loperamide tends to produce rapid 
improvement, often within the first day of therapy. The concern 
that an antimotility drug might exacerbate a case of dysentery*”° 
largely has been dispelled by clinical experience.*** Nonetheless, 
these drugs are not recommended for use in patients with acute 
severe colitis, either infectious or noninfectious in origin.’ 

Bismuth subsalicylate may help decrease stool liquidity and 
frequency and has a low incidence of side effects (see “Travelers’ 
Diarrhea” section). The drug possesses antimicrobial, antisecre- 
tory, and anti-inflammatory properties on the basis of its bismuth 
and salicylate moieties, respectively. 

Probiotics are discussed in Chapter 130. 


Full references for this chapter can be found on www.expertconsult.com. 
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Food poisoning is defined as an illness caused by the consumption 
of food contaminated with bacteria, bacterial toxins, parasites, 
viruses, or chemicals. The percentage of outbreaks for which an 
etiology is confirmed has increased significantly from 40% in 
1998 to 67% in 2002 and has remained consistent to the pres- 
ent. In a report from 2015, bacteria were responsible for 54% 
of foodborne outbreaks, whereas viruses accounted for 38% 
and the remainder was attributed to parasites and chemicals. 
Using data from surveillance networks, the Centers for Disease 
Control and Prevention (CDC) estimates that each year approx- 
imately 48 million Americans get sick, of which 128,000 are hos- 
pitalized, and 3,000 die from foodborne illness. In only half of 
outbreaks is a single-etiology identified, most notably norovirus 
(37%) and nontyphoidal Salmonella spp. (34%).! An additional 
38.4 million episodes of domestically acquired foodborne illness 
are caused by unspecified agents, including bacteria known to 
cause acute gastroenteritis, agents that may not be recognized 
as being transmitted in food (e.g., Clostridioides difficile), and as 
yet undefined agents.’ 

A foodborne disease outbreak is defined by 2 criteria: simi- 
lar illness, usually GI, in 2 or more persons; and epidemio- 
logic or laboratory investigation that implicates food as the 
source. An extensive list of causatve agents has been associated 
with foodborne illnesses (Table 111.1).> Newer stool-testing 
assays, such as the FilmArray GI Panel that allows for simul- 
taneous detection of 22 enteric pathogens by PCR, will likely 
make it easier to identify the etiology of GI illness, because the 
panel is fast, sensitive, specific, and simple to perform. How- 
ever, other new challenges have emerged. Globalization of the 
food trade, with centralized processing and wide distribution, 
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provide opportunities for foodborne outbreaks to spread rap- 
idly between countries, and indiscriminate use of antibiotics in 
the meat industry has led to increasing resistance of organisms 
to treatment.* 


APPROACH TO THE PATIENT 


A thorough history should be obtained on all patients with sus- 
pected foodborne illness. Symptoms of foodborne illnesses are 
similar one to another, but details to be elicited should include 
the food ingested (Box 111.1); the time period between ingestion 
and onset of symptoms; the number of people who ingested the 
food and how many became ill; and the means of preparation and 
storage of the suspected food (e.g., picnic, home canning, restau- 
rant) (Table 111.2). 

Some foodborne illnesses are more common during certain 
seasons.®’ For example, during the summer months, illnesses due 
to Salmonella spp., Shigella spp. and Staphylococcus aureus are prev- 
alent. Disease from Campylobacter jejuni is more common in the 
spring and fall, whereas Clostridium perfringens outbreaks occur 
least often in the summer. Infections due to Bacillus cereus and 
Norovirus occur year round. 

In addition to considering the culprit organism and its vec- 
tor, one must also be aware of the susceptibility of the host. 
For example, persons with liver disease have an annual rate of 
infection with and death from Vibrio vulnificus that is 80 times 
and 200 times, respectively, greater than those of adults without 
liver disease.*.’ Patients with compromised immune systems, 
either from a disease process or medication to manage their dis- 
ease, as well as patients at the extremes of age or who are preg- 
nant, are at increased risk for infection and mortality related 
to foodborne illness. For example, 47% patients with common 
variable immune deficiency were found to have infection with 
Giardia, Campylobacter, or Salmonella spp. Gastric acidity is a 
natural defense mechanism against infection that may be com- 
promised by prior gastric surgery or use of PPIs. There is evi- 
dence that patients with achlorhydria or those treated with PPIs 
or H2RAs are more susceptible to infection by Campylobacter 
spp., Escherichia coli O157, Listeria monocytogenes, Salmonella 
spp., Shigella spp., and Vibrio cholerae than healthy controls.!° 

The presenting symptom complex also can give a clue to the 
causative organism. Symptom complexes may be classified as 
nausea and vomiting, noninflammatory diarrhea, inflammatory 
diarrhea, neurologic symptoms, and systemic or miscellaneous 
symptoms (see Table 111.2).° 


BACTERIAL FOOD POISONING 


The following entities are discussed in order of their reported 
frequencies. 


Clostridium perfringens 


C. perfringens is a major foodborne pathogen that produces vomit- 
ing and diarrhea. The disease is caused by an enterotoxin elaborated 
by strains of C. perfringens type A. A more severe and often fatal 
foodborne illness, variably known as enteritis necroticans, darmbrand 


(German, fire bowels) and pigbel, is caused by C. perfringens type C. 
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TABLE 111.1 Estimated Rates of Foodborne Illnesses and Associated Mortality in the USA, 2006 


Pathogen Estimated Total No. of Cases Foodborne Transmission (%) No. of Deaths Death Rate (%)? 
BACTERIA 
Brucella 839 50 1 0.9 
Campylobacter 845,024 80 76 0.1 
E. coli 

0157:H7 (EHEC) 63,153 68 20 0.5 

Non-0157:H7 (non-EHEC) 112,752 82 (0) 0.3 
L.monocytogenes 1,591 99 255 15.9 
S. typhi 1,821 96 (0) 0 
Nontyphoidal Salmonella 1,027,561 94 378 0:5 
Shigella 131,254 Sil 10 0.1 
V.parahaemolyticus 34,664 86 4 0.9 
V. vulnificus 96 47 36 34.8 
Y. enterocolitica 97,656 90 29 2 
B. cereus 63,400 100 o 
C. botulinum (food botulism) 55 100 9 fs 
C. perfringens 965,958 100 26 <0.1 
Staphylococcal 241,148 100 =O: 
Streptococcal M2 100 (0) (0) 
PARASITES 
Cryptosporidium parvum 57,616 8 0.3 
Cyclospora cayetanensis 11,407 99 @) 
Giardia lamblia 76,840 7 0.1 
Toxoplasma gondii 86,686 50 327 02 
Trichinella spiralis 156 100 (0) 0.2 
VIRUSES 
Astrovirus 15,433 Zi (0) <0.1 
Norovirus and Norwalk-like 5,461,731 26 149 <0.1 
viruses 
Rotavirus 15438 <1 (0) <0.1 
HAV 1,566 7 7 2.4 
Sapovirus 19438 <1 10) <0.1 
TOTAL 9,388,075 - Iesi 


aFor laboratory-confirmed illnesses. 
EHEC, Enterohemorrhagic E. coli. 


From Scallan E, Hoekstra RM, Angulo FJ, et al. Foodborne illness acquired in the United States —major pathogens. Emerg Infect Dis 2011; 17:7-15. 


Microbiology 


Clostridia are gram-positive, spore-forming, obligate anaer- 
obes that can be found in the normal intestinal flora of humans 
and animals, and in the soil. Although an anaerobe, C. per- 
fringens is remarkably aerotolerant and survives exposure to 
oxygen for as long as 72 hours. There are multiple strains of 
C. perfringens, which produce different toxins; symptoms dif- 
fer based on the bacterial strain and toxin present. The food- 
poisoning syndrome of C. perfringens is caused by a heat-labile 
protein enterotoxin, better termed functionally as a secretory 
cytotoxin, which is a structural component of the spore coat 
and is formed during sporulation.!'! Clostridial cytotoxin has 
its maximum activity in the ileum, inhibits glucose transport, 
damages the intestinal epithelium, and causes intestinal pro- 
tein loss.!” 


Epidemiology and Pathogenic Mechanisms 


Epidemics of C. perfringens are characterized by high attack rates and 
a large number of affected persons, usually 40 to 50 per outbreak. 
The incubation period varies from 8 to 14 hours but can be as long 
as 22 hours. In almost every outbreak of clostridial food poisoning, 
poultry or roasted, boiled, stewed, or steamed meat is the vehicle of 
infection. Usually, the meat is cooked in bulk so that heat gain and 
internal pressure are insufficient to kill the spores. The implicated 
food invariably undergoes a period of inadequate cooling, during 
which the spores can still germinate. The organism proliferates rap- 
idly at temperatures between 15°C and 50°C, and unless the food 
is reheated to a very high temperature, it will contain many viable 
organisms. Although largely preventable with proper food handling, 
large outbreaks, sometimes with fatal outcome, due to C. perfringens 
food poisoning are still frequently reported. 1? 
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BOX 111.1 Organisms and Foodborne Diseases Associated 
With Specific Foods or Beverages 


BEEF AND PORK 
Salmonella spp. 

S. aureus 

C. perfringens 
EHEC 

B. cereus 

Y. enterocolitica 

L. monocytogenes 
Brucella spp. 
Trichinella spiralis 


CHINESE FOOD 

B. cereus (in fried rice) 
Monosodium glutamate poisoning 
EGGS 

Salmonella spp. 

S. aureus 

FISH 

C. botulinum 
Ciguatera poisoning 
Scombroid poisoning 
Diphyllobothrium latum 
Anisakidosis 

HONEY 

C. botulinum 

MILK AND CHEESE 
Salmonella spp. 


PART X_ Small and Large Intestine 


Campylobacter spp. 
EIEC and EHEC 

Y. enterocolitica 
Group A streptococci 
Brucella spp. 

L. monocytogenes 


POULTRY 


Salmonella spp. 

S. aureus 

Campylobacter spp. 

C. perfringens 

L. monocytogenes 
SHELLFISH 

V. parahaemolyticus 

V. cholerae (O1 and non-O1) 
Hepatitis A 

Norovirus and Norwalk-like viruses 
Paralytic shellfish poisoning 
Neurotoxic shellfish poisoning 
VEGETABLES 

C. botulinum 

Salmonella spp. 

Shigella spp. 

B. cereus 

Norovirus 


EHEC, Enterohemorrhagic E. coli; EIEC, enteroinvasive E. coli. 
From Bishai WR, Sears CL. Food poisoning syndromes. Gastroenterol Clin 
North Am 1998; 22:579-608. 


Clinical Features 


C. perfringens type A food poisoning is characterized by watery 
diarrhea, severe cramping abdominal pain, and, often, vomiting 
that begins 8 to 24 hours after the incriminating meal. Fever, 
chills, headache, or other signs of infection usually are absent. 
The illness is of short duration and usually lasts less than 24 
hours. Rare fatalities have been recorded in debilitated or hos- 
pitalized patients and are usually caused by dehydration. No spe- 
cific treatment is required. 


Enteritis Necroticans 


Enteritis necroticans is a segmental necrotizing infection of 
the jejunum and ileum caused by the f-toxin of C. perfringens, 
strain type C, that was originally described in post-World War 
II Germany, in an outbreak that affected more than 400 people 
who consumed rancid meat. The B-toxin is normally inacti- 
vated by trypsin, but when a low-protein diet is consumed and 
therefore there is decreased activity of trypsin, or with improper 
cooking techniques, the disease emerges. Similar outbreaks, asso- 
ciated with the consumption of inadequately cooked pork, have 
been described in Papua New Guinea and referred to as pigbel, 
referring to abdominal pain after a pig feast.!+!° In malnour- 
ished patients, especially like the children in Papua New Guinea, 
whose diet is composed mostly of sweet potatoes that contain a 
heat-labile trypsin inhibitor, the toxin cannot be inactivated and 
transmural intestinal wall necrosis ensues. Fibrin thrombi that 
occlude superficial arteries and veins of the lamina propria and 
submucosa are characteristic of this condition, and animal studies 
suggest that vascular thrombosis initiates the intestinal necrosis 
typical of C. perfringens type C infections.!° Enteritis necroticans 
may rarely be encountered in the US because it is associated with 
the consumption of chitterlings (prepared pig intestine; a tradi- 
tional African-American holiday food in the South).!* Intestinal 
perforation, sepsis, and hemorrhage result in a 40% mortality 
rate. Fortunately, this disease is rare. In the uncomplicated case, 
treatment is symptomatic and supportive. 


Staphylococcus aureus 


Coagulase-positive S. aureus is a common cause of food poisoning 
in the US; before 1973, it was the leading cause. The toxin, not 
the bacterium itself, causes the enteritis. 


Microbiology 


More than 20 staphylococcal enterotoxins have been described, all 
of which have superantigenic activity and thus cause nonspecific 
activation of T cells resulting in massive cytokine release. The 
enterotoxin is composed of 220 to 240 amino acids and ranges 
in size from 22 to 28 kD. Toxins have significant sequence vari- 
ability but, when folded, have similar 3-dimensional structure.!’ 
Staphylococcal enterotoxins are resistant to freezing, heating, and 
low acidity which enables the toxin to survive standard techniques 
of food preparation and pass through the stomach unaltered.!* In 
addition to the enterotoxins that have emetic activity, S. aureus, 
also produces so-called staphylococcal superantigen-like proteins, 
which are not emetic in primate models or have yet to be tested, 
but which have a variety of immunologic and functional effects. 


Epidemiology 


Staphylococcal food poisoning has a short incubation period of 
about 3 hours, with a range of 1 to 6 hours, because the disease 
is caused by ingestion of preformed toxin. The disease usually 
is clustered within a family or group and has a high attack rate. 
Many foods have been implicated in this form of food poisoning; 


TABLE 111.2 Features of Bacterial Food Poisoning 
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Median Median Secondary 
Incubation Primary Duration, Attack Sources of Diagnostic 
Organism Common Vehicles (hr) (Range) Toxin Clinical Features Days (Range) Rate (%) Material 
B. cereus Fried rice, vanilla 2 (1-16) Heat stable V, C, D 0.4 (0.2-0.5) 0O Vomitus, stool, implicated 
sauce, cream, 9 (6-14) Heat labile D, C, V 1 (1-2) food 
meatballs, boiled 
beef, baroecued 
chicken 
C. jejuni Milk, chicken, beef 48 (24-240) Unknown ID), lr (Cy (4, Ih, Mt, 7 (2-30) 25 Stool, rectal swab 
N, V 
C. perfringens Beef, turkey, chicken 12 (8-22) Heat labile D, C (N, V, F rare) 1 (0.3-3) 0 Stool, rectal swab; food, 
food-contact surfaces 
E. coli spp. Salads, beef 24 (8-44) Heat labile D, C, N, H, F, M 3 (1-4) (0) Stool, rectal swab 
96 (24-120) Heat stable F, M, D, C 
E. coli O157:H7 Verotoxin B, C, F, hemolytic- 
uremic 
syndrome 
L. monocytogenes Milk, raw vegetables, ? Unknown ID), LF (Ca IN, NG IB R 10 Stool, rectal swab 
coleslaw, dairy 
products, poultry, 
beef 
Salmonella spp. Eggs, meat, poultry 24 (5-72) Role of D,C,N,V.RH,B 3(0.5-14) 30-50 Stool, rectal swab from 
toxin (rare), enteric patients and food 
unclear fever preparers; raw food 
Shigella spp. Milk, salads (potato, 24 (7-168) Role of C,F,D,B,H,N,V 3 (0.5-14) 40-60 Stool, rectal swab from 
tuna, turkey) toxin patients, and food 
unclear preparers; implicated 
food 
S. aureus Ham, pork, canned 3 (1-6) Heat stable V, N, C, D, F (rare) 1 (0.3-1.5) 0 Stool, vomitus; food or 
beef, cream-filled food-contact surfaces; 
pastry nose, hands, purulent 
lesion on food preparer 
V. parahaemolyticus Seafood (rarely 12 (2-48) Role of DIC IN Neal Rs} (2-110) 0 Stool, rectal swab; food, 
saltwater) or salted toxin (rare) food-contact surfaces; 
vegetables unclear seawater 
Y. enterocolitica Chocolate milk or raw 72 (2-144) Heat stable F, C, D, V, 7 (2-30) 20 Stool from food preparer 
milk, pork pharyngitis, 
arthritis, 
mesenteric 


adenitis, rash 


B, Bloody diarrhea; C, cramping abdominal pain; D, diarrhea; F, fever; H, headache; M, myalgias; N, nausea; V, vomiting. 
From Snydman DR. Food poisoning. In: Gorbach SL, Bartlett JG, Blacklow NR, editors. Infectious diseases. Philadelphia: WB Saunders; 1992. p 771. 


however, foods with a highsalt concentration (e.g., ham or canned 
meat) or highsugar content (e.g., custard and cream) selectively 
favor the growth of staphylococci. Transmission of toxin is typi- 
cally from food handlers who are carriers of toxin-producing 
strains of S. aureus to a food product during the preparation pro- 
cesses of cutting, slicing, grating, grinding, or mixing.. 


Pathogenic Mechanisms 


There are 3 requisites for staphylococcal food poisoning: con- 
tamination of a food with enterotoxin-producing staphylococci, 
favorable growth requirements of the food for the organism, and 
suitable time and temperature for the organism to multiply. 


Clinical Features 


Symptoms of staphylococcal food poisoning typically are profuse 
vomiting, nausea, and abdominal cramps, often followed by diarrhea 
that occurs 1 to 6 hours after ingestion of a suspect meal. Vomiting 
is the dominant initial symptom and can lead to a severe metabolic 


alkalosis. Fever is unusual. Rarely, hypotension and marked pros- 
tration occur. Recovery usually is complete within 24 to 48 hours. 
Diagnosis is based on the typical presentation occurring a few hours 
following the ingestion of typical foods. Most people with staphylo- 
coccal food poisoning do not consult a physician, but more severe 
cases may require supportive care, particularly rehydration and cor- 
rection of alkalosis. No specific therapy is available. 


Bacillus cereus 


B. cereus is an aerobic, spore-forming, gram-positive rod that has 
been associated with 2 clinical types of food poisoning: a diar- 
rheal syndrome and a vomiting syndrome.'? Although associated 
with the same organism, the 2 syndromes are caused by different 
toxins and have different epidemiologies. 


Diarrhea Syndrome 


B. cereus diarrhea results from a heat-labile enterotoxin that causes 
intestinal secretion by activation of adenylate cyclase in intestinal 
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epithelial cells, an action similar to that of cholera toxin. Whether 
the diarrhea-causing heat-labile enterotoxin actually is ingested 
or produced in vivo is not proven; however, the incubation of 
diarrheal illness is too long to be caused by preformed toxin, and 
a large inoculum is required to cause illness, observations that 
suggest intestinal colonization is necessary. The median incuba- 
tion period is 9 hours, with a range of 6 to 14 hours. The clini- 
cal presentation is characterized by diarrhea (96%), generalized 
abdominal cramps (75%), and some vomiting (23%).!° Fever is 
uncommon. The duration of illness ranges from 20 to 36 hours, 
with a median of 24 hours. The original report of B. cereus as 
a cause of diarrheal disease was associated with consumption of 
contaminated meatballs, but diarrheal strains of B. cereus have 
been found in approximately 25% of many foods, including 
cream, pudding, meat, spices, dried potatoes, dried milk, vanilla 
sauces, and spaghetti sauces, all of which are contaminated before 
cooking.” If a temperature of 30°C to 50°C is maintained for 
prolonged periods during food preparation, vegetative growth is 
permitted. Spores, however, can survive extreme temperatures, 
and when allowed to cool relatively slowly, they germinate, mul- 
tiply, and elaborate toxin. There is no evidence that human car- 
riage of B. cereus or other means of contamination plays a role in 
transmission. Usually, no therapy is required because of the short 
duration of symptoms. 


Vomiting Syndrome 


B. cereus emetic syndrome is more common than the diarrheal 
syndrome. The emetic syndrome results from ingestion of a pre- 
formed heat-stable enterotoxin and, when cell-free filtrates from 
cultures of strains that cause vomiting are fed to Rhesus monkeys, 
neither intestinal secretion nor diarrhea results.7! The vomit- 
ing syndrome has a short incubation period of approximately 2 
hours because of the preformed nature of the toxin. Virtually all 
affected persons have vomiting and abdominal cramps. Diarrhea 
is present in only one third of patients, likely because both emetic 
and diarrheal toxins are actually produced. The duration of illness 
ranges from 8 to 10 hours, with a median of 9 hours; the illness 
usually is mild and self-limited, so no specific therapy is required. 
Nearly all reported cases involving the vomiting toxin have impli- 
cated fried rice as the vehicle.'!? The disease has been ascribed 
to the common practice in Chinese restaurants of allowing large 
portions of boiled rice to drain unrefrigerated to avoid clumping. 
Flash-frying during the final preparation of the fried rice does 
not produce enough heat to destroy the preformed heat-stable 
toxin. In England, almost 90% of uncooked rice was found to 
be colonized by B. cereus, although the number of organisms was 
relatively low.*? 


Vibrio species 


Vibrio spp. are gram-negative curved bacilli that occur natu- 
rally in marine, estuarine, and freshwater systems. Over a 
dozen Vibrio species can cause human illness; disease from 
V. cholerae is known as cholera and is discussed in Chapter 16. 
Vibriosis most commonly occurs from Vibrio parahaemolyticus, 
V. vulnificus, and V. alginolyticus. Infections occur by eating 
raw or undercooked shellfish, particularly oysters, or when an 
open wound is exposed to brackish or sea water. The incidence 
of vibriosis tripled from 1996 to 2010, most cases occurring 
during the warmer months from May through October. The 
causes of this increase are not known but may be a result of 
warming of coastal waters, which contributes to the growth 
and persistence of the organism.?>?+ 

The incubation period for V. parahaemolyticus is 2 to 48 hours, 
after which symptoms include abdominal pain, diarrhea, and 
vomiting. For V. vulnificus the incubation period is 1 to 7 days, 
and symptoms manifest as persistent wound infections. Patients 


with liver disease or who are immune-compromised are particu- 
larly susceptible to Vibrio spp. infection and more likely to have 
a severe case with septic shock (V. parahaemolyticus) or blister- 
ing skin lesions (V. vulnificus) that may even require amputation. 
V. vulnificus is responsible for more than 95% of seafood-related 
deaths in the US. Most patients, however, recover after about 
3 days, with no lasting effects; in severe or prolonged disease, 
antibiotics may be used, but they do not decrease the severity of 
duration of illness.*° 


Listeria monocytogenes 


Listeria are gram-positive highly motile bacilli that are one of the 
most virulent foodborne pathogens. L. monocytogenes is the species 
associated with foodborne listeriosis. 

Listeriosis has been associated with high rates of hospi- 
talization (estimated at 94%) and death (case-fatality rate of 
16%). Indeed, Listeria accounts for 19% of all deaths from 
foodborne illness,’ and in high-risk individuals, 20% to 30% 
of foodborne listeriosis is reported to be fatal. Listeria are 
facultative anaerobes that are relatively heat resistant and 
can grow at temperatures as low as 0°C and multiply despite 
refrigeration. Listeria have been isolated from the intestinal 
tracts of humans and animals and from sewage and well water. 
Listeriosis can occur as part of an outbreak or sporadically. In 
reported epidemics, the vehicles of infection have been raw and 
unpasteurized milk, soft cheeses, coleslaw, shrimp, rice salad, 
pork dishes, and raw vegetables.”®*’ Listeria can be cultured 
from raw poultry, beef, or pork; prepackaged meat products; 
cheeses; and raw vegetables. 

Listeriosis is a systemic disease associated with bacteremia that 
can manifest with meningitis, encephalitis, or pyogenic granu- 
lomatosis or cross the placenta and cause spontaneous abortion. 
Intestinal symptoms such as diarrhea and cramping often precede 
fever and bacteremia. Irreversible neurologic sequelae can occur 
in a sizeable proportion of survivors of CNS listeriosis. Immu- 
nocompetent hosts occasionally develop a febrile gastroenteritis 
that is usually not complicated by bacteremia.’* The propensity 
of the organism to attack older adults, immunosuppressed per- 
sons, and pregnant women might account for the apparent sever- 
ity of the infection. Why pregnant women are so susceptible 
to listeriosis is unknown. Because anti- TNF-a drugs block the 
host’s response against many pathogens (particularly intracellular 
bacteria such as L. monocytogenes) and thereby increase the risk 
of disease, patients with IBD who are being treated with these 
agents should be aware of this risk and counseled on avoidance of 
high-risk foods.’? 


Clostridium botulinum 


Botulism is a rare foodborne disease that results from exposure to 
neurotoxins secreted by strains of C. botulinum. In 2016, 205 case 
of botulism were reported to the CDC, the majority in infants 
(73%), followed by foodborne disease (14%) and wound infection 
(12%). Although foodborne botulism is relatively uncommon, it 
is the most lethal of all the bacterial toxin-mediated foodborne 
diseases and the only one for which specific effective therapy is 
available.*° 


Epidemiology 


Foodborne botulism develops after the ingestion of preformed 
toxin in improperly preserved canned vegetables, salsas, meats, 
and fish. Outbreaks in the US usually are associated with baked 
potatoes, cheese sauce, beef stew, and garlic cooking oil, with 
canned foods accounting for the majority of homemade food 
events. In correctional facilities in the USA, pruno or hooch, also 


known as prison brew, made from potato peel or other vegetable 
and fruit scraps, sugar, and water has emerged as an important 
cause of botulism. A disproportionate number of cases have 
occurred in Alaska, associated with Native American foods such 
as whale or seal that have been fermented or preserved with tra- 
ditional methods.*! 

Infant botulism develops when the infant GI tract becomes 
colonized with live C. botulinum, which then secrete small 
amounts of toxin. Absorption of low concentrations of the toxin 
leads to lethargy, poor feeding, constipation, diminished muscle 
tone, and a weak cry. The source of the botulinum toxin in infants 
is not clear, but household dust, soil, and honey in feedings have 
been suggested as possible sources. It is recommended that honey 
not be given to infants. 


Pathogenic Mechanisms 


C. botulinum and closely related species of clostridia are spore- 
forming anaerobic organisms; the organism, not the toxin, is 
heat-resistant and capable of surviving food preservation tech- 
niques that destroy nonsporulating organisms. There are 7 sero- 
logically distinct botulinum toxins, designated by the letters A 
to G. Neutralization by type-specific serologic reagents is used 
to differentiate the serotypes. Types A, B, E, and F are respon- 
sible for most human cases of botulism.** Neurotoxin-producing 
strains of C. butyricum and C. baratii are less commonly responsi- 
ble for human botulism. Toxin production occurs in the presence 
of anaerobic, low-solute, and low-acid conditions. 

C. botulinum usually is unable to replicate in the mature human 
intestine, although the toxin is acid stable and traverses the stom- 
ach intact. After absorption, botulinum toxin binds irreversibly to 
presynaptic cholinergic nerve endings of the cranial and periph- 
eral nerves, thereby resulting in inhibition of acetylcholine release 
and the characteristic clinical syndrome consequent to blockade 
of voluntary motor and autonomic cholinergic junctions. 


Clinical Features 


Ingestion of botulinum toxin initially results in GI symptoms, 
including nausea, vomiting, abdominal pain, and diarrhea, usu- 
ally within 18 to 36 hours after toxin ingestion.” Once neuro- 
logic symptoms develop, constipation is common. Dry mouth, 
diplopia, and blurred vision are followed by dysarthria, dyspho- 
nia, dysphagia, and peripheral muscle weakness. The typical 
symmetrical descending paralysis starts with the cranial nerves 
and then affects the upper extremities, respiratory muscles, and, 
finally, lower extremities. Respiratory muscle paralysis can result 
in respiratory failure and death if mechanical ventilation is not 
instituted; higher cortical functions are unaffected. 


Diagnosis 


Botulism should be suspected in any patient with the acute onset 
of GI, autonomic nervous system, and cranial nerve dysfunction, 
especially if the patient recently has consumed home-canned 
foods. MRI or CT of the brain and results of lumbar puncture 
are normal in patients with botulism, but electromyography can 
show characteristic abnormalities. If foodborne botulism is sus- 
pected, stool, serum, and implicated foods should be tested for 
botulinum neurotoxin. These tests are performed at some state 
health department laboratories and the CDC. 


Treatment 


Supportive therapy with mechanical ventilation has helped to greatly 
reduce mortality rates from botulism. The diagnosis of botulism 
must be considered early in any case of unexplained paralysis, and 
antitoxin should be administered if the diagnosis is credible. The 
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heptavalent botulinum antitoxin is available only through the CDC 
and contains antibodies to the 7 serotypes. To obtain the antitoxin, 
physicians need to contact their state health department’s emer- 
gency hotline or the CDC directly. 

Speed is of the essence for successful therapy because the anti- 
toxin cannot displace the toxin once it has bound to the presyn- 
aptic nerve terminal; antitoxin binds only free circulating toxin. 
Once symptoms have developed, the usefulness of the antitoxin 
is greatly reduced. In a retrospective analysis of 134 cases of 
botulinum toxin A-mediated disease, patients who received anti- 
toxin therapy early in the course had a mortality rate of 10%, as 
opposed to mortality rates of 15% in those who received the anti- 
toxin more than 24 hours after the onset of symptoms and 46% in 
those who did not receive antitoxin at all.*+ Patients who received 
antitoxin stayed in the hospital an average of 10 days, compared 
with 56 days for the untreated group. The current recommenda- 
tion for each exposed adult older than 17 years is to administer a 
single vial of IV antitoxin. This recommendation is based on the 
calculation that each vial has enough neutralizing antibody (for 
types A, B, and E) to bind a titer of toxin that is 100 times greater 
than the highest titer documented to date by the CDC. 


Bacillus anthracis 


Although most anthrax infections are the result of cutaneous 
exposure to or inhalation of infected spores, ingestion of infected 
animal tissue also can lead to GI disease. Inhalation anthrax has 
the highest mortality rate, followed by meningoencephalitis and 
GI anthrax. 


Microbiology 


B. anthracis is an aerobic, gram-positive, spore-forming, nonmo- 
tile bacillus that is found in soil. Endospores can remain dormant 
in soil for many years. Anthrax spores germinate in nutrient-rich 
environments. Vegetative anthrax bacilli elaborate an antiphago- 
cytic polyglutamyl capsule and a toxin complex that is composed 
of protective antigen, edema factor, and lethal factor.’ Protective 
antigen acts as the binding site for edema and lethal factors. Edema 
factor is a calmodulin-dependent adenylate cyclase that causes 
intracellular increase in cAMP and results in the severe swelling 
associated with anthrax infection. Lethal factor stimulates macro- 
phages to release TNF-a and interleukin (IL)-1, which contribute 
to death from toxemia in anthrax infections characterized by high- 
grade bacteremia and multisystem organ failure. 


Epidemiology 


Consumption of endospore-contaminated meat from infected ani- 
mals is the primary mode of transmission of GI anthrax, although 
this is very rare. Anthrax is most prevalent in agricultural regions in 
Central and South America, sub-Saharan Africa, central and south- 
western Asia, southern and eastern Europe, and the Caribbean. 
Anthrax is rare in the USA, but sporadic outbreaks occur in wild 
and domestic grazing animals. In 2005, anthrax was identified in 3 
Iranian family members who had consumed half-cooked meat from 
a sick sheep that was found to be contaminated with B. anthracis. 
‘Two of the cases presented with GI illness characterized by fever, 
abdominal pain, nausea, and vomiting, and the third was admit- 
ted with fever, sore throat, and painful neck swelling. One patient 
had B. anthracis identified in cerebrospinal fluid and blood cultures 
but died despite aggressive treatment; the other patients responded 
well to penicillin G and recovered.*° 


Pathogenic Mechanisms 


Entry of endospores through the GI mucosa initiates infection. 
Macrophages phagocytose ingested endospores, which then 
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germinate to form vegetative bacteria in mesenteric lymph nodes. 
The bacteria are subsequently released from the macrophages, 
multiply in the local lymphatic systems, and enter the blood- 
stream. The release of the exotoxin complexes results in local 
tissue damage with massive edema, mucosal ulcerations, and the 
development of systemic toxemia. 


Clinical Features 


Approximately 1 to 7 days after the ingestion of raw or under- 
cooked meat from infected animals, nausea, vomiting, abdominal 
pain, and fever develop. Patients often rapidly develop worsening 
symptoms characterized by bloody diarrhea, diffuse abdominal 
pain with rebound tenderness, and, occasionally, hemateme- 
sis. Ascites, which may be purulent, develops 2 to 4 days later. 
Ulceration of the bowel, usually in the region of the ileum 
and cecum, is the primary manifestation of intestinal anthrax. 
B. anthracis has been isolated from human stool specimens; how- 
ever, the organism is not often detected in stool cultures, and it is 
recommended that blood or ascitic fluid be collected for culture 
or PCR in patients with clinical symptoms that suggest anthrax.*7 
More than 50% of episodes are fatal, with death occurring as a 
consequence of toxemia, intestinal perforation, or shock from 
hemorrhage and fluid losses. 

Oropharyngeal anthrax is a less common form of infection 
that develops when spores are deposited in the oropharynx. 
Symptoms include fever, a severe sore throat, and dysphagia, 
which can progress to respiratory distress. Examination often 
reveals marked swelling of the neck, lymphadenitis, and pha- 
ryngeal ulcers that are covered by a pseudomembrane. Despite 
the relatively severe symptoms, this form of infection tends to be 
milder than the GI disease and rarely is fatal. 


Treatment and Prevention 


Because of the propensity of B. anthracis infection of the GI tract 
to progress to sepsis or death, it should be treated promptly and 
aggressively as a systemic disease.’ Some strains of B. anthracis 
express an inducible f-lactamase, and so initial therapy should be 
with ciprofloxacin. Because there is a higher risk of mortality in 
severe cases, the addition of rifampin or clindamycin, or both, is 
recommended in these situations. Penicillin and doxycycline are 
both highly active against B. anthracis in the absence of resistance. 
An anthrax vaccine, consisting of a sterile filtrate of an attenuated 
strain of the organism, is available to the U.S. military but not to 
civilians. 


FISH POISONING 


Food poisoning from marine toxins in fish is a worldwide prob- 
lem. The commonest of these are ciguatera and scombroid poi- 
soning.>*3? 


Ciguatera Poisoning 


Ciguatera (Spanish: cigwa, sea snail) poisoning manifests with 
a combination of GI and neurologic symptoms and findings. 
Although most common in the South Pacific and Caribbean, 
ciguatera poisoning has become a hazard to consumers in nonen- 
demic regions because of expanding international trade in seafood 
from tropical fisheries. It is the most common foodborne disease 
related to the consumption of fin-fish worldwide*! and accounts 
for approximately half of fish-related outbreaks in the USA. 

More than 400 species of fish have been associated with cigua- 
tera poisoning, including grouper, red snapper, amberjack, and 
dolphin. The illness is caused by the consumption of fish flesh 
that contains toxins produced by dinoflagellates ingested by the 
fish. The toxin is concentrated up the food chain as small fish are 


consumed by larger fish. The fish are not affected by the toxins, 
they do not appear spoiled, and they taste normal. The common- 
est toxin involved is ciguatoxin, a marine saponin, but a number 
of other toxins also can be involved.*” Toxins are both heat and 
acid resistant and survive preservation (freezing) and preparation 
(cooking) procedures. 

GI symptoms occur 3 to 6 hours after eating the contami- 
nated fish and usually involve a combination of nausea, vomiting, 
abdominal cramps, and diarrhea. Sweating and headaches also 
can occur. A variety of neurologic symptoms occurs 3 to 72 hours 
after ingestion, namely paresthesias, blurred vision, nerve palsies, 
and temperature-related dysesthesia (i.e., hot and cold reversal). 
Cardiovascular symptoms include bradycardia, heart block, and 
hypotension. Variations in symptoms and their severity can occur 
depending on the type of fish eaten and presumably on the type 
and quantity of toxin or toxins consumed. 

Diarrhea is the result of toxin-stimulated intestinal secre- 
tion mediated by changes in intracellular calcium. Neurologic 
symptoms are a consequence of alterations in voltage-dependent 
neural sodium channels. Illness can persist up to 1 month and, 
rarely, can last up to a year. Chronic effects of ciguatera poison- 
ing, such as fatigue, myalgias, and headaches, occur in 3% to 20% 
of patients and may be aggravated or triggered by ingestion of 
caffeine or alcohol. Fatalities are rare and usually result from car- 
diovascular collapse. 

Diagnosis is based on clinical suspicion and compatible signs 
and symptoms. There is no available confirmatory test and no 
specific treatment; treatment is supportive. IV mannitol may be 
helpful in severe cases. 


Scombroid Poisoning 


Scombroid (Greek: scombros, mackerel or tunny) poisoning is a 
common but underreported illness that often is misdiagnosed as 
a fish “allergy.” It occurs after the consumption of fish that have 
been poorly refrigerated or improperly stored, allowing bacterial 
proliferation. Bacteria decarboxylate histidine in the muscle of the 
fish, producing high levels of histamine. The fish do not appear 
spoiled but might taste peppery; histamine is not destroyed by 
cooking or freezing. The illness can occur after ingestion of either 
fresh or canned fish or consumption of foods such as tuna salad 
or tuna burgers. The most common fish involved are dark meat 
fish such as tuna, mackerel, and bonito, but scombroid poisoning 
can also occur with ingestion of mahi-mahi, bluefish, swordfish, 
or salmon. 

The usual clinical presentation begins as soon as one hour 
after ingestion of the contaminated fish. Symptoms and signs 
include flushing, warmth, erythematous skin rash, pruritus, palpi- 
tations, and tachycardia. Patients also may experience headache, 
blurred vision, and respiratory distress. Occasionally, respiratory 
distress results from facial and lingual swelling. The illness usu- 
ally resolves spontaneously within 12 hours without any sequelae. 
Diagnosis is based on typical signs and symptoms. Plasma hista- 
mine levels, if measured acutely, may be elevated. Treatment is 
supportive and includes administration of antihistamines. 


Tetrodotoxin Poisoning 


Tetrodotoxin (TdT) poisoning is most commonly due to eat- 
ing the flesh of the puffer fish (fugu), a sushi delicacy in Japan, 
although TdT also may be found in many other species of fish, 
and some mollusks, crabs, newts, and frogs.*? Fugu is prepared 
by specially trained chefs certified by the government to pres- 
ent the flesh free of the TdT-containing liver, gonads, and skin, 
and most poisonings occur after eating fish prepared by uncerti- 
fied persons. TdT is thought to be synthesized by a bacterium or 
dinoflagellate associated with the puffer fish. It is a heat-stable, 
water-soluble molecule that acts on sodium channels in nerve 


tissue to prevent depolarization and propagation of action poten- 
tials in central and peripheral nerve cells. Symptoms usually occur 
15 minutes to a few hours after ingestion and include lingual and 
circumoral paresthesias, followed by facial and extremity pares- 
thesias and numbness, salivation, nausea, vomiting, and diarrhea 
with abdominal pain. Weakness, hypoventilation, and difficulty 
speaking ensue, followed by respiratory muscle paralysis, cardiac 
arrhythmias, hypotension, seizures, and coma. Mortality is esti- 
mated to approach 50% and care is supportive. Patients who sur- 
vive the initial 24 hours of intoxication usually recover. 


SHELLFISH-POISONING SYNDROMES 


Four distinct shellfish-poisoning syndromes have been identified: 
paralytic shellfish poisoning, neurologic shellfish poisoning, diar- 
theal shellfish poisoning, and amnesic shellfish poisoning.*+ All 
4 share some common features and develop when contaminated 
shellfish, usually bivalve mollusks (e.g., mussels, clams, oysters, 
scallops), are ingested along with their contained toxins, which are 
produced by dinoflagellates and diatoms. 


Paralytic Shellfish Poisoning (PSP) 


PSP is the most severe of the shellfish poisonings. It occurs from 
June to October, especially in the colder coastal waters of the 
Pacific and New England, when mussels, clams, scallops, oysters, 
and lobsters become contaminated by the dinoflagellate Gonyaulax 
that is responsible for “red” tide. This dinoflagellate produces 
the neurotoxin saxitoxin, named after the butter clam (Saxidomus 
giganteus) in which it was first recognized. Saxitoxin blocks neu- 
ronal sodium channels producing a flaccid paralysis that leaves its 
victim calm and conscious through the progression of symptoms; 
patients may report having a “floating” sensation. The toxin is 
heat-resistant. Symptoms usually begin within 2 hours after eat- 
ing the contaminated shellfish and consist of circumoral paresthe- 
sias and tingling of the extremities, followed by nausea, vomiting, 
abdominal cramps, headache, and then muscle weakness. In cases 
of severe poisoning, muscle paralysis and respiratory failure occur, 
and in these cases, death may occur within 24 hours. Treatment is 
supportive; for survivors, recovery is usually complete. 


Neurologic Shellfish Poisoning (NSP) 


Symptoms of NSP are milder than those of PSP, begin within 15 
minutes to 18 hours after consumption of the contaminated shell- 
fish and last up to 3 days. Symptoms include nausea, vomiting, 
abdominal pain, and diarrhea; rectal burning; paresthesias of the 
face, trunk, and limbs; myalgias; dizziness and ataxia; and reversal 
of hot/cold sensation; less common are tremor and dysphagia. 
NSP is caused by brevetoxins which are polycyclic ethers made by 
the dinoflagellate Karenia brevis; like ciguatoxin, they bind to and 
stimulate sodium flux through voltage-gated sodium channels in 
nerve and muscle. Treatment is supportive. 


Diarrheal Shellfish Poisoning (DSP) 


DSP manifests with nausea, vomiting, abdominal pain, and diar- 
rhea. DSP is caused by ingestion of shellfish that are contaminated 
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with okadaic acid, which is produced in dinoflagellates of the spe- 
cies Dinophysis and Prorocentrum, and which increases intestinal 
epithelial permeability. Treatment is supportive. 


Amnesic Shellfish Poisoning (ASP) 


The only reported outbreak of ASP occurred in 1987 after inges- 
tion of mussels harvested off Prince Edward Island, Canada. ASP 
is caused by ingestion of shellfish that are contaminated with 
domoic acid produced by the diatom Nitzschia pungens. Symptoms 
of gastroenteritis develop within 24 hours after ingestion and may 
be accompanied by dizziness, headache, disorientation, and per- 
manent short-term memory loss. In severe poisoning, seizures, 
focal weakness or paralysis, and death may occur. Domoic acid 
causes neuronal depolarization and has been shown at autopsy 
to be associated with necrosis of the hippocampus and amygdala. 
‘Treatment is supportive. 


MERCURY POISONING 


Mercury toxicity is not typically included in chapters on food 
poisoning, in part because its toxicity does not manifest with GI 
symptoms; nonetheless, mercury exposure and poisoning largely 
results from fish consumption. There are several forms of mer- 
cury: inorganic mercury, which includes mercury vapor and 
mercuric (Hg**) or mercurous (Hg,**) salts; and organic mer- 
cury, which includes compounds in which mercury is bonded 
to a structure containing carbon atoms. Toxicity varies with 
the form, dose, and rate of exposure. Atmospheric elemental 
mercury results from outgassing from rock or through volcanic 
activity and settles in water, where it is converted by microor- 
ganisms into organic mercury and then ingested by small crea- 
tures which are consumed by larger fish at the top of the food 
chain (e.g., tuna, swordfish, shark). Aside from exposure to den- 
tal amalgam, human exposure is through seafood, chiefly fresh 
or saltwater fish. Intestinal absorption of methyl mercury from 
fish is efficient, and concentration of methyl mercury occurs in 
the brain, liver, kidney, placenta, fetus (especially fetal brain), 
peripheral nerves, and bone marrow. The excretory half-life 
of methyl mercury is about 70 days, with 90% excreted in the 
stool. Mercury interferes with DNA transcription and protein 
synthesis. Massive prenatal exposure may cause neurodevelop- 
mental delay, including cerebral palsy, but typical symptoms 
of adult exposure are paresthesia, ataxia, and visual, auditory, 
or extrapyramidal symptoms. Diagnosis of mercury overload is 
challenging because the common test sources (i.e., blood, urine, 
hair) do not correlate with total body burden. 2,3 Dimercapto- 
1-propanesulfonate is a tissue-permeable metal chelator that 
promotes mercury elimination in urine and has been suggested 
as a more reliable way to estimate body burden. Eating a diet 
low in mercury is the main method of prevention of mercury 
toxicity. In the setting of acute poisoning from inorganic mer- 
cury salts, chelation improves outcomes if given promptly after 
exposure.*5:46 


Full references for this chapter can be found on www.expertconsult.com. 
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ANTIBIOTIC-ASSOCIATED DIARRHEA 
Etiology 


Diarrhea is a common adverse effect of antibiotic use and can 
result from a variety of mechanisms.! The most common type of 
diarrhea, often simply called antibiotic-associated diarrhea (AAD), 
is not associated with any specific pathogen and is, in fact, not 
the result of infection; it is believed to be caused by a disturbance 
of the normal colonic microbiota that leads to alterations in the 
bacterial metabolome. Such metabolic changes include altera- 
tions in the degradation of nonabsorbed carbohydrates, leading 
to osmotic diarrhea; decreased bile salt deconjugation by bacteria 
leading to stimulation of fluid secretion by the colonic mucosa; 
reduced bacterial degradation of bile salts, which increase intes- 
tinal permeability, increase cyclic adenosine monophosphate 
(AMP), activate mast cells, and stimulate colonic chloride secre- 
tion (see Chapter 101); stimulation of intestinal motility through 
the motilin-like effect of erythromycin; an allergic reaction; or 
infection with microorganisms other than C. (Clostridioides) diffi- 
cile, including Clostridium perfringens type A, Staphylococcus aureus, 
and Salmonella enterica ?-* 

The genotype of C. perfringens that causes AAD is distinct 
from those that induce food poisoning.’ Type A strains isolated 
from patients with AAD carry the C. perfringens enterotoxin gene 
in a plasmid, whereas those that cause food poisoning have a 
chromosomal C. perfringens enterotoxin gene. S. aureus was iden- 
tified as a cause of severe AAD and enterocolitis before CDI was 
identified.*° Since the advent of sensitive and specific testing for 
C. difficile, however, very few cases of S. aureus AAD have been 
confirmed, and the true role played by this pathogen in AAD is 
unclear. Klebsiella oxytoca is another pathogen that releases several 
potent toxins and causes AAD associated with right-sided hemor- 
rhagic colitis.’ 

AAD complicates 2% to 25% of antibiotic treatment courses, 
but the incidence varies depending on the antibiotic used; it is 
more common, for example, during therapy with ampicillin (5% 
to 10%), amoxicillin-clavulanate (10% to 25%), or cefixime (15% 
to 20%) and less common during therapy with fluoroquinolones 
(1% to 2%) or trimethoprim-sulfamethoxazole (<1%).° 
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Antibiotic-Associated Diarrhea and Clostridioides 


Most cases of AAD are mild, self-limited, and unaccompa- 
nied by fever. Pseudomembranous colitis is absent, and signifi- 
cant complications are rare. C. difficile (CDI) accounts for less 
than 10% of AAD cases but is an important pathogen to identify 
because it often requires specific antimicrobial therapy and can 
lead to life-threatening complications, as discussed later. A com- 
parison between the clinical features of AAD caused by C. difficile 
and AAD from other causes is presented in Table 112.1.° 


Prevention and Treatment 


Management of AAD consists of discontinuing the inciting anti- 
biotic if possible. If the diarrhea is moderately severe or poorly 
tolerated, an antiperistaltic agent (e.g., loperamide) or bismuth 
subsalicylate may be used to relieve symptoms. 

Because AAD is believed to result from an alteration of the 
normal colonic microbiome, a variety of probiotic agents has 
been evaluated for its treatment and prevention (see Chapter 
130). In a double-blind controlled clinical trial, oral capsules 
containing viable Saccharomyces boulardii, a nonpathogenic yeast, 
were coadministered with antibiotics; this combination treat- 
ment reduced the incidence of AAD in hospitalized patients from 
22% in the placebo group to 9.5% in the S. bouwlardii group (P = 
0.04).!° Another randomized placebo-controlled trial, however, 
failed to demonstrate a beneficial effect for S. boulardii in an older 
adult population of antibiotic recipients.!! Lactobacillus species, 
in particular Lactobacillus rhamnosus GG, also have been studied 
in clinical trials of AAD. In one study of children being treated 
for respiratory tract infections, Lactobacillus GG was effective in 
reducing the incidence of AAD to 5% compared with a 16% inci- 
dence in the placebo group!’; other clinical trials of Lactobacillus 
GG have yielded negative results.!*A meta-analysis examined the 
results of randomized double-blind placebo-controlled trials of 
probiotic therapy for AAD published between 1966 and 2000.!* 
Nine studies were analyzed, including 4 using S. boulardii and 4 
using Lactobacillus GG. The combined odds ratio (OR) for AAD 
in the probiotic-treated groups was 0.37 compared with placebo 
(95% confidence interval [CT]: 0.26-0.53; P < 0.001). For S. bou- 
lardii, the OR in favor of active treatment over placebo was 0.39 
(95% CI: 0.25-0.62; P < 0.001) and for lactobacilli the OR was 
0.34 (95% CI: 0.19-0.61; P < 0.01). A recent systematic review 
and meta-analysis also examined the comparative efficacy and tol- 
erability of probiotics for AAD. The authors found that L. rham- 
nosus GG (LGG) had the highest probability of being ranked best 
both in effectiveness (OR, 95% CI = 0.28 [0.17-0.47]) and toler- 
ance (0.44 [0.23-0.84]) for prevention of AAD. In summary, the 
weight of published evidence suggests that probiotic agents such 
as LGG and S. boulardii, when used prophylactically in combina- 
tion with antibiotics, reduce the risk for AAD. Such therapy may 
be especially advantageous in patients with a history of suscepti- 
bility to troublesome AAD. 


PSEUDOMEMBRANOUS ENTEROCOLITIS 


Pseudomembranous enterocolitis was a rare entity in the medi- 
cal literature before the widespread use of antibiotics. In recent 
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TABLE 112.1 Differences Between Antibiotic-Associated Diarrhea From C. difficile Infection and From Other Causes 


Characteristic C. difficile Infection 


Other Causes 


Most commonly implicated 
antibiotics 


History 
CLINICAL FEATURES 


Epidemiologic pattern 
facilities 


Diarrhea 
leukocytes is common 


Findings on CT or colonoscopy 
present 


Complications 


Clindamycin, cephalosporins, penicillins, fluoroquinolones 


Usually no history of antibiotic intolerance 


May be epidemic or endemic in hospitals or long-term care 


May be florid; evidence of colitis with cramps, fever, and fecal 


Evidence of colitis is common; pseudomembranes often are 


Hypoalobuminemia, anasarca, toxic megacolon; relapse can 


Clindamycin, cephalosporins, ampicillin, or 
amoxicillin-clavulanic acid 


History of diarrhea with antibiotic therapy is common 


Sporadic 
Usually mild-moderate in severity (“nuisance 
diarrhea”) without evidence of colitis 


Usually normal 


Usually none; occasional cases of volume depletion 


occur after treatment with metronidazole or vancomycin 


Results of assay for C. difficile toxin Positive 
TREATMENT 

Withdrawal of implicated antibiotic 
Antiperistaltic agents Relatively contraindicated 


Oral metronidazole or vancomycin Prompt response 


Condition can resolve but often persists or progresses 


Negative 


Condition usually resolves 
Often useful 
Not indicated 


From Bartlett JG. Clinical practice: antibiotic-associated diarrhea. N Engl J Med 2002; 346:334-9. 


decades, however, pseudomembranous colitis has emerged as 
a common complication of antibiotic use, with almost all cases 
caused by infection with toxin-producing strains of C. difficile. 

A case report by Finney, published in 1893, is considered to 
be the first description in the medical literature of pseudomem- 
branous enterocolitis.!°:!° In that instance, fatal pseudomembra- 
nous inflammation of the small intestine followed surgery in a 
debilitated young woman with gastric outlet obstruction caused 
by peptic ulcer disease. The presence of an inflammatory pseu- 
domembrane overlying intestinal mucosa characterizes pseu- 
domembranous colitis (when the colon alone is involved) or 
pseudomembranous enterocolitis (when the small intestine also 
is involved).!° The pseudomembrane consists of inflammatory 
and cellular debris and forms distinctive patches of yellow or 
whitish-gray exudate that obscure the mucosa underlying them. 
In early lesions, a 1 to 2mm area of punctate ulceration may be 
visible. Grossly, pseudomembranes consist of ovoid plaques of 2 
to 10 mm in diameter separated by areas of normal or hyperemic 
mucosa. Histologically, pseudomembranes can be seen to ema- 
nate from central areas of epithelial ulceration and erupt from 
the intestinal/colonic crypts in a “volcano-like” fashion. In more 
severe cases, the areas of ulceration and the overlying pseudo- 
membranes coalesce to cover large areas of mucosa. 

Risk factors for the development of pseudomembranous entero- 
colitis in the absence of CDI include intestinal surgery, intestinal 
ischemia, and other enteric infections. During the 1940s to the 
1970s, most reported cases of pseudomembranous enterocolitis 
occurred following abdominal or pelvic surgery.!”!* Bartlett has 
identified descriptions of pseudomembranous enterocolitis in the 
medical literature associated with a wide variety of other intesti- 
nal disorders, including Shigella infection, Crohn disease, neona- 
tal necrotizing enterocolitis, intestinal obstruction, Hirschsprung 
disease, and colonic carcinoma.!° Intestinal ischemia can result 
in histologic changes similar to those observed in severe C. dif- 
ficile colitis, although classic pseudomembranes are uncommonly 
seen. Severe systemic insults including shock, advanced renal fail- 
ure, spinal fracture, extensive burns, heavy metal poisoning, and 
hemolytic-uremic syndrome also have been associated with pseu- 
domembranous enterocolitis. A potential common etiologic factor 
shared by many of these disorders is hypoperfusion of the intestinal 
mucosa with resultant ischemic necrosis and ulceration. 


Infectious agents other than C. difficile have been implicated as 
causes of pseudomembranous colitis, most notably S. aureus.?>- 
Before C. difficile was identified as the most common cause of 
pseudomembranous colitis, S. aureus often was identified in 
stool cultures of patients with postoperative pseudomembranous 
enterocolitis, and oral vancomycin proved to be effective ther- 
apy.° In retrospect, however, it is difficult to ascertain whether 
the efficacy of vancomycin reflected its activity against staphylo- 
coccal infection or against unrecognized infection with C. difficile. 

Clostridium difficile, recently reclassified as Clostridioides difficile, 
is an anaerobic, gram-positive, spore-forming, toxinogenic bacillus, 
first isolated in 1935 from the fecal flora of healthy neonates. 1°70 
The organism then passed into obscurity until 1978, when the 
association between toxins released by C. difficile and antibiotic- 
induced pseudomembranous colitis was first reported.?!* Since 
that time, the incidence of CDI has increased dramatically, and the 
organism is now recognized as the primary cause of nosocomial 
infectious diarrhea in developed countries.”*-*° 

The reported incidence of CDI has risen substantially over 
the past 2 decades. For example, in the USA, the Agency for 
Healthcare Research and Quality identified 127,580 reported 
cases of CDI in hospitalized patients in 1997, 246,139 cases in 
2004, and 346,805 cases in 2010.78 Reported deaths from CDI 
in the USA rose from 793 in 1999 to 7483 in 2008.7 Similarly, 
according to United Kingdom National Statistics, CDI as a pri- 
mary or contributing cause of death rose from 13 per million 
population in 2001 to 83 per million in 2007. These observations 
prompted major efforts to reduce CDI in hospitals, and by 2011 
the estimated number of C. difficile-related deaths in the United 
Kingdom had fallen dramatically to 19 per million population. 

CDI also appears to be accompanied by heightened morbidity 
and mortality, owing in part to the emergence of increasingly vir- 
ulent strains. One such strain was initially identified in the 1980s 
by restriction endonuclease analysis and named BI, but currently 
is referred to as North American Pulsed Field type 1 (NAP-1) or 
as PCR ribotype 027.°°?! The NAP-1 strain has led to severe out- 
breaks of CDI, with high mortality rates in both North America 
and Europe.”+?>03! The NAP-1 strain also produces binary toxin 
in addition to toxins A and B (see under “C. difficile toxins”) and 
shows high level resistance to fluoroquinolones, making it more 
prevalent in patients receiving this class of antibiotics.?423,30-32 
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Epidemiology 


Intestinal carriage rates of C. difficile in healthy adults are low 
(0% to 3% in American and European populations) and might 
represent intestinal transit without true colonization. In con- 
trast, hospital inpatients treated with antibiotics have reported 
colonization rates of 10% to 21%.*>’ Acquisition from the 
hospital environment is a major source of CDI, not only from 
infected stool but also via environmental surfaces including 
floors, call buttons, soiled bedding, bedrails, bedpans, and toilet 
seats. One study demonstrated that spores persisted in toilets 
after flushing 24 times.** The hands and stethoscopes of health 
care workers are also potential sources of nosocomial CDI.*? In 
one study, C. difficile was acquired, on average, in 3.2 days by 
patients who shared a room with a C. difficile-infected room- 
mate compared with 18.9 days by patients in single rooms or 
with room-mates whose stool cultures were negative for C. dif- 
ficile.>> In the same study, C. difficile was cultured from the hands 
of 59% of hospital workers caring for patients with positive C. 
difficile cultures. 

Asymptomatic carriers rarely develop C. difficile-associated 
diarrhea, but they serve as an important reservoir of nosocomial 
infection.*>3>3739 In one study, 29% of environmental cultures 
taken from the hospital rooms of symptom-free carriers were 
positive for C. difficile, compared with only 8% of cultures from 
rooms of patients who were culture-negative for C. difficile’? In 
antibiotic-treated animals, the infective dose of toxigenic C. dif- 
ficile may be as low as 2 organisms.’* If human susceptibility is 
similar, control of CDI in hospitals will continue to be a major 
challenge because up to 10° organisms per gram of stool are 
excreted in liquid feces.*° Highly resistant spores of C. difficile 
can persist for many months in the hospital environment and can 
result in infection if ingested by a susceptible host.*° 

Although it is not possible to eradicate C. difficile and its 
spores from the hospital environment, certain control measures 
have been recommended to reduce the prevalence of C. dif- 
ficile-associated diarrhea (Box 112.1).?%*! Infected inpatients 
should be bedded in private rooms whenever possible to reduce 
patient-to-patient spread of C. difficile. Strict precautions includ- 
ing use of gowns and gloves and regular hand washing after 
patient contact should be observed.*>+!#? The use of alcohol- 
based hand gels may not be as effective as washing with soap and 
running water in removing C. difficile spores; hence, washing 
with soap and running water is recommended as an additional 
measure in an outbreak setting.*°* A controlled trial of using 
vinyl disposable gloves during patient contact also reduced 
the transmission of infection.*? After discharge of infected 
patients, surface environmental disinfection is best performed 
with a cleaning agent (e.g., hypochlorite solution) that contains 
approximately 5000 ppm available chlorine (corresponding to a 
1:10 dilution of household bleach).’°-*? Ultraviolet light-based 
cleaning also has been shown to be effective against CDI spores 
and is being adapted in hospitals to clean patients’ rooms after 
discharge.** 

Hospital outbreaks of C. difficile-associated diarrhea are com- 
mon and likely result from the close approximation of susceptible 
persons (older and infirm patients) who are taking antibiotics and 
who are then exposed to the pathogen either in the hospital envi- 
ronment or through direct person-to-person spread. Outbreaks 
of infection are seen with the emergence of virulent strains, 
which are highly toxinogenic and resistant to numerous antibiot- 
ics including fluoroquinolones.*>3°3? CDI is best prevented by 
avoiding the unnecessary use of broad-spectrum antibiotics, espe- 
cially in hospitalized patients, and by careful attention to hand 
hygiene and environmental cleaning.”° 

CDI may be hospital or community acquired. Hospital- 
acquired infections may have their onset of symptoms and 
signs of colitis develop in the hospital or after discharge to the 


BOX 112.1 Proposed Checklist of Hospital Interventions to 
Decrease the Incidence and Mortality of Health 
Care—Associated CDI 


CDI Prevention Checklist 


When an MD, PA, NP, or RN suspects a patient has CDI: 
Physician, Physician Assistant, or Nurse Practitioner: 
Initiate Contact Precautions Plus 
Order stool C. difficile toxin test 
Discontinue nonessential antimicrobials 
Discontinue all antiperistaltic medications 
RN: 
Obtain stool sample for C. difficile toxin test 
Place patient in single-patient room 
Place Contact Precautions Plus sign on patient’s door 
Ensure that gloves and gowns are easily accessible from 
patient’s room 
Place dedicated stethoscope in patient’s room 
Remind staff to wash hands with soap and water following 
patient contact 
Microbiology Laboratory Staff: 
Call relevant patient floor with positive C. difficile toxin test result 
Provide daily list of positive test results for Infection Control 
Infection Control Practitioner: 
Check microbiology results daily for positive C. difficile toxin results 
Call relevant floor to confirm that patient with positive C. difficile 
toxin results is in a single-patient room and that the Contact 
Precautions Plus sign is on the patient’s door 
Flag the patient’s C. difficile status in the hospital’s clinical 
information system or in the patient’s paper chart 
Alert housekeeping that the patient is on Contact Precautions 
Plus 
Environmental Services Staff Person: 
Prior to discharge cleaning, check for Contact Precautions Plus 
sign on the patient's door 
If Contact Precautions Plus sign is on the door, clean the room 
with a bleach-based cleaning agent 
Confirm for supervisor that bleach-based cleaning agent 
was used for discharge cleaning for every patient on Contact 
Precautions Plus 


BM, Bowel movement; MD, medical doctor; NP. nurse practitioner; PA, phy- 
sician assistant; RN, registered nurse; WBC, white blood cell count. 

Modified from Abbett SK, et al. Proposed checklist of hospital interventions 
to decrease the incidence of healthcare-associated Clostridium difficile 
infection. Infect Control Hosp Epidemiol 2009; 30:1062-9. 


community.’°#> The reported incidence of community-acquired 
CDI (8 to 12 cases per 100,000 person-years) is substantially 
lower than that of hospital-acquired CDI, but has increased in 
recent years.*° Community-acquired CDI is often diagnosed in 
patients who lack typical risk factors for the disease (e.g., recent 
antibiotic exposure).*°*6 In a recent population-based study, 
community-acquired CDI accounted for 41% of total cases; 
patients with community-acquired disease were more likely 
to be younger women with less comorbidity and likelihood of 
antibiotic exposure compared with individuals who had hospital- 
acquired disease.“ 


Pathogenesis 


The pathogenesis of CDI usually requires alteration of the nor- 
mal colonic microflora; oral ingestion of C. difficile spores; colo- 
nization of the large intestine; production and release of toxins 
A and B into the colonic lumen; binding and internalization of 
toxins by colonocytes and lamina propria inflammatory cells; 
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Fig. 112.1 Pathogenesis of C. difficile-Associated Diarrhea and 
Colitis. 


and subsequent colonic damage (colitis). Several host factors, 
particularly the immune response to C. difficile toxins, determine 
whether a patient remains an asymptomatic carrier or develops 
colitis (Fig. 112.1). 


Alteration of the Colonic Microbiota 


CDI usually follows antimicrobial therapy, other events such as 
treatment with chemotherapeutic agents, or association with certain 
diseases such as IBD, all of which have related perturbations in the 
colonic microbiota. A diverse and phylogenetically rich microbiota 
is protective against CDI, especially recurrent CDI (see later). The 
protective barrier provided by the normal intestinal microbiota is 
often referred to as colonization resistance, its impairment by antibi- 
otics and subsequent infection with C. difficile can be demonstrated 
in animal models.**°° C. difficile also can colonize the intestines of 
germ-free mice but is eliminated after these animals are inoculated 
with feces from normal mice, clearly confirming the importance of 
the normal commensal organisms in preventing colonization and 
supporting the rationale for IMT (fecal microbiota transplantation) 
for prevention and treatment’!; however, it should be noted that 
many patients with community-acquired CDI lack any clear his- 
tory of exposure to antimicrobial agents.*647 

Human neonates have poor colonization resistance because 
they have not yet developed a stable complex colonic micro- 
biota.!? Colonization rates with C. difficile of 25% to 80% have 
been reported in healthy infants and children up to 24 months 
of age, who, despite large concentrations of toxins in the feces, 
rarely develop C. difficile-associated diarrhea. Absence of toxin 
receptor expression on the immature colonic epithelium has been 
suggested as a mechanism to explain the symptomless carrier 
state in infants and children.*” 

Almost all antimicrobial agents can predispose to CDI; certain 
classes, specifically third- and fourth-generation cephalosporins, 
fluoroquinolones, carbapenems, and clindamycin, currently carry 
the highest risks (Table 112.2).754?3 7 Cancer chemotherapeu- 
tic agents or bowel preparation regimens (e.g., before colonos- 
copy or colonic surgery) rarely result in sufficient disturbance of 
the intestinal microbiota to allow subsequent colonization with 
C. difficile.>* 


C. difficile Toxins 


Pathogenic strains of C. difficile produce 2 structurally similar pro- 
tein exotoxins, namely, toxin A and toxin B, which are the major 
known virulence factors. The genes encoding toxin A and toxin 
B reside in a 19.6-kb chromosomal region, the C. difficile patho- 
genicity locus, which contains the genes encoding toxin A (tcdA) 
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TABLE 112.2 Antimicrobial Agents That Predispose to CDI 
Frequently Sometimes Rarely 
Amoxicillin Macrolides Aminoglycosides 
Ampicillin Other penicillins Bacitracin 
Cephalosporins Sulfonamides Carbapenems 
Clindamycin Trimethoprim Chloramphenicol 
Fluoroquinolones Trimethoprim Daptomycin 
+ sulfamethoxazole Metronidazole 
Rifampin 
Rifaximin 
Teicoplanin 
Tetracyclines 
Tigecycline 


Adapted from Kelly C, Lamont J. Treatment of Clostridium difficile diarrhea 
and colitis. In: Wolfe MM, editor. Gastrointestinal pharmacotherapy. 
Philadelphia: WB Saunders; 1993. p 199. 


and B (¢cdB) as well as 2 putative regulatory genes (tcdC and tcdD, 
also called tedR) (Fig. 112.2)? The tcdD gene product appears 
to up-regulate toxin transcription by complexing with RNA poly- 
merase that binds to the toxin promoter regions. The tcdC gene is 
transcribed in the opposite direction to tcdA, tcdB, and tcdD, and 
its gene product appears to decrease toxin production.>”°° The 
5th gene of the pathogenicity locus, tedE, encodes a protein with 
sequence similarity to bacteriophage pore-forming holin proteins 
and mediates the secretion of C. difficile toxins across the bacterial 
cell membrane.°!:? 

Toxins A (308 kd) and B (220 kd) are members of the large clos- 
tridial cytotoxin family; they share a number of structural features, 
and are 49% identical at the amino acid level.6-65 Both toxins carry 
an N-terminal enzymatic domain that mediates their toxic effects 
on mammalian cells, a central hydrophobic region that might act as 
a transmembrane domain to facilitate entry into the cytoplasm, and 
a C-terminal domain consisting of a series of repeated sequences 
that mediate toxin binding (Fig. 112.3).?° A fourth domain also has 
been identified, which encodes an intrinsic peptidase that releases 
the N-terminal enzymatic domain into the cytosol. 

Both toxins function as uridine diphosphate glucose hydro- 
lases and glucosyltransferases, a requirement for their cellular 
toxic effects. Following internalization into the host cell cyto- 
plasm, the toxins catalyze the transfer and covalent attachment 
of a glucose residue from uridine diphosphate glucose to a con- 
served threonine amino acid on small (20 to 25 kd) guanosine 
triphosphate-binding rho proteins. Rho proteins are part of the 
Ras superfamily, are expressed in all eukaryotic cells, and act as 
intracellular signaling molecules to regulate cytoskeletal organi- 
zation and gene expression. The rho proteins, RhoA, Rac, and 
Cdc42, are substrates for both toxins A and B, whereas Rap is a 
substrate for toxin A only.6%68 Glucosylation of rho proteins by 
the toxins leads to disordered cell signaling, disorganization of 
the cytoskeleton, disruption of protein synthesis, cell rounding, 
and cell death.®.°? Both toxins also activate nuclear factor-«B, 
mitogen-activated protein kinases, and COX-2 in target cells, 
leading to the release of proinflammatory cytokines including 
interleukin (IL)-1f, TNF-a, and IL-8.°:’° These cellular pro- 
inflammatory effects contribute to the marked intestinal inflam- 
matory response evident in C. difficile-associated diarrhea and 
pseudomembranous colitis. 

Toxin A initially was thought to be the only enterotoxin based 
on studies in animals,°”:’!’ whereas toxin B, an extremely potent 
cytotoxin, appeared to have little independent enterotoxic activ- 
ity in animals. This suggested that toxin B did not contribute to 
diarrhea and colitis in humans.’!:”> This view was challenged by 
studies on human colon showing that, in fact, toxin B is 10 times 
more potent than toxin A in inducing in vitro colon injury.”*”° 
Furthermore, toxin A-/toxin B* strains of C. difficile have been 
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Fig. 112.2 C. difficile pathogenicity locus. The pathogenicity locus of C. difficile is a 19.6-kb segment that car- 
ries 5 genes (TcdA-E), including the genes encoding toxin A (7cdA) and toxin B (7cdB). TcaD (also called TcdR) 
appears to encode a positive regulator of toxin A and toxin B transcription. The TcdD gene product forms 
complexes with RNA polymerase that bind to the 7cdA and TcdB promoter regions. TcdC appears to act as a 
negative regulator of toxin production. TcdE may mediate toxin release through its ability to form pores in the 
bacterial cytoplasmic membrane. (Adapted from Warny M, Kelly C. Pathogenicity of Clostridium difficile toxins. 
In: Hecht G, editor. Microbial pathogenesis and the intestinal epithelial cell. Washington, DC: ASM Press; 2003. 


p 503.) 


isolated from patients with diarrhea and pseudomembranous 
colitis,’° confirming that toxin B is a major virulence factor in 
human disease. 

A minority (=15%) of C. difficile clinical isolates produce a third 
toxin—binary toxin—that is analogous to the iota toxin of C. per- 
fringens and is encoded at a site distant from the pathogenicity locus 
that encodes toxins A and B.*°?! Binary toxin is composed of 2 parts: 
a 48-kd enzymatic protein and a 99-kd binding protein. Although 
binary toxin shows some enterotoxic activity in animal models, its 
role in the pathogenesis of C. difficile-associated diarrhea and colitis 
remains unclear. Most pathogenic strains of C. difficile lack binary 
toxin but nonetheless cause substantial colonic inflammation and 
injury. The NAP-1 strain is binary toxin positive, however, thereby 
raising renewed suspicion that this toxin might enhance the patho- 
genic effects of toxins A and B.7°*0 


Immune Response to C. Difficile 


Serum IgG and IgA antibodies against C. difficile toxins are found 
in >50% of healthy children and adults.’’7-*! Mucosal IgA anti- 
toxin antibodies also are detectable in colonic secretions from 
>50% of humans and might inhibit receptor binding of toxin 
A.’°8! Immunization against C. difficile toxins protects animals 
from C. difficile colitis but does not protect against colonization— 
a situation that may be similar to the asymptomatic carrier state 
in humans.*°*? 

High concentrations of antitoxin antibody in the serum are 
associated with protection against CDI,°*> whereas recurrent 
CDI has been associated with low serum antitoxin antibody levels 
in children and adults.’””*!°6*’ In one study, adult inpatients with 
C. difficile diarrhea and a low concentration of serum antitoxin had a 
48-fold greater risk of recurrent disease after initial successful treat- 
ment compared with patients who had high antitoxin concentrations 
(Fig. 112.4).3688 High serum antitoxin concentrations also have been 
identified in asymptomatic carriers of toxinogenic C. difficile.*° In 
a prospective study of nosocomially-acquired C. difficile, 51% of 


infected patients who were asymptomatic carriers had serum IgG 
antitoxin A concentrations that were 3 times higher than those in 
patients with diarrhea (see Fig. 112.4).°° The immune response to 
toxin B has also been correlated with clinical outcomes, including 
risk of recurrence.*#85.88 


Other Risk Factors For CDI 


In addition to antimicrobial therapy and inpatient care, increas- 
ing age and increased comorbidity are important risk factors for 
CDI.” The U.S. Agency for Healthcare Research and Quality 
has reported an overall CDI rate in hospitalized patients of 110 
per 100,000 population. Age was a major risk factor for infection, 
with rates of 1089 per 1,000,000 population in those aged 85 or 
older compared with 486 per 1,000,000 for those 65 to 84 years of 
age, 101 per 1,000,000 for those 45 to 64 years of age, and 28 per 
1,000,000 for those 18 to 44 years of age. Older adults are particu- 
larly predisposed to infection with C. difficile because of increased 
nosocomial antibiotic exposure and reduced innate and adaptive 
immune function. In one study of antibiotic recipients, patients 
with severe underlying disease at the time of hospital admission 
were 8 times more likely to develop CDI compared with patients 
who were less severely ill.*° Other reported risk factors for CDI 
include the use of an NG tube, GI procedures that are associ- 
ated with bowel cleansing, ileus or both, ICU stay, and length 
of hospital stay.°” The strengths of the associations of these risk 
factors with C. difficile vary from study to study. These factors are 
often markers of disease severity, older age, or both, and the sig- 
nificance of their association with C. difficile can decline or be lost 
after controlling for these confounding variables.*°°?.?! 

There is a dose-dependent association between acid suppres- 
sion and risk for C. difficile-associated diarrhea.”*.°? Although 
many studies have confirmed this association, others have found 
that the initial apparent association was lost after adjusting for 
confounding variables, and meta-analyses disagree as to the 
strength of evidence for a primary association between PPI use 
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Fig. 112.3 Structure and function of C. difficile toxins. Toxin A and toxin B share similar domains: a C-terminal 
binding domain (green) that is composed of contiguous repeating units also known as clostridial repetitive 
oligopeptides; a central, major hydrophobic region (red oval) of 172 amino acids that is highly conserved and 
acts as a transmembrane domain; an intrinsic protease domain (pink); and an N-terminal enzymatic domain 
(light green) that carries the consensus DXD (aspartate-any intervening amino acid-aspartate) glucosyltransfer- 
ase domain and is responsible for cytotoxicity. Interaction of the toxin B binding domain (green) with cell- 
surface receptors (dark blue) induces receptor-mediated endocytosis. The acidic pH of the endosome triggers 
the first conformational change and results in pore formation by the hydrophobic, translocation domain (red 
oval). Within the cytosol, a second conformational change activates intrinsic protease activity (pink). Autocata- 
lytic cleavage of toxin B releases the catalytic glucosyltransferase domain (light blue) into the cytosol. Glucosyl- 
ation of the cytosolic target Rho GTPases at a conserved threonine residue (Thr) leads to disaggregation of the 
cytoskeleton and cell death (see text for greater detail). Gic, D-glucose; UDP, uridine diphosphate. (Modified 


from Kelly CP, Lamont JT. Clostridium difficile—more difficult than ever. N Engl J Med 2008; 359:1932-40.) 


and risk for CDI and whether or not a cause-effect relationship 
might exist.”*-°° C. difficile spores are acid resistant; hence, poten- 
tial effects of PPI use on CDI risk more likely results from micro- 
biota alterations. 

Patients undergoing cytotoxic chemotherapy for malignancy 
are at risk for CDI because of frequent antibiotic use, nosoco- 
mial exposure to C. difficile, and severe comorbidity.*”°? Even 
in the absence of antibiotic use, antineoplastic chemotherapy 
predisposes to CDI, reflecting the ability of these drugs to alter 
the colonic microbiota and reduce C. difficile colonization resis- 
tance. C. difficile-associated diarrhea also has been reported in 
patients undergoing immunosuppressive therapy in the setting of 
solid organ or bone marrow transplantation.??!° 

Infection with a broad range of enteric pathogens including 
C. difficile, Campylobacter, and Salmonella species can precipitate 
or mimic disease relapse in IBD. Patients with HIV infection 
are at risk for C. difficile—associated diarrhea because of multi- 
ple risk factors, including frequent prophylactic and therapeutic 


antibiotic use, hospitalization, and immunodeficiency.!°! C. dif- 
ficile colitis behaves the same in HIV-infected patients as it does 
in control groups,'°’ and testing for C. difficile should be a routine 
part of the diagnostic evaluation in patients with diarrhea and a 
history of current or recent antibiotic treatment. 


CDI in IBD 

Another nonantibiotic risk factor for CDI is IBD. C. difficile is the 
most commonly identified specific pathogen in IBD patients in 
North America and Europe, and is present in as many as 5% to 
19% of patients with relapse of colitis in some case series. 103-106 
Patients with Crohn disease or UC remain at an increased risk 
of primary and recurrent CDI even in the absence of antibiotic 
or immunosuppressant therapy, likely caused by an underlying 
microbial dysbiosis associated with colitis.!°°!°’ Patients who 
present with a flare of IBD should routinely be tested for CDI.10* 
IBD patients with CDI should be treated as having severe CDI 
even in the absence of severity markers such as leukocytosis or 
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Fig. 112.4 Serum immunoglobulin G (/gG) antitoxin A antibody response 
and clinical outcome of infection with C. difficile. Patients with nosocomial 
C. difficile diarrhea were studied prospectively, and serum IgG antitoxin 

A antibody concentrations were measured by enzyme-linked immuno- 
sorbent assay (ELISA) at regular intervals. A correlation was observed 
between the IgG response to toxin A and the clinical outcome of infec- 
tion. Asymptomatic carriers mounted an early memory immune response 
to toxin A. By contrast, no significant increase was found in serum IgG 
antitoxin A of patients who experienced recurrent C. difficile diarrhea. 

In those who had a single episode of diarrhea, IgG antitoxin A levels 
were generally increased on day 12 of their first episode. Thus, a serum 
antibody response to toxin A during CDI is associated with protection 
against symptoms and against recurrent diarrhea.3®-88 


elevated creatinine; hence, they should be treated with vanco- 
mycin or fidaxomicin instead of metronidazole. Because CDI in 
IBD is associated with an increased risk of several adverse events 
including hospitalization, surgery, escalation of IBD therapy and 
mortality, one should consider hospitalization for monitoring 
and for the aggressive management for IBD patients with CDI 
who have profuse diarrhea, severe abdominal pain, a marked 
leukocytosis or evidence of sepsis.!°° It may be prudent to post- 
pone escalation of glucocorticoids and other immunosuppressive 
agents during acute CDI until therapy for CDI has been initiated 
because glucocorticoid escalation may be associated with worse 
outcomes.!°? The decision to withhold, continue or escalate 
immunosuppression in IBD patients with CDI should be indi- 
vidualized because there is insufficient existing robust literature 
to guide firm recommendations. Like other patients with CDI, if 
diarrhea or other symptoms of colitis persist or return after anti- 
biotic treatment, patients should be tested again for CDI. It may 
be hard to distinguish colonization from active infection if sensi- 
tive nucleic acid amplification testing (NAAT) is used owing to 
the possibility of more than one cause of symptoms, and it may be 
better to use a 2-step testing approach that includes a toxin assay 
in this situation. Lastly, IBD patients with recurrent CDI should 
be offered IMT because this treatment has been shown to be safe 
and effective to treat CDI in this patient population (see later). 


Clinical Features 


Clinical manifestations of CDI range from asymptomatic carriage 
to mild or moderate diarrhea to life-threatening pseudomem- 
branous colitis with toxic megacolon. Asymptomatic carriage of 


Fig. 112.5 CT of the abdomen in a patient with C. difficile colitis. 
Marked thickening of the colonic wall in the sigmoid colon and an 
accordion-like pattern, produced by a series of broad edematous 
colonic hausiral folds, are evident (arrows). (From Linevsky JK, Kelly CP. 
Clostridium difficile colitis. In: Lamont JT, editor. Gastrointestinal infec- 
tions: Diagnosis and management. New York: Taylor & Francis Group; 
1997. p 293.) 


C. difficile is common in hospitalized patients. Several large epide- 
miologic studies indicate that 10% to 21% of hospital inpatients 
receiving antibiotics in high-risk units are carriers.27*>37:110 
Although most of the C. difficile isolates from carriers are toxin 
producing, carriers do not develop symptomatic disease, perhaps 
as a result of adaptive protective immunity.?773>>7-!!0 

In patients who develop diarrhea with C. difficile, symptoms 
usually begin soon after colonization. The incubation period is 
usually less than a week, with a median time of onset of approxi- 
mately 2 days.?’3>3°!!! Colonization can occur during, or for up 
to 2 or even 3 months after, antibiotic treatment. !!? 

C. difficile diarrhea is typically associated with the frequent pas- 
sage of loose or watery bowel movements. Some patients present 
with fever, leukocytosis, and cramping abdominal pain.'!? Mucus 
or occult blood may be present, but melena or hematochezia is 
uncommon and, if present, suggests IBD, colon cancer, or another 
source of bleeding. Because C. difficile is not an invasive pathogen, 
extraintestinal manifestations of CDI such as septic arthritis, bacte- 
remia, or tissue abscess are extremely rare.!!*!!7 An oligoarticular, 
asymmetrical, nondeforming large-joint arthropathy, similar to 
that seen in other infectious colitides, is sometimes seen.!!® 

Patients with more severe disease can develop colonic ileus or 
toxic dilatation and present with minimal or even no diarrhea.!!° 
In the absence of diarrhea, the only clues to the diagnosis may be 
high fever, moderate or marked (e.g., leukemoid) polymorphonu- 
clear leukocytosis, lower or diffuse abdominal pain, tenderness, 
and distention. 

Abdominal plain films might reveal a dilated colon, toxic mega- 
colon, or small bowel ileus with air-fluid levels mimicking intestinal 
obstruction or ischemia. In such cases, a CT scan of the abdomen 
may reveal nonspecific features common to ischemic, infectious, 
and inflammatory colitides (Fig. 112.5).!!° Radiologic features 
of pseudomembranous colitis include mucosal edema, a thick- 
ened colonic wall, pancolitis, and pericolonic inflammation with 
or without ascites, and usually without small bowel involvement 
other than ileus; one notable exception is in patients with a mature 
ileostomy or ileal pouch where C. difficile can infect the colon-like 
altered ileal mucosa. Flexible sigmoidoscopy or colonoscopy is 
sometimes indicated to identify pseudomembranous colitis when 
the diagnosis remains unclear after initial evaluation (see later). 

Complications of severe C. difficile colitis include dehydration, 
hypoalbuminemia, ascites, electrolyte disturbances, renal failure, 
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Clinicians and laboratory 
personnel agree at the 
institutional level to not submit 
stool specimens on patients 
receiving laxatives and to 
submit stool specimens only 
from patients with unexplained 
and new onset = 3 unformed 
stools in 24 hr for CDI testing. 


“Approved stool EIA toxin tests vary 
widely in sensitivity. Laboratories should 
choose a toxin test with sensitivity in the 
upper range of sensitivity. 
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Stool toxin test* as part of a 
multiple step algorithm (i.e., GDH 
plus toxin; GDH plus toxin, 
arbitrated by NAAT; or NAAT plus 
toxin) rather than a NAAT alone. 


NAAT alone OR stool toxin test* as 
part of a multiple step algorithm 
(i.e., GDH plus toxin; GDH plus 
toxin, arbitrated by NAAT; or NAAT 
plus toxin) rather than a toxin test 
alone. 


Fig. 112.6 CDI laboratory test recommendations based on pre-agreed institutional criteria for patient stool sub- 
mission. CDI, C. difficile infection; EIA, enzyme immunoassay; GDH, glutamate dehydrogenase; NAAT, nucleic 
acid amplification test. (Adapted from McDonald LC, Gerding DN, Johnson S, et al. Clinical Practice Guidelines 
for Clostridium difficile Infection in Adults and Children: 2017 Update by the Infectious Diseases Society of 
America [IDSA] and Society for Healthcare Epidemiology of America [SHEA]. Clin Infect Dis. 2018;66[7]:987-94.) 


hypotension, toxic megacolon, systemic inflammatory response 
syndrome, bowel perforation, and death.?6-113 


Diagnosis 


The diagnosis of CDI is based on the presence of diarrhea plus 
other evidence of acute colitis, and demonstration in stools of 
C. difficile toxins or toxinogenic C. difficile >>? Although a history 
of recent antibiotic use is common, it is not a requirement for diag- 
nosis as CDI is often seen without recent antibiotic exposure.+7%*° 


Whom to Test? 


The diagnosis of CDI should be considered in a patient with 
acute diarrhea, especially if they had antibiotic exposure within 
the previous 2 to 3 months.’° Most, but not all, cases occur dur- 
ing or after hospitalization, although a significant proportion are 
community acquired. Approximately 40% of patients with CDI 
at tertiary referral centers are symptomatic on admission; most 
have had a recent hospitalization.>°°!?! 

Recent CDI testing guidelines recommend that if there are 
pre-specified institutional criteria to test only stools from patients 
with unexplained and new onset diarrhea (3 or more unformed 
stools in 24 hours), then a NAAT can be used alone (Fig. 112.6). 
If these testing criteria are not in place, then a 2-step test starting 
with glutamate dehydrogenase (GDH) enzyme immune-assay 
(EIA) or NAAT followed, if positive, by toxin testing (e.g., by 
EIA) is recommended (see later). 


Whom Not to Test? 


Testing of solid or formed stools for C. difficile toxin is not 
recommended because only patients with diarrhea require 


treatment.?633:36,110,122 Patients who are not having diarrhea 


but test positive for C. difficile are considered as asymptomatic 
carriers. Treatment of asymptomatic carriers with antimicro- 
bial agents against C. difficile is not recommended because it 
might prolong the carrier state beyond the usual 2 to 6 weeks.!”? 
Follow-up stool testing to confirm cure also is not indicated in an 
asymptomatic patient, even in patients discharged to chronic care 
facilities, because asymptomatic carriage is already highly preva- 
lent in these facilities. Moreover, stool carriage of C. difficile can 
persist for up to 6 weeks after cessation of symptoms and does not 
require therapy.!*> Because asymptomatic carriers can act as hid- 
den reservoirs for CDI, especially in hospitals and nursing homes, 
universal precautions should be followed for all patients to reduce 
the likelihood of patient-to-patient spread of nosocomial infec- 
tious disease. 


How to Test? 


If CDI is suspected, a freshly passed stool sample should be sub- 
mitted immediately to the laboratory in a clean, watertight con- 
tainer. Anaerobic storage or the use of transport media, such as 
Cary Blair medium, is not necessary. Storage of stool at ambient 
temperatures can result in denaturation of fecal toxin or bacterial 
DNA; samples should therefore be tested immediately or refrig- 
erated or frozen, pending later testing.”*7° 

A variety of laboratory tests are available to diagnose infection 
with toxinogenic C. difficile (Table 112.3). NAATs such as PCR 
are increasingly being used because of their high sensitivity. EIAs 
to detect toxin antigens in stool are also available and have the 
advantages of being relatively inexpensive, quick to perform (2 to 
12 hours), and specific; however, their relatively low sensitivity 
can lead to false-negative results. The tissue culture cytotoxicity 
assay also is sensitive and has high diagnostic accuracy, but it is 


1826 PARTX Small and Large Intestine 


TABLE 112.3 Stool Tests for the Diagnosis of CDI 


Test Target Advantages 


Disadvantages 


Tissue culture Toxin B (toxin A is 100- to 1000- 


Traditional gold standard; highly 


Requires tissue culture facility; takes 24-48 hr 


Not as sensitive as the cytotoxin or NAATs 


Not specific; positive results must be confirmed by a 
more specific assay 


cytotoxin fold less potent as a cytotoxin) sensitive and specific 
Enzyme Toxin A and/or B Fast (2-6 hr); easy to perform; specific 
immunoassay 
Glutamate dehydrogenase (GDH) Fast (2-6 hr); easy to perform; sensitive 
Culture Toxinogenic and nontoxinogenic Sensitive (current gold standard); allows 


C. difficile strain typing in epidemics 
PCR and other Genes specific to toxinogenic Fast (1-4 hr); easy to perform; sensitive 
NAATs C. difficile 


more resource intensive and time consuming (24 to 72 hours). 
Anaerobic culture followed by determination of toxin produc- 
tion is both sensitive and specific; however, it requires specialized 
resources and expertise, and results take several days to obtain, 
leading to it being used in epidemiology studies but seldom in 
clinical practice. 


Enzyme-Linked Immunoassays 

Commercially available EIAs are widely used to detect toxins A 
and B of C. difficile in stool specimens.**”°!*+ Toxin is detected 
by its interaction with either a monoclonal antibody or poly- 
clonal antiserum that specifically recognizes toxin epitopes. EIAs 
are easier to perform than the cytotoxicity test, are relatively 
inexpensive, and are fast, with results in 1 to 6 hours. Although 
they have high specificity (83% to 98%), their main drawback is 
that they are less sensitive (75% to 95%) than the cytotoxicity 
test!?4125. hence, toxin EIA is now seldom used as a standalone 
test but is usually combined with a more sensitive assay (such as 
GDH or NAAT). In addition, some EIA kits only detect toxin A, 
in which case diarrhea caused by a toxin A-/B* strain of C. difficile 
will have a falsely negative test result.”°!?° For this reason, assays 
that can detect both toxin A and toxin B are preferred. 


Two-Step Testing 

Immunoassays also have been used to detect C. difficile common 
antigen (GDH) in stool.??”°!°* The initial latex agglutination 
assay method lacked diagnostic accuracy and is not recommended. 
More recent EIAs for fecal GDH have shown high sensitivity 
(85% to 95%) and specificity (89% to 99%), are rapid, and are not 
expensive. These changes have led to the use of EIA for GDH as 
an initial screening test, with confirmation of positive results using 
another test such as a EIA or NAAT.’6!?7 If the EIA is negative 
after a positive GDH, the stool sample is considered as indetermi- 
nate and the test is arbitrated by a NAAT. If an initial GDH EFIA 
is negative, no additional testing is required (see Fig. 112.6). 


NAAT 

PCR and other NAATs can detect toxinogenic C. difficile in clini- 
cal isolates. Recent systematic reviews of PCR assays indicate 
sensitivities and specificities in excess of 90% compared with 
toxinogenic culture or cytotoxicity assays and superior perfor- 
mance compared with toxin EJA.!74:!?813° Two emerging phe- 
nomena regarding the widespread use of NAATs for CDI are: (1) 
introduction of NAATs in place of EIA may lead to an apparent 
increase in the incidence of positive test results because of greater 
sensitivity and (2) there is discussion as to whether NAATs may 
be “too sensitive” and detect tiny amounts of C. difficile genes that 
are not associated with true colonization or infection. This high- 
lights the importance of interpreting test results in clinical con- 
text.!?! Regardless of these issues, the use of NAAT to diagnose 
CDT has increased greatly. !?8 


Requires anaerobic culture; isolates must be tested for 
toxinogenicity; takes 2-5 days 

More expensive; requires special equipment; may detect 
C. difficile genes in the absence of active infection and 
toxin production 


Tissue Culture Cytotoxicity Assay 

The tissue culture cytotoxicity assay was the first clinical test to 
identify C. difficile toxins in stool.’!’? Toxins A and B inactivate 
rho proteins, causing a disintegration of the actin cytoskeleton 
and a characteristic rounding of cells in the tissue culture. Despite 
its high sensitivity (67% to 100%) and specificity (85% to 100%), 
the test is currently seldom used because it requires 48 to 72 hours 
for completion, is expensive, and requires a tissue culture facility. 


C. difficile Culture 

Culture of stool for C. difficile is sensitive (89% to 100%) but is not 
specific for toxin-producing strains of the bacterium. Therefore, 
cultured isolates must be tested in vitro for toxin production to 
improve test specificity, but this is costly and time consuming. 
One advantage of culturing C. difficile is that it permits strain typ- 
ing of individual isolates, and, therefore, it is useful in tracking 
hospital outbreaks for epidemiologic studies.303 140.1 


Sigmoidoscopy and Colonoscopy 

Neither sigmoidoscopy nor colonoscopy is required for diagnosis 
in most patients with C. difficile diarrhea.”° Endoscopic evalua- 
tion is helpful, however, when the diagnosis is in doubt or when 
disease severity demands rapid diagnosis. Sigmoidoscopy may be 
normal in patients with mild diarrhea or might demonstrate non- 
specific colitis in moderate cases. The finding of colonic pseudo- 
membranes in a patient with AAD is virtually pathognomonic for 
C. difficile colitis (Fig. 112.7)'*?:'34; however, pseudomembranes 
also may be seen in patients with non-CDI bacterial, viral or 
parasitic colitis, and also with ischemic colitis. Pseudomembranes 
appear as yellow, gray, or white plaques 2 to 5mm in diameter, 
and in some areas they can coalesce to cover large portions of the 
mucosal surface. Sigmoidoscopy might not be sufficient to iden- 
tify all patients with pseudomembranous colitis, because 15% to 
20% only have pseudomembranes in the more proximal areas of 
the colon.!*> Other nonspecific endoscopic findings include ery- 
thema, edema, friability, small ulcerations, and erosions. 

In mild disease, colonic mucosal biopsies may be normal 
or demonstrate only mild and nonspecific acute inflammatory 
changes with neutrophil infiltration. In more severe cases, colonic 
histology shows focal ulceration of the mucosa associated with 
the eruption of inflammatory cells and necrotic debris that cov- 


ers the area of ulceration, the so-called summit or volcano lesion 
(Fig. 112.8).133:136 


Miscellaneous Laboratory Tests 

Many patients with acute C. difficile diarrhea develop a polymor- 
phonuclear leukocytosis with a left shift. Occasionally, a leuke- 
moid reaction with an extremely high WBC count of >50,000 
or even 100,000 cells/mm} is seen. A peripheral WBC count of 
>15,000 cells/mm? is associated with negative clinical outcomes 
and a count of >25,000 cells/mm} is associated with an increased 
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Fig. 112.7 Colonoscopic appearance of pseudomembranous colitis (A) 
and a colon resection specimen from a patient with severe, refractory 

C. difficile diarrhea and colitis (B). Characteristic raised adherent yellow 
plaques that vary in size from 2-5mm are visible on the colonic mucosa. 
In some areas, coalescing pseudomembranes are evident. There is 
some erythema of the colonic mucosa between the pseudomembranes, 
but the epithelium is intact. (A, From Kwon JH, Kelly CP. Clostridium diffi- 


cile and antibiotic-associated diarrhea. In: Bayless RM, Diehl AM, editors. 


Advanced therapy in gastroenterology and liver disease. 5th ed. Hamil- 
ton, Ontario: BC Decker; 2005. p 302; B, from Kelly CP, Pothoulakis C, 
Lamont JT. Clostridium difficile colitis. N Engl J Med 1994; 330:257-62.) 


Fig. 112.8 Histopathologic image of an endoscopic biopsy specimen 
from a patient with pseudomembranous colitis showing a summit or 
volcano lesion. Focal ulceration of the colonic mucosa is evident (lower 
arrow), with exudation of a pseudomembrane made up of inflammatory 
cells, fibrin, and necrotic debris (upper arrow). The adjoining mucosa 

is intact. (From Kelly CP, Pothoulakis C, Lamont JT. Clostridium difficile 
colitis. N Engl J Med 1994; 330:257-62.) 
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mortality risk.!°7-3° Decreased serum albumin and elevated 
creatinine levels are also markers of severe disease. Patients 
with protein-losing colopathy and severe hypoalbuminemia can 
develop peripheral edema, ascites, or anasarca. 


Treatment 


The first step in the management of CDI is to discontinue any 
precipitating antibiotics if possible.2>7°!3%:!40 Concomitant treat- 
ment with antimicrobials other than those used to treat CDI is 
associated with poor outcomes of CDI therapy; in one study, 
these included a lower and slower initial response to therapy 
(median time to resolution of diarrhea of 96 vs. 52 hours; P < 
0.001), higher treatment failure rates after 10 days (16% vs. 7%; 
P < 0.001), and lower rates of sustained response without recur- 
rence (66% vs. 75%; P = 0.005).!3° 

If all antibiotics are discontinued, diarrhea resolves in approxi- 
mately 15% to 25% of patients over 2 to 6 weeks without spe- 
cific anti-C. difficile therapy.!!7'*! Conservative therapy alone, 
however, is not appropriate in patients who are severely ill or 
who have multiple active medical problems, and is seldom rec- 
ommended in current hospital practice. In patients with active 
infections elsewhere (e.g., pneumonia, urinary tract infection) 
and in whom antibiotic therapy must be continued, the antibi- 
otic regimen should be changed, if appropriate, to agents with a 
relatively low likelihood of exacerbating C. difficile diarrhea; for 
example, parenteral aminoglycosides, trimethoprim, or erythro- 
mycin (see Table 112.2). Antimotility agents such as diphenoxyl- 
ate plus atropine (Lomotil), loperamide (Imodium), or narcotics 
often are avoided because of concern for impaired toxin clearance 
or precipitation of ileus and toxic dilatation, albeit the evidence 
supporting these concerns is limited and contradictory.” 614143 

Many antimicrobial agents show activity against C. difficile 
in vitro, and resistance to cephalosporins is so widespread that 
cefoxitin is added to selective media used to culture C. diffi- 
cile.'4+'45 Clindamycin resistance is seen in some clinical isolates 
of C. difficile and has been associated with nosocomial outbreaks 
of CDI.'*° There is increasing evidence of fluoroquinolone 
resistance among nosocomial C. difficile isolates, and the NAP-1 
strain that has caused several outbreaks shows high-level fluoro- 
quinolone resistance.*+7>30-3? Despite increasing clinical failures 
with metronidazole, resistance to this drug is rare, and resistance 
to vancomycin is essentially nonexistent. In one study of 186 
clinical isolates of C. difficile, all were sensitive to both metro- 
nidazole and vancomycin, with minimum inhibitory concentra- 
tions of 0.5 to 4 mg/mL.'* In another series from Spain, 6% 
of 415 isolates showed intermediate sensitivity to metronidazole 
(minimum inhibitory concentration >16 mg/mL), but this partial 
resistance pattern was not clonal and was not sustained in serial 
culture.!*’ These findings suggest acquired tolerance rather than 
genetically determined metronidazole resistance. 

Many antimicrobial agents, such as ampicillin or amoxicil- 
lin, which have in vitro activity against C. difficile, are common 
causes of C. difficile-associated diarrhea in clinical practice.!48-149 
These observations illustrate the fact that in vitro sensitivity test- 
ing alone is a poor predictor of therapeutic efficacy in this disease. 
Specific antibiotic therapy to eradicate C. difficile is required in 
patients with severe symptoms or in those whose symptoms per- 
sist despite discontinuation of antibiotic treatment. 


Treatment for an Initial Episode of CDI 


The recommended, first-line, antimicrobials for the treatment 
of CDI are oral vancomycin (125 mg 4 times a day for 10 days) 
and or oral fidaxomicin (200 mg 2 times daily for 10 days) (see 
Box 112.2).2657:150.151 These 2 agents showed similarly high ini- 
tial clinical response rates when used to treat CDI in 2 random- 
ized control trials (86% and 88% respectively; P=0.36)!45156 
Metronidazole appears to be less effective for CDI therapy, 
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BOX 112.2 Risk Factors for Recurrent CDI 


Increasing age 

Prior CDI (risk increases with each episode) 

Medications (antibiotics, gastric acid suppression, immuno- 
suppression, chemotherapy) 


Decreased serum antitoxin antibodies 

Comorbidities such as renal insufficiency, IBD or malignancy 
Prolonged length of hospital stay 

Long-term care facility residence 

Contact with actively infected individuals or carriers 


especially in severe disease, and is now recommended for primary 
CDI therapy only in patients with nonsevere disease if vancomy- 
cin and fidaxomicin are not available. 

Bacitracin, teicoplanin, nitazoxanide, rifaximin, and fusidic 
acid also have been used to treat acute infection but have few, if 
any, advantages over metronidazole, vancomycin, or fidaxomicin. 
The advantages and disadvantages of specific therapeutic agents 
are discussed in the sections that follow. 


Vancomycin 
Vancomycin was introduced for treating CDI in 1978 and now 
is a recommended first-line treatment for this disorder.°”-!>? The 
efficacy of vancomycin in treating CDI has been demonstrated 
in controlled trials.!41151-158 Improvement in diarrhea is usually 
evident within 72 hours of initiating therapy, and complete reso- 
lution of symptoms occurs in most patients by the end of a 10-day 
treatment course.>7!41,151-158 

The pharmacokinetic properties of vancomycin make it an 
ideal agent for treating CDI. When given orally, vancomycin is 
neither absorbed nor metabolized significantly and, as a result, 
high concentrations are achieved in the colonic lumen. Because 
oral vancomycin is not absorbed appreciably, systemic side effects 
are rare. Vancomycin therapy is recommended now for patients 
with mild, moderate or severe CDI, including patients who fail 
to respond to metronidazole, are intolerant of metronidazole, 
are pregnant, or are younger than 10 years of age.?6128,150,159,160 
Fekety and coworkers!©! demonstrated that vancomycin at a dose 
of 125 mg 4 timesa day is as effective as vancomycin 500 mg 4 
times a day. The lower dose is recommended for most patients; 
the higher dose is only recommended for patients with fulminant 
disease (see later). Vancomycin may be administered by mouth, 
NG tube, or even by enema,!!:!5? but it should not be given IV 
to treat CDI because effective colonic luminal concentrations are 
not obtained with parenteral administration. 16-163 

Limitations to vancomycin use include concerns regarding the 
spread of vancomycin-resistant enterococci and the high cost of 
oral vancomycin capsules.'°° Generic vancomycin formulated for 
IV administration is less expensive and can be administered orally 
with substantial cost savings. 


Fidaxomicin 

Fidaxomicin is now another recommended first-line agent for 
treatment of CDI. It is a novel macrocyclic antibiotic, is active 
in vitro against clinical isolates of C. difficile, has very little systemic 
absorption and hence few systemic side effects, and achieves high 
fecal concentrations, making it an attractive therapeutic agent 
for CDI.!>!:!97,!6+ Furthermore, fidaxomicin shows more limited 
activity against other members of the intestinal microbiota, sug- 
gesting that it may be a more selective therapy against C. difficile 
and lead to fewer post-treatment recurrences. !°!:!% 

Clinical trials have compared fidaxomicin (200 mg twice 
daily) with vancomycin (125mg 4 times daily) for treatment of 
CDI.!°L157 Initial response rates (i.e., resolution of diarrhea at the 
end of 10 days of treatment) were similar for both agents (88.2% 
for fidaxomicin (n = 287) and 85.8% for vancomycin (n = 309) 


by modified intention-to-treat analysis).!5! Recurrence rates over 
the subsequent 4 weeks were lower for fidaxomicin than for van- 
comycin (15.4% vs. 25.3%; P = 0.005). A sustained response to 
therapy (i.e., resolution of diarrhea without recurrence) was more 
common in the fidaxomicin group (74.6% vs. 64.1%; P = 0.006). 
These study findings led to the approval of fidaxomicin for ther- 
apy of CDI in many countries, making it the first newly approved 
therapy for CDI since approval of vancomycin 25 years earlier. 

Although fidaxomicin was more effective than vancomycin 
overall, especially in achieving lower recurrence rates, this benefit 
was not seen for patients infected by NAP-1 strains. For the 36% 
of patients with the NAP-1 strain, rates of initial response and 
recurrence were the same as those with vancomycin; however, for 
the 64% of patients with other strain types, the recurrence rate was 
7.8% with fidaxomicin versus 25.5% for vancomycin (P < 0.001). 

The advantage of fidaxomicin over vancomycin in achiev- 
ing lower recurrence rates also was demonstrated after combin- 
ing patients who were treated for a first recurrence of CDI in 2 
separate but similar clinical trials.!°° Second recurrences within 
4 weeks of completing therapy developed in 13 of 66 patients 
treated with fidaxomicin and in 22 of 62 treated with vancomy- 
cin (19.7% vs. 35.5%; P = 0.045). In summary, fidaxomicin is as 
effective as vancomycin for initial treatment of CDI. It leads to 
fewer post-treatment recurrences in patients infected with non- 
NAP-1 strains of C. difficile. It also is associated with fewer sub- 
sequent recurrences in patients treated for a first recurrence of 
CDI. Hence, it is now a recommended treatment for either initial 
or a first recurrence of CDI. The main limitation to its use is its 
high cost; however, this may be offset, at least partially, by cost 
savings arising from fewer CDI recurrences. 167-168 

Ina recent randomized, controlled, open-label, study, patients 
with initial or recurrent CDI received extended-pulsed fidaxomi- 
cin (200 mg oral tablets, twice daily on days 1 to 5, then once 
daily on alternate days on days 7 to 25) or vancomycin (125 mg 
oral capsules, 4 times daily on days 1 to 10).!©? The primary 
endpoint was sustained clinical cure (initial clinical response to 
therapy without subsequent recurrence) 30 days after end of 
treatment. One hundred and twenty-four (70%) of 177 patients 
in the extended-pulsed fidaxomicin achieved sustained clinical 
cure, compared with 106 (59%) of 179 patients receiving vanco- 
mycin (difference 11% [95% CI 1.0-20.7], P=0.030; odds ratio 
1.62 [95% CI 1.04-2.54]). Hence, extended-pulsed fidaxomicin 
appears to be an effective treatment for CDI with lower recur- 
rence rates compared with vancomycin. 


Metronidazole 
Metronidazole (500 mg 3 times daily for 10 days) has been used 
to treat CDI for several decades but is now considered inferior to 
vancomycin and fidaxomicin in terms of initial clinical response, 
especially in those with more severe disease.!*+!5* 

Metronidazole was previously a drug of first choice for mild to 
moderately severe CDI.?6-150 It is inexpensive and often is effec- 
tive. Several clinical studies before 2000 indicated that metroni- 
dazole therapy resulted in resolution of diarrhea and colitis in 
more than 95% of patients treated.1!2-141,170,171 Studies published 
after 2000, however, report an average failure rate of 19% for 
metronidazole (range, 7% to 38%) compared with only 4% for 
vancomycin (range, 3% to 6%).7>:193,154 

In one small trial, subjects with acute CDI were stratified 
according to disease severity and then randomized to receive 
either metronidazole 250 mg or vancomycin 125 mg, each 
given 4 times per day for 10 days. In mild disease, both treat- 
ments yielded similar response rates (90% and 98%; P = 0.36). 
In severe disease, however, metronidazole was less efficacious 
(76% vs. 97%; P = 0.02).!°* This finding was later consolidated 
by the results of a large randomized, controlled trial in which 
81% of patients treated with oral vancomycin (7=259) showed 
a favorable initial response to therapy compared with 73% of 
those treated with metronidazole (7=278; P=0.02; OR for clinical 
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success for vancomycin above metronidazole 1.58 [95% CI 1.04, 
2.40; P=0.034]).'°* In patients with severe CDI, the difference 
in response to vancomycin (79%) compared with metronidazole 
(66%) was numerically greater. 

Metronidazole, unlike vancomycin, is well absorbed in the 
upper intestine following oral administration. Fecal concentra- 
tions are low or absent in healthy persons or asymptomatic carri- 
ers of C. difficile, but higher fecal concentrations are observed in 
patients with C. difficile colitis because metronidazole is secreted 
through the inflamed intestinal mucosa.!’? IV metronidazole 
(500 mg 3 times per day) may be used in patients who cannot tol- 
erate oral medication because it accumulates to reach bactericidal 
levels within the inflamed colon.!” 

Oral metronidazole therapy usually is tolerated but can be 
associated with systemic side effects including nausea, a metallic 
taste, and a disulfiram-like reaction with alcohol.!”? A peripheral 
sensory neuropathy may occur with prolonged therapy—espe- 
cially in older adults; thus, metronidazole should not be admin- 
istered for prolonged courses. Metronidazole also can potentiate 
the action of warfarin, resulting in prolongation of the prothrom- 
bin time. 

Enigmatically, metronidazole has been identified as the anti- 
biotic agent responsible for causing some cases of C. difficile diar- 
rhea, demonstrating the importance of reduced colonization 


resistance in the pathophysiology of C. difficile-associated diar- 
rhea,5!73.174 


Other Antimicrobial Agents 

In randomized therapeutic trials, teicoplanin, 100 mg twice a day 
for 10 days, was as effective as vancomycin for treating C. difficile 
diarrhea.!’>:!’6 Teicoplanin, however, is relatively expensive and 
is not available for oral administration in the USA. Nitazoxanide 
was compared with vancomycin for primary therapy of CDI in a 
small randomized trial. Response rates after 10 days of therapy 
were 17 of 22 for nitazoxanide and 20 of 27 for vancomycin (77% 
vs. 74%; 95% CI for noninferiority, -24% to +28%).!’7 There 
are limited published data on the use of rifaximin, 400 mg 3 
times daily for 10 days, as primary therapy for CDI.!’° Bacitracin 
(25,000 units 4 times daily for 7 to 10 days) is less effective than 
metronidazole or vancomycin for treating C. difficile diarrhea, 
with an overall response rate of only 80% and a relapse rate of 
30% .15179-181 Fusidic acid has been tested in a limited number 
of patients but appears to be less effective than metronidazole or 
vancomycin and is associated with a relapse rate of approximately 
28% 176,182 

Resins, which bind to toxins in the bowel lumen, have been 
proposed as a possible alternative to antimicrobial therapy for 
CDI. Clinical studies with 3 different binding resins (colestipol, 
cholestyramine, and tolevamer), however, have shown low effi- 
cacy compared with standard antibiotic treatment using vanco- 
mycin or metronidazole!55-158,171,183; hence, binding resins are 
not used as primary therapy for CDI. 

Tolevamer is a soluble anionic polymer specifically developed 
to bind C. difficile toxins. In a phase 2 human clinical trial, results 
with tolevamer were similar to those of vancomycin when used as 
primary treatment for mild or moderately severe infection.!** In 
2 larger phase 3 studies, however, response rates with tolevamer 
were substantially lower than with either vancomycin or metroni- 
dazole.!™ Interestingly, recurrence rates after successful tolevamer 
treatment were substantially lower than after antibiotic treatment 
with metronidazole or vancomycin, suggesting its potential use for 
primary or secondary disease prevention.'*° Tolevamer is not cur- 
rently in any active trials and is not available for clinical use. 


Fulminant (Severe Complicated) CDI 


Fulminant CDI, also known as severe complicated CDI, occurs in 
less than 10% of patients but is associated with a high mortality 
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rate.!!7.187,188 Diarrhea may be minimal or absent because of ileus, 
and patients can present with abdominal pain, peritoneal signs, 
colonic dilatation, marked leukocytosis, and a clinical picture of 
progressive sepsis with hypotension (possibly requiring the use of 
a vasopressor), mental status changes, elevated serum lactate, and 
end-organ failure (e.g., renal, pulmonary).2672:128,141,189 

The first step is to discontinue non-C. difficile antibiotics when- 
ever possible and to start therapy with high-dose oral vancomycin 
(500 mg 4 times per day), although there are no data to demon- 
strate that this higher dose is more effective than the standard 
dose (see Box 112.3).!78159199 TV metronidazole should be given 
in addition to oral vancomycin. In the presence of ileus, vanco- 
mycin (500 mg every 6 hours) may be administered via NG tube, 
with intermittent clamping of the tube.!!? Vancomycin may also 
be administered by enema (500 mg in 100 mL of normal saline).!!? 

Fidaxomicin has proven efficacy in treating CDI, but its role 
in the management of fulminant disease has not yet been exam- 
ined. In patients not responding to combined treatment with van- 
comycin and metronidazole, salvage therapy with IV tigecycline 
(loading dose of 100 mg IV followed by 50 mg 2 times per day) 
or with pooled human immunoglobulin (400 mg/kg body weight) 
has been reported; the efficacy of these agents has not been evalu- 
ated in controlled clinical trials.5™!°!-!%° Failure of response to 
vancomycin is not related to acquisition of antibiotic resistance, 
which has not been documented in clinical isolates of C. difficile, 
but rather to host factors such as age, immune deficiency, comor- 
bidity, or lack of compliance. 

IMT has been used successfully as rescue therapy for patients 
with severe, complicated CDI that fails to respond to conven- 
tional treatment (see later). 


Surgery 
Surgery is sometimes required in patients with severe colitis 
not responding to medical therapy, and a surgical consultation 
should be sought early in patients with severe or fulminant dis- 
ease. !88,189,193,196,197 Mortality in severe CDI is usually a result 
of a marked systemic inflammatory response leading to organ 
failure. Hence, colon perforation or toxic megacolon are not the 
sole indicators of a need for surgical intervention. In one study, 
colectomy appeared to be more beneficial in patients who were 
not immunosuppressed, were 65 years of age or older, had a 
leukocytosis of =20,000 cells/mm}, or a lactate between 2.2 and 
4.9 mmol/L.!°° 

The standard operation has been a subtotal colectomy with 
temporary ileostomy, but surgical intervention in this setting is 
associated with a high perioperative mortality rate. Grundfest- 
Broniatowski and associates!’ reported an overall mortality 
rate of 42% in a series of patients who underwent surgery for 
fulminant, severe CDI. One study reported a different surgical 
approach whereby a loop ileostomy was fashioned at laparoscopy, 
and intraoperative colonic lavage was then performed with 8 L 
of warmed polyethylene glycol colon preparation solution. Post- 
operatively, vancomycin solution (500 mg in 500 mL of lactated 
Ringers) was administered through the ileostomy into the colon 
every 8 hours for 10 days.!°? Of 42 patients with severe compli- 
cated CDI treated with this approach, only 7% required colec- 
tomy, and the mortality rate was 19% (compared with 50% in 
historic controls who underwent colectomy; OR, 0.24; P = 0.006). 
This novel approach may carry several substantial advantages and 
clearly warrants further study. 


Recurrent CDI 


One of the most difficult clinical problems in treating 
patients with CDI is the high incidence of recurrences.???°!”° 
Approximately 25% of patients successfully treated with van- 
comycin or metronidazole suffer a recurrence after complet- 
ing their initial antibiotic therapy.2°!4°!°!200! Subsequent 
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BOX 112.3 Treatment of C. difficile Infection 


Clinical 
State 


Initial episode, non- 
severe 


Initial episode, 
severe! 


Initial episode, 
fulminant 


First recurrence 


Supportive Clinical 
Data 


Leukocytosis with a 
white blood cell count 
of <15,000 cells/mL 
and a serum creatinine 
level <1.5 mg/dL 


Leukocytosis with a 
white blood cell count 
of 215,000 cells/mL 
or a serum creatinine 
level >1.5 mg/dL 


Hypotension or shock, 
ileus, megacolon 


Recommended Treatment®* 


VAN 125 mg given 4 times daily for 10 days, or 


FDX 200 mg given twice daily for 10 days 

Alternate if above agents are unavailable: metronidazole, 500 
mg 3 times per day by mouth for 10 days 

VAN, 125 mg 4 times per day by mouth for 10 days, or 


FDX 200 mg given twice daily for 10 days 

VAN, 500 mg 4 times per day by mouth or by NG tube. If ile- 
us, consider adding rectal instillation of VAN. IV administered 
metronidazole (600 mg every 8 hr) should be administered 
together with oral or rectal VAN, particularly if ileus is present. 


VAN 125 mg given 4 times daily for 10 days if metronidazole 
was used for the initial episode, or 
Use a prolonged tapered and pulsed VAN regimen if a stand- 


Strength of 
Recommendation/ 
Quality of Evidence 


Strong/high 


Strong/high 
Weak/high 


Strong/high 


Strong/high 
Strong/moderate (oral 
VAN); Weak/low 
(rectal VAN); Strong/ 
moderate (intravenous 
metronidazole) 
Weak/low 


Weak/low 


ard regimen was used for the initial episode (e.g., 

125 mg 4 times per day for 10-14 days, 2 times per day 
for a week, once per day for a week, and then every 

2 or 3 days for 2-8 wk), or 


FDX 200 mg given twice daily for 10 days if VAN was used 
for the initial episode 
VAN in a tapered and pulsed 


Second or subse- 


quent recurrence regimen, or 


VAN, 125 mg 4 times per day by mouth for 10 days 


Weak/moderate 


Weak/low 


Weak/low 


followed by rifaximin 400 mg 3 times daily for 20 days, or 


FDX 200 mg given twice daily for 10 days, or 


IMT# 


Weak/low 
Strong/moderate 


*All randomized trials have compared 10-day treatment courses, but some patients (particularly those treated with metronidazole) may have delayed response to 
treatment and clinicians should consider extending treatment duration to 14 days in those circumstances. 
tThe criteria proposed for defining severe or fulminant CDI are based on expert opinion. These may need to be reviewed in the future upon publication of 


prospectively validated severity scores for patients with CDI. 


+The opinion of the panel is that appropriate antibiotic treatments for at least 2 recurrences (i.e., 3 CDI episodes) should be tried prior to offering IMT. 


FDX, Fidaxomicin; VAN, vancomycin. 


McDonald LC, Gerding DN, Johnson S, et al. Clinical Practice Guidelines for Clostridium difficile Infection in Adults and Children: 2017 Update by the Infectious Diseases 
Society of America (IDSA) and Society for Healthcare Epidemiology of America (SHEA). Clin Infect Dis. 2018;66(7):987-94. PubMed PMID: 29562266. 


recurrence rates are higher (~35%) in those treated for a first 
recurrence and may exceed 50% in those treated for a second or 
subsequent recurrence.**:!66707 

The clinical features of recurrence are similar to the initial 
episode, with watery diarrhea, cramping abdominal pain, or fever 
occurring typically 2 to 21 days after discontinuing therapy. Late 
recurrences are less common but can occur more than 2 months 
after stopping antibiotic treatment for CDI. The diagnosis 
of recurrent CDI is best confirmed by stool toxin assay when- 
ever possible or, in rare instances, by colonoscopy and biopsy. 
In patients with typical symptoms of recurrence, therapy can be 
reinstituted while awaiting stool assay results. Prompt therapy is 
especially important in patients whose initial attack of C. difficile 
diarrhea was severe because they are more likely to suffer from 
severe recurrent disease, possibly caused by their inadequate 
immune response to C. difficile toxins.°°7 


Some patients with persistent symptoms after successful ther- 
apy of CDI develop diarrhea as a result of postinfection IBS.7° 
Frequent watery diarrhea and cramping lower abdominal pain 
may be partially responsive to antibiotic therapy. Patients with 
post-C. difficile IBS have normal colonoscopy and biopsy, and 
their stools are usually negative on C. difficile testing. Other diar- 
rheal conditions that require differentiation from recurrent CDI 
include IBD, microscopic colitis, celiac disease, and food (e.g., 
lactose, fructose) intolerance. 

Bacteriologic typing studies demonstrate that symptomatic 
recurrence can result from relapse of infection with the same 
strain that caused the initial episode or a new infection with a dif- 
ferent strain of C. difficile?°>?° Resistance to metronidazole or to 
vancomycin is seldom, if ever, an important factor in recurrence. 
In some patients, C. difficile can be identified in the stools during- 
successful vancomycin therapy, and these patients may be more 
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likely to relapse than those in whom eradication of the pathogen 
occurs during therapy”; however, C. difficile can also be pres- 
ent in stool during and after successful antibiotic treatment in 
patients who do not relapse.!?? 

Culture positivity during symptomatic improvement might 
reflect the persistence of antibiotic-resistant spores. In one study, 
18 of 22 patients with recurrence were noted to have colonic 
diverticula, leading to the speculation that spores might survive 
in diverticula where they escape the normal cleansing action of 
diarrhea and might not be exposed to the high luminal concen- 
tration of antibiotics?” ; however, reinfection by bacterial spores 
through the usual fecal-oral route is the likely mechanism of 
recurrence.??°6 One study compared 128 patients with CDI 
who had diverticulosis to 137 patients with CDI who did not have 
diverticulosis and found no significant differences between the 2 
groups in terms of risk for relapse or recurrence except, perhaps, 
for the small group of patients with diverticulosis of the ascend- 
ing colon in whom the risk of relapse was increased.?°° 


Conservative Therapy 

In a report of 20 patients with clindamycin-associated pseudo- 
membranous colitis, published before the discovery of vancomy- 
cin as effective therapy, all patients eventually recovered when 
clindamycin was stopped.” An important advantage to this form 
of management is that recurrence of diarrhea or colitis does not 
occur, probably because stopping all antimicrobial agents allows 
restoration of the colonic microbiota, which provides coloniza- 
tion resistance against C. difficile. Thus, some patients with mild 
symptoms of recurrence can be managed conservatively without 
specific antibiotic treatment, thereby avoiding subsequent recur- 
rences. This approach may not be appropriate for older adults 
or infirm patients and is not advised for those with moderate or 
severe symptoms. 


Standard Therapy With Metronidazole, Vancomycin, or 
Fidaxomicin 

Patients with a first recurrence may be treated with a standard 
10-day course of vancomycin or fidaxomicin (especially if metroni- 
dazole was used to treat the initial CDI episode) (see Box 112.3).°7 
As noted earlier, fidaxomicin treatment of an initial episode of 
CDI is associated with fewer recurrences compared with vanco- 
mycin (15.4% vs. 25.3%; 39% reduction; P = 0.005).!°!:!57 The 
benefit of fidaxomicin over vancomycin in reducing subsequent 
recurrences is also evident in patients with recurrent CDI.113-151,166 
In one study of patients treated for a first recurrence, fidaxomicin 
200 mg twice daily for 10 days led to a subsequent recurrence rate 
of 19.7% compared with 35.5% for vancomycin 125 mg 4 times 
daily for 10 days (45% reduction; P = 0.045).!°6 


Prolonged Antibiotic Regimens for First or Subsequent 
Episodes of Recurrent CDI 

Tedesco and colleagues’? treated 22 patients who had multiple 
recurrences of C. difficile colitis with tapering doses of vancomy- 
cin for a 3-week period, followed by every-other-day therapy for 
one week and every-third-day therapy for an additional week. All 
patients responded symptomatically and remained well during a 
mean follow-up period of 6 months. 

Although data from randomized, controlled trials are not 
available, one subsequent study that examined various physician- 
selected antibiotic regimens to treat recurrent CDI found that 
regimens incorporating prolonged or pulsed-dose oral vancomy- 
cin were the most effective.’!° Overall, 73 of 163 patients (45%) 
treated for recurrent CDI had a subsequent recurrence. Of all 
the regimens used, only those that incorporated prolonged-dose 
vancomycin (9 of 29 recurred [31%]; P = 0.01) or pulsed-dose 
vancomycin (1 of 7 recurred [14%]; P = 0.02) showed significantly 
lower recurrence rates. The mechanism whereby this treat- 
ment approach is effective is unknown and might simply reflect 
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prolonged therapy. A commonly used regimen of tapered and 
pulsed dose oral vancomycin is presented in Box 112.3. 

Toxin production by C. difficile does not usually occur during 
the early exponential growth phase of the bacterium, but rather in 
the subsequent stationary phase’!!!’; thus, after active C. difficile 
toxin-induced diarrhea and colitis have been controlled by treat- 
ment with vancomycin, a period of 24 to 72 hours is required for 
the bacteria to reinitiate production and release of toxin. Thus, 
pulsed dosing might prevent toxin production and release, while 
also facilitating restoration of the normal colonic microbiota and, 
hence, C. difficile colonization resistance. 


Sequential Therapy With Vancomycin Followed by Rifaximin 
Rifaxamin is an orally administered antibiotic with minimal sys- 
temic absorption and activity against most C. difficile isolates.” 13214 
In a randomized controlled trial, patients with CDI were treated 
with rifaximin 400 mg 3 times daily or placebo for 20 days after 
completing a 10- to 14 day standard course of treatment with 
metronidazole or vancomycin.*!5 CDI recurrence developed in 
11 of 35 (31%) patients given placebo and 5 of 33 (15%) patients 
given rifaximin (P = 0.11). Although the findings from this small 
study did not reach statistical significance, the “rifaximin chaser” 
regimen has been included as a management option for recurrent 
CDI in recent guidelines.*’ 


IMT 

IMT first was described in the English language as an effective 
treatment for fulminant, antibiotic-associated, pseudomembra- 
nous colitis in 1958, 20 years before the etiologic role of tox- 
inogenic CDI was identified.*!° This treatment is based on the 
recognition that alteration of the bacterial flora of the colon 
by antibiotics is the major predisposing cause of CDI, and that 
restoration of the normal microbiota can eliminate the patho- 
gen. Patients with recurrent CDI have been shown to have a 
decreased phylogenetic richness of their intestinal microbiome 
with a reduction in the Firmicutes and Bacteroidetes phyla not 
seen in patients with just one episode of CDI.!”° In recent years, 
IMT has been used mainly to prevent further episodes of CDI in 
patients in whom treatment for multiple recurrences has failed.*! 
Typically, fresh feces are obtained from a screened donor, pro- 
cessed, and then administered via NG or nasoenteric tube, by 
enema, or during colonoscopy; colonoscopy is the route most fre- 
quently used today. The overall reported efficacy in uncontrolled 
studies is high: 81% for the gastric or small intestinal routes and 
92% for the rectal or colonic routes.’!’ In a randomized con- 
trolled trial from Europe, nasoduodenal infusion of donor feces 
was successful in preventing further episodes of recurrent CDI 
in 81% of patients compared with 31% who received vancomy- 
cin therapy (P < 0.001) and 23% who received vancomycin with 
bowel lavage (P < 0.001).!°° These results (81% efficacy) agree 
closely with the findings of a systematic review of uncontrolled 
case series in which gastric or small intestinal infusions were 
employed. A randomized double-blinded clinical trial from the 
USA demonstrated that donor IMT via colonoscopy was more 
effective than autologous IMT for patients with recurrent CDI 
(90% vs. 62.5%).°! Fresh or freeze-thawed stool has been shown 
to have similar success for recurrent CDI. Patients with severe 
and complicated or fulminant CDI also have been shown to ben- 
efit from IMT. Studies have detailed a mortality benefit when 
these patients receive multiple IMT infusions while continuing 
vancomycin; the number of treatments in this patient popu- 
lation’!* is guided by the presence of severe colitis or pseudo- 
membranes upon repeat colonoscopies. A randomized controlled 
trial of 56 patients that compared the efficacy of 2 IMT-based 
protocols (single IMT versus multiple IMTs) in patients with 
severe CDI refractory to antibiotics showed a 100% cure rate in 
the multiple IMT group compared with a 75% cure rate in the 
group that received a single IMT; no serious adverse events were 
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noted.’!? IMT-based therapies may be considered in refractory 
severe cases if there is lack of improvement in 3 to 5 days. 

Based on these data, there is increasing interest in IMT for 
the prevention and treatment of CDI. Steps are being taken to 
make this treatment approach more acceptable and more acces- 
sible to patients and their physicians through stool banking to 
provide already processed treatment units from prescreened 
donors; defined bacterial culture mixtures also are being devel- 
oped to replace human feces as the source material.>!:!°6.220-222 
The FDA suggests that IMT be used as an investigational therapy 
for CDI under enforcement discretion of their guidance, but not 
for other diseases for which an investigational new drug applica- 
tion is required. As of March 2016, The FDA has provided a draft 
guidance for IMT, which suggests that a stool donor and stool 
are qualified by screening and testing performed under the direc- 
tion of a health care provider for the purpose of providing the 
IMT product for treatment of a patient with CDI. The screening 
methodology is not defined by the FDA but there is a general 
consensus amongst providers to exclude donors who have any 
communicable disease or diseases possibly related to or associated 
with an altered microbiome such as metabolic diseases, neuropsy- 
chiatric illnesses, IBD, immunocompromise, etc. Donors qualify 
by a thorough medical history and a full panel of blood, stool 
and urine tests. The draft guidance also suggests that adequate 
informed consent be obtained and include a statement that the 
use of IMT to treat C. difficile is investigational as well as a discus- 
sion of its risks and benefits. A final guidance statement regarding 
FDA regulation of IMT and stool banks is awaited. A commercial 
not-for-profit stool bank model “Openbiome” has been in opera- 
tion in the USA with a rigorous donor screening program, along 
with a large-scale storage and preparation facility for stool with a 
distribution network all over the USA, making stool widely avail- 
able to providers; several thousand IMT units are shipped every 
year. Along with a frozen form of stool for endoscopic delivery, 
Openbiome also has made oral IMT delivery capsules available 
and In one study, have shown overall relative cure rates at week 
8 for gastric-release and colonic-release capsules of 75% (15 of 
20) and 80.6% (25 of 31) respectively; both formulations were 
safe with no serious adverse events. The colonic-release capsule 
was deemed superior at increasing intestinal microbial diversity. 

Standardized capsule-based and enema-based therapies for 
products derived from human stool are being developed and are 
in clinical trials for prevention of future recurrent CDI. A cap- 
sule-based therapy (SER-109) derived from donor stool treated 
with ethanol to remove vegetative forms, and stored as frozen 
capsules, has shown promise in a phase 1 study with unpub- 
lished results from a blinded-phase II study showing lack of effi- 
cacy??>??4; a large phase 3 placebo-controlled study is underway. 
Similarly, an enema-based product (RBX-2660), again derived 
from human stool and delivered via an enema without bowel 
preparation, has shown positive results in a phase 1 open labeled 
study and a phase 2 placebo-controlled blinded study***; a large 
phase 3 placebo-controlled study is underway. 


Immunization Against C. difficile Toxins 

As described earlier, there is considerable evidence that some 
persons have protective immunity against CDI and that pro- 
tection is associated with higher antitoxin antibody concen- 
trations in serum, intestinal secretions, or both.3681,83,86-88,203 
Leung and coworkers reported on 6 children with multiple 
relapses of CDI who had low concentrations of serum IgG 
antibody to toxin A.*’ Five of these children were treated with 
IV normal immune globulin at a dose of 400 mg/kg, which 
contained high titers of IgG antitoxin A and antitoxin B. 
Symptoms resolved following treatment. Similar results have 
been reported by other investigators, but there are no reported 
controlled trials of normal immune globulin for treatment or 
prevention of CDI.!%?,7° 


Bezlotoxumab: Antitoxin B IgG Human Monoclonal Antibody 
In a randomized controlled trial, human antitoxin A (Actoxumab) 
and antitoxin B (Bezlotoxumab) IgG monoclonal antibodies were 
administered IV to patients receiving antibiotic therapy for acute 
CDI.” As expected, recurrent infection occurred in 25% of the 
placebo group following completion of anti-C. difficile antibiotic 
treatment. Conversely, only 7% of those who received the anti- 
toxin antibodies suffered a recurrence (P < 0.001), clearly demon- 
strating the clinical potential for passive immunotherapy in CDI. 

‘Two subsequent phase 3, double-blind, randomized, placebo- 
controlled, clinical trials examined CDI recurrence following IV 
infusion of actoxumab, bezlotoxumab, both antitoxin monoclo- 
nal antibodies or placebo to patients with primary or recurrent 
CDI.** The primary endpoint was recurrent infection (new epi- 
sode after initial clinical cure) within 12 weeks after infusion. 
Actoxumab was not effective in reducing CDI recurrence. Bezlo- 
toxumab neutralizes C. difficile toxin B by binding to its puta- 
tive receptor-binding domain. In both trials,bezlotoxumab (10 
mg/kg), infused during standard of care antibiotic therapy for 
CDI, was associated with fewer CDI recurrences during the sub- 
sequent 12 weeks (16.5% compared with 26.6% for placebo). 
The rates of sustained cure (initial clinical cure without recur- 
rent infection in 12 weeks) were 64% for bezlotoxumab and 54% 
for placebo. Bezlotoxumab had a safety profile similar to that of 
placebo. 

Patients with at least one known risk factor for recurrent CDI 
(prior CDI, age 265 years, infection with 027/078/244 strains, 
compromised immunity, or severe CDI) showed higher recur- 
rence rates with placebo and a greater reduction with bezlo- 
toxumab (37.2% to 21.2%; -15.9: -21.6, -10.2).7° Conversely, 
those lacking all of these risk factors did not show substantial 
benefit (20.9% to 18.8%; -11.1, 6.9). Bezlotoxumab has been 
approved for reduction of recurrent CDI episodes when infused 
during standard-of-care antibiotic therapy for CDI, in patients at 
high risk for recurrence. 


C. difficile Vaccines 

Several C. difficile toxin vaccines have been produced.’?’ The one 
most studied to date in clinical trials contains chemically inac- 
tivated toxoids A and B. In early clinical trials, this vaccine was 
immunogenic,’**?? and in a small case series, vaccination was 
associated with resolution of recurrent C. difficile diarrhea in 3 
subjects.” Subsequent studies identified a vaccination regimen 
that effectively induced antitoxin antibody responses.”*! A Phase 
3 vaccine trial for CDI prevention was initiated but was closed in 
2017 after an interim review of the study data indicated that the 
study was unlikely to reach its objectives. A second C. difficile vac- 
cine using genetically and chemically inactivated toxoids A and B 
is in late-stage clinical development.??/ 


Probiotic Therapy 

In contrast to treatment with antimicrobial agents that further 
delay recolonization by normal colonic bacteria, probiotic agents 
are an attractive addition to antibiotic therapy for recurrent CDI 
because restoration of colonization resistance can lead to perma- 
nent eradication of C. difficile from the colon. In an open-label 
study, Lactobacillus strain GG was reported to be effective in pre- 
venting diarrhea in patients with recurrent C. difficile colitis.?*” 
Another placebo-controlled study of hospital patients receiving 
antibiotics used a probiotic drink mixture containing L. casei, L. 
bulgaricus, and Streptococcus thermophilus (DanActive) and found 
that simple AAD was reduced from 34% to 12% (placebo vs. 
active; P = 0.007), and CDI was reduced from 17% to 0% (pla- 
cebo vs. active; P = 0.001).7> Protection against AAD and against 
CDI was also reported with a probiotic mixture containing L. 
acidophilus and L. casei.2>+ The reproducibility of these positive 
results using Lactobacillus-containing probiotic mixtures needs to 
be confirmed in additional, multicenter controlled trials. 


CHAPTER 112 Antibiotic-Associated Diarrhea and Clostridioides difficile Infection 


The yeast S. boulardii is widely used as a probiotic agent in 
continental Europe and is available in the USA without pre- 
scription.!°73> In a double-blind controlled clinical trial, coad- 
ministration of oral capsules containing viable S. bowlardii with 
antibiotics significantly reduced the incidence of AAD in hospi- 
talized patients (from 22% on placebo to 9.5% in the S. boular- 
dii group; P = 0.04).!° In that study, however, few patients had 
C. difficile-associated diarrhea. A second randomized placebo- 
controlled trial examined the efficacy of S. bowlardii in combina- 
tion with either metronidazole or vancomycin in patients with 
C. difficile diarrhea?’ Diarrhea recurrence rates were similar in 
subjects treated during their first episode of C. difficile diarrhea 
(19% in the S. boulardii group vs. 24% in the placebo group; 
P = 0.86). In contrast, patients with a history of recurrent C. dif- 
ficile diarrhea who received S. boulardii had fewer recurrences 
than the placebo group (35% and 65%, respectively; P = 0.04). 
In a subsequent study, however, S. boulardii had no overall effect 
on recurrence rates (44% vs. 47% with placebo).?*° S. boulardii 
should not be administered to immunocompromised patients 
because of the risk of fungemia. 

Another oral live bacterial therapy used for prevention of 
recurrent CDI is a nontoxinogenic strain of C. difficile (NTCD).?>” 
NTCD strain M3 was well tolerated in an initial safety study.?*° 
In a subsequent Phase 2 randomized, double-blind clinical trial, 
patients received NTCD strain M3 or placebo following stan- 
dard treatment for CDI with metronidazole or vancomycin. The 
CDI recurrence rate in the NTCD-treated group was 11% com- 
pared with 30% for placebo (OR 0.28, 95% CI 0.11-0.69; P = 
0.006).77° Despite these promising safety and efficacy findings, 
NTCD strain M3is not in any active clinical trials at the time of 
writing. 
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Overall Approach to Recurrent CDI 
The management of a first episode of recurrent C. difficile—associ- 
ated diarrhea does not differ greatly from treatment of an initial epi- 
sode (see Box 112.3).?6!78159 Stool samples should be obtained to 
reconfirm infection with toxinogenic C. difficile. Patients with mild 
symptoms of recurrence may be managed conservatively without 
additional antibiotic treatment, just like patients with a primary epi- 
sode. If symptoms persist or are severe, a standard course of vanco- 
mycin, or fidaxomicin should be administered. If a second recurrence 
occurs, other treatment approaches should be considered. 
Fidaxomicin has the unique advantage of proven lower recur- 
rence rates in randomized controlled trials, both in primary 
therapy and in treatment of a first recurrence. !*!:!57:!66 Tapering 
and pulsed antibiotic regimens are well tolerated and often suc- 
cessful.?07:20° IMT has proven efficacy in patients with multiple 
previous recurrences of CDI and is quickly becoming a routine 
part of management.’ A wide range of other approaches have 
been described, some of which are summarized in Box 112.3. 
In some instances, multiple recurrences occur, and a variety 
of different regimens must be used before the organism is finally 
eradicated. In other cases, recurrences persist despite several dif- 
ferent treatment approaches; in such cases, extremely prolonged 
therapy with oral vancomycin (125 mg once or twice daily) is a 
pragmatic and effective means to prevent further recurrences. 
This approach is indicated in high-risk patients for whom other 
measures, including multiple antibiotic regimens, have failed, and 
especially in those with severe underlying disease, a high likeli- 
hood of needing additional courses of antibiotic treatment, and 
where life expectancy is short. 


Full references for this chapter can be found on www.expertconsult.com. 
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Intestinal protozoa traditionally have been considered impor- 
tant pathogens in the developing world, where food and water 
hygiene are poor. A basic knowledge of the intestinal protozoa 
that cause human disease is of growing importance to physi- 
cians practicing medicine in the USA, Canada, and Europe, as a 
result of more frequent world travel, globalization of the world’s 
economy, and the growing number of chronically immunosup- 
pressed people. For example, in patients throughout the world 
with AIDS and in organ transplant recipients, microsporidia, 
Cryptosporidium species, Cytoisospora belli, and Cyclospora cayeta- 
nensis are the leading causes of chronic diarrhea. Cryptosporidium 
species, C. belli, and C. cayetanensis also have been recognized 
as common pathogens in immunocompetent persons, and 
food- and water-borne outbreaks in the USA and Canada are 
increasingly reported as a result of improved diagnostics, raising 
questions about the safety of our progressively more complex 
food and water supplies. Our understanding of the biology of 
these organisms often is still rudimentary, but is rapidly chang- 
ing. Examples include: recognition that Entamoeba histolytica 
(the cause of amebic dysentery) and the nonpathogenic intes- 
tinal ameba Entamoeba dispar are distinct species; identification 
in 2012 of additional Entamoeba species of unclear pathologic 
potential that infect humans; reclassification in 2002 of the 
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Cryptosporidium species of medical importance; and clarifica- 
tion of the population structure of Giardia intestinalis through 
genomic sequencing, which may shed light on the basis of vari- 
able clinical outcomes following human infection. 

Recognition of these pathogens as major causes of disease in 
the developed world has stimulated a growing number of basic 
science studies of parasite biology and the rapid clinical adoption 
of new diagnostic tests, treatments, and attempts at vaccination. 
This chapter summarizes major recent advances in our under- 
standing of the intestinal protozoa, with an emphasis on clinical 
epidemiology, disease characteristics, and optimal approaches to 
accurate diagnosis and treatment. 


ENTAMOEBA HISTOLYTICA 
Epidemiology 


E. histolytica was first linked causally to amebic colitis and liver 
abscess by Lösch in 1875, and it was named by Schaudinn in 1903 
for its ability to destroy host tissues. In 1925, Emil Brumpt pro- 
posed the existence of a second, morphologically identical but 
nonpathogenic Entamoeba species, E. dispar, to explain why only a 
minority of people infected with what was then termed E. histolytica 


Fig. 113.1 An Entamoeba histolytica trophozoite in a stool specimen. 
Note the nucleus with a prominent central karyosome. (H&E stain.) 


developed invasive disease. Although Brumpt’s hypothesis was 
not accepted during his lifetime, it is now clear that he was cor- 
rect, and E. histolytica (Schaudinn, 1903) has been formally reclas- 
sified as 2 morphologically indistinguishable species: E. histolytica, 
the cause of invasive amebiasis, and E. dispar, a nonpathogenic 
intestinal commensal parasite (see later section).! 

E. histolytica is a parasite of global distribution, but most of 
the morbidity and mortality from amebiasis occurs in Central 
and South America, Africa, and the Indian subcontinent.” For- 
tunately, most of the 500 million persons worldwide previously 
believed to be asymptomatic E. histolytica cyst passers are actu- 
ally infected with E. dispar. The total burden of disease caused 
by E. histolytica is unknown, however, a multisite molecular 
epidemiologic study conducted in Africa and Asia indicated 
that it accounted for roughly 2% of life-threatening diarrhea 
in children 12 to 23 months of age,’ and that E. histolytica- 
associated diarrhea is associated with stunted growth and devel- 
opment. Interestingly, the incidence of amebiasis appears to 
be rapidly decreasing in some locations, possibly as a result of 
modest improvements in infrastructure and/or to widespread 
use of metronidazole and the absence of animal reservoirs of 
E. histolytica. For example, in Dhaka, Bangladesh, where as 
recently as 2006 the majority of children were infected with 
E. histolytica at least once by age 4 years, amebiasis now rarely 
occurs. 

E. histolytica has a simple, 2-stage life cycle that consists of an 
infectious cyst and a motile trophozoite. The cyst form measures 
5 to 20 um in diameter and contains 4 or fewer nuclei. The ame- 
boid trophozoite, which is responsible for tissue invasion, mea- 
sures 10 to 60 um and contains a single nucleus with a central 
karyosome (Fig. 113.1). The cysts are relatively resistant to chlo- 
rination and desiccation, and they can survive in a moist environ- 
ment for several weeks. 

Infection occurs following ingestion of cysts in fecally con- 
taminated food or water. Within the lumen of the small intestine, 
the quadrinucleate cyst undergoes nuclear and then cytoplasmic 
division, giving rise to 8 trophozoites. Only about 10% to 20% of 
infected persons develop invasive disease, characterized by inva- 
sion of the colonic epithelium by trophozoites.° Trophozoites 
that gain access to the bloodstream can spread hematogenously to 
establish infection at distant sites (most commonly liver abscess, 
as discussed in Chapter 84). Why some persons develop invasive 
disease and others remain asymptomatic remains a mystery, but 
environmental, host, and parasite differences are all likely to be 
important. 
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Entamoeba histolytica adheres 

to colonic mucus via Gal/GalNAc 
lectin. Secreted amebic cysteine 
proteinases degrade colonic mucus. 
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Fig. 113.2 Model for stepwise invasion of the colonic mucosa by Ent- 
amoeba histolytica. Following excystation, trophozoites (blue) adhere 
to colonic mucins, and degradation of mucus by amebic proteinases 
enables contact with the epithelium. Contact-dependent killing of 
epithelial cells and activation of an epithelial cell response marked by 
pro-inflammatory cytokine release follow. Amebapore is a protein that 
forms ion channels or pores in lipid membranes and depolarizes target 
cells, thus contributing to the virulence of the trophozoite. Activation 
of pro-interleukin (IL)-1B by amebic cysteine proteinases, with resulting 
recruitment of neutrophils, further contributes to tissue damage. NF«p, 
nuclear factor kappa beta. (From Huston CD. Parasite and host con- 
tributions to the pathogenesis of amebic colitis. Trends Parasitol 2004; 
20:28-6.) 


A molecular epidemiologic study that used PCR to amplify 
a polymorphic region of the E. histolytica genome and assign a 
genotype to different clinical isolates has demonstrated a cor- 
relation between different E. histolytica strains and the outcome 
of infection.’ The specific underlying genetic differences among 
strains that are responsible for altered virulence, however, remain 
unknown. On the host side, susceptibility to both intestinal and 
hepatic amebiasis is linked to HLA class II alleles, and a mutation 
in the leptin receptor that alters epithelial cell signaling is associ- 
ated with E. histolytica infection in children and in a mouse model 
of colitis.®=10 
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Both amebic factors and the host’s inflammatory response 
contribute to tissue destruction during invasive amebiasis. 
Microscopy studies have defined a stepwise progression of disease 
(Fig. 113.2).!! After excystation within the lumen of the small 
intestine, trophozoites adhere to colonic mucins and epithelial 
cells,!*-!* followed by degradation of colonic mucus by secreted 
cysteine proteinases.!°:!° Amebic killing of colonic epithelial cells 
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Fig. 113.3 Colonoscopic findings in a patient with amebic colitis. 
Multiple punctate ulcers are visible. 


Fig. 113.4 Amebic colitis. This high-power view of a colonic biopsy 
specimen shows acute inflammation, hemorrhage, and multiple amebic 
trophozoites, many of which have ingested red blood cells (erythro- 
phagocytosis) (H&E stain). Nonpathogenic amebae do not exhibit 
erythrophagocytosis. 


occurs via multiple mechanisms, including contact-dependent 
induction of apoptosis and necrosis, and a phenomenon of cel- 
lular “nibbling” termed trogocytosis.!*:!’-!° The resultant acute 
inflammatory response causes additional tissue damage.???! 
Following epithelial destruction, extracellular matrix degradation 
and tissue invasion occur at sites of amebic invadopodia, which 
are cellular structures similar to those used by cancer cells during 
tissue invasion and metastasis.’ 

The cecum and ascending colon are affected most commonly, 
although in severe disease the entire colon may be involved. 
On gross examination, pathology can range from only mucosal 
thickening to multiple punctate ulcers with normal interven- 
ing tissue (Fig. 113.3) to frank necrosis. For unknown reasons, 
the downward invasion of amebic trophozoites often is halted 
at the level of the muscularis mucosa. Subsequent lateral spread 
of amebae undermines the overlying epithelium, resulting in the 
clean-based, flask-shaped ulcers so characteristic of classic ame- 
bic colitis.” Early in infection, an influx of neutrophils is typical, 
but in well-established ulcers, few inflammatory cells are seen.” 
Organisms may be seen ingesting red blood cells (erythropha- 
gocytosis) (Fig. 113.4). At distant sites of infection (e.g., liver 


TABLE 113.1 Comparison of Amebic Colitis and Invasive Bacterial 
Dysentery 


Feature Amebic Colitis Bacterial Dysentery* 
Travel to or from an endemic Yes Sometimes 
area 
Usual duration of symptoms >7 days 2-7 days 
Diarrhea (%) 94-100 100 
Fecal occult blood (%) 100 40 
Abdominal pain (%) 12-80 =) 
Weight loss Common Unusual 
Fever >38°C Minority Majority 


*See Chapters 108 and 110. 

Adapted from Huston CD, Petri WA. Amebiasis. In: Rakel RE, Bope ET, 
editors. Conn’s current therapy, 2001. Philadelphia: WB Saunders; 
2001. pp 50-4. 


abscess), similar pathologic characteristics also include central 
liquefaction of tissue surrounded by a minimal mononuclear cell 
infiltrate.” 

More than 90% of persons colonized with E. histolytica 
spontaneously clear the infection within a year.?*t Children 
with fecal anti-amebic lectin immunoglobulin (Ig)A have 
short-lived protection from subsequent intestinal infec- 
tion,?>’’ but the protective role of secretory IgA is not certain. 
Furthermore, antibodies alone are unable to clear established 
infection, because asymptomatic cyst passers remain infected 
for months after anti-amebic antibodies develop.*+ Reports 
that patients who are receiving glucocorticoids may be at 
increased risk for severe amebic colitis suggest that cellular 
immunity also plays an important role in control of E. histo- 
/ytica infection.** Despite this concern, no increase in disease 
severity has been observed in patients with AIDS. In fact, in 
a mouse model of amebic colitis, disease was exacerbated by 
CD# T cells.?? 


Clinical Features 


Infection with E. histolytica results in one of 3 outcomes. 
Approximately 80% to 90% of infected persons remain asymp- 
tomatic. The other 10% to 20% of infections result in invasive 
amebiasis characterized by dysentery (amebic colitis) or, in a 
minority of cases, extraintestinal disease (most commonly amebic 
liver abscess [see Chapter 84]).!: %4 

In the USA, immigrants from or travelers to endemic regions, 
male homosexuals, and institutionalized persons are at greatest 
risk for amebiasis. In addition, malnourished patients, infants, 
older adults, pregnant women, and patients receiving glucocorti- 
coids may be at increased risk for fulminant disease.”?8 When one 
or more of these epidemiologic risk factors are present, amebic 
dysentery should be considered in the differential diagnosis of 
occult or grossly bloody diarrhea. 

The major diagnostic challenge for the clinician seeing a 
patient with amebic colitis is to distinguish the illness from 
other causes of bloody diarrhea. The differential diagnosis 
includes causes of bacterial dysentery, such as Shigella, Salmo- 
nella, Campylobacter species, and enteroinvasive or enterohem- 
orrhagic Escherichia coli, and noninfectious diseases, including 
IBD and ischemic colitis.2°° In contrast to bacterial dysen- 
tery, which typically begins abruptly, amebic colitis begins 
gradually over one to several weeks (Table 113.1). Although 
more than 90% of patients with amebic colitis present with 
diarrhea, abdominal pain can occur without diarrhea; abdom- 
inal pain, tenesmus, and fever are highly variable. Weight loss 


is common because of the chronicity of the illness. Micro- 
scopic blood is present in the stool of most patients with ame- 
bic dysentery.?303! 

The most feared complication of amebic dysentery, acute nec- 
rotizing colitis with toxic megacolon, occurs in 0.5% of cases. 
This complication manifests as an acute dilatation of the colon, 
and 40% of patients die from sepsis unless it is promptly recog- 
nized and treated surgically.*? Unusual complications include the 
formation of enterocutaneous, rectovaginal, and enterovesicu- 
lar fistulas and ameboma (a tumorous mass) due to intraluminal 
granulation tissue that can cause bowel obstruction and mimic 
carcinoma of the colon.*? 

Dysentery resolves prior to presentation in most patients with 
amebic liver abscesses, although a history of dysentery is common 
in these patients.*>> Extraintestinal sites of infection typically 
result either from direct extension of liver abscesses (e.g., amebic 
pericarditis or lung abscess) or from hematogenous spread of dis- 
ease (e.g., brain abscess). 


Diagnosis 


Because amebiasis patients erroneously diagnosed with and 
treated for IBD with glucocorticoids can develop fulminant coli- 
tis, accurate initial diagnosis is critical.*° The gold standard for 
diagnosis of amebic colitis remains colonoscopy with biopsy, and 
colonoscopy should be performed whenever infectious causes 
of bloody diarrhea are strong considerations in the differential 
diagnosis of UC. Because the cecum and ascending colon are 
affected most often, colonoscopy is preferred to sigmoidoscopy. 
Classically, multiple punctate ulcers measuring 2 to 10 mm are 
seen with essentially normal intervening tissue (see Fig. 113.3); 
however, the colonic epithelium might simply appear indurated 
with no visible ulcerations; appear like UC with a myriad of ulcer- 
ations and granular, friable mucosa, or as a “poached egg” with 
a solitary mucus-covered ulcer; in severe cases where the ulcers 
have coalesced, the epithelium may appear necrotic. Histologic 
examination of a biopsy specimen taken from the edge of an ulcer 
reveals amebic trophozoites and a variable inflammatory infiltrate 
(see Fig. 113.4). Identification of amebae can be aided by periodic 
acid-Schiff staining of biopsy tissue, which stains trophozoites 
magenta. 

Stool examination for ova and parasites, the traditional method 
for diagnosing amebiasis, should not be relied upon. Although 
the presence of amebic trophozoites with ingested erythrocytes 
strongly correlates with E. histolytica infection, these rarely are 
present,” and in the absence of hematophagous trophozoites, 
microscopy cannot distinguish E. histolytica from E. dispar. Dif- 
ficulty in distinguishing E. histolytica from nonpathogenic amebae 
(see later) and WBCs also limits the specificity of stool micros- 
copy.*® The sensitivity of microscopy for identification of amebae 
is at best 60%, and may be reduced further by delays in the pro- 
cessing of stool samples.*°?* The primary utility of stool micros- 
copy for ova and parasites in a patient with diarrhea, therefore, is 
to evaluate the stool for other parasitic causes of diarrhea. 

Noninvasive methods to accurately differentiate E. histo- 
lytica from E. dispar include stool culture with isoenzyme analy- 
sis, serum amebic-antibody titers, PCR, and an enzyme-linked 
immunosorbent assay (ELISA) that detects the amebic lectin 
antigen in stool samples.*”*° A multiplexed PCR kit that simulta- 
neously detects 22 GI pathogens, including the parasites Giardia. 
intestinalis, Cyclospora cayetanensis, Cryptosporidium species, and E. 
histolytica, with a specificity of 97.1% for all targets, is approved 
for use in the USA and is now widely available.“ Fecal antigen 
detection ELISA tests that accurately distinguish E. histolytica 
from E. dispar offer a less technically demanding alternative that 
can be used readily in the developing world.***+ Fecal antigen 
detection, when compared with the gold standard of stool culture 
followed by isoenzyme analysis, is more than 90% specific and 
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more than 85% sensitive to diagnose intestinal amebiasis when 
fresh fecal samples are analyzed without delay.** In other studies, 
the sensitivity of fecal antigen detection has been less impressive, 
emphasizing the need for rapid processing of stool samples.**-*? 
It also may be possible to use this antigen detection test to diag- 
nose amebic liver abscess, because before treatment is initiated, 
amebic antigen can be detected in the serum of more than 90% 
of patients who have amebic liver abscess.°” 

Because serum anti-amebic antibodies do not develop in 
patients infected with E. dispar, serologic tests for amebiasis 
accurately distinguish E. histolytica and E. dispar infection. From 
75% to 85% of patients with acute amebic colitis have detect- 
able anti-amebic antibodies on presentation, and convalescent 
titers develop in more than 90% of patients.’!- For amebic liver 
abscess, 70% to 80% of patients have detectable antibody titers 
on presentation, and convalescent titers develop in more than 
90% of patients. Because anti-amebic antibodies can persist for 
years, however, a positive result must be interpreted with cau- 
tion.*! For persons with known epidemiologic risks (e.g., emigra- 
tion from or prior travel to an endemic region), a positive result 
might simply represent infection in the distant past. In the setting 
of recent travel to an endemic region and a positive antibody titer, 
diagnosis is supported by an appropriate symptomatic response to 
anti-amebic treatment. 


Treatment 


Drugs for treatment of amebiasis are categorized as luminal or 
tissue amebicides on the basis of the location of their anti-amebic 
activity (Table 113.2). 

The luminal amebicides include iodoquinol, diloxanide 
furoate, and paromomycin.*+* Of these, paromomycin, a nonab- 
sorbable aminoglycoside, is preferred because of its safety, short 
duration of required treatment, and superior efficacy; its major 
side effect is diarrhea. Approximately 85% of asymptomatic 
patients are cured with one course of paromomycin, and, because 
it is nonabsorbable and has moderate activity against trophozo- 
ites that have invaded the colonic mucosa, it also might be useful 
for single-drug treatment of mild invasive disease during preg- 
nancy.°®97 

The tissue amebicides include metronidazole, tinidazole, 
nitazoxanide, erythromycin, and chloroquine.**°* Of these, metro- 
nidazole and tinidazole are the drugs of choice, with cure rates over 
90%.” Nitazoxanide also appears to be efficacious, with similar 
cure rates in several randomized placebo-controlled trials.5860-62 
Erythromycin has no activity against amebic liver disease, and 
chloroquine has no activity against amebic intestinal disease. 

Because approximately 10% of asymptomatic cyst pass- 
ers develop invasive amebiasis, E. histolytica carriers should be 
treated.!°+ For such noninvasive disease, treatment with a luminal 
agent alone is adequate (e.g., paromomycin 25 to 35 mg/kg/day in 
3 divided doses for 7 days).°> Patients with amebic colitis should 
first be treated with an oral nitroimidazole (either metronidazole 
[500 to 750 mg 3 times daily for 10 days] or tinidazole [2 g once 
daily for 3 to 5 days]) to eliminate invasive trophozoites. Metro- 
nidazole and tinidazole are believed to be less effective against 
organisms in the colonic lumen, and subsequent treatment with a 
luminal agent such as paromomycin is recommended to prevent 
recurrent disease.°>’’ It is also for this reason that the familiar 
tissue amebicides (e.g., metronidazole) are not recommended as 
first-line agents for treatment of asymptomatic infection. At the 
recommended doses of metronidazole and tinidazole, GI side 
effects including nausea and vomiting develop in approximately 
30% of patients.*’ Because of severe GI side effects, simultaneous 
treatment with a nitroimidazole and a luminal agent generally is 
not recommended. 

Most patients with amebic colitis respond promptly with reso- 
lution of diarrhea in 2 to 5 days.’ 
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TABLE 113.2 Amebicidal Agents Currently Available in the USA 


Amebicidal Agent Advantages 


Disadvantages 


FOR LuMINAL AMEBIASIS 


Paromomycin 7-day treatment course; may be useful 


during pregnancy 


lodoquinol Inexpensive and effective 


Diloxanide furoate = 


FOR INVASIVE INTESTINAL DISEASE ONLY 
Tetracyclines, erythromycin —- 


FOR BOTH INVASIVE INTESTINAL AND EXTRAINTESTINAL AMEBIASIS 


Frequent GI side effects; rare ototoxicity and nephrotoxicity 


20-day treatment course; contains iodine; rare optic neuritis and atrophy with 
prolonged use 


Available in the USA only from the CDC; frequent GI side effects; rare diplopia 


Not effective for liver abscess; frequent GI side effects; tetracyclines should not 
be administered to children or pregnant women 


Anorexia, nausea, vomiting, and metallic taste in nearly one third of patients; 
disulfiram-like reaction with alcohol; rare seizures 


Metronidazole Drug of choice for amebic colitis and liver 
abscess 

Tinidazole Alternative to metronidazole; once-daily 
dosing 

Nitazoxanide Useful alternative if the patient is intolerant 


of metronidazole or tinidazole 


For EXTRAINTESTINAL AMEBIASIS ONLY 
Chloroquine Useful only for amebic liver abscess 


Side effects are similar to those with metronidazole 


Limited clinical data for amebiasis; rare and reversible conjunctival icterus 


Occasional headache, pruritus, nausea, alopecia, and myalgias; rare heart block 
and irreversible retinal injury 


CDC, Centers for Disease Control and Prevention. 


Adapted from Huston CD, Petri WA. Amebiasis. In: Rakel RE, Bope ET, editors. Conn’s current therapy, 2001. Philadelphia: WB Saunders; 2001. pp 50-4. 


Despite conflicting reports on the safety of the nitroimid- 
azoles for the developing fetus during pregnancy, women with 
severe disease during pregnancy should probably be treated with- 
out delay. As discussed in Chapter 84, metronidazole (750 mg 3 
times a day for 10 days) followed by a luminal agent is also the 
treatment of choice for amebic liver abscess.°>»°? 


Control and Prevention 


Prevention and control of E. histolytica infection depends on 
interruption of fecal-oral transmission. Water can be made safe 
for drinking and food preparation by boiling it for one minute, by 
halogenation (with chlorine or iodine), or by filtration.® In the 
USA and Europe, modern water treatment facilities effectively 
remove E. histolytica. The importance of safe drinking water is 
highlighted by an outbreak of amebiasis in Tbilisi, Republic of 
Georgia, where there was a water-borne epidemic due to decay of 
the water treatment facilities following the demise of the Soviet 
Union.® In the vast majority of the developing world, however, 
no modern water treatment facilities exist, and none are likely 
to be constructed in the foreseeable future. Naturally acquired 
immunity to intestinal amebiasis provides short-lived protection 
against reinfection, giving hope that a vaccine may be feasible.?5-27 
Because humans and some higher nonhuman primates are the 
only known hosts for E. histolytica, a vaccine that successfully pre- 
vents colonization might enable eradication of the disease.°’ 


OTHER AMEBAE THAT INFECT THE HUMAN 
INTESTINE 


Ten other ameba species commonly infect the human GI tract. 
These include E. dispar, Entamoeba moshkovskii, Entamoeba ban- 
gladeshi, Entamoeba nuttalli, Entamoeba coli, Entamoeba hartmanni, 
Entamoeba gingivalis, Entamoeba polecki, Endolimax nana, and 
Iodamoeba biitschlii. Dientamoeba fragilis (discussed in the follow- 
ing section), previously thought to be an ameba, is more closely 
related to the flagellated protozoan Trichomonas vaginalis than to 
the true amebae.°° With the exception of E. gingivalis, which has 
no known cyst stage, all of these true amebae have simple 2-stage 


life cycles, consisting of an infectious cyst form and a motile tro- 
phozoite form.® E. dispar, E. moshkovskii, E. bangladeshi, and E. 
nuttalli all appear identical to E. histolytica using a light micro- 
scope, and must be differentiated from E. histolytica based on bio- 
chemical, antigenic, or genetic differences. ! 

E. dispar is a nonpathogenic protozoan parasite that is 
morphologically indistinguishable from E. histolytica by light 
microscopy.! An estimated 450 million people worldwide are 
infected with E. dispar, and infection with E. dispar is approxi- 
mately 10 times more prevalent than E. histolytica infection. 1:64,68 
Although E. dispar has been demonstrated to cause mucosal 
ulcerations in animal models, it has not been demonstrated to 
cause human disease and does not require treatment.! E. mosh- 
kovskii, which is primarily thought to be a free-living ameba, 
also has cysts and trophozoites indistinguishable from E. dis- 
par and E. histolytica, except that trophozoites of E. histolytica 
might show erythrophagocytosis. A high prevalence of human 
E. moshkovskii infection has been demonstrated in some stud- 
ies, and, although its causation of human disease is still contro- 
versial, infection by E. moshkovskii is associated with diarrhea 
in infants.°’-/? E. bangladeshi is a recently described species also 
morphologically identical to E. histolytica. Based on its small 
rRNA gene sequence, E. bangladeshi is more closely related to 
E. dispar and E. histolytica than E. moshkovskii. Its pathogenic 
potential remains unknown.” E. nuttalli frequently causes inva- 
sive amebiasis in nonhuman primates, and symptomatic dis- 
ease outbreaks have been described among animal caretakers.’* 
There are currently no clinically available tests specific for E. 
moshkovskii, E. bangladeshi, or E. nuttalli. 

Besides E. dispar, E. coli is the intestinal commensal most com- 
monly mistaken for E. histolytica. E. coli trophozoites contain a 
single nucleus with a prominent karyosome that usually is eccen- 
tric in location, distinguishing them from E. histolytica and E. dis- 
par trophozoites, which have a centrally located karyosome. In 
addition, the cyst form of E. coli typically contains 5 to 8 nuclei. 
E. coli is nonpathogenic and requires no specific treatment; how- 
ever, it is a valuable marker of fecal-oral exposure, and it can be 
found concurrently with E. histolytica in 10% to 30% of patients 
in endemic regions.°° 


E. hartmanni was classified as “small race” E. histolytica for 
many years. The trophozoites resemble those of E. histolytica 
except for their small size (<10 pm).® E. hartmanni now is recog- 
nized as a nonpathogen that does not require treatment. 

E. gingivalis is the only ameba found in the oral cavity, where 
it lives in the anaerobic environment of the gingival crease. The 
trophozoite is identical in size to that of E. histolytica and con- 
tains a single nucleus with a prominent central karyosome. No 
cyst form of E. gingivalis has been identified, and oral-oral con- 
tact is believed to be its mode of transmission.°°'> E. gingivalis is 
associated with poor dental hygiene and periodontal disease, but 
no causal relationship to periodontitis has been proved.” The 
increased frequency of colonization in this setting might simply 
reflect a hospitable host environment. E. gingivalis often is asso- 
ciated with periodontal disease in AIDS patients, however, and 
treatment with metronidazole has been reported to be effective.” 

E. polecki, characterized by a uninucleated cyst, is primarily 
a parasite of pigs and monkeys that sometimes infects humans. 
It has been suggested that several distinct uninucleated cyst- 
producing Entamoeba species can infect humans, and it has been 
proposed that these organisms collectively be termed “E. polecki- 
like.”’” Infection with E. polecki is rare except in Papua, New 
Guinea, where as many as 30% of children were found to be colo- 
nized in one study.’* At present, specific treatment of E. polecki- 
like infections is not routinely recommended, but persons with 
heavy burdens of this parasite can develop nonspecific GI symp- 
toms and might benefit from treatment. Good clinical responses 
to metronidazole and diloxanide furoate have been reported.” 

E. nana is a nonpathogenic intestinal ameba that often infects 
humans.® The distribution of E. nana is worldwide, but it is 
most common in the tropics, where 5% to 33% of persons are 
infected.*°*! Infection requires no specific treatment, but it serves 
as a useful marker for fecal-oral exposure. E. nana trophozoites 
can be distinguished from E. histolytica by their vesiculate nucleus, 
large irregular karyosome, and relatively small size (8 to 12 ym).°° 

I. biitschlii is a nonpathogenic intestinal ameba passed by the 
fecal-oral route. Trophozoites of I. biitschlii contain a single 
nucleus with a large karyosome (which is distinct from the punc- 
tate karyosome of E. histolytica); its cysts contain a single nucleus, 
and a large, eccentric glycogen mass that stains with iodine (hence 
the name Jodamoeba). I. biitschlii infection requires no treatment.® 


GIARDIA INTESTINALIS 
Epidemiology 


G. intestinalis (also called G. lamblia and G. duodenalis) is a ubiq- 
uitous flagellated intestinal protozoan. Van Leeuwenhoek accu- 
rately described its motile trophozoite form in his own stools in 
1681, but it was not until 1915 that Stiles named the species. 

The life cycle of Giardia consists of an infectious cyst form 
and a motile trophozoite (Fig. 113.5). The cyst is oval (8 to 
12 um long by 7 to 10 um wide), contains 4 nuclei, and has a 
rigid outer wall that protects it from dehydration, extremes of 
temperature, and chlorination. Giardia cysts can survive in cold 
water for several weeks.®*:** Ingestion of as few as 10 to 25 cysts 
can result in infection.*? After ingestion, excystation occurs fol- 
lowing exposure to stomach acid and intestinal proteases, each 
cyst giving rise to 2 trophozoites. Giardia trophozoites are pear- 
shaped (10 to 20 um long by 7 to 10 um wide), contain 2 nuclei, 
have 8 flagella for locomotion, and replicate by binary fission. 
The trophozoites live in the duodenum, where they adhere 
to enterocytes. Eventually they encyst, following exposure to 
alkaline conditions or bile salts, and are excreted in the stool to 
complete their life cycle.*? 

G. intestinalis, which was defined originally as a species by 
morphology, is more accurately defined as a species complex with 
at least 8 major genotypes (assemblages A through H).* Of these, 
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Fig. 113.5 Giardiasis. A, High-power view of a duodenal biopsy 
specimen showing many trophozoites near the surface of the epithe- 
lium between villi. [Giemsa stain]; B, A Giardia intestinalis cyst in stool 
(original magnification 400x, Giemsa stain). (Courtesy Carlo Denegri 
Foundation, Turin, Italy.) 


only assemblages A and B have the broadest host range and are 
the only assemblages definitively known to infect humans. Both 
of these genotypes also commonly infect cats and dogs, highlight- 
ing the importance of these pets as reservoirs for human disease. 
Assemblage A isolates may be more virulent than assemblage B 
isolates.** 

G. intestinalis is the most commonly identified intestinal 
parasite in the USA and was identified in 7.2% of stool sam- 
ples examined by state health departments in 1987.8% Giardiasis 
occurs in both endemic and epidemic forms via water-borne, 
food-borne, and person-to-person transmission.*®°? World- 
wide, Giardia infects infants more commonly than adults, and in 
highly endemic regions, essentially all children are infected by 2 
to 3 years of age.”*-"+ Giardia infection is associated with chronic 
diarrhea in children, but evidence that it causes acute diar- 
rhea is controversial; some reports even suggest that it protects 
against acute diarrhea.?-’’ Nevertheless, even asymptomatic 
Giardia infection is associated with malnutrition and impaired 
growth.’ In the USA, children in daycare and sexually active 
homosexual men have the greatest risk of infection.®™” During 
a year-long longitudinal study at a USA daycare center, Giar- 
dia cysts were identified at some time in the stool of more than 
30% of children.”” Additional risk factors for infection include 
drinking untreated surface water, a shallow well as a residential 
water source, swimming in any natural body of fresh water, and 
contact with a person who has giardiasis or contact with a child 
in daycare.*/ 
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Pathogenesis, Pathology, and Immunology 


Giardia causes malabsorptive diarrhea by an unknown mecha- 
nism. Trophozoites adhere (perhaps by suction) to the epithelium 
of the upper small intestine using a disk structure located on their 
anterior ventral surface.®*? There is no evidence that tropho- 
zoites invade the mucosa,!"° but electron microscopy has shown 
they damage the mucosal brush border.*?:!°! On biopsy, patho- 
logic changes range from an entirely normal-appearing duodenal 
mucosa (except for adherent trophozoites), as was found in more 
than 96% of biopsy specimens in one large study, to severe villus 
atrophy with a mononuclear cell infiltrate that resembles celiac 
sprue. 100,102,103 "The severity of diarrhea appears to correlate with 
the severity of the pathologic change.*” 

The host immune response plays a critical role in limiting 
the severity of giardiasis. When infected with Giardia, persons 
with common variable immunodeficiency develop severe, pro- 
tracted diarrhea and malabsorption with sprue-like pathologic 
changes that resolve with treatment.!°> Both systemic and muco- 
sal humoral immune responses can be measured consistently fol- 
lowing Giardia infection. High titers of anti-Giardia IgM, IgG, 
and IgA can be detected in the serum, and anti-Giardia secretory 
IgA can be detected in the saliva and in breast milk of infected 
mothers.!°-!06 Animal studies suggest that both early and late 
immune responses are important for control of Giardia infec- 
tions. IL-6 is important in the early immune response to Giardia 
in mice, as are mast cells, which might function as IL-6 producers 
or via another mechanism.!°7-!°? In a B-cell-deficient transgenic 
mouse model, infection with Giardia does not resolve, confirm- 
ing the importance of the humoral immune response for clear- 
ance of established infections.!!° In culture, Giardia trophozoites 
vary expression of a group of ~200 cysteine-rich surface proteins 
termed variant surface proteins. In experimental human infections, 
G. intestinalis isolates have been shown to undergo antigenic vari- 
ation, with switching of the predominant variant surface protein 
expressed after approximately 2 weeks, roughly the time required 
to mount an initial antibody response.!!! Although the role of the 
variant surface proteins remains undetermined, antigenic varia- 
tion might enable Giardia to evade the host immune response.!!? 

The importance of a cellular immune response also is clear 
from animal studies. Athymic nude mice are unable to control 
Giardia muris infection, but reconstitution with immune spleen 
cells results in partial control. Upon immune reconstitution, 
however, severe inflammatory changes and villus atrophy develop 
in the intestine, suggesting that the immune response to infection 
also might contribute to pathologic findings.!!° 


Clinical Features 


Clinical manifestations of Giardia infection are highly variable, 
and range from an asymptomatic state to severe, chronic diar- 
rhea with malabsorption. As noted earlier, Giardia infection in 
children is associated with chronic diarrhea, but epidemiologic 
evidence that it causes acute diarrhea in children in the develop- 
ing world is limited.” In one large study of biopsy-proved giar- 
diasis, only 32% of patients had diarrhea; most had nonspecific 
GI complaints.!°° Reported symptoms, in order of decreasing 
frequency, include diarrhea, fatigue, abdominal cramps, bloat- 
ing, malodorous stool, flatulence, weight loss, fever, and vomit- 
ing (Table 113.3).9!°+ During a food-borne outbreak, the mean 
duration of diarrhea was 16 days, but symptoms resolved spon- 
taneously in nearly half of infected patients after 7 to 8 days.?° 
Many patients with clinically apparent giardiasis suffer from lac- 
tose intolerance, malabsorption, or both for months following 
cure of infection.!!* 

As mentioned earlier, the severity of illness depends upon host 
and parasite factors. Different Giardia isolates have dramatically 
different abilities to cause disease during experimental human 


TABLE 113.3 Frequency of Symptoms in Patients with Giardiasis®®: 99. 103 


Symptom(s) Frequency (%) 
Diarrhea 32-100 

Fatigue DDN 
Abdominal pain, cramps 75-83 
Flatulence, bloating 58-79 

Weight loss 60 

Anorexia 45 

Vomiting 17-26 

Fever 12-21 


infections,!!° and a larger proportion of children infected with 
Giardia assemblage A than assemblage B present with diarrhea.**+ 
Furthermore, certain populations, including children younger 
than 2 years and patients with hypogammaglobulinemia, are 
more likely to develop serious disease.”™>!® Despite the impor- 
tance of cellular immunity for controlling infection in animal 
models and the increased risk of Giardia infection among sexually 
active homosexual men, giardiasis is not more common, severe, 
or resistant to treatment in patients with AIDS,!!6 except perhaps 
when AIDS is advanced.!!7:1!8 


Diagnosis 


Examination of concentrated, iodine-stained, wet stool prepa- 
rations and modified-trichrome-stained permanent smears has 
been the conventional approach to identifying Giardia infec- 
tions (see Fig. 113.58). Because cysts and trophozoites are pres- 
ent only intermittently in the stool, however, the sensitivity 
of such testing is only about 50%, even with examination of 
multiple specimens.!°* With direct sampling of duodenal con- 
tents, such as duodenal aspiration or the string test, sensitivity 
can be improved to approximately 80%.!°? On small intestinal 
biopsy specimens, identification of trophozoites requires careful 
examination of multiple microscope fields to ensure accuracy 
(see Fig. 113.54).100 

Numerous molecular tests based on ELISAs or direct immu- 
nofluorescent antibody microscopy now are widely available 
commercially to diagnose giardiasis in stool samples.!!?-!”! These 
assay kits all work well and have sensitivities >90% and specifici- 
ties approaching 100%.!?! As noted earlier (under E. histolytica), a 
sensitive and specific multiplex PCR test is now available.*’ The 
available molecular tests are all preferable to traditional micros- 
copy and duodenal sampling as initial tests to evaluate for Giardia 
infection. The primary role of endoscopy is evaluation for other 
pathologic conditions. 


Treatment 


Metronidazole (250 mg orally 3 times a day for 5 days) is the 
preferred treatment for giardiasis.” At this relatively low dos- 
age, metronidazole generally is well tolerated and is 80% to 95% 
effective at eradicating Giardia.'’* The most common side effects 
of metronidazole are nausea, a metallic taste, and a disulfiram-like 
reaction upon consuming alcohol. 

Nitazoxanide appears to be at least as effective as metronida- 
zole and has the advantage of being available in a liquid formu- 
lation for use in pediatric patients. The recommended dosage 
in children is 100 mg (ages 12 to 47 months) or 200 mg (age 
>4 years) twice daily, and in adults is 500 mg twice daily for 3 
days.58:61,123 

Alternative regimens include tinidazole (2 g orally for 1 dose), 
quinacrine (2 mg/kg 3 times a day for 5 days; maximum 300 mg/ 


day), furazolidone (100 mg orally 4 times a day for 7 to 10 days), 
or paromomycin (25 to 35 mg/kg/day in 3 divided doses for 7 
days). Single-dose treatment with tinidazole has been used for 
years in Europe and the developing world and is approved by 
the FDA.” Because paromomycin is not absorbed and there have 
been conflicting reports regarding the safety of metronidazole 
and tinidazole for the developing fetus, paromomycin may be 
especially useful for treatment of giardiasis during pregnancy.*? 

As noted earlier, many patients have prolonged lactose intoler- 
ance following Giardia infection, which can mimic ongoing infec- 
tion!'*; therefore, the diagnosis should be reconfirmed before 
repeating therapy. For people in whom treatment fails, repeat 
therapy with the same drug (e.g., with higher doses of metronida- 
zole) or combination therapy with metronidazole and quinacrine 
might work.!!* 12? Nitazoxanide alone also may be effective.!?*)!° 
Patients in whom treatment repeatedly fails should be evaluated 
for common variable immunodeficiency. !122 


Control and Prevention 


Control of giardiasis relies on interruption of fecal-oral transmis- 
sion. Water can be made safe for drinking and food preparation 
by boiling (for one minute), halogenation (with chlorine or iodine 
preparations), or filtration.®:!** Because of the low infectious 
dose of Giardia cysts and the poor hygiene of infants and chil- 
dren, person-to-person spread in daycare centers is much more 
difficult to control. Temporarily removing infected ill children 
from daycare is ineffective, perhaps because many infected chil- 
dren remain asymptomatic and infection goes unrecognized.!*° 
In the developing world, endemic giardiasis is unlikely to be con- 
trolled until facilities become available for adequate filtration of 
water and disposal of sewage. 

A Giardia vaccine composed of killed G. intestinalis tropho- 
zoites was licensed for use in cats and dogs, but, perhaps due to 
antigenic variation, was not very effective and is no longer manu- 
factured. Recently, a recombinant vaccine prepared from a broad 
repertoire of isolated variant surface proteins was shown to be 
highly efficient in cats and dogs. Furthermore, immunization of 
dogs in a highly endemic area significantly reduced the preva- 
lence of infected children, suggesting the possibility of blocking 
zoonotic transmission. !?7 


DIENTAMOEBA FRAGILIS 


D. fragilis is a binucleate organism with an ameboid trophozoite 
that measures 4 to 12 um in diameter. D. fragilis infection is com- 
mon throughout the world. D. fragilis was identified in 0.5% of 
all stool samples examined in a large USA study, and the preva- 
lence is as high as 20% to 50% in selected populations.**:!?°-!3! 
The organism initially was classified as an ameba, but it is more 
closely related to the flagellates (trichomonads) based on morpho- 
logic studies and phylogenetic analyses of small-subunit rRNA 
gene sequences. The mode of its transmission remains contro- 
versial.!*? There is no proven cyst form, which makes direct 
fecal-oral transmission unlikely because the trophozoite is killed 
by gastric acid. D. fragilis is closely related to the avian intesti- 
nal trichomonad Histomonas meleagridis, which is believed to be 
transmitted in nematode eggs; furthermore, D. fragilis infection 
is associated with Enterobius vermicularis (pinworm). Given this 
information, most authorities believe that it is carried in pinworm 
eggs. Recent reports of a D. fragilis cyst form identified in rodent 
studies and the presence of similar structures in human samples 
have re-ignited questions about its life cycle, but these reports 
are inconclusive due to a lack of proof that the observed cysts are 
indeed D. fragilis.133:134 

The role of D. fragilis as a pathogen previously also 
was controversial because D. fragilis trophozoites do not 
invade tissue and many persons infected with D. fragilis are 
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asymptomatic. Furthermore, the organism often is identified 
in the presence of other intestinal parasites, making its role in 
disease unclear.!?8-130,131 Several studies of patients infected only 
with D. fragilis, however, have found an association with diarrhea, 
abdominal pain, nausea, weight loss, anorexia, flatus, and malaise 
that resolved only after eradication. !?®-135:136 Based on these stud- 
ies, it now is believed that D. fragilis is pathogenic and should 
be treated; however, studies of how best to eradicate it are lim- 
ited. Treatment with metronidazole (500 mg to 750 mg 3 times 
a day for 10 days), paromomycin (25 to 35 mg/kg/day orally in 3 
divided doses for 7 days), iodoquinol (650 mg orally 3 times a day 
for 20 days), or tetracycline (500 mg orally 4 times a day for 10 
days) has been effective. !29:136-138 


BLASTOCYSTIS HOMINIS 


B. hominis is an intestinal protozoan that commonly infects the 
human colon. After many years of confusion regarding its tax- 
onomy, Blastocystis is now recognized as a stramenopile, which is 
one of the major groups of eukaryotes and includes brown algae, 
diatoms, water molds, etc.!?° To date, only one other strameno- 
pile (i.e., Pythium) is known to infect humans. Diameter ranges 
from 3 to 30 um. In culture, B. hominis has ameboid, vacuolated, 
granular,® and cystic forms. The distribution of B. hominis is 
worldwide, but infection is most common in the tropics.*! In a 
large study of intestinal parasitism in the USA, B. hominis was 
identified in 2.6% of stool specimens submitted to state health 
departments; more than 70% of positive samples were from 
California.™ Among American travelers and expatriates, the 
prevalence often exceeds 30%.*! 

The significance of B. hominis as a pathogen remains contro- 
versial. Several studies have suggested an association with IBS, 
but neither cause nor effect has been established, and in most 
series, B. hominis infection is not more common among patients 
with GI complaints than among asymptomatic control subjects.*! 
Interestingly, there is tremendous genetic heterogeneity among 
B. hominis isolates, which may explain the apparent differences in 
clinical manifestations of infection.!*’ Multiple studies have used 
metronidazole (750 mg orally 3 times a day for 10 days) or iodo- 
quinol (650 mg orally 3 times a day for 20 days) for treatment 
of symptomatic patients, with an overall improvement rate of 
about 50%.°° Clinical improvement in some patients may relate 
to treatment of more virulent isolates, but it may also be a result 
of treatment of unrecognized infections with other organisms, 
because many people infected with B. hominis simultaneously har- 
bor known pathogens.!”° In one series of patients with B. hominis 
infection, 84% of patients were found to have at least one recog- 
nized pathogen other than B. hominis (E. histolytica, G. intestinalis, 
or D. fragilis) when repeated stool examinations were obtained.!7° 


CRYPTOSPORIDIUM SPECIES 
Epidemiology 


First recognized in 1907 by Tyzzer as a gastric infection in 
mice, Cryptosporidium species are tiny intracellular protozoan 
parasites (2 to 5 um) that belong to the phylum Apicomplexa. 
Other medically important apicomplexan parasites include 
Plasmodium species, which cause malaria, and Toxoplasma gondii, 
which causes toxoplasmosis. Cryptosporidium species infect the 
GI epithelium of a wide range of vertebrates. Two species, C. 
hominis and Cryptosporidium parvum cause most human infec- 
tions, but numerous other Cryptosporidium species occasionally 
infect humans.!*° C. parvum is also an important pathogen in 
cattle as shown by a survey of USA farms, in which over 50% 
of cattle were infected with C. parvum in the first month of life; 
zoonotic infections also have been reported to occur in rural 
areas, !41,142 
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Cryptosporidium was brought to prominent medical atten- 
tion in the early 1980s because of the devastating disease it 
caused in patients with advanced HIV infection. However, 
Cryptosporidium species increasingly are recognized as a cause 
of self-limited diarrhea, usually lasting 1 to 4 weeks, in immu- 
nocompetent persons.!*3-!+4+ Children younger than 2 years of 
age are disproportionately affected in developing countries. 
Infectious diarrhea is still estimated to cause more than 10% of 
childhood deaths globally, and based on the best currently avail- 
able epidemiologic data, cryptosporidiosis is the second or third 
most prevalent cause.!*-!*’ An inability to detect it reliably 
with nonmolecular methods likely contributed to delayed rec- 
ognition of its importance. In industrialized countries, because 
Cryptosporidium oocysts are small and highly chlorine-resistant, 
cryptosporidiosis is highly associated with water-borne epidem- 
ics, including numerous chlorinated swimming pool outbreaks; 
it is responsible for more than 85% of water-borne outbreaks 
for which a cause is identified in the USA.!*° A low infectious 
dose and ready person-to-person spread also has resulted in epi- 
demics in hospitals and daycare centers.14°-150 


Pathogenesis, Pathology, and Immunology 


Upon ingestion of an infectious dose that may be as low as 1 to 
10 oocysts, excystation and release of sporozoites occur in the 
presence of bile salts in the small intestine. The sporozoites then 
attach to the intestinal epithelium, which triggers elongation of 
epithelial cell microvilli on either side of the point of attachment. 
Fusion of the elongated microvilli with one another encloses the 
sporozoite within a vacuole located just underneath the brush 
border inside the epithelial cell. The sporozoites then develop 
into merozoites, which replicate asexually. After several rounds 
of asexual replication, the merozoites exit the host cell and invade 
uninfected neighboring cells. In immunocompetent persons, sec- 
ond-generation merozoites undergo meiosis to yield the male and 
female micro- and macrogametocytes, respectively. The microga- 
metocytes then divide, exit the cell, and fertilize the macrogame- 
tocytes, forming oocysts that are shed in the feces. This universal 
asexual-to-sexual stage differentiation of Cryptosporidium parasites 
in immunocompetent hosts effectively ends parasite replication. 
For unknown reasons, in severely immunocompromised people, 
by contrast, many parasites are believed to continue in the asexual 
replication cycle indefinitely, which may be the basis of chronic 
infection in this context. Rarely, multiplication has been seen in 
biliary, respiratory, or even conjunctival epithelium in immuno- 
compromised patients. 

Animal and human studies suggest that both humoral and 
cellular immune responses aid in the control of Cryptosporidium 
infections. Cryptosporidial diarrhea is clearly much more severe, 
and can be chronic, in patients with immunoglobulin deficiency, 
lymphocytic malignancies, or low CD4 counts associated with 
HIV infection. !44 151.152 


Clinical Features 


Following a one-week incubation period (range, 2 to 14 days), a 
watery, relatively noninflammatory diarrheal illness typically lasts 
for 10 to 14 days in immunocompetent hosts. Nausea, vomiting, 
abdominal pain, and mild fever also may be seen. Rarely, respira- 
tory symptoms, pancreatitis, and biliary tract involvement have 
been reported, the latter in HIV-infected patients (see Chapter 
35). Brief recurrence of diarrhea may be seen after improve- 
ment.153.154 

In immunocompromised patients, particularly those with 
very low CD4 lymphocyte counts, the diarrheal illness with 
cryptosporidial infection can be cholera-like, protracted 
(often for the duration of severe immune compromise), and 
fatal: t 


Diagnosis 


Because cryptosporidial infection usually is not identified in the 
laboratory except on specific request, the most important element 
in diagnosis is to consider it in patients with diarrhea that lasts 
longer than 5 to 7 days and to request the appropriate special 
fecal studies. Because Cryptosporidium is spread in water, it is rea- 
sonable to consider cryptosporidiosis whenever the diagnosis of 
giardiasis is considered. In addition, it should be considered as 
a cause of persistent diarrhea in immunocompromised patients. 
Traditionally, cryptosporidial oocysts have been detected 
with a modified acid-fast stain of the stool (which also can detect 
Cyclospora and Cytoisospora).'>° As with giardiasis, ELISA or direct 
fluorescence antibody tests of the stool have replaced micros- 
copy as the diagnostic test of choice. Numerous commercial kits 
using either of these 2 methods have been developed that have 
sensitivities and specificities over 90%.!*! The FDA-approved 
multiplexed PCR test discussed earlier for E. histolytica and G. 
intestinalis also detects Cryptosporidium in the feces.*’ Occasion- 
ally, cryptosporidiosis is diagnosed with intestinal biopsy. 
Serologic tests are helpful primarily in epidemiologic studies, 
especially because they may be negative at the time of initial clini- 
cal presentation and positivity persists after infection has resolved. 
Finally, abdominal US, CT scans, and ERCP may be helpful in 
diagnosis of cryptosporidial acalculous cholecystitis and cholan- 
giopathies, especially in immunocompromised patients. 


Treatment 


Better treatments are urgently needed for cryptosporidiosis in 
children and immunocompromised individuals.!°° Nitazoxanide, 
an antiparasitic agent with broad-spectrum antiprotozoan and 
antihelminthic activity, is the only drug with demonstrated 
efficacy for treating cryptosporidiosis in immunocompetent 
adults.°°.6:!57-159 Unfortunately, failure is common in young 
children and most studies indicate that it is equivalent to a pla- 
cebo for severely immunocompromised patients, such as those 
with advanced HIV infection.!°7'5? The recommended dosage 
in children is 100 mg (ages 12 to 47 months) or 200 mg (age 
>4 years) twice daily, and in adults is 500 mg twice daily for 3 
days. Nitazoxanide generally is well tolerated. It is converted to 
the active metabolite tizoxanide, which undergoes conjugation to 
form tizoxanide glucuronide and is excreted in the urine, bile, and 
feces. Nitazoxanide and tizoxanide are yellow, resulting in yellow 
urine and, in some patients on prolonged therapy, a yellow dis- 
coloration of the eyes that resolves after the drug is discontinued. 
Paromomycin or paromomycin in combination with azithromy- 
cin have been suggested as additional treatment options, but most 
studies indicate that these are not effective.'!©” Numerous groups 
are pursuing both cell-based and target-based approaches to 
identify more effective treatments, but all remain in early stages 
of development. 161-163 

Most important in treating HIV-infected patients with cryp- 
tosporidiosis is HAART, because ultimately, improvement of 
cryptosporidiosis depends on improvement in the immune com- 
promise and the CD4 lymphocyte counts. Finally, papillotomy 
may be required for biliary obstruction with papillary stenosis 
from cryptosporidiosis in patients with AIDS (see Chapter 35). 


Control and Prevention 


Most important in control and prevention of this difficult pro- 
tozoan parasitic infection is education regarding boiling or care- 
ful filtration of water; filter pores must be <1 um in diameter. In 
addition, scrupulous enteric precautions are required in institu- 
tions such as hospitals, daycare centers, or extended-care facili- 
ties for older adults. These precautions are especially important 
because chlorine is ineffective in reducing oocyst viability. 


Nonchemical means for disinfection with proven efficacy 
include ultraviolet light, irradiation, and heat. Of available FDA- 
approved sterilants, 22.4% glutaraldehyde and 26% hydrogen 
peroxide are both effective, but exposure times as long as 10 
hours may be needed.164165 Given the corrosiveness of concen- 
trated glutaraldehyde and hydrogen peroxide, users should check 
with device manufacturers when using them to sterilize instru- 
ments such as endoscopes. 

Finally, because of the potential substantial long-term impact 
of cryptosporidial infection on childhood growth and develop- 
ment, control of cryptosporidiosis is critical in developing areas 
and must receive appropriate high priority in programs directed 
at improved water and sanitation worldwide.!66-167 


CYCLOSPORA CAYETANENSIS 
Epidemiology 


Cyclospora first was reported as a cause of human disease by 
Ashford in 1979, who described infection of 3 patients in Papua, 
New Guinea by what was at that time an unnamed coccidian par- 
asite.!° This parasite came to wider attention when documented 
as a cause of protracted diarrhea in AIDS patients and persistent 
diarrhea in nonimmunocompromised patients in New York City 
and the Caribbean, among expatriates in Nepal, and in an out- 
break among house staff in a Chicago hospital.!©!”! Finally, in 
1993, Ortega and colleagues at Cayetano Heredia University in 
Peru demonstrated formation of sporozoites (sporulation) within 
immature oocysts and excystation in-vitro; they used electron 
microscopy to demonstrate that oocysts containing sporozoites 
also contained organelles characteristic of coccidians of the phy- 
lum Apicomplexa. They classified the organism as a member of 
the genus Cyclospora, and it is now officially named C. cayetanensis 
to acknowledge this work.!”? Ribosomal DNA analysis of phylo- 
genetic relationships suggest that Cyclospora is closely related to 
Eimeria.” 

Like Cryptosporidium, Cyclospora is being increasingly rec- 
ognized in immunocompetent as well as immunocompromised 
persons. The infection is usually highly seasonal (in summer or 
wet months) and is probably spread via fecal contamination of 
water and vegetables.!’+!7*In the USA and Canada, Cyclospora has 
been highly associated with large food-borne outbreaks tied to 
imported fruits and vegetables (e.g., raspberries and pre-prepared 
lettuce mixes). 176 


Pathogenesis, Pathology, and Immunology 


The pathogenesis, pathology, and immunology of Cyclospora, 
although not as thoroughly studied as for Cryptosporidium, appear 
to be similar for the 2 organisms. One important distinction, how- 
ever, is that unlike Cryptosporidium, which is promptly infectious 
when it is excreted in the stool, Cyclospora requires development 
outside the host before it becomes infectious. Consequently, 
secondary person-to-person spread, which is very common with 
cryptosporidial infections, is not described with Cyclospora infec- 
tions. Also, unlike the numerous mammalian hosts for the crypto- 
sporidial infections that also can infect humans, animal reservoirs 
for Cyclospora are very poorly understood at present. 

The histopathologic changes of Cyclospora infections are simi- 
lar to those seen with cryptosporidiosis, with villus blunting and 
a mild inflammatory infiltrate in the lamina propria, predomi- 
nantly in the small intestine. !77 


Clinical Features 


The clinical presentation of Cyclospora infection is indistin- 
guishable from that described with Cryptosporidium infections 
except perhaps for the more severe generalized fatigue and 
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malaise with Cyclospora infections, even in immunocompetent 
patients. Cyclospora diarrhea typically lasts for 1 to 3 weeks and 
may be associated with significant weight loss. Also as seen 
with cryptosporidiosis, protracted diarrhea and acalculous cho- 
lecystitis can occur with Cyclospora infection in HIV-infected 
persons. 


Diagnosis 


As with Cryptosporidium, one must consider the diagnosis of 
Cyclospora in patients with protracted diarrhea. Diagnosis is best 
made at present with microscopy and the acid-fast stain. Several 
samples may be needed for detection. Cyclospora oocysts mea- 
sure 7 to 10 um, nearly twice the size of those of Cryptosporidium, 
which are 4 to 5 pm.!’° Cyclospora exhibits striking blue-green 
auto-fluorescence when examined under fluorescence micros- 
copy, a characteristic that might have contributed to its initial 
confusion with cyanobacteria.’ Improved diagnostic methods 
using PCR have been developed, but they are not currently avail- 
able for clinical use.!*° 


Treatment 


In contrast to Cryptosporidium infections, Cyclospora infections are 
readily treatable, even in immunocompromised patients. The 
drug of choice is trimethoprim/sulfamethoxazole at a dosage of 
160/800 mg twice daily for one week. Treatment promptly eradi- 
cates the organism and relieves symptoms.!*!:!*? This treatment 
is similarly effective in patients with AIDS, although mainte- 
nance therapy with a single dose of trimethoprim/sulfamethoxa- 
zole 3 times/week may be needed to prevent relapse.!® Recent 
data show that ciprofloxacin provides a reasonable alternative in 
patients unable to tolerate trimethoprim/sulfamethoxazole.!** 
Nitazoxanide also appears to be effective. 


Control and Prevention 


Although readily treatable, Cyclospora infections are extremely dif- 
ficult to control or prevent because of our limited ability to detect 
low infectious doses (for humans) of oocysts, which can contami- 
nate products such as raspberries, from which it is very difficult 
to eradicate. From limited studies, the organism also appears to 
be relatively chlorine-resistant and thus poses challenges to effec- 
tive water treatment, much like Cryptosporidium. Elucidation of 
an animal reservoir of Cyclospora undoubtedly would enhance 
our ability to prevent and control the spread of this parasite. For 
example, the seasonality of Cyclospora infections remains mysteri- 
ous, and whether this is related to migration of an avian reser- 
voir has been questioned, but not proved.!*> Consistent with this, 
several studies have reported isolation of Cyclospora oocysts from 
chickens. !7#!75 


CYTOISOSPORA BELLI (PREVIOUSLY ISOSPORA 
BELLI 


Epidemiology 


C. belli was previously known as Isospora belli. A relative of Cyclospora 
and Eimeria, C. belli is much larger, with elliptical oocysts measur- 
ing 20 to 30 um long and containing 2 visible sporocysts that are 
acid-fast. Like Cyclospora, Cytoisospora oocysts appear to require 
sporulation outside of the human host before they become infec- 
tious. There are no known nonhuman hosts for C. belli, and its 
distribution appears to be throughout tropical areas around the 
world. It is a less common cause of diarrhea in children who live 
in developing areas than is Cryptosporidium, and in North America 
it is typically seen in older children, institutionalized children, 
and immunocompromised patients. !®6-187 
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Pathogenesis, Pathology, and Immunology 


The pathogenesis, pathology, and immunology of Cytoisospora 
infections appear to be similar to that of Cryptosporidium and 
Cyclospora infections, although less thoroughly studied. 


Clinical Features 


Similar to Cryptosporidium and Cyclospora infections, Cytoisospora 
characteristically produces a self-limiting diarrheal illness in 
immunocompetent persons and in travelers to tropical areas, 
with watery diarrhea and abdominal pain lasting 2 to 4 weeks. 
In immunocompromised patients, Cytoisospora can produce a pro- 
tracted sprue-like illness with malabsorption, weight loss, and 
prolonged diarrhea.!*’ As with Cryptosporidium and Cyclospora, 
acalculous cholecystitis also has been reported in patients with 
AIDS and Cytoisospora infections. 


Diagnosis 


The diagnosis of Cytoisospora should be suspected in immuno- 
competent patients with diarrhea lasting longer than 5 to 7 days, 
especially following travel to tropical or developing areas, and in 
immunocompromised patients with persistent diarrhea. Unlike 
other protozoan infections, Cytoisospora infections may be asso- 
ciated with peripheral eosinophilia and with Charcot-Leyden 
crystals in the stool. The diagnosis of Cytoisospora relies on iden- 
tification of the large, oval oocysts (20 to 30 um by 10 to 19 um) 
on microscopic examination of concentrated fecal specimens 
by acid-fast staining. Oocysts also may be seen in biopsy speci- 
mens from the small intestine. In contrast to Cryptosporidium and 
Cyclospora infections, Cytoisospora organisms have been observed 
invading beyond the epithelium into the lamina propria.!4°.!*° 


Treatment 


As with Cyclospora, Cytoisospora infections are readily treated with 
trimethoprim/sulfamethoxazole; the dosage is 160/800 mg orally 
4 times a day for 10 days, and then 2 times a day for 3 weeks.’ As 
previously described with Cyclospora, maintenance of suppressive 
therapy may be required in patients with AIDS.!** Alternatives 
to trimethoprim/sulfamethoxazole may include ciprofloxacin.!*+ 


Control and Prevention 


Prevention and control of Cytoisospora infections will likely 
require improved sanitation in tropical areas. 


MICROSPORIDIA 


Microsporidia infections also are discussed in Chapter 35. 


Epidemiology 


Microsporidia, the nontaxonomic term for Enterocytozoon bieneusi, 
Encephalitozoon (old Septata) intestinalis, and several other nonintes- 
tinal members of the phylum Microspora, are important causes of 
diarrhea, primarily in patients with impaired cell-mediated immu- 
nity from AIDS or organ transplantation.!*?:!?° Although histori- 
cally classified as protozoa, the microsporidia are actually obligate 
intracellular fungi.!?! E. bieneusi causes approximately 90% of 
cases.!°? Microsporidia are identified in as many as 50% of AIDS 
patients with chronic diarrhea and are the most commonly identi- 
fied pathogen in most series.!°° The prevalence of infection is cor- 
related strongly with low CD4 T lymphocyte counts, although cases 
are not uncommon in persons with CD4 cell counts >200 cells/ 
mL. !+41%2,193 Microsporidiosis is distinctly less common in immuno- 
competent persons. The reservoir and modes of transmission are not 


certain.!°+!% Epidemiologic data suggest that water-borne, person- 
to-person, and possibly sexual transmission occur. 


Pathogenesis, Pathology, and Immunology 


E. bieneusi enters only the cytoplasm of enterocytes, but E. intesti- 
nalis forms a parasitophorous vacuole in enterocytes, endothelial 
cells, fibroblasts, and macrophages, and it can disseminate to the 
kidney, prostate gland, and upper respiratory tract. Typically, 
intestinal pathology is marked by villus atrophy, crypt hyper- 
plasia, and mild inflammation in the lamina propria.!® The 
importance of cellular immunity in determining both infection 
and illness with intestinal microsporidia is indicated by its strik- 
ing predominance in immunocompromised persons after organ 
transplantation or in those with AIDS. 


Clinical Features 


Although primarily limited to immunocompromised patients, micro- 
sporidia, regardless of immune status, can cause chronic watery, non- 
inflammatory diarrhea and weight loss, occasionally with abdominal 
pain, nausea, vomiting, fever, and acalculous cholecystitis or even 
sclerosing cholangitis.'*’ E. intestinalis also can cause colitis and dis- 
seminate especially to the kidneys or less often to sinuses, bronchi, 
conjunctivae, or prostate.!®” Rarely, cases have been reported of self- 
limited diarrhea in travelers or health professionals. 194196 


Diagnosis 


Most laboratories use a modified trichrome stain to identify 
microsporidia in stool specimens.!”* This method requires con- 
siderable skill and has limited sensitivity because of the small size 
of the spores (E. bieneusi measures 1 by 1.5 um; E. intestinalis is 
slightly larger). Sensitivity can be improved by initially screening 
samples with fluorescent chitin stains such as Fungi-Fluor chitin 
stain (Polysciences, Warrington, Pa.) or Uvitex 2B (Ciba Geigy, 
Rueil Malmaison, France), and then confirming positive results 
by modified trichrome staining.'???°° In addition, Gram stain 
and electron microscopy can identify the organisms in intestinal 
biopsy specimens. Sensitive PCR methods have been developed 
that enable species differentiation, but use of these methods is 
currently limited to research applications.!9°°! 


Treatment 


E. intestinalis infections (10% of cases) respond well to albenda- 
zole, 400 mg twice daily for 3 weeks.’ The response of E. bieneusi 
to albendazole is poor, but recent data indicate that oral fumagil- 
lin (20 mg 3 times daily for 2 weeks) may be effective for treat- 
ment of intestinal E. bieneusi infection in immunocompromised 
patients.*° Side effects including neutropenia and thrombocyto- 
penia are common, and fumagillin is not available in the USA. As 
with all opportunistic infections in patients with AIDS, effective 
HAART is essential for controlling microsporidial infections. 


Control and Prevention 


Because the reservoir and transmission of microsporidia remain 
unclear, control measures are primarily directed toward appro- 
priate sanitary precautions and hand washing. 


TRYPANOSOMA CRUZI (CHAGAS DISEASE 
OR AMERICAN TRYPANOSOMIASIS) 


Epidemiology 


Although symptomatic Chagas disease has been confined to South 
and Central America, at least 4 autochthonous (indigenous) cases, 


as well as occasional laboratory-acquired and imported cases of 
acute Chagas disease, have occurred in the USA. Furthermore, 
increasing numbers of immigrants are presenting with chronic 
Chagas disease and pose distinct risks for disease transmission 
via blood donation.” In patients surviving acute infection with 
T. cruzi in whom the chronic form of illness develops, myocar- 
dial disease is the most common manifestation. Megaesophagus 
and megacolon are the most common intestinal manifestations 
of American trypanosomiasis. Small intestinal dilatation and 
aperistalsis also are seen. At postmortem examination, even in 
patients with asymptomatic T. cruzi involvement of the intestine, 
the small intestine has a significant reduction in submucosal and 
myenteric autonomic plexuses. 

American trypanosomiasis could prove to be a significant 
health problem in the USA because of the large reservoir of 
T. cruzi infection detected in animals in Arizona, California, New 
Mexico, Texas, Louisiana, Georgia, Florida, and Maryland; the 
epidemiologically important insects, the reduviid bugs of the 
Triatominae group, also have the same wide geographic distribu- 
tion. Infection is transmitted when the reduviid bug infected with 
T. cruzi bites the victim. On biting, the arthropod discharges its 
feces, and the parasite is then introduced through the skin when 
the patient scratches the bite. 


Pathogenesis, Pathology, and Immunology 


Metacyclic trypanosomes, an extracellular, flagellated form of the 
parasite that develops in the triatomine bug’s intestinal tract, are 
deposited with the feces of the bug during the time it is taking 
a blood meal. Characteristically, deposition occurs on or near 
mucous membranes, particularly on the outer canthus of the eye 
or around the nose or lips. The invading organisms are phago- 
cytosed by histiocytes in the corium and invade the adipose and 
subcutaneous muscle cells. They then develop into the intracellu- 
lar form, the amastigote, which replicates by binary fission within 
the host’s cells. At variable intervals, the intracellular amastigotes 
differentiate into trypomastigotes, a flagellated form that emerges 
into the blood and lymphatic circulation. The trypomastigotes 
then either invade other cells in diverse areas of the body (where 
they transform back to amastigotes and multiply) or are taken up 
into another reduviid bug’s midgut during a blood meal. 

The signs and symptoms of Chagas disease are caused by the 
intracellular amastigote forms. When the host cell ruptures, large 
numbers of amastigotes escape and temporarily enter the circu- 
lation as trypanosome forms. In the intestine, tissue injury can 
occur acutely or can trigger autoimmune damage to cardiac or 
nerve epitopes that cross-react with T. cruzi antigens to destroy 
the submucosal and the myenteric plexuses. The end result is 
enteromegaly, which at times may be massive. Immunosuppres- 
sion as a consequence of chemotherapy or AIDS can reactivate 
chronic T. cruzi infection, causing acute disease or brain abscesses. 


Clinical Features 


Acute Chagas disease occurs most often in children. It is char- 
acterized by high fever and marked edema, particularly with a 
periorbital distribution and often involving the entire body. In 
patients with acute Chagas disease, the periorbital edema of 
one or both eyes is striking. The victim can appear to be suf- 
fering from myxedema. There usually is hepatosplenomegaly 
and enlargement of the thyroid gland, lymph nodes, and salivary 
glands. The acute stage lasts about 20 to 30 days. 

Manifestations of chronic Chagas disease depend on which 
major organ system is involved. Most commonly, symptoms 
are cardiac, manifested primarily as arrhythmias and heart fail- 
ure. With megaesophagus, the history, barium esophagogram, 
and esophageal motility tracing are indistinguishable from those 
of achalasia. With megacolon (Fig. 113.6), infrequent bowel 
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Fig. 113.6 Film from a barium enema examination revealing megarec- 
tum and megasigmoid in a patient with Chagas disease. This com- 
plication, caused by autoimmune destruction of the submucosal and 
myenteric nerve plexuses, is believed to be a consequence of a cross- 
reaction of nerve epitopes with an antigen from Trypanosoma cruzi. 


movements and chronic constipation are the cardinal symptoms. 
With dilatation of the small intestine, diarrhea or constipa- 
tion may occur. There also may be evidence of weight loss and 
abdominal distention caused by the markedly dilated bowel. 


Diagnosis 


Routine laboratory data provide no clue to the diagnosis of Chagas 
disease. Diagnosis of acute disease depends on demonstration of 
the trypanosome forms on blood smears during periods when the 
amastigotes rupture cells. During febrile periods, if the blood 
smear results are negative, inoculation of a patient’s blood into a 
guinea pig leads to proliferation of trypanosomes that often can 
be recovered and identified. Amastigote forms may be detected in 
bone marrow, the spleen, or enlarged lymph nodes. 

Diagnosis of chronic Chagas disease depends on the presence 
of a typical clinical and epidemiologic history and on serologic 
tests, because parasites are only rarely identifiable in the blood or 
on biopsies of affected organs. Serum antibodies to T. cruzi can 
be detected either by complement fixation or ELISA, and anti- 
body testing can be requested from the CDC. Xenodiagnosis has 
been used but is relatively insensitive, identifying less than 50% 
of patients infected with chronic Chagas disease. In this tech- 
nique, trypanosome-free laboratory reduviid bugs are allowed 
to bite suspected victims. The trypanosomes multiply rapidly in 
the intestinal tract of the insect, and examination of the intestine 
reveals flagellated trypanosomes in 10 to 30 days. Sensitive and 
specific PCR-based assays have been developed for diagnosis of 
acute and chronic Chagas disease, but these assays are not avail- 
able for clinical use.?°+? 


Treatment 


Despite only modest efficacy and considerable toxicity, antitrypano- 
somal treatment is now recommended for all cases of acute Chagas 
disease and for chronic infections in people younger than 50 years 
of age without advanced cardiomyopathy.!”” Nifurtimox (8 to 10 
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mg/kg daily in 4 divided doses for 90 to 120 days) or benznidazole 
(5 to 7 mg/kg daily in 2 divided doses for 30 to 90 days) can be used 
for treatment of acute Chagas disease.*> In the USA, benznida- 
zole is FDA-approved for children between 2 and 12 years of age, 
and is commercially available. Nifurtimox is not currently FDA- 
approved, and is available under an investigational protocol from 
the Centers for Disease Control. Both drugs have limited efficacy, 
and are associated with significant side effects, including GI symp- 
toms in 40% to 70% of patients (nausea, vomiting, abdominal pain, 
and anorexia) and frequent neurologic sequelae.’!+ Treatment for 
the GI manifestations of chronic Chagas disease only addresses the 
symptoms. Isosorbide dinitrate increases esophageal emptying in 
patients with achalasia resulting from Chagas disease and might 


ameliorate dysphagia.*!>?!° Most patients with Chagas achalasia 
are best treated with either balloon dilation of the esophagus or 
esophagomyotomy. Occasionally, aperistaltic segments of intestine 
that are responsible for symptoms need to be resected. 


Control and Prevention 


Control and prevention require improved housing, use of insecti- 
cides and netting, and screening of blood for antibody in endemic 
areas. 


Full references for this chapter can be found on www.expertconsult.com. 
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Parasitic worms are found worldwide, but intestinal coloniza- 
tion by helminths is most common in less industrialized, devel- 
oping countries. Modern travel, emigration,'” and consumption 
of “exotic” cuisines allow intestinal helminths to appear in any 
locale. People now acquire tropical helminths without leaving 
their industrialized temperate cities. Because intestinal helminth 
infections are more frequent in developing countries, complete 
travel history is a critical—but often overlooked—aspect of the 
patient interview. Helminths may survive for decades within a 
host, so even a remote history of visits to or emigration from 
countries where helminths are endemic is important. Fresh food 
is flown around the world and often consumed raw, often at a 
great distance from its original point of origin. 

Physicians need to remain alert to the possibility of infec- 
tion with these organisms because some cause severe disease that 
requires years to develop or occurs only under special circum- 
stances. For example, patients might have occult Strongyloides 
stercoralis until treatment with glucocorticoids causes fulminant 
disease, occult Clonorchis sinensis until they develop cholangiocar- 
cinoma, or occult Schistosoma mansoni until they develop portal 
hypertension and bleeding from esophageal varices. 

In developed countries, intestinal helminths often are identi- 
fied as an unexpected finding rather than as a result of an actively 
pursued diagnostic evaluation. Helminths are complex organisms 
well-adapted to their hosts; like quiet house guests, most cause 
no symptoms. Worms rarely cause diarrhea, but many medical 
laboratories do not assay formed stool routinely for parasite eggs. 


Physicians need to communicate their concerns of possible hel- 
minthic infection to laboratory personnel. A telephone call to the 
local laboratory before a sample is sent can improve diagnostic 
results dramatically. Occasionally, alarmed patients bring pro- 
glottids or whole worms that they passed with their stools. These 
specimens should be fixed in 5% aqueous formalin and sent for 
identification.’ All specimens should be handled carefully with 
full precautions to avoid accidental exposure. 

Some helminthic infections are difficult to diagnose, espe- 
cially when the worm burden is light. Diagnosis can require 
serologic evaluation, analysis of multiple stools, use of stool 
concentration techniques, or amplification of helminth DNA 
(molecular studies) in addition to a high level of physician aware- 
ness. For example, S. stercoralis eggs do not appear in the stool, 
and diagnosis is best made serologically. Ancylostoma caninum 
causes eosinophilic enteritis but does not lay eggs when infect- 
ing people. 

Some helminths can cause severe disease, but this is 
unusual. Most persons colonized with helminths have no 
symptoms or illness attributable to the parasites. Only with 
heavy or protracted infections does disease result. Well- 
adapted worms usually act more as commensals than as patho- 
gens. It is even possible that exposure to helminths affords 
some protection against disease due to robust immune reac- 
tions. Helminths induce immune regulatory pathways.’ 
Studies in mice and rats show that exposure to helminths 
can be used to prevent or treat colitis,° insulin-dependent 
diabetes mellitus,’ and auto-immune encephalitis.* Studies 
in humans show that helminth exposure may improve UC,” 
reduce the risk of Crohn disease,!9!! and that helminth eradi- 
cation increases atopy!? and worsens the course of multiple 
sclerosis.'* Although it remains important to treat helminthic 
infections when they are discovered, further research on these 
organisms may enable discovery of new approaches to treat 
immune-mediated disease. 

Helminth associated protection from pathogenic inflam- 
mation may be mediated, at least in part, by changes in the 
microbiome.!* Helminth infection alters the composition of the 
microbiota and promotes richness and strain diversity of intestinal 
commensals. Several potential mechanisms have been proposed 
to explain how helminths alter the composition of microbiota. 
Bacterial attachment (a key trigger of colitis) was reduced after 
Trichuris exposure.'° Another study that focused on mice defi- 
cient for Crohn disease associated CARD15/Nod2, found that 
helminth exposure inhibits intestinal colonization by inflamma- 
tory Bacteroides species, but promotes the establishment of pro- 
tective microbiota enriched for Clostridiales.'* The microbiome 
influences host metabolism!° and helminth infection also can 
alter host metabolic responses.!”-!* Australian Aboriginal adults 
with S. stercoralis infection are protected from type 2 diabetes.!” 
Soil-transmitted helminth infection was found to increase insulin 
sensitivity modestly in a cross-sectional study of Indonesians.’° 
Some of this effect could be due to helminthic modulation of 
the microbiome as discussed earlier. In addition, helminth prod- 
ucts also can directly influence cell responses in animal models of 
metabolic syndrome.’! 

This chapter is divided into 3 sections: nematodes (round- 
worms), cestodes (tapeworms), and trematodes (flukes or flat- 
worms). For the most part, each worm is addressed separately, 


1847 


1848 PARTX Small and Large Intestine 


noting its epidemiology, life cycle, clinical manifestations, diag- 
nosis, and treatment. 


NEMATODES 
Ascaris lumbricoides 


A. lumbricoides is the largest of the nematode parasites that col- 
onize humans; females can grow to 49 cm (19 inches).?? The 
name “lumbricoides” alludes to its resemblance to earth worms 
(Lumbricus sp.). The parasite is acquired by ingesting its eggs. 
Ascaris can cause intestinal obstruction and pancreaticobiliary 
symptoms. Treatment is albendazole. 


Epidemiology 


A. lumbricoides has a worldwide distribution, although these 
parasites are most numerous in less-developed countries and in 
areas with poor sanitation. About 1.2 billion people (25% of the 
world’s population) harbor A. lumbricoide?>?* and 5.2 billion 
people are at risk of becoming infected.” Children acquire the 
parasite by playing in dirt contaminated with its eggs, whereas 
adults most often are infected by farming or eating raw vegeta- 
bles from plants fertilized with untreated sewage. Pigs harbor 
A. suum, which is very closely related to A. lumbricoides’; zoo- 
notic infections occur?” but are unusual.?® 


Life Cycle 


Humans acquire the parasite by ingesting embryonated eggs that 
contain third-stage larvae. Fertilized eggs are passed in stool and 
incubate in the soil for 10 to 15 days while the embryo develops 
and molts twice, after which the eggs become infective. The eggs 
are remarkably stable, can survive freezing, and can remain viable 
for 7 to 10 years. The eggs are resistant to most chemical treat- 
ments including pickling, but they rapidly die in boiling water. 
Once ingested, eggs hatch in the duodenum and release their lar- 
vae, which penetrate the intestinal wall and enter the mesenteric 
venules and lymphatics. Larvae that migrate with portal blood 
pass to the liver, through the sinusoids to the hepatic veins, and 
then through the right side of the heart to enter the lungs. Larvae 
migrating via the lymphatics pass through mesenteric lymph nodes 
to the thoracic duct and enter the superior vena cava, also to arrive 
in the lungs. The larvae then lodge in the pulmonary capillaries 
and break into the alveoli, where they molt twice while growing to 
1.5 mm in length. Larvae then ascend the tracheobronchial tree, 
arrive in the hypopharynx, are again swallowed, and pass into the 
small intestine, where they molt again and finally mature. 

Mature male A. lumbricoides are smaller (10 to 30 cm) than 
females (20 to 49 cm). Worms mate in the small intestine and 
females deposit about 200,000 eggs a day. Adult worms live for 
about 1 year (6 to 18 months). Because their eggs require incu- 
bation in the soil to become infective, Ascaris does not multiply 
in the host. Continued infestation requires repeat ingestion of 
embryonated eggs. 


Clinical Features and Pathophysiology 


A. lumbricoides produces no symptoms in most infected persons. 
Often, worms are found unexpectedly on endoscopy’??? (Video 
114.1) or are seen on radiologic imaging,*! or eggs are identi- 
fied in stool specimens of patients with symptoms not directly 
attributable to the worms. Disease usually develops only in those 
with heavy worm burdens: pulmonary, intestinal, and hepatobi- 
liary ascariasis are well-described. Pulmonary ascariasis (Ascaris 
pneumonitis) develops 4 to 16 days after ingesting infective eggs. 
The larvae migrate into the alveoli and elicit an inflammatory 
response that can cause cough and fleeting eosinophilic infiltrate 


Fig. 114.1 Surgical specimen showing small bowel obstruction (with 
gangrene) caused by A. lumbricoides. (From Wasadikar PP, Kulkarni 
AB. Intestinal obstruction due to ascariasis. Br J Surg 1997; 84:410-2.) 


(Löffler syndrome). The pneumonitis usually is self-limited but 
can be life-threatening if larvae are numerous. 

Large numbers of mature worms can cause severe intestinal 
symptoms including abdominal pain, distention, nausea, and 
vomiting. The most common complication of intestinal ascariasis 
is partial or complete SBO; such patients often have a history of 
passing mature worms in their stool or vomitus. Patients with 
SBO generally have more than 60 worms,*” and the rare patients 
with fatal disease often have more than 600 worms. Fatality results 
from intestinal necrosis caused by obstruction, intussusception, 
or volvulus (Fig. 114.1).3> Most cases of SBO, absent signs of 
peritonitis or perforation, can be managed conservatively. 

A. lumbricoides is highly motile. Mature worms can enter the 
ampulla of Vater (Fig. 114.2) and migrate into the bile or pan- 
creatic ducts, causing biliary colic, obstructive jaundice, ascend- 
ing cholangitis, acalculous cholecystitis, or acute pancreatitis.’ 
Pregnancy can promote biliary migration.*+ Ascaris worms can 
move in and out of the papilla, producing intermittent symptoms 
and fluctuating laboratory tests. Recurrent ascending cholangi- 
tis or acute pancreatitis from ascariasis is rare in highly devel- 
oped Western countries, but must be considered in patients 
who have recently visited endemic areas?’ and can be fatal if the 
diagnosis is not entertained and treatment is delayed.*° 


Diagnosis 


Often it is an alarmed patient who discovers Ascaris after pass- 
ing a motile adult worm with a bowel movement. The worms, 
however, usually do not cause diarrhea. Most patients do not 
have specific symptoms or eosinophilia. Ascaris eggs are visible 
in direct smears of stool (Fig. 114.3). Eggs begin to appear in 
the stool about 2 months after initial exposure. Fertilized eggs 
are 35 by 55 um and have a thick shell and outer layer; females 
also lay unfertilized eggs that are larger (90 by 44 um) and have a 
thin shell and outer layer. Ascaris eggs that lose their outer layer 
resemble the eggs of hookworms. Adult worms may be seen at 
endoscopy,” or identified on UGIS as long, linear, filling 
defects within the small intestine.*! The worms retain barium 
after it has cleared from the patient’s GI tract, producing isolated 
linear opacities. Similar findings are seen on ERCP if a worm is 
within the bile or pancreatic duct (Fig. 114.4). Ascaris also has a 
characteristic appearance on US examination of the bile duct or 
pancreas, appearing as long, linear echogenic stripes that do not 
cast acoustic shadows.’ 138 


Fig. 114.2 A, Endoscopic view of 
A. lumbricoides partially within the 
ampulla of Vater. B, A. lumbricoi- 
des after removal. (From Esser-Ko- 
chling BG, Hirsch FW. Images in 
clinical medicine. A. lumbricoides 
blocking the common bile duct. 

N Engl J Med 2005; 352:e4.) 


Fig. 114.3 Wet prep of a stool specimen containing various helminth 
eggs identified by labeled arrows. A, A. lumbricoides. B, Hookworm. C, 
T. trichiura. D, F. buski. (Courtesy Mae Melvin, MD, Atlanta, GA.) 


Treatment 


Asymptomatic colonization with A. /umbricoides is treated easily 
with a single 400-mg oral dose of albendazole.*? Albendazole 
inhibits glucose uptake and microtubule formation, effectively 
paralyzing the worms. Albendazole is poorly absorbed but is still 
considered possibly teratogenic, and when possible, treatment 
with this agent should be delayed until after delivery. Previously, 
clinicians who work in endemic countries would avoid treatment 
of pregnant women, however, in areas where repeated pregnancy 
is common, this resulted in prolonged avoidance of potentially 
life-saving therapy. A recent study of 1257 women treated with 
albendazole showed no adverse effect of albendazole treatment 
on birth weight, perinatal mortality, or congenital anomaly com- 
pared with placebo.*° Single-dose mebendazole also is efficacious 
for Ascaris.*! A study of 1042 pregnant women in Peru found no 
adverse effect of a single 500-mg oral dose of mebendazole on 
birth outcomes. 

Patients with pulmonary ascariasis should be treated with 
glucocorticoids to reduce the pneumonitis and be given 2 400- 
mg doses of albendazole one month apart. Because albendazole 
is poorly absorbed, ascaricidal tissue concentrations are not 
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Fig. 114.4 Film from an ERCP showing several Ascaris lumbricoides 
in the bile duct. (From van den Bogaerde JB, Jordaan M. Intraductal 
administration of albendazole for biliary ascariasis. Am J Gastroenterol 
1997; 92:1531-3.) 


achieved. The first dose kills mature worms that have finished 
their migration to the intestine, and the second dose kills worms 
that were in transit when the first dose was given. Albendazole 
is well tolerated, but can cause nausea, vomiting, and abdominal 
pain. 

Intestinal ascariasis with obstruction often can be treated con- 
servatively with fluid resuscitation, NG decompression, antibiot- 
ics, and one dose of albendazole. Surgery is not required unless 
the patient develops signs of volvulus, intussusception, or peri- 
tonitis. If the bowel is viable, an enterotomy allows intraopera- 
tive removal of worms. Albendazole may be held until after the 
obstruction has resolved and then is used to eradicate any remain- 
ing organisms. 

Hepatobiliary ascariasis also can be treated conservatively 
with fluid resuscitation, bowel rest, and antibiotics.*> Worms in 
the bile duct are not effectively treated with albendazole because 
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the drug is poorly absorbed and not concentrated in bile. This 
feature of albendazole is advantageous because were paralyzed 
worms within the duct unable to pass out through the sphincter 
of Oddi, they could become trapped in the bile duct. Patients 
with hepatobiliary ascariasis should be treated with albendazole 
each day for several days because the worms only become suscep- 
tible to the drug after they migrate out of the bile duct. 

Worms also can invade the pancreatic duct and intrapancreatic 
Ascaris can be treated just as hepatobiliary ascariasis.4+ Ascending 
cholangitis, acute obstructive jaundice, or acute pancreatitis requires 
emergent ERCP with worm extraction from the ducts by balloon, 
basket, or forceps—preferably without sphincterotomy. Ampullary 
sphincterotomy permits worms easier access to the ducts and can 
increase the risk of recurrent pancreaticobiliary ascariasis. 


Strongyloides stercoralis 


S. stercoralis is a free-living tropical and semitropical soil hel- 
minth, the filariform larvae of which can penetrate intact skin.*° 
As a parasite, Strongyloides lives in the intestine and lays eggs that 
hatch while still in the intestine. Filariform larvae develop within 
the intestine, migrate along defined paths, and mature to increase 
the number of adult parasites in the host; this results in prolonged 
infection that may extend to 75 years, after one leaves an endemic 
area.*’ Immunosuppression and glucocorticoid treatment cause 
fulminant disease due to enhanced reproduction of parasites that 
can prove fatal. Treatment is ivermectin. 


Epidemiology 


S. stercoralis is endemic in tropical and semitropical regions, but it 
also can be acquired in rural southern USA** and northern Italy. 
Strongyloides can exist as a free-living organism that does not 
require a host to replicate. Patients from endemic areas, military 
veterans who served in Asia, and prisoners of war are at high risk 
for subclinical strongyloidiasis. S. fuelleborni fuelleborni (endemic 
in Africa and Thailand) and S. fuelleborni kelleyi (endemic in Papua 
New Guinea) also can cause human infections.*°+? 


Life Cycle 


Adult male and female S. stercoralis live in the soil and lay eggs 
that hatch rhabditiform larvae. Rhabditiform larvae develop in 
the soil into mature adults to complete the life cycle of this worm. 
Rhabditiform larvae (250 um) also can develop into longer (500 
um) infective filariform larvae that can penetrate any area of skin 
that contacts soil, after which they migrate through the dermis 
to enter the cutaneous vasculature. The larvae circulate with the 
venous blood until they reach the lungs, where they break into 
the alveoli and ascend the bronchial tree. The worms then are 
swallowed with bronchial secretions and pass into the small intes- 
tine, where they embed in the jejunal mucosa and mature. Female 
S. stercoralis can lay fertile eggs by parthenogenesis and, therefore, 
do not require males to reproduce. The eggs hatch within the 
small intestine, and rhabditiform larvae migrate into the lumen. 
Rhabditiform larvae, not eggs, are passed in the stool. A criti- 
cal feature of S. stercoralis infestation is that some rhabditiform 
larvae sporadically develop into infective filariform larvae within 
the intestine. Filariform larvae are able to re-infect (auto-infect) 
the patient, thereby increasing the parasite burden and permit- 
ting prolonged colonization so that subclinical strongyloidiasis 
can exist for many decades after the host has left an endemic area. 


Clinical Features and Pathophysiology 


Most patients with S. stercoralis infestation have no abdominal 
symptoms. Patients with auto-infection, however, might develop 
a serpiginous urticarial rash (arva currens) caused by the rapid 


(5 to 10 cm/hr) dermal migration of filariform larvae, usually on the 
buttocks and resulting from larvae that entered the perianal skin after 
they exited the anus. A study of prisoners of war found this “creeping 
eruption” to be a far more common symptom of chronic strongyloi- 
diasis than were GI complaints.’ Occasionally, patients have nausea, 
abdominal pain, or unexplained occult GI blood loss from S. stercora- 
lis. The parasite also can cause colonic inflammation that resembles 
UC but is more right-sided and strongly eosinophilic.*!~*? 

While the parasite burden remains balanced, symptoms 
are minimal or absent. Immunosuppression or glucocorticoid 
administration upsets this balance with the result that previ- 
ously asymptomatic, but chronically infested, patients develop 
fulminant, potentially fatal strongyloidiasis from massive auto- 
infection.°* The mechanisms that permit massive auto-infection 
are unknown, but events that inhibit Th2-directed immune 
responses can release eosinophil-mediated control of the para- 
sites. In addition, glucocorticoids can act directly on the parasites 
to increase the development of infective filariform larvae. Ful- 
minant disseminated strongyloidiasis rarely complicates HIV and 
AIDS (see Chapter 35).°° 

Massive auto-infection produces disseminated fulminant 
strongyloidiasis. Migrating filariform larvae injure the intestinal 
mucosa and carry luminal bacteria into the bloodstream, result- 
ing in polymicrobial sepsis with enteric organisms; Streptococcus 
gallolyticus (previously S. bovis) endocarditis or meningitis*® also 
can result. Numerous larvae migrating through the lungs cause 
pneumonitis, and worms can arrive in unusual locations such as 
the brain. Fulminant strongyloidiasis often is fatal. 


Diagnosis 


A survey of USA physicians-in-training demonstrated very poor 
ability to identify or even consider strongyloidiasis in a Southeast 
Asian immigrant with new-onset wheezing.” Patients with chronic 
strongyloidiasis often are asymptomatic. Peripheral blood eosinophil 
levels may be elevated, but a normal eosinophil count does not argue 
against infestation with this parasite. Currently, the best method for 
detecting previous exposure is enzyme-linked immunosorbent assay 
(ELISA) for immunoglobulin (Ig) G antibodies against S. stercora- 
lis. This assay is performed by the Centers for Disease Control and 
Prevention in the USA and is 95% sensitive,*® sensitivity being high- 
est for immigrants with prolonged exposure and lowest for return- 
ing visitors with low-level recently acquired infestation.” Patients 
with HIV® or immunosuppressive malignancies®! can have nega- 
tive serology. False-positive reactions can occur in patients who have 
been exposed to other helminthic parasites,’ and serologic positiv- 
ity can indicate prior exposure to S. stercoralis, not necessarily active 
infestation. Because chronic strongyloidiasis can remain subclinical 
and difficult to detect for decades, however, treatment of seroposi- 
tive patients is warranted. Indeed, some argue that patients with 
only suspected strongyloidiasis, such as immigrants from endemic 
countries who have elevated eosinophil counts, should be treated 
empirically before they are treated with glucocorticoids.** Active 
infestation can be diagnosed by finding rhabditiform larvae in direct 
smears of the stool, though this is an insensitive method. A 10-fold 
more sensitive technique is to spread stool on an agar plate and look 
for serpentine tracks left by migrating larvae.® Intestinal biopsy is an 
insensitive means of diagnosis. 


Treatment 


Chronic strongyloidiasis is best treated with one dose of oral 
ivermectin (200 pg/kg); this dose is used in both adult and pedi- 
atric patients. Ivermectin is better tolerated than thiabendazole. 
Ivermectin paralyzes the intestinal adult worms but not the lar- 
vae migrating through tissue, and therefore patients can develop 
recurrent infestation from migrating larvae; a repeat dose after 


2 weeks helps to prevent this outcome. Hyperinfection requires 
intensive treatment with daily ivermectin for at least 2 weeks. 
Successful treatment causes a fall in antibody titer by 6 months in 
most (~90%) patients.’ Immunocompromised patients require 
repeat doses given 2, 15, and 16 days after the first dose. 


Capillaria (Paracapillaria) philippinensis 


Capillariasis is acquired by eating raw fish infested with the para- 
site. The nematode causing capillariasis has been renamed from 
Capillaria philippinensis to Paracapillaria philippinensis,©° but by any 
name, it is deadly. The parasite replicates in the host, producing 
an ever-increasing number of intestinal worms. Patients develop 
protein-losing, sprue-like diarrhea with progressive emaciation 
and anasarca, which ultimately leads to death, absent treatment. 
‘Treatment is albendazole. 


Epidemiology 


The first known human case of capillariasis was published in 
1964 and it remains a rare but deadly parasitic infestation. From 
1965 through 1968, an epidemic in the Philippines involved 
229 cases, with an overall mortality rate of 30%.°’ As the name 
implies, Paracapillaria (Capillaria) philippinensis is endemic to the 
Philippines, but it also is endemic in Thailand and recently has 
been reported in Egypt.°* Cases also occur in Japan, Taiwan, and 
Iran. Modern travel transports cases worldwide.’ 


Life Cycle 


Birds, not humans, are the natural hosts for P. philippinensis. In 
the avian small intestine, the larvae mature into adults. The adults 
are very small, measuring up to 3.9 mm for males and 5.3 mm for 
females. Adult worms mate and produced eggs are deposited in 
bird droppings into ponds and rivers to be swallowed by fish to 
complete the life cycle. 

People become infested with the worm by eating raw or under- 
cooked freshwater or brackish-water fish that contain the para- 
sitic larvae. Some female adult P. philippinensis are larviparous and 
produce infective larvae instead of eggs, which then mature in the 
small intestine and increase the parasite burden. This pathway of 
auto-infection permits a massive increase in parasite numbers as 
shown by a rhesus monkey that originally was fed 27 larvae and 
had more than 30,000 worms by 162 days of infection.”° 


Clinical Features and Pathophysiology 


Capillariasis produces a progressive sprue-like illness. Symptoms 
begin with vague abdominal pain and borborygmi. Patients begin 
to have diarrhea 2 to 3 weeks after infection. Initially intermit- 
tent, diarrhea becomes persistent and increasingly voluminous. 
Patients rapidly waste from escalating steatorrhea and protein- 
losing enteropathy. Eventually they manifest emaciation, ana- 
sarca, and hypotension; diarrhea produces severe hypokalemia. If 
untreated, patients die from cardiac failure or secondary bacterial 
sepsis usually about 2 months after the initial onset of symptoms. 
The progressive disease is believed to result from an ever-increas- 
ing number of poorly adapted intestinal parasites. In autopsy 
studies, the jejunal intestinal mucosa showed flattened, denuded 
villi with numerous plasma cells, lymphocytes, macrophages, and 
neutrophils infiltrating the lamina propria.™ 


Diagnosis 


Diagnosis is made by finding eggs and larvae in stool specimens, 
but stool examination is insensitive.’! Push or balloon endoscopy 
shows jejunal mucosal scalloping and biopsies of involved mucosa 
can demonstrate the helminths.’! Although no serologic tests for 
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capillariasis are available, patient sera cross-reacts with Trichinella 
spiralis larval extract.’ 


Treatment 


Capillariasis requires extended antihelminthic treatment with 
albendazole 200 mg orally twice daily for 10 days or mebenda- 
zole 200 mg orally twice daily for 20 days to prevent recurrence. 
Albendazole is better tolerated than mebendazole, though either 
can cause headache, diarrhea, and abdominal pain. Extended 
treatment is necessary because larvae are resistant to these agents. 


Necator americanus, Ancylostoma duodenale, 
Ancylostoma Ceylanicum, and Ancylostoma 
Caninum (Hookworms) 


Worldwide, an estimated 440 million people are infested with hook- 
worm,” usually by N. americanus, A. duodenale, or a mixture of both. 
Hookworm is acquired by skin contact with contaminated soil. 
Moderate infestation contributes to iron deficiency. Hookworm 
should be suspected in patients with eosinophilia and iron-deficiency 
anemia. A. ceylanicum has a broad host range including domestic pets 
and people. A. caninum is a dog and cat parasite that is a cause of 
eosinophilic enteritis in humans. Treatment is albendazole. 


Necator americanus and Ancylostoma duodenale 


Epidemiology 

The geographic distribution of N. americanus and A. duodenale exten- 
sively overlap, but N. americanus predominates in the Americas, 
South Pacific, Indonesia, southern India, and central Africa, whereas 
A. duodenale is more common in North Africa, the Middle East, 
Europe, Pakistan, and northern India. Hookworm infestation is 
acquired by contacting soil that has been contaminated with human 
waste. Hookworm is endemic in tropical to warm temperate areas 
that lack adequate sewage facilities. Once thought as nearly eradi- 
cated in the USA, persistent pockets of exposure remain in under- 
resourced areas.** Highly sensitive quantitative PCR measurement 
found that 19 out of 55 (34.5%) individual stool specimens tested 
positive for N. americanus in a rural Alabama community.** 


Life Cycle 

Infective third-stage hookworm larvae penetrate intact skin, 
typically between the toes, while one is walking barefoot on con- 
taminated ground. Larvae migrate through the dermis to reach 
blood vessels, a migration that can cause a pruritic, serpiginous 
rash, cutaneous larva migrans (Fig. 114.5). A. braziliense normally 
infests dogs and cats, but it produces a similar rash during infec- 
tive dermal wandering in humans and is the usual cause of cutane- 
ous larva migrans. Larvae of N. americanus and A. duodenale enter 
blood vessels in the skin and migrate with venous flow through 
the right side of the heart to the lungs. A. duodenale larvae can 
arrest their migration and become dormant for many months 
before proceeding to the lungs,’* although the mechanism regu- 
lating this developmental arrest is unproven. Once in the lungs, 
larvae penetrate the alveoli and enter the air spaces, after which 
they migrate up the pulmonary tree, are swallowed with saliva, 
and pass into the small intestine, where they mature. Patients also 
can acquire A. duodenale by directly ingesting larvae crawling on 
contaminated fresh vegetables. Adult worms develop large buccal 
cavities and graze on the intestinal mucosa, ingesting epithelial 
cells and blood (Figs. 114.6 and 114.7). Adults are about 1 cm 
long and can live for up to 14 years. Mature worms mate and lay 
eggs. Each female N. americanus lays about 10,000 eggs a day, 
and each female A. duodenale lays about 20,000 eggs a day. Eggs 
are deposited with feces in moist, shady soil, where they hatch to 
release larvae. The larvae molt twice after which they move to the 
soil surface and await a suitable host. 
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Fig. 114.5 Serpiginous rash on the foot caused by hookworm larvae 
migrating through the dermis. (Courtesy University of lowa Department 
of Dermatology, lowa City, IA.) 


Fig. 114.6 Scanning electron micrographic view of the buccal cavi- 
ties of A. duodenale (left) and N. americanus (right). (From Hotez Pu, 
Pritchard DI. Hookworm infection. Sci Am 1995; 272:70-4.) 


Fig. 114.7 Longitudinal section of a hookworm grazing on intestinal 
mucosa. (Courtesy Wayne M. Meyers, Washington, DC.) 


TABLE 114.1 A Comparison of Daily Physiologic Iron Loss and Iron 
Loss Due to Hookworm Infection in Women* 


Condition Iron Loss (mg/day) 


PHYSIOLOGIC Loss 


Menstruation 0.44 
Pregnancy 2.14 
Lactation 0.23 
Loss DUE TO HOOKWORM INFECTION 

N. americanus (60-200 worms) ile) 
A. duodenale (20-100 worms) 230 


*Losses shown are in addition to the basal iron loss of 0.72 mg/day. 

Adapted from Stoltzfuss RJ, Dreyfuss ML, Chwaya HM, Albonico M. 
Hookworm control as a strategy to prevent iron deficiency. Nutr Rev 
1997; 55:223-32. 


Clinical Features and Pathophysiology 
Light infestations with N. americanus and A. duodenale cause no 
symptoms.” The major consequence of moderate and heavy 
hookworm infestation is iron deficiency. Adult worms feed on 
intestinal epithelial cells and blood. The closely related A. cani- 
num (see later) secretes anticoagulant peptides that inhibit clot- 
ting factors’’ and platelet aggregation,” thereby preventing 
hemostasis and permitting the hematophagous parasites to feed 
on host blood. Intestinal blood loss is estimated to be 0.01 to 0.04 
mL/day per adult N. americanus and 0.05 to 0.3 mL/day per adult 
A. duodenale.”* With a moderate number of worms, this blood loss 
becomes appreciable (Table 114.1). Iron deficiency results when 
iron loss outstrips iron absorption. The average North American 
diet is high in iron so anemia might not develop, and men with a 
diet high in iron (more than 20 mg/day) can tolerate a burden of 
up to 800 adult hookworms without developing anemia. 
Infestation with hookworm has been shown to modulate 
immune responses.’? Clinical trials are under way or have recently 
been completed to determine if subclinical infestation with hook- 
worm inhibits immune-mediated disease such as Crohn disease, 
asthma, and celiac disease. Dose-ranging studies in healthy vol- 
unteers suggested that low-level (light) hookworm infestation is 
well tolerated.*° Treatment in asthma was well-tolerated but led 
to a nonsignificant reduction in airway responsiveness.*! Infec- 
tion with N. americanus suppressed mucosal interferon (IFN)-y 
and interleukin (IL)-17A production and in a small study of 12 
patients with celiac disease, promoted tolerance to escalating glu- 
ten challenge.** 


Diagnosis 

Hookworms can be visible endoscopically (Fig. 114.8),°+ includ- 
ing by video capsule endoscopy,** but diagnosis is made by identi- 
fying eggs on direct smears of formalin-fixed stool (see Fig. 114.3). 
Evaluation of 3 stool specimens obtained on separate days should 
permit diagnosis,*° but light infestations require concentration 
techniques. Recently, molecular techniques amplifying helminth 
DNA in stool specimens have demonstrated high sensitivity but 
may miss an infection if incorrect primers are selected.*’ Eggs 
mature rapidly at room temperature and can hatch to release lar- 
vae. It is difficult to distinguish N. americanus eggs from those of 
A. duodenale simply by morphology. 


Treatment 

Albendazole 400 mg given orally as a single dose is adequate 
treatment for hookworm. Mebendazole 100 mg given orally 
twice daily for 3 days also is effective but not as well tolerated. 
A. duodenale larvae can remain in a dormant state for months 
before maturing and causing relapse, a situation that is treated 
with a repeat course of albendazole or mebendazole. Albendazole 
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Fig. 114.8 Endoscopic view of N. americanus in the duodenum 
(arrow). (From Reddy SC, Vega KJ. Endoscopic diagnosis of chronic 
severe upper GI bleeding due to helminthic infection. Gastrointest 
Endosc 2008; 67:990-2.) 


is an FDA pregnancy category C medication though a recent 
study showed no treatment-associated fetal or maternal adverse 
effects.*0 There is a concerted effort to develop a vaccine for 
hookworm infections that would be used in endemic regions.** 


Ancylostoma ceylanicum 


Epidemiology, Life Cycle, and Clinical Features 

A. ceylanicum is unusual in that it can establish productive infec- 
tion in a broad range of hosts. Although infections with human 
hookworm (N. americanus and A. duodenale) remain much 
more common, human infections with A. cey/anicum have been 
reported in West New Guinea, Philippines, Taiwan, Thailand, 
India, Laos, and Malaysia.” A study performed in remote West 
Malaysia used molecular techniques to identify hookworm eggs 
passed in feces. They found that 9% of villagers and 92% of their 
pets were infected with hookworm. In the villagers, 80% of the 
samples could be analyzed and showed that 23.4% of people with 
hookworm carried A. cey/anicum either alone or with N. america- 
nus co-infection. In their pets, 52% carried A. caninum and 46% 
carried A. cey/anicum suggesting that these animals could serve as 
reservoirs for the parasite.*” Light infections with A. cey/anicum 
can be asymptomatic but heavy infections can cause anemia. 


Pathophysiology, Diagnosis, and Treatment 

A. ceylanicum matures to adulthood in the human host and prob- 
ably shares similar pathophysiology with N. americanus and A. 
duodenale. Like those strictly human hookworms, adult A. ceyl- 
anicum can be observed endoscopically.”? Formal diagnosis is by 
identifying eggs in the stool, but the eggs of A. ceylanicum are not 
easily distinguished from those of N. americanus and A. duodenale 
without resorting to molecular techniques. Treatment is with oral 
albendazole 400 mg given as a single dose. If the patient has close 
contacts with pets, the pets should be tested and treated if positive. 


Ancylostoma Caninum 


Epidemiology and Life Cycle 

A. caninum is a common hookworm of dogs and cats. It has world- 
wide distribution and is prevalent in the northern hemisphere. 
The parasite exists in areas with adequate sanitation because dogs 
and cats indiscriminately defecate in yards, parks, and sandboxes. 
The life cycle of A. caninum is similar to that of A. duodenale, and 
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the worm can be acquired orally; however, A. caninum does not 
fully mature in the human host, so no eggs are produced making 
diagnosis difficult. 


Clinical Features and Pathophysiology 

A. caninum is a well-recognized cause of cutaneous larva migrans, 
a distinctive serpiginous rash caused by an abortive migration of 
the parasite in an unsupportive host.?! A. caninum also can cause 
eosinophilic enteritis, although not all eosinophilic enteritis is 
caused by this parasite (see Chapter 30). Patients with eosino- 
philic enteritis from A. caninum often are dog owners and present 
with colicky mid-abdominal pain and peripheral eosinophilia,”* 
but they do not recall having cutaneous larva migrans. Intestinal 
biopsies show high numbers (>45/high-power field) of mucosal 
eosinophils,” and eosinophilic inflammation is most prevalent in 
the distal small intestine. Unlike eosinophilic gastroenteritis, tis- 
sue eosinophilia is not present in the stomach. On endoscopy of 
the terminal ileum, patients may have scattered small superficial 
aphthous ulcers and mucosal hemorrhage.” Serologic evidence 
suggests that A. caninum also may be a cause of abdominal pain 
without eosinophilia or eosinophilic enteritis.”” 


Diagnosis 

Diagnosis of A. caninum infestation is difficult. The parasite never 
fully matures, does not lay eggs, and is hard to detect. Serologic 
tests for A. caninum are research tools not routinely available. 
Therefore, treatment for A. caninum is empirical. 


Treatment 

Patients with distal small intestinal eosinophilic enteritis not 
attributable to another cause might benefit from empiric treat- 
ment for A. caninum. Albendazole 400 mg as a single oral dose or 
mebendazole 100 mg orally twice daily for 3 days is adequate to 
treat A. caninum infestation. Albendazole is a FDA pregnancy cat- 
egory C medication though a recent study showed no treatment- 
associated fetal or maternal adverse effects.*” 


Trichuris trichiura (Whipworm) 


T. trichiura, commonly called whipworm, has worldwide distribu- 
tion. People acquire Trichuris by ingesting embryonated parasite 
eggs. Most persons have no symptoms, although heavy infesta- 
tions are associated with a dysentery-like syndrome. Treatment 
is mebendazole. 


Epidemiology 


An estimated 800 million people harbor T. trichiura. It occurs 
in temperate and tropical countries and remains prevalent in 
areas with suboptimal sanitation. In one equatorial Cameroon 
province, 97% of the school-age children had T. trichiura.” 
Whipworm eggs are sensitive to desiccation, so prevalence is low 
in desert climates. 


Life Cycle 


T. trichiura has a simple life cycle. Colonization occurs by ingest- 
ing the parasite egg, each of which contains one developed larva. 
The eggs hatch in the intestine, and larvae migrate to the cecum, 
where they mature, mate, and lay eggs; this process takes about 8 
to 12 weeks. Adult worms are approximately 3 cm long and have 
a thin tapered anterior region so that the worm resembles a whip 
(Fig. 114.9, Video 114.2).°° A mature female worm lays about 
20,000 eggs a day and can live for 3 years. Eggs are deposited with 
feces into the soil. Over the subsequent 2 to 6 weeks, one larva 
develops within each egg, but the egg is not infective until it has 
fully embryonated. Therefore, T. trichiura does not multiply in 
the host and is not directly transmitted to other persons. 
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Fig. 114.9 Trichuris species: adult male (o”) and female (?) whipworms. 


Clinical Features and Pathophysiology 


Most persons with T. trichiura infestation have no symptoms 
attributable to the parasite. The majority of residents in an 
endemic area are colonized by small numbers (<15) of worms 
and, for them, the parasite is a commensal organism rather than 
a pathogen. Some people harbor hundreds or even thousands of 
worms,” and they are the ones who develop symptoms”; this 
bimodal distribution of infestation persists after patients are 
treated and then become re-infected naturally, suggesting that 
unique host factors (genetic or behavioral) contribute to deter- 
mining an individual patient’s worm burden. 

Rectal prolapse can occur in children with extremely high num- 
bers of T. trichiura worms.”? Some persons who harbor numerous 
worms have mucoid diarrhea and occasional bleeding, a combina- 
tion of symptoms called the Trichuris dysentery syndrome (TDS). 
Children with TDS have growth retardation,!° but studies attrib- 
uting these symptoms to T. trichiura are complicated, because per- 
sons with TDS often are socioeconomically deprived and may be 
co-infected with other pathogens. Colonic biopsy specimens from 
children with TDS show few or no abnormalities compared with 
healthy local children,!°! other than an increase in mast cells and in 
the number of cells that express TNF-a and calprotectin.! 

A different but closely related species, Trichuris muris, infests 
mice. Mouse strains that react to the parasite with a strong Th2 
response, characterized by production of IL-4, IL-5, and IL-13, 
are able to expel the worms, whereas strains that respond with 
a Th1 response (IFN-y) have difficulty expelling the worms.!°? 
Blocking IL-4 makes resistant strains susceptible, and blocking 
IFN-y makes susceptible strains resistant to chronic infestation 
with T. muris.'°* The type of immune response developed by 
inbred mice to T. muris is an important factor in determining 
length and intensity of infestation. A similar response in humans 
might explain why some people repeatedly acquire heavy infes- 
tations whereas others carry only a few worms. Trichuris suis 
(porcine whipworm), another closely-related species, is being 
evaluated in clinical trials to determine if it may be useful for 
treatment of chronic inflammatory conditions.!° 


Diagnosis 


Diagnosis is made by identifying T. trichiura eggs in stool speci- 
mens. Trichuris eggs are 23 um by 50 um and have characteristic 
plugs at each end (see Fig. 114.3). 


Treatment 


T. trichiura is treated with mebendazole 100 mg twice a day for 3 
days; alternatively, patients can take albendazole 400 mg each day 
for 3 days. Heavily infested patients might require 7 days of treat- 
ment.!°° Single-dose treatment with albendazole is ineffective’! 


but one treatment with a combination of albendazole (400 mg) 
and ivermectin (200 pg/kg) appears quite effective, with cure rates 
of up to 80% and egg reduction rates of 94% .107:108 Albendazole 
is a FDA pregnancy category C medication, though a recent 
study showed no treatment-associated fetal or maternal adverse 
effects.1” 


Enterobius vermicularis (Pinworm) 


E. vermicularis, commonly called pinworm, is the most com- 
mon helminthic parasite encountered by primary care providers 
in developed nations. It is acquired by ingesting parasite eggs, 
and most people remain asymptomatic after being colonized. 
Diagnosis is made by the cellophane tape test. Treatment is 
mebendazole for the affected patient and for all family members. 


Epidemiology 


E. vermicularis is a quintessential intestinal parasite with no geo- 
graphic constraints. It is transmissible by close contact with colo- 
nized persons. People have had pinworm for thousands of years, 
and before modern sanitation, colonization by pinworm probably 
was universal. E. vermicularis eggs were identified in a 10,000-year- 
old human coprolite found in Utah.!°’ The pinworm Enterobius gre- 
gorii, originally thought to be a separate species of pinworm,!!°!!! 
actually may be just a young adult form of E. vermicularis.'!? 

People of every socioeconomic group can acquire pinworm 
and it remains quite prevalent. School-age children are most 
often colonized, leading to other household members acquiring 
the parasite. Crowding and institutionalization also promotes 
acquisition. Eggs can survive in the environment for approxi- 
mately 15 to 20 days and are resistant to chlorinated water (e.g., 
swimming pools). Pinworm remains common in many areas, but 
it appears to be decreasing in prevalence because of increased 
hygiene. A survey of positive cellophane tape tests in New York 
City documented a sharp decline in positivity from 57 of 248 tests 
in 1971 to 17 of 165 in 1978 to 0 of 38 in 1986.!! Similar trends 
are reported from California. 


Life Cycle 


E. vermicularis has a simple life cycle with a “hand-to-mouth” 
existence. The worm is acquired by ingesting parasite eggs. Most 
often these eggs are on the hands of the host; however, the small 
eggs also may become airborne, inhaled, and then swallowed. 
Eggs hatch in the duodenum, releasing larvae that molt twice 
as they mature and migrate to the cecum and ascending colon 
(Fig. 114.10, Video 114.3).!!* The parasites are small: adult males 
measure 0.2 mm by 2 to 5 mm, and adult females measure 0.5 mm 
by 8 to 13 mm. After mating, gravid females migrate to the rec- 
tum. During the night, egg-laden females migrate out of the anal 
canal and onto the perianal skin where each female deposits up to 
17,000 eggs, which mature rapidly, becoming infective within 6 
hours. Pinworm infestation typically causes perianal itching, and 
scratching gathers eggs onto the hands, promoting reinfection 
and transmission to others. 


Clinical Features and Pathophysiology 


E. vermicularis is an extremely well-adapted parasite that pro- 
duces no specific symptoms in the vast majority of colonized per- 
sons. Most symptoms are minor, such as pruritus ani and restless 
sleeping. Rarely, pinworm causes eosinophilia or eosinophilic 
enteritis.'!° There are reports of E. vermicularis escaping into the 
peritoneum at the time of laparoscopic appendectomy!"®; this is 
treated with prompt disposal of the appendix, removal of identifi- 
able free worms, and oral mebendazole administered post opera- 
tively. 


Fig. 114.10 Pinworm (E. vermicularis; arrows) found on screening 
colonoscopy of an institutionalized man. 


Vulvovaginitis is more common in girls with pinworm than 
in girls without this infection. Vulvovaginitis may be caused by 
migration of the worms into the introitus and the genital tract. 
Dead worms and eggs encased in granulomas have been found in 
the cervix, endometrium, fallopian tubes, and peritoneum, attest- 
ing to the migratory effort of female worms.!!7 Ectopic entero- 
biasis is rare and causes no or very little overt pathology. 

Infestation with E. vermicularis can influence mucosal immune 
responses. One case report described a 12-year-old girl with 
pinworm and apparently latent UC, who developed severe UC 
after treatment with pyrantel to remove the worms.!!8 While 
she was colonized with E. vermicularis, intestinal biopsies showed 
increased expression of mRNA for IL-4, transforming growth 
factor-B, IL-10, and FOXP3 compared with biopsy specimens 
taken after anthelminthic treatment; these transcripts are associ- 
ated with immune regulatory pathways that suppress inflamma- 
tion. 


Diagnosis 


E. vermicularis eggs are not plentiful in stool, an observation that 
might explain the low prevalence rates found in studies that only 
use stool specimens for diagnosis. The NIH cellophane tape test 
is the classic diagnostic test for pinworm. A 2- to 3-inch piece 
of clear tape is applied serially to several perianal areas in the 
morning before washing. The tape is then applied to a glass slide. 
Microscopic evaluation demonstrates parasite eggs that measure 
30 by 60 um, have a thin shell, and appear flattened on one side; 
3 to 7 daily samples are needed to exclude pinworm infestation. 


Treatment 


Pinworm infestation actually requires no treatment unless the 
patient is symptomatic. It is highly transmittable, however, 
and for that reason should be expunged. E. vermicularis is read- 
ily treated with a single 100-mg oral dose of mebendazole or a 
400-mg oral dose of albendazole. Re-infestation is common, and 
patients should receive a second treatment after 15 days. All mem- 
bers of the family should be treated and clothes and bed linens 
should be washed. Albendazole and mebendazole potentially are 
teratogenic. Because E. vermicularis has very low pathogenicity, 
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treatment of pregnant women should be postponed until after 
delivery. 


Trichinella species 


Trichinosis is a systemic illness caused by any of the 8 closely 
related Trichinella species. People acquire the parasite by ingest- 
ing larvae that are present in raw or undercooked meat such as 
pork. Trichinosis has both intestinal and systemic phases charac- 
terized sequentially by nausea and diarrhea, fever, myalgia, and 
periorbital edema. Intense exposure can cause death due to severe 
myositis, neuritis, and thrombosis. Treatment is albendazole and 
glucocorticoids. 


Epidemiology 


Trichinosis is acquired by eating raw or undercooked meat that 
contains parasite larvae of Trichinella species. Worldwide, domes- 
tic pigs are the most common carriers. Trichinella species are 
divided into 2 groups'!®: one forms encapsulated muscle cysts and 
only infests mammals (T. spiralis, T. britovi, T. nelsoni, T. native, T. 
murrelli); the other does not form encapsulated cysts and infests 
mammals and birds (T. psewdospiralis) or mammals and reptiles 
(T. papuae, T. zimbabwensis). To date only T. zimbabwensis has not 
been implicated in human disease. 

Trichinella species all are closely related, morphologically 
nearly identical, and today are distinguished using molecular 
approaches. Trichinella has worldwide distribution, with T. nativa 
and T. murrelli in the Arctic and subarctic regions; T. spiralis and 
T. pseudospiralis in the Americas, Europe, and Russia; T. britovi 
in Europe, north Africa, the Middle East, and Asia; T. nelsoni in 
equatorial Africa; T. zimbabwensis in Zimbabwe, Ethiopia, and 
Mozambique; and T. papuae only in Papua New Guinea. Trichi- 
nosis was much more common in the USA than it is now. In the 
late 1940s, about 400 cases per year of symptomatic trichinosis 
were reported to various health agencies. From 2008 to 2012, 84 
cases were identified in 23 states.!’? This decrease is explained by 
2 major factors: First is the strong admonition to thoroughly cook 
all pork products; second is a change in farming practice to now 
feed pigs only grain. Industrialized pig farms in North America 
have been free of trichinosis for more than 50 years, but trichino- 
sis is a re-emerging illness in eastern Europe, related to relaxed 
enforcement of regulations.!?! 

Currently, most reported cases involve a discrete exposure. 
For example, a 1991 outbreak in Wisconsin involved 40 people 
who ate pork sausage from one shop. A 1995 outbreak in Idaho 
involved 10 people who ate cougar jerky.!’* A 2005 outbreak in 
Canada involved at least 14 people who ate frozen then stewed 
black bear meat.!?? A 2008 outbreak of T. murrelli in Northern 
California involved 30 people who ate raw or undercooked bear 
meat.!’+ A 2011 episode in Iowa involved 2 members of a family 
who ate wild boar meat obtained from a game farm.!?> A 2013 
episode in Illinois involved 9 people (all with myalgia and 8 with 
periorbital edema) who ate wild boar sausage.!?° About 3% of 
wild pigs in the USA are seropositive for Trichinella.'’’ Two sepa- 
rate outbreaks (2016 and 2017) of Trichinella nativa occurred in 
Alaska, each involving 5 patients who ate raw walrus meat.!?° In 
France, several outbreaks have resulted from eating raw horse- 
meat.!?’ Those outbreaks illustrate that all mammals, including 
herbivores, can transmit Trichinella. 


Life Cycle 


The same host harbors both the adult and larval form of 
Trichinella.” People acquire the parasite by eating raw or under- 
cooked meat that contains encysted parasite larvae. Each cyst 
dissolves in the digestive tract, releasing one larva that invades 
the small intestinal mucosa and lives within the cytoplasm in a 
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Fig. 114.11 Illustration of Trichinella spiralis coiled through enterocytes 
in the small intestine. Each Trichinella larva lives within the cytoplasm of 
approximately 45 villus cells. 


syncytium of about 45 villi (Fig. 114.11). Larvae mature rapidly 
and mate within 30 hours. Adults are minute: male worms mea- 
sure 60 pm x 1.2 mm and female worms measure 90 pm x 2.2 
mm. Females are viviparous and begin releasing larvae into the 
epithelial cell compartment about 1 week after their initial inges- 
tion. Adults are short-lived, producing larvae for only 4 weeks, by 
which time they are expelled by the host. The larvae live much 
longer than the adult worms. Larvae measure 6 x 100 um and 
enter the intestinal blood and lymphatic vessels. They are distrib- 
uted by the circulatory system through the body but develop only 
within striated muscle. A larva enters a striated muscle fiber but 
does not kill the myocyte. Instead, it induces the cell to transform 
into a novel nurse cell that houses and feeds the parasite. The 
larva grows and develops into the infective stage in about 5 weeks. 
The coiled larva remains viable for many years awaiting ingestion 
by another animal. 


Clinical Features and Pathophysiology 


Although most infestations with Trichinella are asymptomatic, 
significant exposure produces illness and even death.!*! Clinical 
trichinosis has 2 phases caused by the enteral (adult) and paren- 
teral (larval) stages of the parasite. Intestinal symptoms result 
from enteritis due to adult worms that have embedded them- 
selves in the intestinal epithelium. Enteritis produces abdominal 
pain, nausea, vomiting, diarrhea, and low-grade fever. Intestinal 
symptoms begin about 2 days to one week and peak at 2 weeks 
after ingestion of contaminated meat. The timing and severity of 
symptoms vary with intensity of exposure. The intestinal phase of 
trichinosis often is misdiagnosed as viral gastroenteritis or food 
poisoning. 

T. spiralis also infests mice and rats, permitting detailed study 
of the intestinal phase of infection.'*? Mice begin to expel adult 
worms about 2 weeks after initial infestation. Type 2 (Th2) cyto- 
kines (IL-4 and IL-5) promote worm expulsion, which results 
from focal immune attack, increased secretions, and enhanced 
intestinal motility; T lymphocytes, eosinophils, and mast cells 
assist this primary response. Rats previously exposed to T. spiralis 
rapidly expel the parasite upon re-challenge, a protection likely 
resulting from an immediate-type hypersensitivity response to 
the parasite triggered by IgE-armed mast cells. 


The parenteral phase of trichinosis begins with the birth of 
migratory larvae about 1 week after ingestion of the contaminated 
meat. Larvae migrate into muscle and other organs such as the 
brain, spinal cord, and heart, evoking inflammatory responses; 
high fever, myalgia, peri-orbital edema, dysphagia, headache, and 
paresthesia result. Symptoms peak about 4 to 5 weeks after initial 
exposure and can take months to resolve. The severity and timing 
of symptoms vary with the intensity of exposure. Many patients 
develop systemic complaints without prior intestinal symptoms. 
Damaged cells and secretions deposited by migrating larvae pro- 
duce myositis. Patients have eosinophilia and an elevated serum 
level of creatine phosphokinase (CPK). An intense exposure can 
cause fatal myocarditis, neuritis, and vasculitis or venous throm- 
bosis. Patients are at highest risk of death between the third and 
sixth week after exposure. Because trichinosis is rare, index cases 
often are misdiagnosed initially. Numerous persons presenting in 
a narrow time frame and with similar symptoms compatible with 
trichinosis should prompt consideration of the diagnosis. 


Diagnosis 


Trichinella cannot by diagnosed by stool examination or intestinal 
biopsy. Trichinella species do not lay eggs, and no larvae are pres- 
ent in stool specimens. Even with heavy infestations, adult worms 
are too uncommon to be found by random biopsy. Diagnosis is 
made by muscle biopsy that demonstrates larvae within nurse 
cells. Diagnosis also can be made by serology. Acute and conva- 
lescent serum samples confirm a rise in anti- Trichinella antibody. 


Treatment 


Although adult worms are short-lived, treatment with albenda- 
zole 400 mg twice a day or mebendazole 5 mg/kg/day for 10 to 
15 days! is warranted and abbreviates the production of larvae 
by adult worms. Addition of glucocorticoids reduces inflamma- 
tion and systemic symptoms, however, glucocorticoids that are 
given in the absence of albendazole or mebendazole can prolong 
the intestinal phase, thereby increasing the number of larvae 
released. 


Anisakis simplex complex 


A. simplex, the closely related A. pegreffi, and another anisakid, 
Pseudoterranova decipiens, can infect people transiently, causing 
abdominal pain, hematemesis, or intestinal inflammation. A. sim- 
plex is also a potent allergen that might explain some cases of fish 
allergy. Anisakidosis is acquired by eating raw or undercooked 
fish. No treatment is usually required. 


Epidemiology and Life Cycle 


Anisakids infest fish and marine mammals.!*+ People become 
accidental hosts by eating raw or pickled fish. Human infesta- 
tions with A. simplex, A. pegreffi, or P. decipiens is termed ani- 
sakidosis after the family name (Anisakidae) for these parasites. 
Anisakidosis has become more common with the increased 
popularity of eating raw fish (e.g., sushi, sashimi). Many species 
of saltwater fish harbor anisakid larvae including herring, mack- 
erel, salmon, plaice, and squid. The parasite larvae initially infest 
crustaceans that are subsequently consumed by fish. The larvae 
migrate to the fish musculature and, if a parasitized fish is eaten 
by another fish, the larvae again migrate to the musculature of 
their new host. Eventually, a parasitized fish is eaten by a marine 
mammal that serves as the definitive host. In the intestine of the 
marine mammal, the parasite larvae mature into adult worms 
which lay eggs that are passed with feces. The eggs then hatch 
to release larvae that infest crustaceans, and the life cycle is thus 
renewed. 


Clinical Features and Pathophysiology 


Anisakids cause transient infestations in humans. They do not 
reach full maturity in humans and therefore produce no eggs. 
Within a few hours after ingesting larva-infested raw fish, most 
patients develop acute severe stomach pain with nausea and 
hematemesis (gastric anisakidosis). Endoscopy may demon- 
strate one to several small larvae partially penetrating the gastric 
wall.135-136 Rarely, anisakids enter the intestinal wall and cause a 
strong inflammatory reaction that can mimic acute appendicitis 
or Crohn disease (intestinal anisakidosis).!*’ A. simplex is a potent 
allergen, and many cases of seafood (fish) allergy actually may 
be reactions to A. simplex,'** including anaphylaxis from well- 
cooked marine fish.!?®140 In Spain, 12% to 22% of persons are 
seropositive for IgE against A. simplex. 141142 


Diagnosis and Treatment 


A history of recent (within 3 days) ingestion of raw fish suggests 
anisakidosis in the appropriately symptomatic patient. Diagnosis 
is made by finding the larvae on endoscopy or in surgically- 
excised specimens. Gastric anisakidosis is diagnosed by endos- 
copy, and endoscopic removal of the anisakid alleviates symptoms. 
Intestinal anisakidosis can prompt surgery for patients presenting 
with symptoms of acute SBO or peritonitis,!® but surgery may 
be avoidable if a recent history of eating raw fish is elicited and 
conservative treatment is tolerated.'** Molecular identification 
of isolated A. simplex, A. pegreffi, and P. decipiens is possible.'* 
Anisakid infestations are transient because the parasites do not 
survive in humans. Therefore, treatment with an anthelminthic 
is not needed. 


Oesophagostomum bifurcum, 0. Stephanostomum 
(Nodule Worm) 


O. bifurcum is geographically restricted but has a wide mamma- 
lian host range that includes humans. Nodule worm is acquired 
by ingesting infective larvae contaminating food. Infection causes 
inflammatory masses (nodules) in the wall of the colon. O. bifur- 
cum eggs resemble those of hookworm and infections may be 
misdiagnosed. Treatment is with albendazole. 


Epidemiology 


O. bifurcum is endemic in western Africa (Ghana and Togo). 
The helminth also infects nonhuman primates, pigs, and rumi- 
nants. Sporadic infections with O. bifurcum have been recorded 
elsewhere in Africa, Indonesia, Malaysia, and Brazil.!*° Other 
Oevsophagostomum species, such as O. stephanostomum in Uganda!*’ 
also can infect people living close to nonhuman primates. 


Life Cycle 


Ocsophagostomum sp. are acquired by ingestion of material con- 
taminated with viable stage L3 larvae. The larvae invade the 
intestinal wall, form small nodules, molt, and either remain in 
the intestinal wall or migrate back to the lumen, mature, mate, 
and produce eggs. Females release about 5000 eggs/day. Eggs are 
passed with the feces and, over 4 to 7 days, hatch releasing larvae 
that mature to the infective L3 stage.!** 


Clinical Features and Pathophysiology 


Most infections are asymptomatic but clinically apparent infec- 
tion is typified by inflammatory nodules in the intestinal wall.!*? 
Inflammation can range from a solitary large (4 to 6 cm) nodule 
involving the intestinal wall and peritoneum (Dapaong tumor) to 
numerous small nodules forming in the wall of the distal ileum, 
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ileocecal region, or transverse colon.!46:149:150 Large nodules can 
be mistaken for malignancy and smaller nodules attributed to 
Crohn disease or intestinal TB. 


Diagnosis 


Ocesophagostomum eggs look like hookworm eggs. Fresh stool is 
cultured to release larvae that can be distinguished by micros- 
copy but this test is not routinely available. Molecular tests of 
DNA extracted from stool has high sensitivity and specific- 
ity. 148-151 


Treatment 


Albendazole 400 mg given orally as a single dose treats the 
Ocesophagostomum infection. Large abscess or masses may 
require additional antibiotic or surgical treatment. Albendazole 
is a FDA pregnancy category C medication though a recent 
study showed no treatment-associated fetal or maternal adverse 
effects.*° 


CESTODES 
Diphyllobothrium Species 


Fish tapeworm (Diphyllobothrium species) is the largest parasite 
of humans, reaching lengths of up to 40 feet (12 m). People 
acquire the parasite by eating raw or undercooked freshwater 
fish. Diphyllobothrium latum utilizes host dietary cobalamin and 
can cause vitamin B; deficiency over time. Treatment is praziqu- 
antel or albendazole. 


Epidemiology 


D. latum is most common but other Diphyllobothrium species 
(e.g., D. dendriticum, D. nibonkaiense, D. pacificum) can colonize 
humans.!°? D. latum is endemic in northern Europe, Russia, 
and Alaska, but fish tapeworm has been reported in Africa, 
Japan, Taiwan, Australia, South America, North America, and 
Canada.'* About 20 million people worldwide are infected with 
Diphyllobothrium species and prevalence seems to be increasing in 
Russia, South Korea, Japan, and Brazil.!°? 


Life Cycle 


Some Diphyllobothrium species infect fresh-water fish (e.g., D. 
latum, D. dendriticum), others infect marine fish (e.g., D. pacificum, 
D. cameroni), and others infect anadromous (migrate from sea to 
fresh water to breed) fish (e.g., D. nibonkaiense). Fish tapeworm 
has a complex life cycle with 2 intermediate hosts. Parasite eggs 
that reach water embryonate and then release free-swimming lar- 
vae called coracidia. Coracidia are ingested by water fleas (Cyclops 
and Diaptomus) and develop into procercoid larvae. Fish eat these 
small crustaceans, and the parasite changes into the infective ple- 
rocercoid form. The plerocercoid larva migrates to and embeds 
in fish muscle and various organs, growing to 2 cm in length. If an 
infected fish is consumed by another fish, the plerocercoid larva 
simply migrates into the flesh of the second fish. 

Trout, salmon, pike, perch, and whitefish all can harbor 
D. latum. People acquire the parasite by eating raw or under- 
cooked fish. D. latum also can colonize many other mammals 
such as dogs, cats, bears, and seals. In mammals, the ingested 
plerocercoid larva attaches to the wall of the small intestine and 
matures into an adult worm. A long chain of proglottids, called 
a strobila, develops off of the scolex (Fig. 114.12). D. latum is the 
largest parasite of humans, reaching 12 m (40 feet) in length. 
The proglottids release eggs into the lumen that pass with the 
feces. 
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Fig. 114.12 Endoscopic view of the cecum in a middle-aged woman 
with watery diarrhea after a fishing trip in Northern Canada during 
which she frequently ate sushi. Part of a fish tapeworm is seen, and 
the strobila with maturing proglottids is visible. The worm, which was 
several feet long, was residing in the small intestine and was retrieved 
by suction. She was treated successfully with praziquantel. (Courtesy 
Dr. Roy Joseph, MD, Denton, TX.) 


Clinical Features and Pathophysiology 


Fish tapeworm is not invasive and causes no direct symptoms. 
The worm obtains nutrients such as vitamin B12 by absorbing 
luminal contents through its surface. D. latum also produces a 
substance that splits Bız from intrinsic factor in the intestine,!°* 
thereby further preventing host absorption of the vitamin (see 
Chapter 103). D. latum is long-lived and, over time, can cause sig- 
nificant Bı; deficiency in patients with limited dietary cobalamin. 
Rarely, Bj) deficiency is severe enough to result in megaloblastic 
anemia and neurologic symptoms. 


Diagnosis and Treatment 


Fish tapeworm is diagnosed by identifying D. latum eggs in stool 
specimens. Occasionally, diagnosis is made because the patient 
passes proglottids and brings them in for identification or the 
worm is seen on endoscopy.!>> Molecular techniques, such as 
PCR or pyrosequencing, currently are used only for epidemio- 
logic purposes.!°° Praziquantel is effective in a single oral dose of 
10 mg/kg. Patients should be warned that they might pass a rather 
long worm 2 to 5 hours after taking the medication. Albendazole 
400 mg each day for 3 days also kills the tapeworms. Albendazole 
is a FDA pregnancy category C medication, although a recent 
study showed no treatment associated fetal or maternal adverse 
effects.70 


Taenia saginata, Taenia asiatica, and Taenia 
solium 


An estimated 80 million people are colonized with beef (T. sagi- 
nata) or pork (T. solium, T. asiatica) tapeworms. Colonization 
occurs by eating raw or undercooked meat infested with cys- 
ticerci. Taeniae usually cause no symptoms and can surprise 
an endoscopist who finds the unsuspected jejunal or colonic 
inhabitant (Videos 114.4 and 114.5).171 Ingestion of T. 
solium eggs causes cysticercosis, a potentially fatal disease. 
Treatment is praziquantel, niclosamide, or albendazole. 


Epidemiology 


Beef and pork tapeworm occur where livestock are exposed 
to untreated human waste and people eat raw or undercooked 
meat. T. saginata and T. solium have a worldwide distribution, 
although infestations originating in the USA and Europe are 
rare. Beef tapeworm is endemic in Africa, the Middle Fast, 
Eastern Europe, Asia, and Latin America. T. solium is endemic 
in Eastern Europe,'°? Africa, India, China, Asia, and Latin 
America.!°° T. asiatica is endemic in Korea, China, Taiwan, 
and Indonesia.!°° T. solium is rare in regions where pork con- 
sumption is avoided because of religious reasons. T. solium is 
considered an eradicable parasite,!°! although progress in such 
eradication has been hindered by socioeconomic barriers.!° 
The heightened demand for pigs reared under organic condi- 
tions may increase the prevalence of T. solium in western and 
industrialized societies.!°? 


Life Cycle 


Adult tapeworms release gravid proglottids, each contain- 
ing up to 100,000 eggs that are released when the proglottid 
degenerates. Proglottids and eggs are passed with the stool. 
Proglottids of T. saginata remain motile and can crawl out of 
the feces, alarming the patient. Untreated human waste used 
to fertilize fields allows cattle to eat infective eggs on vegeta- 
tion. Free-ranging pigs are coprophagous and directly consume 
poorly-disposed human waste. Ingested eggs release an embryo 
(oncosphere) that penetrates the intestinal wall and enters the 
blood vessels or lymphatics. The oncospheres are carried to 
subcutaneous tissue, muscle, and organs, where they develop 
into cysticerci that can live for several years awaiting human 
consumption of infected meat or viscera. Once in the human 
intestine, the cysticercus evaginates to form a scolex that serves 
as the anterior attachment point of the tapeworm to the mucosa 
of the proximal jejunum. The worm develops over several 
months as proglottids form and mature in a chain referred to 
as the strobila, located behind the scolex. Beef tapeworms can 
reach 4 to 10 m in length, and pork tapeworms attain lengths of 
2 to 4 m. Mature gravid proglottids break away from the distal 
end of the worm, pass with the stool, and rupture to release eggs 
to complete the life cycle. Adult tapeworms can live in the small 
intestine for 25 years. 


Clinical Features and Pathophysiology 


Most people colonized with adult T. saginata or T. solium are 
asymptomatic; those with symptoms complain of mild abdomi- 
nal discomfort, loss of appetite, or change in stool pattern. 
Colonization usually is limited to one worm that obtains nutri- 
ents by absorbing luminal contents through its surface. Motile 
proglottids can crawl out of the anus or “swim” in the toilet, elic- 
iting immediate concern. Rarely, acute biliary or pancreatic duct 
obstruction can occur if proglottids migrate into the pancreati- 
cobiliary tree. 

The most feared complication of T. solium infestation is cys- 
ticercosis,!® which occurs when people inadvertently consume 
T. solium eggs. Just as in pigs, the eggs release oncospheres that 
penetrate the intestinal wall, disseminate through the body, and 
form cysticerci. Cysticerci produce localized inflammation in the 
brain, spinal cord, eye, and heart, with dire consequences. Neu- 
rocysticercosis is a common cause of epilepsy in countries where 
T. solium is endemic. Worldwide, an estimated 50,000 people 
die of neurocysticercosis each year. In the USA, 221 people died 
from cysticercosis between 1990 and 2002,'°* and it remains a 
significant cause of morbidity.!© In Los Angeles County Cali- 
fornia, hospitalizations for neurocysticercosis averaged 219/year 


from 1991 to 2008.!°° Because the disease occurs after ingestion 
of parasite eggs, neurocysticercosis in a patient who has not vis- 
ited or emigrated from an endemic country should prompt an 
effort to identify local carriers. This is especially true where mass 
immigration has the potential to change the local epidemiology 
of Taenia infestation. 


Diagnosis 


Beef and pork tapeworm are diagnosed by identifying eggs or 
proglottids in stool specimens. The eggs of the 2 species are 
indistinguishable microscopically. The proglottids of T. sagi- 
nata are 2 cm long and have more than 12 uterine branches; 
those of T. solium measure 1.2 cm and have less than 10 uterine 
branches. The proglottids of T. asiatica are 1 cm to 1.6 cm in 
length and have more than 16 uterine branches.'°’ Egg and 
proglottid production can be sporadic, necessitating repeated 
stool tests. Analysis of coproantigen by ELISA is significantly 
more sensitive and diagnostic than microscopic analysis of 
stool.'°° Nonetheless, coproantigen ELISA cannot differ- 
entiate between Taenia species and tests using stage-specific 
antibodies or PCR are required to identify the specific agent. 
Cysticercosis usually is diagnosed by CT or MRI, aided by 
serologic testing with an enzyme-linked immunoblot transfer 
blot assay.!°° 


Treatment 


Tapeworms can be killed either by praziquantel in a single 
oral dose of 10 mg/kg, niclosamide (2 g orally once for adults 
and 50 mg/kg orally once), or albendazole 400 mg daily for 3 
days. Niclosamide is not available for human use in the USA. 
The worms usually break apart and are passed as sections of 
disintegrating strobila. Patients needing treatment for cysti- 
cercosis should receive albendazole 7.5 mg/kg twice daily for 
8 to 15 days to kill the cysticerci. Local inflammation tran- 
siently increases as cysticerci die. The addition of glucocor- 
ticoids prevents exacerbation of neurocysticercosis during 
therapy. 


Hymenolepis nana and Hymenolepis diminuta 


H. nana (dwarf tapeworm) is the smallest but most common tape- 
worm that colonizes people. It can be transmitted directly from 
person to person. Self-inoculation or internal auto-infection per- 
mits accumulation of a large number of worms that can cause 
anorexia, abdominal pain, and diarrhea. H. diminuta (rodent 
tapeworm) is larger and rarely colonizes people. It is acquired 
by ingesting infested insects and usually causes no symptoms. 
‘Treatment is praziquantel. 


Epidemiology 


H. nana is the most common tapeworm of humans. Unlike 
other tapeworms, it can be transmitted from person to person 
without an intermediate host. Dwarf tapeworm has a world- 
wide distribution, with highest prevalence in warm and arid 
regions. A survey of Egyptian children found that 16% car- 
ried H. nana.'® In the USA, a 1987 survey of state diagnostic 
laboratories found that 900 of 216,000 submitted stool speci- 
mens demonstrated H. nana, with 34 states reporting positive 
specimens.!’° H. nana also colonizes mice and rats; however, 
the strains that colonize people appear to differ from those of 
rodents. 

Human colonization with H. diminuta is rare, but it too has 
worldwide distribution. Rats and mice are the parasite’s usual 
hosts. People acquire rodent tapeworm by ingesting fleas, grain 
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beetles, mealworms, or cockroaches infested with larval forms 
of the parasite. Most cases involve young children. The use of 
beetles in traditional oriental medications also permits transmis- 
ion dat 

sion. 


Life Cycle 


H. nana does not require an intermediate insect host. Ingested 
eggs release oncospheres that invade the mucosa of the small 
intestine. They lodge within the lymphatics of the villi and 
develop into cysticercoid larvae. Each cysticercoid larva then 
ruptures into the lumen and evaginates a scolex that attaches to 
the mucosa of the ileum. The worms mature, growing a strobila 
or chain of developing proglottids. Adult worms average 2 cm 
in length and have about 200 proglottids, each containing about 
150 eggs. The most distal proglottids disintegrate to release 
eggs into the lumen. About 20 to 30 days after initial ingestion, 
the worm begins to shed eggs in the stool. H. nana adults live 
for only 4 to 6 weeks, but eggs shed in the stool are immediately 
infective. Self-inoculation or internal autoinfection allows colo- 
nization to persist for years. Ineffective sanitation or poor hand 
washing permits transmission to others. Like other Hymenolepis 
species, H. nana can infest insects, forming cysticercoid larvae. 
Ingestion of infested fleas, beetles, mealworms, or cockroaches 
allows transmission of H. nana; however, acquisition by this 
pathway is rare, and most transmission is by direct ingestion 
of eggs. 

H. diminuta requires intermediate insect hosts. Insects 
ingest eggs as they consume rodent droppings. The eggs 
release oncospheres that penetrate into the insect’s viscera 
and form cysticercoid larvae. Rats and mice that eat infested 
insects acquire the tapeworm. People acquire rodent tape- 
worm the same way, by eating infested insects. Once in the 
intestine, the cysticercoid larva evaginates to form a scolex that 
attaches to the ileal mucosa. The worm matures, growing a 
strobila of proglottids and reaching a length of up to 90 cm. 
The distal-most proglottids disintegrate, releasing eggs into 
the intestinal lumen. 


Clinical Features and Pathophysiology 


Most people colonized with H. nana or H. diminuta have no symp- 
toms, but self-inoculation or internal auto-infection can cause 
heavy infestations with H. nana, resulting in anorexia, abdominal 
pain, and diarrhea. 

Because mice harbor Hymenolepis, the mechanisms that limit 
worm density can be investigated relatively easily. It appears that 
a Thl-mediated IFN-y response provides protective immunity 
against cysticercoid larvae,!’? and a Th2 response involving IgE 
and mast cells assists in the expulsion of adult worms.!”*'!’* The 
mucosal immune response to the tapeworm also can alter intes- 
tinal inflammation elicited by other agents; for example, mice 
colonized with H. diminuta are protected from dinitrobenzene 
sulfonic acid (DNBS)-induced colitis!”> but are more susceptible 
to oxazolone-induced colitis. 176 


Diagnosis and Treatment 


Dwarf and rodent tapeworm are diagnosed by finding parasite 
eggs in the stool. H. nana eggs measure 30 to 47 um in diam- 
eter. The eggs of the much less prevalent H. diminuta are larger, 
measuring 56 to 86 um in diameter. Examination of several stool 
specimens taken on different days is needed to identify low-level 
colonization. Kato Katz technique is used for quantitative or 
semi-quantitative diagnosis of infection.!*° Adults of both para- 
sites can be killed with a single oral dose of praziquantel at 25 mg/ 
kg, although eggs escape this treatment. Therefore, patients with 
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H. nana infestation should be retreated 1 week after initial treat- 
ment. Family members also should be examined and considered 
for treatment. 


Dipylidium Caninum 


D. caninum (dog tapeworm) is a common parasite of household 
pets that rarely colonizes children. It is acquired by eating fleas 
that contain parasite cysticercoid larvae. Dog tapeworm rarely 
causes symptoms in humans, but parents who find proglottids 
crawling in their child’s diaper understandably seek medical eval- 
uation. Treatment is praziquantel. 

Echinococcus species also are tapeworms of dogs. Ingestion of 
Echinococcus granulosus, Echinococcus multilocularis, or Echinococcus 
vogeli eggs causes severe disease due to formation of hydatid cysts 
(see Chapter 38). 


Epidemiology 


D. caninum is the most common tapeworm of domesticated dogs 
and cats, and it has a worldwide distribution. People acquire dog 
tapeworm by inadvertently ingesting fleas infested with the par- 
asite. Most cases involve infants and young children who have 
close contact with their pets. 


Life Cycle 


Parasite eggs are ingested by the larval form of fleas that 
inhabit dogs or cats. Each egg releases an oncosphere that 
penetrates the intestinal wall and develops into a cysticer- 
coid larva within the flea larva’s viscera. The insect larva 
then develops into an adult flea that can distribute the cys- 
ticercoid larva to other animals. Dogs, cats, and occasionally 
children ingest infested adult fleas. Once in the mammalian 
intestine, the cysticercoid larva evaginates to form a scolex 
that attaches to the mucosa of the small intestine. The worm 
matures, forming a strobila or chain of developing proglottids 
that trails the scolex. The adult worm measures 10 to 70 cm 
in length. Gravid proglottids detach from the distal end of 
the worm and pass with the stool. The proglottids look like 
cucumber seeds (12 mm x 3 mm), are motile, and occasionally 
move out of the anus. They can be mistaken for maggots. As 
they dry, they release small packets, each of which contain 5 
to 15 eggs. 


Clinical Features and Pathophysiology 


Because people don’t often eat fleas, colonization is limited. Low 
numbers of dog tapeworms cause no symptoms. Approximately 
20% of infections are associated with a higher parasite load and 
become symptomatic, presenting with abdominal pain, diarrhea, 
and rarely with bowel obstruction. D. caninum is discovered when 
children or their parents find motile proglottids crawling in a dia- 
per, underwear, or stool. 


Diagnosis and Treatment 


D. caninum is identified by its characteristic proglottid which 
looks like a moving cucumber seed. Often the proglottids of 
D. caninum are mistaken for adult pinworms (E. vermicularis) 
because the latter is much more common than the former. Stool 
examination for egg packets usually is unrewarding. D. caninum 
causes a self-limited colonization that spontaneously clears, and 
dog tapeworm requires no treatment. Most patients and their 
families, however, prefer that the parasite be expunged actively, 
and so treatment is given with a single oral dose of praziquantel 
10 mg/kg). 


TREMATODES 
Intestinal Flukes 


Most intestinal trematodes have a broad host range, and greater 
than 50 different species are capable of colonizing humans.!’’ 
Many of these are geographically restricted and are acquired 
because of specific indigenous dietary behavior. The more com- 
mon intestinal trematodes are Fasciolopsis buski, Heterophyes spe- 
cies, and Echinostoma species. These parasites are acquired by 
ingesting larval metacercariae encysted on freshwater plants (F. 
buski) or in freshwater fish (Heterophyes, Echinostoma). The para- 
sites usually cause no specific symptoms, but heavy infestations 
can cause diarrhea and abdominal pain. Treatment is with pra- 
ziquantel. 


Fasciolopsis buski 


F. buski is the largest intestinal trematode that colonizes humans. 
Adults measure 7.5 cm long and 2 cm wide. 


Epidemiology and Life Cycle 

F. buski is endemic in southeast Asia and Indonesia and is acquired 
by ingesting metacercariae encysted on freshwater plants.!’* The 
metacercariae excyst in the duodenum and attach to the small 
intestinal mucosa. Within 3 months, they mature to adult flat- 
worms and begin to lay eggs. The eggs pass with feces and, if 
they are deposited into fresh water, they embryonate. Each egg 
releases a ciliated miracidium that seeks a suitable snail to infect. 
The miracidium enters the snail and develops into a sporocyst 
that asexually multiplies, releasing numerous cercariae. The cer- 
cariae swim to freshwater plants, and each encysts to form a meta- 
cercaria on the plant’s surface, awaiting ingestion by a mammal. 


Clinical Features and Pathophysiology 

Adult F. buski live for about one year and cause no symptoms 
in most people.'’? Histology of jejunal biopsy specimens along 
with carbohydrate, fat, and protein absorption were normal in 
one study of patients harboring F. buski;!®° however, in 1952, a 
15-year-old Thai girl, hospitalized for diarrhea and abdominal 
pain, died of anasarca with more than 470 adult worms in her 
small intestine.!*! No scientific evidence supports the naturo- 
pathic belief that Fasciolopsis cures cancer or HIV-AIDS. 


Diagnosis and Treatment 

Diagnosis is by finding parasite eggs in the stool (see Fig 114.3). 
Rarely the large flatworm is found on endoscopy (Video 114.6).18%183 
Treatment is one dose of praziquantel 15 mg/kg given orally. 


Heterophyes Species 


Heterophyes species and the closely-related Metagonimus yokogawai 
are small, flat worms that measure about 1.0 to 1.7 mm long by 
0.3 to 0.6 mm wide. 


Epidemiology and Life Cycle 

H. heterophyes is endemic in west Africa, Egypt, Israel, Turkey, 
China, Japan, Taiwan, and the Philippines. H. nocens is endemic 
to Japan and Korea. In Korea, approximately 20% of stray cats 
captured near rivers carry H. nocens and likely serve as a reser- 
voir.!8* M. yokogawai is endemic in Siberia, the Balkans, China, 
Korea, and Japan. 

People acquire these parasites by eating raw or under- 
cooked fish that contain metacercariae. In rural areas of north- 
ern Egypt, 32% of Tilapia fish were infected with heterophyid 
metacercariae.!*> In the USA, a case of H. heterophyes involved 
a Pennsylvanian woman who ate sushi prepared with raw fish 


flown in from Asia.!*° The metacercariae ingested in raw fish 
excyst in the intestine, attach to the small intestinal mucosa, 
and develop into adults. The adults lay eggs that are depos- 
ited with feces. If passed into fresh or brackish water, the eggs 
release miracidia that swim in search of a suitable snail. A mira- 
cidium enters the snail and develops into a sporocyst that asex- 
ually multiplies, releasing numerous cercariae. The cercariae 
swim away from the snail in search of a fish to infect. Either 
freshwater fish or saltwater fish feeding in brackish outlets can 
become infected. 


Clinical Features and Pathophysiology 

These parasites produce no specific symptoms in most people. 
Occasional heavy infections cause mild abdominal pain and diar- 
rhea. The worms attach at the villus crypts and produce a local- 
ized eosinophilic inflammation. Rarely, parasite eggs enter blood 
vessels and lymphatics, to produce distant granulomatous reac- 
tions. 


Diagnosis and Treatment 

Diagnosis is by finding eggs in the stool, which can require con- 
centration techniques. The eggs of Heterophyes species appear 
similar to those of M. yokogawai. Treatment of the trematodes is 
a single 20-mg/kg oral dose of praziquantel. 


Echinostoma Species 


There are at least 16 species of Echinostoma that can colonize 
humans.!*’ Adults are 2 to 6 mm long and 1 to 1.5 mm wide, 
depending on the species. 


Epidemiology and Life Cycle 
Echinostoma species are endemic in Taiwan, Korea, Thailand, 
Japan, Indonesia, and the Philippines. One outbreak of probable 
echinostomiasis involved 18 of 20 American travelers returning 
from Kenya.!*° 

People acquire Echinostoma by eating raw or undercooked 
freshwater mollusks or fish infected with metacercariae. The 
ingested metacercariae excyst in the intestine, attach to the small 
intestinal mucosa, and develop into adults. The adults lay eggs 
that, if deposited into fresh water with feces, embryonate and 
hatch to release miracidia that swim in search of suitable snails. A 
miracidium enters a snail and develops into a sporocyst that asexu- 
ally multiplies, releasing numerous cercariae. Depending on the 
species, the Echinostoma cercariae swim away from the snail in 
search of another mollusk or fish to infect. 


Clinical Features and Pathophysiology 
Echinostoma species produce no symptoms in most people, but can 
cause epigastric pain, abdominal cramps, and diarrhea.!** 


Diagnosis and Treatment 

Diagnosis is by finding eggs in the stool or adults on endos- 
copy.!® Echinostoma eggs resemble those of F. buski but are 
smaller. Treatment is one 25-mg/kg dose of praziquantel given 
orally. 


Liver Flukes 


These trematodes reside in the bile ducts and are acquired 
by ingesting larval metacercariae encysted in freshwater fish 
(Clonorchis sinensis, Opisthorchis) or on freshwater plants (Fasciola). 
Most infections are asymptomatic, but these parasites can cause 
recurrent cholangitis. People chronically infected with C. sinen- 
sis or Opisthorchis viverrini may develop cholangiocarcinoma and 
these flukes are considered carcinogens by the World Health 
Organization International Agency for Research on Cancer.!?° 
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TABLE 114.2 Relative Risks of Cholangiocarcinoma in Patients with 
Clonorchis or Opisthorchis Infestation 


Reference Relative risk 95% Cl 
C. sinensis 
146 3.1 0.13-8.4 
147 6.5 3.7-12 
148 6.0 2.8-13 
O. viverrini 
149 5.0 2.3-11.0 
162° 
Light let 0.2-16.3 
Medium 32 0.4-30 
Heavy 14.0 1.7-119 


*Light, < 1500 eggs/g stool; medium, 1501-6000 eggs/g stool; heavy, 
> 6000 eggs/g stool. 
Cl, confidence interval. 


C. sinensis or Opisthorchis infections are treated with praziquantel. 
Fasciola infections are treated with triclabendazole. 


Clonorchis Sinensis, Opisthorchis viverrini, and 
Opisthorchis felineus 


C. sinensis and Opisthorchis species are closely related parasites that 
have similar life cycles and cause similar disease. 


Epidemiology and Life Cycle 
C. sinensis is endemic to China, Hong Kong, Taiwan, the Republic 
of Korea, and North Vietnam.!’! O. viverrini is endemic to 
Thailand, Lao People’s Democratic Republic, and Cambodia. 1°? 
O. felineus is endemic to Russia and the Ukraine. Infection with C. 
sinensis and other food-borne trematodes is increasing in preva- 
lence, possibly because of fish farming.!?? People acquire these 
parasites by eating metacercariae present in raw or undercooked 
fish such as grass carp (Ctenopharyngodon idellus) or pond smelt 
(Hypomesus olidus). Studies in Korea show that at least 80 species 
of freshwater fish can harbor metacercariae.!*+ 

The metacercariae excyst in the stomach and duodenum as 
the meat is digested. The worms migrate along the mucosa to 
the ampulla of Vater and into the biliary tree, where they grow 
into adults. Leaf-shaped adult C. sinensis measure 5 mm wide x 
2.5 cm long x 1 mm thick. Opisthorchis is smaller. The adult para- 
sites lay eggs that pass with the bile into the intestinal lumen to 
be excreted. The excreted eggs are ingested by freshwater snails 
in which they hatch, releasing miracidia that develop into spo- 
rocysts. Each sporocyst asexually reproduces within the snail, 
eventually producing numerous cercariae. The cercariae exit the 
snail and swim in search of a suitable fish to invade. The parasites 
encyst as metacercariae in the muscles of the fish, awaiting inges- 
tion by a mammalian host. 


Clinical Features and Pathophysiology 

Most infections with C. sinensis or Opisthorchis are asymptomatic. 
With heavy exposures, patients develop fever, malaise, hepatic 
tenderness, and eosinophilia,!°> symptoms and signs that abate as 
the worms mature and begin laying eggs in the bile ducts (Video 
114.7).!°° In a minority of patients, these parasites can cause 
relapsing cholangitis (see Chapter 68). The worms elicit a fibrotic 
and adenomatous reaction in the smaller branches of the biliary 
ducts, which can cause localized obstruction and hepatic abscess 
formation. The flukes also can migrate into the pancreatic duct 
and cause pancreatitis. 
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The most important complication of chronic infection with 
C. sinensis or O. viverrini is cholangiocarcinoma (see Chapter 
69).!°7 Infection with these parasites dramatically increases the 
risk of developing this otherwise rare cancer (Table 114.2)!9°.!%: 
In the Khon Kaen province in Thailand, cholangiocarcinoma 
due to O. viverrini accounts for more than 85% of all cancers.’ 
Parasites damage the bile duct, causing cellular desquamation 
followed by hyperplasia, adenomatous hyperplasia, periductal 
fibrosis, dysplasia, and finally cholangiocarcinoma. Cancer also 
can result from increased sensitivity to carcinogens. Hamsters 
infected with O. viverrini develop cholangiocarcinoma when 
treated with sub-carcinogenic doses of dimethylnitrosamine.*°! 
C. sinensis and O. viverrini can sensitize patients to dietary or 
endogenously produced N-nitroso compounds and thereby 
increase the risk for DNA damage and cholangiocarcinoma.?” 
Liver fluke-associated cholangiocarcinoma also is an important 
consideration in Western countries.*”? A 1977 study found that 
26% of Chinese immigrants relocating to New York had C. 
sinensis.°°* Because of the increased cancer risk associated with 
these parasites, it is advisable to look for them in any patient 
from an endemic area.?” 


Diagnosis and Treatment 

Diagnosis is by finding parasite eggs in the stool or duodenal 
aspirate. Symptomatic patients might have curvilinear lucen- 
cies in the biliary and pancreatic ducts on ERCP.* Ultrasound 
findings include increased peri-ductal echogenicity and floating 
echogenic foci in the gallbladder.” The recommended treat- 
ment is praziquantel 25 mg/kg every 8 hours for 3 doses.!? 
Heavy infections may require 2 days of therapy. An alterna- 
tive treatment is albendazole 10 mg/kg twice a day for 7 days. 
Albendazole is a FDA pregnancy category C medication though 
a recent study showed no treatment-associated fetal or maternal 
adverse effects.7? 


Fasciola hepatica and Fasciola gigantica 


Epidemiology and Life Cycle 

F. hepatica has a worldwide distribution,?°* whereas F. gigantica 
is endemic in Hawaii, Asia, India, the Middle East, and Africa. 
Both species infect sheep, goats, and cattle as their normal 
hosts. Humans acquire these parasites by ingesting metacercar- 
iae encysted on freshwater plants, such as watercress. Ingested 
metacercariae excyst in the small intestine, penetrate through the 
bowel wall, and enter the peritoneal cavity, where they migrate 
to the liver, penetrate the capsule, and travel through the hepatic 
parenchyma in search of a bile duct (acute phase; 2 to 4 months). 
‘They reside within the bile ducts, reaching maturity within 3 
or 4 months, after which they lay eggs (chronic phase; months- 
indefinite). Adult F. hepatica are 1.3 cm by 4.0 cm, and F. gigan- 
tica grow up to 7.0 cm in length. Adults of both species are only 
1 mm thick and resemble leaves. Fasciola are long-lived; one 
documented infection persisted for 16 years. Adults lay eggs that 
pass with the bile into the intestinal lumen, from which they are 
excreted. Upon reaching fresh water, Fasciola eggs embryonate, 
hatch, and release miracidia that swim in search of a suitable snail. 
A miracidium enters a snail and develops into a sporocyst that 
asexually multiplies, eventually releasing numerous cercariae. 
The cercariae swim to a freshwater plant and encyst on the wall, 
awaiting ingestion by a mammal. 


Clinical Features and Pathophysiology 

Fasciola infestations usually are asymptomatic. In the acute phase, 
patients can have abdominal pain and hepatomegaly as the para- 
sites penetrate the intestinal wall and hepatic capsule. Abdominal 
CT scan may show low-density areas in the periphery of the liver. 
Patients also develop symptoms from migration of the parasites 


s 


Fig. 114.13 Film from an ERCP showing F hepatica, appearing as 
curvilinear lucencies (arrows) in the distal bile duct. A leaf-shaped 
fluke was extracted from the bile duct. (From Veerappan A, Siegel JH, 
Podany J, et al. Fasciola hepatica pancreatitis: endoscopic extraction 
of live parasites. Gastrointest Endosc 1991; 37:473-5.) 


to other sites such as subcutaneous fat.” Acute symptoms wane 
as the parasites enter the bile ducts. During the chronic phase 
of fascioliasis, patients can have symptoms of intermittent biliary 
obstruction and cholangitis. Rarely, patients develop pancreati- 
tis.710 


Diagnosis and Treatment 

ERCP may show curvilinear lucencies in the bile duct (Fig. 
114.13).7!°7!! Diagnosis is by finding eggs in the stool. Fasciola 
release low numbers of eggs, however, making this test insen- 
sitive. Duodenal or bile aspirates also can demonstrate eggs. 
Because egg production does not start until 3 to 4 months after 
exposure, serologic testing for anti-Fasciola antibodies until 
egg shedding starts is diagnostic in acute infection. In the USA, 
Center for Disease Control provides an immunoblot assay that 
detects antibodies to FhSAP2 of F. hepatica. Serology is also use- 
ful in chronic infection with sporadic egg production. Because 
serology cannot differentiate between active infection and his- 
tory of prior exposure, consultation with a specialist of infec- 
tious diseases or an expert is recommended in interpreting the 
results. Unlike other trematodes, Fasciola are resistant to pra- 
ziquantel. Triclabendazole is the drug of choice for fasciolia- 
sis. In one study, a single oral dose of triclabendazole (10 mg/ 
kg) cured 79% of patients as measured by fecal egg counts and 
ELISA??? 


Blood Flukes 


Visceral (hepatosplenic and intestinal) schistosomiasis is 
caused by Schistosoma mansoni, S. japonicum, S. mekongi, and S. 
intercalatum. Schistosomes (including S. haematobium, which 
affects the urinary tract) infest more than 240 million people 
worldwide. People acquire the parasite through contact with 
contaminated water. Visceral schistosomiasis can cause coli- 
tis and fibrosis of the portal venous system, producing portal 
hypertension. Treatment is praziquantel. 


Epidemiology 


Schistosomes are tropical parasites with a worldwide distribu- 
tion. S. mansoni is endemic in regions of Africa, the Middle 
East, Puerto Rico, the Dominican Republic, Central America, 
and South America. S. japonicum is endemic in China, Indonesia, 
the Philippines, and ‘Thailand. S. mekongi is endemic in Laos 
and Cambodia. S. intercalatum is endemic in Africa. In most 
countries in which schistosomes are endemic, some regions 
have a high prevalence of infection; in other areas, the parasite 
appears absent. In these later areas, however, many low-level 
infections are missed and true prevalence is much higher than 
reported.*!* Schistosomes live in tropical snails for part of their 
life cycle. It is the distribution of these snails that helps define 
the geographic limits of schistosomes. Construction of water 
reservoirs and irrigation canals has expanded the snail habi- 
tat in many countries, a practice that has increased the risk of 
acquiring schistosomiasis. Mice and other mammals also can 
harbor schistosomes and might allow spread of the parasite 
even were sanitation to be improved,”!> thereby making schis- 
tosomiasis difficult to eradicate. Nonetheless, S. japonicum was 
successfully eradicated in Japan and is coming under control 
in Indonesia;?!° S. mansoni is vanishing from areas of Puerto 
Rico?!” 


Life Cycle 


Schistosome worms are acquired by contacting fresh water that is 
infested with parasite cercariae. Cercariae are fork-tailed, micro- 
scopic larvae that swim through the water in search of a suitable 
mammalian host. Upon finding this host, they penetrate through 
intact skin, shed their tails, and transform into schistosomules 
that are covered with a double lipid-bilayer tegument; this tegu- 
ment thwarts most immunologic attacks. Schistosomules migrate 
into blood vessels, where they are swept with the venous flow 
through the right side of the heart into the lungs. They migrate 
through the pulmonary capillaries, flow through the left side of 
the heart into the systemic circulation, and eventually reach the 
liver, where they mature, mate, and migrate against venous flow 
in the portal system. The 2-cm female is partly ensheathed by the 
shorter male, and the “couple” reside together within the mes- 
enteric veins. S. mansoni and S. intercalatum prefer to dwell in 
the vessels drained by the inferior mesenteric vein, whereas S. 
japonicum and S. mekongi prefer the vessels drained by the supe- 
rior mesenteric vein. 

The worms remain in the mesenteric vessels, consuming 
blood and nutrients and depositing eggs. S. mansoni lays 250 
eggs and S. japonicum lays 3500 eggs per worm pair each day. 
Many of the eggs pass through the intestinal wall and enter the 
lumen of the bowel. The eggs are excreted with the stool, and 
if deposited in fresh water, they hatch to release ciliated mira- 
cidia. Miracidia swim in search of a suitable tropical snail to 
infect. It is the distribution of snails permitting infection which 
determines the geographic foci of endemic schistosomiasis. For 
example in Brazil, some strains of the snail Biomphalaria tenag- 
ophila are infected easily whereas other strains are completely 
resistant.?!® After penetrating into the snail’s foot process, a 
miracidium transforms into a primary (mother) sporocyst. Sec- 
ondary sporocysts bud off of the primary sporocyst, migrate to 
the snail’s liver, and mature. Cercariae bud off the secondary 
sporocysts, exit the snail, and swim in search of a permissive 
mammalian host. 


Clinical Features and Pathophysiology 


Dermal invasion and migration by infecting cercariae usu- 
ally produce no memorable symptoms. Patients with repeated 
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Fig. 114.14 Film from a barium enema examination in a 20-year-old 
Egyptian man with bloody diarrhea and tenesmus. Multiple polypoid 
lesions due to Schistosoma mansoni are seen throughout the recto- 
sigmoid colon, which is displaced out of the pelvis by a large pericolic 
abscess. (From Reeder MM, Hamilton LC. Radiologic diagnosis of 
tropical diseases of the gastrointestinal tract. Radiol Clin North Am 
1969; 7:57-81.) 


contact can develop a mild papular rash, in contrast to the 
intensely pruritic papular rash that develops after exposure to 
avian schistosomes such as Trichobilharzia ocellata. These avian 
trematodes infect water fowl but are unable to live in mammals, 
and so the cercariae and schistosomules die in a person’s skin, 
eliciting an immunologic response that produces swimmer’s 
itch. Swimmer’s itch is common in the Great Lakes region and 
has been found as far north as Iceland.”!? Swimmer’s itch is not 
dangerous, but repetitive scratching can cause secondary cel- 
lulitis. 

In a suitable host, schistosomules migrate through the body 
without producing symptoms. Juvenile and adult worms evade 
immune attack elegantly: Their tegument is coated with histo- 
compatibility and blood group antigens derived from the host.??0 
The tegument contains Ig receptors and proteases that might 
help cleave any bound antibody. Moreover, schistosomes pro- 
duce several proteins that prevent complement, neutrophils, 
macrophages, or lymphocytes from injuring them.’*! Such 
immune evasion allows adult worms to survive in the blood ves- 
sels without causing much direct damage. The average life span 
of worms is thought to be about 6 to 10 years, but there are docu- 
mented cases of adult worms surviving for more than 35 years 
after persons had left an endemic area.??? Although the helminths 
evade host responses, 2 specific functional polymorphisms in 
IL-13 each provide protection against high-intensity infection, 
thus demonstrating some degree of immune system control.’ 
Schistosome worms release eggs each day throughout their long 
life, and it is the parasite’s eggs that cause disease. Whereas the 
adult worms evade an immune response, the schistosome eggs 
invite one, exuding antigens that trigger a strong cell-mediated 
Th2 immune response.’+ 
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Fig. 114.15 Histopathology of a colonic biopsy specimen from a 
patient with schistosomiasis. A schistosome egg granuloma is seen 
(H&E). 


Katayama fever is the classic presentation of acute schistoso- 
miasis. It results from a brisk early immune response to schisto- 
some products that occurs within the first 2 to 13 weeks after 
contacting water that is heavily infested with cercariae.?*> Symp- 
toms are caused by circulating immune complexes and resemble 
those of serum sickness. Patients have fever, malaise, arthralgia, 
myalgia, cough, and diarrhea, with the additional finding of 
marked eosinophilia.” Serum aminotransferases are normal, 
and eggs usually are absent from the stool. S. japonicum causes 
the most intense acute schistosomiasis reaction, with fatality rates 
approaching 25%. Most people don’t develop acute schistoso- 
miasis, but in those who do and survive, symptoms resolve as the 
infection enters the chronic phase. 

Each schistosome egg secretes antigens that provoke a focal 
granulomatous inflammatory reaction that helps move the egg 
from the inside of a capillary, through the intestinal wall, and 
out into the lumen.’** Thus, inflammation actually benefits the 
parasite. Passage of eggs through the bowel wall causes intestinal 
schistosomiasis with guaiac-positive stools or even bloody diar- 
rhea. Patients also can have tenesmus and tenderness over the 
sigmoid colon. Patients with S. mansoni can develop colitis with 
inflammatory pseudopolyps (Fig. 114.14) that contain numerous 
eosinophils and occasional eggs*’’/—a picture that can resemble 
Crohn disease or UC. S. japonicum prefers to dwell in veins 
drained by the superior mesenteric vein and lays thousands of 
eggs at a time. S. japonicum can produce upper abdominal pain 
unrelated to meals, gastric bleeding, and pyloric obstruction due 
to inflammation and fibrosis. 

About half of the eggs pass out of the body; the other half 
lodge in the host’s tissues and cause the pathology of chronic 
schistosomiasis. Eggs are carried by the portal blood flow and 
some lodge in the liver. Other eggs lodge in the mesenteric and 
portal veins or remain in the intestinal wall. In these locations, 
the eggs elicit granulomatous inflammation with eosinophils, 
macrophages, lymphocytes, fibroblasts, and mast cells (Fig. 
114.15). Eosinophils account for 50% of the schistosome egg- 
granuloma cell population. When eosinophils degranulate, they 


deposit major basic protein that produces an eosinophilic halo 
around the eggs, termed the Splendore-Hoeppli phenomenon. 
‘This phenomenon is nonspecific and can be seen with bacterial, 
fungal, and parasitic infections. Eosinophils likely assist in killing 
the miracidia protected by the tough egg shell. After one or 2 
weeks the miracidium dies, antigen release wanes, and the granu- 
loma involutes to leave a fibrotic scar. 

Over the years, the daily production of eggs, granulomas, 
and scars accumulates enough damage to produce disease. Eggs 
that lodge in the hepatic and portal vessels produce a unique 
pattern of scarring called Symmers pipe stem fibrosis, in which 
the vessels become fibrotic and resemble clay pipe stems on 
cross section; this process causes the pre-sinusoidal venous 
obstruction and portal hypertension characteristic of hepato- 
splenic schistosomiasis (see Chapter 84). Patients typically have 
an enlarged left hepatic lobe, splenomegaly, and thrombocy- 
topenia due to platelet sequestration. Hepatocellular function 
remains normal because the blood supply to the liver is main- 
tained by increased hepatic artery flow. Patients have normal 
serum aminotransferase levels with mildly elevated serum levels 
of alkaline phosphatase and gamma glutamyl transpeptidase. 
Patients with hepatosplenic schistosomiasis do not develop cir- 
rhosis unless they are co-infected with hepatitis B or C, and so 
they lack stigmata of chronic liver disease. The classic presen- 
tation of decompensated hepatosplenic schistosomiasis is vari- 
ceal hemorrhage. Hepatosplenic schistosomiasis results from 
accumulated injury and requires prolonged, moderately intense 
infection. Patients with hepatosplenic schistosomiasis typically 
range in age from adolescence to late 20s and have had schisto- 
somiasis for 5 to 15 years. Compensated disease improves after 
schistosomes are killed by drug therapy, permitting the portal 
tributaries to heal and remodel??? 

Schistosome eggs also can lodge in other sites besides the 
intestine, liver, spleen, and splanchnic venous circulation. Eggs 
can percolate through portocaval collateral vessels, lodge in the 
pulmonary capillaries, and over time cause pulmonary hyper- 
tension and cor pulmonale. Eggs can enter the vertebral venous 
plexus and embolize the spinal cord or brain. Granulomatous 
inflammation in the CNS can result in conus equinus syndrome, 
transverse myelitis, or schistosomal cerebritis. Schistosomiasis 
can cause membranoproliferative glomerulonephritis or focal 
glomerulosclerosis with proteinuria, nephrotic syndrome, and 
end-stage renal disease. Schistosomal nephropathy results from 
deposition of immune complexes of parasite antigens and anti- 
bodies, and the renal disease can be progressive even if the para- 
sites are killed with drug therapy.?>° 

Finally, patients with schistosomiasis can present with recur- 
rent bacteremia. Adult schistosome worms can ingest enteric 
bacteria transiently present in the portal circulation, harbor these 
bacteria, and serve as reservoirs for infection. Recurrent salmo- 
nella infection is particularly common in patients with schistoso- 
miasis.?>! 


Diagnosis 


Schistosome eggs are present in stool, but not in high num- 
bers. The classic method for detecting eggs is the Kato-Katz 
thick smear.?’?7?> This technique is not performed as part of 
the standard ova and parasite test, and standard smear evalua- 
tion is not sensitive enough to find the relatively rare schisto- 
some eggs. Even Kato-Katz thick smears are not highly sensitive 
and are unlikely to detect eggs at very low levels of infection.’!* 
Formalin-ethyl acetate sedimentation can be used to identify 
schistosome eggs but this technique is less sensitive than multiple 
Kato-Katz smears.?*4 

The vast majority of patients with intestinal schistosomiasis 
are asymptomatic; patients come to medical attention during 


S. mansoni eggs. A 20-year-old woman who had emigrated 5 years 
earlier from the Democratic Republic of the Congo was evaluated for 
persistent iron deficiency anemia. She had normal stool habits but 
occasional hematochezia. The mucosa was normal on colonoscopy 
except for some areas suggestive of neovascularization. Random 
biopsy specimens demonstrated viable S. mansoni eggs (H&E 20x; in- 
set, 60x). She was treated with praziquantel, and the anemia resolved. 
(Courtesy P. Kirby and F. Mitros, lowa City, IA.) 


evaluation of mild anemia, positive fecal occult blood tests, 
or unexpected variceal hemorrhage. On endoscopy, a patient 
might have inflammatory polyps that contain eggs, but usu- 
ally the intestinal mucosa appears normal. Subtle changes in 
the vascular pattern can result from egg emboli that produce 
a terminal curling of small blood vessels.” Occasionally, his- 
topathology of random biopsies of the colonic mucosa show 
schistosome eggs (Fig. 114.16), but this is an insensitive means 
of diagnosis. Biopsy of the rectum can demonstrate eggs, espe- 
cially when the specimen is crushed between 2 glass slides and 
the whole biopsy specimen is surveyed microscopically. Evalu- 
ation of 6 crush biopsies is more sensitive than 2 Kato-Katz 
smears for S. mansoni.’ Although eggs lodge in the liver and 
cause portal hypertension, liver biopsy is an insensitive method 
for detecting schistosomiasis. Liver biopsy should not be used 
solely to test for schistosomiasis. 
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Present or past exposure to schistosomes is detectable by 
serology. Antischistosome antibodies are detected by ELISA 
using adult microsomal antigens. Sensitivity varies depending on 
whether the infecting schistosome is the same species as that used 
to prepare the antigens. The ELISA uses S. mansoni microsomal 
antigens, and immunoblot tests using antigens from S. japonicum 
and S. haematobium also can be performed.’>’ The antibody assay 
also is useful to diagnose acute schistosomiasis (Katayama fever) 
because there are few or no eggs in the stool during the peak of 
the reaction. The ELISA does not distinguish active from prior 
infections, and therefore it is most useful for diagnosis in recent 
travelers rather than in expatriates. Because schistosomes can be 
long-lived, one-time treatment of antibody-positive patients is 
reasonable. 

Active infection can be demonstrated by detecting circulat- 
ing schistosome gut-associated protein antigens CCA (circulat- 
ing cathodic antigen) and CAA (circulating anodic antigen) in 
the patient’s serum.”** Serologic detection of CCA and CAA has 
higher sensitivity than the Kato-Katz thick smear.?!*73> Measure- 
ment of circulating antigens also can prove useful to document 
response to treatment,’*’ but these tests are not commercially 
available in the USA. 

Abdominal US is an important additional test in hepatosplenic 
schistosomiasis. US evaluation documents periportal fibrosis, 
splenomegaly, portal blood flow, and collateral vessels. Periportal 
fibrosis has a characteristic appearance: multiple echogenic areas, 
each with central echolucency that gives a fish-scale appear- 
ance.”* A scoring system exists that uses a liver parenchyma and 
image pattern (IP) and a portal thickening (PT) and portal hyper- 
tension (PH) score to stage the disease (Table 114.3).?4!24? 


Treatment 


Praziquantel is the drug of choice to treat schistosomiasis. It is the 
safest schistosomicide in current use. Praziquantel administered 
orally in 3 doses of 20 mg/kg, each 4 hours apart (total dose, 60 
mg/kg), gives cure rates of 60% to 98%. Eggs continue to be shed 
in the stool for up to 2 weeks after drug treatment, because eggs 
that were deposited before treatment can take this long to work 
through the intestinal wall. Patients who are not cured with a sin- 
gle course of praziquantel have a dramatic decrease in egg counts 


TABLE 114.3 WHO Criteria for Staging Hepatosplenic Schistosomiasis* 


Liver parenchymal patterns on US and IP scores PT Score 
Pattern Sonographic Appearance IP Score If liver parenchyma shows indications of periportal fibrosis 
A Normal structure (0) Assign a preliminary PT score of 1 
PATTERNS OBSERVED IN SCHISTOSOMIASISt Continue the examination 
B “Starry sky” (diffuse echogenic foci) 1 Measure the thickness of the wall of the second order portal branches 
C Highly echogenic “ring echoes,” which correspond to the “pipe stems” seenina 2 Calculate the mean wall thickness (both walls) for the 2 (or 3) vessels measured 


scan perpendicular to the one in which rings are seen (see Fig. 84.4) Adjust results for body height 


Highly echogenic “ruff” around the portal bifurcation and main stem 


Normal range 2 SD or less above mean Score = 0 
E Highly echogenic “patches” extending from the main portal vein and F 
branches into the parenchyma Increased >2 SD but < 4 SD above mean Score = 3 
IF Highly echogenic “bands” and “streaks” extending from the main portal vein 8 Wen mareset A SDS iuteal Seu | 
and its bifurcation to the liver surface, where they retract the organ surface The result is an intermediate PT score 
Patterns indicating pathology different from periportal Calculate the final PT score 


fibrosis (if these are present, no score is given 
( P oyen Add the preliminary PT score to the intermediate PT score 


Xx Diffusely coarse liver texture, irregular liver surface, distorted hepatic veins, = The result is a final PT score in the range 1 (1 + 0) to 8 (1 + 7) 
rounded caudal liver edge 
5 5 F oT 7 7 PH score 
Y Diffusely increased liver echogenicity, loss of highly reflective edges of — , 
peripheral portal branches, possibly distal sound extinction, rounded Portal vein diameter: adjust the value for height 
caudal liver edge Normal Increase 0 to < 2 SD above the Score = 0 
Z Other liver abnormalities — mean 
Interpretation of the Final Score Dilatation Increase 2 to < 4 SD above the Score = 4 
mean 
IP score PT score Portal hypertension (PH) score Interpretation 
: : - 7 Marked dilatation Increase > 4 SD above the mean Score = 6 
0 6) 0 No sign of periportal fibrosis - 
— - ——— Collateral veins 
il 1 0 Incipient periportal fibrosis not excluded 
- - - i No collateral vessel detected Score = 0 
2 i 0 Periportal fibrosis possible 
n s ; : Collateral vessels detected Score = 4 
4 1 0 Periportal fibrosis possible - 
7 ; : Ascites 
2 4,8 (0) Periportal fibrosis 
None Score = 0 
4 4,8 (0) Periportal fibrosis 
: r 7 Ascites present Score = 3 
6 1,4,8 o Advanced periportal fibrosis 7 
. 2 . Calculate the final PH score = PH score 0-13 
8 1,4,8 (0) Advanced periportal fibrosis 
The result is the sum of the above 3 scores 
4-8 1,4,8 3-13 Advanced periportal fibrosis + portal 
hypertension 
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*Staging is determined by assessing the degree of parenchymal changes, periportal thickening, and portal hypertension. 
tCombined patterns can exist and are assigned an IP score corresponding to the highest IP score of the 2 or 3 patterns. 
Adapted from Abdel-Wahab MF, Esmat G, Milad M, et al. Characteristic sonographic pattern of schistosomal hepatic fibrosis. Am J Trop Med Hyg 1989; 40:72-6. 
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and respond to a second course of treatment. Periportal fibrosis Full references for this chapter can be found on www.expertconsult.com. 
improves after the worms are killed, halting the daily deluge of 
eggs and permitting the portal tributaries to heal and remodel.’”® 
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IBD comprises conditions characterized by chronic or relaps- 
ing immune activation and inflammation within the GI tract. 
Crohn disease (CD) and UC are the 2 major forms of IBD; 
less common, but increasingly recognized, are the microscopic 
colitides, primarily collagenous colitis and lymphocytic colitis 
(see Chapter 128). Other chronic inflammatory conditions of 
the intestine share some features of presentation and patho- 
genesis with IBD, but they have identifiable etiologies; exam- 
ples of these disorders include diversion colitis, infection (e.g., 
intestinal TB), radiation colitis, and drug-induced colitis (see 
Chapter 128). 

The 2 major forms of IBD share many clinical and epide- 
miologic characteristics, suggesting that underlying causes 
may be similar. In approximately 10% of cases, CD cannot 
be distinguished from UC on clinical grounds (see “IBD-U” 
discussed later), although the 2 diseases are most often consid- 
ered distinct syndromes with divergent treatments and prog- 
noses. 

CD is a chronic inflammatory disorder that may involve 
any part of the alimentary tract from the mouth to the anus, 
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but with a propensity for the distal small intestine and proxi- 
mal colon. In contrast, UC only affects the colon and rectum. 
Inflammation in CD often is discontinuous along the longi- 
tudinal axis of the intestine and may involve all bowel layers 
from mucosa to serosa, whereas in UC, inflammation starts 
in the rectum, is continuous, and is superficial, only affecting 
the epithelial layer of the mucosa. Affected persons with CD 
usually experience diarrhea and abdominal pain, frequently 
accompanied by weight loss. Patients with UC will often expe- 
rience bloody diarrhea with urgency. CD, in distinction to 
UC, may manifest unique complications such as strictures and 
fistulas, which often necessitate surgery. Numerous extrain- 
testinal manifestations also may be present in patients with 
IBD, regardless of whether CD or UC. The etiology of IBD 
is incompletely understood, but is generally believed to be 
related to immune dysregulation triggered by the intestinal 
microbiota influenced by environmental exposures in geneti- 
cally susceptible individuals. Medical therapy for IBD is aimed 
at control of inflammation and improvement of symptoms, but 
is not curative. 


EPIDEMIOLOGY 


The first reports of IBD predominantly occurred follow- 
ing the Industrial Revolution in the Western world.!? Sir 
Samuel Wilks described IBD in 1859 when he wrote about 
“idiopathic colitis” and recognized it as distinct from the then 
much more common bacillary dysentery; he also reported the 
pathologic finding of a dilated and thinned colon with severe 
pancolonic inflammation which today we recognize as toxic 
megacolon.?* In 1875, Dr. Wilks introduced the term “UC” 
into the medical vernacular.’ A disease that was not recog- 
nized a generation earlier now was emerging in epidemic 
proportions. By 1909, the Royal Society of Medicine held a 
symposium to review hundreds of cases of UC hospitalized in 
London, England. Sir William Allchin addressed the sympo- 
sium, stating, “UC is a provisional title and its future reten- 
tion or rejection will be determined by a clearing up of certain 
points in connexion with the natural history of the disease.”! 6 
The incidence of UC rose rapidly in North America and 
Europe throughout the first few decades of the 1900s.’ In the 
early 20th century, inflammation of the ileum challenged the 
notion of isolated colonic involvement in UC. In 1913 T. K. 
Dalziel published a case series of patients with inflammation 
in their small bowel that preceded the Burrill Crohn, Leon 
Ginzburg, and Gordon Oppenheimer landmark study in 1932 
describing granulomatous inflammation of the terminal ileum 
that they named regional ileitis, and which was subsequently 
called “Crohn disease.”®.’ 

Following the 1950s, the incidence of IBD accelerated rapidly 
in portions of the Western world (North America, Europe and 
Australia). A systematic review of over 200 population-based stud- 
ies performed during the 20th century’ revealed that 34 of studies 
on CD and two-thirds of studies on UC demonstrated statistically 
significant increasing incidence. Initially, UC was more commonly 
diagnosed than CD, however, in the latter half of the 20th century, 
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the diagnosis of CD caught up to, and in several regions surpassed, 
the diagnosis of UC in the Western world.’ An updated systematic 
review showed a dramatic change in the incidence of IBD at the 
turn of the 21st century in the Western world: over three-fourth 
of studies showed that the incidence of IBD in the Western world 
had stabilized, and in some regions was decreasing.!? From 1990 
to 2015, most studies in the Western world reported that the inci- 
dence of both CD and UC were in a range between 5 and 15 per 
100,000. Although some countries reported higher incidence rates, 
the ceiling for both the incidences of CD and UC was between 20 
and 30 per 100,000 (Fig. 115.1).!° 

The decades of rising incidence of IBD in the Western world 
during the 20th century resulted in a steady increase in the preva- 
lence of IBD.!! This is because of the medically incurable nature 
of IBD primarily diagnosed in young individuals, and the fact 
that the incidence of new cases outpaces mortality. For example, 
Olmsted County, Minnesota, in the USA has tracked the preva- 
lence of IBD for more than 5 decades, during which time the 
prevalence of CD rose from 28 per 100,000 in 1965 to 246.7 
per 100,000 in 2011.'*-!° In the 21st century, the prevalence 
of IBD exceeds 0.3% in North America, Western Europe, and 
Australia.!° Canada and Scandinavia have the highest reported 
prevalence.!”!* A national Canadian study demonstrated that the 
prevalence of IBD was 0.5% in 2008, and forecasting models pre- 
dicted that the prevalence to be 0.75% in 2020, and approaching 
1.0% of the national population by 2030.'? The rising prevalence 
of IBD will be a major challenge for the health infrastructure of 
the Western world. 

IBD can be diagnosed at any age, although the most com- 
mon ages of diagnosis are in adolescence and early adulthood.!! 
Whereas the incidence of IBD is stabilizing in many Western 
regions, the incidence of IBD in children has shown different 
patterns.?? For unexplained reasons, the incidence of IBD in 
children under 10 years of age, and particularly under 6 years 
of age (very early onset IBD), is increasing in certain regions of 
the Western world.?!?? Moreover, seniors with IBD are a rap- 
idly growing population, due to a combination of new diagnoses 
of IBD in older adults and the advancing age of patients with 
IBD who were diagnosed earlier in adulthood.*!7> Over the next 
decade, GI clinics in the Western world will face a juxtaposition 
of diagnosing young individuals with IBD while caring for an 
older IBD population.!! 

Population-based data on the incidence or prevalence of 
IBD during the 20th century were sparse from regions out- 
side the Western world. Limited data from Asia, Africa, and 
Latin America suggested that during the 20th century the 
occurrence of IBD was low in countries outside the Western 
world.’ Although IBD was primarily diagnosed in Caucasians, 
individuals of all ethnicities were susceptible to IBD.! Immi- 
gration studies demonstrated that individuals moving from 
low-prevalence regions (e.g., Southeast Asia) to high-preva- 
lence regions were at increased risk of developing IBD.’* The 
risk was particularly pronounced in first and second generation 
offspring of immigrants.’>,”° At the turn of the 21st century, 
the evolution of IBD had manifest global spread, with newly 
industrialized countries in Asia, Africa, and Latin America 
reporting rapidly rising incidences.?”:?8 For example, in Seoul, 
Latin Korea, the incidence of CD and UC rose from 1991 to 
2005 by 14% and 10%, respectively.’? The explanation for 
the dramatic rise in the incidence of IBD outside the West- 
ern world is multifactorial and includes increased awareness of 
IBD, advances in health care infrastructure, improved access 
to health care, development of disease surveillance systems to 
track the incidence of IBD, and presumably exposure to envi- 
ronmental risk factors for IBD that are associated with west- 
ernization of a newly industrialized society.?’ IBD is a global 
disease today.!! 
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ETIOLOGY AND PATHOGENESIS 


The etiology of IBD is currently unknown but appears to be mul- 
tifactorial. The current hypothesis is that CD and UC result from 
overly aggressive T-cell mediated immune responses to specific 
components of the intestinal microbiota in genetically susceptible 
individuals, and that disease expression is triggered by additional 
environmental factors. Dysregulation or constitutive activation of 
the enteric immune response leads to the development of acute 
and chronic inflammation and the pathologic features of muco- 
sal damage. The specific inciting antigens for the inflammatory 
process have yet to be identified, but several sources have been 
suggested including pathogenic and commensal microorganisms 
(Fie. 115.2).3° 


Genetics 
Family History 


Familial aggregation of IBD was first reported in the 1930s.! The 
relative risk among first-degree relatives of subjects with IBD is 8 
to 10 times higher than that of the general population.*” Roughly 
1 in 5 patients with CD report having at least one affected rela- 
tive. Many families have more than one affected member, and 
although there is a tendency within families for either CD or UC 
to be present exclusively, mixed kindreds also occur.*? 

Ethnicity also plays a role. Eastern European (Ashkenazi) Jews 
are at a 2- to 4-fold higher risk of developing IBD than non-Jew- 
ish Caucasians of the same geographic location, and they also are 
at greater risk of having multiple affected family members.***° 
Studies of monozygotic and dizygotic twins suggest that genetic 
composition is a more powerful determinant for CD than for 
UC. The concordance rate among monozygotic twins is as high 
as 67% for CD but only 13% to 20% for UC??; in one study, 
a lower rate of concordance for CD has been reported among 
monozygotic twins.*° In 3 large European twin pair studies, 
approximately 6% to 16% of monozygotic twin pairs had con- 
cordant UC compared with 0% to 5% of dizygotic twin pairs.?7- 
3° Most studies have described concordance of disease location 
and disease behavior, supporting the supposition that there is a 
genetic component to these characteristics of the diseases. 


Susceptibility Genes 


The inheritance of CD and UC cannot be described by a simple 
Mendelian genetics model. Multiple genes are involved and dif- 
ferent genes confer susceptibility, disease specificity, and pheno- 
type. A landmark study combining data from more than 75,000 
cases of CD and UC, controls, and results from 15 genome-wide 
association (GWA) studies reported a total of 163 loci that may 
confer increased risk for the development of IBD.*°*! Thirty of 
these loci are specific to CD and 23 to UC. These loci are thought 
to account for 13.6% of the disease variance of CD and 7.5% of 
the disease variance of UC. Interestingly, 113 of the 163 loci are 
associated with other immune diseases, most strongly with pso- 
riasis and ankylosing spondylitis. Susceptibility loci for IBD are 
also shared with primary immunodeficiencies and mycobacterial 
infections. These results suggest that rather than being separate 
diseases, CD and UC are part of the same spectrum of disease. 
They also suggest that many immune diseases and even suscepti- 
bility to certain infections may be part of a disease continuum that 
reflects immune response to environmental triggers. 

Due to genetic associations related to disease location, a geno- 
type-phenotype association study proposed that IBD be considered 
as 3 conditions rather than 2: ileal CD, colonic CD, and UC.” In 
addition, genome-wide genetic correlation between PSC and UC 
was significantly greater than that between PSC and CD.*? 
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Fig. 115.1 Map of worldwide incidence (1990-2016) in quintiles for (A) CD and (B) UC. See text for details. 1° 
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Fig. 115.2 Animal models of IBD, studies of human genetics, and clinical trials with targeted therapeutic agents suggest that IBD is a complex, 
polygenic disease driven by disturbances in distinct physiologic pathways. During the healthy state, barrier function is maintained by the mucus 
layer and epithelial cells. Intestinal epithelium and IgA dimers regulate and separate lumenal microbiota from the mucosal immune system. Intestinal 
epithelium also contains specialized cells such as Paneth cells that produce antimicrobial peptides and M cells that sample lumenal antigens. M cells 
are in close contact with antigen-presenting cells including the dendritic cells (DC). Dendritic cells are active participants in maintaining immunologic 
tolerance within the intestine, continuously sampling lumenal contents via podocytes that extend through the epithelium. Dendritic cells process 

and present antigen to T and B cells within the draining lymph nodes to induce a tolerizing phenotype. Intestinal dendritic cells also imprint naive T 
and B lymphocytes to express gut homing molecules a4B7 and CCRY. Gut-imprinted a4f7-expressing lymphocytes engage with locally expressed 
MAdCAM and escape circulation to re-enter into the intestinal lamina propria. The intestinal lamina propria contains Th1, Th17, and Treg cells, the 
latter regulating the activity of Th1 and Th17, and preventing unchecked inflammation. A steady state is maintained within the intestinal mucosa via 
coordinated activity of innate and adaptive immune cells. In CD, allelic variants in NOD2 have defective sensing of intracellular bacteria, as well as 
reduced production of defensins, which are natural anti-microbial products produced by Paneth cells in the base of the intestinal crypts. The net 
result is excessive activation of adaptive immune responses to compensate for defective innate immunity. Similarly, variant loci of the ATG16L1 and 
IRGM genes are associated with defective autophagy, a process that is involved in defense against microbes and that stands at the interface of 
innate and adaptive immunity in the processing of intracellular pathogens and presentation of antigens to T cells. Adaptive immunity also may be 
deranged along the interleukin (IL)-12/IL-23 pathway, thereby shaping the expression of the helper T-cell response toward the spectrum of T helper 
Th17. Blocking the p40 subunit of IL-23 and IL-12 have been shown to be effective therapy in CD (e.g., ustekinumab). The regulatory ability of Treg 
is outstripped by the inflammatory activity of Th1 and Th17. Activation of dendritic cells and macrophages results in the expression of TNF within the 
mucosa. This pleiotropic cytokine has many downstream, proinflammatory effects that contribute to disease, and anti-TNF antibodies (e.g., inflix- 
imab, adalimumab, certolizumab, golimumab) are effective in treating CD and UC. Macrophages and dendritic cells also lead to activation of T cells 
when antigen is presented to the T cell in the context of MHC class II, along with a co-stimulatory signal. Defects in the barrier function of the intes- 
inal mucosa (e.g., through variant PTGER4) can lead to increased microbial and antigenic penetration of the mucosa, also resulting in in immune 
activation. Leukocyte trafficking is a necessary element in amplification of the mucosal immune response. Integrins containing a4, such as «481 and 
0487, bind respectively to intercellular adhesion molecule 1 (ICAM-1) in the endothelium of inflamed tissues throughout the body and to mucosal 
addressin cellular adhesion molecule 1 (MAdCAM-1), which is specific to the intestinal endothelium. Blocking these interactions using homing inhibi- 
ors (e.g., vedolizumab, natalizumab, etrolizumab) interferes with adhesion and recruitment of inflammatory cells, thereby disrupting inflammation. In 
UC, a breach to the epithelial mucosal barrier allows the lumenal microbiota to trigger a sustained and uninhibited inflammatory response. Among 
he inflammatory cells, Th9 cells perpetuate enterocyte apoptosis and inhibit mucosal healing. IL-13, produced by NK T cells, further contributes to 
epithelial injury. Additionally, innate lymphoid cells (ILC) produce cytokines and perpetuate inflammation. ILC are major mediators of chronic intestinal 
inflammation and their role as drivers of disease pathogenesis has led to a number of potential novel therapeutic targets such as inhibitors to the 
JAK pathway (e.g., tofacitinib). Mucosal injury is associated with dysbiosis which contributes to the inflammatory cascade. Improved understanding 
of the intestinal immune system has led to an expanding array of therapeutic targets. Among these, TNFa antagonists, homing inhibitors (integrin 
inhibitors), anti-IL-12/23 inhibitors, and JAK inhibitors are in clinical practice and others are in early to advanced stages of clinical development.2”: 30 
IFNy, interferon; DC, is dendritic cell. 


Endothelium 
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GWA studies have identified genes associated with suscepti- 
bility to mycobacterial infections, such as leprosy and tuberculo- 
sis. Mycobacterium tuberculosis susceptibility genes include VDR, 
which encodes the vitamin D receptor, providing a possible link 
with epidemiologic data that negatively associate risk of CD with 
sunlight and vitamin D exposure.*! 

The findings of GWA studies in CD and IBD generally support 
a connection between disease susceptibility and host interactions 
with microbes. This is exemplified in the first described suscep- 
tibility locus for CD. The NOD2 (Nucleotide-binding Oligo- 
merization Domain containing 2) gene, also known as CARD15 
(CAspase-Recruitment Domain 15) was identified in 2001.4445 
The allelic variants most commonly associated with CD in Euro- 
pean and American populations include one frameshift insertion 
leading to early truncation of the protein (Leu1007fsinsC) and 
2 missense mutations (Arg702Trp, Gly908Arg). Carriage of dis- 
ease-associated allelic variants on both chromosomes confers an 
odds ratio for CD of 17.1 (95% confidence interval [CI], 10.7 to 
27.2), whereas heterozygotes have an odds ratio of 2.5 (95% CI, 
2.0 to 2.9) for the disease.*° Genetic polymorphisms of NOD2/ 
CARD1S have been associated with younger onset, ileal location 
of disease, and increased likelihood of stricture formation.*® It 
has been estimated that as many as 20% to 30% of patients with 
CD have abnormal NOD2/CARD15. Nevertheless, penetrance of 
NOD2/CARD1S is not more than 5% of individuals bearing 2 
copies of disease-associated polymorphisms, and roughly 0.5% 
in heterozygous persons," indicating that disease-related allelic 
variants of the gene may be found in a large number of people 
who do not have CD. 

The discovery of the association of NOD2/CARD15 with CD 
has opened a remarkable window into our understanding of the 
pathogenesis of CD. The gene product of NOD2/CARD15 is a 
cytosolic protein that functions as an intracellular sensor of bacte- 
ria. Specifically, this protein binds to muramyl dipeptide (MDP; 
MurNAc-L-Ala-D-isoGln), a component of bacterial peptido- 
glycan, found in gram-positive and gram-negative bacteria. The 
NOD2/CARD15 protein is expressed in a wide diversity of cells, 
including macrophages, lymphocytes, fibroblasts, and intestinal 
epithelial cells, specifically Paneth cells,’ which lie within the 
crypts and produce endogenous antimicrobial peptides called 
defensins. The NOD2/CARD1)S gene consists of 2 CARD domains, 
a nucleotide binding domain, and 10 leucine-rich repeats (LRR). 
NOD2/CARD1S variants associated with CD lie within the LRR 
and interfere with binding to MDP. In mononuclear cells, muta- 
tions in NOD2 result in decreased activation of nuclear factor 
(NF)-«B, whereas an excess of NF-KB expression is observed 
in tissue inflamed by CD. This apparent paradox has yet to be 
unraveled completely, but it is clear that defects in NOD2 impair 
antibacterial responses, particularly to oral exposure to patho- 
gens. Notably, Paneth cell-production of f-defensins is defective 
in CD patients with variant NOD2.** These findings strongly 
implicate defects in innate immunity—the immediate and non- 
specific immune responses to microbial infection—in a subset of 
patients with CD, with subsequent chronic activation of adaptive 
immunity, the antigen-specific responses mediated by APCs and 
T cells. 

Beyond NOD2, multiple genetic defects in the autophagy 
pathway also provide a link to defective host-microbe interactions 
and have been implicated in CD.*°*? Autophagy is an ancient cel- 
lular process, highly conserved in evolution, by which segments 
of cytoplasm are isolated within a membrane and delivered to 
lysosomes (or “inflammasomes”) by mechanisms that do not 
involve transport through endocytic or vacuolar sorting path- 
ways. This unique process plays a role in cellular homeostasis by 
clearing proteins that are long-lived, misfolded, or aggregated, 
and by clearing apoptotic bodies, which might otherwise trig- 
ger inflammation and autoimmunity. Autophagy has been shown 
to contribute directly to innate immunity through direct killing 


of pathogens; activation of Toll-like and NOD-like receptors, 
which are pattern recognition receptors that activate the innate 
immune response; and elaboration of immunomodulatory cyto- 
kines such as interferon (IFN)-y. Autophagy also stands at the 
interface of innate and adaptive immune responses, delivering 
antigen to HLA class II molecules in APCs for antigen-specific 
binding.*° 

GWA studies have identified variants that predispose to CD 
in at least 2 autophagy-related genes. The first, the autophagy- 
related 16-like 1 (ATGI16L1) gene, was noted as having a disease- 
associated single nucleotide polymorphism (SNP) that encodes 
an amino acid substitution in exon 8, resulting in a change from 
alanine to threonine*®*?°°; this minor allele is protective against 
CD. ATGI6L1 is expressed by intestinal epithelial cells, APCs, 
and various subsets of human T cells. The second autophagy 
gene associated with CD is the JRGM (immunity-related GTPase 
[guanosine triphosphatase] family member M) gene on chromo- 
some 5q33.1.°! It has been suggested that the disease-associated 
variants of this gene do not affect the amino acid sequence of its 
product, but they more likely alter its expression.”' IRGM appears 
to be important in resistance to intracellular pathogens such as 
mycobacteria, Listeria monocytogenes, and Toxoplasma gondii.*° 

A third pathway associated with CD is IL-23 and the gene 
products associated with this protein.°” IL-23 is a heterodimeric 
cytokine comprising 2 linked subunits (p19 and p40). IL-23 is 
produced by many cell types, including dendritic cells and mac- 
rophages, in response to diverse microbial signals. Naive CD4* T 
cells up-regulate IL-23 receptor when exposed to IL-6 and trans- 
forming growth factor (TGF)-f, completing an autocrine loop 
in the generation of Th17 T cells, effector T cells that produce 
IL-17.53°+ A rare variant of the IL23R gene leading to a gluta- 
mine at position 381 rather than an arginine is strongly protective 
for CD; other, more common SNPs are associated with increased 
risk for CD and UC.” In the same pathway, variants of the JL12B 
gene, encoding the p40 subunit common to IL-12 and IL-23, 
and of the JAK2 and STAT3 genes, with roles in IL23R signal- 
ing, as well as in Th17 differentiation in the case of STAT3, also 
have been associated with CD susceptibility..° Together, these 
findings support the pivotal role of this pathway in maintaining 
mucosal homeostasis in the normal intestine. 

In UC, specific loci have been identified on chromosomes 1-7, 
11, 15-17, 19, and 20.404 The NOD2/CARD1S gene mutations 
located on chromosome 16 associated with CD have not been 
associated with UC, although UC patients from families with a 
history of CD and UC may possess NOD2 variants, which might 
suggest that their diagnosis of UC should be reconsidered.*!57 
Further, patients with UC undergoing colectomy with ileal 
pouch-anal anastomosis who carried the NOD2insC polymor- 
phism were more likely to be diagnosed with chronic pouchitis 
or a CD-like phenotype than those carrying the wildtype NOD2 
gene.’ ATGI6L1 is not seen in patients with UC, whereas 
another autophagy gene, IRGM is shared between diseases; both 
of these genes are involved in bacterial processing and the protec- 
tion of cells from various bacterial pathogens and their toxins (i.e., 
autophagy). A number of CD loci or genes (or both) have been 
identified in UC, however, and include IL-23R on chromosome 
1p31, which encodes the interleukin (IL)-23 receptor; chromo- 
some 3p21, which encodes MSTI and other potential genes of 
interest; IL-12B on chromosome 5q33, which encodes the IL-12 
receptor B1 subunit (also known as p40) that constitutes part of 
both the IL-23 and IL-12 receptors; NKX2-3 on chromosome 
10q24, which encodes NK2 transcription factor related, locus 3; 
and chromosome 17q21, which encodes STAT3 and other poten- 
tial genes of interest. With respect to the gene encoding IL-23R, 
several polymorphisms of this gene have been identified, most 
notably the Arg381GIn polymorphism.’ Heterozygous carriage 
of the glutamine allele is associated with a 3-fold decreased risk of 
CD and a more modest reduction in the risk of UC in non-Jewish 
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populations; this reduction is not seen in UC within the Jewish 
population. IL-23R is important because it plays a key role in the 
differentiation of a subset of T cells called 7417 cells. 

In a trans-ancestry genetic association study of IBD in 86,640 
Europeans and 9846 individuals of East Asian, Indian or Iranian 
descent, 38 risk loci were identified, increasing the number of 
known IBD risk loci to 200. The majority of these loci are shared 
across diverse ancestry groups, with only a handful demonstrating 
population-specific effects driven by differences in allele frequency 
(NOD2) or effect size (TNFSF15 and ATG16L1) or a combina- 
tion of these factors IL23R and IRGM) (see Fig. 115.2).°° 

Very early onset IBD (VEOIBD) refers to children diag- 
nosed with IBD before the age of 6 years.®°! VEOIBD has been 
increasingly recognized with rising incidence. The heritability of 
VEOIBD is believed to be higher than in adolescents and adults 
diagnosed with IBD. Several monogenic mutations have been 
attributed to VEOIBD, including the interleukin 10 (L10) and 
IL10 receptor®’ genes and the nicotinamide adenine dinucleo- 
tide phosphate (NADPH) oxidase complex genes, such as neutro- 
phil cytosolic factor 2 (NCF2).% Table 115.1 provides a list of 
monogenic defects that have been associated with clinical manifes- 
tations of IBD.© The diagnosis of monogenic disorders should be 
suspected when IBD is diagnosed at an early age (e.g., infancy), is 
associated with a strong family history—in particular consanguinity, 
is resistant to conventional therapies, has severe presentations such 
as perianal fistula, and associated conditions of autoimmunity.® 
Diagnosing a monogenic disorder in VEOIBD includes functional 
screening with genetic confirmation. Several research groups have 
suggested specialist genetic testing in VEOIBD using contempo- 
rary methods of next generation sequencing with targeted gene 
panel or whole exome sequencing. An algorithmic approach to 
monogenic diagnosis is presented in Figure 115.3. 


Environmental Factors 


Even with notable progress in GWA studies, identified genetic 
risk factors account at best for 25% of the estimated heritability 
for IBD in the European ancestry populations.*!:67:686 More rare 
genetic variants of new or already identified loci may yet be dis- 
covered, but it is clear that environmental factors also are impor- 
tant. As noted earlier, the rising incidence of CD and UC over 
many decades, and in developing countries, strongly suggests an 
environmental contribution to the expression of disease. 1:11:27 

The Hygiene Hypothesis may explain the emergence of 
IBD.”° Children raised with limited exposure to microbes in 
relatively sterile environments do not adequately prime their 
immune system for processing microorganisms. Consequently, 
later in life, their immune response inappropriately attacks their 
organs following exposure to pathogenic microorganisms. The 
Hygiene Hypothesis is supported by indirect evidence including 
studies demonstrating that CD and UC are less likely to occur 
in persons living in rural areas or on a farm, raised in large fami- 
lies, exposed to pets in childhood, and who drink unpasteurized 
milk.!’7!,”? Further, individuals who experience a GI infection 
are more likely to develop IBD later in life; this is particularly 
true among children diagnosed with IBD.”*’* With a greater 
appreciation of the role of the microbiome in the pathogenesis 
of IBD, the Hygiene Hypothesis is being re-evaluated in the con- 
text of early-life exposures that influence the composition and 
diversity of the microbiome in children.’’ Research supporting 
this context have shown that IBD is more likely to occur among 
infants who are prescribed antibiotics in the first year of life and 
who are predominantly bottle-fed.!77376 In Asia, where the inci- 
dence of IBD has accelerated since the turn of the 21st century, 
breastfeeding was highly protective against the development of 
IBD.” Collectively, these studies are demonstrating the intricate 
relationship between environmental exposures, the intestinal 
microbiome, and the onset of IBD.?” 
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Several other environmental risk factors have been associated 
with CD and UC of which the most extensively studied is smok- 
ing. Numerous studies conducted in the Western world have 
consistently demonstrated that individuals who smoke are more 
likely to be diagnosed with CD, and those who quit smoking are 
at increased risk of developing UC.’* Moreover, adults with CD 
who continue to smoke are more likely to require intestinal resec- 
tions’? and smoking cessation is a well-recognized therapeutic 
intervention for CD.® In contrast, smoking was not a risk factor 
for the development of CD when evaluated in multiple countries 
across Asia,” a finding highlighting the heterogeneity of envi- 
ronmental risk factors in different regions of the world.*! Oral 
contraceptive pills have also been implicated with the develop- 
ment of CD, particularly among smokers.* In addition, NSAIDs 
have been associated with the development of IBD, and may trig- 
ger flares.*>.5+ Children and adolescents experiencing appendici- 
tis are less likely to be diagnosed with UC. IBD occurs more 
commonly in countries of northern latitudes, which has been 
postulated to be related to vitamin D deficiency from less sun 
exposure.*° 

Western diets composed of low fiber, and higher con- 
sumption of red meat, fats and refined sugars*’*? and reduced 
consumption of dietary fiber”! are associated with the devel- 
opment of IBD, presumably by influencing the composition and 
diversity of the intestinal microbiome. Animal studies suggest 
that food additives such as sweeteners and emulsifiers also may 
incite inflammation in the bowel. The association between fast 
food consumption and IBD may result from exposure to fatty 
foods or food additives, or indirectly through reduced levels of 
physical activity in the population that consumes fast foods (Fig. 
115.4).923 

A growing body of literature has evaluated an association 
between psychiatric illness and the development and worsen- 
ing of prognosis of IBD.” A systematic review concluded that 
patients with IBD are more likely to suffer from depression and 
anxiety compared with healthy controls.” Depression is the 
most commonly associated psychologic condition, although 
cohort studies suggest associations with anxiety and bipolar 
disorders.” However, controversies in the literature exist; for 
example, the Nurses’ Health Study observed a relationship 
between depression and CD, but not UC.’ Also, a large Danish 
study did not observe an increased risk of IBD among parents 
who experienced the loss of a child.” Moreover, a recent cohort 
study suggests that treating depressed patients with antidepres- 
sants may mitigate the risk of developing IBD.” In a popula- 
tion-based registry of individuals with known IBD, there was a 
strong relationship between perceived stress and GI symptoms 
in both patients with CD and UC, but the perceived stress was 
not related to concurrent intestinal inflammation based on mea- 
surement of fecal calprotectin.!°° 


Immunobiology 
Intestinal Microbiota 


In light of the nature of the pathologic findings in CD and UC, 
it has long been clear that IBD represents a state of sustained 
immune response. The question arises as to whether this is an 
appropriate response to an unrecognized pathogen or an inappro- 
priate response to an innocuous stimulus. Many infectious agents 
have been proposed as the cause of CD, including Mycobacterium 
paratuberculosis, chlamydia, Listeria monocytogenes, cell-wall-defi- 
cient Pseudomonas species, reovirus, and many others. A proposed 
association between early measles vaccination and CD has been 
disproved.'°! Another suggestion has been that the commensal 
flora, although normal in speciation, possess more subtle viru- 
lence factors, such as enteroadherence, that may cause or contrib- 
ute to the onset of IBD.' 
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TABLE 115.1 Monogenic Diseases Associated With IBD-Like Clinical Manifestations Stratified by Mechanism 


Mechanism Syndrome or Disorder Genes 
Defects in immune inhibitory mechanisms or Immunodysregulation polyendocrinopathy enteropathy FOXP3 
immunoregulation X-linked (IPEX) syndrome 
IPEX-like IL2RA, STAT1 
IL-10 signaling defects IL10RA, IL10RB, IL10 
Disruption of epithelial barrier or epithelial response Dystrophic bullosa COL7A1 
Kindler syndrome FERMT1 
X-linked ectodermal immunodeficiency IKBKG 
TTC7A deficiency TIC7A 
ADAM17 deficiency ADAM17 
Familial diarrhea GUCY2C 
Disrupted T- and B-cell selection and activation Combined variable immunodeficiency 1 ICOS 
Combined variable immunodeficiency 8 LRBA 
IL-21 deficiency IL21 
Agammaglobulinemia BTK, PIK3R1 
Hyper IgM syndrome CD40LG, AICDA 
Wiskott-Aldrich syndrome WAS 
Omenn syndrome DCLRE1C 
Severe combined immunodeficiency IL2RG, LIG4, ADA, CD3Y, 
oyeraal-Hreidarsson syndrome DKC1, RTEL1 
yper IgE syndrome DOCK8 
Hyperinflammatory and autoinflammatory disorders evalonate kinase deficiency MVK 
Phospholipase C-y2 defects PLCG2 
Familial Mediterranean fever MEFV 
Familial hemophagocytic lymphohistiocytosis type 5 STXBP2 
X-linked lymphoproliferative syndrome 2 (XLP2) XIAP 
X-linked lymphoproliferative syndrome 1 (XLP1) SH2D1A 
lermansky-Pudlak 1 HPS1 
ermansky-Pudlak 4 HPS4 
ermansky-Pudlak 6 HPS6 
Reduced clearance of bacteria by phagocyte defects Chronic granulomatous disease CYBB, CYBA, NCF1, NCF2, NCF4 
Glycogen storage disease type 1b SLC37A4 
Congenital neutropenia G6PC3 
Leukocyte adhesion deficiency 1 ITGB2 
Others MASP deficiency MASP2 


Trichohepatoenteric syndrome 


SKIV2L, TTC37 


Uhlig HH, Schwerd T, Loletzko S, et al. The diagnostic approach to monogenic very early onset inflammatory bowel disease. Gastroenterology 2014; 


147(5):990-1007. 


IPEX, Immunodysregulation, Polyendocrinopathy, and enteropathy, X-linked; MASP, Mannon-binding Lectin Serine Protease 


Among the most enduring hypotheses is that Mycobacterium 
avium subspecies paratuberculosis (MAP) has been implicated as 
an etiologic agent in CD. This notion dates to Dalziel’s obser- 
vation in 1913 that idiopathic granulomatous enterocolitis in 
humans is similar to Johne disease, a granulomatous bowel dis- 
ease of ruminants caused by M. paratubercu. Most investigation 
in this area, to date, has been inconclusive, providing insuffi- 
cient evidence to prove or reject the hypothesis.!°* A random- 
ized controlled trial comparing combination antibiotics (e.g., 
clarithromycin, rifabutin, and clofazimine) that are believed to 
target MAP to placebo was negative. 

Numerous clinical and experimental observations have sug- 
gested involvement of the intestinal bacterial microbiota in the 
pathogenesis of IBD. The most obvious observation is that CD 
and UC preferentially occur in regions of the bowel that contain 


the highest concentration of bacteria, namely, the terminal ileum 
and the colon, where bacterial concentrations approach 10!” 
organisms per gram of lumenal contents. Interestingly, diverting 
the fecal stream in patients with CD can treat and even prevent 
disease, whereas reinfusion of ileostomy contents leads to new 
inflammatory changes within only one week.!° Other human 
data have shown that antibiotics are useful in the treatment or 
postoperative prevention of CD and pouchitis.!° Finally, pro- 
biotics have been shown to have efficacy in the primary and sec- 
ondary prevention of pouchitis.!°° The most glaring evidence of 
the necessary role of bacteria in the pathogenesis of IBD derives 
from rodent data showing that genetically susceptible mice or 
rats in a gnotobiotic (germ-free) environment do not have intes- 
tinal inflammation; however, these same rodents rapidly develop 
intestinal inflammation after bacterial colonization.!°7-! Just 
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I. Functional screening—genetic confirmation strategy 


Patient history 
Family history 


Neutrophil oxidative 


Establish IBD-like burst assay 


pathology 

i Immunoglobulins 
1. Histology IgA, IgG, IgM, IgE 
2. Extent of disease 


3. Disease activity 


by upper- and lower-Gl 
endoscopy and histology, 
imaging, biochemistry 
(CBC, CRP, ESR, albumin, 
consider fecal calprotectin) 


Lymphocyte subsets 


XIAP 


Consider/exclude 
infections (Such as 
Giardia, CMV, 

C difficile, TB, HIV) 


Consider/exclude other 
causes of intestinal 
inflammation, such as 
celiac disease, 


Genetic screening 


allergic colitis (CMPA) 


FOXP3+CD25+CD4+ T cells 


IL10 suppression of LPS 
induced PBMC activation 


Il. Genetic screening functional confirmation strategy 


Multiple candidate sequencing 
Whole exome sequencing 
Whole genome sequencing 


Disease group/syndrome 


—— Neutropenia 
Thrombocytopenia 
Lymphopenia 


—— CGD 


—-> CVID 

—— Agammaglobulinemia 

—— Hyper-lgM 

—— Hyper-lgE 

—— SCID, 
agammaglobulinemia 


—— IPEX 
——> XLP2 


— |L10 receptor defect 


Fig. 115.3 Diagnosis of VEOIBD. Patient and family history, physical examination, endoscopic investigations, 
imaging, and limited biochemistry and microbiology/virology tests are required to establish the diagnosis of IBD, 
assess disease localization and behavior, and determine inflammatory activity. If there is doubt, those tests can 
contribute to exclude the much more frequent Gl infections and non-IBD immune responses toward dietary 
antigens. Cow's milk protein allergy can present with enteropathy and colitis, and celiac disease can mimic 
autoimmune enteropathies. Fecal calprotectin can be helpful but may be increased even in healthy infants. The 
current diagnostic strategy to investigate a monogenic cause of IBD-like intestinal inflammation is largely based 
on restricted functional screening followed by genetic confirmation. Additional abnormal features consistent with 
monogenic conditions include overt skin manifestations, frequent infections and dysmorphisms. A restricted set 
of laboratory tests is needed to propose candidate genes of the most common genetic defects for subsequent 


limited sequencing. As a complementary approach, genetic screening for IBD-causative rare variants using next- 
generation sequencing might be followed by limited functional confirmatory studies. The complexity of problems in 
these children requires interdisciplinary support, including pediatric gastroenterologists, immunologists, geneticists, 


and infectious disease specialists. CMPA, cow’s milk protein allergy; CRP C-reactive protein; ESR, erythrocyte 
sedimentation rate; /PEX, immunodysregulation polyendocrinopathy enteropathy X-linked.©° 


as in humans, rodent intestinal inflammation can be treated and 
prevented with antibiotics and probiotics.!!0!!! 

Intestinal microbiome dysbiosis has been consistently described 
in patients with IBD. Dysbiosis can be a cause as well as an outcome 
of IBD. Specific characteristic alterations in IBD include decreased 
bacterial diversity, with expansion of putative aggressive groups (e.g., 
Proteobacteria, Fusobacterium species, and Ruminococcus gnavus), 
accompanied by decreases in protective groups (e.g., Lachnospira- 
ceae, Bifidobacterium species, Roseburia, and Sutterella) (see Figs. 
115.2 and 115.4). This dysbiosis is present at early stages of disease, 
even before patients have been treated. Primarily, there is a notable 
reduction in Firmicutes. One bacterium in particular, Faecalibacte- 
rium prausnitzii, a member of the Firmicutes phylum and Clostridia 
class of organisms has been shown to be depleted in the ileocolonic 
mucosa of patients with CD.!!* Adherent-invasive Escherichia coli 
(AIEC), which can adhere to intestinal epithelial cells via FimH and 
cell adhesion molecule and escape autophagy when inside macro- 
phages, also has been implicated in the pathogenesis of CD. More 
recently, Proteus species (Phylum, Proteobacteria; Enterobacteriaceae 
family) have been identified as potential pathogen in CD recurrence 


after intestinal resection.!!*.!'+ Proteus species possess many viru- 
lence factors potentially relevant to GI pathogenicity, including 
motility; adherence; the production of urease, hemolysins, and IgA 
proteases; and the ability to acquire antibiotic resistance. Apart from 
dysbiosis of the intestinal bacteria, emerging evidence suggest that 
viruses and fungi also can contribute to the development of CD and 
UC.!!> Patients with IBD harbor an expansion of fecal caudovirales 
viruses,!!° alterations in mucosa virobiota with functional distortion 
and dysbiosis!!’ in the fungome communities. 

In light of the diversity of substances and bacteria within the 
intestinal lumen, it is remarkable that the intestine is not perpetu- 
ally inflamed.!!® The presence of low-level physiologic inflam- 
mation within the healthy intestinal mucosa represents a state 
of preparedness to deal with potentially harmful agents. A more 
vigorous response would not be appropriate if directed toward 
the innocuous commensal flora of the intestine. Experiments in 
animal models of IBD suggest that in a genetically susceptible 
host, a classic pathogen is not necessary to cause IBD, but rather 
commensal enteric flora are sufficient to induce an inappropriate 
chronic inflammatory response. In diverse models, animals raised 
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Changes in the microbial profile 
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Hygiene hypothesis: 


Having pets in childhood, living on a farm, larger family size, 
and drinking unpasteurized milk were inversely associated 
with the risk of CD and UC. 


Changing diet: 
Introduction of packaged food, fast food chains, increased 
use of antibiotics, increased fat (monounsaturated and 


polyunsaturated fatty acids) consumption and sugar intake, 
and less dietary fiber is associated with risk of IBD. 


Dietary chemicals: 


Food additives—saccharin, sucralose, carboxymethycellu- 
lose and polysorbate-80, and common emulsifiers (including 
polysorbates, sorbate esters, lecithin) might increase risk 


contraceptives : : 
of IBD (data are derived from animal models). 


Appendectomy | Risk in Caucasians | Protective in 
Caucasians 
Low level ; : Lees : 
9 ; £ ae Risk in Caucasians | Risk in Caucasians 
of vitamin D 
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Fig. 115.4 The genetic, environmental, and microbial determinants of IBD.2’ CD, Crohn disese. 


Over 200 IBD risk loci (37 specific for 

CD and 32 for UC) have been discovered. 
However, modest fraction of predicted 
heritability can be explained by known 
genes or loci. 


Risk in Caucasians | !nconclusive 


under germ-free conditions show diminished or delayed expres- 
sion of the IBD phenotype.'!* Such models suggest that a diversity 
of genetic alterations, including those that affect intestinal barrier 
function and regulation of mucosal immunity, can result in intes- 
tinal inflammation. As in the animal models of IBD, evidence in 
patients with CD also points to an over-responsiveness of muco- 
sal T cells to the enteric flora, manifest in part by the presence of 
antibodies against an array of bacterial antigens. Patients with CD 
who have disease-associated polymorphisms of the NOD2 gene 
and their unaffected relatives have increased levels of antibodies 
against bacterial antigens such as E. coli outer membrane porin C 
(OmpC) and flagellin (see Figs. 115.2 and 115.4).!!° 


Intestinal Immune System 


In IBD, breaches in a well-regulated mucosal immune system 
lead to chronic, uncontrolled mucosal inflammation. Lumenal 
antigens gain access to the underlying intestinal tissue via a 
“leaky” gut. Innate and adaptive immune cells express a num- 
ber of molecular pattern-recognition receptors. Microbial 
antigens from commensal organisms trigger and maintain an 
inflammatory response through several different pathways 
leading to a change in their functional status from immune tol- 
erance to activation and inflammation with differentiation of 
naive T cells into effector T cells (Th1, Th17, and Th2) and 
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natural killer T cells. Intestinal epithelial cells also express co- 
stimulatory molecules which enable them to function as APCs 
and further contributes to the effector T-cell response in IBD 
(see Fig. 115.2).12° 


Epithelial Barrier 


Intestinal epithelial cells are the first line of defense of the muco- 
sal immune system. Colonocytes express class II MHC antigens 
and can function as APCs.!?! In addition, they also express cyto- 
kine receptors, secrete various cytokines and chemokines, and 
express leukocyte adhesion molecules.!??-125 Thus abnormali- 
ties in colonic epithelial cells may contribute to the development 
of IBD. Patients with UC have an increased turnover rate of 
colonic epithelium!*¢ and other abnormalities of epithelial cells 
including reduced metabolism of short-chain fatty acids, espe- 
cially butyrate; abnormal membrane permeability!*’; and altered 
composition of glycoprotein mucus produced by the colonic 
epithelium.!** Specifically, the mucus layer in UC appears to 
be thinner than normal.!’? In patients with UC, these and other 
abnormalities can lead to finding increased numbers of adher- 
ent bacteria, in both the mucus layer and even at the epithelial 
surface.!*°-!3? The role of epithelial cells in the pathogenesis of 
IBD is further supported by animal models of colitis produced 
by disruption of colonic epithelium.!** The small intestine also 
contains specialized epithelial cells known as Paneth cells that 
play an important role in innate intestinal defenses as regula- 
tors of microbial density and in protecting nearby stem cells 
by production of antimicrobial proteins, such as defensins, 
which have broad activities in-vitro against Gram-positive and 
Gram-negative bacteria in CD. Disruption of the mucus layer 
by emulsifiers, which are ubiquitous in western and now global 
diets,!** or by mutations in the MUC2 gene, might promote 
bacterial translocation and has been associated with IBD (see 
Fig. 115.2).135 


Antigen Recognition and Immunoregulation 


The interaction between effector T cells and APCs is critical 
to the pathogenesis of IBD (see Fig. 115.2). The antigens that 
perpetuate the inflammatory response are taken up by APCs. 
Degradation of antigen within proteasomes results in presenta- 
tion of an epitope in the context of MHC class II. Interaction 
between MHC class II and the T-cell receptor (CD3) results 
in antigen-specific interaction between the macrophage and 
the CD4 T cell. This event is necessary but not sufficient to 
activate the T cell. A second co-stimulatory signal is needed as 
well, because binding of CD3 to MHC class II without a co- 
stimulatory signal can result in anergy or apoptosis. Important 
co-stimulatory signals include binding of TNF to TNF recep- 
tor, CD40 to CD40 ligand, and B7 to CD28.136,137 

Inflammation normally is kept in check through an active pro- 
cess termed immune tolerance. The nature of the co-stimulatory 
signal, the type of APC, and the cytokine milieu influence the 
differentiation of T cells into populations of effector T cells, 
which are involved in harmful immune responses, and regulatory 
T cells, which ameliorate the immune response. Dendritic cells 
in the lamina propria actively sample the lumenal contents and 
play a particularly vital role as key APCs capable of shaping the 
immune response. 138 

As noted earlier, the p40 subunit is common to IL-12 and 
IL-23, each of which, in turn, is critical in shaping the Th1 and 
Th17 responses that characterize CD. In addition to IL-23, the 
presence of TGF-f and IL-6 facilitate differentiation of naive 
T cells into pathogenic Th17 cells.’ Activated APCs further 
shape and amplify the immune response by producing the T-cell 
growth factor IL-2 and the proinflammatory cytokines IL-1 and 
TNF. Within mononuclear cells, the key nuclear transcription 
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factor is NF-«B, which regulates the transcription of IL-1, IL-6, 
IL-8, TNF, and other peptides central to the inflammatory 
response.!>? 

In addition to being essential to the formation of granulo- 
mas, TNF causes neutrophil activation and, along with IFN-y, 
induces the expression of MHC class I on intestinal epithelial 
cells. Moreover, TNF and other proinflammatory cytokines con- 
tribute to the expression of adhesion molecules on the endothelial 
cells of the intestinal vasculature (see Fig. 115.2). 


Immune Cell Homing to the Intestinal Mucosa 


Expression of adhesion molecules is critical to amplify the 
immune response. Adhesion molecules on the leukocyte surface 
and their ligands on the endothelium of venules in the lamina 
propria interact in a coordinated multistep process that per- 
mits trafficking of inflammatory cells into the mucosa.'*° First, 
a weak interaction between selectins on the leukocyte surface 
and the endothelium leads to rolling of the leukocytes along 
the endothelium. Second, in the presence of chemokines, such 
as IL-8, activation occurs and integrins are expressed on the 
leukocyte surface. Third, interactions between leukocyte inte- 
grins and immunoglobulin-like cellular adhesion molecules 
(CAMs) on the endothelial surface lead to spreading of the cell 
and diapedesis.'*! Specificity is conferred by the presence of 
tissue-specific CAMs. The integrins a487 and aEB; are of spe- 
cial importance in IBD, because the corresponding ligands— 
mucosal addressin CAM and E-cadherin—are intestine specific. 
Mucosal addressin CAM is expressed constitutively on the 
endothelium of venules in the lamina propria, whereas binding 
of aEB; on intestinal lymphocytes to E-cadherin on the intes- 
tinal epithelium permits localization of intraepithelial lympho- 
cytes. Specifically, lymphocytes are imprinted with a trafficking 
program during activation by dendritic cells. Dendritic cells 
residing in Peyer patches or small bowel-draining lymph nodes 
can metabolize vitamin A to produce retinoic acid and induce 
the expression of 0487 integrin and CCR9 on T and B lympho- 
cytes.'*° Antibodies to either MAdCAM-1 or its ligand a467 
(e.g., vedolizumab) and to the B7 subunit of this heterodimeric 
integrin (e.g., etrolizumab) prevent lymphocyte recruitment, 
reduce the severity of colonic inflammation, and have been 
shown to be effective in clinical studies of IBD (see Chapter 
116; see Fig. 115.2).141 


PATHOLOGIC FEATURES 
Crohn Disase 


Focal intestinal inflammation is the hallmark pathologic finding 
in CD. This tendency for inflammation to be focal is evident in 
focal crypt inflammation, focal areas of marked chronic inflam- 
mation, the presence of aphthae and ulcers on a background of 
little or no chronic inflammation, and the interspersing of seg- 
ments of involved bowel with segments of uninvolved bowel. 
Even within a single biopsy specimen, one can see a pronounced 
variability in the degree of inflammation.'*” 


Aphthae 


The earliest characteristic lesion of CD is the aphthous ero- 
sion. These superficial breaks in the mucosa are minute, range 
in size from barely visible to 3 mm, and are surrounded by a 
halo of erythema. In the small intestine, aphthae arise most 
often over lymphoid aggregates, with destruction of the over- 
lying M cells. CD aphthae typically occur in normal mucosa, 
although villus blunting may be seen in the surrounding small 
intestinal mucosa. Aphthae represent focal areas of immune 
activation. The M cells and underlying lymphoid aggregates 
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endoscopic biopsy specimen. Note the loosely formed collection of 
cells, consisting of multinucleated giant cells (not always observed) and 
mononuclear cells, including T cells and epithelioid macrophages. Cen- 
tral caseation is not noted. (Courtesy Dr. Gregory Lauwers, Boston, MA.) 


are primary locations for antigen sampling and presentation, 
and HLA-DR is strongly expressed on the follicle-associated 
epithelium of the aphthous ulcer.!*> Contact with lumenal 
contents is a key factor in the development of aphthous ero- 
sions in CD. Aphthae heal in bowel that has been excluded 
from the fecal stream by ileostomy, whereas reestablishing 
intestinal continuity leads to their recurrence!*+; these obser- 
vations provide strong evidence for the role of lumenal factors 


in the early pathogenesis of CD. 


Granulomas 


The presence of granulomas (Fig. 115.5), while highly charac- 
teristic of CD, is neither unique to CD, nor universally identi- 
fied in patients who have other features of CD.'*> Noncaseating 
granulomas, like aphthae are believed to be an early finding. 
Estimates of the prevalence of granulomas in CD have varied 
greatly, ranging from 9% to 66%.146:147 Whether granulomas 
are found appears to be, in part, a matter of how hard one 
looks and how much tissue is available for examination; the 
more tissue sampled, the larger the specimen, and the more 
levels taken for histopathology, the more likely granulomas 
will be found. 

Granulomas may be discovered in involved and uninvolved 
bowel, in any layer of the intestine, and in mesenteric lymph nodes. 
Granulomas also may be found outside the GI tract (e.g., in skin, eye, 
and liver), although extraintestinal granulomas are rare; occasionally, 
they may be recognized as millet seed-like nodules on the serosal sur- 
face of the bowel at laparotomy. The granulomas of CD are sarcoid- 
like, consisting of collections of epithelioid histiocytes and a mixture 
of other inflammatory cells, including lymphocytes and eosinophils; 
giant cells occasionally are seen. The granulomas usually are sparse, 
scattered, and not well-formed. In contrast to the granulomas of TB, 
there is little or no central necrosis, and acid-fast stains and myco- 
bacterial cultures are negative. It also is important to distinguish the 
granulomas of CD from those that can occur in association with a 
ruptured crypt, which typically is found at the base of the crypt and 


represents a response to mucin released from injured goblet cells; 
these may be found in UC and other conditions.!* 


Later Pathologic Findings 


Resected specimens of intestine may show localized foci of archi- 
tectural distortion unaccompanied by chronic inflammation, an 
observation that suggests early superficial lesions such as aph- 
thae may be transient and reversible. When the disease becomes 
chronic, however, aphthae can coalesce into larger ulcers with a 
stellate appearance. Linear or serpiginous ulcers can form when 
multiple ulcers fuse in a longitudinal direction. The classic cob- 
blestoned appearance of CD results when linear and transverse 
ulcers intersect and networks of ulcers surround areas of rela- 
tively normal mucosa with prominent submucosal edema. Ulcers 
also can extend down to the muscularis propria. 

A prevailing generalization is that intestinal inflammation in 
CD is a transmural process, in contrast to the more superficial 
inflammation of UC. The transmural nature of the inflammation, 
however, cannot be appreciated on superficial endoscopic biopsy 
specimens, and in resected specimens it tends to be focal. Trans- 
mural involvement is observed less commonly than is disease of 
the mucosa and submucosa, but to the extent that transmural 
disease is noted, it is highly consistent with a diagnosis of CD. 
Dense lymphoid aggregates can enlarge the submucosa. At times, 
lymphoid aggregates also may be seen just outside the muscularis 
propria. The presence of lymphoid aggregates in the submucosa 
and external to the muscularis propria is a reliable sign of CD 
even when granulomas are not seen. Lymphoid aggregates occa- 
sionally may be seen within the muscularis propria, most often 
adjacent to the myenteric plexus. 

Large ulcers, sinus tracts, fistulae, and strictures are late fea- 
tures of CD. Sinuses and fistulas represent extensions of fissures; 
sinus tracts end blindly, and fistulas enter epithelial-lined organs 
such as bowel, skin, bladder, or vagina. Intramural sinus tracts are 
recognized easily on barium studies. With penetration of inflam- 
mation to the serosa, serositis can occur, resulting in adhesion of 
bowel to loops of small intestine, colon, or other adjacent organs. 
As a result of the chronicity of the inflammatory process and 
adhesions, free perforation is much less common than walled- 
off or contained intra-abdominal abscesses. Fissures and fistu- 
las are lined by neutrophils and surrounded by histiocytes and a 
mononuclear cell infiltrate; partial epithelialization also is often 
observed, perhaps reflecting incomplete healing. 

Fibrosis is another transmural aspect of CD. Fibrosis may 
be evident grossly as irregular thickening of the bowel wall and, 
along with hypertrophy of the muscularis mucosa, can contrib- 
ute to the development of strictures. TGF-f is released locally 
in the presence of inflammation and is a cytokine that is critical 
for restitution and healing. In CD, however, TGF-f may act as 
a double-edged sword. Fibroblasts isolated from the lamina pro- 
pria produce primarily type II collagen in response to TGF-61 
and, in the inflamed tissues of CD, significantly greater amounts 
of type ITI collagen are produced in response to this cytokine.!** 
Thus a cytokine considered essential to the healing process also is 
implicated in the fibrogenesis of CD. 


Other Findings 


At the anatomic level, one of the most characteristic findings of 
CD is the presence of fat wrapping or creeping fat, a term that 
refers to the edging of mesenteric fat onto the serosal surface of 
the bowel. Surgeons have long taken fat wrapping as a reliable 
indicator of the presence of diseased tissue. Mesenteric adipose 
tissue hypertrophy and fat wrapping are recognized early in 
the course of disease at laparotomy or laparoscopy. Locally, fat 
wrapping correlates with the presence of underlying acute and 
chronic inflammation, as well as transmural inflammation in the 
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Fig. 115.6 Surgical specimen of resected colon from a patient with 
severe UC showing numerous pseudopolyps. Pseudopolyps are most 
common in UC but also may be seen in CD, ischemia, and other ulcer- 
ative conditions of the colon. These blunt or finger-like lesions develop 
as byproducts of ulcers that penetrate into the submucosa, leaving 
islands of adjacent regenerative mucosa. Although the intervening 
areas of colonic mucosa are ulcerated, pSeudopolyps can persist even 
when inflammation has abated and the mucosa has healed. (Courtesy 
Feldman M, Boland CR, editors. Slide atlas of gastroenterology and 
hepatology. Philadelphia: Current Medicine; 1996.) 


form of lymphoid aggregates. It is intriguing that patients with an 
increased ratio of visceral to subcutaneous fat are at significantly 
increased risk for complicated disease behavior.'*? Expression 
of peroxisome proliferator-activated receptor (PPAR)y, a piv- 
otal mediator in the regulation of adipose tissue homeostasis, is 
increased greatly in the tissues of patients with CD.'°° In turn, 
adipocytes may participate in the inflammatory process of CD by 
producing TNF and other inflammatory mediators. 

At the microscopic level, the finding of pyloric metaplasia in 
the terminal ileum, normally a response to peptic ulcer disease 
when found in the duodenum, suggests a diagnosis of CD. Care- 
ful descriptive immunopathology of areas of pyloric metaplasia 
reveals the presence of an ulcer-associated cell lineage. Bud-like 
glandular structures arise adjacent to areas of ulceration and 
are distinguished by the production of epidermal growth factor 
(EGF) in acinar cells of the nascent gland and by trefoil proteins 
in the more superficial cells lining the tract. EGF and trefoil pro- 
teins, in turn, can promote restitution of the epithelium in adja- 
cent mucosal ulceration. 


UC 


Macroscopically, the mucosa in UC appears hyperemic, edema- 
tous, and granular in mild disease. As disease progresses, the 
mucosa becomes hemorrhagic, with visible punctate ulcers. 
These ulcers can enlarge and extend into the lamina propria. 
They are often irregular in shape with overhanging edges or may 
be linear along the line of the teniae coli. Epithelial regenera- 
tion with recurrent attacks results in the formation of pseudopol- 
yps, which is typical of long-standing UC but which also may 
develop rapidly in acute disease (Fig. 115.6). Another character- 
istic appearance of long-standing UC is atrophic and featureless 
colonic mucosa, which is associated with shortening and narrow- 
ing of the colon. Patients with severe disease can develop acute 
dilatation of the colon, also characterized by thin bowel wall and 
grossly ulcerated mucosa with only small fragments or islands of 
mucosa remaining. With perforation of the colon, a fibrinopuru- 
lent exudate may be seen on the serosal surface of the bowel.!>! 
Microscopically, the early stage of UC is marked by edema 
of the lamina propria and congestion of capillaries and venules, 
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often with extravasation of red blood cells. These findings are 
followed by an acute inflammatory cell infiltrate of neutrophils, 
lymphocytes, plasma cells, and macrophages, often accompanied 
by increased numbers of eosinophils and mast cells. Neutrophilic 
infiltration of colonic crypts gives rise to cryptitis and ultimately 
to crypt abscesses with neutrophilic accumulations in the crypt 
lumens. This migration of neutrophils from the circulation into 
the lamina propria occurs in response to a variety of chemoat- 
tractants, including chemotactic peptides of colonic bacteria, 
IL-8, activated complement, platelet-activating factor, and leu- 
kotriene B4. Cryptitis is associated with discharge of mucus from 
goblet cells and increased epithelial cell turnover. Thus the acute 
inflammatory infiltration results in the characteristic histopathol- 
ogy of goblet cell mucin depletion, formation of exudates, and 
epithelial cell necrosis. None of these histologic findings, how- 
ever, are specific for UC.)5! 

Inflammation in UC characteristically is confined to the 
mucosa, in contrast to the transmural involvement of CD. The 
inflammatory changes typically end at the lumenal aspect of the 
muscularis mucosa. With increasing inflammation, however, 
the surface epithelial cells become flattened, eventually ulcer- 
ate, and can become undermined if the ulcers are deep. At this 
stage of the disease, some inflammation and vascular congestion 
may be present in the submucosa, and ulceration can extend into 
the muscularis mucosa. This deeper involvement allows confu- 
sion with CD, but usually it presents diffusely rather than with 
the segmental fissuring pattern of transmural inflammation that 
characterizes CD.'*! 

During the healing phase of UC, the inflammatory infiltrate 
subsides and epithelial regeneration takes place. Epithelial cells 
undergoing regenerative changes become cuboidal with eccen- 
tric, large nuclei, and prominent nucleoli; these features may be 
confused with dysplasia. Thus the diagnosis of dysplasia in UC 
should be made with caution in the presence of acute inflamma- 
tion. Accordingly, surveillance colonoscopy should be performed, 
when possible, during a period of remission. 1°? 

A classic histologic feature of chronic quiescent UC is crypt 
architectural distortion or actual dropout of glands (Fig. 115.7). 
Architectural changes include branching or bifurcated (bifid) 
glands, wide separation among glands, and shortened glands 
that do not extend down to the muscularis mucosa. Architectural 
alteration is a prominent feature of chronic quiescent UC, but 
histologic abnormalities can revert to normal early in the course 
of disease once mild flares resolve.!°* Another characteristic fea- 
ture of chronic quiescent UC is Paneth cell metaplasia, with Pan- 
eth cells being located distal to the hepatic flexure, where they 
normally are absent. Other nonspecific chronic changes seen in 
UC include neuronal hypertrophy and fibromuscular hyperplasia 
of the muscularis mucosa. Varying degrees of acute or chronic 
inflammation of the lamina propria may be present in chronic 
quiescent disease. 15! 

Most of the pathologic findings described above are not spe- 
cific for UC. Features that reflect chronicity and thus argue against 
a diagnosis of infectious or acute self-limited colitis include dis- 
torted crypt architecture, crypt atrophy, increased intercryptal 
spacing to fewer than 6 crypts per millimeter, an irregular muco- 
sal surface, basal lymphoid aggregates, and a chronic inflamma- 
tory infiltrate.'*+ ‘The histologic severity of inflammation does 
not necessarily correlate with clinical disease activity in patients 
with UC, and patients may be relatively symptom free although 
histology reveals significant inflammation. 


CLINICAL FEATURES 
Disease Location 


At the time of initial presentation, approximately 45% of patients 
with UC have disease limited to the rectosigmoid, 35% have 
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Fig. 115.7 Photomicrographs of a colonic biopsy specimen showing the histology of UC. A, Diffuse chronic 
inflammation of the lamina propria and crypt distortion are present. These features are important in differentiat- 
ing UC from acute self-limited colitis. B, The base of a single distorted colonic crypt. There are many plasma 
cells between the crypt and the muscularis mucosae, another important finding that helps differentiate acute 
from chronic colitis. C, A single crypt abscess. The bottom of this distorted crypt has been destroyed by an 
aggregate of polymorphonuclear neutrophils. This finding is not specific for UC and may be seen in CD and 
other types of colitis. (Courtesy Feldman M, Boland CR, editors. Slide atlas of gastroenterology and hepatol- 


ogy. Philadelphia: Current Medicine; 1996.) 


Fig. 115.8 Total colectomy specimen from a patient with UC. The 
colon shows diffuse mucosal inflammation that extends proximally from 
the rectum without interruption to the transverse colon. The mucosa in 
the terminal ileum and cecum (arrow) is normal. The distal mucosa is 
erythematous and friable, with many ulcers, erosions and pseudopol- 
yps. (Courtesy Feldman M, Boland CR, eds. Slide atlas of gastroenter- 
ology and hepatology. Philadelphia: Current Medicine; 1996.) 


disease extending beyond the sigmoid but not involving the entire 
colon, and 20% of patients have pancolitis.!°> The disease typically 
is most severe distally and progressively less severe proximally. In 
contrast to CD, continuous and symmetric involvement is the hall- 
mark of UC (Fig. 115.8), with a sharp transition between diseased 
and uninvolved segments of the colon. There are exceptions to this 
general rule. First, medical therapy can result in areas of sparing 
(e.g., topical enema therapy can lead to near-complete mucosal 
healing in the rectum and distal sigmoid colon). Second, up to 75% 
of patients with left-sided UC have peri-appendiceal inflammation 
in the colon and patchy inflammation in the cecum,!*° resembling 
the skip pattern characteristic of CD. Also, UC can be associated 
with “backwash” ileitis, which can be observed in patients with 
pancolitis or PSC.!°7°8 These patterns of rectal sparing, skip 
lesions, and backwash ileitis can lead to a misdiagnosis of CD. 

CD has a predilection for the distal small intestine and proxi- 
mal colon. One-third to one-half of all CD patients have disease 
affecting both ileum and colon. One third have disease confined 
to the small intestine, primarily the terminal ileum, and there may 
be an increasing group with isolated colonic disease.!°?:!® Isolated 
jejunal involvement is rare. Gross involvement of the esophagus, 
stomach, or duodenum also is rare and almost always is seen in 
association with disease of the distal small intestine or colon. 
Focally enhanced acute and chronic inflammation may be seen in 
gastric biopsy specimens of patients with CD either with or with- 
out gross involvement of the stomach.'°! Focally enhanced gastritis 
is denoted by lymphocytes with macrophage microageregates that 
are often observed in noninflamed mucosa and in the absence of 
H. pylori. The discontinuous nature of the disease makes possi- 
ble many variations in disease location, leading to considerable dif- 
ferences in clinical presentation. The disease usually stays confined 
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to the segment in which it begins, but anatomic localization can 
vary over time. In general, this involves additional segments of the 
GI tract, allowing the disease to potentially affect any area. 


Clinical Features 


The presentation of CD and UC may be subtle and varies consid- 
erably. Factors contributing to this variability include the location 
of disease, the intensity of inflammation, and presence of specific 
intestinal and extraintestinal complications. Abdominal pain is a 
more frequent and persistent complaint with CD than with UC. 
Pain is attributable to inflammation, abscess, or obstruction and 
may be intermittent and colicky or sustained and severe. Common 
symptoms for patients with UC include urgency, rectal bleeding, 
diarrhea, passage of mucus, tenesmus, and abdominal pain. In more 
severe cases, fever and weight loss may be prominent. The symptom 
complex tends to differ according to the extent of disease.!® Patients 
with proctitis often have local symptoms of tenesmus, urgency, and 
passage of mucus and blood per rectum, whereas patients with exten- 
sive colitis usually have more diarrhea, weight loss, fever, clinically 
significant blood loss, and abdominal pain. In general, severity of 
symptoms correlates with the severity of disease, however, active dis- 
ease may be found at colonoscopy in patients who are asymptomatic. 

Some patients experience symptoms that are mild and long- 
standing or that are atypical. Such patients are more likely to expe- 
rience a delay in diagnosis that exceeds one year. Patients with CD 
have a longer mean time to diagnosis than do patients with UC, 
and as many as 25% of patients have a delay in diagnosis of more 
than 2 years from onset of symptoms.! Because of improved diag- 
nostic methods, and perhaps heightened awareness of the disease, 
more recent series have described typical delays of less than one 
year.!°? A prodromal period is common in CD, though not typi- 
cally seen in UC. This period might contribute to a delayed diag- 
nosis, as does a prior diagnosis of IBS and older age at onset of 
symptoms.!°° Occasionally, radiologic and endoscopic findings are 
subtle, precluding definitive diagnosis, even among patients with 
typical symptoms. Constitutional symptoms, particularly weight 
loss and fever, or growth impairment in children, may be promi- 
nent and occasionally are the sole presenting features of CD. 


Typical Presentations in Crohn Disease, by Location 


In CD, inflammation of the ileum, often accompanied by involve- 
ment of the cecum, can manifest insidiously. Some patients pres- 
ent with a SBO, perhaps precipitated by impaction of indigestible 
foods, such as raw vegetables or fruit. Many years of subclini- 
cal inflammation can allow progression to fibrotic stenosis, with 
the subsequent onset of intermittent colicky pain, sometimes 
accompanied by nausea and vomiting. Physical examination can 
reveal fullness or a tender mass in the right hypogastrium, which 
may be more prominent during obstructive episodes and reflects 
matted loops of thickened bowel, usually ileum. Patients with 
an active inflammatory component to their disease more often 
present with anorexia, loose or frequent stools, and weight loss; 
their examination might reveal fever or evidence of malnutri- 
tion. Occasionally, a patient presents with acute RLQ pain, ileitis 
mimicking appendicitis. 

Colonic disease can involve mainly the right colon or can 
extend distally to involve most or all of the colon (extensive or 
total colitis). In patients with Crohn colitis, tenesmus is a less 
common complaint than in patients with UC, because the rec- 
tum is not often involved or may be less severely inflamed than 
other colonic segments. The most typical presenting symptom 
of colonic disease is diarrhea, occasionally with passage of obvi- 
ous blood. Blood loss is not as common as with UC, although 
can be severe in Crohn colitis. The severity of diarrhea tends to 
correlate with both the extent of colitis and the severity of inflam- 
mation, and the presentation may range from minimally altered 
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bowel habits to fulminant colitis. Abdominal pain often is present 
to a greater extent than is seen in UC. Systemic manifestations 
such as weight loss and malaise may also be prominent. 

Perianal disease is another common presentation of CD. In 
as many as 24% of patients with CD, perianal disease precedes 
intestinal manifestations, with a mean lead time of 4 years.!°° 
More often, however, perianal disease occurs concomitantly 
with or after the onset of symptoms of lumenal disease. Perianal 
findings may be categorized as skin lesions, anal canal lesions, 
and perianal fistulas. Skin lesions include maceration, superficial 
ulcers, abscesses, and skin tags. Skin tags are generally of 2 types: 
type 1 (“elephant ears”) are characteristically soft, nontender, 
can be quite large, and typically not associated with underlying 
anal pathology; and type 2, which often arise from healed fis- 
sures, ulcers, or hemorrhoids, are typically edematous, hard, and 
tender.!67 Anal canal lesions include fissures, ulcers, and steno- 
sis. The anal fissures of CD tend to be located more eccentri- 
cally than the usual idiopathic fissures, which generally occur in 
the midline (see Chapter 129). In most cases, an anal stricture is 
asymptomatic, but pain and occasionally obstruction occurs, par- 
ticularly if stool consistency improves in the course of treatment. 
Deeper abscesses can arise secondary to fistulas, especially when 
the internal opening is located high in the rectum.!°° 


Unusual Presentations in Crohn Disease, by Location 


Upper GI tract CD is uncommon in the absence of disease beyond 
the ligament of Treitz. Approximately one-third of patients with 
proximal small bowel (i.e., jejunal) CD do not have evidence of 
distal small bowel (i.e., terminal ileum) CD at the time of diag- 
nosis, but virtually all develop distal disease in time. Patients with 
proximal CD tend to be younger at the time of diagnosis and 
more often present with abdominal pain and malaise; they do not 
undergo surgery more often than do patients with lower tract dis- 
ease alone, but the length of bowel that is resected tends to be 
greater.!! 

Gastroduodenal CD manifests as Hp-negative PUD, with 
dyspepsia or epigastric pain as the primary symptom. When out- 
flow obstruction occurs because of stricture formation or edema, 
early satiety, nausea, vomiting, and weight loss can predominate. 

Esophageal CD is rare, occurring in less than 2% of patients. 
Presenting symptoms can include dysphagia, odynophagia, sub- 
sternal chest pain, and heartburn; these symptoms may be pro- 
gressive and lead to profound weight loss. Esophageal stricture 
and even esophagobronchial fistula can complicate the course of 
disease.!°! 

CD that is confined solely to the jejunum and ileum is unusual 
and may be impossible to differentiate from ischemic jejunitis 
(see Chapter 118) or ulcerative jejunoileitis, a distinct condition 
that usually complicates long-standing celiac disease (see Chap- 
ters 107 and 119). Frank malabsorption and steatorrhea often 
occur. If the disease is confined to a short segment of intestine 
or has features consistent with CD, initial management should be 
based on the presumed diagnosis of CD. 

Controversy continues to surround the diagnosis of CD of the 
appendix. When idiopathic granulomatous inflammation is con- 
fined to the appendix, the presentation most often resembles that 
of acute appendicitis and occasionally peri-appendiceal abscess. 
The condition is rare, and the lack of disease in other locations of 
bowel portends a favorable prognosis, with a postoperative recur- 
rence rate as low as 6%.!°? 


Disease Behavior in Crohn Disease 


Clinical observation suggests that disease behavior in CD may be 
divided roughly into 2 categories: aggressive fistulizing disease 
and indolent stricturing disease. A third subset of patients with 
CD appear to develop neither of these disease behaviors over 
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Fig. 115.9 Perianal fistulas in CD. A, Multiple complex fistulas in a man with CD. Several are active and 
draining. The scrotum, perianal skin, and buttocks are discolored and hardened by healed fistulas and ab- 
scesses. B, A simple fistula in a woman with CD. The purplish discoloration surrounding the fistula is from an 
abscess that drained spontaneously through the fistula. (Courtesy Dr. Lawrence J. Brandt, Bronx, New York.) 


long periods of observation; moreover, these distinctions are not 
always neat. Both fistula and stricture can occur simultaneously 
in the same patient, such as in the patient with a fistula arising 
behind a terminal ileal stricture, or at different times.!”° 

Genetic factors may determine disease behavior, with NOD2 
variants being associated with stricturing or fistulizing disease, 
and hence increased risk for surgery.!”! In addition, serologic 
antibody responses to microbial antigens and carbohydrates are 
associated with certain disease phenotypes.!’7-!’4 Specifically, the 
presence of anti-Saccharomyces cerevisiae antibody (ASCA), an anti- 
glycan antibody to mannan (a constituent of the cell wall of bak- 
er’s yeast) correlates with small intestinal disease; identification 
of anti-CBirl (antiflagellin) is associated with internal penetrat- 
ing and stricturing disease; and anti-Escherichia coli outer mem- 
brane porin C (anti-OmpC) predicts internal perforations. When 
perinuclear antineutrophil cytoplasmic antibodies (pANCA) are 
present in a patient with CD, the phenotype is often that of an 
inflammatory “UC-like” CD. 


Fistula and Abscess 


Fistula formation is a frequent manifestation that results from the 
transmural nature of CD. Immune activation triggers the release 
of a variety of proteases and matrix metalloproteinases that can 
contribute directly to tissue destruction, sinus tract formation, 
and, finally, penetration to and into adjacent tissues. Perianal fis- 
tulas are common and are estimated to occur in 15% to 35% of 
patients (Fig. 115.9). When the fistula arises from an anal gland, a 
low-lying perianal fistula is the most common result. Such fistulas 
often are minimally symptomatic and can resolve with local care 
alone. Surprisingly, not all perianal fistulas occur in the setting of 
active rectal inflammation. In some cases, perianal fistulization 
may be extensive, forming a network of passages and extending to 
multiple openings that can include not only the perianal region, 
but also the labia or scrotum, buttocks, or thighs.!°° 

Fistulas from one segment of the GI tract to another also occur 
commonly. Enteroenteric, enterocolonic, and colocolonic fistulas 
often are asymptomatic. Much more rarely, colonic disease pen- 
etrates normal duodenum or stomach to form a coloduodenal or 
cologastric fistula, respectively. Symptoms can be bi-directional 
such that affected patients might have feculent vomiting or diar- 
rhea from SIBO, or undigested food from the stomach may pass 


into the stool in the colon. If the fistula tracks posteriorly from 
the terminal ileum to the retroperitoneum, the ensuing phleg- 
mon can ensnare the ureter (usually the right ureter), causing 
noncalculous hydronephrosis; such patients often present with 
thigh pain or a limping gait. Deeper penetration yields the clas- 
sic, but fortunately rare, psoas abscess. Affected patients typically 
present with right flank discomfort, fever, and a gait similar to 
those with ureteral entrapment. A psoas sign on physical exam is 
positive when pain is felt in the supine position while raising the 
right thigh against the examiner’s hand or pain occurs in the left 
lateral decubitus position as the patient extends the right leg at 
the hip. Right-sided positive psoas signs also can occur in patients 
with appendicitis. !7° 

Fistulization to the vagina can occur with penetration from a 
severely inflamed anus or rectal vault anteriorly (rectovaginal fis- 
tula) or from the small intestine. Rectovaginal fistulas tend to occur 
among women who have had a hysterectomy, permitting direct 
extension to the adjacent vaginal cuff without the interposing pres- 
ence of a uterus. Patients present with foul, persistent vaginal dis- 
charge and occasionally with passage of flatus or frank stool per 
vagina. Patients also might complain of dyspareunia or perineal 
pain. The vaginal os of the fistula may be difficult to identify, but 
palpation might elicit tenderness of the posterior vaginal wall.176 
Fistulas arising from terminal ileal disease often occur in the set- 
ting of an ileal stricture, with back pressure and stasis perhaps con- 
tributing to the process. Enterovesicular or colovesicular fistulas 
can manifest as recurrent polymicrobial urinary tract infection or 
as frank pneumaturia and fecaluria. These fistulas are notoriously 
difficult to heal by nonsurgical means, although the resulting cys- 
titis may be controlled with antibiotics.!’’ Enterocutaneous fistu- 
las to the anterior abdomen, often occurring after surgery, may be 
especially troublesome. A classic presentation of CD is the onset of 
an enterocutaneous fistula after appendectomy for what had been 
presumed to be appendicitis. Often the tract of the fistula follows 
the planes of dissection to the abdominal surface.!7° 

It has been estimated that as many as one-fourth of all patients 
with CD present with an intra-abdominal abscess at some time in 
their lives.!”? For the most part, inflamed serosal surfaces adhere 
to innocent serosa, thereby containing what would be an other- 
wise free perforation. 

Another common scenario is a perforation with abscess for- 
mation around the site of a surgical anastomosis. The classic 
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Fig. 115.10 Films from an UGIS and small bowel follow-through in a patient with CD. A, Multiple areas of 
narrowed small bowel are evident (arrows), with a classic cobblestoned appearance of the mucosa. Note also 
the separation of bowel loops. B, Small bowel follow-through that demonstrates a string sign in the RLQ. The 
classic radiologic string sign (arrows) of a markedly narrowed bowel segment amidst widely spaced bowel 
loops is a result of soasm and edema associated with active inflammation rather than fibrostenosis; thus the 
typical string sign transiently resolves with administration of glucagon, which relieves smooth muscle spasm. 


(Courtesy Dr. Jack Wittenberg, Boston, MA) 


presentation of an intra-abdominal abscess is that of a patient with 
spiking fevers and focal abdominal tenderness or localized perito- 
neal signs. Unfortunately, many of the patients at highest risk for 
perforation or abscess also are taking glucocorticoids, which are 
notorious for suppressing peritoneal signs and fever and masking 
the presentations of infection; therefore, a high level of suspicion 
must be maintained. When free perforation and peritonitis occur, 
the situation is life threatening. 


Stricture 


Stricture is another characteristic complication of CD. Stri- 
ctures represent long-standing inflammation and can occur in 
any segment of the GI tract in which inflammation has been 
active. Strictures do not develop in all patients with inflamma- 
tory disease, but are likely to recur, most often at the anasto- 
mosis, in patients who undergo bowel resection because of a 
stricture. These observations suggest that additional unidenti- 
fied factors play a role in stricture formation. Strictures usu- 
ally are silent until the lumenal caliber is small enough to cause 
relative obstruction; long strictures can present with SBO at a 
greater lumenal diameter than short strictures. Symptoms can 
include colicky, postprandial abdominal pain and bloating, 
which may be severe on occasion, and often culminating in com- 
plete obstruction.!*° 

Not all obstructive presentations, however, are caused by 
fibrotic strictures. The classic radiologic “string sign” of a mark- 
edly narrowed bowel segment amid widely spaced bowel loops 
(Fig. 115.10) is a result of spasm and edema associated with 


active inflammation rather than fibrostenosis; the typical string 
sign transiently resolves with administration of glucagon, which 
relieves smooth muscle spasm. 

Short of demonstrating a clear response to anti-inflamma- 
tory therapy or reviewing a surgical specimen, the clinician may 
find it extremely difficult to differentiate a fibrostenotic from 
an inflammatory stricture. Radiologically modalities including 
MR enterography, CT enterography and contrast-enhanced 
US have improved the distinction between inflammatory and 
fibrostenotic strictures.!*!,!82 However, all strictures must be 
considered with suspicion, and biopsies of a stricture need to be 
pursued vigorously as some strictures harbor cancer. 


Classification of Disease 


A major need in the clinical investigation of IBD is the ability 
to define subgroups of patients with distinctive, if not unique, 
characteristics. The ability to define such subgroups could add 
tremendous power to the investigation of new therapies and 
to genetic studies. In light of the wide heterogeneity of demo- 
graphic, anatomic, and disease behavior characteristics, however, 
distilling the numerous possible phenotypes into simpler defined 
categories is a formidable task. 

The Montreal Classification of CD is a proposed scheme 
that incorporates the patient’s age at diagnosis (Al, 16 years 
of age and younger; A2, 17 to 40 years of age; A3, older than 
40 years of age); disease location (L1, ileal: L2, colonic; L3, 
ileocolonic); and disease behavior (B1, nonstricturing, non- 
penetrating; B2, stricturing; B3, penetrating).!** In addition, 
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disease location can be modified for upper tract disease loca- 
tion (L4) and disease behavior can be modified for perianal 
disease (p). The Montreal Classification of UC disease loca- 
tion is stratified by proctitis (E1, limited to the rectum), left- 
sided colitis (E2, up to the splenic flexure), and pancolitis 
(E3, extending beyond the splenic flexure).!® Increasingly, 
other associated characteristics such as serologic markers and 
genetic profiles may be used for their prognostic value in pro- 
jecting outcomes in this heterogeneous disease.!** 


Pathophysiology of Common Symptoms and Signs 
Rectal Bleeding 


Rectal bleeding is common in UC, and its characteristics are deter- 
mined by the distribution of disease. Patients with proctitis usually 
complain of passing fresh blood, either separately from the stool or 
streaked on the surface of a normal or hard stool.!*> This symptom 
often is mistaken for bleeding from hemorrhoids. In contrast to 
hemorrhoidal bleeding, however, patients with ulcerative proctitis 
often pass a mixture of blood and mucus and might even be incon- 
tinent. Patients with proctitis also often complain of tenesmus and 
urgency, the frequent and urgent need to defecate, only to pass 
small quantities of blood and mucus without fecal matter. When 
the disease extends proximal to the rectum, blood usually is mixed 
with stool or there may be grossly bloody diarrhea. When disease 
activity is severe, patients typically pass liquid stool containing 
blood, pus, and fecal matter. Unless the patient has severe disease, 
passage of blood clots is unusual and suggests other diagnoses such 
as a tumor. Active UC that is sufficient to cause diarrhea almost 
always is associated with macroscopically evident blood. The diag- 
nosis needs to be questioned if visible blood is absent. In contrast 
to UC, gross rectal bleeding is less common, and acute hemor- 
rhage is rare, albeit severe when it occurs in CD. 


Diarrhea 


Diarrhea is the most common complaint among patients with 
IBD. 

Most patients with active disease complain of frequent pas- 
sage of loose or liquid stools and may have nocturnal diarrhea. 
Fecal urgency, a sensation of incomplete fecal evacuation, and 
fecal incontinence also are common, especially when the rectum 
is severely inflamed. Urgency often leads to multiple trips to the 
toilet, even in the absence of diarrhea, although diarrhea in this 
setting often is accompanied by passage of large quantities of 
mucus, blood, and pus. 

In any given patient with IBD, multiple factors are likely to 
contribute to diarrhea: altered fluid and electrolyte absorption 
and secretion can decrease stool consistency; increased mucosal 
permeability from mucosal inflammation can result in exuda- 
tion of protein and fluids; increased production of prostaglan- 
dins, biogenic amines, cytokines, neuropeptides, and reactive 
oxygen metabolites all contribute to these alterations; imbal- 
anced lumenal concentration of bile salts relative to dietary fat 
can result in either bile salt-induced diarrhea or steatorrhea in 
the setting of ileal dysfunction or resection (see Chapter 104); 
SIBO can occur behind strictured bowel and contribute to mal- 
absorption (see Chapter 105); and disordered colonic motility in 
the setting of chronic inflammation also contributes to diarrhea. 
5-aminosalicylate (5-ASA) preparation can induce a paradoxical 
increase in diarrhea in 3% of cases, usually a result of salicylate 
sensitivity; this adverse reaction is often misinterpreted as non- 
response to the 5-ASA agent. Urgency and tenesmus, which are 
common symptoms when the rectum is inflamed, are caused by 
decreased rectal compliance and loss of the reservoir capacity of 
the inflamed rectum.!*° With severe inflammation, the urgency 
can be sufficiently acute to cause incontinence. 


Diarrhea is not always present in patients with UC. Up to 
30% of patients with proctitis or proctosigmoiditis complain of 
constipation and hard stools.!® Colonic motility is altered by 
inflammation, and there is rapid transit through the inflamed 
colon. With left-sided disease, distal colonic transit is rapid, but 
there is actual slowing of proximal transit,!*’ which might help 
explain the constipation that is commonly seen in patients with 
distal colitis. 


Abdominal Pain 


The cause of abdominal pain can be multifactorial in patients 
with IBD. Mucosal inflammation can cause pain directly and 
often is experienced as waves of cramps. The pathophysiology 
of abdominal pain from mucosal inflammation is not well under- 
stood. Numerous lines of investigation have provided tantalizing 
clues about the connection between the nervous system and IBD, 
although the relationship between the enteric nervous system, 
inflammation, and immune activation in IBD is quite complex. 
Stretch receptors in the intestinal wall may be stimulated as a 
food bolus passes through stenotic bowel, leading to abdominal 
pain and possibly vomiting. The ganglia of the myenteric plex- 
uses in the intestine of a patient with CD are increased in size 
and number, possibly indicating neural dysfunction. Substance P 
binding can participate in the expression of pain, and substance 
P receptors have been found in increased numbers around lym- 
phoid follicles, in the microvasculature, and on enteric neurons 
in CD, even in locations distant from active inflammation, there 
also is increased binding of substance P to its receptors in the set- 
ting of an inflamed mucosa.!**!8? 

Abdominal pain also can arise from intestinal complications of 
IBD including abscess and obstruction in CD, and colonic dilata- 
tion in UC. Importantly, abdominal pain can arise from extrain- 
testinal manifestations such as nephrolithiasis, cholelithiasis, and 
pancreatitis. 


Weight Loss and Malnutrition 


Weight loss and malnutrition often are seen in patients with CD 
and contribute to the complaints of weakness, irritability, mal- 
aise, and easy fatigability that are so common. In children, mal- 
nutrition can manifest as growth retardation. A host of specific 
nutritional deficiencies may be found even among patients whose 
disease has been in long-standing remission, including iron, folic 
acid, vitamin B;2, calcium, magnesium, zinc, and, particularly in 
the setting of malabsorption from small intestinal disease, fat-sol- 
uble vitamins. Potential contributing factors for these deficien- 
cies are numerous and include inadequate intestinal absorption 
among patients with extensive small intestinal disease or resec- 
tion, increased protein losses through exudation from inflamed 
intestine, and SIBO proximal to stricture formation. Specific 
medications can cause absorption problems, including decreased 
calcium absorption with glucocorticoids; malabsorption of fat, 
fat-soluble vitamins, and calcium with cholestyramine; and folate 
malabsorption with sulfasalazine. 

The catabolic state induced by intense inflammation can 
increase energy and protein requirements. Unrecognized infec- 
tion can be a major contributing factor beyond the catabolism 
induced by the disease itself. Bypassing of small intestine by 
enteroenteric or enterocolonic fistulas also can contribute to 
undernutrition. The most important factor in weight loss, how- 
ever, is poor oral intake. Most often, poor intake results from fear 
of eating (so-called sitophobia) because of postprandial abdomi- 
nal pain or diarrhea. This concern may be accentuated when in 
social situations, and can contribute to a patient’s lack of interest 
in eating outside of the home. 

Decreased intake occasionally may be a consequence of 
unnecessarily restrictive diets imposed by the physician or the 
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patient him/herself in an effort to control symptoms. Weight 
loss disproportionate to the burden of disease, however, should 
raise the suspicion of occult malignancy. Anorexia, nausea, and 
vomiting also can contribute to weight loss and poor nutri- 
tion. As with other symptoms of CD, diverse mechanisms may 
be contributory. TNF originally was discovered as a cytokine 
capable of inducing cachexia in patients with malignancy and 
sepsis. Indeed, serum levels of TNF in severely ill patients with 
CD may be high enough to contribute to anorexia. Delayed gas- 
tric emptying of solids may be a causative factor for dyspepsia 
in individuals with CD, even when the disease is inactive. !°®191 
Finally, anorexia, nausea, or vomiting also may be caused by 
medications used to treat the disease, including metronidazole, 
sulfasalazine, 6-mercaptopurine (6-MP), azathioprine (AZA), 
and methotrexate (MTX). 


Fever 


Fever associated with active CD and UC usually is low grade 
and occasionally is the presenting complaint, especially in 
children; increased production of proinflammatory cytokines, 
including IL-1, IL-6, and TNF, likely are contributory. When 
spiking, high, or persistent fevers occur, the clinician should 
consider an infectious etiology and undertake an evaluation 
appropriate to the clinical picture including imaging to assess 
for abscess; cultures, and assessment for viral infections such as 
CMV. Rarely, such fever patterns are manifestations of CD or 
UC activity alone without superimposed illness or even abscess 
formation. 


Anemia 


Anemia is found in one-third of patients with CD, primarily as 
a consequence of iron deficiency from blood loss. Macrocytic 
anemia can result from vitamin By) deficiency because of ileal 
disease or resection, from SIBO or, less commonly, from folate 
deficiency because of proximal small intestinal disease or sul- 
fasalazine therapy. Overproduction of IFN-y, TNF, or IL-1 can 
inhibit erythropoietin production, contributing to anemia that is 
resistant to iron supplementation.!”” 

Patients with limited distal ulcerative proctitis often pass vis- 
ible blood in the stool, but the amount of blood loss typically is 
small and anemia, if present, is mild. Patients with active extensive 
disease or severe distal UC typically manifest laboratory abnor- 
malities. Hematologic changes, including anemia, leukocytosis, 
and thrombocytosis, reflect active disease. In contrast, patients 
with quiescent UC typically have no laboratory abnormalities. 
Iron deficiency anemia may be present because of chronic blood 
loss. Anemia also may be present secondary to bone marrow sup- 
pression resulting from chronic inflammation or medications, 
including AZA, 6-MP, and sulfasalazine. 


Extraintestinal Manifestations 


Depending on the definition, it is variably estimated that 6% and 
25% of all patients with IBD have an extraintestinal manifesta- 
tion (EIM).!93-!°5 Many of these EIMs are common to CD and 
UC, but also occur with other chronic inflammatory conditions. 
In large series, EIMs are found to occur more often in CD than in 
UC and are more common among patients with colonic involve- 
ment than in patients with no colonic inflammation. One-fourth 
of those affected have more than one EIM.!”° Some EIMs occur 
as a direct result of the bowel disease (e.g., nephrolithiasis result- 
ing from oxalate malabsorption). In the case of inflammatory 
mucocutaneous, joint, and ocular EIMs, the pathogenesis is an 
influx of mononuclear cells activated in the intestine but homing 
aberrantly to the involved extraintestinal organs. An overview of 
EIMs observed in IBD is provided in Table 115.2.1971% 


TABLE 115.2 Overview of the Most Common Extraintestinal 


Manifestations of IBD 


Musculosketal 
Axial arthropathies 
Ankylosing spondylitis 
Sacroiliitis 
Metabolic bone disease 


Osteoporosis/Osteopenia 


Sarcopenia 
Medication-associated 
arthralgia 


Anti- TNF —arthralgia and 


lupus 
Glucocorticoids — 
avascular necrosis 
Peripheral arthritis 
Type 1: Pauciarticular 
Type 2: Polyarticular 
Rare manifestations 
Vasculitis 


Mucocutaneous 


Mucus membranes 
Oral aphthous stomatitis 
Oral granulomatous 
inflammation 
Rare manifestations 
Leukocytoclastic vasculitis 
Sweet syndrome (neutro- 
philic dermatosis) 
Cutaneous polyarteritis 
nodosa 
Epidermolysis bullosa 
acquisita 
Skin 
Erythema nodosum 
Pyoderma gangrenosum 
Metastatic CD 
Psoriasis (+ anti- TNF 


1885 


Septic joints and induced) 
osteomyelitis 
Amyloidosis 
Ocular Hepatobiliary 
Anterior uveitis (or iritis) Autoimmune hepatitis 
Episcleritis Cholelithiasis 
Rare manifestations Cholesterol and pigmented 
Keratopathy stones 
Night blindness Hepatic amyloidosis 
Scleritis NAFLD 
PSC 
Pancreatitis 
Idiopathic 
Autoimmune 
Drug induced (e.g. 
thiopurine) 
Pyogenic liver abscess 
Rare manifestations 
Renal Vascular and hematologic 


Arterial thrombosis 

Anemia 
Anemia of chronic disease 
B12 deficiency 
Iron deficiency 

Venous thromboembolism 


Rare manifestations 
Interstitial nephritis 
(+ meslamine) 
Glomerulonephritis 
Nephrolithiasis 
Renal amyloidosis 


Respiratory and cardiac 
Asthma 
Chronic obstructive pulmonary 
disorder 

Bronchiectasis 

Chronic bronchitis 

Coronary artery disease 

Rare manifestations 
Cardiomyopathy 
Pleuritis, pericarditis, and 

myocarditis 


CD, Crohn disease. 

Ott C, Schdlmerich J. Extraintestinal manifestations and complications in 
IBD. Nat Rev Gastroenterol Hepatol 2013; 10(10):585-95. 

Vavricka SR, Schoepfer A, Scharl M, et al. Extraintestinal manifestations of 
inflammatory bowel disease. Inflamm Bowel Dis 2015; 21(8):1982-92. 


Musculoskeletal 


Among the most common EIMs are disorders of the bones and 
joints. Clubbing of the fingernails is a common and innocuous 
EIM. More consequential are arthritic manifestations, which are 
observed more commonly in patients with CD than in those with 
UC. Peripheral arthritis associated with IBD is stratified into 


1886 PARTX Small and Large Intestine 


2 types: pauciarticular (Type 1), in which the arthritis parallels 
disease activity in the bowel and typically involves fewer than 5 
joints; and polyarticular (Type 2), in which the arthritis is inde- 
pendent of bowel activity and often involves more than 5 joints. A 
meta-analysis reported that the prevalence of peripheral arthritis 
was 13% in patients with IBD.!” 

Peripheral arthralgias occur in one-fourth of patients with 
IBD.!"* Patients tend to have waxing and waning joint pain and 
stiffness in association with flares of intestinal disease. Joints may 
be involved in an asymmetric or migratory fashion. With rare 
exception, the disease is nondeforming and often is accompanied 
by skin (e.g., erythema nodosum) and eye (e.g., uveitis) compli- 
cations. Rheumatoid factor typically is negative. Knee and ankle 
joints often are affected first, but elbows, wrists, proximal inter- 
phalangeal, metacarpophalangeal, and metatarsophalangeal joints 
may be involved subsequently. Patients who have undergone 
ileocecal resection for their disease tend to have fewer arthritic 
complications after their surgery. 

Axial manifestations of spondyloarthritis involve sacroiliitis 
(inflammation of the sacro-iliac joints) and ankylosing spondyli- 
tis.!°° A meta-analysis reported that the prevalence of sacroiliitis, 
and ankylosing spondylitis were 10% and 3%, respectively.!°” 
Spondylitis associated with IBD (e.g., idiopathic ankylosing spon- 
dylitis), manifests as insidious low back pain and morning stiffness 
that is improved by exercise. As many as 75% of patients with CD 
and spondylitis are positive for HLA-B27.?" Iritis can occur in 
association with this EIM. Bilateral symmetrical sacroiliitis with- 
out progression to spondylitis is more common than spondyli- 
tis and is reported to occur in 4% to 18% of patients.”°! In one 
study, sacroiliitis was found on MRI among 39% of patients, with 
two thirds reporting low back pain; 11% of patients with negative 
scans reported low back pain.’ 

Rarer rheumatologic complications include granulomatous 
vasculitis, periostitis, and amyloidosis. In addition, a septic joint, 
although a rare complication of CD, should be kept in mind. For 
example, a septic hip joint is a striking, devastating, and fortu- 
nately rare complication of a psoas abscess that extends directly 
to the acetabular capsule. 

Glucocorticoids used to treat CD may be a cause of joint pain. 
Withdrawal of glucocorticoids can lead to pseudoarthritis, with 
diffuse joint aches that gradually resolve; adrenal insufficiency 
should be considered in such patients. Avascular necrosis (or 
osteonecrosis) of the hip, shoulder and other joints can occur 
with or without the use of glucocorticoids, though it is more 
common among patients taking higher doses and longer duration 
of corticosteroids. Avascular necrosis is proposed to occur from a 
sudden cessation of vascularization in the bone.*”* Osteomyelitis 
can occur as a result of direct extension by a fistula, usually to 
the pelvis, or it may be a recurrent problem distant to the site 
of inflammation, presumably through hematogenous spread of 
bacteria. 

Metabolic bone disease is common in CD and UC. Morbid- 
ity, as a consequence of increased susceptibility to bone fractures, 
includes debilitating and painful vertebral crush fractures, which 
can occur even in children with CD. In a population-based study, 
patients with IBD were 40% more likely to experience a fracture 
compared with age- and sex-matched controls without IBD.!%* 
The overall risk of fracture in patients with IBD is approximately 
one per 100 patient-years.!’* Although glucocorticoid use is the 
main risk factor for this metabolic bone disease in IBD, low bone 
mineral density is a feature of CD even upon diagnosis in both 
adults and children.?°*?° Contributing factors include malab- 
sorption of calcium and vitamin D, smoking, and perhaps the 
effects of proinflammatory cytokines such as TNF.” Low BMI 
may be the most important risk factor for developing osteopo- 
rosis.??” Sarcopenia (decreased muscle mass) is closely associated 
with decreased bone density and is seen in up to 60% of patients 
with CD.2°% 


Mucocutaneous 


The most common skin lesions associated with IBD are pyo- 
derma gangrenosum (PG) and erythema nodosum (EN).!%° 
Neither condition is found solely in IBD, and the finding of one 
or the other lesion is not specific for either major form of IBD. 

PG appears first as a papule, pustule, or nodule. It can occur 
virtually anywhere on the body but most often it occurs on the leg 
or occasionally around a stoma, and progresses to an ulcer with 
undermined borders. The PG ulcer typically has a violaceous 
rim and crater-like holes pitting its base. The phenomenon of 
pathergy, or the development of large ulcers at the site of minor 
trauma, is characteristic of PG, but can also be seen in other con- 
ditions such as Behçet syndrome. Healing typically is associated 
with a cribriform, or pocked, scar. In CD, PG often occurs with- 
out an associated flare of intestinal symptoms.” 

EN is seen much more commonly in women than in men. 
Like PG, many other diseases are associated with EN, includ- 
ing Streptococcus or Yersinia infection, TB, leprosy, fungal infec- 
tions, Behçet syndrome, and sarcoidosis. Medications, including 
oral contraceptives, may also cause EN. The classic appearance 
of EN is a tender subcutaneous nodule with an erythematous or 
dusky appearance, most often on the pretibial region. There is a 
strong association of EN with arthropathy. EN often manifests 
during exacerbations of intestinal disease and tends to improve 
with treatment of the underlying bowel disease. Whenever pos- 
sible, EN lesions should not be biopsied because biopsied lesions 
tend to scar; spontaneously resolving lesions heal without form- 
ing a scar.?°? 

Aphthae of the mouth are common among patients with CD 
and UC but also are often seen among otherwise healthy persons. 
As the most cephalad part of the GI tract, the mouth rarely may 
be involved directly by the granulomatous inflammation of CD. 
Features may include labial or facial swelling, angular cheilitis 
and oral mucosal cobblestoning.*!° 

A rare EIM is metastatic CD (i.e., granulomatous inflam- 
mation of the skin remote from the GI tract, but histologically 
identical to the primary intestinal lesion).*!! Described cases 
have included lesions behind the ears, in the perineum, or on the 
feet, legs, penis, and vulva. Other rare skin manifestations of CD 
include leukocytoclastic vasculitis, Sweet syndrome (neutrophilic 
dermatosis), cutaneous polyarteritis nodosa, and epidermolysis 
bullosa acquisita. An increased occurrence of psoriasis among 
patients with CD is in concordance with the reported genetic 
overlap between these diseases.??! 


Ocular 


Episcleritis is more common in CD than in UC, consists of injec- 
tion of the sclera and conjunctiva, and does not affect visual acuity. 
Episodes tend to occur in association with active intestinal dis- 
ease. Scleritis involves deeper layers of the eye, also occurs most 
often in parallel with active intestinal disease, and can cause last- 
ing damage if untreated. Anterior uveitis (or iritis) usually mani- 
fests with headache, deep eye pain, lacrimation, blurred vision, 
and photophobia. In a population-based study uveitis occurred in 
2.8% of women and 1.1% of men with IBD.!"* Physical examina- 
tion findings of anterior uveitis include meiosis and ciliary flush. 
Visual acuity is preserved unless the posterior segment becomes 
involved. In contrast to the uveitis associated with ankylosing 
spondylitis, the presentation of uveitis in patients with IBD often 
is insidious, with bilateral involvement and extension to the pos- 
terior segment. Slit-lamp examination demonstrates an inflam- 
matory flare in the anterior chamber. Of all the ocular EIMs, 
uveitis is the one that demands emergent ophthalmologic consul- 
tation. Other rare ocular complications of CD include a particu- 
lar corneal injury referred to as keratopathy and night blindness 
resulting from malabsorption of vitamin A.*!? 
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Hepatobiliary 


The prevalence of cholelithiasis ranges from 11% to 34% in 
patients with IBD,?!* and gallstones occur in 14.35/1000 patient- 
years of follow-up among people with CD—roughly twice the 
rate of the general population.*!> Cholelithiasis is seen most com- 
monly in patients with CD with inflammation in the ileum or 
resection of the ileum.!%’ Ileal involvement can impair bile salt 
absorption, leading to saturation of cholesterol in the bile and 
subsequent cholesterol stone formation.*!° Pigment gallstones 
also can form due to altered reabsorption of bilirubin.*!” 

The incidence of PSC is 0.8 per 100,000 person-years in the 
general population.*!* The prevalences of PSC in UC and CD are 
0.8% to 5.4% and 1.2% to 3.4%, respectively.7'* GWA studies 
in PSC indicated that 6 of 12 significant associations outside the 
human leukocyte antigen complex are more strongly associated 
with PSC than with IBD (rs7426056, 2q33, CD28; rs5625822, 
16q15*, BACH2; 14147359, 10p15*, IL2RA; 187937682, 11q23, 
SIK2; 133184504, 12q24, SH2B3; 1860652743, 19q13*, PRKD2), 
despite the observation that nearly three-fourth of PSC patients 
have comorbid IBD.7!? GWA genetic correlation demonstrated 
that PSC is genetically more correlated to UC than CD; hoever, 
genetically, UC and CD are more similar to each other than to 
PSC. As the findings are more often confined to the small bili- 
ary radicals, the presentation is usually one of abnormal liver bio- 
chemical tests, a normal cholangiogram, and pericholangitis on 
liver biopsy. Other hepatobiliary complications of IBD include 
fatty liver (~23%), autoimmune hepatitis, hepatic amyloidosis 
(less than 1%), and liver abscess.?!*+ 


Renal and Genitourinary 


In addition to the direct complications of perforating CD with 
encroachment on the bladder and other genitourinary struc- 
tures, and inflammatory entrapment of the ureter, uric acid and 
oxlate stones are common in patients with CD.’7! In the setting 
of fat malabsorption resulting from intestinal resection or exten- 
sive small intestinal disease, the malabsorbed free fatty acids bind 
lumenal calcium, thereby decreasing the calcium that is available 
to bind with and clear oxalate via intestinal excretion. Oxalate 
that remains in the colon lumen binds to sodium and as sodium 
oxalate has increased absorption compared with calcium oxalate; 
the result is hyperoxaluria and calcium oxalate stone formation. 
Uric acid stones are believed to result from volume depletion 
and a hypermetabolic state. Rare intrinsic renal complications 
include membranous nephropathy, glomerulonephritis, and renal 
amyloidosis. Interstitial nephritis has been associated with mesa- 
lamine use, but it is not clear if it is a direct result of the medica- 
tion or of the disease itself. Penile and vulvar edema also have been 
reported, but the mechanism for these occurrences is unknown. 


Vascular 


A prothrombotic tendency has been noted in both CD and UC. 
Patients may present with venous thromboembolism or, much 
less commonly, arterial thrombosis.’?? The incidence of venous 
thromboembolism increases with age, but a higher relative risk 
is observed in younger patients.” The hypercoaguable state can 
arise from many possible contributing causes: thrombocytosis, 
increased levels of fibrinogen, fibrinopeptide A, factor V, factor 
VII, antithrombin III deficiency, and free protein S deficiency, 
all related to active bowel inflammation. Circulating immune 
complexes, increased levels of plasminogen activator inhibitors, 
decreased levels of tissue plasminogen activator, and spontane- 
ous platelet aggregation may be present independent of bowel 
inflammation. Defective methylenetetrahydrofolate reductase 
(MTHFR), along with folate and vitamin B,) deficiency, is linked 
to hyperhomocysteinemia, which in turn may predispose to 
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thrombosis. Reports of increased prevalence of the factor V Leiden 
mutation and MTHER have been observed by some but not other 
investigators.??* Venous thromboembolism, including portal or 
splenic vein thrombosis, occurs commonly following colectomy 
for UC. For example, in a population-based study the prevalence 
of venous thromboembolism among hospitalized patients with UC 
was 1.3% in medically-responsive patients, and increased to 4.9% 
and 8.7% among UC patients undergoing elective and emergent 
colectomies, respectively.” In more than half of patients who 
experience thrombosis, no predisposing factor can be identified. 


Others 


Clinically significant disease of the lungs,” heart, pancreas, and 
nervous system?’ in association with IBD is unusual but reported. 
Pulmonary function can be impaired, even among IBD patients 
without respiratory symptoms. The most commonly associated 
respiratory conditions are bronchiectasis and chronic bronchi- 
tis.°7°28 Patients with IBD are more at risk to develop asthma,””? 
and there also may be an association with chronic obstructive pul- 
monary disease.”!?,?30 Cardiomyopathy can result from a variety 
of nutrient deficiencies in patients with marked malabsorption. 
Pleuropericarditis, myocarditis, and endocarditis occur rarely.”*! 
Acute pancreatitis is uncommon, though may occur spontane- 
ously or as a result of treatment with mesalamine or a thiopurine 
agent. Granulomatous pancreatitis and pancreatic insufficiency 
are rare.??? 


DIFFERENTIAL DIAGNOSIS OF IBD 
Differentiating Crohn Disease from UC 


A variety of inflammatory and noninflammatory diseases of the 
colon can mimic IBD and need to be considered in establishing the 
correct diagnosis. Box 115.1 lists the differential diagnosis for ileal 
and colonic inflammation. CD should be excluded in all patients 
with a diagnosis of UC, and colonoscopy with multiple biopsies is 
important in this regard. The presence of skip lesions or epitheli- 
oid granulomas supports the diagnosis of CD. Other endoscopic 
features distinguishing CD from UC are listed in Table 115.3. 

It is not uncommon for patients with ileal CD also to have rec- 
tal involvement, and these patients might present with symptoms 
of proctitis rather than symptoms of small intestinal involvement. 
In patients with proctitis or diffuse pancolitis, it may be impos- 
sible to differentiate CD and UC. Thus it is advisable to obtain 
radiologic assessment of the small intestine in all patients with 
colonic disease, particularly in those with pancolitis or proctitis 
on colonoscopy and elevated inflammatory markers or hypoal- 
buminemia on laboratory testing. A definitive diagnosis of CD 
may not be able to be made until the development of small bowel 
disease or perianal complications. [BD-unclassified IBD-U), or 
formerly “indeterminate” colitis, is diagnosed in approximately 
5% to 10% of adult patients and up to 30% of pediatric patients; 
this term is used when the distinction between CD and UC can- 
not be made.??? The clinical course for most patients with IBD-U 
resembles that of UC, and, among pediatric patients, approxi- 
mately 60% are ultimately reclassified as CD or UC, more 
commonly the latter.” A diagnosis of IBD-U has particular 
implications for surgical therapy. Patients undergoing ileoanal 
pouch construction for IBD-U have a relatively high likelihood 
of developing CD-like complications of the pouch, although the 
rate of pouch failure is not significantly different from those with 
UC.**> Histology, when applied without attention to clinical fea- 
tures, is highly likely to be unable to differentiate CD from UC; 
therefore, the entire clinical picture must be considered for accu- 
rate diagnosis (see Table 115.3). 

ASCA (anti-Saccharomyces cerevesiae antibodies) and pANCA 
(perinuclear antineutrophil cytoplasmic antibodies) were the 
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BOX 115.1 Differential Diagnosis of Crohn Disease and UC 


ILEITIS 


Backwash ileitis in UC 
Drug-related 
Ectopic pregnancy 
Endometriosis 
Gynecologic disorders 
lleitis associated with spondyloarthropathy 
Infection 
Actinomycosis israelii 
Anisakis simplex 
Cryptococcus neoformans 
CMV 
Histoplasma capsulatum 
Mycobacterium avium complex 
Mycobacterium tuberculosis 
Neutropenic enterocolitis 
Salmonella spp. 
Yersinia enterocolitica 
Yersinia pseudotuberculosis 
Infiltrative disorders 
Amyloidosis 
Eosinophilic gastroenteritis 
Lymphoid nodular hyperplasia 
Neoplasms 
Carcinoid tumor 
Cecal or ileal adenocarcinoma 
Lymphoma 
Metastatic cancer 
NSAID-related ulcer or stricture 
Other inflammatory disorders 
Appendicitis/appendiceal abscess 
Cecal diverticulitis 
Ovarian cyst or tumor 
Ovarian torsion 
Pelvic inflammatory disease 
Radiation enteritis 
Torsion of the appendiceal epiploica 
Tubo-ovarian abscess 
Vascular disorders 
Behçet disease 
Intestinal ischemia: focal segmental ischemia: acute enteritis, 
chronic enteritis, stricture; chronic mesenteric ischemia; drug- 
induced (e.g., amphetamines, ergotamine, cocaine, phenyleph- 
rine) 


Vasculitis: Henoch-Schonlein purpura, polyarteritis nodosa, eosino- 
philic granulomatosis with polyangiitis, SLE, Takayasu arteritis, 
granulomatosis with polyangiitis, lymphomatoid granulomatosis, 
giant cell arteritis, rheumatoid vasculitis, thromboangiitis obliterans 


COLITIS 


Acute self-limited colitis 
Behçet disease 
Chronic granulomatous disease 
Diversion colitis 
Diverticulitis 
Drug-induced colitis (NSAIDs, gold, penicillamine, checkpoint inhibi- 
tors) 
Eosinophilic colitis 
Graft-versus-host disease 
Infections 
Aeromonas spp. 
Campylobacter spp. 
Chlamydia spp. 
Clostridioides difficile 
CMV 
Entamoeba histolytica 
Escherichia coli (enterohemorrhagic, enteroinvasive, 0157) 
Herpes Simplex Virus 
Listeria monocytogenes 
Mycobacterium tuberculosis 
Neisseria gonorrheoeae 
Salmonella spp. 
Schistosoma mansoni 
Shigella spp. 
Strongyloides stercoralis 
Yersinia enterocolitica 
Ischemic colitis 
Chronic ischemic colitis 
Ischemic stricture 
Ischemic colitis with toxic megacolon 
Reversible ischemic colitis 
Microscopic colitis 
Collagenous colitis 
Lymphocytic colitis 
Radiation colitis 
Sarcoidosis 
Segmental colitis associated with diverticular disease (SCAD) 
Solitary rectal ulcer syndrome 
UC, Crohn colitis, or IBD-U 


From Sands BE. From symptom to diagnosis: clinical distinctions among various forms of intestinal inflammation. Gastroenterology 2004; 126:1518-32, with permis- 
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first markers shown to correlate with the diagnosis of CD and 
UC, respectively. ASCA has relatively high specificity, above 
95%, but sensitivity is less than 50%.73° To improve the test 
characteristics, a prediction model has added anti-OmpC and 
anti-CBirl to pANCA and ASCA. 14237 Other antiglycan anti- 
bodies, such as antilaminaribioside (ALCA) and antichitobio- 
side (ACCA), also have been associated with CD.?** Limited 
data are available to establish the predictive value of sero- 
logic markers in cases of indeterminate colitis observed over 
long periods of time.?*? Thus serologic testing currently is an 
adjunct to diagnosis in selected cases. Genetic research has led 
to great strides over the past few years, and CARDI5S/NOD2 
testing is available commercially, although owing to its low 


diagnostic accuracy, this test is not currently recommended as 
part of the diagnostic algorithm for CD. Preliminary data sug- 
gest that models combining NOD2 genotyping with serologic 
biomarkers such as ASCA, anti-OmpC, anti-CBirl pANCA, 
and anti-I2 have acceptable receiver-operator characteristics 
for predicting complicated disease behavior such as stricture 
or fistula.?>” 


Differentiating IBD From Intestinal Infections 


Another major category of differential diagnosis for IBD is 
infection (see Chapter 110). Newly diagnosed IBD can manifest 
as part of a well-documented episode of infectious colitis. It is 
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TABLE 115.3 Differentiation of Crohn Colitis From UC 


Feature 


Crohn Colitis 
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Ulcerative Colitis 


Depth of inflammation 
Distribution 


Fistulas 


Histopathology 


lleum 


Mucosal lesions 


Mucosal, submucosal, and transmural 


Often discontinuous and asymmetric, with skipped 
segments of normal intervening mucosa, 
especially in early disease 


Perianal, enterocutaneous, rectovaginal, 
enterovesicular, and other fistulas may be 
present 


Granulomas are present in 15%-60% of patients 
(higher frequency in surgical specimens than in 
mucosal pinch biopsies) 


Crypt abscesses may be present 


Focally enhanced inflammation, often on a normal 
background, is the hallmark 


Often involved (=75% of cases) 


Aphthae are common in early disease; late disease 
is notable for stellate, rake, bear-claw, linear, or 


Mucosal; transmural only in fulminant disease 


Continuous, symmetric, and diffuse, with 
granularity or ulceration found in the entirety of 
involved segments; however, periappendiceal 
inflammation (cecal patch) is common, even 
when the cecum is not involved 


Absent, except for the rare occurrence of 
rectovaginal or perianal fistula 


Granulomas should not be present 
(microgranulomas may be associated with 
ruptured crypt abscess) 


Crypt abscesses and ulcers are the defining lesion 
Ulceration on a background of inflamed mucosa 


Not involved, except as backwash ileitis in pan-UC 


Micro-ulcers are more common, but larger ulcers 
are seen 


serpiginous ulcers and cobblestoning 


Perianal complications 


complex 


Rectum Complete, or more often relative, rectal sparing 


Serosal findings 


Often prominent, including large anal skin tags, 
deep fissures, perianal fistulas, that are often 


Marked erythema and creeping fat (the latter is 
virtually pathognomonic) 


Pseudopolyps are more common 


Not prominent (fissure or fistula, if present, should 
be uncomplicated) 


Typically involved with variable proximal 
distribution; may appear normal if patient is 
being treated with topical agents 


Absent except in severe colitis or toxic megacolon 


Strictures Often present Rarely present; when present, suggests 
adenocarcinoma 
Serology pANCA in 20%-25%, ASCA in 41%-76% pANCA in 60%-65%, ASCA in 5% 


ASCA, anti-Saccharomyces cerevisiae antibody; DANCA, perinuclear antineutrophil cytoplasmic antibody. 
From Sands BE. From symptom to diagnosis: clinical distinctions among various forms of intestinal inflammation. Gastroenterology 2004; 126:1518-32, with 
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unknown if the infection prompts the IBD or simply unmasks 
underlying disease that previously had only subclinical activity. 
Patients with documented IBD in clinical remission also can 
develop acute infectious colitis and present with symptoms of a 
flare of IBD. Thus infections need to be excluded with each epi- 
sode of disease exacerbation. 

The most common organisms causing infectious colitis 
are Salmonella, Shigella, and Campylobacter (See Chapter 
110). Patients with infectious colitis usually have a more acute 
onset of symptoms than do patients with a flare of IBD, and 
they have a prominence of abdominal pain; they also might 
report diarrheal illness in one or more of their contacts. The 
sigmoidoscopic appearance of infectious colitis may be indis- 
tinguishable from that of UC, but the histologic appearance 
often is helpful in differentiating infectious acute colitis from 
a more chronic condition. The presence of a chronic inflam- 
matory infiltrate, architectural disturbances, and basal lym- 
phoid aggregates favors a diagnosis of UC, and these features 
distinguish infectious colitis from UC with a probability of 
80%, albeit with considerable interobserver variation. One 
would not be able to identify bacterial superinfection on a 
background of chronic UC by histology, however, because the 
additional changes would be nonspecific; only viral (especially 
CMV) or amebic superinfection would be readily identifiable 
on biopsy specimens by the presence of intranuclear inclusion 
bodies or the actual organisms themselves, respectively. 


Intestinal TB is an important differential diagnosis for CD 
especially in endemic regions. TB may mimic CD endoscopically 
and involves the ileocecal location most commonly. The typical 
ulcer of TB runs parallel to the longitudinal axis of the bowel, in 
contrast to the ulcers of CD, which tend to orient perpendicular 
to the longitudinal axis of the bowel. TB is characterized by case- 
ating granulomas as opposed to epithelioid granulomas, positive 
Ziehl-Neelsen culture, and a positive tuberculosis PCR. Suspi- 
cion of TB should be raised in immigrants from endemic areas or 
in immunocompromised patients. Chest film might reveal sug- 
gestive lesions in 50% of patients and CT might display calcified 
and necrotic-looking mesenteric lymph nodes.?*° 

Other bacterial infectious colitis include infection with E. coli 
O157:H7, which can occur in outbreaks or sporadically. Patients 
with this infection, particularly children and older adults, usu- 
ally present with bloody diarrhea and can develop associated 
hemolytic-uremic syndrome or thrombotic thrombocytopenic 
purpura. The colitis of E. coliO157:H7 is typically segmental and 
involves the splenic flexure/descending colon. Histology is that 
of ischemic colitis and the Shiga toxins produced by this organ- 
ism cause fibrin aggregation within the vasculature. Because the 
diagnosis requires a special culture medium and cannot be made 
on routine stool cultures, clinicians need to have a high index 
of suspicion and specifically request such a test. Development 
of molecular probes might facilitate the ability to establish this 
diagnosis. 
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Yersinia infections can mimic CD and cause enteritis, entero- 
colitis, or colitis and can last for several months before resolving 
spontaneously. The diagnosis is made on the basis of stool culture 
or a rising titer of serum antibody. Other, less common bacterial 
infections causing colitis include Aeromonas hydrophila and Liste- 
ria monocytogenes; the former is usually associated with drinking 
untreated water, and the latter is often associated with consump- 
tion of unpasteurized milk. 

A history of antibiotic use suggests pseudomembranous 
colitis associated with CDI (see Chapter 112). This infection 
which is among the most common infections in Crohn colitis 
and UC patients, manifests with diarrhea and may be super- 
imposed on or lead to a relapse of IBD. CDI can occur in the 
absence of antibiotics, especially in older adults and in patients 
who are taking PPIs or who have had placement of a postpy- 
loric tube. In a national survey of hospitalized patients in the 
USA, the prevalence of CDI among UC patients was 8 times 
higher than that of either non-IBD GI patients or all hospital- 
discharge patients.**! A more recent survey using the same 
database found that the prevalence of CDI infection in hos- 
pitalized UC patients increased from 2.4% in 1998 to 5.3% in 
2007.2 This infection can cause severe colitis that may prog- 
ress to toxic megacolon and bowel perforation. In fact, IBD 
patients hospitalized with CDI have a 3- to 4-fold increased 
risk of mortality and a 2.5-fold increased risk of colectomy 
compared with IBD patients who do not have CDI.**!?¥ Thus 
appropriate stool studies for toxin analysis are necessary to 
exclude superimposed CDI, even in patients with established 
UC who present with an exacerbation. It also can be chal- 
lenging to distinguish colonization from true CDI infection 
as exposure to health care is a risk factor for C. difficile isola- 
tion in IBD patients.**’ Nonetheless, all patients with IBD who 
present with a flare of disease activity should have C. difficile 
excluded as a cause of the exacerbation. 

In patients from endemic areas, certain protozoan and para- 
sitic infections need to be considered (see Chapters 113 and 
114). Amebic colitis tends to have a more prolonged course than 
do bacterial colitides, and the appearance of amebic colitis can 
resemble that of CD, or UC with larger discrete ulcers or uni- 
form small ulcerations, respectively. Schistosomal colitis may be 
chronic and diffuse, exhibit pseudopolyps, and involve the rec- 
tum. The presence of characteristic ova in a biopsy specimen con- 
firms the diagnosis. 

Other infectious causes of a bloody diarrhea include opportu- 
nistic infections of the colon in immunosuppressed patients (see 
Chapters 35 and 36). 

CMV infection has been reported in patients with IBD, typi- 
cally those with long-standing disease who are being treated with 
glucocorticoids or immunosuppressants. CMV infection should 
be considered whenever patients who have IBD and are taking 
glucocorticoids either fail to respond as expected or lose their 
response to treatment. CMV colitis in steroid-naive patients also 
has been described.*** Patients with CMV colitis often present 
with abdominal pain and bloody diarrhea and have discrete deep 
ulcers on colonoscopy. CMV colitis, however, also can manifest 
with diffuse inflammation and resemble UC. Because the clinical 
presentation of CMV colitis may be indistinguishable from a flare 
of IBD, a high index of suspicion is needed to make the diagno- 
sis. Endoscopic biopsies should be obtained from both the ulcer 
bed and adjacent mucosa; careful histologic examination for giant 
cells with intranuclear inclusion bodies is important to confirm 
the diagnosis. 

Sexually transmitted causes of proctitis, including gonor- 
rhea, Chlamydia, and lymphogranuloma venereum, usually 
do not cause diarrhea and are associated with large volumes of 
watery pus, especially gonorrhea. These diagnoses should be sus- 
pected clinically and confirmed by appropriate cultures as well as 
histologic appearance on rectal biopsy specimens. 


Differentiating IBD From Noninfectious Diseases 


Noninfectious causes of colitis that should be considered in the 
differential diagnosis of IBD include diverticulitis, ischemia, 
radiation, collagenous colitis, lymphocytic colitis, and drug- 
induced colitis. Diverticulitis and ischemic colitis usually present 
acutely or (less commonly) subacutely, but most noninfectious 
colitides have prolonged presentations that can extend for several 
months. Acute diverticulitis most commonly involves the sig- 
moid colon and does not involve the rectum (see Chapter 121). 
When the inflammation does extend to the rectum, it tends to 
be patchy and involves only the proximal rectum. This appear- 
ance is more likely to be confused with CD than with UC. A 
well-localized inflammatory process involving only the sigmoid 
colonic segment associated with diverticulosis (SCAD) also has 
been increasingly recognized as a distinct clinical and pathologic 
disorder, usually seen in older adults who present with rectal 
bleeding. 

Behçet disease may mimic CD and present with intestinal 
inflammation and EIMs. The presence of recurrent oral and 
genital ulcerations accompanied by uveitis and skin involvement 
should raise suspicion of Behget disease. It commonly affects 
males, and severe rectal bleeding is uncommon. There are no 
pathognomonic laboratory tests or endoscopic findings of intesti- 
nal Behcet disease, although single or few, large and deep ulcer- 
ations with discrete borders in the ileocecal region are described 
as a characteristic endoscopic pattern. In CD, typical endoscopic 
findings include discontinuous distribution of longitudinal ulcers 
(defined as =4 cm), a cobblestoned appearance, and/or small aph- 
thous ulcerations arranged in a longitudinal fashion. The pres- 
ence of other vasculitic lesions and positive pathergy test supports 
the diagnosis.*+* Recently, novel diagnostic criteria and a disease 
activity index have been proposed in the diagnosis of intestinal 
Behçet disease.?*° 

Ischemic colitis usually occurs in older adults (see Chapter 
118). The classic distribution is segmental involvement in the 
watershed areas around the splenic flexure or sigmoid colon but 
any area of the colon may be affected, and isolated involvement 
of the right colon and ischemic proctitis also have been described. 
Symptoms of ischemic colitis usually resolve within 2 weeks, 
although colonoscopic abnormalities may take up to 6 months to 
resolve completely. 

Radiation proctopathy/colopathy, also termed radiation coli- 
tis, usually occurs in patients who have been given radiation 
therapy for uterine, cervical, or prostate cancer. The location 
of disease depends on the sites irradiated but typically involves 
the rectosigmoid. The onset of symptoms often temporally cor- 
responds to the radiation therapy but can develop years afterward 
(see Chapter 41). 

Microscopic colitis, including lymphocytic and collagenous 
colitis, manifests with diarrhea and should be readily distin- 
guishable from UC by lack of rectal bleeding, the normal colo- 
noscopic appearance, and characteristic histopathology (see 
Chapter 128). 

A drug history must always be taken in a patient with coli- 
tis, because NSAIDs, gold, and penicillamine among many 
other drugs may induce colonic inflammation (see Chapter 128). 
NSAIDs commonly cause ileitis and right-sided colon ulceration 
that mimics ilecolonic CD.**” Novel immune checkpoint inhibi- 
tors used in the treatment of cancers such as melanoma are asso- 
ciated with immune-related colitis. The incidence of colitis was 
9.1% for ipilimumab monotherapy and as high as 13.6% for com- 
bined ipilimumab and nivolumab.*** 

Patients with IBD can present with symptoms similar to 
those of IBS (see Chapter 122), specifically diarrhea, abdominal 
pain, fatigue, and poor general well-being. Lack of rectal bleed- 
ing and laboratory markers of inflammation, as well as a normal 
endoscopic and histologic appearance, help distinguish IBS from 
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active IBD. Patients with quiescent IBD can have concomitant 
symptomatic IBS in the absence of active inflammation. Usually 
IBS symptoms are characterized by diarrhea in the morning in a 
patient with IBD who has no laboratory values to suggest active 
IBD. Though not as yet supported by therapeutic trials, it seems 
reasonable to initiate the evaluation of these patients by measur- 
ing the level of calprotectin in a fecal sample. If this lies clearly in 
a range associated with active inflammation, then further assess- 
ments of IBD activity and appropriate anti-inflammatory therapy 
should be initiated. 

Patients with IBD also can present with symptoms mimicking 
those of colonic neoplasm (see Chapter 127), solitary rectal ulcer 
syndrome (see Chapter 128), diverticular disease (see Chapter 
121), and factitious diarrhea (see Chapter 23). These diagnoses 
also do not give rise to diffuse inflammation in the colon and, 
therefore, should be distinguished easily from Crohn colitis or 
UC on colonoscopy 


ESTABLISHING THE DIAGNOSIS IN IBD 


No single symptom, sign, or diagnostic test establishes the diag- 
nosis of IBD. Rather, the diagnosis is established through a com- 
plete assessment of the clinical presentation with confirmatory 
evidence from radiologic, endoscopic, and, in most cases, patho- 
logic findings. 

Initial evaluation includes a thorough history-taking, physical 
examination, and basic laboratory tests. History-taking focuses on 
the key symptoms and their severity and duration. Specific points 
to be covered should include recent travel history, medication 
(including antibiotics and NSAIDs), history of appendectomy, 
diet, and sexual preference and activity. Particular attention should 
focus on proven risk factors including smoking, recent infec- 
tious gastroenteritis, and a family history of IBD and GI cancer. 
These factors can raise the level of suspicion for IBD but does not 
guarantee the diagnosis. The review of systems should focus on 
nocturnal symptoms and weight loss, as well as features of EIMs 
involving the joints, mouth, eye, skin, perianal abscess, or anal fis- 
sures. Fever may be associated with the underlying disease or a 
suppurative complication. A careful examination of the abdomen 
for signs of obstruction, tenderness, or a mass should be under- 
taken. Thorough inspection of the perineum and a rectal examina- 
tion might disclose findings highly suggestive of CD. 

Laboratory data is unlikely to be completely normal in IBD, 
but can be. Anemic patients should undergo further evaluation to 
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Fig. 115.11 Endoscopic and histologic appearances of CD. A wide variety of findings may be visualized on 
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define the contributions of iron, folate, or vitamin Bız deficiencies. 
The WBC count may be normal or elevated; an increased number 
of band forms suggests the possibility of a pyogenic complication or 
active IBD. Other markers of inflammation include fecal calprotec- 
tin or lactoferrin. In the patient with vague symptoms suggesting 
IBS, an elevated C-reactive protein or erythrocyte sedimentation 
rate, although not specific for IBD, should prompt further inves- 
tigation. Stool studies should include culture, examination for ova 
and parasites, and testing for C. difficile infection and should be per- 
formed before endoscopy. Serology for Entamoeba histolytica should 
be considered in travelers to endemic areas like developing parts of 
Central and South America, Africa, and Asia. Serologic testing (i.e., 
ASCA and ANCA) may be used as an adjunct to diagnosis, but they 
are not useful in routine diagnosis and cannot effectively differentiate 
colonic CD from UC. A commercially available panel that includes 
17 serology markers, nonspecific inflammatory markers and several 
genetic risk markers (Prometheus Laboratories, San Diego, CA) 
uses a proprietary random forest algorithm to generate a simple IBD 
score. Currently the added value of serologic panels in the diagnosis 
of IBD is not clear and is not routinely recommended.” Genetic 
testing is not currently routinely recommended for diagnosis, but 
may have future potential in precision medicine.” New biomark- 
ers (e.g., fecal volatile organic metabolites [VOMs]) can provide an 
understanding of gut metabolomic changes in IBD may have a role 
in the future. Fecal VOMs can be analyzed by gas chromatography 
mass spectrometry and help differentiate CD from UC?” 


Endoscopy 


For suspected CD, ileocolonoscopy with biopsies from the termi- 
nal ileum as well as each colonic segment to look for microscopic 
evidence of CD are first-line procedures to establish the diagno- 
sis. Upper GI endoscopy should be performed in patients with 
upper GI symptoms. Typical mucosal features recognized on 
endoscopy in CD include aphthous erosions, stellate and other 
discrete ulcers, mucosal edema, cobblestoning, and lumenal nar- 
rowing (Fig. 115.11). The presence of well-demarcated lesions 
on a background of normal mucosa is most easily recognized 
in early or mild disease and is typical of CD. Rectal sparing is 
more specific before treatment has been initiated. The discon- 
tinuous segmental nature of the disease is an important clue to 
the diagnosis. Intubation and biopsy of the terminal ileum should 
be attempted in all patients having colonoscopy. In general, the 
diagnostic accuracy of colonoscopy and histologic interpretation 


= 


endoscopy, in part depending on the duration and severity of the inflammation. A, Broad based ulceration in 
the rectum, with surrounding hyperplastic and edematous mucosa, so-called cobblestoning. B, serpiginous 
ulcerations in the ileum, with effaced villi and evidence of fibrostenotic appearance. 
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Fig. 115.11, cont’d C-J, histologic specimens demonstrating inflammatory infiltrate extending beyond the 
mucosa into the submucosa and muscularis; a crypt abscess is noted in 11H, and adjacent normal mucosa 
can be seen in several of the images. 
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is increased substantially by obtaining multiple biopsies from 
both involved and uninvolved sites. The use of jumbo forceps 
should be considered to improve submucosal sampling.*** 

In patients presenting with their first attack of UC, sigmoid- 
oscopy with biopsies usually is sufficient to confirm the diagnosis, 
thereby allowing initiation of therapy. In patients with active flares 
of disease, sigmoidoscopy is best performed in unprepared bowel 
or with just tap water enemas so that the earliest signs of UC can 
be detected without the hyperemia that is often present because of 
preparative enemas. Care must be taken to avoid excessive disten- 
tion during colonoscopy in patients with active disease to minimize 
risk of perforation. In patients diagnosed by sigmoidoscopy, colo- 
noscopy should be performed to establish the extent of the disease 
and to exclude CD after active disease has been controlled. 

Multiple biopsy specimens should be taken from throughout 
the colon and rectum to map the histologic extent of disease and 
to confirm the diagnosis.7*+ Mucosal biopsies should be obtained 
from areas with obvious macroscopic inflammation and those that 
appear spared; ideally, these should be placed in separate labeled 
jars in order to assess for the presence of microscopic disease and 
clarify the histologic extent and diagnosis. In addition, description of 
the ileocecal valve and intubation and biopsy of the terminal ileum 
should be attempted to exclude the presence of CD (ileitis) or other 
disease states that can mimic IBD. Pseudomembranes are neither 
necessary nor sufficient to diagnose CDI in IBD, and are seen in 
only 0% to 13% of cases.’*> Sigmoidoscopy combined with histo- 
logic evaluation may be useful for assessing disease severity and to 
exclude CMV infection, particularly when therapeutic response is in 
question. Colonoscopy may be similarly useful, especially in patients 
whose symptoms seem out of proportion to the known extent of dis- 
ease. In addition, colonoscopy is essential for CRC surveillance in 
patients with longstanding disease or PSC. 

The hallmark of UC is symmetric and continuous inflamma- 
tion that begins at the anorectal junction where the anal squa- 
mous mucosa transitions to rectal columnar mucosa; inflammation 
extends proximally without interruption for the entire extent of 
disease. The earliest endoscopic sign of UC is a decrease or loss 
of the normal vascular pattern, with mucosal erythema and edema 
(Fig. 115.12); distortion or loss of vascular markings may be the 
only endoscopic evidence of UC in patients with quiescent disease. 
As disease progresses, the mucosa becomes granular and friable. 
With more severe inflammation, the mucosa may be covered by 
yellow-brown mucopurulent exudates associated with mucosal 
ulcerations. In UC, mucosal ulcerations occur in areas of inflam- 
mation, vary in size from a few millimeters to several centimeters, 
and may be punctate, annular, linear, or serpiginous. Finally, severe 
UC is associated with friable mucosa that bleeds spontaneously, 
and, with diffuse colitis, there may be extensive areas of denuded 
mucosa from severe mucosal ulcerations (see Fig. 115.12). Marked 
edema can at times lead to narrowing of the lumen. 

In patients with long-standing UC, pseudopolyps may be 
present. Inflammatory pseudopolyps develop in active disease and 
result from inflamed, regenerating epithelium that is interposed 
between ulcerations. These inflammatory pseudopolyps may give 
the colonic mucosa a cobblestoned appearance. With repeated 
inflammation that is followed by healing, these pseudopolyps 
remain during the quiescent phase of disease and usually do not 
regress with treatment. Endoscopically, pseudopolyps typically 
are small, soft, pale, fleshy, and glistening; however, they may be 
large, sessile, or pedunculated and may have surface ulcerations. 
Rarely, pseudopolyps may even obstruct the lumen of the colon. 

There is a loss of normal colonic architecture with long-stand- 
ing inflammation that is characterized by muscular hypertro- 
phy, loss of the normal haustral fold pattern, decreased lumenal 
diameter, and shortening of the colon; the resultant featureless 
appearance of the colon in chronic UC gives rise to the lead-pipe 
appearance seen on barium enema. Strictures can occur in patients 
with chronic UC and result from focal muscular hypertrophy 
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associated with inflammation. Malignancy must be excluded in 
patients with UC who have strictures, particularly long strictures 
without associated inflammation and strictures proximal to the 
splenic flexure. 


Radiology 
Plain Films 


Patients with severe UC should be evaluated for the presence of a 
megacolon, by a plain film of the abdomen. The presence of intra- 
peritoneal air may be missed on plain abdominal films, however, and 
CT has demonstrated a better diagnostic yield than plain abdominal 
radiology for detecting disease complications and extent. In the pres- 
ence of severe disease, the lumenal margin of the colon—the interface 
between the colonic mucosa and the lumenal gas—becomes edem- 
atous and irregular. Thickening of the colonic wall often is appar- 
ent on a plain film, and prognostic signs such as islands of residual 
mucosa surrounded by extensive deep ulcerations, distention of the 
small bowel, and dilatation of the colon can be detected (Fig. 115.13). 

Plain films also are useful for detecting the presence of fecal 
material. The inflamed colon seldom contains feces, and no fecal 
material is present when the whole colon is inflamed. It is com- 
mon, however, for a patient with left-sided disease to have proximal 
constipation (Fig. 115.14). Thus a plain film can give considerable 
information with respect to the extent of disease. The presence 
of marked colonic dilatation suggests fulminant colitis or toxic 
megacolon. A plain abdominal film also can detect unsuspected 
free air indicating perforation in CD and UC, and although this 
finding is highly unusual in CD, it is useful in following the daily 
progress of a UC patient on high-dose glucocorticoid therapy in 
whom such a complication may be otherwise masked. Plain film 
studies may identify SBO but cannot depict its cause, and there- 
fore additional diagnostic evaluation including US, MRI or CT is 
necessary. These techniques are superior to conventional barium 
studies for the detection of stenotic lesions in CD.?°° 


CT and MRI 


In CD, cross-sectional imaging with MRI and CT enterography 
and transabdominal US are complementary to endoscopy and 
allows examination of disease extent and staging for inflammatory, 
obstructive, and fistulizing CD. Historically, barium studies have 
been the mainstay of imaging for CD to define anatomic location 
and complications including strictures or fistulas, but because of 
the lower sensitivity of barium studies, alternative techniques are 
preferred if available. Both CT and MRI can establish disease 
extension and activity based on wall thickness and increased IV 
contrast enhancement.’>’ CT is more widely available and is less 
time consuming than MRI. 

Standard CT studies do not demonstrate mucosal detail and 
often appear normal early in the course of disease, but CT enterog- 
raphy allows fine mucosal changes to be evaluated along with 
extralumenal features (and complications of CD). CT enterogra- 
phy differs from routine CT by the use of a high-resolution multi- 
detector scanner, IV contrast, and large volumes of oral contrast 
(either dilute barium or negative water-based contrast) to improve 
visualization of the small intestinal wall and reveal lumenal details 
(Fig. 115.15). Radiologic findings that are significantly correlated 
with endoscopic evidence of CD activity include mural enhance- 
ment (segmental enhancement of all or part of the small intestinal 
wall); increased density of peri-enteric fat (focal increased inho- 
mogeneous attenuation in the peri-enteric fat, compared with the 
appearance of subcutaneous or peri-enteric fat in adjacent nonin- 
flamed intestinal loops); and the comb sign (segmental dilatation 
of the vasa recta involving an intestinal loop).??* Mural enhance- 
ment may be the most useful finding and can be quantified in a 
semi-automated fashion using dedicated software.*>*75? When 
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Fig. 115.12 Spectrum of severity of UC. A, Colonoscopic findings in mild UC demonstrating edema, loss of 
vascularity, and patchy subepithelial hemorrhage. B, Colonoscopic findings in severe UC demonstrating loss of 
vascularity, hemorrhage, and mucopus. The mucosa is friable, with spontaneous bleeding as well as bleed- 

ing after the mucosa is touched by the endoscope. C, Histopathology showing a severe acute and chronic 
inflammatory process, with multiple crypt abscesses. D, Histopathology showing distortion of the colonic archi- 
tecture with a loss of crypts and abnormal branching of the crypts. Recognition of disordered architecture is 
useful in differentiating acute from chronic colitis. E, Colonoscopy findings in a patient with chronic UC under- 
going surveillance for CRC. The ascending colon (top left), transverse colon (top right), and descending colon 
(bottom left) are normal, but the sigmoid colon shows active inflammation (bottom right). F A biopsy specimen 
of the normal-appearing colon demonstrates abnormal architecture with shortened crypts but no active colitis. 
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compared with a consensus diagnosis of CD based on clinical 
presentation and 4 different imaging modalities, the sensitivity of 
CT enterography was 82%, specificity was 89%, and accuracy was 
85%. The safety of radiation exposure associated with the rou- 
tine use of CT is a matter of much debate, and needs to be taken 
into careful consideration if this technology is to replace other 
diagnostic modalities, especially in children.*°!7 

As an alternative to CT, MRI is approaching equivalent image 
quality in evaluation of the intestine. MR enterography has the 
advantages of providing high soft tissue contrast, obtaining static 
and dynamic images, and avoiding ionizing radiation? Similar 


-s 


Fig. 115.13 Plain abdominal film of a patient with severe UC. The 
transverse colon is dilated (arrow), the colon wall is thickened, and 
mucosal islands are visible. In addition, distended loops of small bowel 
are apparent. 
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Fig. 115.14 Plain abdominal film of a patient with mild left-sided UC 
showing a stool-filled proximal colon, but no stool in the involved 
segment of colon. 
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to CT enterography, patients drink an oral contrast agent before 
the procedure. Some European centers incorporate enteroclysis 
with nasoduodenal intubation to administer the contrast, which 
might increase the yield for subtle mucosal lesions but is likely 
to be less acceptable to most patients.*® Findings of intestinal 
wall thickening, submucosal edema, vasa recta engorgement, and 
lymphadenopathy are signs of active disease (Fig. 115.16). Using 
dynamic FIESTA (Fast Imaging Employing STeady state Acqui- 
sition), images can add information regarding the functional 
status of fibrotic segments. A scoring system was developed for 
assessing small intestinal CD and gives higher scores for details 
such as increased wall thickness and contrast enhancement, ste- 
nosis and mucosal abnormalities, absence of peristalsis and dis- 
tensibility, and extraintestinal findings.”°+ Using these criteria, 
compared with the gold standard of ileocolonoscopy with biop- 
sies, the MRI images yielded a diagnostic accuracy of 91%. 

Other potentially useful diagnostic modalities include US and 
scintigraphy. Transabdominal US is used mainly to exclude other 
causes of abdominal pain (e.g., biliary and gynecologic disorders), 
but it also can be effective in evaluating disease activity of lumenal 
CD.?® Contrast-enhanced Doppler US has increased sensitivity and 
specificity for detection of disease activity and relies on the presence 
of increased bowel thickness.?°?°7 The importance of this sign has 
a sensitivity of 75% to 94% on US.?° The ileocecal region, ascend- 
ing colon, and descending colon are adequately visualized in most 
patients. There has been some interest in using EUS to differentiate 
CD (transmural) from UC, but its major value is limited to evalu- 
ate and guide therapy of perianal disease.” Pelvic MRI is the pre- 
ferred imaging modality to evaluate suspected pelvic, perirectal or 
perianal abscess or fistula in CD. Doppler vascular flow studies to 
evaluate CD activity have been investigated with mixed results.?”° 
Early findings suggest that US elasticity imaging may be useful to 
detect intestinal fibrosis in strictures.’”! In addition, 9°"Tc leuko- 
cyte scintigraphy has an accuracy of 84% compared with the gold 
standard of intraoperative findings,’”* although it is used seldom in 
clinical practice to detect bowel inflammation. Early data suggest a 
possible role for PET/CT scanning to help in evaluating the activity 
level and distribution of CD.?2# 24 

Small bowel capsule endoscopy (SBCE) is a sensitive tool 
to detect small intestinal lesions of CD. The diagnostic yield of 
SBCE is superior to other modalities, including small bowel fol- 
low-through, push enteroscopy CT-enteroclysis, and MRI for 
diagnosing small bowel disease.” Although SBCE may be very 
sensitive in identifying lesions (even if standard endoscopy has been 
unrevealing),’+* its low specificity limits its use as a first-line study 
to diagnose small intestinal CD.*°° The presence of a significant 
bowel stricture should be excluded radiologically or by patency 
capsule’’+?7> before attempting VCE, because capsule retention 


i -a = ~ = 
Fig. 115.15 CT enterography in a patient with Crohn disease showing 
an intestinal stricture with pre-stenotic dilatation. The stricture is partly 
inflammatory, with increased enhancement, mural thickening, and peri- 
enteric inflammation. (Courtesy Dr. Edward Loftus and Dr. Joel Fletcher, 
Rochester, MN.) 
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and obstruction may occur in 2.6% of patients.’’° Nonetheless, 
capsule retention can be clinically useful to localize occult stric- 
tures pre- and intraoperatively.”’” Increasingly, single- and double- 
balloon enteroscopy are being used to address jejunal and proximal 
ileal CD,’’* allowing for biopsy (and balloon dilation) of strictures. 


MEASURING DISEASE ACTIVITY IN IBD 
Crohn Disease 


Disease activity can be categorized into mild, moderate, or 
severe depending on response to therapy, presence of systematic 


Fig. 115.16 MR enterography with gadolinium contrast in a patient 
with CD. This coronal view shows mural hyperenhancement, mural 
thickening, and the comb sign (engorged peri-enteric vasculature) 
involving the terminal ileum. The vessels are seen medial to the inflamed 
loop and resemble the teeth of a comb. (Courtesy Dr. Edward Loftus 
and Dr. Jeffrey Fidler, Rochester, MN.) 


TABLE 115.4 Crohn Disease Activity Index 


toxicity, abdominal tenderness, mass or obstruction, and degree 
of malnutrition, weight loss, and anemia. 

Composite scoring systems, most commonly the CD Activity 
Index (CDAI [Table 115.4]), are used in clinical trials in an attempt 
to integrate the many possible features of the disease. Remission is 
widely accepted as a CDAI less than 150 and response to drug ther- 
apy is defined as a decrease in CDAI 2100 points.!** Other disease 
activity indices include the Cape Town index,”*® the Harvey-Brad- 
shaw index,**! the International Organization of IBD (or Oxford) 
index,?*? the St. Marks Crohn index,?*? De Dombal’s index,?**+ and 
the Talstad index,” but these are confined to research.’*° Spe- 
cialized indices also have been developed for use in children with 
CD.?857288 All these indices vary in the features included in the scor- 
ing system, but most include a combination of subjective symp- 
toms and objective findings on examination and laboratory testing. 
Other approaches have included use of disease-activity indices 
that focus on a specific outcome, such as perianal disease,”°°??? or 
endoscopic findings.*?!7"* Each of these approaches has advantages 
and disadvantages, but all have their application in research rather 
than in clinical practice. It has been shown that symptoms do not 
always correlate with objective assessment of disease activity, such 
as endoscopy, biomarkers (C - reactive protein [CRP] or fecal cal- 
protectin), or CT/MRI, and symptoms alone should not generally 
guide therapeutic decisions. Mucosal healing based on endoscopy 
and biomarkers has emerged as a therapeutic target beyond pure 
symptom resolution.?? 

The erythrocyte sedimentation rate and serum acute phase 
response proteins (e.g., CRP) may be useful in tracking disease 
activity, but lack sensitivity and specificity. High CRP levels are 
indicative of active disease or an infectious complication. In addi- 
tion, there is a good correlation between clinical and endoscopic 
disease activity in CD and CRP level.?”* Fecal excretion of calpro- 
tectin (a calcium- and zinc-binding protein found in neutrophils) 
and of lactoferrin (an iron-binding glycoprotein secreted by most 
mucosal membranes) have been shown to be sensitive markers of 
intestinal inflammation’? that also might correlate with relapse 
of quiescent disease and response to therapy with biologics.’*° 
The diagnostic accuracy of fecal calprotectin, as compared to 
endoscopically active IBD, had a pooled sensitivity and specific- 
ity of 88% and 73%, respectively. Though the specificity of fecal 
calprotectin in UC (79%) was higher than CD (67%).?°6:297 


Variable Scale 


Weight 


Liquid or very soft stools 
Abdominal pain 
General well-being 


Stool count summed daily for 7 days 2 
Sum of 7 days of daily ratings as: 0 = none, 1 = mild, 2 = moderate, 3 = severe 5 
Sum of 7 days of daily ratings as: 1 


0 = generally well, 1 = slightly below par, 2 = poor, 3 = very poor, 4 = terrible 


Features of extraintestinal disease Any of the following present during the 7 days of daily ratings: 20 each 
a Arthritis or arthralgia 
b Skin or mouth lesions, including pyoderma gangrenosum, 
erythema nodosum, aphthous stomatitis 
c lritis or uveitis 
d Anal fissure, fistula, or perirectal abscess 
e Other external fistula 
f Fever more than 100°F 
Opiate use for diarrhea 0 =no, 1 =yes 30 
Abdominal mass 0 = none, 2 = questionable, 5 = definite 10 
Hematocrit value (%): Males: 47—hematocrit 6 
Females: 42—hematocrit 
% Body weight below standard 100 x [1-(body weight/standard weight)] il 


*To calculate the CDAI, the scale is multiplied by the weighting factor for each variable, and then all 8 weighted variables are added. 
From Best WR, Becktel JM, Singleton JW, et al. Development of a Crohn’s disease activity index. National Cooperative Crohn’s Disease Study. Gastroenter- 


ology 1976; 70:439-44, with permission. 
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Ultimately, it is desirable to measure the patient’s overall state 
of wellbeing, or subjective health status. Health-related quality of 
life may be measured with generic instruments, which focus on 
various domains of health common to many disease states, or with 
disease-specific instruments, which focus on specific domains rel- 
evant to the disease of interest. The IBD Questionnaire is the most 
widely accepted disease-specific instrument and measures separate 
domains for bowel, social, systemic, and emotional function.*? 


UC 


Assessment of disease activity is important for prognostica- 
tion and therapeutic decision making. There exist numerous 
instruments to measure disease activity for UC, some of which 
are purely clinical, endoscopic, or histologic, and others that 
combine clinical and endoscopic assessments. When evaluating 
these various activity indices, it is important to recognize that 
generally these measures are nonspecific, and thus patients with 
other disorders, such as IBS, could attain high scores even in 
the absence of any inflammation. Moreover, the scores of the 
indices typically are derived by incorporating various signs and 
symptoms for which there are no standardized definitions. 

Although none of these indices is accepted universally as stan- 
dard, one of the most commonly used is that of Truelove and 
Witts.*”” This purely clinical classification categorizes disease 
as mild, moderate, or severe based on a combination of clinical 
findings and laboratory parameters, including frequency of bowel 
movements, rectal bleeding, fever, tachycardia, anemia, and ele- 
vated ESR (Box 115.2). The Truelove and Witts classification 
is reliable and simple to use in clinical practice, although it is 
most applicable for patients with extensive colitis and might not 
adequately reflect disease severity in patients with limited colitis. 

A numerical disease activity instrument that has been used 
extensively in randomized controlled trials is the Mayo Score.’’> 
This index, which combines clinical and endoscopic assess- 
ments, is the sum of scores from 4 components: stool frequency, 
rectal bleeding, sigmoidoscopic findings, and physician’s global 
assessment (Table 115.5). This disease activity index ranges 
from 0 to 12, with the higher total scores representing more 
severe disease. In general, a patient is considered to be in remis- 
sion if the Mayo score is 2 or below and to have severe disease 
if the score is above 10. Clinical response generally is accepted 
when the score decreases 3 points from the patient’s initial base- 
line score. 

Other scales also have been developed, many of which are 
modifications of the Truelove and Witts classification and the 
Mayo Score. None of these disease activity instruments has 
ever been formally validated. There also exist many endoscopic 
and histologic scales for grading the severity of colitis.?77778 
Endoscopic findings do not always correlate with clinical 
symptoms, and such correlations generally are more consistent 
within individuals. Thus, although therapeutic decisions are 
based primarily on clinical status, it may be useful to follow the 
sigmoidoscopic mucosal appearance over time in an individual 
patient if the clinical response to treatment is uncertain. 

In addition to the typical categorization of disease activ- 
ity into mild, moderate, and severe, an important subgroup is 
fulminant colitis. Patients with severe colitis who appear toxic, 
with fever more than 38.3°C (101°F), tachycardia, abdominal 
distention, signs of localized or generalized peritonitis, and 
leukocytosis, are considered to have fulminant colitis. Toxic 
megacolon is said to occur when there is radiologic evidence 
of transverse colon dilatation to more than 6 cm in an acutely 
ill patient. Fulminant colitis and toxic megacolon are clinical 
diagnoses, and complete colonoscopic examination should be 
avoided in patients with severe or fulminant colitis because of 
the risk of inducing megacolon or perforation. In this patient 
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BOX 115.2 Truelove and Witts Classification of the Severity 
of UC 


MILD 


less than 4 stools/day, without or with only small amounts of blood 
No fever 

No tachycardia 

Mild anemia 

ESR less than 30 mm/hr 


MODERATE 
Intermediate between mild and severe 
SEVERE 


more than 6 stools/day, with blood 

Fever more than 37.5°C 

Heart rate more than 90/min 

Anemia with Hgb level less than 75% of normal 
ESR more than 30 mm/hr 


ESR, erythrocyte sedimentation rate. 
Adapted from Truelove SC, Witts LU. Cortisone in ulcerative colitis: final 
report on a therapeutic trial. Br Med J 1955; 2:1041-8. 


TABLE 115.5 Mayo Score for the Severity of UC 


Score Criteria 


STOOL FREQUENCY 


0 Normal 

i 1-2 stools/day more than normal 

2 3-4 stools/day more than normal 

3 5 or more stools/day more than normal 

RECTAL BLEEDING 

o None 

1 Streaks of blood with stool less than half the time 

2 Obvious blood with stool most of the time 

3 Blood alone passed 

MUCOSAL APPEARANCE 

0 Normal 

il Mild disease (erythema, decreased vascular pattern, mild 
friability) 

2 Moderate disease (marked erythema, absent vascular 
pattern, friability, erosions) 

5 Severe disease (spontaneous bleeding, ulceration) 

PHYSICIAN GLOBAL ASSESSMENT 

0 Normal 

1 Mild disease 

2 Moderate disease 

3 Severe disease 


Mayo score: Range, 0-12. 

From Schroeder K, Tremaine W, Ilstrup D. Coated oral 5-aminosalicylic 
acid therapy for mildly to moderately active ulcerative colitis: a random- 
ized study. N Engl J Med 1987; 317:1625-9. 


population, a limited flexible sigmoidoscopy is appropriate to 
ensure that the etiology of the symptoms is indeed UC itself and 
not other conditions. 


Full references for this chapter can be found on www.expertconsult.com. 
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Historically, the goals of treatment of Crohn disease (CD) and 
UC have been achievement of symptomatic remission, namely 
absence of abdominal pain, diarrhea, or rectal bleeding and nor- 
malization of primarily symptom-based disease activity indices 
such as the CD activity index (CDAI) or simple clinical coli- 
tis activity index. Achieving these goals in the absence of cor- 
ticosteroids, termed “steroid-free remission,” was recognized 
as sufficient to improve the patient’s quality of life (QOL) and 
short-term outcomes. However, it increasingly has been recog- 
nized that in many patients, symptoms demonstrate an imper- 
fect correlation with objective resolution of inflammation, and 
that the latter rather than the former may be more important 
to ensure the best long-term outcome.! A large Norwegian pro- 
spective study of 740 patients with IBD demonstrated that those 
who achieved mucosal healing within 1 year of diagnosis had a 
significantly lower likelihood of undergoing colectomy or requir- 
ing subsequent courses of corticosteroids up to 5 years after 
diagnosis.’ Incorporation of mucosal healing as an endpoint in 
clinical trials has yielded similar correlation between early objec- 
tive endoscopic healing on colonoscopy and superior longer-term 
outcomes,’ and indeed such an approach may be more cost-effec- 
tive than one targeting resolution of symptoms.* The definition 
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of an appropriate endoscopic treatment target has varied between 
clinical studies and continues to evolve.! In CD, endoscopic 
healing is frequently defined as the absence of ulceration, cor- 
responding to a cut-off <3 when disease activity is scored using 
the CD Endoscopic Index of Severity (CDEIS). For UC, a Mayo 
endoscopic score of 0 (normal, intact mucosa) or 1 (erythema, 
vascular blunting, but absence of friability, erosions, or ulcer- 
ations) is termed “endoscopic remission,” though emerging data 
suggest that an endoscopic score of 0 may be achievable in many 
patients and it is associated with better outcomes when compared 
to a score of 1.5 Given the transmural nature of inflammation 
in CD, radiologic resolution of inflammation on cross-sectional 
imaging is also of interest. There exist several scoring systems for 
quantifying active inflammation or damage in the small or large 
bowel.°’” The cut-offs for defining healing using cross-sectional 
imaging still require validation, however, radiologic improve- 
ment of inflammation with initiation of biologic therapy cor- 
relates with improved patient outcomes and offers an attractive 
therapeutic target in many patients.! Fecal inflammatory mark- 
ers such as calprotectin also demonstrate strong correlation with 
objective inflammation on endoscopy and normalization of such 
fecal markers can be surrogates for achievement of endoscopic 
healing. Recognizing the progressive nature of these diseases, dis- 
ease damage scores like the Lémann Index that incorporate endo- 
scopic and radiologic severity of disease as well as prior history, 
such as resections, have been developed.’ The treatment target 
in CD and UC is not merely resolution of active inflammation 
but also ensuring normalization of patients’ health-related QOL. 
Many patients with IBD, despite achieving endoscopic remission, 
may continue to experience symptoms such as pain, depression, 
anxiety, and fatigue which can have a negative impact on func- 
tioning. A multidisciplinary approach is beneficial and new mod- 
els of IBD care are emerging to help patients achieve relief from 
symptoms, restore QOL, and reduce unplanned care.*!° Other 
treatment targets include achieving fistula healing, maintaining 
nutrition, preventing therapy-related adverse events, and, in chil- 
dren, normalization of growth and development. 


MEDICAL THERAPY 
Aminosalicylates 


Sulfasalazine, the parent compound of all aminosalicylates (ASAs) 
used in IBD, was developed by the Swedish physician Nanna 
Svartz in 1938 to 1939 as a treatment for RA.!! In 1941 to 1942 
it was serendipitously found to improve the intestinal symptoms 
of patients with colitis who were being treated for associated 
arthropathy. Most of the adverse effects (AEs) of sulfasalazine are 
due to its sulfapyridine moiety, which is used to prevent absorp- 
tion of the 5-ASA portion of the molecule in the small intestine. 
A classic experiment by Azad Khan and colleagues showed that 
5-ASA (mesalamine) rather than sulfapyridine is the therapeutic 
moiety of sulfasalazine.!? Approximately 90% of sulfasalazine 
reaches the colon, and only a small amount is absorbed in the 
small intestine. On reaching the colon, the enzyme azoreductase, 
which is elaborated by anaerobic colonic bacteria, cleaves the azo 
bond to release the active constituent moiety, 5-ASA; this agent 
is thought to effect its anti-inflammatory activity topically, but 
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Fig. 116.1 Molecular structures of 5-aminosalicylate (5-ASA) prepara- 
tions. 


possibly also through absorption and via the microenteric circula- 
tion. Of the 5-ASA that is absorbed from the colon, 20% under- 
goes hepatic acetylation, forming N-acetyl 5-ASA, and is excreted 
in the urine. 

Because the sulfapyridine moiety is thought to be respon- 
sible for most of the AEs of sulfasalazine therapy, various sulfa- 
pyridine-free formulations and controlled-release systems (Fig. 
116.1; Table 116.1) have been developed to deliver 5-ASA to 
specific sites of the GI tract. Olsalazine (Dipentum) is a 5-ASA 
dimer with an azo bond linkage that is formulated in gelatin 
capsules. Balsalazide (Colazal) consists of a 5-ASA monomer 
linked to 4-aminobenzoyl-f-alanine, a relatively large bio- 
logically inactive carrier molecule. Like sulfasalazine, 5-ASA is 
released from olsalazine and balsalazide in the colon upon cleav- 
age of the azo bond by bacterial enzyme azoreductase. Approxi- 
mately 99% of uncleaved drug is delivered intact to the colon, 
and its metabolites are cleared rapidly in stool and in the urine. 
Four different commonly used mesalamine preparations allow 
delivery of 5-ASA before the drug reaches the colon: Pentasa, 
Apriso, Asacol, and Lialda. Pentasa uses ethyl cellulose-coated 
microgranules that release mesalamine from the duodenum 
throughout the small intestine and the colon; about 50% of the 
5-ASA is released in the small intestine, and the remainder is 
released in the colon. Apriso uses a slightly different formula- 
tion of mesalamine granules with a delayed-release enteric coat- 
ing that allows for the gradual release of mesalamine at a pH of 
26 in the terminal ileum and throughout the colon. Asacol is 
a Eudragit-S-100-coated mesalamine tablet that is released at 
a pH >7, usually in the distal ileum and the colon. With Asa- 
col, about 15% to 30% of the mesalamine is released in the 
small intestine. Lialda (MMX mesalamine) is a novel mesala- 
mine formulation that uses a multimatrix structure composed 
of an inner lipophilic matrix and an outer hydrophilic matrix. It 
is coated with a pH-dependent polymethacrylate film to allow 
the delayed release of mesalamine at a pH >7 in the terminal 
ileum and colon. This technology also allows mesalamine to be 
released slowly and in close proximity to the colonic mucosa. 
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TABLE 116.1 Oral 5-Aminosalicylic Acid Preparations and Sites of 
Delivery in the GI Tract 


Drug Formulation Site of delivery 
PRODRUGS 
Balsalazide 4-aminobenzoyl B-alanine + Colon 

5-ASA 
Olsalazine 5-ASA dimer Colon 
Sulfasalazine Sulfapyridine + 5-ASA Colon 


MESALAMINE PREPARATIONS 


Asacol, Claversal, pH sensitive, resin-coated; Distal ileum, colon 
Delzicol Salofalk/ delayed release 
Apriso 
Canasa Suppository Rectum 
Lialda pH sensitive, multi-matrix and Distal ileum, colon 
polymethacrylate coated; 
delayed and slow release 
Pentasa Ethylcellulose-coated Duodenum to 
microgranules; controlled colon 
release 
Rowasa Enema Distal colon 


5-ASA, 5-aminosalicylate. 


Additional delivery systems include mesalamine suppositories 
or enemas, which provide the drug to the rectum and distal 
colon. 


Aminosalicylate Treatment of Crohn Disease 


There are limited data supporting a role for ASAs in the man- 
agement of CD. Most studies have shown sulfasalazine to be 
superior to placebo in inducing remission in active CD, when 
the colon is the primary site affected.!’.'+ Efficacious doses, 
as used in the National Cooperative Crohn’s Disease Study 
(NCCDS), are in the range of 4 to 6 g/day (1 g/15 kg body 
weight). The European Cooperative Crohn’s Disease Study 
found that sulfasalazine at a dose of 3 g/day provided no signif- 
icant benefit in achieving remission.!> Early studies with con- 
trolled-release mesalamine (Pentasa) at doses <2 g/day failed to 
show efficacy in the treatment of mildly to moderately active 
CD.!°!7 A large study comprising 466 patients with mildly to 
moderately active CD compared daily doses of 1, 2, and 4 g 
with placebo over a period of 16 weeks. The 43% remission 
rate on 4 g mesalamine was statistically and clinically superior 
to the placebo response rate of 18%.!8 Subsequent trials of 
similar design, however, failed to show benefit over placebo; 
although the treatment effect was of similar magnitude, the 
placebo response was larger than the originally observed 18%. 
A meta-analysis failed to demonstrate a clinically significant 
benefit of Pentasa 4 g/day in patients with mildly to moder- 
ately active CD.!? Numerous studies with a variety of prepara- 
tions also have failed to demonstrate prevention of relapses of 
CD with 5-ASA compounds.'*”° Therefore, although main- 
tenance therapy with mesalamine commonly is prescribed in 
CD, little data justify the expense and inconvenience of this 
practice, and mesalamine-based products have been excluded 
from recent evidence-based treatment algorithms.’! In sum- 
mary, sulfasalazine (4 to 6 g/day) may be useful for inducing 
remission of mildly to moderately active colonic CD, whereas 
the role of mesalamine is uncertain.”2 In individual cases, the 
small margin of benefit and relatively slow onset of effect (4 to 
8 weeks) may be weighed against the excellent safety profile of 
these agents (Table 116.2). 
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Aminosalicylate Treatment of UC 


Oral-Administered Therapies 

Sulfasalazine and various oral mesalamine derivatives have dem- 
onstrated efficacy for induction and maintenance of remission 
in mildly to moderately active UC (Fig. 116.2). They have not 


been evaluated in a randomized, controlled fashion in patients 
with severely active disease. At a dose of 3 to 6 g/day, sulfasala- 
zine induces remission in 39% to 62% of patients with mildly to 
moderately active UC, about twice the remission rate of placebo- 
treated patients.™?* Meta-analyses have demonstrated that the 
mesalamines are as efficacious as sulfasalazine, and the various 


TABLE 116.2 Safety Profiles of Agents Used to Treat Crohn Disease and UC 


Agent Adverse Effects 


Pregnancy* 


Nursing* 


5-AMINOSALICYLATES (5-ASA) 

Sulfasalazine Anorexia, dyspepsia, nausea and vomiting, 
hemolysis, neutropenia, agranulocytosis, 
folate deficiency, reversible male infertility, 
neuropathy; see also sulfa-free 5-ASAs 


Sulfa-free 5-ASAs Headache, drug fever, rash, paradoxical 


(mesalamine, disease exacerbation, pancreatitis, 
olsalazine, hepatitis, pericarditis, pneumonitis, 
balsalazide) nephritis 
Secretory diarrhea (olsalazine) 
ANTIBIOTICS 
Metronidazole Anorexia, nausea and vomiting, dysgeusia, 
disulfiram-like effect, peripheral 
neuropathy, reversible neutropenia 
Ciprofloxacin Nausea and vomiting, headache, 


restlessness, rash, pseudomembranous 
colitis, elevated serum aminotransferase 
levels, spontaneous tendon rupture 


GLUCOCORTICOIDS 


Classic Sleep and mood disturbance, acne, 
striae, hirsutism, adrenal suppression, 
proximal myopathy, glucose intolerance, 
hypertension, narrow-angle glaucoma, 
cataracts, pseudotumor cerebri, infection, 
edema, impaired wound healing, growth 
retardation, bone loss, aseptic necrosis 
Budesonide Adrenal suppression at doses of 9 mg daily, 
(ileal release , but occurrence of classic glucocorticoid 
multimatrix (MMX) AEs are similar to placebo 
IMMUNOMODULATORS 
6-mercaptopurine, Nausea, drug fever, rash, arthralgias, 
azathioprine leukopenia, thrombocytopenia, bone 
marrow suppression, pancreatitis, 
hepatitis, infection; lymphoma 
Methotrexate Anorexia, nausea and vomiting, leukopenia, 
megaloblastic anemia, alopecia, 
hepatic fibrosis, interstitial pneumonitis, 
neuropathy 
Cyclosporine/ Reversible or irreversible decrease in renal 
tacrolimus function, hypertension, tremor, headache, 
paresthesias, seizure, gingival hyperplasia, 
hypertrichosis, hepatotoxicity, infection, 
lymphoma 
Tofacitinib Infections, particularly herpes zoster infection, 


headache, skin rash, increased serum 
cholesterol, diarrhea, anemia, increased 
creatine phosphokinase (CPK) ; possible 
pulmonary embolism and increased 
mortality were seen with increased doses 
in high risk rheumatoid arthritis patients; 
this has not been seen in UC patients. 


No evidence of teratogenicity; normal fetal growth; 
give with folic acid 


No evidence of teratogenicity in humans, normal fetal 
growth 

Branded Asacol and Asacol HD with dibutyl 
phthalate coating is associated with teratogenicity 
in animals 


Questionable teratogenicity, normal fetal growth 


Theoretical teratogenic potential; insufficient data in 
humans 


No evidence of teratogenicity in humans, more 
frequent stillbirths and reduced fetal birth weight 
when used for other diseases; may be used as 
indicated by severity of disease 


Limited human data but probably low risk 


Teratogenic in animals, but large series in renal 
transplantation and other diseases including IBD 
do not show an increase in birth defects; evidence 
for fetal growth retardation and prematurity; 
isolated cases of neonatal immune and bone 
marrow suppression may be used when indicated 
because of disease severity 


Highly teratogenic, particularly in the first trimester; 
abortifacient 


Significant levels in fetal circulation; does not appear 
to be teratogenic; intrauterine growth retardation 
and premature delivery are increased, especially at 
higher doses; little reported experience in IBD 


Limited information 


Negligible amounts found in 
breast milk; safe for term 
neonates 


Found in breast milk in low 
concentrations; rare 
watery diarrhea in breast- 
fed infants 


Found in breast milk; with 
rare exception, should not 
be used 


Found in breast milk, should 
not be used 


Safe for breast-feeding 


No data available, probably 
safe for breast feeding 


Small amounts excreted 
in breast milk; not 
recommended 


Small amounts excreted 
in breast milk; not 
recommended 


Excreted in breast milk; not 
recommended 


Limited information; consider 
avoiding until further 
information is available 
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TABLE 116.2 Safety Profiles of Agents Used to Treat Crohn Disease and Ulcerative Colitis—cont’d 


Agent Adverse Effects 
BIOLOGIC RESPONSE MODIFIERS 


Anti-TNF antibodies Upper respiratory tract and other infections, 


(infliximab, disseminated TB, increased risk of 
adalimumab, systemic fungal infection and other 
golimumab, intracellular pathogens, acute or delayed 
certolizumab hypersensitivity reactions, antinuclear 
pegol) antibodies, anti-double-stranded 
DNA antibodies, lupus-like reaction, 
demyelinating disease, lymphoma; 
contraindicated in heart failure because of 
increased mortality 
Natalizumab Headache, flushing, infections, progressive 
multifocal leukoencephalopathy, jaundice, 
liver failure 
Vedolizumab 
headache 
Ustekinumab Upper respiratory and other systemic 


infections, headaches 


Pregnancy* 


Growing amount of evidence supporting safety, but 
still relatively limited data in humans. Infliximab 
and adalimumab can freely cross the placenta 
and lead to high levels in newborns, whereas 
certolizumab pegol only crosses the placenta in 
very limited quantities 


Teratogenic in animals; case series in patients with 
multiple sclerosis suggest it is safe 


Nasopharyngitis, upper respiratory infections, Limited data; likely transplacental transfer occurs 


Limited data; likely transplacental transfer occurs 


Nursing* 


Minimal levels in breast milk 


Unknown safety in nursing 


Unknown; likely small 
amounts are present in 
breastmilk 


Unknown; likely small 
amounts are present in 
breastmilk 


*From Connell WR. Safety of drug therapy for inflammatory bowel disease in pregnant and nursing women. Inflamm Bowel Dis 1996; 2:33-47, with 
permission. Updated based on Ng S, Mahadevan U. Management of inflammatory bowel disease in pregnancy. Expert Rev Clin Immunol 2013; 9:161-73. 
Adapted from Sands BE. Therapy of inflammatory bowel disease. Gastroenterology 2000; 118(2 Suppl 1):S72, with permission. 


mesalamine preparations appear to be comparable in efficacy.**7° 
A Cochrane review of oral 5-ASA for induction of remission 
included a total of 53 studies comprising 8548 patients.’° In the 
induction studies, 29% of patients treated with 5-ASA entered 
clinical remission compared with 17% of patients given placebo. 
There was no difference in efficacy between patients who received 
the conventional dosing in 2 to 4 split doses daily compared with 
those who received once daily dosing (relative risk [RR] 0.94, 
95% confidence interval 0.83 to 1.07) suggesting that the latter 
may be more effective from the standpoint of patient adherence 
because of increased convenience. 

More important than the specific 5-ASA preparation is the 
dose-dependent response when 5-ASA is used as an induction 
therapy for active UC.*+> For this indication, mesalamine is 
not effective at doses less than 2 g daily, and there may be an 
increased response at doses of 4 to 4.8 g daily for some patients. 
The ASCEND I and II trials showed that mesalamine at doses 
of 2.4 and 4.8 g/day had similar efficacy for patients with mildly 
active disease, but that the higher dose (4.8 g/day) led to signifi- 
cantly higher response rates, but not remission rates, in patients 
with moderately active disease.2’?* The ASCEND III trial 
reported that patients with moderately active UC treated with 
Asacol 4.8 g/day had significantly higher remission rates but not 
response rates than those treated with 2.4 g/day.’? Also, data from 
ASCEND III and the Lialda trials showed that the 4.8 g/day dos- 
ing was more effective than 2.4 g/day dosing in patients previ- 
ously treated with mesalamines or for those who did not achieve 
clinical remission after 8 weeks of therapy.??*? The 4.8 g/day 
dose of mesalamine is comparable to 12 g/day of sulfasalazine, 
which is impractical in clinical practice because of the high pill 
burden and dose-dependent intolerance. 

Once remission is achieved, sulfasalazine and other 5-ASAs 
are effective in maintaining it.’!4 This benefit appears to be 
dose-dependent for sulfasalazine, with a dose of 2 g/day often 
used to balance efficacy and AEs.*! Such a dose-dependent 
response, however, has not been found with the other 5-ASA 
preparations, and doses of 1.5 to 4.8 g/day maintain remission 
in more than 50% of patients.” A similar review of 41 studies 


demonstrated that 5-ASAs were superior to placebo for main- 
taining both clinical and endoscopic remission.*> Fewer patients 
(41%) on 5-ASA therapy relapsed when compared with those 
receiving placebo (58%, RR 0.69, 95% CI 0.62 to 0.77) with a 
trend toward lower rates of relapse with higher doses of mesa- 
lamines. Compared to less than 1 g/day, patients receiving 1 to 
1.9 g/day (RR 0.65, 95% CI 0.56 to 0.76) and more than 2 g/day 
(RR 0.73, 95% CI 0.60 to 0.89) had fewer relapses. Although 
there was no difference between agents in induction of remis- 
sion, sulfasalazine was found to be modestly superior to the other 
5-ASAs for maintenance of remission (RR 1.14, 95% CI 1.03 to 
1.27). Other meta-analyses have suggested that the superiority 
of sulfasalazine lasts for only 6 months, and when the trial was 
extended to 12 months, this statistically significant benefit was 
lost.” A double-blind randomized controlled trial (RCT) com- 
paring 2 doses of balsalazide (1.5 g twice daily and 3 g twice daily) 
with mesalamine 0.5 g 3 times daily for 6 months reported a 
remission rate of 77.5% with the higher dose of balsalazide com- 
pared with remission rates of 56.8% and 43.8% with mesalamine 
and the lower dose of balsalazide, respectively.*° The dose of 
5-ASA that induces remission is recommended for maintenance, 
although this has not been formally tested in a randomized 
placebo-controlled fashion. In the multicenter MOMENTUM 
trial, patients with mildly to moderately active UC who achieved 
complete remission after 8 weeks of therapy with 4.8 g daily of 
MMX mesalazine were more likely to remain in remission after 
dose reduction to 2.4 g daily for 1 year compared to those who 
achieved only partial remission, suggesting that complete remis- 
sion should be the target before considering dose reduction in 
mildly to moderately active UC.?7 

Common AEs of sulfasalazine include fever, rash, nausea, vom- 
iting, and headache. Other less common but important AEs of 
sulfasalazine include hypersensitivity reactions, reversible sperm 
abnormalities, and impairment of folate absorption (by com- 
petitively inhibiting the jejunal enzyme, folate conjugase); folate 
supplementation (=1 mg/day) should be prescribed to patients 
receiving sulfasalazine. Approximately 15% of patients taking 
sulfasalazine develop significant AEs that require discontinuing 
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the medication. Up to 90% of patients who are intolerant to sul- 
fasalazine, however, can tolerate mesalamine.*® In clinical trials, 
the newer 5-ASA preparations and balsalazide have been shown 
to be better tolerated than sulfasalazine.’>**° Oral mesalamine 
preparations do not appear to have significant dose-dependent 
toxicity. Olsalazine is associated with drug-induced diarrhea in up 
to 10% of patients, which often limits its use. Oral mesalamine 
therapy rarely has been associated with reversible acute kidney 
injury due to interstitial nephritis. Routine measurement of a 
serum creatinine level every 6 to 12 months is recommended for 
all patients receiving mesalamines. Up to 5% of patients receiv- 
ing 5-ASA may develop paradoxical worsening of their colitis 
symptoms, often within the first few days or weeks of initiating 
therapy. This may recur with use of other drugs within the same 
class and even with topical therapy and requires a high index of 
suspicion to diagnose and appropriately cease the drug. 


Rectally-Administered Therapies 

Rectally administered 5-ASAs can be administered in the form 
of 5-ASA enemas, 5-ASA suppositories, and 5-ASA foam (not 
currently available in the USA). Use of enemas allows the medi- 
cation to be delivered to the level of the splenic flexure in about 
95% of patients, and use of suppositories can be used to treat 
inflammation 15 to 20 cm from the anal verge. Rectally admin- 
istered mesalamine may be used as monotherapy for patients 
with ulcerative proctitis or left-sided colitis or as an adjunctive 
therapy to oral agents in patients with more extensive colitis. 


Taper glucocorticoids: 
add 6-MP or AZA 


Fig. 116.2 Algorithm for the manage- 
ment of mild-to-moderate active UC. 
5-ASA, 5-aminosalicylate; AZA, aza- 
thioprine; 6-MP, 6-mercaptopurine. 


They are effective for inducing remission in patients with mildly 
to moderately active distal UC, without a clear dose-response 
effect in nonrefractory patients.*!” The standard dosing regi- 
mens used to induce remission are 1 to 4 g of 5-ASA in the 
form of an enema nightly, or mesalamine suppositories (1 to 
1.5 g) either nightly or in divided doses throughout the day. 
Mesalamine enemas have been shown to be comparable to oral 
sulfasalazine in the treatment of active distal UC, with fewer side 
effects.” Similar efficacies have been demonstrated for mesala- 
mine suppositories and enemas regardless of whether the 1, 2, or 
4 g formulation is used for inducing remission in patients with 
mildly to moderately active left-sided UC not requiring concur- 
rent glucocorticoids or immunomodulators. In fact, mesalamine 
enemas are more effective than topical glucocorticoid enemas 
for distal colitis and are, therefore, preferred.t!*” A combina- 
tion of topical and oral mesalamine also is more effective than 
either agent alone in patients with left-sided colitis or pancolitis, 
suggesting a dose-response effect.*4* In patients with proctitis, 
mesalamine suppositories, 500 mg administered twice daily or 
1000 mg daily, have been shown to be beneficial for treating 
active disease. Mesalamine foam has a more uniform distribu- 
tion and longer persistence in the distal colon compared with 
mesalamine enemas. The foam preparation has been shown to 
have better patient acceptance than the enema preparation," 
but mesalamine foams currently are not available in the USA. 
Rectally administered mesalamine preparations also are effec- 
tive for maintaining remission in left-sided UC or proctitis.t!?” 


The effective maintenance dosing interval ranges from nightly 
to every 3 days. Topical mesalamine is as effective as oral mesa- 
lamine,“ and the combination of topical and oral mesalamine 
may be more effective than oral mesalamine alone as a mainte- 
nance regimen." 


Glucocorticoids 


Glucocorticoids play a central yet vexing role in the treatment of 
CD and UC. Although their efficacy and rapid induction of clini- 
cal improvement is well established, repeated use or prolonged 
exposure leads to significant AEs (see ‘Table 116.2). The most 
common AEs are troubling neuropsychiatric symptoms, such as 
mood disturbance and insomnia, and cosmetic effects, includ- 
ing acne, Cushingoid appearance, hair loss, and hirsutism. More 
serious AEs associated with glucocorticoids are metabolic con- 
sequences, e.g., adrenocortical suppression, glucose intolerance, 
myopathy, and bone loss. The risk of infectious complications 
also is increased, particularly at higher doses of prednisone (>40 
mg per day).*” Among patients taking immunomodulators or bio- 
logics, the concomitant use of prednisone appears to lead to more 
frequent serious infections and higher rates of mortality than 
when these agents are used alone.*?*? The lack of maintenance 
benefit and unfavorable risk profile of glucocorticoids makes 
their prolonged use hazardous’? and they are, therefore, not rec- 
ommended for long-term use. The availability of glucocorticoids, 
like budesonide, with high hepatic first-pass metabolism, low sys- 
temic steroid exposure, and fewer AEs have made these agents an 
appealing alternative to traditional glucocorticoids. Nevertheless, 
prolonged use of rapidly metabolized steroids also has systemic 
AEs and achievement of steroid-free remission remains an impor- 
tant therapeutic target for both diseases. 

There are several principles of glucocorticoid use in the man- 
agement of CD and UC: 


© Use an effective dose, e.g., a dose equivalent to 40 mg to 60 mg of 
prednisone. Underdosing at the start of therapy typically leads 
to dose escalation and prolonged dosing to achieve a response. 

e Do not overdose. Patients who do not benefit from 40 to 60 
mg of prednisone are unlikely to benefit from increased or 
prolonged oral dosing, and have the potential to develop more 
significant AEs. Such patients require IV dosing or replace- 
ment with a biologic agent (see later). 

© Do not treat for excessively long periods. Patients in whom dis- 
ease-related symptoms recur with a glucocorticoid taper 
should be considered corticosteroid-dependent and transition 
to glucocorticoid-sparing immune modulators or biologics. 
Glucocorticoids should not be begun without a strategy in 
mind for terminating the agent. 

e Anticipate side effects. Bone loss in particular may be anticipated 
with even short-term use (see later, “Adjunctive Therapies.”). 


Glucocorticoid Treatment of Crohn Disease 


Early favorable series of glucocorticoid treatment led to the 
validation of the short-term efficacy of glucocorticoids shown in 
the NCCDS (prednisone 0.5 to 0.75 mg/kg/day for initial treat- 
ment of active disease, with the dose adjusted according to the 
CDAD)! and the European Cooperative Crohn’s Disease Study 
(6-methylprednisolone 48 mg/day in the first week, tapered to 12 
mg by week 6, and held at 8 mg for remission up to 2 years).!5 
In usual practice, patients with mildly to moderately active dis- 
ease who do not respond to primary therapy, and patients with 
moderately severe symptoms are treated initially with 40 to 60 
mg of prednisone, the dose then being tapered off over 6 to 12 
weeks. Response rates are approximately 80% by the end of the 
first month.*+ When doses are pushed as high as 1 mg/kg/day for 
up to 7 weeks, 92% of patients can achieve clinical remission.*° 
The onset of response is rapid, usually within the first 3 weeks of 
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treatment. A Cochrane review of the use of corticosteroids for the 
induction of remission of CD supports this efficacy of traditional 
steroids over 5-ASA therapy and placebo.*° 

Glucocorticoids are not as effective as long-term therapy. 
A meta-analysis of maintenance glucocorticoid therapy in CD 
failed to detect benefit in the prevention of relapse at 6, 12, or 
24 months.” Conversely, once glucocorticoids are introduced, 
they cannot be discontinued without recurrent symptoms 
in many patients, even with gradual tapering; this problem is 
referred to as glucocorticoid dependence. Among patients with CD 
who received glucocorticoids for the first time, no response (glu- 
cocorticoid resistance) was seen in 20% in the first 30 days.*+ 
Among the 80% who were complete or partial responders, 55% 
had a prolonged response, and 45% relapsed or could not have 
treatment tapered off within 1 year**; similar results were seen 
in both adult and pediatric populations in a cohort from Olm- 
sted County, Minnesota.**°? Clinical factors associated with 
glucocorticoid-dependence include smoking, younger age at 
disease onset, colonic location, and non-fibrostenotic disease.” 
Mechanisms that can contribute to glucocorticoid resistance 
include up-regulation of the multidrug resistance (mdr) gene®! 
and increased serum levels of glucocorticoid-binding globulin.® 
Moreover, only 29% of patients who achieve clinical remission 
on glucocorticoids also achieve endoscopic remission.*> This 
finding suggests that the effect of glucocorticoid treatment in 
most patients is to suppress symptoms when given in doses above 
a threshold that can vary among patients and even in the same 
patient over time. 

In an attempt to limit the unintended systemic effects of glu- 
cocorticoid therapy, novel glucocorticoids have been developed. 
Budesonide is a glucocorticoid preparation that is structur- 
ally different from prednisone. The presence of 16a,17a-acetyl 
side chains allows enhanced topical anti-inflammatory activity 
and affinity for glucocorticoid receptors compared with predni- 
sone. In addition, budesonide has an approximately 90% first- 
pass metabolism in the liver and erythrocytes and is converted to 
metabolites that have little or no biologic activity. The resultant 
low systemic bioavailability translates to significantly less toxicity 
compared with traditional glucocorticoids. Entocort (Cambridge, 
United Kingdom) is a controlled ileal release oral budesonide 
preparation consisting of Eudragit L 100 coated microgranules 
with an internal ethyl cellulose component; it releases budesonide 
at pH >5.5, and about 50% to 80% of budesonide is absorbed in 
the ileocecal region. Studies have demonstrated that 9 mg/day of 
this preparation are superior to placebo and mesalamine and about 
15% less effective than prednisolone in achieving remission, but 
with fewer AEs and less effect on the adrenal axis.°° Pushing the 
dose higher results in better efficacy but at the expense of greater 
adrenocortical suppression and AEs.°t To evaluate the efficacy 
of budesonide for maintenance of remission, an RCT compared 
6 mg to 9 mg at 12 months.® Both doses were associated with 
relatively low relapse rates (24% and 19%, respectively) that were 
not significantly different, but a placebo comparison group was 
not included, which limits the ability to draw clinically relevant 
conclusions from this study. AEs were not different in these 2 
dosage groups, supporting the safety of the 9 mg dose over a 
1-year period. A meta-analysis reviewing all studies that evaluated 
budesonide for the treatment of active luminal CD concluded that 
budesonide was superior to placebo for inducing remission (RR = 
0.73; 95% CI, 0.63 to 0.84) but not in preventing relapse (RR = 
0.93; 95% CI, 0.82 to 1.04).°’ Therefore, lack of a maintenance 
effect is consistent for both novel and traditional glucocorticoids. 
In light of the superior response in comparison with mesalamine 
and its relative safety, budesonide may be considered as first-line 
therapy for patients with active ileal, ileocecal, or right-sided 
colonic disease. In addition, some patients who are dependent 
upon conventional glucocorticoids may be switched successfully 
to budesonide, with the potential benefits of decreased systemic 
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glucocorticoid exposure.®* Overall, the goal of therapy should be 
to avoid any glucocorticoid and, if needed, only use for induction 
as an immunomodulator or biologic agent is being introduced. 
Glucocorticoids should never be administered for more than 12 
weeks and use is ideally limited to 1 course over 4 to 8 weeks. 


Glucocorticoid Treatment of UC 


Orally-Administered Therapies 

At doses equivalent to 40 to 60 mg/day of oral prednisone, gluco- 
corticoids are effective first-line therapy for moderately to severely 
active UC.°*’! Use of doses higher than 60 mg/day is associated 
with increased AEs without appreciable clinical benefit and thus 
should be avoided. Although no study has directly compared the 
efficacy of oral and parenteral glucocorticoids, the latter commonly 
are used in severely active disease.’?-’+ Options for IV glucocor- 
ticoid formulation include hydrocortisone (100 mg IV every 8 
hours), prednisolone (30 mg IV twice daily), or methylpredniso- 
lone (16 to 20 mg IV every 8 hours). Hydrocortisone can cause 
slightly more salt retention and sodium wasting, but it is likely to 
be equally effective. In a randomized double-blind trial with UC 
patients, continuous infusion was no better than divided dosing 
for efficacy and safety.®”? The use of ACTH has been suggested 
as an alternative to conventional glucocorticoid therapy of active 
UC in small studies.”*”° One double-blind RCT suggested that IV 
ACTH was more effective than IV hydrocortisone for the treat- 
ment of severely active UC only in steroid-naive patients’®; this 
observation has not been confirmed. Because most patients with 
severely active disease have been treated previously with gluco- 
corticoids, ACTH rarely is used in clinical practice. A noteworthy 
complication of ACTH therapy is bilateral adrenal hemorrhage. 

As in CD, glucocorticoids have no maintenance benefits in 
patients with UC. Steroid-dependent patients, or patients who 
are unable to taper off glucocorticoids without experiencing dis- 
ease exacerbation, benefit from the addition of steroid-sparing 
agents. There has been no trial to date assessing the efficacy of 
mesalamine therapy and its efficacy in maintaining remission 
induced with glucocorticoids. The long-term remission rate in 
patients who require parenteral glucocorticoids for severe UC 
is approximately 50%.’’ Immunomodulatory or biologic agents 
should be considered in patients who are steroid-dependent, 
who require 2 courses of glucocorticoids for induction of clinical 
response or remission within 1 year, or who require parenteral 
glucocorticoids to induce remission. 

Although a controlled study did not show benefit of conven- 
tional oral budesonide for the treatment of active UC,’® an oral 
formulation of MMX budesonide (Uceris) that provides optimal 
release characteristics throughout the length of the colon has been 
shown to be efficacious for the induction of remission in mildly 
to moderately active UC.” Patients in this study were treated 
with MMX budesonide at doses of 9 mg or 6 mg once daily, Asa- 
col at 800 mg 3 times daily, or placebo, for 8 weeks; the authors 
noted remission rates of 18%, 13%, 12%, and 7.4%, respectively 
(P = 0.014 for MMX budesonide 9 mg vs. placebo) at week 8. 
For this reason, the use of MMX budesonide at a dose of 9 mg 
daily for 8 weeks was approved by the FDA for the treatment of 
mildly to moderately active UC. Just as with other steroid formu- 
lations, there are no data supporting a role for budesonide MMX 
in maintaining remission in UC. Pooled safety analysis from the 
clinical trials demonstrated fewer AEs (including steroid-related 
AEs) in patients receiving budesonide MMX than in those receiv- 
ing systemic steroids.*° In addition, the mean morning plasma 
cortisol was similar to that with placebo for the duration of the 
induction period in the clinical trials.*! 


Rectally-Administered Therapies 
Topical glucocorticoids in liquid and foam formulations are 
effective short-term therapy for active UC distal to the splenic 


flexure. Foam preparations often are tolerated better by 
patients and may be easier to retain than liquid preparations. 
Topical glucocorticoids have been found to be less effective 
than topical mesalamine for inducing remission of distal UC,*° 
however, the combination of topical corticosteroids and topical 
mesalamine has been more efficacious than either alone in the 
short-term treatment of distal UC.*+ Whereas systemic absorp- 
tion of glucocorticoids with topical therapy is significantly less 
than that with oral administration, prolonged treatment with top- 
ical glucocorticoids still may be associated with steroid-related 
AEs and should be avoided. Budesonide foams and enemas have 
been shown to be effective for the treatment of active distal UC in 
several controlled trials. In a double-blind RCT of patients with 
active distal UC, budesonide, 2 mg/100 mL for 6 weeks resulted 
in a remission rate of 19% compared with 4% in patients receiv- 
ing placebo therapy (P < 0.05).*° Subsequent trials have shown 
budesonide enema to be as efficacious as or even superior to 
prednisolone enema without resultant depression of endogenous 
cortisol levels.*°-°* Budesonide enema perhaps is inferior in effi- 
cacy to mesalamine enema,*” but it clearly presents an alternative 
topical glucocorticoid for treatment of distal UC. The optimal 
dose for budesonide enema consistently has been shown to be 
2 mg/100 mL once daily.*°*”°° Budesonide foam is available at 
a similar dose and is effective in inducing clinical remission and 
complete mucosal healing.’!,°’? Additional studies are needed to 
determine the effect of longer-term topical budesonide use. As 
with other glucocorticoids, budesonide enema is not effective for 
maintaining remission in UC.?° 


Immunomodulators 
Thiopurines 


Of the various immunomodulatory agents, the most widely used 
are the thiopurine therapies azathioprine (AZA) and 6-mer- 
captopurine (6-MP). These 2 agents are purine analogs that 
interfere with nucleic acid metabolism and cell growth to exert 
cytotoxic effects on lymphoid cells. They are inactive pro-drugs 
with subtle structural differences. AZA is nonenzymatically 
converted in the peripheral circulation to 6-MP, which is then 
metabolized through a series of enzymatic pathways to active 
and inactive metabolites (Fig. 116.3). The 2 primary classes of 
metabolites of 6-MP are 6-thioguanine nucleotides (6-TGns) 
and 6-methylmercaptopurine ribonucleotides (6-MMPrs). The 
6-TGn metabolites are thought to be responsible for the immu- 
nomodulatory action of azathioprine and 6-MP and their bone 
marrow suppression property, whereas hepatotoxicity is thought 
to be related to 6-MMP. Xanthine oxidase (XO) converts 6-MP 
to 6-thiouric acid, in competition with hypoxanthine phosphori- 
bosyltransferase. The former enzymatic pathway accounts for an 
important drug reaction with allopurinol, an XO inhibitor (see 
later). Thiopurine methyltransferase (TPMT) also plays a key 
role in the metabolic pathway. Persons who are homozygous for 
a recessive mutation that results in inactivation of TPMT (1 in 
300 persons) produce exceedingly high levels of 6-TGn nucleo- 
tides. These persons are unlikely to tolerate thiopurine agents 
and tend to develop profound leukopenia and other limiting AEs. 
In contrast, persons who are TPMT heterozygous (~10% of the 
population) are likely to have moderately high levels of 6-TGn 
nucleotides.”*.°+ They usually require lower doses of drug (~50% 
of the weight-based optimal dose) but are much more likely to 
have a therapeutic response. A TPMT activity level should be 
measured in all patients prior to initiation of AZA or 6-MP. A 
steady state in the production of erythrocyte 6-TG nucleotides 
may be reached as early as 14 days after dosing,” but has been 
reported at a median time of 55 days in pediatric patients.” 
Thiopurines are associated with rare but significant AEs, such as 
nonmelanoma skin cancer (NMSC) and lymphoma (see later). 
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Fig. 116.3 Metabolism of Azathioprine (AZA) and 6-Mercaptopurine 
(MP). 5-ASA, 5-aminosalicylate; 6-MMP, 6-methylmercaptopurine; 
6-MMPR, 6-methylmercaptopurine ribonucleotides; 6-TGN, 6-thio- 
guanine nucleotides; 6-T/MP, 6-thioinosine 5’-monophosphate; 6-TU, 
6-thiouric acid; 6-TXMP, 6-thioxanthosine 5’-monophosphate; GPS, 
guanosine monophosphate synthetase; HPRT, hypoxanthine phospho- 
ribosyltransferase; IMPDH, inosine monophosphate dehydrogenase; 
TPMT, thiopurine methyltransferase; XO, xanthine oxidase. 


Thiopurines are effective steroid-sparing medications and pre- 
vent immunogenicity when combined with monoclonal antibody 
biologics, however, evolving treatment strategies may replace or 
limit the use of thiopurines in the future. Recently, a separate 
genetic polymorphism associated with thiopurine metabolism 
(NUDT15) has been identified in people of Asian ancestry and is 
associated with early myelosuppression.” 


Thiopurine Treatment of Crohn Disease 

AZA and 6-MP have been used to treat CD since the initial 
report of Brooke and colleagues describing healing of fistulas 
with AZA.” Another decade would pass, however, before the 
efficacy of this class of drugs was demonstrated in an RCT 
by Present and colleagues”; earlier studies were marred by 
either insufficient power or incomplete understanding of ade- 
quate dosing and the slow onset of action of these agents. A 
Cochrane meta-analysis of studies of AZA and 6-MP in CD 
has provided the best summary of the effects of these drugs.” 
For active disease, thiopurine treatment produced a remission 
rate of 47% compared with a 37% placebo rate, but this cor- 
responded to a non-significant Odds Ratio of 1.23 (95% CI, 
0.97 to 1.55). The outcome of remission or clinical response 
similarly yielded a higher but not statistically significant 
result compared with placebo (48% vs. 36%; RR 1.26; 95% 
CI, 0.98 to 1.62). The odds ratio for response increases after 
17 weeks of therapy, suggesting the minimum duration for a 
trial of 6-MP or AZA. A steroid-sparing effect was significant 
(RR, 1.34; 95% CI, 1.02 to 1.77), and the number needed 
to treat (NNT) was about 6. Only 18 patients with fistulas 
were included in the original study, but a 54% rate of fistula 
response was noted, compared with a 29% healing rate on pla- 
cebo; this, however, was not statistically significant (RR, 2.00; 
95% CI, 0.67 to 5.93). There is more convincing evidence of 
the benefit of thiopurines for maintenance of remission. The 
OR for maintenance of remission with AZA was 2.32 (95% CI, 
1.55 to 3.49; NNT = 6) and with 6-MP 3.32 (95% CI, 1.40 to 
7.87; NNT = 4).!° The OR for AZA maintaining remission 
increased from 1.20 at 1 mg/kg up to 4.13 (95% CI, 1.59 to 
10.71) at 2.5 mg/kg, demonstrating the importance of appro- 
priate dosing. 

Overall, approximately one half of patients may respond to 
thiopurine therapy; once in remission, about half to two thirds 
of patients will maintain that response. In earlier studies, muco- 
sal healing was seen in approximately half of the patients who 
received thiopurines,!°! however, in a more recent large study, 
mucosal healing was seen in only 16.5% of patients at 26 
weeks.! In children, early administration of 6-MP soon after 
diagnosis was associated with steroid sparing and maintenance 
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of remission!; however, this was not reproduced in adults in a 
recently published trial.!°* In clinical practice, AZA and 6-MP 
are used virtually interchangeably, with the exception of dos- 
ing. AZA generally is used in doses of 2 to 2.5 mg/kg/day, and 
6-MP is given in doses of 1 to 1.5 mg/kg/day. The introduction 
of thiopurine medications should be timed with their slow onset 
of action in mind; many patients require a long, tapering regimen 
of glucocorticoids to bridge the time period until the thiopurines 
have taken effect. 

When a patient is not responding to thiopurine therapy after 
3 to 4 months of therapy, it is useful to measure metabolite lev- 
els to identify individuals who are noncompliant, under-dosed, or 
shunting (see later). Although mixed results have been reported of 
the correlation between 6-TGn nucleotide levels and response to 
therapy, a meta-analysis of 6 studies did find an overall significant 
relationship.'® A threshold of 230 to 260 pmol/8 x 10!° red blood 
cells corresponded to a 62% rate of remission, compared with a 
rate of 36% in those with lower levels (OR, 3.27; 95% CI, 1.71 
to 6.27) of 6-TGn. Correlations between higher levels of 6-TGn 
nucleotides and leukopenia, and between metabolite levels and 
response to therapy, might explain the clinical observation that 
patients who achieve mild leukopenia are more likely to respond 
to such therapy.!°° Conversely, however, leukopenia is not neces- 
sary to achieve a therapeutic response. Further, it is not clear if 
routine measurement of thiopurine metabolite levels and directed 
dose adjustment would contribute to improved management of 
Crohn disease, as opposed to the standard weight-based dose 
approach.!°’ Shunting refers to high TPMT activity that results 
in low 6-TGn levels and high 6-MMP levels (see Fig. 116.3); a 
6-MMP:6-TGn ratio of >10 has been suggested as a profile of 
metabolism that is unlikely to lead to clinical benefit.?+!°° In 
these patients, it may be possible to add allopurinol and take 
advantage of the drug interaction noted earlier. A study testing 
this hypothesis showed that by decreasing the thiopurine dose 
to 25% to 50% of the original dose and adding a low (100 mg 
daily) dose of allopurinol, 6-TGn levels rose significantly, with a 
coincident drop in 6-MMP levels and an improvement in clinical 
outcomes.!? Although this strategy requires careful following of 
the WBC count, it has been shown to be well tolerated and safe in 
one study with a median follow-up period of 19 months.!!° 

In addition to its role as monotherapy for CD, emerging evi- 
dence suggests that thiopurines may have an additional important 
role in combination therapy with a biologic agent. This hypoth- 
esis is supported by analysis of clinical trial data in which indi- 
viduals on combination therapy with an anti-TNF biologic and 
a thiopurine have lower rates of anti-drug antibody and higher 
serum trough levels of the biologic agent.!!! A large clinical trial, 
the Study of Biologic and Immunomodulator Naive Patients with 
Crohn’s Disease (SONIC) study, randomized 508 thiopurine- 
and biologic agent-naive adults with moderately to severely active 
CD to receive either AZA alone, infliximab alone, or a combi- 
nation of both drugs.!°* At week 26, the combination of AZA 
with infliximab resulted in superior clinical efficacy and muco- 
sal healing compared with those receiving infliximab alone, or 
AZA alone. A similar benefit has also been noted in moderately 
to severely active UC.!!* When used as combination therapy, 
one may observe a benefit even with lower doses of thiopurine, 
though this has not been prospectively studied. In a retrospective 
study, a 6-TGn trough level of 125 pmol/8 x 108 RBCs was suf- 
ficient to achieve a higher infliximab trough level.!! 

AEs are frequently noted in patients receiving thiopurines. In a 
Cochrane analysis, AEs severe enough to result in drug withdrawal 
were seen in 10% of patients.” AEs that lead to drug discontinua- 
tion typically occur soon after drug initiation, with a median time 
of 1 month.'!* Nausea within the first few weeks of treatment is 
reported in approximately 8% of patients, but typically will subside 
gradually. Allergic reactions consisting of fever, rash, or arthralgias 
are seen in 1% to 2% of patients, also usually within a few weeks 
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of introducing the drug. Pancreatitis, observed in 3% to 4% of 
patients, is another idiosyncratic reaction and usually occurs in the 
first month of therapy. The presentation is typically classic with epi- 
gastric pain that radiates to the back, but may be atypical and subtle, 
with nausea and vague dyspepsia. When symptoms are recognized 
promptly, discontinuation of the drug leads to resolution of pancre- 
atitis. Rechallenge with either drug, AZA or 6-MP, should not be 
attempted, because recurrent pancreatitis is certain to occur. Ele- 
vated serum aminotransferase levels develop in approximately 3% 
of patients and have been correlated with the presence of very high 
levels of 6-MMP.!!> Mild elevations of liver biochemical tests can 
often revert to normal without any intervention, or with dose reduc- 
tion. An exception is in the rare occurrence of cholestatic hepatitis or 
nodular regenerative hyperplasia, in which case thiopurine therapy 
should be withdrawn. Bone marrow suppression is another concern 
with thiopurine agents. A 27-year, retrospective, single-center study 
of 739 IBD patients treated with AZA found 28 patients (3.8%) 
developed leukopenia (WBC count <3 x 109 cells/L [<3000 cells/ 
mm*]), 9 of whom (1.2%) had severe leukopenia (WBC count <2 x 
109 cells/L [<2000 cells/mm}; 3 of these patients became pancy- 
topenic, and 2 died of sepsis.!!° A review of 66 studies that included 
more than 8000 patients had a similar rate of myelotoxicity and, for- 
tunately, a low risk (<0.1%) of death attributable to treatment.!!” 
Although leukopenia occurs early among patients with low TPMT 
activity, it might not be related solely to TPMT genotype and can 
occur at any time during therapy.!!” For this reason, it is advisable to 
continue monitoring the CBC every 1 to 3 months for the duration 
of therapy and more frequently (every 2 weeks if TPMT activity 
is normal, weekly if it is heterozygous) in the 8 to 12 weeks after 
introducing the drug or increasing dosage. Temporary cessation 
of therapy for a week or 2 and an adjustment in dose usually suf- 
fice to bring the leukocyte count back within normal range. Careful 
monitoring of the leukocyte count also should be performed during 
a tapering regimen of glucocorticoids. Concurrent treatment with 
glucocorticoids can raise the leukocyte count, but as the glucocorti- 
coid is discontinued, leukopenia can develop. 

Infections can occur in the setting of thiopurine therapy. Seri- 
ous infections are reported to occur approximately 2% to 6% 
of the time, not necessarily in the setting of leukopenia.!°-!!4 
Treatment should be interrupted when serious infections occur, 
although the effect of the drug will endure for weeks. Systemic 
viral infections are of particular concern in thiopurine users. 
Patients treated concurrently with glucocorticoids also are at 
greater risk of serious infection, including CMV. Case series sug- 
gested that thiopurine users who develop primary Epstein-Barr 
virus (EBV) infection are at a higher risk for aggressive lympho- 
proliferative diseases including hemophagocytic lymphohistiocy- 
tosis!!+ leading a few to recommend routine screening for EBV 
seropositivity, particularly in young men and avoiding thiopu- 
rines in seronegative patients. The routine benefit of this, how- 
ever, has not been established and nearly 100% of IBD patients 
are seropositive for EBV by age 26.118 

Malignancy associated with thiopurines has been a longstand- 
ing concern of patients and providers. Immunosuppressive regi- 
mens given to patients after organ transplantation and for other 
immune-mediated conditions are associated with an excess risk 
of malignancy, particularly non-Hodgkin lymphoma (NHL). 
Such regimens have included AZA, often administered in higher 
doses than for IBD and in conjunction with other immunosup- 
pressive agents. In IBD, there does appear to be an association 
between thiopurine exposure and lymphoma, specifically NHL. 
The rate of NHL is reported to be approximately 4 to 9 per 
10,000 patient-years.!!%.!?° Data suggest that once stopping thio- 
purines, the risk of lymphoma returns to the patient’s baseline 
risk. NMSC appears to have a clear association with thiopurine 
exposure, but not melanoma.!?1-122 Multiple prospective cohort 
studies have suggested a 4- to 6-fold increase in risk of NMSC 
in patients who continue thiopurine therapy; this risk appears 


lower in those who are past users.!’*-!*+ Whereas the relative risk 
is highest in younger individuals, the absolute increase in likeli- 
hood of NMSC is significant in older adults and requires close 
dermatologic follow-up. Thiopurine use has also been linked to 
increase in risk of cervical neoplasia in some cohort studies.'?* No 
other solid tumors have been found to be consistently associated 
with thiopurines when used for the treatment of IBD!”° and use 
of thiopurines appears to be safe in individuals with prior solid- 
organ cancer.!?’ Continued thiopurine use, however, is associ- 
ated with increased risk of recurrence of NMSC. 

Once treatment with a thiopurine agent has proved to be effec- 
tive, the question inevitably arises of how long to continue such 
therapy. One RCT demonstrated a clinical relapse rate of 21% 18 
months after withdrawal of AZA in patients who had been in remis- 
sion for at least 3.5 years on the drug,!?® compared with a relapse 
rate of only 8% in the group who continued AZA. The authors 
concluded, and most authorities agree, that AZA maintenance ther- 
apy should be continued for more than 3.5 years. The decision to 
withdraw thiopurine therapy should only be undertaken after dis- 
cussion between doctor and patient of possible risks and benefits. 


Thiopurine Treatment of UC 

There are less robust data supporting the efficacy of AZA in the 
treatment of UC, although it remains widely used for this indica- 
tion. Four RCTs have evaluated AZA for inducing remission in 
active UC (Table 116.3),!?"!%? all of which were small, heteroge- 
neous in design, used different outcome definitions for response, 
and reached different conclusions. Two of the studies involved ste- 
roid-dependent patients,!?%133 one study used steroids for induc- 
tion,!*! and 2 studies used 5-ASAs as a comparator group rather 
than placebo.!*°.!33 Only one study showed a significant benefit 
with AZA compared with 5-ASA for induction therapy in steroid- 
dependent disease.!*} With respect to the use of AZA for mainte- 
nance of remission in UC, 4 RCTs have been performed. !31:15+-13¢ 
Just as with studies of induction therapy, these 4 studies also had 
small sample sizes, used heterogeneous designs with different out- 
come definitions of response, allowed for various co-therapies, 
and again reached different conclusions. One of the studies was in 
steroid-dependent disease, another allowed the use of steroids for 
relapse, one study used 5-ASA as a comparator group rather than 
placebo, and another included patients who were mostly taking 
5-ASAs and was actually a study of AZA withdrawal. Only this 
withdrawal study showed a benefit with continued AZA.!*+ ‘Thus, 
for the purpose of induction or maintenance therapy for UC, the 
use of AZA is largely based on its established efficacy in CD rather 
than any proved benefit in UC. One subset of patients, however, 
has been shown to obtain benefit with the use of AZA: patients 
who have severely active UC and who are able to attain induction 
of remission with cyclosporine. In these patients, maintenance 
therapy with AZA has been reported to decrease colectomy rates 
(see later). A single RCT has also demonstrated benefit of AZA 
when used in combination with infliximab.!!? Among 239 patients 
with moderately to severely active UC, corticosteroid-free remis- 
sion was achieved at week 16 more frequently in the combination 
therapy group (40%) than in those receiving infliximab mono- 
therapy (22%, P = 0.017). Mucosal healing was also more com- 
mon with combination therapy than with each agent alone and no 
additional safety concerns were noted with combination therapy. 


Methotrexate 


Methotrexate Treatment of Crohn Disease 

Methotrexate (MTX) has long been used to treat psoriasis and 
rheumatoid arthritis. Although the cytotoxic effect of MTX is 
attributed to inhibition of DNA and RNA synthesis through inhi- 
bition of dihydrofolate reductase, its efficacy in immune-medi- 
ated diseases may be due to inhibition of other folate-dependent 
enzymes, inhibition of pro-inflammatory cytokines, and increased 
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TABLE 116.3 Pivotal Phase 3 Clinical Trials of Biologic Agents in Luminal Crohn Disease 


1907 


Number of 
Drug and Trial Trial Type Dosing Schedule Participants Trial Duration Primary Outcome 
ADALIMUMAB (ADA) 
CLASSIC-| Induction ADA 160 mg/80 mg or 80 mg/40 299 Week 4 Clinical remission: 36% ADA 160/80 vs. 
(16472588) mg at wks 0 and 2 or placebo 12% placebo 
GAIN (17470824) Induction ADA 160/80 mg at wks O and2 or 325 Week 4 Clinical remission: 21% ADA vs. 
placebo 7% placebo 
Watanabe (22325170) Induction ADA 160/80 mg or 80/40 mg at 90 Week 4 Clinical remission: 33% ADA 160/80 vs. 
wks 0 and 2 or placebo 13% placebo 
CHARM (17241859) Maintenance ADA 40 mg SQ EOW, weekly, or 778 Week 56 Clinical remission: 836% ADA EOW vs. 
placebo 12% placebo 
CLASSIC II Maintenance ADA 40 mg SQ EOW, weekly or 55 Week 56 Clinical remission 79% ADA EOW vs. 
(17299059) placebo 44% placebo 
Watanabe (22325170) Maintenance ADA 40 mg SQ EOW or placebo 43 Week 52 Clinical remission: 38% ADA vs. 
9% placebo 
CERTOLIZUMAB PEGOL (CZP) 
Schreiber (16143120) Induction CZP 100, 200 or 400 mg at wks 0, 292 Week 12 Clinical response: CZP 400 mg 33% vs. 
4, and 8 or placebo 15% placebo 
PRECISE 1 Induction CZP 400 mg SQ at wks 0, 2, 4 662 Week 6 Clinical response: CZP 35% vs. 
(17634458) 27% placebo 
PRECISE 1 Maintenance CZP 400 mg at wks 0, 2, 4 and 662 Week 26 Clinical response: 23% CZP vs. 
(17634458) then every 4 wks 16% placebo 
PRECISE 2 Maintenance CZP 400 mg every 4 wks or 428 Week 26 Clinical response (CRP >10 mg/L): 
(17634459) placebo 62% CZP vs. 34% placebo 
INFLIXIMAB (IFX) 
Targan (9321530) Induction FX 5, 10 or 20 mg/kg at wk O 108 Week 4 Clinical response: 81% IFX 5 mg/kg vs. 
17% placebo 
ACCENT 1 Maintenance IFX5 or 10 mg/kg every 8wksor 335 Weeks 54 Clinical remission: 39% IFX 5 mg/kg vs. 
(12047962) placebo 21% placebo 
Rutgeerts (10500056) Maintenance IFX 10 mg/kg every 8 wks or 73 Week 44 Clinical response: 62% IFX vs. 
placebo 37% placebo 
NATALIZUMAB (NAT) 
ENACT 1 (16267322) Induction IAT 300 mg IV at wks O, 4, 8 or 905 Week 10 Clinical response: 56% NAT vs. 
placebo 49% placebo 
ENACT 2 (16267322) Maintenance IAT 300 mg IV every 4 wks or 339 Week 56 Sustatined response: 61% NAT vs. 
placebo 28% placebo 
ENCORE (17484865) Induction IAT 300 mg IV at wks O, 4, and8 509 Week 12 Response through week 12: 48% NAT vs. 
or placebo 32% placebo 
USTEKINUMAB (UST) 
UNITI-1 (27959607) Induction UST 130 mg or 6 mg/kg IV or 741 Week 6 Clinical response: 34% UST 6 mg/kg vs. 
placebo 22% placebo 
UNITI-2 (27959607) Induction UST 130 mg or 6 mg/kg IV or 628 Week 6 Clinical response: 56% UST 6 mg/kg vs. 
placebo 29% placebo 
IM-UNITI (27959607) Maintenance UST 90 mg SC every 8 wk or every 397 Week 44 Clinical remission: 53% UST every 8 wks 
12 wk or placebo vs. 36% placebo 
VEDOLIZUMAB (VDZ) 
GE | 2 (23964933) Induction VDZ 300 mg IV atwksOand2or 368 Week 6 Clinical remission: 15% VDZ vs. 7% 
placebo placebo 
GEMINI 3 (24859203) Induction VDZ 300 mg IV at wks 0, 2,and6 416 Week 6 Clinical remission: VDZ 15% vs. 12% 
or placebo placebo 
GE | 2 (23964933) Maintenance VDZ 300 mg IV every 4 or every 8 461 Week 52 Clinical remission: 39% VDZ every 8 wks 


wks or placebo 


vs. 22% placebo 


EOW, every other week; SC, subcutaneously. 


production of regulatory cytokines.!*” In an RCT, patients were 
studied who had chronically active CD despite at least 3 months 
of prednisone (at least 12.5 mg/day) and with at least one failed 
attempt to taper off treatment.’ All patients were brought to a 20 
mg/day dose of prednisone to standardize therapy, with separate 


stratification for patients in whom the dose of prednisone was 
increased and for those in whom the dose had been reduced to 20 
mg before entry. Subjects then received either weekly injections of 
MTX 25 mg intramuscularly or placebo while executing a taper- 
ing prednisone regimen over 16 weeks. Overall, 39.4% of patients 
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assigned to MTX achieved remission off prednisone compared 
with 19.1% of placebo-treated patients. Most patients responded 
by the eighth week of treatment. A follow-up study randomized 
patients who achieved remission by week 16 on MTX 25 mg intra- 
muscularly once weekly to receive either weekly injections of pla- 
cebo or MTX at a dose of 15 mg. At week 40, 65% of patients 
treated with MTX were still in remission, compared with 39% of 
placebo-treated patients (P = 0.04).!°’ Thus, MTX has been shown 
to be beneficial at inducing and maintaining remission 

Among patients who relapsed on the maintenance dose, more 
than half were able to achieve remission again by resuming a 25 
mg dose. If the 16 weeks of induction therapy were included, 
the combined duration of therapy was nearly 1 year, with some 
patients in selected practices treated successfully for more than 
4 years. Although 15 mg intramuscular dosing was studied for 
maintenance, many patients continue on 25 mg weekly without 
dose reduction. Pharmacokinetic studies in RA have shown equiv- 
alency for subcutaneous and intramuscular dosing, and therefore 
most gastroenterologists administer MTX subcutaneously.!40:!4! 
Although oral dosing would be more convenient for long-term 
administration, a Cochrane review did not find evidence of effi- 
cacy when oral dosing was compared to placebo.!*#” This may be 
explained by the variable intestinal absorption of MTX,!® partic- 
ularly in the presence of more extensive small intestinal disease. 

In addition to its role in monotherapy, like thiopurines, the 
role of MTX as co-therapy with a biologic agent has been exam- 
ined under the hypothesis that it suppresses immunogenicity. A 
50-week RCT compared the combination of MTX and infliximab 
to infliximab alone in 126 patients initiated on prednisone within 6 
weeks prior to the study. At the end of the study, there was no dif- 
ference in steroid-free remission between the 2 groups.'*+ However, 
patients on combination therapy had higher trough infliximab levels 
than those receiving biologic monotherapy. There are fewer stud- 
ies, particularly in IBD, on whether dosing of MTX influences its 
benefit when used in combination with an anti-TNF biologic agent. 
A single-center study examining dosing in patients on remission 
with combination anti-TNF therapy and MTX found that MTX 
dose greater than 12.5 mg weekly was associated with higher rates 
of clinical remission.!*> A prospective 24-week trial in patients with 
RA who had previously failed MTX suggested slightly higher adali- 
mumab trough levels in patients on high-dose MTX (20 mg/week) 
compared with low-dose MTX (7.5 mg/week), although there was 
no statistically significant difference in the rate of anti-drug antibody 
positivity.!*¢ 

MTX is given with folic acid (1 to 2 mg/day) to prevent folate 
deficiency (through inhibition of dihydrofolate reductase) as well 
as symptoms of nausea and stomatitis; diarrhea, hair loss, and mild 
leukopenia also can occur with MTX. Elevation of serum ami- 
notransferase levels sometimes occurs, but correlate poorly with 
the complication of hepatic fibrosis. Liver biopsy is performed 
routinely in patients with psoriasis after cumulative doses of 1.5, 
3, and 5 g have been administered, but these guidelines have not 
been widely adopted in patients with RA or IBD, in whom the 
risk of hepatic fibrosis appears to be lower. In one series of IBD 
patients who received a mean cumulative dose of MTX >2.5 g 
and had liver biopsy, only minimal hepatic toxicity was evident;!*’ 
obesity, diabetes, and alcohol intake, however, correlate with 
hepatic fibrosis. In clinical practice, liver biopsy is usually per- 
formed in those with persistently elevated liver enzymes or likeli- 
hood of an alternate cause of liver abnormality. MTX interacts 
with sulfa medications and with AZA and 6-MP to cause severe 
leukopenia. Rarely but potentially life-threatening, interstitial 
pneumonitis can manifest as cough and dyspnea of insidious 
onset. Early detection, cessation of MTX, and prompt treatment 
with glucocorticoids is essential. MTX is a potent abortifacient 
and is strongly teratogenic. Women of childbearing capacity 
must use MTX only with highly effective contraception and 
must cease therapy 3 to 6 months prior to planned conception. 


There are less data on the safety of MTX in men contemplating 
conceiving, although emerging data in patients with RA‘ and 
IBD!*? suggest that paternal exposure to MTX before conception 
is not associated with increased risk of congenital malformation, 
still births, or preterm birth. However, many physicians still con- 
sider cessation 3 months before planned conception in men. 


Methotrexate Treatment of UC 

MYX long lacked data supporting its use in UC with the first ran- 
domized, placebo-controlled trial failing to demonstrate efficacy 
for the treatment of active UC.!°° In one study of 67 patients with 
chronic active UC, oral MTX at 12.5 mg/wk for 9 months was 
comparable to placebo therapy in the rate of achieving first remis- 
sion, time to first remission, relapse following remission, and the 
mean glucocorticoid dose. Given the difference in dose and route 
of administration from the more successful trial in CD, however, 
it was unknown if a higher dose of parenteral administration would 
be of benefit in UC. Two recent RCTs provide more answers to 
the question.!°!!5* The METEOR study randomized 111 patients 
with steroid-dependent UC to receiving either parenteral MTX 25 
mg weekly or placebo for 24 weeks.!>* At the end of the trial, there 
was no statistically significant difference in steroid-free remission or 
endoscopic healing between the 2 groups. However, patients were 
more likely to be in clinical remission with MTX when compared 
to placebo (42% compared to 24%, P = 0.04). The subsequently 
completed multi-center MERIT-UC study did not show benefit of 
parenteral MTX 25 mg weekly for induction and maintenance of 
remission. The study design included a 16-week open label treat- 
ment with MTX, followed by a 32-week double blind, placebo-con- 
trolled maintenance period. Although 51% of patients responded in 
the open-label portion of the study, there was no difference between 
active treatment and placebo in maintenance, with 60% of patients 
in the placebo group and 66% in the MTX group relapsing (P = 
75),151 


Cyclosporine 


Cyclosporine A (CSA) is a potent inhibitor of cell-mediated 
immunity through a similar calcineurin inhibition pathway as 
tacrolimus. Its use in IBD is primarily in patients with acute 
severe, steroid-refractory UC. The initial RCT of CSA ran- 
domized 20 patients who did not respond to at least 7 days of 
IV hydrocortisone to CSA or placebo. Nine (82%) of the 11 
patients receiving continuous IV infusion of CSA at 4 mg/kg/ 
day responded, compared with none of the 9 patients receiving 
placebo therapy.!°? The time to clinical response was rapid, at 
a mean of 7 days. After the IV route of therapy was converted 
to oral CSA, only 44% of those patients who responded initially 
required colectomy during the 6-month follow-up period. IV 
CSA monotherapy may be as effective as IV glucocorticoids in 
patients with severely active UC; its use thus potentially mini- 
mizes the toxicities of combination therapy.!°* The addition of 
AZA or 6-MP in patients who have responded to IV CSA has 
been shown in other studies to reduce the rate of relapse or 
colectomy.!°>:!°° Thus, CSA can be considered a bridge ther- 
apy to control active disease in patients with steroid-refractory 
UC while waiting for elective surgery or the onset of action of 
azathioprine or 6-MP (Fig. 116.4). With the addition of AZA, 
long-term remission at 1 year may be more likely in patients 
who initially respond to IV CSA monotherapy than in those who 
respond to IV glucocorticoids. A European retrospective cohort 
study of 142 patients who were treated with CSA, 118 of whom 
responded initially, reported the probability of avoiding colec- 
tomy to be 63% at 1 year, 41% at 4 years, and 12% at 7 years; 
overall, 54% of patients required colectomy at some point.!*” 
Patients who were already taking AZA or 6-MP at the time CSA 
was initiated had a higher rate of colectomy (59%) than patients 
naive to these drugs (31%, P < 0.05). With intent to minimizing 
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potential for AEs related to the dose of CSA, another random- 
ized trial showed than a dose of 2 mg/kg is as effective as 4 mg/ 
kg given IV in patients with severely active UC.'°® The mean 
plasma CSA levels were 237 ng/mL in patients receiving the 2 
mg/kg dose and 332 ng/mL in patients receiving the 4 mg/kg 
dose. If patients respond to IV CSA, the route of administration 
can be changed to oral therapy with 2 mg of oral agent for each 
1 mg of IV CSA. The drug can be administered in 2 divided 
doses daily. Oral CSA should be continued while waiting for 
surgery or for an alternate maintenance therapy to take effect. 
‘Two recent RCTs compared CSA with infliximab for the man- 
agement of acute severe UC. The CYSIF trial randomized 115 
patients with steroid-refractory severe UC to either CSA or pla- 
cebo.!*’ Treatment failure, defined as lack of clinical response at 
day 7, was similar in the 2 groups (60% and 54%, P = 0.52). The 
median time to respond also was similar in both groups of patients 
and a comparable proportion of patients underwent colectomy (17% 
with CSA and 21% with infliximab, P = 0.60). The CONSTRUCT 
trial was an open-label pragmatic randomized trial in the United 
Kingdom which randomized 270 patients with severe UC who were 
refractory to IV steroid therapy by day 5 to receiving either CSA or 
infliximab.!©° The primary outcome, quality-adjusted survival, was 
similar between both groups. The overall rates of colectomy in both 
groups were high (41% with infliximab, 48% with CSA) but were 
similar in both treatment arms. Together, both trials demonstrated 
that infliximab and CSA are similarly effective as rescue therapy in 
acute severe UC. CSA also has been used as a third-line salvage ther- 
apy in patients refractory to both IV steroids and infliximab, although 
this population remains at high risk of needing a colectomy or devel- 
oping serious infectious complications and even mortality. 161:162,162a 
Availability of an alternate treatment for maintenance in responders 
is important for patients in whom CSA has been initiated. This role 


traditionally has been played by thiopurines, though early reports 
suggest that vedolizumab, a bowel-selective anti-integrin may also 
be a safe and effective option for maintenance.!® 

CSA has been associated with many AEs, including paresthesias, 
tremors, headache, hypertrichosis, and gingival hyperplasia. Other 
potentially serious AEs include hypertension, seizures, electrolyte 
and liver biochemistry abnormalities, nephrotoxicity, anaphylaxis, 
and opportunistic infections. These complications are mostly dose- 
dependent. Severe complications have been reported with CSA in up 
to 12% of patients with UC! and 2 large series have reported death 
rates of 1.8% to 2.8% with CSA, more than half of which resulted 
from infections acquired while taking the drug.'>’!6+ Careful moni- 
toring for AEs is critical during CSA therapy. Baseline serum elec- 
trolytes, creatinine, cholesterol, and liver biochemical values should 
be measured. CSA therapy should be avoided in patients with an 
impaired creatinine clearance to minimize the risk of nephrotoxicity. 
Patients with serum cholesterol levels <120 mg/dL should receive 
nutritional support to improve the level before initiating CSA ther- 
apy, because a low cholesterol level is associated with an increased 
risk of seizures. During IV therapy, CSA levels should be monitored 
daily, and the dose should be adjusted to achieve a trough concen- 
tration (measured 1 hour before dosing) between 200 and 400 ng/ 
mL, determined by high-pressure liquid chromatography. Serum 
electrolytes and serum creatinine levels should be monitored daily 
or every other day and the dose of CSA decreased when the serum 
creatinine increases by 20% to 30% over baseline. Drug monitor- 
ing during oral CSA therapy includes weekly trough CSA levels 
and weekly to biweekly electrolyte and creatinine levels. Patients on 
long-term CSA therapy should receive Pneumocystis jiroveci pneumo- 
nia prophylaxis with trimethoprim/sulfamethoxazole. 

There appears to be little role for CSA in CD. Series of uncon- 
trolled RCTs have shown high doses of CSA to be efficacious in 
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treating IBD and fistulas, but at an unacceptably high cost of AEs.!® 
Moreover, lower doses, although somewhat safer, are not effective in 
maintaining remission.!°° One uncontrolled study suggested a ben- 
efit for hospitalized patients with CD of the colon, many of whom 
had been previously exposed to anti-TNF agents, but further data 
are required to understand its benefit to risk profile.!°7 


Tacrolimus 


Tacrolimus is absorbed more reliably from the intestine than is CSA 
and has a similar mode of action via inhibition of calcineurin, thereby 
diminishing T-cell activation.!©* A number of small uncontrolled 
studies have suggested benefit of oral or IV tacrolimus for the treat- 
ment of patients with refractory UC. The only RCT of tacrolimus in 
UC involved 63 Japanese patients with either steroid-dependent or 
steroid-refractory disease who were randomized to receive either ini- 
tial oral tacrolimus at 0.05 mg/kg or placebo twice daily.!° Patients 
in the high trough concentration (10 to 15 ng/mL) tacrolimus group 
had a significantly higher rate of response and nonsignificantly 
higher rate of remission than those in the placebo group at week 2, 
and a number of patients demonstrated response or remission (or 
both) after an additional 10 weeks of open-label therapy. Another 
RCT demonstrated efficacy of tacrolimus in healing perianal fistulas 
in CD.10171 The drug also may be effective as a topical agent for 
oral and perianal ulcerating disease!’*!’*; long-term application of 
0.1% tacrolimus applied to broken skin and mucosa was safe and 
serum levels were undetectable.!’* A role has recently emerged for 
tacrolimus enemas dosed between 2 to 4 mg daily for management 
of refractory distal colitis.!” As with CSA, tacrolimus can result in 
a number of toxicities including nephrotoxicity, electrolyte abnor- 
malities, nausea, diarrhea, headache, tremors, paresthesias, insom- 
nia, alopecia, hirsutism, and gingival hyperplasia.!’°!77 


Alternative Immunomodulators 


Alternative immunomodulators have been explored for patients 
who do not tolerate or have not responded to the previously men- 
tioned immunosuppressants. Mycophenolate mofetil has phar- 
macodynamic properties similar to those of AZA and 6-MP but a 
more rapid onset of action. A pilot study of patients with chronic 
active UC receiving concomitant prednisolone found AZA to be 
superior to mycophenolate mofetil throughout the 1-year study 
period, with remission rates at 1 year of 100% and 88%, respec- 
tively.'”* Uncontrolled studies reported less than 50% remission 
rates with mycophenolate mofetil therapy in patients with ste- 
roid-dependent UC, and the intolerance rate was high.!7°-180 A 
substantial number of patients developed AEs necessitating drug 
withdrawal, including recurrent upper respiratory tract infection, 
bacterial meningitis, depression, and migraine headache.!78-17° 
Thalidomide may have a role for some patients with CD 
through the mechanism of down-regulation of TNF-a and inhi- 
bition of NF«B activity. It has been shown to be effective in small 
studies of patients who are naive to biologics, and also those in 
whom thiopurine, MTX, and anti-TNF therapy have failed.!*! 
The most frequent long-term toxicity is peripheral neuropathy, 
which is typically reversible, although not in all cases. Careful 
contraceptive measures are critical owing to the recognized tera- 
togenicity, particularly phocomelia. Lenalidomide, an analog of 
thalidomide with similar immunomodulatory properties but with 
less toxicity (specifically neuropathy), was studied in an RCT, but 
did not show a response significantly different from placebo.!* 


Biologic Therapies 
Anti-TNF Therapy 


TNF is a key proinflammatory cytokine that has been demon- 
strated to play a role in several disease states including IBD. 


Elevated TNF concentrations have been found in the inflamed 
intestine of patients with CD and UC, and stool and mucosal 
concentrations of TNF in patients with IBD have been shown 
to correlate with clinical disease activity. The mode of action of 
anti-TNF agents is likely to be more involved than just its nomi- 
nal binding of TNF. The antibody can bind to and clear soluble 
TNF, but it also binds to cell-bound TNF. Through the latter 
mechanism, infliximab and adalimumab have been shown to 
induce apoptosis of cells expressing membrane TNF. Etanercept 
does not induce apoptosis, an observation thought to be the 
explanation for its lack of efficacy in IBD,!**-!® although neither 
does certolizumab pegol induce apoptosis!®ć and it has efficacy 
similar to that of these other agents. Therefore, the mechanism of 
action is most likely multifactorial, all pointing toward the ability 
to control the mucosal immune response. 


Anti-TNF Treatment of Crohn Disease 

Infliximab was the first biologic response modifier shown to be 
effective in CD (Fig. 116.5; Table 116.4). This chimeric monoclo- 
nal TNF antibody had an unsuccessful history as an investigational 
antisepsis agent before its use in CD was explored. Initial open-label 
trials demonstrated rapid and prolonged improvement in disease 
activity, accompanied in many cases by mucosal healing.!*7-!° An 
early short-term (12-week) RCT provided strong confirmation 
of the initial impression of efficacy.!?? The trial randomized 108 
patients with moderately to severely active CD to receive either 
placebo or a single infusion of 5 mg/kg, 10 mg/kg, or 20 mg/kg of 
infliximab (then called “cA2”). At 4 weeks, 81% of patients receiv- 
ing 5 mg/kg, 50% of those with 10 mg/kg, and 64% of those with 
20 mg/kg demonstrated clinical response compared with 17% of 
patients receiving placebo (P < 0.001). One third of patients receiv- 
ing infliximab achieved remission compared with just 4% of patients 
receiving placebo (P = 0.005). Coincidental healing of enterocuta- 
neous fistulas in some patients led to a separate successful RCT of 
infliximab for this indication!?!!"; 63% and 56% of patients receiv- 
ing 5 mg/kg and 10 mg/kg achieved the primary endpoint of 50% 
reduction in drainage from perianal or enterocutaneous fistula com- 
pared with 26% of patients with CD. Limited information regarding 
the efficacy of repeated dosing was available before the commer- 
cial release of infliximab in the USA. Maintenance dosing every 8 
weeks at 5 mg/kg IV after a 0-, 2-, and 6-week induction regimen 
was demonstrated to maintain response in patients with fistulizing 
and non-fistulizing disease in pivotal RCTs.!??!°* The ACCENT 
I trial randomized 573 patients with active moderate-to-severe CD 
to receive infliximab at weeks 0, 2, and 6 followed by every 8 week 
maintenance at doses of 5 mg/kg or 10 mg/kg. Although 58% of 
patients responded to an initial infusion of infliximab, maintenance 
therapy through week 54 resulted in more patients remaining in 
remission with 5 mg/kg (39%) or 10 mg/kg (45%) compared with 
placebo (21%).!° The ACCENT II trial randomized 306 adult 
patients with 1 or more perianal fistulas to receive infliximab (5 mg/ 
kg every 8 weeks) after the initial induction dosing at weeks 0, 2, and 
6.188 At the end of 54 weeks, 36% of patients in the infliximab main- 
tenance group had complete absence of draining fistulas compared 
with 19% of patients receiving placebo (P = 0.009). Other important 
observations from these studies included the steroid-sparing effect of 
infliximab, and sustained improvement in QOL out to the 54-week 
duration of the trials. Many observational cohort studies and sub- 
sequent RCTs confirmed the efficacy of infliximab maintenance in 
moderately to severely active CD with an estimated 10% to 15% 
loss of response annually. Subsequent analyses of the initial clinical 
trials confirmed the ability of infliximab to achieve endoscopic heal- 
ing; patients with early healing demonstrated superior long-term 
outcomes. Infliximab was approved for the treatment of moderately 
to severely active pediatric CD by the FDA in 2006 with even higher 
response and remission rates seen than in adults, which likely reflects 
the early nature of disease in children compared with adults and a 
different phenotype (e.g., inflammatory) at young age.!%> 
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Moderately to Severely Active Crohn Disease 


Oral corticosteroids 


MAINTENANCE of 
REMISSION 


INDUCTION of 
REMISSION 


Immunomodulator 
(thiopurine or 
methotrexate) 


Anti-TNF therapy 
(+/- immunomodulator) 


Anti-TNF therapy 
(+/- immunomodulator) 


Anti-integrin therapy 
(vedolizumab 

+/- immunomodulator 
or natalizumab 
monotherapy) 


Anti-IL12/23 therapy 
(+/- immunomodulator) 


Anti-integrin therapy 
(vedolizumab 

+/- immunomodulator 
or natalizumab 
monotherapy) 


Anti-IL12/23 therapy 
(+/- immunomodulator) 


Fig. 116.5 Algorithm for management of moderately to severely active Crohn disease. 


Since the success of infliximab, 2 additional anti-TNF agents 
have been approved for treating CD. Adalimumab is a subcuta- 
neously administered human immunoglobulin G1 (igG1) mono- 
clonal antibody that targets TNF. After success in RA, an early 
open-label study was performed of patients with CD who had 
lost response to or become intolerant to infliximab. In this study, 
59% responded to adalimumab therapy and 29% of patients were 
in remission at 12 weeks.!°° Importantly, no patients experienced 
acute or delayed hypersensitivity reactions to adalimumab. This 
paved the way to larger RCTs that showed efficacy of adalim- 
umab for inducing remission!’ and maintenance at 1 year.!?° 
‘The CLASSIC I trial randomized 299 patients with moderately to 
severely active CD to receive placebo or adalimumab subcutane- 
ously in 3 different induction regimens (160 mg/80 mg, 80 mg/40 
mg, and 40 mg/20 mg at weeks 0 and 2 respectively). At 4 weeks, 
remission was more frequent in patients receiving 160 mg/80 mg of 
adalimumab (36%) compared with 12% of patients receiving pla- 
cebo. The CLASSIC I and CHARM trials confirmed the benefit 
of continued adalimumab maintenance through 56 weeks at a dose 
of 40 mg every other week. In both trials, continued adalimumab 
maintenance was more effective than placebo use or subsequent 
open-label induction. Although there is no RCT of adalimumab 
with fistula healing as the primary endpoint, observational cohorts 
have confirmed its efficacy when used for this indication. 

Certolizumab pegol, initially known as CDP870, is a polyeth- 
ylene-glycolated Fab fragment of a humanized anti-TNF anti- 
body. An exploratory study of a single dose in patients with CD 
was promising!®° and led to a series of large RCTs. In the first 
RCT, although clinical benefit was evident, the primary endpoint 
of clinical response at 12 weeks missed statistical significance.!?” 
Post-hoc analysis exposed a high placebo rate in subjects with low 
C-reactive protein (CRP) levels, and subsequent recalculation 
limiting analysis to patients with an elevated CRP showed a sig- 
nificant difference. In 2 follow-up studies that stratified patients 
based on CRP levels, certolizumab pegol 400 mg, administered 
subcutaneously at 0, 2, and 4 weeks and then every 4 weeks, 
proved to be effective to induce and maintain clinical response 


and remission out to 26 weeks.?°°?°! Interestingly, patients 
responded equally regardless of their CRP status. 

Infliximab, adalimumab, and certolizumab pegol are all effec- 
tive for treating moderately to severely active CD?” Although 
it is impossible to compare the response and remission rates of 
these agents because of different study designs and patient popu- 
lations, all appear to have similar rates of initial response (~60%) 
and maintenance of that response between 6 and 12 months 
(~40% of the initial responders). Although these 3 medications 
are similar, all anti-TNF agents are not equivalent, as illustrated 
by etanercept (a human soluble TNF receptor Fc fusion protein) 
and CDP571 (a humanized monoclonal antibody to TNF), both 
of which failed to show significant efficacy for CD.!*+93 

Treatment with the anti-TNF agents usually is well toler- 
ated. In the largest and longer-term clinical trials, 4% and 16% of 
patients withdrew from study because of an AE. Injection site and 
infusion reactions occur at variable rates and are higher with inf- 
liximab than with adalimumab or certolizumab pegol.?" Infusion 
reactions with infliximab typically are associated with antibodies 
to infliximab (ATT), which develop in 10% to 20% of infliximab- 
treated patients with CD. Patients in whom ATI develop are 
more likely, although not uniformly so, to experience acute infu- 
sion reactions, which can consist of chest tightness, dyspnea, rash, 
hypotension or even anaphylaxis. ATI are less likely to develop 
in patients treated concomitantly with glucocorticoids or immu- 
nomodulators. Delayed hypersensitivity reactions, consisting of 
severe polyarthralgia, myalgia, facial edema, urticaria, or rash, are 
unusual complications that can occur 2 to 12 days after an infu- 
sion.” High ATI concentrations appear in such patients after the 
occurrence of such reactions, but they are not necessarily found 
before reinfusion. The major risk factor for delayed hypersensitiv- 
ity appears to be a long delay (probably >6 months) between infu- 
sions, thereby priming an amnestic antibody response. Delayed 
hypersensitivity appears to be less common when a standard 
induction regimen is used and when an immunomodulator is 
given concurrently.?°° Antibody formation is not unique to inf- 
liximab and can be noted with the other biologics as well. They 
were seen in only 2.6% of patients in a 1-year maintenance study 
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TABLE 116.4 Pivotal Phase 3 Clinical trials of Biologics and Tofacitinib in UC 


Number of Trial duration 

Drug and trial Trial type Dosing schedule participants (weeks) Primary outcome 

ADALIMUMAB (ADA) 

ULTRA-1 Induction ADA 160mg at week 0, 80mg at 186 8 Clinical Remission: 18.% 
week 2, 40mg at weeks 4 and 6 or ADA vs. 9.2% placebo 
placebo (p=0.031) 

ULTRA-2 Induction ADA 160mg at week 0, 80mg at week 494 8 Clinical remission: 16.5% 
2, then 40mg every other week or ADA vs. 9.3% placebo 
placebo (p=0.019) 

ULTRA-2 Maintenance ADA 40mg every other week or 494 52 Clinical remission: 17.3% 
placebo ADA vs. 8.5% placebo 

(p=0.004) 

GOLIMUMAB (GLM) 

PURSUIT-SC Induction GLM 400/200mg or 200/100mg or 1064 6 Clinical response: 51% 
100/50mg or placebo GLM 200/100mg vs. 

30% placebo 

PURSUIT-Maintenance Maintenance GLM 50mg or 100mg every 4 weeks 464 54 Clinical response: 50% 
or placebo GLM 100mg vs. 31% 

placebo 

INFLIXIMAB (IFX) 

ACT 1 nduction FX 5 or 10mg/kg at week 0, 2,6 then 364 8 Clinical response: 69% 
every 8 weeks or placebo FX 5mg/kg vs. 37% 

placebo 

ACT 1 Maintenance FX 5 or 10mg/kg every 8 weeks or 364 54 Clinical response: 45% 
placebo FX 5mg/kg vs. 20% 

placebo 

ACT 2 nduction FX 5 or 10mg/kg at week 0, 2,6 then 364 8 Clinical response: 64% 
every 8 weeks or placebo FX 5mg/kg vs. 29% 

placebo 

ACT 2 Maintenance FX 5 or 10mg/kg every 8 weeks or 364 30 Clinical response: 57% 
placebo FX 5mg/kg vs. 32% 

placebo 

VEDOLIZUMAB (VDZ) 

GEMINI 1 nduction VDZ 300mg or placebo IV at week 374 6 Clinical response: 47% 
0}, 2, VDZ vs. 26% placebo 

GEMINI 1 Maintenance VDZ 300mg IV every 4 or 8 weeks or 373 52 Clinical remission: 42% 
placebo VDZ vs. 16% placebo 

USTEKINUMAB (UST) 

UNIFI nduction UST 130mg or 6mg/kg IV or placebo 961 8 Clinical remission: 15.5% 
at week O UST 6mg/kg vs. 5.3% 

placebo 

UNIFI Maintenance UST 90mg every 8 or 12 weeks or 523 52 Clinical remission: 43.8% 
placebo UST every 8 weeks vs. 

24.0% placebo 

TOFACITINIB (TOFA) 

OCTAVE 1 Induction Tofa 10mg twice daily or placebo 598 8 Clinical remission: 19% 

tofa vs. 8% placebo 

OCTAVE 2 Induction Tofa 10mg twice daily or placebo 541 8 Clinical remission: 17% 

tofa vs. 4% placebo 

OCTAVE Sustain Maintenance Tofa 5mg or 10mg twice daily or 593 52 Clinical remission: 41% 
placebo tofa 10mg BID vs. 11% 


of adalimumab in CD?" but in up to 17% in patients with RA.?08 
Antibodies to certolizumab were seen in approximately 10% of 
patients in the induction and maintenance trials.?0®%201 The clinical 
significance of the presence of anti-drug antibodies is a matter of 
debate, but data demonstrate an association with lower infliximab 
serum levels in the setting of episodic therapy, where ATI forma- 
tion is highest.” The resultant low trough levels are associated 
with decreased rates of response. A similar pattern has also been 
observed with anti-adalimumab antibodies and clinical response 


placebo 


to adalimumab.”!° Antinuclear antibodies (ANAs) are common 
and appear in approximately 50% of patients receiving infliximab 
after 2 years. Of patients who develop ANAs, approximately 30% 
develop anti-double-stranded (ds) DNA.?® All anti-TNF biologic 
agents have been associated with paradoxical immune-mediated 
reactions which, interestingly, can also mimic other diseases for 
which anti-TNFs are indicated as treatment. Antim TNF-induced 
lupus is uncommon, occurring in fewer than 2% to 3% of anti- 
TNF patients, but is frequently difficult to diagnose because of its 


TABLE 116.5 Randomized Controlled Trials of Azathioprine for UC 
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AZA Dose Duration of Response Response 
Reference N (mg/kg/day) Therapy (Months) (AZA) (%) (Control) (%) P-Value Co-Therapy 
INDUCTION 
Jewel and 80 25 1 78 68 NS Glucocorticoids in all 
Truelove!*! 
Caprilli, et al'S° 20 BS 3 60 80 NS None; control = 
5-ASA 
Kirk and Lennard- 44* 2-2.5 6 NR NR NS None 
Jones!32 
Ardizonne, et 2 2 6 53 19 0.006 None; control = 
alca 5-ASA 
MAINTENANCE 
Jewel and 80 1.5-2.5 1 40 23 NS Glucocorticoids for 
Truelove!®! relapse 
Rosenberg, et 201 15 6 NR NR NS None 
al135 
Hawthorne, et or NR J2 64 41 0.039 5-ASA in most 
alioa AZA withdrawal 
Sood, et al138 25 25 18 42 62 NS Glucocorticoid 
induction 


Control = 5-ASA 


*All patients in this study were glucocorticoid-dependent. 


5-ASA, 5-aminosalicylate; AZA, azathioprine; N, number of patients; NR, not reported; NS, not significant. 


constellation of non-specific symptoms, including fatigue, arthral- 
gias, and skin rash.*!! In contrast to patients with traditional drug- 
induced lupus, those with anti- TNF-induced lupus are rarely 
anti-histone antibody positive, but are frequently positive for both 
ANA and anti-ds DNA. Patients who develop antim TNF-induced 
lupus frequently are required to discontinue this therapeutic 
class as recurrence has been noted with other anti-TNF agents. 
Anti-TNF-induced psoriaform skin reaction can occur in up to 
5% of patients receiving these agents?!?; it can occur anywhere 
on the body but frequently involves the scalp, palms, and soles. It 
often responds to topical corticosteroid therapy but occasionally 
requires the addition of MTX or therapy cessation. 

In clinical trials, infections were reported in up to 57% of anti- 
‘TNF treated patients, but the rate of infections was similar to those 
receiving placebo.?”” Serious infections fortunately were unusual, 
occurring in only 2% to 4% of patients. In the course of treatment 
of patients with enterocutaneous fistulas, but especially with peri- 
neal disease, abscess formation can arise from superficial healing 
and closure of an infected pocket. Any patient with a suspected pyo- 
genic complication of CD or any serious infection should undergo 
adequate drainage and treatment with antibiotics before starting 
or continuing anti-TNF therapy. Reactivation of TB has been 
observed with anti-TNF therapies, and has resulted in disseminated 
disease and death. The rate of occurrence of TB was estimated to be 
0.2% in a recent meta-analysis of anti-TNF exposed patients with 
IBD.?! All patients should be screened for pulmonary TB before 
starting anti-TNF therapy. Re-activation of HBV may also occur 
in the setting of anti-TNF medication use and patients should be 
screened for the active or chronic carrier state of HBV infection; 
Consideration should be given for concomitant anti-viral treatment 
in those with HBV who require anti-TNF therapy. Biologic thera- 
pies are also associated with a modest increase in risk of opportunis- 
tic infections.” !* Demyelinating disease and new-onset or worsening 
heart failure are contraindications for use of anti-TNF agents. 

‘Treatment-associated malignancies, in particular lymphopro- 
liferative disorders, are important concerns for patients and pro- 
viders using these therapies. A meta-analysis of patients with CD 
treated with anti-TNF agents reported the rate of NHL as 6.1 per 
10,000 patient-years. Compared with the background rate of NHL 
in the general population of 1.9 per 10,000 patient-years, this 


corresponded to a standardized incidence ratio of 3.23 (95% CI, 
1.5 to 6.9).7)5 Because most of the anti-TNF treated patients also 
were exposed to immunomodulators, however, it is not possible 
to determine the magnitude of risk contributed by the anti-TNF 
treatment alone.*!° Hepatosplenic T-cell lymphoma (HSTCL) has 
been described in patients with CD who have been treated with 
anti-TNF agents in combination with immunomodulators and 
with immunomodulators alone (AZA and 6-MP).’!’ This nearly 
universally fatal form of NHL predominantly (but not exclusively) 
affects young men. Its incidence in unknown but fortunately it 
appears to be rare, and more often occurs in the setting of combi- 
nation therapy of an anti-TNF and thiopurine immunomodulator. 
Anti- TNF biologics are also associated with increased risk of mela- 
nomas and should be used only with caution in those with a prior 
history of this cancer.?!* In contrast, they do not appear to inde- 
pendently increase risk of NMSCs. The safety of these medications 
in the setting of pregnancy and breastfeeding is discussed later. 


Anti-TNF Treatment of UC 

Three anti-TNF agents are approved for the treatment of UC: 
infliximab (Remicade), adalimumab (Humira), and golimumab 
(Simponi). Results from 2 large, multicenter, randomized double- 
blind placebo-controlled trials (ACT 1 and 2) showed efficacy of 
infliximab therapy in UC.’!? In these 2 similarly designed trials, 
728 patients with moderately to severely active UC in whom con- 
ventional therapy failed with glucocorticoids alone or in combi- 
nation with thiopurines (ACT 1) or glucocorticoids alone or in 
combination with thiopurines and 5-ASAs (ACT 2) were ran- 
domized to placebo, infliximab 5 mg/kg, or infliximab 10 mg/kg 
at weeks 0 and 2 and then every 8 weeks through week 46 (ACT 
1) or week 22 (ACT 2) (Table 116.5). In ACT 1 at week 8, 69% 
and 61% of patients receiving infliximab at 5 mg/kg and 10 mg/ 
kg, respectively, had a clinical response, compared with 37% of 
patients receiving placebo (P < 0.001 for both comparisons). In 
ACT 2 at week 8, 64% and 69% of patients receiving infliximab at 
5 mg/kg and 10 mg/kg, respectively, had a clinical response, com- 
pared with 29% of patients receiving placebo (P < 0.001 for both 
comparisons). With respect to clinical remission, in ACT 1 at week 
8, 39% and 32% of patients receiving infliximab at 5 mg/kg and 
10 mg/kg, respectively, attained remission, compared with 15% 
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of patients receiving placebo (P < 0.003 for both comparisons). In 
ACT 2 at week 8, 34% and 28% of patients receiving infliximab at 
5 mg/kg and 10 mg/kg, respectively, attained remission, compared 
with 6% of patients receiving placebo (P < 0.001 for both compari- 
sons). The results for clinical remission at week 30 (ACT 1 and 2) 
and week 54 (ACT 1) were very similar for all groups, with highly 
significant greater than 2-fold higher remission rates for the inflix- 
imab-treated patients. The proportions of patients with a sustained 
clinical response or remission also were significantly higher in the 
infliximab groups. Treatment with infliximab also was shown to 
have steroid-sparing and mucosal healing properties. 

Combination therapy with infliximab and AZA for the treat- 
ment of moderately to severely active UC has been preliminar- 
ily investigated in a 16-week trial (UC-SUCCESS) of biological 
agent-naive patients in whom treatment with glucocorticoids was 
failing and who were either naive to AZA or had stopped AZA 
at least 3 months prior to the start of study.'!” Patients receiving 
combination therapy had higher rates of steroid-free remission 
(40%) compared with those receiving monotherapy (24% for 
AZA alone, 22% for infliximab alone). Rates of mucosal healing 
were also significantly higher in the combination group. 

Infliximab is the only anti-TNF agent with robust data to sup- 
port its use as rescue therapy in steroid non-responders with acute 
severe UC. A landmark small clinical trial randomized 45 patients 
with steroid-refractory severe UC to receive either a single infusion 
of infliximab (7 = 24) or placebo (n = 21). Within 3 months of ran- 
domization, more patients receiving treatment with placebo under- 
went colectomy compared with those receiving infliximab (OR 4.9, 
95% CI 1.4 to 17). No serious AEs occurred in either group. An ear- 
lier smaller pilot study included 11 patients with severe colitis; 4 of 
8 patients receiving infliximab were considered a treatment success 
compared with none of 3 patients receiving placebo.” The recogni- 
tion of greater fecal losses of infliximab in the setting of severe UC 
was accompanied by interest in using higher doses of infliximab up 
front or an accelerated induction regimen where the first 3 doses are 
administered over a shorter time period than the standard 6 weeks. 
Although some patients benefit from this accelerated approach with 
lower short-term rates of colectomy, these patients remain at high 
risk for needing surgery and the overall rates of surgery are similar to 
standard induction therapy, suggesting this approach may not result 
in durable benefit.”?! The relative performance of infliximab and 
CSA as rescue therapy in severe colitis is described earlier, but the 
risk and benefit for a colectomy should be weighed with successive 
administration of the potent agents. 

Two large RCTs (ULTRA 1 and 2) have also been conducted 
for adalimumab in UC leading to its approval for this indica- 
tion.????23 In ULTRA 1, which was purely an induction trial in 
patients naive to anti-TNF therapy, 390 patients were random- 
ized to receive adalimumab 160 mg at week 0, 80 mg at week 
2, and 40 mg at weeks 4 and 6 or placebo. A second induction 
arm in Europe examined the efficacy of an 80-mg dose at week 
0 followed by 40 mg at weeks 2, 4, and 6 compared with pla- 
cebo.’”” Remission rates were 18.5%, 10%, and 9.2%, respec- 
tively (P = 0.031 for adalimumab 160/80 mg group vs. placebo), 
and response rates were 55%, 52%, and 45%, respectively (P = 
NS [not significant] for each adalimumab group vs. placebo) at 
week 8. In ULTRA 2, which examined induction and mainte- 
nance of remission but also allowed for inclusion of patients with 
prior anti-TNF exposure, 494 patients, stratified by prior anti- 
TNF exposure, were randomized to receive adalimumab 160 mg 
at week 0 and 80 mg at week 2 followed by 40 mg every other 
week starting at week 4, or placebo, for up to 52 weeks.??? Overall 
rates of remission and response were 16.5% vs. 9.3% (P = 0.019) 
and 50% vs. 35% (P < 0.005), respectively, at week 8, and 17.3% 
vs. 8.5% (P = 0.004) and 30% vs. 18% (P < 0.05) at week 52. 
However, in patients naive to anti-TNF therapy, the differences 
were larger with remission and response rates of 21% vs. 11% (P 
= 0.017) and 59% vs. 39% (P < 0.001), respectively, at week 8, and 
22% vs. 12% (P = 0.029) and 37% vs. 24% (P = 0.019) at week 52. 


The PURSUIT trial examined the efficacy of golimumab, 
a fully human monoclonal antibody to TNF in moderately to 
severely active UC. In the induction trial, 1064 patients with 
UC were randomized to 3 different dosing schedules of golim- 
umab with a primary endpoint of clinical response at week 6.77* 
Compared to 30% of patients receiving placebo who achieved 
clinical response, 51% of patients receiving the 200 mg/100 mg 
induction dose of golimumab achieved response (P < 0.001). Sta- 
tistically significant higher rates of clinical remission, mucosal 
healing, and improvement in QOL were noted with golimumab 
compared with placebo. The maintenance trial randomized 
responders to golimumab induction (7 = 464) to placebo or goli- 
mumab every 4 weeks at doses of 50 mg or 100 mg. At the end 
of week 54, clinical response was maintained in 50% of patients 
receiving golimumab 100 mg compared with 31% of patients 
receiving placebo. As in the induction trial, more patients with 
golimumab achieved clinical remission (28%) and mucosal heal- 
ing (42%) compared with placebo (16% and 27% respectively, P 
< 0.002 for both). 


Optimizing Anti-TNF Response 

Since the initial approval of anti-TNF agents, emerging evidence 
suggests that their efficacy can be further optimized using 3 prin- 
ciples: administering therapy early in disease course; using con- 
comitant immunomodulators; and using drug and antibody levels 
to guide therapeutic decisions in a “treat-to-target” approach 
with objective resolution of inflammation. 

Although the strategy of early aggressive therapy had much 
evidence in its support for RA, it is only recently that growing 
evidence suggested the best benefit for anti-TNF therapy can be 
obtained by using it early in disease course. Response rates for these 
agents in pediatric IBD is often much higher than noted in adult 
disease.!” This is likely due to the pediatric population having a 
greater proportion of inflammatory disease, whereas fibrostenotic 
complications and irreversible damage may have already occurred 
in the adult disease. Post-hoc analyses of trials of adalimumab and 
certolizumab also have shown that treatment early in the disease 
course, e.g., within 2 years of diagnosis, is associated with much 
higher rates of response to therapy than 5 years after diagnosis. In 
an open-label RCT by D’Haens, 133 patients with recent-onset 
active CD were randomized to receive early combined immuno- 
suppression with AZA and infliximab (followed by maintenance 
AZA and on-demand infliximab) or conventional treatment with 
the sequential use of prednisone, AZA, and then infliximab.’”> At 
the end of 1 year, 62% of patients in the early-combination therapy 
group were in remission compared with 42% in the conventional 
group. By study design, all patients in the conventional group 
received glucocorticoids, but no patients in the early-combination 
group required glucocorticoids. Finally, at 2 years, 73% of patients 
in the early-combination group had complete mucosal healing, 
compared with 30% in the conventional group, suggesting that 
more intensive treatment early in the course of CD could lead to 
better outcomes. A more recent trial, the Randomised Evaluation 
of an Algorithm for Crohn’s Treatment (REACT) trial, used an 
open-label cluster randomization design to assign 41 practices 
to either early combined immunosuppression or conventional 
management.”’° Whereas at 12 months both arms had the same 
practice-level remission rates (66% and 62% respectively), the 
early combined immunosuppression arm had a significantly lower 
24-month rate of a composite of disease-related surgery, hospital 
admission, or complications (hazard ratio (HR) 0.73, 95% CI 0.62 
to 0.86) with no differences in serious AEs between the 2 groups. 

Although there is still debate about the value of the concomi- 
tant use of immunomodulators (AZA, 6-MP, or MTX) to improve 
the anti-TNF initial response and maintenance effect in all patients, 
growing evidence supports a benefit of this strategy. As noted ear- 
lier, immunomodulators appear to decrease the production of anti- 
drug antibodies, thereby increasing serum drug levels. Post-hoc 
analysis of pooled data from the pivotal clinical trials of infliximab, 


adalimumab, and certolizumab showed that at least for infliximab, 
patients remaining on concomitant immunomodulator therapy had 
higher rates of remission than those who remained on monother- 
apy.!!! To evaluate the effect of AZA or infliximab monotherapy 
compared with combination therapy in patients without prior expo- 
sure to these agents, the SONIC study was performed, randomiz- 
ing CD patients who were immunosuppression naive to infliximab, 
AZA, or a combination of both. The investigators found that 57% 
of patients receiving combination therapy were in steroid-free clini- 
cal remission at 6 months, compared with 44% receiving infliximab 
alone and 30% receiving AZA alone.!” In addition, mucosal heal- 
ing occurred more often in the combination therapy group. This 
landmark study has pushed the field to strongly consider combina- 
tion therapy, particularly in immunomodulator and anti-TNF naive 
patients. It is not clear if these results can be extrapolated to other 
anti- TNFs. Prior failure of thiopurine therapy does not appear to 
impact its ability to reduce anti-drug antibody formation.??” As dis- 
cussed earlier, the UC-SUCCESS trial examined a similar strategy 
in UC, demonstrating combination therapy to be superior to inflix- 
imab monotherapy at 16 weeks. Although not observed in this study, 
however, it is well described elsewhere that combination therapy is 
also associated with increased risk of malignancies including lym- 
phoma and NMSC-. Thus, the decision to use anti- TNF mono- or 
combination therapy has to be made based on an individual patient 
basis, taking their expected benefits and risks into account.??® 

The newest tool in the armamentarium to optimize anti-TNF 
therapy is the ability to measure anti-TNF drug and antibody lev- 
els??? Previously, empiric changes were made for drug dose or switc- 
ing to another agent within class. Now, the availability of drug and 
antibody levels can guide our decision-making. The most intuitive 
time to check drug levels is in the setting of loss of response. In this 
scenario, drug and antibody levels are checked at trough times.’??7>° 
Low or undetectable drug levels without antibody (or with low-level 
antibody) present should lead to an increase in dose or shortening 
of the dosing interval—this approach is associated with high rates of 
recapturing treatment response. In contrast, patients with sufficient 
trough levels of the biologic agent will not benefit from continuing 
or escalating therapy and would benefit most from switching out of 
therapeutic class to a therapy acting by different mechanism.?*! Low 
or undetectable drug levels with high antibody titer should prompt 
a change to a different anti-TNF agent as there is low cross-reac- 
tivity between antibodies. However, antibodies may sometimes be 
transient or can be overcome by addition of an immunomodulator 
in select cases.’** Although the benefit of checking drug levels and 
antibodies is well established in the setting of loss of response, par- 
ticularly to infliximab, (reactive therapeutic drug monitoring), there 
is growing interest in whether proactively monitoring trough con- 
centrations at the end of induction or during maintenance can help 
optimize response and prevent immunogenicity. Small retrospective 
studies suggested a benefit with this approach,”*> however, a large 
prospective RCT which randomized patients to standard of care or 
proactive monitoring after dose optimization showed no difference 
in outcomes at 1 year.?*+ This trial did have several limitations includ- 
ing dose optimization prior to randomization, thereby reducing the 
expected magnitude of benefit with proactive monitoring. Studies 
have also suggested that checking drug levels at the completion of 
induction (for example, week 6 or week 14) will allow for proactive 
optimization of dose and higher rates of response. ‘The clinical ben- 
efit of practicing this routinely is yet to be robustly demonstrated. 

In addition to optimizing treatment, goals of therapy have evolved 
from resolution of symptoms to achieving objective endoscopic 
healing, termed a treat-to-target approach. The hypothesis is that 
persistent inflammatory change, even if not causing symptoms, will 
lead to structural irreversible damage of the bowel, and ultimately 
lead to complications and worse long-term outcomes. Data from the 
pre-biologic and biologic era support better long-term outcomes if 
mucosal healing is achieved.??> A multi-center RCT, the CALM 
study, examined the benefit of this approach by randomizing 244 
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patients with new diagnosis of CD (mean disease duration <1 year) 
to either a standard clinical management or a tight-control group.”*° 
In the tight-control group, therapy escalation was based on elevated 
fecal calprotectin, CRP, CDAI, or prednisone use. At 1 year, 46% of 
patients in the tight-control group achieved the primary endpoint of 
endoscopic remission compared with 30% of patients in the conven- 
tional management arm (P = 0.010). This was the first study to show 
that routine use of biomarkers in combination with clinical symp- 
toms to escalate anti-TNF therapy early is associated with superior 
outcomes in CD. The benefit of such approaches in UC remain to 
be robustly demonstrated. 


Anti-Adhesion Molecules 


Natalizumab 

Natalizumab is humanized monoclonal antibody against ay4- 
integrin thus inhibiting leukocyte adhesion and migration into 
inflamed tissue. Also used for the treatment of multiple sclerosis 
(MS), natalizumab administered as an IV dose of 300 mg every 4 
weeks was the first anti-integrin approved for treatment of CD. Two 
large RCTs, Efficacy of Natalizumab as Active Crohn’s Therapy 
(ENACT)-1 and ENACT-2?’ confirmed its efficacy in both 
induction and maintenance of remission in moderately to severely 
active disease. Unfortunately, in the open-label extension portion 
of the ENACT studies, 1 patient died from progressive multifocal 
leukoencephalopathy (PML),”** a progressive degenerative neuro- 
logic disease caused by infection with John Cunningham (JC) virus. 
This along with additional reports of PML in natalizumab-treated 
MS patients led to a temporary withdrawal of natalizumab from 
the market prior to cautious re-introduction in 2008. Risk factors 
for PML include JC virus positivity, prior immunosuppressant use, 
and duration of treatment >2 years. In the presence of all 3 risk fac- 
tors, the risk of PML may be as high as 1 in 100. The risk of PML 
is virtually zero in individuals who are not seropositive for JC expo- 
sure. The availability of bowel-selective anti-adhesion molecules 
such as vedolizumab have limited the use of natalizumab in CD. 


Vedolizumab 
Vedolizumab, a humanized IgG; monoclonal antibody to a4B, 
integrin expressed on the surface of B and T cells, prevents the 
binding of these lymphocytes to mucosal addressin cell adhesion 
molecule-1 (MAdCAM-1), which is expressed primarily on intes- 
tinal vascular endothelium.**? In contrast to natalizumab, which 
targets both a4; and a467, vedolizumab only targets a4f7. As 
there are no a4, receptors in the brain, PML is not thought to 
be a concern with vedolizumab; animal models and experience in 
humans have supported this claim. The relative bowel selectivity 
of vedolizumab confers the benefit of lower systemic immuno- 
suppression, and, consequently, a lower risk of associated AEs of 
infection and malignancy. 

Vedolizumab Treatment for Crohn Disease. The GEMINI 
2 study examined the efficacy and safety of vedolizumab for 
induction and maintenance of remission in moderately to severely 
active CD.?*° A total of 368 patients were randomized to receive 
either vedolizumab 300 mg IV or placebo at week 0 and 2, and an 
additional 747 patients received open-label vedolizumab at weeks 
Oand 2. Responders at week 6 (7 = 461) were randomized to receive 
vedolizumab every 4 or every 8 weeks until week 54. At week 
6, 15% of patients who received vedolizumab were in remission 
compared to 7% of patients receiving placebo (P = 0.02). There 
was no statistically significant difference in clinical response rates 
between the 2 groups. At week 54, 39% of patients receiving 
vedolizumab every 8 weeks were in clinical remission compared 
with 21% of patients receiving placebo maintenance infusions 
(P < 0.001). Serious AEs were uncommon, but nasopharyngitis 
was noted more frequently among those receiving vedolizumab 
compared with placebo.’*! Multiple observational cohorts have 
since confirmed the efficacy of vedolizumab in CD, although the 
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overall benefit in this disease remains less striking than in UC. In 
patients who had previously failed to respond to anti-TNF agents, 
vedolizumab was not better than placebo in achieving clinical 
remission at week 67 but a significant difference was apparent 
by week 10. Rates of response were also higher in anti- TNF naive 
compared with anti-TNF failure patients at week 54.?® Pooled 
safety analysis of the registration trials of vedolizumab revealed 
the drug to be well tolerated with no increase in risk of serious or 
opportunistic infections compared with placebo.?++ 

Vedolizumab Treatment for UC. The GEMINI I trial ex- 
amined the efficacy of vedolizumab in the treatment of moder- 
ately to severely active UC.?* As in the CD study, this included a 
6-week induction phase and a subsequent maintenance phase for 
responders to the initial dose. In the induction phase, 371 patients 
were randomized to either vedolizumab or placebo at weeks 0 and 
2, and 521 received open label vedolizumab induction. At week 
6, 47% of patients receiving vedolizumab compared with 26% of 
patients with placebo demonstrated clinical response (P < 0.001). 
At week 52, 42% of patients on maintenance therapy with vedoli- 
zumab every 8 weeks were in clinical remission compared with 
16% of patients receiving placebo (P < 0.001). The rates of muco- 
sal healing were also greater with vedolizumab than with placebo. 
The VARSITY trial randomized 769 patients with moderate to 
severely active UC to treatment with either vedolizumab every 
8 weeks or adalimumab 40mg every 2 weeks after the standard 
induction dose for each drug.*+? At week 52, a higher propor- 
tion of patients in the vedolizumab group achieved clinical remis- 
sion (31.3% VDZ vs. 22.5% ADA) and endoscopic improvement 
(39.7% VDZ vs 27.7% ADA) although there was no difference 
in the corticosteroid-free remission rates (12.6% VDZ vs. 21.8% 
ADA). Thus vedolizumab is an attractive option in UC. The lack 
of head-to-head comparisons between anti-TNF agents and ve- 
dolizumab limit an evidence-based approach to the relative posi- 
tion of both these classes in the management of UC. A similar 
efficacy and relative safety due to intestine selectivity may make 
vedolizumab an attractive first-line biologic agent, however, fur- 
ther information on long-term durability and safety is necessary 
to inform this choice. 


Anti IL-12/IL-23 


Ustekinumab 

Crohn Disease. Ustekinumab is a fully human IgG1 monoclonal 
antibody directed against the p40 subunit of both interleukin (IL)-12 
and IL-23. It was initially approved as a subcutaneous injection for the 
treatment of psoriasis and psoriatic arthritis. Multiple lines of evidence 
support a pathophysiologic role for this pathway in CD including 
an association between polymorphisms in the IL-23 receptor and 
p40 subunit of IL-12/23 in genome-wide association studies and 
overexpression of the IL-12 p35 subunit and IL-12/23 p40 subunit in 
CD. Crohn’s Evaluation of Response to Ustekinumab anti-IL12/23 
for Induction (CERTIFI), a phase 2 clinical trial, demonstrated 
efficacy of a 6 mg/kg IV induction dosing in CD refractory to anti- 
TNF agents.** A large phase 3 clinical trial of IV ustekinumab 6 mg/ 
kg versus placebo included 2 parallel trials—Ustekinumab Induction 
Therapy in subjects with Moderately to Severely Active Crohn’s 
Disease Who Have Failed or Are Intolerant to TNF Antagonist 
‘Therapy (UNITY) 1 in anti-TNF refractory patients and UNITI 2 
in patients in whom corticosteroid or immunomodulator therapies 
had failed.#” Responders at week 6 were randomized to receive 
either maintenance ustekinumab therapy 90 mg subcutaneously 
every 8 weeks, every 12 weeks, or placebo. At week 6, the rates of 
clinical response and remission were significantly higher among those 
receiving ustekinumab (34%) compared with placebo (22%) (P < 
0.003). Normalization of CRP and fecal calprotectin was also more 
frequent with ustekinumab compared with placebo. In the 44-week 
maintenance phase, patients who received ustekinumab 90 mg every 
8 weeks (53%) or every 12 weeks (49%) were significantly more likely 


to remain in remission compared with subjects who received placebo 
(36%) (P = 0.005). Serious AEs were infrequent and similar between 
active treatment and placebo. 


Newer Agents 
Kinase Inhibitors 


The Janus JAK) family of kinases, which include JAK1 and JAK3, 
mediate signal transduction for a variety of cytokines, including IL 
2, 4, 7, 9, 15, and 21, which are critical for lymphocyte prolifera- 
tion, function, and activation.2*? Tofacitinib, a novel oral inhibitor 
of JAK1 and JAK3 (and less so JAK2), initially was shown to be safe 
and effective for the treatment of moderately to severely active UC 
in a large phase 2 trial.” In this study, in which 194 patients were 
randomized to receive twice-daily tofacitinib at 0.5, 3, 10, or 15 mg, 
or placebo for 8 weeks, rates of response were 32% (P = 0.39), 48% 
@ = 0.55), 61% (P = 0.10), and 78% (P < 0.001) respectively versus 
42% with placebo; rates of remission were 13% (P = 0.76), 33% (P = 
0.01), 48% (P < 0.001), and 41% (P < 0.001) respectively versus 10% 
with placebo at week 8. A subsequent large phase 3 trial of tofacitinib 
10 mg twice daily or placebo confirmed efficacy in moderately to 
severely active UC.?5! At week 8, 19% of patients receiving tofaci- 
tinib achieved remission compared with 8% of patients receiving 
placebo (P = 0.007). In the maintenance trial (Oral Clinical Trials 
for tofAcitinib in ulceratiVE colitis (OCTAVE) Sustain), remission 
occurred in 34% and 41% of patients receiving tofacitinib 5 mg BID 
and 10 mg BID respectively compared to 11% with placebo (P < 
0.001 for both comparisons). The rates of serious infections were 
higher with tofacitinib compared with placebo. In particular, there 
was a higher incidence of herpes zoster with tofacitinib. Additional 
potential AEs of tofacitinib include elevation of both HDL and 
LDL, and neutropenia, and possibly elevations of liver-associated 
enzymes and serum creatinine as well as anemia. An ongoing phase 
4 study in RA patients older than 50 years of age and with preexist- 
ing cardiovascular risks has identified an increased risk of pulmonary 
embolism and mortality for patients treated with 10 mg BID.?°? 
These AEs were not seen at 5 mg BID, and have not been reported 
in patients with UC in clinical trials or subsequent real-world 
experiences.”>** 

Two phase 2b trials in CD failed to demonstrate robust clini- 
cal efficacy of tofactinib.*** There was no difference between 
tofacitinib 10 mg twice daily and placebo in inducing or main- 
taining clinical response or remission, although the decline in 
CRP was greater with tofacitinib than with placebo. 

Filgotinib is a once-daily, selective JAK1 specific inhibitor 
that was examined in a phase 2 clinical trial in CD. Among 174 
patients with active CD receiving either filgotinib 200 mg daily or 
placebo, clinical remission at week 10 was higher with active treat- 
ment (47%) compared to placebo (23%) (P = 0.0077).?>> There 
are ongoing larger trials examining its efficacy in CD and UC. 

UC. The UNIFI trials examined the efficacy of ustekinumab 
in ulcerative colitis. The Phase 3 trial included 961 patients with 
moderate-to-severe ulcerative colitis who were randomized to 
receive one of two intravenous single induction doses (130mg 
or 6mg/kg) or placebo. Patients who achieved a clinical response 
8 weeks after the dose were randomized to receive maintenance 
subcutaneous ustekinumab 90mg at every the every 8 week or 
every 12 week frequency or placebo for a further 44 weeks. At 
week 8,, 15.5% of patients who received the 6mg/kg intravenous 
induction dose achieved clinical remission, defined as a total 
Mayo score < 2, when compared to 5.3% of the placebo group 
(p < 0.001). At the completion of the maintenance phase, 43.8% 
of patients randomized to 90mg every 8 weeks of ustekinumab 
achieved clinical remission compared to 24% of those who 
received placebo (p < 0.001). Importantly, there was no increase 
in risk of serious adverse events with ustekinumab compared to 
placebo, specifically with no increase in risk of serious infections. 


S1P Inhibitors 


Ozanimod is an oral sphingosine-1-phosphate receptor subtypes 
1 and 5 antagonist that reduces activated lymphocyte migration 
to the intestine by inducing peripheral sequestration. A small 
phase 2 trial of 197 patients with moderately to severely active 
UC demonstrated higher rates of clinical remission at 8 weeks 
with 1 mg daily dosing (16%) compared with placebo (6%) (P = 
0.048).254 


Adjunctive Therapies 


Many other therapies are used to control the symptoms and 
adverse consequences of IBD. Antidiarrheal and anticholinergic 
agents can help to alleviate diarrhea and cramping but should 
be used sparingly in those with ongoing active inflammation. 
Patients with ileal disease or resection may require parenteral 
vitamin Bız supplementation or the addition of cholestyramine (1 
to 4 g/day) or colesevelam (625 to 3800 mg/day) to control bile 
salt diarrhea. Iron supplementation also may be needed, with oral 
iron less well tolerated than parenteral routes. In addition, oral 
iron may exacerbate colitis in animal models.*°> Smoking cessa- 
tion should be vigorously pursued as a means of improving long- 
term outcomes in CD.**° Interestingly, smoking cigarettes has 
been shown to have therapeutic benefit in patients with UC who 
developed their UC after quitting smoking.’ 


Antibiotics, Probiotics, and Intestinal Microbiota 
Transplantation 


Antibiotics have a clear role in treating pyogenic complications of 
CD. On the basis of relatively little high-quality evidence, anti- 
biotics also are used to treat perineal disease, fistulas, and active 
luminal CD. The largest reported experience has been with met- 
ronidazole (MZ) and the anaerobic microbiota affected by MZ 
might have particular importance in the pathogenesis of CD.25* 
Perhaps the clearest demonstration of this principle is a study 
of postsurgical prophylaxis after ileal resection. In this disease 
model, which in some ways might replicate the earliest events in 
the initiation of CD, high-dose MZ (20 mg/kg/day for 3 months) 
demonstrated a prophylactic effect on endoscopic and clinical 
recurrence at 1 year, with numerical but not statistical advantages 
at 2 and 3 years of follow-up.*°? In this study, as in clinical use, 
AEs, including GI upset, nausea, dysgeusia, and peripheral neu- 
ropathy, were common and resulted in a high number of patients 
discontinuing therapy. A study using ornidazole, also a nitroimid- 
azole antibiotic, showed similar results.7®° Ornidazole might have 
fewer side effects than MZ, but toxicity was still a problem with 
this formulation. A meta-analysis concluded that nitroimidazole 
antibiotics are effective in the prevention of postoperative CD, 
but that their AE profile limits acceptability.“°!*° Upon cessa- 
tion of the nitroimidazole, the preventive benefit is lost. 
Open-label experience suggests that MZ 20 mg/kg/day is ben- 
eficial in healing perineal fistulas.?°? Fistulas tend to recur with 
cessation of therapy, and long-term use is limited by AEs. Stud- 
ies of MZ in active luminal CD generally have not demonstrated 
benefit, but they have suggested better outcomes in subgroups 
of patients with colonic involvement.” For perianal fistulas, 
ciprofloxacin may be similar in efficacy to MZ and with fewer 
AEs,?°? and its addition might improve the response to infliximab 
and adalimumab.?67:268 In the treatment of luminal disease, one 
study found ciprofloxacin 1 g/day to be equivalent to mesalamine 
4 g/day in achieving remission of mildly to moderately active 
CD at week 6, with more than half of the patients in each group 
achieving remission.’ In a longer-term study using ciprofloxa- 
cin 500 mg twice daily for 6 months in patients with moderately 
active disease, those who were treated with ciprofloxacin had a 
statistically significantly lower CDAI at 6 months compared with 
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those given placebo (P < 0.001).?”° Another study compared the 
combined use of ciprofloxacin and MZ, 1 g each, against meth- 
ylprednisolone for active CD. The antibiotic combination was 
comparable with glucocorticoids in achieving remission over 12 
weeks.’’! A more recent study failed to detect additional efficacy 
of the same dual antibiotic regimen over placebo when added to 
controlled ileal-release budesonide; however, a trend toward ben- 
efit was noted in the subgroup of patients with colonic disease.*’” 
Preliminary evidence suggested that clarithromycin monotherapy 
was useful in treating active disease,” but a follow-up random- 
ized trial did not confirm the open label experience.’”* A large 
study of triple antibiotic therapy targeting M. paratuberculosis 
(clarithromycin, rifabutin, and clofazimine) in combination with 
prednisolone showed an early clinical benefit, but when followed 
for 2 more years, this benefit was not sustained.?’° Rifaximin is a 
nonabsorbable oral rifamycin antibiotic that is approved for the 
treatment of traveler’s diarrhea and IBS. A single RCT in more 
than 400 patients with moderately active CD using the extended 
intestinal release formulation at a dose of 800 mg twice daily dem- 
onstrated that significantly more subjects in the rifaximin group 
were in remission at 12 weeks compared with those given placebo 
(62% vs. 43%, P = 0.005).?”6 In contrast to CD, antibiotics have a 
limited role in the management of UC, and most controlled stud- 
ies have not demonstrated their benefit either in active disease or 
maintenance of remission.’”’-?’? 

Probiotics are living organisms in foods and dietary supple- 
ments that might beneficially affect the host in a number of ways, 
including improving its intestinal microbial balance, blocking 
adhesion sites on colonocytes (which might improve mucosal 
barrier function), and enhancing local immune response**? (see 
Chapter 130). An example of a common probiotic is VSL#3, 
which contains 4 strains of Lactobacillus (L. acidophilus, L. del- 
brueckii subspecies bulgaricus, L. plantarum, and L. casei), 3 strains 
of Bifidobacterium (B. infantis, B. longum, B. breve), and 1 strain 
of Streptococcus (S.s salivarius subspecies thermophilus). Prebi- 
otics are nondigestible food ingredients that selectively stimulate 
the growth or activity of 1 or more of the intestinal microbiota, 
such as Lactobacillus or Bifidobacterium species, thereby poten- 
tially conferring beneficial effects to the host.?81282 The majority 
of prebiotics are nondigestible oligosaccharides, with galacto-oli- 
gosaccharide, fructo-oligosaccharide, lactulose, and inulin being 
the most commonly used agents. With respect to the use of these 
agents for inducing remission in mildly to moderately active UC, 
4 RCTs have been performed using different agents.”**-?*° Two of 
3 studies that measured rates of remission found no benefit of pro- 
biotics (VSL#3 in one study, fermented milk in the other) added 
to 5-ASAs; a third study found that E. coli Nissle 1917 combined 
with glucocorticoids had efficacy similar to that of mesalazine com- 
bined with glucocorticoids. A fourth study, which used a synbiotic 
(combination of probiotic and prebiotic), reported a nonsignificant 
improvement in disease activity when the synbiotic was combined 
with standard therapy. With respect to the use of these agents 
for the maintenance of remission in mildly to moderately active 
UC, 6 RCTs have been published.?8°:287-291 Two of these studies 
reported significantly lower rates of relapse for patients receiving a 
probiotic (Bifidobacterium in 1 study, fermented milk in the other) 
after medically-induced remission compared with those receiving 
placebo,”>®?°* and the other 4 studies (using E. coli Nissle in 3 stud- 
ies and L. rhamnosus strain GG in the fourth) found no difference 
in rates of relapse. Nontraditional probiotic therapies that also 
have been evaluated include Saccharomyces boulardii and Trichuris 
suis. A small, uncontrolled study of 24 patients with mildly to 
moderately active UC suggested a potential benefit of S. boulardii 
when used in addition to mesalamine.’’! The use of helminths in 
active UC was investigated by Weinstock and colleagues, who ran- 
domized 54 patients with active disease to receive 2500 T. suis ova 
or placebo orally every 2 weeks for 12 weeks and reported that rates 
of improvement were significantly higher in the active treatment 
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group at week 12 (43% vs. 17%; P = 0.04); significant improve- 
ment was seen as early as week 6.7?’ Larger clinical trials of hel- 
minth eggs in CD demonstrated no clinical benefit.?°+??° 

Several studies have examined the role of IMT in the treat- 
ment of CD and UC with the evidence being more robust for the 
latter. Three clinical trials have examined the efficacy of IMT in 
UC with 2 of the 3 demonstrating statistically significant benefit. 
A small Dutch study of 50 patients with mildly to moderately 
active UC randomized participants to 2 nasoduodenal infusions 
of donor stool (or placebo) at baseline and week 3.76 Clinical 
remission at week 12 was similar between both groups with no 
evidence of clinical efficacy. In contrast, a larger Canadian study 
of 70 patients who received IMT via enema weekly for 6 weeks 
demonstrated higher rates of response in the IMT group at week 
7 (24%) compared with placebo recipients (5%).?”” Interestingly, 
the benefit appeared restricted to stool prepared from only 1 of 
the 2 fecal donors in the study, suggesting that in addition to 
patient selection, donor selection is equally important. A multi- 
center trial of 85 patients in Australia randomized patients to ini- 
tial colonoscopic IMT and then daily enemas 5 days a week for 8 
weeks or placebo.*’® Steroid-free clinical remission was achieved 
by 24% of patients treated with IMT compared with 8% treated 
with placebo (P = 0.021). In contrast to these data in UC, evi- 
dence for possible efficacy of IMT in CD is only from case series 
and not robustly supported. 


Nutritional Therapy 


Dietary modification has long been proposed as a therapy for CD 
and UC. The most drastic dietary modification is NPO and TPN. In 
UC, TPN does not appear to have a role as primary therapy; studies 
of bowel rest in combination with IV steroids were no more effective 
than steroids alone. In CD, however, TPN has often proven to be 
effective as short-term therapy for severe luminal or perianal disease 
in combination with bowel rest, in patients with severe malnutrition 
before surgery, and in those with short bowel syndrome. 

The only dietary modification therapy supported by high-qual- 
ity RCT evidence is total enteral nutrition (EN) with an elemen- 
tal diet. In RCTs, EN is effective in inducing remission in CD, 
particularly in the pediatric population. The efficacy is inferior to 
that of corticosteroid therapy but nevertheless EN is an attractive 
option in children to minimize exposure to systemic steroids.*”” 
In open-label prospective trials, the short-term efficacy of total 
EN is comparable or only slightly lower than that for anti-TNF 
therapy.” Partial EN, in which up to 50% of the daily calories are 
obtained from regular diet, does not appear to be as effective, sug- 
gesting that complete elimination of dietary antigens may be more 
important than the provision of individual amino acid components. 
Long-term tolerance of EN, however, is poor and disease tends to 
recur when the patient’s usual diet is reintroduced. 

Different dietary elimination or addition therapies have been 
tried in CD and UC. However, the quality of evidence in support 
of objective resolution of inflammation with such therapies is poor 
and is limited to case series. The specific carbohydrate diet consist- 
ing of elimination of complex carbohydrates from the diet initially 
was popularized in the lay press through anecdotal reports of effi- 
cacy. In a small open-label series of 7 children with CD, symptom 
resolution and normalization of CRP, albumin, or calprotectin was 
noted within 3 months of initiating the diet.*°! A larger case series 
suggested beneficial improvement in disease activity in UC as well”? 
though this diet did not result in complete mucosal healing in any 
patient. A recent CD trial of 74 pediatric patients with mildly to 
moderately active CD randomized them to an exclusion diet with 
50% of calories from formula for 6 weeks followed by the exclusion 
diet with 25% formula from weeks 7 to 12 or a group that received 
exclusive enteral nutrition for 6 weeks followed by a free diet with 
25% formula from weeks 7 to 12. Both diets were effective in induc- 
ing remission by week 6, but the exclusion diet with partial formula 


supplement was better tolerated and more successful at maintaining 
sustained remission than exclusive enteral nutrition.** 

Short-chain fatty acids, especially butyrate, have been shown 
to be the main energy substrate for colonocytes. Butyrate metab- 
olism accounts for approximately 70% of colonocyte oxygen use. 
The suggestion that there is an impairment of colonocyte oxida- 
tion of short-chain fatty acids in UC led to therapeutic inves- 
tigations of this form of nutritional therapy. Placebo-controlled 
studies have found butyrate enemas to be beneficial in treating 
mildly active, left-sided colitis.6°°3°’ Fish oil containing eicosa- 
pentaenoic acid has been found to attenuate colitis in animal 
models of colitis, probably by protecting the integrity of colonic 
mucosa, suppressing the inflammatory response, or both.3°3 
In a small, placebo-controlled, crossover study of patients with 
mildly to moderately active UC, treatment with fish oil resulted 
in a 56% reduction in disease activity compared with a 4% reduc- 
tion in controls (P < 0.05).3!° This benefit has not been confirmed 
in other studies, and a benefit in maintaining remission has not 
been observed.*!!-73 A large clinical trial of omega 3 fatty acid in 
CD found no benefit in maintaining remission.*!* Curcumin has 
demonstrated benefit as oral or enema therapy in mildly to mod- 
erately active UC.?! In a small trial of 50 patients, 54% of those 
treated with curcumin in a dose of 3 g orally daily in conjunction 
with mesalamine achieved clinical remission at week 4 compared 
to none of the patients receiving placebo (P = 0.01). 


Cytapheresis 


Active UC is characterized by activation and infiltration of 
leukocytes in the colonic mucosa. Because leukocyte-derived 
inflammatory cytokines play an important role in initiating and 
perpetuating the inflammatory process, reduction of peripheral 
blood levels of leukocytes has been proposed as a therapeutic 
option for treating UC. Several methods of depleting periph- 
eral blood leukocytes have been developed and have been shown 
to hold promise in the treatment of severely active UC in small 
controlled and uncontrolled studies. Granulocyte/monocyte 
apheresis using the Adacolumn Apheresis System (JIMRO, Ltd., 
‘Takasaki, Japan) in patients with moderately to severely active 
UC was formally evaluated in a large, multicenter, randomized 
double-blind sham-controlled North American pivotal trial of 
168 patients and a smaller identically designed companion trial 
of 47 patients in Europe and Japan.?!° In these studies, patients 
were required to have active disease despite concomitant therapy 
with 5-ASAs, glucocorticoids, or 6-MP and AZA. Neither the 
pivotal nor the companion study showed a difference in clini- 
cal remission or response rates (as defined by the Mayo score) 
at week 12 between the Adacolumn and sham treatment groups 
after a total of 10 apheresis sessions over a 9-week period. Thus, 
at this time, Adacolumn apheresis in similar patients cannot be 
recommended. 


SURGICAL THERAPY 


Crohn Disease 


Surgery plays an integral role in the treatment of CD to control 
symptoms and to treat complications. By the 20th year from the 
onset of symptoms, roughly 75% of patients have had some surgi- 
cal procedure.’!’ Depending on the prevalent medical culture in 
the country of study, the rate of surgery within 3 years of diagnosis 
varies from 25% to 45%. Approximately 30% of patients require a 
second operation by 5 years after the first, and about one third of 
patients who need a second surgical procedure eventually require a 
third.*!® A meta-analysis of population-based studies identified risk 
of surgery at 1, 5, and 10 years after diagnosis to be 16%, 33%, and 
47% respectively.*!° Time-trend analysis in the systematic review, 
supported by analyses of individual cohorts, has demonstrated that 


the rates of surgery have decreased significantly over the past 6 
decades. Several factors may have contributed to this decline, 
including changes in physician and patient preference, expansion 
of available medical therapy options, more effective therapies for 
IBD, and institution of effective therapy early on in disease course. 
Because of the high likelihood of recurrence after segmental 
resection, the guiding principle of surgery in CD is preservation 
of intestinal length and function. Taking wide margins does not 
reduce the likelihood of recurrent disease and, with repeated resec- 
tion can contribute to short bowel syndrome and intestinal failure. 

Indications for surgery include complications such as intra- 
abdominal abscess, medically intractable fistula, fibrotic stricture 
with obstructive symptoms, toxic megacolon, hemorrhage, and 
cancer. Patients with symptoms refractory to medical therapy also 
should be considered for surgery, particularly when they remain 
dependent on or refractory to glucocorticoids despite optimal 
medical therapy. Some patients prefer to consider a limited small 
bowel resection as opposed to a trial of immunomodulator or bio- 
logic therapy.*?° A well-timed bowel resection may be indicated for 
children with growth failure. The Laparoscopic ileocecal resection 
versus infliximab for terminal ileitis in Crohn’s disease (LIR!C) trial 
randomized 143 patients with ileal CD who had failed to respond 
to 3 months of therapy with corticosteroids or immunomodulators 
to undergo either laparoscopic ileocecal resection or infliximab. At 
12 months, there was no difference in various health-related QOL 
measures between the 2 groups including the IBDQ which was the 
primary outcome.*?! This suggests that in those with limited (<40 
cm) ileal disease without associated complications, primary resec- 
tion may be an acceptable alternative to some. The most common 
intestinal resection in CD is an ileocecal resection with primary 
anastomosis. This is often performed laparoscopically, resulting in 
shorter hospitalizations and less morbidity than the same resection 
performed via laparotomy, and with similar long-term outcomes. 
In patients with isolated fibrotic disease or scattered strictures more 
proximally, bowel-sparing approaches such as strictureplasty are usu- 
ally preferred over resection with similar long-term outcomes.*”* In 
patients with indeterminate colitis for whom colectomy is required, 
ileal pouch-anal anastomosis (IPAA) can be considered, but pouch- 
related complications are seen at a higher rate than in patients with 
UC.” In patients with established CD, there is a high rate of pouch 
failure and IPAA typically is avoided. In selected patients with rectal 
sparing and lack of fistulizing disease, however, IPAA or ileorectal 
anastomosis may be considered.**+725 Recurrence of CD can occur 
in the ileum in 20% to 50% of patients after an end-ileostomy, 
although the overall rate is much lower than following an ileocecal 
resection and primary anastomosis. Surgical therapy was previously 
first-line for intra-abdominal abscesses and internal penetrating 
complications of CD, however, percutaneous drainage of abscess 
in addition to a course of broad-spectrum antibiotics, followed by 
optimization of medical therapy is increasingly practiced. With this 
approach, some patients can avoid surgery entirely, whereas in oth- 
ers, an elective resection can be performed later in a more controlled 
setting and with similar outcomes.??6327 

The growing use of immunosuppressants and biologics has 
resulted in more patients undergoing surgery while on such 
medications. A considerable body of literature exists examining 
whether such exposure is associated with increased rates of post- 
operative complications including infections and leaks. Although 
individual studies have provided differing results, most have 
shown no increase in risk of postoperative complications or anas- 
tomotic leaks in patients on anti- TNF biologics or other immu- 
nomodulators.*?* 


Prevention of Postoperative Recurrence 


As surgical treatment is not considered curative in CD, strategies 
for prevention of recurrence postoperatively are important. In 
an untreated patient, endoscopic or histologic recurrence of CD 
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may be seen in as many as 90% within the first year of surgery. 
Recurrence is often at the anastomosis or immediately proximal 
to it. Clinical recurrence may be noted in 40% to 50% of patients 
and usually follows endoscopic changes. As noted earlier, up to 
one third of patients may require a repeat resection, termed “sur- 
gical recurrence.” Stratification of risk of recurrence in an indi- 
vidual patient is essential to optimize postoperative management 
strategies. Continued smoking, resection for penetrating disease, 
and need for a prior surgical resection have been consistently 
linked to higher rates of recurrence after ileocecal resection.*?? >?! 
Other factors that have been variably linked to recurrence in 
some, but not other, studies include male gender, type of anas- 
tomosis, presence of granulomas, and histologic involvement at 
the resected margins. Genetic, serologic, and microbiomic fac- 
tors also have been linked to recurrent disease in some studies 
although need to be more robustly confirmed.**” 

Mesalamines, probiotics, or budesonide have no or only 
weak efficacy in preventing clinical and endoscopic recur- 
rence.’ Two RCTs demonstrated nitroimidazole antibiotics 
(MZ and ornidazole) to be effective in preventing postopera- 
tive recurrence when administered for 3 months following 
the resection.’°?°0 However, up to one third of patients were 
intolerant of the antibiotics, primarily because of upper GI 
distress, metallic taste, or neuropathy. A recent single-center 
retrospective study demonstrated significant prevention of 
recurrence and better tolerability using low dose MZ (250 mg 
TID for three months).*°°? Compared with placebo, AZA dem- 
onstrated moderate efficacy in reducing endoscopic (OR 0.40, 
95% CI 0.17 to 0.95) and clinical recurrence (OR 0.35, 95% CI 
0.14 to 0.85). A more recent trial of 6-MP compared with pla- 
cebo found no difference in clinical or endoscopic recurrence 
rates between the 2 groups, but, in subgroup analysis, 6-MP 
was beneficial in patients who smoked cigarettes.**? 

A small proof-of-concept study among 24 postoperative 
patients with CD demonstrated significantly higher rates of 
endoscopic remission (90%) and clinical remission (67%) in those 
randomized to infliximab compared with those who received 
placebo (15% and 54%, respectively).*** Longer-term follow- 
up of this trial demonstrated that infliximab administered soon 
after the ileocecal resection was more beneficial than monitoring 
for endoscopic recurrence and instituting therapy for such find- 
ings. These observations led to a larger multi-center RCT of 297 
patients deemed to be at a higher risk for recurrence. At week 
76, there was not a statistically significant difference in clinical 
recurrence (the primary endpoint) between patients receiving 
infliximab and those who received placebo (13% vs. 20%, P = 
0.09),**> however, a significantly smaller number of patients had 
endoscopic recurrence with infliximab compared with placebo 
(22% vs. 51%, P < 0.001). 

Other studies have similarly noted that adalimumab is effec- 
tive in preventing postoperative recurrence of CD. Two clinical 
trials compared adalimumab to AZA for postoperative preven- 
tion of recurrence; one trial demonstrated lower rates of clinical 
recurrence with adalimumab compared to azathioprine or mesa- 
lamines**° whereas another found no difference between the 2 
when they were given in conjunction with antibiotics.**’ There 
are fewer data on the magnitude of such a benefit with the newer 
biologic therapies, such as vedolizumab or ustekinumab. 

An important part of the algorithm for prevention of post- 
operative recurrence is performing endoscopic assessment 6 to 
12 months after the resection, followed by adjustment of ther- 
apy based on the presence of significant endoscopic recurrence 
(defined as a Rutgeerts score of 22, [presence of >5 aphthae or 
significant ulceration or stenosis]) (Fig. 116.6; Table 116.6.). This 
approach was examined in a RCT in which 174 patients with CD 
undergoing resection were randomized to either an active-care 
strategy of colonoscopy at 6 months or standard of care??? Similar 
therapy escalation protocols with thiopurine, adalimumab every 
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Low Risk 
(older age, long-standing CD, 
first surgery, 
inflammatory or 
fibrostenotic CD) 


Colonoscopy at 
6 months post-op 


Rutgeerts i0-1 


Monitor clinically, 
consider repeat 


Rutgeerts i2-4 


Anti- TNF 


colonoscopy in 
1-3 year 


High Risk 
(young age, smokers, 22 
resections, penetrating 
or perianal disease) 


Intermediate 
Risk 


Anti-TNF 
monotherapy 


IM or antibiotic 


monotherapy, 
?5-ASA 


If unable or 
unwilling, consider 
IM + antibiotics 


Repeat colonoscopy in 
6 months, and step-up if 
evidence of recurrence 


Fig. 116.6 Algorithm for prevention of postoperative recurrence in Crohn disease. (Figure 3 from Gastroenterol 
Clin North Am 2017; 46(3):563-75. https://doi.org/10.1016/j.gtc.2017.05.011.) IM, Immunomodulator. 


TABLE 116.7 Rutgeerts Endoscopic Score for Postoperative 
Endoscopic Recurrence in Crohn Disease 


Score Features 

id No lesions 

i1 Five or fewer aphthous lesions 

i2 >5 aphthous lesions with normal mucosa between lesions, 
or skip areas of larger lesions, or lesions confined to the 
ileocolonic anastomosis 

i3 Diffuse aphthous ileitis 

i4 Diffuse inflammation with large ulcers, nodules and/or 


narrowing 


other week or weekly was followed in both arms. At 18 months, 
endoscopic recurrence was less frequent in the active-care arm 
compared with standard care (49% vs. 67%, P = 0.03). Complete 
mucosal normality also was maintained more frequently with 
active care compared to the standard approach (22% vs. 8%). 

In summary, the general principle for postoperative preven- 
tion of recurrence is risk stratifying the patient based on disease 
characteristics and prior treatment history, institution of appro- 
priate postoperative agents, and active monitoring for endoscopic 
recurrence by colonoscopy, followed by optimization of therapy 
based on the findings. Subsequent ongoing follow-up and adjust- 
ments are recommended, but the intervals and treatment options 
have not been defined by clinical trials. 


UC 


Between 10% and 20% of patients with UC require surgical treat- 
ment of their disease. In a systematic review, the risk of surgery 
1, 5, and 10 years after diagnosis was 5%, 12%, and 16% respec- 
tively, with a temporal decline in the need for surgery over the past 
6 decades.*!? Common indications for surgical therapy of UC are 
medically refractory disease, intractable disease with impaired QOL, 
and unacceptable AEs from medical therapy (Box 116.1). Other 
indications for surgery in UC include uncontrolled bleeding, toxic 


BOX 116.1 Indications for Surgery in Patients With UC 


Colonic dysplasia or carcinoma 
Colonic perforation 
Growth retardation 


Intolerable or unacceptable side effects of medical therapy 
Medically refractory disease 

Systemic complications that are recurrent or unmanageable 
Toxic megacolon 

Uncontrollable colonic hemorrhage 


megacolon, perforation, dysplasia or carcinoma, systemic complica- 
tions, and growth retardation. The goals of surgical treatment are 
to remove the entire diseased colon while preserving continence 
and sexual function and elimination of colorectal cancer (CRC) risk. 
There are multiple surgical options for UC including subtotal col- 
ectomy with ileostomy, and a Hartman pouch or mucus fistula; col- 
ectomy with ileorectal anastomosis; proctocolectomy with Brooke 
ileostomy; proctocolectomy with continent ileostomy; restorative 
proctocolectomy with IPAA; and proctocolectomy with ileal pouch- 
anal transition zone anastomosis (Fig. 116.7). The choice of opera- 
tion is based on several factors, including the indication for and 
urgency of surgery, the age and general health of the patient, the 
status of the patient’s anal function, and the patient’s preference of 
functional outcome and lifestyle. 

Subtotal colectomy with ileostomy is the least extensive of the 
operations for UC. Most of the colon is removed, a Hartman pouch 
or a mucus fistula is fashioned for the remaining colon, and an end- 
ileostomy is created. This surgery typically is performed in patients 
requiring emergent surgery for severe or fulminant colitis, and it has 
the advantage of allowing restorative surgery in the future. Total 
proctocolectomy with a permanent Brooke end-ileostomy was one 
of the earliest operations performed for UC. Removal of the entire 
colon and rectum eliminates any future disease and risk of CRC. The 
primary disadvantage of this operation is the presence of a permanent 
ileostomy, which might not be acceptable from the QOL standpoint 
for some patients. This is the operation of choice for older adult 
patients, those with anal dysfunction, and those who do not wish to 
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Fig. 116.7 Schematic diagrams of various surgical options for the management of UC. A, Conventional 
(Brooke) ileostomy with a subtotal colectomy and a Hartman pouch. B, Subtotal colectomy with ileorectal 
anastomosis. C, Conventional (Brooke) ileostomy with a total proctocolectomy. D, Continent ileostomy (Koch 
pouch) with total proctocolectomy. E, Restorative proctocolectomy with ileal pouch-anal anastomosis (see 
Chapter 117). (A to E, Adapted from Blumberg D, Beck DE. Surgery for ulcerative colitis. Gastroenterol Clin 
North Am 2002; 31:219-35.) 


have restorative proctocolectomy. A single-center experience describ- 
ing segmental resection of dysplastic areas has been published. With 
careful patient selection and close follow-up, these patients preserve 
internal continence and may have a superior quality of life.**°* Procto- 
colectomy with continent ileostomy (Koch pouch) was developed as 
an alternative to the conventional end-ileostomy.**? In this operation, 
loops of small bowel are used to create an intra-abdominal pouch with 
an intussuscepted (nipple) valve that allows storage of stool contents. 
The pouch is attached to the abdominal wall with a flush ostomy 
opening and the stool contents in the pouch are emptied by inserting 
a suction catheter through the stoma. Because of technical challenges 
associated with this operation (e.g., slippage of the nipple valve) and 
the more recent development of restorative procedures, proctocolec- 
tomy with continent ileostomy is performed rarely today. 
Restorative proctocolectomy with IPAA currently is the opera- 
tion of choice for most patients with UC who require elective colec- 
tomy. In this procedure, the entire colon and rectum are removed, 
the anal sphincters are preserved, and a pouch is constructed from 
approximately 20 cm of the distal ileum. Bowel continuity is estab- 
lished by anastomosing this pouch with the anal canal. The 3 steps 
involved in the surgery are removal of the diseased colon, creation 
and anastomosis of the ileal pouch, and restoration of intestinal 
continuity. A one-stage operation without fecal diversion is asso- 
ciated with higher rates of anastomotic leaks and is infrequently 
performed. The procedure is more commonly performed as a 
2-stage operation whereby the ileal pouch is created at the same 
time as the colectomy with a temporary diverting ileostomy, or as 
a 3-stage operation in which the subtotal colectomy is followed 2 
to 4 months later by creation of the ileal pouch, and the temporary 
ileostomy is closed after another 2 to 4 months. Most reports sug- 
gest satisfactory QOL after IPAA surgery.**? Mean stool frequency 
ranges from 4 to 9 bowel movements per day, including 1 or 2 noc- 
turnal stools. Nocturnal seepage occurs in approximately 20% of 
patients in the early postoperative period but is infrequent after the 
first year. Laparoscopic approaches to proctocolectomy with IPAA 
are commonly performed and are associated with lower short-term 
morbidity, shorter hospital stays, and similar long-term outcomes. 
Pouch success rates are reported as 96.3%, 93.3%, 92.4%, and 
92.1% by 5, 10, 15, and 20 years, respectively; however, complica- 
tion rates also were high and included pouchitis (48% by 10 years, 
70% by 20 years), small bowel obstruction (42% by 20 years), anas- 
tomotic stricture (39% by 20 years), abscess (16% by 20 years), and 


fistula (14% by 20 years), as well as pelvic sepsis. The pelvic dissec- 
tion from an ileal pouch surgery is also associated with moderately 
reduced spontaneous pregnancy rates in women.*#! 


Diseases of the Ileal Pouch 


Pouchitis is the most common long-term complication of colectomy 
with IPAA but, curiously, it is rarely seen in patients undergoing the 
same surgery for familial adenomatous polyposis. Pouchitis occurs in 
7% to 51% of patients undergoing restorative proctocolectomy for 
UC3343 The incidence is highest during the first 6 months after 
loop ileostomy closure. The pathophysiology of pouchitis is not well 
understood, but is likely multifactorial including fecal stasis with 
bacterial overgrowth, recurrent UC following colonic metaplasia of 
the ileal epithelial cells of the pouch, CD, mucosal ischemia, and 
viral triggers.*++3+> Characteristic symptoms of pouchitis include 
increased bowel frequency, abdominal cramping, rectal bleeding, 
rectal urgency, tenesmus, and fecal incontinence.**° Other associ- 
ated symptoms are fever, malaise, arthralgias, and erythema nodo- 
sum. Endoscopic evaluation is essential to distinguish pouchitis from 
cuffitis (the cuff is the short segment of remaining distal rectum that 
is not removed and to which the ileal pouch is sewn), CD in the small 
bowel, or irritable pouch syndrome (similar symptoms as pouchitis 
but an endoscopically normal pouch). Pouchitis presents endoscopi- 
cally as loss of vascular pattern, mucosal erythema, edema, granu- 
larity, friability, petechiae, erosions, and superficial ulcerations in 
the ileal pouch. Deep and irregularly-shaped ulcers similar to those 
seen in CD may be present. Histologically, pouchitis is marked by 
an acute inflammatory infiltrate with mucosal ulceration and crypt 
abscesses in addition to chronic inflammation, villus atrophy, and 
crypt hyperplasia. Similar to UC, the diagnosis of pouchitis is based 
on a constellation of clinical symptoms, endoscopic appearances, 
and histologic features.*+°>+” Patients with a pouch also may develop 
enteric infections including Clostridioides difficile that may mimic 
pouchitis. 

Acute pouchitis is defined by symptom duration of less than 
4 weeks and prompt response to antibiotics (also classified as 
antibiotic-responsive pouchitis). Chronic pouchitis is defined 
by symptom duration of longer than 4 weeks and need for long- 
term antibiotics or other therapeutic agents (also classified as 
antibiotic-dependent or antibiotic-refractory pouchitis).*3*7 
More than 20% of patients have chronic continuous symptoms, 
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but less than 10% have severe chronic pouchitis requiring long- 
term maintenance therapy.**” Approximately 5% of patients will 
develop a CD phenotype in the pouch, which may be associated 
with strictures or fistulas. Risk factors for pouchitis that have been 
variably identified include the presence of extraintestinal manifes- 
tations (EIMs) (especially PSC), smoking, use of NSAIDs, certain 
serologic markers such as pANCA or CBir1 positivity, and pre- 
operative thrombocytosis. Interestingly, some studies have found 
smoking to be significantly protective against the development 
of chronic pouchitis, supporting the concept that acute pouchitis 
and chronic pouchitis may be distinct disease entities. 

The mainstay of therapy for pouchitis is antibiotics. A pla- 
cebo-controlled trial for the treatment of chronic active pou- 
chitis demonstrated a superior response rate with MZ 1200 mg/ 
day for 1 week compared with placebo (73% vs. 9%).°** Cipro- 
floxacin at 1 g/day for 2 weeks was also effective for the treat- 
ment of acute pouchitis and may be superior to MZ in efficacy 
and tolerability.*#7°° Alternative regimens include topical MZ, 
amoxicillin/clavulanic acid, and combinations of ciprofloxacin 
with MZ, rifaximin, and tinidazole.**! For patients on chronic 
therapy, cycling of multiple antibiotics at weekly intervals might 
help overcome bacterial resistance. The second-line options 
for treating refractory pouchitis include topical and oral mesa- 
lamines,**’>°? and topical or systemic glucocorticoids including 
budesonide.***5+. Immunosuppressive and biological therapies, 
including CSA enemas, anti-TNF or anti-integrin therapies, are 
also beneficial in patients whose pouchitis is refractory to con- 
ventional therapies.*>?3>° The majority of the data regarding 
the use of probiotics for pouchitis involves VSL#3. In a pooled 
analysis of 2 studies comprising 76 participants, VSL#3 was more 
effective than placebo for maintenance of remission in chronic 
pouchitis (85% compared with 3%). A small RCT of 40 patients 
also suggested that VSL#3 may be more effective than placebo 
for prevention of pouchitis; 90% of patients receiving VSL#3 
did not develop pouchitis compared with only 60% of patients 
receiving placebo.**’ Surgical options such as ileal pouch exci- 
sion or reconstruction should be considered in cases refractory to 
medical therapies or cases in which the frequency or chronicity of 
pouchitis compromises the patient’s QOL. 


MANAGEMENT OF INFLAMMATORY BOWEL DISEASE 
-RELATED COMPLICATIONS 


Intraabdominal Abscesses 


The transmural nature of inflammation in CD frequently results 
in the development of intraabdominal abscesses or other pen- 
etrating/perforating complications. In a small prospective cohort, 
the cumulative incidence of intraabdominal abscess at 10 and 20 
years after CD diagnosis was 9% and 25% respectively, occurring 
at a median duration of 10 years after diagnosis.*>* Abscesses can 
be in the abdominal wall, peritoneal cavity, or retroperitoneal in 
location and are more frequent on the right side. Most abscesses 
occur adjacent to a diseased segment of the bowel or anastomosis, 
and are sometimes associated with stenosis and fistulas. Common 
presenting symptoms are abdominal pain, fever tenderness, and 
leukocytosis. The best modality to establish the diagnosis is an 
abdominal-pelvic CT scan with oral and IV contrast. Traditionally, 
treatment of intraabdominal abscesses has been surgical drainage 
followed by resection of the diseased segment; increasingly, how- 
ever, percutaneous drainage and systemic antibiotics are associ- 
ated with similar outcomes and avoid the need for surgery in some 
patients. A case series of 95 CD patients treated for intraabdominal 
abscesses compared outcomes of 55 patients who underwent per- 
cutaneous drainage and 40 patients who underwent surgery; com- 
mon reasons for upfront surgical treatment were technical inability 
to drain the abscesses, obstructive symptoms, or severe illness.>”7 
Whereas time to abscess resolution was shorter in the surgical 


group, the length of hospitalization was shorter with nonoperative 
treatment and there was no difference in the rate of abscess recur- 
rence between the 2 groups (31% with non-surgical drainage and 
20% with surgical drainage, P = 0.25). Administration of anti- TNF 
agents after drainage was associated with lower rates of recurrence 
of the abscess. Eventually, only 22% of patients required surgery 
during the follow-up period in this study, although some others 
have reported rates of surgery as high as 77%.’ Patients who 
develop an abscess related to a fistula above a fibrostenotic stric- 
ture are unlikely to benefit from medication and should undergo 
intestinal resection. 


Perianal Disease 


Perianal involvement is a common complication in CD and is 
frequently associated with significant morbidity (Fig. 116.8). In 
a population-based cohort, 20% of patients with CD eventually 
developed perianal fistulas. The cumulative risk of perianal fis- 
tula at 10 and 20 years after diagnosis was 21% and 26% respec- 
tively.*© Perianal involvement in CD is not restricted to fistula 
formation. At 10 years after diagnosis, 6%, 7%, 11%, and 19% of 
patients will develop anorectal strictures, deep anal canal ulcers, 
anal fissures, and perianal skin tags, respectively.*°! Rectovaginal 
or other internal fistulas are less common and account for 9% of 
all fistulas. Perianal fistulas are commonly classified based on their 
track and relationship to the external and internal anal sphincters. 
‘Types of perianal fistulas are intersphincteric, transsphincteric, 
extrasphincteric, suprasphincteric, or superficial (if the fistula is 
external to both the internal and external anal sphincters). The 
term “complicated” fistula refers to one associated with abscess 
formation or multiple openings, connection to an adjacent stric- 
ture such as vagina, or origin high in the rectal canal. 

Management of perianal CD should be multidisciplinary with 
close collaboration between gastroenterologists and surgeons. 
Several modalities are available for complete evaluation of the 
perianal fistula including dedicated MRI, EUS, or an examina- 
tion under anesthesia. All 3 modalities are comparable in their 
accuracy but require specific institutional and operator expertise. 
Both the MRI and the EUS are superior to traditional CT for 
evaluation of perianal fistulizing disease. Up to 62% of patients 
with perianal CD will develop an abscess. This may be a superfi- 
cial abscess(es) that can be treated by antibiotics and soaking the 
area in warm water, or a deeper perineal or ischiorectal abscess(es) 
that require(s) percutaneous or surgical drainage. Antibiotics are 
effective in treating such abscesses and associated perianal sep- 
sis and in reducing fistulous drainage. The most commonly used 
antibiotics are ciprofloxacin, MZ, or a combination of both.?66 
Adequate drainage is essential for resolution of the abscess and 
may involve examination under anesthesia with placement of 
setons in the fistula tracks. Fistulotomy alone is infrequently per- 
formed except for superficial fistulas. 

Anti-TNF agents either alone, in combination with antibiotics, 
or surgical drainage are effective for the management of perianal CD. 
In a trial of 76 patients with active perianal fistulizing disease, clinical 
response was noted in 71% of patients treated with adalimumab and 
ciprofloxacin compared to 47% of patients treated with adalimumab 
alone.*® Similarly, remission at week 12 was more common in those 
on combination therapy of adalimumab and ciprofloxacin. In one of 
the few trials with perianal fistula healing as the endpoint, infliximab 
at 5 mg/kg or 10 mg/kg was significantly more effective than placebo 
in achieving a 50% reduction in drainage from fistulas.!°” Complete 
fistula closure was noted in 55% of patients receiving infliximab 5 
mg/kg compared with 13% of those receiving placebo (P = 0.001). 
Maintenance infliximab therapy was similarly beneficial, achieving 
complete absence of draining fistulas in 36% of patients receiving 
infliximab compared with 19% receiving placebo.!®! A combined 
approach with both surgical drainage and infliximab was more effec- 
tive than those who received either treatment alone, supporting the 
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Fig. 116.8 Perianal fistulas in Crohn disease. A, Multiple complex fistulas in a man with Crohn disease. Sev- 
eral are active and draining. The scrotum, perianal skin, and buttocks are discolored and hardened by healed 
fistulas and abscesses. B, A simple fistula in a woman with Crohn disease. The purplish discoloration sur- 
rounding the fistula is from an abscess that drained spontaneously through the fistula. (Courtesy Dr. Lawrence 
J. Brandt, Bronx, New York.) 


importance of a multidisciplinary team model for management of 
perianal fistulas.*°*>°> Small trials of azathioprine also demonstrated 
modest benefit in healing perianal fistulas though the magnitude of 
benefit was lower than with anti-TNF agents. Although post-hoc 
analysis of the pivotal trials suggest benefit, there are no robust data 
on the efficacy of vedolizumab or ustekinumab for perianal CD. 

Several studies have examined the efficacy of local injections 
of various substances into fistula tracts to achieve healing with 
mixed success. One promising approach appears to be injection 
of allogenic, adipose-derived stem cells. A phase 3 RCT assigned 
212 patients with perianal fistulas, but mild luminal disease, to a 
single injection of the stem cells or placebo. At week 24, 50% of 
patients receiving stem cell injections achieved combined clinical 
and radiologic remission compared with 34% of patients receiv- 
ing placebo (P = 0.021).°% 


Strictures and Fibrostenotic Disease 


Fibrostenotic strictures develop in 18% to 25% of patients with 
CD within 20 years after diagnosis. Although some strictures may 
be asymptomatic, they usually present with abdominal pain or dis- 
tension with cessation of bowel movements and vomiting in the 
setting of complete or near complete bowel obstruction. Strictures 
may be fibrostenotic, inflammatory, or a combination of both. 
Symptomatic fibrostenotic strictures do not usually respond to 
escalation of medical therapy and require either endoscopic balloon 
dilation (EBD) or surgical treatment. Many observational cohorts 
have reported both short- and long-term efficacy of endoscopic 
dilation of CD strictures. A pooled analysis examined outcomes of 
1463 patients with CD who underwent 3213 EBD procedures.>” 
Nearly all strictures were ileal in location and two thirds were anas- 
tomotic. EBD could be successfully performed in 89% of patients 
with short-term clinical improvement noted in 81% of patients. 
However, nearly 74% of patients required at least 1 more dilation 
and just under half (43%) underwent surgery. Stricture length >5 
cm was associated with a greater need for subsequent surgery. On 
longer follow-up, the cumulative rate of surgery at 5 years was 
75%.°° Intralesional injections of corticosteroids and infliximab 
have not demonstrated durable benefit. Escalation of medical 
therapy may be effective in patients who have ongoing inflamma- 
tion at the site of the stricture. A small study of 18 patients with 


symptomatic short intestinal strictures (<5 cm) reported complete 
response in 10 patients with infliximab.?6° 

Colonic strictures complicate UC in approximately 5% of 
patients, most commonly in those with extensive and long-standing 
colitis.’ Clinically significant obstruction is rare. Colonic stric- 
tures complicating UC typically are short (2 to 3 cm), occur distal 
to the splenic flexure, and represent hypertrophy and thickening of 
muscularis mucosa rather than fibrosis.*+° 

There needs to be a high index of suspicion of malignancy 
in patients with colonic strictures associated with UC, especially 
when the strictures are located proximal to the splenic flexure.**° 
One series reported malignancy in 24% of colonic strictures in 
patients with UC.**° Endoscopic appearance cannot reliably dis- 
tinguish benign strictures from malignant strictures, and multiple 
biopsies are recommended at colonoscopy. Because carcinoma 
might not be detected on mucosal biopsies, surgical resection of 
the stricture is advised, particularly in patients with long-standing 
disease. 


Toxic Megacolon 


‘Toxic megacolon is defined as acute colonic dilatation with a trans- 
verse colon diameter of more than 6 cm (on radiologic examination) 
and loss of haustration in a patient with a severe attack of colitis (Fig. 
116.9).3”° It occurs in approximately 5% of severe flares of UC. This 
complication of UC results from extension of colonic inflammation 
beyond the mucosa to the underlying tissues, including the muscu- 
laris propria. Loss of contractility from the inflammatory reaction 
leads to the accumulation of gas and fluid within the lumen and sub- 
sequent colonic dilatation. Precipitating factors for toxic megacolon 
have been reported to include electrolyte imbalance (particularly 
hypokalemia), use of antimotility drugs including anticholinergic 
agents and narcotics.*’! When performing diagnostic procedures 
such as colonoscopy in these patients great care must be used not to 
overdistend the colon and not to exert pressure along the walls of the 
thinned co colon. Often a very limited insertion will suffice to gauge 
the mucosal appearance and, if necessary, to allow a biopsy to be 
done. Medical management for toxic megacolon is directed at treat- 
ing the underlying inflammation, restoring colonic motility, and 
preventing free colonic perforation. Systemic antibiotics often are 
empirically administered, because mortality from toxic megacolon 
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Fig. 116.9 Plain abdominal film of a patient with severe UC. The 
transverse colon is dilated (arrow), the colon wall is thickened, and 
mucosal islands are visible. In addition, distended loops of small bowel 
are apparent. 


correlates with the development of sepsis.*”? Approximately 50% 
of acute dilatation resolves with medical therapy, ">74 however, 
because the presence of colonic perforation is the most important 
predictor of mortality (44% in patients undergoing emergent col- 
ectomy after perforation compared with 2% in patients undergoing 
colectomy without perforation), an important aspect of management 
is to determine the optimal time for surgical intervention. In gen- 
eral, patients who do not improve after 48 to 72 hours of medical 
therapy should undergo surgery.’”* Close clinical observation for 
signs of impending perforation is critical. Patients with progres- 
sive abdominal distention, development of rebound tenderness, or 
hemodynamic instability should undergo immediate colectomy. 
Free perforation also can develop in the absence of colonic dilata- 
tion. This complication is rare, occurring in 1% of patients with UC 
without toxic megacolon.*/337> Classic physical findings of peritoni- 
tis may be absent, largely because of the masking effect of adminis- 
tered glucocorticoids, but most patients have a marked deterioration 
in overall clinical condition after perforation. The segment most at 
risk for free perforation is the sigmoid colon. The mortality associ- 
ated with free perforation in UC patients without toxic megacolon 
has been reported to be >50%. Thus, the possibility of free perfora- 
tion must be considered in patients with fulminant UC, particularly 
if there is a deterioration in the patient’s general condition, even in 
the absence of colonic dilatation. 


Dysplasia and Colorectal Cancer 


Patients with UC and CD of the colon have an increased risk of 
CRC. This increase in risk does not extend to those with CD of 
the upper GI tract, CD isolated to the small bowel, or those with 
isolated proctitis. The incidence of CRC in UC varies depending 
primarily on the duration and extent of the disease and the patient 
population studied. An initial estimate of this risk in patients with 
extensive UC was as high as 7% to 10% at 20 years of disease 
and 30% after 35 years of disease, translating to an increase of 
0.5% to 1.0% per year after 8 to 10 years of disease.*’° More 
recent meta-analyses of population-based cohort studies, how- 
ever, have demonstrated that the risk is lower. With respect to 


Fig. 116.10 photomicrograph of a colonic biopsy specimen showing 
the histologic features of dysplasia. A, Low-grade dysplasia is 
characterized by nuclear enlargement, crowding, and hyperchromasia 
in the colonic epithelial cells. Nuclei are stratified but remain in the basal 
half of the cells. There is some depletion of mucin. B, In high-grade 
dysplasia, the changes are more pronounced. Nuclei are stratified to 
the surface, and there is a marked increase in nuclear pleomorphism. 
Branching of the glands in a cribriform pattern and scattered cell necro- 
sis are shown. No mucin-containing goblet cells are evident. (Courtesy 
Feldman M, Boland CR, editors. Slide atlas of gastroenterology and 
hepatology. Philadelphia: Current Medicine; 1996.) 


the cumulative risk of CRC for all UC patients (not just those 
with extensive colitis), a recent meta-analysis of population-based 
cohort studies calculated a risk of <1% at 10 years, 0.4% to 2% at 
15 years, and 1.1% to 2.5% at 20 years of follow-up; patients with 
extensive UC had a 5-fold increased risk of CRC compared with 
those who had isolated proctitis or left-sided colitis.*”’ In a large 
nationwide Danish cohort, the risk of CRC in patients with IBD 
declined over the past 30 years, decreasing from a relative risk of 
1.34 in 1979 to 1988 to 0.57 in 1999 to 2008.378 The most impor- 
tant risk factor for development of CRC in IBD is duration of 
the disease. Other risk factors include the presence of co-existing 
PSC, male gender, family history of CRC, age at diagnosis of 
disease, severity of inflammation, presence of pseudopolyps, and 
possibly backwash ileitis.*’?>*! 

Recognizing this increase in risk, colonoscopic surveillance pro- 
grams were developed to detect early stage cancers and to detect 
and potentially remove pre-cancerous dysplasia, because currently 
it is the most important marker of synchronous or metachronous 
CRC. Dysplasia, which is unequivocally neoplastic epithelium, is 
classified both histologically and endoscopically. Histologic assess- 
mentis classified as negative, indefinite, low-grade dysplasia (LGD), 
and high-grade dysplasia (HGD) (Fig. 116.10). There are 2 major 
problems with the histologic assessment of dysplasia.**” First, there 
are no gold standard criteria on how to diagnose or grade dyspla- 
sia (e.g., the number or proportion of cells or nuclei needed with 
certain characteristic abnormal appearances; how many crypts are 
needed to be involved). Second, a variety of confounding features 
on biopsy specimens can make the diagnosis of dysplasia chal- 
lenging, including the presence of active inflammation (with its 


associated mucus depletion of epithelial cells and abnormal/dys- 
plastic-appearing nuclei), serrated crypt patterns, rectal follicular 
inflammation, and processing issues (fixation with enhancement of 
nuclear detail, and staining/sectioning artifacts). For these reasons, 
the diagnosis and grading of dysplasia by pathologists is inherently 
subjective, which gives rise to very low rates of interobserver agree- 
ment. This is especially true for indefinite dysplasia and LGD, with 
overall interobserver agreement Kappa coefficients of 0.18 to 0.51 
and pairwise Kappa coefficients as low as 0.06.3°-3®° Thus confir- 
mation of dysplasia by a second independent pathologist is essen- 
tial before providing therapeutic recommendations. 
Endoscopically, dysplasia is traditionally classified as invis- 
ible or visible. Invisible dysplasia is almost always characterized 
by flat lesions, whereas visible dysplasia can manifest in a variety 
of forms, including raised lesions, such as polypoid lesions or 
masses; flat lesions such as plaques, irregular mucosa, ulcers, or 
inverted lesions; or strictures.**°**°3%8 Historically, it had been 
thought that invisible or flat dysplasia represented most of the 
dysplasia detected in patients with UC, however, 3 small ret- 
rospective case series have suggested that a surprising propor- 
tion (>75%) of dysplastic or cancerous lesions may be visible on 
standard white-light colonoscopy.?80%:386-388 In the past, visible 
dysplastic lesions in UC were distinguished based on whether 
they occurred in non-colitic mucosa (i.e., sporadic adenoma) 
or colitic mucosa (i.e., colitis-associated lesion), the latter 
thought to be at a higher risk for CRC. Today, however, the 
most important issue regarding visible dysplasia is whether the 
lesion can be removed in its entirety endoscopically, irrespec- 
tive of location (colitic vs. non-colitic mucosa) or appearance 
(irregular vs. regular margins, raised vs. sessile). The term “dys- 
plastic associated lesion or mass” or “DALM” has been retired 
in favor of more descriptive terms like “polypoid dysplasia” and 
the modified Paris classification,**’ given changes in endoscopic 
technologies and our understanding of the natural history of 
dysplasia. Traditionally, surveillance in eligible patients began 
at 8 years after diagnosis and at the time colitis was diagnosed 
in patients with PSC. Surveillance intervals varied between 1 
and 3 years, and were annual in those with PSC. Surveillance 
colonoscopy has been associated with lower rates of CRC and 
mortality in patients with IBD.*°° A number of studies have 
demonstrated that if visible lesions can be removed safely, rates 
of subsequent CRC or HGD are very low and thus continued 
colonoscopic surveillance can be performed without need for 
colectomy.*”!*"* A study from the USA of 34 patients with 
38 polypoid dysplastic lesions removed endoscopically with 
no coexistent invisible flat dysplasia reported that no patients 
subsequently developed invisible flat dysplasia or CRC after 
follow-up of 7 to 156 months.*?!3% A similar study that evalu- 
ated 48 patients with 70 polypoid dysplastic lesions that were 
removed endoscopically with no coexistent invisible flat dyspla- 
sia reported that no patients subsequently developed invisible 
flat dysplasia or CRC after follow-up of 0.8 to 9.6 months.*”> A 
German study, in which 87 patients had endoscopic removal of 
polypoid dysplastic lesions and 60 patients had similar lesions 
left in situ, observed a subsequent 5% rate of LGD and 2.3% 
rate of CRC in patients whose lesions were removed but a 23%, 
13%, and 17% rate of LGD, HGD, and CRC, respectively, 
in patients whose visible lesions were not removed; this sug- 
gests that not only is endoscopic removal safe and can spare 
colectomy, but that it should be done whenever possible for 
visible lesions.*°** A study from the United Kingdom of 112 
patients with 135 flat and raised dysplastic lesions revealed that 
flat/depressed lesions or large irregular sessile lesions, which 
accounted for 89 of the 135 lesions, if able to be removed endo- 
scopically, did not warrant colectomy, as no patient developed 
further dysplasia after a follow-up of 3.6 to 5.1 years.” For 
patients with visible dysplastic lesions that cannot be removed 
endoscopically, colectomy should be recommended. 
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With respect to flat dysplasia that is “invisible” (found by non- 
targeted or random biopsies), classification into HGD, multifocal 
LGD, and unifocal LGD is usually done for prognostic reasons. 
A systematic review of 10 surveillance studies of 1225 patients 
reported that 10 (42%) of 24 patients with HGD who underwent 
immediate colectomy had synchronous cancer, and 15 (32%) 
of 47 patients who were found to have HGD after an initially 
normal colonoscopy subsequently were found to have cancer.*”° 
Thus, the presence of HGD appears to be highly predictive of 
concurrent or subsequent CRC, and colectomy is recommended 
for these patients. For patients with multifocal LGD, colectomy 
is also typically recommended, although there is a paucity of data 
to support this recommendation. A recent prospective study of 42 
patients with LGD who were followed endoscopically observed 
that the presence of >3 biopsies with LGD was associated with a 
significant 6-fold increased risk of progression to HGD or CRC 
and that the risk of progression increased with even 2 biopsies 
showing LGD, after a mean of 3.9 years of follow-up.*”’ 

Recommendations are much less clear for invisible flat unifocal 
LGD, as the predictive value of LGD for the development of more 
advanced lesions varies widely among studies. A meta-analysis of 
20 studies published through July 2005 included 508 patients with 
LGD out of more than 2677 patients with UC who were enrolled 
in a CRC surveillance program and calculated incidence rates of 
1.4% and 3% per person per year of CRC or any advanced lesion, 
respectively, after a diagnosis of LGD.°”* Even though the pooled 
rates of progression of LGD are low, there is considerable hetero- 
geneity between the studies. Overall, colonoscopic surveillance is 
reasonable in patients with unifocal flat LGD, although the opti- 
mal interval of this surveillance strategy has not been determined. 

There also has been an evolution in the optimal surveillance 
method. Traditionally, white light colonoscopy with surveillance 
biopsies every 10 cm (for a total of at least 32 biopsies) was the 
standard of care, in addition to targeted biopsies from any raised 
or potentially dysplastic lesions. Recently, dye spray chromoen- 
doscopy, consisting of applying methylene blue or indigo carmine 
stains to the mucosal surface has gained popularity and is recom- 
mended as the surveillance modality of choice, especially if using 
standard definition colonoscopies.*”? Multiple clinical trials have 
demonstrated chromoendoscopy to be superior to standard defi- 
nition white light endoscopy for detection of dysplatic lesions in 
colitis. In a RCT involving 165 patients with long-standing UC, 
significantly more intraepithelial neoplastic lesions were detected 
with chromoendoscopy (32) than with conventional colonoscopy 
(10).70° Addition of endomicroscopy or confocal imaging may be 
superior to chromoendoscopy alone but is not routinely practiced 
and is not currently feasible.*°! A meta-analysis of 5 studies sug- 
gested chromoendoscopy is twice as accurate as standard defi- 
nition white light examination on a per-patient (OR 2.05, 95% 
CI 1.26 to 3.35) or per-lesion basis (OR 2.79, 95% CI 2.08 to 
3.73).4°? Chromoendoscopy was also superior to high-definition 
white light examination on a per-lesion analysis (OR 2.48, 95% 
CI 1.55 to 3.97). Challenges with routine adoption of chromoen- 
doscopy include need for operator and supporting staff familiarity 
with the procedure, longer procedure time, and lack of long-term 
data on the natural history of chromoendoscopically detected 
lesions. Recent clinical trials comparing chromoendoscopy to 
high-definition white light endoscopy have not demonstrated a 
benefit to the dye-spray technique. In a randomized non-inferi- 
ority trial of 270 patients among whom 90 underwent dye-spray 
examination and 90 high-definition white light, there was no dif- 
ference in the neoplasia detection rate between both arms of the 
study.*® Similarly, there was no difference between chromoen- 
doscopy and narrow band imaging with a shorter procedure time 
in the latter.*°* No study has yet demonstrated a reduced cancer 
rate or a mortality benefit from chromoendoscopy. 

Research has investigated the use of molecular, genetic, and 
immunohistochemical markers to enhance diagnostic accuracy 
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of colitis-associated dysplasia. Although sporadic CRC and IBD- 
associated malignancy appear to follow a similar pathway from 
dysplasia to carcinoma," studies have shown differences in the 
prevalence and timing of certain molecular events between these 
2 neoplastic groups. Some of these differences in colitis-associated 
dysplasia include infrequent and late mutations in the APC and 
B-catenin genes, more frequent and early abnormalities in the 3p 
(von Hippel-Lindau) gene locus, p53, and p16 loci, and higher 
prevalence of Sialyl-Tn antigen expression.40° #0” 

Another potential strategy to reduce the risk of CRC in UC is 
medical chemoprevention. Four different medications have sug- 
gested promise in this regard and include folic acid, 5-ASAs, thio- 
purines, and UDCA acid. The results of 2 observational studies 
examining the effects of folate showed that folate supplementa- 
tion was associated with a nonsignificant reduction in risk of dys- 
plasia or CRC.*!°#!! 5-ASAs have been studied more extensively 
in this regard. A meta-analysis of 9 studies (3 cohort and 6 case- 
control studies) totaling 1932 patients, and including 334 cases of 
CRC and 140 cases of dysplasia, showed a significant protective 
effect of 5-ASAs for the prevention of CRC (pooled OR, 0.51; 
95% CI, 0.37 to 0.69) and CRC or dysplasia (pooled OR, 0.51; 
95% CI, 0.38 to 0.69)"; other studies, however, suggested no 
association between 5-ASA and CRC risk and its efficacy in this 
setting remains to be established.*!*+!+ This may be because most 
of these studies did not adjust for the major confounder, which is 
the degree of histologic inflammation. Two studies have shown 
that low-dose UDCA might have significant benefit for prevent- 
ing neoplasia in patients with UC and PSC, however, high-dose 
UDCA was associated with greater mortality.!5+!¢ 

Currently, no guidelines exist for endoscopic surveillance 
after IPAA, but given that dysplasia and/or cancer can occur in 
the residual anorectal mucosa and pouch, periodic endoscopy 
with biopsy should be considered, especially in patients with a 
prior history of colonic dysplasia or cancer. Similarly, patients 
with a diverted segment of the colon or an ileorectal anastomo- 
sis remain at rare, but higher, risk for CRC and should undergo 
regular surveillance.t!” 


Extraintestinal Manifestations 


Patients with IBD commonly present with a wide range of sys- 
temic and local problems that can add to the complexity of treat- 
ment. These extraintestinal manifestations (EIMs) can affect any 
organ system, but they most commonly involve the skin, eyes, 
mouth, joints, and liver. EIMs often are classified by their rela- 
tions to the activity of the bowel disease, but they can occur 
before, during, or following exacerbations of bowel disease. 
Manifestations that parallel disease activity usually improve upon 
successful treatment of the colitis. 


Cutaneous/Oral 


The most common dermatologic manifestations of IBD are 
complications of drug treatment. These include hypersensitiv- 
ity, photosensitivity, and urticarial rashes related to sulfasala- 
zine and less commonly to mesalamine. Patients receiving 
glucocorticoids often develop acne, which can be distressing 
cosmetically. Psoriasiform skin rash (palmarplantar pustulosis) 
may develop in up to 5% to 10% of patients on anti-TNF 
therapy. It frequently affects the palms and soles or scalp 
but can involve any site. The treatment is often topical cor- 
ticosteroids. Prolonged topical treatment may be required to 
achieve resolution in many. Infrequently, it requires cessation 
of the offending drug and can recur in a minority of those 
who switch to another anti-TNF agent. There are reports of 
palmarplantar pustulosis in patients treated with vedolizumab 
and ustekinumab and with rapid resolution of the eruption if 
the drug was stopped.1!®4! 


Two common dermatologic manifestations associated with 
UC are erythema nodosum (EN) and pyoderma gangrenosum 
(PG). EN occurs in 2% to 4% of patients with IBD. Its activ- 
ity typically parallels the activity of the underlying bowel disease. 
EN also can occur as a drug reaction to the sulfapyridine com- 
ponent of sulfasalazine or rarely, to AZA. It classically manifests 
as single or multiple tender, raised, erythematous nodules on the 
extensor surfaces of the lower extremities. If possible, the diag- 
nosis should be made clinically without biopsy, because biopsy 
is associated with increased tendency to form scars. EN usually 
responds to treatment of the inflamed bowel. Severe or refractory 
cases of EN can require systemic glucocorticoids or immunosup- 
pressive therapy. 

PG is less common than EN, occurring in 1% to 2% of 
patients. It usually is related to the activity of colitis but can man- 
ifest or persist despite inactive bowel disease and even develop 
after colectomy for UC. Lesions may be single or multiple and 
usually occur on the trunk or extremities but can develop on the 
face, breast, or sites of trauma, including stoma and IV sites. The 
classic lesion begins as a group of erythematous pustules or nod- 
ules that break down, ulcerate, and coalesce into a larger, ten- 
der, burrowing ulcer with irregular, violaceous edges.?”° The 
appearance of the ulcer can be startling. The ulcers are sterile. 
Histopathologically, PG has the features of a sterile abscess with 
a marked neutrophilic infiltration. PG can resolve with treatment 
of the underlying colitis. Most cases usually respond to intral- 
esional glucocorticoid injections, mesalamine, glucocorticoids, or 
tacrolimus, or topical therapy with cromolyn sodium.*?°-7+ More 
severe cases can require systemic glucocorticoids, immunosup- 
pressants (e.g., CSA, AZA, MTX, and tacrolimus), dapsone, or 
anti-TNF therapy. 

Less common skin manifestations associated with IBD include 
Sweet syndrome (acute febrile neutrophilic dermatosis) and pyo- 
dermite végétante of Hallopeau. The latter involves oral mucosa 
and skin, presenting as pustular dermatitis along with colonic 
involvement. At least 10% of patients with UC and a larger pro- 
portion with CD develop oral aphthous ulcers. These lesions 
usually occur with flares of intestinal inflammation and resolve 
on control of the bowel disease. Angular stomatitis and a sore 
tongue may be seen in patients with deficiencies of iron, B vita- 
mins, or other micronutrients. A rare oral lesion that may be seen 
in patients with IBD is pyostomatitis (pyoderma) vegetans, which 
appears as a pustular eruption of the oral mucosa resulting in a 
cobblestone appearance.’ Melkersson-Rosenthal syndrome, 
characterized by recurrent facial paralysis, facial and lip swelling, 
and furrows in the tongue may also be associated with CD. 


Ophthalmologic 


The 2 most common ocular manifestations associated with IBD 
are episcleritis and uveitis, each occurring in 5% to 8% of patients. 
Episcleritis is characterized by painless hyperemia of the sclera and 
conjunctiva without loss of vision. It typically parallels the activity 
of bowel disease and usually responds to anti-inflammatory ther- 
apy. In contrast, uveitis presents as an acute or subacute painful eye 
with visual blurring, often accompanied by photophobia and head- 
ache. Temporal correlation of uveitis with the activity of the colitis 
is less predictable than with episcleritis. Patients with uveitis should 
receive emergent ophthalmologic consultation and treatment with 
local glucocorticoid ocular drops to prevent progression to blind- 
ness. Glucocorticoid therapy also can lead to posterior subcapsular 
cataracts. Thus, patients receiving glucocorticoid therapy should 
be advised to undergo annual ophthalmologic examination. 


Rheumatologic 


Peripheral arthropathy occurs in 5% to 20% of patients with 
IBD. The risk of arthropathy increases with the extent of colonic 


TABLE 116.7 Types of Peripheral Arthropathy Associated With IBD 


Feature Type 1 (Pauciarticular) Type 2 (Polyarticular) 
CHARACTERISTICS 
Frequency 35% 24% 
Duration of attacks <10 wk (median, 5 wk) Months to years 
(median, 3 yr) 
Association with Parallel Independent 
bowel disease 
activity 
JOINTS AFFECTED 
Number <5 25 
Type Mainly large joints Mainly small joints 


MCP > knee > PIP 
> wrist > ankle > 
elbow > shoulder 


Knee > ankle > wrist > 
elbow > MCP > hip > 
shoulder 


Prevalence 


MCP, metacarpophalangeal joint; PIP. proximal interphalangeal joint. 

Adapted from Su C, Judge TA, Lichtenstein GR. Extraintestinal manifesta- 
tions of inflammatory bowel disease. Gastroenterol Clin North Am 2002; 
31:307-27. 


disease. Peripheral arthropathy can be classified into 2 distinct 
types (Table 116.7).#°*’ Type 1 is asymmetrical and pauciartic- 
ular, affecting less than 5 joints and typically involving the large 
joints (knees, elbows, ankles). It usually manifests with acute, self- 
limited episodes that parallel the underlying bowel disease activ- 
ity. Type 2 arthropathy is symmetrical and polyarticular, affecting 
at least 5 joints and typically involving the small joints. This type 
manifests with persistent symptoms independent of the intestinal 
inflammatory activity. Both forms are nondeforming and sero- 
negative. The involved joints are swollen, erythematous, and hot. 
Peripheral arthropathy usually responds to treatment of colitis. 
Rest, physical therapy, intra-articular glucocorticoid injection, 
and therapeutic arthrocentesis also can help control symptoms. 
Sulfasalazine, MTX, and anti-TNF biologics are all effective for 
the treatment of this arthropathy. 

Axial arthropathy occurs less often than does peripheral 
arthropathy in patients with IBD and includes sacroiliitis 
and spondylitis. Isolated sacroiliitis occurs in 10% to 15% of 
patients, but the incidence may be higher based on MRI. It usu- 
ally does not parallel the activity of the bowel disease. The typical 
symptom is low back pain, but some patients are asymptomatic. 
Most patients with sacroiliitis are HLA-B27 negative and do 
not progress to ankylosing spondylitis. Ankylosing spondylitis 
occurs in 1% to 2% of patients with UC, and most of these 
patients are HLA-B27 positive. Treatment of axial arthropathy 
is similar to that for peripheral arthropathy, except that control 
of the underlying colitis does not alter the progressive nature of 
ankylosing spondylitis. Clinical success with anti-TNF therapy 
has been reported, with significant improvements in pain scales, 
range of motion, physical function, and overall QOL.*8 


Metabolic Bone Disease 


Patients with IBD can develop low bone mineral density owing 
to several factors including glucocorticoid therapy, low physi- 
cal activity, and possibly inflammatory cytokines. Bone densi- 
tometry (dual-energy x-ray absorptiometry [DEXA] scan) at 
1- to 2-year intervals is recommended for patients who have 
received glucocorticoids at high doses or for a long duration. 
Osteonecrosis, also known as avascular or aseptic necrosis of bone 
or osteochondritis dissecans, is a less common but serious complica- 
tion in patients with IBD. Most cases involve the hips and are 
bilateral, but the knees and shoulders may be affected. The most 
important risk factor for osteonecrosis is glucocorticoid therapy, 
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with 1 series reporting a 4% incidence of osteonecrosis within 
6 months of glucocorticoid therapy in patients with IBD®’; 
concurrent use of TPN is another risk factor. Early diagnosis 
by MRI or bone scan is essential for proper treatment, includ- 
ing medical management, cortical decompression, and arthro- 
plasty. Management of decreased bone density includes calcium 
(typically calcium citrate at 500 mg 3 times daily) and vitamin 
D supplementation (at 1000 IU daily) initially. The addition of 
bisphosphonates should be considered for worsening osteopenia 
or osteoporosis. 


Hepatobiliary 


A wide range of hepatobiliary complications is associated with 
IBD. Mild elevations in serum aminotransferase and alkaline 
phosphatase levels are common in severe attacks of IBD. In most 
cases, serum enzyme levels return to normal once remission is 
achieved. The most important hepatobiliary complication associ- 
ated with IBD is PSC, which occurs in approximately 2% to 8% 
of patients. It is a chronic inflammatory disease of the biliary tree 
resulting in fibrosis and, eventually, cirrhosis and hepatic failure. 
Intrahepatic or extrahepatic ducts (or both) may be involved. 
PSC is characterized radiologically by beading, irregularity, and 
stricturing of the bile ducts. The diagnosis of PSC is made on 
either endoscopic retrograde cholangiography or MR cholangi- 
ography. Liver biopsy might support the diagnosis but is often 
not required. The classic histopathology of PSC on liver biopsy is 
the onion skin pattern, with concentric fibrosis around the small 
bile ducts and, ultimately, obliteration of the ducts. The histo- 
logic appearance can be variable, however, ranging from chronic 
inflammatory infiltration in the portal tracts to cirrhosis. UC 
patients with PSC tend to have a higher incidence of pancolitis 
and possibly rectal sparing and backwash ileitis than UC patients 
without PSC.®#°0-#2 In addition, the presence of PSC seems to 
dampen the inflammation in UC such that patients with UC 
and PSC tend to have a more clinically quiescent colitis than do 
UC patients without PSC. A recent study identified more severe 
histologic inflammation in the proximal colon than in the distal 
colon, suggesting that this may be the reason for fewer symp- 
toms and the proximal location of neoplasia in these patients.**? 
In fact, the course of UC seems to worsen after liver transplan- 
tation for PSC.4*+3> Patients with PSC and IBD are at a sig- 
nificantly increased risk for colorectal dysplasia and cancer.**° 
Unfortunately, no medical treatment has been shown definitively 
to be effective for PSC. UDCA does not slow disease progres- 
sion. Patients with a dominant extrahepatic biliary stricture can 
benefit from endoscopic dilatation or stent placement. Patients 
who develop end-stage liver disease require liver transplantation. 
PSC also places patients at increased risk for cholangiocarcinoma. 


Hypercoagulability 


The occurrence of hypercoagulability is a well-recognized com- 
plication of IBD. The incidence of thromboembolic events in 
patients with IBD varies widely in different studies, but most com- 
monly they manifest as deep venous thrombosis or pulmonary 
embolism. Renal artery thrombosis, cerebrovascular accidents, 
coronary artery thrombosis, and venous thrombosis of mesenteric, 
portal, and hepatic vessels all have been reported.¥7-##° Although 
there is no increased incidence of specific coagulation abnormali- 
ties in patients with IBD, there may be an increased incidence of 
factor V Leiden mutation in patients with thromboembolic com- 
plications associated with IBD. Patients with these complications 
should be treated with anticoagulants, just as in other patient 
populations. Although there may be concerns of an increased risk 
of GI bleeding with anticoagulation, it generally is safe and rarely 
is complicated by colonic bleeding. Indeed, in clinical trials, high- 
dose extended colon-release low-molecular-weight heparin was 
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more effective than placebo in treating mildly to moderately 
active UC.**! Pharmacologic thromboprophylaxis in hospitalized 
patients is important to reduce risk of VTE complications. 


Anemia 


Another common hematologic complication is anemia. The 
anemia in patients with IBD may be a result of acute or chronic 
GI blood loss, chronic disease, folate deficiency from sul- 
fasalazine therapy, or autoimmune hemolysis. Iron deficiency 
should be treated with oral or IV supplementation. Although 
both routes are effective in treating anemia, oral iron is fre- 
quently not tolerated well—particularly in patients with active 
inflammation.*#”"+3 Some patients may require periodic main- 
tenance iron infusions as recurrence of anemia is common in 
some patients after cessation of supplementation. Autoimmune 
hemolytic anemia, usually Coombs positive, may be related 
to sepsis or glucose-6-phosphate dehydrogenase deficiency in 
patients taking sulfasalazine. 


Other Extraintestinal Manifestations 


Secondary systemic amyloidosis is a rare but serious complica- 
tion associated with IBD.*** Amyloidosis in these patients, more 
commonly CD than UC, usually affects the kidney and mani- 
fests with proteinuria followed by the nephrotic syndrome and 
subsequent renal insufficiency. Diagnosis is made with a fat pad 
aspiration or alternatively, biopsies from the liver, rectum, stom- 
ach, or kidney. Pericarditis, pleuropericarditis, and constrictive 
pericarditis have been reported in patients with IBD*?-*”? and 
also may be related to mesalamine therapy. Patients with IBD 
can also develop abnormalities in pulmonary function, including 
a decrease in functional reserve capacity and diffusion capacity.>° 
Other pulmonary diseases that have been described in patients 
with IBD include bronchiectasis, bronchiolitis, fibrosing alveoli- 
tis, pulmonary fibrosis, and pulmonary vasculitis. 


MANAGEMENT OF INFLAMMATORY BOWEL DISEASE 
IN SPECIAL SITUATIONS 


The management of IBD is broadly similar throughout the lifes- 
pan but there are specific considerations as they relate to child- 
hood, fertility and pregnancy, and older patients. 


Children 


Approximately 15% of patients with UC and 25% of patients 
with CD will present during childhood and adolescence. 
Phenotypically, IBD in children may present more insidiously 
in some as growth failure, weight loss, and delayed matura- 
tion in the absence of GI symptoms. Growth failure has been 
reported in up to 50% of patients with pediatric CD. The 
medical management of IBD in children is similar to that in 
adults, however, many of the agents used in adults either lack 
an evidence base in children or are not approved for use in the 
pediatric age group. Certolizumab pegol, golimumab, vedoli- 
zumab, natalizumab, and ustekinumab have not been studied 
in pediatric IBD. Glucocorticoids should be used particularly 
sparingly in children with IBD because of the effect on the 
growth plate and premature epiphyseal closure and stunt- 
ing. Enteral nutrition is an effective option to avoid steroids 
in many children but may require the use of an NG tube for 
feeds given their poor oral tolerability. Monitoring growth 
and development is critical in children with IBD and should 
be a routine part of disease activity assessment. Children may 
be particularly vulnerable to the psychosocial aspects of IBD 
and may frequently experience depression or anxiety related to 
their disease. A multidisciplinary approach may be beneficial 


with incorporation of psychologic and nutritional care as part 
of comprehensive management of IBD. Transition of care 
from pediatric to adult providers or from high school to col- 
lege represent particular periods of vulnerability to disruption 
of continuity of care and may lead to nonadherence and flares 
of disease activity. Structured programs have demonstrated to 
be beneficial in reducing patient, physician, and system barri- 
ers to transition. 


Fertility and Pregnancy 


As the peak age of onset of IBD is during adolescence and young 
adulthood, the effect of disease activity and medical and surgi- 
cal treatments on fertility and pregnancy outcomes are important 
concerns in both men and women.*>!5> Overall, patients with 
IBD have similar rates of fertility and conception compared with 
the general population, but may have a higher rate of voluntary 
childlessness. Medical treatments for IBD do not impact female 
fertility. Although surgical treatment of CD is not associated with 
an impairment in fertility, undergoing an ileal pouch creation 
(but not an end-ileostomy) is associated with a 3-fold increase in 
risk of infertility in women.**! This appears to be mechanically 
linked to adhesions resulting in obstruction of the Fallopian tube, 
as success rates after in-vitro fertilization are comparable to the 
general population. Medical treatments also do not affect fertility 
in men except for sulfasalazine, which may be associated with a 
reversible azoospermia. 

In general, disease activity at conception is an important 
determinant of disease course during pregnancy. Among those in 
remission at conception, up to 80% of women stay in remission 
throughout pregnancy with a relapse rate similar to that of non- 
pregnant women.*”° In contrast, among those with active disease 
at conception, only one third may experience an improvement in 
their symptoms with one third each reporting continued or wors- 
ening disease activity. Thiopurines and biologic agents have not 
been consistently linked to increased risk of congenital anomalies 
in the fetus and are not associated with preterm birth, low birth 
weight, or other adverse pregnancy outcomes. MTX, however, 
is teratogenic and should not be used in women of child-bearing 
age contemplating pregnancy. High-dose systemic steroids have 
been linked to cleft-lip abnormalities but not at doses used in the 
management of IBD. Infliximab, adalimumab, vedolizumab, and 
ustekinumab are IgG1 antibodies.*! Transplacental transfer of 
these antibodies begins in the middle of the second trimester and 
increases closer to term resulting in higher cordblood and infant 
concentrations. In contrast, the pegylated certolizumab pegol is not 
transferred across the placenta and is undetectable in cord blood. 
This has led to debate on the optimal time for cessation of biologic 
agents in the mother to minimize fetal exposure. In women in sus- 
tained remission, studies have reported that administering the last 
dose of biologic agent around 28 weeks is safe and does not result 
in increased rates of loss of response in women. However, this 
decision must be made on a case by case basis, taking into account 
the maternal severity of disease, prior treatments, and the lack of 
demonstrated AEs of biologic exposure in the infants. Exposure to 
maternal biologics agents is not associated with an increase in risk 
of neonatal infectious complications or other AEs. Adalimumab 
and infliximab may be present up to 6 and 12 months after birth 
in the infant respectively.*°’ Consequently, live vaccines (such as 
rotavirus and BCG) should be avoided in the first 6 months to 1 
year of life in infants born to mothers receiving biologic therapy. 
The mode of childbirth in patients with IBD depends on the pres- 
ence of perianal disease. In the setting of active perianal disease, 
caesarean section is the preferred mode of delivery. However, in 
patients with no perianal involvement or only quiescent disease, 
vaginal delivery is not associated with risk of worsening of existing 
or developing new perianal disease and thus may be the preferred 
mode of childbirth.458-460 


The Older Patient 


Between 10% and 25% of new diagnoses of IBD occur in indi- 
viduals over the age of 60 years and with aging of the popula- 
tion, the global burden of IBD in older adults is only expected 
to increase. Older patients are hospitalized more often than 
younger patients and have greater mortality during hospitaliza- 
tion. They also frequently have comorbidity that influences both 
their ability to tolerate active disease as well as potential AEs of 
therapy. Polypharmacy may further adversely influence adher- 
ence to medications and control of disease. Older patients with 
IBD are also at increased risk for venous thromboembolism, C. 
difficile, and other opportunistic and serious infections. Recent 
meta-analysis has demonstrated that patients who develop CD 
in older age have similar rates of surgery as patients with disease 
onset at a younger age, whereas the risk of surgery at 1 and 5 
years after the diagnosis of UC was higher in older adults.*°! Due 
to concern for therapy-related AEs, older patients are prescribed 
immunomodulator or biologic therapies much less frequently 
than younger onset patients. At 10 years following diagnosis 
in the French EPIMAD registry, only 27% and 9% of older 
adult-onset CD patients were prescribed immunomodulator or 
biologic therapy, respectively. Similarly, in UC, only 15% of 
patients were prescribed immunomodulators at 10 years despite 
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40% receiving systemic steroid therapy.*°’ In a single-center 
study, 32% of geriatric IBD patients were receiving prednisone 
maintenance for longer than 6 months, whereas only 6% were 
receiving thiopurines and 1.3% each were being treated with inf- 
liximab and adalimumab.*® Given the recognized AE profile of 
systemic steroids and the particular vulnerability of older adults 
to many of its effects on mood, bone health, and infection risk, it 
is important to initiate steroid-sparing strategies in older adult- 
onset IBD patients. 

Few older patients are included in prospective clinical trials in 
IBD; data on the efficacy and safety of various therapies in older 
adults are from observational studies. A single-center retrospec- 
tive study examined the relative safety of anti-TNF therapy in 
older and younger IBD patients. At 12 months after initiation, 
25% of patients older than 60 years of age discontinued anti- 
TNF therapy, primarily for infectious complications or lack 
of efficacy compared with 7% among younger anti-TNF users 
and 18% among older AZA users (P < 0.05).4°* Older patients 
on combination therapy required therapy cessation more fre- 
quently than those on biologic monotherapy. The relative gut- 
selectivity of vedolizumab may make it an attractive option in 
older patients, particularly those at risk for serious infections.*®> 


Full references for this chapter can be found on www.expertconsult.com. 
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Total proctocolectomy with permanent end ileostomy is curative 
for patients with UC and returns most patients to excellent health 
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while removing premalignant colonic mucosa in patients with 
UC or familial adenomatous polyposis (FAP). Improvements in 
surgical techniques and a better understanding of stoma physi- 
ology along with better stoma appliances and improved patient 
education have eliminated many of the dangers and disadvantages 
previously associated with an ileostomy.! 

Frequent mechanical complications secondary to ileostomy 
dysfunction (e.g., partial obstruction) as well as the metabolic 
consequences of ileal stomas, became apparent in the 1940s 
when ileostomies were increasingly being constructed.” Before 
advances in postoperative fluid and electrolyte management and 
development of newer techniques in ileostomy construction, ile- 
ostomies were created by exteriorizing the intestine through the 
abdominal wall and suturing the serosal surface of ileum to the 
skin. Exposure of the ileal serosa to the alkaline stomal effluent 
frequently resulted in serositis and ileostomy dysfunction. The 
solution to this problem was to evert the full thickness of the exte- 
riorized ileum and to suture its mucosa to the adjacent dermis. 
This technique of ileostomy eversion was described in 1952 by 
Bryan Brooke in the United Kingdom, and this ileostomy is com- 
monly referred to as a Brooke ileostomy (Fig. 117.1).! Patients’ 
resistance to having an ileostomy has been in large measure 
alleviated by emphasizing the beneficial aspects of this opera- 
tion (e.g., curing the UC), as well as by the development of new 
stoma appliances that have led to excellent long-term results.* 
The introduction of enterostomal therapy as an additional allied 
health field and the development of stomal support societies have 
provided significant support to patients with stomas. 

Brooke ileostomies are incontinent, a problem that led 
the Swedish surgeon Nils Kock to develop the first continent 
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Fig. 117.1 Anatomy of the Brooke ileostomy. The mucosa is everted 
and sewn to the skin. Therefore, no serosal surface is exposed to intes- 
tinal content, serositis is avoided, and the risk of ileostomy dysfunction 
is minimized. 
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Fig. 117.2 The continent ileostomy. The pouch is formed from a loop of 
ileum, folded on itself as a U, and sutured along its antimesenteric bor- 
ders. The 2 limbs that make up the pouch are then incised, exposing the 
mucosa, and the nipple valve is fashioned. The pouch is closed and posi- 
tioned, as shown, underneath the abdominal wall. Note that the stoma is 
flush with the skin. (Copyright 1991, Mayo Clinic, Rochester, Minn.) 


ileostomy in 1969.° The Kock pouch procedure featured an ileal 
pouch, a nipple valve, and an ileal conduit that led to a cutaneous 
stoma (Fig. 117.2). Given that this was a continent stoma and 
that no appliance was necessary, it could be created flush with the 
skin. In the 1980s, the Kock pouch was used in selected patients 
with UC and FAP, but enthusiasm for this operation was tem- 
pered by the frequent occurrence of complications, such as slip- 
page of the nipple-valve.° 

Driven by the overall poor acceptance by patients of ileosto- 
mies and the ever-present external appliance, surgeons explored 
other alternatives to the incontinent Brooke ileostomy. The 
straight ileoanal pull-through operation, which was used pri- 
marily in children for the surgical treatment of Hirschsprung 
disease, was considered as an option for patients who required 
proctocolectomy. This operation was plagued with excessive 
liquid bowel movements and was undesirable for adult patients 
who long suffered from UC. Therefore, an important technical 
modification was proposed: creation of an ileal reservoir (pouch) 
to reduce the frequency of daily bowel activity.”° This operation 
preserves the function of the anal sphincter complex and allows 
for the normal, albeit more frequent, exit of feces via the anal 
canal. Because of increasing experience with this operation over 
the last 3 decades, the ileal pouch-anal anastomosis (IPAA) is now 
the procedure of choice in most patients who require procto- 
colectomy for UC or FAP. 

This chapter describes the pathophysiologic and clinical 
implications of colectomy and reviews the options and alterna- 
tives for the control of enteric output. Three surgical options are 
currently available to patients with chronic UC and FAP: total 
proctocolectomy with the end-Brooke ileostomy, total proc- 
tocolectomy with IPAA, and ileoproctostomy (i.e., ileorectal 
anastomosis [I[RA]). Both the Kock pouch and IPAA are contrain- 
dicated in patients with Crohn disease (CD), for whom segmental 
colectomy remains a viable option. 


CONFIGURATION OF AN ILEOSTOMY 


Small bowel stomas can be used for temporary or permanent fecal 
diversion. Small bowel end stomas are typically easy to create 
owing to the mobility of the robustly collateralized small bowel 
mesentery. These can be created by either laparoscopic or open 
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abdominal approach. Once a sufficient length of ileum is exterior- 
ized, it is assessed for tension, viability, mesenteric bleeding, and 
proper mesenteric orientation. It is then folded upon itself and 
sutured to the dermis, ideally protruding 2 to 3 cm above the skin 
(See Fig 117.1). This maneuver is necessary to cover and protect 
the eviscerated ileal serosa with mucosa, shielding it from caustic 
bowel effluent; it is performed with “Brooke” sutures that incor- 
porate the full thickness of the cut edge of the ileum, a seromus- 
cular “bite” of the more proximal ileum, and finally the dermis, 
which helps evert the mucosa. This also improves the sealing of 
the stoma appliance to the skin and decreases complications. The 
process of suturing the intestine (small or large intestine) to the 
dermal skin is known as “maturation,” or “maturing the stoma.” 


CONFIGURATION OF A COLOSTOMY 


Creation of a colostomy may be indicated in a variety of benign 
and malignant diseases for fecal diversion. The redundant, non- 
peritonealized transverse and sigmoid colon make them suitable 
options for loop colostomies. Transverse colostomies have a 
higher incidence of complications including prolapse as well as 
pouching difficulties. The stoma is usually protruded and everted 
about 1 to 2 cm. Due to the non-caustic nature of colonic efflu- 
ent in contrast to ileal secretion, stoma eversion is not absolutely 
necessary, but may be considered for improved pouching. 


CONTINENT ILEOSTOMY (KOCK POUCH) 


Clearly, one of the major (social) drawbacks to ileostomy could be 
eliminated if a continent stoma were possible. Nils Kock postu- 
lated that a pouch and nipple valve constructed of terminal ileum 
could store ileal content internally until emptied voluntarily by 
the patient via a large, soft catheter passed into the pouch sev- 
eral times daily, thereby obviating the need for an external appli- 
ance (see Fig. 117.2). In between catheter aspirations, the patient 
would simply cover the stomal opening with a Band-Aid. The first 
Kock pouch operation was reported in 1969, and the results were 
promising; however, the nipple valve sometimes failed, usually 
because it slipped out of the pouch, thereby resulting in incon- 
tinence.> Techniques gradually improved, and the most recent 
approaches have been more successful, providing continence in 
most patients. In 2 series, more than 90% of patients were conti- 
nent for both gas and feces, never requiring an appliance.”!° 

The high success rate of the Kock pouch, however, is achieved 
at the price of additional operations in most patients for nipple 
slippage or pouch dysfunction, fistula, or stricture. Wasmuth and 
colleagues reported a 50% rate of reoperation by 14 years after 
continent ileostomy construction.!! Furthermore, in a series of 
96 patients with continent ileostomy reported by Lepisto, 24% 
of patients required conversion to a conventional stoma and 59% 
required reoperation, with a total of 85 pouch reconstructions being 
performed: 42 patients had one reconstruction, 9 had 2 reconstruc- 
tions, 3 had 3 reconstructions, one had 4 reconstructions, and 2 had 
6 reconstructions.!* Others authors have reported similar findings: 
patients generally did well after initial continent ileostomy con- 
struction, but a sizable minority required repeated surgical inter- 
vention either to salvage pouch function or remove the pouch.!*-!* 

Despite requiring numerous reoperations, most Kock pouch 
patients are satisfied with the outcomes of their functioning 
pouch. In a recent comparative study of quality of life (QoL) in 
patients with standard ileostomies, ileal pouch, and Kock pouch, 
the Kock pouch patients did not fare significantly better or worse 
than those with a conventional ileostomy or IPAA; 56% of the 
continent ileostomy patients, however, did require reoperation to 
maintain function of their ileostomy.!° 

Patients’ enthusiasm for the Kock pouch procedure is quite 
surprising given the numerous and frequent complications, which 
often require major surgical intervention. The Barnett Continent 
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Ileostomy Reservoir was designed to reduce the incidence of 
valve slippage and fistula formation, however, no controlled data 
exist to suggest that this modification is superior to the origi- 
nal Kock pouch procedure.'° Another continent ileostomy, the 
T-pouch, has been developed, also to combat the problem of 
nipple valve slippage.!” In the T-pouch, the valve mechanism is 
made by securing an isolated distal ileal segment into a serosal- 
lined trough formed by the base of 2 adjacent ileal segments. The 
high-volume/low-pressure reservoir is fashioned around this iso- 
lated valve segment. Once constructed, the distal end of the valve 
mechanism is brought up through the skin as a stoma. T-pouches 
have been constructed in only a few patients and the results are 
promising, but long-term follow-up studies to assess the struc- 
tural integrity and clinical success of the new valve design are 
lacking. Given the success of the IPAA operation, continent ile- 
ostomy operations are rarely performed in modern-day surgical 
practice and are reserved for the few patients who desire enteric 
continence, whose Brook ileostomy has failed following a proc- 
tocolectomy, and for those individuals who are not candidates for 
IPAA because of rectal cancer or poor anal sphincter function. A 
patient who desires continence and whose occupation may pre- 
clude frequent visits to the toilet also may be a candidate for a 
continent ileostomy. 

Before performance of a continent ileostomy operation, exclu- 
sion of CD is mandatory (see Chapter 115). A careful discussion 
with the patient must exclude a prior history of small bowel 
resection, perianal or perirectal abscesses. A detailed anorectal 
examination also must exclude the presence of fistula-in-ano. 
Construction of a continent ileostomy is contraindicated when 
CD is suspected, as future intestinal resections may render the 
patient susceptible to short bowel syndrome and dependent on 
parenteral nutrition. 181° 


ANASTOMOTIC DEHISCENCE and THE GHOST 
ILEOSTOMY 


Anastomotic dehiscence is one of the most dreaded complica- 
tions in colorectal surgery with rates ranging from 3% to 21%.?° 
Multiple risk factors have been associated with anastomotic fail- 
ure and include disease factors, patient factors, and surgeon fac- 
tors. Increasingly, the role of the patient’s microbiome and stress 
response to surgical trauma is being defined in the occurrence of 
anastomotic leaks. Alverdy and colleagues have suggested that a 
patient’s microbiome and its response to surgery and an anasto- 
mosis may play a vital role in the healing of the anastomosis.?! 

Several studies have concluded that colorectal surgical proce- 
dures performed by surgeons with specific post-graduate fellow- 
ship training in colorectal surgery compared with non-colorectal 
surgeons or high-volume abdominal surgeons carry a lower risk of 
anastomotic complications, overall complications, and mortality. 7!* 

Patients at high risk of anastomotic failure are considered for 
fecal diversion (usually a loop ileostomy) to protect them from 
the subsequent septic complications of anastomotic leakage and 
pelvic sepsis. The decision to perform fecal diversion during 
pelvic surgery can be challenging and controversial. Moreover, 
determining which patients benefit from fecal diversion is not 
straightforward. The risk of developing an anastomotic leak must 
be carefully weighed against the risks of bearing an ostomy for a 
period of time and the physiologic and psychosocial discomfort 
that is associated with an ileostomy. Furthermore, stoma closure 
and restoration of intestinal continuity represents another oper- 
ation, an additional hospitalization with its own costs, and the 
potential for other complications. 

In 2007, Sacchi et al.’* described the term “virtual ileostomy,” 
which was later termed “ghost ileostomy.” Creation of a ghost 
ileostomy may be considered when the anastomosis is at a higher 
than normal risk of leakage, but performance of an ileostomy may 
not ultimately be necessary. This technique can be useful in such 


circumstances. To create a ghost ileostomy, a vessel loop, which 
is a soft silicone rubber band, is passed under the last segment of 
the terminal ileum about 20 cm from the ileocecal valve and exte- 
riorized through a small stab incision at the site of the possible 
ileostomy if needed. The vessel loop is sutured to the skin avoid- 
ing any traction or kinking of the small bowel. In the case of an 
anastomotic breakdown, a small incision is made around the site 
and the loop of bowel is pulled up creating an ileostomy, thereby 
avoiding more extensive surgery. If not needed, the vessel loop 
can easily be removed in the office at the 2-week follow up visit. 
It should be emphasized that fecal diversion does not reduce 
the incidence of anastomotic leaks; it merely militates against the 
untoward clinical consequences of pelvic sepsis. Creation of a 
ghost ileostomy also does not prevent anastomotic dehiscence, 
but reduces unnecessary stomas and their negative consequences. 
It is also safe and easy to accomplish at the end of an operation. 


ILEAL POUCH-ANAL ANASTOMOSIS 


IPAA is now the procedure of choice for most patients who 
require proctocolectomy for UC or FAP. IPAA is not considered 
suitable for patients with CD, although this recommendation is 
being reevaluated.??”* An ileal pouch has several major advan- 
tages: nearly all mucosal disease is removed—in contrast to IRA, 
in which all of the rectal mucosa remains intact and is at contin- 
ued risk for inflammation and cancer; the normal route for fecal 
elimination is maintained, and a permanent stoma is not required; 
and the anal sphincters are not removed. 

In 1947, Ravitch and Sabiston first described ileoanal anasto- 
mosis, an operation that was adapted by the success of pediatric 
surgeons who used it in children with Hirschsprung disease.’ 
Initially, the operation was performed as a straight pull-through 
procedure, and the terminal ileum was sutured directly to the 
anal verge.*> Although results in children were encouraging, 
excessive stool frequency and anal seepage were unacceptable 
sequelae to many adult patients. Subsequently, the operation 
was modified to include one of several forms of an ileal pouch. 
The basic surgical steps are as follows: a proctocolectomy is per- 
formed; the distal rectum is divided at the top of the anal canal 
at the anorectal ring, which leaves a small cuff of residual rectal 
mucosa and all of the anal canal mucosa intact; an ileal pouch 
is fashioned from the terminal 15 to 20 cm of ileum and then 
stapled or sutured to the cuff of remaining rectal and anal canal 
tissue. If a hand-sewn technique is used, a mucosal proctectomy 
is performed to remove all (or nearly all) of the mucosa to allow 
for an anastomosis between the mucosa of the ileal pouch and 
the dentate line. A diverting ileostomy usually is required for 2 
or 3 months until the anastomosis heals completely. At a second 
operation 8 to 12 weeks later, the diverting ileostomy is closed. 
Although pouches of different configurations have been advo- 
cated by various surgical groups in the past, the pouch routinely 
used today is the J-pouch because of relative ease of construction 
and reliable function (Fig. 117.3).7°?8 


Clinical Results 


Following IPAA, many centers report patients having an aver- 
age stool frequency of 6 stools during the day and one stool at 
night.2°?? Daytime and nocturnal stool frequency and the abil- 
ity to discriminate flatus from stool remain relatively stable over 
time, whereas the need for stool bulking and hypomotility agents 
declines. The lower stool frequencies 6 months after surgery, 
compared with the frequency in the early postoperative period, 
are likely attributable to a “settling in” of the pouch in the pelvis, 
increased pouch capacity, and pouch adaptation to the ileal efflu- 
ent load over time, as well as mucosal adaptation to the ileal load. 

In a series from the Mayo Clinic, major fecal incontinence 
(more than twice per week) occurs in 5% or less of patients 
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Fig. 117.3 The anatomy of the most commonly used type of ileal 
pouch, the J-pouch. A pouch approximately 12 to 15 cm long is 
constructed by opening the common wall between the 2 limbs of the J 
formed from the distal terminal ileum. The apex is then anastomosed to 
the upper anal canal. 


during the day and 12% of patients during sleep.’* In contrast, 
minor episodes of nocturnal incontinence (e.g., seepage) occur 
in up to 30% of patients one year after the operation. A pad 
must be worn by 28% of patients for protection against seep- 
age. Minor perianal skin irritation is reported by two thirds of 
patients. Patients older than 50 years of age have a higher day- 
time stool frequency (8/day) than younger patients (6/day). Men 
and women have similar stool frequencies postoperatively, but 
women have more episodes of fecal soilage during the day and 
night; this occurrence is thought to be related to a shorter aver- 
age anal canal length in women. Of patients with minor incon- 
tinence at one year, 40% remain unchanged, 40% improve, and 
20% worsen by 10 years.*? Nocturnal fecal spotting increases 
only marginally during the 10-year period. These results are cor- 
roborated by a prospective observational study examining 391 
patients who underwent an IPAA operation and were followed 
for a mean of 33 months. The authors found that the major- 
ity of patients were fully continent, had an average of 6 bowel 
movements per day, and were able to defer a bowel movement 
until convenient. Mild fecal incontinence, when observed in this 
study, improved over time.*! 


Controversies 
Double-Stapled Versus Hand-Sewn Anastomosis 


‘The controversy over whether anastomosis of the ileal pouch to 
the anal canal should be performed with a double-stapled tech- 
nique or hand-sewn technique revolves around functional out- 
comes related to preservation of the anal transition zone (ATZ) 
mucosa. In non-randomized trials, a stapled anastomosis has been 
equated with better outcomes because of reduced stretch injury 
(dilation) to the anal sphincters, preservation of the ATZ and thus 
improved anal sensory discrimination, maintenance of the recto- 
anal inhibitory reflex, and improved nocturnal continence. In a 
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randomized prospective study that compared the double-stapled 
IPAA (17 patients) to the hand-sewn technique (15 patients), 
Haray and colleagues identified that stool frequency and inci- 
dence of daytime and nighttime fecal incontinence were similar 
in the 2 groups.*” In the stapled cohort, 1.5 to 2.0 cm of ATZ was 
preserved, whereas complete mucosectomy was performed in the 
hand-sewn group. The overall complication rates were the same 
in the 2 groups; however, fewer patients treated with the double- 
stapled technique experienced nocturnal incontinence. 

Similar findings have been reported by other groups. In 
a meta-analysis of over 4000 patients, Silvestri and colleagues 
concluded that both techniques had similar early postoperative 
outcomes; stapled IPAA offered improved nocturnal continence, 
however, which was reflected in higher anorectal resting pres- 
sures as well as anal squeeze pressures.** 


Role of Defunctioning lleostomy 


The most feared complication of IPAA is anastomotic failure and 
pelvic sepsis. Therefore, after pouch construction, a defunction- 
ing (diverting) ileostomy usually is performed to divert ileal con- 
tents from the pouch and promote healing.*> The reported rate 
of pelvic sepsis after IPAA ranges from 0% to 25%. In the series 
from the Mayo Clinic, the incidence of pelvic sepsis was relatively 
low (6%); however, when it occurred, it was responsible for a sig- 
nificant proportion of pouch failure.*°>° Ogunbiyi and colleagues 
identified pelvic sepsis as a major predictor of pouch failure in 27 
patients who underwent IPAA salvage surgery, which accounted 
for 58% of pouch excisions.*7 

Proponents of diverting ileostomy argue that the diverting 
stoma allows the pouch to fully heal and “settle” in the pelvis 
prior to use. Creation of a loop ileostomy does not completely 
protect the patient from pelvic sepsis; however, its presence 
minimizes the adverse clinical sequelae of a leak and eases the 
management of a patient with this complication. Supporters of 
a one-stage procedure (total proctocolectomy and IPAA without 
a diverting ileostomy) believe that an IPAA can be performed 
without increased risk of pelvic sepsis.**-*” A one-stage procedure 
avoids an ileostomy and a second hospitalization and operation, 
lowers the total cost, and results in a shorter hospital stay and 
perhaps in a decreased incidence of small bowel obstruction.** 

In the large single-surgeon study reported by Sugerman and 
associates, there were no differences in the complication rates 
and functional outcomes of patients who did not have a diverting 
ileostomy compared with those who had a diverting ileostomy; 
there also was no relationship to glucocorticoid use.**+? Whereas 
there might be no significant difference in the complication 
rate in patients without a defunctioning ileostomy, Williamson 
and colleagues suggested that the severity of complications was 
greater in patients without a protecting ileostomy.** 

Although it is our practice to perform a diverting ileostomy 
in all patients undergoing IPAA, in properly selected patients 
who have an uncomplicated procedure performed by experienced 
surgeons, a one-stage IPAA might be appropriate; however, one- 
stage procedures are less frequently performed with the increased 
use of biologic therapies in UC (see later in section “Impact of 
Biological Medical Therapy”). The surgeon and patient care 
team must be attentive to the early signs of pelvic sepsis, aggres- 
sively investigate the possibility of a pouch leak, and intervene 
expeditiously when necessary. 


Fertility and Pregnancy 


Many women with UC are in their childbearing years, and so it 
is important that women be informed of and consider the effect 
of IPAA on fertility and pregnancy when surgery for their UC 
becomes necessary. Most of the relevant literature demonstrates 
a negative effect of IPAA on fertility, + and pregnancy may be 
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at least 5 times less likely to occur compared with the general 
population. In a meta-analysis by Rajaratnam and colleagues, 
a statistically significant increase of 3.91 in the relative risk of 
infertility was demonstrated after IPAA surgery.*® A number of 
studies have evaluated fertility and the course of a subsequent 
pregnancy after surgery.1?°° Patients who have had a proc- 
tocolectomy and end-ileostomy or Kock pouch can expect to 
have a normal pregnancy and delivery. In patients with IPAA 
who are pregnant, there is a slight increase in stool frequency, 
incontinence, and pad use is reported during the pregnancy.*?°° 
Fortunately, this is temporary, and patients return to their base- 
line pouch function after the pregnancy. There is a reported 
higher rate of cesarean sections in IPAA patients, but there 
appears to be no contraindication to vaginal delivery, and the 
decision to proceed to a cesarean section should be based upon 
obstetric considerations. 

Previous studies evaluated the course of pregnancies after 
IPAA, but the specific issue of fecundity after [PAA had not been 
considered until 1999, when a Swedish population-based study 
demonstrated a significant reduction in fecundity after IPAA.*¢ 
More importantly, of the post-IPAA patients who became preg- 
nant, 29% of pregnancies occurred only after in vitro fertiliza- 
tion (IVF) compared with the expected 1% of all pregnancies in 
Sweden during the study period. The cause of this decreased fer- 
tility is unknown, but the authors hypothesized that changes in 
pelvic anatomy resulting from removal of the rectum and dense 
adhesions from the pelvic dissection that resulted in scarring of 
the ovaries and fallopian tubes were major contributors to the 
problem (“trapped” ovary syndrome). Various techniques have 
been attempted to reduce the effect of surgery on ovarian and 
tubal function. Interposition of an omental pedicle graft or place- 
ment of adhesion barrier products, such as Seprafilm (Genzyme 
Corporation, Cambridge, Mass.), may help reduce adhesions and 
thereby keep the ovaries out of the pelvis yet in close proximity to 
the fallopian tubes. Oophoropexy, a procedure involving suturing 
the ovaries to the pelvic brim, also has been attempted, but may 
complicate the retrieval of the ova if IVF subsequently becomes 
necessary.’ 15? 

A case-controlled study comparing women with IPAAs and 
female controls who had previous abdominal surgery found that 
women who had an IPAA had significantly more infertility evalu- 
ations and need for infertility treatments.” Analysis of infertility 
treatments for post-IPAA women demonstrated that they suffered 
a reduction in the probability of conception rather than complete 
infertility. This reduction in fecundity is not seen in women who 
have undergone IRA for FAP, which further the supports the idea 
that postoperative adhesions or altered pelvic anatomy contribute 
to this problem.*” 

Given the growing evidence that IPAA reduces a woman’s 
fecundity, women need to be counseled regarding this pros- 
pect during the informed consent process before IPAA. If this 
is a major concern in a young woman suffering from medically 
refractory UC, a subtotal colectomy and ileostomy to con- 
trol the disease without disturbing the pelvic anatomy may be 
offered, with a planned completion proctectomy and IPAA after 
childbearing is completed. In rare circumstances, total abdom- 
inal colectomy with IRA may be chosen until childbearing is 
complete. 

Patients with IPAA who wish to conceive postoperatively 
should be referred to a fertility specialist if their attempts at 
conception are not successful. The most common treatments in 
patients with IPAA who desire pregnancy are clomiphene and 
IVF. Olsen and colleagues compared the expected pregnancy 
and birth rates of a cohort of women with UC to age-matched 
women without UC in Sweden. There was no difference in the 
expected birth rate in women from the onset of UC to the time of 
proctocolectomy. However, there was a significant reduction of 
births after IPAA. More importantly, in the post-IPAA patients 


who became pregnant, 29% of pregnancies occurred after IVF 
compared with the expected 1% of all births in Sweden.*” Suc- 
cess rates in fertility treatments are difficult to compare, given 
the variations between studies and fertility programs. Further 
investigations are necessary to determine the true success rates of 
fertility treatments following IPAA.4. 54 


lleal Pouch-Anal Anastomosis and Indeterminate Colitis 


Among 1519 consecutive patients with UC undergoing IPAA 
between January 1981 and December 1995, 82 patients (5%) had 
features of indeterminate colitis, including unusual distribution 
of inflammation, deep linear ulcers, neural proliferation, trans- 
mural inflammation, fissures, and creeping fat.” In a study from 
the Mayo Clinic, 12 (15%) of the 82 patients with indeterminate 
colitis eventually developed CD during follow-up, compared with 
only 26 (2%) of 1437 patients diagnosed with UC. The probabil- 
ity of remaining free of CD at 10 years was 98% in patients with 
UC and 81% in the indeterminate colitis patients. After IPAA, 
patients with indeterminate colitis who did not develop CD expe- 
rienced long-term outcomes nearly identical to those of patients 
with UC (i.e., nearly 85% had functioning pouches 10 years after 
the operation). In this study, the diagnosis of CD in an IPAA, 
regardless of whether the patient previously had UC or indeter- 
minate colitis was associated with poorer long-term outcomes.*’ 
Other institutions also have shown that although pouch compli- 
cations are higher in patients with indeterminate colitis, the func- 
tional results after IPAA for indeterminate colitis are identical to 
those after UC, unless CD develops, in which case results are not 
as good. In a large retrospective study by Delaney and colleagues 
in 2002, a diagnosis of indeterminate colitis was found to be asso- 
ciated with a higher risk of developing perianal fistula and pelvic 
abscesses, suggesting a clinical picture more consistent with CD; 
however, pouch failure rate was equivalent to those patients with 
UC 5657 


Impact of Therapy with Biological Agents 


The inclusion of newer biological therapies in the treatment of 
UC has raised concerns regarding their impact on the surgical 
outcomes after IPAA. In a study by Selvasekar and colleagues, 
47 patients with UC received infliximab prior to restorative 
proctocolectomy and 254 did not.’ Patients who received 
infliximab were statistically more likely to have postoperative 
infectious complications and pelvic abscesses. In this study, 
after multivariate adjustment for disease severity and other 
medication use, infliximab remained independently associated 
with an increased risk of ileal pouch-related and infectious com- 
plications. Another study of 85 patients with UC who received 
infliximab preoperatively found that they were at increased risk 
for postoperative septic complications as well as late complica- 
tions compared with patients who did not receive infliximab.°? 
The authors noted that patients who received infliximab were 
more likely to have undergone a 3-stage [PAA (total abdominal 
colectomy with end-ileostomy, followed by completion proc- 
tectomy and IPAA with loop ileostomy, followed by ileostomy 
closure), likely due to surgeon reluctance to perform an IPAA 
in the setting of preoperative infliximab administration. Both of 
these studies are limited in their ability to allow any conclusion 
regarding the exact role of infliximab in the increased postop- 
erative infection rate, owing to the retrospective nature of the 
analyses and possible selection bias. Most likely, patients who 
require infliximab for treatment of their UC represent a sicker 
and thus higher-risk group of patients at the time of surgery. 
Further prospective studies need to be performed to clarify this 
important issue. 

As previously discussed, pelvic sepsis and abscess are devastat- 
ing postoperative complications and are the leading risk factor 
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for ileal pouch loss. The use of vedolizumab did not increase the 
risk of postoperative complications compared with infliximab. In 
fact, the odds ratio for complications was lower in patients with 
UC. The number of complications in the pediatric population 
receiving biologics was the same as in those who did not receive 
a preoperative biologic agent, concluding that biologics may be 
safe to use in patients needing bowel resection.°! 


Minimally Invasive Surgical Techniques 
Laparoscopic Approach 


The most important advance in surgical practice related to all of 
the procedures discussed earlier is the development of minimally 
invasive techniques. Minimally invasive colon and rectal sur- 
gery began in the early 1990s; however, improvements in image 
technology and instrumentation have only recently facilitated 
minimally invasive complex colorectal procedures. Laparoscopic 
approaches for IPAA were developed to reduce the impact of 
surgery on patients who are already physiologically stressed, 
to decrease length of hospital stay, to reduce morbidity, and to 
improve cosmesis. The initial reports of laparoscopic IPAA were 
discouraging, however, because of very long operative times and 
few observed postoperative benefits.°?-°? Subsequent reports 
clearly have demonstrated the benefits of a minimally invasive 
approach in regard to postoperative decreases in length of stay, 
need for narcotics, overall morbidity, and return to normal func- 
tion.©-°’ Indications for operative intervention are not changed 
by the laparoscopic approach. 

Inacase-matched series from the Cleveland Clinic, 40 patients 
undergoing laparoscopic IPAA (LAP) were matched with open 
(laparotomy) controls for disease, age, gender, BMI, and date of 
operation. The LAP group exhibited significant benefits in times 
to ingesting clear liquids (1 vs. 3 days), eating a regular diet (3 vs. 
4 days), and regaining bowel function (2 vs. 3 days).°° Duration of 
narcotic use was shorter in the LAP group, and length of stay was 
reduced (4 vs. 7 days). LAP patients had longer operative times 
(270 vs. 192 minutes), but operative time decreased with experi- 
ence and now averages 180 to 210 minutes. Subsequent studies at 
the University of Texas Southwestern have continued to demon- 
strate these short-term patient benefits.°’ 


Benefits of the Robotic Approach 


Robotic assisted laparoscopic surgery has been an emerging 
minimally invasive technique for colorectal surgery since it 
was first performed in 2001. This approach offers advantages 
over open and other minimally invasive techniques, including 
3-dimensional visualization and 10-fold magnification, which 
may enhance identification and preservation of critical pelvic 
anatomical structures including autonomic nerves and perforat- 
ing vessels.”°-?, Moreover, robotic instrumentation effectively 
eliminates surgeon tremor and provides fine motion scaling.” 
The robotic technology currently used most commonly in 
practice is the Da Vinci Robotic platform (Intuitive Surgical, 
Sunnyvale, CA). Pedraza et al. published a case series in 2011 in 
which the colectomy portion of the procedure was performed 
laparoscopically.’”+ The J pouch was fashioned extracorporeally 
via a Pfannenstiel incision, whereas the IPAA was performed 
intracorporeally using the robotic approach following a robotic 
proctectomy. The robotic approach achieved satisfactory out- 
comes with regard to operative times (330 + 47.4 minutes) and 
length of stay (5.6 + 2.6 days); this is comparable to reports from 
studies with the conventional laparoscopic approach. From 
2006 to 2009, in 3 series comprising 179 patients who under- 
went total proctocolectomy and IPAA, the mean operative time 
was 298 minutes with a complication rate of about 30%. These 
data suggest that the robotic approach is safe and feasible for 
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total proctocolectomy and IPAA in patients with UC (or FAP). 
Further studies are needed, however, to determine whether 
this approach provides an advantage for the goal of returning 
patients to normal function in the most cost-effective, expedi- 
tious manner. 


PATHOPHYSIOLOGIC CONSEQUENCES OF 
PROCTOCOLECTOMY 


Fecal Output after Proctocolectomy 


One of the physiologic functions of the colon is reabsorption 
of water and electrolytes, and its absence following a colectomy 
prevents this from occurring.” Although most patients do not 
suffer major pathophysiologic disturbances, some important 
principles must be noted. The normal colon absorbs at least 1000 
to 1500 mL of water and 100 mEq of sodium (Na*) chloride 
daily, and a healthy colon is able to increase this absorption to 
more than 5 L/day when presented with increased amounts of 
ileal effluent (see Chapter 101).”>-’’ Furthermore, during periods 
of salt depletion, the colon has a greater capacity for electro- 
lyte conservation and reabsorption than does the small intestine. 
For example, under conditions of extremely low salt intake, Na* 
losses in normal stool can be reduced to 1 or 2 mEq/day, whereas 
patients with ileostomies have obligatory Na* losses of 30 to 40 
mEq/day.”*-*° Most patients adapt to these daily losses through 
changes in salt and water intake and physiologic compensatory 
mechanisms.*! 

Well-functioning conventional (Brooke) ileostomies dis- 
charge 500 to 1200 g of material daily, 90% of which is water’?:*°; 
continent ileostomies and IPAAs contain similar volumes of 
effluent.’ Ingestion of foods that contain significant amounts of 
unabsorbable residue increase the solid component of the ileos- 
tomy output. Although many anecdotes have described the effect 
of various foods on the volume and consistency of stomal efflu- 
ents, the response to specific foods varies among patients, and 
changes are usually insignificant.*? 


Functional Sequelae 


When oral intakes of Na*, chloride, and fluid are adequate, 
patients with ileostomies do not become depleted in volume 
or electrolytes; however, negative Nat balance can follow peri- 
ods of diminished oral intake, vomiting, or excess perspira- 
tion.*+ In addition, chronic oliguria is to be anticipated, even 
in patients with established and well-functioning ileostomies, 
because normal stools contain approximately 100 mL of water, 
whereas ileostomies lose 500 to 600 mL/day.*! Patients with 
ileostomies also have lower urinary Na‘/K* ratios because of 
compensatory renal conservation of Na* and water. These 
changes in urinary composition presumably contribute to the 
increased frequency of urolithiasis (about 5%) in patients with 
ileostomies, whose stones are predominantly composed of 
urate or calcium salts*’; these patients have a relatively narrow 
tolerance for changes in their volume and electrolyte status, 
and even minor changes potentially result in life-threatening 
electrolyte disturbances.*° 

Following a major terminal ileal resection and construction 
of a proximal ileostomy, abnormalities in bile acid reabsorption 
and malabsorption of vitamin Bız (see Chapters 64 and 103) 
develop. In addition, these patients suffer from steatorrhea, as 
well as excessive daily fluid losses (1 L/day). Such physiologic 
abnormalities usually do not occur after a colectomy performed 
for chronic UC or FAP because the normal disease-free ileum 
is preserved. Colonic resection for Crohn colitis may require 
removal of additional diseased ileum, with the possible con- 
sequences of malabsorption and even short bowel syndrome, 
depending on the length of small intestine removed, and the 
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ability to preserve the ileocecal valve (see Chapters 102, 104, 
and 106). 

Colectomy also reduces the exposure of bile acids to the met- 
abolic effects of the fecal microbiota, and secondary bile acids 
largely disappear from bile after ileostomy; no detrimental meta- 
bolic consequences have been noted in this situation,*”** although 
the effects of primary bile salts to stimulate and of secondary bile 
salts to inhibit sporulation and growth of Clostridioides difficile are 
under study. The flora of ileostomy effluents have quantitative 
(104 to 107 colony-forming units [CFUs]/100 mL) and qualitative 
characteristics that are intermediate between those of feces and 
those of normal ileal contents, whereas the flora in an IPAA or 
Kock pouch are more similar to fecal microbiota.*”*! 

The principal pathophysiologic sequelae of colectomy with 
ileostomy are mainly the potential consequences of a salt-losing 
state; as such, liberal consumption of salt and increased fluid 
intake is recommended—especially at times of stress, in hot 
weather, and after vigorous exercise. A balanced salt solution such 
as Gatorade or Powerade is a good source of balanced electro- 
lytes; patients with diabetes mellitus should consider Gatorade 
2 or Powerade Zero as it contains less sugar than Gatorade. The 
limited ability of the small intestine to absorb sodium and water, 
however, means that stomal volumes also increase when the oral 
intake is increased.*° 


Clinical Consequences of Proctocolectomy 


In the first year after successful proctocolectomy there is a small 
mortality attributed to stomal complications and/or intestinal 
obstruction. After ileoproctostomy for UC, and especially for 
FAP, cancer may develop in the retained rectum. In general, how- 
ever, the long-term mortality of patients after proctocolectomy 
and conventional ileostomy is the same as for an age-matched nor- 
mal population.?? Ninety percent of patients with conventional 
ileostomies who responded to a survey rated the results of their 
operation as excellent and claimed little inconvenience.* Overall, 
this survey study demonstrated no real difference in the reported 
QoL in patients with conventional ileostomies, continent ileosto- 
mies, or an ileal pouch.!> Almost all such stoma or pouch patients 
are able to lead normal lives and enjoy normal sexual relation- 
ships; a few patients avoided certain strenuous physical activities. 

The metabolic consequences of a proctocolectomy are the 
same regardless of whether a conventional ileostomy or an alter- 
native procedure is performed. Patients with a successful ileos- 
tomy alternative may enjoy certain aspects of their QoL better 
than do patients with a stoma, because the former do not need 
to wear an ileostomy appliance. Pemberton and colleagues com- 
pared patients who had a Brooke ileostomy with those who had 
an IPAA and found that the latter experienced significant advan- 
tages in performing daily activities and enjoyed a better QoL.” 
There are certain unique complications of the newer operations, 
however, including incontinence or obstruction (Kock pouch), 
pelvic infections and sepsis, and pouchitis (PAA), that must be 
considered; these are discussed later. 


OSTOMY COMPLICATIONS AND MANAGEMENT 


Although the majority of patients with stomas will live a long life, 
many have major or minor complications including ischemia, 
prolapse, retraction, stenosis, hernia, bleeding, varices, and rarely 
carcinoma. The overall complication rate ranges from 15% to 
40%.°*°8 The short-term complication rate in patients with a 
temporary colostomy is about 20%.??:!°° Prasad’s group!0!:!0 
reported a rise in the complication rate from 26% to 35% ina 
series of more than 1600 ostomies, over the course of 20 years. 
Loop transverse colostomies have the highest long-term compli- 
cation rates due to prolapse, retraction, and external appliance 
issues. Risk factors for development of stomal complications 


include patient factors such as diabetes mellitus, obesity, connec- 
tive tissue disorders, as well as disease-related factors such as pyo- 
derma gangrenosum in Crohn disease or varicose veins in portal 
hypertension. 


Ischemia and Necrosis 


Ischemic necrosis of the stoma is a serious problem that is almost 
exclusively an acute complication after stoma construction and 
results from compromised blood flow due to devascularization 
of the distal end of the bowel, lack of collateral circulation, or 
compression of the mesentery as it emerges through the fascia. 
The incidence of ischemic necrosis is between 2% and 17% 102-104 
and is more commonly seen in morbidly obese patients with a 
thick abdominal wall; or in patients with a shortened mesentery 
due to visceral obesity, underlying predisposing anatomy, inflam- 
mation; or prior intestinal resection with formation of adhesions. 
The ostomy must be evaluated daily after surgery. The mucosa 
should be pink and viable. Stomal edema occurs commonly during 
the first week following surgery, but usually resolves within 3 to 
4 weeks. The stoma may shrink in size by one half to two thirds 
during this period. Ischemia is likely when the stoma becomes 
engorged or purple, and this may progress to gangrene with black 
discoloration over several days. The extent of ischemia may be 
evaluated by observing the mucosa from the tip of the stoma, 
beyond the fascia and into the abdomen; one means of performing 
such an evaluation—by gently placing a test tube into the stoma 
and advancing it beyond the fascia and into the abdomen and visu- 
alizing the mucosa with the aid of a flashlight—reliably evaluates 
mucosal ischemia. Of course, a narrow caliber flexible endoscope 
also can be used to evaluate the mucosal surface If ischemia is con- 
fined to the tissue above the fascia, sloughing may occur, but the 
stoma will most likely remain viable; ultimately, stenosis or retrac- 
tion of the ostomy may ensue. If the process extends below the 
fascia, acute operative intervention generally will be necessary, as 
the ostomy may perforate or fall away from the abdominal wall. 


Prolapse 


Prolapse occurs in 1% to 16% of patients with a stoma.!° Loop- 
ostomies tend to prolapse at a higher rate than end-ostomies, 
probably because of a larger fascial opening and poor circum- 
ferential fixation. Prolapse is most common with loop trans- 
verse colostomies, and there is a propensity for prolapse of the 
distal limb of the stoma.!°°:!°7 The prolapse may be constant or 
intermittent, and may be associated with a parastomal hernia. 
Extensive stomal prolapse may result in mesenteric compression 
and ischemia. Most stomal prolapses can be managed with appli- 
ance adjustment, bedside reduction of the prolapse, local wound 
care, and patient reassurance. If there is evidence of ischemia and 
reduction is not possible or if the prolapse causes external appli- 
ance or skin problems, revision is generally indicated; this can be 
managed with local revision and fixation to the fascia. Resection 
of redundant bowel often is desirable. 


Retraction 


Stomal retraction is the flattening of a normally protruding ostomy, 
generally an ileostomy. The overall incidence is about 3% to 
4% 103,104,106 Retraction occurs as a result of inadequate fixation of 
the stoma to the fascia. As discussed previously, 2 to 3 cm of protru- 
sion is necessary for adequate function and external appliance func- 
tionality. Ileostomy retraction may result in serositis, leakage, and 
skin irritation as well as the inability to suitably use external appli- 
ances, and may result from ischemic necrosis, tension on the intes- 
tinal limb, or a thick, obese abdominal wall. Nonoperative therapy 
is appropriate in an asymptomatic ostomate whose appliance fits 
properly. When symptomatic, surgical revision, either locally or 


CHAPTER 117 


with laparotomy, may be necessary, with or without stomal reloca- 
tion. 


Stenosis 


Occurring as an early or late complication, stomal stenosis affects 
4% to 10% of all stomas.!°:!8 Early stenosis is usually due to a 
technical problem such as a fascial opening that is too small for 
the loop of intestine, whereas late stenosis is often a consequence 
of stomal ischemia and retraction or disease recurrence (CD or 
malignancy). Stomal stenosis also may occur as a result of separa- 
tion of the mucocutaneous junction with subsequent healing by 
secondary intention; it may be superficial and only confined to 
the skin or may involve the bowel down to the level of the fascia 
and even into the peritoneal cavity. Although some patients may 
be asymptomatic, most present with severe parastomal skin irrita- 
tion due to difficult external appliance functioning and leakage, 
prompting frequent appliance changes; obstructive symptoms 
may also develop. Irrigation of the ostomy and a low reside diet 
may temporarily help in symptomatic management but revision 
is often necessary. 


Parastomal Hernia 


Parastomal hernia is a form of incisional or ventral hernia and 
is the most frequent complication of any ostomy. Generally, it 
occurs when the fascial opening of the stoma becomes larger 
than the intestinal limb. The hernia sac, lined by parietal peri- 
toneum, may contain only the stomal limb and its mesentery, or 
any other abdominal viscera. Organs most commonly present in 
the hernia include greater omentum, colon, or small intestine. 
Less commonly, the stomach, left lobe of the liver, or spleen may 
be involved. These tissues protrude into the subcutaneous tissue 
with increased abdominal pressure such as may occur with cough- 
ing or sneezing, aided by weakening of the fascia as the patient 
advances in age. Occasionally these organs may become incarcer- 
ated, leading to an increased risk of strangulation, gangrene, per- 
foration, sepsis, and fistula formation. With an overall incidence 
of 10% to 40%, many authors suggest parastomal hernias are an 
inevitable consequence of the defect created in the abdominal 
wall!0-!!4 and some point out that any stoma is, by definition, 
an iatrogenic hernia.!°? Most parastomal hernias occur within 
the first few years of stoma construction, although the incidence 
of parastomal hernia formation continues to rise throughout the 
life of the patient. Treatment is individualized based on the size 
and progression of the hernia, the patient’s symptoms, general 
condition, and comorbidities. Many small hernias do not prog- 
ress and do not require surgical correction. Most are asymptom- 
atic and only require periodic follow-up and observation. Mild 
symptoms of bulging, skin irritation, and appliance difficulties 
may be addressed by careful and creative enterostomal therapy. 
Skin care, use of convex faceplates and other alternative appliance 
systems, and an elastic stoma belt or abdominal binder with a 
hole for the stoma may be helpful. Weight loss in obese patients 
also helps to improve appliance function and alleviate symptoms. 
Surgical repair is offered if the hernia is enlarging or causing sig- 
nificant symptoms such as pain, obstruction, an unpleasant bulge, 
or inability to effectively place a stoma appliance; repair includes 
local or minimally invasive (laparoscopic or robotic) techniques 
with or without the use of mesh reinforcement. 


Bleeding and Peristomal Varices 


Occasional bleeding from a stoma is common and generally harm- 
less. Bleeding from peristomal varices, although uncommon, can 
be challenging and sometimes life-threatening. Primarily seen in 
patients with portal hypertension, peristomal varices are due to 
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Fig. 117.4 CT showing a peripouch abscess (arrows) identified 8 days 
after surgery. This complication is best managed by placement of a 
percutaneous drain under CT guidance. 


shunting of blood from the prtal system, most frequently in patients 
with UC and PSC. Definitive control of the bleeding is difficult, as 
local pressure is only a temporizing measure. Cauterization is rarely 
effective and may actually worsen the problem and result in ulcer- 
ation. Suture ligation of individual bleeding vessels is the mainstay 
of treatment, but re-bleeding is the rule rather than the exception. 
Injection of sclerosing agents such as sodium tetradechol has been 
advocated in the acute setting but rarely results in good long-term 
control.!!>-!!7 Surgical disconnection of the mucocutaneous junc- 
tion, placement of interlocking sutures, and rematuration is a rea- 
sonably effective approach. Relocation is often necessary but new 
varices may develop over time.!!® Angioembolization of the varices 
has had variable success and may be desirable in patients deemed 
high risk for surgery.!!? Definitive therapy is to decompress portal 
hypertension by transjugular intrahepatic portosystemic shunt or 
orthotopic liver transplantation. 


COMPLICATIONS OF ILEAL POUCH-ANAL 
ANASTOMOSIS 


Pelvic sepsis, an ominous development, occurs in 5% to 24% of 
patients after IPAA.*’*?!?° CT is useful for demonstrating pel- 
vic fluid collections or phlegmon. Patients with pelvic phlegmon 
usually respond to non-operative treatment with broad-spectrum 
IV antibiotics and bowel rest, whereas patients with a pelvic 
abscess ideally should undergo CT-guided drainage, if technically 
feasible, or surgical drainage if a percutaneous route is unavail- 
able (Fig. 117.4). The most common risk factor for pelvic sepsis 
is chronic or high-dose glucocorticoid use in the perioperative 
period.!*! Anastomotic leak and pelvic sepsis may lead to pouch 
excision in the early postoperative period; fortunately, this is a rare 
occurrence. Compared with patients who did not experience pel- 
vic sepsis, however, there are poor long-term functional outcomes 
and a higher rate of pouch loss in patients who had pelvic sepsis.*° 

A diverting temporary ileostomy, though minimizing the clin- 
ical impact of pelvic sepsis, is also associated with a number of 
complications, including intestinal obstruction and stoma-related 
complications, some of which may require surgical correction. !?? 
Closure of temporary ileostomies also may be associated with 
complications. Peritonitis and postoperative intestinal obstruc- 
tion occurred in 4% and 12% of patients, respectively. Unrec- 
ognized intestinal injury that occurred during mobilization of the 
stoma and anastomotic leaks are important causes of peritonitis 
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Fig. 117.5 Film from a water-soluble radiocontrast enema performed 
before ileostomy closure and demonstrating a mild anastomotic nar- 
rowing (arrows). This stricture was dilated in the operating room before 
the ileostomy was closed. 


in patients undergoing ileostomy closure. During ileostomy clo- 
sure, our practice is to resect all of the extraperitoneal small intes- 
tine (afferent and efferent limbs and the stoma itself) to eliminate 
unrecognized intestinal perforation. 

Almost all patients have a web-like stricture of the ileoanal 
anastomosis before ileostomy closure (Fig. 117.5). This stricture 
usually can be gently dilated digitally without difficulty, but nar- 
rowing can recur and is the most common indication for surgical 
intervention after IPAA.*° If the pouch retracts under anastomotic 
tension, heavy scarring can result in a long, fibrotic stricture. This 
type of stricture manifests by increased straining to empty the 
pouch, a sensation of incomplete pouch evacuation, or a high 
stool frequency (>10 to 12 stools/day). Repeated anal dilation can 
prevent progression of the stricture. Occasionally, surgical revi- 
sion of the ileoanal anastomosis with a perineal or an abdomino- 
perineal approach may be required to treat the stricture. 


Pouchitis and Cuffitis 


Although a precise definition of pouchitis is lacking, it is gen- 
erally agreed that pouchitis is an idiopathic, nonspecific acute 
inflammation of the ileal pouch. With a reported incidence 
that varies between 16% and 48%, it is one of the most com- 
mon complications following restorative proctocolectomy with 
IPAA.!” Furthermore, the incidence of pouchitis has been shown 
to increase with time after surgery, with approximately 40% of 
patients reporting at least one episode 10 years after IPAA con- 
struction, and up to 70% of patients having developed pouchitis 
by 20 years after surgery.!?+!76 

Pouchitis may occur in patients with UC or FAP, although it 
is significantly more common in patients with UC, particularly 
those with sclerosing cholangitis.!“+!?’ An early experience dem- 
onstrated that IPAA patients who had preoperative extraintestinal 
manifestations of UC, especially those with sclerosing cholan- 
gitis, had significantly higher rates of pouchitis (39%) than did 
patients without such manifestations (26%).'*+ Although patients 
with a postoperative diagnosis of CD have a higher incidence 
of pouchitis, this risk is less clear in patients with indeterminate 
colitis. A study by Hoda and colleagues demonstrated that 
extraintestinal manifestations might indicate a predisposition to 


episodes of acute pouchitis, but they are not predictors of chronic 
pouchitis.!*° The patients at highest risk for chronic pouchitis 
are those who suffered from postoperative complications, more 
specifically anastomotic and septic complications. !?6 

Some investigators have suggested that there is a biologic pre- 
disposition for pouchitis and that better risk stratification can be 
obtained by the preoperative use of serum markers of IBD.128-130 
In a study by Hui and colleagues, 63% of patients who went on 
to develop chronic pouchitis had a positive perinuclear-staining 
antineutrophil cytoplasmic antibody preoperatively, and only 
17% had negative serologic results.!** There remain questions 
about these findings, however, because not all publications have 
demonstrated such a relationship.'*! Furthermore, although such 
serologic information is scientifically intriguing, it is unclear 
whether it provides any information that would change surgical 
decision making before surgery, because the surgical options are 
limited. Another hypothesis set forth by Huang and associates 
indicates that pathogenic events associated with the development 
of UC are recapitulated by colonic-metaplastic transcriptomic 
reprogramming of the UC pouch and that the ileum of patients 
with IPAA exhibit a unique response to UC, which predisposes it 
to development of pouchitis. 

More surgeons now prefer a double-stapled technique for 
the IPAA operation, as opposed to mucosectomy and hand-sewn 
anastomosis because of the slightly higher but measurable rate of 
nocturnal continence (i.e., lower stool leakage) with the double- 
stapled technique. This surgical technique, however, leaves a cuff 
of distal rectal mucosa in situ, which is at risk for intermittent 
or chronic activity of the UC (“cuffitis”).!3° Symptoms of cuffitis 
mimic those of pouchitis, and in a study of 61 IPAA patients with 
symptoms of pouchitis, 7% were found to have cuffitis. 1 


Diagnosis 


The diagnosis of pouchitis often is based on clinical symptoms 
alone. Most patients with pouchitis or cuffitis have intermittent 
symptoms and respond well to therapy. In a few patients, how- 
ever, symptoms are severe and persistent enough to lead to sur- 
gical removal of the pouch. Presenting symptoms are classified 
as acute (<4 weeks) or chronic (>4 weeks) and include cramping 
lower abdominal pain, increased volumes of fecal output (diar- 
rhea), liquid consistency of stool, urgency, bleeding per anus, 
malaise, anorexia, and general symptoms similar to those of the 
initial disease. Low-grade fever, anemia, and dehydration as a 
result of diarrhea may be variably present; fecal incontinence 
also is common. Extraintestinal dermatologic and rheumatologic 
manifestations are seen occasionally, suggesting an ongoing sys- 
temic inflammatory response.!?+ 

Endoscopy in a patient with pouchitis may reveal the pouch 
mucosa to be erythematous and edematous, with friability, 
scattered erosions, or ulcerations. The inflammatory changes 
usually are confined to the pouch but also can be seen in the 
pre-pouch ileum. Histologic examination of the pouch mucosa 
reveals a range of acute and chronic inflammatory changes 
depending on severity, including villus atrophy, distortion of 
crypt architecture, ulcerations, and polymorphonuclear leuko- 
cyte infiltration. The Pouchitis Disease Activity Index, which 
combines clinical, endoscopic, and histologic features, has 
been developed to quantify and compare these findings (Table 
117.1).!° Exclusion of possible etiologies that may require 
specific treatment is essential before initiating treatment for 
idiopathic (but possibly immune-mediated) pouchitis. Patients 
with ileal pouches are not immune to superimposed specific 
enteric infections and stool culture with microscopy for para- 
sites, as well as a C. difficile toxin assay are crucial to the evalu- 
ation of any patient with symptoms or findings of pouchitis or 
cuffitis. 
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TABLE 117.1 Pouchitis Disease Activity Index* 


Criteria Score 
CLINICAL 
Postoperative Stool Frequency 
Usual (0) 
1 or 2 stools/day more than usual il 
23 stools/day more than usual 2 
Rectal Bleeding 
None or rare (0) 
Present daily i 
Fecal Urgency or Abdominal Cramps 
None (0) 
Occasional i 
Usual 2 
Fever (>100°F) 
Absent (0) 
Present il 
ENDOSCOPIC 
Edema 1 
Granularity il 
Friability i 
Loss of vascular pattern q 
Mucoid exudate 1 
Ulceration 4 
HISTOLOGIC 
Polymorphonuclear Leukocyte Infiltration 
None 0) 
Mild 1 
oderate + crypt abscess 2 
Severe + crypt abscess 3 
Percent of Mucosa That is Ulcerated per Low-Power Field (Average) 
<25 i 
25-50 2 
>50 3 


*The total score is the sum of the individual scores. Pouchitis is defined 
as a total score of 7 or greater. 

Adapted from Sandborn WJ, Tremaine WJ, Batts KP, et al. Pouch itis 
after ileal pouch-anal anastomosis: a pouchitis disease activity index. 
Mayo Clin Proc 1994; 69:409-15. 


Unsuspected CD of the pouch is always a major concern. The 
clinical features of the underlying colitis that led to the opera- 
tion should be reviewed carefully, including gross and histologic 
examination of the resected bowel. A small but definite propor- 
tion of colitis falls into an unclassifiable group (indeterminate 
colitis), and some patients with previously unrecognized CD 
present with pouchitis that is actually a manifestation of (recur- 
rent) CD. Surgically treatable problems such as an anastomotic 
stricture resulting in partial pouch outflow obstruction need to be 
investigated carefully and treated appropriately. 


Pathogenesis 


Acute, nonspecific inflammation of an ileal pouch apparently 
reflects the propensity of the patient for IBD. Thus, pouchitis is 
much more common in patients with IBD than it is in patients 
with FAP; however, patients operated on for FAP are not com- 
pletely protected from pouchitis. In a meta-analysis performed 
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by Lovegrove and colleagues, the risk of pouchitis was 30.1% for 
patients with chronic UC and 10% for those with FAP.*+ The 
etiology of pouchitis remains ambiguous and is likely to be mul- 
tifactorial. Hoda and colleagues found that risk factors for devel- 
opment of pouchitis following IPAA included duration of UC, 
occurrence of postoperative complications, presence of extrain- 
testinal manifestations of UC, fulminant colitis with a 2-stage 
operation, duration of diverting ileostomy following pouch for- 
mation, PSC, and the number of operations used to construct 
the IPAA. 6 The predominance of pouchitis in chronic UC and 
rare occurrence in FAP suggests that the underlying immune dys- 
regulation is instrumental in its development.!73 

Histopathologic evaluation of healthy and diseased pouches 
has revealed that chronic inflammation is commonly present, 
even when the patient is asymptomatic.!*+!3> Villus architecture 
is distorted, and colonic metaplasia is present in biopsy specimens 
from most pouches, even in the absence of severe acute inflam- 
mation. Thus, these changes are considered natural sequelae of 
the altered anatomy, just as the histologic changes of experi- 
mental and clinical blind-loop syndrome have been attributed 
to bacterial overgrowth. Recent longitudinal studies of IPAAs 
have identified genetic metaplasia with functional expression of 
colonic genes.!*° 

Other possible causes of pouchitis have little supportive evi- 
dence in the literature, including damage by bile acids or their bac- 
terial metabolites and lack of short-chain fatty acids (SCFAs).!?° 
Normal colonic mucosa uses SCFAs, primarily propionate and 
butyrate, as a source of nutrition, and some authors have proposed 
that IBD can result when the colon is deprived of SCFAs.!*’ The 
clearest clinical experience that tests this hypothesis is diversion 
colitis. Harig and coworkers proposed that diversion colitis is 
caused by deprivation of SCFAs,!** support for which is provided 
by the observation that diversion colitis improves in response 
to SCFA enemas. Ileal pouches contain high concentrations 
of SCFAs (2100 mmol), however, and so a state of deprivation 
seems unlikely; moreover, pouchitis has been shown to become 
worse or have no predictable response to SCFA enemas.!*? In a 
detailed evaluation of luminal factors, including fecal concentra- 
tions of bacteria, bile acids, and SCFAs, there were no differences 
between patient cohorts with or without pouchitis.!”> Alteration 
in butyrate metabolism has been linked to pouchitis. 14° 

At present, there is no definitive cause for pouchitis, but it 
most likely does involve an interaction between the patient’s 
genotype and specifically the genetic expression of the pouch, the 
microbiome, the pouch microenvironment, and the underlying 
immune response to that environment. 


Treatment 


If diarrhea alone is the major complaint, treatment with simple 
antidiarrheal measures may be all that is required. For more 
severely symptomatic patients, a variety of empiric treatments 
have emerged. Metronidazole (15 to 20 mg/kg/day or 500 mg 
twice daily for 14 to 28 days) often is used as a first line of treat- 
ment. Ciprofloxacin (1000 mg/day) has been shown to be equally 
efficacious in the treatment of acute pouchitis,'*!!*? although a 
recent Cochrane database report suggested ciprofloxacin is more 
effective than metronidazole at inducing remission.' Several 
randomized controlled trials have examined the effectiveness 
of other medications in the treatment of pouchitis, including 
budesonide,!** rifaximin,>! and probiotics (Lactobacillus GG*® 
and VSL#3).!*> A Cochrane review which included 11 random- 
ized controlled trials concluded that only budesonide and VSL#3 
were more effective than placebo.!® These studies do not sup- 
port use of Lactobacillus GG, bismuth enemas, or butyrate and 
glutamine suppositories. !#3 

Pouchitis usually responds dramatically to broad-spectrum 
antibiotics, but patients with recurrent or chronic pouchitis may 
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require long-term maintenance therapy. Recurrence of pouchitis 
after initial therapy should be treated with a second course of the 
same therapy used for initial treatment. Combination antibiotic 
therapy has been recommended in patients whose pouchitis con- 
tinues to recur, if they can tolerate the regimen. A combination of 
rifaximin (1 g twice daily) and ciprofloxacin (500 mg twice daily) for 
15 days improved symptoms in 88% of patients, with a complete 
response rate of 33%.'*° Mimura and colleagues demonstrated 
that the combination of metronidazole (500 mg twice daily) and 
ciprofloxacin (500 mg twice daily) for 4 weeks resulted in a remis- 
sion rate of 82%.!*’ The use of 3 or more antibiotics (ciprofloxa- 
cin, metronidazole, amoxicillin/clavulanic acid, and erythromycin) 
in rotation at weekly intervals also has been suggested for patients 
with chronic pouchitis, but supporting evidence for such a regimen 
is limited.!** Several studies have shown promising results with the 
use of VSL#3 in the treatment of patients with chronic pouchitis. 14+ 

If pouchitis fails to respond to antimicrobial therapy, exclu- 
sion of other etiologies such as C. difficile or CMV is essential. 
C. difficile may be treated with oral vancomycin, fidaxomicin or 
metronidazole if the patient is allergic to or cannot obtain the 
preferred drug. Lan and colleagues reported on 13 patients at 
the Cleveland Clinic, all of whom had J-pouches performed for 
UC and who subsequently developed recalcitrant C. difficile infec- 
tion that was treated with IMT.!*” All patients tested negative for 
C. difficile toxin by PCR after the initial IMT, with 7 of 12 (58.3%) 
showing symptomatic improvement and 3 of 11 (27.3%) showing 
endoscopic improvement according to the modified Pouchitis 
Disease Activity Index. 

CMV infection generally responds to treatment with ganci- 
clovir. Irritable pouch syndrome, NSAID enteropathy, ischemic 
pouchitis, and other autoimmune disorders are conditions that 
also should be considered.!?? 

When antibiotics are ineffective, treatment should consist of 
regimens that are effective in IBD: glucocorticoid and/or mesa- 
lamine enemas, aminosalicylates, and even systemic glucocor- 
ticoids. In some cases of antibiotic-resistant pouchitis, bismuth 
subsalicylate 270 mg daily for 3 weeks is an effective treatment. 
Most patients unresponsive to antibiotics improve on one of 
these programs. 

The risk of chronic active pouchitis is approximately 10% to 
12% and is a leading cause of pouch failure and pouch explanta- 
tion. Recalcitrant pouchitis may respond to rescue therapy with 
immunosuppressive agents such as azathioprine, 6-MP, or inflix- 
imab. In a recent retrospective, multicenter study of 31 patients 
with chronic refractory pouchitis, infliximab induced a complete 
response in 21% of patients, whereas 63% of patients experienced 
a partial clinical response.!°° Although these results and therapy 
with adalimumab!*! are promising, CD should be excluded as the 
culprit for refractory pouchitis. Severe, recurrent, recalcitrant 
pouchitis or major extraintestinal symptoms may necessitate 
pouch explantation and permanent ileostomy. 


Sequelae 


Although the prevalence of chronic pouchitis is low, the poten- 
tial consequences of chronic inflammation of the neorectum, 
especially dysplasia and malignant change, are of concern. 
Morphologic and biochemical changes occur in the ileal pouch 
mucosa, including villus atrophy and blunting, chronic inflamma- 
tory infiltrates, variable transition to production of a colonic type 
of mucus (sulfomucins), and increased cellular proliferation.!>? 
Observations by Veress and colleagues based on long-term fol- 
low-up (mean, 6.3 years) revealed 3 patterns of mucosal metapla- 
sia: approximately half of the patients showed mild villus atrophy 
and minimal inflammation; slightly fewer had transient moderate 
or severe atrophy and inflammation with intervals of recovery; 
and approximately 10% had permanent subtotal or total vil- 
lus atrophy with chronic inflammation.!** In this study, 3 of 8 


patients developed low-grade dysplasia; in one patient it devel- 
oped 2 years postoperatively. In patients having a double-stapled 
anastomosis, the remaining rectal cuff and ATZ tissue represent 
tissue at risk for malignant transformation. In one series of 225 
patients who had a stapled IPAA, 238 rectal cuff and anal canal 
biopsies were obtained; 202 (84.9%) had histologically confirmed 
chronic inflammation, 11 (4.6%) had acute inflammation, and 25 
(10.5%) were interpreted as normal.!™ Interestingly, 9 of the 11 
patients with acute inflammation were asymptomatic. 


Pouch Neoplasia 


Following IPAA, dysplasia or carcinoma may occur in the resid- 
ual rectal cuff and ATZ, or in the pouch itself. Only limited data 
are available to document the incidence and natural history of 
pouch neoplasia, with few studies reporting follow-up periods of 
more than 10 years. Current evidence indicates that for both the 
ATZ and the pouch itself, the incidence of invasive carcinoma 
remains low. 

Patients with UC are at risk for developing adenocarcinoma 
of the colon and rectum, a risk that increases with the duration 
of disease and extent of colonic involvement (see Chapters 116 
and 127). Figures suggest that the risk of colon cancer for people 
with IBD increases by 0.5% to 1.0% yearly, beginning 8 to 10 
years after diagnosis.!°+ Any operation that leaves behind diseased 
colonic mucosa places the patient at risk for developing dyspla- 
sia or neoplasia in this residual tissue. The risk of developing a 
carcinoma in the residual mucosa may be directly related to the 
amount of residual mucosa remaining in situ. Complete excision 
of the rectal mucosa during IPAA substantially decreases the risk 
of dysplasia. With the more commonly used stapled IPAA, how- 
ever, a small amount of residual rectal and anal canal tissue is 
retained. 

Early studies by Tsunoda and colleagues demonstrated the 
presence of dysplasia in mucosectomy specimens, which they 
believed supports the use of a mucosectomy and hand-sewn 
anastomosis.!°> Performing a mucosectomy, however, does not 
ensure that all rectal and at-risk anal canal mucosa is removed. 
In a study evaluating anal canal specimens, islands of mucosa 
remained in the anal canal despite “complete” mucosal resection 
(i.e., mucosal proctectomy),!*° although with long-term follow- 
up, the risk of dysplasia was quite low.°* A cohort of 289 patients 
with stapled IPAAs was followed and had multiple biopsies of the 
rectal cuff and ATZ performed over a 10-year period. Dysplasia 
was identified in 8 patients, including 4 with low-grade and 4 with 
high-grade dysplasia. No cancer in the ATZ was found during 
the study period. The authors concluded that ATZ dysplasia after 
stapled IPAA was infrequent and usually self-limiting. ATZ pres- 
ervation did not lead to the development of cancer in the ATZ 
(with a minimum of 10 years of follow-up), although long-term 
surveillance was recommended to monitor dysplasia. 

Detection of neoplastic change in the pouch itself is another 
reason to closely monitor patients with IPAA. A subgroup of 
patients, about 9%, have been identified in whom the mucosa 
of the pelvic pouch develops severe villus atrophy,!*+ and these 
patients seem to have a significantly higher incidence of dyspla- 
sia compared with patients without villus atrophy (71% vs. 0%). 
‘The former group may be at greater risk for developing carcinoma 
and might require more intensive follow-up with regular pouch 
endoscopy and biopsy. Despite these findings, dysplasia in a pouch 
is a rare event. In a group of 45 patients followed for a median of 
6 years (1 to 28 years), dysplasia of any type was found in 4% of 
pouch biopsies, and there was no evidence of malignancy.!°/ 

To date, there have been only a small number of case reports 
of carcinoma arising in ileal pouches or in the region of the anas- 
tomosis.!>5*-!°! Surprisingly, many of these cancers have arisen 
in patients who have undergone a complete mucosectomy with 
hand-sewn anastomosis. In a meta-analysis by Chambers and 
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colleagues, 25 published reports were identified that described 
adenocarcinoma of the pouch or the ATZ. Of these 25 patients, 
cancer was noted in the pouch (11), at the anastomotic site (4), in 
the residual rectal cuff (4), in the anal canal (3), and in the afferent 
limb remnant of an excised pouch (1).*+ 16? 

In a recent review, Branco and colleagues found the occur- 
rence of adenocarcinoma after IPAA for UC to be an infrequent 
event!® and concluded that post-IPAA cancer can occur follow- 
ing mucosectomy or stapled anastomosis. Furthermore, they 
maintained that malignancy can occur after IPAA performed for 
UC without colorectal cancer, or when UC is complicated by 
colorectal cancer prior to the IPAA operation, and that this com- 
plication is seen regardless of whether the initial cancer or dys- 
plasia had involved the rectum. Given the known occurrence of 
dysplasia in pouch mucosa and the rare reports of cancers arising 
in pouches, yearly clinical and endoscopic surveillance should be 
performed in patients after their IPAA. 


Pouch Failure 


The definition of pouch failure varies considerably although it 
generally is agreed that pouch failure implies the need for a per- 
manent defunctioning ileostomy (fecal diversion), or explantation 
of the pouch due to pouch-specific complications. Large series 
have reported failure rates of 3% to 30%,170!42,144,164-166 and in 
the Mayo Clinic series, 8% of patients ultimately required pouch 
excision or construction of a permanent ileostomy.*?:!67 The most 
common causes of pouch failure, either alone or in combination, 
include anastomotic leak and pelvic sepsis, high stool volumes, 
CD, and uncontrollable fecal incontinence; idiopathic pouchitis 
is the sole cause in only 2% of all patients with pouch failure, In 
patients whose pouch fails, pouch failure occurs within one year 
in 75%, by 2 years in 12%, and by 3 years in 12% Fortunately, 
pouch failure is relatively uncommon. Early failures are almost 
always related to technical issues or complications related to the 
original operation, whereas late failures are more commonly 
related to chronic pouchitis or CD in the pouch. 

When surgery is considered for pouch failure, options include 
proximal diversion alone with creation of a loop ileostomy from 
the afferent limb of terminal ileum proximal to the pouch, or 
excision of the pouch with construction of an end-Brooke ileos- 
tomy or a continent stoma (i.e., Kock pouch). Pouch excision is 
a major operative procedure with significant associated periop- 
erative morbidity. Data regarding outcomes after pouch excision 
are sparse. A small retrospective study by Karoui and colleagues 
reported outcomes for 68 patients who underwent pouch excision 
with creation of either an end-ileostomy (61 patients) or conti- 
nent Kock ileostomy (7 patients). The study reported a 62.3% 
rate of early morbidity defined in the study as occurring within 30 
days of the operation and a 57.3% rate of late morbidity, defined 
as occurring more than 30 days after the operation. They also 
observed a 1.3% rate of mortality. With a median follow-up of 
30 months, the most common late complications included those 
related to the perineal wound (40.3%) and small bowel obstruc- 
tion (14.9%). Perineal pain and sexual dysfunction were reported 
in 7% of patients. !°° 

Given the high risks associated with pouch excision, an alter- 
native procedure such as diverting loop ileostomy and leaving 
the pouch in situ may be an attractive option. The advantages of 
this operation include avoiding the technically challenging pelvic 
dissection, with its potential for damage to pelvic organs and its 
associated risk for septic complications (i.e., pelvic abscess) and 
an unhealed perineal wound. The disadvantages of leaving the 
pouch in situ include persistent pelvic pain and drainage from 
the pouch, as well as the risk of malignant transformation of the 
pouch mucosa or the ATZ; few studies have evaluated these 2 
options. Kiran and colleagues from the Cleveland Clinic reported 
on 136 patients with pouch failure who underwent pouch exci- 
sion (7 = 105) or loop ileostomy with the pouch remaining in situ 
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(n = 31). With a median follow-up of 9.8 years, the QoL param- 
eters were significantly better in the patients who underwent 
pouch excision compared with those who had diverting ileostomy 
alone.!°? These findings are also consistent with other studies 
that report improved QoL after pouch excision compared with 
loop ileostomy. 170 


Sexual Dysfunction 


Michelassi and colleagues have reported impotence and retro- 
grade ejaculation rates in men of 1.5% and 4%, respectively. 
Dyspareunia developed in 7% of women postoperatively.’”7* 
Early studies of IPAA focused on physiologic assessment, but 
recent studies have concentrated on more multi-domain QoL 
assessments. A prospective evaluation of sexual function in patients 
with IPAA was performed using validated survey instruments, 
including the International Index of Erectile Function in men 
and the Female Sexual Function Index in women. Overall QoL 
was assessed using the Short IBD Questionnaire. Preoperative 
scores were compared with scores at 6 and 12 months postop- 
eratively. Among the 59 patients who completed the study, male 
sexual function and erectile function scores remained high 12 
months after surgery, and female sexual function improved 12 
months after surgery. QoL significantly improved after [PAA in 
both men and women.!”! Others have reported similar improve- 
ments after [PAA.!77!73 


Quality of Life 


Often, QoL is the deciding factor for patients choosing a particu- 
lar operation for UC. Several studies that analyzed the outcome 
of surgery for UC have demonstrated that most patients are sat- 
isfied with the operation and have a normal lifestyle regardless 
of whether proctocolectomy with permanent end-ileostomy or 
restorative proctocolectomy has been performed. In a study of 
QoL by Pemberton and coworkers, patients were highly satis- 
fied with either a Brooke ileostomy (93%) or an IPAA (95%) 
performed for UC and FAP.” Daily activities such as sexual 
life, participation in sports, social interaction, work, recreation, 
family relationships, and travel, however, were more likely to be 
adversely affected with a Brooke ileostomy than by IPAA. 

Fazio and colleagues prospectively evaluated long-term QoL 
and functional outcome after restorative proctocolectomy with 
IPAA using the Cleveland Global Quality of Life instrument. 
With a median follow-up of 5 years, results revealed an increase 
in QoL 2 years after surgery; this change might have been related 
in part to the increased prevalence of perfect continence from 
75.5% before surgery to 82.4% after surgery. Although there 
was some deterioration in continence over time, the change was 
not significant and continence remained improved, with 75% of 
patients reporting perfect continence 5 to 8 years after surgery. 
Based on this study, there was no deterioration in patient-reported 
function, QoL, or satisfaction over time; 98% of patients contin- 
ued to recommend surgery to other patients at 5 years.°4!74 


Long-Term Results 


Total proctocolectomy with IPAA is a complex operation, and 
complications occur frequently. The overall morbidity rate still 
ranges between 25% and 30% in multiple series.?”?8175 Pouch 
failure, however, is rare, even in those who suffer a postoperative 
complication. In a comprehensive report from the Mayo Clinic of 
1885 IPAA operations performed for UC, the overall pouch suc- 
cess rate was 92% over a 20-year period with a mean follow-up 
of 11 years*°; the overall rate of pouch success at 5, 10, 15, and 20 
years was 96.3%, 93.3%, 92.4%, and 92.1%, respectively. Over 
time, the mean daytime stool frequency increased from 5.7 times 
at one year to 6.4 times at 20 years; nighttime stool frequency 
also increased from 1.5 to 2.0. The incidence of frequent daytime 
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fecal incontinence increased from 5% to 11% during the day and 
from 12% to 21% at night. This increase in stool frequency and 
incontinence with long-term follow-up may be explained by an 
increased pouch size and flaccidity that develops over decades, 
perhaps exacerbated in an aging patient whose anal sphincter- 
complex may not function as well as it did previously. This series 
demonstrated, however, that IPAA is a reliable surgical procedure 
for patients requiring proctocolectomy for UC and indetermi- 
nate colitis. Furthermore, it showed that the clinical and func- 
tional outcomes are excellent and durable. 


Pouch Explantation and Redo Surgery 


Revision of the IPAA is the definitive treatment for patients with 
a variety of conditions including anastomotic leak, pelvic abscess, 
fistula, stricture, and pouch dysfunction who have failed multiple 
attempts at repair and still desire intestinal continuity. Patients 
with a healthy perineum, adequate sphincter mechanism, and 
low suspicion for CD can be considered for the operation. The 
pouch is disconnected from the previous anastomosis, and refash- 
ioned or revised, if possible, before anastomosis. If the status of 
the pouch is not sufficiently functional, a neoileal pouch may be 
required. 


ABDOMINAL COLECTOMY AND ILEORECTAL 
ANASTOMOSIS 


The aim of a colectomy with an IRA is to extirpate most of the 
diseased mucosa, thus reducing the risks of hemorrhage, malig- 
nant degeneration, and the possible development of fulminant or 
toxic colitis, while allowing the rectum to retain continence for 
stool and gas and avoiding the complications of complex pelvic 
surgery. The rationale for an IRA is that the operation avoids a 
permanent stoma, minimizes or eliminates injury to the pelvic 
splanchnic nerves (resulting in maintenance of bladder and sexual 
function), avoids a perineal wound and its associated complica- 
tions, and is relatively easy to perform; other operations, if they 
become necessary, are not precluded.!76-17° The rationale against 
the operation, however, is nearly as convincing: subsequent proc- 
tectomy is required in nearly 40% of patients, poor results have 
been reported in up to 50% of patients, and the risk of develop- 
ing carcinoma in the retained rectum approaches 17% after 27 
years, 179.180 

In a study by Pastore and colleagues of 48 patients with UC 
and 42 patients with CD who underwent IRA, 84% of the UC 
and 91% of the CD patients reported an improvement in QoL.!*! 
One patient with UC developed carcinoma of the rectal stump 
11.5 years after colectomy and IRA; the cumulative probability of 
remaining free of cancer was determined to be 85.7% at 12 years. 

In patients with CD and minimal or no rectal involvement, 
IRA with excision of the diseased colon is an appropriate opera- 
tion. In addition, IRA, as a sphincter-saving procedure, continues 
to have a place in the surgical treatment of UC for high-risk or 
older patients who are not good candidates for [PAA and who 
have relatively mild disease. It is important that patients who are 
considering IRA or have an IRA understand the need for con- 
tinued surveillance of the rectum because of possible malignant 
degeneration of the retained rectal mucosa. The QoL after IRA 
has been reported to be very good; patient satisfaction is high, 
and an active, productive lifestyle can be preserved. 181182 


Patient Selection 


Patients are candidates for IRA if the rectum is distensible and 
only minimally involved with disease (UC, Crohn), and if they 
are willing to undergo follow-up screening for rectal cancer. 
Although there is no maximum age that contraindicates ileoproc- 
tostomy, less desirable functional results related to poor sphincter 
function must be considered in older patients, especially in older 


female patients. Anorectal physiologic testing may be utilized in 
older patients prior to abdominal colectomy with IRA in order to 
estimate postoperative physiologic function. 


Complications 


Operative mortality for elective IRA varies from 2% to 8%.182183 
In the series of UC patients reported by Leijonmarck and col- 
leagues, complications occurred in 7 of 43 patients (16%) who 
underwent an elective one-stage procedure.!®? There were 2 
postoperative deaths (4%); 22 patients (43%) had a functioning 
IRA at the time of follow-up, with a mean follow-up of 13 years. 
The cumulative probability of having the IRA functioning prop- 
erly at 10 years was 51%. The causes of total excision were recur- 
rent inflammation in the retained rectum (N = 23), dysplasia (N = 
3), and postoperative complications (N = 3). No rectal carcinoma 
was noted in this study. 


Physiology 


The primary advantage of an IRA is that the major anatomic 
mechanisms responsible for maintaining continence are retained; 
the rectal reservoir, pelvic floor, and internal and external anal 
sphincters are preserved. The absorptive capacity of the proximal 
colon is lost, however, and ileal content is continually presented 
to the rectal remnant. 

The rectum should be large and compliant to allow passive 
accommodation. Compliance depends on rectal wall elastic- 
ity, and in active inflammatory disease compliant accommoda- 
tion is impaired as a result of inflammation. Rectal compliance 
is inversely related to severity of inflammation. Thus, more 
inflammation (proctitis) leads to a less compliant rectum, which 
translates clinically to more stools per day (diarrhea); conversely, 
less inflammation leads to a more compliant rectum, which is 
associated with fewer stools per day. Sphincteric function in 
patients after IRA is similar to that of the general population. In 
patients with quiescent or minimal rectal disease following IRA, 
the rectal segment adapts to the influx of ileal effluent and begins 
to increasingly absorb Na* and water over a period of 3 to 6 
months. Conversely, an inflamed rectal mucosa leads to reduced 
distensibility and capacity, as well as impaired absorption of Na* 
and water, which results in greater fecal volume and in turn leads 
to increased stool frequency, urgency, and fecal incontinence. 

QoL after IRA is very good; satisfaction is high and a pro- 
ductive lifestyle can be achieved. Overall satisfaction is tempered, 
however, by the fact that patients often know they have not been 
cured and because they must undergo frequent follow-up exami- 
nations. 


COLOSTOMY IN THE MANAGEMENT OF ULCERATIVE 
COLITIS 


In patients with UC, partial/segmental colectomy or colostomy 
has no role in management, either electively or emergently. 
Partial colectomy to remove left-sided colitis, leaving unin- 
volved proximal colon intact, often results in recurrent disease 
activity. Resection of the rectosigmoid, coloanal anastomosis, 
and cecoanal anastomosis are operations for UC mentioned 
here only to be condemned. Urgent or emergent surgical 
intervention for toxic or fulminant colitis is best managed by 
abdominal colectomy, Brooke ileostomy, and oversewing of 
the rectal stump; a Malecot catheter can be placed in the rec- 
tum for 48 to 72 hours to decompress the rectal stump and 
reduce the occurrence of rectal stump blowout and formation 
of a pelvic abscess. Completion proctectomy with or without 
IPAA may be performed subsequently once the patient recov- 
ers and the physiologic and nutritional abnormalities have been 
corrected. 


CHAPTER 117 


TABLE 117.2 Comparison of Surgical Options after Colectomy 
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Perineal 
Overall Small Bowel Wound 
Mortality Morbidity Obstruction Complication Stools All Disease Cancer Disease 
Surgery Stoma Continence (%) (%) (%) (%) per 24hr Failure (%) Removed? Risk (%) Indication 
Brooke Yes No <1.0 19-70 i5 33 N/A — Yes 0 CD, UC, 
ileostomy FAP 
Continent Yes Yes <O 15-60 7 35 3-5 50 Yes i UC, FAP 
ileostomy 
IPAA No Yes <1.0 30-50 22 N/A 5-7 8 Yes* 4 UC, FAP 
IRA No Yes 2.5-8.0 16-20 1S N/A 1-3 24-60 No 15 (80 yr) CD, UC 


“10 instances of neoplasia in the cuff or pouch after IPAA have been reported in more than 12,000 cases. 


t2 cancers in Kock pouches (continent ileostomies) have been reported. 
Maximum follow-up time is 13 years. 


CD, Crohn disease; FAP, familial adenomatous polyposis; /PAA, ileal pouch-anal anastomosis; /RA, ileorectal anastomosis; N/A, not applicable. 


RISK-BENEFIT ANALYSIS 


Conventional lleostomy 


The Brooke ileostomy is safe and reliable and has broad appli- 
cability to patients with IBD who require proctocolectomy. It is 
not, however, entirely free of complications (Table 117.2). Up to 
30% of patients have a septic complication, 20% to 25% require 
revision of the stoma, 15% develop small bowel obstruction, and 
stomal dysfunction can occur in up to 30% of cases. 


Continent lleostomy 


A major benefit of the Kock pouch is that although a stoma is 
constructed, discharge is controlled without the need for an 
external appliance. The principal problem with continent ileos- 
tomy is the high rate of complications, usually involving slip- 
page of the nipple valve, with resultant incontinence or complete 
outflow obstruction; these complications, in turn, almost always 
require another operation. Continent ileostomy operations are 
rarely performed today because the success of IPAA has made this 
procedure obsolete. 


lleal Pouch-Anal Anastomosis 


The major benefit of IPAA is that it successfully restores fecal 
continence in most patients; the major disadvantage is the rela- 
tively high complication rate (=30%). Occasional incontinence 
appears early in nearly all patients after the operation, particu- 
larly at night. Major episodes of daytime incontinence affect 
approximately 10% of patients, but this frequency declines to 
almost zero after 4 years. Other complications include pelvic 


sepsis, anastomotic stricture, fistulas, sinus tracts, pouch leak- 
age, and small bowel obstruction. As surgeons’ experiences with 
the operation have broadened, these surgical complications 
have decreased in frequency. Although nonspecific inflamma- 
tion of the pouch (pouchitis) is the most important current 
drawback, in most patients it is treated effectively and simply 
with antibiotics. When severe and recurrent, pouchitis can lead 
to failure of the operation, but this is uncommon. Despite these 
problems, the benefits of IPAA are clear: all disease is removed, 
the patient avoids a stoma, and defecation is voluntary and con- 
trolled. 


lleorectal Anastomosis 


The primary benefit of an IRA is that the rectum is undisturbed 
by the operative dissection, the normal pathway of defecation 
is left intact, and the incidence of bladder or sexual problems is 
low. There also is no perineal wound (see Table 117.2). In many 
patients, overall functional results are very good. 

The major problem with IRA is that actual or potentially 
diseased mucosa is left in situ. In a few patients, inflammatory 
changes do resolve, but in most, the disease process continues 
unabated. The sequelae of leaving disease behind include poor 
anastomotic healing, which is responsible for the relatively higher 
mortality after IRA than after continent ileostomy and IPAA; 
continued need for anti-inflammatory therapy; continued bleed- 
ing and mucus discharge; incontinence and high stool frequency 
when inflammation exacerbates; and the possibility of malignant 
degeneration. 


Full references for this chapter can be found on www.expertconsult.com. 
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Intestinal ischemia produces a broad spectrum of disorders 
depending on the onset, duration, and cause of the injury; 
the area and length of bowel affected; the vessel involved; 
and the degree of collateral blood flow. Variability in these 
factors affects not only the presentation of the ischemic event 
but also its treatment and outcome. Ischemic injury may 
be acute or chronic, result from derangement of the arte- 
rial supply or venous drainage of the bowel, and involve the 
small intestine, the colon, or both (Table 118.1). The devel- 
opment and widespread use of colonoscopy, angiography, 
CT, and other imaging modalities have allowed recognition 
of various types of ischemic injury to the GI tract including 
acute mesenteric ischemia (AMI), chronic mesenteric isch- 
emia (CMI), focal segmental ischemia (FSI), colonic isch- 
emia (CI), and mesenteric venous thrombosis (MVT). There 
are a variety of available treatments for these entities includ- 
ing just supportive measures, medical therapies, endovascu- 
lar interventions, and surgery. In this chapter, we discuss and 
update the spectrum of ischemic damage to the GI tract and 
its management. 


ANATOMY OF THE SPLANCHNIC CIRCULATION 


The celiac artery or axis (CA), superior mesenteric artery 
(SMA), and inferior mesenteric artery (IMA) supply almost 
all of the blood flow to the digestive tract.! The mesenteric 
circulation receives 20% to 25% of the resting cardiac out- 
put and 35% of the cardiac output postprandially; 70% of 
intestinal blood flow is delivered to the mucosa and submu- 
cosa, whereas the remainder is directed to the muscularis 
mucosa and serosa.? There is marked variability of vascu- 
lar anatomy among individuals, but typical patterns have 
emerged from anatomic dissections and abdominal angio- 
graphic studies. 


Celiac Artery 


The CA (Fig. 118.1) arises from the anterior aorta and typically 
gives rise to 3 major branches: the left gastric artery, the common 
hepatic artery, and the splenic artery. The common hepatic artery 
gives rise to the gastroduodenal, right gastroepiploic, and ante- 
rior superior pancreaticoduodenal arterial branches. The splenic 
artery gives off pancreatic and left gastroepiploic arterial branches. 
The CA and its branches supply the stomach, duodenum, pan- 
creas, and liver. 


Superior Mesenteric Artery 


The SMA (Fig. 118.2) has its origin from the anterior aorta 
near the neck of the pancreas. It gives rise to 5 major vessels: 
the anterior and posterior inferior pancreaticoduodenal ves- 
sels, middle colic, right colic, and ileocolic arteries, as well as 
to a series of jejunal and ileal branches, all of which supply 
their named portions of intestine. These intestinal branches 
typically form a series of arcades, and from the terminal arcade, 
numerous straight vessels arise that enter the intestinal wall to 
supply it with blood. 


TABLE 118.1 Types and Approximate Frequencies of Intestinal 


Ischemia 

Type Frequency (%) 
Colonic ischemia* 75 

Acute mesenteric ischemia* 25 

Focal segmental ischemia* 25 

Chronic mesenteric ischemia <5 


*Includes mesenteric venous thrombosis. Mesenteric venous thrombosis 
can manifest as colonic ischemia, acute mesenteric ischemia, or focal 
segmental ischemia. 


Fig. 118.1 Diagram of typical celiac artery (CA) anatomy and its anas- 
tomoses with the SMA. A, Aorta; A/PD, anterior inferior pancreaticodu- 
odenal artery; ASPD, anterior superior pancreaticoduodenal artery; CP 
caudal pancreatic artery; DP. dorsal pancreatic artery; GD, gastroduo- 
denal artery; H, common hepatic artery; LG, left gastric artery; PIPD, 
posterior inferior pancreaticoduodenal artery; PM, pancreata magna; 
RGE, right gastroepiploic artery; S, splenic artery; TP transverse pan- 
creatic artery. (From Nebesar RA, Kornblith PL, Pollard JJ, Michels NA. 
Celiac and superior mesenteric arteries: a correlation of angiograms 
and dissections. Boston: Little, Brown; 1969.) 


Inferior Mesenteric Artery 


The IMA (Fig. 118.3) arises 3 to 4 cm above the aortic bifurcation 
close to the inferior border of the duodenum. It branches into 
the left colic artery, gives off multiple sigmoid branches, and ter- 
minates as the superior rectal artery. The IMA and its branches 
supply the large intestine from the distal transverse colon to the 
proximal rectum. The distal rectum is supplied by branches of the 
internal iliac (hypogastric) artery. 


Collateral and Anastomotic Circulation 


Abundant collateral circulation to the stomach, duodenum, and 
rectum accounts for the paucity of ischemic events in these areas. 
The splenic flexure and sigmoid colon have limited anastomo- 
ses, and ischemic damage is more common in these locations. 
‘The major anastomosis between the CA and the SMA is formed 
from the superior pancreaticoduodenal branch of the CA and the 
inferior pancreaticoduodenal branch of the SMA. These vessels 
constitute the pancreaticoduodenal arcade and provide blood to 
the duodenum and the pancreas. There are 3 potential paths of 
communication between the SMA and IMA: the marginal artery 
of Drummond, which is closest to and parallel with the wall of 
the colon; the central anastomotic artery, a larger and more cen- 
trally placed vessel; and the arc of Riolan, an artery in the base of 
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Fig. 118.2 Diagram of typical SMA anatomy. A/PD, Anterior inferior pan- 
creaticoduodenal artery; COL, colic branches; /L, ileal branches; /C, ileocolic 
artery; JEJ, jejunal branches; MC, middle colic artery; PIPD, posterior inferior 
pancreaticoduodenal artery; RC, right colic artery. (From Nebesar RA, Korn- 
blith PL, Pollard JJ, Michels NA. Celiac and superior mesenteric arteries: a 
correlation of angiograms and dissections. Boston: Little, Brown; 1969.) 


the mesentery. In the presence of SMA or IMA occlusion, a large 
collateral termed the meandering artery may be identified angio- 
graphically; it represents a dilated central anastomotic artery or arc 
of Riolan (Fig. 118.4). It is critical to determine the direction of 
flow within a meandering artery before sacrificing the IMA, such 
as during aortic aneurysm surgery, lest the IMA be the main vessel 
supplying blood to the small bowel because of an occluded SMA. 


PATHOPHYSIOLOGY AND PATHOLOGY 


Ischemic injury of the intestine results from deprivation of oxy- 
gen and nutrients necessary for cellular integrity. Remarkably, 
the bowel can tolerate a 75% reduction of mesenteric blood flow 
and oxygen consumption for 12 hours with no changes on light 
microscopy, because only one fifth of the mesenteric capillaries 
are open at any time, and when oxygen delivery is decreased, the 
bowel adapts by increasing oxygen extraction.’ Below a critical 
level of blood flow, however, these compensatory mechanisms 
are overwhelmed and are no longer protective. 

When a major vessel is occluded, collaterals open immediately 
in response to the drop in arterial pressure distal to the obstruction 
and remain open as long as pressure in the vascular bed distal to the 
obstruction remains below systemic pressure. After several hours 
of ischemia, however, vasoconstriction develops in the obstructed 
bed, elevating its pressure and reducing collateral flow. If sustained 
for a prolonged period, the vasoconstriction can become irrevers- 
ible and persist even after correction of the cause of the ischemic 
event. Such persistent vasoconstriction explains the operative find- 
ings of progressive bowel ischemia after cardiac function has been 
optimized and in the absence of arterial or venous obstruction 
and of recurrent postoperative gangrene hours to days after SMA 
embolectomy and removal of all irreversibly damaged bowel. 

Blood flow is affected by a variety of systemic, humoral, local, 
and neural influences. The sympathetic nervous system, mainly 
via a-adrenergic receptors, is of primary importance in maintain- 
ing resting splanchnic arteriolar tone; other vasoactive substances, 
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Fig. 118.3 Diagram of typical IMA anatomy and its anastomoses with 
the SMA. AOR, Arc of Riolan; ASC, ascending branch of the left colic 
artery; CA, central artery; DSC, descending branch of the left colic 
artery; LMC, left branch of middle colic artery; MA, marginal artery; MC, 
middle colic artery; RMC, right branch of middle colic artery; S, sigmoid 
branches; SR, superior rectal artery. (From Nebesar RA, Kornblith PL, 
Pollard JJ, Michels NA. Celiac and superior mesenteric arteries: a cor- 
relation of angiograms and dissections. Boston: Little, Brown; 1969.) 


including angiotensin II, vasopressin, and prostaglandins, also 
have been implicated in the pathogenesis of ischemic injury. 

Ischemic damage results both from hypoxia during the period 
of ischemia and reperfusion injury when blood flow is reestab- 
lished. More reinjury from brief ischemia appears during reper- 
fusion, but as the ischemic period lengthens, hypoxia becomes 
more detrimental than reperfusion’; the injury after 3 hours of 
ischemia and 1 hour of reperfusion is more severe than that after 
4 hours of ischemia. Reperfusion injury has been attributed to 
many factors, but particularly to reactive oxygen- and nitrogen- 
derived free radicals that can damage an array of molecules found 
in tissues, including nucleic acids, membrane lipids, enzymes, and 
receptors; such widespread damage can result in the mucosal bar- 
rier being compromised through cell lysis, impaired cell function, 
and necrosis on reperfusion of ischemic tissues.’ 

The role of reactive oxygen species in mediating ischemic 
injury to the GI tract is well established, but our understanding 
of the mechanisms for ischemia and reperfusion injury continues 
to evolve.* Recent studies have uncovered pathophysiologic roles 
for novel mechanisms and pivotal proteins, such as hypoxia induc- 
ible factor (HIF-1), P-selectin, mucosal addressin-cell adhesion 
molecule-1 (MAdCAM-1) and platelets. An initial ischemic insult 
increases HIF-1, an essential protein that triggers an intestinal 
inflammatory response.” Reperfusion injury is an inflammatory 
state characterized by recruitment of leukocytes as a rate-limit- 
ing step. P-selectin is a cell adhesion molecule on the surfaces 
of activated endothelial cells, which line the luminal surface of 
blood vessels and mediate leukocyte attachment to initiate the 


Fig. 118.4 Film from a flush aortogram of a patient with SMA occlusion. 
The presence of a prominent meandering artery indicates that the col- 
lateral channels have been present for some time and that the occlusion is 
not acute. The arrows show the direction of flow from the IMA to the SMA. 
If this IMA were to be ligated, collateral flow would be impeded, and intes- 
tinal and colonic gangrene would likely result. (From Boley SJ, Brandt LJ, 
Veith FJ. Ischemic disorders of the intestines. Curr Probl Surg 1978;15:29.) 


process.’ In post-ischemic bowel, MAdCAM-1 is up-regulated, 
resulting in increased recruitment of CD4* and CD8* T-cells, 
and promotion of inflammation via neutrophil infiltration and 
albumin extravasation.° Platelets, via adherence to the capillary 
endothelium, contribute to decreases in microvascular perfusion 
and Toll-like receptors. This reaction links the innate and adap- 
tive immune system, further mediating intestinal injury.” 

There is great variability in the tolerance of specific segments 
of the digestive tract to ischemic injury. Hundscheid et al. pro- 
spectively exposed 10 patients undergoing colonic surgery and 10 
patients undergoing pancreatico-duodenectomy to a 60-minute 
ischemic episode followed by varying reperfusion periods. Patho- 
logic samples were compared from the areas of ischemia at vary- 
ing time points. Following 60 minutes of ischemia, the colonic 
epithelium remained intact, whereas extensive damage occurred 
to the tips of the jejunal villi; with reperfusion, the colonic epithe- 
lium was not notably affected and showed only limited apoptosis, 
whereas the jejunum manifest extensive apoptosis in the villi and 
crypts.’ These differing responses to ischemia are reflected clini- 
cally: patients with AMI are at greatest risk for mortality and poor 
outcome, whereas patients with CI are at the lowest risk. Further 
investigation is needed to clarify the microscopic and pathophysi- 
ologic mechanisms of these differing responses. 


ACUTE MESENTERIC ISCHEMIA 


Intestinal ischemia can be classified as acute or chronic and of 
venous or arterial origin. In the acute forms, intestinal viability 
is threatened, whereas in the chronic forms, blood flow is inad- 
equate to support the functional demands of the intestine. AMI is 
much more common than CMI, and arterial disease is more com- 
mon than venous disease. Arterial forms of AMI include SMA 
embolus (SMAE), nonocclusive mesenteric ischemia (NOMI), 
SMA thrombosis (GMAT), and FSI (Table 118.2). 


TABLE 118.2 Causes and Approximate Frequencies of AMI 


Cause Frequency (%) 
Superior mesenteric artery embolus 45 

Mesenteric arterial occlusive disease 25 
Nonocclusive mesenteric ischemia 20 

Mesenteric venous thrombosis 5-10 

Focal segmental ischemia 5 


AMI results from inadequate blood flow to all or part of the 
small intestine and can involve the right half of the colon because 
its blood supply is from the SMA. Regardless of the cause of the 
ischemic insult, the end results are similar: a spectrum of bowel 
injury that ranges from transient alteration of bowel function to 
transmural gangrene. Clinical manifestations vary with the extent 
and severity of ischemic injury and, to a lesser degree, with its 
cause. 


Incidence 


AMI accounts for fewer than 1 of every 1000 hospital admis- 
sions.® A statewide study in Maryland reviewing hospital admis- 
sions from 2009 to 2013 revealed that AMI accounted for about 
0.07% of all hospital admissions.’ This figure has risen over the 
last few decades owing to increased recognition of the disorder, 
an aging population, and the widespread use of ICUs with sal- 
vage of patients who previously would have died from cardio- 
vascular conditions but who now survive to develop AMI as a 
delayed consequence of their primary disease. The incidence of 
AMI increases exponentially with age and in a cohort of patients 
older than 75 years that presented with an acute abdomen, AMI 
was seen more frequently than acute appendicitis.!” Relatively 
recent retrospective studies that have addressed the etiology of 
AMI have shown mesenteric arterial occlusive disease (MAOD, 
formerly known as SMA thrombus) to occur with the highest fre- 
quency (54% to 68%) followed by SMAE in 26% to 32%!112; the 
remaining 10% to 20% have NOMI. The incidences of SMAE 
and NOMI are lower than in decades past, likely because of 
advances in the management of risk factors for embolization and 
ICU monitoring, enabling prompt correction of hypotension and 
blood volume deficits; effective management of cardiac arrhyth- 
mias; and the use of systemic vasodilators that serve to protect the 
vascular bed from spasm.!? 


Clinical Features 


Early identification of AMI requires a high index of suspicion, 
especially in patients older than 50 years of age who have long- 
standing and poorly controlled heart failure, cardiac arrhythmias, 
recent myocardial infarction, or hypotension. The development 
of sudden abdominal pain in a patient with any of these risk fac- 
tors should suggest the diagnosis of AMI. Younger patients, 
however, are not without risk of AMI, especially if they are tak- 
ing vasoactive medications (e.g., phenylephrine, amphetamines, 
triptans), are using cocaine, or have underlying thrombophilia. 
Hence, unexplained, persistent, and severe abdominal pain should 
prompt consideration of AMI as an explanation for the pain. A 
history of postprandial abdominal pain in the weeks to months 
preceding the acute onset of severe abdominal pain is associated 
only with MAOD and CMI. 

Most patients with AMI have acute abdominal pain.!!)!* Early 
in the course of disease, the pain of AMI is far more impressive 
than the physical findings. Initially, the pain is severe, but the 
abdomen usually is flat, soft, and sometimes not tender, or cer- 
tainly less tender than expected based on the severity of the pain. 
The classic description of “pain out of proportion to abdominal 
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findings” seems less common in AMI than previously believed, 
with only an estimated 29% of patients having this finding in 
the decade spanning 2000-2010.!! This decrease might reflect 
the shifting etiologies of AMI, because a more indolent and less 
striking onset typifies MVT and, with NOMI, appreciation of 
abdominal pain may be overshadowed by the precipitating acute 
disorders, such as hypotension, sepsis, shock, heart failure, hypo- 
volemia, or cardiac arrhythmias. SMAE, more commonly pres- 
ents with sudden, severe abdominal pain accompanied by rapid 
and often forceful bowel evacuation, initially with minimal or no 
abdominal signs.!? 

Unexplained abdominal distention or GI bleeding may be 
the only indications of AMI when pain is absent, especially when 
AMI is caused by NOMI. Distention, although absent early in 
the course of AMI, is often the first sign of intestinal infarction 
and is seen in approximately 25% of patients presenting with 
AMI. Right-sided abdominal pain and tenderness with or with- 
out passage of maroon or red blood in the stool, characterizes 
isolated ascending CI, and may be seen with AMI, because the 
blood supply to both the ascending colon and small intestine 
originates from the SMA.'* Rectal bleeding is seen in 13% to 
16% of patients presenting with AMI.'!.!? In patients who sur- 
vive cardiopulmonary resuscitation and who then develop recur- 
rent bacteremia or sepsis, the likely cause of sepsis is NOMI that 
resulted in a segment of bowel with subacute ischemic injury, and 
is now acting as a portal for bacterial translocation.!> Although 
episodes of sepsis may be treated successfully with antibiotics, 
the entire length of damaged bowel must be removed to prevent 
recurrent sepsis. 

Although abdominal findings early in the course of intesti- 
nal ischemia may be minimal or absent, increasing tenderness, 
rebound tenderness, and muscle guarding reflect progressive loss 
of intestinal viability. Such abdominal findings strongly indicate 
the presence of infarcted bowel. The rate of progression from the 
onset of abdominal pain to intestinal infarction varies not with 
the specific cause of ischemia but with the severity of the ischemic 
insult; MVT generally has a more indolent course than do the 
arterial causes of AMI. 


Laboratory Features and Diagnosis 


On admission to the hospital, patients with AMI usually have a 
WBC count >15,000 cells/mm,*!!)!? although a normal WBC 
count does not exclude early AMI. Given the poor diagnostic 
accuracy of the WBC and serum lactate level and the importance 
of early noninvasive detection for this devastating disease, vari- 
ous serologic markers have been assessed for diagnostic accuracy. 
One systematic review showed that ischemia-modified albumin 
and procalcitonin might be helpful!ć; D-Dimer, a measurement 
of coagulation activity, and intestinal fatty acid binding protein 
(I-FABP), reflecting mucosal damage, also had good diagnostic 
accuracy.!° Red cell distribution width (RDW) was hypothesized 
to correlate with the extent of necrosis and mortality, but perfor- 
mance results have been mixed.!’ In one study, the neutrophil- 
to-lymphocyte ratio (NLR), an indicator of acute inflammation, 
was found to be an accurate diagnostic marker for AMI when 
> 9.9 and its diagnostic accuracy was further enhanced when com- 
bined with the RDW.!'° The NLR was also used to differentiate 
AMI from other bowel conditions without accompanying necro- 
sis preoperatively in patients undergoing surgical procedures for 
suspected acute vascular disease.!? Glutathione S-transferase, 
I-FABP, ischemia-modified albumin, and citrulline have all been 
identified as promising serologic diagnostic markers for AMI in 
a systematic review and meta-analysis.”? Given the wide variety 
of markers assessed with no single test that appears better than 
another, one study group combined WBC, RDW, mean plate- 
let volume, and D-Dimer to create a scoring system that showed 
encouraging sensitivity and specificity for AMI.?! Further study 
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is still needed, however, to identify the most reliable and accurate 
diagnostic marker(s) of AMI. Moreover, serum markers, when 
elevated, usually indicate late-stage disease. There is no serum 
marker yet demonstrated to be reliable in diagnosing early isch- 
emic bowel injury. 

Although they are poorly sensitive (30%) and nonspecific, 
plain films of the abdomen still are obtained in evaluating patients 
with suspected AMI and usually are normal in AMI before infarc- 
tion. Later on, formless loops of small intestine, ileus, thumb- 
printing of the small bowel or ascending colon (Fig. 118.5), or 
still later, pneumatosis linearis and portal or mesenteric vascular 
gas may be seen. Linear pneumatosis and portal vein gas are pre- 
sumptive signs of intestinal gangrene. In one study, the mortality 
rate of patients with normal plain film studies was 29%, whereas 
it was 78% in those with abnormal findings.” The primary pur- 
pose of radiologic imaging—either by plain film or CT—is to 
exclude causes of abdominal pain other than ischemia that might 
mandate a different therapeutic approach. 

Duplex scanning and Doppler flowmetry can be used to evalu- 
ate patients with suspected AMI, but these techniques are limited 
in their clinical use by the following factors: only the proximal 
portions of the major splanchnic vessels can be studied reliably, 


Fig. 118.5 Plain film of the abdomen showing an ileus and a formless, 
fixed loop of small intestine (arrows) in a patient with AMI from SMAE. 


not the more distal aspect of the vasculature; vascular occlusions 
are not diagnostic of intestinal ischemia because complete occlu- 
sions can be seen in asymptomatic patients; blood flow through 
the SMA is highly variable, which may makes interpretation dif- 
ficult, NOMI cannot be diagnosed reliably by US. 

CT has largely replaced plain film study of the abdomen 
for diagnosis of AMI and is used to identify arterial and venous 
thromboses as well as to evaluate bowel injury.” Findings on CT 
include colon dilatation, bowel wall thickening, abnormal bowel 
wall enhancement, lack of enhancement of arterial vasculature 
with timed IV contrast injections, arterial occlusion, venous 
thrombosis, engorgement of mesenteric veins, intramural gas 
and mesenteric or portal venous gas (Fig. 118.6), infarction of 
other organs, ascites, and signs perhaps related to the cause of the 
infarcted bowel, such as hernia.” Unfortunately, early signs of 
AMI on CT are nonspecific and late signs reflect necrotic bowel. 

In a study of 26 patients with AMI who had a preoperative 
multislice CT scan followed by exploratory laparotomy, the sen- 
sitivity and specificity of CT scanning for occlusive AMI was 92% 
and 100%, respectively.’* In patients presenting with abdominal 
pain and either pneumatosis linearis or portal venous gas on CT, 
AMI is the most commonly cause; unfortunately, these findings 
are also signs of late-stage disease and associated with the greatest 
mortality.” CT with IV contrast is sub-optimal for the detec- 
tion of NOMI, with pneumatosis linearis and portal venous gas 
being the only findings in NOMI having reasonable specificity.”¢ 
Relatively subtle CT findings are being increasingly appreciated 
as radiologists gain greater experience. Mesenteric fat stranding 
and mesenteric ascites, although not previously recognized to be 
associated with AMI appear to be indicative of early AMI and 
experimental models show that the mesentery is the first area to 
react to both arterial and venous compromise.’’ By discussing the 
possibility of AMI with the radiologist prior to the study, it is 
more likely to detect these subtle signs and correctly diagnose 
the condition.’* The predictive value of CT scanning in the com- 
munity hospital might not be as high as in these reports, because 
these studies involved only highly trained radiologists; improved 
CT scanner technology, however, likely will yield higher detec- 
tion rates than in the past. 

CTA has been shown to be the imaging modality of choice in 
the diagnosis of AMI. In one study, the added findings on CTA 
were believed to alter clinical management in 19% of 62 patients 
by making the diagnosis of AMI when CT alone did not.?? 


Fig. 118.6 CT scans of a patient with AMI showing gas (arrow) in the portal veins (A), and gas (arrows) in the wall 
of the intestine as well as the mesentery and its vessels (B). Pneumatosis intestinalis, especially when linear and in 
the bowel wall, is a late sign of ischemic injury, connotes bowel necrosis, and mandates explorative laparotomy. 


Another study assessing 959 patients undergoing CTA for sus- 
pected AMI found that 18.8% had AMI as their final diagnosis, of 
whom 47.2% had occlusive disease, 47.2% had NOMI, and 5.6% 
MVT. CTA was highly accurate in diagnosing AMI with a sensi- 
tivity and specificity of 89.4% and 99.5%, respectively.*” Patients 
older than 65 years of age and inpatients undergoing CTA were 
more likely to have AMI compared with a younger cohort and 
patients presenting to the emergency department.*’ These prom- 
ising findings for the increased use of CTA in patients with sus- 
pected AMI are somewhat tempered by other studies showing 
that up to 33% of findings typical for AMI (e.g., gas in the portal 
vein or the bowel wall) were overlooked on initial CTA assess- 
ment.*! Nonetheless, CTA is a highly accurate diagnostic tool for 
patients with suspected AMI. 

Selective mesenteric angiography with papaverine infusion 
was previously the mainstay of diagnosis for both occlusive and 
nonocclusive forms of AMI. Sensitivity and specificity of mesen- 
teric angiography for diagnosing AMI in most studies have been 
in the range of 90% to 100% and 100%, respectively.** Although 
more accurate for diagnosis of occlusive disease of the SMA, 
angiography still should be strongly considered for initial diag- 
nosis if NOMI is suspected.’ Use of angiography as a diagnostic 
tool, however, has fallen out of favor given the ease of obtaining a 
CTA.” CTA is highly accurate in the detection of occlusive dis- 
ease of the SMA but is not as reliable for NOMI. Selective mes- 
enteric angiography is an invasive procedure with attendant risks, 
and might delay surgical intervention if not readily available. In 
contrast, CTA is not invasive and is more widely available. Of 
great importance, however, is that early use of angiography for 
diagnosis and treatment of AMI before the onset of irreversible 
ischemic injury has been repeatedly shown to improve outcome 
in patients with AMI. 

MR angiography and venography are imaging techniques 
that also can be used to diagnose AMI. MR can accurately visual- 
ize the vasculature; however, its use in the diagnosis of AMI is 
limited by the time it takes to complete the study and thus may 
result in delayed diagnosis and management. Prompt laparotomy 
is indicated for patients with suspected AMI if imaging of the 
vascular system, whether by angiography or CTA, cannot be per- 
formed expeditiously. 

Laparoscopy may be diagnostically useful, but it too can be 
misleading because early in ischemic injury blood flow may be 
shunted to the serosa, giving a normal appearance to the serosa 
even if the mucosa is necrotic. Moreover, laparoscopy is poten- 
tially dangerous and must be performed cautiously, because SMA 
blood flow decreases when intraperitoneal pressure exceeds 20 
mm Hg. 


Treatment 


Our approach to the management of AMI is based on several 
observations. First, if the diagnosis is not made before intestinal 
infarction, the mortality rate is unacceptably high: 70% to 90%. 
Second, diagnosis of the occlusive and (less so) the nonocclusive 
forms of AMI can be made in most patients by a vascular imag- 
ing study, either CTA or angiography. Third, vasoconstriction, 
which can persist even after the cause of the ischemia is corrected, 
is the basis of NOMI and a contributing factor in the other forms 
of AMI. Finally, vasoconstriction can be relieved by vasodila- 
tors infused into the SMA. The cornerstones of our approach, 
therefore, are the earlier and more liberal use of vascular imaging 
studies and the incorporation of intra-arterial vasodilator when- 
ever possible in the treatment of both occlusive AMI and NOMI. 
Duration of symptoms parallels mortality, and therefore early 
diagnosis and treatment is paramount to increase the chance for 
survival.>+ 

AMI should be suspected in patients older than 50 years of 
age who have the risk factors previously described and in younger 
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patients—especially those with atrial fibrillation, vasculitis, a 
coagulation disorder, and those on vasoactive medications—who 
seek medical attention for sudden, severe abdominal pain that 
lasts longer than several hours. These patients should be man- 
aged according to the algorithm shown in Figure 118.7. Less 
absolute indications for inclusion into this protocol consist of 
unexplained acute abdominal distention, colonoscopic evidence 
of isolated right-sided colonic ischemia, and acidosis without an 
identifiable cause. 

Initial management of patients with suspected AMI includes 
resuscitation and diagnostic imaging studies. Resuscitation 
includes relief of acute heart failure and correction of hypoten- 
sion, hypovolemia, and cardiac arrhythmias. Crystalloid and 
blood products should be used for volume resuscitation while 
monitoring electrolyte levels and acid-base status. Use of vaso- 
pressors should be avoided.** The serum lactate level can be used 
to assess response to resuscitation.’ Broad-spectrum antimicro- 
bials (e.g., levofloxacin, metronidazole, piperacillin-tazobactam) 
are given immediately because of the high incidence of positive 
blood cultures in AMI, and because they have been shown to 
reduce the extent and severity of ischemic injury in experimental 
animals.*3,35-37 There are no randomized, controlled trials show- 
ing the benefit of antibiotics in AMI, and it is unlikely that such 
trials will ever be done. After resuscitation, plain films or CT scan 
of the abdomen are obtained, not to establish the diagnosis of 
AMI but rather to exclude other causes of abdominal pain. Nor- 
mal radiologic imaging does not exclude AMI; ideally, patients 
are studied before radiologic signs appear because these signs 
usually denote irreversibly damaged bowel. If no alternative diag- 
nosis is apparent, CTA should be strongly considered, with a low 
threshold for selective SMA angiography. Based on the angio- 
graphic findings and the presence or absence of peritoneal signs, 
the patient is treated according to the algorithm in Figure 118.7. 

Open surgical intervention is indicated if intestinal necro- 
sis, perforation, and/or peritonitis are indicated on noninvasive 
testing.*?3> When these irreversible findings are not present, it 
remains controversial whether angiographic or surgical inter- 
vention should be favored. This decision is best directed by the 
clinical expertise and facilities at the respective institution.** Even 
when the decision to operate has been made, however, preop- 
erative angiography should be considered, to manage the patient 
properly during and after laparotomy. When surgical interven- 
tion alone was compared with an approach that included splanch- 
nic angiography prior to any surgery, use of angiography resulted 
in less frequent surgery, resection of shorter areas of necrotic 
bowel, lower rates of acute renal and pulmonary failure, and, 
most important, a 90% risk reduction in mortality in patients 
with thrombotic causes of AMI.’ A multidisciplinary approach 
is essential to the management of patients with AMI. One study 
assembled a team including gastroenterologists, vascular and 
abdominal surgeons, radiologists, and intensive care specialists 
with a plan for all patients to undergo “medical management” 
including endovascular interventions. This multidisciplinary 
approach resulted in 95% survival at 30 days and 89% survival at 
2 years.*° Another approach that appears promising is the “hybrid 
technique” involving retrograde open mesenteric vascular stent- 
ing combined with surgical resection of necrotic bowel. This 
allows rapid re-perfusion of the SMA with surgical resection in a 
single procedure.*! Further larger scale trials are needed prior to 
the widespread adoption of this technique.” 

Relief of mesenteric vasoconstriction is essential to the treat- 
ment of emboli, thromboses, and the nonocclusive low-flow 
states. Infusion of prostaglandin E; (PGE), alprostadil) or the 
phosphodiesterase inhibitor papaverine directly into an angi- 
ography catheter positioned in the SMA can be used to relieve 
mesenteric vasoconstriction preoperatively and postoperatively. 
Prostaglandin E; is given as a 20 mcg bolus followed by a 60 to 
80 mcg/24 hour infusion. Papaverine is infused by pump at a 


No persistent 
signs of peritonitis OLSENE 


Yes CTA with 
venous protocol 


Resuscitate the patient and : 
correct any predisposing or h moto A a a 
precipitating factors ype agra E Sae 


CTA Persistent Laparotomy 
Abnormal signs of peritonitis or laparoscopy 
Abdominal 
angiogram 


Splanchnic 


Mesenteric venous thrombosis Major arterial occlusion (non-embolic) Minor arterial occlusion or embolus Major embolus 


vasoconstriction 
(no occlusion) 


No persistent Persistent No persistent Persistent No persistent Persistent No persistent Persistent 
signs of signs of signs of signs of signs of signs of signs of signs of 
peritonitis peritonitis peritonitis peritonitis peritonitis peritonitis peritonitis peritonitis No persistent Persistent 


signs of signs of 
peritonitis peritonitis 


Continuous 
PGE, 
papaverine 
infusion 


Continuous 
PGE, 
papaverine 
infusion 


Selected cases: 
Endovascular 
therapy Continuous PGE, Continuous 
papaverine PGE, papaverine 
infusion infusion 


Laparotomy or 
laparosco 
Continuous E A Hy 


PGE, papaverine Repeat resection 
infusion angiogram 
preoperatively 


Continuous 


Heparin + Laparotomy Angiographic No angiographic 
thrombolytic or evidence of evidence of 
agents laparoscopy collaterals collaterals 


Good filling Absent or poor 
of SMA filling of SMA 


Laparotomy 
or laparoscopy 
and local 
resection 


Successful Unsuccessful 


Short Extensive 
ischemic ischemic 
segment involvement 


Repeat 


angiogram 


sess ooo TETA 


Continuous 
PGE, 
papaverine 
infusion, 
if possible 


Selected cases: 
contraindication 


Stop the 
infusion 


Angiogram 


normal and remove to surgery ; 
7 the catheter good perfusion Embolectomy EOE papaverine 
Endovascular of the distal : infusion 
; ` and/or resection s 
therapy, if >| Observe mesenteric postoperatively 
Main vein possible vascular bed 
=a after bolus of Continuous 


open or 


reconstituted Repeat angiogram 


and consider a 
second-look 
operation 


Oral anti- | | Long-term a vasodilator 
coagulant] | parenteral 


nutrition 


Thrombolytic agent 
or heparin 
Laparotomy or 


laparoscopy, 
arterial 
reconstruction, 
and/or bowel 
resection 


PGE, papaverine 
infusion 


Heparin, Thrombectomy, postoperatively 


PGE, heparin, 
papaverine PGE, papaverine 


Continuous 


PGE, papaverine 
infusion 


Repeat angiogram 
and consider a 


Benen second-look 
=P operation 
angiogram 


Second-look 
operation 
+ resection 


TTET TTTITTI TETT, 


i 


Thrombolytic 
agent 


Second-look 
operation, if 
appropriate 


Fig. 118.7 Algorithm for the diagnosis and treatment of intestinal ischemia. CTA, computed tomographic angiogram; DVT, deep venous thrombosis; SMA, superior 
mesenteric artery. Solid lines show conventional management plan; dotted lines show alternative management plan. (Modified from Brandt LJ, Boley SJ. AGA technical 
review on intestinal ischemia: American Gastrointestinal Association. Gastroenterology 2000; 118:954; corrected version in Gastroenterology 2000;119:281.) 
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constant rate of 30 to 60 mg/hr. Recently, prostaglandin E; has 
become the favored vasodilating agent over papaverine, given 
murine data showing effective vasodilation with less ischemia/ 
reperfusion injury by inhibition of polymorphonuclear (PMN) 
leukocyte infiltration and attenuation of myeloperoxidase activ- 
ity.34 

Angiographers also can attempt to intervene directly on the 
vascular occlusion as a surgery-sparing measure; endovascular 
interventions in both acute arterial and venous mesenteric isch- 
emia appear feasible and safe.* Such techniques include aspiration 
embolectomy, SMA thrombolysis, and stenting of atherosclerotic 
occlusions. The methodology used is based on the mechanism of 
the ischemia, the length of the occlusion, and the appearance of 
the underlying and distal arteries. Complications of angiography 
and prolonged infusion of vasodilators include transient acute 
tubular necrosis following angiography, local hematomas at the 
arterial puncture sites, catheter dislodgment, and fibrin clots on 
the arterial catheter. Infusion for more than 5 days has not had 
significant systemic effects. 

Aspiration embolectomy/thrombectomy is the angiographic 
procedure most commonly performed for proximal SMA emboli. 
Using an antegrade approach via the femoral artery, a guiding 
catheter is placed within the embolus and a syringe is used to suc- 
tion the embolus simultaneously with sheath withdrawal, several 
passes usually are required to completely remove the embolus.*°*” 
The largest risk with this technique is distal embolization of the 
clot, but this does not appear to influence outcome significantly 
because of proximal collateralization.*” 

SMA thrombolysis is rarely used as a solitary treatment 
because there is usually insufficient time for complete treatment 
given the risks of thrombus propagation and bowel necrosis, and 
the risk of acute GI bleeding if the bowel is already is necrotic. 
This technique is used as adjunctive therapy when there is a low 
suspicion for transmural intestinal infarction and most of the clot 
has been removed via aspiration.*” Thrombolysis is performed 
by placing a multi-side-holed catheter within the proximal SMA 
and infusing tissue plasminogen activator (0.5 to 1.0 mg/hr) or 
urokinase (120,000 [U/hr).*° 

The current primary angiographic therapy for underlying 
stenotic or occlusive lesions is percutaneous transluminal angio- 
plasty (PTA) with subsequent vascular stenting using balloon- or 
self-expandable metal stents. After stent placement the pressure 
gradient across the lesion is measured. If the pressure gradient is 
>12 mm Hg, there is a high risk of restenosis and further inter- 
vention is usually required.** The 2 most feared complications 
of PTA include dissection of the SMA from aggressive balloon 
dilation within the subintimal layer or perforation of the artery 
by the guidewire.*” 

Laparotomy is performed in AMI to restore arterial flow 
obstructed by embolus or thrombosis or to resect irreparably 
damaged bowel, or both. Embolectomy, thrombectomy, or arte- 
rial bypass precedes evaluation of intestinal viability because 
bowel that initially appears infarcted can show surprising recov- 
ery after adequate blood flow is restored.***” In the operating 
room, intestinal viability can be assessed clinically by any one of 
several techniques, including Doppler US, pulse oximetry, and 
visible light spectrophotometry.*” Short segments of bowel that 
are nonviable or questionably viable after revascularization are 
resected, and a primary anastomosis considered in all patients 
but avoided in those with shock or multiple organ dysfunction.*? 
If extensive portions of the bowel are of questionable viability, 
however, only the clearly necrotic bowel is resected and reex- 
ploration (second look) is planned within 12 to 24 hours.’ The 
interval between the first and second operations is used both to 
allow better demarcation between viable and nonviable bowel 
and to attempt to improve intestinal blood flow by using intra- 
arterial vasodilators and maximizing cardiac output. The use 
of anticoagulants in the management of AMI is controversial. 
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Anticoagulation with heparin can cause intestinal or intraperito- 
neal hemorrhage. The only accepted usage for anticoagulation 
in the acute setting is MVT, for which anticoagulation is the 
treatment of choice.’ Otherwise, anticoagulants should not be 
used routinely in the immediate postoperative period; 48 hours 
after embolectomy or arterial reconstruction, when thrombosis 
is common, anticoagulation is appropriate. In patients with MVT 
and AMI resulting from an embolic event, lifelong anticoagula- 
tion should be considered to reduce the risks of recurrence.’ 


Specific Types of AMI 


SMAE 

SMAE is a common cause of AMI and currently responsible for 
26% to 32% of cases.!!:!? Patients with embolic disease typically 
have the sudden onset of abdominal pain with nausea, vomiting, 
and diarrhea. Emboli usually originate from a left atrial or ven- 
tricular mural thrombus.” Approximately 33% of patients with 
SMAE have had recent peripheral artery emboli. SMAE lodge at 
points of normal anatomic narrowing, usually immediately distal 
to the origin of a major branch. Angiography typically reveals a 
rounded filling defect with nearly complete obstruction of flow. 
Mesenteric atherosclerosis is usually not as severe as in SMAT. 
Emboli proximal to the origin of the ileocolic artery are referred 
to as major emboli, whereas minor emboli are those that lodge in 
the SMA distal to the takeoff of the ileocolic artery or in the distal 
branches of the SMA (Fig. 118.8). 

Various therapeutic approaches have been proposed for 
SMAE, depending on the presence or absence of peritoneal 
signs, whether the embolus is partially or completely occlud- 
ing, and whether the embolus is above the origin of the ileocolic 
artery or more distal. Therapy for SMAE has included embolec- 
tomy and surgical revascularization, intra-arterial perfusion with 
vasodilators or thrombolytic agents, and anticoagulation.***> In 
the absence of peritoneal signs, minor SMA emboli have been 
treated successfully with vasodilators and/or thrombolytic agents 
without the need for surgery. Exploration is usually performed 
in patients with major emboli after vasodilator infusion is begun. 
The decision of whether or not to attempt endovascular treat- 
ment in patients with major emboli is dependent upon the skills 
of the endovascular interventionalist available at each medical 
center.**#7 In most centers, nonoperative therapy using only 
endovascular intervention is attempted when there are significant 
contraindications to surgery, no peritoneal signs, and adequate 
perfusion of the vascular bed distal to the embolus after a bolus of 
vasodilator into the SMA. 

Laparoscopy or exploratory laparotomy is mandatory when 
peritonitis is present, embolectomy and bowel resection are per- 
formed as necessary. If possible, intra-arterial vasodilator therapy 
is begun before surgery and is continued during surgery. If no 
“second-look” operation is planned, infusion is continued for 12 
to 24 hours postoperatively; persistent vasospasm is excluded by 
angiography before the catheter is removed (see Fig. 118.8). If 
a second operation is planned, vasodilator infusion is continued 
through the second procedure until angiography shows the vaso- 
constriction has ceased. Recognition of persistent vasoconstric- 
tion has prompted some authorities to recommend routine use 
of intra-arterial vasodilators in all patients with SMAE; the best 
survival rates are seen in patients treated by this approach.*” 

Transcatheter aspiration embolectomy*” alone or in combina- 
tion with thrombolytic therapy (e.g., tissue plasminogen activa- 
tor)! can be used before exploratory laparotomy if the patient 
does not have signs of peritonitis and circumstances are appropri- 
ate (e.g., no evidence of bowel necrosis) to allow a surgery-spar- 
ing approach to care.> Thrombolytic therapy is most likely to 
be successful when the embolus is partially occluding or is minor 
and when the study is performed within 12 hours of the onset of 


symptoms.”* 
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NOMI 

NOMI is responsible for ~20% of AMI episodes and usually is 
due to splanchnic vasoconstriction consequent to a preceding 
cardiovascular event.’ Patients with NOMI are frequently 
critically ill and require mechanical ventilation, so this entity 
can remain clinically obscure for some time.’ Pain, abdominal 
bloating or distension, and blood in the stools in a critically ill 
patient can all be signs of NOMI." AMI can appear hours to days 
after a precipitating event. Low cardiac output and mesenteric 
vasoconstriction, which initially is reversible but can persist even 
after the precipitating event has been corrected, are believed to 
be key components. Precipitating causes for NOMI include acute 
myocardial infarction, heart failure, arrhythmias, shock, cirrho- 
sis, medications (e.g., digitalis, cocaine), cardiopulmonary bypass 
surgery, and CKD, especially when patients are on either hemo- 
dialysis or peritoneal dialysis. When presenting with abdominal 
pain, patients on peritoneal dialysis may be thought to have peri- 
tonitis, thereby delaying the diagnosis of NOMI and resulting in 
a poor outcome.** 

NOMI is best diagnosed by angiography using 4 criteria: 
narrowing of the origins of SMA branches, irregularities in the 
intestinal branches, spasm of the arcades, and impaired filling of 
intramural vessels. Patients with these signs who are neither in 
shock nor on vasopressors and who do not have pancreatitis can 
be considered to have NOMI (Fig. 118.9). Given the advance- 
ments with noninvasive radiologic studies such as CTA and the 
challenges in certain institutions of obtaining emergent angiog- 
raphy, criteria for the noninvasive early diagnosis of NOMI have 
been reevaluated. In a 2-phase study, the most common clinical 
criteria found for NOMI were: (1) symptoms of ileus including a 
slow onset of abdominal discomfort or pain; (2) requirement for 
catecholamine administration; (3) an episode of hypotension; and 
(4) slow elevation of aminotransferase levels. When patients with 
NOMI met 3 of the 4 criteria, they were referred for a multide- 
tector row CT (MDCT) instead of endovascular angiography. If 
the MDCT showed variable intestinal wall contrast uptake, spasm 
or narrowing of the SMA, the patients were believed to have early 
NOMI and treated with PGE, infusion. Using these criteria, 
88.9% of those diagnosed with NOMI and treated with PGE, 
were able to avoid more severe acute stage NOMI, although their 
outcomes were not compared with a control cohort.°° 


Fig. 118.8 A, SMA angiogram in 
a 71-year-old man with abdominal 
pain showing an embolus oc- 
cluding the SMA at the level of 
the origin of the right colic artery 
(arrow). Vasoconstriction is noted 
distal to the embolus. B, Repeat 
angiogram done 54 hours after 
SMA embolectomy and preopera- 
tive and postoperative papaverine 
infusions into the SMA. Vasodilata- 
tion is seen, and all vessels are 
patent except for a distal jejunal 
branch, which contains a piece of 
the inciting embolus (arrowheaq) 
that broke off during the course 

of vasodilator therapy. Papaverine 
protected the bowel within the 
distribution of the embolized vessel 
by promoting vasodilation and 
maintenance of adequate blood 
flow. 


Fig. 118.9 SMA angiogram in a patient with NOMI following a bout of 
Gl hemorrhage and shock. A, The pretreatment film shows the diffuse 
vasoconstriction of NOMI. B, Marked vasodilatation is evident on the 
repeat study after 48 hours of an intra-arterial papaverine infusion. 
(From Brandt LJ, Boley SJ. Ischemic intestinal syndromes. Adv Surg 
1981;15:1.) 


The standard of care for NOMI remains correction of the 
underlying condition that prompted splanchnic vasoconstric- 
tion, optimizing mesenteric perfusion and angiography with 
SMA infusion of PGE; or papaverine as soon as the diagnosis is 
made.*’ Operation is performed if peritoneal signs are present, 
and the infusion is continued during and after exploration. All 
necrotic bowel is resected. It is better to leave bowel of ques- 
tionable viability and perform a second-look operation than to 
perform massive enterectomy, because compromised but viable 
bowel often improves with supportive measures. The infusion is 
continued as for second-look operations following embolectomy 
(described earlier). 

When PGE, or papaverine infusion is used as the only treat- 
ment for NOMI in patients without signs of peritonitis, it is 
continued for 24 hours, and repeat angiography is performed 30 
minutes after changing the vasodilator infusion to normal saline. 


The selected vasodilator is infused and angiography repeated 
daily until there is no roentgenographic evidence of vasoconstric- 
tion and the patient’s clinical findings resolve. Infusions, usually 
discontinued after 24 hours, have been given for as long as 5 days. 


Mesenteric Arterial Occlusive Disease 

Acute MAOD accounts for approximately 25% of cases of AMI, 
and is found in areas of severe atherosclerotic narrowing, most 
often at the origin of the SMA.°° The new nomenclature of 
MAOD is a more technically accurate descriptor of what previ- 
ously was referred to as acute thrombosis of the SMA (SMAT), 
because the older terminology category included both acute 
thrombosis and also chronic calcified occlusions of the SMA 
with or without thrombosis.'* The acute ischemic episode may 
be superimposed on a background of CMI, and 20% to 50% of 
patients have a prodromal history of postprandial abdominal pain 
and weight loss during the weeks to months preceding the acute 
event. The most commonly associated risk factors for MAOD are 
atherosclerotic disease and hyperlipidemia.’ 

MAOD can be demonstrated on CTA in the presence of focal 
stenosis of the vessel with or without surrounding vascular calci- 
fication and on flush aortography, which usually shows occlusion 
of the SMA 1 to 2 cm from its origin. Some distal filling of the 
SMA via collaterals is common. Branches proximal and distal to 
the obstruction can show localized or diffuse vasoconstriction.” 
In patients with abdominal pain, no abdominal tenderness, and 
complete occlusion of the SMA on aortography, it is impor- 
tant, though difficult, to distinguish between acute thrombosis 
and long-standing, coincidental chronic occlusion. Prominent 
collaterals between the SMA and other major splanchnic ves- 
sels indicate chronic SMA occlusion. If there is good filling of 
the SMA, the occlusion is considered chronic and the abdomi- 
nal pain is considered unrelated to mesenteric vascular disease 
(see Fig. 118.4). The absence of collateral vessels or the pres- 
ence of collaterals with inadequate filling of the SMA indicates an 
acute occlusion and demands prompt intervention. If possible, an 
angiographic catheter is placed in the proximal SMA, and, when 
indicated and feasible, attempts are made to perform thrombec- 
tomy with percutaneous transluminal angioplasty followed by 
stent placement.?>4 If this is unsuccessful, vasodilator infusion is 
begun before surgery is undertaken. At surgery, necrotic bowel is 
resected and remaining bowel is revascularized. PGE, or papav- 
erine infusion is continued throughout the operative period, and 
management is the same as for SMAE. 


OUTCOMES 


Although mortality rates of 70% to 90% were reported through 
the 1980s for patients whose AMI was diagnosed and treated 
conventionally, survival is improving with earlier diagnosis and 
using the current approach to therapy discussed earlier. One 
key element to improved survival involves the initial therapeu- 
tic choice of either endovascular or surgical approach. Surgical 
indications are usually clear, e.g., an acute abdomen evidencing 
infarction and peritonitis. In other scenarios, the resources and 
skills of the local institution should dictate the initial approach. 
One study using an endovascular intervention revealed a mor- 
tality rate of 32% after successful or failed attempt at interven- 
tion; emergency laparotomy was required in 40% and intestinal 
resection in 34%.°! Another retrospective study using an initial 
surgical approach showed an overall 30-day mortality of 29.6%, 
all of the deceased patients having had an acute severe presenta- 
tion. A French study focusing on severely ill patients in the ICU 
who subsequently developed AMI showed a mortality rate of 
58%.° Of great importance, mortality rates were 27%, 20%, 
and 50% for those who were brought to the OR <12 hours, 
12 to 24 hours and >24 hours after initial presentation, respec- 
tively,’ again revealing how critical it is for early diagnosis and 
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intervention in patients with AMI. These studies looked at dif- 
fering populations and approaches, but show that current over- 
all mortality is remarkably lower than the 70% to 90% it was in 
the 1980s, even in those with severe illness in the ICU prior to 
developing AMI. Ideally, all patients with AMI should be stud- 
ied when abdominal plain films and CT scanning are normal 
and before signs of an acute surgical abdomen and laboratory 
evidence of infarction appear. Diagnosis before intestinal infarction 
occurs is the most important factor in improving survival of patients 
with AMI. 

As we gain more experience optimizing our therapeutic 
approach surgically and angiographically, it is important to 
identify factors that may guide therapy. The level of serum lac- 
tate has been associated with the presence of bowel infarction 
and is commonly used to identify patients who require emergent 
laparotomy. In one study of 75 patients with surgically managed 
AML, however, preoperative lactate levels did not correlate with 
the extent of bowel ischemia although, if elevated, they did cor- 
relate with the presence of necrosis.** A single serum lactate 
level should not be used for diagnostic purposes, as a negative 
lactate does not rule out AMI’; serum lactate levels that trend 
up, however, are indicative of evolving bowel necrosis. One 
small study showed that RDW was predictive of the extent of 
necrosis and mortality in patients with AMI.°? In another pro- 
spective single-center trial of 67 patients with pathologically 
proven AMI, organ failure, serum lactate levels >2 mmol/L, 
and bowel loop dilation on CT were strongly associated with 
irreversible transmural intestinal necrosis.°° Further trials are 
needed to delineate which, if any, of these factors are most 
strongly associated with necrosis and poor outcome. Following 
clarification, it should be clearer whom to bring emergently to 
the operating room and who might benefit from endovascular 
intervention alone. 


MESENTERIC VENOUS THROMBOSIS 


MVT occurs as an acute, subacute, or chronic disorder. It is only 
since the development of recent imaging techniques that these 
various forms of MVT have been recognized; previously, only 
acute MVT was known, and diagnosis was made at laparotomy 
or autopsy. 


Incidence 


In early studies, MVT was believed to be the major cause of AMI, 
but most of these cases probably represented NOMI. Today, 
only 5% to 10% of patients with AMI have MVT, 24% to 40% 
of which are chronic.°t The mean age at presentation with MVT 
is in the mid-60s® and a Swedish study showed that the high- 
est incidence of MVT was 11.3 per 100,000 person years among 
those 70 to 79 years old. 


Predisposing Conditions 


Previously, a cause of MVT was identified in fewer than half 
of patients. However, the discoveries of primary and secondary 
hypercoagulable (thrombophilic) states and the use of estrogens 
for contraception and hormone replacement have led to more 
frequent identification of cause. Risk factors for MVT can be 
broadly classified into heritable and acquired thrombophilias, 
hypercoagulable states due to systemic disorders, and local intra- 
abdominal causes including trauma (Box 118.1). In one French 
study considering etiologies for acute MVT, a local risk factor 
was identified in 24%, oral contraceptive use in 29%, and at least 
one or more systemic prothrombotic conditions in 44%; malig- 
nancy was present in 4% to 16% of cases. Despite an extensive list 
of potential causes and risk factors, 21% to 49% of cases are still 
classified as idiopathic.® 
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BOX 118.1 Conditions Associated with Mesenteric Venous 
Thrombosis 


HERITABLE THROMBOPHILIAS 
Antithrombin Ill deficiency 

Factor V Leiden mutation 

Hereditary hemorrhagic telangiectasia 
Hyperfibrinogenemia 

JAK2V16F mutation without overt myeloproliferative disorder 
Plasminogen deficiency 

Protein C deficiency 

Protein S deficiency 

Prothrombin 20210 mutation (PTHR A20210) 
Sickle cell disease 


ACQUIRED THROMBOPHILIAS AND SYSTEMIC 
HYPERCOAGULABLE STATES 


Anticardiolipin antibody 
Antiphospholipid antibodies 

Beta-2 glycoprotein-1 antibodies 
Decompression sickness 
Disseminated intravascular coagulation 
Essential thrombocytopenia 
Heparin-induced thrombocytopenia 
Hyperhomocysteinemia 

Malignancy 

Monoclonal Gammopathy 
Myeloproliferative disorder 

Nephrotic syndrome 

Oral contraceptive agents and other medications 
Paroxysmal nocturnal hemoglobinuria 
Polycythemia vera 

Pregnancy 


INTRA-ABDOMINAL CAUSES 


Cirrhosis 

Congenital venous anomaly 
IBD 

Intestinal volvulus 
Intra-abdominal infection 
Pancreatitis 

Postoperative state 
Trauma 
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Pathophysiology 


Hypercoagulability, endothelial damage, and stasis are all 
believed to contribute to MVT, which can affect the ileum 
(64% to 83%), jejunum (50% to 81%), and duodenum (4% to 
8%).°4°> The location of the initial thrombus within the mes- 
enteric venous circulation varies with its cause. MVT secondary 
to local factors (e.g., cirrhosis, neoplasm, operative injury) starts 
at the site of obstruction and extends peripherally, whereas the 
thrombosis of primary thrombophilic states begins in smaller 
branches and propagates proximally into the major trunks. 
MVT is frequently associated with thrombosis of the portal and 
splenic veins, but rarely (i.e., 4% to 6%) of the inferior mes- 
enteric vein (IMV),°° perhaps because of the ease with which 
blood can be shunted through the internal iliac system through 
the rectal venous plexus. 

The acuity of symptom onset and of presentation is based 
on the nature of the thrombotic event. Intestinal infarction is 
rarely a consequence of acute MVT unless the venous arcades 
and vasa recta are involved from the outset.!> When there is 
sufficient venous occlusion to produce ischemia, but collateral 


vessels provide ample venous drainage to allow the possibility 
of recovery, a subacute form of MVT occurs.® When collat- 
eral circulation is inadequate and venous drainage from a seg- 
ment of bowel is compromised, the affected intestine becomes 
congested, edematous, cyanotic, and thickened with intramural 
hemorrhage. Serosanguinous peritoneal fluid heralds hemor- 
rhagic infarction. Arterial vasoconstriction can be marked in 
acute MVT, and arterial pulsations persist up to the bowel wall. 
Transmural infarction can make it impossible to differentiate 
venous from arterial occlusion. 


Clinical Features 


MVT can have an acute, subacute (weeks to months), or chronic 
onset. The clinical features are determined by the location and 
timing of thrombus formation within the mesenteric vascula- 
ture as mentioned earlier. Except for late complications, chronic 
MVT is asymptomatic. 

Acute MVT manifests with abdominal pain in more than 90% 
of patients and, as with acute arterial ischemia, the pain initially 
is out of proportion to the physical findings.®’ Acute occlusion 
of the portal vein is associated with abdominal distension, ascites 
and diffuse abdominal tenderness.°t Other symptoms, including 
nausea and vomiting, occur in more than 50% of patients. LGIB 
and bloody diarrhea occur in approximately 25%, frequently 
indicating bowel infarction.©? Malignancy (e.g., pancreatic can- 
cer), inflammatory conditions (e.g., pancreatitis) and postop- 
erative states are the most common underlying causes of acute 
MVT.” Acute abdominal pain following laparoscopic bariatric 
surgery should prompt consideration of MVT by CT evaluation 
as this is increasingly being reported as a complication.’! Ini- 
tial physical findings vary at different stages and with different 
degrees of ischemic injury, but guarding and rebound tenderness 
develop as bowel infarction evolves. Most patients have a tem- 
perature >38°C (100.4°F), and up to 25% may exhibit signs of 
septic shock. 

Subacute MVT describes the condition in patients who have 
abdominal pain for weeks to months but no intestinal infarction. 
This condition can be due either to extension of thrombosis at 
a rate rapid enough to cause pain but that allows collaterals to 
develop, thus preventing infarction, or to acute thrombosis of 
venous drainage sufficient to permit recovery from ischemic 
injury. The portal and splenic veins are most frequently involved; 
IMV thrombosis is rare.°° The diagnosis usually is made on imag- 
ing studies ordered to evaluate the cause of undiagnosed pain. 
Nonspecific abdominal pain usually is the only symptom of sub- 
acute MVT, and physical examination and laboratory tests are 
normal. Some patients who present with subacute MVT ulti- 
mately develop intestinal infarction; this blurs the distinction 
between the acute and subacute forms of MVT. At autopsy, coex- 
istent new and old thromboses have been found in nearly half of 
the patients. 

Chronic MVT is seen in patients who are asymptomatic at 
the time of thrombosis but who may develop GI bleeding from 
varices.’? Most patients who bleed do so from gastroesophageal 
varices secondary to portal or splenic vein thrombosis, and they 
have physical findings of portal hypertension. Laboratory studies 
may show secondary hypersplenism with pancytopenia or throm- 
bocytopenia. 


Diagnosis 
Acute Mesenteric Venous Thrombosis 


The absence of specific symptoms, signs, or laboratory results and 
the typical variability in the course of the disease has previously 


Fig. 118.10 SMV thrombosis. A, 
Abdominal CT with IV contrast 
demonstrating an enlarged SMV 
with a central lucency in the lumen, 
representing the thrombus. The vein 
wall is sharply defined, with a rim of 
increased density surrounding the 
thrombus (arrows). B, Abdominal 
CT with IV contrast showing thick- 
ening and persistent enhancement 
of the bowel wall (black arrows) 
and dilated collateral vessels within 
a thickened mesentery (white ar- 
rows). (From Boley SJ, Brandt LJ. 
Ischemic disorders of the intestines. 
Surg Clin North Am 1992;72:194.) 


made it challenging to diagnose acute MVT. Today, radiologic 
imaging studies substitute for emergency surgery or autopsy to 
diagnose MVT and have shortened the time from presentation to 
diagnosis from 1 week during 1978-1995 to approximately 1 day 
during 1995-2003.” 

In the setting of infarcted bowel, signs of MVT on abdominal 
plain film are similar to those of other forms of AMI. Barium 
studies are rarely performed today and CT or MR imaging is 
most commonly used to demonstrate thrombi in the SMV and 
the portal vein. Doppler US is inexpensive, readily available, 
and noninvasive, but it has been limited by its inability to image 
smaller mesenteric vessels. It offers excellent specificity (~100%) 
but only moderate sensitivity (70% to 90%).° CT with adequate 
portal venous phase contrast is highly sensitive and specific and 
is the most accessible and reliable diagnostic tool to diagnose 
MVT.® Specific findings of acute MVT include thickening (+3 
mm) and enhancement of the bowel wall in an adequately dis- 
tended bowel segment, widened luminal diameter, thickened 
or hazy mesentery, indistinct bowel wall margins, the presence 
of new or unexplained ascites, enlargement of the SMV with a 
central lucency in the lumen of the vein (representing a throm- 
bus), a sharply defined vein wall with a rim of increased den- 
sity, and dilated collateral vessels in a thickened mesentery (Fig. 
118.10).° The accuracy of these findings to diagnose MVT is 
over 90%.’+ CT also is very accurate in differentiating transmu- 
ral infarction from nontransmural ischemia.” MR venography 
(MRV) is highly accurate for diagnosing MVT with sensitivity 
and specificity of 100% and 98%, respectively.”° MRV remains 
a diagnostic alternative to CT but is limited by availability, cost, 
and the extensive time required to complete the study. Selec- 
tive mesenteric arteriography, the diagnostic gold standard for 
MVT, can establish a definitive diagnosis before bowel infarc- 
tion, differentiate venous thrombosis from arterial forms of isch- 
emia, and provide intra-arterial access for vasodilator therapy. 
Angiographic findings of acute MVT include thrombus in the 
SMV with partial or complete occlusion, failure to visualize the 
SMV or portal vein, slow or absent filling of the mesenteric 
veins, arterial spasm, failure of the arterial arcades to empty, 
reflux of contrast medium into the artery, and prolonged blush 
in the involved segment.®> When MVT is diagnosed on CT, 
angiography might not be necessary, but in selected symptom- 
atic patients, angiography better delineates thrombosed veins 
and provides access for intra-arterial vasodilators. Indications 
for angiography include patients with thrombophilia who have 
either continuous or new abdominal symptoms and whose CT 
was normal/equivocal or patients who might be candidates for 
angiographic therapy. 

At laparotomy, the hallmarks of MVT are serosanguinous 
peritoneal fluid, dark red to blue-black edematous bowel, thick- 
ening of the mesentery, good arterial pulsations in the involved 
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segment, and thrombi in cut mesenteric veins. At this stage, some 
degree of intestinal infarction invariably has occurred. 


Chronic Mesenteric Venous Thrombosis 


Because chronic MVT is asymptomatic or manifests as GI bleed- 
ing, diagnostic evaluation is directed toward determining the 
cause of bleeding (e.g., gastroesophageal varices). Endoscopy and 
appropriate imaging studies should identify the cause and site of 
bleeding and the extent of thrombosis. 


Treatment 
Acute Mesenteric Venous Thrombosis 


Most patients with acute MVT initially are believed to have some 
form of AMI and are treated as discussed in earlier sections and 
as outlined in Figure 118.7. D-dimer levels might guide therapy 
since measurements during the first 3 days of in-patient admis- 
sion are elevated in those with acute SMVT who have severe out- 
comes including sepsis, bowel resection, and 30-day mortality.” 
Patients with significant D-dimer elevation require more aggres- 
sive management to minimize their risks for poor outcome. In 
asymptomatic persons in whom the diagnosis is made on a CT 
scan done for an indication other than abdominal pain, either 
3 to 6 months of anticoagulation or no therapy, in some cases, 
is reasonable. In symptomatic patients, treatment is determined 
by the presence or absence of peritoneal signs; in the absence of 
peritoneal signs, immediate heparinization followed by a 3- to 
6-month course of warfarin may be all that is needed.*’ In those 
without peritoneal signs who do not clinically improve with 
systemic anticoagulation, endovascular interventions should be 
considered, including thrombolytic agents, thrombectomy, or a 
combination of both. This strategy has been shown to decrease 
symptoms, mortality and the requirement for surgical interven- 
tion.” Signs of peritonitis mandate laparotomy and resection of 
infarcted bowel. If long segments of questionably viable bowel 
are found, vasodilator is infused, and if arterial spasm is relieved 
and the SMV or portal vein is visualized, thrombectomy or a 
second look may be attempted to determine whether resection 
should be performed. Following surgery, it was previously rec- 
ommended that heparin alone be administered immediately for 
7 to 10 days; however, one study of patients with acute severe 
SMVT who underwent intra-operative open thrombectomy 
showed that postoperative catheter-directed thrombolysis with 
a combination of urokinase and papaverine was associated with 
less second-look laparotomy, short bowel syndrome, and 30-day 
mortality compared with postoperative systemic anticoagula- 
tion therapy alone.’’ A collaborative multidisciplinary approach 
including a gastroenterologist, GI surgeon, and vascular surgeon 
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has been shown to improve outcomes in patients with acute 
MVT.® Despite a shortage of well-controlled studies to guide 
recommendations, aggressive endovascular therapy as an adjunct 
to anticoagulation should be considered in patients with acute 
MVT but without intestinal infarction, or in those who are poor 
surgical candidates and who have intestinal infarction. Surgery 
might be considered for patients who are not good candidates for 
anticoagulation alone. 

Current recommendations for the duration of anticoagulation 
are not supported by evidence-based data, but rather are based on 
conventional practice. If an underlying hypercoagulable state is 
found, lifelong treatment with warfarin is advised. If no underly- 
ing thrombophilic state is documented, a 3- to 6-month course of 
therapy is thought to be sufficient. 


Chronic Mesenteric Venous Thrombosis 


Treatment of chronic MVT is aimed at controlling bleeding, usu- 
ally from esophageal varices. Endoscopy (sclerotherapy, variceal 
banding), angiography (transjugular intrahepatic portosystemic 
procedures), and surgery (portosystemic shunts, devasculariza- 
tion procedures, and bowel resection) each have a place in treat- 
ing selected patients. Use of beta blockers and anticoagulation 
was found to improve survival in these patients.*! No treatment is 
indicated for patients with asymptomatic chronic MVT. 


Prognosis 


Mortality associated with acute MVT is lower than that for other 
forms of AMI and approximates 20%.* Intestinal infarction, not 
having a CT scan performed, and treatment on a nonsurgical 
service all are associated with increased mortality.°° Recurrence 
rates of 20% to 25% fall to about 15% if heparin therapy is begun 
promptly. The natural history of chronic MVT is not known, but 
from postmortem studies it appears that almost 50% of patients 
with MVT have no bowel infarction and many have no symp- 
toms. 


Special Situations 
Mesenteric Phlebosclerosis 


Nonvasculitic, nonthrombotic stenosis of the mesenteric veins 
rarely causes intestinal ischemia, but when calcifications in the 
small mesenteric veins and their intraluminal branches are docu- 
mented in patients with abdominal pain, diarrhea, occult blood in 
the stool, and anemia, it is likely they have mesenteric phleboscle- 
rosis.® Patients with mesenteric phlebosclerosis also may present 
with recurrent ischemic colitis. This rare entity has been reported 
in case series mostly out of Japan. Endoscopic findings include 
edematous dark-colored mucosa with ulcerations, and biopsies of 
affected regions are characterized by the thickening of venous walls 
with calcification, marked submucosal fibrosis, deposition of col- 
lagen in the mucosa, and foamy macrophages in the vessel walls.*? 
Linear calcifications in and around the colon wall, stenosis in the 
right colon and loss of haustral folds can be seen on abdominal 
plain films or CT scan.** The etiology of mesenteric phleboscle- 
rosis remains unknown. Mild symptoms usually are self-limited 
whereas severe symptoms may require hemicolectomy. 


Myointimal Hyperplasia of the Mesenteric Veins 


First described in 1991 by Genta and Haggitt, myointimal hyper- 
plasia of the mesenteric veins (MIHMV) is a rare, nonthrom- 
botic, noninflammatory disease characterized by intimal smooth 
muscle proliferation that leads to thickening and occlusion of the 
small- to medium-sized mesenteric veins with resultant mucosal 
ischemia. Men are more likely to be affected than women and 


TABLE 118.3 Types and Approximate Frequencies of Colonic Ischemia 
in Patients Seen at a Tertiary Referral Hospital 


Type Frequency (%)* 
Reversible colopathy and transient colitis >50 

Chronic colitis 5-10 

Stricture 10 

Gangrene 15 

Fulminant universal colitis <5 


*Because of the approximate nature of the frequencies, the total of the 
frequencies of all types of Colonic Ischemia is not 100%. 


the median age at diagnosis is 59 years. MIHMV may mimic 
IBD clinically and endoscopically, but shows changes of mucosal 
ischemia on biopsy.*” Most cases involve the rectosigmoid colon, 
but involvement of the descending colon, jejunum, ileum, and 
pancolon involvement with rectal sparing have been described. 
Presentation is with weight loss, abdominal pain, and bloody 
diarrhea. The pathophysiology of MIHMV is unknown, but 
“arterialization” of veins resulting from increased intraluminal 
pressure has been suggested.** Surgical resection of the diseased 
bowel segment is curative. 


FOCAL SEGMENTAL ISCHEMIA OF THE SMALL 
INTESTINE 


Vascular insults to short segments of small intestine produce a 
broad spectrum of clinical features without the life-threatening 
complications associated with more extensive ischemia. Causes 
of FSI include atheromatous emboli, strangulated hernias, vas- 
culitis, blunt abdominal trauma, segmental venous thrombosis, 
radiation therapy, and oral contraceptives, among others. 

With FSI, there is usually adequate collateral circulation to 
prevent transmural infarction; the most common lesion is partial 
bowel wall necrosis. FSI can manifest as acute enteritis, chronic 
enteritis, or a stricture. In the acute pattern, abdominal pain 
often simulates acute appendicitis. Physical findings are those of 
an acute abdomen, and an inflammatory mass may be palpated. 
The chronic enteritis pattern can resemble Crohn disease, with 
cramping abdominal pain, diarrhea, fever, and weight loss. 

Radiologic findings also can resemble those of Crohn disease 
except that FSI occurs anywhere in the small bowel, whereas 
Crohn disease mainly affects the terminal ileum. The most com- 
mon presentation is chronic small bowel obstruction from a stric- 
ture with intermittent abdominal pain, distention, and vomiting. 
SIBO in the dilated loop proximal to the obstruction can produce 
diarrhea and malabsorption. Radiologic studies typically reveal a 
smooth tapered stricture of variable length with an abrupt change 
to normal bowel distally and dilated bowel proximally. 

Treatment of FSI is resection of the involved bowel. 


COLONIC ISCHEMIA 


Cl is a common disorder of the large bowel in older persons and 
is the most common form of intestinal ischemic injury. It com- 
prises a spectrum (Table 118.3) that includes reversible colopa- 
thy (subepithelial or intramural hemorrhage), transient colitis, 
chronic colitis, stricture, gangrene, and fulminant universal 
colitis. The initial presentation usually is similar among these 
types and does not necessarily predict the course of disease, with 
the exception of ischemia involving only the ascending colon. 
This latter pattern can simultaneously involve the small intes- 
tine, usually is caused by NOMI with associated shock or sepsis, 
may be caused by SMAE, and carries a mortality rate of more 
than 50% .!489,90 


Incidence 


The incidence of CI is underestimated, because many patients 
suffer only mild or transient damage and do not seek medical 
attention. Also, CI is commonly misdiagnosed and confused with 
other disorders, notably IBD. The incidence of CI, however, 
appears to be increasing. A retrospective study of patients from 
Rochester, Minnesota showed that incidence increased from 6.1 
cases per 100,000 person years between 1976 and 1980 to 22.9 
cases per 100,000 person years between 2005 and 2009.°! This 
increased incidence is likely multifactorial and includes better 
disease recognition, an aging population, more frequent surgi- 
cal interventions associated with CI, and increased polypharmacy 
with medications that predispose to CI. One study using medi- 
cal claims data from a large health care organization calculated 
a crude incidence rate of 7.2 cases per 100,000 person-years of 
observation in the general population, with those having IBS 
being 3.4 times more likely to get CI.”? Another study consider- 
ing a Scandinavian population showed an incidence of 7.3 cases 
per 100,000 inhabitants.” Most studies that assess the incidence 
of CI address the disease in its most severe presentations, focusing 
on patients who required hospitalization and using colonoscopy 
to confirm the diagnosis. One study found that CI accounted for 
16% of all presentations of acute LGIB.”* 

CI has a female gender predilection.’!”> Medical comorbidi- 
ties most commonly associated with CI include atherosclerosis, 
atrial fibrillation, heart failure, COPD, constipation, diabetes, 
diarrhea, hypertension, IBS, peripheral vascular disease, and rheu- 
matologic disease.?!:73.?>.°° CI affecting young persons is usually 
due to vasculitis, coagulation and thrombophilic disorders, illicit 
use of cocaine, and an assortment of iatrogenic causes, including 
a wide variety of medications such as estrogens, serotoninergic 
agonists and antagonists, sumatriptan, and methamphetamine. 
One recent study of 788 patients with biopsy-proven CI com- 
pared an older cohort (>65 years) with a younger cohort (18 to 
64 years) and found that medications associated with CI in the 
older group more likely included diuretics, constipation-induc- 
ing medications, and NSAIDS, whereas psychotropic treatments 
were more common in the younger group.’ Moreover, when 
considering medical risk factors, atrial fibrillation and COPD 
were seen more frequently in older patients, whereas hyperco- 
agulable states and CKD on hemodialysis were more common 
in the younger group.” Surgical procedures also leave patients at 
risk for CI, most commonly abdominal, aortic and cardiovascular 
surgery, ileostomy formation, laparoscopy or prior colon cancer 
resection.’ 198,9 


Pathophysiology and Causes 


CI can result from alterations in the systemic circulation or from 
anatomic or functional changes in the mesenteric vasculature, 
and is thought to result from local hypoperfusion and reperfu- 
sion injury. In most cases, no specific cause for ischemia is iden- 
tified, and such episodes are considered localized nonocclusive 
ischemia, likely a result of small-vessel disease. Multiple causes of 
CI have been defined (Box 118.2 and Box 118.3). 

Abnormalities on vascular imaging rarely correlate with clini- 
cal manifestations, and age-related abnormalities in the splanch- 
nic vessels are not uncommon including narrowing of small 
vessels and tortuosity of the long colic arteries; fibromuscular 
dysplasia (FMD) of the superior rectal artery has been shown to 
contribute to CI. The colon is particularly susceptible to isch- 
emia, perhaps owing to its relatively low blood flow, lack of 
robust collateral perfusion, its unique decrease in blood flow dur- 
ing periods of functional activity, and its sensitivity to autonomic 
stimulation. Given these factors, the colon is remarkably resil- 
ient to ischemic injury. Research assessing reperfusion after an 
ischemic insult has shown the colon has a greater tolerance for 
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BOX 118.2 Causes of Colonic Ischemia 


Acute pancreatitis 
Allergy 
Amyloidosis 
Heart failure or cardiac arrhythmias 
Hematologic disorders and coagulopathies 
Activated protein C resistance 
Antithrombin deficiency 
Paroxysmal nocturnal hemoglobinuria 
Polycythemia vera 
Protein C and S deficiencies 
Prothrombin G20210A mutation 
Sickle cell disease 
Infection 
Bacteria (Escherichia coli 0157:H7) 
Parasites (Angiostrongylus costaricensis) 
Viruses (hepatitis B and C, HCV, CMV) 
Inferior mesenteric artery thrombosis 
Long-distance running and flying 
Medications and toxins (see Box 118.3 for details) 
Antibiotics 
Appetite suppressants 
Chemotherapy 
Constipation-inducing medications 
Decongestants 
Diuretics 
Ergot alkaloids 
Hormonal therapies 
Illicit drugs 
Immunomodulators 
Interferon 
Laxatives 
NSAIDs 
Serotonin agents 
Statins 
Vasopressor agents 
Pheochromocytoma 
Ruptured ectopic pregnancy 
Shock 
Strangulated hernia 
Surgery/procedures 
Aortic aneurysmectomy 
Aortoiliac reconstruction 
Barium enema 
Colectomy with inferior mesenteric artery ligation 
Colon bypass 
Colonoscopy 
Exchange transfusions 
Gynecologic operations 
Lumbar aortography 
Thromboembolism 
Cholesterol (atheroembolism) 
Myxoma (left atrial) 
Trauma (blunt or penetrating) 
Vasculitis and vasculopathy 
Buerger disease 
Fibromuscular dysplasia 
Kawasaki disease 
Polyarteritis nodosa 
Rheumatoid vasculitis 
SIE 
Takayasu arteritis 
Volvulus 
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BOX 118.3 Medications and Toxins Associated with Cl 


ANTIBIOTICS 

Fluoroquinolones 

Penicillin and penicillin derivatives 
APPETITE SUPPRESSANTS 
Hydroxycut 

Phentermine 
CHEMOTHERAPY 


Platinum-based therapy 
Taxanes 
Vinorelbine 


CONSTIPATION-INDUCING MEDICATIONS 

Anti-psychotics (e.g., alosetron, quetiapine, clozapine) 

Opioid agonists (e.g., loperamide, oxycodone, hydrocodone, 
morphine, codeine) 


Muscarinic agonists (e.g., diphenhydramine, dicyclomine) 
DECONGESTANTS 


Phenylephrine 
Pseudoephedrine 


DIURETICS 

Furosemide 

ERGOT ALKALOIDS 

Dihydroergotamine mesylate 

HORMONAL THERAPIES 

OCP (e.g., ethinyl estradiol and desogestrel, drospirenone and ethinyl 


estradiol, levonorgestrel-ethinyl-estradiol) 
Vaginal rings (e.g., etonogestrel, ethinylestradiol) 


ILLICIT DRUGS 


Amphetamines 
Cocaine 


prolonged ischemia compared with the small bowel.’ One study 
revealed that the epithelial chemical barrier of the colon was rein- 
forced as goblet cells rapidly exocytosed mucus during an episode 
of ischemia, thus preventing luminal microbiota from accessing 
the epithelium and thereby potentially worsening an inflamma- 
tory reaction.!°° Our knowledge of colonic defense mechanisms 
and the intestinal microbiota are growing exponentially, but, at 
present, CI remains inexplicably benign and the triggers for an 
episode of CI rarely identified. 


Medications as a Cause of Cl 


Medications should always be considered as a possible etiology for 
CI, although it is difficult, if not impossible, to distinguish associa- 
tion and causation. Many people take medications and some people 
develop CI; the presence of a medication does not necessarily imply 
that it was responsible for the episode of CI (see Box 118.3).!°! 


Antibiotics 

Antibiotic-associated hemorrhagic colitis (AAHC) is believed to 
be a Cl-mediated injury. The penicillins and their derivatives, 
including amoxicillin and ampicillin, most commonly have been 
associated, although macrolides, cephalosporins, chlorampheni- 
col, fluoroquinolones, and tetracyclines also are known associa- 
tions. AAHC typically manifests 2 to 7 days after antibiotics are 
initiated, beginning with lower abdominal pain and loose stools, 
followed several hours later by hematochezia. Case reports and 
basic science studies have shown overgrowth of the normally com- 
mensal Klebsiella oxytoca in patients presenting with AAHC and 


IMMUNOMODULATORS 


Glucocorticoids 
Lenalinomide 
TNF-a inhibitors 


INTERFERON 


LAXATIVES 


Bisacodyl 

Glycerin enema 

Magnesium citrate 
Polyethylene glycol 
Sevelamer 

Sodium phosphate 

Sodium polystyrene sulfonate 


NSAIDS/LOW DOSE ASA 


SEROTONIN AGENTS 
Alosetron 

Clozapine 

Quetiapine 

Sumatriptan 

STATINS 

Rosuvastatin 
Simvastatin 
VASOPRESSOR AGENTS 
Glypressin 

Vasopressin 

OTHER 

Danazol 

Flutamide 

Gold salts 

Pit viper toxin 


colonoscopic biopsies consistent with CI.!°:!0? The exact mecha- 
nism remains unclear but if AAHC is suspected, it is recommended 
that the antibiotic be stopped and an alternative regimen be started. 


Chemotherapeutic Agents 

When associated with chemotherapy, CI usually is seen with alka- 
loid, taxane, and platinum classes of chemotherapeutic agents, such 
as vinorelibine tartrate (alkaloid), paclitaxel, docetaxel (taxane-), or 
cisplatin (platinum-based).!°t Although not proved, the mechanism 
of injury of CI with these compounds is believed to be either direct 
injury to the colonic epithelium or a result of anti-angiogenic activ- 
ity.'° If patients develop CI while taking these medications, the 
clinician must reconsider the risks and benefits of their use. 


Constipation-Inducing Agents 

Patients taking medications that have constipation as a known 
adverse effect potentially are at increased risk for CI.” More than 
250 different agents from a variety of medication classes fit this 
category.!°! One potential mechanism of CI caused by consti- 
pation-inducing agents is extrapolated from the observation that 
patients with idiopathic colonic slow transit have reduced base- 
line mucosal blood flow, possibly as a result of impaired effer- 
ent vagal cholinergic activity. Impaired cholinergic innervation 
is a side effect of many constipation-inducing medications, and 
the resultant unopposed sympathetic input leaves the colon sus- 
ceptible to ischemic injury. Another potential mechanism for 
constipation-associated CI is that increased intracolonic luminal 
pressure diminishes epithelial blood flow and results in mucosal- 
to-serosal shunting of blood.!° 


Decongestants 

Pseudoephedrine is used for relief of nasal congestion because 
its direct application to @,-adrenergic receptors constricts ves- 
sels and relieves symptoms. The drug can be absorbed, however, 
and, by the same mechanism, cause mesenteric vasoconstriction 
with resultant CI.!°! Since the “Combat Metamphetamine Act” 
of 2005, the cold remedy decongestant pseudoephedrine has been 
mostly replaced by phenylephrine; however, phenylephrine also 
acts on alpha-adrenergic receptors, leading to systemic vasocon- 
striction and leaving patients at risk for CI.!°’ Patients with a his- 
tory of CI, vasculitis, or a known thrombophilic state should be 
alerted to this potential complication of decongestants. 1?! 


Diuretics 

Diuretics, such as furosemide, have been implicated in NOMI 
and CI. The presumed mechanism for CI with these agents is a 
decrease in extracellular fluid volume and reduction in peripheral 
resistance, which prompts a “steal” of blood from the intestine to 
the limbs.!°° In one study of 72 patients with biopsy-proven CI, 
patients on furosemide had a poor outcome (e.g., mortality and/ 
or colectomy) more frequently than those not on this medication 
(36.8% vs. 7.6%, P < 0.01).! Early correction of fluid balance is 
the preferred treatment. 


Hormonal Therapies 

Oral contraceptive pills (OCPs) usually are combinations of low- 
dose ethinyl estradiol and progestin, whereas hormone replace- 
ment therapy (HRT) often consists of ethinyl estradiol, with 
progestin added if the patient has an intact uterus. In young, 
otherwise healthy women, the OCP is usually their only risk fac- 
tor for CI,110 although any woman who develops CI on OCPs 
should have their medication list assessed for other treatments 
associated with CI and medical comorbidities that are risk fac- 
tors, such as obesity, IBS, and factor V Leiden deficiency. Vaginal 
rings with etonogestrel and ethinylestradiol also have shown an 
association with CI.111 OCPs and HRT are known to result 
in a hypercoagulable state with ensuing microthromboembolic 
events and resultant CI. In any patient with other risk factors for 
CI, the use of OCPs or HRT, if clinically appropriate, should be 
monitored closely. Patients who experience CI while taking these 
medications should stop taking them and consider other manage- 
ment options. 


Controlled or Illicit Pharmacologic Agents 

Amphetamines are sympathomimetic vasoconstricting medica- 
tions used for medicinal and recreational purposes. Significant 
increases in morbidity from a variety of ischemic insults attributed 
to their use have been reported, including myocardial ischemia and 
intestinal gangrene.!!? Amphetamine-induced CI is rare and usu- 
ally manifests with hematochezia and mild-to-moderate abdominal 
pain. These medications tend to affect the ascending colon, possi- 
bly as a result of selective vasoconstriction of the SMA.!°! 

Cocaine is known to induce CI,!!3 as well as AMI. The main 
mechanisms of injury with this agent include mesenteric vaso- 
constriction, a hypercoagulable state, and direct toxicity to the 
vasculature.!'* Patients present 12 to 24 hours after intranasal 
or IV cocaine use with rectal bleeding with or without abdomi- 
nal pain. There is no typical segmental distribution for cocaine- 
induced CI and some patients present with fibrotic strictures 
resulting from severe or recurrent episodes.!!> Cocaine-induced 
CI tends to occur in younger patients and has a significantly 
higher mortality (26% vs. 7.7%) compared with CI from other 
causes.!!6 


Interferon 

The prevalence of CI during interferon (IFN)-based therapies 
for HCV is 0.3% to 0.7%;!'” with ubiquitous involvement of the 
descending colon.!! After the advent of directly acting antiviral 
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agents (e.g., ledipasvir/sofosbuvir) which have better efficacy and a 
milder AE profile, a much smaller cohort of patients will be receiv- 
ing IFN treatment of HCV. Ifa patient develops CI while receiving 
IFN-based therapy, the drug should be stopped until there is resolu- 
tion of symptoms, after which restarting IFN can be considered if 
the patient is highly motivated and no other treatment is available. 


Laxatives 
Sodium polystyrene sulfonate (SPS, Kayexalate, Sanofi-Aventis, 
Bridgewater, NJ) is frequently used to treat hyperkalemia and has 
been reported to cause CI. CI from SPS is usually self-limited, 
but other medications should be used to treat recurrent episodes 
of hyperkalemia in patients who have or have had CI.!!° There 
also have been reports of biopsy-confirmed delayed presentations 
of SPS-induced CI up to 1 month after administration.!?°:!”! Case 
series also have shown that patients who have uremia and are 
given SPS are at increased risk for intestinal and colonic necro- 
sis.!?? The proposed mechanisms are osmotic mucosal injury and 
NOMI induced by fluid shifts, elevated serum renin values, and 
angiotensin-mediated vasoconstriction. When using SPS, creati- 
nine and urine output should be closely monitored.!! 
Magnesium citrate and sodium phosphate have been shown 
to cause CI,!7?!24 which can manifest with abdominal pain and 
diarrhea as quickly as within 1 hour of taking the medication. 
It is believed that rapid fluid shifts from the mesenteric circula- 
tion to the colonic lumen results in transient hypoperfusion and 
ischemia. Bisacodyl, a stimulant laxative, has been associated with 
CI in young healthy patients.!’> The mechanism of this disease 
is thought to be enhanced colonic motility resulting in decreased 
mucosal perfusion. Patients usually develop hematochezia and 
abdominal pain several hours after ingesting the drug. In patients 
with a history of CI, this medication is relatively contraindicated. 


NSAIDs 

NSAID-induced colitis manifests with abdominal pain, diar- 
rhea, and hematochezia, and occasionally with fever and weight 
loss.!?° It is associated with a colonoscopic and histologic appear- 
ance similar to CI. Injury induced by NSAIDs is believed to 
result from long-term use of the medication, with a consequent 
decrease of vasodilating prostaglandins and increase of vasocon- 
stricting leukotrienes. 


Psychotropic Medications 

First- and second-generation neuroleptic agents are associated 
with mild hypomotility of the GI tract and also CI. The mecha- 
nism is believed similar to that proposed for constipation-inducing 
agents. The French Pharmacovigilence Database assessed first- 
and second-generation neuroleptic agents and found that between 
1997 and 2006 there were 38 cases of CI associated with psychotro- 
pic medications. Clozapine, cyamemazine, levomepromazine, and 
haloperidol were the agents most frequently associated; patients 
on more than one antipsychotic medication were at increased risk 
for CI.!’7 Olanzapine, a second-generation neuroleptic medica- 
tion commonly used in the USA, also has been associated with 
mild episodes of CI that responded to conservative measures.!?° 
Quetiapine, a dopamine and 5HT-2 antagonist, when used in 
combination with other anticholinergic agents, has been associ- 
ated with severe CI and death.!’? These medicatiol6ns should be 
stopped or changed if a patient develops CI. 


Serotonin Agonists and Antagonists 

Serotonin (5-hydroxytryptamine, 5-HT) plays a critical role in 
modulating enteric neurotransmission and CNS signaling. The 
mechanisms for CI associated with serotonin agonists and antag- 
onists are unproved, although several possibilities have been put 
forth, including cross-talk among 5-HT receptors and 5-HT3- 
modulated neurotransmitter release, which is possibly aggravated 
in atherosclerosis. 130 
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Fig. 118.11 Colonoscopic views of deep ulcerations in a patient with 
Cl whose illness was misdiagnosed as Crohn disease (courtesy of 
Lawrence J. Brandt, MD, New York.) 


Sumatriptan, a 5-HT, serotonin receptor agonist used to treat 
migraine headaches, is an uncommon cause of CI. Its primary 
mechanism of action is intracranial vasoconstriction, but in patients 
with CI, it is believed to cause vasoconstriction of the colonic vas- 
cular bed as well.131:-132 Women are more commonly affected than 
men (although women are also at increased risk of migraine) and 
typically present with abrupt onset of abdominal pain and hemato- 
chezia approximately 2 days after starting the medication. If CI is 
suspected, the medication should be discontinued. 

Alosetron, a 5-HT ; antagonist used to treat IBS-D in 
women, was removed from the U.S. market in 2000 as a result 
of its observed association with CI. In 2002, Alosetron was 
reintroduced in a lower-dose physician-prescribing program 
for use in patients with IBS-D who had not responded to con- 
ventional therapies. Since its reissuance, the estimated inci- 
dence rate of CI during alosetron treatment is 1.53 cases per 
1000 patient-years.!** It is important to note that there is also 
an unexplained independent almost 4-fold increased risk of CI 
in patients with IBS.” Alosetron-induced CI is usually revers- 
ible and rarely has caused stricture or gangrene. As a result 
of the association between serotoninergic medications and 
CI, these medications should not be used in any patient at an 
increased risk of CI or in women with a history of an ischemic 
event in any vascular bed. Relative contraindications to its use 
include a history of hyperactive vascular disorders (migraine 
headaches) and history of DVT. 


Pathology 


Morphologic changes after CI vary with the duration and sever- 
ity of the injury.” The mildest injury is mucosal and submu- 
cosal hemorrhage and edema, with or without partial necrosis 
and ulceration of the mucosa. With more severe injury, chronic 
ulcerations, crypt abscesses, and pseudopolyps develop— 
changes that can mimic IBD (Fig. 118.11);!°* pseudomem- 
branes also may be seen.'*> One study considering 616 patients 
with pathologically proven CI showed that the most common 
pathologic findings were inflammation with PMNs, ulceration, 
fibrosis, and necrosis in 51.1%, 38.2%, 26.0%, and 20.6% of 
cases, respectively.!3° Ghost cells, which are pathognomonic 
for CI, were only seen in 0.2% of specimens.'*° With severe 
ischemia, the muscularis propria is replaced by fibrous tissue, 
forming a stricture. The most severe form of ischemic damage 
causes transmural infarction. 


Clinical Features and Diagnosis 


CI usually manifests with sudden abdominal cramping and 
mild, abdominal pain in the distribution of the segment of 


colon involved; an urgent desire to defecate; and passage within 
24 hours of bright red or maroon blood or bloody diarrhea.!*7 
Bleeding is not usually hemodynamically significant nor suf- 
ficient to require transfusion, but one prospective cohort study 
showed that 11.8% of patients presenting with severe hemato- 
chezia had CI.!8 Severe bleeding was seen more frequently in 
women, patients with severe lung disease, higher creatinine and 
glucose levels, and those on anticoagulation; 30-day outcomes for 
rebleeding, surgical intervention, and mean number of hospital 
days were worse for those with CI compared with other causes of 
LGIB.!?° In a Spanish study where isolated right-sided CI (RCI) 
was compared with other segmental distributions, IRCI was asso- 
ciated with less rectal bleeding, less abdominal pain followed by 
bloody diarrhea, more frequent nonbloody diarrhea, and more 
frequent abdominal pain without rectal bleeding.” Another study 
reconfirmed that patients with IRCI presented more often with 
lower abdominal pain than they did with rectal bleeding or bloody 
diarrhea.!*? A small portion of patients (10% to 16%) with CI are 
at risk for recurrent disease!*’ and interestingly, most of these 
patients are seropositive for IBD-immune markers. !40 

A large retrospective study of patients with biopsy-proven 
CI showed that no region of the colon is spared from involve- 
ment. A segmental pattern is seen most commonly and the left 
colon is affected most often (32.6%), followed by the distal colon 
(24.6%), and right colon (25.2%). Pancolonic and rectal involve- 
ment occur infrequently at 7.3% and 4.2% respectively*’; the 
segmental nature of CI has been reconfirmed in multiple other 
studies.””°! Although no specific etiology is associated with any 
specific anatomic distribution, pancolitis and IRCI are seen fre- 
quently in patients with sepsis.'*! In older reports, certain causes 
were believed to affect particular segments: local nonocclusive 
ischemia, the watershed areas (splenic flexure and rectosigmoid); 
ligation of the IMA, the sigmoid. The length of affected bowel 
can depend on the cause of CI: atheromatous emboli involve 
short segments, and nonocclusive injuries involve longer portions 
of colon. 

If CI is suspected, CT is used to verify the diagnosis, stage the 
disease, and evaluate for complications.!* If the CT scan shows 
only nonspecific findings—for example, a thick-walled segment 
of colon—other attempts should be made to confirm or exclude 
the diagnosis of CI.” One US study of patients older than 50 
years of age found that the triad of abdominal pain, rectal bleed- 
ing, and abdominal US showing a thickened segment of colon 
210 cm had a positive predictive value for CI of 87.5%, using 
colonoscopy with biopsy as the gold standard.!* In a separate 
study using US to predict CI severity, the same group found that 
patients with severe CI had less thick colonic walls and higher 
resistance to blood flow (e.g., resistive indices) than those with 
mild CI. Altered pericolic fat and pancolitis correlated with 
severe CI through multivariate analysis.!+* Further investigation 
is needed to detail the role of US in the evaluation of CI. MRI 
also shows promise as a diagnostic tool. A mouse model showed 
that the early phases and different levels of severity of CI might 
be well delineated by MRI.'*> When IRCI is identified, in con- 
trast to other segments of involved colon, further imaging of 
the mesenteric vasculature is typically recommended to rule out 
occlusive processes in the SMA. At minimum, the practitioner 
should call the radiologist to review the original portal-phase CT 
scan to carefully reassess these vessels for any vascular obstructive 
lesion that might be amenable to intervention. 

Currently, colonoscopy is the best test for assessment of CI and 
ideally should be performed within 48 hours of symptom onset on 
a cleansed colon. During colonoscopy, care should be taken not to 
overdistend the colon because high intraluminal pressure dimin- 
ishes intestinal blood flow! and can aggravate ischemic dam- 
age, particularly in patients with vasculitis.'*° Carbon dioxide is 
the gas of choice for insufflation, when available, for patients with 


Fig. 118.12 Colonoscopic equivalent of a radiologic thumbprint, 
caused by subepithelial hemorrhage and edema, in a patient with Cl. 


Fig. 118.13 Colonoscopic view of mucosal gangrene in a patient with 
Cl. The necrotic epithelium appears black against the relatively healthier 
tissue. 


suspected CI to minimize perforation risk, increase colon blood 
flow during insufflation,'*’ minimize ischemia resulting from 
insufflation, and ensure patient comfort after the procedure.!*7 
Colonoscopy is the preferred diagnostic mode because it is widely 
available, provides a means to obtain biopsy specimens to confirm 
the diagnosis, and (rarely) can establish causation. Hemorrhagic 
nodules seen at colonoscopy represent bleeding into the subepi- 
thelial tissues and are equivalent to thumbprints seen on barium 
enema studies (Figs. 118.12 and 118.15A). Segmental distribution 
of these findings, with or without ulceration, is highly suggestive 
of CI, but the diagnosis of CI cannot be made conclusively on the 
basis of a single examination unless mucosal gangrene is seen (Fig. 
118.13). A colonoscopic finding called the colon single-stripe sign has 
been described in patients with CI, and refers to a single line of 
erythema with erosion or ulceration oriented along the longitu- 
dinal axis of the colon (Fig. 118.14); it had a 75% histopathologic 
yield in making the diagnosis of ischemic injury and signified a 
milder course than did a circumferential ulcer.!4814 Segmental 
disease, rectal sparing, and rapid spontaneous evolution usually 
resulting in resolution of disease are characteristics of CI. In one 
study, colonoscopic findings of CI were retrospectively classified 
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Fig. 118.14 Colonoscopic view of a Single Stripe Sign, which may be 
found in the descending colon of patients with Cl and portends a good 
prognosis. 


as either mild (e.g., redness, erosions) or severe (e.g., longitudi- 
nal or circumferential ulceration) and then compared. Those with 
findings of severe disease presented more frequently with abdomi- 
nal pain, had higher C-reactive protein levels, and a longer average 
length of hospital stay. Ischemic heart disease and connective tissue 
disease were independent predictors of colonoscopic findings and 
consistent with severe disease.!*° In addition to colonoscopic find- 
ings, disease severity can be predicted serologically with elevations 
in WBC, BUN, and LDH or decreases in albumin, hemoglobin, 
sodium, or bicarbonate.'*’ Procalcitonin, a precursor to calcitonin 
that has been shown to be elevated with inflammation and sep- 
sis, correlates with the presence and extent of necrosis in patients 
with severe CI and also correlates with colonoscopic severity of 
disease.!*!1>? A procalcitonin level >5 ug/L could be used to direct 
the patient to surgical management.|*” Initial colonoscopy ideally 
should be performed within 48 hours, because thumbprinting dis- 
appears within days as the subepithelial hemorrhages are resorbed 
and the overlying mucosa sloughs. Colonoscopy or CT imaging 
performed 1 week after the initial study should reflect evolution 
of the injury—either normalization of the colon or replacement 
of the thumbprints with a segmental colitis-type pattern (Fig. 
118.15). Universal colonic involvement, however, favors UC, 
whereas fistula formation suggests Crohn disease. Occasionally, 
an abundant inflammatory response can produce heaping up of 
mucosa and submucosa that resembles a neoplasm (Fig. 118.16). 

At the time of symptom onset, colon blood flow typically has 
returned to normal and, therefore, mesenteric angiography usually 
is not indicated. An exception to this rule is when the clinical presen- 
tation does not allow a clear distinction to be made between CI and 
AMI or perhaps when only the ascending colon is involved. Admin- 
istration of air or carbon dioxide during flexible sigmoidoscopy or a 
limited colonoscopy can be used to reveal proximal thumbprinting 
not otherwise visible on abdominal plain films; thumbprints stand 
out as relatively radiodense nodules against the radiolucency of the 
administered air or gas. Nodules in the left colon or throughout the 
colon imply CI, whereas nodules isolated to the ascending colon 
suggest the possibility that CI reflects otherwise silent SMA disease 
and the need to evaluate the mesenteric vasculature. 


Clinical Course and Treatment (Fig. 118.17) 


Determining the severity of the disease should direct man- 
agement of patients with CI. In the 2015 American College of 
Gastroenterology guideline for the diagnosis and management of 
CI, it was recommended that patients be classified as having mild, 
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Fig. 118.15 Films from serial barium enema examinations in a patient with reversible ischemic damage to the 
transverse colon and splenic flexure. A, Initial study shows dramatic thumbprints (arrows) throughout the area 
of involvement. B, 11 days later, the thumbprints have resolved, and the involved colon has the appearance 
of segmental colitis. C, 5 months after the onset, the colon has returned to normal. The patient was asymp- 
tomatic by 3 weeks after the onset of her illness. (From Boley SJ, Schwartz SS. Colonic ischemia: reversible 
ischemic lesions. In: Boley SJ, Schwartz SS, Williams LF, editors. Vascular disorders of the intestines. New 


York: Appleton-Century-Crofts; 1971. p 589.) 


Fig. 118.16 Colonoscopic view of Cl resembling neoplasia in a patient 
with metastatic cancer treated with interleukin-2 and interferon-a. The 
inflamed, edematous mass was thought to be due to cecal neoplasia. 
The lesion resolved spontaneously after just 5 days. (From Sparano JA, 
Dutcher JP, Kaleya R, et al. Colonic ischemia complicating immuno- 
therapy with interleukin-2 and interferon-a. Cancer 1991;68:1538.) 


moderate, or severe disease based upon risk factors associated with 
30-day colectomy or mortality. Mild disease is defined by typical 
symptoms of CI with a segmental colitis not isolated to the right 
colon and with none of the commonly associated risk factors for 
worse outcome that are seen in moderate disease. Moderate disease 
includes patients with up to 3 risk factors associated with poor 
outcome including male gender, abdominal pain without hemato- 
chezia, hypotension, tachycardia, WBC >15 x 103/L, Hgb <12.0 
g/dL, BUN >20 mg/dL, serum sodium <135 mEq/L, LDH >350 
U/L, or colonic mucosal ulceration identified colonoscopically. 


Severe disease is defined as >3 of the risk factors associated with 
moderate disease or patients with peritoneal signs on physical 
examination, linear pneumatosis or portal venous gas on CT 
scan, gangrene on colonoscopy, and pancolonic or isolated right 
colonic segmental distribution on imaging or colonoscopy.!*’ 

In patients with mild disease, treatment is expectant. Par- 
enteral fluids are administered and the bowel is placed at rest. 
Because ischemic bowel injury is believed to be least damaging in 
these patients and risk of bacteremia is thought to be low, anti- 
microbial treatment is not recommended. If the patient does not 
rapidly improve with conservative measures, then a colonoscopy 
should be considered. 

When patients meet criteria for moderate disease, they should 
receive standard conservative therapy and broad-spectrum anti- 
biotics to “cover” the fecal flora because in experimental models, 
antibiotics reduce the extent and severity of bowel damage. No 
randomized, controlled, blinded trials have been done, however, 
to prove the validity of this recommendation.!*’ An electrocar- 
diogram, Holter monitoring, and transthoracic echocardiogram 
should be obtained to exclude or confirm a cardiac source of embo- 
lism. Cardiac failure and arrhythmias should be treated, and medi- 
cations that may cause mesenteric vasoconstriction withdrawn. If 
the colon appears distended, it is decompressed with a rectal tube. 
Serial imaging tests or endoscopic evaluations of the colon and 
continued monitoring of the Hgb, WBC count, and electrolyte 
levels are indicated until the patient’s condition stabilizes. 

Patients with severe disease should be transferred to the ICU 
where conservative measures including antimicrobials should be 
initiated along with an expedited assessment. Increasing abdom- 
inal tenderness and guarding, rising temperature, and paralytic 
ileus indicate colonic infarction and mandate immediate lapa- 
rotomy and colon resection, if appropriate. At operation, muco- 
sal injury may be extensive, despite normal-looking serosa, and 
the extent of resection should be guided by the distribution of 
disease as seen on preoperative studies rather than the appear- 
ance of the serosal surface of the colon at the time of operation. 
The most common surgical procedures include total/sub-total 
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Algorithm for the management of patients suspected of having colonic ischemia 


Clinical assessment, vital signs, bloodwork (WBC, Hgb, BUN, electrolytes, LDH) 


Moderate Disease Severe Disease 


Any patient suspected of Cl with up to 3 of 
the risk factors associated with poor outcome.* 


CT of the abdomen and pelvis 


IRCI (on CT or 
colonoscopy) 


Consider CTA 
or MRA 
Mesenteric y Surgical 
mao evaluation 


Occlusion Occlusion 
relieved not relieved 


Mild Disease 


Typical symptoms of CI 
with none of the 


Any patient suspected of CI with more than 3 

of the criteria for risk factors for poor outcome * 

or any of the following: peritoneal signs on physical 
exam ination, pneumatosis or portal venous gas 


commonly associated 
risk factors for poor 
outcome* 


on radiologic imaging, gangrene on colonoscopic 
examination, pan-colonic involvement or IRCI on 
imaging on colonoscopy or CT 


Non-IRCI 


CT of the abdomen 
and pelvis 
=D Abnormal 
Consider colonoscopy 
and biopsy 
Consistent with CI 


No 4 
: Ulceration 
ulceration 


Observation and 
supportive care 


Consider CTA, MRA or 
mesenteric angiography 


Vascular 
occlusion 


Consider 


colonoscopy and 
biopsy 


Transfer to intensive 
care unit 


Emergent surgical 
consultation 


Supportive care, correction of cardiovascular 
abnormalities, volume replacement, broad 


: spectrum antimicrobials 
Supportive care, 


correction of 
cardiovascular 
abnormalities, 
volume 
replacement, 
broad spectrum 
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*Risk factors associated with poor outcome: Male gender, hypotension (SBP < 90 mm Hg), tachycardia (HR > 100 beats per minute), 
abdominal pain without rectal bleeding, WBC > 15 x 10° /L, Hgb < 12 g/dL, 


BUN > 20 mg/dL, serum sodium < 136 mmol/L, LDH > 350 U/L 


Fig. 118.17 Algorithm for the management of Cl. (From Brandt LJ, et al. ACG Clinical Guideline: epidemiology, 
risk factors, patterns of presentation, diagnosis, and management of colon ischemia (Cl). Am J Gastroenterol 


2015;110:18-44.) 


colectomy, right hemi-colectomy and segmental colectomy.!*? 
Only the affected areas of colon need be removed. The clinical 
features most frequently associated with mortality when opera- 
tive intervention is required are low output heart failure (e.g., 
cardiac ejection fraction <20% on echocardiogram), acute kid- 
ney injury, sub-total/total colectomy, a serum lactate level >2.5 
mmol/L and pre- and intra-operative catecholamine adminis- 
tration.!37 

In more than half of patients with CI, the disease is revers- 
ible. Generally, symptoms resolve within 48 to 72 hours and the 
colon heals in 1 to 2 weeks. With severe injury, it may take 1 to 
6 months for the colon to heal; however, during this time the 
patient is usually asymptomatic. Symptoms that persist for >2 
weeks are associated with a higher incidence of acute complica- 
tions and irreversible disease: gangrene and perforation, segmen- 
tal colitis, or stricture. 


Gangrene 


Abdominal tenderness with fever and signs of peritonitis suggest 
infarction and the need for emergent laparotomy. 


Segmental Colitis 


Segmental colitis may be seen with any of the following clini- 
cal patterns: recurrent fever and sepsis; continuing or recurrent 
bloody diarrhea; and persistent or chronic diarrhea with protein- 
losing colopathy. Patients who are asymptomatic or minimally 
symptomatic but have endoscopic evidence of persistent disease 
should undergo follow-up colonoscopy to determine whether 
the colitis is healing, becoming chronic, or forming a stricture. 
Recurrent fever, leukocytosis, and septicemia suggest a segment 
of unhealed colitis is providing a portal of entry for colonic bac- 
teria which, if found, mandates its elective resection. Patients 
with persistent diarrhea, bleeding, or protein-losing colopathy of 
more than 2 weeks’ duration are at high risk of perforation or 
stricture formation, and segmental resection is indicated. Patients 
who present with segmental colitis are frequently misdiagnosed 
as having IBD. Response to oral corticosteroid therapy usually is 
poor and may be associated with an increased incidence of per- 
foration. Success has been achieved with fatty acid enemas and 
corticosteroids given per rectum (Dr. L. Brandt, personal obser- 
vation). Patients whose symptoms cannot be controlled medically 
should have a segmental resection, which usually is curative. 
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Ischemic Stricture 


Ischemic strictures that produce no symptoms can be observed. 
Some resolve over 12 to 24 months with no therapy. CT might offer 
one way of characterizing these strictures and one study found that 
they occur most commonly in the “watershed zones” having a sin- 
gle area of concentric wall thickening that is approximately 7 cm in 
length.!>+!>> Of course, resection is required for strictures that cause 
obstruction. Despite the limited number of studies and small-case 
series looking at dilation and stent placement as a temporizing mea- 
sure or as a bridge to a surgical procedure, these techniques show 
promise in the treatment of benign ischemic strictures. 


Universal Fulminant Colitis 


Sudden onset of a toxic colitis picture with signs of peritonitis 
and a rapidly progressive course are typical of universal fulmi- 
nant colitis, a rare variant of CI. Total abdominal colectomy with 
ileostomy usually is required. 


Outcome Associations in Cl 


Knowledge of the risk factors associated with poor outcome in 
patients with CI should guide classification of disease as mild, mod- 
erate, or severe and help determine the most appropriate course of 
treatment (see Fig 118.17).!°” One meta-analysis of 22 studies includ- 
ing 2283 patients showed that male gender, lack of rectal bleeding, 
tachycardia, peritonitis, shock, or arterial hypotension and IRCI are 
associated with poor prognosis.!°° The criteria for moderate and 
severe disease described earlier (see Clinical Course and Treatment) 
outline a variety of factors from multiple studies showing that cer- 
tain patterns of disease distribution, medical comorbidities, physical 
examination findings, serologic abnormalities, and radiologic imag- 
ing findings characterize CI and demand a lower threshold for more 
aggressive treatment and intervention. The prognostic criteria in the 
ACG Guidelines were based on past studies and developed under 
expert opinion. One retrospective study showed that of 183 patients 
with CI, no patients with 2 or fewer of these risk factors died from 
complications, but short-term mortality risk increased significantly 
with 3 or more risk factors.!°’ Considered together, these outcome 
factors appear important, although further study of them and pos- 
sible revision are still warranted. 


Special Clinical Problems 
lsolated Ischemia of the Right Colon 


Ischemia that is isolated to the right side of the colon [RCD has been 
shown to occur in ~25% of cases, an incidence more than twice the 
conventionally accepted incidence of 8% to 10%.°°-°! This pattern is 
more likely than any other to be associated with coronary artery dis- 
ease and chronic kidney disease requiring hemodialysis.*”!>* Patients 
with IRCI tend to present differently than others with CI, having 
less frequent rectal bleeding and abdominal pain followed by bloody 
diarrhea, but more frequent peritonitis, acute abdominal pain with- 
out rectal bleeding, and nonbloody diarrhea.””!*? IRCI clinically 
mimics a less severe form of AMI. In one case series of 65 patients 
with IRCI, 10 had concurrent AMI, all of whom required surgical 
management; they had a mortality of 90%. Of patients with IRCI 
and no small bowel involvement, 40% required surgical manage- 
ment and had a mortality rate of 27.2%; the remainder were treated 
conservatively and 6.1% died within 30 days.'* When considering 
SMaA-related ischemia, the severity of outcome correlates with the 
extent and distribution of affected bowel, with AMI+IRCI having 
worse outcomes than the cohort of IRCI without AMI. All patients 
with IRCI are at greater risk of short-term colectomy or mortality 
than are patients with CI affecting colon within the distribution of 
the IMA.'* Because the SMA supplies blood to the right side of the 


Fig. 118.18 Film from a barium enema demonstrating a narrowed seg- 
ment of Cl (upper arrow) proximal to a carcinoma in the distal sigmoid 
(lower arrow). The area of colon between the carcinoma and the isch- 
emic segment (typically) is normal. (From Boley SJ, Brandt LJ, Veith FJ. 
Ischemic disorders of the intestines. Curr Probl Surg 1978;15:1.) 


colon—as well as to the small intestine—and because patients with 
IRCI may have it as the heralding presentation of otherwise silent 
SMA obstructive disease, we recommend evaluating the splanchnic 
vasculature in all patients with IRCI. CTA or MRA is recommended 
to identify patients at risk for AMI and, if an SMA occlusion is found, 
revascularization should be strongly considered. A subsequent MRA 
may not be necessary if the radiologist re-reviews the original portal 
venous phase CT. One study found that such re-review focusing on 
the mesenteric vasculature commonly provided an adequate assess- 
ment of the SMA and IMA with little additional information gained 
by a second imaging study focusing on the splanchnic vasculature. 160 
IRCI is an exception to our general practice of not evaluating the 
splanchnic vascular system in a patient with CI. 


Cl in Patients With Carcinoma of the Colon and Other 
Potentially Obstructive Lesions 


Less than 5% of patients with CI have a distal and potentially 
obstructing lesion or disorder of the colon, including carcinoma, 
diverticulitis, volvulus, fecal impaction, postoperative stric- 
ture, prior ischemic stenosis, or radiation stricture. Typically, 
the associated lesion is distal, and there is a segment of normal 
colon between the distal lesion and the proximal segment of CI 
(Fig. 118.18). The mechanism of this association likely involves 
increased intracolonic pressure proximal to the lesion with resul- 
tant decreased colon blood flow and mucosal-to-serosal shunting 
of blood, although explanation of the area of normal colon pin 
between the distal potentially obstructing lesion and the proximal 
segment of CI is unknown.! It is important to be aware of this 
association because if an anastomosis following colon resection is 
done for neoplasia and is created in an area of CI, it is likely that 
anastomotic leakage or suture disruption could occur. 


Colonic Ischemia in Irritable Bowel Syndrome 


CI occurs 2.75 to 11 times more frequently in the presence of IBS 
than without it.'°! Although some believe that patients with IBS 
visit their doctor more frequently and, therefore, are more likely 
to have CI diagnosed than the general population, others hypoth- 
esize there is a common pathophysiology in patients with IBS, 
such as hypersensitivity of the colonic vasculature, autonomic 
hyper-responsiveness, or differences in the sensitivity of sero- 
tonin receptors.'°? Clinical studies and experimental models have 
shown that alosetron, a serotonin receptor antagonist used to treat 
IBS-D in women, increases risk for CI.16-16+ The incidence of CI, 
however, has been shown to be higher in IBS patients regardless 
of therapy used.!°° More studies, better data, and a greater under- 
standing of the mechanisms of actions of serotoninergic agents 
are needed to further elucidate any such association. 


Colonic Ischemia Complicating Aortic Surgery 


In the era of endovascular repair for abdominal aortic aneurysmal 
disease (AAA), it is estimated that CI complicates 2.2% to 2.9% of 
all-cases with an incidence of ~2% for the endovascular approach, 
5% for open procedures, and an overall mortality estimated at 
38.7% to 52%, !97:168 One meta-analysis found that an endovascu- 
lar repair reduced the postoperative risk of CI by 78% compared 
with an open surgical approach.!©? A meta-analysis of 13 studies 
comparing elective open surgical intervention with endovascular 
AAA repair showed that open surgery was associated with consis- 
tently higher risks of CI, with an odds ratio of 2.7.17? Risk factors 
for CI in these patients include intra- or postoperative transfu- 
sion, rupture of the aneurysm before surgery, renal failure requir- 
ing hemodialysis, proximal extension of the aneurysm, and female 
gender.!°’ Mortality is strongly correlated with patient age and 
the need for surgical intervention for the CI.!° 

Because postoperative CI is serious and difficult to diagnose 
early, colonoscopy should be performed within 2 to 3 days after 
surgery for a ruptured AAA or in patients with a prolonged 
cross-clamping time, a patent IMA on preoperative aortography, 
nonpulsatile flow in the hypogastric arteries during surgery, or 
postoperative diarrhea.!”! If CI is identified, oral feeding and liq- 
uids should be stopped and broad-spectrum antibiotic therapy 
begun. Clinical deterioration requires reoperation. At surgery, all 
ischemic colon must be resected. 


CHRONIC MESENTERIC ISCHEMIA (INTESTINAL 
ANGINA) 


CMI is uncommon and accounts for <5 % of intestinal ischemic dis- 
orders; it is most commonly caused by mesenteric atherosclerosis 
(35% to 75%), although rare causes such as median arcuate liga- 
ment syndrome, collagen vascular disease, and inflammatory vascu- 
lopathy are known.!”" A subset of patients with CMI have NOMI, 
most commonly resulting from a chronic low flow state such as heart 
failure or decreased oxygen delivery from pulmonary disease.!”? In 
one Scandinavian study, the incidence of CMI was estimated to be 5 
to 6 per 100,000, with a prevalence of 30 per 100,000.17 

The presence of mesenteric artery stenosis (MAS) does not 
imply that abdominal pain or other GI symptoms is due to CMI, 
because atherosclerosis and abdominal pain are so common in the 
aged population and numerous collateral pathways are available 
to maintain blood flow, especially with chronic vascular occlu- 
sion; this makes CMI challenging to diagnose. One study that 
addressed the prevalence of MAS in an older adult but asymptom- 
atic population found that 17.5% had MAS defined by visceral 
duplex US, of which 86% had isolated celiac artery (CA) steno- 
sis, 7% had combined celiac and SMA stenosis, 5% had isolated 
SMA stenosis, and 2% had all 3 vessels occluded.!’+ In a review 
of symptomatic patients with CMI, 91% had occlusion of at least 
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2 vessels and 55% had involvement of all 3; 7% and 2% had 
isolated occlusion of the SMA and CA, respectively.!”> There- 
fore, the presence of splanchnic vascular occlusion(s) cannot be 
assumed to be causing ischemic symptoms and most patients with 
symptomatic CMI have involvement of at least 2 vessels. 

Most cases of CMI are caused by atherosclerotic disease but 
the risk factor profiles for cardiac and cerebrovascular disease dif- 
fer from those of CMI. One study out of Western Europe showed 
that splanchnic atherosclerotic disease has a much higher female 
preponderance, with less frequent hypertension, hyperlipidemia, 
diabetes, and obesity.!”° In a cohort of 436 consecutive patients 
from the Netherlands who presented with suspected CMI, 39% 
had confirmed disease, with the strongest predictors of CMI 
being female gender, weight loss, concomitant cardiovascular 
disease, duration of symptoms, and stenosis of both the CA and 
SMA.!77 

Abdominal pain, the most typical symptom of CMI, is likely 
caused by ischemia of the small intestine when blood is “stolen” 
from this organ to meet the increased demand for gastric blood 
flow as food enters the stomach.!’° This explanation of why pain 
occurs so soon after eating, when food still remains in the stom- 
ach, is preferable to that of a fixed and limited blood supply inca- 
pable of meeting the increased metabolic demands of the small 
intestine during digestion. Experimentally, at least under acute 
conditions, vascular “steals” within the splanchnic circulation are 
unlikely unless flow through both the CA and mesenteric arteries 
is compromised. 17° 


Clinical Features 


The cardinal clinical feature of CMI is abdominal cramping or 
discomfort that usually initially occurs within 30 minutes after 
eating, gradually increases in severity, and then slowly resolves 
over 1 to 3 hours. Abdominal pain has been reported in over 90% 
of patients with CMI.!7>180 Although mild initially, abdominal 
pain progressively increases in severity over weeks to months. 
The association of pain with meals leads to fear of eating (sito- 
phobia), with resultant weight loss. Diarrhea has been observed 
in 7% to 35% of patients. This was once believed to be a sign 
of end-stage CMI, but it also has been observed earlier in the 
disease course.!®! Nausea, bloating, or constipation can occur, 
but it is the weight loss and intimate relation of the abdominal 
pain to the meals that characterize this syndrome. Early in the 
course of disease, if patients do not eat, they remain pain free; 
pain occurs only after eating or during a meal. Later, pain occurs 
earlier in the meal, lasts longer, is more severe and can become 
continuous, an occurrence that portends intestinal infarction. !” 
This presentation is now referred to as “acute on chronic” mes- 
enteric ischemia. One study found that 100% of patients with 
CMI presented with some abdominal pain, 78% of which was 
postprandial; 68% had weight loss with a mean loss of 23 + 12 
pounds; 13% had nausea and vomiting; 13% had constipation or 
diarrhea; and 8% presented with LGIB. Uncommon presenta- 
tions of CMI include antral ulcerations that do not heal on PPI 
therapy; gastroparesis (that resolves after revascularization); and 
acalculous cholecystitis. Physical findings are usually limited, but 
patients with advanced disease can appear cachectic. The abdo- 
men typically remains soft and nontender even during painful 
episodes; distention may be appreciated. An abdominal bruit is 
common but nonspecific. 


Diagnosis 


Diagnosis of CMI is difficult because of the vague nature of the 
complaints and the lack of a specific diagnostic test. Abdominal 
plain films and CT scans are usually normal, although vascular 
calcification may be present. Endoscopic inspection of the GI 
tract usually reveals it to be normal, and random biopsies of the 
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UGI tract show only nonspecific abnormalities. Rarely, radio- 
nuclear emptying tests may show delayed gastric emptying. US, 
MRA, and even traditional mesenteric angiography just reveal 
morphologic abnormalities and anatomic limitations to splanch- 
nic blood flow; they cannot establish the presence or absence of 
intestinal ischemia. Angiography remains the gold standard but 
CTA is now the imaging modality of choice for CMI due to 
its availability, and excellent sensitivity and specificity.'°? MRA 
is an accurate diagnostic test for CMI, but one study compar- 
ing CTA with MRA showed that CTA achieves higher qual- 
ity imaging resulting in a more accurate assessment.!*? Harki 
et al. modeled the diagnostic ability of clinical symptoms alone 
compared with clinical symptoms combined with CTA or MRA; 
the combination of the imaging with clinical presentation was 
shown to be essential for accurate diagnosis of CMI.!77 

Duplex US can be used to identify splanchnic artery stenoses 
but not to establish the diagnosis of CMI.!** The peak systolic 
velocity and end-diastolic velocity can be used to predict presence 
of a <50%, 50% to 70%, or >70% stenosis in the CA or SMA. 18+ 
Elevated peak systolic velocity in the CA and SMA of 200 and 
275cm/sec, respectively, is a reliable sign of at least 70% stenosis 
of these vessels. Duplex US and phase-contrast cine MR imag- 
ing of the CA and SMA have been used to measure the effect of 
eating on mesenteric blood flow, all based on the principle that 
under normal conditions, eating increases blood flow to the small 
intestine, whereas in CMI, this fails to occur; however, at lesser 
degrees of vascular stenosis, postprandial studies are no better 
than fasting examinations.!*° 

The main challenge in diagnosing CMI is combining the 
often subtle clinical presentation of disease with the imaging 
abnormalities that support but do not clinch the diagnosis. In 
many circumstances, highly sensitive imaging is performed in 
the setting of abdominal pain, a single- vessel occlusion is seen, 
and the patient is referred for possible intervention. Single-ves- 
sel occlusions rarely produce symptomatic disease and some of 
these patients undergo invasive procedures inappropriately. To 
more accurately diagnose CMI, functional testing to determine 
the adequacy of blood flow is now being developed, although 
these methods are not widely available. There are 2 such available 
techniques: (1) visible light spectroscopy (VLS); and (2) gastric 
tonometry exercise testing (GTET). VLS uses white light deliv- 
ered by an endoscopic fiberoptic probe to measure intramucosal 
O; saturation. This technique relies upon the marked difference 
in spectra between oxygenated and deoxygenated hemoglobin 
to detect ischemia.!*° GTET uses a specialized tonometric bal- 
loon catheter and peripheral arterial catheter or needle stick 
to obtain gastric juice and arterial blood respectively from a 
fasting patient who has been pretreated with acid-suppression 
medication and then undergoes a standard exercise protocol. 
Determination is made of the gastric-arterial PCO, gradient 
before, during, and after exercise. An increase in the gradient 
after exercise is an indicator of GI ischemia.!*° One study looked 
at the most common ways to diagnose CMI, including history, 
imaging (e.g., CT, MR, angiography), and GTET. Each patient 
underwent all 3 diagnostic tests, and results showed that clinical 
features provided limited diagnostic yield on their own, whereas 
mucosal perfusion analysis with tonometry provided the great- 
est diagnostic ability. Overall, the combination of history, radio- 
logic imaging, and tonometry was most accurate in diagnosing 
CMI,.!87 

Despite VLS and GTET being very useful techniques to 
diagnose CMI, they are not available at most centers. Leukocyte 
counts, LDH levels, and CRP levels do not differentiate those 
with and without CMI, but postprandial slight elevations of 
L-lactate and D-dimer are significantly elevated in patients with 
CMI.!® When positive, these serologic tests favor a diagnosis of 
CML, but further assessment is needed to identify their reliability 
to diagnose CMI. 
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Fig. 118.19 Algorithm for the management of chronic mesenteric isch- 
emia. Solid lines indicate conventional management plan; dashed lines 
indicate alternative management plan. (Modified from Brandt LJ, Boley 
SJ. AGA technical review on intestinal ischemia: American Gastrointes- 
tinal Association. Gastroenterology 2000;118:954.) 


Surgical 


revascularization 


In the absence of any widely available, specific, and reliable 
diagnostic test, diagnosis of CMI is based on clinical symptoms in 
combination with radiologic demonstration of an occlusive pro- 
cess of the splanchnic vessels, and, to a great measure, the exclu- 
sion of other GI disorders. Angiography should show occlusion 
of 2 or more splanchnic arteries to allow the diagnosis of CMI, 
however, such occlusions, even of all 3 vessels, do not by them- 
selves make the diagnosis of CMI, because they may be present 
without corresponding clinical symptoms. 


Treatment 


CMI is not considered to require urgent therapy unless the pat- 
tern of postprandial abdominal pain changes to become continu- 
ous, an occurrence that implies threatened bowel infarction. A 
patient with the typical pain of CMI and unexplained weight loss 
whose diagnostic evaluation has excluded other GI disease and 
whose angiogram shows occlusive involvement of at least 2 of the 
3 major arteries should undergo revascularization (Fig. 118.19). 

Surgical revascularization has been the traditional method of 
therapy for patients with CMI, but percutaneous transluminal 
mesenteric angioplasty (PTMA) alone or with stent insertion is 
now used as primary or secondary therapy as well. The results of 
surgical revascularization for CMI vary, depending on the nature 
of the operations used, the number of vessels revascularized, and 
whether concurrent operations such as aortic reconstruction are 
performed. 

The true efficacy of surgical revascularization and PTMA is 
difficult to determine because of the varied criteria used by dif- 
ferent investigators to define a successful outcome. Thus, some 
authors use graft or vessel patency rates, whereas others define 
success by relief of symptoms, recurrence rates, or long-term 


survival. The clinical efficacies of both endovascular and surgical 
intervention are actively being assessed. In one academic medical 
center in Michigan, 38 patients underwent endovascular inter- 
ventions and 77 patients had open surgical procedures. Postop- 
erative complications, 30-day morbidity, and mortality did not 
differ between groups. The surgical intervention group had better 
primary and secondary patency rates.!*° This single-center study 
showed that surgical interventions seem to be just as safe as endo- 
vascular but with enhanced vascular patency. An analysis of the 
U.S. Nationwide Inpatient Sample (USNIS) between 2000 and 
2014 showed that 70.6% of patients were treated endovascularly 
and 29.4% surgically. After adjustment for various clinical and 
hospital factors, the surgical cohort had higher mortality, longer 
length of stay, and higher cost of hospitalization.!”? There is a 
national trend toward greater use of endovascular interventions, 
and these less invasive techniques seemed to be safer and less 
expensive. When success is defined by relief of symptoms, surgi- 
cal revascularization is successful in 84% to 94% of patients, with 
recurrence rates of 7% to 14%. An earlier retrospective study of 
2128 patients from the 2000 through 2006 USNIS showed that 
surgical intervention for CMI had morbidity and mortality rates 
of 38% and 13%, respectively. The major complications of sur- 
gical revascularization included acute renal failure (11%), bowel 
infarction requiring resection (8%), cardiac arrest (6%), respi- 
ratory complications (5%), myocardial infarction (5%), and GI 
hemorrhage (3%).!?! 

PTMA is a less-invasive technique that is being increasingly 
used for patients with CMI. Following stent placement, patients 
usually require clopidogrel and aspirin for 1 to 3 months to allow 
for endothelialization of the endovascular stent. There are cur- 
rently no well-controlled studies that assess optimal anticoagu- 
lation durations for patients who underwent PTMA with stent 
placement. 

When considering the PTMA approach, there are several 
factors that must be taken into account, including differences in 
postprocedural complication rates, the ability to achieve techni- 
cal success, and probably the most important, whether patients 
have symptomatic relief following the intervention. The main 
complications from endovascular intervention occur at the sites 
of vascular access and include thrombosis, dissection, and hemor- 
rhage. Complications from treatment of the primary thrombosis 
are less frequently seen, with dissection and distal embolization 
being most common. Overall, these complications occur in 2% to 
13% of patients. Acute renal failure (6.0%), infarction requiring 
bowel resection (3.0%), and acute myocardial infarction (3.0%) 
are the most common systemic complications observed.!?! Post- 
procedure complications following endovascular intervention 
occur less frequently than they do after surgery. Lima et al. used 
the USNIS data to identify patients with CMI between 2007 and 
2014 and showed that major cardiac and cerebrovascular events 
were observed less frequently following endovascular interven- 
tion than after surgical procedures.!”? Clearly, not all patients 
who are treated with PTMA have symptomatic improvement. 
Rajaratnam et al. reported their center’s experience with endo- 
vascular treatment of CMI (e.g., angioplasty with or without 
stenting) in 45 patients in the United Kingdom between 2006 
and 2016; 64.4% had complete resolution of their symptoms, 
13.3% had partial resolution, and 22.2% had no improvement. 1” 
Thomas et al. detailed a cohort of 13 patients in India with CMI, 
all treated with PTMA; 12 of 13 were technically successful and 
of those whose intervention was successful, 100% had complete 
resolution of symptoms.'*t Guo et al. retrospectively assessed 32 
Asian patients with CMI who underwent endovascular interven- 
tion, noting a 68.8% rate of complete symptomatic improvement 
and 21.9% rate of partial improvement. Symptomatic recurrence 
was 84.0% at 3 years.!?> PT'MA shows significant promise to alle- 
viate symptoms of CMI less invasively, but still seems to have 
lower efficacy for sustained symptomatic improvement compared 
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with surgical management. As experience has grown with PTMA 
this option has seen increased popularity, greater technical suc- 
cess, and fewer complications. 

The decision of whether a patient should undergo surgical 
revascularization or percutaneous endovascular intervention is 
obviously an important one. A review of 43 articles including 
1795 patients over 25 years showed that perioperative length of 
hospital stay, morbidity, and mortality were lower in those who 
underwent endovascular therapy, with no difference in survival, 
although patency rates were higher and recurrence of symptoms 
were lower after open operative intervention compared with 
PTMA.'*° Previously, patients who underwent PTMA were 
those with high-risk medical comorbidities, or PTMA was used 
as a bridge to surgery, although with advances in surgical tech- 
nique and increased usage, patients who previously would only 
be considered for PTMA now would be candidates for surgi- 
cal revascularization. Patients currently selected for surgery are 
more likely to have higher risk lesions and more complicated 
disease, which probably explains part of the increased mortality 
rate in this group. To date, no head-to-head prospective trials 
of patients randomized to either PTMA or surgical intervention 
have been published. Patients with CMI who are younger and 
otherwise relatively healthy should be considered for surgical 
intervention as first-line therapy given the decreased frequency 
of restenosis and better long-term patency rates. Initial treatment 
should be based upon the patient’s age, medical comorbidities, 
and local expertise where treatment will be provided. 


VASCULITIS AND ANGIOPATHY OF THE SPLANCHNIC 
CIRCULATION 


Inflammation and necrosis can affect splanchnic blood vessels of 
all sizes: arteries, arterioles, the vasa rectae, veins, and venules. !°6 
Symptoms depend on the size of the involved vessel and may be 
indistinguishable from AMI caused by emboli or thrombosis or 
FSI caused by cholesterol emboli; associated systemic features 
such as renal failure, cutaneous nodules, and pulmonary infil- 
trates suggest a systemic disorder. 

The arteries, arterioles and vasa rectae all may be affected in 
systemic vasculitides. With vasculitis, ischemic injury typically 
involves short segments of the intestine. Abdominal pain, fever, 
GI bleeding, diarrhea, and obstruction are common occurrences 
with vasculitis, as are ulceration and stricture formation; with 
small-vessel involvement, perforation is less common than it is 
with larger vessel involvement. 

Isolated GI tract vasculopathy is a new entity recently reported 
in the literature. Affected patients do not have systemic disease 
but rather present with only GI ischemia induced by the vascu- 
litis. In one case series of 8 patients, these primary vasculopa- 
thies included enterocolic lymphocytic phlebitis and idiopathic 
myointimal hyperplasia (described earlier).!°7 Further research 
is needed in this area. Typically, vasculitis is caused by immune 
complex deposition in the vascular wall, which leads to activation 
of the complement system and an inflammatory reaction; aneu- 
rysm formation, vessel rupture and bleeding, vascular occlusion, 
thrombosis, or fibrosis can ensue. 

One retrospective study of 6477 patients with vasculitis who 
presented to a Korean hospital between 1990 and 2013 found 
that 148 (2.3%) had primary UGI involvement with 14.2%, 
11.5% and 74.3% having large, medium, and small vessel vascu- 
litis, respectively.!°* GI symptoms were seen in 76.4% of cases, 
the most common (78.8%) of which was abdominal pain. In these 
Asian patients, IgA vasculitis (Henoch-Schonlein purpura) was 
the most common variety (56.8%), followed by Takayasu arte- 
ritis (14.1%), microscopic polyangiitis (10.1%), and polyarteri- 
tis nodosum (6.8%).!°° Henoch-Schonlein purpura is estimated 
to involve the digestive tract in up to 90% of affected patients. 
Polyarteritis nodosa, allergic granulomatous angiitis (formerly 
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Churg-Strauss syndrome), and SLE have GI involvement in up 
to 50% of patients. 30% of those with Behçet syndrome manifest 
GI involvement, whereas Takayasu arteritis, granulomatosis with 
polyangiitis (formerly Wegener granulomatosis), vasculitis asso- 
ciated with RA, and giant cell arteritis typically affect the diges- 
tive tract in less than 15% of cases.!°” 


Allergic Granulomatous Angiitis (Eosinophilic 
Granulomatosis With Polyangiitis, or Churg-Strauss 
Syndrome) 


Allergic granulomatous angiitis is a disorder that is typified 
by asthma, glomerulonephritis, eosinophilia, and granuloma- 
tous inflammation associated with anti-neutrophil cytoplasmic 
autoantibodies." This necrotizing vasculitis affects small- and 
medium-sized vessels and involves the GI tract in almost half 
the patients. Classic symptoms include abdominal pain, diarrhea, 
GI bleeding, and rarely perforation, with the small bowel being 
involved most frequently.2°7°! Glucocorticoid therapy usually is 
effective but immunosuppressive therapy is first-line treatment. 
In patients that do not respond to these therapies, high dose 
IVIG is an altenative.?00 


Behçet Syndrome 


Behçet syndrome is characterized by oral and genital ulcers, 
recurrent iritis or chorioretinitis, and skin lesions. Behget syn- 
drome is most often seen in Eastern Mediterranean men. 
Small-vessel vasculitis accounts for much of the damage, but 
large-vessel involvement of arteries and veins is not uncommon. 
GI involvement is rare, reported in one case series to occur in 
0.7% of 8763 patients.!?! The ileocecal region is most com- 
monly involved (61%) and manifests colonoscopically with large 
oval ulcerations.?°? Abdominal pain (87%) and diarrhea (48%) 
were the most commonly reported symptoms; however, 32% of 
patients presented with an acute abdomen, 42% with massive 
bleeding, and 58% had luminal perforations.*”* Age younger than 
25 years, history of prior laparotomy, and volcano-shaped ulcers 
are all independent risk factors for bowel perforation in these 
patients.?™ Therapy with oral 5-ASA derivatives, azathioprine, 
infliximab, or adalimumab are now recommended.2"+ 


Thromboangiitis Obliterans (Formerly Buerger 
Disease) 


Thromboangiitis obliterans (TAO) involves medium-sized 
and small peripheral arteries and veins, especially infra-popli- 
teal vessels; foot claudication and rubor are its most common 
symptoms. TAO is largely a disease of men, especially those 
who have smoked cigarettes starting at an early age, and typi- 
cally has its onset before the age of 50 years. There is a distinct 
absence of other atherosclerotic risk factors in patients with 
TAO. Intestinal involvement is unusual, but most common 
is involvement of the vessels supplying the small intestine.” 
In the acute lesion, inflammation spreads outward from the 
thrombus-endothelium interface through the vessel wall. Later, 
microabscesses, necrotizing granulomas, and multinucleated 
giant cells occur within the thrombus, after which the thrombus 
organizes and becomes occlusive. Intestinal involvement usually 
requires resection.*° 


Cogan Syndrome 


Cogan syndrome is a rare disorder of young people characterized 
by vasculitis of the conjunctiva, cornea, and cochlea.” There 
appears to be a higher incidence of Cogan syndrome in patients 
with IBD.’°* Although this vasculitis usually is localized, it is 
considered to be a hypersensitivity reaction to an unknown viral 


agent, and the disease can become disseminated; 3% to 10% of 
patients develop GI symptoms, with diarrhea and bloody stools. 
High-dose glucocorticoids, and occasionally cytotoxic agents, are 
required. Vascular surgery may be needed after inflammation is 
controlled. 


Fibromuscular Dysplasia 


FMD isa rare angiopathy that is neither related to atherosclerosis 
nor to inflammation.’ Its cause is unknown, although genetic 
factors might play a role and there is an association with ciga- 
rette smoking and hypertension. There are several types of FMD 
depending on which arterial layer is involved: intima, media, or 
adventitia. The renal arteries are most commonly affected, fol- 
lowed by the carotid and vertebral arteries and then other vascu- 
lature including the mesenteric arteries. Splanchnic involvement 
can manifest with symptoms of AMI or CMI.?!° FMD has also 
been shown to mimic other chronic GI diseases such as Crohn 
disease.?!! Diagnosis is based on the same techniques used to 
image other vascular disorders; the classic “string-of-beads” 
appearance is typical of only the medial type of FMD, whereas 
aneurysms and dissection may complicate all types. Therapy 
consists of PTMA, surgical revascularization, and resection of 
necrotic bowel as indicated. 


Henoch-Schonlein Purpura 


Henoch-Schonlein purpura typically affects children 4 to 7 years 
of age and often is preceded by an upper respiratory infection. 
It is characterized by IgA immune complexes deposited within 
the small vessels of the skin, GI tract, joints, and kidneys. The 
classic clinical triad consists of palpable purpura (usually below 
the waist), arthritis (knees and ankles), and abdominal pain; 
the GI tract is involved in up to 90% of patients.!°? Colicky 
abdominal pain and GI bleeding caused by subepithelial edema, 
hemorrhage and resultant ischemia are the most common GI 
symptoms; a submucosal hematoma may be the lead point of 
an intussusception. Rarely, bowel perforation can occur. GI 
involvement may be documented by endoscopy or CT study 
with the duodenum and terminal ileum affected most often.?!” 
The disease is usually self-limited, but the outlook may be less 
favorable in adults, in large measure because of the development 
of renal failure. 


Hypersensitivity Vasculitis 


Hypersensitivity vasculitis uncommonly involves the splanch- 
nic vasculature, and, in contrast to necrotizing vasculitis, which 
involves arteries, hypersensitivity vasculitis affects mainly the 
postcapillary venules. A large variety of causes are known to trig- 
ger this disorder, including infection (Streptococcus, Staphylococcus, 
HBV, influenza virus, cytomegalovirus, mycobacteria, and rick- 
ettsiae), drugs, and chemicals. Treatment of the underlying dis- 
ease process is key to controlling this vasculitis. 


Kawasaki Disease 


Kawasaki disease, also called infantile febrile mucocutaneous 
lymph node syndrome, is a necrotizing vasculitis of medium- 
sized arteries.*!? It usually manifests in infants and children as 
fever, palmar and solar rash, desquamation, conjunctival con- 
gestion, strawberry tongue, and cervical lymphadenopathy. GI 
involvement is rare, most commonly affecting the mouth and 
esophagus, but clinical symptoms can include nausea, vomit- 
ing, abdominal pain, diarrhea, ileus, distention from small bowel 
obstruction bleeding, and perforation.7!> Death may result from 
coronary artery aneurysms and myocardial infarction. Treatment 
standards include aspirin for the acute phase and large IV doses of 


gamma globulin for the prevention of coronary artery aneurysms; 
alternative treatments such as corticosteroids and infliximab are 
being evaluated.?!*+ 


Kohimeier-Degos Disease (Malignant Atrophic 
Papulosis) 


KGhlmeier-Degos disease is a rare form of progressive occlu- 
sive vascular disease of young men that affects the small- and 
medium-sized arteries, mainly of the skin and, less frequently, 
of the intestines.7!> Typically, skin lesions of porcelain-white 
punctate atrophic scars with erythematous borders are found 
on the trunk and upper extremities, followed, within months to 
years, by abdominal pain and spontaneous intestinal perforation, 
which may be recurrent.*!° One case series of 39 patients with 
Kohlmeier-Degos disease revealed that 29% had extracutane- 
ous involvement, 73% of whom had a spontaneous intestinal 
perforation.?!’ Thrombosis of affected vessels is found, without 
inflammatory cell infiltration. There is no known therapy for this 
disease and, when the digestive tract is involved, it is generally 
fatal?!” 


Polyarteritis Nodosa 


Polyarteritis nodosa is a necrotizing vasculitis of medium-sized 
and small arteries that is characterized by aneurysms at branch 
points. GI involvement is seen in up to 50% of patients.!?? 
Abdominal pain, nausea, vomiting, diarrhea, and melena typify 
a benign course, whereas bleeding, perforation, infarction and/ 
or pancreatitis are seen with severe disease.’!* Involvement of 
the small intestine is most common, followed by lesions of colon, 
liver, and pancreas. Diagnosis is suggested by the demonstration 
of aneurysms up to 1 cm in diameter involving the renal, mes- 
enteric, and hepatic vasculature.’!* Induction therapy for severe 
disease is with high-dose glucocorticoids or cyclophosphamide 
followed by azathioprine or methotrexate for maintenance. For 
those with nonsevere forms of polyarteritis, glucocorticoids alone 
usually are sufficient.*!* Newer immunosuppressive therapies 
have improved survival, controlling disease and resulting in an 
approximate 10% relapse rate.”!? 


HBV Vasculitis (Formerly Hepatitis B—Associated 
Polyarteritis Nodosa) 


Vasculitis resembling polyarteritis also is associated with HBV 
infection. Once classified as a subtype of polyarteritis nodosa, 
the nomenclature has now been changed. Approximately 25% of 
patients who were diagnosed with polyarteritis nodosa in one study 
were infected with hepatitis B and therefore reclassified as having 
HBV vasculitis.*”° Patients develop a polyarteritis picture following 
the viral infection, presumably from deposition of antigen-associ- 
ated immune complexes in the vessel wall. The clinical presentation 
is similar to that of polyarteritis nodosa, but these patients have a 
higher frequency of GI involvement. Patients with HBV-associated 
vasculitis have a better prognosis than those with polyarteritis 
nodosa.” Treatment is focused on controlling the underlying 
infectious hepatitis. With severe forms of HBV vasculitis, the anti- 
viral agent(s) should be combined with a short course of glucocorti- 
coid and plasma exchange.”!* 
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Rheumatoid Vasculitis 


Rheumatoid vasculitis (RV) develops after 10 to 15 years of ero- 
sive arthropathy. With enhanced therapy and control of disease, 
the incidence of RV has decreased by about half.’?! Of those with 
RV, 10% to 38% have involvement of the GI tract.?!* As with all 
GI vasculitides, ischemia manifests with abdominal pain, bleed- 
ing, perforation, and gangrene. RV is often catastrophic, and may 
be associated with ischemic ulcers, bowel infarction, and panco- 
litis.”?? In RV patients with GI involvement, mortality rates are 
estimated to be 25% within 5 years of the initial presentation.’7? 
Glucocorticoids and cyclophosphamide are recommended thera- 
pies for severe RV.7!® 


SLE 


SLE affects the GI system in about half of cases and can involve 
any of the hollow or solid GI organs.?” The most common symp- 
tom is abdominal pain, but diarrhea, pseudo-obstruction, consti- 
pation, peritonitis, pancreatitis, protein-losing enteropathy, and 
ascites are not infrequent.?”> The systemic nature of this disorder 
makes differential diagnosis complicated, but vasculitis-induced 
ischemia underlies many of the presentations. Vasculitis typically 
involves the SMA causing FSI and GI bleeding of the jejunum or 
ileum, both of which are associated with high mortality rates if 
not diagnosed promptly. Thromboses of the mesenteric vascula- 
ture can also occur without vasculitis in SLE due to an associated 
coagulopathy. CT is used to evaluate the bowel wall and vas- 
culature. Mesenteric vasculitis responds well to glucocorticoids 
and complete bowel rest. Cyclophosphamide can be added when 
other major organ systems are involved or abdominal pain does 
not respond to the initial glucocorticoid therapy. Perforation or 
necrosis require emergent surgical repair and resection.”!® 


Takayasu Disease 


Takayasu disease (pulseless disease) is an idiopathic chronic inflam- 
matory disorder that most often affects the aorta and its branches 
in young women of Asian heritage and results in fibrotic occlu- 
sion of the involved vessels. It is unusual that splanchnic vessels 
are involved,’ but CT evaluation of patients with GI symptoms 
revealed that 25% had stenotic or occlusive lesions of the celiac 
axis or SMA.?!8 Takayasu disease rarely has been associated with 
Crohn disease and UC, and in the serum of some of these patients, 
antibodies to colonic mucosa and aorta have been detected.’”+ 
The combination of IBD and Takayasu disease does not confer a 
worse prognosis than the vasculitis alone.”** Treatment includes 
large doses of glucocorticoids with a second immunosuppressant 
such as an anti-TNF agent. Reconstructive surgery or PIMA 
is indicated in those with symptomatic celiac or MAS. Despite 
therapy, however, within 5 to 20 years, 15% to 30% will restenose 
following surgery and 5% to 10% after angioplasty.??° 
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Before the routine use of endoscopic imaging with capsule 
endoscopy (CE) and deep enteroscopy, discrete ulcers of the 
small and large intestine were thought to be rare but associ- 
ated with a broad spectrum of diseases. Similarly, the classic 
literature on these ulcers has emphasized symptomatic presen- 
tations, typically of diseases not confined to the small or large 
intestine alone. Our current ability to image the small intestine 
and, more importantly, biopsy ulcerative lesions, has opened a 
new chapter in the approach to intestinal ulceration. Similar 
to its history in the UGI tract, medication-induced injury 
to the small intestine, mainly from NSAIDs but from other 
medications as well, is now well-recognized and appreciated to 
be common. Clinical presentations associated with intestinal 
ulceration vary widely with location and degree of intestinal 
involvement, ranging from anemia and hypoproteinemia to 
abdominal pain, hemorrhage, obstruction, and perforation. 
Generally, the disease a patient has does not lead to the 
identification of ulcers in the small intestine, but rather ulcers, 
erosions, and mucosal breaks are identified at endoscopic pro- 
cedures such as ileo-colonoscopy, endoscopy, enteroscopy, and 
CE done for symptoms, after which the diagnosis is made. The 
endoscopic appearances of intestinal ulcers vary greatly by lon- 
gitudinal extent, circumferential extent, and depth. Once, it had 
been thought that the endoscopic appearance and number of 
ulcers could be used to diagnose a specific disease. For example, 
circumferential ulceration was believed at one time to be seen 
only with NSAID ulceration and as part of the development of 
diaphragm disease. It is now realized that circumferential ulcer- 
ation can be seen in many different diseases. Site of ulceration 
within the small intestine also is not diagnostic of any particular 
illness. Thus, NSAID ulcers and Crohn disease-related ulcers can 
be seen proximally or distally in the small bowel, although the 
presence of an increasing number and larger ulcers as one moves 
distally in the small bowel highly suggests Crohn disease.! 


1970 


Additionally, there is no common physiologic pathway to 
small bowel ulceration and our understanding of the formation 
of ulcerations changes with new discoveries. Thus, for example, 
it was initially believed that NSAIDs led to ischemia as a result 
of reduced blood flow in the microcirculation and that ischemia 
was the underlying etiology. Recent studies, however,’ raise the 
possibility that NSAID effects on the microbiota may be the 
main pathogenic pathway.’ Indeed, such NSAID ulcerations 
have been shown to decrease with the use of antibiotics (see 
later).* Another possibility for NSAID enteropathy is inher- 
ited deficiencies that lead to susceptibility for ulceration. One 
patient with “idiopathic” small intestinal ulceration was found 
to have an inherited deficiency of cytosolic phospholipase Aj, 
leading to a global reduction in intestinal eicosanoid levels.’ As 
discussed later, genetic mutations in a prostaglandin transporter 
gene is now felt to be the cause of chronic nonspecific ulceration 
disease (CNSU). There likely are other rare genetic predisposi- 
tions to intestinal ulceration that are linked to prostaglandins, 
and other trophic factors that are critical in maintaining small 
intestinal integrity and which may explain the actual pathophys- 
iology of small bowel ulceration. In addition to local metabolic 
causes, there also can be locally toxic effects of medications, 
radiation, and infection. Finally, there can be localized ischemia 
in small intestinal arterioles or venules as seen in certain vascu- 
litides or ischemia can develop from large vessel occlusions as 
seen with mesenteric ischemia. 

Thus, when confronted by identified ulcers, erosions, or muco- 
sal breaks in the small intestine, the physician needs to ascertain 
the cause and diagnosis often requires understanding of the indi- 
vidual patient’s complete medical history. Intestinal ulcerations 
also are explored elsewhere in this textbook (see Chapters 32, 38, 
107, 115, 118, and 128). 


CAUSES 


Ulcers of the small intestine can develop as a result of a primary 
disease of the small intestine, noxious chemicals affecting the 
mucosa, or changes in the splanchnic circulation leading to isch- 
emia and ulceration. The mesenteric circulation is affected by 
many systemic diseases and physiologic states, but relatively few 
lead to ischemia and ulceration of the small intestine. Metabolic 
conditions such as hypertension and diabetes mellitus; hemato- 
logic conditions such as hypercoagulable states and vasculitides, 
either primary or secondary to infections or neoplasms, all can 
affect the splanchnic vasculature, producing a variety of symp- 
toms. Many biologic and chemical substances of endogenous 
and exogenous origin also can influence the mesenteric circula- 
tion, with either beneficial or catastrophic results. 


CONGENITAL DISEASES 


Pseudoxanthoma elasticum (PE) is a disorder of the composition 
or metabolism of elastic fibers. PE has a characteristic skin lesion 
of yellow papules, from which it derives its name and which typi- 
cally involves the neck and axilla, giving the skin in these loca- 
tions a typical “plucked-chicken” appearance. In this disorder, 
elastin fibers become thickened and encased in an amorphous 
material of calcium and minerals. Calcification of the fibers can 
ensue, leading to stiffening and loss of elasticity in the media of 
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Fig. 119.1 Capsule endoscopy image of a Meckel diverticulum with ul- 
ceration and adherent clot. (Courtesy Blair Lewis, MD, New York, N.Y.) 


large arteries. Though rare, small arterioles can be obliterated, 
leading to ischemia and ulceration of the small bowel. There are 
4 forms of PE, and transmission is as either an autosomal domi- 
nant or recessive trait. Vascular friability leading to ulceration 
and GI bleeding is associated with autosomal recessive type I PE 
and occurs in 16% of these patients.” When all patients with PE 
and GI bleeding were studied, 70% had the type I recessive trait. 
Meckel diverticulum is the most common congenital abnormal- 
ity of the small intestine. (See Chapter 98.) Present in approximately 
2% of the population, it is a vestigial remnant of the omphalomes- 
enteric duct, also called the vitelline duct or yolk stalk. Meckel diver- 
ticulum is the most common cause of GI hemorrhage in children 
younger than 5 years of age; such hemorrhage is caused by ulcers 
that develop in the small intestine (ileum) when parietal cell-con- 
taining ectopic gastric epithelium within the diverticulum secretes 
hydrochloric acid (Fig. 119.1). Such patients may complain of RLQ 
pain when eating because of unbuffered acid in the diverticulum. 


COAGULOPATHIC DISEASES 


The patient with a hypercoagulable state is at increased risk for 
mesenteric and portal vein thrombosis. Both mesenteric arterial 
and venous occlusion can produce ischemic bowel injury with 
subepithelial edema, and hemorrhage followed by ulceration and 
finally bowel wall infarction (See Chapter 118). Superior mesen- 
teric artery (SMA) thrombosis is the most common chronic mes- 
enteric vascular injury, and the location of resultant ulceration is 
within the jejunum or ileum; such ischemic injury has been dem- 
onstrated, though rarely, by CE.* There are numerous reports of 
thromboses in patients with a variety of hematologic disorders, 
for example, deficiencies of protein C, protein S, and antithrom- 
bin HI (AT), as well as sickle-cell disease, in addition to iatrogenic 
causes like the use of hormonal therapy. AT is a potent natural 
anticoagulant factor that acts by binding to serine proteinases and 
thereby inactivating factors XIIa, XIa, IXa, Xa, and Ha (thrombin). 
The prevalence of AT deficiency in the geneal population is esti- 
mated at 1 in 5000 to 1 in 20,000; in patients with a history of 
venous thrombosis or pulmonary embolism, it rises to 1 in 50 to 
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1 in 286. The disorder is usually congenital but may be acquired. 
Most patients with congenital AT deficiency present between ages 
10 and 35 years with venous thrombosis, usually associated with 
conditions known to predispose to thrombosis, such as surgery, 
pregnancy, and delivery. Protein C and protein S are 2 other circu- 
lating proteins that function as anticoagulants. Protein S is a cofac- 
tor of protein C, and protein C inactivates factors Va and VIIa. A 
deficiency of either protein is associated with an increased risk of 
thromboembolism and is best treated with lifelong anticoagulation 
using warfarin sodium. Patients on oral contraceptives have been 
known to be hypercoagulable, and it has been suggested that there 
is a combined effect of estrogen therapy and deficiency of AT. In 
addition, hypercoagulability can occur in patients with pancreatitis 
or neoplastic diseases, particularly pancreatic cancer. 

One study has identified a patient with idiopathic small intes- 
tinal ulceration who was found to have an inherited deficiency 
of cytosolic phospholipase Aj, which led to a global reduction in 
intestinal eicosanoid levels.’ There likely are other rare genetic 
predispositions to ulceration linked to prostaglandins and other 
trophic factors that are critical in maintaining small intestinal 
integrity, and which may explain the so-called “idiopathic small 
bowel ulcer.” 


INFLAMMATORY DISEASES OF BLOOD VESSELS 
(VASCULITIS) 


Vasculitis, inflammation, and necrosis can affect both arteries and 
veins of any size, including the vasa recta and intramural vessels (see 
Chapters 38 and 118). Symptoms depend on the size and location 
of the vessels involved. Generally, when large mesenteric arteries 
are affected, patients present acutely because of arterial occlusion 
and subsequent bowel gangrene with perforation. These patients 
may be indistinguishable from those with mesenteric ischemia 
from atherosclerotic disease of the splanchnic vessels or mesen- 
teric embolic events. Occasionally, the only elucidating factors will 
be evidence of systemic disease such as eosinophilia, renal insuf- 
ficiency, or an elevated rheumatoid factor concentration. Disease 
of medium-sized arteries can lead to aneurysm formation and sub- 
sequent rupture and bleeding. Disease of small arteries, vasa recta, 
and intramural arterioles presents as pain, fever, ileus, and occult 
GI bleeding. Ulceration of the small bowel can be seen in all of 
these, but is most notable in diseases affecting the medium- and 
small-sized arteries; in such cases, the area of ischemic injury and 
ulceration caused by the vasculitis is segmental, with a smaller area 
of involvement than would be seen with disease of larger vessels 
(Fig. 119.2 A-D). Perforation is less common with small-vessel 
disease, and symptoms are often secondary to either ulceration or 
peritoneal irritation. Venulitis and obstruction of venous return 
can lead to mucosal edema with symptoms of malabsorption, ulcer- 
ation, and ultimately venous infarction. 

Various diseases cause vasculitis with either significant or 
relatively insignificant clinical manifestations. Common to 
most cases of vasculitis is a necrotizing arteritis of small- and 
medium-size arteries with perivascular inflammation, edema, and 
fibrinoid necrosis. Progression of such inflammation can lead 
to aneurysm formation, vessel perforation and bleeding, vascu- 
lar occlusion, thrombosis, or fibrosis; these pathologic changes 
most often result from immune complex deposition within the 
vessel wall.!° It is postulated that circulating immune complexes 
become trapped along the basement membrane of arteries at 
sites of increased permeability. Complement system activation 
occurs, and polymorphonuclear leukocytes are attracted to the 
vessel wall. These cells release their lysosomal enzymes, leading 
to fibrinoid necrosis. Systemic diseases associated with high lev- 
els of immune complexes, such as rheumatoid arthritis (RA) and 
SLE, are thus associated with vasculitis. Cell-mediated immune 
reactions also can cause vasculitis but do so less commonly than 
do immune complex disorders. In these situations, lymphocytes 
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Fig. 119.2 Capsule endoscopy images of polyarteritis nodosa vasculitis with ulcerations throughout the small 
bowel. Images show involvement of the jejunum (A and B) as well as the ileum (C and D). (Courtesy Blair 


Lewis, MD, New York, N.Y.) 


sensitized to specific antigens release lymphokines near the vessel 
wall. These substances, such as macrophage migration-inhibitory 
factor, can recruit macrophages, which in turn release lysosomal 
enzymes, leading to vasculitis. 

Classic polyarteritis nodosa (PN) is one of the systemic nec- 
rotizing vasculitides, a broad category of disease that includes 
allergic granulomatous angiitis formerly called (Churg-Strauss 
syndrome), and syndromes that overlap between this disorder 
and PN, such as hepatitis B vasculitis. PN is a necrotizing vas- 
culitis of medium-size and small arteries. Vessel involvement is 
classically segmental and involves the branch points of arteries, 
with a predilection for forming aneurysms at these sites. Once 


the disease process begins, it may spread distally to arterioles 
and venules. The various stages described earlier of blood ves- 
sel necrosis, thrombosis, ischemia, and infarction can be seen at 
the same time at different branch points. The incidence of this 
uncommon disease is unknown, but it affects persons in middle 
age, with a mean age of 45 years, and has a male-female ratio of 
2.5:1. In more than 50% of cases, patients present with fever, 
weight loss, and malaise. Forty-four percent of patients with PN 
will have abdominal involvement. Abdominal pain, nausea, and 
vomiting are the most common complaints. Solid organs are 
not spared in this disorder, and pancreatitis, as well as abnormal 
liver function, have been reported. Ulcerations of the GI tract, 


especially the small intestine, are well documented (see Fig. 
119.2). In one autopsy series, the jejunum was involved in 37% 
of cases, the ileum in 27%, the mesentery in 24%, and the colon 
in 20%!!; gastric ulcerations are less common. Major complica- 
tions, namely bleeding, perforation, and infarction, are uncom- 
mon, being seen in 6%, 5%, and 1.4% of patients, respectively. 
Perhaps the most unusual presentation of PN is intestinal angina, 
which has been reported in only 15 patients.'? Arthralgias and 
renal insufficiency are seen in 64% and 70% of patients, respec- 
tively, and should suggest the diagnosis of vasculitis. The diagno- 
sis is supported by finding aneurysms as large as 1 cm in diameter 
within the mesenteric, renal, and hepatic vasculature on angiog- 
raphy, but this finding is no longer considered pathognomonic.!? 
Allergic granulomatous angiitis is similar to PN with the addi- 
tion of pulmonary involvement, eosinophilia, and granuloma for- 
mation. Vasculitis of the pulmonary vessels, which is not seen in 
PN, is the hallmark of allergic granulomatous angiitis. Patients 
often present with wheezing and have severe asthma. Abnormal 
chest films with infiltrates are seen in 93% of patients. Eosin- 
ophilia is present in 85% of cases. Biopsy samples of involved 
blood vessels reveal both intravascular and extravascular granulo- 
mas not seen in PN. Prognosis and therapy are similar to those of 
PN. GI involvement is seen in 50% of patients. CE has been used 
to document the ulcerations in allergic granulomatous angiitis,'* 
which tend to be deep and to involve the jejunum and ileum.!* 
Overlap syndrome is a catch-all term for disease not conform- 
ing to either PN or allergic granulomatous angiitis. Within this 
group is the vasculitis associated with the HBV. Such HBsAg- 
positive patients can present with classic PN or only some of 
its features. Unlike classic PN, however, only small arteries are 
involved. Fifty percent of patients with classic PN are HBsAg 
positive, attesting to the frequent incidence or association of 
systemic necrotizing vasculitis with this particular immune com- 
plex.!° A similar vasculitis may be seen with serous otitis media. 
Several other collagen vascular diseases can also result in vascu- 
litis. RA may lead to a vasculitis with a PN-like picture and intes- 
tinal ulcerations. Patients with RA who develop PN usually have 
severe joint disease and low serum complement levels and often are 
found to have circulating cryoglobulins. These patients have a high 
titer of circulating immune complexes, with resultant vasculitis. 
Initially, it was believed that glucocorticoid therapy was causative 
in the development of vasculitis, but it is now recognized that such 
usage is not an independent risk factor. Rather, use of glucocorti- 
coids merely correlates with the severity of the arthritis, which in 
turn is associated with the development of vasculitis.!’ Still, how- 
ever, most ulcerations of the small intestine in patients with RA are 
secondary to NSAID use. A study of 37 patients with RA taking 
NSAIDs and presenting with anemia or occult blood in their stool 
reported that 68% had ulcers or erosions in the small intestine.!® 
Vasculitis is common in SLE secondary to the high incidence 
of circulating immune complexes. Twenty percent of patients with 
SLE develop cutaneous vasculitis. Patients with SLE and vasculitis 
of the mesenteric circulation can present with a variety of symp- 
toms, including bloating, nausea, diarrhea, GI bleeding, or acute 
abdominal pain. Mesenteric vasculitis is the most serious GI com- 
plication of SLE.'? GI bleeding occurs in 46% of patients with 
small- or large-bowel vasculitis, one-half of whom do not survive.” 
Intestinal ischemia or bowel wall infarction with perforation also 
occurs and usually presents with signs of an “acute” abdomen. The 
outcome in cases of perforation is poor, with a mortality rate of 
more than 66% in most reports. In a series of 107 patients with 
SLE, 5 died from intestinal perforation, the most common cause 
of death in this series. Less severe symptoms such as nausea, vom- 
iting, bloating, diarrhea, ileus, obstruction, or malabsorption also 
may occur. Symptoms often are masked by the concurrent use of 
glucocorticoids. Double balloon enteroscopy in lupus enteritis has 
been reported to show multiple ulcerated stenoses and large ulcer- 
ations in both the jejunum and ileum?! (Fig. 119.3). 
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Histologically, both small-vessel arteritis and venulitis can 
occur. A PN-like picture also can be encountered. Patients with 
SLE may develop intestinal ischemia secondary to thrombosis,” 
as the lupus anticoagulant and antibodies to phospholipid and to 
cardiolipin can lead to thrombosis. A complication of vasculitis 
and ischemic bowel injury is pneumatosis linearis. Furthermore, 
patients with SLE can present with protein-losing enteropathy 
and malabsorption secondary to vasculitis.” Generally, venuli- 
tis more often is associated with malabsorption than is arterial 
disease. Venous outflow obstruction leads to thickening of small- 
bowel folds with or without ulcerations. It is also postulated that 
immune complex deposition can lead to increased permeability of 
intestinal capillaries and subsequent protein-losing enteropathy. 
Vasculitis associated with other collagen vascular diseases also 
has been reported including Sjögren syndrome, dermatomyositis, 
and systemic sclerosis. 

Another vasculitis is the hypersensitivity type. This group 
of diseases involves the arterioles, capillaries, and venules, and, 
as with PN, is an immunologic response to antigens. The most 
common difference between hypersensitivity and necrotizing vas- 
culitis is the site of the inflammatory changes. In hypersensitivity 
vasculitis, the post-capillary venules are most commonly involved, 
whereas the small- and medium-size arteries are the major targets 
in necrotizing vasculitis. Often, hypersensitivity vasculitis is asso- 
ciated with dermatologic findings. A large variety of causative fac- 
tors are known, including infectious agents, drugs, and chemicals. 
GI tract involvement is considered uncommon, being described 
in only 15% of cases. Bleeding is the most common symptom, 
and life-threatening complications such as massive bleeding, per- 
foration, and infarction have not been described. 

Henoch-Schonlein purpura (HSP) is a small-vessel vasculitis 
that frequently involves the GI tract. It is characterized by non- 
thrombocytopenic purpura, renal involvement, and abdomi- 
nal pain with GI bleeding. HSP is most often seen in children 
between the ages of 4 and 7 years. Although the inciting agent 
for HSP is not known, IgA immune complexes have been iden- 
tified within the vessel walls in this disease. GI symptoms are 
seen in more than half the patients, with colicky abdominal 
pain in 40%. Although bleeding is common (40% of patients), 
major hemorrhage is not (less than 5% of patients). Abdomi- 
nal pain may be secondary to vasculitis-associated intramural 
hemorrhage. Pain, nausea, and vomiting also may develop if 
hematoma formation or resultant edema leads intussusception. 
Pancreatitis has been reported, as has protein-losing enteropa- 
thy. Both upper endoscopy and CE have been used to diagnose 
HSP (Fig. 119.4),+ the latter having shown multiple ulcers of 
the small bowel.” 

Behçet disease (BD) is characterized by oral and geni- 
tal ulcers as well as recurrent iritis or chorioretinitis and skin 
lesions.”° Venulitis is the primary disorder with BD. Its etiol- 
ogy is unknown, although theories about a viral cause have been 
proffered. Circulating immune complexes have been found in 
BD, and immunofluorescence studies have shown deposition of 
immunoglobulins within blood vessel walls, especially venules. 
BD is more common in men from Eastern Mediterranean coun- 
tries and has been associated with HLA-B5. GI symptoms are 
present in 50% of patients and include abdominal pain, nausea, 
vomiting, diarrhea, and constipation; malabsorption also may 
occur. Mucosal ulceration is secondary to venulitis and gives rise 
to pain, bleeding, and perforation. Patients with a predominance 
of GI symptoms are said to have “entero-Behget’s syndrome.” 
CE has shown erosions and aphthous ulcers in the small bowel 
in a series of 20 patients with BD.’’ Although the mortality rate 
of BD is low (3% to 4%), intestinal perforation is one of the 3 
most common causes of death, along with CNS involvement and 
aortic aneurysm rupture. There is no accepted therapy for BD; 
glucocorticoids, immunosuppressive agents, and colchicine have 
been tried with varying success. 
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Fig. 119.3 Lupus vasculitis leading to ileal ulceration seen on double-balloon enteroscopy (A-D) and fluoro- 

scopic images (E-F). (From Kazuma |, Morimoto M, Ta G, et al. Partial small intestinal resection for successful 
surgical management of refractory protein-losing gastroenteropathy in systemic lupus erythematosus. Medi- 
cine 2018; 97:e11357.) 
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Fig. 119.4 Henoch-Schonlein disease. (A) Ecchymotic lesions are seen on the anterior aspect of the lower 
legs. (B) Endoscopic image reveals ulceration and subepithelial hemorrhage affecting the duodenum. (C) Wall 
of the duodenum is seen to be thickened on CT scan (arrow). (From Stancanelli B, Vita A, Vinci M, et al. Bleed- 
ing of small bowel in Henoch-Schonlein syndrome: The successful diagnostic role of video capsule endoscopy. 
Am J Med 2006; 119:82-4.) 


INFECTIOUS DISEASES 


Infections with CMV, cryptosporidium, and TB, particu- 
larly in the immunocompromised host, have been reported to 
cause ulcerative enteritis. Ulcerations from CMV can occur 
throughout the small intestine and have been seen in the duode- 
num, jejunum, and ileum; healing has been observed with scar- 
ring.*? CE has revealed ileal ulcers in cases of TB.*° Within the 
mesenteric circulation, the most common infectious sequela is 
the development of vasculitis. A systemic necrotizing vasculitis, 
described earlier, much like that of PN, occurs in the setting of 
HBV, serous otitis media, and rheumatic fever. Hypersensitivity 
vasculitis can accompany staphylococcal or streptococcal infec- 
tions or be associated with HBV, influenza, CMV, TB, and 
rickettsial infections, such as Rocky Mountain spotted fever. 
Mixed cryoglobulinemia can result from HBV as well as from 
coccidioidomycosis, syphilis, Epstein-Barr virus, lymphogranu- 
loma venereum, and leprosy. Mixed cryoglobulinemia causes 
a hypersensitivity vasculitis secondary to immune complex 
deposition. Parasitic infection of the mesenteric circulation 


leading to thrombosis has been described with schistosomia- 
sis’! Necrotizing enterocolitis also is associated with mesen- 
teric arteritis. Whipple disease, a bowel wall infection caused by 
Tropheryma whippelii, can lead to erosions and serpiginous ulcers 
in the small bowel (see Chapter 109); CE has been used to docu- 
ment these ulcers*” and to confirm their healing.*? 


NEOPLASTIC DISEASES 


Neoplasms such as sarcoma, metastatic lung carcinoma, carci- 
noid, solitary GIST tumors, and others may produce ulceration 
of overlying mucosa as a result of tissue stretching and localized 
ischemia (Fig. 119.5). Gastric acid hypersecretion is responsi- 
ble for the duodenal and jejunal ulcerations in ZES (see Chapter 
34), which is caused by gastrinoma, a neuroendocrine tumor 
that secretes gastrin, which in turn leads to gastric acid hyper- 
secretion, growth of gastric mucosa, and proliferation of pari- 
etal and enterochromaffin-like cells. ZES may occur on its own 
or as part of an autosomal dominant syndrome, MEN type 1. 
The primary tumor is usually located in the pancreas, duodenum, or 
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abdominal lymph nodes, but ectopic locations for gastrinoma (e.g., 
heart, ovary, gallbladder, liver, and kidney) also have been described. 

Several neoplasms can affect blood supply to the intestine. High 
norepinephrine levels in pheochromocytoma may cause a necro- 
tizing occlusive endarteritis leading to mucosal ulceration, infarc- 
tion, GI bleeding, and perforation. The ileum is typically involved. 
Carcinoid can affect the vasculature in 2 ways and cause ischemic 
ulceration.** Fibrosis of the mesentery secondary to tumor can 
lead to occlusion of the superior mesenteric artery or branch arter- 
ies.’ Such patients present with GI bleeding or bowel infarction. 
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Ischemia also can be precipitated by serotonin, which is released by 
the tumor and which has vasoconstrictive properties. 

Multiple myeloma can cause mesenteric ischemia secondary 
to amyloid deposits within the vessel walls. Amyloid deposition 
within the GI tract is common in all forms of amyloidosis but 
rarely produces symptoms.*° Involvement of mesenteric vessels 
can lead to ischemia, with ulceration and bleeding, or malabsorp- 
tion. Although amyloid deposition can cause vascular fragility and 
bleeding, occlusion of small vessels occurs more commonly, lead- 
ing to ischemic injury.*” Deposition within the muscle layers of 
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Fig. 119.5 Capsule endoscopy images of ulceration seen in a variety of small bowel malignancies. A, adeno- 
carcinoma; B and C, carcinoid; D and E, GIST; and F and G, lymphoma. (Courtesy Blair Lewis, MD, New York, 


N.Y.) 
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Fig. 119.5, cont’d 


the bowel or within nerve plexuses can lead to disordered motility 
and pseudo-obstruction. 

Several malignancies are associated with vasculitis and ischemic 
ulceration. Systemic necrotizing vasculitis has been associated with 
hairy cell leukemia, producing a PN-type picture. In this rare con- 
dition, seen in less than 5% of patients with this uncommon form 
of leukemia, tumor-related antigens stimulate circulating immune 
complexes, which deposit in the vessel wall and cause vasculitis. Sim- 
ilarly, malignant melanoma has been associated with allergic granu- 
lomatous angiitis. Hypersensitivity vasculitis has been described in 
association with Hodgkin disease, multiple myeloma, and colon 
carcinoma. 

The ulcerative process in graft-versus-host disease commonly 
affects the small intestine, with nonspecific histologic features of 


gland destruction, ulceration, and submucosal fibrosis.** Graft- 
versus-host disease is seen in allogeneic stem cell transplantation 
when donated T-cells attack the patient’s healthy tissues and 
organs. 


IATROGENIC INJURY AND PHARMACOLOGIC AGENTS 


Numerous pharmacologic agents have demonstrable effects on 
the mesenteric blood flow and some in turn lead to ulceration 
of the small intestine. One noteworthy example is potassium 
which at low doses increases blood flow to the intestine and at 
higher doses, decreases blood flow, which appears to be second- 
ary to an increase in the vasomotor response to catecholamines. 
Patients taking enteric-coated potassium tablets have been found 
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to develop stenosing ulcers in the small intestine resulting from 
leiomyomatous hyperplasia of the mesenteric veins with patho- 
logic features of ischemic injury.°” 

Surgical interventions on the small intestine such as an anasto- 
mosis (Fig. 119.6) as well as radiation of the bowel initially affect 
the intestinal mucosa directly. Radiation enteritis most com- 
monly involves areas that are relatively immobile because of ana- 
tomic position (e.g., terminal ileum) or fixed because of adhesion 
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Fig. 119.6 Capsule endoscopy image showing ulceration at an entero- 
enterostomy in a patient following gastric bypass surgery. (Courtesy 
Blair Lewis, MD, New York, N.Y.) 


formation. Delayed or late injury appears to be secondary to the 
effects of radiation on the splanchnic vasculature.*? Late injury 
usually appears between 6 and 24 months after radiotherapy, 
although asymptomatic periods of more than 10 years have 
been described. A progressive occlusive vasculitis ensues, lead- 
ing to subendothelial proliferation, medial wall thickening, and 
interstitial collagen deposition; ischemia and necrosis can occur 
as the small vessels are slowly obliterated. Histologically, large 
foam cells are seen in the subintima, with hyaline ring forma- 
tion around small arterioles. Bowel wall strictures and intestinal 
obstruction can develop, or mucosal ulcerations may cause pain 
or bleeding. Injury rarely occurs with total doses of less than 4000 
rads, and greater amounts of radiation increase the risk of late 
enteritis. Diseases that already decrease mesenteric blood flow, 
such as heart failure, further increase the risk of late radiation 


injury. 


NSAIDs 


NSAIDs induce small intestinal and colonic injury with a wide 
spectrum of manifestations from clinically silent mucosal damage 
to significant ulceration with overt bleeding, intestinal obstruc- 
tion, or perforation (Figs. 119.7, 119.8, and 119.9).414? Injury 
secondary to NSAIDs can cause subtle changes known as NSAID 
enteropathy, in which there is increased intestinal permeability, 
inflammation, and chronic low-level blood loss; macroscopic 
injury may not be evident (see Fig. 119.9). The clinical picture 
often is silent and undiagnosed unless it progresses to manifest 
with anemia and hypoalbuminemia. Less common presentations 
may include weight loss, anemia, diarrhea, overt bleeding, and 
perforation. Symptoms of partial SBO such as vomiting and col- 
icky abdominal pain may be seen secondary to development of 
diaphragm-like strictures (see later) (see Fig. 119.8). Laboratory 
evaluation often is notable for unexplained hypoalbuminemia and 
iron deficiency anemia. When studied by CE, evidence of muco- 
sal injury, defined by a spectrum from petechiae and reddened 
folds to mucosal breaks and stricture, is seen in up to 70% of 
NSAID users.+4 
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Fig. 119.7 Capsule endoscopy image showing (A) a large solitary NSAID ulcer and (B) circumferential ulcer- 
ation causing a stricture. (Courtesy Blair Lewis, MD, New York, N.Y.) 
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Fig. 119.8 Capsule endoscopy images showing ulcerated diaphragms associated with NSAID enteropathy 


involving the jejunum. (Courtesy Blair Lewis, MD.) 


Autopsy findings of NSAID users established that ulcerations 
of the small intestine distal to the duodenum are prevalent. 
Of 713 consecutive autopsy patients who died in a hospital in 
Glasgow, NSAIDs had been prescribed to 249 in the 6 months 
before death; 8.4% of the NSAID users had ulcerations of the 
small intestine compared with only 0.6% of the NSAID nonus- 
ers. Although no information was available regarding morbid- 
ity caused by NSAIDs during life, 3 of the NSAID users in that 
series died of small intestinal perforation.*? 

The gross appearance of NSAID-induced ulceration is non- 
specific: ulcerations can be single or multiple and range from 
tiny punched-out ulcers to confluent areas of deep ulcer with 
stricture formation (see Figs. 119.7, 119.8, and 119.9). CE has 


shown abnormalities ranging from reddening of the mucosa to 
erosions, ulcers, and active bleeding, with normal intervening 
mucosa.*° NSAID ulcers may not always be distinguishable from 
other medication- or disease-related injury on the basis of their 
gross or microscopic pathologic appearance and must be distin- 
guished from Crohn disease (Fig. 119.10). Absence of terminal 
ileal involvement and location of ulcers proximal to the terminal 
ileum suggests an NSAID-related injury rather than Crohn dis- 
ease. Ulcerations rarely may be associated with diaphragm-like 
strictures in patients with long-standing NSAID use, an asso- 
ciation referred to as diaphragm disease (see Fig 119.8). NSAID 
diaphragms are thin (2- to 4-mm) septae that present as con- 
centric strictures made up of mucosa and submucosa with or 
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Fig. 119.9 Capsule endoscopy image in a patient with NSAID enter- 
opathy. Scattered isolated erosions are seen in the mid small intestine 
related to NSAID intake. (Courtesy Daniel S. Mishkin, MD, Boston, 
Mass.) 
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Fig. 119.10 Capsule endoscopy image showing Crohn disease of the 
small intestine. The image shows an ulceration in the top right of the 
image and an ulceration that disrupts the small intestinal fold in the right 
lower quadrant as well as mucosal edema in the intervening mucosa. 
(Courtesy Daniel S. Mishkin, MD.) 


without submucosal fibrosis. They are shorter than the strictures 
of Crohn disease and do not preferentially occur in the termi- 
nal ileum. It is thought these lesions may be more common with 
drugs that undergo extensive enterohepatic recirculation because 


of prolongation of exposure. Direct pill-induced injury may con- 
tribute to ulcerations in the areas of narrowing, further contribut- 
ing to fibrosis and narrowing. 

Mechanisms of NSAID-induced injury to the small intestine 
remain under investigation, but clearly involve both systemic and 
local injury. Just as with injury to the stomach, concomitant inhi- 
bition of COX-1 and COX-2 plays an important role in intestinal 
mucosal injury (see Chapter 52); however, both animal studies 
and CE studies in humans have confirmed that COX-2 inhibition 
alone can lead to mucosal damage.*” COX-2 knockout mice have 
altered intestinal permeability and develop ileocecal perforation 
upon exposure to NSAIDs, thus supporting an etiologic role of 
COX-2 in NSAID injury.** 

Although the precise roles of COX-1 and COX-2 inhibition 
have not been defined clearly in NSAID-induced injury to the 
small intestine, there is evidence that COX-2 inhibitors cause 
less deleterious clinical effects on the small intestine than do dual 
COX inhibitors. Using CE, Goldstein and colleagues found sig- 
nificantly less small intestinal injury in healthy subjects taking a 
selective COX-2 inhibitor (celecoxib) than in those who were 
taking ibuprofen plus omeprazole.*? Not surprisingly, multiple 
agents can synergize to worsen small intestinal injury, such as the 
addition of an antiplatelet drug to aspirin. The combination of a 
thienopyridine to low-dose aspirin also has been shown to exac- 
erbate small bowel injury as quantified by CE, evidence which 
supports clinical experience of an increased overall bleeding risk 
for patients who take this combination and undergoing cardiac 
stenting.*° 

NSAIDs appear to cause a disturbance in the microcircula- 
tion, which results in a loss of epithelial cells.’!5? Blood flow is 
compromised in the capillaries at the villus tips, endothelial cells 
become vacuolated, vascular stasis intensifies, and the overlying 
epithelial cells slough. 

The topical effects of NSAIDs appear to require prolonged 
mucosal exposure to the drug and thus, enterohepatic circula- 
tion of certain NSAIDs may exacerbate injury. The initial insult 
progresses to mucosal barrier dysfunction and Bjarnason dem- 
onstrated that NSAIDs cause increased intestinal permeability in 
humans by showing loss of chromium-5 1—labeled proteins into 
the intestinal lumen with their use.” In another study, 33 of 49 
(67%) patients taking oral NSAIDs were found to have intesti- 
nal inflammation, as documented by scintigraphic assessment of 
accumulation of indium-111—labeled white blood cells in the 
small intestine and by fecal excretion of indium 111.°* Nineteen 
of 32 patients who also underwent simultaneous scanning with 
°°mTc-labeled red blood cells showed blood loss at sites identi- 
cal to where intestinal inflammation was demonstrated. Loss of 
mucosal integrity allows luminal contents, including bile acids, 
pancreatic secretions, bacteria, and food antigens, to enter the 
mucosa and exacerbate injury. This process results in neutro- 
phil chemotaxis with nonspecific inflammation and ulceration 
in response to the initial injury. The observation by Wallace 
and colleagues that the intestinal microbiota may be altered 
and NSAID toxicity in the small intestine worsened in animals 
treated with PPI co-therapy, supports the theory that NSAID- 
induced damage has a microbiota-associated component.°° 
This hypothesis is supported further by a placebo-controlled 
study using a delayed-release antibiotic formulation of rifaxi- 
min: patients in the active treatment arm showed fewer mucosal 
breaks at 2 weeks, 20% versus 43%, and in contrast to those in 
the placebo group, there were no large ulcerations in the group 
using the antibiotics.°° In another placebo-controlled trial, it 
was shown that PPIs increased the risk of short-term NSAID- 
induced (celecoxib) small intestinal injury.’ These data suggest 
that although PPIs are quite effective in reducing gastric and 
duodenal NSAID ulcers, small intestinal injury actually could be 
worsened by these agents. Clinical studies to further explore this 
possibility are awaited. 


IDENTIFYING SMALL BOWEL ULCERS 
Presentation 


Similar to other entities, findings on any test need to have a clinical 
correlation. It has now become commonplace for the gastroenterol- 
ogist to explore the entire GI tract, given the greater ease and experi- 
ence of evaluating the small intestine. The extent of our evaluation 
is no longer limited to that level reached with a gastroscope or a 
colonoscope. Understanding the patient’s presenting symptoms can 
help narrow the pretest probabilities of small intestinal ulcerations, 
as their differential diagnosis can be very broad. 

Many gastroenterologists with an interest in small intestinal 
disorders, ourselves included will intubate the distal small intestine 
routinely as part of a screening colonoscopy and doing so some- 
times provides us with additional findings that may or may not be 
clinically relevant. Although we can attest to anecdotal findings of 
ulcerations in the terminal ileum that when biopsied confirmed a 
carcinoid tumor, the vast majority of these are non-specific acute 
ulcerations without any chronic changes and are idiopathic. If the 
patient is asymptomatic, such as is the case in many screening pro- 
cedures, one must place such discovery into clinical context as not 
clinically significant. The same logic is relevant to the patient with 
subtle mucosal break(s) in whom the diagnosis of Crohn disease 
is being strongly considered because of weight loss and diarrhea, 
but all other testing remains negative. Having a greater experi- 
ence with testing options and knowing their relative strengths and 
weaknesses will help the physician better clarify the best modalities 
in their evaluation. 


Capsule Endoscopy 


CE provides the ability to observe the entire small intestine 
mucosa by a noninvasive technique.’ Although multiple sys- 
tems have been developed and approved by the FDA, the goal 
of all these devices is to directly observe the mucosa as the cap- 
sule passes naturally through the GI tract and either to record or 
transmit the images to an outside data recorder for later review on 
a workstation. Because this technology was approved by the FDA 
and is available for patient care, we have gained a greater insight 
into involvement of the small intestine in systemic disease. This 
technology has continued to improve over time: battery life has 
lengthened, image quality has upgraded resolution, and now the 
capsule lens has a wider field of view. In addition, the software 
used to read these cases, including added image color enhance- 
ments, also has been upgraded in attempt to highlight important 
findings and create a greater ease in viewing the images.°?.° 

CE has become a first-line test for the diagnosis of small intesti- 
nal mucosal abnormalities. With greater acceptance, CE studies are 
used now to provide images that with knowledge of the clinical pic- 
ture, significantly increases our ability to make a diagnosis. Visual 
inspection provides part of the diagnostic algorithm by incorporat- 
ing the mucosal findings, location of disease, and extent of disease 
as part of the assessment. At the time of publication, there are mul- 
tiple CE systems available including PillCam SB, EndoCapsule, 
CapsoCam, MiroCam, and OMOM, although discussion of the 
different systems is beyond the scope of this chapter.°! 

CE has provided the ability to detect mucosal inflamma- 
tory changes of the small intestine often missed by other tech- 
niques. Although there are multiple causes for intestinal 
ulcerations, evaluations of comparative techniques to evaluate 
the small intestine usually are performed on patients with IBD 
(see Fig. 119.10). In a pooled analysis, CE had a “miss rate” 
for ulcers of only 0.5% compared with ileo-colonoscopy, push 
enteroscopy, and small bowel series.°? A meta-analysis of studies 
comparing CE to other imaging modalities of the small bowel 
for IBD has established that CE has an incremental diagnostic 
yield of 25% to 40% over CT enterography (CTE), small bowel 
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series, and ileo-colonoscopy.*t Unfortunately, there is a lack of 
standard nomenclature to evaluate CE that has led to additional 
heterogeneity in the evaluation of mucosal breaks without the 
ability to biopsy.© This is highlighted by a study showing that 
13.8% of healthy asymptomatic volunteers not taking NSAIDs 
had mucosal findings such as mucosal breaks®°; this led to the 
development of the Lewis Score to better predict the clinical 
significance of findings based on 3 parameters: villus edema, 
ulceration, and stenosis. The severity of these changes is assessed 
by the number, size, and extent of the findings. Scores less than 
135 designate normal or clinically insignificant inflammatory 
changes; a score of 135 to 790 is considered mild, whereas a 
score of more than 790 suggests moderate-to-severe disease.°’ 
This scale is included in the PillCam Rapid Reader software, 
but is not uniformly used in descriptions of small intestinal CE 
findings.°* 


Enteroscopy 


Enteroscopy mandates the ability to pass an endoscope into the 
small intestine. Although the standard upper endoscope can be 
used to perform an evaluation of the proximal small intestine, 
the depth of a standard endoscopic procedure is limited to the 
second portion of the duodenum. Similarly, ileal intubation dur- 
ing a colonoscopy generally is limited to the last few centimeters 
of the small intestine, although the colonoscope can be advanced 
to about 20 cm, if necessary, by most gastroenterologists. The 
advent of different techniques for achieving greater depth of 
insertion into the small intestine, such as device-assisted enteros- 
copy using either the anterograde or retrograde approach, gen- 
erally can provide observation of the entire small intestine (i.e., 
panendoscopy). 

Double-balloon enteroscopy (DBE) was developed in Japan 
by Hironori Yamamoto in 2001 and opened the field of deep 
enteroscopy to evaluate the small intestine.°-’! There are, how- 
ever, several other types of enteroscopy that preceded DBE and 
can be categorized as push, device-assisted, or intraoperative 
enteroscopy.” 

Push enteroscopy is performed with a standard endoscope 
that is available in the endoscopy suite (e.g., a colonoscope or 
an enteroscope); it can be used alone or with an overtube and 
advanced into the proximal jejunum to a depth of 45 to 60 cm 
beyond the ligament of Treitz. Although this is only a slight 
increase in depth of insertion, this may be all that is needed in 
certain clinical situations. For example, an abnormal CE that 
identifies an abnormality in the proximal small intestine can be 
further evaluated with this one additional examination. 

There are multiple device-assisted enteroscopy techniques, 
each with its own pros and cons, and the decision as to which one 
to use is usually dependent on the equipment available and physi- 
cian experience. DBE makes use of a dedicated enteroscope that 
has an overtube that slides on top of it, each with a latex balloon 
at their distal ends. These balloons are used to anchor the endo- 
scope in position and then to pleat the bowel onto the overtube 
as the instrument is reduced or shortened in an attempt to gain 
greater depth of insertion with repeated advancements.” These 
maneuvers are repeated numerous times in either an anterograde 
or retrograde direction to achieve deep enteroscopy. Single Bal- 
loon Enteroscopy (SBE) was introduced in 2008 and is similar 
to the DBE system, but only has one latex balloon on the over- 
tube of the distal end. Spiral enteroscopy was developed in 2007 
and uses a disposable overtube with a soft raised spiral ridge that 
is designed to pleat the small bowel; a motorized system still is 
being developed. The last group of these device-assisted tech- 
niques includes an On-Demand enteroscope called the NaviAid 
that makes use of a balloon that can be advanced through the 
working channel of the instrument and then inflated to anchor 
the distal end ahead of the endoscope, after which the scope can 
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be further advanced to reach the inflated balloon before deflating 
the balloon and repeating the steps to further advance through 
the GI tract.” 

Comparing the various techniques of device-assisted enteros- 
copy can be difficult because of the multiple factors to be evalu- 
ated. Many of the relevant publications have focused on bleeding 
as the indication for the procedure, and there have been wide 
ranges of diagnostic yields between them. Many have used the 
ability to perform panendoscopy as a surrogate marker of success, 
but even that has limitations. As an example, if the abnormality 
to be biopsied or treated is found within a short distance of the 
pylorus, then panendoscopy is not always needed. One prospec- 
tive study compared DBE and SBE and showed a complete enter- 
oscopy could be performed in 57% and 0% of cases, respectively, 
although there were no significant differences in diagnostic and 
therapeutic yield in the 2 groups.’* Similarly, comparing SBE 
with spiral enteroscopy, one sees again greater depth for SBE, 
although diagnostic yields are similar.” 

When comparing these forms of enteroscopy for the evalua- 
tion of small intestinal ulcerations, the questions that need to be 
answered first include: (1) what procedures are available locally? 
(2) what area of the intestine needs to be reached to obtain a tissue 
diagnosis? (3) what is the pretest probability of a specific finding? 
Given the somewhat invasive nature of these procedures, many 
have turned to enteroscopy only after a CE or radiologic study. 
Enteroscopy with a direct view of the small intestine is used toob- 
tain biopsies or perform other maneuvers that can be used to help 
clarify the diagnosis. However, we know from CE images that 
many of the disparate causes of ulceration resemble each other. 
On imaging studies, inflammation, regardless of cause, often has 
a common appearance, but correlating the pattern of inflamma- 
tion and sites involved with the clinical picture can help facilitate 
a unifying diagnosis. Additional information gleaned from the 
pathology results, may be nonspecific, but still useful for ruling 
out a specific diagnosis. 

Intraoperative enteroscopy was previously the only way to 
reach the depths of the small intestine, and certainly remains 
the most invasive of the techniques to visualize the depths of the 
small intestine.’° Currently, techniques mentioned earlier now 
can be used to provide adequate assessment. There are 2 ways to 
pass the endoscope into the intestine intraoperatively. The first 
is by mouth and after reaching the duodenum, the surgical team 
can pleat the small bowel over the scope to enable it to be passed 
deep into the small intestine. The second option is to perform 
an enterotomy and advance the endoscope within the surgical 
field directly into the small intestine. Given the invasive nature of 
intraoperative enteroscopy and the recovery associated with such 
extensive small intestinal manipulation, this generally is saved as 
a last resort. 


Cross Sectional Imaging 


Imaging techniques have improved not only in gastroenterol- 
ogy but also in radiology. We now are able to better evaluate the 
small intestine than in decades previously using cross sectioning 
imaging modalities such as CTE and MR Enterography (MRE). 
Both techniques evaluate the small intestine by distension of its 
lumen with the administration of neutral oral contrast and opti- 
mization of mucosal enhancement with IV contrast to be able 
to better identify mucosal abnormalities. With improvements in 
imaging and training in MRE interpretation, a recent meta-anal- 
ysis showed no significant differences upon comparison of these 2 
imaging modalities.” One potential benefit of MRE over CTE, 
however, is related to the additional risk of radiation associated 
with the latter; absence of ionizing radiation with MRE allows 
for additional post-contrast sequences without additional con- 
cerns. Additional benefit may be achieved by diffusion-weighting, 
a technique based on the molecular motion of water, which is 


driven by thermal agitation and is highly dependent on its cellular 
environment; thus it can be used to distinguish pathologic states 
such as neoplasm or inflammation with increased cellularity from 
healthy background tissue.’*-”? 

Many physicians use cross-sectional imaging to evaluate the 
small intestine for potential stricture formation and as a pre- 
capsule assessment to prevent capsule retention.*? Although 
published studies involve only small numbers of patients, the 
ability to evaluate the presence of stricture and pre-stenotic 
dilatation provides additional information that can predict 
patency capsule retention (see later).*! As a result, many have 
suggested that in patients for whom capsule retention is a con- 
cern, use of either a patency capsule or cross-sectional imaging 
techniques can reduce the frequency of capsule retention,*? 
which ranges from 0% to 13%. Studies have found that the 
indication for CE can help stratify the risk of capsule reten- 
tion. In a systematic-review of 22,840 procedures, the reten- 
tion rate was 1.4% overall, with 1.2% for obscure GI bleeding, 
2.6% for Crohn Disease, and 2.1% for neoplastic lesions.*? 
The patency capsule is a capsule that is similar in size to the 
standard video capsule and can identify patients who are at a 
high risk of capsule retention. The patency capsule contains a 
radiofrequency ID tag as well as barium to help make it vis- 
ible on a plain abdominal film and begins to disintegrate after 
30 hours. After this time, control plugs erode, and intestinal 
fluids enter to dissolve the contents of the capsule, allowing 
small pieces of non-degraded parts to pass through the intes- 
tinal narrowing. 


Other Radiologic Studies 


In some locations, depending on local expertise, the use of 
enteroclysis still is used instead of enterography to better distend 
the small intestine. This method involves the passage of a nasal or 
oral catheter to administer water-soluble contrast agent directly 
into the small intestine to achieve distension of the lumen; less 
contrast is needed than just flooding the GI tract empirically with 
oral contrast. An agent to “paralyze” the small intestine, such as 
glucagon, then is given to reduce overlap of confounding intesti- 
nal loops and areas of muscular contraction that may mimic the 
appearance of strictures. This technique has more directed deliv- 
ery of the luminal contrast, but is also more invasive, time con- 
suming, and requires the use of a skilled technician to correctly 
place the catheter and monitor the distention. Hence, it is rarely 
performed today. 

In the past, standard barium studies such as the small bowel 
follow through, had been the mainstay of morphologic small 
intestine investigation. Although these techniques still are being 
used, clinicians generally now rely on cross-sectional imaging 
that not only provides a detailed picture of the small intestine, 
but also extra-intestinal findings. 

In attempts to further reduce radiation exposure, many sites 
have studied whether US techniques can be helpful at the initial 
evaluation of small bowel inflammatory changes. At this time, 
however, US is not commonly performed but may have a role in 
the diagnosis and potential follow up of small intestinal lesions in 
the future, more specifically in the serial follow-up of patients in 
whom the diagnosis and extent of disease have been established. 

With current small intestinal imaging techniques, we now are 
better able to identify abnormalities that previously were hidden 
from view. The findings in this still hard-to-reach area are often 
part of a larger clinical picture that requires a thorough history and 
consideration of the entire clinical picture. Understanding the dif- 
ferential diagnosis and roles of the various imaging techniques will 
better direct patient care in the clinical evaluation of small intesti- 
nal ulcerations. 


Full references for this chapter can be found on www.expertconsult.com. 
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HISTORICAL PERSPECTIVE 


Leonardo da Vinci was the first to describe the anatomic loca- 
tion of the appendix in the early 15th century, but it wasn’t 
until 1711 that the first clearly recognizable report of appen- 
dicitis was recorded by the German surgeon Lorenz Heister.! 
‘Twenty-five years later Claudius Amyand, a Sergeant Surgeon 
to Queen Ann, King George I, and King George II, performed 
the first appendectomy on an 11-year-old boy who had perfo- 
rated appendicitis within a scrotal hernia; he was able to excise 
the appendix and repair the hernia.’ Throughout the 18th and 
19th centuries, the prevailing medical opinion was that acute 
abdominal pain and RLQ inflammation was a consequence 
of inflammation of the cecum or its surrounding tissues. The 
modern description of the pathophysiology of appendicitis 
and the role of the appendix in acute abdominal syndromes 
dates to 1886, the year Reginald Fitz presented a paper to the 
Massachusetts Medical Society in which he coined the term 
appendicitis and advocated that early surgical intervention was 
the appropriate treatment. ! 

The first, now-customary, appendectomy for classic acute 
appendicitis actually had been performed by Lawson Tait in 
1880, but remained unreported as such until 1889 when Charles 


McBurney published his recommendation that laparotomy early 
in the disease process is the appropriate treatment of appendicitis.* 
In this paper, the eponymous, McBurney point was described as 
the point of “maximum tenderness, one half to 2 inches inside the 
right anterior spinous process of the ilium on a line drawn from 
the umbilicus.”*+ 

Almost a century later, the first successful laparoscopic 
approach to appendectomy was described by Kurt Semm.* Addi- 
tionally, with the development of natural orifice transluminal 
endoscopic surgery, the first successful transvaginal appendectomy 
was soon reported by Santiago Horgan and Mark A. Talamini in 
early 2009.° 


EPIDEMIOLOGY 


Appendicitis is the most common acute abdominal emergency 
in developed countries. Addiss et al. reported the crude inci- 
dence of appendicitis in the USA to be 11/10,000 persons 
per year between 1970 and 1984,° with similar rates noted in 
other developed countries. More recently, Buckius et al. found 
that, although the incidence of acute appendicitis still has 
highest frequency among those 10 to 19 years old, its occur- 
rence in this age group decreased 4.6% from 1993 to 2008, 
whereas it increased to 6.3% among persons 30 to 69 years 
old.’ Inexplicably, the rates of appendicitis are as much as 10 
times lower in many less-developed African countries,* and 
data from most European countries suggest that the incidence 
of appendicitis is decreasing. Between 1989 and 2000, a 15% 
decrease in the overall incidence of appendicitis was noted in 
an English study’; similar temporal trends have been noted in 
Greece and Finland.!!! Men are at greater risk than women, 
with a case ratio in most series of 1.4:1. The lifetime risk of 
appendicitis has been estimated at 8.6% in men and 6.7% in 
women.° 

Approximately 250,000 appendectomies are performed each 
year in the USA, however, multiple studies from the USA suggest 
that the number of appendectomies performed for acute appendi- 
citis has been increasing since 1995; the explanation for this change 
is unclear, but may be related to the increased use of imaging for 
the diagnosis of appendicitis and laparoscopic appendectomy.!?:! 
Regardless of the direction of the epidemiologic trend, appendici- 
tis remains the most common indication for emergency abdominal 


surgery. 


ANATOMY AND EMBRYOLOGY 


The vermiform appendix and the cecum are best thought of 
as a single anatomic unit. Developmentally part of the mid- 
gut, the appendix and cecum form between the 8th and 12th 
weeks of gestation as a bud arising from the midgut loop, before 
the ascending colon has become delineated (see Chapter 98). 
Congenital malformations of the appendix such as agenesis and 
duplication are very rare. With an average length of 9 cm,!* the 
origin of the appendix varies and the appendix may assume any 
of the positions of a clock hand, with the center considered the 
appendiceal origin. 
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Fig. 120.1 Positions of the appendix. Five different positions of the 
appendix are illustrated; variations in position can affect the clinical pre- 
sentation of appendicitis (See text). (From Buschard K, Kjaeldgaard A. 
Investigation and analysis of the position, fixation, length, and embryol- 
ogy of the vermiform appendix. Acta Chir Scand 1973; 1389:293.) 


Unlike the rest of the colon, where the longitudinal muscle 
layer coalesces into the tenia coli, the appendix has a circumferen- 
tial longitudinal muscle layer. The blood supply of the appendix 
is found in a separate mesentery, the mesoappendix, and consists 
of an appendicular branch of the ileocolic branch of the superior 
mesenteric artery. The lymphatic drainage of the appendix is to 
the ileocolic lymph nodes, into which also drain the lymphatics of 
the terminal ileum and ascending colon. 

Although the ascending colon is fixed in the retroperitoneum, 
the appendix and cecum have a more variable location within the 
abdomen. The position of the appendix depends upon a number 
of factors: the degree of cecal descent and peritoneal fixation, the 
configuration of the cecum, appendiceal length, associated adhe- 
sions, and the habitus of the person.!> Typically, the location of 
the appendix is described as retrocecal, pelvic, subcecal, or para- 
ileal, which is a condensation of pre- and post-ileal (Fig. 120.1). 

The classic surface anatomy of appendicitis was described 
by McBurney in 1889 and, as previously mentioned, McBurney 
point is located at the junction of the lateral and middle thirds 
of a line drawn from the right anterior superior iliac spine to the 
umbilicus.’ Classically, this surface marking has been important 
in both the diagnosis and treatment of acute appendicitis; how- 
ever, investigators have shown that the appendix is located within 
5 cm of McBurney point in less than 50% of cases.!° This ana- 
tomic variability helps explain why pain or tenderness at McBur- 
ney point is not found in all cases of appendicitis. 


PATHOLOGY 


Acute appendicitis is classified as acute, gangrenous, or perforated. 
The earliest gross findings of acute appendicitis are injection of the 
serosal blood vessels and edema of the appendiceal wall. In more- 
advanced cases, the serosal surface appears dull to dusky and is 
covered by fibrinopurulent exudates. Over time, focal areas of gan- 
grene develop, marked by greenish and black discoloration of the 


wall; with perforation, the integrity of the weakened appendiceal 
wall from the necrosis gives way and an adjacent abscess results. 17 
Microscopically, each of these forms of appendicitis has dis- 
tinctive characteristics. In acute or suppurative appendicitis, a 
neutrophilic infiltrate involves the muscularis propria layer cir- 
cumferentially, accompanied by acute inflammation, and ulcer- 
ation of the mucosa with edema, intramural microabscesses, and 
vascular thrombosis. The hallmarks of gangrenous appendicitis 
are transmural inflammation of the appendix with focal areas of 
mural necrosis. Vascular thrombosis is more prominent in gangre- 
nous than in suppurative appendicitis. The presence of mucosal 
inflammation alone (“catarrhal” inflammation) is more character- 
istic of infectious enteritis or colitis and is not considered evidence 
of acute appendicitis; for the microscopic diagnosis of appendicitis 
to be made, inflammation must extend to the muscularis propria.!’ 


PATHOGENESIS 


Despite more than 100 years of study, there still is no single 
explanation for all cases of appendicitis. The classic hypothesis is 
that obstruction of the appendiceal lumen by either a fecalith or 
lymphoid hyperplasia produces an increase in intraluminal pres- 
sure, which in turn results in venous hypertension, ischemia of the 
appendiceal wall, and subsequent bacterial invasion with necrosis 
and perforation. Experimental evidence in animal models exists 
to support this hypothesis of the etiology of acute appendicitis. !® 
This hypothesis, however, does not explain all cases of appen- 
dicitis. Careful review of pathologic series shows that luminal 
obstruction is found in a minority of cases. Fecaliths are present in 
only 3.6% to 27% of cases of acute appendicitis, with most series 
at the lower end of the range,!7!? and lymphoid hyperplasia is 
more common in noninflamed appendices than in acute appendi- 
citis.?° Other causes of luminal obstruction such as foreign bodies, 
tumors, and fibrous bands are uncommon. Finally, direct mea- 
surement of intraluminal pressure at appendectomy for appendi- 
citis reveals an elevated pressure in only a minority of cases.? 1 

An alternative hypothesis for the etiology of appendicitis is based 
on the concept that either bacterial or viral enteric infection leads to 
mucosal ulceration of the appendix and subsequent bacterial inva- 
sion by the normal colonic microbiota. The finding that up to 75% 
of cases of appendicitis demonstrate well-defined superficial muco- 
sal ulceration supports this theory. Furthermore, mucosal ulcer- 
ation is a more consistent finding than is dilatation of the appendix 
or the presence of fecaliths and is found earlier in the course of 
appendicitis.’? One report found CMV early-antigen expression 
in 64% of cases with acute appendicitis and no CMV antigens in 
normal appendices, suggesting that in some cases, CMV infection 
might produce mucosal ulcerations and lead to acute appendicitis.” 

Additional support for the role of infection in the etiology of 
appendicitis is found in 2 lines of epidemiologic evidence. The first 
is based in the hygiene theory of appendicitis advocated by Barker in 
the mid-1980s.*+ According to this hypothesis, improved sanitation 
tied to the Industrial Revolution resulted in a decrease in enteric 
infections in infants, with subsequent decreased immunity to these 
infections in childhood and young adulthood. Acquisition of these 
infections later in life was believed to predispose people to appendi- 
citis, thus explaining the rise in incidence rates of appendicitis in the 
first half of the 20th century. By this theory, the decrease in the over- 
all rate of enteric infections during the last half of the 20th century 
explained the overall decline in appendicitis. The second line of epi- 
demiologic evidence supporting the role of infection in the etiology 
of appendicitis is the seasonal variance in incidence and the occur- 
rence of temporal and spatial clusters of appendicitis, both hallmarks 
of infectious diseases.”.6 It is important to recognize, however, that 
no specific infectious agent has been linked with all cases of appendi- 
citis, suggesting that infection is not the complete story. 

A decrease in dietary fiber intake (the fiber hypothesis) also 
has been proposed as a cause of appendicitis. According to this 


hypothesis, decreased dietary fiber causes firm stool and an 
increased enteric transit time, resulting in more fecaliths and more 
appendicitis. This hypothesis was felt to explain both the rise in 
appendicitis rates in the early 20th century and the marked dif- 
ferences in appendicitis rates between more-developed Western 
countries and less-developed African countries. Doubt has been 
cast upon this hypothesis, however, for several reasons. First, 
although dietary fiber ingestion has been falling in urban Africans, 
appendicitis rates have not risen markedly?” and a prospective 
series from Africa demonstrated continued high fiber intake even 
in patients with appendicitis.’ Second, rates of appendicitis in the 
Western world have fallen without changes in dietary fiber intake. 

It is likely that any one of several different inciting events (e.g., 
luminal obstruction, infection, trauma) can initiate breakdown of 
the appendiceal mucosa, resulting in bacterial invasion; the end 
result is appendicitis. 


CLINICAL FEATURES 


A detailed history and careful physical examination remain cor- 
nerstones of the diagnosis of acute appendicitis. Although no 
single item of the history, in isolation, allows the diagnosis to 
be made reliably, combination of the classic symptoms and the 
typical progression of symptoms coupled with RLQ tenderness 
allows good diagnostic accuracy. In the classic presentation of 
acute appendicitis, patients first note vague, poorly localized epi- 
gastric or periumbilical discomfort, which typically is not severe 
and often is attributed to “gastric upset.” Patients commonly 
report feeling that a bowel movement should make the pain bet- 
ter, a sensation known as the downward urge.’’ 

Diarrhea sometimes is seen early on with appendicitis, but this 
is not common. Within 4 to 12 hours of the onset of pain, most 
patients note nausea, anorexia, vomiting, or some combination 
of these 3 symptoms. The nausea usually is mild-to-moderate, 
and most patients have only a few episodes of emesis. If vomit- 
ing is the major symptom, the diagnosis of appendicitis should 
be questioned. Likewise, emesis that occurs before the onset of 
pain should suggest other diagnoses.*” Many patients report mild 
fever or chills; high fevers or significant rigors are uncommon. 
The patient’s abdominal pain typically increases in intensity, and a 
characteristic shift in pain to the RLQ occurs over 12 to 24 hours. 
The character of the pain becomes achy and more localized. Local- 
ization of the pain to the RLQ is a valuable finding when present 
and occurs in more than 80% of patients with appendicitis.*° 

On physical examination, most patients appear slightly ill. Tachy- 
cardia is uncommon with simple appendicitis, but it may be seen 
with complicated appendicitis. Most patients with simple appendi- 
citis have a temperature less than 100.5°F; temperature greater than 
100.5°F is most often associated with perforation or gangrene.*! 
Patients with appendicitis, like other patients with peritonitis, tend 
to lie still rather than move about. RLQ tenderness and rigidity are 
common findings. Localized RLQ tenderness is an important find- 
ing when present, but its absence does not rule out appendicitis. A 
variety of methods exist to elicit localized RLQ peritonitis, includ- 
ing the cough sign (the presence of point tenderness with a cough), 
percussion tenderness, and formal elicitation of rebound tenderness. 
Although all of these techniques are reasonably sensitive, one small 
study showed rebound tenderness to be the most accurate predictor 
of the localized peritonitis associated with appendicitis.*” 

Additional findings that may be helpful in diagnosing appendici- 
tis include the psoas sign, the obturator sign, Rovsing sign, and rec- 
tal tenderness. The psoas sign is sought by having a supine patient 
actively flex the right hip against resistance, or by the examiner flex- 
ing and extending the patient’s right hip with the patient in the left 
lateral decubitus position. Pain with either of these maneuvers is 
thought to result from irritation of the underlying psoas muscle by 
an inflamed retroperitoneal appendix. The obturator sign is elic- 
ited by internally and externally rotating the flexed right hip. Pain 
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is thought to arise when the inflamed pelvic appendix irritates the 
adjacent obturator internus muscle. Rovsing sign is the finding of 
RLQ pain during palpation of the left side of the abdomen or when 
left-sided rebound tenderness is elicited. Rectal tenderness may 
be elicited when the examining finger reaches the wall of rectum 
adjacent to the inflamed appendix All of these findings are valuable 
when present, but their absence does not exclude appendicitis.*° 
Appendicitis can be easy to diagnose when the presentation 
is typical, which occurs in only 50% to 60% of cases. An atypical 
presentation of appendicitis may occur for a variety of reasons. 
The classic migration of periumbilical pain to the RLQ is thought 
to occur when the parietal peritoneum in the RLQ becomes irri- 
tated by the inflamed appendix. In cases of retrocecal or pelvic 
appendicitis, the parietal peritoneum might not become irritated. 
Atypical presentations of appendicitis are particularly common in 
patients who are at the extremes of age, pregnant, or immunosup- 
pressed, including those with AIDS and a low CD4 cell count. 
Appendicitis in infants and young children remains a prob- 
lematic diagnostic challenge because of difficulties in obtaining 
an accurate history. In young children, the characteristic history 
of pain is difficult to elicit, RLQ pain is a less common finding, 
and nonspecific findings of vomiting, lethargy, and irritability 
tend to predominate.’ Physical examination is difficult to per- 
form because of poor patient cooperation and because localized 
RLQ tenderness is found in less than 50% of patients.*+ In addi- 
tion, the characteristic laboratory findings often are not present 
and in infants leukopenia is as common as leukocytosis.*> As a 
result, errors in diagnosis are common, and the frequency of 
complicated appendicitis is as high as 40% to 70%.*° 
The diagnosis of appendicitis in older adult patients also may 
be a challenge. In older adults, the classic pattern of pain migra- 
tion, RLQ tenderness, fever, and leukocytosis is observed in only 
15% to 30% of cases.*>37 Older patients also tend to present to 
medical attention in a delayed time frame relative to younger 
patients. For these reasons, the complication and perforation rates 
can be as high as 63% in patients older than 50 years of age.*® 
The presentation of appendicitis during pregnancy is fre- 
quently associated with an atypical clinical presentation, particu- 
larly in the later stages of pregnancy. In one series, only 57% of 
pregnant women with appendicitis had the classic progression of 
pain.*’? Nausea and vomiting tend to be more common in preg- 
nant women with appendicitis, but they also are common occur- 
rences during normal pregnancy. The complexity of interpreting 
clinical data can make a diagnosis of appendicitis difficult in the 
pregnant patient population. For example, fever is less commonly 
seen in pregnant women than in other patient groups, and the 
value of an isolated leukocytosis may be obscured by the nor- 
mal physiologic leukocytosis of pregnancy. Although right-sided 
abdominal pain and tenderness are found in more than 80% of 
pregnant women with appendicitis, pain is located in the RLQ 
only 60% of the time due to the altered anatomic location of the 
appendix as it is pushed out of the pelvis by the gravid uterus.*” 
Immunocompromised patients in general, and patients with 
AIDS in particular, represent a challenging group in which to diag- 
nose appendicitis. Abdominal pain is reported in only 12% to 45% 
of AIDS patients with appendicitis. The range of diagnoses respon- 
sible for this pain is significantly greater than in patients without 
HIV and includes opportunistic infections and malignancies, 
although in most cases, the pain is related to a diagnosis not associ- 
ated with HIV.*! Research suggests that appendicitis occurs more 
often in HIV-infected patients than in HIV-negative patients, with 
as much as a 4-fold increase in incidence.*” Although patients with 
AIDS usually present with the classic symptoms and signs of appen- 
dicitis, there often is a history of chronic abdominal pain. Diar- 
rhea also is a more common presenting symptom of appendicitis 
in HIV-positive patients, and leukocytosis is relatively uncommon. 
Declining CD4 counts are associated with delays in presentation 
for medical attention and increased perforation rates. Despite 
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TABLE 120.1 Differential Diagnosis of Appendicitis 


Diagnosis 


Findings That Help Differentiate Entity From Appendicitis 


Bacterial or viral enteritis 


Mesenteric adenitis 
usually normal 


Pyelonephritis 


Nausea, vomiting, and diarrhea are severe; pain usually develops after vomiting 
Duration of symptoms is longer; fever is uncommon; RLQ physical findings are less marked; WBC count is 


Pain is more likely to be felt in the right flank; high fever and rigors are common; marked pyuria or bacteriuria 


and urinary symptoms are present; abdominal rigidity is less marked 


Renal colic 
Acute pancreatitis 


Pain radiates to the right groin; significant hematuria; character of the pain is clearly colic 
Pain and vomiting are more severe; tenderness is less well localized but may be epigastric not RLQ; serum 


amylase and lipase levels are elevated 


Crohn disease 


History of recurrent, similar attacks; diarrhea is more common; palpable RLQ mass is more common; may 


exhibit extraintestinal manifestations 


Cholecystitis 


History of prior attacks is common; pain and tenderness are greater; radiation of pain is to the right shoulder; 


nausea is more marked; liver biochemical tests are more likely to be abnormal 


Meckel diverticulitis 
Cecal diverticulitis 


Very difficult to distinguish preoperatively from appendicitis 
Difficult to distinguish preoperatively from appendicitis; symptoms are milder and of longer duration; CT scan 


is helpful; patients are usually older 


Sigmoid diverticulitis 


Usually occurs in older patients; changes in bowel habits are more common; pain is often in the LLQ and 


may radiate to the suprapubic area, not RLQ; fever and WBC count are higher 


SBO 
uncommon 


Ectopic pregnancy 
pregnancy test 


Ruptured ovarian cyst 
WBC count is normal 


Ovarian torsion 


History of abdominal surgery; pain is colicky; vomiting and distention are more marked; RLQ localization is 


History of menstrual irregularities; characteristic progression of symptoms is absent; syncope; positive 


Occurs in the middle of the menstrual cycle; pain is of sudden onset; nausea and vomiting are less common; 


Vomiting is more marked and occurs at the same time as the pain; progression of symptoms is absent; 


abdominal or pelvic mass often is palpable 


Acute salpingitis or tubo-ovarian abscess 


Longer duration of symptoms; pain begins in the lower abdomen; often there is a history of STDs; vaginal 


discharge, and marked cervical tenderness often are present 


STD, Sexually transmitted disease. 


the challenges of diagnosing appendicitis in patients with HIV, 
surgical outcomes with appropriate treatment are quite good; the 
largest series to date had no mortalities and a 13% complication 
rate, which is comparable to outcomes in patients without HIV.* 


DIAGNOSIS 


Diagnosis of appendicitis remains a significant clinical challenge 
because of the many different entities that manifest with acute 
abdominal pain and the relatively nonspecific initial presenta- 
tion of the disease. Nonetheless, because the natural history of 
appendicitis is thought of as a time-dependent progression to 
perforation, there is some urgency in making a prompt and accu- 
rate diagnosis. Not all causes of acute abdominal pain, however, 
require surgical intervention, and a “negative appendectomy” 
(removal of a normal appendix) carries some risks for the patient, 
including adhesion formation, infection, and postoperative dis- 
ability. Table 120.1 illustrates common diagnoses that can mimic 
acute appendicitis. Compounding this diagnostic challenge, there 
is no single symptom, finding, or laboratory test that is com- 
pletely sensitive or specific for appendicitis.*° 


Laboratory Studies 


Laboratory findings in acute appendicitis include a variety of 
markers of acute inflammation. An elevated WBC in the range of 
11,000 to 17,000/mm:? is seen in approximately 80% of patients, 
but the specificity of this finding for acute appendicitis versus 
other causes of acute abdominal pain is poor.** An elevated pro- 
portion of granulocytes in the total WBC or an elevated total 
neutrophil count (“left shift”) also is seen in the vast majority of 


patients with appendicitis, but is not specific for appendicitis.*+ 
C-reactive protein (CRP) is elevated in 50% to 90% of cases 
of appendicitis, but is nonspecific when cutoff values of 5 to 25 
mg/L are used. A urinalysis often is obtained in patients with 
acute appendicitis to exclude urinary tract infections, but mild 
abnormalities, either pyuria or hematuria, are present in about 
50% of cases of appendicitis.” 

The value of laboratory investigations in diagnosing acute 
appendicitis has been a matter of some debate. In patients with 
a classic presentation by history and physical examination, many 
authors think that little additional information is obtained from 
laboratory studies. When all cases of appendicitis are considered, 
however, adding laboratory studies such as WBC, left shift, and 
CRP has been shown to improve diagnostic accuracy.” When 
clinical findings are compared with inflammatory markers, inflam- 
matory markers are stronger predictors of appendicitis than indi- 
vidual history or physical findings. Direct comparison of WBC 
and CRP suggests that total WBC or total granulocyte count is 
more sensitive and accurate than CRP for detecting acute appen- 
dicitis.***4 The diagnostic performance of inflammatory markers 
is even better in identifying patients with perforated appendicitis. 

All patients with suspected acute appendicitis should have a 
CBC. A pregnancy test should be obtained in women of child- 
bearing age. The value of other laboratory tests such as amylase, 
liver biochemical tests, or urinalysis lies in helping to exclude other 
diagnoses that can mimic acute appendicitis (see ‘Table 120.1). 


Imaging Studies 


Traditionally, there has been little role for routine imaging stud- 
ies in patients with suspected acute appendicitis. As stated in 
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Fig. 120.2 Transverse (A and B) and longitudinal (C) US of the RLQ demonstrating a swollen, noncompress- 
ible appendix (Ap) proved at operation to be acute appendicitis. (Courtesy of Roy A. Filly, MD.) 


the classic surgical textbook, Cope’s Early Diagnosis of the Acute 
Abdomen, “Over reliance on laboratory tests and radiologic 
evaluations will very often mislead the clinician, especially if the 
history and physical examination are less than diligent and com- 
plete.”3°?? In 50% to 60% of cases, the diagnosis of appendicitis 
requires no imaging studies and can be made on clinical grounds 
alone.484? When diagnosis is less certain, a variety of imaging 
tests has been used to help confirm or exclude the diagnosis of 
acute appendicitis: plain abdominal films, abdominal US, radio- 
nuclide scans, and abdominal and pelvic CT. Additionally, radio- 
logic studies are of diagnostic value when clinical suspicion of 
complicated appendicitis is suspected, as would be the case with 
abscess formation or phlegmon. Routine CT imaging, however, 
in a young male patient with the acute onset of RLQ pain, nausea 
and vomiting, leukocytosis, and without a history of IBD typically 
adds very little to change surgical management in the absence of 
clinical findings suggesting the appendicitis is complicated. 


Plain Abdominal Films 


Plain films of the abdomen often are the initial imaging test for 
patients with acute abdominal pain. Findings on abdominal plain 
films consistent with appendicitis include a radiopaque RLQ 
coprolith; focal RLQ ileus or a sentinel loop; loss of the right 
psoas shadow; and a RLQ soft tissue mass. All of these findings 
are suggestive of, but not definitive for, appendicitis. In a pro- 
spective study in which plain abdominal films were ordered on 
all patients with suspected appendicitis, the films altered clini- 
cal management in only 6% of cases.’ Plain abdominal films 
should be discouraged in the evaluation of acute appendicitis, 
unless clinical suspicion of bowel obstruction or perforation is 
thought to be likely. 


US 


The role of US in the diagnosis of acute appendicitis remains 
unsettled. It should be mentioned that sophisticated US tech- 
nique and training is gaining considerable interest, as it is cheap, 
reproducible, and noninvasive. Point of care (POC) US in the 
right setting could provide all the information a surgeon needs to 
a make medical decision. Coupled with a good history and physi- 
cal examination, POC US findings may be sufficient to take a 
patient to the operating room for appendectomy. Currently, the 
literature is inconclusive as to a precise sensitivity and specific- 
ity and, as with any other technique, experience greatly increases 
sensitivity and specificity. In a collected review of adult patients, 
the reported sensitivity of US examination in the diagnosis of 
appendicitis was 86% and its specificity was 81%.°! In children, 


however, US examination appears to be more sensitive and spe- 
cific than in adults, with sensitivity and specificity greater than 
90% in most series and detection of a normal appendix in up to 
90% of cases.°?? A normal appendix is demonstrated in adults in 
less than 50% of cases (discussed later). 

The US characteristics of appendicitis are well defined. Using a 
5 or 7.5 MHz transducer, the technique of graded compression is 
used to displace the mobile loops of bowel in the RLQ of the abdo- 
men. The diagnosis of appendicitis can be made with confidence if 
a 7-mm or thicker noncompressible blind-ended loop of bowel is 
identified (Fig. 120.2). The findings of a shadowing appendicolith, 
pericecal inflammation, or a localized pericecal fluid collection all 
support the diagnosis of appendicitis.°* Recent work examining US 
in pediatric appendicitis suggests that the finding of inflamed peri- 
appendiceal fat may be the best predictor of appendicitis, and that 
focusing on findings of inflammation rather than anatomic features 
of the appendix may improve the accuracy of diagnosis.>> Appen- 
dicitis is excluded during US study by demonstration of a normal 
appendix, but a normal appendix is demonstrated in less than 50% 
of adult patients even by experienced sonographers, thus reducing 
the value of a “negative” US study.*° 

There are some important limitations to the usefulness of 
US in the diagnosis of appendicitis. All US-based techniques 
are operator-dependent. The excellent results just mentioned 
were achieved in dedicated trials performed by interested and 
experienced ultrasonographers. In one multicenter trial focused 
on diagnosis of the acute abdomen, the “real-world” sensitivity 
of US fell to 55%.°” Recent work has also focused on the role 
of surgeon-performed bedside US in the diagnosis of appen- 
dicitis. Understanding and implementing a bedside, POC-US 
protocol may be the future of diagnosing acute appendicitis. 
Gungor et al. performed a clinical trial evaluating patients 
older than 18 years of age with abdominal pain, and compared 
results of bedside US performed by an emergency department 
(ED) physician with radiologist-performed US evaluation. 
The study included 264 patients with a pathology-confirmed 
diagnosis of acute appendicitis in 169 (64%). The sensitivity, 
specificity, positive likelihood ratio, and negative likelihood 
ratio were 92.3%, 95.8%, 21.9%, and 0.08%, respectively 
in the hands of the ED provider; comparative values for the 
radiologist-performed evaluation were 76.9%, 97.8%, 36.4%, 
and 0.24%, respectively.’ This study suggests that real-time 
US in trained hands, used as a screening tool in the ED, could 
obviate confirmatory studies by radiologists. A recent system- 
atic review suggested that the accuracy of surgeon-performed 
US could approach that of radiologist-performed US, but there 
was considerable heterogeneity in this finding.’ US study also 
is less sensitive in patients with a BMI greater than 25 and in 
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those with perforated appendicitis.“° Finally, US examination 
is more useful in confirming than in excluding the diagnosis of 
appendicitis, reducing its clinical utility in patients with a low 
pretest probability of appendicitis. 


CT 


Abdominal CT scans are considered the imaging study of choice 
in nonclassic cases of appendicitis. With the development of 
rapid helical and multidetector CT scanners, CT is used increas- 
ingly to evaluate patients with acute abdominal pain. CT has long 
been considered valuable in making the diagnosis of appendiceal 
abscess, and CT-based therapy of these abscesses has become 
common.°! Since the 1990s, a number of authors have advo- 
cated broadening the use of CT scans to assist in the diagnosis 
of atypical appendicitis. A wide variety of techniques has been 
used for appendiceal-protocol CT scans, which differ in terms of 
the amount of the abdomen scanned, the thickness of the indi- 
vidual cuts, and the types of contrast used. Several conclusions 
have emerged from these studies: thin (5 mm) cuts are better 
than thick (10 mm) cuts, and use of IV and/or enteric contrast 
improves diagnostic accuracy. 

CT findings consistent with appendicitis include an inflamed, 
distended (more than 6 mm) appendix that fails to fill with con- 
trast or air (Fig. 120.3), often accompanied by an appendicolith 
or appendiceal wall thickening; peri-appendiceal inflammation, 
cecal apical thickening, and peri-cecal fluid collections are 
associated findings in appendicitis.°> Identification of a normal 
appendix or the finding of alternative intra-abdominal pathology 
constitutes a negative study. 

The performance of CT scanning for appendicitis has been 
impressive, with sensitivity rates of 94% and specificity rates 
of 95% in one collected review of multiple studies.°! The best 
results occur when enteric contrast is administered both by 
mouth and by rectum and contrast opacification of the cecum 
occurs. Limitations of CT scanning for appendicitis include the 
time required for enteric contrast to fill the bowel, decreased sen- 
sitivity in patients with low body fat, allergic reactions to IV con- 
trast agents, exposure to ionizing radiation, and cost. 


Overall Approach 


What constitutes the best imaging study has not been conclu- 
sively determined for all patients in whom a diagnosis of appen- 
dicitis cannot be made confidently after clinical history, physical 
examination, and review of laboratory findings. Based on current 
evidence, however, it would appear that CT scanning is more 
sensitive, more specific, and less operator-dependent than US in 
adults.°t In pregnant women and in very thin patients, especially 
in institutions with experienced ultrasonographers, abdominal 


Fig. 120.3 CT for the diagnosis 
of acute appendicitis. A, Diffuse 
inflammatory changes in the 
mesentery surrounding the distal 
ileum and cecum in a patient with 
appendicitis. B, A fecalith is shown 
in the appendiceal lumen (arrow). 
(Courtesy of William R. Brugge, 
MD, Boston, MA.) 


US is probably an alternative first imaging study in atypical cases 
of appendicitis. In pregnant patients with equivocal findings on 
US study, follow-up imaging with MRI has been shown to be as 
accurate as CT scanning and should be the next study to con- 
firm the diagnosis of appendicitis.© In pediatric patients, when 
the diagnosis of appendicitis cannot be made confidently after 
evaluation by a pediatric surgeon, US should be the first imag- 
ing test selected. This recommendation is based on the increased 
sensitivity of US study in children and on the theoretical 10-fold 
increase in lifetime cancer risk engendered by exposure of chil- 
dren to ionizing radiation.” In patients of any age, the initial 
step in evaluating patients with suspected acute appendicitis 
should be evaluation of the patient by an experienced surgeon, 
because this diagnostic evaluation is at least as accurate as any 
imaging study.°” 


Clinical Scoring Systems and Computer-Aided 
Diagnosis 

Based upon data suggesting that examiner experience improves 
diagnostic accuracy in acute appendicitis, a variety of scoring 
systems has been devised since the 1990s to aid in the diagno- 
sis of appendicitis. Most of these scoring systems assign numeri- 
cal weights to findings from history, physical examination, and 
laboratory values in an attempt to predict the probability of 
appendicitis. More than 10 different scoring systems have been 
published, all of which purport to reduce errors in diagnosis and 
negative appendectomy rates. In an examination of the perfor- 
mance of multiple, published scoring systems on a single, well 
defined patient data set, the ability of all scoring systems to pre- 
dict appendicitis was disappointing.®* The ability of scoring sys- 
tems to perform well when applied to patient populations other 
than the population for which they had been developed remains 
a problem; other studies have reported similar results looking at 
individual scores.°? At this point there is no universally applicable 
scoring system for the diagnosis of acute appendicitis. 


Laparoscopy 


Laparoscopy has been proposed to assist in diagnosing equivo- 
cal cases of acute appendicitis. Inserting a laparoscope into the 
abdomen allows direct inspection of the appendix without appen- 
dectomy, if the appendix is found to be normal. The appeal of 
this approach is greatest in women of childbearing age in whom 
gynecologic causes of acute abdominal pain can cloud diagno- 
sis and who often are amenable to laparoscopic treatment. Two 
prospective studies of diagnostic laparoscopy in cases of possible 
appendicitis revealed gynecologic causes of pain in 48% to 73% 
of women with a normal appendix.”°’! Because there is some, 
albeit weak, evidence to suggest appendectomy might predispose 


Patient with 
presumed appendicitis 


History, PE, CBC, UA, 
pregnancy test, serum amylase level 


High probability Intermediate or low 
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woman others 
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Fig. 120.4 Algorithm for managing the patient with presumed appendi- 
citis. PE, Physical examination; UA, urinalysis. 


women to tubal infertility, avoidance of unnecessary appen- 
dectomies is desirable in women of childbearing age. Diagnostic 
laparoscopy has been used in 2 prospective series to nearly elimi- 
nate negative appendectomies in women of childbearing age.”%7! 

Despite these promising results, some cautionary notes 
must be sounded. Most studies of diagnostic laparoscopy report 
examinations performed under general anesthesia, making this 
a resource-intensive test compared with radiologic imaging. 
Although diagnostic laparoscopy can be performed under local 
anesthesia, inherent technical constraints reduce its success 
rate. For example, gynecologic pelvic laparoscopy performed 
under local anesthesia fails to obtain complete visualization of 
the pelvis in up to 15% of cases”; this incomplete examination 
rate compares poorly with CT scanning. Currently, diagnostic 
laparoscopy cannot be recommended over appendiceal-protocol 
CT scanning as an initial test, but it probably should be used as 
a supplement to CT or US evaluations in which the results are 
equivocal (Fig. 120.4). 


COMPLICATIONS 


The major complication of untreated appendicitis is perfora- 
tion, with resultant peritonitis, abscess, and portal pylephlebitis. 
Overall, the perforation rate in most series is 10% and 30%, but 
the rate of perforation varies widely with age; perforation is most 
common at the extremes of age. Perforation rates as high as 90% 
have been reported in children younger than 2 years,*+ whereas 
patients older than 70 years have perforation rates between 50% 
and 70%.>*:74 Patients between the ages of 10 and 30 years have 
the lowest perforation rates, generally between 10% and 20%. 

The risk of perforation appears to increase as the duration of 
illness increases, particularly after 24 hours. Perforation of the 
appendix is classically thought of as a consequence of delay in 
diagnosis, and several studies have shown that patients with per- 
foration have symptoms that average 30 hours longer than do 
patients with simple appendicitis.’> Much of this delay appears 
to be a result of delays in presentation to medical attention rather 
than delays in medical decision-making, but patients with per- 
foration often have atypical presentations of their appendicitis, 
resulting in prolonged times to diagnosis. 

Patients with perforation are more likely to have significant 
fever, leukocytosis, and physical findings of peritonitis than are 
patients with uncomplicated appendicitis. Although perfora- 
tion often can be predicted preoperatively based on the pres- 
ence of these findings, not all patients with these findings have 
perforation.’”° Free perforation into the peritoneal cavity results 
in findings of diffuse peritonitis and can be associated with free 
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intraperitoneal air on abdominal plain films. Patients with gen- 
eralized peritonitis from appendicitis are difficult to distinguish 
preoperatively from patients with other causes of diffuse peri- 
tonitis. 

An abscess will develop after perforation if the perforated 
appendix is walled off from the remainder of the peritoneal cav- 
ity because of its retroperitoneal location or by loops of small 
intestine or omentum. A localized collection of inflammatory tis- 
sue (phlegmon) initially forms, and subsequently a true abscess 
develops. On physical examination, patients with an abscess 
resulting from appendicitis often have a palpable RLQ abdomi- 
nal mass. 

The most severe complication of appendiceal perforation is 
septic thrombophlebitis of the portal vein, also known as portal 
pylephlebitis. Pylephlebitis was more common early in the 20th 
century, whereas today diverticulitis is the most common cause. 
This rare complication should be considered in a patient with 
appendicitis who presents with high fever and mild jaundice. 
‘Treatment of pylephlebitis is control of the inciting infection and 
long-term (4 to 6 weeks) antibiotic therapy. The major organ- 
isms causing pylephlebitis are Gram-negative enteric aerobes and 
anaerobes. Even with aggressive therapy, the incidence of hepatic 
abscesses following pylephlebitis is 50%, and mortality rates are 
30% to 50%.”’ A long-term complication of pylephlebitis is por- 
tal vein thrombosis with cavernous transformation of the portal 
vein and esophagogastric varices. 


TREATMENT 


Treatment of acute appendicitis has recently evolved to include 
IV antibiotics as an alternative monotherapy to appendectomy, 
and this has shown equivocal outcomes in short-term follow-up. 
This controversy, along with the established low complication 
rate for appendectomy, makes surgery the initial treatment of 
choice in the USA. Small studies have demonstrated that the vast 
majority of patients with appendicitis will improve with IV anti- 
biotics alone. A recent meta-analysis of 5 RCTs that compared 
antibiotics and appendectomy demonstrated a treatment failure 
rate of 40% for antibiotics, mostly due to recurrent appendici- 
tis.’° We currently lack the ability to identify self-limited cases 
prospectively, however, and to wait for resolution places patients 
at risk for perforation with its resultant life-threatening complica- 
tions. Thus, appendectomy is a surgical urgency, not a true emer- 
gency. Patients with appendicitis should be given appropriate IV 
fluids to correct volume depletion and electrolyte imbalances, 
and IV antibiotics to decrease wound infection rates; they should 
be taken to the operating room when they are stable. Brief peri- 
ods of time may be taken to optimize the patient’s concomitant 
medical conditions before operation, but long delays increase the 
rate of perforation and compromise outcome. 

Two standard operative approaches exist for performing 
an appendectomy, either open appendectomy or laparoscopic 
appendectomy. Open appendectomy is performed though a mus- 
cle-splitting RLQ incision; either an oblique or a transverse skin 
incision may be used. The appendix is identified and removed 
even if it is found to be normal. If normal, it is removed pri- 
marily to prevent future diagnostic confusion, and an abdomi- 
nal exploration is performed to identify other intra-abdominal 
causes of the patient’s symptoms. If other surgical pathology is 
found at exploration, the initial incision may be extended or a 
separate incision performed as needed to address the problem. 
In advanced cases with severe inflammation, cecectomy may be 
required.’ Any abscesses are drained, and the abdomen is irri- 
gated and closed. 

The other common approach to appendectomy is via lapa- 
roscopy. First described by Semm in 1983, laparoscopic appen- 
dectomy has been the subject of considerable study since that 
time. The technique of laparoscopic appendectomy has become 
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standardized, and typically it is performed via a 3-trocar tech- 
nique. After gaining access to the abdomen, the appendix and then 
the entire abdomen are inspected. If the appendix is inflamed, 
an appendectomy is performed. If other intra-abdominal surgi- 
cal pathology is found, it can be addressed laparoscopically, or 
an appropriate open surgical procedure can be performed. A 
new modification of laparoscopic appendectomy is currently 
being studied, in which the surgeon operates almost exclusively 
through a single entry point, typically the patient’s umbilicus. 
The procedure is known as single incision laparoscopic surgery, 
single-port laparoscopy, one-port umbilical surgery, and a num- 
ber of other names; the few studies to date of this procedure have 
shown equivalent results to conventional laparoscopic appen- 
dectomy.*® The general consensus from the published literature 
suggests that in patients for whom laparoscopy is feasible, laparo- 
scopic appendectomy offers many advantages over open appen- 
dectomy. In a recent Cochrane meta-analysis of more than 50 
studies comparing the 2 procedures, the following conclusions 
were reached:*! (1) Both procedures are safe and effective in the 
treatment of nonperforated appendicitis; (2) Patients require less 
pain medication and return to normal activity sooner after lapa- 
roscopic appendectomy; (3) The superficial wound infection rate 
is 50% lower after laparoscopic appendectomy, but there is an 
increased rate of intra-abdominal abscess formation; (4) The hos- 
pital course after laparoscopic appendectomy is 1.1 days shorter, 
and patients resume a normal diet at about the same time as after 
open appendectomy; (5) Laparoscopic appendectomy takes more 
time to perform, and is associated with higher in-hospital costs, 
while total care costs are comparable. 

At this point, it is not possible to say that one procedure is 
superior to another for all patients, but currently more than 75% 
of the appendectomies performed in the USA use the laparoscopic 
approach.” For some patient groups, laparoscopic appendec- 
tomy is preferable, especially young women, employed patients 
who need to return to work as soon as possible, and those with an 
uncertain diagnosis.*! Additionally, many consider laparoscopic 
appendectomy the procedure of choice for acute appendicitis 
in the morbidly obese population because it has been associated 
with shorter length of stay and lower morbidity.**** 

An exception to the statement that all patients with appen- 
dicitis require urgent appendectomy is the patient with perfo- 
ration and a palpable RLQ mass. These patients usually have 
extensive peri-appendiceal inflammation or abscess formation. In 
patients with a palpable mass who do not have diffuse peritonitis 
or toxicity, initial management can be operative or nonoperative. 
Although data quality is poor, one meta-analysis comparing early 
operation with conservative management showed that early oper- 
ative intervention may be associated with a higher complication 
rate.®° With initial nonoperative management, patients are placed 
on bowel rest and given IV fluids and antibiotics; a CT scan of the 
abdomen is obtained. If a single 3 cm or larger abscess is discov- 
ered, percutaneous drainage of the abscess under CT guidance is 
performed. If multiple abscesses are found or the patient does not 
improve within 24 to 48 hours of conservative therapy, opera- 
tive drainage is performed. Success rates of 88% to 95% have 
been reported with initial nonoperative management.**/ Several 
factors have been described that can predict failure of nonopera- 
tive management in adult patients: active smoking, presentation 
with tachycardia and generalized abdominal pain, abscesses larger 
than 50 mm, and presence of an appendicolith on imaging.**-” 

Following nonoperative management of appendicitis in older 
patients in whom a perforated cecal cancer is in the differen- 
tial diagnosis, colonoscopy, BE, or virtual colonography should 
be performed. The incidence of appendiceal or cecal cancer in 
patients older than 60 years who present with acute appendicitis 
can exceed 20%.°! Some authors recommend interval appendec- 
tomy 6 to 12 weeks after resolution of the acute inflammation, 


because cancers can “hide out” in what was thought to be an 
inflamed but otherwise “normal” appendix; the role of interval 
appendectomy remains controversial because the rate of recurrent 
appendicitis is less than 20% at 1 year, and the surgical compli- 
cation rate approaches 3.5%.” A more recent systematic review 
addressed the issue of recurrent appendicitis after nonoperative 
management and showed that nonoperative treatment had a mean 
recurrence of 12.4% at up to 46 months of follow-up, a morbid- 
ity of 13.3%, and that the length of hospital stay was 9.6 days. 
The mean morbidity rate and length of hospital stay for patients 
who underwent interval appendectomy was 10.4% and 5.0 days, 
respectively. Interval appendectomy and repeat nonoperative 
management in case of recurrence are associated with similar 
morbidity, however, elective interval appendectomy implies addi- 
tional operative costs to prevent recurrence in 1 of 8 patients.” 


OUTCOMES 


The modern treatment of simple acute appendicitis is associated 
with excellent outcomes. Factors responsible for these outcomes 
are advances in anesthesia, antibiotics, IV fluids, and blood prod- 
ucts. The mortality rate from acute appendicitis in one recent large 
series was 0.09% with a complication rate of 5.5%.”* Older series 
have reported mortality rates of 0.2% with a complication rate of 
6%.° Patients typically are hospitalized for 24 to 48 hours after 
open appendectomy and 24 to 36 hours after laparoscopic appen- 
dectomy. Patients usually return to full activity 2 weeks after lapa- 
roscopic appendectomy and 3 weeks after open appendectomy.”° 

Morbidity and mortality attributable to appendicitis 
increase markedly with complicated appendicitis and in par- 
ticular with perforation. Mortality rates of 1% to 4% and 
complication rates of 12% to 25% have been reported for 
perforated appendicitis.*° In patients older than 70 years of 
age, in whom perforation and significant medical comorbid- 
ity are common, mortality has been reported to be as high as 
32%. Death in these circumstances usually is attributable to 
uncontrolled gram-negative sepsis or peritonitis, and patients 
with perforated appendicitis often have a stormy postoperative 
course, with intra-abdominal abscesses and need for operative 
or percutaneous abscess drainage. Wound infection and dehis- 
cence also are common in patients who have had open appen- 
dectomy, but these often promptly respond to wound drainage 
and antibiotics. These complications are minimized when a 
laparoscopic approach is chosen. 


SPECIAL TOPICS 
The Appendix and UC 


A number of epidemiologic studies suggested that appendectomy 
protects against the development of UC,” particularly when per- 
formed for appendicitis; a similar relationship is not seen with 
Crohn disease. A meta-analysis of 17 case-control studies showed 
that the relative risk of developing UC after appendectomy is 
about 0.3 times that of controls.” Although these data come from 
case-control studies and questions can be raised about the appro- 
priateness of the controls, this conclusion also has been supported 
by 1 of the 2 large cohort studies performed.” Some research- 
ers have suggested that appendectomy also attenuates the course 
of active UC,”:!° and UC has been reported to improve after 
appendectomy, especially in young patients.!°! In a mouse model 
of autoimmune colitis similar to UC, removal of the appendix 
early in life prompted significant attenuation of colonic inflam- 
mation, presumably by altering the host response to the intestinal 
microbiota.!"? Although these findings are far from conclusive, 
they provide potential insights into both UC and the potential 
normal function of the appendix. 


Crohn Disease of the Appendix 


Although the appendix often is involved in patients with Crohn 
disease (CD) of the ileum or colon, isolated CD of the appendix 
is quite rare.!™ Crohn appendicitis is difficult to distinguish from 
acute appendicitis preoperatively, although patients with Crohn 
appendicitis commonly have a longer history of pain. The treat- 
ment of appendiceal CD is appendectomy, which has a low rate of 
postoperative fistula formation.! The clinical course of CD iso- 
lated to the appendix appears to be much more benign than that of 
typical CD. Any patient found to have Crohn appendicitis should 
undergo evaluation of the small intestine and colon postoperatively. 


Recurrent and Chronic Appendicitis 


Recurrent appendicitis is the clinical scenario in which a patient 
with pathologically confirmed acute appendicitis relates one or 
more prior episodes with identical symptoms, which resolved with- 
out surgical intervention. This diagnosis remains somewhat contro- 
versial but has been documented in clinical series.!°° The diagnosis 
of recurrent appendicitis presupposes that some cases of appen- 
dicitis can resolve without medical intervention. Series of such 
cases exist in the radiologic literature, where patients with imaging 
findings consistent with appendicitis had rapid resolution of their 
symptoms without treatment. The percentage of cases of appen- 
dicitis that resolve spontaneously is unknown, but it is estimated at 
6% to 8%. In small series of patients with spontaneous resolution 
of appendicitis, the recurrence rate is approximately 40%.!°° No 
prospective means of identifying spontaneously resolving appendi- 
citis have been identified and, therefore, all cases of appendicitis 
should be treated surgically. The existence of recurrent appendicitis 
serves as a reminder not to discount the diagnosis of appendicitis in 
patients just because of prior episodes of similar abdominal pain. 
Chronic appendicitis is diagnosed when pathologic findings 
of fibrosis and chronic inflammation are found with a clinical 
syndrome consistent with appendicitis. Many of these patients 
report previous episodes of pain and relief of their symptoms 
after appendectomy.!°” This is not a common problem, and cau- 
tion should be used in applying this diagnosis to patients with 
poorly characterized chronic abdominal pain, because many of 
these patients are unlikely to improve with appendectomy. 


Diverticulitis of the Appendix 


Diverticula of the appendix are uncommon, with a reported inci- 
dence in appendectomy specimens of 0.004% to 2.1%.!°° Two 
forms of diverticula exist: congenital and acquired. Congenital 
diverticula are quite rare compared to acquired diverticula.!°” 
Although the etiology ofacquired appendiceal diverticula is unclear, 
they are thought to be pulsion diverticula, like colonic diverticula. 
Appendiceal diverticula typically are diagnosed incidentally on BE 
or CT scan or at surgical exploration.!!° Acute inflammation of 
appendiceal diverticula (diverticulitis) produces a clinical picture 
that mimics acute appendicitis, making diverticulitis of the appen- 
dix difficult to diagnose preoperatively. Appendiceal diverticulitis, 
however, typically occurs in patients in the fourth decade of life 
rather than in the first or second decades, and it tends to mani- 
fest with a more insidious course, with many days of pain before 
presentation.!'! CT can readily make the diagnosis. Appendiceal 
diverticulitis is more likely to be complicated by perforation than 
is the usual case of appendicitis, making surgery, rather than non- 
operative management, the treatment of choice. 


Epithelial Malignancies of the Appendix 


Tumors of the appendix are rare and are found in approximately 
1% of appendix specimens submitted for pathologic examination. 
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The vast majority of appendiceal tumors are carcinoid, but this 
tumor is a rare cause of appendicitis because it usually arises from 
the tip of the appendix, not the base (see Chapter 34). The inci- 
dence of epithelial malignancies of the appendix has been esti- 
mated to be 0.12 per 1 million persons per year.!!” 

There are 2 types of epithelial malignancies: mucinous adeno- 
carcinoma or cystadenocarcinoma of the appendix and colonic 
type (nonmucinous) adenocarcinoma of the appendix. Mucin-pro- 
ducing tumors are roughly twice as common as nonmucin-pro- 
ducing tumors.!!? Nonmucin-producing tumors of the appendix 
typically manifest with a clinical picture indistinguishable from 
that of acute appendicitis, with acute RLQ and tenderness with or 
without leukocytosis. On CT scan, findings of a soft tissue mass or 
an appendix more than 15 mm in diameter should raise the suspi- 
cion of an appendiceal cancer.!!* In contrast, less than one third of 
mucinous appendiceal adenocarcinomas manifest as acute appen- 
dicitis. More commonly, these lesions are found incidentally on 
imaging studies as a cystic RLQ mass or in a patient with increas- 
ing abdominal girth secondary to pseudomyxoma peritonei. 

The optimal treatment of all adenocarcinomas of the appendix 
is right hemicolectomy, either as a primary operation or as a sec- 
ondary operation after adenocarcinoma of the appendix is noted on 
pathologic examination of an appendectomy specimen. Addition- 
ally, patients with appendiceal adenocarcinoma have a 33% chance 
of synchronous and metachronous neoplasms, which often origi- 
nate from the GI tract.!!? The incidence of synchronous appendi- 
ceal neoplasm and metastatic appendiceal neoplasm in colorectal 
cancer patients was 0.3% and 1.0%, respectively.!!> Overall sur- 
vival of patients with adenocarcinoma of the appendix is roughly 
60% at 5 years and is a function of tumor stage at presentation. 

Appendiceal lymphoma is extremely uncommon, and primary 
lymphoma of the appendix accounts for 1% to 3% of all GI lym- 
phomas (see Chapter 32).!!° Patients with appendiceal lymphoma 
usually present with acute appendicitis and an appendiceal diam- 
eter more than 2.5 cm, with surrounding soft-tissue thickening. 
Management of appendiceal lymphoma is appendectomy; right 
hemicolectomy is indicated only if there is extension of tumor 
beyond the appendix onto the mesentery or cecum.!!7 

Appendiceal mucoceles are uncommon entities arising from 
a variety of different pathologic processes, of which only a small 
subset are associated with development of pseudomyxoma perito- 
nei. Hence, the pathologic diagnosis determines further manage- 
ment.!!® If a cystic-appearing lesion compatible with a mucocele 
is found by the colonoscopist at the appendiceal orifice, it would 
be safe to biopsy the lesion because if it were a mucocele, the 
contents, be they cellular or noncellular, would drain into the 
colon lumen and pose no threat of pseudomyxoma peritonei 
while enabling the diagnosis to perhaps be made on review of the 
specimen. Conceivably, endoscopic drainage might also relieve 
any concern with emergent rupture of the lesion into the peri- 
toneum. However, there are no RCTs to support this concept. 
Perforation of a mucocele results in intraperitoneal dissemina- 
tion of mucoid material, which can be acellular or can contain 
cells with varying degrees of dysplasia; cellular spread to the peri- 
toneal surfaces leads to pseudomyxoma peritonei. These tumors 
usually are less aggressive than colorectal cancer, however, and 
they rarely manifest with lymph node or liver metastasis.!!? The 
combination of surgery and complete cytoreduction should be 
followed by intraperitoneal rather than IV chemotherapy because 
the mainstay goal is prevention of locoregional recurrence, not 
prevention of systemic spread of disease. 


Incidental or Prophylactic Appendectomy? 


The lifetime risk of appendicitis at birth is about 1 in 12, and 
declines to 1 in 35 by age 35 years. The greatest risk of appendici- 
tis in a given year occurs over the second decade of life with a risk 
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of about 0.25% per year. Although appendicitis is the most com- 
mon cause of emergent abdominal surgery, given the low lifetime 
risk of appendicitis, elective prophylactic appendectomy cannot 
be recommended. Incidental appendectomy, i.e., removal of a 
normal appendix at the time of other abdominal surgery, was, at 
one time, the leading cause of appendectomy in women. In light 
of the falling incidence of appendicitis, enthusiasm for incidental 
appendectomy has declined. In operations where it will not add 
morbidity, however, a case may exist for incidental appendectomy 
in patients younger than 30 years of age. In older patients, the low 


residual lifetime risk of appendicitis makes incidental appendec- 
tomy difficult to defend. 
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Historically, descriptions and investigations of diverticular disease 
of the colon are a relatively modern phenomenon. The French 
pathologist Jean Cruveilhier is widely credited with providing the 
first clear pathologic description in 1849: “...we not infrequently 
find between the bands of longitudinal muscle fibers in the sig- 
moid, a series of small, dark, pear-shaped tumours, which are 
formed by herniae of the mucous membrane through the gaps in 
the muscle coat.”! In the 50 years subsequent to this description, 
there was relatively little mention of colonic diverticula or their 
clinical implication, highlighting the relative unimportance of the 
condition during this time span. In 1899, however, the German 
surgeon Ernst Graser described what we now consider to be the 
most common clinical manifestation of this condition: diverticu- 
litis of the sigmoid colon.’ 

Graser’s work was a prelude to our understanding and 
increasing appreciation of diverticular disease of the colon as 
a “modern disease.” The early 20th century began with nota- 
ble contributions by W.J. Mayo and colleagues, who reported 
the first surgical resection for diverticulitis in 1907,’ and J.T. 
Case, who introduced the term diverticulosis in a radiologic case 
series in 1914.4 In the subsequent 100 years, we have come to 
appreciate diverticular disease of the colon as one of the most 
common, burdensome, and yet still incompletely understood GI 
disorders. 


EPIDEMIOLOGY 


The epidemiology of diverticulosis has changed markedly since 
its descriptions in the 19th and early 20th centuries. Clinical 
reports during this time were uncommon and autopsy studies 
were used to estimate prevalence. Since that time, diverticulosis 
has come to be considered one of the most common, costly, and 
complication-associated GI disorders in the Western world.>* 

Because most persons with diverticulosis are asymptomatic 
and may never be identified, the true incidence and prevalence of 
this condition are still not known. Regardless, diverticulosis is a 
common condition and medical literature suggests that approxi- 
mately two thirds of adults will develop it by their ninth decade 
of life.”!° Our increasing use of colonoscopy further supports this 
notion and has helped refine our understanding of its prevalence. 
Diverticulosis is the most frequently reported abnormality found 
on colonoscopy, described in 42.8% of all colonoscopies and in 
71.4% of patients older than 80 years of age.° 

‘Two features dominate the epidemiologic profile of diverticu- 
losis: age and geography. Prevalence clearly increases with age, 
ranging from less than 10% in those younger than 40 years of age 
to an estimated 66% in patients 80 years of age and older.%”:!! 
With regard to geographic association, diverticulosis has long 
been considered a disease of Western civilization. The classic 
observation holds that the disorder has the highest prevalence 
rates in Western and industrialized countries (e.g., USA, Europe, 
Australia) and is rare in rural Africa and Asia.'! One longstanding 
proposed explanation for this geographic variance is that the fiber- 
poor diet of Western countries plays a critical etiologic role.!? 
‘Taken further, it was hypothesized that as immigrants acculturate 
to Western diets, prevalence patterns may shift. For example, in 
one study of non-Western immigrants (including those from Asia, 
Africa, and the Middle East), it was found that they began to have 
increasing rates of diverticular-related hospitalizations within 10 
years of moving to Sweden.!’ In another report, Japanese-born 
persons who migrated to and lived in Hawaii had diverticulosis at 
autopsy in 52% of cases—much higher than the described preva- 
lence of diverticulosis in Japan at that time.'*+ The current idea of 
a Western-dominant prevalence of diverticulosis is well supported 
by the medical literature; however, it is intriguing to ponder the 
future effects of globalization and increasing access to colonic 
imaging on the disease’s epidemiology. Reports from countries 
such as Israel, Japan, Kenya, Korea, Singapore, and Uganda sug- 
gest a greater and growing prevalence of diverticulosis in these 
non-Western countries than previously appreciated.!5-?° 

The clinical impact of diverticulosis is remarkable and under- 
scores its position as one of the “most burdensome” of GI dis- 
orders. Diverticular disease accounts for significant health care 
utilization in both the outpatient and inpatient settings.*”! In 
2010, it was ranked the eighth most common GI diagnosis for 
ambulatory visits in the USA, with more than 2.7 million annual 
visits. In 2012, diverticulitis without hemorrhage accounted for 
approximately 217,000 hospital admissions and $2.2 billion in 
costs. Furthermore, it is notable that GI hemorrhage was the 
number one GI admission diagnosis in 2012. In considering these 
diverticulitis statistics and the fact that diverticular hemorrhage is 
a prevalent cause of GI bleeding, it becomes apparent that diver- 
ticular disease is one of the most common G]-related reasons for 
hospitalization. 
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Fig. 121.1 Diagram showing colonic diverticula and their relationship to 
the taeniae coli. The anti-mesenteric taeniae include the free taenia and 
the omental taenia. 


PATHOLOGY 


Technically speaking, our use of the term diverticula is incorrect. 
True diverticula contain all layers of the bowel wall. Most diver- 
ticula in the colon are actually pseudodiverticula, consisting of 
herniations of the mucosa and submucosa through the muscular 
coat of the colon. In this chapter, the technically incorrect, but 
traditionally accepted, terms diverticulum (singular) and diver- 
ticula (plural) are used. 

The outer longitudinal muscle fibers of the colon form 3 dis- 
tinct long bands of smooth muscle known as the taeniae coli (also 
teniae coli). The 2 anti-mesenteric taeniae (the omental taenia 
and the free taenia) and the single mesenteric taenia flank the 
rows in which diverticula form. Diverticula do not arise randomly 
around the circumference of the colon. Rather, they originate in 
4 distinct rows that correspond to the 4 sites of penetration of the 
bowel wall by the major branches of the vasa recta: on either side 
of the mesenteric taenia and on the mesenteric sides of the omen- 
tal taenia and free taenia (Fig. 121.1). The diverticula point to 
the mesenteric border and no bona-fide diverticula arise from the 
anti-mesenteric inter-taenial area. Diverticula maintain this fixed 
anatomic relationship to the taenia and are conspicuously absent 
from the portion of colon between the 2 anti-mesenteric taenia. 

Diverticula can vary in number from solitary to hundreds (Fig. 
121.2). The typical size of a diverticulum is 3 to 10 mm in diam- 
eter, but they can be much larger. Giant colonic diverticula have 
been defined as more than 4 cm in diameter and sizes up to 25 cm 
have been described; these diverticula are rare, with fewer than 
200 cases described in the literature, but they have been associated 
with complication rates approaching 30%.?* Occasionally, a diver- 
ticulum can invert, such that a diverticular dome protrudes into 
the lumen instead of out from it. These inversions often resemble 
polyps endoscopically, although they may be distinguished by 
their normal overlying mucosa, broad base, surrounding circular 
folds (resembling the growth rings of a tree), and location within 
a bed or row of diverticula. They are soft-appearing when probed 
with the endoscope tip or a biopsy forceps (pillow sign) and may be 
reduced by air insufflation, biopsy forceps, or water jet.2*-?> When 
inverted diverticula are encountered, their removal should be 
avoided because of a theoretically increased risk of perforation. It 
is notable, however, that colonoscopic diverticulectomy has been 
described when these diverticula were mistaken for polyps, and 
recoveries were reportedly uneventful with conservative therapy.7° 

Geography seems to be an anatomic determinant of where 
diverticula are found within the colon. In Western countries, 


Fig. 121.2 Colonoscopic view of sigmoid diverticulosis. 


approximately 90% of patients have diverticulosis of the left 
side of the colon,?”?8 whereas individuals from Asian countries 
tend to have a 75% to 85% right-sided predominance of diver- 
ticulosis.!°?° >! Emerging data, however, suggest that right-sided 
diverticulosis in Western countries has been previously under- 
estimated, with some described rates between 20% and 33% of 
cases.*?>> Although the precise factors causing such segmental 
predominance of left-colon and right-colon involvement in the 
West and East, respectively, are not known, environmental (e.g., 
dietary) and genetic factors are believed to play contributing roles. 


PATHOGENESIS 


The pathogenesis of diverticulosis is multifactorial and incom- 
pletely understood. Investigation has focused on anatomic fea- 
tures intrinsic to the wall, alterations in the colonic wall with 
aging, abnormal motility, environmental influences, and herita- 
ble factors. The exact role of each of these determinants and, per- 
haps more importantly, their inter-relation in the pathogenesis 
of diverticulosis is uncertain and merits continuing investigation. 


Colonic Wall Structure 


In colons with diverticula, both the longitudinal (taenia) and 
the circular muscle layers can appear markedly thickened, with 
shortening of the taeniae and a resultant accordion-like pleating 
of the folds. This appearance, called myochosis (Greek: myo, “mus- 
cle”; chosis, “a heaping up”), is corroborated by the colonoscopic 
appearance in which markedly thickened and rounded folds with 
luminal narrowing can be seen. Histologically, however, neither 
muscle hyperplasia nor hypertrophy is seen,** and thickening 
of the wall is attributed to elastin deposition within the muscle 
fibers.>>° Electron microscopic studies confirm that the colonic 
walls in patients with diverticulosis have structurally normal mus- 
cle cells but, compared with controls, they contain a more than 
200% increase in elastin deposition between the muscle cells in 
the taenia.’ Elastin is laid down in a contracted form, resulting in 
shortening of the taenia and bunching of the circular muscle. An 
increase in type II collagen synthesis in patients with diverticu- 
losis has been described, raising the possibility that age-related 
changes in collagen composition also play an etiologic role.’ In 
addition to an overall increase in the collagen content, an over- 
expression of a tissue inhibitor of metalloproteinases has been 
identified in colons with diverticula.*”** Because matrix metal- 
loproteinases are believed to regulate deposition of extracellular 


matrix proteins, an increase in their regulatory molecule (i.e., tis- 
sue inhibitor) might explain the increase in elastin and collagen 
deposition found in diverticula-bearing colons. The importance 
of intestinal wall connective tissue is also underscored by the 
higher rate of diverticulosis reported in patients with connective 
tissue disorders, such as Ehlers-Danlos syndrome, Marfan syn- 
drome, and progressive systemic sclerosis.’ 


Motility 

Early investigations using colonic manometry demonstrated 
higher resting, postprandial, and neostigmine-stimulated lumi- 
nal pressures in patients with diverticulosis compared with con- 
trols.*?*° Based on simultaneous manometry and cineradiography, 
Painter proposed a theory of segmentation, postulating that con- 
traction of the colon at haustral folds caused the colon to act not 
as a continuous tube but as a series of discrete “little bladders” 
that led to excessively high pressures within each segment.!?4° 
He further suggested that the Western diet, with its deficiency in 
fiber, may allow augmented hypersegmentation, thereby increas- 
ing the tendency to form diverticula. More recently, using flexible 
endoscopy to accurately place manometric catheters within the 
sigmoid colon, the previously described motility abnormalities 
have been confirmed.*! Furthermore, patients with symptomatic 
diverticular disease have been reported to have higher motility 
indices than either asymptomatic patients or normal controls.*” 
In addition to increased contraction amplitude, retropropagation 
of contractile waves in diverticular segments of colon has been 
documented, indicating that motility in these patients may be 
abnormal in both magnitude and direction.* 

The physiologic basis for the abnormal motility and elevated 
intraluminal pressures in the diverticular colon is not well under- 
stood. Ion transport across the epithelial membrane of diverticu- 
lar colons is the same as in controls.*+ The number of myenteric 
and submucosal plexus neurons in diverticular colons is normal, 
but the number of interstitial cells of Cajal (enteric “pacemaker” 
cells) is reduced.*> An increased activity of excitatory cholinergic 
nerves and a decreased activity of non-adrenergic, non-cholin- 
ergic inhibitory nerves have been demonstrated in diverticular 
colons compared with control colons.*° The magnitude of elec- 
trically stimulated contraction in diverticulosis-affected sigmoid 
colons is markedly reduced by antagonists of cholinergic and 
tachykinin neurotransmitters.*’ In contrast, a study of the tachy- 
kinin neurotransmitter system showed a decreased contractility 
of circular muscle induced by substance P in diverticular colons 
compared with normal colons.** Although the exact details of 
the neurochemical derangements underlying diverticulosis still 
need to be clarified, there does appear to be an imbalance in 
the normal excitatory and inhibitory influences that results in 
the increased tonicity observed in colons harboring diverticulo- 
sis. The abnormal pressures and tonicity may contribute to both 
formation of diverticula and bowel dysfunction in patients with 
diverticulosis. 


Environmental Factors 


Historically speaking, dietary fiber has held a dominant position 
amongst theories of environmental influences on diverticulosis 
and/or its complications. Painter and Burkitt were early pro- 
ponents of the theory that low dietary fiber was central to the 
pathogenesis of diverticulosis, labeling diverticulosis a “defi- 
ciency disease” of fiber.!! They subsequently described markedly 
slower transit times and decreased stool weights in persons from 
the United Kingdom (with “low-fiber” diets) compared with 
those of rural Ugandans (with “high-fiber” diets).+? They asserted 
that the longer intestinal transit times and smaller-volume stools 
seen in “low-fiber” diets resulted in increased intraluminal pres- 
sure, therefore predisposing to diverticular herniation; bulkier 
stools, in contrast, were associated with less colonic contraction 
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BOX 121.1 Factors Postulated to be Associated with 
Increased Risk of Diverticulosis or its 
Complications 


Alcohol 

Aspirin and other NSAIDs 

Diets high in red meat (“Western dietary pattern”) 

Dietary fiber* 

Ethnicity* 

Gender* 

Genetics 

ncreasing age 

Obesity 

Physical inactivity 

Residence in Western countries (e.g., USA, Western Europe, 
Australia) 

Smoking 

Vitamin D deficiency 


*Caucasians have the highest prevalence of diverticulitis but African Ameri- 
cans receive more operative intervention; African Americans have the 
highest risk of diverticular bleeding. 

tWomen have increased risk of diverticulitis compared with men but men 
and women have equivalent risk of diverticular bleeding. 

+The role of fiber (not enough or too much) in diverticular disease is poorly 
defined. 


and lower wall pressures. Their theories on fiber were prominent 
throughout the 20th century. 

Unfortunately, the association between dietary fiber and 
diverticular disease is less clear than originally believed. At face 
value, there is epidemiologic evidence to suggest that low dietary 
fiber is associated with increased risk of diverticular disease.°°°? 
For example, a 28% decrease in fiber intake is reported to have 
occurred in the USA between 1909 and 1975,°! suggesting to 
many a concordance between decreased fiber intake and rising 
rates of diverticular disease throughout the 20th century. Fur- 
thermore, a British study reported that a group of vegetarians 
on a high-fiber diet had a lower prevalence of diverticulosis than 
non-vegetarians (12% vs. 33%).°° However, the summary weight 
of the data to substantiate this relationship has been both “lim- 
ited and conflicting,” therefore calling into question this classic 
dogma.” Notably, a study by Peery and colleagues directly chal- 
lenged the long-standing belief that fiber is protective against 
diverticulosis, concluding that a high-fiber diet is associated with 
a greater, not lower, prevalence of asymptomatic diverticulosis.** 

Given the challenge of interpreting the existing data, the 
AGA, in the form of both a technical review and a guideline, has 
addressed the question of high-fiber (fiber-rich) diets in the spe- 
cific circumstance of patients with a history of acute diverticuli- 
tis,>°°° and concluded that the overall quality of evidence is “very 
low” and that the benefit of fiber is “uncertain.” Nonetheless, 
the guideline does give a conditional recommendation for these 
patients to have a fiber-rich diet because this intervention offers 
opportunity for potential benefit while still “unlikely to pose a 
substantial risk to patients.” 

Beyond fiber alone, many other environmental factors are 
thought to influence the presence of diverticulosis and/or its 
complications,’ including Western dietary pattern (high in red 
meat, refined grains, and high-fat dairy),°°°° obesity,>’°%°!-6+ 
smoking,5756°-67 physical inactivity,575%:%: alcohol, ’7,59+65,70,71 
aspirin/NSAIDs,’*,”> and vitamin D levels.”+’> These are sum- 
marized in Box 121.1. 

Finally, dietary influences for diverticulosis may have different 
effects on the right and left sides of the colon. Right-sided diver- 
ticular disease was shown in an Asian study to have no associa- 
tion with the intake of fruits and vegetables or supplemental fiber, 
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but to be strongly associated with meat consumption.’° Whether 
these associations apply to Westerners with right-sided diverticu- 
losis is not known. 


Heritable Factors 


While long thought to be a completely acquired disorder, there 
is now growing evidence that heritable factors such as sex, genet- 
ics, and ethnicity play a role in diverticular disease. Diverticulosis 
appears to be just as common in men and women.” Data sug- 
gest that women may have more episodes of diverticulitis but 
men and women have similar rates of bleeding.” The reasons 
behind this finding are not clear. Genetic influence in diverticular 
disease is an area needing investigation. One notable study by 
Strate and colleagues, using the Danish National Registry, found 
that diverticulosis and its complications aggregate strongly in 
families. Specifically, siblings of index cases were 3 times more 
likely to develop diverticular disease than the general popula- 
tion.’ Another recent investigation, using the Swedish Twin and 
Inpatient Registries, reported an odds ratio of 7.15 for develop- 
ing diverticular disease if a monozygotic twin was affected, and 
estimated the hereditable component of diverticular disease as 
approximately 40%.°° In further support of a genetic compo- 
nent theory, the T-cell receptor gene TNFSF15 has been impli- 
cated in the development of diverticulitis that required surgery.*! 
Epidemiologic studies also have revealed variances in diverticular 
disease between ethnicities. A series of 347 patients hospitalized 
with acute diverticulitis demonstrated that surgery for diverticu- 
litis after at least one medically managed hospital admission for 
diverticulitis was more frequent in African Americans and less fre- 
quent in Hispanics. Caucasians were less likely than other races/ 
ethnicities to suffer a recurrence of diverticulitis.©’ In a review of 
the Nationwide Inpatient Sample (NIS) (2000-2010), the preva- 
lence of diverticular bleeding was highest in African Americans, 
but Caucasians had the highest prevalence of diverticulitis.’* 
Taken in sum, findings such as these support the notion that 
environmental and heritable factors both have a strong influence 
in diverticular disease. 


ASYMPTOMATIC DIVERTICULOSIS 


Clinical presentations of diverticulosis are variable (See Fig 
121.3), although approximately 80% of patients with diver- 
ticulosis remain asymptomatic throughout their lifetimes.*”*? 
Asymptomatic diverticulosis is usually an incidental finding in 
patients undergoing evaluation for other indications, such as 
occult GI blood loss or colorectal cancer screening. With increas- 
ing use of both colonoscopy and CT,, it is likely that more such 
asymptomatic patients will be found. As previously noted, diver- 
ticulosis is the most common abnormality on colonoscopy.° 
There is no clear indication for any specific therapy or special 
follow-up for the patients with asymptomatic diverticulosis, and 
whether the mere presence of diverticulosis in an aging popula- 
tion is even a disease or just a senescence-associated physiologic 
variant can be debated. As previously discussed (see earlier section 
on Environmental Factors), data supporting dietary fiber recom- 
mendations are “limited and conflicting.” As such, one can assert 
that there are no definitive data to support a recommendation 
for increased fiber intake in patients with asymptomatic diver- 
ticulosis for the sole purpose of preventing symptoms. That said, 
increased fiber intake might be considered as part of a “healthy 
lifestyle”? change that might offer other salutary health benefits. 
The long-held “old wives’ tale” that patients with diverticulo- 
sis should avoid nuts and seeds also has been challenged. Strate’s 
group reported on nearly 47,000 men without known diverticular 
disease for almost 2 decades. They reported that consumption of 
nuts, corn, popcorn, or seeded fruit (strawberries or blueberries) 
neither increased the risk of diverticulosis nor its complications. 
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Fig. 121.3 Overview of diverticulosis and its clinical presentations. 
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Furthermore, men who consumed nuts or popcorn at least 2 
times a week were actually at lower risk for diverticular complica- 
tions.*+ Although there is probably not enough evidence to war- 
rant actively encouraging patients with diverticulosis to eat large 
quantities of nuts, popcorn, or seeds, neither should these foods 
be categorically avoided; this recommendation is now codified in 
guidelines of the AGA* and the ACG.°** 


SYMPTOMATIC UNCOMPLICATED DIVERTICULAR 
DISEASE 


Some patients come to clinical attention owing to nonspecific 
abdominal complaints and are found to have diverticulosis. If the 
clinical features are thought to arise from a diverticular source 
and there is no evidence of complications of diverticular disease 
(i.e., diverticulitis and its complications, diverticular bleeding), 
the disease may be defined as symptomatic uncomplicated diver- 
ticular disease (SUDD). 

The true prevalence of SUDD is unknown, in large part 
the result of a body of literature that has primarily focused on 
diverticulitis and diverticular hemorrhage. Furthermore, clinical 
similarities between SUDD and IBS confound our ability to dis- 
tinguish the 2 entities epidemiologically. Like IBS, however, it is 
commonly held that SUDD typically runs a long-term, benign 
course. SUDD is also associated with a very low incidence of 
complications. Salem and colleagues reported in a prospective 
study of 119 eligible SUDD patients at a median follow-up of 66 
months that 97% had few or no symptoms, 1.7% (2 patients) had 
episodes of acute diverticulitis, and 0.8% (one patient) required 
surgery for chronic symptoms.*° 


Pathophysiology 


The pathophysiology of SUDD is not well defined. Some author- 
ities have postulated that diverticula are, in fact, a late conse- 
quence of IBS. In a Danish cohort of IBS patients, one third of 
whom had diverticula, no difference in symptoms or prognosis 
was detected between those with diverticula and those without 
diverticula for more than 5 years of follow-up.*’ This finding 
led the investigators to assert that there is no basis to consider 
SUDD as a separate entity from IBS. Highlighting this consider- 
ation further, Ritchie reported that there was a similarity of pain 
sensation from rectal balloon distention in patients with IBS and 
those with diverticulosis.** 

There are growing data, however, to suggest an epidemiologic 
overlap between SUDD and IBS,*? which points to an important 


direction of study. This suggested relationship also brings forth 
consideration of a shared pathophysiology and challenges us to 
advance our understanding of diverticular disease.”” As in the 
IBS literature, multiple factors are postulated to play contrib- 
uting roles: visceral hypersensitivity, altered colonic motility, 
low-grade chronic inflammation and, most recently, an altered 
intestinal microbiota. The role of each of these is reviewed else- 
where,” but this insight into pathophysiologic mechanisms pro- 
vides potential targets for therapy. 


Clinical Features 


A causal relationship between diverticulosis and abdominal symp- 
toms is often difficult to establish. The presenting symptoms of 
SUDD overlap considerably with those of IBS. Most patients 
with SUDD present with LLQ abdominal pain that is often exac- 
erbated by eating and is diminished by defecation or the passage 
of flatus. The British refer to this as painful diverticular disease, 
and there is the suggestion that such discomfort may be related 
to associated myochosis (see earlier). Patients also may report 
other symptoms of colonic dysfunction, including bloating, con- 
stipation, diarrhea, or the passage of mucus per rectum. Physical 
examination is typically normal, but abdominal fullness and mild 
tenderness in the LLQ can be seen. Frank rebound or guarding 
is absent. 


Diagnosis 


Colonoscopic evaluation (see Fig. 121.2) has assumed a primary 
role in the evaluation of most patients with diverticular disease, 
particularly to exclude neoplasia; when colonoscopy cannot be 
performed safely or completely, CT or CT colonography or, 
uncommonly today, barium enema, is used for this purpose. It 
was once believed that performing colonoscopy in patients with 
diverticulosis was unsafe because of an increased risk of perfora- 
tion. One manometric study, however, showed that burst pres- 
sures for diverticula far exceed the usual pressures encountered 
during routine sigmoidoscopy or colonoscopy, even with the 
endoscope pressing against the wall or with heavy air insuffla- 
tions.”! These data and many years of clinical experience have 
demonstrated the relative safety of using colonoscopy to evalu- 
ate patients with diverticulosis who have a variety of abdominal 
symptoms. 

The diverticula-laden colon can be challenging for the endos- 
copist to navigate because of spasm, myochosis and luminal nar- 
rowing, fixation from prior inflammation and fibrosis, or confusion 
between luminal and diverticular openings. A number of solutions 
have been proposed to alleviate this problem. The use of a smaller- 
diameter pediatric colonoscope can be useful for difficult colons. 
One group has reported a success rate of more than 90% with a 
pediatric colonoscope when an adult colonoscope could not be 
passed through the sigmoid; 44% of these patients had diverticu- 
losis.”” A technique involving distention of the lumen with 100 to 
300 mL of water, called the sigmoid floatation maneuver, was said 
to have facilitated colonoscopy in 6 technically difficult cases of 
severe diverticular disease,” and one systematic review suggests 
that water-assisted colonoscopy may decrease discomfort and 
increase polyp detection.”* In all patients with dense diverticulosis, 
air insufflation should be minimized and excessive force in advanc- 
ing the colonoscope should be avoided. 

In patients with SUDD, general laboratory diagnostic evalu- 
ation should be normal. There are, however, data to suggest a 
potential role for certain biomarkers in diverticular disease.” Spe- 
cifically, in one small case-control study by Tursi’s group, fecal 
calprotectin was shown to be higher in patients with SUDD com- 
pared with normal controls and patients with IBS.” This intriguing 
finding offers one area of potential investigation for the diagnosis 
of SUDD. Because rates of occult bleeding in diverticulosis are 
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similar to those in healthy controls, a positive fecal occult blood 
test should never be attributed to diverticulosis.”” 


Treatment 


The suggestion of shared pathophysiologic paradigms for SUDD 
and IBS provides the basis for treatment options. Whether these 2 
disorders are distinct entities is unknown and probably not clini- 
cally important, because both are treated in a similar non-specific 
fashion with equally good prognoses. For decades, fiber has been 
a mainstay of treatment for SUDD; however, this practice is based 
on weak evidence that is old, largely observational, uncontrolled, 
and limited by high placebo response rates.**}*.°? The small num- 
ber of double-blind randomized controlled trials that do exist also 
have limitations that challenge their role substantiating the use of 
fiber: restricted study size (18 to 30 patients),!°°.!°! significant time 
until benefit of fiber (3 months),!°° and lack of significant differ- 
ence in pain scores or general symptom scores.!°* Furthermore, 
the literature provides little guidance as to the type and quantity 
of fiber needed. It is notable that bran fiber can increase flatulence 
and actually worsen symptoms in some patients. Data from the 
IBS literature suggest that soluble fiber (psyllium) is superior to 
insoluble fiber (bran) in improving symptoms.!"* In summary, it is 
important to be aware of the lack of significantly convincing data 
when considering the use of fiber in patients with SUDD. 


5-Aminosalicylic Acid (5-ASA) 


Additional medical therapies for SUDD have been studied for 
more than a decade, drawing on approaches that are effective in 
other colonic diseases such as IBD and IBS. 5-ASA compounds, 
a well-established and first-line therapy for UC and Crohn dis- 
ease, have been evaluated as a potential treatment for SUDD. 
Although patients with SUDD, by definition, lack severe or overt 
inflammation, in some patients subtle inflammation is suspected 
even without gross signs of diverticulitis; it is these patients whom 
the anti-inflammatory properties of 5-ASA might benefit. For 
example, in one case series of more than 900 patients undergo- 
ing surgery for SUDD at the Mayo Clinic, 76% had evidence of 
acute or chronic inflammatory changes.!°+ Additionally, patients 
with SUDD, compared with controls, have been demonstrated to 
have increased expression of inflammatory modulators including 
TNF,”°!% galanin and tachykinins, !°°-! and fecal calprotectin.”° 

The role of 5-ASA therapy in patients with SUDD continues 
to evolve and show promise. The DIVA study, a randomized trial 
comparing 12 weeks of mesalamine at a dosage of 2.4 g/day with 
placebo after CT confirmation of acute diverticulitis, demon- 
strated a consistent trend towards decreased GI symptoms during 
one year of post-diverticulitis follow up, but was underpowered 
to detect differences in recurrent diverticulitis.!°’ Another ran- 
domized trial compared 3 g of mesalamine daily with placebo; it 
did not meet its primary endpoint, again likely, in part, to under- 
powering, but it also showed a consistent trend towards decreased 
symptoms.!°° A systematic review of 6 randomized clinical trials 
including 1021 patients reported that mesalazine was more effec- 
tive than placebo or other therapies in achieving symptom relief in 
patients with SUDD. It is notable, however, that there was signifi- 
cant heterogeneity amongst the trials, with differing endpoints, 
dosing, and modality of treatments (i.e., continuous vs. cyclical).!°” 
Whether or not symptoms after an attack of acute diverticulitis 
can be extrapolated to SUDD is not clear. With regards to pre- 
venting a recurrence of diverticulitis, a large randomized control 
trial!!° and a recent meta-analysis reported that mesalazine does 
not prevent the recurrence of diverticulitis!!!; symptom scores did 
not improve in the former and were not addressed in the latter. 
These results, combined with the relative safety of this medication 
class, make 5-ASAs a promising therapy for SUDD, although fur- 
ther high-quality placebo-controlled trials supporting its efficacy 
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will be required before widespread use can be recommended. 
Moreover, in this population, 5-ASA compounds are not recom- 
mended for prevention of acute diverticulitis. ! 1? 


Antibiotics and Probiotics 


The roles of pathogenic and non-pathogenic bacteria in intestinal 
disease are being increasingly scrutinized. Some have postulated 
that disturbances in the intestinal microbiota might predispose to 
inflammation.'!’ Using this rationale, rifaximin, a non-absorbable 
antibiotic with broad-spectrum activity, has been studied in SUDD 
with optimistic results, including reduction in frequency and sever- 
ity of symptoms.!!+!!5 In a meta-analysis of 4 randomized con- 
trolled trials studying patients with SUDD, the combination of 
rifaximin with fiber was 29% more effective than placebo in obtain- 
ing symptom relief at one year. The number required to treat for 
this benefit was 3.'!° These are compelling data that will drive fur- 
ther studies considering rifaximin as a potential therapy for SUDD. 

Based on the assumption that diverticular disease may reflect, 
at least in part, a dysbiosis, probiotics also are being increasingly 
studied in SUDD,!!7-! although specific data on microbiome 
alterations in diverticular disease are still unavailable. Some ben- 
efit has been shown in trials involving bacterial strains such as 
Escherichia coli, Lactobacillus casei, and combination products such 
as VSL#3, but such trials are generally small and lack a placebo 
group. Although higher-quality evidence needs to be produced to 
support this approach, the microbiota may become an important 
target for therapy in SUDD in coming years. 


Anticholinergics and Antispasmodics 


Hypermotility of the colon in diverticulosis suggests that anti- 
cholinergic or anti-spasmodic medications such as dicyclomine or 
hyoscyamine might improve symptoms by diminishing muscular 
contraction; there are no adequately controlled therapeutic trials 
documenting such a benefit. IV glucagon has been reported to 
offer short-term relief of pain, presumably as a result of smooth 
muscle relaxation. There is no rationale for the use of narcotic 
analgesics in uncomplicated diverticular disease. 


Role of Surgery 


Surgical intervention is generally not considered for patients with 
uncomplicated diverticulosis, because the risks of surgery outweigh 
its benefits in most cases. Some patients with subclinical or smol- 
dering diverticulitis present with pain characteristic of diverticulitis 
but show no signs of systemic inflammation, such as fever or leuko- 
cytosis. In the previously mentioned cohort of more than 900 Mayo 
Clinic patients with SUDD who underwent sigmoid resection with 
primary anastomosis for their symptoms, 76.5% had complete res- 
olution of their symptoms, with 88% of patients being pain free 
after one or more years of follow-up.!’* This finding underscores 
the importance of clinical follow-up and an open mind regarding 
surgery in patients with apparently uncomplicated disease whose 
symptoms do not improve with conservative treatment. 


DIVERTICULITIS 


Diverticulitis is defined as inflammation and/or infection of a 
diverticulum. Clinically, it presents as either an acute or chronic 
process; the absence or presence of subsequent complications 
helps us to define diverticulitis as either uncomplicated or com- 
plicated, respectively. Complicated diverticulitis refers to cases asso- 
ciated with abscess, fistula, obstruction, or free perforation. 
Diverticulitis has long been perceived as the most common 
complication of diverticulosis, occurring in approximately 10% 
to 25% of patients;’’ however, more recent data suggest that 
these historical estimates, based on limited data in the era before 


population-based colonoscopy, likely markedly overestimated the 
actual risk. Shahedi and colleagues reported a 4% risk of develop- 
ing acute diverticulitis over an 11-year follow-up period of a Veter- 
ans Administration (VA) population with defined diverticulosis.*” 

Recent data also suggest a changing epidemiology for the 
prevalence of diverticulitis.”!7>.!"+ Wheat and Strate analyzed 
the National (Nationwide) Inpatient Sample (NIS), which is 
the largest all-payer inpatient care database in the USA, during 
the 2000-2010 period and found that prevalence of hospitaliza- 
tions for diverticulitis increased and then plateaued in 2008, 
suggesting that the prevalence of this condition may finally be 
stabilizing. Furthermore, the study suggests that the severity of 
disease also may be stabilizing because the proportion of patients 
who required surgery decreased from 25% to 15% over this 
period.’*:!*4+ These dynamic trends will certainly prompt contin- 
ued investigation into our evolving understanding of the epide- 
miology and treatment of this disease. 


Pathophysiology 


The process by which a diverticulum becomes inflamed has 
been likened to that causing appendicitis, in which the neck of 
the diverticular sac becomes obstructed by inspissated stool; the 
fecalith abrades the mucosa of the sac, causing low-grade inflam- 
mation and further blocking drainage. Histologically, one of 
the earliest signs of inflammation is hyperplasia of the mucosal 
lymphoid tissue, with lymphoid tissue aggregation at the apex of 
the involved sac. The obstructed diverticulum predisposes to an 
increase of the normal bacterial flora, diminished venous outflow 
with localized ischemia, and altered mucosal defense mecha- 
nisms. One such alteration is a defective CD2 pathway-induced 
apoptosis, which has been found in lamina propria lymphocytes 
in patients with diverticulitis, possibly leading to an upregulation 
of the local immune response in these patients, similar to that 
seen in patients with IBD.'”° Recent evidence also suggests that 
CMV reactivation may contribute to local inflammatory activ- 
ity, because active CMV replication was found in tissue from 
the affected bowel segments of more than two thirds of patients 
with diverticulitis.!7° The cascade of events initiated by feca- 
lith obstruction, and possibly enhanced by underlying innate or 
acquired abnormalities, allows bacteria to breach the mucosa and 
extend the process transmurally, ultimately leading to perfora- 
tion. The extent and localization of the perforation determine 
its clinical behavior. Microperforations may remain very well 
localized, contained by the pericolic fat and mesentery, and cause 
small pericolic abscesses. A larger perforation can allow a more 
extensive abscess to form, which may track longitudinally around 
the bowel wall; this process can lead to a large inflammatory mass, 
fibrosis, extension to other organs, or fistula formation. Free per- 
foration into the peritoneum with resultant frank bacterial or fecal 
peritonitis can be life threatening but, fortunately, is uncommon, 
with a population incidence of 4 cases per 100,000 population per 
year.!*’ Hinchey and colleagues have described a staged grading 
system that reflects the severity of perforation (Table 121.1) and 
which is useful to stratify patient management. !?8 


TABLE 121.1 Hinchey Classification of Colonic Diverticular Perforation 


Stage Definition 


| Confined pericolic abscess 
Il Distant abscess (retroperitoneal or pelvic) 


Ill Generalized peritonitis caused by rupture of a pericolic or 
pelvic abscess (not communicating with the colonic lumen 
because of inflammatory obliteration of the diverticular neck) 


IV Fecal peritonitis caused by free perforation of a diverticulum 
(communicating with the colonic lumen) 


Uncomplicated Diverticulitis 


Uncomplicated diverticulitis is characterized by the presence of 
localized colonic inflammation with or without small abscess for- 
mation that is confined to the colonic wall. It is the most common 
manifestation of diverticulitis, and occurs in approximately 80% 
of patients admitted with a first attack.!?” 


Clinical Features 


Patients with uncomplicated diverticulitis typically present with 
LLQ abdominal pain, reflecting the propensity for this disorder 
to occur in the sigmoid colon in Western countries; a redundant 
sigmoid colon, however, may manifest with suprapubic or right- 
sided pain. In contrast, Asian patients with diverticulitis have 
predominantly right-sided symptoms, corresponding to the more 
typical location of their diverticula. The pain may be inter- 
mittent or constant and is frequently associated with a change in 
bowel habits, either diarrhea or constipation. Anorexia, nausea, 
and vomiting also can occur. BRBPR is not seen with acute diver- 
ticulitis. Dysuria and urinary frequency can result from bladder 
irritation caused by the adjacent inflamed sigmoid colon, a con- 
dition often referred to as a “sympathetic cystitis.” The risk of 
recurrent symptoms following an attack of acute diverticulitis has 
been reported to range from 15% to 30%,1?%31)13? with half of 
second attacks occurring within one year. 

Physical examination usually discloses localized tenderness, 
generally in the LLQ; however, as noted, right-sided or supra- 
pubic tenderness does not preclude the possibility of diverticuli- 
tis. Guarding and rebound tenderness may be present, as may a 
tender, cylindrical, palpable mass. Bowel sounds typically are 
depressed but may be normal in mild cases or increased in the pres- 
ence of obstruction. Rectal examination can disclose tenderness or 
a mass, particularly with a low-lying pelvic abscess. Fever is present 
in most patients, whereas hypotension and shock are unusual. 

The differential diagnosis for diverticulitis is extensive. Acute 
appendicitis is the misdiagnosis most often made in patients 
with diverticulitis, particularly with right-sided disease. In Hong 
Kong, where awareness of the predominance of right-sided diver- 
ticulosis presumably is high, 34 of 35 patients with right-sided 
diverticulitis were initially believed to have acute appendicitis.'°° 
Other common diagnoses that need to be considered include 
IBD, other forms of colitis (infectious or ischemic), colorectal 
cancer, and gynecologic conditions such as pelvic inflammatory 
disease, ovarian cyst rupture, and ovarian torsion. 


Diagnosis 


It is held that a diagnosis of diverticulitis often can be made on 
the basis of history and physical examination alone,!** although 
the constellation of LLQ pain, fever, and leukocytosis is common 
and nonspecific; one study has reported a normal WBC count 
with no left shift in 46% of patients with diverticulitis.!** Despite 
a “classic presentation,” clinical diagnosis can be inaccurate, with 
misdiagnosis rates as high as 34% to 68%.15 A number of inves- 
tigators have, therefore, worked to develop diagnostic decision 
systems for diverticulitis and have identified a possible emerging 
role for biomarkers in diagnosis.” Specifically, C-reactive pro- 
tein (CRP) in excess of 50 mg/L has been used as a key indi- 
cator in 2 separate studies. In one study, accurate diagnosis was 
made in 24% of patients who had 3 features: LLQ tenderness, 
absence of vomiting, and an elevated CRP (>50 mg/L).!°° In the 
other study,!*> 7 features (age, number of episodes, LLQ symp- 
tom localization, pain on movement, absence of vomiting, LLQ 
tenderness, and elevated CRP >50 mg/L) were found to be inde- 
pendent predictors of acute left-sided diverticulitis. A nomogram 
constructed from these predictors gave a diagnostic accuracy of 
86%. 
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Imaging Studies 

Radiologic evaluation can play a pivotal role in aiding diagnosis, 
identifying complications, guiding management, and even offer- 
ing therapy. 

CT scanning of the abdomen and pelvis has become the 
radiologic test of choice in patients with suspected diverticulitis 
(Fig. 121.4). Ideally, it is performed with water-soluble contrast, 
given both orally and rectally, and with IV contrast when it is not 
contraindicated. The main advantages of CT include its general 
availability, high test performance profile, and ability to identify 
complications. Sensitivity, specificity, and positive and negative 
predictive values have all been described at values greater than 
97%.!37 Representative findings include bowel wall thickening, 
stranding of pericolic fat, pericolic fluid, and small abscesses 
confined to the colonic wall as well as extravasated contrast (i.e., 
intramural sinus tracts and fistula formation). 

Plain films should be considered in the evaluation of any 
patient who presents with acute abdominal pain to exclude perfo- 
ration or obstruction; however, because of limited sensitivity and 
specificity, they have little role in the diagnosis of diverticulitis. 

Contrast barium enema was once the diagnostic standard for 
diverticulitis, but it has been supplanted by CT, US, and MRI. It 
can be considered in cases for which these other modalities are 
not feasible. In cases of suspected diverticulitis, only water-sol- 
uble contrast enemas should be used, because the use of barium 
in the setting of perforation carries the risk of barium peritonitis. 

US has been advocated as a potentially useful modality to diag- 
nose diverticulitis, with relatively low cost, great convenience, no 
risk of ionizing radiation and a reported sensitivity of 84% to 
98% and specificity of 80% to 93%.!3*!3° One meta-analysis has 
shown that graded compression US and CT are similarly accu- 
rate in the diagnosis of acute diverticulitis,'*? whereas another 
has shown that CT and US have similar positive predictive values 
for this diagnosis.!*! Despite these encouraging data, US for this 
purpose remains highly operator dependent, and CT provides 
greater accuracy for alternative diagnoses.'*° As such, US has not 
surpassed CT as the modality of choice in most medical centers. 

MRI may have an emerging role in the diagnosis of acute 
diverticulitis, however, there is limited literature to demonstrate 
its utility in this regard. In one small study of 15 patients with 
acute diverticulitis, MRI was reported to have a sensitivity and 
specificity of 100%.!# Concerns of limited resolution secondary 
to motion artifact in such patients may be overcome by techno- 
logic advances in MRI scanners. MRI has significant potential as a 
radiation-free imaging test for the diagnosis of acute diverticulitis. 


Fig. 121.4 CT of a patient with acute uncomplicated diverticulitis 
showing colon wall thickening and stranding of the pericolic fat. 
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Endoscopy 

Endoscopy should generally be avoided in patients with sus- 
pected acute diverticulitis because of the risk of perforation. In 
unclear cases, however, a limited sigmoidoscopy (with minimal 
insufflation) may be considered to exclude alternative diagnoses, 
such as IBD, carcinoma, or ischemic colitis. Because CT find- 
ings in acute diverticulitis can mimic those of colon cancer, the 
American Society of Colon and Rectal Surgeons (ASCRS) and the 
AGA recommend that appropriate patients have a colonoscopy to 
exclude colorectal cancer 4 to 8 weeks after an acute episode of 
presumptive diverticulitis.°>°°!>? These recommendations, how- 
ever, are based on “low quality of evidence.” To examine the pos- 
sible relation of diverticulitis to colon cancer, Sai and co-workers 
performed a systematic review of studies in which patients with 
acute diverticulitis underwent surgery, colonoscopy, or barium 
enema within 24 weeks of presentation.!*? They found that the 
pooled prevalence of colorectal cancer in these patients was only 
“slightly higher” than the calculated prevalence in a population of 
similar age (2.1% vs. 0.68%). These data bring into question the 
clinical utility and cost-effectiveness of the current recommenda- 
tions. More such studies are required to validate or refute this 
widely recommended practice. 


Treatment 


An important initial consideration in the management of a patient 
with diverticulitis is the decision to initiate treatment as an outpa- 
tient or an inpatient. The inability to tolerate oral intake, exces- 
sive vomiting, fever, failure to improve with outpatient therapy, 
or complicated diverticulitis should prompt one to consider hos- 
pitalization. Absence of these features in combination with the 
establishment of appropriate follow-up should allow consider- 
ation for outpatient management. 

Outpatient management of diverticulitis has success rates 
reported in the 94% to 97% range.!** Aside from bowel rest 
and liquid intake, the mainstay of historic practice standard has 
been oral antibiotic therapy directed at colonic bacteria, espe- 
cially Gram-negative rods and anaerobic bacteria. Prior studies 
have found that either single-drug or multiple-drug regimens are 
equally effective as long as both groups of organisms are cov- 
ered.!*5 No antibiotic regimen has been shown to have defini- 
tive superiority over the other.'*° Commonly used regimens in 
the USA include a quinolone or sulfa agent in combination with 
metronidazole (or clindamycin, if the patient is intolerant of met- 
ronidazole), or amoxicillin-clavulanate as a single agent, typically 
for approximately 10 days. 

A paradigm shift in the treatment of acute, uncomplicated 
diverticulitis has been developing over the last 10 years in that 
standard antibiotic practice has been called into question: a 2012 
Cochrane review asserted that there was no difference in relevant 
outcomes for uncomplicated diverticulitis when antibiotic treat- 
ment was used compared with when treatment did not include 
antibiotics!*’; 2 randomized clinical trials—the AVOD  trial!*® 
and the DIABOLO trial!*’—totaling more than 1100 patients 
showed that antibiotics for acute, uncomplicated diverticulitis 
do not accelerate recovery, and the AVOD trial further showed 
that antibiotics do not prevent complications or recurrence. In 
2015, the AGA published both a technical review and a guideline 
that “...suggests that antibiotics should be used selectively, rather 
than routinely, in patients with uncomplicated diverticulitis.”°>*° 
Given these data, it seems that this pillar of historic practice— 
the initiation of antibiotics for all patients with acute, uncom- 
plicated diverticulitis—is one that is falling by the wayside. The 
authors recommend consideration of a conservative (non-antibi- 
otic) option (after discussion with the patient) in patients with 
uncomplicated disease absent severe comorbidities or immuno- 
suppression. Antibiotics are still recommended for the treatment 
of complicated diverticulitis. 


Inpatient treatment follows the basic principles of outpatient 
therapy, except that IV antibiotics and fluids should be used, and 
surgical consultation is more often relied upon. Symptomatic 
improvement with decreasing fever and leukocytosis should be 
observed within 2 to 4 days, at which point diet may be advanced. 
If improvement continues, patients may be discharged, but 
they should complete a 7- to 10-day course of oral antibiotics 
(if antibiotics were deemed necessary). Failure to improve fol- 
lowing conservative medical therapy warrants a diligent search 
for complications, consideration of alternative diagnoses, and 
repeat surgical consultation. Etzioni and coworkers published a 
retrospective cohort study of 639 patients admitted for a first epi- 
sode of diverticulitis and found that 57.6% of patients required 
only “minimal hospitalization,” defined as a hospital stay of 3 or 
fewer days, with no procedure performed and no readmission for 
diverticulitis within 30 days.!*+ This interesting study questions 
whether more patients are suitable for outpatient management 
than our present practice patterns show. 

Most patients hospitalized with acute diverticulitis respond 
to conservative medical therapy, have short stays, and will not 
require surgery. It has been estimated that only 15% to 25% 
of patients hospitalized with acute diverticulitis require surgery 
during their admission.’*:!’+ Parameters guiding the decision 
for surgical management of uncomplicated diverticulitis are also 
evolving. In 2000, the ASCRS recommended consideration of 
surgery after 2 episodes of uncomplicated diverticulitis or one 
episode of complicated diverticulitis. Subsequently, stud- 
ies such as the 13-year experience of the Mayo Clinic reported 
that there is no significant difference in morbidity and mortality 
between those with multiple episodes of diverticulitis and those 
who have had only 1 or 2 episodes.'5! A subsequent decision 
analysis predicted that performing colectomy after the fourth 
attack of diverticulitis rather than after the second attack would 
result in fewer deaths and colostomies while having a superior 
cost-effectiveness.!°? Recognizing this trend, the updated 2014 
guidelines from the ASCRS are now advocating evaluation on a 
case-by-case basis rather than empirically recommending elective 
surgery after the second attack;!*> the AGA guidelines echo this 
individualized approach.*° 

Since the 1980s, a 2-staged surgical approach (colonic resec- 
tion plus colostomy, followed by colostomy takedown) has been 
the standard!**; however, there is ongoing dialogue within the 
surgical community as to whether a shift towards primary anas- 
tomosis might be more beneficial.!**!°> Using the NIS data from 
1998-2005, however, Etzioni’s group reported that there is no 
evidence that primary anastomosis is becoming more commonly 
used.!7+ If the choice to operate is made, most patients will have a 
good functional outcome and low rates of recurrent disease after 
elective resection for diverticulitis.!°+ It is important to note that 
despite the general intent for subsequent colostomy reversal, this 
only occurs approximately 50% of the time, and even less fre- 
quently in older adults, which is likely a result of increased mor- 
bidity in this population.!* 


Complicated Diverticulitis 


Approximately 15% to 20% of all patients with diverticulitis will 
develop significant complications.>! Complicated diverticulitis is 
characterized by the presence of abscess, fistula, obstruction, or 
free perforation. 


Abscess 


Approximately 15% of patients with acute diverticulitis will 
develop pericolic or intra-mesenteric abscess.!*6157 When perfo- 
ration of a colonic diverticulum occurs, the ability of the pericolic 
tissues to control the spread of the inflammatory process deter- 
mines the subsequent clinical course of disease and its treatment. 


A localized phlegmon initially develops with limited spread. 
Further spread can lead to the formation of larger local (Hinchey 
stage I) or distant abscesses (Hinchey stage II). Generalized peri- 
tonitis from abscess rupture (Hinchey stage IIT) and fecal perito- 
nitis from free perforation (Hinchey stage IV) also may occur and 
lead to sepsis and death if the patient does not undergo urgent 
surgical intervention (see Table 121.1). Clinical signs that suggest 
abscess formation include a tender abdomen, a tender mass on 


Fig. 121.5 CT of a patient with a right lower quadrant abscess (arrow). 
The differential diagnosis of this finding includes right-sided colonic 
diverticulitis and appendicitis. 
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physical examination, persistent fever, and persistent leukocyto- 
sis despite an adequate trial of appropriate IV antibiotics. Once 
an abscess is suspected, radiologic evaluation with a CT scan is 
the best modality for confirming the diagnosis and following its 
course over time (Fig. 121.5). 

Small pericolic abscesses (Hinchey stage I) can often be 
treated conservatively with broad-spectrum antibiotics and bowel 
rest.!°° Abscesses less than 3 to 4 cm in diameter may resolve with 
antibiotics alone,!*?:!°° and continued non-invasive management 
of abscesses can be cautiously considered in stable patients who 
demonstrate unequivocal improvement in pain, fever, tenderness, 
and leukocytosis over the first few days of therapy. 

CT-guided percutaneous drainage of abdominal abscesses has 
assumed a prominent complementary role to surgery (Fig. 121.6). 
The immediate advantage of percutaneous catheter drainage is 
rapid control of sepsis and patient stabilization without the need 
for general anesthesia. It often eliminates the need for a multi- 
ple-stage surgical procedure with colostomy,!*’ instead allowing 
temporary palliative drainage and subsequent single-stage resec- 
tion in 3 to 4 weeks. Success rates of CT-guided drainage for 
stabilizing patients and safely allowing subsequent single-stage 
procedures range from 74% to 80%.!60.161 An urgent surgical 
procedure is required in the 20% to 25% of patients in whom 
the abscess is multiloculated, anatomically inaccessible, or not 
resolving with percutaneous drainage. Elective resection “should 
typically be considered” after a patient recovers from an episode 
of complicated diverticulitis. 1> 

As noted previously, both 2-stage surgery and primary anasto- 
mosis are the current surgical approaches. Regardless of approach, 
however, surgery for complicated diverticulitis has evolved into a 
relatively safe procedure, with one of the highest success rates 


Fig. 121.6 CT-guided percutaneous drainage of an abdominal abscess complicating acute diverticulitis. 
A, Arrows point to the abscess arising from the sigmoid colon. B, A drainage catheter has been inserted into 
the abscess. The patient was also treated with IV antibiotics. C, The catheter has been removed and the 
abscess has resolved. 
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of any of the common GI surgical procedures.!©? Laparoscopy 
represents a relatively recent frontier in the surgical approach 
to diverticular disease. A systematic review by Gaertner and col- 
leagues reported that elective laparoscopic colectomy is associ- 
ated with decreased hospital stay and fewer costs compared to 
open colectomy!®; others have reported laparoscopic approaches 
as the standard of care for all cases of diverticular disease.!* 


Fistula 


When a diverticular phlegmon or abscess extends or ruptures 
into an adjacent organ, a fistula results. Fistulas are believed to 
develop in less than 5% of patients with diverticulitis but are 
present in approximately 20% of those who require surgery for 
diverticulitis. 16° 

Presumably because of the left-sided predominance of divertic- 
ular disease and the proximity of the bladder, colovesicular fistulae 
are the most common type of fistula to complicate diverticulitis. 
In a Cleveland Clinic review of 26 years’ experience with diver- 
ticulitis-associated fistulae, 65% were colovesicular.!66 Women 
were half as likely as men to have colovesicular fistulae, ostensibly 
because the bladder is protected by the uterus. Cystoscopy, cys- 
tography, and barium enema can be useful to diagnose the fistula, 
although its actual demonstration is often difficult; in one series, 
pneumaturia was present in 57% and fecaluria in 42%.!67 Fecaluria 
is pathognomonic for colovesicular fistula. Surgical management is 
indicated, and single-stage operative resection with fistula closure 
and primary anastomosis was the procedure performed in 75% of 
patients in one case series,!6ć with less than 4% mortality. 

Colovaginal fistulas are the next most common type, seen in 
approximately 25% of all cases.!°° The passage of stool or flatus 
per vagina is pathognomonic. Frequent vaginal infections or copi- 
ous or feculent vaginal discharge should prompt consideration of 
this complication. Many patients who develop a colovaginal fis- 
tula have undergone previous hysterectomy. Treatment is surgical 
resection of the diseased segment of colon with repair of the con- 
tiguous organ, which generally can be performed as a single-stage 
procedure.!*? A recent series of primary repair of both colovesicu- 
lar and colovaginal fistula repairs reported an 8% mortality rate.! 

Other fistulae, including coloenteric, colouterine, coloure- 
teral, and colocutaneous, occur much less commonly. Although 
diverticular disease is a common cause of fistulae from the colon 
to adjacent organs, other conditions, including IBD, pancreatitis, 
radiation enteritis and colitis, infectious colitis, and malignancy, 
also can cause fistulas, and these diagnoses must be considered 
when a fistula involving the colon is discovered. 


Obstruction 


Obstruction can complicate diverticular disease either acutely 
or chronically. During an attack of acute diverticulitis, partial 
colonic obstruction can occur because of luminal narrowing from 
the pericolic inflammation, compression from abscess, or both. 
A CT scan with oral and rectal contrast can give useful infor- 
mation about diverticular obstruction while also assessing for 
extraluminal disease. Complete obstruction is unusual. Colonic 
ileus or pseudo-obstruction also can occur, as can SBO if a loop 
of small intestine becomes incorporated into the inflammatory 
mass. These conditions usually improve with effective medical 
therapy including antibiotics, bowel rest, and NG suction. 

Surgical intervention may be required for persistent obstruc- 
tion from acute diverticulitis that does not respond to medical 
therapy. Ideally, a modified bowel preparation with gentle irriga- 
tion enemas or low-dose oral laxatives given over a period of a few 
days can be performed preoperatively,!® thereby allowing the 
possibility of primary anastomosis in some cases. In cases where 
bowel preparation is not possible, a Hartmann procedure usually 
is performed. 


Recurrent attacks of diverticulitis, which may be subclini- 
cal, can initiate chronic stricturing of the colonic wall without 
ongoing inflammation. In such cases, high-grade or complete 
obstruction can occur. Colonoscopy can play an important diag- 
nostic role, and one group that reported on the investigation of 
strictures with colonoscopy was able to distinguish a benign from 
malignant etiology in 67% of patients.!°? CT and water-solu- 
ble contrast enema also can be helpful in distinguishing benign 
stricture from neoplasm. Strictures in which malignancy cannot 
be excluded, despite colonoscopic and radiologic examinations, 
should be treated by surgical resection. 

A trial of endoscopic dilation therapy can reasonably be 
attempted in patients in whom neoplasm is believed to be suf- 
ficiently excluded and in whom acute diverticulitis is not a 
concern. Success rates for balloon dilation of benign colonic 
strictures have been reported in 67% to 79% of patients.!7°!7! 
Colonic self-expanding metal stents (SEMS) also have been used 
to provide temporary decompression in treating obstruction that 
complicates diverticular disease, allowing bowel preparation and 
subsequent single-stage resection without diversion.!”” In a case 
series, Small and coworkers used SEMS in 23 cases of benign 
obstructive colonic disease, of which 16 cases were diverticular 
or inflammatory in origin. SEMS placement was successful and 
obstruction was relieved in 95% of cases, but major complica- 
tions (e.g., stent migration, re-obstruction, perforation) occurred 
in 38%. The authors concluded that medium-term relief was 
obtainable with SEMS, but at the cost of a high complication 
rate; they also recommended that if surgery was to be performed, 
it should be done within 7 days of stent placement.!”3 


Free Perforation 


Fecal peritonitis caused by free perforation (Hinchey stage IV) 
is a surgical emergency and requires urgent operative interven- 
tion. Fortunately, it is uncommon, with a population incidence 
of 4 cases per 100,000 per year.!?’ Although uncommon in the 
antibiotic era, mortality from generalized peritonitis associated 
with diverticulitis has been reported in the 12% to 26% range.!’* 
Early identification of free perforation is critical. A CT scan can 
confirm the diagnosis in ambiguous cases, but an abdominal 
plain-film series showing free intraperitoneal air plus high clini- 
cal suspicion is sufficient to justify surgical exploration. Broad- 
spectrum IV antibiotics should be instituted immediately. 
Practically, the decision of whether to perform a primary anas- 
tomosis or 2-stage approach is made intra-operatively based on the 
extent of disease, the difficulty of bowel mobilization, the degree 
of peritoneal contamination, and the surgeon’s expertise. In most 
cases of free perforation, at least 2 separate operations are necessary 
regardless of whether primary or secondary resection is performed. 
In many cases, reanastomosis is not possible, and the colostomy 
is left indefinitely. Some cases with peritonitis also require pelvic 
drainage, clearance of the rectum of fecal material when possible, 
and mobilization of the splenic flexure to perform a tension-free 
anastomosis. With the increasing use of the laparoscopic approach 
to uncomplicated diverticular disease, some centers have extended 
this approach to perforated disease, with promising results.!7>.!7° 


Special Topics Related to Diverticulitis 
The Young Patient 


Diverticulitis is relatively uncommon in patients younger than 40 
years of age (10% of all patients with diverticulitis’*), but the inci- 
dence in this age group may be rising.’”*:!24+ Nevertheless, because 
diverticulitis is uncommon in the young, it is often missed or 
mistaken for other diagnoses, such as appendicitis or IBD. Like 
diverticulitis in older patients, the disease is mainly sigmoid in 
location but, in contrast, there seems to be a significant male 


predominance in young patients.’*:!’7 Attacks are often more 
severe, and 40% to 88% of younger patients require urgent sur- 
gery during their initial attack; recurrence and complication rates 
are also higher than in older patients. 177-178 

When patients with acute diverticulitis are managed non-oper- 
atively, youth is an independent risk factor for poor outcome,!”” 
possibly caused by delay in diagnosis. For these reasons, some 
authors have advocated elective segmental colectomy in a healthy 
young person after one well-documented episode of diverticuli- 
tis'’’; others have questioned this approach.!®°.!*! In the largest 
series to date of young patients with diverticulitis, the authors sug- 
gested that the higher incidence of surgical management in these 
patients relative to their older counterparts was not caused by 
increased complication rates but rather to a higher rate of elective 
procedures done to prevent the expected poor outcomes;!* thus, 
the latest surgical guidelines are advocating more of a case-by-case 
approach to elective resections for all patients with diverticulitis. 1° 


The Older Adult Patient 


Because diverticular disease becomes more prevalent with aging, 
diverticulitis in adults more than 70 years of age warrants special 
mention. Diverticulitis can manifest with more subtle symptoms 
and signs in older adults, making the diagnosis more challeng- 
ing. Distinguishing diverticulitis from colorectal cancer becomes a 
much more important issue in older patients because the incidence 
of colorectal cancer also increases with age. Although the risk of a 
severe initial attack of diverticulitis may be lower in older patients 
than in younger ones, the risk of death when diverticulitis results in 
perforation is more than 3 times higher in older adults.!*? It appears, 
however, that the number of comorbidities is a stronger predictor 
of mortality from perforated diverticulitis than age itself.'*+ Because 
subsequent complicated disease is uncommon if the initial attack 
was mild,!’? and because older patients are less likely than younger 
patients to have recurrent disease after non-operative manage- 
ment,!*? surgery often is delayed or set aside in older patients. Not 
only is surgery more risky in older adults but colostomy reversal 
also is performed less often!*’ and, when attempted, tends to have 
a higher rate of morbidity and mortality than in younger patients. 1° 


The Immunocompromised Patient 


Diverticulitis can manifest more subtly in immunocompromised 
patients and represents a more difficult diagnostic challenge than 
in those with a normal immune system. Although diverticulitis in 
such patients is not more common, it appears to have graver con- 
sequences. One study reported that 24% of immunocompetent 
patients required surgery for diverticulitis, compared with 100% 
of immunosuppressed individuals.!*° Immunocompromised 
patients have a higher rate of free perforation (43% vs. 14%), 
need for surgery (58% vs. 33%), and post-operative mortality 
(39% vs. 2%) than non-compromised patients.!*’ In solid organ 
(e.g., heart, lung, kidney) transplant populations, mortality from 
diverticulitis has been found to be extremely high, ranging from 
25% to 100%.!88-190 Because of this high risk, many authorities 
advocate elective resection after an initial episode of diverticulitis 
in an immunosuppressed patient.!?! 


Right-Sided Diverticulitis 


In Western countries, diverticulitis of the ascending colon or cecum 
is uncommon, in large part because of the relatively low prevalence 
of diverticula in these portions of the colon. Nonetheless, right- 
sided diverticulitis should be part of the differential diagnosis for 
any patient with right-sided abdominal symptoms. 

In Asia, right-sided diverticulitis is the predominant form of 
diverticulitis. Especially in younger patients, the diagnosis of 
right-sided diverticulitis is more difficult to make than left-sided 
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disease and is virtually clinically indistinguishable from acute 
appendicitis. Clinical factors that might be helpful to distinguish 
diverticulitis from appendicitis in a person of Asian ethnicity are 
that patients with diverticulitis tend to be older and have a lower 
frequency of nausea and vomiting than patients with appendicitis; 
the characteristic progression of symptoms seen with appendicitis 
is also absent (see Chapter 120).!°” 

Radiologically, right-sided diverticulitis and appendicitis also 
are easily confused, especially when a local abscess is present. 
There is an estimated preoperative misdiagnosis rate in right- 
sided colonic inflammatory conditions of 40% to 92%.!%)193 
Even with excellent imaging, the diagnosis of right-sided diver- 
ticulitis is often made at laparotomy. 

When the proper diagnosis is made preoperatively, treatment 
of right-sided disease is the same as for left-sided diverticulitis. One 
study has suggested better overall responsiveness of right-sided 
diverticulitis to medical therapy alone, even after multiple attacks. !°* 
The much more common complication associated with right-sided 
colonic diverticula is hemorrhage, discussed later in this chapter. 


SEGMENTAL COLITIS ASSOCIATED WITH 
DIVERTICULOSIS 


Segmental colitis associated with diverticulosis (SCAD) is now 
increasingly recognized as a distinct but poorly understood 
manifestation of diverticular disease. 167-1°5-19%6 SCAD initially was 
thought to be a rare form of Crohn disease in a segment of colon 
that contained diverticula. It is now recognized, however, as a 
distinct entity seen in a very small subset of patients with diver- 
ticulosis. The prevalence of SCAD in patients with diverticulosis 
has been described as 0.3% to 1.3%, with 58.7% of patients being 
male, and with a mean age of 63.6 years.!°” 

SCAD can mimic the clinical presentations of IBD and pri- 
marily affects the sigmoid colon. Presenting symptoms generally 
are LLQ cramping pain, diarrhea, and rectal bleeding. Endo- 
scopically, the sigmoid colonic mucosa shows erythema, friability 
of varying degrees, and mucosal erosions, only within the seg- 
ment of colon bearing the diverticula. The remaining segments 
of colon, including the rectum, are neither visibly nor histologi- 
cally involved. Biopsy specimens can show chronic lymphocytic 
infiltration, cryptitis, crypt abscesses, and even granulomas; many 
cases are histologically indistinguishable from IBD or ischemic 
colitis,!°* and histologic diagnoses of biopsy specimens from 
patients who clinically have SCAD have included UC, Crohn dis- 
ease, ischemic colitis, self-limited colitis, and normal. The course 
of a subset of patients followed endoscopically over time appears 
to evolve into a picture similar to ulcerative proctosigmoiditis or 
Crohn colitis, an observation that should prompt a low thresh- 
old for endoscopic reevaluation if a patient with presumed SCAD 
develops persistent or progressive symptoms. 

Patients with SCAD are generally responsive to 5-ASA com- 
pounds, with one series reporting that more than 80% of treated 
patients achieved clinical remission.!”> In most cases, the clinical 
course tends to be benign and self-limited,'”’ although there are 
reports of patients who required sigmoid colectomy for bleeding 
or stricture complications.”°° There does not appear to be a higher 
risk of diverticulitis or colon cancer in patients with SCAD.!” 


DIVERTICULAR HEMORRHAGE 


Diverticular hemorrhage is arguably the most common cause of 
significant LGIB in adults and accounts for approximately 30% 
to 66% of such cases.??!-204 Because a culprit diverticulum is not 
frequently identified, diverticular hemorrhage is often a diagno- 
sis of presumption and exclusion framed by the presence of diver- 
ticulosis, evidence of LGIB, and the absence of other identifiable 
sources. This circumstance challenges the clarity of epidemiologic 
data and, therefore, Jensen and his CURE Hemostasis Research 
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Group proposed specific classification of a patient with diverticu- 
losis and severe hematochezia as: presumptive diverticular hemor- 
rhage (i.e., no other source found besides diverticulosis after urgent 
appropriate investigation); incidental diverticulosis (i.e., some other 
non-diverticular colonic, anorectal, UGI or small-bowel source 
identified as the cause of the bleeding); or definitive diverticular 
hemorrhage?®* Using this classification system, Jensen’s group 
reported the following in a prospective study of 340 LGIB patients: 
incidental diverticulosis in 46%, presumptive diverticular hemor- 
rhage in 34%, and definitive diverticular hemorrhage in 20%.?" 
Bleeding is estimated to occur in approximately 10% to 15% of 
patients with significant diverticulosis, with severe hemorrhage in 
3% to 5% of patients.?°° Although most diverticula are in the 
left colon in Western patients, the site of bleeding diverticula has 
been believed to be in the proximal colon in more than one half of 
patients.?””~0” A large series of 180 Asian patients with diverticular 
hemorrhage reported a higher bleeding rate and greater need for 
surgery with right-sided than left-sided disease.*°” Patients with 
pancolonic diverticulosis appear to have a higher hemorrhage rate 
than those with only segmental diverticulosis.7!° 


Pathophysiology 


The pathophysiology of diverticular bleeding is not well under- 
stood. It is thought to be related to intimal thickening and medial 
thinning of the vasa recta, which leads to weakening of the ves- 
sel.?!! As a diverticulum herniates, the supplying vessel (vas rec- 
tum) is draped over the dome of the diverticulum, with only the 
mucosal layer of the colon separating it from the colonic lumen. 
The combination of increased exposure and weakening of the ves- 
sel is thought to predispose to rupture. What predisposes to this 
arterial change and what precipitates its rupture are unknown. 
NSAIDs including aspirin, however, have been associated with 
an increased risk of diverticular bleeding in multiple studies, with 
reported odds ratios of 3 to 15,.72210,212-214 


Clinical Features 


Diverticular hemorrhage typically manifests as abrupt, painless, 
and self-limited hematochezia. The volume of blood is usually 
moderate or large, owing to the fact that the bleeding vessel is 
an arteriole. Patients often pass red or maroon clots, and melena 
is unusual. Because diverticular bleeding is overt, neither a posi- 
tive fecal occult blood test nor iron deficiency anemia should 
be attributed to diverticular hemorrhage. Natural history stud- 
ies report that bleeding ceases spontaneously in 70% to 80% of 
patients; 30-day rebleeding rates have been reported as high as 
53%, and emergency surgery rates are as high as 35% .706,208,209,215 


Diagnosis and Treatment 


The initial evaluation of a patient with suspected diverticular hem- 
orrhage should include an assessment of hemodynamic stability and 
initiation of resuscitation. Concurrent to this, the clinician should 
attempt to clarify the suspected diagnosis and to localize the site of 
bleeding. A high pretest probability for diverticular hemorrhage 
can be supported by classic clinical manifestations (noted earlier) 
in an older adult patient; however, other lower GI sources (e.g., 
angioectasias, hemorrhoids, colitis, colorectal cancer) also need to 
be considered in the differential diagnosis. Because a brisk UGI 
bleed can present as massive hematochezia, NG lavage or EGD 
should be considered when clinically appropriate. Diagnostic 
modalities include colonoscopy, nuclear scintigraphy, and angiog- 
raphy. Therapeutic modalities include colonoscopy, angiography, 
and surgery. The diagnosis and treatment of patients with LGIB 
in general have been reviewed comprehensively elsewhere (see 
Chapter 20). The algorithm in Fig. 121.7 summarizes the manage- 
ment of patients with diverticular hemorrhage. 


Colonoscopy 


Urgent colonoscopy (defined as within 12 to 48 hours of admis- 
sion) affords the gastroenterologist the opportunity to diagnose, 
localize, and offer therapeutic intervention to patients with diver- 
ticular bleeding.*°? Endoscopic identification of active bleeding 
or stigmata of recent hemorrhage (e.g., visible vessel or adherent 
clot within a diverticulum) at a specific site (Fig. 121.8) is evident 
in approximately 10% to 20% of colonoscopic examinations for 
diverticular bleeding. Identification of a bleeding site allows endo- 
scopic therapy to be applied: epinephrine injection alone or in 
combination with other therapies such as heater probe coagulation, 
bipolar coagulation, endoclips (see Fig. 121.8), fibrin sealant, and 
band ligation have all been shown in small case series to achieve 
hemostasis safely in patients with diverticular bleeding.?03:204,216-219 


Nuclear Scintigraphy, Angiography, and CT 


When active bleeding is present but colonoscopy fails to allow 
localization or treatment of a bleeding source, further evaluation 
with nuclear scintigraphy (tagged red blood cell scan) or angiog- 
raphy can be undertaken, taking into account local availability 
and expertise. Nuclear scintigraphy (Fig. 121.9) has many theo- 
retical advantages in the evaluation of LGIB:””° it is non-invasive, 
technically simple, relatively inexpensive, and can detect bleeding 
rates as low as 0.1 mL/min. Scintigraphy, however, can identify 
only the site, not the etiology of the bleeding, and it has no thera- 
peutic potential. Furthermore, some studies have questioned its 
accuracy”! and have underscored a lack of proven impact on 
mortality, transfusion requirement, and eventual need for sur- 
gery.??? Given its sensitivity and relative simplicity, however, 
many centers use scintigraphy as a “gateway” to angiography to 
minimize the chance of a negative angiogram and to help select a 
specific artery for injection of contrast.?*? 

Angiography is not as sensitive as nuclear scintigraphy for 
LGIB but detects rates of bleeding in the range of 0.5 mL/min. 
The primary advantage of angiography is accurate identification 
of the bleeding site to direct segmental surgical resection or angio- 
graphic intervention via superselective embolization (Fig. 121.10) 
or embolization of distal arterial branches, both of which have been 
demonstrated to be effective (67% to 100% with lasting hemosta- 
sis) and relatively safe (colon ischemia rates <20%).?**’ Arterial 
embolization is increasingly becoming the nonsurgical therapy of 
choice when endoscopic control of bleeding is not possible. 

A third radiologic option, enhanced CT, has also shown 
promise for identifying active LGIB sources, although its role has 
yet to be defined and it has no therapeutic potential.??°77? 


Surgery 


Surgery for LGIB usually is avoided unless endoscopic or angi- 
ographic therapies are unavailable or fail. Because diverticular 
bleeding stops spontaneously in most instances, surgical manage- 
ment is required infrequently. The main indications for opera- 
tive management are large transfusion requirements, recurrent 
or continuing hemorrhage that is refractory or not amenable to 
therapy, hemodynamic instability unresponsive to resuscitation, 
and lack of availability of endoscopic or angiographic expertise. 
When surgery is necessary, a partial colectomy is preferred to a 
subtotal colectomy whenever possible. Segmental resection can 
be performed if the bleeding site is clearly identified from a ther- 
apeutically unsuccessful angiographic or endoscopic procedure, 
or when the extent of diverticulosis is confined to a specific seg- 
ment of the colon. In patients with persistent, life-threatening 
bleeding and no identification of a likely bleeding site, a subtotal 
or “blind” colectomy may be required as a last resort. These 
patients have had an extremely high morbidity and mortality,”>° 
possibly because of the multiple invasive tests leading to that end 
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Fig. 121.7 Algorithm for the management of patients with suspected diverticular hemorrhage. Angio, angio- 
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Fig. 121.8 Colonoscopy in a patient with lower intestinal bleeding from a diverticulum in whom a site of active 
bleeding was identified (A) and treated successfully with placement of 2 endoclips (B). (Courtesy Janak Shah, 
MD. San Francisco, CA.) 


Fig. 121.9 Nuclear scintigraphy using tagged RBCs in a patient with lower intestinal bleeding from right-sided 
diverticulosis. A, The early scan (anterior view) shows pooling of radiolabeled RBCs in the right upper quadrant 
corresponding to a bleeding site in the hepatic flexure. B-D, The subsequent images show radiolabeled RBCs 
progressing through the transverse colon over time. RBC, red blood cell. 


Pie Ais ea ’ J. a 
Fig. 121.10 Selective angiography of the superior mesenteric artery in a patient with lower intestinal bleeding 
from diverticulosis. A, The bleeding site is identified in the ascending colon by a “blush” of contrast material 
(arrow). B, The bleeding site has been embolized with microcoils, which are seen in the bleeding vessel (arrow), 
and the extravasation of contrast material has stopped. 


and the resultant delay in definitive management. Additionally, 
a blind colectomy runs the risk of not resecting the bleeding 
lesion when the source is more proximal; one study reported 
an 18% recurrent bleeding rate with a blind hemicolectomy, 
compared with a 4% rebleeding rate after a total colonic resec- 
tion.?*! More recent literature, however, has shown morbidity 
and mortality rates of subtotal colectomy not to differ from 
those of blind hemicolectomy when the site of the bleeding is 
not identified.” 123? A close collaborative relationship between 
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the gastroenterologist and the surgeon is paramount in manag- 
ing such patients. 
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IBS is an important disease entity because of its high prevalence, 
substantial morbidity, and enormous costs.! In the USA, 7% to 
16% of adults report symptoms compatible with IBS,” for which 
up to 50% will consult a GI physician.’ In GI practices, more than 
one third of patients have functional GI disorders, with IBS being 
the most common diagnosis.* Because a substantial proportion of 
gastroenterology practice comprises patients with IBS or other 
functional GI diseases, it is essential that clinicians develop exper- 
tise in the diagnosis and treatment of these disorders. Diagnosis 
of IBS rests on a careful history and physical examination, with 
the use of diagnostic tests minimized. ‘There is increasing evi- 
dence that at least a subset of IBS has an organic basis in the GI 
tract.° Nonetheless, only symptom-directed therapies, rather than 


2008 


disease-modifying treatments, are available. The evidence base 
for current therapy is derived mainly from well-performed meta- 
analyses of older therapies and large randomized controlled trials 
(RCTs) of novel agents. In this chapter, current knowledge of the 
epidemiology and pathophysiology of IBS is reviewed to provide a 
rational basis for its diagnosis and therapy. 


DEFINITIONS 


IBS is characterized by the presence of abdominal pain associated 
with disturbed defecation.’ Bloating is often present, but this is 
not considered an essential symptom for diagnosis.’ Individual 
symptoms are neither sensitive nor specific enough on their own 
to diagnose IBS.® 

Manning and associates first reported that 6 symptoms were more 
common in patients in whom IBS was subsequently documented 
(Box 122.1), although only 4 were statistically significant (abdominal 
distension, relief of abdominal pain after a bowel movement, looser 
stools with the onset of abdominal pain, and more frequent bowel 
movements with the onset of abdominal pain).’ The Kruis scoring 
system, which is based on the presence and duration of symptoms, 
negative physical examination findings, and normal simple labora- 
tory tests, has modest diagnostic utility (see Box 122.1).!° 

In an effort to build on the diagnostic utility of the Manning and 
Kruis criteria, the Rome (I, II, TI, and IV) criteria were created fol- 
lowing a formal consensus process to provide a standard for clinical 
research (see Box 122.1). The latest iteration, Rome IV,’ is useful 
in clinical practice and can be used to make a positive clinical diag- 
nosis of IBS.° The sensitivity and specificity of the previous itera- 
tion, Rome III, were reported to be 69% and 80%, respectively.!! 
Although adequate validation data for Rome IV are lacking, the main 
criteria for Rome IV are very similar to those of Rome III,” with the 
exception of the removal of abdominal discomfort from the defini- 
tion of IBS in Rome IV, as well as an appreciation that abdominal 
pain can be aggravated, as well as relieved, by defecation.’ The speci- 
ficity of Rome II may be further improved by incorporating other 
items from the clinical history, and a limited panel of investigations.!° 


CLINICAL FEATURES 
History 
Abdominal Pain 


IBS should not be diagnosed in the absence of abdominal pain.’ 
The pain in IBS may be either aggravated or relieved by defeca- 
tion, and its onset is associated with an increase or decrease in stool 
frequency, or with looser or harder stools. The pain often is poorly 
localized, waxes and wanes, may be aggravated by eating, and can 
occur in any part of the abdomen, although it more typically is 
located in the lower abdomen. Exacerbation of pain by life events or 
difficult life situations is common. Abdominal pain that is continu- 
ous or unrelated to defecation or that is induced by menstruation, 
urination, or physical activity is unlikely to be explained by IBS. 


Constipation and Diarrhea 


Patients with IBS experience constipation, diarrhea, or a mix- 
ture of these symptoms.’ This has led to an attempt to classify 


BOX 122.1 Manning, Kruis, and Rome IV Criteria for IBS 


MANNING CRITERIA’ 

Abdominal distention 

Abdominal pain eased after bowel movement 
Feeling of incomplete emptying 

Looser stools at onset of abdominal pain 
More frequent bowel movements at onset of abdominal pain 
Mucus per rectum 

KRUIS CRITERIA 

Patient’s History 

Abdominal pain 

Flatulence 

Irregularity of bowel movements 

Mixed diarrhea and constipation 

Pellet-like stools or mucus 

Symptoms for more than 2 yr 


Physician’s Assessment? 


Abnormal physical findings 
Erythrocyte sedimentation rate >20 mm/2 hr 
Hemoglobin (female <12 g/dL; male <14 g/dL) 


History of blood in stool 
Leukocytosis (>10,000 cm®) 


ROME IV CRITERIA? 


Recurrent abdominal pain at least 1 day/wk in the last 3 months 
associated with 2 or more of the following: 
Related to defecation 
Associated with a change in frequency of stool 
Associated with a change in form (appearance) of stool 


Manning criteria adapted from Manning AP, Thompson WG, Heaton KW, 

et al. Towards positive diagnosis of the irritable bowel. BMJ 1978; 2:653-4. 
“Diagnostic cut-off: 3 or more of the 6 symptoms listed. 

IBS is excluded if any physical finding or any of the laboratory parameters 
assessed by the physician is abnormal 

Criteria fulfilled for the previous 3 months, with symptom onset at least 6 
months before diagnosis. 

Kruis criteria adapted from Kruis W, Thieme C, Weinzierl M, et al. A diagnos- 
ic score for the irritable bowel syndrome. Its value in the exclusion of organic 
disease. Gastroenterology 1984; 87:1-7. 

Rome Ill criteria from Longstreth GF, Thompson WG, Chey WD, et al. Func- 
ional bowel disorders. In: Drossman DA, editor. 

Rome IV criteria from Mearin F, Lacy BE, Chang L, et al. Gastroenterology 
2016;150:1393-1407. Used with permission from the Rome Foundation. 


IBS patients according to their predominant symptom: IBS with 
constipation (IBS-C), diarrhea (IBS-D), or mixed stool pattern 
(IBS-M). However, these symptoms often are variable and inter- 
mittent,!* and patients can change from one stool pattern to 
another (see “Subgroups” section). An irregular stool consistency 
(abnormal stool form) is characteristic. 

The terms “constipation” and “diarrhea” can reflect a wide 
variety of different symptom experiences to different patients, 
and so whenever a patient uses these terms, an exploration of their 
meaning is required. Stool form can be measured objectively and 
graded by the patient or physician; the Bristol Stool Form Scale 
(Fig. 122.1) is now used routinely in clinical trials, and changes 
in stool form (at the extreme ends of the scale) roughly correlate 
with colonic transit time (r value of 0.07).!5 


Bloating and Visible Distention 


A feeling of bloating affects 60% or more of patients with IBS,'° 
and its site can be difficult for the patient to localize. It can be one 
of the most bothersome symptoms patients experience, particularly 
those with IBS-C.!” Visible abdominal distention is a characteristic 
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symptom of IBS, particularly in women, but is less common than 
bloating.'* Distention can be objectively measured, in contrast to 
bloating, which is subjective.!? The degree of distension tends to 
worsen toward the end of the day.!? Abnormal accommodation of 
the diaphragm, contraction of intercostal muscles, and relaxation of 
the abdominal wall musculature, appear to be involved as part of an 
involuntary reflex response (Fig. 122.2).?°?! Both bloating and dis- 
tension correlate with somatoform symptom-reporting in patients 
with IBS.” Respiratory-targeted biofeedback is a useful therapy in a 
subset of patients.?!:73 


Noncolonic Symptoms 


Other clinical features can help support the diagnosis of IBS but in 
themselves are not diagnostic. The odds of subjects with IBS having 
epigastric discomfort or pain (dyspepsia) is 8-fold that of individuals 
without IBS.?* Symptoms compatible with GERD also occur more 
commonly in IBS patients, with a 4-fold increase in odds they will 
have such symptoms compared with individuals who do not have 
IBS.” Extraintestinal symptoms including headache, backache, joint 
pains, impaired sleep, chronic fatigue, dizziness, palpitations, and 
dyspareunia are more common in patients with IBS? and, if incor- 
porated into the Rome II] criteria, may improve their specificity.! 


Chronicity 


For a confident diagnosis of IBS, symptoms should have been 
present for at least 6 months’; IBS may accompany other chronic 
disorders. For example, IBS is present in up to one-third of 
patients with celiac disease, even after institution of a gluten-free 
diet.*° Up to 40% of patients with IBD may also report IBS-type 
symptoms.’’ This does not seem to reflect occult inflammation 
at the time symptoms are reported,”*? or to lead to adverse out- 
comes reflecting evolving disease activity during extended follow- 
up, but it is associated with increased healthcare utilization and 
poor psychologic health.*° A number of different conditions can 
cause transient bowel symptoms in healthy persons, as well as 
those with preexisting IBS including pregnancy, dietary indiscre- 
tion, food poisoning, travelers’ diarrhea, bed rest, weight loss, 
and acute stress (nervous diarrhea); these must be distinguished 
from the chronic, recurrent symptoms of IBS. 


Physical Examination 


Physical examination in patients with IBS is usually normal, 
although tenderness upon deep palpation over the colon may be 
appreciated.® In patients with localized abdominal pain, abdominal 
wall pain should be excluded. Tensing the abdominal wall by flex- 
ing the chin on the chest or sitting up partially lessens tenderness 
that is caused by an intra-abdominal process. If tensing the abdomi- 
nal wall muscles increases abdominal tenderness, a point of local- 
ized abdominal wall tenderness should be sought with a probing 
finger (Carnett test); identification of such a point might enable the 
tenderness to be treated with an injection of lidocaine and triamcin- 
olone.*! Ovarian cancer needs to be considered in any middle-aged 
or older woman presenting with new-onset IBS-like symptoms, 
particularly if abdominal distension is present.*’ A pelvic examina- 
tion then may be required to exclude an irregular, fixed pelvic mass. 


EPIDEMIOLOGY 


IBS is a common disorder, affecting up to 1 in 10 individuals 
worldwide.” Epidemiologic studies have defined the prevalence 
of, and identified potential risk factors for, IBS. 


Prevalence 


Prevalence estimates for IBS have varied anywhere from 1% to 
45% worldwide.’ Prevalence, however, is influenced substantially 
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Fig. 122.1 The Bristol Stool Form Scale and classification of subtypes of IBS. BM, bowel movement; C, 
constipation; D, diarrhea; M, mixed; U, unsubtyped. (Adapted from Mearin F, Lacy BE, Chang L, et al. Bowel 


disorders. Gastroenterology 2016; 150:1393-407.) 


Basal 


Bloating 


Fig. 122.2 Abdominal imaging demonstrating bloating in a patient with 
IBS. Note that during bloating there is an increased anterior abdominal 
wall protrusion and diaphragmatic descent with only a small increase in 
gas content compared with the basal state. (Adapted from Accarino A, 
Perez F, Azpiroz F, et al. Abdominal distention results from caudo-ven- 

tral redistribution of contents. Gastroenterology 2009; 136:1544-51.) 


by the definition applied. For example, in one cross-sectional 
survey in China, the prevalence of IBS using the Rome III cri- 
teria was 12% but fell to 6% when the Rome IV criteria were 
used.*? People in the community under 50 years of age have a 
higher prevalence of IBS.’ In general, it is believed that IBS is 
uncommon in the elderly, but population-based studies indicate 
that IBS, in fact, increases with advancing age. In one study, con- 
ducted only in individuals aged 65 years and older, the preva- 
lence of symptoms compatible with IBS was higher in persons 
aged 85 years or older than it was those who were 65 to 74 years 
old and 75 to 84 years old; prevalence also was higher in subjects 
aged 75 to 84 years than in those who were 65 to 74 years old.*+ 
Obviously, organic disease is more prevalent in older adults and 


could account for some of the reported IBS-like symptoms, but 
it seems likely that IBS in older adults is often underdiagnosed or 
misdiagnosed, for example, as diverticular disease.» 


Gender and Race 


Gender-specific prevalence rates for IBS are higher in women 
compared with men, with an odds ratio of 1.67 in a 2012 meta- 
analysis; such a gender prevalence difference, however, was not 
observed in South Asia, South America, or Africa.*° In the USA, 
women with IBS outnumber men, which is partly explained 
by increased health care-seeking behavior among women. In 
contrast, data from Asia indicate more men than women pres- 
ent for care of IBS.” Among patients with IBS, men are more 
likely to report diarrhea, and women to report constipation.*¢ 
Women have greater rectal sensitivity, slower colonic transit, 
and smaller stool outputs than do men, which might explain 
why certain symptoms, such as straining and passage of hard 
stools, seem to be more common in women.**3? The prevalence 
of IBS generally is similar in whites and blacks; some data have 
suggested it may be lower in Hispanics than in non-Hispanic 
whites in the USA.#0.4! 


Subgroups 


The Rome IV criteria use stool form to subclassify IBS (see Fig. 
122.1). Data from one meta-analysis of community-based stud- 
ies suggest that 22% of sufferers have IBS-C, 23% IBS-D, 24% 
IBS-M, and that the remainder cannot be classified (IBS-U).’ 
However, there is a lack of stability of these subgroups over 
time,” perhaps limiting their utility. In a study that used a sta- 
tistical technique called latent class analysis to classify patients 
with IBS based on GI and noncolonic symptoms, and mood, 6 
distinct subgroups were apparent.*> These included mild con- 
stipation, mild diarrhea, or mild mixed GI symptoms with no 
evidence of somatoform symptom-reporting or psychologic 
comorbidity, and more severe constipation, more severe diar- 
rhea, or more severe mixed GI symptoms with evidence of 
somatoform symptom-reporting and psychologic comorbidity. 
The authors speculated that these novel subgroups may help 
direct therapy, with patients who have evidence of somato- 
form behavior and psychologic comorbidity receiving centrally 
directed therapies, and those with GI symptoms alone receiving 


treatments for constipation or diarrhea. However, validity of 
these subgroups needs to be replicated by others, and their sta- 
bility during follow-up confirmed. 


Incidence of IBS and Disappearance of Symptoms 


The incidence of IBS is poorly reported. In a longitudinal study 
conducted in Sweden, the 3-month incidence was 0.2%.** 
A medical records review of a random sample of residents of 
Olmsted County, Minnesota reported that the incidence of 
a clinical diagnosis of IBS in Olmsted County was 0.2% per 
year, but this figure likely reflects the lower end of the inci- 
dence rate, because people with IBS symptoms who did not 
seek consultation could not be included in this calculation.” 
In another study, conducted in almost 4000 individuals from 
a UK population-based sample, the incidence was 1.5% per 
year during a 10-year period of follow-up.*° Over a 12-year 
follow-up, 9% of community subjects who were symptom-free 
at baseline developed IBS.*” 

In a follow-up study in Olmsted County, 38% of subjects 
meeting the definition of IBS at entry did not meet these criteria 
12 to 20 months later*®; they lost their symptoms. The actual 
prevalence of IBS did not change from year to year, however, 
because the disappearance of symptoms in some people with IBS 
at baseline was balanced by others who developed new-onset IBS. 
Among those in the community whose IBS resolves, symptoms 
evolve to reflect another functional GI disorder in up to 50%*”- 
`L; hence IBS usually is a chronic disorder, although symptoms 
fluctuate. 


Impact on Quality of Life and Costs 


A systematic review concluded that there was good evidence 
for a decrease in health-related quality of life (QoL) in patients 
with moderate to severe IBS,’ and others have shown this is of 
a similar magnitude to patients with chronic organic diseases.’ 
IBS patients report a willingness to accept a 1% risk of sudden 
death from a medication for a 99% chance of cure of symptoms.”* 
Rather than IBS causing impaired QoL, an alternative explana- 
tion for this association is the converse, i.e., that poor QoL pre- 
disposes to a higher risk of IBS, and there is some evidence to 
support this contention.* Regardless, the presence of impaired 
QoL indicates that IBS deserves serious attention and therapeutic 
intervention. 

IBS is associated with substantial costs because of days lost 
from work, losses in productivity, excess physician visits, diag- 
nostic testing, and use of medications.’ IBS was the 11th most 
common physician diagnosis in outpatients in the USA in 2010, 
and this is likely an underestimate, as abdominal pain, constipa- 
tion, and diarrhea were considered separately and were 1st, 4th, 
and 9th respectively.*° A burden-of-illness study in the USA esti- 
mated that annual direct costs of almost $1 billion, and another 
$50 million in indirect costs, were attributable to IBS.! 


Health Care-Seeking 


Understanding why a patient presents for care is important in 
terms of planning appropriate management strategies. There 
were in excess of 1.5 million physician visits for IBS in the 
USA in 2009.°’ The rate of health care-seeking may, in part, 
be affected by access. Consulting rates in the USA vary from 
25% to 46%, but up to 40% of patients do not have easy access 
to health care in this country; in Australia, where health care 
access essentially is universal, consulting rates were 73%.°° 
What drives health care seeking remains uncertain, but severity 
and chronicity of symptoms, anxiety about underlying causes, 
learned abnormal illness behavior, and psychologic comor- 
bidity are all implicated.” Other unknown factors must 
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be important, however, because these do not entirely explain 
observed health care-seeking rates. 


Excess Abdominal Surgery 


Patients with IBS are at risk for undergoing excess surgery. In a 
large health maintenance organization study, IBS was indepen- 
dently associated with significantly higher rates of cholecystec- 
tomy, appendectomy, and hysterectomy. A full explanation for 
these findings is uncertain, but presumably some of this excess 
surgery reflects misattribution of the symptoms of IBS to inci- 
dental organic findings, such as gallstones or fibroids. It is also 
possible that IBS predisposes to an excess of certain diseases that 
leads to surgery. For example, constipation is associated with 
an increased risk of gallstones,’ and menorrhagia and endome- 
triosis are associated with IBS.??°° Some surgeons continue to 
believe that patients with IBS-type symptoms respond favorably 
to intra-abdominal surgery although, in one study, IBS patients 
undergoing cholecystectomy for gallstones showed less improve- 
ment in QoL than those without IBS.°” 


RISK FACTORS 


The best-accepted risk factor for IBS is infectious gastroenteri- 
tis, with a meta-analysis of observational studies reporting that 
more than 10% of individuals with such infection develop IBS; 
the highest risk is after protozoal infection, followed by bacterial, 
and then viral gastroenteritis. Risk is higher with female gender, 
in individuals with preexisting psychologic issues, such as anxiety, 
depression, or hypochondriasis, and with clinical features indicat- 
ing a more virulent infection, including duration of the infection 
(Fig. 122.3).°-7! Longitudinal follow-up of infected cohorts sug- 
gests that symptoms become chronic in a substantial proportion of 
individuals, with more than 40% of those infected by a protozoan 
still reporting IBS-type symptoms at 10 years,” and 15% of those 
infected by a bacterium meeting criteria for IBS at 8 years.” 

Other risk factors for developing IBS include an affluent 
childhood environment,’* previous antibiotic use,” food intol- 
erance,’° extra-intestinal somatic symptoms,’° and poor QoL.*° 
IBS aggregates in families,” and perinatal factors such as young 
maternal age, caesarian section, and low birth weight are also 
independently associated with IBS.’* 


PATHOPHYSIOLOGY 


Although traditionally there is no known structural, anatomi- 
cal, or physiologic abnormality that accounts for the symptoms 
that IBS sufferers experience, the functional nature of IBS is 
being challenged, and the concept that IBS has no underlying 
organic explanation now may be outdated. A number of different 
pathogenic mechanisms have been implicated, including altered 
motility; visceral hypersensitivity; abnormal gas handling and 
abdominal accommodation; low-grade mucosal inflammation, 
immune activation, and altered intestinal permeability; abnor- 
mal 5-hydroxytryptamine (5-HT) metabolism; food intolerance; 
abnormal intestinal flora; abnormal bile acid metabolism; psycho- 
logic factors; CNS dysregulation; and genetic factors (Fig. 122.4). 
It seems reasonable to postulate that for IBS to manifest, several 
abnormalities—multiple hits—might need to occur. 


Altered Motility 


In IBS, diarrhea can result from multiple colonic mechanisms 
including increased high-amplitude propagated contractions, 
an enhanced gastrocolic reflex, or rectal hypersensitivity.’?°° 
Constipation may be secondary to increased segmental (non- 
propulsive) contractions, decreased high-amplitude propagated 
contractions, or reduced rectal sensation.*!;°* Colonic and small 
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Adverse life events (RR, 2.0) 


Depression (RR, 3.2) 
Hypochondriasis (RR, 2.0) 


Age >60 (RR, 0.36) 
Female gender (RR, 3.0) 
Smoking (RR, 4.8) 


Pathophysiology 
and symptoms 


Lymphocytosis (RR, 3.2) 
EC hyperplasia (RR, 3.8) 


Elongating toxin (RR, 12.8) 
Prolonged duration of 
initial illness (RR, 11.5) 
Central processing of 


information, personality 
traits, anxiety, depression 
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Fig. 122.3 Postinfection IBS: A summary 
of established risk factors. EC, entero- 
chromaffin cell; RR, relative risk. (Adapted 
from Spiller R, Lam C. An update on post- 
infectious irritable bowel syndrome: Role 


Local of genetics, immune activation, serotonin 
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Fig. 122.4 Potential factors that determine the 


Fig. 122.5 Distribution of rectal pain 48 
thresholds (distention pressure [mm 

Hg] that induce pain) for each subject 
in the following groups: asymptomatic 


controls, patients with IBS, patients 40 oe 
with functional constipation, patients 5 
with functional dyspepsia, and a mis- 

cellaneous group as defined in the key. 32 ee 


Black bars and boxes represent median 
+25% of pain thresholds and interquar- 
tile ranges. At the level of 40 mm Hg, 
the sensitivity of the rectal barostat for 
separating IBS patients from normal 
subjects and non-IBS patients was 
95%, and the specificity was 71.8%. 16 
(From Bouin M, Plourde V, Boivin 

M, et al. Rectal distention testing in 
patients with irritable bowel syndrome: 
sensitivity, specificity, and predictive 
values of pain sensory thresholds. Gas- 
troenterology 2002; 122:1771-7.) 
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bowel transit have been documented to be delayed in IBS-C, 
and accelerated in IBS-D.*! Patients with IBS have greater small 
intestinal motor stimulation than controls after CCK infusion, a 
fatty meal, or ileal distention. Autonomic dysfunction also has 
been reported in IBS patients: sympathetic adrenergic dysfunc- 
tion with diarrhea and vagal dysfunction with constipation.** 
However, these abnormalities are not always reproducible, can- 
not be used to aid diagnosis, and vary from patient to patient. 
Some of this variability may relate to the predominant stool pat- 
tern experienced by the patient, but as this is not stable during 
follow-up,*” it is conceivable that the disturbances themselves 
change with time. 


Visceral Hypersensitivity 


Balloon distention in the rectum induces pain at lower volumes in 
patients with IBS,°° and may serve as a biomarker.*° Although this 
visceral hypersensitivity is not a universal finding in patients with 
IBS, affecting up to 60% of patients (Fig. 122.5),*° it might explain 
the fact that IBS patients seem more likely than controls to be 
aware of the presence of gas or intestinal contractions after meals 
or stress. Repeated distention of the sigmoid colon can induce rec- 
tal hypersensitivity in patients with IBS and normal baseline vis- 
ceral hypersensitivity,” suggesting abnormal sensitization within 
the dorsal horn of the spinal cord or higher up in the CNS. 

Putative neurotransmitters that are of relevance to visceral 
hypersensitivity include 5-HT, neurokinins, and calcitonin gene- 
related peptide.** The transient receptor potential vanilloid-1 
appears to be increased in the rectosigmoid colon in IBS and 
may mediate visceral pain.*? Serine proteases are thought to act 
as signaling molecules via the activation of proteinase-activated 
receptors. Colonic mucosal biopsy extracts of patients with IBS 
(but not controls) sensitized murine nerves in culture, and sen- 
sitization was blocked by a serine protease inhibitor.” Also, sig- 
nificant increases in stool serine proteases have been observed in 
patients with IBS-D,”! and these could potentially damage tight 
junctions and increase intestinal permeability via proteinase- 
activated receptor activation. Their origin is uncertain, but they 
might derive from mast cells or the colonic microbiota. It is pos- 
sible that inflammation is responsible for the sensitization in a 
subset of patients with IBS, as discussed later; however, numbers 
of mucosal immune cells were not associated with visceral hyper- 
sensitivity in one study.” 
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eoeee AAAS 


AAA 
ee0c0eee 
eee 


eee a 


e Digestive organic disease (n = 7) 
® Digestive functional disease (n = 16) 


a Psychiatric disease (n = 8) 


IBS Functional Functional Miscellaneous 
constipation dyspepsia 


Abnormal Gas Handling and Abdominal 
Accommodation 


Ambulatory monitoring of abdominal girth has revealed that 
the abdomen normally swells during the day, peaking in the 
late evening, but decreasing on lying down; this phenomenon, 
the cause of which is unclear, often is exaggerated in IBS.!” 
Retention of gas following its infusion into the small intestine 
is greater in patients with IBS than in healthy controls,” and is 
associated with concomitant sensory dysfunction. Furthermore, 
in those with IBS, intestinal gas infusion induces more pain 
than it does in controls when subjects are asked to voluntarily 
suppress passing the gas.”* During gas infusion, IBS patients, 
in contrast to healthy controls, involuntarily suppress their 
abdominal wall muscle contraction,” and exhibit paradoxi- 
cal diaphragmatic contraction, which suggests that abnormal 
abdominal accommodation is implicated in distension (see Fig. 
122.2).96 


Low-Grade Mucosal Inflammation, Immune 
Activation, and Altered Intestinal Permeability 


The normal intestine is chronically in a state of low-grade, con- 
trolled inflammation, which results from interaction between 
commensal enteric organisms and the host immune system. There 
have been numerous studies, summarized in a previous system- 
atic review,” demonstrating low-grade mucosal inflammation in 
some individuals with IBS. Increased levels of pro-inflammatory 
cytokines and elevated mast cell counts,?*”? the latter in close 
proximity to enteric nerve fibres,!°° also have been demonstrated 
in the GI mucosa of individuals with IBS (Fig. 122.6). There may 
also be activation of the immune system, with increased levels 
of cytokines in the colonic mucosa, and B-lymphocyte activation 
in the blood of some patients with IBS.!°! The cause of these 
alterations in immune function is unclear, but some subjects with 
IBS demonstrate increased intestinal permeability and a reduc- 
tion in integrity of the epithelial barrier.!°*-!°* An increase in the 
concentration of epithelial gaps was seen in the terminal ileum 
of patients with IBS, compared with other patients undergoing 
routine colonoscopy, during confocal laser endomicroscopy;!™ 
these epithelial gaps formed and intervillous spaces widened 
within 5 minutes of exposure of the duodenum to food antigens 
in another study. 106 


2014 


PART X_ Small and Large Intestine 


- Si Sa e = = : Sas 
Fig. 122.6 Rectal mucosal biopsy specimen from an IBS-diarrhea 
patient. Note that mast cells (chloroacetate esterase reaction) lie in 
close proximity to nerves (S100 immunostaining). (Image courtesy Drs. 
Suresh Ladva and Marjorie Walker, Newcastle, NSW, Australia.) 


Abnormal 5-hydroxytryptamine Metabolism 


More than 95% of 5-HT is located in the enterochromaffin cells 
of the intestine, and 5-HT is released from these cells follow- 
ing stroking or increased pressure, such as after a meal. Once 
released, 5-HT is integral to GI motility, can activate both intrin- 
sic and extrinsic primary afferent neurons, and influences the 
transmission of information to the CNS. The re-uptake of 5-HT 
by enterocytes is via the serotonin transporter (SERT), and once 
within the cell it is broken down to 5-hydroxy-indole acetic acid, 
limiting its action. Data suggest that patients with IBS-D may 
have reduced 5-HT re-uptake, while those with IBS-C have 
impaired release of 5-HT.!% In patients with IBS-D, uptake of 
5-HT by platelets may be reduced and levels of SERT mRNA in 
the duodenal mucosa are lower.!° Alterations in 5-HT metabo- 
lism, however, do not seem to correlate with GI symptoms, or 
mood.!0 

There are few studies examining the relationship between 
5-HT metabolism and immune activation, mucosal inflamma- 
tion, or intestinal barrier function. In one study, colonic biop- 
sies from individuals with IBS demonstrated higher numbers of 
5-HT positive enterochromaffin cells, compared with healthy 
controls,!!° and this was greater in IBS-D than in IBS-C. In 
another study, the interferon gamma (IFN-y) gene, its transcrip- 
tion factor, and IFN-y protein expression were all increased in 
the colonic mucosa of IBS patients, irrespective of predominant 
stool pattern, and SERT expression was downregulated by IFN- 
y-!!! Finally, oral administration of 5-hydroxytryptophan led 
to higher levels of mucosal 5-hydroxy-indole acetic acid in IBS 
patients, and also a decrease in expression of the tight junction 
protein occludin, compared with healthy controls.!!* The clinical 
implications of these findings are unclear. 


Food Intolerance 


Many patients with IBS attribute their symptoms to certain 
foods,!! although this is often not reproduced on double-blind 
testing.'!* In addition, a change in diet can rapidly alter the 
microbiome.!!> This combination of factors may be important 
in symptom generation in IBS. Symptoms of IBS can be con- 
fused with those of lactose intolerance; however, unless a lactose- 
intolerant patient regularly ingests substantial amounts of lactose, 
lactose intolerance cannot explain the symptoms of IBS.!!° High 


levels of insoluble fiber were reported to exacerbate symptoms 
among patients with IBS more than 20 years ago,!!’ and in recent 
years there has been a resurgence of interest in the role of diet in 
IBS, largely focusing on carbohydrates. 

Fructose and sorbitol malabsorption might contribute to IBS 
symptoms in some patients. In a double-blind rechallenge trial, 
25 IBS patients who responded to fructose withdrawal were chal- 
lenged with fructose or fructans; nearly 80% developed symp- 
toms compared with <15% who were given glucose.!!8 These and 
other fermentable oligo-, di-, and mono-saccharides and polyols 
(FODMAPs), which are present at high levels in some fruits (e.g., 
apples, cherries, peaches), artificial sweeteners, legumes, and 
green vegetables (e.g., broccoli, sprouts, cabbage, peas), have fer- 
mentative and osmotic effects. MRI studies confirm that FOD- 
MAPS lead to small bowel distension, a result of increased small 
bowel water content.!!” 

A proportion of IBS patients with no genetic, serologic, or 
mucosal markers of celiac disease have an improvement in symp- 
toms following withdrawal of gluten from the diet, and are often 
labeled as having non-celiac gluten sensitivity. MRI studies, how- 
ever, have shown little differences in the effect of gluten-free or 
gluten-containing bread on small-bowel water content in healthy 
individuals, '!”° so it may be that gluten induces symptoms in peo- 
ple with IBS in other ways. In a controlled trial where 45 patients 
with IBS-D were randomized to gluten-free or normal diet, small 
bowel mucosal permeability was higher in those randomized to 
receive a gluten-containing normal diet.!?! In addition, levels of 
mRNA encoding tight junction proteins, such as zona occludens 
1, claudin-1, and occludin, were significantly reduced in mucosal 
biopsies from individuals receiving gluten, suggesting that gluten 
may impair epithelial barrier function. 


Abnormal Intestinal Microbiota 


The existence of post-infection IBS has led to investigation into 
the potential role of alterations in the intestinal microbiota as 
a cause for the condition. In one study, the fecal microbiota of 
those with postinfection IBS differed significantly from both IBS 
patients and healthy controls, and there was reduced diversity 
of both the mucosal and stool microbiome.!”? In another study, 
there was a clear separation of post-infection IBS patients from 
healthy controls, based on the degree of microbial dysbiosis.!?3 
Other investigators have reported altered intestinal microbiota, 
even in IBS subjects without previous enteric infection.!*+!”° 

Another mechanism proposed as an explanation for symptoms 
in some individuals with IBS, particularly bloating, is SIBO (see 
Chapter 105). In one study, a prevalence of presumed SIBO of 
almost 80% was demonstrated using lactulose hydrogen breath 
testing,!”° although these results have not been replicated by oth- 
ers.!’” In another study that used direct aspiration and culture 
of jejunal secretions, the gold-standard approach to diagnosing 
SIBO, there was no increase in prevalence in IBS compared with 
healthy controls.!*° A meta-analysis demonstrated that SIBO 
rates studied by a variety of different tests, including positive 
lactulose breath testing as a surrogate marker of SIBO, do not 
differ between patients with IBS and controls.'7? In addition, the 
abnormal rise in hydrogen seen during breath testing in a subset 
of IBS patients may result from accelerated orocecal transit.'°° 
Nevertheless, the theory that SIBO may be responsible for symp- 
toms in IBS has led to the conduct of RCTs of nonabsorbable 
antibiotics, such as rifaximin.!3!5132 

Chronic infection may be an uncommon cause of IBS symp- 
toms in some cases, but its true contribution remains to be 
established. Colonic spirochetosis (with Brachyspira aalborgi and 
Brachyspira pilosicoli) has been associated with IBS-D and colonic 
eosinophilia,!*> and should be carefully searched for in colonic 
biopsies.'*+ Other infections are of uncertain relevance, but in a 


meta-analysis, Blastocystis infection was associated with a 2-fold 
increase in odds of IBS.!*° 


Abnormal Bile Acid Metabolism 


Cross-sectional surveys demonstrate that some patients meeting 
criteria for IBS-D have evidence of idiopathic bile acid diarrhea, 
following 23-seleno 25-homotaurocholic acid (SeHCAT) reten- 
tion scanning.'*° Total fecal bile acid levels are higher among 
those with IBS-D, and lower in those with IBS-C, compared 
with healthy controls.!3”!°* However, it remains uncertain as to 
whether this is a cause or a consequence of IBS, the rapid transit 
associated with IBS perhaps leading to bile acid depletion. 


Psychologic Factors 


Patients with IBS are more likely to report greater lifetime and 
daily stressful events than those with organic disease or healthy 
controls, and may be more susceptible to stress-altered GI func- 
tion.'>? Stress in healthy volunteers changes intestinal secretion 
and permeability responses.'*? Sustained stress might, there- 
fore, be important in both the onset and persistence of IBS. In 
patients with IBS, a history of sexual, physical, or emotional abuse 
is reported more often than in those without IBS.!*! Abuse has 
not been shown to alter rectal sensation,'*” but it might modu- 
late central responses to pain.!® Psychiatric conditions includin, 
depression, anxiety, and somatization often coexist in IBS.14414 
Consultation (referral) bias may explain the higher rates of psy- 
chologic and psychiatric comorbidity seen in IBS patients com- 
pared with controls,!*° but other data suggest the association is 
real, 147,148 

‘These observations have led some to consider IBS as a brain- 
gut disorder, with the brain driving the GI and noncolonic symp- 
toms seen in sufferers (see Fig. 122.4). The mechanisms for this 
are discussed later. However, psychologic comorbidities seen in 
IBS, rather than being a primary problem, might occur secondary 
to bowel dysfunction. There is evidence to suggest that in about 
50% of individuals with psychologic disorders, GI symptoms 
arise first, and a new-onset mood disorder develops later,!4?:!°° 
suggesting a gut-brain disorder in a subset of these patients. 
Evidence to support this implicates intestinal inflammation, the 
cytokine response,!*! and the intestinal microbiome!*? in pre- 
cipitating such gut-to-brain alterations. Immune activation of the 
intestine with elevated TNF-a levels has been linked to anxiety 
and depression,!°! and blocking TNF-a may reverse these brain 
changes,!*? suggesting that mood disorders in IBS might occur 
secondary to intestinal inflammation in some cases. 


CNS Dysregulation 


As discussed earlier, individuals who experience early adverse life 
events, '*+ such as trauma or abuse, are more likely to develop IBS, 
and mood disorders are more common among patients with IBS 
(see Fig. 122.4).144145 This has led to the concept of IBS being 
a disorder of the intestine that is driven by brain abnormali- 
ties. Investigators have shown reduced inhibitory feedback on 
the emotional arousal network,!°> which is important for auto- 
nomic control of GI function, and increased activity following 
visceral stimuli.!°° Central processing of sensory information 
is aberrant in some individuals.'°’ The extent of these changes 
is correlated with the duration and severity of symptoms,!**!>? 
suggesting structural brain changes in response to these stimuli. 
There also may be increased engagement of regions of the brain 
that are concerned with attentional and behavioral responses to 
both the arrival of, and the anticipation of, such stimuli, !60-162 
and heightened awareness of, or attention to them, with reduced 
activity in areas of the cortex that should inhibit or downregulate 
the response.!*° 
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In another study recruiting patients with IBS in whom anxi- 
ety and depression levels were comparable to healthy controls, 
activity levels of the dorsolateral prefrontal cortex were impaired 
during behavioral selection tasks among those with IBS. This 
suggests that, even when there is no evidence of anxiety or 
depression, patients with IBS have CNS dysfunction, which may 
make them vulnerable to stressors.!6 Finally, adverse events in 
early life can shape adult resting state connectivity in the salience/ 
executive control network, a brain network that has been impli- 
cated in the pathophysiology of central pain amplification.!* 


Genetic Factors 


Limited, but increasing, evidence points to at least a small 
hereditary component of IBS. IBS aggregates within families,” 
and relatives of a patient with IBS are almost 3 times more likely 
to report symptoms compatible with IBS than relatives of the 
patient’s spouse.!°> Whether this is a result of genetic susceptibil- 
ity, shared childhood environment, or learned illness-behavior is 
unclear, although twin studies demonstrate that there is a greater 
concordance of IBS in monozygotic than dizygotic twins. !66-167 

There have been studies of various candidate genes,!68-17! but 
the results are conflicting, and their clinical significance is debat- 
able. Most genome-wide association studies in IBS have been 
relatively small, with the largest containing only 5500 subjects,!” 
and a meta-analysis could not clarify the role of most of these 
genes. A mutation of the SCNS5A-encoded Na(v)1.5 Na(+) 
channel, which is associated with congenital prolonged QT syn- 
drome, is a possible exception to this. In a pilot study in IBS,!”* 
a mis-sense mutation in SCNSA leading to a non-functional 
channel, was found in one patient, which was not observed in 
the DNA of 1500 healthy controls. A genome-wide association 
study demonstrated this mutation was present in 1 in 50 individu- 
als with IBS,!”> particularly those with IBS-C. This is the first 
mutation to be linked directly to IBS, proving that genes may be 
directly responsible for symptoms in some individuals. 


DIAGNOSIS 


Patients presenting with IBS-like symptoms who also report 
alarm features (or “red flags”) warrant prompt investigation. 
Alarm features include any history of GI bleeding or unexplained 
weight loss, unexplained vomiting, progressive dysphagia, IBD, 
celiac disease, evidence of anemia, a family history of malignancy, 
and new-onset symptoms in older age (Box 122.2). Traditional 
alarm features, however, have poor diagnostic utility,!’° and 
are often reported by patients with IBS.!’’ Incorporating their 
absence into Rome III criteria led to an increase in specificity to 
over 95%, but a positive predictive value that remained modest.!! 
Night-time symptoms are also common in IBS, and in another 
study that combined them with Rome III criteria, there was no 
improvement in the ability to discriminate IBS from organic dis- 
ease.!> Most physicians, however, would still investigate patients 
awakened in the middle of the night by pain, or those with noc- 
turnal diarrhea. Although a negative colonoscopy is not required 
to diagnose IBS, any patient 50 years of age or older requires a 
colonoscopy, if one has not been performed previously, to exclude 
other disease, particularly colon cancer and microscopic colitis.!7*° 
Although older persons can develop IBS,’** risk of organic disease 
increases with advancing age. 

Systematic reviews and RCTs have evaluated the yield of diag- 
nostic tests in IBS.!’!®° The results suggest that IBS patients do 
not have an increased risk of most organic diseases, compared 
with non-IBS controls. In an RCT that compared a positive 
diagnostic strategy for IBS with a standardized panel of investi- 
gations, including serology, stool analysis, and flexible sigmoid- 
oscopy, there were no cases of celiac disease, IBD, or colorectal 
cancer detected, and no difference in QoL, symptoms, or patient 
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BOX 122.2 Alarm Features Favoring Organic Disease 
over IBS 


HISTORY 


Blood in the stool 

Chronic diarrhea 

Family history of colon cancer, IBD, or celiac disease 
Fever 

Night-time symptoms (awakening the patient from sleep) 
Onset after age 50 years of age 

Progressive dysphagia 

Recurrent vomiting 

Short history of symptoms 

Travel history to locations endemic for parasitic diseases 
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Weight loss 
PHYSICAL EXAMINATION 


Abdominal mass 

Arthritis (active) 

Dermatitis herpetiformis or pyoderma gangrenosum 
Overt blood or mass on rectal examination 

Signs of anemia 

Signs of intestinal malabsorption 

Signs of intestinal obstruction 

Signs of thyroid dysfunction 


Adapted from Olden KW. Diagnosis of irritable bowel syndrome. Gastroen- 
terology 2002; 122:1701-14. 


satisfaction between the 2 arms of the trial; costs were also higher 
in those randomized to investigation.!°° Routine standardized 
investigations are therefore expensive, and carry the danger of 
potentially reinforcing abnormal illness behavior. There is also 
the risk of uncovering findings that are irrelevant to the diagnosis, 
but that may precipitate more expensive, higher risk, investiga- 
tions. 

An elevated C-reactive protein, although non-specific, can 
indicate the presence of undiagnosed Crohn disease, albeit only 
in a minority of cases. In a meta-analysis, there was a <1% chance 
of IBD in individuals with symptoms suggestive of IBS with a 
C-reactive protein level of <0.5 mg/dL, or a fecal calprotectin 
<40 yg/g.'*! Evaluation of the small intestine either radiologi- 
cally or via capsule endoscopy has a very low yield in the setting 
of typical IBS symptoms without alarm features.'!*? Hydrogen 
breath testing to identify lactose intolerance or SIBO cannot be 
endorsed routinely, for reasons discussed earlier.!!°!79:!30 Bile 
salt malabsorption, detected by Se HCAT scan, has been pro- 
posed to explain IBS-D symptoms in some patients, although 
until recently many of the studies examining this issue were 
retrospective.’ A 2015 prospective study of 108 patients with 
Rome III IBS, however, confirmed that almost 25% had abnor- 
mal SeHCAT retention.!* If diarrhea is persistent, colonoscopy 
with biopsy should be considered because microscopic colitis can 
mimic IBS-D symptoms,!** although the yield of colonic biopsy 
was only 1.5% in one cross-sectional survey.!’* Strong predic- 
tors of microscopic colitis in patients with diarrhea in another 
study included the presence of co-existent autoimmune disease, 
age older than 50 years, and recent introduction of a new drug.!*> 
In patients with IBS and chronic constipation, obstructive defeca- 
tion (pelvic floor dyssynergia) should be considered, as the condi- 
tion responds to biofeedback therapy.!*° 

Guidelines for the management of celiac disease recommend 
screening individuals with IBS-type symptoms via serological 
testing.'°’ A meta-analysis demonstrated that the prevalence of 
biopsy-proven celiac disease was significantly higher across all 
IBS subtypes, compared with controls without IBS.!*° However, 


Patient has chronic symptoms of abdominal 
pain associated with constipation, diarrhea, 
or both, with or without bloating 


Obtain history and perform physical 
examination (including medical, surgical, and 


dietary history and digital rectal examination) 


If normal physical examination and 
no warning signs in history, 
apply Rome IV criteria 


Positive diagnosis of IBS is made 


Consider limited testing 
(CBC, CRP level, celiac 
serologic test, fecal 
calprotectin level) 


Initiate treatment based on 
predominant symptom 


Fig. 122.7 Diagnostic algorithm for patients with possible IBS. CRP 
C-reactive protein. (Adapted from Ford AC, Lacy BE, Talley Nu. Irritable 
bowel syndrome. N Eng J Med 2017; 376:2566-78.) 


Use Bristol Stool Form 
Scale to identify 
IBS subtype 


there was no increase in prevalence among studies from the 
USA, and in a large population-based study conducted in Olm- 
sted County, the prevalence of IBS among people with a positive 
celiac serology was lower than among individuals with a nega- 
tive serology.'®’ The utility of screening for celiac disease in IBS 
patients in the USA is therefore currently unclear. 

Objective tests for positively identifying IBS are under active 
investigation using serum (e.g., antibodies to bacterial prod- 
ucts),!”° or volatile organic compounds in stool or breath,!?!:!” 
but their diagnostic utility is yet to be established. A distinct 
microbial signature among patients with severe IBS symptoms 
has been reported,!”* but needs confirmation by others. 

In summary, the diagnosis of IBS can be made by history 
(with particular attention to presence or absence of the Rome 
criteria) if there is an absence of any red flags. In this setting, the 
patient who responds to an empiric trial of therapy for IBS does 
not require any further diagnostic evaluation, other than celiac 
serology (Fig. 122.7). Those who fail to respond should undergo 
more extensive evaluation, depending on the predominant symp- 
toms. 


TREATMENT 
Education and Support 


IBS tends to be a lifelong disorder, and establishment of a strong 
physician-patient relationship is key to providing the best clinical 


TABLE 122.1 Suggested Sequence of Treatment for IBS 
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Predominant Symptom First Step Second Step 
Bloating Adjust diet Probiotic (e.g., containing Bifidobacteria infantis) 
Treat constipation Nonabsorbable antibiotic (e.g., rifaximin) 


Constipation Fiber supplement (e.g., ispaghula) 


Polyethylene glycol 


TCA, SSRI 
Lubiprostone, linaclotide, plecanatide 


Diarrhea Loperamide 5-HT3 antagonist (e.g., alosetron, ondansetron) 
Abdominal pain Antispasmodic, peppermint oil TCA, SSRI, pregabalin 
Psychologic therapy 
5-HT, 5-hydroxytryptamine; SSRI, selective serotonin reuptake inhibitors; TCA, tricyclic antidepressant. 
TABLE 122.2 Efficacy of Selected Nonpharmacologic Treatments for IBS 
Nonpharmacologic Treatment Number Needed to Treat Adverse Effects Comments 
Hypnotherapy 4 No reports of AEs in published RCTs Several controlled trials in different settings and 
populations support long-term efficacy 
Cognitive behavioral therapy 3 No reports of AEs in published RCTs Can be delivered effectively using the Internet 
Soluble fiber 74% (any individual AE) No serious/life-threatening AEs have been reported 
Low FODMAP diet 4-5 No AEs reported Small trials only, some cross-over design; benefit 
over standard dietary advice is unclear 
Exercise 6-7 No AEs reported Single RCT only; results are only statistically 
significant for preventing a clinically important 
increase in symptoms 
Probiotics T AE rate similar to placebo Magnitude of the benefit and the most effective 


species and doses remain uncertain 


AE, adverse event; FODMAP fermentable oligo-, di-, and monosaccharides and polyols; RCTs, randomized controlled trials. 
Adapted from Halland M, Talley NJ. New treatments for IBS. Nat Rev Gastroenterol Hepatol 2012; 10:13-23. 


care.!°+ Patients with IBS often perceive their physician as hav- 
ing a highly negative medical opinion about the disorder, and 
this perception itself impedes best care.!?>-!°° A good physician- 
patient relationship has been associated with reduced use of med- 
ical services. 1” 

It is important to discover why the patient has decided to visit 
the health care provider at the time he or she did. The reasons 
can vary: new life stressors, exacerbating factors in the diet or 
changes in medications, increased fear of serious disease, and 
the development of treatable psychiatric comorbidity. In terms 
of providing optimal reassurance, it is important first to educate 
patients and then to actively reassure them. Patients typically 
want to understand why their symptoms have occurred; they also 
want to obtain validation that their symptoms are real. Specific 
education classes appear to be useful therapeutic interventions, !°® 
and their benefit is supported by RCTs.!”” 

A stepped-care approach depending on the severity of the pre- 
senting symptoms provides a useful guide for considering thera- 
pies (Table 122.1). 


Diet and Lifestyle 


The standard of care for IBS typically has been a high-fiber diet. 
Data from a meta-analysis of RCTs indicate that soluble fiber, 
such as ispaghula (psyllium hydrophilic mucilloid; ispaghula 
husk), is of global benefit, with a number needed to treat (NNT) 
of 7 (Table 122.2), but that insoluble fiber is no better than pla- 
cebo.?°° NNT is used to assess the effectiveness of a health care 
intervention and is the number of patients who need to be treated 
to achieve one additional beneficial outcome. Fiber is not helpful 
for pain, but can benefit constipation and can sometimes firm up 
loose stools. Fiber supplements should begin at a low dose and 


be increased very slowly in order to reduce the bloating, gas, and 
pain that typically are aggravated by their use. If the goal is to 
supplement approximately 10 to 15 g of fiber in total, the amount 
should be increased by 3 g every 1 to 2 weeks; for example, a 
tablespoon of most of the powder fiber supplements contains 
about 6 g of fiber, so it is recommended that full dosage is reached 
by 2 to 4 weeks. 

Trials of other dietary therapies are, in general, hampered 
by small sample sizes, cross-over design, and inability to blind 
participants; higher quality RCTs of currently available interven- 
tions are needed.?°! Nonetheless, exclusion diets can be useful 
in some patients. The recognition that FODMAPs exacerbate 
symptoms in some patients with IBS because of their fermenta- 
tion and osmotic effects'!® has led to the use of a low FODMAP 
diet as a therapeutic maneuver (see Table 122.2). In a cross-over 
RCT comparing a low FODMAP diet to a normal local Austra- 
lian diet,” global symptoms, bloating, and pain scores were all 
significantly reduced with the low FODMAP diet. While RCTs 
of low FODMAP diet versus conventional dietary advice (e.g., to 
eat small, regular meals and avoid insoluble fiber, fatty foods, and 
caffeine) found no significant difference between the 2 treatment 
arms in terms of symptom response,?”:?04 in one trial abdominal 
pain, bloating, stool frequency and consistency, as well as urgency 
improved significantly with a low FODMAP diet, compared with 
a diet based upon modified National Institute for Health and Care 
Excellence guidelines.?°* There are some unresolved issues with 
long-term use of a low FODMAP diet. These include the effect 
on symptoms of reintroduction of FODMAP-containing foods, 
which is recommended, and the consequences of the potentially 
deleterious effects of continued FODMAP restriction on the 
microbiome.?°> The latter appeared reversible with concomitant 
probiotic administration in one RCT?" 
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TABLE 122.3 Efficacy of Selected Pharmacologic Treatments for IBS 


Approximate Number 


Pharmacologic Treatment Number Needed to Treat 


Needed to Harm or AEs 


Comments 


IBS-C 

Chloride channel activators 18) N/A 
(lubiprostone) 

Guanylate cyclase agonists 7-14 20 
(linaclotide and plecanatide) 

Selective serotonin reuptake 4 N/A 
inhibitors 

IBS-D 

Rifaximin 11 8971 

5-HT3 receptor antagonists 8 19 
(e.g., alosetron, ondansetron) 

Opioid receptor drugs (e.g., 7-15 N/A 
eluxadoline, loperamide) 

Tricyclic antidepressants 4 9 

Antispasmodics 17-18 

Peppermint oil 3 N/A 


Up to 25% were reported to suffer nausea; no serious AEs 
Long-term data report less nausea than previously 


Diarrhea is the most common AE, occurring in =5% 


one 


one 


Rare reports of ischemic colitis with alosetron; use is 
currently restricted to women under a risk evaluation 
and mitigation strategy 


Rare reports of sphincter of Oddi dysfunction and 
pancreatitis with eluxadoline; not to be used in patients 
without a gallbladder or those with alcohol dependence 


ost common AEs are dry mouth and drowsiness 


ost common AEs are dry mouth, dizziness, and 
blurred vision 
Efficacy of anticholinergics is not established 


AE rate is comparable to placebo 


AE, Adverse event; N/A, not applicable. 


Adapted from Halland M, Talley NJ. New treatments for IBS. Nat Rev Gastroenterol Hepatol 2012; 10:13-23. 


Gluten intolerance also may be involved, and one RCT con- 
ducted among IBS patients without confirmed celiac disease 
demonstrated that a gluten-free diet led to adequate control of 
symptoms in 68%, compared with 40% of those randomized to 
placebo (P < 0.001). A gluten-containing diet has been shown 
to increase small intestinal permeability, especially in HLA- 
DQ2/8 positive IBS patients with diarrhea,'?! which may allow 
luminal intestinal bacteria to activate an immune response in the 
GI mucosa. As wheat contains high levels of fructan, a polysaccha- 
ride, part of the explanation for the benefit of a gluten-free diet 
in patients with IBS could be a reduction in FODMAP intake. In 
a trial that compared a combined approach of low FODMAP and 
gluten-free diet with a low FODMAP diet alone, there was no 
additive benefit of a gluten-free diet.?08 

Physical activity might enhance GI transit,” and thus is to 
be encouraged. Exercise has been shown to improve symptoms 
in IBS. Trial participants allocated to increased physical exercise 
demonstrated significant improvements in global symptom sever- 
ity scores compared with their scores at baseline, whereas those 
told to maintain current activity levels were more likely to experi- 
ence worsening of symptoms (see Table 122.2).!° Improvements 
were sustained at a median of 5 years of follow-up.!! 


Medication 
Anticholinergic and Antispasmodic Agents 


A meta-analysis of RCTs concluded that antispasmodics were 
superior to placebo in the treatment of IBS (Table 122.3), with 
an NNT of 5.7)? Overall, there was an improvement of abdomi- 
nal pain and global symptoms in the pooled analyses; however, 
the quality of most trials was low, results were heterogeneous, 
and publication bias could not be excluded. Moreover, only 
anticholinergic antispasmodic agents are available in the USA. 
Non-anticholinergic antispasmodics that appear to be efficacious 
include otilonium and certain selective calcium channel blockers 
(e.g., pinaverium).?!? 


Peppermint oil is also efficacious for global symptoms and 
abdominal pain, and is usually well tolerated; the NNT is 3 (see 
Table 122.3).7!2 A novel formulation, designed for sustained 
release in the small intestine, is available for use in the USA.?!* 
The usual dose of peppermint oil is 180 to 200 mg 3 times a day 
30 minutes before meals; AEs include heartburn, perianal burn- 
ing, and rarely interstitial nephritis. 


Laxatives 


The efficacy of this class of drugs for IBS-C is uncertain. In one 
RCT conducted among patients with IBS-C, polyethylene glycol, 
an osmotic laxative, significantly increased stool frequency, although 
without differences in response in terms of effect on abdominal 
pain.*!> Stimulant laxatives are probably safer than has been appreci- 
ated, but they often induce abdominal cramping or pain, and there 
have been no RCTs of stimulant laxatives in patients with IBS. 


Secretagogues 


Lubiprostone acts on intestinal chloride channels, whereas 
linaclotide and plecanatide act on guanylate cyclase receptors, 
thereby stimulating intestinal fluid secretion (see ‘Table 122.3). 
For women with IBS-C, a lower dose of lubiprostone currently 
is FDA approved (8 yg twice daily) than is used for chronic con- 
stipation (24 pg twice daily); the global benefit over placebo in 
IBS-C, however, is modest.?!© Linaclotide has been studied at a 
dose of 290 ug once daily in 2 large phase III trials in IBS-C, with 
NNTs of 7 or 8 compared with placebo.*!’?!* Plecanatide has 
been used in 2 large RCTs, at a dose of 3 mg or 6 mg per day, 
with an NNT between 8 and 14.7!° Both linaclotide and plecana- 
tide are FDA approved for IBS-C. 


Drugs Acting on Opioid Receptors 


Opioid receptors are found throughout the GI tract, and drugs 
that act on them modulate pain perception and alter intestinal 


transit (see Table 122.3). Loperamide, a -opioid receptor agonist, 
is efficacious based on RCTs in IBS-D, but it does not improve 
abdominal pain or bloating.*!” It is most effective when taken pro- 
phylactically, rather than being taken after diarrhea has occurred; 
doses of loperamide range from 2 to 16 mg/day, and high doses 
seem safe. Eluxadoline is a novel drug acting on 6-, «-, and -opioid 
receptors. In 2 recent phase II trials, 75 mg or 100 mg twice daily 
was more effective than placebo in IBS-D, with response rates of 
27% ina pooled analysis, versus 17% with placebo (P < 0.001), and 
an NNT between 7 and 15;22° however, there was no benefit for 
abdominal pain. Although the drug is FDA approved for IBS-D, 
there have been cases of pancreatitis and sphincter of Oddi spasm, 
and patients with prior cholecystectomy were at increased risk. 
Eluxadoline is therefore not recommended in patients with alcohol 
dependence or preexisting pancreatico-biliary disease. 


9-HT-Receptor Antagonists 


Alosetron is a 5-HT; antagonist that is efficacious in women with 
severe IBS-D. The NNT is 8 (see Table 122.3).7!* The drug was 
withdrawn in the USA because of AEs, including ischemic colitis 
and severe constipation. It was reintroduced, via a risk evaluation 
and mitigation strategy for “women suffering with severe IBS-D 
that is disabling.” The initial dose used of 0.5 mg twice daily is 
lower than that (1.0 mg twice daily) in the pivotal trials and has a 
lower incidence of AEs. Ramosetron and ondansetron are 5-HT3 
antagonists used to treat nausea or vomiting for almost 30 years, 
with well-established safety profiles. Response rates in RCTs of 
ramosetron were 47% to 51%, compared with 27% to 32% with 
placebo (P < 0.001),”!?7? and it is licensed for IBS-D in both 
women and men in Japan. Ondansetron has been studied in a 
cross-over RCT in IBS-D, and significantly improved stool fre- 
quency, consistency, and urgency, but not abdominal pain.??> 


Antidepressants 


Ina meta-analysis of RCTs, tricyclic antidepressants (TCAs) appear 
to be efficacious in IBS for both global symptoms and abdominal 
pain, with an NNT of 4 (see Table 122.3).2°+ When using a TCA 
in IBS, it is recommended to start it at a low dose (e.g., 10 to 25 
mg of desipramine or nortriptyline) and increase the dose by 10 to 
25 mg weekly, aiming for a dose of 50 mg initially. Many patients 
do not require full antidepressant dosing, unless comorbid depres- 
sion is present. TCAs tend to be constipating and, therefore, may 
be of most benefit in IBS-D, although only one trial has tested 
this hypothesis.’*> Adverse events (AEs) were more common with 
TCAs than with placebo, with a number needed to harm of 9.774 
The commonest were drowsiness and dry mouth. 

The selective serotonin reuptake inhibitors (SSRIs) do not 
cause significantly more side effects in IBS than placebo, and a 
meta-analysis of RCTs has reported a global benefit of SSRIs, 
with an NNT of 4 (see Table 122.3).??4 Findings among individ- 
ual studies were inconsistent, however, and one trial conducted 
among non-depressed IBS patients reported no benefit.”° It is 
possible that SSRIs may be more beneficial in IBS-C, because 
they accelerate small intestinal transit, but again they have only 
been studied in IBS-C in one trial.??” 

There are no RCTs of serotonin norepinephrine reuptake 
inhibitors in IBS, although there is some evidence of benefit in 
a small case series.’7° 


Antibiotics 


The non-absorbable antibiotic rifaximin was superior to pla- 
cebo in non-constipated patients with IBS in 2 large short-term 
treatment trials, for both global symptoms and bloating!?; treat- 
ment effect was modest, however, with an NNT of 11 (see Table 
122.3). The dose used was 550 mg 3 times daily for 14 days. The 
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benefit seemed durable up to 10 weeks post therapy. Treatment 
of symptom recurrence with up to 2 further courses of rifaximin 
was also more effective than placebo in a subsequent RCT,””’ and 
the drug is now FDA approved for the treatment of IBS-D. 


Probiotics 


It has been suggested that abnormal colonic microbiota could be 
relevant in the pathogenesis of IBS, which has led to great inter- 
est in using probiotics to try to naturally alter communities of 
commensal organisms. A meta-analysis reported that the NNT 
with probiotics was 7,7*° although there was considerable het- 
erogeneity among studies, and different strains and species were 
used, so it was difficult to ascertain which, if any, were of particu- 
lar benefit (see Table 122.2). 


Drugs Acting on Pain Receptors 


Atrial of pregabalin 225 mg twice daily in IBS reported no differ- 
ence in adequate relief of symptoms at 12 weeks compared with 
placebo (46% vs. 35%, P = 0.35), but pain scores were signifi- 
cantly reduced (28.5 vs. 42.2, P = 0.008); the drug appeared effi- 
cacious in IBS-D but not in IBS-C.’*! IBS patients treated with 
gabapentin demonstrated significantly increased rectal compli- 
ance, as well as higher sensory thresholds for bloating and pain.??? 
Either could therefore be considered in patients with particularly 
troublesome pain or bloating (Table 122.4). 


Emerging Drugs 


‘Tenapanor is a drug that acts on the sodium-hydrogen exchanger. 
At a dose of 50 mg twice daily, it appeared to be beneficial in 
a phase 2 trial in IBS-C, in terms of its effect on a composite 
of increase in stool frequency and improvement in abdominal 
pain, with an NNT of 4 (see Table 122.4).? Phase III trials are 
expected to be reported soon. 

Ibodutant, a neurokinin receptor-2 antagonist, which may 
have beneficial effects on motility in IBS-D, has been tested in 
one phase 2 RCT.?*# At a dose of 10 mg once daily, the drug was 
superior to placebo in terms of satisfactory relief of global symp- 
toms and improvement in abdominal pain, but only in female 
patients. 

Targeting mast cells may also be beneficial, with one small 
trial that demonstrated a higher rate of considerable relief of 
symptoms with ebastine, a histamine-1 receptor antagonist, com- 
pared with placebo (39% vs. 11%, P = 0.02). Mesalamine may 
also inhibit mast cells in IBS, but 2 RCTs failed to demonstrate 
a benefit.76737 

Other therapies include bile acid sequestrants, such as cole- 
sevelam or colestipol, bile acid transporter inhibitors, and pan- 
creatic enzyme supplements, but RCTs are sparse.?>* Enterosgel 
is an organosilicon compound, which is a porous gel-like struc- 
ture that may absorb intestinal substances. It is being tested in 
patients with IBS-D. 


Psychologic Treatments 


Psychotherapy, hypnotherapy, and cognitive behavioral ther- 
apy have been proposed as useful treatments for IBS. A meta- 
analysis of RCTs concluded that these therapies were superior 
to usual management or wait-list controls (patients who are 
followed similarly, but not treated) (see Table 122.2).’?* Other 
psychologic therapies such as stress management, mindfulness 
meditation (a technique involving focusing on present-moment 
experience and non-judgmental awareness of body sensations), 
and yoga have been studied in fewer trials, and their efficacy is as 
yet unclear.???**+! Based on the available literature, IBS patients 
with refractory symptoms and psychological distress appear 
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TABLE 122.4 Selected Emerging Pharmacologic Treatments for IBS 


Drug Class Example of Drug 


Comments 


DRUGS ACTING ON PAIN RECEPTORS 


Calcium channel inhibitors Pregabalin and gabapentin 


DRUGS TARGETING VISCERAL HYPERSENSITIVITY 


Serotonin synthesis inhibitors LX1031 

CCK-1 antagonists Dexloxiglumide 
DRUGS TARGETING MOTILITY 

Neurokinin-2 receptor antagonists lbodutant 


5HT, agonists Velusetrag, prucalopride, 


naronapride 
DRUGS TARGETING INFLAMMATION 


Mast cell stabilizers Ketotifen and ebastine 


5-ASA Mesalamine 
DRUGS ACTING ON ION CHANNELS 
Sodium/hydrogen ion exchanger inhibitors Tenapanor 


BILE ACID MODULATORS 


Bile acid sequestrants Colesevelam and colestipol 
Elobixibat 


Chenodeoxycholate 


Bile acid transporter inhibitor 
Bile acid 


RCTs, Randomized controlled trials. 


Improved pain scores, increased rectal compliance, and higher thresholds 
for pain, discomfort, and bloating 


Positive phase II trial data, including a favorable adverse event profile, 
although the effect is attenuated with time 


Satisfactory relief of symptoms is higher than with placebo in women 
with IBS-C 


Satisfactory relief of symptoms and abdominal discomfort is higher than 
with placebo in women with IBS-D 


Prucalopride is effective in chronic constipation; data from trials in IBS 
patients are awaited 


Promising data from 2 small RCTs 
Well-designed trials in IBS patients showed no benefit 


Higher responder rates in terms of an increase in stool frequency and an 
improvement in abdominal pain, relief of pain, bloating, and cramping; 
response rates are also significantly higher than with placebo in IBS-C 


Case reports of efficacy and limited trial data 
Promising data from patients with chronic constipation 
Healthy volunteer data have demonstrated accelerated colonic transit 


Adapted from Halland M, Talley NJ. New treatments for IBS. Nat Rev Gastroenterol Hepatol 2012; 10:13-23. 


most likely to have a beneficial response to such interventions. 
Whether intervention with psychologic therapies earlier in the 
course of the disease is beneficial is uncertain. The major advan- 
tage of psychologic treatment is that despite the initial expense, 
long-term benefits may offset the cost. 


Alternative Treatments 


Many different alternative remedies are used by patients with 
IBS (see Chapter 131).747 In 2 RCTs, Chinese herbal medicines 
(comprising a combination of 7 or 20 herbs) were superior to 
placebo.*** Tberogast, also known as STW 5 (a combination 
of various plant extracts, including bitter candytuft, chamomile, 
peppermint, caraway fruit, licorice root, lemon balm leaves, celan- 
dine, angelica root, and milk thistle), and St. John’s wort also have 
been the subject of placebo-controlled trials in IBS.247+° STW 5 
was superior to placebo, but St. John’s wort had no benefit. In a 
small RCT conducted in women with IBS in a tertiary care set- 
ting, melatonin led to significantly higher symptom response rates 
than placebo.’*’ A meta-analysis reported that acupuncture was 
superior to pharmacologic therapy in several Chinese studies, but 
it was no more effective, in terms of symptom improvement, than 
a sham acupuncture control.*** Intestinal microbiota transplant is 
of interest to some patients with IBS, but is still experimental. A 


recent small RCT demonstrated a higher proportion of respond- 
ers at 3 months (65.5% vs. 42.9% with placebo, P = 0.049),7+? 
equating to an NNT of 5, but this was not sustained at 12 months 
(56.4% vs. 35.7%, P = 0.075). AEs were rare, and none were seri- 
ous. 


PROGNOSIS 


There is no evidence for even a small increase in mortality in 
IBS.?°°5! In clinical practice, once a diagnosis of IBS has been 
made, it usually requires no revision despite prolonged follow- 
up. Among IBS patients followed for a median of 29 years, only 
9% developed organic disease a median of 15 years after diag- 
nosis.!°? After 10 to 13 years of follow-up of 75 patients with a 
clinical diagnosis of IBS, none had another explanation uncoy- 
ered for their symptoms, yet symptoms did not resolve in 92%, 
and 47% had undergone a repeat structural colonic evaluation 
to no avail.*°? Some IBS patients have spontaneous improve- 
ment over time, but IBS usually is a relapsing disorder. The 
presence of excessive psychologic distress or anxiety, as well as 
a long duration of complaints, tends to indicate a poorer prog- 
nosis. 


Full references for this chapter can be found on www.expertconsult.com. 
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Severe narrowing or occlusion of the intestinal lumen results in 
the accumulation of air and fluid in the bowel proximal to the 
point of obstruction and is associated with a range of clinical signs 
and symptoms. The location of the obstruction, the degree of 
narrowing, and the underlying etiology influence the presenta- 
tion, natural history, and management of this condition. Causes 
of intestinal obstruction can be broadly classified as intraluminal, 
intramural, or extrinsic to the bowel itself (Box 123.1). Abdominal 
pain related to distention of the bowel wall is the most consistent 
symptom regardless of etiology.! Unrelieved intestinal obstruc- 
tion will result in progressive intolerance to oral intake and 
vomiting, which, in turn, leads to dehydration and severe elec- 
trolyte derangements. Ongoing distention proximal to the site 
of obstruction may result in eventual ischemia and/or perfora- 
tion of the bowel. Some extrinsic causes of intestinal obstruction, 
however, may simultaneously restrict blood flow to the affected 
segment, leading to early bowel ischemia and necrosis. While 
the diagnosis of intestinal obstruction may be made easily on the 
basis of clinical history alone, recognition of patients at risk for 
intestinal ischemia can be challenging and requires expert clini- 
cal judgment to avoid the devastating complications of delayed 
diagnosis. 

Obstructions of the small and large intestine are gener- 
ally classified as 2 distinct diseases owing to differences in the 
causes, presentation, and management. Most SBOs result from 
an acute occlusion of the bowel due to an extrinsic process, 
leading to intense pain and vomiting in a previously asymp- 
tomatic patient. In contrast, large bowel obstruction (LBO) 
is most commonly caused by a progressive intramural process 
that is frequently preceded by weeks to months of gradually 
worsening constipation and abdominal distention. Strangula- 
tion and resultant ischemia occur more commonly in SBO, 
whereas proximal perforation, typically at the cecum, is more 


likely to occur with colonic obstruction. An exception to this 
general rule is the case of colonic volvulus, which is a sudden, 
extraluminal event that can rapidly progress to strangulation 
and ischemia. 

Various classification schemes for intestinal obstruction 
include acute versus chronic, partial versus complete, low-grade 
versus high-grade, simple versus complicated, or malignant ver- 
sus benign. None of these is as relevant to the management of the 
patient as the all-important distinctions between “with ischemia” 
versus “without ischemia,” and “requires surgery” versus “will 
resolve without surgery.” Regardless of the location or etiology 
of obstruction, the sequential sorting of patients by these 2 clas- 
sification schemes is essential to safe and effective treatment. For 
purposes of this chapter, we will use the conventional distinction 
of SBO and LBO, examining the most common causes of each, 
and reviewing the evaluation and management of patients pre- 
senting in a variety of settings. 


ACUTE SMALL BOWEL OBSTRUCTION 


By the term “acute SBO” we mean to focus on cases in which a 
discrete event causes occlusion of a previously normal segment 
of bowel, leading to cessation of luminal flow and the sudden 
onset of symptoms. This is to be distinguished from “chronic 
SBO” in which a long-standing, fixed narrowing of the lumen is 
present, allowing only small amounts of mostly liquid content 
to pass, often under significant pressure. Patients with chronic 
SBO may present acutely with new-onset symptoms when solid 
matter occludes a previously narrowed lumen, but often show 
improvement with nonoperative management and are generally 
less likely to develop ischemia than in true cases of acute SBO. 
Many causes of acute SBO involve simultaneous compromise 
of intestinal blood flow, for example, a strangulated hernia or 
small bowel volvulus around a mesenteric band; these may rap- 
idly progress to ischemia, necrosis, and generalized peritonitis. 
Acute luminal obstruction alone, however, may remain a so- 
called “simple” obstruction with no risk of ischemia provided 
that proximal decompression of accumulated gas and succus can 
be achieved. 


Epidemiology and Etiology 


Patients presenting acutely with SBO constitute a significant 
health care burden, accounting for 224,015 to 344,080 hospi- 
tal admissions in the USA annually, but with a stable annual 
incidence over the last 25 years.” The majority of patients pres- 
ent through the emergency department (ED) where intestinal 
obstruction accounts for about 2% of all patients presenting with 
a chief complaint of abdominal pain.>* Of all patients admitted 
with a diagnosis of SBO, approximately 25% will require sur- 
gery during the index admission.* Adhesiolysis for SBO is the 
fourth most commonly performed emergency general surgery 
procedure behind appendectomy, cholecystectomy, and partial 
colectomy.’ Overall mortality for patients undergoing operative 
treatment of SBO remains high at about 5% in recent retrospec- 
tive series.*67 

‘The most common cause of acute SBO in adults is adhesions 
from prior surgery. Other common causes are Crohn disease, 
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BOX 123.1 Causes of Intestinal Obstruction 


INTRALUMINAL 


Bezoars 

Feces 

Foreign bodies 
Gallstones 

Polypoid neoplasms 


INTRAMURAL 
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Anastomotic stricture 
Carcinoma 
Congenital atresia or stenosis 


Diverticulitis 

IBD (Crohn or UC) 
Intussusception 
Ischemic injury 
Radiation injury 
EXTRINSIC BOWEL LESIONS 
Abscess 
Adhesions 
Carcinomatosis 
Congenital bands 
Endometriosis 
Hernias 

Volvulus 


incarcerated hernias, and malignancy.*:? Congenital atresias 
typically present early in the neonatal period. Among the gen- 
eral pediatric population, intussusception, midgut volvulus due 
to congenital malrotation, and incarcerated hernia are the most 
frequent causes in children with no history of prior abdominal 
surgery (see Chapter 98).!0!! 


Pathophysiology 


The physiologic consequences of acute occlusion of the small 
intestine depend very much on the location and duration of the 
obstruction. In obstruction of the duodenum and very proximal 
jejunum, symptoms of gastric outlet obstruction predominate, 
with the early development of intractable vomiting and rapid 
loss of sodium, potassium, and chloride. Untreated, this leads 
to profound metabolic derangements, dehydration, and even- 
tual death. In 1912, Hartwell and Hoguet demonstrated that 
the catastrophic effects of proximal SBO could be mitigated by 
adequate fluid resuscitation. In a series of experiments, these 
authors found that dogs subjected to occlusion of the distal duo- 
denum without resulting ischemia routinely died after 2 to 3 days. 
With replacement of fluid losses through subcutaneous injection 
of saline, however, the dogs routinely lived upwards of 3 weeks. 
The mechanistic effect of saline was attributed to dilution of toxic 
substances in the blood.!2-!4 In 1925, Gamble and Ross clarified 
the profound derangements in water, sodium, and chloride that 
accompany proximal obstruction and rightly identified dehydra- 
tion, rather than absorbed toxins, as the cause of death in proxi- 
mal SBO.!> 

In distal SBO, however, replacement of fluids and electrolytes 
alone is insufficient to avoid complications. As illustrated by Dr. 
Owen Wangensteen, through 2 decades of experimental work 
summarized in his landmark 1942 book on intestinal obstruction, 
progressive distention of the small bowel leads to venous conges- 
tion, impaired mucosal integrity, bacterial translocation, and even- 
tual ischemic necrosis of the bowel wall.'!° Wangensteen confirmed 
that swallowed air is the primary source of intestinal distention in 


distal SBO. In a classic experiment, dogs were subjected to a cer- 
vical esophagostomy (leaving the distal esophagus oversewn), fol- 
lowed by occlusion of the distal ileum. Unlike dogs with an intact 
esophagus, who routinely died by day 10 following ileal occlusion 
despite fluid resuscitation, post-esophagostomy dogs maintained 
on a saline-glucose solution lived up to 8 weeks with no evidence 
of proximal distention. These observations led to the recognition 
of the importance of evacuating swallowed air and succus proximal 
to an obstruction, and the eventual development of Wangensteen’s 
continual suction nasoenteric tube, a device that revolutionized the 
treatment of SBO worldwide.'’ 

Microscopic evidence of epithelial injury occurs within 4 to 6 
hours of intestinal obstruction and progresses to focal epithelial 
necrosis within 8 to 12 hours.!* Epithelial cell injury is mediated 
by a host of inflammatory cytokines including TNF-a, interferon-y, 
and superoxide anion,!”-”? leading to increased intestinal permeabil- 
ity through disruption of epithelial tight junctions. TNF-a has been 
shown to up-regulate myosin light chain kinase, which causes reor- 
ganization of tight junctions and has been linked to bacterial trans- 
location in numerous disease models.” This weakened epithelial 
barrier combined with bacterial overgrowth in the obstructed lumen 
is associated with translocation of bacteria to both mesenteric lymph 
nodes and systemic organs.”° In a study by Deitch, nearly 60% of 
patients undergoing laparotomy for SBO had enteric bacteria, 
mainly Escherichia coli, in their mesenteric lymph nodes compared 
with 4% of patients undergoing laparotomy for other reasons.’ 
Experimental studies have similarly shown high rates of bacterial 
translocation during animal models of acute SBO.**”? Together, 
these data are consistent with the hypothesis that translocation of 
enteric bacteria contributes to the septic consequences of SBO. 

The most devastating consequence of prolonged intestinal 
occlusion is ischemia leading to necrosis and perforation. Progres- 
sive distention of the intestinal wall leads to increased tensile pres- 
sure and decreased venous outflow. With time, impaired venous 
outflow will lead to loss of capillary arterial flow resulting in hypo- 
perfusion and ischemia.*? Whereas unrelieved distention alone is 
sufficient to cause this ischemic cascade, the progression occurs 
much faster in the multiple causes of acute SBO in which the 
venous drainage is impaired as a result of the initial event. Strangu- 
lated hernias, volvulus, and other such “closed-loop” obstructions 
may rapidly progress to frank intestinal ischemia, perforation, and 
generalized peritonitis. Further information on the pathophysiol- 
ogy of intestinal ischemia is found in Chapter 118. 


Clinical Features 


The clinical presentation of acute SBO varies depending on the 
degree, location, and etiology of the obstruction. The classic tet- 
rad of symptoms is colicky abdominal pain, vomiting, abdominal 
distention, and constipation progressing to obstipation.*! In one 
large, single-institution study, the most frequent findings among 
300 patients with acute SBO were abdominal pain (92%), vomiting 
(82%), abdominal tenderness (64%), and distention (59%).! Pain 
is usually described as diffuse or centrally located, paroxysmal in 
nature, and progressing to constant and unremitting. Vomiting is 
often profuse and bilious in proximal obstructions, whereas abdom- 
inal distention and feculent emesis suggest a more distal blockage. 
Acute obstructions, particularly those caused by extrinsic compres- 
sion, may stimulate the colon to empty, and patients may report the 
passage of loose stool around the time of symptom-onset. Patients 
with a partial obstruction may continue to pass flatus. 

A thorough medical and surgical history is essential in the eval- 
uation of patients with suspected SBO. In a prospective Scandina- 
vian study of more than 1300 patients presenting with abdominal 
pain, a history of prior abdominal surgery was identified as the 
most predictive factor for a diagnosis of acute SBO.** Medica- 
tion use, recent illness, trauma, or metabolic derangements can 
cause ileus and intestinal pseudo-obstruction (see Chapter 124). 


Prior radiation or a known history of Crohn disease introduces a 
chronic intestinal stricture into the differential diagnosis. 

In general, patients with acute SBO appear restless and acutely 
ill, often with signs of dehydration and systemic inflammation. 
Tachycardia and mild hypotension are common findings. Meta- 
bolic acidosis may lead to compensatory hyperventilation. Fever is 
an ominous sign and should raise concern for intestinal ischemia or 
perforation. Auscultation of the abdomen may reveal loud peristal- 
tic rushes and a succussion splash; i.e., the splashing sound of fluid 
moving in a dilated, fluid-filled intestine. As wall tension increases, 
the sound of fluid reverberating against the wall may be heard as 
a metallic tinkle.** Percussion may reveal the tympanic sounds of 
an air-filled stomach and small bowel. Generalized abdominal ten- 
derness may be present, although patients typically lack the classic 
localizing peritoneal signs of other causes of acute abdomen. The 
presence of rebound tenderness, involuntary guarding, and other 
signs of peritonitis suggests strangulation and necessitates urgent 
exploration either by laparotomy or laparoscopy. The abdomen 
should be carefully examined for surgical scars or palpable masses, 
and a digital rectal examination is required to rule out fecal impac- 
tion or a distal rectal mass. The groins must be carefully examined 
as a tender mass either in the inguinal canal or below the inguinal 
ligament in a patient presenting with symptoms of SBO is a stran- 
gulated hernia until proven otherwise. 


Laboratory Findings 


Patients with suspected SBO should have a CBC and a complete 
metabolic panel to check serum electrolytes, blood urea nitrogen, 
creatinine, as well as liver biochemical tests, amylase, and lipase, 
which may reveal other possible causes of abdominal pain and 
vomiting. Patients will typically have mild leukocytosis and evi- 
dence of hemoconcentration with prerenal azotemia. Metabolic 
acidosis may be due to global hypoperfusion secondary to intra- 
vascular depletion. An elevated serum lactate level indicates intes- 
tinal ischemia (see Chapter 118). Procalcitonin is an acute phase 
protein that has been suggested as a possible predictor of intestinal 
ischemia and failure of nonoperative management in SBO, with 
admission serum procalcitonin levels of greater than or equal to 
0.57 p/L being predictive of need for surgery.*+*° Female patients 
of childbearing age should have a urine pregnancy test. 


Radiologic Findings 


The goals of imaging in patients suspected of having acute SBO 
are multiple. Of immediate importance is the identification of life- 
threatening pathology that requires urgent surgical intervention. 
Once this has been excluded to the extent possible, the objective 
becomes to diagnose the etiology of the obstruction and distin- 
guish cases that may respond to nonoperative management from 
those that will not resolve without intervention. Finally, in those 
patients in whom an intervention is needed, imaging may predict 
the extent and location of pathology and influence the choice of 
approach. 


Abdominal Plain Films 


After physical examination and serologic studies, abdominal plain 
films are a useful, accurate, and inexpensive diagnostic test in 
the evaluation of patients suspected of having SBO. Films taken 
with the patient in the supine and upright position may con- 
firm the presence of intestinal obstruction, suggest the point of 
obstruction (small bowel versus large bowel), identify the etiol- 
ogy of obstruction (foreign body, colonic volvulus), and rule out 
the presence of pneumoperitoneum, which, if present, suggests 
intestinal perforation. The reported accuracy of abdominal plain 
films for diagnosis of SBO ranges from 50% to 86%.>7-3° A recent 
study by Thompson et al. found a mean sensitivity, specificity, 
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and accuracy of 82%, 83%, and 83%, respectively, with signifi- 
cantly improved accuracy among senior radiologists compared 
with junior staff and trainees.*° 

The classic radiologic findings of SBO include multiple, 
dilated, gas- or fluid-filled loops of small intestine with a decom- 
pressed colon (Fig. 123.1). Loops of small bowel larger than 2.5 
cm in diameter are considered dilated. Air-fluid levels are fre- 
quently seen and may be small and in multiple loops or at unequal 
heights within the same loop of bowel. A “string of beads” or 
“string of pearls” may be seen when small amounts of air are 
trapped in folds between valvulae conniventes in a fluid-filled 
loop of small bowel’?*! and is highly sensitive for SBO. Lappas 
and colleagues reviewed 12 radiologic findings associated with 
SBO and found that the combination of air-fluid levels of dif- 
ferent heights in the same bowel loop and a mean air-fluid level 
diameter of 2.5 cm were most predictive of a high-grade partial 
or complete SBO.*® 


CT 


Numerous studies have examined the effectiveness of CT in the 
diagnosis of SBO, showing high sensitivity and specificity.4?-* 
Advances in CT technology have allowed for thinner slice images 
with the capability to reconstruct high-resolution images in any 
plane, thus enhancing image resolution and diagnostic confi- 
dence.**#’ CT is highly accurate in determining the presence of 
a high-grade or complete SBO and provides important informa- 
tion regarding the location and etiology of obstruction. With rare 
exception, CT should be performed at some point on a// patients 
suspected of having SBO.** 

Traditionally, abdominal CT performed for evaluation of sus- 
pected SBO included the routine administration of high-attenu- 
ation oral contrast material. Numerous problems exist with this 
approach including patients’ inability to tolerate oral contrast 
without vomiting, the low rate of contrast actually reaching the 
location of an obstruction, and the substantial delay in perfor- 
mance of the scan and subsequent medical decision-making. 
Increasingly, it is recognized that the accuracy of multidetector 
CT remains extremely high with or without oral contrast for the 
evaluation of abdominal and pelvic pain, including cases of sus- 
pected SBO.*?°° In the obstructed bowel, the low contrast fluid 
and air typically provide an excellent contrast to the normally 
enhancing bowel wall. Considering that the majority of CTs 
done for suspected SBO are performed in the ED, elimination of 
this time-consuming step could lead to reductions in treatment 
times, overcrowding, and costs.°! Oral contrast administration 
currently is not recommended for assessment of suspected high- 
grade bowel obstruction, as per the American College of Radiol- 
ogy’s Appropriateness Criteria.°° 

In the absence of contraindications such as contrast allergy or 
renal insufficiency, CT should be performed with IV contrast to 
assess for the patency of the mesenteric vasculature and for signs 
of inflammation or ischemia.*?°? Decreased or nonenhance- 
ment of the bowel wall on contrast CT is highly specific and is 
a better predictor of ischemia than any other CT finding (see 
Fig. 123.2)? The inclusion of unenhanced images may provide 
additional diagnostic accuracy because areas of intramural hem- 
orrhagic necrosis may cause hyperattenuation of the bowel wall 
and yield a false negative for the presence of nonenhancement on 
contrasted views.°* The value of a completely noncontrasted CT 
is limited. Large tumors, occult hernias, pneumatosis intestinalis, 
and pneumoperitoneum may be seen and guide immediate man- 
agement. If prerenal acute kidney injury is identified at presenta- 
tion in patients diagnosed with acute SBO by plain film, without 
hemodynamic instability or signs of ischemia, CT can be delayed 
for several hours to allow for IV hydration. Waiting for a CT 
with IV contrast will likely yield more meaningful information 
than obtaining a noncontrast CT immediately. 
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Fig. 123.1 Supine (A) and erect (B) abdominal plain films in 2 patients with adhesive SBO. A, Air-filled dis- 


tended small bowel loops (arrows) with collapsed colon (asterisk). Note that the small bowel folds (valvulae 
conniventes) typically extend completely across the intestinal loops. B, Multiple air-fluid levels in dilated small 
bowel loops (arrows) in the context of nondistended colon. 


Fig. 123.2 CT image revealing a strangulated obstruction of the small 
intestine. A long segment of obstructed small bowel wall does not 
enhance (arrows) after IV contrast, indicating poor perfusion. Note 
the high-density mesenteric fluid (asterisk). Small bowel volvulus and 
impaired perfusion were found at surgery. 


CT findings of mechanical SBO are listed in Box 123.2 and 
illustrated in Figs. 123.2 to 123.4. The demonstration of dilated, 
fluid- or gas-filled loops of proximal bowel and collapsed loops 
of distal bowel supports the diagnosis of intestinal obstruction. 
A transition point between bowel loops with disparate calibers 
may be identified (see Figs. 123.34). Tapered bowel at the 
transition point can form a beak (see Fig. 123.34), and a thor- 
ough search of this area may suggest the cause of obstruction. 
The “small bowel feces sign” refers to the presence of a mot- 
tled admixture of particulate matter and gas resembling stool 
within the dilated bowel proximal to a low-grade obstruction 
or in the setting of intestinal ischemia (see Fig. 123.4C).9°°° A 
closed-loop obstruction or small bowel volvulus is suggested by 


U- or C-shaped dilated bowel loops and a radial distribution 
of stretched mesenteric vessels that converge toward a point of 
torsion (see Fig. 123.38).5’ The whirl sign’ also suggests intes- 
tinal torsion or volvulus and refers to a swirled mass of soft tis- 
sue and fat density that results when the bowel rotates on its 
mesentery (see Fig. 123.48). Although peritoneal adhesions are 
not usually seen on imaging studies, the presence of a transition 
point without another identifiable cause strongly favors adhe- 
sive obstruction. 

Many classic CT signs have been proposed to distinguish 
simple from strangulated SBO (see Box 123.2)°?°!; these 
include circumferential bowel wall thickening and edema (see 
Fig. 123.38), intra-abdominal fluid (see Fig. 123.4D), mesen- 
teric engorgement, abnormal splanchnic vessel course (see Fig. 
123.4A), altered enhancement of the bowel wall (see Fig. 123.2), 
and a bowel configuration suggesting a closed-loop obstruction 
or volvulus (see Fig. 123.3 B). Portomesenteric venous gas, pneu- 
moperitoneum, and pneumatosis intestinalis linearis (see Fig. 
123.4D) may be seen very late in the natural history of strangu- 
lated obstruction and suggest the presence of extensive intestinal 
necrosis. 


US 


In recent years, there has been a rapid increase in the availabil- 
ity and utilization of point-of-care US in the ED for a variety 
of conditions. Due to the low cost, ease of use, and lack of 
ionizing radiation with US, interest has grown in its use for 
the diagnosis of intestinal obstruction. The findings of dilated 
loops of bowel on US have a sensitivity of greater than 90%, 
and the additional finding of decreased intestinal peristalsis 
increases the specificity to greater than 50%.6>6 Tumors, 
Crohn disease, incarcerated hernias, and intussusception can 
be seen on US, but US is insufficient to determine the cause of 
SBO in most cases.®? US for suspected SBO is likely best used 
as a screening test in settings where equipment is readily avail- 
able and sufficient operator experience exists. A positive result 
should be followed by CT in most cases. 


BOX 123.2 CT Findings in Patients with SBO 


SIMPLE COMPLETE BOWEL OBSTRUCTION 


Proximal bowel dilatation; discrete transition zone, with collapsed 
distal small bowel and no passage of oral contrast beyond the 
transition zone 

Colon with little gas or fluid 

Small bowel feces sign 

CLOSED-LOOP OBSTRUCTION 

Bowel Wall Changes 

U-shaped, distended, fluid-filled bowel loop 

Whirl sign: tightly twisted mesentery around a collapsed bowel 
segment 

Beak sign: fusiform tapering in the longitudinal section of bowel at 
the site of obstruction 

Two adjacent collapsed round, oval, or triangular loops of bowel at 
the site of obstruction 

Mesenteric Changes 

Fixed radial distribution of several dilated bowel loops with 
stretched and thickened mesenteric vessels converging toward 
the point of obstruction 


STRANGULATED BOWEL OBSTRUCTION 
Bowel Wall Changes 


Bowel wall thickening with increased attenuation on unenhanced 
images 

Target or halo sign: concentric rings of slightly different 
densities 

Pneumatosis intestinalis linearis 

Poor enhancement or lack of enhancement of the bowel wall with 
IV contrast 

Serrated beak configuration of the obstructed bowel loop 

Mesenteric Changes 

A spectrum ranging from haziness and blurring of the mesenteric 
vessels to obliteration of the fatty mesentery and its vessels 
caused by mesenteric congestion and hemorrhage 

Diffuse engorgement of the mesenteric vasculature 

Unusual course of the mesenteric vasculature 

Other Changes 

Large amount of ascites 

High-density ascites 


CHAPTER 123 Intestinal Obstruction 2025 


Magnetic Resonance Imaging 


Owing to the limited availability, high cost, and increased 
time required to perform an examination, MRI is generally 
not practical for diagnosis of SBO in the acute care setting.®* 
MR enterography (MRE) is useful for the characterization of 
chronic strictures in the setting of Crohn disease and radiation- 
induced injury and will be discussed in detail in those sections 
that follow. 


Initial Management 


Once a diagnosis of acute SBO is reached based on history, physi- 
cal examination, and imaging, the initial treatment is aimed at 
restoring intravascular volume and reducing intestinal tensile 
pressures. This is accomplished through IV infusion of isotonic 
fluids and decompression of the bowel through a suction NG 
tube. A Foley catheter should be placed to monitor urine output 
and serial serologic studies sent to ensure correction of acidosis. 
Serum electrolyte deficiencies should be corrected as rapidly as 
possible. NG placement is effective at relieving intestinal dis- 
tention and pain and may reduce the risk of aspiration from fre- 
quent vomiting. Little data exist to suggest that placement of a 
long tube into the small intestine is more effective for achieving 
decompression than a standard NG tube. 

Initiation of these early treatments may commence as soon as 
the diagnosis of SBO is made and before the underlying cause is 
determined. In fact, once resuscitation and decompression have 
begun, the next question to ask is not “Why does this patient have 
an acute SBO?,” but rather “Does this patient with acute SBO 
have ischemic bowel?” If the answer to this question is “yes” or 
“probably,” the patient should be consented for surgery, and the 
etiology of the obstruction can be clarified intraoperatively. If, 
however, the answer is “no” or “not yet,” then medical manage- 
ment should continue as additional testing is done to clarify the 
cause of obstruction. Definitive management of SBO depends on 
the specific etiology. 


Specific Causes of SBO 
Adhesions 


Intra-abdominal adhesions arising from prior surgery are the 
most common cause of acute SBO in the Western world. It is 
estimated that nearly 1 million inpatient hospital days and greater 
than $2.3 billion in direct hospital costs are incurred annually in 
the USA as a result of adhesive SBO.® In a systematic review 
and meta-analysis of more than 100,000 patients undergoing 


Fig. 123.3 Axial CT images of simple (A) and closed loop (B) SBOs. A, The small bowel is dilated proximal 
to a transition point (arrow) and collapsed distally. Rectal contrast identifies the colon (asterisks). B, Dilated, 
fluid-filled small bowel loops (asterisks) are radially arranged, and several demonstrate concentric rings of 
wall thickening and submucosal edema. There is complete loss of mesenteric fat (arrow). Infarcted ileum was 


resected at surgery. 
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Fig. 123.4 CT in SBO. A, Abnormal position of mesenteric vessels: the superior mesenteric artery (asterisk) is 
anterior to the superior mesenteric vein. B, Whirl sign (arrow). C, Small bowel feces sign (arrow). D, Pneumato- 
sis (arrows) and large-volume ascites. The colon (asterisk) is collapsed (see Box 123.2). 


abdominopelvic surgery, the incidence of subsequent SBO was 
9%, with adhesions identified as the cause in 56% of cases.°° 
Among patients undergoing surgery for adhesive SBO, the risk 
of recurrent obstructions is high, with approximately 15% of 
patients readmitted for SBO within 5 years of surgery, rising to 
almost 20% at 10 years.°7,° 

Adhesions result from irritation of the visceral or parietal 
peritoneum by injury or infection. When the peritoneum is 
damaged, a complex process ensues that involves several cell 
types, cytokines, coagulation factors, and proteases, all act- 
ing together to restore tissue integrity. The deposition and 
subsequent degradation of fibrin are crucial steps in deter- 
mining normal peritoneal healing and adhesion formation. 
Fibrin deposition results from the conversion of fibrinogen 
by thrombin, a consequence of the activated coagulation 
cascade. Subsequent cleavage of plasminogen to activated 
plasmin, mediated by various plasminogen activators, begins 
the process of fibrin degradation. If complete fibrinolysis 
does not occur by 5 to 7 days following injury, incompletely 
degraded fibrin may serve as a scaffold for collagen-secreting 
fibroblasts and capillary in-growth to form peritoneal adhe- 
sions. Inhibition of plasminogen activation by plasmino- 
gen activator inhibitor (PAI)-1 and -2 has been cited as a 
causative factor in the development of postoperative adhe- 
sions.°? 

The risk of adhesion formation and subsequent adhesive 
SBO appears to be related to both the extent and the loca- 
tion of peritoneal injury. Careful tissue handling, meticulous 
hemostasis, minimizing operative time, and avoiding contami- 
nation are general operative principles that minimize peri- 
toneal inflammation and adhesion formation. Laparoscopic 
surgery results in fewer adhesions than open surgery for the 
same reasons.° A recent review of a prospective statewide 


registry found that for patients undergoing colorectal surgery 
in New York between 2003 and 2010, the 3-year postoperative 
SBO rate was 3.5% for laparoscopic resection versus 5.8% in 
open procedures, with a hazard ratio for open surgery of 1.34, 
95% CI 1.20 to 1.49.7° Surgery limited to the upper abdo- 
men such as gastric surgery and hepatobiliary surgery results 
in fewer adhesive complications than colorectal and gyne- 
cologic operations.’! In the same study from New York, the 
rate of adhesive SBO varied dramatically depending on the 
extent of the resection, with rates as low as 4.4% for segmental 
colectomy and as high as 15.6% for restorative proctocolec- 
tomy. 

Adhesions may consist of a thin film of connective tissue, a 
thick fibrous band containing blood vessels and nerve tissue, 
or a direct contact between 2 organ surfaces. Obstruction from 
adhesions results either from direct compression of the intestinal 
lumen by a band of tissue or from torsion and volvulus around 
a point of fixation (Fig. 123.5). The risk of strangulation and 
subsequent ischemia depends on whether luminal obstruction is 
accompanied by congestion of the mesenteric venous outflow. 
The negative consequences of adhesions are not limited to SBO 
and may include chronic abdominal pain, infertility, and risk of 
intestinal injury during subsequent surgery. In recent years, due 
to the high burden of disease, primary prevention of postoperative 
adhesions has become an increased point of focus. The benefits 
of laparoscopic surgery with regard to adhesions are increasingly 
recognized, and a number of commercially available antiadhesion 
barriers have been shown in prospective trials to reduce adhe- 
sions and postoperative adhesive SBO.%-’* However, despite the 
increased adoption of laparoscopy and antiadhesion barriers in 
abdominal and pelvic surgery over the last 20 years, the rates of 
hospitalization for SBO and surgical adhesiolysis have remained 
stable.*»7? 


Fig. 123.5 SBO caused by adhesions. Note the single band of omen- 
tum (A) tethered over the small bowel causing ischemic, but still viable, 
bowel distally. 


Principles of Management 
Perhaps, no other cause of SBO leaves as much uncertainty as to 
the need for and timing of surgical intervention as does adhesive 
SBO. As many as 80% of cases of adhesive SBO will resolve spon- 
taneously with conservative management, a much higher rate 
than in other causes of obstruction. Some adhesive SBO, how- 
ever, will not resolve with decompression alone, and patients will 
eventually require surgery for relief of symptoms. Furthermore, 
whereas many instances of adhesive SBO will remain “simple” 
obstructions with no element of vascular compromise, a certain 
percentage of cases is associated with strangulation, which, left 
untreated, will progress to necrosis and peritonitis. Delayed rec- 
ognition of ischemia and the finding of necrotic bowel at surgery 
are associated with significant increases in morbidity and mor- 
tality.’* The inability to identify this subset of patients correctly 
led to the classic teaching of “never let the sun rise and set on an 
SBO.” Our ability to detect ischemia has improved since this par- 
adigm was first written into surgical dogma, but failure to timely 
diagnose and institute appropriate treatment remains the most 
common reason for litigation in malpractice allegations related 
to SBO.”° 

‘The questions facing the clinician evaluating an adhesive SBO 
are similar to those in any intestinal obstruction: first, “Is there 
ischemia present?” and secondly, “Is this likely to resolve without 
surgery?” Answering these questions can be more challenging in 
adhesive SBO than in obstructions from other causes, and deter- 
mining who needs an operation and when it should be performed 
remains a challenge. Failure to act on ischemic bowel has obvious 
negative consequences but so does unnecessary surgery, including 
the risk of bleeding, bowel injury, anastomotic leak, or infection. 
Surgery also creates additional adhesions with the incumbent risk 
for future obstructions. In the absence of suspected ischemia, 
decision-making can be even more difficult. Some patients can be 
safely managed with nonoperative measures for longer than 10 
days.’+’° Failure to operate in a timely manner, however, can lead 
to prolonged hospital stays and render patients weaker and less fit 
for surgery should an operation be required. In addition, multiple 
studies have shown that SBO recurs sooner and more frequently 
in patients managed by nonoperative therapy. 

Multiple algorithms exist to guide the management of 
adhesive SBO.’°’* In general, these guidelines agree with 
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recommendations for immediate plain films to establish the 
diagnosis of SBO and exclude perforation, followed by early 
CT scan to exclude other causes of SBO and to look for signs 
of strangulation or predictors of nonresolution. Patients with 
clinical and radiologic evidence of bowel ischemia should be 
taken for immediate surgery; those without such evidence are 
given a trial of nonoperative management with fluid resuscita- 
tion and NG decompression. Increasingly, the benefits of early 
decision-making with regard to the need for surgery have been 
illustrated in studies showing improved clinical outcomes and 
cost savings with early surgery.67° The majority of patients who 
resolve without surgery do so within 2 to 3 days. The guidelines 
of the World Society of Emergency Surgery Working Group 
on adhesive SBO recommend limiting nonoperative manage- 
ment to 72 hours from admission.’”° There is disagreement in 
the literature as to the benefit of adjuncts such as water-soluble 
contrast (WSC) agents or procalcitonin testing to determine the 
need for surgery more rapidly. It is likely that simply having a 
standardized protocol does as much to minimize variability and 
get patients who need surgery into the operating room as does 
any additional testing. 

Role of Water-Soluble Contrast. The high-osmolar WSC 
agent diatrizoate is a commonly used alternative to barium for 
imaging of the GI tract. Commercially available as Gastrografin 
(diatrizoate meglumine and diatrizoate sodium solution; Bracco 
Diagnostic Inc., Monroe Township, NJ), the solution can be 
seen on fluoroscopy or CT and may be administered orally, by 
nasoenteric tube, or via enema. The potential benefits of WSC in 
the management of adhesive SBO are 2-fold. Primarily, it lends 
some information as to whether or not an obstruction is com- 
plete. Objective evidence of contrast material passing from the 
stomach to the colon may hasten the time to NG removal and 
resumption of diet, thus shortening hospital length of stay. Sec- 
ond, some authors have noted that the hyperosmolar nature of 
WSC may result in the net movement of fluid into the lumen, 
reducing wall edema, increasing hydraulic pressure across an area 
of stenosis, and helping to resolve a partial obstruction. Thus, 
WSC is frequently described as being both diagnostic and thera- 
peutic in adhesive SBO. 

A number of studies have analyzed the potential benefit 
of using a standardized WSC protocol in the management of 
adhesive SBO, with mixed results. Ceresoli and colleagues*? 
performed a systematic review and meta-analysis of prospective 
trials of WSC in adhesive SBO. The authors concluded that, 
from a diagnostic standpoint, the finding of WSC in the right 
colon had a sensitivity, specificity, and positive predictive value 
for successful nonoperative management of 92%, 93%, and 
98%, respectively. In addition, with regard to therapeutic value, 
the authors noted significant reductions in the need for surgery, 
nonoperative length of stay, overall time to resolution, and 
overall length of stay in patients given WSC. By contrast, Scotté 
and colleagues*! performed a prospective, multicenter, placebo- 
controlled randomized clinical trial (the Acute Bowel Obstruc- 
tion Diagnostic [ABOD] Study) at 4 centers in Northern France 
and reached a different conclusion. The study randomized 121 
patients each to receive 100 mL of either WSC or saline after 2 
hours of NG decompression. Patients were followed for radio- 
logic evidence of contrast passage to the colon or clinical reso- 
lution of symptoms. Patients with contrast reaching the cecum 
or recovery of transit were managed conservatively. Those with 
concern for strangulation, failure of contrast progression, or 
persistent symptoms at 48 hours were taken for surgery. The 
authors found no difference in the rate of operative intervention 
between the 2 groups (24% WSC vs. 20% saline, P = 0.534). 
They also found no difference in time to operative intervention, 
time to refeeding, or time to discharge. Combining their data 
with the results 10 randomized clinical trials published between 
1994 and 2015, the authors concluded that there was no benefit 
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to the use of WSC in terms of reducing rate of operative inter- 
vention or length of stay. 

As stated, delayed decision-making in adhesive SBO has the 
negative consequences of prolonging hospitalization in nonop- 
erative patients who should be fed and discharged and of post- 
poning the inevitable (and worsening outcomes) in patients who 
actually need surgery. Institution of a protocol that forces clini- 
cians to make the decision between feeding patients and taking 
them to surgery will likely be of benefit. The passage of WSC 
to the colon appears to have high predictive value for success- 
ful nonoperative resolution of adhesive SBO. If this finding helps 
clinicians to remove an NG tube confidently and feed a patient 
rather than deliberating over the degree of abdominal disten- 
tion or the color of the NG aspirate, it will likely be a beneficial 
adjunct to such a protocol. There does not appear to be clear 
evidence that WSC actually reduces the risk of needing surgery 
when adhesive SBO is present. 

Surgical Management of Adhesive SBO. The goals of 
surgery for any SBO are relief of reversible ischemia, resection 
of any nonviable bowel, the restoration of normal intestinal 
transit. The mainstay of treatment for adhesive SBO is lysis 
of adhesions via midline laparotomy, with resection and anas- 
tomosis when needed. The point of obstruction often can be 
identified as a transition of dilated intestine proximal to the 
point of obstruction and decompressed bowel distal to it (see 
Fig. 123.5). The extent of adhesiolysis is still a matter of debate 
because the fear of missing a potential point of obstruction 
must be balanced against the risk of enterotomy, especially 
when adhesions are likely to reform after surgery is completed. 
In the absence of frankly necrotic intestine, viability should 
be assessed several minutes after release of the obstruction. 
Return of normal color and peristalsis and return of arterial 
pulsation in the vasa recta suggest that the involved segment 
is viable. Detection of blood flow at the antimesenteric sur- 
face with a Doppler flow meter and inspection of the bowel 
with a Wood’s lamp following IV injection of fluorescein are 
other useful techniques to assess the viability of a segment of 
obstructed intestine. 

The use of laparoscopy for treatment of adhesive SBO has 
multiple potential advantages including less pain, faster return 
of bowel function, shorter hospital stay, decreased wound com- 
plications, and fewer postoperative adhesions. The widespread 
utilization of laparoscopy for SBO is limited, however, by the 
technical difficulties encountered when dealing with markedly 
distended loops of bowel. Safe entry to the peritoneal cavity, 
adequate visualization, and avoiding bowel injury by working 
instruments are all challenges encountered in the setting of 
obstruction. No randomized controlled trial comparing open 
abdomen with laparoscopic adhesiolysis yet exists to show defin- 
itive benefit or increased risk of bowel injury with a laparoscopic 
approach. 

A recent population-based analysis examined outcomes of 
8584 patients undergoing surgery for adhesive SBO between 
2005 and 2014 in Ontario, Canada.*? Only 7.8% of patients 
were managed by a laparoscopic approach, but the proportion 
of laparoscopic procedures increased during the study period 
from 4.3% in 2005 to 14.2% in 2014. Patients undergoing lapa- 
roscopic surgery had significantly lower 30-day mortality (3.9% 
vs. 7.2%, P < 0.0001) and serious morbidity (10.8% vs. 15.0%, 
P = 0.003), as well as shorter length of stay. Importantly, how- 
ever, a laparoscopic approach was associated with higher rates of 
bowel repair (18.4% vs. 11.4%, P < 0.001) and bowel resection 
(42.6% vs. 36.2%, P < 0.0009), and in multivariable analysis, lap- 
aroscopy was found to be an independent risk factor for a bowel 
intervention. In a subgroup analysis, patients undergoing lapa- 
roscopic surgery without a bowel intervention had the best out- 
comes, but those who underwent a laparoscopic procedure that 
involved a bowel intervention had a higher incidence of serious 


complications than patients who underwent open surgery with- 
out a bowel intervention. 

Diagnostic laparoscopy with an open-entry technique is rea- 
sonable for patients without hemodynamic instability, but a low 
threshold for conversion to open surgery should be maintained. 
Success of laparoscopic lysis of adhesions may be higher for first 
episodes and/or anticipated single-band adhesion (e.g., SBO after 
appendectomy or hysterectomy).’° 


Hernia 


The percentage of acute SBO attributed to incarcerated or 
strangulated hernias has been on the decline in the Western 
world, owing largely to the routine practice of elective hernia 
repair.’ Whereas hernia is a less common cause of acute SBO 
than adhesions, the risk of strangulation, and consequently the 
rate of operative intervention, is high for patients presenting 
with SBO owing to hernia. Foster and colleagues, reviewing data 
from the California Office of Statewide Health Planning and 
Development, reported that hernia repair, with or without small 
bowel resection, accounted for 44.5% of the 7935 operations per- 
formed for acute SBO in a single year.t Among all patients under- 
going surgery for SBO, incarcerated hernia is associated with 
intestinal ischemia in up to 75% of cases and intestinal necrosis 
in more than 25%.° 

Hernias may be congenital or acquired and may be located 
externally on the abdominal wall or internally at an opening in 
the peritoneum, mesentery, or omentum. The most common 
abdominal wall hernias are inguinal, incisional, umbilical, and 
femoral. Congenital internal hernias are mostly paraduodenal 
or through the foramen of Winslow. The most common type 
of internal hernia is iatrogenic, resulting from operations that 
divide the mesentery such as Roux-en-Y gastric bypass, colec- 
tomy, or pancreaticoduodenectomy.**;*+ Herniation of bowel 
into the obturator canal or sciatic notch is an uncommon but 
well-described potential cause of SBO.*>-°? 

When a loop of bowel enters through a hernia opening, it 
can be classified as reducible, if it can spontaneously or manually 
be returned to its normal position; or incarcerated, if it cannot. 
Incarceration alone does not imply a surgical emergency. A wide- 
necked hernia may contain several nonreducible loops of bowel 
with no compromise of luminal diameter or blood supply and 
no symptoms other than a bulge. Strangulation occurs when any 
degree of ischemia or obstruction results from compression of a 
loop of bowel within the neck of a hernia.” The risk of incar- 
ceration, obstruction, or strangulation depends on the size and 
location of a hernia, with smaller hernias posing a greater risk. As 
many as 40% of femoral hernias are strangulated at the time of 
initial presentation’! compared with only 2% of incisional her- 
nias.” Umbilical hernias account for about 15% of emergency 
hernia surgery, with up to 60% of these showing evidence of 
strangulation at the time of surgery.” 

Abdominal wall hernias can often be identified by physi- 
cal examination as the cause of acute SBO, owing to focal pain 
and tenderness at the site of incarceration. In obese patients, 
this may be difficult, and CT may be required to confirm the 
diagnosis (Fig. 123.6). In the absence of suspected strangulation, 
an attempt may be made at manual reduction of an incarcerated 
hernia to treat acute SBO. This approach is more successful in 
groin and umbilical hernias, where successful reduction can be 
easily confirmed by palpation, than in larger incisional or para- 
stomal hernias. Successful reduction may relieve the immediate 
risk of strangulation but should be followed by expeditious sur- 
gical repair. Severe tenderness, skin erythema, or other signs of 
strangulated bowel are a contraindication to manual reduction 
and warrant urgent surgical consultation. 

Internal hernias are sometimes diagnosed on CT but often 
are discovered at the time of surgery for presumed adhesive SBO. 


Fig. 123.6 Partial SBO caused by an incarcerated, strangulated parastomal hernia. A, Upright plain film 
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shows a distended, air-filled loop of small bowel in the patient’s LUQ; colonic gas is still present. B, CT shows 
the same distended loop of small bowel as well as the efferent and afferent limbs of the incarcerated loop 
(thin arrows) on either side of the colostomy (thick arrow). C, Axial view demonstrates a loop of small bowel 
containing an air-fluid level (thin arrow) herniated through the stomal aperture adjacent to the colostomy (thick 


arrow). 


Fig. 123.7 SBO from metastatic colon cancer. Note the whitish- 
appearing tumor implants (A) on the external surface of the bowel. 


Clustering of small bowel loops, engorged or twisted mesenteric 
vessels, and central displacement of the colon were the most 
common CT findings among patients with surgically confirmed 
internal hernia.*+ Management of SBO owing to internal hernia 
is similar to that of adhesive SBO, but success of nonoperative 
management is lower. 


Malignancy 


Cancer accounts for approximately 5% to 10% of all cases of 
SBO.” Of these, more than 90% are due to extraluminal obstruc- 
tion from a nonsmall bowel malignancy, such as a primary gyne- 
cologic or colorectal tumor or disseminated carcinomatosis from 
any source (Fig. 123.7). Metastasis to the small bowel wall may 
occur from breast cancer, renal cell carcinoma, malignant mela- 
noma, or Kaposi sarcoma. Primary neoplasms of the small bowel 
are the cause of SBO in less than 3% of cases. 

In the appropriate setting, SBO resulting from compression by 
or adhesion to a previously untreated malignancy may be success- 
fully treated by en bloc resection including the primary tumor. 
Obstruction developing in the setting of recurrent or metastatic 
disease poses a particularly difficult problem and challenges the 


judgment of even the most experienced clinicians. Patients with 
malignant SBO are often frail and nearing the end-of-life. Often, 
patients are nutritionally deficient, immunosuppressed, of low 
performance status, or have recently been treated with cytotoxic 
chemotherapy. Patients undergoing surgery for SBO owing to 
malignancy experience significant 30-day postoperative mor- 
bidity and mortality of 41% to 44% and 18% to 22%, respec- 
tively.”°° Nonoperative management is associated with high 
rates of persistent or recurrent symptoms. Most series of patients 
treated with surgery are small, single-institution studies with 
heavy selection bias. Little quality evidence exists to guide deci- 
sion-making regarding which patients may benefit from surgical 
intervention. Surgical treatment may include lysis of adhesions, 
small bowel resection, intestinal bypass, diverting enterostomy, 
or palliative gastrostomy. The still-ongoing SWOG S1316 trial, 
a multicenter, prospective, comparative effectiveness trial com- 
paring surgical and nonsurgical management of malignant SBO, 
may help to clarify the most appropriate management of patients 
with malignant bowel obstruction.”° 


Intussusception 


Intussusception occurs when a lead-point (the intussusceptum) in 
or arising from the intestinal wall causes a proximal segment and 
its associated mesentery to telescope into the lumen of an adja- 
cent segment (the intussuscipiens) (Fig. 123.8). It is the leading 
cause of intestinal obstruction in children but occurs much less 
commonly in adults.” The classic presentation of intussuscep- 
tion in children is that of episodic, colicky abdominal pain with 
“currant jelly” stools owing to hemorrhagic mucosal necrosis of 
the intussusceptum. The diagnosis is easily made by abdominal 
US (see Fig. 123.84), and treatment in the pediatric popula- 
tion involves reduction with pneumatic or hydrostatic pressure 
via enema under fluoroscopy. The lead-point in children is most 
frequently mesenteric adenopathy, and successful reduction typi- 
cally does not require surgery for treatment of a pathologic pro- 
cess.78 

Intussusception is an uncommon entity in adults, accounting 
for only 1% of all cases of intestinal obstruction.?? It may occur in 
the small or large intestine and often presents in a subacute man- 
ner, with symptoms occurring for days to weeks. When obstruc- 
tion is present, the diagnosis of intussusception may be made by 
CT (see Fig. 123.88) but is often discovered only at the time of 
surgery. In contrast to the pediatric population, symptomatic 
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intussusception in adults is associated with a pathologic, often 
malignant, process in 80% to 90% of cases and thus mandates 
surgical exploration without attempt at pneumatic or hydrostatic 
reduction. Primary resection without attempted intraoperative 
reduction is the preferred treatment for colonic intussusception, 
including ileocolic intussusception. When the intussusception 


Fig. 123.8 Abdominal US (A) and axial CT (B) images in a patient with 
intussusception. The intussuscepted bowel, or intussusceptum (arrow), 
is collapsed and carries mesenteric fat (asterisk) and vasculature into 
the dilated intussuscipiens. Note the dilated mesenteric vessels (V). 


involves only the small intestine, resection remains the preferred 
operative approach, although manual reduction followed by care- 
ful palpation of the intestinal wall may allow the surgeon to limit 
the extent of resection. The incidental detection of short-segment 
small bowel intussusception is increasingly seen in asymptomatic 
patients on thin-slice abdominal CT performed for other reasons 
and is thought to be a normal, transient, physiologic finding.!°° 


Foreign Body 


Foreign body ingestion is a common problem, especially among 
the pediatric population, which accounts for 80% of cases with a 
peak incidence between 6 months and 3 years of age.!°! In adults, 
foreign body ingestion is typically intentional and commonly seen 
in patients with psychiatric diseases and incarcerated adults seek- 
ing transfer to a medical facility. Most objects will pass through 
the intestinal tract without incident, but large or sharp objects 
may cause obstruction or perforation. SBO owing to an intestinal 
foreign body is uncommon, and most of the published literature 
consists of single case reports. In the last few years, several papers 
from Asia have reported cases of intestinal obstruction owing to 
diospyrobezoar, a specific type of indigestible phytobezoar result- 
ing from excessive intake of persimmons (see Chapter 28).!07-10+ 
Whereas some bezoars and small foreign bodies may be amenable 
to endoscopic dissolution or retrieval, objects causing frank SBO 
are best managed by surgical removal. 


Gallstone lleus 


A very specific cause of intestinal obstruction owing to for- 
eign body is the condition of gallstone ileus, which accounts 
for approximately 1% of all cases of SBO in historical series.!° 
The condition arises as a complication of cholelithiasis when a 
gallstone enters the small bowel through a cholecystoduodenal 
fistula. As the stone migrates through the intestinal tract, it pro- 
duces intermittent obstruction, with resultant waxing and wan- 
ing of symptoms, thereby confounding early diagnosis. The most 
common site of obstruction is the terminal ileum. In the absence 
of an intestinal stricture, the gallstone must be at least 2 cm in 
diameter to cause intestinal obstruction (Fig. 123.98). 

The diagnosis of gallstone ileus is delayed in up to half of 
the patients because of nonspecific and inconsistent symptoms. 
Only 50% to 70% of patients have clinical features of SBO. The 
classic radiologic features of gallstone ileus include pneumobilia, 
intestinal obstruction, aberrant gallstone location (Rigler triad), 
and a change in the location of a previously observed stone. Only 
about 10% of gallstones are sufficiently calcified to be identified 
on abdominal plain films, but the increasing use of radiologic 
imaging in the ED has led to descriptions of gallstone ileus on 
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Fig. 123.9 Gallstone ileus. A, Enterolithotomy is performed by making a longitudinal enterotomy several centi- 
meters proximal to the point of obstruction, milking the stone through the opening, and closing the enterotomy 
in a transverse manner. B, In the absence of an intestinal stricture, a gallstone of at least 2 cm is required to 

cause intestinal obstruction 


Fig. 123.10 Acute adhesive small bowel 
obstruction in a 20-year-old man with 

a prior ileocolic resection for Crohn 
disease. The patient had been com- 
pletely asymptomatic since surgery 1 
year prior and presented with the acute 
onset of abdominal pain and vomiting. 
He was admitted to the medical service 
and started on IV steroids for a “Crohn's 
flare.” Laparotomy 12 hours after admis- 
sion revealed strangulated, but still 
viable, small bowel from an adhesive 
band. A and B, acute transition point 
(thick arrow) with abnormal configuration 
of mesenteric vessels above and below 
the bowel (thin arrows). 


CT, MR, and US. In 2005, Lassandro and colleagues!” reported 
on the use of CT in 40 patients with surgically proven gallstone 
ileus. Pneumobilia and the biliary-enteric fistula were identified 
in nearly 90% and 12% of cases, respectively. 

Treatment of gallstone ileus is focused on removing the 
obstructing stone, usually by operative enterolithotomy (see 
Fig. 123.9A); endoscopic removal of the stone with or without 
lithotripsy also has been reported. In general, enterolithotomy 
alone is the most appropriate initial treatment. Given the emer- 
gent nature of the procedure, the advanced age of most patients, 
and the common presence of extensive RUQ inflammation, 
attempted cholecystectomy and repair of the cholecystoenteric 
fistula is generally ill-advised. Elective cholecystectomy with 
repair of the fistula may be performed after the patient has recov- 
ered from the initial operation, because up to 17% of patients 
develop recurrent gallstone ileus or other biliary complications 
after enterolithotomy alone.!°’ Lobo and coworkers, however, 
reported on 11 older adult patients who presented with gallstone 
ileus and were treated with enterolithotomy alone; none of these 
patients developed subsequent biliary symptoms with nearly 4 
years of follow-up.! 

A recent study based on data from the Healthcare Cost and 
Utilization Project National Inpatient Sample database examined 
outcomes of patients undergoing surgery for gallstone ileus.!°° 
Gallstone ileus accounted for less than 0.1% of all cases of sur- 
gery performed for mechanical SBO between 2004 and 2009. 
The most common operation performed was enterolithotomy 
alone (62%), followed by enterolithotomy with cholecystectomy 
and fistula closure (19%); 20% of patients underwent segmen- 
tal intestinal resection. Median length of stay was longer than 12 
days, and postoperative complications were common, with acute 
renal failure occurring in more than 30% of patients and intra- 
abdominal abscess in 12%. Mortality ranged from 5% to 13% 
depending on operative approach. 


Crohn Disease 


Crohn disease is identified as the primary cause of SBO in about 
5% of cases. SBO is a common complication in patients with 
Crohn disease but can result from multiple causes, including 
active inflammation and chronic fibrosis. Transmural inflamma- 
tion of the bowel can cause severe narrowing of the lumen and 
result in the acute onset of classic symptoms of obstruction, but 
this is a rare occurrence. More commonly, patients with active 
inflammation will present with symptoms of Crohn disease 
(worsening abdominal pain, severe diarrhea, bloating, weight 
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loss, etc.) and some complaints that suggest an element of chronic 
partial SBO. Commonly, patients presenting with such a Crohn 
flare will have CT findings of a thickened distal ileum, associ- 
ated mesenteric engorgement and stranding, with some degree 
of proximal dilatation. Not infrequently, these findings result in a 
CT report of “possible partial SBO” by the interpreting radiolo- 
gist. An astute clinician will recognize that such a patient, who 
has no vomiting and is having more than 10 bowel movements 
per day, is not obstructed and will initiate medical management 
of active inflammation rather than surgical consultation for SBO. 

It is essential to recognize, however, that patients with a diag- 
nosis of Crohn disease may develop acute SBO from causes not 
directly related to their Crohn disease (Fig. 123.10). Up to 75% 
of patients with Crohn disease will undergo at least one abdomi- 
nal operation in their lifetime and are thus at risk for adhesions, 
incisional hernias, and internal hernias. Long-standing IBD also 
increases the risk of intestinal malignancy, which could present as 
obstruction. Misdiagnosis of acute SBO and strangulated bowel 
as an exacerbation of Crohn disease can lead to serious morbidity 
and the loss of precious intestinal length in patients already at risk 
for short-bowel owing to their underlying disease. A careful his- 
tory of prior surgery, antecedent symptoms, most recent endos- 
copy and radiology results, and current medications will help to 
distinguish among patients with worsening active Crohn disease, 
those with chronic fibrotic strictures, and those with acute SBO 
from another cause. 

Chronic SBO owing to Crohn disease is discussed in the fol- 
lowing section. A comprehensive discussion of Crohn’s manage- 
ment is found in Chapter 116. 


Radiation 


Radiation therapy is an important treatment modality for a variety 
of cancers. Radiation-induced injury to the intestine is a common 
side effect of radiation therapy for cancers of the abdomen, pelvis, 
and retroperitoneum (see Chapter 41). The damaging effects of 
radiation on the bowel may present acutely or months to years 
after treatment, and obstructive symptoms may occur in either 
setting. Acute radiation enteritis typically presents as abdominal 
pain and diarrhea owing to oxidative damage and mucosal inflam- 
mation in the small bowel. Transmural inflammation may result 
in narrowing of the lumen and resultant obstructive symptoms. 
Symptoms may begin shortly after initiation of treatment and 
typically peak 4 to 5 weeks later. Treatment is supportive with 
bowel rest, IV fluids, pain control, and NG decompression if 
SBO is present.! 
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The chronic effects of radiation on the intestine may mani- 
fest from 6 months to 30 years after treatment and may pres- 
ent with chronic diarrhea and malabsorption or with obstructive 
symptoms owing to fibrosis and stricture. The presentation, 
evaluation, and management of patients with chronic obstructive 
symptoms owing to radiation-induced structures are discussed in 
further detail in the section that follows. 


CHRONIC SMALL BOWEL OBSTRUCTION 


Clinical Features 


Chronicity of SBO typically implies that the obstruction is partial 
rather than complete. The most common causes of chronic par- 
tial SBO are strictures related to either Crohn disease or radia- 
tion injury, although some patients with extensive adhesions or 
abdominal carcinomatosis may develop a long-standing partial 
obstruction. The condition is characterized by persistent low- 
grade symptoms punctuated by recurrent episodes of acute-onset 
pain and intolerance of oral intake as in acute SBO. Those with a 
long-standing history of recurrent obstructions will often recog- 
nize the acute change immediately and arrive for treatment with 
a diagnosis “in hand.” Some patients have even learned to insert 
their own NG tube! 

Patients with chronic partial SBO often adapt their lifestyle 
and downplay the severity of the baseline symptoms, which pre- 
cede an acute obstructing event. Many insist they were com- 
pletely normal prior to the onset of acute symptoms. A careful 
history, however, can detect symptoms suggestive of chronic 
SBO. The most important clue to the presence of a chronic SBO 
is a history of multiple prior obstructions. Some patients may 
suffer multiple episodes of acute adhesive SBO over their life- 
time and remain completely asymptomatic between events, but a 
history of multiple prior obstructions should raise suspicion for 
an underlying fixed stenosis; a history of Crohn disease or prior 
radiation exposure should likewise raise suspicion. Behavioral 
modification such as food avoidance or altered timing of meals 
is also highly suggestive of a chronic SBO. When chronic ste- 
nosis is present, meals are often followed by periods of bloating, 
abdominal pain, audible bowel sounds (borborigmi), and explo- 
sive diarrhea. High residue foods such as raw vegetables, nuts, 
and seeds can be particularly problematic. In the authors’ experi- 
ence, a patient may report that (s)he eats “whatever I want,” but 
on specific questioning will admit that (s)he would never eat a 
salad, avoids nuts and popcorn, and doesn’t eat while at work 
because (s)he knows those things would cause pain, discomfort, 
or embarrassment. 


Evaluation 


The initial evaluation and treatment of patients with chronic 
symptoms who present with acute obstructive symptoms should 
proceed similar to the management of acute SBO outlined ear- 
lier. Acute exacerbations in patients with chronic SBO fre- 
quently resolve with conservative measures and are infrequently 
associated with strangulation or ischemia. The return of bowel 
function, subsidence of pain, and tolerance of feeding are the 
immediate goals but should not be considered definitive treat- 
ment because symptoms are likely to return unless the underlying 
cause is addressed. Further evaluation may continue on an out- 
patient basis, but a discussion about the possible need for elective 
surgery should be held prior to discharge from the hospital. 

The outpatient evaluation of patients suspected of having 
chronic SBO should focus on localizing the point of obstruction, 
determining the etiology, and assessing the patient’s suitability for 
surgery, in order to recommend the most effective treatment. In 
anticipation of the need for surgical intervention, an assessment 
should be made of the patient’s nutritional status and modifiable 


Fig. 123.11 MR enterography of a long-segment stenosis of the neo- 
terminal ileum in a patient with prior ilecolic resection for Crohn disease. 
Thickened, stenotic ileum (thick arrow) is seen with an adjacent mesen- 
teric “comb sign” suggesting inflammation (thin arrow). 


risk factors for postoperative complications. Colonoscopy should 
be considered if screening for colorectal cancer is due or if con- 
cern for coexisting colonic pathology exists. 

Traditionally, detailed imaging of the small intestine relied 
on fluoroscopic small bowel follow-through after ingestion 
of barium. Enteroclysis is a specialized technique in which 
barium is instilled via a nasojejunal tube, with or without 
the addition of air to further distend the bowel and admin- 
istration of an antimotility agent such as glucagon to inhibit 
peristalsis and minimize overlap of intestinal loops. The tech- 
nique is effective but is time-consuming, labor intensive, and 
uncomfortable for patients. Today, CT or MR enteroclysis 
is preferred for increased spatial resolution and visualization 
of extraenteric structures. With CT and MR enterography 
(CTE, MRE), contrast is given by mouth rather than through 
a tube and has the advantage of greater ease of use and better 
patient acceptance. Luminal distention and hence visualization 
of the jejunum may be more consistent with enteroclysis, but 
the ileum—a frequent site of chronic obstruction in Crohn dis- 
ease and other conditions—is consistently well demonstrated 
with enterography (Fig. 123.11).!!° Thus, enterography is a 
very useful test in the setting of chronic SBO, for localizing 
the primary site of obstruction, characterizing the nature of 
the stenosis, as well as identifying additional areas of disease, 
which may not be appreciated on conventional cross-sectional 
imaging. 

A recent meta-analysis of 21 studies involving 913 patients 
examined the diagnostic accuracy of CTE and MRE for evaluation 
of small-bowel Crohn disease.!!! The authors reported a pooled 
sensitivity for CTE of 0.87 (95% CI, 0.78 to 0.92) and specificity 
of 0.91 (95% CI, 0.84 to 0.95) in Crohn disease comparable with 
those from MRE, 0.86 (95% CI, 0.79 to 0.91) sensitivity and 0.93 
(95% CI, 0.84 to 0.97) specificity. No statistically significant dif- 
ference was observed for the diagnostic performances of CTE 
and MRE. The utility of MRE for imaging of chronic radiation 
injury of the small bowel also has been demonstrated.!!* Given 
the lack of ionizing radiation with MRE, and the need for repeat 
imaging in many of the conditions that cause chronic SBO, MRE 
may be preferable to CTE from a safety standpoint. 


Conventional endoscopy may be used to characterize stenotic 
lesions in reasonable proximity to the ileocecal valve (ICV) or lig- 
ament of Treitz with the additional potential benefit of obtaining 
tissue for biopsy and performing balloon dilation when appro- 
priate. Double-balloon enteroscopy can theoretically achieve 
endoscopic evaluation of the entire small intestine, although 
complete examinations are relatively uncommon. Evaluation of 
230 cm beyond the ligament of Trietz and 135 cm proximal to 
the ICV can be considered average insertion depths for oral and 
anal insertion routes, respectively.!!> The technique has demon- 
strated safety and efficacy in the evaluation and treatment of small 
intestinal Crohn disease.!!+ Capsule endoscopy in patients with 
suspected chronic SBO carries a risk of entrapment of the capsule 
proximal to a fixed stenosis. Risk of entrapment is approximately 
2% (range: 0% to 7%) in patients with GI bleeding but increases 
to 8% in cases of established IBD. 


Management 


As with any condition, the goal of treatment in chronic SBO is 
to maximize quality of life while avoiding complications. Prior 
to recommending an intervention, one must weigh the expected 
likelihood of relieving symptoms and improving intestinal func- 
tion against the risk of causing serious complications such as per- 
foration, anastomotic leak, or short-bowel syndrome. These must 
be contrasted with the expected outcome of continued noninter- 
vention. The conditions that lead to chronic SBO are frequently 
those that increase the risk for surgical complications. A patient 
with multiple comorbidities, a history of abdominal radiation, 
and multiple prior bowel resections may have a better quality of 
life with a low-residue diet and the occasional acute obstruction 
than with a lengthy operation carrying significant risk for seri- 
ous complications such as bleeding, anastomotic leak, or chronic 
intestinal fistula. Many patients, however, have such a high sever- 
ity or frequency of symptoms that operative intervention is war- 
ranted. 

The mainstay of treatment for chronic SBO regardless of 
cause is lysis of adhesions and surgical augmentation or resec- 
tion of the occluded segment. A complete exploration of the 
abdomen should be undertaken when possible to avoid miss- 
ing any previously unrecognized areas of stenosis. Stenotic 
areas may be palpated through the intestinal wall. If uncertainty 
remains, a balloon-tipped catheter may be passed through 
an enterotomy to ensure adequacy of the lumen. Radiation- 
induced strictures are best treated by resection of involved seg- 
ments and anastomosis of normal bowel when possible. When 
adjacent tissue damage results in dense adhesions such that the 
offending segment cannot be safely dissected free, a surgical 
bypass by enteroenterostomy or proximal diverting stoma may 
be considered. Chronic fibrotic strictures in Crohn disease may 
be treated by resection with primary anastomosis or, when over- 
all intestinal length is an issue or multiple strictures exist in a 
segment, by stricturoplasty. 

Occasionally, symptoms of chronic SBO can be improved 
by nonsurgical methods. In the setting of Crohn disease, stric- 
tures with an inflammatory component or those with concurrent 
inflammation adjacent to the strictured area may improve with 
the initiation of optimal medical therapy.'!> Corticosteroids are 
effective at decreasing inflammation but have significant side 
effects. As such, their role is limited to short-term use in severe 
inflammation, not in the setting of chronic strictures. Biologic 
agents such as infliximab have been shown to cause rapid muco- 
sal healing and decreased inflammation in ileal Crohn disease. 
Early studies, however, suggested that infliximab may actually 
increase the risk for intestinal obstruction.!!®!!7 As a result, the 
majority of large studies on the use of biologics in Crohn dis- 
ease excluded patients with known strictures!!*:!!9. A few small 
studies have shown effectiveness of biologics in stricturing Crohn 
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disease.!!>120 The primary benefit of these medications with 
regard to obstructive symptoms, however, is likely in prevention 
of stricture formation rather than healing of existing strictures. 

Anastomotic strictures and short fibrotic strictures within 
reach of an enteroscope may be treated with endoscopic therapies 
including endoscopic balloon dilation (EBD), needle-knife stric- 
turotomy, or endoscopic stent placement.!!> Of these, EBD is the 
most established, having been studied in both anastomotic and 
primary Crohn’s strictures with similar efficacy.!?! The majority 
of patients (up to 70%) require repeat dilation or surgery, but up 
to two thirds of patients have a durable improvement and are able 
to avoid surgery. Short (<5 cm), straight strictures without active 
ulceration or signs of inflammation are most likely to respond to 
EBD. Complications of EBD include bleeding and perforation, 
as well as other resultant adverse consequences (e.g., readmis- 
sion, organ failure, sepsis), with rates ranging from 2% to 15%.!1° 
Double-balloon enteroscopy has been used similarly with success 
for Crohn’s strictures of the mid-small intestine.'?? Radiation- 
induced small bowel strictures are generally long and not amena- 
ble to endoscopic therapy. Further information on management 
of radiation injury and Crohn disease is provided in Chapters 41 
and 116, respectively. 


Congenital Malrotation 


Congenital intestinal malrotation is an uncommon cause of 
chronic SBO in adults. The condition arises from the failure of 
normal embryonic intestinal rotation and includes a spectrum 
of anomalies that may affect as many as 1 in 500 live births (see 
Chapter 98). Depending on the anatomy, congenital malrota- 
tion may present early in the neonatal period with bilious emesis 
and impending ischemia owing to volvulus of the entire small 
bowel or may remain asymptomatic throughout adulthood. It 
is worth reiterating, however, that disorders of midgut rota- 
tion are the subtype associated with the greatest potential for 
chronic obstructive symptoms as well as volvulus with result- 
ing ischemia. In midgut malrotation, the midgut loop fails to 
complete its rotation around the mesenteric vessels leaving the 
entire small bowel on the right of the midline, with the cecum 
in the mid-epigastrium and the colon entirely in the left abdo- 
men (Fig. 123.12). 

Symptomatic intestinal malrotation in adults has a vari- 
able presentation ranging from acute intestinal obstruction to 
chronic symptoms of early satiety, postprandial pain, and vomit- 
ing. Symptoms are most commonly due to congenital peritoneal 
adhesions (Ladd’s bands) that traverse the second and third por- 
tions of the duodenum to fix the cecum to the posterior perito- 
neum, with resultant delayed gastric emptying. The majority of 
affected adults experience symptoms for longer than 6 months 
prior to diagnosis, although up to 15% may present acutely with 
midgut volvulus.'?? The diagnosis is typically made by CT or, 
in the absence of acute volvulus, by upper GI series. Treatment 
of symptomatic malrotation is operative. Midgut volvulus is a 
surgical emergency due to vascular compromise and intestinal 
ischemia. Patients with chronic abdominal symptoms and the 
finding of intestinal malrotation should be counseled that they 
may have incomplete resolution of their symptoms after opera- 
tion. Chronic problems of constipation or IBS may not resolve, 
but true obstructive symptoms will improve with correction of 
the offending anomaly. Surgical treatment is the Ladd procedure, 
which involves lysis of all abnormal bands and adhesions, the 
straightening of the duodenum so that it descends in a straight 
line on the right side of midline, widening of the mesentery over 
the superior mesenteric artery, and removal of the appendix (to 
avoid a later atypical presentation of appendicitis). There is no 
evidence that cecopexy improves outcomes or reduces the rate of 
subsequent complications.!’+ The operation may be performed in 
an open or laparoscopic manner. 
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Fig. 123.12 Congenital malrotation in a 28-year-old woman with a sev- 
eral-year history of abdominal pain and postprandial vomiting. The co- 
lon (thick arrow) is seen entirely to the left of the midline. The duodenum 
(D) and jejunum (J) are entirely to the right of the midline. The stomach 
(S) is in normal position. Ladd bands (thin arrow) extending from the 
cecum to the right upper quadrant compressed the duodenum. 


LARGE BOWEL OBSTRUCTION 


Just as in the small intestine, obstruction of the colon may arise 
from an intraluminal, intramural, or extrinsic cause. Unlike 
obstructions of the small bowel, however, the majority of which 
arise from an acute extrinsic process, colonic obstruction most 
commonly occurs as the result of a gradually developing intra- 
luminal or intramural process. Whereas the underlying cause 
may develop over a prolonged period of time, the presentation of 
complete obstruction is often acute and represents an abdominal 
emergency. The morbidity and mortality of patients presenting 
acutely with LBO remain high. 

In the Western world, LBO is 4 to 5 times less common than 
SBO and affects an older population. The most common causes 
are adenocarcinoma of the colon and rectum, colonic volvulus, 
and benign stricture from diverticular disease; these 3 conditions 
accounting for about 90% of cases. This differs from other parts 
of the world where volvulus, occurring in younger, healthier 
patients, accounts for the majority of cases. 

The most common cause of LBO in the USA is primary 
colorectal cancer. Despite improvements in screening, approxi- 
mately 30% of patients with colorectal cancer present obstructed. 
Perforation may occur, commonly at the site of a tumor where the 
mass erodes through the wall or proximally because of distention. 
Most obstructing colon cancers occur distal to the splenic flexure 
where the lumen is narrower and stool is more solid. Right-sided 
tumors may also cause obstruction if they reach sufficient size to 
occlude the lumen or by acting as the lead-point for an intussus- 
ception. Noncolorectal primary cancers cause 10% of malignant 
LBO. Colorectal cancer is discussed in detail in Chapter 127. 

Colonic volvulus occurs when the colon twists on its mesentery 
compressing both the bowel wall and its vascular pedicle. Volvulus 
accounts for approximately 5% to 10% of LBO in the USA. The 
sigmoid colon and cecum are the most common sites of colonic vol- 
vulus, accounting for about 75% and 22% of all cases, respectively. 


Fig. 123.13 Complete large bowel obstruction in a 66-year-old man 
with adenocarcinoma of the distal sigmoid colon. The ileocecal valve is 
incompetent (thin arrow) resulting in massive small bowel distention. 


Less common causes of colonic obstruction include fibrotic intra- 
mural strictures from diverticular disease, ischemic colitis, or IBD, 
as well as surgical anastomotic strictures. Strictures in the setting 
of long-standing Crohn disease or UC should raise concern for 
malignancy. Extraluminal compression of the colon may also occur 
from adhesions, pelvic abscesses, or incarcerated hernias. 


Pathophysiology 


The competence of the ICV is of great importance in the patho- 
physiology of colonic obstruction. When a competent ICV is 
present, which occurs in 75% of patients, it prevents the decom- 
pression of colonic contents into the small intestine and results in 
a closed-loop obstruction that can rapidly progress to ischemia 
and perforation. According to the Law of La Place, intestinal wall 
tension is determined by the intraluminal pressure multiplied by 
the radius of the colon. Because the cecum has the thinnest wall 
in the colon and for any given pressure will stretch to the greatest 
radius, it is most susceptible to ischemia as wall tension increases. 
When wall tension overcomes capillary perfusion presssure, 
ischemic necrosis results. The exact cecal diameter at which per- 
foration becomes a significant threat ranges from 10 to 13 cm. 
Duration and rapidity of distention are likely more important risk 
factors for perforation than exact size. In the setting of an incom- 
petent ICV, luminal contents may back up through the entire 
small intestine, with massive abdominal distention and feculent 
emesis developing over several weeks to months (Fig. 123.13). 

Regardless of the competency of the ICV, colonic volvulus 
is almost always a closed-loop obstruction, which can lead to 
ischemia either by direct torsion of the vascular supply or by 
progressive distention of the colon wall leading to intramu- 
ral venous congestion. The anatomic factors necessary for the 
development of volvulus include a redundant segment of bowel 
that is freely movable within the peritoneal cavity, a long mov- 
able mesocolon, and approximation of 2 points of fixation of the 
colon. Sigmoid volvulus is common among patients with a his- 
tory of chronic constipation in whom the sigmoid colon is often 
long and redundant. Cecal volvulus results from a congenital 
lack of cecal fixation. 


Fig. 123.14 Abdominal plain films of 
sigmoid volvulus (A) and cecal (B) volvulus. 
A, Sigmoid volvulus. The right, transverse, 
and left colon are distended (asterisks) 
upstream from the point of sigmoid obstruc- 
tion (arrow). B, Cecal volvulus. Note the 
bean shape and LUQ location of the dilated 
twisted cecum and the collapsed distal 
colon (asterisk). 


Clinical Features 


Patients with acute symptoms due to LBO present for medical 
care, on average, 5 days after the onset of symptoms, suggest- 
ing that the discomfort and abdominal distention experienced 
with LBO are better tolerated than the sharp pain and vomit- 
ing experienced by patients with acute SBO.!*> The most com- 
mon symptoms are abdominal pain, distention, and constipation, 
regardless of the underlying etiology. Vomiting, when pres- 
ent, is usually a late finding. Symptoms of malignancy are often 
insidious and include melena, anemia, fatigue, and weight loss. 
Tenesmus, pelvic pain, or bright-red bleeding suggests a rectal 
mass. Incontinence of liquid stool may occur as liquefied fecal 
matter passes around a fecal impaction. In addition to a standard 
medical and surgical history, patients should be asked about base- 
line bowel habits, prior colonoscopy, family history of colorectal 
cancers, and risk factors for ileus (pneumonia, urinary tract infec- 
tion, opiate use, and recent surgery or trauma). 

Patients with volvulus have a somewhat more acute presen- 
tation than do patients with other causes of LBO but still may 
have a delay in seeking medical attention. In one study of nearly 
900 cases, the average duration of symptoms in patients present- 
ing with sigmoid volvulus was 38 hours.!*° Patients with sigmoid 
volvulus are typically in their sixth to eighth decades of life and 
often have concomitant chronic illnesses. Acute abdominal dis- 
tention is the most common presentation of colonic volvulus, 
whereas tenderness to palpation is present in less than one third 
of patients. Rebound tenderness and involuntary guarding sug- 
gest peritonitis and impending or actual necrosis and perforation. 

Patients with cecal volvulus tend to be younger than patients 
with sigmoid volvulus and often have a history of prior abdomi- 
nal operations. Most studies report occurrence predominantly in 
women. One third to one half of these patients have a concomi- 
tant partially obstructing lesion located more distal in the colon. 
A history of chronic constipation and laxative use is also common 
in patients with cecal volvulus. 


Evaluation 


After a detailed history, the initial evaluation of a patient with sus- 
pected LBO includes basic laboratory studies and abdominal plain 
films. The combination of upright and supine abdominal films has 
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excellent sensitivity for diagnosis of LBO, although the inability to 
distinguish true obstruction from ileus or colonic pseudo-obstruc- 
tion renders the specificity somewhat lower. A colonic loop of 6 cm 
or cecal diameter of 9 cm is considered dilated. Upright films are 
useful to exclude portal venous gas, pneumatosis, or pneumoperito- 
neum, all indicators of ischemia or perforation. 

A definitive diagnosis of colonic volvulus can be made on 
abdominal plain films in up to 85% of cases (Fig. 123.14). The 
classic radiologic appearance of a volvulus is described variably 
as a coffee bean or bent inner tube, and the tapered distal end 
of the colon as a bird’s beak; these may be seen in either cecal or 
sigmoid volvulus. The finding of a distended, ahaustral loop of 
sigmoid colon extending above the transverse colon, the so-called 
“northern exposure” sign, is seen in up to 87% of cases of sigmoid 
volvulus.!?” The diagnosis of cecal volvulus can be made from 
plain films alone in 75% of cases. The cecum is displaced out of 
the RLQ and the coffee bean sign is again seen, with apposition 
of the medial walls forming the cleft of the bean and pointing 
toward the LUQ. 

In hemodynamically stable patients, CT scan is the diagnostic 
study of choice for determining the etiology of LBO. CT can 
localize the site of obstruction and detect intraluminal, intra- 
mural, or extrinsic causes. In the setting of cancer, it provides 
information on the presence or absence of metastatic disease. 
The addition of IV contrast yields increased sensitivity for the 
presence of ischemia. CT may miss short, annular colon can- 
cers, particularly when located at flexures and when the degree of 
proximal dilation is not severe (Fig. 123.15). 

When uncertainly exists regarding a true LBO versus pseudo- 
obstruction, a WSC enema is a valuable tool to identify the pres- 
ence of an obstructing lesion. As opposed to a formal air-contrast 
enema done as a screening exam for colorectal cancer, this study 
does not aim to detect small mucosal defects but simply to deter- 
mine whether contrast can pass from the anus into the distended 
colon. The test should be performed under low pressure without 
the inflation of a balloon. 


Management 


Acute complete LBO is an emergency, and initial management 
involves fluid resuscitation and correction of electrolyte abnor- 
malities. Decompression with an NG tube is indicated to prevent 
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Fig. 123.15 Large bowel obstruction owing to short-segment circumferential colon cancer at the splenic 
flexure in a 47-year-old man with 4 months history of abdominal pain and constipation. Prior CT scans had 
shown moderate colonic distention without an obstructing lesion. A, CT demonstrating a markedly distended, 
fluid-filled transverse colon (thin arrow). B, Apparent transition point at splenic flexure (thick arrow). C, Well- 


differentiated invasive adenocarcinoma, pT3NO. 


the accumulation of additional swallowed air but may not allevi- 
ate distention in the presence of a competent ICV. Unlike SBO, 
approximately 75% of patients with LBO will ultimately require 
surgical intervention; so prolonged periods of nonoperative man- 
agement are not likely to bring resolution. The most difficult 
decisions facing the surgeon in a case of acute complete LBO 
are how much of the colon to remove and whether to perform an 
anastomosis. Multiple factors must be considered including the 
viability of the proximal colon, the stability and general condition 
of the patient, their life expectancy, predicted need for adjuvant 
treatment, and likelihood of being offered a subsequent staged 
procedure. The risk of an anastomotic leak must be weighed 
against the morbidity and psychological impact of creating an 
ostomy. Surgical options for LBO include segmental or subto- 
tal resection with primary anastomosis with or without proximal 
diverting ostomy, resection alone with ostomy (Hartmann’s pro- 
cedure), or proximal ostomy alone without resection. In general, 
high-grade obstruction of the right colon is appropriately man- 
aged by resection with primary ileocolic anastomosis, which has 
been shown to be safe even in the setting of acute obstruction. !? 
For left-sided obstructions, resection with primary anastomosis 
is feasible, and modern series have reported anastomotic leak- 
age rates much lower than historically thought, although these 
retrospective reports are strongly subject to selection bias.!?5:136 
No high-quality randomized trial of primary resection versus 
diversion plus staged resection has been conducted. For patients 
with limited life expectancy, a definitive proximal ostomy may 
be the best option. When pan-ischemia or proximal perforation 
is present, a total abdominal colectomy is indicated. If the site 
of obstruction is proximal to the mid-sigmoid colon, a subtotal 
colectomy with ileosigmoid anastomosis may be considered and 
is generally well tolerated in patients with normal mobility and 
sphincter function. Patients with signs of peritonitis should pro- 
ceed to an immediate operation. 


Volvulus 


Spontaneous detorsion of colonic volvulus is not common, and 
most cases require immediate intervention to prevent serious 
complications associated with gangrenous or perforated bowel. 
Cecal volvulus is best managed by immediate resection, with 
primary ileocolic anastomosis in patients who are fit for surgery. 


Reduction with sutured cecopexy has been described and is an 
option for patients at high risk for complications from resection. 
Endoscopic reduction of cecal volvulus has been described in 
small series with varying success. 

Endoscopic detorsion is the standard treatment for sig- 
moid volvulus. Hydrostatic reduction with WSC or saline has a 
reported success rate of up to 75% but has been abandoned in 
many centers in favor of flexible endoscopy, which allows evalu- 
ation of the colonic mucosa and placement of a rectal tube for 
decompression and prevention of retorsion. A rigid sigmoido- 
scope is good option for bedside decompression without the need 
for advanced endoscopic equipment. In the absence of peritonitis 
or sepsis, nonoperative reduction may convert an emergency case 
to an elective one, reducing rates of complications and need for 
creation of a stoma. Following successful endoscopic reduction, 
elective resection is indicated as rates of recurrence are high. 

Patients with signs of sepsis or peritonitis, unsuccessful endo- 
scopic reduction, or gangrenous colonic mucosa require urgent 
laparotomy with detorsion of the volvulus and resection of the 
sigmoid colon. In hemodynamically stable patients, an anasto- 
mosis can be performed with acceptable morbidity and mortal- 
ity; end colostomy may be performed in the very old or unstable 
patient. 

Data from the National Inpatient Sample database from 2002 
to 2010 include 63,749 admissions for bowel obstruction owing 
to colonic volvulus. !?8 Endoscopic decompression alone was used 
in 16.5% of cases, with a mortality rate of 6.4%. Resection was 
performed in 89.3% of surgically managed cases. Among cases 
of sigmoid volvulus, subtotal or total colectomy was required 
in 16% of cases, and the overall stoma rate was 50%. Among 
patients receiving an anastomosis, the leak rate was 15% for both 
sigmoid and cecal resections. Mortality rate among all surgical 
patients was 14.6%. 


Benign and Malignant Strictures 


Depending on the degree of luminal narrowing, stenosis of the 
large bowel may be encountered during the outpatient evaluation 
of chronic constipation or may present acutely as an abdominal 
emergency with impending perforation. In the outpatient setting, 
colonoscopy is the preferred diagnostic test. Biopsies of the ste- 
notic area can be obtained, endoscopic therapy may be performed 


when indicated, cancers can be appropriately staged, and patients 
referred for elective surgery. Inability to pass a scope beyond a 
stenotic area should be followed by contrast enema or CT, with 
rectal contrast to define the nature and extent of the problem. 

Patients presenting with complete LBO owing to luminal ste- 
nosis represent a challenging cohort. The risk of colonic ischemia 
and perforation is high, resulting in high risk for complica- 
tions and the need for total colectomy, stoma creation, or both. 
The morbidity and mortality of emergency surgery for colonic 
obstruction are significantly higher than for patients undergoing 
elective resection. Furthermore, the majority of patients present- 
ing with LBO are older, have multiple comorbidities, are fre- 
quently malnourished, and are acutely ill. 


Fig. 123.16 Water-soluble contrast enema in a patient with complete 
large bowel obstruction from adenocarcinoma of the rectosigmoid junc- 
tion. 
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Endoscopic placement of a colonic stent across an area of ste- 
nosis to relieve obstruction is an appealing treatment option.’ 
In patients with advanced, metastatic cancer, it may serve as pal- 
liation, avoiding the need for surgery altogether and allowing 
resumption of systemic therapy. Alternatively, in patients who are 
candidates for resection, stenting as a bridge to surgery is a way 
to convert an emergency operation into an elective procedure, 
likely with improved outcomes. Stenting is more challenging and 
less often successful in the right colon, and it is generally accepted 
that right colectomy with primary ileocolic anastomosis is safe 
even in the setting of high-grade obstruction. In left-sided LBO, 
however, an assessment should be made quickly of the feasibility 
of stenting on the basis of institutional and patient factors. 

The first test after CT demonstration of a left-sided LBO is 
a WSC enema to assess luminal patency and to determine the 
length and course of the stricture (Figs 16 to 123.18). If 
no lumen exists, it is unlikely that a guidewire will be able to be 
passed, and the patient should proceed directly to surgery. If a 
lumen is present, it is ee to proceed with an attempt at 
stent placement (see F 3.17). Prior to attempting stent place- 
ment, particularly if A eee sedation, a discussion should 
be held with the patient and family to outline a plan in the event 
that stenting either is unsuccessful or results in a complication. 
This should include discussion of the possible need for total col- 
ectomy or an ostomy. 


Self-expanding Colonic Stents 

The goal of colonic stenting is to relieve obstruction and avoid 
the need for emergency surgery. Dedicated stents for use in the 
colon are all uncovered bare metal stents, which embed in the 
colon wall at the site of stricture without intent of future endo- 
scopic removal. As such, stenting may be used as palliative therapy 
in patients with advanced cancer who are not eligible for cura- 
tive surgery or as a bridge to elective resection in good surgical 
candidates, anticipating improved outcomes in a nonemergency 
setting. 

Self-expanding stents are generally not indicated for benign 
strictures of the large intestine, most commonly caused by diver- 
ticulitis, IBD, anastomotic strictures, ischemia, and radiation. The 
longevity of uncovered colonic stents is unknown, and thus, they 
should not be used as a permanent alternative to surgery in patients 
with a normal life expectancy. Fully covered esophageal stents have 
been used for colonic strictures but have a high rate of migration. 1° 


Fig. 123.17 Acute colonic obstruction in a 36-year-old woman receiving neoadjuvant chemotherapy for Stage 
IV colon cancer with liver metastases. A, CT demonstrates a transition point at area of known distal sigmoid 
tumor (thick arrow). B, Water-soluble contrast enema confirmed the presence of a patent lumen. C, a 9-cm 
bare metal self-expanding stent was placed across the stenosis (thick arrow). The patient completed 2 addi- 
tional cycles of neoadjuvant chemotherapy and then underwent synchronous colectomy and partial hepatec- 
tomy without a stoma. 


2038 PARTX Small and Large Intestine 


Fig. 123.18 Large bowel obstruction due to diverticular stricture. A, CT scan shows a distended descending 


colon with a transition point in an area of thickened sigmoid colon (thin arrow); pericolonic phlegmon is seen 
in the mesentery (thick arrow). B and C, Water-soluble contrast enema shows a long, tortuous stricture with a 
very narrow lumen (bracket); an incompetent ileocecal valve allowed contrast reflux into the ileum (thick arrow). 


Anastomotic and IBD-related strictures are often short, segmental, 
and amenable to EBD, which is a better option for avoiding surgery 
than stenting in this setting. Diverticular, ischemic, and radiation- 
induced strictures are often long and extremely fibrotic and thus 
are poor candidates for EBD or stenting (see Fig. 123.18). One 
study of 21 patients treated by colonic stent for benign strictures 
reported major complications in 43% of cases, with the majority 
occurring in patients with diverticular disease.!>! In a meta-analysis 
of over 4000 patients, benign strictures accounted for less than 3% 
of stent cases but were found to have more than twice the perfora- 
tion rate of malignant strictures. 1? 

To examine the potential benefits of stenting in palliative can- 
cer cases, Abelson and colleagues reviewed the outcomes of 992 
patients presenting with malignant LBO who were treated by 
either colonic stent or stoma creation between 2009 and 2013.13 
Of these, 647 patients had definitive resection within the follow- 
ing year and were thus excluded from analysis. In the remaining 
345 patients, the initial intervention was considered palliative. Of 
these, 172 underwent colonic stent, and 173 underwent stoma 
creation. Patients treated with colonic stent had lower in-hospital 
mortality (6.4% vs. 12.7%), shorter length of stay (median 10 vs. 
13 days), and less frequent discharge to a facility (54% vs. 84.8%). 
There was no difference in readmission rates at 90 days or at one 
year, but patients treated with stents were more likely to have a 
second procedure within the next year.!>? The authors concluded 
that stenting offers significant benefits over stoma creation for 
palliation of malignant LBO. 

The theoretical benefits of stenting as a bridge to surgery 
are multiple. Stenting may allow for preoperative colonoscopy 
to exclude synchronous pathology, may facilitate laparoscopic 
resection, and may increase surgeon confidence in performing a 
primary anastomosis and avoiding a stoma. In the largest prospec- 
tive randomized controlled trial to date, Arezzo and colleagues 
reported short-term outcomes as well as 3-year survival data for 
115 patients with malignant left-sided colonic obstruction ran- 
domized to either colonic stent followed by surgery or emergency 
surgery without stenting.!*+ The choice of operation and the sur- 
gical approach were determined by the operating surgeon. Reso- 
lution of obstructive symptoms was achieved in 44/56 (78.6%) 
of stent cases; perforation occurred in 5/56 (8.9%). The median 
time from stent placement to surgery was 5 days. Patients with a 
prior stent more often had a segmental resection with anastomo- 
sis [41/54 (76%) stented vs. 24/59 (40.1%) emergency], whereas 
patients undergoing emergency surgery were more likely to have 
a Hartmann’s procedure or subtotal colectomy [13/54 (24%) 
stented vs. 35/59 (59.3%) emergency]. Among stented patients, 
30% had their resection completed laparoscopically compared 


with no patients in the emergency surgery group. Short-term 
complication rates were high in both groups (50%), with no sig- 
nificant difference between the groups. ‘Three-year overall sur- 
vival and progression-free survival rates were similar between the 
2 groups. The authors concluded that stenting was equivalent to 
surgery in terms of short-term and intermediate oncologic out- 
comes but lead to a lower stoma rate and thus may be preferable 
over emergency surgery. It is important to note that the type of 
operation performed and the decision to create a stoma were not 
randomized in this study and were thus subject to bias by the 
operating surgeon. 

A recent meta-analysis of 7 randomized trials including 448 
patients found that stenting as a bridge to surgery was associ- 
ated with significantly lower rates of postoperative complications, 
wound infection, and stoma creation compared with emergency 
surgery.!3° 
The most difficult decisions facing the surgeon in a case of 
acute complete LBO are how much of the colon to remove and 
whether to perform an anastomosis. Multiple factors must be 
considered including the viability of the proximal colon, the 
stability and general condition of the patient, their life expec- 
tancy, predicted need for adjuvant treatment, and likelihood 
of being offered a subsequent staged procedure. The risk of an 
anastomotic leak must be weighed against the morbidity and 
psychological impact of creating an ostomy. Surgical options 
for LBO include segmental or subtotal resection with primary 
anastomosis with or without proximal diverting ostomy, resec- 
tion alone with ostomy (Hartmann’s procedure), or proximal 
ostomy alone without resection. In general, high-grade obstruc- 
tion of the right colon is appropriately managed by resection 
with primary ileocolic anastomosis, which has been shown to 
be safe even in the setting of acute obstruction.!*> For left-sided 
obstructions, resection with primary anastomosis is feasible, and 
modern series have reported anastomotic leakage rates much 
lower than historically thought, although these retrospective 
reports are strongly subject to selection bias.!?®136 No high- 
quality randomized trial of primary resection versus diversion 
plus staged resection has been conducted. For patients with 
limited life expectancy, a definitive proximal ostomy may be 
the best option. When pan-ischemia or proximal perforation 
is present, a total abdominal colectomy is indicated. If the site 
of obstruction is proximal to the mid-sigmoid colon, a subtotal 
colectomy with ileosigmoid anastomosis may be considered and 
is generally well tolerated in patients with normal mobility and 
sphincter function. 


Full references for this chapter can be found on www.expertconsult.com. 
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Ileus and pseudo-obstruction refer to intestinal dysmotility syn- 
dromes that have signs, symptoms, and the radiologic appearance 
of obstruction (i.e., a dilated viscus) in the absence of a mechanical 
cause. These conditions—which may be acute, chronic, or acute 
on chronic—affect the small intestine or colon, and infrequently 
both organs. By convention, acute dysmotility of the small intes- 
tine, which most frequently occurs after abdominal surgery, is 
referred to as ¿ileus whereas chronic dysmotility is termed chronic 
intestinal pseudo-obstruction (CIPO). The corresponding terms for 
the colon are acute colonic pseudo-obstruction, or Ogilvie syndrome, 
and chronic megacolon or megarectum. Acute colonic pseudo-obstruction 
occurs most often in older adults with severe underlying disorders 
that may be responsible for the acuteness of the situation. Acute 
colonic pseudo-obstruction is characterized by massive dilatation 
of the cecum and right colon, with simultaneous, yet less severe, 
dilatation of the left colon and distal small intestine, without evi- 
dence of mechanical obstruction. With early aggressive treatment, 
the massive dilatation usually resolves and intestinal function 
returns to normal. Megacolon and megarectum are terms applied to 
radiologic images or the intraoperative appearance of a chronically 
dilated colon or rectum that can develop as a result of pseudo- 
obstruction, inflammation, infection, spinal trauma, and metabolic 
or congenital disorders. The most common cause of congenital 
megacolon and megarectum is Hirschsprung disease (HD). 


ILEUS 


Postoperative ileus (POI) refers to the impaired GI motil- 
ity that occurs in all patients who undergo GI surgery.! In 
most patients, POI is benign and self-limited. Gastric and 
small intestinal activity generally reappear within hours of sur- 
gery whereas colonic activity returns by postoperative day 2 
or 3. 

Prolonged (or pathologic) POI is defined by delayed recovery 
of intestinal function in the absence of mechanical intestinal 
obstruction. It manifests as failure to pass flatus or intolerance 
of an oral diet. The definition of an acceptable recovery time 
depends on the type of surgery and has varied among studies. 
An international consensus panel recommended that normal 
or obligatory POI be defined as the period of time, lasting 
fewer than 4 days, from surgery until the passage of flatus or 
stool and tolerance of an oral diet.2 The same panel defined 
prolonged POI as the occurrence of 2 or more of the follow- 
ing signs and symptoms (i.e., nausea or vomiting, inability to 
tolerate an oral diet over the preceding 24 hours, absence of 
flatus over the preceding 24 hours, abdominal distention, and 
radiologic features of ileus) on postoperative day 4 or after. 
However, some of these features (e.g., intestinal distention) 
are not objective and may be confounded by other factors (e.g., 
nausea or constipation related to medications). The severity of 
POI ranges from delayed passage of flatus to severe paralytic 
ileus. 


Epidemiology 


Whereas transient or physiologic ileus is common, perhaps 
inevitable, after abdominal surgery, prolonged or pathologic 
POI occurs less frequently. In general, the risk of POI is lower 
after abdominal surgery with smaller incisions and minimal 
visceral manipulation (e.g., cholecystectomy) but greater after 
lower abdominal surgery with large incisions and with intesti- 
nal manipulation (e.g., colorectal or gynecologic procedures). 
In large studies, which used varying definitions of prolonged 
POI, the incidence of POI was approximately 3% after abdomi- 
nal hysterectomy,’ 10% after radical cystectomy,* 13% to 24% 
after elective colonic resection,’ and 15% after bowel resection. 
Prolonged POI delays patient recovery, increases postoperative 
morbidity, and increases health care costs.° After abdominal 
surgery, POI is the most common cause of prolonged hospi- 
talization with an estimated annual cost of $1.5 billion in the 
USA.° Indeed, the costs of managing POI are similar to those 
of managing other major postoperative complications such as 
wound infections, pulmonary embolus, and deep venous throm- 
bosis.° 


Risk Factors and Pathophysiology 


Initially, ileus affects intestinal loops that have been manipu- 
lated during the surgery. Later, even non-manipulated sections 
of the intestinal tract can be involved.! The factors that con- 
tribute to ileus are listed in Box 124.1. Abdominal or retro- 
peritoneal surgery is the most common cause of ileus, which 
invariably occurs after these procedures.’* In one series of 327 
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BOX 124.1 Common Factors That Contribute to Post- 
Operative lleus 


SURGERY 


Cardiothoracic 
Colorectal 
Genitourinary 
Gynecologic 
Laparoscopy 
Laparotomy 
Orthopedic (e.g., hip and knee surgery) procedures 
Spinal 
INFECTIONS 
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Intra-abdominal infections 
Pneumonia 
Sepsis 


INFLAMMATION 


Local tissue trauma 
Pancreatitis 
Peritonitis 
Retroperitoneal hemorrhage 


METABOLIC DISTURBANCES 

Hypokalemia, hypocalcemia, hyponatremia, or hypomagnesemia 
PHARMACOLOGIC 

Anticholinergic agents 

General anesthetic agents 

Opioids 

MISCELLANEOUS 


Immobility 
Pain 


patients undergoing elective colorectal surgery, of whom 27% 
had prolonged POI, the independent predictors of prolonged 
POI were male sex, lower postoperative albumin, a larger 
wound, operative difficulties, bowel handling during surgery, 
red cell transfusion, administration of IV crystalloids, and 
delayed first mobilization.” By comparison, ileus is probably 
less common after non-abdominal operations, e.g., occurring 
in less than 1% of patients who had total joint arthroplasty.!° 
In addition to the procedure itself, infection, inflammation, 
severe pain, medications (especially opioids), general anesthe- 
sia, and electrolyte abnormalities contribute to ileus. Activation 
of p-opioid receptors (e.g., with p-opioid receptor agonists such 
as morphine) inhibits release of acetylcholine from myenteric 
neurons and delays GI transit.!! 

Initially, the surgery itself causes ileus via neurogeni- 
cally mediated spinal reflexes that are activated from the first 
abdominal incision to just after the surgery is completed (Fig. 
124.1). Typically, this phase is relatively brief. The second 
phase is sustained, attributed to inflammation, begins dur- 
ing surgery, and continues for a variable length of time after 
surgery (see Fig. 124.1). The early studies of POI that were 
conducted in canine and feline models documented the role of 
inhibitory neural reflexes mediated by splanchnic pathways. 1:1? 
However, most studies thereafter, and especially those dealing 
with inflammation, were conducted in murine models in which 
the intestine was manipulated but not resected or anastomosed. 
The extent to which these findings are germane to POI in 
humans is unclear. 
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Fig. 124.1 Schematic representation of 2 neural pathways triggered by 
abdominal surgery. The intensity and nature of nociceptive stimuli deter- 
mine the severity and duration of ileus. Simple laparotomy activates spinal 
afferents that synapse in the spinal cord where they activate an inhibitory 
pathway involving prevertebral adrenergic neurons that stops intestinal 
motility briefly (A). Intestinal manipulation activates additional pathways. Af- 
ferent signals are transmitted to the brainstem where they trigger increased 
autonomic output to the neurons of the intermediolateral column of the 
thoracic cord, where sympathetic preganglionic neurons that release 
noradrenaline (NA) are located. Activation of these nerves inhibits the 

entire Gl tract (B). In addition to this adrenergic inhibitory pathway, intense 
stimulation of splanchnic afferents triggers a vagally-mediated pathway that 
synapses to inhibitory nitric oxide (NO) and VIP-containing neurons. VIP 
vasoactive intestinal peptide. (By permission of Mayo Foundation for Medi- 
cal Education and Research. All rights reserved.) 


Early Neurogenic Phase 


Bayliss and Starling observed that intestinal handling inhibited 
intestinal motor activity in intact, unanesthetized dogs,!? which 
could be prevented by sectioning the splanchnic nerves.!! Current 
concepts suggest that less severe insults, such as skin incision and 
laparotomy, inhibit motility primarily by activating adrenergic 
inhibitory pathways that mediate spinal reflexes, which are abro- 
gated by dividing the splanchnic nerves or dorsal root fibers or 
crushing the spinal cord but not by damaging the ascending and 
descending pathways in the spinal cord (see Fig. 124.14). By com- 
parison, in rats, more intense stimuli, such as intestinal handling, 
also engage supraspinal pathways with activation of specific hypo- 
thalamic and pontine-medullary neurons such as the nucleus trac- 
tus solitarii and the paraventricular nucleus and supraoptic nucleus 
of the hypothalamus.! Intense stimulation of splanchnic afferents 
in rats also triggers a vagally- mediated pathway, which synapses 
to inhibitory nitric oxide (NO) and vasoactive intestinal peptide 
(VIP)-containing neurons located within the intestinal wall.'* 


Late Inflammatory Phase 


The muscularis externa contains a uniquely adapted popula- 
tion of resident macrophages (M®s). At steady state, these M®s 
respond to luminal bacterial infections and interact with enteric 
neurons to regulate GI motility.!° In rodents and humans, sur- 
gery activates these resident M®s, which in turn recruit leuko- 
cytes, especially monocytes and neutrophils, into the muscularis 
externa within a few hours after surgery.!6!7 These events are 
associated with impaired muscle contractility and delayed GI 
transit.!®-20 Inactivation or depletion of resident M®s and 
blocking adhesion molecules on the endothelial surface before 
surgery prevented leukocyte recruitment and ameliorated GI 
transit.!°*! A similar beneficial outcome was obtained by block- 
ing adhesion molecules on the endothelial surface to prevent 
leukocyte infiltration.!° Hence, leukocyte infiltration has been 
implicated to cause POI. 

However, some leukocytes, and in particular monocytes, 
also have anti-inflammatory effects that offset the pro- 
inflammatory effects, prevent excessive injury, and facilitate 
timely resolution of inflammation. Indeed, once recruited, 
leukocytes reside up to 7 days in the muscularis externa, even 
beyond the duration of POI.” Hence, it is conceivable that 
the leukocytes recruited to the muscularis externa may ini- 
tially have pro-inflammatory effects but later facilitate reso- 
lution of inflammation.’??> Confirming this hypothesis, mice 
with defective monocyte migration (i.e., C-C motif chemo- 
kine receptor 2 [Ccr2~/" mice]) had more neutrophil-medi- 
ated inflammation and delayed recovery of GI transit after 
intestinal manipulation compared with wild type mice. This 
suggests that activation of resident M®s, which release cyto- 
kines, prostaglandins, and NO, is perhaps more important 
than the recruitment of monocytes for POI.!*?° The mecha- 
nisms responsible for activating resident M®s are unclear.” 
By contrast, monocytes that enter the muscularis in a CCR2- 
dependent manner differentiate into mature M@s which 
facilitate healing. 

Earlier studies with mast cell-deficient mice that lack intersti- 
tial cells of Cajal (ICC) and are also immunocompromised, sug- 
gested that mast cells contribute to POI. However, subsequent 
studies in mice with a more selective depletion of mast cells did 
not confirm these findings.“+?> In humans, POI is associated 
with intestinal and peritoneal mast cell activation.’ Whether 
activated mast cells contribute to POI in humans is unclear. A 
small pilot study using the mast cell stabilizer/histamine 1 recep- 
tor antagonist ketotifen improved postoperative gastric emptying 
in humans).?°?7 


Pharmacologic Mechanisms 
Anesthesia 


GI motility is impaired to a variable degree after anesthesia and 
general surgery, especially abdominal surgery. Several drugs that 
are used to induce or maintain general anesthesia, and particu- 
larly induce analgesia, reduce GI motility.” Among the agents 
that are used to induce anesthesia, the IV agent propofol has min- 
imal effects on GI or colonic motility?” and is now one of the 
most commonly used anesthetics to reduce postoperative nausea. 
Interestingly, combining propofol with analgesics such as remi- 
fentanil promotes GI motility”? but is seldom used in humans.*! 
NO does not seem to have a clinically significant effect on ileus.* 
Administered peripherally, the N-methyl-D-aspartate receptor 
antagonist ketamine reduced visceromotor responses and motil- 
ity reflexes, but not at the doses used in anesthesia (1.8 to 2.4 mg/ 
kg/hr).*> These effects on motility reflexes are likely due to non- 
N-methyl-D-aspartate receptor actions, possibly on nicotinic 
receptors. Ketamine also has anti-nociceptive effects, making 
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it an attractive non-opioid option in anesthesia. However, in a 
double-blind randomized controlled trial that compared saline 
to ketamine for IV patient-controlled analgesia in 42 patients 
who underwent bowel resection, the morphine dose and return 
of bowel function were not significantly different between these 
groups.*+ 

During surgery, the stress response and inhibition of dia- 
phragmatic activity are lower with neuraxial than general anes- 
thesia.’ Adding neuraxial to general anesthesia is associated 
with better perioperative outcomes after orthopedic surgery.*° 
Similarly, a systematic review observed that there is high-qual- 
ity evidence to support the inference that an epidural local anes- 
thetic, with or without an opioid, delivered by a mid-thoracic 
(T6-T8) catheter accelerates the recovery of GI motility.’” 
There is moderate evidence that this combination also decreases 
pain after an abdominal surgery. Although the evidence is lim- 
ited, an epidural block containing a local anesthetic does not 
affect the incidence of vomiting or anastomotic leak. For an 
open operation, there is evidence—of very low quality—that an 
epidural block containing a local anesthetic would reduce the 
length of hospital stay. 


Opioids 

Opioids alleviate pain but predispose to ileus.” Of the 3 main 
classes of opiate receptors (u, 4, K), opioid drugs mainly tar- 
get p receptors to cause analgesia via effects in the brain and 
spinal cord, and to inhibit propulsive motility via effects in the 
GI tract.**3? By releasing the intestinal circular muscle from 
inhibition, morphine increases resting contractile tone and 
induces rhythmic contractions with occasional high-amplitude, 
non-propulsive phasic contractions in the circular muscle of 
the small and large intestine.** This activity is non-propulsive 
because the neural integration required for coordinated, pro- 
pulsive, motor activity is lost. In addition, activation of K and a 
receptors inhibits submucosal secretomotor neurons to reduce 
active Cl] secretion and passive water movement into the colonic 
lumen. 


Clinical Features 


The clinical features of ileus are similar to those of mechanical 
obstruction. Typical symptoms of ileus include abdominal pain 
(which usually is poorly localized), abdominal distention, inability 
to tolerate solid food, and obstipation; nausea and vomiting also 
may occur. Physical examination reveals reduced bowel sounds. 
Symptoms range from mild to severe; some patients resume 
daily activities within 1 or 2 days, whereas others require pro- 
longed, intensive monitoring, hydration, and pain management. 
Abdominal plain films show air-filled small intestine, often with 
air-fluid levels at various levels that raise the question of SBO. 
Differential air-fluid level may be seen with ileus as well as SBO, 
although it is more common with the latter. Distention often 
extends up to the stomach and down to the colon. Abdominal 
CT can confirm unobstructed distension or identify mechani- 
cal obstruction and its various causes. Importantly, ileus in the 
early postoperative period does not require diagnostic evaluation. 
Prolonged POI exceeds 7 days’ duration and is independently 
associated with perioperative blood loss and total narcotic dose. 
Early postoperative bowel obstruction has a similar presenta- 
tion to POI, although the consequences can be more serious; it 
is a complication of surgery that affects 0.7% to 10% of surgi- 
cal patients.*° Postoperative bowel obstruction is diagnosed if, 
within 30 days of surgery after resolution of POI and return of 
normal bowel function, abdominal pain, vomiting, and radio- 
logic evidence consistent with SBO are present.*! CT can help 
distinguish POI from early postoperative SBO and identify other 
complications. 
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TABLE 124.1 Evidence-Based Components of Enhanced Recovery 
Pathways 


Preoperative Intraoperative Postoperative 
Preoperative assessment; Goal-directed Avoidance of NG tubes 
verbal explanation fluid therapy and drains; removal of 
and written material Laparoscopy, urinary catheter within 
provided on ERP; or midline or 24 hr 
preset criteria for transverse Early mobilization and 
discharge and laparotomy ambulation 
readmission reviewed incision Continuous epidural low- 
Carbohydrate loading by with C6-8 dose local anesthetic 
solution or solids up epidural and opioid-sparing 
to 2-6 hr, respectively, anesthesia combinations or IV 
before surgery Opioid-sparing patient-controlled 
Avoidance of mechanical anesthesia analgesia; NSAID and/ 


colon preparation and 
Prophylaxis of analgesia 
postoperative nausea 


or acetaminophen use 
as baseline analgesic 
Early enteral feeding 


and vomiting Early withdrawal of IV 
Reduction of the stress fluid 
response Use of chewing gum 


Use of laxatives 
Early scheduled follow-up 


ERP. Enhanced Recovery Pathways. 


Treatment 


Historically, treatment for POI has included bowel rest, NG 
tube decompression, and IV fluid therapy. These interventions 
were thought to shorten recovery time by lowering the incidence 
of complications and improving outcomes. However, a critical 
review of the evidence does not support such conclusions. Bowel 
rest neither shortens the time to first bowel movement nor 
decreases the time to oral intake.’ Carbohydrate loading prior 
to surgery and early postoperative feeding are now used to hasten 
recovery. Regular use of NG tube decompression beyond sur- 
gery and abdominal drains is no longer recommended; similarly, 
urinary catheters are discontinued within 24 to 48 hours because 
their use does not hasten recovery. The advent of laparoscopic 
surgery, regional anesthesia, opioid-sparing analgesics, and sev- 
eral evidence-based treatments that hasten recovery from ileus 
has led to improved care of patients who undergo abdominal 
surgery. First described in the 1990s, ERPs (Enhanced Recovery 
Programs/Pathways, also known as Enhanced Recovery After 
Surgery Programs [ERAS]) combine treatment modalities, 
detailed subsequently, that individually improve outcome follow- 
ing major surgery (Table 124.1). An overarching goal of fast-track 
surgery is to lower rates of organ dysfunction, thereby reducing 
morbidity, hastening recovery, and shortening hospital stay. 
Some benefits of ERPs are listed in Box 124.2. The concept has 
proved valid across all surgical specialties, but the most data are 
available for colonic surgery. Fast-track surgery has been shown 
to enhance recovery from POI. Most patients have a normal oral 
intake and defecate within 48 hours, and have a hospital stay of 2 
to 4 days (reduced from 5 to 10 days) after uncomplicated open 
colonic surgery. Although only some ingredients of the ERAS 
programs reduce the incidence and/or severity of ileus, all recom- 
mendations are comprehensively discussed later. 


Prevention 


Preoperative 

Nutrition. Multiple randomized controlled clinical trials have 
supported the ingestion of clear liquids less than 2 hours before 
elective surgery.” These studies have shown that ingestion of clear 
liquids within 2 to 4 hours of surgery versus more than 4 hours is 
associated with smaller gastric volume and higher gastric pH at 


BOX 124.2 Benefits of Enhanced Recovery Pathways for 
Colorectal Surgery 


Accelerated recovery 
Cost containment 


Improved resource utilization 
Low morbidity 

Low readmission rate 

Safe reduction in length of stay 
Standardized health practice 


the time of surgery. By comparison, the quality of evidence and 
strength of recommendation for preoperative oral carbohydrate 
loading is lower. Although this approach reduced length of stay 
after major abdominal surgery, differences for length of stay and 
rate of complications were significant compared with fasting but 
not with water or placebo. Hence, allowing clear liquids before 
surgery may be comparable to carbohydrate loading. 

Reducing the Stress Response. Pre- and early postoperative 
nutritional support, epidural anesthesia, adequate analgesia 
including non-opioid pain management with NSAIDs and 
acetaminophen, and use of ERPs reduce the stress response to 
surgery, which has been associated with prolonged POI, delayed 
wound healing, fatigue, wound infections, and longer suppression 
of immune function.*? 

Mechanical Bowel Preparation. Used in isolation, mechanical 
bowel preparation prior to elective colonic surgery offers no 
benefit.** However, oral antibiotic preparation, which was mostly 
administered together with mechanical bowel preparation, 
reduced the risk of surgical site infections, and in some studies 
also reduced anastomotic leakage and intra-abdominal infections. 

Prophylaxis of Postoperative Nausea and Vomiting. In 
post-anesthesia care units, the overall incidence of postoperative 
nausea and vomiting (PONV) is approximately 30%. 
Preoperative screening can reliably identify patients who have 
a higher risk (e.g., up to 80%) of PONV and is recommended 
in all patients. The risk of PONV ranges from 10% for patients 
with no risk factors to approximately 79% for patients with 4 risk 
factors (i.e., female sex; nonsmoker status; a history of PONV 
or motion sickness; and expected postoperative opioid use);** 
that risk assessment did not compare various anesthetic agents. 
Other studies have observed that the incidence of PONV, need 
for antiemetic medications, and unplanned admissions to the 
hospital after surgery are all lower after total IV anesthesia with 
propofol and alfentanil, which is a short-acting opioid, than with 
inhalational maintenance with NO and enflurane.> Among 
inhalational agents, there is no difference between halothane, 
enflurane, isoflurane, and desflurane,*® all of which are associated 
with less nausea than opioids. Among muscle relaxants, the 
incidence is greater with pancuronium than with vecuronium, 
atracurium, or alcuronium.* 

The 2017 Clinical Practice Guidelines for Enhanced Recov- 
ery after Colon and Rectal Surgery from 2 American profes- 
sional societies recommend that all at-risk individuals should 
receive PONV prophylaxis with dexamethasone sodium phos- 
phate at induction and ondansetron or another 5-hydroxy- 
tryptamine 3 antagonist at closure.” Dexamethasone also has 
analgesic effects with reduced pain, fatigue, and opioid con- 
sumption, while increasing patient-reported quality of recovery 
during the first postoperative day after laparoscopic surgery for 
suspected acute appendicitis.** IV acetaminophen given either 
before surgery or before arrival in the post-anesthesia care unit 
reduced the risk of nausea and pain provided it was given before 
the onset of pain.*? A meta-analysis shows that the pooled rela- 
tive risk of PONV is lower in patients who receive preoperative 
gabapentin.*? 


Intraoperative 

Nature of Surgery. In appropriate cases, and when performed 
by trained personnel, laparoscopic surgery is better than open 
surgery for treating colorectal conditions.*” The benefits include 
better short-term outcomes (e.g., quicker return of bowel 
function, less blood loss, less postoperative pain, shorter hospital 
lengths of stay) and less perioperative morbidity, including total 
morbidity, wound morbidity, and nonsurgical morbidity. Patients 
undergoing laparoscopy have decreased time to pulmonary 
recovery, receive fewer narcotics, and have improved short-term 
quality of life. 

Anesthesia. | Regional anesthesia largely prevents the 
neuroendocrine stress response to surgery by preventing afferent 
neural transmission from reaching the CNS and by blocking 
efferent activation of the sympathetic nervous system; its use 
preserves immune function while reducing the need for opiates.*! 
Epidural anesthesia and analgesia is recommended for open 
colorectal surgery, and for laparoscopy if patients have significant 
respiratory disease***’; it also has been shown to enhance colonic 
blood flow and improve return of GI function.’ Among 45 
patients who underwent elective abdominal aortic surgery, the 
duration of POI was shorter in patients who received thoracic 
epidural neostigmine than placebo.” 

Hemodynamic Management. During major abdominal 
surgery, a maintenance infusion of 1.5 to 2 mL/kg/hr of balanced 
crystalloid solution is sufficient to cover insensible fluid losses and 
maintenance needs. IV fluid overload or excessive fluid restriction 
can impair organ function, increase postoperative morbidity, and 
prolong hospital stay.*? Balanced chloride-restricted crystalloid 
solutions are preferred because they are associated with a lower 
risk of hyperchloremic metabolic acidosis than with normal 
saline. In high-risk patients, fluid therapy should be guided by 
more objective measures of volume status (e.g., cardiac output). 
A double-blinded clinical trial observed that the average duration 
of ileus was significantly shorter in patients who were resuscitated 
with colloids (73.4 + 20.8 hours) than with crystalloids (86.7 + 
23.6 hours) during and after small or large intestinal resection 
and anastomosis. The incidence of vomiting was also lower in 
patients who were resuscitated with colloids.** 

Postoperative NG Tubes, Drains, and Catheters. NG tubes 
should be reserved for patients who develop POI refractory to 
more conservative management. Routine use of NG tubes 
delays resumption of oral nutrition. Urinary catheters should be 
removed within 24 hours of surgery. 

Gum Chewing and Laxative Use. A Cochrane review observed 
that in patients who chewed gum (i.e., sugar-free gum for 10 minutes 
or longer 3 to 4 times per day) after surgery, the return of bowel 
sounds, passage of flatus, and bowel movements occurred earlier 
than in those who did not chew gum.°> There was a small difference 
in hospital length of stay but no differences in complications or cost 
of care between people who did or did not chew gum. 

Early Oral Intake and Nutrition. Liquids are started 
immediately in the postoperative period with no restrictions on 
dietary intake starting 24 hours after laparotomy and laparoscopic 
surgery.*?»>> Early feeding accelerates GI recovery, decreases the 
hospital length of stay, prevents complications, and is associated 
with lower mortality. 

Postoperative Pain Management. Opioid-sparing analgesia 
(including thoracic epidural analgesia) provides the best analgesia 
postoperatively.**° Additional effective postoperative pain 
relief methods include patient-controlled analgesia, intrathecal 
analgesia, wound infusion and infiltration, systemic lidocaine 
infusion, and transversus abdominis plane (TAP) block. NSAIDs 
and acetaminophen often are used to achieve multimodal 
analgesia; however, there are reports of an increased risk of 
anastomotic leakage with use of cyclooxygenase 2 inhibitors.°° 

Early Mobilization. Effective pain management is key to 
early mobilization, as has been shown with ambulatory epidural 
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analgesia.**> Ambulation improves pulmonary function and 
tissue oxygenation; it also reduces insulin resistance, risk of 
pulmonary embolism, and muscle loss while improving muscle 
strength.’ In one regimen, patients are advised to ambulate out 
of their room 5 times on the day after surgery and sit in a chair 
for 6 hours a day.’ Nursing and physical therapy support is 
helpful. 

Preset Discharge Criteria. ERPs include standardized 
discharge criteria: patients must be able to tolerate solid food 
for 3 consecutive meals, have passed gas or stool, have adequate 
analgesia with a low pain score on a visual analog scale, and also 
feel ready for discharge with adequate social support.°® 


Drug Therapy 

Opioid-Sparing Analgesia. Minimizing opioid use 
facilitates earlier return of bowel function and reduces length 
of stay.*>5° Analgesic agents (acetaminophen, nonselective 
or selective NSAIDs [and COX- 2 inhibitors]) should be 
administered on schedule rather than on an as-needed basis. 
These agents improve postoperative analgesia, and reduce 
systemic opioid consumption and some of their dose-dependent 
adverse effects. Experimental and observational clinical studies 
suggest that NSAIDs may increase the risk of anastomotic 
leakage. However, one recent meta-analysis observed that the 
risk of anastomotic leakage was not significantly increased in 
patients receiving one or more doses of NSAIDs in the first 
48 hours after surgery. This risk may be more pronounced in 
patients receiving NSAIDs for a period of more than 3 days 
after surgery and in patients who have emergency, but not 
elective, colorectal surgery. Wound infiltration and abdominal 
trunk blocks with liposomal bupivacaine have shown promising 
results in patients undergoing open and_ laparoscopic 
colorectal surgery. In addition, limited data demonstrate that 
administering a local anesthetic into the TAP is associated 
with decreased length of stay compared with systemic opioids 
in laparoscopic colorectal surgery. TAP blocks performed 
before surgery appear to provide better analgesia than TAP 
blocks performed at the end. Although many centers start a 
multimodal analgesic regimen preoperatively, the efficacy of 
preemptive analgesia remains controversial and mainly limited 
to epidural blockade and TAP blocks. 

Opioid Antagonists. Alvimopan is a peripherally acting 
u-opioid receptor antagonist that ameliorates the inhibitory 
intestinal motor effect of opioids without compromising the 
analgesic effects.??°> In patients undergoing open colonic 
resection, postoperative administration of alvimopan (12 mg) 
reduced the duration of POI by 15 to 18 hours, hospital stay by 1 
day,>”° and the incidence of prolonged hospital stay (>7 days) from 
6.8% to 2.1% by lowering POI-related morbidity.°! Alvimopan is 
approved by the FDA to accelerate the time to upper and lower 
GI recovery following partial small or large bowel resection 
surgery with primary anastomosis. The approved dose is 12 mg 
administered 30 minutes to 5 hours prior to surgery, followed by 
12 mg twice daily for up to 7 days for a maximum of 15 doses. 
Another study assessed the long-term safety and tolerability of 
alvimopan (0-5 mg twice daily) in 805 patients taking opioids for 
chronic non-cancer pain and opioid-induced bowel dysfunction. 
The proportion of adverse effects was similar for alvimopan 
(13%) and placebo (11%) groups. More patients treated with 
alvimopan had a variety of common neoplasms, e.g., colon polyps, 
skin lesions (2.8% vs. 0.7%), and myocardial infarctions (1.3% 
vs. 0.0%) but differences were not statistically significant and a 
causal relationship was not established. Hence, only hospitals 
that have registered in and met the requirements for the Entereg 
(alvimopan) Access Support and Education program may use 
the drug.” In contrast to open colorectal surgery, the utility of 
alvimopan after laparoscopic surgery is less clear, especially when 
the cost of the drug is taken into consideration.***° 
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Methylnaltrexone is a peripherally acting p-opioid receptor 
antagonist that is not approved by the FDA for treating POI. 
It had variable effects on the opioid-induced delay in GI tran- 
sit time in healthy patients.® In a small phase II clinical trial 
of 65 patients who underwent segmental colectomy, methyl- 
naltrexone reduced POI and reduced hospital stay by one day 
compared with placebo.°t However, in 2 phase III placebo- 
controlled trials of 1048 patients undergoing open colectomy, 
methylnaltrexone (12 mg and 24 mg) did not improve POI or 
discharge parameters. 

Other Agents. Dexmedetomidine is a highly selective œ- 
adrenoceptor agonist that possesses hypnotic, sedative, and 
sympatholytic properties without effect to depress respiration. 
Similar to clonidine, which is another a agonist, its sympatholytic 
effect maintains hemodynamic stability by reducing norepinephrine 
release. Among 92 patients having laparoscopy, dexmedetomidine 
administered from the time of insufflation of the peritoneum to the 
end of surgery, at a dose that is lower than that approved by the FDA, 
facilitated bowel movements and reduced the length of hospital stay 
after laparoscopic gastrectomy;°” however, dexmedetomidine is not 
approved for managing POI by the FDA. 

There is insufficient evidence to recommend the use of 
prokinetic agents such as dopamine antagonists, erythromy- 
cin, cisapride, propranolol, vasopressin, neostigmine, and 
cholecystokinin-like drugs for managing POI.°? The local 
anesthetic lidocaine reduces inflammation and perception of 
pain and can promote GI motility by blocking the afferent 
and/or efferent arms of the sympathetic inhibitory spinal and 
prevertebral reflexes, which are involved in ileus.°* Lidocaine 
also decreases sympathetic nervous system activity and has a 
direct excitatory effect on intestinal smooth muscle. In 6 clini- 
cal trials that included 116 patients, IV lidocaine given over 4 
hours or 24 hours after surgery reduced the time until return 
of bowel function one day sooner than saline and reduced 
the length of hospital stay, depending on the type of resec- 
tion and surgical approach. In most studies, lidocaine short- 
ened the duration of POI and length of hospital stay; in a few 
trials (e.g., laparoscopic cholystectomies), improvement was 
not significant. Ghrelin is an orexigenic and prokinetic hor- 
mone®® that stimulates the migrating motor complex (MMC) 
and gastric motility and emptying and coordinates patterns of 
smooth muscle propulsive activity.°? In 2 phase 3 trials that 
enrolled 662 patients, the ghrelin receptor agonist TZP101 
(ulimorelin) did not shorten the duration of POI after partial 
small bowel resection.’? 5-Hydroxytryptamine receptor-4’! 
(5-HT“) agonists are potent prokinetic agents that promote 
enhanced intestinal contractility in the upper and lower GI 
tract. Cisapride improved POI but was removed from the mar- 
ket because of cardiovascular adverse events.°* Prucalopride 
is a high-affinity 5-HT* molecule that is approved for treat- 
ing chronic constipation in Europe, Mexico, and Canada but 
not in the USA. In a randomized clinical trial of 110 patients 
undergoing elective GI surgery, excluding total or subtotal 
colectomy, prucalopride’” shortened the time to passage of 
flatus and defecation and the postoperative length of stay by 
one day. 


ACUTE COLONIC PSEUDO-OBSTRUCTION 


Acute colonic pseudo-obstruction (ACPO) or Ogilvie syndrome’? 
is characterized by acute massive colon dilatation in the absence 
of mechanical obstruction and usually occurs in older adults or 
hospitalized or institutionalized patients with serious underlying 
medical or surgical conditions (Table 124.2). ACPO is estimated 
to occur in 0.1% of all surgical patients,’* and patient outcome 
depends on the severity of underlying illness, age, maximum 


TABLE 124.2 Conditions Associated With Acute Colonic Pseudo- 
Obstruction (400 Cases) 


Health Condition (Most Common) Cases (%) 


Trauma (non-operative) 11.3 
Infection (pneumonia, sepsis) 10.0 
Cardiac (myocardial infarction, heart failure) 10.0 
Gynecologic surgery 9.8 
Abdominal/pelvic surgery 9.3 
Neurologic (Parkinson disease, spinal cord, multiple 9.3 


sclerosis, Alzheimer disease) 
Orthopedic surgery Ko 


Miscellaneous medical conditions (metabolic, cancer, 32.0 
respiratory failure, kidney failure) 


Miscellaneous surgical conditions (urologic, thoracic, 11.8 
neurosurgical) 


Some patients had more than one risk factor; hence percentages 
exceed 100%. 

Adapted from Vanek VW, Al-Salti M. Acute pseudo-obstruction of the 
colon (Ogilvie’s syndrome): an analysis of 400 cases. Dis Colon Rectum 
1986; 29:203-10. Modified from Saunders MD, Kimmey MB. System- 
atic review: acute colonic pseudo-obstruction. Aliment Pharmacol Ther 
2005; 22:917-25. 


diameter of the cecum, delay until colonic decompression, and 
the presence or absence of colonic ischemia.’! 


Epidemiology 


ACPO is estimated to occur in 1% of surgical patients hospital- 
ized for orthopedic procedures” and 0.3% of critically ill patients 
with burn injury.’! More than 95% of patients with ACPO have 
factors that predispose them to develop the condition,’* including 
nonsurgical trauma, infection, cardiovascular disease, or pelvic or 
hip surgery.”° As a result of multiple comorbidities and delayed 
diagnosis, ACPO is responsible for considerable morbidity, with 
a mortality rate of 25% to 31% overall, 40% to 50% of which is 
attributed to ischemia or perforation.’! 


Pathophysiology 


Although its pathophysiology is not completely understood, 
ACPO generally is attributed to an imbalance in autonomic inner- 
vation (i.e., sympathetic stimulation or excessive parasympathetic 
suppression), which leads to functional obstruction and proximal 
colonic dilation. The parasympathetic input, which is excitatory, 
is provided by the vagus nerve, which innervates the ascending 
colon to the splenic flexure. The sacral spinal cord (S)_4 segments) 
supplies the remaining colon. Normally, the sympathetic nervous 
system tonically inhibits colonic motility via a)-adrenergic recep- 
tors (see Fig. 124.1).”’ Hence, sympathetic stimulation predisposes 
to colonic distention. Conceivably, other factors (e.g., exogenous 
or endogenous opioids, electrolyte disturbances, medications [e.g., 
anticholinergic agents]) also may contribute. In addition to excess 
sympathetic inhibition, it is conceivable that colocolonic inhibi- 
tory reflexes that are activated by colonic distention (e.g., from 
stool) and mediated by prevertebral ganglia may also contribute to 
colonic distention.’® 


Clinical Features 


ACPO typically occurs in older (mean age, 60 years) men who 
are hospitalized or institutionalized (60%) with severe underlying 
medical or surgical conditions (see Table 124.2). 


Fig. 124.2 Plain abdominal films in a patient with acute colonic 
pseudo-obstruction. Left, Upright film of the abdomen revealing diffuse 
colonic distention (with a cecal diameter of 13 cm) that developed after 
placement of a right hip prosthesis for a fractured femur. Right, Colonic 
distention resolved shortly after administration of IV neostigmine. (From 
Bharucha AE, Camilleri M. Common large intestinal disorders. In: 
Hazzard WR, Blass JP, Halter JB, et al, editors. Principles of Geriatric 
Medicine and Gerontology. New York: McGraw-Hill; 2003. p. 652.) 


Symptoms and Signs 


The most characteristic feature of ACPO is abdominal disten- 
tion, which can develop gradually over 3 to 7 days or more 
acutely within 24 hours. Abdominal pain (80%), which tends to 
be mild and constant, may be accompanied by slight rebound 
tenderness and distention.” In one series, 60% of patients 
had nausea and/or vomiting.” On examination, the abdomen 
is tympanitic and, typically, bowel sounds are present. Fever, 
marked abdominal tenderness, and leukocytosis suggest bowel 
ischemia or perforation. 


Laboratory Studies 


Many patients have precipitating or associated electrolyte distur- 
bances, notably hypokalemia, hypocalcemia, hyponatremia, or 
hypomagnesemia. The condition is diagnosed by a plain abdomi- 
nal film which characteristically reveals predominantly right- 
sided colonic dilatation (Fig. 124.2). The maximal diameter of the 
cecum typically ranges from 9 to 25 cm, often with a cutoff sign at 
the hepatic or splenic flexure. The left colon, including the rec- 
tosigmoid, and the small intestine also may be dilated. Air-fluid 
levels can be seen in the small intestine but usually do not occur 
in the colon. Haustral folds are generally visible despite severe 
distention. The presence of air throughout the colon argues 
against mechanical obstruction. Free air usually suggests intes- 
tinal perforation, except in patients with pneumatosis intestinalis 
who may not have perforation. A water-soluble contrast enema is 
extremely helpful for excluding obstruction. 


Differential Diagnosis 


The differential diagnosis of ACPO includes mechanical 
obstruction, and causes of toxic megacolon. Similar to ACPO, 
toxic megacolon is also characterized by non-obstructive 
colonic dilatation; however, in contrast to ACPO, toxic mega- 
colon is a life-threatening complication that affects patients 
who have underlying colonic inflammation (e.g., UC, Crohn 
disease, infectious or ischemic colitis). In a series of 400 
patients published before the routine use of neostigmine, mor- 
tality was approximately 15% in patients who were treated 
appropriately and 36% to 44% in patients with ischemic or 
perforated bowel.’+ In another review of 50 patients treated 
with colonic decompression, mortality was 18% and 53%, 
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respectively, in patients who developed ACPO after surgery 
or during a complicated medical illness.’?A cecal diameter 
greater than 9 cm and colonic perforation are risk factors for 
mortality, and several studies, detailed elsewhere,” suggested 
that a cecal diameter of 9 to 12 cm is a sign of impending 
perforation. In 1956, a study of 100 patients noted that the 
greatest transverse diameter of the cecum with a patient in a 
prone position when the colon is distended with barium or air 
ranged from 3 to 10.5 cm; 97% of cecal diameters were less 
than or equal to 9 cm, which henceforth was arbitrarily used 
as the critical diameter indicating impending perforation.*? 
Subsequently, the same authors examined 19 patients with 
colonic obstruction and a cecal diameter ranging from 9.0 to 
16.3 cm®!; 7 cecums were perforated and 12 had impending 
perforation at surgery, which substantiated the 9-cm threshold 
as a risk factor for perforation. 


Treatment 


The initial treatment is supportive and focused on the elimination 
or correction of conditions that predispose to ACPO or prolong 
its course. Such an approach includes avoidance or minimization 
of narcotics and anticholinergic medications, correction of serum 
electrolyte abnormalities, fluid resuscitation, identification and 
treatment of concomitant infection, bowel rest, ambulation, knee- 
chest or prone positioning to promote flatus, and the insertion of 
rectal tubes to facilitate intestinal decompression.’+°? Measures to 
alleviate distention include tap water enemas, which remove stool 
from the left colon; enemas with water-soluble radiologic contrast 
agents, most commonly diatrizoate meglumine-diatrizoate sodium 
(Gastrografin), which also can exclude mechanical obstruction; and 
rectal tubes. NG aspiration is less helpful because distention is pre- 
dominantly colonic. Oral osmotic and stimulant laxatives should 
be avoided because they may worsen colonic dilation by facilitat- 
ing the production and propulsion of gas into an already dilated 
colon. Absent features of colon ischemia, perforation, or impend- 
ing perforation on serial examinations and abdominal plain films, 
a non-operative or conservative course of therapy should generally 
be continued for up to several days; in 70% to 90% of patients the 
condition will resolve with such therapy. When the diameter of 
the cecum is greater than 9 cm and has not responded to treatment 
within the first 72 hours after diagnosis, decompression should be 
performed to reduce the risk of ischemia, perforation, and death.’*+ 
A treatment algorithm is shown in Fig. 124.3. 


Medical Decompression 


The acetylcholinesterase inhibitor neostigmine increases the 
availability of acetylcholine in the myenteric plexus and at the 
neuromuscular junction. Neostigmine increases colonic con- 
tractility and transit in healthy humans.** In 2 randomized, 
placebo-controlled trials, neostigmine (2 mg IV injected slowly 
over 2 to 5 minutes) resolved colonic dilatation in approxi- 
mately 90% of patients,*?** 86 generally within 30 minutes. 
In initial non- or partial responders, a second dose may be 
considered after the normal elimination half-life of the drug 
(80 minutes) and is effective in 40% to 100% of patients.*? In 
healthy people, neostigmine 0.75 mg and 1.5 mg by IV admin- 
istration had comparable effects on colonic tone.*? Hence, a 
lower dose (e.g., 1 mg of neostigmine IV) may be considered 
in patients at increased risk for neostigmine-induced brady- 
cardia. As an alternative to “rapid” administration, a single, 
randomized prospective trial observed that a 24-hour neostig- 
mine infusion resolved ileus, not ACPO, in 85% of patients.*’ 
In patients who respond to neostigmine, a small, randomized, 
placebo-controlled trial observed that the risk of recurrent 
colonic dilatation was lower after a week of daily polyethylene 
glycol (0%) than after placebo (33%).°* 
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Resume 
standard care 


Neostigmine 
contraindicated” 


No response 


Cecal diameter >9 cm 
Mechanical obstruction ruled out 


Response 


Consider gentle water- 
soluble enema 


Treat reversible causes 


(infection, electrolyte disturbances, 


medications, volume depletion) 
Keep patient NPO 


No response 
after 72 hr 


Neostigmine not 
contraindicated 


No or brief 
response 


Infuse neostigmine 1-2 mg over 
3-5 min 
Monitor cardiac rhythm and vital signs 
Repeat neostigmine in 4 hr if no 
response or dilatation recurs 
Give atropine 0.5-1 mg for bradycardia 


Endoscopic decompression 


Gentle saline enema 


preparation or no preparation 
Do not overinflate the colon 
If a decompression tube is 
placed, advance it at least to 


transverse colon 


Response 


Resume 
standard care 


Present 


*Contraindications to neostigmine: 
Systolic BP <90 mm Hg 
Bradycardia 


Bronchospasm 

Serum creatinine >3 mg/dL 
Perforated bowel 

History of intolerance to neostigmine 


No response 


Fever, abdominal 
pain, signs of peritonitis 
or free air, T WBC 


Brief response 


Repeat colonic 
decompression 

Use decompression tube 

if not used initially 


Not present 


Cecostomy 


Endoscopic 
Radiologic 
Surgical 


Fig. 124.3 Algorithm for the treatment of acute colonic pseudo-obstruction. 


Prevention 


Minimally invasive surgery, thoracic epidural anesthesia, and 
nominal use of opioid analgesia have improved care of surgi- 
cal patients. ERPs (see section on Ileus) combine modalities 
that individually have a lower morbidity compared with stan- 
dard treatment.*>’ Components of ERPs are listed in Box 124.1. 
Studies have shown ERPs can reduce the duration of ileus, the 
costs, and duration of hospital stay. 


CHRONIC INTESTINAL PSEUDO-OBSTRUCTION 


CIPO is a syndrome that is defined by recurrent symptoms and 
signs of intestinal obstruction in the absence of an anatomic lesion 
that obstructs the flow of intestinal contents.*?.°? Dilatation of 
the small intestine differentiates this condition from enteric dys- 
motility, a condition associated with less morbidity.”°°! CIPO 
occurs in association with systemic neurologic, metabolic, auto- 
nomic, connective tissue, and malignant causes, and when no 
cause is identified it is referred to as chronic idiopathic intestinal 


pseudo-obstruction (CIIPO). The majority of CIIPO cases in adults 
are sporadic. Despite advances in the field, the pathogenesis of 
CIIPO remains poorly understood. Defects or injury to enteric 
nervous system nerves and networks, smooth muscle cells, ICC, 
the autonomic nervous system, and to the CNS are responsible 
for disturbances in intestinal motor patterns and fluid move- 
ment, which then dictate disease severity. CIPO generally has 
high morbidity and mortality rates, with patients experiencing 
marked impairment in quality of life and often life-threatening 
nutritional compromise. 


Epidemiology 


Primarily regarded as a disorder of the small intestine, many 
patients also have dysmotility in another segment of the 
GI tract. Consequently, the symptoms and signs are var- 
ied.59,99,97,93,96 In most patients, symptoms progressively 
worsen and eventually persist even between subacute episodes, 
which results in malnutrition and impaired quality of life. A 


BOX 124.3 Etiology and Classification of CIPO 


PRIMARY 


SECONDARY 


Autoimmune disorders 
Celiac disease 

Drugs 

Endocrinologic disorders 
Metabolic diseases 
Neuromuscular disorders 
Neurotropic viruses 
Neurotropic viruses 
Paraneoplastic syndromes 
Radiation enteritis 


FAMILIAL FORMS 


Autosomal dominant 
SOX 10? 
Autosomal recessive 
RAD212 
SGOL 12 
TYMPa 
RONGI 
X-Linked 
FLNA® 
L1CAMe@ 


aMutation(s) to the indicated genes. 

CIPO, Chronic intestinal pseudo-obstruction; FLNA, filamin; L1CAM, L1 cell 
adhesion molecule; POLG, polymerase DNA gamma; RAD21, cohesin com- 
plex component; SGOL7, shugoshin-like1; SOX-10, SRY-BOX 10; TYMP. 
thymidine phosphorylase. 

Di Nardo G, Di Lorenzo C, Lauro A, et al. Chronic intestinal pseudo-obstruc- 
tion in children and adults: diagnosis and therapeutic options. Neurogastro- 
enterol Motil 2017; 29(1). 


high index of suspicion facilitates early diagnosis and appro- 
priate management, thereby avoiding potentially harmful sur- 
gical procedures.” 


Pathophysiology 


CIPO is a clinical syndrome that results from a variety of condi- 
tions such as autonomic neuropathy, enteric neuropathy, myop- 
athy, and mesenchymopathy (i.e., disorders of the ICC) and a 
multitude of diseases and medications (Box 124.3). Primary CIPO, 
in which the disease is localized to the GI tract, is much more 
common than secondary CIPO, in which there is a systemic or 
exogenous cause. Familial CIPO is rare. When a thorough diag- 
nostic evaluation fails to reveal a cause, obtaining a full-thickness 
tissue specimen by laparoscopy with subsequent specific pathologic 
testing, including detailed light microscopic evaluation and ultra- 
structural analysis, will sometimes identify the etiology of primary 
CIPO.”*+°> However, to emphasize, the histopathologic findings 
seldom, if ever, identify a treatable etiology. Hence, full-thickness 
biopsies are only obtained in a minority of patients. Even among 
patients in whom biopsies are obtained, a cause is never determined 
and the qualifiers idiopathic, non-familial, or sporadic are used.°? 


Enteric Neuropathies 


Inflammatory neuropathies that cause CIPO are primary or sec- 
ondary to a variety of infectious, paraneoplastic, and neurologic 
disorders. The enteric neuropathies and their estimated life- 
time prevalences are listed in Table 124.3. GI inflammation and 
immune activity substantially affect the morphology and function 
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TABLE 124.3 Estimated Lifetime Prevalence of Selected Enteric 
Neuromuscular Diseases 


Clinical 
Enteric Neuropathy Prevalence Histologic Prevalence 
PRIMARY 
Idiopathic gastroparesis 1 in 4000 70% have neuropathy?°9 
Hirschsprung disease 1 in 5000 100% have aganglionosis 29° 
Idiopathic achalasia 1 in 10,000 100% have neuropathy??' 
SECONDARY 
Chagas disease (GI 10% disease 60% where biopsied?92 
involvement) carriers 
Diabetes mellitus 1 in 20 1 in 4000289: 293 
Parkinson disease 1 in 500 70% based on submucosal 
Lewy body pathology?9* 
Systemic inflammatory 1 in 1000 
disease (e.g., SLE) 
NF1 1 in 4000 <1 in 100,000225 
MEN-2B 1 in 35,000 96% have gastrointestinal 
symptoms?9° 
Paraneoplastic gut <1 in 50,000 100% where biopsied 


syndrome 


MEN, Multiple endocrine; NF, neurofibromatosis. 


of enteric nerves. Inflammatory neuropathies are typically charac- 
terized by an intense lymphoplasmocytic infiltrate confined to the 
myenteric plexus.*+"°°” The juxtaposition of CD3-positive lym- 
phocytes and myenteric neurons probably explains how immuno- 
logic interactions damage and destroy ganglia.’”°* Eosinophilic 
ganglionitis without neuronal loss’”:!°° and mast cell ganglionitis 
associated with reduced expression of NO synthase expression!0° 
also have been described. 

Many patients with intestinal dysfunction secondary to auto- 
immunity (paraneoplastic or idiopathic) exhibit circulating anti- 
neuronal autoantibodies,!°! and in vitro and in vivo data suggest 
that these autoantibodies contribute in a direct way to both the 
lymphocytic infiltrate and the enteric nervous system degenera- 
tion and dysfunction.?*!°?,!03 Herpesvirus DNA has been isolated 
in the myenteric plexus of some patients with severe neuropathic 
intestinal dysmotility, suggesting that viruses can perhaps cause 
inflammatory ganglionitis.!°* In most cases, the etiology of 
inflammation is unknown. 

Non-inflammatory (degenerative) neuropathies may be famil- 
ial or sporadic. Sporadic cases can be primary or secondary to 
a wide range of conditions including radiation, diabetes melli- 
tus (DM), amyloidosis (AL), myxedema, and drug toxicity. Two 
predominant pathologic patterns have emerged in visceral neu- 
ropathy from degenerative sporadic causes. One pattern shows a 
reduction in the number of intramural cells that occur in relation 
to swollen processes and nerve cell bodies, increased glial cells, 
and fragmentation and loss of axons. In the second pattern, absent 
dendritic swelling or glial proliferation, there is a loss of the nor- 
mal staining that occurs in subsets of enteric neurons. 10°-106 


Enteric Myopathies 


Some patients with a primary visceral myopathy have fibrosis 
and vacuolization in the small intestinal circular and longitudi- 
nal muscle. In a large series of well-characterized patients with 
CIPO, approximately 25% of patients with the myopathic phe- 
notype had a deficiency of one isoform of the cytoskeletal smooth 
muscle protein actin, o-actin.!°’ Controlled studies are necessary 
to determine the significance of this observation. Inflammatory 
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myopathies occur more commonly in children than adults, and 
may respond to immunosuppression. 108,10 


Enteric Mesenchymopathies 


ICC are derived from mesenchymal cells that express c-Kit. ICC 
generate electrical slow-waves, which propagate through smooth 
muscle cells via gap junctions; they influence the smooth muscle 
membrane potential and membrane potential gradient!!%'!! and 
they partly mediate mechanosensitivity in smooth muscle.!!! 
They also may mediate neurotransmission from axons of enteric 
motor neurons to the smooth muscle,!!? although this recently 
has been questioned (see Chapters 99 and 100).!!3:!!4 The ICC 
are situated in the myenteric plexus (ICCyy), within circular 
and longitudinal muscle (ICC-;,;) and submucosa (ICCgyy), and 
a few can be found along the serosa (serosal ICC). The division 
of morphologically distinct classes of ICC within different layers 
of the GI musculature suggests that different ICC can perform 
discrete physiologic roles in intestinal motility. ICC are closely 
opposed to nerve terminals and electrically coupled via gap 
junctions to neighboring smooth muscle cells. Studies indicate 
they play a fundamental role in the reception and transduction 
of both inhibitory and excitatory enteric motor neurotransmis- 
sion.!!> Confocal electron microscopy shows abnormalities of 
ICC in patients with CIPO that include irregular cell surface 
markings, damaged intracellular organelles and cytoskeleton, and 
decreased ICC density.!!° As a result, it has been proposed that 
ICC involved in pacemaker activity and neurotransmission to 
smooth muscle can contribute to the enteric motility abnormali- 
ties detectable in patients with CIPO. 


Primary Causes 
Familial Intestinal Pseudo-Obstruction 


Primary familial intestinal pseudo-obstruction is caused by famil- 
ial visceral myopathies (FVMs) or neuropathies. These are rare 
genetic disorders with autosomal dominant, autosomal recessive, 
or X-linked transmission.°+ 


Familial Visceral Myopathies 

FVMs are characterized by degeneration and fibrosis of GI 
smooth muscle. Initially classified into subtypes by clinical mani- 
festations,!'’ molecular techniques have identified many of the 
genetic abnormalities underlying these conditions. !!*!!%:!!9 The 
classic type I FVM is autosomal dominant and usually is diag- 
nosed after the first decade of life with esophageal dilatation, 
megaduodenum, megacystis, and mydriasis. A substantial propor- 
tion of these cases are thought to result from abnormalities of the 
ACTG2 gene.!°’ The classic type II FVM is now recognized as 
the autosomal recessive condition MNGIE (mitochondrial DNA 
neurogastrointestinal encephalopathy). FVMs and childhood 
visceral myopathies have different inheritance and clinical pre- 
sentations. Degeneration and fibrosis of GI and urinary smooth 
muscle can be detected in both types of childhood visceral myop- 
athies and result in obstructive symptoms, e.g., bowel dilatation, 
and hydroureteronephrosis or megacystis, the latter resulting 
from degeneration of bladder muscle.!*° 


Familial Visceral Neuropathies 

Familial visceral neuropathies (FVNs) are characterized by 
degeneration of the neural structures of the myenteric plexus. 
There are at least 2 distinct phenotypes of FVN. Type I FVN, an 
autosomal dominant form, is associated with segmental dilatation 
of varying lengths in the small intestine, megacolon, and gastro- 
paresis. Onset of GI symptoms occurs at any age.!*! More than 
75% of patients with type I FVN have GI symptoms. Histology 
demonstrates degeneration of argyrophilic neurons and reduced 


NM 3 s EAR 
Fig. 124.4 Histologic section of a biopsy specimen taken from skeletal 
muscle in a patient with MNGIE (mitochondrial DNA neurogastrointes- 
tinal encephalopathy) showing ragged red fibers (center) that contain 
subsarcolemmal accumulations of mitochondria. Most fibers are 
morphologically normal. (Used with permission from Mueller LA, Camil- 
leri M, Emslie-Smith AM. Mitochondrial neurogastrointestinal encepha- 
lopathy: Manometric and diagnostic features. Gastroenterology 1999; 
116:959-63.) 


numbers of nerve fibers. Type I FVN is autosomal recessive 
and its findings include hypertrophic pyloric stenosis, malrota- 
tion of the small intestine, and a short, dilated small intestine; 
CNS malformation and patent ductus arteriosus are seen in some 
cases. !?? Onset of symptoms is in infancy, and histologically there 
is a deficiency of argyrophilic neurons and increased numbers of 
neuroblasts. There is no effective medical or surgical treatment 
for type II FVN, and prognosis is poor. 


Mitochondrial Disorders 


Mitochondrial dysfunction can occur as a result of autosomal or 
mitochondrial genetic abnormalities. It is estimated that 20% of 
CIPO patients have an underlying mitochondrial disorder.!?3 
Conversely, whereas the majority of patients with MNGIE 
will exhibit CIPO, only 40% of patients with mitochondrial 
encephalomyopathy with lactic acidosis and stroke-like episodes 
(MELAS) and 33% of patients with myoclonic epilepsy with 
ragged red fibers (MERRF) will do so.!?+!?7 

MNGIE, an autosomal recessive disease, is characterized by 
GI symptoms, skeletal muscle pain and cramps, ptosis, ophthal- 
mic paralysis, and peripheral neuropathy.!*>-!7’ Imaging reveals 
alterations in the white matter of the brain. Histology demon- 
strates ragged red fibers in skeletal muscle (Fig. 124.4) and elec- 
tron microscopy demonstrates mitochondrial changes at the 
ultrastructural level.!?4:!77 MNGIE has a particularly poor prog- 
nosis, with death occurring at about age 40 years; small intestinal 
diverticulosis complicated by inflammation and perforation is the 
cause of death during early adulthood.!*+ The condition is caused 
by mutations in the thymidine phosphorylase gene, which leads 
to markedly reduced thymidine phosphorylase activity that, in 
turn, results in accumulation of thymidine and deoxyuridine in 
blood and tissues.!** High levels of thymidine and deoxyuridine 


lead to nucleoside pool imbalances that cause abnormalities in 
DNA replication including depletion, point mutations, and mul- 
tiple deletions.!?*:!?° A link has been established between DNA 
depletion and myopathic changes involving the external layer of 
the muscularis propria.!’+ Screening tests for MNGIE include 
measurements of serum lactic acid, creatine phosphokinase 
(CPK), AST, and aldolase and thymidine phosphorylase levels in 
circulating leukocytes.!*° 


Other Primary Etiologies 


Mutations in genes coding for cation channel components 
(SCNSA, SCN9A, SCNIOA, SCN11A, TRPA1) have been identi- 
fied in patients with CIPO. Further studies are necessary to deter- 
mine whether these mutations cause CIPO. Abnormal genes and 
loci have been recognized in various syndromic forms of CIPO, 
including the DNA polymerase gamma gene (POLG) on chromo- 
some 21 (21q17), the transcription factor SOX10 on chromosome 
22 (22p12), and a locus on chromosome 8.° X-linked recessive 
forms of CIPO have been mapped to Xq28. A 2 base-pair dele- 
tion in the cytoskeletal protein filamin A gene (located on Xq28), 
with associated abnormal protein expression, has been identified 
in at least one patient with CIPO.!*! This protein has been iden- 
tified as vital for proper enteric neuron development.* Lysosomal 
storage disorders have also been associated with CIPO.!*7 


Secondary Causes 
Progressive Systemic Sclerosis 


Progressive systemic sclerosis (PSS) is a generalized disor- 
der of the microvasculature and connective tissue that results 
in increased deposition of collagen and other matrix elements, 
leading to thickening and fibrosis of the skin, with involvement 
of synovia and fibrosis of intestinal organs.!? The GI tract is 
affected in almost all patients with SS, although the prevalence 
is higher in the diffuse form of SS than the limited cutaneous 
form.! It is hypothesized that an initial enteric neuropathy is 
followed by a myopathy and, subsequently, fibrosis of the hollow 
viscera. 

In 10% of patients with SS presenting symptoms origi- 
nate in the GI tract. The esophagus and the small intestine 
are most commonly affected but any segment of the GI tract 
can be involved. Symptoms relate directly (e.g., dysphagia) or 
indirectly (e.g., SIBO) to impaired motility, however, the cor- 
relation between severity of GI dysfunctions and symptoms is 
limited. Progression of GI disease is not altered by immunosup- 
pressive therapy!*3:13+ 

Intestinal and gastric involvement can be identified radio- 
logically in up to 40% of patients.!*> Contrast studies can reveal 
dilatation of the duodenum and jejunum, along with fixed, 
narrow, tightly packed valvulae conniventes, despite bowel 
dilatation, producing an accordion appearance, or so-called 
“hide-bound” appearance (Fig. 124.5). Wide-necked diver- 
ticula occur within the small intestine but are more common 
in the colon. Disturbances of intestinal motility!®*!>” result in 
delayed gastric or small bowel transit.!°* These disturbances 
include absence or hypomotility of the interdigestive MMC, 
low-amplitude clusters of propagated and non-propagated con- 
tractions, a prolonged MMC cycle, diminished activity of phase 
II and antral hypomotility (characterized by low-amplitude 
contractions, typically <40 mm Hg). Intestinal involvement 
usually causes fasting and postprandial contractile amplitude to 
fall below 10 mm Hg.!*? Gastric emptying may be delayed by 
resistance to flow in the hypomotile small intestine, even if the 
stomach itself is unaffected. Patients with SS but without GI 
involvement demonstrate normal small bowel manometry and 
normal intestinal transit time. 
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Fig. 124.5 Select view from a UGIS in a patient with PSS, showing a 
markedly dilated duodenum and proximal jejunum, with an increased 
number of small bowel folds crowded together (despite luminal dis- 
tention), producing a “hide-bound” appearance. Also, note multiple 
outpouchings (arrows) resulting from asymmetrical fibrosis, with sac- 
culation of the opposite bowel wall. (Used with permission from Levine 
MS, Rubesin SE, Laufer |. Pattern approach for diseases of mesenteric 
small bowel on barium studies. Radiology 2008; 249:451-60.) 


Dermatomyositis and Polymyositis 


The GI tract is involved in half of the cases of dermatomyositis 
and polymyositis. Dysphagia is often the presenting symptom, 
associated with weakness and atrophy of esophageal striated mus- 
cles. CIPO with megaduodenum and delayed intestinal transit are 
less frequently encountered.!*°-!#? Histopathology demonstrates 
atrophy and fibrosis of intestinal smooth muscle, most consistent 
with a visceral myopathy. Dermatomyositis and polymyositis are 
associated with neoplasia and overlap connective tissue disorders 
respectively. These associated conditions are independently asso- 
ciated with CIPO. 


SLE 


SLE is a multisystem autoimmune condition characterized by 
a variety of autoantibodies.'+> GI symptoms are experienced 
by 50% of patients with SLE, abdominal pain being the most 
common. Intestinal involvement is generally attributable to 
lupus mesenteric vasculitis (acute or chronic), protein-losing 
enteropathy, or intestinal pseudo-obstruction. In one retro- 
spective series from a tertiary referral center, 2% of cases with 
SLE had CIPO.!'** In over 50% of patients, pseudo-obstruction 
was the presenting symptom. GI symptoms may be reversible 
with early treatment but relapse is to be expected.!*+ Over half 
of these patients had a dilated urinary tract and 7% had biliary 
dilatation, suggestive of an underlying myopathic process. 144,145 
CIPO in SLE is associated with a muscle layer fibrosis, an 
inflammatory cell infiltrate, and fibrinoid deposits, which sug- 
gests chronic vasculitis.!*°!4” Serologic markers of disease usu- 
ally are identified when SLE-associated pseudo-obstruction is 
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present, but no specific autoantibody has been associated with SLE 
gastroenteropathy. 


Diabetes Mellitus 


Although most attention is focused on symptoms relating to the 
stomach (gastroparesis), colon (diarrhea and constipation), and 
anus (fecal incontinence), DM can affect the entire GI tract. 
Intestinal dysmotility in DM is multifactorial: hyperglycemia, 
extrinsic (i.e., sympathetic and parasympathetic) neural dysfunc- 
tion, hormonal abnormalities, and intrinsic (i.e., enteric) neu- 
ral dysfunctions have been implicated.!4*:!49 Within the small 
intestine, these factors result in reduced motility!*? and delayed 
passage of chyme.!*” Reduced intestinal motility may increase 
duodenal pressures and further impair gastric emptying.!! 


Parkinson Disease 


Patients with Parkinson disease (PD) frequently experience GI 
symptoms. Dysphagia, bloating, constipation, and difficulty 
with evacuation may be present before the classic features of 
parkinsonism become apparent.!>?:!°> However, the severity of 
GI symptoms correlates with the severity and duration of PD. 
Radiologic imaging may reveal dilatation of the small intestine.!°* 
Manometry may identify infrequent or absent MMCs, hypomo- 
tility in the fed state, and an increased incidence of retrograde and 
tonic contractions.!°> The frequency of these abnormalities and 
their contribution to symptoms is not clear. 

The pathogenesis of small intestinal dysmotility in PD has not 
been determined. Lewy bodies are neurons containing cytoplas- 
mic hyaline inclusions that originally were identified in the brain 
of patients with PD. They have not yet been reported in the small 
intestine but they and their primary structural component, alpha- 
synuclein, have been found in the myenteric plexus of the esoph- 
agus and colon.!*° Among patients with PD and constipation, 
dopaminergic neurons in the colon may be reduced.!*? Multiple 
system atrophy is also associated with intestinal dysfunction. 1°” 


Spinal Cord Injury 


Immediately after spinal cord injury, there may be spinal shock, 
which is characterized by complete loss of all sensory, motor, and 
reflex function below the level of injury.!°* Thereafter, there may 
be paralytic ileus with abdominal distention; usually this resolves 
in days, but occasionally it may be prolonged.!*? In the long term, 
however, postprandial abdominal distention and discomfort 
occur in more than 40% of patients. After complete high spinal 
cord injury (i.e., above the first thoracic segment), small intestinal 
dysmotility is characterized by more phase HI contractions that 
originate in the duodenum rather than in the antrum!°; some 
patients have delayed gastric emptying of liquids. By contrast, 
spinal cord injury below the T10 neurologic segment does not 
affect small intestinal motor activity. Low injury is often associ- 
ated with multiple disturbances in colonic motor activity,!6!-!° 
which probably explains abdominal discomfort resulting from 
constipation. 


Neurofibromatosis (Von Recklinghausen Disease) 


GI involvement is estimated to occur in 11% to 25% of patients 
with neurofibromatosis.!°+ Small bowel dysmotility and CIPO 
due to neurofibromatosis, however, are rare. Involvement of the 
intestine occurs in 3 principal forms: (1) hyperplasia of the sub- 
mucosal and myenteric nerve plexuses with a plexiform muco- 
sal ganglioneuromatosis which can lead to disordered intestinal 
motility and CIPO; (2) GI stromal tumors that show varying 
degrees of neural or smooth muscle differentiation and typically 
manifest with bleeding; and (3) a glandular, somatostatin-rich 


carcinoid of the periampullary region of the duodenum, which 
also has been associated with pheochromocytoma.!® 


Idiopathic Myenteric Ganglionitis 


Ganglionitis refers to an inflammatory neuropathy character- 
ized by a dense lymphoplasmacytic infiltrate of the myenteric 
plexus and a marked reduction in the number of ganglia.!0°! 
Less commonly, an eosinophil-predominant infiltrate without 
loss of ganglion cells has been documented.”’,!°° Ganglionitis is 
typically associated with paraneoplastic, infectious, or neurologic 
disorders, although some cases remain idiopathic. The diagnosis 
of enteric ganglionitis is supported by the detection of circulat- 
ing anti-neuronal antibodies against certain targets, such as Hu 
(ANNA-1) and Yo proteins, neurotransmitter receptors, and ion 
channels.!°! Experimentally, these autoantibodies can elicit neu- 
ronal hyperexcitability, induce a postsynaptic channelopathy,!°’ 
or trigger neuronal apoptosis by activating the pro-apoptotic 
enzymes caspase-3 and apaf-1.!°* These findings are consistent 
with the hypothesis that these antibodies predispose to enteric 
neuromuscular dysfunction. 


Paraneoplastic Visceral Neuropathies 


Paraneoplastic neurologic syndrome is a remote effect of cancer 
that results in neuropathy. It is caused by autoimmune processes 
triggered by the cancer and is directed against antigens common 
to both the cancer and the nervous system.!”°!7! With the excep- 
tion of Lambert-Eaton myasthenic syndrome, paraneoplastic 
neurologic syndromes are rare, occurring in less than 0.01% of 
patients with cancer.!70:!7! Small cell lung cancer (SCLC), thy- 
moma, gynecologic and breast tumors, Hodgkin lymphoma, 
multiple myeloma, and colon cancer all have been associated with 
paraneoplastic neurologic syndromes. 

GI symptoms (ranging from achalasia to pseudo-obstruc- 
tion) have been reported in association with a variety of occult 
and overt tumors.!’? Histologically, these are characterized by a 
dense inflammatory infiltrate with CD3 negative, CD4 and CD8 
positive lymphocytes that are almost invariably confined to the 
myenteric plexus.'°! Anti-Hu antibodies (ANNA-1 antibodies) 
and anti-CV2 antibodies are most commonly associated with 
SCLC.!69:173,174 The chest film is frequently negative in this situ- 
ation and a CT scan is indicated when the syndrome is suspected, 
typically in middle-aged smokers with recent onset of abdominal 
discomfort, nausea, vomiting, or weight loss. Antibodies directed 
against the neuronal autonomic ganglion type of acetylcholine 
receptors (nAchR antibodies) are associated with thymomas and 
SCLC.!°!)!75 These antibodies are directly pathogenetic; passive 
transfer in an experimental animal model has been demonstrated 
to result in dysmotility.!’° As these conditions are mediated by 
the immune system, immunosuppression represents a potential 
treatment approach; the clinical response to immunosuppres- 
sionl”! or treatment of the primary cancer,!”’ however, is poor. 


Myotonic Dystrophy 


Myotonic muscular dystrophy is an autosomal dominant condi- 
tion that affects 1 in 8000 individuals. Typically, it manifests in 
the 3rd or 4th decade of life. It is a slowly progressive disease char- 
acterized by myotonia or difficulty in muscle relaxation. Diarrhea 
and abdominal cramping occur in up to one-third of affected per- 
sons; malabsorption and steatorrhea have been reported. Some 
patients have constipation that may alternate with diarrhea;!7*)!”? 
spontaneous pneumoperitoneum and megacolon have been 
reported. Radiologic findings include diminished small intestinal 
motility and transit and small intestinal dilatation.'°° Manometric 
findings include low-amplitude contractions in fasting and fed 
states, retrograde propagation of phase III waves, interruption 


of phase MI, and increased incidence of tonic contractions.!*! 
Histologically, smooth muscle cells in the small intestine show 
changes similar to those found in dystrophic skeletal muscle: cells 
may be swollen, partially destroyed, decreased in size, or replaced 
by fat. Degenerative changes in the myenteric plexus of the colon 
have been identified in a patient with megacolon, suggesting that 
intestinal dysmotility may be caused by enteric nerve dysfunc- 
tion,'* as well as smooth muscle injury. 


Muscular Dystrophy 


Duchenne muscular dystrophy is the most common of the inher- 
ited muscular dystrophies. A sex-linked disease, it affects 1 in 3500 
boys, and without respiratory support, death can occur by the 3rd 
decade.!*? In Becker muscular dystrophy, which is a milder vari- 
ant, symptoms begin in the teens or early adulthood and the rate 
of degeneration is variable. Both conditions are caused by muta- 
tions in the gene for dystrophin, a protein that helps stabilize 
muscle cell membranes. Without functional dystrophin, muscle 
cell membranes leak, muscle fibers necrose and are progres- 
sively replaced by fibrosis and fat. Muscle weakness begins in the 
hips and pelvic girdle, but diffuse paralysis eventually occurs. GI 
symptoms are usually related to esophageal and gastric dysmotil- 
ity, but involvement of the small intestine can occur. Dysphagia 
is the predominant GI symptom, followed by vomiting, diarrhea, 
and constipation.'** Severe small bowel dysmotility has been 
reported.!*> Progressively delayed gastric emptying and GI func- 
tion, resulting in malnutrition, characterize the clinical course.!*° 


Amyloidosis 


Amyloidosis is a mixed group of disorders characterized by 
extracellular deposits of abnormal protein fibrils with a B-sheet 
fibrillar structure. The abnormal structure can be identified by 
radiologic diffraction studies and visualized with electron micros- 
copy, but clinically, amyloid is identified by viewing the intestine 
with polarized light after staining it with Congo red.!'*” There are 
several forms of amyloidosis, all of which are associated with amy- 
loid protein deposition in the small intestine.!** Primary amy- 
loidosis (AL) is the most common and has the most significant 
GI involvement. AL amyloid reflects a generalized deposition of 
excess light chains associated with plasma cell dyscrasia, and 15% 
of patients with AL have multiple myeloma.!**!*8? Secondary 
amyloidosis (AA) is associated with infectious, inflammatory (e.g., 
RA, Crohn disease, ankylosing spondylitis psoriasis, PSS, PBC, 
SLE), and rarely neoplastic disorders.!°°!°! Inherited forms of 
amyloidogenic proteins are rare. The most common of this type 
(TTR amyloid) is with variant transthyretin, which is produced 
by the liver,!” and the resulting AL is called familial amyloidotic 
polyneuropathy. Senile amyloidosis is found in 10% to 36% of 
patients older than 80 years of age and mainly involves the heart, 
but it too can be seen throughout the GI tract. 

In patients with GI AL, diarrhea and constipation often are pres- 
ent for years and are followed, or accompanied, by a myriad of dis- 
parate problems including GI bleeding, steatorrhea, protein loss, 
perforation, obstruction, intussusception, ischemia, pneumatosis, 
and pseudo-obstruction.!":!” The severity of GI dysmotility is cor- 
related to the quantity and distribution of deposited amyloid.!”° 

Neuromuscular infiltration initially affects the intrinsic ner- 
vous system and results in a neuropathic process!” character- 
ized by normal amplitude but uncoordinated contractions.!°0-194 
Later, amyloid is deposited between muscle fibers, causing pres- 
sure atrophy of adjacent fibers, and replacement of the muscle 
layer by amyloid,!”° resulting in myopathic involvement. The 
mucosal and submucosal vasculature often are involved, with 
amyloid deposition in the subintimal or adventitial layers. When 
the vessel wall thickens, the lumen of the vessel narrows and even- 
tually closes, resulting in ischemia, infarction, and perforation.!*° 
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Mucosal architecture remains normal until massive deposits of 
amyloid destroy the mucosal structures. 


Chagas Disease 


In nearly one-third of patients, the late phase of infection with 
Trypanosoma cruzi leads to destruction of the submucosal and myen- 
teric plexuses along the length of the GI tract, resulting in dilata- 
tion (see Chapter 113).!°° Megacolon and megaesophagus are the 
most common presentations. Swallowing difficulties may be the 
first symptom of digestive disturbances and can lead to malnutri- 
tion. Megaduodenum and megajejunum also can occur but are usu- 
ally asymptomatic. The early phase of gastric emptying of liquids is 
accelerated in patients who have Chagas disease with megaduode- 
num, however, suggesting that increased duodenal receptivity has a 
significant effect on the gastroduodenal transfer of liquids.!°° Some 
patients are entirely asymptomatic despite significant destruction of 
neurons. 


Thyroid Disease 


GI dysfunction can result from hypothyroidism as well as hyper- 
thyroidism and be a relatively early manifestation of disease. 
Hypothyroid patients may complain of dysphagia, dyspepsia, 
post-prandial fullness, abdominal discomfort, bloating, and 
diarrhea, but constipation is the most frequent symptom.!”” 
While multifactorial in etiology, constipation is associated with 
colonic dysmotility and may be result not only in CIPO, but in 
fecal impaction and megacolon. Intestinal dysmotility is associ- 
ated with change in the frequency of the slow wave oscillations 
of smooth muscle electrical potential, resulting from the altered 
thyroid state, and is associated with significantly slowed small 
intestinal transit. With severe hypothyroidism (myxedema), par- 
alytic ileus and CIPO can occur. These abnormalities return to 
normal after the thyroid disorder is corrected. GI abnormalities 
in hyperthyroidism are discussed in Chapter 37. 


Hypoparathyroidism 


Pseudo-obstruction and malabsorption have been observed in 
patients with hypoparathyroidism, although the mechanism is 
not known.!°8 Calcium is essential for smooth muscle contrac- 
tion, and hypocalcemia can impair intestinal contractile activity. 
Symptoms improve with administration of calcium. 


Medications 


Many drugs profoundly affect GI motility.!°7 Although the 
colon is considered the principal target organ for drug-induced 
dysmotility, the small intestine often is similarly affected. 
Tricyclic antidepressants are noted for causing ileus and consti- 
pation. Phenothiazines and some antiparkinsonian drugs decrease 
small intestinal and colonic motility and can cause a dynamic ileus 
as well as constipation and colonic pseudo-obstruction. The anti- 
cholinergic agents atropine and scopolamine and related bella- 
donna alkaloids decrease intestinal tone along with the amplitude 
and frequency of peristaltic contractions. Opioid analgesics act 
on p-opiate receptors throughout the intestinal tract to suppress 
motility; this effect is most pronounced in the colon. Loperamide, 
a predominantly peripheral opioid antagonist, causes CIPO by 
this anti-kinetic mechanism. Morphine enhances the amplitude 
of non-propulsive small intestinal contractions and markedly 
decreases propulsive contractions. The duodenum and jejunum 
are more prone to these effects than the ileum, and the overall 
effect is a delay in transit through the small intestine. Calcium 
channel antagonists, particularly verapamil, by their direct stimu- 
lation of smooth muscle relaxation, cause constipation in up to 
20% of patients and also can cause CIPO. In one study,”°! small 
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intestinal transit time in patients taking verapamil was unchanged 
from pretreatment values, although transit through the colon was 
slowed and this effect likely accounts for the constipation seen 
with this drug. 


Celiac Disease 


CIPO has been documented in association with celiac disease, 
but the mechanism is unclear.?”? Dilated loops of small intestine 
with delayed transport of barium can be observed radiologically. 
In one patient who underwent exploratory laparotomy with full- 
thickness jejunal biopsy, the nerves and muscle cells appeared 
normal on both light and electron microscopy.? 


Jejunal Diverticulosis 


Diverticula can occur anywhere in the small intestine (see 
Chapter 26), but diverticulosis is most common in the jejunum. 
Like their counterparts in the colon, diverticula represent hernia- 
tions through the mesenteric side of the bowel and usually are 
acquired. Jejunal diverticulosis is associated with a number of 
diseases including PSS, celiac disease, MNGIE, and Cronkhite- 
Canada syndrome. Patients can present with symptoms of SIBO, 
including diarrhea, steatorrhea, weight loss, and megaloblastic 
anemia. Local complications of diverticula also can occur, such as 
diverticulitis, bleeding, and perforation.”™ Jejunal diverticula are 
also associated with small intestinal dysmotility and can present 
with CIPO.20206 


Irradiation of the Intestine 


Ionizing radiation results in damage to all structures of the small 
intestine, including the mucosa, blood vessels, connective tissue, 
enteric nerves, and smooth muscle (see Chapter 41). Acute radia- 
tion injury is associated with nausea, vomiting, abdominal pain, 
and diarrhea, symptoms which generally subside soon after radia- 
tion is discontinued. Reduced small intestinal absorption, result- 
ing from mucosal injury, is probably the main cause for diarrhea. 
Some patients with diarrhea have accelerated small intestinal 
transit.*°” Delayed fasting and fed intestinal motility patterns can 
persist up to 4 weeks following the last exposure.?!° Chronic 
radiation injury can cause GI complications decades after the 
initial exposure as neuropathic and myopathic injury results in 
intestinal dysmotility that leads to SIBO, diarrhea, and malab- 
sorption. Contrast studies often show dilated, thickened loops 
of small intestine with air-fluid levels. Atrophy and fibrosis of 
smooth muscle fibers is a characteristic histologic finding, and 
proliferation of submucosal neurons with extension into the cir- 
cular muscle layer has been observed.*!” 


Diffuse Lymphoid Infiltration 


A rare cause of CIPO, diffuse lymphoid infiltration CIPO is char- 
acterized by diffuse infiltration of small lymphocytes mixed with 
mature polyclonal plasma cells in all layers of the intestinal wall,?!! 
associated with extensive damage to the submucosal and myenteric 
nerve plexus.'°” This entity probably reflects a pseudolymphoma 
rather than a true neoplasm.!® It is a form of CIPO that is histo- 
logically distinct from visceral myopathies and neuropathies, and 
perhaps related to diffuse immunoproliferative disease. Transient 
improvement may occur with use of antibiotics or cyclophospha- 
mide and prednisone, though symptoms of CIPO persist. 167 


Anorexia Nervosa and Bulimia 


Delayed gastric emptying of solids and prolonged orocecal tran- 
sit are well-established abnormalities in patients with anorexia 
or bulimia (see Chapter 9).?!? Electrolyte abnormalities (e.g., 


hypokalemia) may be responsible in some cases and result from 
nutritional deficiencies or concomitant diuretic abuse. Typically, 
the motility disorder is less significant than the underlying psy- 
chologic and nutritional manifestations of the disease, although 
debilitating CIPO can ensue. 


Clinical Features 


Patients experience intermittent or persistent symptoms sugges- 
tive of intestinal obstruction, including abdominal pain, bloating, 
distention, weight loss, nausea, vomiting, constipation, diarrhea, 
heartburn, dysphagia, early satiety,” and urinary symptoms. 
The frequency and severity of exacerbations (clinically and radio- 
logically) varies from episode to episode in the same patient and 
from patient to patient. In general, symptoms develop and prog- 
ress over time and may have been present for many years before 
occurrence of clinical obstruction. Consequently, a history of 
repeated abdominal operations without evidence of mechanical 
obstruction is common by the time a diagnosis is established.*” 

Physical findings vary according to the severity of symptoms 
and associated causative disorders. Physical examination may be 
normal, however, patients with more severe symptoms may be 
dehydrated, malnourished, or cachectic. The abdomen may be 
distended and tender. Borborygmi may be audible. During an 
acute exacerbation of CIPO, the abdominal examination may be 
indistinguishable from that of true mechanical obstruction. 

In patients in whom an underlying diagnosis has not been 
determined, extra-intestinal symptoms and findings may suggest 
the underlying etiology. Megacystis and megaureter may suggest 
FVM. Progressive external ophthalmoplegia, ptosis, polyneuropa- 
thy, leukoencephalopathy, hearing loss, or a family history of CIPO 
may suggest MNGIE. Polymyositis, dermatomyositis, and mus- 
cular dystrophy are characterized by proximal muscle weakness. 
Scleroderma is often associated with skin changes. Cardiac prob- 
lems (e.g., cardiomyopathy) are common in patients with Chagas 
disease. Causes of paraneoplastic syndrome include lung, breast, 
and ovarian cancer; Hodgkin disease; and multiple myeloma. 


Complications 
Malnutrition 


Malnutrition-associated CIPO may result from insufficient 
food intake, vomiting, SIBO, diarrhea, and malabsorption. 
Deficiencies of iron, folate, and vitamin B; cause anemia. Serum 
cholesterol, calcium, and albumin levels may be low. The major- 
ity of patients with CIPO will require nutritional support (TPN, 
partial parenteral nutrition, or long-term enteral tube feeding) in 
order to achieve adequate nutrient intake.?°7!3 


TPN-Related Disorders 


Patients with disabling GI symptoms and irreversible intesti- 
nal failure often require TPN (see Chapter 6) and are at risk for 
developing catheter-related complications such as sepsis, venous 
thrombosis, or loss of venous access. Long-term TPN may be com- 
plicated by progressive cholestatic liver disease that can become 
irreversible.’!+ Inability to tolerate TPN (primary or secondary to 
complications), the onset of hepatic dysfunction, or failure of TPN 
to provide sufficient nutrients to maintain body weight is an indica- 
tion for intestinal transplantation (see Chapter 106).8%71>716 


SIBO 


Common in CIPO, SIBO is a syndrome associated with the pro- 
liferation of colon-type bacteria within the small intestine (see 
Chapter 105). SIBO is characterized by diarrhea, steatorrhea, flat- 
ulence, abdominal discomfort, bloating, and weight loss. Even if 


TABLE 124.4 Similarities and Differences Between CIPO in Children and Adults 
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Adults 


Children 
Etiology Mainly idiopathic 
Histopathology Myopathies and neuropathies 


Symptom onset 
symptomatic by age 12 mo 


Clinical features 
intervals 


Urologic involvement is commonly encountered, ranging from 36% 


to 100% 


In utero, from birth, or early infancy with 65%-80% of patients; 


Obstructive symptoms at birth and/or chronic symptoms without free 


Half of cases are secondary to acquired diseases 
Mainly neuropathies 
Median age of onset at 17 yr 


Chronic abdominal pain and distension with 
superimposed acute episodes of pseudo-obstruction 
Urinary bladder involvement not so often reported 


High risk of colonic and small bowel volvulus secondary to severe bowel 
dilatation, dysmotility, congenital bands or adhesions, or concurrent 


malrotation 


Natural history 
malrotation are poor prognostic factors 


Diagnostic approach Specialized tests (e.g., intestinal manometry) often are difficult to perform; 
noninvasive, radiation-free imaging tests are warranted 


Nutritional therapy 


Myopathic CIPO, urinary involvement, and concurrent intestinal 


To ensure normal growth, extensively hydrolyzed and elemental formulas 


The ability to restore oral feeding and the presence of 
symptoms before 20 yr of age is associated with 
a low mortality, whereas PSS and severe/diffuse 
esophageal and intestinal dysmotility are associated 
with a high mortality 


Various methodologic approaches usually starting 
with endoscopy and radiologic tests up to more 
sophisticated functional exams 


To improve nutritional status and prevent malnutrition 


often are empirically used to facilitate intestinal absorption 


Pharmacologic 
therapy 


Small number/sample size controlled trials 


Surgical therapy 


indicated in highly selected cases 


Venting ostomies (although characterized by high complication rates) are 
possibly helpful; surgery as a “bridge” to transplantation may be 


Small number/sample size controlled trials; few 
conclusions can be drawn for most drugs 


Venting ostomies can be helpful; resectional surgery 
may be indicated in accurately selected patients 
(i.e., cases with proven segmental gut dysfunction) 


CIPO, chronic intestinal pseudo-obstruction. 


From Di Nardo, G, Di Lorenzo, C, Lauro, A, et al. Chronic intestinal pseudo-obstruction in children and adults: diagnosis and therapeutic options. Neurogas- 


troenterol Motil 2017; 29(1). 


asymptomatic, malabsorption of nutrients and vitamins (e.g., vita- 
min By) deficiency) may occur.?!’ Direct quantitative cultures of 
jejunal contents is the diagnostic gold standard?!*; however, in the 
clinical setting, noninvasive hydrogen breath tests are much more 
commonly used than routine cultures.*'* Unfortunately, the use of 
breath tests to diagnose SIBO suffers from several limitations, espe- 
cially in patients with intestinal motility disorders.?!°??? Culture- 
independent techniques (e.g., gene sequencing) are more likely to 
be sensitive and specific for SIBO but are not yet widely available. 


Mechanical Obstruction of the Intestine 


Acute mechanical obstruction secondary to intestinal volvulus 
or other causes (e.g., internal hernia) can occur in patients with 
CIPO. An index of suspicion for true mechanical obstruction 
must be maintained even in cases in which a diagnosis of CIPO is 
established. Deviation from a patient’s known typical symptoms 
should always prompt clinical re-evaluation.?7!77? 


Pneumatosis Cystoides Intestinalis 


Pneumatosis cystoides intestinalis (PCI) is a rare condition charac- 
terized by multiple gas-filled cysts in the submucosa or subserosa of 
the colon and, less often, the small intestine (see Chapter 128).??3.?7+ 
It is diagnosed radiologically or endoscopically. The underlying 
cause of PCI is unclear. Current concepts attribute the condition to 
increased intraluminal gas pressures and bacterial generation of gas 
within the bowel wall. It has been described in patients with chronic 
pulmonary diseases, PSS, polymyositis, DM, duodenal and gastric 
ulceration, Crohn disease, and GI malignancies. 

PCI can be asymptomatic or associated with symptoms similar 
to that of an acute exacerbation of CIPO. Subserosal pneumo- 
cystis can rupture, releasing free gas into the peritoneal cavity 


(pneumoperitoneum), making it important to distinguish this 
condition from bowel perforation. Pneumoperitoneum from 
rupture of pneumatosis cysts does not per se mandate operation. 
For asymptomatic or minimally symptomatic individuals, conser- 
vative therapy is warranted. For symptomatic individuals, com- 
bination therapy (antibiotics, hyperbaric oxygen, endoscopy, or 
surgery) appears more efficacious than monotherapy.?*+?*> 


Mental Health Issues 


Cohort studies have demonstrated the negative effect of CIPO on 
patients’ emotional well-being and mental health.””° A high inci- 
dence of suicide has been reported among patients with CIPO, 


despite engagement with mental health services”. 


Natural History 


CIPO is a debilitating and progressive disorder. Familial cases 
typically have their onset at birth or in the first few years of life. 
Childhood-onset CIPO is characterized by a particularly severe 
course with high mortality rates.’?’’2 Adult-onset disease is 
most commonly diagnosed in the third decade of life and typi- 
cally demonstrates a less aggressive phenotype. Because the first 
obstructive episode is often preceded by years of nonspecific 
and progressive digestive complaints, the diagnosis is made a 
median of 8.8 years after the initial onset of symptoms. Almost 
all adults undergo abdominal operations (a mean of 3 [unneces- 
sary] operations) before the diagnosis is established.*?°? Among 
adult patients, approximately half die from causes related to 
CIPO; these include central line-related sepsis and the complica- 
tions of surgery, including transplantation.*”° Similarities and 
differences in CIPO between adults and children are described 
in Table 124.4. The clinical course may be predicted by clinical, 
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TABLE 124.5 Predictors of Better and Worse Outcomes in Chronic 
Intestinal Pseudo-Obstruction 


Better Worse 


Absence of vagal dysfunction 

Clinical response to cisapride 

Male sex 

Motor response to octreotide 

Normal bowel diameter 

Small bowel manometry (pres- 
ence of MMCs) 

Sympathetic dysfunction 


Early or acute onset 

Malrotation 

Myopathic cause 

Short bowel syndrome 

Small bowel manometry (absence 
of MMCs, bursts, inadequate re- 
sponse to a meal, hypomotility) 

Surgery 

TPN 

Urinary tract involvement 

Esophageal dysmotility2°® 


MMC, migrating motor complex; TPN, total parenteral nutrition. 

Modified from Stranghellini V, Cogliandro RF, De Giorgio R, et al. Natural 
history of intestinal failure induced by chronic idiopathic intestinal pseu- 
doobstruction. Transplant Proc 2010; 42:15-8. 


pathologic, and manometric findings (summarized in ‘Table 
124.5,)106 


Diagnosis 


The diagnosis of CIPO is based on clinical symptoms supported 
by radiologic, endoscopic, and laboratory findings. Manometric 
and histopathologic investigations may provide additional evi- 
dence to support the diagnosis but are not mandatory. 


Imaging Studies 


By definition, patients with CIPO have features of small intestinal 
obstruction (i.e., small intestinal dilatation and air-fluid levels). 
Dilatation may be diffuse or segmental, intermittent or persis- 
tent. Less common associated abnormalities include intestinal 
malrotation, which may be identified in up to a third of children 
with CIPO; diverticulosis of the small intestine, which affects 
53% of patients with MNGIE and 42% with scleroderma; and 
intestinal pneumatosis.**? Other than the characteristic “hide- 
bound” appearance of the valvulae conniventes in PSS (see Fig. 
124.5) radiologic features are not specific for a myopathic or neu- 
ropathic disorder. 

Fluoroscopy should be performed with water-soluble contrast 
medium to avoid complications related to barium concretions. 
Air-fluid levels are more likely to be visualized in the upright 
position; lateral views can also be useful. In patients with CIPO, 
poor bowel motility leads to delayed transit of contrast agents 
administered either orally (fluoroscopy, enterography) or by 
enteroclysis (a more invasive, difficult, and often poorly tolerated 
technique, that is rarely performed today). If the ileocecal valve 
is absent, retrograde barium studies can be performed under flu- 
oroscopy to evaluate real-time distensibility of narrowed areas. 
When the bowel is markedly dilated, however, there is consid- 
erable overlap among loops. For these reasons, detecting subtle 
areas of narrowing using fluoroscopic techniques can be difficult. 
Hence, in CIPO, fluoroscopy has been largely replaced by cross- 
sectional imaging techniques (i.e., CT and MRD, which are supe- 
rior for imaging the entire bowel. With CT and MRI, folding of 
the bowel or contractions can mimic strictures. MRI is preferable 
to CT because the bowel can be imaged at multiple time points, 
which helps distinguish a persistently narrowed segment (i.e., a 
stricture) from a transient contraction. In addition, cine MRI can 
also identify reduced small bowel motility and the response to 
neostigmine.7*°: 23! By comparison, CT generally provides better 
spatial resolution.?*” 


In patients with urinary symptoms, the urinary tract should 
also be visualized with an excretory urogram or CT or MRI.”??3? 


Laboratory Tests 


Laboratory tests are necessary to identify and monitor nutritional 
status and to evaluate for possible secondary causes of CIPO. 
Anemia and macrocytosis may result, respectively, from malnu- 
trition or maldigestion and malabsorption (see Chapters 102 and 
103 ) from a variety of causes (see Chapter 104), including SIBO 
(see Chapter 105). Blood chemistries also reflect malnutrition 
and malabsorption; for example, diabetic patients have hyper- 
glycemia, and hypoparathyroid patients can have hypocalcemia. 
Patients with connective tissue disease can have a positive anti- 
nuclear antibody or SCL-70. Patients with thyroid disease may 
have changes in serum triiodothyronine, thyroxine, and thyroid- 
stimulating hormone levels. Muscular dystrophy or mitochon- 
drial cytopathy patients can have elevated CPK and isoenzymes. 
Hemagglutination and complement fixation for Chagas disease 
may be positive in patients who have lived in Central or South 
America. Anti-neuronal nuclear antibody (ANNA-1) and anti- 
alpha 3 ganglionic acetylcholine receptor antibodies should be 
sought in patients with recent symptoms to exclude an autoim- 
mune or paraneoplastic cause of pseudo-obstruction. Blood 
lactate, pyruvate, CPK, AST, and leukocyte thymidine phosphor- 
ylase levels are screening tests for mitochondrial diseases. 


Endoscopy 


Endoscopy is performed, only when necessary, to identify a gas- 
tric bezoar or obtain small intestinal biopsies to exclude celiac 
disease. Colonoscopy is necessary when age-appropriate screen- 
ing for colon cancer has not been performed. 


Manometry 


In patients with small intestinal dilatation, small intestinal 
manometry is not required to diagnose CIPO (Fig. 124.6). 
Although abnormalities are demonstrable in the majority of 
patients,!°°733 small bowel manometry lacks the specificity 
to accurately diagnose the underlying pathophysiologic pro- 
cess (Table 124.6)!°°734; it may, however, provide information 
regarding prognosis.**> 


Myopathic Pattern 

In patients with myopathy, manometry may demonstrate low- 
amplitude contractions in the affected segment; this pattern 
generally is found during both fasting and fed periods. During 
fasting, the MMC usually is present but is diminished in ampli- 
tude. The fed pattern also is associated with reduced frequency 
of contractions. The poorly developed intestinal fed pattern is, in 
part, a result of reduced gastric emptying. Weston and associates 
showed that in myopathic disorders, antral amplitudes are usually 
less than 40 mm Hg and duodenal amplitudes are less than 10 
mm Hg.!3? 


Neuropathic Pattern 

Neurologic disorders tend to produce uncoordinated bursts of 
intense contractions of variable duration but normal amplitude. 
The MMC often is absent or abnormal in these patients. An 
abnormal rate of migration and retrograde propagation of the 
activity front (phase II) also may be noted. Activity fronts can 
appear to be normal proximally, and then arrest or disappear in 
the more distal segments of the small intestine. In neuropathic 
disorders, the normal post-cibal (“fed”) pattern might not replace 
the fasting pattern; MMC-like activity persists post-prandially 
(normally, the MMC activity should be abolished for 1 hour per 
200 kcal ingested); and the frequency of antral contractions in 
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Distal duodenum 


Jejunum 1 


CHAPTER 124 Ileus and Pseudo-Obstruction Syndromes 2055 


Diabetes Mellitus 


Fig. 124.6 Gastroduodenal motility tracings in a healthy control patient and in a patient with diabetes mellitus. 
These postprandial tracings show normal amplitude and irregular contractility in the healthy control and a 
paucity of antral contractions, tonic contractions at the pylorus (third tracing), and development of a fasting-like 
migrating motor complex pattern in the small intestine in a patient with diabetes mellitus. (Adapted from Camil- 
leri M. Acute and chronic pseudo-obstruction. From Feldman M, Friedman LS, Brandt LJ, editors. Sleisenger 
and Fordtran’s Gastrointestinal and Liver Disease: pathophysiology, diagnosis, management. 8th ed. Philadel- 


phia: Saunders Elsevier; 2006. p 2687.) 


the first hour is typically less than one per minute, in contrast to 
the average of 2 (range, 1 to 3) per minute in healthy controls.’*° 
These abnormalities reflect dysregulation of either the enteric or 
extrinsic nervous system. 


Mechanical Obstruction 

The manometric pattern of mechanical obstruction (as opposed 
to pseudo-obstruction) is characterized by giant propagated 
or non-propagated contractions lasting at least 10 seconds, or 
clustered contractions lasting 1 to 5 seconds followed by over 
1 minute of absent motor activity.” If noted, this manometric 
pattern should alert the physician to the possibility of mechani- 
cal obstruction and mandate careful radiologic examination (e.g., 
MR enterography). 

It is important to exclude Hirschsprung disease, particularly 
in patients with intractable constipation and marked distention of 
the large intestine. Anorectal manometry may disclose a defeca- 
tory disorder in some patients with CIPO. Esophageal manom- 
etry may identify intrinsic disorders of motility or may suggest 
an underlying etiology such as PSS. Identification of esophageal 
dysmotility is associated with increased risk of mortality and need 
for TPN.238 


Surgical Biopsy 


Full thickness small bowel biopsies may be considered in patients 
with CIPO who are undergoing elective intestinal surgery (i.e., 
enterostomy placement) and/or in those with acute onset and/or 
progressive, rapidly evolving forms of CIPO who are not respond- 
ing to therapy. Although biopsies may reveal inflammation (see 
Table 124.6), for which immunomodulation may be considered, 
there is little evidence to support this approach. Full-thickness 
biopsies should be obtained from dilated and non-dilated areas of 
the intestinal tract and should be processed with traditional and, 
as appropriate, with specialized immunohistochemical stains for 
glia, immune cells, and subclasses of enteric neurons.”+”° 


Treatment 


The goals of treatment are to maintain hydration and nutri- 
tion, restore intestinal propulsion, and treat complications (e.g., 
SIBO, intractable pain, acute exacerbations). Management of 
the underlying disease is limited to the minority of patients 
who have CIPO due to DM, hypothyroidism, celiac disease, 
or drug-induced dysmotility. Although case reports suggest 
that immunosuppression may be effective in select patients, 
there is insufficient evidence to issue formal recommenda- 
tions. In patients with enteric ganglionitis or an inflammatory 
neuropathy, case reports suggest that glucocorticoids, such as 
prednisolone or methylprednisolone, alone or in combination 
with other immunosuppressive treatments such as azathioprine, 
cyclophosphamide, or methotrexate may be beneficial. !66:239-244 
Rituximab and cyclophosphamide were beneficial in one patient 
with paraneoplastic CIPO.?*5 


Maintaining Nutrition 


Abdominal pain, bloating, nausea, and vomiting are often related 
to eating in patients with GI dysmotility, necessitating adjustment 
of the amount, composition, and frequency of meals. Because the 
mucosa, hence, absorption, is preserved in most patients with CIPO, 
oral nutrition is strongly preferred in CIPO. A useful rule of thumb 
is to provide 25 kcal/kg of the patient’s ideal body weight per day 
distributed in small, equal-sized feedings 4 to 6 times daily,” sup- 
plemented with multivitamins and salt. Because liquids empty faster 
than solids from the stomach and perhaps through the small intes- 
tine, nutrients should be administered as liquids whenever possible, 
especially in patients with delayed gastric emptying. Supplemental 
formulas contain the daily vitamin and nutrient requirements, and 
many are lactose free. There is no advantage to using elemental for- 
mulas. Concentrated formulas with 1.5 to 2 kcal/mL (e.g., Peptamen 
1.5, TwoCal) are available, but formulas that have a lower caloric 
content (1 kcal/mL) generally are better tolerated. 
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TABLE 124.6 Studies Evaluating Neuromuscular Pathology in Full-Thickness Biopsies Among Patients With Chronic Intestinal Pseudo-Obstruction 


Clinical 
Study Diagnosis (n) Histopathologic Findings | Manometry Findings Other Findings 
Malagelada, 20 CIPO, nflammatory neuromyopathy Neuropathic pattern was the most No difference in manometric patterns or 
201/728" 15 SFGID was the most common common abnormality in both CIPO histopathologic subtypes between groups. 
abnormality (60% CIPO, (50%) and SFGID (73%). Positive predictive value of manometry to detect 
40% SFGID). Myopathic pattern was only seen in abnormal histopathology was 73% (66%- 
No abnormalities identified in CIPO. 79%), whereas the negative predictive value 
25% of pts. was 40% (12%-77%). 
Lindberg, 50 CIPO, Neuropathy was the most Predominantly neuropathic findings Bursts were the most common finding 
2009168 65 ED common finding (48% (aberrant propagation/configuration in all pathologic subtypes (71% of 
CIPO, 83% ED). of MMC, sustained periods of phasic neuropathy, 89% of myopathy, and 95% of 
No pts demonstrated no pressure, bursts, inability to convert neuromyopathy). 
abnormalities. fasting to fed pattern) in both CIPO No significant associations between manometric 
and ED. and histopathologic abnormalities were 
Myopathic pattern (severe identified. 
hypomotility) were only identified 
in pts with myopathy or combined 
neuromyopathy. 
Veress, 168 pts with 119 (71%) demonstrated All pts with CIPO or ED had “abnormal” Unclear what proportion of the total cohort had 
2009297 “intestinal enteric neuropathy, 26 manometry CIPO, ED, IBS or STC. 
dysmotility” (15%) demonstrated 28 pts (17%; 4 CIPO, 17 ED, 5 IBS, and 2 
myopathy, and 23 STC) demonstrated ganglioneuritis and 
(14%) demonstrated a intraepithelial lymphocytosis. No villus atrophy, 
combination. crypt hyperplasia, or inflammation within the 
mucosa was identified in 27 of these pts. One 
patient demonstrated severe villus atrophy 
with moderate chronic inflammation. 
Stanghellini, 59 CIPO Available in 11 pts and Predominantly neuropathic findings No comment on relationship between 
200599 demonstrated visceral (abnormal activity fronts, bursts, lack manometry and pathology. 
neuropathy without of adequate response to a meal, or This paper identified manometric features 
inflammation clustered contractions). associated with poor clinical outcomes. 
Myopathic findings (hypomotility) were 
identified in 20%. 
Knowles, CIPO or ED 70% of pts demonstrated Of 23 pts with a-actin deficiency who a-actin deficiency was more common in ED 
2004107 (115) histologic abnormalities: completed manometric studies, 21 (44%) than in CIPO (15%). 
neuropathic findings 45%, (91%) demonstrated (predominantly 
myopathic findings in 27%, neuropathic) abnormalities. 
and mesenchymopathy Three pts (13%) demonstrated 
in 15% (some overlap in hypomotility suggestive of a myopathy. 
findings) 
a-actin immunostaining in 
jejunal circular smooth 
muscle was deficient 
in 28 pts (24%). Nine 
of 28 pts (83%) with 
a-actin deficiency had 
neuropathy, myopathy, or 
mesenchymopathy. 
De Giorgio, | Megacolon (3); Dense infiltrate, mainly In the CIPO patient, fasting manometry CIPO patient responded to glucocorticoids. 
200224! one patient composed of lymphocytes demonstrated a predominantly Colonic specimens obtained early in the 
also had and plasma cells, neuropathic pattern. course of the disease showed an intense 
CIPO restricted to the myenteric inflammatory infiltrate and neurodegenerative 
plexus. changes without apparent neuronal loss. 
In contrast, tissues obtained at later stages 
showed a mild inflammatory infiltrate along 
with damage and loss of myenteric neural 
cell bodies. 
Mann, Gut 20 CIPO 13 (65%) myopathy, NA 
1997298 4 (20%) neuropathy, 
3 (15%) no abnormality 
Stanghellini, 42 CIPO/ED Available in 15 pts. Predominantly neuropathic findings All pts had at least 1 manometric abnormality, 
Gut (with clinical Lymphoid cell infiltration of the (abnormal MMC configuration or and 86% had at least 2 abnormal features. 
1987296 likelinood of myenteric plexus in one pt. propagation, fasting bursts, fed bursts, No relationship between vagotomy and any 
neuropathy) Clustering of nuclei and scanty sustained uncoordinated phasic activity, of the particular manometric patterns was 


cytoplasm or degenerative 
changes in ganglion cells 
of 2 pts. 


and failure of a meal to convert a fasting 


to a fed pattern). 


described. 


CIPO, Chronic Intestinal Pseudo-Obstruction; ED, enteric dysmotility; MMC, migrating motor complex; NA, not available; Pts, patients; SFG/D, severe 
functional gastrointestinal disorder (i.e., GI symptoms severe enough to result in weight loss); STC, slow transit constipation. 


When oral nutrition is insufficient, enteral feeding, either 
continuous or nocturnal, via a gastrostomy or jejunostomy tube 
is necessary. Patients should be able to tolerate a 48-hour trial of 
jejunal feeding with a nasojejunal feeding tube before a feeding 
tube is placed. In children, the absence of a MMC on gastro- 
duodenal manometry suggests that enteral nutrition will not be 
tolerated.’*¢ Octreotide may improve tolerance of enteral feeding 
in these individuals.?*” 

If essential, TPN should be considered, supplemented with 
oral and/or enteral intake as tolerated.7!>7+° TPN-related com- 
plications including catheter-related sepsis or thrombosis, hepatic 
insufficiency, pancreatitis, and glomerulonephritis significantly 
increase the morbidity associated with CIPO.°9:248 


Acute Exacerbations 


Initial treatment is similar to that for acute mechanical obstruc- 
tion. IV fluids, electrolytes, and caloric support should be pro- 
vided. Pharmacotherapy using prokinetic agents can be used to 
reduce duration of the acute episode.’#?**” Peripheral acting p 
opioid antagonists may offer clinical benefit when neostigmine 
is contraindicated.” NG decompression may be beneficial for 
nausea and vomiting. In patients with colon involvement, rectal 
tubes are ineffective. In these individuals, placement of a colono- 
scopic decompression tube or cecostomy can be attempted for 
acute dilatation refractory to medical therapy. Prolonged suboc- 
clusive episodes necessitate appropriate nutritional support and 
antibiotics to prevent SIBO. 


Restoring Intestinal Propulsion 


Several small studies have evaluated prokinetic agents for CIPO. 
Cisapride, a 5HT-4 agonist, increased gastric and intestinal motil- 
ity but did not improve symptoms in children and adults with 
chronic intestinal dysmotility.-*+7°° Cisapride also improved gas- 
tric and intestinal transit in adults but not in children. The ben- 
eficial effects of cisapride were more pronounced in patients with 
normal cardiovagal functions.’*’ Prucalopride, another 5HT-4 
agonist, reduced nausea, vomiting, bloating, and abdominal 
pain.?8 Oral pyridostigmine improved symptoms in both adults 
and children.*>??° Erythromycin did not improve symptoms.”°! 
The effects of metoclopramide, domperidone, and neostigmine 
have not been studied. Among these medications, cisapride and 
domperidone are not available in the USA and metoclopramide 
carries a black box warning regarding tardive dyskinesia. 

The somatostatin analog octreotide induced MMC-like activ- 
ity in the small intestine. Octreotide improved abdominal symp- 
toms in patients with PSS. This improvement was accompanied 
by lower breath hydrogen excretion under fasting conditions and 
after glucose, which have been interpreted to reflect reduced 
intestinal stasis and bacterial overgrowth. However, octreotide 
retards gastric and small intestinal transit in healthy people.’ 
Hence, it is recommended that the drug should be used at night, 
at least 2 hours after the last meal of the day, to induce an MMC 
and “sweep” residue out of the small intestine toward the colon 
and prevent SIBO. Adding erythromycin’® to octreotide may 
provide additional benefit. 

Anti-emetics may be required for nausea secondary to CIPO 
or medications. Antispasmodics can be prescribed although their 
benefit may be short lived. 


SIBO 


Disordered motility of the small intestine predisposes to SIBO. 
Controlled studies suggest that a 7- to 10-day course of amoxicil- 
lin-clavulanic acid or norfloxacin is beneficial for SIBO diagnosed 
by breath tests.*°+ Ciprofloxacin, metronidazole, tetracyclines 
(e.g., doxycycline), and trimethoprim/sulfamethoxazole are other 
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options. These agents are all much less expensive than the poorly 
absorbed antibiotic rifaximin. No agent other than rifaximin has 
been rigorously evaluated for treating patients with CIPO. Some 
patients with CIPO need prophylactic antibiotics, administered 
regularly, e.g., for 10 days every month. To limit the emergence 
of resistant strains, one option is to cycle among different antibi- 
otics such as metronidazole, ciprofloxacin, and doxycycline. 


Pain 
Management of pain should focus on intestinal decompression. 


Opioids should not be used because they markedly inhibit GI 
motility and lead to tolerance and addiction. 


Constipation 


Constipation may predispose to colonic distention with activa- 
tion of colocolonic and colointestinal inhibitory reflexes that 
inhibit motility in the bowel segments proximal to the distended 
colon.’°*”°° Hence, it is important to ensure that patients have 
a satisfactory bowel movement every 2 to 3 days. If necessary, 
patients should be treated with an osmotic laxative (e.g., poly- 
ethylene glycol) supplemented with a stimulant laxative (e.g., 
bisacodyl).’°” Enemas may be useful if patients have had no bowel 
movement for 3 days. Prucalopride, a 5-HT4 receptor agonist, 
may be of particular benefit in patients with CIPO (see earlier). 
Bulk-forming laxatives should be avoided in patients with severe 
small intestinal dysmotility, because they may exacerbate GI 
symptoms. Physical therapy for a defecatory disorder should be 
offered when appropriate. 


Surgical Therapy 


Surgery has a limited role in treating CIPO. Surgical bypass or 
resection may be beneficial only in a minority of patients with 
CIPO, such as those with localized disease (e.g., isolated mega- 
duodenum).*°*°? To emphasize, CIPO tends to be a progressive 
disorder and segments that are seemingly unaffected initially may 
become progressively dilated over time. The most common sur- 
gical procedure is placement of a venting enterostomy.*® In one 
study, placement of a venting tube was associated with reduced 
distention and bloating and improved nutrition;7’° a second study 
demonstrated that the number of hospital admissions was reduced 
by a factor of 5 and the number of laparotomies performed for 
suspected obstruction was reduced by a factor of 10.2”! Where 
used, ileostomies are associated with a high rate of prolapse in 
children with intestinal dysmotility and CIPO.?7? 

When all other treatment options have failed, small intestine 
and multi-organ transplant can be considered (see Chapter 106). 
Indications for small bowel or multi-organ transplant include 
life-threatening complications from TPN, lack of venous access 
for TPN, intestinal failure with high mortality risk, and disease- 
related poor quality of life despite TPN.*7*?”* Isolated intestinal 
transplant is technically less complex?” than multi-organ trans- 
plantation. As TPN-associated liver failure may reverse with suc- 
cessful small bowel transplantation, isolated intestinal transplant 
is preferred.’’> However, irreversible liver disease may mandate 
multi-organ transplantation. Organ rejection, repeat laparoto- 
mies, long-term TPN, and recurrent bacterial infections are 
potential complications of intestinal transplantation. In addi- 
tion, there is a long-term risk of developing postoperative lym- 
phoproliferative disorders after transplantation.7!>’7° Advances 
in immunosuppressive protocols, including induction therapy 
with monoclonal antibodies (daclizumab, alemtuzumab, or thy- 
moglobulin), have lowered immunosuppressive requirements 
and reduced the risk of renal failure and sepsis.?’+?”” Advances 
in surgical techniques and graft monitoring via graft ileoendos- 
copy and intestinal biopsy have led to improved graft and patient 
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survival rates. Consequently, graft and patient survival at 5 years 
are 60% and 70%, respectively, and 45% and 56% respectively 
at 10 years.? 15:276 


Enteric Dysmotility 


By convention, enteric dysmotility is defined by UGI symptoms 
and manometrically abnormal small intestinal motor patterns, 
without small intestinal dilatation. When patients with enteric 
dysmotility progress to develop small intestinal dilatation, the 
diagnosis becomes CIPO. In one study, only 37% of patients with 
enteric dysmotility reported vomiting versus 56% of patients 
with CIPO. Likewise, 54% of enteric dysmotility patients had 
weight loss (amount unspecified) versus 78% with CIPO. Small 
bowel manometric abnormalities were less severe than in CIPO”? 
and full-thickness biopsies of the small intestine demonstrate that 
neuropathy is more common in enteric dysmotility and myopa- 
thy more common in CIPO.!°° Whether enteric dysmotility and 
CIPO represent the same pathophysiology is unclear at the cur- 
rent time. 

After exclusion of underlying causes, management of enteric 
dysmotility and CIPO are similar. Few patients with enteric 
dysmotility require nutritional support and almost none require 
TPN.” Although the psychologic burden of enteric dysmotility 
is substantial, it is lower than that seen in patients with CIPO.?*° 


MEGACOLON AND MEGARECTUM 


Megacolon is defined by a diameter of the rectosigmoid region 
or descending colon on abdominal plain film greater than 6.5 cm; 
an ascending colon diameter greater than 8 cm; or cecal diameter 
greater than 12 cm. Megacolon can be caused by aganglionosis 
(HD), can be idiopathic (complicating chronic constipation of 
any cause), or may be a manifestation of a generalized GI dys- 
motility. 

Several syndromic congenital neuropathies associated with 
megacolon exist (see Chapter 98) and can be classified broadly 
as: (1) disorders of colonization by migrating neural crest-derived 
neurons (e.g., HD) related to abnormalities in the RET gene (the 
gene for tyrosine kinase) and GDNF (glial-derived neurotrophic 
factor), or the disorder of ET-3 (endothelin-3) and its receptor, 
ETB (endothelin B receptor); (2) disorders of differentiation of 
enteric nerves (e.g., intestinal ganglioneuromatosis) related to a 
specific germline point mutation in RET at codon 918 of exon 
16 (M918T) or codon 883 (A883F) in MEN-IIB syndrome; and 
(3) disorders of the survival or maintenance of enteric nerves 
(e.g., hypoganglionosis, possibly congenital achalasia) related 
to one of several derangements of ligands (e.g., 5-HT or neuro- 
trophin-3) and their receptors (e.g., 5-HT and tyrosine kinase 
C) or transcription factors (e.g., SOX10).’’> Disturbances in 
these mechanisms result in syndromic dysmotilities such as HD, 
Waardenburg-Shah syndrome (WSS), MEN type HA or B, and 
idiopathic hypertrophic pyloric stenosis. 

HD, perhaps the most common congenital neuropathy, 
occurs in 1 in 5000 live births (see Chapter 98).?7827° It is often 
associated with chromosomal abnormalities, the most frequent 
being trisomy 21 (Down syndrome), which affects 2% to 10% 
of patients. Mutations may involve gene-encoding receptors or 
ligands, such as GDNF-Ret or ET-3-ETB, although the recep- 
tors are much more commonly affected. Different mechanisms 
can cause the terminal colon to become aganglionic: a defi- 
ciency of GDNF-RET that is less severe and does not cause the 
entire bowel to become aganglionic; a deficiency of ET-3-ETB 
in which neural crest-derived cells differentiate prematurely and 
precursors cease dividing prematurely, leaving the last segment 
uncolonized; and other syndromes that result from mutations 
of transcription factors. Short segment involvement (rectum or 
rectosigmoid) is most common, although an ultrashort segment 


of aganglionosis involving only the internal anal sphincter or 
long segment involvement is seen in less than 20% of patients. 
HD is detected more commonly in children than in adults, 
but ultrashort segment HD may not be diagnosed until adult- 
hood.279280 

WSS is an autosomal dominant familial disorder that affects 
body pigments and manifests a sensorineural hearing loss.’”*?5!- 
83 Tt occurs with an incidence of 1 in 50,000 live births and 
accounts for 2% to 5% of congenital hearing loss. There are 
at least 4 types of the syndrome, and 4 genes have been identi- 
fied in this condition: PAX3, MITF, EDNRB, and EDN3. The 
combination of HD with WSS defines the WSS type 4. Patients 
with a SOX10 mutation and WSS type 4 can present with ataxia, 
central and peripheral demyelinating neuropathies, and mega- 
colon.?*+ 

MEN type IIB syndrome is a severe congenital familial neu- 
ropathic condition transmitted as an autosomal dominant trait 
and characterized by medullary carcinoma and tumor develop- 
ment in the neuroendocrine system (see Chapter 34). Presenting 
symptoms include severe constipation or megacolon, diarrhea 
(when associated with enterocolitis), or obstruction, typically 
occurring shortly after birth.” External stigmata of MEN-IIB 
include a characteristic facies with “blubbery” lips due to muco- 
sal neuromas that involve the lips, tongue, face, and eyelids; mar- 
fanoid habitus; medullated corneal nerve fibers; and medullary 
thyroid carcinoma. Biopsy specimens characteristically show 
findings of transmural ganglioneuromatosis with massive prolif- 
eration of neural tissue, including neurons, and supporting cells; 
nerve fibers appear as thickened nerve trunks among mature 
nerve cells. 

Acquired megacolon describes any of the disparate causes of 
constipation that are associated with colonic dilatation not pres- 
ent at some earlier examination. A common background for 
acquired megacolon is colonic inertia, which can occur at both 
extremes of life; in children, this form can be confused with the 
congenital condition. Infection with Trypanosoma cruzi (Chagas 
disease) is the most common cause of acquired megacolon world- 
wide (see Chapter 113).!°5 


Diagnosis and Management 


Similar to ACPO, chronic megacolon is typically characterized 
by abdominal distention and pain, which may be relatively mild 
or absent; the distention may only be evident radiologically. As 
detailed earlier for ACPO, electrolyte disturbances should be 
sought. Initially, colonic obstruction should be excluded with 
water-soluble radiological contrast agent enemas, most com- 
monly diatrizoate meglumine-diatrizoate sodium (Gastrografin), 
or with colonoscopy in patients who have not had age-appropri- 
ate screening for colon cancer. When necessary, the diagnosis 
can be confirmed by demonstrating increased colonic compliance 
by evaluating pressure-volume relationships with a barostat;7*> 
however, few centers offer this test. 

By evacuating stool from the left colon, contrast agent or 
tap water enemas also may relieve colonic distention. A trial of 
colonic prokinetic agents such as the 5-HT* receptor agonist 
prucalopride or the cholinesterase inhibitor pyridostigmine may 
wbe considered,?86287 but their efficacy, as with colonic irrigation 
through a percutaneous endoscopic cecostomy, in patients with 
chronic megacolon has not been evaluated.’** Intuitively, it seems 
likely that patients with chronic megacolon may require volumi- 
nous colonic irrigation, which will likely aggravate rather than 
improve colonic distention, especially in patients with reduced 
colonic motility. For patients with bothersome symptoms who 
can tolerate surgery, colectomy, which offers a definitive manage- 
ment option, should be considered. 


Full references for this chapter can be found on www.expertconsult.com. 
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Small intestinal (SI) tumors (tumors of the duodenum, jejunum, 
and ileum) are uncommon in comparison with those occurring else- 
where in the GI tract. Whereas the SI is approximately 20 ft long and 
comprises 75% of the length of the GI tract and 90% of its muco- 
sal surface area, SI tumors only account for 5% of newly diagnosed 
cancers of the intraluminal digestive tract.! SI tumors are diverse 
in nature (approximately 40 different histologic types of SI tumors 
have been described) because they are derived from both epithelial 
and mesenchymal components of the SI (Box 125.1). The most fre- 
quent primary histologic types of SI malignant tumors include ade- 
nocarcinomas, carcinoids, lymphomas, and sarcomas, now mostly 
classified as GI stromal tumors. Incidence and mortality rates have 
been increasing in the USA. In 2018, it was estimated that 10,470 
new cases of primary SI cancer would be diagnosed in the USA and 
that there would be 1450 estimated cancer deaths from primary SI 
cancer.!” The diverse nature of SI tumors makes it difficult to make 
generalizations about the group as a whole; some tumors represent 
distinct entities, whereas others share overlapping features. 


DESCRIPTIVE EPIDEMIOLOGY 


The histology and epidemiology of SI tumors differs geographi- 
cally and ethnically.’ An average age-adjusted incidence of pri- 
mary SI cancers of 1.9% per 100,000 men and 1.4 per 100,000 
women has been reported in the USA.° The incidence rates for all 
histologic types of SI neoplasia are higher in men than in women. 
The male-to-female ratio of incidence rates for SI carcinoids, 
adenocarcinomas and stromal tumors ranges from 1.1 to 1.5, and 
from 1.2 to 2.0 for SI lymphomas.’ Globally, incidence rates of 
SI tumors differ inter- and intra-continentally, with the highest 


rates being observed in North America, Northern Europe, and 
Oceania,*+ and the lowest rates in Asian/Pacific Islanders and 
Hispanics.’ In the USA, the incidence rate of all SI cancers is 
higher in African Americans than in Caucasians*** and race-based 
differences in histologic subtypes of SI tumors have been noted. 
Incidence rates for SI adenocarcinomas and malignant carci- 
noids are higher in African Americans than in whites, whereas 
incidence rates of stromal tumors and lymphomas are higher in 
whites.° The incidence of SI cancers rises with age, beginning at 
30 years, with a median age at diagnosis of 66 years.*+ The age- 
specific increase in incidence rates differs among histologic sub- 
types: there is a steep, continuous increase for adenocarcinomas 
up to the 9th decade; the increase in incidence rates plateaus at 
approximately 60 to 70 years of age for carcinoid tumors, stromal 
tumors and lymphomas; after age 70 years, the incidence of car- 
cinoid tumors decreases.* 

Metastases to the SI from adenocarcinomas and sarcomas 
account for approximately 50% of all SI tumors. Among primary 
SI tumors, adenocarcinoma (24% to 52%), malignant carcinoid 
(17% to 41%), lymphoma (12% to 29%), and sarcomas (11% to 
20%) are most common.’ In 2000, carcinoid tumors surpassed 
adenocarcinoma as the most common SI tumor.’ Over the last 
3 decades, overall incidence rates of SI tumors have increased at 
an annual rate of 2.1% and 2.6% for men and women, respec- 
tively.’ The increase was highest for GIST tumors with an annual 
increase of 11%. SI lymphomas and neuroendocrine tumors 
increased at an annual rate of 4% to 5%, whereas sarcomas and 
adenocarcinomas only increased at an annual rate of 1% to 2%.? 
In contrast, incidence rates of leiomyosarcomas and unspecific SI 
cancers decreased over time.’ 

Tumor location in the SI is dependent on the histologic 
type of tumor. Of SI adenocarcinomas, 49% are found in 
the duodenum, 21% in the jejunum, and 15% in the ileum. 
In the setting of Crohn disease, adenocarcinomas more com- 
monly occur distally in the ileum. Fifty-two percent and 30% 
of carcinoids and primary lymphomas are located in the ileum, 
whereas sarcomas are more evenly distributed throughout the 
SI.* Interestingly, a relative increase in duodenal primary SI 
tumors has been noted with a parallel decrease in jejunal and 
ileal SI tumors.” 

Several hypotheses have been proposed to explain why SI 
tumors are relatively rare, but objective data are mostly lack- 
ing. Hypotheses include the following: (1) Rapid transit time 
and liquid luminal contents reduce mucosal contact with puta- 
tive carcinogens, while mucosal enzymes, for example, benz- 
pyrene hydroxylase, detoxify them. (2) Bacterial enzymes have 
been postulated to play a role in colonic carcinogenesis. When 
the intestinal microbiota is altered, as in SIBO, SI carcinomas 
develop with a higher frequency than expected. The SI, how- 
ever, has relatively low bacterial counts (the upper two thirds of 
the SI contains low concentrations of aerophilic Gram-positive 
bacteria such as Jactobacill and enterococci), with an absence of 
anaerobes under normal conditions. (3) Stem cells located at 
the crypt base lie deeper in the SI than in the colon, perhaps 
reducing contact with luminal carcinogens. The rapid differen- 
tiation of stem cells into mature, non-proliferating enterocytes 
and goblet cells may also protect against factors that deregulate 
cell growth and promote cancer development. (4) Apoptosis 
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BOX 125.1 Classification of Small Intestinal Tumors* 


BENIGN EPITHELIAL TUMORS 
Benign intestinal epithelial polyps 
Adenomas 
Hamartomas (Peutz-Jeghers syndrome, Cronkhite-Canada 
syndrome, juvenile polyposis, Cowden disease, Bannayan- 
Riley-Ruvalcaba syndrome) 
Brunner gland lesions‘ 


MALIGNANT EPITHELIAL LESIONS 


Carcinoid tumors (neuroendocrine tumors) 
Primary adenocarcinomas 
Secondary carcinomas (metastases) 


LYMPHOPROLIFERATIVE DISORDERS 


B-cell 
Diffuse large-cell lymphoma 
Follicular lymphoma 
Immunoproliferative small intestinal disease 
Mantle cell lymphoma (multiple lymphomatous polyposis) 
Marginal B-cell lymphoma (MALT cell lymphoma) 
T-cell 


PART X_ Small and Large Intestine 


Enteropathy-associated T-cell lymphoma 
MESENCHYMAL TUMORS?* 


Fatty tumors (lipoma, liposarcoma) 

Gastrointestinal stromal tumors (benign and malignant) 

Neural tumors (gut autonomic tumors, schwannomas, neurofibro- 
mas, ganglioneuromas, granular cell tumors) 

Paragangliomas 

Smooth muscle tumors (leiomyoma, leiomyosarcoma) 

Vascular tumors (hemangioma, angiosarcoma, lymphangioma, 
Kaposi sarcoma) 


MALT, Mucosa-associated lymphoid tissue. 

*This is a partial list of tumors found in the small intestine. Although the 
overall incidence of small intestinal tumors is low, many different benign 
and malignant lesions have been described in this organ. 

tlt is unclear whether these lesions should be classified as hyperplastic, 
neoplastic, hamartomatous, or adenomatous proliferations. 

Some mesenchymal tumors represent clear-cut diagnostic entities, 
whereas many are more difficult to classify into any specific cell 
lineage. The latter are designated gastrointestinal stromal tumors 
(GISTs). 


involving damaged cells and potentially tumorigenic clones dif- 
fers between the SI and colon. (5) Lymphoid tissue in the lamina 
propria and Peyer patches of the ileum may provide immune 
surveillance against neoplastic cells through IgA-rich secretions. 

There is evidence of geographic correlation between SI and 
colon incidence rates for neoplasia, and shared dietary risk factors 
have been suggested.*’ It also has been noted that patients with 
colorectal cancer (CRC) are at increased incidence for SI tumors 
and vice-versa.° Although these data suggest shared risk factors, 
the increasing rates of SI bowel tumors but decreasing rates of 
CRCs suggest yet unrecognized factors in the pathogenesis of 
primary SI malignancies. 


BIOLOGY AND BIOCHEMICAL CHANGES 


In comparison with CRC, relatively little is known about the 
molecular genetic events associated with the evolution of SI 
tumors. Human RAS genes encode guanine nucleotide-bind- 
ing proteins that regulate intracellular signaling pathways. Ina 
small but representative study, KRAS mutations were common 
in sporadic and Crohn disease-associated adenocarcinomas of 


the SI.° KRAS mutations were present in all 4 sporadic carci- 
nomas with contiguous adenomas, in 2 of 11 (18%) carcinomas 
without adenomas, and in 4 of 7 (43%) of Crohn disease-asso- 
ciated carcinomas.’ In the same study, alterations in the p53 
gene product and allelic loss of chromosome 17p were present 
in 47% of sporadic SI adenocarcinomas, 33% of contiguous 
adenomas, and 71% of Crohn disease-associated carcinomas.’ 
Deletions of chromosome 17p involve the p53 tumor-suppres- 
sor gene, the product of which normally prevents cells with 
damaged DNA from progressing from the G; phase to the S 
phase in the cell cycle and regulates apoptosis. In recent years, 
next-generation sequencing studies with larger sample sizes in 
the range of 28 to 317 samples, and the development of trans- 
genic animal models, have confirmed the role of the above- 
mentioned genes in SI carcinogensis and provided additional 
insights in the molecular profile of SI tumors. In SI adenocar- 
cinoma, the most commonly mutated genes are KRAS (43% to 
47%) and TP53 (41% to 48%); mutations in both of these genes 
is mutually exclusive. The rate of mutations in these genes also 
is influenced by location, with an increasing mutation rate of 
KRAS from duodenum to jejunum and ileum; the opposite was 
noted for 7P53 mutation rates. In a transgenic mouse model 
for tumor-suppressor APC-inactivation and oncogenic KRAS- 
activation (KRASV!?G/Apc*1638N), mice developed duodenal 
adenomas and adenocarcinomas.!° Other genes that are com- 
monly mutated in SI adenocarcinomas include APC (13% to 
27%), SMAD4 (10% to 17%),!!:1? PIK3CA (9.6%), and ERBB2 
and BRAF (6% to 9%)!?-!4+; BRAFV600E mutations, however, 
are less common in SI adenocarcinoma than in colon carci- 
noma.!!:!? The role of APC in the molecular pathogenesis of 
SI adenocarcinomas is supported by its alterations in condi- 
tions known to put patients at risk for the development of SI 
adenocarcinomas and by animal models. The APC gene on the 
long arm of chromosome 5 (5q21) is mutated in the germ- 
line of persons with familial adenomatous polyposis (FAP) 
and these individuals frequently develop SI and periampullary 
adenomas and carcinomas. Genetic silencing of APC in mice 
results in SI adenoma formation, and compound heterozygote 
APC/SMAD¢4 knockout mice develop large numbers of adeno- 
mas, with malignant SI tumors found in more than half of the 
mice and periampullary adenocarcinomas found in 20%.!5-16 

Microsatellite instability can be found in 5% to 35% of 
SI adenocarcinomas.!!:!7 These tumors arise in the setting 
of defective mismatch repair (MMR) and, therefore, a high 
mutation burden. Alterations in MMR genes are character- 
istic of patients with Lynch syndrome (see Chapter 126). 
MMR gene mutations in HMLH1 and bMSH2 were present 
in 15 of 42 (36%) Lynch syndrome-associated SI carcino- 
mas in one series.! Pathogenic germ-line mutations in genes 
including MLH1, MSH2, and MSH6 were identified in 81% 
of individuals with Lynch syndrome and SI tumors with loss 
of MMR protein expression in 89% of cases in another large 
series.!? DNA replication errors characterized by microsatel- 
lite instability have also been reported in 13% of sporadic SI 
adenocarcinomas.’ More recently, loss of MMR proteins was 
reported in 13% to 35% of patients with primary SI adenocar- 
cinomas.??7! 

SI neuroendocrine tumors (SI-NETs) are now the most 
common primary malignancies of the SI. In SI-NETs, loss of 
heterozygosity in chromosome 18 is frequent (78%) but focal 
point mutations are relatively rare.2* The most commonly 
mutated gene in SI-NET is the cell-cycle regulator CDKN1B, 
which is mutated in 10% of tumors.’? In 2 recent sequenc- 
ing studies in which 48 and 55 tumor samples were examined, 
mutations of several cancer-related and therapeutically relevant 
genes were identified (i.e., in SRC, SMAD, AURKA, EGFR, 
HSP90, and PDGFR genes), although common mutations were 
present in only 1% to 10% of samples within and between the 


studies.” Data on the concordance between genetic altera- 


tions in the primary tumor and metastases are inconsistent. 
Concordance rates of 40% to 85% have been reported for 
somatic copy number alterations and somatic single nucleotide 
variants in paired primary and metastatic tumor samples.???3 A 
common mechanism of aberrant gene expression in SI-NETs 
is epigenetic dysregulation (i.e., methylation, chromatin modi- 
fication). Recently, genome-wide DNA methylation and gene 
expression were evaluated in 97 tumor samples—including 
primary tumors and hepatic metastases of SI-NETs—from 85 
patients.*+ Analysis of differentially methylated genes demon- 
strated enrichment in cancer-relevant pathways such as EGF 
receptor (EGFR), mammalian target for rapamycin (mTOR), 
and vascular endothelial growth factor (VEGF) pathways. Sub- 
sequent integrated methylation and gene expression analysis 
identified 21 epigenetically dysregulated genes. In 65% of the 
tumor samples, aberrant methylation was found in at least 10 
of these 21 genes, suggesting epigenetic dysregulation as a fre- 
quent event in the carcinogenesis and/or tumor progression of 
SI-NETs. This methylation signature was specific to SI-NETs 
when compared with the Cancer Genome Atlas (TCGA) data 
from normal tissue and other GI malignancies. The most fre- 
quent differentially methylated genes included CDX1, FBP1, 
TMEMI171, GDAPIL1, and CELSR3, with 82% of tumors 
demonstrating altered methylation in at least 4 of these 5 
genes. Hypermethylation of the gastric inhibitory polypeptide 
receptor gene was noted in 74% of samples and its aberrant 
methylation and overexpression was positively correlated with 
the development of hepatic metastases.’* 

GISTs contain gain-of-function mutations that affect 2 recep- 
tor tyrosine kinase genes, KIT and PDGFRA. KIT mutations are 
detected in 63% to 85% and PDGFRA mutations in 10% to 15% 
of GISTs.?>° KIT mutations are most frequent in exon 11 (70% 
to 75%), followed by exons 9 and 17, whereas PDGFRA muta- 
tions are most frequent in exon 18, followed by exon 12, and, 
rarely, exon 14. KIT activation is a crucial oncogenic mechanism 
in sporadic and familial GISTs. Mutations in KIT or PDGFRA 
predict prognosis and response to therapy with tyrosine kinase 
inhibitors (see later and Chapter 33).?”7 GISTs that carry KIT 
exon 11 mutations, for example, respond better to targeted treat- 
ment than tumors with wildtype KIT and PDFGRA, whereas 
both primary and secondary (acquired) mutations affecting the 
tyrosine kinase domain do not generally respond to imatinib. In 
multivariate analysis, KIT exon 11 mutations was found to be an 
independent prognostic factor, with patients harboring KIT exon 
11 mutations having significantly longer overall survival than 
patients with wildtype KIT/PDGFRA.** BRAF mutations are rare 
in GIST tumors but have been associated with imatinib resis- 
tance.*? Wildtype KIT/PDGFRA GIST can be stratified based on 
their levels of succinate dehydrogenase. In a large immunohisto- 
chemical study evaluating 1078 GIST tumors, 89% of succinate 
dehydrogenase-deficient KIT/PDGFRA wildtype GIST tumors 
were found to overexpress IGF1R.*° 


RISK FACTORS AND ASSOCIATED CONDITIONS 


Numerous risk factors and associated conditions have been 
described with relation to tumors of the SI (Box 125.2) and 
approximately 12% of SI adenocarcinomas develop in the setting 
of such predisposing factors.*! A recent prospective study of risk 
factors for adenocarcinomas and malignant carcinoids of the SI 
(the 2 most common tumor types) indicated that age 265 years was 
the only significant risk factor for adenocarcinomas, whereas male 
gender, BMI, and current menopausal hormone therapy use were 
positively associated with malignant carcinoids.*? Race, education, 
diabetes, smoking history, physical activity and alcohol intake were 
not associated with either histologic type. These findings differ, to 
some extent, from previous reports in which modestly increased 
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BOX 125.2 Conditions Associated with an Increased Risk 
of Primary Small Intestinal Neoplasia 


ADENOCARCINOMA 


Celiac disease 

Crohn disease 

Duplication cysts and Meckel diverticula 

Familial adenomatous polyposis 

History of cholecystectomy 

leal loop conduits, ileal pouches, ileal cystoplasty 

Juvenile polyposis syndrome 

Long-standing ileostomy (especially with Crohn disease) 
Lynch syndrome (hereditary non-polyposis colorectal cancer) 


Peutz-Jeghers syndrome 
NON-HODGKIN B-CELL LYMPHOMA 


Acquired immunodeficiency syndrome 

Crohn disease 

Infectious agents, e.g., Campylobacter jejuni (immunoproliferative 
small intestinal disease) 

Nodular lymphoid hyperplasia 

ENTEROPATHY-ASSOCIATED T-CELL LYMPHOMA 

Celiac disease 

GASTROINTESTINAL STROMAL CELL TUMOR 


Germline mutations in succinyl dehydrogenase genes 
Type 1 neurofibromatosis (von Recklinghausen neurofibromatosis) 


odds ratios for cigarette smoking and for heavy alcohol intake 
were reported for adenocarcinomas and carcinoids in some, but 
not all, studies®; this is further supported by a recent meta-analysis 
that showed odds ratios of 1.51 and 1.24 for alcohol and smok- 
ing, respectively, as risk factors for small bowel adenocarcinomas.*? 
Several studies report a link between obesity and SI cancer, but 
this is not universal. A meta-analysis from Asia including data from 
500,000 patients found a trend for increased SI cancers in patients 
with a BMI of greater than 27.6, but this did not reach statisti- 
cal significance.** Studies based on retrospective medical record 
review do not often take into account the amount and duration 
of exposures, and dose-response trends, or adjust for other influ- 
ences that may explain these differences. Weekly or more frequent 
consumption of red meat or salt-cured foods, frequent intake of 
foods rich in heterocyclic amines (fried bacon, ham, barbecued or 
smoked meat and fish), high sugar intake, intake of bread, pasta, 
and rice have all been associated with an increased risk of SI adeno- 
carcinoma in small older studies, with reports of an inverse rela- 
tionship with coffee, fish, vegetables and fruit. 

FAP patients have a lifetime risk of 90% to 100% for duodenal 
adenomas.*>*’ A relative risk (RR) for duodenal adenocarcinoma 
of 331 and a RR of 124 for ampullary carcinoma has been reported 
in patients with FAP compared with the general population.*° 
Mean ages of diagnosis were 53 years for duodenal carcinoma and 
49 years for ampullary carcinoma. A prospective study in 5 Nordic 
countries and the Netherlands demonstrated that at first endos- 
copy, 65% of individuals with FAP had duodenal adenomas at a 
median age of 38 years. The cumulative incidence of adenomatosis 
at 70 years was 90%. The cumulative incidence of cancer was 4.5% 
at age 57 years.*> SI adenomas and adenocarcinomas elsewhere in 
the bowel have also been reported in recent studies using capsule 
endoscopy and single balloon enteroscopy.***? Inactivation of 
one of the base excision repair (BER) genes (MYH or MUTYH) 
is a cause of an autosomal recessive form of FAP (MUTYH- 
associated polyposis or MAP). Duodenal polyposis is found in up 
to 18% of MAP patients and SI cancers also have been reported 
in MAP. Periodic screening of the proximal SI in this setting is 
recommended in a manner similar to FAP (see later).*!*? Lynch 
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syndrome is an inherited disease in which colon cancers arise in 
discrete adenomas, but polyposis (i.e., hundreds of polyps) does not 
occur. SI cancer is part of the tumor spectrum of Lynch syndrome, 
with a prevalence of SI neoplasias of 1.8% and an estimated life- 
time risk for the development of SI adenocarcinoma of 4%.*°*# In 
a report from a Swedish registry, the RRs of SI cancer in families 
that fulfilled the Amsterdam II and Bethesda criteria were 36.1 and 
5.75, respectively.*> Data from the Colon Cancer Family Registry 
for 764 carriers of MMR gene mutations who had previous CRC 
demonstrated a primary SI cancer rate of 2.2% with a cumulative 
20-year risk of 4%. The standardized incidence ratio of SI cancers 
was 73, consistent with an elevated risk for SI cancers in patients 
with MMR gene mutations and a prior history of CRC malignan- 
cies.*° Patients with Lynch syndrome generally present with SI 
cancer 10 to 20 years earlier (reported median age 39 to 55 years) 
than the general population and SI cancer may be the first mani- 
festation of Lynch syndrome. Tumors in Lynch syndrome may be 
distributed throughout the SI but are most commonly found in the 
duodenum (47% to 65%).!946 

Hamartomatous polyposis syndromes are a group of disor- 
ders marked by the finding of multiple hamartomatous polyps 
in the GI tract. One of the better known of the hamartomatous 
syndromes is Peutz-Jeghers syndrome, an autosomal-dominant 
disease, which, in most families, has been mapped to chromo- 
some 19p13.3 and the STK11 (serine threonine kinase 11) gene. 
Extracolonic cancers are common in Peutz-Jeghers syndrome, 
occurring in 50% to 90% of patients (SI, stomach, pancreas, 
esophagus, ovary, lung, uterus, breast); the RR for all cancers is 
15.2 compared with the general population.*’ The SI represents 
the most frequent site of cancer development, with an RR of 
development of adenocarcinoma of 520 compared with the gen- 
eral population. Patients often present with obstructive symp- 
toms and may develop SI intussusception. 

Juvenile polyposis syndrome is an autosomal-dominant dis- 
ease in which hamartomatous polyps may be limited to the colon 
or the stomach, or occur throughout the GI tract. Mixed juve- 
nile and adenomatous polyps have also been reported. The RR 
for SI cancer is unclear, but cancers of the duodenum have been 
reported. Patients may present with bleeding, intussusception, 
and obstruction. A life-threatening protein-losing enteropathy 
has been reported in some patients. Germ-line mutations in the 
SMAD4 (chromosome 18q21.1) and PTEN (chromosome 10q23) 
genes have been reported in juvenile polyposis syndrome.** 

Patients with Crohn disease are at increased risk for primary 
SI malignancies, with an overall standardized incidence ratio of 
8.3. Although adenocarcinomas are the most common type 
of primary SI malignancy, with standardized incidence ratios of 
up to 46, the overall risk of SI adenocarcinoma is relatively low, 
with a cumulative risk of 0.2% and 2.2% after 10 and 20 years of 
Crohn disease.*°! Other primary SI cancers reported in patients 
with Crohn disease include lymphomas and neuroendocrine car- 
cinomas, although both are rare.’ A recent longitudinal study 
(241,620 person-years) following 23 patients reported a standard- 
ized incidence ratio of 6.8 for SI-NETs.*? The standardized inci- 
dence ratio for the development of SI lymphoma in the absence 
of immunotherapy was 1.37 in a recent retrospective analysis of 
1420 cases.*+ A dysplasia-carcinoma sequence occurs in the SI in 
Crohn disease similar to that of the colon and rectum.*? Crohn 
disease—associated SI carcinomas and dysplasias are accompanied 
by frequent genetic alterations in K-ras and p53.°> SI adenocarci- 
nomas in Crohn disease are mostly located in the ileum.*° 

Diversion of bile to the lower SI either surgically or by feeding 
cholestyramine increases the yield of SI carcinomas in carcinogen- 
treated animals. Therefore, cholecystectomy, which increases 
delivery of bile to the proximal bowel, could theoretically lead to 
an increased risk of both small and large bowel cancer. Indeed, a 
large retrospective analysis of 278,460 patients who had under- 
gone cholecystectomy suggested that patients who underwent 


cholecystectomy had an increased risk of SI adenocarcinoma and 
carcinoid, with standardized incidence ratios of 1.77 and 1.16.57 
The risk of SI tumors decreased with increasing distance from the 
common bile duct providing support for the association of bile 
acids with the development of small bowel malignancies. 

An increased risk of both SI adenocarcinoma and non- 
Hodgkin lymphoma has been associated with celiac disease. The 
standardized incidence ratio for lymphoproliferative disease of 
patients with celiac disease compared with the general popula- 
tion is 2.8 and in the setting of persistent villus atrophy is 3.8.°° 
Lymphomas in the setting of celiac disease are usually of T-cell 
origin (enteropathy-associated T-cell lymphomas, EATLs).°® 
Adenocarcinoma may arise in focal areas of dysplasia. 

Other conditions also carry an increased RR for SI neoplasia 
(see Box 125.2), but they are relatively rare. Patients with uri- 
nary diversion to the SI (e.g., ileal loop conduits) appear to have 
an increased risk of carcinoma. Adenocarcinomas arise in the 
mucosa of ileostomies and ileal pouches in patients with IBD and 
FAP, although this event is probably rare. Type 1 neurofibroma- 
tosis has been associated with development of SI GISTs. 


CLINICAL FEATURES 


SI neoplasms may have some common clinical features but, for 
the most part, signs and symptoms vary with individual tumor 
type (Table 125.1). Abdominal pain may result from partial or 
complete SBO, intussusception, or ischemia. Obstruction may 
be the result of the physical bulk of the tumor, wall infiltration, 
or annular constriction. Carcinoid tumors may cause an intense 
desmoplastic reaction, which, in turn, may result in intestinal 
buckling or kinking. Intussusception may occur with benign pol- 
ypoid lesions, accounting for half of adult intussusception, and is 
common in patients with GISTs. Occult GI blood loss is another 
common feature of benign and malignant SI tumors. With ulcer- 
ated GISTs, however, bleeding may be acute and brisk. Weight 
loss is especially common and pronounced in patients with SI 
lymphoma. 


ADENOCARCINOMA 


Adenocarcinoma is the second most common primary malignant 
disease of the SI (24% to 52% of SI malignancies) behind neuro- 
endocrine malignancy, with the majority of tumors outside the set- 
ting of IBD occurring in the duodenum.’ The epidemiology of SI 
adenocarcinoma is discussed earlier. Adenocarcinomas arise from 
adenomas or dysplastic changes of the SI (see section “Pathology, 
Natural History, and Staging”). Adenomas and adenocarcinomas 
of the SI, and especially of the duodenum and ampulla of Vater, 
are most frequently encountered in the setting of FAP. There is 
no clear association between the site of mutation in the APC gene 
and the severity of duodenal polyposis. A number of classifications 
describe the severity of duodenal polyposis; the most commonly 
used is the Spigelman Classification, which takes into account 
number, size, histology and severity of dysplasia of polyps.’ A 
10-year prospective study of 114 patients found that Spigelman 
stages II, III and IV are correlated with the risk of duodenal cancer 
at a rate of 2%, 2%, and 36%, respectively.’ Most FAP patients 
present with stage II and II] disease. Age at presentation appears to 
increase 4 to 11 years with advancing stages.?6061 


Pathology, Natural History, and Staging 


Adenocarcinomas of the SI arise in discrete adenomatous pol- 
yps, in adenomatous change involving the ampulla of Vater, or 
in dysplasia associated with IBD. In hamartomatous polypo- 
sis syndromes, carcinomas may arise from discrete adenomas or 
mixed polyps containing adenomatous components. Dysplasia 


TABLE 125.1 Clinical Features of Small Bowel Tumors 


Symptom Benign 
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Malignant 


Abdominal pain ost frequent symptom 
Intussusception 


Occult blood loss 25%-50% of cases 


Frank bleeding Rare 

Weight loss Very rare 

Palpable abdominal mass Rare 

Perforation Very rare 

Jaundice Rare occurrence with benign periampullary tumor 

Flushing etastatic spread of carcinoid tumor is required for 
carcinoid syndrome to occur 

Diarrhea Very rare 


is associated with familial juvenile polyps, but not with solitary, 
sporadic juvenile polyps. Dysplastic polyps contain markers, sug- 
gesting a loss of proliferative control within the epithelium and 
mutations in APC. 

Adenomas in the SI display the same gross and microscopic 
features as those in the colon (Fig. 125.1). They may be pedun- 
culated or sessile. Tubular adenomas tend to be small, whereas 
those with villous architecture tend to be larger. The presence 
of multiple duodenal adenomas or adenomatous changes of the 
ampulla of Vater suggests the diagnosis of FAP. Tubular adeno- 
mas contain tall, columnar, pseudostratified epithelial cells. Vil- 
lous adenomas contain finger-like villous or papillary processes 
similar to those in the colon. SI adenomas exhibit a spectrum of 
dysplasia ranging from mild dysplasia to intramucosal carcinoma 
and invasive cancer. Glandular crowding (“back-to-back” glands), 
loss of epithelial polarity, an increased nuclear-cytoplasmic ratio, 
and increased mitoses characterize high-grade dysplasia. These 
changes, accompanied by invasion into the lamina propria, define 
intramucosal carcinoma. 

In FAP, the lifetime risk of developing high-grade dysplasia 
in duodenal polyps has been estimated to be as high as 70%, 
whereas the development of duodenal adenocarcinoma has been 
reported as 0.9% to 6.1%, up to half of which occurs in the 
absence of previously recognized high grade dysplasia.©.°*.+ An 
adenoma-to-carcinoma sequence also appears to be characteristic 
of the development of adenocarcinoma in the setting of Lynch 
syndrome.** Adenomatous polyps of the SI do occur outside the 
setting of familial cancer, but even less is known about their natu- 
ral history. 

SI adenocarcinomas may appear grossly as flat, stenosing, 
ulcerative, infiltrating, or polypoid lesions (Fig. 125.2). Most are 
moderately differentiated tumors with gland formation and vari- 
able degrees of mucin secretion (see Fig. 125.2E and F). Poorly 
differentiated tumors occur in approximately 20% of cases. 
The presence of signet cells, in which a large vacuole of mucin 
displaces the nucleus to one side, is a feature of some of these 
tumors. Adenosquamous carcinomas of the duodenum rarely 
have been reported. 

Adenocarcinomas are staged according to The American Joint 
Committee on Cancer (AJCC) TNM classification, which denotes 
the extent of the primary tumor (T), the status of regional lymph 
nodes (N), and the presence or absence of distant metastases (M). 
Cases are assigned the highest value of TNM that describes the 
full extent of disease and are grouped into 5 stages (0 through IV) 
depending on the extent of bowel wall invasion, the presence or 
absence of invasion into adjacent structures, and the presence or 
absence of lymph node or distant metastases (Table 125.2). The 


Most frequent symptom: one third of patients develop partial or 
complete obstruction 


lost common cause of intussusception in adults witha Rare 
“virgin” abdomen; lipomas are the leading cause 


Up to 50% of cases 

Rare; GIST is the most likely tumor to present in this fashion 

Up to 50% of cases; the most severe with lymphoma 

40% of cases 

Approximately 10% of cases, almost all of which are lymphomas or GIST 
Occurs with ~ 80% of malignant periampullary tumors 


Occurs in few cases of metastatic carcinoid tumor 


Common with lymphoma and can occur with carcinoid syndrome 


8th edition of the AJCC Cancer Staging Manual was recently 
revised, including changes to the T- and the N-stages for SI adeno- 
carcinomas. In the revised edition, T3 and T4 were redefined by 
exchanging the previous 2 cm invasion cut-off with serosal inva- 
sion as part of the definition. The regional lymph node staging 
system in the 8th edition limited the number of regional lymph 
node metastases to 2 for N1 instead of 3 as in the 7th edition, and 
defined 3 or more regional lymph node metastases as N2. 

The prognosis of patients with SI adenocarcinomas is poor, 
with a median survival of 20 months and 5-year survival rates of 
26%.°° Almost one third of patients present with metastatic dis- 
ease, and many patients with earlier stage disease are not candi- 
dates for curative resection. Recent stage-specific survival analysis 
of 3086 cases of patients with SI adenocarcinoma, stratified per 
the new 8th edition AJCC staging system, reported 5-year sur- 
vival rates for stage I of 55%, stage IIA 49%, stage IIB 35%, stage 
IIIA 31%, stage IIIB 18%, and stage IV tumors 5% (Fig. 125.3). 

Factors significantly correlated with overall survival include 
tumor stage (depth of invasion and lymph node status), age (poorer 
prognosis for patients >75 years old), tumor site (duodenum worse 
than jejunum or ileum), whether cancer-directed surgery was per- 
formed, and history of Crohn disease (poorer prognosis).°”:°* In 
multivariate analysis, however, the most important independent 
prognostic factors have been curative (RO) resection, lymph node 
status, and ratio of positive to negative lymph nodes.®”:”° Poor prog- 
nosis after potentially curative resection has been associated with 
patients who were male, older (age >55 years old), black, had duo- 
denal, ileal or diffuse tumors (compared with jejunal tumors), T4 
lesions, nodal or distant metastases, poorly differentiated tumors, 
or involved margins.’ Adenocarcinomas arising in the setting of 
Lynch syndrome have a better prognosis than those occurring in 
FAP or in the general population.!* Patients with tumors arising at 
or near the ampulla of Vater may do better than those with more 
distal tumors, perhaps because they become symptomatic earlier. 


Clinical Features 


Age at presentation ranges widely, although the mean age at pre- 
sentation for SI adenocarcinoma is approximately 65 years. Less 
than 1% of tumors occur before age 30 years, and approximately 
85% occur after age 50 years. Symptomatic presentations occur 
in 57% of patients with duodenal adenocarcinomas and 84% of 
patients with jejunoileal adenocarcinomas.’” Symptoms relate to 
tumor size, location, and blood supply. Small tumors are often 
asymptomatic or may present with anemia secondary to chronic 
blood loss but, for the most part, they are indolent and difficult to 
diagnose. Abdominal pain, nausea, vomiting, anemia and weight 
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Fig. 125.1 Small intestinal 
adenomas. A, Endoscopic view 
demonstrating a large adenoma 
involving the duodenal mucosa. 
B, Duodenal adenoma involving 
the ampulla of Vater seen with 

a side-viewing endoscope. C, 
Photomicrograph of a duodenal 
adenoma showing branching dys- 
plastic glands and hyperchromatic 
nuclei. D, Polypectomy site after 
endoscopic mucosal resection of 
the lesion seen in B. 


Fig. 125.2 Adenocarcinomas of the small intestine. A, Gross specimen af an annular small bowel carcinoma. 
B, Gross specimen with the opened section of the duodenum demonstrating a stenosing, infiltrating lesion. 

C, Endoscopic view demonstrating a circumferential lesion with active bleeding. D, Gross specimen of periam- 
pullary carcinoma of the duodenum. E, Histologic section demonstrating typical gland formation in a moder- 
ately well-differentiated adenocarcinoma. FA Histology of well-differentiated periampullary carcinoma. 


loss are common late symptoms as tumors obstruct from infil- 
tration with luminal narrowing or mass effect. 71 Tleal tumors 
uncommonly may present with intussusception. Tumors located 
in the periampullary duodenum or ampulla of Vater may cause 
obstruction of the common bile duct, presenting with jaundice 
and other signs of biliary obstruction. 


Diagnosis 


Endoscopy with forward and side-viewing instruments should 
be used to examine the duodenum when a lesion is suspected 
or in families with FAP. High-resolution endoscopy and chro- 
moendoscopy have been shown to increase the detection rates 
of adenomas in FAP.” Screening for duodenal adenomas and 


TABLE 125.2 TNM and American Joint Committee on Cancer/ 
International Union Against Cancer Staging Systems for Small Intestinal 
Adenocarcinomas 


TNM Stage Criteria 


Bs Primary tumor cannot be assessed 

TO No evidence of primary tumor 

Tis High-grade dysplasia/Carcinoma in situ 

Tla Tumor invades lamina propria 

T1b Tumor invades submucosa 

12 Tumor invades muscularis propria 

iis) Tumor invades through the muscularis propria into 


the subserosa, or extends into non-peritonealized 
perimuscular tissue (mesentery or retroperitoneum) 
without serosal penetration.* 


T4 Tumor perforates the visceral peritoneum or directly 
invades other organs or structures (i.e., other loops of 
small intestine, mesentery of adjacent loops of bowel, 
and abdominal wall by way of serosa; for duodenum 
only, invasion of pancreas or bile duct). 


Nx Regional lymph nodes cannot be assessed 
NO No regional lymph node metastases 

N1 Metastases in 1-2 regional lymph nodes 

N2 Metastases in 23 regional lymph nodes 

MO No distant metastases 

M1 Distant metastases 

AJCC/UICC Stage Tumor Node Metastasis 
(0) Tis NO MO 
| T1-2 NO MO 
ILA 13 NO MO 
IB T4 NO MO 
IA Any T N1 MO 
Ill B Any T N2 MO 
IV Any T Any N 1 


*The non-peritonealized perimuscular tissue is, for the jejunum and 
ileum, part of the mesentery, and for the duodenum, in areas where 
serosa is lacking, it is part of the retroperitoneum. 

The 8th edition of AJCC Staging Manual includes several changes 
as compared with the 7th edition. For T3 and T4, the serosa as a 
cut-off has replaced a 2 cm cut-off definition. The N1 definition has 
been changed from 1-3 lymph node metastases to 1-2 lymph node 
metastases, and to N2 from =4 positive lymph nodes to now =3 
positive lymph nodes. 

From Cancer AJCo. AJCC cancer staging manual. New York: Springer; 2017. 


ampullary tumors, and surveillance after endoscopic removal 
of adenomas, should be performed in persons who exhibit the 
FAP phenotype or in family members in whom genetic testing is 
positive for mutations in the APC gene. Individual polyps may be 
examined by biopsy or, if possible, removed by snare cautery or 
endoscopic mucosal resection (EMR) and the ampulla examined 
by biopsy as necessary. There is a high incidence of adenomatous 
change in the papilla, even if its appearance is normal (see Fig. 
125.1B and C). It has been suggested that the slow evolution of 
duodenal and papillary lesions justifies endoscopic surveillance 
at 0.5 to 4 years intervals depending on the Spigelman stage of 
duodenal polyposis (0 = 4 years; I = 2 to 3 years, II = 1 to 3 years, 
III = 6 to 12 months, and IV = surgical evaluation), although 
these recommendations are based on very low level of evidence.” 
The age at which to begin surveillance has been debated, but 25 
to 30 years has been suggested because diagnosis of duodenal 
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0 1 2 3 4 5 
|I —— 100.0 83.1 12.5 67.2 58.3 54.9 
IIA -e | 100.0 85.8 73.7 62.5 55.2 49.2 
IIB -e | 100.0 72.5 57.9 45.4 39.3 35.4 
IIIA -e- | 100.0 75.8 54.5 41.7 34.3 31.1 
IIIB -e- | 100.0 69.7 46.3 30.7 21.8 17.5 
IV -e 100.0 41.9 20.0 13.7 8.9 5al 
B Years from diagnosis 
Fig. 125.3 Observed overall survival for individuals with adenocarcino- 
ma of the small intestine by pathological stage: diagnosis years 1998 to 


2008. A, Non-ampullary duodenal adenocarcinoma. B, Non-duodenal 
adenocarcinoma. (Data from the American Joint Commission on Can- 
cer. AJCC cancer staging handbook. 8th ed. New York: AJCC; 2017.) 


cancer at an earlier age is rare. Biopsies should be taken of any 
suspicious lesions and of the ampulla, even if normal appearing. 
Screening for SI neoplasia has also been suggested for individuals 
with Lynch syndrome at 3- to 5-year intervals,” but no support- 
ing data exist for this suggestion from well-designed prospective 
studies. Push enteroscopy is of use in identifying and biopsying 
SI lesions seen on imaging studies during evaluation of occult GI 
bleeding, and in surveillance of patients with Peutz-Jeghers syn- 
drome in whom polyps occur throughout the GI tract. Although 
double balloon enteroscopy and other deep enteroscopy tech- 
niques have a diagnostic yield similar to videocapsule endoscopy 
(VCE) in the evaluation of SI disease (see later), their use as an 
initial screening tool is limited by the labor-intensive nature of 
the exams. Colonoscopy with intubation of the terminal ileum 
may be helpful in examining this area in patients with Crohn 
disease or in biopsy of suspicious lesions suggested by radiologic 
procedures. EUS is helpful in staging duodenal and ampullary 
lesions (Fig. 125.4). 
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Fig. 125.4 Imaging of small bowel adenocarcinomas. A, Upper GI and small bowel barium study demon- 
strating an annular constricting lesion of the jejunum (arrow). B, CT enterography. Coronal reconstruction and 
axial CT images with IV and GI contrast. Images show a proximal ileal mass (primary adenocarcinoma) with 
enhancement (asterisks) causing small bowel obstruction. (Courtesy Raghu Vikram, MD Anderson Cancer 
Center, Houston, TX.) C, EUS demonstrating adenocarcinoma of the duodenum invading the pancreas. (EUS 
courtesy Manoop Bhutani MD, MD Anderson Cancer Center, Houston, TX.) 
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VCE has been shown to be effective in diagnosing SI adeno- 
carcinomas and other tumors in patients with obscure GI bleed- 
ing (Fig. 125.5). For the diagnosis of small jejunal and ileal polyps, 
VCE is superior to other imaging modalitites such as small bowel 
follow through or MR enterography (MRE).’*+’> Recently, the 
AGA recommended VCE for surveillance of small bowel pol- 
yps in patients with polyposis syndromes.’° The authors of these 
guidelines, however, acknowledged the very low-quality evidence 
for the efficacy and safety of VCE for surveillance in polyposis 
syndromes. In particular, VCE is inferior to upper endoscopy in 
the evaluation of duodenal adenomas, and is suboptimal in the 
evaluation of the ampulla of Vater owing to the rapid transit time 
through the duodenum.’+”5 

Small bowel follow-through is 60% to 80% accurate for detec- 
tion of duodenal lesions, and accuracy can be improved by the use 
of hypotonic duodenography. Barium studies, however, are not as 
accurate in detecting more distal tumors, and have, for the most 
part, been supplanted by other techniques in many medical cen- 
ters.”*7 The tumor detection rate of enteroclysis is greater than 
that of UGIS with small bowel follow through, but is mostly used 
in the setting of Crohn disease. The radiologic appearances of 
SI adenocarcinomas are similar to those of colonic adenocarci- 
noma and include annular narrowing or stricture formation (see 
Fig. 125.4A) and filling defects that may be polypoid or ulcer- 
ated masses: 70% of tumors in the duodenum are polypoid; large 
duodenal lesions are ulcerative in 20% of cases; adenocarcinomas 
of the jejunum are primarily annular-constricting lesions (75%) 


Fig. 125.5 Video capsule endos- 
copy images. A, Small adeno- 
carcinoma of the small intestine 
(arrow) demonstrating abnormal 
mucosal color, distortion of the 
villous pattern, and tumor bulge 
in the lumen. B, Pigmented lesion 
of the small intestine representing 
metastatic melanoma. 


and may be partially ulcerated or fungating. Differentiation of 
the infiltrating form of adenocarcinoma from stenosing Crohn 
disease may be difficult. 

Advances in multidetector CT and the introduction of 
neutral density enteric contrast have made CT enterogra- 
phy (CTE) an effective imaging modality for evaluating the 
SI (see Fig. 125.4B).’”78 Cross-sectional imaging of the SI 
has advantages compared with fluoroscopic barium examina- 
tion, including the ability to adequately visualize the entire SI 
with multiplanar imaging. Similar imaging of the SI may be 
obtained with MRE. In a recent study, MRE was more spe- 
cific than VCE, but both had the same sensitivity in detecting 
SI lesions, including tumors.” CTE and MRE are particularly 
useful in combination with IV enhancement for detection of 
hypervascular SI masses. 


Therapy 
Chemoprevention 


Chemoprevention for FAP is an approach that has been eval- 
uated in clinical trials since the 1990s, with agents such as 
sulindac, low-dose aspirin, eicosapentaenoic acid, celecoxib, 
difluoromethylornithine and erlotinib. Few of these studies have 
evaluated the effect of chemoprevention on duodenal polyps. 
One of the earlier studies found a trend towards duodenal polyp 
regression with sulindac monotherapy that was not statistically 


significant.’? A more recent clinical trial demonstrated a chemo- 
preventive effect for the combination of sulindac with erlotinib. 
This double-blind, randomized, placebo-controlled trial, which 
included 92 patients, found that the combination of sulindac 
with erlotinib significantly reduced duodenal polyp burden in 
FAP patients by 71% after 6 months of treatment*”; further stud- 
ies will be required to confirm these results. 


Endoscopic Therapy 


Several case series indicate that EMR and endoscopic submuco- 
sal dissection (ESD) are feasible for the treatment of sporadic SI 
adenomas and adenomas in high-risk patients. Complete resec- 
tion has been reported in up to 98%, with recurrence rates of up 
to 37% in patients treated for sporadic adenomas and 100% in 
FAP patients.*!"*+ Recurrence rates for ampullary adenomas are 
18% to 36% after endoscopic resection and can be as high as 77% 
with periampullary adenomas greater than 1 cm in size.**°° The 
overall complication rate of EMR and ESD is 5% to 10%.8487,88 
Intraprocedural and delayed bleeding and perforation are the 
most common complications, with rates of up to 10% and 6% 
respectively*+5”.8; lesions greater than 1 to 2 cm in diameter are 
associated with higher complications rates.°”°° EMR and ESD 
of duodenal adenomas with high-grade dysplasia and early-stage 
adenocarcinomas have been evaluated in several studies demon- 
strating RO resection rates of up to 59% with EMR and 90% with 
ESD.?°-? One study reported no local recurrences after EMR 
and ESD one year post-treatment in their patient population 
(n = 76). Endoscopic resection of benign tumors of the duo- 
denal papilla with and without intraductal growth may be per- 
formed in some cases (see Fig. 125.1). Most patients with SI 
malignancies, however, present with late-stage disease, and the 
role of endoscopic treatment remains ill-defined in the absence 
of randomized control trials (RCTs) comparing long-term out- 
comes of endoscopic and surgical resection. 


Surgery 


The treatment of choice for SI adenocarcinoma is surgical resec- 
tion. The type and extent of surgery depends on the location 
of the tumor. Adenocarcinomas located in the first and second 
portion of the duodenum are usually treated with pancreatico- 
duodenectomy (Whipple procedure); however, direct compari- 
son of radical resection versus segmental resection of duodenal 
adenocarcinomas demonstrated similar 5-year survival rates and 
similar complication rates, but longer hospital stay duration 
after radical resection.” Tumors of the third and fourth por- 
tion of the duodenum, the jejunum and the proximal ileum are 
preferentially resected by en bloc segmental resection with a 5 cm 
tumor-free margin and concomitant resection of the mesentery 
and regional lymphadenectomy. Adenocarcinomas of the termi- 
nal ileum are preferentially resected by terminal ileal resection 
with right hemicolectomy. The rate of RO (curative) resection 
of SI adenocarcinomas is 64% to 97%.%>.°° Unfortunately, up to 
63% of patients present at stages III and IV when outcomes are, 
in general, poor.®*”>-°’ Twenty-five percent to 59% of patients 
are not surgical candidates at the time of presentation because of 
advanced disease, and 16% to 23% of patients undergoing sur- 
gery do not achieve RO resection.’!"’ Tumor recurrence has been 
reported in 22% to 37%, with the majority of patients develop- 
ing distal metastases in the course of their disease.’!:°* Five-year 
survival after RO resection is 39% to 67% and after R1 resection 
is 3% to 30% .? 166,69,98 

Post-surgical histologic analysis has shown T3 and T4 tumors 
in up to 75% of resected specimens, with associated regional 
lymph node metastases identified in up to 49%.31:95 Patients with 
multiple or more distal tumors have worse 5-year survival rates.*! 
Distal tumors have higher rates of retroperitoneal metastases 
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(13.5% vs. 1.8%), whereas proximal tumors have higher rates of 
pancreatic invasion. A recent retrospective analysis of 1025 cases 
of SI adenocarcinoma found that a duodenal location was an 
independent negative predictor for survival, with 5-year cancer- 
specific survival rates of 48% compared with 66% in patients with 
jejunoileal adenocarcinomas.”’ Prognostic factors associated with 
improved survival on univariate analysis include RO resection, T- 
and N-stage, vascular and perineural invasion. The 5-year sur- 
vival of patients with T1/T2 tumors was 57% to 82% versus 32% 
to 58% in patients with T3/T4 tumors.*!°!0 Patients with NO 
stage had a 5-year survival of 48% to 67% compared with 21% to 
29% in N1 stage patients.?!°°!00,!9! "The most consistently found 
independent negative prognostic factors include R1 resection and 
lymph node metastases.’ 166,69,98 


Chemotherapy 


The use of adjuvant therapy after RO resection for SI adenocar- 
cinomas has progressively increased during the last 3 decades in 
the USA; in particular, patients with lymph node metastases often 
receive adjuvant chemotherapy, although there are no prospec- 
tive RCTs at this time to support this practice. Multiple studies— 
predominantly retrospective analyses—have assessed the benefit 
of adjuvant chemotherapy,°?*:!0"-!04 but these studies have not 
been able to show a statistically significant survival benefit of adju- 
vant therapy with respect to disease-free survival or overall sur- 
vival. Adjuvant chemoradiation or radiation therapy has shown to 
provide no or statistically non-significant survival benefits. 103-106 
A meta-analysis including 15 studies with 5986 patients further 
confirmed the lack of a survival benefit of adjuvant chemotherapy 
and/or radiation for patients with SI adenocarcinoma.!°’ Hence, 
at the current time there is no evidence supporting adjuvant ther- 
apy for SI adenocarcinoma. 

Currently, there are no RCTs to evaluate the benefit of 
chemotherapy for unresectable advanced SI adenocarcinoma. 
One of the earliest studies evaluated 5-fluorouracil (5-FU) in a 
small group of patients with advanced-stage SI adenocarcinoma 
and reported overall response rates of 38% with a median sur- 
vival of 13 months.!°° In recent years, several clinical phase 2 
trials evaluated combinations of agents such as gemcitabine, 
5-FU, capecitabine, doxorubicin, mitomycin C and irinotecan. 
Response rates of 50% for ampullary lesions and 61% for SI 
adenocarcinoma were reported in patients receiving capecitabine 
and oxaliplatin, with median overall survival of 20 months and 
15.5 months in patients who had metastatic disease.!° Results of 
a single-arm phase 2 study indicated that the addition of bevaci- 
zumab does not add additional benefit.!!° Another phase 2 study 
evaluating a combination of 5-FU/L-leucovorin (I-LV)/oxalipla- 
tin (mFOLFOX6) reported overall response rates of 45% and a 
median survival of 17 months in patients with metastatic or resid- 
ual SI adenocarcinoma; however, grade 3/4 hematologic toxicity 
was observed in up to 38%.!!! A recent phase 2 trial addressed the 
issue of hematologic toxicity by applying a UGT1A1 genotyping- 
based approach for the combination of capecitabine, irinotecan, 
and oxaliplatin (gCAPIRINOX).'”? Response rates of 38% and 
an overall median survival of 13 months were observed; despite 
UGTIAI genotype-based dosing, grade 3 of 4 hematotoxicity 
rates between 30% and 52% were noted. These studies suggest 
a small benefit of 5-FU/capecitabine and oxaliplatin. Two ret- 
rospective analyses suggested that patients with advanced-stage 
SI adenocarcinoma might benefit from chemotherapy with dual 
agent combinations!?>!0; however, prospective, randomized 
controlled phase 3 trials will be necessary to confirm and quantify 
the benefit of chemotherapy in patients with advanced stage SI 
adenocarcinoma. 

Our understanding of the molecular landscape of SI adeno- 
carcinomas has increased throughout the last decade, thereby 
providing the rationale to target specific molecular alterations 
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(see earlier). VEGF-A and EGFR were found to be overex- 
pressed in 96% and 71% of SI adenocarcinomas.” Several case 
reports and case studies have evaluated the effects of the VEGF- 
A inhibitor bevacizumab and the EGFR inhibitor cetuximab.!!° 
In a recent multicenter case series including 27 patients with 
advanced or recurrent SI adenocarcinoma treated with differ- 
ent chemotherapeutic agents, 8 patients received combination 
therapy with bevacizumab or cetuximab.!!> On univariate analy- 
sis, bevacizumab treatment was a significant prognostic factor for 
improved survival. Similarly, improved survival (median overall 
survival 21.9 months vs. 11.4 months) was noted in 9 patients 
receiving bevacizumab in combination with chemotherapy com- 
pared with chemotherapy alone; however, improvement in the 
overall survival rates did not reach statistical significance.!!* 
Although these results are encouraging, larger RCTs will be nec- 
essary to document the benefit of bevacizumab for SI adenocarci- 
nomas. Other potentially “druggable” molecular targets include 
the PD-1 pathway and ErbB2 but further studies will be required 
to identify optimal molecular targets for SI adenocarcinoma. 1:115 


OTHER PRIMARY TUMORS OF THE SMALL INTESTINE 


In addition to adenocarcinoma, the most common primary 
tumors of the SI include neuroendocrine (carcinoid) tumors (see 
Chapter 34), GIST tumors (see Chapter 33), and lymphomas (see 
Chapter 32). Since these tumors are discussed elsewhere in chap- 
ters that broadly cover these tumor types, discussion will only 
highlight relevant issues specific to the SI. 


Small Intestine Neuroendocrine Tumors (Carcinoid 
Tumors) (see Chapter 34) 

SI-NETs (carcinoid tumors) are now the most common malig- 
nancy of the SI, accounting for approximately 41% of SI tumors. 
From 1973 to 2004, the incidence of SI carcinoid tumors 


increased 4-fold. Indeed, most of the clinically significant carci- 
noid tumors are located in the SI and 90% of SI carcinoids are 
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Fig. 125.6 Carcinoid tumors of 
the small intestine. A, Nodular pro- 
tuberance typical of small bowel 
carcinoid seen at endoscopy. B, 
Gross specimen of a small nodular 
carcinoid seen in an unfixed 
resected ileal specimen. 

C, Histologic section showing 
small intestinal carcinoid tumor 
characterized by closely packed 
round, regular, monomorphous 
cell mass, bud and islands. D, 
EUS showing carcinoid tumor 
(asterisk) invading the submucosa, 
but not the muscularis propria (T1 
lesion). (EUS courtesy Manoop 
Bhutani MD, MD Anderson Cancer 
Center, Houston, TX.) 


found in the distal ileum. The median age at diagnosis is 60 years, 
but carcinoids have been found in patients ranging in age from 22 
to 84 years. In the USA, the incidence of SI carcinoids is some- 
what higher in men and in African Americans. 


Pathology, Natural History, and Staging 


Carcinoid tumors are malignant, despite the indolent course asso- 
ciated with some. SI carcinoids, in particular, are associated with 
locoregional spread or metastases at the time of diagnosis. The 
tumors are usually intramucosal, and rarely extend to the lumen 
of the bowel. SI carcinoid tumors spread locally and when serosal 
breach occurs, an intense local fibroblastic reaction is commonly 
seen, which is responsible for many of the clinical findings in 
these patients. Another characteristic feature of SI carcinoids is 
multicentricity. At the time of diagnosis, approximately one third 
of patients will have more than one tumor in the SI. Tumor size 
varies, but most are less than 2 cm in diameter. Only 6% of SI 
carcinoids less than 1 cm have been associated with metastases, 
whereas 80% of patients with tumors larger than 2 cm will have 
metastases on presentation. Microscopically, sheets of uniform 
cells with hyperchromatic nuclei are arranged in characteristic 
clumps (Fig. 125.6C). Light microscopy of metastases to the liver 
cannot differentiate the source as carcinoid or islet cell tumor. 
Carcinoid tumors can be classified in terms of the substances they 
secrete, more than 40 of which have been identified. “Typical” SI 
(midgut) carcinoids secrete serotonin (5-HT), and contain the enzyme 
dopa decarboxylase, which converts precursor 5-hydroxytryptophan 
(5-HTP) to 5-HT. 5-HT is further metabolized and excreted in the 
urine as the metabolite 5-hydroxyindoleacetic acid (5-HIAA). “Atypi- 
cal” carcinoids (mostly foregut and hindgut) lack dopa decarboxylase 
and do not secrete 5-HT. 5-HPT is released into the blood and can 
be measured in platelets and urine. Some 5-HPT is decarboxylated in 
the kidney before excretion, and 5-HT can be detected in the urine. 
Although the 7th edition of the AJCC/UICC staging system 
was an overall acceptable predictor of prognosis, it was not able 
to prognostically distinguish stages I and IIA, and stages IIB and 
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TABLE 125.3A TNM and American Joint Committee on Cancer/ 
International Union Against Cancer Staging Systems for Neuroendocrine 
Carcinomas of the Duodenum and Ampulla of Vater 


TNM Stage Criteria 
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TABLE 125.3B TNM and American Joint Committee on Cancer/ 
International Union Against Cancer Staging Systems for Neuroendocrine 
Carcinomas of the Jejunum and lleum 


TNM Stage Criteria 


X Primary tumor cannot be assessed 


giil Tumor invades the mucosa or submucosa only and is <1 
cm in size (duodenal tumors). 

Tumor <1 cm and confined within the sphincter of Oddi 
(ampullary tumors). 


T2 Tumor invades the muscularis propria, or is >1 cm in size 
(duodenal tumor). 

Tumor invades through the sphincter of Oddi into the 
duodenal submucosa or muscularis propria, or is >1 cm 


(ampullary). 
TO Tumor invades the pancreas or peripancreatic adipose tissue. 
T4 Tumor invades the visceral peritoneum (serosa) or other organs. 
NOTE ultiple tumors should be designated as such (and the 
largest tumor should be used to assign the T category: 
f the number of tumors is known, use T(#) 
f the number of tumors is unavailable, use suffix “m,” T(m) 
Nx Regional lymph nodes cannot be assessed 
NO o regional lymph node metastases 
N1 Regional lymph nodes metastases 
MO o distant metastases 
M1 Distant metastases 
Mia etastases confined to the liver. 
M1b etastases in at least one extrahepatic site. 
Mic Both, hepatic and extrahepatic metastases. 
AJCC/UICC Stage Tumor Node Metastasis 
| Ti NO MO 
ILA T2 NO MO 
Il B TS NO MO 
ILA T4 NO MO 
lB Any T N1 MO 
IV Any T Any N M1 


TNM, Tumor, node, metastasis. 
From Cancer AJCo. AJCC cancer staging manual. New York: Springer; 
20 


NIB!!6 In the updated 8th edition of the AJCC/UICC staging 
manual, duodenal neuroendocrine carcinomas are grouped with 
ampullary neuroendocrine tumors, whereas jejunal and ileal neu- 
roendocrine carcinomas are grouped separately (Table 125.34 
and 125.3B).°° Most authors describe SI carcinoids in terms of 
size, degree of bowel wall invasion, presence or absence of lymph 
node involvement, and presence or absence of distant metastases. 
In a study evaluating prognostic factors specific for SI carcinoids 
using data of 6380 patients from 1977 to 2004 in the Surveillance, 
Epidemiology and End Results database, tumor size greater than 
2 cm, invasion depth beyond the muscularis propria and age were 
found to be significant prognostic factors on multivariate anal- 
ysis.!!’ Using these parameters, a modified staging system was 
developed that differs from the AJCC/UICC staging system in 
terms of a cut-off point of 2 cm rather than 1 cm for stages T1-3 
and the absence of a T4 stage. Survival analysis showed 5-year 
survival rates of 96%, 86%, 68%, and 43% for stages I through 
VI; however, this system needs further validation in prospective 
clinical trials. Other classifications for NETs have been devel- 
oped by WHO and The European Neuroendocrine Tumor 
Society (ENETS).!!8!!° An international cohort study including 
1072 patients compared the 7th edition of the UICC/AJCC stag- 
ing system with WHO and ENETS TNM staging. The authors 


T Primary tumor cannot be assessed 

TO No evidence of primary tumor 

i Tumor invades the lamina propria or submucosa, and is <1 
cm in size 

V2 Tumor invades the muscularis propria, or is >1 cm in size 

T3 Tumor invades through the muscularis propria into the 
subserosal tissue without penetration of overlying serosa. 

T4 Tumor invades the visceral peritoneum (serosal) or other 


organs or adjacent structures. 


NOTE For any T, add “m” for multiple tumors. For multiple tumors 
with different T-stages, the highest should be used. 

Nx Regional lymph nodes cannot be assessed 

NO No regional lymph node metastases 

N1 Regional lymph nodes metastasis <12 lymph nodes 

N2 Large mesenteric mass (>2 cm) and/or extensive nodal 
deposits (12 or greater), especially those that encase 
the superior mesenteric vessels. 

MO No distant metastases 

M1 Distant metastases 

Mia Metastases confined to the liver. 

M1b Metastases in at least one extrahepatic site. 

Mic Both hepatic and extrahepatic metastases. 

AJCC/UICC Stage Tumor Node Metastasis 

| i NO MO 

ll Tis NO MO 

Ill T4 NO MO 

Ill Any T N1, N2 MO 

IV Any T Any N M1 


TNM, Tumor, node, metastasis. 
From Cancer AJCo. AJCC cancer staging manual. New York: Springer; 
20e 


found larger confidence intervals with the 7th edition UICC/ 
AJCC staging system than with the ENETS TNM staging sys- 
tem and suggested higher accuracy with the latter.!2? Given the 
recent update to the AJCC staging system, the prognostic validity 
of these different staging systems needs to be reevaluated. 

The natural history of SI carcinoids is more favorable than that of 
adenocarcinomas of comparable stage, with reported overall 5-year 
survival rates of 60% to 82%.? Throughout the last 2 decades, 
survival of patients with NETs has significantly improved, with a 
21% reduction in mortality risk for patients diagnosed between 
2009 and 2012 compared with patients diagnosed between 2000 
and 2004.!?! Overall survival is significantly influenced by tumor 
location, with 5-year overall survival rates decreasing from 70% to 
32% the more distal the tumor is located in the SL.!** The 25-year 
survival of patients with regional tumor spread is reported to be less 
than 20%. Patients with liver metastases and carcinoid syndrome 
have a prognosis similar to that of patients with metastases who 
do not have the syndrome, but survival is lower for patients with 
carcinoid-related heart disease who develop valvular dysfunction. 


Clinical Features 


Patients with SI carcinoids can present with non-specific GI symp- 
toms, SI obstruction, intestinal ischemia, intussusception, GI hem- 
orrhage, hepatomegaly, or symptoms of the carcinoid syndrome. 
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Many of the signs and symptoms of SI carcinoids result from the 
intense desmoplastic reaction of the mesentery in proximity to 
the tumor, leading to partial SBO, weight loss, and intermittent 
cramping abdominal pain. Approximately 50% of patients with 
metastatic carcinoid initially present with intestinal obstruction 
requiring surgery. Nodal involvement may compress the main 
mesenteric arteries, leading to SI infarction. Regional vascular 
thickening of medium-size arteries has been described with car- 
cinoid tumors, and this may act synergistically to promote bowel 
ischemia. GI hemorrhage and intussusception are uncommon 
presentations of SI carcinoids. Asymptomatic hepatomegaly from 
metastases is more common with carcinoids and islet cell tumors 
than with neoplasms of epithelial origin, and serum transaminase 
levels may not be elevated despite hepatomegaly and a large tumor 
burden. 

The most common clinical scenario is a prolonged history of 
non-specific abdominal pain that does not alter the patient’s lifestyle 
much. The median time from onset of symptoms to diagnosis is 
reported to be 2 years, but may be as long as 20 years. Investigation 
is not always sought by the patient, or initial investigation may be 
negative, thereby prolonging the interval to diagnosis and treatment. 

Patients with liver metastases from carcinoid may exhibit symp- 
toms and signs of the carcinoid syndrome, which is caused by a vari- 
ety of mediators (see Chapter 34). Overall, 10% to 18% of patients 
with SI carcinoid will present initially with the carcinoid syndrome. 
Diarrhea is seen in 75% of patients and manifests as intermittent epi- 
sodes of explosive, watery diarrhea resulting from intestinal hyper- 
motility; steatorrhea is rare. Abdominal cramping may accompany 
the diarrheal episodes approximately 50% of the time. Dyspnea can 
result from advanced carcinoid heart disease or, less frequently, from 
pulmonary fibrosis, bronchoconstriction and asthma. Two thirds of 
patients with carcinoid syndrome will present with a large liver or an 
abdominal mass; 40% will have auscultable heart valve abnormalities 
at presentation. Other less common signs include cyanosis (25%), 
peripheral edema, arthritis, and pellagra, the latter because of the 
utilization of niacin for the 5-HT pathway. (2% to 7%). 


Diagnosis 


Carcinoid tumors of the SI frequently do not manifest clinically 
until regional spread has occurred or metastatic disease is present. 
Small, localized tumors are most often diagnosed incidentally dur- 
ing endoscopic or radiologic examinations performed for unrelated 
reasons, or at the time of surgery for other abdominal disorders. 


Biochemical Markers 

Most SI carcinoids secrete 5-HT, and urinary 5-HIAA is subse- 
quently high. Urinary 5-HIAA, platelet 5-HT, and urinary 5-HT 
levels are elevated in most, if not all, patients with SI carcinoids. 
Chromogranin A (CgA) is another useful serologic marker of car- 
cinoid tumors that is produced by most NETs, and has a very 
high sensitivity for all types of NETs. The sensitivity of CgA for 
carcinoid tumors approaches 80% and it can be used to monitor 
treatment response and recurrence or for diagnostic purposes in 
patients who do not have elevated 5-HIAA urine measurements; 
however, its use is limited by interassay variability and false posi- 
tive tests can be seen in the setting of renal or hepatic failure, PPI 
use and chronic gastritis.!?>!?+ Other biochemical markers, for 
example, bradykinin, substance P, neurotensin, neuropeptide PP, 
neuropeptide K, and HCG, have been described; however, none 
are as specific or predictive as CgA or 5-HIAA. Metabolomics, 
tumor transcriptomes and mRNA studies, as well as circulat- 
ing mRNA, are of interest in the diagnosis and management of 
NETs of the GI tract and hold promise for future applications.!”° 


Imaging 
Conventional barium studies of the SI, CT, or MRI may iden- 
tify primary lesions as smooth, semilunar filling defects in the 


lumen or, more often, as wall thickening, lumen angulation, 
and non-specific mass effect. When confined to the SI, small 
carcinoid tumors are difficult to detect using these modalities. 
Helical CT-enteroclysis and CTE are generally more successful 
than conventional SI barium studies.!*°!’7 Both techniques can 
be performed with 3-dimensional imaging, which is useful for 
determining the full extent of the associated mesenteric mass 
and its relationship to blood vessels. Radiologic findings include 
mass lesions, calcification and fibrosis. Radiating strands of fibro- 
sis and spiculation of the intestine are characteristic. Mesenteric 
lymph node metastases are seen on CT in 91% of cases. CT 
scans also are useful to detect hepatic metastases, but are some- 
what less sensitive than MRI due to better soft tissue contrast 
with the latter modality. Somatostatin receptor imaging can 
be accomplished using gamma-camera imaging (!!!In-labeled 
octrotide), or with PET in combination with °’Ga-labeled 
somatostatin analogues (SSAs). 18F-fluorodeoxyglucose-PET 
(18F-FDG-PET)/CT is considered useful for differentiating 
high- from low-grade tumors.!*> Hybrid imaging with PET/ 
CT in combination with the SSA °’Ga-DOTATATE (tet- 
raazacyclododecane-tetra-acetic acid-Dph1,Tyr3-octreotide) 
also may be useful. 

Recently, a panel of international experts on NETs published 
the so-called Delphic consensus assessment on imaging and bio- 
markers in gastroenteropancreatic NETs.!*> This expert panel 
concluded that CT or MRI should be used in conjunction with 
functional imaging, with a preference for °Ga-SSA-PET/CT 
over !!![n-pentetreotide scintigraphy. For treatment response, 
RECIST criteria have been found to be suboptimal and there is 
no consensus on an optimal imaging strategy. 


Endoscopy 

SI carcinoids have been detected endoscopically in the duo- 
denum, proximal jejunum, and terminal ileum. The tumors 
generally appear as nodular, smooth, submucosal protuber- 
ances that are yellowish and shiny (see Fig. 125.64 and B); 
ulcerated lesions and pedunculated lesions have also been 
reported. Endoscopic biopsies of the lesions are often unre- 
vealing because the tumors are frequently subepithelial. Snare 
polypectomy or EMR of the lesion is much more successful for 
obtaining a histologic diagnosis. Duodenal carcinoids as small 
as 2 to 3 mm in size can also be diagnosed by EUS. Small, 
noninvasive lesions usually arise from the deep mucosa or sub- 
mucosa, and at EUS they appear as moderately hypoechoic 
masses in the second or third echo layers. Determination of 
invasion by EUS can be useful for staging purposes, and to 
gauge the appropriateness of endoscopic resection as a ther- 
apeutic measure (see Fig. 125.6D). VCE has been shown to 
have utility in surveying the SI for carcinoid tumors and has 
superseded enteroscopy in this role. In a recent retrospec- 
tive study of patients with GI NETs, preoperative evaluation 
identified positive findings in 83% of cases on VCE, which 
correlated with intraoperatively documented lesions; CT and 
enteroscopy identified 63% and 44% respectively.!7® 


Treatment 


Localized Tumors 

Resection is the only curative therapy for SI carcinoids. For 
non-metastatic duodenal carcinoid tumors, the National 
Comprehensive Cancer Network (NCCN) recommends EMR, 
local transduodenal excision with or without lymph node sam- 
pling, or pancreatoduodenectomy; for ileal and jejunal car- 
cinoids, bowel resection with regional lymphadenectomy is 
recommended.!”? Localized SI tumors should be resected and 
removed completely. Duodenal carcinoids are less likely to 
metastasize, and they can often be removed endoscopically, 
preferably after EUS verification that there is no deep tumor 


invasion. The presence of lymph node metastasis was shown to 
correlate with the size of duodenal carcinoids: 4.5% of carci- 
noids less than 1.0 cm; 72% of carcinoids 1.0 to 2.0 cm; and 81% 
of carcinoids greater than 2.0 cm.!3° Small duodenal carcinoids 
embedded in the submucosa can be resected endoscopically. 
Different endoscopic resection methods have been compared 
such as EMR, EMR with a ligation device (EMR-L), EMR after 
circumferential pre-cutting, or ESD.!*!13? Complete resection 
has been reported in up to 95%, with the highest and lowest his- 
tologic complete resection rates reported with ESD and EMR 
respectively. 


Tumors with Regional Spread 

Duodenal carcinoids that show regional spread beyond the sub- 
mucosa and carcinoids of the jejunum or ileum should undergo 
surgical resection. For duodenal carcinoids, resection can be per- 
formed by local transduodenal resection with lymph node sam- 
pling or pancreatoduodenectomy. Jejunoileal carcinoids should 
be treated by bowel resection, with regional lymphadenectomy 
and thorough evaluation for synchronous primary tumors.!*? 
Surgery is effective for both local tumor manifestations, for 
example, obstruction, bleeding, and symptoms caused by secre- 
tory agents. 

For patients who are undergoing surgical excision, the rate 
of RO (curative) resection of SI adenocarcinomas is 50% to 
65%. Post-surgical histologic analysis has revealed T3 and 
T4 tumors in up to 55% of cases and associated regional lymph 
node metastases in 38% to 67%; liver metastases are found in 
up to 30%.°! Following surgical RO resection, 5-year overall 
and cancer-specific survival rates of 90% and 95% have been 
reported.!*3.!>+ Following R1 (presence of microscopic tumor) 
resection, 5-year survival rates are 46% to 59.5% compared with 
50% in unresectable patients.”!°° Following curative resection, 
patients need to be closely monitored for up to 10 years, with 
testing for CgA, 5-HIAA, CT or MRI imaging, and EGD.!”” 

Given the improved long-term survival rates with modern 
therapies, resection of the primary SI tumor in patients with 
metastatic disease is recommended in the setting where com- 
plete resection of the primary tumor and metastases is feasible; 
the latter also can be achieved by ablative techniques. Further- 
more, resection in patients with metastatic SI carcinoid is rec- 
ommended when the primary tumor causes local symptoms.!?? 
Surgical resection should aim to preserve as much healthy SI 
as possible, and the integrity of the ileocecal valve, to decrease 
diarrhea-associated morbidity.!?> Up to 35% of patients with 
advanced carcinoid tumors present with intestinal obstruction 
and/or ischemia. In this setting, emergent resection is acceptable. 
In patients with partial SBO and/or mesenteric ischemia second- 
ary to bulky mesenteric disease, surgical referral for mesenteric 
vascular resection and decompression is recommended; although 
technically challenging, successful debulking rates along with 
symptomatic improvement have been described in up to 80% of 
cases.!°> Thorough examination of the remaining bowel during 
surgery is necessary, as the incidence rate of synchronous lesions 
is 15% to 30%.!*° In patients in whom octreotide treatment is 
anticipated, prophylactic cholecystectomy is recommended 
because of increased gallstone development with this therapy. 

In patients for whom surgical resection of carcinoid tumors 
is planned, perioperative management aiming at prevention of 
carcinoid crisis is extremely important. Even with minor proce- 
dures, patients can develop carcinoid crises with hypotension/ 
hypertension, flushing, bradycardia/tachycardia, bronchospasm, 
and complete vasomotor collapse; the risk for carcinoid crises is 
particularly high in patients with continuous flushing and in those 
where there is manipulation of large, bulky serotonin-producing 
tumors. Eleven percent of patients who do not receive preventive 
premedication develop carcinoid crisis. Premedication with sub- 
cutaneously administered octreotide is recommended, although 
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the optimal dose has not been established in prospective trials: 
recommendation for minor procedures is 100 to 200 pg 2 to 3 
times/day during surgery and for elective intra-abdominal or 
other major operations, 100 ug 3 times/day for 2 weeks prior to 
surgery.!*° 


Distant Metastases 

Patients with unresectable disease but low tumor burden or 
absence of symptoms can be monitored at 3 to 12 months inter- 
vals. For patients with unresectable disease and large tumor 
burden and/or carcinoid syndrome, medical therapy is first line 
treatment. The main stay of therapy in these patients is SSAs, 
for example, octreotide and lanreotide, as they have signifi- 
cantly longer half-lives than somatostatin, the half-life of which 
is less than 2 minutes. In general, these drugs are administered 
as long acting formulations (LARs), which allows monthly dos- 
ing. These drugs function as agonists of inhibitory somatosta- 
tin receptors, thereby preventing hormone release. SSAs also 
have anti-proliferative effects. Octreotide significantly alleviates 
symptoms of carcinoid syndrome, with a decreased defecation 
frequency in 42%, reduced flushing in 84%, and complete or 
partial symptom control in 66%; however, octreotide LAR (30 
mg/month) does not improve survival compared with placebo 
as recently reported in the prospective, randomized placebo 
controlled phase III trial, PROMID.!?7 Octreotide is also used 
for the treatment of carcinoid crises, which can develop follow- 
ing surgery, chemotherapy or medications as a consequence of 
overwhelming hormone release. Pasireotide is a novel analogue 
with high binding affinity for somatostatin receptors, and is in 
clinical development. In a recent randomized, double-blind 
Phase III trial, pasireotide LAR was compared with octreotide 
LAR.!°° Symptom control between the 2 agents was similar, but 
progression-free median survival was higher with pasireotide 
LAR (11.8 months) than with octreotide LAR (6.8 months); 
adverse effects e.g., hyperglycemia, fatigue and nausea were 
considerably higher with pasireotide LAR. 

Once patients develop tumor progression, octreotide or 
lantreotide should be continued and combined with other 
treatment options.!*”? For patients with somatostatin receptor- 
expressing mid-gut tumors, receptor-targeted therapy with radio- 
labeled SSAs is a recommended option. Lutetium-177, a medium 
energy beta-emitter, is usually used for peptide receptor radio- 
therapy. The most commonly used peptide-isotope compound 
is !’7Lu-DOTA-Tyr3-octreotate (!77Lu-DOTATATE).!*? The 
recently published NETTER-1 phase III trial compared octreo- 
tide LAR with !77Lu-DOTATATE/octreotide LAR in patients 
with advanced, progressive, somatostatin receptor-positive mid- 
gut NETs.!#° The study demonstrated response rates of 18% ver- 
sus 3%, with 14 versus 26 deaths in the treatment versus control 
group, resulting in a category 1 recommendation by the NCCN 
for !/7Lu-DOTATATE/octreotide LAR.!2? Another option for 
patients with progressive metastatic GI NETs is the mTOR 
inhibitor, everolimus. The efficacy of everolimus in progressive 
NETs was demonstrated in the phase II and MI RADIANT-2 and 
RADIANT-4 trials.!4!:! In comparison with placebo, everoli- 
mus achieved a 52% reduction in the estimated risk for progres- 
sion or death, and is currently a treatment option recommended 
by the NCCN for progressive NETs of the GI tract. For patients 
with hepatic metastases, liver-directed treatments can be offered 
for palliation of hormonal symptoms and possible survival ben- 
efits. If complete resection of hepatic metastases can be achieved 
safely, surgical resection, radiofrequency ablation or cryoabla- 
tion are recommended. In a recent retrospective analysis of 542 
patients with SI NETs who underwent cytoreductive surgery 
of hepatic metastases, a median overall survival of 161 months 
was reported, with 5-, 10-, and 20-year overall survival rates of 
84%, 67%, and 31%, respectively.!® For unresectable hepatic 
metastases, regional therapies are recommended such as arterial 
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embolization, chemoembolization, or radioembolization.!*? The 
intense vascularity of NETs renders them particularly sensitive 
to embolic therapies. Various particulate and occlusive materials 
such as polyvinyl alcohol, Gelfoam, and trisacryl gelatin micro- 
spheres have been used for this purpose. 

Interferon (IFN)-a2a has been evaluated as a therapeutic agent 

for carcinoid patients. Although it has been shown to improve 
carcinoid syndrome-associated symptoms, in particular flushing, 
and stabilize tumor progression in up to 35% of patients, data 
on its combination with octreotide are inconsistent and require 
further study. A recent large phase 3 trial suggested anti-tumor 
activity similar to bevacizumab, but further studies are required 
and this agent is currently only recommended for patients who 
have failed to respond to SSAs.!37!## 
The efficacy of systemic cytotoxic chemotherapy for GI NETs 
is considered to be poor, with response rates of, at best, 18%, 
and chemotherapy is only recommended if none of the above- 
mentioned options is feasible; 5-FU, capecitabine, dacarbazine, 
oxaliplatin, streptozocin, and temozolomide may be considered if 
no other treatment options exist. ° 


MESENCHYMAL TUMORS 


Some mesenchymal tumors represent clear-cut pathologic entities, 
for example, lipoma and ganglioneuroma, but most are more difficult 
to classify into any specific cell lineage. Tumors may share overlap- 
ping features of several diagnostic entities, or they may be histologi- 
cally heterogeneous, so the general term GIST was coined to describe 
the group (see Chapter 33). Electron microscopy and immunostains 
indicate that most GISTs are not true smooth muscle tumors and 
it has been suggested that up to 94% of so-called “smooth muscle” 
tumors in the older literature are actually not of muscle origin; today 
they would be classified as GISTs. Approximately 20% to 30% of 
GISTs occur in the SI and the remaining tumors are scattered in 
the esophagus, stomach, colon, and mesentery. GISTs that exhibit 
benign behavior are 3 to 4 times more common than GISTs, which 
exhibit malignant behavior. GISTs are intestinal-specific sarcomas 
and represent 11% to 20% of all SI malignant tumors.* Malignant 
GISTs are somewhat more common in male than in female patients; 
although they can be found in all ages, the most common age range 
at the time of diagnosis is 50 to 60 years. The majority of GISTs 
appear to be sporadic, although an association exists between GISTs 
and type I neurofibromatosis; this subset of GISTs is most common 
in the SI, and rarely metastasizes. 

Kaposi sarcoma is thought to result from a herpes-type virus. 
SI schwannomas can be seen in patients with neurofibromatosis 
and SI ganglioneuromas have been reported in association with 
the multiple endocrine neoplasia type 2 syndrome. 


Pathology 


GISTs of the SI occur most frequently in the jejunum, followed 
by the ileum, and then the duodenum. GISTs mostly arise from 
the muscularis propria and generally grow extramurally, although 
“benign” duodenal GISTs are more likely to grow intraluminally 
or intramurally. GISTs have a different histologic appearance 
than true leiomyomas, leiomyosarcomas, and schwannomas, with 
more cellularity and less cytoplasmic eosinophilia. SI GISTs gen- 
erally have a spindle cell-like appearance, but infrequently they 
can appear epithelioid (Fig. 125.7). GISTs can be classified by 
ultrastructural characteristics as myoid, neural, or ganglionic 
phenotypes, but the frequent presence of several different ultra- 
structural phenotypes suggests a common origin to all subtypes. 
Ninety-five percent of GISTs express KIT or CD117, the 
product of the KIT proto-oncogene, a transmembrane receptor 
for the stem cell growth factor; 60% to 70% of GISTs express 
CD34, the human progenitor cell antigen. DOG1 (discovered on 
GIST1) is a marker that is typically co-expressed with KIT, and 


may be useful in diagnosing cases of KIT-negative GIST. Less 
frequently, GISTs stain positive for actin and desmin (implying 
myogenic differentiation), and they are seldom S100 positive (a 
protein found in neuron-differentiated cells). True leiomyomas 
and leiomyosarcomas are positive for actin and desmin, but do 
not express CD117 or CD34; schwannomas express S100, but not 
CD117 or CD34. When spindle cell tumors are excised, immu- 
nohistochemical markers should be used to determine whether or 
not the neoplasm is a GIST. 


Natural History and Prognosis 


GISTs of the SI tend to invade locally, and they frequently 
present with peritoneal seeding or direct invasion to adjacent 
organs. Lymph node metastases are uncommon, but 31% to 
41% of patients with SI GISTs will present with liver metasta- 
ses. Median survival of patients with SI GIST is 9.4 years and 
does not differ from survival of patients with gastric GIST.!* 
Survival is favorable for patients without extraluminal tumor 
invasion or metastases and for tumors less than 2 cm (very low 
risk of recurrence after surgery) to 5 cm.’ Many factors have 
been suggested as prognostic indicators for GISTs (Table 
125.4). Unfortunately, except for tumor size and the number 
of mitotic figures, most of these factors are not found consis- 
tently. The most useful indicators of survival and risk of metas- 
tases are the size of the tumor at presentation, the mitotic index 
(the number of mitotic figures per 50 high-power fields), and 
histologic evidence of tumor invasion into the lamina propria. 
Tumors that have ruptured are associated with a poor progno- 
sis. GISTs should not be classified as “benign” or “malignant,” 
but rather by the risk for malignant behavior. 

The 8th edition of AJCC/UICC staging classification of 
GISTs is based on tumor size, regional lymph nodes, distant 
metastases, and mitotic rate. The prognostic value of the 
updated 8th edition has yet to be validated. In a recent analysis of 
300 patients with non-gastric GIST, 5-year disease-free survival 
was 92% for stage I tumors, 66% for stage II tumors, 28% for IITA 
tumors, and 16% for IIIB tumors.'*° Frequently, other prognos- 
tic systems such as nomograms and the NIH consensus criteria 
are used.!47!48 In a recent retrospective analysis comparing the 
7th edition with the NIH classification for gastric GIST tumors, 
the AJCC/UICC staging classification performed slightly but not 
statistically significantly better than the NIH consensus criteria 
in predicting recurrence-free survival. 14° 


Clinical Features and Diagnosis 


Most GISTs less than 5 cm in diameter are often discovered inciden- 
tally at endoscopy, or in GI specimens resected for other reasons. 
GISTs also may be discovered in individuals undergoing VCE or 
device-assisted endoscopy for occult bleeding.!°° Small tumors are 
generally asymptomatic. In contrast, at least 80% of patients with 
larger tumors will have symptoms related to the GIST. More than 
50% of patients with tumors greater than 5 cm will have either a 
palpable abdominal mass or GI hemorrhage. Bleeding from ulcer- 
ated SI GISTs is usually acute, and may be brisk. Thirty percent to 
40% of patients with SI GISTs will present with abdominal pain, 
nausea and vomiting, or weight loss, and 40% of patients with ileal 
tumors may present with intussusception. 

CTE and MRE may be useful in the diagnosis of small GISTs 
because neutral density enteric contrast combined with IV enhance- 
ment facilitates detection of hypervascular SI masses. Radiologic 
features such as tumor size greater than 3 cm, internal necrosis, 
internal air or enteric contrast, ulceration, and irregular or inva- 
sive tumor borders have been associated with an aggressive biol- 
ogy of SI GIST tumors.!*!:!5? Endoscopic diagnosis of SI GISTs 
is difficult because most tumors are submucosal, but these lesions 
may appear as submucosal lesions on small bowel enteroscopy 


Fig. 125.7 GIST of the small 
intestine. A, Cut surface of the 
tumor demonstrating areas of 
hemorrhage and necrosis. B, Firm, 
rubbery mass protruding from 

the wall of the small intestine. 

C, Histologic section showing 
spindle cell appearance and sev- 
eral mitoses. D, Endoscopic ultra- 
sound. GIST arises from the fourth 
echo layer (muscularis propria) of 
the duodenum. £, Ileal GIST seen 
at small bowel enteroscopy. 


(Fig. 127E). Ifulceration is present, biopsies can identify the tumor 
as a GIST. GISTs appear by EUS as hypoechoic masses arising 
from the fourth echo layer (muscularis propria). Putative EUS cri- 
teria to differentiate benign from malignant GISTs include tumor 
size greater than 4 cm, irregular extraluminal margins, and cystic 
spaces.!°3 The positive predictive value for malignancy approaches 
100% when any 2 of these findings are present. 

Immunohistochemical staining should be performed on 
resected spindle cell tumors and biopsies of tumors suspected to 
be GISTs. CD117 positivity confirms that the tumor is a GIST 
in the majority of cases, and may be supplemented by staining for 
DOG! if necessary. 

Response to targeted therapies may be monitored with CT or 
fluorodeoxyglucose-PET. 


Treatment 


Segmental bowel resection with complete resection of mac- 
roscopic tumor and documentation of negative margins is 
the standard treatment for primary resectable SI GISTs if 
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significant surgery-associated morbidity is not expected.!’? Due 
to the low rates of regional lymph node metastases, lymphad- 
enectomy usually is not recommended.!*+ Aggressive resection 
of organ segments that have been invaded with tumor and of 
hepatic metastases appears to confer some improvement in sur- 
vival. Despite complete resection with negative margins, 44% 
to 80% of patients will suffer local or peritoneal recurrence; 
most recurrences will occur within 2 years of surgical removal, 
but lag times of 10 years have been reported. Imatinib mesylate 
is an inhibitor of the KIT, ABL, BCR-ABL, and PDGFR tyro- 
sine kinases. Imatinib blocks KIT/PDGFRA signaling by bind- 
ing the ATP-binding pocket required for phosphorylation and 
activation of the receptor. Neoadjuvant therapy for those with 
resectable disease is not recommended, but may be considered 
for those with marginally resectable tumors or for patients with 
expected significant surgery-associated morbidity.!*? Adjuvant 
therapy with imatinib for patients with completely resected 
GISTs larger than 3 cm in diameter confers an improved recur- 
rence-free survival.!>° The NCCN recommends adjuvant treat- 
ment with imatinib for patients with intermediate or high risk of 
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recurrence, for patients who received neoadjuvant therapy with 
imatinib, and in the setting of R2 (macroscopic residual tumor) 
resection. !?? 

Patients who have unresectable, advanced GIST should 
undergo KIT and PDGFRA mutational analysis to predict 
response rate and determine optimal dosing of imatinib.!?’ 
Response rates in patients without a KIT or PDGFRA mutation 
are 0% to 48%, whereas they are 70% in patients with KIT exon 
11 mutation and 50% with a KIT exon 9 mutation;?>”* response 
rates in the latter group can be improved by doubling the dose 
of imatinib from 400 mg daily to 800 mg daily.'”’ Patients who 
develop progression on imatinib or develop significant adverse 
effects on imatinib can be treated with the multi-kinase inhibi- 
tor sunitinib, which has been shown to result in overall response 
rates of 53%.!°° Regorafenib is recommended for patients who 
have failed treatment with imatinib and sunitinib.!? In an inter- 
national, multicenter, randomized, placebo-controlled, phase 3 
trial, regorafenib was shown to achieve a median progression- 
free survival of 4.8 months versus 0.9 months with placebo.” 


TABLE 125.4 GIST: Prognostic Factors* 


Risk of Malignancy 


Factor Low High 

Size <2.cm zoem 

Mitosis 0-1 per 30-50/hpf >5 per 10-50/hpf 
Cellularity Low High 

Necrosis Absent Present 

KIT exon 11 deletion Absent Present 
Anatomic site Rectum Jejunum 
Infiltration into lamina propriat Absent Present 

Cystic spacest Absent Present 

Irregular borderst Absent Present 


*Size and mitosis are the only factors consistently reported. Clinical 
variables negatively associated with outcome in GISTs include 
tumor rupture, and performance status. Patients whose tumors 
contain exon 11 KIT mutations are more likely to respond to imatinib 
compared with those whose tumors show KIT exon 9 mutations or 
wild-type KIT. 

tEndoscopic ultrasound criteria. 

hpf, high-power field. 


TABLE 125.5 Features of the Major Small Intestinal Lymphomas 
Type Histology 


Pazonpanib is a multi-kinase inhibitor used for sarcomas; a recent 
phase 2 trial also showed efficacy in the treatment of GIST com- 
pared with best supportive care, although further confirmation is 
required.!*® 

Chemotherapy and radiation therapy for advanced GIST are 
ineffective for treatment of patients with unresectable metastases 
and for patients with tumor recurrence. 


LYMPHOMAS (SEE CHAPTER 32) 


Primary SI lymphoma (PSIL) is characterized by: (1) absence of 
palpable peripheral lymphadenopathy; (2) a normal peripheral 
leukocyte count and differential; (3) no mediastinal lymphade- 
nopathy on chest film; (4) involvement of only the organs of the 
GI tract and proximal regional lymph nodes; and (5) no involve- 
ment of the liver or spleen, unless by direct extension from the 
primary GI tumor. 

Extranodal lymphomas of the SI can be classified according to 
cell lineage or according to clinical characteristics (Table 125.5). 
With the exception of EATL, most PSILs are B-cell derived. 
These include marginal zone B-cell lymphoma of the mucosa- 
associated lymphoid tissue (MALT) type, diffuse large B-cell 
lymphoma, mantle cell lymphoma (multiple lymphomatous pol- 
yposis), follicular lymphoma, and Burkitt lymphoma; 54% of 
PSILs are diffuse large B-cell lymphomas.!*’ SI lymphomas are 
often categorized clinically into either PSIL, which tends to be 
focal, or immunoproliferative small intestinal disease (IPSID), 
which is diffuse. 

SI lymphomas represent 12% to 29% all SI tumors.?*° 
PSILs occur most often in the ileum, followed by the jejunum, 
and then the duodenum.!*’ They are generally localized to one 
segment of the bowel, except in the case of mantle cell lym- 
phoma, otherwise known as multiple lymphoid polyposis. ‘The 
tumors have many different appearances (Fig. 125.8): large 
exophytic masses, polyp-like, ulcer-like, or nodular masses. 
Tumor growth and extension are frequently intramural for a 
prolonged period. Involvement of regional lymph nodes is pres- 
ent in approximately 50% of patients with most types of PSIL, 
except low-grade MALT lymphomas, in which lymph nodes are 
involved in only 30% of patients. IPSID is a variant of the B-cell 
lymphoma of MALT that involves mainly the proximal small 
intestine;!©° gross findings range from thickened folds to dis- 
crete masses. This feature probably explains the different clini- 
cal presentations of IPSID and PSIL; PSIL usually has normal 
mural architecture in unaffected bowel segments. 


Immunohistochemistry Genotype 


Burkitt lymphoma 
appearance from histiocytes 


Diffuse large B-cell lymphoma 


Follicular lymphoma 


Marginal B-cell (MALT) lymphoma admixture of large cells 


Centrocyte-like cells with formation of lymphoepithelial 


lesions 
IPSID (a-chain disease) 


Mantle cell lymphoma (multiple 


lymphoid polyposis) invasion is uncommon 


T-cell lymphoma (predominantly 
enteropathy-associated T-cell 
lymphoma) 


adjacent atrophic mucosa 


Medium-size cells with many mitoses, “starry sky” 


Diffuse growth of large lymphoma cells, often with necrosis B markers (B1), *sIG 
Small cleaved lymphocytes or centrocytes with an 


Early: superficial plasma cells; Late: atypical large 
lymphoma cells with bowel wall invasion 


Monotonous small cells with irregular nuclei; epithelial 


Large cells with intense surrounding inflammation; 


Chromosomal translocation 
involving c-myc 


B markers, *sIG, CD10* 


Ig gene rearranged 

t (14:18) 

t (11:18), t (14:18), t (1:14), t 
(83:14) possible 


B markers, sIG*, CD10*, 
bcl2*, CD5-, cyclin D1- 

B markers, CD5-, CD10- 
CD23-, cyclin D1- 


B markers, KB61*, a-heavy = 
chain paraprotein 


B markers, CD5*, CD23-, 
cyclin D1*, often IgM* IgD* 


t (11:114) Translocation 
with implication of bcl-1 
oncogene 


T-cell markers, CD103+, HML- T-cell receptor genes 
1, CD4-, CD8- rearranged 


IPSID, \|mmunoproliferative small intestinal disease; MALT, mucosa-associated lymphoid tissue; s/G, secretory immunoglobulin. 
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Fig. 125.8 Primary lymphoma of the small intestine. A, Gross specimen of primary lymphoma extensively in- 
volving the small intestine. B, Lymphomatous polyposis characteristic of mantle cell lymphoma of the intestine. 


C, Low power microscopic view of the tumor seen in B. 


with a target-like appearance caused by central necrosis. B, Metastatic melanoma of the jejunum seen at en- 
teroscopy. C, Pleomorphic pigmented metastatic neoplastic cells accounting for the black gross appearance 
seen in A, B, and in Fig. 125.5B. 


Clinical Features and Diagnosis 


Symptoms of PSIL are usually non-specific and may continue for 
4 to 18 months before the diagnosis is made. Abdominal pain 
(often described as cramping) and weight loss are reported in 
59% to 87% and approximately 50%, respectively, of patients 
with PSIL.’ Other symptoms are present in less than 30% 
of patients and include GI hemorrhage, malaise, night sweats, 
fatigue, and an acute abdomen resulting from perforation. SBO 
is the presenting symptom in 5% to 12% of patients. Diarrhea 
and malabsorption are common in EATL. Indeed, patients with 
celiac disease who become unresponsive to a gluten-free diet 
should be investigated aggressively for SI lymphoma (see Chapter 
107). The most common physical finding is a palpable abdominal 
mass, present in 30% to 50% of patients. 

Symptoms of IPSID differ from those of PSIL. Nearly all 
patients with IPSID have diarrhea (70% to 100%), weight loss 
(90% to 100%), and abdominal pain (80% to 100%). Emesis 
occurs in 10% to 30% and fever in 30% to 50% of patients. 
Physical examination in IPSID reveals abdominal masses that are 
present in up to 60% of patients with advanced-stage disease, and 
clubbing of the fingers in 20% to 75% of patients. In advanced 
stage IPSID, ascites and/or hepatomegaly may be present. Forty 
percent to 100% of patients have the a-heavy chain paraprotein 
in the serum.!°° 

Because SI lymphomas are heterogeneous in appearance (pol- 
ypoid, infiltrating, nodular, ulcerated, exophytic) and vary to some 
extent with type, findings on contrast studies are non-specific. 
Enteroclysis, CTE and MRE have all been reported to detect SI 
lymphomas, but comprehensive data are lacking to show which 
is the optimal diagnostic modality. Cross-sectional imaging is 


helpful for staging when a SI mass is suspected on VCE. !6!-163 
VCE and enteroscopy have similar detection rates in small stud- 
ies.164.163 Overtube-assisted deep enteroscopy can assist in obtain- 
ing tissue for diagnosis, which should be sent both in formalin for 
standard studies and in saline for flow cytometry analysis. Char- 
acteristic findings on EUS of an irregular hypoechoic mass that 
disrupts the normal echo architecture may suggest the presence 
of a PSIL despite normal mucosal biopsies. Unlike primary gas- 
tric lymphomas (especially MALT lymphoma), the role of EUS 
in staging of duodenal lymphomas is not clear. Laparotomy for a 
diagnosis of lymphoma should be considered if the suspicion for 
IPSID is high despite normal endoscopic biopsies. 


SECONDARY TUMORS 


Metastatic tumors represent the most common tumors involving 
the SI in many series. Grossly, secondary tumors often present 
as submucosal nodules or plaques, and they may grow to form 
intramural masses that cause obstruction, intussusception, or 
perforation. Often, tumors present as stenotic lesions or infiltra- 
tive lesions simulating Crohn disease. Metastases from melanoma 
and from carcinomas of the lung, testes, adrenal, ovary, stom- 
ach, large intestine, uterus, cervix, liver, and kidney to the SI are 
well described. Metastatic melanoma accounts for one third of 
SI metastases. Lesions are typically multiple and present as pol- 
ypoid lesions that may cause obstruction or intussusception (Fig. 
125.9). Tumors of the pancreas, stomach, colon, or mesentery 
also may involve the SI by contiguous spread. 


Full references for this chapter can be found on www.expertconsult.com. 
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Colorectal cancer (CRC) is the third most common cancer diag- 
nosed in the USA. In 2020, it is estimated that 147,951 new cases 
of CRC will be diagnosed, and that approximately 53,200 deaths 
would result.! Adenomatous polyps, including conventional ade- 
nomas and sessile serrated adenomas (SSAs), are recognized as 
important precursors to the majority of CRCs, and are estimated 
to be present in 20% to 53% of those older than 50 years of age.’ 
The terms sessile serrated adenoma and sessile serrated polyp are con- 
sidered synonymous and sometimes referred to by the hybrid 
term SSP/A or SSA/P. The World Health Organization (WHO) 
recommends these lesions be referred to as SSA/P (not SSP/A), 
and although controversial, we will refer to this lesion as SSA 
throughout this chapter. Since 2000, there have been steady 
decreases in overall CRC incidence and mortality, much of which 
can be attributed to screening efforts aimed at the early detec- 
tion and removal of adenomas. However, there remain significant 
disparities by age and race, as well as a recent increase in polyp 
and CRC incidence specifically among people younger than 50 
years. A better understanding of the biology and changing epi- 
demiology of adenomas, as well as the optimal implementation 
of screening and surveillance strategies, will be critical to further 
reduce the mortality associated with these premalignant lesions. 
A polyp is a discrete mass of tissue that protrudes into the lumen 
of the bowel. There are many ways of classifying colonic polyps, 
including whether they are primarily mucosal or submucosal, 
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whether they are neoplastic or non-neoplastic, and according to 
their histologic features. In the following sections, we have divided 
polyps into several groups. Mucosal polyps include conventional 
adenomas, sessile serrated lesions, hamartomatous polyps and mis- 
cellaneous lesions, which are a heterogeneous mix of benign and 
neoplastic lesions (Box 126.1). Adenomas and carcinomas share a 
common histologic feature—cellular dysplasia—but they may be 
subdivided according to the relative prominence of certain micro- 
scopic features. The recognition that SSAs can also give rise to 
cancers through a distinct pathway now permits classifying them as 
neoplastic polyps, although hyperplastic polyps (HPs) (considered 
to be at the early stage of this spectrum) are still considered non- 
neoplastic. Other polyps have been grouped into several distinct 
categories: juvenile polyps, Peutz-Jeghers polyps, inflammatory 
polyps, polypoid lesions and others. Submucosal lesions also can 
impart a polypoid appearance to the overlying mucosa and there- 
fore are briefly mentioned even though they are not true polyps. 


CONVENTIONAL ADENOMAS 
Epidemiology 
Prevalence 


The prevalence of adenomatous polyps is concordant with the 
background rate of CRC in the population, and varies with 
patient age, sex, and family history. Colon adenomas occur more 
frequently in populations at greater risk for colon cancer.® In 
populations at low risk for colon cancer, data from autopsy series 
indicate adenoma prevalence rates less than 12%, whereas in most 
intermediate- and high-risk populations, adenomas are found in 
30% to 40% of the population.”:!° In high-risk areas, up to two 
thirds of people older than 65 years harbor colonic adenomas.”!° 

Age is the single most important independent determinant of 
adenoma prevalence.”'* The prevalence rate of adenomatous polyps 
within the asymptomatic population has been elucidated by stud- 
ies of screening colonoscopy in average-risk, healthy adults with- 
out GI symptoms. Approximately 20% to 53% of such individuals 
older than 50 years of age will have at least one adenoma, and 3.4% 
to 7.6% will have an adenoma with advanced pathology (AAP, see 
Malignant Potential of Adenomatous Polyps later)?” By comparison, 
similar screening studies of asymptomatic persons 40 to 49 years 
of age revealed prevalence rates of only 8.7% for tubular adenomas 
(TAs) and 3.5% for AAP or cancer.!* Advancing age also correlates 
with a greater likelihood for multiple polyps, adenomas with more 
severe degrees of dysplasia, and, in some studies, larger adenomas. 
Adenomatous polyps are also more prevalent among persons with 
a family history of CRC and adenomas,” particularly if more than 
one relative is affected with CRC and if the affected relative is young. 

Gender and race/ethnicity also influence adenoma prevalence. 
Colonoscopic series indicate that men have a 1.5-fold increased rela- 
tive risk (RR) of adenomas compared with age-matched women,!*!* 
which is consistent with earlier observations in autopsy series.'°!! 
Men also have higher rates of AAPs than women, with an RR of 
approximately 1.5.17 A large database study collected from 67 GI prac- 
tice sites in the USA found a higher rate of polyps larger than 9 mm 
in African Americans undergoing screening colonoscopy compared 
with age-matched whites,!* and other studies suggest higher rates of 
adenomas overall, and of proximal lesions in particular, among Afri- 
can Americans and Hispanics compared with Caucasians.!? 


BOX 126.1 Classification of Colorectal Polyps 


MUCOSAL LESIONS 
Conventional Adenoma 


Tubular adenoma 
Tubulovillous adenoma 
Villous adenoma 
Serrated Lesions 
Hyperplastic polyp 
Goblet cell 
Microvesicular 
Mucin-depleted 
Sessile serrated adenoma/polyp 
Traditional serrated adenoma 
Hamartomatous Lesions 


Juvenile polyp 
Mucosal Peutz-Jeghers polyp 
Miscellaneous Lesions 


Cap polyps 
Inflammatory polyps 
Mucosal prolapse polyps 


SUBMUCOSAL LESIONS 


Carcinoid 

Colitis cystica profunda 
Fibroma 

GIST 

Hemangioma 

Lipoma 

Lymphoid aggregate 
Metastatic neoplasm 
Pneumatosis cystoides coli 


Incidence 


Estimating the incidence of new adenomas requires examination 
of the colon at more than one point in time. Data on adenoma 
incidence are derived from colonoscopic surveillance studies fol- 
lowing polypectomy (or following cancer resection) or studies 
of interval examinations in persons who initially had a negative 
colonoscopy. Estimates of adenoma incidence in both types of 
studies are potentially affected by the low but measurable rate of 
missed lesions. 

The incidence of a first adenoma varies from 24% to 41%.!* 
In one study, patients underwent colonoscopy twice on the same 
day to clear the colon of all potentially missed adenomas, and 
38% were found to have new adenomas at colonoscopy 2 years 
later.2° In the Prostate, Lung, Colorectal, and Ovarian (PLCO) 
Cancer Screening Trial, incident adenomas were found in 3.1% 
of subjects who underwent a 3-year follow-up sigmoidoscopy after 
an initial negative examination.*! Updated data from the PLCO 
study combined results of 3- and 5-year follow-up sigmoidoscopies 
and revealed an adenoma rate of 4.6%, with 1.6% of these being 
considered advanced (>10 mm, or displaying villous morphology 
or high-grade dysplasia [HGD)).”? In average-risk, asymptomatic 
persons with no adenomas at baseline colonoscopy, repeat colo- 
noscopy within 5 years detects an adenoma in approximately 16% 
to 27%34 and an AAP in approximately 1% to 2.4%.23~> In a 
separate study of individuals who underwent 3 colonoscopies at 
roughly 3-year intervals, 10.3% had high-risk findings (23 adeno- 
mas or 21 advanced adenoma) at the third colonoscopy.”° 

The recurrence rate of new adenomas within 3 to 5 years after 
removal of an index lesion(s) is estimated to be 20% to 50%.?7- 
2 The risk of subsequent adenomas in patients with one or more 
adenomas removed during colonoscopy is strongly influenced by 
the number of adenomas initially removed (23) and whether any of 
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the adenomas were larger than 10 mm, harbored HGD, or showed 
villous morphology. In one study of 8472 subjects with a prior his- 
tory of one or more adenomas, 34.1% were found to have a new 
adenoma on surveillance colonoscopy. If the initial colonoscopy 
removed more than 3 adenomas, the odds ratio (OR) for any ade- 
noma on follow-up exam was 1.8 (95% confidence interval [CI], 
1.2 to 2.2), and the presence of advanced features in the index ade- 
noma was associated with ORs ranging from 2.7 to 3.9.30 


Anatomic Distribution 


In autopsy series, adenomas are distributed uniformly through- 
out the colorectum; this even distribution is consistent with more 
recent colonoscopic series of asymptomatic subjects.!°! 

Anatomically, polyps are considered proximal if they are 
located in the portions of colon proximal to the junction of the 
splenic flexure and descending colon.’™ Polyps generally are 
described as right-sided if found proximal to the splenic flexure, 
whereas left-sided lesions are distal to the splenic flexure.** Large 
adenomas have a distal predominance, in the region where most 
colon cancers arise, thereby supporting the adenoma-carcinoma 
sequence hypothesis. Adenomas detected in surgical and colono- 
scopic studies of symptomatic patients also display a left-sided 
predominance, likely reflecting the fact that distal adenomas are 
more likely to come to clinical attention because of bleeding or 
colon obstruction. Studies of endoscopy and pathology databases 
show consistent trends toward advancing age and the proportion 
of adenomas located in the proximal colon,**-*? and some studies 
suggest that African Americans and Hispanics have a greater pro- 
portion of proximal adenomas compared with whites, especially 
in persons older than 60 years.!*-! 


Multiple Adenomas and Carcinomas 


The term multiple adenomas (or carcinoma) refers simply to the 
presence of 2 or more neoplasms. An adenoma or carcinoma that 
is diagnosed at the same time as an index colorectal neoplasm is 
called a synchronous lesion, whereas one that is diagnosed at least 6 
months later (an arbitrary limit) is considered metachronous. 

The adenomatous polyp itself commonly is regarded as a 
marker of a neoplasm-prone colon. Indeed, 30% to 50% of 
colons with one adenoma contain at least one other synchronous 
adenoma, especially in older age groups.!?+7!6 Risks of colon 
cancer and of HGD both increase with the number of adenomas 
present (Table 126.3) and approach 100% in people with FAP. 

A synchronous adenoma can be identified in 30% of colons 
that harbor a carcinoma*+?!’"!9 and in 50% to 85% of those that 
harbor 2 or more synchronous cancers.t+!” If the synchronous 
adenoma is diagnosed preoperatively and is distant from the carci- 
noma, the surgical approach might have to be adapted to the par- 
ticular circumstances.”!’ For this reason, before surgical resection 
of any CRC, a thorough examination of the colon by preopera- 
tive colonoscopy or CT colonography (CTC) is strongly recom- 
mended. Moreover, the presence of a synchronous adenoma in a 
patient with a colonic adenoma or colon cancer increases the risk 
for developing metachronous polyps??? and cancer.??0:221 


Pathology 
Histologic Features 


Histopathologically, the epithelium in a conventional adenoma 
is characterized by abnormal cellular proliferation and renewal, 
resulting in hypercellularity of colonic crypts, with cells that 
appear hyperchromatic and depleted of mucin with elongated 
nuclei arranged in a picket-fence pattern. These cytologic altera- 
tions confer an increased basophilic appearance to the adenoma- 
tous epithelium on conventional H&E staining. Although the 
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Fig. 126.1 Comparison of tubular, villous, and tubulovillous histology of adenomatous polyps. A, Tubular 
adenomas consist of branched, crowded glands arranged in a complex cerebriform pattern. B, Villous adeno- 
mas consist of glands that are long, finger-like fronds typically projecting from the polyp stroma to the surface 

without much branching. C, Tubulovillous adenomas exhibit a mixture of tubular and villous features. (Courtesy 


Lawrence Zuckerberg, MD, Boston, MA.) 


TABLE 126.1 Distribution of Adenoma Type by Size 


Size (mm) 
1-5 10-19 20-50 
Type % of All Adenomas % of All Adenomas % of All Adenomas % of All Adenomas 
TA 99.1 86.8 62.5 
TVA 0.8 11.3 29.4 
TA with HGD 0.1 2.0 8.1 


HGD, high-grade dysplasia; TA, tubular adenoma; TVA, tubulovillous adenoma. 


Adapted from Turner KO, Genta RM, Sonnenberg A. Lesions of all types exist in colon polyps of all sizes. Am J Gastroenterol 2018; 113:303-6. 


predominant cell type is an immature columnar or goblet cell, 
adenomas can contain other cell types, such as neuroendocrine 
cells, Paneth cells, squamous morules, and, rarely, melanocytes. 
On cross-section, the inner contour of an adenomatous gland 
lumen usually is smooth, in contrast to the saw-tooth appearance 
of a serrated polyp (SP). 

TAs are the most common adenomatous subgroup and are 
characterized by a complex network of tubular glands that can 
be bunched or extensively branching, but which do not extend 
below the muscularis layer (Fig. 126.14). In villous adenomas, 
the adenomatous glands extend in a straight pattern upward from 
the polyp’s stroma to the surface, giving the appearance of long, 
finger-like projections (see Fig. 126.1B). Tubulovillous (villo- 
glandular) adenomas manifest a combination of these 2 histologic 
types (see Fig. 126.1C). A polyp is assigned a histologic typing on 
the basis of its predominant glandular pattern, but in practice a 
polyp with pure villous histology is rare. Adenomas are classified 
as tubular if at least 80% of the glands are of the branching tubule 
type, and as villous if at least 80% of the glands are villiform.*? Of 
all adenomatous polyps, TAs account for 80% to 86%, tubulovil- 
lous for 8% to 16%, and villous adenomas for 3% to 16% 4)? 
TAs usually are small and exhibit mild dysplasia, whereas vil- 
lous architecture is more often encountered in large adenomas 


and tends to be associated with an increased frequency of HGD 
(Table 126.1). 


By definition, all conventional adenomas are dysplastic, and the 
dysplasia can be categorized as low-grade or high-grade. In low- 
grade dysplasia (LGD), which encompasses the older terms mild 
and moderate dysplasia, cell nuclei maintain their basal polarity 
but are hyperchromatic, slightly enlarged and elongated, yet uni- 
form in size, without prominent nucleoli (Fig. 126.24). There 
often is loss of goblet cell mucin. Architecturally, the glands man- 
ifest branching and budding and become more crowded. As dys- 
plasia progresses, nuclei become stratified and pleomorphic, with 
prominent nucleoli, along with further loss of goblet cell mucin 
and increased glandular crowding. HGD, which encompasses the 
older terms severe dysplasia and carcinoma in situ,*! is character- 
ized by further stratification and pleomorphism of nuclei, more 
numerous and prominent nucleoli, increased nucleus-to-cyto- 
plasm ratios, and extreme glandular crowding. Polyps can exhibit 
a mix of LGD and HGD, but in all cases, an adenoma is classified 
according to its most dysplastic focus. With further cell prolifera- 
tion within the crypt, cells pile up, lose polarity, and create a dis- 
orderly cribriform “glands within gland” appearance. If a focus of 
neoplastic cells grows beyond the basement membrane into the 
lamina propria, the lesion is termed intramucosal carcinoma (see 
Fig. 126.2B). Both HGD and intramucosal carcinoma are non- 
invasive lesions without metastatic potential, because lymphat- 
ics are not present in the colonic mucosa above the level of the 
muscularis mucosae.** Only when a focus of neoplastic cells has 


spread through the muscularis mucosae is the lesion considered 
invasive carcinoma. An adenoma that contains a focus of invasive 
carcinoma commonly is referred to as a malignant polyp (discussed 
later). 

Of all adenomatous polyps, HGD is found in 5% to 10%, and 
invasive carcinoma in 5% to 7%.¥-*+4+ Higher grades of dys- 
plasia are more common in adenomas of larger size and greater 


F 
a 


= =o 


Fig. 126.2 Histopathologic comparison of high-grade dysplasia (HGD) 
and intramucosal carcinoma in an adenomatous polyp. A, HGD is char- 
acterized by stratified and pleomorphic nuclei, loss of goblet cell mucin, 
numerous and prominent nucleoli, increased nucleus-to-cytoplasm 
ratios and extreme glandular crowding. B, Adenoma with HGD and 
intramucosal carcinoma demonstrating nuclear pleomorphism and ab- 
normal cellular polarity, resulting in a cribriform appearance (i.e., glands 
within glands). A focus of intramucosal carcinoma is seen in the center 
and is characterized by cells with pleomorphic nuclei and poor gland 
formation that are located in the lamina propria. (Courtesy Lawrence 
Zuckerberg, MD, Boston, MA.) 
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villous content,t! and adenomas with HGD are more likely to 
contain foci of invasive cancer (Table 126.2). 

Polyp size is one of the most important factors correlating 
with risk of malignancy.*°+”7 Adenomas often are grouped into 3 
groups: diminutive (1 to 5 mm), small (6 to 9 mm), and large (210 
mm). Overall, most adenomas are less than 1 cm in diameter, but 
the size distribution of adenomas can vary greatly among studies 
depending on study design, age of the study population, and loca- 
tion of the adenomas within the colon. Thus, in autopsy series, 
which describe a presumably asymptomatic population dying 
of other causes, only 13% to 16% of adenomas are larger than 
1 cm,”!° whereas surgical and colonoscopic series that include 
symptomatic or higher-risk patients report a higher prevalence 
(26% to 40%) of adenomas larger than 1 cm.*!4?++ Adenomas 
tend to be larger in countries with higher colon cancer preva- 
lence compared with low-prevalence countries.*:!! Adenoma size 
increases as a function of age,!61248 even in low-prevalence coun- 
tries,!! and larger adenomas are more common in distal colonic 
segments. 114,16 


Malignant Potential of Adenomatous Polyps 


The 3 principal features that correlate with malignant potential 
for an adenomatous polyp are size, histologic type, and degree 
of dysplasia (see Table 126.2). Although higher rates of malig- 
nant transformation are found when the source of the pathologic 
material is mainly from surgical polypectomies** rather than 
colonoscopic polypectomies,* the malignant potential is corre- 
lated directly with larger adenoma size, more villous histology, 
and higher degrees of dysplasia. These 3 histopathologic criteria 
usually are interdependent. For example, although only 1.3% of 
all adenomas less than 1 cm in diameter harbor a cancer, if these 
small lesions have a predominant villous component or contain 
a focus of severe dysplasia, the cancer rate rises to 10% or 27%, 
respectively. A small (<1 cm), tubular, mildly dysplastic adenoma is 
highly unlikely to harbor a focus of invasive cancer. Nonetheless, 
although this type of lesion, once removed, is innocuous in itself, 
it often is considered a marker of risk for developing a recurrent 
adenoma (discussed later). Adenomas are considered advanced on 
the basis of size alone if they are more than 1 cm in diameter, or 
if less than 1 cm, they contain at least 25% villous architecture, or 
any evidence of HGD or carcinoma. 


Diminutive Polyps 


Diminutive polyps measure 1 to 5 mm. In a prospective study 
of 451 colorectal polyps, it was reported that 90% of polyps 
encountered during routine colonoscopy are subcentimeter and, 
of these, 90% are less than 5 mm in diameter.*? Diminutive pol- 
yps thus represent the vast majority of polyps encountered during 
colonoscopy, and a better understanding of the natural history 
and potential for advanced histology in these small polyps has 
important clinical implications for treatment and recommenda- 
tions for follow-up.°° 

In a study of 13,992 subjects undergoing colonoscopy, 3744 
had a polyp no larger than 5 mm; of these, approximately half 


TABLE 126.2 Relation of Histology and Degree of Dysplasia to the Incidence of Invasive Carcinoma, by Adenoma Size 


Histology (% with Invasive Carcinoma) 


Degree of Dysplasia (% with Invasive Carcinoma) 


Size (cm) Tubular Tubulovillous Villous Mild Moderate Severe 
al 1 4 10 0.3 2 27 
1-2 10 T 10 3 14 24 
>2 35 46 53 42 50 48 


Adapted from Muto T, Bussey HJR, Morson BC. The evolution of cancer of the colon and rectum. Cancer 1975; 36:2251-70. 
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TABLE 126.3 Correlation between the Number of Adenomas per Patient and Associated Carcinomas or High-Grade Dysplasia in 2 Landmark Studies 


St. Mark’s Hospital Study** 


National Polyp Study‘! 


No. of Adenomas % of Patients 


% of Patients with 


per Patient No. of Patients with Carcinoma No. of Patients High-Grade Dysplasia 
1 1331 30 1093 a 
2 296 52 430 10 
3 83 57 166 19 
4 40 50 83 ily 
5 13 77 40 20 
26 25 80 55 20 


were conventional adenomas (48.5% tubular, 1.2% tubulovil- 
lous), and 1.7% had advanced histology including 1 polyp with 
HGD and 1 cancer.’! The frequency of adenomatous changes 
in diminutive polyps in this study was similar to several earlier 
studies.’ Although estimates of the prevalence of HGD in 
diminutive polyps has varied, and been reported between 0.5% 
and 10%,°+°° studies suggest that the risk of HGD and carci- 
noma are low. A systematic review of 4 studies comprising over 
20,000 patients who underwent screening colonoscopy found 
that the majority of polyps encountered were diminutive (up to 
64%) and the frequency of advanced adenomas and cancers found 
in these diminutive-only polyps was very low at 0.9% and 0.04%, 
respectively. 

In addition to low rates of advanced neoplasia and cancer, 
diminutive adenomas manifest little, if any, appreciable growth 
over time.*! A population-based study that involved fulgurat- 
ing small polyps (even those up to 1 cm) without obtaining ini- 
tial histologic identification reported that the subsequent risk 
for CRC and overall survival was no worse than in the gen- 
eral population.ć Taken together, these observations indicate 
that diminutive polyps, even when they prove to be adenomas, 
have little biologic or clinical significance. Based on this view 
of diminutive polyps, there is a growing interest in a “resect 
and discard” strategy for diminutive polyps in order to reduce 
pathology costs associated with polyp removal.°!? This is not 
standard practice currently, however, and ongoing areas of 
investigation in the resect and discard paradigm include the 
role of advanced imaging techniques such narrow band imag- 
ing (NBD,® the applicability to specific patient populations,°* 
and patient®»°® and provider®’ acceptance of the strategy. 
An important exception to the rule of the innocuous nature 
of diminutive adenomas is in the setting of Lynch syndrome, 
in which even small adenomas can display advanced patho- 
logic features such as villous histology or HGD (discussed 
later). 


Flat Adenomas 


A subset of adenomas, termed flat adenomas by Muto and cowork- 
ers,®* has received increasing attention as potentially important 
lesions. Macroscopically, a flat adenoma is either completely 
flat or slightly raised, and may contain a central depression. By 
definition of the Japanese Society for Cancer of the Colon and 
Rectum, the diameter of this polyp is more than twice its thick- 
ness. Typically less than 1 cm in diameter, these lesions can be 
easily missed at endoscopy. This potential risk has prompted 
investigators, particularly in Japan, to adapt better methods of 
detection that involve dye-spraying (chromoendoscopy) to gen- 
erate a contrast relief-map image of the mucosa, or magnifica- 
tion colonoscopy, for enhanced visualization. In studies without 
such specialized endoscopic techniques, flat adenomas accounted 
for 8.5% to 12% of all adenomas’? and were multiple in up to 
50% of patients. 


Prospective studies of Western populations aided by the use 
of chromoendoscopy found that 6.8% to 36% of all detected 
adenomas were flat. Compared with lesions that were polypoid, 
these flat polyps tended to be smaller and to have increased rates 
of HGD and early cancer.’!-7* A large study of more than 1800 
veterans undergoing colonoscopy found a prevalence for flat or 
non-polypoid neoplasms of 9.4%. These lesions were 10 times 
more likely to harbor a carcinoma, although the rate of carcinoma 
was quite low.’ Indeed, it has been suggested that flat adeno- 
mas can have distinct biologic and chromosomal profiles.’*”> In 
contrast, re-evaluation of adenomas removed during the National 
Polyp Study found no increased risk of HGD in polyps classi- 
fied as flat, based on histologic features.” A more recent Aus- 
trian database study of over 17,000 colonoscopies found that the 
presence of HGD was more closely related to polyp size rather 
than to morphology.” Future studies might help define whether 
broader acceptance of advanced endoscopic techniques such as 
chromoendoscopy or NBI by endoscopists in Western countries 
will result in higher detection rates of flat adenomas, lower CRC 
incidence, or both following colonoscopy.”® 

The natural history of flat adenomas is not known; it is pos- 
sible that they give rise to typical polypoid adenomas. Alterna- 
tively, the facts that residual flat adenoma tissue can be found 
adjacent to flat carcinomas, that some studies have observed a 
substantial incidence of HGD in these small lesions, and that 
flat adenomas have a lower incidence of K-ras mutations com- 
pared with polypoid adenomas, suggest that malignant progres- 
sion from flat adenomas might not necessarily involve a polypoid 
phase.’? Indeed, a recent study has shown that flat adenomas have 
lower rates of adenomatous polyposis coli (APC) mutations than 
polypoid adenomas.*° 


Pathogenesis 
Cellular Growth 


The colonic epithelium is comprised of a single-cell layer of 
colonocytes that undergo continuous cycles of division, pro- 
liferation, differentiation, and shedding into the lumen. This 
process, which drives the complete renewal of colonic epithe- 
lium approximately every 5 days, requires multiple proliferative 
checkpoints to preserve cellular integrity, although this orderly 
progression can be interrupted by genomic alterations alone or 
through complex interactions with multiple mutagenic environ- 
mental factors. 

The initial aberration arises within individual colonic crypts 
when the proliferative compartment expands beyond the crypt 
base resulting in a unicryptal adenoma. Colonocyte proliferation 
eventually outpaces the rate of surface epithelial cells slough- 
ing and the crypt accommodates by expanding in a downward 
infolding manner, interposing itself between adjacent normal 
crypts. New adenomatous glands then are created either by fur- 
ther infolding or by branching. Thus, the unicryptal adenoma is 


Normal colon 


epithelium 
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APC mutation 


Loss of tumor suppressors: 
TP53, DCC, SMAD2, SMAD4 
LOH at 18q 

Telomerase activation 


Fig. 126.3 The adenoma-carcinoma sequence in the “chromosomal instability” pathway. The progression from 
adenoma to carcinoma results from an accumulation of molecular genetic alterations involving activation of on- 
cogenes (KRAS) inactivation of tumor suppressor genes (APC, TP53, DCC, SMAD2, SMAD4). The adenoma 
progression phase is accelerated in patients with Lynch syndrome (hereditary non-polyposis colorectal cancer 
syndrome), accounting for the often rapid progression of adenomas to carcinoma through the “microsatellite 
instability” pathway. (See text for details.) LOH, loss of heterozygosity. 


believed to arise from a monoclonal expansion of an abnormal 
cell, and as the adenoma enlarges, the adenomatous cell popula- 
tion becomes polyclonal through acquisition of additional muta- 
tions. Evidence for this concept comes from studying intestinal 
tissues from a patient with familial adenomatous polyposis (FAP) 
who was an XO/XY mosaic. Analysis of Y chromosome expres- 
sion in the intestinal mucosa of this patient revealed that normal 
crypts of the small and large intestine and even unicryptal adeno- 
mas were monoclonal (either XO or XY), whereas at least 76% of 
very small microadenomas were polyclonal.*! 


Molecular Pathogenesis 


Conventional adenomas and a subset of sessile serrated adeno- 
mas (SSAs) (discussed later) develop according to 2 major path- 
ways: chromosomal instability (CIN) or microsatellite instability 
(MSI). The major drivers in both pathways are somatic muta- 
tions in a core set of approximately 30 genes, most commonly the 
tumor suppressors APC and TP53, and the oncogenes KRAS, 
PI3KCA, BRAF, and NRAS.*? Approximately 85% of sporadic 
colon cancers arise from conventional adenomas through the 
classic adenoma-carcinoma sequence, which involves a median of 
60 additional mutations beyond the core driver mutations pri- 
marily in the CIN pathway (see Chapter 127). 

The progression from adenoma to carcinoma results from an 
accumulation of molecular genetic alterations involving, among 
other changes, activation of oncogenes, and inactivation of tumor 
suppressor genes (Fig. 126.3). Tumor suppressor genes that nor- 
mally function to suppress tumor development commonly are 
inactivated in colorectal neoplasms by mutation or allelic dele- 
tion, thereby promoting tumorigenesis. The APC gene on the 
long arm of chromosome 5 is considered the “gatekeeper” for 
the process of colon carcinogenesis. It is believed that most, if 
not all, adenomas arise from an initial loss of APC gene function, 
and for that to happen, an epithelial cell must lose the function 
of both APC alleles (2 “hits”). In patients with FAP, one APC 
allele is inherited in a mutated form (germline mutation) from 
the affected parent. Adenomas can arise when the second, normal 
copy of the APC gene from the unaffected parent either is lost or 
mutated (somatic mutation). Because persons with FAP are born 
with the first hit, they develop polyps at a much younger age and 
in much greater number than does the general population. In the 
general population, sporadic adenomas arise as a consequence of 
2 acquired somatic mutations of the APC gene within the same 
cell. Because 2 acquired hits are statistically less likely than one 
acquired hit, sporadic adenomas tend to occur later in life and to 
be fewer in number than in patients with FAP. 

In addition to APC inactivation, the “chromosomal insta- 
bility (CIN)” pathway is further promoted by activating point 
mutations at particular sites within the KRAS oncogene. KRAS 


activation appears to be important for adenoma growth and the 
intermediate stages of tumorigenesis. Less than 10% of small 
adenomas exhibit KRAS gene mutations, compared with 58% of 
adenomas larger than 1 cm, and 47% of colon cancers.® KRAS 
activation in the absence of APC mutations generally does not 
lead to adenomas and malignancy, whereas a large number of 
adenomas and cancers do not have KRAS gene mutations, high- 
lighting both the primary importance of APC gene mutations as 
the inciting molecular event in colon carcinogenesis as well as the 
contributions of multiple additional genes. 

The loss of function of additional tumor suppressor genes 
including deleted in colorectal cancer (DCC) and TP53 con- 
tribute to the intermediate and later stages of the conventional 
adenoma-carcinoma sequence. Allelic deletion at the DCC locus 
occurs in 11% to 13% of small TAs or tubulovillous adenomas, 
but increases to 47% of adenomas with foci of cancer and 73% of 
frank colon cancers.** Allelic deletion of chromosome 17p, at the 
locus that contains the TP53 gene, is the most common region 
of allelic loss in CRCs. Because adenomas seldom manifest 17p 
deletion,** this alteration probably occurs as a late step in the 
adenoma-carcinoma progression. 

A second major molecular pathway in colon carcinogenesis is 
characterized by BRAF mutations and hypermethylation of genes 
involved in mismatch repair (MMR) leading to a high frequency 
of MSI. The MSI pathway is the major pathway for the formation 
of “MSI-high” tumors in Lynch syndrome. The primary func- 
tion of the MMR proteins MLH1, MSH2, MSH6, and PMS2 is 
to correct DNA mismatch errors that occur during replication 
of microsatellite sequences. Inactivation of MMR genes through 
either germline mutation or promoter hypermethylation results 
in the accumulation of mutations in target genes with microsat- 
ellite DNA, including transforming growth factor- receptor 2 
85 and insulin-like growth factor 2 receptor.*®*” Approximately 
15% of sporadic colon cancers and 85% of Lynch syndrome 
colon cancers are associated with MSI.°*- The numbers of ade- 
nomas that occur in patients with Lynch syndrome are similar to 
those in the general population but Lynch syndrome is marked 
by accelerated tumor progression, and polyps often manifest 
advanced pathology (villous features, HGD)! and MSI” even at 
small sizes early in their development. 

A third major pathway important for adenoma development 
involves the aberrant hypermethylation of CpG (“p” indicates 
that “C” [cytosine] and “G” [guanosine] are connected by a phos- 
phodiester bond) dinucleotide-rich DNA islands (CpG island 
methylator phenotype, CIMP). CIMP-associated epigenetic 
changes may affect a large number of genes, including tumor 
suppressors (CDKN2A”*) and DNA repair genes (MGMT?) 
and are found in up to half of sporadic colon cancers. Due to the 
large number of genes potentially affected, the CIMP pathway 
overlaps to some extent with both the CIN and MSI pathways, 
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and contributes to both MSI and non-MSI tumors. It also is rec- 
ognized to play a key role in the development and progression of 
SSAs (discussed later). 


Risk Factors for Adenomas 
Inherited Susceptibility 


Epidemiologic studies have revealed a 2- to 3-fold increased 
risk for adenomas and colon cancer in probands who have a 
first-degree relative affected by colonic cancer or adenoma.”° 
Data from the National Polyp Study indicate that siblings and 
parents of patients with adenomatous polyps are at an increased 
risk for colon cancer, particularly when the adenoma proband 
was younger than age 60 at diagnosis.” There is even a sugges- 
tion that adenomas in patients with a family history of CRC have 
faster growth rates.”° 

It is now estimated that as many as 10% to 30% of colon can- 
cers are familial, implying the possibility of susceptibility genes 
that give rise to common colon cancers not associated with 
autosomal dominant syndromes such as FAP and Lynch syn- 
drome. Despite epidemiologic data to suggest an increased risk in 
patients with family members who have colon cancer or adeno- 
mas, however, it has been difficult to fully elucidate the causative 
genetic basis. Several genes have been identified that can contrib- 
ute to common familial risk; these include a germline mutation 
in the APC gene at codon 1307 (11307K) that appears to pre- 
dispose Ashkenazi Jewish populations to colon cancer; mutations 
of the DNA MMR gene 4MSH6,; a type I transforming growth 
factor-f receptor allele TbR-I(6A); and polymorphisms of certain 
genes involved in the metabolism of nutrients and environmental 
agents (e.g., methylenetetrahydrofolate reductase, N-acetyltrans- 
ferase-1 and -2).°°°° A specific mutation in methylenetetrahydro- 
folate reductase also has been found to be protective against colon 
cancer risk.!°° The identification of such low-penetrance genes 
responsible for common susceptibility to colonic adenoma and 
carcinoma is an area of considerable research. 


Diet and Lifestyle 


Dietary and lifestyle factors also play an important role in 
colorectal carcinogenesis. It is estimated that as much as a third 
to a half of colon cancer risk and a fourth to a third of distal colon 
adenoma risk might be avoidable by modification of dietary and 
lifestyle habits.!°! Dietary factors that correlate with a predisposi- 
tion to colon cancer are also associated with a risk for colonic ade- 
nomas,!°! and include cigarette smoking, excess alcohol intake, 
excess dietary fat, and obesity.!° 

The majority of cohort and case-control studies have demon- 
strated an association between alcohol intake and risk of advanced 
adenomas. A pooled analysis of 8 cohort studies revealed a RR of 
1.41 (95% CI 1.16 to 1.72) for subjects who consumed three or 
more alcoholic drinks per day,!°’ and the effects of alcohol intake 
appear to synergize with tobacco to increase adenoma risk.!°* 
Dietary fat intake and obesity are other important risk factors for 
adenomas. In a large cohort study, men in the highest quintile 
of saturated fat intake had a RR of 2.0 (95% CI 1.2 to 3.2) for 
colorectal adenomas when compared with men who had the low- 
est fat intake after controlling for total caloric intake.!°° A linear 
association between BMI and adenoma risk also has been con- 
firmed in several high-quality studies, including a comprehensive 
review of 36 publications, which described a 19% increase in ade- 
noma risk for each 5-unit increase in BMI.!°-!°7 In obese patients, 
a central distribution of obesity and increased visceral fat confers 
a higher risk of colorectal adenomas.'!°* Patients with higher 
levels of insulin and C peptide also have been found to have an 
increased risk of adenomas.! Factors that have shown the most 
consistent protective effect against adenomas in epidemiologic 


studies include dietary fiber and plant foods. Patients with the 
highest fiber intake in the prospective PLCO trial had a 27% 
lower risk of adenomas compared with those who had the low- 
est fiber intake.!!° Other protective measures include increased 
physical activity, increased intake of calcium, and high intake 
of folate. An analysis of an asymptomatic, predominantly male 
veteran population undergoing screening colonoscopy found 
that smoking and moderate to heavy alcohol use increased risk, 
whereas cereal fiber intake, vitamin D intake, and use of NSAIDs 
decreased risk for advanced colonic neoplasia (AAPs and colon 
cancer).!!! 

Despite evidence of dietary associations with risk of polyp 
formation, prospective interventional studies have been nega- 
tive.!! Dietary changes maintained over 2 to 4 years have failed 
to significantly reduce recurrent or incident adenomas in sev- 
eral studies that tested reductions in fat with increases in fiber, 
fruits, and vegetables; combinations of low-fat with wheat bran 
or -carotene supplements, or both; supplements of wheat bran 
fiber with vitamins C and E; and a complex supplement of cal- 
cium, vitamin C, vitamin E, and selenium. 

Unlike these null studies, 4 classes of chemopreventive com- 
pounds have shown protective effects against colon adenomas or 
cancers: NSAIDs, calcium, hormone replacement therapy (HRT), 
and selenium; of these, NSAIDs, including aspirin, are most well 
established. Over 90% of the more than 110 studies of various ani- 
mal models and over 35 epidemiologic studies confirm a significant 
reduction in colorectal adenomas, cancers, and cancer-associated 
mortality among users of aspirin or NSAIDs.!!* For example, the 
Nurses’ Health Study, a prospective cohort study of 27,077 nurses, 
found that regular use of aspirin was associated with a 25% reduc- 
tion in risk of developing colorectal adenomas.!!* 

Three prospective randomized trials that investigated the use 
of aspirin to prevent colorectal adenomas have shown decreased 
rates of adenoma recurrence in the study groups compared with 
the placebo group. In one trial, which was terminated early 
because of significant results, 635 patients with a history of cura- 
tive resection of CRC and randomized to 325 mg/day of aspirin 
or placebo, were found to have a significant 35% reduction in 
incident adenomas after a mean of 12.8 months.!'* Another trial 
of patients with prior colorectal adenomas compared 81 mg/day 
or 325 mg/day of aspirin with placebo and found that the 81-mg 
dose reduced the RR of developing adenomas and advanced 
adenomas by 19% and 41%, respectively, with a similar, but 
not significant, trend found with the higher dose.!!> The 1-year 
results of a trial comparing 2 doses of lysine acetylsalicylate with 
placebo found a significant reduction in recurrence of adenomas 
larger than 5 mm in both treatment groups, but a greater effect 
with the higher dose.!!° In contrast, in the Physicians’ Health 
Study, administration of aspirin 325 mg every other day over 5 
years showed no reduction compared with placebo in advanced 
adenomas or colon cancers.!!’ A meta-analysis pooled data on 
more than 2900 patients with a history of an adenoma from 4 
randomized trials to compare aspirin at doses of 81 to 325 mg 
daily with placebo. At a median follow-up of 33 months, the rate 
of recurrent adenoma was 37% in the placebo group and 33% in 
the aspirin group. The absolute risk reduction with aspirin use 
was 6.7%.118 

NSAIDs act by inhibiting COX-1 and COX-2 enzymes, 
which thereby reduces cellular proliferation, enhances apoptosis, 
and reduces angiogenesis; other COX-independent effects also 
are operative. Based on these observations as well as studies that 
show selective COX-2 inhibition reduces the number of adeno- 
mas in patients with FAP (discussed later), 3 large-scale prospec- 
tive studies of COX-2 inhibitors (celecoxib and rofecoxib) have 
been undertaken.!!? The APPROVe, APC, and PreSap trials 
randomized more than 5000 patients with a history of adenomas 
to treatment with celecoxib or rofecoxib or placebo. In all 3 stud- 
ies, celecoxib or rofecoxib was superior to placebo in preventing 


recurrent adenomas and, specifically, AAPs. Enthusiasm for 
these agents, however, was tempered by the finding of increased 
cardiovascular adverse effects (AEs) in the COX-2 arms. The 
APPROVe study was terminated early and rofecoxib was with- 
drawn from the market, but the studies illustrated proof of prin- 
ciple that COX-2 inhibition leads to decreased polyp burden.!*° 

Calcium supplements have been shown in 2 randomized 
placebo-controlled phase III studies to reduce adenoma recur- 
rence by approximately 19% to 34%, with effects noticed even 
after one year of supplementation.!*!:!?? It has been suggested 
that calcium supplements might have a more pronounced effect 
on AAPs.!?3 The mechanism for this protective effect likely is 
multifactorial, because calcium has been shown to decrease pro- 
liferation of colonic epithelial cells and to inhibit mucosal injury 
induced by bile acids and carcinogens in the fecal stream. A 
follow-up randomized trial of calctum and/or vitamin D supple- 
ments, however, failed to demonstrate a protective benefit for 
adenoma recurrence.!** 

In a study investigating chemoprevention of skin cancer, sele- 
nium supplements were associated with a 58% reduction in colon 
cancer incidence as a secondary end-point.'!? This result has 
prompted additional trials to evaluate the effects of selenium on 
recurrent formation of adenoma. HRT has been associated in 
many studies with an approximately 20% reduction in colon can- 
cer risk and a protective effect against colonic adenomas.!!? As with 
NSAIDs, however, the AEs of HRT often outweigh the benefi- 
cial chemopreventive effects of these agents. A randomized pla- 
cebo-controlled trial in patients with a history of adenomas found 
that use of ursodeoxycholic acid at a dose of 8 to 10 mg/kg for 3 
years did not lead to a statistically significant decrease in recur- 
rent adenomas; however, there was a statistically significant 39% 
decrease in adenomas with HGD." Initial evidence from multiple 
cohort studies, including the Nurses’ Health Study and Canadian 
National Breast Cancer Screening study, suggested a 40% lower 
risk of colorectal adenomas in women with the highest levels of 
folate intake. A randomized controlled trial of folate alone or in 
combination with aspirin, however, did not show a decreased risk 
of polyps or advanced neoplasia in the folate arms.'”° Currently, 
it is unclear if folate has a true benefit in reducing polyp burden. 

Other agents that continue to be examined as chemopre- 
vention agents include Difluoromethylornithine, 3-hydroxy- 
3-methylglutaryl-coenzyme A reductase inhibitors, vitamin E, 
metformin, and mesalamine compounds. Overall, given the need 
for long-term therapy and the potential AEs associated with 
many of these agents, they are likely best studied in patients at 
high risk for colorectal neoplasia. 

Diet and dietary supplements can affect the intestinal micro- 
biota. Recent advances in the analysis of the microbiome are 
beginning to suggest an association between the microbiota and 
adenomas. Adenoma patients have demonstrated higher concen- 
trations of Dorea spp. and Faecalibacterium spp., with lower concen- 
trations of Bacteroides spp. than non-adenoma patients.!*° Other 
studies have noted increased microbial richness!*’ and increased 
abundance of Fusobacterium??? in the normal rectal mucosa of indi- 
viduals with adenomas, even after controlling for other adenoma 
risk factors. It has been postulated that an altered microbiota plays 
a role in colonocyte inflammation and tumorigenesis, although 
clear mechanisms have not yet been elucidated. It is not known if 
altering the intestinal microbiome by probiotics or antibiotics can 
affect risk of adenoma development or recurrence. 


Predisposing Conditions 


A variety of clinical circumstances have been associated with 
adenomatous polyps. Of the conditions discussed here, the pre- 
disposition to have or to develop adenomas is strongest for ure- 
terosigmoidostomy, acromegaly, and Streptococcus gallolyticus 
(formerly Streptococcus bovis) bacteremia.'?** Patients with any of 
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these 3 conditions should undergo a thorough colorectal examina- 
tion and, in the former 2 conditions, periodic surveillance should 
be considered (although the frequency of such examinations is not 
well defined). As for the other conditions, either data are conflict- 
ing or the risk is not strong enough to recommend a policy of sur- 
veillance. 


Ureterosigmoidostomy Sites 

Patients who have undergone a urinary diversion procedure with 
implantation of the ureters into the sigmoid colon are at particu- 
larly high risk for developing neoplastic lesions at the uretero- 
sigmoidostomy sites.!*? At least 29% of such patients develop 
colonic neoplasms, usually close to the stoma, after this proce- 
dure. Adenomatous polyps and carcinomas have been found after 
mean latent periods of 20 and 26 years, respectively. Lesions that 
resemble juvenile polyps and inflammatory polyps also have been 
reported at ureterosigmoidostomy sites. It has been suggested that 
these lesions are produced by the generation of N-nitrosamines 
from urinary amines in the presence of fecal microbiota. These 
patients should undergo lifelong periodic colonoscopic surveil- 
lance, recognizing the long latent period between the implanta- 
tion of the ureters and the subsequent development of colonic 
neoplasia. 


Acromegaly 

Patients with acromegaly have an increased tendency to develop 
colon cancers and adenomas.!*°.!3! Although studies involved few 
subjects, consistently high prevalence rates of 5% to 25% for colon 
cancer and 14% to 35% for adenomatous polyps have been observed 
in patients with acromegaly. A meta-analysis found the pooled OR 
for adenomas was 2.4 and for CRCs was 4.3 in patients with acro- 
megaly compared with controls.!** The risk for colonic neoplasia 
may be higher in younger acromegalics!?” and in those with a fam- 
ily history of colon cancer,!*> multiple skin tags (acrochordons),!*3 
or previous colorectal adenomas.!*+ The mechanism for enhanced 
colonic neoplasia in this disease is not clear but probably relates 
to increased growth hormone and/or insulin-like growth factor 
(IGF)-1 levels. In patients with acromegaly, high serum IGF-1 
levels have been correlated with increased epithelial cell prolifera- 
tion!’ and increased recurrence rates of colorectal adenomas.!*+ 
Other studies in acromegalics, however, have not found that blood 
levels of growth hormone or IGF-1 correlated with the presence of 
neoplasms!*! and that the risk of neoplasia actually was greater in 
cured acromegalics than in those with active disease.!*? 


Bacterial and Viral Infections 
Over the past several decades, there has been increasing interest in 
understanding the connection between infectious agents and can- 
cer. Hepatic, gastric, and cervical cancers have established infec- 
tious etiologies, and several bacteria have been associated with 
CRC. Perhaps the most well-known bacterium associated with 
CRC is S. gallolyticus (formerly S. bovis), which is found among 
the normal colonic flora in approximately 15% of adults,'*° and 
accounts for approximately 12% of cases of infective endocarditis 
when it crosses into the bloodstream.!37:-138 A number of stud- 
ies have linked S. gallolyticus bacteremia and endocarditis with 
colon polyps and CRC, and it is estimated that up to 71% of 
patients with S. gallolyticus bacteremia have colonic neoplasia.'>” 
Based on this observation, it is recommended that patients with S. 
gallolyticus bacteremia undergo colonoscopy to screen for occult 
cancer and precancerous lesions.!*#° Several additional bacterial 
infections have been associated with CRC, including Klebsiella 
pneumoniae (with pyogenic liver abscess),!*!!#? Fusobacterium 
spp.,!8! Clostridium septicum,'*> and Helicobacter pylori.146 

Both JC virus CV) and HPV have been associated with 
colonic adenomas and cancers. JCV generally is thought to be 
acquired early in childhood and affects up to 80% of the adult 
population,'*” of which the vast majority are asymptomatic 


2084 PARTX Small and Large Intestine 


carriers. JCV exerts oncogenic potential through expression of 
large T-antigen protein, which binds p53 and Rb proteins thus 
inhibiting their tumor suppressing activities.!*°'4? Several 
studies have examined the presence of JCV DNA in colorectal 
neoplasms with conflicting results. One of the largest stud- 
ies using PCR detected the JCV genome in 61% of colon 
cancers and 60% of adenomas, compared with 30% of nor- 
mal tissue samples from controls; there also were significantly 
higher JCV copy numbers in neoplastic compared with normal 
colorectal tissue.!5° Two additional PCR-based studies, how- 
ever, found no association between JCV DNA and CRC. 151152 
One of these studies, which detected JCV only in one normal 
colon tissue sample, used a laboratory that had never before 
tested JC or other viruses, and suggested that previous studies 
detecting JCV in colonic tissue may have been affected by viral 
contamination. !°> 

There are approximately 15 types of HPV that are associ- 
ated with oncogenic infections. Although associations with 
cervical and anal cancers are most widely recognized, several 
studies using PCR and immunohistochemistry have suggested 
a positive association between HPV infection and colorectal 
neoplasia,!°*-!57 with an OR ranging from 2.7 (1.1-6.2) to 9.1 
(3.7-22.3).158,159 


The Colonic Microbiome 

The human colon harbors a diverse population of microorgan- 
isms that approximates the number of host cells.!°° Collectively, 
the intestinal microbiome plays a key role in immune system 
development, epithelial homeostasis, defense against opportu- 
nistic infections, and dietary nutrient and energy extraction (see 
Chapter 3).!°! Alterations in the microbiome have been identi- 
fied as key drivers in infections and chronic inflammatory states 
such as Clostridioides difficile! and IBD, !® and, increasingly, 
attention is turning to understanding the role of the microbi- 
ome in colorectal neoplasia. A number of studies have described 
alterations in the GI microbiota in patients with colonic adeno- 
mas and cancers. Across several studies, patients with polyps and 
CRC display reduced temporal stability and increased diversity 
of the microbiota,!®*!® and enrichment of pathogenic bacte- 
ria.!°° The fecal microbiota of patients with polyps and can- 
cers also exhibit increased diversity of the Clostridium leptum 
and Clostridium coccoides subgroups compared with controls.!°+ 
Studies that have more specifically assessed mucosa-adher- 
ent bacteria further found that patients with adenomas had a 
lower relative abundance of Bacteroidetes and a higher abun- 
dance of Proteobacteria compared with controls,!® and the com- 
mensal bacteria Coriobacteridae, Roseburia, Fusobacterium, and 
Faecalibacterium all appeared to be overrepresented in tumor tis- 
sue samples compared with adjacent non-tumor tissues.'°7 No 
single microbial species or profile, however, has emerged as a 
causal factor for colon polyps and CRC, suggesting that global 
alterations in the composition and functional properties of the 
intestinal microbiome, through complex interactions with both 
environmental factors and host genetics, contribute to inflam- 
mation, dysplasia, and CRC. 


Cholecystectomy 

In some studies, cholecystectomy has been associated with an 
increased risk for colon cancer, although this increase is only 
modest and applies mainly to women and to lesions in the proxi- 
mal colon.!° It is postulated that in the absence of the gallbladder, 
there is enhanced delivery of bile acids to the colon and possibly 
a shift from primary to secondary bile acids that enhances the 
proliferative activity of the colonic mucosa. In general, however, 
case-control studies have not found an increased risk for adeno- 
matous polyps amongpatients who have had cholecystectomy, !? 
nor was this a risk factor for AAPs or colon cancer among asymp- 
tomatic male veterans.!!! 


Clinical Features 


Most patients with colonic polyps either have no symptoms 
referable to the GI tract or have nonspecific intestinal symp- 
toms, although some patients may present with occult or overt 
rectal bleeding. In contrast to colonic carcinomas, which exhibit 
considerable surface erosion, adenomas generally maintain the 
integrity of their surface epithelium but can bleed into the polyp 
stroma.!/0 These findings help explain the clinical impression 
that bleeding from polyps is intermittent and usually does not 
cause fecal occult blood loss or anemia. Large polyps in the dis- 
tal colon can cause constipation or decreased stool caliber, and 
may be associated with cramping lower abdominal pain from 
intermittent intussusception. McKittrick-Wheelock syndrome 
is a rare cause of secretory diarrhea, electrolyte depletion, 
dehydration, and pre-renal acute kidney injury that has been 
observed with a large hypersecretory villous adenomas typically 
located in the distal colon or rectum.!7! 


Methods for Detection 


Colorectal polyps usually are clinically silent. They most often 
are detected either in asymptomatic people being screened for 
colorectal neoplasia or incidentally during investigation for 
non-specific symptoms or as part of the evaluation for iron defi- 
ciency anemia. A more complete discussion of CRC screening 
can be found in Chapter 127. 


Fecal Occult Blood Testing 


The actual frequency of bleeding from adenomas is difficult 
to determine. A significant adenoma (i.e., >1 cm or HGD) is 
the cause in less than 10% of people who report frank rectal 
bleeding.'’? In general, polyps smaller than 1 cm do not bleed. 
This dictum is supported by quantitative measurements of fecal 
blood loss in people with known adenomas; these measurements 
indicate that only patients with adenomas greater than 1.5 to 2 
cm lose more than the estimated normal GI tract blood loss of 
0.5 to 1.5 mL/day.!73-!75 

Using colonoscopy as the gold standard for polyp detection, 
several studies have demonstrated the limited ability of detect- 
ing adenomas by fecal occult blood testing (FOBT).!’°!77 In 
one large-scale cohort of 21,805 patients undergoing colonos- 
copy and FOBT, the sensitivity of FOBT for adenomas smaller 
than 9 mm was 7.0%.!78 

Estimates of the predictive value of a positive FOBT result 
are also complicated by the possibility that adenomas detected 
after a positive test result may be coincidental and that the FOBT 
result is not directly attributable to bleeding from the adenoma. 
When asymptomatic persons older than 40 years of age undergo 
colon cancer screening with guaiac-based FOBTs, about 1% to 
3% will have a positive result.!’? Upon colonoscopic evaluation, 
less than half of these people will have a colorectal neoplasm, 
and among the lesions found, adenomas outnumber carcino- 
mas by 3:1. Thus the proportions of all positive guaiac-based 
tests attributable to colonic neoplasms (i.e., positive predictive 
values) are 30% to 35% for adenomas and 8% to 12% for can- 
cer.!80 Despite the predominance of adenomas among lesions 
detected, 75% of adenomas still may be missed by guaiac testing 
(i.e., false-negative values) unless they are large or located in the 
distal portion of the colon. 

Guaiac-based testing relies on a chemical peroxidase reac- 
tion; false positives can occur if the patient recently had ingested 
vegetable peroxidases (in turnips, radishes, melons, broccoli, 
carrots, cauliflower, cucumbers, grapefruit, mushrooms, and 
horseradish) or rare red meat (containing myoglobin), and false 
negatives can occur in the presence of high doses of antioxidants 
such as vitamin C. 


Fecal Immunochemical Testing 


To avoid some of the drawbacks of FOBTs, fecal immuno- 
chemical testing (FIT) uses antibody-based detection of 
human hemoglobin in the stool, conferring greater specific- 
ity for human blood than guaiac-based testing. FIT also does 
not require dietary restrictions and it can be quantitative. Two 
types of FIT studies have been performed: comparison stud- 
ies to FOBT in which all patients received a colonoscopy, 
and in vitro studies to determine at what level FIT can detect 
blood in various samples. For a given lesion (i.e., adenoma or 
cancer), FIT, like FOBT, detects more cancers than adenomas 
because cancers are more likely to bleed. In a meta-analysis 
of 19 studies, the sensitivity and specificity of FIT for the 
detection of CRCs was 79% (95% CI, 69% to 86%) and 94% 
(95% CI, 92% to 95%), respectively.!*! However, few studies 
have looked at the sensitivity of FIT specifically for adenomas. 
One prospective study compared 6 different qualitative FITs 
in 1319 average-risk patients who were undergoing screening 
colonoscopy. In this study, the overall sensitivity for detect- 
ing any adenoma ranged from 11.4% to 58.0%, and 25.4% to 
71.5% for advanced adenomas. The 2 best-performing FIT 
assays in this study had sensitivities of 25% to 27% for advanced 
adenomas with a specificity of greater than 90%, allowing the 
detection of 25.4% to 26.9% of advanced adenomas.!* All 
immunochemical-based assays in this study were superior to 
guaiac-based FOBT, which had a sensitivity for any adenoma 
and advanced adenoma of 5.4% and 9.4%, respectively. At 
present, although FIT is an improvement over guaiac-based 
FOBT, it remains inadequate for adenoma screening and is 
best used as a screening test primarily for CRC. 


Barium Enema 


The detection of adenomas by barium enema (BE) depends 
on their size. In the National Polyp Study, the detection rates 
of adenomas smaller than 6 mm, 6 to 10 mm, and larger than 
10 mm were 32%, 53%, and 48%, respectively.!°? Common 
sources of error include inadequate cleansing of the colon, 
which contributes to the 5% to 10% false-positive rate, and 
diagnostic difficulty caused by the presence of diverticulosis, 
redundant bowel, or poor mucosal coating, which results in a 
10% false-negative rate. Because of these issues, as well as the 
fact that BE never has been formally tested as a colon cancer 
screening tool, the use of BE for colon cancer screening has all 
but been abandoned in favor of colonoscopy or CT colonog- 
raphy (CTC) (discussed later). 


Sigmoidoscopy 


For several decades, rigid sigmoidoscopy was the mainstay of endo- 
scopic CRC screening and detected polyps, of all histologic types, 
in 10% to 15% of asymptomatic persons over the age of 40.!%4:185 
In several large-scale prospective studies, screening sigmoidoscopy 
was associated with a 21% to 38% reduction in mortality from 
distal CRCs.!86-188 In the USA, increasing use of colonoscopy to 
ensure complete visualization of the entire colon has resulted in a 
marked reduction in sigmoidoscopy as a primary polyp screening 


modality. 


Colonoscopy 


Colonoscopy is preferred to sigmoidoscopy because it enables 
examination of the entire colon, and it is superior to double- 
contrast BE because it has enhanced diagnostic accuracy as well 
as therapeutic capability. This diagnostic superiority has been 
demonstrated in studies of patients with known polyps!** as 
well as in symptomatic patients who have negative findings on 
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proctosigmoidoscopic and BE examinations.!*? Despite being 
considered the gold standard for detecting adenomas, colonos- 
copy does have some limitations.!”” Colonoscopy usually requires 
sedation, fails to reach the cecum in up to 10% of cases, and is more 
costly than FOBT, FIT, or sigmoidoscopy. Colonoscopy also can 
miss neoplasms, especially those located at flexures or behind 
folds. In general, missed adenomas tend to be small. Studies using 
a tandem colonoscopy design demonstrate adenoma miss rates 
of 0% to 6% for adenomas larger than 1 cm, 12% to 13% for 
adenomas 6 to 9 mm, and 15% to 27% for adenomas smaller than 
6 mm.!”° Given the concern about polyp miss rates, there has 
been increasing attention to quality measures for colonoscopy. 
Key measures of high-quality colonoscopy include adequacy of 
preparation, cecal intubation rate, withdrawal time, and adenoma 
detection rate (ADR). Inadequate preparation contributes to pro- 
longed procedure times, decreased detection of lesions, and the 
need for repeat colonoscopy before recommended surveillance 
intervals.!°! Colonoscopy is not considered complete unless cecal 
intubation is accomplished and current guidelines suggest that 
cecal intubation rates should be over 90% for all colonoscopies 
and over 95% in screening colonoscopies.!?! The majority of 
screening colonoscopy studies report a cecal intubation rate over 
95%. Most screening colonoscopy studies report ADRs of 25% 
to 40% and men have been consistently found to have a higher 
burden of adenomas than women. Current guidelines recom- 
mend ADR targets of 20% in women and 30% in men. In a large 
screening colonoscopy study, higher ADRs were associated with 
lower interval colon cancer rates.!°? ADR has been adopted as a 
quality measure for colonoscopy. An important factor in ADR 
is colonoscopic withdrawal time. A large study examined the 
effect of withdrawal time in more than 7800 colonoscopies per- 
formed by 12 endoscopists. The ADR was 28.3% among endos- 
copists with a withdrawal time of 6 or more minutes compared 
with 11.8% when the withdrawal time was less than 6 minutes. 
The respective detection rates for AAPs were 6.4% and 2.6%.!” 
Slower withdrawal times of longer than 8 minutes also have been 
associated with higher ADRs in a follow-up study of over 2300 
colonoscopies.!”* Current recommendations suggest that a with- 
drawal time of at least 6 minutes is necessary to maximize ADR. 

Several advanced imaging modalities have been developed in 
an attempt to detect small polyps by colonoscopy. Many stud- 
ies using chromoendoscopy have shown only a small increase in 
ADR over conventional colonoscopy. Procedure times for colo- 
noscopy with chromoendoscopy are generally longer, and more 
non-neoplastic polyps are detected. A meta-analysis of random- 
ized trials using NBI did not show an improvement in ADR over 
high-definition white-light endoscopy.'”> Other forms of “digi- 
tal” chromoendoscopy (i.e., without dye spray) have offered no 
advantage over conventional colonoscopy.!”:!”” In general, these 
advanced imaging techniques are not recommended for colono- 
scopic screening in an average risk population. 


CT Colonography 


Also known as virtual colonoscopy, CTC involves scanning the 
colon with a helical or spiral CT scanner to produce both 2- 
and 3-dimensional images of the colon and rectum (Fig. 126.4). 
Patients typically undergo a standard bowel preparation, and 
the colon is distended with air or carbon dioxide while images 
are taken with the patient in the supine and prone positions 
without sedation. 

A number of studies have compared the performance char- 
acteristics of CTC with standard optical colonoscopy for 
detecting polyps.!°* Factors affecting detection rates include 
the polyp prevalence rate in the population being studied, the 
experience of the radiologist, and technical aspects including 
bowel preparation techniques, software, and the use of single- 
row or multi-row scanners. In high-prevalence populations that 
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Fig. 126.4 Findings on CT colonography (CTC) in aman at average risk 
for CRC. A, An endoluminal 3-dimensional CTC and colonoscopic image 
shows a 33-mm lobulated rectal polyp (arrow) and a 13-mm polyp (arrow- 
head) near the rectosigmoid junction. B and C, Two-dimensional coronal 
(B) and sagittal (C) CTC images confirm the presence and soft tissue 
composition of the larger polyp (arrows). D, A digital photograph from a 
same-day optical colonoscopy shows the endoscopic capture of the polyp 
immediately before resection. Pathologic evaluation revealed a large benign 
tubulovillous adenoma with high-grade dysplasia. The second lesion also 
had benign tubulovillous histologic characteristics but without high-grade 
dysplasia. (From Kim DH, Pickhardt PJ, Taylor AJ, et al. CT colonography 
versus colonoscopy for the detection of advanced neoplasia. N Engl J 
Med 2007; 357:1408-12, with permission.) 


included symptomatic patients, the sensitivity for detecting pol- 
yps ranged from 29% to 59% for small polyps, 47% to 82% 
for medium polyps, and 63% to 92% for large polyps. Studies 
of CTC in cohorts with a low polyp prevalence fared less well, 
with sensitivities of 32% to 58% and specificities of 90% for 
polyps larger than 6 mm in diameter. 

In the first large study to involve a pure asymptomatic 
screening population, CTC had a sensitivity of 86% for pol- 
yps 5 to 9 mm and 92% for polyps larger than 10 mm in the 
hands of highly skilled radiologists and with patients ingesting 
oral contrast prior to the study (fecal tagging) to facilitate dis- 
tinguishing stool from mucosal abnormalities!”?; a subsequent 
meta-analysis found very similar results.?°° A large multicenter 
study described a sensitivity of 90% for polyps larger than 10 
mm and 78% for polyps 6 to 9 mm.?"! In all studies, the detec- 
tion of polyps smaller than 5 mm by CTC has been consistently 
low. Updated data from the National CTC trial of over 2600 
patients reported a similar sensitivity of 92% for polyps 1 cm or 
larger in patients younger than 65 years, and 82% for patients 
older than 65 years.?°* 

One advance in CTC is the use of digital subtraction soft- 
ware that can “electronically cleanse” the colon. This allows 
for CTC to be performed without a bowel purgative. A study 
of 605 patients reported a sensitivity of 91% and 70% for ade- 
nomas larger than 1 cm and 8 mm, respectively.” Additional 


studies are needed to substantiate the efficacy of purgative- 
free CTC. 

Several important questions remain unanswered regarding 
CTC. The management of polyps less than 10 mm in diameter 
is debated. The sensitivity of CTC for polyps smaller than 5 mm 
is quite low, and even if polyps of this size are detected, they are 
often not reported. Various strategies have been proposed for 
polyps 6 to 9 mm, including referral for polypectomy and CTC 
surveillance. Estimates of the risk of advanced neoplasia in pol- 
yps 6 to 9 mm vary, but a recent large pathology database study 
which included 141,668 polyps between 6 and 9 mm indicated 
that overall 67.3% of these were conventional adenomas, non- 
hyperplasic SSAs, or cancers, and 2.2% harbored advanced fea- 
tures such as villous morphology, HGD, or adenocarcinoma.” 
The safety of CTC surveillance of these polyps is unclear. 

Concerns have been raised about radiation exposure in 
healthy screening populations. It has been estimated that the 
lifetime risk of cancer in any organ associated with a screen- 
ing CT at age 50 years is 0.14%.?°° Given that CTC images 
the entire abdomen, incidental extracolonic findings are often 
encountered; the rate is as high as 70%, and up to 11% of these 
incidental findings are clinically significant.?°° These incidental 
findings can prompt additional testing, cost, and anxiety. Lastly, 
questions remain about the optimal frequency of CTC surveil- 
lance intervals. 


Stool DNA Testing 


DNA-based CRC screening approaches are based on the prem- 
ise that tumor cells are shed into the lumen and a small but 
measurable amount of abnormal DNA from these neoplastic 
lesions will be detectable in the stool. The first multi-target 
DNA test (Cologuard) was approved by the FDA in 2014, 
and assesses a panel of 7 DNA mutations, 2 DNA methylation 
markers, and FIT for hemoglobin. A prospective study of 9989 
adults compared FIT with this iteration of fecal DNA testing, 
and demonstrated a sensitivity and specificity of 92% and 87%, 
respectively, for CRC.? Although it performed better than 
FIT alone, fecal DNA testing detected only 42% of advanced 
adenomatous polyps. 


Treatment 


Proper management of the patient with adenomatous polyps 
requires an understanding of the natural history of untreated 
adenomas, the relationship between multiple adenomas and 
carcinomas, and the course of patients after treatment (polyp- 
ectomy). 


Natural History without Treatment 


Little is known about adenoma growth rates, primarily because 
polyps are removed readily at endoscopy, thereby interrupting 
the natural history of their growth. Thus, our limited knowl- 
edge about polyp growth rates has been pieced together from 
2 main types of studies: older longitudinal follow-up studies on 
patients with non-resected (i.e., untreated) polyps and studies 
that compare the age distribution of people with adenomas with 
that of people with carcinomas. 

Longitudinal studies of people with untreated adenomas 
afford the most direct picture of the natural history of adeno- 
mas. In general, however, studies of this kind have been ret- 
rospective and either involved few patients or suffered from a 
lack of histologic confirmation of the index polyp. Despite these 
drawbacks, it appears that the progression of an adenoma to car- 
cinoma is slow, requiring several years to unfold. Muto et al. 
reported that in 14 persons with non-resected polyps, it took at 
least 5 years and in some cases over 10 years for histologically 
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TABLE 126.4 Frequency of Proximal Advanced Neoplasia Related to Findings in the Distal Colon 


Frequency of Proximal Advanced Neoplasia 


Findings in Distal Colon Ref. 37* Ref. 46* Ref. 2227 
Relative Risk Odds Ratio Odds Ratio 
% (95% Cl) % (95% Cl) % (95% Cl) 

No distal polyps 1.5 140) 2 1.0 5.3 1.0 

Distal hyperplastic polyp 4.0 2.6 (1.1-5.9) 2.8 1.1 (0.6-2.1) — — 

Distal adenoma ma 4.0 (1.9-8.3) 6.8 2.6 (1.7-4.1) 5.0 1.26 (0.81-1.98) 
Distal advanced neoplasm lilo 6.7 (3.2-16.6) — — — — 

TA >1 cm — — 8.6 3.2 (1.5-6.8) 45 1.66 (1.10-2.52) 
Villous features — — 125 4.7 (2.1-10.4) 12.1 2.46 (1.60-3.77) 
HGD — — 11.4 4.5 (1.5-13.4) = = 
Invasive cancer = = 25.0 9.8 (3.6-26.4) = = 


*Screening colonoscopy study. 
tScreening sigmoidoscopy followed by colonoscopy study. 
CI, confidence interval; HGD, high-grade dysplasia; TA, tubular adenoma. 


proven adenomas to progress to cancer.t* The size of the index 
polyp affects the interval to carcinoma, as larger adenomas are 
more likely than smaller ones to develop, or already contain, a 
focus of cancer. But even starting with a 1-cm polypoid tumor 
of unknown histology, serial BE measurements have suggested 
that it can take 2 to 5 years for cancer to develop?” and that the 
cumulative risk of cancer at the polyp site is 2.5% at 5 years, 8% 
at 10 years, and 24% at 20 years after diagnosis.*°* Other radio- 
logic studies indicate that in adenomas with growth rates that 
are as rapid as those of cancer, doubling times are still longer 
than 4 to 6 months.?”” 

Smaller polyps are likely to require even more time to 
progress to cancer, and even after several years, many adeno- 
mas do not enlarge. In a study that involved 213 asymptomatic 
people with rectal polyps of unknown histology ranging in size 
from 0.2 to 1.5 cm, serial rigid sigmoidoscopies over 3 to 5 
years detected only 2 cancers, and only 4% of the polyps grew; 
the remaining 96% of polyps remained unchanged, diminished 
in size, or disappeared.’!? In another endoscopic study, histo- 
logically proved diminutive adenomas were left in place for 2 
years, after which time only half of them enlarged, but none 
grew to larger than 0.5 cm or developed severe dysplasia or 
cancer.*! By contrast, other investigators reported that of 30 
rectosigmoid polyps, size 3 to 9 mm, that were left in place 
but measured every 6 months for 2 years, none regressed in 
size, although only 3 showed a fast growth rate (2 to 4 mm per 
year).?!! 

A more recent CTC study followed 306 patients with pol- 
yps smaller than 9 mm for a mean of 2.3 years and noted that 
22% of polyps grew in size, 50% remained stable, and 28% 
regressed, including 10% that showed complete regression.’ 
Despite evidence of polyp regression or slow growth rates, from 
a clinical management standpoint, polyps of any size that are 
detected should be removed. 


Age Distribution Studies 

Indirect evidence that adenomas generally grow slowly comes 
from studies that have compared the mean age of individuals 
with adenomas to those with carcinomas. For instance, studies 
from St. Mark’s Hospital in London and from the National Polyp 
Study in the USA indicate that the mean age of people with a 
single adenoma is about 4 to 5 years younger than those with a 


colon cancer.*+!3 A similar analysis in FAP patients has shown 
that patients with adenomas are about 12 years younger than 
those with colon cancer.*+ Kozuka and colleagues estimated that 
the transition period for adenomas with mild dysplasia to cancer 
is 8 years, whereas the time for adenomas with severe dysplasia 
to become malignant is 3.6 years.?!* Finally, Eide calculated that 
over a 10-year period, there is only a 2.5% risk that an adenoma- 
bearing person will develop colon cancer, but this risk would be 
greater if the adenoma were large or villous.?!° 


Initial Treatment 


If a polyp is detected by BE or CTC, colonoscopy is recom- 
mended to remove it and exclude synchronous neoplasms. 
There is some debate as to whether rectosigmoid adenomas 
found at sigmoidoscopy are markers for proximal colonic neo- 
plasia and thereby prompt the need for a full colonoscopy. 
Screening colonoscopy studies, however, suggest that the odds 
of finding proximal advanced neoplasia, even in a patient with 
a single distal small TA, are 2.6-fold to 4-fold that of finding 
proximal advanced neoplasia when there is no distal pathology 
(Table 126.4).36?22 

It is estimated that failing to perform a full colonoscopy in 
the setting of a non-advanced distal adenoma has the potential 
to miss up to 36% of advanced proximal neoplasms.’?? How- 
ever, more than half of patients with advanced proximal neo- 
plasms, and 70% of those with proximal colon cancers, have 
no distal adenoma.*°?*+ There is little debate that if sigmoid- 
oscopy reveals more than one adenoma or a distal AAP, a full 
colonoscopy is warranted because of the higher likelihood of 
finding synchronous proximal advanced neoplasms (see Table 
126.4). Taken together, these observations support the use of 
colonoscopy as a primary screening modality. 

Complete removal of a polyp is the only method of providing 
a thorough and accurate histologic diagnosis. For larger polyps, 
this can require piecemeal resection; for sessile growths, injection 
of saline into the polyp base to elevate the lesion can assist with 
complete and safe endoscopic resection. After apparent complete 
removal of a large adenoma, it is advisable to repeat a colonos- 
copy in 3 to 6 months to document the completeness of excision. 
If a polyp cannot be completely excised after 2 or 3 endoscopic 
sessions, surgical therapy is recommended. 
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Fig. 126.5 Histopathology of a malignant polyp. This adenoma dem- 
onstrates villous histology on the surface. The entire stalk of the polyp 
contains numerous malignant glands representing well-differentiated 
adenocarcinoma. Unlike the adenomatous glands on the surface, many 
of the invasive glands demonstrate sharply angulated edges. (Courtesy 
Lawrence Zuckerberg, MD, Boston, MA.) 


Management of the Malignant Polyp 
The term malignant polyp refers to an adenoma in which a 
focus of carcinoma has invaded beyond the muscularis muco- 
sae into the submucosa (Fig. 126.5). This term is not applied 
to adenomas that contain either HGD or intramucosal car- 
cinoma, because these lesions are not invasive and carry no 
metastatic potential. Rarely, polyps consist entirely of carci- 
noma. These “polypoid carcinomas” usually are considered a 
subset of malignant polyps, and they most likely represent a 
previous adenoma that has been completely replaced by carci- 
noma. Sometimes islands of benign adenomatous epithelium 
are found beneath the muscularis mucosae, and care must be 
taken not to mistake such pseudocarcinomatous invasion for 
true invasive carcinoma; this important distinction may be par- 
ticularly difficult in the rare instance when the ectopic benign 
epithelium exhibits features of HGD. Because the distinction 
between HGD and invasive carcinoma influences both man- 
agement and prognosis, it is crucial that tissue be properly ori- 
ented for pathologic examination and that close communication 
takes place among endoscopist, surgeon, and pathologist. 
Endoscopic removal of an adenoma with HGD or intra- 
mural adenocarcinoma with clear margins is curative, but it is 
not clear whether endoscopic polypectomy alone is adequate 
therapy for a malignant polyp, and if there are any clinical 
features of malignant polyps that can predict the presence of 
residual disease or subsequent recurrence. Although most of 
these lesions are treated adequately by endoscopic polypec- 
tomy, up to 10% of patients will have residual cancer in the 
bowel wall or in lymph nodes, either at the time of polypec- 
tomy or on follow-up examination.’?> Combined experience 
has identified favorable and unfavorable histopathologic fea- 
tures of a colonoscopically resected malignant polyp that can 
be used to classify a patient as being at low or high risk for an 
adverse outcome (Table 126.5). If none of these unfavorable 
risk factors is found, the patient is considered to have been 
cured by the endoscopic polypectomy. This principle applies 
even to endoscopically removed polypoid carcinomas, which 
have been associated with a surprisingly good outcome when 
not complicated by any unfavorable histopathologic features. 
If one or more unfavorable features is found in a malignant 


TABLE 126.5 Favorable and Unfavorable Prognostic Feature of 
Malignant Polyps 


Feature Favorable Unfavorable 
Degree of differentiation High or moderate Poor 
Invasion of veins or Absent Present 
lymphatics 
Polypectomy margin Clear or >2-mm Involved 
margin 
Invasion of submucosa Absent Present 


of bowel wall 


polyp, the chance of an adverse outcome rises to about 10% 
to 25%, but can be as high as 45% to 50% depending upon 
the number of unfavorable features.?”> In such cases, surgical 
resection usually should be performed, taking into account the 
risk of operative mortality in older adult patients with comor- 
bid illnesses. 

Several aspects of defining these risk factors demand that 
endoscopists and pathologists understand each other’s rela- 
tive expertise. First, some malignant polyps contain only a 
small focus of poorly differentiated carcinoma, and therefore 
meticulous pathologic analysis is essential. Second, identifica- 
tion of vessel invasion by cancer cells in malignant polyps may 
be difficult, and special staining of vascular endothelium can be 
used for clarification. Third, although the polypectomy mar- 
gin may be found on microscopy to contain cancer cells, some 
studies suggest that if the endoscopist believes a complete exci- 
sion was achieved, surgical resection might not be necessary 
because electrocautery might have effectively destroyed residual 
tumor in the bowel wall. Finally, when judging the adequacy 
of endoscopic polypectomy, the issue of submucosal invasion 
is important. When the leading edge of the cancerous compo- 
nent invades into the upper third (SM1), middle third (SM2), 
or lower third (SM3) of the submucosa in a sessile malignant 
polyp, the risk of lymph node metastasis increases from 0% for 
SM1 lesions to 14% for SM3 lesions.?*> 

Once the submucosa of the bowel wall is involved with cancer (a 
situation that occurs more often in sessile polyps), the risk of resid- 
ual cancer in the bowel wall or lymph nodes generally outweighs 
the operative risks, thereby justifying surgical resection. In contrast 
to sessile polyps, however, the submucosa in pedunculated polyps 
projects up into the stalk (Fig. 126.6). If the extent of submucosal 
invasion into the stalk of a pedunculated polyp is minimal and all 
other features are favorable, surgery is not indicated. 

Determining the optimal plan of management after polyp- 
ectomy involves weighing the risks of morbidity and mortality 
from potential residual or recurrent cancer against the risks of 
morbidity and mortality from a surgical attempt to cure any such 
residual disease or lymph node metastasis. A few general recom- 
mendations, however, can be offered. If endoscopic excision of 
an adenoma is complete, endoscopic polypectomy alone is ade- 
quate therapy for adenomas that contain HGD and pedunculated 
adenomas that harbor well-differentiated or moderately differ- 
entiated invasive carcinoma. Surgery is indicated for malignant 
polyps in which the invasive carcinoma is poorly differentiated, 
involves endothelium-lined channels (lymphatics, blood vessels), 
extends to or within 2 mm of the polypectomy margin, or involves 
the submucosa of the colonic wall (includes all sessile adenomas). 
Studies have examined the depth of submucosal invasion as a pre- 
dictor of lymph node metastasis. Two studies found the rate of 
lymph node metastasis was zero when depth of submucosal inva- 
sion was less than 1 mm in one study and 2 mm in the other.?*° 
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Fig. 126.6 Comparison of high-grade dysplasia (HGD) and invasive cancer. Carcinoma is considered intramu- 
cosal or carcinoma in situ (i.e., HGD), as indicated by the area labeled “7,” either in a pedunculated adenoma 
(left) or in a sessile adenoma (right) when there is not a breach of the muscularis mucosae. This lesion, as a 
rule, does not metastasize. Carcinoma in an adenomatous polyp is considered invasive when it breaches the 
muscularis mucosae, as indicated by the areas labeled “2.” Invasive cancer in a pedunculated polyp (left) is 
unlikely to metastasize, and is managed differently from invasive cancer in a sessile polyp (right), which often 
requires surgical resection. 
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Fig. 126.7 Risk of recurrent adenomas and of colon cancers after 
removal of adenomas. The risk of developing recurrent adenomas 

(red, yellow) or cancer (blue, green) is higher in patients who initially 
underwent removal of multiple (>1) adenomas (red, blue) than removal 
of a single adenoma (yellow, green). (Modified from Morson BC, Bussey 
HJR. Magnitude of risk for cancer in patients with colorectal adenomas. 
Br J Surg 1985; 72[Suppl]:S23-5.) 


Polyp Recurrence Rates 


Although patients in whom a colorectal adenoma has been 
excised completely are at higher risk of developing subsequent 
(metachronous) neoplasms, the frequency and time course of 
these occurrences are not well understood. In long-term ret- 
rospective studies, the cumulative risk of adenoma recurrence 
is nearly linear, with a rate of 20% at 5 years after polypec- 
tomy and rising to 50% after 15 years (Fig. 126.7).’’7 Data 
are impressive because earlier studies were primarily retro- 
spective, involved short follow-up periods, and differed in 
endoscopic indications. Moreover, recurrence rates tend to 
be somewhat inflated because lesions missed during the index 
colonoscopy might be considered recurrences. With these 
caveats in mind, it is estimated that one third of patients who 
undergo polypectomy will develop recurrent adenomas.??8-230 
The recurrence rate at 1 year is as low as 5% to 15%7*773 but 
ranges up to 30% to 45% based on prospective colonoscopy 
studies.??8:231:232 In the National Polyp Study, the overall ade- 
noma recurrence rate was 32% in the group that was examined 
at 3 years after index polypectomy.?* 

Certain histopathologic features of adenomas at the time 
of the index polypectomy can predict recurrence of adeno- 
mas. The presence of multiple index adenomas is an important 
predictor of subsequent recurrence of adenoma (and carci- 
noma).?27:228:230,234,235 Studies also suggest that polyp size larger 
than 1 cm,???73°235 the presence of HGD,?*° villous histol- 
ogy,7>934 and older age’?*?>° are also risk factors for adenoma 
recurrence, but the independent contributions of each of these 
factors is uncertain. 
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TABLE 126.6 Recommended Colonoscopy Surveillance Intervals for Average-Risk Adults with Normal Clonoscopy or Adenomas 


Baseline Colonoscopy 


Recommended Interval for 


Quality of Evidence Supporting 


Finding Surveillance Colonoscopy Recommendation 
Normal 10 years High 

1-2 tubular adenomas <10 mm 7-10 years oderate 

3-4 tubular adenomas <10 mm 3-5 years Very low 

5-10 tubular adenomas <10 mm 3 years oderate 
Adenoma = 10 mm 3 years High 

Adenoma with tubulovillous or villous histology 3 years oderate 
Adenoma with high-grade dysplasia 3 years oderate 

>10 adenomas on single examination 1 year Very low 

Piecemeal resection of adenoma 220 mm 6 months oderate 


Gupta S, Lieberman D, Anderson JC, et al. Recommendations for follow-up After colonoscopy and polypectomy: a consensus Update by the US Multi-Society 
Task Force on Colorectal Cancer. Gastrointest Endosc 2020;91:463-85, e5. https://doi.org/10.1016/j.gie.2020.01.014. Epub 2020 Feb 7. 


The recurrence rates of AAPs are of particular concern. Some 
studies have reported a 6.3% to 7.0% recurrence rate for AAP 
over a 4-year follow-up period.’?! In the National Polyp Study, 
the recurrence rate of AAPs was 3.3%, regardless of whether 
patients underwent colonoscopy at 1 and 3 years, or only 3 
years, after polypectomy. The cumulative incidence of AAP was 
4% at 3 years and 8% at 6 years of follow-up. Independent pre- 
dictors for AAP at follow-up included more than 3 adenomas 
at the index colonoscopy, and age older than 60 years at the 
time of adenoma diagnosis, as well as a parent who had CRC.?37 
In the presence of these 2 risk factors, cumulative AAP recur- 
rence rates rose to 10% at 3 years and 20% at 6 years of follow- 
up. The persons at lowest risk for developing AAP were those 
with a single adenoma diagnosed before age 60. Another colo- 
noscopic follow-up study also found that adenoma size larger 
than 1 cm and proximal location were additional risk factors 
for recurrence.’*> A pooled analysis of 8 prospective trials with 
more than 9000 patients found that more than 5 adenomas, size 
larger than 20 mm, proximal location, and the presence of vil- 
lous features were the strongest predictors of recurrent AAPs.7** 


Effect of Polypectomy on CRC Incidence and Mortality 

As adenomas are precursors to CRC, removal should decrease 
the subsequent incidence of CRC. The National Polyp Study 
is a landmark study that addressed this question. This prospec- 
tive multicenter randomized trial included 1418 patients who 
underwent a clearing colonoscopy to remove one or more ade- 
nomas; patients were then followed at specific intervals for a 
mean of 5.9 years. During the follow-up period, 5 early asymp- 
tomatic cancers were detected, representing only 10% to 24% 
of the expected incidence compared with 3 historical reference 
groups.? A long-term analysis with a median follow-up of 15.8 
years revealed that colonoscopic polypectomy also was associ- 
ated with a 53% reduction in CRC mortality.” Two other 
studies (from Norway and Italy) confirmed that colonoscopic 
polypectomy was associated with a 75% to 80% reduction in 
subsequent CRC _ incidence.**°?#! In a smaller multicenter 
Italian collaborative study the incidence of subsequent colon 
cancers was not reduced by polypectomy, but the mortality was 
reduced.**” In summary, these studies indicate that the adenoma 
is a marker of a neoplasm-prone colon, and that colonoscopic 
clearing of all adenomas is of considerable benefit. The data, 
however, are heterogeneous in describing both the level and 
duration of protection after a clearing colonoscopy, and the role 


played by polyp number, size, and location in determining the 
level of protection afforded by a clearing colonoscopy. 


Frequency of Surveillance Colonoscopy 


A surveillance colonoscopy is defined as one performed for 
a history of adenomas or cancer, in contrast to a screening 
examination, which is performed in an asymptomatic patient 
with no history of adenomas or cancer. A complete colonoscopy 
should be performed at the time of polypectomy, clearing the 
colon of all existing adenomas; this may take more than one 
colonoscopy session for large or multiple polyps. The interval 
before the next surveillance colonoscopy is based on the 
patient’s category of risk for recurrent adenoma and features 
of the adenomatous polyps removed. Screening exams for those 
with a normal colonoscopy or no additional risk factors such as 
family history of CRC should have exams every 10 years. The 
U.S. Multi-Society Task Force on Colorectal Cancer and the 
American Cancer Society have developed recommendations for 
surveillance intervals in patients with polyps (Table 126.6). 


SESSILE SERRASTED ADENOMAS AND 
HYPERPLASTIC POLYPS 


Histologically, SPs represent a heterogeneous group of lesions 
that are distinguished from conventional adenomas primarily 
by a saw-tooth or stellate appearance of their colonic crypts. 
Clinical, epidemiologic, and molecular genetic evidence have 
converged over the past 3 decades to support the concept of a 
distinct serrated pathway to CRC?**’*4 and SSAs are considered 
to be the major precursor lesion to serrated cancers, which may 
account for up to 30% of sporadic CRCs. 245,246 

There are 3 categories of SPs, all characterized by serration of 
the glandular epithelium: HPs, SSAs, and traditional serrated ade- 
nomas (TSAs) (see Table 126.1). The terms sessile serrated polyp and 
sessile serrated adenoma are considered synonymous and sometimes 
referred to by the hybrid term SSP/A or SSA/P. The WHO rec- 
ommends these lesions be referred to as SSA/P (not SSP/A), and 
although controversial, we will refer to this lesion as SSA through- 
out this chapter. HPs represent approximately 80% of all SPs and 
are generally believed to have no malignant potential. SSAs and 
‘TSAs are more clinically significant lesions, and represent approxi- 
mately 20% and 1%, respectively, of serrated lesions.?47-250 


TABLE 126.7 Features of Serrated Polyps 
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Traditional 

Features Hyperplastic Polyp Sessile Serrated Adenoma Serrated Adenoma 
Endoscopic appearance Small, pale Mucus cap obscures submucosal vessels Lobular 
Most frequent colon site Distal Proximal Distal 
Shape Sessile Sessile Pedunculated 
Average size (mm) <5 >5 >5 
Irregular crypt bases -= + — 
Gene mutations 

BRAF mutation + + + 

K-ras mutation + - + 
Malignant potential - + (when dysplasia is present) + 


Modified from Limketkai BN, Lam-Himlin D, Arnold MA, Arnold CA. The cutting edge of serrated polyps: a practical guide to approaching and managing ser- 


rated colon polyps. Gastrointest Endosc 2013; 77:360-75. 


SSA is now considered to be the correct designation for the 
large HPs found in the proximal colon of patients with hyper- 
plastic polyposis (now termed serrated polyposis) and when spo- 
radic, SSAs are also found more commonly in the proximal 
colon. By contrast, TSAs look and behave like conventional 
adenomas: They are often pedunculated, have unequivocal ade- 
nomatous dysplasia with branching and budding crypts (albeit 
with crypt serration), and are found more often in the distal 
colon (Table 126.7). 


Epidemiology 


Compared to conventional adenomas, the epidemiology of 
SSAs is less well-characterized, and most studies of SP preva- 
lence predate the recognition of a distinct serrated neoplasia 
pathway, or were primarily studies of HPs which captured some 
SSAs. Over the past decade, however, a number of studies have 
focused specifically on the epidemiology of SSAs and TSAs. 
Overall, it is estimated that up to 40% of adults have at least 
one SP, the majority being HPs. SSAs comprise 3% to 22% of 
all serrated lesions, and between 1% and 11% of adenomas.*°! 
Detection and classification of SSAs can vary significantly by 
endoscopist and pathologist,*>’>> and SSA prevalence rates 
are estimated to be 2.2% to 7% in the average-risk popula- 
tion undergoing screening colonoscopy.’** In a study of 190 
unselected consecutive patients undergoing colonoscopy with 
magnifying chromoendoscopy to enhance polyp detection, the 
prevalence of SSAs was reported as 9%, and TSAs were found 
in 0.7% overall, although this study included some high-risk 
patients with a personal or family history of CRC.?°* Several 
studies have tried to better define SSA prevalence by applying 
contemporary histopathologic criteria for SSAs to retrospective 
reviews of resected polyp specimens. These studies estimate that 
SSAs represent between 1.7% and 9% of all polyps removed 
at colonoscopy.?°°>*® SSAs occur mostly in the proximal colon 
(>75%) and are frequently multiple. In a study of 5059 asymp- 
tomatic adults aged 50 to 69 years, SPs were found in 1054 
(20.8%) patients, and of these, 44% had 2 or more SPs.?°° 


Histopathology 


Microscopically, SPs are defined by the presence of saw-tooth- 
like in-folding of the epithelial crypts. HPs, which account for 
approximately 80% of all serrated lesions, are characterized 
by elongated crypts with serrated architecture confined to the 
upper half of the crypts; the proliferation in the basal half of the 
crypt is regular and non-serrated, without crowding or cytologi- 
cal atypia (Fig. 126.8).7°° HPs are thought to have no malignant 
potential and are discussed later. 


y a s 


Fig. 126.8 Histopathology of a hyperplastic polyp. This high-power 
photomicrograph demonstrates the crypts of a hyperplastic polyp, 
consisting of elongated epithelial cells with nuclei that retain their basal 
orientation and demonstrate no atypia. The surface of the crypts as- 
sumes a serrated appearance. (Courtesy Lawrence Zukerberg, MD, 
Boston, MA.) 


SSAs are the second most common type of serrated lesion 
(15% to 20%), and, along with TSAs, are considered signifi- 
cant insofar as they are the major precursor lesion to CRC 
arising via the serrated neoplasia pathway. The pathologic 
hallmarks of SSAs are hyperserration and dilatation extending 
to the lower third or the base of the crypt, sometimes with 
columnar crypt dilatation and T- or L-shaped branching at 
the crypt base (Fig. 126.9). Some SSAs will exhibit inverted 
crypts below a thinned muscularis mucosa, termed pseudoin- 
vasion. The presence of mature goblet cells in the crypt base 
and enlarged, vesicular nuclei with nucleoli also support the 
diagnosis (Box 126.2).?6! 

There can be significant inter-observer variation among 
pathologists when distinguishing HPs from SSAs, especially 
when diagnostic features of SSA are mild or only affect a small 
number of crypts; the lack of validation of diagnostic criteria 
and uniformity in nomenclature add to the clinical difficulties 
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Fig. 126.9 A, Endoscopic image of a sessile serrated adenoma. These lesions are typicallyflat, tend to be 
located in the proximal colon, and may resemble prominent folds with indistinct borders and a mucus cap. B, 
Histopathology of a sessile serrated adenoma. The crypts at the base of the polyp are broad, flattened, and 
boot-shaped (arrow) with nuclear pleomorphism and prominent nucleoli. The mid and upper portion of the 
same crypts show maturation toward more normal-appearing nuclei, but with a serrated appearance on the 
luminal surface and dystrophic goblet cells. C, Traditional serrated adenomas exhibit long fronds lined by dys- 
plastic epithelial cells characterized by nuclear pleomorphism as well as ectopic crypt formation characterized 
by small, budding aberrant crypts (arrowheads). (Courtesy Lawrence Zukerberg, MD, Boston, MA.) 


BOX 126.2 Main Histologic Criteria for Sessile Serrated 
Adenomas 


2 OF 4 REQUIRED 


1. Hyperserration, serration of the lower 4 of crypt + crypt 
branching 


2. T- or L-shaped crypts above the muscularis mucosae 
3. Inverted crypts (pseudoinvasion) below muscularis mucosae 
4. Columnar dilatation of lower 4 of crypt 


Data from East JE, Vieth M, Rex DK. Serrated lesions in colorectal cancer 
screening: detection, resection, pathology and surveillance. Gut 2015; 
64:991-1000. 


for clinicians. One multicenter study reported that some pathol- 
ogists refer to all serrated lesions as HPs,’ and it has been 
proposed that all proximal colon lesions larger than 1 cm called 
HPs by pathologists should be treated as SSAs when determin- 
ing appropriate surveillance intervals. 

Compared with HPs and SSAs, TSAs are rare, represent- 
ing 1% of serrated lesions encountered during colonoscopy. 
Grossly, TSAs resemble conventional adenomas in that they are 
often polypoid, pedunculated, and are more common in the left 
colon. In contrast to SSAs, which typically are nondysplastic,*°? 
TSAs harbor classical cytological dysplasia and display several 
distinct features including prominent serration, cytoplasmic 
eosinophilia, vesicular and stratified nuclei, as well as ectopic 
crypt formation, which is characterized by small, budding aber- 
rant crypts with their bases not seated adjacent to the muscularis 
mucosae (see Fig. 126.9). The presence of ectopic crypt forma- 
tion appears to be highly specific to TSAs and is thought to 
account for the exuberant protuberant growth associated with 
TSAs but not SSAs or HPs.’°+ 


Molecular Genetics and Epigenetics 


The transforming pathways that lead to SSAs share some com- 
mon features with TSAs but also exhibit distinctive molecular 
features (Fig. 126.10). The majority of SSAs (75% to 90%)’ 
have a mutation in the BRAF oncogene resulting in an amino 


acid substitution at position 600, from a valine (V) to a glutamic 
acid (E) (V600E), which promotes epithelial cell proliferation 
and survival through activation of the mitogen-activated pro- 
tein kinase pathway. Subsequently, the molecular alterations 
that give rise to SSAs follow a distinct hypermutation pathway 
characterized by subtle mutations in hundreds of genes and 
hypermethylation of CpG-rich islands, which typically occur 
at or near transcription start sites of important housekeeping 
genes. 

Methylation involves the addition of a methyl group (-CH3) 
to the cysteine nucleotide in the context of a CpG dinucleo- 
tide. Methylation of gene promoters represents a major mech- 
anism for epigenetic control of gene silencing and can result 
in aberrant cell proliferation and neoplasia when important 
tumor suppressing genes are silenced. A BRAF mutation is 
strongly associated with hypermethylation of CpG islands, 
and the CIMP alters the functions of essential DNA repair 
and genome stabilizing genes including MGMT, MLH1, p16, 
MINTI, MINT2, and MINT31. The CIMP status of colon 
tumors can be assessed by screening a panel of genes known 
to be particularly prone to promoter methylation,”® and the 
frequency of CIMP in SSAs has been estimated to range from 
70% to 76%,67268 although the panel of CIMP markers is not 
standardized and differs between studies. 

Methylation-induced silencing of the DNA MMR gene 
MULH1 leads to high-frequency microsatellite instability (MSI- 
H), which is considered to be one of the most important fac- 
tors for progression of SPs to cancer.”°? Germline mutations in 
MMR genes were first reported in Lynch syndrome tumors,””° 
but hypermethylation, particularly of MLH1, is also observed 
in some sporadic CRCs’’!; MSI-H tumors have a better stage- 
adjusted prognosis compared with microsatellite stable (MSS) 
tumors, and also may have better responses to newer check- 
point inhibitors targeting PD/L-1 and CLTA-4.7”7?”> Along 
these lines, hypermutable CRCs—characterized by BRAF 
(V600E) mutation, CIMP*, and high MSI status—comprised 
16% of 276 tumors in a recent comprehensive genome-wide 
analysis and were associated with better overall prognosis?”*; 
there also is a subset of serrated cancers without MSI, how- 
ever, and these are designated MSS. 

In contrast to SSAs, TSAs usually have K-ras instead of 
BRAF mutations, and mutations of APC, TP53, and MSI are 
infrequent.7+ 


Normal colon 
epithelium 


BRAF mutation 
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Fig. 126.10 Serrated neoplasia pathway: molecular alterations that give rise to sessile serrated adenomas fol- 
low a distinct hypermutation pathway characterized by mutations in hundreds of genes and hypermethylation 
of CpG-rich islands, which alters the functions of essential DNA repair and genome stabilizing genes. MSI-H, 
high-frequency microsatellite instability; MSS, microsatellite stable. 


Risk Factors 


A number of studies have examined risk factors for HPs gen- 
erally, but these may be of limited applicability to SSAs spe- 
cifically. Although risk factors for SSAs may overlap to some 
degree with HPs as well as conventional adenomas, the impor- 
tance of understanding risk factors specific to the development 
of SSAs is significant. 

Smoking has been identified as a consistent risk factor for 
SSAs. In a study of 90 patients with a SSA of any size, multi- 
variate analyses reveal that smokers with at least 20 pack-year 
exposure were found to have an adjusted OR of 7.31 (95%CI, 
3.92 to 13.63) for any SSA, and OR of 10.20 (95% CI, 3.31 to 
31.41) for large (=1 cm) SSAs compared with a control group of 
200 nonsmokers.””° This study also included a control group of 
90 subjects with TAs, and after multivariate analysis, smoking 
appeared to be independently associated with a risk for SSAs of 
any size. A similar association between tobacco use and SSAs 
specifically was noted in another study of 594 subjects with SPs 
only, where the adjusted OR for current smokers was 3.00 (95% 
CI, 1.93 to 4.66).?”° These observations are consistent with 
studies suggesting that smoking is associated with increased 
risk for a higher frequency of MMR mutations associated with 
MSI,2”’ as well as V600E BRAF mutations and CIMP status?’8 
and an increased number of serrated aberrant crypt foci,’ all 
of which are considered key molecular and cellular events in the 
serrated neoplasia pathway. 

Other factors that have been examined with respect to risk 
for SSAs include age, sex, BMI, diabetes, aspirin/NSAID use, 
and personal history of serrated lesions. Although the effects 
of several of these factors have been shown to be consistently 
associated with SPs in general, as mentioned previously, these 
studies generally also include small distal HPs and data regard- 
ing SSA-specific risk have been conflicting or sparse. 

With respect to SSAs and age, published data are limited 
and results are mixed. In one study, Anderson et al.*’° reported 
increasing risk of SSAs with advancing age, with an increasing 
OR of 1.05 (95% CI, 1.02 to 1.08) per year. Other studies, how- 
ever, have reported no association between age and risk of SSAs 
or advanced serrated lesions,’®°7*! and a large pathology series 
of over 2000 patients with SSAs reported a median age of 62 
years, which was the same as those with TAs.?** 


Women may be at higher risk of SSAs.?8-286 In one large 
study of 2416 SSAs removed during colonoscopy, 54% overall 
were found in women (OR 1.21, 95% CI 1.11 to 1.32). This 
study was notable for the observation that the female:male ratio 
increased as SSA lesions progressed; women represented 53% of 
those with nondysplastic SSAs, but 69% and 76% of those with 
SSAs with HGD and cancer, respectively.”*° Thus, it appears 
that there is a slight female predominance for SSAs in particu- 
lar, and the sex distribution of significant serrated lesions differs 
from that of adenomas, where a larger proportion of females 
harbors more advanced SSAs. 

A potential association between obesity and SSAs has been 
examined in several studies, with mixed results. In one study, 
those with BMI 230 had an OR of 2.57 (95% CI, 1.44 to 4.62) 
for any SSA, and OR of 3.96 (95% CI, 1.27 to 12.36) for large 
(=1 cm) SSAs compared with those with BMI under 30.757 A 
similar association, however, was not observed in a separate, 
larger cohort reported by Burnett-Hartman et al. where the OR 
for any SSA among subjects with BMI 230 versus <25 was 1.13 
(95% CI, 0.66 to 1.94).277 

Diabetes mellitus also may be associated with a higher risk of 
SSAs, though studies have been conflicting. Anderson et al.?86 
noted that the presence of diabetes appeared to increase the 
risk of any SSA with a univariate OR of 4.57 (95% CI, 2.36 to 
8.82) compared with non-diabetics; another study by Bouwens 
et al.?87 found no association. 

Several epidemiologic studies have assessed the relationship 
between aspirin use and SPs, typically including small HPs, and 
generally have reported an overall risk reduction in those tak- 
ing regular NSAIDs.?81:289,290 Several more recent studies found 
that regular aspirin use was associated with a decreased risk of 
proximal lesions, although the trends toward inverse associa- 
tions between NSAID use and SSAs or advanced SPs did not 
reach statistical significance.””° Although these data suggest that 
aspirin and NSAIDs may reduce the risk of SSAs, further stud- 
ies are needed. 

It is established that a personal history of conventional adeno- 
mas increases the risk of adenoma recurrence.?”-?’2, However, 
the risk of metachronous serrated neoplasms in those with SPs is 
not well characterized. Benson et al. reported that a history of SPs 
was associated with an increased risk of future SPs (OR for SPs: 
3.67, 95% CI 2.54-5.31).2”. Two recent studies also addressed 
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TABLE 126.8 Recommended Colonoscopy Surveillance Intervals for Average-Risk adults with serrated polyps. 


Recommended interval for surveillance 


Baseline colonoscopy finding colonoscopy 


Quality of evidence supporting 
recommendation 


<20 HPs in rectum or sigmoid colon <10 mm 10 years 
<20 HPs proximal to sigmoid colon <10 mm 10 years 
1-2 SSPs <10 mm 5-10 years 
3-4 SSPs <10 mm 3-5 years 
5-10 SSPs <10 mm 3 years 
SSP 210 mm 3 years 
SSP with dysplasia 3 years 
HP =10 mm 3-5 years 
TSA 3 years 
Piecemeal resection of SSP 220 mm 6 months 


Moderate 
Very low 
Very low 
Very low 
Very low 
Very low 
Very low 
Very low 


Very low 
Moderate 


Recommendations for Follow-Up After Colonoscopy and Polypectomy: A Consensus Update by the US Multi-Society Task Force on Colorectal Cancer. 
Gupta S, Lieberman D, Anderson JC, Burke CA, Dominitz JA, Kaltenbach T, Robertson DJ, Shaukat A, Syngal S, Rex DK. Gastrointest Endosc. 2020 
Mar;91(8):463-485.e5. https://doi.org/10.1016/j.gie.2020.01.014. Epub 2020 Feb 7. 


this question directly. Bouwens et al. found that a personal his- 
tory of SPs increased risk of subsequent development of large, 
proximal, or dysplastic SPs on follow-up colonoscopy (OR 2.6, 
95% CI 1.3-4.9),°87 and work by Teriaky and colleagues reported 
that among 22 patients with SSAs on index colonoscopy, half 
developed a metachronous SSA during a 5-year follow-up.” 


Natural History 


In contrast to conventional adenomas, cytologic dysplasia is not 
a defining or common feature of SSAs, although they do have 
the potential to give rise to cancers through the serrated neopla- 
sia pathway. The frequency and rate of dysplasia development is 
not well characterized, but a cross-sectional study of 2416 SSAs 
from 2139 patients revealed that 85% were non-dysplastic, 12% 
had LGD, 2% had HGD and 1% had adenocarcinoma at the 
time of their detection.?*? Similar to conventional adenomas, 
increasing polyp size correlates with higher likelihood of more 
severe histologic changes, with 32.4% of SSAs 20 mm or larger 
displaying dysplasia and 3.9% harboring submucosal invasive 
cancer.” The 10-year risk for development of CRC has been 
estimated to be 3.2% for those with an SSA and 4.4% for those 
with an SSA with cytologic dysplasia. This contrasts with a rate 
of 2.3% for those with a conventional adenoma.’”° 

Some patients will harbor both a traditional adenoma and an SSA. 
‘These patients tend to have larger and more advanced adenomas and 
SSAs.?”’ The risk of CRC may be as high as 1 in 17 in a patient with 
a proximal SSA. SSAs have been associated with both synchronous 
and metachronous cancers as well as MSI cancers.?"°?°? 


Management 
Endoscopic Appearance 


SSAs are typically flat, tend to be located in the proximal colon 
(75%),>9! and may resemble prominent folds (37%)*"" with 
indistinct borders (73%)? and a mucus cap (64% to 100%) 
(see Fig. 126.8).3°+30> These features can give even large SSAs 
a subtle endoscopic appearance, and they may escape detection 
without careful attention during conventional white light colo- 
noscopy. Estimates of SSA detection rates have varied widely, 
from 0% to 23% ,*° 3% depending on operator experience, and 
there appears to be an increase in detection rate over time,’ 
suggesting inconsistent recognition by both endoscopists and 
pathologists. 


Detection and Removal 


It is recommended that all SPs be removed when detected. It 
may not be possible to distinguish SSA or TSA from an HP, and 
SSAs and TSAs have a significant risk of progression to invasive 
carcinoma. Diminutive SSAs can be removed by biopsy forceps, 
but larger polyps should be removed by snare polypectomy. 
The general principles of polypectomy described for traditional 
adenomas also apply to SSAs and TSAs. 

In 2020, the U.S. Multisociety Task Force updated recom- 
mendations for post-polypectomy surveillance of adenomas 
(Table 126.6) and serrated polyps (Table 126.8). 

Even though HPs are considered non-neoplastic polyps, 
they are not discussed in the following section with other non- 
neoplastic polyps because of their association with SSAs. HPs 
typically are small sessile lesions that are broadly considered 
SP-related SSA and TSA; they may be grossly indistinguishable 
from small adenomatous polyps. Microscopically, the colonic 
crypts are elongated and the epithelial cells assume a character- 
istic papillary configuration (see Fig. 126.8). The epithelium is 
made up of well-differentiated goblet and absorptive cells. The 
cytologic atypia that is characteristic of adenomatous polyps is 
not seen. Mitoses and DNA synthesis are limited to the base of 
the crypts, and orderly cell maturation is preserved. The epithe- 
lial cell and attendant pericryptal sheath fibroblast make up an 
epithelial-mesenchymal unit that migrates up the colonic crypt. 
In contrast to adenomatous polyps, in which the epithelium and 
fibroblast appear to be immature, this tissue is more differen- 
tiated, and abundant collagen is synthesized in the basement 
membrane.?!! It is thought that the migration of epithelial cells 
up the colonic crypt is slow and that HPs develop from the fail- 
ure of mature cells to detach normally. 

Based on their histology, HPs can be further classified 
as microvesicular, goblet cell, and mucin-poor subtypes.** 
Microvesicular HPs exhibit prominent surface serration with 
scattered goblet cells and numerous intracytoplasmic mucin 
droplets. Goblet cell HPs are composed almost entirely of 
mucin-laden goblet cells, and tend to exhibit less prominent ser- 
ration. Mucin-depleted or mucin-poor HPs resemble MVHPs 
but lack mucin and display more nuclear atypia.*! 

Although sporadic HPs are considered to have little if any 
intrinsic malignant potential, HPs and adenomas can appear in 
the same colon,?!?3!4 and there is some evidence that microve- 
sicular HPs and goblet cell HPs may be precursor lesions of 
SSAs?! and TSAs,}!63!7 respectively. 


The prevalence of HPs is not known precisely, but these 
growths are common. In colonoscopic examinations of asymp- 
tomatic patients aged older than 50 years, HPs were found in 
9% to 10%,!8 although this frequency was higher (30% to 
31%) among male veterans.*!? Sigmoidoscopic screening of 
asymptomatic relatives of adenoma-prone kindreds revealed 
26% with HPs, a prevalence that was essentially identical (28%) 
to that of asymptomatic spouse controls.’”? Autopsy data report 
a prevalence rate of 20% to 35%.!12-16 

The incidence of HPs depends largely on the site of the 
colon being examined and on the age of the patient. Autopsy 
studies repeatedly observe a distal predominance of HPs.!!:!2-!6 
Sigmoidoscopic studies, which focus on the distal colon and 
rectum, find many HPs, but even screening colonoscopy stud- 
ies detect more HPs in the distal than in the proximal colon.’? 
Among all diminutive polyps (<5 mm) removed during colonos- 
copy, HPs outnumber adenomatous polyps in the rectum and 
sigmoid, and adenomas predominate in the remainder of the 
colon.**! The prevalence of HPs increases with age.*’! There 
also is an association between prevalences of HPs and colon 
cancer. Although this correlation is not as firm as the association 
between adenomas and colon cancers, it does not necessarily 
imply any premalignant potential of the HP itself. Data suggest 
that current smoking is a risk factor for HPs.!!! 

HPs remain small, usually are sessile, and seldom, if ever, cause 
symptoms. Inasmuch as they are not likely to give rise to cancer, 
little is gained by removing them, but because they often cannot be 
distinguished from neoplastic or SPs simply by gross examination, 
they usually are removed. Given their usual predominance in the 
distal colorectum, finding HPs in this location is not an alarming 
finding, particularly in older adults. Because sigmoidoscopic find- 
ings sometimes are used to decide the need for a full colonoscopy, 
the importance of the distal HP as a marker of proximal neoplasia 
has been questioned. A systematic review of the subject found that in 
asymptomatic persons, a distal HP is associated with a 21% to 25% 
risk for any proximal neoplasia and a 4% to 5% risk of advanced 
proximal neoplasia, thus justifying colonoscopy.” Although most 
patients with a distal HP likely will undergo colonoscopy, current 
guidelines suggest that if no adenomas are found, patients with up 
to 20 HPs smaller than 10 mm can subsequently be followed at 
intervals similar to those without polyps (i.e., the recommended 
interval for repeat colonoscopy is 10 years). Patients with a HP >10 
mm should undergo repeat colonoscopy in 3-5 years, though the 
quality of evidence supporting this recommendation is very low 
Recommendations for Follow-Up After Colonoscopy and Polyp- 
ectomy: A Consensus Update by the US Multi-Society Task Force 
on Colorectal Cancer?!" 


NON-NEOPLASTIC POLYPS AND POLYPOID LESIONS 


Non-neoplastic polyps fall into several distinct and unrelated 
groups: hamartomatous polyps that include juvenile polyps and 
Peutz-Jeghers polyps, inflammatory polyps, and many others 
(see Box 126.1). 


Juvenile Polyps 


Juvenile polyps (Fig. 126.11) are mucosal tumors that con- 
sist primarily of an excess of lamina propria and dilated cystic 
glands, rather than an overabundance of epithelial cells as seen 
in adenomatous polyps and HPs; therefore, they are classified as 
hamartomas. The appearance of distended, mucus-filled glands, 
inflammatory cells, and edematous lamina propria has prompted 
some observers to call these lesions retention polyps. 

Juvenile polyps appear to be acquired lesions, are sel- 
dom seen in the first year of life, and are most common from 
ages 1 to 7 years; occasionally they are found in adults. Juve- 
nile polyps are more often single than multiple, usually are 
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Fig. 126.11 Histology of a juvenile polyp revealing the characteristic 
large cystic spaces of this lesion. (Courtesy Lawrence Zuckerberg, MD, 
Boston, MA.) 


pedunculated, and tend to range in size from 3 mm to 2 cm. 
Because these polyps commonly occur in the rectum and often 
develop a stalk, they can prolapse during defecation and even 
slough. In addition, their stroma contains a generous vascular 
supply, which explains the considerable blood loss suffered by 
some patients with juvenile polyps. Because of the high likeli- 
hood of bleeding and prolapse, removal of juvenile polyps is 
suggested. 

Juvenile polyps have essentially no malignant potential 
when solitary,” and they tend not to recur after removal or 
spontaneous loss. Although approximately 20% of individual 
juvenile polyps in the rectum may be associated with proxi- 
mal polyps, proximal adenomas are rare, and the subsequent 
rate of dying of or developing CRC is no greater than these 
rates for the general population, even without specific surveil- 
lance.” When juvenile polyps are multiple (see later discus- 
sion on “Juvenile Polyposis Syndrome”), however, there is an 
increased risk of developing cancer, either because adenoma- 
tous epithelium may be present in some juvenile polyps or 
because of a coexistent adenoma. 


Peutz-Jeghers Polyps 


The Peutz-Jeghers polyp is a unique hamartomatous lesion 
characterized by glandular epithelium that is supported by 
an arborizing framework of well-developed smooth muscle 
contiguous with the muscularis mucosae (Fig. 126.12). The 
smooth muscle bands fan out into the head of the polyp and 
become progressively thinner as they project toward its sur- 
face. A Peutz-Jeghers polyp differs from a juvenile polyp in 
that the lamina propria is normal, and the characteristic archi- 
tecture of the lesion derives chiefly from its abnormal smooth 
muscle tissue. When multiple such polyps are identified in 
association with specific extraintestinal manifestations such as 
perioral freckles, the Peutz-Jeghers syndrome must be con- 
sidered. This type of polyp is uncommon in the absence of 
generalized polyposis (discussed later). 
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Fig. 126.12 Histopathology of a Peutz-Jeghers polyp. In this type of 
polyp, the glandular epithelium is supported by an arborizing framework 
of well-developed smooth muscle that is contiguous with the muscula- 


ris mucosae. (Courtesy Lawrence Zuckerberg, MD, Boston, MA.) 


Inflammatory Polyps (Pseudopolyps) 


Inflammatory polyps are found in the regenerative and heal- 
ing phases of inflammation. They are usually formed by full- 
thickness ulceration of the epithelium followed by a regenerative 
process that leaves the mucosa in bizarre polypoid configura- 
tions. Less commonly, inflammatory polyps represent relatively 
normal mucosa sitting amidst re-epithelialized ulcerations. 
Inflammatory polyps may be large and solitary, mimicking a 
neoplastic mass, finger-like or they can form mucosal bridges 
that span the lumen. Multiple lesions can mimic a polyposis syn- 
drome. The term pseudopolyp is used to distinguish them from 
neoplastic lesions, but in reality these are true polypoid protu- 
berances. Histologically, inflammation and exuberant granula- 
tion tissue may be seen in the early post-inflammatory period, 
but later the polyp surface can resemble that of normal mucosa. 
Any form of severe colitis, including chronic IBD (UC and 
Crohn disease),*?* amebic colitis,**> ischemic colitis, or bacte- 
rial dysentery, can give rise to inflammatory polyps. In chronic 
schistosomiasis, multiple inflammatory polyps that contain 
granulation tissue, eggs, or adult worms are commonly seen.*”° 
Although they do not have intrinsic neoplastic potential, pseu- 
dopolyps often appear in diseased colons where they serve as a 
marker for increased colon cancer risk (UC, schistosomiasis). 
Giant or grouped pseudopolyps can cause colonic obstruction. 
Rare cases of multiple and recurrent inflammatory GI polyps 
that produce pain and obstruction have been reported on a spo- 
radic and even a familial basis.>’” These lesions are found primarily 
in the ileum, may be very large, and can even cause intussusception. 
Cap polyposis is another rare condition characterized by inflam- 
matory polyps with elongated crypts, a mixed inflammatory infil- 
trate in the lamina propria, and a surface cap of fibrinopurulent 
exudate.’ Cap polyposis occurs mainly in the rectosigmoid, but 
can occur anywhere in the colon and may be confused endoscopi- 
cally with pseudopolyps in IBD. Mucosal prolapse has been sug- 
gested as a possible underlying etiology (see Chapter 128) **°. 


Mucosal Prolapse Polyps 


The colon commonly harbors excrescences or mammilla- 
tions of tissue that histologically are normal mucosa. In these 
instances, the submucosa has elevated the normal tissue overly- 
ing it. These lesions may be termed mucosal polyps, or mucosal 
prolapse polyps, and their presence has no clinical significance. 


Although mucosal polyps can vary in size and are typically small, 
rectal prolapse can sometimes present as large lesions that may 
resemble polyps or even CRC, yet on biopsy exhibit only typi- 
cal features of prolapse which resemble those of solitary rectal 
ulcer.*** (see Chapter 128) 


Colitis Cystica Profunda and Superficialis 


Colitis cystica profunda is a disease with rare submucosal lesions 
consisting of dilated, mucus-filled glands that can form solitary or 
multiple polyps (see Chapter 128). Colitis cystica profunda has been 
associated with Peutz-Jeghers disease in children, but more com- 
monly is associated with mucosal injury (surgical trauma), ulcer- 
ation and inflammation (colitis), and also with adenocarcinoma. 
The lesion is presumably caused by displacement of normal colonic 
glands to beneath the epithelium during the healing of the mucosal 
injury. Colitis cystica superficialis represents another type of cystic 
dilation of colonic mucus glands, which presents with tiny cysts dis- 
tributed throughout the mucosa. This usually occurs in association 
with niacin deficiency (pellagra) and can be seen with tropical sprue 
and leukemia.*”? 


Pneumatosis Cystoides Coli 


Multiple gas-filled cysts are occasionally encountered within 
the mucosa, submucosa and subserosa of the colon (and small 
intestine) and can produce a polypoid appearance (see Chapter 
128). Pneumatosis coli may result from a host of GI and non-GI 
disorders, as well as colonoscopy and the cysts have a character- 
istic radiologic and endoscopic appearance. Diagnosis may be 
substantiated at endoscopy if the cysts collapse after puncture/ 
aspiration with a sclerotherapy needle or when unroofed with a 
biopsy forceps. This condition can produce a variety of symp- 
toms, including abdominal distention from volvulus or pneu- 
moperitoneum, bleeding and even ascites (when serosal), but 
also may be asymptomatic.*?° 

Oxygen therapy results in resolution of the cysts,**! but the 
disease can recur and persist for months.?30-332 


Other 


Any lesion beneath the colon mucosa can elevate the overly- 
ing epithelium to produce a polypoid appearance. Lymphoid 
tissue is present throughout the colon, and hypertrophied fol- 
licles may be mistaken for a pathologic mucosal process. Benign 
lymphoid polyps can grow large enough to produce symptoms 
(pain, bleeding) or can become pedunculated. Multiple benign 
lymphoid polyps may be found as normal variants, particularly 
in children. The principal importance of benign lymphoid pol- 
yps is in their distinction from malignant lymphoid lesions. 
Malignant lymphoma??? and chronic lymphocytic leukemia*** 
also can manifest as multiple colonic polyposis. 

The colon is the most common GI site for lipomas, which 
tend to be solitary but may present as multiple submucosal 
lesions. Lipomas usually are asymptomatic and detected inci- 
dentally. The low density of fat can give the lesions a charac- 
teristic radiologic appearance, and their soft, deformable nature 
and yellowish color are helpful to the colonoscopist in making 
the diagnosis grossly. Colonic lipomas are most common in the 
right colon and tend to occur on or near the ileocecal valve.*>° 
Removal of these lesions usually is not necessary. 

Tumors such as carcinoids, metastatic neoplasms (especially 
melanoma), and other rare cancers can produce submucosal 
lesions without distinctive identifying characteristics. Other 
submucosal lesions may be detected incidentally, including 
fibromas, neurofibromas, leiomyomas, granular cell tumors, 
hemangiomas, and endometriosis. 


GASTROINTESTINAL POLYPOSIS SYNDROMES 


Although most colonic polyps arise as isolated events, there are 
fascinating conditions in which diffuse polyposis is observed 
throughout the full length of the colon. The polyposis syn- 
dromes are categorized primarily by the underlying histologic 
features of the polyps (Box 126.3). Most of these syndromes are 
inherited, and most importantly, they are often associated with 


BOX 126.3 Classification of Gl Polyposis Syndromes 


ADENOMATOUS POLYPOSIS SYNDROMES 


Familial adenomatous polyposis 
Variants of familial adenomatous polyposis 
Gardner syndrome 
Turcot syndrome 
Attenuated familial adenomatous polyposis 
MUTYH-associated polyposis (VYH polyposis) 
NTHL17 polyposis 


SERRATED POLYPOSIS SYNDROME 
HAMARTOMATOUS POLYPOSIS SYNDROMES 
Peutz-Jeghers syndrome 


Juvenile polyposis 

PTEN hamartoma tumor syndromes 
Cowden disease 
Bannayan-Ruvalcaba-Riley syndrome 


RARE HAMARTOMATOUS POLYPOSIS SYNDROMES 


Hereditary mixed polyposis syndrome 

Intestinal ganglioneuromatosis and neurofibromatosis 
Devon family syndrome 

Basal cell nevus syndrome 


NONINHERITED POLYPOSIS SYNDROMES 


Cronkhite-Canada syndrome 
Lymphomatous polyposis 
Nodular lymphoid hyperplasia 


TABLE 126.9 Adenomatous Polyposis Syndromes 


Syndrome Gene Mutation Inheritance 
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an increased risk of CRC or cancers elsewhere in the GI tract 
and solid GI organs. Advances in genetics have provided a more 
accurate understanding of the underlying basis and biology of 
these syndromes, and many of the genes responsible for these 
conditions have proven to play a similarly important role in the 
pathogenesis of sporadically occurring colon polyps and cancer. 


Inherited Polyposis Syndromes 
Adenomatous Polyposis Syndromes 


The FAP syndrome was the first polyposis syndrome to be char- 
acterized genetically and identification of the APC gene as the 
underlying genetic alteration in FAP was a landmark event that 
facilitated the proper classification and management of colonic 
polyposis syndromes. For example, Gardner syndrome and 
attenuated familial adenomatous polyposis (AFAP) were ini- 
tially thought to be distinct entities, but both result from an 
underlying mutation in the APC gene that also is responsible for 
classic FAP. Therefore, these syndromes are now recognized 
as variants of classic FAP (Table 126.9). The lessons learned 
in FAP with respect to clinical presentation, genetic testing, 
and management have informed the approach toward all other 
colonic polyposis syndromes. 


Familial Adenomatous Polyposis 

Genetics 

FAP is the most common and best characterized adenomatous 
polyposis syndrome. It is inherited as an autosomal dominant 
disease with 80% to 100% penetrance and has an estimated 
prevalence of 1 in 5000 to 7500.6 The mutated APC allele 
is inherited as a germline mutation from the affected parent, 
and adenomas develop when the second allele (from the unaf- 
fected parent) becomes mutated or deleted. Identification of 
the gene responsible for FAP began in 1986 with investiga- 
tion of a patient who had multiple congenital malformations 
and a deleted portion of the long arm of chromosome 5 that 
was identified cytogenetically.**’ Genetic mapping studies and 
restriction fragment length polymorphism analysis in 1987 led 


Polyps Extraintestinal Abnormalities 


Classic FAP APC (usually Autosomal dominant 


truncated protein) 


Osteomas (mandible, skull, long bones) 
CHRPE 

Desmoid tumors 

Epidermoid and sebaceous cysts 
Thyroid, adrenal tumors 
Medulloblastoma* 


Colonic adenomas (thousands) 

Duodenal, periampullary 
adenomas 

Gastric fundic gland polyps 

Jejunal and ileal adenomas 


Colonic adenomas (<100; Mandibular osteomas (rare) 
proximal colon) 

Duodenal, periampullary 
adenomas 


Gastric fundic gland polyps 


CHRPE 
Osteomas 


Colonic adenomas (5-100s) 
Duodenal polyposis 


Colonic adenomas Endometrial cancer 


Duodenal adenomas 


Colonic adenomas 
Hyperplastic polyps 


Agenesis of teeth 


Colonic adenomas 


Attenuated FAP APC (5’ and 3’ Autosomal dominant 
regions) 
MUTYH-associated MUTYH (MYH) Autosomal recessive 
polyposis (MAP) 
Polymerase POLD1, POLE Autosomal dominant 
proofreading-associated 
polyposis (PPAP) 
Familial tooth agenesis AXIN2 Autosomal dominant 
NTHL1 polyposis NTHL1 Autosomal recessive 
*The combination of colonic polyposis and medulloblastoma is referred to as Turcot syndrome. 


APC, adenomatous polyposis coli; CHRPE, congenital hypertrophy of the retinal 


homolog [Escherichia coli). 


pigment epithelium; FAP, familial adenomatous polyposis; MUTYH (mutY 
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to the localization of the gene responsible for FAP in the 5q21- 
q22 region.****? At the same time, restriction fragment length 
polymorphism analysis suggested that one of the 2 alleles for 
this gene often was lost in sporadically occurring CRCs. The 
fact that a gene deletion might contribute to tumor progres- 
sion suggested that the FAP locus encodes a tumor suppressor 
gene. W 

In 1991, the APC gene responsible for FAP was cloned as 
one of the first human tumor suppressor genes.*+!-3+3 Germline 
mutations are present in patients with FAP and Gardner syn- 
drome, and in most cases, the mutations create a premature stop 
codon that results in a truncated protein. The germline muta- 
tions are dispersed throughout the 5’ half of the gene, whereas 
somatic mutations of APC tend to accumulate in the mutation 
cluster region near the center of the gene (Fig. 126.13). 

The APC protein is a multifaceted regulator of colonic epi- 
thelial cell homeostasis and regulates cell proliferation, migra- 
tion, differentiation, apoptosis, and chromosomal segregation.* 
The proximal portion of the APC protein contains regions that 
enable oligomerization as well as binding to proteins that regu- 
late the actin cytoskeleton, thereby affecting cell morphology, 
polarity, and migration. Through its central portion, the APC 
protein regulates the Wnt signaling pathway by its interactions 
with f-catenin, a protein that normally maintains cell-cell junc- 
tions by anchoring a cell surface adhesion molecule, E-cadherin. 
In normal cells, APC forms a complex with other proteins (axin, 
conductin, and the GSK3b serine-threonine kinase) to bind 
B-catenin. This binding results in phosphorylation of b-catenin, 
which subsequently undergoes down-regulation in the cyto- 
plasm. If mutations occur in the f-catenin—binding region, 
however, {b-catenin is no longer down-regulated, allowing it to 
enter the nucleus, where it interacts with other transcription 
factors such as TCF-4 to up-regulate target genes that then 
promote formation of adenomas. Similarly, germline mutations 
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of axin were discovered to cause a multiple colonic adenoma 
phenotype (see later). The carboxy-terminal portion of APC 
contains a domain that contributes to proper chromosomal seg- 
regation and cytoskeleton regulation. Because the vast majority 
of APC mutations truncate the protein, this has the dual effect 
of disrupting the constitutive breakdown of f-catenin, leading 
to activation of cancer-associated genes and creating abnormal 
chromosomal segregation with resultant CIN. 


Clinical Features 

Clinical Presentation. Patients with FAP can present 
with nonspecific symptoms such as hematochezia, diarrhea, 
and abdominal pain if the polyp burden is high or cancer has 
developed. The optimal window for diagnosis is in the pre- 
symptomatic period, and this is achieved by the pursuit of 
the diagnosis in the relatives of affected patients. The clinical 
diagnosis is made easily by sigmoidoscopy, given the diffuse 
distribution of polyps, but colonoscopy is preferred so that 
the full phenotype can be appreciated, while excluding the 
presence of carcinoma elsewhere in the colon. The presence 
of more than 100 polyps and the histologic confirmation that 
these are adenomas would suggest the phenotypic diagnosis of 
FAP. A definitive diagnosis that distinguishes FAP from other 
adenomatous polyposis syndromes is established with a positive 
APC gene test. 

Studies from St. Mark’s Hospital in London on the natu- 
ral history of FAP suggest that approximately 10 years elapse 
between the appearance of polyps and the development of can- 
cer**°; however, it is not advisable to delay surgery once the 
diagnosis is made, even in pre-symptomatic patients, except in 
persons who have not completed puberty. Performing genetic 
testing at approximately age 10 to 12 years for at-risk persons 
helps to streamline the clinical evaluation. In a family with a 
known mutation, children who test positive can then undergo 
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Fig. 126.13 Schematic diagram of the APC gene, its mutations, and functional domains of the protein. The 
gene consists of 15 exons. Mutations associated with attenuated familial adenomatous polyposis (AFAP) 
occur in the 5’ and 3' regions of the gene. Lesions of congenital hypertrophy of the retinal pigment epithelium 
(CHRPE) are seen only with mutations downstream of exon 9. The mutation cluster region is in the center of 
the gene, where most mutations give rise to florid polyposis. Papillary thyroid carcinoma, hepatoblastoma, 
osteomas, and desmoid tumors are associated with the codon regions shown. Domains of the APC protein 
responsible for oligomerization, B-catenin binding, and microtubule association are shown along the bot- 


tom. (Modified from Goss KH, Groden J. Biology of the adenomatous polyposis coli tumor suppressor. J Clin 
Oncol 2000; 18:1967-79; and Groen EJ, Roos A, Muntinghe FL, et al. Extra-intestinal manifestations of familial 
adenomatous polyposis. Ann Surg Oncol 2008; 15:2439-50.) 


Fig. 126.14 A, Prophylactic colectomy specimen from a patient with 
familial adenomatous polyposis (FAP). Patients with FAP have multiple 
adenomatous polyps that can carpet the colon. In this case, the polyps 
are diminutive in size. B, Colonoscopic view in a patient with FAP. 


a screening sigmoidoscopy to determine the status of their 
disease. If the gene test is negative, the child can be spared 
sigmoidoscopy, although it still might be prudent to perform 
sigmoidoscopy after adolescence just to offset the rare possibil- 
ity of laboratory error. 

Colonic Findings. Classic FAP is characterized by the pro- 
gressive development of hundreds to thousands of adenomatous 
polyps in the large intestine (Fig. 126.14). An individual who 
inherits an APC mutation usually does not develop adenomas 
until approximately 10 to 12 years of age; rarely, however, polyps 
appear in the first decade of life. In one early series of FAP 
cases, the average age at polyp onset was 25 years, but symptoms 
usually did not appear until the age of 33. The average age for 
the diagnosis of adenomas was 36 years, for cancer 39 years, and 
for death from cancer 42 years; 90% of FAP cases have been 
diagnosed by the time the patient is 50 years old.**° A study 
that focused on early screening reported that 50% of FAP gene 
carriers have polyps at sigmoidoscopy by approximately 15 years 
of age t 

FAP begins with a small number of polyps, and the number 
increases progressively until the colon becomes carpeted with 
adenomas. All varieties of adenomatous polyps may be seen, 
including tubular, tubulovillous, and villous adenomas. The 
number of macroscopic polyps in a colectomy specimen aver- 
ages 1000 but may be tens of thousands. Germline mutations 
of the APC gene between codons 1250 and 1464 have been 
associated with more profuse carpeting of the colon, whereas 
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mutations elsewhere in the gene result in fewer colorectal 
polyps.*** Histologic examination of the colon reveals numer- 
ous microscopic adenomas as well, the smallest of which can 
involve a single colonic crypt (“aberrant crypt focus”). The size 
and number of polyps correspond to the latent period between 
the onset of clinical disease and the time of detection; tumors 
tend to be more numerous in symptomatic probands than in 
asymptomatic younger relatives discovered by screening. Most 
polyps are small (<1 cm), and, individually, these polyps are 
identical to adenomatous polyps found in the general popula- 
tion. 

CRC should be considered an inevitable consequence in 
the natural history of FAP, appearing approximately 10 to 15 
years after the onset of polyposis, if the colon is left intact. 
CRC is unusual in adolescence, but it has been diagnosed as 
early as 9 years of age.**? The cancers have the same patho- 
logic grades of malignancy and the same distribution within 
the colon as seen in the general population, except that mul- 
tiple simultaneous cancers are much more frequent (48% of 
cases).**° Despite attention to screening and surveillance, as 
many as 25% of patients with FAP have CRC at the time of 
colectomy.**? 

Upper GI Findings. Because FAP patients are born with 
a germline APC mutation in all cells of the body, tumors can 
develop in other organs outside of the colon. For example, 
polyps in the stomach and small intestine are present in almost 
all FAP patients (Fig. 126.15).3°! 

Gastric polyps occur in 30% to 100% of patients, and mostly 
are non-neoplastic fundic gland polyps. These polyps are typi- 
cally 1- to 5-mm sessile growths characterized microscopi- 
cally by hyperplasia of fundic glands and microcysts. They can 
appear in the first decade of life, even before other GI adeno- 
mas develop. Fundic gland polyps also can be found in persons 
without FAP, especially those treated with PPIs for prolonged 
periods, but such growths are rarely dysplastic, in contrast to 
the fundic gland polyps of FAP patients, in which epithelial dys- 
plasia is seen in approximately 25% to 41% of cases and results 
from mutations of the APC gene.???3 Dysplasia in FAP-associ- 
ated fundic gland polyps has been directly associated with larger 
polyp size, increased severity of duodenal polyposis, and antral 
gastritis, and it is inversely associated with use of acid-suppres- 
sive therapy and the presence of H. pylori.’ ® 

Gastric adenomas are uncommon and occur in approxi- 
mately 5% of FAP patients, usually in the gastric antrum. The 
development of gastric adenocarcinoma in FAP patients is still 
rare in the USA*>?3>4 but is more common in Japan, where the 
gastric cancer rate in the general population also is higher.**° In 
FAP registries, the prolonged life expectancy for FAP patients 
after preventive proctocolectomy has been associated with an 
increased incidence of gastric cancer (0.6% to 4.2%).39%397 
Microcarcinoids also may be found in the stomach of patients 
with FAP.?°8 

A newly described autosomal dominant syndrome termed 
gastric adenocarcinoma with proximal polyposis of the stomach 
(GAPPS) may mimic the FAP phenotype in the stomach in that 
there are numerous fundic gland polyps in the proximal stom- 
ach that often harbor dysplasia.*°? Unlike FAP, patients with 
GAPPS are at very high risk of gastric adenocarcinoma and 
typically have no duodenal polyps and few if any colonic adeno- 
mas. Mutations that result in GAPPS are uniquely located in the 
promoter region of APC to regulate expression of the gene.> 

Duodenal adenomas occur in 60% to 90% of FAP patients, 
and their incidence increases with age.*°! There is a propensity 
for adenomas to involve the peri-ampullary region and even to 
obstruct the pancreatic or biliary ductal system, rarely resulting 
in acute pancreatitis. As many as 50% to 85% of FAP patients 
manifest adenomatous change of the papilla of Vater.*?!3°! As 
a consequence, a 4% to 12% lifetime incidence of duodenal 
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Fig. 126.15 Endoscopic appearance of UGI polyps in a patient with 
familial adenomatous polyposis. A, Gastric fundic gland polyposis with 
numerous small polyps distributed diffusely throughout the stomach. B, 
Duodenal polyposis with multiple small flat adenomas throughout the 
second portion of the duodenum. 


cancer (usually peri-ampullary) has been reported,**’ with RRs 
of 124 to 331.°°!3 Collectively, these adenocarcinomas are 
the major cause of cancer death after prophylactic colectomy in 
FAP patients. The risk estimates for duodenal adenocarcinoma 
may be somewhat inflated by older prevalence studies, because 
under endoscopic surveillance a rather low rate of duodenal 
and ampullary adenoma progression to carcinoma has been 
observed.*® Regardless, it is advisable to perform screening and 
surveillance of the stomach and duodenum every | to 3 years. 
Development of duodenal carcinoma is extremely rare before 
age 30.364 

The Spigelman Classification divides patients with duode- 
nal polyposis into various stages depending upon polyp num- 
ber, size, histology, and severity of dysplasia (Table 126.10).3° 
Patients with stage III and IV duodenal polyposis are more 
likely to progress to duodenal adenocarcinoma than those with 
earlier-stage disease. Although firm screening guidelines are not 
established, surgery may be appropriate with stage IV polyposis. 

Jejunal adenomas have been detected in 40% and ileal ade- 
nomas in 20% of FAP patients. Fortunately, malignant transfor- 
mation at these sites is rare,*>! but clinical vigilance is warranted 
and imaging with small bowel series, video capsule endoscopy 
(VCE), or balloon enteroscopy should be considered to examine 


TABLE 126.10 Spigelman Classification of Duodenal Polyposis 


Number of points 1 2 3 
Polyp number 1-4 5-20 >20 
Polyp size (mm) 1-4 5-10 >10 
Polyp histology Tubular Tubulovillous Villous 
Dysplasia Mild Moderate Severe 
Spigelman Stage: 

O = 0 points 

| = 1-4 points 

Il = 5-6 points 

lll = 7-8 points 

IV = 9-12 points 


From Spigelman AD, Williams CB, Talbot IC, et al. Upper gastrointestinal 
cancer in patients with familial adenomatous polyposis. Lancet 1989; 
2:783-5. 


the entire small intestine.>©?>+ After subtotal colectomy or total 
proctocolectomy with ileal pouch-anal anastomosis, attention 
should be given to surveillance of the residual rectum or pouch 
for developing neoplasia. Lymphoid hyperplasia may be pres- 
ent in the ileum in FAP patients and can be distinguished from 
adenomatous polyps by biopsy. 

Extra-Intestinal Findings. The original description of 
Gardner syndrome as a familial disease consisting of GI 
polyposis and osteomas, a variety of benign soft tissue tumors 
and other extra-intestinal manifestations (see Table 126.9) 
that is a distinct entity from FAP has undergone re-evaluation 
with the recognition that both FAP and Gardner syndrome are 
variable manifestations of the same disease caused by a mutation 
of the APC gene. Bone abnormalities include osteomas of the 
mandible, skull, and long bones; exostoses; and various dental 
abnormalities including mandibular cysts, impacted teeth, 
and supernumerary teeth. When carefully sought, mandibular 
osteomas can be seen in up to 90% of patients with FAP without 
other stigmata of Gardner syndrome.*°° Mandibular osteomas 
in FAP tend to be multiple, whereas nonspecific sclerotic bony 
lesions usually are single and located close to a diseased tooth. 
Osteomas can occur in children before they develop colonic 
polyposis. Because osteomas have no malignant potential, they 
are removed only for symptomatic or cosmetic reasons. 

Congenital hypertrophy of the retinal pigmented epithe- 
lium (CHRPE) has been reported in some families with FAP 
or Gardner syndrome.*°”3°* More than 90% of patients with 
FAP or Gardner syndrome have pigmented lesions of the ocular 
fundus. CHRPE lesions are likely to be multiple (63% have 24 
lesions) and are bilateral in 87% of those affected.*°’ The pres- 
ence of multiple bilateral lesions appears to be a reliable marker 
for gene carriage in FAP, and their absence predicts lack of car- 
riage if affected relatives exhibit CHRPE.*°* CHRPE lesions 
are asymptomatic curiosities that need not be sought in patients 
with an established diagnosis of FAP. CHRPE perhaps reflects 
the most accurate genotype-phenotype correlation in FAP 
patients; these lesions occur in patients with APC gene muta- 
tions distal to exon 9 up through the proximal portion of exon 
15 (see Fig. 126.13).3° 

A particularly serious complication of the adenomatous 
polyposis syndromes is the development of diffuse mesenteric 
fibromatosis, also called desmoid tumors. Desmoid tumors are 
reported in 4% to 32% of patients and rank second, after meta- 
static carcinoma, among lethal complications of the disease.*”° 
The absolute risk of desmoids in FAP patients has been esti- 
mated at 2.56/1000 person-years, which is 825 times the risk 
in the general population.*’! FAP patients who are first-degree 
relatives of a patient with FAP and a desmoid have a 2.5-fold 
greater risk for developing desmoid tumors than patients with 


FAP in general.’ Because a strong family history poses an 
increased risk of desmoids,*’! in this subset of patients it would 
be prudent to incorporate abdominal imaging studies into their 
overall surveillance regimen, even though firm guidelines for 
desmoid tumor surveillance are not yet established. 

Desmoids typically occur when the disease-causing muta- 
tion is distal to codon 1444 (or in some studies, codon 1399) of 
the APC gene (see Fig. 126.13). Curiously, recurrent desmoid 
tumors can manifest a somatic mutation of APC gene that is 
different from that of the initial tumor.**+ Commonly, desmoid 
tumors result from progressive growth of mesenteric fibroblasts 
that occurs after laparotomy (e.g., after prophylactic procto- 
colectomy), but they occasionally appear spontaneously. The 
morbidity associated with desmoids that develop after a restor- 
ative proctocolectomy (i.e., total proctocolectomy with ileoanal 
anastomosis) seems to be similar to morbidity with those devel- 
oping after ileorectal anastomosis (IRA).*’” A large interna- 
tional cohort study demonstrated that significant risk factors for 
developing desmoid tumors included a positive family history of 
desmoids, abdominal surgery, and APC mutation site (distal to 
codon 1444).373 

The observation that desmoids seem to occur more often 
in women than men and more often after early colectomy (<18 
years) has prompted some experts to suggest delaying colectomy 
for young female FAP patients.*’* Desmoids cause GI obstruc- 
tion; constrict arteries, veins, and ureters; and are associated with 
a 10% to 50% mortality rate. Additional operative procedures 
usually are of no avail in this condition. Desmoid tumors may 
respond to radiation when localized and accessible.*’> Unfortu- 
nately, most tumors involve the mesentery in these patients, mak- 
ing radiation therapy impractical. Attempts at medical therapy 
have had modestly encouraging results. The NSAID sulindac, 
which can often cause regression of colonic adenomas in FAP (see 
later), has resulted in partial tumor shrinkage in some patients but 
no response in others.’”677 The anti-estrogen drug tamoxifen 
has been effective in a few patients, as has progesterone*’*>7°; a 
combination of sulindac and tamoxifen is commonly used.>”° 

A staging system for FAP-associated desmoid tumors has 
been proposed that may help with medical decision-making 
(Table 126.11). It appears that patients with early-stage des- 
moid disease have had a longer colectomy-to-desmoid interval, 
a somewhat reduced polyp burden, a higher likelihood that their 
desmoid will remain stable or disappear, and a much better 
prognosis. Multimodality therapy, including chemotherapy,**! 
seems appropriate for stage III and IV disease because of the 
more aggressive course of these tumors. A scoring system that 
factors the use of pain medicines, desmoid tumor size larger 
than 10 cm, and the need for TPN, has been shown in one study 
to help predict mortality in stage III and IV disease.**” For des- 
moids that significantly compromise the small bowel mesentery, 
small intestinal transplantation should be considered. 

In addition to desmoid tumors, other soft tissue tumors 
are well described in FAP and Gardner syndrome, including 
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epidermoid cysts, fibromas, and lipomas. The epidermoid cysts, 
also called inclusion cysts, have erroneously been referred to as 
sebaceous cysts in the past. Epidermoid cysts are lined with nor- 
mal epithelium and contain no sebaceous glands. When multi- 
ple epidermoid cysts appear before puberty in these kindreds, it 
is a harbinger of polyposis. Neoplasms of the biliary tree, liver, 
and adrenal glands also occur in these syndromes, and the prev- 
alence of papillary carcinoma of the thyroid may be as high as 
12% of patients with FAP, predominantly in female patients.**° 
Hepatoblastoma is rare and can affect very young children in 
FAP families. The extra-intestinal manifestations of FAP have 
been reviewed in detail elsewhere.>*+ 

Genotype-Phenotype Correlations. Drawing precise genotype- 
phenotype correlations in FAP often is difficult because the 
identical APC gene mutation can give rise either to isolated 
colonic polyposis or to extra-colonic manifestations.*+ 
Moreover, an identical APC gene mutation can manifest quite 
different colonic and extra-colonic phenotypic features among 
unrelated families.**° Even within a single family, the disease 
can express itself variably in different persons, including 
skipped generations and discordance in identical twins.**° Other 
genetic or environmental disease-modifying factors are likely 
responsible for generating phenotypic variation. 

Despite the discrepancies in genotype-phenotype correlations, 
some general patterns have emerged (see Fig. 126.13). Profuse 
polyposis is associated with mutations in the mid-portion of the 
gene (between codons 1250 and 1464, but especially around codon 
1300), whereas a mild colonic phenotype is observed for mutations 
that affect the extreme proximal (5’) and distal (3’) ends of the APC 
gene responsible for attenuated FAP (see later). Desmoid tumors 
often, but not always, are seen with mutations just distal to the pro- 
fuse polyposis region. CHRPE lesions are present with mutations 
distal to exon 9. Papillary carcinoma of the thyroid is associated 
with mutations proximal to the mutation cluster region. 

Genetic Testing and Counseling. Genetic testing is an impor- 
tant component of the overall care of patients with an inherited 
genetic condition such as FAP, not so much for the management 
of the affected person but to identify pre-symptomatic relatives 
who also may be gene carriers.**’ Approximately 20% of patients 
with FAP, however, have no family history and represent new 
mutations at the APC locus.**° Genetic testing is performed by 
extracting DNA from leukocytes in peripheral blood or buccal 
swabs and full DNA sequencing with gene rearrangement 
analysis is the standard approach to identify germline mutations 
of the APC gene. Options for genetic testing include analysis of 
the APC gene alone or in the context of a broad panel of genes 
associated with colon polyp and cancer risk. The latter strategy 
may be preferred if the clinical diagnosis of FAP is uncertain 
and other diagnostic considerations are being entertained. Next 
generation sequencing technology has made such multi-gene 
sequencing more feasible and affordable. 

The optimal testing strategy is to offer genetic testing to 
an affected person first. Absence of a mutation in the affected 


TABLE 126.11 Staging and Prognosis of Desmoid Tumors in Familial Adenomatous Polyposis 


Time from Death 
No. of Colectomy to Rapid from 
Stage Definition Patients Desmoid (Yr) Growth (%) Desmoid (%) 
| Asymptomatic; <10 cm maximum diameter, and not growing 21 1.5 © (0) 
ll Mildly symptomatic; <10 cm maximum diameter, and not growing 36 58 3 (8) (0) 
Ill Moderately symptomatic or with bowel or ureteral obstruction; or 26 2.4 3 (12) 4 (15) 
10-20 cm, or slowly growing 
IV Severely symptomatic; or >20 cm, or rapidly growing 18 1.4 6 (33) 8 (44) 


From Church J, Lynch C, Neary P, et al. A desmoid tumor-staging system separates patients with intra-abdominal, familial adenomatous polyposis—associ- 
ated desmoid disease by behavior and prognosis. Dis Colon Rectum 2008; 51:897-901. 
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person suggests that genetic testing of at-risk relatives is not 
likely to yield clinically useful information and all family mem- 
bers should be considered to be at-risk. A positive gene test 
allows at-risk relatives to be tested in a more focused man- 
ner. It is recommended that testing at-risk children be delayed 
until age 10 to 12 years, when clinical screening would usually 
begin. Genetic testing of other family members is performed 
best within the context of a comprehensive genetic counseling 
program because it raises complex issues such as psychologi- 
cal denial, survivor guilt, premature worrying if testing is per- 
formed at too young an age, intra-family strife, employment 
discrimination, and medical insurability.*** In addition, there 
can be complexities in the interpretation of genetic test results, 
most notably when a variant of uncertain significance is identi- 


fied. 


Treatment 


Surgery. Surgery is the definitive management option for 
colonic polyposis in FAP. The timing and extent of surgery 
are the major clinical considerations. Annual colonoscopic 
examinations should be performed until the time of surgery. 
The optimal approach is to perform total proctocolectomy 
either with a conventional ileostomy or as a restorative 
proctocolectomy with ileal pouch-anal anastomosis. The latter 
operation in skilled hands is associated with little morbidity and 
is preferred by patients, who must nonetheless be advised about 
the risk of decreased fecundity among women.**’? The ileal 
pouch does need to be monitored for the future development 
of adenomas and, very rarely, carcinoma.*”° The risk of any 
adenoma in the pouch over a 10-year period is 45%, and the 
risk of cancer is 1%.°?! In addition, it is essential to recognize 
that a small strip of rectal mucosa (the “rectal cuff”) typically 
remains after most proctocolectomies, and surveillance of the 
pouch and the rectal cuff is recommended. For some patients, 
quality-of-life considerations weigh heavily with both of these 
options. In such cases, a subtotal colectomy with IRA can be 
considered, bearing in mind that the rectal segment will remain 
at risk for carcinoma, and the patient must comply with regular 
surveillance examinations. A meta-analysis concluded that 
compared with total proctocolectomy, IRA was associated 
with reduced bowel frequency, nocturnal defecation, and 
use of incontinence pads, but more fecal urgency.” The 2 
types of operation demonstrated comparable rates of sexual 
dysfunction, need for dietary restriction (i.e., low residue diet), 
and postoperative complications. 

According to the Mayo Clinic experience, a cumulative 
risk of 23% was estimated for the development of carcinoma 
in the retained rectal segment over a 20-year period.*?? The 
5-year disease-free survival rate has been reported to be 25% 
and prognosis in patients who develop rectal cancers in this set- 
ting is quite poor. In patients with IRA, the risk of subsequent 
rectal cancer was higher in patients who had an APC mutation 
between codons 1250 and 1464, a finding that awaits confirma- 
tion in other studies.*?t These data provide a strong case for 
total proctocolectomy for FAP patients. 

In spite of these concerns, others have advocated rectum- 
sparing operations and have achieved good outcomes. Some 
have advocated that a subtotal colectomy is safe for patients 
if the rectum is free of polyps or has a limited burden of rec- 
tal polyps.” Others have reported satisfaction with rectum- 
sparing procedures for all patients with FAP and follow-up 
fulguration only of adenomas larger than 5 mm in diameter at 
3- to 6-month intervals. Eleven of 173 of patients developed 
carcinoma in the rectum, but only 3 of the 11 died of rectal 
cancer.*°° An independent group also has advocated the use of 
colectomy with IRA and reported an actuarial survivorship rate 
of 80% in 133 patients after 20 years, despite the presence of 


rectal polyps.*?’ Other groups in the USA and Europe also pre- 
fer subtotal colectomy and IRA, but approximately one quarter 
of patients treated this way have required a total proctectomy at 
a later date for cancer or intractable benign polyps.*?* Note that 
spontaneous regression of rectal polyps has been reported after 
subtotal colectomy and IRA for FAP but this is not routinely 
observed.>”” 

Patients might elect the more limited procedure if they are 
willing to comply with rigorous follow-up (sigmoidoscopy every 
6 to 12 months) and accept a risk of malignancy in the rectum of 
approximately 1% per year. Because of decreased fecundity rates 
associated with restorative proctocolectomy, young women with 
FAP might elect to undergo primary subtotal colectomy with 
IRA. However, they should be aware that desmoid tumors aris- 
ing after the first operation might prevent secondary restorative 
proctocolectomy in a substantial minority of them.#°° 

Medical Treatment. Because of its antioxidant characteristics, 
ascorbic acid (vitamin C, 3 g/day) was tested in patients with 
FAP who had undergone subtotal colectomy with IRA. A modest 
effect was observed, but it was neither consistent nor strong 
enough to advocate for general use.*?! Supplemental dietary 
calcium also was ineffective in polyposis patients.t°? A more 
ambitious trial has been reported in which 58 patients with FAP 
were treated with ascorbic acid (4 g/day), a-tocopherol (vitamin 
E, 400 mg/day), and supplemental fiber (22.5 g/day); a modest 
effect was seen after 2 years of therapy.* 

Greater enthusiasm has been generated for the use of 
NSAIDs in the management of colorectal polyps in FAP.*0* 
Sulindac has been shown in both uncontrolled and controlled 
trials to decrease the number and size of colorectal adenomas 
in patients with FAP*° who had intact colons, as well as those 
with subtotal colectomy and IRA. Unfortunately, maintaining 
these patients on sulindac does not protect them from develop- 
ing rectal cancer, and the drug’s effect on reducing adenomas is 
reversible upon discontinuation. Sulindac alone is less success- 
ful at controlling upper GI neoplasia, and it does not appear to 
prevent the initial onset of adenomas in children with FAP.#0 

The mechanism by which sulindac causes colorectal adenoma 
regression in patients with FAP may relate in part to its ability 
to inhibit COX activity and thereby interfere with arachidonic 
acid metabolism. Because colorectal tumors (but not normal 
colonocytes) have high levels of COX-2 expression, it is likely 
that COX-2 inhibition by sulindac is at least partially responsible 
for adenoma regression." Sulindac also is capable of restoring 
the deficient apoptosis seen in colonocytes of patients with FAP, 
even without affecting colonocyte proliferation.*°” The sulfone 
derivative of sulindac has no inhibitory effect on either COX-1 
or COX-2 enzymes, yet it has also been shown to cause regres- 
sion of rectal adenomas in FAP patients.*0” Treatment with 
celecoxib, a selective COX-2 inhibitor, in FAP patients demon- 
strated a significant reduction in the number and size of rectal 
adenomas.*°* Similarly, celecoxib administered to children up 
to a dose of 16 mg/kg/day was associated with a 44% reduc- 
tion in the number of colorectal polyps.*°? Celecoxib modestly 
reduced the number of duodenal adenomas in one study,*!° but 
further confirmation of this effect is awaited. Aspirin at a dose of 
600 mg/day revealed a trend toward lower polyp count and size 
in the CAPP1 Study (Colorectal Adenoma/Carcinoma Preven- 
tion Programme),*!! but whether lower doses of aspirin might 
be helpful is not known. The epidermal growth factor receptor 
pathway is activated in colonic polyps and cancer, and a ran- 
domized controlled trial of the epidermal growth factor recep- 
tor inhibitor erlotinib in combination with sulindac in FAP 
patients resulted in dramatic reductions in polyp number both 
in the colon and duodenum.*!**!> Toxicities were significant, 
however, and may limit its use as a chemopreventive agent. 

Screening of Extracolonic Organs. Upper GI screening should 
be performed at the time colonic adenomas are diagnosed or at 
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TABLE 126.12 Cancer Risks and Screening Recommendations in Hereditary Polyposis Syndromes 


Syndrome Lifetime Risk (%) 


Screening Recommendations 


FAMILIAL ADENOMATOUS POLYPOSIS 


Sigmoidoscopy annually; start at age 10-12 yrs; If polyps are detected, colonoscopy 


usually is then performed to exclude proximal neoplasia.* 
Colonoscopy annually starting at age 25 yrs for attenuated FAP 


EGD with side-viewing endoscope; start at age 25-30 yrs 
Spigelman stages O and 1: every 5 yr; stage Il: every 3 yr; stage Ill: every 1-2 yr; 


stage IV (see text): consider surgery 


Colon cancer Near 100 

Duodenal or peri-ampullary 5-12 
cancer 

Gastric cancer =0.5 

Thyroid cancer =2 

Hepatoblastoma 1.6 

MUTYH-AsSOCIATED POLYPOSIS 

Colon cancer 43-100 

Duodenal cancer 5 

PEUTZ-JEGHERS SYNDROME 

Colon cancer 39 

Gastric cancer 29 

Small intestine 13 

Pancreatic cancer 11-36 

Breast cancer 45-50 

Uterine cancer; ovarian cancer 9; 18-21 

Sertoli cell tumor (testicular) Uncommon 

JUVENILE POLYPOSIS 

Colon cancer 40-50 


Gastric cancer 21% if multiple polyps 


COWDEN SYNDROME 


Colon cancer 9 

Thyroid cancer 35 
Breast cancer 85 
Uterine cancer 28 


SERRATED POLYPOSIS 


Colon cancer SIR = 18.72 


EGD every 1-2 yrs if numerous FGPs (with or without LGD); every 6-9 mos if HGD 
Thyroid examination or thyroid ultrasound; start at age 10-12 yrs 
Annual physical examination, hepatic US, serum AFP for first decade of life 


Colonoscopy every 1-2 yrs, starting age 25 yrs 
Upper endoscopy with exam of ampulla, starting age 30 yrs 


Colonoscopy every 2-3 yrs 

Upper endoscopy every 2-3 yrs 

CT or MR enterography, or VCE every 2 yrs; start at age 10 yrs 
MRI/MRCP or Endoscopic US every 1-2 yrs; start at age 30 yrs 
Annual breast examination; mammogram and MRI annually 

Annual pelvic examination, Pap smear, pelvic US; start at age 20 yrs 


Annual testicular examination beginning at age 10 yrs; testis US if feminizing features 
are present 


Colonoscopy every 2-3 yrs, annually if multiple polyps are identified 


Upper GI endoscopy every 2-3 yrs, more frequently if multiple polyps are present; start in 
early teens 


Colonoscopy every 5 yrs, start at age 35 yrs 
Annual thyroid ultrasound; start in teens 
Annual breast examination at age 25 yrs; annual mammogram at age 30 yrs 


Consider endometrial biopsy or pelvic ultrasound 


Colonoscopy every 1-2 yrs 


FAP, familial adenomatous polyposis; FGP, fundic gland polyp; HGD, high grade dysplasia; LGD, low grade dysplasia; MUTYH, mutY homolog 


[Escherichia coli]; Pap, Papanicolaou; SIR, standardized incidence ratio. 


*Sigmoidoscopy is used to identify a child with the FAP phenotype (i.e., polyps). 


Adapted from Burt RW. Colon cancer screening. Gastroenterology 2000; 119:837-53; and Vasen HF, Möslein G, Alonso A, et al. Guidelines for the clinical 


management of familial adenomatous polyposis (FAP). Gut 2008; 57:704-13. 


least by age 25 years (Table 126.12). A full evaluation of the entire 
small intestine should be performed at baseline. This can be 
done by VCE CT or MR enterography, or balloon enteroscopy. 
Upper GI polyps are rare before the onset of colonic disease, 
but side-viewing upper endoscopy should be performed in 
addition to conventional forward-viewing endoscopy because of 
its better visualization of the duodenal ampulla. 

The overall approach to upper GI polyps is one of conserva- 
tism. Gastric polyps should be sampled to determine if they are 
adenomas or fundic gland polyps with dysplasia. In the duode- 
num, villous adenomas, adenomas with HGD, large adenomas, 
and symptomatic adenomas, regardless of histology, should be 
removed if possible. Endoscopic resection of peri-ampullary 
adenomas can be performed relatively safely by advanced endos- 
copists skilled in this procedure, but regrowth of adenomatous 
tissue is common.*!* If duodenal polyps are small or few, sur- 
veillance can be performed every 1 to 3 years. The presence of 
worrisome duodenal adenomas or adenomatous change of the 
duodenal papilla warrants endoscopic inspection at more fre- 
quent intervals. Surgical resection of the duodenum, whether 


by local excision or pancreaticoduodenectomy, may be required 
in selected patients, particularly those with HGD, cancer, or 
Spigelman stage IV. Screening of other organs at risk for cancer 
is summarized in Table 126.12. 


Variant Adenomatous Polyposis Syndromes 

Attenuated Familial Adenomatous Polyposis. Patients with 
classic FAP syndromes typically have hundreds to thousands of 
colonic adenomas; however, an attenuated form of FAP (AFAP) 
has been identified in which persons manifest fewer adenomas 
that often have a flat rather than polypoid growth pattern and 
tend to cluster in the proximal colon in adulthood rather than in 
the teenage years.*!° AFAP is associated with germline mutations 
of the very proximal or distal portions of the APC gene.*!° Like 
classic FAP, patients with AFAP are prone to develop multiple 
gastric fundic gland polyps, duodenal and gastric adenomas, and 
even peri-ampullary carcinomat!’; however, CRCs arise at a later 
age (=55 years) in AFAP patients than in those with classic FAP. 
In AFAP patients, colonoscopic surveillance is recommended 
every | to 2 years starting at age 25 years.t!® 
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It has become clear that germline mutations not only in 
the APC gene but in other genes of the Wnt pathway, such 
as f-catenin and axin, can give rise to a similar adenoma- 
tous polyposis phenotype. Multiple colonic adenomas, CRC, 
and even HPs have been described in a Finnish family with 
familial tooth agenesis as a result of a germline mutation of Axin2.1!° 

Turcot Syndrome (Glioma-Polyposis). ‘The term Turcot 
syndrome applies to a syndrome of familial colon cancer with 
primary tumors of the CNS (see Table 126.9).7°"! The 
phenotypic spectrum is broad, with colonic manifestations that 
range from a single adenoma to profuse adenomatosis coli and 
brain tumors of different histopathologic types. 

A comprehensive molecular diagnostic study of 14 Turcot 
syndrome families has clarified that Turcot syndrome kindreds 
fall into 2 distinct groups based on their types of brain tumor 
and particular genetic alteration.’* The more common group 
has germline mutations of the APC gene, and these patients 
tend to have medulloblastomas. In several cases, the brain 
tumor preceded the diagnosis of polyposis. The APC mutations 
were heterogeneous, with no association between specific muta- 
tions and the development of brain tumors. The inactivation 
of both APC alleles in brain tumor tissue implicates the APC 
gene in the pathogenesis of these neoplasms. The risk of cer- 
ebellar medulloblastoma in FAP was calculated to be 92 times 
that of the general population. In contrast, the second group 
of patients, including the family originally described by Tur- 
cot, had glioblastoma multiforme tumors. These persons were 
found to have instead germline mutations in DNA MMR genes 
associated with Lynch syndrome. 

Turcot syndrome represents 2 distinct genetic conditions. 
Because the management of colon cancer risk differs signifi- 
cantly between an underlying APC gene versus a DNA MMR 
gene, it is essential to determine which type of mutation is pres- 
ent. Once an individual with Turcot syndrome has been identi- 
fied, consideration can be given to screening for brain tumors in 
mutation-positive family members despite the lack of evidence 
for improved outcomes and effectiveness of such screening. 

MUTYH-Associated Polyposis (MAP). Mutations of the 
MUTYH (also called MYH) gene are also a common cause of the 
multiple colorectal adenoma phenotype.*?? Among patients with 
15 to 100 adenomas without an APC mutation, up to 30% have 
bi-allelic germline MUTYH mutations.*!* MUTYH is a base- 
excision repair gene. Normally, when DNA is damaged through 
oxidation, MUTYH acts in concert with other DNA base- 
excision repair enzymes to prevent mutations from occurring by 
excising the damaged nucleotide. When MUTYH is defective, 
G:C > T:A transversions occur. Because the APC gene is a major 
target of MUTYH-induced mutations, the resulting loss of APC 
function gives rise to multiple adenomas and mimics the FAP 
syndrome. Colon cancers that occur are usually MSS. 

Clinical features of MUTYH polyposis include multiple ade- 
nomas (usually 5 to 100, but florid polyposis can be observed), 
frequent development of CRC, and even some HPs. The phe- 
notype occurs at a later age than does FAP. Gastric cancer, 
duodenal adenomas, osteoma, and CHRPE lesions have been 
described in patients with MUTYH mutations,**+ but unlike 
FAP, MUTYH polyposis is an autosomal recessive disorder. 
Thus, genetic testing and counseling is directed more toward 
siblings and spouses rather than to parents or children. It is 
recommended that patients with more than 10 adenomas be 
tested for the presence of biallelic MUTYH gene mutations.*!® 
The most common mutations are Y179C and G396D (formerly 
called Y165C and G382D).*?>Approximately 1% of the gen- 
eral population is heterozygous for an MUTYH mutation. The 
cancer risk for monoallelic MUTYH carriers is incompletely 
defined, but appears at best to be only minimally elevated.1?°”’ 
Colonoscopic surveillance of patients with biallelic MUTYH 
mutations is recommended every 1 to 2 years starting at age 25 


years,*!® and prophylactic total colectomy should be considered 
when the polyp burden becomes unmanageable endoscopically. 

It was recently recognized that MLHI and KRAS also can be 
targets of defective MUTYH gene function, resulting in the for- 
mation of polyps that may mimic Lynch syndrome or serrated 
polyposis, respectively. It therefore has been suggested that 
the term “MYH-associated neoplasia” could replace the term 
“MYH-associated polyposis” (MAP).*?8 

Polymerase Proofreading Associated Polyposis. A recently 
identified adenomatous polyposis syndrome results from muta- 
tions in one of the subunits of the DNA polymerase complex. 
Collectively designated Polymerase Proofreading Associated 
Polyposis, this rare syndrome results from defective DNA repair 
due to a germline mutation in either the Pol e or Pol 6 enzyme 
subunits.*”? In addition to their roles in DNA synthesis, these 
enzymes exhibit intrinsic exonuclease activity and ensure high- 
fidelity DNA replication. Mutations in the respective genes 
(POLE, POLDI) result in an “ultramutator” phenotype. Because 
of the rarity of the condition, the clinical features are not described 
fully. In general, it is characterized by a variable number of 
colonic adenomas but typically less than100. Histologically, the 
polyps are typical adenomas. There is a high risk of colon cancer 
and other extra-colonic tumors including endometrial cancer, 
particularly in POLD1 carriers, gastroduodenal polyps, and 
breast cancer.*? It is reasonable to screen affected patients every 
1 to 2 years with colonoscopy as with other polyposis syndromes 
beginning at age 20 and consider prophylactic colectomy based 
upon the specific polyp burden. 


NTHL1-Associated Polyposis. NTHLI is a base-excision repair 
gene similar to MUTYH. A autosomal recessive syndrome of 
oligopolyposis attributable to bi-allelic mutations in NTHL1 has 
recently been identified.*3!7* The syndrome is rare and appears 
to be much less common in the population than the MAP 
syndrome. Affected individuals typically exhibit approximately 
50 colonic adenomas in adulthood, and the risk for CRC is 
high. Interestingly, there appears to be a wider spectrum of 
extra-colonic malignancies observed compared with the MAP 
syndrome. In particular, high rates of endometrial, breast, and 
skin cancer have been reported.**? The management of colonic 
polyposis should be similar to guidelines established for MAP. 


Hamartomatous Polyposis Syndromes 


Several familial syndromes have been described that are char- 
acterized by multiple hamartomatous polyps of the GI tract. 
These include Peutz-Jeghers syndrome, juvenile polyposis syn- 
drome, PTEN (phosphatase and tensin homolog) hamartoma 
tumor syndromes (Cowden syndrome and Bannayan-Riley- 
Ruvalcaba syndrome), and other rare syndromes (Table 126.13). 
Most of these syndromes are associated with an increased risk 
of CRC. The progression of these polyps to cancer is not fully 
understood but occurs through a different mechanism than that 
described for adenomatous polyps. 


Peutz-Jeghers Syndrome 
Peutz in 1921 and Jeghers in 1949 described the familial syn- 
drome consisting of mucocutaneous pigmentation and GI pol- 
yposis that now bears their names. Peutz-Jeghers syndrome 
appears to be inherited as a single pleiotropic autosomal 
dominant gene with variable and incomplete penetrance.1*+3° 
Germline mutations of the STK11/LKB1, a serine-threonine 
kinase gene on chromosome 19p, underlie this syndrome,}%*97 
and 80% of all families with suspected Peutz-Jeghers syndrome 
have an identifiable STK11 mutation. 

Early in infancy, the characteristic mucocutaneous pigmen- 
tation of Peutz-Jeghers syndrome may be noted. These depos- 
its of melanin, which develop in 95% of affected individuals, 


TABLE 126.13 Hamartomatous Polyposis Syndromes 
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Location of GI Polyps Other Features 


Syndrome Mutated Gene (s) Polyps 
Peutz-Jeghers STK11/LKB1 Hamartomas with bands of 
syndrome smooth muscle in 
the lamina propria 
Juvenile polyposis MADH4, Juvenile polyps; also 
BMPR1A, ENG adenomas and 
hyperplastic polyps 
Cowden disease PTEN Hamartomas with 


disorganized muscularis 
mucosae 


Bannayan-Ruvalcaba- PTEN 
Riley syndrome 


Juvenile polyps 


Neurofibromatosis NF1 Neurofibromas 


RET 


Small intestine 


Pigmented lesions (mouth, hands, feet) 


Stomach Ovarian sex cord tumors 
Colon Sertoli tumors of the testes 
Airway polyps 
Pancreatic cancer 
Breast cancer 
Colon, gastric, small intestinal and esophageal cancer 
Colon Colon cancer in some families 
Small intestine Congenital abnormalities 
Stomach HHT phenotype in selected MADH4 carriers 
Stomach Trichilemmomas and papillomas 
Colon Other hamartomas 
Benign and malignant breast disease 
Benign and malignant thyroid disease 
Colon Macrocephaly; developmental delay; pigmented 
penile spots 
Small intestine Von Recklinghausen disease 
Stomach MEN IIB 
Colon 


PTEN, phosphatase and tensin homolog. 


are found most commonly around the mouth, nose, lips, buccal 
mucosa, hands, and feet, and they also can occur in the peri- 
anal and genital regions (Fig. 126.16). The macular lesions are 
brown to greenish-black, are smooth and hairless, and, except 
for the buccal pigmentation, tend to fade at puberty. The cli- 
nician must distinguish these melanin deposits from ordinary 
freckles. Freckles are sparse near the nostrils and mouth, are 
absent at birth (but can occur in infancy), and never appear on 
the buccal mucosa. The presence of this pigmentation should 
alert the clinician to this syndrome, but the skin lesions and 
intestinal lesions occasionally are inherited separately. 

Peutz-Jeghers polyps can increase in size progressively and cause 
small intestinal obstruction or intussusception that can occur as early 
as infancy. The polyps may be found in the stomach, small intestine, 
or colon, but they tend to be most prominent in the small intestine. 
Acute upper GI bleeding and chronic intestinal blood loss can com- 
plicate the disease. The average age at diagnosis is 23 to 26 years. 
Carcinomas of the colon, duodenum, jejunum, and ileum have been 
reported, and although it has been assumed that these cancers arise 
from rare foci of adenomatous epithelium that can develop within 
Peutz-Jeghers polyps, evidence for loss of STK11/LKB1 expression 
in Peutz-Jeghers polyps even without dysplastic epithelium raises the 
possibility that the STK11/LKB1 gene itself might be the gatekeeper 
to carcinogenesis in this syndrome, much like APC is the gatekeeper 
in FAP 8889 

Cancers throughout the GI tract and other organs are com- 
mon in familial Peutz-Jeghers syndrome (see Table 126.12).#0 
The mean age of diagnosis of cancer is approximately 40 to 50 
years, with a dramatic 93% overall cumulative risk of developing 
any cancer between 15 and 64 years of age. The most common 
cancers include breast (54%), colon (39%), pancreas (36%), stom- 
ach (29%), ovary (21%), and small intestine (13%). Ovarian cysts 
and distinctive ovarian sex cord tumors are seen in 5% to 12% of 
female patients with this syndrome.**! The ovarian tumors are 
histologically unique and can occur in young patients. Hormon- 
ally active Sertoli cell testicular tumors with feminizing features 
can occur in young boys with Peutz-Jeghers syndrome.**” Breast 
cancers may be found in young women and may be bilateral,* 
and the magnitude of breast cancer risk in this syndrome is simi- 
lar to that for other hereditary forms of breast cancer caused by 
germline mutations of BRCA1 and BRCA2. Other tumors that 
can occur in this syndrome include pancreatic cancers in young 
patients and polyps or cancers of the biliary tree and gallblad- 
der.*** Thus, Peutz-Jeghers syndrome confers an increased risk 


Fig. 126.16 Mucocutaneous pigmentation of Peutz-Jeghers syn- 
drome. Note the presence of pigmented macules not only on the outer 
lips but also the inner buccal mucosa (arrows). 


for cancer in a number of GI and non-intestinal organs. Neither 
the severity of polyposis nor the presence of pigmentation cor- 
relates with the risk of cancer." 

Guidelines for screening are empiric but should be directed 
toward at-risk organs for which early detection and treatment 
are reasonable, such as the entire GI tract, gonads (in both 
sexes), and breasts (in women) (see Table 126.12). With respect 
to the luminal GI tract, it is recommended that colonoscopy and 
small bowel imaging (by VCE or enteroscopy) be considered at 
age 8 and repeated every 2 years. Endoscopic polypectomy is 
the mainstay of treatment. 

Visualization of the small intestine is more challenging, and 
VCE often reveals more polyps than do barium studies.*°°+#° 
Balloon enteroscopy should be considered following abnormal 
VCE studies. Surgery is reserved for large, difficult to remove, 
or recurrent polyps; attention is focused on polypectomy while 
trying to avoid bowel resection as much as possible. Because 
of the high risk, pancreatic cancer surveillance also is recom- 
mended despite lack of formal evidence of efficacy. COX-2 inhi- 
bition can reduce the polyp burden in Peutz-Jeghers syndrome 
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patients,**° and rapamycin has reduced the polyp burden in an 
animal model of Peutz-Jeghers syndrome*’; the role of these 
agents in clinical practice is not yet established. 


Juvenile Polyposis Syndrome. Juvenile polyps are distinctive 
hamartomas that usually are solitary and are located principally 
in the rectum of children and seen occasionally in adults. They 
have a smooth surface and are covered by normal colonic 
epithelium. Juvenile polyposis syndrome can be defined by any 
one of the following criteria: 5 or more juvenile polyps of the 
colon and rectum, juvenile polyps throughout the GI tract, or 
any number of juvenile polyps in the GI tract with a family 
history of juvenile polyps.+#? Extra-colonic manifestations 
are not uncommon and can involve the CNS (macrocephaly, 
hydrocephalus), thorax (coarctation of aorta, atrial septal 
defects, tetralogy of Fallot), urogenital tract (undescended 
testes, bifid uterus and vagina, unilateral renal agenesis), and GI 
tract (Meckel diverticulum, malrotation).*** 

Juvenile polyposis typically presents with GI bleeding, 
intussusception, and obstruction. The clinical presentations of 
juvenile polyposis syndrome and FAP differ. Juvenile polyps 
can enlarge to produce symptoms in childhood, whereas the 
adenomatous polyposis syndromes rarely manifest in childhood 
and usually become evident in early adult life. The average age 
of diagnosis of juvenile polyposis syndrome is 4.5 years in the 
non-familial form and 9.5 years in the familial form.**? The risk 
of colon and upper GI cancer is increased in familial juvenile 
polyposis.*** In a large Iowa kindred, 38% of affected persons 
developed colon cancer and 21% developed an upper GI can- 
cer+°; Others report a somewhat lower risk of 17% incidence of 
GI malignancy.**! Although juvenile polyps per se are not con- 
sidered neoplastic, they can acquire adenomatous features that 
are considered pre-cancerous.*>*;+>> Thus, these polyps must be 
scrutinized by the pathologist for evidence of a mixed adeno- 
matous appearance, coexisting adenomas must be excluded, and 
particular attention should be paid to kindreds with CRC. 

Juvenile polyposis syndrome manifests autosomal domi- 
nant inheritance. Approximately 20% to 25% of cases carry a 
germline mutation of MADH4 (SMAD4), a tumor suppressor 
gene involved in TGF-f signaling.+ Another 20% of cases 
are caused by germline mutations of bone morphogenetic pro- 
tein receptor 1A (BMPRIA), another member of the TGF-6 
superfamily that depends on MADH4 for signal transduction. 
Mutations of ENG (endoglin) are associated with very early- 
onset juvenile polyposis,**° but are more common in HHT (see 
Chapter 38). Interestingly, a syndrome of combined HHT and 
juvenile polyposis has been seen in up to 20% of individuals 
with MADH# mutations, as well as with ENG mutations. A fam- 
ily history of juvenile polyposis syndrome is observed in 33% of 
cases, and the remaining cases are considered to arise de novo. 

The diagnosis of juvenile polyposis syndrome is typically made 
endoscopically. Screening colonoscopy and upper endoscopy usu- 
ally begins after 15 years of age if symptoms have not occurred 
already. The lifetime risk of CRC is estimated to be as high as 
50%, and the lifetime risk for gastric cancer is 21%. Asymptom- 
atic relatives should also be screened. Identification of a MADH4, 
BMPRIA, or ENG mutation in an affected family member helps 
guide screening only to those at-risk relatives who require it. 

In general, juvenile polyps should be removed because of 
their tendency to bleed and obstruct. When the polyp number 
is low, periodic endoscopic polypectomy may be adequate. Sur- 
veillance endoscopy with polypectomy of the upper and lower 
GI tracts should be performed yearly until the patient is polyp 
free, and then every 2 to 3 years.*#* For those with multiple or 
large juvenile colon polyps, colectomy should be considered. If 
subtotal colectomy with IRA is chosen, the rectal segment must 
remain under surveillance. Gastric polyposis can be quite dif- 
fuse and cause anemia, posing a difficult management problem. 
The risk of gastric cancer may be as high as 21%.448 


PTEN Hamartoma Tumor Syndromes. Germline mutations 
of PTEN, a tyrosine phosphatase protein that functions as a 
tumor suppressor, underlie a unique set of hamartomatous 
polyposis syndromes. The 2 most common are Cowden disease 
and Bannayan-Ruvalcaba-Riley syndrome, and PTEN mutations 
are observed in 81% and 57% of these cases, respectively.*#® 
Cowden Disease. Although reported in only a very small 
number of families, Cowden disease, or the multiple hamartoma 
syndrome, consists of hamartomatous polyps of the stomach, small 
intestine, and colon along with extra-intestinal manifestations 
that include orocutaneous hamartomas, fibrocystic disease and 
cancer of the breast, nontoxic goiter, and thyroid cancer.*** The 
hallmark of this autosomal dominant condition is the presence 
of multiple facial trichilemmomas, which arise from follicular 
epithelium and typically occur around the eyes, nose, and mouth. 
GI symptoms are uncommon. The colorectal polyps in Cowden 
disease are quite heterogeneous, and include a mixture of 
ganglioneuromas, hamartomatous polyps, HPs, and adenomatous 
polyps. The hamartomas are distinctive lesions characterized by 
disorganization and proliferation of the muscularis mucosae, with 
nearly normal overlying colonic epithelium.*»° 

In the esophagus, glycogenic acanthosis is commonly 
observed.1°° The organs at primary cancer risk include the 
breast, thyroid, uterus, colorectum, kidney, and skin (mela- 
noma) with cumulative lifetime risks estimated at 85%, 35%, 
28%, 9%, 34%, and 9% respectively.’ The risk of colon can- 
cer has traditionally thought to be low, but recent evidence 
suggests a lifetime risk as high as 9%.*+” Consequently, regular 
colon cancer surveillance is recommended (see Table 126.12). 


Bannayan-Ruvalcaba-Riley Syndrome. A rare autosomal 
dominant syndrome, Bannayan-Ruvalcaba-Riley syndrome 
consists of hamartomatous GI polyposis with macrocephaly, 
developmental delay and other developmental abnormalities, and 
pigmented spots on the penis.**+? Thyroiditis also has been 
described. Germline mutations in PTEN underlie this syndrome. 


Serrated Polyposis Syndrome (SPS). SPS is characterized 
by multiple SPs throughout the colon. SPS was previously 
designated hyperplastic polyposis syndrome when HPs were the 
only known histologically diagnosed SPs in the colon. Patients 
with SPS often demonstrate the full spectrum of SPs (HPs, 
SSAs with or without dysplasia, TSAs) and even conventional 
adenomas. The current WHO definition of SPS is: (1) at least 
5 histologically diagnosed SPs proximal to the sigmoid colon, 
with at least 2 larger than 10 mm; (2) any number of SPs 
occurring proximal to the sigmoid colon in a person who has a 
first-degree relative with SPS; or (3) more than 20 SPs of any 
size distributed throughout the colon.*°° 

The underlying genetics of SPS remains incompletely defined 
and is likely to be heterogeneous. In a small minority of cases, a germ- 
line mutation in the RNF43 gene has been identified and appears to 
be inherited in an autosomal dominant manner.*!*? Many cases 
of SPS may be sporadic, but hallmarks suggesting an inherited syn- 
drome include multiple lesions, younger age of onset of lesions, fam- 
ily history of SPS, and CRC. In fact, nearly half of SPS patients have 
a family history of CRC and also an elevated risk of SPS.2 The 
median age at diagnosis is 44 to 62 years, with near equal gender 
distribution. Gastroduodenal polyposis is not observed in this syn- 
drome.*** The risk of CRC is not fully defined. The reported rates 
of synchronous CRC at diagnosis range from 16% to 50%, but the 
cumulative risk of CRC at 5 years for patients under surveillance 
was estimated at only 2% to 7% in 2 series.46° The standard- 
ized incidence ratio for lifetime CRC risk in SPS is estimated to be 
18.72.4° Surgery is recommended when CRC is diagnosed or when 
the size and/or number of polyps does not permit endoscopic con- 
trol. Removal of colonic segments with cancer and those with large 
polyps is recommended, and the rectum typically can be retained. 
Most patients with a retained rectum will demonstrate polyps on 


subsequent endoscopy, at least half of which are SSAs or adeno- 
mas.*°+ Colonoscopic surveillance of any residual colon or rectum is 
recommended annually, with attempts to clear all polyps or at least 
those greater than 5 mm. It also is recommended that first-degree 
relatives of patients with SPS begin their screening colonoscopy at 
age 40, or 10 years younger than the youngest affected relative.” ® 


Other Inherited Polyposis Syndromes 

Hereditary Mixed Polyposis Syndrome. The hereditary mixed 
polyposis syndrome was first described in a large kindred with 
a tendency to develop colonic polyps of mixed histologic types 
in 1997.47 The disease appears to be inherited in an autosomal 
dominant fashion. The earliest age of onset of polyps was 23 years, 
the median age of symptoms was 40 years, and the median age of 
colon cancer diagnosis was 47 years. The characteristic polyp was an 
atypical juvenile polyp, although some persons had polyps of mixed 
histology, and others had more than one histologic type of polyp, 
including serrated adenomas, Peutz-Jeghers polyps, or conventional 
adenomas. Linkage to chromosome 15q14-q22 was described*©*4? 
and a gene duplication leading to increased and ectopic expression 
of GREM1 has since been associated with this syndrome.*’° The 
syndrome is rare, limiting the ability to accurately characterize the 
full spectrum of clinical features. It is recognized, however, that the 
polyp number can be quite variable, with some individuals exhibiting 
a relative paucity of polyps and absence of a “polyposis” phenotype.*”! 
The colon cancer risk is increased, supporting the recommendation 
of surveillance colonoscopy every 1 to 2 years.**® 


Intestinal —Ganglioneuromatosis and  Neurofibromatosis. 
Approximately 25% of patients with von Recklinghausen 
syndrome (caused by NF1 gene mutations) have neurofibromatosis 
involving the upper digestive tract, with multiple submucosal 
neurofibromas or, less commonly, ganglioneuromas that can cause 
dyspepsia, abdominal pain, or hemorrhage.*”* Diffuse plexiform 
ganglioneuromatosis can be associated with constipation. Severe, 
uncontrolled symptoms have required surgical treatment in a few 
cases. A high risk of peri-ampullary somatostatinoma and GIST also 
is observed in NF-1 syndrome. Multiple intestinal ganglioneuromas 
also have been observed in families and individual cases unrelated 
to von Recklinghausen disease.*”> Ganglioneuromas throughout the 
GI tract also can occur in patients with MEN type IIB, related to 
mutations of the RET gene.*”+ 


Devon Family Syndrome. Multiple and recurrent inflam- 
matory fibroid polyps of the stomach and intestine have been 
reported in one family.*”> These lesions, histologically distinct 
from juvenile polyps, can cause GI obstruction, with symptoms 
beginning in adult life. 


Basal Cell Nevus Syndrome. Basal cell nevus syndrome is 
another syndrome that has been associated with multiple gastric 
hamartomatous polyps*’°; however, several kindreds have been 
reported without mention of GI lesions. 


Non-Inherited Polyposis Syndromes 
Cronkhite-Canada Syndrome 


In 1955, Cronkhite and Canada reported the first examples of an 
acquired non-familial syndrome that now bears their names.*”’ It 
is characterized by the presence of diffuse GI polyposis, dystrophic 
changes in the fingernails, alopecia, cutaneous hyperpigmentation, 
diarrhea, weight loss, abdominal pain, and complications of mal- 
nutrition.*’° Patients typically are middle-aged or older (average, 
62 years) and present fairly acutely with a rapidly progressive ill- 
ness consisting of chronic diarrhea and protein-losing enteropathy 
with the associated integumentary abnormalities. The diarrhea is 
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attributable primarily to diffuse small intestinal mucosal injury, but 
SIBO may be contributory. GI polyps are found in 52% to 96% of 
patients and range in location from the stomach to the rectum.*”° 
‘These polyps are hamartomas similar to the juvenile (retention) 
type, but unlike juvenile polyposis, the mucosa between polyps 
is histologically abnormal, with edema, congestion, and inflam- 
mation. As is the case with juvenile polyps, there may be foci of 
adenomatous epithelium that can confer a risk of carcinoma. It is 
estimated that the risk of colon cancer is approximately 9%, and 
the risk of adenomas or adenomatous change is 40%.*8 Gastric 
cancer risk also is increased. Thus, screening of the colon and 
stomach should be considered. 

The malabsorption syndrome is progressive in most patients, 
and the prognosis is poor because there is no specific therapy. 
It has been suggested that complete symptomatic remission 
occasionally may be achieved with supportive management. 
In some cases, a variety of medical and surgical measures have 
been used, making it difficult to identify the essential therapeu- 
tic modality(s). Glucocorticoids, anabolic steroids, antibiotics, 
and surgical resections have been tried in many of the patients 
in whom remissions have been reported. Despite this therapeu- 
tic dilemma, aggressive nutritional support appears to be the 
most important factor in effecting a favorable outcome. Enteral 
feeding (if possible) or parenteral feeding (if necessary) with 
sources of calories, nitrogen, and lipids, in addition to appro- 
priate fluids, electrolytes, vitamins, and minerals, has resulted 
in complete symptomatic remissions with resolution of all the 
ectodermal aberrations. Antibiotics may be beneficial when 
SIBO contributes to the malabsorption. Although glucocorti- 
coids have been used in some of the cases of symptomatic remis- 
sion, the evidence to support their use is weak. Surgical therapy 
offers little and is risky in these malnourished patients. 

One case of complete remission has been reported in a 
patient managed only with enteral administration of a nutri- 
tionally balanced complete liquid diet.’ Attention should be 
paid to the possibility of secondary lactose or other disaccharide 
intolerance or protein-losing enteropathy in patients with dif- 
fuse small intestinal disease. Specific management awaits a bet- 
ter understanding of this perplexing syndrome. 


Lymphomatous Polyposis 


A variety of pathologic variants of Hodgkin and non-Hodgkin 
lymphomas, including immunoproliferative small intestinal 
disease can manifest as multiple lymphomatous polyps of the 
GI tract.*8° One variant worthy of mention is the mantle zone 
lymphoma (MZL), which can produce nodular collections of 
proliferating lymphocytes in wide mantles that surround benign- 
appearing germinal centers.**! The MZL has a characteristic his- 
tologic appearance and can have an indolent clinical course. These 
lesions are important because they require an adequate biopsy to 
distinguish them from true epithelial polyps and because of the 
possibility that MZL can have a prolonged clinical course. 


Nodular Lymphoid Hyperplasia 


Nodular lymphoid hyperplasia is a rare lymphoproliferative 
condition that is not related to a specific disease. It can be seen 
in healthy children and also has been described in the termi- 
nal ileum of some patients with Gardner syndrome and in some 
immunodeficiency syndromes, particularly combined variable 
immunodeficiency and IgA deficiency. These polyps, which are 
more common in the small intestine and measure approximately 
3 to 6 mm, typically do not cause symptoms. 


Full references for this chapter can be found on www.expertconsult.com. 
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Cancer of the colon and rectum (colorectal cancer [CRC]) is a 
major cause of cancer-associated morbidity and mortality in 
North America, Europe, and other regions with similar lifestyles 
and dietary habits. CRC is the fourth most common newly diag- 
nosed internal cancer overall in the USA, after cancers of the 
breast, lung, and prostate, and currently constitutes 9% of new 
cancers in men and 8% of new cancers in women. In 2020, it is 
estimated there will be 147,951 new CRC cases in the USA with 
53,200 CRC-related deaths.! CRC accounts for more than half of 
all GI cancer in the USA, and is the leading cause of Gl-related 
mortality.* In the USA, CRC incidence rates in men and women 
are similar, whereas rates are higher in men than in women in 
most parts of the world. Approximately 5% of the American 
population eventually will develop invasive colon or rectal can- 
cer, and more than 6 million Americans who are alive today will 
die of the disease. Currently in the USA, 1 in 21 men and 1 in 
23 women will develop CRC in their lifetimes, and the lifetime 
risk of dying from CRC is 2.5%. Globally, CRC is the third 
most common cancer in men and the second most common in 
women, with mortality paralleling incidence. 1.4 million new 
CRC cases and almost 700,000 related deaths were estimated to 
have occurred worldwide in 2012.*+-* Despite evidence that 5-year 
survival is 90% when CRC is diagnosed at an early stage, less than 
40% of cases are diagnosed when the cancer is still localized. 

Rapid growth of knowledge about the molecular and bio- 
logic characteristics of CRC has provided useful insights into 
the pathogenesis of these neoplasms and cancer in general. New 
insights also have been gained in regard to primary prevention. 
Because CRC arises over long periods as a result of interactions 
between genetic predisposition and environmental insults, it has 
become possible to identify preneoplastic and early neoplastic 
lesions better and to improve survival rates. Rapidly evolving 
knowledge of CRC pathogenesis, especially in high-risk groups, 
is allowing the development of new tools to identify those who 
will benefit most from cancer surveillance and from adjuvant 
therapy following potentially curative surgery. After decades with 
limited options for treating advanced disease, many new options 
for chemotherapy are now available. Individualized therapy based 
on molecular profiling has already become a reality. 


EPIDEMIOLOGY 


The frequency of CRC varies remarkably among different popu- 
lations (Fig. 127.1).4-° Incidence rates are highest in developed 
countries in Australia/New Zealand, Europe, and North America, 
and lowest in South Central Asia and Western Africa. There is a 
10-fold variation in incidence across the world. CRC incidence 
also differs within countries, depending on region and popula- 
tion (Fig. 127.2). These differences most likely are explained by 
differences in environmental factors, including dietary patterns 
(discussed in section on “Etiology”). 

Although the incidences of colon and rectal cancer overall 
are parallel, geographic variation is more pronounced for colon 
than for rectal cancer. High ratios of colon to rectal cancer (22:1) 
prevail in high-risk areas such as North America, whereas ratios 
below unity are often found in low-risk Asian and African popu- 
lations. There is a steeper rise in the incidence of colon cancer 
for each unit increase in the incidence of rectal cancer in women 
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Fig. 127.1 Age-standardized incidence of colon cancer per 100,000 population in various populat 
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compared with men, suggesting that colon and rectal cancer have 
related, but not identical, causes. 

In the USA, the incidence of CRC also varies regionally. In 
general, rates in the southern and western USA (except the San 
Francisco Bay area, Hawaii, and Nevada) are lower than the USA 
average, whereas rates are highest in the northeastern and north 
central states. CRC incidence rates also are moderately higher for 
urban residents, although socioeconomic status is not a consis- 
tent risk factor for CRC in studies of the USA population. These 
regional differences in the USA seem to be fading now, perhaps 
because of the increasing homogeneity of dietary patterns across 
the country. 

Between 1950 and the mid-1980s, the incidence of colon can- 
cer in the USA rose in the white population, whereas that of rec- 
tal cancer remained fairly stable. Mortality rates from CRC were 
stable among white men but decreased in white women. Both 
incidence and mortality rates for CRC increased substantially 
among African Americans during this period. CRC incidence and 
mortality have declined since 1985 in American adults at an aver- 
age annual rate of 1.6% and 1.8%, respectively; these trends are 
more evident in whites than blacks. Most recently (from 2005 
through 2014) incidence rates declined annually by about 2% to 
3%. Overall death rates from CRC declined between 1990 and 
2004 by almost 30% in men and 25% in women, with an overall 
decrease in mortality of 52% from 1970 to 2015. Although inci- 
dence rates have been declining among adults 55 years of age and 
older, recently there has been an increase in CRCs among younger 
individuals.? Colon cancer incidence rates increased by 1.0% to 
2.4% annually since the mid-1980s in adults of age 20 to 39 years 
and by 0.5% to 1.3% since the mid-1990s in adults of age 40 to 54 
years; rectal cancer incidence rates have risen faster (3.2% annu- 
ally from 1974 to 2013 in adults of age 20 to 29 years). This has 
implications for screening recommendations which have recently 
been modified by the American Cancer Society (ACS) (discussed 
in section on “Approach to Screening”). Young patients are 58% 
more likely than older patients to be diagnosed with metastatic 
versus localized disease, likely due to low suspicion of cancer and 
less access to medical care in this group. Currently, incidence and 
mortality rates for CRC are higher in non-Hispanic blacks com- 
pared with non-Hispanic whites.!°!? Analysis of the National 
Cancer Database suggests that insurance coverage differences 
and tumor characteristics respectively account for approximately 
one half and one quarter of the disparity in survival rates of black 
compared with white patients in the age range 18 to 64 years.!! 
Interval CRC incidence is also higher in blacks than whites.!° 
Over the last 4 decades (1973 to 2014) CRC incidence rates for all 
ages have dropped 33.9% in USA whites, but only 6.6% in USA 
blacks. In the USA Latin American population, incidence and 
mortality rates are slightly lower. The risk of CRC rises rapidly 
in populations that migrate from areas of low risk to areas of high 
risk, a pattern demonstrated clearly in Japanese immigrants to 
Hawaii and to the continental USA during the 1950s and 1960s. 
Cancer rates for Issei (the migrating generation) rose over a short 
period to exceed those of native Japanese living in Japan, and the 
incidence rates for Nissei (their USA-born offspring) rose pro- 
gressively to approximate those of the native white population. A 
similar upward displacement of CRC risk was noted in Europeans 
who migrated to Australia after World War II and in Jews who 
migrated to Israel from low-risk areas in Yemen and North Africa. 
Longitudinal studies reveal that in many countries where CRC 
incidence and mortality rates were low before 1950, rates have 
increased sharply, whereas in countries where rates were moder- 
ate or high, they have decreased, stabilized, or increased slightly. 
Globally, the incidence of CRC is projected to increase by 80% 
in the year 2035, reaching approximately 2.4 million cases and 1.3 
million deaths with disproportionate rises in the Western Pacific 
Region. The “Westernization” of this region with increases in 
obesity, smoking, high-calorie and high-meat-containing diets, 
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and decreased physical activity has likely contributed to this 
trend. The USA is the only country with significantly decreas- 
ing incidence rates of CRC, which, in part, reflects detection and 
removal of early neoplastic lesions through screening (discussed 
in section on “Approach to Screening”). 

Studies of temporal trends by subsite location of large bowel 
cancer demonstrate that for both sexes, incidence rates overall 
have increased for cancers of the cecum, ascending colon, and 
sigmoid colon and have decreased for cancers of the rectum; this 
change might reflect differing susceptibilities to neoplastic trans- 
formation in the proximal and distal colon. However, there has 
been a steep rise in rectal cancer in younger individuals. Pres- 
ently nearly one-third of rectal cancers are found in individu- 
als younger than age 55. Currently in the USA, the prevalence 
of CRC is highest in the rectum followed by the cecum and 
ascending colon, the sigmoid, the transverse colon, and last, the 
descending colon (Fig. 127.3).%? 


ETIOLOGY 


Inter-regional differences in the incidence of CRC, including 
differences among population groups living in geographic prox- 
imity but with different lifestyles, strongly suggest that environ- 
ment plays a role in the development of this disease. Migrant 
studies and rapid changes in incidence in countries assimilating 
Western practices support this concept. Strong epidemiologic 
and preclinical evidence exists for a link between diet, lifestyle, 
and CRC. Population studies and animal studies have attempted 
to delineate the effects of various fats and proteins, carbohy- 
drates, vegetable and fiber components, micronutrients, and 
lifestyle on the genesis of cancer of the large bowel (Box 127.1). 
Up to half of CRC may be attributable to modifiable risk fac- 
tors in the USA.'* It is difficult to estimate the impact of an 
individual dietary factor, however, given the complex interac- 
tion of multiple foods and nutrients in the diet. In general, a 
“healthy” dietary pattern characterized by high intake of fruits 
and vegetables, whole grains, nuts and legumes, seafood, milk 
and dairy products is associated with lower CRC risk, whereas 
a diet characterized by high red and processed meat intake, 
refined grain and refined sugar intake is associated with a higher 
CRC risk.!5 Environmental risk profiles may also differ by type 


BOX 127.1 Factors That May Influence Carcinogenesis in 
the Colon and Rectum 


INCREASED RISK (CONVINCING OR PROBABLE EVIDENCE) 

Alcoholic drinks* 

Body fatness! 

Developmental factors leading to greater linear growth (adult 
attained height) 

Processed meat’ 

Red meat consumption 

INCREASED RISK (LIMITED SUGGESTIVE EVIDENCE) 

Cigarette smoking 

Environmental carcinogens and mutagens 

Foods containing heme iron 

Heterocyclic amines (from charbroiled and fried meat and fish) 

Low intake of fruits 

Low intake of non-starchy vegetables 

Microbial dysbiosis 

DECREASED RISK (CONVINCING OR PROBABLE 

EVIDENCE) 


Aspirin, NSAIDs, and COX-2 inhibitors 
Calcium supplements 


Dairy products 

Foods containing dietary fiber 

Hormone replacement therapy (estrogen) 
Low body mass 

Vigorous physical activity 

Whole grains 


DECREASED RISK (LIMITED SUGGESTIVE EVIDENCE) 
Fish 

Foods containing vitamin CS 

Multivitamin supplements 

Vitamin D 


Limited evidence no conclusion (increased risk): animal fat, foods 
containing added sucrose, total fat, glycemic load 

Limited evidence no conclusion (decreased risk): cereals (grains), 
dietary n-3 fatty acid from fish, legumes, garlic, folate, vitamin A, 
vitamin B6, vitamin E, beta-carotene 


*Intake above approximately 30 g alcohol per day. 

tBody fatness based on BMI, waist circumference, or waist-hip ratio. 

+Meats preserved by smoking, curing, salting, or addition of chemical preser- 
vatives. 

SEvidence best for colon cancer. 


of CRC precursor lesion (conventional adenomas versus ser- 
rated polyps) and by molecular subtype of cancer.!®!” Lifestyle 
and environmental factors recently have been combined with 
gender and family history to develop risk scores to guide when 
and how to screen for CRC.!® 


Fat, Bile Acids, and Bacteria 


Several lines of evidence suggest that diets containing large per- 
centages of fat predispose to CRC, especially of the descending 
and sigmoid colon. Colon cancer rates are higher in populations 
whose total fat intake is high and are lower in those who consume 
less fat. On average, fat constitutes 40% to 45% of total calorie 
intake in Western countries with high rates of CRC, whereas in 
low-risk populations, fat accounts for only 10% to 15% of dietary 
calories. Results from case-control and cohort studies support 
the correlation of dietary fat with incidence and mortality rates 
from colon cancer and, to a lesser degree, rectal cancer. 
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A prospective study assessed the relationship of meat, fat, and 
fiber intake among 88,751 women aged 34 to 59 years. After 
adjustment for total energy intake, intake of animal fat was sig- 
nificantly correlated with the risk of colon cancer and the intake 
ratio of red meat to chicken and fish was strongly associated with 
increased incidence of colon cancer. Similar findings have been 
reported that correlate the intake of saturated fat and the ratios of 
red meat to chicken and fish intake with both the incidence and 
recurrence of colorectal adenomas in women. Of note, cohort 
studies and a combined analysis of 13 case-control studies that 
adjusted for total energy intake, however, failed to provide clear- 
cut evidence for the association between dietary fat and CRC 
observed in earlier studies. Studies that specifically examine the 
association between intake of saturated or animal fat and CRC 
suggest a stronger association of these fats than with total fat. 

Animal studies lend additional support for the role of dietary 
fat in the development of colon cancer. These studies usually 
involve the injection of carcinogens such as 1,2-dimethylhydra- 
zine or azoxymethane into rodents fed various diets. Animals fed 
a variety of polyunsaturated and saturated fats develop greater 
numbers of carcinogen-induced colonic adenocarcinomas than 
do those on low-fat diets. The amount and source of dietary 
fat might affect tumor development in such studies; fatty acids 
derived from polyunsaturated fish oils (omega-3 polyunsaturated 
fatty acids [PUFAs]) and monosaturated olive oil might not pro- 
mote tumors to the extent that other polyunsaturated fats do, 
or may even reduce the risk of CRC. Intake of omega-3 PUFAs 
(eicosapentaenoic acid [EPA] and docosahexaenoic acid) is asso- 
ciated with reduced CRC risk in epidemiologic and preclinical 
studies, and affects molecular pathways associated with mucosal 
epithelial proliferation and inflammation (discussed later). 

It has been proposed that dietary fat enhances hepatic choles- 
terol and bile acid synthesis, thereby increasing the amounts of 
these sterols in the colon. Colonic bacteria convert these com- 
pounds to secondary bile acids, cholesterol metabolites, and other 
potentially toxic metabolic compounds. Population studies demon- 
strate increased excretion of sterol metabolites and fecal bile acids 
in groups that consume a high-fat, low-fiber Western diet com- 
pared with other groups, and high fecal bile acid levels are found 
in some patients with CRC. Dietary fat also has been shown to 
increase the excretion of secondary bile acids in carcinogen-treated 
rats; secondary bile acids do not act as primary carcinogens but as 
potent promoters of colon carcinogenesis in such animal models. 
Little is known about how lipid and sterol metabolites promote 
tumors, but both bile acids and free fatty acids have been shown to 
damage the colonic mucosa and increase the proliferative activity 
of its epithelium. Dietary consumption of high amounts of corn oil 
and beef fat increase colonic ornithine decarboxylase levels, which 
are associated with rapidly proliferating mucosa. Activation of pro- 
tein kinase C by bile acids in colonic mucosa also might repre- 
sent an important intracellular event by which bile acids provoke a 
proliferative response. Mucin alterations are a common feature of 
colonic neoplasia, and alterations in MUC2 mucin have been asso- 
ciated with tumor progression in the colon. Bile acids induce mucin 
expression in human colon carcinoma cells by increasing MUC2 
transcription through a process involving mitogen-activated pro- 
tein (MAP) kinase-independent, protein kinase C-dependent acti- 
vation of the transcription factor AP-1. Bile acids can, in addition, 
induce release of arachidonate and conversion of arachidonic acid 
to prostaglandins in the mucosa, which can enhance cell prolifera- 
tion. Preclinical and clinical evidence indicate that NSAIDs, which 
reduce prostaglandin synthesis, reduce the incidence of large bowel 
cancer (discussed in section on “Arachidonic Acid, Eicosanoids, 
and COX-2”); inhibition of the inducible enzyme COX-2 may be 
particularly important in this regard. 

Certain fatty acids could promote carcinogenesis by altering 
membrane fluidity after being incorporated into cell membranes. 
Bacterial enzymes such as 7a-dehydroxylase (which converts 
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cholic to deoxycholic acid), B-glucuronidase, nitroreductase, and 
azoreductase may be induced by a high-fat diet and also could 
convert ingested dietary compounds to active carcinogens (see 
later). 

An inverse relationship has been reported between physical 
activity and risk for colon adenomas and CRC, especially in men. 
Although moderate activity on a regular basis lowers the risk of 
CRC, vigorous activity may have an even greater benefit. Obesity 
is associated with elevated risk of CRC in both men and women. 
Studies examining body fat distribution and CRC consistently 
demonstrate that larger waist circumference or higher waist-to- 
hip circumference is associated with CRC risk.!?° Serum cho- 
lesterol and f-lipoprotein levels have been positively correlated 
with the development of colorectal adenomas and CRC, but this 
association has not been demonstrated consistently, and serum 
cholesterol levels can decline before the development of colon 
cancer. Adiponectin is a hormone secreted by adipose tissue, 
serum levels of which are inversely correlated with obesity and 
hyperinsulinemia. Variants of adiponectin and adiponectin recep- 
tor genes have been correlated with differences in CRC risk.’! 

It is now recognized that the human microbiota are essen- 
tial partners that benefit overall host physiology, development, 
metabolism, and immune homeostasis (see Chapter 3). A grow- 
ing body of literature indicates that microbial “dysbiosis” may 
be etiologic for CRC.??-?7 Factors such as antibiotic use, dietary 
fiber intake, and other host factors that modify the intraluminal 
microbe environment could contribute to bacterial dysbiosis. 
Gavage of fecal samples from patients with CRC can promote 
intestinal carcinogenesis in germ-free and conventional mice.’° 
Certain bacteria may have direct mutagenic capabilities or 
interfere with the host DNA repair machinery. Many bacteria 
implicated in colorectal carcinogenesis share a common abil- 
ity to enhance Wnt-mediated signaling pathways or other pro- 
inflammatory pathways that are commonly mutated or expressed 
in CRC. Metabolism of dietary substrates by selected bacterial 
groups of the intestinal microbiota may lead to the production of 
mutagens (fecapentaenes, diacylglycerols, sulfide, secondary bile 
acids, and reactive oxygen species) that promote DNA damage. 
There is substantial evidence that the microbiome can modulate 
host immune cell function, promoting low-grade chronic inflam- 
mation in the intestine. Microbial status modulates the devel- 
opment of colitis-associated CRC in susceptible mice. In turn, 
inflammation may create an environment that supports carcino- 
genesis through its effects on the microbiota.*’ Although nearly 
1000 bacterial species are detectable in stool, only approximately 
100 species are detected in complex community structures known 
as biofilms that are adherent to colonocytes. An emerging con- 
cept is that bacterial biofilms can dramatically alter host and 
microbial function in CRC. Colon biofilms are observed sporadi- 
cally in healthy individuals and are thinner and more disjointed 
than the thick, continuous biofilms seen in patients with IBD and 
CRC. It is unlikely that a single bacterial species is responsible 
for the development of CRC. Fusobacterium nucleatum, however, 
is among the most prevalent in human CRC tissues, and has been 
associated with colon cancer cells in metastatic lesions in a mouse 
model.” Associations are described of CRC with bacteria includ- 
ing Streptococcus gallolyticus (formerly known as S. bovis), as well 
as Clostridium septicum and Helicobacter pylori, and with viruses 
including human papillomavirus and JC virus.** 


Fiber 


Epidemiologic, case-control, and animal studies suggest that 
dietary fiber protects against the development of colon cancer. 
Dietary fiber is plant material that resists digestion and is composed 
of a heterogeneous mix of carbohydrates (e.g., cellulose, hemicel- 
lulose, pectin) and non-carbohydrates (e.g., lignins abundant in the 


woody portions of plant seed coats and the bran layer of grains). 
Although the protective role of fiber is not completely clear, epi- 
demiologic studies correlate high-fiber intake with a lower inci- 
dence of colorectal neoplasia.*> Evidence is strongest for whole 
grains and plant foods containing dietary fiber, and more limited 
for cereal grains. In humans, it is not clear whether dietary fiber 
itself, the phytochemicals in high-fiber foods, or the products of 
bacterial components of these foods are most active biologically. 
The majority of observational, epidemiologic, and case-control 
studies support the protective effect of fiber-rich diets, but do not 
define the relationship between fiber-rich food and the non-fiber 
vegetable components, nutrients, and micronutrients in fruits and 
vegetables. The effect of fiber components on different portions 
of the large bowel also can vary, which might explain, in part, the 
inability of fiber supplementation to prevent adenoma recurrence 
in several randomized controlled trials (RCTs).2”°° 

Overall, diets rich in vegetables, fruits, and whole grains are 
associated with a decrease in CRC risk. Investigators postu- 
late that fibers such as cereal bran exert their protective role by 
increasing stool bulk, thereby diluting carcinogens and carcino- 
genesis promoters, enhancing their elimination, and minimizing 
their duration of mucosal contact by decreasing intestinal transit 
time. Increased fiber intake in the form of whole wheat and rye 
bread also reduces the concentration of fecal secondary bile acids 
and fecal mutagens in healthy subjects. In addition, animal stud- 
ies have demonstrated a decreased incidence of colonic tumors 
in 1,2-dimethylhydrazine-treated rats fed diets high in fiber and 
fiber components (e.g., wheat bran, cellulose, hemicellulose). 
Cellulose and hemicellulose decrease the levels of bacterial meta- 
bolic enzymes, for example, f-glucuronidase, in experimental 
animals and can diminish the activation of carcinogens or co-car- 
cinogens. Furthermore, some fiber components can bind to toxic 
or carcinogenic substances, thus perhaps reducing their contact 
with the colonic mucosa. Fiber components also are fermented by 
fecal flora to short-chain fatty acids and other biologically active 
products, potentially inhibiting carcinogenesis. 


Carcinogens and Fecal Mutagens, Vitamins, and 
Micronutrients 


The possibility that specific genotoxic carcinogens might play a 
role in the genesis of CRC was raised when it was noted that the 
stools of certain persons exhibited mutagenic activity for bacteria 
in vitro. Mutagenic activity often is present in the feces of popu- 
lations at high risk for colon cancer and is low or absent in low- 
risk populations. Numerous case-control and cohort studies have 
provided evidence that consumption of red meat (unprocessed 
mammalian muscle meat) is associated with CRC risk. In 2015 
an international working group of scientists from 10 countries 
determined that based on a large body of evidence, consump- 
tion of red meat should be classified as “probably carcinogenic 
to humans.”*! This was based on strong mechanistic evidence 
and substantial epidemiologic data showing a positive association 
between consumption of red meat and CRC. One meta-analysis 
of cohort studies estimated that daily consumption of approxi- 
mately 100 g of red meat or 50 g of processed meat (meat that 
has been transformed though salting, curing, fermentation, and 
smoking) increases the risk of CRC by 15% to 20%.* It also 
has been recognized that “charbroiled” and, to a lesser extent, 
fried foods contain mutagenic compounds such as heterocyclic 
amines and polycyclic aromatic hydrocarbons. In addition, the 
heme in red meat may act as a catalyst to nitrosamine forma- 
tion, generating free radicals that may damage DNA. There is 
convincing evidence of a greater CRC risk with increased alcohol 
intake, especially among men. Consumption of more than 2 to 3 
(intakes above approximately 30 g) alcoholic beverages per day is 
associated with a 1.4-fold risk of CRC. 


The exact nature of the genotoxic carcinogens that might act 
in the human colon remains speculative, but the identification of 
such compounds could provide a basis for intervention and pri- 
mary prevention of CRC. Limited data suggest that foods rich in 
carotene (vitamin A) and vitamin C could act as antioxidants and 
be used in the chemoprevention of colon cancer, but prospec- 
tive trials have failed to demonstrate such an effect. Other areas 
that merit further exploration in the prevention of CRC include 
the role of yellow-green cruciferous vegetables and the role of 
micronutrients including selenium salts, vitamin E, folic acid, and 
calcium (see later). 


Calcium and Vitamin D 


Epidemiologic, clinical, and laboratory evidence suggest that 
calcium intake is probably protective against carcinogenesis in 
the colon.’** Calcium has numerous biologic effects that could 
reduce colon carcinogenesis including actions on the cell cycle, 
cyclic adenosine monophosphate, calmodulin, tyrosine kinases, 
ornithine decarboxylase, and E-cadherin. The calcium-sensing 
receptor that is expressed in the intestine senses extracellular cal- 
cium, with resultant effects on differentiation and proliferation. 
Dietary calcium supplementation in the form of low-fat dairy 
foods can affect a variety of intermediate biomarkers thought to be 
associated with tumor progression in the colon, and supplemental 
calcium plus vitamin D alters pre-neoplastic features of colorectal 
adenomas. Although the relationship between increased calcium 
intake and a lower incidence of colonic adenomas and carcino- 
mas has not been uniformly demonstrated, overall, observational 
studies suggest a protective effect. A pooling project of 10 cohort 
studies strongly suggested that calcium intake is inversely related 
to the risk of CRC.** 

Further support for the beneficial effect of calcium in pre- 
venting colonic cancer comes from numerous animal studies. 
The increase in colonocyte proliferation stimulated by intrarec- 
tal instillation of deoxycholate and free fatty acids or by dietary 
supplementation with cholic acid may be ameliorated by oral cal- 
cium supplementation in laboratory animals. Rodents that were 
fed high-fat diets also demonstrated a reduction in the number 
of carcinogen-induced tumors, especially tumors that showed 
K-ras mutations, when their diet was supplemented with cal- 
cium. Ornithine decarboxylase, an enzyme involved in polyamine 
biosynthesis and elevated in pre-neoplastic states, is reduced in 
rat colonic mucosa incubated with calcium in-vitro, and supple- 
mental calcium suppresses elevated levels of this enzyme in the 
mucosa of older adult patients with adenomatous polyps. It has 
been suggested that dietary calcium binds to ionized fatty acids 
and bile acids in the intestine, converting them to insoluble cal- 
cium compounds that are incapable of stimulating epithelial pro- 
liferation. Calcium increases fecal excretion of both phosphate 
and bile acids and modifies the amounts of bile acids in bile. In 
addition, calcium in milk products is capable of precipitating 
luminal cytotoxic surfactants, thereby inhibiting their effects 
on colonic mucosa. These potential beneficial effects of calcium 
have not been observed uniformly, however, and studies of the 
effects of calcium on rectal mucosa have not always demonstrated 
a reduction in proliferation rates. In other studies, calcium sup- 
plementation normalized the distribution of proliferating cells 
in the colonic crypt without affecting the rate of proliferation in 
colorectal mucosa. 

Vitamin D; metabolites and analogs have been shown to play 
an important role in the regulation of a number of important 
cellular processes, including proliferation, differentiation, and 
apoptosis, in addition to their role in mineral homeostasis. These 
steroidal compounds have rapid effects that do not involve gene 
transcription or protein synthesis, as well as genomic effects that 
involve the vitamin D receptor and other transcription factors. 
Vitamin D modulates more than 200 genes involved in cell cycle 
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regulation, growth factor signaling, protection against oxidative 
stress, bile acid and xenobiotic metabolism, cell adhesion, DNA 
repair, angiogenesis, inflammation, and immune function. Effects 
of vitamin D and its metabolites have been demonstrated in nor- 
mal and malignant colonocytes, and several potential mechanisms 
have been suggested by which these compounds might prevent 
carcinogenesis in the colon. Several factors affect changes in 
serum vitamin D concentrations in response to supplementation 
including sex, baseline serum levels, intake adherence, skin- 
covering clothes, physical activity and season. A recent inter- 
national pooling project of 17 cohorts indicated that higher 
circulating 25(OH)D; was related to a statistically significant, 
lower CRC risk in women and non-statistically significant lower 
risk in men.** Dietary supplementation with calcium and vita- 
min D in rodents fed colon tumor-inducing Western diets sig- 
nificantly reduced tumor incidence and multiplicity, in addition 
to altering expression of a variety of genes linked to initiating 
formation of colon tumors. In a recent randomized human trial, 
however, daily supplementation with vitamin D3, calcium, or 
both, after removal of colorectal adenomas did not significantly 
reduce the overall risk of recurrent adenomas.*> The ability of 
vitamin D; supplementation to reduce advanced adenoma risk, 
however, varied according to vitamin D receptor genotype.*° 


Arachidonic Acid, Eicosanoids, and COX-2 


Clinical case-control and cohort studies have shown a 40% to 
50% reduction in CRC-related mortality in persons who take 
aspirin and other NSAIDs on a regular basis compared with those 
not taking these agents. The exact mechanism for cancer protec- 
tion with these agents is unknown, but it might relate to altered 
synthesis of arachidonic acid metabolites (eicosanoids) including 
prostaglandins, thromboxanes, leukotrienes, and hydroxy-eicosa- 
tetraenoic acids. These compounds modulate a number of signal 
transduction pathways that affect cellular adhesion, growth, and 
differentiation. COX (or prostaglandin-endoperoxide synthase) 
oxidizes arachidonic acid to prostaglandin G», reduces prosta- 
glandin G; to prostaglandin H}, and is the key enzyme respon- 
sible for production of prostaglandins and other eicosanoids. 
COX exists in 2 isoforms: COX-1 and COX-2. COX-1, the 
constitutive form of the enzyme, is present in most tissues and 
is involved in the physiologic production of prostaglandins to 
maintain normal homeostasis. COX-2 is induced by cytokines, 
mitogens, and growth factors, and its level is elevated in both 
murine and human CRCs.’”? Expression of COX-2 is markedly 
increased in 85% to 95% of CRCs and in experimental models of 
CRC. COX-2 inhibition prevents cancer from developing dur- 
ing the initiation, promotion, and progression stages of carcino- 
genesis. Knockout of COX-2 results in suppression of intestinal 
polyposis in animal models of familial adenomatous polyposis 
(FAP). 15-Hydroxyprostaglandin dehydrogenase is a prostaglan- 
din-degrading enzyme that is lost in human colon cancers and 
has been shown to be a physiologic antagonist of the prostaglan- 
din-synthesizing activity of COX-2.°? It has been speculated that 
NSAIDs might reduce formation of colon tumors by inhibiting 
prostaglandin-mediated proliferation, but other evidence sug- 
gests that part of their effect might result from inducing apopto- 
sis. Overexpression of COX-2 has been demonstrated to decrease 
apoptosis, whereas inhibition of COX-2 leads to an increase in 
apoptosis. NSAIDs potentially can induce apoptosis through 
elevation of the prostaglandin precursor arachidonic acid, which 
stimulates conversion of sphingomyelin to ceramide, a media- 
tor of apoptosis. The COX2 pathway also shares functionally 
important crosstalk with the PI3 kinase (PI3K) pathway. COX2 
is overexpressed in CRC in part due to activating mutations in 
oncogenic PJ3CA-driving PI3K signaling. NSAIDs also inhibit 
the activation of genes by the nuclear hormone receptor peroxi- 
some proliferator-activated receptor 6 by disrupting the ability 
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Fig. 127.4 A-C, Three views of aberrant crypt foci at different magnifications. Aberrant crypt foci consist of 
large thick crypts and are thought to be precursors of adenomas in the colon. 


of this receptor to bind DNA. Other potential mechanisms by 
which COX-2 inhibition might affect tumor formation include 
alterations of cell adhesion to extracellular matrix proteins, inhi- 
bition of tumor neovascularization (angiogenesis), and reduction 
in carcinogen activation. Studies using animal models of FAP, 
demonstrated that treatment with COX-2-specific inhibitors is 
associated with a significant dose-dependent reduction in size 
and number of polyps as well as alterations in polyp morphology. 
COX-2 inhibition is associated with decreased levels of vascular 
endothelial growth factor (VEGF) and with lower rates of DNA 
replication. 

Environment and diet affect the genesis of CRC, but their 
exact roles remain unclear. Their complex nature renders defi- 
nition of the influence of individual environmental and dietary 
components difficult. Nonetheless, various national and inter- 
national agencies have made recommendations regarding the 
effects of nutrition and physical activity for cancer prevention, 
including prevention of CRC.!+15.19,8 


Chemoprevention 


Chemoprevention refers to the use of natural or synthetic agents to 
reverse, suppress, or prevent progression or recurrence of cancer; 
this is a cornerstone of primary prevention. Data on CRC chemo- 
prevention come from studies in laboratory animals, observational 
epidemiologic studies, case-control studies, and RCTs. Because 
the natural history of CRC is protracted, clinical RCTs often 
have concentrated on preventing colorectal adenomas, which 
represent a form of intraepithelial neoplasia and are the precur- 
sors to carcinoma. The duration of the studies and sample sizes 
required, cost, and ethical considerations make the use of cancer 
an impractical end point. This difficulty has led to an increasing 
use of surrogate biomarkers to study CRC chemoprevention. To 
be valid, however, such biomarkers need to accurately represent 
the events involved in carcinogenesis, and there should be a clear 


relationship between the chemopreventive agent, modulation of 
the biomarker, and the development of cancer. 

There has been interest in the use of magnifying endoscopy to 
study aberrant crypt foci (ACF) of the colon as possible markers 
in chemoprevention trials.*® ACF consist of large, thick crypts 
with dysplastic features; they can be detected by chromoendos- 
copy using agents such as methylene blue or indigo carmine (Fig. 
127.4) and at least a subset of dysplastic ACF is thought to be a 
precursor of colonic adenomas. It is unclear, however, whether 
these lesions, which appear to be precursors to neoplasia in ani- 
mal models, play a similar role in the human colon, and studies 
suggest that the majority of ACF in the human colon may be 
hyperplastic rather than dysplastic (see Chapter 126). Dysplas- 
tic ACF appear to be more common in the right colon, share 
molecular characteristics with neoplastic lesions in the colon, and 
are associated with synchronous adenomas.*° 

The potential benefit of low-fat, high-fiber diets based on 
descriptive epidemiology and case-control studies already has 
been discussed, but current data from prospective human che- 
moprevention trials are thus far equivocal or negative. Two 
large RCTs examined the effects of fiber supplementation on 
recurrence of adenomas. The Polyp Prevention Trial’? ran- 
domized 2079 subjects with a history of colorectal adenomas to 
receive counseling together with a low-fat, high-fiber diet rich 
in fruits and vegetables or to receive their usual diet alone. The 
incidence of recurrent adenomas at 1 and 4 years, as determined 
by colonoscopy, was similar in both groups. In a study con- 
ducted by the Phoenix Colon Cancer Prevention Physicians’ 
Network,*? 1429 patients with a history of colorectal adenoma 
were randomized to receive 2 or 13.5 g of supplemental wheat 
bran per day. Colonoscopy failed to show a difference in the 
incidence of recurrent adenomas at a median follow-up of 34 
to 36 months. 

A large body of observational and laboratory studies suggests 
a role for dietary calcium supplementation in chemoprevention. 


A prospective double-blind placebo-controlled trial showed that 
supplemental calcium (3000 mg of calcium carbonate per day, 
equivalent to 1200 mg of elemental calcium) reduced the inci- 
dence and number of recurrent adenomas in subjects chosen for a 
recent history of such lesions.*! The effect of calcium was modest: 
19% reduction in recurrence of adenomas and 24% reduction in 
the number of adenomas over 3 years, independent of age, sex, 
or dietary intake of calcium, fat, or fiber. The protective effect 
of calcium supplementation on the risk of colorectal adenoma 
recurrence extended up to 5 years after cessation of active treat- 
ment, even in the absence of continued supplementation.” Anal- 
ysis of subjects’ serum vitamin D status suggested that calcium 
supplementation and vitamin D appear to act together to reduce 
the risk of adenoma recurrence.’ The results of a Japanese study, 
the Fukuoka Colorectal Cancer Study, support the joint action 
of calcium and vitamin D in preventing CRC.* A large prospec- 
tive randomized trial aimed at delineating the individual and 
combined effects of calctum carbonate (1200 mg) and vitamin 
D; (1000 IU) supplementation (the Vitamin D/Calcium Polyp 
Prevention Study) on adenoma occurrence in susceptible indi- 
viduals, however, failed to demonstrate a significant reduction in 
adenoma recurrence over 3 to 5 years with calcium, vitamin D, 
or both.’ Further analysis indicated that vitamin D reduced the 
risk of advanced adenomas in individuals with certain vitamin D 
receptor genotypes.*° Human trials using antioxidant vitamins A, 
C, and E have provided equivocal results, and current data do 
not support their routine use for CRC prevention in average-risk 
persons.”® 

Folic acid and its metabolites play an important role in DNA 
synthesis, strand integrity, and methylation. Epidemiologic stud- 
ies have found a lower incidence of CRC among those with high 
compared with low dietary intake of folate. This protective effect 
also was suggested by the Nurses’ Health Study, in which high 
doses of folate (as part of multivitamin supplementation) given 
over several years were protective against CRC. One large pro- 
spective RCT™*:#¢ failed, however, to demonstrate a protective 
effect of 1 mg/day of folate supplementation on recurrence of 
adenoma compared with placebo, and suggested that folate 
supplementation in persons with prior adenomas actually might 
increase adenoma risk. Analysis of baseline dietary and serum 
folate levels in these subjects supports the idea that whereas mod- 
erate doses of folate may be protective compared with folate defi- 
ciency, at some point of sufficiency, supplementation provides no 
additional benefit.*° Lack of prevention of adenoma recurrence 
with folate (0.5 mg/day) supplementation also was shown in 
another RCT.*” 

Epidemiologic, case-control, and prospective cohort trials 
suggest a protective effect against the development of CRC in 
women who take hormone (estrogen) replacement therapy. It has 
been postulated that estrogen might protect against colon cancer 
by decreasing production of secondary bile acids, by decreasing 
levels of insulin-like growth factor (IGF)-1, or through as yet 
undetermined direct effects on colonic mucosal epithelial cells. 
Cigarette smoking has been associated with incidence of and 
mortality from CRC in observational studies, but the long-term 
effects of smoking cessation on CRC have not been studied. 

The most promising results for CRC chemoprevention 
come from trials using aspirin and NSAIDs.** Case-control and 
cohort studies suggested that the risk for adenoma and carcinoma 
may be reduced up to 40% to 50% among aspirin and NSAID 
users compared with controls, but that this may require long- 
term aspirin use. The Nurses’ Health Study demonstrated that 
the benefits of aspirin might not be evident until after at least a 
decade of regular aspirin consumption. One analysis assessed the 
effects of aspirin on long-term incidence and mortality of CRC in 
relation to dose and duration of treatment, and tumor site.*? This 
study established the effects of aspirin on CRC risk over 20 years 
by analysis of pooled data from 4 randomized trials of aspirin 
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used for primary and secondary prevention of cardiovascular dis- 
ease. Allocation of aspirin reduced the 20-year risk (24%) and 
mortality (35%) of colon cancer, but not rectal cancer. Benefit 
increased with scheduled duration of treatment in that aspirin 
use for at least 5 years reduced the risk of proximal cancer by 
about 70%, and the risk of rectal cancer by 42%. Several prospec- 
tive placebo-controlled adenoma prevention trials now provide 
compelling evidence that aspirin use reduces the risk of colorec- 
tal adenomas in persons with a history of adenoma (12% to 
21% reduction) with the magnitude depending on aspirin dose; 
larger degrees of prevention were seen with advanced adenomas 
(approximately 40% reduction).**°°-*? In 2 trials which stratified 
aspirin dose, lower doses of aspirin (81 to 160 mg) were more 
effective than higher doses. New adenomas also were reduced by 
aspirin in patients after resection of CRC. Part of aspirin’s effect 
on mortality may also result from a reduction in both tumor 
progression and metastatic disease. Aspirin’s beneficial effects 
likely result from multiple inter-related mechanisms including 
effects on COX1 and COX2, 15-prostaglandin dehydrogenase, 
WNT-6-catenin signaling, inflammatory and immune responses, 
and platelet-mediated effects. Indeed these pathways may pro- 
vide markers for risk stratification of who will most benefit from 
aspirin use. Aspirin confers a significant reduction in the risk of 
cancers that over express COX2 but not in those with negative 
or low expression. Aspirin use is also associated with a lower risk 
of BRAF (a proto-oncogene in the MAPK signaling cascade)- 
wild type CRC but not BRAF-mutant CRC, and with improved 
survival among individuals whose established tumors have muta- 
tions in PIZCA (encoding the PI3K catalytic subunit-a), but not 
in those with wild type PI3CA cancers. Based on this large body 
of data, the U.S. Preventive Services Taskforce (USPSTF) rec- 
ommended low-dose aspirin for primary prevention of cardiovas- 
cular disease and CRC in adults aged 50 to 59 years who have a 
10% or greater 10-year cardiovascular risk, are not at increased 
risk of bleeding, have a life expectancy of at least 10 years, and are 
willing to take aspirin daily for at least 10 years.” 

Data are now available on the role of other nonselective 
NSAIDs and COX-2-specific inhibitors as chemopreventive 
agents for preventing sporadic adenomas. Given biological plau- 
sibility, preclinical in vitro and animal data, and data on adenoma 
regression in patients with FAP, several randomized trials were 
undertaken to examine the effect of COX-2 selective inhibitors 
on formation of new adenomas in patents with a history of spo- 
radic adenomas. The Adenoma Prevention with Celecoxib (APC) 
trial>+ randomized 2035 subjects to celecoxib at a dose of 200 or 
400 mg twice daily. Use of celecoxib was associated with a dose- 
dependent 33% to 45% reduction in the development of new 
adenomas at 3 years, with a 57% to 66% reduction in the num- 
ber of patients developing advanced adenomas. The Prevention 
of Sporadic Adenomatous Polyps (PreSAP) trial’? randomized 
1561 patients to receive 400 mg celecoxib once daily or placebo. 
Use of celecoxib was associated with a 36% overall reduction in 
formation of new adenomas and a 51% reduction in advanced 
adenomas over 3 years. Finally, the Adenomatous Polyp Preven- 
tion on Vioxx Trial’ć was a double-blind RCT of the efficacy of 
oral rofecoxib, 25 mg daily, to prevent colorectal adenomas in 
2587 subjects. The risk of adenoma recurrence over 3 years was 
lower for subjects on rofecoxib than on placebo, with a 24% over- 
all reduction and a 30% reduction in advanced adenomas. The 
effect of the drug was more pronounced in the first year than in 
the subsequent 2 years. 

Thus, well-conducted prospective RCTs demonstrated a sig- 
nificant reduction in formation of new adenomas with the use of 
a COX-2 selective inhibitor in those with a history of colorec- 
tal adenomas. Unfortunately, adverse thrombotic cardiovascular 
events were associated with COX-2 inhibition in these trials,’ and 
data now indicate that an increased risk of cardiovascular events 
is associated with most NSAIDs, and not just COX-2 inhibitors. 
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TABLE 127.1 Efficacy of Chemoprotective Agents for Colorectal Neoplasia 


Observational Studies of Colon 
Cancer Incidence 


Randomized Human Trials 


Animal Case-Control Cohort Reduced Mucosal Reduced Number of Polyps Reduced Number of 
Agent Studies Studies Studies Proliferation in Patients with FAP Sporadic Adenomas 
Aspirin + + + N/A + + 
COX-2 inhibitors + N/A N/A + + 
Vitamins A, C, E + + + ~ ~ 
Folate ~ + + N/A - 
Calcium + + + N/A + 
Vitamin D + + + N/A -t 
Fiber 5 $ + ~ - 
Selenium E + ~ N/A = N/A 
Fish oil (omega-3 + 4 N/A i N/A 
polyunsaturated fatty acids) 
Organosulfur N/A N/A N/A N/A N/A 
Difluoromethylornithine N/A N/A + +Ż 
Statins + + ~ N/A N/A 


*May have an effect on distribution of proliferation in the crypt. 


tMay reduce recurrence of advanced adenomas depending on vitamin D receptor genotype. 


łIn combination with sulindac. 


+, Most studies are positive for efficacy; -, most studies are negative for efficacy; ~, studies are equivocal for efficacy; FAP, familial adenomatous polyposis; 


N/A, not available. 


“Essential” fatty acids are required for biological pro- 
cesses but cannot be synthesized by humans and must be 
obtained from dietary sources. The main PUFAs, docosahexae- 
noic acid (22:6447:10:13,1619) and eicosapentaenoic acid (EPA 
[20:545.8:!1,14.17]), are considered essential and are obtained pre- 
dominantly from cold water oily fish such as mackerel and salmon. 
There is a growing body of experimental, epidemiologic, and 
preclinical evidence that indicates fish oil-containing diets rich in 
n-3 PUFAs are protective against colon tumorigenesis, especially 
in men. Moreover, n-3 PUFAs derived from fish oils have been 
demonstrated to not only affect pathways related to colorectal 
carcinogenesis in animal models and in human subjects, but to 
be safe and well tolerated in humans. A randomized trial in sub- 
jects with FAP demonstrated that an enteric coated formulation 
of EPA has chemopreventive efficacy in reducing rectal polyp 
burden to a degree similar to that previously observed with selec- 
tive COX-2 inhibitors.°* The role for n-3 PUFAs in “sporadic” 
colorectal adenoma prevention is currently being evaluated alone 
or in combination with aspirin.°? 

Other agents currently undergoing study for chemopreven- 
tion of colorectal neoplasia include the ornithine decarboxyl- 
ase inhibitor difluoromethylornithine, the bile acid ursodiol, 
3-hydroxy-3-methylglutaryl-coenzyme A reductase inhibitors 
(statins such as pravastatin and lovastatin), EGF receptor (EGFR) 
inhibitors, and selenium. Statins modulate a number of processes 
such as cell growth, apoptosis, and inflammation. Evidence of a 
benefit of statins to prevent CRC remains equivocal. Curcumin, 
the major constituent of turmeric, decreases inflammation and 
expression of COX-2 and endogenous DNA damage in adenoma 
tissue, and has been shown to have chemopreventive activity in 
murine models of FAP when given orally. ‘Table 127.1 and Fig. 
127.5 summarize current studies that examine the effect of che- 
mopreventive agents on colorectal neoplasia. 


BIOLOGY 


It has been suggested that carcinogens introduced into the 
bowel act in concert with other luminal factors (e.g., bile acids 
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Fig. 127.5 Diagram depicting the relative risk of colorectal adenoma 
recurrence after a clearing colonoscopy in colorectal adenoma preven- 
tion studies using various potential chemopreventive agents. DFMO, 
difluoromethylornithine; vit., vitamin. (Courtesy Asad Umar, DVM, PhD, 
Bethesda, MD.) 


and other tumor promoters and the microbiome) to affect 
colonic epithelial cells. Carcinogenesis is a multi-stage pro- 
cess, however, and cells must be genetically primed (through 
either hereditary disposition or genotoxic events) and induced 
to proliferate, after which they must pass through a series of 
stages en route to immortalization and uncontrolled growth. 
Sporadic CRC is a somatic genetic disease influenced by the 
local colonic environment and an individual’s genetic back- 
ground.,6! 


Abnormal Cellular Proliferation 


Abnormal cellular proliferation is a hallmark of neoplasia (see 
Chapter 1). Actively proliferating cells are more susceptible to 
initiators of carcinogenesis (primary carcinogens) and genetic 
alterations than are resting cells. In the normal colon, DNA syn- 
thesis occurs and cells divide and proliferate only in the lower and 
middle regions of the crypts. Normally, as cells migrate upward 
from deeper in the crypt, the number of cells that continue to 
proliferate decreases, and, on reaching the upper crypt region, 
cells become terminally differentiated and can no longer divide; 
this sequence of events is disordered during the evolution of neo- 
plastic lesions. Increased proliferative activity and characteristic 
differences in the distribution of proliferating cells within the 
colonic crypts distinguish at-risk and affected members of kin- 
dreds with FAP and non-polyposis inherited colon cancer from 
lower-risk groups. Correlations of rectal mucosal proliferation 
with clinical and pathologic features of non-familial colorectal 
neoplasia also have been demonstrated. Conversely, populations 
at low risk for developing colon cancer have relatively quiescent 
proliferative activity in their colonic mucosa. Disordered prolif- 
erative activity can be found in the colonic mucosa of rodents 
treated with a variety of chemical carcinogens, and increased 
proliferative activity is seen in animals whose colonic or rectal 
mucosa is exposed to tumor promoters such as secondary bile 
acids. Colonic epithelial cells also fail to repress DNA synthesis 
during epithelial renewal in UC, a condition associated with an 
increased risk of CRC. 

An explosion of knowledge in molecular genetics has dem- 
onstrated how the accumulation of genetic alterations (gene 
mutations and amplifications in proto-oncogenes and tumor sup- 
pressor genes) and epigenetic alterations (aberrant DNA methyl- 
ation, chromatin modifications) lead to disruption of mechanisms 
that regulate the normal cell cycle and cell proliferation. In some 
cases, such as FAP, the cell is predisposed to abnormal prolifera- 
tion because of germline mutations, whereas in others, somatic 
mutations result from complex interactions with environmental 
factors, as detailed earlier. 


Molecular Genetics and Biochemical Abnormalities 
Molecular Genetics 


Tumor cells in the colon, as elsewhere, are characterized by heri- 
table phenotypic changes that are the result of quantitative or 
qualitative alterations in gene expression (see Chapters 1 and 126). 
A large body of evidence demonstrates that CRCs are associ- 
ated with an accumulation of such genetic alterations (Fig. 127.6; 
‘Table 127.2). There has been a veritable explosion of knowledge 
regarding genetic alterations associated with CRC, in part driven 
by advances in modern next-generation sequencing and genome- 
wide association studies.’ This has allowed the development 
of classification systems that can translate these findings into 
clinical practice. The consensus molecular subtypes classifica- 
tion, for instance, classifies CRC into 4 molecular subtypes (mic- 
rosatellite instability [MSI] immune, Canonical, Metabolic and 
Mesenchymal) which may form the basis for clinical stratification 
and sub-type based targeted intervention.®?-°+ 

Adenomas and carcinomas arise in the context of somatic 
and epigenetic events that are clonal. These result in cancers 
which are hypermutable (mutation rates >12 per 10° bases; 15% 
of sporadic cancers) or non-hypermutable (mutation rates <8.24 
per 10° bases; 85% of sporadic cancers). Destabilization of the 
genome is a common prerequisite to tumor formation and most 
commonly involves chromosomal instability (CIN), which is 
found in 80% to 85% of CRC with subsequent allelic loss, or 
chromosomal amplifications and translocations; these cancers 
are non-hypermutable. Increased rates of intragenic mutation 
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in tandemly repeated DNA sequences known as microsatel- 
lites (MSI) are characteristic of about 15% of sporadic cancers. 
‘These hypermutable MSI-CRCs are characterized by the pres- 
ence of at least 30% unstable loci in a panel of loci consisting 
of mono- and dinucleotide tracts. Hypermutable sporadic can- 
cers may also arise via mutations in an enzyme responsible for 
replicating eukaryotic DNA (POLE mutations encoding DNA 
polymerase €). 

Cellular proto-oncogenes are evolutionarily conserved human 
genes that contain DNA sequences homologous to those of acute 
transforming retroviruses. Many of these genes play a role in sig- 
nal transduction and the normal regulation of cell growth. Inap- 
propriate activation of these genes leads to abnormal transmission 
of regulatory messages from the cell surface to the nucleus that 
results in abnormal proliferation and, eventually, tumor forma- 
tion. Three human ras genes—K-ras, N-ras, and H-ras—encode 
guanine nucleotide-binding proteins that regulate intracellular 
signaling pathways. Approximately 65% of sporadic CRCs have 
activating point mutations in a ras gene, most in K-ras. Most ras 
mutations appear to occur during intermediate stages of adenoma 
growth (see Chapter 126). Ras gene mutations occur in approxi- 
mately 47% of carcinomas (58% of adenomas >1 cm, but only 
10% of adenomas <1 cm), suggesting that earlier events must 
contribute to formation of neoplasms. Alterations in signal trans- 
duction might lead to abnormal cell growth and thus participate 
in neoplastic transformation, but activation of ras alone is not suf- 
ficient for progression to carcinoma. 

Abundant evidence has shown that allelic losses, particularly 
at chromosome locations 5q, 17p, and 18q, play major etiologic 
roles in the development of colon tumors. A deletion within 
chromosome 5 in patients with FAP led to the identification of 
the APC gene on the long arm of this chromosome (5q21). Posi- 
tional cloning identified a single tumor suppressor gene, which 
is mutated in both the germline of FAP patients and in sporadic 
colorectal tumors. The protein encoded by APC consists of 
2843 amino acids and is located at the basolateral membrane of 
colorectal epithelial cells; expression is increasingly pronounced 
as cells migrate up through the colonic crypt. Alteration in APC 
is the “gatekeeper” alteration for both hypermutable and non- 
hypermutable tumors. 

Somatic mutations of the APC gene occur in 60% to 80% of 
sporadic CRCs and adenomas, including the smallest dysplastic 
lesions. These mutations result in truncation of the APC protein 
in more than 98% of cases, a finding that has led to the devel- 
opment of clinically useful tests for genetic screening of FAP 
families. Inactivation of both copies of the APC gene is the gate- 
keeping event for the initiation of colorectal neoplasia. The APC 
gene product interacts with at least 6 other proteins, including 
cytoplasmic glycogen synthetase 38 and axin. Inactivation of this 
gene is required for net cellular proliferation and initiation of 
colonic neoplasia. 

APC functions to modulate extracellular signals that are trans- 
mitted to the nucleus through the cytoskeletal protein B-catenin, 
as part of the Wnt signaling pathway (Fig. 127.7). Nuclear 
B-catenin binds to transcription factors in the nucleus that are 
members of the lymphoid enhancer factor/T-cell factor family, 
including Tcf-4, which in turn activate various target genes (e.g., 
c-myc, cyclin D;) that affect cell cycling and growth. APC is a tumor 
suppressor gene that binds to B-catenin and causes its degradation 
through phosphorylation. Loss of APC function, therefore, leads 
to accumulation of -catenin and unopposed stimulation through 
the Wnt-Tcf signaling pathway, which in turn leads to increased 
and unregulated proliferation and decreased programmed cell 
death (apoptosis). APC gene abnormalities also lead to disrup- 
tion of normal cell-cell adhesion through altered association 
with the cellular adhesion molecule E-cadherin. Disruption of 
APC-mediated regulation of transcriptional activation is criti- 
cal for colorectal tumorigenesis and is achieved most commonly 
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Fig. 127.6 Traditional sequence of molecular genetic events in the evolution of colon cancer. Carcinomas arise 
from an accumulation of events, many of which have been defined. Alterations in APC or DNA mismatch repair 
genes may be inherited in the germline (familial adenomatous polyposis or Lynch syndrome, respectively) or 
may be acquired after birth (somatic mutations). Colorectal carcinomas (CRCs) also may arise as the result of 
different pathways involving genomic and epigenetic instability. These include chromosomal instability, micro- 
satellite instability, CpG island methylator phenotype, and global hypomethylation. These are distinct pathways 
by which CRCs arise and are associated with unique molecular features (see also Fig. 127.8). Images in this 
figure depict the traditional sequence of adenoma to carcinoma. An alternative “serrated pathway” involves 
gene silencing through a combination of epigenomic gene silencing and gene mutation. Top row (A-C) shows 
colonoscopic photographs, and bottom row (D-F) shows relevant histology. Left to right, Dysplastic aberrant 
crypt focus (A and D), adenomatous polyp (B and E), and invasive carcinoma (C and F). (A, methylene blue 


stain; D, E, and A H&E stain.) 


through inactivating mutations of both APC alleles; disruption 
also can occur through dominant mutations of the B-catenin gene 
that render B-catenin Tcf-regulated transcription insensitive to 
the regulatory effects of normal wild-type APC. 

Other genetic changes occur later in the adenoma-to-carci- 
noma sequence. Stepwise tumor progression is associated in more 
than 75% of cases with loss of tumor suppressor gene activity 
located on chromosome 18q. Several candidate genes are present 


on this chromosome, and loss of chromosome 18 is associated 
with a poor prognosis. 

DPC4 (SMAD4) is another tumor suppressor gene, inactiva- 
tion of which plays a role in development of CRC. 18p and q dele- 
tions including SMAD4 occur in 66% of tumors. DPC4 belongs 
to the SMAD gene family, which is involved in signal transduc- 
tion pathways activated through the transforming growth fac- 
tor (TGF)-f family receptors. Experimental inactivation of the 
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TABLE 127.2 Genes Commonly Altered in Sporadic Colorectal Cancer* 


Frequency of 
Tumors with Gene 


Gene Chromosome Alteration (%) Gene Class Function of Gene Product 

K-ras 12 50 Proto-oncogene Encodes guanine nucleotide-binding protein that regulates intracellular 
signaling 

APC 5 70 Tumor suppressor Regulation of B-catenin that is involved in activation of WnT/TcF signaling 


(activates c-myc, cyclin D1)"; regulation of proliferation and apoptosis; 
interaction with E-cadherin (cell adhesion?) 


DCC 18 70 Tumor suppressor? Netrin-1 receptor; caspase substrate in apoptosis; cell adhesion 
SMAD4 (DPC4, 18 66 Tumor suppressor Nuclear transcriptase factor in transforming growth factor (TGF)-p 1 
MADH4) signaling; regulation of angiogenesis; regulator of WAF1 promoter; 

downstream mediator of SMAD2 

TESS I 56-75 Tumor suppressor Transcription factor; regulates cell cycle progression after cellular stress; 
regulates apoptosis, gene expression, and DNA repair 

hMSH2 2 + DNA mismatch repair Maintains fidelity of DNA replication 

hMLH1 3 # DNA mismatch repair Maintains fidelity of DNA replication 

hMSH6 2 t DNA mismatch repair Maintains fidelity of DNA replication 

TGF-61 RII 3 S Tumor suppressor Receptor for signaling in the TGF-B1 pathway; inhibitor of colonic epithelial 
proliferation, often mutated in tumors with MSI 

PISCA 3 18 Proto-oncogene Controls levels of phosphatidylinositol triphosphate, up-regulates the 
downstream AKT-MTOR signaling pathway, promoting cancer cell 
growth and proliferation. The presence of mutant PISCA is a marker of 
susceptibility to chemoprevention with aspirin 

BRAF 7 5-10 Proto-oncogene Serine-threonine kinase that transmits cell growth and proliferation signals 


from KRAS or NRAS to other enzymes leading to cell proliferation and 
growth. Patients’ BRAF V60% mutations have poor prognosis 


*Rapidly evolving data with characterization of molecular pathways as well as genome-wide association studies have identified numerous gene alterations 
associated with CRC and CRC risk. The reader is referred to reference 61 for an excellent review of this topic. 
+B-Catenin mutations (downstream of APC) are found in 16% to 25% of MSI colon cancers but not in MSS cancers. 
+Approximately 15% of sporadic CRCs demonstrate MSI associated with alterations in mismatch repair genes (principally hMSH2 and hMLHT but also 
hMSH3, HMSH6, hPMS1, and hPMS2). 
SMutated in 73%-90% of MSI colon cancers. Up to 55% of MSS colon cancer cell lines demonstrate a TGF-B signaling blockage distal to TGF-ß1 RII. 
MSI, microsatellite instability; MSS, microsatellite stable; RII, type Il receptor. 
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Fig. 127.7 A model of Wnt signaling in normal (A and B) and cancer (C) cells. A, In the absence of Wnt 
signaling, APC, axin, and GSK3-f form a complex that results in B-catenin phosphorylation and degradation 

by a ubiquitin-dependent mechanism. B, Binding of Wnt to its cell surface receptor results in stabilization of 
B-catenin. Unphosphorylated f-catenin is able to translocate to the nucleus to form a complex with members 
of the LEF/TCF (lymphoid enhancer factor/T-cell factor family and activates Wnt target genes. Frizzled and 
Dishevelled refer to gene products that participate in this pathway. C, Loss or mutation of APC results in lack of 
B-catenin degradation and high levels of this protein in the cytoplasm and nucleus. Strong evidence exists that 
misregulation of Wnt target gene expression is crucial to the neoplastic transformation of colon cells. Many fac- 
tors influence Wnt signaling, but evidence supports its importance in the evolution of most forms of colorectal 
cancer. GBP. glycogen synthase kinase-3 binding protein; LAP lipoprotein receptor-related protein. 
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homologue Dpc4 in a mouse model of adenomatous polyposis coli 
results in malignant progression of intestinal and colonic polyps 
initiated by loss of the Ape gene (the mouse homologue of APC). 
Mutations in SMAD4 and a related gene, SMAD2, have been 
reported in some sporadic CRCs. Deletions of chromosome 17p 
involve the p53 tumor suppressor gene, the product of which nor- 
mally prevents cells with damaged DNA from progressing from 
the G; to the S phase in the cell cycle. Deletions within chromo- 
some 17p and 17q have been reported in 56% to 75% of CRCs. 
Loss of TP53 also may be associated with reduced apoptosis of 
damaged cells. Inactivation of the 7P53 gene mediates the conver- 
sion from adenoma to carcinoma, a late and important event in 
colon carcinogenesis. Distant metastases from CRC are associated 
with high fractional allelic loss and deletions of 17p and 18q. A dis- 
tinct set of metastasis-suppressor genes also has been postulated. 
Genomic instability creates a permissive state in which a cell 
acquires sufficient mutations to be transformed to a cancer cell; this 
is acommon mechanism central to the development of most, if not 
all, colon cancers. Several forms of genomic instability are common 
in colon cancer, including CIN and chromosome translocations, 
and MSI, in which subtle sequence changes, including base substi- 
tutions, deletions, or insertions, lead to a hypermutable state (Fig. 
127.8). CIN may be produced by genes responsible for the human 
mitotic spindle checkpoint (6BUB1 and BUBR1), genes involved 
in the DNA damage checkpoint (ATM, BRCA1 and BRCA2, TP53, 
and 4Rad17), and genes that control centrosome number. The 


colorectal cancer. Gastroenterology 
2015; 149:1177-90.) 


CIN pathway is characterized by classic tubular adenoma histol- 
ogy, early acquisition of APC mutations, frequent early activation 
of KRAS mutations, loss of heterozygosity in late adenomas, and 
TP53 mutations that facilitate malignant transformation. Inactiva- 
tion of genes involved in base excision repair resulting from oxida- 
tive damage are found in a subset of CRCs. Inactivation of one of 
the base excision repair genes (VYH) is a cause of an autosomal 
recessive form of FAP. Although tumors that arise as the result of 
MYH germline mutations demonstrate CIN, they appear to have a 
unique pathogenesis compared with sporadic CRC. 

The pathogenic significance of genomic instability became 
evident with the discovery of MSI in colon cancers associated with 
hereditary non-polyposis CRC (HNPCC [Lynch syndrome)). 
Alterations in genes that help maintain DNA fidelity during 
replication are characteristic of Lynch syndrome.® Alterations 
in mismatch repair (MMR) genes designated AMLH1, bPMS1, 
bPMS2, hMSH2, hMSH3, and hMSH6 lead to the inability to 
repair base pair mismatches and result in DNA replication errors 
or MSI. Inactivation of the MMR system causes genomic insta- 
bility by increasing the rate of polymerase-generated replication 
errors and degrading the fidelity of DNA replication, particularly 
at microsatellite repeat sequences. MSI involves mutations or 
instability in short, tandemly repeated DNA sequences such as 
(A)", (CA)", and (GATA). Such DNA sequences are found in 
several key genes that are important to maintain normal cellular 


function (Table 127.3). The receptor for TGF- (TGF-BRID, 
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TABLE 127.3 Frequency of Some Target Gene Mutations in Colon Cancers with Microsatellite Instability 


Target Gene Normal Function of Gene Product 


Frequency of Mutation in Colon Cancers with MSI (%) 


90 
86 
10 
50 
50 
33 
65 
19-34 
40 
39 
10 
<a 
<18 
62 
<2 
83 
26 
Sil 
49 
48 


TGF-BR2 TGF-B signaling 

ACVR2 Activin signaling 

IGFIIR IGF and TGF-6 signaling 

BAX Apoptosis 

hMSH 3 DNA mismatch repair 

hMSH 6 DNA mismatch repair 

E2F-4 Cell cycle control 

PTEN Growth regulation 

MBD4 (MED1) DNA repair and binding to methylated DNA 
TCF4 Growth regulation 

CHK1 G2 cell cycle checkpoint 

STK11 (LKB1) Signal transduction 

BLM Chromosome stability, DNA repair; helicase 
Caspase 5 (ICErel-lll) Apoptosis 

CDX2 Homeobox protein 

TPB TATA binding protein 

RIZ nteracts with RB 

hRAD50 DNA repair 

SEC63 ER chaperone protein 

AIM2 nterferon-inducible protein 

Note: Most mutations cause frame shifts that prematurely truncate the protein, leading to inactivation of the affected allele. 


ER, endoplasmic reticulum; /GF, insulin-like growth factor; MSI, microsatellite instability; RB, retinoblastoma protein; TGF transforming growth factor. 
Modified from Grady WM, Carethers J. Genomic and epigenetic instability in colorectal cancer progression. Gastroenterology 2008; 135:1079-99. 


for example, often is mutated as the result of MSI. Tumors with 
MSI frequently acquire BRAF mutations and are not associated 
with 18qLOH or 7P53 mutations. Sporadic MSI cancers often 
arise through the serrated neoplasia pathway. 

Multiple lines of evidence suggest that the TGF-f pathway 
is an important tumor-suppressing pathway in the colon and 
that alterations in this pathway lead to tumor development. 
Less frequently targeted genes include the IGF-2 receptor; 
Bax and caspase 5, which are proteins that regulate apopto- 
sis; E2F4, a transcription factor; and MSH3 and MSH6, DNA 
MMR proteins. -Catenin mutations are present in up to 25% 
of MSI colon cancers. MSI, therefore, leads to accumulation 
of mutations in vulnerable genes, eventually resulting in the 
acquisition of the malignant phenotype. Although a high fre- 
quency of MSI (instability at >30% of microsatellite loci) is 
characteristic of Lynch syndrome, similar alterations can be 
found in about 15% of sporadic CRC and also in premalig- 
nant lesions. MSI tumors remain diploid. Patients whose 
tumors demonstrate MSI appear to have a better prognosis 
and respond differently to chemotherapy*”°+ than those 
whose tumors are characterized by CIN. Most patients with 
MSI colon cancers do not possess mutations in the known 
MMR genes, and evidence indicates that MSI in these tumors 
in many cases arise through epigenetic mechanisms (i.e., clonal 
changes in gene expression without accompanying changes in 
DNA coding sequences). 

The EGER, which regulates cell growth and differentiation, is 
overexpressed in up to 82% of CRCs. Ras/Raf/MAPK and PK 
pathways are stimulated by EGFR. Monoclonal antibody thera- 
pies (e.g., cetuximab, panitumumab) that target the EGFR are 
used in treatment of advanced CRC, but appear to only be effec- 
tive in individuals whose tumors contain wild-type KRAS (codons 
12 and 13). 


Epigenetic silencing is recognized now as an important 
mechanism in the evolution of a subgroup of CRC.” DNA 
methylation within promoters and alterations in histone modifi- 
cations appear to be primary mediators of epigenetic inheritance 
in cancer cells, and hypermethylation of the /MLH1 promoter 
has been reported in up to 70% of sporadic MSI tumors. In the 
colon, aberrant methylation may be an important early event 
in the age-related field defect observed in sporadic colorectal 
neoplasia. Aberrant methylation also contributes to tumor pro- 
gression through the hypermethylator phenotype (CPG island 
methylator phenotype [CIMP]) that is responsible for most 
cases of MSI related to AMLH1 inactivation (associated with 
about 15% of sporadic CRCs). The hallmark of CIMP is abnor- 
mal methylation of several tumor promoters and upstream reg- 
ulatory regions of genes. In one model, hyperplastic ACF may 
be the initial lesions in a pathway leading to the development 
of serrated adenomas (see Chapter 126). Methylated promot- 
ers of genes such as MGMT, EVL, HLTF, SFRP1 and SFRP2, 
SLCSYA8, RUX3, CRBP1, SOS1, NEUROGI, CACNAI1G, 
IGF2, MINT1, and MINT31 genes (MINTs are not genes per 
se, but loci found to be “methylated in tumor”) develop dur- 
ing tumor initiation, and bMLH1 promoter hypermethylation 
corresponds to the development of a serrated adenoma, with 
methylated TSP1 and TIMP3 helping to drive tumor progres- 
sion. Many investigators define CIMP CRCs as having at least 
3 loci methylated from a selected panel of 5 markers (RUNX3, 
SOCS1, NEUROG1, CACNA1G, IGF2). Methylation of these 
regulatory regions abrogates transcription of the affected gene. 
DNA methylation and histone H3 lysine 9 hypoacetylation and 
methylation appear to form a mutually reinforcing loop that 
contributes to tumor suppressor gene inactivation in CRC. A 
large number of additional genes are commonly methylated and 
silenced in CRC. 
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Fig. 127.9 Multi-stage process of colon cancer metastasis. Cancer cells metastasize through a complex 
multistage process. For tumor cells to form metastatic foci at distant sites, they must complete all stages of 


this process. 


The BRAF gene, encoding a downstream component of the 
RAS/RAF/MAPK pathway, is often mutated in sporadic MSI 
tumors, but not in tumors from patients with Lynch Syndrome 
(see later). Sporadic MSI tumors frequently carry BRAF V600E 
mutations. The presence of a BRAF mutation in an MSI tumor 
effectively eliminates the possibility that it arose in the setting of 
Lynch syndrome. 

MicroRNAs are 18- to 25-nucleotide non-coding RNA 
molecules that regulate translation of many genes. MicroRNAs 
function in most cases to repress the activity of specific messen- 
ger (nRNA) molecules, either by promoting their degradation 
or preventing their translation into proteins. In this case, CRC 
pathogenesis is affected by altering cell pathways and function 
without the need for direct genetic or epigenetic defects. Expres- 
sion patterns of microRNAs are altered in colon cancers, and they 
may be associated with survival and therapeutic outcome.° 

EMAST is a biomarker and form of MSI caused by isolated 
loss of the DNA MMR complex hMutSf function because of a 
nucleus-to-cytosol shift of the hMSH3 protein, and is found in up 
to 60% of CRCs. The presence of EMAST in primary CRC pre- 
dicts advanced stage disease and is associated with poor survival 
outcome, appearing to modulate the behavior of both hypermu- 
table and non-hypermutable tumors toward metastasis.°” 


Biochemical and Other Changes (See Also Chapter 1) 


Alterations in cell surface and secreted proteins and glycopro- 
teins, including a number of important cell adhesion molecules, 


are characteristic of CRC. Interactions between tumor cells or 
between tumor cells and their environment may be homotypic 
(involving like molecules) or heterotypic (involving different 
adhesion molecules). Homotypic interactions often maintain 
the integrity of primary tumors by fostering adhesion between 
neighboring tumor cells, whereas heterotypic interactions might 
occur among tumor cells and platelets, lymphocytes, vascular 
endothelial cells, and components of the basement membrane 
matrix. Most tumor-associated molecules represent quantita- 
tively or qualitatively altered molecules found either on normal 
tissues or during development, such as oncofetal antigens (e.g., 
CEA). Many of these molecules appear to play a role in maintain- 
ing normal tissue homeostasis or targeting blood-borne cells to 
specific sites. Altered expression, therefore, might contribute to 
tumor invasion and metastasis. 

Matrix metalloproteinases (MMPs) are a family of enzymes 
that degrade extracellular matrix. Overexpression of MMP-1, -2, 
-3, -7, -9, and -13 and MT1-MMP has been demonstrated in 
human CRCs. The degree of overexpression of some MMPs cor- 
relates with stage of disease, prognosis, or both. 

Metastasis is a multistage process by which tumor cells escape 
the primary tumor and establish secondary foci at distant sites 
(Fig. 127.9). The primary tumor must first become vascular- 
ized (angiogenesis via VEGFs). Then cells must escape the pri- 
mary tumor by overcoming adhesive interactions (e.g., loss of 
E-cadherin) and by disrupting basement membranes (metallo- 
proteinases such as type IV collagenase, matrilysin, loss of tissue 
inhibitors of collagenase). Finally they must enter lymphatics, the 
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dothelium through specific interactions and then invade the parenchyma. A, Photomicrograph showing tumor 
cells invading the liver after extravasation from a blood vessel. (H&E stain.) B, Electron micrograph showing 
collagen bundles (c) and tumor cells (T) adherent to sinusoidal endothelium (E) and invading between hepato- 
cytes (H). Arrow indicates point of adherence of tumor cells to sinusoidal endothelium. roc, red blood cell; S, 
sinusoid. 


circulation, or both. In the bloodstream, they must survive inter- 
actions with blood components and the immune system and be 
transported to distant organ sites (principally the liver). At distant 
sites, tumor cells adhere to target endothelia via specific inter- 
actions (e.g., tumor-associated sialoglycoproteins, endothelial 
selectins) (Fig. 127.10), extravasate, interact with the microen- 
vironment (e.g., growth factors), and establish secondary tumor 
foci. 

Tumor cell subpopulations with different metastatic poten- 
tials exist within the same primary tumor, and metastases result 
from the selective dissemination of tumor cells that possess the 
ability to participate in all stages of this complex process. Sev- 
eral carbohydrate antigens have been studied in relation to their 
potential usefulness as markers of metastatic potential and for 
their possible role in determining prognosis.’ 


FAMILIAL COLORECTAL CANCER 


Genetic predisposition plays a role in a substantial number of 
CRCs. Although it is convenient to categorize CRC into heredi- 
tary (or familial) and non-hereditary (or sporadic) types, it is 
more appropriate to assume that all cancers have genetic com- 
ponents that may be inherited or acquired to varying degrees. 
Accordingly, persons with familial CRC are born with an altered 
genome, and the environment might contribute additional geno- 
toxic events, leading to the malignant phenotype. In the case of 
sporadic cancers, multiple somatic mutations are contributed by 
the environment (see Chapter 1). Historically hereditary cancer 
syndromes have accounted for 3% to 5% of CRCs overall. 

The role of heredity in the genesis of colon cancer is manifest 
most obviously in those with heritable polyposis syndromes such 
as FAP (see Chapter 126) and non-adenomatous intestinal non- 
polyposis syndromes (Peutz-Jeghers syndrome, juvenile polyposis, 
and others). FAP is inherited in an autosomal dominant manner and 
characterized in its full-blown form by the presence of hundreds to 
thousands of colonic adenomas, with or without extracolonic tumors. 
Adenomas develop approximately a decade before the appearance of 
cancer, and virtually all affected persons eventually develop colon 
cancer if the colon is not removed. Nevertheless, these dramatic syn- 
dromes account for less than 1% of all cases of CRC. 

Lynch syndrome (formerly HNPCC) is an inherited disease 
in which colon cancers arise in discrete adenomas, but polypo- 
sis—hundreds of polyps—does not occur.%+°? Lynch syndrome 


accounts for approximately 2% to 3% of colonic adenocarci- 
noma. It is an autosomal dominant disorder caused by germline 
mutations in genes that are responsible for repair of DNA errors 
(i.e., mismatches) that occur during DNA replication when DNA 
polymerase creates single base-pair mismatches, with resultant 
structural abnormalities (loop-outs) involving unpaired bases. 
‘These errors occur at repetitive DNA sequences termed micro- 
satellites, and they are repaired by enzymes coded for by MMR 
genes. There is near-universal presence of MSI in these tumors. 
Most reported germline mutations in DNA MMR genes associ- 
ated with Lynch syndrome cancers have been associated with the 
bMSH?2 gene on chromosome 2 (40% to 50%) and the AMLH1 
gene on chromosome 3 (20% to 30%). Mutations in AMSH6, 
bPMS1, bPMS2, and EPCAM also have been reported in a small 
number of patients with Lynch syndrome cancers. Recent epi- 
demiologic data suggest, however, that alterations in MSH6 and 
PMS2 may be more common in the population, but less pene- 
trant, conferring a more modest risk of cancer than MLH1 and 
MSH? variants. Clinical data from a large number of patients 
with CRC and first-degree relatives recruited though popula- 
tion-based registries who had germline testing suggest an aggre- 
gate population carrier frequency for variants in 4 MMR genes 
(MLH1, MSH2, MSH6, and PMS2) of 1:279 for any MMR gene 
mutation. No locus has been identified, however, for many fami- 
lies who are believed to have Lynch syndrome based on clinical 
history. Increased use of next-generation sequencing multigene 
panels for assessment of cancer risk suggests that some individu- 
als with clinical histories suggestive of Lynch syndrome will have 
germline mutations in other cancer susceptibility genes. 

Lynch syndrome was originally and most strictly defined clini- 
cally by the International Collaborative Group on Hereditary 
Non-Polyposis Colorectal Cancer by the Amsterdam criteria 
(Box 127.2). Because these criteria do not account for the frequent 
occurrence of extracolonic cancers in such families or for small 
kindreds, broader clinical criteria were developed, such as the 
Bethesda Guidelines and Revised Bethesda Guidelines published 
by a National Cancer Institute-sponsored workshop (Box 127.3). 
Lynch syndrome families include members whose heritable can- 
cer is limited to the colon and families whose members also are 
prone to cancer of the female genital tract (endometrial and ovar- 
ian cancers) and other sites (Fig. 127.11). The prediction model for 
gene mutations (most recently PREMM.) is a clinical prediction 
model which analyzes an individual’s sex, age, and personal and 
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BOX 127.2 Amsterdam Il Criteria for Hereditary Non-polyposis 
Colorectal Cancer (Lynch Syndrome) 


At least 3 relatives with CRC (one must be a first-degree relative of 
the other 2) or a Lynch syndrome-associated cancer* 

CRC involving at least 2 successive generations 

One or more cancer cases before age 50 years 

Familial adenomatous polyposis should be excluded 

Tumors should be verified by histologic examination 


*Endometrium, ovary, stomach, ureter/renal pelvis, pancreas, brain, 
hepatobiliary tract, small intestine, and multiple sebaceous adenomas, 
carcinomas, and keratoacanthomas in the Muir-Torre variant of Lynch 
syndrome. 

Criteria defined by the International Collaborative Group on Hereditary 
Nonpolyposis Colorectal Cancer. 

CRC, colorectal cancer. 


BOX 127.3 Revised Bethesda Guidelines for Lynch 
Syndrome 


CRC diagnosed in an individual <50 years of age 

Presence of synchronous or metachronous CRCs or other Lynch 
syndrome-associated extracolonic tumors* regardless of age 

CRC with MSI-H phenotype diagnosed in an individual <60 years 
of age 

Person with CRC and a first-degree relative with a Lynch syn- 
drome-related tumor, with one of the cancers diagnosed at <50 
years of age 

Person with CRC with 2 or more first-degree or second-degree 
relatives with a Lynch syndrome-related tumor, regardless of age 


*Endometrium, ovary, stomach, ureter/renal pelvis, pancreas, brain, 
hepatobiliary tract, small intestine, and multiple sebaceous adenomas, 
carcinomas, and keratoacanthomas in the Muir-Torre variant of Lynch 
syndrome. 

CRC, colorectal cancer; MSI-H, microsatellite instability-high. 

Modified from Umar A, Boland CR, Terdiman JP, et al. Revised Bethesda 
guidelines for hereditary nonpolyposis colorectal cancer (Lynch syndrome) 
and microsatellite instability. J Natl Cancer Inst 2004; 96:261-8. 


family history of cancer to provide an estimate of the likelihood of 
Lynch syndrome.’”°”! PREMM, estimates the cumulative prob- 
ability of an individual carrying a germline mutation in all 5 Lynch 
syndrome genes, with a score 22.5% supporting Lynch syn- 
drome genetic testing (National Comprehensive cancer Network 
[NCCN] guidelines recommend a threshold score of 25 %).7072 

Adenomas associated with Lynch syndrome are often located 
in the proximal colon, often are flat or slightly raised lesions, and 
may be multiple with a higher incidence of mucinous carcinomas 
(Table 127.4). These CRCs usually appear at age 40 to 50 years, 
2 decades earlier than CRC in the general population. It is gen- 
erally believed that neoplasia in the setting of Lynch syndrome 
transitions from adenoma to cancer in a shorter time frame than 
in the context of sporadic cancers, but evidence for this belief is 
indirect. The timing of loss of MMR activity during Lynch syn- 
drome tumorigenesis is unclear, as data exist for both early and 
later loss of MMR. 

Biallelic mismatch repair deficiency syndrome (BMMRD, also 
called constitutional MMR deficiency) occurs in the setting of 
biallelic MMR gene mutations and is characterized by absence 


of DNA-MMR activity from birth. BMMRD results in colonic 
polyposis, colorectal and small bowel cancers, brain tumors, 
leukemia, and lymphomas. The lifetime risk of GI cancer in 
BMMRD, including early-onset CRC, is the highest reported 
of all GI cancer predisposition syndromes as a function of age, 
with tumors often diagnosed in the first decade of life. BAMRD 
tumors acquire early somatic mutations in polymerase proofread- 
ing genes POLE and POLED 1, and become ultrahypermutated. 
The progression of adenomas to cancer in BMMRD is the most 
rapid of any inherited CRC syndrome. 

Although CRC syndromes with apparent patterns of inheri- 
tance currently account for only a small portion of total colon 
cancer cases, hereditary factors may be present in a larger pro- 
portion of cases. Approximately 15% to 20% of CRCs occur in 
individuals who have at least one first-degree relative with the 
disease. Genetic susceptibility to CRC in the general population 
is suggested by the 2- to 3-fold increase in CRC in first-degree 
relatives of patients with sporadic adenomas and CRCs. The rela- 
tive risk is even stronger when cancer occurs in family members 
younger than 50 years of age. The precise role of genetic factors 
in this group and their interaction with the environment in the 
evolution of CRC remains to be defined. Identification of sus- 
ceptibility genes in this group is of great interest and has been 
aided by genome-wide association studies and by next-generation 
sequencing multigene panels.’*,”4 


PREDISPOSING FACTORS 


The risk of developing CRC depends on a number of demo- 
graphic factors (Box 127.4) including diet and other environmen- 
tal factors (see Box 127.1, and Fig. 127.5), age, personal history 
of adenoma or of carcinoma, existence of predisposing diseases 
(particularly IBD), and family history. It has been proposed that 
risk scores may be developed to aid in identifying and treating 
susceptible persons. 879-76 


Age 


The risk of developing CRC rises sharply after age 40 in the gen- 
eral population; 90% of cancers occur in persons aged 50 years 
and older (Fig. 127.12). A 50-year-old person has about a 5% 
chance of developing CRC and a 2.5% risk of dying from the 
disease, if he or she survives to age 80. Sporadic CRCs arise in 
other age groups, however, and the diagnosis must be considered 
in younger persons with typical signs and symptoms, especially if 
they have a family history of colorectal neoplasia. As already dis- 
cussed, there has been a recent increase in CRC among younger 
individuals, with a steeper rise in rectal cancer incidence.’ Young 
individuals are more likely than older patients to be diagnosed 
with metastatic rather than localized disease, likely due to a low 
suspicion of cancer and less access to medical care in this age 
group. These observations have implications for screening rec- 
ommendations which recently have been modified by the ACS. 
It is now recommended that screening of average-risk individuals 
for CRC begin at age 45.7779 


Prior Adenoma and Carcinoma 
Adenoma 


Present evidence strongly indicates that most CRCs arise from 
pre-existing adenomas (see Chapter 126). The risk of CRC 
increases with the number of adenomas, the most extreme 
example being the familial polyposis syndromes. Clinical and 
morphologic evidence suggest that as adenomas grow larger, 
they progressively dedifferentiate, become dysplastic, and then 
become malignant. With increasing size or increasing villous 
architecture, the incidence of nuclear atypia, dysplasia, and 
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Fig. 127.11 Pattern of inheritance of cancer in an early description of a familial aggregate with Lynch syn- 
drome. Affected members were found in generations |, Il, and Ill; members of generations IV and V were still 
young and at risk for developing carcinomas when the pedigree was obtained. (From Boland CR. Familial 
colonic cancer syndromes. West J Med 1983; 139:351.) 


in-situ or invasive carcinoma increases. Despite the potential for 
adenomas to evolve to carcinomas, however, the actual risk of 
progression appears dependent on numerous factors, some of 
which remain unknown. 

Adenomatous polyps are common, especially after age 50 years, 
in populations that consume a Western diet, and the prevalence 
of adenomas is high compared with the incidence of cancer. It has 
been estimated that 29% of the living population older than age 
35 in Norway have colorectal adenomas, with an annual conver- 
sion rate of adenoma to carcinoma of 0.25. The malignancy rate 
is higher in advanced adenomas (i.e., large adenomas, adenomas 
with villous architecture, and adenomas with cytologic nuclear 
atypia or dysplasia). The estimated annual rate of conversion to 
invasive cancer in persons with adenomas larger than 1 cm, vil- 
lous components, or severe dysplasia has been reported to be 3%, 
17%, and 37%, respectively. Data from a national colonoscopy 
database in Germany suggested that the annual transition rate 
from advanced adenoma to cancer also increases with age.*° 


Carcinoma 


People with CRC have an increased risk of harboring a second 
carcinoma (synchronous carcinomas) or of developing another 
one subsequently (metachronous carcinomas). The frequency 
of having more than one carcinoma ranges from 0.7% to 7.6% 
for synchronous cancers and 1.1% to 4.7% for metachronous 


cancers. Patients with simultaneous cancers usually have one can- 
cer in the proximal colon and the other in the distal colon; in 
the minority of patients with synchronous cancers, the 2 cancers 
are located in the same colonic segment. The degree of invasive- 
ness of each of the synchronous cancers often differs, and prog- 
nosis depends on the worst-stage lesion. Five-year survival rates 
for patients with synchronous cancers whose cancers have been 
resected are similar to those with single lesions at similar stages. 
The interval between an initial cancer and a metachronous one 
may be considerable (lesions separated by as long as 23 years have 
been reported), but several studies note that 50% of metachro- 
nous cancers arise within 5 to 7 years of the index lesion. Second 
cancers often occur at a site remote from the initial lesion. 


Family History 


Family history of cancer is a strong independent risk factor of 
CRC. Approximately 15% to 20% of CRCs occur in individu- 
als who have at least one first-degree relative with the disease. 
The risk of CRC in first-degree relatives of those with sporadic 
CRC is increased 2- to 3-fold. The risk is higher when adenoma 
or carcinoma has occurred in a relative at an early age or when 
more than one relative has had carcinoma. These factors have 
been taken into account in screening guidelines that stratify 
patients according to potential cancer risk.”67781-85 The inher- 
ited polyposis syndromes and their cancer risks, including FAP 
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TABLE 127.4 Comparison of Clinical Features in Lynch Syndrome and Sporadic Colorectal Cancer 


Clinical Feature 


Lynch Syndrome 


Sporadic Colorectal Cancer 


Mean age at diagnosis (years) 45 
Multiple colon cancers 35% 
Synchronous colon cancers 18% 
Metachronous colon cancers 24% 
Proximal location of the initial cancer* 72% 
Increased risk of malignant tumors at other sites Yes 
Mucinous and poorly differentiated colon cancers Common 
Prognosis Favorable! 


67 
4%-11% 
3%-6% 
1%-5% 
35% 

No 
Infrequent 


Variable 


*Proximal to the splenic flexure. 


tPatients whose tumors demonstrate microsatellite instability have a more favorable prognosis than those with microsatellite-stable tumors. 


BOX 127.4 Categories of Risk for Developing Colorectal 
Cancer 


AVERAGE RISK 


Individuals = 50 years of age with: 
No family history of colorectal neoplasia (adenoma, cancer) 
No personal history of adenoma or CRC 
No personal history of IBD 


INCREASED RISK 


Personal history of CRC 

Personal history of adenoma* 
Family history of sporadic CRCt 
Family history of sporadic adenomat 


HIGH RISK 


Hereditary non-polyposis CRC (Lynch syndrome) 
Family colon cancer syndrome X 
Biallelic mismatch repair deficiency syndrome (BMMRD) 
Polyposis syndromes: 

Familial adenomatous polyposis (FAP) 

Attenuated FAP 

MYH-associated polyposis 

Peutz-Jeghers syndrome 

Turcot syndrome 

Muir-Torre syndrome 

Juvenile polyposis syndrome 

Hyperplastic polyposis syndrome 

IBD (UC, Crohn disease)* 


*The risk of developing CRC in individuals with a personal history of adeno- 
ma varies according to the size, histology, and multiplicity of index lesions. 
tThe risk of developing CRC in those with a family history of sporadic ad- 
enoma or CRC depends on the number and degree (first degree, second 
degree, etc.) of affected relatives and the age at which neoplasia occurred 
in these individuals. 
Hndividuals with IBD have been categorized as “increased risk” or “high 
risk” according to different guidelines. Risk is high in individuals with high- 
grade dysplasia or dysplasia-associated mass lesions. 


and its variants and the hamartomatous polyposis syndromes, are 
discussed in Chapter 126. 


INFLAMMATORY BOWEL DISEASE 


Patients with IBD are at increased risk for developing CRC 
(see Chapter 115).**-°° Actuarially derived (life table) cumula- 
tive cancer incidences from tertiary referral centers agree that 
the risk of cancer in patients with UC begins after a disease 


duration of 7 years and rises about 10% per decade, reaching 
as high as 34% at 30 years. Nonetheless, difficulties related 
to sources of referral, sampling, recognition and character- 
ization of disease, differences in follow-up procedures, and 
methods used to detect neoplastic disease cloud many such 
studies. Other studies indicate a CRC risk at 30 years of 15.8% 
to 18%, with lower risks suggested in several smaller studies, 
including those from the primary care setting.°°°7,8%.9! In addi- 
tion, recent population-based studies suggest a decreasing risk 
of CRC in IBD.*® 

The risk of CRC for patients with UC correlates most closely 
with duration and extent of disease. In a large group of patients 
with extensive disease who were followed prospectively, the risk 
of carcinoma per patient-year was zero before 10 years and one in 
86 after 20 years; risk is greatest with universal colitis. It has been 
reported that the risk of cancer in left-sided disease (i.e., distal 
to the splenic flexure) begins approximately a decade later than 
with universal colitis, but at least one surveillance study found 
no difference between these groups in the temporal development 
of pre-neoplastic dysplasia. The risk for patients with ulcerative 
proctitis is only slightly increased compared with that in the gen- 
eral population. 

Chronic inflammation is a common theme in epithelial car- 
cinogenesis. The relationship of disease activity per se to cancer 
risk in UC has been based on circumstantial evidence, but recent 
data from several sources suggest that degree of inflammation 
is associated with cancer risk.” An open question is whether 
aggressive treatment to reduce inflammation also reduces can- 
cer risk, and “chemoprevention” with aminosalicylates is not 
routinely recommended. CRC in persons with UC is a risk fac- 
tor for CRC in their relatives without colitis, and CRC in rela- 
tives without UC is a risk factor for those with colitis. Cancer 
that arises in the setting of UC traditionally has been thought to 
be a highly malignant lesion with a poor prognosis, but studies 
using matched controls from colon cancer populations without 
colitis have failed to show a significant difference in survival 
between the 2 groups. 

The increased risk for CRC in patients with Crohn disease or 
ileocolitis has been reported to be as much as 4 to 20 times that 
in the general population, although one cohort study failed to 
confirm an increased incidence of colon cancer in these patients. 
Cancer can arise at an earlier age in these patients than in the 
general population. Many of these cancers are mucinous carci- 
nomas, and they often occur in surgically bypassed or strictured 
segments of colon. 

Carcinomas do not develop de novo from normal mucosa but 
rather from mucosa that has undergone a sequence of morpho- 
logic changes that culminate in invasive carcinoma. As in pre- 
cancerous adenomas, dysplasia is a precursor to carcinoma in 
IBD. Dysplasia comprises abnormalities in crypt architecture and 


cytologic detail (Figs. 127.13 and 127.14). Epithelial crypts are 
reduced in number, irregularly branched, and crowded together 
to give a pattern of so-called “back-to-back” glands. Cell nuclei 
may be enlarged and hyperchromatic, may have increased num- 
bers of mitoses, and may be located at different levels in the cell, 
producing a picket-fence appearance (pseudostratification). Dys- 
plasia is classified by grade as mild (or low-grade) to severe (or 
high-grade). 

Retrospective analyses previously reported that 90% of 
resected colons from patients with UC and cancer contained dys- 
plastic mucosa somewhere in the colon and that 30% of patients 
with severe rectal or colonic dysplasia on resection or biopsy had 
coexisting carcinoma. Colonoscopic studies suggest that 25% of 
colons that demonstrate high-grade dysplasia on biopsy harbor a 
carcinoma. Dysplasia often is patchy, and it may be present in the 
colon but absent from the rectum. 

Because the lack of uniformity of the definition of dysplasia 
can make interpretation of such data difficult, in 1983 the multi- 
disciplinary Inflammatory Bowel Disease Dysplasia Morphology 
Study Group developed a standardized classification for dysplasia 
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Fig. 127.12 Frequency of colorectal cancers (CRCs) by age at diag- 
nosis in the USA. Although rates have been declining among adults 

55 years of age and older, there has been an increase in CRC among 
younger individuals. Nonetheless, 90% of CRCs still occur after age 50 
years. 


Fig. 127.14 Plaque-like lesion with high-grade dysplasia in a patient with long-standing UC. A, Colonoscopic 
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arising in the setting of IBD that is still widely used today despite 
attempts at alternative classification systems. Biopsy specimens 
are classified as negative, indefinite, or positive for dysplasia (low- 
and high-grade). Several large prospective studies have attempted 
to determine the true risk of cancer in patients with colonic dys- 
plasia and UC and the impact of screening programs for dyspla- 
sia. 

Results suggest that biopsy surveillance programs can be 
effective in helping control the risk of carcinoma in patients 
with long-standing UC, and recommendations for endoscopic 
approaches and follow up and management of findings have 
evolved with advances in technology. Dysplasia may be micro- 
scopic or macroscopic and endoscopically visible (polypoid and 
non-polypoid), or endoscopically invisible. It was previously 
thought that the risk of cancer was highest in those with high- 
grade dysplasia arising in visible plaques or masses (so-called 
dysplasia-associated lesion or mass [DALM], as illustrated in 
Fig. 127.14), but international consensus is that terms such 
as DALM and adenoma-like, non-adenoma-like, and flat are 
often confusing, and should be abandoned.”! Most investigators 
believe that patients who have UC for more than 7 to 8 years 
should undergo periodic dye-assisted colonoscopy (chromoen- 
doscopy) with multiple biopsies targeted to visible lesions to 


ber of goblet cells is decreased. Glands are branched, irregular, and 
crowded together. Cell nuclei are hyperchromatic and occur at different 
levels, producing a pseudo-palisading or picket-fence appearance. 
(H&E stain.) 


+. 


view of the lesion. B, Histopathology of a biopsy specimen revealing high-grade dysplasia. (H&E stain.) 
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identify areas of dysplasia. The additional yield of random biop- 
sies of apparently normal mucosa has recently been debated, 
but assists in assessment of disease extent and activity, and is 
common practice. Colectomy was routinely recommended for 
severe dysplasia or DALM, but many now believe that polyp- 
oid dysplasia arising in a colonic segment affected by colitis can 
adequately be treated with polypectomy or endoscopic submu- 
cosal resection and continued surveillance, if there is absence of 
dysplasia at the margins of the specimen. Patients undergoing 
endoscopic resection of polypoid lesions do have a 10-fold risk of 
developing future dysplasia and require close monitoring. Non- 
polypoid dysplasia associated with visible mucosal changes car- 
ries a high risk of progression and it is generally recommended 
that individuals with unresectable non-polypoid dysplasia be 
treated with colectomy. Management of endoscopically invis- 
ible dysplasia on random biopsies depends on the degree of dys- 
plasia. Colectomy is recommended for documented high-grade 
dysplasia. Because the significance of low-grade dysplasia is less 
clear, immediate resection for patients with low-grade dysplasia 
in the absence of a visible lesion is controversial, and chromo- 
endoscopy plus repeated random biopsies at short intervals is 
recommended. 

Chromosomal and molecular alterations, such as overexpres- 
sion of p53 and relative loss of 18q, and findings of high MSI 
can occur early in UC-related neoplastic progression and appear 
to precede the histologic development of dysplasia. One analy- 
sis demonstrated specific miRNAs to be methylated in the rectal 
mucosa from patients with UC and dysplasia or CRC. Both dys- 
plasia and increased risk of colon carcinoma have been reported 
in patients with Crohn disease. As in UC, dysplasia appears in 
diseased colon segments, and its presence correlates with dura- 
tion of disease. 


Fig. 127.15 Carcinomas of the cecum seen at 
colonoscopy. Carcinomas of the proximal colon are 
often large and bulky polypoid lesions (A and B), 
may involve the ileocecal valve (C), and can out- 
grow their blood supply and become necrotic (D). 


Other Associations 


Diverting bile and bile acids to the lower small intestine, either sur- 
gically or by administration of cholestyramine, increases the yield of 
proximal colon tumors in carcinogen-treated animals. There is no 
evidence in humans, however, that chronic use of cholestyramine 
is associated with an increased risk of colon cancer. An increase in 
colon cancer following cholecystectomy has been suggested but not 
been proven. Diabetes mellitus has been associated with CRC and 
it has been suggested that insulin resistance and hyperinsulinemia 
contribute to colorectal carcinogenesis. Although hypergastrinemia 
has been associated with CRC risk in animal models, there is less 
compelling evidence that this is clinically significant in humans. 


PATHOLOGY 
Gross Pathology 


Carcinomas of the proximal colon, particularly those of the 
cecum and ascending colon, tend to be large and bulky, often 
outgrowing their blood supply and undergoing necrosis (Fig. 
127.15); this polypoid configuration, however, also may be found 
elsewhere in the colon and rectum. In the more distal colon and 
rectum, tumors more commonly involve a greater circumfer- 
ence of the bowel and produce an annular constriction or nap- 
kin-ring appearance (Fig. 127.16). The fibrous stroma of these 
tumors accounts for the constriction and narrowing of the colon 
lumen, whereas the circular arrangement of colonic lymphatics 
is responsible for their annular growth. These distal tumors also 
can ulcerate, and occasionally they have a flatter appearance with 
predominantly intramural spread (Fig. 127.17); the latter are seen 
most often in the setting of IBD. Morphologic features of CRCs 
have clinical, diagnostic, and prognostic implications. 


Fig. 127.16 Obstructing carcinoma of the 
sigmoid colon. A, Colonoscopic view. B, 
Apple-core lesion seen on barium enema 
examination. C, Surgical specimen demon- 
strating an annular constriction or napkin-ring 
appearance. 
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Fig. 127.17 Colonoscopic view of flat, plaque-like carcinomas of the colon (A) and rectum (B, arrows) in 
patients with IBD. 


Histopathology 


Carcinomas of the colon characteristically are adenocarcino- 
mas that form moderately differentiated to well-differentiated 
glands and secrete variable amounts of mucin (Fig. 127.18). 
Mucin, a high-molecular-weight glycoprotein, is the major prod- 
uct secreted by both normal and neoplastic glands of the colon 
and may be seen best with histochemical stains such as periodic 


acid-Schiff. In poorly differentiated tumors (see Fig. 127.18), 
gland formation and mucin production are present but less 
prominent. Signet ring cells, in which a large vacuole of mucin 
displaces the nucleus to one side of the cell, are a feature of some 
tumors (Fig. 127.19A). In approximately 15% of tumors, large 
lakes of mucin contain scattered collections of tumor cells (see 
Fig. 127.19B). Such mucinous or colloid carcinomas are most 
common in patients with Lynch syndrome or UC and in patients 
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stained with H&E demonstrate crowded neoplastic glands containing variable amounts of mucin. B, Poorly 


differentiated adenocarcinoma. 


carcinoma in which a large vacuole of mucin displaces the nucleus (A) and colloid carcinoma with scattered 
nests of tumor cells floating in lakes of mucin (B). (H&E stain.) 


whose carcinomas occur at an early age. Scirrhous carcinomas 
are uncommon and are characterized by sparse gland formation, 
with marked desmoplasia and fibrous tissue surrounding glandu- 
lar structures. Sometimes tumors demonstrate a mixed histologic 
picture, with glands of varying degrees of differentiation. 

Cancers other than adenocarcinomas account for less than 
5% of malignant tumors of the large bowel. Tumors arising at 
the anorectal junction include squamous cell carcinomas, cloaco- 
genic or transitional cell carcinomas, and melanomas (see Chap- 
ter 129). Primary lymphomas and carcinoid tumors of the large 
bowel account for less than 0.1% of all colon neoplasms (see 
Chapters 32 and 34). 


NATURAL HISTORY AND STAGING 


CRCs begin as intramucosal epithelial lesions, usually arising 
in adenomatous polyps or glands. As cancers grow they become 
invasive, penetrate the muscularis mucosae of the bowel, and 
invade lymphatic and vascular channels to involve regional 
lymph nodes, adjacent structures, and distant sites. Although 
CRCs grow at varying rates, they most often have long peri- 
ods of silent growth before producing bowel symptoms. 
Comparative lesion sequencing using modern molecular tech- 
niques combined with clinical observation suggests that it can 


take approximately 17 years for a large benign tumor to evolve 
to advanced cancer but less than 2 years for cells within that 
cancer to acquire the ability to metastasize.” Patterns of spread 
depend on the anatomy of the individual bowel segment as well 
as its lymph and blood supplies. 

Cancers of the rectum advance locally by progressive pene- 
tration of the bowel wall. Extension of the primary tumor intra- 
murally and parallel to the long axis of the bowel most often 
is limited, and lymphatic and hematogenous spread is unusual 
before penetration of the muscularis mucosae. Exceptions 
appear to be poorly differentiated tumors, which can metasta- 
size via lymphatics or hematogenously before completely pene- 
trating the bowel. Because the rectum is relatively immobile and 
lacks a serosal covering, rectal cancers tend to spread contigu- 
ously to progressively involve local structures. Transrectal US 
or MRT is useful to stage the depth of rectal cancers. Because of 
the dual blood supply of the lower third of the rectum, tumors 
arising from this region can metastasize hematogenously via the 
superior hemorrhoidal vein and portal system to the liver or by 
way of the middle hemorrhoidal vein and inferior vena cava to 
the lungs. The veins of the upper and middle thirds of the rec- 
tum drain into the portal system, and tumors in these segments 
first spread hematogenously to the liver. Occasionally, lumbar 
and thoracic vertebral metastases result from hematogenous 


spread via portal-vertebral communications (i.e., Batson verte- 
bral venous plexuses). 

Colon cancers can invade transmurally and involve regional 
lymphatics and then distant lymph nodes; lymphatic drainage 
generally parallels the arterial supply to a given bowel segment. 
‘The liver is the most common site of hematogenous spread (via 
the portal venous system) from colon tumors, and pulmonary 
metastases from colon cancer usually result from hepatic metas- 
tases. 

In 1929, Cuthbert Dukes proposed a staging classification for 
cancers of the rectum and colon. It has since been modified many 
times to increase its prognostic value; the most commonly used 
modification of the Dukes system is that of Astler and Coller. 
The Dukes classification, for the most part, has been replaced 
by TNM staging, but is included here because it is still occasion- 
ally used in clinical practice. This classification uses the following 
designations: 


A: Tumors limited to the mucosa 

B1: Tumors extending into, but not through, the muscularis pro- 
pria 

B2: Tumors penetrating the muscularis propria but without 
lymph node involvement 

C: Tumors with regional lymph node involvement 


Stage C tumors are divided further into primary tumors limited 
to the bowel wall (C1) and those that penetrate the bowel wall 
(C2). By contrast, in the system proposed by the Gastrointestinal 
Tumor Study Group, C1 lesions are those in which 1 to 4 
regional lymph nodes contain tumor, and C2 lesions are those in 
which more than 4 lymph nodes contain tumor. Another modifi- 
cation, by Turnbull and associates, added a D category referring 
to distant metastases. 

The American Joint Committee on Cancer’s (AJCC) TNM 
classification for CRC” classifies the extent of the primary 
tumor (T), the status of regional lymph nodes (N), and the pres- 
ence or absence of distant metastases (M). Cases are assigned 
the highest value of TNM that describes the full extent of dis- 
ease and are grouped into 5 stages (0 through IV) (see Table 
127.5). TNM staging has, in most cases, replaced the Dukes 
classification for CRC and has become important in classifying 
patients with CRC, uniformly randomizing patients for thera- 
peutic trials, and defining prognosis. The seventh edition of 
the AFCC Cancer Staging Manual included a number of modi- 
fications of the colon cancer staging system designed to more 
accurately reflect the relationship between the extent of tumor 
invasion and the number of affected lymph nodes, with addi- 
tional minor modifications added to the eighth edition. Stage 
II tumors are now subdivided based on patterns of invasion 
(into pericolorectal tissues or visceral peritoneum, or adher- 
ent to other organs or structures), as this influences prognosis. 
Stage III nodal disease also is further subdivided based on the 
number of involved lymph nodes and includes N1a (1 positive 
regional node), N1b (2 to 3 positive nodes), N2a (4 to 6 posi- 
tive nodes), and N2b (7 or more positive nodes). Satellite nod- 
ules without regional lymph node metastases are classified as 
Nic. Metastatic disease has been subdivided into disease with 
one metastatic site (Mla) or multiple metastatic sites (M1b). 
Metastasis to the peritoneal surface is now identified as M1c in 
the eighth edition which recognizes this as a poor prognostic 
factor. The eighth edition also reintroduced the elements L 
and V to better identify lymphatic and vessel invasion. 


PROGNOSIS 


Clinical and pathologic variables that can affect the prognosis of 
patients with CRC are outlined in Table 127.6 and are important 
not only in predicting clinical outcome but in designing optimal 
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TABLE 127.5 American Joint Committee on Cancer TNM Staging of 
Colorectal Cancer 


Stage* Criteriat 


© Carcinoma in-situ: intraepithelial tumor or invasion of the 
lamina propria* (Tis NO MO) 


| Tumor invades submucosa (T1 NO MO) [Dukes A] 
Tumor invades muscularis propria (T2 NO MO) [Dukes A] 


ll Tumor invades through the muscularis propria into 

pericolorectal tissues (T3 NO MO) [Dukes B] 

Tumor penetrates the surface of the visceral peritoneum (T4a 

NO MO) [Dukes B] 

Tumor directly invades or is adherent to other organs and 
structures (T4b NO MO) [Dukes B] 


Ill Any degree of bowel wall penetration with regional lymph node 
metastasis 

N1: metastasis in 1-3 regional lymph nodes 

Nta: metastasis in 1 regional lymph node 

N1b: metastasis in 2-3 regional lymph nodes 

Nic: tumor deposit(s) in the subserosa, mesentery, or non- 
peritonealized pericolic or perirectal tissues without regional 
nodal metastases 

N2: metastasis in 24 regional lymph nodes 

N2a: metastasis in 4-6 regional lymph nodes 

N2b: metastasis in 7 or more regional lymph nodes 

Any T N1 MO [Dukes C] 

Any T N2 MO [Dukes C] 


IV Any invasion of the bowel wall with or without lymph node 
metastasis, but with evidence of distant metastasis 
Any T Any N Mta: metastasis confined to 1 organ or site (liver, 
lung, ovary, non-regional node) 


Any T Any N M1b: metastasis in more than 1 organ/site or the 
peritoneum 


*Stage Il is subdivided into IIA (for T3 tumors), IIB (for T4a tumors), and 
IIC (for T4b tumors). Stage Ill is subdivided into IIIA (T1-T2 N1/N1c 
or N2a MO), IIIB (T3-T4a N1/N1c¢ MO) or (T2-T3N2aM0 or (T4bN1- 
N2M0O), and IIIC (T4aN2aM0) or T3-T4aN2aM0) or (T4N1-N2M0). 
Stage IV is divided into IVA (Any T Any N Mta), IVB (Any T Any N 
M1b), and IVC (Any T Any N M1c); NO, no regional lymph node 
metastasis. N1 lesions have 1-3 positive nodes and are subdivided 
into N1a (one positive regional lymph node), N1b (2-3 positive 
regional lymph nodes), and N1c (tumor deposits in the subserosa, 
mesentery, or non-peritonealized pericolic or perirectal tissues without 
regional nodal metastases); N2 tumors have 24 positive nodes and 
are divided into N2a (metastasis in 4-6 regional lymph nodes) and 
N2b (metastasis in 7 or more regional lymph nodes). This reflects the 
influence of the number of nodes on prognosis, and the importance 
of satellite tumor deposits now defined by site-specific factors that 
describes their texture and number. MO, no distant metastasis; M1, 
distant metastasis includes M1a, metastasis to one site or organ 
without peritoneal metastasis; M1b, metastasis to 2 or more sites 
or organs without peritoneal metastasis; M1c, metastasis to the 
peritoneal surface alone or with other site or organ metastasis. 

tDukes B, which corresponds to stage Il, is a composite of better (T3 NO 
MO) and worse (T4 NO MO) prognostic groups, as is Dukes C, which 
corresponds to stage Ill (any T N1 MO and any T N2 MO). 

+Tis includes cancer cells confined within the glandular basement 
membrane (intraepithelial) or lamina propria (intramucosal) with no 
extension through the muscularis mucosae into the submucosa. 

Based on the American Joint Committee on Cancer. AJCC cancer 
staging manual: colon and rectum. 8th ed. New York: Springer- 
Verlag; 2017. 


strategies for treatment and follow-up. Their identification has 
led to a progressive modification of the staging classifications for 
CRC. The roles of histologic differentiation; tumor size, loca- 
tion, configuration, and degree of invasion; and lymph node 
status must be evaluated on the basis of prospective analyses of 
patients who undergo curative resections for CRC. 


2132 PARTX Small and Large Intestine 


TABLE 127.6 Pathologic, Molecular, and Clinical Features that May Affect Prognosis in Patients with Colorectal Cancer 


Feature or Marker 


Effect on Prognosis 


PATHOLOGIC 
Surgical-Pathologic Stage 
Depth of colon wall penetration 


Number of regional nodes involved by tumor 

Positive circumferential resection margin 

Residual tumor after resection 

Isolated microscopic tumor cells in regional lymph nodes 


Tumor Morphology and Histology 
Degree of differentiation 


Mucinous (colloid) or signet-ring cell histology 
Scirrhous histology 


Invasion 
Venous 


Lymphatic 
Perineural 


Other Features 
Local inflammation and immunologic reaction 


Tumor morphology 


Tumor DNA content 


Tumor size 


MOLECULAR 
Loss of heterozygosity at chromosome 18q (DCC, DPC4) 


Loss of heterozygosity at chromosome 17p (TP53) 
Loss of heterozygosity at chromosome 8p 
Increased labeling index for p21WAF/CIP1 protein 
icrosatellite instability 

utation in BAX gene 

utation in K-ras codon 12 or 13 or NRAS 

utation in BRAF (BRAF V600E) 

Mutation in PISK (PIK3CA) 


CLINICAL 
Diagnosis in asymptomatic patients 
Duration of symptoms 


Rectal bleeding as a presenting symptom 
Colon obstruction 
Colon perforation 


Tumor location 


Age <30 yr 
High preoperative CEA level 
Distant metastases 


ncreased penetration diminishes prognosis 

Greater number of involved nodes diminishes prognosis 
Diminishes prognosis 

Diminishes prognosis 

May diminish prognosis 


Diminishes prognosis 
Diminishes prognosis 


Diminishes prognosis 
Diminishes prognosis 
Diminishes prognosis 


mproves prognosis 


lesions 
ncreased DNA content (aneuploidy) diminishes prognosis 
No effect in most studies 


Diminishes prognosis 

Diminishes prognosis 

Diminishes prognosis 

mproves prognosis 

mproves prognosis 

Diminishes prognosis 

Lack of response to anti-EGFR therapy 
Diminishes prognosis 


mproved response to aspirin chemoprevention 


May improve prognosis 
o demonstrated effect 
mproves prognosis 
Diminishes prognosis 
Diminishes prognosis 


Prognosis may be better for colonic than for rectal tumors 


Diminishes prognosis 
Diminishes prognosis 


arkedly diminishes prognosis 


Well-differentiated tumors have a better prognosis than poorly differentiated lesions 


Polypoid or exophytic tumors have a better prognosis than ulcerating or infiltrating 


Prognosis may be better for left colonic than right colonic tumors 


Tumor regression grade 


Complete eradication of tumor after preoperative therapy may improve prognosis 


EGFR, EGF receptor. 


Surgical—Pathologic staging 


The depth of transmural tumor penetration and the extent of 
regional lymph node spread are the most important determi- 
nants of CRC prognosis (Fig. 127.20). The degree of bowel wall 
penetration affects prognosis, independent of lymph node status, 
and correlates with the number of involved nodes as well as with 
the incidence of local recurrence after surgical resection. The 


number of involved regional lymph nodes also correlates inde- 
pendently with outcome. 


Tumor Morphology and Histology 


The TNM classification (see Table 127.5) is based in part on the 
observation that for most cancers, tumor size correlates with local 
and distant spread and, thus, indirectly with prognosis. Numerous 
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Fig. 127.20 Relative survival of 42,435 colon and 18,540 rectal cancer patients in the SEER data base since 
the TNM 7th edition was introduced in January 2010. Figure demonstrates the interaction among T and N 
classifications and number of positive lymph nodes. (From American Joint Committee on Cancer. AJCC cancer 
staging handbook. 8th ed. New York: AJCC; 2017.) 


Fig. 127.21 Pathologic features that can adversely influence prognosis include lymph node invasion (A) and 
vascular invasion (B). The arrow in A points to a lymphatic vessel containing tumor cells. In B, high-magnifica- 
tion microscopy demonstrates an artery that contains adenocarcinoma cells. (H&E stain.) 


studies suggest that CRC is an exception, however, and that the 
size of the primary tumor per se does not correlate with progno- 
sis. In fact, patients with exophytic or polypoid tumors appear to 
have a better prognosis than those with ulcerating or infiltrating 
tumors. 

‘Tumor prognosis correlates with histologic grade: poor differ- 
entiation confers a worse prognosis than does a high degree of 
differentiation. Mucinous and scirrhous carcinomas appear to be 
biologically more aggressive, and patients with these tumors do not 
survive as long as those who have other types of adenocarcinoma. 
Mucin-associated antigens might play a role in tumor progression 
and metastasis of colon cancer cells. Signet-ring carcinomas pres- 
ent at an advanced stage and are often highly invasive tumors. 

Invasion of either small or large vessels (lymphovascular inva- 
sion) by CRC (Fig. 127.214 and B) is a poor prognostic factor, 
correlating with local recurrence after resection, visceral metasta- 
ses, and decreased survival. Small vessel invasion is associated with 
lymph node metastasis. Perineural invasion (PNI) also is linked 
to increased local recurrence and decreased survival, and may be 
present in as many as 20% of primary CRCs. A tumor deposit is 


a discrete nodule of cancer present in the pericolic/perirectal fat 
or in the adjacent mesentery within the lymphatic drainage area 
of the primary tumor, but without identifiable lymph node tissue 
or vascular structures; most such deposits are thought to be due to 
lymphovascular or PNI and carry a poor prognosis. An increased 
inflammatory response and immune (lymphocytic) reaction appear 
to confer a better prognosis. Development of a histologic and pre- 
dictive scoring system that examines this feature (“Immunoscore”) 
is being developed for validation. The circumferential resection 
margin (CRM) is the distance in millimeters between the deep- 
est point of tumor invasion in the primary tumor and the margin 
of resection in the retroperitoneum or mesentery. The longer this 
distance is, the better the prognosis for rectal carcinomas and for 
colon cancers arising in areas that partially lack a peritoneal lining. 
As indicated in Table 127.6, a growing number of other molecular 
markers also might predict prognosis or response to therapy. High 
levels of MSI (MSI-H) is a good prognostic factor, but predicts a 
poor response to 5-flurouracil (5-FU) chemotherapy (negated by 
the addition of oxaliplatin; see later). Activating mutation in KRAS 
and NRAS is a moderately poor prognostic factor in Stage I and IV 
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Fig. 127.22 Colonoscopic view of bleeding carcinomas of the sigmoid colon (A) and cecum (B). Carcinomas 
of the colon often bleed intermittently. Patients can present with microcytic anemia, hematochezia, or both, 


depending on the tumor site and the pattern of bleeding. 


disease, and predicts a poor response to anti-EGFR therapy. The 
BRAF V600E mutation is associated with poor survival after tumor 
recurrence in patients with stages III and IV CRC, and blocks the 
effect of anti-EGFR on disease progression in stage IV disease. 


Clinical Predictors of Prognosis 


Data from recent case-control and prospective screening programs 
for CRC suggest that tumors diagnosed in asymptomatic patients 
are less advanced and are associated with a better prognosis than 
symptomatic tumors. Duration of symptoms may not correlate 
directly with prognosis, and some presenting symptoms, such as 
rectal bleeding, may be associated with better survival rates. Bowel 
obstruction or perforation has been linked with poor prognosis. 
Patients who present with obstructing lesions might not be candi- 
dates for curative surgery and have higher rates of operative mor- 
bidity and mortality. Recurrence following “curative” surgery also 
is higher in patients who present with obstruction or perforation. 

Location of the primary tumor can influence outcome. Dis- 
ease-free survival at 3 years appears to be 2% to 14% higher after 
surgery for tumors of the left than of the right colon. Some stud- 
ies also suggest a survival advantage for patients with colon cancer 
compared with rectal cancer. 

Prognosis is worse for patients with young-onset CRC occur- 
ring before 30 years of age than for older patients, and is par- 
ticularly poor in the pediatric age range. Poor prognosis may be 
related to a higher percentage of more advanced cancers at diag- 
nosis and mucinous adenocarcinomas in these young patients. 
Alternatively, patients with tumors that demonstrate MSI appear 
to have a better prognosis irrespective of age. Thus, whereas 
CRCs occur at a younger age in those with Lynch syndrome, 
these patients have a better prognosis than those with microsat- 
ellite-stable cancers. 

Outcome also is related to preoperative serum CEA-related 
cell adhesion molecule 5 levels. Tumor recurrence is higher, and 
the estimated mean time to recurrence is shorter, in patients with 
stage II and stage II cancers who have high preoperative CEA 
levels. 

Approximately one fourth of patients with CRC exhibit clini- 
cal evidence of hematogenous spread when seen initially, and one 
half of patients with CRC eventually develop metastases to a dis- 
tant site, usually the liver; such metastases carry a poor prognosis 


at all times. The most important determinant of survival time for 
patients who present with liver metastases is the extent of hepatic 
involvement by tumor. 

The pathological response (as determined by the tumor 
regression score) to preoperative radiotherapy (rectal cancer) or 
chemotherapy (colon or rectal cancer) is another important prog- 
nostic factor. Complete eradication of the tumor as determined 
by examination of the resected specimen is associated with a bet- 
ter prognosis. 


CLINICAL FEATURES 


CRCs grow slowly and may be present for years before symp- 
toms appear. Asymptomatic persons with cancer often have 
occult blood loss from their tumors, and bleeding rates increase 
with tumor size and degree of ulceration (Fig. 127.22). Symptoms 
depend to some extent on the site of the primary tumor. Cancers 
of the proximal colon usually grow larger than those of the left 
colon and rectum before they produce symptoms. Constitutional 
symptoms (e.g., fatigue, shortness of breath, angina) from micro- 
cytic hypochromic anemia may be the principal presentation of 
right-colon tumors. Less often, blood from right-colon cancers 
is admixed with stool and appears as mahogany-colored feces. 
As a tumor grows, it can produce vague abdominal discomfort 
or manifest as a palpable mass. Obstruction is uncommon with 
right-sided tumors because of the large diameter of the cecum 
and ascending colon, although cecal cancers can block the ileoce- 
cal valve and cause SBO. 

The left colon has a narrower lumen than does the proximal 
colon, and cancers of the descending and sigmoid colon often 
involve the bowel circumferentially and cause obstructive symp- 
toms. Patients can present with colicky abdominal pain, particu- 
larly after meals, and a change in bowel habits. Constipation can 
alternate with increased frequency of defecation as small amounts 
of retained stool move beyond the obstructing lesion. Hema- 
tochezia is seen more often with distal than proximal lesions, 
and BRBPR or coating the surface of the stool is common with 
cancers of the left colon and rectum. Rectal cancers also cause 
obstruction and changes in bowel habits, including constipation, 
diarrhea, and tenesmus. Rectal cancers can invade the bladder, 
vaginal wall, or surrounding nerves, resulting in perineal or sacral 
pain, but this is a late occurrence. 


BOX 127.5 Differential Diagnosis of Colorectal Cancer* 


MASS LESION 
Benign tumor (mucosal and submucosal) 
Endometriosis 
Inflammatory mass 
Diverticulitis 
Infections (TB, amebiasis, fungi) 
IBD 
Ischemic colitis 
Solitary rectal ulcer 
STRICTURE 
Crohn colitis 


Ischemia 

Radiation (late sequelae) 
RECTAL BLEEDING 
Angioectasia 
Diverticulosis 
Hemorrhoids 

IBD 

Infectious colitis 
Ischemic colitis 

Solitary rectal ulcer 
ABDOMINAL PAIN 
Diverticulitis 

IBD 

IBS 

Ischemic colitis 
CHANGE IN BOWEL HABITS 
Infectious diarrhea 

IBD 

IBS 

Medications 


*This list includes common clinical situations that initially may be confused 
with symptoms or signs of colorectal cancer, but it is not meant to be all- 
inclusive. 


CRC is often misdiagnosed in symptomatic patients. Symp- 
toms are ascribed to benign conditions such as diverticular dis- 
ease (abdominal pain, bleeding, change in stool caliber), IBS 
(abdominal pain, change in bowel habits), or hemorrhoids (rectal 
bleeding) (Box 127.5). CRC should be considered when a patient, 
especially one older than 40 years, presents with hypochromic 
microcytic anemia or rectal bleeding. Abdominal pain and bleed- 
ing of any type also merit evaluation for cancer in this age group. 
CRC can affect younger patients, particularly those with IBD or 
a strong family history for CRC and other cancers. When the 
history and clinical presentation suggest CRC, evaluation is war- 
ranted despite young age. 


DIAGNOSIS AND SCREENING 
Tests When CRC Is Suspected 


When CRC is suspected because of clinical signs, symptoms, or 
positive screening tests prompt endoscopic or radiologic evalu- 
ation should be undertaken (Fig. 127.23). Air contrast barium 
enema (ACBE) traditionally had been performed in conjunction 
with (flexible) sigmoidoscopy (FS), but given the low sensitivity 
of ACBE, CT colonography (CTC) (“virtual colonoscopy”) has, 
in most USA centers, replaced it for patients who cannot undergo 
colonoscopy. 
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Ifa carcinoma is detected radiologically or by sigmoidoscopy, 
a full colonoscopic examination should be done because of the 
high incidence of synchronous lesions and possible implications 
of the colonoscopic findings for the surgical treatment plan. As 
many as half of the patients with proved CRC harbor additional 
lesions, and for almost 10%, the operative plan has to be modified 
as a result of preoperative colonoscopy. 


Principles of Screening 


Cancer prevention may be categorized as primary or second- 
ary. Primary prevention refers to identifying genetic, biologic, 
and environmental factors that are etiologic or pathogenetic 
and subsequently altering their effects on tumor development. 
Although several areas of study have been identified that can lead 
to primary prevention of colon cancer, available data do not yet 
provide a firm basis for the practical application of primary pre- 
ventive measures. The goal of secondary prevention is to identify 
existing pre-neoplastic and early neoplastic lesions and to treat 
them thoroughly and expeditiously. The assumption is that early 
detection improves prognosis. Screening is an example of second- 
ary prevention. 

In symptomatic patients, it is important to minimize diagnos- 
tic delay. If the clinical setting suggests CRC (e.g., iron deficiency 
anemia in an older adult patient), prompt diagnostic evaluation 
should be undertaken; this approach, known as case finding, per- 
tains to individual patients and small groups of patients seen in 
daily practice. Screening pertains to large populations. Screening 
an asymptomatic population for any disease is worthwhile if the 
disease represents a major health problem, effective therapy is 
available, a sensitive and specific screening test is available that 
is readily acceptable to patients and physicians, and the screen- 
ing test is cost-effective. CRC fulfills all these conditions. Fur- 
thermore, the prolonged natural history of CRC affords time to 
detect and eliminate early neoplastic lesions before they reach 
an advanced, incurable stage. The challenge that remains is to 
develop effective, easily administered, and cost-effective screen- 
ing tests for the disease. Current evidence strongly indicates that 
screening for CRC reduces related mortality. This finding has 
resulted in a recommendation by the USPSTF that screening for 
CRC should be performed in all persons aged 50 to 75 years.** 
Almost all major health-related agencies have endorsed screening 
for CRC (Table 127.7), but the key questions of who, how, and 
how often remain a source of debate. 

Numerous professional societies have issued serial updates 
of CRC screening guidelines that have evolved to provide evi- 
dence-based recommendations which include menus of options 
designed to maximize screening compliance. 7677:82-8+4 Although 
not all options have proven equivalence of efficacy and provide 
different advantages and limitations, all societies conclude that 
there is a high certainty that screening for CRC in average-risk 
asymptomatic adults is of substantial net benefit. A broad set 
of screening choices for different levels of CRC risk is offered, 
thereby allowing greater flexibility in achieving screening goals. 
The U.S. Multi-Society Task Force on Colorectal Cancer 
(MSTF) updated its guidelines in 2017 and ranked CRC screen- 
ing tests into 3 tiers based on performance features, cost, and 
practical considerations (see Table 127.7).*? Screening is recom- 
mended to begin at age 50 years in average-risk persons, except in 
African-Americans in whom limited evidence supports initiating 
screening at 45 years. First-tier tests are colonoscopy every 10 
years and annual fecal immunochemical tests ([FITs]; with colo- 
noscopy offered first). Second-tier tests include CT-colonogra- 
phy every 5 years, FIT-fecal DNA every 3 years, and FS every 
5 to 10 years. Capsule colonoscopy every 5 years is a third-tier 
test. It is suggested that the Septin9 serum assay not be used for 
screening. Tools for enhancing colonoscopy quality are stressed. 
The ACS updated its guidelines in 2018, and recommended that 
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Fig. 127.23 Carcinoma of the cecum. The tumor is seen infiltrating a cecal fold at colonoscopy (A) and on 
air-contrast barium enema (B). 


TABLE 127.7 Guidelines for Screening Average-Risk Persons for Colorectal Cancer 
Screening Tool U.S. Preventive Services Task Force’ American Cancer Society* U.S. Multi-Society Task Force 


High-sensitivity FOBT Recommended annually as an option Recommended annually as an option Not specifically recommended 
(guaiac-based) 


Fecal immunochemical Recommended annually as an option Recommended annually as an option Recommended annually as an option (Tier 1 


test (FIT) recommendation) 
Flexible sigmoidoscopy Recommended every 5 yr or every 10 Recommended every 5 yr as an option Recommended every 5 to 10 yr as an option 
yr plus FIT annually as an option (Tier 2 recommendation) 
Colonoscopy Recommended every 10 yr as an option Recommended every 10 yr as an option Recommended every 10 yr as a tier 1 option 
Double-contrast barium Not recommended Not recommended Not recommended 
enema 
CT colonography Recommended every 5 yr as an option Recommended every 5 yr as an option Recommended every 5 yr as a tier 2 option 


FIT-fecal DNA testing Recommended every 3 yr as an option Recommended every 3 yr as an option Recommended every 3 yr as a tier 2 option 
Capsule endoscopy Not recommended Not recommended Recommended every 5 yr as a tier 3 option 


Septin 9 Not recommended Not recommended Not recommended 


‘The U.S. Preventive Services Task Force (USPSTF) recommends screening for adults aged 50 to 75 yr. The decision to screen adults ages 76 to 85 years 
should be an individual one, taking into account the patient's overall health and prior screening history. Adults in this age group who have never been 
screened for CRC are more likely to benefit. These guidelines discuss the strength of evidence for each modality and recommend individualized decision 
making to the specific patient or situation. Cost is not considered by the USPSTF. 

+The American Cancer Society recommends average-risk screening beginning at age 45 as a qualified recommendation. Screening adults aged 76 to 
85 years should be individualized based on patient preferences, life expectancy, health status, and prior screening history. Discussion is presented 
regarding the 2018 MISCAN modeling analysis with comparison of potential life years gained (LYG) for each screening scenario. 

+The U.S. Multi-Society Task Force on Colorectal Cancer representing the ACG, AGA, and ASGE recommends average-risk screening beginning at age 50 
years in average-risk persons except in African Americans in whom limited evidence supports screening beginning at age 45. Discontinuation should be 
considered when individuals up to date with screening, and who have prior negative screening reach age 75 or have less than 10 years life expectancy. 
Persons without prior screening should be considered for screening up to age 85, depending on age and comorbidities. The USPSTF ranks screening 
tests by recommended tiers (1 to 3). 

FOBT, fecal occult blood test. 

Data from Sung JJY, Ng SC, Chan FKL. An updated Asia Pacific consensus recommendation on colorectal cancer screening. Gut 2015; 64:121-32; 84. 
Rex DK, Johnson DA, Anderson HC, et al. American College of Gastroenterology guidelines for colorectal cancer screening 2008. Am J Gastroenterol 
2009; 104:739-50; and Segnan N, Patrick J, von Karsa L, editors. European guidelines for quality assurance in colorectal cancer screening and diagnosis. 
Luxembourg: International Agency for Research on Cancer; 2010. pp 1-386. 


average-risk individuals undergo regular screening beginning at years, FS every 5 years).’’ All positive results on non-colonoscopy 
age 45 years with either a high-sensitivity stool-based test (FIT screening tests should be followed by timely colonoscopy. The 
or high-sensitivity guaiac-based fecal occult blood test [FOBT] USPSTF update in 2016 concluded with “high certainty” that 
annually, multi-target stool DNA test every 3 years) or a struc- CRC screening should be performed in average-risk asymptom- 
tural examination (colonoscopy every 10 years, CTC every 5 atic individuals beginning at age 50 years; that multiple strategies 
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TABLE 127.8 Best Case Values for Screening Procedures for Colorectal Polyps and Cancers” 


Sensitivity 
Adenomas Adenomas Adenomas Cancer Risk of fatal 

Test Reach Specificity (%) <5mm(%) 6-9mm(%) =10mm(%) (%) complicationst 
High-sensitivity guaiac- Whole colorectum 92.5 1.9 12.4 23.9 70.0 o 

based FOBT (per 

person) 
Fecal immunochemical Whole colorectum 96.4 mO 23.8 73.8 (0) 

test (FIT) 
FIT-DNA Whole colorectum 89.8 i2 42.4 92.3 
Flexible sigmoidoscopy To splenic flexure 87.0% 75.0 85.0 95.0 95.0 0 

(within reach) 
Colonoscopy To cecum (per lesion; 86.0% TO) 85.0 95.0 95.0 1/10,000 

within reach) 

CT colonography Per lesion 88 — S 84 84 (0) 


“Best case value assumes 100% adherence to screening tests, follow-up of positive findings, and surveillance of persons found to have adenomas. 
Assumes 100% of HSgFOBT, FIT, FIT-DNA, and CTC completed and 95% of colonoscopy and 76% of FS completed. 


tRisk of fatal complications from the test itself. 


+The lack of specificity with endoscopy reflects the detection of non-adenomatous polyps. 
Data from Meester RGS, Peterse EFP, Knudsen AB, et al. Optimizing colorectal cancer screening by race and sex: microsimulation analysis II to inform the 
American Cancer Society screening guideline. Cancer 2018; 124(4):2974-85. 


are available to choose from with different levels of evidence to 
support their effectiveness, as well as unique advantages and limi- 
tations; but that there are no empiric data to demonstrate that any 
of the reviewed strategies provide a greater net benefit.*+ Seven 
screening strategies were given an “A” recommendation which 
largely overlaps with the ACS recommendations. The USP- 
STF recommends FS every 10 years combined with annual FIT 
as an option, whereas the ACS guidelines recommended a FS- 
only option. All 3 guidelines recommend screening in individu- 
als through age 75 who have a life expectancy of 10 years, with 
individual decisions for continued screening between the ages of 
76 and 85, based on clinical judgment taking into account the 
patient’s overall health and screening history. MSTF guidelines 
suggest that persons without prior screening should be consid- 
ered for screening up to age 85, depending on age and comor- 
bidities. The European Guidelines for Quality Assurance in Colorectal 
Screening and Diagnosis is a 386-page document authored by 90 
authors from 32 countries that provides an evidence-based review 
of existing data on CRC screening that stresses quality measures 
and cost-effectiveness.*? Numerous international CRC screening 
programs have been initiated as evidence grows for an impact of 
CRC screening on mortality.’ 

The willingness of patients and physicians to comply with 
recommendations for screening programs has a major impact 
on the effectiveness of CRC screening. Compliance by potential 
screenees and physicians historically has been poor, and inter- 
ventions to increase screening adherence have been disappoint- 
ing. Adherence to recommended follow-up testing after an initial 
positive FOBT result also may be lower in the community setting 
than in larger screening trials. Up to one third of people who test 
positive do not respond to requests for follow-up. An analysis of 
diagnostic testing after a positive FOBT result in Medicare recip- 
ients indicated that not only was compliance poor, but follow-up 
diagnostic testing often was inadequate or improper. Unfortu- 
nately, compliance is often poorer among older adults, who are 
at greatest risk for CRC, and among underserved populations, in 
whom mortality is high. Despite the widespread availability of 
screening tests such as colonoscopy, most older adults are reluc- 
tant to have these tests because of cost, discomfort, and fear. 

Although most physicians agree in principle with guidelines for 
screening, many do not follow them with all patients. Reluctance 
to perform what is perceived as an uncomfortable and invasive 
procedure in asymptomatic persons, requirements for training, 


and limitations of time and resources, contribute to reluctance on 
the part of primary care physicians. Compliance also is extremely 
important in any determination of cost-effectiveness. The FOBT 
is especially sensitive to the impact of compliance compared with 
other tests. 

In the absence of firm clinical data indicating which screen- 
ing strategy provides the best balance of sensitivity, specificity, 
logistic feasibility, and cost, various mathematical models have 
been used to examine this issue.’*:’? Decision analyses commis- 
sioned by the USPSTF used microsimulation models from the 
Cancer Intervention and Surveillance Modeling Network to 
assess life-years gained (corrected for life-years lost because of 
screening complications) by screening strategies, versus burden 
and harms expressed as the number of colonoscopies required for 
a given strategy. Cost is not a factor in these models. This group 
concluded that their findings support CRC screening with colo- 
noscopy every 10 years, annual screening with a sensitive FOBT, 
or FS every 5 years with a mid-interval FOBT for patients aged 
50 to 75 years. This was part of the basis for modifications to the 
USPSTF guidelines. More recently, similar modeling was per- 
formed to inform the update of the ACS CRC screening guide- 
lines. Using updated information, the ACS made the “qualified” 
recommendation that all average-risk individuals begin screening 
at age 45 rather than 50. It also concluded that any incremental 
benefit of adding annual FIT to FS would be small compared 
with either test alone. 

The use of screening modalities for detecting adenomatous 
polyps is discussed in Chapter 126. Table 127.8 presents some 
of the characteristics of tests used to screen for colorectal neo- 
plasms. 


Screening Techniques 
Fecal Occult Blood Testing 


Qualitative chromogen tests (e.g., Hemoccult I, Hemoccult 
II Sensa), which rely on the oxidative conversion of a color- 
less compound (guaiac) to a colored one in the presence of the 
pseudoperoxidase activity of Hgb, have been widely studied and 
are available commercially, convenient to use, and inexpensive. 
A large body of literature, including randomized trials of fecal 
occult blood testing (FOBT), has demonstrated short-term and 
long-term reductions in CRC incidence and mortality associated 
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with guaiac-based FOBT screening. Their effectiveness in detect- 
ing occult blood in the stool, however, depends on many factors 
that can either enhance (cause false-positive tests) or inhibit 
(cause false-negative tests) oxidation of the indicator dye, such 
as the degree of fecal hydration (increases sensitivity), amount 
of Hgb degradation during storage or by focal flora (decreases 
sensitivity), and the presence or absence of interfering substances 
or foodstuff that contains compounds with peroxidase or pseu- 
doperoxidase activity (red meat, broccoli, turnips, cauliflower, 
radishes, cantaloupe). For these reasons, FIT is, in many cases, 
replacing guaiac-based FOBT. Guaiac-based FOBT requires 2 
samples of each of 3 consecutive (daily) stools, whereas FIT usu- 
ally uses a one-time sample. ACS and USPSTF options include 
annual FIT or high-sensitivity, guaiac-based FOBT (HSgFOBT; 
e.g., Hemoccult II Sensa, Beckman Coulter Inc., Bream CA), 
whereas annual FIT is the option included in MSTF guidelines. 
HSgFOBT may be an attractive option in low-resource settings 
where FIT may not be affordable. Recommendations on FIT 
testing to screen for colorectal neoplasia from the MSTF have 
recently been published.” 

Large controlled studies of guaiac-based Hemoccult testing 
of asymptomatic patients in the general population have been 
reported from the USA,’ Great Britain,’ Scandinavia, and 
France.” These studies cite a rate of test positivity of 1% to 2.6% 
on first screen for non-hydrated slides and a predictive value for 
colonic neoplasms (adenomas plus carcinomas) of 22% to 58%. 
The positive predictive value for carcinomas alone is substantially 
less (5.6% to 18% for non-hydrated slides). Mortality data are 
available from the Minnesota Study, an RCT that has provided 
the best evidence for the effectiveness of screening with FOBT. 
Results of 18 years of follow-up reported a cumulative 18-year 
CRC mortality 33% lower in the annually screened group than 
in the control group. The group tested with biennial screening 
demonstrated a 21% lower CRC mortality than did the control 
group; other RCTs reported similar results. Data from Funen, 
Denmark, suggest an 18% decrease in CRC mortality during 
a 10-year study period, and data from Nottingham, England, 
indicate a 15% reduction in mortality at 7.8 years’ follow-up.’ 
Data from New York suggest a 43% reduction in mortality in 
the screened group at 10 years. A randomized French trial”? also 
demonstrated a reduction in CRC mortality with biennial FOBT 
screening compared with a control population (mortality ratio, 
0.84; 95% CI, 0.71 to 0.99) at 11 years of follow-up; reduction in 
mortality was more pronounced in compliant patients (mortality 
ratio, 0.67; 95% CI, 0.56 to 0.81). 

A variety of studies using different designs have compared 
gFOBT to FIT. Multiple FITs are now available worldwide, and 
FIT is likely to eventually replace gFOBT. Significant variations 
exist, however, across studies with respect to specific brands of 
gFOBT and FIT used. Among FITs approved by the US Food 
and Drug Administration, the FIT-CHEK family of FITs (Poly- 
medco) appear to have the best performance characteristics. 
Overall, studies have indicated that FIT is superior to gFOBT 
in sensitivity for detecting CRC and advanced neoplasia with 
comparable or only slightly reduced specificity. The sensitivity 
of gFOBT ranges from 62% to 79% for CRC, with specificity 
ranging from 87% to 96%. Sensitivity for single-sample FIT 
ranges from 73% to 92%, with specificities from 91% to 97%. In 
the 2018 MISCAN modeling analysis of average-risk screening, 
annual FIT from ages 45 to 75 years yielded 94% of the life years 
gained (LYGs) compared with benchmark colonoscopy every 10 
years.” Issues that remain to be resolved regarding FIT include 
the optimal number of samples to be tested, requirements for 
storage and shipping (e.g., effect of temperature), and the rela- 
tive benefit of quantitative (positive or negative) versus qualitative 
reporting, including the optimal “cut off” for a positive test. The 
MSTF recommends one-sample annual FIT, quantitative over 
qualitative FITs, a low threshold (20 ug/g or lower) cut-off to 


define a positive test, and use of spontaneously passed rather than 
in-office DRE stool samples. 


Proctosigmoidoscopy 


Four prospective randomized trials have shown that program- 
matic screening with FS can have an impact on CRC-related 
incidence and mortality.!°°-!° The UK Flexible Sigmoidoscopy 
Screening Trial is a randomized trial that tested the hypoth- 
esis that a single FS screening examination offered at approxi- 
mately 60 years of age can lower the incidence and mortality 
of CRC.!°! In per-protocol analyses, CRC incidence and mor- 
tality were reduced by 33% and 43%, respectively (23% and 
31%, respectively, based on intention-to-treat [ITT] analysis); 
incidence of cancer of the rectum and sigmoid was reduced 
by 50%. The Prostate, Lung, Colorectal, and Ovarian Cancer 
Screening Trial enrolled 154,900 subjects aged 55 to 74 years 
in a prospective randomized trial that compared FS with repeat 
screening at 3 or 5 years to a usual-care control group.! FS 
reduced CRC incidence by 21%, with a benefit observed in both 
the distal and proximal (due to work up of distal lesions) colon, 
and reduced overall mortality by 26% (ITT analyses). Mortality 
from distal CRC (distal to the splenic flexure) was reduced by 
50%, whereas mortality from proximal CRC was unaffected. The 
Italian Randomized Controlled Trial (SCORE) demonstrated 
that once-only sigmoidoscopy significantly reduced CRC inci- 
dence by 18% and insignificantly reduced mortality by 22% in 
ITT analyses; in per-protocol analyses, incidence and mortality 
were reduced 31% and 38%, respectively, both significant. !” 
The Norwegian Colorectal Cancer Prevention trial is a popula- 
tion-based trial which randomized 100,210 individuals aged 50 to 
64 years to once-only FS or once-only FS plus FOBT versus no 
intervention. There was a 20% reduction in CRC incidence and 
a 27% reduction in mortality associated with FS compared with 
no screening during a median follow-up of 11 years (ITT analy- 
sis).'°+ These data have resulted in once-in-a-lifetime FS being 
included as an option in the UK National Health Service Bowel 
Cancer Screening Programme (FOBT is the other option). 


Colonoscopy, Barium Enema, CT Colonography, and Colon 
Capsule Endoscopy 


Colonoscopy may well be the most effective tool for CRC screen- 
ing, and is the recommended first-tier CRC screening test by 
the MSTF, although data from prospective trials are lacking. A 
large prospective multicenter Veterans Administration screen- 
ing trial comparing screening colonoscopy with annual FIT in 
50,000 average-risk individuals (CONFIRM) is underway in the 
USA with CRC mortality as the primary endpoint,!® and sev- 
eral other trials are ongoing in Europe (COLONPREYV in Spain, 
the NordICC Trial in Poland, Norway, the Netherlands, and 
Sweden)!-!07 to address this question. Colonoscopy is the most 
frequently used CRC screening modality in the USA, allows visu- 
alization of the entire colon, and same-session removal of pre- 
cursor lesions. In many other countries, however, colonoscopy is 
part of a 2-phase approach, where an initial positive screening test 
such as FIT generates a follow-up colonoscopy. The National 
Polyp Study on polypectomy and surveillance strongly suggested 
a reduction in CRC mortality as the result of removing adeno- 
matous polyps compared with historic reference populations. An 
update of this trial, with a median follow-up of 15.8 years, indi- 
cated that colonoscopic polypectomy is associated with a 53% 
reduction in mortality from CRC compared with the expected 
incidence-based mortality from CRC in the general popula- 
tion.!°° Several other population-based analyses and analyses of 
individual screening programs in the USA, Canada, and Europe 
also suggest that increased use of colonoscopy is associated with 
mortality reduction from CRC, but that this reduction varies by 
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Fig. 127.24 CT colonography (virtual colonoscopy). An 8-mm sigmoid polyp identified on an axial 2-dimen- 
sional CT image of the colon (A, arrow) and on an endoluminal 3-dimensional reconstruction (B, arrow). 


b. 


Fig. 127.25 Representative views of a 2-cm sessile colonic lesion (arrows) seen on a fold. Lesion seen at 
colonoscopy (A) and on 3-dimensional reconstruction CT colonography (B). 


site of the cancer, with the effect being stronger for distal than for 
proximal cancer. 109-115 

Three Cancer Intervention and Surveillance Modeling Net- 
work models commissioned by the USPSTF estimated that 
screening with colonoscopy in average-risk individuals every 10 
years would reduce CRC incidence by 62% to 88%, and mortal- 
ity by 79% to 90%.°+ MISCAN modeling conducted for the ACS 
suggested that colonoscopy every 10 years from ages 45 to 75 
provides a greater reduction in lifetime risk of CRC and more 
LYG than other screening modalities, but requires more than 
twice the number of lifetime colonoscopies as with stool-based 
testing.” 

High-contrast endoscopy using dye or stain solutions com- 
bined with colonoscopy (chromoendoscopy) or high-resolution 
optical methods (e.g., virtual chromoendoscopy with narrow- 
band imaging, iScan, spectral imaging color enhancement, blue 
laser imaging, auto-fluorescence imaging, laser confocal endos- 
copy) has been suggested as a means of identifying lesions, espe- 
cially in high-risk groups such as IBD or Lynch syndrome, or 
as an adjunct to colonoscopy when flat lesions (flat adenomas) 


are suspected. These methods may detect more adenomas than 
colonoscopy using intensive inspection with white light, but 
their usefulness in routine practice has not been established. 
Other surface-exposing adjunctive methods such as cap-assisted 
colonoscopy, Endocuff or Endo-ring-assisted colonoscopy, and 
through-the-scope optical devices, as well as computer-aided 
video detection need to be further evaluated. 

ACBE is no longer included as an option in screening guide- 
lines, and has been replaced as an option by CTC. 

CTC, or virtual colonoscopy, uses helical CT to gener- 
ate high-resolution, 2-dimensional images of the abdomen and 
pelvis. Three-dimensional imaging of the colon can be recon- 
structed by computer generation offline (Figs. 127.24 and 127.25) 
and has the potential advantage of being a rapid and safe method 
of providing full structural evaluation of the entire colon. Recog- 
nition of the importance of CRC screening has raised concerns 
over the ability of existing resources to accommodate the ensuing 
volume of expected procedures such as colonoscopy. Colonogra- 
phy using CT or MRI could represent an alternate method with 
promise for the future. 
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Large multicenter trials indicate that CRC detection rates 
with CTC are similar to those of optical colonoscopy, and 
that adenoma detection depends on size of the adenoma. !!%!!7 
The National CTC Trial directed by the American College of 
Radiology Imaging Network was a multicenter study of CTC 
and same-day colonoscopy using a standard matching protocol 
in 2600 asymptomatic persons. Per-patient sensitivity of CTC 
for adenomas greater than 10 mm was 90%, with a negative 
predictive value of 99%. Another trial compared CTC and 
optical colonoscopy in parallel screening cohorts and demon- 
strated similar rates of detection of advanced neoplasia in both 
groups. A systematic review and meta-analysis of 49 studies 
using optical colonoscopy as the reference estimated that the 
sensitivity of CTC for detection of cancer was 96.1% and the 
sensitivity for detecting adenomas greater than 6 mm ranged 
from 73% to 98% with a specificity of 89% to 91%.!!8 CTC 
every 5 years is now included as an option by the ACS and 
MSTFE. 

Several key issues need to be addressed as the use of CTC 
becomes more widespread, principal among which is determina- 
tion of the size cut-off of a detected lesion that will necessitate 
follow-up colonoscopy. Other issues include the need for bowel 
preparation, the logistics of same-day colonoscopy, the ability to 
detect flat lesions, the significance of extracolonic lesions detected 
by CTC, and the impact on compliance, cost-effectiveness, and 
insurance coverage when CTC is used as a screening tool. Meth- 
odologies that use CTC without need for cathartic preparation 
and with fecal tagging might make this a more attractive option 
for screening. 

Colon capsule endoscopy (“capsule colonoscopy”) uses an 
ingested capsule that allows imaging of the colon without the 
need for sedation or gas insufflation (analogous to video capsule 
endoscopy), although a bowel preparation is required. Adequacy 
of bowel preparation and intestinal transit time impact perfor- 
mance. One study demonstrated sensitivity and specificity for 
detecting adenomas greater than 6 mm of 88% and 82% respec- 
tively, with sensitivity and specificity for detecting adenomas 
greater than 10 mm of 92% and 95%, although almost 9% of 
subjects were excluded because of inadequate bowel preparation 
or short transit time.!!? Capsule colonoscopy is approved by the 
FDA for imaging of the proximal colon in those with incomplete 
colonoscopies and for those who are not candidates for colonos- 
copy, but not for average-risk screening. It is a third-tier option 
in the MSTF guidelines. 

MR colonography is a radiation-free, IV contrast-enhanced 
examination of the abdomen with high resolution. There have 
been limited studies to date that have examined this modality for 
CRC screening, but recent data indicate that this modality can 
detect colorectal adenomas 6 mm or larger and advanced neopla- 
sia with high levels of sensitivity and specificity, albeit with lower 
levels of sensitivity than colonoscopy. 


Plasma- and Serum-Based Tumor Markers 


A variety of proteins, glycoproteins, and cellular and humoral 
substances such as cell-free DNA has been studied as potential 
tumor markers, but none has been found specific for CRC.!? 
122 Potential tumor markers may get into the blood by a vari- 
ety of mechanisms. Some molecules may be released from the 
tumor cell surface by proteolytic cleavage. For example, CEA 
may be released through the action of phosphatidylinositol- 
specific phospholipase C. Membrane-bound mucins also may 
be released by proteolytic cleavage or after engagement by spe- 
cific ligands, whereas other molecules may be actively secreted. 
Tumor-associated molecules also may reach the blood in shed 
vesicles as exosomes, after outward budding of the plasma mem- 
brane and release into the extracellular space. Exosomes may 
contain tumor-derived proteins and may transport oncogenes 


and onco-micro RNAs (miRNAs). Other membrane vesicles 
include apoptotic bodies, which are created via bleb formation of 
the membrane of dying cells. 

CEA may be useful in the preoperative staging and postop- 
erative follow-up of patients with colon cancer, but it has a low 
predictive value for diagnosis in asymptomatic patients. Sensi- 
tivities for CEA alone and CEA-related cell adhesion molecule, 
for example, have ranged between 32% and 69% and are highly 
dependent upon tumor stage. The relatively low sensitivity and 
specificity of CEA combine to make it unsuitable for screening 
large asymptomatic populations. Several new protein and carbo- 
hydrate antigens are being examined and hold some promise in 
terms of specificity for pre-neoplastic and early neoplastic lesions 
in the colon; their effectiveness for screening, however, remains 
to be determined. MicroRNAs are short noncoding RNAs that 
play important roles in various physiologic and developmen- 
tal processes. Circulating microRNAs represent new potential 
biomarkers for diagnosis and prognosis in digestive tract can- 
cers. Circulating methylated septin (DNA /mSept9/] is a molec- 
ular CRC biomarker shed into the circulation, and is approved 
by the FDA for CRC screening in average-risk individuals who 
have repeatedly refused other forms of CRC screening (but not 
for unrestricted use in routine screening). Although the test 
has undergone modification to improve performance, concerns 
remain with regard to poor specificity for CRC, and low sensitiv- 
ity for adenomas. This test is not recommended by the MSTF for 
CRC screening. 

The development of sensitive and specific markers that can 
be used for early detection of cancer is the focus of the National 
Cancer Institute-sponsored Early Detection Research Network. 
Promising approaches using genomic or proteomic techniques 
applied to biomarker discovery are being pursued that might 
result in practical clinical tests. Multiplex testing combining 
assessment of levels of circulating proteins or glycoproteins and 
cell-free DNA or other markers is the approach which appears 
most promising. 


Fecal DNA and Genetic Testing 


A great deal of knowledge has been accumulated about genetic 
alterations that occur during colon carcinogenesis, but specific 
genetic tests are not yet available for most patients at risk for 
sporadic CRC. A molecular approach to CRC screening is 
attractive because it targets biological changes that are funda- 
mental to the neoplastic process. The feasibility of detecting 
altered DNA in stool has been demonstrated using a multi- 
target assay panel of molecular markers. The DeeP-C study 
of stool DNA testing for CRC in almost 10,000 average-risk 
individuals showed that sensitivity of a panel, which included 
several DNA markers plus FIT for detecting CRC, was 92.3% 
compared with 73.8% for FIT alone (with colonoscopy as the 
standard). The sensitivity for detecting advanced precancerous 
lesions (advanced adenomas or sessile serrated adenomas > 1 
cm) was 42.4% for the panel compared with 23.8% for FIT 
alone. Specificities with DNA and FIT were 86.6% and 94.9% 
respectively, among participants with non-advanced or nega- 
tive finding on colonoscopy.!?> The multi-targeted stool FIT- 
DNA test (Cologuard, Exact Sciences, Madison, WI) is FDA 
approved as a CRC screening tests and is included as part of 
USMSTF guidelines (every 3 years; tier 2 recommendation). 
Modeling analysis conducted for the ACS did not categorize it 
as a model-recommended test because of the high number of 
colonoscopies required per LYG. 

Genetic testing is now a reality for families with FAP, Lynch 
syndrome, and a growing number of those with hereditary pre- 
disposition to CRC (see Chapter 126).6474124,125 Tt is important 
that proper genetic counseling is incorporated into the screening 
process. 


Approach to Screening 


Screening and case-finding approaches are different for patients 
in average-risk and high-risk groups; the latter group includes 
patients with long-standing UC, previous CRC, previous adeno- 
mas, female genital cancer, familial polyposis, Lynch syndrome, 
and familial colon cancer. 


Average-Risk Group 


Patients who are registered in a health care system should be cate- 
gorized according to risk, so that appropriate CRC screening can 
be added to their proper medical evaluation. Relative risk should 
be assessed by family and personal history. A variety of options 
are available for screening average-risk patients (=50 years old 
with no personal or family history of colorectal adenoma or CRC 
and no personal history of IBD). These have been discussed pre- 
viously, including guidelines from various health care agencies 
(see Table 127.7). 

Colonoscopy every 10 years has the advantages of examin- 
ing the entire colon and rectum and providing the opportunity 
to biopsy or remove lesions should they be found. Several stud- 
ies confirm the low risk of CRC and advanced adenomas after 
a negative colonoscopy and support the appropriateness of this 
interval in average-risk individuals. Interval cancers occurring 
between recommended screening cycles do occur and may result 
from missed lesions, inadequate resection of identified adenomas, 
and genetic and biologic factors. Growing evidence indicates that 
colonoscopy is a cost-effective option with an acceptable risk 
profile. Several trials are underway to examine colonoscopy for 
average-risk screening. A diagnostic evaluation is indicated for 
persons with a positive stool test (@FOBT, FIT, FIT-DNA) or 
distal neoplasm (adenoma, carcinoma) found at sigmoidoscopy. 
Colonoscopy is the diagnostic modality of choice. If colonoscopy 
is unavailable, not feasible, or not desired by the patient, CTC is 
an acceptable alternative to evaluate a positive FOBT result. 

Screening should be accompanied by programs that educate 
patients and heighten physicians’ awareness of the concepts and 
technologies involved in screening, diagnosis, treatment, and 
follow-up. The popular misconceptions that CRC is an incur- 
able disease and that surgical intervention invariably leads to an 
impaired lifestyle, owing to a colostomy, must be discredited. 


High-Risk Groups 


Non-Polyposis Syndromes and Familial Cancer 

Screening of family members in kindreds with FAP and other 
polyposis syndromes (attenuated FAP, MYH-associated polypo- 
sis, POLE and POLD1 and polymerase-proofreading associated 
polyposis, serrated polyposis syndrome, hamartomatous polypo- 
sis syndromes) is discussed in Chapter 126, and guidelines are 
available. 

Algorithmic approaches to screening and surveillance of fami- 
lies with Lynch syndrome or those suspected of having Lynch 
syndrome have been adopted by professional societies with clini- 
cal practice guidelines for genetic testing and risk assessment for 
patients and families.6472125,126 Genetic testing and counseling is 
an essential part of quality care in families with known MMR gene 
mutations or those who meet the modified Bethesda criteria (see 
Box 127.3). Because 70% to 80% of CRCs in the setting of Lynch 
syndrome are proximal to the splenic flexure, colonoscopy is the 
mandated screening modality for the colon. Most guidelines sug- 
gest that screening begin at age 20 to 25, or 2 to 5 years before 
the youngest case in the immediate family if diagnosis occurred 
before age 25 years, and that screening be repeated every 1 to 2 
years in at-risk individuals. Annual colonoscopy is a consideration 
in known MMR mutation carriers. Some guidelines suggest start- 
ing at age 30 years in MSH6 and 35 years in PMS2 families. 
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CRCs occurring in the setting of Lynch syndrome are often 
right-sided, and precursor adenomas are commonly “flat.” This 
has led to the common use of “red-flag” techniques such as chro- 
moendoscopy in an attempt to better detect these lesions. High- 
magnification colonoscopy with chromoendoscopy using indigo 
carmine or methylene blue may improve the detection of neo- 
plastic lesions in the colon of individuals with Lynch syndrome. 

Approximately 40% to 50% of CRC families that meet the 
Amsterdam criteria for Lynch syndrome have DNA MMR pro- 
ficient tumors, and families lack the germline mutations known 
to be associated with Lynch syndrome. This subgroup has been 
termed familial CRC type X and likely is a heterogeneous group. 
These individuals may not require the same degree of intensity of 
cancer surveillance as those with Lynch syndrome. Colonoscopy 
every 3 to 5 years beginning 10 years before the age of diagnosis 
of the youngest affected relative is recommended.’ 

Li-Fraumeni syndrome (LFS) is a rare autosomal dominant 
cancer syndrome associated with germline mutations in the 
TP53 tumor suppressor gene. Current guidelines recommend 
CRC screening with colonoscopy every 2 to 5 years beginning 
at age 25. 

The approach to patients with a suggestive family history 
(e.g., one first-degree relative with colon cancer) is not firmly 
established, but existing data suggest that these patients should 
be monitored more rigorously than average-risk persons. The 
USMSTF recommends that if CRC or an advanced adenoma 
occurs in 2 first-degree relatives diagnosed at any age, or CRC 
or an advanced adenoma occurs in a single first-degree relative 
at age less than 60 years, colonoscopy should be performed every 
5 years, beginning at age 40 years or beginning 10 years before 
the youngest case in the immediate family. If either CRC or an 
advanced adenoma occurred in a single first-degree relative 60 
years of age or older, then screening should begin at age 40 years 
using screening options recommended for average-risk persons. 

The recognition that familial colon cancers are a heteroge- 
neous group and the availability of multi-gene panels has led 
to germline testing with multi-gene cancer panels, especially in 
young individuals with CRC.”* This has led to complexities in 
clinical care in a rapidly changing landscape. In the absence of 
clear-cut guidelines, such testing and follow-up recommenda- 
tions should occur in conjunction with experienced genetic coun- 
selors. 


Prior Adenomas or Colon Cancer 

‘Table 127.9 lists the MSTF guidelines for screening, surveillance, 
and early detection of colorectal adenomas and CRC for persons 
at increased risk or at high risk of disease.'*! These guidelines sug- 
gest that those whose index lesion consists of one or 2 small tubu- 
lar adenomas with low-grade dysplasia should have a follow-up 
colonoscopy 7 to 10 years after the initial polypectomy. The pre- 
cise timing within this interval should be based on clinical factors 
such as prior findings, family history, and patient and physician 
preferences. In patients with a large (>1 cm) adenoma, multiple 
(5 to 10) adenomas, or adenomas with high-grade dysplasia or 
villous change, colonoscopy should be repeated within 3 years 
of the initial polypectomy. Although the risk for recurrence of 
advanced adenomas at this follow-up interval is greater in patients 
with high-risk adenomas than those with low-risk adenomas, the 
incremental risk is small. If repeat examination is normal or shows 
only one or 2 small tubular adenomas with low-grade dyspla- 
sia, then the interval for the subsequent examination should be 
5 years. Patients with more than 10 adenomas on a single exami- 
nation should have a follow-up colonoscopy one year after the 
initial polypectomy, and the existence of an underlying familial 
syndrome should be considered. Patients with sessile adenomas 
that are removed in a piecemeal fashion should have follow-up 
colonoscopy in 6 months to verify complete removal. on colorectal 
cancer. Guidelines of the British Society of Gastroenterology and 
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TABLE 127.9 Surveillance Guidelines for Persons at Increased or High Risk of Colorectal Cancer 


Time or Age to Recommended 
Risk Category Begin Surveillance Test(s) Comment 
PERSONS WITH ADENOMAS AT COLONOSCOPY 
Persons with 1 or 2 tubular 7-10 yrs after initial Colonoscopy Precise timing is based on clinical factors and on patient and 
adenomas <10mm polypectomy physician preferences 
Persons with 3-4 tubular 3-5 yr after initial Colonoscopy — 
adenomas <10mm polypectomy 
Persons with 5-10 adenomas or 3 yrs after initial Colonoscopy If the follow-up examination is normal or shows 1 or 2 small 
1 adenoma =10 mm or any polypectomy tubular adenomas, subsequent examination at 5 yrs 
adenoma with villous features 
or high-grade dysplasia 
Persons with >10 adenomas on 1 yr after initial Colonoscopy Consider familial syndrome 
a single examination polypectomy 
Persons with sessile adenomas or 6 mos after initial Colonoscopy Surveillance individualized based on endoscopist’s judgment 
sessile serrated polyps 220 mm colonoscopy 
that are removed piecemeal 
Persons with 1-2 sessile serrated 5-10 yrs after initial Colonoscopy — 
polyps/lesions <10 mm without polypectomy 
dysplasia 
Persons with 3-4 sessile serrated 3 -5 yrs after initial Colonoscopy — 
polyps/lesions <10 mm without polypectomy 
dysplasia 
Persons with 5-10 sessile serrated 3 yrs after initial Colonoscopy — 
polyps/lesions, sessile serrated polypectomy 
polyps >10 mm or with dysplasia 
or traditional serrated adenoma 
Hyperplastic polyo >10 mm 3-5 yrs after intiial Colonoscopy — 
polypectomy 
PERSONS WITH CRC 
Persons undergoing curative Preoperatively or 3-6 Colonoscopy Persons with CRC should undergo high-quality perioperative 
resection for CRC mos after surgery clearing of the colon. For non-obstructing tumors, 
in the case of examination can be done preoperatively; for obstructing 
obstructive CRC, cancer, CTC can be used to detect proximal neoplasms 
then 1 yr after 
surgery (or 1 yr 
after the clearing 
perioperative 
colonoscopy) 

Colonoscopy If the examination at 1 yr is normal, perform the next 
examination at 3 yrs (i.e., 4 yrs after surgery or perioperative 
colonoscopy). 

If that examination is normal, then perform the next 
examination at 5 yrs (i.e., 9 yrs after surgery or perioperative 
colonoscopy), and then at 5 yr intervals. 

Periodic exam of the rectum with FS or EUS (8- to 6-mo intervals 
for the first 2-3 yrs) may be considered after resection of 
rectal cancer in those at high risk for recurrence (in addition to 
colonoscopy surveillance for metachronous neoplasia) 

PERSONS WITH A FAMILY HISTORY OF CRC 
CRC or an advanced adenoma Age 40 yrs, or 10 Colonoscopy For those in whom no significant neoplasia appears by age 
in 2 first-degree relatives yrs before the every 5 yrs 60 yrs, consider offering an expanded interval between 


diagnosed at any age OR CRC or 
an advanced adenoma in a single 


first-degree relative <60 yr 


CRC or an advanced 
adenomatous in a single 
first-degree relative > age 60 yrs 


PERSONS AT HIGH RIskt 
Lynch syndrome 


youngest case in the 
immediate family 


Age 40 yrs 


Age 20 to 25 yrs or 
2-5 yrs before the 
youngest case in the 
immediate family, 
whichever comes first 


Screening options 
at intervals 
recommended for 
average-risk persons 


Colonoscopy every 
1-2 yrs 


colonoscopies 


Screening should begin at an earlier age, but patients may be 
screened with any recommended form of testing 


For MSH6 mutation carriers, consider a later age of onset for 
colonoscopy 
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TABLE 127.9 Surveillance Guidelines for Persons at Increased or High Risk of Colorectal Cancer—cont’d 


Time or Age to Recommended 
Risk Category Begin Surveillance Test(s) Comment 
Family Colon Cancer Syndrome X Age 10 yrs before the Colonoscopy every 
age of diagnosis 5 yrs 
of the youngest 


affected relative 


BMMRD Syndrome Age 6 yrs 


Colonoscopy annually 


IBD (UC and Crohn’s colitis) 8 yrs after the onset of | Colonoscopy Surveillance interval depends on clinical 
pancolitis (chromoendoscopy) history and colonoscopy 
with targeted findings* 


biopsies every 1-3 
yrs (see Chapter 116) 


tManagement of FAP and other polyposis syndromes is discussed in Chapter 126. For a comprehensive discussion of genetic/familial high-risk 
assessment for colorectal cancer refer to National Comprehensive Cancer Network. NCCN Clinical Practice Guidelines in Oncology. Genetic/familial 


high-risk assessment colorectal version 1.2018. NCCN.org. 


*Surveillance intervals in individuals with IBD depend on clinical history and colonoscopy findings. One approach advocated by the 2017 European 
consensus conference on management of UC suggests that patients with high-risk features (stricture or dysplasia detected within the past 5 years, 
sclerosing cholangitis, extensive colitis with severe inflammation) have their next surveillance colonoscopy at 1 year. Patients with intermediate features 
(extensive colitis with mild to moderate active inflammation, post-inflammatory polyps) have their next surveillance colonoscopy at 2-3 years. 

BMMRD, Biallelic Mismatch Deficiency Syndrome; CRC, colorectal cancer; CTC, CT colonography; FS, flexible sigmoidoscopy. 

Data from Rex DK, Boland CR, Dominitz JA, et al. Colorectal cancer screening: recommendations for physicians and patients from the U.S. Multi- 

Society Taskforce on Colorectal Cancer. Gastroenterology 2017; 153:307-23; Gupta S, Lieberman DA, Anderson JC, et al. Guidelines or colonoscopy 
surveillance after screening and polypectomy: Recommendations for follow-up after colonoscopy and polypectomy: a consensus update by the US 
Multi-Society Task Force on colorectal cancer. Gastroenterology 2020; epub ahead of print February 5; Lieberman DA. Colon polyp surveillance: clinical 
decision tool. Gastroenterology 2014; 46:305-6; Kahi CJ, Boland CR, Dominitz JA, et al. Colonoscopy surveillance after colorectal cancer resection: 
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the Association of Coloproctology for Great Britain and Ireland 
stratify patients into risk groups based on the number and size of 
adenomas, without consideration of histologic features. One key 
difference between USA and UK guidelines is that UK criteria 
recommend a single clearing colonoscopy at one year for indi- 
viduals classified as high risk (those with 25 small adenomas or 23 
adenomas, at least one of which is = 1 cm).!?*:!?? These guidelines 
have also been used to risk-stratify patients for follow-up, and to 
assess the value of surveillance in those with “intermediate” risk (1 
to 2 adenomas 210 mm or 3 to 4 adenomas <10 mm).!?? 

Patients with colon or rectal cancer should have high-qual- 
ity perioperative clearing. Colonoscopy should be performed 
preoperatively, intra-operatively, or within 3 to 6 months 
after cancer resection. In patients with CRC precluding com- 
plete preoperative colonoscopy, CTC should be performed to 
exclude synchronous neoplasms. Those who have had a colon 
cancer resected should have colonoscopy performed one year 
after surgery or the original clearing colonoscopy. If the exami- 
nation performed at one year is normal, then the interval before 
the next colonoscopy should be 3 years (i.e., 4 years after sur- 
gery or perioperative colonoscopy); if that examination is nor- 
mal, the next colonoscopy should be at 5 years (i.e., 9 years after 
surgery or perioperative colonoscopy) (see Table 127.9). Peri- 
odic examination of the rectum to identify local recurrence usu- 
ally is performed at 3- to 6-month intervals for the first 2 or 3 
years after low anterior resection for rectal cancer. Serum CEA 
levels should be measured at regular intervals because postop- 
erative CEA determinations may be cost-effective for detecting 
recurrent cancers. How long an asymptomatic patient who has 
had multiple negative examinations should be tested by various 
modalities is at present unclear. It should be noted that these 
recommendations are, to some extent, educated guesses, and 
not all are based on prospective randomized trials. 


IBD 
Colonoscopic surveillance in patients with UC and Crohn coli- 
tis is discussed in Chapter 116. Algorithms for screening and 


surveillance in patients with IBD can be found in the appropriate 
references.”!,"+ 


Insurance Coverage for Screening 


Based on evidence from several randomized trials, the Health 
Care Financing Administration decided to provide coverage for 
CRC screening procedures to Medicare beneficiaries. This bill 
was signed December 21, 2000, and coverage was initiated July 
1, 2001. The Affordable Care Act required private health insur- 
ers to cover recommended preventive services, including CRC 
screening.'>° After confusion and lack of uniform definitions by 
payers on what actually constituted screening, the Department of 
Health and Human Services determined that “polyp removal is 
an integral part of colonoscopy” and should be considered part of 
screening. Subsequent data suggested that expansion of Medicare 
reimbursement to cover CRC screening was associated with an 
increased use of colonoscopy for Medicare beneficiaries and for 
those who received diagnoses of colon cancer, and that it was 
associated with an increased probability of diagnosis at an early 
stage. National and regional CRC screening programs have been 
adopted by several countries including Canada, New Zealand, the 
United Kingdom, and other countries in the European Union.*? 
The primary modality for screening varies among countries but 
usually entails a 2-step approach with gFOBT or FIT as the ini- 
tial test, followed by colonoscopy when this test is positive. These 
programs often stress that they consist of organized (as opposed to 
“opportunistic”) screening with specified age categories, methods 
and intervals for testing, defined target populations, health care 
teams for decisions and care, and quality assurance structures. 


Screening Capacity, Screening in Underserved 
Populations, and Quality Assurance 


It has been estimated that only 60% of the eligible USA popu- 
lation has been screened for CRC according to recommended 
guidelines. Efforts to increase compliance and screening 
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recommendations should take into account the capacity to use 
various tests for screening and surveillance. Healthy People 2020 
sets national objectives for use of recommended screening tests 
and identifies the National Health Interview Survey as a means 
to measure this progress. Data from the 2010 National Health 
Interview Survey indicated an overall CRC screening rate in the 
USA of 58.6% (2020 target is 70.5%), with significantly lower 
rates in blacks or Asians than whites. Hispanics were less likely 
to report being up to date with screening than non-Hispanics. 
Colonoscopy rates have increased every year since the introduc- 
tion of CRC screening, whereas test rates for other test modali- 
ties (FOBT, FS, barium enema) have steadily decreased. 

A forecasting model using data from the U.S. Census Bureau 
and CDC survey previously indicated that capacity currently 
exists for widespread screening with the FOBT. A microsimula- 
tion model was used to simulate CRC screening use in the USA 
with FIT or colonoscopy and it estimated that colonoscopy capac- 
ity is sufficient to meet the goal of screening 80% of the eligible 
USA population with FIT, colonoscopy, or a mix of tests.!3! The 
capacity for screening FS or colonoscopy depends on the propor- 
tion of available capacity used for CRC screening. Surveillance 
colonoscopy needs to be used appropriately as the availability 
of endoscopic resources decreases. A national survey of colorec- 
tal surveillance after polypectomy and other reports suggest that 
resources are being taxed by inappropriate surveillance practices 
that do not conform to current guidelines. Risk stratification will 
become increasingly necessary as resources become limited. Alter- 
native screening modalities such as CTC might reduce demand for 
endoscopic procedures when used to screen low-risk groups, but 
they will result in increased demand for persons trained in these 
techniques. The development of non-invasive testing modalities 
could increase compliance and reduce the need for screening colo- 
noscopy if such tests were sensitive and specific. 

African Americans in the USA have a higher rate of CRC 
incidence and mortality compared with the non-Hispanic white 
population. Compared with white persons, black men and women 
undergoing screening colonoscopy have a higher risk of larger 
polyps, and racial disparities exist in the rate of interval CRCs. 
African Americans who have first-degree relatives with colon can- 
cer are less likely to undergo colonoscopy screening compared 
with whites who have affected relatives. Multiple explanations for 
these findings have been proposed including lack of access to care, 
cost, patient preference, physician recommendations (all of which 
affect screening rates), behavioral and environmental influences, 
and biologic and genetic predisposition.!!-!? Adherence to screen- 
ing guidelines in urban minority populations may be aided by 
programs that assist in access and navigation through the health 
care system. !?? The recent update to the MSTF guidelines recom- 
mends that CRC screening begin at age 45 in African-Americans. 

Colonoscopy is now the most common endoscopic procedure 
performed in the USA. Although colonoscopic polypectomy is 
considered effective for preventing CRC, cancers may be discov- 
ered in intervals between planned screening or surveillance exams. 
Such post-colonoscopy CRCs or “interval” cancers may result 
from missed or incompletely resected lesions or arise de- novo in 
high-risk groups. Whereas the precise definition of what consti- 
tutes an interval cancer varies among studies, approximately 7% 
to 9% of CRCs occur within 6 to 36 months following a screening 
colonoscopy and have been considered interval cancers. Recently a 
20-member international team provided standardized methods for 
analysis of post-colonoscopy CRC, and defined its use as a quality 
indicator.!°* As the number of colonoscopies (and colonoscopists) 
increases, quality-assurance measures will need to be adopted, and 
are included in the most recent CRC screening guidelines.**)!3+ 
Adenoma detection rate (ADR) is defined by the percentage of 
screening colonoscopies of average risk with at least one adenoma, 
and is the most commonly used quality measure in practice. 
Updated benchmarks for adequate ADRs have been suggested as 


at least 20% for women and 30% for men (230% overall). The 
ADR is considered by the ASGE/ACG Task Force on Quality in 
Endoscopy and the MSTF to be the best neoplasia-related indica- 
tor of quality performance for screening colonoscopy. The ADR 
has been demonstrated to be an independent predictor of the 
risk of interval CRC after screening colonoscopy, and increased 
ADR is associated with reduced risk of CRC-related mortality.!*° 
Endoscopist characteristics (volume, polypectomy and comple- 
tion rate, specialization and setting) derived from administrative 
data are correlated with the development of post-colonoscopy 
CRC, and have potential use as quality indicators. Other quality 
measures include quality of bowel preparation and completeness 
of polyp resection. The incomplete resection rate in the recently 
published Complete Adenoma Resection study was 10.1% over- 
all, and varied broadly among endoscopists.!*° A physician perfor- 
mance measurement set for endoscopy and surveillance has been 
proposed in a joint document by the ASGE, the AGA, the Physi- 
cian Consortium for Performance Improvement, and the National 
Committee for Quality Assurance. Quality measures also have 
been stressed by European quality control programs. 


TREATMENT 
Surgery 


Surgical resection is the treatment of choice for patients with inva- 
sive non-metastatic CRC.!7:138 Preoperative colonoscopy should 
be performed, if possible, to rule out synchronous lesions, and 
serum CEA should be measured for staging and informed postoper- 
ative follow-up. Preoperative CT or MRI of the chest and abdomen 
is valuable for evaluating focal hepatic and pulmonary metastases, 
especially if partial hepatectomy, pulmonary resection, or chemo- 
therapy is contemplated. PET/CT is not routinely recommended 
for baseline evaluation or follow-up. It has become standard practice 
to provide a trial of systemic chemotherapy in patients with hepatic 
metastases before resecting the primary tumor, because if there is 
no response, colonic resection will not be curative. Transrectal EUS 
or MRI is of value in the preoperative assessment of patients with 
rectal cancer. High-resolution pelvic MRI has the ability to provide 
accurate imaging of soft tissue structures in the mesorectum, and 
provides useful information in the prediction of clear CRM before 
radical surgery, differentiating patients with low- and high-risk dis- 
ease. EUS and MRI have similar sensitivities and specificities for 
evaluation of lymph nodes. Both have high sensitivities for evalu- 
ating the depth of tumor penetration into the muscularis propria 
(=94%). Clinical practice guidelines from the NCCN recommend 
pelvic MRI with contrast as the imaging modality of choice, and 
EUS only if MRI is contraindicated.!** 

The preferred surgical treatment for resectable non-met- 
astatic CRC is colectomy with en bloc removal of the regional 
lymph nodes (Fig. 127.26). The extent of resection is determined 
by the blood supply and distribution of regional lymph nodes. 
The resection should include a segment of colon at least 5 cm 
on either side of the tumor, although wider margins often are 
included because of obligatory ligation of the arterial blood sup- 
ply. The number of lymph nodes recovered during colon cancer 
surgery has been identified as an important measure of quality 
cancer care. An analysis of 17 studies suggested that the num- 
ber of lymph nodes evaluated after surgical resection is positively 
associated with survival of patients with stage II and stage II 
colon cancer.!*? The AJCC and American College of Patholo- 
gists and NCCN recommend examination of a minimum of 12 
lymph nodes to accurately identify stage II disease (i-e., no lymph 
node involvement is present). Sentinel lymph node mapping by 
dye injection during surgery has not been shown to improve stag- 
ing accuracy for colon cancer. Minimally invasive laparoscopi- 
cally-assisted surgery may be an acceptable alternative to open 
surgery for colon cancer in selected patients. 
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Fig. 127.26 A-F Surgical resection (ourple wedges) of colorectal cancer based on location of the primary 
tumor (circles), blood supply, and lymphatic drainage. Insets show anatomy after resection of the tumor and 
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Fig. 127.27 Historical timeline for advances in chemotherapy for 
colorectal cancer. 5-FU, 5-fluorouracil. 


The approach toward rectal cancers depends on the loca- 
tion of the lesion.!** Transanal excision may be performed for 
selected T1, NO early-stage cancers where the cancer is within 
8 cm of the anal verge, small (<3 cm), limited to 30% of the rec- 
tal circumference, moderately to well differentiated, and with no 
demonstrated lymph node involvement. Others should be treated 
with transabdominal total mesorectal excision. For lesions of the 
rectosigmoid and upper rectum, low anterior resection extended 
to 4 to 5 cm below the distal edge of the tumor can be performed 
through an abdominal incision, and primary anastomosis can be 
accomplished (see Fig. 126.27F). Surgical treatment of rectal can- 
cer should use total mesorectal excision. This technique involves 
sharp dissection to create an avascular plane between the rectum, 
mesorectum (tissue surrounding the rectum that contains lym- 
phatics and vascular structures), and the pelvic side wall. Using 
sharp dissection, the rectum and mesorectum can be “delivered” 


2146 PARTX Small and Large Intestine 


as a single unit. Mesorectal excision is associated with a lower 
local recurrence rate compared with blunt dissection of the rec- 
tum away from surrounding structures. 

Even for low rectal lesions, a sphincter-saving resection can be 
performed safely if a distal margin of at least 2 cm of normal bowel 
can be resected below the lesion, a goal now facilitated by end-to-end 
stapling devices. Tumor recurrence and survival for rectal cancer are 
similar after sphincter-saving resections and abdominoperineal resec- 
tion if a 2-cm distal margin can be preserved in the former. The inabil- 
ity to obtain an adequate distal margin, the presence of a large, bulky 
tumor deep within the pelvis, extensive local spread of rectal cancer, 
or involvement of the anal sphincter or levator muscles all dictate the 
need for abdominoperineal resection, by which the distal sigmoid, 
rectum, and anus are removed through a combined abdominal and 
perineal approach and a permanent sigmoid colostomy established. 

A trial of chemotherapy is recommended prior to resection in 
individuals with metastatic disease in order to determine response 
and to eliminate potentially unnecessary surgery. In patients with 
advanced disease and multiple medical problems, repeated pallia- 
tive fulguration of rectal tumors may be preferable to surgery, and 
laser photoablation, APC, or endoscopic placement of expand- 
able stents represent alternative means of palliation. Polypoid 
carcinomas may be removed endoscopically by snare polypec- 
tomy techniques (endoluminal resection). Piecemeal resection 
and non-pedunculated morphology are independent risk factors 
for incomplete endoscopic resection of T1 CRC.!*° 

Several studies indicate that although the age and physiologic 
status of a patient can affect operative mortality, advanced age 
per se does not affect tumor-associated mortality after surgery. 
Therefore, resection of cancer should not be limited or denied on 
the basis of age alone. 


Follow-Up 


The incidence of recurrent colon cancer after surgical resection 
is high in persons who have serosal penetration or lymph node 
involvement by tumor; the incidence of metachronous CRC 
is 1.1% to 4.7%. Colonoscopy is beneficial for detecting and 
removing synchronous and metachronous adenomatous polyps in 
high-risk groups. Recommendations for colonoscopy following 
CRC resection are described earlier under high-risk screening. 
History and physical examination, combined with CEA determi- 
nations at regular intervals, can provide a cost-effective means to 
detect recurrent cancers. CEA is recommended at baseline, every 
3 to 6 months for 2 years, then every 6 months for a total of 5 
years. Chest, abdominal, and pelvic CT scans are recommended 
every 6 to 12 months for up to 5 years. 

Guidelines for CRC surveillance after primary surgery with 
curative intent have been produced by a number of agencies. All 
emphasize the importance of bowel surveillance with colonos- 


copy preoperatively, perioperatively, and at subsequent inter- 
vals, 137,138,141 


Resection of Hepatic Metastases 


The liver is the most common site of distant metastases from 
CRC. Synchronous metastases to the liver are evident at initial 
presentation in 20% to 34% of patients with colon cancer, and 
40% to 70% of those whose cancers have disseminated have 
hepatic involvement; 70% to 80% of hepatic metastases appear 
within 2 years after primary resection. The uniformly poor prog- 
nosis for patients with untreated hepatic metastases underlies 
an aggressive treatment approach. Hepatic resection is recom- 
mended for patients whose primary tumor has been resected 
with curative intent and in whom there is no evidence of extra- 
hepatic disease. The extent of liver involvement that is deemed 
resectable varies from tumor that involves one lobe of the liver 
to focal disease in multiple lobes. The percentage of resectable 


liver metastases, therefore, varies in different series from 4.5% 
to 11% (5% to 6% in most series), and this is increasing with 
evolving therapies. 

Modern techniques of anatomic dissection and hemostasis have 
resulted in an operative mortality of less than 2% with highly trained 
surgeons. Dissections along non-anatomic lines have permitted the 
resection of multiple lesions that previously might have been con- 
sidered unresectable. Improved preoperative imaging, routine use 
of intraoperative US, application of new surgical techniques, and 
improved perioperative care have increased the number of patients 
undergoing successful hepatic resections for isolated hepatic metas- 
tases. Overall 5-year survival rates range from 20% to 45% in 
selected patients. The literature is difficult to interpret, however, 
because staging often is not uniform, and prospective controls are 
lacking. Furthermore, reported 2- and 3-year survival rates may not 
be valid, because data suggest that patients with unresected solitary 
liver lesions may live at least 3 years. Based on recent literature, the 
median 5-year survival rate for all patients with liver metastases is 
38%, increasing to 71% for those with solitary liver metastasis. 137-14? 

Long-term survival for those who undergo surgical resection of 
hepatic metastases depends on the absence of extrahepatic disease 
and the ability to achieve adequate surgical margins. The volume 
and function of the future liver remnant are important factors in 
perioperative planning and determining resectability. When hepatic 
metastatic disease is not optimally resectable based on insufficient 
liver remnant volume, approaches using preoperative portal vein 
embolization or staged liver resection can be considered. In some 
series, the stage of the primary lesion also is a significant prognostic 
variable. It is not evident whether patients with a solitary focus of 
metastasis live longer after resection than those who undergo resec- 
tion of multiple metastases in the same lobe. It is clear, however, 
that patients with bilobar metastases are at increased risk for recur- 
rence of metastasis in the liver after resection. In patients whose 
tumor recurs after hepatic resection, the liver is the initial site of 
recurrence in about 35%. Repeat hepatic resection for isolated 
metastases can result in long-term survival in selected patients. 

Improved survival after resection of pulmonary metastases 
from CRC also has been reported. Again, the primary tumor 
must have been resected for cure, and adequate function is 
required. Patients who are surgical candidates should have resec- 
tion considered. Combined pulmonary and hepatic resection of 
metastatic disease is possible. 

Cryotherapy is a technique by which rapid freezing results in 
crystal formation with significant cellular damage and cell death. 
Tumors are frozen rapidly by means of a probe with intraopera- 
tive US guidance, so that malignant lesions can be ablated while 
the remaining liver tissue is preserved. Radiofrequency (RF) abla- 
tion uses RF energy to produce tissue destruction and often is 
performed during an open surgical procedure using US-guided 
needle electrodes that are inserted into the tumor. Cryotherapy 
and RF ablation are alternative approaches to treatment in patients 
whose liver metastases are unsuitable for surgical resection. 

In patients with normal hepatic parenchyma, preservation of a 
perfused segment of liver that accounts for 25% of total hepatic vol- 
ume is considered sufficient to prevent postoperative hepatic insuf- 
ficiency. Preoperative portal vein embolization has been proposed 
as a means of initiating hypertrophy in segments of liver that would 
remain following a major liver resection and is under investigation. 


Chemotherapy 
Adjuvant Chemotherapy 


Adjuvant therapy refers to the use of chemotherapy or radiation 
in addition to surgery, whereas the term neoadjuvant therapy 
refers to the use of chemotherapeutic agents or radiation therapy 
before surgery in patients with advanced but locally confined 
malignancy. The prognosis for patients with CRC who undergo 


potentially curative surgery is correlated strongly with the stage 
of the primary tumor at surgery. Despite resection of all macro- 
scopic tumor, patients whose primary tumor has penetrated the 
serosa or is associated with regional lymph node metastases at the 
time of surgery have high recurrence rates (see Tables 127.5 and 
127.6). The risk of relapse after surgery ranges from 20% to 30% 
for stage II disease to 50% to 80% for stage III disease. Patients 
who undergo aggressive surgical resection of isolated hepatic or 
pulmonary metastases also have high tumor recurrence rates in 
the liver, lung, and elsewhere. An effective adjuvant program to 
eradicate microscopic tumor foci is needed for such high-risk 
patients, who number 35,000 to 40,000 each year in the USA and 
200,000 worldwide. The principle behind such adjuvant therapy 
is that treatment is most effective when tumor burden is mini- 
mal and cell kinetics are optimal. Data from numerous studies 
have now demonstrated delays in tumor recurrence and increases 
in survival for specific groups of patients with CRC who have 
received adjuvant therapy within 8 weeks of surgery.!43-!52 

Current recommendations for adjuvant therapy after surgical 
treatment of individuals with stage III CRC include capecitabine/ 
oxaliplatin (CapeOx) or 5-FU/leucovorin (LV)/oxaliplatin 
(FOLFOX) as preferred options; single-agent capecitabine or 
5-FU/LV are used in patients for whom oxaliplatin therapy is 
considered inappropriate. The IDEA collaboration investigated 
whether a shortened duration of adjuvant therapy would be a 
feasible way to avoid or lessen oxaliplatin-associated toxicities in 
patients with stage III colon cancer treated with oxaliplatin-con- 
taining regimens. Based on this trial, patients with nodal disease 
requiring adjuvant chemotherapy were divided into low-risk (T3, 
N1-2) and high-risk (T4,N1-2; any N2) groups. It was recom- 
mended that those with low risk be treated with CAPEOX (3 
months) or FOLFOX (3 to 6 months), and those at high risk with 
CAPEOX (3 to 6 months) or FOLFOX (6 months).!*4:!48 A sys- 
tematic review and meta-analysis indicated that each 4-week delay 
in initiating adjuvant chemotherapy results in a 14% decrease in 
overall survival, suggesting that adjuvant therapy should be initi- 
ated as soon after surgery as the patient is medically able. 

It is not clear whether patients with stage II node-negative colon 
cancer should receive adjuvant chemotherapy, because the risk-to- 
benefit ratio in this case has not been established. Most analyses 
suggest that the majority of benefit from adjuvant therapy is seen 
in patients with stage II disease. Currently, the standard of care 
is to treat all patients with stage III disease and high-risk patients 
with stage II disease (poorly differentiated histology, lymphatic or 
lymphovascular invasion, PNI, bowel obstruction, localized perfo- 
ration, positive margins, few lymph nodes analyzed after surgery) 
with adjuvant therapy. Stage II patients with T3, NO, MO disease 
with high-risk features or T4, NO, MO disease may be treated with 
adjuvant chemotherapy or observation. Other anatomic or biologi- 
cal features could, in the future, define subsets of patients with stage 
II colon cancer who will benefit from adjuvant therapy or who are 
at low risk for recurrence. One analysis indicated that retention 
of 18q alleles in microsatellite-stable cancers and mutation of the 
gene for TGF-61 in cancers with high levels of MSI indicate a 
favorable outcome after adjuvant therapy with 5-FU-based regi- 
mens in patients with stage III colon cancer). Tumor MSI status 
also has been shown to predict benefit from 5-FU-based adjuvant 
therapy for colon cancer. Stage II MSI-H or mismatch repair-defi- 
cient (AMMR) patients have a good prognosis and do not appear to 
benefit from 5-FU adjuvant therapy. 

Patients who undergo resection of isolated liver or lung metas- 
tases also should be offered neoadjuvant (FOLFOX or CAPEOX 
for 2 to 3 months) and adjuvant chemotherapy (6 months total 
perioperative treatment). 

Rectal cancer is defined as cancer that is located within 12 cm 
of the anal verge (originally defined by rigid proctoscopy). Adju- 
vant therapy for individuals with stage II (13-4 node-negative 
disease with tumor penetration through the muscle wall) or stage 
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II (node-positive disease without distant metastases) rectal cancer 
should be considered separate from that for colon cancer, because 
patterns of failure are different, with a high risk of locoregional 
recurrence.!** Local recurrence for stage II rectal cancer after pri- 
mary resection approaches 25% to 30%, with a 50% or greater 
local recurrence rate in those with stage III tumors. Local recur- 
rence is associated with significant morbidity, and patients with 
locally invasive rectal cancer are at high risk for systemic relapse. 
Surgery for rectal cancers usually includes complete pelvic extirpa- 
tion with total mesenteric excision. Studies since the 1980s have 
shown a significant decrease in local recurrence of rectal cancer in 
patients who receive moderate-to-high doses of preoperative and/ 
or postoperative radiation (40 to 50 Gy in 25 to 28 fractions to the 
pelvis) but little impact on systemic recurrence and survival. 

Combined adjuvant radiation and chemotherapy has been used 
to address this potential for local and systemic recurrence, and a 
number of RCTs have demonstrated that overall survival and dis- 
ease-free survival are improved with the addition of postoperative 
5-FU-based therapy (6 months perioperative treatment preferred). 
Combined-modality therapy consisting of neoadjuvant preopera- 
tive chemoradiation, surgery, and postoperative adjuvant chemo- 
therapy is therefore currently recommended for the majority of 
individuals with stage II or stage III rectal cancer. Current guide- 
lines recommend concurrent fluoropyrimidine-based chemother- 
apy with ionizing radiation to the pelvis preoperatively (infusional 
5-FU/RT or capecitabine/RT are preferred) and chemotherapy 
postoperatively. A total of 6 months of perioperative (total pre- 
and postoperative) chemotherapy is preferred. Oral capecitabine 
appears equivalent to infusional 5-FU in the perioperative che- 
motherapy of individuals with rectal cancer. Current guidelines 
recommend the use of FOLFOX or CAPEOX as postoperative 
adjuvant chemotherapy in rectal cancer, and, for the most part, are 
based on data available for colon cancer. Accurate endorectal US 
and MRI staging has allowed the appropriate use of preoperative 
therapy, enabling the exclusion of patients with early-stage disease 
(T1-2, NO, MO). Neoadjuvant therapy allows radiation to be deliv- 
ered in a non-operated abdomen, thereby reducing the chance of 
postoperative complications (e.g., adhesions, bowel damage), while 
allowing higher doses of preoperative (vs. postoperative) radia- 
tion to be delivered. Approximately 50% to 60% of patients are 
downstaged following neoadjuvant therapy, with 20% showing a 
complete pathologic response. Patients with T3 disease and nodal 
involvement by MRI and involved CRM, T4 disease with nodal 
involvement, and/or locally unresectable disease are treated with 
preoperative infusional 5-FU/ long course RT (preferred), or 
capecitabine/long course RT (preferred), or bolus 5-FU with LV/ 
long course RT in an attempt to convert to a resectable tumor. A 
stepped approach with initial chemotherapy followed by chemora- 
diation is also an option.!3* 


Chemotherapy for Advanced Disease 


Patients who present with operable CRCs have benefited from 
improvements in surgical techniques and advances in adjuvant 
chemotherapy. Approximately 30% to 40% of patients with CRC, 
however, have locoregionally advanced or metastatic disease on 
presentation (20% to 34% present with synchronous liver metas- 
tases). Overall, about 50% to 60% of individuals diagnosed with 
CRC will eventually develop metastases, and 80% to 90% of these 
individuals have unresectable liver metastases. Furthermore, the 
5-year survival rates for patients with stages II and III CRC (82% 
and 57%, respectively) indicate that a significant portion of these 
patients will have postsurgical recurrences and related mortality. 
Systemic chemotherapy therefore is required for a large number 
of patients with advanced CRC (Figs. 127.27 and 127.28). 

5-FU is a fluoropyrimidine that, since the 1970s, has remained 
the mainstay of systemic chemotherapy for advanced CRC. 5-FU 
interacts with thymidylate synthetase to inhibit the methylation 
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INITIAL THERAPY SUBSEQUENT THERAPY 
FOLFOX FOLFIR| ——————___> Irinotecan + (Cetuximab or ay . 
Or or panitumumab) (KRAS/NRAS Regorafenib (if not given 
CapeOX FLOFIRI + bevacizumab WT gene only); for patients not previously 
Or or able to tollerate combination, OE ks a 
FOLFOX + FOLFIRI + ziv-aflibercept or ramucirumab consider single agent Trifluridine + tipiracil 
Bevacizumab or (cetuximab or panitumumab) 
Or Irinotecan ~~~ (KRAS/NRAS WT gene only) 
CapeOX + OF ; 
bevacizumab lrinotecan + bevacizumab 
or 
Irinotecan + ziv-aflibercept or ramacirumab Regorafenib 
or or 
or FOLFIRI + (cetuximab or panitumumab) —> Trifluridine + tipiricil Regorafenib (if not given 
(KRAS/NRAS WT gene only) or previously 
or Nivolumab or pembrolizumab or 
Irinotecan + (Cetuximab or panitumumab) (dMMR/MSI-H only) Trifluridine + tipiracil 
(KRAS/NRAS WT gene only) + vemurafenib or 
(BRAF V600 mutation positive) Best supportive care 
SS 
FOLFOX + 
Cetuximab or FOLFIRI ; 
Panitumumab or Regorafenib 
(KRAS/NRAS FOLFIRI + bevacizumab or 
WT gene only or E a trifluridine + tipiricil 
FOLFIRI + ziv-aflibercept or ramucirumab or 
or Nivolumab or pembrolizumab 
Irinotecan (dMMR/MSI-H only) 
or 
Irinotecan + ziv-aflibercept or ramucirumab 
or 
Nivolumab or pembrolizumab 
(dMMR/MSI-H only) 
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Nivolumab or pembrolizumab 
(dMMR/MSI-H only) 


Fig. 127.28 Options for chemotherapy for advanced or metastatic colon cancer. Note: Regimens containing 
cetuximab or panitumumab should be used only in individuals whose tumors express wild-type K-ras. Top, 
Therapeutic options in appropriate patients for intensive therapy. Bottom, Options in patients not appropriate 
for intensive therapy. CapeOX, capecitabine, oxaliplatin; FOLFOX, folinic acid (leucovorin), fluorouracil, (5-FU), 
oxaliplatin; FOLFIRI, folinic acid (leucovorin), fluorouracil, (6-FU), irinotecan, FOLFOXIRI, folinic acid (leucovorin), 
fluorouracil, (5-FU), oxaliplatin, irinotecan. 
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Fig. 127.28—Cont’d Adapted with permission from the NCCN Clinical Practice Guidelines in Oncology 
[NCCN Guidelines®] for Colon Cancer V.2.2018. © 2018 National Comprehensive Cancer Network, Inc. All 
rights reserved. The NCCN Guidelines® and illustrations herein may not be reproduced in any form for any 
purpose without the express written permission of the NCCN. To view the most recent and complete version of 


the NCCN Guidelines, go online to NCCN.org. NATIONAL COMPREHENSIVE CANCER N 


ETWORK®, NCCN®, 


NCCN GUIDELINES®, and all other NCCN Content are trademarks owned by the National Comprehensive 
Cancer Network, Inc) Note: For associated footnotes, regimens, and references, please see the complete ver- 
sion of the NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Colon Cancer. 


of deoxyuridylic to thymidylic acid, thereby inhibiting DNA syn- 
thesis. It has been administered orally, IV in bolus doses or by 
continuous infusion, and, when used as a single agent, is associated 
with response rates of 15% to 20% in most studies. Responses, 
however, are often short-lived (4 to 5 months) and have not been 
associated with long-term survival. Toxicity of 5-FU includes 
myelosuppression, vomiting, diarrhea, and stomatitis, and varies 
according to dose and mode of administration. 

Despite the approval of a number of new drugs for treat- 
ment of metastatic CRC, 5-FU remains a component of most 
regimens. Various regimens combine 5-FU with high-dose LV 
(tetrahydrofolate, folinic acid) because LV potentiates the bind- 
ing of 5-FU to thymidylate synthetase, and the combination is 
more effective than 5-FU alone. Combined data from numer- 
ous trials indicate a 2-fold increase in tumor response rates with 
5-FU plus LV compared with 5-FU alone (23% vs. 12%), and 
a small increase in survival. The optimal doses of 5-FU and LV 
and the optimal mode of administration (bolus vs. infusion) are 
unclear, but continuous-infusion 5-FU appears to be superior to 
bolus regimens in terms of response rates, toxicity, and survival. 
There has been a shortage of LV in the USA, which may have led 
temporarily to adjustments in dosing or use of levo LV, a com- 
pound commonly used in Europe. Capecitabine is an oral fluo- 
ropyrimidine that is converted to 5-FU in tumor tissues. Two 
large phase III trials that compared capecitabine with bolus 5-FU 
suggest similar efficacy but fewer side effects with the oral agent. 

The advent of a variety of agents in addition to 5-FU, used 
in combination or as single agents, has led to a rapid evolution 
in the systemic treatment of CRC (see Fig. 127.28).!37!*4 Active 
agents include irinotecan (Camptosar), oxaliplatin (Eloxatin), and 
capecitabine; molecular-targeted agents/small molecule inhibi- 
tors such as cetuximab (Erbitux), panitumumab, regorafenib, and 


vernurafenib; trifluridine-tipiracil (a cytotoxic thymidine ana- 
log plus a thymidine phosphorylase inhibitor); anti-angiogenesis 
agents such as bevacizumab ziv-aflibercept, and ramucirumab; and 
immune checkpoint inhibitors (pembrolizumab and nivolumab) 
for MSI-H (dMMR) cancers. Second-line and third-line chemo- 
therapy also has become standard for appropriate patients in whom 
first-line therapies have failed. The choice of therapy is individu- 
alized based on performance status, the type and timing of prior 
therapy, the differing toxicity profiles of the drugs to be used in 
various regimens, and, in some cases the molecular characteristics 
of the tumor. For example, cetuximab or panitumumab should 
be used only in patients whose tumors are wild-type for K-ras. 
Approximately 8% of tumors have a mutation in the BRAF gene 
(V600E), which confers a poor prognosis and may be a marker 
for resistance to anti-EGFR therapy in the non-first-line set- 
ting.!** Vemurafenib selectively inhibits the V600E mutated form 
of BRAF kinase, thereby reducing MAPK signaling, and is being 
studied in combination with cetuximab and irinotecan. 1° 

Oxaliplatin is a diaminocyclohexane platinum that, unlike 
other platinum compounds, does not cause nephrotoxicity and 
has activity against CRC. Several different combinations of 
biweekly bolus and infusional 5-FU, LV, and oxaliplatin, col- 
lectively called FOLFOX, have been shown to be effective for 
treatment of advanced CRC. Various FOLFOX regimens have 
evolved, such as modified (m)FOLFOX 6, a first-line option. 
Infusional 5-FU regimens appear to be less toxic than bolus reg- 
imens, and bolus 5-FU should not be used with oxaliplatin or 
irinotecan. FOLFOX improved progression-free survival when 
chemotherapy in conjunction with surgery was compared with 
surgery alone. Use of oxaliplatin is associated with an increased 
incidence of peripheral sensory neuropathy, which may require 
adjustments in dosing. 
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Irinotecan (CPT-11) is a potent inhibitor of topoisomerase 1, 
a nuclear enzyme involved in the unwinding of DNA during rep- 
lication, and is part of the bimonthly first-line option that com- 
bines LV, 5-FU, and high-dose infusional irinotecan (FOLFIRD 
as a first-line therapy option for advanced or metastatic disease. 
A previous regimen of IFL, which included bolus 5-FU, is asso- 
ciated with severe diarrhea and other toxicities and is no longer 
recommended. FOLFOX and FOLFIRI appear to be equally 
efficacious as first-line treatment of metastatic CRC. A random- 
ized study designed to determine the effect of using alternate reg- 
imens following first progression of disease showed that results 
with respect to progression-free and overall survival were similar 
with FOLFIRI and FOLFOX6. 

Bevacizumab is a recombinant humanized monoclonal immu- 
noglobulin (Ig) G1 antibody that acts by binding all isoforms of 
circulating VEGF-A, thus decreasing VEGF-A-mediated angio- 
genesis and vascular permeability. A phase III trial compared IFL 
with IFL plus bevacizumab and showed that the regimen con- 
taining bevacizumab increased overall response rate from 35% 
to 45% and extended median survival from 15.6 to 20.3 months. 
Bevacizumab currently is approved for use in combination with 
IV 5-FU-based chemotherapy as first-line treatment of patients 
with metastatic CRC. Use of bevacizumab is associated with an 
increased risk of stroke, GI perforation, and decreased wound 
healing. An interval of at least 6 weeks between the last dose of 
bevacizumab and elective surgery is recommended. Ziv-afliber- 
cept is a recombinant protein that has part of the human VEGF 
receptors 1 and 2 fused to the Fc portion of human IgG1. Ziv- 
aflibercept has been shown to be associated with a clinically mod- 
est but significant improvement in overall survival when given in 
conjunction with FOLFIRI in FOLFIRI-naive patients, and has 
been approved by the FDA for this purpose. Adverse events asso- 
ciated with ziv-aflibercept treatment include asthenia/fatigue, 
infections, diarrhea, hypertension, and venous thromboembolic 
events. Ramucirumab is a human monoclonal antibody that tar- 
gets the extracellular domain of VEGF receptor 2 to block VEGF 
signaling. This drug is recommended as a second-line treatment 
option in combination with FOLFIRI or irinotecan following 
progression on therapy not containing irinotecan. 

Cetuximab is a chimeric antibody directed against EGFR, 
an important molecule involved with cell cycling, survival, inva- 
sion, and metastasis. It has been used primarily in combination 
with irinotecan in irinotecan-refractory patients. In an analysis 
of tumor samples from patients with advanced CRC who were 
randomized to receive cetuximab plus best supportive care or best 
supportive care alone, cetuximab was found to be of benefit in 
patients whose tumors expressed wild-type K-ras but not in those 
whose tumors expressed mutated K-ras (Fig. 127.29). Results sug- 
gesting that EGFR inhibition is only effective in treating CRCs 
containing wild-type K-ras also have been reported in studies 
using panitumumab, a humanized monoclonal antibody directed 
against EGFR. Genotyping of tumor tissue with respect to K-ras 
is recommended in all patients with metastatic CRC. 

The NCCN colon cancer panel currently suggests a choice 
of 8 chemotherapy regimens for those who can tolerate intensive 
treatment: FOLFOX (mFOLFOX6) + bevacizumab; CapeOx + 
bevacizumab; FOLFOX + cetuximab or panitumumab (KRAS/ 
NRAS wild-type and left-sided tumors only); FOLFIRI + beva- 
cizumab; FOLFIRI + cetuximab or panitumumab (KRAS/NRAS 
wild-type and left-sided tumors only); FOLFOXIRI (infusional 
5FU/LYV, oxaliplatin, and irinotecan) + bevacizumab; infusional 
5FU/LV + bevacizumab; or capecitabine + bevacizumab. 

Regorafenib is a small-molecule inhibitor of multiple kinases 
(including VEGF receptors, fibroblast growth factor recep- 
tors, platelet-derived growth factor receptors, BRAF, KIT, and 
RET) that are involved with various processes, including tumor 
growth and angiogenesis. In the CORRECT trial'*+, 760 patients 
who progressed on standard therapy were randomized to best 
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Fig. 127.29 Kaplan-Meier curves of progression-free survival in 
patients with metastatic colon cancer treated with cetuximab plus best 
supportive care or best supportive care alone, stratified according to 
mutation status of the K-ras gene. (From Karpetis CS, Knambata- 
Ford S, Jonker Du, et al. K-ras mutations and benefit of cetuximab in 
advanced colorectal cancer. N Engl J Med 2008; 359:1757-65.) 


supportive care with placebo or regorafenib. The trial met its pri- 
mary end point of overall survival (6.4 months for regorafenib vs. 
5.0 months for placebo). Progression-free survival was also sig- 
nificantly but modestly improved (1.9 vs. 1.7 months).!°° Rego- 
rafenib has shown activity only in patients who have experienced 
progression on all standard therapies, and is approved by the 
FDA for this purpose. Adverse events associated with regorafenib 
include hand-foot skin reactions, fatigue, hypertension, diarrhea, 
and rash/desquamation. Severe and fatal liver toxicity occurred in 
0.3% of 1100 patients treated with regorafenib across all trials. 

3.5% to 6.5% of stage IV CRC in clinical trials are charac- 
terized as MSH-H (dMMR). These tumors contain numerous 
mutations which may be recognized and targeted by the immune 
system. Pembrolizumab and nivolumab are immune checkpoint 
(PD-1) inhibitors which have been FDA approved for treat- 
ment of CRC with high MSI, and are used as treatment options 
in patients with metastatic MMR-deficient CRC in second- or 
third-line therapy (see later). Toxicities are multiple and include 
effects on several organs including the GI tract (diarrhea and coli- 
tis), liver, skin, lungs, kidneys, and endocrine systems. 

Selective infusion of chemotherapeutic agents into the hepatic 
arterial system may be used to treat hepatic metastases. This 
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Fig. 127.30 Colonoscopic views demonstrating removal of a polypoid carcinoma by snare cautery in a patient 
at high operative risk because of intercurrent illness. A, Polypoid carcinoma. B, Piecemeal removal by snare 
cautery. C, Site of lesion after removal. 


method delivers more concentrated drug into the tumor capil- 
lary bed than do conventional means of delivery. The infusion 
catheter usually is implanted in the common hepatic artery (via 
the gastroduodenal artery) at the time of laparotomy. The devel- 
opment of implantable infusion pumps has led to increasing use 
of such therapy in major centers. Fluorinated pyrimidines, such 
as 5-FU and floxuridine (FUDR), have high hepatic extraction 
(80% to 95%), and it is thought that high concentrations of these 
drugs can be delivered with low systemic toxicity by direct hepatic 
arterial infusion. FUDR has received the most attention, and its 
continuous hepatic arterial infusion to treat hepatic metastases 
from CRC in patients not previously treated can achieve response 
rates of 54% to 83%. Criteria for response vary, however, and it 
is still unclear if survival will be increased. 

RCTs of systemic versus intrahepatic infusion of FUDR in 
patients with liver metastasis have shown significantly higher 
response rates for intrahepatic therapy but, again, the impact 
on survival remains unclear. Complications of the procedure, 
including arterial occlusion, local infection, and catheter leak, 
occur in a small number of patients. Morbidity of treatment 
consists of GI tract inflammation and ulceration, hepatic injury 
with elevation in serum bilirubin and aminotransferases, and 
biliary ductal sclerosis, all of which may be substantial. Some 
investigators have combined hepatic artery occlusion or embo- 
lization with chemotherapeutic agents (chemoembolization) 
in an attempt to achieve better response rates in patients with 
extensive hepatic tumor. TACE involves hepatic artery catheter- 
ization to cause vessel occlusion with locally delivered chemo- 
therapy. Drug-eluting beads containing chemotherapy have also 
been used, but are only recommended in the context of a clinical 
trial. 


Immunotargeted Therapy and Immunotherapy 


Use of monoclonal antibodies designed to modulate biological 
processes key to tumor growth and behavior, such as bevacizumab 
(directed against circulating VEGF) and cetuximab (directed 
against EGFR), already have been discussed. Both agents have 
been approved for treatment of advanced CRC. 

Advances in immunology, molecular biology, and imaging 
have led to the development of radiolabeled monoclonal anti- 
bodies that can be used to detect CRC metastases (radioimmu- 
nodetection). These same antibodies can be linked to cytotoxic 
agents such as the A subunit of the plant toxin ricin, the toxin 
A chain of diphtheria, lymphokine-activated killer cells, and 
chemotherapeutic agents for immune-targeted therapy. Lipo- 
somes that contain chemotherapeutic agents can be linked to 


monoclonal antibodies and delivered in a similar fashion. Most 
patients treated thus far with such therapy have had advanced 
disease, and further studies using these agents in adjuvant ther- 
apy are needed. 

Immune checkpoint inhibitors do not target the tumor cell, 
but target molecules involved in regulation of T cells (the “sol- 
diers” of the immune system).!°> Pembrolizumab and nivolumab 
are PD-1 inhibitors which have been FDA approved for treat- 
ment of CRC with high MSI, and are used as treatment options 
in patients with metastatic MMR-deficient CRC in second- or 
third-line therapy. 

Other approaches designed to modulate the immune sys- 
tem of patients with metastatic disease also have been reported. 
A large body of preclinical and clinical evidence has suggested 
that the immune system can be stimulated against malignant cells 
by means of active specific immunotherapy strategies. These 
approaches, including experimental cancer vaccine strategies, 
currently are limited to clinical trials, but hold promise for the 
future. 


Radiotherapy 


The use of neoadjuvant radiation therapy preoperatively for rectal 
cancer has been previously discussed, as has the use of radiation 
to potentially convert unresectable to resectable rectal cancer in 
high-risk patients with transmural tumor extension or lymph node 
metastases. Neoadjuvant or adjuvant radiation therapy delivered 
concurrently with 5-FU-based chemotherapy may be considered 
for very select patients with T4 CRC penetrating to a fixed struc- 
ture or for patients with recurrent disease. Intraoperative radiation 
therapy should be considered for these patients as an additional 
boost. Chemoradiation also can be given to patients with locally 
unresectable disease or who are medically inoperable. 


Endoscopic Therapy 


Endoscopic therapy using the Nd: YAG laser or APC has been 
used to recanalize the rectum as palliative therapy in patients 
with obstructing rectal cancers who are poor surgical risks or who 
have advanced stages of malignant disease; such palliation gener- 
ally has been satisfactory. Reported complications are bleeding 
and perforation, but they are fewer than would be anticipated 
after surgery in these high-risk patients. Electrofulguration using 
a heater probe device has been reported under similar circum- 
stances. Endoscopy with the use of snare cautery also may be used 
to remove polypoid lesions (Fig. 127.30), often in a piecemeal 
fashion. 
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Photodynamic therapy (PDT) has been used to treat patients 
who are poor surgical risks. PDT involves administration of a 
photosensitizer that is taken up by the tumor and adminis- 
tered before photoradiation, using a tunable dye laser delivered 
through a flexible optical fiber. The photosensitizer, porfimer 
sodium (Photofrin), has been approved by the FDA for pallia- 
tion of esophageal cancers, but its use for rectal cancers has been 
more limited, given other available options. Limitations of PDT 
include cost and skin photosensitization; the availability of newer 
porphyrin derivatives associated with shorter periods of photo- 
sensitivity could lead to greater use of this modality. Although 
strictures occur commonly after PDT for esophageal lesions, it 
is unclear how often strictures are seen after treatment of rectal 
lesions. 

Palliation of obstruction from colorectal lesions also may be 
accomplished by the use of expandable metal stents (Fig 127.31). 
Intraluminal stenting is being used with increasing frequency for 


Fig. 127.31 Expandable metal 
stent placed as palliative therapy 
in a patient with a lesion near the 
hepatic flexure. A, Obstructing 
lesion near the hepatic flexure 
seen on contrast exam (arrows). 
B, Expandable metal stent placed 
across the obstructing lesion. A 
long decompression tube is also 
seen in place. 


palliation and for relieving colorectal obstruction preoperatively, 
because repetitive treatments as required for ablative therapies 
such as APC and PDT are obviated. 


OTHER MALIGNANT COLONIC TUMORS 


Malignant tumors other than adenocarcinomas rarely originate 
in the large bowel but include lymphomas, carcinoids, GISTs, 
and leiomyosarcomas. In addition, lymphomas, leiomyosarco- 
mas, malignant melanomas, and cancers of the breast, ovary, 
prostate, lung, stomach, and other organs can metastasize to the 
colon. Lymphomas, GISTs, and carcinoid tumors are discussed 
in Chapters 32, 33, and 34, respectively; carcinomas of the anal 
canal are discussed in Chapter 129. 


Full references for this chapter can be found on www.expertconsult.com. 
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CATHARTIC COLON AND THE EFFECT OF LAXATIVES 
ON THE COLON 


The original suggestion that irritant laxatives, predominantly 
anthraquinones (cascara, aloe, senna), damage the colon was 
based on studies in laboratory animals and in colons resected 
from laxative abusers.! Although mucosal atrophy and abnormali- 
ties of the enteric nervous system had been described in cases of 
so-called “cathartic colon,” detailed information concerning pre- 
existing conditions that might have prompted chronic use of laxa- 
tives generally were not described, and the number of reported 
cases was quite small. Cathartic colon is an historic interest and is 
unlikely to be identified in current clinical practice. 

Another finding described in chronic users of anthraquinone 
laxatives is melanosis coli, a brownish discoloration of the colonic 
mucosa caused by the accumulation of pigment in macrophages 
within the lamina propria (Fig. 128.1 A). The term was coined by 
Virchow in 1857 because the pigment was considered to be mel- 
anin or a melanin-like substance, although subsequent analysis 
proved it to be lipofuscin and composed of lipid-containing resi- 
dues of lysosomal digestion.*~* Therefore, the term pseudomelanosis 


MALAKOPLAKIAS fcc ccck ccc ceases ces euen ens 2160 
EOV EEA e T E tan nite cee 2161 
Clinical Features and Diagnosis................... 2162 
Meatmen tar rA A E A N EN EEN 2162 

MICROSCOPIC COLITIS 

(LYMPHOCYTIC AND COLLAGENOUS) ............... 2162 
Epidemiol Vereen eat E A are 2162 
ETOT NE E A E EAA 2162 
EtiologyandiRathogenesis ma am 2163 
Clinical and Laboratory Features.................. 2164 
Differential aqnGS|Siee renee eee 2164 
IG ATINIGN TRS a a E Seen ae ores pepe rer 2164 

NEUTROPENIC ENTEROCOLITIS (TYPHLITIS) ......... 2166 
EtiologV ican Moerman eee eee crocs ee E ee 2166 
Clinical Features and Diagnosis................... 2166 
HPQ ATINIGIE ALE AA SEEE OAA E A peer oe 2166 

PNEUMATOSIS COLI (PNEUMATOSIS CYSTOIDES 

INTESTINALIS) oieicccicccscseartcsteisc wtesnictnietsictsieieieiste EE 2167 
ETIOIOG Veceeenenereree tee erent E nen repre epee ne 2167 
Clinical Features and Diagnosis................... 2167 
Batholog varie ee cet E E IA NEA 2167 
NG ATM GN tee ete a teen, vere ee oes ete Pe gar 2168 


coli is more accurate, but has not been adopted widely. Melanosis 
coli is uncommon, being found in approximately 1.5% of colo- 
noscopies.’ It is much more common in persons who use anthra- 
quinone laxatives chronically, although melanosis coli also has 
been reported in patients without laxative abuse.° The condition 
is benign and generally reversible.’ 

Concern about a possible relationship between melanosis coli 
and the development of colonic neoplasms has not been substan- 
tiated.*° Of great interest and potential use to colonoscopists, 
however, is the fact that adenomas lack pigment-containing mac- 
rophages and thus are identified easily in patients with melanosis 
coli; this likely explains the increased adenoma detection rate in 
these patients (see Fig. 128.1 B)!°!!; thus, biopsies should be taken 
of any non-pigmented area of the colon in a patient with melano- 
sis coli. A recent case-control study showed a higher incidence of 
ileal ulcers in patients with melanosis coli,!’ leading the authors to 
conclude that, perhaps, melanosis may be “a sign of chronic injury 
of colonic and intestinal mucosa”; there was no information on 
NSAID use in this study, however, apart from regular aspirin use 
being similar between cases and controls. 
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Fig. 128.1 A, A retroflexed colonoscopic view of the brownish discolor- 
ation of rectal mucosa consistent with melanosis coli. B, Colonoscopic 
view of a flat adenoma that is pale and thus easily seen in contrast 
against the dark background of melanosis coli. The adenoma is pale 
because it lacks pigment-containing macrophages. (Courtesy Wong 
Kee Song, MD, Division of Gastroenterology and Hepatology, Mayo 
Clinic, Rochester, MN.) 


Clinical Features 


Chronic laxative users and abusers often complain of abdomi- 
nal discomfort, bloating, fullness, or inability to defecate com- 
pletely without using laxatives, but it seems more likely that 
these symptoms represent pre-existing constipation that led 
to chronic laxative use rather than any direct damage to the 
colon by the drugs. In severe cases of laxative abuse, electrolyte 
and fluid abnormalities are associated with excessive thirst and 
weakness. 


Treatment 


‘Treatment of the symptoms of chronic laxative use is focused on 
correcting fluid and electrolyte imbalances, reducing or eliminat- 
ing irritant laxative use, substituting bulking or osmotic agents, 
and assessing for pelvic floor dysfunction, an often overlooked 
cause of severe chronic constipation. Further details on the evalu- 
ation and management of chronic constipation can be found in 
Chapter 19. 


BOX 128.1 Chemical Agents Associated with Colitis 


Acetic acid 

Alcohol 

Ammonia 

Caustic soda (sodium hydroxide) 
Chloroxylenol (Dettol) 
Ergotamine 

Formalin 

Glutaraldehyde 

Herbal medicines 

Hydrofluoric acid 

Hydrogen peroxide 

Lye 

Potassium permanganate 
Radiocontrast agents (Hypaque, Renografin-76) 
Soap 

Sulfuric acid 

Vinegar 


CHEMICAL COLITIS 


Damage to the colon has been reported after exposure to a num- 
ber of rectally administered agents (Box 128.1), including soaps 
and detergents used as “cleansing” enemas, hydrogen perox- 
ide,'+ water-soluble contrast agents such as sodium diatrizoate 
(Hypaque, Gastrografin), herbal medications, alcohol,!> and even 
hot coffee.!° Milder damage to the mucosa occurs after use of 
sodium phosphate enemas.!’ The severity of the reaction depends 
on the type and concentration of the substance, the duration and 
extent of its contact with the mucosa, and, perhaps, the presence 
of underlying colonic disease.!* 

Soapsuds enemas were given decades ago to patients to 
“cleanse” their colons prior to colectomy. This practice has been 
largely abandoned because soaps produce liquefaction necrosis 
with mild to severe inflammation and saponification of the lay- 
ers of the colon. Acute histologic changes include necrosis, lead- 
ing, in more severe cases, to ulceration and possibly perforation. 
Acute colitis may heal without residua or with fibrosis and scar- 
ring. Endoscopic findings have ranged from loss of the normal 
mucosal vascular pattern to aphthae to mucosal sloughing and 
ulceration. 

Colitis has been reported following the use of hyperosmolar 
water-soluble contrast materials that are often used to opacify the 
colon in cases of partial obstruction and to treat fecal impaction. 
Damage is believed to occur because of the hypertonicity of these 
agents, but the addition of agents to improve contrast may have 
contributed to mucosal damage because of their detergent prop- 
erties. Most injuries have occurred in the colon proximal to an 
obstruction, suggesting that prolonged contact with these agents 
predisposes to mucosal injury. 

Hydrogen peroxide enemas are no longer frequently used 
but, at one time, they were used to relieve meconium ileus and 
to remove fecal impactions. There are reports of profound 
damage associated with the use of hydrogen peroxide, including 
severe colitis, pneumatosis coli, perforation, sepsis, and death.!? 
Within minutes of contact, diffuse mucosal emphysema occurs, 
and after approximately an hour, the colon may become isch- 
emic and eventually ulcerate; the so-called “Snow White” sign 
refers to the whiteness of the injured mucosa immediately after 
contact with the hydrogen peroxide and is characteristic (Fig. 
128.2).2° Acute colitis also has been reported after using glu- 
taraldehyde to disinfect a colonoscope and then not sufficiently 
washing the agent off the instrument prior to its reuse (Fig. 
128.3).2! 


Fig. 128.2 Colonoscopic view of hydrogen peroxide colitis in a patient 
to whom hydrogen peroxide was given to help remove a fecal impac- 
tion. Both panels show the so-called Snow-White sign, referring to the 
appearance of the stark white necrotic mucosa. (Courtesy Lawrence 
J. Brandt, MD, Bronx, NY.) 


Fig. 128.3 Sigmoidoscopic view of glutaraldehyde colitis in a young 
man who had had a normal flexible sigmoidoscopy 3 hours before this 
photograph was taken. The colitis was caused by glutaraldehyde that 
had been used to disinfect the flexible sigmoidoscope after its previous 
use but had not been sufficiently cleansed from the instrument. He 
complained of “agonizing” pain during the sigmoidoscopic examination 
and began to pass bright red blood 2 hours later. (Courtesy Lawrence 
J. Brandt, MD, Bronx, NY.) 
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Fig. 128.4 Resection specimen of colitis cystica profunda. Several 
submucosal cysts are filled with mucinous material (arrows). This entity 
occurs in the setting of chronic IBD as well as the solitary rectal ulcer 
syndrome, among many other disorders. These lesions have been con- 
fused with mucinous carcinomas, which also may be seen in chronic 
IBD. (From Feldman M, Boland CR, editors. Slide atlas of gastroenterol- 
ogy and hepatology. Philadelphia: Current Medicine; 1996.) 


A (pee BG ant 
Fig. 128.5 Histopathology of colitis cystica profunda showing the 
mucus-filled cysts and misplaced epithelium below the muscularis 
mucosae (arrow). (H&E, x5.) (From Mitros FA, editor. Atlas of gastroin- 
testinal pathology. New York: Gower Medical Publishers; 1988.) 


Prevention and Treatment 


Soapsuds enemas and rectal instillation of substances for medici- 
nal, social, or ritualistic activities, other than commercially avail- 
able enemas, should be discouraged. Treatment of chemical 
colitis is largely supportive, with IV fluids and broad-spectrum 
antibiotics. Surgery may be indicated in severe cases of bowel 
necrosis or perforation. Most patients with milder injury will 
recover completely 4 to 6 weeks after injury. 


COLITIS CYSTICA PROFUNDA AND SUPERFICIALIS 


Colitis cystica profunda (CCP) is a rare disease characterized by 
mucin-filled cysts located in the submucosa of the colon (Figs. 128.4 
and 128.5). CCP manifests in 3 patterns: (1) localized, with a polyp- 
oid lesion; (2) diffuse, with multiple polypoid lesions; and (3) diffuse, 
with a confluent sheet of cysts. In contrast, colitis cystica superficialis 
is an even rarer disease characterized by mucus-containing cysts that 
involve only the mucosa of the colon. It classically was described in 
association with pellagra, but also has been described in patients with 
advanced celiac disease, as well as thyrotoxicosis, uremia and mercury 
poisoning. Because of its rarity, it will not be discussed further.?!* 
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Etiology 


The etiology of CCP is unknown, but several theories have been 
proposed. A possible congenital etiology is supported by several 
findings. In embryologic examinations, submucosal cysts have been 
found in multiple GI locations. The occurrence of CCP in children 
and its association with other congenital conditions such as Peutz- 
Jeghers syndrome also support a congenital origin for this disease. 
Absence of submucosal cysts in large autopsy series of infants and 
children, however, reduces the plausibility of this etiology. 

CCP has been associated with several acquired diseases that 
predispose to mucosal ulceration and inflammation, includ- 
ing UC, Crohn disease,”* and diverticulitis.7> Submucosal cysts 
have been reported in areas exposed to local trauma, especially 
surgical, for example, with intestinal anastomosis or colostomy. 
Proctitis cystica profunda also developed in rats treated with irra- 
diation.“* CCP has been found in association with adenocarci- 
noma of the colon, and several cases of adenocarcinoma of the 
stomach have been reported with gastritis cystica profunda, sug- 
gesting a relationship with neoplasia.” In some reports, there was 
strong evidence of a causal link between cancer and CCP, because 
the submucosal cysts were found adjacent to the adenocarcinoma, 
whereas adjacent benign mucosa was devoid of submucosal cysts. 

The localized form of CCP is associated with rectal prolapse 
and solitary rectal ulcer syndrome (SRUS; see later).7° Mucosal 
prolapse has been found in more than 50% of patients with the 
localized form of the disease, and it is thought that trauma or 
ischemia caused by chronic traction on the mucosa and intra- 
mural vessels may play a role in development of the submucosal 
cysts. Microscopic features of the localized form of the disease 
often include fibrosis of the lamina propria and hypertrophic 
muscle fibers, changes that also are characteristic of SRUS. 


Clinical Features and Diagnosis 


CCP affects men and women equally. The most common symp- 
toms are rectal bleeding, mucus discharge, and diarrhea’; less 
common are tenesmus, abdominal pain, and rectal pain. Rarely, 
the affected patient may present with intestinal obstruction caused 
by the cysts. At endoscopy, most (SRUS) lesions are located on 
the anterior rectal wall 6 to 7 cm from the anal verge. The lesions 
appear as polyps with overlying mucosa that may be normal, 
inflamed, or ulcerated, and may be indistinguishable from a variety 
of other lesions, including adenocarcinomas, adenomatous polyps, 
submucosal lipomas, neurofibromas, inflammatory pseudopolyps, 
pneumatosis coli, and endometriosis.’” Examination may disclose 
an associated rectal prolapse in some cases. Barium enema may 
reveal radiolucent filling defects. Rectal EUS may be useful in dif- 
ferentiating this disease from cancer and reveals hypoechoic cysts 
that are surrounded by intact submucosa, unlike invasive cancer.’® 
Biopsy is necessary to distinguish this lesion from the variety of 
inflammatory, neoplastic, and infectious conditions it may resaem- 
ble. On biopsy, the submucosa is thickened by the mucus-filled 
cysts (see Fig. 128.5), which usually communicate with the lumen 
through small openings in the mucosa. Although usually confined 
to the submucosa, cysts can involve the muscularis propria and 
serosa. Glandular epithelium is typically displaced into the submu- 
cosa (see Fig. 128.5), and care must be taken not to confuse these 
displaced glands with invasive carcinoma. The surrounding con- 
nective tissue often shows chronic inflammation, and there may be 
extensive replacement of the lamina propria by fibroblasts. 


Treatment 


A high-fiber diet and bowel retraining to avoid straining have led 
to regression of this disease in a few cases.’’ If fiber is not effec- 
tive, polyethylene glycol solutions?” and glucocorticoid enemas 
have been used.?”” Most symptomatic patients have been treated 


Fig. 128.6 Endoscopic appearance of a non-specific ulcer of the colon. 


with surgery. In patients who have associated rectal prolapse, repair 
of the prolapse alone may treat the CCP, whereas in the absence 
of prolapse, excision through a transanal approach is efficacious.”? 
When the disease is localized to the rectum but is circumferential, 
total excision may be accomplished by mucosal sleeve resection and 
coloanal pull-through.*’ More diffuse lesions have been removed by 
segmental resection, (see Fig. 128.4)°° which also may be necessary 
for large obstructing lesions and for lesions that cause hypokalemia, 
hypoalbuminemia, and severe anemia from chronic blood loss. A 
diverting colostomy may lead to regression of this disease and may 
be the best option for a patient with significant comorbidities. 


COLON ULCERS 
Dieulafoy-type Lesions 


Massive GI bleeding from an enlarged (“persistent caliber”) sub- 
mucosal artery by way of a minute mucosal break typifies this 
ulcer, called a Dieulafoy lesion.*° Although occurring most com- 
monly in the gastric fundus, identical lesions have been described 
throughout the GI tract including the colon and rectum.*! In the 
colon, Dieulafoy-type lesions appear to have a strong male pre- 
dominance and have been reported in all age groups.*! 

Histologically, the submucosal artery is tortuous and hyper- 
trophic, curving toward the mucosa with persistence of caliber. 
Inflammation is absent, and the solitary mucosal break extends no 
deeper than the upper submucosal layer. 

The clinical picture is one of acute, massive and, sometimes, 
recurrent bleeding. Colonoscopy can identify the lesion in some 
cases*! but is difficult or impossible when bleeding is ongoing. In 
such cases, selective mesenteric angiography is the diagnostic study 
of choice and therapy is with endovascular coil embolization,*” 
followed by surgery for failed hemostasis or perforation. In cases 
identified at colonoscopy, treatment with sclerotherapy, electro- 
cautery, or hemoclipping may obviate the need for surgery.’ 


Non-specific Ulcers 


Benign non-specific ulcers of the colon are uncommon, although 
their causes remain unknown. A large review of the literature 
encompassed 127 patients and indicated that colonic ulcers occur at 
any age, with a peak incidence in the fourth and fifth decades and a 
slight female predominance. Most such ulcers occur in the proximal 
colon, virtually all are solitary and located on the anti-mesenteric 
side of the colon, and most are round and sharply demarcated from 


relatively normal surrounding mucosa (Fig. 128.6).*+ Histologically, 
there is non-specific acute and chronic inflammation. 

The causes of non-specific colonic ulcers are unknown. 
Hypotheses that have been advanced, but with little or no support- 
ing evidence, include ischemia and cecal diverticulosis. Correla- 
tions with the use of drugs such as glucocorticoids, NSAIDs,*>*° 
and oral contraceptives have been suggested, but these drugs 
have not been implicated in most of the reported cases. Addi- 
tionally, there have been reports of associations of non-specific 
colon ulcers with chronic kidney disease and renal transplanta- 
tion, eosinophilic granulomatosis with polyangiitis (also known 
as Churg-Strauss syndrome a), granulomatosis with polyangiitis 
(i.e., Wegener disease), Behçet disease, essential mixed cryoglob- 
ulinemia, and SLE. It is possible that a mechanism common to 
all exists, but none has been identified. Some of these cases may 
evolve into more typical-appearing Crohn disease. 


Clinical Features 


The most frequent presenting symptoms are abdominal pain and 
bleeding. More than one half of patients with non-specific colon 
ulcers present with abdominal pain, often in the RLQ and mim- 
icking appendicitis. One third have LGI bleeding with hema- 
tochezia, and 16% present with an abdominal mass, most often 
when the ulcer is located in the left or sigmoid colon. 


Diagnosis 


Colonoscopy is typically how these ulcers are identified.** 
Flexible sigmoidoscopy is inadequate because most colonic ulcers 
are proximal to the splenic flexure. Radiologic findings are non- 
specific and diagnostically inferior to colonoscopy. CT scans are 
most helpful to exclude perforation or abscess formation. The 
key to the diagnosis is exclusion of diseases associated with ulcer- 
ation, including Crohn disease, infections (e.g., TB, Entamoeba 
histolytica, CMV, histoplasmosis, Salmonella typhi), stercoral ulcers 
(typically in the rectum), and SRUS. Amyloidosis and neoplastic 
causes (e.g., carcinoma, lymphoma) are distinguished histologi- 
cally. 


Treatment 


In uncomplicated cases, an expectant approach is recommended, 
with interval colonoscopy to monitor healing. Surgery is rec- 
ommended for complications such as perforation or significant 
bleeding, and for persistent symptoms. 


Solitary Rectal Ulcer Syndrome 


SRUS is an uncommon disorder of defecation that affects patients 
of all ages and that became more widely recognized after a pub- 
lished case series by Madigan and Morson in 1969.7 The term 
is a misnomer: patients can present with hyperemic mucosa only, 
a solitary ulcer, multiple ulcers, or even a polypoid lesion resem- 
bling carcinoma that may be proximal to the rectum.*® Regardless 
of appearance, however, the histology of SRUS is characteristic, 
showing fibromuscular obliteration of the lamina propria and 
smooth muscle fibers that extend from a hypertrophied muscula- 
ris mucosa up toward the lumen.*® The diagnosis of SRUS often 
is delayed because of its varied endoscopic appearance and a lack 
of awareness of the disorder. 


Pathogenesis 


SRUS usually is considered to result from a disorder of defeca- 
tion, but its pathogenesis is uncertain. A large subgroup of patients 
with SRUS strain excessively during defecation, and some have 
a behavioral disorder. Occult or overt rectal prolapse appears to 
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be involved in many patients,’ with increased incidence of fecal 
evacuation disorder as evidenced by abnormal balloon expulsion 
testing and sphincter relaxation.*° It has been suggested that the 
rectal mucosa can be traumatized from being prolapsed through 
the anal canal and additional trauma may result from attempts to 
reduce the prolapse digitally.t! Alternatively, straining during def- 
ecation results in high fecal pressures that reduce local blood flow, 
causing ischemia and ulceration. The mucosa of the anterior rec- 
tal wall 7 to 10 cm above the anal verge is the most common area 
of such prolapse into the anal canal, and this corresponds to the 
usual location of ulceration in SRUS. The association of SRUS 
and rectal prolapse, however, is not universal, and the prevalence 
of associated rectal prolapse varies from 13% to 94%.8 SRUS 
also has been associated with the use of ergotamine suppositories 
and radiotherapy, further supporting a pathogenic role for isch- 
emia.#>® Successful treatment of SRUS using biofeedback has 
been associated with an increase in local blood flow.** 


Diagnosis and Pathology 


Diagnosis of SRUS is based on clinical symptoms, physical examina- 
tion, endoscopic findings, and histology. Most patients with SRUS 
complain of passage of mucus and blood with defecation.** Some also 
complain of tenesmus, straining, altered bowel habits, or a sensation 
of incomplete evacuation. Although men and women are affected 
equally, the usual onset is a decade earlier in men. The duration of 
symptoms prior to diagnosis ranges from 3 months to 30 years.** 

On digital rectal examination, there may be reduced anal 
sphincter tone and an indurated area or thickened folds may be 
palpated. Overt rectal prolapse may be demonstrated by having 
the patient strain as if to have a bowel movement. Sigmoidos- 
copy may demonstrate single (Fig. 128.7 A) or multiple ulcers 
or a patch of erythematous mucosa on the anterior rectal wall, 
usually within 10 cm of the anal verge.** The lesion has a polyp- 
oid appearance in 25% to 44% of patients.*> Differential diag- 
nosis includes IBD, malignancy, ischemic colitis, stercoral ulcer, 
medication-induced ulceration, trauma, and infections, including 
CMV, histoplasmosis, TB, amebiasis and secondary syphilis. 

Biopsies should be taken from the ulcer margin and any other 
abnormal-appearing mucosa. In 1969, Madigan and Morson*/ 
were the first to describe the histologic features of SRUS. There 
is fibromuscular obliteration of the lamina propria by collagen 
from fibroblasts and smooth muscle fibers derived from the mus- 
cularis mucosae. The muscularis mucosae is often hypertrophied, 
and its fibers are in continuity with those in the lamina propria. 
There is no significant inflammation. The polypoid variant is 
similar to the ulcerative variant except for regenerative hyper- 
plastic changes such as cystic dilation and mucus production. 
Epithelial elements and lamina propria can be displaced into 
the submucosa (see Fig. 128.7 B). This displaced tissue can then 
undergo cystic dilatation because of mucus retention. The mis- 
placed and dysplastic-appearing glands may be misdiagnosed as 
adenocarcinoma, especially when the histologic and macroscopic 
features of SRUS are not recognized; at times, SRUS is present in 
association with a carcinoma, further confusing the issue.*¢ 

Although not required in most patients, defecography may be 
useful to shed light on the pathophysiology of SRUS, especially if 
surgery is being considered. Defecography is used to demonstrate 
mucosal prolapse, intussusception, rectal prolapse, a non-relax- 
ing puborectalis muscle, and incomplete or delayed evacuation.** 
Endorectal US may be useful to distinguish SRUS from other 
conditions such as invasive cancer.*” 


Treatment 


Asymptomatic patients might not require any treatment, and in 
some patients SRUS resolves spontaneously. Treatment includes 
improving bowel habits; consuming a high-fiber diet; using bulk 
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Fig. 128.7 A, Solitary rectal ulcer syndrome (SRUS). Cap-assisted 
colonoscopic view of a large ulcer seen in the distal rectum 5 cm above 
the anal verge. (Courtesy Wong Kee Song, MD, Division of Gastroen- 
terology and Hepatology, Mayo Clinic, Rochester, MN.) B, Histopathol- 
ogy of SRUS. The findings include disorganized crypts with reactive 
epithelium, mild lamina propria inflammation, and smooth muscle fibers 
abnormally present in the mucosa (arrows). The smooth muscle fibers 
represent hyperplasia of the muscularis mucosa, a common histologic 
finding in this condition. (H&E.) (Courtesy Marie E. Robert, MD, New 
Haven, CT.) 


laxatives, local agents, and biofeedback; and surgery. Use of fiber as 
a bulking agent, along with bowel habit training to reduce straining, 
can improve symptoms in patients with mild disease. Local agents 
such as sucralfate enemas and human fibrin sealant have been effec- 
tive in small studies,** but others such as topical glucocorticoids and 
aminosalicylates are not effective. A recent randomized controlled 
trial showed that APC not only controlled bleeding in patients with 
SRUS, but also led to healing of rectal ulcers.’ The effectiveness of 
APC has been re-affirmed by other studies.*7>° 

Biofeedback or instrument-assisted muscle retraining has been 
advocated as first-line therapy for those who have underlying pel- 
vic floor dysfunction/dyssynergic defecation.*+ One study showed 
clinical improvement in 75% of patients, healing of the ulcer in 
31%, and significant improvement in rectal mucosal blood flow 
in persons who felt subjectively better after biofeedback. 


A number of surgical procedures have been utilized and 
reported in patients with SRUS, but the most appropriate 
procedure is individualized and based upon the underlying 
anatomic pathology.’ Surgical procedures include excision of 
the ulcer, low anterior resection, anterior resection with rec- 
topexy,’! colostomy, and non-resectional laparoscopic ventral 
mesh rectopexy. Unfortunately, there is a lack of well-con- 
trolled randomized studies, and it is difficult to compare sur- 
gical procedures because of the small numbers of patients in 
surgical series and the heterogeneous nature of the anatomic 
pathology that underlies SRUS. 


Stercoral Ulcers 


Stercoral ulcers are not uncommon, with random autopsy stud- 
ies revealing stercoral ulceration in 1.3% to 5.7% of older adult, 
institutionalized patients.’ They are usually asymptomatic 
until they manifest with LGI bleeding or colonic perforation. 
Fecal disimpaction occasionally precipitates rectal hemorrhage as 
a subjacent arteriole is torn away from the mucosa/submucosa 
with the adherent stool. In one series of patients with colonic 
perforation, 3.2% were caused by stercoral ulcers.*+ 


Pathogenesis 


The pathogenesis of stercoral ulcers is multifactorial. Although 
described in patients of all ages, it is more common among older 
adults. Chronic constipation is the major risk factor, which pre- 
disposes to fecal impaction." Factors that increase constipation, 
such as antacids containing aluminum hydroxide, use of opiate 
analgesics, constipating sedatives and psychiatric medications, 
and chronic kidney disease, were noted in patients who developed 
stercoral ulceration.*° Ulceration results from pressure necrosis 
of the mucosa that is a direct effect of an adjacent hard fecal mass 
(scybalum). Over time, the pressure of the scybalum results in 
local ischemic necrosis with ulceration and can lead to perfora- 
tion 


Diagnosis and Pathology 


Patients with perforated ulcers usually present with peritonitis.*° 
The stool-filled colon is sometimes palpable. Plain films of the 
abdomen may demonstrate pneumoperitoneum, fecal loading, 
or a calcified scybalum/fecaloma (Fig. 128.8). Non-perforating 
ulcers can manifest with lower GI bleeding. Caution must be 
used when performing disimpaction in patients with hard fecal 
masses in the rectum, because removing the mass can result in 
severe hemorrhage. 

The anti-mesenteric border of the colon is most commonly 
involved, usually in the sigmoid or proximal rectum. Ulcers are 
typically large, irregular, sharply demarcated, and may be single 
or multiple. Ulcers conform to the contour of the impacted 
scybala as a result of ischemic pressure necrosis and have been 
referred to as “geographic” in shape. A rounded or ovoid perfo- 
ration may be seen in the center of the ulcer. Necrotic colonic 
mucosa with acute and chronic inflammation is noted on histol- 
ogy.>* Differential diagnosis includes spontaneous colonic perfo- 
ration, malignancy, ischemia, and infection. 


Treatment 


Perforated stercoral ulcers require emergency laparotomy with 
resection of the involved colonic segment. A Hartmann’s opera- 
tion is the preferred procedure and, along with extensive peri- 
toneal lavage, is associated with a lower mortality than other 
surgical procedures.°*>° Non-perforating stercoral ulcers might 
respond to aggressive treatment of constipation, although surgi- 
cal resection remains the only definitive treatment. 


Fig. 128.8 Plain film of the abdomen showing a calcified fecaloma in 
an older adult man with a history of prolonged confinement to bed. 
He presented with abdominal distention and ultimately had the mass 
removed at surgery. (Courtesy Lawrence J. Brandt, MD, Bronx, NY.) 


DIVERSION COLITIS 
Epidemiology 


Diversion colitis is an inflammatory process of the colon and 
rectum that occurs after surgical diversion of the fecal stream.*’ 
It is curious, and perhaps of pathophysiologic importance, that 
diversion colitis has been reported to occur more commonly in 
patients with IBD than in those with non-inflammatory condi- 
tions, such as familial polyposis coli.’ The prevalence of diver- 
sion colitis has been underestimated because many patients are 
asymptomatic, but histologic changes occur in diverted segments 
of the colon within months of surgery. 


Pathology 


Histologic changes in diversion colitis range from lymphoid follicu- 
lar hyperplasia and mixed mononuclear and neutrophilic infiltration 
to severe inflammation with crypt abscesses, mucin granulomas, 
and Paneth cell metaplasia>?; large ulcers and transmural changes 
are absent, and crypt architecture generally is preserved, although 
IBD-like architectural changes have been reported. Endoscopic 
findings vary in severity and can mimic IBD. After extended diver- 
sion, inflammatory pseudopolyps and strictures may develop. 


Pathogenesis 


Diversion colitis is believed to result from mucosal nutrient defi- 
ciency. The principal nutrient substrates of colonic epithelium 
are luminal short-chain fatty acids (SCFAs), which are metabolic 
products of carbohydrate and peptide fermentation by anaerobic 
bacteria (see Chapter 101).°)°* The distal colon is more depen- 
dent on SCFAs for its metabolic needs than the proximal colon.°? 
The number of obligate anaerobes is reduced in the excluded 
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colon, consistent with reduced SCFA production. The role of 
an altered microbiota was illustrated in one study that showed 
that the colonic microflora differed significantly between diver- 
sion colitis and control groups, with bifidobacterium negatively 
correlated with the severity of diversion colitis.“ In another 
study, instillation of SCFA enemas resolved endoscopic changes 
within 4 to 6 weeks, although histologic resolution was slower 
and incomplete.°° 

SCFA deficiency has been widely accepted as the cause of 
diversion colitis, but other observations suggest that SCFA defi- 
ciency may not be the entire etiologic explanation. First, treat- 
ment with SCFA enemas are not universally successful.°° Second, 
in germ-free rodents with surgical diversion and in patients 
receiving long-term TPN or elimination diets (circumstances in 
which luminal SCFA concentrations are low), mucosal atrophy 
occurs rather than inflammation.®’ Third, inflammation does not 
occur in urinary colon conduits, from which the fecal stream has 
been diverted, and urine does not contain measurable SCFAs.°* 


Diagnosis 


The diagnosis of diversion colitis is based on endoscopic and 
histologic findings. Diagnosis is relatively straightforward in a 
patient without pre-existing IBD, but radiation colitis and isch- 
emia should be considered in the appropriate clinical setting. 

In patients with Crohn disease, diversion colitis can be dif- 
ficult to distinguish from recurrent IBD. Colonoscopic findings 
such as linear ulcers favor Crohn disease, as do fistulas, transmu- 
ral inflammation, marked crypt architectural abnormalities, and 
epithelioid granulomas. Lymphoid hyperplasia occurs in both 
disorders but tends to be more prominent in diversion colitis. If 
rectal involvement with Crohn disease was absent prior to diver- 
sion, rectal inflammation is more likely to be caused by diversion 
than by Crohn disease. 


Treatment 


The preferred treatment of diversion colitis is surgical restoration 
of colonic continuity; this rapidly reverses symptoms and histo- 
logic changes. If symptoms are moderate to severe and re-anasto- 
mosis is not feasible, SCFA enemas may be considered.”°”! This 
modality was described in 1989,® although a subsequent prospec- 
tive randomized double-blind study showed no improvement in 
endoscopic or histologic parameters.®° A recent randomized trial 
from Italy found that butyrate enemas may prevent atrophy of the 
diverted colon/rectum.’* Such preparations are not commercially 
available and must be formulated by compounding pharmacies, 
making them expensive and difficult to obtain. There have been 
a small number of case reports describing successful treatment 
of diversion colitis with 5-aminosalicylate and hydrocortisone 
retention enemas.’*-’>Because they are both available commer- 
cially, these agents are considered to be first-line therapies for 
most patients. Another report suggested that intraluminal irriga- 
tion with soluble and insoluble fiber solutions improved endo- 
scopic and histologic abnormalities and might be useful to reduce 
inflammation prior to surgical restoration of bowel continuity.’° 
More recent case reports described successful treatment with 
endoscopic spray of hypertonic glucose” and autologous intesti- 
nal microbiota transplantation (IMT).’* 


ENDOMETRIOSIS 


Endometriosis, defined as the presence of endometrial tissue out- 
side the uterine cavity and musculature, was first described by von 
Rokitansky in 1860. Most often, these ectopic tissues lie in the 
vicinity of the uterus. Endometriosis occurs in up to 15% of men- 
struating women and up to 30% of infertile women. The initial 
description of non-pigmented endometriosis in 1986 resulted in 
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increased recognition and a much higher prevalence of this dis- 
order than appreciated previously.’ In contrast to endometrial 
involvement of the female reproductive organs, GI involvement 
is less common, and usually asymptomatic. The most frequent 
GI organs involved are the rectosigmoid (96%), cecum (7%), 
and small intestine (5%), with other organs involved less com- 
monly.*° Intestinal endometriosis can mimic a wide variety of 
inflammatory, infectious, and neoplastic digestive disorders. 


Etiology and Pathogenesis 


Several hypotheses have been advanced to explain the ectopic 
location of endometrial tissue. The most commonly accepted 
explanation is that of retrograde passage of endometrial tissue, 
which then implants and grows on pelvic organs and the peri- 
toneum. From these sites, more distant implants arise via hema- 
togenous or lymphatic dissemination; further dissemination may 
occur during surgical interventions. Once implanted, endome- 
trial tissue still appears to be regulated by hormonal influences so 
that estrogen promotes and progesterone inhibits growth. These 
repetitive cycles of growth and sloughing of tissue can lead to 
serosal irritation, muscle hypertrophy and progressive fibrosis of 
intestinal muscle. 


Clinical Features 


Endometriosis is found almost exclusively, but not always, in 
women of childbearing age, with clinical onset usually between 
the ages of 20 and 45 years. Although most women with endome- 
trial implants on intestinal structures have no symptoms, those 
with serosal implants may complain of localized tenderness, low 
backache, or abdominal pain from nerve impingement or serosal 
inflammation. Penetration of endometrial tissue into the bowel 
wall may produce constipation, diarrhea, and GI bleeding. Bowel 
obstruction may result from luminal narrowing or intestinal kink- 
ing from inflammation, intramural bleeding, or fibrosis. Contrary 
to popular belief, symptoms are not always cyclical and may not 
fluctuate with hormonal levels; nor are GI symptoms necessar- 
ily associated with gynecologic symptoms. Rarely, hematochezia 
occurs when endometrial implants penetrate to the mucosa or 
when severe colonic fibrosis results in bowel ischemia. Less com- 
mon presentations occur with more proximal colonic or small 
intestinal involvement and include small bowel intussusception, 
volvulus, and acute appendicitis caused by an obstructing endo- 
metrioma.*!*? 


Diagnosis 


The clinical diagnosis of intestinal endometriosis may be diffi- 
cult because symptoms often are nonspecific and there may not 
be a close relationship between the symptoms and the menstrual 
cycle. Endometriosis should always be considered in women with 
recurrent abdominal pain and bowel symptoms, especially if they 
are in their reproductive years and have gynecologic complaints. 
Diagnosis is especially difficult because IBS is so common in 
women and may share some symptoms with endometriosis. 

An important component of the evaluation is a careful pel- 
vic examination that includes combined rectovaginal palpation. 
Finding tender nodules or irregularities in the cul-de-sac is highly 
suggestive of endometriosis. Because findings may vary consider- 
ably during the menstrual cycle, the pelvic examination should be 
performed immediately before and again after menstruation if no 
abnormalities were found initially. 

It is rare to see endometrial implants on the colonic mucosa 
except when there is hematochezia (Fig 128.9 A); thus, colonos- 
copy usually is normal except for areas of extrinsic compression 
or strictures with intact mucosa. More helpful is cross-sectional 
imaging with CT scan (see Fig. 128.9 B) or MRI. High-resolution 


transvaginal and transrectal US also may be useful to detect small 
endometrial implants, particularly in the retroperitoneal pelvis, 
with bowel preparation before US to optimize sensitivity.** 

Definitive diagnosis of endometriosis often is made by lap- 
aroscopy or laparotomy with biopsy and is useful especially in 
patients with intestinal implants without pelvic involvement. The 
appreciation that endometrial tissue may be non-pigmented has 
increased the yield of these procedures considerably.” 

The differential diagnosis of intestinal endometriosis includes 
inflammatory disorders such as Crohn disease and diverticulitis, 
infectious diseases such as schistosomiasis and ileocolonic tuber- 
culosis, benign and malignant neoplastic disorders, and colon 
ischemia. It is important to emphasize that no radiologic or 
imaging finding is pathognomonic of endometriosis, that muco- 
sal abnormalities permitting diagnosis by biopsy are rare, and that 
tissue for a definitive diagnosis usually is obtained only at lapa- 
rotomy (see Fig. 128.9 C). 


Treatment 


In patients without obstructive symptoms, hormonal therapy is 
often the first therapeutic option, similar to the approach to pel- 
vic endometriosis.**°° The quality of the evidence on the effect 
of hormonal therapies for symptomatic bowel endometriosis is 
suboptimal. Most of the published studies are non-comparative, 
use diverse treatments for variable treatment times, and the out- 
comes have been measured using different questionnaires and 
scales, therefore making comparisons difficult. In the available 
studies, approximately two thirds of women were satisfied with 
the treatment received, independent of the medication used.*° 
Oral progestins are supported by the largest body of evidence 
and have a more favorable adverse effect profile than estrogen- 
progestin compounds, which is important to consider as these 
medications may be used for long periods of time. The addition 
of aromatase inhibitors or, alternatively, the use of the synthetic 
androgen danazol or gonadotropin-releasing hormone (GnRH) 
agonists, does not seem to be associated with better outcomes.*° 
The latter medications may result in increased fibrosis and inad- 
equate symptom resolution.’ Alternatively, ablation of endo- 
metrial implants on surfaces can sometimes be accomplished 
laparoscopically. 

For endometriosis that causes subocclusive symptoms or overt 
bowel obstruction, segmental resection provides the best results 
and also serves to exclude an underlying carcinoma.*®**8? A 
recent study showed that preoperative use of CT-based virtual 
colonoscopy (in combination with MRI) improved the accuracy 
of pre-operative assessment and choice of procedure.”” Recent 
research also has highlighted a potential role for robot-assisted 
surgery in highly complicated procedures where extensive dissec- 
tion and re-establishment of anatomy is required.”! If the patient 
is post-menopausal or if future pregnancies are not wanted, hys- 
terectomy and bilateral salpingo-oophorectomy can be done at 
the time of resectional surgery to minimize the risk of symptom- 
atic disease in the future. Similar surgery also can be performed 
in premenopausal women who, despite medical therapy, have 
intractable symptoms. 


MALAKOPLAKIA 


Malakoplakia is a rare chronic granulomatous disease.'*! The term 
malakoplakia is derived from the Greek “malakos” (soft) and “pla- 
kos” (plaque) and reflects its usual appearance. Microscopically, 
coliform bacteria can be identified in the cytoplasm of large macro- 
phages (von Hansemann histiocytes) with laminated intracytoplas- 
mic-inclusion bodies (Michaelis-Gutmann bodies) that, together, 
are considered the diagnostic features of this disorder (Fig. 128.10). 

Malakoplakia may affect many organs including lung, brain, adre- 
nal glands, pancreas, bone, and the genitourinary tract. The GI tract 
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Fig. 128.9 A, Colonoscopic view of rectosigmoid endometriosis in a woman presenting with intermittent 

bleeding per rectum and obstructive symptoms. (Courtesy Wong Kee Song, MD, Division of Gastroenterology 
and Hepatology, Mayo Clinic, Rochester, MN.) B, CT scan showing the endometrial mass in the cul-de-sac (ar- 
row) extending into the colon. (Courtesy Mark Peterson, MD, Pittsburgh, PA.) C, Histopathology of endometri- 
osis. An endometrial gland with endometrial stromal cells entrapped within muscularis propria of the colon in a 
woman presenting with obstructive symptoms. (H&E, 100x.) (Courtesy of Thomas C. Smyrk, MD, Department 


of Anatomic Pathology, Mayo Clinic, Rochester, MN.) 


is the second most common site of involvement (after the urinary 
tract). The most common sites of colonic involvement are the rec- 
tum, sigmoid, and right colon, in descending order of frequency.” 


Etiology 


The pathogenesis of malakoplakia is unknown, although it can 
be viewed as an acquired defect in macrophage function caus- 
ing impairment of bactericidal activity. Proposed etiologies are 
infection, immunosuppression, systemic illness, neoplasia, and 
a genetic disorder. Evidence for an infectious etiology is based 
on the finding that some patients with malakoplakia have associ- 
ated chronic infections”; this was first described in patients with 
urologic malakoplakia, more than 75% of whom were infected 
with Escherichia coli. This finding led to the belief that E. coli 
might be the primary cause of malakoplakia; however, other 
organisms have since been isolated, including Klebsiella, Proteus, 
Mycobacterium, Staphylococcus, and fungi.”* 

Other evidence points to a defect in macrophage killing as 
the cause of malakoplakia. Non-digested microorganisms are 


found within the lysosomes of macrophages in affected persons, 
and macrophages and peripheral monocytes from these patients 
have impaired bactericidal activity.?° The defect in macrophage 
function may be reversed with the addition of a cholinergic ago- 
nist” 

Malakoplakia has been reported in patients receiving chemo- 
therapy and immunosuppressive therapy and both macrophage 
abnormalities and clinical symptoms have been documented 
to resolve after discontinuation of glucocorticoids and aza- 
thioprine.” Malakoplakia also has been reported to complicate 
various immune deficiency states (e.g., primary hypogammaglob- 
ulinemia, AIDS) and has been associated with chronic systemic 
diseases (e.g., SLE, UC, sarcoidosis). 

There have been a substantial number of cases to support a neo- 
plastic etiology for one form of malakoplakia.””:!°° Bates and col- 
leagues identified 19 cases of colorectal adenocarcinoma associated 
with malakoplakia,”? which was present only in a focal area adjacent to 
the tumor; this is in contrast to cases not associated with a neoplasm, 
in which multiple organs may be affected. A possible genetic etiology 
was suggested by one report of colonic malakoplakia that clustered in 
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Fig. 128.10 Histopathology of malakoplakia. Sheets of large pale cells 
characterize the histologic changes in malakoplakia. One of the histiocytes 
shows the characteristic ring-like Michaelis-Gutmann body (arrow), con- 
sisting of a central core of partially digested bacteria coated with iron and 
calcium phosphate. (H&E.) (Courtesy Lawrence J. Brandt, MD, Bronx, NY.) 


a family. Of note, there have been more recent case reports that have 
highlighted malakoplakia as a mimicker of neoplasm. 191-102 


Clinical Features and Diagnosis 


Patients with malakoplakia usually present with abdominal pain, 
diarrhea, hematochezia, and fever.” Physical findings include a 
palpable rectal mass, abdominal mass, and weight loss. Diagnosis 
is by colonoscopy, which generally reveals the following 3 pat- 
terns of the disease, and by biopsy: 


1. isolated rectosigmoid involvement,!"? with yellowish plaques 
that may be sessile, polypoid, or ulcerated; the colonic lumen 
may be strictured, and intestinal fistulas may occur, suggesting 
a diagnosis of cancer or Crohn disease 

2. diffuse colonic involvement, which is characteristic of immu- 
nosuppressed patients 

3. focal lesions, which may be associated with an adenomatous 
polyp or cancer. !+ 


Biopsy is essential to confirm the diagnosis and to exclude 
colonic malignancy (see Fig. 128.10). Histology reveals the char- 
acteristic large macrophages with voluminous cytoplasm (von 
Hansemann cells) that exhibit numerous secondary lysosomes 
containing partially digested organisms. Fusion and calcification 
of these lysosomes result in the formation of laminated intracy- 
toplasmic bodies called Michaelis-Gutmann bodies, considered 
pathognomonic of malakoplakia. The histiocytes (also termed 
von Hansemann cells) must be distinguished from those found in 
fungal disease, leprosy, Whipple disease, reticulum cell sarcoma, 
and macrophages harboring Mycobacterium avium complex. 


Treatment 


Patients with newly diagnosed malakoplakia should undergo 
a thorough medical history and physical examination to deter- 
mine if they are taking immunosuppressive medications or have 
co-existing medical illnesses or malnutrition. Tests of immune 
function and screening for associated bladder malakoplakia and 
colorectal cancer are prudent. Patients who are receiving immu- 
nosuppressive medications may improve after these medications 
are discontinued. Antibiotics such as trimethoprim/sulfamethoxa- 
zole and ciprofloxacin have been successful in treating malakopla- 
kia.!°> Both antibiotics appear to kill the bacteria associated with 
malakoplakia and can penetrate the defective host macrophages. 
Cholinergic agents may also be useful in treating children with 


Fig. 128.11 Histopathology of lymphocytic colitis. The arrows point 

to surface epithelial damage with increased numbers of intraepithelial 
lymphocytes. In addition, there is no crypt distortion. Although a few in- 
traepithelial neutrophils may be seen, widespread cryptitis is not a fea- 
ture of lymphocytic colitis. (H&E, x200.) (Courtesy Thomas C. Smyrk, 
MD, Department of Anatomic Pathology, Mayo Clinic, Rochester, MN.) 


malakoplakia.”’ Surgical resection of the involved colon is recom- 
mended for cases associated with carcinoma or severe bleeding. 


MICROSCOPIC COLITIS 
(LYMPHOCYTIC AND COLLAGENOUS) 


Microscopic colitis (MC) is the umbrella term used to encompass 
both lymphocytic colitis (LC) and collagenous colitis (CC), and 
consensus is that LC and CC are variants of the same condition, 
with similar clinical presentations, evaluations, and treatments. 
MC is a common cause of chronic watery diarrhea with charac- 
teristic histologic features in the absence of endoscopic or radio- 
logic abnormalities of the colon. 


Epidemiology 


MC is a relatively common finding in patients undergoing colo- 
noscopy for evaluation of chronic watery diarrhea, and is present 
in 9% to 16% of such patients.!°°!07 The incidence of MC had 
been increasing over time,!°* although recent population-based 
studies revealed a stabilization of incidence at 21.0 to 24.7 cases 
per 100,000 person-years with similar incidence rates between 
LC and CC.!0%!1° This increased incidence over time is likely 
caused, in part, by increased awareness of MC and diagnostic 
detection bias. 

Both LC and CC occur most commonly in older adults, with 
the average age at diagnosis generally between 50 and 70 years, 
although cases have been reported in children and teenagers in 
whom the clinical presentation is similar to that of adults.!!! 
There is a female predominance that is stronger for CC than 
LC.!9:!!2 There is no increased risk of mortality or of colon can- 
cer in patients with MC.1! In fact, MC may be associated with a 
decreased risk of adenomas and colon cancer.!!*!!> 


Pathology 


In both LC and CC, there is a mixed inflammatory infiltrate in 
the lamina propria that consists of lymphocytes and plasma cells, 
with some neutrophils and macrophages.!'!° The characteristic 
finding in LC is intra-epithelial lymphocytosis, defined as 20 
or more intraepithelial lymphocytes (IELs) per 100 surface epi- 
thelial cells (Fig. 128.11).!!’ There also may be flattening of the 
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Fig. 128.12 Histopathology of collagenous colitis. A thickened irregular 
subepithelial collagen band (dashed arrow) with patchy surface epithe- 
lial damage is shown. The surface epithelium also contains increased 
numbers of intraepithelial lymphocytes (closed arrow). Crypt distortion 
and crypt abscesses are not usually seen. (H&E, 400x.) (Courtesy 
Thomas C. Smyrk, MD, Department of Anatomic Pathology, Mayo 
Clinic, Rochester, MN.) 


surface epithelial cells, a mild decrease in the number of goblet 
cells, and Paneth cell hyperplasia. Neutrophils are not prominent, 
and cryptitis and crypt distortion are unusual. Notably, resolv- 
ing infections and drug reactions can lead to similar changes.!!7 
Although colonic infections typically result in a marked infiltrate 
of neutrophils in the lamina propria with crypt abscesses, resolv- 
ing infections can have a more subtle inflammatory pattern that 
is similar to LC; thus, it is important that the diagnosis of LC is 
made in the setting of appropriate clinical features. 

CC has inflammatory findings similar to those of LC, although 
the IEL infiltrate tends to be less prominent.!!’ The distinguishing 
feature is a thickened sub-epithelial collagen band (>10 um, com- 
pared to normal of <5 um) that may be continuous or patchy (Fig. 
128.12).!!” It is essential to emphasize that artifact resulting from 
poor orientation of colon biopsies may give the mistaken appear- 
ance of a thickened basement membrane. In addition to these 
widely accepted histologic criteria, some researchers have proposed 
a broader histologic definition of MC with less prominent abnor- 
malities, termed “incomplete microscopic colitis” or “microscopic 
colitis, not otherwise specified.” Some patients meeting these cri- 
teria respond to treatment for MC suggesting that these definitions 
are appropriate, but more research is required to ascertain if these 
broadened definitions should be accepted. 

The optimal location in the colon to obtain biopsies for MC is 
unclear. Although inflammatory changes occur diffusely through- 
out the colon, the inflammatory infiltrate and collagen band thick- 
ening appears to be less intense in the distal colon, with biopsies 
limited to the rectum and rectosigmoid shown to miss 73% and 
29% of cases, respectively!!®; nevertheless, left-sided biopsies 
have been reported to be sufficient to make the diagnosis in the 
vast majority of cases.!!° In the latter study, both right- (proximal 
to splenic flexure) and left-sided (sigmoid or descending colon) 
biopsies were diagnostic in 98.2%; however, a diagnosis of MC 
would have been missed in 1% of patients if only left-sided biop- 
sies were taken.!!° A recent study re-affirmed the suggestion that 
the diagnostic sensitivities of both left- and right-sided biopsies 
for MC were high and did not differ.!?° An older study found that 
transverse colon biopsies had the highest yield (83%), compared 
with 70% in the right colon and 66% in rectosigmoid.!! 

Therefore, in patients with chronic, watery diarrhea with 
normal macroscopic findings on complete colonoscopy, biopsies 
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TABLE 128.1 Drugs Implicated in Causing Microscopic Colitis 


Drug (Class) Likelihood* 
Acarbose High 
Aspirin High 
PPls High 
NSAIDs High 
HRAS High 
SSRIs High 
Ticlopidine High 
Carbamazepine Intermediate 
Flutamide Intermediate 
Lisinopril Intermediate 
Levodopa/benserazide Intermediate 
Statins Intermediate 


SSRIs, selective serotonin reuptake inhibitors. 

*Likelihood refers to the strength of data. 

Data from Beaugerie L, Pardi DS. Review article: drug-induced microscop- 
ic colitis— proposal for a scoring system and review of the literature. 
Aliment Pharmacol Ther 2005; 22:277-84. 


above the rectum and ideally above the sigmoid colon should be 
obtained to evaluate for MC. Although there is no guidance on 
how many biopsies are ideal, it is generally recommended that 
8 biopsies be taken throughout the colon (including samples 
from the right- and left-side) if colonoscopy is performed, which 
assures optimal sensitivity including capturing the small percent- 
age of patients who only will be diagnosed with right-sided biop- 
sies. There is no clinical benefit to separating these biopsies into 
different bottles. 


Etiology and Pathogenesis 


The exact etiology of MC is unknown, although a number of 
theories have been proposed ranging from reaction to a luminal 
antigen to immune dysregulation. "?? 

Reaction to luminal antigens is suggested by studies that asso- 
ciate dietary factors, medications, or unspecified agents with MC. 
For example, LC-like changes can be induced in patients with 
sprue by a gluten enema,!” which is relevant given that MC is 
more common in patients with celiac sprue.'*+ Moreover, symp- 
toms and histological changes of MC may resolve with diversion 
of the fecal stream, and recur following restoration of intestinal 
continuity.!’> Another study noted alterations in the fecal micro- 
biota, with a decrease in Akkermansia species in patients with 
MC,!?° possibly caused by a decrease in the protective mucin 
layer, with subsequent exposure of the epithelium to a harmful 
component of the fecal stream. However, despite evidence sup- 
porting the reaction to luminal antigen hypothesis, a recent large, 
population-based study failed to identify any specific dietary asso- 
ciations with the development of MC.!2’ 

Recent research has highlighted the potential role of drugs 
in inducing MC, particularly PPIs and NSAIDs, with concomi- 
tant use increasing this risk further.!?*:!° One postulated mecha- 
nism by which NSAIDs may damage the colon is by increasing 
colonic permeability, thereby allowing luminal antigens to enter 
the lamina propria and promote inflammation; acid suppression- 
related dysbiosis may mediate the PPI effect.!2° Several other 
drugs have also been implicated, including statins and selective 
serotonin reuptake inhibitors.!*° One study assessed the strength 
of evidence that individual drugs cause MC and concluded that 
several had strong evidence (Table 128.1)!*!; however, there are 
very few reports of confirmatory drug re-challenge, and the num- 
ber of cases for any specific drug is small, meaning that a chance 
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association cannot be excluded. Notably, some drugs thought to 
cause MC may simply worsen diarrhea, bringing subclinical cases 
to diagnosis. !*7 

Genetic predisposition is suggested by family associations 
with celiac disease or IBD"? although HLA studies have yielded 
conflicting results!*4,!3> More recent studies have identified other 
potential genetic associations. A genome-wide association study 
found several loci that were associated with CC, including some 
that have been associated with IBD.'*° Familial cases of MC have 
been reported!>’; however, the rarity of this observation suggests 
that genetic predisposition is not a major factor in MC. 

The pathogenesis of the increased collagen band in CC also is 
unclear. Collagen-typing studies have identified multiple abnor- 
malities in patients with CC, some suggesting that the thickened 
collagen layer represents a normal reparative response to chronic 
inflammation, and others reporting a primary abnormality of col- 
lagen synthesis'**-'*!; however, one study revealed no evidence 
for increased collagen synthesis, as measured by mRNA lev- 
els.!3° It is likely that any abnormality of the fibroblast sheath is 
a secondary phenomenon, as it would not explain the inflamma- 
tory infiltrate. Moreover, the severity of diarrhea in CC is more 
strongly associated with the amount of inflammation than with 
the thickness of the collagen band.!”” 

Additional hypotheses include abnormalities in fluid and 
electrolyte homeostasis as perfusion studies have demonstrated 
defective active and passive absorption of sodium and chloride 
and reduced chloride-bicarbonate exchange in the colon!®»144; 
bile acid malabsorption!**; and infection, given some cases have 
been antibiotic-responsive.'*° An earlier theory of hormonal 
influence has been refuted by 2 recent studies.!*7:!** Despite all 
the research performed on the pathophysiology of MC, a defini- 
tive etiology remains to be elucidated. 


Clinical and Laboratory Features 


MC describes a clinicopathologic triad of chronic diarrhea, a nor- 
mal or almost normal colon macroscopically, and the characteris- 
tic histologic patterns noted earlier.!!’ The hallmark symptom is 
chronic, watery, non-bloody diarrhea. Patients often have addi- 
tional symptoms including abdominal pain, nausea, weight loss, 
arthralgias and fatigue. These symptoms are non-specific, and 
many patients meet the diagnostic criteria for IBS!*?-5!; random 
colonic biopsies are necessary to make the distinction. Of note, 
the presence or absence of certain clinical factors, such as female 
gender, older age, use of certain medications such as NSAIDs or 
PPIs, weight loss, number of bowel movements, and duration of 
diarrhea, may identify patients at higher or lower risk of having 
MC. !°2-154 Clinical scoring systems also have been proposed with 
the aim of identifying lower-risk patients in whom colonic biop- 
sies could be avoided.!>7-!5? 

Routine lab work is not helpful in the diagnosis of MC. Fecal 
leukocytes can be present!>? but are neither sensitive nor specific. 
A small study on 23 patients with MC found that fecal calpro- 
tectin may be useful in differentiating from patients with IBS; 
however, use of fecal calprotectin in this setting is not common 
practice at the current time. At colonoscopy, the colon typically 
appears grossly normal, although a recent study reported that 
16.5% of patients with MC had macroscopic abnormalities on 
colonoscopy, with trends toward increased frequency of ulcer- 
ation or linear scarring in CC.!!” 


Differential Diagnosis 


Depending on the clinical features and epidemiologic risk factors, 
infectious agents may require exclusion by testing the stool for 
enteric pathogens, ova and parasites, and/or Clostridioides difficile 
infection. Other causes of colitis should be distinguishable from 
MC on histologic grounds. Acute infectious colitis is characterized 


by neutrophilic inflammation without IELs. Eosinophilic entero- 
colitis is characterized by eosinophilic infiltration and absence of 
IELs. Amyloidosis has been mistaken for CC, but its distribution 
includes the basement membranes of the crypts and blood vessels 
as well as the epithelium; confirmation can be made by histo- 
chemical staining (see Chapter 37). Mild cases of UC and Crohn 
disease also should be distinguishable clinically and pathologi- 
cally. Hormone-producing tumors, surreptitious laxative abuse, 
and hyperthyroidism can be excluded on clinical, biochemical, 
and histologic grounds. Of note, many patients are incorrectly 
diagnosed with IBS; however, the finding of increased stool vol- 
ume and abnormal colonic biopsies should lead to the diagnosis 
of MC. 


Treatment 


Once MC is diagnosed, initial management assesses for factors 
that might exacerbate diarrhea, including excessive ingestion 
of artificial sweeteners, or dairy products in a patient with lac- 
tose intolerance. A thorough medication review also is required, 
including consideration of over-the-counter medications, with 
the aim of identifying medications that may cause MC or exac- 
erbate the diarrhea (see Table 128.1).'°° Removal of a possible 
exacerbating factor can lead to improvement or even resolution 
of the diarrhea!**; however, active treatment is required in the 
majority of patients. 

The goals of treatment are to achieve and maintain remis- 
sion (Fig. 128.13). There are several treatment options available, 
although budesonide is the only option that has been well stud- 
ied in controlled trials and currently is recommended as first-line 
therapy.!°’ Despite this, there is still a role for alternative thera- 
pies, especially in patients with milder symptoms and those who 
do not tolerate or respond to budesonide. Historically, there have 
been no validated instruments to assess disease activity in MC, 
making it difficult to compare efficacy of treatments between 
clinical trials. A recent MC disease activity index has been pro- 
posed with the aim of consistently scoring disease severity in 
clinical trials, thereby enabling more meaningful comparisons 
between different treatments in the future (Table 128.2).!58 

Anti-diarrheal medications such as diphenoxylate or lop- 
eramide may be effective!#°!>>19? and can be used in patients 
with mild diarrhea. Should symptoms prove refractory to anti- 
diarrheal medications, or should patients have moderate symp- 
toms, bismuth subsalicylate can be used.!° A retrospective study 
reported that the majority of patients treated with bismuth sub- 
salicylate responded (53% complete response, 28% partial)!°!; a 
dose of 3 tablets (262 mg each) 3 times daily was more effective 
than lower doses. Sub-group analysis in this study showed that 
bismuth subsalicylate was more effective in milder diarrhea (<5 
bowel movements daily). Long-term use of bismuth subsalicylate, 
especially at higher doses, is not recommended because of con- 
cern for adverse effects that include neurotoxicity.!°* Mesalamine 
is another treatment that has been used to treat MC; however, 
it has been shown to be ineffective in one large controlled trial 
in patients with CC.!6 Cholestyramine or other bile salt bind- 
ers may be effective, with retrospective studies showing response 
rates of 59% to 65% .!46.195 

For patients refractory to these treatments, or for patients with 
severe symptoms, glucocorticoids typically are initiated.!4615>)16+ 
Budesonide is a topically acting synthetic glucocorticoid with a 
high receptor-binding affinity in the mucosa and a high first-pass 
effect in the liver, which minimizes steroid-related adverse effects. 
Multiple randomized clinical trials have shown budesonide, 9 
mg/day, to be effective induction therapy for CC and LC.163-169 
A meta-analysis of these studies reported the average response 
rate with budesonide at 80%, compared with 26% with placebo 
(risk ratio for response = 3.07; number needed to treat = 2).!”° 
Budesonide has fewer adverse effects than prednisone,!’! and in 
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Collagenous or lymphocytic colitis 
Antidiarrheal drugs with and without bulking agents 


No response Response 


Continue treatment 


Response 
No recurrence | | Recurrence 


Resume drug and 
repeat sequence 


Fig. 128.13 Algorithm for the treatment of 
collagenous or lymphocytic colitis. 


TABLE 128.2 The Microscopic Colitis Disease Activity Index Scorecard 


Mesalamine 


or bismuth 
subsalicylate 


No response Response 
Discontinue 
and observe 


No response 


Immunosuppressanis, 
i.e., azathioprine or 6-MP 
Diverting ileostomy, 
if symptoms are severe 


Item Score Weighted Coefficient Total Item Score 
Average number of unformed stools daily over the past week stools x0.31 Calculated value 
Nocturnal stools over the past week O=absent,1=present 0.78 Calculated value 
Maximum abdominal pain over the past week score 1-10 x0.22 Calculated value 
Average weight loss per month (lbs*) los x0.11 Calculated value 
Fecal urgency over the past week 0 = absent, 1 = present x0.93 Calculated value 
Number of episodes of fecal incontinence over the past month incontinent stools x0.01 Calculated value 
6 ITEM SCORE Calculated value 
41.1 
KIR 2e DS MCDAI SCORE Calculated value 


MCDAI, Microscopic Colitis Disease Activity Index. 


Data from Cotter TG, Binder M, Loftus EV, Jr., et al. Development of a Microscopic Colitis Disease Activity Index: a prospective cohort study. Gut 2018 Mar; 


67(3):441-6. 


one uncontrolled study appeared more effective.!”? Therefore, 
budesonide is recommended when the decision to use glucocorti- 
coid therapy is made, unless cost is prohibitive. In practice, clini- 
cians typically treat with 9 mg/day, which usually leads to prompt 
response in most patients. Cessation of budesonide usually is con- 
sidered after 8 weeks of therapy. Relapse of symptoms occurs in 
60% to 80% of patients after budesonide discontinuation (60% 


to 80%),!°!!73 and many patients become steroid-dependent. 
Predictors of relapse after discontinuation of budesonide include 
a longer duration of symptoms prior to treatment initiation and 
more severe diarrhea at baseline.!7* 

If patients suffer a relapse after induction, then maintenance 
therapy should be considered. Immunomodulating therapies 
such as methotrexate or azathioprine!5®173-177 have been used, 
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although low-dose budesonide more often is used for mainte- 
nance of remission. In 3 randomized controlled trials, budesonide 
(4.5 to 6 mg/day) was superior to placebo for maintenance 
through 6 to 12 months of treatment.!??!:!78 In practice, many 
clinicians begin with 6 mg/day to re-induce remission, then taper 
to the lowest effective dose of budesonide to maintain control of 
symptoms. Many patients can be treated with 3 mg budesonide 
daily, and some with 3 mg every other day; however, even after 
6 to 12 months of treatment in the maintenance studies, relapse 
was still high after budesonide was discontinued. Regardless, it 
is recommended that a drug holiday be attempted after a year 
of therapy to determine which patients will continue to need 
chronic therapy. 

Patients maintained on budesonide should be evaluated for 
steroid-related side effects, such as hypertension, diabetes mel- 
litus, electrolyte disturbances and, possibly, metabolic bone dis- 
ease,!’? although the risk for these adverse events appears to be 
low.?L170 These patients should avoid ingestion of grapefruit 
and any other cytochrome P450 inhibitors, which can decrease 
budesonide’s metabolism and potentially increase systemic expo- 
sure. 

Patients usually respond to budesonide!” and if this does 
not occur, alternate or concomitant diagnoses should be enter- 
tained. If not already done, celiac disease and drug-induced MC 
with persistent exposure to the offending medication need to be 
excluded. SIBO and bile acid diarrhea also should be considered. 
In patients who do have true steroid-refractory MC, treatment 
options include a bile acid binding agent or an immunomodula- 
tor, although there are relatively little data on these treatments, 
apart from small descriptive case reports and case series. Recent 
research has shown approximately 30% to 40% of these patients 
will achieve long-term complete response with thiopurines, 
although tolerability remains a concern in many patients. 180-181 
Data on methotrexate!*!:!*? and anti-TNF therapies are lim- 
ited.!8!,!83-187 Lastly, surgery rarely has been used in medication- 
refractory MC with disabling symptoms, with operations ranging 
from ileostomy (with or without colectomy)!?*!>> to ileal pouch 
anal anastomosis. 185-18% 


NEUTROPENIC ENTEROCOLITIS (TYPHLITIS) 


Neutropenic enterocolitis (typhlitis) is a potentially life- 
threatening condition, usually associated with neutropenia 
related to chemotherapy, although it also has been described 
after organ transplantation and with AIDS.!%°.!! The entity 
first was described in children undergoing chemotherapy for 
leukemia.!°’ The disease commonly affects the ileum and 
cecum and may result in intestinal perforation. Neutropenic 
enterocolitis has been reported to occur with 5.3% of neutro- 
penic episodes,!” although its frequency probably is underes- 
timated. 


Etiology 


The cause of neutropenic enterocolitis is likely multifactorial. 
Initial mucosal injury may occur from leukemic infiltration, stasis 
of bowel contents, or mucosal ischemia from sepsis.!°+ Certain 
drugs may also contribute to mucosal damage. Cytosine arabi- 
noside can cause necrosis and delayed regeneration of intestinal 
glandular epithelium. Vinca alkaloids also may contribute to cecal 
distention by damaging the myenteric plexus of the intestine. 
With mucosal injury in the setting of impaired host defenses, 
infectious colitis subsequently occurs. The infection often is poly- 
microbial; causative bacteria include E. coli, Staphylococcus aureus, 
Clostridium septicum, and Klebsiella species,!” and fungal organ- 
isms such as Aspergillus and Candida also have been isolated.!” 
The process may involve the ileum alone or both the ileum and 
cecum and in addition to transmural infection of the intestine, 


the cecum may become gangrenous and perforate as a result of 
distention and ischemia.!”° 


Clinical Features and Diagnosis 


‘The most common presentation of neutropenic enterocolitis is 
with fever, diarrhea, nausea, vomiting, and abdominal pain in a 
patient who is receiving antineoplastic drugs. Abdominal tender- 
ness typically is localized to the RLQ of the abdomen, but may 
be absent or masked by drugs such as prednisone; localized ten- 
derness may progress rapidly to diffuse signs of peritonitis as a 
result of intestinal perforation, and shock may occur either as a 
result of intestinal perforation or bacteremia. On occasion, the 
sigmoid colon may be affected, further complicating the diagno- 
sis. Neutropenia is universal, and blood cultures are positive in up 
to 50% of cases.!°> Differential diagnosis includes appendicitis, 
pseudomembranous colitis, ischemic colitis, volvulus, diverticuli- 
tis, and drug-induced diarrhea. 

The diagnostic workup should include CT scanning of 
the abdomen and pelvis. CT is the most sensitive means to 
establish the diagnosis and to help exclude other conditions, 
such as appendicitis and diverticulitis. CT also can be used 
to determine the severity of disease, including assessment of 
complications, such as perforation. The CT scan may reveal 
a thickened bowel wall, pneumatosis intestinalis, ascites, and 
free air (Fig. 128.14). Abdominal plain films may demonstrate 
dilated loops of small bowel with decreased air in the RLQ and 
free intraperitoneal air if intestinal perforation has occurred. 
Barium enema should be avoided because of the potential risk 
of perforation. Stool assay for C. difficile toxin should be per- 
formed routinely. 


Treatment 


Approaches to the management of neutropenic enterocolitis 
have included supportive measures alone, early aggressive sur- 
gical resection, and combined medical and surgical treatment; 
successes and failures have been documented with all. Clearly, 
successful management of patients with neutropenic enterocolitis 
needs to be individualized to optimize outcome. 

In general, medical management includes broad-spectrum 
antibiotics, NG suction, and bowel rest. Fluid resuscitation is 
critical to maintain renal perfusion in the face of systemic vasodi- 
lation and intra-abdominal fluid sequestration. Close observation 
and serial abdominal and radiologic examinations are necessary to 
monitor the response. One study showed that vigorous antibiotic 
therapy, based on pathologic US findings, resulted in improved 
30-day survival,!°> highlighting the importance of early recogni- 
tion and, perhaps, a role for proactive monitoring in high-risk 
patients. For patients who do not respond to antibacterial agents, 
amphotericin should be considered because coexisting fungemia 
is common.!°° Blood transfusions may be necessary because the 
diarrhea is often bloody. Granulocyte-macrophage colony-stim- 
ulating factor to correct the neutropenia is a useful adjunct to 
medical therapy.!°’ Early surgical intervention has been recom- 
mended in persons with a rapidly deteriorating course despite 
maximal medical therapy. Two series have shown a decreased 
mortality rate in patients with severe disease who were treated 
surgically compared with those treated medically.!°* For patients 
with complications such as gangrene, intestinal perforation, and 
shock despite vasopressor support, surgical intervention is man- 
datory. 

Controversy surrounds the choice of operation. Gangrenous 
or perforated bowel, of course, should be resected. When the 
bowel is edematous with no vascular compromise and no signs of 
perforation, successful management has included intestinal diver- 
sion with or without resection of involved bowel.!”! If resection is 
performed, construction of an ileostomy and mucous fistula may 


Fig. 128.14 CT scan showing findings of neutropenic colitis. Axial (A) 
and coronal (B) CT images of a 19-year-old woman with acute myeloid 
leukemia and neutropenic fever show mural thickening of the cecum 
(long arrow), confirming the diagnosis of typhlitis. Note right lower 
quadrant reactive mesenteric lymphadenopathy (short arrows, B). 
(Courtesy Victoria Chernyak, MD, Department of Radiology, Montefiore 
Medical Center, Bronx, NY.) 


be the safest option because intestinal anastomoses may be prone 
to breakdown in the presence of neutropenia. Because recur- 
rences of neutropenic enterocolitis are common when chemo- 
therapy is restarted, right hemicolectomy is recommended before 
chemotherapy is resumed.!?! 


PNEUMATOSIS COLI (PNEUMATOSIS CYSTOIDES 
INTESTINALIS) 


The term pneumatosis coli is synonymous with pneumatosis cystoides 
intestinalis (PCI) and is used when the disorder is limited to the 
colon. This uncommon disorder is characterized by multiple gas- 
filled cysts, which are located in the submucosa and subserosa 
of the intestine. PCI must be distinguished from pneumatosis 
that is associated with bowel necrosis (i.e., linear pneumatosis, 
pneumatosis linearis), which signifies loss of bowel viability and 
usually mandates surgery. In patients with AIDS, however, lin- 
ear pneumatosis may be associated with opportunistic infections 
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of the colon and may resolve without surgery if the infection is 
treated successfully.!”” 

PCI mainly occurs in the jejunum and ileum, and only 6% of 
cases involve the colon. Numerous conditions have been asso- 
ciated with pneumatosis coli, including appendicitis, Crohn 
disease, UC,” diverticular disease, necrotizing enterocolitis, 
pseudomembranous colitis, ileus,?°! and sigmoid volvulus?”; 
pneumatosis coli has also been reported as a complication of 
diagnostic colonoscopy. In addition, PCI has been associ- 
ated with non-GI conditions, including emphysema, collagen 
vascular diseases,*°!°" transplantation, AIDS,!°? and certain 
medications including glucocorticoids, chemotherapy,’"+ and 
intestinal a-glucosidase inhibitors; PCI may resolve com- 
pletely when the drugs are withdrawn.?” In 20% or more of 
cases, there are no associated medical conditions and PCI is 
considered primary.*°° 


Etiology 


Several hypotheses have been suggest to the large and varied 
number of conditions associated with PCI, the most common of 
which are the mechanical hypothesis and the bacterial hypothesis. 

According to the mechanical hypothesis, intraluminal gas 
enters the bowel wall under pressure through a defect in the 
intestinal mucosa that may result from direct trauma or increased 
intraluminal pressure. This hypothesis could account for reports 
of PCI after colonoscopy and sigmoidoscopy without biopsy in 
cases of colitis, perforated duodenal ulcers, and jejunal diverticula 
and after intestinal anastomoses. The plausibility of this expla- 
nation, however, is diminished by the absence of a connection 
between the mucosa and the cysts?” 

The bacterial hypothesis suggests that the cysts are caused 
by hydrogen-producing bacteria, either by local invasion of the 
intestinal wall, or by excess production of hydrogen in the colon 
lumen resulting from fermentation of ingested carbohydrates, 
followed by diffusion into an intramural gas bubble.** Indeed, 
high hydrogen content in the cysts has been documented,” and 
cysts regress in patients fed an elemental diet to decrease the car- 
bohydrate substrate for colonic bacteria; however, bacteria are 
not cultured from cysts, and with cyst rupture and subsequent 
pneumoperitoneum, peritonitis is not seen, arguing against, at 
least, a direct bacterial mechanism for PCI. 


Clinical Features and Diagnosis 


The frequency of pneumatosis coli is highest in the sixth decade, 
with equal frequency among men and women. In most cases, 
pneumatosis is an unexpected finding on abdominal imaging. The 
most common symptoms are diarrhea (68%), mucus discharge 
(68%), rectal bleeding (60%), and constipation (48%), although 
it is not always clear that the observed pneumatosis is respon- 
sible for the reported symptoms.” Approximately 3% of patients 
present with a complication of pneumatosis, including pneumo- 
peritoneum and intestinal perforation, or a serious condition that 
leads to pneumatosis, such as volvulus, intestinal obstruction, or 
intussusception. Physical examination may reveal an abdominal 
mass or distension. A plain abdominal film may identify radio- 
lucent clusters with or without pneumoperitoneum, if a cyst 
has ruptured; most contemporary cases, however, are detected 
on cross sectional imaging, namely, CT or CT colography (Fig 
128.154 and B). The endoscopic appearance is of multiple cysts, 
which vary in size from a few millimeters to several centimeters. 
EUS also has been used to establish the diagnosis. 


Pathology 


The cysts are usually thin-walled and can occur separately or in 
clusters. They do not communicate with the intestinal lumen or 
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Fig. 128.15 CT colonography performed on a 65-year-old woman and 
revealing a cluster of submucosal cysts (arrow) that remain unchanged 
in position on both supine (A) and prone images (B), typical of colonic 
pneumatosis cystoides. (Courtesy Victoria Chernyak, MD, Department 
of Radiology, Montefiore Medical Center, Bronx, NY.) 


with each other and have a spongy consistency. On cross-section 
they appear shiny and honeycombed, and range in size from a 
few millimeters to several centimeters. Microscopically, the cysts 
have an endothelial lining; after they collapse, inflammation 
results with multinucleate giant cells and fibrosis (Fig. 128.16). 
Subserosal cysts are surrounded by fibrous connective tissue 
and can produce adhesions between adjacent bowel loops. The 
mucosa in PCI may be normal or thinned, and with or without 
ulcerations and inflammation where it is stretched over a cyst. 
Mucosal changes vary from mild focal abnormalities to extensive 


of the colon from a patient with pneumatosis cystoides coli. These 
cysts usually are lined by histiocytes and multinucleated giant cells. 

Cysts also may be present in the mucosa. (H&E.) (From Feldman M, 
Boland CR, editors. Slide atlas of gastroenterology and hepatology. 

Philadelphia: Current Medicine; 1996.) 


changes including granulomas, abnormal crypts with branching, 
shortening, cryptitis and abscesses, dilatation, and rupture. 


Treatment 


Because the natural history of PCI is one of spontaneous regres- 
sion in up to 50% of cases, and because cysts may reappear after 
surgery, specific treatment is not recommended in asymptomatic 
individuals. Symptomatic patients may be treated successfully 
by breathing high-flow oxygen or by use of hyperbaric oxygen, 
especially in resistant cases’; high oxygen levels lead to replace- 
ment of hydrogen by oxygen within the cysts and a corresponding 
reduction in their size. Metronidazole also has been used to treat 
pneumatosis coli, supporting the bacterial theory of pathogen- 
esis. Colonic resection is reserved for patients with complications 
such as intestinal obstruction or massive bleeding. 


Full references for this chapter can be found on www.expertconsult.com. 
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ANATOMY 


The anal canal is about 4 cm long in adults, and is the terminal and 
most inferior part of the large intestine. It begins where the rectal 
ampulla narrows abruptly below the level of the U-shaped sling 
formed by the puborectalis muscle and ends at the anal verge, 
which is the external outlet of the GI tract. The anus is normally 
contracted, forming an anteroposterior slit, except during def- 
ecation. The anal canal, surrounded by the internal and external 


anal sphincters, descends posteroinferiorly between the anococ- 
cygeal ligament and the perineal body. It is also surrounded by 
the levator ani muscles, which form the main part of the pelvic 
diaphragm. Because the anal canal slopes posteroinferiorly, the 
examining finger or instrument should be directed toward the 
umbilicus when introduced into the anal canal.! 

The lining of the anal canal consists of an upper muco- 
sal (endoderm) segment and lower cutaneous (ectoderm) seg- 
ment. The dentate (pectinate) line is the “saw-toothed” junction 
between these 2 segments, each of which differs in venous and 
lymphatic drainage, nerve supply, and epithelial lining (Fig. 
129.1). Above this level, innervation is via the sympathetic and 
parasympathetic systems. The arterial supply and venous drain- 
age are related to the internal iliac vessels, as well as the supe- 
rior hemorrhoidal artery and vein. The lymphatics accompany 
these vessels and drain into the internal iliac nodes. Distal to the 
dentate line, the anal canal is innervated by the somatic nervous 
system, with blood supply and drainage from the inferior hem- 
orrhoidal system. Lymphatic drainage below the dentate line is 
into the inguinal lymph nodes (see later in this section). These 
differences are important for the classification and treatment of 
hemorrhoids. 

Embryologically, the dentate line represents the junction 
between endoderm and ectoderm. Proximal to this line pain sen- 
sation is negligible, and biopsy can be done with no or little anes- 
thesia. Below the dentate line, however, the anoderm is highly 
sensitive, an important point to note when examining the anal 
canal, or applying hemorrhoid bands. 

Above the dentate line are 6 to 14 pleats of tissue called the 
Columns of Morgagni. These are a consequence of funneling of 
the rectum as it narrows into the anal canal. Located between 
the bases of the columns of Morgagni are anal crypts that lead to 
small, rudimentary anal glands. When compressed by the passage 
of stool, the anal glands exude mucus, which aids in evacuation 
of stool through the anal canal.’ These glands extend into the 
internal anal sphincter. If they become blocked, an anal abscess 
or fistula can develop. 

The cutaneous part of the anal canal consists of modified 
squamous epithelium that is thin, smooth, delicate, and devoid 
of hair follicles or glands; this is the anoderm. At the level of the 
anal verge the epithelium becomes thicker, and skin appendages 
begin to be seen. 

The arterial blood supply of the anus and rectum is from the 
superior, middle, and inferior hemorrhoidal arteries, which are 
continuations of the inferior mesenteric, hypogastric, and internal 
pudendal arteries, respectively. Klosterhalfen and coworkers per- 
formed postmortem angiographic, manual, and histologic evalu- 
ations to show that in 85% of people, the posterior anal canal is 
less well perfused than other areas of the anus.’ In a pathogenetic 
model of primary anal fissure, this diminished blood supply could 
result in relative ischemia at the posterior commissure,* which 
explains not only why anal fissures at this location may become 
chronic, but also why they can be healed by smooth muscle relax- 
ants that act as vasodilators (e.g., nitroglycerin, diltiazem) with 
resulting increased blood supply. The venous drainage from the 
anal canal is by both the systemic and portal systems. The internal 
hemorrhoidal plexus drains into the superior rectal veins, which 
drain into the inferior mesenteric and then into the portal vein. 
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The distal anal canal drains via the external hemorrhoidal plexus 
through the middle rectal and pudendal veins into the internal 
iliac vein (i.e., the systemic circulation).* 

Lymph from the upper two thirds of the rectum drains exclu- 
sively upward to the inferior mesenteric nodes and then to the 
para-aortic nodes. Lymphatic drainage from the lower third of 
the rectum occurs not only cephalad, along the superior hemor- 
rhoidal and inferior mesenteric arteries, but also laterally, along 
the middle hemorrhoidal vessels to the internal iliac nodes. In 
the anal canal, the dentate line is the watershed for lymphatic 
drainage: above, to the systemic drainage system, and below, to 
the inguinal drainage basin. Therefore, inguinal adenopathy can 
be seen with malignant disease below the dentate line, whereas 
with more proximal lesions, the nodal drainage is into the pelvis. 

The internal anal sphincter is an involuntary sphincter sur- 
rounding the superior two thirds of the anal canal. It is formed by 
a thickening of the circular smooth muscle layer of the intestine, 
and innervated by the pelvic splanchnic nerves (parasympathetic). 
This sphincter reacts (relaxes) to the pressure of feces in the rectal 
ampulla and is the major determinant of anal canal resting tone 
and passive continence. 

The external anal sphincter is a relatively large voluntary 
muscle that surrounds the inferior two thirds of the anal canal. 
It forms a broad band on each side of the anal canal and consists 
of subcutaneous, superficial, and deep elements. The external 
anal sphincter partly overlaps the inferior part of the internal anal 
sphincter. It is composed of skeletal muscle and contributes to 
our conscious control of defecation. The external anal sphincter 
assists in voluntarily closing the anus. The puborectalis muscle is 
the deepest component of the external anal sphincter, and its con- 
traction draws the upper anal canal anteriorly, creating an angle 
between the axis of the anus and that of the rectum. Relaxation 
of the puborectalis straightens that angle, facilitating evacuation. 
The innervation of the external anal sphincter is the inferior rec- 
tal nerve, and the perineal branch of S4. 


EXAMINATION OF THE ANUS AND RECTUM 


All routine adult physical examinations should include a digi- 
tal examination of the anorectum. When patients present with 
problems related to the anorectal region or colon, a more com- 
prehensive examination is indicated. Examination begins with a 


RS 
<~ 


-g 
Á Me Column of 
_ 7 Morgagni 
kO 
508 
== 
-o Dentate 
ie line 
iets Anal crypt 
RÄ 
—— Anal gland 


aa 
ssaa 


Fig. 129.1 Schematic depiction 

of the anatomy of the anal region. 
The vertical line with arrowheads 
denotes the transition zone that 
extends from the anal verge proxi- 
mally for 1 to 1.5 cm to the dentate 
line. 
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thorough history. Active listening allows the patient to explain 
his or her symptoms, the physician to develop rapport with the 
patient, and for the patient’s anxiety to abate. Specific questions 
about duration of symptoms, exacerbating or alleviating factors, 
and medical or surgical treatments already used must be asked. 
The patient also should be asked about his or her normal bowel 
regimen, any recent changes in bowel habit, sexual history (e.g., 
anal intercourse), and family history with regard to colorectal 
cancer, polyps, and IBD. The patient’s history will usually permit 
the physician either to identify the likely diagnosis or narrow the 
number of possibilities considerably. 

Very often, patients with anorectal problems delay seeking 
medical care out of fear and embarrassment. It is important to 
explain each step of the anorectal examination before it is done. 
Let patients feel you touch them before you approach a sensi- 
tive area, and remember that any surprising contact will increase 
the anxiety you are trying to minimize. It is important to avoid 
causing pain during the examination. A calm voice and gentle 
touch are essential. Even so, there are times when the patient is 
so tender that digital exam cannot be performed, and examination 
under anesthesia must be done. 

Patients can be examined in the office in any one of several 
positions, including left lateral, knee-chest, or prone jackknife. 
In the prone jackknife position, the patient is face-down, on his 
or her knees, with the arms folded and the shoulders and head 
on the examining table. A special hydraulic table is usually used, 
allowing the bed to be elevated and tilted head-down. The knee- 
chest position is assumed on a flat examining table, with the 
patient kneeling, then leaning forward to expose the anal area. 
This position is least commonly used. The lateral position allows 
examination with the least patient contortion, though exposure of 
the anus may require an assistant. There is no clear best position, 
but appropriate illumination is critical. 


Inspection 


‘The examination begins with inspection of the skin. In some cases, 
looking at the patient’s underwear will give a clue to the pres- 
ence and character of anal drainage, or whether there is evidence 
of incontinence. As the buttocks are gently retracted, scars, skin 
abnormalities, stool, discharge of blood or pus, anal tags, warts, 
hemorrhoids, external openings suggesting fistulae and lesions 
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Fig. 129.2 A, Schematic depiction of acute and chronic anal fissures. An acute fissure is depicted in the 
inset on the left as simply a split in the anoderm. A chronic fissure usually shows signs of chronicity with rolled 
edges, fibrosis, a hypertrophied anal papilla proximally, a tender distal skin tag, and exposed internal anal 
musculature. B, Inspection of an acute anal fissure with a cotton-tip swab. Once an acute fissure is identified, 
no internal examination is needed until the fissure is healed. 


adjacent to or prolapsing from the anal canal are noted. The anus 
is inspected for asymmetry, gaping, or scars. If incontinence is a 
part of the symptom complex, stroke the perianal skin gently to 
assess the presence or absence of anal wink reflex. An intact anal 
wink indicates sphincter innervation, whereas an absent wink can 
be caused by either sensory or motor deficit. 

The patient is then asked to squeeze the anus to evaluate 
movement of the anal sphincter, and assess for recruitment of 
gluteal muscles. There should be concentric movement of the 
anus and perianal skin. Next, the patient should be asked to strain 
so that perineal descent can be assessed; there should be <4 cm 
of descent below the resting level. Prolapse of the vagina or rec- 
tum, bulging hemorrhoids, or leakage of urine or stool should be 
noted during straining. If prolapse is reported by the patient, but 
not seen during the exam, the patient can be asked to strain while 
sitting on the toilet. 

Traction applied laterally to each side of the anal orifice with a 
gauze pad allows eversion of the distal anus for further inspection. 
This is particularly useful in demonstrating anal fissure without 
causing undue pain (Fig. 129.24 and B). The nearby skin of the 
buttocks, paravaginal region, base of the scrotum, and the gluteal 
cleft should also be examined. Inguinal lymph nodes should be 
assessed if infection or neoplasia is suspected. 


Palpation 


Using a gloved and lubricated index finger, the examiner pal- 
pates the anal canal and perianal skin. Slow insertion and gentle 
pressure are appropriate. Assessment of resting anal pressure and 
anal canal length are noted at this time. As the patient is asked to 
squeeze his or her anus, the anal sphincter is assessed for strength 
and for areas of deficiency.’ The index finger is then swept cir- 
cumferentially around the anal canal, noting scars, masses, or 
tenderness. Internal hemorrhoids are not usually palpable unless 
they are thrombosed. Lastly, the finger is advanced into the rec- 
tum to assess the prostate gland and the rectovaginal septum, 


and to check for mass lesions. In the presence of anal pain, the 
examining finger should be pressed away from the area of ten- 
derness upon insertion. If the examination cannot be done, use 
of sedation or anesthesia may be warranted. Approximately 80% 
of the resting anal canal pressure is contributed by the internal 
anal sphincter. The external sphincter is evaluated by having the 
patient voluntarily squeeze the anus around the examining finger; 
the external sphincter contributes about 20% of resting anal canal 
pressure. 

Abnormalities often appreciated in the anal canal include fis- 
tula tracts, which feel like a cord, or linear induration; the internal 
opening of a fistula, which feels like a small area of induration; 
cancers, which may be firm and hard; and ulcers, which can feel 
uneven and craterous. Palpation anteriorly in a woman may reveal 
a rectocele or anterior defect in the sphincter complex. 

Palpation of the distal rectum allows the detection of mass 
lesions, including polyps and cancers. Attention should be 
directed to the exact location of the lesion (anterior, posterior, 
right, left, and distance from anal verge) and its size, mobility, 
and character (soft, ulcerated, hard, or pedunculated). Lesions 
outside the rectal wall also may be appreciated. The cervix and 
prostate can be felt through the anterior rectal wall in women 
and men, respectively. The character of the prostate should 
be noted, along with any hard nodularity that could repre- 
sent cancer. The full extent of the prostate may not be pal- 
pable.° The rectal mucosa should be assessed for its texture; in 
patients with proctitis, for example, the mucosa can feel rough 
and gritty; in patients with hypoalbuminemia it can feel wet 
and slippery. 

The levator muscles should then be palpated. Patients with 
functional anal pain may exhibit levator tenderness on examina- 
tion. Similarly, the coccyx should be palpated between the exam- 
ining index finger internally and the index finger of the opposite 
hand pressed over the coccyx externally. This maneuver is done 
to look for pain with motion (coccydynia), as might be present 
with a coccygeal fracture. 
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Finally, the contents of the rectum should be assessed regard- 
ing the character and amount of stool. When the index finger is 
removed, any stool, blood, pus, or mucus on the glove should be 
noted. 


Endoscopy 


The decision to perform an endoscopic examination depends 
on the findings on history and physical examination and usually 
is necessary for the evaluation and exclusion of organic disease 
in patients with fecal incontinence, constipation, unexplained 
anal pain,’ anemia, diarrhea, and rectal bleeding. Colonoscopy 
is discussed at length elsewhere, and is not repeated in this 
chapter. 


Anoscopy 


Anoscopy allows inspection of the anal canal, dentate line, inter- 
nal hemorrhoids, and distal rectum; this is the best method of 
viewing the anal canal. The anoscope is a short metal or plas- 
tic tubular device, usually with a beveled end; most are <2 cm in 
diameter and have internal illumination or are used with external 
lighting sources. 

Digital rectal exam always precedes anoscopy. Afterwards, the 
lubricated anoscope is inserted slowly as the examiner applies 
gentle pressure on the obturator until the instrument has been 
fully advanced. An anoscope should never be inserted without the 
obturator in place. The obturator is then removed, and the entire 
anal canal is examined. This includes inspection of the distal rec- 
tal mucosa, the anal transition zone, and the anal canal to the anal 
verge. Some scope models have a bevel, or slot, to better see the 
anal tissue and these may require several re-insertions to view the 
entire anal canal. Internal hemorrhoids can be seen bulging above 
the dentate line or prolapsing distally. Internal fistula openings, 
when seen, will usually be at the dentate line and pressure at the 
external opening may allow pus to be seen at the internal open- 
ing. 

A variant of anoscopy called high-resolution anoscopy (HRA) 
is used to detect anal intraepithelial neoplasia (AIN) and is per- 
formed on individuals who are at high risk for anal human papil- 
lomavirus (HPV) infection and those with an abnormal anal Pap 
test. HRA allows the anal mucosa to be seen greatly magnified, 
with augmented visualization of abnormal areas by staining with 
acetic acid and Lugol solution.® 


Rigid Proctoscopy 


Rigid proctosigmoidoscopy uses a rigid scope that is 25 cm 
long and 11 mm in diameter. It requires a light source for 
visualization. In spite of the wide application of flexible endo- 
scopes, there remain instances when a rigid scope is advanta- 
geous. Rigid proctosigmoidoscopy can more precisely measure 
the distance of rectal lesions from the anal verge than can flexi- 
ble endoscopy. The rigid instrument also can allow the precise 
location of a lesion on the wall of the rectum, whereas flexible 
scopes cannot easily determine anatomic left versus right and 
anterior versus posterior positions, which may be essential in 
planning surgery. A rigid proctoscope is sometimes quicker 
and easier to use than a flexible instrument when evaluating 
the rectum, performing a biopsy, or aspirating fecal con- 
tents. The biopsy forceps used with flexible endoscopes can 
also be used through the rigid scope, although rigid alligator- 
toothed forceps are preferred. The exam is initiated exactly as 
is anoscopy. Once the scope has been advanced into the rec- 
tum (approximately 4 to 5 cm), the obturator is removed and 
the scope window closed. Further advancement of the scope 
is performed under direct vision, insufflating air as needed to 
distend the lumen of the rectum. 


Flexible Sigmoidoscopy 


The flexible sigmoidoscope is simply a shorter version of a colo- 
noscope, measuring 60 cm in length, although today, a gastro- 
scope is more commonly used for flexible sigmoidoscopy (FS) 
when a full evaluation of the colon is not required. One or 2 ene- 
mas are given before the examination, and sedation typically is 
not used, which is the reason patients who have undergone both 
colonoscopy and FS generally find the former less unpleasant.’ 
The goal of FS is to inspect up to the left colon, which should be 
reachable at least 80% of the time.!° Lesions can be biopsied and 
polyps removed, although the presence of polyps usually man- 
dates full colonoscopy. Use of electrocautery and argon plasma 
coagulation should be avoided unless full bowel preparation has 
been done, as intracolonic explosions have occurred from igni- 
tion of bowel gas.!! 

FS can be used to enhance the diagnostic capability of barium 
enema, which at times fails to show the distal rectum optimally 
because of the obscuring effect of the balloon needed to distend 
the colon. Lesions of the rectum and sigmoid seen on radiologic 
studies also can be evaluated by FS. FS permits serial examina- 
tions and treatment of diseases located in the rectosigmoid and 
left colon, such as proctosigmoiditis and radiation proctitis. FS is 
also useful for following cancers, allowing the rectosigmoid anas- 
tomosis to be seen in between colonoscopic examinations. 


HEMORRHOIDS 


Physicians face several unique problems when evaluating a patient 
complaining of hemorrhoids. First, patients often attribute any 
anal symptoms to hemorrhoids.'? In our practice, the majority of 
patients whose chief complaint is “hemorrhoids” have some other 
explanation for their symptoms (e.g., fissure, pruritus ani, warts). 
Second, hemorrhoids are a normal part of our anatomy!’,!* and 
their presence does not necessarily imply a disease state; a corol- 
lary to this is that hemorrhoids can be expected to coexist with 
other anal pathology. Third, the multitude of therapeutic options 
available for treating hemorrhoids ensures there is no one treat- 
ment that is appropriate for all patients. Lastly, patients are often 
fearful of hemorrhoid surgery, a fear that may lead to delay in 
seeking treatment. 

Hemorrhoids are dilated vascular channels between the anal 
mucosa and underlying internal anal sphincter. They typically 
occur in the left lateral, right posterior, and right anterior posi- 
tions. “Hemorrhoids” located elsewhere should raise concern for 
other diseases (e.g., carcinoma, lymphoma, condyloma). Internal 
hemorrhoids originate above the dentate line and are covered 
by columnar or transitional mucosa. External hemorrhoids are 
distal to the dentate line and are covered by squamous epithe- 
lium. Hemorrhoid complaints are common, accounting for 1.9 
to 3.5 million visits to physicians annually in the USA.! Com- 
mon symptoms attributable to hemorrhoids include bleeding, 
prolapse, and swelling. Pain usually occurs only with thrombosis. 

Hemorrhoid treatments have been recorded throughout 
human history. It is sobering to realize how closely today’s treat- 
ments resemble those used for millennia: The Edwin Smith 
Papyrus (1700 BCE) describes treatment with an infusion of 
acacia leaves, which is remarkably similar to the witch hazel that 
is used today. Cautery was applied by Hippocrates (400 BCE); 
refined method of cautery with laser-emitting fiber was described 
in 2017.16 Ligation of hemorrhoids was described by Celsus (25 
BCE to 14 AD), and compares favorably to Doppler guided ther- 
apy in 2012.17 


Internal Hemorrhoids 


Internal hemorrhoid symptoms occur because of loss of connec- 
tive tissue support and resulting protrusion, or prolapse of the 


vascular tissue, rendering it more susceptible to trauma from 
straining or the passage of hard stools!*; Symptoms of internal 
hemorrhoids are associated with increased levels of circulating 
matrix metalloproteinases,!””° and are more likely in patients 
with constipation, loose stools, or in those who sit on the toilet for 
prolonged periods of time.’! Bleeding is painless and may be on 
the tissue or in the toilet. Bleeding also may be described as drip- 
ping, and bright red. Less commonly it can accumulate in the rec- 
tum and be passed as dark blood, or clots.!+ Internal hemorrhoids 
also may prolapse, and are graded as follows: grade I hemorrhoids 
bleed, and may be enlarged, but do not prolapse; grade II hemor- 
rhoids protrude with defecation and reduce spontaneously; grade 
NI hemorrhoids prolapse and require manual reduction; grade 
IV hemorrhoids remain prolapsed. Prolapsed hemorrhoids may 
cause blood or mucus on the patient’s underwear. Perianal mois- 
ture resulting from prolapse can cause itching.’ Although the 
exact incidence of hemorrhoidal disease is unknown, it is thought 
to present in 10% to 25% of the adult population. 


Evaluation 


The diagnosis of internal hemorrhoids is made by history and 
physical examination, augmented by anoscopy using a beveled or 
slotted anoscope. Gentle eversion of the anal margin may reveal 
prolapsing hemorrhoid tissue. Internal hemorrhoids also may be 
seen with FS on retrograde view. Anoscopy allows visualization 
of the degree of protrusion. The exam may be entirely normal in 
between periods of symptoms. 


Treatment 


Initial treatment of symptomatic internal hemorrhoids is medical 
and consists of adequate fluid intake (6 to 8 glasses of nonalco- 
holic, noncaffeinated beverage daily), adequate dietary fiber (20 
to 30 g daily), and avoidance of straining and prolonged time on 
the toilet.” Patients may keep a diet diary to assess their fiber 
intake and then either alter their diet or add supplemental fiber, if 
necessary. If stools remain hard, stool softeners such as docusate 
sodium can be added. Laxative and enemas are rarely needed”*; 
these measures are also useful in preventing hemorrhoidal recur- 
rence. Hard stools or constipation symptoms may be treated with 
polyethylene glycol 3350 or docusate when fiber therapy alone 
is insufficient. Topical creams such as phenylephrine/mineral 
oil/petrolatum or glucocorticoid-based creams may temporarily 
improve pain or itching. A caution in the use of glucocorticoid- 
based topical agents is predisposition to infection, e.g., candi- 
diasis. Glycerin suppositories have little, if any, role in treating 
hemorrhoids. 

Phlebotonics are a heterogenous group of compounds includ- 
ing plant extracts or flavonoids, and are superior to placebo in 
treating acute hemorrhoid symptoms.” They improve venous 
tone, stabilize capillary permeability, and are useful in alleviating 
bleeding from hemorrhoids; they have an excellent safety profile.*° 
Diosmiplex (Vasculera, Ferndale Laboratories), is one such prod- 
uct we sometimes add in the treatment of grade II and HI hemor- 
rhoids that have failed to resolve with fiber therapy and counseling. 

Persistent bleeding or hemorrhoid prolapse unresponsive to 
medical therapy or grade IV prolapse are indications for pro- 
cedural therapy. Treatment can be either excisional or non- 
excisional. Non-excisional treatments are designed to affix the 
vascular cushion to the underlying internal sphincter. Options to 
achieve such fixation include rubber band ligation (RBL), sclero- 
therapy, cryotherapy, infrared photocoagulation, suture ligation, 
and many others. 


Rubber Band Ligation 
RBL is the most common office procedure for the treatment of 
hemorrhoids.” Itis usually applied to grade IT and NI hemorrhoids 
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that are unresponsive to medical management. In addition to 
creating a scar and fixing the mucosa to the underlying tissue, a 
small amount of hemorrhoidal tissue is actually removed when 
the RBL-entrapped tissue becomes necrotic and sloughs. Grade 
I hemorrhoids may be too small to allow the band to be directly 
applied, although a band placed proximal but close to the hemor- 
rhoidal tissue may accomplish the same fibrotic effect. Grade IV 
hemorrhoids more often require surgical excision.?® 

Rubber bands are usually applied by the surgeon via a slot- 
ted anoscope and by the gastroenterologist using a gastroscope 
in the retroflexed position or one of the newer techniques involv- 
ing a small plastic suction device (CRH-O’Regan banding sys- 
tem or the ConMed SpaceBander) preloaded with a single band. 
There is debate whether bowel preparation is required, but it is 
recommended in patients who are diabetic or immunocompro- 
mised and, therefore, more predisposed to infection. If view of 
the hemorrhoid is obscured because of retained stool, a single 
sodium biphosphate and sodium phosphate enema may be used. 
Antibiotics are not routinely used. Bands are placed just proximal 
to the internal anal hemorrhoid, above the dentate line. Distal 
placement that entraps squamous mucosa results in pain, and the 
band must be removed immediately; bands should not be placed 
distal to the dentate line, and are not used for external hemor- 
rhoids. The number of bands placed per treatment session is con- 
troversial. Although studies have shown that multiple bands can 
be placed safely during a single procedure,’’”’ often one site is 
banded per office visit in order to minimize pain and reduce com- 
plications. If multiple sites are banded at one sitting, adding local 
anesthesia is helpful.’ The patient is reassessed in 4 to 6 weeks, 
and repeat banding performed, if needed. Most patients can be 
managed with 3 or fewer procedures. Often the offending col- 
umn is easily seen and resolved with application of a single band. 

Patients sometimes experience pain after RBL. They are 
advised to soak in a warm tub and use acetaminophen. Narcot- 
ics are sometimes required. Immediate, severe pain signals too 
distal band placement, and the band should be removed or repo- 
sitioned. Symptoms vary from patient to patient. Most patients 
experience a feeling of rectal fullness or urge to defecate, which 
can last a day or 2; some experience no symptoms at all. Fiber and 
water should be continued as described earlier. RBL is successful 
in 75% of patients with grade I and II hemorrhoids and in 65% 
of those with grade III hemorrhoids. Recurrence occurs in about 
20% of hemorrhoids so treated. 

Major complications from RBL include bleeding, sepsis, cel- 
lulitis, and death. Some bleeding is common 4 to 7 days after the 
procedure, when the band usually sloughs. About 1% of patients 
develop severe bleeding requiring treatment,” although bleed- 
ing sometimes ceases without intervention. Bleeding may be 
controlled with injection of epinephrine, suture ligation, or tam- 
ponade with a large-caliber Foley catheter balloon placed in the 
rectum. Severe bleeding mandates observation, as quantification 
of rectal blood loss is difficult. Patients may become hypoten- 
sive, and rebleeding may occur. Ideally anticoagulants should be 
stopped prior to RBL, and not resumed for 7 to 10 days, though 
adherence to this recommendation must take into account the 
medical indication for anticoagulation. RBL should not be elec- 
tively performed in patients who are taking anticoagulants, and if 
anticoagulation cannot be stopped, suture ligation should be used 
in lieu of RBL. 

A serious complication of RBL is sepsis, which can be life 
threatening.*! Sepsis usually occurs 2 to 8 days after banding and 
should be considered in patients with worsening pain, difficulty 
urinating, and fever; these symptoms should be asked about when 
patients call with concerns after RBL. Patients at greatest risk 
for sepsis are those who are immunocompromised or have hema- 
tologic malignancies. Because of the increased risk of sepsis in 
immunocompromised patients, suture ligation rather than RBL 
is preferred. There is no demonstrated efficacy for prophylactic 
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antibiotic use for this procedure. Treatment is surgical debride- 
ment and IV antibiotics. 


Sclerosing Agents 

Injection therapy for hemorrhoids has been practiced for more 
than 100 years. The goal is to inject a sclerosant into the submu- 
cosa above the internal hemorrhoid at the anorectal ring (this area 
does not have somatic innervation). The fibrosis created results 
in shrinking of the hemorrhoid and fixation of the hemorrhoid 
to the underlying internal sphincter muscle, thereby preventing 
prolapse.*? Usually 3 to 5 mL of sclerosant is injected at the apex 
of the hemorrhoid column.* The most common sclerosant is 5% 
phenol in an oil base. This treatment is most successful in patients 
with grade I and II hemorrhoids. 

Sclerotherapy can produce a dull pain for up to 2 days after 
injection. Sepsis rarely can occur and typically presents 3 to 5 
days after treatment. Symptoms include perianal pain or swelling, 
watery anal discharge, and fever. Leukocytosis usually is pres- 
ent. Prompt surgical intervention and IV antibiotics are manda- 
tory.’ $? Sclerotherapy is often offered to AIDS patients because 
of their increased risk of complications with RBL. 


Cryotherapy 

Cryotherapy uses liquid nitrogen to freeze tissue, thereby destroy- 
ing the hemorrhoid complex. It has fallen out of favor because of 
difficulty controlling the amount of tissue destroyed, the time it 
takes to perform the procedure, and the foul-smelling discharge 
resulting from tissue necrosis.** 


Infrared Photocoagulation 

Infrared photocoagulation uses infrared radiation to coagulate 
tissue, leading to fibrosis. It is applied for 1.5 seconds to 2 or 3 
sites proximal to the hemorrhoidal plexus. Multiple sites can 
be treated at the same visit. It is most useful for grade I and I 
hemorrhoids, with reported results as good as those obtained 
with RBL or sclerotherapy.’® In our experience, it is most suited 
for grade I hemorrhoids, especially in patients who have expe- 
rienced pain with RBL. Larger hemorrhoids do less well with 
this treatment. Pain and other complications are rare with this 
procedure. 


Surgical Therapy 

Patients with hemorrhoids have increased anal canal pressure.’ 
Anal dilation and sphincterotomy to reduce pressure were per- 
formed in the past, but have no role in the treatment of hemor- 
thoids today.*° Sphincterotomy is sometimes performed at the 
time of hemorrhoidectomy in patients with concomitant anal fis- 
sure. 

Hemorrhoidectomy is the procedure of choice for patients 
with grade HI hemorrhoids that are unresponsive to other mea- 
sures, for most patients with grade IV disease, and for those who 
have symptomatic external hemorrhoids unresponsive to conser- 
vative treatment. This can be performed under local, regional, or 
general anesthesia and is usually done as a day-surgery procedure. 
The wounds may be left open or closed, and the excision per- 
formed with scalpel, cautery, or other energy device.’*>”>* Long- 
term follow-up reveals a 26% recurrence rate at a median of 17 
years, with 11% requiring an additional procedure of some sort.*° 

The most significant drawback to surgery for hemorrhoids is 
post-operative pain. Essentially every alternative to surgery men- 
tioned, as well as every technical variation discussed, represents 
an attempt to minimize pain while alleviating the symptoms trou- 
bling the patient. Many adjuncts have been shown to decrease 
pain after hemorrhoidectomy, including topical agents such as 
glyceryl trinitrate,*”+° anesthetic cream,*! sucralfate,*? topical 
2% atorvastatin, topical cholestyramine,* and a long-acting 
local anesthetic of liposome bupivacaine.** 


Fig. 129.3 Stapled neantishionas procedure. A purse-string suture 
is placed at the top of the hemorrhoidal column, around which a circu- 
lar stapler is applied to resect the upper hemorrhoidal tissue, disrupt 
the hemorrhoidal blood supply and restore the prolapsing distal hemor- 
rhoidal tissue back into the anal canal. 


‘Two other surgical procedures deserve mention because they 
are widely used and provide symptom relief similar to hemor- 
rhoidectomy in selected patients, although with decreased pain. 
These are the procedure for prolapsing hemorrhoids (PPHs), 
also referred to as stapled hemorrhoidectomy or hemorrhoid- 
opexy, and Doppler-guided hemorrhoid artery ligation. The 
PPH was introduced in 1998 by Longo” and uses a circular 
stapling device which excises a circumferential ring of mucosa 
just above the anorectal ring, interrupting the vascular supply 
to the anal cushions and restoring them to their correct posi- 
tions (Fig. 129.3). It is used for grade II, IH, and IV hemor- 
rhoids, but with best results in grades II and III. Results of a 
randomized multicenter experience in the USA compared the 
PPH with excisional hemorrhoidectomy and showed that PPH- 
treated patients experienced significantly less pain.*” A similar 
trial in the United Kingdom showed improved outcomes, other 
than pain, with surgical hemorrhoidectomy.** Another study 
comparing PPH with RBL found that more patients reported 
pain and an increased risk of postoperative bleeding with PPH; 
however, more patients in the RBL group required subsequent 
hemorrhoidectomy for persistent symptoms.*” 

PPH can have significant postoperative complications, of 
which bleeding and urinary retention are most common." Severe, 
persistent postoperative pain occurs in one third of patients and 
may be related to placing the staple line too close to the dentate 
line. The frequency of this complication has diminished use of 
this technique; additionally, defecation urgency can be persistent 
in up to 28% of patients. Perhaps the most feared complication of 
PPH is pelvic sepsis leading to death.*? Long-term results from 
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Hemorrhoid 
Type of Treatment Grades Success Rate Comments 
GENERAL 
Diet (increase in fiber 1-4 Unknown Patients with all grades of hemorrhoids should use these measures (see text) 
and fluids) and bowel Patients with high grades of hemorrhoids will need additional therapy 
habit modification 
ENDOSCOPIC 
Sclerosing agent 1-4 75% May be the favored treatment of patients with AIDS (successful results even 
with grade 3 and 4 hemorrhoids) 
Life-threatening sepsis rarely complicates therapy 
Rubber band ligation 2 and3 65%-75% Grade 1 hemorrhoids are too small, and grade 4 hemorrhoids are usually too 
large for this procedure 
The most commonly performed office procedure for hemorrhoids 
Life-threatening sepsis rarely complicates therapy; 1% risk of severe 
hemorrhage when the band(s) sloughs 
Infrared coagulation 1 and 2 Less than for rubber band Equipment for the procedure is expensive 
ligation Complication are rare 
SURGICAL 
Excisional 3 and 4 >85% on 10-year follow-up External tags may be removed at the time of the surgical procedure 
hemorrhoidectomy Postoperative pain is pronounced 


>75%; several studies show 
higher long-term recurrence 
rates than with excisional 
hemorrhoidectomy 


Procedure for prolapsing 3 and 4 
hemorrhoids* 


Newer procedure 
Overall, significantly less postoperative pain than with excisional 


hemorrhoidectomy, but some patients experience severe, persistent 
postoperative pain or defecation urgency 


Pelvic sepsis and death have been reported after this procedure 


*Also called stapled hemorrhoidopexy. 


prospective randomized studies comparing hemorrhoidectomy 
and PPH suggest a higher rate of recurrent symptoms in the PPH 
group.5!52 

Doppler-guided hemorrhoidal artery ligation was described 
in 1995>3 and allows a Doppler probe to guide suture placement 
in the lower rectum to interrupt blood flow to the anal canal. 
It is reported to have a recurrence rate of 9.0% for prolapse, 
and 7.8% for bleeding at 1 year.’* A recent study showed simi- 
lar results using ligation with and without Doppler guidance, 
suggesting the efficacy of the procedure is related to extensive 
ligation.!” 

Both PPH and ligation will control symptoms related to 
internal hemorrhoids. Comparing the 2 suggests somewhat bet- 
ter symptom resolution with PPH, but at the cost of increased 
pain and bleeding.>»° Neither specifically addresses external 
hemorrhoids, which should be excised at the time of surgery if 
symptomatic. Table 129.1 summarizes the treatment options for 
internal hemorrhoids. 

No physician performs every described hemorrhoid proce- 
dure. Each physician treating hemorrhoids develops their own 
approach, balancing risks, pain, and efficacy. There are always 
patients for whom variation in one’s treatment routine is nec- 
essary. Our approach is to treat patients with grade I, II, and 
III hemorrhoids initially with fiber supplementation, water, and 
counselling. Persistent bleeding or prolapse in spite of medical 
treatment requires procedural intervention. RBL is our proce- 
dure of choice for most such patients. In patients with grade I 
hemorrhoids with persistent bleeding, infrared coagulation is 
used. For most patients with significant external hemorrhoids 
contributing to their symptoms, excisional hemorrhoidectomy 
is performed. For patients with grade II or I hemorrhoids and 
no significant external component, Doppler ligation or hem- 
orrhoidectomy is usually performed, though PPH also may be 
used. 


External Hemorrhoids and Anal Tags 
Symptoms and Signs 


External hemorrhoids are visible at the anal verge and actually 
represent residual redundant skin from previous episodes of 
external hemorrhoid inflammation, edema, and thrombosis. Skin 
tags typically occur in young- and middle-aged adults and are eas- 
ily seen on inspection. They usually cause no symptoms and do 
not bleed. Some patients complain of difficult hygiene related to 
redundant folds of tissue, and of itching and irritation. 

External hemorrhoids can manifest with acute symptoms 
related to thrombosis.!* The level of pain is variable from none 
at all to excruciating. Thrombosed hemorrhoids are easily diag- 
nosed on physical exam. The overlying skin is taut, and bluish 
discoloration related to the underlying blood clot is usually evi- 
dent. The overlying skin may ulcerate and bleed; such bleeding 
usually lasts 1 or 2 days, and may coincide with pain relief. 


Treatment 


Treatment of external hemorrhoids is usually reassurance and 
proper anal hygiene, including delicate washing of the anal area 
and avoidance of aggressive wiping with harsh tissue. Excision 
can be performed, although wound healing in this area is often 
accompanied by skin tag formation, which can cause the same 
symptoms the patients sought to alleviate. When surgical exci- 
sion is undertaken for internal hemorrhoids, as discussed earlier, 
any significant external component is excised at the same time. 
Small tags may be excised, or treated with cryotherapy. 
Treatment of thrombosed external hemorrhoids depends 
upon associated symptoms, specifically pain. When painless, the 
patient can be reassured that the swelling will subside over the 
next several weeks. When painful, excision may be helpful. Exci- 
sion is offered to patients with significant pain in whom symptoms 
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have been occurring for less than 3 days. Untreated, the pain typi- 
cally subsides in 4 to 7 days, so excision at this point is not helpful. 
The outcome at 2 months is the same whether or not excision 
is performed. For severe pain, the clot is removed under local 
anesthesia. Because of the high rate of recurrent symptoms with 
simple incision, most surgeons recommend enucleation of the 
entire thrombosis along with excision of an ellipse of overlying 
skin. This procedure is done in the office with scissors and local 
anesthesia (Fig. 129.4).5’ The edges of the wound are left open 
to heal by secondary intention. If surgery is not performed, the 
patient is treated with sitz baths, analgesics, and a topical astrin- 
gent such as witch hazel. 


Special Considerations 


Crohn disease commonly has anal manifestations (Chapter 115), 
one of which may be large, edematous, shiny perianal skin tags 
(Fig. 129.5). They may have a waxy, bluish discoloration and may 


Fig. 129.4 Office excision of a 
thrombosed external hemorrhoid. 

A, Thrombosed right anterior external 
hemorrhoid. B, Injection of 1% lido- 
caine with epinephrine. C, Excision of 
external component. D, Closure with 2 
or 3 interrupted absorbable sutures. 


be described as “funny looking” or as “elephant ears.” Also, the 
hemorrhoid-mimicking lesions of Crohn disease often are found 
in atypical locations, not the usual left lateral, right posterior, and 
right anterior positions of hemorrhoids. Careful history taking 
for symptoms of Crohn disease is indicated. If suspected, colonos- 
copy with inspection of the terminal ileum is indicated. Excision 
of anal skin tags in Crohn disease is to be avoided because of the 
risk of ulceration, recurrence, and nonhealing wounds. 

Patients who are infected with HIV are treated as other 
patients as long as their immune status is not significantly com- 
promised. Sclerotherapy in this group was previously mentioned 
as a preferable treatment for internal hemorrhoids. Patients with 
CD4 counts >420/mm? have been treated with RBL with good 
results.’ Patients with CD4 counts <200 may have poor wound 
healing, and surgery should be approached cautiously. 

Pregnant women often have symptomatic hemorrhoids. These 
should be treated medically with fiber supplementation, fluid, 
and stool softeners. Topical medications may be used. Surgery is 


Fig. 129.5 Anal skin tags associated with perianal Crohn disease. Note 
the waxy bluish appearance of the tags. These are often referred to as 
“elephant ears.” 


reserved for severe complications, such as acutely prolapsed hem- 
orrhoids with strangulation. 

Patients on anticoagulation represent a unique challenge 
because they are more likely to bleed as a result of their medi- 
cation and as a result of their procedure. There is no standard 
approach for these patients. For elective excision, the anticoagu- 
lants are managed as with any other surgical procedure. Antico- 
agulated patients with acutely bleeding hemorrhoids should have 
the bleeding controlled by suture ligation. 


ANAL FISSURE 


An anal fissure is a linear tear of the anoderm (see Fig. 129.2). 
Anal fissures typically occur after passage of a large, hard bowel 
movement, but they may also occur with diarrhea, IBD, or for 
unknown reasons. They are frequently seen after vaginal deliv- 
ery, and post-operatively as a result of changes in bowel function. 
Patients experience intense pain with passage of stool that may be 
transient, or persist for minutes or hours afterward. The pain also 
may be associated with passage of bright red blood. Pain is usually 
absent upon awakening in the morning, before a bowel move- 
ment has occurred. More than 90% of anal fissures are located 
in the posterior midline of the anus; 10% are anterior.* Any fis- 
sure not located in the anterior or posterior position, or one that 
does not heal, should alert the physician to the possibility of other 
diagnoses (e.g., Crohn disease, TB, syphilis, squamous cell cancer 
of the anus, leukemic ulcer, HIV-related ulcer).* 


Etiology 


The exact etiology of an anal fissure is unknown; however, reduced 
anodermal blood flow associated with hypertonicity of the internal 
anal sphincter is the most common accompanying physiologic dis- 
turbance; there is associated thickening of the internal anal sphinc- 
ter.’ Cadaveric and manometric studies have respectively revealed 
decreased blood supply to the posterior midline and elevated rest- 
ing anal canal pressures in patients with anal fissures. 


Symptoms, Signs, and Diagnosis 


Fissures are usually exquisitely tender, and the act of defeca- 
tion is reported by patients to feel like passing “razor blades” 
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TABLE 129.2 Treatment of Acute and Chronic Anal Fissures 


Treatment 


Comments 


ACUTE 


Increase oral fluids, 
high-fiber diet, fiber 


supplements, sitz baths, 


and stool softeners if 
needed 


CHRONIC 

As for acute, usually with 
the addition of one of 
the following: 


0.2%-0.4% nitroglycerin 
ointment applied to the 
anal area 


Calcium channel 
blockers (topical 0.3% 
nifedipine or topical 2% 
diltiazem cream) applied 
to the anal area 


Avoid digital rectal examination until the 
fissure is healed unless the diagnosis is 
in doubt (then perform the examination 
under anesthesia in the operating room) 

Usually responds to these measures 


Avoid digital examination unless the 
diagnosis is in doubt 


Headache is a common side effect 
Long-term success has been questioned 


Seem promising, but long-term success 
has been questioned 

Side effects (especially headache) may be 
less common than with nitroglycerin 
ointment 


Botulinum toxin A 
injected into the anal 
muscle 


Dose and optimal injection site are not clear 
Expensive 
Long-term success is unknown 


Standard treatment 

Best results, with >90% long-term healing 
rate 

Durable 

Can lead to fecal incontinence 


Lateral internal 
sphincterotomy 


or “cut glass.” The classic history is severe pain during def- 
ecation, though the pain may persist for hours afterward. On 
examination, a tender edematous skin tag may be seen distal to 
the fissure; simply spreading the buttocks and gently everting 
the anoderm often allows the fissure to be seen but also may 
be painful. At this point in the exam one should proceed slowly 
and gently so as not to subject the patient to unnecessary and 
severe pain. Anoscopy may be performed if the fissure is not 
immediately evident, and the fissure usually will be easily seen. 
A chronic fissure may be accompanied by enlargement of tissue 
at the proximal and distal ends of the wound; proximally this 
will manifest as a hypertrophic anal papilla, and distally as a 
sentinel skin tag (see Fig. 129.2). 

Fissures can be acute or, after 6 weeks, chronic. Acute fissures 
will typically look like paper cuts, whereas chronic fissures may 
show a fibrotic edge, with the internal sphincter fibers visible at 
its base. 


Treatment (see Table 129.2) 


Most acute anal fissures will resolve with increased fiber and 
water intake as well as hygiene and comfort measures. Initial 
management begins with correcting any abnormalities in stool 
consistency. A fiber supplement, preferably as a powder, with 
appropriate amounts of fluid, is generally more rapid than dietary 
measures in restoring stool consistency. A high-fiber regimen 
consisting of 20 to 35 g/day was shown to achieve healing in 87% 
of acute fissures. Furthermore, the use of unprocessed bran in the 
diet prevents fissure recurrence after initial healing, and should 
be continued long term.!:°0.! 


Medical Treatment 


Medical therapies are very successful in treating anal fissures, par- 
ticularly acute fissures. The traditional first-line therapy for acute 
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fissures is warm sitz baths and bulking agents, such as psyllium 
seed husks.’ Improvement of dietary and bowel evacuation habits 
of patients is a good long-term strategy that can heal acute fis- 
sures and lower recurrence rates. 

Patients with a chronic fissure should be started on the 
acute fissure regimen, but are typically begun on other medi- 
cal therapy as well. Topical nitroglycerin and calcium channel 
blockers are used most often. Nitric oxide was reported to be 
the neurotransmitter mediating relaxation of the internal anal 
sphincter in the early 1990s. Since then, topical application 
of 0.2% glyceryl trinitrate ointment (GTN) has been found 
to relax the anal sphincter, producing a “reversible chemical 
sphincterotomy” and also thereby increasing blood flow to 
the sphincter and the fissured area. For GTN, the limiting 
side effects are headaches and tachyphylaxis; headache can be 
reduced by instructing the patient to rest lying down while 
applying the ointment and shortly thereafter. Patients also 
are advised not to drive immediately after application until 
they have seen how they tolerate the medication. Headaches 
may be reduced by using a finger cot or glove for application, 
thus decreasing absorption of GTN through the skin of the 
finger. Topical diltiazem (2%) results in similar healing rates 
as GTN, but with fewer side effects.°* Fissure healing can 
be anticipated in about 70% of patients with chronic fissures 
using GTN or diltiazem.’ 

The concept of reversible chemical sphincterotomy also has 
been applied with the use of injection of botulinum toxin (Botox), 
a technique that transiently produces striated muscle denervation 
leading to muscle paralysis and relaxation. In the treatment of 
chronic anal fissure, such relaxation of the internal anal sphinc- 
ter is thought to promote increased blood flow to the affected 
tissue, allowing the fissure to heal’. A Cochrane review of the 
literature on nonsurgical therapies for anal fissure demonstrated 
no convincing evidence that botulinum injection was any more 
effective than placebo.°? The American Society of Colon and 
Rectal Surgeons still recommends the use of botulinum toxin for 
the treatment of anal fissure,“ and it is widely used in treatment 
algorithms.® The most common adverse effect associated with 
botulinum toxin injection, other than headache, is temporary 
incontinence to flatus in up to 10% of patients. There is no single 
standard technique for botulism toxin injection, and results are 
not dose dependent, though continence problems are more com- 
mon with higher doses. 
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Fig. 129.6 Schematic depiction of the 
classification of abscesses of the anal 
region based on their locations. 


Surgical Treatment 


The standard surgical treatment of chronic anal fissure is lat- 
eral internal sphincterotomy (LIS). It remains the standard by 
which all other treatments must be measured, with healing rates 
of 92% to 95%. LIS can be done under local, regional, or general 
anesthesia. Similar results occur with either standard or semi- 
closed incision, in which case the internal sphincter is not fully 
exposed. Complications seem to be more common with an open 
technique.°’ Early complications of LIS include bleeding, uri- 
nary retention, and fistula formation. Continence problems such 
as seepage or incontinence may rarely occur.®* Other procedures 
sometimes used for chronic anal fissure include skin flap, with or 
without sphincterotomy,” and tibial nerve stimulation.’””! 

Our approach to treating patients with anal fissure is initial 
medical treatment including GTN or diltiazem, with botulinum 
toxin injected in selected patients. LIS is used for persistent fissure 
or, less commonly, as immediate therapy on patients presenting 
with disabling pain. LIS should not be performed on patients with 
preexisting sphincter dysfunction and should be done sparingly on 
female patients because the anal sphincter is shorter in women; 
obstetric injury is a common precursor to and cause of inconti- 
nence, and hence LIS can effectively become a second injury; and 
pelvic floor relaxation is more common in women and can contrib- 
ute to incontinence with LIS, again acting as an additional injury. 


ABSCESSES AND FISTULAS 


Anorectal suppuration may have several causes, but by far the 
most common is nonspecific infection of cryptoglandular origin. 
Other causes of infection are Crohn disease, TB, actinomycosis, 
trauma, foreign bodies, anal surgery, pilonidal sinus, hidradenitis 
suppurativa, Bartholin gland abscesses, carcinoma, and lymphoma. 
Infection originates in the intersphincteric plane, most likely in one 
of the anal glands. The most widely held cause is described as the 
cryptoglandular theory, which suggests that an anal gland becomes 
obstructed with inspissated debris and leads to infection.’? These 
glands penetrate the anal sphincter complex to varying degrees, 
and the suppuration tends to follow the path of least resistance. 


Abscess 


The abscess collects in whichever anatomic space the involved 
gland terminates, or wherever the path of least resistance leads. 


Fig. 129.7 Schematic depiction of the classi- 
fication of fistula-in-ano. Fistulotomy is not ap- 
propriate for extrasphincteric fistulas, because 
it would leave the patient incontinent. 


Anorectal abscesses are classified based upon their location 
(Fig. 129.6). Four types of anorectal abscesses are commonly 
described: perianal (superficial), ischiorectal (perirectal), inter- 
sphincteric, and supralevator. Perianal is the most common 
type and the simplest to treat. Collections are located in the 
superficial perianal tissue and typically are located close to the 
anal verge. Ischiorectal abscesses are located more deeply in 
the ischiorectal fossa and may extend to the contralateral side 
via the deep postanal space; this would be a classic example of a 
“horseshoe” abscess. Intersphincteric abscesses often are diffi- 
cult to diagnose, as they may reside completely within the anal 
canal. They are located in the intersphincteric space between 
the internal and external sphincter muscles. A high degree of 
suspicion is necessary, as the affected patient may have severe 
pain and be unable to tolerate an examination without anes- 
thesia. In the office setting, the fluctuant collection may be 
found only by performing a digital rectal exam or anoscopy; 
definitive evaluation of such collections is by radiologic imag- 
ing with CT or MRI. Supralevator abscesses are rare and are 
also diagnosed through radiologic studies.’? A patient present- 
ing with this condition might complain of pelvic and rectal 
pain with tenesmus, but also of abdominal pain or symptoms 
of a urinary tract infection, as the abscess may extend toward 
the abdomen. Both intersphincteric and supralevator abscesses 
are often palpable to the experienced examiner. Supralevator 
abscesses may be cryptoglandular in origin, but may also result 
from diverticular disease, IBD or, rarely, neoplastic disease in 
the pelvis. The presence of an abscess is usually evident by his- 
tory and physical examination, and imaging is usually not indi- 
cated. If the cause of acute anal pain is not evident, imaging 
with CT may sometimes be helpful. If an abscess is suspected, 
and is not amenable to in office drainage, examination under 
anesthesia with drainage of the abscess is the next appropriate 
step. 

Treatment of an abscess is incision and drainage; anti- 
biotics alone are not adequate. Failure to drain an abscess 
promptly can result in spread to adjacent spaces, necrosis, and 
sepsis. Abscesses can be mutilating, and life threatening. Small 
abscesses can be drained in the office. The incision should be 
made as close to the anal sphincter complex as possible without 
injuring it, so that any resulting fistula tract will be short. The 
incision should be large enough so it will not seal over before 
the inflammatory process has resolved. A cruciate incision 
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may be used.” Packing is used at the discretion of the sur- 
geon. Large or high abscesses require drainage in the operat- 
ing room. Hospitalization and IV antibiotics are reserved for 
patients who are immunocompromised or diabetic, or who 
have systemic signs of infection. Patients should be followed 
closely to ensure satisfactory resolution. 


Fistula-in-Ano 


An anal fistula is a tunnel which connects an internal opening, usu- 
ally an anal crypt at the base of the columns of Morgagni, with an 
external opening, usually on the perianal skin. It is a sequel to peri- 
anal abscess, and develops in about half of patients who have under- 
gone incision and drainage of an anal abscess.’ Fistulas are classified 
based upon their relation to the anal sphincter as intersphincteric, 
trans-sphincteric and extrasphincteric (see Fig 129.7). They also 
may be submucosal, in which case the tract does not traverse the 
sphincter complex, or suprasphincteric, which extend from the anal 
skin into the rectum, also without traversing the sphincter complex. 
Submucosal fistulas be unroofed without fear of compromising con- 
tinence. Intersphincteric fistulas cross through the internal sphincter 
and exit through the intersphincteric plane. ‘They do not involve the 
external sphincter muscle, and may be unroofed with minimal risk to 
continence. Trans-sphincteric fistulas cross through the internal and 
external sphincter muscles to varying degrees and may be described 
as low or high, although there are no universally agreed upon ana- 
tomic parameters for making this distinction. This distinction is 
important, however, because division of the external sphincter may 
lead to incontinence; expert judgment is required to minimize dam- 
age to sphincter function. Suprasphincteric fistulas typically originate 
at the dentate line internally, cross above the external sphincter but 
below the puborectalis, and exit onto the perianal skin through the 
ischiorectal fossa. Extrasphincteric fistulas are rare and do not involve 
the sphincter complex. They typically arise from the pelvis or rec- 
tum above the dentate line and cross the ischiorectal fossa lateral to 
the sphincter complex; they do not originate from the crypts and are 
often associated with IBD, pelvic inflammatory disease, and neopla- 
sia.” 

Patients with fistulae usually present with an identifiable exter- 
nal opening. The tract can usually be defined by examination in 
the office, using anoscopy and passage of a curved probe gently 
through the external opening. Complex or recurrent fistulae may 
benefit from evaluation with MRI’>:”* or 3-D ultrasound.” 
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Treatment 


Treatment of fistula-in-ano is surgical, and the course of the tract 
determines the type of surgery performed (Fig. 129.7). The most 
common treatment is a fistulotomy, in which the tract is simply 
unroofed. Fistulotomy should not be performed if the tract tra- 
verses a substantial portion of the external sphincter, as division 
may result in incontinence. Appropriate fistulas may be unroofed 
and the base curetted. The wound is than allowed to heal by 
secondary intention. The cure rate for such fistulae approaches 
100%. 

A fistula that involves a substantial portion of the anal sphinc- 
ter requires special treatment to minimize incontinence. Sphinc- 
ter-sparing procedures include mucosal advancement flap, skin 
advancement flap, fibrin glue injection, or collagen plug inser- 
tion, and ligation of the fistula tract. Each of these is less injurious 
to the sphincter than fistulotomy, though with lower rates of suc- 
cess. Transanal advancement flaps are commonly used for com- 
plex fistulas. Success ranges from 65% to 75%, with continence 
disturbance in 9% to 35% of patients. Alterations in continence 
tend to occur more often in patients older than age 50 years.’° 

Because traditional methods to repair fistulae can result in 
incontinence, investigations into less injurious procedures are 
ongoing. Fibrin glue prepared from commercial fibrin sealant 
has been used to close anal fistulas. This is done in the operating 
room, where the fistula tract is first curetted aggressively. The 
fibrin product is injected via the external opening until it is seen 
emerging into the anal canal. The principle is that of clot forma- 
tion in the fistula tract, and knowledge of the clotting cascade 
allows understanding of its mode of action. Fibrin glue is a mix- 
ture of fibrinogen, thrombin, and calcium that, when combined, 
act to form a soluble clot as the fibrinogen is cleaved into fibrin. 
This soluble clot is transformed into an insoluble, stable clot as 
the thrombin and calcium activate factor XIII. This reaction seals 
the fistula tract within 30 to 60 seconds as the glue sets. The glue 
also stimulates the migration and proliferation of fibroblasts and 
pluripotent endothelial cells to heal the fistula. Between days 7 
and 14, plasmin that is present in the surrounding tissue lyses the 
fibrin clot as the tract is replaced by newly synthesized collagen. 
Reported initial success rates for fistula closing range from 59% 
to 92%, though most groups report long-term success rates of 
<33%.’? Few complications have been reported with this method, 
and continence should be minimally affected. 

Anal fistula plugs made from collagen are another sphincter- 
sparing option for treating complex fistulas (Fig. 129.8). This 
biologic plug is made of lyophilized porcine small intestinal sub- 
mucosa, which has an inherent resistance to infection, generates 
no foreign-body or giant cell reaction, and is replaced by host tis- 
sue within 3 months. Its conical shape allows for added mechani- 
cal stability as high pressures within the anal canal maintain the 
plug in its proper position, avoiding dislodgment during strain- 
ing. In the initial report by Armstrong, healing occurred in 83% 
of patients with a median follow-up of 12 months; other groups, 
however, reported short-term success rates of 30% to 60%.” 

A seton is a rubber band-like material which can be threaded 
through a fistula, after which its 2 ends are tied together such that 
the seton completely traverses the fistula (Fig. 129.9). Setons may 
be used for drainage or for cutting. When used as drains, they 
keep the fistula open and allow the tract to mature by preventing 
the accumulation of pus. In this way they are used as adjuncts, 
allowing resolution of the abscess before definitive surgical treat- 
ment. We commonly use them when planning a future mucosal 
advancement flap, or a ligation of internal fistula tract (LIFT) 
procedure (see later in this section). They also can be used thera- 
peutically as a cutting seton, in which the seton is tightened 
gradually over a period of weeks until the intervening muscle is 
divided, and the seton falls out. This technique allows the fistula 
tract to be unroofed gradually as the cut ends of the muscle scar 


Fig. 129.8 Anal fistula plug being placed through an anterior anal fis- 
tula tract. Once it is pulled snugly through the entire length if the tract, 
the plug is secured internally and the internal opening closed. Excess 
plug projecting externally is also trimmed. 


Fig. 129.9 Blue setons placed through fistulous tracts in a patient with 
anal Crohn disease. 


close to their usual location, thereby lessening the risk of incon- 
tinence.! Draining setons also are used frequently in patients 
with anal Crohn disease, multiple fistulas, and those who have 
had multiple failed procedures or are poor candidates for surgery. 
Although the external drainage may persist, the risk of recurrent 
abscess is minimized. 

Another surgical approach to fistula is the LIFT. This opera- 
tion is designed to surgically extirpate or interrupt the tract by 
its ligation within the intersphincteric plane. The tract lateral 
to the sphincter is opened, or excised, and the internal opening 
is sewn over. The LIFT procedure is compelling as it does not 
involve dividing any sphincter muscle. An incision is made in the 
intersphincteric groove below the fistula, and dissection is car- 
ried between the internal and external sphincters up to the fistula 
itself. The tract is ligated and divided. Success is reported in 57% 
to 83% of patients.’ 


Special Fistulas 


Fistulas resulting from Crohn disease may pose management 
challenges. Just as the cause of Crohn disease is multifacto- 
rial, treatment is multidisciplinary. Fistulizing Crohn disease 
involves the anus in one third of patients (see Chapter 115) 
and may have varied presentations such as abscess, fistula, fis- 
sure, ulceration, stricture, and large skin tags. Unlike crypto- 
glandular fistula, surgery for Crohn fistulas is rarely curative. 
‘Treatment of Crohn abscess follows the same rules as for any 
other abscess—drainage is required. Once the active infection 
is controlled, immunosuppressive or biologic agents likely will 
be used to control the underlying disease. Additionally, long- 
term use of antibiotics, such as metronidazole (1,000-1,500 
mg) and ciprofloxacin (500-1000 mg/day), may be helpful.” 
After anti-TNF therapy is initiated and the perineal inflamma- 
tion begins to respond, setons can be removed and fistulas fol- 
lowed to document closure. In the absence of active perineal 
disease or proctitis, fistulas can be managed surgically with 
sphincter-preserving techniques. Repeat surgery may be nec- 
essary to achieve adequate drainage; this may require place- 
ment of draining setons. Aggressive unroofing of the complex 
fistulas should not be done because of the risk of injury to the 
sphincter complex and possible fecal incontinence. Diversion 
with colostomy or ileostomy may be an option.! 

The surgical management of fistula-in-ano is driven by the 
amount of sphincter complex involved, the potential coexistence 
of Crohn disease, and the presence of pre-existing sphincter dis- 
function. Sphincter-sparing operations have a lower rate of suc- 
cess than fistulotomy, but with reduced risk to continence. The 
first line of treatment in this disease should be sphincter sparing. 
If this fails, fistulotomy remains an option. Superficial fistulas 
may be treated by fistulotomy with minimal risk. Intersphincteric 
and trans-sphincteric fistulas may be treated with fistulotomy as 
first-line management if the patient has perfect continence pre- 
operatively and a normal sphincter.’ 

Anterior fistulas in women must be approached with caution. 
There is often associated sphincter deficiency and LIFT is often 
not technically feasible. Mucosal advancement flap should be 
done, if possible. Anterior fistulas with combined sphincter defi- 
ciency may be treated by sphincter reconstruction and excision of 
the fistula. These can be challenging problems. 


ANAL MALIGNANCIES 


Anal cancers are rare and account for 2.7% of GI cancers in the 
USA. There were 8080 new cases of anal cancer in 2016 with 
approximately 60% occurring in women.” The incidence of 
anal cancer has increased 2% to 3% every year since the early 
1980s, largely because of the increased incidence of anal cancer 
in HIV-infected patients, in whom the incidence has risen from 
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19/100,000 per year (1992-1995) to 78.2/100,000 per year (2000- 
2003).78 The incidence does not appear to be mitigated by active 
antiretroviral therapy. Despite HIV now largely being a chronic 
disease controllable with active antiretroviral therapy, patients 
who have had HIV infection more than 15 years are at a 12-fold 
greater risk of developing anal cancer than those with HIV for 5 
years or less.” Other risk factors include chronic immunosup- 
pression as seen in solid organ transplant, having more than 10 
sexual partners, a history of sexually transmitted diseases, cervical 
cancer, and cigarette smoking.”779»8° 

Squamous cell carcinomas constitute 80% of anal cancers, 
with the remaining being adenocarcinomas (5% to 19%), mela- 
nomas (1%), and Paget disease (1%).°! Adenocarcinoma of the 
anal canal behaves like adenocarcinoma of the rectum and is 
treated similarly. Patients undergo neoadjuvant chemoradiation 
followed by abdominoperineal resection when the tumor is large, 
invades other organs, or has nodal involvement. 

Squamous cell carcinoma arises from the anal canal usually 
at the anal transition zone, which is the junction between the 
colorectal mucosa and squamous epithelium of the anus. This 
transition is referred to as the dentate line and can be seen by 
direct examination or with an anoscope 86% of squamous cell 
carcinomas are positive for HPV.** HPV-16 and 18 are the most 
high-risk subtypes of HPV, and HPV-16 alone is responsible for 
70% of anal cancers.*? The most common presenting symptoms 
are bleeding (45%), followed by sensation of a mass (30%); 20% 
have no symptoms.** 


Anal Margin Cancers 


Cancers that arise distal to the anal verge (anal margin) are con- 
sidered skin cancers and are treated as such. Small lesions (<4 
cm?) with no fixation to deeper tissues are excised widely. Treated 
patients are then followed closely for 5 years. If the disease recurs, 
chemoradiation therapy is started. Squamous cell cancers of the 
anal margin that are deeply invading are treated by chemoradia- 
tion. 


Anal Canal Cancers 


Abdominoperineal resection was the standard treatment for anal 
cancers until 1974, when Nigro and colleagues presented their 
results of combined radiation and chemotherapy that showed 
cure was possible without the need for permanent colostomy.*° 
This led to a regimen of external beam radiation, with fluoro- 
uracil and mitomycin C as standard treatment. Over time, cis- 
platin has been substituted for mitomycin to reduce toxicity and 
has had similar success rates. Chemoradiation alone has a 5-year 
survival of 78% in major prospective trials.°° Surgery is reserved 
for patients with persistent or recurrent cancer and such salvage 
abdominoperineal resection leads to cure in 50% of patients.** 


Melanoma 


The anal canal is the most common site of melanoma after the 
skin and eye. The tumor is rare and there are no standard guide- 
lines for treatment. Abdominoperineal resection has no survival 
benefit over wide local excision, although the former has proved 
more effective to control the local disease.’ When an RO resec- 
tion is performed, the 5-year survival is 19%, compared with 6% 
when surgical margins are involved.** Given these findings, local 
excision should probably be performed if negative margins can be 
obtained, with radical excision when this is not possible. 


Paget Disease 


Paget disease is a rare intraepithelial mucinous adenocarcinoma 
that appears as an erythematous, eczematoid plaque and probably 
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arises from the dermal apocrine sweat glands. The disease is more 
common in women than men and manifests with intractable itch- 
ing. Paget disease on the anus can be either primary, arising 
from the malignant Paget cells of the epidermis, or secondary, 
resulting in spread of malignant cells from another underlying 
carcinoma. The most common primary locations are adnexal, 
genitourinary, and gastrointestinal. Despite thorough evaluation, 
the primary tumor is found in only 25% of cases. Colonoscopy is 
recommended whenever Paget disease of the anus is diagnosed.*? 
Diagnosis is by biopsy, and wide local excision with negative 
microscopic margins is the treatment if invasion is not found. For 
invasive cancers, abdominoperineal resection is the treatment of 
choice. 


Premalignant Lesions 


Squamous intraepithelial lesions are HPV-associated. They have 
been known by a variety of terms: AIN, Bowen disease, squamous 
cell carcinoma in situ, or anal squamous intraepithelial lesions. 
The terms all pertain to the spectrum of changes due to HPV 
infections seen in the anal mucosa as it takes on an increasingly 
dysplastic appearance on the path to invasive anal cancer. The 
American Society of Colon and Rectal Surgeons recommends 
using the terms low-grade or high-grade squamous intraepithe- 
lial lesions (LSILs or HSILs). LSILs include AIN1 and condy- 
loma. LSILs rarely progress to cancer. HSILs encompass AIN 
II, AIN MI, high-grade dysplasia, and squamous cell carcinoma 
in situ.”° In one study of 2074 patients followed with HSIL, 171 
(8.2%) developed anal cancer, with the median time of diagnosis 
from AIN III to anal cancer of 2.7 years. The 5-year progression 
to cancer was 9.5% or 1.9% per year.”! 

Disagreement continues regarding the treatment of HSIL,” 
which currently consists of 2 approaches. One approach is active 
intervention, in which progression of HSIL to invasive cancer is 
prevented by tissue destruction (e.g., cautery or infrared coagula- 
tion; see High-Resolution Anoscopy, later) of the HSIL. Adher- 
ents to this approach argue that this histopathologic sequence is 
analogous to that of cervical cancer and should be approached 
similarly.” An alternate approach is close observation with exam- 
ination every 6 months and anoscopy with biopsy of suspicious 
areas to exclude invasive malignancy.”+”° 


High-Resolution Anoscopy 


High-risk patients can be screened by anal pap smear and digi- 
tal anorectal examination, and then evaluated with HRA. This 
technique uses a colposcope, 5% acetic acid, and Lugol solu- 
tion to assess the anal canal and perianal skin. If high-grade 
lesions are identified they are biopsied. If the lesion of concern 
is indeed HSIL, it is destroyed, most commonly by electrocau- 
tery or infrared coagulation. Recurrence is common, however, 
and long-term follow-up is mandatory. There are several chal- 
lenges to implementing widespread screening for HSIL in high- 
risk patients, including that treatment of HSIL has not yet been 
proven to prevent anal cancer; HRA and experienced providers 
of HRA are still in limited supply; and optimal treatment of anal 
HSIL has not yet been defined. Fortunately, the ANCHOR 
(ANal Cancer/HSIL Outcomes Research) study, which is an 
NIH-supported randomized controlled trial (RCT) of over 
5000 HIV-positive participants, will help define and establish 
the standards of care, although results of this study are not 
expected for another 8 years. Experts in the field recommend 
that at-risk patients who lack access to HRA have an annual dig- 
ital rectal examination to palpate for suspicious lesions. Early 
detection will lead to early treatment, which will lead to better 
outcomes and survival.”° 

Finally, there has been increasing focus on bivalent, quadrivalent, 
and nonvalent vaccination against HPV to prevent anal squamous 


cell carcinoma. The rate of anal HSIL in vaccinated men who have 
sex with men (MSM) with the quadrivalent vaccine was reduced by 
54%, and by 75% in the intention-to-treat population.”” 


ANAL WARTS 


Anal warts (condyloma acuminata) are caused by HPV. 
Approximately 14 million infections occur annually in the USA.?® 
‘Transmission is usually sexual, although nonsexual transmission 
is possible.?” There are more than 100 subtypes of HPV, about 35 
of which commonly occur in the anogenital area. Many patients 
are infected with more than one subtype. HPV subtypes 6 and 
11 account for 90% of anal warts.!°° They occur more com- 
monly in MSM and in immunocompromised patients. Incidence 
is correlated with number of sexual partners, tobacco use, and 
the presence of other sexually transmitted diseases.!°! Most HPV 
infections are subclinical, and the virus remains after involution 
or removal of visible lesions. Treatment is indicated to remove 
visible lesions and to improve quality of life.!°? Treatment may 
reduce the incidence of anal cancer.'°? Numerous treatment 
modalities exist (Table 129.3). 

Podophyllin is a topical agent that is antimitotic; it requires 
repeated applications in the office.!°* The success rate with this 
agent is up to 50%.!° It must be washed off 4 to 6 hours after 
application as it can cause skin irritation. Podophyllin is terato- 
genic in animals, and thus cannot be used in pregnancy. It can 
cause histologic changes that can mimic cancer. Podophyllin can- 
not be used in the anal canal owing to extensive local irritation 
and to systemic absorption, which may lead to fatal toxicity. 

Trichloroacetic and dichloroacetic acid cause sloughing of tis- 
sue and are less toxic than podophyllin. These must be used with 
care to control the depth and size of the wound, which appears as 
coagulation necrosis. Unlike podophyllin, their effect is immedi- 
ate, and thus they can be used in the anal canal; they can be used 
in conjunction with podophyllin for increased effectiveness.!°° 
The addition of photodynamic therapy also may reduce recur- 
rence.!07 

Topical 5-fluorouracil penetrates the skin, and can be used as 
a 5% cream. Success rates range from 50% to 75%. It can be used 
biweekly after surgical removal to decrease recurrence.!°° 

Imiquimod cream is an immune response modifier that stim- 
ulates monocytes and macrophages to produce cytokines that 
affect cell growth and have an antiviral effect.!° It can be applied 
as a 5% cream 3 times per week for up to 16 weeks, or as a 3.75% 
cream daily for up to 8 weeks. The lower concentration preserves 
efficacy and lowers the risk of side effects of skin irritation and 
pruritus.'!° The efficacy of imiquimod and cryotherapy are simi- 
lagt! 

Catechins are green tea extracts that can be effective against 
HPV. Their mechanism of action is unclear. Applied 3 times daily 
for 16 weeks, up to 52% of patients achieve clearance of lesions; 
it has the advantage of being applied by the patient at home. !!? 

Immunotherapy for treatment of warts has been reported, 
with intralesional instillation of numerous antigens including 
Candida albicans, Measles, mumps, rubella (MMR), PPD, Myco- 
bacterium w vaccine (MWV), BCG, and interferon injections. !! 
IF-a is approved by the FDA for injection therapy of refractory 
lesions. Up to 5 lesions can be treated at a time with injection of 
10° units 3 times per week for 3 to 8 weeks. Recurrence rates are 
20% to 40%.!!* IF-a also can be used as an adjuvant to surgery. 
Topical interferon is ineffective.'!* More research needs to be 
done in this area of great promise. 

Traditional Chinese treatment of warts also has been described 
and offers an array of treatments including arsenic trioxide, pinel- 
lia extract, dehydrocostos lactone, and erhuang powder.!'¢ 

Vaccination against HPV is highly effective in preventing 
warts.!!7 Quadrivalent HPV vaccine became available in the USA 
in June 2006. The vaccine is directed against HPV types 6 and 11, 


TABLE 129.3 Treatment Options for Anal Warts 
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Treatment Success rate Comments 
Podophyllin 20%-50% May need repeat applications 

Skin irritation can occur 

Not used in the anal canal 

Poorly absorbed by keratinized lesions (most chronic warts are keratinized) 
Trichloroacetic or 75% Can be used in the anal canal 


dichloroacetic acid 
Cryotherapy 75% 


Care is required to control the size of the slough 
Can be used in the anal canal 


Care is required to limit the size of the wound 
Fumes from the therapy can contain active HPV* 


50%-75% 


75% in women 
33% in men 


60%-90% 


Topical 5-fluorouracil 


Imiquimod 


Surgical excision (usually 
combined with cautery) 


Probably better used after surgical excision to decrease the frequency of recurrence 


Cannot be used in the anal canal; works better in women than in men 


Fumes from the cautery may contain HPV* 
May need to be done in more than 1 session to avoid excising or burning excessive anoderm if a thick 


carpeting of lesions is present 


Injected into the base of up to 5 warts 3 times a week for 3-8 weeks 


Approved by the FDA for refractory condyloma 


Promising treatment involving subcutaneous injections 


Fusion protein that combines immune-stimulating properties and a target antigen from HPV 


Intralesional interferon-o >70% 

HspE7 Experimental 

External-beam radiation Variable 
therapy 

Immunotherapy Up to 50% 

Catechins 52% 


Reserved for giant cavitating condyloma (Buschke-L6wenstein lesions) 
Used as a last resort, usually when bleeding or tissue invasion cannot be controlled 


Requires in-office injection every 2 weeks for up to 16 weeks 
Can be applied by the patient at home 


*The risk of HPV transmission from such fumes is unknown. 


which cause about 90% of warts, and types 16 and 18, which are 
present in most anal and cervical cancers. Vaccination has been 
associated with a reduction in warts of 90%, reduction of abnor- 
mal cervical cytology in 45%, and an 85% reduction of high- 
grade cervical abnormalities.'!* Other vaccines include bivalent 
vaccine, targeting types 16 and 18, and nonvalent vaccine, adding 
types 31, 33, 45, 52, and 58. Reports of cross-protection from 
infection with subtypes not included in the vaccine are mixed, 
with findings both for!!” and against.!!° It is most effective when 
given to girls in their early teens, but is also effective in boys. It 
is offered to patients up to 26 years of age, as well as to high-risk 
patients. 

Closely linked to the topic of warts and immune prevention is 
that of HPV-associated cancers, and the hope that HPV preven- 
tion may reduce the incidence of cervical, anal, and oropharyn- 
geal cancer. Squamous cell carcinoma of the anus and cervix seem 
to be the same disease. Both are associated with HPV types 16 
and 18, and both show a similar pattern of evolution from nor- 
mal appearance, to dysplasia, to invasive cancer. HPV vaccination 
prevents most condyloma in both locations, and may lower the 
incidence of cancers related to this virus in both the cervix and 
anus. 


PRURITUS ANI 


Pruritus ani is itching or burning in the perianal region and anus. 
The intensity of the symptoms increases with moisture, pressure, 
and rubbing caused by clothing and by sitting. At worst, anal itch- 
ing causes intolerable discomfort that often is accompanied by 
burning and soreness. It is estimated that up to 5% of the US 
population experiences this type of discomfort daily.! It can be 
primary or secondary. The primary type of this condition is the 
classic syndrome of idiopathic pruritus ani, whereas the secondary 


type implies an identifiable cause or a specific inciting diagnosis. 
Because pruritus ani can be caused by premalignant or malignant 
lesions, all patients with pruritus must undergo thorough history 
and physical examination. 


Symptoms 


Symptoms, which usually start insidiously, are characterized by 
the occasional awareness of an uncomfortable perianal sensation. 
The anal skin is richly endowed with sensory nerves, but the per- 
ceptions of individual patients vary. Some patients feel an itch, 
whereas others sense burning. Often the patient is more aware of 
the problem at night or in hot, humid weather. The itching also 
may be exaggerated by friction from clothing, especially wool, 
and perspiration; conversely applying cool compresses counters 
irritation, and heat avoidance, mental distraction, and lubrica- 
tion of the skin surface transiently eases the itching. With time, 
the condition may progress to an unrelenting, intolerably tor- 
menting, burning soreness compounded by the urge to scratch, 
claw, and otherwise irritate the area in a futile effort to obtain 
relief. 


Diagnosis 


The diagnosis of primary pruritus ani is one of exclusion, and 
the causes of secondary pruritus are legion.!?° Detailed his- 
tory is important, noting diabetes, psoriasis, a family history of 
eczema, use of topical medication (e.g., glucocorticoids), sebor- 
rhea, antibiotic use, vaginal discharge or infection, acholic stools, 
dark urine, or history of anal intercourse. Symptoms such as pain 
with bowel movements, bleeding, or mucosal prolapse should 
be specifically sought, as pruritus commonly accompanies other 
anal pathology. Stress and anxiety may exacerbate the symptoms. 


2184 PARTX Small and Large Intestine 


When taking a history, the physician should be sensitive, show 
concern, and encourage the patient to openly express or consider 
factors that may be contributing to the discomfort.!?! 

In the early stages of pruritus ani, examination may reveal 
only minimal erythema or excoriation. As symptoms progress, 
the perianal skin becomes thin, friable, tender, ulcerated, and 
weeping. In the later stages, the skin is raw, red, lichenified, and 
may exhibit exaggerated radiating folds of anal skin. Often, sec- 
ondary infection, especially candida, is present. Careful anorectal 
examination may identify an inciting factor. A generalized skin 
examination may be helpful if psoriasis is suspected. Adjunctive 
laboratory testing may be useful including skin scraping and bac- 
terial cultures.!’* If there is any suspicion of neoplasia, biopsy is 
warranted. This can easily be done in the office under local anes- 
thesia using a 3 mm punch biopsy. It is also important to note 
that mucosal prolapse associated with hemorrhoids or discharge 
from other pathology such as fissure or fistula can cause pruritus. 
Leakage of stool due to fecal incontinence and leakage of mucus 
are common sources of pruritus. Treatment should be directed at 
the associated pathology, as well as the pruritus. 


Treatment 


Therapy for idiopathic pruritus ani is mainly symptomatic and 
directed toward decreasing moisture in the perianal area to 
regain clean, dry, and intact perianal skin. Reassurance that there 
is no underlying pathology, particularly carcinoma, is often as 
effective in producing a “cure” as any other physical or medici- 
nal modalities.'*! Providing detailed patient education is also 
very important. Patients are instructed to cleanse the anus and 
perineum whenever soiled, especially after a bowel movement. 
Cleansing should be done gently, so as not to abrade the anal 
tissue. Soap, ointments, and scented tissue should be avoided. As 
contact dermatitis may cause pruritus, avoidance of any potential 
irritants is mandatory. Products known to contribute to pruritus, 
including coffee, tea, colas, alcohol, citrus fruits, dairy products, 
tomatoes or tomato sauce, and spicy food or pepper, should be 
avoided. Once symptoms improve, these items may be gradually 
resumed; sometimes 1 or 2 trigger substances can be identified 
and avoided. 

Other nonspecific therapies include shaving in hirsute 
patients. Estrogens may be useful in postmenopausal women. 
Patients should wear loose-fitting clothes and undergarments 
made of cotton may be helpful as well. Topical agents such as zinc 
oxide or glucocorticoids creams have been used with good results 
in some patients. It is important to note that long-term use of 
glucocorticoid creams is discouraged because of thinning of the 
skin and candida infection, which may result in even more future 
problems. Topical tacrolimus shows therapeutic promise,!*> as 
does topical capsaicin 0.006% .!70!74 

Recalcitrant pruritus can be treated with methylene blue 
solution injected into the perianal skin. Eusebio and associates 
reported on use of this modality in 23 patients, 13 of whom had 
complete relief; 8 had incomplete relief but were much improved, 
and 2 had no improvement.!? Three cases of skin necrosis 
resulted in modification of the technique, and treatment of an 
additional 11 patients was without complication and with good 
results. This treatment is known to cause relative cutaneous 
hypoesthesia; some patients have found this sensory change itself 
to be very disagreeable. Skin changes of severe pruritus in all 
cases rapidly and dramatically regressed and resolved.!*!7° Anal 
tattooing with methylene blue is a good option for practitioners 
to have in their armamentarium of treatment of pruritus. !?° 


ANAL STENOSIS 


Anal stenosis is abnormal narrowing of the anal canal. It is 
a rare condition that most commonly results from anorectal 


surgery, particular hemorrhoidectomy. It is seen in 5% to 10% 
of patients following surgical hemorrhoidectomy, and results 
from scarring of the anoderm in the anal canal.!?7 It can also 
result from chronic diarrhea, especially that due to laxative 
abuse. 


Etiology 


Ninety percent of anal stenosis is caused by overzealous hem- 
orrhoidectomy. Removal of excessively large areas of anoderm, 
and failure to preserve adequate mucocutaneous bridges between 
incisions, can lead to scarring and progressive chronic stricture. 
Appropriate surgical technique, as well as increasing non-exci- 
sional hemorrhoid treatments, has resulted in fewer patients 
experiencing stenosis. Stenosis may also result from stapled 
hemorrhoidopexy, trauma, IBD and its surgical treatment (e.g., 
ileoanal anastomosis), radiation therapy, sexually transmitted dis- 
eases, and TB. 


Diagnosis 


Patients typically report difficult or painful bowel movements, 
and may also have bleeding, or narrow stools. Suspicion of 
anal stenosis is heightened by a history of hemorrhoidec- 
tomy, Crohn disease, or excessive laxative use. Diagnosis is by 
physical examination. Visual examination of the anal verge 
and perianal skin, along with digital rectal exam, is usually 
sufficient to establish the diagnosis. Stricture may also be 


caused by malignancy and IBD, and these conditions need to 
be excluded. 


Treatment 


Treatment is based on the severity of the stenosis and presence 
of symptoms. Nonoperative treatment is used for mild stenosis 
and for initial care of moderate stenosis. Mild stenosis can be 
managed with stool softeners, fiber supplements, or both, and 
adequate fluid intake. Digital or mechanical anal dilations may be 
used with commercial medical dilators, although even plastic test 
tubes or candles have been used for this purpose. Dilation should 
be done daily, using graduated mechanical dilators. Patients 
are instructed to sit down on the commode, bear down gently, 
and gradually insert the smallest well-lubricated dilator. Dilator 
size is then gradually increased to tolerance. Stricturotomy can 
be used for mild stenosis, and is particularly useful for stricture 
followed stapled hemorrhoidectomy.!** Severe stenosis requires 
formal anoplasty to increase the circumference of the anal canal. 
Various types of flaps are used to deliver pliable skin into the anal 
canal to replace the missing or scarred anoderm responsible for 
the stenosis. 


UNEXPLAINED ANAL PAIN 


Unexplained anal pain refers to pain in the anorectal region in 
the absence of an underlying anatomic abnormality. Diagnosis is 
based upon symptoms and physical examination and can be sepa- 
rated into coccygeal and rectal causes. 


Coccydynia 


Coccydynia is pain or aching in the coccyx. It usually results from 
trauma or arthritis. Movement of the coccyx on digital rectal exam 
will reproduce the pain. Treatment includes sitz baths, NSAIDs, 
and stool softeners.!?? Symptoms may last for weeks or months. 
A supporting pillow or cushion may be helpful. If symptoms per- 
sist, injection of local anesthetic or glucocorticoids may be used.!*° 
Coccygectomy has been performed, but generally should be 
avoided.!*! 


Fig. 129.10 Pathogenesis of hidradenitis suppurativa, an inflammatory 
disease of the apocrine sweat glands and adjacent connective tissue. 
A, The initiating event is occlusion of the apocrine duct by a keratinous 
plug. B, Bacteria are trapped beneath the keratinous plug and multiply 
to form an abscess, which can rupture into adjacent tissue. C, The end 
result is recurrent abscesses, chronic draining sinuses, and indurated 
scarred skin and subcutaneous tissues. Often, multiple tracts are inter- 
connected and fistulize to the skin. 


Functional Rectal Pain 


Functional rectal pain is pain in the absence of structural or speci- 
fied pathologic process, such as IBD, abscess, fissure, hemorrhoid 
thrombosis, prostatitis, or structural problems of the pelvic floor. 
‘Two types of functional anorectal pain are now recognized by the 
Rome Foundation: proctalgia fugax and levator ani syndrome. 


Proctalgia Fugax 


Proctalgia fugax means fleeting rectal pain. Rome IV criteria for 
proctalgia fugax are: (1) recurrent episodes of pain localized to the 
anus or lower rectum; (2) episodes last from seconds to minutes; 
and (3) there is no anorectal pain between episodes. Pain may 
awaken patients from sleep.!*?:!%* Patients may find relief with 
walking, soaking in a tub, or with bowel movements. Proctalgia 
fugax usually is seen in early adulthood and subsides by middle 
age. It is thought to result from anal smooth muscle dysfunction, 
perhaps triggered by stressful events." Attacks resolve before 
any treatment can be initiated,!** although topical nitroglycerin 
0.2% applied at the onset of pain has been used successfully.!*> For 
those who have proctalgia fugax on a regular basis, inhalation of 
salbutamol has been recommended to shorten the duration of epi- 
sodes.!*°-!37 For severe proctalgia fugax, botulinum toxin injection 
and pudendal nerve block have been performed. 


Levator Ani Syndrome 


Rome IV criteria for levator ani syndrome are (1) chronic or 
recurrent pain or aching; with (2) episodes lasting 20 minutes or 
longer. Levator ani syndrome typically affects women younger 
than 45 years of age. The pain is often described as a vague ten- 
derness, or poorly localized aching sensation high in the rectum. 
It also may be described as feeling like a rod has been inserted into 
the rectum. It does not usually awaken the patient from sleep, and 
may be worse with defecation or sitting; walking or lying down 
may help.!? Digital rectal examination reveals tenderness of the 
levator ani. The Rome IV classification of levator ani syndrome 
recognizes 2 levels of diagnostic classification: if symptom crite- 
ria are met and levator ani tenderness is present, the diagnosis is 
“highly likely”; if the levator ani is not tender, the diagnosis is 
considered “possible.” 

Regardless of whether the diagnosis is highly likely or possible, 
levator ani syndrome may be treated with salbutamol inhaler.!*°!37 
Diltiazem has been used effectively in a dosage of 80 mg twice 
daily,!** as has clonidine (150 mcg twice daily for 3 days, then 75 
mcg daily for 2 days, then 75 daily for 2 days.!3?!4° Amitriptyline 
also can be used, starting at 25 mg nightly, and increasing the 
dose to 50 mg after 2 weeks, if needed. Other treatments used for 
levator ani syndrome include, in decreasing order of success, bio- 
feedback therapy, galvanic stimulation, and levator massage. 137-14! 
Botox injection of the anal canal also has been used.'*” Treatment 
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for functional rectal pain is rarely curative. A multidisciplinary 
approach to chronic pain may be appropriate. Treatment with nar- 
cotics and benzodiazepines should be avoided. 


HIDRADENITIS SUPPURATIVA 


Hidradenitis is an acute or chronic infection of the apocrine glands 
of the skin (Fig. 129.104 and C) that can occur wherever apo- 
crine sweat glands are found (e.g., axilla, mammary folds, inguinal 
areas, genital areas, perianal, periumbilical). A follicular disease, 
hidradenitis traditionally has been considered the result of kera- 
totic debris plugging the apocrine gland. Plugging is followed by 
bacterial proliferation, suppurative infection, gland rupture, and 
spread of inflammation to the surrounding subcutaneous tissue. 
Numerous tracts and pits develop, and the tissue becomes fibrotic 
and thickened from the persistent inflammatory response. The 
axilla is the most common site of involvement, followed by the 
anogenital region. Clinical features include recurrent abscesses, 
chronic draining sinuses, and indurated, scarred skin and sub- 
cutaneous tissue. The spectrum of severity ranges from mild 
disease with spontaneous regression, to severe disease involving 
multiple sites. A number of factors have been implicated in the 
development and perpetuation of hidradenitis including the use 
of depilatories, close shaving, poor personal hygiene, tight-fitting 
and synthetic clothing, and antiperspirant use. 

The diagnosis of hidradenitis suppurativa is clinical. Patients 
may complain of burning, itching, and hyperhidrosis. A history 
of recurrent cutaneous abscesses is common. Affected areas have 
purplish appearance with drainage of watery pus. In advanced 
cases, numerous fistulous tracts are readily identified. Over time, 
multiple abscesses and sinus tracts develop in the subcutaneous 
region to form a honeycomb-like pattern. 


Treatment 


For acute infection, abscesses should be drained. Lifestyle alterations 
including hygiene, weight loss, smoking cessation, and loose-fitting 
clothes should be recommended. Mild cases may be treated with 
topical clindamycin along with chlorhexidine, or benzoyl peroxide. 
For mild disease, initial medical treatment is with tetracycline 500 mg 
twice daily for 12 weeks, or equivalent doses of doxycycline and mino- 
cycline. Should this fail, or more severe disease present, a 10-week 
course of clindamycin and rifampicin is recommended. Rifampicin 
can affect biofilms, neutrophils, and granuloma formation, and so its 
beneficial effect on hidradenitis may be multifactorial.!*° 

Treatment for severe, recalcitrant hidradenitis can be medical 
or surgical. Biologic therapy with either adalimumab or inflix- 
imab has been successfully used. There is also support for dap- 
sone, or acitretin, as well as anti-androgen therapy.!*+!45 

Surgical treatment of hidradenitis can range from unroofing 
sinus tracts to wide excision, depending upon extent and severity 
of disease. Wound closure can be tailored to the specific condition 
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of the patient, and ranges from leaving the wound open, to flap 
closure or skin grafting. Close follow-up is necessary, as recur- 
rence is common with all treatments. 


PILONIDAL DISEASE 


Pilonidal disease is a common condition affecting the sacral 
area and can lead to pain, drainage, and inconvenience. It is an 
acquired condition caused by the burrowing of hair shafts into 
the subcutaneous tissue where they may incite a foreign body 
reaction, inflammation, and infection. Sacrococcygeal pilonidal 
disease occurs predominantly in young men with a 3:1 male-to- 
female ratio.! Factors associated with the development of piloni- 
dal disease are obesity, increased sweating, and local trauma. The 
prevailing theory of pathogenesis is that hair in the gluteal cleft, 
along with desquamated epithelium, is propelled into the base of 
the cleft, where the barbs of the hair shafts prevent them from 
being expelled (Fig. 129.114 and B); this sets up a granuloma- 
tous reaction leading to sinus tract formation. Pilonidal disease is 
essentially a foreign-body reaction. Histopathology demonstrates 
foreign-body giant cells associated with hair shafts within a back- 
ground of chronic granulation tissue lining the sinus tracts and 
associated abscess cavities. The primary openings are located in 
the midline and are lined with squamous epithelium; below the 
dermis they are primarily lined by granulation tissue. Hair, in the 
form of broken hair shafts, is found in the cavity in at least 50% 
of patients.! 

Pilonidal disease may present as an asymptomatic physical 
finding, an acute abscess, or as a complex disease involving recur- 
rent abscesses along with branching sinus tracts. An acute abscess 
is the presenting symptom in about 50% of patients. Diagnosis is 
by identifying the indurated area cephalad to the anus in associa- 
tion with the primary pits in the midline area. The pits are small, 
usually <2 mm in size, and the infection tends to tract cephalad 
from these openings, and off the midline. 

Surgical management of pilonidal disease is based upon the 
patient’s symptoms. In mild cases, treatment may involve sim- 
ply shaving the hair on a regular basis to prevent it from imbed- 
ding into the intergluteal cleft. Hairs should be removed from 
the sinuses with a hemostat, or forceps, if possible. If there is an 
abscess, it should be drained and the wound packed open. All 
wounds created should be off the midline to facilitate healing. 


Fig. 129.11 Pilonidal disease. On examination, there may be multiple 
pits or external openings in the intergluteal cleft proximal to the anus 
(A). The openings often communicate with each other (B). A probe may 
be passed between the communicating network of tracts. Trapped 
loose hair is usually found in these tracts. One successful treatment 
option is to unroof all the tracts. 


Recurrent or complicated pilonidal disease may be treated by 
a variety of techniques but treatment should be guided by the 
fact that disease severity attenuates with time. The most com- 
mon age range at diagnosis are late teens to early 20s, with 
incidence declining after age 30. Knowing this natural history 
militates against radical surgery in all but the most complicated 
cases. Treatment options for complicated or recurrent disease 
range from simple lay-open incisions to excision and flap closure. 
Flap closure has the benefit of excising the full extent of disease, 
but at the expense of increasing complications with no benefit in 
long-term outcomes.!*°!47 Good results have been demonstrated 
using phenol injection, with recurrence rates of about 20%.148 As 
a general principle, results of less extensive surgery are as good 
as more extensive surgery. Wounds healing by secondary closure 
have a lower incidence of recurrence than primary closure, and 
wounds off the midline heal better than midline wounds.!*? 

Delayed healing and disease recurrence are the 2 most trou- 
bling aspects of pilonidal disease following surgery. When left 
open, surgical wounds take 40 to 50 days to heal, and benefit 
from frequent office visits during this time.!*° It remains unclear 
which, if any, adjuncts to wound care are needed. It is clear that 
treatment of chronic wounds may benefit from adjuncts such 
as silver nitrate cauterization, topical metronidazole, or phenol 
instillation. It is less clear if these are clinically necessary or cost 
effective. Negative pressure dressings have been applied exten- 
sively in pilonidal wounds.!*!,!°? Although there is early reduc- 
tion in wound size, time to complete healing is not significantly 
changed. Diligent wound care is probably more important than 
the application of any particular technique. 

Malignant degeneration of chronic pilonidal wounds is a rare 
compilation. Most such tumors are squamous cell carcinomas that 
are locally invasive and aggressive. Inguinal lymph node metasta- 
sis may be present in 14% of patients at the time of diagnosis. 
The presence of carcinoma in a pilonidal wound is an indication 
for wide en-bloc excision of the mass, including the sacral fascia. 
Closure will require complex flaps. Local recurrence rates seem 
to be reduced with the addition of radiotherapy. 


Full references for this chapter can be found on www.expertconsult.com. 
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Given the intimate relationships that are known to exist between 
what happens in the lumen of the GI tract and various homeo- 
static phenomena, both locally in the intestine and throughout 
the organism, it should come as no surprise that considerable 
interest has been kindled in the modulation of one critical com- 
ponent of the enteric microenvironment—the intestinal micro- 
biota (see Chapter 3).! The possibility that one could beneficially 
influence immune, motility, sensory, secretory, and neuroendo- 
crine responses in the intestine, as well as more systemic physi- 
ologic activities such as metabolism and brain function (via the 
microbiota-gut-brain axis),’~° drives an ever-burgeoning research 
endeavor directed at strategies that positively modify our indig- 
enous bacterial communities. The advent of a number of molecu- 
lar techniques including high-throughput sequencing, shotgun 
sequencing and metabolomics’ has provided considerable impe- 
tus to research into microbiota-gut-body interactions in health 
and disease, research that has identified a host of putative clinical 
targets for microbiota-directed therapies.®-1° 

Over recent decades, basic science research has revealed not 
only the intimacy and complexity of mutually beneficial interac- 
tions between the intestinal microbiota, the epithelium and the 
intestinal epithelial barrier,!°!’ and mucosal immune system,”? 
but also interplay between luminal commensals and the enteric 
nervous system and intestinal muscle.*>:!*!° That the microbiota 
might play a role in such GI disorders as celiac disease,!’ IBD,!° 
and functional and motility disorders!!° should, therefore, come 
as no surprise. Indeed, through effects on neuroendocrine,’ 
immune,’ and metabolic functions,”! a role for the microbiota 
in disorders as diverse as arthritis?” and liver disease”! has been 
proposed. The suggestion that interactions between the micro- 
biota and intestine could extend all the way to the CNS via what 
is referred to as the microbiota-gut-brain axis° now provides a 
framework for the incrimination of intestinal bacteria in neuro- 
logical disorders such as Parkinson disease.'* This is the context 
in which interventions, such as probiotics that seek to modulate 
the microbiota, must now be viewed. 


It is likely that foods and supplements exhibiting probiotic 
properties have been around for centuries, if not millennia, and 
used empirically in health maintenance as well as in the manage- 
ment of GI symptoms and disorders. Now, this lightly regulated 
(in comparison to drugs), over-the-counter market in products 
that claim to include “probiotics” has begun to attract the scru- 
tiny of the scientific community and the regulatory authorities. 
The biologic effects of these substances are being investigated, 
plausible hypotheses for their use in health and/or disease devel- 
oped, and, albeit too slowly, rigorous clinical studies of their 
impact in humans are beginning to emerge. 


DEFINITION AND IMPLICATIONS 


Though probably in existence for centuries, probiotics were first 
defined by Lilly and Stillwell in 1965 as “substances secreted by 
one microorganism which stimulate (in contrast to antibiotics) the 
growth of another.” This definition of a probiotic was subse- 
quently expanded to “a preparation of, or a product containing 
viable, defined microorganisms in sufficient numbers, which alter 
the microflora (by implantation or colonization) in a compartment 
of the host and by that exert beneficial health effects on the host.””* 
A widely quoted and more succinct definition was offered by the 
Joint FAO/WHO Expert Committee on Food Additives (ECFA), 
an international expert scientific committee that is administered 
jointly by the Food and Agriculture Organization of the United 
Nations (FAO) and the World Health Organization (WHO). 
The JECFA defined probiotics as being “live microorganisms 
which when administered in adequate amounts confer a health 
benefit on the host.”’> The International Scientific Association 
for Probiotics and Prebiotics recently revisited and endorsed the 
JECFA definition; they listed 4 categories of compounds or prod- 
ucts that contain live microorganisms and are intended for human 
use and addressed their regulatory implications”®: 


1. Live or active cultures. These products, such as yogurts, sim- 
ply claim that they contain live and active cultures but, unless 
evidence is provided that they confer a health benefit (which 
some do), this descriptor should not be taken to imply probi- 
otic activity. 

2. Probiotic in food or supplement without a health claim. Such prod- 
ucts state that they “contain probiotics”. They should be safe 
and provide evidence of a general health benefit in humans. In 
some jurisdictions, the use of the term “probiotic” has been 
regarded as an implied health claim (based on the aforemen- 
tioned definitions of a probiotic) and, therefore, forbidden in 
the absence of acceptable evidence of a health benefit.?’ 

3. Probiotic in food or supplement with a specific health claim. his 
category requires that the product has demonstrated convinc- 
ing evidence of a specific health claim, such as “reinforces the 
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body’s natural defenses.” For example, in Europe, the Euro- 
pean Food Safety Authority requires the following evidence 
to support a health claim?®?°: Characterization of the strain or 
each of the strains in a probiotic mix or combination; identifi- 
cation of the health relationship that is considered as a benefi- 
cial physiologic effect to the target population (i.e., the general 
population or a defined part of it); demonstration of health 
effects in a normal healthy population. Few probiotics have 
met these requirements. 

4. Probiotic drug. Here the probiotic is used to treat or prevent 
a specific disease. In the USA, and elsewhere, this is now cat- 
egorized as a drug (defined as an article intended for use in 
the diagnosis, cure, mitigation, treatment, or prevention of 
disease), and must satisfy all the regulatory requirements to be 
approved as such. 


Products that combine a probiotic and a prebiotic are referred 
to as a synbiotic. A prebiotic is defined as a substrate that is selec- 
tively utilized by host microorganisms conferring health benefit. 
Examples of prebiotics include inulin and human milk oligosac- 
charides. 

If a probiotic is intended as a dietary supplement (i.e., cat- 
egories 1 to 3 above) and is not being proposed as a drug, it is 
regulated in the USA under the Dietary Supplement Health 
and Education Act of 1994 and is regarded as a food. Dietary 
supplements do not require approval by the FDA prior to being 
marketed but, according to the Dietary Supplement Health and 
Education Act, must provide evidence of safety and follow Cur- 
rent Good Manufacturing Practice requirements for dietary 
supplements. Furthermore, serious adverse events upon their use 
must be reported to the FDA. 

The current definition of a probiotic has significant ramifications. 
‘Two issues deserve special emphasis: the focus on “live” organisms 
and the insistence on conferring “a health benefit on the host.” First, 
although it is acknowledged that studies in a number of animal models 
have demonstrated efficacy for killed bacteria, or even bacterial prod- 
ucts or components, in generating a number of anti-inflammatory 
and anti-infective effects,*”.*! this strategy has not, as yet, been widely 
used in humans.*? Because it seems improbable, based on available 
experimental and human data, that effects of probiotics in humans 
will be confined to live organisms*”-*? this aspect of the definition may 
need to be refined in the future. Indeed, the term “pharmabiotic” has 
already been proposed to encompass all biologically active moieties 
derived from the microbiota.*??! Second, it is obvious from the latter 
part of the definition that clinical claims concerning humans, be they 
in the augmentation of health or in the prevention or treatment of 
disease, must be supported by credible clinical trial data. 

In the USA, one consequence of such light regulation is that 
the consumer is confronted with products and formulations 
claiming to be (or contain) probiotics whose range seems to be 
limited only by the imagination of the manufacturer. Claims 
deftly skirt around “preventing or treating disease” by the use of 
vague terms such as “immune boosting” or “restoring digestive 
balance,” yet are seldom supported by any clinical data. How is 
the hapless consumer to differentiate between high-quality prod- 
ucts with supportive data and those that have none in an environ- 
ment of such “light touch” regulation? It seems inevitable that 
regulatory oversight must increase. The clinician who is asked 
by his or her patient to comment on the utility of one or more 
probiotic products is similarly perplexed. 

A change in the regulatory climate may also demand a more 
rigorous approach to clinical trials. This will pose challenges 
for potential investigators; specifically, who will fund the trials 
that will be required to satisfy the new demands of regulatory 
authorities—requirements that are already beginning to emerge 
in Europe??’?.> If it is decided that a given probiotic product is 
to be regarded as a food, profit margins will be slim and the target 
population will, by definition, be the healthy population. Such 
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trials will, by virtue of their endpoints, require very large num- 
bers of participants and prove very expensive. Within the food 
category, one acceptable endpoint would be the demonstration 
of a reduction in risk for a given entity in the general population. 
This would require a validated biomarker of risk, of which there 
are few (e.g., cholesterol for heart disease), and not a biomarker of 
early disease (which immediately moves the product into the drug 
category). Both issues—size of the study population and need for 
validated biomarkers of risk—pose challenges for a food indus- 
try that does not have a tradition of funding such trials. In other 
words, it may be more cost effective to study probiotics as drugs 
targeted at narrow indications within the pharmaceutical sector 
(paradoxically lower costs and higher margins on licensable prod- 
uct) unless new microbial biomarkers of risk emerge. 


Quality Control 


For probiotics, the guidelines for the evaluation of probiotics in 
food proposed in 2002 still form a reasonable basis for quality 
control>*: 


1. “Identification of the genus and species of the probiotic strain by 
using a combination of phenotypic and genotypic tests as clinical 
evidence suggesting that the health benefits of probiotics may be 
strain-specific.” Though proposed almost 20 years ago, this has 
proven remarkably prescient. The complete genomes of several 
probiotic strains have now been sequenced; some, inevitably, have 
even been reclassified.*>*° Knowledge of the genome also facili- 
tates batch-by-batch testing of product to ensure consistency. 

2. “In-vitro testing to delineate the mechanism of the probiotic 
effect.” In the decades since the publication of these guidelines, 
there have been extensive studies of the in-vitro and in-vivo 
properties and biologic effects of a host of putative probiotic 
strains. Such studies have identified a number of effects of rel- 
evance to GI health and disease, including effects on motility, 
visceral sensation, components of the intestinal barrier, im- 
mune responses, and the microbiota-gut-brain axis.?03 137-41 

3 “Substantiation of the clinical health benefit of probiotic 
agents with human trials.” This remains an absolutely funda- 
mental principle. 

4 “Additionally, safety assessment of the probiotic should, at a 
minimum, determine: (a) patterns of antimicrobial drug resis- 
tance; (b) metabolic activities; (c) adverse effects noted in hu- 
mans during trials and after marketing; (d) toxin production and 
hemolytic potential, if the probiotic strain is known to possess 
these properties; and (e) lack of infectivity in animal models.” 


Also fundamental to the development of a probiotic is the 
demonstration of survivability in transiting the GI tract, as well as 
throughout the shelf-life of the product. Although this painstak- 
ing approach to probiotic discovery has been adopted by inves- 
tigators**-*+ and reputable manufacturers, many products on the 
market have not been subjected to even the most basic aspects of 
quality control. Many other aspects of probiotic usage have been 
given scant attention, such as optimal dose and ideal formulation. 
Strain selection is critical. Whereas certain bacterial properties 
may be common to some or all members of a given species, oth- 
ers, including those that may well be relevant to a given GI ail- 
ment, may also be strain-specific and even be dependent on the 
presence of very specific segment of the genome.” 


Safety 


Despite their widespread use over many decades by the general 
population, as well as by individuals harboring a broad spectrum 
of GI and systemic diseases, the safety record of probiotics seems 
to be excellent,***” even in potentially at-risk populations.*8~*! 
Rare instances of bacteremia, fungemia, and abscesses have 
been reported**>! and one study associated probiotic use with 


increased mortality from intestinal ischemia in a group of patients 
with severe acute pancreatitis.*” For all of these reasons, probiot- 
ics are “generally regarded as safe.”*> Though reassuring, it must 
be emphasized that the literature on probiotic safety lacks the 
rigor that one associates with drug safety monitoring and better, 
prospective data are needed.** These optimistic views on safety 
also assume high standards in quality control; standards that may 
not be always met. 


Mechanisms of Action 


Many probiotics are derived from commensal microbiota in the 
healthy human intestine and their properties will, understandably, 
mimic those of the homeostatic effects of the intact microbiota. 
A substantial literature attests to the anti-inflammatory effects of 
probiotics.°>-°? Probiotics engage with the mucosal immune sys- 
tem via Toll-like receptors’? to promote the differentiation to 
regulatory T-cells.>”° Probiotics inhibit the pathogen-generated 
nuclear factor kappa-light-chain-enhancer of the activated B-cell 
pathway, and downregulate pro-inflammatory cytokines, such as 
‘TNF-alpha, interferon-y, and interleukin (IL)-8; anti-inflamma- 
tory cytokines, such as IL-10 and transforming growth factor-B 
are up-regulated.*!°>-©0 In this way, a probiotic mimics the tol- 
erance induced by commensal organisms and contrasts with the 
inflammatory response to pathogens.°!? Fauecalibacterium praus- 
nitzii has been identified as protective against IBD in humans®? 
and has been shown to induce the anti-inflammatory IL-10 in 
human and murine dendritic cells°? and to suppress chronic 
inflammation in a murine model.® This research has generated 
much interest in the potential of this organism as a probiotic 
therapy for IBD. 

Critical to their potential role in enteric infections, probiotics 
have been shown to beneficially modulate the composition of the 
microbiota by inhibiting the growth of pathobionts (potentially 
pathogenic bacteria) through the creation of a more acidic milieu 
that is harmful to pro-inflammatory bacteria, competing with 
pathogens for adhesion, producing bacteriocins (intrinsic “antibi- 
otics”) and anti-toxins, while simultaneously promoting the growth 
of beneficial species such as Lactobacilli and Bifidobacteria.°’- 

The positive effects of probiotics on intestinal barrier func- 
tion have relevance to a number of conditions ranging from IBS 
to IBD, in which disruptions of intestinal barrier integrity have 
been demonstrated, as well to the host of conditions that have, 
rightly or wrongly, been linked to a “leaky gut” and bacterial 
translocation. This hypothesis is central to the proposed role of 
the microbiota in the pathogenesis of a range of liver diseases, as 
well as various complications of liver disease.”? The structural, 
physiologic, and molecular effects of various probiotics on the 
components of intestinal defense have been amply demonstrated 
in animal models,’!-’+ and some evidence is available to indicate 
that a similar effect may be evident in humans.’ 

Effects of probiotics on processes relevant to dysmotility and 
functional disorders have also been demonstrated in animal mod- 
els. These include reducing visceral hypersensitivity*!’®’* and 
modulating smooth muscle function.’””-*! Indeed, there is evi- 
dence that the latter effects translate into an acceleration of intes- 
tinal transit in both healthy and constipated human subjects.*?*3 

Beneficial effects of probiotics on intestinal function could 
also be exerted via the microbiome-gut-brain axis, and a plethora 
of recent studies, mostly in animal models, attest to the ability 
of microbes in the intestine to modulate brain development, 
structure, and function and, thereby, to influence emotions and 
behavior.***? Though there are formidable challenges to study- 
ing brain function in humans, some evidence is beginning to 
emerge to indicate that probiotics can influence brain activity and 
emotions in humans.*® 

Effects of probiotics on metabolic processes could be highly 
relevant to the management of obesity, the metabolic syndrome, 
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and NAFLD.?! Like commensal organisms, probiotics can mod- 
ulate such important metabolic pathways as short-chain fatty 
acid production and bile acid deconjugation; other biologically 
active metabolites include vitamins and neuromodulatory mole- 
cules.”°-°+ Here again, evidence is beginning to appear to suggest 
that these research findings may translate into clinical benefits in 
terms of controlling weight and blood sugar levels.”>”° One par- 
ticular organism, Akkermansia muciniphilia, has attracted atten- 
tion for its potential in the management of obesity, diabetes, the 
metabolic syndrome, and cardiac disease.”’ 

While hints at translation from bench to bedside for probi- 
otic effects have been alluded to above, it must be conceded that 
while probiotics seem to be almost universally beneficial in a host 
of animal models, success in terms of demonstrating beneficial 
immunologic, physiologic, and metabolic effects in humans has 
proven less consistent and often difficult to demonstrate. ‘This 
should come as no surprise. First, animal models rarely mimic 
the complex phenotype that is human disease; second, doses of 
probiotics administered to mice or rats when considered in terms 
of dose per unit of body weight are many orders of magnitude 
greater than what is conventionally administered to human sub- 
jects; and third, it is much easier to dissect out the precise effect 
of a probiotic in an animal model. 

Studies of the administration of probiotics on the composi- 
tion of the fecal microbiota have demonstrated, at best, modest 
effects.” However, effects of an orally administered probiotic 
on the systemic immune system!,!0! and on brain responses!” 
have been demonstrated in healthy volunteers and IBS sufferers, 
respectively. What these findings speak to is the likelihood that 
effects of probiotics are subtle and not readily discernible by the 
more widely available high-throughput sequencing platforms. 
Furthermore, some of these effects may occur at the mucosal 
surface rather than in the lumen and may even be exerted in the 
small intestine or stomach!° rather than in the colon—phenom- 
ena that may not detected through the analysis of fecal samples. 
It should also be noted that the poorly absorbed antibiotic rifaxi- 
min, widely used in gastroenterology and hepatology, is also 
associated with relatively minor shifts in intestinal microbiota 
populations.!°+ 


CLINICAL EVIDENCE OF EFFECT 


There continue to be major shortcomings in relation to clini- 
cal studies of probiotics. Heterogeneity is the rule, with studies 
differing widely in their research protocols, selection of study 
populations, sample sizes, strain or strains of organisms used, 
probiotic dosages and formulations, duration of therapy, and out- 
come measures, even for the same indication. 1-106 Head-to-head 
comparisons with alternative treatments or other probiotics are 
very rare, and dose-ranging studies are few and far between.!07 
Many critical reviews of clinical trials of probiotics arrive at the 
same conclusion as that of the recent systematic review with 
meta-analysis performed by Ford and colleagues.!°* In evaluating 
data from 43 randomized controlled trials of probiotics in IBS 
the authors found that, while probiotics, in general, were effec- 
tive in alleviating the cardinal symptoms of IBS, they were unable 
to define which individual strains or species were most beneficial 
because of a lack of adequate comparative data.!°° This outcome 
is not particularly helpful for the clinician who is left to trawl 
through individual studies in an attempt to find what might be 
most appropriate for his or her patient. 

That high-quality trials can be completed and yield positive 
and clinically meaningful results is amply illustrated by the recent 
study of the impact of a synbiotic on infections among high-risk 
infants in India.!°? To demonstrate a significant effect of a synbi- 
otic preparation on their primary outcome, sepsis or death within 
the first 60 days of life among infants born in rural India, the inves- 
tigators randomized 4556 infants to receive either Lactobacillus 
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plantarum ATCC-202195 plus a fructo-oligosaccharide or placebo. 
The authors showed a significant reduction in primary outcome 
in the treatment arm (risk ratio, 0.60; 95% confidence interval, 
0.48-0.74), with few deaths (4 placebo, 6 synbiotic). Such a logisti- 
cally complex and very expensive approach was essential in order to 
provide adequate power to demonstrate the clinically meaningful 
reduction in sepsis and death seen with the intervention. 


Effects in Healthy Adults 


As clinicians, we are frequently asked by family, friends, and 
colleagues whether taking a probiotic is beneficial to otherwise 
healthy individuals. Khalesi and colleagues completed a com- 
prehensive review of the literature on the impact of probiotics 
among healthy adults and concluded first, that probiotics had 
minor and transient effects on the fecal microbiota; second, that 
probiotics reduced the incidence, duration, and symptoms of the 
common cold (but not influenza); and third, that probiotics had 
either minor or inconclusive effects on lipid profiles, body mass 
index, or blood sugar or insulin levels.!!° 


Effects in GI Diseases and Disorders 


Despite considerable evidence for a role of the microbiota at a 
number of levels in the pathogenesis of a variety of GI disorders, 
and the demonstration in the laboratory of probiotic properties 
that should be of benefit in these same disorders, clinical evidence 
of efficacy still remains patchy. There is no shortage of studies; 
unfortunately, all of the aforementioned limitations in study 
design, product quality control, and safety evaluation greatly limit 
our ability to draw firm clinical conclusions in many instances. A 
comprehensive critical review of all studies of probiotics across 
the complete range of GI indications is beyond the scope of this 
review. To provide a summary of those indications where pro- 
biotics might be helpful in the management of GI and liver dis- 
ease, I have adopted 2 strategies: First, I refer to the 2017 World 
Gastroenterology Organization Global Guideline on Probiotics 
and Prebiotics, which provides an up-to-date, peer-reviewed, 
and evidence-based assessment of the clinical value of probiot- 
ics in adults and children.!!! Evidence was graded according to 
the system developed by the Oxford Centre for Evidence-Based 
Medicine with Level 1, the highest level, indicating that benefits 
were based on the results of a systematic review of randomized 
trials or n-of-1 trials; and Level 5, the lowest, based merely on 
expert opinion or mechanism-based reasoning.!!? Only a few 
products were supported by Level 1 evidence for an indication in 
adults. Indications achieving Level levidence for a given probi- 
otic or probiotic cocktail included!!!: 

Prevention of antibiotic-associated diarrhea in various clinical 
settings: 


Yogurt with Lactobacillus (L.) casei DN114, L. bulgaricus, and 
Streptococcus (S.) thermophilus 
The combination of L. acidophilus CL1285 and L. casei (Bio- 
K+ CL1285) 
L. rhamnosus GG 
Saccharomyces boulardii cnem 1-745 
Reduction of adverse effects related to eradication therapy for 
Helicobacter pylori: 
S. boulardii cncm 1-745 
Prevention of post-operative sepsis in those undergoing elective 
GI surgery: 
L. acidophilus 
L. plantarum 
Bifidobacterium (B.) longum 88 
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Maintenance of remission in pouchitis: 
VSL #3 
Reducing symptoms related to lactose maldigestion: 
Yogurt with live cultures of L. delbrueckii subsp. bulgaricus and 
S. thermophilus) 


Second, I completed a search of systematic reviews and 
meta-analyses since 2012. The results are summarized, by 
indication, in Table 130.1. In general, the conclusions of the 
various meta-analyses are reasonably consistent and have held 
true over time. Several observations are inescapable. First, the 
methodologic quality of some of these systematic reviews has 
been questioned.!!* Second, where assessed, the quality of the 
evidence supporting efficacy in a given indication was, at best, 
moderate and usually weak. Third, and most frustrating for 
the clinician and the patient, recommendations on probiotics 
in a given indication are for probiotics as a therapeutic cat- 
egory. With few exceptions, no differentiation could be made 
between individual strains and preparations because of lack of 
evidence; given the profusion of products available, this is not 
very helpful. 

Attempting to demonstrate efficacy against minor and infre- 
quent symptoms in “non-patients” in the community presents 
obvious and formidable challenges. No wonder then that few 
such studies have been attempted and those that have been com- 
pleted have produced conflicting data.!!*+!!’ Many GI disorders 
are linked to psychological distress and the concept of the micro- 
biota-gut-brain axis has sparked interest in the use of probiotics 
to modify mood.®° Though data from studies in humans remain 
limited, there is sufficient encouragement to justify further 
study. 118,119 


CONCLUSIONS 


The importance of the intestinal microbiota in homeostasis in 
health and in the pathogenesis of disease becomes ever more 
evident by the hour, and studies in animal models continue to 
provide clear-cut signals. Humans are complex, messy individu- 
als and the challenges of performing and interpreting clinical 
trials of microbiota-modulating interventions in humans result 
in outcomes that continue to frustrate us. As for studies of the 
role of the microbiota in the pathogenesis of disease, trials of 
probiotics in health and disease yield similarly frustrating out- 
comes—impressive and clear-cut results in mice and rats while 
data from human studies are conflicting and inconclusive. This 
frustration owes much to the inadequacies of both quality 
control and clinical trial methodology. It is to be hoped that 
well-characterized and appropriately formulated products will 
emerge from the laboratory and that their use in a given clinical 
indication, whether in health or disease, will be supported by 
a clear rationale and confirmed by robust data from random- 
ized controlled trials. Regrettably, it is likely that progress in 
terms of quality control and trial design will only come from 
tighter regulation of the sector. Only then can the health care 
provider guide the consumer through the confusion that probi- 
otics currently present. Other avenues of probiotic use are also 
being explored: nonviable organisms, bacterial components and 
products (referred to as para-probiotics), have potential efficacy, 
and bacteria have also been used as adjuncts to vaccination and 
genetically modified to deliver therapeutic agents directly to the 
intestine. 170173 


Full references for this chapter can be found on www.expert-consult.com. 
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TABLE 130.1 A Summary of Systematic Reviews and Meta-Analyses (Published Since 2012) of Studies of Probiotic Use in Gl and Liver Diseases 


Indication Endpoint(s)— Outcome Preferred Strain(s) Comments References 
AAD Prevention — effective Lactobacillus rhamnosus GG and Some adverse events in the very ill ieie 
Saccharomyces boulardii (in Not effective over 65 years of age 
children) 
Chemoradiation- Prevention — probable effect Some studies are limited to abdominal and 199-137 
induced diarrhea Treatment— possible benefit pelvic radiation therapy, some include 
chemotherapy 
CDAD Prevention — effective No differences in efficacy Quality of evidence is moderate to high iisen 
between probiotics Effective if background risk >5% 
Probiotics are most effective if given close 
to the first dose of antibiotic 
No increase in AEs 
Collagenous colitis Treatment—no evidence to support — 144 
benefit 
Crohn disease Any outcome—no benefit Included prevention of post-operative EiS) 
recurrence, maintenance of remission 
Diarrhea in children Reduce duration of diarrhea— L. reuterii DSM 17938 and May not be effective against gastroenteritis 149-155 
effective L. rhamnosus GG in developed countries. Limited evidence 
for persistent diarrhea. 
Diverticulitis Prevent recurrence—No benefit Some impact on symptoms isi 
Food allergy in Reduce incidence—Some effects Effective only if given pre- and postnatally 158.159 
children seen to mother. Data inconsistent 
Functional Treatment—possible benefit Weak data Jeo e2 
constipation Ineffective in children 
Hp 1. Increase eradication rate as Lactobacillus and Benefits may be greater in Asian esia 
adjunctive therapy — conflicting Bifidobacterium-containing populations 
data on efficacy probiotics Impact on compliance with eradication 
2. Reduce antibiotic-related adverse S. boulardii regimens is unclear 
events— more consistent data Lactobacillus-containing probiotics 
support efficacy S. boulardii 
Hepatic 1. Symptom improvement—some No effect on mortality Teal) 
encephalopathy efficacy As effective as lactulose 
2. Reduce rate of progression of Low quality of evidence 
MHE to overt HE—some benefits 
seen 
Infantile colic Reduce crying time—effective L. reuteri particularly effective Network meta-analysis and meta-analysis 179-183 
IBS 1. Overall symptom relief—effective One analysis found single strains Low quality of evidence overall 108160 
2. Relief of major symptoms in low dose best; Tsis 
individually — effective others could not distinguish 
between products 
NAFLD Treatment—no firm conclusions Weak data 18109 
NEC Reduce incidence, mortality, sepsis Multi-strain probiotics found to Optimal strain, dose and timing of 190200 
and length of stay—effective be more effective in some administration have not been adequately 
analyses defined 
Oral candidiasis Prevention—effective Data from older adults-only am 
Pancreatitis (severe Prevention of septic No adverse effects in the meta-analyses; 202,203 
acute) complications—no benefits but see study from Besselink et al.°? 
Post-operative Reducing incidence of post-surgical Most analyses involved a probiotic Various analyses looked at various surgical 204-212 
sepsis infections — effective combined with a prebiotic procedures 
Pouchitis Primary prevention and prevention VSL #3 — iskee 
of relapse 
Recurrent Reduce pain frequency and Moderate-to-low quality of evidence Ai 
abdominal pain severity —some evidence of 
in childhood efficacy 
SIBO Prevent recurrence—no benefit Reduced abdominal pain scores, increased ?15 
decontamination rates 
Travelers’ diarrhea Prevention — effective Low quality of evidence aig 
Ulcerative colitis Induce remission in active UC— VSL #3 Effects are greatest in mild-to-moderately 146-149 
217,218 


some efficacy VSL #3 and E. coli Nissle 
Prevent relapse of UC in remission— 


some efficacy 


severe UC 
As effective as 5-ASA preparations 


AAD, antibiotic-associated diarrhea; CDAD, Clostridioides difficile-associated diarrhea; HE, hepatic encephalopathy; MHE, metabolic hepatic encepha- 
lopathy; NEC, necrotizing enterocolitis. 
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DEFINITION AND EPIDEMIOLOGY 


Complementary and alternative medicine (CAM) is a group 
of medical practices and products neither taught widely in 
medical schools nor generally available in USA hospitals.! 
Complementary medicine is used together with traditional 
medicine, alternative medicine is used in lieu of conventional 
medicine, and integrative medicine combines both standard 
medical practices with CAM modalities.? The prevalence of 
CAM therapies has increased at an exponential rate both in 
national and international medical communities. In the 2012 
National Health Interview Survey of a sample of 13,505 
respondents, 42% of individuals detailed that they had used 
a CAM therapy within the past year.> Estimated annual 
expenditures for CAM therapies are in excess of $30.2 
billion.* 

The prevalence of use of CAM therapies in gastroenterology 
outpatients in both a community and a university setting has been 
reported at 44% to 50%.*° The 2012 National Health Interview 
Survey reported that at least 3% of those who had used CAM in 
the past year used at least one CAM modality to address a GI con- 
dition, and over 80% of those people perceived it to be useful.’ 
Given the widespread use of these modalities and the continu- 
ing trend of their increased utilization, an understanding of CAM 
therapies, including their potential risks and benefits, is necessary 
for the practicing gastroenterologist. A thorough knowledge of 
these practices will allow physicians to provide more compre- 
hensive medical care and can help further therapeutic rapport 
between physicians and their patients. 
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TYPES OF THERAPIES 


There are a wide variety of CAM therapies, and those most 
commonly used for GI and hepatic disease are defined in Box 
131.1. Regardless of which therapy is used, the overall phi- 
losophy of CAM takes the uniform holistic approach that all 
disease results from disturbances at a combination of physi- 
cal, psychological, social, and spiritual levels. Thus, a CAM 
modality is used to restore balance and to facilitate the body’s 
own healing responses, thereby ameliorating troublesome 
symptoms.’ 

The National Center for Complementary and Integrative 
Health divides CAM therapies into 2 major subgroups. The first 
category is natural products, which constitute substances within 
our environment that are used to strengthen and heal the human 
body such as herbs, vitamins, minerals, and probiotics. The sec- 
ond category is mind-body medicine, which includes hypnosis, 
meditation, biofeedback, and relaxation practices. Manipulative 
and body-based practices also fall under this domain and involve 
manipulation and movement of one or more parts of the body 
as a means of achieving healing; examples include chiroprac- 
tic manipulation, acupuncture, Tai Chi, Yoga, Qi Gong, and 
Pilates. 

Additional complementary health approaches that do not 
traditionally fall into either of these subgroups, namely Reiki, 
Ayurveda, traditional Chinese medicine, homeopathy, and natu- 
ropathy, are also widely practiced. Reiki uses the power of touch 
to channel energy into a patient to activate natural healing pro- 
cesses and restore physical well-being. Ayurvedic medicine is 
a traditional Indian practice, also based on the premise of bal- 
ance; it is a comprehensive medical discipline aimed at integrat- 
ing mind, body, and spirit to achieve contentment, prevention 
of disease, and good health. Practitioners use naturally occurring 
substances such as oils and herbs, as well as various treatments 
including fasting, yoga, and meditation, to achieve harmony in an 
individual patient. Traditional Chinese medicine has a heritage 
some 2000 years old and concerns itself with bringing a patient 
into balance through practices that affect the opposing forces of 
yin and yang. Homeopathy treats disease by administering a small 
dose of a diluted substance that when otherwise administered in 
undiluted forms would cause symptoms of the disease. Natu- 
ropathy emphasizes prevention and treatment of disease through 
methods that promote self-healing including, but not limited to, 
dietary modification, exercise, stress reduction, and practitioner- 
guided detoxification. 


DEMOGRAPHY OF COMPLEMENTARY AND 
ALTERNATIVE MEDICINE USERS 


Certain patients are more likely to use CAM therapies than are 
others. Women and Caucasians tend to use CAM more often 
than do men and African Americans, respectively.° Patients with 
higher levels of education, higher annual incomes, and comor- 
bid medical conditions are also more likely to resort to CAM 
therapies.!» Although knowledge of these demographics assists 
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BOX 131.1 Common Complementary and Alternative 
Medicine Therapies for Gl and Hepatic 
Diseases 


ACUPUNCTURE 

Based on the principles of Chinese medicine, qi is energy, which 
circulates among organs along channels called meridians. Through 
placement of needles at specifically defined locations (points), the 
flow of qi is restored to appropriate levels and the health of specific 
organs is improved. 


AYURVEDA 

Holistic system of medicine from India that provides diet and life- 
style recommendations to improve overall health 
BIOFEEDBACK 

Process whereby electronic monitoring of normally automatic 
body functions is used to retrain an individual to fine tune voluntary 
control over that function 

CHIROPRACTIC MANIPULATION 

Spine manipulation therapy used in the treatment of mechanical 
disorders of the musculoskeletal system. Chiropractic medicine is 
sustained by ideas such as subluxation and “innate intelligence” 


HERBAL MEDICINE 


Ingestion of various herbal therapies or supplements to improve 
physiologic function 


HOMEOPATHY 


Based on the principle “like should be cured with like.” Administra- 
tion of a diluted solution that, when given to a healthy person in an 
undiluted form, causes symptoms identical to those experienced 
by the ill person 


HYPNOSIS 

Induction of a deeply relaxed state during which therapeutic sug- 
gestions are made to alter behavior and enhance relief of symp- 
toms 

MEDITATION AND RELAXATION 

A process of reflection and contemplation that allows one to focus 
thoughts to help alleviate symptoms 

PILATES 

A system of physical fitness whereby controlled movements, which 
should look and feel like a “workout,” will improve flexibility, build 
strength, and develop control and endurance 

REFLEXOLOGY MASSAGE 

Areas on the feet correspond to organs of the body; massage and 
pressure applied to these regions can improve symptoms through- 
out the body 


the gastroenterologist in determining which patients are likely 
to be using CAM therapies, it is also important to understand 
each patient’s rationale and motivation for choosing a particular 
therapeutic modality. 


RATIONALE FOR USE 


The attraction of CAM therapies is multifaceted. First, they pro- 
vide patients who might not have a medical background with a 
sense of control over their own bodies and health. Second, they 
provide patients with therapeutic alternatives when conventional 
medical therapies have failed to alleviate their symptoms or cure 
diseases such as terminal cancer. Last, CAM therapies are attrac- 
tive to patients who feel dissatisfied with the ways their physi- 
cians demonstrate understanding of their illnesses or handle their 
complaints. 
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GASTROINTESTINAL DISORDERS AMENABLE TO 


COMPLEMENTARY AND ALTERNATIVE THERAPIES 


The majority of research on CAM therapies and GI illness 
encompasses trials that involve IBS, functional dyspepsia, and 
liver disease, although studies to investigate the role of CAM 
therapies for IBD are increasing continually. Supplement and 
herbal therapies are the most common modalities implemented 
for digestive disorders. This chapter focuses on the 7 areas in gas- 
troenterology and hepatology that are addressed most often by 
CAM therapies: nausea and vomiting, functional dyspepsia, IBS, 
IBD, diarrhea and constipation, liver disease, and GI malignan- 
cies. For each area, data that support the most commonly used 
CAM modalities are reviewed, along with their potential benefits 
and adverse effects (AEs). 


Nausea and Vomiting 


Nausea and vomiting have a wide array of causes ranging from 
viral gastroenteritis to pregnancy. These symptoms can be quite 
distressing, and patients often resort to CAM therapies to seek 
symptomatic improvement. In one study of pregnant women 
with nausea and vomiting, 61% reported using CAM therapies 
for relief. Several complementary modalities have been used 
to help ameliorate nausea and vomiting and range from herbal 
medicines to relaxation techniques (Table 131.1). 


Natural Products 


Ginger (Zingiber officinale) is the herbal supplement most com- 
monly used to relieve nausea and vomiting and derives its name 
from the Sanskrit word for “horn,” which describes the twisted, 
gnarled shape of its roots. Several mechanisms have been postu- 
lated to explain the antiemetic effect of ginger. Animal studies 
have demonstrated that one component of the herb, 6-gingerol, 
improves GI motility,’ and another component, galanolactone, 
is a 5-hydroxytryptamine (HT); antagonist,!° similar to ondan- 
setron, an antiemetic agent used to treat chemotherapy-induced 
nausea and vomiting. 

The antiemetic effect of ginger has been studied in various 
clinical conditions, including morning sickness, seasickness, che- 
motherapy-induced nausea, and postoperative nausea. Although 
no more effective than placebo for preventing experimentally 
induced motion sickness, ginger has been documented to reduce 
vertigo induced by caloric stimulation of the inner ear’s vestibular 
apparatus.'!-!> In a systematic review of randomized controlled 
trials (RCTs) that evaluated the efficacy of ginger for nausea 
and vomiting, Ernst and Pittler demonstrated that ginger was 
superior to placebo and equal in efficacy to metoclopramide for 
postoperative nausea and emesis. Furthermore, ginger relieved 
symptoms better than did placebo agents for the treatment of 
seasickness, morning sickness of pregnancy, and chemotherapy- 
induced nausea and vomiting.!* The dose of ginger prescribed in 
most of these studies ranged from 0.5 to 1 g/day, which is roughly 
equal to one-quarter teaspoon of ground ginger. 

Although ginger is a natural supplement with therapeutic 
effect, its potential AEs must be taken into consideration before 
advocating it for relief of symptoms. First, ginger has been shown 
to inhibit platelet aggregation by inhibiting thromboxane syn- 
thase. Therefore, if patients are taking warfarin, aspirin, NSAIDs, 
or clopidogrel concurrently, the risk of bleeding is increased.!> 
Second, although not proven in animal studies, ginger has been 
documented to be potentially mutagenic in laboratory assays, 
thereby raising questions about its safety in pregnancy.!°!7 

The water-soluble vitamin pyridoxine is another CAM 
therapy used to relieve the nausea and vomiting associated 
with pregnancy,!® and it was one of the most commonly 
used CAM agents in a survey of pregnant Canadian women 
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Additional Treatments for Patients with Gastrointestinal and Liver Disease 


TABLE 131.1 Complementary and Alternative Medicine Therapies for Nausea and Vomiting 


Therapy Proposed Mechanism of Action Evidence 


Adverse Effects 


Ginger (Zingiber 
officinale) 


Enhances Gl motility; 5-HT3 
receptor antagonist? 19 


Pyridoxine (vitamin Unclear 


Quince (Cydonia Thought to be related to 
oblonga) phytochemicals and phenol 
compounds 
Acupuncture Placement of needles at specifically RCTs demonstrate efficacy for relief of 


defined locations (points) to 
restore the flow of qi and improve 
the health of specific organs 


Process of reflection and 
contemplation allows one to 
focus thoughts to help alleviate 
symptoms 


Relaxation therapy 


Efficacy over placebo in RCTs for 
postoperative and chemotherapy- 
induced nausea, morning sickness, 
and sea sickness! 


RCTs reveal mixed results in the 
Be) treatment of morning sickness!9 


RCT demonstrated superiority to Bg? 


symptoms following chemotherapy, 
surgery, and morning sickness?5-27 


Effective as an adjunctive therapy 
to standard antiemetic agents for 
chemotherapy-induced symptoms?” 


Inhibits thromboxane synthase, thereby causing 
an increased risk of bleeding with concurrent 
antithrombotic or antiplatelet agents'® 

Questionable safety in pregnancy 


Decreases serum levels of levodopa, 
phenobarbital, and phenytoin2° 

Allergic reactions 

Taken in excess (>250 mg/day), can cause 
peripheral neuropathy, dermatoses, 
photosensitivity, and dizziness?! 


None 


Infectious complications, perforations of internal 
organs, and spinal cord injury?8-38 


None reported 


5-HT, 5-hydroxytryptamine; RCT, randomized controlled trial. 


with these complaints, 29% of whom reported using it.8 In 
a RCT, Vutyavanich and colleagues reported that pyridoxine 
(30 mg daily) resulted in a significant reduction in nausea but 
no statistically significant reduction in vomiting.!? Although 
the mechanism of action of pyridoxine is not established, cer- 
tain drug interactions and AEs have been noted. Pyridoxine 
has been documented to decrease serum levels of levodopa, 
phenobarbital, and phenytoin when administered with these 
agents." Allergic reactions to pyridoxine have also been docu- 
mented, and when taken in excess (+250 mg/day), pyridoxine 
has been reported to cause peripheral neuropathy, dermatoses, 
photosensitivity, and dizziness.*!?? 

In a recent Iranian publication, Cydonia oblonga (commonly 
known as quince) was described as superior to pyridoxine for the 
treatment of pregnancy-associated nausea and vomiting.” The 
tonic properties of this fruit are surmised to be therapeutic, but 
there is not a full understanding of the mechanism of action of 
this syrup. There have been no reported AEs during pregnancy. 


Mind-Body Medicine 


Acupuncture is another CAM modality commonly used to treat 
nausea and vomiting. In Chinese subjects, the P6 acupuncture 
point stimulated for relief of these symptoms is named neiguan, 
meaning “medial pass.” This acupuncture point is anatomically 
located 3 fingerbreadths above the proximal palmar crease on the 
volar aspect of the wrist in the midline. To date, more than 30 
published trials have evaluated the role of stimulating the P6 acu- 
puncture point to relieve nausea and vomiting.’ In a systematic 
review, acupuncture was demonstrated to be superior to placebo 
in ameliorating nausea and vomiting; the results were consistent 
despite numerous investigators, diverse patient populations, and 
various forms of acupuncture point stimulation.” Trials have 
demonstrated that acupuncture effectively relieved nausea and 
vomiting associated with chemotherapy,” surgery,*° and preg- 
nancy.’’ The data supporting use of acupuncture and acupressure 
are impressive; however, gastroenterologists must recognize the 
difficulties of applying traditional placebo-RCT methodology to 
test the efficacy of acupuncture. The nature of this complemen- 
tary modality is such that each patient’s regimen is individualized 


for relief of his or her specific symptoms, thereby precluding 
standardization of the treatment and calling into question the 
validity of the studies. 

Several AEs have been noted with acupuncture, mainly from 
infection secondary to improper handling of needles or their 
reuse without sterilization.2* Such infections have included HBV, 
HCV, and HIV’?!; bacterial endocarditis secondary to Propi- 
onibacterium acnes**; and bacteremia from Staphylococcus aureus 
and Pseudomonas aeruginosa with a consequent psoas abscess.*? 
Two fatalities have been documented in which acupuncture was 
thought to have led to staphylococcal sepsis.*+ Although improp- 
erly sterilized needles seem to be the only risk factor for the 
aforementioned infections, it is difficult to prove such infections 
were a direct result of acupuncture, because patients might not 
have divulged other personal potential risk factors such as sexual 
preference or IV drug use.*> Other risks reported to be associ- 
ated with acupuncture therapy include perforation of an organ 
during placement of the needles, with resultant pneumothorax, 
hemopericardium with tamponade, and spinal cord injury.7**>° 

Relaxation therapies have been used for chemotherapy- 
induced nausea and vomiting. It has been reported that AEs 
related to chemotherapy are somewhat conditioned and are 
developed as a form of associative learning’; the anxiety expe- 
rienced during chemotherapy sessions can serve as a condition- 
ing cue that leads to physiologic reactions. Through progressive 
muscle relaxation therapy, a patient’s anxiety can be alleviated 
and physical symptoms averted. Relaxation therapies are often 
used as an adjunct to standard antiemetic medications.*° 


Functional Dyspepsia 


Functional dyspepsia is defined as pain or discomfort in the epi- 
gastric area in the absence of demonstrable structural or physi- 
ologic abnormalities. Because symptoms tend to be short in 
duration and relatively mild, dyspepsia often is self-managed’; 
therefore, CAM therapies clearly are appealing. Herbal therapy 
has been a mainstay of CAM treatments for functional dyspepsia. 
‘The most common supplement therapies for functional dyspep- 
sia, including their active ingredients, proposed mechanisms of 
action, and AEs, are listed in Table 131.2. 
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TABLE 131.2 Herbal Supplements for Functional Dyspepsia 


Herbal Supplement Proposed Mechanism of Action 


Evidence 
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Adverse Effects 


Banana (Musa 
sapientum) 


Antiulcerogenic; promotes gastric 
mucus secretion®?:4° 


Capsaicin (Capsicum 
annuum) 


Selectively impairs activity of CNS 
nociceptive C-type pain fibers“! 


Celandine 
(Chelidonium majus) 


Contains alkaloids, which have a 
spasmolytic effect on smooth muscles 


Liu-jun-zi-tang Increases gastric emptying, plasma 
somatostatin, and gastrin levels; 


promotes gastric relaxation®®.4° 


Xiaoyao san (MXS) Unknown 

Peppermint and Inhibits gastric smooth muscle 
caraway contraction50.51 

Shenxiahewining Unknown 


Open-label trial demonstrates 
efficacy*° 


RCT demonstrates efficacy over 
placebo“ 


RCT demonstrates efficacy over 
placebo*? 


RCT demonstrates efficacy over 
placebo*5 


Meta-analysis shows symptom 
improvement” 


RCTs demonstrate efficacy over 
placebo?8.52 


RCT demonstrates efficacy over 


Pruritus 

Abdominal pain, diarrhea 

Xerostomia, insomnia, diarrhea, fatigue, 
hepatotoxicity*+ 

nterstitial pneumonitis*® 


one reported 


Diarrhea, nausea, vomiting, allergic contact 
dermatitis, contact urticaria, asthma 
exacerbations, and atrial fibrillation®?-5> 


one reported 


control medication®® 


STW 5 (lberogast) Alters GI motility; smooth muscle 


relaxant®©° 


Turmeric (Curcuma 
longa) 


Increases biliary secretion, promotes 
contraction of gallbladder; 
antispasmodic agent°? 


Chios mastic gum Unknown 


RCTs demonstrate efficacy over 
placebo5®58,191 


RCT documents efficacy over 
placebo?8 


Potential for hepatotoxicity, increased bleeding 
risk, potentiation of sedatives and anxiolytics; 
altered metabolism of drugs metabolized by 
CYP3A4 and uridine diphosphate-glucuronyl 
transferase*#.90.8! 


Nausea, vomiting, fatigue, and headache 


Randomized parallel-group placebo None reported 


controlled study demonstrates 
improvement in symptom score*® 


Xinwei decoction Unknown 


Parallel group shows improvement in None reported 


symptoms‘? 


CYP8A4, Cytochrome P450 3A4; RCT, randomized controlled trial. 


Data from Coon JT, Ernst E. Systematic review: herbal medicinal products for non-ulcer dyspepsia. Aliment Pharmacol Ther 2002; 16:1689-99. 


Natural Products 


Banana (Musa sapientum) has been evaluated for the treatment 
of functional dyspepsia in prospective open trials. This supple- 
ment is thought to promote gastric mucus secretion and has 
been documented to have antiulcerogenic properties in ani- 
mals.*? In a study by Arora and Sharma,” treatment with banana 
powder reduced symptoms in 75% of patients in the treatment 
group compared with 25% of those in the placebo group (P < 
0.05). Causes of organic dyspepsia were excluded through vari- 
ous endoscopic and laboratory methods before subjects were 
included in the study. The only AE reported was pruritus in the 
treatment group.”” 

Capsaicin, derived from the dried fruit of Capsicum annuum 
(red pepper), is an herbal supplement. Its mechanism of action 
is selective impairment of pain (C-type) fibers, which carry pain 
sensation from the abdominal viscera to the CNS.*! In one study, 
2.5 mg of red pepper powder given daily improved epigastric 
pain, nausea, and bloating, whereas placebo did not.*! Although 
abdominal pain and diarrhea occurred initially in patients treated 
with capsaicin, these AEs were self-limited and of no serious clin- 
ical consequence. 

Greater celandine (Chelidonium majus) was investigated for 
functional dyspepsia by Ritter and colleagues in a double-blind 
RCT.” Celandine accounted for a 34% greater reduction in 
symptoms compared with placebo (P = 0.003). This agent is 
thought to contain a variety of alkaloids that also have a spasmo- 
lytic effect on smooth muscle.*’ Despite its apparent efficacy, cel- 
andine has many AEs, including xerostomia, insomnia, diarrhea, 
and fatigue. Idiosyncratic hepatotoxicity also has been described 


with celandine, but it resolved without complication in most cases 
when the supplement was discontinued.*+ 

Liu-jun-zi-tang, also known as TJ-43, is a Chinese herbal 
medicine (CHM) that has been used to relieve functional dys- 
pepsia and is a combination of several extracts including Actrac- 
tylodis laneae rhizoma, Ginseng radix, Pinelliae taber, Hoelen, 
Zizyphi fructus, Aurantii nobilis pericarpium, Glycyrrhizae radix, and 
Zingiberis rbizoma.** Multiple mechanisms of action have been 
proposed, including increased gastric emptying, elevated serum 
levels of gastrin and somatostatin,“ and relaxation of gastric 
smooth muscle.*° One RCT compared TJ-43, 2.5 g 3 times daily 
with placebo for 7 days in patients with functional dyspepsia. The 
treatment group displayed greater reductions in epigastric full- 
ness, reflux, and nausea compared with the group treated with 
placebo (P < 0.05).*> The only AE noted with TJ-43 was one case 
of drug-induced interstitial pneumonitis, which resolved after 
therapy was discontinued.** 

Modified xiaoyao san (MXS) is composed of 8 Chinese herbs: 
Radix Bupleuri, Angelica sinensis, Radix Paeoniae alba, Rhizoma 
Atractylodis macrophalae, Poria, Rhizoma Zingiberis recens, Radix 
Glycyrrhizae, and Herba Menthae. In a meta-analysis, this agent 
was shown to control symptoms better than prokinetic agents 
(OR 3.26). MXS improved gastric motility and emptying 
in 82.6% of patients in one study and in 93.7% of people in 
another study. Furthermore, MXS in combination with pro- 
kinetic agents improved symptoms more than did prokinetics 
alone.*” Chios mastic gum, derived from the stem of the bush 
Pistacia lentiscus improved symptoms compared with placebo,** 
and xinwei decoction improved functional dyspepsia compared 
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with domperidone and placebo.*? Unfortunately, the mechanism 
of action of most of these herbal supplements is not well under- 
stood. 

Peppermint (Mentha piperita) and caraway (Carum carvi) are 
the supplements that have been investigated most thoroughly 
for treating functional dyspepsia. Their proposed mechanism of 
action is thought to be inhibition of smooth muscle contractions 
by direct blockade of smooth muscle calcium channels.°*! Sev- 
eral placebo-controlled trials have compared variable, fixed doses 
of these agents ranging from 180 to 270 mg for peppermint and 
100 to 150 mg daily for caraway and showed statistically signifi- 
cant improvement in symptoms such as bloating and epigastric 
pain when treatment and placebo groups were compared.**>* 
FDgard is a readily available nonprescription formulation con- 
taining a fixed dose of caraway oil (25 mg) and I-menthol (20.75 
mg) for the management of functional dyspepsia. AEs seen with 
these supplements containing peppermint oil include diarrhea, 
nausea, vomiting, allergic contact dermatitis, contact urticaria,” 
asthma exacerbations, and atrial fibrillation.°+°° 

Shenxiahewining is a mixture of Chinese herbs, specifically 
Ginseng radix, Pinelliae tuber, Coptidis rhizoma, Zingiberis rhizoma 
exsiccatum, and Glycyrrhizae radix, in a 3:9:3:3:3 ratio.’® In an RCT 
performed in China, 92% of patients treated with shenxiahewin- 
ing reported improvement in symptoms compared with 20% ofa 
control group. No important AEs were noted.*® 

Another agent that has been studied for the treatment of 
functional dyspepsia is STW 5, also known as Iberogast. ‘This 
agent is an herbal preparation composed of bitter candytuft (Iberis 
umbellata), chamomile (Matricaria chamomilla), peppermint, cara- 
way fruit, licorice root (Glycyrrhiza glabra), lemon balm leaves 
(Melissa officinalis), celandine (Chelidonium majus), angelica root 
(Angelica archangelica), and milk thistle (Silybum marianum). In a 
meta-analysis performed by Melzer and colleagues,*° evaluating 
3 double-blind RCTs, STW 5 in a dosage of 1 mL 3 times daily 
for 4 weeks was more effective than placebo to improve the study 
patients’ most bothersome dyspeptic symptoms. Twenty-six per- 
cent of patients in the placebo group compared with 7% in the 
STW 5 group reported that their symptoms remained “severe” 
or “very severe” after treatment. Specifically, STW 5 appeared 
more effective in providing symptomatic relief to patients with 
predominant epigastric pain and GERD symptoms.*° 

von Arnim and colleagues’ also have demonstrated in the 
largest double-blind RCT evaluating STW 5 that a significantly 
higher percentage of patients with functional dyspepsia who are 
prescribed STW 5 are free from their symptoms compared with 
a placebo group.” Pilichiewicz and coworkers showed that STW 
5 affects gastric motility in a region-dependent manner, inducing 
gastric fundic relaxation and antral contraction.’ Although no 
AEs have been reported for STW 5, individual components of 
the preparation are known to have potential toxicities, details of 
which are addressed in the following section. 

Turmeric (Curcuma longa) is an agent that has also been doc- 
umented to have therapeutic efficacy in alleviating functional 
dyspepsia. This agent is thought to increase biliary secretion, 
promote contraction of the gallbladder, and act as an antispas- 
modic.*? In a placebo-controlled trial performed in Thailand, 
turmeric (2 g/day) was found to improve dyspeptic symptoms 
significantly (P = 0.003).°* 

Data on the aforementioned supplement therapies suggest 
that some of those studied could be useful for patients with func- 
tional dyspepsia. Peppermint, caraway, and STW 5 are the most 
extensively evaluated to date and, given their encouraging safety 
profiles, warrant further study.*® 


IBS 


IBS is defined as recurrent abdominal pain associated with altered 
bowel habits (see Chapter 122).°° Symptoms include abdominal 
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pain, bloating, cramping, constipation, diarrhea, or a mix of con- 
stipation and diarrhea. In a meta-analysis of 80 studies involving 
260,960 subjects, the worldwide prevalence of IBS was 11.2%, 
with women more frequently affected than men.°! Patients with 
IBS are often frustrated that laboratory, radiologic, and endo- 
scopic examinations fail to reveal an “organic” source of their 
discomfort, and they therefore often use CAM therapies to help 
ameliorate their symptoms. Many CAM therapies have been 
investigated for the treatment of IBS (Table 131.3), of which 
herbal supplement therapy and probiotics have been evaluated 
most extensively. 


Natural Products 


Psyllium (Plantago isphagula) is the most commonly prescribed 
dietary supplement for patients with IBS. This fiber product acts 
as an osmotic bulking agent and decreases bowel transit time. 
There have been 3 placebo-controlled trials of psyllium use in 
IBS,°-°+ but only 1 fulfilled the 5 Rome criteria for appropriate 
study methodology (randomization, concealed allocation, pla- 
cebo control, double blinding, and appropriate follow-up of study 
patients). Two additional trials compared psyllium with “active” 
agents, but neither trial was of high quality.°° In general, the 
evidence that stool frequency, consistency, and ease of passage 
were better with psyllium than with placebo was modest. There 
were no statistically significant differences in AEs among psyl- 
lium, lactulose, and placebo. 

Although psyllium appears to be fairly harmless, allergic 
hypersensitivity reactions to psyllium have been documented, and 
impaired absorption of certain medications taken concomitantly, 
such as lithium and carbamazepine, also has been reported.67-6° 
Cases of acute esophageal obstruction that has occurred with 
psyllium-based agents suggest that dysphagia might preclude its 
use and that history of difficulty swallowing should be sought 
before beginning therapy with this agent.’° 

Other supplemental therapies have been used for IBS. Pep- 
permint oil, as previously discussed, is prescribed for its smooth 
muscle relaxant capabilities. In a meta-analysis by Pittler and 
Ernst,’! peppermint oil significantly improved symptoms of IBS 
compared with placebo treatment. Although statistical signifi- 
cance was demonstrated in this study, flaws in trial methodology 
preclude evidence-based acceptance of the efficacy of peppermint 
oil in IBS treatment. A subsequent systematic review of 4 trials 
by Ford and associates demonstrated significant and consistent 
improvement in IBS symptoms compared with placebo,” lend- 
ing support to the use of peppermint oil in the treatment for IBS. 
IBGard, a nonprescription formulation of 90 mg of ultrapurified 
peppermint oil, is readily available to patients. 

Probiotics are microorganisms that promote health benefits 
through alterations of or interactions with the intestinal micro- 
biota (see Chapters 3 and 131).’> Patients with infectious and 
inflammatory disease states, such as pseudomembranous colitis 
and IBD, as well as patients with IBS, also have had benefit from 
probiotic agents. Evidence from RCTs has demonstrated that 
ingestion of Lactobacillus plantarum resulted in significant reduc- 
tions in abdominal pain and flatulence in patients with IBS.’+”° 
A report of fermented milk that contains Bifidobacterium animalis 
showed this probiotic improves abdominal distention and associ- 
ated symptoms in patients with constipation-predominant IBS.”° 
In addition, a systematic review of probiotics demonstrated that 
Bifidobacterium infantis 35624 (Align) significantly improves 
abdominal pain, bloating, distention, and the sensation of incom- 
plete evacuation.” 

STW 5 has been used to treat patients with IBS in addition 
to its use for functional dyspepsia. Placebo-controlled trials have 
demonstrated that STW 5 improves symptoms of IBS and reduces 
the severity of abdominal pain.” Multiple mechanisms of action 
of STW 5 are postulated; certain components are thought to alter 
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TABLE 131.3 Complementary and Alternative Medicine Therapies for IBS 


Therapy 


Proposed Mechanism of Action 


Evidence 


Complementary, Alternative, and Integrative Medicine 


Adverse Effects 


Psyllium 


Peppermint oil 


Probiotic therapy 


STW 5 (lberogast) 


Turmeric (Curcuma longa) 


Chinese herbal medicine 


Quebracho, Conker Tree, 
and Mentha balsamea 
Willd extract 


Acupuncture 


Cognitive Behavioral 
Therapy (CBT) 


Hypnotherapy 


Mindfulness Training 


Yoga 


Ayurvedic medicine 


Osmotic bulking agent; decreases 
bowel transit time 


Inhibits smooth muscle contraction®?.*! 


Alters and interacts with intestinal 
microbiota 


Alters GI motility; smooth muscle 
relaxant?! 


Pro-inflammatory cytokine modulator 


Unknown 


Molecular sink for hydrogen and methane; 
antimicrobial 


Placement of needles at specifically 
defined locations (points) to restore the 
flow of gi and to improve the health of 
specific organs 


Increased awareness of the association 
between stressors, thoughts, and 
symptoms and then correcting irrational 
beliefs or negative emotions to cope 
with symptoms 


Gut-related imagery; patient’s thoughts are 
focused toward inhibition of gastric acid 
secretion?®9° 


Modulate visceral perception by decreasing 


activation of the central arousal and 
corticolimbic networks 


Strengthening of muscle tissues and the 
nervous system to reach a balance of 
body and mind 


Holistic system of Indian medicine providing 


dietary and lifestyle recommendations to 
improve overall health 


RCT 
relief of constipation’?! 


RCT 
placebo, but flaws were noted 
in studies’® 

RCT 
placebo”4:75 


RCT 


l demonstrates efficacy for 


Is reveal possible efficacy over 


| demonstrates efficacy over 


| demonstrates efficacy over 


placebo’® 


Pilo 


RCT 

acupuncture to sham®> 

RCT 
sham but superiority over 
medical therapy®? 


study shows decrease in IBS 


symptoms®* 
RCT 
placebo?.26 
RCT 
n constipation and bloating®® 


| demonstrates efficacy over 


| demonstrates improvement 


| demonstrates superiority of 


| demonstrates equivalency to 


ultiple studies and meta- 


analyses demonstrate 
efficacy? 92 


RCT 
placebo?.96 


RCT 


| demonstrates efficacy over 


I demonstrates reduction in 


symptom severity?” 


Systematic review shows 
improvement in symptoms?® 


RCT demonstrates efficacy over 
placebo but with significant 
dropout rates in the trials°° 


Allergic reactions, impaired absorption of 
medications (lithium, carbamazepine), 
acute esophageal obstruction®*”! 


Diarrhea, nausea, vomiting, allergic contact 
dermatitis, contact urticaria, asthma 
exacerbations, and atrial fibrillation®?-°° 


None reported 


Potential for hepatotoxicity, increased 
bleeding risk, potentiation of sedatives 
and anxiolytics, altered metabolism 
of drugs metabolized by CYP3A4 
and uridine diphosphate-glucurony! 
transferase*479-81 

Nausea, vomiting, fatigue, and headache 

None reported 


None reported 


Infectious complications, perforations of 
internal organs, and spinal cord injury?7-35 


None reported 


None reported 


None reported 


usculoskeletal injury 


None reported 


CYP3A4, cytochrome P450 3A4; RCT, randomized controlled trial. 
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GI motility, and others are thought to act as smooth muscle relax- 
ants.°* Although no AEs have been reported for STW 5, individual 
components of the preparation are known to have potential tox- 
icities: celandine is known to be hepatotoxic at certain doses (>10 
mg/day)**; chamomile is known to contain a coumarin derivative, 
which increases the risk of bleeding if prescribed concurrently with 
warfarin, aspirin, or NSAIDs, and chamomile can potentiate the 
CNS depressant effects of benzodiazepines and barbiturates,’?*° 
which are often prescribed to patients with IBS; milk thistle is 
known to inhibit cytochrome P450 3A4 (CYP3A4) and uridine 
diphosphoglucuronosyl transferase and thus could alter the metab- 
olism of many pharmacologic agents.*! 

Turmeric has been associated with a significant improvement 
in IBS symptoms, although there is a paucity of RCTs to confirm 
these findings. The proposed mechanism of action of turmeric in 
IBS is to increase bowel motility and activate hydrogen-produc- 
ing bacterial flora of the colon.** 


CHM has been used for IBS symptoms, and RCTs have dem- 
onstrated a statistically significant benefit of its use over placebo. 
Patients treated with CHM reported improvement in their symp- 
toms and an overall improvement in their quality of life (QoL).*° 
One prospective study by Bensoussan and colleagues** reported 
reduced symptoms of IBS-C, increased bowel satisfaction, and 
improved stool consistency with reduction in straining and hard 
lumpy stools compared with placebo. Reported AEs were pre- 
dominantly loose stools and bloating or cramping.** Another 
study showed that blended Quebracho, Conker Tree, and Men- 
tha balsamea Willd extract improved symptoms of constipation 
and bloating in patients with IBS-C.* 


Mind-Body Medicine 


Nonpharmacologic, central-acting therapies such as cognitive 
behavioral therapy (CBT) including relaxation, hypnotherapy, 
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and mindfulness training (MT) are evidence-based complemen- 
tary modalities that also have been shown to improve global 
symptoms of IBS.*° The effectiveness of these therapies is based 
on their aim to reduce over-reactivity to stressors and maladap- 
tive coping behaviors. 

In earlier trials, acupuncture had been shown to be superior 
to sham therapy and fiber supplementation in patients with 
IBS,*”** but a more recent meta-analysis of sham-controlled 
RCTs by Manheimer and colleagues found that acupuncture 
is, in fact, no more effective for IBS symptom severity or QoL 
indices than sham acupuncture.*? Acupuncture was, however, 
deemed superior to pharmacologic antispasmodic therapies, 
although this effect was limited to trials that did not include a 
control arm, and the effects were modest at best.® The medi- 
cations used in these trials were not those accepted as main- 
stays of treatment for this condition, and, therefore, these data 
also do not support the efficacy of acupuncture in the treat- 
ment of IBS. 

CBT has been studied in at least 18 RCTs on adults with 
IBS.” This treatment focuses on increasing awareness of the 
association between stressors, thoughts, and symptoms and then 
correcting irrational beliefs or negative emotions to cope with 
symptoms. Often, relaxation therapy is included in CBT. The 
overwhelming conclusion is that CBT is an effective therapy for 
improving IBS compared with usual medical care, antidepressants 
or antispasmodic agents, and placebo or supportive therapies.” A 
small cohort study of 81 patients performed by Zia and colleagues 
used a comprehensive self-management program that combined 
CBT with relaxation and dietary strategies.” This group showed 
that 94% of participants continued to use strategies of diet, relax- 
ation, and alternate thoughts at 12 months after completion of 
the study.”! The number needed to treat with CBT was 3 in a 
recent meta-analysis.” 

Hypnotherapy has been documented to have a significant 
therapeutic effect on symptoms of IBS. Through the use of gut- 
directed metaphorical imagery, patients imagine the normaliza- 
tion of GI function and develop improvement in their symptoms. 
Studies report an overall symptom improvement rate of 50% to 
80%.” Gut-directed hypnotherapy allows individuals to focus 
on their specific somatic symptoms and bring forward a deeper 
sense of being able to mitigate the effect of noxious visceral 
stimuli. Clinical remission of IBS symptoms for up to 3 months 
has been documented in patients treated with hypnotherapy. A 
review of 11 studies showed hypnotherapy to improve IBS symp- 
toms significantly, including QoL scores and overall function.”* 
Although the efficacy of gut-directed hypnotherapy has become 
more apparent in recent literature, studies have suggested that its 
effectiveness may be lower when therapy is provided outside of 
highly specialized research centers.”> Women and those younger 
than 50 years of age seem to respond best to this modality. Hyp- 
notherapy has proved effective in the pediatric IBS population 
as well, one study having documented that successful treatment 
of functional abdominal pain or IBS was accomplished in 85% 
of children treated with hypnotherapy compared with 25% of 
patients treated with placebo.”° The number needed to treat with 
hypnotherapy was 4 in a recent meta-analysis.”” 

Mindfulness training (MT), defined as a nonjudgmental 
acceptance and interested awareness of the moment-to-moment 
experience of sensations, perceptions, emotions, and other forms 
of mental activity, has also been shown effective in the treatment 
of IBS.” In a prospective RCT, Gaylord and coworkers demon- 
strated that participation in a group program of MT compared 
with enrollment in a functional bowel disease support group 
resulted in greater reductions in IBS symptom severity immedi- 
ately after treatment and that the therapeutic effect was sustained 
at follow-up 3 months later. This trial effectively demonstrated 
that MT has a substantial therapeutic effect on bowel symp- 
tom severity, health-related QoL and stress reduction.”” From a 
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physiologic standpoint, MT is thought to help modulate visceral 
perception by decreasing activation of the central arousal and 
corticolimbic networks. MT is a promising and safe therapeutic 
approach for the treatment of IBS; however, additional prospec- 
tive studies are needed to assess the durability of the effect seen 
in recent studies. 

A meta-analysis including 273 patients showed a beneficial 
effect of yoga over conventional treatment in IBS with a resultant 
decrease in bowel symptoms, IBS severity, and anxiety.?* All of 
the yoga programs included postures (asana), 3 included breath 
control (pranayama), and 1 additionally included meditation or 
mindfulness-based stress reduction.”® 

Lastly, Ayurvedic medicine (see Box 131.1) also has demon- 
strated efficacy in relief of IBS symptoms. The largest trial of 
Ayurvedic medicine, however, had a significant dropout rate and 
should be interpreted with caution.” 


IBD 


IBD is currently believed to be driven by an overactive intes- 
tinal mucosal immune system interacting with the intestinal 
microbiota,!°° in combination with an ineffective mucosal bar- 
rier to potential dietary and environmental toxins (see Chapters 
115 and 116). Given the chronic and persistent nature of IBD, 
many patients turn to CAM therapies when conventional treat- 
ment does not offer complete symptomatic relief. Current data 
suggest that more than one-third of all patients with IBD resort 
to CAM therapies to help ameliorate their symptoms. The most 
commonly used CAM therapies among IBD patients are supple- 
ments, followed by homeopathy and massage. Current federally 
supported research includes investigation of the relationship 
between stress and IBD flares, the role of diet in the natural his- 
tory of IBD, and the effect of green tea extract on the clinical 
course of UC. 


Natural Products 


Medical marijuana, derived from the flowering plant Cannabis 
sativa, has recently been brought to the forefront of the treat- 
ment armamentarium for IBD. Cannabinoids suppress inflam- 
mation by downregulating the production of cytokines such 
as TNF-a, interferon y, and interleukin (IL)-1.!°! One retro- 
spective study of 30 patients with Crohn disease associated the 
use of marijuana with decreases in the Harvey Bradshaw index 
score.!° A small RCT studied the rate of remission in patients 
who did not respond to therapy with steroids, immunomodula- 
tors, or anti- TNF-a agents. Complete remission was achieved by 
45% of those in the cannabis group, whereas only 10% achieved 
remission in the placebo group.!°! In an RCT of 21 patients with 
Crohn disease, clinical remission (defined as Crohn disease activ- 
ity index [CDAJ] score <150) was assessed in those smoking mari- 
juana cigarettes; unfortunately, the end point was not met, but 
a larger proportion of those receiving cannabis had a reduction 
in their CDAI score.! Despite the known AEs associated with 
marijuana, including dizziness, nausea, fatigue, and confusion, 
further, larger, RCTs are necessary to validate both subjective 
and objective improvement in IBD. 

Probiotics are often used by certain subgroups of patients with 
IBD. Typically, those having had total proctocolectomy with ileal 
pouch-anal anastomosis claim the greatest benefit from these 
agents. Probiotics are thought to act via various mechanisms. Some 
of these organisms have been shown to produce butyrate, a short- 
chain fatty acid important for colonocyte health—particularly the 
epithelial cells in the rectum and descending colon—as well as 
to have important immunomodulatory activity, activating T cells 
to down-regulate pro-inflammatory cytokines.!°> Although the 
cause of pouchitis remains unknown, alteration in the intestinal 
microbiota appears to play an important role.!°* 
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VSL #3 is a probiotic agent that consists of 4 strains of Lac- 
tobacillus, 3 strains of Bifidobacterium, and 1 strain of Streptococcus. 
VSL #3 is thought to act by increasing tissue levels of interleukin 
IL-10 and decreasing levels of pro-inflammatory cytokines, such 
as IL-1 and TNF.!% In RCTs, administration of VSL #3 reduced 
the frequency of pouchitis in IBD patients after ileal pouch—anal 
anastomosis, and it decreased the number of flares of pouchitis in 
patients known to have chronic pouchitis.°?:! In 1 RCT, VSL #3 
appeared effective to prevent endoscopic recurrence of IBD com- 
pared with placebo.!°” VSL #3 also has recently been shown to 
induce remission in patients with mild to moderately active UC. 
Sood and colleagues demonstrated in a multicenter double-blind 
RCT that 6 weeks into treatment with VSL #3, patients treated 
with this probiotic experienced a statistically significant improve- 
ment in their UC disease activity index compared with the pla- 
cebo group. In addition, 42.9% of patients treated with VSL #3 
achieved remission compared with 15.7% of patients receiving 
placebo (P < 0.001).!°° No AEs have been noted with VSL #3 in 
any of the studies evaluated. 

Saccharomyces boulardii is a nonpathogenic yeast originally iso- 
lated from the litchi fruit, and it is another probiotic shown to 
decrease the relapse rate of Crohn disease.!°" S. bowlardii exerts its 
beneficial effect by acting as a trophic agent on intestinal mucosa 
and by triggering the release of immunoglobulin IgA.!°° In one 
study, clinical relapses over a 6-month period were observed in 
37% of patients who received mesalamine alone and in 6% of 
patients treated with mesalamine plus S. bowlardii.!°° 

Turmeric is a spice that originates from the root Curcuma 
Jonga, a member of the ginger family, and is traditionally used in 
Indian and CHM. This is another complementary agent reported 
to be effective in the treatment of IBD. A pure curcumin prepa- 
ration was administered in an open-label study to patients with 
ulcerative proctitis or Crohn disease. All patients with procti- 
tis improved, with reductions in concomitant medications in 
4 patients. Four of 5 patients with Crohn disease had lowered 
CDAI scores and erythrocyte sedimentation rates.!!° Hanai and 
coworkers performed an RCT in which 43 patients who had 
UC in remission received curcumin (2 g daily for 6 months) and 
compared results with a similar group of patients who received 
placebo!!!; 4.65% of those receiving curcumin developed relapse 
versus 20.5% of individuals who received placebo, a statistically 
significant difference.!'!! An RCT of 50 mesalamine-treated 
patients with active mild-to-moderate UC who were given cur- 
cumin (3 g/day) showed that in 53.8% of those who received cur- 
cumin, both clinical and endoscopic remission were achieved.!!* 
These studies reveal a huge potential therapeutic benefit for tur- 
meric; however, larger prospective trials are warranted before 
making definitive recommendations regarding its therapeutic 
efficacy. 

The mechanism of action of turmeric is multifactorial: it pro- 
tects lipids from peroxidation and thereby prevents the forma- 
tion of free radical species; it inhibits lipopolysaccharide-induced 
nitric oxide synthase gene expression, thus decreasing TNF-a 
and IL-1 production; it inhibits nuclear factor (NF)-«B activa- 
tion and cytokines thought to be integral to the pathophysiology 
of IBD; it also inhibits the synthesis of pro-inflammatory prosta- 
glandins and leukotrienes through inhibition of arachidonic acid 
uptake by macrophages.!!? Curcumin has been found in most 
studies to be safe even in high doses, and in animal studies, there 
has been no evidence of mutagenicity or chromosomal dam- 
age.!!* Turmeric, however, does exhibit an inhibitory effect on 
platelet aggregation, and therefore, patients who are maintained 
on NSAIDs or antiplatelet agents should be closely monitored.!!* 

Andrographis paniculata, a member of the plant family Ancan- 
thaceae, is a complementary therapy used in China, India, and 
across the Asian continent. In vitro, A. paniculata extract has 
demonstrated inhibitory activity against TNF-a, IL-18, and 
NF-«B.'!> One pilot study demonstrated equivalent efficacy of 
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A. paniculata extract to mesalamine for UC.!!¢ In a double-blind 
RCT,!"’ participants who received A. paniculata extract at a dose 
of either 1200 or 1800 mg daily were noted to have increased 
mucosal healing, with trends for greater induction of remission, 
compared with those who received placebo. The extract was well 
tolerated and appears to be a novel oral therapy that could serve 
as an alternative treatment to glucocorticoids, immunomodula- 
tors, and biologic therapies for UC.!!7 

Vitamin D also has been shown to potentially have an anti- 
inflammatory effect in Crohn disease. Data presented by Boothe 
and colleagues revealed that patients given high-dose vitamin D 
supplementation (10,000 IU/day) experienced statistically signifi- 
cant greater reduction in the Harvey—Bradshaw Index compared 
with individuals who received standard vitamin D supplementa- 
tion (P < 0.04).!!® Patients’ concurrent treatment regimens were 
held relatively constant during the study period, thereby suggest- 
ing that vitamin D had a significant clinical impact in Crohn dis- 
ease, with no coexistent toxicity. Vitamin D is known to reduce 
levels of TNF-a, and this likely is one of the means by which its 
therapeutic efficacy is postulated.!!® 

Another supplemental therapy used to treat IBD is fish oil. 
Fish oil contains high amounts of omega-3 fatty acids, which, 
compared with other fatty acids commonly found in foods, serve 
as precursors of less pro-inflammatory cytokines. In patients with 
UC who have frequent disease exacerbations, disease activity 
scores were improved to a greater extent in patients who received 
fish oil than in those who consumed other forms of fat!!?; how- 
ever, RCTs have failed to demonstrate that fish oil is effective in 
maintaining remission.'7° No trial has documented fish oil to be 
effective in maintaining remission of Crohn disease or in lower- 
ing an individual patient’s CDAI.!!° 


Mind-Body Medicine 


Acupuncture can be used alone or in combination with moxibus- 
tion, which is when moxa cones are placed onto an herbal cake 
over a patient’s acupoints.!°* Moxa or moxibustion is a term 
derived from the Japanese word mogusa or mo kusa, meaning, 
“burning herb.” It is harvested from the mugwort plant (Artemisia 
vulgaris or Artemisia argyii). A meta-analysis reported that the 
efficacy of acupuncture and moxibustion, combined or alone, is 
greater than that of oral meslamine.'?! Unfortunately, multiple 
confounding factors to the small number of studies performed 
limit the ability to draw conclusions about these otherwise posi- 
tive results regarding disease control. 

Hypnosis also has been demonstrated to have a potential ben- 
efit in the treatment of UC. Ina study performed by Mawdsley and 
associates, the effect of hypnotherapy on systemic and rectal muco- 
sal inflammatory responses was shown to reduce the median serum 
IL-6 level and rectal mucosal release of substance P and IL-13 
levels. Reduction of these pro-inflammatory mediators provides a 
rationale for RCTs of hypnotherapy in the treatment of IBD.!” 


Diarrhea and Constipation 


Altered bowel habits often lead to the use of CAM therapies. 
Within the discipline of CAM, practitioners often group the 
symptoms of diarrhea and constipation together under the 
term colonic health. Although several CAM modalities have been 
reported to promote and improve colonic health, herbal supple- 
ments are considered the mainstay of CAM treatment; these 
supplements range from anthraquinone-based stimulant laxatives 
(e.g., aloe [Aloe barbadensis]) to osmotic laxatives (e.g., magnesium 
citrate) to extracts of papaya (Carica papaya) and raspberry (Rubus 
idaeus). The most commonly used supplements, including their 
proposed mechanisms of action, possible medication interac- 
tions, and reported AEs, are listed in Table 131.4. As discussed 
later (see section on Safety and Regulation of Complementary 
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TABLE 131.4 Herbal Supplements Claimed to Promote “Colonic Health” 


Supplement Proposed Mechanism of Action Possible Interactions Adverse Events 
Agar (Gelidium Bulk laxative, stimulates peristalsis Can delay absorption of other Bowel and esophageal obstruction 
cartilagineum) medications 


Aloe (Aloe barbadensis) 


Apple pectin (often 
combined with Kaolin) 


Buckthorn (Rhamnus 
cathartica) 


Cascara sagrada (Rhamnus 
purshianus) 


Chamomile (Matricaria 
chamomilla) 


Clove (Syzygium 
aromaticum) 


Coffee (Coffea spp.) 


Echinacea 


Fennel (Foeniculum vulgare) 


Fenugreek (Trigonella 
foenum-graecum) 


Garcinia (Garcinia 
cambogia) 


Ginger (Zingiber officinale) 


Glucomannan 
(Amorphophallus konjac) 


Gymnema (Gymnema 
sylvestra) 


Hibiscus (Hibiscus 
sabdariffa) 


Magnesium citrate 


Marshmallow (Althaea 
officinalis) 


Oat bran (Avena sativa) 


Oregon grape (Berberis 
vulgaris) 


Papaya (Carica papaya) 


Psyllium (Plantago 
isphagula) 


Quince (Cydonia oblonga) 
Raspberry (Rubus idaeus) 


Rhubarb (Rheum 
palmatum) 


Senna (Cassia senna) 


Anthraquinone stimulant laxative; 


increases bowel motility 


Dietary fiber; binds bile acids 
unknown mechanism) 


Anthraquinone stimulant laxative; 


Anthraquinone stimulant laxative; 


increases bowel motility 


Unknown 


Spasmolytic and local anesthetic 


Xanthine group; promotes peristalsis 


Promotes immune function through 
increased cytokine activity, 
increasing T-helper cell population 


Stimulates GI motility 


Unknown 


Unknown 


Enhances GI motility; 5-HT3 
receptor antagonist; inhibits 
platelet aggregation by inhibiting 
thromboxane synthase 


Bulk laxative, similar to guar gum 


Ayurvedic medicine 


Laxative (unknown) 


Osmotic laxative 


Immune stimulant, anti-inflammatory 


Decreases cholesterol and 
prostaglandin synthesis 


Source of vitamin C; stimulates 
immune system; stimulates 
intestinal peristalsis 


Promotes healing of GI ulceration 
and improves pancreatic function 


Osmotic bulking agent; decreases 
bowel transit time; generates 
short-chain fatty acids 


Unknown 
Unknown 


Anthraquinone stimulant laxative; 
increases bowel motility 


Anthraquinone stimulant laxative; 
increases bowel motility 


Potentiation of cardiac glycosides; 
reduced action of glucocorticoids 


None reported 


Potentiation of cardiac glycosides; 
reduced action of glucocorticoids 


Potentiation of cardiac glycosides; 
reduced action of glucocorticoids 


Increased risk of bleeding with 
concurrent warfarin, aspirin, and 
other NSAIDs; potentiation of CNS 
depressant medications 


None reported 


Potentiates effects of theophylline; 
decreased lithium levels 


Acetaminophen (secondary to 
glutathione depletion) 


None reported 


Increased risk of bleeding with 
concurrent warfarin, aspirin, and other 
NSAIDs 


None reported 


Increased risk of bleeding with 
concurrent warfarin, aspirin and 
other NSAIDs, clopidogrel 


Can delay absorption of other 
medications 


Increase the action of antidiabetic 
agents 


None reported 


None reported 


Can delay absorption of other 
medications 


None reported 


None reported 


ncreased risk of bleeding with 
concurrent warfarin, aspirin, and 
other NSAIDs 


mpaired absorption of medications 


Impaired absorption of medications 
None reported 


Potentiation of cardiac glycosides; 
reduced action of glucocorticoids 


Potentiation of cardiac glycosides; 
reduced action of glucocorticoids 


Gl spasm, bloating, hypokalemia, 
arrhythmias, and pseudomelanosis coli 


None reported 


Tremors, nausea, vomiting, and 
hepatotoxicity 


Gl spasm, bloating, hypokalemia, 
arrhythmias, and pseudomelanosis coli 


Increased risk of bleeding; lethargy with 
potentiation of CNS depressants 


None reported 


Headache, hypertension, palpitations, 
GERD 


Allergic reactions have been reported; 
potential hepatotoxicity if administered 
with acetaminophen 


Allergic reactions have been reported 


Increased risk of bleeding; galactorrhea 
(Secondary to interaction at dopamine 
receptors) 


Abdominal pain 


Increased risk of bleeding 


Hypoglycemia 
Hypoglycemia, hypersensitivity 
None reported 


Hypermagnesemia: prolonged QT interval 
on ECG, hypotension, hyporeflexia 


None reported 
None reported 


None reported 


Increased risk of bleeding, decreased 
testicular weight, and interrupted estrous 
cycle in mice 


Allergic reactions have been reported; 
impaired vitamin B42, lithium, 
carbamazepine absorption; esophageal 
obstruction 

Hypersensitivity 

None reported 


GI spasm, bloating, hypokalemia, 
arrhythmias, pseudomelanosis coli 


GI spasm, bloating, hypokalemia, 
arrhythmias, pseudomelanosis coli 
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TABLE 131.4 Herbal Supplements Claimed to Promote “Colonic Health” —cont’d 


Supplement Proposed Mechanism of Action 


Spirulina Green algae; contains magnesium 


Valerian (Valeriana 
officinalis) 


Spasmolytic agent 


Yellow dock (Rumex crispis) Laxative (unknown mechanism) 


Possible Interactions 
None reported 


None reported 


Adverse Events 
None reported 


Interacts at GABA receptor: potentiation Lethargy; withdrawal from valerian is similar 
of CNS depressant medications 


to withdrawal from benzodiazepines 
None reported 


5-HT3, 5-hydroxytryptamine-3; ECG, electrocardiogram; GABA, y-aminobutyric acid. 
Data from Hass DJ, Lewis JD. Quality of manufacturer provided information on safety and efficacy claims for dietary supplements. Pharmacoepidemiol Drug 


Saf 2006; 15:1-9. 


and Alternative Medication Therapies), because the supplement 
industry is not regulated, the content and potency of many of 
these agents are not standardized, which should give practitioners 
pause before prescribing them. 


Natural Products 


Probiotics also are often used to prevent diarrhea (see Chapter 
130). A meta-analysis performed by D’Souza and colleagues 
described the clinical efficacy of various strains of Lactobacillus 
(L. bulgaricus, L. acidophilus, L. casei, and L. GG) and S. boulardii 
in the prevention of antibiotic-associated diarrhea (see Chapter 
112).? Castagliuolo and colleagues described the protective 
effects of S. boulardii on Clostridioides difficile-induced diarrhea in 
humans; the mechanism of this action is the proteolytic digestion 
of toxin A and B molecules by a protease secreted by S. boulardii.'** 
Another study reported that S. boulardii stimulates intestinal IgA in 
response to infection with C. difficile.'” S. boulardii also has been 
shown to prevent relapses of pseudomembranous colitis and to 
maintain intestinal mucosal barrier function against enteropatho- 
genic Escherichia coli.'?°'2’ VSL #3 has been demonstrated in an 
RCT to be effective in preventing radiation-induced diarrhea.!?* 


Mind-Body Medicine 


Ernst and colleagues have reviewed the various CAM therapies 
that have been used to treat constipation.!’? Biofeedback, a treat- 
ment technique in which patients are trained to use signals from 
their own bodies to help recognize a relaxed state, has demon- 
strated clear efficacy for the treatment of constipation.!”? Pelvic 
floor dyssynergia, an often-neglected cause of chronic constipa- 
tion, is a result of inappropriate contraction, or failed relaxation, 
of the puborectalis and external anal sphincter muscles during 
defecation (see Chapter 19). Pelvic floor dyssynergia is considered 
a form of maladaptive learning,'*° and biofeedback is thought to 
help retrain the body to alleviate this condition. 

Sensory training involves simulated defecation through the use 
of a water-filled balloon that is inserted into the rectum and then 
slowly withdrawn as the patient is asked to concentrate on relax- 
ing the muscles that are behaving inappropriately.!*° Anorectal 
manometry and electromyography, which record muscle activ- 
ity from intraluminal probes or from perianal surface electrodes, 
respectively, are alternative means by which sensory feedback can 
be provided to the patient with pelvic floor dyssynergia. More 
than 70% of adult patients with this disorder improve following 
biofeedback training.'°° Further studies are needed, however, to 
assess the long-term efficacy of biofeedback. 

Electroacupuncture, when compared with sham acupuncture 
or no treatment, demonstrated a shorter time to defecation and 
length of hospital stay in postoperative laparoscopic surgery.!*! 
This study by Ng and colleagues raised the question as to whether 
the improved time to return of GI function was due directly to 
the effect of electroacupuncture or indirectly as a result of the 
pain relief provided by electroacupuncture. 


Homeopathy also has been suggested to have clinical effi- 
cacy in the treatment of postoperative ileus (see Chapter 124). 
A meta-analysis of studies of patients with ileus after abdominal 
and gynecologic surgery revealed that homeopathic treatment 
with agents such as opium poppy (Papaver somniferum L.) and 
chaparral (Raphanus sativus) significantly reduced the time to 
normal intestinal peristalsis compared with placebo treatment. 1? 
The underlying principle of homeopathy is “like cures like,” and 
these supplements, in diluted doses, are thought to ameliorate 
slowed intestinal transit because they themselves are known to 
cause constipation. This meta-analysis, however, did not enable 
definitive conclusions, because several of the trials included were 
reported in publications that are not peer reviewed, thereby rais- 
ing suspicion as to the quality of the data. 

Colonic irrigation therapy has gained popularity among 
patients interested in complementary therapies. “Colonics,” as 
they are colloquially termed, differ from enemas because they are 
not self-administered but rather are given by a practitioner who 
has a certain degree of training, via a device that controls water 
flow, temperature, and pressure.!*> The rationale for this prac- 
tice derives from “autointoxication,” a concept popularized by 
Sir Arbuthnot Lane in the late 1800s and early 1900s that toxins 
originating in the intestine can enter the circulation and poison the 
body. There are no large RCTs thoroughly evaluating the efficacy 
of colonic irrigation therapy. AEs of colonic irrigations have been 
reported, including amebiasis and rectal perforation. 134135 

Lastly, abdominal massage therapy has shown mixed results in 
the treatment of constipation. Ernst!*° reviewed the data from an 
RCT for abdominal massage as a treatment for constipation and 
found that although some data suggested a significant increase in the 
number of days with bowel movements, and decrease in the num- 
ber of episodes of fecal incontinence and number of enemas given, 
the trials were of poor quality and were methodologically flawed. 
The trials were not blinded and were subject to observer bias; only 
one study was randomized. Therefore, further RCTs are needed to 
determine whether massage is effective in patients with chronic con- 
stipation. 


Liver Disease 


CAM therapies are commonly used to treat conditions such as 
NAFLD, NASH, hepatitis B, hepatitis C, and alcohol-associated 
liver disease. One study of USA outpatients with chronic liver dis- 
ease reported that 41% had used some form of CAM therapy in 
the preceding 4 weeks.!?7 A review by Seef and colleagues demon- 
strated that of the more than 1000 plants marketed for medical use 
in Western countries, 156 clinical trials provide evidence to support 
these therapies, and only 9 plants had therapeutic application to treat 
liver disease. As with the other GI conditions already discussed, 
most therapies used for chronic liver disease are herbal supplements. 
‘Table 131.5 details the commonly used supplements, their mecha- 
nisms of action, levels of evidence to support their use, and AEs. 
The risks of hepatotoxicity related to the use of CAM 
therapies has been increasingly recognized. In the USA, the 


2202 PARTXI 


Additional Treatments for Patients with Gastrointestinal and Liver Disease 


TABLE 131.5 Complementary and Alternative Medicine Therapies for Chronic Liver Disease 


Therapy Proposed Mechanism of Action Evidence 


Adverse Effects 


Licorice (Glycyrrhiza Activates CYP450 phase | 


glabra) detoxification reactions, 
enhances endogenous interferon benefit '4° 
production, inhibits TNF-a'41:142 
S-adenosyl-L- Involved in glutathione synthesis; 


methionine (SAMe) acts as an antioxidant!’ 


RCTs demonstrate a biochemical effect; 
no demonstrable morbidity or mortality 


Methodologic flaws in trials assessing efficacy 
No definitive data to support its use in 


Pseudoaldosteronism effects: hypokalemia, 
sodium retention, hypertension; potential 
digitalis toxicity if taken concurrently'#° 


Dry mouth, nausea, akathesia; reported to 
block platelet aggregation in vitro 


alcoholic hepatitis 


Milk thistle (Silybum 
marianum) 


Antioxidant, anti-inflammatory, 
possibly antifibrotic effects149-151 


Thymic extracts Unknown 


Trials suggest benefit over placebo for 
improving serum aminotransferase levels 


No data to support morbidity or mortality 
benefit!41,152,153, 155,156,158 


Trials suggest that combination therapy with 


Nausea, diarrhea, dyspepsia, headache, 
arthralgias, skin reactions, impotence, 
anaphylaxis; inhibits CYP3A4 and uridine 
diphosphate-glucuronyl transferase!41:155 


Nausea, vomiting, rare thrombocytopenia'©° 


interferon yields higher virologic response 
rate than interferon alone or placebo '®2 


Picrorhiza kurroa Antioxidant, anti-inflammatory, 


antiviral effects! 


Only one trial details efficacy in acute HBV 
infection; paucity of data precludes 


None reported 


recommendations! 


CYP450, Cytochrome P450; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; RCT, randomized, controlled trial. 


TABLE 131.6 Mechanisms for Hepatotoxicity of Complementary and 
Alternative Medicine Therapies 


Therapy Proposed Mechanism of Action 
Hydroxycut Ephedra containing products marketed for 
weight loss!9? 
Black cohosh Unknown and proposed to relate to the 
(Cimicifuga combination of herbal supplements in 
racemose) Hydroxycut; possible genetic predisposition 


with an immunologic response manifesting as 
autoimmune-like liver disease 


Chaparral (Larrea 
tridentata) 


Transformation of pyrrolizidine alkaloids by 
CYP3A to toxic metabolites 


Green tea (Camellia Purported cellular protective effects via 


sinensis) antioxidant properties '°?; epigallocatechin 
(EGCG)"88 

Kava (Piper Unknown 
methysticum) 

Pyrrolizidine Metabolized via CYP3A to metabolites that affect 
alkaloids the structure and function of hepatocellular 
(Symphytum) protein; can lead to veno-occlusive disease '2? 

Comfrey tea 

Usnic acid Metabolite derived from lichens; membrane 


uncoupler that leads to increased fat 
metabolism and concomitant increase in 
oxidative stress and cellular injury192 


Drug-Induced Liver Injury Network gathers data on cases of 
severe liver injury from prescription, over the counter, and 
complementary therapies. Unfortunately, there is no pattern 
of liver injury specific to the use of complementary therapies, 
which can make a causal association difficult to find. The Rous- 
sel Uclaf Causality Assessment Method has been validated as 
a sensitive and relatively specific way to support the diagno- 
sis of drug-induced liver injury. In a single center, Estes and 
colleagues reported 10 of 20 patients with fulminant hepatic 
failure had been using herbs or supplements commonly associ- 
ated with hepatotoxicity.!*? Another study by Hillman demon- 
strated that 41 of 253 patients with idiosyncratic drug-induced 
liver injury were related to CAM therapies.!*° The most well- 
known offenders fall under the broad categories of weight loss 
and bodybuilding supplements; some examples are described 
in Table 131.6. 


Natural Products 


Licorice 

Licorice (G. glabra) therapy has been evaluated for treatment of 
chronic HCV infection. The active component of licorice, glycyr- 
rhizin, is thought to activate cytochrome P450 phase I detoxification 
reactions, stimulate endogenous interferon, and inhibit TNF- 
a.lłL142 Tn an RCT, Suzuki and colleagues!*? demonstrated that 
daily injections of Stronger Neo-Minophagen C, a compound of 
glycyrrhizin, glycine, and cysteine, decreased serum aminotransfer- 
ase levels compared with placebo. A morbidity or mortality benefit 
was not demonstrated. Furthermore, the follow-up period in this 
trial was only 1 month, making it extremely difficult to assess any 
long-term AEs of G. glabra. Given that this study was published in 
1983, the presence of HCV was not determined in the study popu- 
lation; inclusion criteria merely necessitated histologic evidence of 
chronic hepatitis. It is not clear, in fact, that the study population 
had HCV infection. 

Another RCT evaluated the effects of G. glabra in patients 
with chronic HCV infection!*+ and compared the efficacy of 
combined UDCA and glycyrrhizin with glycyrrhizin alone. 
There was a statistically significant biochemical improvement in 
the treatment group, but the trial lacked a placebo arm, thereby 
making definitive conclusion of therapeutic and clinically rele- 
vant efficacy beyond placebo effect uncertain. 

AEs with G. glabra are thought to be secondary to the 
active metabolite of licorice root, glycyrrhizin, which inhibits 
11-f6-hydroxysteroid dehydrogenase. This inhibition leads to 
a pseudoaldosterone effect, resulting in hypokalemia, sodium 
retention, and hypertension!*; hypokalemia can increase the risk 
of toxicity from some drugs, such as digitalis. 


S-Adenosyl-L-Methionine 

S-Adenosyl-L-methionine (SAMe) acts as a methyl donor for many 
biochemical reactions and participates in the synthesis of glutathi- 
one, the predominant biochemical antioxidant.'*° This compound 
has been studied most in the treatment of alcohol-associated liver 
disease. A systematic review of 8 placebo-controlled trials of patients 
treated for alcohol-associated liver disease revealed that SAMe had 
no statistically significant effect on mortality, liver-related mortality, 
or liver transplantation,'*° and the methodologic quality of these 
trials was poor. Evaluation of SAMe in more properly designed tri- 
als is needed. SAMe also has been evaluated in the treatment of 
cholestasis of pregnancy. In several controlled trials, SAMe reduced 
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pruritus and serum bilirubin levels during pregnancy, thereby sug- 
gesting possible efficacy.'*’ The safety of this agent in pregnancy 
has been demonstrated in RCTs. !4° 


Silymarin 

Milk thistle (Sibum marianum), the CAM compound most com- 
monly used for liver disease, has been used for many disorders, 
including alcohol-associated liver disease, chronic viral hepatitis, 
drug-induced hepatitis, and as standard of care for acute mush- 
room poisoning from Amanita phalloides in Europe.'** Silymarin, 
the active ingredient, is derived from the milk thistle plant. Its 
mechanism of action is not defined fully but appears to be multi- 
faceted: it is thought to act as an antioxidant to prevent glutathi- 
one depletion!*’; it has anti-inflammatory activity and decreases 
formation of leukotrienes, prostaglandins, and TNF-a! in 
animal studies; and it has been shown to block proliferation of 
hepatic stellate cells and production of procollagen HI, suggest- 
ing a role to slow fibrosis in chronic liver disease.!*! 

Silymarin has been evaluated in several trials of alcohol- 
associated liver disease. Ferenci and colleagues,!°? in an RCT of 
cirrhotic patients treated with 140 mg of silymarin or placebo, 
demonstrated an improved 4-year survival in the treatment group 
compared with the placebo-treated group. Patients with alcohol- 
associated liver disease and early cirrhosis (Child-Turcotte-Pugh 
class A) were more likely to benefit than were those with Child- 
Turcotte-Pugh class B or C. This trial, however, did not confirm 
a clear benefit of silymarin, because patients were not random- 
ized properly: the placebo group contained patients with more 
advanced cirrhosis (Child-Turcotte-Pugh class C) than did the 
treatment group. In addition, the degree of abstinence from 
alcohol among the study participants was not followed, and the 
dropout rate was high. A larger, more rigorously defined study by 
Pares and colleagues!” failed to demonstrate a survival benefit in 
alcoholic cirrhotic patients treated with 150 mg 3 times daily of 
daily silymarin compared with a group treated with placebo. 

‘The Hepatitis C Antiviral Long-term Treatment against Cir- 
rhosis Trial was designed to determine whether maintenance 
interferon therapy could slow disease progression in patients in 
whom prior interferon treatment had failed to eradicate HCV. 
Seeff and colleagues!*+ examined the use and potential effects 
of silymarin in the Hepatitis C Antiviral Long-term Treatment 
against Cirrhosis patient population. Among all participants, 
67% had never used silymarin, 16% used it in the past, and 17% 
used it at baseline. Silymarin use varied widely with gender and 
ethnicity; men were more frequent users than women; non-His- 
panic whites were more frequent users than African Americans 
and Hispanics. Silymarin use correlated strongly with higher 
education. No beneficial effect of silymarin was found on serum 
ALT or HCV RNA levels. Univariate analysis showed signifi- 
cantly fewer liver-related symptoms and better QoL parameters 
in users than nonusers. 

A systematic review of RCTs of silymarin in various hepatic 
diseases (hepatitis B, hepatitis C, and alcohol-associated liver dis- 
ease) also drew no firm conclusions about its therapeutic efficacy. 
Approximately one-half of the trials demonstrated a significant 
biochemical response to silymarin, specifically a decrease in serum 
aminotransferase levels; however, this response did not translate 
into a statistically significant mortality or morbidity benefit. 
Favorable trends toward a decrease in the frequency of hepatic 
encephalopathy and GI bleeding were suggested by these trials, 
but a statistically significant difference was not reached between 
those treated with silymarin and those treated with placebo.!*!)!>° 

Reddy and colleagues evaluated the use of silymarin in one of 
the original studies from the Silymarin in NASH and C Hepatitis 
study group, a randomized multicenter, double-blind, placebo- 
controlled trial funded by the National Center for Comple- 
mentary and Integrative Health. This was a phase I/II trial, the 
objectives of which were to examine the impact of silymarin on 
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noncirrhotic patients who were nonresponders to traditional 
antiviral medications for HCV and to evaluate its impact on 
patients with NASH who failed to respond to conventional treat- 
ment. The hope of this study was to define the role of silyma- 
rin in the treatment of these difficult-to-treat clinical conditions 
for which conventional medicine had failed to yield therapeutic 
results!*°; there did not appear to be a significant morbidity or 
mortality benefit of silymarin in the treatment of HCV. Exten- 
sive data on the effect of silymarin in the treatment of NASH 
are unpublished; however, smaller recent randomized trials have 
failed to demonstrate a significant clinical benefit of silymarin in 
the treatment of NASH.!°” 

In the most rigorous trial to date, Fried and colleagues of the 
Silymarin in NASH and C Hepatitis study group performed a 
multicenter double-blind, placebo-controlled trial that inves- 
tigated patients with chronic HCV in whom interferon-based 
therapies had previously failed. Patients received 420 mg of sily- 
marin, 700 mg of silymarin, or placebo 3 times daily for 24 weeks. 
No statistically significant differences were seen among treat- 
ment and placebo groups, definitively demonstrating that silyma- 
rin, even at 3 to 5 times the usual dose is ineffective in treating 
patients with chronic HCV.1°° 

Reported AEs of silymarin include nausea, diarrhea, dyspep- 
sia, headache, arthralgias, skin reactions, impotence, and ana- 
phylaxis. Most important, milk thistle has been shown to inhibit 
CYP3A4 and uridine diphosphoglucuronosyl transferase, thereby 
potentially leading to interactions with traditional prescription 
medications such as quinine, lidocaine, certain calcium channel 
blocking agents, and cyclosporine, all of which are metabolized 
in part by CYP3A4. 141,155 


Thymic Extract 

The efficacy and safety of thymic extract in treating HCV infec- 
tion have been evaluated in 5 RCTs. Patients who received thy- 
mosin-1, a synthetic polypeptide, in combination with interferon 
therapy were more likely to have complete virologic response 
than were those patients treated with interferon alone or with 
placebo.!*’ Reported AEs included nausea and vomiting, and one 
case of thrombocytopenia.!° 


Ayurvedic Medicine 

Picrorhiza kurroa is an Indian herb commonly used in traditional 
Ayurvedic medicine. It has been used for many GI conditions and 
is often used for hepatic disease. The active ingredients, picroside 
and kutkoside,!°! are thought to act as antioxidants, anti-inflam- 
matory agents, and inhibitors of pro-inflammatory cytokines.!+! 
Various studies have described possible cancer chemopreventive 
and antiviral qualities of these agents.!°:!°? One trial demon- 
strated a beneficial biochemical effect of P. kurroa in reducing 
serum aminotransferase levels in patients with acute HBV infec- 
tion.!°+ Clearly, more data are needed before any recommenda- 
tion can be made regarding this agent. 

Liv 52 is an Indian Ayurvedic medication that has been mar- 
keted specifically for the treatment of liver disease. It is composed 
of Capparis spinosa (capers), Cichorium intybus (wild chicory), Ter- 
minalia arjuna (arjuna), Solanum nigrum (black nightshade), Ach- 
illea millefolium (yarrow), and Tamarix gallica (tatarisk).!°> This 
agent has demonstrated efficacy in protecting rats from carbon 
tetrachloride and alcohol-induced liver injury, as well as improv- 
ing liver function in patients with acute viral hepatitis. This agent 
was withdrawn from the US market, however, after an RCT 
demonstrated decreased survival in Liv 52 patients with alcoholic 
hepatitis compared with placebo-treated patients.!° 


Chinese Herbal Medicine 

CHM is the most common CAM therapy used for treating 
HBV, and it is the therapy that has been evaluated most rigor- 
ously. HBV is a significant global health problem (see Chapter 
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79).167 Given the large number of people affected and high rate of 
endemic HBV infection in some parts of the world such as Asia, it 
is not surprising that CAM therapies are often used to treat illness 
associated with HBV. 

Many different herbal combinations have been used to treat 
HBV infection. For example, TJ-9, known as xiao-chai-hu-tang 
in China, is a combination of 7 herbs: Bupleurum root, Pinellia 
tuber, Scutellaria root, jujube fruit, ginger rhizome, ginseng root, 
and Glycyrrhiza root. This agent is thought to act as an antioxi- 
dant as well as an inhibitor of stellate cell fibrosis.!°!©? Another 
example of CHM is Phyllanthus amarus, the mechanism of action 
for which appears to be inhibition of HBV DNA polymerase.!”° 

A systematic review of 9 RCTs that evaluated CHM revealed 
that compared with placebo treatment, the CHM compound 
fuzheng jiedu tang significantly increased the rate of clearance 
of hepatitis B surface antigen (HBsAg), hepatitis B e antigen 
(HBeAg), and HBV DNA. P. amarus and kurorinone were com- 
parable to interferon treatment in clearing these serologic mark- 
ers.!’! The quality of the aforementioned trials was poor, however, 
and thus, no definitive conclusion can be reached at present 
regarding the efficacy of these agents for chronic HBV infection. 
A review of the effects of CHM on asymptomatic HBsAg-positive 
carriers with normal aminotransferase levels evaluated 3 RCTs, 
all of which were of poor methodologic quality. The compound 
Jianpi Wenshen recipe was found to have beneficial effects on 
clearance of HBsAg and HBeAg and on development of antibody 
to HBeAg.!”” Given the flaws in the methodology of the trials 
evaluated, however, a recommendation for use of this agent can- 
not be endorsed without further investigation. 

A meta-analysis of 27 RCTs compared CHM alone, CHM 
combined with interferon, and interferon alone for chronic HBV 
infection.!’> The absence of a strict placebo group in these tri- 
als is of concern. In China, where most CHM is used for HBV 
infection, CHM is often used as an adjunct or alternative to inter- 
feron therapy. Therefore, these trials were designed to assess the 
efficacy of CHM in conditions that replicate common clinical 
practice.!©? Patients who received CHM alone were more likely 
to clear HBsAg than were those treated with interferon alone. 
CHM was equivalent in efficacy to interferon in achieving clear- 
ance of HBeAg and HBV DNA. Patients who received combined 
therapy were more likely than those treated with interferon alone 
to achieve seroconversion for HBsAg and HBeAg and to clear 
HBV DNA.!® 

Although these trials appear to favor the use of CHM as a 
potential integrative therapy to interferon, most of the trials were 
of poor methodologic quality. In addition, most of the studies had 
a follow-up of only 3 months for assessing treatment outcomes. 
The studies that were reviewed were published in Chinese jour- 
nals, and many details regarding blinding and randomization of 
the subjects in the trials were omitted, raising additional concerns 
regarding methodological quality. 

CHM has also been studied for the treatment of HCV infec- 
tion. A systematic review of 10 randomized trials evaluated the 
efficacy of CHM in patients with chronic HCV infection. The 
results of the trials were disappointing in that none of the herbal 
agents used was found to increase the rate of HCV RNA clear- 
ance. In addition, 9 of the 10 trials showed no improvement in 
serum aminotransferase levels.!”+ 

AEs of CHM include hepatotoxicity; however, given the lack 
of manufacturing uniformity in content and potency of these 
agents, definitive causality has not been established.!’° Cases of 
interstitial pneumonitis, autoimmune hepatitis, and acute throm- 
bocytopenic purpura also have been reported.!*! 


Mind-Body Medicine 


Acupuncture has been demonstrated in a study by Li and col- 
leagues to have gained popularity in patients with chronic 
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hepatitis; approximately 9% of patients report implementing this 
therapy. There are no convincing data detailing the effectiveness 
of acupuncture in treatment of either chronic hepatitis B or C. Li 
and colleagues have demonstrated that acupuncture is useful as 
an adjunctive therapy to ameliorate postoperative pain in patients 
with pain from HCC and secondary to hepatic capsule inflam- 
mation. S 


GI Malignancies 


Estimates are that up to 64% of adult oncology patients have 
used CAM therapies at some point during their treatment. !”” The 
motivation for these therapies in oncology patients is similar to the 
rationale cited by other patient populations: CAM therapies are 
appealing as a result of a failure of conventional medicine to con- 
trol or cure disease, and they provide patients with a mechanism 
for feeling in more control of their therapeutic plan. Textbooks 
have been dedicated to this subject, and the discussion that follows 
highlights only the most commonly used CAM therapies. 


Natural Products 


Curcumin has been studied as an integrative supplement in colorec- 
tal and pancreatic cancer therapy since 1987. Not only has curcumin 
demonstrated efficacy as a chemopreventive agent when combined 
with quercetin in patients with FAP®?, but also it has been shown to 
promote general health in those with colorectal cancer (CRC). This 
is thought to be related to increased body weight, decreased serum 
‘TNF-a, increased apoptotic cells, and enhanced tumor expression 
of p53.°* The use of curcumin also has been studied in pancreatic 
cancer; however, there was no beneficial effect at the doses adminis- 
tered when in combination with routine chemotherapeutic agents.” 

Coffee consumption has been shown to reduce the risk of 
HCC by up to 40% in those who consume any amount of cof- 
fee compared with those who consume no coffee.!”* There have 
been many case control and cohort studies that show more than 
50% risk reduction. In addition, coffee consumption has been 
inversely associated with development of cirrhosis,!”° even when 
controlling for confounders such as presence of viral hepatitis. 

A systematic review of the beneficial effect of green tea con- 
sumption to reduce the incidence of GI malignancy!’ demon- 
strated that green tea did help prevent colonic adenomatous 
polyp formation and chronic atrophic gastritis. No definitive sup- 
porting evidence, however, was found to conclude that green tea 
had a similar beneficial effect on the incidence of GI malignancy. 

Garlic is thought to inhibit the development of gastric can- 
cer through several proposed mechanisms. An antibacterial effect 
against H. pylori has been demonstrated and is attributable to the 
thiosulfinate component of this agent.!*° Kaempferol, a flavonol 
present in high concentration in garlic, also contributes to the 
detoxification of carcinogenic compounds.'*! Published studies 
suggest that garlic might protect against the development of gastric 
and colonic carcinomas. Most of the literature, however, consists 
of observational studies that cannot be used to confirm a thera- 
peutic effect of garlic. Additional therapeutic intervention trials are 
needed to substantiate the claim that garlic is chemopreventive.'*” 

Vitamins C and E are antioxidants that might reduce the inci- 
dence of CRC. In an epidemiologic study of patients with CRC, 
long-term use of vitamins C and E did not provide a mortality 
benefit. In a subgroup analysis, however, use of vitamin C for 
more than 10 years was associated with a decreased risk of death 
from CRC before the age of 65 years and a decreased risk of rec- 
tal cancer mortality at any age.!* 

Other dietary factors also could play a role in preventing malig- 
nancy. In Mediterranean countries, there is a lower incidence of 
breast, endometrial, colorectal, and prostate cancer compared 
with Western countries. These cancers have been postulated to 
have a relationship to diet, in that a low consumption of fruits 
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and vegetables and a high consumption of red meat correlate with 
cancer incidence. A traditional Mediterranean diet contains low 
amounts of red meat and high amounts of fruits, vegetables, and 
olive oil. By statistical modeling, some epidemiologists estimate 
that up to 25% of CRC could be prevented in Western countries 
if diets were changed to reflect Mediterranean practices.!** 


Mind-Body Medicine 


Several CAM therapies have been implemented to help amelio- 
rate pain in patients with metastatic disease. Acupuncture has 
shown promise for the treatment of the pain associated with 
gastric cancer.!*> Lycopodium clavatum, a type of fern moss, has 
been reported to be an effective homeopathic treatment for rectal 
cancer pain.!*° Meditation and relaxation therapies are practiced 
commonly by many patients with cancer not only to ameliorate 
physical pain, but also to help cope with the depression that com- 
monly accompanies malignant disease. 


MEDICAL MARIJUANA 


The majority of interest in marijuana is focused on the psycho- 
tropic effects of A9-tetrahydrocannabinol; however, marijuana also 
contains approximately 70 other phytocannabinoids such as can- 
nabidiol that have little psychotropic effect.!*’ In the GI system, 
cannabinoid receptors are expressed in the cholinergic neurons of 
the myenteric and submucosal plexus where the effects of mari- 
juana inhibit motility and secretory function.!*’ It is therefore not 
surprising that studies are underway to determine the role of mari- 
juana in nausea and vomiting, gastric acid production, GI motility, 
visceral sensation, intestinal inflammation, and hepatic fibrosis. 

The legal regulations surrounding the use of medical marijuana 
have made it challenging for practitioners to incorporate it safely 
into practice. At the same time, the legalization of marijuana for 
medicinal use in many states has made it an attractive complemen- 
tary therapy for patients. Federally, marijuana remains a Schedule 
1 controlled substance, which connotes that it has a high potential 
for abuse and no accepted medicinal use in the USA. As a result 
of this regulation, practitioners cannot prescribe but can make 
“recommendations” for its use. In 2013, the Department of Jus- 
tice issued a memorandum to prosecutors under the Controlled 
Substance Act making it clear that prosecuting state legal medical 
marijuana cases was not a priority. Under the current administra- 
tion, however, these recommendations are subject to change. 


SAFETY AND REGULATION OF COMPLEMENTARY 
AND ALTERNATIVE MEDICINE THERAPIES 


In the USA, total yearly sales of herbal supplements are approxi- 
mately $13.9 billion and steadily increasing. An estimated 15 
million adults take prescription medications concurrently with 
herbal supplements.! Therefore, the safety of concurrent admin- 
istration of herbal supplements and traditional allopathic medica- 
tions is a concern to many physicians. In 1994, the U.S. Congress 
implemented the Dietary Supplement Health and Education Act, 
legislation written to prevent the FDA from regulating dietary 
supplements “excessively” and to ensure that safe and appropri- 
ately labeled supplements remain available to those persons who 
wish to use them. Dietary Supplement Health and Education Act 
officially defines a “dietary supplement” as: 


A product (other than tobacco) that is intended to supplement the 
diet that bears or contains 1 or more of the following dietary ingre- 
dients: a vitamin, a mineral, an herb or other botanical, an amino 
acid, a dietary substance for use by man to supplement the diet by 
increasing total daily intake, or a concentrate, metabolite, constitu- 
ent, extract or combination of these ingredients.!°° 
Additional FDA guidelines specify that supplement manufactur- 
ers themselves are responsible for determining the safety of their 
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products and for providing the evidence, if asked, to substantiate the 
claims made by their individual products. Approval from the FDA 
is not required before marketing of most of these agents unless the 
supplement is deemed “new.” A new supplement is defined as an 
agent not marketed before October 15, 1994; however, no defini- 
tive list exists of products marketed before this date. Therefore, the 
responsibility rests with the manufacturer to determine if its product 
is, in fact, a new supplement. This rule creates an obvious conflict of 
interest in that new supplements require clinical research and capital 
expenditures to substantiate their efficacy, and manufacturers would 
prefer that supplement therapies be considered previously marketed. 

In addition, supplement manufacturers are not required to report 
AEs that occur with use of their products. It is the responsibility of 
the FDA to prove that products are unsafe before their use can be 
restricted.!*? The FDA relies on physicians and other health care 
professionals to report suspected AEs before an inquiry can be estab- 
lished for a particular agent. Therefore, itis of utmost importance that 
all health care professionals be aware of their patients’ use of supple- 
ments, both to provide safe care and to know when to suspect AEs or 
medication interactions. Suspected AEs, event, or medication inter- 
actions can be reported online at http://Awww.fda.gov/medwatch. 

Resources for health care professionals regarding CAM thera- 
pies have become much more accessible. Information regarding 
definitions of CAM therapies, as well as efficacy of the various 
modalities, can be found at the following websites: 


www.nccih.nih.gov 
www.fda.gov 
www.cochrane.org 
www.NaturalDatabase.com 


To care for patients from a comprehensive standpoint, all 
health care professionals should be aware of these resources so 
as to prescribe medications effectively and safely and understand 
their mechanisms of action as well as the data supporting their 
efficacy. Although some medical schools and residency programs 
are increasingly offering educational programs in CAM therapies, 
curricula should be mandated to include information on these 
modalities so as to familiarize medical professionals with these 
practices early in their careers. A study by Mikail and colleagues!”° 
reported that only 16% of medical residents surveyed routinely 
asked their patients about their use of herbal therapy. It is equally 
important that health care professionals also understand the lack 
of regulatory mechanisms for these modalities, so that effective 
safety measures can be used to protect the welfare of patients. 

A study presented in 2012 evaluated and compared the general 
knowledge base of CAM therapies between gastroenterology fel- 
lows-in-training and attending physicians.'*? Any demonstrated 
differences would help to determine where to target a formalized 
curriculum on the subject matter so as to maximize educational 
efforts. Attending physicians demonstrated a more comprehen- 
sive knowledge base; however, over 90% of participants rated 
their knowledge of CAM therapies as “no knowledge” or “mini- 
mal.” Most respondents indicated an interest in having formal 
instruction in CAM therapies, with supplement therapies being 
the topic they most wished to learn more about. By incorporating 
complementary therapies into the curriculum of gastroenterol- 
ogy postgraduate education, individuals will acquire a more thor- 
ough knowledge base of CAM therapies, which will allow them to 
care for their patients in a more comprehensive manner. 

It is hoped that through continued educational efforts at all 
levels of medical training, the data regarding the efficacy of CAM 
therapies, as well as their potential benefits and dangers, will 
be increasingly understood. Health care professionals and their 
patients will then be able to maintain a healthy therapeutic rap- 
port while incorporating these therapeutic modalities, if they are 
clinically appropriate, in a safe and efficacious manner. 


Full references for this chapter can be found on www.expertconsult.com 
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The purpose of this chapter is to review the physical and emo- 
tional care of patients with advanced chronic and serious illnesses, 
many of whom have debilitating GI symptoms. Management of 
common GI symptoms, important aspects of setting appropriate 
life goals of care, and communication skills are reviewed. 


WHAT IS PALLIATIVE MEDICINE? 


Palliative care is interdisciplinary care that aims to improve the 
quality of life (QOL) of seriously ill patients and their fami- 
lies through the prevention and relief of suffering (Box 132.1). 
Integral to this care is the early identification, impeccable assess- 
ment, and treatment of pain and other symptoms, including the 
physical, psychosocial, and spiritual needs of the patient.! Early 
incorporation of palliative care, concurrent with disease-directed 
treatments, enables patients and their families to have the best 
chance of maintaining their QOL for the longest possible time.’ 
In contrast to palliative care, hospice care is care provided to 
patients with an anticipated lifespan of 6 months or less. Hospice 
care is not provided in conjunction with disease-directed treat- 
ments that are specifically intended to prolong life. 


Hospice versus Palliative Care 


Hospice care recognizes that dying is a normal life cycle event 
and seeks to neither unnecessarily hasten nor postpone death, 
but rather to focus care on patient-defined goals as death nears.’ 
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Most patients want to die with comfort and dignity and are able 
to articulate some or all of the following goals prior to death’: 
freedom from pain and other distressing symptoms; having a 
sense of personal control over end-of-life decisions; avoiding 
inappropriate prolongation of the dying process; finding mean- 
ing and purpose in life; and saying goodbye to friends and family. 

Hospice care in the USA is also a financial reimbursement 
system for terminally ill patients, largely defined by the Medi- 
care Hospice Benefit (MHB). As such, hospice care has defined 
regulations and admission criteria. Under the MHB, patients are 
eligible for a specific set of services if (1) the physician certifies 
that the patient has 6 months or less to live, if the disease fol- 
lows its usual course; and (2) the goal of treatment is palliative 
rather than curative." It is to be noted that MHB does not require 
patients to relinquish heroic life-prolonging measures, future 
hospitalizations, or participation in research. Also, prognosis is 
based on the attending physician’s clinical judgment regarding 
the normal course of the individual’s illness; if the patient lives 
beyond the expected 6 months, hospice care can be continued by 
recertifying the patient under MHB. Although hospice care can 
be provided in special residential facilities or in long-term care 
facilities, currently, most hospice care in the USA is provided in 
the patient’s home. 

In contrast to hospice care, there are no specific eligibility cri- 
teria for palliative care because there is no defined reimbursement 
mechanism. Palliative care is reimbursed similarly to other sub- 
specialty care through Medicare, Medicaid, and other private and 
public insurance mechanisms. The palliative care movement in 
the USA has developed largely in acute care hospitals and, more 
recently, in long-term care facilities and through outpatient clin- 
ics. All hospice care is palliative care, but not all palliative care is 
hospice care. To truly provide seamless care for patients who are 
dying, communities need both upstream palliative care provided 
concurrently with disease-directed therapies and end-of-life care 
through hospice services. 

Quality care near the end of life for complex physical and 
psychologic problems cannot be provided by a single clinician.*” 
Care is ideally provided by an interdisciplinary team that includes 
physicians, nurses, social workers, chaplains, and bereavement 
counselors.’ It is to be noted that the interdisciplinary palliative 
care team works in concert with, and does not seek to replace, 
the primary medical team. Thus, the ultimate goal of palliative 
care is to prevent and relieve suffering and to optimize QOL for 
patients and their families, regardless of the stage of the disease 
or the need for curative or palliative therapies.’ 


EXPLORING GOALS OF CARE 


Exploring patient-defined goals of care is the first step in deter- 
mining the most appropriate therapeutic interventions for a spe- 
cific disease or symptom. An organized approach to goal setting 
can help both the clinician and the patient achieve clearly articu- 
lated goals; this is best accomplished through a meeting with the 
patient and family or surrogate decision-maker (Boxes 132.2 and 
132.3). Prior to a goal-setting meeting, the clinician should review 
the disease course, the patient’s response to prior treatments, and 
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BOX 132.1 What Is Palliative Care? 


PALLIATIVE CARE 

Provides relief from pain and other distressing symptoms 

Affirms life and regards dying as a normal process 

Intends neither to hasten nor to postpone death 

Integrates the psychological and spiritual aspects of patient care 

Offers a support system to help patients live as actively as possible 
until death 

Offers a support system to help the family cope during the patient’s 
illness and in their own bereavement 

Uses a team approach to address the needs of patients and their 
families, including bereavement counseling, if indicated 

Will enhance quality of life and may also positively influence the 
course of illness 

Should be initiated early in the course of illness, in conjunction with 
therapies that are intended to prolong life, such as chemo- 
therapy or radiation therapy, and includes those investigations 
needed to better understand and manage distressing clinical 
complications 


The World Health Organization, 2008. 


the potential for further disease-modifying treatments and then 
develop a realistic short- and long-term vision for the future clin- 
ical course, including a general sense of prognosis. With this in 
mind, the clinician can begin to review treatment options and 
help the patient decide which treatments are most likely to help 
meet his or her specific goals. All therapeutic options should be 
examined in light of the following question: Does the treatment 
intervention match or assist with the patient’s treatment goals?® As 
the burden of decision-making increases near the end of life, it is 
important for physicians to understand their central role in help- 
ing patients make decisions. A model of shared decision-making, 
in which the physician provides guidance and recommendations, 
is generally preferred to a paternalistic approach or, at the oppo- 
site extreme, to one in which options are presented with no guid- 
ance.’ 


PROGNOSTICATION 


Physicians’ estimates of patient survival, or prognosis, are impor- 
tant to patients and families in all phases of a patient’s life because 
it informs both medical and nonmedical decisions. This is espe- 
cially true at the end of life when patients and families have to 
make numerous personal, fiscal, and social arrangements in 
anticipation of impending death. Despite the great need for accu- 
rate prognosis, prognostication remains an elusive clinical art. 
Numerous empiric studies have revealed a consistent optimistic 
bias, with most physicians overestimating anticipated lifespan by 
a factor of 3; such estimates are further skewed when the physi- 
cian is more connected with the patient. Consequently, patients 
who are in great need of quality palliative care are referred too 
late to palliative care services and thus are deprived of access to 
good symptom management. There are 2 key tasks in prognos- 
ticating: 


1. Formulating the prognosis by review of patient-specific medi- 
cal factors and disease-specific actuarial estimation of survival. 

2. Communicating the prognosis to patients and families and 
providing ongoing support. 


Given that prognostication is challenging, many physicians 
are uncomfortable with this task and may avoid providing real- 
istic prognostic information or continue to offer ineffective and 
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burdensome treatment options, which may instill false hope and 
promote unrealistic expectations on the part of the patients and 
families. When pressed by patients, physicians typically overes- 
timate survival. Furthermore, if the imminence of death is not 
discussed honestly, patients will be more likely to accept costly, 
burdensome, and futile treatments.’ 

Discussing prognosis with patients and families is a key skill 
that is instrumental in helping seriously ill patients make health 
decisions that reflect their goals and values (see Boxes 132.2 and 
132.3). Physicians are advised to start by asking the patient if they 
previously have been given prognostic information; if they have 
a sense of how much time is left; and whether they would like to dis- 
cuss prognosis. If a patient indicates that they do wish to discuss 
prognostic information, a broad estimate should be provided, for 
example, a few days to a few weeks or a few weeks to a few months, 
rather than, Mr. Jones, you have only 3 weeks to live.t Once the time 
frame is presented, important future goals can be determined by 
asking, What do you want/need to do in the time that is left? (e.g., 
important events and saying goodbye to loved ones). This allows 
the clinician to “aim” the information at the level of the patient 
and family.!° 

Prognostication guidelines are well established for cancer.!°!! 
The single best prognostic variable in cancer is performance 
status.!°!! For example, patients with a Karnofsky Performance 
Status of 40 (disabled; require special care and assistance) live on 
average less than 50 days, and patients with a Karnofsky Perfor- 
mance Status of 20 live an average of only 10 to 20 days!! (Table 
132.1). Put another way, patients who are spending more than 
50% of the day resting or in bed generally have a prognosis of 3 
months or less. Specific symptoms provide further information; 
symptoms with an independent predictive value for a poor prog- 
nosis are shortness of breath, anorexia, difficulty swallowing, and 
weight loss.!! 

Prognostic criteria for noncancer diagnoses have been pub- 
lished and are especially useful to help physicians know when to 
refer patients for hospice services.!* Specific to gastroenterology, 
for example, general criteria have been established for chronic 
liver disease (Box 132.4). Beyond guidelines, some clinicians have 
advocated a simple test to determine when hospice services are 
appropriate by asking, “Would I be surprised if this patient died 
in the next 6 months?”!3.!+ 

No matter what type of cancer or nonmalignant fatal ill- 
ness a person has, a “common final clinical pathway” occurs in 
most patients.!! Signs and symptoms that predict a prognosis 
of “hours to days” are decreased or fluctuating levels of con- 
sciousness, or both; a precipitous clinical decline, decreased 
oral intake, and inability to turn over in bed.!° Patients close 
to death typically exhibit periods of apnea, retained oropharyn- 
geal secretions (the “death rattle”), fever, and cool or mottled 
extremities. !° 


KEY PROGNOSTIC VARIABLES AND TOOLS IN 
GASTROINTESTINAL AND LIVER DISEASE'®-'° 


In some instances, primary GI disease processes account for a 
patient’s clinical deterioration. In these cases, prognostication 
may prove difficult because most GI diseases do not have for- 
mal tools to guide prognostication. Chronic liver disease is an 
exception because it is a progressive morbid condition and can 
be treated by liver transplantation, which requires careful alloca- 
tion of a limited supply of available organs. Prognostication tools 
have been developed to help predict survival in order to prioritize 
liver transplantation. Patients who have compensated cirrhosis 
have a median survival of 6 to 12 years. Decompensation occurs 
in 5% to 7% annually; median survival then declines to 2 years. 
The MELD score was developed to prioritize patients for liver 
transplantation and also can be used to help guide the appropriate 
palliative care for patients with chronic liver disease. In addition, 
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PART XI Additional Treatments for Patients with Gastrointestinal and Liver Disease 


BOX 132.2 Process Steps for a Goal-Setting Family Meeting 


1. Determine the reasons for convening a family conference 
a. Clarify the goals of care and review the patient’s medical con- 
dition 
b. Decide on future levels of care and treatments, and resolve 
family conflicts 
2. Determine who should and who will be present for the confer- 
ence 
a. Include appropriate health care providers (e.g., nurse, chap- 
lain, social worker, physician consultants, primary care physi- 
cian) 

. Ask the patient, or health care power of attorney, who he or 
she would like to participate (e.g., the designated health care 
power of attorney, appropriate family members, clergy, lawyer, 
friend) 

Determine whether the patient has decision-making capacity 

. Able to understand information about diagnosis and treat- 
ment? 

. Able to evaluate alternatives and compare risks and ben- 
efits? 

. Able to communicate a choice, verbally, in writing, or with a 
nod or gesture? 

Choose the proper physical setting 

Introduce yourself, explain your relationship to the patient, and 

invite all participants to do the same 

Identify the legal decision-maker, if available* 

Review the goals and purpose of the meeting 

. Establish ground rules 
a. Everyone will have the opportunity to talk 
b. No interruptions are permitted 
Review the patient’s current medical condition 
a. “What is your understanding of ___’s present condition?” or 
“What have you been told about ___’s condition?” 

. Review with the patient/family the current medical condition, 
e.g., expected prognosis and potential treatment plans; avoid 
medical jargon 

. Invite questions 

. Defer treatment decision-making until all questions about the 
patient’s medical status have been asked to the extent pos- 
sible 


*Note that laws governing surrogate decision-making vary from state to state. 


10. Family discussion guidelines include the following: 
a. When the patient can speak for himself or herself, 

1) Ask the patient what he or she is considering 

2) Ask the patient what type of support he or she would like 
from family members and from the health care team 

8) Invite discussion from other family members 

b. When the patient cannot speak for himself or herself 

1) Describe the goal of substituted decision-making, i.e., to 
speak on behalf of the patient by making those choices we 
believe the patient would make if he or she could speak 

2) Ask each family member what he or she believes the pa- 
tient would choose if he or she were able to speak on his 
or her own behalf 

3) Ask each family member what his or her own wishes are 
for the patient 

4) Allow patients and families time alone, if they wish to talk 
before making a decision 

5) If there is a clear consensus of opinion, the meeting can be 
concluded. If there is no consensus (see No. 11) 
. Follow these guidelines when there is no consensus: 

a. Ask the family to discuss the issue on their own and schedule 
a follow-up meeting (use time as an ally) 

b. Ask each family member on what values his or her decision 
is based and how the decision will affect the patient and the 
other family members 

c. Review again the goals you are trying to reach: what would 
the patient say if he or she were able to speak? 

d. Discuss other resources to support decision-making 

12. Bring the conference to conclusion 

a. Summarize the meeting for the family, including areas of 
agreement and disagreement 

b. Decide if the decisions made lead to related issues that 
should be addressed while the family is present (e.g., “do not 
resuscitate” order, continuation or withdrawal of treatments, 
discharge planning) 

. Provide a plan for follow-up, and offer to schedule further 
meetings with the family 

. Document a summary of the meeting in the medical record 

. Discuss relevant issues with all health team members 


Adapted from Weissman DE, Ambuel B. Establishing treatment goals, withdrawing treatments. In: Weissman DE, Ambuel B, Hallenback J, editors. Improving end-of- 


life care. 3rd ed. Milwaukee: Medical College of Wisconsin; 2000. p 101. 


BOX 132.3 REMAP: Potential Statements to Guide Conversations Regarding Goals of Care 


REMAP Physician Statement 


Reframe “You’ve worked very hard with all the treatments over the years, and | hear that now you're feeling more tired and it’s harder for you to do 


the things you enjoy. I’m seeing that you're in a different place now. Further treatments may be too hard on you.” 


“What worries you most about this?” “It’s understandable that you would feel sad when thinking about these things.” “This is hard to 
talk about.” “Is it OK to talk about what this all means for the future?” 


Emotion 


Map “Tell me about some of the things you enjoy doing.” “What’s most important to you given that time is limited?” 


Align “From what I’m hearing from you, the most important thing for you is to have time at home, sitting on the porch with your family. You 
feel like at this point you’ve spent too much time in the hospital, and you wouldn’t want to come back if it could only extend your 
life a few days or weeks.” 


Propose a Plan “Given what you’ve told me. l’d propose that we do everything to help you spend time at home with your family. | don’t think more 
cancer treatment is likely to help to help with that. | think getting hospice involved would help you do what you want to do with the 
time you have. What do you think?” 


From Childers JW, Back AL, Tulsky JA, et al. REMAP: a framework for goals of care conversations. J Oncol Pract 2017; 13:e844-e850. DOI: 10.1200/ 
JOP.2016.018796 
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TABLE 132.1 Karnofsky Performance Status Scale 


Karnofsky Performance Scale 


%  Description—Level of Functional Capacity 


100 Normal; no complaints; no evidence of disease 
90 Able to carry on normal activity; minor signs or symptoms of disease 
80 Normal activity with effort; some signs or symptoms of disease 


70 Cares for self; unable to carry on normal activity or to do active 
work 


60 Requires occasional assistance, but is able to care for most needs 
50 Requires considerable assistance and frequent medical care 
40 Disabled; requires special care and assistance 


30 Severely disabled; hospitalization is indicated although death is not 
imminent 


20 Hospitalization is necessary; very sick; active supportive treatment 
is necessary 


10 Moribund; fatal processes are progressing rapidly 
0 Dead 


From Karnofsky DA, Burchenal JH. The clinical evaluation of chemothera- 
peutic agents in cancer. In: MacLeod CM, editor. Evaluation of chemo- 
therapeutic agents. Columbia University Press; 1949. p 196. 


BOX 132.4 Hospice Eligibility Criteria: End-Stage Liver 
Disease 


The patient is not a transplant candidate and opts for comfort care 
and 
The patient has: 
Prothrombin time >5 sec over control or INR >1.5 and 
Serum albumin <2.5 g/dL and 1 or more of the following condi- 
tions: 
Ascites refractory to treatment, or the patient is not compliant 
with treatment 
SBP 
Hepatorenal syndrome, elevated serum creatinine and BUN, 
oliguria (<400 mL/day), urine sodium concentration <10 
MEQ/L, cirrhosis, and ascites 
Hepatic encephalopathy refractory to treatment, or the patient 
is not compliant with treatment 
Recurrent variceal bleeding despite intensive therapy 
Supporting documentation (as applicable): 
Progressive malnutrition 
Muscle wasting with reduced strength and endurance 
Continued active alcoholism (>80 g ethanol/day) 
HCC 
HBsAg positivity 


BUN, blood urea nitrogen; HBsAg, hepatitis B surface antigen. 

Adapted from Standards and Accreditation Committee. Medical guidelines 
for determining prognosis in selected noncancer diseases. 2nd ed. Arling- 
ton, VA: National Hospice Organization; 1996. 


several other syndromes associated with either end-stage liver 
disease (ESLD) or GI malignancies have been evaluated for their 
correlation with patient survival. 


The MELD Score 


The MELD score is a numeric scale, ranging from 6 (less ill) to 40 
(gravely ill), which is used to evaluate liver transplant candidates 
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who are aged 12 years and older (see Chapter 97). The num- 
ber is calculated by a formula using the bilirubin, the INR (pro- 
thrombin), and the creatinine. The MELD score, created to help 
determine organ allocation for liver transplantation, has been 
validated for short-term and intermediate-term mortality in a 
heterogeneous group of patients with cirrhosis and ESLD, as well 
as alcoholic hepatitis and acute variceal bleeding. The predictive 
and discriminant ability of the MELD score is the highest in the 
first year of follow-up after determination of a score. For longer- 
term mortality (3 to 5 years), the MELD score has significantly 
weaker predictive ability, which suggests that in clinical practice, 
a single MELD measurement should not be used to predict sur- 
vival beyond one year of follow-up and that longer-term survival 
would be gauged more accurately by determining the MELD 
score at regular intervals. Presence of ascites, hepatic encepha- 
lopathy, and hepatorenal syndrome (HRS) is associated with poor 
prognosis. The MELD calculator is available online at http://ww 
w.unos.org/resources/MeldPeldCalculator.asp?index=98. 


Hepatorenal Syndrome 


HRS is functional renal failure characterized by intense renal 
vasospasm in ESLD and has been correlated with poor prognosis 
(see Chapter 94). Type-1 HRS is a rapidly progressive reduction 
of renal function defined by a doubling of the initial serum creati- 
nine to a level greater than 2.5 mg/dL (226 pmol/L) in less than 
2 weeks. It presents clinically as acute renal failure, and patients 
with Type-1 HRS have a median survival of 2 weeks. Type-2 
HRS is defined as moderate renal failure (serum creatinine rang- 
ing from 1.25 to 2.5 mg/dL or 113 to 226 pmol/L) with steady 
or slowly progressive renal failure. These patients present with 
refractory ascites and have a median survival of 4 to 6 months. 


Ascites 


About 80% of ascites is nonmalignant. Only about 10% patients 
with ascites have malignancy as the primary cause, and epithelial 
malignancies (colon, gastric, pancreatic, ovary, breast, and endo- 
metrial) cause 80% of the malignant ascites. Ascites is an indicator 
of poor prognosis, with a median survival of 2 years for patients 
with nonmalignant ascites and a median survival of 4 months 
for patients with malignant ascites. If malignant ascites and the 
underlying malignancy are chemoresponsive, survival may be 
prolonged. Ascites is very distressing to patients and should be 
managed aggressively to optimize patients’ QOL. 


Hepatic Encephalopathy 


Hepatic encephalopathy also is associated with poor prognosis, 
with a cumulative survival of 20% to 40% at 1 year and 15% at 3 
years of follow-up (see later and Chapter 94). 


COMMON THEMES IN PALLIATING 
GASTROINTESTINAL AND HEPATIC DISEASES 


A complete review of all symptoms experienced by patients being 
cared for by palliative medicine physicians is beyond the scope 
of this chapter. Some of the most frequently encountered symp- 
toms experienced by seriously ill patients are discussed briefly in 
the following sections. As with all interventions, the benefit and 
burden of each treatment must be evaluated in context of each 
patient’s goals of care. If an intervention does not help advance an 
individual’s goals of care, it should be withheld or withdrawn.!* 


Abdominal Pain 


Freedom from pain is a central goal of palliative medicine. 
Abdominal pain can be categorized as nociceptive, neuropathic, 
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Simple descriptive pain intensity scale* 


No Mild Moderate Severe Very Worst 
pain pain pain pain severe possible 
pain pain 


0-10 Numeric pain intensity scale* 


0 1 2 3 4 5 6 7 8 9 10 


No Moderate Worst 
pain pain possible 
pain 


Visual analog scale (VAS)t 
= 


No Pain as bad 
pain as it could 
possibly be 


Fig. 132.1 Pain intensity scales. *If used as a graphic rating scale, a 
line 10 cm long is recommended. tA line 10 cm long is recommended 
for VAS scales. (From Agency for Health Care Policy and Research. 
Management of cancer pain: adults. Rockville, MD: U.S. Department of 
Health and Human Services, Public Health Services; 1994.) 


or mixed (see Chapters 11 and 12). Somatic and visceral are the 2 
types of nociceptive pain. The somatic system detects pain from 
skin, bone, and muscle. Somatic pain is typically well localized and 
described as sharp, dull, or achy; abdominal wall stretching from 
ascites is a common example of such pain. Visceral pain is medi- 
ated through the autonomic nervous system and involves nerves 
that supply the internal organs, including the GI tract. Visceral 
abdominal pain is poorly localized, commonly diffuse, as in peri- 
tonitis; referred, as in pain referred to the shoulder from hepatic 
disease; or colicky, as with intestinal or biliary obstruction.!? 
Neuropathic abdominal pain arises from direct injury or dysfunc- 
tion at the level of the nerves themselves and includes peripheral 
or autonomic nerves near the spinal cord, the celiac or lumbar 
plexus, or more peripheral nerves. Neuropathic pain is usually 
described as tingling, burning, throbbing, sharp, or lancinating; 
abdominal pain from pancreatic cancer invading the celiac plexus 
is a common example.!? Whenever possible, it is important to 
make the distinction between pain types because treatments may 
differ. As in any evaluation of abdominal pain, questions to be 
asked include location, duration, temporal pattern, and pain mod- 
ifiers.?° Patients should be asked to rate the pain on a numeric or 
visual analog scale or from “mild” to “severe” (Fig. 132.1). Other 
important questions are drug and nondrug treatments that have 
been used, including their efficacy and toxicity. Finally, clinicians 
should assess the impact of the pain on the patient’s activities of 
daily living; the patient’s understanding of the cause of pain; and 
specific goals for pain relief (e.g., improved sleep).’! 

Nonpharmacologic therapies (e.g., relaxation exercises, guided 
imagery, meditation, judicious use of heat and cold) and over- 
the-counter medications (e.g., NSAIDs, and acetaminophen) 
often are adequate for mild pain, both somatic and visceral. In 
seriously ill patients, opioids are the drugs of choice for moder- 
ate-to-severe pain.!’ Short-acting opioids taken orally (morphine 
sulfate immediate release, hydrocodone, hydromorphone, and 
oxycodone) reach their peak effect in 60 to 90 minutes and pro- 
vide analgesic benefit for 2 to 4 hours (Fig. 132.2, Table 132.2).!? 
There is no ceiling dose of opioids, but combination products 
containing acetaminophen, aspirin, or NSAIDs have a ceiling on 
the basis of the toxicity profile of the nonopioid.!” 

Long-acting oral opioid preparations (morphine or oxyco- 
done continuous release) provide 8 to 12 hours of analgesia.!” 
Transdermal fentanyl offers 72 hours of pain relief and is a good 


Additional Treatments for Patients with Gastrointestinal and Liver Disease 


When giving pain medications, the oral 
route is always preferred over other 

routes, such as transdermal, intravenous, or 
subcutaneous routes 


Chronic basal pain usually is best 
treated with scheduled long-acting pain 
medications, plus short-acting pain 
medications on an as-needed basis for 
incidental or breakthrough pain 


By the clock 


By the ladder 


Opioid for moderate to severe pain 
+nonopioid +adjuvant 


Opioid for mild to moderate pain 
+nonopioid +adjuvan 


Nonopioid 
+adjuvan 


Pain ladder from the WHO 


Fig. 132.2 Recommended approach to opioid therapy for patients with 
chronic severe pain. (From Periyakoil VS. Opioid conversion. Stanford 
palliative care online curriculum 2019. Available at: http://palliative.stan 
ford.edu.) 


option for patients with stable opioid requirements who can- 
not take oral medications.*! Transdermal fentanyl takes 12 to 
24 hours to reach full effect, and, similarly, analgesia and tox- 
icities last for up to 24 hours after removal of a patch.?! A small 
percentage of patients need patch replacement before 72 hours; 
cases of withdrawal occurring between 48 and 72 hours have been 
reported.!® All seriously ill patients with persistent pain who are 
receiving long-acting opioids also need a short-acting opioid for 
breakthrough pain. One method for calculating the size of the 
dose for breakthrough pain is to take 10% to 20% of the 24-hour 
daily opioid dose, given every 1 to 4 hours as needed.!° For exam- 
ple, if a patient is using 120 mg a day of long-acting morphine, an 
appropriate breakthrough dose would be morphine sulfate imme- 
diate release, 15 mg orally every 1 to 4 hours as needed. 

The oral route is preferred for opioid administration on the 
basis of availability, cost, and ease of use.!? For those with dif- 
ficulty swallowing, many of the short-acting oral opioids come 
in concentrated solutions.!? Fentanyl also comes in varied forms: 
a candy matrix on an applicator stick that can be twirled against 
the buccal mucosa for absorption, a buccal film, buccal tablet, and 
intranasal spray; fentanyl has a quick onset and is an option for 
breakthrough pain.!??? When needed, morphine and hydromor- 
phone can be administered rectally, in the same dosages as used 
orally, with analgesic benefit similar to that in the oral route.!? Of 
note, most long-acting oral morphine and oxycodone prepara- 
tions are too large to put into NG or gastric tubes, and crushing 
them destroys their long-acting properties. Long-acting opioid 
analgesia for patients with gastrostomy tubes can be provided 
using methadone (as liquid formulation or by crushing the solid 
pill), or a special formulation of morphine wherein the tiny pellets 
in the capsule are coated with a polymer that makes them have an 
extended release, or by using a fentanyl transdermal patch. 

Patients unable to take medications by oral, sublingual, trans- 
dermal, or rectal routes or patients in need of rapid pain con- 
trol can benefit from IV or subcutaneous infusion.!? Dosage by 
the subcutaneous route is equivalent to that by the IV route.!” 
Morphine or hydromorphone can be given by the subcutaneous 
route, either as periodic injections or by a continuous infusion.!? 
Intramuscular injections are not indicated; they are unnecessarily 
painful, and absorption can be erratic.!” 
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TABLE 132.2 Common Opioids and Equivalencies 


Conversion Ratio to Oral Morphine 
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Equianalgesic Dose 
of Oral Morphine 


Drug Oral/Rectal Route Parenteral Route 
Morphine sulfate 30 mg oral morphine 10 mg of parenteral 
morphine 
Oxycodone 20 mg of oral NA 
oxycodone 
Hydrocodone 20 mg of oral NA 
hydrocodone 
Hydromorphone 7 mg of oral 1.5 mg of parenteral 
hydromorphone hydromorphone 
Fentanyl NA. Fentanyl has 15 pg/hr 
very poor oral 
bioavailability. 
Trans-mucosal 
forms are available 
Meperidine 300 mg of oral 75 mg of parenteral 


Meperidine is not a 
recommended drug in a 
palliative care setting and is 
to be avoided. If a patient 
with chronic pain is on 
meperidine, convert patient 
to an equianalgesic dose of 
1 of the other opioids listed 
in this table. 


meperidine meperidine 


Parenteral morphine is 3 times as potent as oral 


Oral Oxycodone is approximately 1-1.5 times 


Oral hydrocodone is approximately 1-1.5 times 


Oral hydromorphone is about 4-7 times as potent 


Transdermal fentanyl is approximately 80 times 


Oral Morphine is approximately 10 times more 


30 mg oral morphine 
morphine 


30 mg oral morphine 
more potent than oral morphine 


30 mg oral morphine 
more potent than oral morphine 


30 mg oral morphine 
as oral morphine 


Parenteral hydromorphone is approximately 20 


times as potent as oral morphine 


30 mg oral morphine 
as potent as morphine (This is based on studies 

converting from morphine to fentanyl. Currently, 

there are no empiric studies on converting 

fentanyl to morphine.) 


30 mg oral morphine 
potent than oral meperidine and approximately 

twice more potent as parenteral meperidine 

(mg for mg) 


NA, not applicable. From Periyakoil VS. Opioid conversion. Stanford palliative care online curriculum. Available at: http://palliative.stanford.edu. 2018. 


Opioid toxicities are predictable and often resolve without 
treatment. Opioids may cause nausea with initiation or dosage 
increase, but this almost always resolves within a few days. Nausea 
that occurs when patients have been on a stable dosage of opioid 
for a prolonged period (more than a week) is rarely related to the 
opioid but may occur in patients on very high doses.” There is no 
proven best treatment for opioid-induced nausea; starting with a 
dopamine antagonist is a reasonable first step (e.g., prochlorpera- 
zine, low-dose haloperidol). Opioid use also causes constipation, 
which is discussed later. 

Pain mitigates the sedative effects of opioids, and respiratory 
depression represents the most serious adverse consequence of 
opioid-induced sedation. Tolerance develops rapidly to opioid- 
induced sedation, and thus, patients with severe pain may easily 
tolerate the oral morphine equivalent of several grams per day 
with no significant sedation or respiratory depression. Risk fac- 
tors for respiratory depression include rapid IV bolus dosing, 
high doses in opioid-naive patients, simultaneous use of other 
sedating medications, or poor hepatic or renal function. Patients 
with hepatic or renal insufficiency may need lower opioid doses 
given at longer intervals; short-acting opioids are preferred over 
long-acting agents in these patients. A physician’s fear of caus- 
ing respiratory depression in patients who are dying is not suf- 
ficient justification for withholding opioids; pain or palliative 
care experts should be consulted to assist in patient care. In some 
cases, opioid-induced sedation can be managed with low doses of 
methylphenidate as tolerated. 

Tolerance never develops to opioid-induced pruritus and 
constipation. Prophylaxis for opioid-induced constipation should 
begin at the onset of opioid therapy; preferred first treatment is a 
senna preparation (see “Constipation” later). Morphine can cause 
pruritus by releasing histamine from mast cells. Opioids also can 
cause pruritus through a central mu-receptor effect. Opioid- 
induced pruritus is best treated by rotating opioids in the hope 
of finding a less itch-producing product and using emollients to 


protect, moisturize, and lubricate the skin. True allergic reactions 
to opioids are rare and are heralded by bronchospasm. 

Tolerance to the analgesic effects of opioids is uncommon; in 
most patients, increasing pain indicates increasing pathology.** 
Physical dependence is universal—all patients on chronic opioids 
for more than several weeks can be expected to develop some 
signs of opioid withdrawal if the opioid is discontinued or an 
antagonist is administered.” A difficult diagnostic dilemma can 
arise in patients with underlying abdominal pain, because cramp- 
ing abdominal pain is a symptom of opioid withdrawal. Psycho- 
logic dependence (i.e., addiction) is rare in patients with chronic 
pain who have no history of addiction; the hallmark of addiction 
is the use of drugs despite harmful effects and loss of control 
of drug use.*> A physician’s fear of causing addiction in a dying 
patient is not a rational reason to withhold opioids.’* 

Many patients benefit from adjuvant analgesics, defined as 
nonopioid drugs used to enhance the effectiveness of opioids or 
drugs specifically used for neuropathic pain.'? Examples include 
NSAIDs or corticosteroids for somatic pain?” and tricyclic anti- 
depressants and antiseizure drugs for neuropathic pain.’° Anti- 
cholinergic drugs such as scopolamine or hyoscyamine may be 
used to help control abdominal visceral pain associated with 
intestinal obstruction (see “Intestinal Obstruction” later).!° 

When oral and IV medications fail to provide adequate anal- 
gesia, anesthetic procedures should be explored, including auto- 
nomic blockade (e.g., celiac plexus block?’?*) or epidural or 
intrathecal anesthesia.’? All patients can benefit from nonphar- 
macologic treatments, including relaxation exercises, imagery, 
and judicious use of heat or cold.’?° An abbreviated list of adju- 
vant analgesics for neuropathic pain is provided in Table 132.3. 


Nausea and Vomiting 


Nausea is a highly prevalent?! and challenging symptom to 
manage in seriously ill patients. The etiology of nausea and 
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TABLE 132.3 Adjuvant Therapies for Neuropathic Pain 


Medication Class Starting Dose 


Titration 


Additional Treatments for Patients with Gastrointestinal and Liver Disease 


Maximum Dosage 


Duration of Adequate Trial 


TRICYCLIC ANTIDEPRESSANTS 
Nortriptyline (better 25 mg at bedtime 
tolerated in 
older adults) 


Desipramine 75 mg daily in divided 
doses (25 mg daily 


in older adults) 


Increase by 25 mg daily every 
3-7 days as tolerated 


Increase to 100 mg daily in 
single or divided doses 


SEROTONIN/NOREPINEPHRINE REUPTAKE INHIBITORS 


Duloxetine 30 mg daily 


Venlafaxine 37.5 mg once or 


twice daily 


CALCIUM CHANNEL «28 LIGAND 

Gabapentin 100-300 mg at bed- 
time, or 100-300 
mg 3 times a day 


Pregabalin 50 mg 3 times a day 
or 75 mg twice 


daily 


Tramadol 50 mg once or twice 


daily 


ncrease to 60 mg daily after 1 wk 
ncrease by 75 mg each wk 


ncrease by 100-300 mg 3 times 
a day every 1-7 days as 
tolerated 


ncrease to 300 mg daily after 
8-7 days, then by 150 mg daily 
every 3-7 days as tolerated 


ncrease by 50-100 mg daily in 
divided doses every 3-7 days 


150 mg daily (therapeutic range is 
50-150 ng/mL serum) 


300 mg daily in adults and 100-150 mg/ 
day in older adults (therapeutic range 
is 50-300 ng/mL serum, but older 
adults can manifest toxicity at the 
higher end of the therapeutic range) 


60 mg twice daily 
225 mg daily 


3600 mg (1200 mg 3 times a day); 
reduce if renal function is impaired 


6-8 wk, with at least 2 wk 
at maximum tolerated 
dosage 


6-8 wk, with at least 2 wk 
at maximum tolerated 
dosage 


4 wk 
4-6 wk 


3-8 wk for titration +2 wk 
at maximum dosage 


as tolerated 


TOPICAL AGENTS 


Lidocaine 
patch (6%) 


Max 3 patches daily for a None needed 
maximum of 12 hr 


600 mg daily (200 mg 3 times a day or 4 wk 
300 mg twice daily); reduce if renal 
function is impaired 

400 mg daily (100 mg 4 times a day); 4 wk 
in patients >75 yr, 300 mg daily 

Maximum of 3 patches daily for a 3 wk 


maximum of 12-18 hr 


Avoid amitriptyline in older adults because it causes adverse side effects. 


vomiting in this population is often multifactorial and may 
result from GI dysfunction (gastroparesis, gastric compression, 
dysmotility, constipation, and bowel obstruction); CNS causes 
(brain metastases, anxiety, and vestibular dysfunction); hepatic 
or renal disease; and as a consequence of pain medications (see 
Chapter 15). Furthermore, cancer chemotherapy and radia- 
tion therapy also often precipitate nausea. Many palliative care 
experts favor a mechanistic approach,*? toward management of 
nausea and vomiting on the basis of the likely cause, and target 
therapy on the basis of the specific neurotransmitter involved 
(Table 132.4), whereas others recommend an empiric approach. 
Evidence supporting the existing consensus-based guidelines for 
management of nausea and vomiting in advanced cancer is sparse. 
Well-designed studies are needed of the impact of “standard” 
management and novel agents on nausea and vomiting in seri- 
ously ill patients. 

Gastroparesis can complicate malignancy and cause nausea 
in palliative care patients; thus, it is an important entity to rec- 
ognize (see Chapter 50). Gastroparesis is defined as retention of 
gastric content with objective evidence of delayed gastric emp- 
tying in the absence of mechanical obstruction.** It has been 
suggested that in a variety of cancers, for example, pancreatic 
and ovarian cancer, gastroparesis may be the result of a para- 
neoplastic process involving the enteric nervous system.>+3* 
Although the precise mechanism has not been elucidated, it is 
thought to involve immune destruction of the interstitial nerves 
of Cajal and production of enteric neuronal antibodies through 
molecular mimicry.*? It should be noted that some of the medi- 
cations detailed previously can also delay gastric emptying and 
may confound the clinical picture. Nausea is the most common 
symptom of gastroparesis, but patients may also experience, 
vomiting, early satiety, and abdominal pain. After exclusion of 
mechanical obstruction, the diagnosis can be established with 
a solid-phase gastric emptying study. It is also acceptable to 
treat patients empirically if it is not possible to obtain a gastric 


emptying study, and the clinical suspicion is high. As with idio- 
pathic gastroparesis, the standard approach is symptom control 
with pharmacologic agents such as antinausea medication (see 
Table 132.4). Metoclopramide (5 to 10 mg, 3 to 4 times daily) 
and erythromycin (50 to 250 mg, 3 times daily) are commonly 
used for their prokinetic effect; prior to initiating treatment 
with metoclopramide, it is important to discuss the associated 
risk of irreversible tardive dyskinesia. Because of tachyphylaxis, 
the therapeutic effect of erythromycin is short lived. 

A gastroparesis diet (low fat, low residue) is recommended 
with emphasis on small more frequent meals. Buspirone, a 5-HT 
1A receptor agonist, has been shown to be effective in treating 
early satiety by mediating gastric fundal accommodation at dose 
of 10 mg 3 times per day.4041 


Dysphagia 


Malignant esophageal obstruction can occur with a variety of 
malignancies including esophageal, gastric, and lung cancer.*” 
Obstruction may result from an intrinsic lumen-occluding lesion 
or extrinsic compression. The resulting dysphagia is highly 
uncomfortable and predisposes to complications such as aspira- 
tion pneumonia and malnutrition because of inability to eat (see 
Chapter 13). Endoscopic therapy can be offered to patients who 
are not eligible for surgical palliation or chemoradiation or for 
those who continue to suffer from refractory symptoms despite 
maximal medical management.’ Treatment includes esophageal 
dilation, placement of metal luminal stents, and enteral feeding.** 
Dilation has a high risk of perforation, however, and therapeu- 
tic effect is short lived, with symptoms recurring within 12 to 
28 days.*> Self expanding metal stents have emerged as first line 
therapy for patients with esophageal cancer who are not surgi- 
cal candidates. Metal stents are made of special alloys including 
nitinol and are available in different lengths and diameters. They 
are usually placed by experienced advanced endoscopists and are 
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TABLE 132.4 Targeted Treatment of Nausea 


Mediator Triggering Event 


Site Involved 


Antiemetic Medication 
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NeuroKinin | (NK1) Chemotherapy 

(Substance P) 

Dopamine (D2) Opioids 

5-HT3 Radiotherapy 

5-HT4 Bowel obstruction, radiation enteritis, 
chemotherapy 

Cannabinoids Anxiety 

CB1 in CNS, CB2 in PNS 

Histamine Dysequilibrium 

Muscarinic Stasis 

Acetylcholine 

IL-1, IL-2, TNF-a Tumors, infection, inflammation 

TNF-a Tumors, infection, inflammation 


Chemo receptor trigger zone 


Chemo receptor trigger zone 


Chemo receptor trigger zone 


Enterochromaffin cells 


Cortex 


Vestibular apparatus 


Intestine 


Immune system 


Immune system 


Aprepitant 


Prochlorperazine, haloperidol, 


chlorpromazine, domperidone 


Ondansetron, granisetron, 

dolasetron, palonosetron 
High-dose metoclopromide 
Mirtazapine 


Metoclopromide, prucalopride 

Dronabinol, nabilone 

Cyclizine, promethazine, 
dimenhydrinate 


Metoclopromide, domperidone 


Megestrol, steroids 
Thalidomide, lenalinomide 


CB, cannabinoid; HT, hydroxytryptamine; /L, interleukin; PNS, peripheral nervous system. 


estimated to be 95% successful at alleviating the obstruction.** 
The rate of complications with esophageal stents is estimated to 
be 30%.*° Early complications include chest pain, esophageal 
perforation, aspiration, airway compromise, and poor position- 
ing of the stent. Stent migration, tumor in-growth causing stent 
obstruction, tracheoesophageal fistulization, and bleeding are 
among the complications that can occur usually beyond 1 week 
of placement. Furthermore, if the stent is placed across the gas- 
troesophageal junction, there is an increased risk for esophageal 
reflux and aspiration.“ A liquid or low-residue, soft mechanical 
diet is recommended for patients with esophageal stents. Many of 
these procedures may alleviate suffering and improve QOL for 
seriously ill patients. Each option should be discussed carefully 
with the patient, weighing the benefits and burdens within the 
context of the patient’s anticipated prognosis and desired goals 


Anorexia and Cachexia 


Anorexia is defined as loss of appetite, especially from disease; 
cachexia is defined as weight loss and wasting, particularly of 
muscle mass, and the general debility that can occur with chronic 
illness.*+ These entities are often combined into the anorexia— 
cachexia syndrome, a term usually referring to cancer-related 
anorexia and cachexia,’ although this symptom complex can 
occur in patients with serious illness from any cause. Anorexia— 
cachexia syndrome is reported in up to 80% of patients with 
cancer and represents a poorly understood neuroendocrine and 
metabolic disorder.**-*? 

Involuntary weight loss is associated with decreased func- 
tional status, decreased response to chemotherapy, and decreased 
survival. Although the anorexia—cachexia syndrome itself is not 
painful, patients and families experience emotional suffering, 
given the cultural significance of food intake; the loss of weight 
and inability to eat are a daily reminder of the illness experi- 
ence and impending death.??°? The syndrome contributes to 
fatigue, increased complications of antineoplastic treatments, and 
decreased survival, with weight loss itself being an independent 
risk factor for mortality.*” 

Ageressive nutritional supplementation in patients with 
advanced malignancy provides neither survival benefit nor 
improvement in tumor shrinkage and only minimal decrease 
in toxicity from antineoplastic treatments. Patients and fami- 
lies often want to continue enteral or parenteral nutrition and 


hydration to provide the sense of “offering comfort” and to pre- 
vent their loved one from “starving to death.”>! Such attempts to 
provide artificial hydration and nutrition, however, may make the 
goal of comfort harder to achieve in the dying patient. NG and 
gastric tubes are uncomfortable at the end of life; IV delivery of 
nutrition necessitates IV access; restraints are commonly needed; 
and such nutrition and hydration increase the patient’s fluid vol- 
ume, which, in patients close to death, may worsen ascites, pleural 
effusions, and peripheral edema.” 

Appetite stimulants have a limited role in seriously ill patients. 
Indications for starting an appetite stimulant include a prognosis 
of more than 4 weeks’ survival combined with patient interest 
in regaining appetite. No drug has shown efficacy in prolong- 
ing survival or improving QOL in population-based research, 
although individual patients may gain weight and have a greater 
sense of well-being. The progestational agent megestrol acetate 
has been well studied.!° At doses of 160 to 800 mg/day, meges- 
trol results in a more than 5% weight gain in 20% to 30% of 
patients with advanced cancer, the weight gain being adipose tis- 
sue, not muscle’; if improvement is not seen in 2 to 4 weeks, 
discontinuation of the drug is appropriate. Glucocorticoids may 
lead to weight gain, but the well-known toxicities of these agents 
often preclude anything but their short-term use.** Other agents 
currently under investigation include eicosapentaenoic acid, 
dronabinol, testosterone, thalidomide, adenosine triphosphate, 
and NSAIDs.** 


Constipation and Diarrhea 
Constipation 


Constipation is a very common problem in most older adults and 
in seriously ill patients (see Chapter 19).°> In seriously ill and 
dying patients, the most common precipitants of constipation 
are poor fluid intake, immobility, use of opioid and anticholin- 
ergic medications, and autonomic dysfunction. Most patients on 
opioid medications experience constipation. Opioids bind to mu 
receptors on the smooth muscle of the bowel, suppressing peri- 
stalsis and raising anal sphincter tone. In one study, patients being 
treated with transdermal fentanyl used fewer laxatives compared 
with those using oral morphine, indicating that transdermal fen- 
tanyl may be less constipating than other opioids.°° Although a 
stool softener may help lubricate hard stool, a bowel stimulant 
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TABLE 132.5 Laxatives in Palliative Care 


Additional Treatments for Patients with Gastrointestinal and Liver Disease 


Class Laxative(s) Side Effects Relevance to Palliative Care 
Bulk-forming Bran, psyllium, calcium Impaction above Patients with serious illnesses are often unable to consume a large 
agents polycarbophil, methyl strictures, bloating amount of fiber 
cellulose Because these patients often eat and drink little, fiber supplements can 
worsen constipation 
Emollient, Docusate sodium Rash Constipation in a palliative care setting is multifactorial, and emollients 
softener per se are often ineffective in reversing the underlying malfunction 
Osmolar Sorbitol, lactulose Abdominal bloating, Many patients dislike the sickly sweet taste, which can exacerbate their 
agents flatulence nausea 
Polyethylene glycol lausea, bloating, cramping Patients might be unable to drink large volumes of the constituted 
solution 


Magnesium citrate, 
magnesium sulfate 


agnesium toxicity (with 
renal insufficiency) 


Stimulant agents Bisacodyl, senna Colicky pain 
Chloride channel Lubiprostone jausea 
activator 
Opioid Alvimopan lay cause cramping 
antagonists Methylnaltrexone 
Nalexogel 
Naldemedine 
Guanylate Cyclase- Linaclotide Diarrhea 
C agonists Plecanatide 


Unpleasant taste can exacerbate nausea 


First-line laxatives in all patients taking opioids 
Easy to swallow, small capsule, well tolerated 


Effectively treats opioid-induced constipation without reversing 
analgesia or precipitating withdrawal 


Stimulate intestinal fluid secretion and transit. FDA approved for 
constipation problems in IBS-C and in chronic idiopathic constipation 


From Periyakoil VS. Opioid conversion. Stanford palliative care online curriculum 2018. Available at: http://palliative.stanford.edu. 


such as senna is usually necessary, both as a prophylactic drug 
for opioid-induced constipation and for initial therapy of estab- 
lished constipation. Using traditional laxative regimens as first- 
line therapy is preferred.*° A commonly recommended regimen is 
to start with senna, escalating as necessary; if no bowel movement 
is obtained in 3 days, bisacodyl or an enema (phospho-soda) is 
recommended. More refractory constipation can be relieved with 
magnesium citrate, a sorbitol-based product, or small doses of 
polyethylene glycol. Fiber supplements may lead to obstipation 
or obstruction and are not recommended for palliative care unless 
patients are also able to ingest large quantities of water. Orally 
administered opioid antagonists may be effective in the reversal of 
opioid-related constipation in patients for whom these therapies 
are not effective. Peripherally acting mu-opioid receptor antago- 
nists (PAMORAs) that do not cross the blood-brain barrier are 
most effective in reversing the opioid effects on the bowel.*° 
Methylnaltrexone,>”°* naloxegol (a pegylated form of naloxone), 
alvimopan, and naldemedine are PAMORAs that do not cross the 
blood-brain barrier and are effective for chronic opioid-induced 
constipation. Methylation of naltrexone prevents it from crossing 
the blood-brain barrier, thereby reversing the central analgesic 
effects of opioids. Finally, when patients are actively dying, that is, 
death is expected within 1 to 2 weeks, and they have no abdominal 
symptoms, aggressive drug therapy to cause laxation on a regular 
basis is not indicated. In fact, use of laxatives that cause cramping 
or any use of suppositories or enemas usually increases patient 
discomfort and can be withheld (Table 132.5). 


Diarrhea 


Diarrhea is less common than constipation and is reported in up 
to 10% of hospice patients (see Chapter 16).°7:°° Although the dif- 
ferential for diarrhea is broad, 2 common causes in the palliative 
care patient are overuse of laxative therapy and diarrhea secondary 
to leakage of stool around a fecal impaction. Treatment is directed 
at the cause of diarrhea. Octreotide is useful for refractory diarrhea 
(particularly with neuroendocrine tumors such as VIPomas and 
gastrinomas), although it is quite costly. Pancreatic enzyme replace- 
ment is helpful in cases of malabsorption following pancreatic cancer 


surgery. Cholestyramine and aspirin may be beneficial in radiation 
colitis-induced secretory diarrhea. Opioids or opioid-like medica- 
tions (e.g., loperamide) may offer the best symptomatic relief. Of 
course, in the hospice or hospital environment, C. difficile also should 
be a possible cause for chronic diarrhea (see Chapter 112). 


Intestinal Obstruction 


Malignant bowel obstruction is seen most commonly as a com- 
plication of cancers of the colon, pancreas, stomach, and ovary.*? 
Obstruction most commonly results from either intraluminal or 
extraluminal tumor. Benign causes such as adhesions, radiation 
bowel damage, IBD, opioid-induced impaction, or hernia also 
may cause obstruction (see Chapter 123).°?! Intestinal obstruc- 
tion may occur in the small or large bowel or in both sites; multi- 
focal obstructions are common.®,°! 

Symptoms of intestinal obstruction are nausea, vomiting, 
abdominal distention, constipation or obstipation, and colicky 
abdominal pain.°° NG suction is used to provide temporary 
relief in many cases and may lead to nonsurgical resolution of 
an obstruction, especially if caused by an adhesion. Surgery with 
a primary anastomosis, decompressing stoma (e.g., colostomy, 
ileostomy), or endolumin stenting are the preferred options, for 
managing persistent or recurring obstructions; the morbidity 
from major abdominal surgery in patients with obstructed cancer 
is high.’ 

NG tubes are uncomfortable and, therefore, not desirable for 
long-term use. Although a venting gastrostomy tube may be a 
less desirable option than directly bypassing the obstruction, it 
can provide significant symptomatic relief and avoid the need for 
prolonged NG intubation, especially in patients who have at least 
weeks to live and are eating for pleasure. Although partly digested 
food may pass out of the tube, patients can still enjoy tastes and 
experience the psychologic and communal benefit of eating. 

Despite the advances in surgery and the growing use of endo- 
luminal stents, such procedures are not appropriate for many 
seriously ill patients.°? Medical management using drugs is effec- 
tive at reducing the symptom burden of inoperable obstructions. 
The goals of pharmacologic therapy are a reduction in distressing 
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symptoms; the avoidance of the need for parenteral hydration; 
and the removal of NG suction. Pharmacologic treatments 
include antimotility, antisecretory, and antiemetic drugs for 
symptomatic malignant bowel obstruction. Therapy may include 
a combination of opioids for abdominal pain, dopamine antago- 
nist antiemetics, such as phenothiazines or butyrophenones for 
nausea, and antisecretory drugs (anticholinergics, octreotide, or 
both) to reduce colicky pain and intestinal secretions.°”"°* A pro- 
kinetic agent such as metoclopramide can be used with caution 
and may provide relief for an incomplete or functional obstruc- 
tion but should be avoided in cases of complete obstruction. 


Jaundice, Ascites, and Hepatic Encephalopathy 
Jaundice 


Although jaundice is usually an ominous sign in patients with 
cancer and other seriously ill patients, it may have a correctable 
cause. The goal of pursuing a workup of jaundice is to deter- 
mine if there are conditions amenable to treatment in which the 
burden-to-benefit ratio is favorable, given the underlying extent 
of cancer. Interventional procedures for biliary obstruction, such 
as surgical bypass of the biliary tract or endoscopic placement of 
biliary stents, may be useful early in the course of disease when 
patients have a good performance status. Their utility diminishes 
as patient performance status declines and the burden of stent 
placement with its potential for various complications outweighs 
the benefits for patient QOL.°’ 

Pruritus is commonly associated with jaundice. Cool tem- 
peratures, lower humidity, and topical agents such as astringents, 
moisturizers, and steroid creams may provide relief. Both H1 and 
H2 antihistamines, phenothiazines, and bile acid resins have been 
used with some effectiveness. Opioid antagonists also have been 
used to treat pruritus, but their systemic use reverses analgesia in 
many patients receiving opioids.’°-+ Gabapentin and butorpha- 
nol are effective in palliating uremic pruritus, which usually does 
not respond to antihistamines. Other drugs for pruritus and for 
which there is anecdotal experience include rifampicin, but its use 
may be limited by its risk for causing hepatitis. 


Ascites 


Ascites develops in 15% to 50% of patients with cancer, most 
commonly from colonic, gastric, pancreatic, ovarian, endome- 
trial, and breast cancer.’°-’> Malignant ascites portends a poor 
prognosis, with a 1-year survival of 40% and 3-year survival of 
less than 10%.78-81 The well-known list of nonmalignant causes 
of ascites including cirrhosis with portal hypertension, portal 
vein thrombosis, heart failure, nephrotic syndrome, and pancre- 
atitis should be considered before assuming that malignancy is 
the reason for the patient’s ascites. Symptoms of ascites include 
an increase in abdominal girth, bloating, abdominal wall pain, 
nausea, anorexia, and dyspnea. Evaluation of new ascites by para- 
centesis should be performed if the intervention will lead to a 
change in therapy or if the paracentesis will provide symptom- 
atic benefit. Repeated therapeutic paracentesis, with or without 
an indwelling peritoneal catheter, is the most commonly used 


2215 


invasive treatment for malignant ascites. Peritoneovenous shunts 
have a better success rate in patients with nonmalignant ascites 
but can worsen encephalopathy. Octreotide has been reported to 
provide symptomatic benefit in malignant ascites, but its cost may 
be significant. 


Hepatic Encephalopathy 


Hepatic encephalopathy is associated with poor prognosis.* 
‘Two studies**,*+ have shown that the cumulative survival in these 
patients is very short: approximately 20% to 40% at 1 year and 
15% at 3 years of follow-up. Hepatic encephalopathy due to 
hepatic metastases is uncommon unless there is an overwhelming 
liver tumor burden and is usually a terminal event. Treatments to 
improve encephalopathy symptoms temporarily include lactulose 
and rifaximin. Aggressive attempts at reversal are usually futile 
and should be avoided unless for a very short-term benefit, such 
as if patients need to help bring family closure. When death is 
near, clinicians should use opioid analgesics and other sedating 
medication liberally for control of distressing symptoms, even 
if such treatments worsen the encephalopathy. Family and staff 
counseling at this time is important to ensure that all parties share 
the same goals of care. 


GI Bleeding 


Few events are as traumatic for families caring for their loved one 
as observing a major GI hemorrhage. If GI bleeding is con- 
sidered a likely future event, the key is to discuss care options 
and to develop a plan to provide patients and families a sense of 
control for what can appear to be an out-of-control situation. If 
the patient has advanced disease and is dying, the focus should 
be on comfort rather than toward diagnostic and therapeutic 
interventions. Having dark-colored towels and sheets available to 
camouflage the bleeding is helpful, along with a rapidly acting 
sedating medication for emergency use. Education and support 
of the family are of great importance, especially when the patient 
is dying at home. 

In conclusion, the interdisciplinary services offered by a pallia- 
tive care team assist both primary and subspecialty services in car- 
ing for patients with serious or life-threatening illness and their 
families. Gastroenterologists should consider involving palliative 
care specialists to improve the QOL of seriously ill patients fac- 
ing the problems associated with life-threatening or intractable 
illness. Unlike hospice, palliative care patients do not need a 
prognosis of 6 months or less to receive services. Common rea- 
sons for palliative medicine consultations include assistance with 
symptom management and exploration of the goals of care with 
patients and families to improve QOL for as long as possible. 
The benefits of this kind of assessment and supportive interven- 
tions at the end of life cannot be underestimated. Many medi- 
cal centers have or are developing palliative care services. The 
American Academy of Hospice and Palliative Medicine provides 
a list of palliative medicine and hospice physicians on their web- 
site (www.aahpm.org). 


Full references for this chapter can be found on www.expert-consult.com. 


